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HaBegeHi ocHoBHi nonoxeHHa, 3aKoHH Ta Teopii 3 Kypcy 3aranbHoi $i3HKH gna cTy­
geHTiB cinbcbKorocnogapcbKHX, nicorocnogapcbKHX, eKonoriHHHX, BeTepuHapHux Ta 
iHmux cne ânbHocTeft, gna aKHX $i3HKa He e goMiHyroHoro gucuHnnmoro, ane aKi Ma- 
roTb cnpaBy 3 BHBHeHHaM * hbhx opraHi3MiB Ta oToHyroHoro ix cepegoBuma. Po3rnaHyTo 
$i3HHHi npoiiecu, mo Big6yBaroTbca y *HBoMy opraHi3Mi, Ta MexaHi3MH, aKi cTaHoBnaTb 
ocHoBy *HTTegianbHocTi nroguHH, TBapuHH Ta pocnuHH nig bhthbom HaBKonumHboro 
cepegoBuma. BuKnageHo npo6neMH gii 3oBHimHix $i3HHHHX âKTopiB Ha *HBi opraHi3- 
mh Ta ix 3gaTHocTi pearyBaTH Ha Hi âKTopu. npugineHo yBary npuHuunaM gii Ta mox- 
nuBHM 3acTocyBaHHaM cyHacHHX $i3HHHHX MeTogiB Ta npunagiB y npaKTUHHift gianbHoc- 
Ti Maft6yTHboro cnemanicTa.

nigpyHHHK MicTHTb npuKnagu po3B’a3yBaHHa npaKTHHHHX 6io$i3HHHHX npo6neM, 
KoHTponbHi 3aBgaHHa gna nepeBipKH 3acBoeHHa MaTepiany cTygeHTaMH Ta KoHTponbHi 
3anuTaHHa, BignoBigi Ha aKi cTygeHTH 3Mo*yTb gaTH y pa3i o3HaftoMneHHa i3 BignoBig- 
hhmh po3ginaMH nigpyHHHKa. floBigKoBHH MaTepian npegcTaBneHHft y gogaTKy.

nigpyHHHK npH3HaHeHHft gna cTygeHTiB Bumux arpapHHX HaBHanbHHX 3aKJiagiB 
III-IV piBHiB aKpeguTa î; BiH Mo*e 6yTH TaKo* BHKopucTaHuft cTygeHTaMH 6ionoriH- 
hhx, MegHHHHX Ta negaroriHHHX cneujanBHocTeft.
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y  1945 p o ^  cenamop CW A yinbHM 0yn6paum 3anpononyeae cmeo- 
pumu npo^paMy Miwnapodnux o6Minie e ^any3i oceimu, HKa nuni nocumb 
uo^o iM ’h.

y. 0yn6paum 3 yciew eidnoeidanbnicmw cnpuunne cnoea eu^amH0^ 0  

$i3UKa cynacnocmi Anb6epma Eunmmeuna: „M u noeunni onanyeamu 
^mkom noei $opMu MucnennH, hk^o xoneMo, ^o6nw dcm eo euw uno”.

1.3 npuunnmmnM 3aK0H0^aen0^0 aKmy ^odo 3acnyeannH ^po^paMU 
0yn6pauma 6inbme 120 mucnn ino3eMtye npoumnu naenannn a6o 6panu 
ynacmb y nayKoeux docmdwennnx y  CWA, a 6inbme 90 mucnn aMepuKa- 
ntye eidnpaeunucn 3a oKean 3 miew w  Memow.

rULBRIGHT
r« « « » » !

UKRAINE

Aemop ^bo^o nidpynnuKa, cmunendiam 0yn6pauma 1996  poKy, eu- 
cnoenwe ceow anu6oKy ednnnicmb adMinicmpatyi ^po^paMU aKadeMin- 
nux o6Minie iMeni 0yn6pauma 3a cnpunnnn eudannw nidpynnuKa, npu- 
3Ha^eH0^0 dnn mux, xmo He 6audywuu do Knacunnux ma cynacnux npo- 
6neM $i3uKu.
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nEPE^M OBA

nigpyHHHK “Oi3HKa” npu3HaHeHHft gna 3aranbHoocBiTHboi, Teope- 
thh-hoi i npaKTHHHoi nigroTOBKH cTygeHTiB bh^hx HaBHanbHux 3aKna- 
giB y rany3i $i3HKH. Oi3HKa -  ^  HayKa, aKa BHBHae Haftnpociimi, ane 
pa3oM 3 thm Haft6inbm 3aranbHi 3aKoHoMipHocii aBum npupogu, Bnac- 
THBocii i 6ygoBy Maiepii Ta 3aKoHH ii pyxy. Earaio 3aKoHiB Ta nono*eHb 

î3HKH npo ochobh BnacTHBocii Maiepii BHKopucTOByroTbca y n p o^ ci 
BHBHeHHa aBum *HBoro cBiiy.

nigpyHHHK “Oi3HKa” agpecyeibca ciygeHTaM cinbcbKorocnogapcbKux, 
nicorocnogapcbKux, eKonoriHHux, BeiepuHapHux Ta iHmux cne^anbHocreH, 
gna aKux $i3HKa He e goMiHyroHoro gu^unnmoro, ane aKi Maroib cnpaBy 3 
BHBHeHHaM *hbhx opraHi3MiB Ta oTOHyroHoro ix cepegoBuma.

Meioro nigpyHHHKa e o3HaftoMneHHa cTygeHTiB 3 ochobhhmh 3aKO- 
HaMH, nono*eHHaMH, ^yHgaMernanbHUMH KOH^n^aMH Ta ^pHH^H^a- 
mh $i3HKH, po3yMiHHa aKux 3a6e3neHyeTbca inrocipa^ero MO*nuBux 
npaKTHHHux 3acTocyBaHb; onuc ^i3HHHux npo^ciB, aKi ciaHOBnaTb oc- 
HOBy *HTTegianbHocii nroguHH, TBapuHHoro i pocnuHHoro cBiiy; BH­
BHeHHa BnnuBy ^i3HHHux ^aKTopiB Ha *HBi opraHi3MH Ta ix cnpoMO*- 
Hocii cnpuftMaTH ^  ^aKTopu i, TaKHM hhhom, B3aeMogiaiu 3 HaBKonum- 
HiM cepegoBumeM; BucBiineHHa cyHacHux ^i3HHHux MeiogiB Ta npuH- 
^H^iB gii npunagiB, mo MO*yib 3yciprraca y npaKTHHHift gianbHocii 
Maft6yTHboro cne^anicia. Oco6nuBa yBara 3BepiaeTbca Ha cyHacHi go- 
carHeHHa $i3HHHoi' HayKH i TexHonorii Ta ix npaKTHHHe BHKopuciaHHa 
gna gocnig*eHHa *h b h x opraHi3MiB Ta cucieM.

nigpyHHHK MicTHTb npuKnagu po3B’a3yBaHHa npaKTHHHux 6io^i3HHHux 
npo6neM, KoHTponbHi 3aBgaHHa gna nepeBipKH 3acBoeHHa Maiepiany ciygeH- 
TaMH Ta KoHTponbHi 3anuTaHHa, BignoBigi Ha aKi ciygeHTH 3MO*yib gaiu  
BHacnigoK o3HaftoMneHHa 3 BignoBigHHMH po3ginaMH nigpyHHHKa. npono- 
HyroTbca TaKO* iH^opMa^a gna gonuinuBux cTygeHTiB Ta 3aBgaHHa Hepe3
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cucieMy IHTepHeT. HaBogaTbca gaHi mogo gianbHocii BugaTHux $i3HKiB cBi- 
Ty. ^OBigKOBHH Maiepian npegciaBneHuft y gogaTKy.

Abtop BucnoBnroe mupy nogaKy K.B. KopcaKy, G.r. nonoBy, .S.I. Oe- 
gumuHy, n .n . InbiHy, O.I. KoceHKO, aKi B3anu Ha ce6e HenerKuft Tpyg 
pe^royBaHHa pyKonucy Ta BucnoBunu Kopucm KpuTHHHi 3ayBa*eHHa, 
mo 6e3 cyMHiBy cnpuano noninmeHHro 3Miciy nigpyHHHKa. Abtop TaKO* 
BgaHHuft KoneraM -  npegciaBHHKaM arpapHux Bumux HaBHanbHux 3a- 
KnagiB YKpaiHH, a caMe: O.B. ToncieHKO Ta B.I. ^ ^ o  (flmnponeipoB- 
cbKuft gep*aBHuft arpapHuft yHiBepcuiei), M .^. PoxMaHOBy (XapKiBcb- 
khh gep*aBHuft arpapHuft yHiBepcuiei), O.A. AHgpeeBy Ta H O . npu- 
MeHKO (KaM’aHe^-noginbcbKuft gep*aBHuft arpapHuft yHiBepcuiei),
H.M. rapaHOBHH (HyraHcbKuft Ha^OHanbHuft arpapHuft yHiBepcuiei) 3a 
mupy MopanbHy nigipuMKy i no3HTHBHi BigryKH, aKi yMO*nuBunu bh- 
gaHHa ^ o r o  nigpyHHHKa, a TaKO* KoneraM 3 Ka^egpu 3aranbHoi Ta 6io- 
noriHHoi $i3HKH Ha^OHanbHoro arpapHoro yHiBepcuieiy O.O. rogneB- 
cbKift, ^ .B . Ko*eMaKO 3a nepeBipKy npuKnagiB Ta po3Ba3aHb 3agaH Ta
I.A. 3anoiny -  3a gonoMory mogo o^opMneHHa pucyHKiB.

Abtop 3 BenuKoro BgaHHiciro po3rnaHe Bci 3ayBa*eHHa i npono3H^i 
mogo 3Miciy nigpyHHHKa 3a agpecoro: Ha^OHanbHuft arpapHuft yHiBep- 
cuTei, Ka^egpa 3aranbHoi Ta 6ionoriHHoi $i3HKH, Byn. repoiB 06opoHH, 15, 
KhIb 03041, en. nomia: posudin@nauu.kiev.ua
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1. B C T yn
1.1. #I3HHHI BE^HHHHH

XapaKTepucTHKH npo^ciB a6o BnaciHBocieft Tin i noniB, aKi MO*yib 
6yTH BH3HaHeHi KinbKicHO 3a gonoMororo th x  hh mmux BHMiproBaHb, 
Ha3HBaroTbca $i3unnuMu eenununaMu.

Ko*Ha î3HHHa BenHHHHa xapaKTepu3yeibca nucnoeuM 3nanennHM i 
odunu^w  euMipweannn. HanpuKnag, cuna F  = 5 H  Mae HucnoBe 3Ha- 
HeHHa (5) i ogHHH^ro BHMiproBaHHa (H).

OguHH^ MO*yTb 6yiu ochobhumu (m, c, ^ , K, A, Kd, Monb) i noxid- 
Humu (m/ c, ^  •m/ c , ^•M  ).

1.2. CTAH^APTH ^OB^HHH, MACH TA HACy
Eygb-aKi î3HHHi BenuHHHu MO*yib 6yiu npegciaBneHi 3a gonoMO- 

roro ^yHgaMeHTanbHux BenuHHH, aKi, b cBoro Hepry, BH3HaHaroTbca aK 
pe3ynbiaTH BHMiproBaHb a6o nopiBHaHHa 3 yciaHOBneHHMu ciaHgapia- 
mh. y  1960 p o ^  6yno npuftHaio M iwnapodny cucmeMy o d u n u ^  (CI), 
aKa MicTHTb ciM ochobhhx oguHH^: Meip, KinorpaM, ceKyHga, aMnep, 
KenbBiH, KaHgena, Monb. y  Mexarn^ TaKHMu ^yHgaMernanbHUMH Benu- 
HHHaMH e goB*HHa (L), Hac (T) Ta Maca (M). y  cucieMi CI oguHH^ ^HX 
BenuHHH BH3HaHaroibca TaK:

OguHH^ goB*HHH Memp -  goB*HHa, mo gopiBHroe 1650763,73 goB- 
*h h h  xBuni BunpoMiHroBaHHa y BaKyyMi, mo BignoBigae nepexogy Mi* 
piBHaMH 2p i0  Ta 5d5 aTOMa KpunTOHa-86.

HucnoBi 3HaHeHHa goB*HHH geaKHx o6eKiiB HaBegeHO b Ta6nu^ 1.1.
OguHH^ Hacy ceKynda -  Hac, aKuft gopiBHroe 9192631770 nepiogaM 

BunpoMiHroBaHHa, mo BignoBigae eHepreTHHHOMy nepexogy Mi* gBOMa 

piBHaMH HagTOHKoi cipyKTypu ocHOBHoro ciaHy aTOMa ^ 3iro 13 Cs .

HucnoBi 3HaHeHHa geaKux HacoBux iHTepBaniB HaBegeHO b Ta6nu- 
^  1.2.

M aca  Tina -  $i3HHHa BenuHHHa, aKa e ogHiero 3 ochobhhx xapaKTe- 
pucTHK Maiepii, mo BH3HaHae ii mep^ftm Ta rpaBiia^ftm BnaciuBocii.

OguHH^ Macu Kino^paM -  gopiBHroe Maci nnaiHHOBO-ipugieBoro 
cnnaBy y Burnagi ^HniHgpa giaMeipoM Ta BucoToro 3,9 cm, aKuft 36epira- 
eibca y CeBpi (OpaH^a).
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TunoBi 3HaHeHHa Macu pi3Hux o6'eKTiB HaBegeHO b Ta6nu^ 1.3.
1.1. -  npH0aH3Hi 3HaqeHHH gOB̂ HHH geHKHX oS'eKTiB

floB*HHa o6 'eKTa HncnoBe 3HaHeHHa, m
Pagiyc BHguMoro BcecBiiy 11026
Pagiyc coHaHHoi cncieMn 11013
BigcTaHb Mi* 3eMnero Ta Coĥ m 11011
CepegHift pagiyc op6iin 3eMni 1,5-1011
CepegHift pagiyc 3eMHoi Kyni 6,4-106
BncoTa ceKBoi Sequoiadendron giganteum 76-84 (peKopgHa BncoTa -  95 m)
HacTHHKH rpyHTy:

- rnHHa go 2-10'6
- Myn 2-10'6- 2-10'5
- gpi6HHft nicoK 2-10'5- 2-10'4
- nicoK 2-10'4 - 2-10'3
- rpaBift 6intme 3a 2-10'3

HacTHHKa nnny 110-4
EionoriHHa KniTHHa 110-5
Pagiyc Bipycy rpnny 110-7
fliaMeip aTOMa BogHro 1-10'10
fliaMeip aTOMHoro agpa 110-14

1.2 -  npH0aH3Hi 3HaneHHH qacoBHX iHTepBaaiB

HacoBHft iHTepBan 3HaHeHHa, c
BiK BcecBiiy 5-1017
BiK 3eMni 1,3-1017
TpHBanicTb nrogctKoro * htt« 6,3-108
OguH piK 3,2-107
OguH geHb 8,6-104
nepiog cBiinoBoi XBnni 2-10'15

1.3 -  TunoBi 3HaneHHH Macu pi3HHX oS'eKTiB
O6 'eKT Maca, Kr O6 'eKT Maca, Kr

ranaKTHKa “HyManbKnft 
mnax” 7-1041

IHgHHKa 4,5-7,5
rycKa 4,5-5,0

Co^e 2-1030 KaHKa 2,7-2,9
3eMHa Kyna 6-1024 KypKa 1,4-2,2
Micaut 7-1022 r̂oguHa 70
EnaKHTHHft KHT 105- 2 1 0 5 Koni6pi 2-10'3
CnoH 5000-7000 KpannHHa gomy 10'4
rinonoTaM 3000 KoMap 10'5
Ei3OH 1500 EaKTepia 10-15
Mop* 900 Bipyc rpnny 10-is

Kim 400-700 MoneKyna reMorno6iHy 10'22
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Cbhhh 200-350 Atom BogHro 1,67-10"27
EapaH 100-130 EneKTpoH 9,11-10'31

1.3. ryCTHHA
rycm unapenoeunu p -  ^  Maca, mo npunagae Ha ogHHH^ro o6’eMy:

p  = m/V, (1.1)
ge m -  Maca Tina; V -  o6’eM Tina.

OgnHH^  BHMiproBaHHa rycTHHu -  ^ / m 3 .
3HaHeHHa rycTHHu geaKux peHOBHH HaBegeHO b Ta6nu^ 1.4.

1.4. -  rycTUHa geaKUx penoBUH
PeHOBHHa rycTHHa, Kr/M3 TeMnepaiypa, °C

noBiipa 1,293 0
noBiipa 1,205 20
noBiipa 1,128 40
Boga 999,8 0
Boga 1000,0 4
Boga 999,7 10
Boga 998,2 20
Boga 995,6 30
Boga 992,2 40
Boga MopcbKa 1025 0
napa BogaHa 0,6 100
MonoKo 1028,5 20
Meg 1400-1450 20
rn^epnH 1200 20
PnunHOBa onia 900 20
CnnpT 790 20
KpoB TBapnH 1052-1060 20
Herem 260 40
BHyTpimHa KaMepa oKa 1336 40
Xpam 1100 40
KicTKa 1800-1900 40
3y6 1950-2380 40
flepeBHHa pocnnH:

- 6anca Ochromona lagopus 110-140
- Kedp Cedrela mexicana 293
- Knen Flindersia brayleyana 436
- dy6  Castanopsis accuminatissima 569
- onuea Olea capensis 1490

rpyHTH 2600-2700
KoMnoHeHTH rpyHTiB:

- KBap̂ 2660
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- rnHHHcTi MiHepanu 2650
- oKcugH 3ani3a 2900
- opraHiHHa penoBHHa 1300
rycTHHa c^epHHHOi nacTHHKH pagiycoM R gopiBHroe:

m m

P 4 n R3 4 f  D  3~ - n - R

ge D -  giaMeTp nacTHHKH.

(1.2)

APICTOTEflb (384-322 pp. go H.e.)

^pe^bKMM $ m o c o $ ,  y n e H b  n ^ a T O H a  T a  H a c ra B -  
huk  O ^ e K c a H f lp a  M aK eflO H C bK oro. A b t o p  ^ p a ^ b  
“0i3M K a”, “n p o  H e 6 o ”, “M e T e o p o ^ o r i a ”, “IcT o p ia  
T B ap u H ”, “n p o  p y x  T B ap u H ”.

npHK^ag
Bn3HaHHTH cepegHro rycTHHy 3eMHoi' Kyjii, Maca aKoi craHOBHTb M  =  6 -1024 Kr, 

a pagiyc R  =  6 ,4  -106 m. npunycmTH, ^ o  3eMHa Kyna Mae c^epHHHy $opMy.
PO3BH3OK
rycTHHa c^epHHHoro Tina pagiycoM R  gopiBHroe:

P = M = (6 -1024 k t)/(4 /3 )(3 ,14 )(6 ,4  -106 m)3 = 5467 Kr/M3.
4 -n -R3 
3

rycTHHa npicHoi BogH cTaHoBHTb 1000 Kr/M3, Togi aK rycTHHa Mop- 
cbKoi* Bogn 3aBgaKH bhcokIh K oH ^m pa^i po3HHHeHHx conen gocarae 
1026 Kr/M . TKaHHHH MopcbKHX TBapHH (M a3H Ta KicTKH) MicTaTb 6inKH 
Ta HeoprarnHHi penoBHHH, nepe3 ^ o  ix rycTHHa Bapiroe b Me*ax 
1060-2000  Kr/M3. flna 3a6e3neneHHa nnaBynocTi TBapHHH Heo6xigHo 
nigirHaTH ii rycTHHy go 3HaneHb rycTHHH MopcbKoi Bogn. 3 ^ero MeToro 
3acTocoByroTbca penoBHHH 3 HeBHcoKHMH 3HaneHHaMH rycTHHH: *n p  
(930 Kr/M3), cKBaneH Ta BocKoBi e^ipn (860 Kr/M3), ra3H («  0 Kr/M3).

3HaneHHa rycTHHH 6ionorinHHx piguH iHKonn Mo*yTb BHKopncTOBy- 
BaTHca aK giarHocraHHi KpuTepii craHy opraHi3My (Ta6n. 1.5).

1.5. -  3aae*HicTb rycTHHH *OBHi Big CTaHy 3gopoB’H
CTaH 3gopoB’a rycTHHa, kt/m
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HopMa 1008+0,2
XpomHHHH xonaHriorenaTHT 1004+2,0
Uupo3 neniHKH 1001+0,6

rycTHHy BHKopucTOByroTb aK napaMeTp o^hkh gepeBHoi pocnuHHoc- 
Ti Ta noKa3HHK pocTy gepeB. Ha rycTHHy BnnuBaroTb KniMaTHHHi yMoBu: 
y TponinHHx paMoHax rycTHHa pocnuH 6inbma, Hi* y niBHinHHx. HaM- 
MeHmy rycTHHy gepeBHHH Mae 6anca Ochromona lagopus (110 kt/m ), HaM- 
6inbmy -  onuBa Olea capensis (1490 Kr/M3).

rycTHHa e ogHHM i3 Ba*nuBux KpHTepiiB o^HroBaHHa aKocTi 
cinbcbKorocnogapcbKHx Ta xapnoBux npogyKTiB. HanpuKnag, aM ^  
cKnagaeTbca 3 norapbox ochobhhx KoMnoHeHTiB, ^ o  xapaKTepu3y- 
roTbca BnacHoro rycTHHoro: mKapanynu (2 2 3 0 -2 3 1 6  Kr/M3); *oBTKa 
(1 0 2 8 -1 0 3 5  Kr/M3); 6inKa (1 0 3 9 -1 0 4 2  Kr/M3) Ta nigmKapanynoBoi 
o6onoHKH (6nu3bKo 1075 Kr/M3). y  ^noMy rycTHHa aM ^ (Kypanoro) 
cTaHoBHTb 1 0 7 5 -1 0 9 5  Kr/M3. OcKinbKH rycTHHa mKapanynu MaM*e 
BgBini nepeBH^ye rycTHHy iHmux KoMnoHeHTiB, 3po3yMino, ^ o  bhmI- 
proBaHHa rycTHHH aM ^ gae Mo*nuBicTb o ^ h h th  caMe aKicTb mKa- 
panynu, ToMy ^ o  ii rycTHHa 3ane*HTb Big HaaBHocri Tpi^HH Ta iH- 
mux MexamnHHx nomKog*eHb.

BuMiproBaHHa rycTHHH ne*HTb b ochobI $noma^iuHO^o Memody koht- 
ponro aKocTi npogyKTiB: 3acTocyBaHHa KinbKox o6eMiB 3 pi3HHMH 3Ha- 
neHHaMH rycTHHH piguHH (Bogu, cnupToBux Ta conboBux po3HHHiB, onii) 
garoTb Mo*nuBicTb 3giMcHHTH copTyBaHHa KapTonni, b ToMy nucni co- 
nog-Koi, ropoxy, 6o6iB, BHHorpagy, BumHi, nopHH^. KpiM Toro, TaKHM 
MeTog 3acTocoByeTbca gna BunyneHHa a6nyK 3 BHyTpimHiMH ge^eKTaMH 
Ta ^HTpycoBHx 3 nomKog*eHHaMH Big 3aMopo3KiB. MeTog Big3HanaeTbca 
bhcokhm piBHeM tohhoctI copTyBaHHa; go HegoniKiB Mo*Ha BigHecTH 
3a6pygHeHHa po3HHHy Ta Heo6xigHicTb MHTTa npogyKTiB nepeg Ta nicna 
copTyBaHHa. BuKopucraHHa conboBux Ta cnupToBux po3HHHiB nigBH^ye 
co6iBapTicTb n p o ^ cy  BHMiproBaHb Ta 3aBgae neBHy He6e3neKy gna goB- 
Kinna.

BuMiproBaHHaM rycTHHH Mo*Ha o^ hhth aKicTb MononHux npo­
gyKTiB, TaKux aK MonoKo, cupoBaTKa, 3ry^eHe MonoKo Ta Mopo3HBo.

npHKaag
MonoKo aBnae co6oro cyMim *upoBHx rno6yn (1-10 mkm), M^en Ka3eiHy (0,1­

0,2 mkm) i nacTHHoK cupoBaTKoBoro 6inKa (0,01-0,02 mkm). Bhbhehhth Macy *upoBoi 
rno6ynu MonoKa giaMeTpoM 10 mkm, aK^o ii rycTHHa cTaHoBHTb1028,5 Kr/M3.

P03B’H30K
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4 ( D\3BHKopHcTOByroHH ôpMyny (1.2), BH3HaHHMO Macy rno6ynH: m = — |—j -p.

( 4 ̂  (10- 10-6 m)  3 ^  13
nigcTaBnaeMO HHcnoBi gam: m = 3̂ ] • 3,14 • I---- 2---- 1 • 1028,5 m  = 7 • 10 Kr.

KoHTpoabHe 3aBgaHHH
BH3HaHHTH Macy M̂ enH Ka3eiHy MonoKa giaMeTpoM 0,1 mkm, ak^o 11 rycTHHa cTa- 

HOBHTb 1110 Kr/M3.
Bidnoeidb: 5,81- 10"19 Kr.

npHKaag
3ane*HicTt rycTHHH MonoKa Big TeMnepaTypH BH3HaHaeTbca 3a gonoMororo 

piBHaHHa:
p = 1 + a+ bt + ct2 +dt , 

ge t -  TeMnepaTypa b oC; a,b,c,d -  HHcnoBi Koê mieHTH, HaBegeHi b Ta6nH  ̂ 1.6.

1.6. -  3HaneHHH hhotobhx Koe î^eHTiB a,b,c,d
npogyKT a b c d

He36HpaHe MonoKo 3,50 • 10-2 -3,58 • 10-4 4,9 • 10"6 - 1,0 • 10-7
36HpaHe MonoKo 3,66 • 10"2 -1,46 • 10-4 2,3 •10-6 - 1,6 • 10-7

3HaHTH rycTHHy He36upaHoro MonoKa 3a TeMnepaTypu 20 0C.
P03B’H30K
nigcTaBnaeMO HHcnoBi 3HaHeHHA b ocTaHHe piBHaHHa:

p= 1 + 3,50 • 10-2 -  3,58 -20 • 10"4 + 4,9 4̂00 •10-6 -  1,0 8 • 103 • 10-7 =
= 1 + 350 • 10-4 -  71,6 • 10-4 + 19,6 • 10-4 -  8 • 10-4 = 1,029 r/cM3.

KoHTpoabHe 3aBgaHHH
3HaHTH rycTHHy 36upaHoro MonoKa 3a TeMnepaTypu 20 0C.
Bidnoeidb: p = 1,0333 r/cM3.

1.4. CKANAPH I BEKTOPH
Bci î3HHHi BenHHHHH, ^ o 3ragyroTbca y ^OMy nigpyHHHKy, MO*Ha 

noginHTH Ha cKanapH i BeKTopH.
CKannp -  u;e BenHHHHa, aKa noBHiciro BH3HaHaeTbca HHcnoBHM 3Ha- 

HeHHaM. HanpHKnag, po6oTa A, TeMnepaTypa T, Maca m, Hac t -  cKanapH.
BeKmop -  u;e BenHHHHa, aKa BH3HaHaeTbca HHcnoBHM 3HaHeHHaM i 

HanpaMKOM. HanpHKnag, cHna F  , mBHgKicTb v , npHcKopeHHa a  -  BeK-
TOpH.

1 .4 .1 . ^i'i Hag BeKTopaMH

ffodaeannn eeKmopie

n p a em o  napanenospaMa -  gna gogaBaHHa BeKTopiB A  i B  Tpe6a 
mnaxoM napanenbHoro nepeHocy noegHaTH ix noHaTKH i no6ygyBaTH Ha

11



BeKTopax napanenorpaM; BeKTop C , akhh e giaroHannro ^ o r o  napane- 

norpaMa, aBnae co6oro myKaHy cyMy C  = A + B  (puc. 1.1).
npaeuno mpuKymHUKa -  Tpe6a cnonyHHTH KiHe^ nepmoro BeKTopa 3 

noHaTKOM gpyroro; BeKTop C , akhh 3 ’egHye noHaTOK nepmoro BeKTopa 3 

KiimeM gpyroro, aBjiae C06010 inyxaHy cyM y C  = A + B  (puc. 1.2).

Puc. 1.1. ôgaBaHHH BeKTopiB 3a npaBĤ OM napa^e^orpaMa

Puc. 1.2. gogaBaHHH BeKTopiB 3a npaBĤ OM TpHKyTHHKa

BidmMaHHK eeKmopie: BigHaTH BeKTop B  i3 BeKTopa A  O3HaHae gogaTH 

go BeKTOpa A  BeKTOp - B ,  akhh npOTHne^HHH BeKTOpy B  (puc.1.3):

A - B  = A + ( - B )  = C .  (1.3)

Puc. 1.3. BigmMaHHH BeKTopiB

MHoweHHK i dineHHH eeKmopie Ha CKannp: BHacnigoK MHO^eHHa BeK- 

TOpa A  Ha cKanap n OTpHMyeTbca BeKTOp, ^ o  36iraeTbca 3a HanpaMKOM 

3 BeKTopoM A  i gopiBHroe 3a MogyneM nA (puc. 1.4); y pe3ynbTaTi gineH-
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Ha OTpuMyeMO BeKTop, ^ o  36iraeTbca 3a HanpaMKOM 3 BeKTopoM A , mo- 
gynb aKoro gopiBHroe A/n (puc. 1.5).

Puc. 1.4. MHomeHHH BeKTopiB Ha CKa.iflp

npoeKtyweaHHH eeKmopie: npoe^iaMH BeKTopa A  Ha Bicb OX  Ta Ha 
Bicb O y  Ha3HBaroTbca Bigpi3KH Ax Ta Ay  BignoBigHO Mm: npoe^iaMH Ha 
^  oci noHaTKy i KiH^ BeKTopa (puc. 1.6). ^  n p o ew i Ha3HBaroTbca 
KoMnoHeHmaMU BeKTopa, npuHOMy:

Ax = A co sd ; Ay = A sin0; A = ^A^ + Ay; . (1.4)

Puc. 1.5. ^meHHA BeKTopiB Ha CKâ ap Puc. 1.6. npoeKuiroBaHHA BeKTopiB

1 .4 .2 . CKa^HpHHH Ta BeKTopHHH goSyTKH

CKannpHUM dodymKoM A • B  gBOx BeKTopiB A  i B  e cKanap:

A • B  = | A  | • | B  | cosa, (1.5)

ge a -  KyT Mm: BeKTOpaMH A  i B  .

BeKmopHUu dodymoK A x  B  gBOx BeKTopiB A  i B  -  ^  BeKTop, 
Mogynb aKoro gopiBHroe:

| A x B  | = | A  || B  | sina. (1.6)

Horo HanpaMOK nepneHgHKynapHHH go o6ox BeKTopiB A  i B  i 36iraeTb- 
ca 3 HanpaMKOM n ocTynanbHoro pyxy npaBoro rBHHTa y pa3i Horo o6ep- 

TaHHa Big A  go B  Ha KyT MeHmuH 7r(puc. 1.7).
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npHK^ag
KyT KiMHaTH o6paHHH aK nonaTOK npaMOKyTHOi chctcmh K00pgHHaT. KoMaxa 3Ha- 

xogHTbca Ha cTiHi KiMHaTH b to w  3 K00pgHHaTaMH (2 m; 1 m). 3HaHTH BigcraHb Mra: 
KOMaxoro i KyTOM KiMHaTH.

Po3B’H3oK
KyT KiMHaTH MÔ Ha npegcraBHTH aK npaMOKyTHy cucTeMy K00pgHHaT. nono êHHa 

KOMaxu Ha cTiHi onucyeTbca gBOMa KOMnoHeHTaMH A i B BeKTopa C , BenHHHHa aKoro, 
^0  BignoBigae BigcTaHi Mra: KOMaxoro i KyTOM KiMHaTH, 3HaxogHTbca 3a ôpMynoro:

C = 4 a -
3Bigcu:

2 + B 2
C 2 + 22 = 2,24 m .

C = A x B

Puc. 1.7. BeKTopHHH goSyroK gBox BeKTopiB

KoHTpô bHe 3aiuanim
BeKTop A cnpaMOBaHHH y3g0B  ̂oci X  npaMOKyTHOi cucTeMH K00pgHHaT i Mae Be-

nHHHHy 5 cm; BeKTop B  cnpaMOB aHHH y3g0B  ̂oci y  i Mae BenHHHHy 2 cm. 3HaHTH Be- 
nHHHHy i HanpaMOK BeKTopa C  =  A -  B .

KOHTPO^bHI 3AnHTAHHH TA 3AB^AHHH

1. ^ 0  Ha3HBaroTb $i3HHHoro BenHHHHoro?
2. Hhm xapaKTepH3yeTbca î3HHHa BenHHHHa?
3. ^ 0  TaKe Maca Tina?
4. ^ 0  Ha3HBaroTb rycTHHoro peHOBHHH?
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5. fle BHKopucTOByroTb o^HKy rycTHHH 6ionoriHHux piguH?
6. ^ o Ha3HBaroTb cKanapoM? BeKTopoM?
7. C^opMynroBaTH npaBuna gogaBaHHa BeKTopiB: a — npaBuno napa- 

nenorpaMa; 6 — npaBuno TpuKyTHHKa.
8. C^opMynroBaTH npaBuna BigHiMaHHa BeKTopiB.
9. C^opMynroBaTH npaBuna MH0*eHHa Ta gineHHa BeKTopiB Ha cKa- 

nap.
1 0 .y  HOMy nonarae npoe^iroBaHHa BeKTopiB?
11. flaTH BH3HaHeHHa cKanapHoro go6yTKy.
12. flaTH BH3HaHeHHa BeKTopHoro go6yTKy.

2. MEXAHIKA

MexaniKa -  po3gin $i3HKH, ^ o  BHBHae MexamHHHH pyx MaTepianb- 
hhx Tin Ta B3aeM0giro u;hx Tin.

2.1. OCHOBHI BH3HAHEHHA
MexaniHnuu pyx -  3MiHa nono*eHHa Tina 3 HacoM BigH0cH0 iHmoro 

Tina a6o cucTeMH Tin, ^ o  yMOBHO BBa*aroTb HepyxoMoro.
y  Mexarn^ gna onucy peanbHux Tin BHKopucTOByroTb cnpo^em mo- 

geni, TaKi aK MaTepianbHa TOHKa a6o a6c0nroTH0 TBepge Tino.
Mamepianbna moHKa -  u;e Tino, ^opMoro i p03MipaMH aKoro b yMO- 

Bax gaHoi 3agaHi M0*Ha 3HexTyBaTH.
A6conwmno meepde mino -  u;e Tino, ge^opMa^aMH aKoro b yMOBax 

gaHoi 3agaHi M0*Ha 3HexTyBaTH, i BigcTaHb Mi* gBOMa TOHKaMH aKoro 
3aB*gu 3anumaeTbca He3MiHH0ro.

CucmeMa eidniKy -  u;e cyKynHicTb cucTeMH K00pgHHaT i roguHHHKa, 
3B’a3aHux 3 TinoM, BigH0cH0 aKoro BHBHaeTbca pyx 6ygb-aKux iHmux 
MaTepianbHux tohok a6o Tin. HanpHKnag, y geKapTOBrn cucTeMi Koopgu- 
HaT nono*eHHa tohkh A b gaHHH MOMeHT Hacy xapaKTepu3yeTbca Tpbo- 
Ma K00pgHHaTaMH X, Y  i Z.

2.2. KIHEMATHKA
2 .2 .1 . KiHeMaTHKa MaTepia^bHoi’ tohkh  

i nocT yna^bH oro pyxy TBepgoro Ti^a

KineMamuKa BHBHae pyx Tin 6e3 BpaxyBaHHa npuHHH, ^ o  3yM0Bnro- 
roTb u;eH pyx.
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TpaeKmopin -  ^  mHm, AKy onncye nig Hac pyxy MaTepia^bHa ToHKa. 
3ane^HO Big $opMH TpaeKTopii po3pi3H^roTb npRMomniunuu i Kpueorn- 
niunuu pyx tohkh.

ffoew unow  mnnxy As Ha3HBaeTbca BigcTaHb, AKa npoHgeHa tohkow 
3a neBHHH npoMmoK Hacy i AKa BHMiproeTbca B3goB^ TpaeKTopii.

nepeMi^enuH A r  -  ^  BeKTop, npoBegeHHH i3 nonaTKOBoro nono- 
^eHHA tohkh, ^ o  pyxaeTbca, b nono^eHHa ii y gaHHH MoMeHT Hacy:

ge r0 -  pagiyc-BeKTop tohkh, ^o pyxaeTtca, y noHaTKoBHH MoMeHT Hacy, a rf -  pagiyc- 
BeKTop tohkh y gaHHH MoMeHT Hacy.

TpaeKTopiro, goB^HHy mraxy i nepeMi^eHHa noKa3aHo Ha pncyHKy 2.1. 
Cepedun meudrncmb moHKu <v > -  ^  BigHomeHHA nepeMi^eHHA 

A r  go npoMmKy Hacy A t , 3a akhh boho BigSynoca (pnc.2.2):

npHK^ag
Bg^o^a êTHTb y3goB  ̂oci X  TaK, ^o b MoMeHT Hacy t1 = 1 c BoHa 3HaxogHTbca b 

ToHH,i X1 = 12 m, a b MoMeHT Hacy t2 = 3 c -  y ToHH,i X2 = 4 m. 3HaHTH Mogym BeKTopiB 
nepeMî eHHA Ta cepegHtoi mBHgKocTi no t̂oTy Sĝ ô H 3a gaHHH npoMmoK Hacy.

P03B’H30K
Mogy b̂ BeKTopa nepeMî eHHa Sg ô̂ H 3HaxogHMo 3a BHpa3oM:

(2.1)

Ar
(2 .2)

B

Phc. 2.1. TpacKTopin, goBmnHa 
m.mxy i nepeMî eHHH

Phc. 2.2. CepegHn mengKicTb pyxy
TOHKH

|AX = IX2 - Xi|= |4 m -  12 m|= 8 m. 
Mogy b̂ cepegHtoi mBHgKocTi BH3HaHaeMo 3a ôpMyroro:
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= I AX | = | X  -  X  | =|<v>| = | AX I = I
At

L | = |(4 m -  12 m)/(3c -  1c)| = 8m/2c = 4 m/c.

Mummeea meudxicmb moHKU v  gopiBHroe nepmift noxigHift pagiyc- 
BeKTopa 3a HacoM:

Ar dr
v = lim —  = —  . (2.3)

At ̂ o At dt
Ha pHcyHKy 2.1 BHgHo, ^ o  3i 3MeHmeHHaM At goB^HHa mnaxy As Ha- 

6nH^aertca go | A r  |, orae  Mogynt MHTreBoi' mBHgKocri gopiBHroBaTHMe:
i k i ,. As ds

v = | v  | = lim —  = — .
At̂ 0 At dt

(2.4)

npucKopenuH -  ^  BeKTopHa BenHHHHa, ^ o  xapaKTepH3ye 3MiHy 
mBHgKocTi tohkh 3a HHcnoBHM 3HaHeHHaM Ta HanpaMKoM. n ig  Hac npa- 
MoniHiftHoro pyxy tohkh B3goB^ oci x, KonH i'i mBHgKicTb 3pocTae a6o 
cnagae piBHoMipHo, cepedne npucKopenuH BH3HaHaeTtca 3a BHpa3oM:

a  - - A L ,  (2 .5 )
At

ge Av — 3MiHa mBHgKocTi 3a npoMDKoK Hacy At.
Mummeee npucKopenun a  gopiBHroe nepmift noxigHift Big mBHgKo­

cTi 5  pyxy tohkh 3a HacoM t, a6o gpyrift noxigHift Big pagiyc-BeKTopa 3a 
HacoM (pnc.2.3):

d  2 rk A 5  d v
a = lim -----  = —  =

At̂ ° At dt
(2.6)

OgHHHIJfl BHMipIOBaHHfl npHCKOpeHHa -  m /&

+ t

Phc. 2.3. CepegHe npncKopeHHH pyxy tohkh 

nocmynanbuuM  Ha3HBaeTtca TaKHft pyx TBepgoro Tina, 3a aKoro

17



npaMa, mo 3’egHye 6ygb-aKi gBi tohkh ^ o r o  Tina, 3anumaeTbca nig Hac 
pyxy napanenbHoro caMa co6i; nig Hac nocrynanbHoro pyxy Bci tohkh 
Tina pyxaroTbca ogHaKoBo i Tino Mo*Ha 3aMiHHTH MaTepianbHoro ToHKoro 
He3ane*Ho Big ftoro po3MipiB.

npHKaag
âcTHHKa pyxaeTbca B3goB* oci X  3rigHo 3 piBHaHHaM X = At2, ge A = 3 m/c2, X  

BHMiproeTbca b m, a t -  b c. 3HaftTH MHTTeBy mBHgKicTb pyxy HacTHHKH.
P03B’H30K
y  noHaTKoBHH MoMeHT Hacy t KoopguHaTa HacTHHKH Xn = 3 t2. ^epe3 npoMixoK Ha­

cy At , to6to b MoMeHT Hacy t + At KoopgHHaTa HacTHHKH craHoBHTb:
Xk = 3(t + A t f  = 3[t2 +2tA t +(A t)2 ] = 3t2 +6tA t + 3(A t)2.

3Bigcu nepeMî eHHa HacTHHKH 3a iHTepBan Hacy A t gopiBHroe:
AX = Xk -  Xn = 3t2 +6tA t + 3(A t)2 — 3 t2 = 6tA t + 3(A t)2.

CepegHa mBHgKicTb 6gxonu 3a iHTepBan Hacy A t gopiBHroe: <v> = AX = 6t + 3A
At

t.
MuTTeBy mBHgKicTb 6gxonu BH3HaHHMo 3a Bupa3oM (3a yMoBH, mo A t 0):

v AX r .v = lim = 6t m/c.At̂ 0 At

KoHTponbHe 3aBgaHHH
EBugKicTb pyxy HacTHHKH B3goB* oci X  onucyeTbca piBHaHHaM v = (A -  Bt2) m/c, 

ge A = 40 m/c, B = 5 m/c3, t BHMiproeTbca b ceKyHgax. 3HaftTH npoe^ii Ha Bicb X  Mogy- 
niB cepegHboro npHcKopeHHa, 3 aKHM pyxaeTbca HacTHHKa 3a npoMixoK Hacy Big t = 0 go 
t = 2 c, Ta MHTTeBoro npHcKopeHHa b MoMeHT Hacy t = 2 c.

Bidnoeidb: <a> = —10 m/c2; a = —20 m/c2.

2 .2 .2 . KiHeMaTHKa pyxy MaTepianbHoi’ tohkh  
no Ko^y

Po3rnaHeMo pyx MaTepianbHoi tohkh, mo pyxaeTbca no KonoBift TpaeK­
Topii pagiycoM r  3i mBugKicrro v  . npoe^ii' npucKopeHHa Ha goTHHHy Ta 
ronoBHy HopManb go TpaeKTopii Ha3HBaroTb BignoBigHo mamenwanbnuM 
a ,  i HopManbHUM a n npucKopeHHaMH.

TaHreH^anbHa cKnagoBa npucKopeHHa BHHHKae 3a paxyHoK 3MiHH 
mBHgKocTi MaTepianbHoi tohkh 3a MogyneM; BoHa HanpaBneHa no goTHH- 
Hift go TpaeKTopii b gaHift toh^ :

a ,  = d-v . (2 .7)
dt

HopManbHa cKnagoBa npucKopeHHa xapaKTepu3ye 3MiHy y Haci Ha- 
npaMKy BeKTopa mBHgKocTi; BoHa HanpaBneHa no pagiycy kphbh3hh r  go
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^ m p a  KpuBH3HH (caMe ToMy ftoro Ha3HBaroTb do^HmpoeuM npucKo- 
peHHHM), a a6conroTHa BenHHHHa BH3HaHaeTbca 3a Bupa3oM:

v 2
an= — . (2.8)

r
Mogynb noeHozo npucKopeHHH MaTepianbHoi tohkh nig Hac KpuBoni- 

miiHoro pyxy BH3HaHaeTbCfl Tax (puc.2.4):

KpHBo.uHiHHoro pyxy

a = | a  I dv
dt

2 | V V  
+ (2.9)

V f l n n  d o n u m n u e u x

H ai/i6 i n b w y  m B u g K ic T b  p y x y  M a e  r e n a p g  (Acinonyx jubatus)  -  1 1 0  K M /ro g .

C e p e g  n T a x iB  c o K in  ( Falco peregrinus)  g o c a r a e  m B u g K o c T i  r o p u 3 o H T a n b H o r o  n o n b O T y  1 5 0  

K M / ro g  T a  n ig  n a c  n iK ip y B a H H a  -  g o  3 2 0  K M / ro g ; r o n K o x B o c T U M  c T p u w  ( Chaeturinae)  n e T U T b  3 i 

W B u g K ic T r o  1 6 0  K M / ro g . C T p a y c  ( Struthio camelus)  6 i r a e  3 i W B u g K ic T r o  1 6 0  K M /ro g .

P u 6 a  n a p y c H M K  ( Istiophorus platypterus)  g o c a r a e  m B u g K o c T i 1 1 0  K M /ro g . 

n o n a p H a  K p a ^ K a  ( Sterna paradisea)  M ir p y e  H a  B ig c T a H b  g o  3 2 0 0 - 4 0 0 0  km.

P e K o p g  p o 3 M ip iB  c e p e g  g e p e B  H a n e w u T b  c e K B o i' ( Sequoiadendron giganteum)  -  c e p e g H a  

B u c o T a  c T a H o B M T b  7 6 —8 4  m , g i a M e T p  — 5 —7  m; M a K c u M a n b H a  B u c o T a  — 9 5  m T a  g i a M e T p  — 1 1  m.

2.3. AHHAMIKA
2 .3 .1 . ^HHaMiKa M aTepia.bH oi tohkh

i n o cT y n a .b H o ro  pyxy TBepgoro T i .a

ffuHaMiKa — po3gin MexaHiKH, aKuft BHBHae pyx Tin y 3B’a3Ky 3 thmh 
npuHHHaMH, aKi cnpuHHHroroTb a6o 3MiHroroTb ^ f t  pyx. KnacuHHa Me- 
xaHiKa rpyHTyeTbca Ha noHaTTax Macu i cunu, a TaKo^ Ha 3aKoHax, aKi 
noB a3yroTb ^  noHaTTa 3 KiHeMaTHHHHMu BenuHHHaMH — 3MimeHHaM, 
mBugKicTro Ta npucKopeHHaM pyxy. B ocHoBi KnacuHHoi MexaHiKH ne-
^aTb Tpu 3aKoHH HbroToHa.

nepuiuu 3aKoH HbwmoHa -  6ydb-HKa MamepianbHa mouKa (mino)
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36episae cman cnoKom ado pieH0MipH0^0 npnM0niHiuH0^0 pyxy, doKu din 
3  doKy iHmux min He npuMycumb ii 3MiHumu ^ u  cmaH.

BnacTHBicTb Tin 36epiraTH craH cnoKoro a6o piBHoMipHoro npaMoni- 
HiftHoro pyxy Ha3HBaeTbca iHep^ew. nepmuft 3aKoH HbroToHa BHKoHy- 
eTbca nume b mep^anbHift cucreMi BigniKy.

Cuna — î3HHHa BenHHHHa, aKa xapaKTepu3ye giro ogHoro Tina Ha 
iHme; HacnigKoM npuKnageHHa go Tina cunu e Ha6yBaHHa npucKopeHHa 
a6o ge^opMa^i' Tina.

OgHHH^a BHMiproBaHHa cunu -  HbwmoH (H): 1 H = 1 kt-m/c2.
M aca  Tina -  $i3HHHa BenHHHHa, aKa e ogHiero 3 ochobhhx xapaKTe- 

pucTHK MaTepii, mo BH3HaHae ii mep^ftrn Ta rpaBrra^ftHi BnacTHBocTi.
OguHH^ BHMiproBaHHa Macu -  KinospaM (ks) .
npymu 3aK0H Hhiamong — npucmpeHHn, rnoeo Ha6yeae MamepianbHa mou­

rn (mino), nponoptyiuHe cuni, nrn euKnume ife npucmpeHHn, 36izaembcn 3 Hew 3a 
HanpnMKoM, i 0 6 eprnH0  nponoptyiuHe Maci MamepianbHoi mourn (mina):

F
a  - — . (2.10)

m
PiBHaHHa (2.10) Mo*Ha 3anucaTH TaK:

F  -  m a . (2.11)

Tpemiu 3aK0H Hbiomona — 6ydb-nKa din MamepianbHux mouoK (min) 
odHa Ha odHy Hocumb xapaKmep 63aeModii; cunu, 3 hkumu diomb odHa
Ha odHy MamepianbHi mouKu (mina), 3aew du odHaKoei 3a ModynnMu,
npomunewHi 3a HanpnMKoM i diomb y3doew  npnMoi, ^ o  3 ’edHye 
mouKu (mina):

F 21 - — F 12, (2.12)

ge F 21 — cuna, mo gie Ha ogHeTino 3 6oKy iHmoro; F 12 — cuna, mo gie Ha ogHe Tino 3 
6oKy iHmoro.
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IcaaK HbtoTOH (1642-1727)

AHmiMCbKMM $i3M K i MaTeMaTUK, OflMH i3 HaM- 
HCKpaBiWMX BHeHMX ICTOplY. C ^ O p M y ^ W B a B  o c - 
HOBHi KOH^e^^iY T a  3aKOHu M exaH iK u, BiflKpuB 
3aKOH BCeCBiTHbOrO THWiHHH, pO3pO0MB M aT e- 
MaTMHHi M eTOflu pO 3paxyHK iB.

2 .3 .2 . 3aKOH 3Sepe^eHHH iM ny^bcy
3aMKHyT01 CHCTeMH

iMnynbcoM (KinbKicmw pyxy) p  MaTepianbHoi' tohkh, mo pyxaeTb­

ca 3i mBugKicrro v  , Ha3HBaeTbca goOyTOK Macu ^ei' tohkh Ha ii 
mBHgKicTb:

p  =  m v  . (2.13)

OguHH^ BHMiproBaHHa iMnynbcy -  kz-m/c.
^Kmo MaTepianbHa ToHKa pyxaeTbca y goBinbHoMy HanpaMKy, 

KinbKicTb ll pyxy xapaKTepu3yeTbca TpboMa KoMnoHeHTaMu:

p x  = m vx ; p y  = m Vy ; p z  = m vz . (2.14)

Po3rnaHeMo cucreMy MaTepianbHux tohok. MexaHiHHa cucreMa, Ha 
aKy He giroTb 3oBHimHi cunu (mo giroTb Ha cucreMy 3 6oKy 3oBHimHix 
Tin), a6o aKmo ix piBHogiroHa gopiBHroe Hynro, Ha3HBaeTbca 3aMKHymow 
(i30nb0eaH0K>).

flna cucTeMH MaTepianbHux tohok piBHaHHa (2.11) MaTHMe TaKHH 
Burnag:

d  (mV) = f  + F eHy mp  (2 15)
: 1 3oeu 1 duc ’

dt

ge F 3om  = S ( F i ) 3oeH -  BeKTop 3oBHimHix cun, a F ^ H ^  -  BeKTop BHyrpimHix gucHna- 

thbhhx cun.

OcKinbKH reoMeTpuHHa cyMa BHyrpimHix cun MexaHiHHoi cucTeMH 3a

TpeTiM 3aKoHoM HbroroHa gopiBHroe Hynro, to  d(m V) = F  . flna 3aMKHy-
dt
„ d  (m v ) „

toi cucTeMH MaTepianbHux tohok MaeMo F  = 0, oT*e —------  = 0, a6o
dt
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m v  = Z m .Vi = Z p ( = p  = const, toOto noeHuu iMnynbc 3aMKHymoi cuc-

meMu He 3MiHwembcn 3 HacoM (3aK0H 36epe^eHHH iMnynbcy).
flna 3aMKHyroi cucTeMH piBHaHHa (2.15) Mo*Ha 3anucaTH TaK:

d (m v )  = d p  = F ^ d t , (2.16)

ge BenHHHHa F„„„„ dt Ha3HBaeTbca mnynbcoM cunu.

3 piBHaHHa (2.16) BugHo, mo iMnynbc cunu gopiBHroe 3MiHi KinbKocri 
pyxy.

2 .3 .3 . ^ H T p  Mac Ta 3aKOH fioro pyxy

Po3rnaHeMo cucTeMy MaTepianbHux tohok (puc. 2.5). ToHKa C, pagiyc- 
BeKTop aKoi gopiBHroe BigHomeHHro cyMH goOyTKiB Mac ycix MaTepianb- 
hhx tohok cucTeMH Ha ix pagiyc-BeKTopu go Macu m Bciei cucTeMH, Ha- 
3HBaeTbca ^HmpoM Mac cucTeMH MaTepianbHux tohok:

I 'm r  + m2r2 + -  +  m .r ,  _  i=,

Z m
m 1 +  m2 + . . .  +  m n 

(2.17)

-  d r .
fflBHgKicrb ^ m p a  Mac gopiBHroe v c = ----- , a iMnynbc -  goOyTKy

dt
Macu cucTeMH Ha mBHgKicTb ii ^ m p a  Mac p  = m v c .

OcKinbKH noxigHa no Hacy Big iMnynbcy MexaHiHHoi cucTeMH go- 
piBHioe reoMeTpHHHiH cyMi 30BHimHix chji, mo giiOTb Ha CHCTeMy

i=1 i=1
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Phc. 2.5. ^HTp Mac CHCTeMH MaTepiaabHux tohok hk MaTepiaabHa
ToHKa, B HKifi MiCTHTbCfl MaCa BCiei* CHCTeMH

dp
( —  = F  + F 2 + + F  ), Mo*Ha cTBepg*yBaTH, mo ^ m p  Mac cucTeMH

dt n
MaTepianbHux tohok pyxaeTbca aK MaTepianbHa ToHKa, b aKiH MicTHTbca 
Maca Bciei cucTeMH i Ha aKy gie cuna, mo gopiBHroe reoMeTpuHHiH cyMi

Bcix cun, aKi giroTb Ha cucreMy ( m -----= F 1 +  F 2 +  ... +  F n ). BignoBig-
dt

ho go 3aKoHy 36epe*eHHa iMnynbcy ^ m p  Mac 3aMKHyroi cucTeMH a6o 
pyxaeTbca npaMoniHiHHo Ta piBHoMipHo, a6o 3anumaeTbca HepyxoMHM.

2 .3 .4 . PeaKTHBHHH pyx y  npupogi

PeaKTHBHHH pyx BHHHKae nig Hac poOoTH peaKTHBHoro gBuryHa, Ta­
ra aKoro yTBoproeTbca pea^iero (BiggaHero) poOoHoro Tina, mo BHTiKae 3 
Hboro. 3aBgaKH ^oM y cuna p ea^ ii npuMymye npucrpiH 3 gBuryHoM 
pyxaTuca y 6iK, npoTune*HHH HanpaMKy BHTiKaHHa poOoHoro Tina.

Po3rnaHeMo pyx * hbhx opraHi3MiB, mo cynpoBog*yeTbca 3MiHoro ix 
Macu. ^cKpaBHMH npuKnagaMH TaKux opraHi3MiB y npupogi e Megy3H, 
KanbMapu, BocbMHHoru, geaKi MonrocKH Tomo (puc. 2.6). B ohh nepecy- 
BaroTbca 3aBgaKH cBoepigHoMy peaKTHBHoMy pyxy, aKHH 3a6e3neHyeTbca 
cTpyMeHeM BumToBxHyToi 3 ocoOnuBux nopo*HHH Tina Bogu. HanpuK- 
nag, Megy3a 3anoBHroe napaconbKoBy HacTHHy Bogoro, aKy BumToBxye, 
BHacnigoK Horo pyxaeTbca y npoTune*HHH 6iK. CKnagHimuMH cucreMa- 
mh e KanbMapu, aKi MaroTb Ma3oBy HaKugKy, mo 3anoBHroeTbca Bogoro. 
BHacnigoK Ma3oBoro cKopoHeHHa Boga BumToBxyeTbca Hepe3 ch^ oh, a 
KanbMap pyxaeTbca y nporane*HoMy HanpaMKy. npuHoMy BiH 3gaTHHH 
perynroBaTH HanpaMoK pyxy 3aBgaKH oOepTaHHro cu^oHa. fleaKi Kanb- 
Mapu 3a paxyHoK peaKTHBHoro pyxy gocararoTb nanyOu KopaOniB. Hacro 
KanbMap cynpoBog*ye BHKug Bogu 3 TeMHoro HopHunbHoro piguHoro gna 
BignaKyBaHHa xu*aKiB. fleaKi MonrocKH, TaKi aK MopcbKHH rpeOrne^, 
crucKyroTb nepioguHHo cboI HepenamKH, 3aBgaKH HoMy Mo*yrb 3ano- 
OirTH 3ycTpiHi 3 xu*aKaMH -  MopcbKHMH 3ipKaMH. fflBugKicrb MopcbKux 
opraHi3MiB Bapiroe Big 27 mm/c y npegcTaBHHKiB KnoyHoBux pu6 go 
0,6 m/c y MopcbKoro rpeOiH^ Ta go 8 -1 5  m/c y KanbMapiB, BocbMHHoriB 
Ta KapaKaTH^.
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a 6
Phc. 2.6. PeaKTHBHHH pyx y iipnpo.ii: a -  Megy3a; 6  -  KantMap

(nÔ CHeHĤ  B TeKCTi)

Cepeg cintctKorocnogapctKux o6’eKTiB peaKTuBHun pyx geMoHcTpye 
oripoK-nupcKaH npy^Hun (“cKa^eHHH” oripOK).

2.4. CHTO
2 .4 .1 . 3aKOH BcecBiTHboro th^ I hhh

3aKOH ececeimnboso m n^iuun -  dei 6ydb-HKi Mamepianbui moHKU 3 
MacaMU m1 i m2 npummywmbcn e uanpHMKy odua do oduo'i 3 cunow, ^ o  
npHMO nponop^uua do6ymKy Mac i o6epueuo nponop^uua Keadpamy 
eidcmaui Miw humu:

F  = G ^ m 2 , (2.18)
r

ge F  -  cuna T̂ îHĤ  (rpaBrra^HHa cuna, cuna BcecBiTHtoro T̂ îHĤ ); r -  BigcTaHt Mm: 
TOHKaMH; mi i m2 -  ix Macu; G = 6,672 • 10-11 H-M2/Kr2 -  rpaBrra^HHa cTana.

M a T e p ia n tH i  t o h k u  -  ^  6 y g t - a K i  T in a , pO 3M ipu  a k u x  3HaH H o M eH m i 

H m  B ig c T a H t M m  h u m u . H tro T o H  goB iB , ^ o  c u n a  T ^ rn H H a  M m  gBOM a 

c ^ e p u H H u M u  T in a M u  K iH u,eB ux pO3M ipiB  3i c ^ e p u H H u M  p O 3 n o g in o M  p e n o -  

b u h u  T a K o ^  o n u c y e T tc a  piB H ^H H ^M  ( 2 .1 8 ) .

P o 3 rn ^ H e M o  c u n u ,  ^ o  g i r o T t  H a H e p y x o M e  T in o , p o 3 T a m o B a H e  H a 3eM - 

h m  n o B e p x H i. 3  6 o K y  3 e M n i g i e  c u n a  T a m H H a  F , ^ o  B u 3 H a n a e T tc a  3a  
3aK oH oM  B c e c B iT H to ro  r a m H H a :

m M 3

F  = G — ^  , ( 2 .1 9 )
R 3

ge m -  Maca Tina; M3 -  Maca 3eMni; R3 -  pagiyc 3eMHoi Kyni.
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y  BeKTopmM ^opMi 3aKoH BcecBiTHoro Ta*iHHa Mae Burnag:

F  = -G  m M ^ R ,
R

(2.20)

ge R  -  oguHHHHHH BeKTop (puc. 2.7, a).

Puc. 2.7. B3aeMogia gBox Tia: a -  B3aeMogia gBox Tin; 6  -  gia cun Ha Tino, mo 3Haxo- 
guTtca Ha 3eMHrn noBepxHi; e -  3ane*HicTt Bara Tina Big mnpora ftoro Miciie3Haxo- 
g*eHHa. TyT: Fp -  BeKTop rpaBiTamftHoi cunu; Feid -  BeKTop BigqeHTpoBoi cunu;

P  -  BeKTop cunu Bara; Fzp -  rpaBiTamftHa cuna, Fe -  BigqeHTpoBa cuna, P -  Bara Tina,
-  reorpa îHHa mupoTa Mici^HaxogxeHHa Tina, r -  pagiyc o6epTaHHa Tina,

R -  pagiyc 3eMHoi Kyni.

2 .4 .2 . rp aB iT a^ H H e n o ae

rpaBiTa^HHa B3aeMogia Mi* TinaMu 3gmcHroeTtca 3a paxyHoK zpa- 
eimawuuozo nonH, ochobhom BnacTuBicTro aKoro e Te, mo Ha 6ygb-aKe 
Tino Macoro m, po3MimeHe b ^oM y noni, gie cuna rpaBiTau;ii:

F
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F p  =  m E r • ( i 2 1 )

ge BeKTop E r He 3age®:uTb Big m i Ha3uBaeTbca nanpy^enicm w  zpaei-

ma^unozo now.

F
E r =  (2.22)

m
BpaxoByKHu piBHaHHa (2.20), MO^Ha ogep^aTH Bupa3.

E r = ' G t R . (2 2 3 )

Hanpy^eHiCTb noga TamHHa Bu3HaHaeTbca cugoK, ^ o  gie 3 6oKy noga 
Ha MaTepiagbHy ToHKy oguHuHHoi Macu i 36iraeTbca 3 HanpaMKoM gii cugu 
TamHHa. B Ko^HiM Tomi.i rpaBrra^HHoro noga BigHomeHHa cugu, ^ o  gie Ha 
MaTepiagbHy ToHKy, go ii Macu e BeguHuHoK cTagoK i Ha3uBaeTbca npucKo- 
pennxM ehbnozo nadinuH g . Biga noBepxHi 3eMgi g  =  9,80 m/c2. ^ga to ­

hok, po3Mi^eHux no6gu3y noBepxHi 3eMgi, npucKopeHHa BigbHoro nagiHHa 

g  gopiBHKe Hanpy^eHocri E r rpaBira^HHoro noga.

TaKUM huhom, yHiBepcagbHa B3aeMogia Mi® 6ygb-aKUMu BugaMu $i- 
3uhho1 MaTepii Ha3uBaeTbca mn^iuuHM  a6o zpaeima^em.

ranineo rAfllflEM (1564-1642)

iTaniwcbKMM ^i3M K T a  acT p 0 H 0 M . f lo c n ig w y B a B  
p y x  o 6 ’eKTiB n ig  M ac B in b H o ro  nagiH H H  T a  Ha 
n o x w n m  n n o ^ M H i. 3po6iM B KinbKa g o c n ig w e H b  b 
acTpoH O M ii: BigKpuB m otmpm  cynyTHMKa fO n iT e- 
p a ,  HOBi 3ipKu; b m b m sb  no B ep x H W  M i c a ^ ,  c o h h - 
MHi nn^M M ; goB iB , ^ o  H yM a^K M M  w n a x  H B n a e  
c o 6 o r o  MMcneHHy KinbKicTb 3ipoK.

2 .4 .3 . r p a B r r a ^ H  Ta vkiibI opram3MH

Ha BigMiHy Big iHmux 3oBHimHix cTuMygiB rpaBrra^a icHye 3aB®gu i 
He 3MiHKeTbca 3a BeguHuHoK; ii He Mo®Ha yBiMKHyTu hu BuMKHyTu. 
BepTuKagbHa Mirpa^a BogHux MiKpoopraHi3MiB aBgae co6 ok  noBegiH- 
kobum MexaHi3M nomyKiB onTuMagbHoro 3 tohku 3opy ix pocTy Ta pe- 
npogy^ii nogo^eHHa y BogHoMy cepegoBu^i. OoTocuHTeTuHHi Ta He- 
^oTocuHTeTuHHi MiKpoopraHi3Mu BuKopucToByKTb cBiTgo aK 3QBmmmH
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cTuMyg: 3a Hu3bKux piBHiB ocBiTgeHHa bohu geM0HcrpyKTb no3uTuBHun 
$0T0TaKcuc, npaMyKHu go BogHoi noBepxHi 3 tum, mo6 ogep*aTu go- 
cTaTHe gga *uTTegiagbHocri coHaHHe BunpoMiHKBaHHa. Age 3a bucokoI 
iHTeHcuBHocTi coHaHHoro BunpoMiHKBaHHa bohu BuKopucToByKTb He- 
raTuBHun $0T0TaKcuc, npaMyKHu b rgu6uHy 3 tum, mo6 3ano6iiru pyn- 
HiBHin gii ^ o r o  BunpoMiHKBaHHa. OoToopieHTa^a He Mae M ic^ y TeM- 
paBi, age e Ha 3HaHHux rgu6uHax, ge cBiTga He BucraHae. B ^0M y pa3i 
BogHi opraHi3Mu BuKopucToByKTb rpaBrra^K aK 30BHimHin ^aKTop gga 
BepTuKagbHoi opieHTa^i'.

rpaBrra^nHe noge 3eMgi e Ba*guBuM 3oBHimHiM ^aKTopoM gga 
opraHi3MiB, mo nepecyBaKTbca y BogHoMy cepegoBumi. TaKy cnpo- 
Mo*HicTb opraHi3MiB opieHTyBaTu HanpaMoK cBoro pyxy BigHocHo 
rpaBrra^nHoro noga Ha3uBaKTb spaeimaKCUC0 M. rpaBiTaKcuc cnocrepi- 
raeTbca y 6araTbox Bogopocren. PiBeHb rpaBrra^nHoi opieHTa^i' Bogo- 
pocren Bu3HaHaeTbca HaaBHicTK 3a6pygHeHb y cepegoBumi, BnguB0M 
coHaHHoro, 30KpeMa ygbTpa^iogeTOBoro BunpoMiHKBaHHa. TaKuM hu­
hom, rpaBiTaKcuc e Ba*guBuM eKogoriHHuM ^aKTopoM, aKun gae 3Mory 
BogHuM opraHi3MaM 3HaxoguTu Kpami yM0Bu icHyBaHHa.

PocToBy p e a ^ iK  pocguH, aKa BuKguKae BuruH a6o cKpuBgeHHa ii 
neBHoi HacruHu y 6iK rpaBrra^i' aK 30BHimHboro cTuMygy, Ha3uBaKTb 
spaeimponi3M0M.

2 .4 .4 . B a r a  Ti^a

XapaKTep MexaHiHHoro pyxy 3age*uTb Big cucTeMu BiggiKy. Ti cuc- 
TeMu, no BigHomeHHK go aKux BuKoHyeTbca nepmun 3aK0H HbKT0Ha 
(to 6to  TaKi cucTeMu, aKi 3HaxogaTbca y cram  cnoKoK a6o pyxaKTbca 
piBH0MipH0 Ta npaMogimnHo), Ha3uBaKTbca impwanbHUMU cucmeMaMU 
eidnmy. CucTeMu BiggiKy, mo pyxaKTbca BigHocHo mep^agbHoi' cucTe­
Mu 3 npucKopeHHaM, Ha3uBaKTbca mimp^anbHUMU.

P03rgaHeM0 Tigo, po3MimeHe no6gu3y 3eMgi. KpiM rpaBrra^nHoi cu- 
gu, mo Bu3HaHaeTbca 3a 3aK0H0M BcecBiTHboro Ta*iHHa i 3aBgaKu aKin 
Tigo pyxaeTbca 3 npucKopeHHaM BigbHoro nagiHHa, Ha Hboro gie 3a pa- 
xyH0K go6oBoro o6epTaHHa 3eMgi eid^ Hmpoea cUna iHep^i F eid = ma>2r 
(ge o  = 7 ,3 -10-5 pag/c -  KyroBa mBugKicTb go6oBoro o6epTaHHa 3eMgi; 
r -  pagiyc o6epTaHHa), mo HanpaBgeHa Big oci o6epTaHHa.

PiBHaHHa BigHocHoro pyxy MaTepiagbHoi tohku Macu m y cucTeMi 
BiggiKy, noB’a3arnn i3 3eMgeK, Mae Burgag:

m g  =  m E r +  ( 2 .2 4 )
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ge E y -  Hanpy®emcTL rpaBrramHHoro noga; F eid -  BigqeHTpoBa cuga mep^i.

reoMeTpuHHa cyMa cugu npuTaraHHa 3eMgi Ta Big^mpoBoi' cugu 
iHepuji Ha3uBaeTbca cUnow mn^iHHH (puc. 2.7, 6). Cuga npuTaraHHa 3HaH- 
ho nepeBumye Big^m poBy cugy rnepuji, ocKigbKu BeguHuHa o 2 gy®e 
Maga; 0T®e, cuga Ta®iHHa Man®e He Bigpi3HaeTbca Big cugu rpaBrra^n- 
Horo Ta®iHHa.

n p o e ^ ia  Big^mpoBoi' cugu rnepuji F eid Ha HanpaM0K gii cugu Ta- 
®iHHa 3eMgi gopiBHKe:

F eid = m O rcosp, (2.25)
ge p -  reorpa îHHa mupoTa Micî e3Haxog®eHHa Tiga.

Basa P  Tiga -  u;e cuga, 3 aK0K Tigo BHacgigoK Ta®iHHa go 3eMgi gie 
Ha onopy (hu nigBic), mo yTpuMye Tigo Big BigbHoro nagiHHa. Bara Tiga 
BuaBgaeTbca gume Togi, Kogu Ha Tigo giKTb iHmi, Hi® cuga Ta®iHHa , 
cugu i Tigo pyxaeTbca 3 npucKopeHHaM, BigMiHHuM Big g. OcKigbKu Maca 
Tiga nocrinHa, a 3HaHeHHa g  3MiHKeTbca 3 mupoToK, to  BignoBigHo 3Mi- 
HKeTbca Bara Tiga. ^k BugHo 3 pucyHKy 2.7, e, Bara Tiga Bu3HaHaeTbca 
aK pi3Hu^ cugu Ta®iHHa F  i n poe^ii Big^mpoBoi' cugu F eid Ha Hanpa- 
mok gii cugu Ta®iHHa :

m M  2
P  = G - m o r c o s p .  (2.26)

BpaxoByKHu, mo r  = Rcosp, 0gep®yeM0  Bupa3:
m M 3 2

P  = G - m o  R c o s p .  (2.27)

TaKuM huhom, Bara Tiga 3age®uTb Big reorpa^iHHoi' mupoTu p  Mic- 
^3Haxog®eHHa Tiga.

2.5. n p y ^ f f l  c h ^ h

2 .5 .1 . fl,e$opMauii* TBepgoro Ti^a

MexaHiHHa de^opMa^H -  u;e 3MiHa B3aeMHoro po3TamyBaHHa mho- 
®uhu HacruH0K MaTepiagbHoro cepegoBuma, aKa npu3BoguTb go 3MiHu 
^opMu Ta po3MipiB Tiga i 3yM0BgKe BuHuKHeHHa cug B3aeMogii Mi® Hac- 
TuHKaMu, to 6 to  noaBy Hanpy®eHb.

npywHUMU Ha3uBaKTbca ge^opMa^i', aKi BuHuKaKTb i 3HuKaKTb 
ogHoHacHo 3 HaBaHTa®eHHaM i He cynpoBog®yKTbca po3ciKBaHHaM 
eHeprii. nnacmmHUMU Ha3uBaKTbca ge^opMa^i', aKi 3agumaKTbca nic-
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ga 3HaTTa HaBaHTa^eHHa i cynpoBog^yroTtca po3ciroBaHHaM eHeprii. 
^ k ^ o  nicga 3HaTTa HaBaHTa^eHHa ge^opMa^a 3HuKae HenoBHicTro, ii 
Ha3uBaroTt npywHO-nnacmuHHOw; aK^o BenHHHHa ge^opMa^i aBHo 3a- 
ge^uTt Big Hacy, age oSopoTHa, BOHa Ha3uBaeTtca B'n3K0-npyMH0W. 
IcHyroTt ge^opMa^i po3mmy, cmucKy, 3srny, KpyneHHM Ta 3cyey (puc. 2.8). 
,^e$opMa^ia BHK̂ HKae b Tigi, ^ o  ge^opMyeTtca, noaBy cunu npywHocmi — 
RHVTpiniHhoi cugu, ^ o  nepemKog^ae ge^opMa^i Tiga.

B uzuh

Puc. 2.8. THnH ge^opMa^i

2 .5 .2 . 3aKOH ry K a

3aKOH f y m  gga ogHoSiHHoro po3Tary (cTucKy): cuna npywHocmi F np, 
^ o  euHUKae BHacnidoK befyopMatyi mina, nponop^UHa eudoeweHHW 
^ 0 3 0  mina x:

FnP = - k x , (2 .28)

ge k -  Koe$in,ieHT npy^Hocri, m,o 3age®uTt Big po3MipiB i MaTepiagy Tiga (nig Hac po3- 
Tary a6o cTucKy Tiga B3goB® oci OX3aKoH ryKa HaSyBae Burgagy F npX = —k • X ).

3aKoH ryKa Mo^e SyTu c^opMygtoBaHuM i 3anucaHuM TaK: BHacni- 
doK HeBenuKux defiopMa^u, MKi e npywHUMU, HopManbHe HanpyweHHR a  
n p ono p^ m e BidH0 cH0My BudoBMeHHW s:

a  = E s ,  ( 2 .2 9 )
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Fge a =s  -  HopMantHe MexamHHe HanpyxeHHa, mo BHHHKae y nonepeHHoMy nepepi3i;
e Al .S -  nnoma nonepeHHoro nepepi3y Tina; e = ——  BigHOCHe BHgoBxeHHa Tina; E -  Mogynt

roHra (3HaHeHHa Mogyna roHra pi3HHX npyxHUx MaTepianiB HaBegeHo b Ta6nnm 2.1).

Mogynb roHra xapaKTepH3ye npy®Hi BnaoTHBooTi penoBHHH nig Hac 
HeBennKHx ge^opMa^n; BiH BH3HanaeTbca Hanpy^eHHaM, mo BHKnnKae 
BigHocHe BHgoB^eHHa Tina, aKe gopiBHroe ogHHH^.

2.1. -  Mogyab MHra gaa pi3HHX npŷ HHX MaTepiaaiB
MaTepian Mogynt roHra E, H/m2

CTant 2 • 1011
KicTKa (B3goB* oci) 2 • 1010
KicTKa (ynonepeK oci) 1,5 •1010
KonareH 107- 108
Cyxornnna 2 • 107
Xpam pe6epHuft 1,2 • 107
ryMa 2 • 106
A6gyKTUH 1,9 • 106
Pe3uniH 1,7 • 106
EnacTUH 6 • 105
KpoBoHocHa cyguHa 2 • 105
KniTUHU rnageHtKUx M’a3iB:

-  y cTaHi 36yg*eHHa 105
-  y cTaHi cnoKoro 104

BaM6yK 2-1010
flepeBHa pocnuHHicTt (0,35-1,93)-1010
KniTHHHa o6onorna BogopocTi Nitella 7-108
^ucTa ^nrono3a 108

npHKaag
Koe^mieHT xopcraocTi npyrnHH noKa3ye, aKy cuny Tpe6a npHKnacTH gna po3Tary 

npy*HHH Ha ogHHHuro goBXHHH. BroHaHHTH Koê mieHT xopcraocTi k npyrnHH, npu- 
KpinneHoi ogHHM Ki^eM go roprooHTantHoi nnomuHH, aKmo iHmnft Kmeut 3B'a3aHHH 3 
BaHTa*eM Macoro m = 400 r. BngoBxeHHa npyrnHH CTaHoBHTt x = 3 cm.

P03BH30K
Bara Tina gopiBHroe npyxHift cuni: mg = kx.

m g  9 9 93Bigcu: k = ----- = (0,4 Kr-9,8 m/c2)/3-10 2 m = 1,31-102H/m.
X

npHKiag
CMy*Ka TKaHUHu 3aBgoB*KH 5 cm i3 nonepeHHUM nepepi3oM 0,1 cm2 Bupi3aHa 3i 

cTiHKU aopTU, Mogynt roHra aKoi cTaHoBUTt 2-105 H/m2. ^Ky Macy BapTo npuKpinuTU go
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BepTHKâ BHO nigBimeHoi CMŷ KH, ^o6 BHKHHKaTH BHgoB̂ eHHA 0,5 cm (3MiHoro none­
peHHoro nepepi3y 3HexTyBaTH).

P03B’H30K
Cum F, npHKnageHa go cMŷ KH, BH3HaHaeTBca aK: F  = m • g ,

ge m -  Maca npHKpin̂ eHoro BaHTâ y; g -  npHcKopeHHa BmBHoro nagiHHa.
3annmeMo 3aKoH ryKa y TepMiHax HopMâ BHoi MexaHiHHoi Hanpyra 0  = F/S Ta Big-

MlHocHoro BHgoB̂ eHHa Tma s = — :

m • g Ml
s  ~ • l ’

3Bigcn:
H

(2 • 105- y )  • (0,5 • 10-2M) • (0,1 • 10-4M2)
m  = E - M l - S  = ----------- M------------------------------------------= 2 1̂0-2Kr.

g ' 1 (10^2)-(5-10-2m)
c

Po6epT ryK (1635-1703)

AHmMCbKMM $i3l/IK, AKI/II/I BigKpUB 3aKOH npy^HOCTi.
y  1 6 6 5  p o ^  B u g a B  KHium y « M iK p o r p a $ m » ,  g e  
o n u c a B  p e 3 y n b T a T u  M iKpocKoniHHux T a T e n e -  
CKoniHHux g o c n ig ^ e H b .  n e p m u M  o n u c a B  ak  
3pO0UTU MiKpOCKOn.

3a^e^HicTB MexaHiHHoro Hanpy^eHHa 0  Big BigHocHoro BngoB^eHHa
s Ha3HBaeTbca diaspaMoro po3- 
mmy (puc. 2.9). TyT Mo^Ha 
BngmnTH TaKi gmaHKH i xapaK- 
TepHi tohkh: ToHKa A Ha3HBa- 
eTBca Mewern nponoptyunocmi; 
BoHa BignoBigae MaKcnMa^B- 
HoMy Hanpy^eHHro onp, 3a aKo­
ro ^ e  BHKoHyeTBca 3aKoH r  yKa; 
ToHKa B -  Mewa npywHOcmi -  
Hanpy^eHHa, 3a aKoro ge^op- 
Ma^a ^ e  3a^nmaeTBca npy^- 
Horo; B C  -  dinnHKa nnuHHOcmi, 
ge ge^opMa^a Big6yBaeTBca 

6e3 36i^BmeHHa Hanpy^eHHa; ToHKa C  -  Mewa nnuHHOcmi; ToHKa D, ^ o  
BignoBigae MaKcnMa^BHoMy Hanpy^eHHro oMaKC Tma nepeg pynHyBaH-

Phc. 2.9. ^iarpaMa po3THry -  rpa îHHe 
3o6pâ eHHH 3â ê HOCTi MexaHiHHoro Ha- 

npŷ eHHH o Big BigHocHoro BHgoB̂ eHHH 8
(noacHeHHa b TeKcTi)
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ham, Ha3UBaeTbca Mewew Mi'yuocmi; ToHKa E  BignoBigae po3puey mina, 
akhM Big6yBaeTbca 3a MeHmoro Hi® <JMaKC Hanpy®eHHa.

npuKnagaHHA piBHoMipHo po3nogineHoi no BciM noBepxHi Tina cunu 
CTHCKyBaHĤ  (a6o po3TaryBaHHfl) BUKHUKae defyopMa^M 6 ce6 i^H0^ 0  

cmucKyeanun (po3mmyeaHHH). BigHocHe 3MeHmeHHa (36inbmeHHa) 
o6eMy Tina AV/V  npu ^oM y BU3HaHaeTbca 3a 3aKOHOM ryKa : 3a Heeenu- 
kux defyopMa^u, HKi e npy^Himu, HopManbHe HanpyweHHR c  nponop- 
tyum eidHOCHOMy 3MeHmeHHW (3 6 inbrneHHK>) od'eMy mina AV/V nid 
ennueoM HanpyweHHH c :

A V
c  = K --------, (2.30)

V
ge c  -  HopManbHe MexamnHe Hanpy®eHHa; —  -  BigHocHe 3MeHmeHHa (36inbmeHHa) 
o6eMy Tina; K -  Mogynb o6eMHoi npy*Hocri.

Mogynb o6eMHoi npy®HocTi xapaKTepu3ye npy®Hi BnacTUBocTi pe- 
hobhhh; BiH BH3HanaeTbca Hanpy®eHHaM, ^ o  BUKHUKae BigHocHe 3MeH- 
meHHA (36inbmeHH^) o6eMy Tina, akhM gopiBHroe oguHu^.

^e^opM a^a Tina, 3a aKoi Bci Moro mapu, napanenbHi geaKiM nno^u- 
Hi (nno^HHi 3cyBy), 3MimyroTbca 6e3 6ygb-,aKux 3MiH napanenbHo oguH 
ogHoMy, Ha3HBaeTbca 3cyeoM (puc. 2.10). 3rigHo i3 3aKoHoM ryKa goTUH- 
He Hanpy®eHHA t nponop^HHe KyTy 3cyBy y :

t = G ■ y (2.31)

ge G -  Mogynb 3cyBy; y = tgy = —.
X

Puc. 2.10. ^e^opMaui» 3cyBy: x -  3cyB napanenbHux mapiB Tina oguH 
BigHocHo ogHoro, y-  KyT 3cyBy; I -  BigcTaHb Mi® mapaMH

TunoBi 3HaneHHA Mogyna 3cyBy HaBegeHo b Ta6nu^ 2.2.

2.2. -  Mogyib 3cyBy geaKHx MaTepiâ iB
MaTepian Mogynb 3cyBy G, H/m2

KicTKa (0,8-1,5) -1010
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CTanb 8 ■ 1010
AnroMimu 2,6 -1010
ryMa 1,6 -106

BigHocHe no3goB®He crucKyBaHHa (po3TaryBaHHa) Tina cynpoBo- 
g®yeTbca Moro BigHocHHM nonepeHHHM po3mupeHHaM (3By®eHHaM) 
AD/D, ge D  -  nonepeHHHM po3Mip Tina, AD -  3MiHa nonepeHHoro po3Mi- 
py Tina. BigHomeHHa BigHocHoro nonepeHHoro po3mupeHHa (3By®eHHa) 
AD/D  go BigHocHoro no3goB®Hboro po3mupeHHa (3By®eHHa) AL/L Ha- 
3HBaeTbca Koefyi^eHmoM nyaccoHa /u:

u = ( f  )/ ( f  )  (232)

TaK, Koe^i^eHT nyaccoHa gna MaKoTi a6nyKa gopiBHroe 0 ,2 1 -0 ,3 4 , 
a gna KapTonni -  0 ,4 5 -0 ,4 9 .

2 .5 .3 . BHMiproBaHHa Mogy^H M H ra

Po3rnaHeMo cTep®eHb, go aKoro npuKnageHa 3oBHimHa cuna F . BHy- 
TpimHi cunu y crep®Ha 6ygyTb huhutu onip ge^opMa^i' cTep®Ha, b 
aKoMy BuHuKae Hepe3 u;e MexaHiHHe Hanpy®eHHa; caM cTep®eHb Ha6yBae 
BigHocHoro BugoB®eHHa. BigHomeHHa Hanpy®eHHa go BigHocHoro bu- 
goB®eHHa xapaKTepu3yeTbca MogyneM ^ H ra . BenuHuHa ge^opMa^i' 
cTep®Ha 3ane®uTb Big BenuHuHu npuKnageHoi cunu, reoMeTpii cTep®Ha 
Ta Moro npy®Hux BnacTuBocTeM, to 6 to  Mogyna ^ H ra , aKuM Mo®Ha bu- 
3HaHuTu. HaBegeMo roToBi Bupa3u gna Mogyna ^ H ra .

flna Kpyrnoro cTep®Ha pagiycoM R, oguH Krneu;b aKoro 3aKpinneHuM 
(puc. 2 .11) , Mogynb ^ H ra  Bu3HaHaroTb 3a Bupa3oM:

413 F
E  = --------•  — , (2.33)

3kR X
ge I -  goB®uHa crep*Ha; F  = mg -  cuna, ^o npnKJiageHa go crep*Ha; m -  Maca Tarap- 
^a; g -  npucKopeHHa BinbHoro nagiHHa; X -  BenuHuHa 3ruHy crep*Ha (“crpina 3ruHy”).
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Phc. 2.11. BmHaneHHH Mogyan ^H ra crep^HH Kpyraoro nepepi3y 
pagiycoM R, oguH KiHeub HKoro 3aKpinaeHHH

Mogynt ^ H ra  TpySnacroro crep^Hfl, oguH KiHe^ aKoro 3aKpinne-
HHH, BH3HaHaroTt TaK:

413 F
E  = ------------ 1 1 — , (2 .34)

3n (R24 -  R?)X
ge Ri Ta R2 -  BignoBigHo 3oBHimHifi Ta BHyrpimHifi pagiycu TpySKH.

^K^o OTep^eHt Mae onopy 3 gBox KiH^B, y 3HaMeHHHKax ocTaHHix 
gBox Bupa3iB 3aMicrt Koe^^ieHTa nponop^HHocri 3 6epyrt 48.

Mogynt ^ H ra  E  crep^Hfl npaMoKyrHoro nepepi3y, oguH Krne^ 
AKoro 3aKpinneHHH, Mo®Ha BH3HaHHTH mnaxoM BHMiproBaHHa BuruHy 
c r e p ^ a  (pHc. 2 .12) 3a BHpa3oM:

13 F
E  = ----------- 3  — , (2 .35)

4a b  X
ge a i b — mHpHHa i TOBm,HHa crep^Ha; X— BenHHHHa BHrHHy crep̂ HA (“crpina BHrHHy”).

PocnHHHa KniTHHa OTOHeHa 
enacTHHHoro o6onoHKoro ^e- 
nrono3Ho-neKTHHoBoi npHpogH.
06onoHKH pocnHHHHX KniTHH 
xapaKTepH3yroTtcA npy^HHMH 
BnacTHBocTAMH, AKi 3yMoBnro- 
roTt 3gaTHicTt pocnHHHHx Kni­
THH po3TAryBaTHca nig Bnnu- 
bom 3oBHimHix HaBaHTa^eHt.
Mogynt ^ H ra , ^ o  xapaKTepu- 
3ye npy^Hi BnacTHBocTi Tin, 
gna hhctoi ^nrono3H gopiBHroe

t l
b1 F

a^— -- ->

Phc. 2.12. BmHaneHHH Mogyan ^Hra crep- 
xha npnMOKyTHoro nepepi3y pagiycoM R, 

oguH KiHeub HKoro 3aKpinaeHHH

10 H/m , ^ o  cTaHoBHTt 6nu3tKo 5% Mogyna ^ H ra  gna cTani. KniTHHHa
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o6onoHKa MicTHTt pi3K0MaKiTKi KoMnoHeHTH, KpiM Henrono3u, Hepe3 mo
ii Mogynt roHra MeHmuH, Hi* y hhctoi Henrono3u. HanpHKnag, Mogynt 
roH ra KniTHKKoi o6onoKKH BogopocTi Nitella gopiBKroe 7 -108 H/m2. 
M ogynt roH ra gepeBHoi pocnuKKocTi 3MiHroeTtca b iKTepBani 
(0 ,3 5 -1 ,9 3 )-1010 H/m2.

npHKaag
BH3HaHHTH Mogynt roHra gepeBHKH, 3 akoi BHroToBneHa 6anKa po3MipaMH a = b = 5 cm,

l = 70 cm, aKmo nig BnnuBoM cunu F  = 6860 H BenHHHHa BHrHHy crepxHa X gopiBHroe 
0,7 cm.

Po3BH3oK
nigcTaBnaeMo HucnoBi 3HaHeHHa y piBHaHHa (2.35):

700  kb  - 0 ,7 3M  - 9 ,8 m  - c -2 l0 ,
E = ------------- —̂ 4— :----- —  = 1,34-1010 H-m

4 ( 2  - 5 - 10-2 m )  - 0,7  - 10- 2 m

2 .5 .4 . noT eH uiaabH a eHeprin  
npy^H o-ge^opM oBaH oro T iaa

noTeHHiantHa eHepria npy*H0-ge$0pM0BaH0r0 Tina gopiBHroe MaK- 
cuMantHiH po6oTi, mo 3giHcHroeTtca cunaMH npy*HocTi, aKi BigHoBnro- 
roTt nepBHHHi po3Mip Ta $opMy Tina. noTeHHiantHy eHepriro npy*H0- 
ge^opMoBaHoro Tina BH3HanaroTt TaK:

k -x 2 E -S -(A l)2 ct2 -V
W = --------= ----------^ -  = --------- , (2.36)

Bp 2 2 -1 2 - E
ge k -  Koe î êHT npy*HocTi; x -  BugoBxeHHa utoro Tina; E -  Mogynt roHra; S -  nno- 
ma nonepeHHoro nepepi3y Tina; Al -  BHgoB*eHHa; l -  goB*HHa Tina; a -  HopMantHa 
MexaHiHHa Hanpyra (H/m2); V -  o6’eM Tina.

npHKaag
Bu3HaHHTH po6oTy, mo BHKoHyeTtca nig Hac cTHcKyBaHHa cTerHoBoi KicTKH co6aKH 

Ha 0,5 mm, aKa Mae goB*HHy 25 cm i nepepi3 3 cm2. Mogynt roHra gopiBHroe 2-1010 
H/m2.

Po3B’H3oK
Po6oTa cTucKaHHa KicTKH BHrpaHaeTtca Ha 36intmeHHa ii noTerniiantHoi eHeprii:

E - S - (Al)2

nigcTaBnaeMo HHcnoBi gaHi:

( 2  - 1010 — )  - ( 3 -10-4m 2 )  - ( 25 - 10-8m 2 )

A  = ----------- M------------------------------------------- = 3 f l* .
2 - 0 ,25m  a

35



2 .5 .5 . n p y ^ H i BaacTHBocTi S ioaorinH ux M aTepiaaiB

BuBHeHHa npy*Hux BnacTHBocTen 6ionoriHHux MaTepianiB gae 3M0- 
ry gocnig*yBaTH n p o ^ cu  ^yHKHioHyBaHHA onopHo-pyxoBoro anapaTy 
* hbhx opraHi3MiB. P03rnaHeM0 ocHoBHi 6ionoriHHi MaTepianu, mo Big- 
3HaHaroTtca Hag3BHHanHHMH npy*HHMH BnacTHBocTaMH.

K o n ^ en  -  6inoK, opramHHun KoMnoHeHT KicTKoBoi TKaHHHH, akhh 
3a6e3neHye ii npy*Hi BnacTHBocTi. KpiM Toro, KonareH 3HaxoguTtca b 
mKipi i TKaHHHax kpobohochhx cyguH.

Enacmun aBnae co6oro npy*HHn 6inoK, mo 3ycTpiHaeTtca b xpe6eT- 
hhx y Burnagi tohkhx *MyriB y cnonyHHin TKaHHHi, aKa 3HaxoguTtca b 
cTiHKax apTepin, 0c0 6 nuB0  6ina cepHA.

Pe3unin -  6inoK, mo 3ycTpiHaeTtca y K0Max. npy*H i BnacTHBocTi pe- 
3uniHy HagaroTt im M0*nHB0cri 3gincHroBaTH ctph6kh. HanpHKnag, ak- 
mo 6 nroguHa Mana M0*nuBicTt cTpu6aTH ak 6noxa (Aphaniptera), to  
B0Ha 3Morna 6 nepecK0HHTH Hepe3 100-noBepxoBHn 6yguH0K. CaMe 3aB- 
gaKH pe3uniHy 6g*on a 3gaTHa 3gincHroBaTH 6nu3tK0 500 MintnoHiB 3Ma- 
xiB KpunaMH npoTaroM *HTTeBoro HHKny. fflTyHHun pe3uniH mup0K0 
BHK0pucT0ByeTtca y MeguHum ak 3aMiHHHK npy*Hux cepHeBHx Knana- 
HiB, criH0K kpobohochhx cyguH Ta Mi*xpe6HeBux gucKiB.

AddyKmuH -  6inoK, 3HangeHun y MonrocKa -  MopctKoro rpe6iHHA 
(Pecten) b ocHoBi HepenamKu; rpe6meHt 3gaTHun nnuBTH, BigKpuBaroHH i 
3aKpuBaroHH crynKH 3 HacToToro 3 KonuBaHHA 3a ceKyHgy. KpiM Toro, a6gyK- 
thh 3HaxoguTtca b nepegHix Kpunax HHKagu (Homoptera, Cicadidae).

EaraTo 6ionoriHHux MaTepianiB MicTATt KintKa npy*Hux KoMnoHeH­
TiB, mo cnpuHHHroe cneHH^iHHun xapaKTep giarpaMH po3Tary. TaK, no- 
TunuHHa 3B’a3Ka Ligamentum nuchae KonuTHux TBapuH (puc. 2 .13) Mic- 
THTt TaKi npy*Hi cy6cTaHHii ak enacTHH Ta KonareH, Mogyni roHra akhx 
3HaHH0 Bigpi3HaroTtca (guB. Ta6n. 2.1). OT*e, enacTHH BignoBigae 3a 
noHaTKoBHn BigryK 3b’a3kh, Togi ak KonareH -  3a KmHeBun.
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KicmKU Ta m ’rsu e ochob- 
hhmh KoMnoHeHTaMH onopHo- 
pyxoBoro anapaTy nroguHH i 
TBapuHH. BuBHeHHa npy*HHx 
BnaCTHB0CTeH KiCTK0B0i TKaHH­
HH g0^nbH0 3 tohkh 3opy 3a- 
BgaHb, aKi croarb nepeg cynac- 
Horo xipypriero Ta opTonegiero, 
noB’a3aHux 3 po3po6Koro Ta 
BnpoBag^eHH^M 3aco6iB npore- 
3yBaHHa. KpiM 3a6e3neneHHa 
pyxy, KicTKH BHKoHyroTb $yHK- 
yii' nigTpHMKH Ta 3axHcry M’a30Bux TKaHHH, aBnaroTb co6oro Mi^e Harpo- 
Mag*eHHa Kanb^ro. 3a $opMoro KicTKH noginaroTbca Ha doezi, KopomKi, 
mocKi Ta ipeeyxxprn. Maca KicT0K craH0BHTb 6nu3bK0 18% 3aranbHoi Macu 
Tina. BnH3bK0 60% o6’eMy (40% Bara) KoMnaKTHoi KicTKoBoi TKaHHHH 
3aHMae opramHHHH MaTepian KonareH; pemTy -  HeopramHHHH MaTepian rig-
poKCHnanaTHT Ca10(PO4) 6(OH)2. KpumTanuKH ^ei peH0BHHH po3TamoBam
Mm BonoKHaMH KonareHy i m^ ho npuKpinnem go hhx. CaMe TaKa crpyKTy- 
pa KicT0K 3yM0Bnroe ix npy*m BnacTHBocri. Mogynb npy*H0cri KicTKoBoi 
TKaHHHH 3aHMae npoMi^He 3HaneHHa Mi* MogynaMH npy*H0cri ii KoMno­
HeHTiB i cyrreBo 3ane*HTb Big ix BigcoTKoBoro BMicry. Mexamnrn xapaKTe- 
phcthkh KicTKH HaBegeHo b Ta6nu^ 2.3.

2.3. -  MexaHiHHi xapaKTepncrHKH KicTKH
MexaHiHHHH napaMeTp BenHHHHa, oguHum

rycTHHa K0MnaKTH01 KiCTK0B0i TKaHHHH 1,9 • 103 kt/m3
rpaHuua MmHocri Ha po3Tar 1,2 108 H •m2
rpaHuua MmHocri Ha cthck 1,7 108 H •m2
KoHTpomHe 3aBgaHHH
CTerH0Ba KicTKa Mae goB*HHy 25 cm i nepepi3 3 cm2. Bu3HaHHTH cuny npy*H0cri y 

npo^ci CTHCKaHHa kIctkh Ha 0,5 mm, aK^o Mogynb roHra gopiBHroe 2-1010 H/m2.
Bidnoeidb: 12 kH.

npHKaag
Ctph6ok 6noxu Macoro m = 0,45-10-6 kt xapaKrepu3yeTbca BepTHKanbHoro KoMno- 

HeHToro mBHgKocri u = 1 m/c, aKy B0Ha gocarae Hepe3 t = 10-3 c, Ta BHcoToro crpu6Ka 
h = 3,5-10-2 m. Bu3HaHHTH TaKi napaMeTpu:

a) npucKopeHHa, 3 akhm crpu6ae 6noxa;
6) KiHeTHHHy eHepriro 6noxu;
b) eHepriro M’a3iB 6noxu, aKa craH0BHTb 20% Macu Tina K0Maxu, aK^o nuT0Ma no- 

Ty*HicTb M’a3iB gopiBHroe P/m = 60 Bt/kt;

Puc. 2.13. P03Mî eHHH nOTĤ HHHOl 3B'H3KH 
(Ligamentum nuchae) y KonHTHHx Mtapini
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r) eHepriro, mo HaKonHHye 6noxa b gBox 3agHix KiHmBKax (06’eM Ko*Hoi 3 aKux 
cTaHoBHTb 1,4-10-4 mm3) nig Hac cTucKaHHa pe3uniHy, mo 3HaxogHTbca b hhx KiHmBKax;

g) Ha aKy BigcTaHb 3Morna cTpH6HyTH nroguHa, aKmo 6 B0Ha Mana npy*Hi BnacTH- 
BocTi 6noxu? HaragyeMo, mo 6noxa cTpu6ae Ha BigcTaHb, mo nepeBumye ii po3Mipu b 
200 pa3iB.

P03BH30K
a) npucKopeHHa, 3 akhm cTpu6ae 6noxa, BH3HaHaeTbca 3a Bupa30M:

a =u/t = (1 m/c)/(10-3 c) = 103 m/c2.
OT*e, a & 100g (ge g -  npucKopeHHa BinbHoro nagiHHa);
6) KiHeTHHHa eHepria 6noxu po3paxoByeTbca 3a ôpMynoro:

m u 2 1 6 , 6
Ek = ------ = — 0,45-10 Kr-(1 m/c)2 =22,5-10‘6 fl*.

2 2
b) eHepria M’a3iB 6noxu BH3HaHaeTbca TaK:

Em = 20%- (P/m)-m -1 = 0,2-60 Bt/kt-0,45-10'6 Kr-10'3 c = 5,4-10‘6 fl*.
OT*e, eHeprii M’a3iB 6noxu aBHo HegocTaTHbo gna 3a6e3neHeHHa cTpu6Ka (Em <

Ek);
r) BHKopucToByroHH ôpMyny (2.28) Ta Ta6n. 2.1, 3HaxoguMo noTeHmanbHy eHep­

riro 1 mm3 npy*H0-ge$0pM0BaH0ro pe3uniHy:

E  = k - x  2 = E - S -  (M  ) 2 = ^  -1,7- 106 h/m2 -10-9 m3 = 0,85- 10‘3 fl*. 
np 2  2 - l  2

3aranbHa eHepria, mo HarpoMag*yeTbca gB0Ma KiHmBKaMH, cTaHoBHTb:
Ek = 2 -1,4 - 10‘4 - 0,85-10-3 fl* = 23,8 - 10‘6 fl*.

Uiei eHeprii gocTaTHbo gna 3a6e3neHeHHa cTpu6Ka (EK >E k);
g) nroguHa, aKa 6 Mana npy*Hi BnacTHBocTi 6noxu, 3Morna 6 cTpH6HyTH Ha goB*H- 

Hy cTagioHy.

np y w u i enacmueocmi pocnun. PocnuHHe CTe6no nig BnnHBoM 30B- 
HimHboi cunu (HanpHKnag, BiTpy) 3rHHaeTbca. n ig  BnnHBoM u;iei cunu 
neBHi mapu po3TaryroTbca, Togi aK iHmi CTucKyroTbca. y  cre6ni bhhh- 
KaroTb ge^opMa^i, aKi M0*Ha po3rnagaTH aK cyKynHicTb ge^opMa^i 
po3Tary ogHoro 6oKy CTe6na Ta ogHoHacHoi ge^opMa^i CTHCKy gpyroro 
6oKy CTe6na. OneBugHo, mo 0CH0BHy ynacTb b yTBopeHHi onopy 3ruHy 
6epyTb 30BHimHi mapu CTe6na, Togi aK cepegHi HiaKoi poni He Bigirpa- 
roTb. OT*e, aKmo BunyHHTH ^m panbHy HacTHHy CTe6na, ii onip Ha 3ruH 
He 3MiHHTbca. MaTeMaTHHHi po3paxyHKH CBignaTb, mo Han6inbmHn onip 
3ruHy BuaBnaroTb Tpy6KH, b aKux BigHomeHHa BHyrpimHboro giaMeTpa 
go 30BHimHb0r0 CTaHoBHTb 8:11. CaMe TaKe cniBBigHomeHHa MaroTb cre- 
6na 6inbmocTi pocnuH. ^CKpaBHM npegcraBHHK0M pocnuH, aKi 
no36aBneHi ^mpanbHoi HacTHHH cTe6na, e 6aM6yK. U,ro pocnuHy e^eK- 
thbho BHK0pucT0ByroTb gna ogep*aHHa cupoBHHH, npogyKTiB xapny- 
BaHHa Ta 6ygiBenbHux MaTepianiB 6nu3bK0 2,2 Mnpg HaceneHHa CBiTy; 
geaKi Bugu 6aM6yKa pocTyTb 3i mBugKicTro 6nu3bK0 ogHoro MeTpa 3a 
go6y. Mogynb roHra TKaHHHH 6aM6yKa gopiBHroe 2 -1010 H/m2, to 6 to  6a-
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M6yK b po3paxyHKy Ha ogHHH^ro Macu 6inbm npy*HHH, Hi* CTaneBHH 
CTep*eHb, Mogynb ^ H ra  aKoro CTaHOBHTb 2 ,1 -1011 H/m2. y  toh * e  Hac 
rycTHHa 6aM6yKa CTaHoBHTb 600 Kr/M , Togi aK gna CTani rycTHHa gopiB­
Hroe 7800 Kr/M3.

MexaniHni Memodu otynweannH HKOcmi npodyKmie. OcHoBoro 6ara- 
Tbox MeTogiB HepyHHiBHoro o^HroBaHHa aKocTi cinbcbKorocnogapcbKux 
Ta xapHoBux npogyKTiB e BHMiproBaHHa npy*Hux BnacTHBocTeH ^Hx 
npogyKTiB. CyTb TaKoro MeTogy nonarae y npomToBxyBaHHi MexaHiHHo- 
ro nnyH*epa b npogyKT nig BnnHBoM nocTiHHoi cunu, mo 3a6e3neHye 
npoHHKHeHHa nnyH*epa, a6o 3 nocriHHoro mBHgKicTro npoHHKHeHHa.

3ane*HicTb cHnH, mo 3a6e3neHye npoHHKHeHHa nnyH*epa, Big Big- 
cTaHi, aKy npoxogHTb nnyH*ep, Big3HaHaeTbca neBHHMH xapaKTepHHMH 
ginaHKaMH. CnonaTKy ua 3ane*HicTb Mae niHiHHHH xapaKTep, goKH He 
Big6ygeTbca npoHHKHeHHa nnyH*epa y 3pa3oK; ua ToHKa Ha3HBaeTbca 
Mewew meKyHocmi. flani KpHBa 3ane*Hocri Mo*e 3pocTaTH, aK ^  cno- 
cTepiraeTbca y npo^ci TecTyBaHHa CBi*ux a6nyK (pHc. 2.14, a), 3anumaTuca 
Ha nocriHHoMy piBHi gna 3pinHx rpym Ta nepcHKiB a6o a6nyK, mo 36epiranu- 
ca TpHBanHH Hac 3a HH3bKoi TeMnepaTypH (pHc. 2.14, 6), cnagaTH y 6inbmoc- 
Ti obohIb (pnc. 2.14, e), a6o nnaBHO 3pocTaTH (pnc. 2.14, s-d).

ieo

Phc 2.14. 3aae^HicTb cuau, 
^o 3a6e3nenye npoHHK- 
HeHHn nayH^epa, Big Big- 
cTaHi, AKy npoxogHTb nayH- 
^ep nig Hac TecTyBaHHa: 
a -  CBi*ux a6nyx; 6  -  3pinux 
rpym Ta nepcHKiB a6o a6nyx, 
mo 36epiranuca goBruH Hac 
3a HH3LKoi TeMnepaTy- 
pH;

e-d -  6intmocTi obohIb

o o o o o
BiflCTaub

2.6. CH^H TEPTfl
^Kmo Tino pyxaeTbca B3goB* *opcTKoi 

noBepxHi a6o Hepe3 B'a3Ke cepegoBume (noBi- 
Tpa hh Bogy), boho 3a3Hae onopy pyxy Hepe3 
B3aeMogiro Tina 3 oToHeHHaM. Po3rnaHeMo 
Tino, mo pyxaeTbca no ropu3oHTanbHiH nno- 
muHi. ^Kmo npuKnacTH go Hboro cuny, napa- 
nenbHy nnomuHi, Tino 3anumuTbca y CTaHi
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cnoKoro, aK^o ua cuna HeBenuKa. MexamnHuM onip, mo BHHHKae y 
nnomuHi goTHKaHHa gBox npHTHCHyTHx ogHe go ogHoro Tin nig Hac i'x 
BigHocHoro nepeMimeHHa, Ha3HBaeTbca 3oenim.HiM mepmHM. Cuna f cm, 
aKa yTpHMye Tino Big nepeMimeHHa, Ha3HBaeTbca cunow mepmn cnoKOw. 
CnonaTKy cuna onopy nponop^HHa 3oBHimmH cuni f cm «  F ), ane Konu 
cuna F  gocarae 3HaneHHa f cm MaKc, Tino nonuHae nepecyBaTuca y HanpaM­
Ky gii' 3oBHimHboi' cunu. Cnig 3a3HanuTu, mo nig Hac pyxy Tina cuna 
onopy MeHma, Hi* f cm MaKc (puc. 2 .15); ii Ha3uBaroTb cunow mepmn kob-
3QHHH f K.

N

fcm

Pyx

P

Puc. 2.15. 3oBHimHe TepTH hk MexaHiHHHH onip, qo BHHHKae y naoqHHi go- 
thhhhx gBox npHTHCHyTHx ogHe go ogHoro Tia nig qac i'x BigHocHoro nepe- 

MiqeHHH. TyT: F  -  3oBHimHa cuna, f cm -  cuna TepTa cnoKoro, f K -  cuna TepTa 
KoB-3aHHa, p.cm -  Koê iujeHT cTaraHHoro TepTa, pK -  Koê iujeHT KiHeraHHoro Te-

pTa,
N -  HopManbHa cuna, P -  Bara Tina (noacHeHHa b TeKcTi) 

EKcnepuMeHTanbHo goBegeHo, mo f cm MaKc Ta f K nponop^HHi cuni Hop- 
ManbHoro TucKy N:

f cm < P cmN, ( 2 .3 7 )
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fK = u N  (2.38)
ge ucm -  Koê mieHT cTaraHHoro TepTa; u  -  Koê mieHT TepTa KoB3aHHa; N -  cuna Hop- 
ManbHoro racKy. 3HaK piBHocTi y piBHaHHi (2.37) BignoBigae cmyauii, Konu f cm MaKc =
=ucmN.

TunoBi 3HaHeHHa Koe^miemiB [icm Ta juK pi3Hux Tin, mo pyxaroTbca 
no pi3Hux noBepxHax, HaBegeHo y Ta6n. 2.4.

2.4. -  Koe î^eHTH TepTH
Pyx Tina Ha noBepxHi ucm UK
CTanb no cTani 0,74 0,57
ryMa no 6eToHy 1,0 0,8
flepeBo no gepeBy ,50,15,20, 0,2
,Hig no nbogy 0,1 0,03

2.7. CH^H, ^ O  BHHHKAWTb MAC 
KPHBO^iHiHHoro p y x y

3rigHo 3 piBHaHHaM (2.8), MaTepianbHa ToHKa, mo 6epe yHacTb b o6e-

V 2
pTanbHoMy pyci, Ha6yBae HopManbHoro npucKopeHHa an= — . Boho

r
cnpaMoBaHe go ^ m p a  Kona i Ha3uBaeTbca do^HmpoeuM. BignoBigHo 
cuny, aKa gie Ha MaTepianbHy ToHKy i HanpaBneHa B3goB* ronoBHoi Hop- 
Mani go ii TpaeKTopii y 6iK ^ m p a  Kona, Ha3uBaroTb do^Hmpoeow:

V 2
F d = m an = m — . (2.39)

r
Cuna, 3 aKoro MaTepianbHa ToHKa, mo pyxaeTbca no KpuBonimHHiM 

TpaeKTopii (no Kony), gie Ha 3Ba3oK, aKuH o6Me*ye cBo6ogy pyxy tohku 
i 3Mymye i"i pyxaTuca KpuBoniHiHHo, Ha3uBaeTbca ei^^eHmpoeow. Big^HT- 
poBa Ta go^m poB a cunu gopiBHroroTb ogHa ogmM, MaroTb npoTune*Hi 
HanpaMKu, ocKinbKu npuKnageHi go pi3Hux Tin.

npHKaag
Tino ĉ epHHHoi ôpMH Macoro 1 Kr, go aKoro npuKpiroieHa MoTy3Ka goBMHoro 1,5 m, 

o6epTaeTtca y roprooHTanLmn nnomuHi. Bn3HaHHTn MaKcnMantHy mBngKicTt pyxy 
Tina, aKmo cuna, mo gie Ha MoTy3Ky, gopiBHroe 50 H.

Po3BH3oK
BuKopucToByroHu piBHaHHa (2.39), 3HangeMo mBugKicTb pyxy Tina:

l(50H )(1,5m) = 8,7 M/c.
V K

Po3rnaHeMo ropmuK 3 pocnuHoro Ha cToni, mo o6epTaeTbca 3 Kyro- 
Boro mBugKicTro a>, Ha BigcTaHi r  Big oci o6epTaHHa. PocnuHa 6yge pocTu

V
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nig KyToM 6  go BepTuKanbHoi oci, aKun Bu3HaHaeTbca BnnuBoM rpaBiTa- 
ijiHHoro g  Ta mepijiajibHoro cd2r  npncjcopeHb (pnc. 2.16).

m

Puc. 2.16. BnaHB rpaBiTa^HHoi' 
Ta Big^HTpoBoi' cna Ha pocaHHy, 
HKa po3Mi êHa Ha CToai, ^o oSe- 
pTaeTbCH 3 KyToBoro mBngKicrro 
to, Ha BigcTaHi r Big oci oSepTaH- 
hh: BHacaigoK gii pe3yabTyroHoi‘ 
cnaH Fp pocaHHa Syge pocTH nig 
KyroM 0  go BepTHKaabHoi' oci

2.8. POEOTA, nOTY^HICTB TA EHEPrifl
Po6 oma cunu -  ^  Mipa gii cunu, aKa 3ane^uTb Big HucenbHoi Benu- 

huhu i HanpaMKy cunu Ta Big nepeMimeHHa tohku ii npuKnagaHHa.

2 .8 .1 . PoSoTa nocTiHHoi* cn a n

^Kmo Tino pyxaeTbca npaMonimnHo i Ha Hboro gie nocTinHa cuna 

F , aKa yTBoproe geaKun KyT a  3 HanpaMKoM nepeMimeHHa, to  po6oTa 

^ e i cunu Bu3HaHaeTbca aK cKanapHun go6yToK BeKTopa cunu F  Ha BeK­
Top nepeMimeHHa r  :

A = F  -r , (2.40)
a6o

A = | F  | cos a-1 r  |. (2.41)

2 .8 .2 . PoSoTa 3MiHHoi* cn a n

y  3aranbHoMy BunagKy, Konu cuna Mo^e 3MiHroBaTuca aK 3a Mogy- 
neM, TaK i 3a HanpaMKoM, go^nbHo BBecTu noHaTTa eneMeHTapHoi po6o- 
tu  dA :

dA = F  -d r  = F  cosa-ds, (2.42)

ge ds = | d r  | -  eneMeHTapHuH mnax.

Po6oTa A, aKa BuKoHyeTbca cunoro F  Ha ginaH^ TpaeKTopii Big toh­

ku 1 go tohku 2, gopiBHroe cyMi eneMeHTapHux po6iT cunu F  Ha Bcix

►i co2r
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HecKiHHeHHo Manux ginaHKax TpaeKTopii; ua cyMa 3BoguTbca go iHTer- 
pana:

2 ^2

A F d r  = | F  c o s a -  d s . (2.43)
1 5!

OguHuua BuMiproBaHHa po6oTu -  dwoynb ( f f^ ) :  1 f l *  = 1 H •m.

2 .8 .3 . noT y^H icT b

^Kmo 3oBHimHa cuna npuKnageHa go o6’eKTa i npu uboMy buko- 
HyeTbca po6oTa AA 3a npoMi*oK Hacy At, to  cepedHH nomywHicmb bu- 
3HaHaeTbca aK BigHomeHHa po6oTu go npoMi*Ky Hacy:

AA
< N > =  ----- . (2.44)

At
Mummeea nomywHicmb -  ue BigHomeHHa eneMeHTapHoi po6oTu dA,

mo 3giHcHroeTbca uiero cunoro F  3a ManuH npoMi*oK Hacy, go Horo 
TpuBanocri dt:

N  = lim — = (2.45)
At̂ ° At dt

BuKopucToByroHu Bupa3 (2.42), ogep*uMo:

F  - d r  -  -
N  = ----------------------------------------------------= F  -V . (2.46)

dt
OguHuua BuMiproBaHHa nary*Hocii -  eam (Bm): 1 B t = 1 fl* /c  = 1 kpm2/c2.
no3acucTeMHoro oguHuuero noTy*Hocii e KiHcbKa cuna (k.c.):

1 K.c. = 746 BT.
BuKopucToByroHu oguHuui noTy*Hocri, Mo*Ha Bu3HaHuiu TaKy 

oguHuuro eHeprii (a6o po6oiu) aK Kinoeam-soduHa (KBm-s): 1 KBi-r = 
= (103 B t)-(3600 c) = 3,6- 106f l *  = 3,6 M fl*.

npHKaag
flBuryH, mo BnKopncToByeTbca y nigHoMHnKy, 3a6e3neHye nigiHMaHHa BaHTa*y Ma- 

coro 100 Kr Ha BncoTy 10 m 3a 20 c. Bn3HaHnTn noTyxmcTL gBnryHa (g =10 m/c2).
Po3BH3oK
BnKopncToByroHn piBHaHHa (2.46), ogep*uMo 3 ypaxyBaHHaM Toro, mo HanpaMKn 

cnnn Ta mBngKocii 36iraroTbca:
N = F-v = mgv = 100 Kr-10 m/c2-(10 m/20 c) = 500 Bt.

2 .8 .4 . KoHcepBaTHBHi ch.ih

^Kmo po6oia, mo 3giHcHroeTbca cunaMu nig Hac nepeMimeHHa Tina 3 
ogHoro nono*eHHa go gpyroro, He 3ane*nTb Big Toro, no aKiH TpaeKTopii

43



Big6ynoca ue nepeMimeHHa, a 3ane*nTb nume Big noHaTKoBoro i KiHueBoro 
nono*eHb, to  TaK cunu Ha3uBaroTbca KoHcepeamueHuMu. noBHa po6oia, mo 
BuKoHyeTbca KoHcepBaiuBHuMu cunaMu mogo nepeMimeHHa Tina no 3a- 
MKHyioMy KoHTypy, gopiBHroe Hynro. npuKnagaMu KoHcepBaiuBHux cun e:

а) zpaeima^UHi cunu; po6oia, mo 3giHcHroeTbca uhmh cunaMu 3 ne­
peMimeHHa BaHTa*y Macoro m 3 noHaTKoBoi bucotu hn go KmueBoi' Buco- 
tu  hK, Bu3HaHaeTbca 3a Bnpa3oM Ap  = —mg(hn -  hK),  to 6 to  3ane*uTb nu­
me Big noHaTKoBoro i KmueBoro nono*eHb HaciuHKu;

б) npywHi cunu; po6oia, mo 3giHcHroeTbca uhmh cunaMu 3 po3Tary

hu ciucKy npy*uHu, gopiBHroe A np = — (k x 2n — k x 2K) i TaKo* 3ane*uTb

Big noHaTKoBoi Ta KmueBoi' KoopguHaT.
npnKnagoM HeKoHcepBaiuBHux cun e cunu Tepia a6o onopy, aKi 

3aB*gu icHyroib b peanbHux $i3UHHux cucieMax.

2 .8 .5 . E H ep ria

Empzin -  $i3nHHa BenuHuHa, mo e 3aranbHoro Miporo pyxy Ta B3ae- 
Mogii Bcix BugiB MaTepii.

KwemmHa empzin MexaHiHHoi cucieMu -  ue eHepria MexaHiHHoro 
pyxy uiei' cucieMu. KiHeiuHHa eHepria Tina E K 3ane*uTb Big Macu Tina m 
Ta mBugKocii Horo nociynanbHoro pyxy v:

1 2E k = - m v 2. (2.47)
2

Po3rnaHeMo MaiepianbHy ToHKy, mo pyxaeTbca nig BnnnBoM nociiM- 
Hoi cunu y HanpaMKy gii uiei' cunu. Po6oia cunu nig Hac nepeMimeHHa
MaTepianbHoi tohku gopiBHroe 3MiHi KiHeiuHHoi eHeprii uiei' tohku:

1 2 1 2A = — mv2 ------mvj , (2.48)
2 2

g e  v 1 T a  v 2 -  n o H aT K o B a  T a  K rn u e B a  m B u g K o c T i p y x y  M a T e p ia n b H o i t o h k h .

nomeH^anbHa empzin -  ue MexaHiHHa eHepria cucieMu Tin, mo bu- 
3HaHaeTbca ix B3aeMHuM po3TamyBaHHaM i xapaKTepoM cun B3aeMogii 
Mi* HUMU.

Po6oia, mo BuKoHyeTbca KoHcepBaTUBHoro cunoro F  3 nepeMimeHHa 
HacTHHKH B3goB* oci x, gopiBHroe:

-VK

j  F x dx - A E n = E m -  E n  , ( 2 .4 9 )K
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ge En, Ta En2 -  noTeHuianbHa eHepria HacTHHKH y noHaTKoBoMy Ta KiHueBoMy nono*eH- 
Hax BignoBigHo.

O i*e , po6oia, mo 3giHcHroeTbca KoHcepBaTUBHUMu cunaMu, gopiB­
Hroe Big’eMHiH 3MiHi noieHuianbHoi' eHeprii.

EHepria MexaHiHHoro pyxy Ta B3aeMogii Ha3UBaeTbca noeHow Mexa- 
HiHHow eHepsiew.

3qkoh 36epew:eHHn eHepsii y Mexamw -  noeHa MexmiHHa eHepsin 
3aMKHymoi cucmeMu min, Miw nKuMu diwmb nuwe KoHcepeamueHi cunu, 
3anumaembcn cmanow:

E k + E n = const, (2.50)
ge Ek, En -  KiHeTHHHa Ta noTeHuianbHa eHeprii cucTeMH BignoBigHo.

3aKoH eKBiBaneHTHHH TBepg*eHHro, mo aKmo KiHeTHHHa eHepria 
KoHcepBaTHBHoi cucieMu 36inbmyeTbca (a6o 3MeHmyeTbca) Ha neBHy 
BenuHHHy, to noieHuianbHa eHepria 6yge 3MeHmyBaiuca (a6o 36inbmy- 
BaTuca) Ha Ty *  caMy BenuHuHy.

npHKaag
^n*HUK cnycKaeTbca 3 narop6a BncoToro 100 m. Bn3HaHHTn Horo mBHgKicTb 6ina 

nigHi**a narop6a, HexiyroHH cnnoro TepTa Ta onopoM noBirpa.
P03BH30K
3annmeMo 3aKoH 36epe*eHHa eHeprii:

E kb + E ne E ko + E no,
ge EKe Ta Ene — KiHeTHHHa i noieHuianbHa eHepria nn*HHKa Ha BepmnHi narop6a, a EKo 
Ta Eno — KiHeTHHHa Ta noieHuianbHa eHepria nn*HHKa 6ina ochobh narop6a BignoBigHo. 

OcTaHHe piBHaHHa Mo*Ha nepenncain TaK:
1 20 + mgh = —mv + 0 .
2

3Bigcn:
v = ,j2gh  = ^2 • 9,8m / c2 • 100m = 44,27 m/c.

2 .8 .6 . E H ep ria  Ta oSMm peMOBHH

OdMiH peHoeuH (Mema6oni3M) -  ue cyKynHicTb npoueciB nepeTBo- 
peHHa peHoBHH i eHeprii b *h b h x opraHi3Max, aKi ciaHoBnaTb ocHoBy ix 
*HTiegianbHocTi. O6MiH peHoBUH nepeg6aHae pyHHyBaHHa cKnagHux 
opraHiHHux peHoBUH, aKe cynpoBog*yeTbca 3BinbHeHHaM eHeprii, noipi- 
6ho1 gna mmux npoueciB, Ta yTBopeHHaM cKnagHux cy6cTaHuiM, mo $o -  
pMyroib peHoBUHy gna TKaHUH Ta opraHiB. ^h b h h  opraHi3M ogep*ye  
eHepriro 3 npogyKTiB xapHyBaHHa; ua eHepria BUTpaHaeTbca Ha Harpi- 
BaHHa i 3gincHeHHa po6oTu. TunoBe 3HaHeHHa o6MiHy peHoBUH aK 
mBHgKocTi nepeTBopeHHa xiMiHHoi eHeprii y TennoBy Ta MexaHiHHy gna
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nroguHu Macoro 70 Kr y cram cnoKoro ciaHoBUTb 120 Bt . nporaroM go6u 
3HaHeHHa o6MiHy peHoBUH 3pocrae go 120 Bt 24 r3 6 0 0  c = 10368 Kfl* = 
= 0,2389 KKan/Kfl*-10368 K fl* = 2477 KKan. TaKUM hhhom, nroguHi 
mogo6oBo noipi6Ho oogep*yBaiu Hepe3 xapHyBaHHa 6nu3bKo 2500 KKan 
3 tum, mo6 nigipuMyBaiu cBoro Macy. 3MiHa Macu Tina Ha 1 Kr eKBiBa- 
neHTHa eHeprii 6nu3bKo 7700 KKan.

npHKaag
AnBnimcT Macoro 90 Kr nigHaBca Ha BepmnHy ropn BncoToro 1000 m. ^Kmo npnny- 

cthth, mo 20 % xiMiHHoi eHeprii, mo ogep*aB anBnimcT Hepe3 xapHyBaHHa, BHTpaHa- 
eTbca Ha MexaHiHHy eHepriro, BH3HaHHTH KinLKicTL eHeprii, aKy BiH cno*UBae.

P03BH30K
Po6oTa, aKy BHKoHye anBnimcT nig Hac niginMaHHa Ha ropy BncoToro h, gopiBHroe:

A = mgh = 90 kt-9,8 kt-m/c2-1000 m = 8,82-105 fl* =
= 0,2389 KKan/Kfl*8,82405 fl* = 2,1102 KKan.

XiMiHHa eHepria, mo ogep*aB anBnimcT Hepe3 xapHyBaHHa, ciaHoBHTb 2,1405 KKan/0,2 
= = 1050 KKan. OcKinbKH 3MiHa Macn Tina Ha 1 Kr eKBiBanenma eHeprii 7700 KKan, 3Me- 
HmeHHa Macn Tina anBnimcTa BHacnigoK niginMaHHa Ha ropy gopiBHroBaTHMe:

Am = 1050 KKan/7700 KKan/Kr = 0,136 Kr.

npHKaag
Ko*Hnn gem pamoH KopoBH *HBoro Macoro 500 Kr, Heo6xigHnn gna nigTpnMaHHa 

*HTTa Ta ogep*aHHa Hagoro 10 Kr, BKnroHae 940 r 3acBoroBaHnx 6inKiB, 290 r *npiB, 
800 r uyKpy Ta 3700 r KniTKoBHHH. Bn3HaHHTH po6oiy, mo BHKoHana KopoBa nig Hac 
Bnnacy, Ta TennoTy, BngineHy y npoueci 3ropaHHa KopMiB 3a TaKoro mogeHHoro pamoHy, 
aKmo KopoBa nigHanacb Ha narop6 BncoToro h =500 m. KanopHHHi eKBiBanenrn no*nB- 
Hux peHoBuH:

e ; -17000 ̂ -  39000 ̂ ; Q ^ . 17000 ̂  ; q , .  17000 ̂  .
K3  K2  KZ KS

P03B’H30K
Po6oia, aKy BHKoHana KopoBa nig Hac Bnnacy:

A = F-h = mgh = 500 • 10 -500 = 2,5 -106 fl*.
TennoTa, aKa 6yna BngineHa npn 3ropaHHi KopMiB, BH3HaHaeTLca TaK:

Q -  m  • q °6 + mx  • Ql + m  • Ql + mK • QK.
nigcTaBnaeMo HHcnoBi gam:

Q = 0,94-17000 + 0,29 39000 + 0,8-17000+ 3,7-17000 =
= 15980 + 11310 + 13600 + 62900 = 103790 Kfl* = 103,79 10 6 fl*.
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2.9. KIHEMATHKA I ^HHAMIKA 
OEEPTA^EHOTO p y x y  TBEP^OTO TLTA 

2 .9 .1 . KiHeMaTHHHi xapaKTepncTHKH  
o6epT aabH oro pyxy

OdepmanbHuM pyxoM meepdoso mina Ha3UBaroTb TaKun noro pyx, 3a 
aKoro Bci tohkh, 3 aKux cKnagaeTbca Tino, onucyroTb Kona, ^HTpu aKux 
ne*aTb Ha npaMin, mo Ha3UBaeTbca eiccw odepmaHHH.

Po3rnaHeMo o6epTanbHun pyx Tina goBinbHo'i ^opMu y nnomuHi xy 
HaBKono oci, mo npoxoguTb Hepe3 ToHKy o nepneHguKynapHo go nnomu- 
hh (puc. 2.17). flna cnpomeHHa BBa*aTUMeMo Bicb o6epTaHHa Hepyxo- 
Moro. ^Kmo HacTHHKa P  Tina, mo o6epTaeTbca no Kony pagiycoM r, ne- 
peMimyeTbca 3 tohkh 1 b ToHKy 2, pagiyc-BeKTop 3MimyeTbca Ha KyT AO 
= O2 -  O1, aKun aBnae symoee 3Mi^eHHH. Togi cepedHW symoey meud- 
sicmb <m» BH3HaHaroTb TaK:

O2 — O1 AO

At .
<co» =

to'2  t 1

Mummeea symoea meudsicmb m 
-  ^  BeKTopHa BenuHuHa, mo gopiB­
Hroe nepmin noxigmn Kyra o6epTaH- 
Ha Tina 3a HacoM:

(2.51)

_ A® d®
m = lim — -  -

At^ ° At
— , (2.52)

a6o

m

dt

Im l .  lim ^  = dQ .  (2.53)
At̂ 0 At dt

O guH u^ BHMiproBaHHa KyioBoi 
mBugKocTi -  pad/c a6o 1/c (ocKinbKu 
pagiaH He Mae po3MipHocii).

3a aHanoriero BBegeMo noHaira 
cepedHboso Ta Mummeeoso npucso- 
peHHn:

m  — m  Am
<P»

t 2 — t 1 At

Puc. 2.17. OSepTaabHHH pyx Tiaa 
goBiabHo'i $opMH y nao^HHi xy Ha- 
BKoao oci, ^o npoxogHTb nepe3 toh- 
Ky O nepneHgHKyaapHo go nao^HHH:
P -  HacTHHKa Tina, mo o6epiaeTbca no 

Kony pagiycoM r; 0 -  KyT o6epiaHHa

( 2 .5 4 )
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.. A a  d a
B =  lim ------= -------. (2.55)

At̂ ° At dt

OguHH^ BHMiproBaHHa KyT O Boro npHcKopeHHa —p a d / c 2 a6o 1/c2. 
Mogynb mBHgKocri nocTynanbHoro pyxy v noBa3aHHH 3 KyTOBoro 

mBHgKicTro a  cniBBigHomeHHaM:

v = a r , (2.56)
ge r -  pagiyc o6epTaHHa.

2 .9 .2 . g,HHaMiHHi xaparcrepHCTHKH oSepTa^bHoro pyxy

flHHaMinHoro xapaKTepncTHKoro TBepgoro Tina, mo o6epTaeTbca, e 
M o M e H m  i m p ^ i  — cyMa go6yTKiB Mac n  MaTepianbHux tohok, 3 aKHx 
cKnagaeTbca Tino, Ha KBagpaT BigcTaHi ix Big oci o6epTaHHa:

I  =  Y m ? 2  . (2.57)
i -1

y  BunagKy 6e3nepepBHoro po3noginy Mac ua cyMa 3BoguTbca go iH- 
Terpany:

I  =  J  r 2 d m . (2.58)

HaBegeMo ^opMynu MoMeHTiB m ep^i geaKux ogHopigHux Tin Macoro 
m  BigHocHo oceH cuMeTpii, mo npoxogHTb Hepe3 ^ m p  Mac:

1 2
•  c y v ,in b H u n  ^ n r n d p  a d o  d u c K  p a d i y c o M  R  I  =  —  m R  ; 

(2.59)
•  m o H K o c m i H H u u  ^ n i H d p  p a d i y c o M  R  I  =  m R 2 ;

(2 .6°)

»cyyinbHa c^ epa padiycoM R I  = — mR2;
2

5
(2.61)

»moHKuu cmepweHb doewuHow l I  = — ml2; (2.62)
12 

1• cyfyinbHuu napanenenined doewuHow a 
ma mupuHow b I  = —  m t f  + b2). (2.63)

OguHH^ BHMiproBaHHa MoMemy m ep^i — ^ • m 2 .
^Kmo Heo6xigHo BH3HaHHTH MoMeHT m ep^i Tina BigHocHo goBinbHoi 

oci, BHKopucToByroTb TeopeMy fflTeuHepa.
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TeopeMa meuHepa — MOMeHm im p ^ i mina I  eidHocHO dydb-MKOi 
oci odepmaHHH dopieHwe cyMi MOMeHmy uo^o rnep^ i Ic eidHocHO oci, HKa 
napanenbHa 3adaHiu i npoxodumb Hepe3 ^H m p Mac C mina, ma dodymKy 
Macu m mina Ha Keadpam eidcmaHi d  Miw ochmu:

I  = I c + md2. (2.64)

npHKaag
Bu3HaHHTH MoMeHT mepuii cyqinbHoro gucKa Macoro m Ta pagiycoM R, hkhh o6ep- 

TaeTbca BigHocHo oci, mo napanenbHa oci, aKa npoxogHTb Hepe3 uernp Mac gucKa Ta 
3HaxoguTbca Ha BigcTaHi R Big uiei oci.

P03BH30K
BuKopucToByeMo Bupa3 (2.64):

1 3
I = Ic + md2 = ^  mR2 + mR2 = ^  mR2.

KoHTpoabHe 3aBgaHHH
Bu3HaHuTu MoMeHT mepuii cyqinbHoi c^epu Macoro m Ta pagiycoM R, aKmo Bicb 

o6epTaHHa 3Micmnu Ha BigcTaHb 2R BigHocHo oci, mo napanenbHa oci, aKa npoxoguTb 
Hepe3 uernp Mac c^epu.

KiHemuHHa eHep îH odepmaHHH Tina, mo o6epTaeTbca, Bu3HaHaeTbca 
3a Bupa3oM:

l a 2
E g6 = — . (2.65)

npHKaag
flBoaToMHa MoneKyna kuchto o6epTaeTbca b nnomum xy HaBKono oci z, mo npoxo- 

guTb Hepe3 ToHKy O nepneHguKynapHo nnomum. BigcTaHb Mi* aToMaMu gopiBHroe
1,2M°4° m, Maca aToMa kuchto -  2,66-1° -26 Kr, KyToBa mBugKicTb -  2-1° 12 1/c. Bu3Ha- 
hutu MoMeHT iHepmi Ta KiHeraHHy eHepriro o6epTaHHa MoneKynu kuchto.

P03BH30K
BHK0pHCT0ByTOHH ôpMyny (2.57), 3HaxoguMo MoMeHT iHepmi MoneKynu kuchto:

n

I = Z  m.ri 2 = m(d/2)2 + m(d/2)2 = md2/2  = 
i=1

= (2,66-1° -26 kt)(1,21-1°"1° m)2 = 1,95-1° '46 kt-m2.
KiHeraHHy eHepriro o6epTaHHa MoneKynu kuchto Bu3HaHuMo 3a ôpMynoro (2.65):

Eg6 = 2  (1,95-1°-46kt-m2)(2-1° 12 1/c)2 = 3,9-1° -22 fl*.

MoMeHmoM M  cunu F  BigHocHo HepyxoMoi tohku O Ha3uBaeTbca 
BeKTopHuH go6yTOK pagiyca-BeKTopa r  , npoBegeHoro i3 tohku O b ToH­

Ky npuKnagaHHa cunu F  , Ha ^ro cuny:

M =  r  x F .  ( 2 .6 6 )
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BeKTop, aKuH gopiBHroe reoMeTpuHmM cyMi MoMemiB BigHocHo toh- 
ku O Bcix 3oBHimHix cun, mo giroTb Ha MexaHiHHy cucTeMy, Ha3uBaeTbca 
sonoeHuM MOMeHmoM 3oBHimHix cun BigHocHo HepyxoMoi' tohku O. 

Mogynb MoMemy cunu gopiBHroe:

M  = Frsina = F l , (2.67)
ge a — KyT Mi* F  i r; rsina = l — nneHe cunu.

OguH u^ BuMiproBaHHa MoMeHTy cunu — H^ m .

2 .9 .3 . OcHOBHe piBHaHHa giiHaiviiKH 
oSepTaabH oro pyxy

OcHoeHe pieHHHHH duHaMiKu odepmanbHOSo pyxy Tina, mo o6epTa- 
eTbca HaBKono HepyxoMoi' oci z, Mae Burnag:

M z = I , #  (2.68)
ge Mz — MoMeHT cunu BigHocHo oci z; Iz — MoMeHT mepuii Tina; p — Kyrcrne npucKopeH- 
Ha.

^Kmo Bicb o6epTaHHa npoxoguTb Hepe3 ^ m p  Mac, to Mae M i^e BeK- 
TopHa piBHicTb:

M  = I  - p ,  (2.69)

ge I — ronoBHun MoMeHT mepuii Tina, mo o6epTaeTbca BigHocHo ronoBHux ocen (aKi 
npoxogaTb Hepe3 uenrp Macu Tina i He 3MiHroroTb cBoei opienrami y npocTopi Hepe3 
BigcyTHocTb 3oBHimHix cun).

PiBHaHHa (2.69) Mo*Ha nepenucaTu aK:
d a

M = I ------- , (2.70)
dt

3BigKu:

M  •dt = I • d a .  (2.71)

npHKaag
flo MoTy3Ku, mo HaMoTaHa HaBKono gucKa Macoro 4 Kr Ta pagiycoM 50 cm, npuKna- 

geHa cuna 40 H. BroHaHnm MoMeHT iHepmi gucKa, MoMeHT cunu BigHocHo oci o6epTaH- 
Ha gucKa Ta KyToBe npucKopeHHa gucKa.

P03BH30K
BuKopucToByeMo Bupa3 (2.59) i 3HaxoguMo MoMeHT iHepmi gucKa:

I = 2  mR2 = 2  4 kt-(0,5 m)2 = 0,5 kt-m2.

MoMeHT cunu BigHocHo oci o6epTaHHa gucKa BroHaHuMo 3a ôpMynoro (2.67):
M = Fl = (40 H)-(0,5 m) = 20 H-m.

3 piBHaHHa (2.69) Mo*Ha ogep*ara Bupa3 gna KyToBoro npucKopeHHa:
P = M/I = (20 H-m)/(0,5 kt-m2) = 30 1/c2.
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2 .9 .4 . 3aK0H 3Sepe^eHHH MOMeHTy iM nyabcy

MoMenmoM iMnynbcy (KinbKOcmi pyxy) L  Mamepianbnoi moHKU Big- 
HOCHO HepyXOMOl TOHKH O Ha3HBaeTbca î3HHHa BenHHHHa, mo BH3Hana- 
eTbca BeKTOpHHM go6yTKOM:

L = r x p  , (2.72)

ge r  -  pagiyc-BeKTOp, npOBegeHHH 3 tohkh O gO MaTepianbHoi tohku m; p  = m V -  
BeKTOp iMnynbcy ujei tohkh.

OgHHHua BHMiproBaHHa MOMeHTy iMnynbcy -  ^ - m 2/ c .

Mogynb BeKTopa MOMeHTy iMnynbcy BH3HaHaeTbca 3a Bupa3OM:

L  = | L  | = rpsina = rmvsina, (2.73)

ge a  -  KyT Mi* BeKTopaMH r  i p  (puc. 2.18).

Po3rnaHeMO MexaHiHHy cucTeMy, mo cKnagaeTbca 3 n MaTepianbHux 
tohok mi, aKi pyxaroTbca 3i mBugKicTro v.

MoMenm iMnynbcy L t MaTepianbHoi' tohkh BigHocHo HepyxoMoi tohkh 

O -  ue BeKTopHHH go6yTOK pagiyca-BeKTopa rt MaTepianbHoi tohkh,

npoBegeHoro 3 tohkh O, Ha iMnynbc niri MaTepianbHoi tohkh mf,:
z

Phc. 2.18. Mogyab BeKTopa MOMeHTy iMnyabey, ge r  -  pagiyc-BeKTop, 
npOBegeHHH 3 tohkh O go MaTepianbHoi tohkh m; p  = m V -  BeKTop iMnynbcy 

ujei tohkh; a -  KyT Mi* BeKTopaMH r  i p

L  = r  x m,V. (2.74)

MoMenmoM iMnynbcy L  meep^o^o mina BigHocHo HepyxoMoi tohkh e 
cyMa MOMeHTiB iMnynbciB OKpeMux HacTHHOK:

y
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L  = Z  L  = Z (r  x m V ) . (2 .75)
i=1

M o M e n m o M  iM n y n b c y  m e e p ^ o ^ o  m i n a  BigHocHo oci z  e npoeKuia L z Ha 
uro Bicb BeKTopa MOMeHTy iMnynbcy TBepgoro Tina BigHocHo 6ygb-aKoi' 
tohkh Ha uin oci.

BuKopucToByroHu piBHaHHa (2.66), MO*Ha ogep*aTH TaKe cniBBig- 
HomeHHa:

M =  r  x F  = r  x —  . (2.76)
dt

flu^epeHuiroroHH Bupa3 (2.72), ogep*HMo:

dL d  _ dp d r  _
—  = — (r x p  1 = r  x ------1--------x p . (2.77)
dt dt dt dt
d r

BigMiTHMO, mo —  x p  = 0, ocKinbKH BeKTopu V i p  -  napanenbHi; 
dt

OT*e:

dL dp
—  = r  x =  M . (2.78)
dt dt

OT*e, noxigHa no Hacy Big MOMeHTy iMnynbcy MexaHiHHOi cucTeMH 
BigHocHo ii uem pa Mac gopiBHroe ronoBHOMy MOMeHTy BigHocHo uiei' *  
tohkh Bcix 3OBHimHix cun, mo giroTb Ha uro cucTeMy.

3 a K o n  3 6 e p e w e n n H  M o M e n m y  iM n y n b c y  e  M e x a n i u i : d n n  3 a M K H y m o i  

c u c m e M U  M o M e H m  iM n y n b c y  e i d H o c H o  H e p y x o M o i  m o H K U  H e  3 M i H w e m b c n  3  

H a c o M .

dL
flincHO, gna 3aMKHyToi cucTeMH MaeMo: M  =  r  x r 3om = —  = 0,

dt

OT*e dL  = M  •d t  =  0, 3BigKu:

L  =  const. (2.79)

BpaxoByroHH piBHaHHa (2.71), ogep*HMo:

I • d a  =  0. (2.80)

flna 3aMKHyToi cucTeMH, mo o6epTaeTbca HaBKono ^iKcoBaHoi oci,
MO*Ha 3anucaTu:

L  =  c o n st; I  a  =  con st. ( 2 .8 1 )
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CniBcTaBneHHa ochobhhx BenuHHH Ta piBHaHb, mo BH3HaHaroTb 
nocTynanbHHH pyx Tina Ta Horo o6epTaHHa HaBKono HepyxoMoi' oci, Ha­
BegeHo y Ta6n. 2.5.

2 5. -  OcHOBHi BeaHHHHH Ta piBHHHHH, qo BH3HanaroTb nocTynaabHHH pyx Tma Ta
Horo oSepTaHHH HaBKoao HepyxoMoi oci

nocTynanLHnn pyx 06epTanLHHn pyx

Maca m MoMeHT iHepmi I
drEBngKicTb V = —  
dt

KyTOBa mBHgKicTb a  =
dt

npucKopeHHa a =
dt

KyTOBe npucKopeHHa (  =
dt

Cuna F MoMeHT cunu M  = r  x F
IMnynbc p  = m v MoMeHT iMnynbcy L  = r  x p

OcHOBHe piBHaHHa guHaMiKH F  = m a OcHOBHe piBHaHHa guHaMiKH M  = I  - (

Po6oTa dA = F  -dr Po6oTa o6epTaHHa dA = Md®

2
KiHeTHHHa eHepria EK = m

2

KiHeTHHHa eHepria o6epTaHHa

Eo6 = I a  
2

2 .9 .5 . EHMiproBaHHH n ap aveT p iB  BiTpy

npunagu, mo BH3HaHaroTb mBHgKicTb pyxy noBiTpa noTOKiB, Ha3H- 
BaroTbca amMoMempaMU. npuHuun gii' nonarae b nepeTBopeHHi eHeprii 
nocTynanbHoro pyxy noBiTpa b MexaHiHHe o6epTaHHa pi3HOMaHiTHHx 
BepTymoK, BiTpoBux Konic a6o rBHHTiB. Hannomupemmi aHeMOMeTpu 
HameHKOBoro Ta nponenepHoro TuniB.

AmMoMemp HaweHKoeoso muny cKnagaeTbca 3 Tpbox-HOTupbox niBc^e- 
puHHux HamoK, mo o6epTaroTbca HaBKono oci, nepneHguKynapmn HanpaMy 
BiTpy (puc. 2.19). noporoBa HyrnuBicTb TaKoro aHeMOMeTpa cTaHOBHTb Big 
90 mm/c go 2,24 m/c. npunagu uboro Tuny npocTi Ta HyrnuBi.

AHeMoMemp nponenepHoso muny MicTHTb Tpu-, HOTupunonaTeBHH 
nponenep, Bicb aKoro noKa3ye HanpaMOK BiTpy (puc. 2 .20). TpaHHHHa 
HyTnuBicTb nponenepHoro aHeMOMeTpa cTaHOBHTb 1,1 m/c; bhkophcto- 
ByroTb TaKi npunagu gna BHMiproBaHHa mBugKocTi BiTpy go 90 m/c. n e- 
peBaroro aHeMOMeTpa nponenepHoro Tuny nopiBHaHO 3 HameHKOBHM e 
noro Mana Bara (nponenep MO*e 6yTH BuroTOBneHun 3 nnacrnacu), y
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Tpu pa3H 6inbma mBHgKicTb o6epTaHHa i MO*nuBicTb BHMiproBaHb cna6- 
khx noBnpaHux noTOKiB.

Phc. 2.19. AHeMoMeTp Phc. 2.20. AHeMoMeTp
qameHKoBoro Tuny nponenepHoro Tuny

2 .9 .6 . EiTpoeHepreTHKa

Po3rnaHeMO noBhpaHun noTiK, mo pyxaeTbca Hepe3 ^HniHgpHHHy 
KonoHy 3 nnomero nonepeHHoro nepepi3y S  3i mBugKicTro v. EHepria no- 
cTynanbHoro pyxy noBiTpa BHKopucTOByeTbca gna MexaHiHHoro o6ep- 
TaHHa nponenepa. KiHeTHHHa eHepria oguHH^ o6eMy noBiTpa BH3HaHa- 
eTbca 3a Bupa3OM:

1 2
E k/ V  = ~ P V  , (2.82)

ge p — rycTHHa noBiTpa.
fflBugKicTb noBiTpaHoro noTOKy gopiBHroe o6eMy noBiTpa, mo nepe- 

THHae nonepeHHun nepepi3 3a ceKyHgy, to 6 to  V/t = Sl/t = S v .
Togi noTy*HicTb BiTpy MO*Ha BH3HaHHTu TaK:

1 1
P  = (EK/V)(V/t) = ( - p v 2 )(S v) = -  p v 3S . (2.83)
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HanpHKnag, aKmo mBHgKicTb BiTpy cTaHOBHTb v = 15 m/c, rycTHHa
noBiTpa p  = 1,2 Kr/M3, to  noTy*HicTb BiTpy, mo npunagae Ha ogHHH^ro
nnomi, cTaHOBHTb P/S = (1/2)(1,2 Kr/M3)(15 m/c)3 = 2025 Bt/m2.

TaKHM hhhom, noTy*HicTb
BiTpy 3ane*HTb Big mBugKocTi
noBiTpaHoro noTOKy y TpeTbOMy
cTeneHi. Po3po6Ka MeTogiB Ta
3aco6iB gna nepeTBopeHHa
eHeprii' BiTpy b MexaHiHHy, Ten-
noBy a6o eneKTpuHHy eHeprii
cTaHOBHTb cyTb eimpoenepze-
mUKU. npaKTHHHO BiTep BHKOpH-
cTOByroTb aK g*epeno eHeprii.
TaKi BiTpogBuryHH (puc. 2.21)

„ -,-,1 Tj- 3gaTHi 3a6e3neHyBaTH 2,5 MBtPhc. 2 .21.  BiTpogBuryHH J  ’
eneKTpuHHoi noTy*Hocri.

2.10. CTATHKA TBEPflOTO TMA

2 .1 0 .1 . Y mobh  CTaTHHHoi piBH oBaru

CmamuKa -  ^  po3gin MexaHiKH, aKun BHBHae yMOBH piBHOBaru Tin 
nig giero cun. TepMiH pienoeasa  O3HaHae, mo Tino 3HaxoguTbca y cTaHi 
cnoKoro, a6o noro ^ m p  Mac pyxaeTbca 3 nocrinHoro mBugKicTro. Mu 
6ygeMO po3rnagaTH y ^OMy po3gini Tina, mo 3HaxogaTbca y cTaHi cno- 
Koro, to 6 to  y cTaHi cmamunnoi pienoeasu.

Heo6xigHHMH yMOBaMH cTaTHHHoi piBHOBaru Tina e:
1) piBHicTb Hynro reoMeTpuHHoi cyMH Bcix 3OBHimHix cun, mo giroTb 

Ha Tino:

E  F t = 0; (2.84)
i

2) piBHicTb Hynro reoMeTpuHHoi cyMH Bcix MOMemiB 3OBHimHix cun 
BigHocHo gaHoro ^ m p a :

E  M  = 0. (2.85)
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2 .1 0 .2 . B a ^ ia b . Y mobh  piBHOBaru Ba/Kean

Bawinb — HaMnpocTimuM MexaHi3M, aKuH go3Bonae MeHmoro cunoro 
3piBHoBaxuTu 6inbmy; aBnae co6oro TBepge Tino, mo o6epTaeTbca Ha­
BKono HepyxoMoi onopu (puc. 2.22).

N

F
F

l/2 mg

Puc. 2.22. Ba^iab: l -  goBxuHa nnaHKn; F -  cuna, mo gie Ha Baxinb; 
m -  Maca nnaHKn; M  -  Maca Banraxy; x -  nnene Baxena; N -  peaKqia onopu

nnene cunu — ue HaHKopoTma BigcTaHb Mix Biccro o6epTaHHa Ta 
HanpaMKoM gii cunu.

Modynb MOMenmy cunu — ue go6yToK cunu Ha nnene:

M  = F  • l. (2.86)

^Kmo onopa po3TamoBaHa Mix ToHKaMu npuKnageHHa cun, to ue 
Baxinb nepmoro pogy; aKmo o6ugBi cunu npuKnageHi 3 ogHoro 6oKy 
onopu, to ue Baxinb gpyroro pogy.

YMoea pieHoea^u eaw enn: eawinb 3naxodumbcn e pienoea3i, xk^ o 
ame6painna cyMa MOMenmie diwnux cun dopienwe nynrn, mo6mo cyMa 
MOMenmie cun, ^ o  o6epmawmb eawinb 3a ^o^unnuKoeow cmpinKOW
(dodamnux), dopienwe cyMi MOMenmie cun, HKi o6epmawmb eawinb
npomu ^o^UHHUKoeoi cmpinKu (eid ’emhux).

Ha Baxinb, 3o6paxeHuH Ha puc. 2 .22, giroTb HoTupu cunu: F -  girona 
cuna; mg -  Bara nnaHKu Baxena; M g — Bara BaHTaxy; N  -  peaKuia ono­
pu. nepmi Tpu cunu yTBoproroTb MoMeHTu cun, mo o6epTaroTb Baxinb 
BigHocHo tohku onopu. YMoBa piBHoBaru Baxena onucyeTbca piBHaH- 
HaMu 6anaHcy cun Ta MoMeHTiB cun:

N -  F -  mg -  M g = 0; (2.87)

-  mg(l/2 -  x) -  F (l -  x) + M gx = 0, (2.88)
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w u  f  =  M g x  + m g ( x ~ l / 2 )  .
l  — X

(2.89)
BigHomeHHa M g /F  xapaKTepu3ye Burpam y cuni, aKun Hagae Baxinb.

2 .1 0 .3 . OnopHO-pyxoBHH an ap aT  TBapuHH

OcHoBHe npu3HaneHHa onopHo-pyxoBoro anapaTy TBapuH — 3a6e3ne- 
HeHHa nepeMimeHb Tina a6o oKpeMux Horo HacruH y npocropi Ta 36epi- 
raHHa nig Hac croaHHa craTuHHoi piBHoBaru. Ochobhumu eneMeHTaMu 
onopHo-pyxoBoro anapaTy TBapuH e KicTKu, M’a3u, cyrno6u, cyxoxunna 
Ta 3B’a3Ku. KicTKu, 3B’a3aHi ogHa 3 ogHoro y pyxoMi naHKu, yTBoproroTb 
KiHeMaTuHHi naHuroru. OKpeMi naHKu TaKoro naHurora MoxHa po3rnaga- 
tu aK HaHnpocTimuH MexaHi3M — Baxinb. ToHKoro onopu, HaBKono aKoi 
Big6yBaeTbca o6epTaHHa Baxena, e cyrno6. Pyx KicToK, aKi yTBoproroTb 
Baxinb, 3a6e3nenyeTbca M’a3aMu. CKoponyronucb, bohu 3MiHroroTb no- 
noxeHHa KicToK, go aKux npuKpinneHi. OcHoBoro onopHo-pyxoBoro ana­
paTy TBapuH Ta Horo Hecynoro KoHcrpyKuiero e cKeneT. TaKuM huhom, 
onopHo-pyxoBuH anapaT TBapuH cKnagaeTbca 3 KicToK — m^ hux MaTepi­
aniB, mo BuKoHyroTb nacuBHi ^yHKuii' y npoueci pyxy Tina, Ta M’a3iB, aKi 
e aKTuBHuM eneMeHToM onopHo-pyxoBoro anapaTy.

npHKaag
Po3rnaHeMo Baxinb, mo cKnagaeTbca i3 nepegnniHHa, po3MimeHoro roproonranbHo,

i 6iu;enca, aKun yTBoproe KyT 150 3 nnenoBoro KicTKoro (puc. 2.23, a). BigcTaHb x Big 
tohku onopu go tohku npuraagaHHa cunu (eKBiBanenma cxeMa Baxena noKa3aHa Ha 
puc. 2.23,6) craHoBurb 1/5 BigcTaHi Big niKTa go gonoHi 3 BaHTaxeM. Bu3HaHuTu 3ycun- 
na, aKe po3BuBae 6iu;enc nig Hac yrpuMaHHa Tina Baroro 5 H.

ge l -  goBxuHa nnaHKn; m -  Maca nnaHKn; M  -  Maca BaHTaxy; x -  nneHe Baxena.
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a6o:

Puc. 2.23. KicTKa ak Bimiab:
a -  Baxinb, mo cKnagaeTbca i3 
nnenoBoi, npoMeHeBoi kictok i 
M'a3a; 6 -  eKBiBaneHTHa cxeMa 
Baxena: P -  BaHTax; F  -
girona

P03b’h30k
YMoBa piBHoBaru Baxena Mae Burnag:

P • h = F  • l2,
P  • 5 • x = F  • x • cos15°. 

P • 5
3BigKH:

nigcTaBnaeMo HucnoBi gaHi:
5 • 5

F  = ̂ 7 7  = 25,9 H.0,966

F  =
cos15°

6

KoHTpoabHe 3aBgaHHn
Bu3HaHKru 3ycunna, aKe po3BuBae 6iu,enc gna cmyauji, 3o6paxeHoi Ha puc. 2.24.

npomeneea icicmKa
Kicmjca
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Puc. 2.24. Ba^iab Ta Horo eKBiBaaeHTHa cxeMa 3rigHO
3 yMOBOM nonepegHboro 3aBgaHHH

Bidnoeidb: F  = 143,7 H.

3. M E X A H O P E ^ ^ I f l
3.1. M EXAHOPE^nTOPH mKIPH

M exanope^nm opu  — ue cneuiani3oBam HyrnuBi yTBopeHHa, npu3Ha- 
HeHi gna TpaHc^opMauii MexaHiHHoro cTuMyny b aKTuBHicTb HepBoBoi 
KniTuHu, mo cnpuae nomupeHHro HepBoBoro iMnynbcy.

MexaHopeuenropu 3gaTHi pearyBaTu Ha pi3HoMaHiTHi MexaHiHHi cruMy- 
nu i 3gincHroBaTu: 1) maKmunbuy nymnueicmb (cnpunMaHHa TucKy, 3MiHu 
TucKy, goTuKy, Bi6pauiH); 2) eecm u6ynope^n^K  (nigrpuMaHHa piBHoBaru);
3) inmepope^n^K) (KoopguHauiro pyxy oKpeMux HacruH opraHi3My).

3 .1 .1 . TaK TuabH a nyTauBicTb

y  mKipi 3HaxoguTbca BenuKa KinbKicrb MexaHopeuenropiB. ^Kmo mKipa 
noKpuTa BonoccaM, gna Hei xapaKTepHi BinbHi HepBoBi 3aKrnneHHa, gucKu 
MepKena, HepBoBi 3aKrnneHHa HaBKono BonocaHux cyMoK. y  mKipi 6e3 Bono- 
caHoro noKpuBy MexaHopeuenropaMu e BinbHi HepBoBi 3aKrnneHHa, gucKu 
MepKena, Tinbua MencHepa i nanim. y  nigcocoHKoBoMy mapi gepMu MoxHa 
3HanTu Kon6u Kpay3e; b rnu6uHi gepMu 3ycrpiHaroTbca Tinbua Py^im. Oc- 
HoBHi Tunu MexaHopeuenTopiB mKipu HaBegeHo Ha puc.3.1.
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BLibiti n ep eoe i  saKiHHe/iH*

H ep eo e e  crvientiHH* 
u a eK a io  eajtoenu  60A0CUHU

T iib u e  Pyipitd

CniporihHi MKimemi* a<pepcitmn<vo uepea
lU ea im iecu ca

tciim tata
MiAtin

TLtbtie M eQ cnepaKaiOa Kpay3e
Phc. 3.1. Tunu MexaHope^nTopiB 

SriflHO 3 Haunpocrimoro rinoTe3oro npo MexaHope^nTopHe nepeTBo- 
peHHa, cTUMynoM, mo 6e3nocepegHto BnnuBae Ha MexaHope^mop, e 
po3Tar a6o ge^opMa^a noBepxHeBoi KniTUHHoi MeM6paHu, aKi npu3Bo- 
gaTb go 3mihh npoHUKHocri ioH-ceneKTUBHux KaHaniB.

3 .1 .2 . B ecT H 6y .n o p e^ n ^ H

Becmu6ynopeyenyia -  ^  cnpuHMaHHa 3mihh mBugKocTi Ta Ha- 
npaMy nepeMimeHHa Tina y npocTopi 3a gonoMororo eecmu6ynopeyen- 
mopie -  BonocKoBux KniTUH nepeTUHnacToro na6ipum y BHyTpimHbo- 
ro Byxa. Tun p e ^ n ^ i  peani3yeTbca 3a gonoMororo eecmudynxp-
H0 ^ 0  anapamy, aKUH cKnagaeTbca 3 n ep ed d eep ’n i Tpbox HanieKpy^- 
nux KaHanie, po3TamoBaHux y B3aeMonepneHguKynapHux nnomuHax 
(puc.3.2). y  nopo^HHHi nepeggBep’a 3HaxogaTbca pe^nTopm  KniTu- 
hh 3 BonocKaMu, mo 3aHypeHi b ^enenogi6Hy Macy, aKa MicTUTb Kpu- 
cTanu Kap6oHaTy Kanb^ro -  TaK 3BaHi omonimu. ^Kmo TBapuHa Ha- 
xunae ronoBy, HaniBKpyrni KaHanu Ha6yBaroTb npucKopeHHa, Togi aK 
eHgoniM^a 3anumaeTbca Ha M ic^ nepe3 cuny m ep^i. BHacnigoK 
^ o r o  oToniTu 3MimyroTbca i 3ruHaroTb BonocKu, mo npu3BoguTb go 
36yg^eHHa HepBoBux KniTUH, noB’a3aHux 3 pe^nTopHUMu KniTUHa-
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mu, i nepegani m^opM a^i go Mo3Ky npo nonoxeHHa ronoBu a6o Tina 
y npocTopi (puc.3.3). 06u gB a BHyTpimHix Byxa aBnaroTb co6oro 6i- 
namepanbny (gBo6inHy) pe^nropH y cucTeMy. y  Mo3Ky TBapuHu Big- 
6yBaeTbca nopiBHaHHa i aHani3 HacTOTu nocunaHHa 6ionoTeH^aniB, 
axi HagxogaTb 3 o6ox cucTeM.

Puc. 3.2. BeeTHSyanpHHH anapaT Puc. 3.3. BmIct iiop<»kimim 
nepeggBep'n

3 .1 .3 . iH T e p o p e ^ n ^ H

Pe^nropu, noxani3OBam b cep^BO-cyguHHin cucreMi Ta BHyTpi­
mHix opraHax, aKi 3gaTHi cnpuHMaTu nogpa3HUKu pi3Hoi npupogu, Ha- 
3UBaroTbca inmepope^nmopaMu. iHTepope^nropu noginaroTbca Ha npo- 
npiope^nropu Ta Bi^epanbHi pe^nropu.

nponpiope^nm opu  curHani3yroTb npo BigHocHe nonoxeHHa pi3Hux 
nacTUH Tina. npegcraBnem ^  Tunu MexaHope^nropiB m  ’hsobumu eepe- 
menaMU i cyxowunbnuMu op^anaMU ronbdw i.

M ’a3OBi BepereHa cnpaMOBaHi napanenbHO cKeneTHUM M’a3aM i 
noB’a3am 3 cyxoxunnaMu (puc. 3.4); bohu HagaroTb m^opMa^ro npo 
doew uny m  ’H3a. M ’a3OBe BepereHO aBnae co6oro rpyny tohkux i cne^a- 
ni3OBaHux M’a3OBux hhtok. Ocxinbxu Kancyna, ge 3HaxogaTbca Taxi hh- 
tkh, Mae BepeTeHonogi6Hy $opMy, ix Ha3UBaroTb enympimnboeepemen- 
humu. Bohu noB’a3am 3 cyxoxunnaMu; npunoMy xrn^ ^ x  hhtok Mic- 
TaTb cxopoTnuBi 6inxu, Togi ax cepegHa nacTUHa no36aBneHa ix. Hyrnu- 
bhh HepB M’a3OBoro BepeTeHa 3HaxoguTbca caMe b cepegHin nacTUHi 
BepeTeHa. nonapHi xrn^ BepeTeHa MaroTb BnacHi pyxnuBi HepBu, axi Ha- 
3UBaroTbca ^aMMa-pyxnueuMU neuponaMu (Ha BigMiHy Big anbtya- 
pyxnueux neuponie, mo 3B’a3am 3 M’a3OBUMu BonoKHaMu). n ig  nac cko-
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poneHHa a6o BugoBxeHHa cxeneTHO- 
ro M’a3a 3MiHroeTbca goBxuHa cepe- 
gHboi' nacTHHH BepeTeHa, mo npu- 
3BoguTb go BuHuKHeHHa 6ionoTeH- 
^aniB, HacTOTa axux 3anexuTb Big 
piBHa 3MiHu goBxuHu cepegHboi' 
HacruHu.

roMMcr-MOttttpitlta

Qpraa ranbjptf

.-illjfcf-MiHftOffttUd

■SjUsuc. 3'5jtyxo*HnfeHttBP^praH

M If mw teptmtHO Cy

Puc. 3.4. M'H30Be BepeTeHo

CyxoxunbHun opraH ronbgxi -  ^  TOHKa xancyna ycepeguHi cyxo- 
xunna, axe 3B’a3ye 1 5 -2 0  M’a3OBux BonoxoH (puc.3.5). Koxhuh opraH 
Mae HyrnuBun HepB, axun nocunae noTeH^anu b ^m panbHy HepBOBy 
cucTeMy nig Hac cxopoHeHHa M’a3a. OpraH Tonbgxi pearye Ha Mexaninny 
nanpysy, mo BuHuxae b cyxo-xunni. HacTOTa nocunaHHa noreH^aniB 
nponop^nHa Hanpy3i, mo BuHuxae b cyxoxunni.

Bi^epanbni pe^ n m o p u  nocraHarorb rn^opMa^K) npo pyx a6o craH 
BHyrpimHix opraHiB (mnyHKa, KumeHHuxy, cinoBoro Mixypa), a Taxox cur- 
Hani3yK>Tb npo cTaH BHyrpimHboro cepegoBuma, 3 axuM noB’a3aHi Bignyrra 
ronogy (piBeHb ^yKpy b xpoBi) a6o cnparu (nigBumeHHa ocmotuhhoto TucKy 
b nna3Mi xpoBi).

TaxuM huhom, Bci MexaHope^nropu Bigpi3HaroTbca He TinbKu 6y- 
goBoro, a n 3gaTHicTro pearyBaTu Ha pi3Hi MexaHiHHi cTuMynu -  goTux, 
tuck, 3MiHy TucKy, ctuck, BuruH, po3Tar, niHinHe a6o o6epTanbHe npu­
cKopeHHa, 3MiHy goBxuHu M’a3iB a6o MexamHHOi Hanpyru, mo BuHuxa- 
roTb y M’a3ax.
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3 .1 .4 . TnrMoHacTHHHi p yxn  poc^HH

Hacmunni pyxu BuHuxaroTb y BignoBigb Ha 6ygb-axi 3OBHimHi $ax-  
Topu -  goTux, nomxogxeHHa, MexaHiHHy Bi6pa^ro, cBiTno, xiMiHHi pe- 
hobuhu, Ha axi pocnuHa pearye mBugxuMu pyxaMu. HanpaMOK HacruH- 
hux pyxiB He 3anexuTb Big HanpaMKy cruMyny. TueMonacmmnuMU Ha- 
3uBaroTbca pyxu, mo BuHuxaroTb Big goTuxy; bohu xapaKTepHi, Hanpu- 
xnag, gna MiMO3u copoMnuBoi' (Mimosa pudica), axa 3ropTae nucTKu 
(a iHKonu -  i Bce nucTa) npoTaroM xinbxox cexyHg y BignoBigb Ha goTux. 
fflBugxi pyxu y MiMO3u Moxyrb 6yTu BuxopucTaHi gna 3axucTy npoTu 
KOMax Ta iHmux TBapuH, npoTugii cyxoBiaM 3 MeToro 36epexeHHa Bogu b 
nocymnuBux panoHax, ge BOHa nomupeHa. 3oBHimHin MexarnHHun ctu - 
Myn, mo cnpunMaeTbca ceHcopHuMu KniTuHaMu Hepemxa, nepeTBopro- 
eTbca b eneKTpuHHun curHan, axun mBugxo nomuproeTbca no TKaHum, 
goxu He gocarHe noxoMOTopHux KnhuH nucTKOBOi nogymeHKu no6nu3y 
ochobu nucTKa, axi HeranHO 3MiHroroTb cBin o6eM. neBHO, pyx opraHiB y 
MiMO3u Bu3HaHaeTbca 3MiHoro TypropHoro TucKy b ^ux KniTuHax. 3MiHa
ix o6 eMy npu3BoguTb go BugineHHa 3 hux ioHiB xaniro Ta TaHiHonogi6- 
hux peHOBuH 3 KniTuHu. TurMOHacTuHHuMu MOXHa BBaxaTu h pyxu, mo 
geMOHcrpyroTb y BignoBigb Ha goTux KOMaxoi'grn pocnuHu -  Hanpuxnag, 
BeHepuHa MyxonoBKa Dionaea muscipula, a Taxox 3aKpynyeannH eycu- 
Kie, 3a gonoMororo axux geaxi pocnuHu (Passiflora coerulea, Pisum 
sativum) 3gaTHi nigTpuMyBaTu ce6e y npocropi. Bycuxu nig Hac cBoro 
pocTy BuKoHyroTb KpyroBi pyxu 3 TuM, mo6 36inbmuTu nMoBipHicTb KoH- 
TaKTy 3 noTeH^HHoro onoporo, BHacnigoK Horo bohu 3MiHroroTb mBug- 
xicTb Ta HanpaMOK pocTy Tax, mo6 3aHenuTuca 3a onopy Ta nigTarHyra 
pocnuHy. ^xm o nornaguTu HuxHin 6ix Bycuxa ropoxy Pisum sativum 
cxnaHoro nanuHKoro, KniTuHu HuxHboro 6oxy noHuHaroTb crucKyBaTuca, 
a KniTuHu BepxHboro -  po3TaryBaTuca, nicna Horo Bci KniTuHu po3Tary- 
roTbca, ane KniTuHu BepxHboro 6oKy po3TaryroTbca mBugme.

Y  flnn donummeux
Han6intmy Macy b TBapuHHOMy cBiTi Mae rony6un kut (Belaenoptera musculus) -  

190 t; HaHMeHmy -  Koni6pi (Trochilidae) -  1,6 r.

KOHTPONBHI 3AnHTAHHfl I 3AB^AHHfl

1. ^ o  BuBHae MexaHixa? KiHeMaTuxa? guHaMixa? cTaTuxa?
2. ^ o  Taxe MaTepianbHa TOHKa? a6conroTHo TBepge Tino?
3. ^ o  Taxe TpaeKTopia? goBxuHa mnaxy? nepeMimeHHa?
4. flaTu Bu3HaHeHHa cepegHboi' Ta MurreBoi' mBugKocri.
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5. ^ o  Taxe npucxopeHHa? cepegHe npucKopeHHa? MurreBe npucxo- 
peHHa?

6. ^ kuk pyx Ha3uBaroTb nocTynanbHuM? KpuBoniHinHuM?
7. ^xe npucxopeHHa Ha3uBaroTb TaHreH^anbHuM? HopManbHuM? 

nOBHuM?
8. C^opMynroBaTu nepmun, gpyrun i TpeTin 3axoHu HbroTOHa.
9. ^ o  Taxe cuna? Maca Tina? B  axux oguH u^x bohu BuMiproroTbca?
10. C^opMynroBaTu 3axoH 36epexeHHa iMnynbcy 3aMKHyroi cucreMu.
11. ^ o  Taxe ^ m p  Mac cucTeMu MaTepianbHux tohok?
12. HaBecTu npuxnagu peaKTuBHoro pyxy b npupogi.
13. ^ o  Ha3uBaroTb rycruHoro peHOBuHu? B  axux oguH u^x BOHa 

BuMiproeTbca?
14. C^opMynroBaTu 3axoH BcecBiTHboro TaxiHHa.
15. ^ o  Taxe Bara Tina? noacHuTu 3anexHicTb Baru Tina Big reorpa- 

îHHoi' mupoTu Mic^3HaxogxeHHa Tina.
16. ^ o  Ha3uBaroTb HanpyxeHicTro rpaBrra^HHoro nona?
17. ^ o  Taxe rpaBrra^a?
18. flaTu Bu3HaHeHHa npucxopeHHro BinbHoro nagiHHa.
19. B  HOMy nonarae rpaBhxacuc Mixpoopram3MiB?
20. ^ x i ge^opMa^i' Ha3uBaroTb npyxHuMu? nnacTuHHuMu? npyxHO- 

nnacTuHHuMu? B’a3KO-npyxHuMu?
21. C^opMynroBaTu 3axoH ryKa.
22. ^ o  Taxe HopManbHa MexaHiHHa Hanpyra? B  axux oguH u^x bo- 

Ha BuMiproeTbca?
23. ^ o  xapaKTepu3ye Mogynb ^ H ra?
24. noacHuTu giarpaMy po3Tary.
25. C^opMynroBaTu 3axoH ry x a  gna BigHocHoro 3MeHmeHHa (36inb- 

meHHa) o6’eMy Tina.
26. ^ o  Taxe Koe^mieHT nyaccoHa?
27. noacHuTu npo^gypy BuMiproBaHHa Mogyna ^ H ra .
28. Big Horo 3anexuTb noTeH^anbHa eHepria npyxHO-ge^opMO- 

BaHoro Tina?
29. ^ o  Ha3uBaroTb 3OBHimHiM TepTaM?
30. ^ o  Taxe cuna TepTa cnoxoro? cuna TepTa KOB3aHHa?
31. ^xy  cuny Ha3uBaroTb Big^m poBoro? go^m poBoro?
32. ^ o  Taxe po6oTa cunu? noTyxHicTb? eHepria?
33. ^xy  eHepriro Ha3uBaroTb xmeTuHHoro? noTeH^anbHoro?
34. C^opMynroBaTu 3axoH 36epexeHHa MexaHiHHOi eHeprii'.
35. ^ kum pyx TBepgoro Tina Ha3uBaroTb o6epTanbHuM?
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36. ^ o  Taxe KyTOBa mBugxicTb? KyTOBe npucxopeHHa?
37. flaTu Bu3HaHeHHa MOMemy m ep^i MaTepianbHoi' tohku Tina.
38. Big Horo 3anexuTb KiHeTHHHa eHepria o6epTanbHoro pyxy?
39. ^ o  Taxe MOMeHT cunu?
40. C^opMynroBaTu ocHOBHe piBHaHHa guHaMixu o6epTanbHoro pyxy.
41. C^opMynroBaTu TeopeMy ffireHHepa.
42. C^opMynroBaTu 3axoH 36epexeHHa MOMeHTy iMnynbcy.
43. noacHuTu ^pHH^H  ̂ BuMiproBaHHa napaMeTpiB BiTpy. ^ ,o  Taxe 

BiTpoeHepreTuKa?
44. ^ o  Ha3HBaroTb BaxeneM?
45. C^opMynroBaTu yMOBy piBHOBaru Baxena.
46. 3 Horo cxnagaeTbca 0n0pH0-pyx0BuM anapaT TBapuHu?
47. ^ o  Taxe MexaHope^n^a?
48. Ha axi MexaHiHHi cTHMynu 3gaTHi pearyBaTu MexaHope^nropu?
49. noacHHTu MexaHi3Mu TaKTunbHoi HyrnuBocTi; Becru6ynope^n- 

^il; m repope^n^i.
50. ^ xi pyxu pocnuH Ha3HBaroTb HacTHHHHMu? TurMOHacTHHHHMu?

Tuck p  — ^  î3HHHa BenuHuHa, mo xapaKTepu3ye iHTeHcuBHicTb 
Hop-ManbHux (nepneHguxynapHux go noBepxHi) cun, 3 axuMu ogHe Tino 
gie Ha noBepxHro iHmoro. CepegHa BenuHuHa TucKy Ha 6ygb-axy nno- 
muHy gopiBHroe BigHomeHHro cepegHboro 3HaHeHHa cunu, mo gie nepne- 
HguxynapHO nnomuHi, go ii nnomi:

4. MEXAHIKA PI^HHHHX 
TA rA3OBHX nOTOKIB

4.1. TH CK

4 .1 .1 . BH3HaneHH» THCKy
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^xm o cunu po3nogineHi B3goBx noBepxHi piBHOMipHO, to  tuck p  Ha 
6ygb-axy HacTHHy noBepxHi gopiBHroe:

F
P = S  ’ <4 -2)

ge F  — cyMa npuxjiageHux nepneHguKynapHo go noBepxHi cun; S — nnoma uiei HacTHHH 
noBepxHi.

OguHH^ BHMiproBaHHa Tucxy b cucTeMi CI -  nacKanb (1n a  = 
= 1H/m2).

no3acucTeMHi oguHu^ Ta ix 3B’a3OK i3 nacxaneM:
1aTM = 1,01325-10 5 n a  = 1013,25 M6ap = 760 mm pT. ct.;
1 M6ap = 100 n a  = 1 rn a  = 0 ,75006 mm pT. ct.;
1 mm pT. ct. = 1 Top = 1,3332 M6ap = 133,32 n a ;
1na = 9,87-10 6 aTM = 7,5-10 3 mm pT. ct.

4 .1 .2 . ATMOC^epHHH THCK

AmMOcfyepuuu mucK — ^  tuck cTOBna aTMoc^epHoro noBiTpa Ha 
oguHu^ro nnomi 3eMHOi noBepxHi. BuxnuxaeTbca tuck Baroro po3- 
TamoBaHoro Bume cTOBna aTMoc^epu, axa aBnae co6oro cyMim ra3iB, 
TBepgux Ta pigxux HacTHHOK. Cepegrnn aTMoc^epHun tuck Ha piBHi mo- 
pa cTaHOBHTb 1,01325-105 n a . B ^noMy aTMoc^epHun tuck 3anexuTb 
Big bhcoth, a Taxox xapaKTepu3yeTbca ropu3OHTanbHHM po3noginoM. 
rycTHHa i TeMnepaTypa aTMoc^epHoro noBiTpa Taxox 3anexaTb Big bh- 
cotu (Ta6n. 4.1).
4.1. -  3aae*HicTb rycTHHH i TeMnepaTypu aTMoe êpHoro noBiTpa Big bhcoth

Bucora
h, KM

rycTHHa 
p, kt/m3

TeMnepaTypa, 
t 0C

0 1,225 15,00
2 1,007 2,00
4 0,909 -4,49
6 0,660 -23,96
8 0,526 -36,94
10 0,414 -49,90
12 0,312 -56,50
14 0,228 -56,50
16 0,166 -56,50
18 0,122 -56,50
20 0,089 -56,50
22 0,065 -54,58
24 0,047 -52,59
26 0,034 -50,61
28 0,025 -48,62
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30 0,018 -4 6 ,6 4

npuMiTKa. 3BepHirt yBary Ha gaHi ra6n. 4.1 -  reMneparypa arMoc^epu 3MiHroert- 
ca 3i 36intmeHH«M bhcoth HecnogiBaHHM hhhom: go 12 0C reMneparypa 
3MeHmyertca, b Mexax 12-20 0C e cranoro, Big 20 go 30 0C -  36intmy- 
eTbca. noacHeHHa raxoi 3MiHH TeMnepaTypu aTMoĉ epu MoxHa 3Hanru ni3- 
Hime, Konu 6yge po3rnagaTuca po3gin 8.1.4 “TeMnepaTypa arMoaJiepu”.

YaBneHHa npo Te, mo Monexynu noBiTpa piBHOMipHO po3nogineHi 3a 
0 6 ’eM0M -  noMunxoBi; ^  Monexynu 3HaxogaTbca y noni TaxiHHa 3eMni. 
KpiM Toro, Ha hhx BnnuBae TennoBun pyx. CyMicHa gia nona TaxiHHa Ta 
TennoBoro pyxy npu3BogaTb go Taxoro cTaHy, 3a axoro KOH^mpa^a Ta 
tuck ra3y 3MeHmyroTbca 3i 3pocTaHHaM bhcoth Hag 3eMHoro noBepxHero. 
3MeHmeHHa aTMoc^epHoro Tucxy 3 BucoToro h BU3HaHaeTbca 3a 6apo- 
Mempunnow fyopMynow:

p(h) = p (0 )e x p (-M  Agh )= p (0 )ex p (-m g h ), (4.3)
R T kT

de Ma — MonapHa Maca ra3y (gna noBirpa Ma = 0,029 Kr/Monb); m — Maca Monexynu 
ra3y.

npuKaag
Bu3HaHHru arMoc êpHun rucx Ha Bucori 10 km.
Po3B’H3oK
BuKopucroByroHH 6apoMerpuHHy ôpMyny (4.3), ogepxuMo:

PA(h) = pA(0)e [- (gMA/RTa)]z =
0,029 ^  - Monb - 9 ,8 m  - c -  - 1 0 4 m

= 1,01325-105 na-e“
8,31451 m 2 - kb - c~2 - K _1 - Monb - 2 2 3 ,2 5 K

= 1,01325-105 na-e'1,531 =1,01325-105 na-0,2163 = 0,219-105 na. 
KoHTpoabHe 3aBgaHHa
Ha axin Bucori arMoĉ epHun thck 3MeHmyerbca go 0,5 arM? TeMnepaTypa noBirpa 

260 K.
BidnoBidb: 5271 m.

4 .1 .3 . T hck  Bogu

A6conroTHHH thck p  Ha rnu6uHi d  Big noBepxHi piguHu nepeBumye 
thck p A Ha BenuHHHy pg h , axa BignoBigae TucKy, mo yrBoproe Bara cTOBn- 
HUKa piguHu d  i nnomero S :

p  = pa  + p g d , (4.4)
ge pA -  arMoc êpHun thck; p  -  rycTHHa piguHu; d  -  rnu6uHa.

Bupa3 MoxHa nepenucaTu Tax:

, p g d S  , m g  , p  /A
P  =  Pa + — -----= Pa + — ~̂ =  Pa +  — , (4.5)

S  S  S
ge P  -  Bara croBna piguHu; m -  Maca piguHu; g  -  npucKopeHHa BinbHoro nagiHHa.
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OcxinbKu thck piguHu 3anexuTb nume Big rnu6uHu, 6ygb-axe 36inb- 
meHHa Tucxy Ha noBepxHi nepegaeTbca KoxHin to h ^  piguHu. ^ n  $aKT 
6yno c^opMynbOBaHO y 1663 p. ax 3aKon nacKana: mucK na noBepxni 
pidunu, hkuu ymBopwembca 3oBnimniMu cunaMu, nepedaembca pidunow  
odnaKoBo no Bcix nanpxMKax. ^ n  3axoH 3HanmoB cBoe 3acTocyBaHHa y 
rigpaBniHHOMy npeci.

Bneu3 nACKAflb (1623-1662)

0paH^y3bK M M  MaTeMaTUK, $ i3U K  T a  peniriMHUM 
$ i n o C o $ .  PaHHi p oSoT U  6 y n U  n p U C B a n e rn  p o 3 -  
p o 6 ^  MexaHiHHMx K anbK yn^T op iB ,  BUBHeHHro 
p ig u H ,  n o a cH e H H W  KO H^e^^il  TUCKy T a  BaKyyMy. 
n i 3 H i m e  B Uflae  TpaKTaTu b r a n y 3 i  n p o e ^ m H o i '  
r e o M e T p i l ,  ^KaBUTbCH n p o S n e M a M U  T e o p i i  m m o -
BipHOCTi.
OcTaHH i poKu w u t t h  npucB ^T U B  $ m o c o $ i i  Ta  
T e o n o r i i .

4 .1 .4 . 3aKoH ApxiM ega

Cuna Tucxy Ha HuxHi mapu piguHu 3aBxgu nepeBumye cuny, mo gie 
Ha BepxHi mapu. OTxe, Ha Tino, 3aHypeHe b piguHy, gie BumTOBxyroHa 
cuna. 3axoH craTUKu piguH Ta ra3iB, a6o 3aKon ApxiMeda, cTBepgxye: na 
6ydb-HKe mino, 3anypene b piduny (a6o sa3), die 3 6oKy tfei pidunu (a6o 
ea3y) BummoBxywna cuna, HKa dopiBnwe Ba3i pidunu (sa3y) b o6 ’eMi 3a- 
nypenoi nacmunu mina, nanpaBnena no BepmuKani dozopu ma npuKnade- 
na do ^ n m p a  mawinna BummoBxnymoso o6 ’eMy.

BumTOBxyroHy cuny Ha3UBaroTb apxiMedoBow, a6o sidpocmamunnow 
nignoMHoro cunoro.

A P X I M E f l  ( 2 8 7 - 2 1 2  p p .  g o  H .e . )  -  g a B -  
Hbo^pe^bKUM MaTeMaTUK, $ i3UK, iH w eH ep .  
n e p - m u M  o S h u c u u b  BiflHomeHHH a o b w u h u  
K o n a  f l o  Moro f l ia M e T p a ;  n o K a3 aB  a k  o 6 h u c -  
n w B aT U  o S ’eMU T a  n n o ^ i  C $ e p ,  ^ u n i H 1̂ p iB  
T a  iHmUx reoM eTpUH HUx $ i r y p .  BUHaxiflHUK 
pi3HUx CUCTeM B a ^ e n iB ,  Tepe3iB , KaTanynbTU.

npuKaag
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BroHawm thck Ha raH6um 1000 m OKeaHy, ak̂ o rycTHHa Bogu 1,0-103 ktm"3, a 
aTMOĉ epHHH thck 1,01325-105 na.

P03B’H30K
BuKopucTOByeMO piBHflHHA (4.4):

P  = Pa + pgd  =  1,01325-105 n a  + (1,0-103 Kr/M3) (9,8 m/c2) (103 m) = 9,9-106 na.

KoHTpoabHe 3aBgaHHH
Bu3HaHHTu thck Ha gHi O3epa rau6uHoro 30 m.
Bidnoeidb: 3,953-105na.

npunag gna BHMiproBaHHa TucKy Ha3HBaeTbca ManoMempoM. MaHO- 
MeTpu MOxyTb 6yTH c u $ 0 HH0^ 0  (puc. 4.1) a6o ^awe^Koeo^o (puc. 4.2) 
TuniB. MaHOMeTp ch^ohhoto Tuny aBnae cO6Oro L-nogi6Hy cKnaHy Tpy- 
6Ky, 3anOBHeHy BOgOro a6O pTyTTro. OguH 3 KiH^B MaHOMeTpa 3anaaHHH
i nO36aBneHHH noBiTpa; BigKpuTHH K m e^ noBa3aHHH 3 aTMoc^epHHM 
nOBiTpaM. Pi3HH^ piBHiB piguHH y gBOx KoniHax Tpy6KH nporpagyHo- 
BaHa y oguHH^x TucKy. MaHOMeTp namenKOBoro Tuny MicTHTb BepTH- 
KanbHy cKnaHy Tpy6Ky, 3anaaHy 3Bepxy i 3anoBHeHy piguHoro. HuxmH  
K m e^ Tpy6KH 3aHypeHHH y pe3epByap, nacTKOBO 3anoBHeHHH piguHoro. 
Thck, mo yTBoproeTbca cTOBrnuKOM piguHH y Tpy6^, 3piBHOBaxyeTbca 
aTMoc^epHHM thckom.

Pmymnuu SapoMemp e KnacuHHHM npuKnagoM MaHOMeTpa namenKO- 
Boro Tuny. 3oBHimHiH BHrnag pTyTHoro MaHOMeTpa HaBegeHo Ha 
puc. 4.3. EapoMeTp MicTHTb cKnaHy Tpy6Ky, 3anoBHeHy pTyTTro i 3aHy- 
peHy y pe3epByap i3 pTyTTro. PiBeHb pTyTi y pe3epByapi KOHTponroeTbca 
3a gonoMororo KOHyconogi6Hoi' KicTKH. ToHHicTb BHMiproBaHHa TucKy 
pTyraoro 6apoMeTpa CTaHOBHTb 10 I l a .

4 .1 .5 . MeTOflH BHMiproBaHHH THCKy

P=0

i
"  I

Phc. 4.1. MaHOMeTp en̂ OHHoro Phc. 4.2. MaHOMeTp
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THny HameHKOBoro THny

Phc. 4.3. PTyrHHH MaHOMeTp

EapoMemp-auepo'id MicTHTb aHepoigHy 
Kancy.ny, mo cKnagaeTbca 3 gBox tohkhx 
(0,2 mm tob^hhow ) MeTa^eBHx ro^poBa- 
hhx MeMSpaH (pnc.4.4). 3 Kancym noBiT­
pa BigKanaHo (thck craHoBHTb 1 n a ) aSo
ii 3anoBHWWTb iHepTHHM ra3oM 3a racKy
650 n a . KmbKicTb Kancy^ y cynacHHx 
npn^agax Mo^e gocarara 14. MeMSpaHH 
3HaxogaTbca y Hanpy^eHoMy cTaHi 3aBga- 
kh ro^poBamM noBepxHi Ta gii npy^HHH. 
nepeBarora SapoMeTpa-aHepoiga e Moro 
KoMnaKTHicTb, MexaHinHa MmHicTb, 3gaT- 
HicTb go TpaHcnopTyBaHHa. ^  nprnagn 
Mo^yTb Syra 3acTocoBaHi b cncreMax aB- 
ToMaTHHHoro BHMipWBaHHa THcKy, ocKi- 
.nbKH MexaHinHi nepeMimeHHa aHepoig-HHx 
Kancy^ ^erKo nepeTBopura y ê eKTpHHHHH 
cnrHa^. HegomKoM SapoMeTpa-aHepoiga e 
MeHma nopiBHaHo i3 pTyTHHM SapoMeTpoM 
ToHHicTb BHMipWBaHb.

Eapospa$  -  npn^ag, mo bhkophcto- 
ByeTbca g^a Se3nepepBHoi peeerpa^i THc­
Ky noBiTpa. BiH cK^agaeTbca 3i croBnnHKa 
aHepoigHHx KopoSoK, noegHaHoro 3i 
CTpijiKOK) ca M 0 3 a n H cy B a H a  (puc. 4.5).

Phc. 4.4. EapoMeTp-aHepoig: 1 -  crpm- 
Ka iHgHKaTopa; 2 -  Bicb oSepTaHHa;

Phc. 4.5. Eaporpa$
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3 -  Baxinb; 4 -  BaKyyMHa KaMepa

4.2. riflPOflHHAMIKA
ridpoduHaMiKa — po3gin MexaHiKH, mo BHBHae pyx pigHH, i'x B3aeMo- 

giro Mix co6oro Ta TBepgHMH TinaMH, aKi bohh o6TiKaroTb.

4 .2 .1 . P y x  iaea^bHOi pigHHH

IdeanbHOW BBaxaeTbca pigHHa, OKpeMi eneMemu aKoi pyxaroTbca 6e3 
TepTa Ta aKa e HecracnHBoro.

Hecmucnueow  Ha3HBaroTb pigHHy, rycTHHa aKoi crana.
Teniew Ha3HBaroTb pyx pigHHH, a nomoKOM -  caMy pigHHy, mo py­

xaeTbca. ^Kmo mBHgKicTb pyxy pigHHH b KoxrnH to h ^  o6’eMy He 
3MiHroeTbca 3 HacoM, TaKHH pyx pigHHH Ha3HBaeTbca cma^OHapHuM. 
rpa^iHHo pyx pigHHH 3o6paxyeTbca 3a gonoMororo niHiu menii -  TaKHx 
nimH, goTHHHi go aKHx 36iraroTbca 3a HanpaMKoM BeKTopa mBHgKocTi b 
gamH to h ^  noToKy. HacraHa pigHHH, o6MexeHa niHiaMH TeHii, Ha3H- 
BaeTbca mpydKOW menii.

Po3rnaHeMo Tpy6Ky TeHii 3MiHHoro nepepi3y (pnc. 4.6). flna igeanbHoi 
pigHHH, mo pyxaeTbca y mH rpy6m, cnpaBegnrni TaKi 3aKoHoMipHocTi.

PieHHHHH Hepo3pu6Hocmi nomoKy -  3a cma^OHapHOi menii piduHU 
do6ymoK weudKocmi menii piduHU Ha nonepenHuu nepepi3 mpy6KU menii
e  eenunmow cmanow:

S-V =  const.

3 ^ o r o  piBHaHHa MoxHa ogepxara BHpa3:

const
V =

S

(4.6)

(4.7)

PieHHHHH EepHynni -  y  cm a^o- 
HapHoMy nomoty noeHuu mucK, ^ o  
CKnadaembCH 3i cmamunHO^o, ^i^-
pocmamunHO^o ma ^UHaMinHÔ o 
muc-Kie, e  eenunuHOW cmanow dnn 
6ydb-HKux nepepi3ie nomoKy:

2
p  +  p  ■ g  ■ h  +

p  ■ U 

2
=  const, (4.8)

ge p -  cmammmu mucK, to6to thck, mo 
yTBoproe piguHa Ha noBepxHro Tina, me
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BOHa o6TiKae; p g h  -  î̂ pocmamû Huu mucK, 3yMoBneHHH Baroro pigHHH; p ' V -  du-
2

HaMiuHuu mucK, 3yMOBneHHH pyxoM pigHHH.

flarnen BEPHyflfll (1700-1782)
WBe^apCbKUM $i3UK Ta MaTeMaTUK, HKUM e
aBTopoM BawnMBMX BiflKpuTTiB y rauy3i rigpo- 
guHaMiKu. BuBnaB TeopeTUHHi Ta npaKTUHHi 
acneKTU piBHOBaru, TUCKy Ta WBUgKocri pyxy 
piflMH. B Moro KHÛ qi TigpogUHaMiKa” (1738 
p.) Bnepme HaBegeHo noacHeHHa noBegiHKU 
ra3iB 3i 3MiHoro TUCKy Ta TeMnepaTypU, aKi ua-
mU b ocHoBy KiHeTUHHoi' Teopii ra3iB.

flna ropH3OHTanbHO po3MimeHoi Tpy6KH piBHaHHa EepHynni Mae BHrnag:

p  ■ V
p  H----------- = const.

2
(4.9)

TaKHM hhhom, noBHa eHepria ogHHH^ o6’eMy igeanbHoi pigHHH b 
6ygb-aK0My nepepi3i noToKy e BenHHHoro cranoro.

PiBHaHHa (4.8) MoxHa npegcTaBHTH y BHrnagi:
2 2  

p  ■ V , P  ■ V
p i +  P ■ g  ■ hi +  2  1 = p2 +  P ■ g  ■ h 2 +  2 2 . (4 1 0 )

PiBHaHHa EepHynni MoxHa 3acTocoByBaTH TaKox gna noBhpaHHx 
noToKiB, aKi BHHHKaroTb Mix rpymoM (ToHKa 1), ge Vi «  0, Ta noBepxHe- 
bhm noBiTpaM (ToHKa 2), ge v2 >  0. flna TaKoi CHCTeMH “rpyHT-noBhpa” 
piBHaHHa (4.10) MoxHa npegcTaBHTH y BHrnagi:

Pi -  P2
P  ■ V2

2
+ pg(h2 -  hi). (4.11)

OTxe, Mix rpyHToM Ta noBiTpaM icHye pi3HH^ THCKiB, aKa 3anexHTb 
Big pi3HH^ piBHiB, noMHoxeHoi Ha pg, Ta aKa 36inbmyeTbca npo- 
nop^HHo KBagpaTy mBHgKocri BiTpy Hag rpyHToM.

PiBHaHHa EepHynni BpaxoByroTb TaKox y po3po6^ BogocTpyMHHHHx 
HacociB, nig Hac BHMiproBaHb mBHgKocri TeHii pigHHH, BH3HaHeHHa o6’e- 
m-hhx BHTpaT ra3iB, o^ hkh npnpogHHx noBiTpaHHx noToKiB.

npHKaag
BH3HaHHTH HagnumKoBHH thck, mo BHHHKae b aopTi giaMeTpoM 10 mm y npoueci ii 

po3mupeHHa go 15 mm, aKmo mBHgKicTb pyxy KpoBi CKnagae 40 40"2 m/c.
P03B’H30K

2
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3annmeMo piBHaHHa Hepo3pnBHocTi noToKy b TaKin $opMi:

S i ■ V1 = S 2 ■ V2, 
n  ■ D 12 _  n  ' D 22

3BigKn:

Di
D1

BnKopncToByroHn piBHaHHa EepHynni gna roproonranbHoi Tpy6Kn, ogepxnMo:

P  ■ v 2 P  ■ v 22
p1 + =  p2 +2 2

3BigKH:

a P  / 2  2  \ P  ■ V 1
ap  = p 2  - p i  = y  (v i  -  V 2 ) = - y

2 2

KoM6iHyroHH piBHaHHa Hepo3pnBHocTi noToKy i piBHaHHa EepHynni, MoxHa ogep- 
xara:

Ap = P V i 1 -

nigcTaBnaeMo HncnoBi 3HaHeHHa:

Ap = -
103 ^0,42

2
H

= 13—Y ~ 0,1 MM pT. CT.M

KoHTpoabHe 3aBgaHHH
Bn3HaHnra HagnnmKoBnn tuck, mo BHHHKae y Bern 3 nnomero nonepeHHoro nepepi- 

3y 10"4 m2 nig Hac ii po3mnpeHHa go 4 ■ 10"4 m2, aKmo mBngKicTb pyxy KpoBi y Hin gopiB­
Hroe 2 40"2 m/c.

Bidnoeidb: 1,9 ■10-1 H m-2.

4 .2 .2 . P y x  b ’ h3KOi pigHHH

^Kmo nig Hac pyxy pignHn b Hin BHHUKaroTb cnnn BHyrpimHboro 
TepTa (cnnn B’a3KocTi), to  TaKy pignHy Ha3HBaroTb peanbHoo.

Pienm na Hbiomona -  mamentfaMbna cuna F, ^ o  3yMoenrne 3cye 
mapie pidunu odun eidnocno 0 dH0 0̂ , nponoptyuna rn o ^ i S  mapy, no 
HKoMy eid6yeaembca 3cye, ma ^padieHmy Av/Ax meudxocmi menii:

F  = rjS- — , (4.12)
Ax

ge r  -  Koê mieHT gnHaMiHHoi B’a3KocTi. BiH xapaKTeproye onip pignHn 3MimeHHro ii 
mapiB.

OgnH n^ BnMiproBaHHa B’a3KocTi -  na-c.
1 n a  ■ c = 1 H ■ c ■ m-2 = 10 n  (nya3);

4 4

4

2 2

4
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1 n  = 100 c n  (caffranya3) = 0,1 Kr • m-1 • c-1 = 0,1 na- c; 
i c n  = i Mna- c.

TunoBi 3HaneHHa B’a3Kocri geaKux penoBHH HaBegeHo y Ta6n. 4.2. 

4.2. -  Koe^i^eHT B’H3KOCTi penoBHH

PenoBHHa Koê iuieHT B’a3KocTi, 
na • c

TeMnepaTypa,
°C

noBiTpa 18 • 10-6 20
noBiTpa 21- 10-6 100
Boga 1,78110-3 0
Boga 1,306 10-3 10
Boga 1,002-10-3 20
Boga 0,798-10-3 30
Boga 0,653-10-3 40
CyqinbHa KpoB (4-5) -10-3 20
nna3Ma KpoBi 1,7 -10-3 20
CyqinbHe MonoKo 1,45 • 10-3 27
36upaHe MonoKo 1,42 • 10-3 25
MononHa cupoBaTKa 1,16 • 10-3 24
PuuHHoBa onia 0,9 40-3 20
rniuepHH 1,540-3 20

PiguHy, aKa b npo^ci Tenii nignopagKoByeTbca piBHaHHro HbroroHa, Ha- 
3HBaroTb nbwmoniecbKOW. HanpHKnag, Boga -  HbroromBcbKa pigHHa, a pag 
cycneroift Ta po3nHHiB, 30KpeMa KpoB -  ^  mnbwmouiecbKi pigHHH.

KoHTpoabHe 3aBgaHHH
3HafiTH Ha caftri http://www.gordonengland.co.uk/conversion/dvnamic viscisity.htm Ta6- 

nuriro nepeTBoproBaHb oguHHUb B’a3Kocri; BHpa3HTH B’a3Kicn> pigHHH 1,71 cn y na- c Ta nya- 
3ax.

4 .2 .3 . ^aM m ap H a i TypSy^eHTHa Tenii'

Tenia B’a3Koi pigHHH Moxe 6yra  naMinapnow (aKmo mapn pigHHH, 
mo pyxaeTbca, He nepeMimyroTbca), a6o myp6ynenmnow (y pa3i nepeMi- 
myBaHHa mapiB).

PexHM Tenii' pigHHH xapaKTepH3yeTbca nucnoM Peunonbdca, mo bh- 
3HanaeTbca 3a ^opMynoro:

u pD
Re

V
(4.13)

ge v -  B’a3KicTb pigHHH; p -  rycTHHa pigHHH; D -  giaMeTp Tpy6KH.
nepexig Big naMmapHoi Tenii' go Typ6yneHTHoi BH3HanaeTbca 3a go­

noMororo Kpummnozo nucna Peunonbdca ReKp: aKmo Re <  ReK, Tenia -
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naMiHapHa; npu Re > ReK Tenia -  Typ6yneHTHa.
HanpHKnag, gna Tenii' Ba3Koi HecTncnnBoi piguHH b ^HniHgpHnHiH 

Tpy6i ReK = 2300. HaMmapHHH n p o ^ c nepeHeceHHa BogH y rpym i xapa- 
KTepH3yeTbca 3HaneHHaMH Re <1.

Oc6opH PEMHOflbflC (1842-1912)

AHmmcbKMM r n w e H e p  y  r a u y 3 i  riflpoflMHaMiKM.
BiflOMMM CBOIMM floCUiflWeHHHMM nOTOKiB piflMHM
nifl n a c  n e p e x o g y  Big u a M r n a p H o r o  p e w u M y  g o  
T y p S y u e H T H o ro .  BBiB 6 e 3 p o 3 M ip H e  “h m c u o  P e n -  
H o u b f l c a ” -  B if lH om eH H a m e p ^ a u b H u x  c u u  g o  
B’fl3KMX.

npHKaag
noTiK BogH pyxaeTbca nepe3 rpyHToBy nopy giaMeTpoM D = 6 40-5 m 3i mBngKicrro 

1,2 • 10-4 m/c. BH3HanHTH nncno PeftHonbgca, aKmo TeMnepaTypa rpymy cTaHoBHTb 20 0C.
P03BH30K
BHKopncToByronn gaHi Ta6nHUb 1.4 Ta 4.2, nigcTaBnaeMo nncnoBi gaHi y piBHaHHa ( 

4.13):
Re = (1,240-4 m/c)(998,2 kt/m3)( 6 • 10-5 m)/(1,002• 10-3 n a c) = 7,17 • 10-3.

4 .2 .4 . 3aKOH r  areH a-n ya3efiaH

Po3rnaHeMo Teniro pigHHH B3goBx tohkoi goBroi Tpy6KH. 3rigHo 3 
piBHaHHaM EepHynni, b cra^oHapHoMy noTo^ noBHnft thck igeanbHoi 
pigHHH B3goBx goBroi' Tpy6KH e BennnnHa crana. Ane Ha npaKTH^ cno- 
crepiraeTbca 3MeHmeHHa TncKy 3aBgaKH B’a3KocTi pigHHH. HbroToHiBcb- 
Ka pignHa pyxaeTbca B3goBx Tpy6KH aK cepia KoH^mpnnHHx Kinb^no- 
gi6Hnx mapiB, mBugKocTi pyxy aKux 3MiHroroTbca 3a napa6oninHHM 3a- 
kohom (pnc. 4.7): pignHa pyxaeTbca cKopime B3goBx oci i noBinbHime -  
y pa3i Ha6nnxeHHa go criHoK Tpy6KH. fflBngKicrb pyxy KoxHoro mapy 
pagiycoM r  onncyeTbca piBHaHHaM:

u(r) =  umax(1 - r 2/.R2) ,  (4.14)
ge umax -  mBHgKicTb pyxy piguHH B3goB* oci Tpy6KH, R -  pagiyc Tpy6KH.
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Pnc. 4.7. Pyx HbroTOHiBCbKOi pigHHH »k cepii KOHuempHH- 
hhx mapiB pagiyca r, mBHgKOCTi U pyxy hkhx y TpySui 

pagiyca R  3MiHroroTbcn 3a napaSaiiHHHM 3aKOHOM

Hepe3 3MiHy mBHg­
KocTi pyxy piguHH 
BHHHKae pi3HH^ TH- 
cKiB y3goB^ goB^HHH 
Tpy6KH Au = p i- p 2. 
Bn3HanHMo, 3a aKHM 
3aKoHoM onncyeTbca 
Tenia pigHHH B3goB^ 
tohkoi ^HniHgpHnHoi■
Tpy6KH.

SaKon razeua-nycBewH: o6 ’cm pidunu, ^ o  npomiKae sa o d m ^ w  nacy 
nepe3 nepepis mpydKu, npxMo nponoptyUHuti pi3HUty mucKie p 1-p 2 Ha Ki^xx  
mpydKu, nemeepmoMy cmyneHW padiyca R mpydKu i odepmHo nponoptyu- 
huu doewum mpydKu l i Koefii^eHmy e ’xsKocmi v piduHu:

„  i ^  R 4 /
Q = — r T ^ P i -  P2-) ,  V 8 •l

ge Q = V/t -  o6’eMHa mBHgKicTb Tenii pigHHH; V -  o6 ’eM pigHHH.

(4.15)

WaH nyi Mapi nyA3EMHb (1799-1869)
0paHqy3bKMM uiKap Ta $i3iouor. floCuigwyBaB 
oS’GMHMM CTaqioHapHMM noTiK HeCTMCUMBoi 
ogHopigHoT b ’h 3 koT piguHu Hepe3 quumgpuHHy 
TpySKy noCTmHoro nepepi3y. Pa3oM 3 r. Tare- 
h o m  BigKpuB 3aKoH rareHa-nya3ei?ma, akmm 
TaKo^ Mo^e SyTu 3aCToCoBaHuw gua onuCy 
pyxy KpoBi b CyguHax Ta noBiTpa b aubBeo- 
uax.

4 .2 .5 . CegHMeHTauia

3acTocyBaHHa 3aKoHy rareHa-nya3eftna go aHani3y noToKiB Bogn y 
rpymri nepe3 nopu cBignuTb npo Te, mo nponycKaHHa Bogu nponop^HHe 
R4, Togi aK nnoma nonepeHHoro nepepi3y nopu nponop^HHa R2. TaKHM 
hhhom, ogHa BenuKa nopa nponycKae icToTHo 6inbme Bogu, Hi^ geKinbKa 
gpi6Hux nop 3 ogHaKoBoro cyMapHoro nnomero nepepi3iB, 3a paxyHoK 
MeHmnx 3HaneHb cun onopy, aKi yTBoproroTbca cTiHKaMH nop.
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Po3rnaHeMo nacrnHKy Macoro m, o6’eMoM V  i rycTHHoro p, 3aHypeHy 
y pigKe cepegoBnme 3 rycTHHoro p 0 . Ha ^ro nacTHHKy gie rpaBrra^HHa 
cnna:

F p̂ = mg = Vpg, (4.16)

aKa cnpaMoBaHa goHH3y, i apxiMegoBa cnna:

F o = mog  = Vpog, (4.17)

cnpaMoBaHa goropn i aKa nncenbHo gopiBHroe Ba3i m0g  piguHH, bh-
mToBxHyToi nacTHHKoro. Pe3ynbTyrona cnna gopiBHroe:

F s = F zp - F o = Vpg -  Vpog  = Vg(p -  p o). (4.18)

^Kmo p  < p o, pe3ynbTyrona cnna cnpaMoBaHa goropn (n p o ^ c eum u- 
eauHH); aKmo p  >  p o, pe3ynbTyrona cnna cnpaMoBaHa goHH3y (n p o ^ c  
ceduMehmatyi).

y  toh x e  nac, pigKe cepegoBnme xapaKTepn3yeTbca B’a3KicTro (BHyrpi- 
mHiM TepTaM). ^Kmo pyxaeTbca nacTHHKa c^epnnHoi $opMH pagiyca r, cnna 
onopy, 3yMoBneHa B’a3KicTro, BH3HanaeTbca 3a 3aKoHoM CmoKca:

F r  = 6 n r r u  (4.19)
i mBHgKicTb cegnMemra^i BH3HannTbca TaK:

4 5uced = Vg(p -  p o) /  6 n r r  = -  nr ( p -  p o) /  6 n r  =

2 2 
= -  g ( p -  p o)  r */ n  (4.20)

n p o ^ c  cegHMemra^i BHKopucToByroTb gna onnmeHHa Bogn Big nic­
Ky, rnnHH, opraHinHoi penoBHHH, BipyciB, 6aKTepiH Ta BogopocreH. 
n p o ^ c nexnTb b ocHoBi Memody finwidusoeaHoi eaHHu, cyrb aKoro no- 
narae y cTBopeHHi $nroign3a^i -  BHMymeHoro noToKy noBiTpa y BaHHi, 
3anoBHeHoi rpaHynboBaHHMH nacTHHKaMn (HanpHKnag, nicKoM). 
noTiK yTBoproe cnny, mo npoTngie cnni TaxiHHa, BHacnigoK noro nac-
thhkh 3HaxogaTbca y cycneHgoBaHoMy cTaHi. BaHHa 3 TaKHMH nacrnH-
KaMn Haragye noTiK piguHH 3 bhcokhm 3HaneHHaM B'a3Kocri. npnnoMy 
rycTHHy ^ o r o  noToKy nig6nparoTb y Mexax MoxnnBnx 3MiH rycTHHH 
npogyKTiB, aKicTb aKnx o^HroroTb. npogyKTH 3 HeBncoKHMn 3HaneHHaMH 
rycTHHH BnmToBxyroTbca Ha noBepxHro, Togi aK npogyKTH 3 bhcokhmh 3Ha- 
neHHaMH rycTHHH onycKaroTbca Ha gm> BaHHH. OTxe, rycTHHa noToKy e gy- 
x e  BaxnnBHM ^aKropoM copTyBaHHa npogyKTiB. MeTog 6yB BHKopn-
cTaHHH gna BiggineHHa KaMiHHa Ta rpyHTy Big KapTonni. npogyKTHBHicrb 
cucTeMH copTyBaHHa cTaHoBnna 8 tohh 3a rognHy 3 e^eKTHBHicrro 99,9 %.
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Cnig 3ayBaxHTH, mo MeTog go^nbHo BHKopncToByBaTn gna po3gineHHa
MaTepianiB, rycTHHa aKHx 3HanHo Bigpi3HaeTbca.

npHKaag
Bn3HaHHTH mBHgKicTb cegnMenrauii nacTHHKH Myny rycTHHoro 2650 Kr/M3 Ta 

giaMeTpoM 0,03 mm, aKa ocigae y Bogi npn 20 0C. BnKopncraTn gaHi Ta6nnnb 1.4 Ta 4.2.
P03BH30K
nigcTaBnaeMo nncnoBi gaHi y piBHaHHa (4.20):

KoHTpoabHe 3aBgaHHH
Bn3HaHHTH mBHgKicTb nagiHHa gomoBnx KpannnH giaMeTpoM 7 mm, aKmo TeMnepa­

Typa noBiTpa cTaHoBHTb 20 0C.
Bidnoeidb: 7,95 m/c.

Cnig nigKpecnnTH, mo cy6KniTHHHi crpyKTypn xapaKTepn3yroTbca 
HacTinbKH Manoro mBngKicrro cegnMeHTa^i y rpaBrra^KHoMy noni 3eM- 
ni, mo Tpe6a oniKyBaTH cegnMemra^ro ^Hx cTpyKTyp npoTaroM Mica^B 
a6o poKiB. flna npucKopeHHa n p o ^ cy  cegnMeHTa^i BHKopucToByroTb 
TexHiKy ynbTpa^rnpn^yryBaHHa.

TexHiKa po3gineHHa KoMnoHeHTiB cKnagHux penoBHH i ogepxaHHa 
ogHopigHnx ^ p a ^ in  Ha3HBaeTbca ynbmpa^HmpufiysyeaHHHM.

Po3rnaHeMo npo6ipKy 3 po3nnHoM nacTHHoK, aKa o6epTaeTbca HaBKono 
BepTHKanbHoi oci 3 KyroBoro mBngKicTro o  (pnc. 4.8). Ha nacrnHKy gie go- 
^m poBa (BnmToBxyrona) cnna F d, cnpaMoBaHa go oci o6epTaHHa:

flwop,qw ra6pien CTOKC (1819-1903)
IpuaHflCbKMM MaTeMaTUK T a  $i3UK, BiflOMMM
c b o i m  BHecKOM y  flMHaMiKy p ig u H ,  onTUKy Ta  
MaTeMaTMHHy $i3UKy.

4 .2 .6 . y^bT pa^H T pH ^yryB aH H H

2
2 2 m 0o  r  = p o Vo r, ( 4 .2 1 )

r
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ge m0 — Maca pigHHH, m,o BumToBxyeTbca; u — mmfiHa mBHgKicTb HacTHHKH; o — KonoBa 
niBMgKicTh HacTHHKH; V — o6’eM pigHHH; r — pagiyc HacTHHKH.

KpiM Toro, BHHHKae Big^m poBa cuna F e, aKa npHKnageHa go 
3B’a3Ky (hhtkh hh gpoTy) i cnpaMoBaHa Big oci o6epTaHHa:

2m u
F b = --------= m o2r = pVoOr, (4.22)

r
ge m — Maca HacTHHKH; V — o6’eM HacTHHKH.

PigKe cepegoBH^e xapaKTepu- 
3yeTbca B’a3Kic™, BHacnigoK Horo 
BHHHKae cuna onopy F r ,, nponop- 
^HHa mBugKocTi pyxy HacTHHKH:

F r  = juu = 6nrfru, (4.23)
ge n — Koê iujeHT TepTa; r  -  B’a3KicTb.

Hepe3 geaKHH Hac cunu, ^ o  giKnb 
Ha HacTHHKH, 3piBH0BmyK>Tbca:

r co

&

R

Fb = Fd + F r (4.24)

3BigKu:

6 n rru  = o 2rV(p -  p 0), (4.25)

a6o:

Phc. 4.8. npo6ipKa 3 po3hhhom nacrH- 
hok, ^o oSeprarorbCH HaBKo.io Bepru- 
Kâ bHoi' oci 3 KyroBoro mBHgKicrro to

(noacHeHHa b TeKcTi)

= |  6 °r(p -  po) r2/r . (4.26)

nopiBHroroHH BHpa3H (4.20) i (4.26), Mo^Ha BneBHHTuca b ToMy, ^ o  
mBHgKicTb pyxy HacTHHKH y noni go^m poBoi cunu ( u h  y 6 araTo pa3iB 
6 inbma, Hm y rpaBtia^HH0My noni 3eMni (uced):

2
u h  o  r  *P = ------- (4 .2 7 )
u ced g

HanpHKnag, aK^o npo6ipKa b ^HTpu$y3i pagiycoM 10 cm o6ep-

TaeTbca 3i mBugKic™ 60000 o6epTiB 3a xBunuHy, BigHomeHHa
u

u ced

cTaHoBHTb 6nu3bKo 400000.
TexHiKa ynbTpa^mpu^yryBaHHa gae Mo^nuBicTb po3ginuTH KpoB 

Ha Tpu ^paw 'i: Ha gHi KTOBeTH p03Mi^yroTbca epHTpo^HTH; gani p03Ta- 
moBaHHH map neHK0^HTiB i Tp0M60^HTiB; y Bepxrnft HacTHHi KTOBeTH 
MicTHTbca nna3Ma KpoBi. TaKHM hhhom, Mo^Ha BH3HaHHTH BigHocHy Kinb- 
KicTb cKnagoBux HacTHH KpoBi i noKa3HHK reMaT0KpHTy BigHocHoro 
cniBBigHomeHHa ^opMeHux eneMeHTiB KpoBi i nna3MH.

npHKaag
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^mpH^yra 3a6e3nenye 60000 o6/xb. Bu3HanHTH, y cKinbKH pa3iB mBHgKicTb cegu- 
MeHTami nacTHHOK nig nac ynbTpa^mpH ŷryBaHHa nepeBumye mBHgKicTb ceguMeH- 
Taml nacTHHOK y rpaBiTâ HHoMy noni 3eMni. Pagiyc o6epTaHHa -  10 cm.

P03B’H30K
KyTOBa mBHgKicTb m rn®’a3aHa i3 nucnoM o6epTiB v 3a oguHunro nacy cniBBigHO- 

meHHaM:
m = 2 • n  • V,

ge V = — , a n -  mBHgKicTb o6epTaHHa poTopa ^mpH^yrH (o6/xb). 
60

3BigKH:
2 • n •n

m =
60

EBHgKicTt cegHMeHTami nig nac ynbTpa^mpH ŷryBaHHa nepeBumye mBHgKicTb

cegHMeHTaml b rpaBiTâ HHoMy noni 3eMni b pa3iB. nigcTaBnaeMo nucnoBi gaHi:

2 • n •n
60

1 ̂
2 • n •60000 — c

60
0,1m

9,8-
=402841.

TaKHM nuHoM: = 402841.

KoHTpoabHe 3aBgaHHH
Po3paxyBaTH, y cKinbKH pa3iB npucKopeHHa nig nac ynbTpâ mpĤ yryBaHHa 6inbme 

npncKopeHHa 3eMHoro TaxiHHa, aKmo ^mpu^yranbHa KroBera po3MimeHa Ha BigcTaHi 8 cm 
Big oci o6epTaHHa poTopa, a noro mBHgKicTb o6epTaHHa cTaHoBHTb 60000 o6/xb.

Bidnoeidb: 322273.

g

r
m • r

Mg g

c

4.3. OCHOBH rEMOflHHAMIKH
Po3gin 6io^i3HKH, aKun BHBnae npunuHH, ymobh i MexaHi3MH pyxy 

KpoBi y 3aMKHeHiH cHcTeMi kpobohochhx cyguH Ta onucye uen pyx Ha 
ocHoBi 3aKoHiB rigpoguHaMiKH, Ha3HBaeTbca zeModunaMiKOW.

4 .3 .1 . C K ^ag KpoBi

KpoB nocranae KoxHin KniTHHi Bogy, KuceHb, noxHBHi penoBHHH, rop- 
mohh, a TaKox ogepxye 3anumKH npogyKTiB Mera6oni3My Ta nepegae ix op- 
raHaM BugineHHa. KpiM Toro, KpoB 6epe ynacTb y perynami' TeMnepaTypu 
opraHi3My -  BoHa nepeHocuTb Tenno, mo yTBoproeTbca BHacnigoK xhttc- 
gianbHocri opraHi3My, Big BHyTpimHix cTpyKTyp go noBepxHi Tina.

KpoB -  ue Henpo3opa B’a3Ka cycneH3ia, mo cKnagaeTbca i3 pigKol 
nacTHHH -  ma3MU i 3aBucnux y Hin KpoB’aHux KniTHH, aKi Ha3HBaroTbca
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tyopM eH U M U  eneM eH m aM U  KpoBi. O op M em  eneMeHTH KpoBi cK nagaroT bca  

3 epHTponHTiB, neHKon,miB i TpoM6on,HTiB. n n a 3 M a  KpoBi -  pigK a nacTH - 

Ha KpoBi, aK a cK n agaeT b ca 3 po3nuH eH ux y  B ogi con eft, B yrneB ogiB , 6 in -  

KiB i 6ionorinH O  aKTHBHux cnonyK .

rycTH H a n,inbHoi KpoBi KonuBaeTbca b M e x a x  ( 1 ,0 3 5 - 1 ,0 5 5 )  ■ 1 0 3 Kr/M3; 

rycT H H a nna3M H cTaHOBHTb ( 1 , 0 2 5 - 1 , 0 3 4 )  ■ 1 0 3 Kr/M 3; epHTpoE,HTiB 

( 1 ,0 8 - 1 , 0 9 )  ■ 1 0 3 Kr/M3. B ’a3KicTb KpoBi gopiBHroe ( 4 - 5 ) 4 0 " 3 n a  c, a  nna3- 

mh -  1 ,7  -10"3 n a  • c  3 a  TeM nepaTypu 2 0  0C ; B ’a3KicTb KpoBi Ta nna3MH  

3an exu T b  Big noKa3HUKa se M a m o K p u m y  (o 6 ’eMHoro cniBBigpomeHHa $ o p -  

MeHux eneMeHTiB KpoBi i nna3M u) Ta TeM nepaTypu.

4 . 3 . 2 .  ^ i3 H H H i n p H H u u n n  B H M ip ro B a H H a

m B H gK O C T i OCigaHHH ep H T pO U H T iB

OcHOBHy M acy ^op M eH u x eneMeHTiB KpoBi cTaHOBnaTb e p u m p o ^ u m u

-  nepBOHi KpoB’aHi Tmbn,a. Epm pon,H TH  MicTaTb reM orno6iH  -  cKnagHHH 

6inoK , m o  nepeH ocuTb KuceHb Big nereH b g o  TKaHHH Ta ByrneK ucnuH  ra 3  

Big TKaHHH g o  opraH iB guxaH H a. 3aBgaKH  reM orn o6iH y Konip epHTpon,H- 

TiB nepBOHHH. E pm 'pon^ T H  ccaBn,iB MaroTb $ o p M y  gBOBBirHyToro gu cK a

-  TaKa $ o p M a  3 a 6 e 3 n e n y e  MaKcuManbHy n n o m y  noB epxH i 3a  gaH o ro  

o 6 ’eMy, m o  B axn u B O  3 TonKH 3op y  onTHM anbHoro o6MiHy KucHeM 3 goB - 

KinnaM. KinbKicTb epHTpon,miB y  KpoBi cTaHOBHTb 2 - 3  - 1 0 13 g n a  g o p o cn o i  

nroguHH Ta 5 - 9  - 1 0 13 g n a  cBiftcbKoi TBapuH u; th h o b h h  giaMeTp gu cK a  

epHTpon,HTa Bapiroe b M e x a x  6 - 8  mkm y  nroguHH Ta 4 - 8  mkm y  TBapuH.

y  kpo bo hoch hx  cygu H ax epHTpon,HTH pyxaroTbca pagianbHO-Kinbn,eBHM 

cnoco6oM ; opieHTan,iro epHTpon.HTiB BigHocHo n ep eraH y cyguHH HaBegeHo 

Ha p u c. 4 .9 . K puB a po3noginy  

mBugKocTen p y x y  epHTpon,HTiB 

Bigpi3HaeTbca 6inbm  nnocKHM 

npo^ineM  y  n ,em pi cyguHH i 

KpymiiHM 6in a cTiHOK. n i g  n a c  

p y x y  y  3cyBHOMy noTon,i epuT- 

pon,HTH nepeBepTaroTbca; y  n,bo- 

My pa3i, 3anexH O  Big mBugKocTi 

3cyBy, BOHH MOxyTb 3a3HaBaTH 

ge$opM an,ii, H a6yBaronu

OBanbHOi n u  n o3goB xH oi ^opMH 

3a  paxyHOK 3iTKHeHb M ix co6oro  

Ta 3i cTiHKaMH.

H b io m o H ie c b K a  H e m io m o H ie c b K a

Puc. 4.9. OpieHTauia epHTpouHTiB BigHocHo 
nepepi3y cygHHH
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WeudKicmb ocidaHHH epum po^m ie (W OE) y pa3i Ha6nuxeHHa ix 
go c^epunHoi' $opMH (Ta6n. 4.3) BH3HanaeTbca 3a ^opMynoro (4.20).

4.3. -  Pe3yabTaTH npHBegeHHH epHTpo^TiB go ĉ epHHHoi ôpMH
fliaMeTp epnTpouHTa, fliaMeTp npHBegeHoro go c^epn

MKM epHTpOUHTa, MKM
5,5 3,60
7,5 4,94
9,5 6,24

TunoBi 3HaneHHa fflOE craHOBnaTb 1 5 -2 0  MM/rog gna nonoBiKiB, 
2 0 -3 0  MM/rog gna xiHOK Ta 2 -1 3  MM/rog gna giTen.

fflBugKicTb ocigaHHa epmpouuTiB v noB’a3aHa i3 B’a3KicTro KpoBi v  
3anexHicTro:

V «  1 . (4.28)
V

Koe^iuieHT B’a3KocTi piguHH y cBoro nepry 3anexHTb Big TeMnepaTypu:
b

V =  a ^ e ^ , (4.29)
ge a i b -  KOHCTaHm; T -  a6conroTHa TeMnepaTypa.

OTxe, 3 ypaxyBaHHaM ^opMyn (4.28) Ta (4.29) MoxHa goBecTH, mo 
mBHgKicTb ocigaHHa epmpouuTiB y B’a3Kin piguHi (KpoBi) TaKox 3ane- 
xuTb Big TeMnepaTypu:

V = a ^ e bT. (4.30)
3MiHa mBugKocTi ocigaHHa nacTHHOK nig nac 3MiHH TeMnepaTypu bh- 

3HanaeTbca 3 Bupa3y:
f 1 1 \

ln v2 -  ln v, = b ---------- . (4 31)
2 1 I T  t 2 J

BHMiproBaHHa fflOE gae MoxnuBicTb oumuTH npouecu, mo cnpuTH- 
HroroTb nigBHmeHHa TeMnepaTypu opraHi3My. ^Kmo TeMnepaTypa Tina 
36inbmyeTbca, B’a3KicTb 3MeHmyeTbca, a mBHgKicTb ocigaHHa epmpouu- 
TiB 36inbmyeTbca. 36inbmeHHa mBugKocTi ocigaHHa epmpouuTiB 3yMO- 
BnroeTbca 3ananbHHMH npouecaMH, rocTpuMH iH^eKuinHHMH xBopo6a- 
mh, xpoHinHHMH noKani3OBaHHMH iH^eKuiaMH (a6cuecaMu), TpaBMaMH, 
3noaKicHHMH nyxnuHaMH, cTaHOM BariTHocTi. Oco6nuBO npouegypa 
BHMiproBaHHa fflOE gouinbHa y pa3i TaKux 3axBoproBaHb, aK TeMno- 
panbHun apTpuT, Konu 3HaneHHa fflOE gocararoTb 100 MM/rog.

npHKaag
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BroHaHHTH mBHgKicTt ocigaHHa epm'poum'iB giaMeTpoM 5,5 mkm, HKmo B’fl3KicTt 
nna3MU 3a TeMnepaTypu 15°C cTaHOBHTL 0,00228 r-cm-1 c-1. rycTHHa ognHHHHoro epuT- 
ponnTa pep = 1,09 r • cm-3, rycTHHa nna3MH pnn = 1,03 r • cm-3.

P03B’H30K
BnKopncTOByroHH gaHi Ta6n. 4.3, 3HangeMO, mo epuTponnTy giaMeTpoM 5,5 mkm 

BignoBigae c^epa giaMeTpoM 3,6 mkm. EBngKicTt ocigaHHa epm'poum'iB nig Hac Ha- 
6nn*eHHH ix go ĉ epuHHOi ôpMu BroHaHaeTBca 3a ôpMynoro (4.20):

. ,2
• ( p e p  -  p m ) .

Vcea = L  .

9 v ŷ ep
nigcTaBnaeMo HucnoBi 3HaHeHHa:

,  (1, 8 • 1 0 - 6m) 2 1 0 ^  • (1, 09 - 1 , 0 3 )  • 1 0 3 ■K r  
v ced = 2 - ---------------- -------- ^ ^  = 1, 895 • 10- 7 MM = 0,6822 ^ M.

9 0 , 0228 • 1 0 c r og 
M • c

KoHTpoabHe 3aBgaHHH
B^Hanum mBugKicTt ocigaHHa epm'poum'iB giaMeTpoM 9,5 mkm, HKmo B’fl3KicTt 

nna3Mu 3a TeMnepaTypu 27 °C cTaHOBmt 1,42 cn. rycTuHa oguHUHHoro epmpouma 
pep = 1,09 r /  cm3, rycTuHa nna3Mu -  pnn = 1,03 r/cM3.

Bidnoeidb: 3,34 MM/rog.

4 .3 .3 .  ̂ i3HHHi npiiHm inii 3axBoproBaHb
KpOBOHOCHHX CyflHH

Po3rnaHeMO $i3uHm ^pnH^n^n 3axBoproBaHb kpobohochux cyguH, 
noB’H3aHux 3 yminbHeHHHM cyguHu 3a paxyHOK yraopeHHH Ha BHyTpi- 
mHin cTrn^ kpob’hhux 3rycTKiB, a6o gu^y3HuM po3mupeHHHM OTBopy 
BHacnigoK naTonorin cTiHOK. ^  3axBoproBaHHH MOxyTb 6yra  po3rnaHyri 
Ha ocHOBi piBHHHb igeanbHOi piguHu.

TpoM6o3. YTBopeHHH yminbHeHux Mac KpoBi a6o niM^u, mo 3cinuca, b 
KpoBOHocHin cucTeMi npu3BoguTb go 3MeHmeHHH nepepi3y cyguHu. ^  3Me- 
HmeHHH BenuHuHu nepepi3y S  cyguHu cynpoBogxyerbca 36inbmeHHHM 
mBugKocTi v TeHii KpoBi y Mic^Hx MeHmoro nepepi3y (puc. 4.10, a) 3rigHO 3

const
piBHHHHHM Hepo3puBHocTi noToKy S = ---------; 36inbmeHHH mBugKocTi v

V
TeHii npu3BoguTb go 3MeHmeHHH cTaraHHoro TucKy p  BignoBigHo go piBHHH-

hh EepHynni p  + P U = const. 3MeHmeHHH ^ oro TucKy Huxqe neBHoro

piBHH npu3BoguTb go 3aKynopKu cyguHu. Ane Hepe3 ^  KmeTuHHa eHepria 
KpoBi, mo pyxaeTbca, 36inbmyeTbca, i OTBip cyguHu 36inbmyeTbca. BuHuKa- 
K>Tb KonuBaHHH cTiHOK KpoBOHocHoi cyguHu, HKi cnpuHuHroroTb 6onicHi Big- 
HyTTH.
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Aneepusua. y  pa3i po3mupeHHH nepepi3y S  cyguHu BHacnigoK naTO- 
MOp^onoriHHux 3MiH y cTiHKax (puc. 4 .10, 6) mBugKicTb TeHii v 3MeH- 
myeTbca (piBHHHHa HepO3puBHocTi noToKy), ane cTaraHHuH tuck p  36inb- 
myeTbca (piBHHHHH EepHynni). U,efi HagnumKOBuH tuck MO^e nproBecra 
AO KpOBOBHnHBy.

a 6
Puc. 4.10. Oi3HHHi npiiHminii 3axBoproBaHb kpobohochhx cygHH: a -  3Bŷ eHHH 
KpOBOHocHoi cyguHu BHacnigoK TpOM6o3y; 6 -  pO3mupeHHH nepepi3y KpOBOHocHoi 

cyguHu BHacnigoK aHeBpu3Mu
4.4. POEOTA C E P ^

noBHa po6oTa, HKa BuKoHyeTbca cep^ M nig Hac nepeHeceHHH 1 cm3 
KpoBi, 3ane^uTb Big 3Mmu (puc. 4.11): bucotu m g • ( h  — hi), tuckIb

(m/p)• (p2 — p i)  Ta mBugKocTeH TeHii KpoBi — • m  • ( V  -  V—2) ,  to6to :

m 1
A  = A— + A  + Â  = m • g  • (h  -  h—) +(p 2 -  p—) +—  m • (V-, -  v— ). (4.32)

P  2

Puc. 4.11. CxeMa riiBoi nacTHHH cepua: Vi, pi, hi -  mBugKicrb pyxy, 
tuck i Bucora 3Haxoĝ eHHH KpoBi, mo Bxogurb y cepue; V2, p2, h2 -  

ri caMi BenuHuHu gna KpoBi, mo 3anumae cepue
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npunycTuMO, mo pi3Hu^ bucot Mix mnyHOHKOM i apTepianbHoro 
gyroro gopiBHroe 0,15 m, mBugKicTb pyxy KpoBi Ha ginaH^ craHO- 
BuTb 0,4 m/c, a rycTuHa -  103 Kr/M3. noHaTKOBa mBugKicTb cKopoHeHHa 
M’a3iB gopiBHroe Hynro. 3a3HaHuMO, mo apTepianbHun tuck y 3gopoBoi' 
nroguHu 3MmroeTbca Big 80 mm pT. c t. (diacmona -  po3mupeHHa nopox- 
huh c e p ^  Ta i'x HanoBHeHHa KpoB’ro) go 120 mm pT. c t  (cucmona -  cko- 
poHeHHa M’a3iB c e p ^  nicna po3cna6neHHa, mo cynpoBogxyeTbca HarHi- 
TaHH3M KpoBi b apTepianbHy cucTeMy). OgHaK MiHiManbHuH tuck, mo 
BcraHOBnroeTbca b apTepiax, npu3BoguTb go 3aKpuTTa aopTanbHoro Kna- 
naHa, Konu tuck gopiBHroe Hynro. OTxe, pi3Hu^ TucKiB cTaHOBuTb Ap = 
= (120 mm pT. ct. -  0) = 1,6 • 104 H/m2.

noBHa po6oTa, mo BuKoHyeTbca cep^M  nig Hac nepeHeceHHa 1 cm3 
KpOBi, cTaHOBuTb:

A  = A— + A2 +  A3 = m  • g  • (h2 -  h— ) +--------(p 2 -  p i) +  — • m  • (^2 -  U12) =
P0 2

10 3 1 2 0 - 80  1
= 10-3 •9 8 ( 0 , 1 5 )  •( 4 ,0 134 05) + - • 10-3 •(0,42 -  0) = 0,0 1 755 nx

103 7 6 0  2
Po6oTa c e p ^  3a ogHe cKopoHeHHa, 3a aKoro nepeHocuTbca 60 cm3 

KpOBi, cTaHOBuTb:
A = 1, 7 5 5 4 0 -2 f l x  60 = 1,053 flx .

flo ^ e i po6oTu cnig gogaTu po6oTy npaBoro mnyHOHKa, aKun HaKa- 
Hye KpoB y nereHeBy apTepiro, 3a6e3neHyroHu tuck 6nu3bKO 20 mm pT. ct. 
(2,7 4 0 3 H/m2), a6o 1/6 apTepianbHoro TucKy.

3aranbHa po6oTa, aKy BuKOHye cep ^  3a ogHe cKopoHeHHa, gopiBHroe: 

A3az = (1 + 1/6) f lx  = 1,23 f lx .

3a go6y c e p ^  BuKOHye (3a nynbcy 60 xb-1) 24 • 3600 = 86400 ygapiB; 
po6oTa c e p ^  3a go6y cTaHOBuTb:

Ad *  105 flx .
3 ypaxyBaHHaM Toro, mo TpuBanicTb cucTonu 6nu3bKO 0,3 c, cepegHa 

noTyxHicTb c e p ^  3a Hac ogHoro cKopoHeHHa cTaHOBuTb:
A

N  = _ ™ ^  = 4,1  Bt.  
t

KoHTpoabHe 3aBgaHHH
B^Hanum po6oTy, aKy BuKOHye cep^ KOHa 3a go6y, aKmo apTepiantHHH tuck npo- 

TaroM giacTonu cTaHOBm't 70 mm pT. ct., a npoTaroM cucTonu -  130 mm pT. ct. Ce- 
pegmn o6’eM KpoBi, mo nepeHocm'tca 3a oguH ygap, gopiBHroe 850 Mn, a cepegHa
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mBugKicTb Tenii KpoBi -  0,5 m/c. npunycTHTH, mo nopo*Ha BeHa Ta aopTa 3HaxogaTbcfl 
Ha ogHOMy piBHi (h1 = h2 = 0).

Bidnoeidb: 5,9-105 fl*.

4.5. THCK KPOBI

4 .5 .1 . ApTepia^bHHH thck

Po6oTy c e p ^  3a6e3nenye apmepianbnuu mucK, aKHH gie Ha OTiHKH 
apTepiH i 3yMoBneHHH piBHeM cracKyBaHHa KpoBi. Thck, mo BHHHKae nig 
nac CKopoHeHHa c e p ^ , Ha3HBaeTbca cucmomnnuM; thck, mo BHHHKae 
nicna po3cna6neHHa c e p ^ , Ha3HBaeTbca diacmoninnuM. ApTepianbHHH 
thck BHMiproeTbca y mm p t.c t. i no3HanaeTbca aK BigHomeHHa cucTonin- 
Horo THcKy go giacroninHoro. 3ane*HicTb THcKy KpoBi Big nacy b n p o ^ -  
ci po6oTH c e p ^  3o6pa*eHa Ha pnc. 4.12. BngHo, mo KonuBaHHa THcKy 
Big6yBaroTbca Big npaKTHHHo HynboBoro piBHa go 120 mm p t.c t. Pi3HH- 
ua Mi* cncToninHHM i giacroninHHM thckom aBnae co6oro nynbcoeuu 
mucK. TnnoBi 3HaneHHa cucToninHoro, giacroninHoro i nynbcoBoro th c- 
KiB y KpoBOHOCHiii CHCTeMi TBapnH HaBegeHo y Ta6ji. 4.4.

Puc. 4.12. 3aae*HicTb THCKy KpoBi Big nacy b npo^ci poSoTH cep̂ H

4.4. -  TnnoBi 3HaneHHH TucKiB y Kp0B0H0cHiH cucTeMi nrogHHH

BiK Pmax, MM pT.cT. Pmin , MM pT.cT. AP , MM pT.cT.

HoBoHapog*eHHn 80 46 34
10 103 70 33

Tptiewiicntb k o m c h o I  <txi3u, c
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20 120 80 40
40 126 84 42
60 135 89 46

4 .5 .2 . BHMiproBaHHa th cky  KpoBi

Po3rnaHeMo gBa MeTogu BHMiproBaHHa thcky KpoBi.
Heinea3uenuu Memod nonarae y npocnyxoByBaHHi myMiB, mo yrao- 

proroTbca nynbcoBHMH xBunaMH. M i*  nneneM i niKTeM HaKnagaroTb MaH- 
*eTy, b aKy HaKanyroTb noBiTpa. Konu b npoMeHeBiH apTepii' npunu- 
HHTbca Tenia KpoBi, nynbc 3HHKae i n p o ^ c HaKanyBaHHa npunuHaroTb. 
noTiM noBiTpa BHnycKaroTb 3a gonoMororo Bemuna. eTan cynpoBo- 
g*yeTbca 3MeHmeHHaM TucKy. Konu thck crae piBHHM cucroninHoMy, 
KpoB npomToBxyeTbca Kpi3b apTepiro i b Hin yraoproeTbca Typ6yneHTHa 
Tenia, aKa cynpoBog*yeTbca myMaMu -  TaK 3BaHHMH monaMU KopomKo- 
ea. noganbme 3HH*eHHa TucKy BHKnHKae BigHoBneHHa naMiHapHoi' Tenii' 
i 3HHKHeHHa myMiB. noKa3aHHa MaHoMeTpa b MoMeHT BignoBigaroTb 
giacTonunHoMy TucKy.

HeiHBa3HBHUH MeTog TonHHH, 6e36onicHHH i 3pynHHH y KopucTyBaH- 
Hi. Ane HoMy npuTaMaHHi Mo*nuBi cy6’eKTHBHi noMunKu nig nac BHMi­
proBaHHa noHH*eHux TucKiB. KpiM Toro, ^oM y MeTogy 6paKye iH^op- 
Ma^i' mogo $opMH nynbcoBoi xBuni.

M.C. KOPOTKOB (1874-1909)

PocmcbKMM BneHMM, npoBiflHMM $ a x i B e ^ b  y  r a -  
n y 3 i  cyflMHHOi x ip y p r i i .  P o 3 p o 6 u B  TexHiKy BUMi- 
pW BaHHa TUCKy KpOBi ( 1 9 0 5  p .) .

npHMuU Memod nepeg6anae 6e3nocepegHe BBegeHHa b KpoBoHocHy 
cyguHy ronKH a6o cne^anbHoi' Tpy6KH -  Kamemepa. CynacHa TexHono- 
ria BHMiproBaHHa TucKy Ha ocHoBi npaMoro MeTogy rpymyeTbca Ha BBe- 
geHHi KaTeTepa b cyguHy, mo po3TamoBaHa no6nu3y mKipu, a6o b apTe­
piro nu BeHy, iHKonu -  HaBiTb y caMe ce p ^ . KaTeTep MycuTb 6yra  KopoT- 
khm, *opcTKHM i He po3gyBaTuca Big noToKiB KpoBi, mo6 3ano6irTH 
HeTonHocTeH nig nac BHMiproBaHHa TucKy. nepeBara npaMoro MeTogy
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nonarae b Mo*nuBocri 
6e3nepepBHoro KoHTponro 
$opMH nynbcoBoi xBHni i 
6inbm BucoxiM ToHHocri 
BHMiproBaHb nopiBHaHo 3 
HeiHBa3HBHHM MerogoM. 
g o  Hegonixy MeTogy cnig 
BigHecTH BBegeHHa KaTere- 
pa b KpoBoHocHy cucreMy 
naujeHra, mo npu3BoguTb 
go 6onicHux BignymB Ta

4.6. nOBEPXHEBHH HATOT
Po3rnaHeMo Monexyny, po3TamoBaHy BcepeguHi piguHH (puc. 4.13, a). 3 

pi3Hux 6oKiB ii oTonye ogHaKoBa KinbKicTb cycigHix MoneKyn, nepe3 mo 
pe3ynbTyrona cun, mo giroTb Ha MoneKyny, gopiBHroe Hynro. ^ o g o  Mone­
Kyn, aKi 3HaxogaTbca b noBepxHeBoMy mapi piguHH, to  pe3ynbTyrona 
cun, aKi giroTb Ha TaKi Monexynu, He gopiBHroe Hynro, ocKinbKH k oh^h- 
Tpa^ia MoneKyn y noBhpi Hag piguHoro 3HanHo MeHma K oH ^m pa^i Mo­
neKyn y pigHHi (puc. 4 .13, 6). npunoMy pe3ynbryrona cuna HanpaBneHa 
go cepegHHH piguHH nepneHguxynapHo ii noBepxHi, nepe3 mo noBepxHe- 
bhh map pigHHH yTBoproe Ha Bcro piguHy thck, axuM aBnae co6oro cyMy 
Bcix pe3ynbTyronux cun, mo giroTb Ha ogHHH^ro noBepxHi piguHH. 
thck Ha3HBaeTbca MoneKynnpHUM a6o enympimHiM. gna nepeMimeHHa 
Monexynu 3 rnu6uHH piguHH b noBepxHeBHH map noTpi6Ho 3aTpaTHTH 
po6oTy, axa 3giMcHroeTbca 3a paxyHox KiHeTHnHoi eHeprii Monexyn i bh- 
TpanaeTbca Ha 36inbmeHHa noTeH^anbHoi eHeprii ^Hx Monexyn. Hepe3 
^  Monexynu noBepxHeBoro mapy pi-guHH MaroTb 6inbmy noTeH^anbHy 
eHepriro, Hi* Monexynu ycepeguHi pi-guHH. OcxinbKH piBHoBa*HHH cTaH 
xapaKTepu3yeTbca MiHiMyMoM noTeH^anbHoi eHeprii, pi-guHa nparHe 
cxopoTHTH nnomy noBepxHi. noBepxHeBHH map piguHH b ^oM y pa3i 
cxo*HH Ha enacrunHy po3TarHyTy nniBKy. Hanpy*eHuM cTaH noBepxHe­
Boro mapy piguHH Ha3HBaeTbca noeepxHeeuM HamnzoM, a cunu, axi 3y- 
MoBnroroTb cxoponeHHa noBepxHeBoi nniBKH piguHH, Ha3HBaroTb cmaMU 
noeepxHeeozo Hammy.

Cuna noBepxHeBoro HaTary Ha 6ygb-axiM Me*i noBepxHi piguHH 
nponop^HHa goB*HHi Me*i:

F  = al, (4.33)

Phc. 4.13. B3aeMogia MoaeKya noBepxHeBoro (A) 
Ta r̂ HSHHHoro (E) mapiB pigHHH 3 oTonyronHMH 

MoaeKyaaMH
TpaBMH.
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ge a — Koê mieHT noBepxHeBoro HaTary; l — goB*HHa Me*i piguHn.
Koe^mieHT noBepxHeBoro HaTary nucenbHo gopiBHroe cuni noBepx­

HeBoro HaTary, po3paxoBaHiH Ha ogHHH^ro goB*HHH xomypy, mo 0 6 - 
Me*ye noBepxHro piguHu; BiH 3ane*HTb Big Tuny piguHu, goMimox i Te- 
MnepaTypu. 3 nigBumeHHaM TeMnepaTypu Koe^^ieHT noBepxHeBoro Ha­
Tary 3MeHmyeTbca, ocxinbKH cepegHa BigcTaHb Mi* MonexynaMH piguHu 
36inbmyeTbca. TunoBi 3HaneHHa Koe^mieHTa noBepxHeBoro HaTary 
HaBegeHi y Ta6 n. 4.5, a 3ane*HicTb Koe^mieHTa noBepxHeBoro HaTary 
Bogu Big TeMnepaTypu — y Ta6 n. 4.6.

4.5. -  Koe î^eHTH noBepxHeBoro HaTary 4.6. -  3aae*HicTb Koe î^eHTa
piguH noBepxHeBoro HaTary BogH

Big TeMnepaTypu

PiguHa
Koe^mieHT noBepx­

HeBoro HaTary a, 
H/m

Boga 72,8-10'3
PHHHHoBa onia 36,4-10-3
Ha^Ta 26-10-3
CnupT eTHnoBHn 22,8-10-3
CnnpT MeTHnoBHn 22,6-10'3
MnntHnn po3nnH 25,0-10-3

TeMnepaTypa,
°C

Koe^mieHT no­
BepxHeBoro HaTa­

ry a, H/m
0 75,6-10-3

20 72,8-10'3
60 66,2-10'3
100 58,9-10-3

PenoBHHu, axi 3MeHmyroTb noBepxHeBHH HaTar piguHu, Ha3HBaroTb 
noeepxHeeo aKmuBHUMU. BuBneHHa noBepxHeBoro HaTary gonoMo*e 
3po3yMiTH npuH ^nu 6opoTb6u 3 nunuHKaMH ManapiHHux KoMapiB y 
BogoHMax Ha ocHoBi 3acTocyBaHHa noBepxHeBo axTHBHux penoBHH.

noBepxHa nereHb Mae cne^^inH y penbe^Hy $opMy, mo BH3Hana- 
eTbca HaaBHicTro eneMeHTapHux crpyKTyp -  anbeeon. Taxa $opMa 3a6e3- 
nenye Benuxy nnomy nereHb gna noninmeHHa ra3oo6MiHy. nigBumeHHa 
noBepxHeBoro HaTary Mo*e npu3BecTH go He6e3nenHoro pecnipaTopHoro 
3axBoproBaHHa -  sianiHoeo-MeMdpaHHoi xeopodU HoeoHapodweHUx. 3a- 
no6irru ^0M y 3axBoproBaHHro Mo*Ha 3a paxyHox BHeceHHa noBepxHeBo 
aKTHBHux penoBHH, axi 3MeHmyroTb noBepxHeBHH HaTar. OgHiero 3 Ta- 
khx penoBHH e $oc$amUdUnxoniH, Monexynu axoro cxnagaroTbca i3 rig- 
po^inbHux nonapHux ronoBoK i rigpo$o6Hux naH^ro^iB *upHux KucnoT. 
nonapHi ronoBKH 3HaxogaTbca y KoHTaKTi 3 Bogoro, Togi ax *upHi khc- 
noTH 3anumaroTbca y noBiTpi. Pe3ynbTaT0M gii' Taxoro rpaHunHoro Mone- 
xynapHoro mapy e 3MeHmeHHa Koe^mieHTa noBepxHeBoro HaTary Big 
70 ■ 10-3 H m-1 go 30 ■ 10-3 H m-1.

npHKaag
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BogoMipKa pyxaeTbca no Bogrnft noBepxHi. 3aranbHHH nepHMeTp B3aeMogii koxhoi 
i3 ii klhu^bok 3 Bogoro CTaHoBHTb 1 mm. npHnycTHBmH, m,o noBepxHeBHH HaTar gie Bep- 
THKanbHo, noKa3aTH, m,o cnnn noBepxHeBoro HaTary b 3Mo3i yrpHMaTH Tino KoMaxH Ma­
coro 2 5 -10 -6 Kr ( a  = 72 ,8 -1 0 -3 H/m).

P03b’h30K
Cnna noBepxHeBoro HaTary pigHHH BH3HanaeTbca gna mecrn klhujbok BogoMipKH aK:

F  = 6 a - l  =  6 -72 ,8  -10"5 H/m -10"5 m = 4 3 6 ,8  -10 -6 H.
B a ra  KoMaxH cTaHoBHTb:

P  =  m  • g  = 25  -10 -6 Kr -9 ,8  m - c 2 = 245  -10 -6 H.
OneBHgHo, m,o cnna noBepxHeBoro HaTary nepeBHmye Bary Tina i, TaKHM hhhom, y  

3Mo3i yrpHMaTH Tino KoMaxH.

KoHTponbHe 3aBgaHHH
BogoMipKa Sirae no noBepxHi BogH. 3HaftTH Bary KoMaxH, aKm,o BigoMo, mo nig 

KoxHoro i3 mecTH nanoK BogoMipKH yTBoproeTbca aMKa, m,o gopiBHroe niBC$epi 3 
pagiycoM 0,1 mm.

OopMvm flam aca — gogaTKoBHH thck, 3yMoBneHHH KpHBH3Horo no­
BepxHi pigHHH, BH3HanaeTbca TaK:

ge a — Koê mieHT noBepxHeBoro HaTary; R1 i R2 — pagiycn kphbh3hh gBox B3aeMHo nep- 
neHgHKynapHHx nepepi3iB noBepxHi pigHHH (pnc. 4.14).

Bidnoeidb: 27,5-10-5 H.

4.7. KAnMflPHI ABH^A

(4.34)

a
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Phc. 4.14. ®opMa MeHicKa b Kaniaapi: a -  eninrnHHa (R1 ^ R2);
6 -  ĉ epHHHa noBepxHi (R1 = R2 = R)

gogaTKoBHH thck SepeTbca 3i 3HaKoM “+”, aKmo noBepxHa onyKna, 3i 
3HaKoM “ -  aKmo noBepxHa BBirayra. Y  BHnagKy c^epnnHoi noBepxHi 
(R1 = R2 = R) $opMyna Hannaca Mae BHrnag:

Po3rnaHeMo Kaninap, 3aHypeHnH y 3MonyBanbHy pigHHy. Cnnn Ta- 
*iHHa, aKi BnHnKaroTb Mi* MoneKynaMH pigHHH i Kaninapa, npnMymy- 
roTb pigHHy niginMaraca no crrn ^  Kaninapa, mo npH3BogHTb go bu- 
KpHBneHHa noBepxHi pigHHH Ta yTBopeHHa HeraTHBHoro THCKy. 
BHacnigoK ^ o r o  pignHa niginMaeTbca no Kaninapy, goKH rigpocTa-
THHHHH THCK He BpiBHoBa*UTb gogaTKoBHH THCK. YMoBy piBHoBarH 
Mo*Ha 3anncaTH TaK:

ge p — rycraHa pignHn; R -  pagiyc KpnBn3Hn MeHicKa; g -  npucKopeHHa BinbHoro 
nagiHHa; h -  BncoTa, Ha aKy nigiftMaeTbca pignHa.

3Bigcn Mo*Ha Bn3HaHnTn BncoTy nigHiMaHHa pignHn:

(4.35)

( 4.36)

h
2 a  c o s 0

( 4.37)
Pgr

ge r = Rcosd — pagiyc Kaninapa; 0 — KpaftoBnft KyT (pnc. 4.15).

h
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Pnc. 4.15. BeaHHHHH, HeoSxigm gaa po3raagy 
KaniaapHoro niginMaHHa pigHHH

Po3rnaHeMo Ha KoHKperaoMy npnKnagi cyguHy KcnneMn pagiycoM 
20 mkm: 3rigHo 3 ^opMynoro (4.37), Boga b cyguHi nigiHMeTbca Ha BucoTy:

, 2 - 72,8 -10—3H  - m —1 cos 00 1,49 -10 5 m 2 nnAl.h = -------------- -------------------------------------  = ----------------= 0,745 m.
998,2k s  - m -3 - 9,8m  - c~2 - 20 -10—6m  20 -10—6(m )

OT*e, gogaTKoBuH tuck y cyguHax KcuneMu He 3gaTHuH 3a6e3neHuTu 
nigHiMaHHa piguHu b pocnuHax Bucororo noHag oguH Merp. Ha BenuKux 
BigcTaHax nepeHeceHHaM Bogu Kepye oSeMHuH noTiK, aKuH 3a6e3nenyeTbca 
rpagieHToM TucKy (guB. piBHaHHa rareHa-nya3eHna (4.15)).

n ’ep-CMMOH AAnflAC (1749-1827)

0 p a H ^3 b K M M  MaTeMaTUK Ta a c T p 0 H0 M. A b t o p  
n ’HTMTOMHOi' „ H e 6 ecHO'i MexaHiKu” ( 1 7 9 9 - 1 8 2 5 ) .  
y  MaTeMaTMHHiM $ i 3 M ^ m upoK O  BiflOMi “n e p e -  
T B opeH H a  f l a n n a c a ”, aKi BiH 3 a c r o c o B y B a B  b 
p o S o T a x  3 T e o p i i  MMOBipHOCTi ( x o n a  B n e p m e  ^  
n e p e T B o p e H H a  p o 3 p o 6 uB f i e o H a p f l  E M n e p ) . [ ]

npHKaag
BroHawm BucoTy nigHiMaHHa Bogu y Kaninapi rpyHTy giaMeTpoM 10 mkm, aKmo 

KpaHoBuH KyT gopiBHroe Hynro, a TeMnepaTypa rpyHTy CTaHoBHTb 20 0C.
Po3Ba3oK
nigcTaBnaeMo HucnoBi gaHi y piBHaHHa (4.38):

h = 2(72,8-10-3 H/m2)(cos0)/(998,2 Kr/M3)(9,8 m/c2)(5-10-6 m) = 2,98 m.

KoHTpoabHe 3aBgaHHa
3gaTHuft gogaTKoBuH tuck y KcuneMi gepeBa Sequoia 3a6e3neHnm nigHiMaHHa 

piguHu Ha BucoTy 100 m, aKmo rycTuHa piguHu CTaHoBnrb 103 Kr/M3, a Koe^mienr no- 
Bepx-HeBoro HaTary 70-10-3 H/m?

y  KpoBOHocHiH cyguHi, b aKiH 3 neBHux npunuH (KoHgeHca^a ra3y, no- 
paHeHHa a6o TpaBMu kpobohochux cyguH, oneparaBm BipynaHHa) yrBopu- 
nacb SynbSamKa ra3y, 3a paxyHoK noToKy $opMa SynbSamKu cnoraoproerb- 
ca (niBa H npaBa niBC^epu MaroTb pi3Hi 3a BenunuHoro pagiycu KpuBu3Hu) 
(puc. 4.16). OT*e, 3rigHo 3 piBHaHHaM Hannaca (4.36), gogaTKoBi tucku,
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3yMoBneHi noBepxHeBuM HaTaroM piguHu Ha niBiH Ta npaBiH Mexax noginy, 
Sygyrb Bigpi3HaTuca. Pi3Hu^ thckib Moxe npu3BecTu go nopymeHHa Kpo- 
BonocTanaHHa, po3puBy a6o 3aKynopKu cyguHu. ^ H  naTonoriHHuH npo^c  
Ha3uBaeTbca m3oeow eM6omew.

P u c .  4 .1 6 .  BHHHKHeHHa ra- 
3oboi eMSoai'i 3a pyxy KpoBi 
b cygHHi, qo 3yMoBHaa 
ge^opMa^ro SyabSamKH
ra3y ( R 1 £  R 2),  pi3HĤ BHH
THCK i po3pHB CygHHH

npHKaag
Bn3HaHnTn, y CKinbKn pa3iB 3MiHnTbca gogaraoBnft tuck, 3yMoBneHnft noBepxHeBuM 

HaTaroM KpoBi Ha niBiH i npaBift Mexax noginy noBirpaHoi SynbSamKn, aKa BuHuKae nig 
Hac ra3oBoi eMSonii, aKmo niBnft pagiyc KpnBn3Hn 36inbmuBca, a npaBnft — 3MeHmuBca 
Ha 25% (pnc.4.16).

Po3B’a3oK
BnKopncToByroHn ôpMyny Hannaca, Bn3HaHnMo gogaraoBnft thck, mo BnHnKae Ha 

niBift i npaBift Mexax noginy:
2 - a  2 - a

A p  =  + ---------------, A p  =  + -------------------------- .
M R  +  A R  F n  R  — A R

BigHomeHHa gogaTKoBnx TncKiB CTaHoBHTb:
AR  AR

=  R  +  A R  =  R  - (1  +  R } =  1 +  R

AP n -  R  — A R  -  R  - (1  — A R )  =  1 — A R

R R

nigcTaBnaeMo HucnoBi 3HaHeHHa:
ApM 1 + 0,25
Apn = 1 — 0,25

KoHTpoabHe 3aBgaHHa

= 1,67.

CepegHift pagiyc anbBeonn b nereHax CTaHoBHTb Snn3bKo 5-10-5 m. Bn3HaHnTn go- 
gaT-KoBHH thck, 3yMoBneHHH KpnBH3Horo anbBeonn, aKmo Koe^mienr noBepxHeBoro 
HaTary nna3Mn 50-10-3 H/m.

B i d n o e i d b : 2 • 103 H •m-2.

Y  flnn donumnueux
HaHSinbmy BncoTy nonboTy cepeg nTaxiB npogeMoHCTpyBaB SinoronoBnft cnn (G y p s  

f u l c u s ), aKuft 3iTKHyBca 3 aeponaftHepoM y 1973 p. Ha BncoTi 11278 m; ripcbKnft rycb 
(A n s e r  i n d i c u s ) nepenirae riManaftcbKi ropn Ha BncoTi Snn3bKo 8534 m.

PeftHxonbg MecHep SyB nepmnM, xto nogonaB EBepecT (8848,82 m) Se3 KncHeBoro 
anapaTa b 1978 p.
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npegcTaBHnKy pnS (Abyssobrotula galatheae), aKHH Mae goBxuHy 20 cm, HanexuTb 
peKopg rnnSnHn — Horo cnocTepirann y nyepTopiKaHCbKin 3anaguHi Ha rnnSnHi 8370 m.

Cepeg TBapnH KamanoT (Physeter catodon) gocarae rnnSnHn Snn3bKo 2500 m.
y  xoBTHi 2003 p. nipHanbHnK Oeppepac gocarHyB rnnSnHn 170 m 3a 2 xb 39 c, bh- 

KopncToByroHn BaHTax gna onycKaHHa Ta SanoH gna nigHiMaHHa.

4.8. AEPO^HHAMIKA
AepodunaMiKa — ^  po3gin $i3HKH, aKHH BHBHae 3aKoHH pyxy noBiT­

pa (aSo iHmoro ra3y) Ta cunu, mo BHHHKaroTb Ha noBepxHi Tin, BigHocHo 
aKux BigSyBaeTbca ^ H  pyx. Po3gin 6io$i3HKu, aKHH BHBHae nacuBHuH 
TpaHcnopT aTMoc^epHux HacTHHoK, 3oKpeMa SionoriHHux aepo3oniB, ix 
KinbKicHe Ta aKicHe o^HroBaHHa 3 tohkh 3opy im^roBaHHa anepriHHux 
3axBoproBaHb, Ha3HBaeTbca aepodionosiern.

4 .8 .1 . ATM oe^epHi HacTHHKH

HacmuHKU — ^  oKpeMi nop^i' TBepgoi, pigKoi aSo ra3onogi6Hoi' pe- 
hobhhh, po3Mipu aKux nepeBumy^Tb 1 hm. OcoSnuBe M i^e cepeg Hac- 
thhok 3aHMaroTb aepo3oni -  gucnepcHi (KonoigHi) CHCTeMH, mo CKnaga- 
roTbca 3 HacTHHoK po3MipaMH Big 10- m go 10- m Ta ra3oBoro cepegoBH- 
ma, b aKoMy bohh 3HaxogaTbca y 3aBucnoMy CTaHi. Ochobhhm gxepenoM 
6ionosinnux aepo3orne e pocnuHu, aKi nocraHaroTb b aTMoc^epy cnopu i 
nunoK. OcTaHHi nomuproroTbca 3aBgaKH noBiTpaHHM noToKaM. flo 6io- 
aepo3oniB cnig BigHecTH TaKox Bipycu, SaKTepii i HacTHHKH KoMax. Bci 
bohh 3gaTHi npoBoKyBaTH 3axBoproBaHHa Ta anepriHHi peaK^i' nrogeH, 
BnnHBaTH Ha TBapuH i pocnuHu. KpiM Toro, ^  aepo3oni BigirparoTb ponb 
^ m p iB  KoHgeHca^i' i oTxe BnnHBaTHMyTb Ha n p o ^ cu  yTBopeHHa xMap. 
flxepenaMH 6ioaepo3oniB e TaKox cinbCbKorocnogapcbKe bhpoShh^tbo, 
iHTeHCH^iKa^a yp6am3a^i' Ta HucneHHi BogoHMu. Bci noBhpam Hac- 
thhkh, y T0My Hucni aepo3oni, MoxyTb mKignuBo BnnHBaTH Ha 3gopoB a 
nroguHH 3anexH0 Big ix po3MipiB.

4 .8 .2 . P y x  aTMoc^epHHx HacTHHoK

^Kmo HacTHHKa pyxaeTbca b aTMoc^epi, Ha Hei giroTb rpaBrra^HHa, 
BumT0BxyroHa cunu Ta cuna BHyrpimHboro TepTa 3 SoKy noBiTpaHoro 
noToKy 3rigH0 i3 3aK0H0M CT0Kca. CniBBigHomeHHa Mix ^HMn cunaMu 
3anexuTb Big $i3HHHHx napaMeTpiB HacTHHKH, aTMoc^epu Ta 6e3 po3Mip- 
Horo Hucna PeHHonbgca Re.

P03rnaHeM0 BHnagKH, aKi 3anexaTb Big CniBBigHomeHHa Mix pagiy­
coM HacTHHKH r, goBxHHoro BinbHoro npoSiry A MoneKyn ra3y Ta hhc-
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noM PeHHonbgca Re.
а) r > A , ane Re = 2 rv /v  <  0,1 (ryr v -  mBugKicTb pyxy HacTHHKH, 

v -  KiHeMaTHHHa B'a3Kicrb). Ha HacTHHKy Macoro m Ta oS’eMoM V  i ryc­
THHoro p, 3aHypeHy y ra3 Macoro m0 3 rycTHHoro p 0, giroTb rpaBrra^HHa 
(Fzp=m g=Vpg) Ta apxiMegoBa (F 0=m0g = V p 0g) cunu, a TaKox cuna BHyr- 
pimHboro TepTa (Ba3K0cri), mo BH3HaHaeTbca 3a 3aK0H0M CT0Kca (F r = 
= 6nr\rv), ge 7  — Koe^mieHT BHyrpimHboro TepTa (guHaMiHHa B'a3KicTb).

fflBugKicTb ceguMeHTa^i BH3HaHaeTbca TaK:

4  3
Vced = Vg(p  — po)/ 6 n r  = — nr g (p  — po)/ 6 n r  =

= -  g (p  — po) r2/ r  (4.38)
9

npHKaag
Bn3HaHHTH mBHgKicTb ceguMeHTauii HacTHHKH Myny rycTHHoro 2650 Kr/M3 Ta giaMeT­

poM 0,03 mm, aKa ocigae y Bogi 3a 20 0C. B'a3KicTb Bogu 3a mei TeMnepaTypu CTaHoBHTb 
1,002-10-3 na-c.

Po3BH3oK
nigcTaBnaeMo HncnoBi gaHi y piBHaHHa (4.38):

Vced = -  g(p-po) r2/ r  = — (9,8 m/c2)(2650 -  998,2)(15-10-6 m2)2/(1,002-10-3 na-c) 
9 9

= = 8,1-10-4 m/c.

KoHTpoabHe 3aBgaHHH
Bn3HaHHTn mBHgKicTb ceguMeHTami ĉ epHHHoi HacTHHKH rycTHHoro 2650 Kr/M3 Ta 

giaMeTpoM 0,1 mm, aKa ocigae y Bogi 3a 20 0C. B'a3KicTb Bogu 3a mei TeMnepaTypu cra- 
hobhtl 1,002-10-3 na-c. ^n BCTnrHe HacTHHKa gocarHyTn gHa pe3epByapa 3a 2 roguHH, 
aKmo rnnSnHa TaHKa 3,5 m?

б) r>  A, ane Re = 2 rv /v  >  1. ^Kmo po3MicTHTH neBHe Tino y noBrrpa- 
H0My noTo^, to  nepeHeceHHa iMnynbcy BigSygeTbca He nnme 3aBgaKH 
cunaM TepTa, mo HanpaBneHi napanenbHo noBepxHi mapiB, Ta rpagieHTa 
mBHgKocri, mo BHHHKae npu ^0M y, ane Hepe3 Te, mo y HanpaMKy noBiT- 
paHoro noToKy BHHHKae cuna, aKa Ha3HBaeTbca onopoM $opMU. Ha ch- 
na, mo oSyMoBneHa pi3HHMH 3HaHeHHaMH THCKy 3 nepegHboro Ta 3ag- 
Hboro SoKiB Tina nig Hac oSTiKaHHa Horo n0T0K0M, 3anexuTb Big ^opMH 
Ta opieHTa^i Tina. ^Kmo noHaTKoBHH iMnynbc Tina craH0BHTb pv , a 
cepegHa 3MiHa mBHgKocri — v/2, to  mBugKicTb, 3 aKoro noTiK 3MeHmye 
CBiH iMnynbc, 6yge gopiBHroBaTH p v v /2 =  0 ,5pv2, a cuna onopy BH3Ha- 
HaeTbca aK:

Fon = 0,5empov2-S, (4.39)
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ge cm -  Koê mieHT onopy, p0 -  rycTHHa ra3y, v -  mBHgKicTb pyxy HacTHHKH, S -  nnoma 
nepepi3y HacTHHKH.

y  ^0M y pa3i SanaHC cun, mo giroTb Ha HacTHHKy, po3paxoByroTb 3a 
^opMynoro:

4
-  n r3g ( p —po) = 0 ,5  Canpov2-nr2. (4.40)

flna 6ioaepo3oniB p  >  p o, T0My ocTaHHe piBHaHHa MoxHa nepenucaTH
TaK:

v2 = 8rgp/3po Con. (4.41)
3BigKH mBugKicTb ceguMeHTa^i' HacTHHKH CTaHoBHTb:

vced =  2g p r 2/9pov, (4.42)
ge v — KiHeMaTHHHa B'a3KicTb.

3anexHicTb mBHgKocri ceguMeHTa^i' gna pocnHHHHx HacTHHoK Big 
pagiyca r  Ta Hucna PeHHonbgca R e H 3a rycTHHH HacTHHKH p ~  10 3 kt/m3 
HaBegeHo Ha puc. 4.18. BugHo, mo gna 3HaHeHb R e H < 0,1 (gna TunoBux 
3HaHeHb r  =  30 mkm Ta v ced =  0,1 m/c, npuraMaHHux nunKy Ta cnopaM) 
BuKoHyeTbca 3aK0H CT0Kca.

npHKaag
Bn3HaHHTn cnny onopy gna cnopn naToreHHoro rpnSa Helminthosporium maydis 

nnniHgpnHHoi $opMn, aKmo giaMeTp unniHgpa CTaHoBHTb d = 20 mkm, rycTHHa p  =1,2 Kr/M3, 
Koê mieHT 3arantHoro onopy con = 4, mBHgKicTb BiTpy v = 10 m/c.

Po3BH3oK
BnKopncToByeMo piBHaHHa (4.40):

Fon = 0,5conpvS = 0,5-4-1,2 Kr-M-3-(10 m-c-1)2-tc-(20-10-6 m)2/4 = 0,75-10-7 H.
EKcnepnMeHTantHo 6yno BCTaHoBneHo, mo Koê mieHT onopy Ta Hncno PeHHontgca 

noB'a3aHi cniBBigHomeHHaM:

Con = —  , (4.43)
Ren

ge b Ta n — KoHCTaHTH.
24

flna naMiHapHoi TeHii R e  < 2, b  =  24, n  =  1, a c on = R e ; gna TypSyneHT- 

Hoi TeHii R e  =  500-200000, b  =  0,44, n  =  0, a c on = 0,44. TaKHM hhhom, 
gna Manux 3HaHeHb Hucna PeHHonbgca ( R e <1 )  goMiHyroHHMu e cunu B a3- 
KocTi (3aK0H CT0Kca), Togi aK gna BenuKux 3HaHeHb Hucna PeHHonbgca 
(R e  >  1000) nepeBaxaroTb cunu, mo onucyroTbca 3aK0H0M HbroT0Ha. 
npuH0My, b nepmiH oSnacTi cuna onopy 3anexuTb Big Hucna PeHHonbg­
ca, Togi aK b gpyriH oSnacTi cuna onopy He 3anexuTb Big Hucna PeH­
Honbgca (puc. 4.17).

96



-2 -j---------- ,---------- ,----------1----------1---------- ,---- =-----1---------- 1---------- 1---------- 1
~3 *2 *' 0 I 2 3 .4 5 6

Hhcjio PeiiHOJiBflca (IgRe)

Pnc. 4.17. 3aae^HiCTb Koe îuieHTa 3araabHoro onopy Con HacTHHKH 
Big HHcaa PeHHoatgca Re

fflBugKicTb pyxy HacTHHKH b 6ygb-aKuH MoMeHT Hacy BH3HaHaeTbca 
3a BHpa30M:

v, =  v  -  (vK -  vo) e ''\ (4.44)
ge vt -  mBugKicTb pyxy HacTHHKH y BepTHKanbHoMy hh ropn30HTanbH0My HanpaMKax y 
MoMeHT Hacy t; vK -  Ki^eBa mBHgKicTb HacTHHKH; vo -  noHaTKoBa mBHgKicTb pyxy Hac- 
thhkh y ropn30HTanbH0My HanpaMKy (vo = 0 gna BepTHKanbHoro HanpaMKy).

TpaeKTopii pyxy HacTHHoK 3anexH0 Big ix p03MipiB HaBegeHo Ha puc. 
4.18.
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r O p H 3 0 HT3J ItH a  BlflCTaHL X

Puc. 4.18. TpaeKTopii' pyxy naciHHoK 3â ê HO Big i'x po3MipiB

4 .8 .3 . AepogHHaMiKa niarnH H oro no^bOTy

Kpuno nTaxa Mae o6TiHHy $opMy i3 3aKpyrneHHM nepegHiM KiH- 
^ m  Ta By3bKHM 3agHiM. 3aBgaKH o6TiKaHHro TaKoro yBirHyToro Kpu- 
na nTaxa HacTHHKH noBiTpa, mo MMHawTt BepxHW, 6intm  onyKny 
noBepxHW Kpuna, npoxogaTB 3a ogHHH^ro Hacy mnax 6inBmuM, Hm: 
HacTHHKH, mo MHHaWTt HH^HM noBepxHW KpHna i oT^e MaWTB 6in t- 
my mBHgKicTB pyxy. HecHMeTpHHHe o6TiKaHHa Kpuna cnpuHHHwe 
noaBy ^HpKyna^mH0^0 noToKy HaBKono KoHTypy Kpuna, aKHH Ha 
onyKniM nnomuHi cnpaMoBaHHH b 6iK TeHii' noBiTpa, mo npH3BoguTB 
go 36intmeHHa mBHgKocTi pyxy noBiTpa, a Ha BBirHyriM -  npoTH Te­
Hii, mo cynpoBog^yeTtca 3MeHmeHHaM mBHgKocTi pyxy noBiTpa. 
Ane, 3rigHo 3 piBHaHHaM BepHynni, TaM ge mBugKicTB noBiTpaHoro 
noToKy 6intm a, th ck  cepegoBHma MeHmuM, i HaBnaKH. 3aBgaKH pi3- 
h h ^  TucKiB Mm BepxHtow Ta hh^hbow nnomuHaMH Kpuna BHHHKae 
TaK 3BaHa niduiManbua cuna , mo cnpaMoBaHa nepneHguKynapHo go 
HanpaMKy mBugKocTi pyxy Tina.

nig  Hac nontoTy BHHHKawTB HoTHpu ochobhhx cunu, mo giwTB Ha 
Kpuno. KpiM nigHiManBHoi cunu, Tpe6a 3ragaTH cuny TaxiHHa, cnpaMo- 
BaHy BepTHKanBHo bhh3, cuny Taru Ta cuny no6oBoro onopy, aKa gie
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npoTune^Ho HanpaMKy mBugKocTi pyxy Tina (puc. 4 .19). y  n p o ^ ci  
nontoTy

Puc. 4.19. Ch^h, ^o giroib Ha Kpn^o niaxa

nTax 3gaTHHH 3MrnroBaTH KyT aTaKH -  KyT Mm xopgow Kpuna Ta Ha- 
npaM-KoM noToKy noBiTpa, npunoMy 3Max Kpuna bhh3 xapaKTepH3yeTBca 
36intmeHHaM KyTa aTaKH, mo 36intmye nigHiManBHy cuny.

KOHTPONBHI 3AnHTAHH^ TA 3AB^AHH^

1. ^ o  Ha3HBaWTB THckoM? B aKHx ogHHH^x BHMiproeTBca thck?
2. noacHHTH 6apoMeTpHHHy ^opMyny.
3. ^ k 3MiHweTBca thck 3 rnu6uHoro?
4. C^opMynroBaTH 3aKoH ApxiMega.
5. Ha3BaTH npunagu gna BHMiproBaHHa TucKy.
6. ^Ka piguHa Ha3HBaeTtca igeantHow? HecracnuBoro?
7. ^ khh pyx piguHH Ha3HBaWTB CTa^oHapHHM?
8. C^opMynroBaTH 3aKoH Hepo3pHBHocTi noToKy.
9. HanucaTH Ta noacHHTH piBHaHHa BepHynni.

10. ^Ky pigHHy Ha3HBawTB peanBHow?
11. C^opMynroBaTH piBHaHHa HtroTOHa gna peanBHoi piguHH.
12. ^ o  Ha3HBaeTBca Koe^^ieHToM B’a3Kocri? B aKHx oguHH^x BiH

BHMipweTBca?
13. ^Ky Teniro Ha3HBawTB naMrnapHoro? Typ6yneHTHow?
14. ^ o  xapaKTepH3ye Hucno PeHHontgca?
15. ^Ki cunu giwTB Ha KynBKy, 3aHypeHy b pigHHy?
16. C^opMynroBaTH yMoBH BunnuBaHHa Ta ceguMeHTa^i.
17. C^opMynroBaTH 3aKoH CToKca. ^na aKHx Tin BiH cnpaBegnuBHH?
18. C^opMynroBaTH 3aKoH rareHa-nya3enna.
19. y  HoMy nonarae MeTog ^nroigrooBaHoi BaHHH?
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20. y  HoMy nonarae n p o ^ c ynBTpa^mpu^yryBaHHa?
21. ^Ki cunu giwTB Ha HacTHHKy, 3aHypeHy y pigKe cepegoBume, nig 

Hac ynBTpa^mpu^yryBaHHa?
22. y  HoMy nonarae nepeBara n p o ^ cy  ynBTpa^mpu^yryBaHHa no- 

piBHaHo 3 cegHMem^iero?
23. ^ k B a3KicTB 3anexuTB Big TeMnepaTypu?
24. noacHHTH î3HHHi ^pHH^H^H BHMiproBaHHa mBugKocTi ocigaHHa

epHTp0^HTiB.
25. noacHHTH, HoMy epHTpo^HT Mae TopoiganBHy ^opMy?
26. noacHHTH î3HHHi ^pHH^H^H TpoM6o3y.
27. noacHHTH î3HHHi ^pHH^H^H aHeBpH3MH.
28. noacHHTH î3HHHi ^pHH^H^H ra3oBoi eM6onii.
29. ^ o  Ha3HBaroTB cepegHiM o6’eMHHM n0T0K0M piguHH, mo pyxa- 

eTtca b Tpy6^?
30. noacHHTH ^pHH^H^H HeiHBa3HBHoro Ta npaMoro BHMipwBaHB 

THcKy KpoBi.
31. ^ o  TaKe “tohh KopoTKoBa”?
32. ^ o  Ha3HBawTB nyntcoBHM thckom?
33. ^ o  TaKe noBepxHeBHH HaTar?
34. Big Horo 3anexuTB cuna noBepxHeBoro HaTary?
35. ^ khh thck Ha3HBawTB MoneKynapHHM (BHyTpimHiM)? noacHHTH 

MexaHi3M noro BHHHKHeHHa.
36.flaTH BH3HaHeHHa Koe^mieHTa noBepxHeBoro HaTary. B aKux ogu- 

hh^ x  BiH BHMipweTBca?
37.flo Horo npu3BoguTB nigBHmeHHa noBepxHeBoro HaTary Ha no- 

Bepx-Hi nereHB?
38. ^ o  Ha3HBawTB gogaTKoBHM thckom?
39. HanucaTH Ta noacHHTH ^opMyny Hannaca gna ^HniHgpHHH0^0 Ta 

cnnromeHoro KaninapiB.
40. ^ o  TaKe R1 Ta R2 y $opMyni (4.34)?
41. ^ o  BHBHae aepoguHaMiKa? aepo6ionoria?
42. ^ o  TaKe HacTHHKa? aepo3ont? 6ioaepo3ont?
43. ^Ki cunu giwTB Ha HacTHHKy y noBhpaHoMy noTo^? Big Horo 3a- 

nexuTB 6anaHc ^Hx cun?
44. ^Ki cunu giwTB Ha Kpuno nTaxa?
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5. KONHBAHHfl I XBHNI
5.1. MEXAHIHHI KO^HBAHHfl

KonueannH — ^  pyxu a6o n p o^ cu , aKi Big3HaHawTtca neBHoro noB- 
ToproBaHicTro y Haci.

BinbHUMU (enacHUMu) Ha3HBawTBca KonuBaHHa, aKi Big6yBawTtca 3a 
BigcyTHocTi 30BHimHix BnnHBiB Ha KonuBanBHy cucTeMy i BHHHKawTB 
BHacnigoK 6ygB-aKoro noHaTKoBoro BigxuneHHa ^ei' cucTeMH Big craHy ii 
cTinKoi piBHoBaru.

nepioduHHUMU e KonuBaHHa, mo noBToproroTBca Hepe3 ogHaKoBi 
npoMixKH Hacy.

P03rnaHeM0 MaTepianBHy ToHKy Macoro m, aKa bhchtb Ha npyxum  
(puc. 5.1). ^Kmo po3TarHyTH npyxuHy Ha BigcTaHB x, npuKnagaroHH go 
MaTepianBHoi tohkh cuny F d, to  BHHHKHe npyxHa cuna, np oe^ia aKoi Ha 
Bict x gopiBHroe:

F npX = -k x , (5.1)
ge k -  xopcTKicTB npyxuHH.

y  ^B0My nonoxeHHi giwHa cuna F d 3piB-
HoBaxyeTBca npyxHoro cunow F npX:

Fd =  FnpX’ (5.2)

^Kmo BignycTHTH npyxuHy, to  F d = 0 i 
piBHaHHa pyxy MaTHMe BHrnag:

ma = -  kx; 
d v

Puc. 5.1. MaTepianbHa ToHKa, 
qo BHCHTb Ha npy^HHi

m -----= -  kx;
dt

d 2 x
m — 7- = -  kx. 

d t 2

(5.3)

(5.4)

P03Ba30K ocraHHBoro gu^epeH^nHoro piBHaHHa Mae BHrnag:

x = Asin(at + p0),

(5.5)

(5.6)

ge A, g i po -  KoHcTaHTH, npHHoMy g =
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KonuBaHHa, 3a aKux $i3uHHa BenHHHHa 3MiHroeTbca 3 HacoM 3a cu- 
Hycoi'gHHM (a6o KocuHycoigHuM) 3aKOHOM (pnc. 5.2), Ha3uBaroTbca ^ap-
MOniHHUMU.

lIac, m c‘la c ,  m c

Puc. 5.2. rapMOHiHHi KÔ HBaHHH, 3a HKHX $i3HHHa BenHHHHa 3MiHMeTbCH
3 HacoM 3a CHHycoi'gHHM (A) a6o KocHHycoi'gHHM (B) 3aKOHaMH

MaTepianbHa ToHKa Macoro m, mo 3giHcHroe npaMonirnHHi rapMOHiH- 
Hi KonuBaHHa nig giero npyxHoi' cunu, Ha3uBaeTbca niHiUHUM sapMOHiH- 
hum o^unnmopoM.

5.2. OCHOBHI XAPAKTEPHCTHKH 
rAPMOHIHHOrO KO^HBAHHfl

y  piBHaHHa (5.6), aKe onucye rapMoHiHHe KonuBaHHa, BxogaTb TaKi 
xapaKTepucTuKu: A — aMnnimyda KonueaHb (MaKcuManbHe 3MimeHHa 
toh-ku, mo KonuBaeTbca, Big nonoxeHHa piBHoBaru); a  — Konoea Hac- 
moma; at + (p0 -  $a3a KonueaHb y MoMeHT Hacy t; (p0 -  noHamKoea $a3a  
($a3a KonuBaHb y MoMeHT Hacy t=0). HaHMeHmuH npoMixoK Hacy, Hepe3 
aKuH cucTeMa, mo 3giHcHroe KonuBaHHa, noBepTaeTbca go cTaHy, b aKo- 
My BoHa nepe6yBana b noHaTKoBuH MoMeHT Hacy, Bu6paHuH goBinbHo, 
Ha3uBaeTbca nepiodoM KonueaHb T. nepiog T  noB’a3aHuH 3 KonoBoro Ha- 
cToToro a  cniBBigHomeHHaM:

2 n
T  = — . 

a
(5.7)

BenuHuHa, aKa gopiBHroe KinbKocri KonuBaHb 3a oguHu^ro Hacy, Ha- 
3uBaeTbca Hacmomow v  HacToTa v noB’a3aHa 3 nepiogoM T  TaK:

1
v = j .  (5.8)
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OguHu^ BuMiproBaHHa HacToTu — ty .  
Ha ocHoBi piBHaHb (5.7) i (5.8) MoxHa ogepxaTu cniBBigHomeHHa:

a  = 2 nv. (5.9)
npHKaag
BroHaHHTu nepiog KonuBaHb Tina Macoro 250 r, npuKpirnieHoro 3a gonoMororo npyxnHn 

go BepTHKaJII>HOl cTiHKu, mo go3Bonae HoMy 3gincHroBam KonuBaHHa b ropn3oHrajn>mH mo- 
mum. 3MimeHHa Tina Big cTaHy piBHoBaru cTaHoBuTb 5 cm, xopcmcrb npyxuHn -  5 H/m. 

P03BH30K
CTaH Tina 3a yMoBoro onncyeTbca piBHaHHaM x = Acosat, 3BigKu A = 5-10"2 m. Ky- 

ToBa HacToTa Bn3HaHaeTbca 3a Bupa3oM:

a k  I 5H / M = 4,47 pag/c.
Vm V 250 • 10-3 kb

3Bigcu nepiog KonuBaHb gopiBHroe: T = 2k = 1,4 c.
4,47

KoHTpoabHe 3aBgaHHH
Bn3HaHnTn MaKcnManbHy mBugKicTb pyxy Tina 3a yMoBoro nonepegHtol 3agaHi. 
Bidnoeidb: 0,224 m/c.

5.3. EHEPrifl MEXAHIHHHX 
rAPMOHIHHHX KO^HBAHb

Po3rnaHeMo MaTepianbHy ToHKy, aKa 3gincHroe rapMoHiHHi KonuBaH­
Ha B3goBx oci x nig BnnuBoM npyxHol cunu F.

fflBugKicTb pyxy MaTepianbHoi tohku Bu3HaHaeTbca TaK:
dx

v =  —  = A a co sfa t  + (p0). (5.10)
dt

KmeTnHHa eHepria MaTepianbHoi tohku gopiBHroBaTuMe:

m v 2 m 2 m A 2 a 2 2
E k = —- — = —  [ A a co sfa t  + po) ]  = -----  -----  c o s fa t  + pp). (5.11)

noTeH^anbHa eHepria MaTepianbHoi tohku gopiBHroe:

k x 2 m a 2 2 m A 2 a 2 2
E n = = —- —  [Asinfat + p0)]  = ------------  sin fat + p0). (5.12)

flogaBaHHa piBHaHb (5.11) i (5.12) go3Bonae ogepxaTu Bupa3 gna 
noeHoi eHep^ii MexaHiHHUx KonueaHb:

m A 2 a 2 2 2 mA2 a 2
E  = E k + E n = -----  ----- [ cos fat + po) + sin fat + po) ] = —  ------ . f5.13)

npHKaag
Bn3HaHnTn noBHy eHepriro KonuBaHb Tina Macoro 300 r, mo 3giHcHroe 3a gonoMo­

roro npyxnHn KonuBaHHa b roprooHTanLHiH nnomnHi, aKmo aMnniTyga KonnBaHb gopiB-
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Hroe
4 cm, a ^opcTKicrb npŷ HHH 15 H/m.

P03b 'h30K
nigcTaBnaeMo HHcnoBi gaHi y piBHaHHa (5.13), 3HaxogHMo:

E = mA ® = 1  kA2 = 1  ■ 15 H/m-(4-10-2 m)2= 1210-3 g^.
2 2 2

KoHTpô bHe 3aegaHHM
Bn3HaHHTH MaKcHManbHy mBHgKicTb pyxy Tina 3a yMoBoro nonepegHboi 3agani.
Bidnoeidb: OuaKc = 0,28 m/c.

5.4. MATEMATHHHHH MAATHHK
MameMamuHnuM ManmnuKOM Ha3HBaroTb MaTepianbHy ToHKy, nigBi- 

meHy Ha HeBaroMift i Hepo3Ta^Hift Hmw, KonuBaeTbca nig BnnHBoM 
cunu TaxiHHa. npaKTHHHHM Ha6nu^eHHaM MaTeMaTHHHoro MaaTHHKa 
Mo^e 6yTH cucTeMa, ^ o  cKnagaeTbca 3 HeBenuKoi' Ba^Koi' KynbKH Ta nig- 
Bicy -  tohkoi goBroi hhtkh, npHHoMy giaMeTp KynbKH 3HaHHo MeHmuft 
Big goB^HHH HHTKH.

MaTeMaTHHHHH MaaTHHK aBnae co6oro MexaHiHHy cucTeMy, ^ o  6epe 
ynacTb y nepiogHHHoMy KonuBanbHoMy pyci. ^K^o 3Mi^eHHa MaaTHHKa 
Macoro m HeBenuKi, cuna TaxiHHa F T = mg y nono^eHHi, Konu BiH Bigxu- 
nuBca Ha KyT 6, po3KnagaeTbca Ha gBi KoMnoHeHTu: cuny F r = mgsinO, 
^ o  noBepTae MaaTHHK y nono^eHHa piBHoBaru, i cuny F n= mgcosO, 
aKa cnpaMOBaHa B3goB>K hhtkh 
ft 3piBHoBa^yeTbca HaTaroM F n 
hhtkh (puc. 5.3). KonuBaHHa 
Big6yBaroTbca y BepTHKanbHift 
nno^urn. PiBHaHHa pyxy MaaT­
HHKa nig BnnHBoM cunu F r onu- 
cyeTbca 3a $opMynoro: 

d 2 s
F t = -  mgsinO = m — —, (5.14) 

d t2
ge 5 -  3Mim,eHHa MaaTHHKa, a 3HaK “Mi- 
Hyc” cBigHHTb npo Te, m,o cuna Fr 
cnpaMoBaHa go nonô eHHa piBHoBaru.

OcKinbKH s = 16, ge l -  goB- 
^HHa MaaTHHKa (cTana BenuHH- 
Ha), ocTaHHe piBHaHHa Mo^Ha 
nepenucaTH TaK:

Phc. 5.3. MaTeMaTHHHHH msathbk



<dJ Q- = - g sin Q. (5.15) 
d t2 l

3a Manux KyriB BigxuneHHa sinQ & 9, ge Q BHMiproeTbca b pagiaHax. 
3Bigcu piBHHHHH (5.15) Ha6yBae BHrnagy:

d 2 0  = -  g  0 .  (5.16) 
d t 1 l

OcraHHe piBHaHHa onHcye ^apMOHi^He KonueannH, nig Hac aKoro 
^i3HHHa BenHHHHa 3MiHroeTbca 3 HacoM 3a cHHycoi'gHHM 3aKOHOM 
x = A sin(at+p0) ,  a6o KocHHycoigHHM 3aKOHOM x = A cos(at+ p0-n /2 ) =
= Acos(a>t+q>i), ge x -  3HaHeHHa BenHHHHH, ^ o  KonHBaeTbca b gaHHH
MOMeHT Hacy t; A -  aMnniTyga KonHBaHb; a  — KonoBa HacToTa kohh- 
BaHb; (a t+ p 0)  -  $a3a  KonHBaHb; <p0,pi -  noHaTKoBi $a3H KonHBaHb. 

OT*e, po3Ba3oK piBHaHHa (5.16) Tpe6a myKaTH y BHrnagi:

Q = QmaxSvn(at + po), (5.17)

a6o

Q Qmax co s(a t + q>i), (5.18)

ge Qmax -  MaKOHManbHe KyToBe BigxuneHHa MaaTHHKa, a a -  KonoBa HacToTa, ^o BH3Ha- 
HaeTbca 3a ôpMynoro:

a = J f .  (5.19)

nepiod  T  KonueaHb MaTeMaTHHHoro MaaTHHKa gopiBHroe:

2n
T =—  = 2n 

a ^
l

-  . (5.20)
g

3 piBHaHHa (5.20) Mo*Ha ogep *ara BHpa3:

g  =  4v? l/T 2. (5.21)

TaKHM hhhom, nepiog i HacToTa KonHBaHb MaTeMaTHHHoro MaaTHHKa 
3ane*aTb name Big goB*HHH hhtkh i npucKopeHHa BinbHoro nagiHHa. 
BHMiproBaHHa nepiogy KonHBaHb T  MaTeMaTHHHoro MaaTHHKa gae m o*- 
nHBicTb o6HHcnHTH npncKopeHHa BinbHoro nagiHHa g.

npHKaag
floB*HHa MaaTHHKa OyKo cTaHoBHTb 98 m. BroHaHHTH nepiog KonHBaHb MaaTHHKa, 

aK^o BBaxara ftoro MaTeMaTHHHHM.
P03BH30K
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nigcTaBnaeMo HHcnoBi gaHi y piBHaHHa (5.20):

I 98 m
7 = 2 3 ,14i  98M7C2 = 19,86 c.

KoHTpoabHe 3aBgaHHH
^k 3MiHHTtca nepiog MaaTHHKa OyKo, aKmo ftoro nepeHecTH i3 3eMHoi noBepxHi Ha 

noBepxHro Micana, ge npucKopeHHa BintHoro nagiHHa gopiBHroe 1,67 m/c2?
Bidnoeidb: 48,1 c.

5.5. 3rACAWHI KO^HBAHHfl
KonuBaHHa, aMnnhyga aKux Hepe3 BTpaTH eHeprii peanbHoro Konu- 

BanbHoro cucTeMoro 3MeHmyeTbca 3 HacoM, Ha3HBaroTbca 3^acawHUMU.
PiBHaHHa 3racaroHux KonuBaHb Mae BHrnag:

x  =  A e'Bsin(rnt + (p0) ,  (5.22)
ge p~  Koê mieHT 3racaHHa.

T p a$k  3anexHocTi x = f(t) 
nig Hac 3racaroHux KonuBaHb 
HaBegeHo Ha puc. 5.4.

flna KinbKicHoi o^hkh  
mBugKocTi 3MeHmeHHa aMnni- 
Tygu 3racaroHux KonuBaHb 
KopucTyroTbca noHaTTaM no- 
sapu^MiHnoso deKpeMenma 
3sacannn, aKuft gopiBHroe Ha- 
TypanbHoMy norapu^My Big­
HomeHHa 3HaHeHb aMnniTygu 
3racaroHHx KonuBaHb y mo- 
MeHTH Hacy, mo po3gineHi 
nepiogoM:

S = In “ w  = BT. (5.23)
+  T )

5.6. BHMymEHI KO^HBAHHfl
KonuBaHHa Ha3HBaroTbca euMywenuMU, aKmo bohh BHHHKaroTb y 

6ygb-aKift cucTeMi 3a paxyHoK 3MiHHoro 3oBHimHboro BnnHBy. gna Toro, 
mo6 cucTeMa 3giftcHroBana He3racaroHi KonuBaHHa, Heo6xigHo giaTH Ha 
Hei cunoro F 0, aKa 3MiHroeTbca nepiogHHHo 3a 3aKoHoM:

F b =  F 0sin®et, (5.24)

Phc. 5.4. 3racaroni rapMOHiHHi KoaHBaHHH
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ge F0 — aMnniTygHe 3HaHeHHa cunu; a6 — KonoBa HacToTa BHMymeHHx KonHBaHb; t — Hac.
PiBHaHHa pyxy Tina, ^ o  KonuBaeTbca, 6e3 BpaxyBaHHa cun TepTa a6o 

onopy Mae BHrnag:

F  + F 6 = ma, (5.25)
ge F  -  3BopoTHa cuna.

3 ypaxyBaHHaM Toro, ^ o  F  = -  m a2x, ocTaHHe piBHaHHa Mo*Ha ne- 
penucaTu TaK:

-  m a2x + F 0sinaBt = -  m a e2x. (5.26)

Po3B'a3oK ^ o r o  piBHaHHa Mae Burnag:

x  = F 0sinaBt/[m (a 2 -  a 2) ] .  (5.27)

3Bigcu aMnniTyga BuMymeHoro KonuBaHHa, ^ o  Bu3HaHaeTbca 3a bu- 
pa3oM:

A = Fo /[m(a2 -  ae2)], (5 .28)

3ane*uTb Big cniBBigHomeHHa HacToTu BnacHux KonuBaHb a  i HacToTu 
BuMymeHux KonuBaHb a B; aMnniTyga A npaMye go HecKiHHeHHocTi, aK^o 
a B —  a (p u c . 5.5).

Puc. 5.5. 3a^e^mcTb aMnniTyga 3racaronHx
KO.TiiBaHb Big MacTOTM Ta Koe(|)iuieHTa 3ra- 
caHHH: a -  BenuKi 3HaHeHHa Koe î êHTa 3ra- 
caHHa; 6 -  Mani 3HaHeHHa Koe î êHTa 3racaHHa; 
6 -  BunagoK pe3oHaHcy, aK^o HacToTa BuMyme­
Hux KonuBaHb gopiBHroe HacToTi BnacHux Konu­
BaHb cucTeMu

^Bu^e pi3Koro 3pocTaHHa aMnniTygu BuMymeHux KonuBaHb y pa3i 
Ha6nu*eHHa HacToTu BuMymeHux KonuBaHb go HacToTu BnacHux Konu­
BaHb Ha3uBaeTbca pe30HaHC0M.

5.7. BI^YHA XBH^H
Eiw yna xeunn Mo*e 6yra Bu3HaHeHa aK 36ypeHHa, aKe pyxaeTbca b 

npocTopi 3 nepeHeceHHaM eHeprii. Po3rnaHeMo 6i*yHy xBunro, cuHycoi-
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gHy 3a ^opMoro, aKa nomuproeTbca, nonuHaronu 3 MoMeHTy Hacy t = 0, 
3i mBugKicTro V  y HanpaMKy +x (puc. 5.6). PiBHaHHa TaKoi xBuni Mae 
BHrnag:

. ,2n  2 n  .
y = yosin(— t - —  xj . 

T A
(5.29)

^Kmo 6m yna xBuna nomuproeTbca y HanpaMKy —x  , to  piBHaHHa 3a- 
nucyeTbca TaK:

, 2 i  2n
y = yosin(— t + ~ xj. 

T A
(5.30)

3 iicpciicceiiiisiM eHeprii: V -  mBugKicTb nomupeHHa 6i*yHoi xBuni,
X -  goBXHHa xBuni, 1,2,3 -  nocnigoBHi nepeMimeHHa xBuni

BenHHHHa —  b piBHaHHax (5.29) Ta (5.30) Ha3HBaeTbca xeunboeuM
A

hucmom; BoHa no3HanaeTbca cuMBonoM k . 
PiBHaHHa (5.29) i (5.30) MoxyTb npuftMaTH me TaKi $opMu: 

2 n
y  = y 0svn(2nvt ± —— xj,

a6o

a6o

A

y  =  y 0svn(at ± k x j ,  

y  =  yosin(vt ± x jk .

(5.31)

(5.32)

(5.33)

5.8. CTOflHA XBH^fl
Po3rnaHeMo gBi 6myni xBuni, aKi nomuproroTbca y nporanexHux 

HanpaMKax. PiBHaHHa nepmoi 6mynoi xBuni Mae BHrnag:
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t x
y i  = ymaxsin2n(— -  —), (5.34)

T A
a piBHaHHa gpyroi 6myHoi xBuni Mo^Ha 3anucaTu TaK:

t x
y2 = ymoxsin2^(— + —) .  (5.35)

T A
m  gBi xBuni B3aeMogiroTb m™  co6oro, BHacnigoK Horo yTBoproeTbca 

pe3ynbTyroHa xBuna:
2nt 2n x

y = y i  + y2 = 2 ymaxsin— ^ c o s — — . (5.36)
T A

Oco6nuBicTro cToaHoi xBuni e Te, ^ o  HacTuHKu KonuBaroTbca ogHo- 
HacHo, y ^oM y pa3i yTBoproroTbca o6nacTi 3 MaKcuManbHoro aMn- 
nhygoro KonuBaHb (nynHoemi) Ta o6nacTi cnoKoro (ey3nu). BigcTaHb m™ 
cycigHiMu By3naMu (a6o cycigHiMu nyHHocTaMu) gopiBHroe nonoBuHi 
goB^uHu xBuni (puc. 5.7). 

y nyuuicm b

/  „

\ \ . 2 ~ 

V '

,  fSy3o.-n y

, 7W

9

\ &V30JI /

/ /

\
“ - i o / /  —  / /
-  /

1 = 0 ,  1 2 ,  2 4  c . . .

Puc. 5.7. CToana xbh^h (uĤ paMH no3HaneHo MoMeHTH Hacy, aKi 
nocnigoBHo npoxoguTb HacrnHKa, ^o KonuBaeTbca)

^K^o COs
2nx
~

±  1, BenuHuHa 3Mi^eHHa MaKcuManbHa (y = 2ymax);

3HaHeHHa x  y ^oM y pa3i BignoBigae nyHHocTi; aK^o cos -

i 3HaHeHHa x  BignoBigae By3ny.

2nx
A

0 , to  y = 0

5.9. EHTTfl KO^HBAHb
Po3rnaHeMo gBi xBuni, ^ o  Tpoxu Bigpi3HaroTbca HacToToro i nomu- 

proroTbca b ogHoMy HanpaMKy. n ig  Hac cnocTepe^eHHa noBegiHKu ^ux
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gBox xBunb y gaHift to hhi npocTopy Big6yBaroTbca 6ummn Konueanb — 
nepioguHHi KonuBaHHa iHTeHcuBHocTi b gaHift Tomii 3aBgaKH HaKnagaH- 
Hro gBox xBunb 3 HacToTaMH, mo Tpoxu Bigpi3HaroTbca.

Hexaft piBHaHHa gBox KonuBaHb MaroTb BHrnag:

yi =  ymaxCos2 nv it, (5.37)

y2 =  ymaxCos2 nV2t. (5.38)

BHacnigoK HaKnagaHHa gBox KonuBaHb pe3ynbTyrone KonuBaHHa
onucyeTbca piBHaHHaM:

y  = y i+  y 2 =  ymax (cos2 nvit + cos2 nv2tj. (5.39)

BuKopucToByroHu TpuroHoMeTpuHHe cniBBigHomeHHa

cos— +cosB = 2cos I —— B 1 cos1 — + B
2

ogep^HMo:
2

V 2  JV 2
TpacfHK pe3yjibTyK)Horo KOJiHBaHHa HaBegeHo Ha pnc. 5.8. 

y

a

(5.40)

(5.41)

Puc. 5.8. Ehtth KO.nMBaHb

T aKHM hhhom, e^eKTHBHa HacToTa pe3ynbTyroHoro KonuBaHHa gopiB­

Hroe \ v  + v  |; MaKcuManbHa aMnniTyga pe3ynbTyroHux KonuBaHb Mae

Micu,e Togi, Konu cos2n t=  ±1, to 6 to  aMnniTyga pe3ynbTyroHux

KonuBaHb 3MiHroeTbca 3 HacToToro 1 1 2

2

2
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5.10. P03KNA^AHHH CKNA^HHX
KQ^HBAHb y  p^  ^ y p ’e

3a Oyp’e, 6ygb-aKe cKnagHe KonuBaHHa y(t) Mo^Ha npegcTaBHTH aK 
KOM6iHa îro gocTaTHbo BenuKoi KinbKocTi cuHycoigHux Ta KocuHycoig- 
hhx xBunb, aKi yTBoproroTb pnd @ yp’e  :

ge An i Bn -  aMnniTygu rapMoHiHHHx KonuBaHb; vn -  HacToTa n-ro KonuBaHHa.
3ane^HicTb BigHocHo'i iHTeHcuBHocTi rapMoHiK Big ix HacToTH Ha3H- 

BaeTbca sapMonwnuM cneKmpoM cKnagHoro KonuBaHHa. npHKnag po3- 
KnagaHHa cKnagHoro KonuBaHHa b pag Oyp’e HaBegeHo Ha puc. 5.9, a 
BignoBigHHH rapMOHiHHHH cneKTp uboro KOJiHBaHHa -  Ha pnc. 5.10.

y(t) = E  (Ansm2nvnt + Bncos2nvnt), (5 .42)
n

TapMOHlKH

Hac —► Hac- *'
Puc. 5.9. Po3K̂ agaHHH CK̂ agHoro KÔ HBaHHH b pag Oyp'e

§ 100 

p

-----------1------- -— ----------Jj_______________I)
200 400  600 800 1000

HacTOTa, Tq
Puc. 5.10. rapMomHHHH cneKTp CK̂ agHoro Kô HBaHHH
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WaH BaTMCT Wo3e# OyP’0  (1768-1830)
0paH^y3bK M M  MaTeMaTUK T a  $i3MK, aBTOp 
“AHa^iTMHHOi T e o p i i  T e n ^ a ” ( 1 8 2 2 ) ,  HKa c r a ^ a  
BiflnpaBHMM nyHKTOM b yTBopeHHi T e o p i i  T p u -  
roHOMeTpMHHMX paf l iB  (pa f l iB  O y p ’e ) .  A b t o p  
O y p ’e - n e p e T B o p e H H a  T a  3aKOHy T e n ^ o n p o B i f l -  
HOCTi i3 O T ponH ux  c e p e f lO B M ^ .

5.11. MEXAHIHHI KO^HBAHHfl AHTPOnOrEHHOrO 
TA nPHPO^HOrO nOXOA^EHHfl

5 .1 1 .1 . BiSpauii*

Bi6pa^i (Big naT. vibratio -  KonuBaHHa) -  MexaHiHHi KonuBaHHa Ma- 
TepianbHux cucTeM, ^ o  Big6yBaroTbca 3 BenuKoro (6inbme 1 KonuBaHHa 
3a ceKyHgy) HacToToro Ta HeBenuKoro aMnniTygoro. TpaHcnopTHi 3aco6u, 
npoMucnoBi arperaTu, 6ygiBenbHi MexaHi3Mu i MamuHu e g^epenaMu 
BuMymeHux MexaHiHHux KonuBaHb, ^ o  yTBoproroTbca b rpyHTi. OcHoBHa 
HacTuHa KonuBanbHoi eHeprii nepeHocuTbca noBepxHeBuMu xBunaMu, ^ o  
BuHuKaroTb Ta nomuproroTbca b rpyHTi.

fluHaMiHHuH BnnuB g^epen Bi6pa^i o^HroroTb Meudrncmw eidpa^i, 
aKa BuMiproeTbca b mm/c. HopMoro Bi6pa^HHux BnnuBiB e piBeHb 0,12 mm/c. 
iHTeHcuBHicTb Bi6pa^HHoro nona 3ane^KTb Big BigcTaHi go g^epena. Bi6- 
pa^ro o^HroroTb 3a piBHaMu KornernbHux (eidpa^mux) weudKOcmeu:

L v =  20lg  (v/vo), (5.43)
ge v -  3HaHeHHa KonuBanbHoi mBugKocTi, v0 -  onopHa KonuBantHa mBugKicTb.

TunoBi 3HaHeHHa Bi6pa^HHux mBugKocTen gna pi3Hux g^epen b16- 
pa^ i HaBegeHo b Ta6n. 5.1.

5.1. -  OcHOBHi g^epeaa isiopauiii
flxepeno Bi6pa^HHa mBugKicTb, mm/c

PenKoBun TpaHcnopT 0,3-160
npoMucnoBi ycTaHoBKu 0,05-5
EygiBenbHa TexHiKa 0,002-1,6
ABToTpaHcnopT 0,005-0,07
fleHHun $ oh y MicTi 0,006-0,02
HIhhuh $ oh y MicTi 0,003-0,01
Ee3neHHun r̂eonoriHHun̂  piBeHb 0,225
Ee3neHHun ^ionoriHHun piBeHb 0,12
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5 .1 1 .2 . Bn^HB BiSpauiii Ha ^HBi opraHi3MH

3m1hh1 Hanpy^eHHa y TKaHuHax nroguHu, ^ o  3yMoBnroroTbca TpuBa- 
nuMu Bi6pa^aMu, Mo^yTb npu3BecTu go “Bi6pa^HH0i xBopo6u”, aKa 
cynpoBog^yeTbca 3HaHHuMu 3MiHaMu y ^HTpanbHiM HepBoBin cucTeMi, 
nopymeHHaMu ^yHK^n kpobohochux cyguH Ta 3aranbHoro KpoBoo6iry.

BucoKoro HyTnuBicTro go Bi6pa^H Big3HaHaroTbca HneHucToHori Ta 
naByKu. HIhhI nycTenbHi cKopnioHu Bu3HaHaroTb Mic^3Haxog^eHHa 
^epTBu no Bi6pa^ax nicKy Ha BigcTaHi go 0,5 m. Ha ko^hIk 3 BocbMu 
kIh^bok e p e^nrop Bi6pa^i, aKun reHepye eneKTpuHHi po3pagu y Big- 
noBigb Ha 3Mi^eHHa 6nu3bKo 0,1 hm. CyKynHicTb BigryKiB 3gaTHa opieH- 
TyBaTu cKopnioHa Ha g^epeno Bi6pa^i. npuHoMy, ogHa rpyna p e^ n ro -  
piB pearye Ha noBepxHeBi xBuni nicKy, Togi aK gpyra -  Ha xBuni crucKy- 
BaHHa, ^ o  nomuproroTbca Hepe3 nicoK. CKopnioH 3gaTHuH Bigpi3HuTu 
curHanu, ^ o  goxogaTb go kIh^bku, p03Tam0BaH0i y HanpaMKy go ^epT- 
bu, Ta npoTune^Hoi in 3 ToHHicTro go 0,2 mc, ^ o  gae Mo^nuBicTb 30- 
pieHTyBaTuca KoMaci y noTpi6HoMy HanpaMKy.

naByKu Bigpi3HaroTb ^uBy ^epTBy Big MepTBoi 3aBgaKu KonuBaHHaM 
naByTuHu, aKi Big6yBaroTbca 3 HacToToro 6nu3bKo 50 KonuBaHHa, aKi 
yTBoproe ^epTBa, nomuproroTbca B3goB^ pagianbHux hutok naByTuHu i 
peecTpyroTbca pi3HuMu KiH^BKaMu naByKa. 3gaTHicTb naByKiB Bigpi3Hu- 
tu  pi3Hu^ro y Haci (6nu3bKo 1 mc) KonuBaHb, ^ o  gocararoTb ^ux kIh^- 
bok, gae Mo^nuBicTb Bu3HaHuTu HanpaMoK go ^epTBu.

P e^ m o p u  TapraHa, po3TamoBaHi Ha roMinKax, 3gaTHi cnpuHMaTu 
KonuBaHHa 3 noporoM 10"7-1 0 "10 cm b giana3oHi HacToT 1000-5000  r ^

MypamKu-nucTopi3u cnpoMo^Hi pearyBaTu Ha KonuBaHHa 3 aMnni- 
Tygoro 6nu3bKo 1,3-10-7 cm i HacToToro 1 -23  kT ^ p e^ m op u  3HaxogaTb- 
ca b cyrno6ax nepegHix kIh^bok.

MemKaHe^ BogoHM Knon-cTapogy6 3HaxoguTb 3go6uH 3a KonuBaH- 
HaMu noBepxHi Bogu aMnniTygoro b 1 mkm i HacToToro 1 0 0-500  pe-
^ n ro p u  Bi6pa^i 3HaxogaTbca b KiH^BKax.

BogoMipKa-caMKa 3HaxoguTb caM ^ no KonuBaHHax Bogu 3 HacToToro
20 r ^

P e a ^ ia  6g^onu Ha Bi6pa^i cy6cTpaTy, Ha noBepxHi aKoro BoHa ne- 
pe6yBae, Big6yBaeTbca 3a paxyHoK opraHiB, po3Mi^eHux Ha roMinKax 
nepegHix kIh^bok. CaMe ^  p e^ m op u  BuKopucToByroTbca nig Hac cnin- 
KyBaHHa 6g^in y 3aMKHeH0My npocTopi BynuKa.

Ctocobho nroguHu, Bi6pa^i cnig po3rnagaTu aK He6a^arn pyxu, ^ o  
npu3BogaTb go eidpa^UHOi xeopodu -  npo^eciHHoro 3axBoproBaHHa, aKe 
3yM0BneHe giero Bi6pa^H Ta cynpoBog^yeTbca nopymeHHaMu cep^Bo-
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cyguHHoi Ta ^mpanbHoi HepBoBoi cucTeM, gereHepaTHBHHMH 3MiHaMH 
kIctkobhx TKaHHH, nomKogxeHHaMH cnyxoBoro aHani3aTopa.

5 .1 1 .3 . 3eM^eTpycH

3eMnempycu — ^  nig3eMHi nomToBxu Ta KonuBaHHa 3eMHoi noBepx­
Hi, mo BHHHKaroTb BHacnigoK panToBHx 3MimeHb Ta po3puBiB y 3eMHin 
Kopi a6o Bepxmn HacTHHi MaHTii (o6onoHKH, mo po3TamoBaHa Mix 3eM- 
Horo Koporo Ta agpoM), aKi nepegaroTbca Ha BenuKy BigcTaHb y BHrnagi 
npyxHHx KonuBaHb.

3eMneTpycu xapaKreproyrorbca rpa îHHHM po3noginoM M ic^ bhhhk- 
HeHHa nomToBxiB -  wno^nmpie, iHTeHcHBHicrro, TpuBanicTro, MexaHi3MaMH 
BHHHKneHHa Ta thmh pynHyBaHHaMH, aKi bohh cnpuHHHroroTb. Po3MimeHa 
Hag rino^mpoM ginaHKa 3eMHoi noBepxni, b ^paHH^ax aKoi iHTeHcuBHicTb 
nomToBxiB gocarae Han6inbmoi BenuHHHH, Ha3HBaeTbca entyenmpoM.

OguH 3 MeTogiB o^HroBaHHa iHTeHcuBHocTi 3eMneTpyciB noB’a3aHun
3 BHMiproBaHHaM eHeprii, aKa BHBinbHaeTbca nig Hac reo$i3HHHoro npo- 
^ c y . flna ^ o r o  BHKopucToByroTb WKany Pixmepa. CnpaBa b ToMy, mo 
iHTeHcuBHicTb 3eMneTpyciB 3MiHroeTbca b mupoKux Mexax -  Big th x , mo 
3yMoBnroroTb nerKi TpeMTiHHa 3eMHoi Kopu, aKi peecTpyroTbca nume HyT- 
nuBHMH npunagaMH, go th x, aKi cnpuHHHroroTb pynHyBaHHa 6yguHKiB. 
EHepria BHMiproeTbca ceucMO^pa$OM -  npunagoM, mKana aKoro no- 
6ygoBaHa y norapu^MiHHoMy MacmTa6i. 3rigHo 3i mKanoro PixTepa, 
aMnniTyga M  3eMneTpycy (Maznimyda) o^HroeTbca 3a Bupa3oM:

M  = IgA -  lgAo, (5.44)
ge A -  MaKcnManbna aMnniTyga KonHBanna, mo BHMiproeTbca cencMorpa ôM; A0 -  $yn- 
Kqia, aKa BignoBigae aMnniTygi 3eMneTpycy neBnoi inTencHBnocTi, mo 3apeecTpoBana na 
neBHin BigcTani Big rimmempy.

fflKany PixTepa HaBegeHo b Ta6n. 5.2.

5.2. -  fflKaaa PixTepa gaa ô HWBaHHH iHTeHcuBHocTi 3eMaeTpyciB
Ban 1-2 3 4 5 6 7 8

ia,&

4,47-105 7,94-107 2,51-109 7,94-1010 2,51-1012 7,94-1013 2.51-1015

TaK, iHTeHcuBHicTb 2 6anu 3BHHanHo BignoBigae MiKpo3eMnerpycaM; ix 
nroguHa He BigHyBae, a nume peecipye anapaTypa. 3eMneTpycu iHTeHcuBHic- 
Tro 4,5 6anu i 6inbme peecTpyroTbca cencMorpa^aMH no BcboMy cBiry. no- 
Tyxni 3eMneTpycu MaroTb iHTeHcuBHicTb 8 6aniB i 6inbme.

CxeMy TunoBoro npunagy gna o^HroBaHHa 3eMneTpyciB (ceucMO- 
epa$a) HaBegeHo Ha puc. 5.11. OcHoBy npunagy cKnagae KoTymKa, npu-

115



egHaHa go Tina MaaTHHKa, ^ o  pyxaeTbca y MarairaoMy noni. pyx 
cynpoBog^yeTbca BuHuKHeHHaM y KoTym^ eneKTpuHHoro CTpyMy, hkhh 
BHMiproeTbca. KonuBaHHa pyxoMoi' nacTHHH cencMorpa^a ^iKcyroTbca 
CHCTeMoro peecrpa^i npunagy y Burnagi ceucMO^paMU, aKa geMoHCTpye 
3HanHe nigcuneHHa aMnniTyga KonHBaHb nig Hac 3eMnexpycy (puc. 5.12).

Puc. 5.11. CxeMa THnoBoro ceftcMo- Puc. 5.12. nigcnaeHHa aMnaiTygn kô h-
rpa^a: 1 -  KoTymKa; 2 -  Tmo; 3 -  npy- BaHb, ^o peecTpye ceftcMorpa  ̂nig Mac
XHHa; 4 -  MaraiT; 5 -  cucreMa peecTpa- 3eMaeTpycy

nil

Hapnb3 OpeHCic PIXTEP (1900-1985)

AMepwKaHCbKMM c e w c M O ^ o r ,  a B T o p  w K a ™  
oqiHW BaH Hfl iHTeHCMBHOCTi 3 e M ^ e T p y c i B ,  AKa 
6 y ^ a  3 a n p 0 n 0 H0 B a H a  y  1 9 3 5  p . ,  a  T eo p eT M H - 
h o  0 6 rp y H T 0 B a H a  p a 3 0 M  3 E .  r y T e H S e p r o M  y  
1 9 4 1 - 1 9 4 5  p p .

5.12. KO^HBA^bHI n P O ^ C H  y  nPHPO^I

5 .1 2 .1 . E K oaorin H a M ogeab B oab T ep p a—̂ OTKa

Po3rnaHeMo KnacunHun npuKnag Mogeni 6ionoriHHoi cucTeMu, aKa 
onucyeTbca gBoMa gu^epeH^anbHuMu piBHaHHaMu -  eKono^i^Hy Modem 
Bonbmeppa-fiomKa. Hexan y geaKoMy 3aMKHyToMy panom MemKaroTb 
^epTBH (3 a ^ i)  Ta xu^aKu (bobkh). 3 a ^ i  rogyroTbca TinbKu pocnuHHoro 
Mero, aKoi 3aB^gu BgocTanb; BoBKaM ®e noTpi6Hi TinbKu 3 a ^ i.
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MoxHa npHnycraTH, mo 3MiHa KinbKoCTi 3aM^B nponop^H-

Ha i'x KinbKOCTi N I:

(5.45)

3MeHmeHHa KinbKOCTi 3aM^B nponop^HHe HMOBipHOCTi 3ycTpini 
3aM^ 3 bobkom, to 6 to  go6yTKy KinbKOCTen NIN2 . TaKHM hhhom, npo^C  
3MeHmeHHa KinbKocri 3aM^B onncyeTbca piBHaHHaM:

3MiHa KinbKocri 3aM^B 3 ypaxyBaHHaM i'x po3MHoxeHHa Ta moxah- 
BocTi 3ycTpini 3 BoBKaMH 6yge onncyBaTHca piBHaHHaM:

TaKHM hhhom, KinbKicTb BoBKiB 6yge 3MeHmyBaraca (3a paxyHoK 
npnpogHoi' CMepTHocTi) nponop^HHo ix KinbKocTi N2 i 36inbmyBaTHca 
nponop^HHo HMoBipHocTi 3ycTpini i3 3aM^ MH NIN2, . 3MiHa KinbKocTi
BoBKiB 3annmeTbca piBHaHHaM:

Bci ^  MipKyBaHHa npH3BogaTb go CHCTeMH gBox gn^epeH^anbHHx

Cnig 3ayBaxHTH, mo KoxHoMy CTaHy 6ionoriHHoi' CHCTeMH “3aM^ — 
bobkh” BignoBigae neBHa napa 3MiHHHx NI i N2 ; BogHonac, 6ygb-aKa na­
pa 3HaneHb NI i N2 onncye neBHHH CTaH CHCTeMH.

Po3raaHeMo MoxnHBiCTb rpa^iHHoi' iHTepnpeTa^i' 3ragaHoro BHme. 
HexaH e CHCTeMa KoopgHHaT, Ha oCax aKoi BigKnagern 3HaHeHHa 3MiHHHx 
NI i N2 . KoxHa ToHKa N TaKoi nnomHHH 3 KoopgHHaTaMH X i y  BignoBi­
gae neBHoMy CTaHy CHCTeMH (pHC. 5.13). TaKa nnomuHa Ha3HBaeTbCa 
$a3oeoK> mo^UHorn. n ig  HaC 3MiHH CTaHy CHCTeMH y HaCi 3MiHHi X i y  
3MiHroroTbCa BignoBigHo go CHCTeMH piBHaHb (5.49). n p o^ C  3MiHH X i y

(5.46)

dNj
— 1 = aNi — bNN  
dt  1 1 2

(5.47)

d N  2
—  = — cN2 + dNtN2 .dt  2 1 2 (5.48)

piBHaHb:
dNj

(5.49)
d N 2
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6yge BignoBigaTu pyxy tohku M (X,Y); cyKynHicTb Mo^nuBux nono^eHb 
ijiei’ tohkh Ha (|)a30BiH miomHHi Ha3HBaiOTb (pa3oeoio mpaeKmopieio.

Toro, lhoo ogep^Kam 
piBHaHHa, ^ o  3B’a3ye 6e3noce- 
pegHbo N 1 i N2, po3ginuMo gpyre 
piBHaHHa cucTeMu (5.49) Ha 
nepme, BuKnroHuBmu Hac t:

dN, Q  ( N  j, N 2 )

d N ,
(5.50)

-2 ^  (  N „  N 2 )

Po3B^a3oK ^ o r o  piBHaHHa 
gae cyKynHicTb iHTerpanbHux 
KpuBux (^a3oBux TpaeKTopiH) 
Ha nno^urn Ni, N2 (puc. 5.14).

T ohku, b aKux noxigHi 3MiHHux

P u c .  5 .1 3 .  ^ a 3 o e a  n a o ^ H H a

dN1 . dN2 
dt dt

nepeTBoproroTbca b Hynb,

dN ,

dt
iHa3uBaroTbca ocodnueuMU moHKaMU. OcKinbKu mBugKocTi 3MiHu

dN2— -  b oco6nuBiH to h ^  gopiBHroroTb Hynro, BoHa BignoBigae cmatyonap- 
dt

uoMy cmany.
OT^e, 3pocTaHHa HucenbHocTi 3aM^B BignoBigae pyxy Big tohku a 

go tohku e Ha $a3oBin nno^urn (guB. puc. 5 .14); ^ h npo^ c cynpo- 
Bog^yeTbca 3pocTaHHaM HucenbHocTi bobkIb, ^ o  ogep^anu cnpuaTnuBi 
yMoBu rogiBni; ane ^  3pocTaHHa HucenbHocTi xu^aKiB npu3BoguTb go 
3MeHmeHHa HucenbHocTi ^epTB (nepexig e^ c Ha $a3oBiM nno^urn), ^ o  
BnnuBae Ha 3MeHmeHHa HucenbHocTi bobkIb (ne- pexig c^ a). TaKuM hu- 
hom, 6ionoriHHa cucTeMa “3aM^ -  bobku” 3giHcHroe KonuBaHHa. Bygb- 
aKuH BunagKoBuH 3oBHimHiH BnnuB nepe-BoguTb cucTeMy b iHmy ^a3o- 
By nno^uHy.
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yvibTarn' criocTepe êH b 3a 3MmaMH ko. meam.P i

HHCeibHQCTi IIIBHIMHOaMepnKaHCbKO

Phc. 5 .1 4 . O a3O B H H  n o p T p e T  CHCTeMH 

" x H ^ a K - ^ e p T e a ”

( M  -  o co 6 n H B a  ToHKa)

o iaiiuii Ta puci e Kaiiagi

noBegiHKy 3mmhhx 
Ni  i N2 y Haci HaBegeHo 
Ha puc. 5.15. OHeBHg- 
Ho, mo MaKCHMyM HH- 
cenbHocTi xepTB 3aB- 
x g n  BHnepegxae MaK­
CHMyM HHcenbHocTi XH-
XaKiB. 3 ^HMH KpHBHMH 
y3rogxy^Tbca pe3ynb- 
TaTH cnocTepexeHb 3a 
KonHBaHHaMH HHcenb- 
HocTi niBHiHHoaMepH- 
KaHCbKoro 3 a ^ a  Ta

Phc. 5 .1 5 .  noeegiHKa 3MiHHHx Ni  i N2 y naci

puci b KaHagi (pnc. 5.16). nepiogu KonHBaHb HHcenbHocTi xepTB Ta xh- 
xaKiB npn6nH3Ho ogHaKoBi i CTaHoBnaTb 9 -1 0  poKiB, npHHoMy MaKCH- 
MyM HHcenbHocTi 3aH^B BHnepegxae MaKCHMyM HHcenbHocTi puceH Ha
ogHH piK.

BiTO B O f l b T E P P A  ( 1 8 6 0 - 1 9 4 0 )

iTanmcbKMM MaTeMaTUK T a  $i3MK, m mm 3fliMcHMB 
icTOTHMM BHecoK y  p o 3 b m to k  c y n ac H o T  M aT eM a-  
tm h h o i  6 i o n o m .  P a 3 0 M  3 B. ^OTKa p o 3 p o 6 M B  piB- 
h a h h a  n o n y n ^ i t f H o T  guHaMiKM.

1

Ml
\
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A n b ^ p e f l  f l w e u M C  A O T K A  ( 1 8 8 0 - 1 9 4 9 )

AMepuKaHObKMM MaTeMaTUK T a  c n e ^ a n i C T  y  r a n y -  
3i ^i3MHHOI XiMil T a  CTaTMCTMKM. BiflOMMM CBOIMM 
p o S o T a M u  3 n o n y n ^ m H o i  flMHaMiKM T a  eH epreT M - 
ku . A b t o p  khmwkm “EneM eHTM $i3MHHo'i S i o n o m ” 
( 1 9 2 4  p .) .

5 .1 2 .2 . yTBopeHHH KoaoHift Ko^eKTHBHHMH 
aivieSaiviH

PeanbHi 6ionoriHHi cucTeMu He 3HaxogaTbca b cTaHi piBHoBaru, ocKi- 
nbKu b hux npoTiKaroTb n p o^ cu , ^ o  cynpoBog^yroTbca gucuna^ero 
eHeprii — nepexogoM HacTuHu eHeprii ynopagKoBaHoro n p o ^ cy  b eHep- 
riro HeynopagKoBaHoro n p o^ cy, HanpuKnag, y TennoTy a6o BunpoMiHro- 
BaHHa. BuHuKHeHHa gucunaTuBHux cTpyKTyp cnocTepiraeTbca i b nony- 
na^i' aMe6 Dictyostelium discoideum. nicna Buxogy 3i cnop aMe6u poc- 
TyTb Ta po3MHo^yroTbca aK ogHoKniruHHi opraHi3Mu, goKu iM BucTaHae 
m i. Konu xapHoBun pecypc BuHepnyeTbca, aMe6u npunuHaroTb penpo- 
gy ^ iro  Ta BcrynaroTb y npoM^Hy $a3y, ^ o  TpuBae 6nu3bKo 
8 rog. nicna ^ o ro  aMe6u cnoB3aroTb go oKpeMux KniTuH, ^ o  BuKoHyroTb 
$yHK^i' upHrpiB arperau;ii. noacHroeTbca u;e tum, ^ o  Han6inbm “rono- 
gHi” aMe6u BunycKaroTb curHan -  xiMiHHy peHoBuHy ^AM0. ^k TinbKu 
BHacnigoK gu$y3ii ua peHoBuHa gocarHe iHmoi' aMe6u, to  Ta TaKo^ Bugi- 
nae cBoro nop^ro ^AM0 i noHuHae nepeMi^aTuca go nepmoi' aMe6u. 
TaKuM huhom yTBoproroTbca K0H^eHTpuHHi aBToxBuni pyxy aMe6. TaKun 
n p o ^ c cynpoBog^yeTbca yraopeHHaM 6araToKniTuHHux KonoHin, aKi 
noBogaTb ce6e aK eguHun opraHi3M. Ua Konorna Mirpye, goKu He 3Hange 
ginaHKy cepegoBu^a, npugaTHy gna ^opMyBaHHa nnogoBoro Tina. 3 
^ o r o  Hacy KonoHia noHuHae gu^epeH^roBaTuca, yTBoproroHu cTe6nuHy, 
aKa Hece Ha KiH^ 6e3niH cnop. ^ n  aBToKaTaniTuHHun n p o ^ c noBTopro- 
eTbca nepioguHHo (puc. 5.17).
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KonuBanbHi npo^cu i 
xBuni e nonmpeHHMH aBH- 
maMH ^ hboi npupogu. ^,o 
Ko-nuBanbHux Mo^Ha BigHe- 
cth TaKi npo^cu: Surra cep- 
^ ,  pyx nereHb, poSoTy kh- 
meHHHKy, BiSpa^i ronoco- 
bhx 3B’a3oK, nepioguHHy 
oKHCHK>BanbHo-BigHoBHy 
peaKqiro Eenoyco-
Ba-^aSoTHHCbKoro, nepiogu- 
HHi ^po^ecH npu rniKo-ni3i Ta 
(])<jrocMHTe3i, cnipajibHi xBHjii b 

aMê  MioKapgi Ta ciTKiB^ oKa,
nomupeHHa 3ByKoBux KonuBaHb Tomo.

V  f f n n  d o n u m n u e u x

HyrnuBicTb TapraHa (Blattodeae) go BiSpa^H CTaHoBHTb 10-7-10-10 cm; aMnniTygy 
KonuBaHb y TaKux rpaHH^x Mô Ha nopiBHaTH 3 giaMeTpoM aToMa BogHro.

KOHTPONBHI 3AnHTAHHH TA 3AB^AHHH

1. ^ o  TaKe KonuBaHHa? ^Ki KonuBaHHa e BinbHHMu? nepioguH-
HHMH?

2. ^Ki KonuBaHHa Ha3HBaroTb rapMoHiHHHMH? 3anucaTH i noacHH­
TH piBHaHHa rapMoHiHHoro KonuBaHHa. ^aTH BH3HaHeHHa aMnniTygu, 
^a3u i noHaTKoBoi $a3H rapMoHiHHoro KonuBaHHa.

3. ^ o  TaKe nepiog KonuBaHb? HacToTa KonuBaHb?
4. ^oBecTH, mo Bupa3 (5.6) e po3B'a3KoM piBHaHHa (5.5).
5. BuBecTH piBHaHHa (5.13).
6. ^ o  TaKe MaTeMaTHHHHH MaaTHHK?
7. Big Horo 3ane^HTb nepiog KonuBaHb MaTeMaTHHHoro MaaTHHKa?
8. ^Ki KonuBaHHa Ha3HBaroTb 3racaroHHMH?
9. ^ o  TaKe norapu^MiHHHH geKpeMeHT 3racaHHa?

10. ^Ky xBunro Ha3HBaroTb SmyHoro? CToaHoro?
11. ^Ki KonuBaHHa Ha3HBaroTb BUMymeHUMH?
12. ^ o  TaKe pe3oHaHc?
13. ^ o  TaKe BiSpa^i?
14. ^ k o^HroroTb guHaMiHHHH BnnuB g^epen BiSpa^fi?
15. ^ k BHKopucToByroTb BiSpa^i ^HBi oprarn3MH?
16. ,̂aTH BH3HaHeHHa 3eMneTpycaM.
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17. ^ o  TaKe rino^HTp? en^em p?
18. ^ k o^HroroTb aMnniTygy 3eMneTpycy (MarmTygy) 3rigHo 3i mxa- 

noro PixTepa?
19. HaBecTu npuKnagu KonuBanbHux npo^ciB, ^ o  3ycTpiHaroTbca y 

^ ubIh npupogi.
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6. AKYCTHKA
6.1. XBH^I B nPY^HOM Y CEPE^OBH^I

n p o ^ c  nomupeHHa KonuBaHb y cy^nbHoMy cepegoBu^i Ha3uBaeTb- 
ca xemboeuM npo^coM  a6o xemew. Mexamnm 36ypeHHa (ge^opMa^i), 
^ o  nomuproroTbca b npy^HOMy cepegoBu^i, Ha3uBaroTbca npywHUMU 
(a6o MexaHiHHUMu) xeunHMU. npy^Hi XBuni 6yBaroTb no3doewHiMU, 
aK^o nacTHHKH cepegoBu^a KonuBaroTbca y HanpaMKy nomupeHHa xbu- 
ni, i nonepenHUMU, aK^o nacraHKu cepegoBu^a KonuBaroTbca b nno^u- 
Hax, nepneHgHKynapHHx HanpaMKy nomupeHHa XBuni. npy^Ha xBuna 
Ha3HBaerbca ^apM0Hi^H0m, aK^o BignoBigHi ih KonuBaHHa nacraHoK 
cepegoBH^a e rapMomnHuMu.

npy^Hi XBuni, ^ o  MaroTb nacroTy b giana3oHi 2 0 -2 0 0 0 0  r ^  Ha3u- 
BaroTbca 3eyKoeuMu; 3 nacTOTaMu 6inbmuMH h™  20000 ^  -  ynbmpa3ey- 
kobumu i MeHmuMH h™  20 ^  -  iH$pa3eyK06UMU. fflKany MexamnHux

KonuBaHb, aKa cKnagaeTb- 
ca 3i 3ByKoBux, ynbTpa- 
3ByKoBHX Ta iH$pa3ByKo- 
bhx KonuBaHb, HaBegeHo 
Ha puc. 6.1.

r  any3b $i3uKu, aKa 
BuBnae npy^Hi KonuBaH- 
Ha Ta XBuni 3ByKoBoro,
ynbTpa3ByKoBoro Ta iH-
^pa3ByKoBoro giana3oHiB, 
n p o^ cu  ix 36yg^eHHa, 
o6po6Ku, nomupeHHa, pe- 
^ n ^ i ,  B3aeMogii 3 peno- 
buhow Ta pi3HoMaHrrai 
npaKTuHHi 3acTocyBaHHa, 
Ha3uBaeTbca aKycmuKOW.

6.2. 3BYK TA HOrO 
XAPAKTEPHCTHKH
6 .2 .1 . E H ep ria , iHTeH- 

CHBHiCTb Ta THCK 
3BVKOBHXKO.IHBaHb

3ByKOBa XBHna xapaic- 
P u c .  6 .1 .  fflKaaa MexamnHHx KonHBaHb 3ByK0B0- Tepu3yeTbca KonuBanb- 
ro, yabTpa3ByKOBoro Ta iĤ pa3ByKOBoro giana3o-
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hhm 3MimeHHaM HacTHHoK, mBugKicTro nomupeHHa, eHepriero Ta iHTeH- 
CHBHiCTro 3ByKoBHx KonuBaHb, a TaKo^ 3ByKoBHM thckom.

Po3rnaHeMo n p o ^ c nomupeHHa 3ByKoBo'i xBuni y noBtipi. 3MimeHHa 
MoneKyn noBiTpa y HanpaMKy x Mo^Ha onucaTH piBHaHHaM:

y = Asm(2n x /A), (6.1)
g e  A -  a M n n iT y g a  3B yK oB oi x B u n i  (M aK C H M anbH e 3 M im e H H a  M o n e K y n ); A -  g o B ^ H H a  

3B yK oB oi x B u n i .

3MimeHHa MoneKyn noBiTpa b MoMeHT Hacy t BH3HaHaeTbca TaK:
2ny = Asin[----- (ut - x)], (6.2)
A

g e  u -  m B u g K ic T b  n o m u p e H H a  3B yK oB oi x B u n i.

3ane^HicTb 3MimeHHa MoneKyn noBiTpa Big BigcTaHi go g^epena 
3ByKy HaBegeHo Ha puc. 6.2. ^BugKicTb nomupeHHa 3ByKoBo'i xBuni u 
3ane^HTb Big cepegoBuma (TaSn. 6.1).

Big BigcTaHi go g^epe^a 3ByKy

6 .1 .  -  OcHOBHi aKycTHHHi iiapaMeipn nouM'pn Ta BogH

PeHoBHHa
rycTHHa 
p, Kr m-3

OBHgKiCTb 
3ByKy u, M • c-1

nHTOMHH xBHnboBHH 
onip pu , kt m-2 c-1

noBiTpa 1,29 0,331 -103 427

Boga 1-103 1,497 103 1,497-106

BuKopucToByroHu cniBBigHomeHHa:

A  = u T  (6.3)

piBHaHHa (6.2) Mo^Ha nepenucaTH TaK:
. . ,2^t 2'KxN , X N . x N

y  = A  sin(— ------- — ) = Ax sin 2 n v (t -  y ) = Ax sin Q (t -  y ) ,  (6.4)

g e  Ax -  M aK CH M anbH e 3 M im e H H a  M o n eK y n  c e p e g o B u m a ,  b a K oM y n o m u p r o e T b c a  3B yK oB a 

x B u n a ;  T -  n e p i o g  K o n u B aH b ; x -  B ig c T aH b , m o  B H M ip ro eT b c a  B 3 g o B ^  H a n p a M K y  n o m u -
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p e H H a  X B u n i; A -  g o B M H a  3B yK oB oi X B u n i; u -  m B u g K ic T b  n o m u p e H H a  3B yK oB oi X B u n i; 

t -  n a c ;  v  -  H ac T o T a  3B yK oB oi X B u n i; Q  -  K o n o B a  H ac T o T a  3B yK oB oi X B u n i .

OcTaHHe piBHaHHa onucye nomupeHHa di^ynoi 3ByKoBoi XBuni, aKa 
aBnae co6oro 36ypeHHa cepegoBu^a, ^ o  nepeHocuTb eHepriro b npocTopi.

EHep̂ iH 3eyKoeux KonueaHb E cKnagaeTbca 3 KmeTuHHoi eHeprii' EK 

MoneKyn, ^ o  KonuBaroTbca, i noTeH^ anbHoi' eHeprii' En, 3Mi^eHux BigHo- 
cho nono^eHHa piBHoBaru.

KwemmHa eHep̂ iH EK ogHiei' MoneKynu Bu3HaHaeTbca TaK:

1 2E K= —m u  , (6.5)
2

g e  m -  M a c a  M o n e K y n u ; u -  M n r r e B a  m B u g K ic T b .

o dy  ■3 ypaXyBaHHaM Toro, ^ o  u =—  , Mo^Ha ogep^ara TaKe piBHaHHa:
dt

E k = 2 n  mA ■ V cos2^v|^ t -  — (6.6)

MaKcuManbHoro 3HaHeHHa KiHeTuHHa eHepria Ha6yge, Konu 
x

cos 2 n v (t ------ ) = 1, to6to :
u

E kmax = 2^ m A 2V  = — Q  m A2 . (6.7)
2

n ig  Hac MaKcuManbHoro 3Mi^eHHa MoneKynu Big craHy piBHoBaru 
mBugKicTb pyXy MoneKynu i KiHeTuHHa eHepria gopiBHroBaraMyrb Hynro, 
a MaKcuManbHe 3HaHeHHa noTeH^ anbHoi' eHeprii ogHiei MoneKynu bu- 
3HaHuTbca TaK:

E n = 2^ m A 2V. (6.8)

noeHa eHep̂ iH, aKa nepeHocuTbca 3ByKoBoro XBunero, Bu3HaHaeTbca 
TaK:

E max = 2rfp V !A2 V, (6.9)
g e  p  -  r y c r u H a  c e p e g o B u ^ a ,  b  aK oM y n o m u p r o e r t c a  3B yK oB a X B u n a .

0 6 ’eMHa ŷcmuHa eHep̂ il, to 6 to  noBHa eHepria oguHu^ o6’eMy ce- 
pegoBu^a, b aKoMy nomuproeTbca 3ByKoBa XBuna, gopiBHroe:

E max / V = 2^  p V A2 = 1  Q p A2 , (6.10)

y  n i r e p a r y p H u X  g x e p e n a X  3 a K y c r u K u  B u M p u M 'o B y 'T O rt c n e ^ a r n m  cu M B o n u : 

Q  -  H a c r o r a ,  A -  g o B M H a  3B yK oB oi X B u n i.

2
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g e  V -  o S ’eM .

nomywnicmb 3eyKoeoi xeuni (aKycmmna nomywnicmb)P BH3HaHa- 
eTbca aK eHepria Emax, mo nepeHocuTbca 3ByKoBoro xBunero 3a ogHHH^ro 
Hacy t:

P = Emax/t . (6.11)

Inmencuenicmb I 3ByKoBoi xBuni -  ^  BigHomeHHa noTyxHocri 3By- 
koboi xBuni go oguHu^ nnomi S, Hepe3 aKy nepeHocuTbca eHepria 3By- 
KoBoro xBunero Ta aKa nepneHguKynapHa HanpaMKy nomupeHHa ^ e i  
xBuni:

P
I = S  = E max/St. (6.12)

^Kmo npunycTHTu, mo ToHKoBe gxepeno 3ByKy nopogxye c^epuHHy 
xBunro, to  ii iHTeHcuBHicTb I Ha BigcTaHi r Big gxepena BH3HaHaeTbca 
TaKHM Bupa3oM:

I = P/(4nr2). (6.13)

IHTeHcuBHicTb 3ByKy noB’a3aHa 3 aMnnhygoro A MaKCHManbHoro 
3MimeHHa cniBBigHomeHHaM:

I = (Emax / V)u = 2^ p V A2 u = 2  O p A2 u. (6.14)

3eyKoeuM (aSo aKycmmnuM) mucKOM pa Ha3HBaroTb gogaTKoBHH 
thck (HagnumKoBHH Hag cepegHiM thckom HaBKonumHboro cepegoBH- 
ma), aKHH yTBoproeTbca b ginaHKax 3rymeHHa HacTHHoK b aKycTHHHiH 
xBuni:

pa = OpuA , (6.15)
g e  O  -  K o n o B a  H acT o T a ; A  -  a M n n iT y g a  3 M im e H H a  H acTHHKH, a K a  K o n n B a e T tc a ;  p u  -  

nH ToM H H  x B H n to B H H  o n i p  c e p e g o B u m a .

3ByKoBuH thck noB’a3aHHH 3 iHTeHCHBHicTro xBuni:

I = Pa /2p u . (6.16)

6 .2 .2 . PiBeHb iHTeHCHBHOCTi 3ByKOBHX KO.IHBaHb

fliana3oH iHTeHCHBHocTeH 3ByKoBux KonuBaHb, aKi cnpoMoxHa 
peecTpyBaTu nroguHa, 3MiHroeTbca Big MiHiManbHoro 3HaHeHHa, mo 
BignoBigae nopory cnyxoBoi HyraHBocri nroguHH (I0 = 10- Bt/m ), go MaK- 
cuManbHoro, aKHH BignoBigae nopory SonicHux BigHyrriB (I = 1 Bt/m ). 
Hepe3 ^  go^nbHo BHKopHCToByBaTH norapu^MiHHy mKany o^hkh  
iHTeHCHBHocTeH 3ByKoBux KonuBaHb.

Pieenb inmencuenocmi 3eyKy L o^HroeTbca TaK:
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L  = 10lg\ L  I, (6.17)

g e  I  — iHTeHCHBHiCTL 3ByKOBoi x B u n i ,  a x a  o ^ H ro e T L C a ; I 0 — M im M a n tH a  iHTeHCHBHiCTL.

TyT L  BHMiproeTbca y g e ^ 6 e n a x  (gE). TunoBi 3HaneHHa piBHa iHTeH- 
CHBHOOTi 3ByKy HaBegeHO b Ta6n. 6.2.

6 .2 .  -  TunoBi 3HaneHHH piisnsi iHTeHCHBHOCTi 3ByKy
f l x e p e n o  3ByKy P iB eH L  iHTeHCHBHOCTi, g 6

n o m K o g x e H H a  6 a p a 6 a H H o i  n epeT H H K H 1 6 0

n o p i r  6 o n iC H H x  B i g n y m B 1 2 0

n o C T p i n  i3  p y m H ^ i 1 0 0

M iC L K a B y n u u a 7 5

Po3M O B a 5 5

^ 3 H * n a H H a  K O M apa 4 0

E e n i T 3 0

E e n e C T iH H a  n u C T a 1 0

n o p i r  C n y x o B o i nyrnH B O C T i 0

K o H T p o a b H e  3 a B g a H H a

BH 3H aH H TH  iHTeHCHBHiCTL 3ByK y, ^ O  BHKJIH K ae  6 o n iC H i B ig ^ y T T a , BHKOpHCTOByTOHH 

g a H i T a 6 n . 6 .2 .

Bidnoeidb : 1 B t / m 2.

6 .2 .3 . C y S ’ eKTHBHi xapaKTepncTiiKn
3ByKOBHX XBH^b

3ByK, aKHH e o6’eKroM 3ByKOBHx Bpa^eHt, O^HroCTLCa * hbhm opra-
Hi3MOM Cy6’eKTHBHO.

Bucoma 3eyxy BignoBigae aKOCTi 3ByKy, ^ o  BH3HanaerbCa Cy6’eKTHBHO 
Ha Cnyx i 3ane^uTb b oCHOBHOMy Big naCTOTH 3ByKOBHx KonHBaHb. 3i 3poC- 
TaHHaM naCTOTH BHCOTa 3ByKy 36intmyerLCa i HaBnaKu. 3HanHO MeHme bh- 
COTa 3ByKy 3ane^uTb Big iHTeHCHBHOCTi i CKnagHOCri 3ByKy.

rynnicmb 3eyKy — u;e BenunuHa, aKa xapaKTepu3ye CnyxoBi Bignyrra 
gna gaHoro 3ByKy. BoHa 3ane^HTb Big iHTeHCHBHOCTi 3ByKy, aKyCTunHO- 
ro THCKy, naCTOTH i $opMH 3ByKOBHx KonHBaHt.

TeMdp 3eyKy BH3HanaeTbCa CneKTpantHHM CKnagoM 3ByKy, to 6 to  iH- 
TeHCHBHiCTro i naCTOToro o6epTOHiB BigHOCHO oCHOBHoro TOHy.

6 .2 .4 . Pe30HaHCHi n B u ^ a

Po3rnaHeMO 3ByKOBy xBunro, aKa nomuproerbCa 3i mBugKiCTro v b o6- 
Me êHOMy npoCTopi (HanpuKnag, B3goB^ Tpy6u). 3a paxyHOK Big6uBaHHa 
xBuni Big 3aKpHToro KiH^ Tpy6H CTBoproroTtCa yMOBH gna nomupeHHa 
xBHnt ogHaKOBOi aMnnirygH b npoTune^Hux HanpaMKax. Ha KiH^ Tpy6u
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HacTHHKH cepegoBuma He 3gaTHi pyxaTuca b no3goBXHboMy HanpaMKy; TyT 
3MimeHHa HacTHHoK gopiBHroBaTuMe Hynro. Tohkh, ge 3MimeHHa nacTHHOK 
gopiBHroe Hynro, BignoBigarorb By3naM, a 30hh MaKcHManbHoro 3MimeHHa, 
aKi yTBoproroTbca 3a paxyHoK B3aeMogii' xBHnb, mo nomnproroTbca b npoTH- 
nexHux HanpaMKax, BignoBigaroTb nyHHocTaM (guB. po3gin 5.8). Pe3ynbTy- 
rona xBHna, mo yTBoproeTbca b TaKin 3aMKHyriH npocropoBm cucreMi 3a pa­
xyHoK B3aeMogii gBox 6ixyHux xBunb, aBnae co6oro cToany xBunro.

^Kmo Tpy6a goBxuHoro L  3anoBHeHa noBiTpaM, 3anexHo Big Toro, 
aKi KiH^ Tpy6u 3aKpuTi hu BigKpuTi, MoxyTb cTBopuTuca neBHi yMoBu 
gna BuHuKHeHHa pe3oHaHcy (puc. 6.3). Pe3oHaHcHi nacToTu y ^oM y pa3i 
Bu3HanaroTbca TaK:

O a w m a
eapMOH!KU

X - 2 L X ~ 2 i A =  4 L

/ \ /  \
\ / V /

X =  L X =  L

/ V V " ) Y Y Y  Y Y ^
l A A / A A A  A A y

3
Jl = 21

fJepu iuu
oCepm oH

J lp y iu ii

oOepm oH

A L

5
fl

P u c .  6 .3 .  C T o a n i  X B H a i b  T p y S i:  a  -  3 aK pH T oi 3 o 6 o x  k I h ^ b ;  

6  -  B ig K p u T o i 3 o 6 o x  k I h ^ b ;  e  -  3 aK pH T oi 3 o g H o r o  K m u a

1) gna Tpy6u, 3aKpuToi 3 o6ox mh^ b :
(n +  1)u

V 2 L  ’
2) gna Tpy6u, BigKpuToi 3 o6ox KiH^B:

(n +  1)u

V 2  L  ’
3) gna Tpy6u, 3aKpuToi 3 ogHoro KiH^:

(2n  + 1)u

V 4 L

(6.18)

(6.19)

(6.20)
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HaCTOTa, aKa BignoBigae MaKCuManbHiH goB^um xBuni, ^ o  CnpuTu- 
Hroe pe3OHaHC y Tpy6i, Ha3uBaeTbCa ocnoenow; 6inbm BHCOKi pe3OHaHCHi 
naCTOTH Ha3HBaroTbCa odepmonaMU.

6 .2 .5 . E^eK T  ^ o n n ^ e p a

E êKm flonmepa nonarae y 3MiHi naCTOTu KonuBaHb a6o goB^HHu 
xBuni, ^ o  CnpuHMaeTbCa CnoCTepiraneM, nig naC BigHOCHoro pyxy g *e -  
pena KonuBaHb Ta CnoCTepirana.

,3k^ o g^epeno 3ByKy ra CnoCTepiran pyxarorbCa Ha3yCrpin oguH ogHOMy, 
naCTora, ^ o  CnpuHMaeTbCa CnoCTepiraneM, nepeBu^ye naCTory g^epena 3ByKy.

^ k^ o g^epeno 3ByKy Ta CnoCTepiran BigganarorbCa oguH Big ogHoro, 
CnoCTepiran CnpuHMae naCTOTy 3ByKy MeHmy, Hi* naCTOTa g^epena 3ByKy.

^ k^ o CnoCTepiran i g^epeno 3ByKy HepyxoMi oguH BigHOCHO ogHoro, 
Mae M i^e CniBBigHomeHHa:

A = — , (6.21)
Q

ge A — goBMHa, a Q  — naCTOTa 3ByKOBoi xBuni; v -  mBugKiCTb nomupeHHa 3ByKy.
^ k ^ o  CnoCTepiran Ha6nu*aeTbCa go g^epena 3ByKy, mBugKiCTb no­

mupeHHa 3ByKy BigHOCHO CnoCTepirana CTaHOBuTb v = v + v0, Togi aK
goB^uHa 3ByKOBOi xBuni He 3MiHroeTbCa. OT*e, naCTOTa, ̂ o  CnpuHMa­
eTbCa CnoCTepiraneM, 36inbmyeTbCa:

Q /  = v +  v 0  (6.22)
A

3 ypaxyBaHHaM Bupa3y (6.21) MO*Ha 3anuCaTu Bupa3 gna naCTOTu 
3ByKOBOi xBuni y BunagKy Ha6nu*eHHa CnoCTepirana go g^epena 3ByKy:

Q /  = Q (1 + v ). (6.23)
v

AHanorinHO, aK^o CnoCTepiran BigganaeTbCa Big g^epena 3ByKy, mBug- 
KiCTb nomupeHHa 3ByKy BigHOCHO CnoCTepirana CTaHOBuTb v = v - v 0, 
a naCTOTa, ^ o  CnpuHMaeTbCa CnoCTepiraneM, 3MeHmyeTbCa:

Q /  = Q (1 — v -). (6.24)
v

y  3aranbHOMy BunagKy, aK^o CnoCTepiran pyxaeTbCa 3i mBugKiCTro 
v0 BigHOCHO HepyxoMoro g^epena 3ByKy, naCTOTa 3ByKy, ^ o  CnpuH­
MaeTbCa CnoCTepiraneM, Bu3HanaeTbCa 3a Bupa3OM:

Q /  = Q (1 ±  v -), (6.25)
v

ge 3HaK “+” BignoBigae Ha6nu*:eHHK> CnoCTepirana go gxepena 3ByKy, a “—” — Bigga-
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neH H K t c n o c T e p i r a n a  B ig  g x e p e n a  3ByKy.

Po3rnaHeMo BHnagoK, Konu g^epeno 3ByKy pyxaeTbca, a cnocTepiraH
-  HepyxoMHH. ^ k^ o g^epeno 3ByKy Ha6nu^aeTbca go cnocrepiraHa, 
goB^HHa 3ByKoBoi' xBuni 3MeHmyeTbca:

A  = A - A A  = A -
vM
Q

(6.26)

HacToTa 3ByKy, ^ o  cnpunMaeTbca cnocrepiraHeM, BH3HaHaeTbca TaK:

Q  = V  =A7

v
(6.27)

3Bigcu: Q =Q

1 -
v M

v v  y 
(6.28)

TaKHM hhhom, HacToTa, ^ o  cnpunMaeTbca, 36inbmyeTbca BigHocHo 
nacToTH g^epena 3ByKy.

AHanoriHHo, aK^o g^epeno 3ByKy BigganaeTbca Big cnocrepiraHa, 
HacToTa 3ByKy, ^ o  cnpunMaeTbca cnocrepiraHeM, 3MeHmyeTbca 
BignoBigHo go BHpa3y:

\

1

v M1 + S -
v

( 6.29)

v
y  3aranbHoMy BHnagKy, aK^o g^epeno 3ByKy pyxaeTbca 3i 

mBugKicro BigHocHo HepyxoMoro cnocrepiraHa, HacToTa 3ByKy, ^ o  
cnpunMaeTbca cnocTepiraHeM, BH3HaHaeTbca 3a BHpa3oM:

1

v

v M1 ± S -  
v  y

(6.30)

BpemTi-pemT, aK^o i g^epeno 3ByKy, i cnocTepiraH pyxaroTbca oguH 
BigHocHo ogHoro, Bupa3 gna HacroTH 3ByKy, ^ o  cnocTepiraeTbca, Mae 
Burnag:

1
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a '  = a
{  V ±  V ^

(6.31)

XpM CTiaH f l O n n ^ E P  ( 1 8 0 3 - 1 8 5 3 )

ABCTpiMCbKMM MaTeMaTUK T a  $i3MK, HKUM BU- 
HBUB 3MiHy HaCTOTU KonUBaHb a 6 0  flOB^UHU 
XBuni,  ^ o  c n p u M M a e T b c a  c n o c r e p i r a n e M  n ig  
n a c  BiflHOCHoro p y x y  . q w e p e n a  K on u B aH b  Ta 
c n o c r e p i r a n a .  O n o n w B a B  iHCTUTyT e K c n e p u -  
M eH T an b H o i  $ i3U K u b yH iB ep cu T eT i  BiflHa y  
1 8 5 0  p o ^ .

npHKaag
B n3H aH H T H  H acT o T y  y n b T p a 3 B y K o B o i x B u n i ,  m o  c n p u n M a e T B c a  K o M a x o ro  n i g  H ac  H a- 

6 n u x e H H a  g o  H e i K a x a H a  3 i m B u g K ic T ro  5 m c -1. ^ a c r o r a  y n b T p a 3 B y K o B o i x B u n i ,  m o  r e H e -  

p y e T b c a  K a x a H o M , g o p iB H ro e  6 0  k T ^

P03B’H30K
H acT o T a  3ByKoBoi x B u n i ,  m o  c n p u n M a e T b c a  K oM axoro , M o x e  6 y T u  3 H a n g eH a  i3  B upa3y :

Va
V

V  -  V
V = 3 4 0  

3 4 0  -  5
-• 6 0  • 1 0 3 =  6 0 ,9  k^ .

KoHTpoabHe 3aBgaHHH
Bn3HaHnTn HacToTy 3ByKoBoi xBuni, Big6uToi KoMaxoro i cnpunHaroi KaxaHoM, bu- 

KopncTOByroHn gaHi nonepegmoi 3agani.
Bidnoeidb: 61,8 kT^

6 .2 .6 . nagiH H » 3ByKOBOi xBHai 
Ha M e^y n o g iay  gB ox cepegoB H ^

y  pa3i nomupeHHa 3ByKy nepe3 Mexy noginy gBox cepegoBum 
BigHomeHHa iHTeHcuBHocTen 3ByKoBoi xBuni, mo nponmna, go Tiei, mo 
Bnana, Bu3HanaeTbca Bupa3oM:

I/h = 4p i  V 1P 2 V2 '  (p i  V i + P 2 V2) 2, (6.32)

a BigHomeHHa iHTeHcuBHocTen Big6uToi 3ByKoBoi xBuni go nagaronoi 
TaK:

IrJIi = [(P 2 V2 -  P i  Vi)'(p 2 V2 + P i  Vi)]2 , (6.33)
ge Pi i P2 -  rycTuHa cepegoBum; vi i v2 -  mBugKicTb nomupeHHa 3ByKy b o6ox cepego- 
Bumax. flo6yToK PVHa3uBaeTBca nuToMuM xeuMboeuM onopoM.

npHKaag
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n o K a3 aT H , ^ o  H a  M e x i  n o g in y  “ n o B i i p a - B o g a ”  T in tK H  0 ,1 %  n a g a ro H o i e H e p r i i  n p o n y c -

K a e i'b c a  g a n i .  TyT : pnoe =  1 ,3  K r •m-3; p eodu =  1 0 3 K r •m -3; vnos =  3 ,3  • 1 0 2 m c-1; vBodu =  15  • 1 0 2 m c"
1

P03B’H30K
n ig c T a B H M o  y  p iB H aH H a ( 6 . 3 2 )  H u c n o B i g a H i:

4  ■ 1 ,3^  ■ m ~3 ■ 3 ,3 ^102 m  ■ c -  ■ 1 0 3 ^  ■ m ~3 ^15 ^102m  ■ c -1 ^
J t 7 J i = -------------- -3-------------- 2---------1--------- 3--------3-----------------------------------2----  , 2 = 1 ■ 10 = 0 ,1% .

1 , 3 ^  ■ m  ■ 3 ,3  ^10 m  ■ c  + 1 0  m  ■ c  ^15 ■10 m ■ c  )

KoHTpoabHe 3aBgaHHH
BHK0pHCT0ByroHH g a H i T a 6 n . 6 .1 ,  B ^ H a n u m  K o e ^ iu ie H T  B ig 6 u B aH H a (B igH om eH H a i m e -  

H cuB H ocT i B ig6H T 0 l x B m i  g o  n a g a ro H o i)  y  n p o L [e c i n e p e x o g y  3ByK0B0i x B m i  3 n o B iT p a  y  B ogy.

Bidnoeidb: 9 9 ,9 4 % .

6 .2 .7 . ^i3HHHi n p ou ecii, ^ o  cynpoBog^yroTb  
nomupeHHa 3ByKy b  HaBK0^HmHb0My cep egoB H ^i

Cepeg ochobhux npo^ciB, aKi xapaKTepu3yroTb B3aeMogiro 3ByK0Bux 
xBunb 3 HaBKonumHiM cepegoBu^eM, cnig Big3HaHuTu nornuHaHHa, no- 
cna6neHHa, Big6uBaHHa, 3anoMneHHa, gu^pa^iro , po3ciroBaHHa.

nocnadnennH 3eyKy cynpoBog^yeTbca 3MeHmeHHaM 3ByK0B0r0 TucKy 
3i 36inbmeHHaM BigcTaHi go g^epena 3ByKy. 3ane^H0 Big cTpyKTypu 3By- 
KoBoro BunpoMiHroBaHa TBapuHu, nocna6neHHa 3ByKy y pa3i 36inbmeHHa 
BigcTaHi b 2 pa3u cTaH0BuTb 6 -1 2  g6.

BiddueanuH 3eyKy Mae M i^e, Konu po3Mipu HaBKonumHix noBepxoHb 
3HaHH0 nepeBu^yroTb goB^uHy 3ByK0B0i xBuni i Konu po3Mipu HepiBHo- 
cTi noBepxHi MeHmi 3a goB^uHy 3ByK0B0i xBuni. n p o ^ c  Big6uBaHHa 
3ByKy peani3yeTbca Ha rpaH u^x po3noginy “noBiTpa-rpyHT”, “noBhpa- 
Boga”, a TaKo^ m™ mapaMu noBiTpa 3 pi3HuMu piBHaMu TeMnepaTypu 
a6o BonorocTi. n ig  Hac yTBopeHHa 3ByKiB TBapuHaMu M0*e Big6yBaTuca 
B3aeMogia 3ByK0Bux xBunb, ogHa 3 aKux nomuproeTbca 6e3nocepegHbo 
m™ BunpoMiHroBaHeM i npunMaHeM, a iHma -  Big6uBaeTbca Big noBepx­
Hi 3eMni (puc. 6.4). 3a paxyH0K iHTep^epeH^i u;i gBi xBuni KoMneHcyroTb 
ogHa ogHy Hepe3 Te, ^ o  Big6uTa xBuna 3MiHroe cBoro $a3y. flna 3ano6i- 
raHHa n p o ^ cy  iHTep^epeH^i TBapuHa MycuTb niginMaTuca Hag 3eMHoro 
noBepxHero. HanpuKnag, ^ipKyHu 3gaTHi Hyra oguH ogHoro Ha BigcTaHi 
b KinbKa MeTpiB Ha noBepxHi rpym y; ua BigcTaHb 36inbmyeTbca go 50 m, 
aK^o K0Maxu niginMaroTbca Hag noBepxHero.
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Phc. 6.4. n p o ^ c  iHTep^epeH^i 3ByKOBux xBH.ib: S -  g^epeno 3ByKy;
R -  npHHMan 3ByKy; hs -  BncoTa po3TamyBaHHa g^epena 3ByKy; hr -  BncoTa 
po3TamyBaHHa npunMaHa 3ByKy; Z1 -  noBiTpa; Z2 -  rpyHT; r1 -  BigcTaHb, 
aKy npoxogHTb 3ByKoBa xBuna y noBiTpi; r2 -  BigcTaHb, aKy npoxogHTb 
3ByKoBa xBuna go i nicna Big6uBaHHa Big 3eMHoi noBepxHi; 
d  -  BigcTaHb Mm g êpenoM Ta npunMaHeM 3ByKy; y -  KyT Big6uBaHHa;
G  -  ToHKa nagiHHa 3ByKoBoi xBHni Ha 3eMHy noBepxHro

nosmnanHH 3eyKy noB’a3aHe 3 nepexogoM 3ByKoBoi eHeprii y Tenno- 
By Ta nomupeHHaM 3ByKy b iHmi cepegoBuma. y  noBiTpi i Bogi 6inbme 
3aracaroTb BucoKoHacToTHi 3ByKoBi curHanu; KpiM Toro, Ha nornHHaHHa 
3ByKy BnnuBaroTb TeMnepaTypa i BonoricTb noBiTpa.

3anoMMHHH 3eyKy Big6yBaeTbca 3a pi3Kux a6o nocTynoBnx 3MiH mBug- 
KocTi nomupeHHa 3ByKoBoi xBuni, aKi 3ane^aTb Big TeMnepaTypu Ta rycTUHu 
cepegoBuma. B coHaHHuu geHb TeMnepaTypa 3MeHmyeTbca i3 BigcTaHHro Big 
3eMHoi noBepxHi, TaK caMo aK i mBugKicTb nomupeHHa 3ByKy. ^  3yMoBnroe 
3anoMneHHa 3ByKoBoi xBuni Bropy. Bhoh cuTya^ia 3MiHroeTbca i 3ByK “3Ha- 
xoguTb” KaHanu nomupeHHa B3goB^ 3eMHoi noBepxHi.

ffu^paKtyx ado po3ciweaHHH 3eyKy noB’a3am 3i 3MiHoro HanpaMKy no­
mupeHHa 3ByKoBoi xBuni nig Hac ii B3aeMogii 3 o6’eKTaMu. ^Kmo po3Mipu 
o6’eKTa cyMipHi goB^urn xBuni, Big6yBaeTbca oruHaHHa o6’eKTa (gu^paK- 
ma) a6o 3MiHa TpaeKTopii nomupeHHa xBuni (po3ciroBaHHa). TaKi npo^cu  
Big6yBaroTbca nig Hac nomupeHHa 3ByKy Kpi3b pocnuHHi noKpuBu.

6.3. y^BTPA3ByK TA HOrO 
XAPAKTEPHCTHKH

npy^Hi xBuni 3 HacToTaMu Big 2 104 ^  go 109 ^  Ha3uBaroTbca 
ynbmpa3eyKOM. ^o ochobhux oco6nuBocTeu ynbTpa3ByKy Hane^uTb uoro 
BnacTuBicTb nomuproBaTucb no npaMiu, mo go3Bonae po3rnagaTu ^ u  
n p o ^ c 3 no3umu reoMeTpuHHoi aKycTuKu (Big6uBaHHa, 3anoMneHHa, 
^oKycyBaHHa). KpiM Toro, ocKinbKu rycTuHa noToKy eHeprii npo- 
nopmuHa KBagpaTy HacToTu, ynbTpa3ByKoBi xBuni xapaKTepu3yroTbca 
BenuKoro eHepriero.
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6.3.1. TeHepauia yabTpa3ByKy
flna BunpoMiHroBaHHa ynbTpa3ByK0Bux KonuBaHb 3acTocoByroTb ne- 

peTBoproBaHi, ^ o  b 0cH0BH0My BuK0pucT0ByroTb:
1) n ’e3oeneKmpuHHUU e^eKm -  aBu^e 3MiHu nonapu3a^i geaKux 

gieneKTpuHHux KpucTaniB ( n ’e3oeneKmpuKie) nig Hac MexaHiHHoi ge- 
^opMa^i' (cTucHeHHa a6o po3Tary b neBHux HanpaMKax) HaBiTb 3a 
BigcyTHocTi eneKTpuHHoro nona (npRMuU n ’e3oeneKmpmHuU e^eKm); 
pe3ynbTaT0M npaMoro n ’e3oeneKTpuHHoro e^eKTy e 3eopomHuU n ’e3o- 
eneKmpuHHuU e^eKm — noaBa MexaHiHHoi ge^opMa^i' nig BnnuBoM eneK- 
TpuHHoro nona. CaMe 3BopoTHun n ’e3oeneKTpuHHun e^eKT bukopucto- 
ByroTb gna reHepa^i' ynbTpa3ByKy. ^ k ^ o  nnacTuHy n ’e3oeneKTpuKa 
(cesHemoexeKmpurn) po3MicTuTu m™ eneKTpogaMu, go aKux npuKnage- 
Ha 3MiHHa Hanpyra, to  b nnacTuHi BuHuKHyTb BuMymem KonuBaHHa. nig  
Hac 36iry HacToTu BnacHux KonuBaHb nnacTuHu 3 HacToToro 3MiHH0i Ha- 
npyru BuHuKae pe30HaHc, aKun cynpoBog^yeTbca 36inbmeHHaM 
iHTeHcuBHocTi ynbTpa3ByK0B0i xBuni, ^ o  BunpoMiHroeTbca.

2) Ma^HimocmpuK îK> — 3MiHy ^opMu Ta po3MipiB KpucTaniHHux Tin 
($epoMasHemuKie) BHacnigoK noro HaMarHiHyBaHHa. ^k^o ^epoMarmTHun 
crep^eHb noMicraTu y MarHiTHe none, aKe 3MiHroerbca 3 BucoKoro Hacraroro, 
to  ^ n  crep^eHb Ha6yge no3goB^Hix MexaHiHHux KonuBaHb 3 TaKoro ^  Hac­
ToToro; Big Hboro 6ygyTb nomuproBaTuca ynbrpa3ByK0Bi xBuni.

6.3.2. nor^HHaHHa Ta rauSuHa
npoHHKHeHHa yabTpa3ByKy

yaBuMo ogHopigHun ynbTpa3ByK0Bun npoMiHb ^nrngpuHHoi' $op- 
mu, aKun npoxogurb Hepe3 TKaHuHy. iHTeHcuBHicTb TaKoro BunpoMmro- 
BaHHa 3MeHmyeTbca 3 rnu6uHoro 3a eKcnoHeH^anbHuM 3aK0H0M:

I  =  I 0 e -2ax, (6.34)
ge I  -  iHTeHcuBHicTt yntTpa3ByK0Boro BunpoMiHroBaHHa b Tô i x; I 0 -  noHaTKoBa 
iHTeHcuBHicTt; a  -  Koe î^ eHT nornuHaHHa.

BigMiTuMo, ^ o  BenuHuHa xmax= 1la  xapaKTepu3ye rnu6uHy npoHuK- 
HeHHa ynbTpa3ByKy B peHoBuHy.

TunoBi 3HaHeHHa Koe^i^eHTa 3aracaHHa a  Ta rn^uH u npoHuKHeH- 
Ha ynbTpa3ByKy 1la HaBegeHo b Ta6n.6.3.

6.3. -  Koe^i^eHT 3racaHHa yabTpa3ByKy Ta rauSuHa npoHHKHeHHa yabTpa3ByKy 
(v = 106 ru;) b geaKux penoBuHax

PeHoBuHa a, cm-1 Xmax 1/ a , cM
Boga 0,0003 3000
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nna3Ma KpoBi 0,007 130
KpoB 0,02 50
CKeneTHHH m’«3 0,20-0,25 4-5
neHiHKa 0,17 6
HupKH 0,22 5
®upoBa TKaHHHa 0,13 8

npHKaag
Bu3HaHHTH ToBmuHy rnpoBoi TKaHHHH cBHHi, aKa 6 ygBiHi nocna6una iHTeHcuB- 

HicTb y]ItTpa3ByK0B01 XBHni 3 HaCTOTOro 106 r^
P03B’H30K
BHKopHCTOByroHH piBHaHHa (6.34), ogepxuMo: I0 /Ix = e2ax = 2.
.Horapû MyeMo ocTaHmft Bupa3: 2ax = ln2.

ln23Bigcu:

BHKopucToByroHH gaHi Ta6n. 6.3, ogepxuMo: x =

2 a
0,693

■ = 2,7 cm.
2 • 0,13cm -1

y  pa3i 36ygxeHHa ynbTpa3ByKoBoi' XBuni y peHoBHHi 3a gonoMororo 
gnoKoBoro nepeTBoproBaHa po3nogin iHTeHCHBHooTi ynbTpa3ByKy y peHo­

BHHi XapaKTCpH3VCTbC5I UH.liHjpHH- 
Horo nacTHHoro, goBXHHa aicoi xmax, i 
KoHyconogi6Horo HaoTHHoro 3 KyToM 
po36ixHocTi p  (pnc.6.5).

rmduna xmax nponuKnennH ynbTpa-
3ByKoBoi XBHni B TKaHHHy o^Hro- 
eTbca TaK:

xmax — a / A  (6 .35)
g e  a -  p a g i y c  y jib T p a 3 B y K o B o ro  n e p e T B o p r o B a ­

H a; A -  g o B M H a  y jib T p a3 B y K o B o i X B u n i.

npHKaag
O ^ h u t h  r n u 6 H H y  npoH H K H eH H a y n b T p a -  

3B yK oB oi X B u n i b  K poB , a k ^ o  g ia M e T p  y n b T p a -  

3 B y K o B o ro  n e p e T B o p ro B a H a  g o p iB H ro e  2  c m , a  

H ac T o T a  y jibT pa3B yK oB H X  K o n u B aH b  -  1 M T ^  

P03B’H30K
f l o B M H y  y n b T p a 3 B y K o B o i X B u n i M o x H a  

BH3HaHHTH 3 a  g o n o M o r o r o  B u p a 3 y :

P h c . 6 .5 .  ranSHHa npoHHKHeHHa 
i po30i*HicTb yabTpa3ByK0B0'i 

XBHai B TKaHHHi

V
A = — ,

V
ge v = 1,5 • 103 m/c -  mBugKicTb nomupeHHa ynbTpa3ByKy; v -  HacToTa.

TaKHM hhhom: A =
1,5 • 103m • c-

106 c-
= 1,5 • 10- 3 m.

nigcTaBnaroHH HucnoBi 3HaHeHHa b piBHaHHa (6.35), ogepxuMo:

x
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2 ( 0 , 0 2  ̂ 2 1 
Xmax =  m f / A =  ^ - 2 - J  • 1 g  1 0 _ 3 =  0 , 0 6 7  M.

KoHTpoabHe 3aBgaHHH
Bu3HanuTu xmax 3a yMoBoro nonepegHtoi 3agani, aK^o v = 20 k^.
BidnoBidb: 1,33 • 10-3 m.

6 .3 .3 . Po3Si^H icTb y^bTpa3ByKOBOi 
xBH.ii b  cepegoB H ^i

Po36i^nicmb p  ynbTpa3ByKoBoi XBuni b cepegoBK^i BK3HaHaroTb 3a 
^opMynoro:

sinp = 0,61 A /a , (6.36)
ge A _ goBMHa XBuni yntTpa3ByKy; a _ pagiyc nepeTBoproBana.

rnnGHHa npoHHKHeHHa i po36™mcTb ynbTpa3ByKoBoi XBuni b cepe- 
goBH^i 3ane^aTb Big nacToTH (goB^HHH XBuni) ynbTpa3ByKoBoro curaa- 
ny (ra6n. 6.4).
6.4 -  3aae*HicTb ranSHHH npoHHKHeHHH i po30i*HocTi yabTpa3ByK0B0'i xbhM b 

cepegoBH î, HKa 36yg*yeTbca nepeTBoproBaneM giaMeTpoM 0,8 cm, Big qacTo-
th (goB̂ HHH xBHai) yabTpa3ByKoBoro cnraaay

H a c T o T a ,

M ^

f lo B * K H a  X B u n i A, 

c m

r n u 6 u H a  n p o H u K H eH H a  x max, 

c m

P o 3 6 iX H ic T b  p, 

r p a g .

1 0 ,1 5 2 ,4 8 ,8

2 ,5 0 ,0 6 6 3 ,5

5 0 ,0 3 1 2 1 ,7 5

npHKaag
B u 3 H a n u T u  p o 3 6 ix H ic T b  y jib T p a3 B y K o B o i X B u n i n a c T o T o ro  2  M ^ ,  a K a  3 6 y g x y e T b c a  b  

TKaH H H i n e p e T B o p ro B a n e M  g ia M e T p o M  0 ,8  c m , a k ^ o  m B u g K ic T b  n o m u p e H H a  y jib T p a3 B y K y  

b  M ’a 3 o B if t  TK aH H Hi g o p iB H ro e  1 ,5 6 8  • 1 0 3 m / c .

Po3B’H3oK
f l o B M H a  y jib T p a3 B y K o B o i X B u n i B H 3 H a n a e T tc a  i3  B u p a 3 y  A = — . n ig c T a B n a e M o  n u c -

v

n o B i g a H i:

—A = — =1 ,5 6 8  • 1 0 3 ( m / c ) /2  • 1 0 6 ( 1 / c )  =  0 ,7 8 4  - 1 0 -3 m.
V

P o 3 6 ix H ic T b  y n b T p a 3 B y K o B o i X B u n i M o x H a  3 H aftT u  3 p iB H aH H a ( 6 .3 6 ) :  

s i n p  = 0 ,6 1  - 1 0 -3 m / 0 , 0 0 4  m  =  0 ,1 1 9 6 .

3 B ig c u  p = 6 ,8 7  0.

KoHTpoabHe 3aBgaHHH
B u 3 H a n u T u ,  H a c K in tK u  3 M iH u T b ca  p o 3 6 ix H ic T b  y n b T p a 3 B y K o B o i X B u n i, a K ^ o  b  yM oB i 

n o n e p e g H t o i  3 a g a n i  n a c T o T a  3 6 i n t m u T b c a  g o  4  • 1 0 6 

Bidnoeidb: p = 3 ,4 3 0.
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6.4. ffl#PA3ByK
In$pa3eyK — npyxHi XBuni 3 HacToTaMH MeHmuMH, Hix o6nacri Hac- 

to t , mo cnpuHMaroTbca nroguHoro. fliana3oH iH$pa3ByKoBHX KonuBaHb 
cTaHoBHTb Big 16-25  ru; go 0,01 lH$pa3ByKoBi XBuni XapaKTepu3y- 
roTbca BucoKoro iHTeHcuBHicTro, 3gaTHicTro nomuproBaTuca B3goBx 3eM- 
hoi noBepXHi Ha BenuKi BigcTaHi 6e3 BTpaT. y  npupogi gxepenaMH iH- 
^pa3ByKy e pocnuHu i gepeBa, mo KonuBaroTbca, MiKpocencMiHm Konu- 
BaHHa 3eMHoi noBepXHi, 3eMneTpycu, yparaHH, BynKaHiHHi BHBepxeHHa, 
mTopMH, rpo3oBi po3pagu, ^HaMi, Bogocnagu, BigpuBH nbogoBHKiB Ta 
anc6epriB, npunnuBH Ta BignuBH. B iHgycTpiani3oBaHoMy cycninbcTBi go 
gxepen iH$pa3ByKy HanexaTb aBToMo6inbHi, Kopa6enbHi, aBiaujfim Ta 
paKeTHi gBuryHH, cinbcbKorocnogapcbKi MeXaHi3MH. E m ra  c e p ^ , Konu- 
BaHHa nereHb, po6oTa KumeHHHKy, Bi6pau;ii' ronocoBHX 3B’a3oK -  yce u;e 
cynpoBogxyeTbca reHepa^ero iH$pa3ByKy. lH$pa3ByKoBi KonuBaHHa 3 
piBHeM iHTeHcuBHocTi < 120 g6 BBaxaroTbca noMipHHMH, 6inbme -  iHTeH- 
cuBHuMu.

6.5. m yM
IcHye KinbKa BH3HaHeHb TepMiHy myM. nepme BH3HaHeHHa: myM aBnae 

co6oro 3ByKoBi KonuBaHHa, iHTeHcuBHicTb i HacToTa aKHX 3MiHroroTbca He- 
cnogiBaHo Ta anepioguHHo. 3rigHo 3 gpyruM BH3HaHeHHaM, myMoM e 3ByK, 
aKHH HaKnagaeTbca Ha gpyruH 3ByK i B3aeMogie 3 hum, to6to  He6axaHHH 
gna Hamoro cnyXy 3ByK. y  TpeTboMy ceHci myM -  u;e 6ygb-aKHH 3ByK, aKHH 
3aBaxae nroguHi. HanpHKnag, 3ByKH My3HKH e kophchhmh 3ByKaMH gna My- 
3HKaHTa i myMoM y gpyroMy ceHci gna nrogeH, mo po3MoBnaroTb, a6o my­
MoM y TpeTboMy ceHci gna nroguHH, aKa XoHe 3acHyTH.

6.5.1. Po3nogia myMy 3a iHTeHCHBHiCTro
fliana3oH iHTeHcuBHocTi 3ByKiB, mo oToHyroTb Hac, gyxe BenuKHH. 

MiHiManbHHH 3a iHTeHcuBHicTro 3ByK (HanpHKnag, g3uxHaHHa 6gxonu, 
menecTiHHa nucTa) cTaHoBHTb IMiH = 10-12 Bt/m2, Togi aK MaKcuManbHHH 
(HanpHKnag, peBiHHa gBHryHa peaKTHBHoro niTaKa) gopiBHroe IMaKC = 
= 10 Bt/m2. OTxe, giana3oH iHTeHcuBHocTi MoxnuBHX 3ByKiB Bapiroe b 
MexaX 13 nopagKiB.

fflyM Moxe 6yTH no6yToBHM, bhpo6 hhhhm, npoMucnoBHM, TpaHc- 
nopT-HHM, aBia^HHHM. TunoBi 3HaHeHHa piBHiB iHTeHcuBHocTi 3ByKy 
HaBegeHo b Ta6n.6.5. PeKoMeHgoBaHi HopMH myMy b npHMimeHHaX i Ha 
TepuTopiaX cTaHoBnaTb: 3 0 -3 5  g6 -  Ha TepuTopiaX 3anoBigHHKiB; 3 4 -  37 
g6
b cnanbHHX npHMimeHHaX (6yguHKH, niKapHi, KBapTupu); 5 6 -6 6  g6 -  y 
npHMimeHHaX Mara3HHiB, 3aBogiB Tomo.
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6.5. -  TunoBi 3HaneHHH piisiiiis iHTeHCHBHOCTi 3ByKy
f l x e p e n o  3ByKy P iB e H b  iH T e H cH B H o cri 3ByK y, g 6

E y M ,  n p u  aKOM y M O X H a c n a T H 3 5

n p a n t H a  M am H H a 5 0 - 7 5

n u n o c o c 6 0 - 8 5

r o n o c H a  po3M O B a 8 0

A B T O M o 6 in tH H H  c u r H a n  H a  B ig c T a H i 6  km 9 0

E n eK T p H H H a g p u n t 9 5

flu c K O T eK a 1 1 0

P o K -K O H ^ p T 1 1 0 - 1 2 0

PeaK TH BH H H  n iT aK 1 4 0 - 1 5 0

3 a n y c K  K ocM iH H oi p aK eT H 1 8 0

6 .5 .2 . CyMapHHH myM

,3k^ o giroTb gBa a6o 6inbme HecKopenbOBaHux g^epena myMy, cy­
MapHHH myM onucyeTbca Bupa3OM:

N

LcyM = 10lg Y 10L/10, (6.37)
i=1

g e  L i -  p iB e H b  iHTeHCHBHOCTi 3ByK y k o x h o t o  g x e p e n a ,  N -  K m b K icT b  g x e p e n .

npuKaag
O K p e M i B K n a g u  b  m y M  n ’aT H  M am H H  cT aH O B H nu: 8 5 ,  8 8 ,  8 0 ,  7 0  T a  9 5  g 6 .  B u 3 H aH H - 

t h  cyM apH H H  m y M , ^ o  B ig H y B a e T tc a  y  M i c ^  p o 3 T a m y B a H H a  M am H H .

P03B’H30K
B H K opncT O B yroH H  p iB H aH H a ( 6 .3 7 ) ,  o g e p r n M o :

L cyM = 1 0 lg  ( 1 0 85/10 +  1 0 88/10 +  1 0 80/10 +  1 0 70/10 +  1 0 95/10) =  9 6 ,2 5  g 6 .

6 .5 .3 . Po3nofli^ myMy 3a nacTOTOM

iHTeHcHBHicTb 3ByKiB, ^ o  OTOHyroTb Hac, TaKO  ̂3ane^HTb Big Hacro- 
th . ^ k ^ o  cepegHa noTy^HicTb (cyMa iHTeHcHBHocreH Bcix rapMOHiK, ^ o  
cKnagaroTb myM) e BenuHHHoro cranoro b neBHOMy HacTOTHOMy giana3O- 
Hi, TaKHH myM Ha3HBaroTb 6inuM. B ^OMy BunagKy myM MicTHTb yci 
3ByKOBi HacTOTH. ^ k ^ o  myM nepeBa^HO cKnagaeTbca 3 BucoKOHacTOT- 
hhx 3ByKOBux KonuBaHb, BiH Ha3HBaeTbca $ ionemoeuM (3a aHanoriero 3i 
cBiTnoBHMH KonuBaHHaMu); aK^o nepeBa^aroTb HH3bKOHacTOTHi 3ByKOBi 
KonuBaHHa, myM Ha3HBaroTb poweeuM . fflyM, aKHH y gaHOMy giana3OHi 
HacTOT cnpunMaeTbca aK 3ByK ogHaKOBOi ryHHocTi, Ha3HBaroTb cipuM. 
^ k ^ o  HacTOTHHH cneKTp myMy 3HaxoguTbca Ha HynbOBOMy piBHi, KpiM 
By3bKOi ginaHKH cneKTpa, TaKHH myM Ha3HBaeTbca nopnuM. CneKTpanb- 
Ha rycTHHa noTy^Hocri myMy po3nogineHa 3a 3aKOHOM 1/ f .  TaK, gna 
6inoro myMy {  = 0, gna po^eBoro Ta 6naKHTHoro {  = 1, gna KopuHHeBO- 
ro Ta ^ioneTOBoro {  = 2, gna HopHoro {  >  2. EinuH myM MicTHTb yci
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3ByKoBi HacToTH b piBHHX nponop^ax: HanpHKnag, HacTOTHHH giana3oH 
4 0 -6 0  ru; Mae TaKy x  noTyxHicTb, aK giana3oH 4 0 0 0 -4 0 2 0  y  Kopu-
HHeBoMy myMi nepeBaxaroTb HH3bKoHacToTHi KoMnoHeHTH. B poxeBOMy 
myMi TaKox 6inbme HH3bKoHacToTHHX cKnagoBHX, ane Ha HacTKy mmux 
cneKTpanbHHX KoMnoHeHTiB npunagae 3HaHHo 6inbme eHeprii, Hix y ko- 
puHHeBoro myMy. HacTOTHHH cneKTp poxeBoro myMy nnocKHH y nora- 
pu^MiHHoMy MacmTa6i: BiH MicTHTb ogHaKoBy noTyxHicTb b giana3oHaX 
4 0 -6 0  ru; Ta 4 0 0 0 -6 0 0 0  CneKTpu myMiB pi3HHX KonbopiB HaBegeHo
Ha puc. 6.6.

6 .5 .4 . myMOBe 3aSpygHeHHH

yMoee 3a6pydmHHH HaBKonumHboro cepegoBuma cTano BenuKoro 
3arpo3oro gna 3gopoB’a nroguHH. npoTaroM gHa MemKaH^ BenuKHX MicT 
3MymeHi Tepnhu myMoBi nepeBaHTaxeHHa Ha piBHi 6 5 -7 0  g6 i 6inbme. 
G npaMHH 3B a3oK Mix iHTOKcuKa^ero myMoM i cep^BHMH XBopo6aMH. 
B 3OHaX BenuKHX aeponopTiB, ge piBeHb myMiB gocarae 100 g6, 36inb- 
muBca npogax chotbophhx niKiB, a giTH ^ x  paHoHiB ripme 3acBororoTb 
HaBHanbHHH MaTepian. fflyM, BenuHHHoro 90 g6 BHKnuKae pi3HOMaHiTHi 
^i3ionoriHHi nopymeHHa. BepxHa rpaHH^ gna nroguHH cTaHOBHTb 140 g6, 
3a 1 6 0-170  g6 Big6yBaeTbca nomKogxeHHa 6apa6aHHoi' nepeTHHKH 
Byxa nroguHH. KpiM Toro, myM Moxe 6yTH npuHHHoro pyHHyBaHHa op- 
raHa KopTi, 6o HaH6inbm ypa3nuBHMH cepeg Bcix eneMeHTiB cnyxoBoro 
aHani3aTopa Big gii' myMy bhcokoI iHTeHcuBHocTi e BonocKOBi KniTHHH 
BHyTpimHboro Byxa. npuHOMy, aKmo BonocKOBi KniTHHH 3a3HaroTb cep- 
Ho3Horo nomKogxeHHa, bohh Bxe He 3gaTHi BigHOBnroBaTH cboI $y H ^ ii  
i 6yTH 3aMimeHHMH iHmuMH KniTHHaMH. HacnigKOM ^ o r o  Moxe 6yTH 
HacTKOBa a6o noBHa BTpaTa cnyxy.
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6 .5 .5 . BHMiproBaHHH p iern e myMy

^,na BH3HaneHHH piBHiB myMy BHKopHCTOByroTb myMOMipH i 
aHani3aTopH myMy. ^pHH^H^ gii' myMOMipa nonarae b nepeTBOpeHHi 
3ByKOBoro THCKy b eneKTpHHHHH cnraan MiKpô OHOM. ^ h cnraan  
nigcnnroeTbca i Kani6pyeTtca. TnnoBHH giana3OH piBHiB iHTeHCHBHocri, 
aKi o^HroroTbca myMOMipOM, CTaHoBHTb 3 0 -1 4 0  g6. P03rnaHeM0 oc- 
HOBHi KoHCTpyK^i KOHgeHcaTOpiB, npH3HaneHHx gna BHMiproBaHHa 
myMiB.

KohdeNcamopNUU MiKpo^OH CKnagaeTbca 3 gBox nnacraH, ogHa 3 
aKHx 3aHMae ^kcoBaHe nono^eHHa, a iHma e gia^parnoro. n ig  BnnHBoM 
3ByKoBoi XBHni gia^parna BHraHaeTtca, BigcTaHb Mm: nnacTHHaMH i eM-
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HicTb KOHgeHcaTopa BignoBigHO 3MiHroroTbca, ^ o  3yMOBnroe 3MiHy eneK- 
TpuHHoro curHany b cucTeMi peecrpa^i.

n ’e3oeneKmpmnuu MiKpô on TaKO  ̂ MicTHTb gia^parny, ane BOHa 
noB’a3aHa 3 n ’e3OKpucTanoM, aKHH nig BnnuBOM 3ByKOBoi XBuni nepe- 
TBoproe MexaHiHHi KonuBaHHa gia^parnu b eneKTpuHHHH curHan.

EneKmpemnuu MiKpô on 6a3yeTbca Ha BHKopucraHHi eneKTpeTa -  gi- 
eneKTpuKa, ^ o  TpuBano 36epirae nonapu3OBaHHH cTaH nicna 3HaTra 3O- 
BHimHboi gii, aKa BHKnuKae nonapu3a^ro. TaKHM eneKTpeTOM b gamM 
KOHcrpyK^i MiKpo^OHa e noniMepHa nniBKa, noegHaHa 3 MeTani3OBaHHM 
eneKTpogoM, aKHH yTBoproe 3 îKcoBaHHM eneKTpogoM KOHgeHcaTop. nig  
BnnuBOM 3ByKOBoi XBuni BenuHHHa 3apagy Ha o6KnaguHKax KOHgeHcaTO- 
pa 3a paxyHOK eneKTpeTHoro e^eKTy 3MiHroeTbca, ^ o  npu3BoguTb go 
BignoBigHoi 3MiHH eneKTpuHHoro curHany.

Anani3amopu nacmomu MyMy, ^ o  npa^roTb b pe^HMi peanbHoro 
Hacy a6o BHKopucroByroHH mBugKe Oyp’e-nepeTBopeHHa, go3BonaroTb 
o^ h h th  myMOBHH curHan Ha KO^HiH HacTOTi ogHOHacHO. Pe3ynbTaTH 
aHani3y BHBogaTbca Ha gucnneH i geMOHcrpyroTb 3ane^HicTb piBHa iHTe- 
HcuBHocri 3ByKy Big HacTOTH.

6.6. OCHOBH BIO^OriHHOI AKyCTHKH
Po3gin 6io^i3HKH, ^ o  BHBHae n p o^ cu  yTBopeHHa 3ByKiB nroguHoro 

Ta TBapuHaMH, 3ByKOBy curaani3a^ro Ta cninKyBaHHa TBapuH (6ioKOMy- 
HiKa^ro) b npupogi, ix opiern-a^ro y npocropi 3a gonoMororo exonoKa- 
TopiB, Ha3HBaeTbca 6ioaKycmuKow.

6 .6 .1 . yTBOpeHHH 3ByKiB TBapuHaMH

Ccaety. nepBHHHHM g^epenoM 3ByKOBux KonuBaHb y bhcokopo3bh- 
HeHux TBapuH e ropTaHb i noB’a3aHi 3 Hero ronocoBi 3B’a3KH, enacTHHHi 
M’a3OBi BonoKHa aKux MO^yTb Bi6pyBaTH. 3ByKOBi XBuni yTBoproroTbca 
3a paxyHOK gii KonuBanbHux cTpyKTyp, aKi y TBapuH xapaKTepu3yroTbca 
neBHHMH po3MipaMH i HacTOTHHM giana3OHOM M’a3OBux cKopoHeHb. 
Einb-micTb M’a3iB TBapuH, He3Ba^aroHH Ha ix pi3HOMaHiTTa, He cnpoMO- 
^Hi KonuBaTuca 3 HacToToro, ^ o  nepeBH^ye 10 y  ccaB^B 3ByKH 
yTBoproroTbca BepxHboro ropTaHHro, ^ o  aBnae co6oro xpa^OBy Tpy6Ky.
n o ­
BiTpa, ^ o  npoxoguTb Hepe3 ^ro Tpy6Ky, npuMymye KonuBaTuca ronocoBi 
3B a3KH, po3TamoBaHi y BepxHiH HacTHHi ropTaHi. 3ane^HO Big aHaroMiH- 
hhx oco6nHBocTeH ronocoBoro anapaTy TBapuHH 3giHcHroroTbca Konu- 
BaHHa pi3Hoi iHTeHcuBHocTi, HacTOTH, TeM6py, HacoBux iHTepBaniB. Big
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^Hx xapaKTepHOTHK 3anexaTb 3ByKH, mo yTBoproroTbca cBiMcbKHMH TBa- 
pHHaMH: ipxaHHa, MyKaHHa, poxKaHHa, MeKaHHa.

nmaxu. B ropTaHi, aKa nepeTBoproe KiHeTHHHy eHepriro noBiTpa, mo 
pyxaeTbca, b eHepriro 3ByKoBoi xBHni, 3HaxogaTbca gBi ronocoBi MeM- 
6paHH -  nig nac npoxogxeHHa noBiTpa Mix MeM6paHaMH 3 BenHKoro 
mBHgKicTro cTaTHHHuM thck 3rigHo 3 piBHaHHaM EepHynni 3MeHmyeTbca 
i MeM6paHH cxogaTbca; oTBip 3aKpuBaeTbca, mBHgKicTb pyxy noBiTpa 
3MeHmyeTbca i cTaTHHHuM thck 36inbmyeTbca. n p o ^ c  noBToproeTbca, 
BHacnigoK Horo BHHHKaroTb 3ByKoBi cnrHann, HacToTa aKHx y nTaxiB 
3HaxogHTbca b giana3oHi Big 200 ^  go 12 k ^ .

Pu6u. MexaHi3MH yTBopeHHa 3ByKiB pn6aMH pi3Hi -  3ByKH MoxyTb 
BHHHKaTH 3a paxyHoK cTpugyna^i -  B3aeMHoro TepTa pi3HHx HacTHH 
Tina, HanpHKnag, cKnagoBux HacTHH poToBoro anapaTy b n p o^ ci xapHy­
BaHHa; rigpogHHaMinHoi gii -  yTBopeHHa 3ByKiB nig Hac nnaBaHHa; B3ae- 
Mogii cne^ani3oBaHHx M’a3iB 3 nnaBanbHHM MixypoM. CneKTpanbHa o6- 
nacTb 3ByKoBHx KonuBaHb pu6 cTaHoBHTb Big 2 0 -5 0  ^  go 1 0 -1 2  k ^ .

KoMaxu. EaraTo TBapuH MaroTb HacTinbKH Mani po3Mipu, mo n p o ^ c  
yTBopeHHa 3ByKy 3aBgaKH TinbKH Ma3oBHM BonoKHaM BuaBnaTHMeTbca 
BKpaH Hee êKTHBHHM. BHpimHTH ^ro npo6neMy MoxHa nHme Hepe3 no- 
MHoxeHHa HacToTH 3ByKoBoro cHrHany, mo 3giMcHroeTbca y cTpugyna- 
^HHoMy anapaTi KoMax. He3BaxaroHH Ha pi3Hi aHaToMiHHi BnacTHBocTi 
cTpugyna^HHux anapaTiB, ^pHH^H^H ix gii MaHxe ogHaKoBi. CipeKoTanb- 
hhh KaHTHK, po3MimeHHH b ogHiM HacTHHi anapaTy, pyxaeTbca B3goBx 
cTpeKoTanbHoi xunKH, aKa Mae nepioguHHy cTpyKTypy. Po3Mipu eneMeH­
TiB ^ei' cTpyKTypu cTaHoBnaTb 6nu3bKo KinbKox MiKpoMeTpiB. npoTaroM 
KoxHoro M’a3oBoro cKopoHeHHa KaHTHK 3aHinae coTHi eneMeHTiB xunKH, 
yTBoproroHH y ^oM y pa3i 3ByKH BucoKoi HacToTH.

6 .6 .2 . AKycTHHHa KOMymKa^H TBapuH

AKycTHHHi curHanu, mo yTBoproroTbca nTaxaMH, Bigpi3HaroTbca iH- 
TeHcuBHicTro, HacToToro, HacoBoro TpuBanicTro. Ix MoxHa noginuTH Ha 
gBi ochobh rpynu — 3aKnuKu i emeu. 3aKnuK MoxHa yaBHTH aK eneMeHT 
6inbm cKnagHoro aKycTHHHoro cHrHany — cniBy. 3anexHicTb HacToTH h 
iHTeHcuBHocTi 3ByKoBux curHaniB, mo yTBoproroTbca nTaxaMH Big Hacy, 
Ha3HBaroTb coHOspaMaMu.

3aKnuKH nTaxiB Bigpi3HaroTbca 3MicToM. Bohh BHKopucTOByroTbca 
gna no3HaHeHHa TepuTopii Ta BignaKyBaHHa iHmux caM^B — npegcTaB- 
HHKiB ^ o r o  Bugy. ^Kmo m a x  y HeBoni, BiH yTBoproe 3ByKH He6e3neKH. 
3aKnuKH npu3HaHeHi TaKox gna HanarogxeHHa KoHTaKTy 3 poguHeM; ix
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BHKopucToByroTb nig Hac xonogHoi norogu, mo6 3i6paTH npegcTaBHHKiB 
^ o r o  Bugy gna cyMicHoro cHy; neBHi 3ByKH e curHanaMH rogiBni nra- 
meHaT, aKi npuMymyroTb ocTaHHix BigKpuTH poTa, Togi aK iHmi 3aKnu- 
KaroTb nTameHaT go cHy. KpiM Toro, nTamuHi 3aKnuKH BHKopucTOBy- 
roTbca gna HaBegeHHa nTaxiB go rogiBHH^, y n p o^ ci BucugxyBaHHa, 
gna Bni3HaBaHHa nTameHaT (aKmo nTaxu MemKaroTb y KonoHiax), nig 
Hac Mirpa^i Tomo.

CniBH nTaxiB BHKoHyroTb nogBiMHy ^yH^iro. no-nepme, bohh iH- 
^opMyroTb npo BnacHicTb neBHoi TepuTopii i nonepegxaroTb He6axaHux 
Bi3HTepiB. no-gpyre, cniB npu3HaHeHHH gna npuBepTaHHa yBaru craTe- 
Boro napTHepa 3 MeToro 3anu^HHa Ta cnapoByBaHHa. y  geaKux BugiB 
nTaxiB BoKanbHHH gyeT gonoMarae HanarogHTH TicHHH KoHTaKT Mix 
HneHaMH napu i cuHxpoHi3yBaTH B3aeMHy noBegiHKy b Haci.

AKycTHHHi curHanu pu6 noginaroTbca Ha xapHoBi, HepecToBi, arpe- 
chbho o6opoHHi, rpynoBi i noB’a3aHi 3 Typ6oToro npo totom ctbo. CTpu- 
gyna^HHi 3ByKH HaragyroTb cKperiT i cKpun; bohh cKnagaroTbca 3 HH3b- 
KoHacToTHux curHaniB (20 ^ - 5  k ^ ) ,  aKi yTBoproroTbca 3a paxyHoK pyxy 
nnaB^B i Tina pu6u, i BucoKoHacToTHux 3ByKiB, mo 3a6e3neHyroTbca py- 
xom BHyTpimHix opraHiB. 3ByKH, mo BHHHKaroTb nig Hac B3aeMogii 
M’a3iB i3 nnaBanbHHM MixypoM, 3aHMaroTb o6nacTb 40 ^ - 2 , 5  k ^  i aB- 
naroTb co6oro cepiro iMnynbciB.

Egxonu yTBoproroTb 3ByKH, 3yMoBneHi gianbHicrro KpunoBux nnacTHH Ta 
TopaKcy. CneKrp 3ByKiB 6gxonu 3aHMae o6nacTb 8 -12  k^ .  3ByKoBi curaa- 
nu, aKi yTBoproroTb 6gxonu, BHKopucToByrorbca gna nepegaHi iHmuM 6gxo- 
naM ciM’i iH^opMami npo BuaBneHHa KopMy; iHTeHcuBHicTb, HacToTa i rpu- 
BanicTb 3ByKoBux nocunaHb 3anexaTb Big piBHa BeHTunami', nopu poKy, re- 
MnepaTypu, HaaBHocri KopMy, BigcraHi go rogiBHH^.

6 .6 .3 . Y abT pa3B yK  y TBapHHHOMy CBiTi

KaxaHH 3gaTHi BunpoMiHroBaTH ynbTpa3ByKoBi KonuBaHHa y BHrnagi 
KopoTKux iMnynbciB; HacToTa KonuBaHb Bapiroe Big 14 go 100 k ^ .  y  
n p o^ ci nomyKy 3go6uHi KaxaHH reHepyroTb ynbTpa3ByK 3 HacToToro 
1 0 -2 0  iMnynbciB/c; nicna BuaBneHHa xepTBH HacToTa 36inbmyeTbca go 
200 iMnynbciB/c. npuHoMy, nig Hac reHepa^i' ynbTpa3ByKy Byxa TBapuH- 
kh 3aKpuBaroTbca; nicna npunuHeHHa curHany Byxa BigKpuBaroTbca i 
KaxaH 3gaTHHH cnpuHMaTH Big6uTHH Big o6’eKTa nonroBaHHa curHan Ta 
igeHTH îKyBaTH Horo po3Mipu, ^opMy Ta TeKcTypy. ExonoKa^a BHKopu- 
cToByeTbca KaxaHaMH Ta geaKHMH nTaxaMH (ryaxapo Steatornis
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caripensis, crpu^aMH 3 pogy Aerodramus), ^ o  MemKaroTb y 3aTeMHeHux 
neHepax, gna HaBira^i.

flenb^iHH, MOpcbKi cBHHKH, KHTH BHKOpucTOByroTb BHcOKOHacTOTHi 
3ByKOBi Ta ynbTpa3ByKOBi KonuBaHHa gna 6 i0K0MymKa^i y KanaMyTHOMy 
a6o Henpo3opoMy cepegoBH^i.

6.7. Bn^HB AKyCTHHHHX CTHMy^IB 
HA ^H B I OPrAHI3MH

6 .7 .1 . MexaHi3MH Bn^HBy y^bTpa3ByKy  
Ha Sio^orinH i oS’ gkth

Mexaninni e$eKmu 3yMoenwwmbcn nepioguHHHMH KonuBaHHaMH 
HacTHHOK cepegoBH^a 3 HacToToro ynbTpa3ByK0B0i xBuni. AMnniTyga 
KonuBaHb, 3rigHO 3 piBHaHHaM (6.14), nponop^HHa KopeHro KBagpaTHO- 
My 3 iHTeHcuBHocri ynbTpa3ByK0B0r0 BunpoMiHroBaHHa. 3aranbHi Konu- 
BaHHa MaKpoMoneKynapHux hh MeM6paHHux cTpyKTyp MO^yTb cnpuHH- 
hhth ix yTOMy a6o nomKog^eHHa.

HaH3HaHHimuM MexaHiHHHM ^aKTopoM, ^ o  iHgyKyeTbca ynbTpa3By- 
kobhm BunpoMiHroBaHHaM, e cunu 3cyBy Ta ygapHi xBuni. ynbTpa3ByKO- 
Ba xBuna, ^ o  nomuproeTbca b piguHi, BHKnuKae nepioguHHi crucKyBaH- 
Ha i po3pig^eHHa, aKi MO^yTb npu3BecTH go po3puBy piguHH Ta yTBO- 
peHHa 6ynb6amoK, 3anoBHeHux naporo ^ e i piguHH. ^  aBH^e Ha3HBa- 
eTbca Kaeimatyew.

^ ,e  oguH MexaHiHHHH ^aKTop, ^ o  3yMOBnroeTbca ynbTpa3ByKOBHM 
BunpoMiHroBaHHaM, noB’a3aHHH 3 BHHHKHeHHaM noKanbHux thcmb. 
e^eKT 0c0 6 nuB0  noMiTHHH nig Hac Big6uBaHHa ynbTpa3ByK0B0i xBuni Big 
6ygb-aKux cTpyKTyp i yTBopeHHa croaHoi xBuni, aKa npu3BoguTb go no- 
pymeHHa ^yHK^OHyBaHHa neBHux ginaHOK opraHi3My.

Temoei e$eKmu noB’a3aHi 3 npo^coM nornuHaHHa TKaHHHoro ynbrpa- 
3ByK0B0r0 BunpoMiHroBaHHa, BHacnigoK Horo HacTHHa eHeprii nepega- 
eTbca TKaHHHi. nornHHyTa eHepria nepeTBoproeTbca y TennoTy i cnpuae 
nigBH^eHHro TeMnepaTypu TKaHHHH. BHacnigoK KaBiTauji b cepegoBH^i 
yTBoproroTbca nopo^HHHH, aKi nornuHaroTb eHepriro ynbTpa3ByKOBoro 
BunpoMiHroBaHHa. Ua eHepria HacTKOBO («10% ) nepeBunpoMiHroeTbca, 
Togi aK 6inbma ii HacTHHa nepeTBoproeTbca b TennoTy, ygapHi xBuni a6o 
rigpoguHaMiHHi 3cyBH. KaBrra^a MO*e 6yTH “cTa6inbHoro” nig BnnuBOM 
noMipHoi ynbTpa3ByK0B0i iHTeHcuBHocri, a6o “o6BanroBanbHoro”, ^ o  
HocuTb Bu6yxoBHH xapaKTep. fl0BegeH0, ^ o  ocTaHHiH Tun KaBrra^i cy- 
npoBog^yeTbca nigBH^eHHaM TeMnepaTypu ycepeguHi nopo^HHHH go 
KinbKox TucaH rpagyciB. TaKi BucoKi TeMnepaTypu cnpuHHHroroTb po3-
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puB KoBaneHTHux 3B’a3KiB y MoneKynax Bogu Ta yTBopeHHa BinbHux pa- 
gHKaniB, aKi xapaKTepH3yroTbca 3HaHHoro peaKTHBHicTro.

TaKHM hhhom, nigBumeHHa TeMnepaTypu TKaHHHH BHacnigoK Bnnu- 
By ynbTpa3ByKoBoro BunpoMiHroBaHHa BH3HaHaeTbca geaKHMH ^aKTopa- 
mh, a caMe: nornuHaHHaM TKaHHHH, ii po3MipaMH, iHTeHcuBHicTro, Hac- 
ToToro Ta TpuBanicTro gii ynbTpa3ByKoBoro BunpoMiHroBaHHa.

0i3uKO-xiMiHHi e êKmu 3yMoBneHi 3MiHoro npoHHKHocTi 6ionoriH- 
hhx MeM6paH i gu$y3iHHHx npo^ciB. n ig  BnnHBoM ynbTpa3ByKoBux 
KonuBaHb y 6ionoriHHux TKaHHHax MoxnuBi 3MiHH KOH^mpa^i' Bog- 
HeBux ioHiB; BcTaHOBneHO BnnuB ynbTpa3ByKy Ha BHcoKOMoneKynapHi 
cnonyKu: ^epMemu, ropMOHH, BiTaMiHH. ynbTpa3ByK cnpuae BHBinb- 
HeHHro 3 opraHiB i TKaHHH 6ionoriHHO aKTHBHux peHOBHH.

6 .7 .2 . BnaH B iH^pa3ByKy Ha ^HBi opram3ivin

Ochobhhm HeraTHBHHM BnnuBOM iH^pa3ByKy Ha xhbhh opraHi3M e 
nopymeHHa opraHiB 6anaHcy, a caMe BecTu6ynapHoro anapaTy, BTpaTa 
piBHOBaru Ta op iem ^ ii y npocTopi. ncuxonoriHHuH BnnuB iH$pa3ByKy 
Moxe 6yTH noB’a3aHHH 3 noaBoro HygoTH, coHnuBocTi, neTaprii, noHyr- 
TaM x a x y  a6o 6oa3Hi. lH$pa3ByK 3HaHHoi iHTeHcuBHocTi 3yMOBnroe 3Mi- 
hh cnyxoBoi HyTnuBocTi, nomKogxeHHa 6apa6aHHoi nepeTHHKH, 6onicHi 
BigHyTTa, ycKnagHeHHa MOBneHHa i Mogyna^i' ronocy, nopymeHHa pec- 
nipaTopHoi aKTHBHocTi, 3MiHH a-puTMiB MO3Ky.

6.8. A K Y C T O P E ^ n ^ fl
CucTeMa, aKa nepeTBoproe eHepriro 3OBHimHboro aKycTHHHoro nogpa3- 

HeHHa y nocnigoBHicrb HepBOBux iMnynbciB, Ha3HBaeTbca cnyxoeuM 
aHani3amopoM. CnyxoBHH aHani3aTop ccaB^B cKnagaeTbca i3 3OBHim- 
Hboro, cepegHboro i BHyrpimHboro Byxa, noB’a3aHux 3 ^mpanbHoro 
cnyxoBoro HepBOBoro cucTeMoro.

3oeHiwHe eyxo Mae eywHy paKoem y  (3ByKOBnoBnroBaH) i cnyxoeuu 
npoxid. BymHa paKOBHHa -  ^  pynop, aKHH cnpaMOBye 3ByKOBi Konu- 
BaHHa b cnyxoBHH npoxig. O yH ^ii 3OBHimHboro Byxa nonararoTb b on- 
THMi3a^i' Ta nigcuneHHi HaM6inbm BaxnuBux 3ByKOBux HacTOT, mo Mae 
pa^ro 3 tohkh 3opy KOMymKa î' TBapuH Mix co6oro Ta ix BuxuBaHHa.

y  npocTopi, cTBopeHOMy cnyxoBHM npoxogoM i cepegHiM ByxoM, 
^opMyeTbca cToaHa xBuna (puc. 6.7). y  pa3i piBHocTi goBxuHH ^ o r o  
npocTopy HBepTi goBxuHH xBuni 3ByKy Mae Mî e pe3oHaHC -  BigHocHo 
BenuKHH ceneKTHBHHH (Bu6ipHHH) BigryK KonuBanbHoi cucTeMH Ha 
nepioguHHHH BnnuB 3 HacroToro, 6nu3bKoro go HacTOTH ii BnacHux Konu-
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BaHb. n ig  Hac pe30HaHcy Big6yBaeTbca pi3Ke 3pocTaHHa aMnniTygu bh- 
MymeHux KonuBaHb cucTeMu. MaKcuManbHa HyTnuBicTb cnyxoBoro 
aHajmaTopa npoaBjiaeTbca caMe go pc30HaHCHHx LiacTOT,

Cjiyxaeuu EapaSanna 
npaxid nepemuiixa

. A/
A/4

2

Oeaibne
Z lK O H lt e

Phc. 6.7. OopMyBaHHH ctohhoi xbhM y npocTopi, CTB0peH0My cayxoBHM 
npoxogoM i cepegHiM ByxoM: 1 -  BymHa paKOBHHa; 2 -  cnyxoBHH npoxig;

3 -  6apa6aHHa nepeTHHKa

npuKaag
^OB*HHa cnyxoBoro npoxogy i cepegHtoro Byxa nroguHH -  2,5 cm. BH3HaHHTH pe- 

3OHaHcHy HacTOTy cnyxoBoro aHani3aTopa nroguHH.
P03B’H30K
nigcTaBnaroHH HHcnoBi 3HaHeHHa y cniBBigHomeHHa Mi* HacToToro 3ByKy v 3i 

mBHgKicTro nomupeHHa V Ta goB*HHoro xBHni A, MaeMo:
340m  / c_ v _

A _ 4 • 2,5 • 10-2 m
= 3400 ^ .

KoHTpoabHe 3aBgaHHH
B n3H aH H T H  pe3O H aH cH y  H acTO Ty g n a  c n y x o B o r o  a H a n i3 a T o p a  c n o H a , g o B * H H a  c n y x o ­

B o r o  n p o x o g y  i  c e p e g H b o r o  B y x a  a K o r o  c r a a g a e  2 0  cm.
Bidnoeidb: 4 2 5

Cepedne eyxo, BigoKpeMneHe Big 3OBHimHboro 6apa6annow nepemuH- 
kow, cKnagaeTbca 3 6apa6annoi nopownunu, cnyxoeux KicmonoK (Mono- 
mon-Ka, Koeadenrn  i cmpeMintys) Ta cnyxoeoi mpy6u. OyHK^i cepegHboro 
Byxa o6Me*yrorbca nepegaHero 3ByKOBux KonuBaHb Big 3OBHimHboro cepe- 
goBH^a go eHgoniM^u, nigcuneHHaM cna6KHx 3ByKOBux curHaniB i 3a6e3ne- 
HeHHaM 6e3neHHoro npuHMaHHa iHTeHcuBHux curHaniB. n p o ^ c  nigcuneHHa 
peani3yeTbca 3a paxyHOK 36inbmeHHa TucKy, ^ o  n0B’a3aH0 3 BigMiHoro nno- 
^ i 6apa6aHHoi nepeTHHKH i oeanbHoso eiKohtys, aKe 3B’a3aHe 3i crpeMiH^M i 
BigoKpeMnroe cepegHe Byxo Big BHyrpimHboro; Burpam y TucKy cTaHOBHTb 
6nu3bKO 20-25  pa3iB. KpiM Toro, KicTOHKOBHH anapaT BHKOHye ^yH^ii Ba- 
*ena, aKHH gae Burpam b cuni npu6nu3HO b 2,5 pa3H (puc. 6.8). TaKHM hh-
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hom, 3aranbHHH piBeHb nigcnneHHa 3ByKOBux KonuBaHb cepegHiM ByxoM 
CTaHOBHTb 6jIH3bKO 5 0 -6 0  pa3iB.

Phc. 6.8. KIctohkobhh anapaT cepegHboro Byxa Ta Mogeab, qo  noacHroe 
^yH^ioHyBaHHH cepegHboro Byxa: 1 -  6apa6aHHa nepeTHHKa;

2 -  MonoTOHOK; 3 -  KOBagenKo; 4 -  cTpeMrne^

npHKaag
nnoma 6apa6aHHoi nepemHKH -  S1 = 55 mm2, a nnoma oBantHoro BiKotma -  S2 = 3,2 mm2. 

Bnrpam y cnni Baxena, yraopeHoro cncTeMoro cnyxoBnx KicTOHOK, craHOBnTL 1,3. Om- 
hhth piBeHb nigcnneHHa cna6Knx aKycthhhhx cnraaniB y npoiieci nepegaHi cepegHiM 
ByxoM 3OBHimHLoro 3ByKOBoro THcKy BHyTpimHLOMy Byxy.

Po3B’H3oK
Ha 6apa6aHHy nepeTHHKy gie cnna F 1 , mo cTBoproe 3ByKOBHH thck p 1 :

Fi = piSi.
Ha oBanbHe BiKotme BHyrpimHLoro Byxa gie cnna F2 , mo cnpnHHHroe 3ByKOBHH thck p2 :

F2 = P2S2.
Baxinb, cTBopeHHH cncTeMoro cnyxoBnx KicTOHOK, gae Bnrpam b cnni, mo 

gopiBHroe:
Fl _ /l  _ P1S1 •
F2 l1 P2S 2

3BigKn:

P l  _ S i = 55 • 10-66m22 • 1,3 _ 22.
p  S2/2 3,2 •W-6 m 2

Bnympimne eyxo cKnagaeTbca 3 Tpbox cnipanbHnx KaHaniB -  eecmu- 
6ynHpH0̂ 0, cepê Hbô o i 6apa6aHH0̂ 0, npuHOMy cepegHiM KaHan Bigo- 
KpeMneHHH Big BecTn6ynapHoro noKpuenow MeMdpanow (MeMdpanow 
Peuccnepa), a Big 6apa6aHHoro -  6a3mapnow MeM6panow. AKycrope- 
^nTopaMH e eonocKoei Knimunu, 3B’a3aHi 3 6a3nnapHoro MeM6paHoro; u;i 
KniTHHH ocHameHi eiuKaMu (pnc. 6.9). O yH ^ii BHyrpimHboro Byxa no- 
nararoTb y HacTOTHOMy aHani3i 3ByKOBnx cnrHaniB. 3rigHO i3 cyHacHHM 
yaBneHHaM, KonuBaHHa, 36ygxeHi crpeMiH^M b OBanbHOMy BiKOH ,̂
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3yM0BnroroTb xBunboBi pyxn 6a3unapHoi MeM6paHH y Burnagi 6i^ynoi 
XBHni (pnc.6.10). Po3TamyBaHHa MaKCHMyMy 6™ynoi xBuni 3ane^HTb 
Big HacTOTH 3ByK0B0r0 curHany -  HH3bKi nacTOTH CTHMynroroTb BepxiB- 
KOBi ginaHKH MeM6paHH, Togi aK BHCOKi -  0CH0By MeM6paHH. 3Mi^eHHa 
6a3unapHoi MeM6paHH nepegaroTbca BonocKOBHM KniTHHaM, Hag hkhmh 
3HaxogHTbca noKpuBHa MeM6paHa. BHacnigoK noKani3OBaHOi ge^opMa^i' 
6a3unapHOi MeM6paHH noKpuBHa MeM6paHa TaKO  ̂ noHHHae pyxaTuca; 
BuruH BinoK BonocKOBux KniTHH npu3BoguTb go 36yg^eHHa 3B’a3aHux 3 
BonocKOBHMH KniTHHaMH BonoKoH cnyxoBoro HepBa. ABTopy Teopii' 6i- 
^ynoi xBuni reopry $oh  EeKemi 6yno npucyg^eHo b 1961 p. Ho6eniBCb- 
Ky npeMiio.

O eanw e e 'moHne 3aeum na e poteopnymoM y euanndi

P h c . 6 .9 .  EygoBa BHyTpimHboro Byxa (3aBHTKa 
y p03r0pHyT0My BHraHgi) Ta nepepi3 3aBHTKH
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r e o p r  $ o h  E E K E W I  ( 1 8 9 9 - 1 9 7 2 )

yrOpCbKMM 6iO$i3MK, HKUM flOCniflWyBaB $ y H K ^ T  
3aBMTKM b c n y x o B O M y  a H a n i 3 a T o p i  c c a B ^ B .  
A b t o p  r inoTe3u ,  3riflHO 3 h k o w  xBunbOBi p y x u  6 a -  
3 u n a p H O i  M e M 6 p a H u  BMHMKawTb y  B u m a f l i  6 iw y -  
h o T x B u n i ,  p o 3 T aw y B aH H H  MaKCUMyMy hkoT Ha 

M eM 6 p aH i 3 a n e w u T b  Big HacTOTu c u m a n y .
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B a im n p n a  MSMSpaHa

Puc. 6.10. OyHK̂ OHyBaHHH BHyTpimHboro Byxa: a -  xBunboBi pyxu 6â nnflpHOl MeM- 
6paHu y Burnagi 6ixyHol xBuni; 6 -  3anexmcTb po3TamyBaHHfl MaKcuMyMy 6ixyHol xBu­

ni Big nacTOTH 3ByKOBoro curHany; e -  BHHUKHeHHa cunu 3cyBy, mo gie Ha BonocKoBi 
KniTHHH 3aBgflKu pyxy noKpuBHol Ta 6a3unapHol MeM6paH.

Y  flnn donummeux
Han6inbma noTyxmcTb 3ByKy HanernTb KuTy (Balaenoptera) -  10 Bt; 3ByK 6yno 

HyTu Ha BigcTaHi 10000 km.
HanKpamun cnyx y cobu (Tyto alba) Ta y BiprmctKoro nyrana (Bubo virginianus).

6.9. nPHK^AgHA AKyCTHKA

6 .9 .1 . 3acTOcyBaHHH aKycTHHHHx ci-irHa.iiB 
mTyHHoro noxog^eHHH

AKycTKHHi curaanu mTyHHoro noxogxeHHa, mo iMhyroTb KpuK 
yniHMaHoro nTaxa, BuKopucTOByroTb gna BignaKyBaHHa gnKnx nTaxiB, 
aKi 3HnmyroTb 3HaHHy KinbKicTb ypoxaro -  go 70 % pucy b A ^ p u ^ , go 
25 % 6innx Ta go 50 % HopHux copTiB BnHorpagy b CepegHin A3il. KpiM 
Toro, yTBopeHHa aKycruHHux cnrHaniB y rpym i gae MoxnuBicTb Bigna- 
KyBaTu KpoTiB y neBHoMy apeani.

6 .9 .2 . 3acrocyBaH H H  yabTpa3ByK y b  Meal-mum

BucoKa eHepria ynbTpa3ByKy Ta noro 3gaTHicTb nomuproBaraca 
npaMonirnnHo 3yMoBnroroTb pi3HoMaHiTHi noro 3acTocyBaHHa b Me- 
gunum.

Ynbmpa3eyKoea di^uocmuKa gae MoxnuBicTb po3ni3HaBaTu 3axBo- 
proBaHHa Mo3Ky (exoeH^e$ano^pa$iH), c e p ^  (exoKap^io^pa$ifi), Bi3ya- 
ni3yBaTu nnig nig Hac BarrraocTi, gocnigxyBara M’a3u, cyrno6u Ta iHmi 
BHyTpimHi opraHu, Bu3HaHaTu lx po3Mipu, cTpyKTypy, HaaBHicTb naTo- 
norin (ynbmpa3eyKoee docmdwennR).
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,3k^o norpi6Ho ctbophth 3o6pa^eHHa 6ygb-aKoi ginaHKH Tina naujeHTa, 
BHKopucToByroTb ynbTpa3ByKoBe CKaHyBaHHa. flna u^oro 3acTocoByroTb Ha- 
6ip ynbTpa3ByKoBux nepeTBoproBaHiB (KinbKicTb ix Mo^e gocaraTH 100), Ha 
aKi nocnigoBHo nogaroTb eneKTpHHHi curHanu. TaKHM hhhom yTBoproeTbca 
ynbTpa3ByKoBHH npoMiHb, aKHH pyxaeTbca B3goB^ Toro hh iHmoro HanpaM­
Ky. nocnigoBHe 3oHgyBaHHa Tina Ha ocm>Bi CKaHyroHoro ynbTpa3ByKoBoro 
npoMeHa, aKHH nepeMi^yerbca nig pi3HHMH KyTaMH, gae Mo^nuBicTb ogep- 
^yBaTH iH^opMa^ro npo pi3Hi 3pi3H gocnig^yBaHoro opraHa. Merog ogep- 
^aB Ha3By ynbmpa3eyKoea m0M0^pa$w.

YnbTpa3ByKoBa giarHocTHKa Ha ocHoBi e$eKmy flonm epa  go3Bonae 
gocnig^yBaTH guHaMiHHi n p o^ cu  b kpobohochhx cyguHax, BH3HaHaTH 
mBugKicTb ocigaHHa epHTpo^HTiB, o^HroBaTH cep^By gianbHicTb, CTe- 
^ h th  3a nepe6iroM BariTHocTi.

Ynbmpa3eyKoea mepanin 6a3yeTbca Ha 3acTocyBaHHi ynbTpa3ByKy 3 
HacToToro 5 0 0 -3 0 0 0  ^  3 MeToro MexaHiHHoro, TepMiHHoro Ta $i3HKo-
xiMiHHoro BnnuBiB Ha KniTHHH i TKaHHHH, aKTHBi3a^i' o6MiHHux, iMyH- 
hhx Ta iHmux npo^ciB. flo nepcneKTHBHux 3acTocyBaHb ynbTpa3ByKoBoi 
Tepanii Mo^Ha BigHecTH po3nuneHHa niKapcbKux npenapaTiB, BnnuB Ha 
6ionoriHHo aKTHBHi tohkh, ynbTpa3ByKoBy ayToreMoTepaniro, reMoni3 
epHTpO^HTiB, pyHHiBHHH BnnHB Ha MiKpoopraHi3MH.

Ynbmpa3eyKoea xipyp^iH go3Bonae pynHyBaTH KaMiH^ b HupKax, 
BuganaTH nyxnuHH b Mo3Ky, po3ciKaTH TKaHHHH, 3BaproBaTH KicTKH, ni- 
KyBaTH KaTapaKTy. Tpe6a BigMiTHTH Mo^nuBicTb noegHaHHa xipypriH- 
hhx Ta CToMaTonoriHHux iHCTpyMeHTiB 3 ynbTpa3ByKoBHMH nepeTBopro- 
BaHaMH 3 MeToro nocna6neHHa 3ycunb pi3aHHa, 3MeHmeHHa 6onicHux 
BigHyTTiB.

flo ochobhhx HanpaMKiB 3acTocyBaHHa ynbTpa3ByKy y TBapuHHH^TBi 
cnig BigHecTH o6po6Ky cnepMH ynbTpa3ByKoM 3 MeToro nigBH^eHHa ii 
aKTHBHocTi nig Hac KpioKoHcepBa^i'; CTHMynroBaHHa MonoHHoi 3ano3u; 
BH3HaHeHHa TOB^HHH ^HpoBoi' Ta M’a3oBoi TKaHHH; 3HH^eHHa MiKpo- 
$nopu Ha noBepxHi a e ^  nepeg iHKy6a^ero; o6po6Ky KopMiB i nigBH- 
^eHHa xapHoBoi ^ h h octi kopmoboi chpobhhh; BH3HaHeHHa BMicTy ^upy 
i 6inKa b Mono^; roMorem3a^ro MonoKa.

KOHTPO^BHI 3AnHTAHHfl TA 3AB£AHHfl

1. ^ khh n p o ^ c Ha3HBaroTb xbhtoobhm?
2. ^ o  TaKe npy^Hi xBuni?
3. B aKux HacToTHux giana3oHax 3HaxogaTbca 3ByKoBi, 

ynbTpa3ByKoBi Ta iH$pa3ByKoBi xBuni?
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4. Ha3BaTH oCHoBHi XapaKTepHCTHKH 3ByKoBHX KonHBaHb.
5. i o  TaKe cy6’eKTHBHi xapaKTepHCTHKH 3ByKoBHx KonHBaHb?
6. Hhm BH3HanaeTbca noBHa eHepria, ^ o  nepeHocHTbca 3ByKoBoro

xBunero?
7. i o  TaKe piBeHb iHTeHcuBHocri 3ByKy?
8. i o  TaKe e^eKT flonnnepa?
9. i o  TaKe xBHnboBHH onip?

10. ^Ki î3HHHi n p o ^ cu  Big6yBaroTbca nig Hac nomupeHHa 3ByKy b

HaBKonumHboMy cepegoBH^i?
11. i o  Ha3HBaroTb ynbTpa3ByKoM? C^opMynroBaTH xapaKTepHi o3-

HaKH ynbTpa3ByKy.
12. Ha3BaTH MeTogu reHepa^i ynbTpa3ByKy.
13. Big noro 3ane^HTb rnu6uHa npoHHKHeHHa ynbTpa3ByKy?
14. Hhm BH3HanaeTbca po36rnmcTb ynbTpa3ByKoBoi xBHni y cepego-

BH^i?
15. noacHHTH oCHoBHi MexaHi3MH BnnuBy ynbTpa3ByKy Ha 6ionoriHHi

o6’eKTH.
16. i o  Ha3HBaroTb KaBiTa^ero?
17. ?KyBCOap

-eeKaToio

18. ^ k BnnuBae rn$pa3ByK Ha nroguHy?
19. flaTH BH3HaneHHa TepMiHy “myM”.
20. ^ k po3noginaCTbca myM 3a iHTeHCHBHicTro? HacToToro?
21. i o  TaKe myMoBe 3a6pygHeHHa?
22. Ha3BaTH MeTogu BHMiproBaHHa myMy.
23. y  HoMy nonararoTb ^yH ^ii 3oBHimHboro Byxa?
24. 3a paxyHoK Horo nigcunroroTbca 3ByKoBi curHanu b cepegHboMy

i?&B

25. ^ k Big6yBaeTbca aHani3 HacTOTH 3ByKoBux curHaniB y BHyTpim-
HboMy Byci?

26. ^ k BHKopucTOByCTbca ynbTpa3ByK y TBapuHHoMy CBhi?
27. Ha3BaTH Mo^nuBi 3acTocyBaHHa ynbTpa3ByKy b MegH^HHi.
28. ^ k BnnuBae rn$pa3ByK Ha ^HBi opraHi3MH?
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4.3.2. Oi3HHHi p̂HĤ H^H BHMiproBaHHa mBugKocTi ocigaHHa
epHTpO^HTiB...............................................................................................................  81
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7. MO^EKY^HPHA #I3HKA
7.1. IflEA^bHHH rA3

Ideanbnuu sa3 -  ^  TaKHH ra3, nacTHHKH aKoro Mo^Ha BBa^aTH Ma- 
TepiaibHHMu TonKaMu, ^ o  He B3aeMogiroTb m™  co6oro Ta 3i CTiHKaMH 
nocyguHH Ha BigcTaHi.

P03r a aHeM0 ra3 Macoro m, aKHH xapaKTepu3yeTbca o6’eMOM V, t h c -  

kom p i TeMnepaTyporo T. 3 b ’^3ok m™  ^HMH napaMeTpaMH Ha3HBaeTbca 
pienmnHM cmany.

PienmnH cmaHy ideaxbHOSo sa3y Mae Buriag:

pV = vRT, (7.1)
rr • mg e  t h c k  p  B H M ip ro eT b c a  y  n a c K a i a x ,  T e M n e p a T y p a  T -  y  K e ib B iH a x ;  v = —  -  k i i b k i c t b

M

M o jie n  p en o B H H H ; m -  M a c a  r a 3 y ;  M  -  M o ia p H a  M a c a  p e n o B H H u ; R = 8 ,3 1 4  fl:* :-M ojib -1-K -1 

-  y H iB e p c a ib H a  r a 3 o B a  C T a ia .

PiBHaHHa CTaHy igeaibHoro ra3y 6yio  c^opMyiboBaHo y 1834 p. 
E .n .E . KianenpoHoM, a g ia  ogHoro Moia -  y 1874 p. fl.I. MeHgeieeBHM.

^ k ^ o  t h c k  BHMiproBaTH b aTMoc^epax, a o6’eM b nh pax, yHiBep- 
caibHa ra3oBa CTaia CTaHoBHTHMe R = 0,0821 i-aTM/Moib-K.

EeHya nonb EMrnb KflAnEMPOH
(1799-1864)

0paH^y3bK M M  $i3MK T a  rn w e H e p ,  o g u H  i3 3 a -  
CHOB-HUKiB TepMOflMHaMiKM. y  1 8 2 0 - 1 8 3 0  p p .  
^ p a ^ W B a B  y  P o c i i ;  6yB  oSpaHMM nneH O M - 
K 0 p ecn 0 H fleH -T 0 M  n e T e p 6 y p 3 b K O i  AKafleMii Ha- 
yK ( 1 8 3 0  p . ) .  BBiB y  TepMOflMHaMiKy iHflMKaTopHi 
f l ia rpaM M , BUBiB piBHaHHa K n a n e n p o H a  T a  K n a -  
n e n p o H a - K n a y 3 i y c a .
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f l . I .  M E H f l E f l C C B  ( 1 8 3 4 - 1 9 0 7 )

PoCiMCbKUM XiMiK, aBTOp nepiOflMHHOI CUCTeMU 
e n eM eH T iB .  BuBiB piBHaHHa CTaHy i f l e a n b H o r o  
r a 3 y  g n a  o g H o r o  M o n a  (piBHaHHa K n a n e M p o H a -  
M e H g e n e e B a ) .

PiBHaHHa CTaHy igeanbHoro ra3y Mo^Ha BHpa3HTH nepe3 3aranbHe 
nncno MoneKyn N, aKe e go6yTKoM KinbKocri Monen n Ha nncno ABorag- 
po Na:

NpV = ----RT, (7.2)
N

a6o nepe3 CTany Eonb^MaHa k:

p V  =NkT, (7.3)
g e  k  = R/Na =  1 ,3 8 - 1 0 -23 f l x / K ,  a  NA =  6 ,0 2 2 - 1 0 23 (M o n e K y n /M o n b ) .

f l r o f l B i r  B O f l b ^ M A H  ( 1 8 4 4 - 1 9 0 6 )

ABCTpiMCbKUM $i3UK, OflMH i3 3aCHOBHUKiB CTaTU- 
CTMHHOI $i3MKM T a  ^i3MHHOI KiHeTUKU. BUBiB $ y H -  
^ i r o  p o 3 n o f l in y ,  H a3B aH y Moro iM’aM , T a  ocHOBHe 
KiHeTMHHe piBHaHHa ra3iB. 3 a n p o n o H y B a B  c r a T u c -  
TMHHe o S rp y H T y B aH H a  f l p y r o r o  3aKoHy T e p M o g u -  
HaMiKu.

P 0 M aH 0  A B O r A f l P O  ( 1 7 7 6 - 1 8 5 6 )

iTaniMCbKUM xiMiK, BifloMutf c b o i m  B K nagoM  y 
T e o p i w  M o n a p H o c T i  T a  M o n e K y n a p H o i  B a ru .

npHKaag

146



Ig e a n b H H H  r a 3  3 aH M ae o 6 'e M  1 5 0  cm3 n p u  2 5  0C  T a  c n p H H H H ae  thck 1 2 0  n a .  B u 3 H a -  

hhth n u c n o  M o n e n , m o  M icT H T bca y  K oH T eH H ep i g a H o r o  o 6 'e M y .

P03BH30K
n e p e T B o p u M o  y  c u c T e M y  C I  o g u H u m  BenH H H H , aK i 3 a g a H i b yM oB i 3 a g a n i  T a  n ig c T a -  

bumo h} g a H i y  p iB H aH H a ( 7 .1 ) :

(1 2 0  _ ffa)(1 ,5  • 1 0 -4 )

(8 ,3 1 4  f l w  • MOMb-1 • K ) ( 2 9 8 K )
=  7 .2 7 4 0 " 6 M o n e n .

KoHTpoabHe 3aBgaHHH
B H 3H anH T H  n u c n o  M o n eK y n  y  K oH T eH H ep i 3 a  y M o B aM u  n o n e p e g H b o i  3 a g a n i .

Bidnoeidb: 4 , 3 8 4 0 18 M o n eK y n .

7.2. M O n E K y^ flP H O -K IH E T H H H A  
T E O P Ifl rA 3 IB

Po3rnaHeMo igeanbHuH ra3, mo MicruTbca y KoHTeHHepi, o6'eM aKoro 
V. KoHTeHHep Mae $opMy Ky6a 3i CTopoHoro d. MoneKyna, mo pyxaeTbca 
ycepegum KoHTeHHepa 3i mBugKicrro v  , cruKaeTbca 3i CTiHKoro KoHTeH- 
Hepa. OcKinbKH 3iTKHeHHa e npy^HHM, KoMnoHeHTa vx 3Mmroe Hanpa- 
mok, Togi aK KoMnoHemn vy  Ta vz He 3MiHroroTbca (puc. 7.1). 3MiHy 
x-KoMnoHeHTH iMnynbcy MoneKynu Mo^Ha BH3HanHTH 3a Bupa3oM:

Apx = -  mvx -  (mvx) = -  2mVx. (7.4)

flna Toro, mo6 MoneKyna 3HoBy 3iTKHy- 
naca 3 Tiero ^  caMoro CTiHKoro, in noTpi6Ho 
npoHTH BigcTaHb 2d 3a npoMrnoK nacy At =
= 2d/vx .

^Kmo npunycTHTH, mo cuna, 3 aKoro gie 
MoneKyna Ha CTiHKy, e F , iMnynbc cunu 6yge 
gopiBHroBaTu:

FAt = Ap = 2mvx. (7.5)

3Bigcu:

V

-V x

V y

V y
V

F
2m vx 

At
2m vx 

2d /v
mvx
~ d ~ (7.6) V x

n
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3araibHHH thck, 3 aKHM giroTb yci Moie- 
Kyiu Ha CTiHKy, CTaHoBHTb: P h c . 7 .1 .  Pyx MOaeKyau 3i

F  m (  2 2 \ mBHgKiCTM V ycepegnrn
p  = ~  = V xi +  Vx2 +  . 7 , (7 7) KOH-TeHHepa Ta npy^He 3iTK-

HeH-
g e  Vx1, Vx2 , . . . -  x-K oM noH eH T H  m B u g K o c T i n e p -  hh 11 3i crmroro rotfreHr e p^

BHacaigoK qoro KOMnoHeHTa
m o i ,  g p y r o i  T a  iH m u x  M o ie K y i .

BBegeMo noHaira cepegHboi KBagpaTHH- 
Hoi mBugKocTi MoieKyi:

2  2 

v2\ = V „ +  V  + . . .

Vx 3MiHroe HanpaMOK, Togi hk 
HanpflMKH KOMnOHeHTiB Vy Ta 

v7 He 3MiHroroTbCH

N

(7.8)
3 ypaxyBaHHaM Toro, ^ o  o6eM V =  d  , Mo^Ha 3anucaTH Bupa3 g ia  

THCKy y Buriagi:

p  = Nm ( v 2x ) /V. (7.9)

OcKiibKH KBagpaT mBugKocTi ogHiei MoieKyiu gopiBHroe:

v2 = v 2 x +  V 2y +  V 2 , (7.10)

to  3 ypaxyBaHHaM Toro, ^ o  pyx MoieKyiu xaoTHHHUH i ^ogeH 3 Hanpa- 
mkIb pyxy He Mae nepeBaru, Mo^Ha npunycTHTH, ^ o:

, 2 \ _ / .  , 2 \ _ / .  , 2 \ _  1  /.  , 2

3 
1

TyT mho^hhk 3  CBigHHTb npo Te, ^ o  ium e TpeTHHa MoieKyi pyxa-

eTbca B3goB^ pe6pa Ky6a.
OT^e thck, ^ o  yTBoproeTbca MoieKyiaMH, gopiBHroe:

p  = Nm ( v 2) /3V. (7.12)

^  e ocHoeHe pieHHHHH MOxeKynnpHO-KiHemuHHOi meopii sa3y.

v2 = V  = V 2 ) = -  (v2 ) .  a n )

7.3. MO^EKY^flPHA IHTEPnPETAUIR 
TEMnEPATYPH

PiBHaHHa (7.12) Mo^Ha nepenucaTH TaK:
1 1

p = j ( N/V) ( ^  m (v2) )  (7.13)

a6o
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2 1
pV= -  N( — m ( v 2) ) . (7.14)

2

3 ' 2
nopiBHroronu Bupa3 3 piBHaHHaM CTaHy igeanbHoro ra3y (7.3), 

ogep*uMo:
2  1 2 2

T  = --------m < v > =  — <E>, (7.15)
3k  2  3k

1 2ge <E> = 2  m <v > -  cepegHa KiHeTunHa eHepria nocTynanbHoro pyxy ogHiei mo- 

neKynu.
TaKuM huhom, a6conwmna meMnepamypa ideanbHoeo sa3y npaMO 

nponoptyuna cepedniu KinemuHniu enepsii nocmynanbnoso pyxy Mo­
neKyn.

npHKaag
KoHTeHHep MicTuTb Tpu Mona igeanbHoro ra3y npu 20 0C. 3HaHTu 3aranbHy KiHeTu- 

nHy eHepriro nocTynanbHoro pyxy MoneKyn igeanbHoro ra3y.
P03BH30K
3aranbHa KmeranHa eHepria nocTynanbHoro pyxy MoneKyn igeanbHoro ra3y Bu3Ha-

naeTbca 3a Bupa3oM:
1 /  i\  3 3 3

E  = N -  m V  )  = -N k T  = -n R T  = - - 3  Mona-(8,314 fl*/Monb-K)(293 K) =

= 1 ,1104 fl*.
7.4. B O n P O ^ C H

teonpo^coM  Ha3uBaeTbca n p o ^ c, 3a aKoro oguH i3 napaMeTpiB CTa- 
Hy (p, V  a6o T) 3anumaeTbca CTanuM, a gBa iHmux 3MiHroroTbca y pa3i 
He3MiHHoi Macu. 

n p o ^ c , mo Big6yBaeTbca y ^i3unHiH cucTeMi 3a nocTiHHoi TeMnepa- 
Typu, Ha3uBaeTbca i3omepMiHHUM:

T  = const; (7.16)

p V  = const. (7.17)

Tpa^iK i3oTepMinHoro n p o ^ cy  b KoopguHaTax (p,V) aBnae co6oro ri- 
nep6ony, mo Mae Ha3By i3omepMa (puc. 7.2).

n p o ^ c , mo Big6yBaeTbca y cucTeMi 3a nocriHHoro 3oBHim-
Hboro TucKy, Ha3uBaeTbca i3o6apHUM:

p  = const; (7.18)

V/T= const. (7.19)

Tpa$iK i3o6apHoro n p o ^ cy  b KoopguHaTax (p,V) a6o i3o6apa HaBe-
geHi Ha puc. 7.3.
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P h c .  7 .2 .  r p a ^ i K  i3 O T epM iH H O rO  

n p O ^ c y  b  K O O p g H H a T a x  ( p ,  V )

P h c .  7 .3 .  T p a ^ i K  i3 O 0 ap H O rO  

n p O ^ c y  b  K O O p g H H a T a x  ( p , V )

n p o ^ c , ^ o  Big6yBaeTbca y $i3HHHiM ch- 
CTeMi 3a nocTinHoro o6’eMy, Ha3HBaeTbca
i3OXOpHUM:

V = const; (7.20)

piv

P  ♦— = const.
T

(7.21)

O

P h c . 7 .4 .  T p a ^ i K  i3O X OpH O rO  

n p O ^ c y  b  K O O p g u H a T a x

(p ,  V )

rpa^iK i3oxopHoro n p o ^ cy  b KoopguHa- 
Tax (p ,V) a6o i3oxopa noKa3aHo Ha puc. 7.4.

m  piBHaHHa ierKo ogep^aTH 3 piBHaHHa 
KianenpoHa-MeHgeieeBa (7.1) 3a T = const, 
p = const i V = const BignoBigHo.

7.5. PO3nOflM MO^EKY^
3A mBHflKOCTHMH

M oieKyiu igeaibHoro ra3y MaroTb pi3Hi mBugKocTi Ta eHeprii BHac- 
iigoK xaoTHHHoro pyxy. Po3nogii MoieKyi 3a mBugKocTaMH 3aie^HTb 
Big TeMnepaTypu ra3y. OyHgaMeHTaibHHH Bupa3, ogep^aHun MaKCBei- 
iom , onucye po3nogii MoieKyi 3a mBugKocTaMH TaK:

.3/2

N v = 4nN\
m

2nkT
V^e-mv2/2kT (7.22)

ge m  -  Maca MoieKyi ra3y; k -  CTaia Boi^MaHa; T  -  a6coiroTHa TeMnepaTypa. TyT 
N V npaMye go Hyia y pa3i gyxe BeiHKHx Ta gyxe Maiux mBHgKocTen.

TunoBy KpuBy po3nogiiy HaBegeHo Ha puc. 7.5. MaKCHMyM ^ e i Kpu- 
Boi BignoBigae Haudixbw UMoeipHiu weudKOcmi:
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Puc. 7.5. Po3nogia MoaeKya NV 3a mBugKo-
cthmh. Tyr: vHU -  Haft6inbm HMoBipHa mBug- 

KicTb, <v> -  nepegHa apu^MeranHa mBug- 
KicTb, <v2>  -  cepegHa KBagpaTunHa mBugKicTb 

MoneKyn

Vhu = 4 2 kT  /  m . (7 .23) 
CepedHH apû MemuHHa 

meudKicmb MoneKyn Bu3Hana- 
eTbca 3a Bupa3oM:

<v> = 4 8 k T Tmn . (7 .24)
3 Bupa3y (7.15) Mo*Ha oge- 

p*aTu Bupa3 gna cepedHboi 
KeadpamuHHoi meudKocmi:

<v2> = j 3kT  /  m . (7 .25)

npHKaag
f l e c a T b  n a c T u H o K  M aroT b  m B u g K o -  

CTi 4 ,  6 ,  8 , 1 5 , 1 5 , 1 5 , 9 ,  1 0 , 3 ,  6  m / c . 

B u 3 H a n u T u  c e p e g H ro  a p u ^ M e T u n H y  T a  

H a f i6 in b m  H M oB ipH y m B u g K o c r i  p y x y  

n a c T u H o K .

PO3B"»3OK
CepegHa apu^MeranHa mBugKicTb nacTuHoK gopiBHroe cyMi mBugKocTeH k o * h o i  

nacTuHKu, noginemft Ha KinbKicTb nacTuHoK:

4 + 6 + 8 +15 +15 +15 + 9 +10 + 3 + 6<v> =
10

. =  9 ,1  m / c .

Haft6inbm HMoBipHa mBugKicTb pyxy nacruHoK gopiBHroe 15 m /c . Ua mBugKicTb 
3ycTpinaeTbca Haftnacrime.

KoHTpoabHa po6oTa
Bu3HanuTu cepegHro KBagpaTunHy mBugKicTb pyxy nacruHoK 3a yMoBoro nonepeg- 

Hbo'i 3agani.
Bidnoeidb : 18,4 m /c .

7.6. CEPEDHH flOB^HHA BMBHOrO 
n P O E iry  m o n e k y n

M o n e K y n u  r a 3 y  C T u K a r o T b c a  o g H a  3  o g H o r o  n i g  n a c  x a o T u n H o r o  p y x y .  

M i *  3 iT K H e H H a M u  bohu p y x a r o T b c a  n o  n p a M i f i  T p a e K T o p i i .  C e p e g H a  B i g c T a H b  

M i *  3 iT K H e H H a M u  H a 3 u B a e T b c a  cepedHbow doewuHow einbHoso npo6isy 
< X > . U a  B e n u n u H a  3 a n e * u T b  B i g  p o 3 M i p i B  M o n e K y n  T a  r y c T u H u  r a 3 y :

1 ( 7 . 2 6 )<X> =
42nd 2 n

g e  d  -  e^ eK T u B H u fi g ia M e T p  M o neK ynu ; n -  K inbK icTb M oneK yn  b o g u H u n i o 6 'e M y  (koh^h- 
T p a ^ a  M o n e K y n ).
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CepegHe hhcio 3iTKHeHb < Z >  3a ogHHH^ro Hacy BH3HanaeTbca 3a 
BHpa3oM:

< Z  > = 4 2 n d 2 ( v )  n , (7.27)

ge < v > -  cepegHa mBngKicit. 

npHKaag
BH3HaHHTH cepegHro goBXHHy BiibHoro npo6iry MoieKyi a3oTy, aK^o TeMnepaTypa 

ra3y ciaHoBHib 20 0C, a t h c k  1 aTM. Ê eKiHBHnn giaMeTp MoieKyiu a3oTy gopiBHroe

PO3BH3OK
B H K opH C T oB yeM o p iB H aH H a ( 7 . 3 )  i  3 H a x o g u M o  K i i t K i c T t  M o ie K y i  b o g u H ^ i  o 6 'e M y : 

nv = N/V =  p/kT  = ( 1 , 0 1 1 0 5 H/m2)/(1,38-10‘23 f l * / K ) ( 2 9 3  K )  =  2 , 5 -1 0 25 M o ie K y i /M 3. 

n ig c T a B i a e M o  hhciobi g a H i y  ^ o p M y i y  ( 7 .2 6 ) :

< ! >  =  _________________________________1_________________________________ =  2 , 2 6 -1 0 -7 m.
4 l  - 3,14 - (2 -10-10 m)2 - (2,5 -1025 MoneKyn / m 3)

KOHTpOabHa pO0OTa
BH 3H aH H TH  c e p e g H e  hhcio 3 iiK H eH L  M o ie K y i  a 3 o T y , a K ^ o  c e p e g H a  m B n g K i c i t  i x  

p y x y  CTaHoBHTL 5 1 1  m/c.
Bidnoeidb: 2 , 2 6 -1 0 9.

2 - 1 0 -10 m .

7.7. BHnAPOBYBAHHH TA KOHflEHCA^fl
n p o ^ c  nepexogy penoBHHH 3 pigKoro CTaHy b ra3onogi6HHH Ha3H- 

BaroTb napoymeopeHHHM, a 3bopothhh n p o ^ c, to 6 to  nepexig 3 ra3ono- 
gi6Horo CTaHy b pigKHH, -  KoHdeHcâ ew.

f lia  nepeTBopeHHa piguHH b napy noTpi6Ho HagaTH neBHy KiibKicTb 
TenioTH, ^ o  Ha3HBaroTb mennomow napoymeopeHHH, aKa BH3HanaeTbca 
3a BHpa3oM:

Q = rm, (7.28)
g e  r  -  n u i o M a  i e n i o i a  n a p o y iB o p e H H a ;  m -  M a c a  i i i a .

napoyTBopeHHa Big6yBaeTbca gBoMa cnoco6aMH -  BunapoByBaHHaM 
i KuniHHaM.

BunapoeyeaHHH-  ^  napoyTBopeHHa ium e 3 noBepxHi piguHH, nig 
Hac aKoro piguHy 3aiumaroTb HanmBugmi MoieKyiu, BHaciigoK Horo 
piguHa oxoiog^yeTbca. y  BigKpHTiH mIctkoctI BunapoByBaHHa piguHH 
Big6yBaeTbca goTH, noKH Bca BoHa He nepeTBopuTbca b napy. ^ k ^ o  ^  
piguHa 3HaxoguTbca b 3aKpHTiH mIctkoctI, HacTae duHaMiHHa pieHoeasa
-  CTaH, 3a aKoro hhcio MoieKyi, ^ o  BunapoByroTbca, gopiBHroe HHCiy
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MoieKyi, aKi KoHgeHcyroTbca. napy, ^ o  nepe6yBae b gHHaMiHHin piBHo- 
Ba3i 3i CBoero piguHoro, Ha3HBaroTb HacuHeHow.

napoyTBopeHHa, ^ o  Big6yBaeTbca ogHoHacHo aK 3 noBepxHi, TaK i 3 
ycboro o6’eMy piguHH, Ha3HBaroTb KuniHHHM. Ha BigMiHy Big BunapoBy- 
BaHHa, aKe Big6yBaeTbca 3a 6ygb-aKoi TeMnepaTypu, KuniHHa noHHHa- 
eTbca ium e 3a neBHoi TeMnepaTypu -  meMnepamypu KuniHHH.

7.8. PEA^bHHH rA3
ra3 , BiacTHBocTi aKoro (Ha BigMiHy Big igeaibHoro ra3y) 3aie^aTb 

Big B3aeMogii MoieKyi, Ha3HBaeTbca peanbHUM. PeaibHi ra3H go6pe onu- 
cyroTbca Mogeiiro KiacuHHoro igeaibHoro ra3y, aK^o bohh gocTaTHbo 
po3pig^em (thckh Maii) Ta MaroTb BucoKy TeMnepaTypy.

M oieKyiu peaibHoro ra3y MaroTb BiacHHH o6’eM, 3a paxyHoK Horo 
âKTHHHHH BiibHHH o6’eM, b aKoMy Mo^yTb pyxaTuca MoieKyiu, CTa- 

HoBHTHMe V  -  b, ge b -  o6’eM, ^ o  3aHMaroTb caMi MoieKyiu. KpiM Toro, 
gia c h i npuTaraHHa BHKiHKae 36iibmeHHa THCKy Ha BeiHHHHy p  ' = a/V2, 
ge a -  KoHCTaHTa. TaKHM hhhom, pieHHHHH cmaHy peanbHoso sa3y (pie- 
hhhhh BaH dep Baanbca) g ia  ogHoro Moia Mae Buriag:

(p + p ')(V  -b )  = RT . (7.29)

TunoBi 3HaHeHHa KoHCTaHT a i b g ia  geaKHx ra3iB HaBegeHo y Ta6i. 7.1.

7 .1  -  KOHCTaHTH BaH gep Baaabca gaa geHKHX ra3iB

ra3 a-10-1, m 4-H /m o i l b-10-3, m 3/ m o i l

KuceHb 0 2 1,36 0,0318
flBooKHC Byrieuro C 0 2 3,59 0,0427
Xiop Cl2 6,51 0,0562
reiin He 0,034 0,0237
BogeHb H2 0,244 0,0266
MeiaH CH4 2,25 0,0428
A3oi N2 1,39 0,0391

n p H M i T K a :  1 m 4-H /m o i l  =  1 f l * - M 3/ M o i t 2 = 1 0  i - 6 a p / M o i b 2; 1 m 3/ m o i l  =  1 0 3 i / m o i l
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l o r a H H  B a H  g e p  B A A f l b C  ( 1 8 3 7 - 1 9 2 3 )

rO^^aHflCbKMM BHeHMM, BiflOMMM HK aBTOp piBHHH-
hh CTaHy p e a n b H u x  ra3iB Ta  piflMH. 3 a  ^  .qocn i-  
flweHHH OTpuMaB HoSeniBCbKy npeM iro  1 9 1 0  poKy. 
ByB n e p - m u M ,  x t o  3po3yM iB  HeoSxiflHiCTb B p a -  
x y B a H H a  o S ’eM y M o n e K y n  T a  M iw M o n e K y n a p H u x  
c u n  nifl n a c  BCTaH oBneH Ha cn iB B if lH o m eH b  Miw 
t m c k o m , o S ’eMOM T a  T e M n e p a T y p o r o  ra3iB Ta
piflMH.

l3oTepMu peanbHoro ra3y noKa3aHo Ha puc. 7.6. y  pa3i bucokux TeM- 
nepaTyp i3oTepMa peanbHoro ra3y He Bigpi3HaeTbca Big i3oTepMu igeanb- 
Horo ra3y. 3a neBHoi TeMnepaTypu TKp (KpumuHHa meMnepamypa) Ha 
i30TepMi cnocTcpiraCTboi 
neperuH. n ig  mTpuxoBoro 
niHiero po3MimyeTbca o6- 
nacTb gBo^a3Hux CTaHiB 
P+n (piguHa i HacuneHa 
napa), niBopyn Big Hei 
3HaxoguTbca o6nacTb pig- 
Koro CTaHy P , a npaBopyn
-  o6nacTb napu n . napa  
Bigpi3HaeTbca Big iHmux 
ra3onogi6Hux CTaHiB r  
tum, mo nig nac i3oTepMin- 
Horo cTucKy 3a3Hae npo- 
^ c y  CKpanneHHa. ra3  r  3a 
TeMnepaTypu, Bumoi Hi*
KpuTunHa, He Mo*e 6yTu 
nepeTBopeHuH y piguHy.

l3oxopHuH nepexig i3 tohku A b TonKy B i gani i3o6apHuH nepexig i3 
tohku B y TonKy C garoTb Mo*nuBicTb yTBopuTu piguHy i3 ra3y. B ^ o -  
My nonarae npm^n cKpanneHHH sa3ie.

npHKaag
O g u H  M o n b  g B o o K u c y  B y r n e u r o  3 a  T e M n e p a T y p u  2 9 3  K  3 aH M ae o 6 'e M  2  n .  B u 3 H a -  

n u m  t u c k , m o  y r a o p r o e T b c a  r a 3 o M , 3 a  g o n o M o r o r o  p iB H aH b  CTaH y ig e a n b H o r o  T a  p e a n b ­

H o r o  ra 3 iB .

Po3BH3oK
T u c k , m o  y T B o p ro e T b c a  o g H u M  M o n eM  ig e a n b H o r o  r a 3 y ,  CTaH oB uT b:

P u c .  7 .6 .  l3oTepMH peaabHoro ra3y
(n o a c H e H H a  b  TeKCTi)
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0,0821amM ■ n ■ Monb 1 • K  1 • 293K , ,
— ----------------------------------------------------------------------=  1 2  a iM .

= (0,0821 i-aTM/MoiB-K-293 K)/(2 i  -  0,0427 i )  -  (3,59 i^aiM /22 i 2) =11,4 aiM.

7.9. BO^OriCTb nOBITPfl

7.9.1. XapaKTepHCTHKH BÔ OrOCTi nOBrrpfl
Boga Mo*e icHyBaTH b aTMoc^epi b Tpbox $a3ax -  pigKrn, ra3ono- 

gi6-Hin i TBepgiH. Ta3onogi6Ha $a3a Bogu Ha3HBaeTbca napow. napa, 
aKa 3HaxoguTbca b TepMoguHaMiHHiH piBHoBa3i 3 piguHoro (to 6to  b CTa- 
Hi, koih hhcio MoieKyi, ^ o  nepexoguTb i3 piguHH b nap, gopiBHroe hh- 
Ciy MoieKyi, ^ o  noBepTaroTbca b piguHy 3a ogHHH^ro Hacy), Ha3HBaeTb- 
ca HacmeHow.

Bonosicmb noBiTpa -  ^  bmIct BogaHoi napu y noBiTpi. noBiTpa, ^ o  
MicTHTb BogaHy napy, Ha3HBaroTb eonosuM, a Te, ^ o  He MicTHTb -  cyxuM. 
Po3riaHeMo ochobhI napaMeTpu BoiorocTi.

A6conwmHa eonosicmb noeimpn a -  KiibKicTb (Maca) BogaHoi napu b 
rpaMax, ^ o  MicTHTbca b 1 m3 noBiTpa (r/M3) 3a gaHoi TeMnepaTypu.

npywHicmb (nap̂ anbHUU mucK) eodmoi napu e -  thck, aKHH Ma- 
THMe BogaHa napa, ^ o  3HaxoguTbca b ra3oBiH cyMimi, aK^o 6 BoHa og­
Ha 3aHMaia o6’eM, ^ o  gopiBHroe o6’eMy cyMimi 3a iiei ^  TeMnepaTypu.

A6coiroTHa BoioricTb 3B’a3aHa 3 npy^HicTro e BogaHoi napu i a6co- 
iroTHoro TeMnepaTyporo T cniBBigHomeHHaM:

g e  e  B H M ip r o e i t c a  b  r e K i o n a c K a i a x .

npywHicmb HacmeHoi' napu E  -  rpaHHHHe 3HaHeHHa THCKy, aKe Big­
noBigae piBHoBa3i m™ naporo i Bogoro, to 6 to  HacuHeHoMy CTaHy noBiTpa 
3a gaHoi TeMnepaTypu. npy^HicTb HacuHeHoi napu 3aie^HTb Big TeM- 
nepaTypu.

BidHocHa eonosicmb noeimpn r -  BigHomeHHa npy^Hocii BogaHoi 
napu e go npy^Hocii HacuHeHoi napu E  3a gaHoi TeMnepaTypu:

flefytyum eonosocmi d  -  pi3HH^ Mrn npy^HicTro HacuHeHoi napu E  i 
npy^HicTro BogaHoi napu e 3a gaHoi TeMnepaTypu:

a  = 2 1 7  e/T, (7.30)

e
r

E
100%. (7.31)
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d = E  -  e. (7.32)

ToHKa pocu Td — TeMnepaTypa, 3a aKoi BogaHa napa, aKa MicTuTbca b 
noBiTpi, CTae HacuneHoro.

3B’a3oK npy*HocTi HacuneHoi napu E  3 a6conroTHoro TeMnepaTyporo 
T  Mae Burnag:

2345XgE = 9,4 —
T

ge E  — b Mini6apax (reKTonacKanax), T — b KenbBiHax.

(7.33)

7 .9 .2 . M eTogu BHMiproBaHHH B oaorocT i n o B h p n

Acnipatyunuu ncuxpoMemp. npunag MicTuTb gBa TepMoMeTpu — cy- 
xuH i 3MoneHuM; ^Ha nogrnKu TepMoMerpiB CTaHoBuTb 0,2 0C. TepMoMerpu 
po3TamoBaHi y MeraneBux Tpy6Kax, aKi noriM 3’egHaHi b ogHy (puc. 7.7). 
Pe3epByap ogHoro 3 TepMOMerpiB oSMOTaHnn 6a- 
tuc-tom , mo 3MonyeTbca. n ig  nac BuMiproBaHHa 
BonorocTi ncuxpoMeTp BCTaHoBnroroTb ropu3onra- 
nbHo i o6gyBaroTb noBiTpaM o6ugBa TepMoMerpu 3a 
gonoMororo BenrunaTopa. 3 noBepxHi pe3epByapa 
3MoneHoro TepMoMeTpa Big6yBaeTbca BunapoBy- 
BaHHa Bogu, aKe 3ane*uTb Big BonorocTi oTonyro- 
noro no­
BiTpa. 3a gonoMororo acnipamHHoro ncuxpoMeTpa 
Mo*Ha o^Hura napmanbHuM tuck e 3a ncuxpoMem- 
puHnow $opMynow:

e = E 1 — A(tC — t3M)pA, (7 .34)
ge E 1 — npy*HicTb HacuneHoi BogaHoi napu, aKa BignoBigae 
TeMnepaTypi 3MoneHoro TepMoMeTpa; A = 6,62-10-4 K-1 — ncu- 
xpoMeTpunHuH Koe^i^enr; tc — TeMnepaTypa cyxoro TepMo­
MeTpa; t3M — TeMnepaTypa 3MoneHoro TepMoMeTpa; pA — aTMoc- 
^ep-HuH tuck (b mm pt.ct. a6o nacKanax).

npy*HicTb HacuneHoi BogaHoi napu E1, aKa 
BignoBigae TeMnepaTypi 3MoneHoro TepMoMeTpa, Ta 
npy*HicTb HacuneHoi BogaHoi napu E, aKa BignoBi­
gae TeMnepaTypi cyxoro TepMoMeTpa, Bu3HanaroTb y mm pT.CT. a6o b 
nacKanax 3a Ta6nu^Mu (guB. gogaToK, ncuxpoMeTpun-Hi Ta6nu^).

HHH ncuxpoMeTp
AcMaHa:

1 -  B eH T unaT op ; 2  -  

3M O-neHHn TepM oM erp; 3 

-  cy -x u H  TepM oM eT p; 4  -  

3 a -x u c H i T p y 6 K u

npHKaag
B u K o p u c T o B y ro n u  n c u x p o M e T p u n H e  p iB H aH H a T a  T a 6 n u ^  (g u B . g o g a T o K ) , 3H aH T u  

n p y * H ic T b  B o g a H o i n a p u  e, M aK cu M an b H y  n p y * H ic T b  B o g a H o i n a p u  E 1 3a  T e M n e p a T y p o ro  

3 M o n e H o ro  T e p M o M eT p a , M aK cu M an b H y  n p y * H ic T b  B o g a H o i n a p u  E  3a  T e M n e p a T y p o ro  

c y x o r o  T e p M o M eT p a , B ig H o c H y  B o n o r ic T b  n o B iT p a  r T a  g e ^ ^ n r  B o n o ro c T i  d, a K m o  T eM -
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nepaTypa cyxoro TepMOMeTpa tc = 25 0C, a 3MoneHoro t3M = 20 0C. ATMoĉ epHun thck 
CTaHOBHTL 760 MM pT. CT.

P03B’H30K
I3 ncHxpoMeTpHHHoI Ta6n^i (guB. gogaToK) 3HaxoguMo, ^o TeMnepaTypi 3MoneHo- 

ro TepMOMeTpa t3M = 20 0C BignoBigae npyxmcrb HacuHeHoi napu E 1 = 2340 na. nig- 
craBnaeMo 3HaneHHa E 1 y ncuxpoMeTpuHHy ôpMyny (7.34) i 3HaxoguMo npyxmcrb 
BogaHoi napu e:

E  = 2340 -  6,62-10'4(25 -  20>1,01325-105 = 2005 na.
13 ncnxpoMeTpnHHoi Ta6n^i 3HaxoguMo npyxmcrb HacuHeHoi napu 3a TeMnepaTy- 

pu cyxoro TepMoMeTpa: E  = 3170 na. BnKopncToByroHn ôpMyny (7.31), 3HaxoguMo 
BigHocHy BonoricTb: r = 2005/3170 = 0,63 = 63 %.

KoHTpoabHe 3aBgaHHH
BnKopncToByroHH ncnxpoMeTpnHHe piBHaHHa Ta Ta6n^i (guB. gogaToK), 3HanTn 

npy*HicTt BogaHoi napu e, npyxmcrb HacuHeHoi napu E 1 3a TeMnepaTypu 3MoneHoro 
TepMoMeTpa, npyxmcrb HacuHeHoi napu E  3a TeMnepaTypu cyxoro TepMoMeTpa, BigHoc­
Hy BonoricTb noBiTpa r  Ta ge înuT Bonorocri d  gna 3agaHux 3HaneHb TeMnepaTypu cy­
xoro Ta 3MoneHoro TepMoMeTpiB 3rigHo 3 BapiaHToM, BcraHoBneHuM BuKnaganeM (guB. 
Ta6n.). ATMoĉ epHun tuck craHoBuTt 105 na.

B a p ia H T
T e M n e p a T y p a  c y x o r o  

T e p M o M e T p a  t c, 0C

T e M n e p a T y p a  3 M o n e H o ro  

T e p M o M e T p a  t3M, 0C

1 2 5 2 0

2 2 7 2 2

3 2 3 2 2

4 3 0 2 4

5 2 4 1 8

6 2 3 1 9

Bonocmuu î̂ poMemp. flia npunagy rpymyerbca Ha nigBu^emn nyr- 
nuBocri go BonorocTi 3He^upeHoi' BonocuHu Ta il 3gaTHocTi 3MmroBaTu 
cBoro goB^uHy y pa3i 3Mmu BonorocTi. BogaHa napa 3garaa KoHgeHcy- 
BaTuca b KaninapHux nopax nrogcbKoi' BonocuHu. 36inbmeHHa BonorocTi 
npu3BoguTb go 3MeHmeHHa yrHyTocTi MeHicKiB Bogu b nopax, 3aBgaKu 
noMy BonocuHa BugoB^yeTbca. BugoB^eHHa BonocuHu Big6yBaeTbca 
nponop^nHo norapu^My BigHocHoi' BonorocTi. nynoK TaKux BonocuH 
BuKopucToByroTb y sispospa$i -  npunagi gna 6e3nepepBHoro 3anucy 
BigHocHoi BonorocTi noBiTpa. iHmi MaTepianu Mo^yrb 6yru 3acTocoBaHi 
aK ceHcopu b rirpoMeTpax -  HennoH, 6aBoBHa, KumKoBa MeM6paHa Kopo- 
Bu a6o cBuHi.

CMuicnuu î̂ poMemp. OcHoBy npunagy cTaHoBuTb rirpocKoninHa 
noniMepHa nniBKa, 3 o6ox 6oKiB aKoi po3TamoBaHi nopucri MeTaneBi ene- 
KTpogu, ^ o  yraoproroTb KoHgeHcaTop eMHicTO 6nu3bKo 500 nO. BHacni­
goK nornuHaHHa nniBKoro MoneKyn Bogu o6’eM nniBKu 36inbmyeTbca, 
BigcraHb m™ eneKTpogaMu TaKo^ 36inbmyeTbca, ^ o  npu3BoguTb go
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3Mmu eMHocri KoHgeHcaTopa. CMHicHun rirpoMeTp 3acrocoByeTbca gna 
BuMiproBaHHa BigHocHoi BonorocTi.

KondencawuHUU î̂ poMemp. OguH i3 MeTogiB o^hku a6conroTHoi 
BonorocTi 3acHOBaHun Ha BuMiproBaHHi tohku pocu. ^ k ^ o  nnocKy rna- 
geHbKy noBepxHro oxonog^yBaTu, MO^Ha cnocrepiraTu KOHgeHca^ro 
Bonoru Ha Hin. TeMnepaTypa noBepxHi b ^ n  MoMeHT gy^e 6nu3bKa go 
Tiei, 3a aKOi noBiTpa cTae HacuHeHoro BogaHoro naporo, to 6 to  go tohku 
pocu. 3anumaeTbca TinbKu tohho BuMipaTu ^ro TeMnepaTypy.

CopdtyUHUU sispoMemp. B ocHoBy npunagy noKnageHo 3ane^HicTb 
eneKTponpoBigHocTi Bonorocop6yroHoi' nniBKu Big BonorocTi cepegoBu- 
^ a . flna ^ oro BuKopucToByeTbca KpucTan coni LiCl.

BuMipweaHHH eonosocmi 3a donoMOSow HOMOspaMU. B3aeMo3B’a3oK 
m™ napaMeTpaMu BonorocTi Mo*e 6yTu npegcraBneHun rpa^iHHO 3a 
gonoMororo HoMorpaMu (puc. 7.8). Po3rnaHeMo npuKnag Bu3HaneHHa 
^ x  napaMeTpiB.

npHKaag
BroHawm 3a gonoMororo HoMorpaMu npyxmcrb e BogaHoi napu, npyxmcTL E  Ha- 

cuHeHoi napu, ^o BignoBigae TeMnepaTypi cyxoro TepMoMeTpa, Ta npyxmcrb E1 Hacu- 
HeHoi napu, ^o BignoBigae TeMnepaTypi 3MOHeHoro TepMoMeTpa, BigHocHy BonoricTb r, 
ge înuT BonorocTi d i TOHKy pocu Td, aK^o TeMnepaTypa cyxoro TepMoMeTpa 30 0C, a 
3MOHeHoro -  19 0C.

P03B’H30K
1. Ha roproonranLmn oci HoMorpaMu (puc. 7.8) 3 tohku, ^o BignoBigae TeMnepa­

Typi 3MoHeHoro TepMoMeTpa 19 0C (TOHKa A), npoBoguMo BepTuKanbHy niHiro AE go 
nepeTuHy 3 KpuBoro r = 1,0 (TOHKa E).
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TeMtwpamypa, 'C

Puc. 7.8. BuMipMBaHHH BoaorocTi 3a gonoMororo HoMorpaMH
(noacHeHHa b TeKCTi)

2. 3 tohku E  npoBoguMo roprooHTanbHy niHiro EB go neperaHy 3 niBoro BepTHKant- 
Horo Biccro HOMorpaMu (TOHKa B). Ha ujft oci BroHanaeMo npy*HicTb E 1 HacuneHoi napu, 
mo BignoBigae TeMnepaTypi 3MoneHoro TepMoMeTpa: E 1 = 22,5 rna.

3. 3 tohku E  npoBoguMo noxuny niHiro E ff  go neperaHy 3 BepTuKanbHoro niHiero 
Tff, mo BignoBigae TeMnepaTypi cyxoro TepMoMeTpa 30 0C (TOHKa ff).

4. 3 tohku f f  npoBoguMo roproonrajUjHy niHiro f fM  go nepemHy 3 niBoro Biccro homo- 
rpaMu (TonKa M ), aKa gae 3HaneHHa npy*HoCTi e BogaHoi napu 3a gaHoi TeMnepaTypi: e = 15 
rna.

5. 3 tohku r ,  mo BignoBigae TeMnepaTypi cyxoro TepMoMeTpa, npoBoguMo BepmKanLHy 
niHiro F3 go neperaHy 3 KpuBoro r = 1,0 (TOHKa 3).

6. 3 tohku 3 npoBoguMo roprooHTanbHy niHiro 31 go neperaHy 3 niBoro BepTHKant- 
Horo Biccro HOMorpaMu (TOHKa I). Ha mft oci BroHanaeMo npy*HicTb E  HacuneHoi napu, 
mo BignoBigae TeMnepaTypi cyxoro TepMoMeTpa: E  = 42,5 rna.

7. 3 tohku f f  npoBoguMo niHiro ffK , napanenbHy Han6nH*Hin KpuBift HOMorpaMu, go 
neperaHy 3 npaBoro BepTuKanLHoro Biccro HOMorpaMu (TOHKa K), aKa gae 3HaneHHa Big- 
HoCHoi BonorocTi 3a gaHoi TeMnepaTypu: r = 0,35.

8. Ha niBift BepTHKantHin oci BroHanaeMo pi3Hunro Mi* 3HaHeHHaMH E  Ta e (Big- 
CTaHb IB), aKa BignoBigae ge^inmy BonorocTi: d = 42,5 -  22,5 = 20 rna.

9. 3HaxoguMo TOHKy neperaHy npaMoi f fM  3 KpuBoro r = 1,0 (TOHKa tt), i Bu3Ha- 
naeMo Ha ^opH3OHTantHin oci HOMorpaMu TOHKy pocu: Td = 12 0C.

KoHTpoabHe 3aBgaHHH
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B u 3 H a n u T u  3 a  g o n o M o r o r o  H o M o rp a M u  ( p u c .  7 .9 )  n p y ^ m c r b  e B o g a H o i napu, n p y * -  

H icT b  E  H a c u H e H o i n a p u ,  ^ o  B ig n o B ig a e  T e M n e p a T y p i  c y x o r o  T e p M o M eT p a , T a  n p y ^ r n c T b  

Ei H a c u H e H o i n a p u ,  ^ o  B ig n o B ig a e  T e M n e p a T y p i  3 M o n e H o ro  T e p M o M eT p a , B ig H o cH y  B o n o -  

r ic T b  r, g e ^ ^ u T  B o n o c r i  d i T o n K y  p o c u  Td, a K ^ o  T e M n e p a T y p a  c y x o r o  T e p M o M e T p a  T a  

T e M n e p a T y p a  3 M o n e H o ro  T e p M o M e T p a  B u 3 H a n a ro T b c a  3 a  T a 6 n u ^ r o  3 r ig H o  3 B ap iaH T oM , 

BCTaHOBJieHHM BHKjiagaHeM.

TeMnepaTypa, °C 

P u c .  7 .9 .  HoMorpaMa BHMiproBaHHa napaivieTpiB BonorocTi

B a p ia H T
T e M n e p a T y p a  

c y x o r o  T e p M o M eT p a

T e M n e p a T y p a  

3 M o n e H o ro  T e p M o M e T p a

1 2 8 15

2 3 2 2 0

3 3 5 1 6

4 3 1 15

5 2 5 1 0

6 3 6 1 4

B u M ip w e a H H H  e o n o z o c m i  3 a  e ip m y a n b H U M U  n c u x p o M e m p m n u M U  m a d n ^ R M U .  B u -  

K o p u c r o B y r o n u  ^  T a 6 n u ^  ( g n a  ^ o r o  T p e 6 a  3 aH T u  b iH T e p H eT  H a caH T  h t t p : / / w w w . m e t . 

r d g . a c . u k / ~ s w s h a r g i / M i c r o M e t S o f t . h t m l ) , M o * H a  3 a  g a H u M u  a T M o c ^ e p H o r o  T u cK y , TeM - 

n e p a T y p a M u  c y x o r o  i 3 M o n e H o ro  T ep M o M eT p iB  B u 3 H a n u T u  n p y * H i c r b  B o g a H o i n a p u  e, 

n p y ^ H i c r b  H a c u n e H o i n a p u  E , a 6 c o n ro T H y  B o n o r ic T b  a ,  B ig H o cH y  B o n o r ic T b  n o B iT p a  r, 

M aco B y  n a c T K y  B o n o r u  q  T a  T o n K y  p o c u  T d.

npHK^ag
B u K o p u c T o B y r o n u  B ip T y a n b H i n c u x p o M e T p u n r n  T a 6 n u ^  ( g n a  ^ o r o  T p e 6 a  3 a H T u  b 

iH T e p H eT i H a caH T  h t t p : / / w w w . m e t . r d g . a c . u k / ~ s w s h a r g i / M i c r o M e t S o f t . h t m l ) , B u 3 H a n u T u  

n p y ^ H ic T b  B o g a H o i n a p u  e, n p y * H i c r b  H a c u H e H o i n a p u  E , a 6 c o n ro T H y  B o n o r ic T b  a ,  B ig -
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HoCHy BonoricTb noBirpa r, MacoBy nacTKy Bonora q  Ta TOHKy pocu Td, aKmo TeMnepa­
Typa cyxoro TepMoMeTpa tc = 30 0C, a 3MoneHoro t3M = 19 0C. ATMoc^epHun tuck CTa- 
HOBKTL 760 MM pT. CT.

Po3B’H3oK
3HaxoguMo BipTyarnm ^CHxpoMerpHnm Ta6num, b aKux 3agaroTbca TeMnepaTypu 

cyxoro (Tdry) i 3MoneHoro (Twet) TepMOMeTpiB, aTMoc^epHun tuck y Mini6apax (Haragye- 
mo, mo 760 mm pT.CT. = 1 aTM = 1,013-105 n a  = 1,013-103 rn a  = 1,013-103 M6ap), a Ta- 
KO* ^CHXpOMeTpHHHHH KOe^mieHT A. ^Kmo BHKOpHCTOByBaTH B ^CHXpOMeTpHnHOMy 
piBHaHHi (7.34) oguHum npy*HoCTi Ta aTMoc^epHoro TucKy b Mini6apax (reKTonacKa- 
nax), to  u;e piBHaHHa 6yge Mara Burnag:

e = E 1fen a) - A(tc -  t3M)pA fena) = E 1fen a) -  6,62-10"4(tc -  t3M) 1,013-103 fen a ) =

=E1fen a ) -  6,7-10'1̂ na)(tc -  t3M).

OT*e, y BipTyanbHy ^CHxpoMerpHnHy Ta6nuuro nigcTaBnaeMo 3HaneHHa ncuxpoMe- 
TpunHoro Koe^mieHTa 3a aTMoc^epHoro racKy A = 0,67, a TaKo* TeMnepaTypu cyxoro i 
3Bono*eHoro TepMOMeTpiB: Tdry = 30 0C, Twet = 19 0C. HaracKyeMo Ha KHonKy “Enter” i 
ogep*uMo: npy*mcTb BogaHoi napu (“vapor pressure”) e = 14,590 rn a , npy*mcTb Ha- 
CHneHoi napu (“saturation vapor pressure”) E  = 42,456 rn a , a6conroraa BonoricTb 
(“absolute humidity”) a  = 10,4 r-M-3, BigHoCHa BonoricTb (“relative humidity”) r = 34,4 %, 
MacoBa nacTKa Bonora (“specific humidity”) q = 9,0-10-3 r-r'1, TOHKa pocu (“dew point”) 
Td = 12,6 0C.

KoHTpoabHe 3aBgaHHH
BHKopHCTOByroHH BipTyanbHi ^CHxpoMerpHnm Ta6num, B^Hanum npy*mcTb bo- 

gaHoi napu e, npy*mcTb HacuneHoi BogaHoi napu E , a6conroTHy BonoricTb a , BigHoCHy 
BonoricTb noBiTpa r, MacoBy nacTKy Bonora q  Ta TOHKy pocu Td. TeMnepaTypu cyxoro Ta 
3MOHeHoro TepMOMeTpiB BroHaHaroTbca 3a Ta6n^ero 3 nonepegHboro KomponbHoro 
3aBgaHHa 3rigHo 3 BapianroM, BCTaHOBneHuM BuKnaganeM. ATMoc^epHun tuck CTaHo- 
BuTL 760 MM pT. CT.

7.10. OCMOC
Po3rnaHeMO gu$y3iro penoBuHu nepe3 HaniBnpoHuKHy MeM6paHy, 

mo po3ginae po3nuH Ta nucTuH po3huhhuk; TaKa MeM6paHa 3gaTHa npo- 
nycKaTu MoneKynu po3nuHHuKa, ane He nponycKae MoneKynu po3nuHe- 
Hoi penoBuHu. Ocmoc -  ^  npoHuKHeHHa nucToro po3nuHHuKa nepe3 Ha- 
niBnpoHuKHy MeM6paHy b po3nuH. flna BogHux po3nuHiB ocmoc O3Hanae 
nepexig Bogu i3 ginaHKu 3 BucoKoro KOH^mpa^ero Bogu y ginaHKy 3 
Hu3bKoro KOH^mpa^ero Bogu. HanienponuKna MeMdpana — ^  tohkuh 
map MaTepiany, aKun 3gaTHun nponycKaTu neBHi penoBuHu nepe3 ce6e 
Ta 3aTpuMyBaTu iHmi. ^k npuKnag, MO*Ha HaBecru MO*nuBicTb HaniB- 
npoHuKHux MeM6paH nponycKaTu Mani MoneKynu KucHro, Bogu, gBOOKu- 
cy By^ne^ro, rnroKO3u, aMiHOKucnoT, Togi aK BenuKi MoneKynu ^Kpo3u, 
KpoxManro Ta 6inKiB He npoxogaTb nepe3 ^  MeM6paHu.

nepeHeceHHa MoneKyn po3nuHHuKa 3yMOBneHe ocMomuHuuM muc- 
kom. BupiBHroBaHHa KOH^mpa^n no o6ugBa 6oku MeM6paHu, aKa
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n p o n y c K a e  M a n i  M o n e K y n u  p o 3 H H H H H K a ,  a n e  3 a T p u M y e  B e n u K  M o n e K y n u  

p o 3 H H H e H o i  p e n o B u H u ,  M o ^ n u B e  n u r n e  3 a  o g H o 6 i H H o i  g u $ y 3 i i  p o 3 H H H H H -  

K a .  C a M e  T o M y  o c m o c  3 a B ^ g u  B i g 6 y B a e T b c a  y  H a n p a M K y  B i g  H u c T o r o  

p o 3 H H H H H K a  g o  p o 3 H u H y  ( a 6 o  B i g  p o 3 B e g e H o r o  p o 3 H u H y  g o  K o H n , e m p o -

^ K ^ o  3aHypHTH po3HuH, 
BigginenuH Big 3oBHimHboro 
npocTopy MeM6paHoro, y  huc- 
TuH p03HHHHHK (puc. 7 .1 0 ) 3a 
ogHaKoBoro rigpocTaraHHoMy 
TucKy, Big6ygeTbca cyMapHa 
gu $y3ia  po3HHHHHKa y  po3HuH. 
flu ^ y3ia  ^pH^HHHTbca, Konu 
6yge gocarHymfi neBHun, ocmo- 
to th u m  tu ck  y  po3HuHi. Ocmo- 
TOTHuM tu ck  Mo^Ha BuMipa- 
tu  -  BiH gopiBHroe ToMy Hag- 
numKoBoMy TucKy, aKnfi noTpi- 
6ho npuKnacm  3 6oKy po3HuHy, 
m,o6 ^ u n u H ^ ™  ocmoc. Biono- 

riHHi piguHu aBnaroTb co6oro cna6Ki BogHi po3nuHu, b aKux Boga 3anMae 
go 9 5 %  o6eM y; oT^e, ocMoraHHi noTOKn Hepe3 6ionoriHHi MeM6paHu 
3yMoBnroroTb BogHi noTOKu 3 ginaHoK BucoKoi KoHn,empan,ii Bogu (cna6- 
Ki po3nuHu) b ginaHKu Hu3bKoi KoHn,empan,ii Bogu (6inbm  KoHn,empoBa- 
Hi po3nuHu). y  BaKyonax pocnuHHux KniTuH MicTaTbca po3nuHu conen, 
uyKpiB, opraHiHHi KucnoTu Ta aMiHoKucnoTu. BHacnigoK n,boro KniTuHu 
nocTiHHo ocm otuhho nornuHaroTb Bogy Ta yTBoproroTb BHyrpimmfi rig- 
pocTaTuHHufi tu ck , aKun Ha3uBaroTb myp2opHUM. tu ck  HanpaBne-
huh Ha KniTuHHy o6onoHKy i po6uTb ii npy^Horo. OgHonacHo KniTuHHa 
o6onoHKa npoTugie ocMoraHHoMy TucKy; na gia KniTuHHoi o6onoHKu Ha 
u,monna3My xapaKTeproyeTbca ocMomnuHUM nomeHyianoM. Konu Bcra- 
HoBnroeTbca guHaMiHHa piBHoBara, Hagxog^eHHa Bogu y  KtfimHy npu- 
nuHaeTbca. OcMoraHHa KoHn,empania BaKyonapHoro coKy y  KniTuHax Hag- 
3eM-Hoi HacTuHu pocnuHu 6inbma, Hm b KniTuHax KopeHa; caMe 3aBgaKM 
n,boMy BepTuKanbHoMy rpagieHTy ocMoraHHoi KoHn,empan,ii ciK gocarae 
BepxiBKu pocnuHu. TaKuM huhom, ocm otuhhuh tu ck  y  pocnuHHoMy op- 
raHi3Mi -  oguH i3 HafiBa^nuBimux ^aKTopiB, aKMH BnnuBae Ha po3nogin 
Bogu Ta no^uBH ux penoBuH.

IIOHaTKOBHH KiHUeBHH
CT3H CT3H

Puc. 7.10. CyMapHa flH^yjiH po3HHHHHKa y
po3HHH Hepe3 HaniBnpoHHKHy MeMSpaHy
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y  p o 3 B e g e H u x  p o 3 n u H a x  p o 3 n u H e H a  p e n o B u H a  H a r a g y e  i g e a n b H u n  

r a 3 ,  n e p e 3  m o  g o  ^ e i '  p e n o B u H u  M O * H a  3 a c T O c y B a T u  3 a K O H u  i g e a n b H o r o  

r a 3 y .  3 a n e * H i c T b  o c M o r a n H o r o  T u c K y  B i g  K O H ^ m p a ^ i '  p o 3 n u H e H o i  p e -  

hobuhu 3 6 i r a e T b c a  3 a  ^ o p M o r o  3  p i B H a H H a M  K n a n e n p o H a —M e H g e n e e B a :

m
p ocmV  = m RT , ( 7 . 3 6 )

m
ge p ocM -  0CM0THHHHH tuck; T -  a6conroTHa TeMnepaTypa; m = n -  KinbKicTb Monen

po3HHHeHoi peH0BHHH b o6'eMi V; m -  Maca po3HHHeHoi peH0BHHH; M  -  MonapHa Maca
po3HHHeHoi peH0BHHH; R = 8,314 fl*-Mont'1-K'1 -  ymBepcanbHa ra3OBa CTana.

^ K m o  B B e c T u  b ^ o p M y n y  ( 7 . 3 6 )  K O H ^ m p a ^ r o  p o 3 n u H y ,  T o g i  M O * H a  

o g e p * a T u  pienmna Banm-ro$$a:

p ocm = Ca R T , ( 7 . 3 7 )

ge CA = n/V -  MonapHa KOH^mpama po3HHHeHoi peH0BHHH.

n p H K a a g

B^Hanum 0CM0THnHHH tuck, aKmo MonapHa Komiempama po3HHHeHoi peH0BHHH 
gopiBHroe 450 Monb-M-3 3a TeMnepaTypu 300 K.

P o 3 B H 3 o K

OcM0THnHHH tuck 3rigH0 3 piBHaHHaM (7.36) CTaHOBm'K
pocm = (8,31 fl*-Mont'1-K'1)(300 K)(450 Monb-M-3 = 1,12 Mna, 

to6to nepeBumye aTMoc^epHun tuck Man*e Ha nopagoK.

7 . 1 1 .  A P O M A T  n P O ^ y K T I B

P o c n u H u  T a  i x  n a c T u H u  B u g i n a r o T b  n e T K i  c n o n y K u ,  O K p e M i  3  a K u x  

c y T T e B O  B n n u B a r o T b  H a  3anax n p o g y K T i B .  K o M 6 m a ^ r o  C M a K y  T a  3 a n a x y ,  

a K o r o  K e p y e T b c a  c n o * u B a n ,  o ^ H r o r o n u  a K i c T b  n p o g y K T y ,  H a 3 u B a r o T b  

apoMamoM. A n e  c n i g  3 a 3 H a n u T u ,  m o  a K m o  C M a K  M O * e  6 y T u  n p e g c T a B n e -  

huh n u m e  n o T u p M a  T u n a M u ,  to  3 a n a x  B u 3 H a n a e T b c a  6 n u 3 b K O  1 0 0 0 0  p i 3 -  

H O M a H iT H u M u  B a p i a H T a M u .  H e o 6 x i g H o r o  y M o B o r o  y T B o p e H H a  3 a n a x y  e  

i c H y B a H H a  n e T K u x  p e n o B u H  y  r a 3 O B i n  a 6 o  n a p o n o g i 6 mn  $ a 3 a x  3  tum, 
m o 6  ^  p e n o B u H u  6 y n u  c n p 0 M 0 * H i  g o c a r a y r u  H r o x o B o r o  e n i T e n i r o  n r o -  

g u H u .  K p i M  T o r o ,  c y T T e B o r o  y a B n a e T b c a  3 g a T H i c T b  n e T K u x  p e n o B u H  p o 3 -  

n u H r o B a T u c a  y  B o g i .

A p o M a T  M a c H u x  n p o g y K T i B  B u 3 H a n a e T b c a  K O M n n e K C H u M  B i g n y B a H -  

H a M  3 a n a x y  T a  C M a K y  M a c a  3 a  p a x y H O K  3 B in b H e H H a  n e T K u x  p e n o B u H  B H a c ­

n i g o K  * y B a H H a  n p o g y K T y .  ^ n  n a p a M e T p  a K O C T i M  a c a  n o B ' a 3 a H u n  3  

g B O M a  K O M n o H e H T a M u  — p o 3 H H H e H H M H  y  B o g i  p e n o B u H a M u  T a  6 i n K a M u  

M i o ^ i 6 p u n ,  a K i  M i c T a T b  g p i 6 r n  n e n r a g u ,  B y r n e B o g u ,  g e a K i  H e o p r a H i n H i  

i o H u ,  m o  y T B o p r o r o T b  a p o M a T ,  T a  n e T K u M u  c y 6 c T a H m a M u .  3 a 3 B u n a n ,  B n a c -
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huh a p o M a T  M a c a  c n a 6 K u n ,  a n e  B iH  3 6 i n b m y e T b c a  y  n p o ^ c i  K y n i H a p H o i  

o 6 p o 6 K u .

C n i g  3 a 3 H a n u T u ,  m o  o ^ H K a  a p o M a T y  M a c a  M O * e  6 y T u  c y 6 ' e K T u B -  

H o r o :  T a K ,  M e m K a H ^  A B C T p a n i i ,  H o B o i  3 e n a H g i i  T a  B e n u K o 6 p u T a H i i  H a -  

g a r o T b  n e p e B a r y  a p o M a T y  M a c a  3 p i n u x  O B e ^ ,  T o g i  a K  y  C f f l A  — a r H a T .  y  

H i M e n n u H i  e  n o n u T  H a  M 'a c o  g u n u H u  3 i i  C B o e p i g H u M  a p 0 M a T 0 M .  y  M e K -  

c u ^ ,  I c n a H i i  T a  n o p T y r a n i i  b ^ H i  K O 3 a n e  M 'a c o .

A p o M a T  M o n o K a  B u 3 H a n a e T b c a  K O M n n e K C H u M  B i g n y B a H H a M  3 a n a x y  T a  

C M a K y  3a  p a x y H O K  n p u c y T H i x  b H b O M y  * u p y ,  6 i n K i B ,  n a K T O 3 u  T a  B i r a M i -  

H iB ,  m o  3 a 6 e 3 n e n y r o T b  n e B H e  B i g n y T T a  a K O C T i.

7.12. HWX I CMAK

7.12.1. Hrox
H k >x  -  ^  n p o ^ c  c n p u n H a T T a  3 a n a x y  *ubum 0 p r a H i 3 M 0 M .  H r o x o B i  K n i -  

tuhu 6 e 3 x p e 6 e T H u x  p o 3 T a m o B a H i  H a  m K ip a H O M y  n o K p u B i ;  y  n n e H u c T O H o r u x  

u i  K n i T u H u  y T B o p r o r o T b  o c o 6 n u B i  o p r a H u  -  c e H c u n u ;  y  hu*hux x p e 6 e T H u x  

H r o x o B i  K n i T u H u  p o 3 M i m e H i  B  H r o x o B u x  M i m K a x ,  y  B u m u x  T B a p u H  i  n r o g u H u  

bohu y T B o p r o r o T b  p e ^ n r o p H u n  m a p  H r o x o B o i  n o p o * H u H u .

f l n a  6 a r a T b o x  T B a p u H  B a * n u B u M  i  H a B iT b  B u p i m a n b H u M  c n o c o 6 o M  

K O M y m K a ^ i  e  B u c u n a H H a  x i M i n H u x  c u r a a n i B .  X i M i n H i  n e T K i  p e n o B u H u ,  

m o  C T B o p r o r o T b c a  T B a p u H o r o  i  B u K n u K a r o T b  c ^ e ^ H $ i n H H n  B i g r y K  y  i H m u x  

n p e g c T a B H u K i B  T o r o  *  c a M o r o  B u g y ,  H a 3 u B a r o T b c a  $ e p o M o n a M U  a 6 o  

o d o p a n m a M U .  T B a p u H u  3 g i n c H r o r o T b  i  p e a n i 3 y r o T b  T a K u n  H r o x o B u n  

3 B  a 3 O K  g n a  n p o r o n o m e H H a  n p a B a  H a  T y  n u  i H m y  T e p u T o p i r o ,  n p o K n a -  

g a H H a  c n i g y ,  n o m y K i B  K o p M y ,  y T B o p e H H a  c u r a a n y  H e 6 e 3 n e K u ,  c n i n K y -  

B a H H a  T B a p u H u  3 n 0 T 0 M C T B 0 M ,  n p u B e p T a H H a  C T a T e B u x  n a p T H e p i B  3 M e -  

T o r o  c n a p o B y B a H H a  i  p 0 3 M H 0 * e H H a ,  o p i e H T a ^ i  y  n p o c T o p i  T a  H a B i r a ^ i ,  

n i g T p u M K u  n e B H o i  c o ^ a n b H o i  i e p a p x i i .  X i M i n H i  c u r a a n u  x a p a K T e p u 3 y -  

r o T b c a  H e B u c o K u M  p o 3 g i n e H H a M ,  a n e  bohu g i r o T b  H a  3 H a n H O M y  n p o c T o p o -  

B O M y  i  n a c 0 B 0 M y  i H T e p B a n a x  3 a B g a K u  r p y H T y  T a  p o c n u H a M ,  H a  a K u x  B i g -  

K n a g a e  T B a p u H a  $ e p 0 M 0 H u  a K  M a p K e p u .  n a p a M e T p u  n o m u p e H H a  $ e p o -  

M O H iB  n a c T O  3 a n e * a T b  B i g  m B u g K O c r i  B i T p y :  T a K ,  3a  m B u g K O c r i  B i T p y  

1 m/c o 6 n a c T b  n o m u p e H H a  K n y 6 a  ^ e p 0 M 0 H a  M a e  g o B * u H y  2 1 5  m, m u p u H y  

4 5 6 0  m i  B u c o r y  1 0 8  m, T o g i  a K  3a  m B u g K o c T i  B i T p y  5  m/c m  n a p a M e T p u  c r a -  

H O B n a T b :  g o B * u H a  -  1 8 2 0  m, m u p u H a  -  9 7  m, B u c o T a  -  4 8 , 5  m.
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XiMiHHa KoMyrnKatyH komqx 3 g i n c K r o e T b c a  3 a B g a K u  $ e p 0 M 0 K a M ,  c e -  

p e g  a K u x  K a n 6 i n b m  n o m u p e K i  c T a T e B i  a T p a K T a K T u .  P o 3 r n a H e M o  o g u H  3 
T a K u x  i g e K T u $ i K 0 B a K u x  $ e p 0 M 0 K i B  m o B K o B u H K o r o  m o B K o n p a g a  

Bombyx mori. C a M e ^  M a e  H a  r o n o B i  n a p y  B e n u K u x  a K T e K  ( p u c .  7 . 1 1 ) ,  

a K i  3 6 u p a r o T b  doMdiKon -  a T p a K T a H T ,  ^ o  K a g c u n a e  c a M K a .  U , e n  a T p a K -  

T a K T  e  c y M i m m r o  ( 1 0 : 1 )  c a M e  6 o M 6 i K o n a  ( c K n a g K o r o  c n u p T y )  T a  H o r o  

ajibgerigHOi (j)opMH 6oM6iKajra. Ko- 
^ K a  a K T e K a  M e T e n u K a  c K n a g a e T b c a  3 
o c H o B H o r o  c T e p ^ K a  i  B e n u K o ' i  K i n b -  

K o c T i  B o n o c o n o g i 6 K u x  o p r a K i B ,  c e -  

p e g  a K u x  3 K a x o g a T b c a  K r o x o B i  B o n o -  

cku. B a p T o r o  y B a r u  e  3 g a T K i c T b  a K ­

T e K  c e n e K T u B H o  3 6 K p a T K  M o n e K y n u  

6 o M 6 i K o n a  3 a  g o n o M o r o r o  K n i T u K -  

p e ^ n r o p i B ,  ^ o  3 K a x o g a T b c a  K a  K r o -

XOBHX BOJTOCKaX aHTeHH. B ojtocok
Puc. 7.11. AHTeHa moBKonpaga 

p a 3 o M  3 p e ^ n r o p o M  K a 3 u B a e T b c a  D , .r  r  r  Bombyx mori
ceHCunow (sensilla trichodea). K i n b -

K ic T b  c e K c u n  K a  K o ^ K i n  a K T e K i  g o c a r a e  1 7 0 0 0 .  3 a B g a K u  ^ m p e ^ n r o -  

p a M  c a M K a  3 g a T H a  n p u B e p T a T u  c a M ^ B  K a  B i g c T a H i  6 n u 3 b K 0  o g H o r o  K i n o -  

M e T p a .  K o K T a K T  K n i r u K u - p e ^ n T o p a  m o B K o n p a g a  3 K a B K o n u m K i M  c e p e -  

g o B u ^ e M  B i g 6 y B a e T b c a  H e p e 3  n o p u  o 6 o n o K K u ;  g i a M e T p  ko^koi n o p u  g o -  

p i B K r o e  1 5  km, a  K i n b K i c T b  n o p  K a  c e K c u n i  c T a H o B u T b  3 2 0 0 .  3 r i g K 0  3 c y -  

H a c K u M u  y a B n e K K a M u ,  p e ^ n r o p u  ^ a K T u H K o  p a x y r o T b  M o n e K y n u ,  ^ o  

3 6 y g ^ y r o T b  K n i T u K y ;  K o n u  K i n b K i c T b  i M n y n b c i B  B i g  a K T e K u  n e p e B u ^ y e  

2 0 0  i M n / c ,  c a M e ^  p e a r y e  i  p y x a e T b c a  g o  g ^ e p e n a  6 o M 6 i K o n a .  M e x a K i 3 M  

x i M i H K o i  p e ^ n ^ ' i  m o B K o n p a g a  n o B ’a 3 a K u n  3 n o e g K a K K a M  g u $ y 3 i n K u x  

n p o ^ c i B  3 B u c o K o e ^ e K T u B o r o  ^ i n b T p a ^ e r o  b a K T e K a x .

n p o 6 n e M a  60p 0T b 6u  3 M a n a p i n K u M  K o M a p e M  (Anopheles) T a K o ^  

n o B ’a 3 a K a  3 n o m y K a M u  T a  i g e K T u ^ k a m e r o  tu x  a T p a K T a K T i B ,  a K i  B u c u -  

n a r o T b c a  n r o g u K o r o  a 6 o  T B a p u K o r o  i  n p u B e p T a r o T b  y B a r y  K 0 M a p a .

Hwx y  pud  B i g i r p a e  3 K a H K y  p o n b  y  n o m y K a x  K o p M y ,  B u a B n e K K i  x u -  

^ a K i B ,  3 K a x o g ^ e K K i  c T a T e B u x  n a p T K e p i B ,  g o c a r K e K K a  M i c ^  g n a  K e p e c T y  

T a  o p i e K T a m ' i .  B u K o p u c T a K K a  K r o x y  g y ^ e  g o 6 p e  g o B e g e K o  y  n o c o c a ,  

a K u n  n o H u H a e  c B o e  ^ u r r a  b n p i c K u x  B o g a x  p i H 0 K ,  g e  B iH  M e m K a e  B i g  

K i n b K o x  M i c a ^ B  g o  g B o x  p o K i B  3 a n e ^ K 0  B i g  B u g y ;  3a  ^ n  n p o M m o K  H a c y  

B iK  “ B B o g u T b  b c B o r o  n a M ’a T b ”  3 a n a x  n p i c K o i  B o g o n M u .  f l a n i  n o c o c b  

n p a M y e  B 3 g o B ^  T e n i i ’ g o  o K e a H y ,  g e  n p o B o g u T b  B i g  o g H o r o  g o  H o T u p b o x  

p o K i B ,  g o c a r a r o H u  c T a T e B o 'i  3 p i n o c T i .  n i c n a  ^ o r o  n o c o c b  n p o x o g u T b
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6 n u 3 b K O  1 5 0 0  km O K e a H C b K o r o  n p o c T o p y ,  m o 6  g o c a r a y r a  p i n K u ,  y  B e p -  

x i B ’a x  a K o i  B iH  H a p o g u B c a ,  g n a  B u g i n e H H a  i K p u .  n p o ^ c  H a B i r a ^ i  n o c o c a  

b O K e a H i  m e  H e  3 ’a c o B a H u n  g o c r a T H b o ;  B B a * a e T b c a ,  m o  n o c o c b  B u K o p u c -  

T O B y e  ^ n u n  K O M n n e K C  ^ a K T o p i B  — r e o r p a ^ i n m  p u c u  M i c ^ B O c r i ,  T e M n e -  

p a T y p y ,  M a r a i r a i  n o n a ,  H e 6 e c H i  T a  x i M i n H i  o p i e H T u p u .  A n e  M i r p a ^ a  y  

p i n ^  B i g 6 y B a e T b c a  3 a B g a K u  H r o x y .

Hwx y nmaxie a K  H a y K O B a  n p o 6 n e M a  o 6 r o B o p r o e T b c a  n p o T a r o M  

o c T a H H i x  g e c a T u p i n .  T p u B a n u n  n a c  B B a * a n o c a ,  m o  H r o x  e  n p e p o r a T u B o r o  

B u H a T K O B O  c c a B ^ B .  H e g a B H i  g o c n i g * e H H a  g o B e n u ,  m o  n r a x u  B u K o p u c -  

T O B y r o T b  H r o x  y  n o m y K a x  T a  p o 3 p i 3 H e H H i  K o p M y ,  g n a  B u 6 o p y  3 p y n H u x  

g n a  H a c u g * y B a H H a  M i c ^  T a  n i g  n a c  H a B i r a ^ i .  C e p e g  n T a x i B ,  m o  M a r o T b  

p o 3 B u H e H i  B i g n y T T a  3 a n a x i B ,  M O * H a  B i g 3 H a n u T u  r o n y 6 i B ,  g e a K u x  M o p c b -  

kux n T a x i B ,  m n a K i B ,  K y p n a T .  ^ K a B u M  M O * H a  B B a * a T u  M e T o g  B u a B n e H -  

H a  H r o x y  y  n T a x i B .  n p o M u c n o B i  K O M n a H i i  3 T p a H c n o p T y B a H H a  r a 3 y  3 M e -  

T o r o  3 H a x o g * e H H a  g e ^ e K T i B  y  c r i H K a x  T p y 6  H a K a n y B a n u  b o c r a H H i  T a K u n  

o g o p a H T  a K  K a g a B e p u H  ( T p y n H a  O T p y T a ) ;  b T O M y  M i c ^ , g e  T p y 6 a  M a n a  

O T B ip ,  3 6 u p a n a c a  B e n u K a  K i n b K i c T b  r p u ^ i B .

7.12.2. Hmxobhh aHaai3aTop
Hwxoeuu anmi3amop B u m u x  T B a p u H  i  n r o g u H u  -  c n e m a n i 3 O B a H a  c u c -  

T e M a ,  m o  3 a 6 e 3 n e n y e  c n p u n H a T T a  p i 3 H u x  n a x y n u x  p e n o B u H ,  a H a n i 3  T a  

o 6 p o 6 K y  3 6 y g * e H b ,  m o  B u H u K a r o T b  B i g  n e p u ^ e p i i  g o  ^ m p a n b H o i  H e p -  

B 0 B 0 i  c u c T e M u .  C K n a g a e T b c a  H r o x o B u n  a H a n i 3 a T o p  3 H r o x o B u x  p e ^ n T o p -  

hux K n i T u H  ( H e n p o H i B ) ,  a K i  p o 3 M i m e H i  b c n u 3 O B O M y  m a p i  T O B m u H o r o  

6 n u 3 b K O  6 0  mkm ( p u c .  7 . 1 2 ) .  P e ^ n T o p H u n  m a p  M a e  H r o x o B i  T a  o n o p H i  

K n i T u H u .  3  o g H o r o  6 o K y  p e ^ n T o p H u n  H e n p o H  3 a K i H n y e T b c a  B i n K a M u ,  m o  

M a r o T b  K O H T a K T  i 3  3 O B H i m H iM  n o B i T p a M  n e p e 3  c n u 3 O B u n  m a p ;  3 i H m o r o  -  

B i g p o c T K a M u  ( a K C O H a M u ) .  g ^ r y r u  3 1 0 - 1 0 0  a K C O H iB  n p o x o g a T b  n e p e 3  

O T B o p u  b p e m i T n a c T i n  K ic ^ i  i  y T B o p r o r o T b  K n y 6 o n K u ,  a K i  b C B o r o  n e p r y  

3’ e g H y r o T b c a  3 g B O C T y n K O B u M u  K n i T u H a M u  i  n e p e 3  hux -  3 M O 3 K O M . H a -  

n p u K n a g ,  y  K p o n a  2 6 0 0 0  H e n p o H i B  n o e g H y r o T b c a  3 2 0 0  K n y 6 o n K a M u  3 
tum, m o 6  y T B o p u T u  o g H y  K n i T u H y .  T a K a  C T p y K T y p a  H r o x o B o r o  p e ^ n r o p a  

n i g B u m y e  n o r o  n y T n u B i c T b .  n i g  n a c  B g u x a H H a  n e p e 3  H r o x o B y  m i n u H y  

H o c a  n p o T i K a e  6 n u 3 b K O  5 - 1 0 %  3 a r a n b H o i  K in b K O C T i n o B i T p a .  n a x y n i  p e -  

hobuhu y  n a p o n o g i 6 H O M y  C T a H i  g i r o T b  H a  H r o x o B i  p e ^ n T o p u ,  3 a B g a K u  

n o M y  o c T a H H i  3 6 y g * y r o T b c a .  f l n a  T o r o ,  m o 6  T B a p u H a  B i g n y n a  3 a n a x ,  g o -  

C T a T H b o  3 6 y g * e H H a  n u m e  4 0  p e ^ n r o p H u x  K n i T u H ,  n p u n o M y  H a  K O * H y  3 
hux n o B u H H a  g i a T u  o g H a  M o n e K y n a  n a x y n o i  p e n o B u H u .  y H i K a n b H o r o
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Hmxosuu Hmxoea

noeimpa.
Puc. 7.12. HroxoBHH aHam3aTop

B n a c T u B i c r r o  H r o x o B u x  p e ^ n r o p i B  e  i x  n o c r i H H a  3 a M i H r o B a H i c T b  ( n p o T a -  

r o M  6 n u 3 b K 0  6 0  g H i B ) .

7.12.3. MexaHi3MH Hroxy
M e x a H i 3 M U  H w x y  n o B ’a 3 a H i  3  n o T p a n n a H H a M  M o n e K y n  n e T K u x  o p r a -  

H i H H u x  c n o n y K  y  H r o x o B u n  a H a n i 3 a T o p  T a  3 B a 3 y B a H H a M  i x  3  p e u ; e n T o p -  

humu 6i n K a M u ,  a K i  c n p o M o ^ H i  B H a c n i g o K  ^ o r o  3 M i H r o B a T u  M e M 6p a H H u H  

n o T e H ^ a n ;  e n e K T p u H H i  c u r H a n u  n e p e g a r o T b c a  B i g  p e ^ n T o p H u x  K n i T u H  

H e p e 3  a K c o H u  ( g o B r i  B i g p o c T K u  K n i T u H  H e p B o B o i  c u c T e M u )  g o  r i n o T a n a -  

M y c a  -  B i g g i n y  M 0 3 K y ,  ^ o  a B n a e  c o 6o r o  c K y n H e H H a  H e p B 0B u x  K n i T u H ;  

c a M e  b H b o M y  y T B o p r o e T b c a  B i g H y T T a  3 a n a x y ,  H o r o  K n a c u ^ i K a ^ a  T a  i g e H -  

T u ^ i K a ^ a .

f l e a K i  T B a p u H u  ( H a n p u K n a g ,  K i m K u )  M a r o T b  c n e ^ ^ i H H u n  o p ^ a H  

f l w a K o d c o H a ,  n p u 3H a H e H u H  g n a  g e T e K T y B a H H a  $ e p 0M 0H iB  T a  H u 3b K u x  

K o H ^ H T p a ^ H  x i M i H H u x  c n o n y K  n p u p o g H o r o  n o x o g ^ e H H a .  B u K o p u c T o -  

B y r o T b  T B a p u H u  o p r a H  g n a  c n i n K y B a H H a  m™ n p e g c T a B H u K a M u  T o r o  

^  c a M o r o  B u g y .  K o n u  K i m K a  B i g K p u B a e  B e p x H r o  r y 6y  g n a  T o r o ,  ^06 H a -  

n p a B u T u  ^ e p o M o H u  H a  o p r a H ,  3 g a e T b c a ,  ^ o  B 0H a  n o c M i x a e T b c a  ( p e -  

a ^ i a  O e n M a H a ) .
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7.12.4. MeTogu aHaai3y 3anaxiB
Onb^aKmoMempia -  ^  M e T o g  B u M i p r o B a H H a  r o c T p o T u  H r o x y .  B i H  

3 a c T O C O B y e T b c a  g n a  B u 3 H a n e H H a  n o p o r y  H r o x y ,  p i B H a  H r o x o B o i  a g a n T a ^ i '  

T a  B i g H O B n e H H a  H r o x o B o i  ^ y H ^ i i  ( KinbKicua onb$aKmoMempia) ,  a  T a K o *  

g n a  B u 3 H a n e H H a  3 g a T H O c r i  n r o g u H u  c n p u n M a T u  i  p o 3 p i 3 H a T u  3 a n a x u  

(aKicna onb$aKmoMempia) .  f l n a  n p a K T u n H o i  p e a n i 3 a ^ i  o n b ^ a K T O M e T p i i  

B u K o p u c T O B y r o T b  ^e^ycmamopie 3anaxie -  n r o g e n ,  a K i  B i g 3 H a n a r o T b c a  

n i g B u m e H o r o  H y r n u B i c T r o  g o  3 a n a x i B  ( n u c n o  T a K u x  c e p e g  3 B u n a n H o r o  

H a c e n e H H a  C T a H O B u T b  6 n u 3 b K O  1 0 % ) .  f l e r y c T a T o p u  T p e H y r o T b c a  B u 3 H a -  

n a T u  n e B H i  3 a n a x u ;  b  K O * H i n  o ^ h ^  3 a n a x y  6 e p y T b  y n a c T b  B i g  6  g o  1 2  

e K c n e p T i B ,  n i c n a  n o r o  p e 3 y n b T a T u  o ^ h k u  y c e p e g H r o r o T b c a .  n i g  n a c  n p o -  

^ g y p u  B u 3 H a n a r o T b c a  n o p o r o B u n  p i B e H b ,  i H T e H c u B H i c T b ,  c r i n K i c T b ,  r e -  

g o H i n H u n  t o h  T a  x a p a K T e p H i  0 3 H a K u  3 a n a x y .  n o p o r o B u n  p i B e H b  3 a n a x y  b u -  

3 H a n a e T b c a  n o c T y n o B u M  3 6 i n b m e H H a M  K O H ^ m p a ^ i '  n a x y n o i  p e n o -  

b u h u ,  g o K u  g e r y c T a T o p  H e  3 p e a r y e  H a  H e i .  I H T e H c u B H i c T b  3 a n a x y  B u M i -  

p r o e T b c a  n o p i B H a H H a M  3 a n a x y ,  m o  o ^ H r o e T b c a ,  3  o n o p H u M  3 a n a x o M  

( 3 B u n a n H O ,  n - 6 y r a H o n a ) ,  3 p a 3 K u  a K o r o  M i c a T b  p i 3 H i  K O H ^ m p a ^ i '  r a 3 y .  

f l n a  o ^ h k u  i H T e H c u B H o c T i  3 a n a x y  B u K o p u c T O B y e T b c a  5 - 6 a n b H a  c u c T e M a :  

B i g  0  ( B i g c y T H i c T b  3 a n a x y )  g o  5  ( g y * e  c u n b H u n  3 a n a x ) .  C T i n K i c T b  3 a n a x y  

B i g n o B i g a e  K o p e n a ^ i '  i H T e H c u B H o c T i  3 a n a x y  3  K O H ^ m p a ^ e r o  n a x y n o i  

p e n o B u H u .  r e g o H i n H u n  t o h  B K a 3 y e  a K  n r o g u H a  c n p u n M a e  T o n  n u  m m u n  

3 a n a x  3  t o h k u  3 o p y  B i g n y T T a  n p u e M H u x  B p a * e H b .  X a p a K T e p H i  0 3 H a K u  

B u 3 H a n a r o T b c a  n o p i B H a H H a M  3 a n a x y ,  m o  o ^ H r o e T b c a ,  3  g o 6 p e  B i g o M u M u  

3 a n a x a M u .

AemoMamu3oeani cucmeMU muny “eneKmponnuu nic” n o 3 6 a B n e H i  

c y 6 ’ e K T u B H u x  n i g x o g i B  g o  o ^ h k u  3 a n a x i B .  T a K i  c u c T e M u  C K n a g a r o T b c a  3  

H a 6 o p y  x i M i n H u x  c e H C o p i B ,  b  0 C H 0 B i  a K u x  n e * u r b  n o n i M e p H a  n n i B K a .  

K o n u  r a 3 ,  m o  o ^ H r o e T b c a ,  n p o x o g u T b  n e p e 3  n n i B K y ,  B iH  B u K n u K a e  3 r u -  

H a H H a  n n i B K u ;  ^  M e x a m n m  3 r u H a H H a  n e p e T B o p r o r o T b c a  b  e n e K T p u n H i  

c u r H a n u ,  n p o n o p ^ n m  p i B H r o  g e ^ o p M a ^ i '  n n i B K u  i ,  O T * e ,  K O H ^ m p a ^ i '  

r a 3 y .  O c K i n b K u  p i 3 H i  x i M i n H i  c n o n y K u  B u K n u K a r o T b  p i 3 H i  p i B H i  3 r u H a H H a  

n n i B K u ,  B i g 6 y B a e T b c a  p e a ^ i a  T a K o r o  c e H C o p a  H a  K O * H y  c n o n y K y .  A b t o -  

M a T u 3 O B a H a  c u c T e M a  T a K o r o  T u n y  M i c T u T b  H a 6 i p  ( 2 0 —5 0 )  C e H C o p iB ,  a K i  

H a g a r o T b  c ^ e ^ H $ i n H y  K a p T u H y  c e H C o p H u x  B i g r y K i B  y c i x  C e H C o p iB ,  x a p a K -  

T e p H y  g n a  n e B H o r o  3 a n a x y .

f l o  c y n a c H u x  M e T o g i B  K i n b K i c H o i  T a  a K i c H o i  o ^ h k u  3 a n a x i B  c n i g  T a -  

k o *  B i g H e c T u  K O M 6 i H O B a H u n  M e T o g  r a 3 0 B 0 i  x p o M a T o r p a ^ i i '  T a  M a c -  

c n e K T p o M e T p i i .
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Memod xpoMamospa$ii n e p e g 6 a H a e  p o 3 g i n e H H a ,  3 H a x o g ^ e H H a  i  bu- 
3 H a H e H H a  p e H 0B u H  3 a B g a K u  H e o g H a K o B o c r i  i x  n o B e g i H K u  b c u c T e M i  i3  

g B o x  ^ a 3 ,  a K i  H e  3 M i m y r o T b c a  -  p y x o M i n  i  H e p y x o M i n .  P y x o M o r o  $ a 3 o r o  y  

p a 3 i  B u K o p u c T a H H a  M e T o g y  r a 3 0 B 0 i  x p o M a T o r p a ^ i i  e  r a 3  ( c y M i m  r a 3 i B ) ,  

H e p y x o M o r o  -  T B e p g a  p e H 0 B u H a  a 6 o  p i g u H a .  n i g  H a c  p y x y  p y x o M o i  $ a 3 u  

B 3 g o B ^  H e p y x o M o i  K o ^ H a  K o M n o H e H T a  c y M i m i  o c i g a e  H a  H e p y x o M i n  $ a 3 i  

( c o p 6 e H T i )  B i g n o B i g H o  g o  M a T e p i a n y  c o p 6 e H T y  i  B n o B i n b H r o e  c B i n  p y x .  

H e p e 3  T e ,  ^ o  p i 3 H i  K o M n o H e H T u  M a r o T b  p i 3 H y  c n o p i g H e H i c T b ,  B i g 6 y B a e T b -  

c a  n p o c T o p o B u n  n o g i n  ^ u x  K o M n o H e H T i B .

Mac-cneKmpoMempuHHUU Memod r p y m y e T b c a  H a  y T B o p e H H i  i o H H u x  n y -  

H K iB  y  B a K y y M i  3 i x  n o g a n b m u M  n o g i n o M  3a  M a c o r o  b e n e K i p u H H o M y  T a  M a r -  

H iT H 0 M y  n o n a x .  3 a c T o c y B a H H a  K 0 M 6 i H 0 B a H 0 i  T e x H i K u  r a 3 0 B 0 i  x p o M a i o r p a ^ i i  

T a  M a c - c n e K T p o M e T p i i  g a e  M o ^ n u B i c i b  o^ hutu 7 0 - 1 0 0  n e T K u x  K o M n o H e H ­

T iB , ^ o  e  b n o B i i p i  T B a p u H H u ^ K u x  n p u M i ^ e H b ,  c T B o p r o r o H u  c e p n o 3 H y  n p o -  

6 n e M y  g n a  n p a ^ B H u K i B  T a  M e m K a H ^ B  g o B K i n n a ,  a K i  c K a p ^ a i b c a  H a  n o g p a 3 -  

H e H H a  c n u 3 0 B 0 i  o 6 o n o H K u  0 H e n ,  H o c a ,  r o p n a ,  r o n o B H u n  6 i n b ,  H y g o T y ,  n p o -  

hoc, K a m e n b ,  x p u n o T y ,  n o p y m e H H a  g u x a H H a ,  c o H n u B i c T b  to^o.
C y H a c H a  i H c T p y M e H T a n b H a  T e x H i K a  g o 3 B o n a e  K i n b K i c H o  o^ hutu  

a p o M a T  T a  6 y K e T  n a x o ^ i B  y  c i n b c b K o r o c n o g a p c b K u x  T a  x a p H 0 B u x  n p o g y -  

K T a x ,  H a a B H i c T b  H e 6 a ^ a H u x  3 a n a x i B ,  n p u c y T H i c T b  ^ a n b c u ^ i K a T o p i B  T a  

3 a 6 p y g H r o B a H i B .

7.12.5. CMaK
CMaK -  ^  B i g H y n a ,  ^ o  B u H u K a e  n i g  H a c  g i i  x i M i H H u x  p e H 0 B u H  H a  

p e ^ m o p u  a 3 u K a  i  n o p o ^ H u H u  p o T a .  B H a c n i g o K  p 0 3 ^ 0 B y B a H H a  m i  3 B i n b -  

H r o r o T b c a  p i 3 H 0 M a H i T H i  3a  B e n u H u H o r o ,  ^ o p M o r o  T a  c K n a g H i c i r o  M o n e K y ­

n u ,  ^ o  g i r o T b  H a  M o n e K y n u  M e M 6 p a H u  c M a K 0 B u x  p e ^ r n o p i B .  y  K 0 M a x  

x e M o p e ^ m o p u ,  ^ o  B i g n o B i g a r o T b  3a  c M a K  i  H r o x ,  3 H a x o g a T b c a  H a  p o T o -  

bux o p r a H a x ,  a  T a K o ^  H a  n a n K a x  a 6 o  a H T e H a x .  y  p u 6  i  a M $ i 6 i n  x e M o p e -  

^ n T o p u  p o 3 T a m o B a H i  H a  n o B e p x H i  T i n a .  y  B u ^ u x  T B a p u H  i  n r o g u H u  $ y H K -  

^ i  x e M o p e ^ n ^ i '  3 B y ^ y r o T b c a  g o  c n p u n H a T T a  3 a n a x y  T a  c M a K y  p o 3 H u H e -  

H u x  p e H o B u H .

H r o g u H a  c n p o M o ^ H a  p o 3 p i 3 H a T u  H 0 T u p u  o c H o B H i  T u n u  c M a K y  -  co- 
nodKUU ( 6 a r a T 0  o p r a H i H H u x  c n o n y K ,  3 0 K p e M a  ^ K p u ,  c a x a p u H ) ,  conoHUU 
( 6 a r a T 0  H e o p r a H i H H u x  c n o n y K ,  3 0 K p e M a  x n o p u g  H a T p i r o ,  n o g u g  K a n i r o ) ,  

KucnuU ( K u c n o T u ,  i o H u  B o g H r o ,  3 0 K p e M a  o ^ T ,  n u M 0 H H a  K u c n o T a )  T a  sip- 
kuu ( 6 a r a T 0  a n K a n o i g i B ,  3 0 K p e M a  K 0 $ e r n ,  H i K 0 T u H ,  x i H i H ,  c T p u x H i H ) .  

C i n b c b K o r o c n o g a p c b K i  T B a p u H u  B i g p i 3 H a r o T b  ^  H 0 T u p u  T u n u  c M a K y ,  a n e  

M o ^ y T b  H a g a B a T u  n e p e B a r y  n e B H 0 M y  c M a K 0 B 0 M y  B i g H y B a H H r o :  c B u H i  -
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c o n o g K O M y ,  B e n u K a  p o r a T a  x y g o 6 a  i  K O H i -  C 0 n 0 H 0 M y .  C M a K O B a  n y T n u -  

B i c T b  3 a n e * u T b  B i g  T u n y  C M a K y  -  n r o g u H a  c n p 0 M 0 * H a  p e a r y B a T u  H a

1 0  M o n e K y n  C T p u x H i H y  H a  a 3 u K y  a 6 o  H a  1 0  M o n e K y n  ^ K p y .

7.12.6. CMaKoBHH aHaai3aTop
CMaKoeuu anani3amop -  M o p $ o $ i 3 i o n o r i n H a  c u c T e M a ,  a K a  3 a 6 e 3 n e -  

n y e  c n p u n H a T T a  i  a H a n i 3  x i M i n H u x  p e n o B u H ,  m o  n e p e 6 y B a r o T b  y  n o p o * -  

H u H i  p o T a .  O c H O B o r o  C M a K O B o r o  a H a n i 3 a T o p a  e  cMaKoei cocohku -  c r p y K -  

T y p u  a 3 u K a ,  m o  M i c T a T b  C M a K O B i p e ^ n T o p u .  Cocohku M O * y T b  M a T u  

r p u 6 o n o g i 6 H y  ( H a  K i H ^  a 3 u K a ) ,  n u c T o n o g i 6 H y  ( H a  6okobux n o B e p x H a x  

a 3 u K a )  T a  * o n o 6 n a c T y  ( H a  M e * i  3 a g H b o i  T a  g B o x  n e p e g H i x  T p e T u H  a 3 u K a )  

^ o p M u .  K o * H u n  c o c o n o K  y  C B o r o  n e p r y  M i c T u T b  cMaKoei ^ 6ynunu, a K i  

C K n a g a r o T b c a  3  e n r r e n i a n b H u x  C M a K O B u x  K n i T u H ,  n o B ’a 3 a H u x  3  kIh^ bu- 
mu p o 3 r a n y * e H H a M u  C M a K O B u x  H e p B O B u x  K n i T u H  ( p u c .  7 . 1 3 ) .  K i n b K i c T b

^ H 6 y n H H  M O * e  g o c a r a T u  

1 0 0 0 0 .  H a  n o B e p x H i  c o c o n K a  

a 3 u K a  3 H a x o g u T b c a  cMaKoea 
nopa, n e p e 3  a K y  C M a K O B a  ^ H -  

6 y n u H a  3’ e g H y e T b c a  3 n o p o * -  

H u H o r o  p o T a .  C M a K O B a  ^ H 6 y -  

n u H a  n o 6 y g o B a H a  i 3  c a M e  

C M a K O B u x  ( K i n b K i c T b  i x  c r a -  

H O B u T b  1 0 —2 0  H a  o g H y  ^ H 6 y -  

n u H y )  i  o n o p H u x  K n i T u H ;  C M a -  

K O B a  K n i T u H a  M a e  C M a K O B i 

B o n o c K u ,  a K i  B u x o g a T b  n e p e 3  

n o p y  b p i g K e  c e p e g o B u m e  H a  

n o B e p x H i  a 3 u K a .

M o * n u B u M  M e x a H i3 M O M  

C M a K O B o i  p e ^ n ^ i  M O * H a  B B a * a T u  3’ e g H a H H a  C M a K O B u x  p e n o B u H  3 mo- 
n e K y n a M u  o c o 6 n u B u x  6 i n K i B  p e ^ n r o p H u x  K n i T u H ,  m o  c y n p o B o g * y e T b c a  

B u H u K H e H H a M  p e ^ n r o p H u x  n o T e H ^ a n i B .  P e ^ m o p H a  K n i T u H a  B u B i n b -  

H a e  x i M i n H u n  M e g i a T o p  ( B u c o K o a K T u B H y  x i M i n H y  p e n o B u H y ) ,  a K u n  3 6 y -  

g * y e  3 a K i H n e H H a  C M a K O B o r o  H e p B a .

7.13. nPHHHHnH frTTOPEMFgTATTTf
T e p M i H  fyimopeMedat y a n o x o g u T b  B i g  r p e ^ K o r o  c n o B a  $imo —  “ p o -  

c n u H a ”  T a  n a T u H C b K o r o  peMediyM —  “ n iK ,  3 a c i 6  n p o T u  n o r o c b ” . n p o ^ g y p a

Emme/iiu mum Cmkgw  nopa 
\ ■

\ \ Onopna team
-  - CeHCopHa KAimunaCMQKoeuu tiepti r

Puc. 7.13. C M a K o B a  S p y H b K a
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^ i i o p e M e g i a ^ i  n o n a r a e  y  3 H e 3 a p a ^ y B a H H i  r p y H T y ,  B o g u  a 6 o  n o B i T p a  3 a  

g o n o M o r o r o  p o c n u H ,  a K i  3 g a T H i  M i c T u T u ,  3 M e H m y B a T u  a 6 o  o 6 M e ^ y B a T u  

n p u c y T H i  y  H a B K o n u m H b o M y  c e p e g o B u ^ i  M e T a n u ,  n e C T ^ u g u ,  p o 3 H u H -  

h u k u ,  H a ^ T y  T a  i i  n o x i g H i  T a  p i 3 H 0 M a H i T H i  3 a 6 p y g H r o B a H i .

B i g p i 3 H a r o T b  T a K i  n p o ^ c u  ^ i i o p e M e g i a ^ i :

•  0 i m o e K c m p a s y e a H H a  —  B u n y H e H H a  T a  3 o c e p e g ^ e H H a  c y 6 c T a H ^ n  3 
H a B K o n u m H b o r o  c e p e g o B u ^ a  y  6 i o M a c i  p o c n u H u .

•  0 i m o c m a 6 m i 3 a w H  —  3 M e H m e H H a  p y x o M o c T i  c y 6 c T a H ^ n  y  H a B K o ­

n u m H b o M y  c e p e g o B u ^ i .

•  0 i m o n e p e m e o p e H H H  —  x iM iH H a  M o g u ^ i K a ^ a  c y 6 c T a H ^ n  H a B K o n u m -  

H b o r o  c e p e g o B u ^ a  B H a c n i g o K  p o c n u H H o r o  M e T a 6 o n i 3 M y  ( o 6 M i H y  p e H o -  

b u h )  3 a B g a K u  m a K T u B a ^ i ' ,  g e r p a g a ^ i '  a 6 o  i M M o 6 i n i 3 a ^ i '  ^ u x  c y 6 c T a H ^ n .

•  Q i m o c m u M y n ^ i H  —  3 6 i n b m e H H a  a K T u B H o c i i  M i K p o o p r a H i 3 M i B  y  r p y H ­

T i ,  ^ o  n p u 3 B o g u T b  g o  g e r p a g a ^ i '  3 a 6 p y g H r o B a H i B .

•  0 i m o e o n a m u m 3 a w H  ( B i g  n a T .  v o l a t i l i s  —  n e T K u n ,  m B u g K u n )  — B u n y -  

H e H H a  c y 6 c T a H ^ n  3 r p y H T y  a 6 o  B o g u  3 i x  n o g a n b m u M  n e p e T B o p e H H a M  y  

M e H m  o T p y n H i  c y 6 c T a H ^ i ' .

•  P u 3 o $ U b m p a t y H  —  ^ i n b T p a ^ a  B o g u ,  ^ o  n p o x o g u T b  H e p e 3  K o p e H e -  

B y  M a c y  3 B u n y H e H H a M  t o k c u h h u x  c y 6 c T a H ^ n ,  a 6 o  3 a n u m K y  n o ^ u B H u x  

p e H 0 B u H ;  3 a 6 p y g H r o B a H i  n o r n u H a r o T b c a  K o p i H H a M .

^ k  n p u K n a g u  T a K u x  p o c n u H ,  ^ o  3 g a T H i  3 g i n c H r o B a T u  ^ i i o p e M e g i a -  

^ r o ,  M o ^ H a  H a B e c T u  c o H a m H u K  ( H e l i a n t h u s  a n n u u s ) ,  a K u n  B u n y H a e  a p -  

c e H ,  a 6 o  ^ K p o B u n  6 y p a K  ( B e t a  v u l g a r i s ) ,  a K u n  e K c i p a r y e  x n o p u g  H a -  

T p i r o ,  ^ o  H a K o n u H y e T b c a  y  c i n b c b K o r o c n o g a p c b K u x  y r i g g a x  B H a c n i g o K  i x  

3 a T o n n e H H a  M o p c b K o r o  B o g o r o .

KOHTPO^BHI 3AnHTAHHfl TA 3AB^AHHfl

1 . ^ o  T a K e  i g e a n b H u n  r a 3 ?  H a n u c a T u  p i B H a H H a  c T a H y  i g e a n b H o r o  r a 3 y .

2 .  ^ K u n  n p o ^ c  H a 3 u B a r o T b  i 3 0 T e p M i H H u M ?  i 3 o 6 a p H u M ?  i 3 o x o p H u M ?

3 .  ^ K u n  B u r n a g  M a r o T b  r p a ^ i K u :  i 3 o 6 a p H o r o  n p o ^ c y  b  K o o p g u H a T a x  

( V , T ) ?  i 3 o x o p H o r o  n p o ^ c y  b  K o o p g u H a T a x  ( p , T ) ?

4 .  f l a T u  B u 3 H a H e H H a  n p o ^ c a M  n a p o y T B o p e H H a  T a  K o H g e H c a ^ i ' .  ^ K a  

p i 3 H u ^  m ™  B u n a p o B y B a H H a M  i  K u n i H H a M ?

5 .  ^ K y  n a p y  H a 3 u B a r o T b  H a c u H e H o r o ?

6 .  ^ o  T a K e  p e a n b H u n  r a 3 ?  H a n u c a T u  p i B H a H H a  c T a H y  p e a n b H o r o  r a 3 y .

7 .  ^ K u n  ^ i 3 u H H u n  3 M ic T  K o H c T a H T  a  i  b  y  p i B H a H H i  B a H  g e p  B a a n b c a .

8 .  ^ K i  T e p M o g u H a M i H H i  n p o ^ c u  b  p e a n b H 0 M y  r a 3 i  T p e 6 a  3 g i n c H u T u ,  

^06 n e p e n T u  B i g  r a 3 y  g o  p i g u H u ?
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9. ^ o  Ha3uBaroTb BonoricTro noBiTpa? ^Ke noBiTpa Ha3uBaroTb Bono- 
ruM; cyxuM?

10. ^ o  TaKe npy*HicTb BogaHoi napu?
11. ^ o  TaKe npy*HicTb HacuneHoi BogaHoi napu?
12. flaTu Bu3HaneHHa a6conroTHin i BigHOCHin BonorocTi.
13. Ha3BaTu oguHum BuMiproBaHHa a6conroTHoi i BigH0CH0i BonorocTi.
14. ^ o  Ha3uBaroTb ge^muroM BonorocTi?
15. ^ o  TaKe TonKa pocu?
16. HoMy TeMnepaTypa 3MoneHoro TepMOMeTpa Hu*na, Hi* TeMnepa­

Typa cyxoro?
17. y  HOMy nonarae ^pHH^H  ̂gii eMHicHoro rirpoMeTpa?
18. y  noMy nonarae ^pHH^H  ̂gii KOHgeHca^nHoro rirpoMeTpa?
19. y  HOMy nonarae ^pHH^H  ̂gii cop6^nHoro rirpoMeTpa?
20. ^ o  TaKe gu$y3ia?
21. Hum 3yMOBnroeTbca ocmotuhhuh tuck?
22. ^Kun tuck Ha3uBaroTb TypropHuM?
23. ^ k BuKopucTOByroTb TBapuHu xiMinHi curHanu?
24. ^ k BnnuBae BiTep Ha nomupeHHa ^epoMomB?
25. flaTu Bu3HaneHHa Hroxy.
26. ^ k 3gincHroeTbca xiMinHa KOMymKa^a KOMax?
27. Ha3BaTu MeTogu 6opoTb6u 3 KoMaxaMu-mKigHuKaMu.
28. ^ k BuKopucTOByroTb pu6u Hrox?
29. Hu e Hrox y nTaxiB?
30. 3 noro CKnagaeTbca HroxoBun aHani3aTop Bumux TBapuH i nroguHu?
31. OcBiTuTu cynacHi yaBneHHa mogo MexaHi3MiB Hroxy.
32. Ha3BaTu 0CH0BHi MeTogu aHani3y 3anaxiB. nopiBHaTu ^  MeTogu.
33. flaTu Bu3HaneHHa CMaKy.
34. 3 noro CKnagaeTbca CMaKOBun aHani3aTop Bumux TBapuH i nroguHu?
35. y  HOMy nonararoTb cynacHi yaBneHHa mogo MexaHi3MiB CMaKy?
36. noacHuTu ^pHH^H^H ^iropeMegia^i.
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8. TEPMO^HHAMIKA

TepModuHaMiKa —  p o 3 g i n  $ i 3 U K u ,  ^ o  B u B H a e  H a n 6 i n b m  3 a r a n b H i  B n a c -  

T u B o c T i  M a K p o c K o n i H H u x  $ i 3 U H H u x  c u c T e M ,  a K i  3 H a x o g a T b c a  y  c T a H i  T e p M o -  

g u H a M i H H o i  p i B H o B a r u ,  T a  n p o ^ c u  n e p e x o g y  M m  ^ U M U  c u c T e M a M u .

8.1. TEMnEPATyPA I TERTOBE PO3mHPEHHfl TM
8.1.1. TeMnepaTypa

TeMnepamypa — $ i 3 U H H a  B e n u H U H a ,  ^ o  x a p a K T e p u 3 y e  c T a H  T e p M o -  

g u H a M i H H o i  p i B H o B a r u  M a K p o c K o n i H H o i  c u c T e M u .  T e M n e p a T y p a  x a p a K T e -  

p u 3 y e  H a c K i n b K u  r a p a H U M  hu x o n o g H U M  e  T i n o .

K i n b K i c H e  B U M i p r o B a H H a  T e M n e p a T y p u  M o ^ n u B e  3 a B g a K u  B U K o p u c -  

T a H H r o  T e p M o M e T p a  T a  B n p o B a g ^ e H H r o  T e M n e p a T y p H u x  m K a n .

TepMoMemp — ^  n p u n a g  g n a  K i n b K i c H o i  o^ hku T e M n e p a T y p u  6 y g b -  

a K o i  c u c T e M u .

8.1.2. TeMnepaTypHi mKa^H
O g u H  3  n e p m u x  T e p M o M e T p i B  “ ^ n o p e m i n c K u n  T e p M o c K o n ”  ( 1 6 1 0 )  

M ic T U B  y  T p y 6 ^  B o g y  a 6 o  buho. B e n u K u n  r e p ^ r  T o c K a H u  O e p g u H a H g  I I  

3 a n p o n o H y B a B  c n u p T  a K  p o 6 o H y  p e H 0 B U H y  T e p M o M e T p a ,  a K u n  M a B  5 0  n o -  

g i n o K ,  a n e  H e  M a B  H y n a .

f l a n i  — g a T c b K u n  a c T p o H o M  P e o M r o p  ( O l e  R o e m e r )  y  1 7 4 3  p .  3 a n p o -  

n o H y B a B  m K a n y  m™  T e M n e p a T y p o r o  T a H e H H a  n b o g y  ( 0  0R )  T a  T e M n e p a T y -  

p o r o  K u n i H H a  B o g u  ( 8 0  R ) .

H i M e ^ K u n  bupo6huk iH c T p y M e H T i B  O a p e H r e n T  ( D a n i e l  G a b r i e l  

F a h r e n h e i t )  y  1 7 2 4  p .  p o 3 p o 6 u B  T e M n e p a T y p H y  m K a n y  H a  o c H o B i  p o 3 M i -  

^ e H H a  T e p M o M e T p a :  1 )  y  c y M i m i  M o p c b K o i  c o n i ,  n b o g y  T a  B o g u  ( 0  0F ) ;  

2 )  ^ e i  ^  c y M i m i ,  a n e  6 e 3  c o n i  ( 3 0  0F ) ;  y  p o T O B i n  n o p o ^ H U H i  3 g o p o B o i  

n r o g u H u  ( 9 6  0F ) .  T e M n e p a T y p a  K u n i H H a  B o g u  H a  u iM  m K a n i  B i g n o B i g a n a  

2 1 2  0F ,  a  3 a M e p 3 a H H a  3 2  0F .  O c r a H H i n  i H T e p B a n  6 y n o  n o g i n e H o  H a  1 8 0  n o -  

g i n o K  — r p a g y c i B  O a p e H r e n T a  ( p u c .  8 . 1 ) .

180 noginoK

I I I  I I
0 °F 30 °F 32 °F 96 °F 212 °F
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Phc. 8.1. noacHeHHH mKaan ®apeHreHTa
y  1 7 4 5  p .  ^ n b c i M  ( A n d e r s  C e l s i u s )  3 i  f f l B e ^ i  3 a c T O c y B a B  m K a n y  M i *  

T e M n e p a T y p o r o  T a H e H H a  n b o g y  ( 0  0C )  T a  T e M n e p a T y p o r o  K u n i H H a  B o g u  

( 1 0 0  0C )  3 a  H o p M a n b H o r o  ( 1 0 1 3 2 5  n a = 7 6 0  mm p T .  c t.)  T u c K y .  U a  m K a n a  

o g e p * a n a  H a 3 B y  Miwnapodnoi cmo^pa^ycHOi rnmm (tynbcia).
y  1 9 3 3  p .  K e n b B i H  ( L o r d  K e l v i n ,  W i l l i a m  T h o m p s o n )  p o 3 p o 6 u B  Tep- 

ModunaMiHny meMnepamypny mKany (Kenbeina), b o c H o B y  a K o i  6 y n o  n o -  

K n a g e H o  B H K o p u c r a H H a  nompiunoi moHKU p e n o B H H  -  tohkh H a  g i a r p a M i  

c r a H y ,  m o  B i g n o B i g a e  p i B H o B a * H o M y  i c H y B a H H r o  T p b o x  $ a 3  p e n o B H H  

( T a 6 n .  8 . 1 ) .  T a K ,  n o T p i H H a  T o H K a  B o g u  g o p i B H r o e  2 7 3 , 1 6  K ,  a  T e M n e p a T y ­

p a  K u n i H H a  B o g u  3 7 3 , 1 6  K  ( p u c .  8 . 2 ) .

8.1 -  ®iKCOBam tohkh MTffl Ta BTopHHHi onopHi tohkh

CTaH piBHoBaru TeMnepaTypa, K TeMnepaTypa, 0C
OiKcoBaHi tohkh MTTO

norpiftHa ToHKa aproHy 83,798 -189,352
noTpiHHa ToHKa Bogu 273,16 +0,01
KuniHHa Bogu 3a HopManbHoro TucKy 373,15 100
nnaBneHHa onoBa 3a HopManbHoro TucKy 505,078 +231,958

BTopuHHi onopHi tohkh

TeMnepaTypa cy6niMami gBooKHcy Byrne- 
nro 3a HopManbHoro TucKy

194,674 -78,476

nnaBneHHa pTyTi 3a HopManbHoro TucKy 234,288 -38,862
nnaBneHHa nbogy 3a HopManbHoro TucKy 273,15 0,0
noTpiHHa ToHKa ge^emnoBoro e^ipy 300,02 26,87

► T, K

p
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Puc. 8.2. 3 a a e * H i c T b  TH C K y B ig  T e M n e p a T y p H  g a a  p i3 H H X  (1, 2, 3) r a 3 iB .

T h c k  g o p iB H r o e  H y a r o  3 a  T e M n e p a T y p u  - 2 7 3 , 1 5  0C

8.1.3. OgHHHui TeMnepaTypu
3 B ’a 3 0 K  o g u H u ^  T e M n e p a T y p u ,  ^ o  B U M i p r o e T b c a  3 a  p i 3 H U M u  m x a -

n a M u ,  M a e  B u r n a g :

( 8 . 1 )

0C  =  K  — 2 7 3 , 1 5 ;  

K  =  0C  +  2 7 3 , 1 5 ;

0C  =  5 / 9 ( 0F  — 3 2 ) ; J  

0F  =  9 / 5 0C  +  3 2 .

ra6pien OAPEHrEMT (1686-1736)

HiMe^bKMM $i3MK T a  rn w e H e p .  ^ p a ^ W B a B  b 
A H miT T a  ro n n a H f l i i ' .  P o 3 p o 6 u B  cnupTOBMM 
( 1 7 0 9 )  T a  pTyTHMM ( 1 7 1 4 )  T epM O M eT pu .  3 a -  
n p o n o H y B a B  T e M n e p a T y p H y  m K a n y ,  H a3B aH y y  
n o f l a n b m o M y  n o r o  iM’̂ M.
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YrnbAM TOMCOH (flopg KEflbBIH)
(1824-1907)

AHmiMCbKMM $i3MK T a  i H ^ e H e p ,  BifloMMM CBOiMU 
poSoTaM M  b r a n y 3 i  T e o p i i  e n e K T p u H H u x  T a  M a m i-  
t h m x  h bm ^ ,  TepMoflMHaMiKM. Po3poSM B m K an y  
K enb-B iH a  T a  BBiB n o H a r r a  a S c o n w T H o i  T e M n e p a -  
T y p u .  f l a B  o f lH e  3 $ o p M y n ^ B a H b  f l p y r o r o  3aKoHy 
TepMoflMHaMiKM. BiflKpuB p a f l  e ^ e K T iB  (y ToMy 
H u c n i  e ^ e K T  f l w o y n a —T o M c o H a ) .

8.1.4. TeMnepaTypa aTMoe^epn
TemoeuM pe^uMoM a T M o c ^ e p u  H a 3 U B a r o T b  x a p a K T e p  p o 3 n o g i n y  T a  

3 M i H u  T e M n e p a T y p u  b  a T M o c ^ e p i .  n e p e H e c e H H a  T e n n a  m ™  n o B e p x H e r o  

3 e M n i  i  a T M o c ^ e p o r o  B i g 6 y B a e T b c a  3 a  p a x y H o K  T a K u x  m n a x i B  T e n n o B i g -  

g a H i :  memoea KoHeeK^H, myp6yneHmHicmb, MoneKynnpHa mem onpoeid- 
Hicmb T a  mennoeunpoMiHweaHHH. H a n B a ^ n u B i m u M u  e  T y p 6 y n e H T H i c T b  i  

T e n n o B a  K o H B e ^ i a .  C y i r e B o  B n n u B a e  H a  p o 3 n o g i n  T e M n e p a T y p u  n p u 3 e M -  

H o r o  m a p y  n o B i T p a  p o c n u H H u n  n o K p u B .

3 a  x a p a K T e p o M  3 M i H u  T e M n e p a T y p u  3  B u c o T o r o  a T M o c ^ e p a  g i n u T b c a  

H a  mponocfyepy ( 2 2 0  K ) ,  cmpamocfyepy ( 2 6 0  K ) ,  Me3ocfyepy ( 1 8 0  K ) ,  

mepMocfyepy T a  eK3ocfyepy ( 2 0 0 0  K ) .  P o 3 n o g i n  T e M n e p a T y p u  a T M o c ^ e p u  

3  B u c o T o r o  H a B e g e H o  H a  p u c .  8 . 3 .
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h, KM

TeMneparypa, K

Puc. 8.3. Po3nogia TeMnepaTypu aTMoc(|)epn
Coh^  M o * H a  n o p i B H a T H  3 a 6 c o n r o T H o  n o p H H M  T i n o M ,  T e M n e p a T y p a  

a K o r o  g o p i B H r o e  6 0 0 0  K .  C n e K T p a n b H a  o 6 n a c T b  c o H a H H o r o  B H n p o M i H r o -  

B a H H a  c T a H o B H T b  2 0 0 - 5 0 0 0  hm; M a K c u M y M  B u n p o M i H r o B a H H a  n p u x o -  

g u T b c a  H a  5 0 0  hm.
3 e M H a  n o B e p x H a  g i e  a K  a 6 c o n r o r a o  n o p H e  T i n o  3 T e M n e p a T y p o r o  2 8 8  K .  

C n e K T p a n b H a  o 6 n a c T b  B u n p o M i H r o B a H H a  c T a H o B H T b  4 - 5 0  mkm 3 M a K c u -  

M y M o M  1 0  mkm ( p u c .  8 . 4 ) .
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T e p M i H  mponocfyepa 
n o x o g u T b  B i g  r p e ^ K o r o  

c n o B a  tropos, ^ o  0 3 H a H a e  

“ 3 M i m y B a T u ” . y  ^ 0M y  m a p i  

B u c o T o r o  6 n u 3 b K 0  1 0  km 
B i g 6 y B a e T b c a  B e p T U K a n b H e  

n e p e M i m y B a H H a  n o B i T p a  

3 a B g a K u  H a r p i B a H H r o  3 e M H 0 i  

n o B e p x H i  K o p o T K o x B u n b o -  

bum c o H a H H U M  B u n p o M i H r o ­

B a H H a M .  M o n e K y n u  g B o o K u -  

c y  B y ^ n e ^ r o  C 0 2, M e T a H y  

CH4, 3 a K u c y  a 3 0 T y  N2O T a  

i H m u x  n o r n u H a r o T b  g o B r o -  

x B u n b o B e  B u n p o M i H r o B a H H a  

3 e M H 0 i  n o B e p x H i  T a  H a r p i -  

B a r o T b c a .  y  T p o n o c ^ e p i  T e M n e p a T y p a  c n a g a e  3  B u c o T o r o  H e p e 3  n e p e M i -  

^ e H H a  n o B i T p a  b r o p u 3 0 H T a n b H 0 M y  H a n p a M K y .

Cmpamocfyepa 3 a n M a e  o 6 n a c T b  1 0 —5 0  km. y n b T p a ^ i o n e r o B a  K o M n o -  

H e H T a  c o H a H H o r o  B u n p o M i H r o B a H H a  3 g a T H a  p o 3 ^ e n u T u  M o n e K y n y  K u c H r o

0 2 H a  c u H r n e T H u n  K u c e H b  O, ^ o  B 3 a e M o g i e  3  0 2 T a  y i B o p r o e  O3. T e M n e ­

p a T y p a  c T p a T o c ^ e p u  3 6 i n b m y e T b c a  3  B u c o T o r o .  y  T e M n e p a T y p H o M y  p e -  

^ u M i  c T p a T o c ^ e p u  B i g i r p a e  p o n b  0 3 0 H  O3, a K u n  n o r n u H a e  kopotkoxbu- 
n b o B e  c o H a H H e  B u n p o M i H r o B a H H a ,  ^ o  B U K n u K a e  H a r p i B a H H a  c T p a T o c ^ e -  

p u .  0 3 0 H 0 B u n  m a p  3 a n M a e  o 6 n a c T b  bucot 1 0 —5 0  km 3  M a K c u M y M o M  H a  

B u c o T i  2 0 —2 5  km. T e M n e p a T y p a  c T p a T o c ^ e p u  3 a n e ^ u T b  B i g  r y c T U H u  030-  

H y  -  g e  B 0 H a  6 i n b m e ,  T e M n e p a T y p a  B u ^ e .

y  Me3ocfyepi ( B i g  r p e ^ K o r o  mesos — c e p e g H i n ) ,  ^ o  3 a n M a e  o 6 n a c T b  

bucot 5 0 —8 5  km, T e M n e p a T y p a  3 M e H m y e T b c a  3  B u c o T o r o ,  o c K i n b K u  T y i  

B i g 6 y B a e T b c a  3 H a H H e  n e p e M i m y B a H H a  n o B i T p a  3 a B g a K u  B i T p y ,  m B u g K i c T b  

a K o r o  g o c a r a e  1 5 0  m/c.
y  mepMocfyepi ( B i g  r p e ^ K o r o  thermos — T e n n o T a ) ,  b o 6 n a c i i  8 5 —6 4 0  km 

T a  eK3ocfyepi ( B i g  r p e ^ K o r o  exo — 3 0 B H i ) ,  b o 6 n a c T i  5 0 0 — 1 0 0 0  km T e M ­

n e p a T y p a  3 p o c T a e  3  B u c o T o r o  3 a  p a x y H o K  bucokoi K iH e T U H H o i  e H e p r i i  mo- 
n e K y n  r a 3 i B ,  ^ o  06y M 0B n e H 0 n o r n u H a H H a M  B u c o K o e H e p r e i u H H o r o  c o H a H ­

H o r o  B u n p o M i H r o B a H H a  3 a n u m K a M u  K u c H r o .  T e M n e p a T y p a  H a c T U H o K  T e p -  

M o c ^ e p u  M o ^ e  g o c a r a T u  2 0 0 0  0C ,  x o H a  T a M  i c H y e  B e n u K a  p o 3 p i g ^ e H i c T b  

n o B i T p a .  y n b T p a ^ i o n e r o B e  c o H a H H e  B u n p o M i H r o B a H H a  B U K n u K a e  i o H i 3 a -  

^ r o  M o n e K y n  ( i o H o c ^ e p a ) .  B u c o K a  e H e p r i a  H a c T U H o K  g a e  M o ^ n u B i c T b

Puc. 8.4. CneKTpu BimpoMmroBaHHH:
1 -  Coh^ ;  2 -  3eMH0i noBepxHi

179



n o K u g a T H  a T M o c ^ e p y .

8.1.5. TenaoBe po3mupeHHH Tia
Tennoee po3wupennH -  ^  3 M i H a  p o 3 M i p i B  T i n a  y  n p o ^ c i  H o r o  H a r p i -  

B a H H a .  y  T B e p g u x  T i n  T a  p i g u H  T e n n o B e  p o 3 m u p e H H a  n o B ’a 3 a H o  3  H e c u -  

M e T p u H H i c T r o  ( a H r a p M o H i 3 M o M )  T e n n o B u x  K o n u B a H b  a T o M i B ,  3 a B g a K H  

n o M y  M i * a T o M H i  B i g c T a H i  3 6 i n b m y r o T b c a  i 3  n i g B u m e H H a M  T e M n e p a T y p u .  

B H a c n i g o K  ^ o r o  T B e p g e  T i n o  H a 6 y B a e  T e n n o B o r o  p o 3 m u p e H H a ,  a K e  c y -  

n p o B o g * y e T b c a  B i g n o B i g H H M  3 6 i n b m e H H a M  6 y g b - a K u x  p o 3 M i p i B  ( g o B * u -  

h h ,  m u p u H H ,  T o B m u H u ) .  C n i g  3 a y B a * H T H ,  m o  ^  3 p o c T a H H a  3 a n e * H T b  

niniuno B i g  T e M n e p a T y p u .

H e x a H  T i n o  M a e  g o B * H H y  l 3a g e a K o i  T e M n e p a T y p u .  3  n i g B u m e H H a M  

T e M n e p a T y p u  H a  B e n u n u H y  AT g o B * H H a  T i n a  3 6 i n b m y e T b c a  H a  Al. 
3 B ’a 3 o K  M i *  B c i M a  ^ H M H  n a p a M e T p a M H  o n u c y e T b c a  p i B H a H H a M :

Al = a lAT, ( 8 . 2 )

ge a -  Koe^mieHT nimnHoro po3mupeHHa.
O g H H H ^ a  B H M i p r o B a H H a  K o e ^ m i e H T a  n i r n H H o r o  p o 3 m u p e H H a  -  K 1 . 

O c K i n b K H  n i r n H H i  p o 3 M i p u  T i n a  3 M i H r o r o T b c a  3  T e M n e p a T y p o r o ,  B i g 6 y -  

B a e T b c a  B i g n o B i g H a  3 M i H a  h  o 6 ’ e M y  T i n a ,  a K a  o n u c y e T b c a  p i B H a H H a M :

AV = (W AT = 3a VAT, ( 8 . 3 )

ge (  -Koe^mieHT o6’eMHoro po3mupeHHa.
T u n o B i  3 H a n e H H a  K o e ^ m i e m i B  a  i  (  H a B e g e H o  b  T a 6 n .  8 . 2 .

8.2 -  TunoBi 3HaneHHH Koe î^eHTiB a  i p.
MaTepian a ,  K-1 MaTepian ( ,  K'1

CBHHeut 29-10'6 noBiTpa npu 00C 36,7-10'4
CTant 1110-6 rn^epnH 4,85-10‘4
CKno 3BHHaHHe 9 1 0 -6 EeH3HH 1,24-10-4
iHBap (cnnaB Ni-Fe) 0,9-10'6 ETHnoBHH cnupT 1,12-10-4

P i g u H H  T e *  3 6 i n b m y r o T b  c B i n  o 6 ’ e M  i3  3 p o c T a H H a M  T e M n e p a T y p u ;  g n a  

i 3 o r p o n H H x  T B e p g u x  T i n  ( g n a  a K u x  K o e ^ i m e H T  n i r n H H o r o  p o 3 m u p e H H a  o g H a -  

kobhh n o  B c i x  H a n p a M K a x )  K o e ^ i m e H T  o 6 ’ e M H o r o  p o 3 m u p e H H a  n p u 6 n u 3 H o  

B T p u n i  6 i n b m u H  B i g  K o e ^ mi e H T a  n i r n H H o r o  p o 3 m u p e H H a  (( ~3a ) .  O c o 6 n u B e  

M i ^ e  c e p e g  p i g u H  3 a n M a e  B o g a ,  r y c T H H a  a K o i '  3 a n e * H T b  B i g  T e M n e p a T y -  

p u ,  n p u n o M y  u a  3 a n e * H i c T b  x a p a K T e p u 3 y e T b c a  M a K c u M y M o M  3 a  T e M -  

n e p a T y p u  6 n u 3 b K o  4  C .

n p H K a a g
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PTy'THun TepMoMeTp Mae Kaninap giaMeTpoM 0,004 cm Ta Kon6y giaMeTpoM 0,25 cm. 
SHanra 3MiKy BHC0TH cT0BnHUKa piyri b Kaninapi, aK^o TeMnepaTypa 3MiKunaca Ka 
30 0C. TennoBUM po3mHpeKKaM craa 3KexTyB aTu.

P 0 3 B ’H 30K

0 6 ’eM Kon6u 3KangeM0 3 Bupa3y:

v  = 4  j 3 = 4  J  D 13 = 1 . 3 1 4  f 0 .2 5 13 = 8-10-3 cm3.
3 3  ̂2  )  3  ̂ 2  )

nigcTaBUMo HucnoBi 3KaHeKKa y piBHaHHa (8.3):
AV = fiVAT = 1,82-10'4-8-10'3-30 = 436,8-10'7 cm3.

0 6 ’eM Kaninapa gopiBHroe:
j D 2-,2

-• h .
4

SBigKu 3KangeM0 3MiKy BHC0TH cTOBnHUKa pTyTi:
, V«u. •4 AV • 4 436,810 —7 • 4
h = ------= ------------------------------- 7- = 3,4 cm.

jD 2 jD 2 3,14 • 0,0042

K o H T p o a b H e  3 a B g a H H H

CTantKa 3ani3KnHKa penKa Mana goBXuKy 30 m 3a TeMnepaTypu 0 0C. HoMy gopiB- 
Kroe goB*uKa penKu y xapKnn gem, aK^o TeMnepaTypa cTaKoBUTt 40 0C ?

Bidnoeidb: 30,013 m.

8.2. BHMIPWBAHHfl TEMnEPATyPH
PiduHHuu mepMoMemp — n p u n a g  g n a  B U M i p r o B a H H a  T e M n e p a T y p u ,  

3 a c H 0 B a H u n  H a  T e n n o B o M y  p o 3 m u p e H H i  p i g u H u .  ^ B u ^ e  T e n n o B o r o  p o 3 -  

m u p e H H a  p i g u H u  o n u c y e T b c a  p i B H a H H a M :

AV = fiVAT, ( 8 . 4 )

ge f i  — Koe^i^eHT o6’eMHoro po3mHpeKKa piguKu; AV — 3MiHa 06’eMy; AT — 3MiHa TeM- 
nepaTypu.

P i g u H a  b T e p M o M e T p i  n i g i n M a e T b c a  3 a B g a K u  T 0 M y ,  ^ o  K o e ^ i ^ e H T u  

o 6 ’ e M H o r o  p o 3 m u p e H H a  fi p i g u H u  T a  c K n a  3 H a H H 0  B i g p i 3 H a r o T b c a :  

1 , 8 1 - 1 0 -4 ( 0C ) -1 — p T y i i ;  1 0 , 6 - 1 0 -4 ( 0C ) -1 — c n u p T y ;  9 , 1 6 - 1 0 -4 ( 0C ) -1 — T o n y e H a ;

0 , 2 5 - 1 0 - 4 ( 0C ) " '  — c K n a .

P i g u H H u n  T e p M o M e T p  c K n a g a e T b c a  3 T o H K o c T i H H o r o  c K n a H o r o  p e 3 e p -  

B y a p a ,  n o e g H a H o r o  3 i  c K n a H U M  K a n i n a p o M ;  g n a  B U M i p r o B a H H a  T e M n e p a ­

T y p u  T e p M o M e T p  o 6 n a g H a H u n  m K a n o r o .  H a c T U H a  n p o c T o p y  b K a n i n a p i ,  

^ o  H e  3 a n H a T a  p i g u H o r o ,  3 a n o B H e H a  c y x u M  iH e p T H U M  r a 3 0 M ,  ^06 3 a n o -  

6 i r T u  p o 3 p u B y  p i g u H u .  B  K a n i n a p i  M 0 * e  6 y T u  T a K o ^  B H y i p i m H e  p o 3 m u -  

p e H H a  ( c K o p o H y B a n b H a  K a M e p a ) ,  a K e  g a e  M o ^ n u B i c i b  ckopotutu g o B ^ u -  

H y  K a n i n a p a ;  ^ e  o g H e  p o 3 m u p e H H a  K a n i n a p a  ( p o 3 m u p r o B a n b H a  K a M e p a )  

H a n p u K i H ^  3 a x u ^ a e  T e p M o M e T p  B i g  n e p e r p i B a H H a .  3 o B H i m H i n  B u r n a g  

p i g u H H o r o  T e p M o M e T p a  H a B e g e H o  H a  p u c .  8 . 5 .
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Maxiem Cmedjiuna Kajwepa cKoponyeaunn KaMepa pcmuupeHHX

I
c ~ ......  >

t I
Phc. 8.5. 3oBHimmH Burang piguHHoro TepMoMeTpa

^ k po6ony piguHy TepMoMeTpa Bu6uparoTb TaKi penoBHHu:
• Pmymb -  giana3oH TeMnepaTyp, b Me*ax aKux pTyTb me pigKa: Big 

TeMnepaTypu 3aMep3aHHa -3 8 ,8 3  go +356,7 0C. CaMe nepe3 ^  pTyTHi 
TepMoMeTpu BHKopucToByroTb gna BHMiproBaHHa bhcokhx TeMnepaTyp. 
PTyTb BHKopucToByroTb HaHHacrime me h ToMy, mo BoHa icHye b hhctm  
$opMi, He pyHHyeTbca 3 HacoM i He B3aeMogie 3i ckhom. PTyTb, Ha BigMi- 
Hy Big Bogu, He po3muproeTbca nig nac 3aTBepgiHHa Ta He ncye cKnaHHH 
Kaninap; g y *e  Ba*Ko noMiTHTH, Konu BoHa 3aMep3ae.

• Pmymb+maniu -  ^ h  cnnaB go3Bonae 36inbmuTH HH*Hro ^paHH^ro 
BHMiproBaHHa TeMnepaTypu go -6 1 ,1  0C.

• Cnupm -  eTunoBHH Mae TeMnepaTypy 3aMep3aHHa -1 1 4  0C, a MeTH- 
noBHH -  97,7 0C; oT*e TepMoMeTpu 3i cnupToM go^nbHo 3acTocoByBaTH 
gna BHMiproBaHHa HH3bKux TeMnepaTyp.

• raniu, aKHH Mae TeMnepaTypy nnaBneHHa 30 0C, a TeMnepaTypy 
KuniHHa +2204 0C, Mo*e 6yru BHKopucTaHUH y TepMoMeTpax, npu3Ha- 
neHux gna BHMiproBaHHa bhcokhx TeMnepaTyp. CnnaB raniro, iHgiro Ta 
onoBa (sanicman) Mae TeMnepaTypy 3aMep3aHHa - 2 0  0C; Horo BHKopuc- 
ToByroTb nig nac BuroToBneHHa no6yToBux rpagycHHKiB.

• Tonyen -  Mae TeMnepaTypy nnaBneHHa -9 5 ,1  0C, a TeMnepaTypy 
KuniHHa 110,5 0C. Ane ranifi Ta TonyeH He TaKi cTinKi aK pTyTb i Mo*yrb 
noBinbHo po3KnagaTuca Ha coh^.

TepMoMempu onopy -  npunagu, ^pHH^H  ̂ aKux ocHoBaHHH Ha Bnac­
THBocTi MaTepianiB 3MiHroBaTH eneKTpuHHHH onip nig BnnHBoM TeMnepa- 
Typu. npoBigHHKH b TaKux BHMiproBaHHax Ha3HBaroTbca mepMope3Uc- 
mopaMU, a HaniBnpoBigHHKH -  mepMicmopaMU.

flna npoBigHHKiB 3ane*HicTb onopy Big TeMnepaTypu Mae BHrnag:

ge R -  onip npoBigHHKa 3a TeMnepaTypu T; Ro -  onip 3a TeMnepaTypu To; a  -  TeMnepa- 
TypHHH Koê mieHT onopy npoBigHHKa; AT = T -  To (ge To = 273,15 K = 0 0C).

f l n a  T e p M o p e 3 u c T o p i B  B H K o p u c T o B y r o T b  T a K i  M e T a n u :  n n a T H H y ,  M i g b ,  

H i K e n b .  n n a T H H a  x a p a K T e p u 3 y e T b c a  c T a 6 i n b H i c T r o  n a p a M e T p i B  b y M o B a x  

K o p o 3 i i ,  g i i  x i M i H H u x  c n o n y K .  B o H a  H e  o K u c H r o e T b c a ,  n i g g a e T b c a  M e x a H i -

R = R 0 (1 + aAT), ( 8 . 5 )
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H H i n  o 6 p o 6 ^ ,  M a e  B u c o K y  T e M n e p a T y p y  n n a B n e H H a  i  B i g 3 H a H a e T b c a  bu- 
cokum p i B H e M  huctotu. B c i  u ; i  ^ a K T o p u  B n n u B a r o T b  H a  c T a 6 i n b H i c T b  3 a -  

n e ^ H o c i i  o n o p y  n n a T U H o B o r o  n p o B i g H U K a  B i g  T e M n e p a T y p u .  n e p e B a r o r o  

M i g H u x  T e p M o p e 3 u c T o p i B  e  m u p o K i  3 M i H u  o n o p y  y  n p o ^ c i  3 M i H u  T e M n e ­

p a T y p u  T a  n p a K T U H H o  n i H i n H u n  B i g r y K  H a  T e M n e p a T y p y .  H i K e n b  M a e  H e -  

n i H i n H u n  x a p a K T e p  3 a n e ^ H o c i i  o n o p y  B i g  T e M n e p a T y p u .  H i K e n b  i  M i g b  

x a p a K T e p u 3 y r o T b c a  M e H m o r o  B a p T i c T r o  n o p i B H a H o  3  n n a T U H o r o .

f l n a  H a n i B n p o B i g H U K i B  o n i p  3 M e H m y e T b c a  3 n i g B u ^ e H H a M  T e M n e p a ­

T y p u  3a  ^ o p M y n o r o :

ge a  i b -  cTani, ^o 3ane*aTt Big KaniBnpoBigHUKa; T — TeMnepaTypa.
T u n o B U M u  H a n i B n p o B i g H U K a M u ,  a K i  B U K o p u c T o B y r o T b c a  a K  T e p M i c -  

T o p u ,  e  K p e M H i n  T a  r e p M a H i n .  P o 3 M i p u  T e p M i c T o p i B  M o ^ y i b  g o c a r a T u

0 , 2  mm. T e p M i c T o p u  6 i n b m  H y T n u B i  g o  3 M i H u  T e M n e p a T y p u  n o p i B H a H o  3 
T e p M o p e 3 u c T o p a M u :  bohu 3 g a T H i  p e a r y B a T u  H a  3 M i H u  T e M n e p a T y p u  6 n u -  

3 b K 0  1 0 "  C .  i H T e p B a n  T e M n e p a T y p ,  a K i  B U M i p r o r o T b  T e p M i c T o p u ,  c i a H o -  

B U T b  B i g  - 5 0  g o  + 1 0 0  0C .

TepMoeneKmpmHi mepMoMempu B U K o p u c T o B y r o T b  T e p M o e n e K T p u H H i  

a B u ^ a ,  a K i  n p o a B n a r o T b c a  y  B 3 a e M 0 3 B ’a 3 K y  T e n n o B u x  T a  e n e K T p u H H u x  

n p o ^ c i B  y  T B e p g u x  T i n a x .  O g H U M  3 T a K u x  T e p M o e n e K T p u H H u x  a B u ^  e  

efyeKm 3ee6eKa -  B U H U K H e H H a  e n e K T p o p y m i n H o i  c u n u  ( e . p . c . )  b e n e K T -  

p u H H 0 M y  K o n i ,  ^ o  c K n a g a e T b c a  3 n o c n i g o B H o  3’ e g H a H u x  p i 3 H o p i g H u x  

n p o B i g H U K i B ,  K o H T a K T u  a K u x  M a r o T b  p i 3 H y  T e M n e p a T y p y  ( p u c .  8 . 6 ) .  f l e -  

T a n b H o  u ;e  a B u ^ e  6 y g e  p 0 3 r n a H y T 0  y  p o 3 g i n i  9 . 2 . 5 .

Puc. 8.6. 3 a M K H y T H H  a a H ^ M ^ ,  q o  C K ia g a e T b C H  3 g B o x  p i3 H o p ig H H X  

n p o B ig H H K iB , K O H T aK T H  h k h x  M a w T b  p i3 H i  T e M n e p a T y p u

EiMemaneeuu mepMoMemp 3 a c H 0 B a H u n  H a  T e n n o B o M y  p o 3 m u p e H H i  

T B e p g u x  T i n ,  3 0 K p e M a ,  H a  g e ^ o p M a ^ i  6 i M e T a n e B 0 i  n n a c T U H u  ( H a n p u K -  

n a g ,  i H B a p  i  c i a n b )  n i g  B n n u B o M  T e M n e p a T y p u .  O c K i n b K u  M e T a n u  

M a r o T b  p i 3 H i  3 H a H e H H a  K o e ^ i ^ e m i B  o 6 ’ e M H o r o  p o 3 m u p e H H a ,  n n a c T U H a  y  

n p o ^ c i  3 M i H u  T e M n e p a T y p u  6 y g e  g e ^ o p M y B a T u c a  ( p u c .  8 . 7 ) .  n e p e M i -

( 8 . 6 )

3ani30

0 0C

KoKcTaKTaK
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^ e H H a  B i n b H o r o  k I h ^  AX  n i g  H a c  3 m i h u  T e M n e p a T y p u  At o n u c y e T b c a  

^ o p M y ^ o r o :

AX = K A , ( 8 . 7 )

ge K  -  Koe îuieHT nponopuiHHocTi, hkuh 3&nê HTb Big po3MipiB nnacTHHH Ta Koe^iuie- 
HTiB oS’eMHoro po3mnpeHHa MeT&niB.

Puc. 8.7. B iM e T a ^ e B M M  T e p M o M e T p , o c H O B a H iii i  H a  T e n roB O M y p o 3 m u p e H H i  

T B e p g u x  t m ,  3 0 K p e M a  H a  g e $ o p M a u i i  S iM e T a ^ e B o i  n .ia c T H H H  n i g  B n .n iB O M  

T e M n e p a T y p u : a  -  SiMeTaneBa nnacTHHa; 6  -  ge^opMauiHHHH TepMoMeTp; 
e  -  SiMeTaneBHH TepMorpa^

B u g H o  ^ o  3 a ^ e ^ H i c T b  n e p e M i ^ e H H a  K m g a  S i M e T a ^ e B o i  n ^ a c T H H H  B i g  

T e M n e p a T y p u  m H i H H a ,  a  m K a ^ a  n p u n a g y  -  p i B H o M i p H a .

OnmuHna nipoMempix r p y m y e T b c a  H a  B u K o p u c r a H H i  3 a ^ e ^ H o c T i  b u -  

n p o M i H W B a ^ b H o i  3 g a T H o c T i  p o 3 ^ a p e H o r o  T i r c a  B i g  T e M n e p a T y p u .  O T ^ e ,  

B u 3 H a H u T u  T e M n e p a T y p y  S y g b - a K o r o  T w a  M o ^ H a  n o p i B H a H H a M  i H T e H c u -  

B H o c T i  n o r o  B u n p o M i H W B a H H a  H a  n e B H i n  g o B ^ H H i  x B u r n  3  i H T e H c u B H i c -  

t w  C T a H g a p T H o r o  B u n p o M i H r o B a H H a .

O k t u h h u h  n i p o M e T p  C K ^ a g a e T b c a  3  g ^ e p e ^ a  B u n p o M i H r o B a H H a  i  o n -  

T H H H o i  c u c T e M u ,  g o  a K o i  B x o g u T b  M i K p o c K o n ,  K a ^ i S p o B a H a  ^ a M n a  T a  

$ U b T p  3  B y 3 b K o w  c M y r o w  n p o n y c K a H H a  ( p u c .  8 . 8 ) .
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n p o ^ g y p a  B H M i p r o B a H H a  T e M n e p a T y p u  n e p e g 6 a n a e  n o p i B H a H H a  a c ­

K p a B o c T i  T i n a ,  m o  g o c n i g * y e T b c a ,  T a  K a n i 6 p o B a H o i  n a M n u .  B H M i p r o B a H ­

H a  n p o B o g a T b  H a  g o B * H H i  x B u n i  6 5 5  hm. P e r y n r o B a H H a M  C T p y M y ,  m o  

n p o x o g H T b  n e p e 3  H H T K y  p o 3 * a p r o B a H H a  n a M n u ,  3 p i B H o B a * y r o T b  a c K p a -  

B O C T i T i n a  i  n a M n u .  B H a c n i g o K  ^ o r o  3 o 6 p a * e H H a  hhtkh 3 H H K a e  H a  $ o m 
a c K p a B o c T i  T i n a .  P y n K a  n o T e H ^ o M e T p a ,  m o  p e r y n r o e  B e n u n u H y  C T p y M y ,  

npoicajii6poBaHa b ogHHHitax TeMnepaTypH.

t > t 
u p m 

©
Puc. 8.8. CxeMa onTHHHoro nipoMeTpa: a) 1 -  gxepeno cBiTna; 2 -  niroa;

3 -  gia^parna; 4 -  înbrp; 5 -  naMna nipoMeTpa; 6 -  nepBoHun înbrp; 7 -  niH3a; 
8 -  gia^parna; 9 -  oKynap; 10 -  oko cnocTepirana; 11 -  aMnepMeTp; 6) 3o6paxeHHa 

hhtkh eneKTponaMnu nipoMeTpa Ta Tina, mo gocnigxyeTbca, 3ane*Ho Big 
cniBBigHomeHHa TeMnepaTypu tHp hhtkh i TeMnepaTypu tm Tina

P a d i o m e p M O M e m p u  B H K o p u c T o B y r o T b c a  g n a  B H M i p r o B a H H a  T e M n e p a -  

T y p u  n p u p o g H u x  n o B e p x o H b .  B i g o M o ,  m o  e H e p r e T H H H a  a c K p a B i c T b  n p u -  

p o g H o i  n o B e p x H i  B H 3 H a n a e T b c a  3 a  B u p a 3 o M :

L ,  = S a T 4  . ( 8 . 8 )
n

ge s -  BHnpoMiHroBanbHa 3gaTHicTb noBepxHi (0<s<1); a -  cTana CTe^aHa-Eonb^aHa 
(5,67-10-8 Bt-m"2 -K"4); Ts -  TeMnepaTypa noBepxHi.

O T * e ,  B H M i p r o B a H H a  e H e p r e T H H H o i  a c K p a B o c T i  n p u p o g H o i  n o B e p x H i  

g a e  M o * n u B i c T b  o^ hhth i i  T e M n e p a T y p y .  H a  n p a K T H ^  B H M i p r o r o T b  e H e p -  

r e T H H H y  a c K p a B i c T b  y  c M y 3 i  g o B * H H  x B u n b ,  3 B H n a H H o  b o 6 n a c T i  8 - 1 3  mkm, 
g e  c n o c r e p i r a e T b c a  B iK H o  n p o 3 o p o c T i  a T M o c ^ e p u  i  B u n p o M r n r o B a n b H a  

3 g a T H i c T b  T i n  M a K c u M a n b H a .  H e p e 3  ^  T e M n e p a T y p a  a T M o c ^ e p u  H e  B n n u -
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B a e  H a  p e 3 y n b T a T u  B u M i p w B a H b  T e M n e p a T y p u  n o B e p x H i ,  a  B u n p o M i H r o ­

B a H H a  Coh^  ^ hkom n o r n u H a e T b c a  a T M o c ^ e p o r o  i  T a K o ^  H e  3 a B a ^ a e  

B u M i p w B a H H a M .  3 B u H a H H o  p a g i o M e T p u  c K n a g a w T b c a  3 o n T u H H o i  c u c T e ­

M u  ( n i H 3 u ,  g 3 e p K a n a ,  ^ i n b T p u ) ,  a K a  ^ o K y c y e  n o T i K  B u n p o M i H r o B a H H a  

n e B H o i  g o B ^ u H u  x B u n i  H a  g e T e K T o p  -  T e p M i c T o p  a 6 o  T e p M o S a T a p e r o .  

n o T i K  n i g B u ^ y e  T e M n e p a T y p y  g e T e K T o p a ,  B u x i g H u n  e n e K T p u H H u n  c u r ­

H a n ,  3 B u x o g y  a K o r o  n p o r p a g y n o B a H u K  b o g u H u ^ x  T e M n e p a T y p u .  3 a -  

c T o c y B a H H a  i H ^ p a H e p B o H o i  B i g e o K a M e p u ,  a K a  3 g a T H a  p e e c T p y B a T u  c n e K -  

T p a n b H u n  p o 3 n o g i n  T e M n e p a T y p u ,  g a e  M o ^ n u B i c T b  y T B o p w B a T u  T e n n o B i  

3 o S p a ^ e H H a  o S ’ e K T a ,  ^ o  g o c n i g ^ y e T b c a .

n i p o M e T p u  B u K o p u c T o B y w T b  g n a  B u M i p w B a H H a  T e M n e p a T y p u  S i n b -  

m o i  H r n  6 0 0  0C .

Keap^oeuu n ’e3oeneKmpunuu mepMOMemp a B n a e  c o S o w  ^ ^ p o B u n  

n p u n a g ,  b o c H o B i  a K o r o  n e ^ u T b  B u M i p w B a H H a  p e 3 o H a H c H o i  H a c T o T u  

n ’ e 3 o K p u c T a n y .  Ko^huk K p u c T a n  M a e  cbow B n a c H y  p e 3 o H a H c H y  H a c T o T y ,  

a K a  3 a n e ^ u T b  B i g  T e M n e p a T y p u .  n p u n a g u  T a K o r o  T u n y  x a p a K T e p u 3 y w T b -  

c a  bucokow H y T n u B i c T W  T a  p o 3 g i n b H o w  3 g a T H i c T W  ( 1 0 -4 0C ) .  f l i a n a 3 o H  

T e M n e p a T y p ,  ^ o  B u M i p w w T b c a ,  c T a H o B u T b  B i g  - 4 0  g o  + 2 3 0  0C .  f l o  H e g o -  

n iK iB  M o ^ H a  B i g H e c T u  c K n a g H i c T b  e n e K T p o H H o i  c u c T e M u  ^ x  n p u n a g i B  T a  

S i n b m y  n o p i B H a H o  3 i  3 B u H a n H u M u  T e p M o M e T p a M u  B a p T i c T b .

n.^. KAn^A (1894-1984)

POCiMCbKMM $i3MK, HKMM Bifl3HaHMBCfl CBOIMU 
^ p a ^ a M M  3 $i3MKM MarHiTHUX HBM ^, $i3MKM Ta 
TeXHiKU HU3bKUX T e M n e p a T y p ,  KBaHTOBOl $i3MKM 
KOHfleHCOBaHoro CTaHy, eneKTpoHiKM T a  $i3MKM 
nna3M M . y  1 9 3 7  p.  BiflKpMB HaflnnuHHiCTb piflKO- 
rO r e n i r o .  f i a y p e a T  HOSeniBCbKOi n p eM il  3 $i3MKM 
1 9 7 9  pOKy.

Y  flnn donummeux
^yTnuBicTb rpuMyHoi 3Mii go mBugKux 3MiH TeMnepaTyp cTaHoBuTb 0,002 0C.
£  BigoMocri, ^o  npegcTaBHuKu npoKapioTiB 3SepirawTb xuTTegianbmcTb 3a TeM­

nepaTypu go 155 0C.
Cepeg KoMax Ta penrnnin BepxHa TeMnepaTypHa rpaHuna cTaHoBuTb 50 0C. 
nonapHi TBapuHu Ta nTaxu 3gaTHi BuTpuMyBaTu Hu3bKi TeMnepaTypu go -6 0  0C.
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8.3. TEPMOflHHAMIKA PIBHOBA^HHX CTAHIB

8.3.1. napaMeTpu TepMOflHHaMiHHOi cucTeMH
TepModuHaMiHHa cucmeMa — c y K y n H i c T b  M a K p o c K o n i H H u x  T i n ,  a K i  

M o * y T b  B 3 a e M o g i a T H  M i *  c o 6 o r o  T a  3  iH m H M H  T i n a M H  ( 3 o B H i m H i M  c e p e -  

g o B u m e M )  m n a x o M  o 6 M i H y  3  hhmh e H e p r i e r o  T a  p e H o B H H o r o .

I c H y e  T p u  T u n u  T e p M o g u H a M i H H u x  c u c T e M :  1 )  i3onboeaHa cucmeMa, a K a  

H e  o 6 M i H r o e r b c a  i 3  3 o B H im H iM  c e p e g o B u m e M  H i  e H e p r i e r o ,  H i  p e H o B H H o r o ;

2 )  3aMKHyma cucmeMa, a K a  o 6 M i H r o e T b c a  i3  3 o B H im H iM  c e p e g o B u m e M  e H e p r i ­

e r o ,  a n e  b H i n  B i g c y r a i K  o 6 M iH  p e H o B H H o r o ;  3 )  eidKpuma cucmeMa, b a K i n  

B i g 6 y B a e T b c a  o 6 M iH  i3  3 o B H im H iM  c e p e g o B u m e M  e H e p r i e r o  T a  p e H o B H H o r o .

E y g b - a K a  T e p M o g u H a M i H H a  c u c T e M a  x a p a K T e p u 3 y e T b c a  mepModuHa- 
MiHHuMu napaMempaMu — thck p , o 6 ’ e M  V, T e M n e p a T y p a  T, M a c a  m,  M o ­

n a p H a  K o H ^ m p a ^ a  n. C y K y n H i c T b  ^ H x  n a p a M e T p i B  B H 3 H a H a e  mepMO- 
dmaMiHHuu cmaH c u c T e M H .  3 M i H a  x o n a  6  o g H o r o  3  n a p a M e T p i B  n p u 3 B o -  

g u T b  g o  3 M iH H  T e p M o g u H a M i H H o r o  c T a H y  c u c T e M H .  ^ K m o  n a p a M e T p u  

T e p M o g u H a M i n H o i  c u c T e M H  M a r o T b  ^ n K o M  n e B H i  3 H a H e H H a  i  H e  3 M i H r o -  

r o T b c a  3  n a c o M  3 a  H e 3 M i H H u x  3 o B H i m H i x  y M o B ,  to  T a K a  c u c T e M a  n e p e 6 y -  

B a e  y  pieHoeawHOMy cmaHi. T a K u n  c T a H  x a p a K T e p u 3 y e T b c a  B i g c y r a i c T r o  

b c u c T e M i  n o T o K i B  ( H a n p H K n a g ,  n o T o K i B  e H e p r i i ' hh p e n o B H H u ) .  n e p e x i g  

c u c T e M H  3  o g H o r o  c T a H y  b mm u n ,  m o  c y n p o B o g * y e T b c a  3 M i H o r o  T e p M o -  

g u H a M i H H u x  n a p a M e T p i B ,  H a 3 H B a e T b c a  mepModmaMiHHuM npo^ coM.

8.3.2. BHyTpimHH eHepria cucTeMH
BHympim.HR eHep̂ iH U  B K n r o H a e  e H e p r i r o  x a o T H H H o r o  ( T e n n o B o r o )  

p y x y  B c i x  M i K p o n a c T H H o K  c u c T e M H  ( M o n e K y n ,  a T O M iB , i o H i B )  T a  e H e p r i r o  

B 3 a e M o g i i  ^ H x  H a c T H H o K .  B H y T p i m H a  e H e p r i a  x a p a K T e p u 3 y e  c T a H  T e p M o -  

g u H a M i H H o i  c u c T e M H ,  to 6 to  e  fyyHKU,ieK> cmaHy cucmeMu.

8.3.3. TenaoeMHicTb Ta nuTOMa TenaoeMHicTb
^ K m o  T i n o  M a e  T e M n e p a T y p y ,  B i g M i H H y  B i g  T e M n e p a T y p u  H a B K o -  

n u m H b o r o  c e p e g o B u m a ,  boho a 6 o  B i g g a e ,  a 6 o  H a 6 y B a e  T e n n o B o i ' e H e p ­

r i i ,  g o c T a T H b o i  g n a  g o c a r H e H H a  T e n n o B o i '  p i B H o B a r u  a 6 o  c r a ^ o H a p -  

H o r o  c T a H y .

Tem oeMHicmb mina C — B e n H H H H a ,  m o  H u c e n b H o  g o p i B H r o e  K i n b K o c r i  

T e n n o T H ,  a K y  H e o 6 x i g H o  H a g a B a r u  g a H o M y  T i n y  g n a  H a r p i B a H H a  H a  1 K :

C = Q/AT. ( 8 . 9 )

ge Q — KinbKicTb TennoTH, nepegaHa Tiny gna HarpiBaHHa Ha AT rpagyciB.
O g u H H ^  B H M i p r o B a H H a  T e n n o e M H o c T i  —flw K - I .
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n u m o M a  m e m o e M u i c m b  p e n o e u n u  c  — B e n u H u H a ,  ^ o  H u c e n b H o  g o p i -  

B H w e  K i n b K o c r i  T e n n o T u ,  a K y  H e o S x i g H o  H a g a T u  g a m n  p e H o B u H i  M a c o w  1 

K r  g n a  H a r p i B a H H a  H a  1 K :

Q
c =  ^ f . ( 8 . 1 0 )

m • AT
O g u H u ^  B u M i p w B a H H a  n u T o M o i  T e n n o e M H o c T i  —f f w : • kz K  . 

3 B ’a 3 o K  T e n n o e M H o c T i  T i n a  C  3  n u T o M o w  T e n n o e M H i c T W  p e H o B u H u  c  

B u p a ^ a e T b c a  ^ o p M y n o w :

C  =  c m .  ( 8 . 1 1 )

K i n b K i c T b  T e n n o T u ,  H e o S x i g H a  g n a  3 M i H u  T e M n e p a T y p u  T i n a  M a c o w  m  

H a  B e n u H u H y  AT,  B u 3 H a H a e T b c a  a K :

Q  =  c - m -AT ,  ( 8 . 1 2 )

ge c — nuToMa TennoeMHicTb.
3 H a H e H H a  n u T o M o i  T e n n o e M H o c T i  B o g u  T a  g e a K u x  S i o n o r i H H u x  T K a -  

huh H a B e g e H o  b T a S n .  8 . 3 .

8.3 -  nHTOMa TenaoeMHicTb Bogu Ta SioaoriHHHX TKaHHH
PeHoBuHa aSo TKaHuHa nuToMa TennoeMHicTb, flxK r '1 ■ K-1

Boga 4186
flepeBuHa 1700

8.3.4. PoSoTa Ta eHepria
O S M i H  e H e p r i e w  m™  3 a K p u T o w  T e p M o g u H a M i H H o w  c u c T e M o w  i  3ob- 

H i m H i M u  T i n a M u  M o * e  3 g i n c H W B a T u c a  g B o M a  p i 3 H u M u  c n o c o S a M u :  m n a -  

xom B u K o H a H H a  p o S o T u  T a  3 a B g a K u  T e n n o o S M i H y .

E H e p r i a ,  ^ o  n e p e g a e T b c a  T e p M o g u H a M i H H i n  c u c T e M i  3 o B H i m H i M u  T i n a M u ,  

H a 3 u B a e T b c a  podomow, a K a  B u K o H y e T b c a  H a g  c u c T e M o w .  E H e p r i a ,  a K a  n e p e ­

g a e T b c a  c u c T e M i  3 o B H i m H i M u  T i n a M u  H e p e 3  T e n n o o S M i H ,  H a 3 u B a e T b c a  men- 
nomow, ^ o  o T p u M y e T b c a  c u c T e M o w  B i g  3 o B H i m H b o r o  c e p e g o B u ^ a .

O g u H u ^  B u M i p w B a H H a  T e n n o T u  — f f w .
P o 3 r n a H e M o  ^ u n i H g p ,  3 a n o B H e H u n  r a 3 o M  i  o S n a g H a H u n  n o p m H e M .  y  

c T a H i  p i B H o B a r u  r a 3  y T B o p w e  tuck p  H a  n o p m e H b ;  n i g  H a c  p y x y  H a  

B i g c T a H b  dx B u K o H y e T b c a  p o S o T a :

dA = Fdx = pSdx = pdV, ( 8 . 1 3 )

ge S — nno^a nopmHa; F  — cuna, 3 mow ra3 gie Ha nopmeHb.
3 a r a n b H a  p o S o T a ,  ^ o  B u K o H y e T b c a  n o p m H e M  n i g  H a c  3 M i H u  o S ’ e M y  

B i g  V  g o  V2, g o p i B H w e :
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V 2

A  = J p d V . ( 8 . 1 4 )

V1
P o S o T a ,  A K y  B H K O H y e  r a 3  n i g  n a c  p o 3 m n p e H H f l  B i g  n o n a T - K o B o r o  g o  Kh- 

^ B o r o  c T a H y ,  g o p i B H r o e  r a o m i  n i g  K p H B o r o  b c n c T e M i  K o o p g H H a T  p ,  V  ( p n c .

8 . 9 ) .  n p n n o M y ,  p o S o T a ,  m o  B H K o H y e T b c a  c n c T e M o r o ,  3 a n e * H T b  B i g  n p o ^ c y ,  

b ^ K o M y  S e p e  y n a c T b  C H C T e M a  B i g  n o n a T - K o B o r o  g o  K r n ^ B o r o  C T a H y  ( p n c .

8 . 1 0 ) .  T e  *  caMe Momia CKa3aTH h n p o  Tenjioiy.

Phc. 8.9. P o 6 o T a ,  H K y  B H K o H y e  r a 3  n i g  n a c

p o im n p e H H H

Phc. 8.10. 3aae^HicTb poooTii, 
»Ky BHKoHye ra3 nig nac 

po3mnpeHHH, Big npo^ cy, b  h k o -  

My 6epe ynacTb cucTeMa
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8.3.5. nepwmi 3aK0H TepMoguHaMiKu
n e p m u n  3 a K o H  T e p M o g u H a M i K u  a B n a e  c o S o w  y 3 a r a n b H e H H a  3 a K o H y  

3 S e p e ^ e H H a  e H e p r i i  i  B p a x o B y e  M o ^ n u B i  3 M i H u  B H y T p i m H b o i  e H e p r i i .

P o 3 r n a H e M o  T e p M o g u H a M i H H y  c u c T e M y ,  a K a  3 H a x o g u T b c a  b n p o ^ c i  

n e p e x o g y  B i g  n o H a T K o B o r o  c T a H y  g o  K r n ^ B o r o ,  n i g  H a c  a K o r o  T e n n o T a  Q 
n o r n u H a e T b c a  ( a S o  B u g i n a e T b c a )  i  p o S o T a  A B u K o H y e T b c a  c u c T e M o w  ( a S o  

H a g  c u c T e M o w ) .  n p u K n a g o M  T a K o i  T e p M o g u H a M i H H o i  c u c T e M u  M o * e  S y T u  

r a 3 ,  a K u n  n e p e x o g u T b  3 n o H a T K o B o r o  c T a H y  p n, Vn g o  K r n ^ B o r o  c T a H y  

p K, VK . f l o B e g e H o ,  ^ o  B i g n o B i g H o  g o  3 a K o H y  3 S e p e ^ e H H a  e H e p r i i  n i g  H a c  

S y g b - a K o r o  n e p e x o g y  c u c T e M u  3 n e p m o r o  c T a H y  y  g p y r u n  3 M i H a  B H y T p i ­

m H b o i  e H e p r i i  AU = UK — Un S y g e  H e 3 M i H H o w  T a  g o p i B H W B a T u  p i 3 H u ^  

m™  K i n b K i c T W  T e n n o T u  Q, ^ o  o g e p ^ y e T b c a  c u c T e M o w ,  T a  p o S o T o w  A , 

a K a  3 g i n c H w e T b c a  c u c T e M o w  n p o T u  3 o B H i m H i x  c u n .  O T ^ e ,  B e n u H u H a  Q — 
A B u 3 H a H a e T b c a  n o B H i c T W  n o H a T K o B u M  i  m h^ bum c T a H a M u ;  H a 3 u B a e T b -  

c a  u a  B e n u H u H a  3Minow enympimnboi eHep^ii cucmeMu AU:

AU = Uk — Un = Q —A. ( 8 . 1 5 )

T y T  A >  0 ,  a K ^ o  p o S o T a  B u K o H y e T b c a  c u c T e M o w  n p o T u  3 o B H i m H i x  

c u n  i  A < 0 ,  a K ^ o  p o S o T a  B u K o H y e T b c a  H a g  c u c T e M o w .

n e p e x i g  c u c T e M u  3 o g H o r o  c T a H y  b mm u M  c y n p o B o g ^ y e T b c a  3 M i H o w  AU  
B H y T p i m H b o i  e H e p r i i .  3 M i H y  AU  B H y T p i m H b o i  e H e p r i i  M o ^ H a  o ^ H W B a r a  

m n a x o M  B u M i p w B a H H a  T e n n o T u  Q, a K a  n o r n u H a e T b c a  a S o  B u g i n a e T b c a  c u c ­

T e M o w ,  T a  B u K o H a H o w  p o S o r o w  A . H a  o c H o B i  o c T a H H b o r o  p i B H a H H a  M o ^ H a  

c ^ o p M y n w B a T u  nepmuu 3aKoH mepModuHaMiKu — mennoma, ^ o  Hada- 
embcn cucmeMi, eumpanaembcn Ha 3MiHy eHympiwHboi eHep^ii cucmeMu 
ma Ha euKoHaHHH cucmeMow po6omu npomu 3oeHiwHix cun:

AU = Q —A. ( 8 . 1 6 )

^ k ^ o  c u c T e M a  H a S y B a e  H e c K iH H e H H o  M a n u x  3 M iH  c T a H y ,  n e p m u n  3a -  

koh T e p M o g u H a M i K u  3 a n u c y e T b c a  T a K :

d U  = dQ —dA. ( 8 . 1 7 )

( y  n i T e p a T y p i  M o ^ H a  3 y c T p i T u  T a K y  $ o p M y  3 a n u c y  n e p m o r o  3 a K o H y  

T e p M o g u H a M i K u ,  a K  dU  = SQ — SA, g e  c u M B o n u  S  o 3 H a H a w T b ,  ^ o  T e n n o ­

T a  Q i  p o S o T a  A H e  e  ^ y H ^ i a M u  c T a H y  i ,  o T ^ e ,  H e  M o ^ y T b  S y T u  n o B H u -  

mu g u ^ e p e H ^ a n a M u ) .

P o 3 r n a H e M o  K i n b K a  c n e ^ a n b H u x  B u n a g K i B .

1. honboeaHa cucmeMa H e  B 3 a e M o g i e  3 H a B K o n u m H i M  c e p e g o B u ^ e M ;  

T e n n o B u n  n o T i K  B i g c y r a i M  (dQ = 0 ) ,  p o S o T a  g o p i B H w e  H y n w  ( dA = 0 ) ;  

o T ^ e  AU = 0 ,  toSto B H y T p i m H a  e H e p r i a  i 3 o n b o B a H o i  c u c T e M u  3 a n u m a -
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eTbca cranoro (U  = const).
2. ^ K ninnuu  n p o ^ c , ^khh nonuHaeTbca 3 ogHoro cTaHy i 3aKmny- 

eTbca thm * e  cTaHoM, xapaKTepH3yeTbca 3MiHoro BHyTpimHboi eHeprii' 
AU = 0, oT*e Q = A. OT*e, HeMo*nuBo ctbophth MexaHi3M, ^khh Su 
BHKoHyBaB poSoTy, mo nepeBumye ogep*aHy hhm eHepriro.

3. BidKpuma cucmeMa xapaKTepu3yeTbca noToKoM penoBuHu dUpeH, 
toSto dU  = dQ + dA + dUpeH.

n p H K a a g

OguH rpaM Bogu 3auMae oS’eM 1 cm3 3a aTMoc^epHoro TucKy. nig nac KuniHHa mei 
KinbKocri Bogu 3 Hei Buumno 1671 cm3 napu. ^oMy gopiBHroe 3MiHa BHyTpimHboi eHeprii 
b uboMy npoiieci?

P o 3 B ’H 3oK

OcKmbKH nuroMa TennoTa BunapoByBaHHa Bogu gopiBHroe 22,6-105 fl*/Kr nig nac 
aTMoc^epHoro TucKy, TennoTa, HeoSxigHa gna nepeTBopeHHa y napy 1 r Bogu, BU3Ha- 
HHTbca TaK:

Q = mLun = (1-10-3 kt)(22,6-105 fl*/Kr) = 2260 fl*.
PoSoTa, mo BuKoHyeTbca cucreMoro, gopiBHroe:

A = p(Vn -  Ve)  = (1.013-105 H-m-2)(1671 -  1) -10-6 m3 = 169 fl*.
3Bigcu 3MiHa BHyTpimHboi eHeprii cTaHoBuTb:

AU = Q -  A = 2260 f l*  -  169 f l*  = 2091 fl*.

8.3.6. 3acrocyBaHHH nepmoro 3aKoHy 
TepMoguHaMiKu go neBHux 

TepMoguHaMiHHux npo^ciB
PienmnH Mauepa. PiBHaHHa nepmoro 3aKoHy TepMoguHaMiKu gna 

ogHoro Mona ra3y Mo*Ha 3anucaTu y Burnagi:

'd U \  _  (d U "
dU = dQ - pdV = | —  | dT + | —  | dV . ( 8 . 1 8 )

3 B i g c u :

dT JV [d V  j t

d Q  =  [ d r Y  + 'p  +  ( § 1 ]d "  ( " 1 9 )

B u 3 H a n u M o  T e n n o e M H i c T b  o g H o r o  M o n a  p e n o B u H u  a K  M o n n p n y  m e n -  

n o e M u i c m b .  3 a  c r a n o r o  o S e M y  M o n a p H a  T e n n o e M H i c T b  B u 3 H a n a e T b c a  3a  

B u p a 3 o M :

~  ( f l  - ( f  \  "

3 a  c T a n o r o  T u c K y  M o n a p H a  T e n n o e M H i c T b  B u 3 H a n u T b c a  T a K :
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p  * ( f ) ,
■ ^ 1  . ( 8 2 1 )

B i g H a B m u  B i g  p i B H a H H a  ( 8 . 2 1 )  p i B H a H H a  ( 8 . 2 0 ) ,  o T p u M a e M o :

' d U
C  — C  =p  p p  + ,

1 d V

d V

--------I . ( 8 . 2 2 )
d T  1'T _

O c K i n b K u  B H y T p i m H a  e H e p r i a  i g e a n b H o r o  r a 3 y  3 a n e ^ u T b  n u m e  B i g  

T e M n e p a T y p u ,  a n e  H e  B i g  o S 'e M y ,  ( d U  /  d V  ) T = 0 .  f l n a  o g H o r o  M o n a  i g e ­

a n b H o r o  r a 3 y  p i B H a H H a  c T a H y  M o ^ H a  3 a n u c a T u  y  B u r n a g i :

p (  d V  /  d T ) p  = R. ( 8 . 2 3 )

3  y p a x y B a H H a M  ^ o r o  M o ^ H a  o g e p ^ a T u  pieHHHHH M auepa:
Cp  -  C v = R. ( 8 . 2 4 )

Adia6amHuu n p o ^ c. O c K i n b K u  a g i a S a r a u n  n p o ^ c  n p o x o g u T b  S e 3  

T e n n o o S M i H y  3  H a B K o n u m H i M  c e p e g o B u ^ e M ,  M o ^ H a ,  B u K o p u c T o B y w H u  

p i B H a H H a  dU  = dQ -  pdV , o g e p ^ a T u  B u p a 3 :

dQ = dU  +pdV  = ( —  | dT  + ( —  | d V  +pdV  = 0 .  (  8 . 2 5 )
v d T  ) V  ^ d V  y T

B p a x o B y w H u ,  ^ o  B H y T p i m H a  e H e p r i a  i g e a n b H o r o  r a 3 y  3 a n e ^ u T b  n u ­

m e  B i g  T e M n e p a T y p u ,  M o ^ H a  o c T a H H e  p i B H a H H a  n p u B e c T u  g o  B u r n a g y :

' d U N
 | d T  +  p d V  =  0 ,  ( 8 . 2 6 )

d T ) V

a S o ,  B u K o p u c T o B y w H u  p i B H a H H a  ( 8 . 2 0 ) ,  o g e p ^ a T u  c n i B B i g H o m e H H a :

C vd T +  p d V  =  C vd T  +  ( 1 / V ) R T d V  =  0 .  ( 8 . 2 7 )

O c K i n b K u  R  =  C p  -  C V, oc T a H H e  p i B H a H H a  M o ^ H a  n e p e n u c a T u  y  B u ­

r n a g i :

d T / T  + [ ( C P -  C v) / C v V ] / d V  =  0 .  ( 8 . 2 8 )

i H T e r p y B a H H a  o c r a H H b o r o  B u p a 3 y  n p u 3 B o g u T b  g o  p ie H H H H H  n y a c c o H a :
T V 7-1 =  c o n s t ,  ( 8 . 2 9 )

ge 7 = Cp/Cv.
B p a x o B y w H u  p i B H a H H a  c T a H y  i g e a n b H o r o  r a 3 y ,  M o ^ H a  o g e p ^ a T u  bu- 

p a 3 u :

p V 7 =  c o n s t ;  ( 8 . 3 0 )

T rp 1-r  =  c o n s t .  ( 8 . 3 1 )

p
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8.3.7. Effra^bniH. 3aK0H recca
y  p a 3 i  g o c n i g ^ e H H a  n p o ^ c i B ,  a K i  B i g S y B a w T b c a  3 a  c r a n o r o  T u c K y  

(p = c o n s t ) ,  g o ^ n b H o  3 a M i c T b  B H y T p i m H b o i ' e H e p r i i ' U  B u K o p u c r o B y B a T u  

i H m y  ^ y H ^ i w  c T a H y ,  a K a  S y g e  g o S p e  o n u c y B a T u  T e p M o g u H a M i H H y  c u c -  

T e M y .  B u K o p u c T o B y w H u  B u p a 3  g n a  p o S o T u  n i g  H a c  3 M i H u  o S ’ e M y  3 a  i 3 o -  

S a p H o r o  n p o ^ c y  (A = pAV), M o ^ H a  3 a n u c a T u  p i B H a H H a  g n a  n e p m o r o  

3 a K o H y  T e p M o g u H a M i K u  T a K :

Q = AU + A = AU + p A V  = A(U  + pV) = AH. ( 8 . 3 2 )

T y r  $ y H ^ i a  H  = U + p V  H a 3 u B a e T b c a  eHmanbniew. ^ k  i  B H y T p i m H a  

e H e p r i a ,  e H T a n b n i a  e  T a K o ^  $ y H ^ i e w  c T a H y  T e p M o g u H a M i H H o i  c u c T e M u .

y  g u ^ e p e H ^ a n b H i n  $ o p M i  o c r a H H i n  B u p a 3  M a e  B u r n a g  ( n p u  p  = c o n s t ) :

d U  + p A V  = d  (U  + pV) = dH. ( 8 . 3 3 )

3 M i H a  e H T a n b n i i  AH  g o p i B H w e  K i n b K o c r i  T e n n o T u ,  a K y  H a g a w T b  c u c ­

T e M i  a S o  B i g B o g a T b  B i g  H e i  3 a  n o c r i n H o r o  T u c K y ,  c a M e  T o M y  3 H a H e H H a  AH  
x a p a K T e p u 3 y w T b  T e n n o B i  e ^ e K T u  $ a 3 o B u x  n e p e x o g i B  n i g  H a c  B u n a p o B y -  

B a H H a ,  n n a B n e H H a ,  3 r o p a H H a ,  y T B o p e H H a  c n o n y K  3  n p o c T u x  p e H o B u H .

3 M i H a  e H T a n b n i i  c u c T e M u  g o p i B H w e  p i 3 H u ^  m ™  e H T a n b n i a M u  K i H ^ -  

B o r o  T a  n o H a T K o B o r o  c r a H i B :  AH  =  H K -  H n . P o 3 r n a H e M o ,  H a n p u K n a g ,  

x i M i H H y  p e a ^ i w  a K  T e p M o g u H a M i H H u n  n p o ^ c .  3 M i H a  e H T a n b n i i  y  ^ o M y  

B u n a g K y  g o p i B H w e  p i 3 H u ^  e H T a n b n i n  n p o g y K T i B  p e a ^ i i '  T a  p e a r e m i B .  

^ k ^ o  n i g  H a c  p e a ^ i i '  T e n n o  n o r n u H a e T b c a  3  H a B K o n u m H b o r o  c e p e g o B u -  

^ a ,  t o  AH > 0, i  H a B n a K u .

3aKOH re c c a  — m em oeuu efyeKm Q xiMiHHoi peaKtyi He 3anew:umb 
eid mnnxy peaKtyi eid euxidHux peHoeuH do npodyKmie peaKtyi, a eu3Ha- 
Haembcn rnw e pi3H ^ew  eHmanbniu KiH^eux i noHamKoeuxpeHoeuH:

Q = AH = £ H k —£ H , .  ( 8 . 3 4 )

T y r  £ h  i  £  H  — c y M a  e H T a n b n i n  n p o g y K T i B  p e a ^ i i ' T a  B u x i g H u x

p e H o B u H  B i g n o B i g H o .

C e p e g  ^ a K T o p i B ,  ^ o  B n n u B a w T b  H a  3 M iH y  e H T a n b n i i ,  c n i g  B i g M i r u T u  

T e M - n e p a T y p y ,  t u c k ,  c r a H  p e a r e H T i B  T a  n p o g y K T i B .  f l n a  n o p i B H a H H a  3 M iH  

e H T a n b n i i  n i g  H a c  p i 3 H o M a H i T H u x  p e a ^ i n  B u K o p u c T o B y w T b  T a K  3 B a H i  cmaH- 
dapmHi yMoeu: t u c k p  = 1 a r M ;  T e M n e p a T y p a  T  = 2 9 8  K ;  K o H ^ m p a ^ a  C  =  

1 M

( 1  M o n b ) .  B u 3 H a H e H i  3 a  T a K u x  y M o B  3 H a H e H H a  cmaHdapmHux eHmrnbniu 
ymeopeHHH A H f M o ^ H a  3 H a n T u  y  T a 6 n u ^ a x  T e p M o x i M i H H u x  g o B i g H u K i B .  ^ k  

n p u K n a g  H a B e g e M o  3 H a H e H H a  A H  f g e a K u x  p e H o B u H  y  T a S n .  8 . 4 .
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8.4 -  3HaneHHH CTaHgapTHHX eHTaabnift yTBopeHHa A H °  geaKHX penoBHH

OopMyia CTaH PenoBHHa A H 0 , Kfl*/Moib

CH4 ra3 MeTaH -102
O2 ra3 KuceHb 0

CO2 ra3 flBooKHC By^Ie^ro -3 9 3 ,5
H2O PiguHa Boga -2 8 5 ,8

C KpucTai Tpa^iT 0
C6H12O6 KpucTai a-L>-riroKo3a -1274,4

H2 ra3 BogeHb 0
C3H8 ra3 nponaH -1 0 4 ,7

n p H K a a g

BroHawm pi3Hmro eHTaibnift npogyKTiB peaK^i oKHCHeHHa 2-x MoiiB riroKo3H 3a 
CTaioro THCKy: C6H 120 6 + 6 0 2 — 6 CO2 + 6H2 -  Q.

P 0 3 B H 3 0 K

nigcTaBiaeMo nucioBi gaHi y piBHaHHa (8.34):
Q = A  = 6 (Hcq  + HHfi) -  ( H ^  + 6H 0z)=  6(-393,5 -  285,8) -  ( -1274,4 + 6-0) =

= -  2801,4 Kflw/Monb.
K o H T p o a b H e  3 a B g a H H a

BroHanuTH TenioTy 3ropaHHa nponaHy nig nac peaK^i, mo npoxogHTb npu 250C:
C H s®  + 5 0 2 ®  — 3CO2® + 4H O P ).

Bidnoeidb: -2 2 1 9  Kfl*.

8.3.8. TenaoBHH gBHryH
Tennoeuu deu8yn —  u e  n p u c T p i n ,  a K H H  n e p e T B o p r o e  T e n i o B y  e H e p r i r o  

b i H m i  $ o p M H  e H e p r i i ' ( H a n p u K i a g ,  b M e x a H i n H y ) .  T e n i o B u H  g B H r y H  

C K i a g a e T b o a  3  T a K H x  ochobhhx K o M n o H e H T i B :

1 )  po6o^o^o mina ( n a p u ,  r a 3 y ) ,  a K e ,  H a r p i B a r o n u c b  n i g  n a c  3 r o p a H H a  

n a i H B a  i  p o 3 m u p r o r o n u c b ,  3 g a T H e  B H K o H a T H  p o 6 o T y ;

2 )  Ha^pieHUKa -  T i i a  a 6 o  c e p e g o B u m a  3  T e M n e p a T y p o r o  B u m o r o ,  H i *

i i  M a e  p o 6 o n e  T i i o ;

3 )  xonodunbHUKa —  T i i a  a 6 o  c e p e g o B u m a  3  T e M n e p a T y p o r o  H u * n o r o ,  

H i *  y  p o 6 o n o r o  T i i a .

H e o 6 x i g H o r o  y M o B o r o  p o 6 o T H  T e n i o B o r o  g B u r y H a  e  B H K o p u c T a H H a  

Konoeo^o npo^ cy fyuKny), to 6 to  3 a M K H e H o r o  T e p M o g u H a M i n H o r o  n p o u e -  

c y ,  b p e 3 y i b T a T i  a K o r o  c u c T e M a  n o B e p T a e T b c a  g o  n o n a T K o B o r o  C T a H y .  

C x e M y  T e m o B o r o  g B u r y H a  n o K a 3 a H o  H a  p u c .  8 . 1 1 .
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E ^ e K T u B H i c T b  p o S o T u  T e n n o B o r o  g B u r y H a  

x a p a K T e p u 3 y e T b c a  H o r o  Koe$tyieHmoM Kopu- 
cHoi dii (KKff), a K u n  g o p i B H w e  B i g H o m e H H W  

K i n b K o c T i  T e n n o T u ,  n e p e T B o p e H o i  g B u r y H o M  y  

M e x a H i H H y  p o S o T y  A , g o  K i n b K o c T i  T e n n o T u  

Q1 , o g e p ^ a H o i '  B i g  H a r p i B H u K a :

A _  Q1 ~ Q2 

Q1 _  Q1 ,

( 8 . 3 5 )

g B H r y H a

ge Q2 — KintKicTt TennoTu, aKy poSone Tino Biggae 
xonoguntHuKy (Q2 > 0).

H a  n p a K T u ^ ,  B c i  T e n n o B i  g B u r y H u  n e p e -  

T B o p w w T b  n u m e  H e 3 H a H H y  H a c T K y  n o r n u H y -  

T o i  T e n n o T u  b  M e x a H i H H y  p o S o T y .  T a K ,  K K f l  

g B u r y H a  B H y T p i m H b o r o  3 r o p a H H a  c T a H o B u T b  

S n u 3 b K o  2 5 % ,  g u 3 e n b H o r o  g B u r y H a  — B i g  3 5  g o  4 0 % .

8.3.9. LJhk.i  KapHO
OdopomHuM H a 3 u B a w T b  n p o ^ c  n e p e x o g y  T e p M o g u H a M i H H o i  c u c T e M u  3 

o g H o r o  c T a H y  b  i H m u n ,  a K u n  g o n y c K a e  M o ^ n u B i c r b  n o B e p H e H H a  c u c T e M u  g o  

n o H a T K o B o r o  c T a H y  H e p e 3  T y  ^  c a M y  n o c n i g o B H i c r b  n p o M m H u x  c T a H i B ,  ^ o  h  

y  n p a M o M y  n p o ^ c i ,  a n e  a K i  n p o x o g a T b  y  3 B o p o T H o M y  n o p a g K y  ( p u c .  8 . 1 2 ) .  

^ k ^ o  n i c n a  3 a B e p m e H H a  o S o p o r a o r o  n p o ^ c y  c u c T e M a  n o B e p T a e T b c a  g o  

n o H a T K o B o r o  c T a H y ,  b  o T o H y w H o M y  c e p e g o B u ^ i  H e  B i g S y B a e T b c a  H i a K u x  

3MiH.

HeodopomHuM H a 3 u B a w T b  n p o -  

^ c ,  a K u n  M o * e  c a M o B i n b H o  n p o T i -  

K a T u  n u m e  b  o g H o M y  n e B H o M y  H a ­

n p a M K y .  n i c n a  3 g i n c H e H H a  n p a M o r o  

i  3 B o p o T H o r o  n p o ^ c i B  c u c T e M a  n o ­

B e p T a e T b c a  g o  n o H a T K o B o r o  c T a H y ,  

a  b  H a B K o n u m H b o M y  c e p e g o B u ^ i  

B i g S y B a w T b c a  3 M i H u .  f l o  H e o S o p o T -  

h u x  n p o ^ c i B  M o ^ H a  B i g H e c T u  g u -

c|)V3iK3. T C n .lO n p O B ijH iC T b . B 5 I3 K V

T e H i w  t o ^ o ,  t o S t o  n p o ^ c u ,  3 a  Puc. 8.12. r p a ^ i K H  3 B o p o T H o r o

a K u x  B i g S y B a e T b c a  H a n p a B n e H e  i  H e 3 B o p o T H o r o  n p ^ e r i B

n p o c T o p o B e  n e p e H e c e H H a  p e H o B u H u ,  T e n n o T u ,  i M n y n b c y .  B c i  H e o S o p o T H i  

n p o ^ c u  e  HepieHoea^HuMu. ^ k ^ o  b  T e p M o g u H a M i H H i n  c u c T e M i  i c H y w T b
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r p a g i e m u  K o H u e m p a u i n ,  T e M n e p a T y p u  a 6 o  m B u g K o c r e n ,  t o  H e p i B H o B a -  

* H i  n p o u e c u  6 y g y T b  c n p u a T u  B C T a H o B i e H H r o  p i B H o B a r u .

B c i  p e a i b H i  n p o u e c u  b  n p u p o g i  c y n p o B o g * y r o T b c a  B T p a r a M u  e H e p r i i '  i  e  

H e o 6 o p o T H H M H .  n p o u e c  T e n n o o 6 M m y  B H a c i i g o K  K m u e B o i '  p i 3 H u u i  T e M n e p a ­

T y p  T a K o *  e  H e o 6 o p o T H H M .  T e p M o g u H a M i n H i  ^ y H K u i i '  C T a H y  C H C T eM H  (T a K i  

a K  B H y r p i m H a  e H e p r i a  U, e H T a i b n i a  H ,  e m p o n i a  S  T o m o )  B H a c i i g o K  k o i o b h x  

n p o u e c i B  3 H o B y  n p u H M a r o T b  n e p B i c H i  3 H a n e H H a ;  o T * e  i x  3 M iH u  n i g  n a c  k o i o -  

b h x  n p o u e c i B  g o p i B H r o r o T b  H y i r o  ( A U  =  0 ,  AH = 0 ,  AS =  0  T o m o ) .

P o 3 r n a H e M o  i 3 o T e p M i n H u n  n p o u e c  ( p u c .  8 . 1 3 ,  a ) .  P o 6 o T a  A ,  a K a  B U K o H y -  

e T b c a  C H C T e M o ro  n i g  n a c  i i  p o 3 m u p e H H a  3 a  n o c r i n H o i '  T e M n e p a T y p u  Tt ( n p o -  

u e c  A B ) ,  B U 3 H a n a e T b c a  n i o m e r o  ^ i r y p u  ABCDA . f l i a  n o B e p H e H H a  C H C T eM H  

g o  B u x i g H o r o  C T a H y  ( a K m o ,  H a n p u K i a g ,  C T u c K y B a T u  i i  i 3 o T e p M i n H o  3 a  T i e i  *  

T e M n e p a T y p u )  H e o 6 x i g H o  3 a T p a T U T u  p o 6 o T y  ( - A ) ,  a K a  g o p i B H r o e  p o 6 c rn A y  

n p o u e c i  p o 3 m u p e H H a  ( n p o u e c  B A ) .  P o 6 o T a  - A ,  a K a  B u K o H y e T b c a  C H C T e M o ro  

n i g  n a c  C T u c H e H H a  C H C T eM H  3 a  n o c r i n H o i '  T e M n e p a T y p u  T t , B U 3 H a n a e T b c a  

T i e r o  *  c a M o r o  n i o m e r o  ^ i r y p u  ABCDA ( p u c .  8 . 1 3 ,  6) .  C y M a p H a  p o 6 o T a  n i g  

n a c  n p a M o r o  ( A B )  i  3 B o p o T H o r o  ( B A )  T e p M o g u H a M i n H u x  n p o u e c i B  g o p i B H r o e  

H y i r o .  f l i a  T o r o ,  m o 6  o g e p * a T u  K o p u c H y  p o 6 o T y ,  T p e 6 a  “ 3 i n T u ”  3  i 3 o T e p M u  

AB . ^  M o * H a  3 p o 6 u T u  3 a  a g i a 6 a T u n H U M  n p o u e c o M  B K  m i a x o M  n e p e x o g y  

H a  i H m y  i 3 o T e p M y  T2 ( p u c .  8 . 1 3 ,  e ) .  P o 6 o T a ,  m o  B u K o H y e T b c a  C H C T e M o ro  n i g  

n a c  n p a M o r o  n p o u e c y  (ABK) ,  a K u n  C K i a g a e T b c a  3  i 3 o T e p M i n H o r o  n  a g i a 6 a r u -  

n H o r o  p o 3 m u p e H b  c u c T e M u ,  B U 3 H a n a e T b c a  n i o m e r o  ^ i r y p u  ABKMNA; p o 6 o -  

T a ,  m o  B u K o H y e T b c a  H a g  C H C T e M o ro  n i g  n a c  3 B o p o T H o r o  n p o u e c y  (KLA) ,  b h -  

3 H a n a e T b c a  n i o m e r o  ^ i r y p u  ALKMNA ( p u c .  8 . 1 3 ,  ^ ) .

KonoeuM ( a 6 o  u u K i i n H U M )  H a 3 U B a e T b c a  n p o u e c ,  n i g  n a c  a K o r o  c u c T e M a  

n i c n a  n p o x o g * e H H a  g e a K u x  C T a H iB  n o B e p T a e T b c a  g o  n o n a T K o B o r o  C T a H y .  y  

p o 3 r n a H y r o M y  H a  p u c .  8 . 1 3  n p u K i a g i  k o i o b u h  n p o u e c  C K i a g a e T b c a  3  g B o x  

i 3 o T e p M i n H u x  i  g B o x  a g i a 6 a T u n H u x  n p o u e c i B ;  T a K u n  n p o u e c ,  b  a K o M y  

B i g 6 y B a e T b c a  n e p e T B o p e H H a  T e n n o T H  b  p o 6 o T y ,  H a 3 U B a e T b c a  ^UKnoM Ka- 
pHo
( p u c .  8 . 1 3 ,  d ) .  K o p u c H a  p o 6 o T a ,  m o  o g e p * y e T b c a  n p o T a r o M  u u K i y ,  i p a ^ i n H o  

3 o 6 p a * y e T b c a  n i o m e r o  ^ i r y p u  ABKLA ( p u c .  8 . 1 3 ,  d ) .
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>  V

Phc. 8.13. l30TepMiHHHH n p o ^ c: a  -  po6oTa A, HKa BHKOHyerbca chc- 
TeMoro nig Hac 11 po3mnpeHHa 3a nocriHHol TeMnepaTypa T1 (npo^c 
AB), BH3HaHaeTbca nno^ero ^irypn ABCDA; 6  -  gna noBepHeHHH chc- 
TeMH y BHxigHHH CTaH (hk^o, HanpHKnag, CTHCKyBaTH 11 i30TepMiHH0 3a 
Tie! ^  TeMnepaTypa) Heo6xigHO 3aTpaTHTH po6oTy (-A), HKa gopiBHroe 
po6oTi A nig Hac po3mnpeHHa (npo^c BA); e -  agia6araHHHH npo^c B K  
mnaxoM nepexogy Ha iHmy i30TepMy T2; po6oTa, ^o  BHKOHyeTbca cncTe- 
Moro nig Hac npHMoro npo^cy (ABK), hkhh CKnagaeTbCH 3 i3oTepMiHHoro
i agia6aTHHHoro po3mnpeHb cncTeMH, BH3HaHaeTbca nno^ero $irypn 
ABKMNA; po6oTa, ^ o  BHKoHyeTbca Hag cncTeMoro nig Hac 3BopoTHo- 
ro npo^cy

(KLA), BH3HaHaerbca nno^ero $irypn ALKMNA (s) 
n i g  H a c  K o n o B o r o  n p o ^ c y  c n c T e M a  M o ^ e  o T p H M y B a T H  T e n n o T y  ( Q j)  i  

B i g g a B a T H  11 ( Q2) ;  3  y p a x y B a H H a M  ^ o r o  B B o g a T b  n o H a T T a  Koefyityenma 
KopucHoi d i i  ^ H K n y  K a p H o  i g e a n b H o r o  o 6 o p o T H o r o  T e n n o B o r o  g B H r y H a :

Q 1 _  Q2 Q1
1 k =  - ± Q ---------=  1 - ^ .  ( 8 . 3 6 )

Q1 Q2
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3  i H m o r o  6 o K y ,  K o e ^ ^ i e H T  K o p u c H o i  g i i  M o * H a  B U 3 H a n u T u  y  T e p M i -  

H a x  a 6 c o i r o T H o i  T e M n e p a T y p u ,  a  c a M e  T e M n e p a T y p u  T t H a r p i B H U K a  i  T e M ­

n e p a T y p u  T2 x o i o g u i b H U K a :

lK  =
T  -  T1\ 12

T
( 8 . 3 7 )

f l i a  i g e a i b H o r o  o 6 o p o T H o r o  T e n i o B o r o  g B u r y H a ,  a K u n  n o r i u H a e  T e -  

n i o T y  Qt B i g  H a r p i B H U K a  3 a  a 6 c o i r o T H o i  T e M n e p a T y p u  T t T a  B i g g a e  T e n -  

i o T y  Q2 x o i o g u i b H U K y  3 a  a 6 c o i r o T H o i  T e M n e p a T y p u  T2, M o * H a  3 a n u c a T u  

T a K e  p i B H a H H a :

0 1 _  0 2

T T
( 8 . 3 8 )

l 1 2

f l i a  p e a n b H o r o  T e m o B o r o  g B u r y H a ,  p o 6 o T a  a K o r o  c y n p o B o g * y e T b c a  

H e M H H y n u M u  B T p a T a M u  e H e p r i i ' ,  K o e ^ ^ i e H T  K o p u c H o i  g i i  B U 3 H a n a e T b c a  

T a K :

v K 1 -  Q2/Q 1 < 1  -  T2/T 1. ( 8 . 3 9 )

^ K m o  o 6 o p o T H u n  ^ U K ^  i g e a i b H o r o  g B u r y H a  x a p a K T e p u 3 y e T b c a  p i B ­

H a H H a M  ( 8 . 3 8 ) ,  to  H e o 6 o p o T H o M y  ^ u K ^ y  p e a n b H o r o  g B u r y H a  n p u T a M a H -  

H a  H e p i B H i c T b :

( 8 . 4 0 )

Cagi KAPHO (1796-1832)

0paH^y3bK M M  $i3MK, HKMM nepWMM BCTaHOBUB 
KinbKicHi cniBBiflHorneHHA Miw p o S o t o w  T a  T e n -  
n o T o ro .  P o 3 r n ^ H y B  TepMOflMHaMiHHMM ^MK^ Ta  
flOBiB T e o p e M y ,  H a3B aH y y  n o g a n b w o M y  n o r o  
iM’flM. OflMH 3 oCHoBonono^HMKiB TepMoflMHaMiKM.

8.3.10. ^pyrHH 3aKOH TepMOflHHaMiKH
n e p m u n  3 a K o H  T e p M o g u H a M i K u  B u p a * a e  3 a r a i b H u n  3 a K o H  3 6 e p e -  

* e H H a  i  n e p e T B o p e H H a  e H e p r i i ' ,  a i e  B iH  H e  3 g a T H u n  B U 3 H a n u T u  H a n p a M o K  

n p o T i K a H H a  n p o ^ c i B .
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H a r a g a e M o ,  ^ o  B c i  p e a n b H i  n p o ^ c u  M a r o T b  n e p e B a ^ H i  H a n p a M K H .  

H a n p H K n a g ,  T e n n o B H H  n o T i K  n p a M y e  B i g  H a r p i T o r o  T i n a  g o  x o n o g H o r o ,  

a K e  3 H a x o g H T b c a  3 hhm b K o H T a K T i ,  a n e  H e  H a B n a K H .  n o a B a  g p y r o r o  3 a -  

K o H y  T e p M o g H H a M i K H  o 6 y M o B n e H a  H e o 6 x i g H i c T r o  B i g n o B i c T H  H a  3 a n u -  

T a H H a ,  a K i  n p o ^ c u  b n p n p o g i  M o ^ n u B i ,  a  a K i  -  H i .

^pv^uu 3aKOH mepModnnaMiKU M a e  g e K i n b K a  ^ o p M y n r o B a H b :

1 )  P .  K n a y 3 i y c ,  1 8 5 0  p . :  neMo:mnueu u Kpysoeuu npo^ c, edunuMpe3ynb- 
mamoM hkoso e  nepedana memomu eid xonodnozo mina do mpanoso;

2 )  Y.Tomcoh, 1 8 5 1  p . :  neMowmueuu npo^c, edunuMpe3ynbmamoM hko- 
so e  euKonannn po6omu BnacnidoK oxonodwenna memoeoso pe3epeyapa.

H a  p u c .  8 . 1 4 ,  a —  H a B e g e H o  r p a ^ i n m  i n r o c T p a ^ i  T e n n o B H x  g B H r y H i B ,  

M o ^ n H B i c T b  a 6 o  H e M o ^ n u B i c T b  g i i '  a K u x  g u K T y e T b c a  g p y r u M  3 a K o H o M  

T e p M o g u H a M i K u .  f l p y r o M y  3 a K o H y  T e p M o g u H a M i K u  B i g n o B i g a e  T e n n o B H H  

g B u r y H ,  3 o 6 p a ^ e H H H  H a  p u c .  8 . 1 1 . H e M o ^ n u B u H  T e n n o B H H  g B u r y H ,  

a K H H  6 u  n e p e T B o p r o B a B  T e n n o T y ,  o T p u M a H y  B i g  H a r p i B H u K a ,  b e K B i B a n e H -  

T H y  iH  p o 6 o T y  ( p u c .  8 . 1 4 ,  a ) .  f l n a  n e p e g a n i  T e n n o T u  B i g  x o n o g u n b H u K a  

H a r p i B H u K y  n o T p i 6 H o  B u K o H a T u  p o 6 o T y  H a g  po6ohhm T i n o M  ( p u c .  8 . 1 4 ,  

6 ) ;  T a K a  c m y a ^ a  p e a n i 3 y e T b c a  b x o n o g u n b H u x  y c r a H o B K a x .  H e M o ^ n u -  

bhh i  T a K H H  T e n n o B H H  g B u r y H ,  b a K o M y  6  3 g i H c H r o B a n a c a  n e p e g a n a  T e n -  

n o T H  B i g  x o n o g u n b H H K a  H a r p i B H H K y  6 e 3  B H K o H a H H a  p o 6 o T H  ( p u c .  8 . 1 4 ,

b).

H&uox.tueui/ dautyit 
a

XO/IOdliJlbHUK
6

HeMOMJiueuii xojioduMHu/c

6

Phc. 8.14. r p a ^ i n m  i a r o c T p a ^ i  T e n a o B H X  g B H r y m B ,  M o ^ a H B ic T b  a 6 o  

H e M o ^ a H B ic T b  g i i  h k h x  g H K T y eT b C H  g p y r a M  3aK O HO M  T e p M o g H H a M iK H
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Pyflonb# KHAy3iyC (1822-1888)

HiMeqbKMM ^i3MK, o g u H  i3 3acHoBHuKiB T ep M o -  
gu-HaMiKu T a  MoneKynapHo-KiHeTMHHoT TeopiT T en -  
no -T u .  3 a n p o n o H y B a B  (pa3oM  3 y .  Tomcohom) n e -  
p w e  ^ o p M y n r o B a H H ^  g p y r o r o  3aKoHy T e p M o g u -  
HaMiKu ( 1 8 5 0  p .),  BBiB noHATTfl eHTponiT ( 1 8 6 5  p.), 
i g e a n b - H o r o  ra 3 y ,  g o B ^ u H u  B in b H o ro  n p o 6 i r y  
M o n eK y n .  O 6 rp y H T y B a B  ( 1 8 5 0  p . )  piBH^HHA 
K n a n e M p o H a - K n a y 3 i y c a .  C ^ o p M y n r o B a B  r in o T e -  
3y “T e n n o B o i  cM epTi B c e c B iT y ”.

8.3.11. EHTponin Ta ii BiacTHBOCTi
K i i b K i c H e  ^ o p M y i r o B a H H a  g p y r o r o  3 a K o H y  T e p M o g u H a M i K u  M a e

B u r i a g :

Q1 -  Q ^  T1 -  t 2

Q1 T
(8.41)

ge Qi -  KiibKicTb TenioTH, aKy HarpiBHHK Biggae po6onoMy Tiiy; Q2 -  KiibKicTb Tenio- 
th, aKy 3a6upae xoiogHibHHK; Ti -  TeMnepaTypa HarpiBHUKa; T2 -  TeMnepaTypa xoiogu- 
ibHHKa. Tyr 3HaK “=” BignoBigae o6opoTHHM, a 3HaK “< “ -  Heo6opoTHHM npo^caM.

Po3riaHeMo o6opoTHUH ^ k i  KapHo, g ia  aKoro Bupa3 (8.41) Mo*Ha
3 a n u c a T u  T a K :

Q1 -  Q2 

Q1

T  -  T11 2
T

a 6 o

3 B i g K u :

(8.42)

Q  =  T

Q 1 T  ,
(8.43)

(8.44)
T 1 T 2

OcKiibKH Q2 BiggaeTbca po6onuM riioM xoioguibHUKy, to  Q2 < 0, i 
ocTaHHe piBHaHHa Mo*Ha 3anucaTu:

Q  -  ( - Q 2 )  

T  T

a6o

0 , (8.45)
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a
T

Q 2

+  =  0 .  ( 8  4 6 )
L1 T 2

B i g H o m e H H a  T e n n o T u  g o  a 6 c o n r o r a o i '  T e M n e p a T y p u  H a 3 u B a e T b c a  n p u -  

e e d e n o w  m e m o m o w .  T a K u M  huhom, c y M a  n p H B e g e H H x  T e n n o T  n i g  H a c  

o 6 o p o T H o r o  ^ u K n y  K a p H O  g o p i B H r o e  H y n r o .

E y g b - a K H H  K o n o B u H  n p o ^ c  M o ^ H a  y a B u T u  a K  B e n u K y  K i n b K i c T b  e n e -  

M e H T a p H u x  ^ u K n i B  K a p H o  ( p u c .  8 . 1 5 ) :

v -L1 ,• v

A Q

T-L o,-
0 . ( 8 . 4 7 )

^ k^o n e p e H T u  g o  H e c K iH -  

H e H H o i ' K in b K o c T i  e n e M e H T a p H u x  

^ u K n i B  K a p H o ,  to  c y M u  b 
o c r a H H i H  ^ o p M y n i  n e p e T B o -  

p r o r o T b c a  b i H T e r p a n u :

d Q  +  1 d Q

T  +  T

d Q  d Q

I T  +  J T  =  0  ( 8 .4 8 )

AaB

a 6 o

AbB

0 .  ( 8 . 4 9 )

K ia b K ic T b  e a e M e H T a p H H X  ^ H K a iB  K a p H o

n i g i H T e r p a n b H u H  B u p a 3  dQ
T

a B n a e  c o 6 o r o  n o B H u H  g u ^ e -  

p e H ^ a n  $ y H ^ i i  S , a K a  3 a n e -  

^ u T b  B i g  c T a H y  c u c T e M u  i  H e  3 a n e ^ u T b  B i g  m n a x y ,  a K u M  c u c T e M a  n p u -  

H m n a  g o  ^ o r o  c T a H y ;  B o H a  B u 3 H a n a e T b c a  n u m e  n o n a T K o B u M  T a  K i H ^ -  

bum c T a H a M u  o 6 o p o T H o r o  n p o ^ c y :

d Q

T  = dS. ( 8 . 5 0 )

O y H K ^ a  S  H a 3 u B a e T b c a  enmponiew. T e p M i H ,  a K u H  n o x o g u T b  B i g

r p e ^ K o r o  c n o B a  T p o n ' q  ( n e p e T B o p e H H a ) ,  6 y n o  B n e p m e  3 a n p o B a g ^ e H o  

K n a y 3 i y c o M  y  1 8 6 5  p .  B u M i p r o e T b c a  e H T p o n i a  y  flw/K.
3 M i H a  e H T p o n i i  B u 3 H a n a e T b c a  c y M a p H u M  3 H a n e H H a M  n o r n u H y T u x  c u -  

c T e M o r o  n p u B e g e H u x  T e n n o T .  3 a  H e c K m n e H H o  M a n u x  3 M iH  c T a H y  c u c T e M u  

3 M i H a  e H T p o n i i  dS g o p i B H r o e  ( n i g  H a c  o 6 o p o T H u x  n p o ^ c i B )  a 6 o  n e p e B u -  

^ y e  ( n i g  H a c  H e o 6 o p o T H u x  n p o ^ c i B )  3 H a n e H H a  n o r n u H y T o i  c u c T e M o r o  

e n e M e H T a p H o i  n p u B e g e H o i  T e n n o T u  (nepienicmb Knay3iyca).
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O T * e , g i a  o6op oT H u x n p o ^ c i B  c n p a B e g iu B i TaKi B u pa3u :

( 8 5 1 )

a  g i a  H e o 6 o p o T H u x  -  T a K i :

d S  > ; ( 8 . 5 2 )

n i g  n a c  c a M o n u H H u x  n p o ^ c i B  i 3 o i b o B a H a  c u c T e M a  n e p e x o g u T b  y  

C T a H  T e p M o g u H a M i n H o i  p i B H o B a r u ,  a K H H  x a p a K T e p u 3 y e T b c a  M a K C U M a i b -  

H o r o  e m r p o n i e r o .

T a K H M  n u H o M ,  ocnoeni menden^i 3Minu enmponii M o * H a  c ^ o p M y -  

i r o B a T u  T a K :

1 .  B i3onboeaniu cucmeMi, e nKiu npoxodnmb o6opomni npo^cu, enm- 
ponin 36epi^ae cmane 3naHennn:

2 .  B i3onboeaniu cucmeMi, e nKiu npoxodnmb neodopomni npo^cu, 
enmponin 3pocmae:

3 .  3 a  mepModunaMiHnoipieHoea^u enmponin npnMye do MaKcuManb- 
H0^0 3naHennn:

^pv^uu 3aKon mepModunaMiKu dnn neodopomnux npowcie n o K a 3 y e  

H a n p a M o K  n p o ^ c y :  neo6opomni npo^cu 3aew:du eid6yeawmbcn y na- 
npnMKy 3pocmannn enmponii. O T * e ,  M o * H a  B B e c T u  m e  o g H e  B U 3 H a n e H H a  

e H T p o n i i :  ^  maKa fyyn^in cmany cucmeMu, nKa emnaHae nanpnM0K 
npomiKannn ^0einbH0^0 npo^cy: e i3onboeaniu cucmeMi enmponin 36e- 
pi^ae cmane 3naHennn nid Hac o6opomnux npowcie, 3pocmae nid Hac 
neo6opomnux npowcie ma docmae MaKCUManbH0^0 3naHennn y pa3i 
mepModunaMiHnoi pieHoea^u.

n p H K i a g

3HaHTH 3MiHy eHTponii y npoiieci niaBieHHa 2 Kr itogy, mo Mae TeMnepaTypy 0 0C.
P 0 3 B ’H 30K

3MiHa eHTponii BH3HanaeTLca BHpa3oM:

ge S 1 i S2 -  3HaneHHa eHTponii b nonaTKoBoMy i Ki^eBoMy CTaHax.
niaBieHHa ibogy Macoro m 3a TeMnepaTypu T cynpoBogxyeTLca 3MiHoro eHTponii:

d S  =  0 ;  S  =  c o n s t . ( 8 . 5 3 )

d S  > 0 . ( 8 . 5 4 )

S  - ^ S , ( 8 . 5 5 )

202



dQ mX
A S  =  J  —  =J T1 T T

ge X -nuToMa TennoTa nnaBneHHa (3,35 105 flx-KT"1).
3Bigcu:

2^  ■ 3 ,35-10 ^  ,
AS = ------------------------------------ ---------- -----------= 2454 ■ K ■

273K ^

n p H K a a g

Bn3HaHHTH 3MiHy eHTponii npn HarpiBaHHi Ta nnaBneHHi 0,1 Kr onoBa, aK^o noHaT- 
KoBa TeMnepaTypa onoBa cTaHoBHTL 20 0C, nnToMa TennoeMHicTb 230 ^ *  kt"1T"1, nuro- 
Ma TennoTa nnaBneHHa 60,2 k^ x -kt"1, a TeMnepaTypa nnaBneHHa 231,9 0C.

P 0 3 B ’H 30K

3MiHa eHTponii nig Hac i3o6apHoro HarpiBaHHa Big TeMnepaTypu T1 go TeMnepaTypu 
T2 BH3HanaeTtca 3a Bupa3oM:

T  d T  , T2
AS = cm \ -----= cm  ln — ,

T T
T, 1

ge dQ = cmdT; c -  nuToMa TennoeMHicTb 3a cTanoro TucKy.
3MiHa eHTponii nig Hac nnaBneHHa Macu m KpucTaniHHoi peHoBuHu gopiBHroe:

mX
AS = ------ ,

Tnnnn
ge Q = mX -  TennoTa nnaBneHHa; X -  nuToMa TennoTa nnaBneHHa; Tnn -  TeMnepaTypa 
nnaBneHHa.

OTxe, 3MiHa eHTponii nig Hac HarpiBaHHa Ta nnaBneHHa onoBa BroHaHaeTtca TaK:
T mX

AS = cmln —— +  _ ,
T Tn nn

ge Tn -  noHaTKoBa TeMnepaTypa peHoBuHu.

AS = 230 fl*-Kr"1T"1-0,1 Kr x ln(505,05 / 293,15) + (0,1kt x 60,2-103 ^*-k t"1)/(505,05
nigcTaBnaeMo HucnoBi gaHi b ocTaHHe piBHaHHa:

/ 293,:
K) =

= 24,37 flx-Kr"1.

K o H T p o a b H e  3 a B g a H H H

Bu3HaHuTu 3MiHy eHTponii nig Hac nnaBneHHa 0,3 Kr cbuhhki, aK^o nuToMa Tenno­
Ta nnaBneHHa 24,7 k^x-kt"1, a TeMnepaTypa nnaBneHHa 327,4 0C.

Bidnoeidb: AS = 12,34 ^ x  kt'-I

8.3.12. EHTponia Ta HeynopnflKOBaHicTb
y  n p u p o g i  B i g 6 y B a e T b c a  6 a r a T o  n o g i H  T a  c u T y a ^ H ,  a K i  x a p a K T e p u 3 y -  

r o T b c a  H e B n o p a g K o B a H i c T r o .  f l n a  x a p a K T e p u c T u K u  M o x n u B o c r i  n o a B u  g e a K o i  

n o g i i  y  K o H K p e T H u x  y M o B a x  B B o g u T b c a  n o H a T T a  H M o B i p H o c r i  W, ^ o  B u 3 H a -  

H a e  K in b K ic T b  c n o c o 6 i B ,  a K u M u  M o x e  6 y r a  p e a n i 3 o B a H u H  g a H u H  c T a H  M a K p o -
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C K o n i n H o i  c u c T e M u  a 6 o  K i i b K i c T b  M iK p o c T a H i B .  E m p o n i a  S  c u c T e M u  i  T e p M o -  

g u H a M i n H a  H M o B i p H i c T b  n o B ’a 3 a H i  M i *  c o 6 o r o  fiopMynow Eonb^MaHa:

S  =  k l n W  ( 8 . 5 7 )

ge k -  CTaia Eoi^M aH a.

O T * e  e H T p o n i r o  M o * H a  p o 3 r i a g a T u  a K  M i p y  H M o B i p H o c T i  C T a H y  T e p -  

M o g u H a M i n H o i  c u c T e M u ,  a  c a M e :  enmponin e Mipow neenopndKoeanocmi 
cucmeMu. H u m  6 i i b m a  K i i b K i c T b  M i K p o c T a H i B ,  m o  p e a i i 3 y r o T b  g a H H H  

M a K p o c T a H ,  t u m  6 i i b m a  e H T p o n i a .  B  i 3 o n b o B a m n  c u c T e M i ,  b  a K i n  n p o x o -  

g a T b  H e o 6 o p o T H i  n p o u e c u ,  e H T p o n i a  3 p o c r a e  ( d S » ) ;  n e p e x i g  i 3 o i b o B a H o i  

c u c T e M u  g o  C T a H y  p i B H o B a r u  x a p a K T e p u 3 y e T b c a  M a K C U M a i b H o r o  e m r p o -  

n i e r o  i  u e n  C T a H  e  H a n 6 i i b m  H M o B i p H U M .

P o 3 r n a H e M o  T a K u n  n p u K i a g :  H e x a n  y  c y M u i  3 H a x o g a T b c a  1 0 0  K y i b o K ,  3 
a K u x  5 0  -  n o p H o r o  K o i b o p y ,  a  5 0  -  6 i i o r o .  B a M  n p o n o H y e T b c a  B H T a r H y r u  

o g H y  K y i b K y ,  3 a n u c a T u  i i  K o i i p  i  n o B e p H y r u  i i  b  c y M K y .  B  p e 3 y n b T a r i  B U T a -  

r a H H a  M o * i u B i  T a K i  K o M 6 m a u i i '  T a  n o c n i g o B H o c r i  K o i b o p i B  K y i b o K :

Mo*iHBi KoM6iHami 
KoibopiB

Mo*iHBi nociigoBHocTi KomopiB KiiLKiCTL KoM6i- 
Ha^n

Bci nopm hhhh 1
OgHa 6iia, Tpu nopm HHHE; HHEH; HEHH; EHHH 4
flBi 6iii, gBi nopm HHEE; HEHE; EHHE; HEEH; 

EHEH; EEHH
6

Tpu 6iiux, ogHa nopHa EEEH; EEHE; EHEE; HEEE 4
Bci 6iii EEEE 1

O T * e ,  H a n 6 i i b m  H M o B i p H o r o  e  c u r y a u i a ,  m o  B i g n o B i g a e  B U T a r y B a H H r o  

g B o x  n o p H u x  T a  g B o x  6 i i u x  K y i b o K ;  B o H a  o n u c y e  H e B n o p a g K o B a H u n  C T a H  

c u c T e M u  3 M a K C H M a i b H o r o  e H T p o n i e r o .  M e H m o r o  n M o B i p H i c r r o  x a p a K T e p u 3 y -  

e T b c a  c u r y a u i a  3 B U T a r y B a H H a M  n o r u p b o x  n o p H u x  a 6 o  n o r u p b o x  6 i i u x  

K y i b o K ;  u e n  C T a H  e  B n o p a g K o B a H u n  i  B iH  M a e  M i H i M a i b H y  e H T p o n i r o .

T a K H M  n u H o M ,  e H T p o n i a  x a p a K T e p u 3 y e  n e p e x i g  c u c T e M u  3 B n o p a g K o -  

B a H o r o  g o  H e B n o p a g K o B a H o r o  C T a H y .

KOHTPONBHI 3AnHTAHHfl TA 3AB£AHHfl
1 .  n o a c H H T H  n p u H u u n u  y T B o p e H H a  T e M n e p a T y p H u x  m K a i .

2 .  O x a p a K T e p u 3 y B a T u  T u n u  T e p M o g u H a M i n H u x  c u c T e M .  . S K  o 3 H a K u  

i 3 o i b o B a H o i ,  3 a M K H y T o i  T a  B i g K p u T o i  T e p M o g u H a M i n H u x  c u c T e M ?

3 .  ^ o  T a K e  T e p M o g u H a M i n H i  n a p a M e T p u ?  T e p M o g u H a M i n H u n  n p o u e c ?

4 .  f l a T u  B H 3 H a n e H H a  B H y T p i m H b o i  e H e p r i i ' .

5 .  ^ o  H a 3 H B a r o T b  T e n n o e M H i c r r o  T i i a ?  n u T o M o r o  T e n n o e M H i c r r o  p e -  

n o B u H u ?
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6 .  f l a T u  B u 3 H a n e H H a  p o 6 o T u ;  T e n n o T u .

7 .  C ^ o p M y n r o B a T u  n e p m u H  3 a K o H  T e p M o g u H a M i K u .

8 .  O x a p a K T e p u 3 y B a T u  m n a x u  T e n n o o 6 M i H y  M i x  T e p M o g u H a M i H H o r o  

c u c T e M o r o  i  3 o B H i m H i M u  T i n a M u .

9 .  3  H o r o  c K n a g a e T b c a  T e n n o B u H  g B u r y H ?  B i g  H o r o  3 a n e x u T b  K o e ^ i -  

^ e H T  K o p u c H o i  g i i  T e n n o B o r o  g B u r y H a ?

1 0 .  C ^ o p M y n r o B a T u  g p y r u H  3 a K o H  T e p M o g u H a M i K u .

1 1 .  ^ K i  n p o ^ c u  H a 3 u B a r o T b  o6opothumu? H e o 6 o p o T H u M u ?

1 2 .  f l a T u  B u 3 H a H e H H a  e H T p o n i i .

1 3 .  O x a p a K T e p u 3 y B a T u  o c H o B H i  T e H g e H ^ i '  3 M i H u  e H T p o n i i .

8.4. TEPMOflHHAMIKA HEOEOPOTHHX n P O ^ C IB
8.4.1. OrauioHapHHH CTaH

y  n o n e p e g H i x  p o 3 g i n a x  6 y n o  p o 3 r n a H y T o  3 a c T o c y B a H H a  3 a K o H iB  K n a -  

c u H H o i  T e p M o g u H a M i K u  ctocobho 3 a M K H y T u x  T a  i 3 o n b o B a H u x  c u c T e M .  

Ochobhum K p u T e p i e M  H a n p a B n e H H a  g o B i n b H u x  3 M iH  b i 3 0 n b 0 B a H i H  c u c ­

T e M i  e  3 6 i n b m e H H a  e H T p o n i i ,  a  kih^bum p e 3 y n b T a T o M  -  g o c a r H e H H a  c T a ­

H y  p i B H o B a r u .

E i o n o r i H H i  c u c T e M u  e  B i g K p u T u M u  T e p M o g u H a M i H H u M u  c u c T e M a M u ,  

o c K i n b K u  bohu o 6 M i H r o r o T b c a  3  H a B K o n u m H i M  c e p e g o B u ^ e M  e H e p r i e r o  i  

p e H o B u H o r o .  T a K ,  p o c n u H u  n o r n u H a r o T b  ^ o T o c u m e r a H H o  a K T u B H e  B u ­

n p o M i H r o B a H H a ,  B i g g a r o T b  e H e p r i r o  H a B K o n u m H b o M y  c e p e g o B u ^ y  y  bu-
r j i a g i  Tenjia, ogepxyiOTb i 3  rpyHTy n o -  

x u B H i  p e H o B u H u ,  6 e p y T b  y H a c T b  y  r a 3 0 -  

o 6 M i H i .  T a K u H  6 e 3 n e p e p B H u H  o 6 M i H  c y -  

n p o B o g x y e T b c a  3 M i H o r o  H e p i B H o B a x H u x  

c T a H i B ;  x u T T e g i a n b H i c T b  o p r a H i 3 M y ,  T a -  

kum huhom, a B n a e  c o 6 o r o  c y K y n H i c T b  

p i 3 H u x  H e p i B H o B a x H u x  n p o ^ c i B .  P e -  

3 y n b T a T o M  T a K o r o  o 6 M i H y  o p r a H i 3 M y  3  

H a B K o n u m H i M  c e p e g o B u ^ e M  e  g o c a r ­

H e H H a  cma î0HapH0^0 cmany, b a K o M y ,  

H e 3 B a x a r o H u  H a  B ig c y T H i c T b  T e p M o g u H a -  

M iH H o i  p i B H o B a r u ,  3 6 e p i r a r o T b c a  H e 3 M iH -  

H u -

mu n p o T a r o M  T p u B a n o r o  n p o M i x K y  H a c y  

g e a K i  $ i 3 u H H i  i  x i M i H H i  B n a c T u B o c T i  

T e p M o g u H a M i H H o i  c u c T e M u .  M o g e n i  c T a -  

^ o H a p H o r o  T a  H e p i B H o B a x H o r o  c T a H i B  

H a B e g e H o  H a  p u c .  8 . 1 6  a,6. T y T  e  B x i g -

T P
•-

■//////////SSSJ/SSS
6

Puc. 8.16. M o g e a i  C T a^ o H a p H o r o  

(a) T a  H e p iB H o B a x H o r o  (6) C T aH iB
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huh n o T i K ,  B u x i g H u n  n o T i K ,  a i e  p i B e H b  B o g u  b p e 3 e p B y a p i  3 a i u m a e T b c a  

C T a i U M .

8.4.2. 3MiHa eHTponii
3 M i H y  e H T p o n i i '  M o * H a  n p e g c T a B H T H  T a K :

dS = deS  + diS, ( 8 . 5 7 )

g e  d e S  -  3M iH a e H T p o n i i  CHCTeMH 3 a  p a x y m o K  o 6 M iH y  e H e p r ie r o  T a  p e n o B H H o ro  i3  3 o B H im - 

H iM  c e p e g o B u m e M ; d i S  -  3M iH a e H T p o n i i  B H a c i ig o K  H e o 6 o p o T H H x  n p o ^ c i B ,  m o  B ig 6 y B a -  

r o T b c a  b  c u c T e M i.

f l i a  3 a M K H y T o i  c u c T e M u ,  b  a K i n  B i g c y r a i n  o 6 M i H  p e n o B U H o r o ,  deS  =  

=  d Q , n p u n o M y  B e i u n u H a  deS  M o * e  6 y r u  g o g a T H o r o  a 6 o  B i g ’ e M H o r o ,

a i e  B e i u n u H a  d,S  M o * e  6 y T u  i u m e  6 i i b m e  H y i a  a 6 o  g o p i B H r o B a T u  H y i r o .  

n i g  n a c  K o i o B o r o  n p o u e c y ,  k o i h  c u c r e M a  n o B e p T a e T b c a  y  n o n a T K o B u n  

C T a H , c y M a p H a  3 M i H a  e H T p o n i i '  g o p i B H r o e  H y i r o ,  o T * e :

|  dS  = |  d eS  + |  d S  =  0 . ( 8 . 5 8 )

O c K i i b K u  djS>  0 ,  B u x o g u T b ,  m o  ^ d tS  >  0  . O T * e ,  g i a  3 a M K H y T o i  c h -  

C T e M u  3  y p a x y B a H H a M  p i B H a H H a  ( 8 . 5 8 )  o g e p * u M o  B u p a 3 :

> d .S  = f  ‘’Q  < 0 . ( 8 . 5 9 )

O T * e ,  H e M a e  T a K u x  p e a i b H u x  c u c T e M  b n p u p o g i ,  a K i  6  M o r i n  n p o n T u  

c e p i r o  T e p M o g u H a M i n H u x  n p o u e c i B  i  n o B e p H y T u c a  y  n o n a T K o B u n  C T a H  6 e 3  

3 p o c T a H H a  e H T p o n i i ' .

f l i a  i3onboeanoi c u c T e M u ,  a K a  H e  o 6 M i H r o e T b c a  i 3  3 o B H i m H i M  c e p e g o ­

B u m e M  H i  e H e p r i e r o ,  H i  p e n o B U H o r o ,  M a r o T b  M i c u e  T a K i  c n i B B i g H o m e H H a :

deS  =  0 Ta diS >  0 . ( 8 . 6 0 )

f l i a  3aMKnymoi c u c T e M u ,  m o  o 6 M i H r o e T b c a  i 3  3 o B H i m H i M  c e p e g o B u ­

m e M  e H e p r i e r o ,  o 6 M i H  p e n o B U H o r o  B i g c y T H i n ,  M o * H a  3 a n u c a T u :

deS = —Q  = (dU +pdV)/TTa diS  >  0. ( 8 . 6 1 )

f l i a  eidKpumoi c u c T e M u ,  b a K i n  B i g 6 y B a e T b c a  o 6 M i H  i 3  3 o B H i m H i M  c e ­

p e g o B u m e M  e H e p r i e r o  i  p e n o B U H o r o ,  c n p a B e g i u B i  T a K i  c n i B B i g H o m e H H a :

deS = (dU +pdV)/T + dSpen T a  d,S > 0, ( 8 . 6 2 )

ge dSpev -  3MiHa eHTponii 3a paxymoK noToKy penoBHHH.
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C i i g  3 a y B a * H T H ,  m o  g i a  B i g K p u T o i  c u c T e M u  dU +pdV  ̂  dQ.
O T * e ,  g i a  6 y g b - a K o i  T e p M o g u H a M i n H o i  c u c T e M u  ( i 3 o i b o B a H o i ,  3 a M K -  

H y T o i  a 6 o  B i g K p u T o i )  M a e  M i c u e  c n i B B i g H o m e H H a  diS>  0 .

f l i a  3 a M K H y T o i  c u c T e M u  o 6 M i H  p e n o B U H o r o  B i g c y T H i n ,  n e p e 3  m o  deS=  
= dQ/T. B e i u n u H a  deS  M o * e  6 y T u  g o g a T H o r o  a 6 o  B i g 'e M H o r o .  E H T p o n i a  

3 a B g a K u  B 3 a e M o g i i  3  o T o n y r o n u M  c e p e g o B u m e M  M o * e  3 6 i i b m y B a T u c a  (deS  
>  0 )  a 6 o  3 M e H m y B a T u c a  (deS <  0 ) .  f f l , o g o  B e i u n u H u  diS, to  B o H a  M o * e  

6 y r u  a 6 o  6 i i b m e  H y i a ,  a 6 o  g o p i B H r o B a T u  H y i r o  (diS>  0 ) .

^ K m o  b c u c r e M i  B i g 6 y B a r o T b c a  o 6 o p o T H i  n p o u e c u ,  3 M i H a  e H T p o n i i '  

g o p i B H r o e  H y i r o  (diS  = 0 ) .  P e a i b m  c u c T e M u  x a p a K T e p u 3 y r o T b c a  n p o T i -  

K a H H a M  H e o 6 o p o T H u x  n p o u e c i B ,  B H a c i i g o K  a K u x  B i g 6 y B a e T b c a  n o 3 U T U B -  

H a  3 M i H a  e H T p o n i i '  (diS  >  0 ) .

C T a u i o H a p H U M  c r a H o M  3  T o n K u  3 o p y  3 M i H u  e H T p o n i i '  H a 3 U B a e T b c a  T a ­

K u n  C T a H  c u c T e M u ,  3 a  a K o r o  e H T p o n i a  S  B c i e i  B i g K p u T o i  c u c T e M u  3 6 e p i r a -  

e T b c a ,  to 6 to  n o B H a  3 M i H a  e H T p o n i i '  g o p i B H r o e  H y i r o  (dS = 0 ) .

3  p i B H a H H a  ( 8 . 1 3 )  B u x o g u T b ,  m o  deS + diS  =  0 ,  a 6 o  deS = -diS. O c K i -  

i b - K u  diS  >  0 ,  3 M i H a  e H T p o n i i ' deS  3 a  p a x y H o K  B 3 a e M o g i i  3  o T o n e H H a M  M a e  

6 y T u  B i g ’ e M H o r o  (deS  < 0 )  i  g o p i B H r o B a T u  n o  M o g y i r o  diS  . U a  y M o B a  B u ­

K o H y e T b c a ,  a K m o  e H T p o n i a ,  m o  B u p o 6 i a e T b c a  y c e p e g u H i  c u c T e M u ,  n o B H i -  

C T ro  p o 3 c i r o e T b c a  b g o B K i i i a .  M o * H a ,  T a K H M  n u H o M ,  C T B e p g * y B a T u ,  m o  

B i g K p u T i  c u c T e M u  b C T a u i o H a p H o M y  C T a H i  * u B i a T b c a  Hesenmponiern 
( B i g ’ e M H o r o  e m p o n i e r o ) .

8.4.3. npogyKTH eHTponii
O g H U M  3  H a n B a * i u B i m u x  n o H a T b  T e p M o g u H a M i K u  H e o 6 o p o T H u x  

n p o u e c i B  e  3 M i H a  e H T p o n i i '  y  n a c i .  f l u ^ e p e H u i r o r o n u  p i B H a H H a  ( 8 . 5 7 ) ,  

o g e p * y e M o :

—s  — s  —se
+  - 7 -  . ( 8 . 6 3 )

dt dt dt 

T y T  —S  m a 3 U B a r o T b  weudKicmw npodyKU,ii enmponii. 

y  C T a u i o H a p H o M y  C T a H i  6 a i a H C  e H T p o n i i '  B U 3 H a n a e T b c a  3a  B u p a 3 o M :

d S  d „S  d S
+  ^ —  =  0 ,  ( 8 . 6 4 )

e
dt dt dt 

m o  C B i g n u T b  n p o  T e ,  m o  e H T p o n i a  H e  3 M i H r o e T b c a .

d S
T a K H M  n u H o M ,  m B u g K i c T b  n p o g y K u i i '  e H T p o n i i '  —  g o p i B H r o e  c y M i

dt
m B u g K o c T i  o 6 M i H y  e H T p o n i e r o  M i *  c n c T e M o r o  i  o T o n y r o n u M  c e p e g o B u m e M

207



d —  ... ... d — .
--------- T a  m B u g K o c T i  n p o g y ^ i i  e H T p o n i i  --------  B H a c n i g o K  H e o 6 o p o T H u x

dt dt
n p o ^ c i B .

deS
f l o g a T H a  B e n u H u H a  ---------->  0  n o B ’a 3 a H a  3 i  3 6 i n b m e H H a M  e H T p o n i i  c u -

dt
c T e M u  B H a c n i g o K  o 6 M i H y  p e H o B u H o r o  T a  e H e p r i e r o  i 3  3 0 B H i m H i M  c e p e g o -

deS
B u ^ e M .  B i g  e M H a  B e n u H u H a  ----------<  0  B i g n o B i g a e  T 0 M y ,  ^ o  c T i K a H H a  n o -

dt
3 u t u b h o 1 e H T p o n i i  B i g  c u c T e M u  y  3 0 B H i m H e  c e p e g o B u ^ e  n e p e B u ^ y e  H a g -  

x o g x e H H a  n o 3 u T u B H o i  e H T p o n i i  3 3 0 B H i .  B  p e a n b H i H  c m y a ^ i  p o 3 b u t o k  

x u b u x  o p r a H i 3 M i B  c y n p o B o g x y e T b c a  3 M e H m e H H a M  3 a r a n b H o i  B e n u H u H u  

i x  e H T p o n i i ,  a n e  c n i g  B p a x o B y B a T u ,  ^ o  b  i H m u x  g i n a H K a x  3 0 B H i m H b o r o  

c e p e g o B u ^ a  B i g 6 y B a r o T b c a  n p o ^ c u ,  ^ o  x a p a K T e p u 3 y r o T b c a  y T B o p e H H a M  

g o g a T H o i  e H T p o n i i .

8.4.4. ^oKa^bHa npogyK^H eHTponii
P 0 3 g i n u M 0  T e p M o g u H a M i H H y  c u c T e M y  H a  n H a c T u H .  f l n a  T a K o i  c u c T e ­

M u  M o x H a  3 a n u c a T u  c n i B B i g H o m e H H a :

d— = d— + dS2 + ... + d— >  0, ( 8 . 6 5 )

ge diSK -  npogyK^ia eHTponii K-i HacTuHu cucTeMu (k 3MiHroeTtca Big 1 go n); gna Kox- 
Horo 3HaHeHHa k Mae Mi^e HepiBHicTt:

dlSK> 0. ( 8 . 6 6 )

X o H a  B i g K p u T a  M a K p o c K o n i H H a  c u c T e M a  y  ^ n o M y  H e p i B H o B a x H a ,  K o x H a  

3 n i g c u c T e M ,  ^ o  y T B o p r o e T b c a  b  e n e M e H T a p H 0 M y  06’ e M i,  3 H a x o g u T b c a  y  c T a -  

H i  T e p M o g u H a M i H H o i  p i B H o B a r u .  B  ^ 0M y  n o n a r a e  n p m ^ n  noKanbHoi pieHo- 
ea^u. y  3 B ’a 3 K y  3 ^ u M  B B o g u T b c a  H 0B e  n o H a T T a  -  noKanbHa npodyKU, ™  eHm- 
ponii o(x,t) b  e n e M e H T a p H 0M y  06’ e M i  dV, a K a  B u 3 H a H a e T b c a  3a  B u p a 3 0 M :

c(x,t) = - 1— > 0 ,  ( 8 . 6 7 )
dt

ge s -  rycTuHa eHTponii.
f f l B u g K i c T b  n p o g y ^ i i  e H T p o n i i  b  c u c T e M i  n o B  a 3 a H a  3 n o K a n b H o r o  

n p o g y ^ i e r o  e H T p o n i i  c n i B B i g H o m e H H a M :

d S
—— =  |"ct( x , t) dV. ( 8 . 6 8 )
dt

V

H e p e 3  T e ,  ^ o  d— >  0 ,  g n a  n o K a n b H o i  n p o g y ^ i i  e H T p o n i i  M o x H a  3 a -  

n u c a T u  H e p i B H i c T b  o{x,t) >  0 .
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8.5. HEPIBHOBA^HA TEPMOflHHAMIKA
8.5.1. flucunaTHBHa (y H ^ ia

Hepienoeawni mepModunaMivni npo^ cu -  u e  T a K i  $ i 3 u n m  n p o u e c u ,  

a K i  H a M a r a r o T b c a  n o B e p H y T u  c u c T e M y ,  m o  3 H a x o g u T b c a  y  H e p i B H o B a * -  

H o M y  C T a H i ,  g o  C T a H y  T e p M o g u H a M i n H o i  p i B H o B a r u .  ^ K m o  y  T a K i n  c u c T e ­

M i i c H y r o T b  H e o g H o p i g H o c T i  ( r p a g i e H T u  T e M n e p a T y p ,  K o H u e m p a u i n  a 6 o  

m B u g K o c T e n ) ,  to  B U K i u K a H i  hhmh H e p i B H o B a * H i  n p o u e c u  T e n i o n p o B i g -  

H o c T i ,  g u ^ y 3 i i '  a 6 o  B a 3 K o c T i  6 y g y r b  c n p u a T u  B c r a H o B i e H H r o  p i B H o B a r u .  

H e p i B H o B a * H i  n p o u e c u  e  H e o 6 o p o T H U M u .

y H i B e p c a i b H o r o  x a p a K T e p n c T U K o r o  6 y g b - a K o r o  n p o u e c y  e  ducunamu- 
—S

ena ^yu^in T— , a K a  a B i a e  c o 6 o r o  g o 6 y T o K  g B o x  B e i u n u H  -  y 3 a r a i b -  
dt

H e H o i  c u i u  X  ( n p u n u H a )  H a  y 3 a r a i b H e H u n  n o T i K  I  ( m B u g K i c T b  n p o u e c y ) :

3 U B a r o T b  nomywuicmw npo^cy.
^ k  n p u K i a g u  y 3 a r a i b H e H u x  c u i  M o * H a  H a B e c T u  r p a g i e H T u  K o H u e H -  

T p a u i i ' ,  T e M n e p a T y p u ,  m B u g K o c T i ,  m o  B U K i u K a r o T b  y 3 a r a i b H e m  n o T o K u  

M a c u ,  T e n n o T H  T a  i M n y i b c y  B i g n o B i g H o .

P e a i b H i  6 i o n o r i n m  c u c T e M u  H e  3 H a x o g a T b c a  b C T a H i  p i B H o B a r u ,  o c K i -  

i b K u  b hux B i g 6 y B a r o T b c a  n p o u e c u ,  m o  c y n p o B o g * y r o T b c a  ducuna^ ew 
e H e p r i i '  -  n e p e x o g o M  n a c T U H u  e H e p r i i '  y n o p a g K o B a H o r o  n p o u e c y  b e H e p ­

r i r o  H e y n o p a g K o B a H o r o  n p o u e c y ,  H a n p u K i a g ,  b T e n i o T y  a 6 o  B u n p o M i H r o ­

B a H H a .  f l i a  K i i b K i c H o i  o u i H K u  B e i u n u H  deS  T a  d,S  g i a  o n u c y  6 y g b - a K o r o  

H e o 6 o p o T H o r o  n p o u e c y  B B o g a T b  T e p M r n u :  mepModunaMivna cuna F  T a

d X
mepModunaMivnuu nomiK J  = -------- , g e  dX -  3 M i H a  $ i 3 u n H o i '  B e i u n u H u  3 a

dt
n p o M i * o K  n a c y  dt.

3 M i H y  e H T p o n i i '  d,S  M o * H a  B u p a 3 U T u  n e p e 3  u i  T e p M i H u ,  H e 3 B a * a r o n u  

H a  n p u p o g y  T e p M o g u H a M i n H u x  c u i  T a  T e p M o g u H a M i n H u x  n o T o K i B :

( 8 . 6 9 )

a K m o  y  B i g K p u T i n  c u c T e M i  n p o x o g u T b  i n p o u e c i B .  f l o 6 y T o K

8.5.2. flBH^a nepeHeceHHA

d,S = FdX. ( 8 . 7 0 )
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B c i  H e o 6 o p o T H i  n p o ^ c u ,  ^ o  B i g 6 y B a r o T b c a  y  6 i o n o r i H H u x  c u c T e M a x ,  

M o x H a  o n u c a T u  p i B H a H H a M u ,  a K i  a B n a r o T b  c o 6 o r o  3 M iH y  e H T p o n i i  a K  c y -  

M y  k B c i x  3 M iH , 3 y M 0 B n e H u x  H e o 6 o p o T H u M u  n o T o K a M u  dXk:
d— = V F kdX k > 0 ;  ( 8 . 7 1 )

k

d — = V  F k dX ^  > 0 .  ( 8 . 7 2 )

d t t dt
T a K u M  huhom, 3 a r a n b H a  $ o p M a  n p o g y ^ i i  e H T p o n i i  3 a  p a x y H o K  H e -  

o 6 o p o T H u x  n p o ^ c i B  H a 6 y B a e  B u r n a g y :

° J 4 - =  V  F , ' -X ^ =  V  F J k , ( 8 . 7 3 )
d t V  d t k

ge F k -  pymiHHi cunu, a J k -  noToKu
H e o 6 o p o T H i  n p o ^ c u ,  B H a c n i g o K  a K u x  y  ^ i 3 u H H i n  c u c T e M i  B i g 6 y B a -  

e T b c a  n p o c T o p o B e  n e p e H e c e H H a  M a c u ,  i M n y n b c y ,  e H e p r i i ,  e H T p o n i i ,  e n e K -  

T p u H H o r o  3 a p a g y  t o ^ o ,  H a 3 u B a r o T b c a  n p o ^ c a M U  ( x e u ^ a M u )  n e p e m c e H -  

hh. n p o ^ c u  n e p e H e c e H H a ,  b  a K u x  r p a g i e H T  n e B H o i  B n a c T u B o c T i  3 y M 0 B -  

n r o e  n o T i K  T i e i  x  c a M o i  $ i 3 u H H o i  B n a c T u B o c T i ,  H a 3 u B a r o T b c a  n p H M U M U  

n p o ^ c a M U  n e p e H e c e H H H . n p u K n a g a M u  n p a M u x  n p o ^ c i B  e  g u $ y 3 i a  ( n o ­

T iK  H a c T u H o K  3 y M 0 B n r o e T b c a  r p a g i e H T 0 M  K o H ^ m p a ^ i ) ,  T e n n o n p o B i g -  

H i c T b  ( n o T i K  T e n n a  3 y M 0 B n r o e T b c a  r p a g i e H T 0 M  T e M n e p a T y p u ) ,  p y x  e n e K T -  

p u H H u x  3 a p a g i B  ( n o T i K  e n e K T p u H H u x  3 a p a g i B  3 y M 0 B n r o e T b c a  r p a g i e H T 0 M  

n o T e H ^ a n y  e n e K T p u H H o r o  n o n a ) .  ^ k ^ o  r p a g i e H T  o g H i e i  $ i 3 u H H o i  B n a c ­

T u B o c T i  n p u B o g u T b  g o  n 0 T 0 K y  i H m o i ,  H g e T b c a  n p o  H e n p H M i  ( n e p e x p e c H i )  

n p o ^ c u  n e p e H e c e H H H . ^ k  n p u K n a g u  M o x H a  H a B e c T u  T e p M o g u $ y 3 i r o  a 6 o  

e ^ e K T  C o p e  ( n o T i K  H a c T u H o K  3 y M 0 B n r o e T b c a  r p a g i e H T 0 M  T e M n e p a T y p u ) ,  

g u $ y 3 i H H y  T e n n o n p o B i g H i c T b  a 6 o  e ^ e K T  f l r o ^ y p a  ( n o T i K  T e n n a  3 y M 0 B -  

n r o e T b c a  r p a g i e H T 0 M  K o H ^ m p a ^ i ) ,  T e p M o e n e K T p u H H i  a B u ^ a  ( n o T i K  e n e ­

K T p u H H o r o  3 a p a g y  3 y M 0 B n r o e T b c a  r p a g i e H T 0 M  T e M n e p a T y p u ) .  M o x n u B i  

n p o ^ c u  n e p e H e c e H H a  H a B e g e H o  H a  p u c .  8 . 1 7 .

210



I f  p a .M i  n p o t i e c t i  n e p e n o e y

l l p o u e c

f l i i ( p y 3 ix  

( s q k o h  & i x a )

* * • *
I l O T i K i l l i l

• ■ • a

MCtCU J  ,

KZ’M ^ C 1

T e n n o n p o e id n ic m b  

(3aKOH ( p y p ’e )

m e n n a

B u y m p im H e  m e p m n  

( iq k o h  H b io m o H a )

iM n y n b c y  
■ 1 -2 

K3 'M 'C

E j i e K m p o n p o e i d H i c m b  

( s q k o h  O m o )

3 a p n d y  J 0

K j i

Ilepexpecm nponecu nepenocy

I l p o i i e c
: : : : : : : I l O T i K  

4  -

X v X v X ; !

T e p M o d u (p y 3 i z  

(e^eum Cope)
M a c u  J„,, 

K2 -M: - c ‘

E<peKm flKxfcypa meruia J (), 
Pptc-M7-c

i a p s i d y

K j i

F p a a i e H T

KOHifeHmpaifii',
ks-m5

meMnepamypu,
K

meudKOcmi,
m -c '

nomemfiajiy,
B

rpaAiEHT

meMnepamypu,
K

KOHtfeHmpaTjii,
k s -m j

meMnepamypu,
K

T e p M o & ie K m p m H i  

neuufa
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^ K m o  n i g  n a c  g o c a r H e H H a  p i B H o B a r u  T e p M o g u H a M i n H o r o  c u c r e M o r o  

c u n u  i  n o T O K H , m o  3 y M o B n r o r o T b c a  ^ H M H  c u n a M u ,  3 H H K a r o T b ,  to  B H a c n i ­

g o K  H e B e n u K u x  B i g x u n e H b  B i g  p i B H o B a r u  c n i g  o n i K y B a T H  n r n r n m  c n i B B i g ­

H o m e H H a  M i *  T e p M o g u H a M i n H H M H  c u n a M u  T a  n o T o K a M H .

H a  o c H o B i  y 3 a r a n b H e H H a  B i g o M u x  e M n i p u H H u x  ^ a K T i B  6 y n o  c ^ o p M y -  

n b o B a H o  niniunuu 3aKOH mepModunaMiKu neodopomnux npouecie: kow - 
nuu nomiK nenne co6ok> niniuny KoMdina^w pywiunux cun:

Jk = Z  LUF 1 ■
i=i

ge J k -  noTiK; L kj  -  niHinHHn ^eHoMeHonoriHHun Koe^mieHT; Fj 
3aranbHa KinbKicTb pyminHux cun y cucTeMi.

C n i g  3 a 3 H a n u T H ,  m o  niniunuu 3aKon cnpaeednueuu y pa3i eidnocno 
neeenuKux eidxunenb cucmeMu eid nonowennn pienoeasu.

( 8 . 7 4 )

pyminHa cuna, N -
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8.5.3. nepeHeceHHa iviacn (gH^y3iH)
P o 3 H u H e H i  p e H 0 B u H u  i  p o 3 h u h h u k  n e p e M i ^ y r o T b c a  H e p e 3  H a n i B n p o -  

H u K H i  M e M 6 p a H u  m n a x o M  d u $ y 3 i i  —  B 3 a e M H o r o  n p o H u K H e H H a  p e H o B u H ,  

^ o  c T u K a r o T b c a  o g H a  3  o g H o r o  B H a c n i g o K  T e n n o B o r o  p y x y  H a c T u H o K  p e -  

h o b u h u .  f l u $ y 3 i a  B i g 6 y B a e T b c a  y  H a n p a M K y  3 M e H m e H H a  K o H ^ m p a ^ i  

p e H 0 B u H u  i  n p u 3 B o g u T b  g o  i i  p i B H o M i p H o r o  p o 3 n o g i n y  3 a  06’ e M 0M , a K u n  

B 0 H a  3 a H M a e .

n i H i H H u n  3 a K 0 H  T e p M o g u H a M i K u  H e o 6 o p o T H u x  n p o ^ c i B  y  B u n a g K y  

g u $ y 3 i i  M a e  B u r n a g  3 a K o H y  0 i K a :

J m L m- F m ( 8 . 7 5 )

a 6 o

r dm ^ -p
J m ------------------------------D -, ( 8 . 7 6 )

S - t - x
d m  d p  d m

ge J m= T T 7 ; L m = -D ; F m = — , ge ~z~r -  rycmHa noToKy peHoBuHu; m — Maca peH0Bu- 
S —t  —x  S - t

hu, ^ o  gu^yHgye 3a Hac -t ; D -  Koe^i^eHT gu$y3ii; S -  nno^a, Hepe3 aKy nepeHocm'L-
d p

ca peHoBuHa; —  -  rpagieHT rycTuHu. 
d x

O g u H u ^  B u M i p r o B a H H a  r y c r a H u  n o T o K y  p e H 0 B u H u  -  ^ / . M 2 - c ; K o e ^ i -  

^ e m a  g u ^ y 3 i i  -  m2/c ; r p a g i e H T a  r y c T u H u  -  ^ /m 3 -m.
K o e ^ i ^ e H T  g u $ y 3 i i  D  3 a n e x u T b  B i g  n p u p o g u  i  M o n e K y n a p H o i  M a c u  

p e H 0 B u H u  T a  p o 3 H u H H u K a .  y  B u n a g K y  g u $ y 3 i i  H e p e 3  K n i T u H H y  M e M 6 p a H y  

K o e ^ i ^ e H T  g u $ y 3 i i  x a p a K T e p u 3 y e  m B u g K i c T b  H a g x o g x e H H a  M o n e K y n  

p e H 0 B u H u  y  ^ u T 0 ^ n a 3 M y  ( p i g K y  p e H 0 B u H y  K n i T u H u ) .  H a n p a M o K  n o T o K y  

H a c T u H o K  i  r p a g i e H T a  K o H ^ m p a ^ i  ( a K u H  H a n p a B n e H u H  y  6 i K  3 p o c T a H H a  

K o H ^ m p a ^ i )  n p o r a n e x m ;  c a M e  H e p e 3  ^  b  o c T a H H i H  ^ o p M y n i  e  3 H a K  

« M i H y c » .

T u n o B i  3 H a H e H H a  K o e ^ i ^ e m i B  g u $ y 3 i i  M a n u x  M o n e K y n  y  B o g H o M y  

p o 3 H u H i  T a  r a 3 i B  y  n o B i T p i  H a B e g e H o  y  T a 6 n .  8 . 5 .

8.5 -  Koe^i^eHTH gH^y3i'i Maaux MoaeKya y BogHOMy po3HHHi Ta ra3iB y noBiTpi

PeHoBuHa
Koe^i^eHT 

gu$y3ii, m 2/  c
PeHoBuHa

Koe^i^eHT 
gu$y3li, m 2/  c

rnroK03a 0,67-10"9 Na+ (3 Cl") 1,510"9
rniuuH 1,110"9 CO2 (y po3huh1) 1,7-10"9
^yKpo3a 0,52-10"9 CO2 (ras) 1,510"5
Ca2+ (3 Cl") 1,2-10"9 H2O 2,4-10"5
K+ (3 Cl") 1,910"9 O2 1,910"5
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n p H K a a g

BH3HaHHTH, cKlntKu Hacy noTpl6Ho MoneKynaM rnroK03H y BogHoMy po3HHHl, ^06 
npogu^yHgyBaTH Ha 50 mkm -  BlgcTaHb, ^ o  gopiBHroe nepepl3y THnoBoi kmthhh nucT- 
Ka.

P 0 3 B H 3 0 K

BuK0pucT0ByeM0 gaHi Ta6n. 8.5. 3HaHeHHa Koe^l^eHTa gu$y3li rnroK03H cTaHo- 
bhtl D  = 0,67-10"9 m2/c. Hac, Heo6xlgHHH gna nepeHeceHHa MoneKyn rnroK03H Ha Big- 
cTaHb

50 mkm gopiBHroe t= X  ̂/4D=(50-10"6m)2/4-(0,67-10"9m2/c) = 0,93 c. OTxe, gna BHyTplm- 

hlokjhthhhhx MacmTa6lB gu$y3la e gocTaTHbo mBHgKHM npoiiecoM.

K o H T p o a b H e  3 a B g a H H a

BH3HaHHTH Hac, Heo6xlgHuH gna nepeHeceHHa Ha BlgcTaHb 1 m MoneKyn peHoBHHH, 
Koe^l^eHT gu$y3li aKoi gopiBHroe 10"9m2/c.

Bidnoeidb: 2,5-108 c.

H a B e g e M o  n p u K n a g u  g u $ y 3 i i  y  n p u p o g i .  n i g  H a c  mpaHcnipat f i B i g -  

6 y B a e T b c a  g u $ y 3 i a  B o g a H o i  n a p u  H e p e 3  M i x K n i T H H H i  n o B i T p a H i  n p o M i x -  

k u  n u c T K a ,  n i c n a  H o r o  u a  n a p a  B u x o g u T b  b  a T M o c ^ e p y  H e p e 3  n p o g u x u  

( g p i 6 H i  n o p u ) .  f l a H u H  n p o ^ c  e  g y x e  B a x n u B H M  e T a n o M  B o g H o r o  ^ u K n y ;  

b 1 h  3 a 6 e 3 n e H y e  n o B e p T a H H a  b  a T M o c ^ e p y  6 i n b m o i  K i n b K o c T i  B o g u ,  H i x  y  

n p o ^ c i  B u n a p o B y B a H H a  i i  3 n o B e p x H i  p i H 0 K  T a  0 3 e p .  E n u 3 b K 0  9 0  %  B o g u  

B T p a H a e T b c a  p o c n u H o r o  H e p e 3  n u c T a .  H a  k o x h u h  K i n o r p a M  c y x o i  p e H o -  

b u h u  p o c n u H a  B H T p a H a e  K i n b K a  c o t  K i n o r p a M i B  B o g u ;  0 T x e ,  H a g M i p H a  

T p a H c n i p a ^ a  n p u 3 B o g u T b  g o  c y T T e B o r o  3 M e H m e H H a  n p o g y K T H B H o c r i  p o -  

c n u H H u x  y r i g b .  B y r n e K u c n u H  r a 3  g u ^ y H g y e  3 a T M o c ^ e p u  H e p e 3  B i g K p m i  

n p o g u x u  g o  n o B e p x H i  K n i T u H  n u c T K a ,  T o g i  a K  K u c e H b ,  ^ o  y T B o p r o e T b c a  

B H a c n i g o K  $ 0 T 0 c u H T e 3 y ,  n e p e M i ^ y e T b c a  y  3 B 0 p 0 T H 0 M y  H a n p a M K y  T a K o x  

3a  p a x y H o K  g u $ y 3 i i .

3 a  p a x y H o K  g u $ y 3 i H H u x  n p o ^ c i B  B i g 6 y B a e T b c a  r a 3 0 0 6 M i H  M i x  r p y H -  

t o m  T a  n o B i T p a M ,  a  T a K o x  n e p e H e c e H H a  n o x u B H u x  p e H 0 B H H  3 r p y H T y  g o  

K o p e H e B o i  c u c T e M u  p o c n u H .  y  t o h  x e  H a c ,  a K ^ o  n o 3 6 a B H T u  n o n e  p o c -  

n u H ,  r p y H T  c T a e  6 i n b m  B o n o r u M  i  H e c n p o M o x H u M  n o r n u H a T u  g o ^ o B y  

B o g y ,  ^ o  n p u 3 B o g u T b  g o  n o p y m e H H a  B o g H o r o  6 a n a H c y  r p y H T y .

8.5.4. nepeHeceHHa iviacn 
(oS'eMHHH noTiK Bogu)

06 cmhuu nomiK — ^  3 a r a n b H u H  p y x  B o g u  ( a 6 o  i H m o i  p i g u H u ) ,  ^ o  

B i g 6 y B a e T b c a  3 a B g a K u  p i 3 H u ^  y  n o T e H ^ a n b m n  e H e p r i i  B o g u  ( a K H H  H a -  

3 H B a r o T b  eodHUM nomeH^ anoM) .  K i n b K i c H o  o 6  e M H u H  n o T i K  B o g u  JB
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gna ^uniHgpuHHux Tpy6oK, TaKux aK KniTHHH KcuneMu (BogonpoBigHoi 
TKaHHHH pocnuHu) pagiycoM r, onucyeTbca pieHHHHHM ^a^eHa-^ya3eunR:

f — I , (8.77)
8 r  A dx )

J b

dp
ge r  — b'h3k1ctl piguHH; ----- —rpagieHT THcKy.

dx
3  p i B H a H H a  B u g H o ,  ^ o  o 6 e M H U H  n o T i K  c y i r e B o  3 a n e x u T b  B i g  p a g i y c a  

T p y 6 K u :  a K ^ o  3 6 i n b m u T u  p a g i y c  y g B i H i ,  m B u g K i c T b  o 6 e M H o r o  n o T o K y  

B o g u  3 6 i n b m u T b c a  y  2  = 1 6  p a 3 i B .  T a K H M  h u h o m , K e p o B a H U H  r p a g i e H -  

t o m  T u c K y  o 6  e M H H H  n o T i K  B o g u  e  g o M i H y r o H H M  M e x a H i 3 M 0 M  p y x y  B o g u  

H a  B e n u K i  B i g c T a H i .

3 a c T 0 c y e M 0  p i B H a H H a  n y a 3 e H n a  g n a  o ^ h k h  o 6  e M H o i  m B u g K o c T i  

n p o T i K a H H a  B o g u  H e p e 3  o g u H u ^ r o  n n o ^ i  ( S  =  T tr2') c y g u H u  K c u n e M u ,  

a K H H  y  ^ 0 M y  p a 3 i  B U 3 H a H a e T b c a  3 a  B u p a 3 0 M :

 ̂r 2 V d p  ̂
d x ) . ( 8  7 8 )

J b /s =
8 r

^ k ^ o  c e p e g m H  n o T i K  B o g u  b K c u n e M i  c T a H 0 B U T b  1 0 " 3 m/c, K o e ^ i ^ e H T  

B 'a 3 K o c T i  B o g u  r  = 1 0 " 3 n a c ,  a  p a g i y c  K c u n e M u  r = 2 0  mkm =  2 -1 0 " 5 m, to
dp

r p a g i e H T  T u c K y ,  ^ o  3 a g o B o n b H a e  p i B H a H H r o  ( 8 . 7 8 ) ,  c T a H 0 B U T U M e  —  =
dx

- 2 -1 0 4 H/m3 =  - 2 -1 0 4 n a / M .  3 M i H a  r p a B i T a ^ H H o r o  n o T e H ^ a n y  H a  koxhhh  
M e T p  bhcoth c T a H 0B H T b  pgh/h = 1 0 4 n a  =  1 0 " 2 M n a .  To6to, r p a g i e H T  

T u c K y  3 g a T H U H  n e p e B u ^ H T u  c u n y  T a x i H H a  i  n i g T p u M a T u  p y x  B o g u  b 
K c u n e M i .

8.5.5. nepeHeceHHa TenaoTH (renaonpoBigHicTb)
Tennonpoeidmcmb — n e p e H e c e H H a  T e n n o T u  B i g  6 i n b m  H a r p i T u x  T i n  

g o  M e H m  H a r p i T u x ,  ^ o  c n p u a e  B u p i B H r o B a H H r o  T e M n e p a T y p u .

n i g  H a c  T e n n o n p o B i g H o c T i  K o M n o H e H T u  n i r n H H o r o  3 a K 0 H y  T e p M o g u ­

H a M i K u  H e o 6 o p o T H u x  n p o ^ c i B  M a r o T b  B u r n a g :  Jq = - Q ; L q = -k; Fq =
—dt

- T  -Q  Q . .
=  -------- , g e  ----------  -  r y c T H H a  n o T o K y  T e n n o T u  ( Q  — K i n b K i c T b  T e n n o T u ,  ^ o

d—  —dt
n e p e H o c u T b c a  3 a B g a K u  T e n n o n p o B i g H o c T i  3 a  H a c  - t ) ;  k -  K o e ^ i ^ e H T  T e n -
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. . S - T  .
n o n p o B i g H o c T i ;  S -  n n o ^ a ,  H e p e 3  a K y  n e p e H o c u T b c a  T e n n o ; ------------r p a g i -

d—
e H T  T e M n e p a T y p u .  3 B i g c u  M o x H a  o g e p x a T u  3aKoH ®yp ’e:

Jq = L q- F q ( 8 . 7 9 )

a 6 o

j  = —q  =  k ( 8 . 8 0 )

q S -t  - S
O g u H u ^  B H M i p r o B a H H a  r y c T U H u  n o T o K y  T e n n o T u  -  flw/M2 c = Bm/M2 ; 

K o e ^ i ^ e H T a  T e n n o n p o B i g H o c T i  -  Bm/M-K ; r p a g i e H T a  T e M n e p a T y p u  -  spad/M.
T u n o B i  3 H a H e H H a  K o e ^ i ^ e H T a  T e n n o n p o B i g H o c T i  g e a K u x  p e H 0 B U H  

H a B e g e H o  B  T a 6 n .  8 . 6 .

8.6 -  3HaqeHHH Koe^i^eHTa TenaonpoBigHocTi geaKux penoBHH

PeHoBHHa
Koe^i^eHT TennonpoBigHocTi, 

Bt/m-K
TeMnepaTypa,

0C
noBiTpa (cyxe) 0,0237 -10

« 0,0243 0
« 0,0250 10
« 0,0257 20
« 0,0264 30
« 0,0270 40
« 0,0277 50

Boga 0,565 0
« 0,599 20
« 0,627 40

EeT0H 2,43 20
flepeBHHa 0,126 20
nnacTHK 0,04 20
^ r n a 0,63 20
noBcTb 0,04 20

n p u K a a g

Bu3HaHHTH KinbKicTb TennoTu, ^o BlggaeTtca 3a oguHunro Hacy cBHHero, aKa ne- 
xuTb Ha 6eT0HHln nlgno3l ToBmHHoro 8 cm 3a TeMnepaTypu 0 0C. Kno^a Tina cbhhI -  
3000 cm 2; TennonpoBlgmcTt 6eT0Hy -2,43 Bt/m K, TeMnepaTypa Tina 38 0C.

P o 3 B ’H 3oK

nigcTaBnaeMo HucnoBi 3HaHeHHa b ^opMyny (8.16):
Bm , „

—Q = -  2,43--------- - - 3000 -10 m2(0-38) K / 8-10"2m =
m  - apad

= -  2,43 -3 10"1 -(-38) / 810"2 = 346,27 flx/c.

K o H T p o a b H e  3 a B g a H H a
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^rnaH a criHKa TBapHHHHUbKoi $epMH Mae po3Mipu 4 mx10 mx0,15 m. BroHawm  
KinbKicTb TennoTH, mo nponge npoTaroM 12 roguH Hepe3 cTiHKy, aKmo 3oBHimHa TeM­
nepaTypa gopiBHroe 5 0C, BHyTpimHa TeMnepaTypa 200. Koe^mienr TennonpoBigHocTi 
^ rn u  0,8 Bt/m K.

Bidnoeidb: 138,24-106 fl*.

8.5.6. nepeHeceHHH TennoTH (KOHBeKuiw)
K o r n e v a  — np o^c Tennoo6MiHy, mo cynpoBog*yeTbca nepeMimyBaH- 

HaM HarpiTux i xonogHux mapiB piguHH a6o ra3iB. G pi3Hi Bugu KoHBeKuii' 
3ane*Ho Big npuHHH, mo ii nopog*yroTb. Binbna K o rn ev a  BHHHKae b noni 
cunu Ta*iHHa nepe3 HeogHopigHocri rycTHHH, aKi cnpuHHHroroTbca pi3HH- 
^ ro  TeMnepaTyp. HarpiTa penoBHHa nig BnnHBoM apxiMegoBoi cunu nepe- 
MimyeTbca BigHocHo MeHm HarpiToi penoBHHH y HanpaMKy, npoTune*HoMy 
HanpaMKy go cunu Ta*iHHa. BuMymena K o rn ev a  BHKnuKaerbca 3oBHimHiM 
MexaHinHHM BnnHBoM Ha cepegoBume, HanpHKnag 3a paxyHoK BiTpy. 36inb- 
meHHa mBugKocTi BiTpy BHKnuKae 36inbmeHHa KinbKocTi TennoTH, po3ciaHoi 
BHacnigoK BHMymeHoi KoHBeKuii'. no6nu3y noBepxHi nucTKa yTBoproeTbca 
rpaHHHHHH map noBiTpa, b aKoMy Big6yBaeTbca nepexig Big HepyxoMoro 
noBiTpa go noBnpaHoro noToKy.

TennoBun noTiK J q , mo npoxogHTb nepe3 ogHHH^ro nnomi nogBinHo- 
ro rpaHHHHoro mapy (mo yTBoproeTbca HaBKono nnocKoro nucTKa) 3a 
ogHHH^ro nacy Ta BigHocuTbca KoHBe^iHHHM totokom, 3ane*HTb Big 
Koe^mieHTa TennonpoBigHocTi kn noBiTpa (Ta6n. 8.7) Ta rpagieHTa TeM- 

dTnepaTypu — :
dx

J q  = - 2  kn d T  = 2 kn (T n ~ Tn ) , (8.81)
dx 5zp

ge TennoBun noTiK J q  BHMiproeTbca y B m M 2 . TennoBun noTiK BBa*aeTb- 
ca gogaTHHM, aKmo TennoTa nepeHocuTbca 3 nucTKa y noBiTpa, i 
BigeMHHM y npoTune*HoMy pa3i.

E^eKTHBHa ToBmuHa rpaHHHHoro mapy 5zp  3ane*HTb Big mBugKocTi 
BiTpy v Ta po3MipiB nucTKa L:

52„(mm) = 4,0 L (m ) . (8.82)
\ v(M / c)

TennoBun noTiK J q  gna o6 eKTiB ^HniHgpHHHOi $opMH pagiycoM r, 
o6yMoBneHHH TennonpoBigHicTro, BH3HanaeTbca 3a Bupa3oM:
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k (T  -  T )
J q  = , H , ( 8 . 8 3 )I r + 5,„ i

r ln _  zp

v r  j
ge Th -  TeMnepaTypa noBepxHi ^HniHgpHHH0̂ 0 o6'eKTa, Tn -  TeMnepaTypa HaBKonum- 
Hboro noBiTpa.

TennoBHH noTiK Jq BBaxaeTbca gogaTHHM, aKmo TennoTa nepeHO- 
CHTbca 3 iHCTKa y noBiTpa, i Big'eMHHM y nporanexHoMy BunagKy.

flna o6’eKTiB ^nrngpuHHoi $opMH ToBmuHa rpaHHHHoro mapy bh- 
3HanaeTbca 3a Bupa3oM:

5z„(mm) = 5,8 D(m) , (8.84)
\  V(M/ c)

ge D -  giaMeTp ^HniHgpa.

n p H K a a g

BroHaHHTH TennoBHH noTiK Jq, 3yMoBneHHH TennonpoBigmcTro, gna nnocKoro nuc- 
TKa goBXHHoro 10 cm, aKmo TeMnepaTypa nucTKa t„ = 25 0C, TeMnepaTypa HaBKonum- 
Hboro noBiTpa tn = 20 0C, a ToBmHHa rpaHHHHoro mapy gopiBHroe 1,4 mm.

P 0 3 B H 3 0 K

nigcTaBHMo HucnoBi gaHi y piBHaHHa (8.17):

Jq = 2kn T  -  T n ) = 2 0,02S” " - “ " ■ C, (25‘C -  200C) = 185 BTM-2.
Q 5  1,4-10-3 M

zp

n p H K a a g

Po3paxyBaTH rycTHHy noToKy TennoTu, aKoro o6MiHroeTbca 3aBgaKH KoHBeKmi, BiB- 
^a 3 HaBKonumHiM cepegoBumeM, aKmo Tino BiBm MoxHa anpoKcuMyBaTH ^HniHgpoM 
giaMeTpoM 60 cm. TeMnepaTypa noBepxHi Tina 38 0C, TeMnepaTypa HaBKonumHboro 
cepegoBuma 20 0C , mBugKicTb pyxy noBiTpa 80 cm/c.

P 0 3 B ’H 30K

BenHHHHa 5  omHroeTbca gna Tin ^HniHgpHHHoi $opMH 3a gonoMororo cniBBigHo- 
meHHa (8.84):

D(m) 0,6 3
5zp(mm) = 5 ,8 , —— — = 5,8-J —  = 5 mm = 5-10 m. 

y \ v( m  /  c ) \ |0,8

nigcTaBHMo HucnoBi gaHi y Bupa3 (8.83), mo BH3HaHae KinbKicTb TennoTH Q, aKoro o6Mi- 
HroeTbca TBapHHa 3 HaBKonumHiM cepegoBumeM, 3 ypaxyBaHHaM Toro, mo Koe îuieHr Tenno­
npoBigHocTi noBiTpa 3a TeMnepaTypu 20 oC gopiBHroe 0,0257 Btm"1 K"1 (gHB. Ta6n.8.5).

, k n (Th -  Tn) 0 ,0257-(38  -  20)
J Q = -----7-?—\ = ----------------- 77TZ— „ = 93 Bt/m .

Q A r  + 5 zp ) , I 0,3 + 0 ,005x
r  lnl-------p  I 0,3 - lnl  -------—

V r j  V 0,3
K o H T p o a b H e  3 a B g a H H H
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Po3paxyBaTH rycTHHy noToKy TennoTH, aKoro o6MmroeTtca 3aBgaKH KoHBeKqii 3 HaB- 
KonumHiM cepegoBumeM TBapHHa, mo Mo*Ha anpoKcHMyBaTH nunrngpoM, giaMeTp aKo­
ro 0,20 m, aKmo TeMnepaTypa Tina -  40 0C, mBHgKicTb pyxy noBiTpa -  5 m/c.

Bidnoeidb: 446,96 Bt/m2.

8.5.7. nepeHeceHHH iMnynbcy (B’H3KicTb)
^Kmo mapu ra3y hh piguHH nepeMimyroTbca napanenbHo oguH og-

HoMy 3 pi3HHMH 3a MogynaMH mBugKocraMH, Mi* hhmh BHHHKaroTb cu-
nu TepTa, BHacnigoK noro Big6yBaeTbca nepeHeceHHa iMnynbcy cunu. B
Tep-MiHax nirnHHoro 3aKoHy TepMoguHaMiKu Heo6opoTHux npo^ciB

dp T „  d v  dp
ogep*HMo: J p  = ---------- ; Lp  = - r ;  F p  = ----------- , ge ------------  -  rycTHHa noToKy

Sdt dx Sdt
iMnynb-cy; p  -  iMnynbc; r  -  Koe^i^eHT BHyrpimHboro TepTa (B’a3KicTb); 
ci dvS -  nnoma, nepe3 aKy nepeHocuTbca iMnynbc; — -  rpagieHT mBugKocTi.

dx
3Bigcu Mo*Ha ogep*aTH 3aKon Hbwmona:

Jp = Lp-F p (8.85)

dp d v
a6o = ------ = - r —  .

Sdt dx
(8.86)

OguHH^ BHMiproBaHHa rycTHHH noToKy iMnynbcy -  H/m2 ; Koe^mie- 
HTa BHyTpimHboro TepTa -  H-c/m2 ; rpagieHTa mBugKocTi -  1/c.

TunoBi 3HaneHHa B’a3KocTi geaKux penoBHH HaBegeHi y Ta6n.8.7.

8.7 -  Koe^i^eHT B’H3Kocri penoBHH

PenoBHHa
Koe^mienr B’a3KocTi,

na-c
TeMnepaTypa,

°C
noBiTpa 1810-6 20

noBiTpa 21-10-6 100

Boga 1,781-10-3 0

Boga 1,306-10-3 10

Boga 1,002-10'3 20

Boga 0,798-10-3 30
Boga 0,653-10-3 40
CyqintHa KpoB (4 -5 ) -10'3 20

nna3Ma KpoBi 1,7-10-3 20

CyqintHe MonoKo 1,45-10-3 27
36upaHe MonoKo 1,42-10'3 25
MonoHHa cupoBaTKa 1,16-10-3 24
PunHHoBa onia 0,9-10-3 20
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Tn^epHH 1,5-10-3 20

8.5.8. ripi-mm-m cHMeTpii ^eH0MeH0^0riHHHx
Koe^iuieHTiB

C K n a g H a  6 i o n o r i H H a  c u c T e M a  x a p a K T e p u 3 y e T b c a  o g H o n a c H H M  n p o T i -  

K a H H a M  g e K i n b K o x  n p o ^ c i B ,  a K i  M o * y T b  6 y T H  B 3 a e M o 3 B ’a 3 a H H M H .  H a ­

n p H K n a g ,  y  B o g H o M y  p o 3 H H H i  c a x a p o 3 H ,  a K H H  3 H a x o g u T b c a  b g B o x  B i g c i -  

K a x ,  p o 3 g i n e H u x  M e M 6 p a H o r o ,  y c T a H o B n r o r o T b c a  g B a  n o T o K H  -  p o 3 H H H e -  

hoi p e n o B H H H  J p  i  B o g u  J e .
P o 3 r n a H e M o  g B a  B 3 a e M o 3 B ’a 3 a H u x  n o T o K H  J k  i  J n. ^ K m o  6  n o T i K  J k  H e  

6 y B  c n p a * e H H n  3 t o tokom J n, B iH  6 h 3 a n e * a B  T i n b K H  B i g  y 3 a r a n b H e H o i '  

c u n u  X k :
J kk =  L kkX k. ( 8 . 8 7 )

A n e  o c K i n b K H  n o T i K  c n p a * e H H H  3 totokom J n, B iH  3 a n e * H T b  T a ­

K o *  B i g  c u n u  X n ; 3 B ’a 3 o K  y c T a H o B n r o e  fyeHoMeHonosiHHUU Koefytyi-
enm 63aeMo3e’a3Ky L kn.

f l n a  g B o x  c n p a * e H u x  n o T o K i B  M a e M o :

J k =  L kkX k +  L knX „; ( 8 . 8 8 )

J n =  L nkX k +  L „nX „. ( 8 . 8 9 )

O T * e ,  H a B e g e M o  ^ o p M y n r o B a H H a  npun^ ny cuMempii $eHOMeHono^i- 
hhux Koefyi^eHmie -  cnieeidHomeHHH B3aeMHocmi OHcasepa -  nepexodu 
Miw deoMa KoH$ieypa^XMU A ma B Mowymb eid6yeamucn odHaKoeo hk 
y HanpHMKy A —B, maK i y  HanpHMKy B —A 3a daHUU npoMiwoK Hacy. 

M a T e M a T H H H a  $ o p M a  ^ o r o  c n i B B i g H o m e H H a  M a e  B H r n a g :

L kn =  L nk. ( 8 . 9 0 )

B u p a 3  c B i g H H T b ,  m o  a K m o  n o T i K  J k, m o  B i g n o B i g a e  H e o 6 o p o T H o -  

M y  n p o ^ c y  k ,  3 a 3 H a e  g i r o  c u n u  X n g p y r o r o  H e o 6 o p o T H o r o  n p o ^ c y  n 
m n a x o M  K o e ^ m i e H T a  L kn, to i  n o T i K  J n T a K o *  3 a 3 H a e  B n n u B  c u n u  X k  

m n a x o M  T o r o  *  K o e ^ m i e H T a  L kn.
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nape OHCArEP (1903-1976)

AMepMKaHCbKMM $i3MK-TeOpeTMK T a $i3MK-XiMMK 
(3a  n o x o g w e H H ^ M  -  H o p B e w e ^ ) .  O a m h  i3 3 a c -  
HOBHUKiB TepMoflMHaMiKM HepiBHOBawHux ^ p o ^ e -  
ciB. floBiB  T eo p eM y  (1 9 3 1  p .), Ha3BaHy Woro iM’̂ M. 
P o 3 p o 6 M B  T e o p iw  TepMoflMHaMiMHMX BnaCTM- 
BocTeW n n o c K o i p e m i ™ .  ^ a y p e a T  H oS en iB C bK oi 
np eM ii 3 xiMii ( 1 9 6 8  p .) .

8.5.9. TeopeMa npnro^HHa
P o 3 rn a H e M o  g B a  c n p a ^ e m  n o ro K H  J 1 r a  J2 . B p a x o B y ro H H  n p H H ^ n  

c H M e rp ii, n iH iH H i p iB H aH H a M O ^H a  n o g a r u  y  B H rn a g i:  J1 = L 11F 1 + L 12F 2 

r a  J2 = L 21F 1 + L 22F 2, a  B H pa3 g n a  n p o g y ^ i i '  e H T p o n ii  3 a n u m e M O  ra K : 

dS/dt = L j j F j 2 + (L12 + L 2i)F jF 2 + L 22F 22 .

0 6 h h c i h m o  HacTHHHi n o x ig H i B ig n p o g y K m 'i eH T p o n ii a  = 3 a  p y -
dt

m iH H oro  c u n o ro  F 1 (3a  c r a n o i  F 2)  r a  3 a  p y m iH H o ro  c u n o ro  F 2 (3a  c r a n o i  F 1):

a  = 2LUF 1 + 2L12F2 = 2 J1; ( 8 .9 1 )
d F 1

d a

W 2
= 2L22F 2 + 2L n F 1 = 2 J 2. ( 8 .9 2 )

^ K m o  y  c r a ^ OHapHOM y c r a H i  B ig K p u ro i  chctcm h J 1 =  0  r a  J 2 =  0 , r o  

da  da
-------=  0  i -------- =  0 , r o 6 r o  m B H g K ic rb  n p o g y K ^ i ' e H T p o n ii  H a 6 y B a e  e K c r-
dF1 dF2

p e M a n b H o ro  3H aH eH H a. 3  g u ^ e p e H ^ a n b H o r o  H u c n eH H a  BigoM O, m o  a K m o  

^ y H ^ i a  M ae eK crp eM y M  y  neB H iH  to h ^ , r o  n o x ig H a  ^ y H K ^ i ' b ^ h t o h ^  
M O ^e  n e p e r B O p r o B a r u c a  b H y n b . ^  H e o 6 x ig H a , a n e  H e g o c r a r H a  yMOBa. 

f l o c r a r H b o r o  yM O Boro eK crp eM y M y  e  n o B eg iH K a  g p y r o i  n o x ig H o i ':  a K m o  

g p y r a  n o x ig H a  b g a m n  t o h ^  g o g a r H a ,  r o  ^ y H ^ i a  b ^ h t o h ^  M ae M iHi-

V d SMyM. y  H a m o M y  B u n a g K y  BenH H H H a a  = ------  e  3 a B ^ g u  g o g a r H a  g n a
dt
da  da

B c ie i o 6 n a c r i  3MiHH F 1 r a  F 2, n e p m i  n o x ig H i  ---------- i -------------g o p iB H ro ro rb  H y-
dF1 dF2

220



n ro  (H e o 6 x ig H a  yM oB a M iHiM yM y) T a  g p y r i  n o x ig H i  i —— r -  T e *  g o -
—F 1 —F 2

p iB H roroT b H y n ro  (g o c T a T H a  yM oB a M iHiM yM y); O T * e , n p o g y w a  e H T p o n ii 

y  c ra ^ O H a p H O M y  cT aH i n p H H M ae M iH iM anbH e 3 H aneH H a.

^pHH^H^ MiHiMyMy n p ogyw i eHTponii y cra^OHapHOMy cTaHi Big- 
KpHToi cucTeMH e HaHBa*nHBimHM pe3ynbTaTOM niHinHOi HepiBHOBa*HOi 
TepMoguHaMiKu, ocKinbKH nponoHye KinbKicHHH KpuTepiH ycTaHOBneHHa 
cramoHapHoro cTaHy. ^pHH^H  ̂ c^opMynbOBaHHH aK meopeMa
npm ow uH a -  y  cma^oHapHoMy cmaHi, 6nu3bKoMy do mepModuHaMiH- 
hoi pieHoeasu, 3HaHeHHH meudKocmi npodyKtyi eHmponi'i cucmeMU 3a 
paxyHoK HeodopomHux n p o ^ cie  docm ae eidMWHoso eid Hynn nocmiuHo- 
so MwmanbHoao 3HaHeHHn:

d S
 —----m in , ( 8 .9 3 )
dt

a 6 o

r  —  min. ( 8 .9 4 )

K p H T ep ieM  H a 6 n u * e H H a  B ig K p u T o i CHCTeMH g o  C T a m o H a p H o ro  CTaHy 

e  B ig 'eM H icT b  n o x ig H O i B ig  n p o g y w i  e H T p o n ii  3 a  H acoM :

d r  d 2 S
—  =  — r  < 0 .  ( 8 .9 5 )
dt dt

Inn* nPMrO^MH (1917-2003)

BenbriMCbKUM $ i3U K  (H apoguB C A  y  M ocKBi), B ig o - 
MUM BU3HaMeHHAM noHATTfl flUCUnaTUBHOI CTpyK- 
T y p u  T a  ii p o n i  b T ep M o g u H aM in H u x  CUCTeM ax n o -  
3 a  CTaHOM piBHOBarU. floB iB  T e o p e M y , H a3B aH y 
M oro iM’AM ( 1 9 7 7  p .). P a g  ^ p a ^ b  npucB A H ern  mA - 
TeMaTUMHiM p o n i  geT epM iH i3M y b HeniHiM Hux c u c - 
T eM ax  Ha KnacuM HoM y T a KBaHToBoMy piB H ^x. 
^ a y p e a T  H oSeniB C bK oT np eM ii 3 xiMii 1 9 7 7  poKy.

KOHTPO<flbffl 3AnHTAHHfl I  3ABflAHHfl
1. A o  a K o ro  TH ny T ep M oguH aM inH ux  cucT eM  H a n e * a T b  * H B i opraH i3M H ?

2 . ^ o  TaK e c T a ^ O H ap H H H  CTaH?

3 . 3 a  paxyH O K  aK H x n p o ^ c i B  B ig 6 y B a e T b c a  3M iHa e H T p o n ii  b * h b h x  
CHCTeM ax?
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4 . n o a c H H T H , m o  TaK e H e r e m p o n i a .

5 . ^ o  H a3H B aroTb n p o g y ^ i e r o  e H T p o n ii?  m B H g K ic rro  n p o g y ^ i i '  eHT­

p o n i i?

6 . ^ K i  T epM ogH H aM inH i n p o ^ c u  H a3H B aroTb H epiB H O B axH H M H ?

7 . ^ o  TaK e g u c u n a T H B H a  $ y H ^ i a ?

8. C ^ o p M y n ro B a T H  n iH in H H n  3aKOH T ep M o g u H aM iK u  H eo 6 o p o T H H x  

n p o ^ c i B .

9 . C ^ o p M y n ro B a T H  i 3 a n u c a T H  3aKOH O iK a .

10 . C ^ o p M y n ro B a T H  i 3 a n u c a T H  3aKOH r a r e H a - n y a 3 e n n a

11 . C ^ o p M y n ro B a T H  i 3 a n u c a T H  3aKOH O y p ’e.

12 . C ^ o p M y n ro B a T H  i 3 a n u c a T H  3aKOH H broT O H a.

13 . ^ o  TaK e K O H B e ^ ia ?

14 . B ig  H o ro  3 a n e x H T b  rpaH H H H H n  m a p  n o B iT p a ?

15 . C ^ o p M y n ro B a T H  T eo p e M y  n p u r o x H H a .

9. E^EKTPHKA

EneKmpuKa — p o 3 g in  $i3H K H , aK H n  BHBHae c y K y n H icT b  aB H m , 3yMOB- 

n eH H x  icH yB aH H aM , p y x o M  i B 3 a eM o g ie ro  eneKTpHHHO 3 a p a g x e H H x  T in  a 6 o  

HacTHHOK. E neK T pH K a g in H T b c a  H a  e n eK T p o craT H K y  T a  eneK T po-gH H aM iK y.

EneKmpocmamuKa BHBHae B 3 aeM o g iro  H e p y x o M H x  eneK TpH H H H x 3 a -  

p a g iB .

EneKmpodunaMiKa p o 3 r n a g a e  a B H m a  i n p o ^ c u ,  3yM OBneHi p y x o M  

eneK TpH H H H x 3 a p a g iB  a 6 o  3 a p a g x e H H x  T in .

9.1. E^EKTPOCTATHKA
O c o 6 n H B a  $ o p M a  M aT ep ii, 3 a  g o n o M o r o r o  a K o i 3 g in c H ro e T b c a  B3aeM O- 

g i a  M ix  eneKTpHHHO 3 a p a g x e H H M H  T inaM H , H a3 H B aeT b ca  eneKmpoMazui- 
mnuM noneM, aK e c K n a g a e T b c a  3 g B o x  B3aeM O3B’a 3 aH H x  n o n iB  -  eneKm- 
pmnoso i Masnimnoso. E neK TpH H H e n o n e  H e p y x o M H x  3 a p a g iB , m o  3 g in c -  

H ro e  B 3 aeM o g iro  M ix  hhmh, H a3 H B aeT b ca  eneKmpocmammnuM noneM.
f lo c n ig x e H H a  eneK TpH H H H x n o n iB  H a g a c T b  M O xnH B icT b 3po3yM iTH  

M exaH i3M H  y T B opeH H a p o cn H H aM H  eneK T poxiM iH H H x c u r a a n iB  -  n o T e H ^ -  

a n iB  g i i ,  3gaT H H x n o m u p r o B a r a c a  n o  pocnH H H O M y o p ra H i3 M y . n o T eH - 

^ a n u  e  H ociaM H  i H ^ o p M a ^ i  y  B H y T p im H b o - T a  3OBHimHbOKniTHHHOMy 

n p o c r o p i  m o g o  3MiH y  H aB K onum H bO M y c e p e g o B H m i p o cn H H H .

222



9.1.1. EaeKTpHHHHH 3a|)Hfl. 
BaacTHBocri eaeKTpHHHHx 3apagiB

EneKmpmnuu 3apnd -  ^  gxepeno eneKTpoMaraiTHoro nona, mo 
noB’a3aHe 3 MaTepianbHHM HocieM; ^  xapaKTepucTHKa eneMeHTapHoi 
HacTHHKH, mo BH3HaHae ii eneKTpoMaraiTHy B3aeMogiro. 3apagu yMOBHO 
Ha3BaHO no3umuenuMu (HanpHKnag, 3apagu, mo BHHHKaroTb Ha cKni, Ha- 
TepTOMy mKiporo) i He^amu6HUMU (3apagu, mo BHHHKaroTb Ha e6oHrri 
a6o aHTapi, HaTepTHMH mepcrro). Pi3HonMeHHi 3apagu npuraryroTbca 
ogHH go ogHoro, ogHonMeHHi -  BigmTOBxyroTbca.

EneKTpHHHHn 3apag Mae gucKpeTHun xapaKTep -  icHye MimManbHun, 
HenoginbHHn eneMeHTapHun eneKTpuHHun 3apag q0, aKOMy KpaTHi Bci 
eneKTpHHHi 3apagu q Tin a6o HacTHHOK, to6to q = ±  nq0, ge n = 1,2,3.. .  , 
a q0 =1 ,60217733-10"19 Kn -  3apag eneKTpoHa.

9.1.2. 3aKOHu eaeKTpHHHoro noan
CucTeMa Tin a6o HacTHHOK Ha3HBaeTbca eneKmpuHHow i3onboeaHow 

cucmeMow, aKmo Mix Hero i 3OBHimHiMH TinaMH Bigcyrain o6MiH eneKT- 
pHHHHMH 3apagaMH.

3aKoH 36eye^eHHH 3apndy -  ame6paiHHa cyMa eneKmpuHHux 3apndie 
doeinbHoi 3aMKHymoi (eneKmpuHHo i3onboeaHoi) cucmeMu 3anumaembcn 
He3MiHHow, He3eaw:awHu Ha 6ydb-HKi n p o ^ c u , ^ o  eid6yeawmbcn e 
cucmeMi:

q = q1+q2+...+qn =  const. (9.1)

3aKoH KynoHa -  dea moHKoeux 3apndu q1 i q2 63aeModiwmb oduH 3 
o6hum y  eaKyyMi 3 cunow F, eenm uHa HKoi nponop^ UHa 6o6ymKy 3apn- 
die i o6epHeHo nponop^ UHa Keadpamy eidcmaHi M iw  humu:

I q  - q2 IF = 1 1 2  1 , (9.2)
4ns 0r

ge s0 -  eneKTpHHHa cTana (s0 = 8,8542-10-12 Kn2-H-1- m-2 =8,8542- 10'12 O - m-1).
^Kmo 3apagu, aKi B3aeMogiroTb, 3HaxogaTbca b ogHopigHOMy gieneK- 

TpHKy 3 gieneKTpHHHoro npoHHKHicTro s , to cuna B3aeMogii 3MeHmyeTbca 
b s pa3iB.
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L U a p jib  K Y JIO H  ( 1 7 3 6 - 1 8 0 6 ) 1

0paHL(y3bKMM cf)i3 MK, oflMH 3  cfjyHflaTopiB eneK T - ■ «:r‘ :iJL—jiilH

pOCTaTMKM. BiflKpMB 38K0H ( 1 7 8 5  p.), Ha3BaHMM j  1 H k  v
n o fla n b iu o M y  noro iM’HM. 1

9.1.3. Hanpy^emcTb eaeKTpHHHoro noan

H a n p y w e n i c m b  e n e K m p u ^ H 0 ^ 0  n o n a  -  B eK T opH a BenH H H H a E  , a K a  e  

ochobhoo K in b K ic H o o  xapaKTepHCTHKO lO c u n o B o i  g ii' e n eK T p u H H o ro  n o ­

n a ;  B H 3H aH aeT bca B igH om eH H aM  c u n u  F  , m o  g i e  3 6 o K y  n o n a  H a  tohko- 
bhh n p o 6 H H H  eneKTpHHHHH 3 a p a g  q 0, po3M im eH H H  y  g a m M t o h ^  n o n a ,  

g o  BenHHHHH ^ o r o  3 a p a g y :

-  F
E  =  — . ( 9 .3 )

q0
n p o d n u u  e n e K m p m n u u  3 a p n d  M ae  6 y r a  M an u M , m o 6  He c n o T B o p o -  

BaTH noM iT H o n o n e ,  aK e g o c n ig * y e T b c a .

T o H K o e u M  H a 3 H B a o T b  3 a p a g ,  3 o c e p e g * e H H H  H a  T in i, p o 3 M ip n  a K o ro  e  

M anHM H n o p iB H a H o  3 B ig cT aH H O  g o  m m u x  3 a p a g * e H u x  T in , 3 aKHMH BiH 

B 3 aeM o g ie .

O g u H ^ a  B H M ip o B aH H a H a n p y * e H o c r i  en eK T pH H H oro  n o n a  — H / K n .  

P o 3 rn a H e M o  B 3 a e M o g io  g o B in b H o ro  T oH K oB oro  3 a p a g y  q  3 n p o 6 H H M  

tohkobhm 3 a p a g o M  q 0 . M i *  hhmh giaT H M e c u n a ,  m o  B H 3H aH aeT bca 3 a  

3aK oH oM  K y n o H a :

F  = \ q • q0 J  , ( 9 .4 )

4nss0 r

3BigKH M o g y n b  B eK T opa H a n p y * e H o c r i  g o p iB H o e :

F  I q I 
E  =  —  =  ' ' 2 • ( 9 .5 )

q0 4nss0r

npHKaag
CepegHa BigcTaHb Mi* eneKTpoHoM i npoToHoM aToMa BogHro cTaHoBHTb 5 ,340 -11 m. 

Bn3HaHHTH Mogynb cunu, 3 aKoro B3aeMogiroTb Hi HacTHHKH.
P03B’H30K
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BHKopucTOByeMo 3HaHeHHa $i3HHHHx cTanux (guB. gogaTOK), aKi pa3OM 3 gaHHMH 
3agani nigcTaBnaeMo b piBHaHHa (9.2):

F  = qi -q22 = (1,60217733- 10'19 Kn)2/ (4-3,14- 1- 8,8542- 10'12 Kn2-H-1 - m'2) (5,3 - 10'11 m)2 =

= 8,2 - 10'8 H.
4^ss0 r

rp a ^ iH H O  eneK TpuH H e n o n e  3 o 6 p a x y ro T b  3 a  g o n o M o ro ro  crnoeux niHiu 
eneK T puH H oro  n o n a  — n iH in , goTHHHi g o  a K u x  b K o x H in  t o h ^  3 6 ira ro T b c a  3 

HanpaMKOM B e i c r o p a  H a n p y > K C H O C T i c . i c i c r p H M H o r o  nojia (p n c . 9.1).

Phc 9.1. rpa^iHHe 3o6pa*eHHH 
eaeKTpHHHoro noaa: a  -  Mix
gBOMa 3apagaMH; 6  -  nooguHOKHx 
3apagiB

n o n e ,  H a n p y x e H ic T b  a K o ro  b y c ix  TOHKax ogH aK O B a 3 a  M o g y n eM  i H a- 

npaM KO M , H a3H B aroTb odHopidHuM eneKmpocmamuHHuM noneM; y  n p o T H - 

n e x H O M y  B u n a g K y  n o n e  HeodHopidHe ( p u c .  9 .2 ) .

Phc. 9.2. OgHopigHe (a) Ta HeogHopigHe (6) eaeKTpHHHi noaa

9.1.4. EaeKTpHHHHH gimoab
EneKmpuHHuM dunoneM H a3 H B aeT b ca  c u cT eM a , m o  c K n a g a e T b c a  3 

g B o x  o g H aK O B ux  3 a  a 6 c o n ro T H o ro  B enuH H H oro  p i3 H o n M e H H u x  tohkobhx 
3 a p a g iB  ( + q ,  - q ) ,  aK i 3 H a x o g a T b c a  H a  g e a K in  B ig cT aH i l o g u H  B ig  o g H o ro .

a
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nneneM dunonn e  BeKTop l , H an p aB n eH H H  y 3 g o B x  o c i  g u n o n a  B ig  

H eraT H B H o ro  3 a p a g y  g o  n o 3 H T H B H oro , i 3 a  M o g y n eM  piBHHH B ig cT aH i M ix

HHMH.

Ochobhow x a p aK T e jJHCTHKoro en eK T pH H H oro  g n n o n a  e  M o ro  dunonb- 
nuu MOMenm -  BeKTop p , aKHH n n c e n b H o  g o p iB H ro e  g o 6 y T K y  3 a p a g y  g u -  

n o n a  H a  n n e n e :

p  =  q l  . ( 9 .6 )

B eK T op  p  3 6 ir a e T b c a  3 a  H anpaM K oM  3 n n e n e M  g u n o n a .  P o 3 rn a H e M o  

g n n o n b ,  p o 3 M i^ e H H H  b o g H o p ig H o M y  3oB H im H boM y eneK TpH H H oM y n o n i  

(pnc. 9.3).

- O -----------------------------------© +»

Phc. 9.3. flnnoab, po3- 
Mi^eHHH b ogHopigHOMy 
30BHimHb0My eaercrpHH- 

HOMy noai

n p n n y c T H M o , ^ o  BeKTop p  i BeKTop E  H a n p a B n e H i n i g  K yroM  0. 
C n n n ,  ^ o  g iro T b  H a  3 a p a g u  3 6 o K y  en eK T pH H H oro  n o n a ,  ogH aK oB i 3 a  B e-

nH H H H oro i n p o r a n e x m  3 a  H anpaM K oM ; B enH H H H a k o x h o i  c n n n  g o p iB ­

H roe:

F  = qE. ( 9 .7 )

O 6 u g B i  CHnH y r a o p ro r o T b  odepmanbnuu MOMenm M :

M  = p  x E , ( 9 .8 )

a 6 o

M  = p E  s in 0 ,  ( 9 .9 )

aKHH H a M a ra e T b c a  n o B e p H y r a  g n n o n b  y 3 g o B x  n o n a .

226



9.1.5. Pyx 3apflgmeH0i hbcthhkh 
b 0gH0pigH0My eaeKTpHHHOMy noai

^ k ^ o  p03MiCTHTH 3 a p a g ^ e H y  HacTHHKy q b eneK TpH H H oM y n o n i  E ,

H a  3 a p a g  6 y g e  g iaT H  c n n a  q E . g p y r a f t  3aKOH H tro T O H a  g n a  T aK o ro  

3 a p a g y  MaTHMe B H rn a g :

F  = qE = ma, ( 9 .1 0 )

ge m -  Maca HacTHHKH.
n p H c K o p e H H a , aK e H a 6 y B a e  HacTHH Ka n i g  H ac  c B o ro  p y x y  b eneK T pH - 

HHoM y n o n i ,  B H 3H aH H T tca 3 a  B H pa3oM :

B  o g H o p ig H o M y  n o n i  HacTHH Ka p y x a e T tc a  3 nocT iftH H M  n p n c K o p e H -  

HaM. ^ K ^ o  3 a p a g  no3HTHBHHH, HacTHH Ka p y x a e T tc a  y  H a n p aM K y  eneK T - 

p H H H o ro  n o n a ;  a K ^ o  HeraTHBH HH -  y  n p o r a n e ^ H o M y  H an p aM K y .

9.1.6. O ^ n aorp a^
Oc'ymospa# -  ^  eneK TpoH H H H  n p n n a g ,  aKHH B H K o p n cT O B y eT tca  g n a  

c n o c T e p e ^ e H H a  ^ y H K H io H a n tH o ro  3 B a 3 K y  M m  gB o M a hh 6 i n t m e  eneK T - 

phhhhm h BenHHHHaM H. 3 a  g o n o M o r o r o  o ^ H n o r p a ^ a  M o ^ H a  BHBHaTH 

eneK TpH H H i c n r H a n n ,  ^ o  m B H gK o 3 M rn ro ro T tc a  -  n o T e H ^ a n H  g ii' T a  en eK - 

TpHHHi i M n y n tc n ,  ^ o  r e H e p y r o T tc a  T a  n o m n p r o r o T tc a  n o  p o cn H H H o M y  

o p ra H i3 M y . Ochobhhm K oM noH eH ToM  o ^ H n o r p a ^ a  e  eneKmponno- 
npoMeneea mpydKa (EnT) , aK y  n o K a 3 a H o  H a p n c .  9 .4 .  ^ p H H ^ H ^  g i i  ^ e i  

T py6K H  r p y m y e T b c a  H a B H K opncraH H i p y x y  3 a p a g ^ e H H x  HacTHHoK (eneKT- 

pOHiB) y  B aicyyM i ni# bhjthbom ejieKTpHHHoro nona. 3  noBepxHi KaTO^a

Phc. 9.4. E^eKTp0HH0-np0MeHeBa Tpy6Ka ocun^orpa^a: 1 -  HHTKa 
po3^aproBaHHa, 2 -  KaTog, 3 -  gia^pama, 4 -  ôKycyroHHH aHog, 5 -  npn-

227



cko- proBanbHHH aHog, 6 -  ropH3oHrajn>m BigxHiaroni nnacTHHH, 7 -  BepTH- 
Kanb-Hi BigxHnaroni nnacTHHH, 8 -  MeTaneBe noKpuTTa, 9 -  eKpaH, no- 
KpHTHH

^nyopecmroroHoro penoBHHoro

E n T  B H acn ig o K  H a rp iB aH H a  g o  bhcokoi T e M n e p a T y p u  B u n p o M mro ro T b ca  

eneK T poH H , aK i n p o x o g a T b  H ep e3  ^ n r n g p u H H u M  npucKopweanbnuu anod 
3 a  p a x y H o K  en eK T pH H H oro  n o n a ,  ^ o  y r a o p r o e T b c a  M ix  a H o g o M  T a  K aTo- 

goM . K o M 6 r n a ^ a  K a T o g a  T a  a H o g a  H a3 H B aeT b ca  eneKmponnow sapMa- 
mow. f l a n i  eneK TpoH H H H  n p o M iH b  n p o x o g u T b  H ep e3  g B i n a p u  B ig x u n a r o -  

hhx n n a cT H H , o g H a  3 a K u x  B ig x u n a e  n p o M iH b  y  B epT H K anbH oM y, a  iH m a  -  

y  ro p u 3 o H T a n b H o M y  H a n p aM K a x , n i c n a  H o ro  n o T p a n n a e  H a  eK paH , n o K p u -  

thh ^ n y o p e c ^ r o r o H o r o  peH oB H H oro , a K a  CBiTHTbca y  p a 3 i  n o n a g a H H a  H a 

H ei e n eK T p o H H o ro  n p o M e H a . H a  ro p u 3 o H T a n b H i nn acT H H H  n o g a ro T b  H a - 

n p y r y  n u n K o n o g i6 H o i  $ o p M H , 3aB gaK H  H oM y C B iTnoB a ToHKa H a  eK paH i 

p iB H oM ipH o p y x a e T b c a  n o  ro p H 3 o H T a n i, n i c n a  H o ro  p a n T o B o  n o B e p T a e T b - 

c a  y  B H xigH e n o n o x e H H a .  n p o ^ c  H a3H B aroTb sopu3oHmanbHow po3-
sopmKow n p o M e H a . ^k^o H a B epT H K anbH i nn acT H H H  n o g a T H  H a n p y r y ,  

a K a  g o c n ig x y e T b c a ,  to  n p o M iH b  6 y g e  o n H cy B aT H  H a  eK paH i 3 a n e x H ic T b  

eneK T pH H H oi H a n p y rH  B ig  H acy .

9.1.7. E^eKTpHHHHH nOTiK
K in b K ic H y  o ^ H K y  H a n p y x e H o c T i  en eK T pH H H oro  n o n a  M o x H a  n p o B o -  

gHTH 3 a  g o n o M o r o r o  C H noB H x nm iM : H H cn o  C H noB H x n m iM , ^ o  n p o H H 3 y - 

roTb o g H H H ^ro  n n o ^ i  n o B e p x H i, n e p n e H g H K y n a p H y  CHnoBHM n iH iaM , n o -

bhhho gopiB H W B aT H  M o g y n ro  B eK T opa E . T o g i  H H cn o  C H noB H x n iH iH , ^ o  

n p o H H 3 y ro T b  en eM eH T ap H y  n n o ^ a g K y  dS, H o p M an b  n aK o i y rao p r o e  KyT

0  3 B eKTopoM  E , g o p iB H ro e  EdSc o s 0 = E ndS, g e  E n -  n p o e ^ i a  H a n p y x e -

H ocT i n o n a  E  H a H an p aM o K  H o p M an i n .

B e n u H H H a  d®E  = E ndS = E d S  H a3 H B aeT b ca  totokom B eK T opa H a- 

n p y x e H o c T i  H ep e3  n n o ^ a g K y  d S .

O g H H H ^ a  B H M iproB aH H a n o T o K y  B eK T opa H a n p y x e H o c r i  — B -m. 
f l n a  g o B in b H o i 3aM KH yToi n o B e p x H i S  noT iK  B eK T opa H a n p y x e H o c r i

E  H ep e3  ^ r o  n o B e p x H ro  CTaHoBHTb:

Oe =  | E n dS  = | E  • dS  . ( 9 .1 2 )

S S

T y T  c u M B o n  ^ e  iH T e rp a n o M  n o  3aM K H yriH  n o B e p x H i.

S
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9.1.8. TeopeMa OcrporpagcbKoro—raycca
T e o p e M a  O c T p o rp a g c b K o r o —r a y c c a  B cT aH o B n ro e  3B 'a3oK  M i*  n 0T0 - 

k o m  H a n p y * eH O C T i E  en eK T pH H H oro  n o n a  n e p e 3  3aM KH yTy n o B e p x H ro  S  3 

BenH H H H oro 3 a p a g y  q, aKHH 3 H a x o g H T b ca  y c e p e g H H i ^ e i '  n o B e p x H i.

P o 3 rn a H e M o  no3HTHBHHH t o h k o b h h  3 a p a g  q, po3M im eH H H  y c e p e g H H i 

c ^ e p n  p a g iy c o M  r . 3 r ig H o  3 B H pa3oM  ( 9 .5 ) ,  H a n p y * e mcT b , m o  y T B o p ro ­

e T b c a  H a  n o B e p x H i c ^ e p n ,  g o p iB H ro e  E  =  -----q— —. C u n o B i  n iH ii  eneK T -
4^ss0 r

p H H H o ro  n o n a ,  m o  y T B o p ro eT b ca  3 a p a g o M  q, H a n p a B n e H i p a g ia n b H o  T a  

n e p n e H g H K y n a p H o  n o B e p x H i. n o T iK  B eK T opa H a n p y * e H o c r i  B ig n o B ig H o  

g o  B H p a3 y  ( 9 .1 2 )  6 y g e  B H 3H anaT H ca TaK:

0 e  =  -------■ 4 % r2 =  q  . ( 9 .1 3 )
4 n s s 0 r  s s 0

^ h  B H pa3  cn p aB eg n H B H H  g n a  6 y g b -a K o i  g o B in b H o i' n o B e p x H i, m o  

o T o n y e  3 a p a g .  

f l n a  3 a r a n b H o r o  B H n ag K y  g o B in b H o i n o B e p x H i y  B aK yyM i ( s = 1), m o  

o T o n y e  n  3 a p a g iB , o g e p * H M o  TaKHH B H pa3:
i  n

0 E  =  | E ndS  =  | E  • dS =  —  ̂  qt . (9 .1 4 )

S  S  S0 i=1

O c T aH H in  B H pa3 B H 3 H an ae  m e o p e M y  ( ) c m p o < ^ p a d c b K o < y > —I ' c n c c a  d n a

e n e K m p o c m a m u H H O ^ o  n o n a  y  e a K W M i : c y M a p n u u  n o m i K  e e K m o p a  n a n p y -  

w e n o c m i  e n e K m p u H H O ^ o  n o n a  H e p e 3  d o e i n b n y  3 a M K n y m y  n o e e p x n w  d o p i -  

e n w e  a m e 6 p a i H n i u  c y M i e n e K m p u H n u x  3 a p a d i e ,  o m o H e n u x  ^ e w  n o e e p x -  

n e w ,  n o d i n e n y  n a  s 0 .

npHKaag
KopncTyroHncb 3aKoHoM OcTporpagcbKoro—raycca, BH3Hawm HanpyxemcTb eneK- 

TpHHHoro nona i3onboBaHoro tohkoboto 3apagy q.
P03BH30K
Po3rnaHeMo c^epnHHy noBepxHro, b ^ rn p i aKoi po3TamoBaHun tohkobhK 3apag. 

MaraiTHnn noTiK BH3HannMo 3a ^opMynoro (9.14):

n
S S S °°0

OcKintKH Hanpy^eHicTb eneKTpHHHoro nona nocTinHa Ha Bcin noBepxHi, Mo*Ha 3a- 
nncaTH:

E d S  = E I  d S  =E(4m2) = - q - .
S S SS0

3Bigcn 3HaxoguMo HanpyxemcTb eneKTpHHHoro nona:
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E  =■
4 n s s 0 r 2

Kapn OpMflpix rAyCC (1777—1855)

H iM e^K M M  MaTeMaTMK, BiflOMMM CBOIM B K nagoM
b a n r e 6 p y  (A O B egeH H ^ o c h o b h o i T eopeM M  a n -  
re 6 p w ), T e o p iw  m u c e n , MaTeMaTMMHy 0i3iMKy 
(n p w H ^ u n  r a y c c a ) ,  eneKTpM Ky T a M am eTM 3M , 
r e o g e 3 iw  T a  a cT p o H o M iw .

M.B. OCTPOrPAflCbKMM (1801—1862)

yKpa'mcbKMM MaTeMaTMK i 0i3U K . C 0 e p o w  H ay- 
kobmx iH T epeciB  6 y n w  MaTeMaTMKa, MaTeMaTMMHa 
0i3M K a, aHaniTMMHa T a H e 6 e c H a  M exaH iK a, r ig p o -  
M exaH iK a, T e o p m  n p yw H ocT i.

q

9.1.9. ^HpKy^H^iH BeKTopa HanpyxeHocri
e^eKTpocTaTHHHoro oo^a

^ K ffl,o  b eneK T pocTaT H H H oM y n o n i  6 y g b - a K o r o  tohkoboto  3 a p a g y  q 

n ep eM irn y e T b c a  rn m u f t  tohkobhh 3 a p a g  q0, to  p o 6 o T a  c u n u  F  H a eneM eH - 

T apH oM y n e p e M irn ,eHHi dl  B H 3H aH aeT bca 3 a  B u p a3 o M :

dA =  F  dl . ( 9 .1 5 )

P o 6 o T a ,  a K a  3 g iH C H w eT b ca  n i g  H ac n epeM irn ,eH H a 3 a p a g y  3 tohkh  1 y  

ToHKy 2 ,  g o p iB H w e :

A
1 2  d r  1

f d A = --------- f d -  =J A.ircc J v12 1 4ns£o j  r z 4 ^ V r1 r2 J
( 9 .1 6 )

U ,a  p o 6 o T a  H e 3 a n e x u T b  B ig  T p ae K T o p ii n epeM irn ,eH H a i B H 3H aH aeT bca 

n u m e  n o n o x e H H a M H  noH aT K oB oi 1 T a  KiHu,eB oi 2 tohok. 3 B ig c u  M o x H a  

C T B ep g x y B aT H , rn,o p o 6 o T a  rn ,o g o  n epeM irn ,eH H a eneK T pH H H oro  3 a p a g y  y
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30B H im H b0M y eneKTpHHHOM y n o n i  n o  6 y g b -a K o M y  3aMKHyTOMy m n a x y  L 
gopiB H roB aT H M e H y n ro :

| dA = 0 . ( 9 .1 7 )

L

y  B H n ag K y  n e p e M im e H H a  ogH H H H H oro  tohkoboto  n o 3 H T H B H oro  3 a p a -

g y  b eneK TpocTaTH H H O M y n o n i  en eM eH T ap H a  p o 6 o T a  dA = F  dl , T o g i 

o c ra H H ro  ^ o p M y n y  M o * H a  n e p e n n c a r a  TaK:

| Edl = | Edl = 0 . ( 9 .1 8 )

L L

T y T  iH T e rp a n  j  Edl H a3 H B aeT b ca  ^pKynH^ew eeKmopa Hanpywe-
L

Hocmi eneK T p o cT aT H H H o ro  n o n a .  TaK H M  hhhom, ^ H p K y n a ^ ia  B eK T opa H a- 

n p y * e H o c r i  eneK T p o cT aT H H H o ro  n o n a  B 3 g o B *  3aM K H yT oro  K o m y p y  g o p i ­

B H roe H y n ro ; c n n o B e  n o n e ,  m o  x a p a K T e p ro y e T b c a  T aK oro  B nacT H B icT ro , 

H a3 H B aeT b ca  nomeH^ anbHUM.

9.1.10. noTeH^an eneKTpocTaTHHHoro nona
P o 3 rn a H e M o  n p o 6 H H H  tohkobhh 3 a p a g  q0 b eneK TpH H H oM y n o n i ,  3 6 o -  

Ky a K o ro  H a  3 a p a g  g i e  c n n a :

F  =  qoE  , ( 9 .1 9 )

ge E  -  Hanpyxemcrt eneKTpocTaTHHHoro nona.

P o 6 o T a ,  m o  B H K oH yeT bca c n n o r o  F  m o g o  n e p e M im e H H a  n p o 6 H o r o  

T oH K oB oro  3 a p a g y  q0 H a HecK iH HeHHo M a n e  n e p e M im e H H a  dx, g o p iB H ro e :

dA = F  ■ dx =  q0E  ■ d x . ( 9 .2 0 )

U a  p o 6 o T a  g o p iB H ro e  c n a g y  n o T eH ^ a n b H o i  e H e p r i i ' AU  3 a p a g y  q0 y  

n o n i ,  m o  p o 3 r n a g a e T b c a :

dA = - dU . ( 9 .2 1 )

3 B ig c n :  dU  =  - q 0E  ■ dx  .

( 9 .2 2 )

f l n a  cKiHHeHHHx n e p e M im e H b  n p o 6 H o r o  T oH K oB oro  3 a p a g y  B ig  tohkh  
A g o  tohkh  B  3M iH a n o T eH ^ a n b H o i  e H e p r i i  gopiB H roB aTH M e:

B

U = Ub-Ua  =  - qo j E  ■ dx . ( 9 .2 3 )
A

O cT aH H e  p iB H aH H a M o * H a  3 a n n c a T H  TaK:
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B

A p  = pB - p A =  -  | E  ■ dx , ( 9 .2 4 )
A

„ U b U a
g e  A p  = P b  -  P a  = ------_ -------.

qo qo
( 9 .2 5 )

B enH H H H a, ^ o  g o p iB H ro e  B ig H o m eH H ro  n o T e H ^ a n b H o i ' e H e p rii ' n p o 6 -

H o ro  n o 3 H T H B H oro  en eK T pH H H oro  3 a p a g y ,  p o 3 M i^ e H o r o  b  ga m M  toh^

n o n a ,  g o  BenHHHHH ^ o r o  3 a p a g y ,  H a3 H B aeT b ca  n o m e n ^ a n o M  e n e K m p o -  

c m a m u H H 0 ^ 0  n o n a :

U
P =  — , ( 9 .2 6 )

qo
ge U -  noTeH^anbHa eHepria; q 0 -  ogHHHHHHH tohkobhh eneKTpHHHHH 3apag.

n o T e H ^ a n  — ^  C K an ap H a  eH epreT H H H a x a p aK T e p n cT H K a  e n e K T p o c ra -  

T H H H oro n o n a .

O g H H H ^  B H M iproB aH H a n o T e H ^ a n y  — B .

TaKHM hhhom , A p  3 a  ^ o p M y n o ro  ( 9 .2 5 )  e p i 3 H U ^  n o m e n t y a n i e  M ix  gBO- 

M a ToHKaMH (A  i B ) eneK TpH H H oro n o n a ,  aK a  B H M iproeTbca p o 6 o r o r o ,  ^ o  

3g iH cH roeT bca cn n aM H  n o n a  y  p a 3 i n e p e M i^ e H H a  ogH H H H H oro no3H TH B H oro 

3 a p a g y  3 tohkh 3 6 inbm H M  noT eH ^ an o M  y  ToHKy 3 MeHmHM n o T e H ^ a n o M .

3 B ’a3oK  n o T e H ^ a n y  3 H a n p y x e H ic r r o  en eK T pH H H oro  n o n a  BH3H aH a- 

e T b c a  TaK:

а )  b  o g H o p ig H o M y  eneK T pocTaT H H H oM y n o n i ,  H a n p a B n e H o M y  n o  o c i  x ,  

H a n p y x e H ic T b  en eK T pH H H oro  n o n a  g o p iB H ro e  B ig H o m eH H ro  p i3 H H ^  n o T e -  

H^ a n iB  A p  M ix  g B o M a ToHKaMH, g o  B ig cT aH i d  M ix  ^H M H ToHKaMH:

A p

E  =  - ~ r , ( 9 .2 7 )
d

g e  3HaK M iH yc CBigHHTb, ^ o  BeKTop H a n p y x e H o c r i  H an p aB n eH H H  n p o r a -  

n e x H o  3 p o cT aH H ro  n o T e H ^ a n y ;

б )  b  H e o g H o p ig H o M y  n o n i  H a n p y x e H ic T b  en eK T pH H H oro  n o n a  g o p iB ­

H ro e  3 a  B enH H H H oro i n p o T H n e x H a  3 a  H anpaM K oM  rp a g ie H T y  n o T e H ^ a n y :

d p

E  =  - - f - . ( 9 .2 8 )
d x

y  K o x rn H  toh^  n o n a  n p o e ^ i i '  B eK T opa E  H a o c i  geK apT O B oi c H c r e -  

m h  K o opgH H aT  n o B ’a 3 a H i 3 H a c r a HHHMH no x ig H H M H  B ig  n o T eH ^ a n y  3 a  

^H M H KO opgH H aTaM H  cniB B igH om eH H aM H :
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( 9 .2 9 )

O cT aH H i ^ o p M y n u  cB igH aT b , m o  o g u H u ^ r o  B H M iproB aH H a H a n p y * e -  

H ocT i M o * e  6yT H  B/m.
reo M eT p H H H e M i ^ e  t o h o k  eneK T p o cT aT H H H o ro  n o n a ,  b  aK H x 3H aH eH - 

H a n o T eH ^ a n y  o g H aK oB i, H a3 H B aeT b ca  eminomeHwanbHoK noeepxmw.
C n n o B i n iH ii  en eK T pH H H oro  n o n a  n e p n e H g u K y n a p H i e K B in o T e H ^ a n b -  

h h m  n o B ep x H aM .

npHKnag
npoToH pyxaeTbca B3goB* cunoBoi niHii eneKTpHHHoro nona, mo yTBoproeTbca Mi* 

gBoMa napanenbHHMn nnacrnHaMn. 3HanTu pi3Hnnro noTeHmaniB Mi* gBOMa TOHKaMu A  

i B  Ha TpaeKTopii pyxy npoTOHa, aKmo Hanpy*emcTb eneKTpHHHoro nona 8-104 B-m"1, a 
BigcTaHb Mi* TOHKaMU A  i B  gopiBHroe 0,5 m.

Po3B’H3oK
BnKopncTOByeMo piBHaHHa (9.25), B aKe nigcTaBnaeMo HucnoBi 3HaHeHHa:

A

3HaK “MiHyc” cBigHUTb, mo eneKTpnHHun noTeHman 3MeHmyeTbca Big tohku A  go 
TOHKU B .

KoHTponbHe 3aBgaHHa
BuKopucToByroHu gaHi nonepegHboi 3agaHi, BU3HaHUTU 3MiHy noTeHmanbHoi eHep­

rii npoTOHa npoTaroM noro pyxy.
B i d n o e i d b :  -  6,4-10"15 fl*.

E n eK T p o c raT H H H i y n o B n ro B a H i rp y H T y ro T b c a  H a  3 acT o cy B aH H i eneK T ­

p H H H o ro  p o 3 p a g y  b r a 3 a x  3 M eT oro B un y H eH H a n p o g y K T iB  ix  3 ro p a H H a  T a  

3M eH m eH H a 3 a 6 p y g H e H H a  n o B iT p a . C y H a c H i c u c T e M u  T a K o ro  T u n y  3gaT H i 

B u n y H u T u  g o  9 9  %  3 o n u  T a  n u n y  3 r n g y c r p i a n b H o r o  g u M y . ^ p u H ^ u ^  g i i  

en eK T p o c T a T u H H o ro  y n o B n ro B a H a  noK a3aH O  H a  p u c .  9 .5 .  B 3 g o B *  B e p T u - 

K an b H o i T p y 6 u  p o 3 T a m o B a H u n  c n ip a n e n o g i 6 H u n  n p o B ig H u K ; g o  T p y 6 u  T a  

n p o B ig H u K a  n p u K n a g e H a  B u c o K a  ( 4 0 - 1 0 0  kB) H a n p y r a ,  npu H O M y  n p o B i-  

g H u K  n p u e g H a H u n  g o  n o 3 u T u B H o ro  n o n r o c a  g * e p e n a  H a n p y r u  TaK, m o  

eneK T puH H e n o n e  H a n p aB n eH O  g o  n p o B ig H u K a . O c K in b K u  H a n p y * e H ic T b  

e n eK T p u H H o ro  n o n a  g o c u T b  B u c o K a  n o 6 n u 3 y  n p o B ig H u K a , caM e  TyT $ o p -  

M y eT b ca  kopohhuh p o 3 p a g ,  m o  c y n p o B o g * y e T b c a  n o a B o ro  ioH iB  T a  en eK - 

TpoH iB . H e ra T u B H i io H u  T a  en eK T p o H u  p y x a r o T b c a  g o  cTiH K u T p y 6 u  i 3 a -  

p a g * a r o T b  H acT uH K u n u n y  3 a  paxyH O K  3iTKHeHb T a  B 3 aeM o g ii 3 io H aM u .

b

Acp =q>B -  Pa j  E  ■ dx = - E x  =  -  (8 1 0 4 B-m-1)(0,5 m) = -4 -1 0 4 B.

9.1.11. EneKTpocTaTHHHHH ynoBnroBaH
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^acT H H K H  T e x  g o c a r a r o T b  n o B e p x H i T p y 6 u ,  n i c n a  H o ro  o c ig a ro T b  H a g H o  

CHCTeMH.

Epydne
noeimpn

Phc. 9.5. Ê eKTpOCTaTHHHHH
y^OB^roBan

9.1.12. IOHHHH MiKpOCKOn
I o h h h h  MiKpocKon cKnagaeTbca 3i c^epHHHoro 6anoHa 1 Ta ronKono- 

gi6H oro eneKTpoga 2 , BHKoHaHoro 3 penoBHHu, ^ o  go cn igxyeT b ca. B a- 
noH npuegHaHHH go HeraTHBHoro nonroca g x e p e n a  CTpyMy 3 , a eneKTpog

-  no3HTHBHoro nonroca (p u c. 9 .6 ) . y  6an om , ^ o  npnegHaHKH go H acoca
4 , yTBoproeTbca BaKyyM. OKpiM Toro, y  6anoH gogaroTb He3HaHHy Kinb­
KicTb reniro. fliaMeTp K iH ^  eneKTpoga cTaHoBHTb 6nu3bKo 0 ,1  m k m . 3 a  
paxyHoK 3HanHoi pi3HH^ noTeH^aniB n o6nu 3y eneKTpoga HanpyxeHicTb  
eneKTpHHHoro nona g o ca ra e  BenuKux (go 1 0 7 B / c m ) 3HaneHb. A t o m h  re ­
niro b  o6nacTi ioHi3yroTbca; no3HTHBHi ioHH reniro npaMyroTb go  
c^ ep u , noBepxHa aKoi noKpHTa ^nyopec^roron oro penoBHHoro. I o h h  re ­
niro yTBoproroTb Ha eKpaHi 3o6paxeH H a, aKe BignoBigae cTpyKTypi 3pa3- 
Ka. BuKopucToByroHH HH3bKi TeMnepaTypu Ta b h c o k h h  piBeHb BaKyyMy, 
MoxHa ogepxaTH  3o6paxeH H a oKpeMux aToMiB Ta aToMHy cTpyKTypy Ha 
noBepxHi 3pa3Ka.
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Puc. 9.6. Iohhhh MiKpocKon: 1 -  c^epuHHun 6anoH; 2 -  ronKonogi6Hnn eneKTpog, 
BMKOHaHnn 3 peHOBuHu, mo gocnig*yeTtca; 3 -  g*epeno cTpyMy; 4 -  Hacoc

9.1.13. npoBigHHKH b eneKTpocTaTHHHoMy noni
npoeidHUKU -  ^  peH O B uH u, b a K u x  eneK T puH H i 3 a p a g u  BinbHO p y -  

x a ro T b c a  (H a  B igM iH y B ig  i3onnmopie, g e  T a K u n  p y x  He M ae  M i c ^ ) .  ^ k  
n p u K n a g u  n p o B ig H u K iB  M O * H a H aB ecT u  M igb , a n ro M rn in ,  c p i6 n o ,  T o g i aK  

c K n o , ry M a  -  i3 o n a T o p u .

^ K m o  n p o B ig H u K  3 e g H a T u  i3 3 e M n e ro , n o T e H ^ a n  a K o i g o p iB H ro e  H y ­

n ro ,  to  BiH H a 6 y B a e  3a3eMneHHH. n o T e H ^ a n  n p o B ig H u K a  y  ^ O M y  B u n a g -  

Ky g o p iB H ro B aT u M e n o T e H ^ a n y  3 eM n i.

^ B u m e  H aB egeH H a e n eK T p u H H o ro  3 a p a g y  b n p o B ig H u K a x , p o 3 M im e - 

hux  y  n o c r in H O M y  eneK TpuH H O M y n o n i ,  H a 3 u B a e T b c a  eneKmpocmamm- 
h o k  mdyh îew. y  n p o B ig H u K a x  p y x  3 a p a g iB  6 y g e  B ig 6 y B a T u c a  g o T u , n o -  

ku 3 a p a g u  n e p e p o 3 n o g in a T b c a  TaK, m o  y T B o p eH e humu eneK T puH H e n o n e  

y c e p e g u m  n p o B ig H u K a  He K O M neH cyB aT uM e 3O BH im H e eneK T puH H e n o n e .  

B H a c n ig o K  ^ o r o  H a  O K peM ux g in a H K a x  n p o B ig H u K a  y T B o p ro ro T b c a  o g H a -  

KOBi 3 a  B e n u H u H o ro  H aB eg eH i (iH gyK O B aH i) 3 a p a g u  n p o T u n e * H o r o  3H aK a.

P o 3 rn aH eM O  H eraT uB H O  3 a p a g * e H y  e6oH iTO B y n a n u H K y , aK y  H a 6 n u -  

* a r o T b  g o  H e n T p a n b H o i ( H e 3 a p a g * e H o i)  npoB igH uK O B O i c ^ e p u ,  i3 o n b O B a- 

H o i B ig  3 e M n i. 3 a p a g * e H a  n a n u H K a  y T B o p ro e  3O BH im H e g n a  c ^ e p u  eneK T ­

p u H H e  n o n e .  f l in a H K a  c ^ e p u  n o 6 n u 3 y  n a n u H K u  o g e p * y e  H a g n u m o K  n o -
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3utubhux 3 a p a g iB , T o g i aK  p e m T a  c ^ e p u  6 y g e  3 a p a g : e H a  H eraT uB H O . 

^ K m o  3 a 3 eM n u T u  c ^ e p y ,  H e raT u B H i 3 a p a g u  (eneK T pO H u) 3 a n u m a T b  n p o -  

B igH uK  3 a B g aK u  M i r p a ^ i '  g o  3 eM n i; a K m o  B i g g a n u r u  3a3eM neH H a, n p O B ig - 

HuKOBa c ^ e p a  cT aH e no3u T u B H O  3 a p a g : e H o r o ,  a n e  ^ n  3 a p a g  p o 3 n o g in a -  

e T b c a  n o  c ^ e p i  H eogH O pigH O . ^ K m o  3 a 6 p a T u  n a n u H K y , p o 3 n o g in  n o 3 u T u -  

bhux 3 a p a g iB  n o  c ^ e p i  cT aH e o gH O pigH uM .

9.1.14. flieneKTpHKH b eneKTpocTaTHHHoMy noni
ffieneKmpuKU -  ^  peH O B uH u, aK i B ig H o cH o  n o ra H O  n p O B o g a T b  eneK T - 

p u H H u n  cT pyM  (no p iB H aH O  3 n p O B ig H u K aM u ). n i g  B nnuB O M  3O B H im H boro  

e n eK T p u H H o ro  n o n a  b g ien e K T p u K y  y T B o p ro e T b c a  o 6 'e M H u n  g u n o n b H u n  

e n eK T p u H H u n  MOMeHT c e p e g o B u m a  3 a  p ax yH O K  3M im eH H a n o 3 u T u B H u x  T a 

H e ra T u B H u x  3 a p a g iB  M o n eK y n  peH O B uH u ( p u c .  9 .7 ) .  ^  a B u m e , m o  H a 3 u -  

B a e T b c a  nonnpu3at y ew c e p e g o B u m a ,  x a p a K T e p u 3 y e  dieneKmpmna nponu- 
KHicmb s, a K a  n o K a 3 y e , y  cK inbK u p a3 iB  c u n a  B 3 aeM o g ii' M i :  3 a p a g a M u  y  

B aK yyM i 6 in b m a  3 a  c u n y  B 3 aeM o g ii ' Mm: tum u :  3 a p a g a M u  b gaH O M y c e ­

p e g o B u m i  (due. fyopMyny (9 .2 ) ) .  O c n a 6 n e H H a  B 3aeM ogii' B u H u K ae  H epe3  

e K p a m 3 a ^ iro  B in b H u x  3 a p a g iB  3B’a 3 a H u M u , aK i y T B o p ro ro T b c a  B H a c n ig o K  

n o n a p u 3 a ^ i '  c e p e g o B u m a .

E0= 0  E0
-------------------►

Puc. 9.7. nonapm a^H  gieneKTpHKiB nig BnnHBoM eneKTpHHHoro nona

B e n u H u H a , m o  x a p a K T e p u 3 y e  3 gaT H icT b  c e p e g o B u m a  g o  n o n a p u 3 a ^ i ' ,  

H a 3 u B a e T b c a  dieneKmpmnow cnpuunnmnueicmw %. B o H a  a B n a e  c o 6 o ro  

K o e ^ m ie H T  n p o n o p ^ n H o c r i  y  cn iB B ig H o m eH H i:

P = XE, ( 9 .3 0 )

ge E  -  Hanpy:eHicTb eneKTpuHHoro nona; P -  gunonbHun MOMeHT oguHu^ o6’eMy.
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3 B ’a3oK  g ien eK T p u H H o i npoH H K H ocT i s  i g ien eK T p u H H o i' c n p u H H a T n u -  

B ocT i x  M ae  B u r n a g :

s  = 1+ x. ( 9 3 1 )

^ k ^ o  n o n e  E  m B u g K o  3M iH roeT bca  3 H acoM , n o n a p u 3 a ^ a  g ie n e K T p u -  

Ka He B c T u ra e  c n ig y B a T u  3a  h u m ;  H ep e3  ^  M ix  K o n u B aH H aM u  E  i P  b u -  

H u K ae  p i 3 H u ^  $ a 3 .  f lie n eK T p u H H a  n p o H u K H icT b  s (a ) e  K oM nneK cH oro  

B e n u H u H o ro :

s (a ) = s /(a ) + is /f(a>), ( 9 .3 2 )

t o 6 t o  x a p a K T e p u 3 y e T b c a  g B o M a B e n u H u H a M u  S (a ) i S /(a ) , ^ o  3 a n e x a T b  

B ig  H acT o T u  a> 3M iH H oro  e n eK T p u H H o ro  n o n a .  B ig H o m e H H a  s  //(a )/s  /(a>) 
B u 3 H aH ae  dieneKmpmrn empamu — H a c r a H y  e H e p rii ' 3M iH H oro  en eK T p u H - 

H o ro  n o n a  E , a K a  n e p e T B o p ro e T b c a  b  T e n n o T y . y  n o c r in H o M y  en eK T p u H - 

H oM y n o n i  s /(a>) = s , a  s //(a>)= 0 .

K p u c T a n iH H i g ien e K T p u K u , aK i M aroTb n p o T a ro M  n e B H o ro  iH T ep B an y  

T eM n ep a T y p  c n o H T aH H y  n o n a p u 3 a ^ r o ,  ^ o  ic ro T H o  3 a n e x u T b  B ig  3 o B H im - 

H ix  B n n u B iB , H a 3 u B a ro T b c a  cesHemoeneKmpuKaMU. 3 a 3 B u H a n , c e rH e T o - 

en eK T p u K u  c K n a g a ro T b c a  3 doMeme -  g in a H o K  3 p i3 H u M u  H an p aM K aM u  

n o n a p r o a ^ i ' ;  c y M a p H u n  en eK T p u H H u n  g u n o n b H u n  MoMeHT K p u c T a n a  g o ­

p iB H ro e  H y n ro . B H a c n ig o K  H a rp iB aH H a  cn o H T aH H a  n o n a p u 3 a ^ a  c e rH e T o - 

eneK T puK iB  3 H u K ae  3 a  n eB H o i T e M n e p a T y p u  -  TaK 3B aH oi monKU Kwpi. 
T aK , g n a  T u n o B u x  cerH eToeneK TpuK iB  ToHKa K ro p i gop iB H roe: -1 8  — 2 4  C  

g n a  cerH eTO B oi' c o n i  KNaC4H 4O6 -4H2O , 1 3 3  0C  g n a  T u T aH aT y  6 a p ir o  

BaTi03, 1 2 1 0  0C  g n a  H io 6 a T a  n iT iro  LiNbO3 . C e rH e T o e n e K T p u K u  B u K o p u - 

cT o B y ro T b ca  g n a  B uM iproB aH H a T e M n e p a T y p u  b  g e T e K T o p ax  e n eK T p o M a r- 

H iT H o ro  B u n p o M iH ro B aH H a aK  e n e K T p o o n ra H H i M a T e p ia n u , o n T u H H i B n a c -  

T u B o cT i a K u x  3M iH roroT bca n i g  B n n u B o M  e n eK T p u H H o ro  n o n a .

f lie n e K T p u K u , aK i n p o T a ro M  T p u B a n o r o  H a c y  3 6 e p ira ro T b  n o n a p u 3 o -  

B a H u n  cT aH  n i c n a  3H aTTa 3o B H im H ix  B n n u B iB , ^ o  3 y M o B u n u  n o n a p u 3 a -  

^ r o ,  H a 3 u B a ro T b c a  eneKmpemaMU. T e x H o n o r ia  o g e p x a H H a  eneK T peTiB  

n o B a 3 a H a  3 p o 3 M i^ e H H a M  p o 3 n n a B n e H o i  p e H o B u H u , M o n e K y n u  aK o i M a­

roTb g u n o n b H u n  MoMeHT, y  c u n b H e  eneK T puH H e n o n e  3 n o g a n b m u M  ii  

o x o n o g x e H H a M . f l o  eneK T peTiB  M o x H a  B ig H e c ru  6 g x o n u H u n  BicK, n a p a -  

^ iH ,  n o n iM e p u , H eopraH iH H i n o n iK p u c T a n iH m  T a M oH oK pucTaniH H i gieneK T - 

p u K u  t o ^ o .  E n eK T p e T u  3 acT o co B y ro T b  aK  p e H o B u H u , ^ o  B x o g a T b  y  c K n a g  

gaTH uK iB  T u cK y  T a  B i 6 p a ^ n ,  g o 3 u M eT p iB , e n eK T p o B u M ip ro B a n b H u x  n p u -  

n a g iB , r irp o M e T p iB .
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K p u c r a n iH H i  peH O B uH u, b a K u x  y  n p o ^ c i  cT u cH eH H a a 6 o  p o 3 T arH e H - 

H a b n e B H u x  H a n p a M K a x  B u H u K ae  en eK T p u H H a n o n a p u 3 a ^ a  H aBiTb 3 a  

B ig cy T H o cT i e n eK T p u H H o ro  n o n a ,  H a 3 u B a ro T b c a  n  ' e 3 o e n e K m p u K a M U .  

^ B u m e  B uH uK H eH H a 3 a p a g iB  H a  n o B e p x H i n  e3 o en e K T p u K a  n i g  B nnuB O M  

M ex aH iH H u x  g e ^ o p M a ^ n  H a 3 u B a e T b c a  n pH M U M  n ' e 3 o e $ e K m o M ,  a  n o a B a  

M ex aH iH H u x  g e ^ o p M a ^ n  n i g  B nnuB O M  e n eK T p u H H o ro  n o n a  -  o d e p n e n u M  

n ' e 3 o e $ e K m o M .  f l o  n 'e 3 o en e K T p u K iB  H a n e : a T b  K B a p ^  g u r i g p o ^ o c ^ a T  

aM OH iro ( A f l P ) ,  c y n b ^ a T  n iT iro , cerH eT O B a c in b ,  T uT aH aT  6 a p i r o  T o m o . 

n e 3 o e n e K T p u H H i n ep eT B o p ro B aH i 3 H a n m n u  c B o e  3 acT o cy B aH H a  aK  g : e p e -  

n a  y n b T p a3 B y K y , g aT H u K u  M ex aH iH H u x  K o n u B aH b  T a  B i 6 p a ^ n ,  aK ycT uH H i 

B u n p o M iH ro B aH i T a  n p u n M a H i.

^ B u m e  B uH uK H eH H a M ex aH iH H u x  g e ^ o p M a ^ n ,  n p o n o p ^ H H u x  K B ag- 

p a T y  e n eK T p u H H o ro  n o n a  E  , H a 3 u B a e T b c a  e n e K m p o c m p u ^ i e w .

9.1.15. EneKTpuHHa eMHicTb
P o 3 rn aH eM O  O K peM un n p o B ig H u K , a K u n  B ig g a n e H u n  B ig  iH m u x  n p o B i-  

gH uK iB , T in  T a  3 a p a g iB . B  eneK T pocTaT uH H O M y n o n i  B ci tohku  n o B e p x H i 

n p o B ig H u K a  M aroT b ogH aK O B u n  n o T e H ^ a n  p , a K u n  n p o n o p ^ H H u n  3 a p a g y  

q  n p o B ig H u K a , to 6 to  c n iB B ig H o m e H H a  q / p  H e 3 a n e : u T b  B ig  q .  U ,e g a e  

M o :n u B ic T b  B B e c ru  n o H a r T a  e n e K m p m n o ' i  e M n o c m i  O K peM oro  n p o B ig H u ­

Ka, a K a  g o p iB H ro e  B ig H o m eH H ro  3 a p a g y  q  n p o B ig H u K a  g o  H o ro  n o T e H ^ a n y  

p ,  to 6 to  C  =  q / p . U ,e n o H a r T a  M o : H a  B ig H ecT u  T a K o :  g o  c u c T e M u  n p o -  

B igH uK iB , 3OKpeM a g B o x  n p o B ig H u K iB , p o 3 g in e H u x  tohkum  m a p o M  g ie n e -  

K T puK a -  TaK y c u c r e M y  g B o x  n p o B ig H u K iB  H a3 u B aro T b  K o n d e n c a m o p o M .  

E neK T puH H a eMHicTb K O H geH caTopa B u3H aH aeT bca aK  C  =  q / ( p— pp) ,  g e  q  -  

3 a p a g  o g H ie i  o 6 K n a g K u ; p1— p2 -  p i3 H u ^  n o T eH ^ an iB  M i :  o 6 K n a g -K a M u .

O g u H u ^  BuM iproB aH H a en eK rp u H H o i eM H ocri -  f y a p a d  [ 1 0  =  1 K n /B ].

E neK T puH H a eMHicTb n n o c K o ro  K O H geH caTopa B u3H aH aeT bca 3 a  Bupa3OM:

C  =  S S o S  , ( 9 .3 3 )

d
ge s  -  gieneKTpuHHa npoHMKHicTt cepegoBuma M i: o6KJiagKaMn KOHgeHcaTopa; s0 -  
eneKT-puHHa crana (8,854187817-10"12 K t2/H-m2); S -  nnoma o6KnagKK; d  -  BigcTaHb 
M i: o6KJiagKaMu.

3H aH eH H a g ien e K T p u H H o i n p o H u K H o c T i g e a K u x  peH O B uH  3 a  KiM HaTHoi 

T e M n e p a T y p u  H aB eg eH o  b T a 6 n . 9 .1 .

9.1 -  3HaHeHHH gieneKTpHHHoi npoHHKHocTi geHKHX peHoBHH 3a KiMHaTHoi TeMne- 
paTypu

PeHOBuHa flieneKTpuHHa npoHMKHicTt s
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BaKyyM 1,00000

Cyxe noBiTpa 1,00059

nanip 3,7

Boga 80
npHKiag
n^oma o6K^agKu nrocKoro KoHgeHcaTopa gopiBHroe S = 3 cm2, a BigcTaHb Mix o6

K âgKaMu d  = 1,5 mm. Bu3Hannru e êKTpu^Hy eMHicTb C KoHgeHcaTopa, n^acruHu aKo
ro 3HaxogaTbca y noBiTpi. 

P03B'H30K
nigcraB^aeMo HuoroBi 3HaneHHa y ^opMy^y (9.33):
C = (1,00059*8,85* 10-12 K^2/H m2)(3 10-4 m2)/(1,5*10-3 m) = 1,7710-12 O = 1,77 nO.

KoHTpo^bHe iaBgaHHH
Bu3Hannru e^eKTpu^Hy eMHicTb n^ocKoro KoHgeHcaTopa, o6K âgKH aKoro nfloqero

4 cm2 po3gmem nanepoBHM mapoM ToBmuHoro 1 mm.
Bidnoeidb: 13,1 nO.

3 a  n a p a n e n b H o r o  3 'e g H a H H a  K oH geH caT op iB  3 a r a ^ b H a  e n eK T p u n H a  

eM H icTb g o p iB H ro e  cyM i en eK T p u H H u x  eM H ocT eft o K p e M u x  K oH geH caT op iB  

( p u c .  9 .8 ,  a ) :

C  — C i  +  C 2 + . . . C n. ( 9 .3 4 )

3 a  n o c r n g o B H o ro  3 'e g H a H H a  K oH geH caT op iB  

B e^H H H H a, o 6 e p H e H a  3 a ra n b H M  eneK T puH H M  

eM H ocTi, g o p iB H ro e  cyM i o 6 e p H e H u x  B e n u n u H  

eneKTpHHHHX eM H ocTeH  oKpeM HX K o H g eH caT o ­

piB  ( p u c .  9 .8 ,  6 ) :

1 1 1  1

- L
■38^—  MW^rnM ■ J«|HIWi

cn

H  H  I— 11-
Cj C2 cn

6

Puc. 9.8. 3 ’cgHaHHH koh- 
geHcaTopiB: a  -  napa^e^b- 

He; 6 -  nocrngoBHe

C
■ + 

C C C"1 2
EH epria 3ap agxeH oro  KoHgeHcaTopa bu- 

3HanaeTbca 3a Bupa3oM:

C U 2 q U  q 2
E k = --------- =  ^ = * - , ( 9 .3 6 )

2 2 2C
ge U = (p1 —p2 -  pi3Hu^ noTeH^amB Mix o6^agKaMu.

KOHTpO.TbHe 3aBgaHHH
Bu3HanuTu 3ara^bHy e êKTpu^Hy eMHicTb g^a

3'egHaHHa KoHgeHcaTopiB, mo HaBegeHo Ha puc. 9.9.

Puc. 9.9. CxeMa g^n BH3HaneHHH iara.TbHoY
e êKTpHHHOl CMHOCTi g^H 3’cgHaHHn 

KoHgeHcaTopiB
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9.2. nOCTIHHHH E^EKTPHHHHH CTPYM
9.2.1. EneKTpHHHHH CTpyM

EneKmpmuuu cmpyM -  ^  B nopagK oB aH H H  (H an p aB n eH H H ) p y x  en eK - 

TpHHH Hx 3 a p a g : e H H x  HacTHHoK a 6 o  3 a p a g : e H H x  M aK pocK oniH H H x T in .

3 a  H a n p aM o K  eneK T pH H H oro  C TpyM y npH H H aTH H  H an p aM o K  p y x y  n o -  

3hthbhhx 3 a p a g iB . Cumow cmpyMy 1 H a 3 H B a e T tc a  c K a n a p H a  BenHHH Ha, 

m o  g o p iB H ro e  B igH om eH H ro  3 a p a g y  dq, n e p e H e c e H o ro  H epe3  nonepeH H H M  

n e p e p i3  n p o B ig H H K a  3 a  M anH H  n p o M m o K  H a c y  dt, g o  3H aH eH H a ^ o r o  iH- 

T ep B a n y :

d q

1 =  d T  • (937)
O g H H H ^  B H M iproB aH H a c n n n  C TpyM y -  aMnep (A) .

nocmiUHUM Ha3HBaroTB cT pyM , c n n a  a K o ro  3 H acoM  H e 3M iH roeT bca:

( 9 .3 8 )

r y c m u H a  c m p y M y  j  -  ^  B eK T opH a x a p aK T e p n cT H K a  cT pyM y, a K a  g o ­

p iB H ro e  3 a  M o g y n eM  eneK TpH H H oM y 3 a p a g y ,  m o  n p o x o g H T b  3 a  o g H H H ^ro  

H a c y  H epe3  ogH H H H H y n n o m y ,  n e p n e H g H K y n a p H y  B n o p a g K o B a H o M y  p y x y  

3 a p a g : e H H x  HacTHH oK .

ry c T H H a  cT p y M y  j  B H 3 H aH aeT tca  TaK:

j  =  n q <  v > , ( 9 .3 9 )

ge n -  Ko^empauja HociiB 3apagiB (3apag^eHHx HacTHHoK), mo pyxaroTbca; q  -  3apag ogHiei 
HacTHHKH; < v > -  cepegHa mBHgKicTb ynopagKoBaHoro pyxy 3apag^eHHx HacTHHoK.

y  p a 3 i  p iB H o M ip H o ro  p o 3 n o g in y  rycT H H H  eneK T pH H H oro  cT p y M y  n o  

n e p e p i3 y  n p o B ig H H K a  BenH H H H a rycTH H H  c n n n  cT p y M y  B H 3 H aH aeT tca  3 a  

B H pa3oM :

j  =  S , ( 9 .4 0 )

ge 1 -  cnna cTpyMy; S -  nnoma nonepeHHoro nepepi3y npoBigHHKa.
O g H H H ija  BH M iproBaH H a rycTH H H  

cT p y M y  -  A/m2.

9 . 2 . 2 .  E n e K T p u H H e  K o n o

3 a M K H y m e  komo c K n a g a e T b c a  3 g : e -  

p e n a  cT pyM y, 3 ’e g H y B a n tH H x  n p o B ig H H -
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KiB, n o  a K u x  n e p e M im y ro T b c a  H o c ii  cT p y M y  -  en eK T p o H u , i c n o : u B a n i B  

cT p y M y  ( p u c .  9 .1 0 ) .

Puc. 9.10. 3aMKHyTe Kono CKnagaeTbCH i3 
g^epena CTpyMy, 3’egHyBanbHux npoBigHuKiB, no hkhx nepeMimyroTbca Hocii'

CTpyMy -
eneKTpoHH, i cno^HBaniB CTpyMy

flwepeno cmpyMy -  n p u c i p i n ,  b aK oM y 3 a p a g u  n e p eM im y ro T b c a  B ig o g ­

H o ro  n o n r o c a  g o  iH m o ro  b H anpaM K y, n p o r n n e ^ H o M y  H anpaM K y eneKTpHH­

H o ro  n o n a .  U i  n ep eM im eH H a BHKoHyroTbca n ig  BnnHBoM  cT opoH H ix  c u n .

EneKmpopywiuHa cuna (e.p.c.) S -  $ i3 u H H a  B e n u H u H a , m o  x a p a K T e - 
p u 3 y e  g i r o  c T o p o H H ix  c u n  y  g : e p e n a x  cT p y M y ; B oH a g o p iB H ro e  B ig H o ­
m eH H ro  p o 6 o T u  A c T o p o H H ix  c u n  3 n e p e M im e H H a  n o 3 u T u B H o ro  3 a p a g y  q 
B 3 g o B :  K o n a  g o  3H aH eH H a ^ o r o  3 a p a g y :

A
S =  — . ( 9 .4 1 )

q
O g u H u ^  B uM iproB aH H a e n e K T p o p y m in H o i c u n u  -  eonbm (B).
EneKmpuHHa Hanpysa U  M i :  g B o M a TOHKaMu e n eK T p u H H o ro  K o n a  a 6 o  

n o n a  g o p iB H ro e  p o 6 o T i  e n eK T p u H H o ro  n o n a  m o g o  n e p e M im e H H a  o g u H u H - 

H o ro  n o 3 u T u B H o ro  3 a p a g y  3 o g H ie i  tohku  b iH m y .

O g u H u ^  B uM iproB aH H a H a n p y r u  -  B .

EneKmpuHHun onip R -  B e n u H u H a , m o  x a p a K T e p u 3 y e  n p o T u g ir o  n p o ­

B ig H u K a a 6 o  e n eK T p u H H o ro  K o n a  eneK T puH H oM y cT p y M y . E n eK T p u H H u n  

o n ip  -  u;e K o e ^ ^ ie H T  n p o n o p ^ n H o c r i  M i :  eneK T puH H uM  cTpyM oM  T a 

H a n p y r o r o  b 3aK oH i O M a (due. p o 3 g in  9 .2 .4 ) .

O g u H u ^  B uM iproB aH H a e n eK T p u H H o ro  o n o p y  -  om (Om).
E n e K T p u H H u n  o n ip  3 a n e : u T b  B ig  M a T e p ia n y  n p o B ig H u K a , g o B : u H u  

n p o B ig H u K a , n n o m i  n o n e p e H H o r o  n e p e p i3 y  T a  B ig  T e M n e p a T y p u :

l
R = P ~ , ( 9 .4 2 )

S
ge p  -  nnroMun onip (Om-m); l -  goBMHa; S -  nnoma nonepeHHoro nepepi3y npoBigHuKa.

3 H a n eH H a  n u T o M o ro  o n o p y  g e a K u x  p e n o B u H  H aB eg eH o  b T a 6 n . 9 .2 .

9.2 -  3HaneHHH nuToMoro onopy geaKux penoBHH 3a t 20 0C

PenoBuHa nuToMun onip p, Om-m

Cpi6no 1,5910-8
Migb 1,7-10-8
Bonb^paM 5,6-10-8
HixpoM 1,5-10-6
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Tpa^iT 3,5-10-5
CKno 1010-1 0 14
ryMa 1013
Oap^op 1013
Te^noH 1016
KBap^ 75-1016

npHKaag
BroHaHHTH onip MigHoro npoBigHHKa goBxuHoro 20 cm, nnoma nonepeHHoro nepe- 

pi3y aKoro gopiBHroe 10"4 m2.
P03BH30K
KopHCTyroHHCb gaHuMu Ta6n. 9.2 Ta ôpMynoro (9.38), 3HaxoguMo:
R = (1,7-10-8 0m*m)(0,2 m)/(10-4 m2) = 3,4-10-5 Om.

KoHTpoabHe 3aBgaHHH
^k 3MiHuTbca onip npoBigHuKa 3a yMoBaMu nonepegHboi 3agani, aKmo Migb 3aMmu- 

tu HixpoMoM?

3ane^nicm b onopy npoeidnuKa eid meMnepamypu B u 3 H a n a e T b c a  3 a  

^ o p M y n o ro :

R = R o [1 + a (T -  To)], ( 9 .4 3 )

ge R -  onip npoBigHuKa 3a geaKoi TeMnepaTypu T; R 0 -  onip npoBigHuKa 3a TeMnepaTy- 
pu T0 = 00C (MoxHa BuKopucToByBaTu onopHy TeMnepaTypy, HanpuKJiag, T0 = 20 0C); 
a  -  TeMnepaTypHun Koê mieHT onopy.

npHKaag
npoBigHuK TepMope3ucTopa Mae onip 50 Om 3a TeMnepaTypu 0 0C i 71,5 Om 3a Te- 

MnepaTypu 231,97 0C. 3HanTu R 0 i anpoBigHuKa.
P03B’H30K
BuKopucToByeMo piBHaHHa (9.43), b aKe nigcTaBnaeMo HucnoBi gaHi, mo BignoBi- 

garoTb TeMnepaTypi 0 0C:
50 = R 0 [1 + a(0 -  0)] = R b.

3Bigcu: R 0 = 50 Om.
nigcTaBnaeMo HucnoBi gaHi, mo BignoBigaroTb TeMnepaTypi 231,97 0C:

71,5 = R0[1 +a(231,97 -  0)] =50 (1 +a 231,97).
3Bigcu:

a  = (71,5 -  50) / 231,97-50 = 1,85-10-3 (0C)-1.

KoHTpoabHe 3aBgaHHH
3a aKoi TeMnepaTypu npoBigHuK 3a yMoBaMu nonepegHboro 3aBgaHHa MaTuMe onip 

89 OM?
Bidnoeidb: 422 0C.

y  p a 3 i  n o c n ig o B H o r o  3 e g H a H H a  n p o B ig H u K iB  3 a r a n b H u n  o n ip  g o p iB ­

H ro e  cyM i o n o p iB  o K p e M u x  n p o B ig H u K iB  ( p u c .  9 .1 1 ,  a ):
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R = R i  + R 2 + . . . Rn. ( 9 .4 4 )

y  p a 3 i  n a p a n e n t H o r o  3 e g H a H H a  n p o B ig H u K iB  B enHHH Ha, o 6 e p H e H a  

3 a r a n tH o M y  o n o p y ,  g o p iB H ro e  cyM i o 6 e p H e H u x  B enuH H H  o n o p iB  o K p e M u x  

npoR igH H K iR  ( p u c .  9 .1 1 ,  6 ):

I  =  —  +  — ...  +  — . ( 9 .4 5 )

R Ri R 2 Rn

Phc. 9.11. nocnigoBHe (a) Ta napanenbHe (6) 3’egHaHHH npoBigHuKiB

9.2.3. AHanorn onopiB y pocnnHHoMy opraHi3Mi
n p o x o g : e H H a  B o g H u x  hh r a 3 o B u x  noT oK iB  y  p o c n u H H o M y  o p ra H i3 M i 

g y : e  3pyH H o BHBHaTH, B u K o p u c T o B y ro H u  eneK TpH H H i a H a n o r i i .  P o 3 r n a -  

H eM o ak n p H K n a g  n p o ^ c  n p o x o g : e H H a  B o g a H o i n a p u  H ep e3  n o B e p x H ro  

n u cT K a. B o g a  M o : e  B T p aH aT u ca  H ep e3  npoduxu a 6 o  6 e 3 n o c e p e g H to  H epe3  

B o c K o n o g i6 H y  n o B e p x H ro  -  KymuKyny. n p o g u x u  B ig K p H B a ro T tc a  a 6 o  3 a -  

K p H B aro T tca  y  B ig n o B ig t  H a 3oB H im H i hh B H y rp im rn  c u r a a n u ,  p e r y n r o r o -  

hh TaKHM hhhom BTpaTH B o g n  nucT K oM . K y T H K y n a  T a K o :  3M eH m y e B T p a­

TH B o g n . O T : e  n p o g u x u  T a  K yTH K yny M o : H a  n p eg cT aB H T H  ak g B a  eKBi- 

B a n e u r a u x  eneK T puH H ux npoB igH H K a, 3 e g H a H u x  n a p a n e n tH o  (pHC. 9 .1 2 ) .  

3 a r a n t H u u  o n ip  R  T aK oi CHCTeMH n p o B ig H u K iB  B U 3 H aH aeT tca  TaK:

1 1 ■ +  — —  , ( 9 .4 6 )
R R R„

np Kym

ge Rnp Ta RKym -  onopu npoguxiB Ta KyrnKynH BignoBigHo.
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Puc. 9.12. 3araabHufi onip cucTeMu ono- 
piB npoguxiB Ta KyruKyau

y  to h  x e  H ac , n p o x o g x e H H a  

B o g a H o i n a p u  H epe3  n p o g u x u  n u ­

cTK a T a  rp a H u H H u n  m a p  n o B iT p a  

M o x H a  n p e g c T a B u T u  aK  g B a  n o -  

c n ig o B H o  3 'e g H a H u x  n p o B ig H u K a  

( p u c .  9 .1 3 ) ;  3 a r a n b H u n  o n ip  R 
T aK oi c u c T e M u  n p o B ig H u K iB  bu- 
3 H a n a e T b c a  TaK:

R = Rnp + Rsp. ( 9 .4 7 )

n p o x o g x e H H a  B o g u  n o  p o c n u m  M o x H a  o n u c a T u  n o cn ig o B H u M  3 'eg H aH - 

HaM T p b o x  npoB igH uK iB  (p u c .  9 .1 4 ) ,  o n o p u  a K u x  B ignoB igaroT b  K opeH eB in 

cucT eM i (R KOp), c T e6 n u H i (R cm ) T a nu cT K y  (R n):

1cm +  Rn. ( 9 .4 8 )R = Rkop + Rc

Puc. 9.13. 3araabHufi onip cucTeMu 
onopie npognxie Ta rpaHHHHoro 

mapy noBrrpn

Puc. 9.14. npoxog^eHHH Bogu no pocauHi 
Mo^Ha onucaTu nocaigoBHUM 3’cgHaHHHM 

Tpbox npoBigHHKiB, onopu hkhx BignoBiga-
roTb KopeHeBin cucTeMi (RKop), CTefiaum

(Rcm) Ta aUCTKy (Rn)

O y H K ^ 'i  e n e K T p o p y m in H o i c u n u  M o x y T b  B uK oH yB aT u tu ck  B o g a H o i 

n a p u  a 6 o  K O H ^eH T p a^ ia  r a 3 y ,  aK i 3 a 6 e 3 n e n y ro T b  B ogH i a 6 o  ra 3 o B i n o T o K u  

(e n eK T p u H H u n  a H a n o r  -  cT pyM ).

9.2.4. 3aKoHu nocTifiHoro CTpyMy
3aKon OMa dnn diwHKU Kona -  cuna cmpyMy I  y npoeidnuKy npnMo

nponop^una Hanpy3i U Miw deoMa fyiKcoeaHUMU monKaMU npoeidHUKa 
ma odeprnHo nponop^UHa onopy R npoeidHUKa:
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U  
I  = — . 

R
( 9 .4 9 )

3aK0H Qua dn% noenoeo Kona -  cuna cmpyMy I  y saMKnymojwy Koni 
npMMo nponop^rna eneKmpopymiuniu cuni dwepena £  i odepHeHo npo- 
noptyUna cyMi 3oemmHbozo R ma eHympimHboeo r onopie:

I  = £/(R + r). ( 9 .5 0 )

reopr OM (1787-1854)

HiMeqbKMM $i3U K .
B igK puB  o ch o bh m m  3aKOH e n eK T p u H H o ro  KO^a 
(3aKOH O M a). M aB  p o 6 o T u  b r a n y 3 i  aKycTUKu, 
K pucTanoonTU K U .

KoHTponbHe '3aBjaHHH

EneKTpHHHe Kono xapaKrepH3yeTbca eneKrpopyminHoro cnnoro gxepena CTpyMy £  = 12 
B, 3oBHimHiM onopoM R = 3 Om, BHyrpimHiM onopoM r = 0,05 Om. BH3HaHHTH: 
a) CHny CTpyMy; 6) Hanpyry, b) noTyxHicTb, mo po3ciroeTbca Ha 3oBHimHboMy onopi.

Bidnoeidi: a) 3,93 A; 6) 11,8 B; b) 46,3 Bt.

3aKon OMa e dufyepeHv̂ ianbHiu fyopMi. n p u K n a g o M  n p a M H x  n p o ^ c i B  

n e p e H e c e H H a  ( due. p o 3 g in  8 .4 .2 )  e  p y x  eneK TpH H H H x 3 a p a g iB , n i g  n a c  

a K o ro  n o r iK  eneK TpH H H H x 3 a p a g iB  B H K nH K aeTbca rp a g ie H T o M  n o T e H ^ a n y  

en eK T pH H H oro  n o n a .  P o 3 rn a H e M o  n o T iK  eneK T poH iB  y  npo B ig H H K y . n p u -  

n ycT H M o, m o  ry c T H H a  eneK T poH iB  i  T e M n e p a T y p a  x a p a K re p H 3 y ro T b c a  o g -  

H opigH H M  p o 3 n o g in o M . ry c T H H a  cT p y M y  aK  n o r iK  eneK T poH iB  y  n p o B ig ­

HHKy n p o n o p ^ H H a  H a n p y x e H o c T i  en eK T pH H H oro  n o n a  b  g a m n  t o h ^ ,  aK a  

g o p iB H ro e  r p a g i e n r y  n o T e H ^ a n y  en eK T pH H H oro  n o n a .  ^  c n iB B ig H o m e H ­

H a M o x H a  n p eg cT aB H T H  aK  3aKoH OMa ey3aeanbHeHiu fyopMi:

J = L - Fi7 p 1 jq ± /qe ( 9 .5 1 )

ge Je -  noTiK eneKTpHHHHx 3apagiB, Le -  êHoMeHonoriHHHH Koe îmeHT, Fqe -  pyminHa 
cnna, mo 3yMoBnroe nepeHeceHHa eneKTpHHHHx 3apagiB.

3 a K o H  O M a  e  d u fy e p e H v ^ i a n b H iu  f y o p M i  M ae  B H rn a g :

d ty
j = oE = o -----

dx
( 9 .5 2 )
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y  piBHHHHHx ( 9 .5 1 )  -  ( 9 .5 2 )  J e = j  = ----- r y c raH a CTpyMy; L e = a =  — -
S  p

nHTOMa eneK T puH H a n p oB igH icT b ; p  -  nuTOMHH eneKTpuHHHH o n ip ;  F qe = E =
dm dm

= ---------- H a n p y x e H ic T b  eneK TpH H H oro n o n a ; ---------- rp a g ie H T  n o r e H ^ a n y .
dx dx
OgH H H^  BHM iproBaHHa r y c raHH CTpyMy -  A/m2; nHToM oi' en eK rp u H H o i

n p o B ig H o c ri -  c3 A 2/m3 -ks; H a- 

n p y x e H o c T i  eneK T pH H H oro  

n o n a  -  ffw /K n -m = m -ks/A -c3.

3aK oH  O M a 3 acT ocoB yeT bca  

g n a  n p o c r u x  Kin. y  B H nagK y 

CKnagHH x Kin, aKi MicTaTb 3aM- 
KHymi Konmypu T a ey3m po3- 
eanywennH (p u c . 9 .1 5 ) ,  bhko- 
pHCToByrorb n p a B u n a  K ip x r o ^ a .

Phc. 9.15. CKiagHe 
eaercrpHHHe Koao

nepme npaeuno Kipxzo- 
&a -  ame6painna cyMa cmpyMie y ey3ni dopie-nwe nynw.

n

Z I  =  0 . ( 9 .5 3 )
i =1

C T pyM H , ^ o  B x o g a T b  y  B y 3 o n , yM oB H o B B a x a ro T b  gogaT H H M H , a  

CTpyMH, ^ o  B u x o g a T b  3 B y 3 n a  -  B ig ’eMHHMH.

Upyse npaemo Kipxzo&a -  y 6ydb-HKOMy 3aMKHymoMy Konmypi po3- 
sanywenoso Kona ame6painna cyMa do6ymKie cmpyMie na onopu eidno- 
eidnux dinmoK ^bo^o Konmypy dopienwe ameQpainniu cyMi eneKmpopy- 
miunux cun, ^o e e ^oMy Konmypi:

Z I R  =  Z  e t . ( 9 .5 4 )
i=1  i=1

ffo6ymoK IR  H a3 H B aeT b ca  cnadoM nanpysu.
H a n p aM K H  e n eK T p u H H u x  CTpyMiB T a  e n e K T p o p y m iH H u x  c u n  B B a x a -  

ro T b c a  gogaT H H M H , a K ^ o  H an p aM o K  C TpyM y 3 6 ir a e T b c a  3 H anpaM K oM  o 6 -  

x o g y  K oH T ypy 3 a  ro g u H H H K o B o ro  C T pinK oro, a  e .p .c .  3 6 in b m y e  n o T e H ^ a n  

y  H an p aM K y  ^ o r o  o 6 x o g y .
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TycraB Po6epT KlPXrOO (1824-1887)

H iM e ^ K u tf  $i3MK, ycTaHOBMB n p a B u n a  a n a  
C K naflH oro  en eK T p u H H o ro  K o n a , H a3 B aH u x  mo- 
ro  iM’aM .
P a 3 o M  3 P .B .  B yH 3eH oM  3aK n aB  o c h o b u  cneK - 
T p a n b H o ro  a H a n i3 y  ( 1 8 5 9  p .) ,  BBiB n o H a r r a  
a S c o n w T H o  H o p H o ro  T in a  T a  BiflKpuB 3aKoH 
B unpoM iH K B aH H a.

npHKaag
BuKopucToByroHu npaBuna Kipxro^a, 3HaHTu cunu cTpyMiB I 1, I2 Ta I3 b eneKrpuH- 

HoMy Koni, mo 3o6paxeHo Ha puc. 9.14.
P03B’H30K
3rigHo 3 nepmuM npaBunoM Kipxro^a MaeMo:

I i + I2 = I 3.
y  gaHoMy Koni e Tpu KoHTypu: abcda, befcb  Ta aefda. 3acrocoByeMo gpyre npaBuno 

Kipxro^a go nepmux gBox KonrypiB abcda  i befcb:
abcda: 10 B -  (6 Om)I1 -  (2 Om) I3 = 0.
befcb: -1 4  B -  10 B + (6 Om)Ii -  (4 Om) I2 = 0.

BuKnroHaeMo I3 3 nepmoro piBHaHHa, BuKopucToByroHu nepme npaBuno Kipxro^a:
10 B -  (6 Om)Ii -  (2 Om) (Ii + I2) = 0.

3BigKu:
10 = 8 Ii  +2I2.

3 gpyroro piBHaHHa ogepxyeMo:
-1 2  = -3  I i + 2 I2.

Po3B’a3oK cucTeMu gBox ocTaHHix piBHaHb gae MoxnuBicTb Bu3HaHuTu cTpyMu:
I i = 2 A; I2 = -3  A.

3 piBHaHHa, mo onucye nepme npaBuno Kipxro^a, 3HaxoguMo: I3 = -1  A.

KoHTpoabHe 3aBgaHHH
floBecTu, mo 3aKoH OMa e HacruHHuM BunagKoM gpyroro npaBuna Kipxro^a.

3aKoH UwoynH-JIeHua -  KinbKicmb mennomu Q, HKa eudinnembcn e 
npoeidHUKy y npo^ ci npoxodweHHH hum eneKmpuHHoso cmpyMy, npaMo 
nponop^UHa madpamy cunu cmpyMy I2, onopy npoeidHum R i Hacy t 
npoxodweHHH cmpyMy:

Q = I 2Rt. ( 9 .5 5 )

T y r  I R  = U  /R  =  P  -  n o T y x H ic T b  e n eK T p u H H o ro  cT pyM y.

9.2.5. TepMoeneKTpHHHi aBH^a
C yK ynH icT b $ i3 n H H n x  a B u m , 3yM oB neH ux B3aeM o3Ba3K oM  M ix  T e n n o -  

bm m m  T a  eneK T pnH H nM n n p o ^ c a M n ,  m o  B ig 6 y B a ro rb c a  y  T B ep g u x  n p o B ig H n - 

K ax, H a3 u B a ro rb  mepMoeneKmpuHHuMu xeu^aMu. P o 3 rn aH eM o  u i  a B u m a .

247



E^eKm 3ee6eKa -  B uH uK H eH H a T ep M o en e K T p o p y m ifiH o i c u n u  (T ep - 

M o e .p .c .)  b eneKTpHHHOM y K orn, ^ o  c K ^ a g a e T b c a  3 n o c rn g o B H o  3 ’e g H a H u x  

p i3 H o p ig H u x  n p o B ig H u K iB , KoHTaKTu a K u x  M aroT b p i3 H y  T e M n e p a T y p y  

( due. p o 3 g m  8 .2 ) .  ^ k ^ o  eneK T puH H e m n o  c K ^ a g a e T b c a  3 g B o x  p i3 H u x  

n p o B ig H u K iB , boho H a 3 u B a e T b c a  mepMonapow ( p u c .  9 .1 6 ) .  B e n u n u H a  

T e p M o e .p .c . 3 a n e x H T b  n u m e  B ig  T e M n e p a T y p u  r a p a n o r o  T1 T a x o n o g H o r o  

T2 KoHTaKTiB T a  M a T e p ia n y  n p o B ig H u K iB . ,3 ^ a  H e B e n u K o ro  iH T ep B an y  TeM­

n e p a T y p  B ig  0  g o  1 0 0  0C  T e p M o e .p .c . B u 3 H a n a e T b c a  3a  B u p a3 o M :

^3 =  a ( T 1 -  T 2) ,  ( 9 .5 6 )
ge a  -  Koe(j)iijieHT 3ee6eica.

2

Puc. 9.16. E^eKT 3ee6eKa -  bhhhkhchhh 
TepMoeaeKTpopymiHHoY ciian (TepMo­
e.p.c.) b eaeKTpHHHOMy Koai, ^ o  cKaaga- 
€Tbcn i3 nocaigoBHo 3’egHaHHx pi3Hopig- 
HHX npoBigHHKiB, KoHTaKTH HKHX Ma­
roTb pi3Hy TeMnepaTypy: 1 -  onopHi cnai;
2 -  BuMiproBagbHun cnan; 3 -  MigHun npo- 
BigHuK; 4 -  Buxig go noTeH^oMeTpa

HegomKoM TepMonap e HeBenuKi 3HaneHHa eneKTpopymifiHoi cunu, 
^ o  BuHuKae b eneKTpuHHoMy n aH ^ 3i. nogonaTu HegornK MoxHa 3a
paxyHoK nocrngoBHoro 3 ’egHaHHa KmbKox TepMonap, aKi yTBoproroTb B 
^ oMy pa3i mepMo6amapew.

y  6mbm 3aranbHoMy BunagKy eneKipopymifiHa cuna £3 g^a ogHopig- 
hux npoBigHuKiB A i B, 3 aKux cK^ageHa TepMonapa, Bu3HanaeTbca 3a 
Bupa3oM:

t2 t\ h

S3 = J  a A dt + J a B dt =  J  ( a A -  a B ) d t , (9 .57)
>1 t2 h

ge aA i aB -  Koe^i^enru 3ee6eKa gga npoBigHuKiB A i B  BignoBigHo.
Ha npaKTu^ He BuKopucToByroTb a6conroTHi 3HaneHHa Koe^^iemiB 

3ee6eKa; 3aMicTb ^ o r o  Bu3HanaroTb mi Koe îmieHTu ^ogo neBHoro onop- 
Horo MaTepiany (HanpuK^ag, nnaTuHu):

aA,pt =  aA -  apt (9 .58)

Ta
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3 B ig c u :

aA,B = aA,pt + apt,B = aA — aB, ( 9 .6 0 )

ge aA,B -  BigHocHuft Koe^mieHT 3ee6eKa TepMonapu A,B.
E n e K T p o p y m iH H a  c u n a  b ^ oM y p a 3 i  B K 3H aH aeT bca TaK:

de3 = aA,Bdt. ( 9 .6 1 )

3 B ig c u :

deq
aA,B = — - .  ( 9 .6 2 )

dt
3 a n e x H ic T b  e n e K T p o p y m if tH o i c u n u  3 e e 6 e K a  B ig  T e M n e p a T y p u  BK3H a- 

H a eT b c a  3 a  B u p a3 o M :

1 2S3 = a t + —  Bt . ( 9 .6 3 )

3  p iB H aH b ( 9 .6 2 )  T a  ( 9 .6 3 )  M o x H a  o g e p x a r a :

aA,B = a  + fit. ( 9 .6 4 )

3H aHeHHa K o e ^ m ie m iB  a  i p  g n a  TK noB K x M eTaniB 3H ax o g aT b  3 T a 6 n .9 .3 .

9.3 -  3HaneHHH Koe^i^eHTiB a  i P  gaa TunoBux MeTaaiB

a pt,B =  a p t —  a B . (9 .59)

MeTan a, mkB /0C P, mkB /0C
3ani3o +16,7 —0,0297
Migb +2,7 +0,0079
KoHcTaHTaH —34,6 —0,0558

H a  o cH o B i e ^ e K T y  3 e e 6 e K a  n o 6 y g o B a H i T epM oeneK T puH H i T epM oM eT pu  

T a  ix  n o c n ig o B H i 3 e g H a H H a , aK i yT B o p ro ro T b  T e p M o 6 aT ap e ro .

npHKaag
Bu3HaHuTu eneKTpopymiftHy cuny 3ee6eKa gna TepMonapu “3ani3o—Migb”, Kopuc- 

TyroHucb Ta6n. 9.3, aKmo TeMnepaTypa TepMonapu 200 0C, a onopHa TeMnepaTypa 0 0C. 
Po3B’H3oK
Bu3HaHuMo BigHocHuft Koe îuieHT 3ee6eKa 3a Bupa3oM:

aFe.Cu = aFe -  acu = 16,7 -  2,7 = 14 mkB-(0C)'1;
PFe,Cu = PFe -  BCu = 0,0297 -  0,0079 = —0,0376 mkB-(0C)'1. 

nigcTaBuMo HucnoBi gaHi y ^opMyny (9.63):

e3 = a t  + 1  p t2= 14-200 +(1/2)(0,0376)(200)2 = 2048 mkB.
2

KoHTpoabHe 3aBgaHHa
Bu3HaHuTu eneKTpopymiftHy cuny 3ee6eKa 3a yMoBaMu nonepegHboro 3aBgaHHa gna 

TepMonapu “3ani3o—KoHcTaHTaH”.
Bidnoeidb: 10782 mkB.
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E^eKm nenbm be  n o B a 3 a H u H  3 B u g in eH H aM  a 6 o  n o rn u H a H H a M  T e n ­

n o T u  Qn  n i g  H ac  n p o n y c K a H H a  e n eK T p u H H o ro  cT p y M y  H ep e3  KoHTaKT g B o x  

p i3 H u x  n p o B ig H u K iB . B u g in e H H a  T e n n o T u  3M iH roeT bca  n o rn u H a H H a M , aK - 

^ o  3M iHuTu H anpaM oK  eneK T puH H oro  cT pyM y b n p oB igH uK y. K inb-K icT b  T e­

n n o T u  Qn  B u 3 H aH aeT b ca  3a  B u p a3 o M :

Qn  = nit, ( 9 .6 5 )

ge n  = TAa -  Koe^mieHT nenbTbe; T -  a6conroTHa TeMnepaTypa; A a -  pi3HH â TepMo- 
eneKTpnHHnx Koe^miemiB npoBigHHKiB; I  -  cuna cTpyMy; t -  Hac.

B u K o p u c ro B y ro T b  e ^ e K T  n e n b T b e  g n a  o x o n o g x e H H a  b x o n o g u n b H u x  

y cT aH oB K ax .

E$eKm  ToMCona n o B a 3 a H u H  3 B u g in eH H aM  a 6 o  n o rn u H a H H a M  T e n ­

n o T u  Qt  b n p o B ig H u K y , B 3 g o B x  a K o ro  e  r p a g ie H T  T e M n e p a T y p u . K in b K icT b  

T e n n o T u  QT B u 3 H aH aeT b ca  3a  B up a3 o M :

Qt  = S(T i  -  TJIt, ( 9 .6 6 )

ge S -  xapaKTepncTHKa npoBigHHKa; T1 -  T2 -  nepenag TeMnepaTyp; I  -  cuna cTpyMy; 
t -  Hac.

E ^ e K T  T o M c o H a  3H aH m oB  c B o e  3 acT o cy B aH H a  g n a  B uM iproB aH H a TeM ­

n e p a T y p u .

9.2.6. EaeKTpHHHi npn.iagn
AMnepMemp -  n p u n a g  g n a  B uM iproB aH H a c u n u  e n eK T p u H H o ro  c T p y ­

M y, aK u H  B M uK aeT bca  b eneK T puH H e K o n o  n o c n ig o B H o  3 g x e p e n o M  c T p y ­

M y ( p u c .  9 .1 7 ) .  B  ig e a n b H o M y  B u n a g K y  aM n ep M eT p  n o B u H e H  M aT u B n a c -

h uh  o n ip ,  ^ o  g o p iB H ro e  H y n ro , ^ o 6  H e c n o T B o p ro B a T u  p e 3 y n b T a T u  B uM i-

p ro B aH b . H a  n p a K T u ^  o n ip  a M n e p M eT p a  RA n ig 6 u p a r o T b  3HaHH o M eH m uM  

3a  o n ip  e n eK T p u H H o ro  K o n a  R .

BonbmMemp -  n p u n a g  g n a  B uM iproB aH H a H a n p y r u  b en eK T p u H H u x  

n a H ^ r o ^ a x .  B iH  B M uK aeT bca  n a p a n e n b H o  TiH g i n a H ^  K o n a , H a  aK iH  B uM i- 

p ro e T b c a  H a n p y r a  ( p u c .  9 .1 8 ) .  B  ig e a n b H o M y  B u n a g K y  B onbT M eTp M ae 

HecK iH HeHHo B en u K u H  o n ip  g n a  3M eH m eH H a B n n u B y  n p u n a g y  H a  p e x u M  

K o n a . B  p e a n b H iH  c m y a u j i  o n ip  B o nbT M eT pa RB  n ig 6 u p a r o T b  3HaHH o 6 in b -  

m u M  3a  o n ip  g in a H K u  K o n a  R2 .
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eneKTpHHHoro CTpyMy 3a gono­
Mororo aMnepMeTpa, hkhh bmu- 
KaeTbcn b eneKTpuHHe Kono no-

cnigoBHo 3 g^epenoM CTpyMy

ru b eneKTpHHHHx naHurorax 3a 
gonoMororo BonbTMeTpa, hkhh 

BMHKacTbCH napanenbHo Tin gi- 
n^Hui Kona, Ha hkm BUMiprocTbcn 

Hanpyra

ranbeauoMemp -  npunag bhcokoi HyrauBocTi, npu3HaHeHufi gna bu- 
MiproBaHHa Manux CTpyMiB Ta Hanpyr (puc. 9.19). 3acTocoByeTbca aK 
HynboBuH rnguKaTop gna Bu3HaHeHHa BigcyraocTi eneKTpuHHoro CTpyMy 
B eJieKTpHHHOMy KOJli.

BuMipToecuibHUU juicm (viicm Yimcmo- 
na) -  BHMiproBanbHe Kono, mo 3acTocoBy- 
eTbca gna BHMiproBaHHa HeBigoMoro ono­
py Rx . ^  Kono CKnagaeTbca 3 Tpbox Bigo- 
mhx onopiB R j, R2 Ta R3 (ge R j -  KaniSpo- 
BaHHH 3MiHHHH onip), ranbBaHoMeTpa Ta 
gxepena CTpyMy (puc. 9.20). Onopu Rx,
Rj, R2 Ta R3 , ^ o  yTBoproroTb HoTupuKyT- 
hhk, Ha3uBaroTbca nneHOMU MoCTa. Pery- 
nroroHu BenuHuHy 3MiHHoro onopy R j, go- 
SuBaroTbca piBHoBaru MoCTa, BHaCnigoK 
aKoi CTpyM y giaroHani 3 ranbBaHoMeTpoM gopiBHroe Hynro. y  îH cm'yami! 
BuKoHyeTbca yMoBa R j/R3 = R2/Rx, 3BigKu Rx  = R2R3/ R j .

nomen^OMemp -  npunag gna BuMiproBaHHa eneKTpopymiHHoi Cunu 
Gx mnaxoM nopiBHaHHa ii 3 BigoMoro eneKTpopymiHHoro Cunoro. Ha 
puC. 9.21 HaBegeHo ochobhI KoMnoHeHTu noTeHmoMeTpa. BiH CKnagaeTbca 3 
peoxopga R (ogHopigHoro npoBigHuKa, HaTarHeHoro Ha niHiHKy, B3goBx 
aKoro nepeMimyeTbCa pyxoMuH KoHTaKT C ), ranbBaHoMeTpa r , gxepena, 
eneKTpopymiHHa Cuna Gx  aKoro BuMiproeTbCa, HopManbHoro eneMeHTa 3 
BigoMoro eneKTpopymiHHoro Cunoro s0 Ta gxepena gonoMmHoi eneKTpo­
pymiHHoi Cunu £.

Puc. 9.19. BuMiproBaHHH Manux 
CTpyMiB Ta Hanpyr 3a gonoMo­
roro ranbBaHoMeTpa -  npunagy 

bhcokoi HyTnuBocTi
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Cx C o

Puc. 9.20. BnMiproBaabHHH MicT (MicT 
YiTcToHa) -  BHMipWBaabHe Koao, ^o  
CKaagaeTbCH 3 raabBaHoMeTpa, g^epeaa 
CTpyMy, Tpbox BigoMHX onopiii R1y R2 Ta 
R3 (ge Ri -  Kani6poBaHuH 3MiHHuH onip), 
Ta 3acTocoByeTbCH gaa BHMiproBaHHa 
HeBigo-Moro onopy Rx

Puc. 9.21. noTeH^oMeTp -  npnaag gaa 
BHMiproBaHHa eaeKTpopymiHHoi cnan 
Sx maaxoM nopiBHaHHa 11 3 BigoMoro 
eaeKTpopymiHHoro cnaoro, hkmm cKaa- 
gaeTbca 3 peoxopga R (ogHopigHoro 
npoBigHuKa, HaTarHeHoro Ha niHiHKy, 
B3goBx aKoro nepeMi^yeTbca pyxoMuH 
KoHTaKT C), raabBaHoMeTpa r ,  g^epe- 
aa, eaeKTpopymiHHa cnaa Sx aKoro 
BHMiproeTbca, HopMaabHoro eaeMeHTa 
3 BigoMoro eaeKTpopymiHHoro cnaoro 
S0 Ta g^epeaa gonoMi^Hoi eaeKTpo­
pymiHHoi cnan S

B u M ip ro B a H H a  H eB igoM oi en eK T p o p y m iH H o i c u n u  s x n o n a r a e  B n e p e -  

M i^ e H H i p y x o M o r o  KoHTaKTy C  T a 3 H a x o g x e H H i T a K o ro  H o ro  n o n o x e H H a ,  

3 a  a K o ro  cT pyM  H epe3  ra n b B aH o M eT p  g o p iB H ro e  H y n ro . Y M o B a komtoh- 
c a ^ i  B u 3 H aH aeT b ca  3 a  B u p a3 o M :

Sx = Irx ,  ( 9 .6 7 )
ge Irx -  cnag Hanpyru Ha ginaHni ac.

^ K ^ o  3 a  g o n o M o r o r o  n e p eM u K aH a  n  y  n a H ^ ro ^  BBiMKHyTu g x e p e n o  

e T a n o H H o i e n eK T p o p y m iH H o i c u n u  S0, to  yM oB a K o M n e H c a ^ i ' B ^ o M y  p a 3 i  

B u 3 H aH u T b ca  3 a  B u p a3 o M :

So =  Iro, ( 9 .6 8 )

3  o cT aH H ix  g B o x  piB H aH b M o x H a  o g e p x a r a  TaK e cn iB B ig H o m e H H a :

Sx/So = rx /  ro, ( 9 .6 9 )
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( 9 .7 1 )

a 6 o  3 B paxyB aH H aM  T o ro , ^ o  o n o p u  g in a H o K  p e o x o p g a  n p o n o p ^ H H i  ix  

g o B x u H a M :

Sx/So=  lx /lo, ( 9 .7 0 )

3B igK u

Sx = So-(lx /lo). 
n r n eKUU 3ano6i^nuK -  n p u ­

n a g  g n a  3 a x u c T y  e n eK T p u H H o ro  

K o n a  B ig  B e n u K u x  cTpyM iB , aK i 

M o x y T b  B u K n u K aT u  n e p e r p iB  K o n a  

T a  n o x e x y .  f l n a  3 a n o 6 ir a H H a  H e- 

6 e 3 n e H H u x  c u T y a ^ n  n n a B K u n  3 a -  

n o 6 ix H u K  B M uK aroTb n o c n ig o B H o  3 

n o 6 y T o B u M u  en eK T p u H H u M u  n p u -  

n a g a M u  ( p u c .  9 .2 2 ) .  ^ k ^ o  3 a r a n b -  

h uh  cT pyM , ^ o  n p o x o g u T b  n o  ko- 
n y  H ep e3  B ci n p u n a g u ,  n e p e B u ^ y e  

H opM y, 3 a n o 6 ix H u K  n n a B u T b c a  T a  

p o 3 p u B a e  K ono .

npHKaag
no6yrc®i npunagu, ^ o  3acTocoBy- 

roTbca y KBapTupi, MaroTb TaKi 3HaHeHHa 
noTyxHocTi: MiKpoxBuntoBa niH -  800 
Bt, xonogunbHuK -  1000 Bt, npanbHa 
MamuHa -  1200 Bt. Hu nigxoguTB nnaB- 
kuh 3ano6ixHuK, po3paxoBaHun Ha 15 A, 
gna TaKoi KBapTupu, aK^o Hanpyra B 
eneKTpuHHoMy Koni 220 B?

Puc. 9.22. naaBKHH 3ano6i*HHK -  npn- 
aag gaa 3axHCTy eaeKTpHHHoro Koaa Big 
BeaHKHx CTpyMiB, aKi MoxyTb 3yMoBHTH 

neperpiB Koaa Ta n o*e*y

Po3Ba3oK
nigpaxyeMo cTpyM, aKun npoxoguTB Hepe3 koxhuh npunag, 3a Bupa3oM I  = PIU  

(ge P  -  noTyxmcTb npunagy; U -  Hanpyra): MiKpoxBunboBa niH -  IMn = 800 BtI220 B = 
= 3,6 A; xonogunbHuK -  IX = 1000 BtI220 B = 4,5 A; npanrna MamuHa -  InM = 
= 1200 BtI220 B = 5,45 A. 3arajn>Hun cTpyM B enerapuHHoMy Koni cTaHoBuTb I  = IMn +IX + 
+ InM= 3,6 A + 4,5 A + 5,45 A = 13,55 A. OTxe, nnaBKun 3ano6ixHuK nigxoguTB go 
TaKoro eneKTpuHHoro Kona.
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10. E^EKTPHHHI n o ^ a  nPHPO^HOTO 
n O X O ^ E H H fl

10.1. IOHOC^EPA
y  C K nag  a T M o c ^ e p u  B x o g a T b  io H u  K u cH ro , a 3 o T y  T a  m m u x  ra 3 iB , a  

T a K o x  B inbH i e n eK T p o H u . B  h u x h Ih  T p o n o c ^ e p i  K inbK icTb ioH iB  o S o x  

3HaKiB H eB u co K a  -  S n u 3 b K o  5 0 0 - 7 0 0  n a p /c M 3 . Iohu B uH uK aroT b  b ochob- 
H oM y 3 a  p a x y H o K  p a g io a K T u B H o ro  B u n p o M iH ro B aH H a y p a H y  i p a g ir o ,  m o  

3 H a x o g a T b c a  b 3eMHiH K op i. A n e  ^  io H u  o S n in n e H i  H e H T p an b H u M u  M o n e- 

K y n aM u  B o g u  i p y x n u B ic T b  ix  M a n a . B in b H i en eK T p o H u  icH y ro T b  H e g o B ro , 

S o  n p u e g H y ro T b c a  g o  iH m u x  H acT uH oK .

H a  B e n u K u x  B u c o T a x  K inbK icTb ioH iB  3 S in b m y e T b c a  B H acn ig o K  B n n u -  

B y K ocM iH H oro  B u n p o M iH ro B aH H a, y n b T p a ^ io n e T O B o ro  T a  K o p n y c K y n a p -  

H o ro  B u n p o M iH ro B aH H a Coh^ . T aK , H a  bucotI 2 0 - 2 5  km ( c r p a T o c ^ e p a )  

M ae  M i ^ e  n e p m u H  M aK cuM yM  i o m 3 a ^ i ,  a  caM e  S n u 3 b K o  1 0 4 n a p /c M 3 . 

f l a n i  K o H ^ m p a ^ a  ioH iB  3 M eH m y eT b ca , a n e  H a  bucotI 3 0  km ( M e 3 o c $ e p a )  

i x  K inbK icTb C TaH oB uTb T e x  1 0 4 n a p /c M 3 . n p u H o M y  K inbK icTb H e r a r a B -  

hux  ioH iB  M a n a ; b ocH oB H oM y M aroTb n e p e B a r y  n o 3 u T u B H i io H u  i eneK T - 

p o H u . n p u S n u 3 H o  3 ^ e i  buco tu  n o H u H a e T b c a  ionoc^epa -  n p u p o g H e  

yT B opeH H a p o 3 p ig x e H o i  c n a S K o  io H i3 o B aH o i n n a 3 M u , a K a  3 H a x o g u T b c a  b 
M arH iT H oM y n o n i  3 e M n i T a  n i g n a r a e  B n n u B y  io H i3 y ro H o ro  B u n p o M m ro -  

B aH H a Coh^ . I o H o c ^ e p a  3 aH M ae o S n a c T b  buco t 5 0 - 1 5 0 0  km.
I o H o c ^ e p a  C K n a g a eT b ca  3 K in b K o x  m a p iB , p o 3 T a m o B a H u x  H a  p i3 H u x  

B u c o T a x  ( p u c .  1 0 .1 ) :

1. f f l a p  D  — o S n a c T b  M ix  5 0  T a  9 0  km; x a p a K T e p u 3 y e T b c a  c n a S K o ro  

i o m 3 a ^ e r o .  B i g i r p a e  c y rT e B y  p o n b  y  n o rn u H a H H i p a g io x B u n b  ( 1 0  M r ^ ) .

2 . f f l a p  E  -  o S n a c T b  M ix  9 0  T a  1 2 0  km, g e  B ig S y B a e T b c a  io m3 a ^ a  

M o n e K y n a p H o ro  K ucH ro  3 a B g aK u  peH TreH iB C bK iH  ( 1 - 1 0  hm) T a  y n b T p a ^ i -  

oneTO BiH  K oM noH eH TaM  c o H a H H o ro  B un p o M iH ro B aH H a. U,eH m a p  B ig S u B a e  

p a g io x B u n i  3 H acT o T o ro  M eH m e H i x  10  M ^  T a  n o r n u H a e  3 H acT oT oro  

S in b m e  H i x  10  M ^ .  BhohI m a p  3 H u K ae  3 a  S paK oM  g x e p e n  i o m 3 a ^ i .

3 . f f l a p  F  -  o S n a c T b  M ix  1 2 0  T a  4 0 0  km, b aK oM y M ae  M i ^ e  i o m 3 a ^ a  

aT O M ap H o ro  K ucH ro  O y n b T p a ^ io n e T O B u M  ( 1 0 - 1 0 0  hm) coH aH H uM  bu- 
npoM iH roB aH H aM . U,eH m a p  B ig n o B ig a e  ro n o B H o M y  M aK cuM yM y i o m 3 a ^ i ;  

bhohI bIh 3 H a x o g u T b c a  H a  bucotI 3 0 0 - 4 0 0  km, a  y g e H b  p o 3 g B o ro e T b c a  H a 

m a p u  F j  ( 1 6 0 - 2 0 0  km) i F 2 ( 2 2 0 - 3 2 0  km). C a M e  m a p  B ig n o B ig a e  3 a  

n o m u p e H H a  p a g io x B u n b .
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h ,  K M

1500

K o m j e H T p a i j i H  e j i e K T p o H i B ,  c m '3
Phc. 10.1. CrpyKTypa i<nioc(|)epn (noacHeHHa b TeKCTi)

Iohhhh CK^ag 3Mrnro eT b ca  3 bhcotow: (H20)nH+, 0 2, N O "3 Ta HCO-3 -  

H a  BHCOTax, M eH m n x  H ix  7 0 - 8 0  km, NO+ T a O+ (8 5 - 2 0 0  km), O+ (> 2 0 0  km), 
H +(>6 0 0 - 1 0 0 0  km).

3 a  paxyH O K  r p a g ie H T a  rycT H H H  n o B iT p a  p iB e H t i o m 3 a ^ i  i B ig n 0 B ig H 0  

nHTOMOi e^eK TponpO B igH O C T i n o B iT p a  H eogH O pigH H ft: 6 m a  n o B e p x H i 

3 e M m  a  =  ( 2 - 3 ) * 1 0 -14 Cm/m i 3 0 -1 0 -14 Cm/m H a BHCOTi 1 0  km, to 6 to  n o B i-  

T p a  M o x e  6yTH  p 0 3 ra a H y T 0  aK  i3 0 ^ a T 0 p  6 m a  n o B e p x H i i npO B igH H K  -  b 
o 6 ^ a c r i  M e 3 0 c ^ e p H  i B H ^ e .

K p iM  T o ro , b T p o n o c ^ e p i  M O x y T t B ig 6 y B a r a c a  a B H ^ a ,  ^ o  3 y M 0B ^ro- 

roT b p 0 3 g m e H H a  e^eK TpH H H H x 3 a p a g iB  3 a  paxyH O K  3MiHH M eT eo p o .ro riH -
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h u x  yMoB -  x M ap , o n a g iB , TyMaHiB T o m o . B  aTM O C ^epi B uH uK ae n o 3 u T u B - 

h u h  o S ’eM H uH  3 a p a g ,  a  H a  n o B e p x H i 3 e M n i -  B ig ’eM H uH  3 a p a g .  O T x e ,  

eneK T puH H e n o n e  3 e M n i H a n p a B n e H o  n p u S n u 3 H o  B ep T u K an b H o ; H a n p y x e -  

H icTb H o ro  C TaH oB uTb B ig  1 3 0  B / m  S in a  n o B e p x H i g o  K in b K o x  B onbT  H a 

M eTp H a  b u c o t I 10  k m .

10.2. B^HCKABKH
H a aB H icT b  r p o 3 o B u x  x M a p  B n n u B a e  H a  p o 3 n o g in  e n eK T p u H H u x  3 a p a -  

g iB . 3 r ig H o  i3 c y H ac H u M u  y a B n eH H aM u  C T pyK T ypa rp o 3 O B o i x M a p u  -  T p u -  

3 a p a g H a : b  ^ m p i  x M a p u  3 H a x o g u T b c a  o cH o B H a 3 o H a  H e ra T u B H o ro  3 a p a -  

g y ,  H a g  H ero  -  3 o H a  n o 3 u T u B H o ro  3 a p a g y ,  a  n i g  H ero  -  g p y r a ,  M eH m a, a n e  

Te x  n o 3 u T u B H o  3 a p a g x e H a  3 o H a  ( p u c .1 0 .2 ) .  H a H S in b m  x a p a K T e p H o ro  

o c o S n u B ic T ro  3 o h u  H e ra T u B H o ro  3 a p a g y  x M a p u  e  Te, m o  B oH a a B n a e  c o -  

S o ro  n n o c K u H  (T o B m u H o ro  1 k m ) m a p  H a  b u c o t I  6  km , g e  T e M n e p a T y p a  

n o B iT p a  C TaH oB uTb - 1 5  0C  (TaK 3B aH a meMnepamypa peeepcy) .  H a  

b u c o t I  B o g a  icH y e  b  T p b o x  $ a 3 a x  -  y  B u rn a g i  p ig u H u , n b o g y  i n a p u .  B e p x -  

H a n o 3 u T u B H o  3 a p a g x e H a  3 o H a  M o x e  M aT u T o B m u H y  g eK in b K a  K inoM eTpiB  

i g o c a r a T u  T p o n o n a y 3 u  (1 3  k m ). H u x H a  3 o H a  H a c r in b K u  M a n a , m o  ii  

B n n u B o M  H a  ^ o p M y B a H H a  e n eK T p u H H o ro  n o n a  M ix  x M a p o ro  T a  n o B e p x -  

H ero  3 e M n i M o x H a  3H exT yB aT u . B  aT M O C ^ep i 3 a  T u n o B u x  T e M n e p a T y p H u x  

p e x u M iB  icH y ro T b  K p u c T a n u K u  n b o g y  T a  B a x K i H acT uH K u C H iro B o i K p y n u . 

H a S o p a T o p m  g o c n ig x e H H a  n o K a 3 a n u ,  m o  3 a  T eM n ep a T y p  S in b m u x  H i x  

T e M n e p a T y p a  p e B e p c y  (B u c o T a  M eH m e H i x  6  k m ) H a c ru H K u  K p y n u ,  m o  

n a g a ro T b ,  B 3 aeM ogiroT b  3 K p u c T a n u K a M u  n b o g y  i H aS y B aro T b  no 3 u T u B H O - 

r o  3 a p a g y ,  a  3 a  T eM n ep a T y p  M e H m u x  T e M n e p a T y p u  p e B e p c y  (B u c o T a  S in b -  

m a  H i x  6  k m ) b o h u  3 a p a g x a r o T b c a  H e raT u B H o  ( p u c .1 0 .3 ) .  B B a x a e T b c a ,  

m o  caM e  H acT uH K u K p y n u  S e p y T b  y H acT b  y  ^o p M y B aH H i H u x H b o i  3 o h u  b  

T p u 3 a p a g H iH  x M a p i. n e p e g  r p o 3 o r o  H a n p y x e H ic T b  e n eK T p u H H o ro  n o n a  

M o x e  g o c a r a T u  5 0 0 0 0  B /m , a  n i g  H ac  r p o 3 u  -  1 0 0 0 0 0 - 3 0 0 0 0 0  B /m .

C y r r e B y  p o n b  b  e n e K T p u 3 a ^ i  r p o 3 o B u x  x M a p  B ig i r p a e  K O H B e ^ ia  -  

p y x  K p u cT an u K iB  n b o g y  i C H iro B o i K p y n u  B ro p y ;  npu H O M y  K p u c T a n u K u  

n ig iH M a ro T b c a  m B u g m e , m o  eKBiBaneHTHO n a g iH H ro  K p y n u . B u c x ig H u H  

noT iK  n e p eH O cu T b  n e p e o x o n o g x e H i  K p a n n u H u  B o g u  B u m e  rp a H u H H o i 3O- 

h u , 3 a S e 3 n eH y ro H u  p ic T  K p y n u . ^ k  T in b K u  x M a p a  H a K o n u T b  gocT aT H iH  

eneK TpuH H uH  3 a p a g , 3 a  a K o ro  eneK TpuH H e n o n e  3gaTH e n o g o n a T u  gieneK T - 

p u H H y  “ M m m c T b ”  aT M O C ^ep u , B u H u K ae  dnucKaeKa -  icK p o B u H  p o 3 p a g ,  

m o  B u H u K ae  3 a  B i g c y r a o c r i  en eK T p o g iB  b  M ac i 3 a p a g x e H u x  T a  g o S p e  i3O- 

n b O B a H u x  o g H a  B ig  o g H o i HacTuHOK. B  ocHOBHOMy, S n u c K a B K u  y T B o p ro ­

ro T b c a  B c e p e g u m  ocH O B H oro  H e ra T u B H o ro  3 a p a g y .  y  B u n a g K y  p o 3 p a g y
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M ix  x M a p o ro  i 3eM H oro n o B e p x H e ro  6 n u c K aB K a  c K n a g a e T tc a  3 g B o x  p o 3 -  

p a g iB : o g u H  (nidep)  n p a M y e  g o  3eM H 0i n o B e p x H i, a  g p y r a f t  ( cmpuMep)  

n o m n p r o e T b c a  g o r o p u .  ^ K a B O  B ig M iraT H  n a p a M e T p u  6nncK aB K H : c e p e g -  

H a T pH B an icT b  6^HCKaBKH CTaHOBHTb 1 0 -3 c , eneKTpHHHHH CTpyM -  g o  

1 0 0 0 0 0  a M n e p , T e M n e p a T y p a  b p o 3 p a g i  2 7 6 0 0  0C , g o B X H H a 6nncK aB K H  -  

3 - 1 6  km, g iaM eT p  -  1 ,3 - 2 ,5  cm.

Phc. 10.2. TpH3apagHa CTpyKTypa Phc. 10.3. npo^CH nepeHeeeHHH
rp030B0i xMapn 3apngy nig nae B3aeM0gii nacTH-

hok CHir0B0i Kpynu 3 KpHCTa^H- 
KaMii ^b0gy

n 0 3 H aH H M 0  e^eK TpH H H e 

n o n e ,  ^ 0  y T B o p ro e T tc a  M ix  

io H o c ^ e p o ro  T a  3eM H oro n o ­

B ep x H ero , aK  E , a  n o n e  M ix  

x M a p o ro  i n o B e p x H e ro  -  aK  E1 
(p u c . 1 0 .4 ). B ig3H anH M 0, ^ 0  

n o n e  E1 > E  (ocK intK H  B ig - 

cT aH b M ix  3 a p ag a M H  M eH- 

m a ) .  T aM , g e  e  6 a m r a ,  B e x i  

T O ^O  BHHHKae KOpOHHUU 
p03pnd -  caM OcTM HHH BH- 

cOKOBOnbTHHH eneKTpHHHHH 

p 0 3 p a g  b r a 3 i  y  p a 3 i  THcKy 

H e M eH m e a T M o c ^ e p H o ro ,

■:++++ ■ + :+: i

+ +—+ ------

a 6

Phc. 10.4. E^eKTpHHHe n0^e, ^0 yTB0proeTbCH 
Mi^ i0ii0C(|)ep0i<> Ta 3eMH0ro n0BepxHero: a  -  3a

BigcyTHocTi rp030B0i xMapn; 6 -  3a HaaBHocri^ 
rp030B0i xMapn
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a K m o  eneK T puH H e n o n e  M ix  e n eK T p o g a M u  H e o g H o p ig H e .
10.3. nO^flPHI CflHBA

y  1 9 5 8  p o ^  KO M aHga g o c n ig H u K iB  n i g  K epiB H u^rB O M  f lx e H M c a  B a H  

A n n e H a ,  B u K o p u c T o B y ro H u  g a H i, o g e p x a H i  3 a  g o n o M o r o r o  c y n y T H u K a  

“EKcnnopep I ”, B u a B u n a  H aaB H icT b p a g i a ^ H H u x  n o a c iB ,  m o  OTOHyroTb

3eMHy Kyjiio ( p n c .  10.5). Y tbo- 
p ro ro T b c a  bohu 3 a p a g x e H u M u  H a- 

CTuHKaM u (en eK T p o H aM u  i n p o T O - 

H aM u ), 3 a x o n n e H u M u  H e o g H o p ig -  

hum M a rm THuM  n o n e M  3 eM n i. 

T p ae K T o p ii ' p y x y  H acruH O K  M aroTb 

c n ip a n e n o g iS H y  $ o p M y . B c i  3 a p a -

g x e H i  H acT uH K u n o x o g a T b  B ig  

C o h ^  a S o  3 ipoK ; 3 a r a n b H a  H a3B a 

ix  -  KocMinui npoMeni. H a  n o n r o -  

c a x  ^  H acT uH K u C T uK aroT bca  3 

m m u M u  aTO M aM u, y T B o p ro ro H u  

B u n p o M iH ro B aH H a C B irn a , aK e H a- 

3uB aroTb nieninnuM cmeoM (Aurora 
Borealis)  H a  niBHiHHOMy n o n ro c i  T a 

niedennuM cmeoM (Aurora Austra­
lis)  -  H a niBgeHHOM y.

Puc. 10.5. Pagia^HHi noaeu, q o  yTBopro- 
roTbCH 3apag*eHHMH HacTHHKaMH, 3axo- 
nneHHMH HeogHopigHHM MarHiTHHM no­
neM 3eMni: 1 -  BHyrpimmn pag^a^tem  

noac;
2 -  3OBHimHin pag^a^tem  noac; 3 -  Bicb 

oSepTaHHa; 4 -  MarHiTHa Bicb; 5 -  niBgeHHo- 
aTnaHTKHHa aHOMania

C n o c T e p e x e H H a  C BigHaTb, m o  

Snu3bK O  9 4  %  n o n a p H u x  caH B  B ig S y B a ro T b c a  H a  B u c o T a x  9 0 - 1 3 0  km, x o -  

H a M aK cu M an b H a  B u c o T a  n o a B u  c aH B a  C T aH O B una 1 1 3 0  km, a  M iH iM anbH a

-  6 0  KM.
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11. E^EKTPHHHA AKTHBHICTb 
^ H B O rO  OPrAHI3MY

11.1. BIO^OriHHI nO TEH ^A ^H
P o 3 rn aH eM O  g e a K y  eM H icTb, p o 3 g in e H y  H a  g B a  B ig c iK u  M eM S paH oro , 

a K a  n p o H u K H a  T in b K u  g n a  ioH iB  K an iro . ^ K m o  K O H ^ m p a ^ a  po3huh1b 
KCl b o S o x  B ig c iK a x  ogH aK O B a, to  K inbK icTb ioH iB  K +, m o  n e p e x o g a T b  3 

B ig ciK y  I  y  B igciK  I I  i H a B n a K u , S y g e  ogH aK O B oro. H e p e 3  ^  p i 3 H u ^  n o T e -  

H ^ a n iB ,  m o  B C TaH O B nroeTbca H a  M eM S paH i, g o p iB H ro e  H y n ro .

^ K m o  KOH^ m p a ^ a  p o 3 H u H y  KCl y  B ig c iK y  I  n e p e B u m y e  k o h ^ h t -  
p a ^ r o  y  B ig c iK y  I I ,  S y g e  M a r a  M i ^ e  g u $ y 3 i a  ioH iB , B H acn ig o K  aKoi' K in b ­

KicTb n o 3 u T u B H u x  3 a p a g iB  y  B ig c iK y  I I  3 S in b m u T b c a . T aK u M  huhom, H a 

M eM SpaH i BCTaH OBuTbca p i 3 H u ^  n o T e H ^ a n iB .

O r x e ,  p i 3 H u ^  K O H ^ H rp a mM ioHiB K + M ix  B igciK aM u a B n a e  c o S o ro  xiMi- 
nnuu spadieHm (a S o  xiM iHHy p i3H H ^ro  noT eH man iB ), aK uH  n p u 3 B o g u T b  g o  

g u $ y 3 iH H o ro  noT oK y ioHiB Kpi3b M eM SpaH y 3 B igciK y I  y  B igciK  I I .

y  to h  x e  H ac , H aK o n u H eH H a n o 3 u r a B H u x  e n eK T p u H H u x  3 a p a g iB  y  

B ig c iK y  I I  c n p u a e  yT B opeH H ro  eneKmpunnoso spadienma ( a S o  en eK T p u H - 

hoi p i3 H u ^  n o T eH ^ a n iB ) , aK u H  n p u M y m y e  io H u  K + p y x a T u c a  b n p o T u n e -  

x H O M y  H an p aM K y  -  3 B ig c iK y  I I  y  B igciK  I .

y  ^ n o M y  H aaB H icT b K O H ^ m p a ^ H H o r o  (x iM iH H o ro ) i e n eK T p u H H o ro  

rp a g ie H T iB  3yM O B nroe CTaH eneKmpoxiMinnoi pieHoeazu ioH iB  K +. P i 3 H u ^  

n o T e H ^ a n iB ,  m o  B u H u K ae  H a  M eM SpaH i 3a  T a K o ro  CTaH y, H a 3 u B a e T b c a  

eneKmpoxiMinHUM (pieHoeawHUM) nomeH^anoM.

B H y r p im H e  i 3O BH im H e c e p e g o B u m a  K n iT u H u  x a p a K T e p u 3 y ro T b c a  H e- 

piB H O M ipH uM  p o 3 n o g in o M  n e B H u x  ioHiB. T aK , ochobhum ioHOM y  3OBHim- 

HbOMy c e p e g o B u m i  K n iT u H u  e  H aT piH  -  H o ro  K O H ^ m p a ^ a  b 3OBH im - 

HbOMy c e p e g o B u m i  K n iT u H u  b 5 - 1 5  p a3 iB  n e p e B u m y e  K O H ^ m p a ^ ro  y  

B H y rp im H b O M y  c e p e g o B u m i .  y c e p e g u H i  K n iT u H u  n e p e B a x a r o T b  io H u  K a­

n iro ,  K O H ^ m p a ^ a  a K u x  b 2 0 - 4 0  p a3 iB  S in b m a ,  H i x  y  3O B H im H bO K niraH - 

HOMy c e p e g o B u m i .  K p iM  T o ro , K niT uH H a M eM S paH a x a p a K T e p u 3 y e T b c a  

cen eK T u B H o ro  io H H o ro  n p o H u K H icT ro , 3yM O B neH oro H aaB H icT ro  io H H u x  K a- 

H an iB . y  CTaHi c n o K o ro  M eM S paH a x a p a K T e p u 3 y e T b c a  B en u K o ro  n p o H u K H i- 

CTro g n a  ioH iB  K a n iro  i H e3H aH H oro -  g n a  ioH iB  H aT p iro . B p e m T i-p e m T , H a
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Km THHH rn M e M 6 p a m  y T B o p ro eT b ca  TaK 3BaHHH nomen^ an cnoKOK. B e -  

nH H H H a M o ro  K o n H B aeT b ca  g n a  p i3 H H x  KniTHH B ig  - 6 0  g o  - 9 0  m B . n p o  

Km THHy y  CTaHi c n o K o ro  K a x y T b , ^ o  BOHa nonnpu3oeana.
n i g  n a c  g ii' H a  M eM 6 p aH y  3 o B H im H b o ro  c r a M y n y  (H a n p H K n a g , M e x a ­

HiHHoi', xiM iHHoi' a 6 o  eneKTpHH Hoi' n p n p o g n )  eneKTpHHHHH 6 a n a H c  n o p y -  

m y e r b c a ,  ^ o  c y n p o B o g x y e T b c a  B x o g o M  ioH iB  H aT p iro  B c ep e g H H y  KniTHHH 

i BHHHKHeHHaM m B H gK oi' 3MiHH M e M 6 p aH H o ro  n o T e H ^ a n y .  Y  to m  x e  H ac  

ioH H  K an iro  3 a n u m a ro T b  KniTHHy, x o H a  h  He TaK m B H gK o, aK  ioH H  H aT p iro . 

H a  M eM 6paH i BCTaH oBnroeTbca no3HTHBHHH nomentyan dii (6nH 3b-K o 2 0 - 3 0  

m B ). ^ h  n o T e H ^ a n  BHHHKae He H a  BciM M eM 6paH i, a  n a m e  b  TiM g in a H -  

^ ,  g o  a K o i 6y B  n p H K n ag eH H H  3OBHimHiM CTHMyn. n p o ^ c  3 6 y g x e H H a  

M eM 6paH H , ^ o  c y n p o B o g x y e T b c a  n o a B o ro  n o T e H ^ a n y  g i i ,  H a3H B aeT b ca  

denonapu3at y £K. M e M 6 p a H a  n o B e p T a e T b c a  g o  n e p B H H H o ro  CTaH y piBHO- 

B a r n ,  aKHH x a p a K T e p ro y C T b c a  6noK yB aH H aM  n p o x o g y  ioH iB  H aT p iro  B ce- 

p e g H H y  KniTHHH. ^ h  n p o ^ c  T p a H c n o p T y  ioH iB  H aT p iro  H a3oB H i, ^ o  b h -  

K nH K ae n o n a p r o a ^ ro  KniTHHH, H a3 H B aeT b ca  pemnnprna^eK.
O c h o b h h m h  BnacTHBocTaM H n o T e H ^ a n y  g i i  e: 1) T H noB a BenHHHHa aM n- 

n i-T y g n  CTaHoBHTb 6nH 3bK o 1 3 0  m B  i He 3 a n ex H T b  B ig  a M n n n y g n  3OBHim- 

H b o ro  CTHMyny; n o T e H ^ a n  g i i  ip H B a e  geK inbK a M iniceK yH g ( p n c .1 1 .1 ) ;  2 )  

n o n a p H icT b  n o T e H ^ a n y  g i i  n p o r a n e x H a  n o n a p H o c r i  n o T C H ^ a n y  cn o K o ro ; 3 ) 

n ig  H ac  g e n o n a p r o a ^ i '  i H a  noH aTK y $ a 3 H  p e n o n a p r o a ^ i '  B ig n o B ig H a  g in aH K a 

M eM 6paHH THMHacoBO CTaHOBHTbca H e 3 6 y g x y B a H o ro , H ecnpH H H aTnH B oro 

(pe^paKmepnoK); 4 )  n o T e H ^ a n  g i i  n o m n p r o e r b c a  n o  KniTHHHiM M eM 6paHi 

B ig M i c ^  3 6 y g x e H H a  HaHe6TO 6 ix y H a  x B H n a  3i m BHgKicTro 5 0 - 1 5 0  m /c  (g n a  

xpe6eT H H x). y  B H nagK y HepBOBoi KniTHHH n o T e H ^ a n  g ii,  ^ o  n o m n p ro e T b c a  

B 3 g o B > K  aKCOHa, a B n a e  c o 6 o io  m p e o e u u  iM n y jib c .
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Puc. 11.1. yTBopeHHH noTeH^aay gii': nicaa npHKiagaHHH CTHMyay Big- 
SyBaeTbCH mBHgKe 3pocTaHHH npoHHKHOCTi MeMSpaHH gaa ioHiB HaTpiro 
i noBiabHe -  gaa ioHiB Kaairo, BHacaigoK noro ioHH HaTpiro BxogHTb y 
KiiTHHy, a ioHH Kaairo BHxogHTb 3 Hei, yTBoproronn pe3yabiyroHHH noTe- 
H^aa

f l n a  K n iru H H o i M eM 6paH H , a K a  p o 3 g in a e  3 0B H im H e i B H y T p im H e c e p e -  

g o B u m a ,  n p o ^ c  n o a B u  n o T e H ^ a n y  g ii' o n u c y e T b c a  p i e n m n H M  H e p n c m a :

RT Ct
A p  = pe -  p  = —  In —  • ( 1 1 1 )

ge A p = p e -  q>i -  pi3Huua noTenmaniB Mi* 30BHimHiM Ta BHyTpimHiM cepegoBumaMu; 
R -  yniBepcanbna ra30Ba cTana; T -  a6conroTna TeMnepaTypa; Z -  BanenTnicTb ioHiB; 
F  -  cTana Oapagea; Ce -  KoHupmpauja 3oBHimHboro cepegoBuma; Ci -  Kon^rnpamfl 
BHyTpimHboro cepegoBuma.

B H y T p im H b o - T a  3 0 B H im H b 0 K n rraH H i K o H ^ m p a ^ i  ioH iB  g n a  K niTuH  

g e a K u x  6 io n o r iH H u x  o 6 ’eKTiB H aB eg eH o  y  T a 6 n . 1 1 .1 .

11.1 -  BHyTpimHbo- Ta 3oBHimHboKiiTHHHi KoH^HTpaqi ioHiB
KoH^HTpamfl

(MMonb/n)
riranTcbKun aKcon 

KanbMapa
KpaBeubKun m’»3 

*a6u
BnyTpimnboKJiimnne cepegoBume Ci

Na+ 78 13
K+ 392 138

Ca2+ 0,4 30
Mg2+ 11 16

Cl- 104 2
30Bnimnb0K^iTHnne cepegoBume C0

Na+ 462 108
K+ 22 2,5

Ca2+ 11 2
Mg2+ 56 1

Cl- 286

3 B u n a H H o  p i 3 H u ^  n o T e H ^ a n iB  M i*  B H yT pim H iM  c e p e g o B u m e M  p o c -  

n u H H o i K n iT u H u  T a  30B H im H iM  p 0 3 n u H 0 M , m o  o M u B a e  K niT uH y, 3 H a x o - 

g a T b c a  b M e * a x  B ig  - 5 0  g o  - 2 5 0  mB ( H a n p u K n a g ,  p i 3 H u ^  n o T e H ^ a n iB  

g n a  K niT uH  K opeH eB oi c u c T e M u  Pea sativum T a  Avena sativa g o p iB H ro e  

- 1 1 0  mB T a  - 8 4  mB B ig n o B ig H o ).
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BanbTep repMaH HEPHCT (1864-1941)

HiMe^bKMM xiMiK, hkum  6 p aB  y n a c T b  y  craH O B - 
neH H i c y n acH O i $i3uH H O i' xiMii'. C ^ o p M y n ro B a B  
T e o p e M y  -  TaK 3B aH u n  „TpeTrn 3aKOH T e p M o g u -  
HaMiKu” ( 1 9 0 5  p .) ,  BiflKpuB o flH e  3 TepM OM arHiT- 
h u x  h b u ^ ,  f lo c n i f l^ y B a B  n p o S n e M u  e n eK T p o - 
aKycTUKu T a a c r p o $ i3 u K u .  O f le p w a B  H o S en iB C b - 
Ky n p e M iw  3 xiM ii 3 a  f lo cn iflw eH H H  b r a n y 3 i  T e p -  
MOxiMii ( 1 9 2 0  p .).

npHKiag
BHKopncTOByroHH gaHi Ta6n. 11.1, BroHawm piBHOBaxHuM HaTpieBHM noTeH^an, 

mo BHHHKae b riraHTctKOMy aKcoHi KantMapa.
P03B’H30K
PimoBaxHun noTeHuian BH3HaHHMo 3a gonoMororo piBHaHHa HepHcTa (11.1). nigcTaB­

naeMo b L[e piBHaHHa HucnoBi gaHi, BpaxoByroHu, mo RT/F = 25,3 mB (guB. gogaTOK):

Am = 23,3 mB Tn462- = 45 mB.
T 78

KoHTpoabHe 3aBgaHHH
Bn3HaHHTH noTeHman piBHOBaru, mo BcTaHOBHBca Ha MeM6paHi KniTHHH KpaBeuL- 

Koro M’a3a xa6u gna ioHiB Kaniro. BuKopucTOByBaTH gaHi Ta6n. 11.1.
Bidnoeidb: - 101,48 mB.

11.2. TEXHIKA BHMIPWBAHHfl 
MEMBPAHHHX CTPyMIB

Iohu, aK i n e p e c y B a ro T b c a  H ep e3  M eM 6 p aH u , H ecyT b  eneK T puH H uM  3 a -  

p a g ,  3 a B g aK u  HOMy b M eM 6paH i y T B o p ro ro T b c a  eneK T puH H i cT p y M u  B e n u -  

HK Horo 6 nu3bK O  1 0 -12 A . B u M ip ro B a T u  ^  c T p y M u  M o x H a  3 a  g o n o M o r o r o  

M iK poeneK T pog iB , B u ro T O B n e H u x  3 B u T a r a y r a x  to h k u x  c K n a H u x  T p y 6 o K . 

O g u H  3 n e p m u x  n ig x o g iB  g o  p e a n i 3 a ^ i '  T aK u x  B uM iproB aH b n e p e g 6 a H a B  

6 e 3 n o c e p e g H e  3 aH y p eH H a  M iK p o en eK T p o g a  b K niT uH y. A n e  T aK a M eT o g u K a 

M o rn a  3 a c T o c o B y B a T u c a  n u m e  g o  B e n u K u x  K niT uH ; KpiM T o ro , M iK poeneK - 

T p o g  n e p e T u H a B  i n n a3 M aT u H H y , i B a K y o n a p H y  M eM 6 p aH u , m o  y c K n a g H ro -  

B a n o  n p o ^ c  B uM iproB aH b B H acn ig o K  B n n u B y  cTpyM iB  H ep e3  o 6 u g B i  MeM- 

6 p a H u .
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i
n.r. KOCTWK (Hapog. 1924 p.)

yKpaiHCbKMM BHeHMM, BiflOMUM CBOIMU p 0 6 0 T a -  
MU 3 H e M p 0 ^ i3 i0 n 0 r i i ,  KniTUHHOI 6iO$i3UKU 
(CTpyKTypa T a  $ y H ^ m  iOHHux K aH aniB , MeM- 
SpaH H i p e ^ e ^ T o p u ) .  B n e p m e  b y K p a rn i 3 a c r o c y -  
BaB M iK poeneK T poflH y TexHiKy a n a  .q o cn iflw eH H a  
flianbH O C Ti HepBOBUX KniTUH.

n p o 6 n e M u  6 y n u  y c n im H o  p o 3 B ’a 3 a H i 3 a  g o n o M o r o r o  nemn-KneMn- 
Memody, aK u H  n o n a r a e  b ycT aH 0 B n eH H i T ic H o ro  KoHTaKTy B ig n o n ip o B a -  

H o ro  c K n a H o ro  M iK p o en eK T p o g a  (M iK p o n in eT K u ) g iaM eT p o M  0 , 5 - 1  mkm 3 

M eM 6 p aH o ro , m o  0 T 0 H y e  i3 0 n b 0 B aH u H  n p o T o n n a c T  (K n iT uH y, a K a  n o 3 6 a B -  

n e H a  K n iraH H o i' o 6 o n o H K u ) . T aK u H  T icH uH  KoHTaKT g o c a r a B c a  3 aB g aK u  

n e rK 0 M y  B cM oK TyB aH H ro. H a 3 B a  ^ e i '  T e x m K u  n o x o g u T b  B ig  a H rn iH c b K u x  

c n iB  “ p a t c h ”  -  n aT K a, n n a c T u p  (H eB en u K a  g in a H K a  y  30H i KoHTaKTy MiK- 

p o n in e T K u  3 M eM 6 p aH o ro ) T a  “ c l a m p ”  -  c K p in n a T u . B u M ip ro B a H H a  n p o B o -  

g a T b  a 6 o  3 n p u K p in n e H o ro  ^ n o r o  K n iT u H o ro , a 6 o  n u m e  3 T ie ro  i i  H a c r a -  

H o ro , a K a  3 a n u m a e T b c a  b o T B o p i M iK p o n in eT K u  ( p u c .  1 1 .2 ) .  B  o c ra H H b o M y  

B u n a g K y  n aT K a p o 3 M im y e T b c a  b $ i3 ro n 0 r iH H 0 M y  p o 3 H u m , aK u H  0 T 0 H y e  ii  

30BHi T a  n o g a e T b c a  H ep e3  n in eT K y . M a n i  g ia M e T p u  M iK p o n in eT K u  g 0 3 B 0 - 

n a ro T b  B u M ip ro B aT u  c T p y M u  H ep e3  oK peM i ioH H i K a H a n u . O c K in b K u  n p o ­

T o n n a c T  M ae  c ^ e p u H H y  ^ o p M y , M 0 * H a  B u M ip a T u  H o ro  o 6 ’eM i o^ h u tu  
noT iK  3 a p a g iB  H ep e3  o g H H H ^ro  n n o m i  M eM 6 p aH u . ^ , e  o g H a  n e p e B a r a  M e­

T o g y  n o n a r a e  b M 0 * n u B 0 c r i  B ig p i3 H aT u  eneK T puH H i n o g i i ,  m o  B ig 6 y B a -  

ro T b c a  H a  n n a3M aT uH H iH  i B a K y o n a p m H  M e M 6 p aH ax , i K oH T p o n ro B aT u  

c K n a g  3 0 B H im H b o ro  i B H y T p im H b o ro  c e p e g o B u m .
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11.3. E^EKTPHHHA 
AKTHBHICTb C E P ^ .

^PHH^H^H  
E^EKTPOKAP^IOrPA^I 

I
E n eK T p u H H a  aK TuB H icTb 

c e p ^  M o x e  6 y r a  p o 3 rn a H y T a  

H a  ocHOBi y a B n eH b  n p o  c e p ^  

aK  eneKmpmnuu dunonb, m o  

3 H a x o g u T b c a  y  n poB igH O M y 

c e p e g o B u m i .  f l u n o n b  a B n a e  

c o 6 o r o  n a p y  pi3H O H M eH H ux 

e n eK T p u H -H u x  3 a p a g iB , p o 3 -  

g in e H u x  n eB H o ro  B igcT aH H ro . 

f lu n o n b H u H  eneK T puH H uM  

MOMeHT o g u H u ^  o 6 ’eM y e  

B eK T opH oro B en u H u H o ro .

y  1908 p. EHHTxoBeH 3a- 
nponoHyBaB po3rnagaTu cep^  aK BeKTop, po3MimeHuH b  piBHo6iHHOMy 
TpuKyTHuKy (ua npono3u^a ogepxana
Ha3By sinome3u Eunmxoeena) . npoe^ ii' ^ oro BeKTopa Ha cTopoHu Tpu- 
KyTHuKa BignoBigaroTb pi3Hu^M noTeH^aniB, mo peecTpyroTbca Mix 
KiĤ BKaMu (KOXHa TaKa pi3Hu^  noTeH^aniB Ha3uBaeTbca eideeden- 
hhm). AMnniTygu i nonapHocTi npoe^iM ^ o r o  BeKTopa Ha cTopoHu Tpu- 
KyTHuKa cBigHaTb npo cTaH po6oTu ce p ^ .

y  H opM i H anpaM O K  B eK T opa K o n u B a e T b c a  b  ceK T o p i M ix  0  -  + 9 0 0 

( p u c .1 1 .3 ,  a ) ;  B ig x u n e H H a  B eK T opa b  ceK T o p i 0  — 9 0 0 cB igH uT b  n p o  3M i- 

m eH H a  aHaTOM iH Hoi o c i  c e p ^  BniBO ( p u c .1 1 .3 ,  6 ). P o 3 T a m y B a H H a  BeKTo­

p a  b  ceK T o p i + 9 0 - 1 8 0 0 B ig n o B ig a e  M o x n u B u M  n a T o n o r ia M  c e p ^  

( p u c .1 1 .3 ,  e ). n p o ^ g y p a  B uBH eH H a M exaH i3M iB  en eK T p u H H o i aK T uB H ocT i 

c e p ^ ,  i i  x a p a K T e p u c T u K u  b  H opM i i y  p a 3 i  n a T o n o r iH H u x  n p o ^ c i B ,  a  T a- 

k o x  T exH iK a p e e c T p a ^ i  en eK T p u H H o i aK T uB H ocT i M io K a p g a  B n p o g o B x

Kineijb Po3HUH

ifiwH? KaumuHoio

Puc. 11.2. ^pHH^H^ neTH-KieMn-MeTogy pe- 
ecTpa^i MeMSpaHHHX CTpyMiB (noacHeHHa b 

TeKcTi)
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Puc. 11.3. HanpaMoK BeKTopa, q o  BignoBigae eaeKTpHHHift oci cep^H 
b HopMi (a), 3MiqeHHH BigHocHo aHaToMiHHoi oci (6) i y pa3i naToaorii (e
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BrnneM EMHTXOBEH (1860-1927)

ronnaH flC bK U M  MeflUK T a $ i 3 io n o r .  BuHaxiflHUK 
e n e K T p o K a p f l io r p a ^ i i  ( 1 9 0 3  p .) ,  3 a  ^ o o g e p w a B  
H oS en iB C b K y  n p eM iro  1 9 2 4  poKy. 3 aM M aB ca 
T aK O ^ n p o S n e M a M U  aKycTUKU.

c e p ^ B o r o  ^H K ny  H a3 u B aeT b ca  eneKmpor n pdOpa^iew . 3 a n e * H ic T b  eneKT- 

p u H H o ro  n o T e H ^ a n y  H a  n o B e p x H i T in a  n r o g u H u  h u  T B a p u H u  B ig  H a c y  H a - 

3 u B a e T b c a  eneKmpoKapdiospaMOw (EKT).

11.4. ENEKTPHHHA AKTHBHICTb M 03Ky. 
^PHH^H^H ENEKTPOEH^^ANOrPA^II

n p o ^ g y p a  BuBHeHHa 6ioeneK TpH H H H x n p o ^ ciB, n o B ’a 3 a H u x  3 b u h u k -  

HeHHaM aKTuBHocTi b  cT pyK T ypax  M03Ky, 3 n e p e x o g o M  ix  B ig B ig H ocH oro  

c n o K o ro  g o  aK T uB H oro a 6 o  3 a ran b M 0 B aH 0 r0  cT aH y 3 M eToro g o c n ig ^ e H H a  

$ y H K m o H an b H o ro  cT aH y ro n o B H o ro  M03Ky H a ocH oB i p e e c r p a u j i ' 6 io n o T e H m - 

an iB , H a3u B aeT b ca  eneKmpoeh^ $anoepa$iew. T u n o B a  eneKmpoeh^ $ano- 
spaMa (EEr) a B n a e  c o 6 o ro  K0M 6iH0BaHuH e^eK T  H eH poH H ux n o T e H ^ a n iB , 

aK i ^ iK c y ro T b ca  H a 3HaHHiH g i n a H ^  K o p u  ro n o B H o ro  M03Ky.

y  n p o ^ c i  e n e K T p o e H ^ $ a n o r p a $ i i  p e e c T p y ro T b  6 io en eK T p u H H i c u r -  

H a n u . 3 a n e * H 0  B ig  H acT 0 T u  f  T a  a M n n h y g u  A ^ H x  c u r a a n iB  p o 3 p i3 H a ro T b  

TaKi T u n u  x B u n b : a - x B u n a ,  f  =  8 - 13 A =  1 0 0  m k B ,  c u H y c o ig a n b H a

^ o p M a ;  ^ -x B u n a ,  f  =  2 0 - 5 0  r ^  M eH m a a M n n iT y g a , H e p e r y n a p H a  $ o p M a ;  

^ -x B u n a ,  f  < 3 ,5  0 -x B u n a ,  f  =  3 ,5 - 8 P iB eH b m yM iB , aK i p e e c r p y -

ro T b c a , g o p iB H ro e  6 n u 3 b K 0  2  m k B .  f laT H u K aM u  e n eK T p u H H u x  n o n iB  M 03Ky 

e  g u c K u  Ag—AgCl, K inbK icTb a K u x  g o c a r a e  6 n u 3 b K 0  g B o x  gecaT K iB .

11.5. yTBOPEHHfl ENEKTPHHHHX nONIB
PHEAMH

E n u 3 b K 0  3 0 0  B u g iB  p u 6  3 g a r a i  re H e p y B a T u  B n a cH i eneK T puH H i n o n a  -  

c n a 6 K i, H a n p y ^ e r n c T r o  B ig  K inbK acoT  M in iB onbT  g o  K in b K o x  B onbT  g n a  

e n e K T p o n o K a ^ i ' i K 0 M y m K a ^ i' T a  c u n b H i,  H a n p y ^ e r n c T r o  g o  K inbK acoT  

B onbT , g n a  B ig n aK y B aH H a x u ^ a m B  a 6 o  o rn y m e H H a  ^ e p T B u .  C u n b H o e n e K - 

T puH H i B u g u  p u 6  M aroT b c n e ^ a n i 3 0 B a m  eneK T puH H i o p r a H u ,  T o g i aK  c n a -
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6 o en eK T p u H H i B u g u  -  n u m e  M o p ^ o n o riH H O  B u p a x e m  T K aH uH u. y T B o ­

p ro ro T b c a  eneK T puH H i n o n a  3 a  g o n o M o r o r o  TaK 3 B a H o ro  eneKmpmHozo 
opsaHa, aK uH  r e H e p y e  eneK T puH H i p o 3 p a g u .  C K n a g a e T b c a  eneK T puH -H uM  

o p r a H  3 K niT uH  eneKmpo^umie, aK i 3 ’eg H aH i n o c n ig o B H O  a 6 o  n a p a n e n b H O . 

O o p M a , K inbK icTb T a  n o p a g o K  p o 3 T am y B a H H a  en eK T p o ^ u T iB  3 a n e x u T b  B ig  

B u g y . T aK , eneK T puH H uM  o p r a H  cK aT a  Torpedo M icTuT b 5 0 0 - 1 0 0 0  

3 ’e g H aH u x  n a p an e n b H O  cTOBnHuKiB eneK T po^uT iB , n o  1 0 0 0  K ni-TuH  b kox- 
HOMy cTO B nH uK y; g iaM eT p  K niT uH  cTaH O B uTb 5 - 7  mm, a  T O B m uH a -  

1 0 - 3 0  mkm; m e  o g u H  n p e g cT aB H u K  cKaTiB , Narcine, M ae 6 nu3bK O  4 0 0  

cTOBnHuKiB 3 3 0 0 - 5 0 0  K niT uH  g iaM eT p o M  2  mm i T O B m uH oro  7  mkm. K i­

nbK icT b  eneK T po^H T iB  y  e n eK T p u H H o ro  B y r p a  Electrophorus g o c a r a e  

6 0 0 0 .  E n eK T p u H H i p o 3 p a g u  p u 6  x a p a K T e p u 3 y ro T b c a  T aK uM u n a p a M e T p a -  

mu, aK  iH T eH cuB H icT b (a M n n iT y g a ) ,  T p u B a n ic T b , x B u n b O B a  $ o p M a , H acT o ­

T a  n o B T o p eH H a. B e n u H u H a  ^ u x  n a p aM eT p iB  3 a n e x u T b  B ig  B u g y  T a  c n o c o -  

6 y  x u T T a  p u 6 u .  T aK , eneK T puH H uM  B y ro p  y  cT aH i n o m y K y  r e H e p y e  iM - 

n y n b - c u  H a n p y r o r o  g o  5 0  B , T p u B a n ic T b  a K u x  cTaH O B uTb 6 nu3bK O  2  mc, 
T o g i aK  b MOMeHT B u aB n eH H a  3 g o 6 u H i BiH c T B o p ro e  iM n y n b c u  H a n p y r o r o  

3 0 0 ­

6 0 0  B  T p u B a n ic T ro  0 , 6 - 2  c .
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12. Bn^H B E^EKTPHHHHX nO ^IB  
HA X H B I OPrAHI3MH

12.1. E^EKTPO#OPE3
EneKmpo$ope3oM  Ha3uBaeTbca cnpaMOBaHe nepeMimeHHa eneKTpuH- 

ho 3apagxeHux MaKpoMoneKyn, HacTuHOK gucnepcHoi $a3u b gucnepc- 
HOMy cepegoBumi, a6o ioHiB b eneKTponpoBigHOMy po3HuHi nig BnnuBOM 
3OBHimHboro eneKTpuHHoro nona.

ffucnepcH i cucmeMu -  HeogHopigHi cucTeMu, mo cKnagaroTbca 3 He- 
nepepBHoro ra3onogi6Horo, pigKoro a6o TBepgoro cepegoBuma, b aKOMy 
po3MimeHi HacTuHKu nogpi6HeHoi peHOBuHu.

Po3rnaHeMO MoneKyny, mo xapaKTepu3yeTbca cyMapHuM eneKTpuH­
HuM 3apagoM q , aKy noMicTunu b eneKTpuHHe none 3 HanpyxeHicTro E . 
H a ^ro MoneKyny 3 6oKy nona gie cuna:

F i = qE. (12.1)

n ig  giero TaKoi cunu MoneKyna Ha6yBae npucKopeHoro pyxy. y  pig- 
KOMy cepegoBumi b pe3ynbTaTi TaKoro pyxy BuHuKae cuna TepTa F 2, aKa 
gopiBHroe i npoTunexHa cuni F i  :

F i = F 2 , (12.2)
a6o

qE = u v , (12.3)
ge /u -  Koe^mieHT TepTa, aKun 3anexuTb Big po3MipiB i $opMu MoneKynu, a TaKox Big 
B’a3KocTi cepegoBuma; v -  mBugKicTb pyxy MoneKynu.

flna c^epuHHux MoneKyn Koe^i^eHT TepTa Bu3HaHaeTbca 3aKoHoM 
CmoKca:

U = 6nrjr, (12.4)
ge r  -  pagiyc MoneKynu; r  -  Koe^mieHT B’a3KocTi cepegoBuma.

3Bigcu MoxHa Bu3HaHuTu BigHomeHHa mBugKocTi pyxy v go Hanpy- 
xeH ocri eneKTpuHHoro nona E  aK eneKmpofyopemuHHy pyxnueicmb U:

v q ze
U  = —  = — = --------, (12.5)

E  6nrr 6nrjr
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ge z -  KinbKicTb eneKTpoHiB; e -  3apag eneKTpona.
E n e K T p o ^ o p e T u H H a  p y x n u B ic T b  B u M ip ro e T b c a  y  m2/B-c.
H a  n p a K T u ^  T exH iK a e n e K T p o ^ o p e 3 y  BuK0p u c T 0 B y e T b c a  g n a  B u 3 H a- 

HeH H a M o n e K y n a p H o i M a c u  6 inK iB  3 a  H a a B H o c r i g o g e ^ H n c y n b $ a T a  H aT p iro  

b n 0 n ia K p u n a M ig H 0 M y  r e n i  -  b ^ H x  y M 0 B a x  e n e K T p o ^ o p e r a H H a  p y x -  

n u B icT b  3 a n e x u T b  B ig  M o n e K y n a p H o i M a c u , a n e  He B ig  3 a r a n b H o r o  3 a p a g y  

M aK p o M o n eK y n u .

B cT aH 0 B n eH 0 , m o  e n e K T p o ^ o p e r a H H a  p y x n u B ic T b  U  6inK iB  n irnHHo 

3 a n e x u T b  B ig  n o r a p u ^ M a  M o n e K y n a p H o i M a c u  M  :
U = b -  alg M, ( 1 2 .6 )

cTani, aKi 3ane*aTt Big K0Hu;eHipauii Ta BnacmBocTen noniaKpunaMigHoroge a  i b 
renro.

M ■ 10 s

Puc. 12.1. KaaiSpyBaabHa kpiiisa gaa  
BH3HaneHHH MoaeKyaapHoi Macu SiaKiB

K a n i6 p y B a n b H y  K p u B y  g n a  bu- 
3H aH eH H a M o n e K y n a p H o i M a c u  6 in -  

kIb n 0 K a 3 aH 0  H a  p u c .  1 2 .1 .

npHKaag
BronaHnm MoneKynapny Macy neBi- 

goMoro 6inKa, aKmo Moro eneKTpô opeTu- 
Hna pyxnuBicTb gopiBHroe 0,7. flBa inmux 
6inKa MaroTb Monapni Macu MA = 40000 D i 
Mb = 22000 D Ta eneKTpô opeTunni pyx- 
nuBocTi UA = 0,4 i UB = 0,6 BignoBigHo.

Po3B’H3oK
3anumeM0 piBnanna (12.6) gna 6inKiB 

A i B :
0,4 = b -  alg 40000;
0,6 = b -  alg 22000.

BigHaBmu gpyre piBnanna Big nepmo­
ro, ogepxuMo:

0,6 -  0,4 = -  a  lg 22000 + a  lg 40000.
3Bigcu:

0,2 = a  (lg 40000 -  lg 22000) =
= a  (4,6020 -  4,3424) = a  0,2596;

0,2 = 0,7704.
0,2596

BronanuMo cTany b:
b = U + alg M  = 0,6 + 0,7704 lg 22000 = 3,9454.

BH3HaHHBmH cTani a  i b, MoxHa 3nanm MoneKynapny Macy neBigoMoro 6inKa i3 
piB-HaHHa:

U = b -  alg M.

lg M  = b -  U = 3,9454 -  0,7 = 4,2125. 
a  0,7704

M  = 16316 D.
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KoHTpoabHe 3aBgaHHH
BuK0pHCT0ByroHH BenuHuHu cTanux a  i b i3 nonepegHboi 3agaHi, BroHaHmu pyxnuBicTb 

6inKa, aKmo Moro MoneKynapHa Maca gopiBHroe 50000 D. nopiBHaTu ogepxaHun pe3ym>Tar 3 
tum, aKun MoxHa ogepxaTu i3 3ajiexHocri M  = f  (U), noKa3aHoi Ha puc. 12.1.

Bidnoeidb: 0,325.
12.2. Bn^HB E^EKTPHHHHX nO^IB  

AHTPOnOrEHHOrO nOXO^XEHHfl 
HA XH BI OPrAHI3MH

O g H u M u  3 ochobhux a H T p o n o re H H u x  g x e p e n  e n eK T p u H H u x  n o n iB  e  

n iH ii  e n e K T p o n e p e g a H i H a g B u c o K o i H a n p y r u .  C y H a c H a  e H e p re T u K a  6 a 3 y -  

e T b c a  H a  n iH ia x  e n e K T p o n e p e g a H i ( H E n )  3 H a n p y r o r o  2 2 0 ,  5 0 0 ,  7 5 0 ,  i 

1 1 5 0  kB. n ig ro T O B K a  T p a c  g n a  H E n ,  B u p y 6 K a  n p o c iK , BcTaH O B neH H a 

o n o p ,  M O H T ax n p o B o g iB  i n o g a n b m a  e K c n n y a T a ^ a  H E n  3yM O BnroroTb 

B ig n o B ig H y  p e a ^ i r o  3 6 o K y  eK ocucT eM . E y g iB H u ^ rB O  T a  e K c n n y a T a ^ a  

H E n  c n p u H u H ro e  He3BopoTHi 3M iHu y  B ug0B 0M y cK n ag i, ^iT O M aci, n p o c r o -  

p o B in  i H a c o B in  cT p y K T y p i p o c n u H H o c T i H a  n p o c iK a x ,  o c o 6 n u B O  b 3O H ax 

T y H g p u , n ic o T y H g p u  i n iB H iH H oi T a n r u .  B igH O B neH H a p o c n u H H o r o  n o K p u -  

B y B ig 6 y B a e T b c a  BKpaM no B in b H O , m o  c n p u a e  epo 3 iH H u M  n p o ^ c a M .  

y T B o p e H H a  n p o c iK  c y n p o B o g x y e T b c a  T a K o x  3H aH H uM u 3M iH aM u T B ap u H - 

H o ro  KOM noHeHTa eK ocucT eM : B ig 3 H aH aeT b ca  3H uK H eH H a T B ap u H , m o  M e- 

m K aroT b  y  K p o H ax  g e p e B ; 3M iH roeT bca  B ugoB uM  c K n a g , H u c en b H ic T b  i p i3 -  

HOMaHiTTa n T a x iB ; 3 6 in b m y e T b c a  K O H ^ m p a ^ a  rp u 3 y m B .

E e3  cyM H iB y, H E n  B n n u B a ro T b  M H a  n r o g c b K u n  o p ra H i3 M . P o 3 p o c r a H -  

H a M icT g o  piBH iB M e ra n o n ic iB  B u K n u K ae  H a 6 n u x e H H a  H E n  g o  H O B o6y- 

g o B . f l o n y c r u M i  H o p M u  e n eK T p u H H o ro  n o n a  B u M a ra ro T b  B ig g a n e H H a  o n o p  

H E n  H a  3 0 - 4 0  M eTpiB B ig  x u n u x  K B apT aniB .

K p iM  T o ro , g x e p e n a M u  e n eK T p o M arH iT H u x  n o n iB  e  eneK T poT exH iH H e 

o 6 n a g H a H H a  x u T n o B u x  n p u M im e H b , n o 6 y r o B i  e n e K T p o n p u n a g u ,  T e n e -  T a  

p a g io c T a H ^ i ,  c u c T e M u  c y n y r a u K O B o r o  T a  co T O B o ro  p a g io T e n e ^ O H H o ro  

3B’a3K y, n e p c o H a n b H i KOMn’ro T e p u , M eguH H i n p u n a g u .  3 r ig H O  3 H a K o n u -  

H eH uM u g a H u M u , B n n u B  e n eK T p o M arH iT H u x  n o n iB  H a n ro g u H y  n p u 3 B O - 

g u T b  g o  H e ra T u B H u x  3MiH cT aH y  3 g o p o B ’a ,  B u K n u K aro H u  3 c y B u  y  $ y H ^ i -  

OHyBaHHi c e p ^ B 0 - c y g u H H 0 i ,  eH g o K p u H H o i, re M a T o n o riH H o i, iM yH H oi c u -  

cTeM , a  T a K o x  3 6 in b m y e  p u 3 u K  p o 3 B uT K y O H K o n a T o n o rii.

f l n a  p u 6  x a p aK T e p H i neB H i p e a ^ i i  H a  3OBHim Hi eneK T puH H i n o n a .  n i g  

H ac  B K nroH eH Ha g x e p e n a  n o n a  p u 6 a  geM O H cT pye p y x n u B y  p e a ^ i r o :  3i 

3 6 in b m eH H aM  H a n p y x e H o c r i  n o n a  BOHa c n p o 6 y e  b u h tu  i3 3OHu g i i  n o n a ;  

3 a  n o g a n b m o r o  n ig B u m e H H a  H a n p y x e H o c r i  p u 6 a  n p a M y e  g o  a H o g y  (TaK 

3B aH uH  s a n b e a H o m a K C u c ) .  3M iHH i eneK T puH H i n o n a  3yM O B nroroTb o ^ u -
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nomaKCUc -  p o 3 M im eH H a  p u 6 u  n o n e p e K  c u n o B u x  n m iM  n o n a .  P e a ^ i a  

p u 6  H a  iM n y n b c H i eneK T puH H i n o n a  3 a n e x u T b  B ig  a M n n h y g u ,  H acT 0 T u  i 

T p u B a n o c T i iM n y n b c iB .

H u h u h k u  a M e p u K aH cb K o ro  B y r p a  Anguilla rostrata M irp y ro T b  3 p a -  

M ohIb  H e p ec T y  b  C a p ra c o B o M y  M o p i g o  m B m H H o a M e p u K aH cb K o ro  y 3 6 e -  

p e x x a  A T n a H T u H H o ro  o K eaH y  H a  B igcT aH b 6 n u 3 b K 0  1 0 0 0  km . ^ n K 0 M  

M o x n u B o , m o  n p u  ^ 0 M y  b o h u  B uK opucT O B yroT b g n a  H a B i r a ^ i  re o e n e K T - 

p u H H i n o n a ,  aK i c T B o p ro ro T b ca  b  oK eaH i T eH iaM u (T aK uM u aK  r o n b ^ -  

cT piM ). H a ra g a e M o , m o  H a n p y x e H ic T b  T aK ux  n o n iB  cTaH oB uTb 0 ,5  m k B /cm , 

a  H yT nuB icT b  B y r p a  -  0 ,0 0 2  m k B /c m .

n n a H a p i i  3gaT H i B u3H aH aT u  H aaB H icT b i B ig p i3 H aT u  r e o rp a ^ iH H u M  

H an p aM o K  r o p u 3 0 H T a n b H u x  en eK T p o c T a T u H H u x  r p a g ie m i B ,  aK i He n e p e -  

B u m y ro T b  0 ,1  m k B / c m .

E g x o n u  n p o a B n a ro T b  3gaT H icT b  p e a r y B a T u  H a  30B H im H i eneK T puH H i 

n o n a .  M aK cu M y M  H y T n u B o cT i 6 g x o n u H o i  c iM ’i, m o  c K n a g a e T b c a  3 1 0 0 0 0  

o c o 6 u h ,  H a  eneK T puH H i n o n a  cT aH oB uT b  4 - 5  B /c m . n i g  B n n u B o M  eneK T - 

p u H H u x  n o n iB  B ig 6 y B a e T b c a  3M iH a n a p aM eT p iB  M iK poK niM aT y B c e p e g u H i 

B y n u K a .
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13. E N E K T P O P E ^ n m fl

n p o ^ c  o g e p x a H H a  x u b u m  0 p raH i3 M 0 M  H ep e3  H yT nuB i o p r a H u  6 io n o -  

riH H o  3 H a H y m o i i H ^ o p M a ^ i  n p o  n p u p o g H i  eneK T puH H i n o n a  a 6 o  n o n a  

6 io n o r iH H o r o  n o x o g x e H H a  H a 3 u B a e T b c a  eneKmpope^ n^ ew.
E n e K T p o p e ^ n ^ a  B u K 0 p u c T 0 B y eT b ca  T B ap u H aM u  ( p u 6 a M u , a M $ i6 ia -  

m u  T a  n p u M iT u B H u M u  c c a B ^ M u ) g n a  n o m y K iB  3 g o 6 u H i, yH uK H eH H a x u -  

x a K iB , B H y T p im H b 0 B u g 0 B 0 i K 0 M y m K a ^ i', p 0 3 M H 0 x eH H a , n p o c T o p o B o i  

o p ie H T a ^ i ' i H a B i r a ^ i ',  n o n e p e g x e H H a  n p o  n p u p o g H i  a B u m a  -  3 eM n eT p y - 

c u ,  m T o p M u , y p a r a H u  T o m o . IH T eH cuB H icT b e n eK T p u H H u x  n o n iB , H a  aK i 

3gaT H i p e a r y B a T u  T B a p u H u , cT aH oB uT b  B ig  5 -1 0 "9 B / m  g o  n o H a g  1 0 -4 B / m ;  

HacTOTHuM g ia n a 3 0 H  e n eK T p u H H u x  n o n iB  3M iH roeT bca  B ig  0  g o  6 in b m e  

H i x  15 k ^  g n a  p i3 H u x  B ug iB .

C e p e g  4 ,5  T u ca H  B u g iB  c c a B ^ B  e n e K T p o p e ^ n ^ a  3H aM geH a n u m e  y  

o g H o r o  T in b K u  K aH K o g 3 b o 6 a  Ornithorhynchus anatinus. f l3 b o 6  y  H b o ro  

n o K p u T u M  m K ip o ro ; b  n p o T o ^  m K ip a H o i c n u 3 0 B 0 i  3 a n o 3 u  g 3 b o 6 a  3 H a x o - 

g a T b c a  e n e K T p o p e ^ n T o p u .  C n u 3  3 a x u m a e  e n e K T p o p e ^ n T o p m  K n iT u H u  

B ig  B u c u x a H H a  n i g  H ac  B u x o g y  T B a p u H u  H a  c y m y ,  a  y  B o g i 3 a B g aK u  h u -  

3bK 0M y o n o p y  3 a 6 e 3 n e H y e  n ig B e g e H H a  e n eK T p u H H o ro  cT p y M y  g o  p e ^ n -  

T o p H u x  K niT uH . E n eK T p o H y T n u B icT b  K aH K o g 3 b o 6 a  cT aH oB uT b  5 0 - 8 0  

m k B / c m .

P u 6 u  x u B y T b  y  B ogH oM y c e p e g o B u m i ,  aK e x a p a K T e p u 3 y e T b c a  B u c o -  

K oro en eK T p o n p o B ig H icT ro ; caM e  p u 6 u  3gaT H i cT B o p ro B aT u  eneK T puH H i 

n o n a  M p o 3 n i3 H a B a T u  o 6 ’eK Tu, m o  3 H a x o g a T b c a  y  B o g i. M o x H a  p o 3 g in u -  

t u  p u 6  H a  T aK u x , aK i M aroTb e n e K T p o p e ^ n T o p m  c u c T e M u  i cn p u M M aro T b  

eneK T puH H i n o n a ,  i T aK u x , aK i i x  He M aroT b. f le a K i B u g u  p u 6  M aroT b en eK - 

T p o p e ^ n T o p u ,  p o 3 T a m o B a H i n o 6 n u 3 y  6 o k o b u x  c e H c o p H u x  o p ra H iB ; TaKi 

e n e K T p o p e ^ n T o p u  H a3 u B aro T b  aMnynaMU fiepenwni.
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E n e K T p o p e ^ n T o p r n  c u c T e M u  B u a B n e m  y  comobux p u 6 ,  a K y n  i cKaTiB. 

M e M 6 p a H a  e n e K T p o p e ^ n T o p H o i  K n iT u H u  cn p aM O B aH a  g o  3O B H im H boro  

c e p e g o B u m a  i M ae  M e H m u n  eneK T puH H uM  o n ip ,  H i x  M eM 6 p aH a H a  n p o T u -  

n e x H O M y  6 o ^  K n iT u H u . C T pyM , m o  B x o g u T b  y  K n iT uH y 33OBHi, B u K n u K ae  

g e n o n a p u 3 a ^ r o  M eM 6 p aH u , a K a  aK T u B i3 y e  K a n b ^ e B i  K a H a n u  b H a c - 

T uH i K n iT u H u . H acn ig K O M  ^ o r o  e  3 6 in b m e H H a  H acTO Tu H epB O B ux iM n y - 

n b c iB  y  ceH copH O M y B onoK H i, m o  3B’a 3 a H e  3 p e ^ r e r o p o M .  H y rn u B ic T b  

p u 6 ,  aK i M aroT b e n e K T p o p e ^ n T o p u ,  K o n u B a e T b c a  B ig  0 , 0 1 - 0 , 0 2  mkB/cm y  

a K y n  i cKaTiB g o  1 - 2  mkB/cm y  riM H O TugiB  T a  M o p M u p u g iB .

14. nPHK^A^HA E^EKTPHKA
14.1. 3ACTOCyBAHHfl E^EKTPO#I3HHHHX 

METO^IB y  TBAPHHHH^BI
A e p o i o m 3 a ^ H .  y  n 0 B iT p aH 0 M y  n p o c T o p i  T B a p u H H u ^ K o r o  n p u M i-  

m eH H a  n i g  B nnuB O M  e n eK T p u H H u x  n o n iB  M o x y T b  y T B o p ro B aT u ca  n e rK i i 

B a x K i io H u . 3 r ig H O  3 B ucH O BK aM u, O T puM aH uM u B u g aT H u M  6 i0 $ i3 u K 0 M

O .H .H u x e B c b K u M , B n n u B  a ep o io H iB  H a  o p ra H i3 M  B ig 6 y B a e T b c a  H epe3  

KpoB T a  HepBOBy cu cT eM y . B  n e p m o M y  B u n a g K y  io H u  B n n u B a ro T b  H a  e p u -  

T p o ^ u T u ,  aK i 3M iH roroTb eneK T puH H i B n acT u B o cT i K poB i. y  cB o ro  H e p ry , 

KpoB O M uB ae T K aH uH u i o p r a H u ,  o 6 M iH ro ro H u cb  3 humu en eK T p u H H u M u  

3 a p a g a M u . y  g p y r o M y  B u n a g K y  io H u  B n n u B a ro T b  H a  n e p u ^ e p i n H y  T a  

^ m p a n b H y  HepBOBi c u c T e M u  m n a x o M  g i i  H a  HepBOBi p e ^ n r o p u  m K ip u  

a 6 o  3 a  paxyH O K  n e p e H e c e H H a  eneM eH T aM u K poB i e n eK T p u H H u x  3 a p a g iB  g o  

iH T e p o p e^ n T o p iB  kpobohochux c y g u H  T a  g o  ro n o B H o r o  MO3Ky. B  ^ n o -  

M y, n p o ^ c  a e p o io m 3 a ^ i' n o B iT p a  b T B ap u H H u ^ K u x  n p u M im e H H a x  c n p u -  

a e  3 6 in b m e H H ro  x u B o i  M a c u , n o n in m e H H ro  re M a T o n o r iH H u x  noK a3H uK iB , 

3 H u x e H H ro  p iB H a  3 ax B o p ro B aH o cT i T B apuH .

0 3 o H y e a H H H .  0 3 O H  e  o g H u M  i3 H a n B a x n u B im u x  n p u p o g H u x  O K ucH ro- 

BaHiB. 3 a c T o c y B a H H a  T e x H o n o r i i  0 30H yB aH H a n o B iT p a  y  n T a x iB H u ^ r a i  

c n p u a e  n ig B u m e H H ro  B u B o g u M o cT i K ypH aT, B u K n u K ae  n o 3 u T u B H i 3 p y -  

m eH H a  y  n o K a 3 H u K ax  K poB i, 3M eH m eH H a p iB H a  iH ^ e K ^ H H u x  3 a x B o p ro -  

B aH b, 3 H u m eH H a  m K ig n u B o i M iK p o ^ n o p u .  n e p io g u H H e  O3OHyBaHHa n p u -  

M im eH b 3 a n o 6 i r a e  n n icH aB iH H ro  T a  n c y B aH H ro  a e ^ .  K p iM  T o ro , O3OHy- 

B aH H a M o x H a  3 a cT o co B y B a T u  g n a  3 H e 3 a p a x e H H a  n u T H o i B o g u , cT iH H ux  

BOg, KOpMiB TOmO.
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EneKmpocmuMynxt y x. f l i a  c e p i i  e n eK T p u H H u x  iM n y n b c iB  H a  b u m ’s  k o -  

p iB  n o n i n m y e  M o n o K o B ig g aH y . E n e K T p o c r u M y n a ^ a  M o x e  6 y T u  B u K o p u c -  

T aH a  g n a  iH T e H c u ^ iK a ^ i  x y H H o r o  n p o ^ c y  K opiB . G  g a H i n p o  n o 3 u T u B - 

h u h  B n n u B  3 m 1 h h u x  e n eK T p u H H u x  n o n iB  H a T y m i T B ap u H  n i c n a  3 a 6 o ro  -  

M ’a c o  M ae  a c K p a B im e  3 a 6 a p B n e H H a , K p a m i n o K a 3 H u K u  T a K o x  i aK ocT i.

EneKmponymnueicmb pu6. 3 g aT H icT b  p u 6  p e a r y B a T u  H a  eneK T puH H i 

n o n a  3 H aM m n a 3 acT o cy B aH H a  b  n p 0 M u c n 0 B 0 M y  p u 6 o n o B c T B i. M o x H a  H a- 

r a g a T u  B u K o p u cT aH H a  e n eK T p o T p an iB  g n a  B u n o B y  p u 6  n o 6 n u 3 y  g H a , e n e -  

K T p o H eB o g u  i 6 o p T 0 B i n a c T K u , e n e K T p o p u 6 o 3 a r o p o g x y B a H i,  e n e K T p o n p u -  

c r p o i  g n a  B ig n aK y B aH H a p u 6  b  3 0 H a x  r i g p o c r a H ^ H ,  e n e K T p o H a c o c u . 3  

y p a x y B aH H aM  T o ro , m o  3 1 r a  n o B e p x H i o K eaH y  M o x H a  6 p a T u  BgBiHi 6 i -  

n b m e  p u 6 u ,  H i x  M ’a c a  3 1 r a  n a c o B u m a ,  n p o 6 n e M a  n o m y K y , o 6 n iK y  i B ig - 

n o B y  p u 6 u  3 a  g o n o M o r o r o  e n eK T p u H H u x  M eTogiB  e  g iM cH o aK T y an b H o ro .

14.2. METOflH ENEKTPONIKyBAHHfl
EneKmponiKyeannH -  ^  cy K y n H icT b  M eTogiB  n iK yB aH H a, m o  r p y m y -  

ro T b c a  H a  B u K o p u cT aH H i g 0 3 0 B a H 0 i g i i  H a  o p ra H i3 M  e n eK T p u H H u x  c r p y -  

m Ib , a  T a K o x  e n eK T p u H H u x  T a  e n e K T p o M a rm T H u x  n o n iB . P 0 3 rn a H e M 0  

ocH oB H i M e T o g u  eneK T pon iK yB aH H a.

ranbeaHi3at y % -  n e p e g 6 a H a e  B u K o p u cT aH H a  n o c r iH H u x  en eK T p u H H u x  

n o n iB  m n a x o M  n p u K n a g a H H a  en eK T p o g iB  g o  T in a . B  ^ 0 M y  p a 3 i  H a n p y r a  

cT aH oB uT b  6 n u 3 b K 0  8 0  B , a  c u n a  cT p y M y  -  g o  5 0  m A . M e x a m 3 M u  g i i  

n o B ’a 3 a H i 3 n ep eT B o p eH H aM  en eK T p u H H o i e H e p r i i  y  T e n n o B y  3 a  p a x y H o K  

B e n u K o ro  o n o p y  e n ig e p M ic y ;  n p u  ^ 0 M y  aK T u B i3 y ro T b ca  Kp0 B0 0 6 i r  i 6 io -  

xiM iH H i n p o ^ c u .

ttwapcbKUU eneKmpo$ope3 -  M eT og eneK T p o n iK y B aH H a, m o  n o n a r a e  

b  K oM nneK cH iM  g i i  H a  o p ra H i3 M  n o c T iH H o ro  cT p y M y  i B B e g eH u x  3 a  M oro  

g o n o M o r o r o  n iK a p c b K u x  peH o B u H . H iK ap cb K i p e H 0 B u H u , aK i 3gaT H i g u c o -  

^ r o B a r a  b  p o 3 H u H i H a  n o 3 u T u B H i T a  H eraT u B H i io H u , c n p a M 0 B a H 0  n e p e ­

M im y ro T b c a  b  n o n i  n o c T iH H o ro  e n eK T p u H H o ro  cT p y M y  i c n p o M o x H i  H a g -  

x o g u T u  b  i0H i30B aH 0M y cT aH i g o  o p ra H i3 M y  H ep e3  m K ip y  a 6 o  c n u 3 0 B y  

o 6 o n o H K y . O gH 0 H acH u M  B n n u B  H a  o p ra H i3 M  n o c T iH H o ro  e n eK T p u H H o ro  

n o n a  i n iK a p c b K o i p e H 0 B u H u  c n p u a e  e ^ e K T u B m m o M y  B u K o p u cT aH H ro  n i -  

k Ib . C n ig  3 a y B a x u T u ,  m o  T p a g u ^ H m  3 a c o 6 u  B B egeH H a niKiB ( m ’e ^ i i ,  

m r a n a ^ i )  3yM 0B nroroT b H a g x o g x e H H a  g o  o p ra H i3 M y  n u m e  2 - 5 %  n iK a p -  

cb K o i p e H o B u H u .

rn,apconeani3awH -  3 acT o cy B aH H a  3 m 1 h h u x  ( a 6 o  iM n y n b c H u x )  cTpyM iB  

( c u n a  cT p y M y  g o p iB H ro e  1 0 - 2 0  m A ) T a  b u c o k u x  3H aH eH b H a n p y r u  ( g o
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2 0  k B )  i H acTO Tu ( 1 0 0 - 1 0 0 0  k ^ ) .  B u K o p u c T a H H a  ^ e i '  T exH iK u  n p u 3 B O - 

g u T b  g o  a K T u B i3 a ^ i ' k p o b o h o c h u x  c y g u H .

0paHKMHi3at y % -  M eT og, b  ocHOBi a K o ro  n e x u T b  B u K o p u cT aH H a  n o -  

c r iH H o ro  eneK T puH H oro  n o n a ,  m o  B uH uK ae n ig  BnnuBOM  B ucoK oi ( 3 0 - 5 0  k B )  

H a n p y r u ,  B H acn ig o K  H o ro  y T B o p ro eT b ca  c B o e p ig H u n  “ en eK T p o c T a T u H H u n  

g y m ”  g n a  T B ap u H u . M e x a m 3 M u  g i i  c n ig  n o B ’a 3 a T u  3 B uH uK H eH H aM  MiK- 

p o c rp y M iB , 3M iH oro c n iB B ig H o m e H H a  ioH iB , a e p o i o m 3 a ^ e r o  n o B iT p a .

ffiamepMin -  M eT og, a K u n  n o n a r a e  b  g i i  H a  T in o  T B a p u H u  3M iH H oro  

e n eK T p u H H o ro  cT p y M y  ( c u n a  cT p y M y  1 - 3  A ,  ry c T u H a  c T p y M y 1 0  A / c m 2) 3 

B u co K o ro  ( 0 , 4 - 2 , 4  M ^ ,  iH K o n u  2 7  M ^ )  H acT oT oro . T B a p u H y  p o 3 M im y - 

roTb M ix  e n eK T p o g a M u , p o 3 M ip  i $ o p M a  a K u x  B ig n o B ig a ro T b  g i n a H ^  T in a , 

m o  n iK y e T b c a . OcHO BHi M exaH i3M u g i i  -  T e n n o B i, npu H O M y  T e n n o  n p o H u -  

K ae  K pi3b x u p o B y ,  M ’a3O B y T a  KicTKOBy T K aH uH u. f l ia T e p M ia  x a p a K T e p u -  

3 y e T b c a  g e c e H c u 6 in i3 y ro H o ro , c n a3 M o n iT u H H o ro  T a  6 o n e 3 a c n o K iH n u B o ro  

g ie ro .  ^ K m o  3 a c T o c y B a T u  ro n K O B u n  en eK T p o g , t o  M ix  h u m  i TK aH uH oro 

B uH uK ae en eK rp u H H a  g y r a ,  m o  n p u 3 B o g u T b  g o  H arp iB aH H a g o  1 0 0 0  C . T a K a  

T exH iK a, m o  H a 3 u B a e T b c a  xipyp^iHHOK diamepMiew, g o 3 B o n a e  3 a 6 e 3 n e H y -  

B aT u  p o 3 p i3 y B aH H a  6 io n o r iH H u x  TK aH uH  T a  ix  K o a r y n a ^ r o  -  y K p y n H eH H a  

g p i6 H u x  HacTuHO K, 3OKpeM a 6inK iB .

KapdiocmuMynx^ x -  niK yB aH H a n o p y m e H b  c e p ^ B o r o  p u T M y  m n a -  

x o m  B n n u B y  H a  M io K ap g  m nyHOHKiB e n eK T p u H H u x  cTpyM iB  H eB en u K o i 

c u n u  i H acTO Tu. B ig 0 M 0 , m o  n o p o r o B a  H y T nuB icT b  x u B o r o  o p ra H i3 M y  g o  

e n eK T p u H H o ro  cT p y M y  cTaH O B uTb 6 nu3bK O  1 m A ; 3 6 in b m e H H a  c u n u  c T p y ­

M y H a  n o B e p x H i T in a  g o  7 0 - 1 0 0  m A  M o x e  3yM O B uTu B e m p u K y n a p -  

H y  $ i 6 p u n a ^ r o  -  ap u T M iro  c e p ^ ,  a K a  x a p a K T e p u 3 y e T b c a  x ao T u H H u M , 

pO 3pi3H eH uM  i pi3H O H acH uM  cKOpOHeHHaM O K peM ux BOnOKOH mnyHOHKiB 

c e p ^ .  E neK T puH H uM  cT pyM  c u n o r o  b  g eK in b K a  a M n e p  n p u 3 B o g u T b  g o  n a -  

p a n iH y  g u x a H H a  i n e T a n b H o ro  H a cn ig K y . A n e  K 0p0T K 0H acH e 3 acT o cy B aH H a  

iH T eH cu B H o ro  e n eK T p u H H o ro  cT p y M y  3 y n u H a e  $ i 6 p u n a p m  cK opoH eH H a 

c e p ^  a 6 o  n e p e g c e p g b  3 M eToro B igH O B neH H a c u H y c o B o ro  p u T M y  c K o p o - 

HeHb c e p ^  T a  e^eK T u B H o i' c K o p o H y B a n b H o i g ia n b H o c T i m nyHOHKiB. U a  

T exH iK a H a 3 u B a e T b c a  de^idpunxtyew.
EneKmpoMa^HimHa mepanix. U a  T ex H iK a  n e p e g 6 a H a e  3 a c T o c y B a H -  

H a  e n e K T p o M a rH iT H u x  n o n iB  M e T p o B o ro  ( 1 =  1 0 - 1  m , f = 3 0 - 3 0 0  M ^ ) ,  

g e ^ u M e T p 0 B 0 ^ 0  ( 1 = 1 0 - 1  gM , f = 3 0 0 - 3 0 0 0  M r ^ ) ,  c a H T u M e T p o B o ro  

( 1 = 1 0 - 1  c m , ^ 3 - 3 0  r r ^ )  T a  M iniM eTpoB oro ( 1 = 1 0 - 1  m m , f  =  3 0 - 3 0 0  r r ^ )

g ian a3 O H iB . M e x a m 3 M u  g i i  en eK T p o M arH iT H u x  n o n iB  M eT p o B o ro  i g e ^ u -  

M eT p o B o ro  g ian a3 O H iB  c n ig  n o B ’a 3 a T u  3 n ep eM im eH H aM  ioH iB  n i g  B n n u -  

b o m  n o n a  i B uH uK H eH H aM  B H y rp im H b O T K aH u H H o ro  T e n n a .  B ucoK O H acT O -
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THi K o n u B aH H a M eT p o B o ro  g ia n a 3 0 H y  x a p a K T e p u 3 y ro T b c a  B u co K o ro  n p o -  

H uK H icT ro H ep e3  kIctkobuh M 030K, c y r n o 6 u ,  x u p o B i  n p o m a p K u ;  n p o H u K - 

H icTb K o n u B aH b  g e ^ H M eT p 0 B0^0  g ia n a 3 0 H y  cT aH oB uT b  1 0 - 2 5  cm. M e x a -  

H i3M u g i i  e n eK T p o M a rm T H u x  n o n iB  c a H T u M e T p o B o ro  g ia n a 3 0 H y  n o a c H ro -  

ro T b c a  n o rn u H a H H a M  e H e p r i i  T K aH uH aM u, m o  M ic raT b  B o g y , i n e p e T B o p ro -  

BaHHaM  ^ ei' e H e p r i i  y  T e n n o . r n u 6 u H a  n p o H u K H eH H a cT aH oB uT b  3 - 5  cm. 
M e x a H i3 M u  B n n u B y  en eK T p o M arH iT H u x  x B u n b  M in iM eT p o B o ro  g ia n a 3 0 H y  

H a  x u b u h  o p ra H i3 M  m e  H e B uBH em  g o c K o H a n o . G  r in o T e 3 u  m o g o  p e 3 0 H a -  

hchux e^eK T iB , aK i n o n a r a r o T b  b p e a ^ ii' H a  30B H im H i o n p o M iH ro B aH H a 

M in iM eT p o B o ro  g ia n a 3 0 H y  6 in K 0 B u x  M o n eK y n  T a  H y K n eiH o B u x  K u cn o T , 

skum n p u T aM aH H i B n acH i K o n u B aH H a caM e  y  M in iM eT poB oM y g ia n a 3 0 H i.

E n e K m p o d e p M a m o M e m p i n  -  B uM iproB aH H a 3m1h e n eK T p u H H o ro  o n o p y  

m K ip u  y  H a c i 3 M eToro g o c n ig x e H H a  $ y H ^ i o H a n b H o r o  cT aH y  B e re T a ra B -  

H o i H ep B o B o i c u c T e M u  ( m o  p e r y n r o e  g ia n b H ic T b  B H y T p im H ix  o p ra H iB , 3 a -  

n o 3 , c y g u H  T a  r n a g K u x  m’s31b) i e M o ^ H H o i' c ^ e p u .

E n e K m p o n n e m u 3 M 0 ^ p a $ i n  -  g o c n ig x e H H a  K po B o H an o B H eH H s o p r a H a  

a 6 o  g in a H K u  T in a  H a  ochobI p e e c r p a ^ i '  i x  e n eK T p u H H o ro  o n o p y  a 6 o  g i -  

e n eK T p u H H u x  B n acT u B o cT eH , aK i 3M iH roroT bca  b n p o ^ c i  Kp0 B0 0 6 i r y .

E n e K m p o n y H K m y p a  -  M eT og p e ^ n e K c o T e p a n i i ,  m o  6 a 3 y e T b c a  H a  g i i  

e n eK T p u H H u x  iM n y n b c iB  3 a  g o n o M o r o r o  c n e ^ a n b H o r o  e n e K T p o g a  H a  6 io -  

n o riH H o  aK TuBH i tohku, p o 3 M im eH i H a  n o B e p x H i T in a .

E n e K m p o i M n e d a n c n a  m o M o s p a f y i x  -  T exH iK a y T B opeH H a 3 o 6 p a x e H b  

p o 3 n o g in y  e n eK T p u H H o ro  iM n e g a H c y  n o  T in y  n a ^ e H T a .  iM n e g a H c  -  ^  

K oM nneK cH uH  o n ip ,  skum H uH uT b  x u B a  T K aH uH a 3M iHH0M y cT pyM y. B  

H a H n p o c r im o M y  B u n a g K y  g o  T in a  n p u K n a g a ro T b  H 0 T u p u  e n e K T p o g u : H e- 

p e 3  n e p m y  n a p y  n p o n y c K a ro T b  en eK T puH H uH  cT pyM , 3 a  g o n o M o r o r o  g p y -  

r o i  n a p u  p e e c r p y r o T b  H a n p y r y ;  c n iB B ig H o m e H H a  M ix  c rp y M 0 M  i H a n p y -  

r o r o  g a e  M o x n u B ic T b  o^ h u tu  iM n e g a H c  T K aH uH u. B  p ean b H iM  c m y a ^ i  

H a  T in o  H a K n a g a ro T b  16  a 6 o  3 2  e n e K T p o g u  g n a  o g e p x a H H a  T p u B u M ip H u x  

3 o 6 p a x e H b .  i H ^ o p M a ^ r o  o 6 p o 6 n a ro T b  3 a  g o n o M o r o r o  O y p ’e -a H a n i3 y . 

C n ig  3 a y B a x u T u ,  m o  u s  T exH iK a n o K u  m e  3 H a x o g u T b c a  b c T a g ii  e K c n e -  

p u M e H T a n b H u x  g o c n ig x e H b .

KOHTPONBHI 3AnHTAHHfl TA 3AB^AHHfl

1. ^ o  B uB H ae en eK T p u K a?

2 . ^ o  H a3 u B aro T b  eneK T poM arH iT H uM  n o n e M ?  eneK T pocT aT uH H uM  n o -  

neM ?

3 . ^ o  TaK e en eK T puH H uH  3 a p a g ?

4 . C ^ o p M y n ro B a T u  3aK 0H  3 6 e p e x e H H a  3 a p a g iB .
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5. C^opMynroBaTu 3aKOH KynoHa.
6. ^ o  TaKe HanpyxeHicTb eneKTpuHHoro nona?
7. ^ o  Ha3uBaroTb eneKTpuHHuM gunoneM?
8. noacHuTu ^puH^u^ gii o^unorpa^a.
9. ^ o  TaKe noTiK BeKTopa HanpyxeHocri eneKTpuHHoro nona?
10. C^opMynroBaTu TeopeMy OcTporpagcbKoro-raycca.
11. ^ o  TaKe ^upKyna^ia BeKTopa HanpyxeHocri eneKTpocTaTuHHoro 

nona?
12. noacHuTu ^pHH^H  ̂gii eneKTpocTaTuHHoro ynoBnroBaHa.
13. noacHuTu ^puH^u^ gii ioHHoro MiKpocKona.
14. ^ o  TaKe aBume eneKTpocTaTHHHoi mgyK^i?
15. ^Ki peHOBHHH Ha3HBaroTb npoBigHHKaMu? gieneKTpuKaMu?
16. ^ o  TaKe gieneKTpuHHa cnpuHHaTnuBicTb?
17. ^Ki peHOBHHH Ha3HBaroTb cerHeToeneKTpuKaMu?
18. flaTu BH3HaHeHHa eneKTpuHHin eMHocTi.
19. ^ o  Ha3HBaroTb eneKTpuHHuM cTpyMOM? cunoro cTpyMy? rycru- 

Horo cTpyMy?
20. 3 aKux eneMeHTiB cKnagaeTbca eneKTpuHHe Kono?
21. ^ k 3anexuTb onip npoBigHHKa Big TeMnepaTypu?
22. C^opMynroBaTu 3aKOHH nocriHHoro cTpyMy.
23. Ha3BaTu ocHoBHi eneKTpuHHi npunagu.
24. 3 Horo cKnagaeTbca ioHoc^epa?
25. noacHHTu MexaHi3MH BHHHKHeHHa 6nucKaBKu; nonapHoro caH-

Ba.
26. noacHHTu MexaHi3Mu BHHHKHeHHa pi3Hu^ noTeH^aniB Ha MeM- 

6paHi.
27. 3anucaTu piBHaHHa HepHcra.
28. OxapaKTepu3yBaTu noTeH^an cnoKoro i noTeH^an gii.
29. noacHHTu cyTb neTH-KneMn-MeTogy Ta Horo nepeBaru.
30. y  HOMy nonarae rinoTe3a EMrnxoBeHa?
31. noacHHTu ^puH^u^u BHMiproBaHHa eneKTpoKapgiorpaMu; eneK- 

TpoeH^^anorpaMu.
32. ^ o  TaKe eneKTpo$ope3?
33. ^ k BnnuBaroTb eneKTpuHHi nona Ha xuBi opraHi3Mu?
34. noacHHTu MexaHi3Mu eneKTpope^n^i'.
35. Ha3BaTu eneKTpo$i3uHHi MeTogu, mo 3acrocoByroTb y TBapuH-

HH^TBi.
36. noacHHTu ^pHH^H^H ranbBam3a^i'. ^Ki eneKTpuHHi pexuMu 

BHKopucTOByroTbca nig Hac ranbBam3a^i?
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3 7 .  ^ o  T a K e  n i K a p c b K u H  e n e K T p o $ o p e 3 ?  H u m  b I h  B i g p i 3 H a e T b c a  B i g  

3 B u H a H H o r o  e n e K T p o $ o p e 3 y ?

3 8 .  n o a c H u T u  ^ p H H ^ H ^ H  g a p c o H B a n i 3 a ^ i ' i  T a  $ p a H K n i m 3 a ^ i .  H u m

B i g p i 3 H a r o T b c a  ^  M e T o g u  n i K y B a H H a ?

3 9 .  ^ o  T a K e  g i a T e p M i a ?  x i p y p r i H H a  g i a T e p M i a ?

4 0 .  n o a c H u T u  ^ p H H ^ H ^ H  K a p g i o c r a M y n a ^ i .

4 1 .  y  H 0 M y  n o n a r a r o T b  ^ p H H ^ H ^ H  e n e K T p o M a r H i T H o i  T e p a n i i ?

15. MArHETH3M

MasHemu3M -  ^  p o 3 g i n  $ i 3 u K u ,  s k u m  B u B H a e  B 3 a e M o g i r o  M i x  e n e K T -  

p u h h u m u  c T p y M a M u ,  c T p y M a M u  i  M a r m T a M u  ( T i n a M u  3  M a r H i T H u M  M 0 M e -  

h t o m )  T a  M i x  M a r H i T a M u ,  a  T a K o x  B n a c r a B o c T i  p e H o B u H ,  b  s k u x  n p o a B -  

n a e T b c a  u a  B 3 a e M o g i a .

15.1. MArHITHE nONE. MArHITHA IH^YKIIIfl
Ma^HimHe none -  c u n o B e  n o n e ,  a K e  g i e  H a  p y x o M i  e n e K T p u H H i  3 a p a g u

i  H a M a r H i H e H i  T i n a .  M a r H i T H e  n o n e  x a p a K T e p u 3 y e T b c a  B e K T o p o M  Ma^Him- 

hoi rndy^ii B . M a r H i r a a  r n g y ^ i a  -  ^  c u n o B a  x a p a K T e p u c T u K a  M a r -  

H i T - H o r o  n o n a .

O g u H u ^  B u M i p r o B a H H a  M a r H i T H o i  rng y K m i  -  mecna [ 1 T n  =  1 H / A -m ] .

f l n a  o g H o p i g H o r o  i 3 0 T p o n H o r o  c e p e g o B u m a  B e K T o p  M a r H i T H o i  i H g y K -  

^ i  n o B ’a 3 a H u H  3  B e K T o p o M  H a n p y x e H o c T i  M a r H i T H o r o  n o n a  c n i B B i g H o -  

m e H H a M :

B  =  jU 0 ^ H , ( 1 5 . 1 )

g e  H  -  n a n p y x e n i c T b  M a r n iT n o r o  n o n s ;  n 0 -  M a r n iT n a  c r a n a  ( n 0 =  1 ,2 5 6 - 1 0 -6 H - A -2); 

n  -  M a r n iT n a  ^ o n u ^ i c r ^  c e p e g o B u m a .

O g u H u ^  B u M i p r o B a H H a  H a n p y x e H o c T i  M a r H i T H o r o  n o n a  -  A/m.
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15.2. C H .A  .O P E H ^

C u n a  F n , a K a  g i e  3  6 o K y  M a r H i T H o r o  n o n a  H a  p y x o M i  3 a p a g x e H i  H a c -

t h h k h , H a 3 H B a e T b c a  c u n o r o  H o p e H ^ .  B o H a  n i g n o p a g K O B y e T b c a  T a K H M  

3 a K O H O M ip H O c T a M :

1 )  c u n a  F n  n p o n o p ^ H H a  3 a p a g y  q  i  m B u g K o c r i  p y x y  v  H a c r u H K u ;

2 )  B e n u H u H a  i  H a n p a M O K  c u n u  F n  3 a n e x u T b  B i g  B e n u H U H u  i  H a n p a M K y  

m B u g K o c r i  p y x y  H a c r u H K u  T a  B e K T o p a  M a r H i T H o i  i H g y ^ i i ;  3 )  K o n u  3 a p a g -  

x e H a  H a c T U H K a  p y x a e T b c a  B 3 g o B x  M a r H i T H o r o  n o n a ,  c u n a  F n  g o p i B H r o e  

H y n r o ;  4 )  a K m o  B e K T o p  m B u g K o c r i  y T B o p r o e  K y T  0  3  H a n p a M K O M  B e K T o p a  

M a r H i T H o i  r n g y K ^ i ' ,  c u n a  F n  g i e  y  H a n p a M K y ,  n e p n e H g u K y n a p H O M y  n n o -

m u H i ,  m o  y T B o p r o e T b c a  B e K T o p a M u  v  i  B  ; 5 )  H a n p a M K u  c u n  F n  3  6 o K y  

M a r H i T H o r o  n o n a ,  m o  g i r o T b  H a  n o 3 U T U B H i  i  H e r a T U B H i  3 a p a g u ,  n p o T u n e -  

x H i ;  6 )  a K m o  B e K T o p  m B u g K o c T i  y T B o p r o e  K y T  0  3  H a n p a M K O M  B e K T o p a  

M a r H i T H o i  r n g y K ^ i ' ,  B e n u H u H a  c u n u  F n  n p o n o p ^ H H a  s i n 0 .

y  B e K T o p H i n  $ o p M i  c u n a  J I o p e H ^  B u p a x a e T b c a  T a K o r o  ^ o p M y n o r o :

F n  = q p  x B ] , ( 1 5 . 2 )

g e  V x  B I -  BeKTopHHM  go6yT O K  B eK T opiB  V i  B  .
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H a n p a M O K  c u n u  H o p e H ^  B U 3 H a H a e T b c a  3 a  n p a e u n o M  n i e o i  pvku: 
hk^ o n i e y  p y K y  p o 3 m a m y e a m u  m a K ,  ^ o 6  e e K m o p  M a ^ H i m H O l  w d y K ty i

exodue y dojionto, a  eumazHymi ho- 
m u p u  n a n b t y  3 6 i ^ a n u c H  3  H a n p H M -  

kom e e K m o p a  w e u d K o c m i ,  m o  e i d i -  

^ H v m u u  e e n u K u u  n a n e ^  B K a w e  H a -  

n p H M o K  c u n u ,  ^ o  d i e  H a  n o 3 u m u e -  

huu 3 a p H d  ( p u c .  1 5 . 1 ) .

n p H K i a g

n p 0 T 0 H  p y x a e T b c a  3 i m B u g K ic rro  8 -1 0 6 
m /c  B 3 g o B x  o c i  X .  B iH  n o r p a n n a e  b  M arH iT - 

H e  n o n e ,  M a r H im a  m g y K q ia  a K o r o  2 ,5  T n .  

n o n e  H a n p a B n e H o  n i g  KyTOM 6 0 0 g o  o c i  X  i  

n e x u T b  y  n n o m H H i X Y .  B u3H aH H T H  c u n y  

• H o p e ^ a .

P 0 3 B ’H 30K

B u K o p u c T O B y e M o  T a 6 n u H H i g a H i ( d u e .  

d o d a m o K )  i  n ig c T a B n a e M o  H u c n o B i 3H aH eH H a 

y  ^ o p M y n y  ( 1 5 .2 ) :

F x  =  q v B s i n a  =

=  ( 1 ,6 -1 0 -19 K n ) (8 -1 0 6 m -c-1) (2 ,5  T n ) ( s in 6 0 0)  =  

=  2 ,7 7 - 1 0 -12 H .

K o H T p o a b H e  3 a B g a H H H

B u K o p u cT O B y ro H H  g a H i n o n e p e g H b o i  

3 a g a n i ,  BH3HaHHTH n p u c K o p e H H a , 3 aKHM 

p y x a e T b c a  n p 0 T 0 H  y  M arH iTH O M y n o n i .  M a c a  

n p 0 T 0 H a  1 ,6 7 - 1 0 -15 K r.

B i d n o e i d b :  1 ,6 6 - 1 0 3 M -c-2.P u c .  1 5 .1 .  C n a a  . . o p e H ^

^ K m o  H a  p y x o M U H  e n e K T p u H H u M  3 a p a g ,  K p iM  M a r H i T H o r o  n o n a  3  i H g y K -  

^ e r o  B , g i e  T a K o x  e n e K r p u H H e  n o n e  H a n p y x e H i c r r o  E , t o  p e 3 y n b r y K > H a  

c u n a  F m , n p u K n a g e H a  g o  3 a p a g y ,  g o p i B H r o B a T U M e  B e K T o p H iM  c y M i  c u n u ,  m o

g i e  3  6 o K y  e n e K T p u H H o r o  n on a ,  i  c u n u  H o p e H ^  ( p u c .  1 5 . 2 ) :

F x = q E  + q V x B ] . ( 1 5 . 3 )
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P u c .  1 5 .2 .  f l i a  e n e K T p H H H o r o  T a  M a r H iT H o r o  n o a i B  

H a  e a e K T p H H H H H  3 a p a g ,  q o  p y x a e T b c a

C a M e  p y x o M  3 a p a g x e H u x  k o c m I h h u x  H a c T u H 0 K  H e p e 3  M a r H i T H e  n o n e  

3 e M n i  T a  i x  3 iT K H e H H a M  3 a T 0 M a M u  a T M o c ^ e p u  M o x H a  n o a c H u T u  b u h u k -  

H e H H s  n i B H i H H o r o  c a H B a .

XeHgpiK A h t o h  flOPEH^ (1853-1928)

rO^naHflCbKM M  $i3MK, BiflOMMM poSOTaMM 3 TeO- 
peTMHHOI $i3MKM. ABTOp K^aCMHHOI e^eKTpOHHOI 
T e o p ii .  P o 3 p o 6 u B  eneK TpoflM H aM iK y p y x n u B u x  
c e p e f lO B M ^ . BuBiB n e p e T B o p e H H a , Ha3BaHi n o r o  
iM’̂ M . ^ a y p e a T  H oSeniB C bK O i n p eM ii (pa3O M  3 
n .  3eeM aH O M ) 3 a  B iflK purrfl T a  oS rpyH T yB aH H a 
e ^ e K T y  3 e e M a H a  ( 1 9 0 2  p .).

15.3. 3AKOH AMnEPA
f l i a  M a r H i T H o r o  n o n a  H a  e n e K T p u H H u H  c T p y M  B u 3 H a H a e T b c a  3 a K o H o M  

A M n e p a  -  c u n a ,  3  xkow M a s H i m H e  n o n e  d i e  H a  e n e M e H m  n p o e i d H U K a  3 i  

c m p y M o M ,  ^ o  3 H a x o d u m b c x  e  M a s H i m H o M y  n o n i ,  n p x M o  n p o n o p ^ U H a  

c u n i  c m p y M y  y  n p o e i d H u K y  i  e e K m o p H o M y  d o 6 y m K y  e n e M e H m a  d o e w u H u  

n p o e i d H u K a  H a  M a s H i m H y  m d y K ^ K ) :

d F  = I  [dl x B ] . ( 1 5 . 4 )

T y T  d F  -  c u n a ,  3  a K o r o  M a r H i T H e  n o n e  g i e  H a  e n e M e H T  n p o B i g H u -  

K a ;  I  -  c u n a  c T p y M y  y  n p o B i g H u K y ;  d l  -  B e K T o p  e n e M e H T a  n p o B i g H u -  

K a ,  n p o B e g e H u M  y  H a n p a M K y  e n e K T p u H H o r o  c T p y M y ;  B  -  M a r H i T H a  

r n g y ^ i a .

H a n p a M o K  g i i  c u n u  A M n e p a  M o x H a  3 H a M T u  3 a  n p a e u n o M  n i e o i  pvku: 
xk ^ o  n i e y  p y K y  p o 3 m a m y e a m u  m a K ,  ^ o 6  e e K m o p  M a s H i m H o i  m d y K ^ i  

e x o d u e  y  d o n o H W ,  a  e u m x s H y m i  n o m u p u  n a n b t y  3 6 i s a n u c x  3  H a n p x M K o M  

c m p y M y ,  m o  e i d i s H y m u u  e e n u K u u  n a n e ^  e K a w e  H a n p x M o K  c u n ,  ^ o  d i -  

w m b  H a  n p o e i d H u K  3  6 o K y  n o n x  ( p u c .  1 5 . 3 ) .

V

_ A .
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M o g y n b  c u n u  A M n e p a  B H 3 H a n a e T b c a  3 a  

^ o p M y n o r o :

dF  = IBdlsina, ( 1 5 . 5 )

ge a -KyT Mi* BeKTopaMu dl i B  .

K o H T p o a b H e  3 a B g a H H H

BH3HaHHTH BenunnHy cnnn AMnepa, AK^o cuna 
CTpyMy b  npoBigHHKy goBM Horo 1 c m  gopiBHroe 2 A, 
a MarHiTHa mgyKqia -  3-10-5 Tn.

Bidnoeidb: 6-10-7 H.

Puc. 15.3. C n . i a  A M n e p a

AHgpe Mapi AMnEP (1775-1836)

0paH ^y3bK M M  $i3MK, MaTeMaTMK, XiMiK.
OflMH 3 OCHOBOnO^OWHMKiB eneKTpOflMHaMiKM. 
A b t o p  n e p m o i  T e o p ii  M am eTM 3M y. 3 a n p o n o H y -  
BaB n p aB M n o  g n a  BM3HaHeHHa H anpaM K y flii 
M arH iTH oro n o n a  Ha M am iT H y C T p im y  (n p aB M n o  
A M n e p a ) .  BiflKpMB 3aKOH A M n e p a  ( 1 8 2 0  p .) .

15.4. 3AKOH nOBHOrO CTpyMy
M A rH iTH oro n o ^ fl y  BAKyyMi

3 a  a H a n o r i e r o  3  n o H a i r a M  u u p K y n f l u j i  B e K T o p a  H a n p y x e H o c r i  e n e K T -  

p o c T a T H H H o r o  n o n a  ( d u e .  p o 3 g i n  9 . 1 . 9 )  B B e g e M o  n o H a n a  u u p K y n f l u j i  B e ­

K T o p a  M a r H i T H o i  m g y K u j i  B  n o  3 a g a H o M y  3 a M K H y T o M y  K o n y :

f  B d l =  f  B d l . ( 1 5 . 6 )

L  L

3 a K O H  n o ( u io < Y >  c m p y M y  d n a  M a ^ H i m H 0^0  n o n a  y  e a K W M i  -  ^ p K y n a -  

^ a  B e K T o p a  M a r H i T H o i ' m g y K u j i  B  n o  g o B i n b H o M y  3 a M K H y T o M y  K o H T y p y  

g o p i B H r o e  g o 6 y T K y  M a r H i T H o i '  c r a n o i '  [ i 0 H a  a n r e 6 p a i H H y  c y M y  C T p y M iB ,  

^ o  o x o n n r o r o T b c a  ^ m  K o H T y p o M :

f  B d l  =  f  B d l  =  n o ̂ I . .  ( 1 5 . 7 )

L  L  i =1
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n o m i K  e e K m o p a  M a ^ H i m H O i  i n d y ^ i i  ( M a s n i m n u U  n o m i K )  H e p e 3  n o -  

B e p x - H r o  n i o m e r o  d S  -  ^  c K a i a p H a  4 > i3 H H H a  B e n H H H H a ,  m o  g o p i B H r o e :

d & B =  B d S =  B n d S ,  ( 1 5 . 8 )

g e  B n -  n p o e K q ia  B eK T o p a  B H a  H a n p a M o K  H o p M a i i  g o  n o B e p x H i  n n o m e r o  d S ;  d S  -  BeK ­

T o p , M o g y n t  a K o r o  g o p iB H ro e  dS, a  H a n p a M o K  3 6 ir a e T B c a  3 H an p aM K o M  H o p M a i i  g o  n o B e ­

p x H i  n n o m e r o  d S .

n o T i K  0 b  B e K T o p a  M a r H i T H o i '  r n g y K ^ i '  H e p e 3  g o B i i b H y  n o B e p x H r o  S  

g o p i B H r o e :

0 b  =  f  B d S =  f  B n d S . ( 1 5 . 9 )

S  S

f l n a  o g H o p i g H o r o  M a r H i T H o r o  n o n a  0 b  =  B S .

O g H H H ^  B H M i p r o B a H H a  M a r H i T H o r o  n o T o K y  -  e e d e p  ( B 6 )  ( 1  B 6  =  1 

T i - m 2) .

T e o p e M a  r a y c c a  d n a  M a s n i m n o s o  n o n a  y  e a K W M i  -  n o m i K  e e K m o p a  

M a s n i m n o i  i n d y ^ i i  n e p e 3  d o e i n b n y  3 a M K n y m y  n o e e p x n w  d o p i e n w e  n y n w :

f  B d S =  f  B n d S  =  0 .  ( 1 5 . 1 0 )

S S

n o p i B H a H H a  ^ o r o  B H p a 3 y  3  p i B H a H H a M  ( 9 . 1 4 )  n i g K p e c i r o e  B i g c y T -  

H i c T b  M a r H i T H H x  3 a p a g i B ,  3 a B g a K H  ^ o M y  M a r H i T H i  c n n o B i  n i m i '  e  3 a B x g n  

3 a M K H y T H M H .

15.5. CTPyM 3MI^EHHfl
P o 3 r n a H e M o  n p a M o n i m H H H H  n p o B i g H H K  3 i  c r p y M o M  y  M a r H i T H o M y  

n o i i .  3 a K o H  n o B H o r o  c T p y M y  ( 1 5 . 7 )  M o x H a  3 a n n c a T H  T a K :

f  B d l  =  f , ( 1 5 . 1 1 )

L

g e  f  -  i H T e r p a i  n o  3 a M K H y T o M y  m i a x y ,  n o  a K o M y  n p o x o g H T b  c T p y M .  

L
A i e  ^ h  3 a K o H  c n p a B e g i H B H H  g i a  n o c T i H H o r o  c T p y M y .

M a c K B e n n  y 3 a r a i b H H B  3 a K o H  n o B H o r o  c T p y M y ,  n p n n y c T H B m H ,  m o  3 M iH -  

H e  e n e K r p H H H e  n o n e ,  T a K  c a M o  a K  3 M iH H H H  e n e K T p H H H H H  c T p y M ,  e  g x e p e i o M  

M a r H i T H o r o  n o n a .  f l n a  K i i b K i c H o i  o u j h k h  3 M i H H o r o  e n e K T p H H H o r o  c T p y M y ,  

m o  y T B o p r o e  M a r H iT H e  n o n e ,  M a K c B e n n  B B iB  n o H a r r a  c m p y M y  3 M i ^ e n n a  a K  

B e n H H H H y , n p o n o p m H H y  m B H g K o c T i  3 M iH H  e n e K T p H H H o r o  n o n a  y  H a c i ;  ^ h  

c T p y M  H e p e 3  3 a M K H y y  n o B e p x H r o  B H 3 H a H a e T b c a  3 a  B H p a 3 o M :

I 3M = » 0  , ( 1 5 . 1 2 )

d t
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g e  @ e -  n o T iK  e n e K T p H H H o ro  n o n a  ( @ e =  f  E  • dS  ).

S

^ K m o  b  e n e K T p H H H e  K o n o  y B i M K H e H u n  K o H g e H c a T o p ,  t o  3 M iH H e  e n e K -  

T p H H H e  n o n e  M o x e  6 y T H  g x e p e n o M  C T p y M y  3 M i m e H H a  M i x  o 6 K n a g K a M H  

K o H g e H c a T o p a .  T o g i  y  B u p a 3 i  ( 1 5 . 1 1 )  3’a B H T b c a  m e  o g u H  H n e H  y  n p a B i n  

H a c r a r n :

f  B d l  = Hal +  s0^  =  ^0(I + 13M) .  ( 1 5 . 1 3 )

L dt

15.6. E^EKT XOA^A
E^eKm Xonna n o n a r a e  y  B H H H K H e H H i p i 3 H H ^  n o T e H ^ a n i B  Ap, a K a  b h -  

H H K a e  y  n p o B i g H H K y  3 i  C T p y M o M , p o 3 M i m e H H M  y  M a r H iT H o M y  n o n i .  U a  p i 3 -  

h h ^  n o T e H ^ a n i B  y T B o p r o e T b c a  n e p n e H g n K y n a p H o  g o  H a n p a M K i B  e n e K T p H H ­

H o r o  C T p y M y  i  M a r m T H o r o  n o n a  ( p n c .  1 5 . 4 )  T a  B H 3 H a n a e T b c a  3a  c jD o p M y jio ro :

I B
A 9  = R x

d
( 1 5 . 1 4 )

ge I  -  eneKTpHHHHH cTpyM; B  -  Mar- 
HiT-Ha mgyKqia; d  -  ToBmuHa npoBig- 
HHKa; R x -  CTana Xonna.

E ^ e K T  X o n n a  3 a c r o c o B y e T b -  

c a  g n a  o ^ h k h  g o M i m o K  y  H a -  

n i B n p o B i g H H K a x ,  g n a  B H M i p r o ­

B a H H a  H a n p y x e H o c r i  M a r H i T ­

H o r o  n o n a ,  p e e c T p a ^ i '  6 i o M a r -  

H iT H H x  n o n i B .

Puc. 15.4. E^ercr Xoaaa: I  -  eneKTpHHHHH 
cTpyM; B  -  MarHiTHa mgyKqia; U x -  pi3Huna 

noTeHmaniB; d  -  ToBmuHa KpucTany 
KoHTpoabHe 3aBgaHHH
Bu3HaHHTH pi3HHHro noTeHmaniB, mo BHHHKae BHacnigoK e^eKTy Xonna y MigHoMy 

npoBigHHKy ToBmuHoro 0,1 cm nig Hac npoxogxeHHa cTpyMy 5 A, aKmo cTana Xonna 
cTaHoBHTb 7,4'10"u M3'Kn-1, MarHiTHa mgyKqia gopiBHroe 1,2 Tn.

B i d n o e i d b :  0,444 mkB.

15.7. 3AKOH BIO-CABAPA-^An^ACA
3 a K O H  B i o - C a e a p a - f i a n n a c a  B H 3 H a H a e  M a r H i T H y  m g y ^ i r o  b  6 y g b -  

a K i H  t o h ^  n o n a ,  m o  y T B o p r o e T b c a  c T p y M o M ,  a K H H  n p o x o g H T b  n o  n p o B i g ­

H H K y  g o B i n b H o i  $ o p M H .  M a r H i T H a  m g y ^ i a  n o n a  n o c r i n H o r o  e n e K T p H H ­

H o r o  c T p y M y  I  y  B a K y y M i  3 a n n c y e T b c a  T a K H M  h h h o m :
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d B  = f f o
4n r 3

d i  x  r ( 1 5 . 1 5 )

g e  d i  -  B eK T op , m o  n o  M o g y n ro  g o p iB H ro e  g o B x u m  d i  e n e M e H T a  n p o B ig H H K a , n p o B e g e -  

h h h  y  H anpaM K y en eK T p u H H o ro  cT pyM y; r  -  p ag iy c -B eK T o p , n p o B e g e H u u  3 n t o r o  eneM eH T a 

n p o B ig H u K a  b  ToH K y C ,  g e  p o 3 r n a g a e T t c a  M arH iT H e n o n e ;  f 0 -  M a r a r m a  c r a n a ;  r  -  B ig ­

cT aH b  B ig  e n e M e H T a  n p o B ig H u K a  g o  t o h k u  C .

Mogynb BeKTopa dB  Bu3HaHaeTbca 3a Bupa3oM:

d B  = f I d i f  a  , (15 .16)
4 n  r 2

ge a -KyT Mix BeKTopaMH di i r .
MarHiTHa rn gy^ ia HecKiHHeHHo goBroro npaMonimuHoro npoBigHu- 

Ka 3i cTpyMoM Bu3HaHaeTbca 3a Bupa3oM:

B  = . (15.17)
2n r  

MarHiTHa r n gy^ ia b  ^ m p i  KonoBoro BuTKa 3i cTpyMoM onucyeTbca 
Bupa3oM, aKuu MoxHa ogepxaTu nicna iHTerpyBaHHa nonepegHboro piB­
HaHHa:

B = \f f 0 _ d i  = M k . (15.18)
I 4 n r 2 2 r

n p H K a a g

B r o H a H u r u  M arH iT H y  m g y K q ir o  g o B r o r o  n p a M o r o  n p o B ig H u K a , n o  aK oM y n p o x o g u r b  

cT p y M  B e n u H u H o ro  5 A ,  H a  B ig c T a H i 4  c m  B ig  n p o B ig H u K a .

P 0 3 B H 3 0 K

n ig c T a B n a e M o  H u c n o B i g a H i y  ^ o p M y n y  ( 1 5 .1 8 ) :

4 ^ - 10~7 H  / A2 • 5 A 5
B  =  -------------------------- ,--=  2 .5 - 1 0  T n .

15.8. MArHITHI BNACTHBOCTI 
PEHOBHHH

n i g  H a c  p y x y  e n e K T p o H iB  b  a T o M i  n o  o p 6 i T i  y T B o p r o r o T b c a  3 a M K H y r i  

o p 6 i T a n b H i  c T p y M u ,  a K i  B u K n u K a r o T b  B n a c H i  M a r H iT H i  n o n a .  ^ K m o  3 o B H i m H e  

M a r H iT H e  n o n e  B i g c y r a e ,  u j  B n a c H i  M a r H iT H i  n o n a  o p i e m o B a m  x a o r u H H o  i  

3 a r a n b H e  B H y r p i m H e  M a r H iT H e  n o n e  p e H o B u H u  g o p i B H r o e  H y n r o  ( p u c . 1 5 . 5 ,  a ) .  

^ K m o  n p u K n a c T u  g o  p e H o B u H u  3 o B H i m H e  M a r H iT H e  n o n e ,  t o  b  p e H o B u H i  

c T B o p r o e T b c a  B H y r p i m H e  M a r H iT H e  n o n e .  E y g b - a K a  p e H o B u H a ,  a K a  3 g a T H a  

H a M a r H i H y B a T u c a  n i g  B n n u B o M  M a r H i T H o r o  n o n a ,  H a 3 u B a e T b c a  M a s n e m u K o M .  

P e H o B u H u ,  a K i  H a M a r H i H y r o T b c a  b  3 o B H i m H b o M y  M a r m r a o M y  n o n i  y  H a n p a M ­

K y ,  n p o r u n e x H o M y  H a n p a M K y  B e K T o p a  M a r H i T H o i  r n g y K m i '  n o n a ,  H a 3 u B a r o T b -
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c a  d i a M a s H e m u K C i M U  ( p u c . 1 5 . 5 ,  6 ) ;  p e n o B H H H ,  a K i  H a M a r H i n y r o T b c a  b  3 o B H i-  

m H b o M y  M a r H iT H o M y  n o n i  y  H a n p a M K y  B e K T o p a  M a r H i T H o i  r n g y K ^ i ,  H a 3 H B a -  

r o T b c a  n a p a M a s H e m u K a M U  ( p u c .  1 5 . 5 ,  e ) .  B e K T o p  M a r H iT H o i ' i H g y K ^ i '  p e 3 y n b -  

T y r o n o r o  M a r H i T H o r o  n o n a  B y  M a r H e T H K y  g o p i B H r o e  B e K T o p H in  c y M i  M a r H i -  

t h h x  r n g y ^ i n  3 o B H i m H b o r o  n o n a  B0 T a  B n a c H o r o  M a r H i T H o r o  n o n a  M a r H e -  

T H K a  Bz , a K e  y T B o p r o e T b c a  M i K p o c T p y M a M u :

B =  B0 +  Bz . ( 15. 19)

O c T a H H i n  B u p a 3  M o x H a  n p e g c T a B H T H  T a K :

B  = Ho H  + Ho = Mo(1 +  X ) H , ( 1 5 . 2 0 )

g e  x -  M arH iT H a  c n p u f lH a T n u B ic T t .

f l n a  g i a M a r H e T H K i B  x <  0 ,  g n a  n a p a M a r H e T H K i B  x >  0 .  T u n o B i  3 H a -  

H e H H a  M a r H i T H o i '  c n p u n H a T n u B o c r i  g n a  g i a M a r H e T H K i B  T a  n a p a M a r H e T H ­

K iB  H a B e g e H o  y  T a 6 n . 1 5 . 1 .

1 5 .1  -  T u n o B i  3 H a n e H H H  M a rH iT H o i' c n p u H H H T a u B o C T i  ^ g a a  g ia M a r H e T H K iB ,

n a p a M a r H e T H K iB  3 a  T e M n e p a T y p u  3 0 0  K

f liaM arH e T H K H
M a rH iT H a  

c n p u f lH a T n H B ic T t %
n a p a M a rH e T H K H

M a r H iT H a  

c n p u flH a T n H B ic T L  %

B ic M y T - 1 , 6 6 1 0 - 5 A j i r o M im n 2 ,3 ^  1 0 -5

M i g b - 9 , 8 - 1 0 - 6 X p o M 2 ,7 - 1 0 - 4

3 o n o T o - 3 , 6 1 0 - 5 M a m i n 1 ,2 1 0 - 5

P T y T b - 2 , 9 - 1 0 - 5 n n a T H H a 2 ,9 - 1 0 - 4

C p i 6 n o - 2 , 6 - 1 0 - 5 B o n t ^ p a M 6 ,8 - 1 0 - 5

K p i M  p o 3 r n a H y T H x  g B o x  K n a c i B  p e n o B H H ,  e  m e  n  $ e p o M a s H e m u r n  -  

p e n o B H H H ,  b  a K u x  M a r H i T H e  n o n e  3 a  H a M a r m H y B a H H a  b  T u c a n i  p a 3 i B  6 i -  

n b - m e ,  H i x  3 o B H i m H e  M a r H i T H e  n o n e ,  a K e  n o r o  y T B o p u n o .  f l o  ^ H x  p e n o -  

b h h  M o x H a  B i g H e c T H  3 a n i 3 o ,  K o 6 a n b T ,  H i K e n b ,  r a g o n i r n n ,  g e a K i  c n n a B H .  

M a r H i T H a  c n p u n H a T n u B i c T b  ^ e p o M a r a e T H K i B  c T a H o B H T b  B i g  K i n b K o x  g e -  

c a T K i B  g o  6 a r a T b o x  T u c a H  o g u H H ^ .  O K p i M  T o r o ,  H a M a r m H e m c T b  $ e p o -  

M a r H e T H K i B  3 6 e p i r a e T b c a  i  n i c n a  3 H a T T a  3 o B H i m H b o r o  n o n a .  X a p a K T e p -  

H o r o  B n a c T H B i c T r o  ^ e p o M a r a e T H K i B  e  H a a B H i c T b  M a n u x  o 6 n a c T e n ,  a K H M  

n p u T a M a H H e  o g H o p i g H e  c n o H T a H H e  H a M a r H i H y B a H H a  -  3 g a T H i c T b  H a M a r -  

H i H y B a T u c a  3 a  B i g c y r a o c r i  3 o B H i m H b o r o  M a r H i T H o r o  n o n a .  o 6 n a c T i  

H a 3 H B a r o T b c a  d o M e H a M u ;  p o 3 M i p u  i x  g o c a r a r o T b  1 0 " 2- 1 0 " 3 c m  ( p u c .  1 5 . 5 ,  ^ ) .  

3 a  B i g c y r a o c r i  3 o B H i m H b o r o  M a r H i T H o r o  n o n a  M a r m T m  n o n a  g o M e H i B  

o p i e H T o B a H i  x a o T H H H o ,  T o g i  a K  y  3 o B H i m H b o M y  M a r H i T H o M y  n o n i  g o M e H H ,  

m o  o p i e H T o B a H i  B 3 g o B x  n o n a ,  n o H H H a r o T b  3 6 i n b m y B a T H  p o 3 M i p u  3 a  p a -
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x y H O K  t h x  g o M e H i B ,  h h h  H a n p a M o K  H e  3 6 i r a e T b c a  3  H a n p a M K o M  n o n a ;  

^  n p H 3 B o g H T b  g o  n o a B H  B n a c H o r o  M a r H i T H o r o  n o n a  ^ e p p o M a r a e T H K a ,  

a K e  o p i e H T o B a H e  B 3 g o B x  3 o B H i m H b o r o  M a r H i T H o r o  n o n a .  3 H a n e H H a  M a r ­

H i T H o i  c n p H H H a T n H B o c r i  g n a  ^ e p o M a r a e T H K i B  C T a H o B n a T b  B i g  g e K i n b K o x  

gecaTKiB go 6araTbox THcan ogHHHUb.

2

P u c .  1 5 .5 .  M a r H iT H i  B n a c T H B o c T i  p e n o B H H H : a  —  x a o r a n H a  o p i e n r a m a  

B n a c H H x  M a rm T H u x  n o n iB  en e K T p o H iB  p en o B H H H  3 a  B ig c y T H o c T i 3 o B H im H b o ro  

M a rH iT H o ro  n o n a ;  6  -  H a M a rm n y B a H H a  p en o B H H H  (g ia M a rH e T H K a )  y  H an p aM K y , 

n p o T u n e * H o M y  3o B H im H b o M y  M arH iT H oM y n o n r o ;  e  -  H a M a rm n y B a H H a  p e n o -  

b h h h  (n a p a M a rH e T H K a )  y  H an p a M K y  3 o B H im H b o ro  M a rH iT H o ro  n o n a ;  2 -  H aaB - 

H icT b  M a n u x  o 6 n a c r e n  (goM eH iB ) y  ^ e p o M a ra e T H K iB , aKHM n p u ra M a H H e  o g H o p ig -  

H e

cn o H T aH H e  H a M a rm n y B a H H a

15.9. MArHITHE nONE 3EMNI
n p u p o g H e  c u n o B e  n o n e ,  B H H H K H e H H a  a K o r o  3 y M o B n e H o  g x e p e n a M H ,  

m o  3 H a x o g a T b c a  b  3 e M n i  i  H a B K o n o 3 e M H o M y  n p o c T o p i ,  H a 3 H B a e T b c a  M a 2 -  

n i m n u M  n o n e M  3 e M n i .  M a r H i T H e  n o n e  g i e  H a  e n e K T p u n m  3 a p a g u ,  m o  p y -
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x a r o T b c a ,  i  T i n a ,  a K i  M a r o T b  M a r H iT H H H  M o M e H T . M a r H i T H e  n o n e  3 e M n i  

M a e  n o c T M H y  ( «  9 9 % )  T a  3 M iH H y  ( «  1 % )  c K n a g o B i .  ^  n o n e  3 a  ^ o p M o r o  

H a r a g y e  n o n e  g u n o n a ,  ^ H T p  a K o r o  3 M i m e H u w  B i g H o c H o  ^ r n r p a  3 e M n i ,  

B i c b  H a x u n e H a  g o  o c i  o 6 e p T a H H a  3 e M n i  H a  1 1 , 5 0 ( p u c . 1 5 . 6 ) .  C e p e g H a  B e -  

n u n u H a  M a r H i T H o i  iH g y K m 'i  n o 6 n u 3 y  3 e M H o i  n o B e p x H i  c T a H o B H T b  «  5 •  1 0 -5 T n ,  

a  H a n p y x e H i c T b  M a r H i T H o r o  n o n a  c n a g a e  B i g  M a r H i T H H x  n o n r o c i B  

(55 /7  A/m) jio  MarHiTHoro eKBaTOpa (3 3 ,4  A/m).

riwdemmu IlittnntHiiu

2eozpci(f)iHHuu nomoc

P u c .  1 5 .6 .  M a r H iT H e  n o n e  3 e M n i  3 a  ^ o p M o r o  H a r a g y e  n o n e  g u n o n H ,

^ H T p  H K o r o  3 M i^ e H H H  B ig H o c H o  ^ H T p a  3 e M n i ,  a  B ic b  H a x u n e H a  

g o  o c i  o S e p T a H H H  3 e M n i  H a  1 1 ,5 °

M a r H i T H e  n o n e  3 e M n i  y T B o p r o e  M a 2 u i m o c $ e p y  -  o 6 n a c T b  H a B K o n o 3 e M -  

H o r o  n p o c r o p y ,  $ i 3 u n m  B n a c T H B o c T i ,  p o 3 M i p u  i  ^ o p M a  a K o i  B H 3 H a n a r o r b c a  

M a r H iT H H M  n o n e M  3 e M n i  T a  n o r o  B 3 a e M o g i e r o  3  n o T o K a M H  3 a p a g ^ e H u x  n a c -  

t h h o k  B i g  C o h ^ .  M a r a r r o c ^ e p a  n p o c T a r a e T b c a  H a  7 0 - 8 0  t h c .  k m  ( 1 0 ­

1 2  R 3)  n o  H a n p a M K y  g o  C o h ^  i  H a  6 a r a r o  M in b H o H i B  K in o M e T p i B  y  n p o r u n e -  

x H o M y  H a n p a M K y  ( g i a M e T p  “ x B o c T a ”  c T a H o B H T b  n p u 6 n u 3 H o  2 0 - 2 5  R 3) .

K p i M  T o r o ,  H a  c T p y K r y p y  T a  n o B e g i H K y  M a r m T o c ^ e p u  B n n u B a e  c o h m h -  

h u u  e i m e p  -  m B u g K H H  ( 4 0 0 - 8 0 0  k m / c )  n o T i K  r a p a n o i  n n a 3 M H  B i g  c o H a n -  

H o i  n o B e p x H i ,  a K H H  y T B o p r o e T b c a  B H a c n i g o K  b h c o k o I  T e M n e p a T y p u  c o H a -  

n H o i  K o p o H H .

15.10. ENEKTPOMArHITHA IH ^YK^H
y  1 8 3 1  p .  M . O a p a g e M  B ig K p H B  a B u m e  e n e K m p o M a 2 H i m H o i  i H d y K t y i ,  

a K e  n o n a r a e  b  T o M y ,  m o  b  3 a M K H y r o M y  n p o B i g H o M y  K o H T y p i  n i g  n a c  3 M i -  

h h  n o T o K y  M a r H i T H o i  i H g y K m 'i ,  m o  o x o n n r o e T b c a  ^ H M  K o H T y p o M ,  b h h h -
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K a e  e n e K T p u H H u n  c T p y M ,  a K u n  o g e p x a B  H a 3 B y  r n d y K t y U H o s o  ( p u c .  1 5 . 7 ) .  

B H H H K H e H H a  m g y K ^ K H o r o  c T p y M y  c B ig H H T b  n p o  H a a B H ic T b  y  K o n i  e n e K m -  

p o p y m i u H o i  c u n u  e n e K m p o M a s H i m H o i  m d y ^ i i .

M a s H i m H U M  n o m o K o M  d 0  H e p e 3  e n e M e r n a p H y  n o B e p x H r o  d S  H a 3 H B a r o T b  

c K a n a p H y  B e n u H H H y ,  m o  g o p i B H r o e  g o 6 y T K y  n p o e ^ i i '  B n B e K T o p a  M a r H i T H o i  

i H g y K ^ i '  H a  H o p M a n b  n  g o  e n e M e H T a  n o B e p x H i  H a  n n o m y  u ^ o r o  e n e M e H T a :

d 0  =  B nd S .  ( 1 5 . 2 1 )

n o B H u n  M a r H i T H H n  n o T i K  H e p e 3  n o B e p x H r o  S  3 H a n g e M o  3 i  c n i B B i g H o -  

m e H H a :

j  B n d S  . ( 1 5 . 2 2 )0

f l n a  o g H o p i g H o r o  M a r H i T ­

H o r o  n o n a  i  n n o c K o i  n o B e p x H i  

S ,  n e p n e H g u K y n a p H o i  g o  B , 

n o T i K  B H 3 H a n a e T b c a  T a K :

0  = BS. ( 1 5 . 2 3 )  

n o g a n b m i  g o c n i g x e H H a  

n p u 3 B e n u  g o  ^ o p M y n r o B a H H a

3aKoHy 0apadeH -  eneKmpo- 
pymiuHa cuna eneKmpoMas- 
HimHoi m d y ^ ii e 3aMKHymoMy 
npoeidHoMy KoHmypi nucenbHo 
dopieHwe i npomunewHa 3a 
3HaKoM meudKocmi 3MiHu MasHimHoso nomoKy Kpi3b noeepxHW, o6Me- 
weHy ^UM KoHmypoM:

P h c . 1 5 .7 .  f l B u q e  e a e K T p o M a r a iT H o i  m g y K ^ i  

n o a a r a e  b  T o M y , q o  b  3aM K H eH O M y n p o B i g -  

H O M y K o H T y p i n i g  H a c  3M iH H  n o T o K y  M a r H iT ­

H o i m g y K ^ i ,  a K u n  o x o n a r o e T b C H  ^ H M  K o H T y - 

p o M , B H H H K a e  e n e K T p H H H H H  C T pyM , 9 K H H  

o T p u M a B  H a 3 B y  i H g y K ^ H H o r o

s =  -
d 0

d t
( 1 5 . 2 4 )

MaMKn OAPAflEM (1791-1867)

AHmiMCbKMM XiMUK T a $i3MK, OCHOBOnOnO^HMK
en eK T -poM am eT u3M y T a BHeHHfl n p o  MarHiTHe n o n e .  
B iflK puB xiMiHHy g iro  en eK T p u H H o ro  CTpyM y, B 3a- 
G M 03B 330K  Miw en eK T puK oro  T a  M arHeTU3M oM , 
M arHeTU3M oM  T a CBiTnoM . B iflK puB e n eK T p o M a r-  
HiTHy iH f ly ^ i r o  (1 8 3 1  p .)  T a  e $ e K T  O a p a f l e a ,  
ycT aH oB uB  3aK oH u e n e K T p o n i3 y  ( 1 8 3 3 - 1 8 3 4 ) .

n p a e u n o  f l e H W .  H a n p H M o K  r n d y K t y U H o z o  c m p y M y  3 a e w d u  m a K u u ,
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^ 0  uozo Maznlmne none npomudie 3Mlnl Maznimnozo nomoxy, rkuu 
cnpm unw e cmpyM.

T a K H M  h h h o m , 3 M M H H H  M a r H iT H H H  n o T i K  i H g y K y e  e n e K T p o p y m i f t H y  

c u n y ,  a  y  3 a M K H y T O M y  K o n i  -  e n e K T p u H H H H  C T p y M . B H a c n i g o K  3 M i H H o r o  

M a r H i T H o r o  n o T o K y  H a B K o n o  n p o B i g H H K a  y T B o p r o e T b c a  e n e K T p u H H e  n o n e .  

C n i g  B ig 3 H a H H T H  o g H a K ,  m o  i H g y K o B a H e  e n e K T p u H H e  n o n e  B i g p i 3 H a e T b c a  

3 a  c b o i m h  B n a c T H B o c T a M H  B i g  e n e K T p o c T a T H H H o r o  n o n a ,  m o  y T B o p r o ­

e T b c a  H e p y x o M H M H  e n e K T p u H H H M H  3 a p a g a M H .

P o 3 r n a H e M o  K i n b ^ B H H  n p o B i g H H K  p a g i y c a  r , p o 3 M i m e H u H  b  o g H o p i g -  

H o M y  M a r H i T H o M y  n o n i ,  m o  H a n p a B n e H o  n e p n e H g u K y n a p H o  n n o m u H i

n p o B i g H H K a  (pnc. 15.8). i l K m o  

M a r H i T H e  n o n e  3 M i H r o e T b c a  3 
H a c o M ,  y  n p o B i g H H K y  iH g y K y e T b -  

c a  3 r i g H o  i3  3 a K o H o M  O a p a g e a  

e n e K T p o p y m i H H a  c u n a  S. E n e K T -  

p h h h h h  c T p y M ,  m o  n p o x o g H T b  

H e p e 3  n p o B i g H H K ,  y T B o p r o e  e n e K -  

T p u H H e  n o n e ,  B e K T o p  E  a K o r o  

H a n p a B n e H H H  n o  g o T H H H i f t  g o  

n p o B i g H H K a  b  6 y g b - a K i f t  T o H m  

n o n a .  P o 6 o T a  3 n e p e M i m e H H a  3a -  

p a g y ,  3 r i g H o  3 B u p a 3 o M  ( 9 . 4 1 ) ,  

g o p i B H r o e  A = qS. B h k o p h c t o -  

B y r o H H  B u p a 3  ( 9 . 3 ) ,  M o x H a  3 H a H -  

t h  p o 6 o T y  m o g o  n e p e H e c e H H a  

3 a p a g y  B 3 g o B x  K o n a  a K  A = 
qE2nr. 3  B u p a 3 i B  ( 9 . 3 )  T a  ( 9 . 4 1 )  

M o x H a  o g e p x a T H  p iB H a H H a :

P h c . 1 5 .8 .  Kinbueeiui npoBigHHK pagiyca r, 
po3Mî eHHH b 0gH0pigH0My MarmTHOMy 
noni, ^o HanpaBneHO nepneHguKynapHO 

nnomum npoBigHHKa

q S  = qE2nr, ( 1 5 . 2 5 )

3 B ig K H

E  = S/2 nr. ( 1 5 . 2 6 )

3  y p a x y B a H H a M  T o r o ,  m o  <P = BS = B nr2 , 3 a n u m e M o  p i B H a H H a

( 1 5 . 2 4 )  y  B H r n a g i :

1 d 0
E  = —

r  dB

2 dt
( 1 5 . 2 7 )

2 n r dt

O c K i n b K H  e n e K T p o p y m i H H a  c u n a  b  3 a M K H y T o M y  K o H T y p i  g o p i B H r o e :
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— E d l , ( 1 5 . 2 8 )

g e  d l  —  e n e M e r n r  g o B X H H H  K O H T y p y ,  t o  K o M 6 m y r o H H  B H p a 3 H  ( 1 5 . 2 4 )  T a

( 1 5 . 2 8 ) ,  o g e p x H M o  T a K H H  B H p a 3  g n a  3 a K O H y  O a p a g e a :

E d l  —  —

d O

d t

( 1 5 . 2 9 )

T y r  i m e i p a n  ^ E d l  H a 3 H B a e r b c a  w p K y n ^ i e w  e e x m o p a  H a n p y w e -

L
H o c m i .

^ h  3 a K O H  C B ig H H T b , ^ o  n i m H H H H  i H T e r p a n  n o  e n e K r p H H H o M y  n o n r o  

H a B K o n o  3 a M K H y r o r o  n p o B i g H H K a  g o p i B H r o e  m B H g K o c r i  3 M iH H  M a r H i T H o r o  

n o r o K y  H e p e 3  g o B i n b H y  n o B e p x H r o ,  a K a  a r o n y e  ^ h  n p o B i g H H K .

T a K H M  h h h o m ,  i H d y K o e a H e  e n e K T p H H H e  n o n e  b  n p o B i g H H K y ,  ^ o  p o 3 M i -  

^ e H H H  y  3 M iH H o M y  M a r H iT H o M y  n o n i ,  e  m K O H c e p e a m u e H U M  n o n e M .  y  ^ o M y  

n o n a r a e  ^ p H H ^ H ^ a B a  B ig M iH H ic T b  H o r o  B i g  e n e K T p o c r a T H H H o r o  n o n a .

^ B H ^ e  e n e K T p o M a r H i T H o i '  m g y K ^ i '  n e x H T b  b  o c H o B i  p o 6 o T H  r e H e -  

p a T o p i B  e n e K T p H H H o r o  C T p y M y ,  T p a H C ^ o p M a T o p i B ,  B H M i p r o B a n b H H x  n p u -  

n a g i B .

15.11. PIBHAHHA MAKCBE^^A
H o t h p h  p i B H a H H a ,  a K i  6 y n o  p o 3 r n a H y T o  b  o c T a H H i x  p o 3 g i n a x  — 

( 9 . 1 4 ) ,  ( 1 5 . 1 0 ) ,  ( 1 5 . 1 3 )  T a  ( 1 5 . 2 9 ) ,  ^ o  c r a H o B n a T b  o c H o B y  B c i x  e n e K T p n n -  

h h x  T a  M a r a i T H H x  a B H ^ ,  H a 3 H B a r o T b c a  p ie H H H H H M U  M a K c e e n n a .  3 B e g e M o  

^  p i B H a H H a  p a 3 o M :

O r
r - - 1 n ~\

E ndS = | E  ■ dS= -  £  q, ; '
S S —

^  ' i i
'0 i=1

B d S — b B d S  —  0 ;

d O

E d s  —  —

d t

B d l  — j l g l  +  £0
d O e

d t

( 1 5 . 3 0 )

n e p m e  p i B H a H H a  B H p a x a e  T e o p e M y  r a y c c a  g n a  e n e K T p o c r a T H H H o r o  

n o n a  y  B a K y y M i :  c y M a p H H H  n o T i K  B e K T o p a  H a n p y x e H o c r i  e n e K T p H H H o r o
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n o n a  H e p e 3  g o B i n b H y  3 a M K H y T y  n o B e p x H r o  g o p i B H r o e  a n r e 6 p a i H H i f t  c y M i  

e n e K T p H H H H x  3 a p a g i B ,  o T o H e H H x  ^ e r o  n o B e p x H e r o ,  n o g i n e H y  H a  e 0 .

A p y r e  p i B H a H H a  B H p a x a e  T e o p e M y  r a y c c a  g n a  M a r H i T H o r o  n o n a  y  

B a K y y M i :  n o T i K  B e K T o p a  M a r H i T H o i  r n g y K ^ i  H e p e 3  g o B i n b H y  3 a M K H y T y  

n o B e p x H r o  g o p i B H r o e  H y n r o .

T p e T e  p i B H a H H a  e  3 a K o H o M  e n e K T p o M a r H i T H o i  r n g y K ^ i  O a p a g e a ,  

a K H H  o n n c y e  3 B a 3 o K  e n e K T p H H H o r o  n o n a  H a B K o n o  6 y g b - a K o r o  3 a M K H y r o -  

r o  m n a x y  3 i  3 M iH H H M  M a r a i T H H M  n o T o K o M .

H e T B e p T e  p i B H a H H a  -  ^  y 3 a r a n b H e H a  $ o p M a  3 a K o H y  n o B H o r o  C T p y -  

M y ;  b o h o  o n n c y e  3 B a 3 o K  M a r H i T H o r o ,  e n e K T p H H H o r o  n o n i B  T a  e n e K T p H H ­

H o r o  C T p y M y .  _____________________________________________

flrceMMC KnapK MAKCBE^n (1831-1879)

AHrniMCbKUM $i3UK, ^ y H g a T o p  KnacuHHoi' en eK T p o - 
flUHaMiKU, OflUH i3 3aCHoBHUKiB CTaTUCTUHHOi $ i -  
3 u k u . C t b o p u b  T e o p iro  e n eK T p o M a m iT H o ro  n o n a  
(piBH aH H a M a K C B en n a ); BBiB noH aT T a CTpyM y 
3 M i^ e H H a , n e p e f l6 a n u B  icH yBaH H a e n e K T p o M a r-  
HiT-Hux X B unb , B ucyH yB  ig e ro  eneK T poM arH iT H oi 
n p u p o g u  CBiTna, ycTaH oB U B  CTaTucTUHHUM p o 3 - 
n o g in ,  Ha3BaHUM ifo ro  iM’aM .

15.12. CAMOIHflyK^fl
C a M o i n d y K t y R  -  ^  a B H ^ e  B H H H K H e H H a  e . p . c .  r n g y K ^ i  y  n p o B i g H o M y  

K o H T y p i  3 a B g a K H  3 M iH i  b  H b o M y  c n n n  C T p y M y .  P o 3 r n a H e M o  i 3 o n b o B a H e  

e n e K T p H H H e  K o n o ,  ^ o  M ic T H T b  B H M H K a H , o n i p  T a  g x e p e n o  e . p . c .  

( p H C .  1 5 . 9 ) .  ^ K ^ o  3 a M K H y T H  B H M H K a H , e n e K T p H H H H H  c T p y M  3 M i H r o e T b c a

B i g  Hyna go M aK C H M anbH oro 

3 H a H e H H a  H e  M H T T e B o ,  a  n p o ­

T a r o M  c K i H H e H H o r o  n p o M i x K y  

H a c y .  B H a c n i g o K  3 p o c T a H H a  

c n n n  c T p y M y  B H H H K a e  M a r -  

H iT H H H  n o T i K  H e p e 3  n o B e p x ­

H r o ,  o 6 M e x e H y  ^ H M  K o H T y -  

p o M ,  T o M y  b  H b o M y  3 6 y g -  

x y e T b c a  T a K  3 B a H a  e . p . c .  c a -  

M o i H g y K ^ i .  H a n p a M o K  e . p . c .  

c a M o i H g y ^ i i  B H 3 H a H a e T b c a

n p a B H n o M  ^ e H ^  -  y  p a 3 i

3M1H1 B H bO M y C H ^H  C T p y M y
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P h c . 1 5 .9 .  C a M o m g y ^ i n  -  l i i i i i i i K i i e i n m  e . p . c .  

r n g y K ^ i  y  n p o B ig H o M y  K O H T y p i j a i i j H K i i



3 6 i n t m e H H a  e n e K T p u H H o r o  c T p y M y  b  K o n i  e . p . c .  c a M o m g y K u , i i  

n e p e m K o g x a e  H o r o  3 p o c T a H H r o ,  3 M e H m e H H a  c T p y M y  -  H o r o  3 M e H m e H H r o .  

B e n H H H H a  e . p . c .  c a M o i H g y K u , i i  n p o n o p H i H H a  m B u g K o c T i  3 M iH H  e n e K T p H H ­

H o r o  c T p y M y :

d l
S =  - L  — , ( 1 5 . 3 1 )

d t

g e  L  — K o e ^ i u j e H T  n p o n o p u , i f i H o c T i ,  a K H H  H a 3 H B a e T b c a  r n d y K m u e m c m w .  

B i H  3 a n e x u T b  B i g  r e o M e T p u H H u x  B n a c T H B o c T e H  K o n a  — ^ o p M H ,  p o 3 M i p i B  

T a  M a T e p i a n y ,  3  a K o r o  B u r o T O B n e H H H  n p o B i g H H K .  i H g y K T H B H i c T b  K o T y m -  

k h  ( c o n e H o i g a )  3 a n e x u T b  B i g  K i n b K o c T i  B H T K iB .

O g u H u n a  B H M i p r o B a H H a  i H g y K T H B H o c T i  -  8 e n p i  [ 1 r H  =  1 B - c / A ] .  

E H e p r i a  M a r H i T H o r o  n o n a ,  n o B a 3 a H o r o  3  K o H T y p o M ,  g o p i B H r o e :

L I 2
E  =  — . ( 1 5 . 3 2 )

15.13. B 3A eM O fflgy^ M
B 3 a e M o i u d y K t y H  — n ,e  a B u m e ,  b  a K o M y  B u a B n a e T b c a  M a r H iT H H H  

3 B a 3 o K  g B o x  a 6 o  6 i n b m e  e n e K T p u H H u x  K i n .  P o 3 r n a H e M o  g B a  K o m y p u ,  

p o 3 T a m o B a H i  n o p y H  ( p u c .  1 5 . 1 0 ) .  ^ K m o  e n e K T p u H H H H  c T p y M  I i  b  n e p m o -  

M y  K o H T y p i  3 M i H r o e T b c a  3  H a c o M ,  t o  b  g p y r o M y  K o m y p i  i H g y K y e T b c a  

e . p . c . :

d l  j
21 -

Si = —Mii 2 ( 1 5 . 3 4 )

^ K m o  x  e n e K T p u H H H H  c T p y M  

I 2 y  g p y r o M y  K o H T y p i  3 M i H r o e T b -  

c a  3  H a c o M ,  t o  b  n e p m o M y  K o H ­

T y p i  i H g y K y e T b c a  e . p . c . :

d I  2 

d t

T y r  K o e ^ i H i e H T H  n p o n o p -  

H iH H o c T i  M 2 i  T a  M i2  H a 3 H B a r o T b -  

c a  K o e f i t y i e n m a M U  6 3 a e M n o i  

i n d y K m u e n o c m i  K o m y p i B ,  n p u -  

H o M y  M 2 i  =  M i2  .

H a  a B u m i  B 3 a e M o m g y K n i i  

r p y H T y e T b c a  p o 6 o T a  m p a n c f i o p -  

M a m o p a  — n p u n a g y ,  n p H 3 H a H e -

d t

( 1 5 . 3 3 )

P u c .  1 5 .1 0 .  B 3 a £ M o m g y K u if l  -  H B u y e ,  b

flKOMV B H flB n flC T b C fl M a rH iT H H H  3 B 'H 3 o K  

g B o x  a 6 o  S i n b m e  e n e K T p u H H u x  K in
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H o ro  g n a  3MiHH eneK T pH H H oro  CTpyM y T a  H a n p y r a .  n i g  n a c  n e p e g a H i  

eneKTpHH Hoi' e H ep rii ' g o ^ n B H o  BHKopHCToByBaTH b h c o m  H a n p y r a  T a  h h -  

3BKi eneK TpH H H i c ip y M H . C y H a c H a  eH ep reT H K a BHK opHCToBye n iH ii eneK T - 

p o n e p e g a H i  ( H E n )  3 H a n p y r o r o  2 2 0 ,  5 0 0 ,  7 5 0  i  1 1 5 0  k B .  KoHCTpyKTHBHo 

T p a H C ^ o p M a T o p  C K n ag aeT B ca  i3 3aM K H yT oro  o c e p g a ,  H a  aK oM y p o 3 T a m o -  

B aH i g B i K o iy m K H  ( p n c .  1 5 .1 1 ) .  n e p m a  ( n e p e u n n a )  K oT ym K a n p n e g H a H a  

g o  g x e p e n a  eneK T pH H H oro  CTpyM y i M ae  N 1 BHTKiB. A p y r a  ( e m o p u n n a )  

K oT ym K a, a K a  3 e g H a H a  3 o n o p o M  R ,  M ae  N 2 BHTKiB. n p n n y c T H M o , m o  

n ep B H H H a K oT ym K a n p n e g H a H a  g o  g x e p e n a  3oB H im H B oi e .p .c .  £ 1 . 3M iH a 

eneK T pH H H oro  CTpyM y b  n epB H H H ift K oT ym m ' 3y M o B n ro e  B ig n o B ig H y  3M iHy 

M arH iT H o ro  n o T o K y , aKHH cn p H H H H ae  B H a c n ig o K  a B H ^ a  B 3 a e M o iH g y K ^ i 

n o a B y  e .p .c . S2 y BTOpHHHiH KOTynmi. BpaxoByioH H , m o

3 r i g H O  i3  3 a K O H O M  3 6 e p e -  

x e H H a  e H e p r i i  eneK TpH H H i 

n o i y x H o c i i  b  o 6 o x  K o iy m -  

K ax  (o 6 M o T K ax ) ogH aK oB i 

( 8 1I 1 =  S 2I 2)  T a  BHKopHCTO- 

ByroHH c n iB B ig H o m eH H a  

£ 2I £ 1 =  k ,  M oX H a BH3HaHHTH

BenHHH Hy s 2 3 a  ^ o p M y n o ro :  

S 2 =  S i N 2  =  S i k ,  ( 1 5 .3 5 )

N ,

ge k -  Koe^i^eHT TpaHC^opMa^i.

15.14. E.TOKTPHHHE KO^O 
3MIHHOrO CTPYMY

^ K ^ o  o 6 ep T aT H  paM K y, B H ro T o B n eH y  3 n p o B ig H H K a, y  M arH iT H oM y 

n o n i  3 n o c T iH H o ro  K yT oB oro H acT oT oro  o , t o  H a K i H ^ x  n p o B ig H H K a yT B o- 

pH T B ca H a n p y r a  C H H y co ig H o i $ o p M H :

U  =  U ms i n o t ,  ( 1 5 .3 6 )

ge Um -  aMnniiygHe 3HaHeHHa HanpyrH.

K o n o B a  H a c i o i a  o  n o B a 3 a H a  3 H acT oT oro  f  T a  n e p io g o M  T  KonHBaHB 

cn iB B ig H o m eH H aM :

o  =  2 - f  =  —  ( 1 5 .3 7 )

n p o M H c n o B a  H a c i o i a  3M iH H oro  CTpyM y g o p iB H ro e  5 0  o i x e  K y io -  

B a  H a c i o i a  CTaHoBHTB o  =  3 1 4  p a g lc .

P h c . 1 5 .1 1 .  C x e M a  T p a H C ^ o p M a T o p a ,  n p u 3 H a -  

n e H o r o  g n a  3 M r n n  e n e K T p H H H o r o  C T p y M y  

T a  H a n p y r H
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I d =  - ^  =  0 , 7 0 7  I m . ( 1 5 . 3 9 )

Kono 3  onopoM. P o 3 r n a H e M o  K o n o  3 M i H H o r o  e n e K T p H H H o r o  c T p y M y ,  

a K e  c K n a g a e T b c a  3  r e H e p a T o p a  3 M i H H o r o  c T p y M y  T a  o n o p y  R. H a n p y r a  H a  

o n o p i  B H 3 H a H a e T b c a  T a K :

UR = IR = ImRsinat, ( 1 5 . 3 8 )

g e  I m -  a M n n iT y g H e  3H aH eH H a cT pyM y.

O c K i n b K H  IR = Imsinot T a  UR = Umsinot 3 M i H r o r o T b c a  3 a  3 a K o H o M  c h -  

H y c a ,  i x H i  a M n n i T y g H i  3 H a H e H H a  3 M i H r o r o T b c a  y  $a3i.
f l n a  x a p a K T e p n c T H K H  c n n n  3 M i H H o r o  c T p y M y  3 a  o c H o B y  n p n n H a T o  

n o p i B H a H H a  c e p e g H b o i '  T e n n o B o i  g i i  3 M i H H o r o  c T p y M y  3  T e n n o B o r o  g i e r o  

n o c r i n H o r o  c T p y M y  B i g n o B i g H o i  c n n n .  O g e p x a H e  T a K H M  m n a x o M  3 H a -  

H e H H a  c n n n  3 M i H H o r o  c T p y M y  H a 3 H B a r o T b  diwnuM (efyeKmuenuM) 3na- 
nenuHM c T p y M y  Id, a K e  n o B ' a 3 a H e  3  a M n n i T y g H H M  3 H a H e H H a M  Im c n i B -  

B i g H o m e H H a M :

I m

A H a n o r i H H o  M o x H a  o g e p x a r a  B n p a 3  g n a  g i r o H o r o  ( e ^ e K T H B H o r o )  

3 H a H e H H a  H a n p y r n :

Ud = U m = 0 , 7 0 7  Um . ( 1 5 . 4 0 )

V 2
g e  U m -  a M n n iT y g H e  3H aH eH H a H a n p y r n .

Kono 3 indyKmuenicmw. P o 3 r n a H e M o  K o n o  3 M i H H o r o  e n e K T p H H H o r o  

c T p y M y ,  a K e  c K n a g a e T b c a  3  r e H e p a T o p a  3 M i H H o r o  c T p y M y  T a  r n g y K T H B H o -  

c T i  L . B n K o p n c T o B y r o H H  g p y r e  n p a B H n o  K i p x r o ^ a  ( £  +  UL  =  0 ,  g e  £  =

d l
=  Um s i n o t)  T a  B p a x o B y r o H H ,  ^ o  £  = —L  —  T a  R = 0 ,  o g e p x H M o  B H p a 3

dt
g n a  H a n p y r n  H a  m g y K T H B H o c ri L :

d l
UL = L —  = Um s i n o t. ( 1 5 . 4 1 )

dt
i H T e r p y r o H H  o c T a H H i n  B n p a 3 ,  o g e p x u M o :

IL = f sin otdt = - c o s o t . ( 1 5 . 4 2 )
L  J o L

B n K o p n c T a e M o  T p n r o H o M e T p n H H e  n e p e T B o p e H H a  c o s o t = — s i n ( o t — 

n / 2 ) :

IL = s in (o t -  n  / 2 ) . ( 1 5 . 4 3 )
o L

3 B i g c n  o H e B n g H o ,  ^ o  c T p y M  y  K o n i  3 a B x g n  B i g c T a e  B i g  H a n p y r n  H a  

m g y K T H B H o c r i  H a  9 0 0 .
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3  o c T a H H b o r o  p i B H a H H a  M o ^ H a  3 H a H T H  a M n n i T y g H e  3 H a H e H H a  e n e K T ­

p H H H o r o  C T p y M y :

I m. =
U m  =

o L
U m

X T
( 1 5 . 4 4 )

g e  X L = o L  -  iHgyKTHBHHH o n ip .

Kono 3  eMHwmw. P o 3 r n a H e M o  K o n o  3 M i H H o r o  e n e K T p H H H o r o  C T p y M y ,  

a K e  c K n a g a e T b c a  3  r e H e p a T o p a  3 M i H H o r o  C T p y M y  T a  e n e K T p H H H o i  e M H o c T i  

C . B H K o p H C T o B y w H H  g p y r e  n p a B H n o  K i p x r o ^ a  T a  B p a x o B y r o H H ,  ^ o  

U - U C = 0 ,  a 6 o  U = UC = Umsinot, a  T a K o ^  UC = q/C, o T p H M a e M o  B H p a 3  

g n a  e n e K T p H H H o r o  C T p y M y  b  K o n i :

dq 

dt
B H K o p H C T a e M o  T p n r o H o M e T p H H H e  n e p e T B o p e H H a  c o s ot = s i n ( ot + n/2):

Ic = coCUm s i n (  ot + n/ 2 ) .  ( 1 5 . 4 6 )

3 B i g C H  o H e B H g H o ,  ^ o  C T p y M  y  K o n i  3 a B ^ g n  B H n e p e g ^ a e  H a n p y r y  H a

e n e K T p o e M H o C T i  H a  9 0 0 .

3  o C T a H H b o r o  p i B H a H H a  M o ^ H a  3 H a H T H  a M n n i T y g H e  3 H a H e H H a  e n e K T ­

p H H H o r o  C T p y M y :

Ic  = =  d C U mCOSOt. ( 1 5 . 4 5 )

I m. o C  Um. U m

X r
( 1 5 . 4 7 )

g e  X C  = --------  eMHiCHHH o n ip .
oC

P h c . 1 5 .1 2 .  K o ^ o  3 o n o p o M , 

m g y K T H B H ic T M  T a  e M H ic T ro

K o n o  3  o n o p o M ,  r n d y K m u e -  

H i c m w  m a  e M H i c m w .  P o 3 r n a H e -  

m o  e n e K T p H H H e  K o n o ,  a K e  C K n a g a -  

e T b c a  3  n o c n i g o B H o  3 'e g H a H H x  

o n o p y ,  iH g y K T H B H o c T i  T a  e n e K T ­

p H H H o i  e M H o c T i  (p H C . 1 5 . 1 2 ) .

3 H a H e H H a  M H T T e B o 'i  H a n p y -  

r n  H a  T p b o x  e n e M e H T a x  K o n a  

B H 3 H a H a e T b c a  3 a  T a K H M H  B H p a -  

3 a M H :

UR = IR = ImRsinot = URsinot;

UL = ImXL  sin(ot + n/2) = ULcosot; 

Uc  = ImX c  sin(ot -  n/2) = -  Uc cosot.

( 1 5 . 4 8 )

( 1 5 . 4 9 )

( 1 5 . 5 0 )
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C n i B B i g H o m e H H a  M i x  a M n n i r y g H U M n  3 H a n e H H a M n  H a n p y r H  T a  C T p y ­

M y  b  T a K O M y  e n e K T p H H H O M y  K o n i  B U 3 H a n a T b c a  3 a  B H p a 3 a M H :

U m  =  I ^ R 2 +  ( X L  -  X c  ) 2 ; ( 1 5 . 5 1 )

•  U -  U ~  ( 1 5 . 5 2 )

V r  2 +  ( X l -  X c  ) 2 z

O c r a H H i H  B H p a 3  e  y3asanbHeHUM 3aKOHOM OMa dnn 3MiHH0^0 cmpy­

My. T y T  Xl  -  X c = o L ---------- =  X  H a 3 H B a e T b c a  peaKmueHUM onopoM, a
G)C

Z -  noeHUM onopoM K o n a .

15.15. p e 3 0 h a h c  H A npyr
O c K i n b K H  p e a K T H B H H H  o n i p  R L C - K o n a  3 a n e x n T b  B i g  n a c T O T n ,  M o x H a  

n i g i 6 p a T H  T a K y  n a c T o r y  o 0, 3 a  a K o i ' g o c a r a e T b c a  p iB H ic T b  X l  =  X c . O c K i n b -  

k h  o n i p  T a K o r o  K o n a  c r a e  M iH iM a n b H H M  ( Z  =  R ) ,  t o  c n n a  c T p y M y  g o c a r a e

M a K c H M a n b H o r o  3 H a n e H H a  I m =  . T a K e  a B n ^ e  H a 3 H B a e T b c a  p e 3 o H a -

hcom H a n p y s  ( n o c n i d o e H U M  p e 3 o H a H c o M ) .  P e 3 o H a H c H a  n a c T o T a  B U 3 H a n a -  

e T b c a  3  B H p a 3 y :

O oL  =  ^ — ,  ( 1 5 . 5 3 )
o 0C

3 B ig K H

o 0 =  ,-------- . ( 1 5 . 5 4 )

V L C

n p H K a a g

E n eK rp H H H e K o n o  M icTHTb o n ip  R  =  2 0 0  O m , K o ry m K y , iH gyK T nB H icrb  aK o i L  =  15  m T h  

T a  K o H g e H c a T o p . B n 3 H a n n T n  eM H icT b  K o H g e H c a T o p a  C , 3 a  a K o i cT p y M  y  K o n i M aK cu M an b - 

H n n ,  a K ^ o  p e 3 o H a H c H a  n a c T o T a  g o p iB H ro e  o 0 =  6 0 0 0  1 /c .

P 0 3 B H 3 0 K

B u 3 H a n n M o  eM H icT b  3 y M o B u  p e 3 o H a H c y  ( 1 5 .5 2 ) :

1

C = (36 • 10 61 /  c 2)(15 • 10-3 fH ) =  1 ,8 5  MK° .

15.16. ENEKTPOMArHITHI KONHBAHHfl
B 3 a e M o 3 B a 3 a H i  K o n u B a H H a  e n e K T p n n H o r o  T a  M a r H i T H o r o  n o n i B ,  a K i  

c K n a g a r o T b  e g n H e  e n e K T p o M a r H i r a e  n o n e ,  H a 3 n B a r o T b c a  e n e K m p o M a s H i m -
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humu KonueannxMU. n o m u p r o r o T b c a  ^  K o n u B a H H a  y  B H r n a g i  eneKmpo- 
Masnimnux xeunb.

P 0 3 r n a H e M 0  e n e K T p u H H e  K o n o ,  m o  M ic T H T b  K 0 H g e H c a T 0 p  T a  K O T y m K y  

iH g y K T H B H O C T i .  T a K e  K o n o  H a 3 H B a r o T b  KonueanbnuM KonmypoM. ^ k ^ o  

K O H g e H c a T o p  3 a p a g H T H ,  e H e p r i a  K o H T y p y  6 y g e  3 o c e p e g x e H a  b  e n e K T p u H -  

H o M y  n o n i  K o H g e H c a T o p a .  Y  n o g a n b m o M y  K o H g e H c a T o p  n o H H e  p o 3 p a g -  

x a T H c a ,  m o  3 a K i H H H T b c a  3 o c e p e g x e H H a M  e H e p r i i '  K o H T y p y  b  M a r H i T H o M y  

n o n i  K o T y m K H .  ^ K m o  o n i p  K o H T y p y  g o p i B H r o e  H y n r o ,  ^ h  n p o ^ c  n e -  

p i o g u H H o r o  B 3 a e M H o r o  n e p e T B o p e H H a  e H e p r i H  e n e K T p H H H o r o  n o n a  K o H ­

g e H c a T o p a  T a  M a r H i T H o r o  n o n a  K o T y m K H  i H g y K T H B H o c r i  6 y g e  n o B T o p r o -  

B a T H c a  H e c K iH H e H H o  g o B r o .

H a c T o T a  e n e K T p o M a r H i T H H x  K o n H B a H b ,  m o  B H H H K a r o T b  y  K o H T y p i ,  g o ­

p i B H r o e  p e 3 o H a H c H i H  H a c r o T i  K o H T y p y :

f o = l̂ ~ , ( 1 5 . 5 5 )
2 W  L C

a  n e p i o g  K o n H B a H b  y  K o H T y p i  B H 3 H a H a e T b c a  3 a  fiopMynow ToMcona:

T = 2 n 4 L C  . ( 1 5 . 5 6 )

P o 3 r n a H e M o  g B a  M e T a n e B H x  n p o B i g H H K H ,  m o  y T B o p r o r o T b  a n m e n y ,  

n p n e g H a m  g o  g x e p e n a  n o c T i H H o r o  c T p y M y  ( p u c .  1 5 . 1 3 ,  a ) .  ^ K m o  y B iM K -  

H y T H  g x e p e n o ,  t o  B e p x H i H  n p o B i g H H K  3 a p a g x a e T b c a  n o 3 H T H B H o ,  a  h h x -  

H iH  -  H e r a T H B H o .  3 M i H H i  3 a p a g u  3 y M o B n r o r o T b  n o a B y  3 M i H H o r o  e n e K T p H H ­

H o r o  n o n a ,  c u n o B i  n i H i i  a K o r o  n p o c T a r a r o T b c a  B i g  n o 3 H T H B H o r o  g o  H e r a -  

T H B H o r o  3 a p a g i B  ( p u c .  1 5 . 1 3 ,  6 ) .  y  c B o r o  H e p r y ,  3 M iH H e  e n e K T p u H H e  n o ­

n e  i H g y K y e  n o a B y  3 M i H H o r o  M a r H i T H o r o  n o n a ,  c u n o B i  n i H i i  a K o r o  o x o n -  

n r o r o T b  n p o B i g H H K H  ( p u c .  1 5 . 1 3 ,  e ) .

\
I  =  0

E  =  0  

B  =  0

+  —
B = 0

+ +

E E
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a 6 e

Phc. 15.13. P o 3 r a a H e M o  g B a  M e T a a e B u x  n p o B ig H H K H , q o  y T B o p r o r o T b  a H T e -  

H y , n p u e g H a m  g o  g ^ e p e a a  n o c T iH H o r o  C T p y M y  (a). f l K q o  y B iM K H y ra  g ^ e p e -  

a o ,  t o  B e p x H iH  n p o B ig H H K  3 a p a g * a e T b C H  n o 3 H T H B H o , a  im ,K i i l i i  -  H e ra T H B -  

h o . 3 M iH H i 3 a p a g u  3 y M o B a ro r o T b  n o a B y  3 M iH H o ro  e a e K T p u H H o r o  n o a a ,  c u a o -  

B i a i r n i  a K o r o  n p o c T a r a r o T b c a  B ig  n o 3 H T H B H o ro  g o  H e r a T H B H o r o  3 a p a g i B  (6),
y  c b o m

H e p r y ,  3M iH H e e a e K T p u H H e  n o a e  iH g y K y e  n o a B y  3 M iH H o ro  M a r H iT H o r o  n o a a ,  

c u a o B i  a i r n i  a K o r o  o x o n a K M T b  n p o B ig H H K H  ( e )

n o  c y T i ,  T a K a  C H C T e M a  n p o B i g H H K i B  e  e i d K p u m u M  K o n H B a n b H H M  k o h -  

T y p o M .  T a K H H  K o H T y p  B H K o p H C T O B y r o T b  g n a  r e H e p a ^ i '  T a  n p H H M a H H a  

e n e K T p o M a r m T H H x  K o n H B a H b .

15.17. TOKAMAK
T O K A M A K  ( B i g  C K o p o H e H o r o  “ To p o i d a n b H a  K a M e p a  3  M a ^ H i m H U M U  

K o m y M K a M u ” )  -  3 a M K H y T H H  M a r H iT H H H  y n o B n r o B a H ,  ^ o  M a e  $ o p M y  

T o p a  T a  n p H 3 H a H e H H H  g n a  C T B o p e H H a  i  y r p H M a H H a  B H c o K o T e M n e p a T y p H o i '  

n n a 3 M H .  3 a n p o n o H o B a H H n  y  1 9 5 0  p .  I .  T a M M o M  T a  A .  C a x a p o B H M  y  

3 B ’a 3 K y  3  n p o 6 n e M o r o  K e p o B a H o r o  T e p M o a g e p H o r o  C H H T e 3 y .  C x e M a T H H H e  

3 o 6 p a x e H H a  T o K a M a K a ,  a K e  n o a c H r o e  ^ p H H ^ H ^  H o r o  g i i ,  H a B e g e H o  H a  

p u c .  1 5 . 1 4 .  M a r H i T H e  n o n e  T o K a M a K a ,  a K e  y r p H M y e  T a  C T a 6 i n i 3 y e  n n a 3 M y ,

c K n a g a e T b c a  3  i H T e H C H B H o r o  T o p o i 'g a n b H o r o  n o n a  B t , ^ o  y T B o p r o e T b c a

C T p y M o M  b  o 6 m o t ^ ;  c n a 6 K o r o  n o n a  B p , ^ o  y T B o p r o e T b c a  T o p o i g a n b H H M

C T p y M o M  1 1; c y M a p H o r o  n o n a  B  , c n i p a n e n o g i 6 H a  $ o p M a  a K o r o  g a e  m o * -  

n u B i c T b  y T p u M y B a T H  n n a 3 M o B H H  m H y p ,  H e  g o 3 B o n a r o H H  H o M y  T o p K a T u c a  

C T iH o K  K a M e p H .
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KoTyniKa noxioiflanbHoro nona

KoTyujKa nono'fflanbHoro nona

P u c .  1 5 .1 4 .  C x e M a  T O K a M a K a : 1 -  g e n T e p in ;  2  -  T p u T iH ;

3  -  r e n i n ;  4  -  n n a 3 M a ; 5  -  T e n n o H o c iH ; 6  -  M arH iT H

n n a 3 M a  H a r p i B a e T b c a  c T p y M o M ,  m o  n p o x o g H T b  H e p e 3  H e i .  T e M n e p a ­

T y p a  n n a 3 M H  H a  o c i  m H y p a  c T a H o B H T b  6 n u 3 b K o  4 - 1 0 8 K .  3 y c u n n a  B H e H u x  

c n p a M o B a H i  H a  g o c a r H e H H a  n a p a M e T p i B  n n a 3 M H ,  H e o 6 x i g H u x  g n a  3 a 6 e 3 -  

n e n e H H a  K e p o B a H u x  T e p M o a g e p H u x  p e a w n .

16. MArHITHA AKTHBHICTb 
OPrAHI3M y

16.1. g ^ E P E ^ A  MArHITHOrO 
nO^H B ^HBOM y OPrAHI3MI

y  n p o ^ c i  x u T T e g i a n b H o c T i  o p r a H i 3 M y  M ’a 3 o B i  T a  H e p B o B i  K n iT H H H  

B u a B n a r o T b  e n e K T p u H H y  a K T H B H ic T b .  P e 3 y n b T a T o M  T a K o i  a K T H B H o c T i  e
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B H H H K H e H H a  6 i o M a r H i T H H x  n o n i B ,  a K i  n o p o g * y r o T b c a  e n e K T p H H H H M H  

C T p y M a M H . H a n p H K n a g ,  K n iT H H H a  M e M 6 p a H a  n p o a B n a e  3 g a T H i c T b  n p o n y -  

C K a T H  H e p e 3  c e 6 e  i o H H  p e H o B H H .  y  p a 3 i  H e o g H o p i g H o i  n o n a p u 3 a ^ i '  M e M -  

6 p a H H  n o  B c i H  K n iT H H H iH  n o B e p x H i  M o * y T b  B H H H K a T H  n o 3 a K n i T H H H i  

C T p y M H , a K i  3 a M H K a r o T b c a  B c e p e g H H i  K n iT H H H  i  e  g * e p e n a M H  6 i o M a r -  

H iT H H x  n o n i B .  E i o M a r H i T H i  a B H ^ a  M o * y T b  B H H H K a T H  n i g  H a c  p o 6 o T H  a 6 o  

p y x y  o K p e M H x  o p r a H i B  ( c e p ^ ,  o H e H  t o ^ o ) ,  a  T a K o *  n p o x o g * e H H a  H e p -  

b o b h x  i M n y n b c i B ,  y  p e 3 y n b T a T i  B 3 a e M o g i i  o p r a H i 3 M y  a 6 o  H o r o  o p r a H i B  i3  

3 o B H i m H i M  c e p e g o B H ^ e M .  K p i M  T o r o ,  g * e p e n a M H  M a r a r r a u x  n o n i B  m o -  

* y T b  6 y T H  M a r H i T H i  B K n r o H e H H a ,  ^ o  3 H a x o g a T b c a  y  * H B o M y  o p r a H i 3 M i .

16.2. nPHHMHnH MArfflTOrPA^II
3 M iH H  e n e K T p o ^ i 3 i o n o r i H H u x  n p o ^ c i B ,  a K i  M a r o T b  M i ^ e  y  c e p ^ B o -  

M y  M ’a 3 i ,  3 y M o B n r o r o T b  B i g n o B i g H i  3 M iH H  M a r H i T H H x  x a p a K T e p u c T H K  c e p -  

u a ;  a H a n i 3  i x  e  c y i r r o  M a ^ H i m o K a p ^ i o ^ p a $ i i .  C n i g  B ig 3 H a H H T H ,  ^ o  n p u  

^ o M y  B H M i p r o r o T b c a  K o M n o H e H T H  B e K T o p a  M a r H i T H o i  r n g y K ^ i ' ,  n e p n e H -  

g u K y n a p H i  g o  n o B e p x H i  r p y g H o i  K n iT K H . K i n b K i c T b  B u M i p r o B a H b  B a p i r o -  

e T b c a  B i g  3 0  g o  5 0 ;  3 o H g o B a H i  g i n a H K H  p o 3 M i ^ e m  H a  o g H a K o B u x  i H T e p -  

B a n a x  ( 6 n u 3 b K o  5  c m )  n o  B e p T H K a n i  T a  r o p u 3 o H T a n i .  M a r H i T H y  r n g y ^ i r o  

p e e c T p y r o T b  3 a  g o n o M o r o r o  n p u H M a n b H u x  K o T y m o K ;  K p u B i  3 M iH H  y  H a c i  

K o M n o H e H T H  M a r H i T H o i  i H g y ^ i i  H a 3 H B a r o T b  M a ^ H i m o K a p ^ i o ^ p a M a M U .

E n e K T p u H H a  a K T H B H ic T b  r o n o B H o r o  M o 3 K y  n p u 3 B o g u T b  g o  n o a B H  M a r ­

H i T H o r o  n o n a ,  p e e c T p a ^ a  a K o r o  n e * H T b  b  o c H o B i  M a ^ H i m o e H ^ e ^ a n o -  

^ p a $ i i .

P e e c T p a ^ a  B n a c H o r o  M a r H i T H o r o  n o n a  C K e n e T H o r o  M ’a 3 a  C T a H o B H T b  

c y T b  M a ^ H i m o M i o ^ p a $ i i .  n i g  g i e r o  i M n y n b c y  3 6 y g * e H H a ,  ^ o  n p o x o g H T b  

n o  a K c o H y ,  y  M ’a 3 o B o M y  B o n o K H i  B H H H K a e  e n e K T p H H H H H  i M n y n b c  g o c u T b  

C K n a g H o i  $ o p M H .  C a M e  3 M iH i  e n e K T p u H H o r o  c u r H a n y  B i g n o B i g a e  B H H H K ­

H e H H a  M a r H i T H o r o  n o n a .

M a r H i T H i  n o n a  M o * y T b  6 y T H  i H g y K o B a H i  y  n p o ^ c i  e n e K T p u H H o i  a K -  

T H B H o c T i  c i T H a c T o i  o 6 o n o H K H  o K a ;  p e e c T p a ^ a  B i g n o B i g H H x  M a r H i T H H x  

n o n i B  n e * H T b  b  o c H o B i  M a ^ H i m o p e m u H O ^ p a $ i i .  n i g  H a c  g i i  3 o B H i m - H i x  

n o g p a 3 H H K i B  H a  3 o p o B H H  a H a n i 3 a T o p  B H H H K a r o T b  M a r H i T H i  n o n a  H a  p o r o -  

B iH  o 6 o n o H ^  o K a ,  B H M i p r o B a H H a  a K u x  H a 3 H B a r o T b  M a ^ H i m o o K y n o -  

^ p a $ i e w .
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17. Bn^H B MArHITHHX nO ^IB  
HA ^ H B I OPFAHI3MH

n i g  B n n u B o M  K o p n y c K y n a p H u x  n o T o K iB  c o H a H H o r o  B u n p o M i H r o B a H H a  

B i g 6 y B a r o T b c a  K o p o T K o H a c H i  3 M iH H  M a r H i T H o r o  n o n a  3 e M n i  -  T a K  3 B a H i  M a ^ -  

n i m n i  6 y p i ,  a K i  c y n p o B o g x y r o T b c a  c t h c k o m  M a r m T o c ^ e p u ,  n i g c u n e H H a M  y
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H iH  e n e K T p u H H u x  C T p y M iB  i  B H H H K H e H H a M  H a  n o B e p x H i  3 e M n i  i p p e r y n a p H u x  

M a r H iT H H x  3 6 y p e H b .  n p o T a r o M  M a r H iT H H x  6 y p  3 6 i n b m y e T b c a  K in b K ic T b  c e p -  

^ B o - c y g u H H u x  3 a x B o p r o B a H b ,  n o r i p m y e T b c a  C T a H  x B o p u x ,  a K i  c i p a * g a r o T b  

H a  r i n e p T 0 H i r o  t o ^ o . K p i M  T o r o ,  M a r H iT H i  6 y p i  B H K n u K a r o T b  n o n a p H i  c a H B a ,  

k > H 0 C $ e p m  3 6 y p e H H a ,  p e H T r e H iB C b K e  T a  H H 3 b K 0 H a c T 0 T H e  B u n p o M i H r o B a H H a .

^ i m i '  e n e K T p o n e p e g a H i  e  g * e p e n a M H  H e  T i n b K H  e n e K T p u H H u x ,  a n e  H  

M a r H iT H H x  n o n i B .  y  9 0 - x  p o K a x  y H e H i  TTTBe i i i i -  f l a m i ' ,  C f f l A  n p o B e n u  M a c m -  

T a 6 H i  e n i g e M i o n o r i H H i  g o c n i g * e H H a ,  a K i  g o B e n u ,  ^ o  B n n H B  M a r H i T ­

H H x  n o n i B  H E n  H a  3 g o p o B ’a  M e m K a H ^ B  M 0 * e  n p o a B H T u c a  b  K o p u g o p a x  

3 a B m u p m K H  4 0 0 - 8 0 0  m  B 3 g o B *  n i H i H  e n e K T p o n e p e g a H i .  B  1 9 9 6  p .  B e n u -  

H H H a  r n g y K ^ i '  M a r H i T H o r o  n o n a  b  0 , 2  M K T n  6 y n a  p e K o M e H g o B a H a  a K  r p a -  

h h h h o  g o n y c T H M H H  p i B e H b  M a r H i T H o r o  n o n a  n p o M H c n o B o i  H a c T o T u .  n e -  

p e B H ^ e H H a  ^ e i '  H o p M H  n p u 3 B o g u T b  g o  p a K y  K p o B i  i  M 0 3 K y .

B i g o M o ,  ^ o  M o p c b K i  i c T 0 T H  -  a K y n u ,  C K a T H , B y r p u ,  H e p e n a x u ,  k h t h , 

g e n b ^ i H H  -  3 g a T H i  B H K 0 p u c T 0 B y B a T H  M a r H i T H e  n o n e  3 e M n i  b  n o m y K a x  

K p a ^ u x  y M 0 B  i c H y B a H H a .

n T a x u  o p i e H T y r o T b c a  n i g  H a c  M i r p a ^ i '  H e  T i n b K H  n o  3 i p K a x ,  n o n o -  

* e H H r o  C o h ^ ,  a n e  H  n o  M a r H i T H o M y  n o n r o  3 e M n i .

n e H e p H a  c a n a M a H g p a  c n p 0 M 0 * H a  3 H a x o g u T H  m n a x  y  n o B H i H  T e M p a -  

B i ,  o p i e H T y r o H H C b  n o  M a r H i T H o M y  n o n r o .

E K c n e p u M e H T a n b H i  g o c n i g * e H H a  3  p a B n u K a M H  i  n n a H a p i a M H  n o K a 3 a n u ,  

^ o  T B a p u H u  3 g a T H i  p e a r y B a T H  H a  6 n u 3 b K i  3 a  B e n u H H H o r o  g o  r e o M a r H i T H o r o  

M a r H iT H i  n o n a .  T a K ,  p a B n u K  N a s s a r i u s  B i g p i 3 H a e  n o n r o c u  M a r H i T y .  n n a H a p i a  

D u g e s i a ,  K o n u  B i g g a n a e T b c a  B i g  g * e p e n a  C B iT n a ,  3 a B * g u  B i g x u n a e T b c a  B ig  

n p a M o n i m H H o i '  T p a e K T o p i i ;  B e n u H H H a  i  H a n p a M 0 K  B i g x u n e H H a  3 a n e * a T b  B ig  

o p i e H T a ^ i '  i  H a n p y * e H 0 c r i  3 0 B H i m H b o r o  M a r H i T H o r o  n o n a .  H y r n u B i c T b  n n a -  

H a p i i  g o  M a r H i T H o r o  n o n a  C T a H o B H T b  4 - 1 0 -6 T n .

M a r H i T H e  n o n e  3 e M n i  B H K 0p u c T 0B y r o T b  6 g * o n u  g n a  o p i e H T a ^ i ' .  M a r ­

H i T H a  o p i e m ^ i a  n p o a B n a e T b c a  y  6 g * i n  y  n p o ^ c i  6 y g i B H H ^ r a a  h o b h x  

C T in b H H K iB .  M o * H a  C T B e p g * y B a T H  n p o  a M n n i T y g u  1 - 1 0  H T n ,  a K i  B i g n o -  

B i g a r o T b  H y T n u B o c T i  6 g * i n  g o  M a r H i T H H x  n o n i B .

18. M ArHITOPEm Enm ra

3 g a T H i c T b  * h b h x  o p r a H i 3 M i B  c n p u H M a T H  T a  B H K 0 p u c T 0 B y B a T H  3 0 B -  

H i m H i  M a r H i T H i  n o n a  H a 3 H B a e T b c a  M a ^ H i m o p e ^ e n ^ i e w .  H a  c y H a c H 0M y  

p i B H i  H a H B i p o r i g H i m o r o  e  r i n o T e 3 a  M a r m T o p e ^ n ^ i ' ,  a K a  0 C H 0 B a H a  H a
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K o H ^ n ^ i '  M a ^ H e m u m y  -  c ^ e ^ H $ i H H o i  H e o p r a H i H H o i  c n o n y K H  3 a n i 3 a  ( o k -  

c u g u ,  c y n b ^ a T H ,  c y n b ^ i g u  i  ^ o c ^ a T H  3 a n i 3 a ) .  y  T B a p u H  o c H o B H o r o  c n o -  

n y K o r o  3 a n i 3 a ,  a K a  B i g n o B i g a e  3 a  M a r a h o p e ^ n ^ r o ,  e  ^ e p u r i g p u T  

5 F e 2O 3 -9 H 2O  ; y  6 g x i n  -  F e 3O 4 . M a r H e T H T  3 H a H g e H H H  y  r o n y 6 i B ,  n e n a -  

r i H H u x  K H T iB , g e a K u x  M o n r o c K i B  T a  6 a K T e p i H ,  m o  M e m K a r o T b  b  M y n i .  M i -  

H i M a n b H a  c T p y K T y p H a  o g u H H ^  M a r H e T H T y  3 n o c T i H H H M H  M a r H iT H H M H  

B n a c T H B o c T a M H  H a 3 H B a e T b c a  d o M e n o M .  y M i m e H H H  y  M a r H i T H e  n o n e ,  

g o M e H  n p o a B n a e  c e 6 e  a K  c T p i n K a  K o M n a c y ,  o p i e m y r o H u c b  y 3 g o B x  n o n a .  

^ n K o M  M o x n u B a  c y M a p H a  o p i e m ^ i a  B c i x  g o M e H i B  y  p a 3 i  H a K n a g a H H a  

3 o B H i m H b o r o  M a r H i T H o r o  n o n a  ( T a K  3 B a H H H  c y n e p n a p a M a s n e m u 3 M ) .
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19. HPHK^A^HHH MArHETH3M
19.1. METOflH MArHITOTEPAnII

H u 3 b K o n a c m o m n a  M a ^ H i m o m e p a n i H .  B  o c H o B i  ^ e i '  T e x H i K H  n e x u T b  

3 a c T o c y B a H H a  3 M i H H u x  M a r a r r a u x  n o n i B  3 H a c T o T o r o  5 0  ^  T a  r n g y ^ i e r o  

g o  3 5  M T n .  M e x a H i 3 M H  g i i  n o B ’a 3 a H i  3 i  3 6 y g x e H H a M  3 M iH H H M H  M a r H i T ­

H H M H  n o n a M H  B u x p o B u x  c T p y M i B ,  a K i  c n p u H H H r o r o T b  T e n n o B i  e ^ e K T H ,  m o  

B n n u B a r o T b  H a  o K u c H r o B a n b H o - B i g H o B H i  T a  ^ e p M e H T a T H B H i  n p o ^ c u .  

K p i M  T o r o ,  M a r H i T H i  n o n a  3 M i H r o r o T b  K o H ^ m p a ^ i  i o H i B  H a  n o B e p x H i  

M e M 6 p a H  i  B n n u B a r o T b  H a  ^ y H ^ i o H a n b H u n  c T a H  K n iT H H H .

I n d y K m o m e p M i n .  U a  T e x H i K a  r p y H T y e T b c a  H a  B H K o p u c T a H H i  3 M i H H u x  

M a r H i T H u x  n o n i B  B u c o K o i  H a c T o T H .  K i n b K i c T b  T e n n o T H  Q ,  m o  B u g i n a e T b -  

c a  b  o g u H H ^  o 6 ’ e M y  T i n a  T B a p u H u ,  B H 3 H a H a e T b c a  3a  ^ o p M y n o r o :

O  2 B 2
Q ---------------—  ~  a o 2 B 02 , ( 1 9 . 1 )p 0

ge a  -  HacToTa 3MiHHoro MarHiTHoro nona; p  -  nHToMHn onip TKaHHHH; a  -  nHToMa 
eneK-TponpoBigHicTt TKaHHHH; B 0 -  aMnniTyga HanpyxeHocTi MarHiTHoro nona.

O T x e ,  n i g B u m e H H a  H a c T o T H  M a r H i T H o r o  n o n a  g o  g e c a T K i B  M e ^ a ^ e p ^  

c n p u a e  H a r p i B y  T K a H H H H .

KOHTPONBHI 3AHHTAHHA I  3AB^AHHfl
1 .  m , o  B H B H a e  M a r H e T H 3 M  ?

2 .  m , o  T a K e  M a r H i T H e  n o n e ?

3 .  m , o  T a K e  c u n a  N o p e H ^ ?  _ 3 k 1 3 a K o H o M i p H o c T i  x a p a K T e p H i  g n a  H e i ?

4 .  3 a n u c a T H  3 a K o H  A M n e p a .

5 .  C ^ o p M y n r o B a T H  n p a B u n o  n i B o i  p y K H  g n a  B H 3 H a H e H H a  H a n p a M K y  

g i i  c u n u  N o p e H ^  i  c u n u  A M n e p a .

6 .  C ^ o p M y n r o B a T H  3 a K o H  n o B H o r o  c T p y M y  g n a  M a r H i T H o r o  n o n a  y  

B a K y y M i .

7 .  C ^ o p M y n r o B a T H  T e o p e M y  r a y c c a  g n a  M a r H i T H o r o  n o n a  y  B a K y y M i .

8 .  m , o  T a K e  c T p y M  3 M i m e H H a ?

9 .  y  H o M y  n o n a r a e  e ^ e K T  X o n n a ?

1 0 .  3 a n u c a T H  3 a K o H  E i o - C a B a p a - N a n n a c a .

1 1 .  _ 3 k 1 p e H o B H H H  H a 3 H B a r o T b  g i a M a r H e T H K a M H ,  n a p a M a r H e T H K a M H ,  

^ e p o M a r H e T H K a M H ?

1 2 .  f l a T H  B H 3 H a H e H H a  M a r H i T H o i  c n p u H H a T n u B o c T i .

1 3 .  y  H o M y  n o n a r a e  a B u m e  e n e K T p o M a r H i T H o i  r n g y K ^ i ?

1 4 .  C ^ o p M y n r o B a T H  3 a K o H  O a p a g e a .
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1 5 .  C ^ o p M y n r o B a T H  n p a B u n o  H e H ^ .

1 6 .  O x a p a K T e p u 3 y B a T H  M a r H i T H e  n o n e  3 e M n i .

1 7 .  n o a c H H T u  p i B H a H H a  M a K C B e n n a .

1 8 .  ^ o  T a K e  c a M o r n g y ^ i a ?  B 3 a e M o i H g y ^ i a ?

1 9 .  f l a T H  B H 3 H a H e H H a  g i r o H H M  3 H a H e H H a M  C T p y M y  T a  H a n p y r u .

2 0 .  B i g  H o r o  3 a n e * H T b  p e a K T H B H u H  o n i p  e n e K T p H H H o r o  K o n a ?

2 1 .  ^ o  T a K e  p e 3 0 H a H C  H a n p y r ?

2 2 .  ^ K e  K o n o  H a 3 H B a r o T b  K o n u B a n b H H M  K o H T y p o M ?

2 3 .  n o a c H H T u  ^ o p M y n y  T o M c o H a .

2 4 .  n o a c H H T u  ^ p H H ^ H ^  g i i  T o K a M a K a .

2 5 .  ^ k  B n n u B a r o T b  M a r H i T H i  n o n a  H a  * H B i  o p r a r n 3 M H ?

2 6 .  H a 3 B a T H  g * e p e n a  M a r H i T H H x  n o n i B  y  * H B 0 M y  o p r a H i 3 M i .

2 7 .  n o a c H H T u  ^ p H H ^ H ^ H  M a r m T o r p a ^ i i .

2 8 .  ^ k  B i g 6 y B a e T b c a  M a r m T o p e ^ n ^ a  y  * h b h x  o p r a r n 3 M i B ?

2 9 .  H a 3 B a T H  M e T o g u  M a r H i T o T e p a n i i .
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20. OnTHKA
OnmuKa -  po3gin $i3HKH, b aKoMy BuBnaeTbca onTunHe BunpoMmro- 

BaHHa (cBiTno), n p o^ cu  Moro nomupeHHa Ta aBuma, mo cnocrepiraroTb- 
ca nig nac B3aeMogii cBiTna i penoBuHu.

20.1. nPHPOflA CBITNA
OnmmnuM eunpoMinweannHM Ha3uBaroTbca eneKTpoMarHrrai XBuni, 

goB^HHa A aKux y BaKyyMi ne^HTb b giana3oHi Big 10 hm go 1 mm. Po3- 

pi3HaroTb ynbTpa^ioneTOBe (A < 400 hm), BuguMe (A = 4 0 0 -7 0 0  hm) Ta 

iH^panepBoHe (A  > 700  hm) BunpoMiHroBaHHa (ra6n. 20.1).

2 0 .1  -  f l i a n a 3 0 H H  c n e K T p a  o n T H H H o r o  B H n p o M iH M B a H H H

f l i a n a 3 o H  g o B M H  X B u n b , h m C n e K T p a n b H a  o 6 n a c T b  B u n p o M iH ro B aH H a

y n b T p a ^ i o n e r o B a  o 6 n a c T b

1 0 0 - 2 8 0 Y 0 - C

2 8 0 - 3 1 5 Y 0 - B

3 1 5 - 3 8 0 Y 0 - A

B u g u M a  o 6 n a c T b

3 8 0 - 4 4 0 @ i o n e m o e e  c e im n o

4 4 0 - 4 9 5 C u u e  c e im n o

4 9 5 - 5 8 0 3 e n e n e  c e im n o

5 8 0 - 6 4 0 M o e m e  c e im n o

6 4 0 - 7 6 0 y e p e o n e  c e im n o

iH ^ p a n e p B o H a  o 6 n a c T b

7 6 0 - 2 5 0 0 E n u 3 b K a

2 5 0 0 - 2 5 0 0 0 C e p e d n n

2 5 0 0 0 - 5 0 0 0 0 0 f f a n e K a

20.2. rEOMETPHHHA OnTHKA
r e o M e m p m n a  o n m u K a  -  ^  p o 3 g i n  o m u K H ,  m o  B u K o p u c r o B y e  y a B ­

n e H H a  n p o  n p a M o n i m H H i c T b  n o m u p e H H a  C B i T n o B u x  n p o M e H i B  H e 3 a n e ^ H o  

o g u H  B i g  o g H o r o ,  a K i  3 a n o M n r o r o T b c a  T a  B i g 6 u B a r o T b c a  H a  M e ^ a x  c e p e -  

g o B u m  3  p i 3 H u M u  o n T u n H u M u  B n a c T u B o c T a M u .
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P o 3 p a x y H K u  H a  o c H o B i  r e o M e T p u n H o i '  o n T u K u  3 a c r o c o B y r o T b  y  n p o -  

^ c i  p o 3 p o 6 K u  T a  c T B o p e H H i  o n T u n H u x  n p u n a g i B  -  n i H 3 ,  n p u 3 M ,  M i K p o -  

c K o n i B  T o m o .

2 0 . 2 . 1 .  O C H O B H i 3 a K O H H  re O M e T p H H H O l O n T H K H

H a  M e ^ i  n o g i n y  g B o x  c e p e g o B u m  c B i T n o  3 a 3 H a e  B i g 6 u B a H H a  i  3 a n o M -  

n e H H a  ( p u c .  2 0 . 1 ) .  B u c h o b k u  r e o M e T p u n H o i '  o n T u K u  r p y m y r o T b c a  H a  

o c H o B i  K i n b K o x  n p o c T u x  3 a K o H i B ,  B c T a H o B n e H u x  g o c n i g H u M  m n a x o M .

1 .  3 c i k o h  n v R M O J i m i u H O S Q  n o i u u -  

p e n n H  c e i m n a : e  o d n o p i d n o M y  c e p e -  

d o e u ^ i  c e i m n o  n o w u p w e m b c n  n p H -  

M o n i n i u n o .  f i i n i H ,  6 3 d o e w  hkoi n e p e -  

n o c u m b c n  c e i m n o e a  e H e p ^ i H ,  n a 3 u e a -  

e m b c n  n p o M e n e M .  B  o d n o p i d n o M y  

c e p e d o e u ^ i  n p o M e n i  c e i m n a  e  n p H -  

mumu n i n i H M u .

2 .  3 a K o n  H e 3 a n e w H 0 ^ 0  n o w u p e n -  

hh n p o M e n i e : o K p e M i  n p o M e n i  H e  

e n n u e a w m b  o d u n  n a  0 ^ H 0^0  i  n o w u -  

p w w m b c n  n e 3 a n e w n o .

3 .  3 a K o n u  e i d Q u e a n n n  c e i m n a  -  

n a d a w n u u  n p o M i n b ,  e i d 6 u m u u  n p o -  

M i n b  i  n e p n e n d u K y n n p  d o  M e w i  n o d i -  

n y  d e o x  c e p e d o e u ^ ,  n p o e e d e n u u  y  

m o n t y  n a d i H H H  n p o M e n H ,  n e w a m b  e  

o d n i u  n n o ^ u n i ;  K y m  e i d Q u e a n n n  d o p i e n w e  K y m y  n a d i n n n :

i  =  i '  ( 2 0 . 1 )

4 .  3 a K o n u  3 a n o M n e n n H  c e i m n a  —  n a d a w n u u  n p o M i n b ,  3 a n o M n e n u u  

n p o M i n b  i  n e p n e n d u K y n n p  d o  M e w i  n o d i n y  c e p e d o e u ^ ,  n p o e e d e n u u  y  m o ­

n t y  n a d i H H H  n p o M e n H ,  n e w a m b  e  o d n i u  n n o ^ u n i ;  c n i e e i d n o w e n n n  c u n y c i e  

K y m i e  n a d i n n n  i  3 a n o M n e n n H  e  c m a n u M  i  d o p i e n w e  e i d n o c n o M y  n o K a 3 n u K y  

3 a n o M n e n n H  d a n u x  c e p e d o e u ^ :

sin i  /  sin r  =  n 21 . ( 2 0 . 2 )

A 6 c o n w m n u M  n o K a 3 n u K o M  3 a n o M n e n n H  c e p e g o B u m a  H a 3 u B a e T b c a  B e -  

n u n u H a  n ,  m o  g o p i B H r o e  B i g H o m e H H r o  m B u g K o c T i  c  n o m u p e H H a  c B i T n a  y  

B a K y y M i  g o  m B u g K o c T i  v  y  g a H o M y  c e p e g o B u m i :

c

n  =  - .  ( 2 0 . 3 )
V

P u c .  2 0 .1 .  B ig S n B a H H H  T a  3 a a o M a e H H H  

C B i r a a  H a  M e * i  n o g i a y  g B o x  

c e p e g o B H q
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B i d n o c n u M  n 0 K a 3 H U K 0 M  3 a n o M n e n n H  n 21  n e p m o r o  c e p e g o B H ^ a  B i g H o -  

c h o  g p y r o r o  H a 3 H B a e T b c a  c n i B B i g H o m e H H a  m B H g K o c T e n  c B i T n a  b  n e p -  

m o M y  v 1 T a  g p y r o M y  v 2  c e p e g o B H ^ a x :

n 2 i  =  — . ( 2 0 . 4 )

V 2

H a  o c H o B i  o c T a H H i x  g B o x  p i B H a H b  M o ^ H a  3 a n n c a T H :

n 2
n 2 i  =  ( 2 0 . 5 )

n i

2 0 . 2 . 2 .  n o B H e  B H y T p im H e  B ig S u B a H H A

B H y m p i w H e  e i d d u e a H H H  M a e  M i ^ e ,  K o n u  c B i r a o B H H  n p o M i H b  3  6 i n b m  

r y c T o r o  c e p e g o B H ^ a  n a g a e  H a  M e ^ y  n o g i n y  3  M e H m  r y c r a M  c e p e g o B H -

njeM  (pnc. 2 0 .2 ) .  3a.ic>KHO Big KyTa nagiH H a m o >kc B ig6yBaTHca a6o

B ig 6 n B a H H H  T a  3 a n o M n e H H a ,  a 6 o  n o e m  e i d d u e a H H H ,  K o n u  B c e  c B i T n o  B i g 6 u -  

B a e T b c a  b  T e  c a M e  c e p e g o B H ^ e ,  3 B ig K H  b o h o  n o m n p r o B a n o c b .  K y r  n a g i H H a

i ap, 3 a  a K o r o  B i g 6 y B a e T b c a  n o B H e  B i g 6 n B a H H a ,  H a 3 H B a e T b c a  s p a H U H H U M  K y -  

m o M  n o B H o r o  B i g 6 n B a H H a ,  a K H H  B H 3 H a n a e T b c a  3 i  c n i B B i g H o m e H H a :

s i n i ^  =  — , ( 2 0 . 6 )
n

g e  n  -  B ig H o c H n n  noK a3H H K  3 a n o M n e H H a  n e p m o r o  c e p e g o B n ^ a  ( o n r a H H o  6 i n b m  r y c T o r o )  

B ig H o cH o  g p y r o r o .

n p H K i a g

B n 3 H a H n r a  rp a H U H H n n  KyT g n a  n p o M e H a , ^ o  n p o x o g n T b  r p a H n u r o  “ B o g a - n o B npa ” , 

a K ^ o  noK a3H H K  3 a n o M n e H H a  g o p iB H ro e  1 ,3 3 .

P 0 3 B ’H 30K

B n K o p n c T o B y r o n n  p iB H aH H a ( 2 0 .6 ) ,  3 H a x o g u M o  rp a H U H H n n  KyT:
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slrip = — = 1 / 1,33 = 0,752. 
n

3Bigcu i p  =  48,80.
none 3opy pu6u 3anexHTb Big rpaHHHHoro Kyra. TaK, nig KyroM i  <  i p  (HanpuKnag 

400) BoHa 6aHHTt npegMeTH, po3TamoBaHi Ha 6epe3i BogoftMH Ta Ha noBepxHi Bogu, Togi 
aK nig KyToM i  >  i p  (HanpuKnag, 600) BoHa 3gama cnocTepiram gHo BogoftMH.

P o 3 r n a H e M o  n p u K n a g u  n p a K T H H H o r o  3 a c r o c y B a H H a  n o B H o r o  B i g 6 u -  

B a H H a .

^ p u H ^ u n u  d i i  c e i m n o e o d y .  T o H K i  n p o 3 o p i  h h t k h ,  B u r o T O B n e m  3 i  

c K n a ,  K B a p ^  a 6 o  n n a c r n a c u ,  M o ^ y T b  6 y r a  B H K o p u c T a m  g n a  H a n p a B n e -  

h o i  n e p e g a n i  ( K a H a n i 3 a ^ i )  c B i T n a .  ^ k ^ o  c e p ^ B H H a  T a K o i ' h h t k h  M a e  

n o K a 3 H H K  3 a n o M n e H H a  6 i n b m u f t ,  h ™  n o K a 3 H H K  3 a n o M n e H H a  3 o B H i m H b o i '  

o 6 o n o H K H ,  B i g 6 y B a e T b c a  n o B H e  B i g 6 u B a H H a  n p o M e H i B ,  ^ o  n o m u p r o r o T b -  

c a  n i g  K y T a M H , g o c r a T H b o  M a n u M H  B i g H o c H o  o c i  h h t k h  ( p u c .  2 0 . 3 ) .  T a K a  

H H T K a  H a 3 H B a e T b c a  c e i m n o e o d o M .

1

K o M 6 m a ^ a  g B o x  c B i T n o B o g i B  y T B o p r o e  $ i 6 p o c K o n  —  o g u H  c B i T n o B i g  

B H K o p u c T o B y r o T b  g n a  o c B i r a e H H a  o 6 ’ e K T a ,  a  m m u n  g n a  n e p e g a n i  3 o 6 p a -  

^ e H H a  ^ o r o  o 6 ’ e K T a  ( p u c .  2 0 . 4 ) .

P u c .  2 0 .4 .  ® i 6 p o c K o n :  1 -  g x e p e n o  c B iT n a , 2  -  3 o B H im m H  c B iT n o B ig , ^ o  3 a 6 e 3 n e H y e  

o cB iT n e H H a  o 6 'e K T a , 3  -  B H y ip im m H  c B iT n o B ig , n p u 3 H a H e H H ft g n a  n e p e g a H  c B iT n o B o i 

r n ^ o p M a n i i  c n o c T e p i r a n y ,  4  -  o 6 'eK T , 5  -  o k o  c n o c r e p i r a H a
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36inbwennH nucnoeoi anepmypu MiKpocKona. B a ^ n m o r o  x a p a K T e p u -  

c T u K o r o  M i K p o c K o n a  e  M o r o  p o 3 g i n b H a  3 g a T H i c T b .  H a M M e H m a  n i r n H H a  

( a 6 o  K y T o B a )  B i g c T a H b  m ™  g B o M a  T o n K a M u ,  3 a  a K o i '  i x  3 o 6 p a ^ e H H a  3 n u -  

B a r o T b c a ,  H a 3 u B a e T b c a  niniunow ( a 6 o  Kymoeow) Mewew po3dinennH, a K a  

o 6 e p H e H o  n p o n o p ^ H H a  a n e p T y p i  M i K p o c K o n a .

3 6 i n b m u T u  n u c n o B y  a n e p T y p y  M i K p o c K o n a  A =nsin6/2 M o ^ H a  3 a  p a ­

x y H o K  3 6 i n b m e H H a  n o K a 3 H u K a  3 a n o M n e H H a  n c e p e g o B u m a  m ™  o 6 ’ e K T o M

i  o 6 ’ e K T u B o M ,  a 6 o  a n e p T y p H o r o  K y T a  6  ( K y r a  m ™  K p a M m M u  n p o M e H a M u  

K o H i n H o r o  c B i T n o B o r o  n y n K a ,  m o  B u x o g u T b  i 3  T o n K u  o 6 ’ e K T a  i  B x o g u T b  b  

o 6 ’ e K T u B ) .  ^ K m o  a n e p T y p H u H  K y T  g y ^ e  B e n u K u M ,  K p a H H i  n p o M e H i  m o -

>KVTb He n o T p a n H T H  b 

o 6 ’ e K T u B ,  m o  n o r i p m y e  

3 o 6 p a ^ e H H a  o 6 ’ e K T a .  

f l n a  3 a n o 6 i r a H H a  ^ o M y  

T p e 6 a  B u K o p u c T o B y B a T u  

iMepciuni pidunu, a K u -  

m u  3 a n o B H r o r o T b  n p o -  

M i ^ o K  n p o c T o p y  m ™  

n o K p u B H u M  c K n o M  i

o 6 ’ e K T u B o M  ( p u c .  2 0 . 5 ) .  

H e p e 3  T e ,  m o  n o K a 3 H u K  

3 a n o M n e H H a  i M e p c i H H o i  

p i g u H u  B u c o K u H  ( H a -  

n p u K n a g ,  K e g p o B a  o n i a  

M a e  n = 1 , 5 1 5 ) ,  a n e p T y p a  

M i K p o c K o n a  3 6 i n b m y -  

e T b c a .  T a K ,  g n a  3 B u n a H -  

H o r o  “ c y x o r o ”  o 6 ’ e K -  

T u B a  n = 1 ;  6 /2 = 1 2 ° ; A = 0,95 , T o g i  a K  g n a  o 6 ’ e K T u B a  3  i M e p c i H H o r o  o n i e r o  

n = 1 , 5 1 5 ; 6 / 2 = 6 1 , 5 ° ;  A  =  1 , 4 0 .

20.2.3. ToHKi .i Ihjh

fiim a  -  ^  n p o 3 o p e  T i n o ,  o 6 M e ^ e H e  g B o M a  c ^ e p u n H u M u  n o B e p x H a -  

m u , m o  3 a n o M n r o r o T b  c B i T n o B i  n p o M e H i ,  a K e  3 g a T H e  ^ o p M y B a r a  o n T u n H i  

3 o 6 p a ^ e H H a  n p e g M e T i B .

H i r o a  H a 3 u B a e T b c a  moHKow, a K m o  i i  T o B m u H a  ( B i g c T a H b  m ™  o 6 M e -  

^ y r o n u M u  n o B e p x H a M u )  3 H a n H o  M e H m a ,  h ™  p a g i y c u  n o B e p x o H b ,  m o  o 6 -  

M e ^ y r o T b  n i H 3 y .

n p a M a ,  m o  n p o x o g u T b  n e p e 3  ^ m p u  K p u B u 3 H u  n i r o u ,  H a 3 u B a e T b c a

0̂ n0 6 H0 w onmunnow eiccw.

i

P u c .  2 0 .5 .  B H K O pH C T aH H H  iM e p c iH H O l p ig H H H  

y  M iK p o c K o n i
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T o H K a ,  ^ o  n e ^ H T b  H a  r o n o B H i f t  o n T H H m f t  o c i  i  H e p e 3  a K y  n p o M e H i  

n p o x o g a T b  6 e 3  3 a n o M n e H H a ,  H a 3 H B a e T b c a  o n m m n u M  ^ n m p o M  n i r n u .

P o 3 r n a H e M o  n i H 3 y ,  n o K a 3 H H K  3 a n o M n e H H a  a K o i  n , a  p a g i y c u  K p u B H 3 -  

h h  — R I i  R 2 . n p e g M e T  A E  p o 3 T a m o B a H u f t  B i g  o n T H H H o r o  ^ m p a  O  H a  

B i g c T a H i  s ,  a  f t o r o  3 o 6 p a ^ e H H a  A E  —  H a  B i g c T a H i  sB i g c T a H i  S

0 o p M y n a  m o H K o i  n i m u  M a e  B u r n a g :

1  +  —  =  (n  — 1) 
s  s

f  1 o
-------1------

V R 1 R  2 J
( 2 0 . 7 )

^ k ^ o  n p o M e H i  n a g a r o T b  H a  n i H 3 y  n a p a n e n b H H M  n y H K o M ,  p i B H a H H a  

( 2 0 . 7 )  n e p e T B o p r o e T b c a  T a K :

1 1
-  =  —  =  ( n  —  1) 
s  f

1 1
( 2 0 . 8 )-------1------

R 1 R 2 J
ge f  — $oKycna eidcmanb nimu. Tohkh F, ^ o  ne^aTb no o6ugBa 6okh niH- 
3u Ha BigcTaHi, ^ o  gopiBHroe ^oKycmft, Ha3HBaroTbca $oKycaMU niH3u. 

OopMyny niH3H Mo^Ha 3anucaTH TaK:
1 1 1
-  + —  = -  (20.9)
s s f

BenuHHHa, o6epHeHa ^oKycmft BigcTaHi f , Ha3HBaeTbca onmmHom 
cunow 0  niH3u:

0  = 1  . (20.10)

OnTHHHa cuna xapaKTepu3ye 3anoMnroBanbHy giro niH3u; BHMipro- 
eTbca 0  y dionmpinx (1 gmp = 1 m-1).

^k^o niH3a 36upae napanenbHi npoMeHi b ogHift to h ^ , BoHa Ha- 
3HBaeTbca 36upHow (puc. 20.6, a ); aK^o napanenbHi npoMeHi, ^ o  
npoftmnu Hepe3 niH3y, po3xogaTbca, BoHa Ha3HBaeTbca po3ciweanb- 
how (puc. 20.6, 6 ). flna po3ciroBanbHoi niH3u BigcTaHi s i s/ cnig BBa-
^aTH Big’eMHHMH.

CniBBigHomeHHa nirnftHux po3MipiB 3o6pa^eHHa y  / i npegMeTa y  Ha- 
3HBaeTbca niHiUHUM 36inbmeHHHM niH3u:

y 1 s 1
p =  —  = — . (20.11)

y s
flna no6ygoBH 3o6pa^eHb npegMeTiB y niH3i BHKopucTOByroTb TaKi 

npoMeHi:
1) npoMiHb, aKHH nagae Ha niH3y napanenbHo ronoBHift onTHHHift oci

i nicna 3anoMneHHa npoxogHTb Hepe3 $oKyc;
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F

Puc. 20.6. S K q o  a i H 3 a  3 0 H p a e  

n a p a a e a b H i  n p o M e H i b  o g H iH  

T O H q , B o H a  H a3H B aC T bC H  3 0 H p H o ro  

(a); H K q o  n a p a a e a b H i  n p o M e H i,  

q o  n p o f t m a n  q e p e 3  a iH 3 y ,  p o 3 x o -  

g H T b c a ,  B o H a  H a3 H B aeT b C H  p o 3 c i -  

M B a a b H o M  (6)

a

6

2 )  n p o M i H b ,  a K u H  n p o x o g u T b  n e p e 3  o n T u n H u M  ^ m p  n i H 3 u  i  H e  3 M i-  

H r o e  c B o r o  H a n p a M K y  n i c n a  B u x o g y  3  n i H 3 u ;

3 )  n p o M i H b ,  a K u H  n p o x o g u T b  n e p e 3  $ o K y c ,  a  n i c n a  3 a n o M n e H H a  h  b u -  

x o g y  3  n i H 3 u  M g e  n a p a n e n b H o  r o n o B H i M  o n T u n H i H  o c i .

n p u n o M y  g n a  n o 6 y g o B u  3 o 6 p a ^ e H H a  n p e g M e T a  b  n i H 3 i  g o c T a T H b o  

n p o B e c T u  g B a  3  T p b o x  B K a 3 a H u x  n p o M e H i B .  n o 6 y g o B y  3 o 6 p a ^ e H H a  3 a  

p i 3 H u x  n o n o ^ e H b  n p e g M e T a  B i g H o c H o  n i H 3 u  H a B e g e H o  H a  p u c .  2 0 . 1 .

a

Puc. 20.1. noSygoBa 3o6pa*eHHH 3a pi3HHX noao^eHb npegMeTa 
BigHocHo aiH3H
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M i K p o c K o n  -  ^  o n T u n H a  c u c T e M a ,  m o  c K n a g a e T b c a  b  H a M n p o c T i m o -  

M y  B u n a g K y  3 K o p o T K o ^ o K y c H o i  ( ^ o K y c H a  B i g c T a H b  f 0 <  1 c m )  3 6 u p H o i  

n i H 3 u  ( o 6 ’ e K T u B a )  i  g o B r o ^ o K y c H o i  ( ^ o K y c H a  B i g c T a H b  f e -  K in b K a  c a m u M e -  

T p i B )  3 6 u p H o i  n i H 3 u  ( o K y n a p a ) .  3 o B H im H iM  B u r n a g  c y n a c H o r o  M i K p o c K o n a  

H a B e g e H o  H a  p u c .  2 0 . 8 ,  a  x i g  n p o M e H i B  y  M i K p o c K o n i  -  H a  p u c .  2 0 . 9 .  f l ,B i  

n i H 3 u  p o 3 M i m e H i  H a  B i g c T a H i  L  o g H a  B i g  o g H o i ,  n p u n o M y  L > f 0, f e . 0 6 ’ e K T

O  3 H a x o g u T b c a  3a  $ o K y c o M  o 6 ’ e K T u B a  H a  B i g c T a H i  s 1 B i g  H b o r o .  

0 6 ’ e K T u B  c T B o p r o e  p e a n b H e  n e p e B e p H y T e  3 o 6 p a ^ e H H a  I i  n o 6 n u 3 y  $ o K y c a  

F e o K y n a p a .  O K y n a p ,  b  c B o r o  n e p r y ,  c T B o p r o e  y a B H e  n e p e B e p H y T e  3 o 6 p a -  

^ e H H a  I 2 H a  B i g c T a H i  B i g  o 6 ’ e K T u B a .

2 0 .2 .4 .  OnTHHHHH M iKpoCKon

P u c .  2 0 .8 .  3 o B H im H iH  B H r a a g  c y n a c H o r o  P u c .  2 0 .9 .  X i g  n p o M e H iB  y  M iK p o c K o n i  

M iK p o c K o n a

3 6 i n b m e H H a  M i  p e a n b H o r o  3 o 6 p a ^ e H H a  c T a H o B u T b :

s /
M i  =  — L . ( 2 0 . 1 2 )

s1

3  B p a x y B a H H a M  T o r o ,  m o  s i ~  f 0, a  «  L ,  M o ^ H a  o g e p ^ a r a  B u p a 3  g n a

3 6 i n b m e H H a  o 6  'e K T u B a :
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J o
g e  L  -  onT H H H a g o B X H H a T y 6 y c a  M iK p o c K o n a  ( 1 6 0  m m ).

K y T O B e  3 6 i i b m e H H a  o K y i a p o M  o 6 ’ e K T a ,  3 H a x o g u T b c a  b  ^ O K y c i  

o 6 ’ e K T H B a ,  g o p i B H r o e :

2 5 0 m m
m OK = --------- — , ( 2 0 . 1 4 )

J  e

g e  2 5 0  m m  -  B ig c T a H b  H a f tK p a ^ o r o  3 o p y .

O T ^ e ,  3 a r a i b H e  3 6 i i b m e H H a  M i K p o c K o n a  c T a H o B H T b :

M i =  -  f  , ( 2 0 . 1 3 )

L ^ 2 5 0 m m ''
M  =  M i  m e = -----------

J 0 1  f e
( 2 0 . 1 5 )

V J  e J

3 H a K  „ M i H y c ”  c B i g n u T b  n p o  T e ,  ^ o  3 o 6 p a ^ e H H a  -  n e p e B e p H y T e .  

O c H o B H i  x a p a K T e p n c T H K H  o 6 ’ e K T H B iB  i  o K y i a p i B  M i K p o c K o n i B  H a B e -  

g e H o  b  T a 6 i .  2 0 . 2  T a  2 0 . 3 .

2 0 2  -  O S ’eK T H B H  M iK p o c K o n iB

n o 3 H aH eH H fl 3 6 i i b m e H H a H u c i o B a  a n e p T y p a
O o K y c H a  

B ig c T a H b , m m

3 , 5 x 0 ,1 0 3 ,5 0 ,1 0 2 9 ,9 2

8 x 0 ,2 0 8 ,0 0 ,2 0 1 8 ,2 0

1 0 x 0 ,3 0 1 0 ,0 0 ,3 0 1 6 ,1 0

2 0 x 0 ,4 0 2 0 ,0 0 ,4 0 8 ,4 0

4 0 x 0 ,6 5 4 0 ,0 0 ,6 5 4 ,2 5

4 0 x 0 ,7 0  B H 4 0 ,0 0 ,7 5 4 ,3 0

9 0 x 1 ,2 5  M H 9 0 ,0 1 ,2 5 1 ,9 0

2 0  3 -  O K y a a p n  M iK p o c K o n iB

n o 3 H aH eH H fl 3 6 i i b m e H H a O o K y c H a  B ig c T a H b , m m

7 x 7 1 8

1 0 x 1 0 1 4

1 5 x 15 8

K 7 x 7 1 8

K 1 0 x 1 0 13

K 1 5 x 15 11

2 0 . 2 . 5 .  O K y ^ a p - M i K p o M e T p  i  o S 'e K T - M i K p o M e T p

f l i a  B H 3 H a n e H H a  n i m n H u x  p o 3 M i p i B  M i K p o o 6 ’ e K T iB  B H K o p n c T o B y r o T b  

O K y n n p - M i K p o M e m p  i  o 6 ’e K m - M i K p o M e m p .  n i g  n a c  B u M i p r o B a H b  3 a M i c T b  

n p e n a p a T y  p o 3 M i ^ y r o T b  o 6 ’ e K T - M i K p o M e T p  i  ^ o K y c y r o T b  3 o 6 p a ^ e H H a  

f t o r o  m K a i u ,  a K a  M a e  g o B ^ H H y  1 m m  i  p o 3 g i i e H a  H a  1 0 0  n o g i n o K ;  o g H a
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n o g i n K a  g o p i B H r o e  1 0  m k m . f l a n i  B c T a H o B n r o r o T b  o K y n a p - M i K p o M e T p  i

B H 3 H a n a r o T b ,  c K i n b K H  n o g i n o K  o 6 ’ e K T - M i K p o M e T p a  n p u n a g a e  H a  n e B H y

K i n b K i c T b  n o g i n o K  o K y n a p - M i K p o M e T p a .  f l n a  B H n a g K y ,  m o  3 o 6 p a ^ e H H H

H a  p n c .  2 0 . 1 0 ,  a ,  H a  1 3  n o g i n o K  ( n 2  =  1 3 )  o K y n a p - M i K p o M e T p a  n p u n a g a e  4

n o g i n K H  ( n ;  =  4 )  o 6 ’ e K T - M i K p o M e T p a .  3 H a x o g a T b ,  a K y  n a c T K y  n o g i n K H

o 6 ’ e K T - M i K p o M e T p a  C T a H o B H T b  n o g i n K a  o K y n a p H o i '  n i r n H K H ,  i  M H o ^ a T b

o g e p ^ a H e  n u c n o  H a  1 0 .  f l a n i  B H 3 H a n a r o T b  ^ H y  n o g i n K H  m K a n n  o 6 ’ e K T -

M i K p o M e T p a  3 a  ^ o p M y n o r o :

n, • 10 MKM 4 - 10 MKM _ „„ i
— ---------------------= -------------------------=  3 , 0 8  m k m .  ( 2 0 . 1 6 )

n 13
Aok =-

P u c .  2 0 .1 0 .  B H 3 H a n e H H H  rn m H H H X  p o 3 M ip iB : a  -  3 a  g o n o M o r o r o  

o K y n a p a  M iK poM eT pa; 6  -  3 a  g o n o M o r o r o  o K y n a p H o ro  rB U H T o B o ro  

M iK p o M eT p a  (n o a c H e H H a  b  TeKCTi)

B p a x o B y r o n u  ^ H y  n o g i n K H  o 6 ’ e K T - M i K p o M e T p a  Aok, M o ^ H a  B H 3 H a n u -  

t h  n i H i n H i  p o 3 M i p u  d  M i K p o o 6 ’ e K T a :

n -10 m k m

d  = Ao k -Nx = ^ ---------------- N x . ( 2 0 . 1 7 )

»2

2 0 .2.6. OKy^npHHH tbhhtobhh MiKpoMeTp
f l n a  B H M i p r o B a H H a  p o 3 M i p i B  M i K p o o 6 ’ e K T iB  M o ^ H a  T a K o ^  3 a c r o c o B y B a -  

t h  O K y m H p n u u  s e m m o e u u  M i K p o M e m p  ( T u n y  M O B - 1 - 1 5 x ) ,  a K H H  c K n a g a e T b ­

c a  3  g B o x  p o 3 M i m e H u x  y  ^ o K a n b H i H  n n o m u H i  n n a c T H H .  H a  H e p y x o M i H  n n a c -  

T H H i H a H e c e H a  B o c b M H M i n i M e T p o B a  m K a n a  3  m H o r o  n o g i n K H  1 m m ;  H a  p y x o -  

M iH  n n a c T H H i  e  n e p e x p e c T a  T a  i H g e K c  y  B H r n a g i  g B o x  p u c o K  ( p u c .  2 0 . 1 0 ,  6 ) .  

0 6 e p T a r o n u  6 a p a 6 a H ,  c n o n y n a r o T b  n e p e x p e c T a  3  o g H H M  i3  K m m B  M iK p o -  

o 6 ’ e K T a ,  m o  B H M i p r o e T b c a ,  i  B i g M i n a r o T b  n o g i n K y  H a  6 a p a 6 a H i .  f l a n i ,  n p o g o -  

B ^ y r o n u  o 6 e p T a T H  6 a p a 6 a H ,  c n o n y n a r o T b  n e p e x p e c T a  3  g p y r u M  k I h ^ m  M iK -  

p o o 6 ’ e K T a  i  B i g M i n a r o T b  B i g n i K  H a  6 a p a 6 a H i .  O g e p ^ a H y  p i 3 H H ^ r o  B ig n i K i B  

M H o ^ a T b  H a  m H y  n o g i n K H  6 a p a 6 a H a  3 a  g a H o r o  3 6 i n b m e H H a  M i K p o c K o n a .
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20.3. XBH^bOBA OnTHKA

20.3.1. CbIt^o hk e^eKTpoMarmTHa xbh^h

X e u n b o e a  o n m u K a  B H B H a e  c y K y n H i c T b  a b h ^ ,  y  a k h x  B u a B i a e T b c a  

x B H i b o B a  n p u p o g a  c B i T i a .  3 r i g H o  3  y a B i e H H a M H  x B H i b o B o i  o n T H K H ,  a K i  

r p y H T y r o T b c a  H a  p e 3 y i b T a T a x  B e i H K o i  K i i b K o c T i  e K c n e p H M e H T a i b H u x  

g o c i i g ^ e H b  i H T e p ^ e p e H ^ i ,  g u ^ p a K g i i ,  n o i a p H 3 a ^ i  T a  g u c n e p c i i ,  c B i T i o  

a B i a e  c o 6 o r o  e i e K T p o M a r a r r a y  x B H i r o .  T a K a  x b h i a  n o m u p r o e T b c a  y  n p o -  

c T o p i  y  B u r i a g i  B 3 a e M o 3 B ’ a 3 a H u x  K o i H B a H b  e i e K T p H H H u x  i  M a r H i T H H x

n o i i B ,  B e K T o p u  H a n p y x e H o c r i  a k h x  E  i  H  3 a B ^ g u  n e p n e H g u -  

KyjiapHi ogHH go ogHoro i go HanpaMKy noinnpeHHa xB H jii (pnc. 20.11),

P h c .  2 0 .1 1 .  C b I t ^ o  h k  n o n e p e n H a  

e ^ e K T p o M a r H iT H a  x b h ^ h ,  ^ o  n o -  

m n p r o e T b C H  y  n p o c T o p i  y  B H r ^ H g i  

B 3 ae M o 3 B * H 3 aH H x  K o n H B a H b  e ^ e K -  

t p h h h h x  i  M a rH iT H H x  n o . i i B ,  B eK - 

T o p n  H a n p y ^ e H o c T i  h k h x  E  i

H  3 a B ^ g n  n e p n e H A H K y .i H p m  o g H H

g o  o g H o r o  i  g o  H a n p H M K y  n o m u -

peH H H  X B H ^ i

t o 6 t o ,  c B i T i o  -  ^  n o n e p e n n a  e i e K T p o M a r a r r a a  x b h i a .  M B u g K i c T b  n o -  

m u p e H H a  c B i T i a  y  B a K y y M i  c T a H o B H T b  c  =  3 1 0 8 m /c  ( T o H H e  3 H a H e H H a  

c  =  2 , 9 9 7 9 2 4 5 8  - 1 0 s m /c ) .

20.3.2. iHTep^epeHuifl cBiTia
I n m e p ^ e p e n t y H  c e i m n a  -  ^  n p o c T o p o B u f t  n e p e p o 3 n o g i i  e H e p r i i  c B iT -  

i o B o r o  B u n p o M i H r o B a H H a  y  p a 3 i  H a K i a g a H H a  g B o x  a 6 o  g e K i i b K o x  c B i T i o -

B H X  X B H i b .

H e o 6 x i g H o r o  y M o B o r o  i H T e p ^ e p e H ^ i  c b i t i o b h x  X B H i b  e  i x  K o s e p e n m -  

n i c m b  -  y 3 r o g ^ e H e  n p o T i K a H H a  y  H a c i  i  n p o c T o p i  K i i b K o x  x b h i > o b h x  
n p o ^ c i B .  K o i H B a H H a  H a 3 H B a r o T b  K O s e p e n m n u M U , a K ^ o  p i 3 H H ^  i x  $ a 3  

3 a i u m a e T b c a  n o c T i f t H o r o  ( a 6 o  3 a K o H o M i p H o  3 M i H r o e T b c a )  y  H a c i .  T u n o B y  

i H T e p ^ e p e H ^ H H y  K a p T H H y  n o K a 3 a H o  H a  p u c .  2 0 . 1 2 .

f f o c n i d  t o m a .  y  1 8 0 1  p .  T o M a c  ^ H r  y n e p m e  c n o c T e p i r a B  a B H ^ e  

i H T e p ^ e p e H ^ i  3 a  g o n o M o r o r o  T a K o r o  g o c i i g y  ( p u c .  2 0 . 1 3 ) :  g x e p e i o M  

c B i T i a  e  a c K p a B o  o c B i T i e H a  ^ i i H H a  S 0, B i g  a K o i  c B i T i o B a  x b h i a  n a g a e  H a
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g B i  B y 3 b K i  p i B H o B i g g a n e H i  m i n u H H  S ;  i  S 2 , a K i  B i g i r p a r o T b  p o n b  g * e p e n  

K o r e p e H T H u x  K o n u B a H b .  H a  e K p a H i  c n o c T e p i r a r o T b  i H T e p ^ e p e H ^ H H y  K a p -  

T H H y .  B u g H o ,  m o  n p o M e H i  n p o x o g a T b  g o  n e B H o i '  t o h k h  H a  e K p a H i  H e o g -  

H a K o B i  m n a x u ,  p i 3 H H ^  M i *  a K H M H  g o p i B H r o e :

5 = r2 -  rt =  d s i„ 0  ( 2 0 . 1 8 )

g e  d  -  B ig c T a H b  M i*  m in u H a M u ;  0 -  K yT, n i g  a k h m  c n o c T e p i r a e T t c a  iH T e p ^ e p e H m f l  b  

TOHL[i P.

Puc. 20.12. iHTep^epeHqa cBiTaa: a  -  inTep- 
^epeHmnHa KapTHHa, 6  -  po3nogin inTeHcHBHo- 

cTi cBiTna nig nac inTep^epeHnii (noacHeHHa 
B TeKcTi)

P u c .  2 0 .1 3 .  ,3 ,o c m g  M H r a

Y M o B o r o  c n o c T e p e * e H H a  n i g c u n e H H a  c B i T n a  B H a c n i g o K  i H T e p ^ e p e H -  

^ i '  ( M a K c u M y M y  i H T e p ^ e p e H ^ i )  e  c n i B B i g H o m e H H a :

X
5  = d S1„ 0  =  ( 2 m  +  l )  ( m  = 0  ± 1 ;  ± 2 ; ^ ) ,  ( 2 0 . I 9 )

g e  m  -  n u c n o  ( n o p a g o K  iH T e p ^ e p e H m n H o i  c M y ru ) .

Y M o B o r o  c n o c T e p e * e H H a  n o c n a 6 n e H H a  c B i T n a  B H a c n i g o K  i H T e p ^ e p e H ^ i  

( M i H i M y M y  i H T e p ^ e p e H ^ i )  e  c n i B B i g H o m e H H a :

5  = d s i „ 0  =  m X , (m =  0 ;  ± 1 ;  ± 2 ; . . . ) .  ( 2 0 . 2 0 )

n p u n ^ n  rrnuseMca. K o * h h h  e n e M e H T  n o B e p x H i ,  a K o r o  g o c a r n a  b  

g a H H H  M o M e H T  x B H n a ,  e  ^ m p o M  b t o p h h h h x  e n e M e H T a p H u x  x B u n b ,  o 6 -  

B i g H a  a K u x  6 y g e  x B u n b o B o r o  n o B e p x H e r o  b  H a c T y n H H H  M o M e H T  n a c y  

( p u c .  2 0 . 1 4 ) .
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A' E7

P u c .  2 0 .1 4 .  ^ p H H ^ H ^  r r o n r e H c a :  a  ~  n n o c K a  x b h h a ;  6  -  c ^ e p H H H a  x B H m  

T y r :  A A 7 -  nepB H H H H H  ^ p o H T  X B u n i; B B 7 -  b t o p h h h h h  ^ p o h t  X B un i

ToMac W Hr (1773-1829)

AHr^iMCbKMM BMeHMM, OflMH i3 3aCHOBHMKiB XBM- 
^bOBOi T eo p ii  C B iT ia . C < £ o p M y ^ B a B  n p i ^ i u n  
iH T e p ^ e p e H ^ i  (1 8 0 1  p .) ,  bmc^ o bm b  ig e w  ^ o g o  
nonepeM HOCTi CBixnoBiux xB i/m b ( 1 8 1 7  p .) .  BBiB 
xapaK Tepw cTM K y npyw H ocT i (M o g y ^ b  ^ H r a ) .

XpicTiaH TOMrEHC (1629-1695)

ro^^aH gC bK M M  BMeHMM. YCTaHoBMB 3aKoHU ko- 
nU B 3H b $i3M M H oro MaflTHMKa, CTBopiUB ( 1 6 7 8  p .)  
xB M ^boB y T e o p iw  CBiT.na, noacHM B n o g B ii/m e  
n p o M e H e 3 a^ o M ^ eH H A . B gocK oH a^M B  T e ^ e c K o n , 
CKoHCTpywBaB o K y ^ ^ p , Ha3BaHMM i/ioro iM’̂ M .

2 0 . 3 .3 .  M e T o g u  c n o c r e p e ^ e H H H

i H T e p ^ e p e H ^ i *  C B iT ia

B  o c H o B i  B c i x  M e T o g i B  c n o c r e p e ^ e H H ^  i H T e p $ e p e H ^ i  C B i T n a  n e x a T B  

3 a x o g u ,  ^ K i  g o 3 B o n ^ r o T B  p o 3 g i n H T H  n e p B H H H H H  C B r r n o B H H  n p O M i H B  H a
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g B a  B T o p H H H u x  3 n o g a n b m u M  i x  H a K n a g a H H a M .  O c K i n b K H  o 6 u g B a  b t o -  

p u H H u x  n p o M e H i  n o x o g a T b  B i g  n e p B H H H o r o ,  b o h h  e  K o r e p e r n n H M H  h  

i H T e p ^ e p y r o T b  n i g  n a c  H a K n a g a H H a .

f f 3 e p K a n a  O p e H e n n .  C B i T n o  B i g  t o h k o b o t o  g 3 e p K a n a  S  n a g a e  H a  c u -  

c T e M y  g B o x  g 3 e p K a n ,  K y T  M i *  n n o m u H a M H  a K u x  M a n u H  ( p u c .  2 0 . 1 5 ) .  

n i c n a  B i g 6 u B a H H a  B i g  g 3 e p K a n  c B i T n o  n o m u p r o e T b c a  y  B H r n a g i  g B o x  

n p o M e H i B ,  a K i  M o * n a  B B a * a T H  B u x i g H H M H  i3  g B o x  y a B H u x  g * e p e n  S t i  

S 2 , m o  e  3 o 6 p a * e H H a M H  g * e p e n a  S  y  g 3 e p K a n a x .  ^  n p o M e H i  K o r e p e H T -  

H i ;  n i g  n a c  H a K n a g a H H a  b o h h  g a r o T b  H a  e K p a H i  i H T e p ^ e p e H ^ H H y  K a p -  

T H H y .

E i n p u 3 M a  O p e H e n n .  n i c n a  3 a n o M n e H H a  c B i T n o B o r o  n p o M e H a  B i g  g * e -  

p e n a  S  b  6 i n p u 3 M i  ( c u c T e M i  g B o x  o g H a K o B u x  n p u 3 M ,  c K n a g e H u x  

o c H o B a M H  i  B H r o T o B n e H H M H  a K  o g H e  ^ n e )  y T B o p r o r o T b c a  c B i T n o B i  n p o ­

M e H i ,  a K i  H a n e 6 T o  B u x o g a T b  3 y a B H u x  g * e p e n  S t i  S 2 ; ^  n p o M e H i  e  K o r e -  

p e H T H H M H  h  i H T e p ^ e p y r o T b  n i g  n a c  H a K n a g a H H a  ( p u c .  2 0 . 1 6 ) .

P h c . 2 0 .1 5 .  f l 3 e p K a a a  O p e H e a n  P h c . 2 0 .1 6 .  E i n p H 3 M a  O p e H e a n

I n m e p f y e p e u i i i R  c e i m n a  e  m o H K u x  n n i B K a x .  H e x a H  H a  n n o c K o n a p a n e n b H y  

n n i B K y  T o B m u H o r o  d  i  3 n o K a 3 H H K o M  3 a n o M n e H H a  n  n a g a e  n i g  K y T o M  i  

n n o c K a  M o H o x p o M a T H H H a  x B u n a  ( p u c .  2 0 . 1 7 ) .  n i g  n a c  B 3 a e M o g i i  c B i T n o ­

B o r o  n p o M e H a  3 n n i B K o r o  B i g 6 y B a e T b c a  B i g 6 u B a H H a  c B i T n a  B i g  B e p x H b o i  

n o B e p x H i  n n i B K H  ( n p o M i H b  1 ) ,  3 a n o M n e H H a  ( n p o M i H b  2 )  T a  B i g 6 u B a H H a  

B i g  H H * H b o i  n o B e p x H i  n n i B K H  ( n p o M i H b  3 )  3 n o g a n b m u M  3 a n o M n e H H a M  

( n p o M i H b  4 ) .  n p o M e H i  1  i  4  e  K o r e p e r n n H M H  h  i H T e p ^ e p y r o T b  n i g  n a c  

H a K n a g a H H a .

n p H K a a g

B u3H aH H T H  M iH iM anbH y  T oB m H H y M H nbH o’i  nn iB K H  ( n =  1 ,3 3 ) ,  aK a  n ig c u n r o e  cB iT n o  

B H a c n ig o K  i H T e p ^ e p e H ^ i ,  a K m o  g o B * H H a  cB iT n o B o ’i  xB H n i 6 0 0  h m .
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P 0 3 B ’fl3 0 K

MiHiManBHa TOB^uHa nniBKu, 3a aKOi 3a6e3nenyeTBca nigcuneHHa cBiTna, Bu3Hana- 
CTBCfl 3 piBHaHHa:

2d = ( m + 1 / 2 ) An, (m = 0, 1, 2 , . . . )
ge Xn =  A/n.

3Bigcu: 2 d n  =  ( m + 1 / 2 ) A.

MiHiManBHa TOB^uHa nniBKu BignoBigae m=0, 3BigKu:
d  =  A/ 4 n  =  600/(4-1,33) = 113 h m .

I n m e p f i e p o M e m p  M a u K e n b c o n a .  ^ n  n p u n a g  n p u 3 H a H e H u n  g n a  t o h -  

H o r o  ( n o p a g K a  1 0 -7 m )  B H M i p r o B a H H a  g o B x u H  x B u n B .  M 0 H 0 x p 0 M a T u H H e  

c B i T n o  B i g  g ^ e p e n a  S  n a g a e  n i g  K y T O M  4 5 0 H a  H a n i B n p O 3 O p y  n n o c K O  n a p a -  

n e n B H y  n n a c T H H y  n 1 , a K a  g in H T B  c B r r a o B u n  n p O M iH B  H a  g B a  ( p u c .  2 0 . 1 8 ) .  

O g H H  3  h u x  n p o x o g u T B  H e p e 3  n n a c T u H y ,  r n m u M  -  B i g 6 u B a e T B c a .

W////A'///////<

,//7//a
, / / / / / / ,

P u c .  2 0 .1 7 .  l H T e p $ e p e H u m  C B iT ia

B TOHKHX n ^ iB K a X

P u c .  2 0 .1 8 .  iH T e p ^ e p o M e T p  

M a f i K e ^ b c o H a

n i c n a  B i g 6 u B a H H a  o 6 o x  n p O M e H i B  B i g  g 3 e p K a n  b o h u  n o B e p T a r o T B c a  i  B 3 a e -  

M o g i r o T B  M m  c o 6 o r o  a K  K o r e p e n m i .  O c K i n B K u  n p O M iH B  1  n p o x o g u T B  H e p e 3  

n n a c T u H K y  g B i n i ,  g n a  K O M n e H c a n i i  p i 3 H u n i  x o g y  H a  m n a x y  g p y r o r o  n p O M e -  

H a  2  p 0 3 T a m 0 B y r o T B  n n a c T u H y  n 2 ( a K a  B u K O H y e  ^ y H K ^ i  K O M n e H c a T O p a ) .

2 0 . 3 . 4 .  ^ H $ p a ^ i H  C B i T i a

f f u f i p a K t y H  c e i m n a  -  a B u ^ e  o r u H a H H a  n p O M e H a M u  c B i T n a  H e n p 0 3 0 -  

p u x  T i n  i  n p O H u K H e H H a  c B i T n a  b  o 6 n a c T B  r e o M e T p u H H o i  T i H i .

^ u ^ p a ^ i a  B i g 6 y B a e T B c a ,  a K ^ o  c B i T n o  n p o x o g u T B  H e p e 3  M a n e H B K i  

0 T B 0 p u  H a B K o n o  H e B e n u H K u x  n e p e m K o g  a 6 o  6 i n a  p i 3 K u x  M e x :  ( p u c .  2 0 . 1 9 ) .  

n e p m a  K i n B K i c H a  T e o p i a  g u ^ p a K n i i  c B i T n a  6 y n a  p 0 3 B u H e H a  O p e H e n e M ,  

a k u h  n o a c H u B  i i  a K  p e 3 y n B T a T  i H T e p ^ e p e H n i i  B T O p u H H u x  x B u n B  ( T a K  3 B a -  

h u h  n p u n ^ n  r w u s e n c a - O p e n e n H ) .  P o 3 p i 3 H a r o T B  d u f i p a ^ i w  O p a y m o -  

f i e p a  b  n a p a n e n B H u x  n p O M e H a x  c B i T n a  ( p u c .  2 0 . 2 0 ,  a )  T a  d u f i p a K ^ w  

O p e n e n n  b  H e n a p a n e n B H u x  n p O M e H a x  ( p u c .  2 0 . 2 0 ,  6 ) .  O 6 u g B a  T u n u  g u ^ p a K -
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u j i '  B i g p i 3 H a r o T b c a  x a p a K T e p o M  d u f y p a K u ^ l u n o i  K a p m u n u  -  p o 3 n o g i j o M  C B iT -  

jia, noB 5i3aHH\i 3 HcprvBaHHavi cbItjihx i tcmhhx gijiaHOK Ha eKpam.

" 1  j j
IcoMempum'a

mm b

P u c .  2 0 .1 9 .  ,0 ,N (|)pai> :u isi c B i r a a :  a  -  n p o x o g x e H H A  C B iT na 6 m a  pi3K H X  

M e * ,  m o  c y n p o B o g a c y e T L C ii g n iJ ip a K ii ie io ;  6 -  g n iJ ip a K iim H a  K apTH H a

P u c .  2 0 .2 0 .  T n n n  g n ( p a K q i :  a  -  g u ^ p a K u i a  O p a y H r o ^ e p a  

n a p a jie jn > H o ro  n y ^ K a  CBiTJia H a  m i i u m ;  6  -  g u ^ p a K u i a  O p e H e j a  

C B iT noB oro  n y ^ K a , m o  p o 3 x o g u r B c a  H a  m i i u m

OrrocreH WaH OPEHEflb (1788-1827)

0paH ^y3bK M M  $i3MK, OflMH i3 3aCHOBHUKiB XBU- 
^bO BOl OnTMKM. PO3pO0MB TeOpiW  f lM ^ p a K ^ i CBiT- 
^ a  ( 1 8 1 8  p .) .  flOBiB n o n e p e H H ic T b  CBiT^OBux 
xB M ^b, nO^CHMB n O ^ a p M 3 a ^ ro  CBiTna, c t b o p u b  
f l3 e p K a ^ a  T a  niH3M, Ha3BaHi moto iM’aM .
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Mo3e$ OPAyHrOOEP (1787-1820)

HiMe^bKMM $i3MK. BflOCKOHa^MB BUrOTOB^eHHa 
^iH 3, f lu ^ p a K ^ M H u x  pemiTOK. f le T a ^ b H O  O n u caB  
n iH ii nO m uH aH H H  b cneK T pi C o H ^ a  ( 1 8 1 4  p .),
Ha3BaHUX MOrO iM’flM.

P o 3 r n a H e M o  n a p a n e n b H H H  n p o M i H b ,  a K H H  n a g a e  H o p M a n b H o  H a  m i -  

n u H y  m u p u H o r o  b .  B i g n o B i g H o  g o  ^ p H H ^ H ^ y  r r o M r e H c a ,  K o ^ H a  T o H K a

m i j I H H H  e BTOpH HHHM  g>KC- 

p e n o M  X B u n b ,  a K i  K o n u B a -  

r o T b c a  b  o g m M  $ a 3 i .  P o 3 r n a -  

H e M o  X B u n i  1  i  2  ( p u c .  2 0 . 2 1 ) .  

^ K m o  b o h u  3 H a x o g a T b c a  y  

n p o T u ^ a 3 i ,  b o h u  K o M n e H -  

c y r o T b  o g H a  o g H y  i  H a  e K p a ­

H i  c n o c r e p i r a e T b c a  M iH iM y M  

g u ^ p a K ^ i .  T a K i  M i p K y B a H -

H a  M o ^ H a  3 a c T o c y B a T u  g o
i /  • '•)/

X B u n b  1  i  2  T a  g o  B c i x  n a p  

X B u n b ,  $ a 3 u  a K u x  n p o T H -  

n e ^ H i .  Y M o B a  g u ^ p a K ^ H -  

H o r o  M i H i M y M y  M a T u M e  B H ­

r n a g :

m

bsin0 = mX;

±  1; ±  2; ±  3;..., (20.21)

Puc. 20.21. M e x a m 3 M H  g H ( p a K q i :  yM O BH  c n o -  

C T e p e ^ e H H H  g u ( p a K q H H H X  M irnM yM iB  (a) 
T a  M aK C H M yM iB  (6)

ge 0 -  KyT cnocrepexeHHa gu- 
^paKuinHoro MiHiMyMy m-ro no- 
pagKy.

^ K m o  X B u n i  1 i  2  K o n u -  

B a r o T b c a  y  $ a 3 i ,  H a  e K p a H i  

c n o c r e p i r a e T b c a  g u ^ p a K -  

^ h h h h  M a K c u M y M ,  y M o B o r o  

a K o r o  e :

bsin0 = (2m + 1) X/2; m = ±  1 ; ±  2 ; ±  3 ;. ( 2 0 . 2 2 )
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B H M i p r o B a H H a  B i g c T a H i  M i *  g n ^ p a K ^ H H H M H  M i m M y M a M H  a 6 o  M a K -  

C H M y M a M H  g a e  M o * n H B i c T b  o ^ h h t h  p o 3 M i p n  T i n ,  H a  a K H x  g n ^ p a r y e  

C B i T n o .

2 0 . 3 . 5 .  g u ^ p a K u i H H a  p e m i T K a

rU , u $ p a K W U u a  p e m i m K a  —  ^  o n T H H H H H  n p u n a g ,  m o  a B n a e  c o 6 o r o  n e -  

p i o g H H H y  C T p y K T y p y  3 B e n H K o r o  K i n b K i c T r o  p e r y n a p H O  p o 3 T a m o B a H H x  

e n e M e H T i B ,  H a  a K H x  B i g 6 y B a e T b c a  g n ^ p a ^ i a  C B i T n a .  T a K H M H  e n e M e H T a -  

m h  M o * y r b  6 y T H  m T p n x H ,  m o  H a H e c e H i  M e x a m H H H M ,  ^ o T o r p a ^ i n H H M  

a 6 o  r o n o r p a ^ i n H H M  M e T o g a M H  H a  n n o c K y  a 6 o  B B i r H y T y  n n a c r a H y .  K i n b -  

K ic T b  m T p n x i B  H a  M i n i M e T p  K o n H B a e T b c a  B i g  3 0 0  g o  6 0 0 0  g n a  B H g H M o i ' T a  

y n b T p a ^ i o n e T o B o i  o 6 n a c T e H  c n e K T p a .

H a M n p o c r i m a  g n ^ p a K ^ H H a  p e m i T K a  a B n a e  c o 6 o r o  C H C T e M y  3  N  

o g H a K o B H x  n o  m n p n m  i  n a p a n e n b H H x  o g H a  o g H i H  m i n H H ,  m o  n e * a T b  b  

o g H i H  n n o m u H i  i  p o 3 g i n e H i  H e n p o 3 o p H M H  n p o M i * K a M H ,  o g H a K o B H M H  3 a  

p o 3 M i p a M H  ( p n c .  2 0 . 2 2 ) .  ^ K m o  m n p H H a  m i n H H H  b ,  a  p o 3 M i p  n p o M i * K y  a ,  

t o  B e n H H H H a  d  =  a  +  b  H a 3 H B a e T b c a  n e p i o d o M  g H ^ p a K ^ H H o i  p e m i T K H .

n e p i o g  d  n o B ’a 3 a H H H  3  K i n b K i c T r o  N  m T p n x i B  c n i B B i g H o m e H H a M :

d  =  1 / N .  ( 2 0 . 2 3 )

^ K m o  C B i T n o  n a g a e  H o p M a n b H o  H a  n o B e p x H r o  g H ^ p a K ^ H H o i  p e m i T ­

K H , t o  n o n o ^ e H H a  g n ^ p a K ^ H H H x  M a K C H M y M iB  H a  e K p a H i  M o * H a  3 H a H T H

3 a  g o n o M o r o r o p i e n m n H  d u f y p a K U , i u H O i p e m i m K u :

d sind =  m X , ( 2 0 . 2 4 )

g e  0 — KyT c n o c T e p e x e H H A  g H ^ p a K q in H o r o  M aKCHM yM y m- r o  n o p a g K y .

^ K m o  C B i T n o  n a g a e  n i g  K y T o M  0  g o  n n o m ^ H H  g H ^ p a K ^ H H o i  p e m i T ­

K H , p i B H a H H a  M a e  B H r n a g :

d ( sin0 +  sin0i)  = m X . ( 2 0 . 2 5 )
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X a p a K T e p  g H ^ p a K u i H H o i  K a p T H H H , o g e p * a H o i  3 a  g o n o M o r o r o  g n ^ p a K -  

i U h h o i  p e m i T K H ,  n 0 K a 3 a H 0  H a  p n c .  2 0 . 2 3 .

N = 2

N ~ 8

P u c .  2 0 .2 3 .  3 a a e * H i c T b  x a p a K T e p y  g H ^ p a K ^ H H O i

K ap T H H H  B ig  K iab K O C T i m T p H X iB  N

K o H T p o a b H e  3 aB g a H H H

B n n p o M m ro B a H H a  r e n in - H e o H o B o r o  n a 3 e p a  3 g o B X H H o ro  x B H n i 6 3 2 ,8  h m  n a g a e  H o p ­

M an b H o  H a  n o B e p x H ro  g n ^ p a K q m H o i  p e m iT K H , K inbK icT b  m r p n x i B  H a  n o B e p x H i a K o i CTa­

H oBH Tb 6 0 0 0  c m -1. 3H aH TH  K yT, n i g  aKHM  c n o c T e p i r a e T b c a  g H $ p aK n iH H H H  MaKCHMyM 

n e p m o r o  n o p a g K y .

Bidnoeidb: 2 2 , 3 1 0.

2 0 . 3 . 6 .  g H c n e p e i n  C B iT a a

f l u c n e p c i n  c e i m n a  —  ^  3ane*HicTb noKa3HHKa 3anoMneHHa n  peno- 
b h h h  Big HacToTH v (goB*HHH xBHni X ) CBiTna. Ha pHC. 20.24 noKa3aHo, 
aK 3MiHroeTbca noKa3HHK 3anoMneHHa pi3HHx onTHHHHx MaTepianiB 3i 
3MiHoro goB*HHH xBHni. ^Kmo noKa3HHK 3anoMneHHa 3MeHmyeTbca 3i

36inbmeHHaM goB*HHH xBHni, TaKHH xapaKTep 3ane*Hocri n ( X)  Ha3HBa- 
eTbca H o p M a n b H O W  gHcnepciero; b  nporane*HoMy BHnagKy gHcnepcia 
Ha3HBaeTbca a H O M a n b H O W .

^Kmo nponycTHTH 6ine CBiTno Hepe3 CKnaHy npH3My, t o  BHacnigoK gH- 
cnepcii Big6yBaeTbca po3KnagaHHa CBiTna b  cneKTp (aKHH Ha3HBaeTbca d u c -  

n e p c i U H U M ), nprnoMy îoneTOBHH npoMiHb 3anoMnroeTbca CHnbHime, Hm 
HepBoHHH (pHC. 20.25). BenHHHHa, mo noKa3ye aK mBHgKo 3MiHroeTbca no- 
Ka3HHK 3anoMneHHa 3 goB*HHoro xBHni, Ha3HBaeTbca d u c n e p c i e w  p e n o e u H u :

sinQ

.sinQ

I A

i f > 7 0
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P h c . 2 0 .2 4 .  3 a a e ^ H i c T b  n o K a .3 H H K a  3 a -

a O M ^ e H H fl B ig  g O B ^ H H H  C B iT aO B O l X B H ai:

a  -  a H o M a n tH a  g u c n e p c i a ;

6  -  H o p M a n L H a  g u c n e p c i a

P h c . 2 0 .2 5 .  P o 3 K a a g a H H H  C B iT a a  

b  c n e K T p  n i g  n a c  n p o x o g ^ e H H H  

n e p e 3  n p n 3 M y

D  =  d n / d X . ( 2 0 . 2 6 )

H a  B H K o p u c T a H H i  a B u m a  H o p M a n b H o i  g u c n e p c i i  o c H o B a H a  g i a  n p u 3 -  

M a T H H H u x  c n e K T p a n b H u x  n p u n a g i B .

2 0 . 3 . 7 .  n p H H u u n  g i i  c n e r c r p a a b H H x  n p i - i . i a g i B

K n a c u $ i K a t y %  c n e K m p a n b H U X  n p u n a d i e . O c h o b h h m h  K o M n o H e H T a M H  

c n e K T p a n b H o r o  n p u n a g y  e :  g * e p e n o  o n T H H H o r o  B u n p o M i H r o B a H H a ;  K r o -  

B e T a  3 i  3 p a 3 K o M ,  m o  g o c n i g * y e T b c a ;  g u c n e p c i H H u H  e n e M e H T  ( n p u 3 M a  a 6 o  

g u ^ p a K ^ H H a  p e m i T K a ) ;  ^ o i o n p u H M a H ;  c u c T e M a  p e e c T p a ^ i .

3 a n e * H o  B i g  ^ p H H ^ H ^ y  p o 6 o T H  T a  C B o r o  n p u 3 H a H e H H a ,  c n e K T p a n b H i  

n p u n a g u  n o g i n a r o T b  H a  T a K i  T u n u :

1 . C n e K m p o M e m p  — n p u n a g  g n a  B H M i p r o B a H H a  c n e K T p a ,  t o 6 t o  ^ y H K ^ i  

p o 3 n o g i n y  e H e p r i i '  C B i T n o B u x  n o T o K i B  3 a  g o B * H H a M H  x B u n b  B u n p o M r n r o B a H -  

H a .  n p u n a g u  ^ o r o  T u n y  o 6 n a g H a H i  ^ o T o e n e K i p u H H o r o  p e e c i p a ^ e r o  c n e K -  

T p a  i  3 a c T o c o B y r o T b c a  g n a  n p o B e g e H H a  B c i x  M o * n u B u x  a H a n i 3 i B .

2 .  C n e K m p o f y o m o M e m p  — n p u n a g ,  g e  B i g 6 y B a e T b c a  n o p i B H a H H a  n o ­

T o K y  B u n p o M i H r o B a H H a ,  m o  B H M i p r o e T b c a ,  3 e i a n o H H H M  g n a  6 e 3 n e p e p B -  

H o r o  h h  g u c K p e T H o r o  p a g y  g o B * H H  x B u n b  B u n p o M i H r o B a H H a .  ^  n p u n a -  

g u  B H K o p u c T o B y r o T b  T a K o *  g n a  B H 3 H a H e H H a  K o H ^ m p a ^ i  e n e M e H T i B  i  

p e H o B H H  y  3 p a 3 K y  m n a x o M  n o p i B H a H H a  iH T e H C H B H o c T e H  c n e K T p a n b H u x  

n i H i H  a 6 o  C M y r  n o r n u H a H H a  h h  B u n p o M i H r o B a H H a .

3 .  C n e K m p o s p a f y  — n p u n a g ,  b  a K o M y  n p u H M a H  p e e c i p y e  B H n p o M i H r o -  

B a H H a  n p a K T H H H o  y c b o r o  o n T H H H o r o  c n e K T p a ,  m o  p o 3 B e p H y T H H  y  ^ o K a n b -  

H iH  n n o m u H i  o n T H H H o i  C H C T e M H . f l n a  c n p u H M a H H a  B u n p o M i H r o B a H H a  b h -  
K o p u c T o B y r o T b  ^ o i o M a i e p i a n u ,  6 a r a i o e n e M e H T H i  ^ o r o n p u H M a H i ,  e n e K -  

T p o H H o - o n T H H H i  n e p e T B o p r o B a H i .
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4 .  M o H O x p o M a m o p  -  n p u n a g  g n a  B u g i n e H H a  B y 3 L K u x  g i n a H o K  c n e K T -  

p a  o n T H H H o r o  B u n p o M i H r o B a H H a .

5 .  O n y o p u M e m p  -  n p u n a g  g n a  B u M i p r o B a H H a  iH T e H c u B H o c T i  ^ n y o p e c -

^ H ^ i .

6 .  C n e K m p o ^ n y o p u M e m p  -  n p u n a g  g n a  B H M i p r o B a H H a  c n e K T p i B  3 6 y g -  

x e H H a  T a  B u n p o M i H r o B a H H a  ^ n y o p e c ^ H ^ i  p e H O B H H H .

n p r n ^ n  d i i  c n e K m p a r n H U x  n p u n a d i e .  3 a n e x H o  B i g  g u c n e p c i H H o r o  

e n e M e H T a  p o 3 p i 3 H a r o T L  c n e K T p a n L H i  n p u n a g u  3  n p u 3 M o r o  a 6 o  g u ^ p a ^ i f i -  

H o r o  p e m i T K o r o .  C x e M y  n p u n a g y  n e p m o r o  T u n y  3 o 6 p a ^ e H O  H a  p u c .  2 0 . 2 6 ,  a. 
O n T u H H e  B u n p o M i H r o B a H H a  g x e p e n a  n p o x o g u T L  H e p e 3  B x i g H y  m i n u H y  

n p u n a g y ,  g e  ^ o p M y e T L c a  3 o 6 p a x e H H a  g x e p e n a .  C B i T n o ,  a K e  B u x o g u T L  i3  

m i n u H u ,  n p o x o g u T L  H e p e 3  K o n n i M y r o H y  n i H 3 y ;  3 a n o M n e H i  n p u 3 M o r o  n p o ­

M e H i  c B i T n a  3 6 u p a r o T L c a  n i H 3 o r o  H a  n n o m u m  c n o c T e p e x e H H a .  y  n p u n a -  

g a x  g p y r o r o  T u n y  a K  g u c n e p r y r o H u H  e n e M e H T  3 a c T o c o B y r o T L  g u ^ p a K ^ H -  

H y  p e m i T K y .  C x e M y  n p u n a g y  H a B e g e H o  H a  p u c .  2 0 . 2 6 ,  6 .  3 a  a H a n o r i H -  

h u x  p o 3 M i p i B  g u c n e p r y r o n o r o  e n e M e H T a  c n e K T p a n L H e  p o 3 g i n e H H a  g u -  

(J)paKu,iHHoi pemiTKH Binge, hdk y  npH3MH.

6
P u c .  2 0 .2 6 .  T u n u  c n e K T p a ^ b H u x  n p u ^ a g i B :  a  -  i3  n p r o M o r o  aK  g u c n e p ry ro H M M  

eneM eH T oM . T y r :  1 -  B x ig H a  m jn n H a ,  2 ,  4  -  m r o n ,  3 -  n p n 3 M a ; 5  -  B u x ig H a  m jn n H a ;

6  -  3 g u ^ p a K U iH H o ro  p em iT K o ro  aK  g u c n e p ry r o n u M  eneM eH ToM . T y r :  1 -  Bx ig H a. m in u H a ,

2 ,  4  -  K o H ^ o K a n b H i g 3 e p K a n a ;  3 -  g n ^ p a K ^ H H a  p e m iT K a ; 5  -  B u x ig H a  m i n n m

2 0 . 3 . 8 .  n o ^ H p H 3 a ^ H  c e i T ^ a

n o m p u 3 a ^ M  c e i m n a  -  a B u m e  y n o p a g K y B a H H a  H a n p a M K y  K o n u B a H H a

B e K T o p a  E  H a n p y x e H o c r i  e n e K T p u H H o r o  n o n a  c B i r n o B o i  x B u n i .  T a K u M  

h u h o m , n o n a p u 3 a ^ a  c B i T n a  o n u c y e  n o n e p e H H y  a H i 3 o T p o n i r o  c B i T n o B u x  

x B u n L ,  t o 6 t o  H e e K B i B a n e H T H i c T L  p i 3 H u x  H a n p a M K i B  y  n n o m u m ,  n e p n e H -  

g u K y n a p H i H  c B i T n o B o M y  n p o M e H r o .

g n a  o n u c y  a B u m a  n o n a p u 3 a ^ i  c B i T n a ,  a K e  a B n a e  c o 6 o r o  e n e K T p o M a r -  

H iT H y  x B u n r o ,  g o c T a T H L o  a H a n i 3 y B a T u  n o B e g i H K y  o g H o r o  3  B e K T o p i B  E  i  

H  -  3 B u H a H H o  B u 6 u p a r o T L  B e K T o p  E  .
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E y g b - a K e  g * e p e n o  C B i i n a  c K n a g a e T b c a  3 B e n u K o i  K i n b K o c i i  e n e M e H -  

T a p H u x  B u n p o M i H r o B a H i B  ( a i o M i B ,  M o n e K y n ) ;  n p o c i o p o B a  o p i e m ^ i a  B e K ­

T o p i B  E  b  k o * h h h  M o M e H T  H a c y  x a p a K T e p u 3 y r o T b c a  x a o i u H H H M  p o 3 n o -  

g i n o M .  C B i i n o ,  a K e  B u n p o M i H r o e T b c a  T a K H M H  g * e p e n a M H ,  H a 3 H B a e T b c a  

H e n o n n p m o e a H u M  ( p u c .  2 0 . 2 7 ,  a ) .

^ K m o  B e K T o p  E  K o n u B a e T b c a  b  o g H i H  n n o m u H i ,  C B i i n o  H a 3 H B a e T b c a  

M H i u H o  n o n n p u 3 o e a u u M  ( p u c .  2 0 . 2 7 ,  6 ) .

^ K m o  B e K T o p  E  K o n u B a e T b c a  b  o g H i H  n n o m u H i  T a K ,  m o  K m e ^  B e K ­

T o p a  E  o n u c y e  K o n o ,  T a K e  C B i i n o  H a 3 H B a e T b c a  ^ p K y n n p H o  n o n n p m o e a -  

hum ( p u c .  2 0 . 2 7 ,  e ) .

n p o M i * H H H  B u n a g o K  ( M i *  n i r n H H o r o  T a  ^ H p K y n a p H o r o  n o n a p u 3 a ^ -  

e r o ) ,  K o n u  K m e ^  B e K T o p a  E  o n u c y e  e n i n c ,  B i g n o B i g a e  e n i n m m H o  n o n n -  

p u 3 o e c m o M y  C B m i y  ( p n c .  2 0 . 2 7 ,  z ) .

Ml
A

a n

Phc. 2 0 .2 7 .  C x e M a T H H H e  3 o 6 p a * e H H H  n o B e g iH K H  B e K T o p a  E  H a n p y x e H o c T i  

e n e K T p H H H o ro  n o a a  C B rra o B o 'i  x b h M : a  -  H e n o n a p r o o B a H e  C B iTno ( H r ) ;

6  -  n iH iH H o  n o n a p H 3 o B a H e  C B iT no ( .n r T ) ;  e  -  u n p K y n a p H o  n o n a p r o o B a H e  

C B iT no ( U n ) ;  ^  -  en in T H H H o  n o n a p r o o B a H e  C B iT no ( E n )

Y m o b h o  H e n o n a p u 3 o B a H e  C B i i n o  3 o 6 p a * y e T b c a  a K  c y K y n H i c T b  B e K ­

T o p i B  E , m o  K o n u B a r o T b c a  b  n n o m u H i  n a g i H H a  C B i i n o B o r o  n p o M e H a  T a  

n e p n e H g u K y n a p H o  iH  ( p u c .  2 0 . 2 8 ,  a ,  6 ) ,  a  n o n a p u 3 o B a H e  C B i i n o  — a K  c y K y n -

H i c T b  B e K T o p i B  E , m o  K o n u B a r o T b c a  a 6 o  b  n n o m u H i  n a g i H H a ,  a 6 o  n e p -  

n c H j H K y . i i i p H O  i h  ( p n c .  2 0 . 2 8 ,  e ,  s ) .

P h c .  2 0 .2 8 .  C x e M a T H H H e  3 o 6 p a x e H H H  T n n iB  n o a H p n 3 a q i :  a , 6  -  H acT K oB o 

n o n a p H 3 o B a H e  C B iT no; e ,a  -  n iH iH H o  n o n a p r o o B a H e  CBiTno
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2 0 . 3 . 9 .  M e T o g u  o g e p K a H H H  

n o ^ » p u 3 0 B a H o r o  C B i T i a

1 .  n o n a p u s a t y H  c e i m n a  n i d  n a c  e i d 6 u e a H H H  e i d  M e w i  n o d i n y  d e o x  

c e p e d o e u ^ .  ^ K m o  H e n o n a p u 3 o B a H e  c B i T n o  n a g a e  H a  M e x y  n o g i n y  g B o x  

c e p e g o B u m  n i g  K y T o M  E p r o c T e p a  ( a K u n  B u 3 H a H a e T b c a  3 i  c n i B B i g H o ­

m e H H a  t g i Ep =  n 21, g e  n 21 -  n o K a 3 H u K  3 a n o M n e H H a  g p y r o r o  c e p e g o B u m a  

B i g H o c H o  n e p m o r o ) ,  t o  B i g 6 u T u n  n p o M i H b  6 y g e  n o B H i c T r o  n o n a p u 3 o -

B a H u M ,  a  3 a n o M n e H u n  -  

H a c T K o B o  n o n a p u 3 o B a H u M  

( p u c .  2 0 . 2 9 ) .  X a p a K T e p H o ,  

m o  b  ^ n  c m y a u ; i i  B i g 6 u -  

T u n  T a  3 a n o M n e H u n  n p o ­

M e H i  B 3 a e M H o n e p n e H g u -  

K y n a p H i .

KoHTpoabHe 3aBgaHHH
KyT nagiHHa cBiTnoBoro 

npoMeHa Ha noBepxHro nocrinHo 
3MiHroeTbca. Big6nran npoMiHb 
cTae noBHicTro nonaprooBaHnM, 
aKmo KyT nagiHHa gopiBHroe 480. 
Bn3HaHnra noKa3HnK 3anoMneHHa 
peHOBHHH, Big noBepxHi aKoi Big-

Pnc. 20.29. noaapH3a^H CBiraa nig nac 6nBaeTbca npoMiHb.
BigSnBaHHH Big MeKi nogiay gBox cepegoBn^ B idn0eidb: 1,11.

2 .  A H i 3 o m p o n i n  n o z n u H a H H H  ( o n m u n H u u  d u x p o i 3 M ) .  f l e a K i  K p u c T a n u  

( T y p M a n i H ,  r e p a n a T u T )  x a p a K T e p u 3 y r o T b c a  a m 3 o T p o n i e r o  n o r n u H a H H a  -  

p i B e H b  n o r n u H a H H a  3 a n e x u T b  B i g  o p i e m a ^ i  B e K T o p a  E  c B i r n o B o i  x B u n i .  

^  a B u m e  H a 3 u B a e T b c a  o n m u n H u M  d u x p o i ' 3 M o M .  H e n o n a p u 3 o B a H e  c B i T n o  

y  n p o ^ c i  n p o x o g x e H H a  H e p e 3  g u x p o i H H u n  K p u c T a n  B u x o g u T b  i 3  K p u c -  

T a n y  n i H i n H o  n o n a p u 3 o B a H u M  ( p u c .  2 0 . 3 0 ) .

3 .  A m 3 o m p o n i %  3 a n o M n e H H H  ( n o d e i u H e  n p o M e m 3 a n o M n e H H H ) .  ^ K m o  

c B i T n o  n o m u p r o e T b c a  H e p e 3  c K n o ,  m B u g K i c T b  c B i T n a  3 a n u m a e T b c a  o g H a -  

K o B o r o  g n a  B c i x  H a n p a M K i B .  y  T o n  x e  H a c ,  n e B H i  K p u c T a n u  ( K a n b ^ T ,  

K B a p ^  x a p a K T e p u 3 y r o T b c a  a H i 3 o T p o n i e r o  3 a n o M n e H H a  -  c B i T n o B i  n p o M e ­

H i ,  B e K T o p  E  a K u x  K o n u B a e T b c a  b  p i 3 H u x  n n o m u H a x ,  3 a n o M n r o r o T b c a  n i g  

p i 3 H u M u  K y T a M u .  H a B i T b  a K m o  H e n o n a p u 3 o B a H e  c B i T n o  n a g a e  H a  T a K u n  

K p u c T a n  H o p M a n b H o ,  c B r r n o B u n  n p o M i H b  p o 3 g i n a e T b c a  H a  g B a  -  o g u H  3  

h u x  n p o g o B x y e  T p a e K T o p i r o  n a g a r o H o r o  n p o M e H a  ( 3 e m a u H u u  n p o M i H b ) ,  

a  m m u n  B i g x u n a e T b c a  ( H e 3 e m a u H u u  n p o M i H b ) .  0 6 u g B a  u ; i  n p o M e H i  n o -  

n a p u 3 o B a m  b  p i 3 H u x  n n o m u H a x .
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^ k ^ o  n o S y g y B a T u  3 T a x o -  

r o  x p u c T a n a  ( H a n p u x n a g ,  3 
i c n a H g c b x o r o  m n a T y  -  p i 3 H o -  

B u g y  K a n b ^ u T a )  c u c T e M y  3 
g B o x  n p u 3 M ,  p o 3 g i n e H u x  n p o -  

m a p x o M  3 K a H a g c b x o r o  6 a n b -  

3 a M y  ( r a x a  c u c T e M a  H a 3 u B a e T b -  

c a  n p u 3 M O K >  H i K o m ) ,  t o  H e n o -  

n a p u 3 o B a H e  c B i T n o  p o 3 g i n a e T b -  

c a  H a  3 B U H a H H U H  ( n 3= l , 6 5 8 )  i  

H e 3 B U H a H H U H  ( n = 1 , 4 8 6 )  n p o ­

M e H i  ( p u c .  2 0 . 3 1 ) .  H e B a ^ x o  

3 p o 3 y M i T u ,  ^ o  o c x i n b x u  n o x a 3 -  

h u k  3 a n o M n e H H a  K a H a g c b x o r o
P u c .  2 0 .3 0 .  A m 3 0 T p o n i H  n o r^ H H a H H H

(o n T u H H u H  g H X p o ’l3M )
6 a n b 3 a M y  c T a H o B u T b  n = 1 , 5 5 ,

3 B u n a H H u H  n p o M i H b  3 a 3 H a e  n o B H o r o  B H y T p i m H b o r o  B i g S u B a H H a  ( n 3> n )  i  

n o r n u H a e T b c a  3 a n o p H e H o r o  r p a H H r o  n p u 3 M u .  T a x u M  h u h o m ,  o S u g B a  n p o ­

M e H i ,  a x i  x a p a K T e p u 3 y ^ T b c a  p i 3 H o r o  n o n a p u 3 a ^ e r o ,  n p o c T o p o B o  p o 3 g i -  

n a ^ T b c a .  ^ B u ^ e  p o 3 g B o r o B a H H a  c B i T n o B o r o  n p o M e H a  B H a c n i g o K  a H i 3 o -  

T p o n i i  3 a n o M n e H H a  H a 3 u B a e T b c a  n o d e i u H U M  n p o M e n e 3 c m o M m n n R M .

P u c .  2 0 .3 1 .  A m 3 0 T p o n i H  ia.TOM .TeHHH (n o g B iH H e  n p o M e H e 3 a n o M n e H H a )

4. nonnpu3aiiiR ceimna nid nac po3ciweauHH. P o 3 c i r o B a H H a  c B i T n a  

n o B ’a 3 a H e  3 i  3 M i H o r o  S y g b - a x o i  x a p a K T e p u c T u K u  n o T o K y  o n T u H H o r o  B u ­

n p o M i H r o B a H H a .  T a x u M u  x a p a K T e p u c T u x a M u  M o ^ y T b  S y T u  n p o c T o p o B u H  

p o 3 n o g i n  i H T e H c u B H o c T i ,  n a c T O T H u f i  c n e K T p ,  ^ o n a p u 3 a ^ i a  c B i T n a .  y  b u -  

n a g x y  p o 3 c i r o B a H H a  n p u p o g H o r o  c B i T n a  H a  M a n u x  H a c T u H K a x ,  p o 3 M i p u  

a x u x  3 H a H H o  M e H m i  3a  g o B ^ u H y  c B i T n o B o i  x B u n i ,  3 a n e * H i c T b  i H T e H c u B ­

H o c T i  I 6  p o 3 c i a H o r o  c B i T n a  B i g  x y T a  p o 3 c i r o B a H H a  6  M a e  B u r n a g :

\

♦ ■ H

( 2 0 . 2 7 )
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^ K m o  M o n e K y n u  p e H o B u H u ,  a K a  p o 3 c i r o e ,  e n e K T p u H H o  i 3 o T p o n H i  ( H e -  

n o n a p H i  M o n e K y n u ) ,  t o  c B i T n o ,  m o  p o 3 c i r o e T b c a  n i g  K y r o M  d = n / 2 ,  6 y g e  

n o B H i c T r o  n o n a p u 3 o B a H e .

C o H a H H e  B u n p o M i H r o B a H H a  p o 3 c i r o e T b c a  H a  M o n e K y n a x  n o B i T p a  b  p e -  

3 y n b T a T i  ^ n y K T y a ^ n  r y c r u H u  M o n e K y n  c e p e g o B u m a  ( 3 o K p e M a ,  0 2 T a  N 2) .  

3 a y B a x n M o ,  m o  K o n u  p o 3 M i p u  M o n e K y n  d  3 H a H H o  M e H m i  3 a  g o B x u H y  

c B i T n o B o i  x B u n i  A, B i g H o c H a  i H T e H c u B H i c T b  p o 3 c i a H o r o  c B i T n a  x a p a K T e -  

p u 3 y e T b c a  c n i B B i g H o m e H H a M ,  m o  o g e p x a n o  H a 3 B y  3 a K o H y  P e n e n :

I  ~1/ A4 . ( 2 0 . 2 8 )

O c K i n b K u  p o 3 M i p u  M o n e K y n  K u c H r o  T a  a 3 o T y  c T a H o B n a T b  6 n u 3 b K o  

0 , 2  h m , t o  o H e B u g H o ,  m o  K o p o T K o x B u n b o B e  c o H a H H e  B u n p o M i H r o B a H H a ,  

a K e  p o 3 c i r o e T b c a  H a  M o n e K y n a x  a T M o c ^ e p H o r o  n o B i T p a ,  M a T u M e  6 i n b m y  

i H T e H c u B H i c T b .  C a M e  u ;u m  n o a c H r o e T b c a  6 n a K u T H u n  K o n i p  H e 6 a .

2 0 . 3 . 1 0 .  O n T U H H a  a K T H B H ic T b  p e H o B u H u

O n m u n H a  a K m u e m c m b  -  u ;e  3 g a T H i c T b  p e H o B u H u  n o B e p T a T u  n n o m u H y  

n o n a p u 3 a ^ i  n o n a p u 3 o B a H o r o  c B i T n a ,  a K e  n p o x o g u T b  H e p e 3  p e H o B u H y .  

O n T u H H o  a K T u B H u M u  e  g e a K i  K p u c T a n u  ( K B a p ^  T a  p o 3 H u H u  g e a K u x  p e -  

h o b u h  ^ y K p y ,  c K u n u g a p y ,  6 i n K i B ,  H y K n e m o B u x  K u c n o T ) .  g n a  o n T u H H o  

a K T u B H u x  p o 3 H u H i B  K y T  n o B e p T a H H a  p  n n o m u H u  n o n a p u 3 a ^ i  3 a n e x u T b  

B i g  K o H ^ m p a ^ i  C  p o 3 H u H y  T a  T o B m u H u  l  m a p y  p e H o B u H u ,  H e p e 3  a K u n  

n p o x o g u T b  c B i T n o :

p = aCl, ( 2 0 . 2 9 )

ge a  -  nnTOMa oirmHHa aKTuBHicTb, aKa BMMiproeTbca b apad-M3/Ka-M.

n u T o M a  o m u H H a  a K T u B H i c T b  3 a n e x u T b  B i g  n p u p o g u  p e H o B u H u ,  T e M -  

n e p a T y p u  i  g o B x u H u  c B i T n o B o i  x B u n i  A. 3 a n e x H i c T b  a  B i g  A H a 3 u B a e T b c a  

c n e K m p o M  d u c n e p c i i  o n m u n H o s o  o 6 e p m a H H n .

3 a n e x H o  B i g  3 H a K a  a  p o 3 p i 3 H a r o T b  n p a e o o 6 e p m a n b H i  ( a> 0 )  T a  n i e o -  

o 6 e p m a n b H i  ( a< 0 )  o n T u H H o  a K T u B H i  p e H o B u H u .  n p a B o -  i  n i B o o 6 e p T a n b H i  

o n T u H H o  a K T u B H i  p e H o B u H u  H e o g H a K o B o  n o r n u H a r o T b  o n T u H H e  B u n p o M i -  

H r o B a H H a ,  B H a c n i g o K  ^ o r o  n i H i n H o  n o n a p u 3 o B a H e  c B i T n o  n e p e T B o p r o ­

e T b c a  n i c n a  n p o x o g x e H H a  p o 3 H u H y  b  e n i n T u H H o  n o n a p u 3 o B a H e .  ^  a B u -  

m e  H a 3 u B a e T b c a  K p y s o e u M  d u x p o i 3 M o M .

^ B u m e  o n T u H H o i  a K T u B H o c T i  n e x u T b  b  o c H o B i  n p u n a g y  g n a  T o H H o r o  

B u M i p r o B a H H a  K o H ^ m p a ^ n  p o 3 H u H i B  -  n o n n p u M e m p a .  B i H  c K n a g a e T b c a  

3  g x e p e n a  c B i T n a  S ,  n o n a p u 3 a T o p a ,  m o  M a e  g B i  n o n a p u 3 a ^ n m  n p u 3 M u  -  

n 1 i  n 2 , K r o B e T u  K  3  p o 3 h u h o m ,  a H a n i 3 a T o p a  A ,  c u c T e M u  C B  B i g n i K y  K y r a  

n o B e p T a H H a  T a  c B i T n o B u x  ^ i n b T p i B  O  ( p u c .  2 0 . 3 2 , a ) .  K o H c r p y ^ i a  n p u -  

n a g y  n e p e g 6 a H a e  p o 3 g i n e H H a  c B i T n o B o r o  n o T o K y  H a  g B i  H a c r u H u  -  o g H a
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n p o x o g H T b  n e p e 3  n o n a p u 3 a ^ H H y n p H 3 M y  n 1, a g p y r a  -  n e p e 3  o 6 u g B i  

npH 3M H  n  i n 2 . n p H 3 M a  n 2 3yM O B nroe gogaT K O B e n o B e p T a H H a  n n o ^ H H u  

n o n a p u 3 a ^ i' CBiTna. A H a n i3 a T o p  A M O * e  6 y ra H a crp o e H H H  H a n o B H e  3 a -  

TeM HeH Ha a 6 o  n e p m o i ,  a 6 o  g p y r o i  n o n o B H H H  C B iT n o B o ro  n o T o K y . T o M y  b  

O K y n ap i CHCTeMH B ig n iK y  M O * H a n o 6 a n H T H  g B i nonoB H H H  n o n a  3 o p y  3 

pi3HHM  piB H eM  oC B iTneH oC Ti ( p u c .2 0 .3 2 ,  6 ) . ^ k ^ o  a H a n i3 a T o p  3 H a x o - 

gH T bC a y  n p o M i* H O M y  n o n o * e H H i  i n p o n y C K a e  K o n u B aH H a, n e p n e H g u K y -  

n a p H i 6 iC eK T puC i K yTa, aKHH 3yM OBneHHH gogaT K oB H M  n o B epT aH H aM  

n n o ^ H H H  n o n a p u 3 a ^ i '  n p u 3 M o ro  n 2 , t o  o 6 u g B i  n o n o B H H H  n o n a  3 o p y  H a-

6 y B aro T b  o g H a K o B o i oC B iTneH oC Ti. B H aC n ig o K  p o 3 M im eH H a  KroBeTH K  3

p o 3h h h o m , K O H ^ m p a ^ r o  a K o r o  B H 3H anaroT b, yM o B a o g H a K o B o i oC B iT ne­

HoCTi n o p y m y e T b C a ;  g n a  i i  B C TaH oB neH H a H e o 6 x ig H o  n o B ep H y T H  a H a n i3 a -  

Top A Ha KyT (p.

A k  n , n , <p

• C • »
P h c .  2 0 .3 2 .  n o a a p H M e T p :  a  -  6 y g o B a  n p u n a g y ;  6  -  p i3 H i p iB H i oC B iT neH oC Ti 

g B o x  n o n o B H H  3 o p y  n o n a p H M e T p a  (n o a c H e H H a  b  TeKCTi)

MeToguKa BHMiproBaHb nepeg6anae BH3HaneHHa KyTa p 0 noBepTaHHa 
nno^HHH nonapu3a^ i' CBiTna po3hhhom 3 BigoMoro KOĤ m pa^ ero C , 
noTiM -  KyTa px noBepTaHHa nno^HHu nonapu3a^i' CBiTna po3hhhom 3 
HeBigoMoro KOĤ m pa^ ero C x, 3BigKH HeBigoMy KOĤ m pa^ ro BH3Ha- 
naroTb 3a Bupa3OM:

C x =  C  —  . ( 2 0 .3 0 )
P o

n p H K a a g

B u3H aH H T H  K o ^ e n r p a n i r o  n y K p y  b  po3H H H i, a K ^ o  b  T p y 6 m  n o n a p H M e T p a  g o B r n -  

H o ro  2 0  c m  KyT o 6 ep T aH H a  n n o ^ H H u  n o n a p r o a u i i  CTaHoBHTb 4 0 0. n u T O M a  o n r u n H a  aKTHB- 

H icT b  n y K p y  g o p iB H ro e  6 6 ,5  r p a g  -CM3/ ( r  •gM ).

P 0 3 B ’H 30K

P
B u 3 H a n a e M o  K o ^ e n r p a n i r o  n y K p y  3 p iB H aH H a ( 2 0 .2 9 ) :  C  = — - .

al
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n ig c T a B n a e M o  H u c n o B i 3H aH eH H a:

40zpad
C

66 ,5zpad  ■ cm /  (z ■ 6m ) ■ 2 ,03m

20.4. KBAHTOBA OnTHKA
2 0 . 4 . 1 .  K B a H T o B a  n p u p o g a  c B i T i a

K e a H m o e a  o n m u K a  p o 3 r n a g a e  o n T u H H i a B u m a , b a K u x  B u B H aeT bca  

KBaHToBa n p u p o g a  cB iT n a . O cH oB H i ig e i  KBaHToBoi T e o p i i  6 y n u  p o 3 p o 6 -  

n e H i b n e p io g  3 1 9 0 0  g o  1 9 3 0  p p .  3 r ig H o  3 r in o T e 3 o r o  M . n n a H K a , e H e p r ia  

B u n p o M m ro e T b c a  H e 6 e 3 n e p e p B H o , a  g u c K p e r a o ,  to6to n e B H u M u  n o p ^ a -  

mu -  K e a H m a M u .  E H e p r ia  K B a rn a  g o p iB H ro e :

E  =  h v, ( 2 0 .3 1 )

g e  h  =  6 ,6 3  • 1 0 -34 g x c  -  c r a n a  n n a H K a ;  v -  H a cT o T a  B n n p o M m ro B a H H a .

y  1 9 0 5  p . A . E n H m T e n H  p o 3 p o 6 u B  KBaHToBy T e o p iro  ^ o T o e ^ e K T y , b 
a K in  BiH n p u n y c r a B ,  m o  cB iT n o  He n u m e  n o r n u H a e T b c a  T a  B u n p o M m ro -  

e T b c a , a  n  n o m u p r o e T b c a  KBaHTaM u, to6to c B iT n o  M o x H a  y a B m u  aK  n o ­

TiK c B ir n o B u x  KBaHTiB -  f y o m o H i e .  B a p T o  B ig3 H aH u T u , m o  b ^ n  T e o p i i  

3 6 e p ir a r o T b c a  p u c u  aK  x B u n b o B u x , TaK i K o p n y c K y n a p H u x  n o r n a g iB  H a 

n p u p o g y  cB iT n a .

MaKC n^AHK (1858-1947)
HiMe^bKMM $i3MK, OflMH 3 OCHOBOnO^OWHMKiB 
KBaHTOBOl T e o p ii .  BBiB nOHHTTH KBaHTa (1 9 0 0  
p .) ,  aB T o p  3aKOHy B unpoM iH roB aH H a. f i a y p e a T  
H o6e-n iB C bK O i n p e M ii 3 $i3MKM 1 9 1 8  poKy.

2 0 . 4 . 2 .  ^ o T o e ^ e K T p u H H u f i  e ^ e K T

^ B u m e  B u p u B aH H a  eneK T poH iB  3 p e H o B u H u  n i g  B n n u B o M  cB iT n a  H a 3 u -  

B a e T b c a  f y o m o e n e K m p u n H u M  e f y e K m o M .

C x e M y  e K c n e p u M e H T a n b H o ro  n p u n a g y ,  3 a  g o n o M o r o r o  a K o ro  c n o c r e -  

p ira ro T b  ^ a ro e n e K T p n H H u n  e ^ e K T  ( ^ o r o e ^ e K T ) ,  3 o 6 p a x e H o  H a p u c .  2 0 .3 3 . 

C K n a H u n  a 6 o  K B a p ^ B u n  6 a n o H  M ic ra T b  g B a  M e T an e B u x  e n e K T p o g u , o g u H

3 a K u x  (K aT o g ) 3 e g H a H u n  3 H eraT u B H u M  n o n ro c o M  g x e p e n a  cT p y M y , a  

m m u n  (a H o g )  -  3 n o 3 u T u B H u M . K o n u  6 a n o H  3 H a x o g u T b c a  y  T eM paB i, 

cT pyM  b en eK T puH H oM y K o n i, a K u n  ^ iK c y e T b c a  aM n ep M eT p o M , g o p iB H ro e
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H y n ro . n i g  n a c  o cB iT n eH H a K aT o g a  3 H b o ro  B u p u B a ro T b c a  eneK T poH H , aK i 

n p a M y ro T b  g o  a H o g a  -  b  K o n i BHHHKae eneKTpHHHHH CTpyM ( pomo- 
cmpyM) .

3aKOH 3 6 e p e * e H H a  e H e p r i i  g n a  n p o ^ c y  B 3 aeM o g ii ^O TO H a 3 eneK T - 

POHOM n i g  H ac  $ 0T0 e $ e K T y  ( p u c .  2 0 .3 4 )  o n u c y e T b c a  pienHuuHM Eun- 
mmeuna :

2
hv = A +

mv

2
( 2 0 .3 2 )

g e  A  -  p o 6 o T a  B u x o g y  e n e K T p o H a  3 penoB H H H ;
mv

-  K iH eTH H Ha e H e p r ia  en e K T p o H a .

P o 6 o T a  B u x o g y  A 3 a n e* H T b  B ig n p u p o g u  penoBHHH Ta cTaH y ii  n o B epxH i.

P u c .  2 0 .3 3 .  C x e M a  e K c n e p u -  

M e H T a ^ b H o r o  n p u n a g y ,  3 a  

g o n o M o r o r o  H K o ro  c n o c T e p i -  

r a w T b  H B u ^ e  ^ o T o e ^ e K T y :

A  -  a H o g , K  -  K aT o g

P u c .  2 0 .3 4 .  3 a K o H  io e p e ^ e H H H  e H e p r i i  

n i g  n a c  B 3 a e M o g i i  ( |)o T o H a  

3 e ^ e K T p o H o M

M iH iM a n b H a  e H e p r ia  ^o T O H a, aK a  g o c ra T H a  g n a  o g e p ^ a H H a  ^ o t o - 

e ^ e K T y , g o p iB H ro e :

h Vmin =  A .  ( 2 0 .3 3 )

3  B paxyB aH H aM  T o ro , ^ o  v = — ( g e  c -  m B u g K icT b  cB iT n a ; X -  g o B -
A

* H H a  cB iT n o B o i x B u n i) ,  p iB H aH H a ( 2 0 .3 3 )  M o ^ H a  n e p e n u c a T H  TaK:

c
h =  A  . ( 2 0 .3 4 )

O cK inbK H  y  B u g u M o M y  g ia n a 3 o H i  M aK cuM anbH iH  g o B ^ H H i x B u n i  B ig ­

n o B ig a e  HepBoHH H K o n ip , g o B ^ H H a  x B u n i  Xm ax, ^ o  B x o g u T b  y  p iB H aH H a 

( 2 0 .3 4 ) ,  H a3H B aeT bca  nepeonow Mewew pom oepeum y.
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Anb6epT EMHWTEMH (1879-1955)

0i3M K-TeopeTM K, oflMH i3 3acHOBHUKiB cyH acH O i 
$i3MKM. C t b o p u b  nacTM HHy ( 1 9 0 5  p .)  T a  3 a r a n b -  
Hy ( 1 9 0 7 - 1 9 1 6  p p .)  T e o p iro  BiflHOCHOCTi. A b t o p  
$ yH ,qaM eH TanbH M x ^ p a ^ b  i3 KBaHTOBOi T e o p i i  
C B iT ia : BBiB noH aT T a $O T O H a ( 1 9 0 5  p .) ,  ycTaH O -
BUB 3aKOHU $ O T O e $ e K T y , OCHOBHMM 3aKOH $ O -  
TOxiMii, n e p e f lS a n u B  CTMMynbOBaHe B unpoM i- 
HroBaHHa ( 1 9 1 7  p .). f i a y p e a T  H oSeniB C bK O i n p e -  
Mii 3 $i3MKM 1 9 2 1  poKy.

n p n K a a g
HaTpieBa noBepxHa onpoMmroeTbca cBiTnoM, goBxHHa aKoro cTaHoBHTb 300 hm. 

Bn3HaHnTn KiHeTHHHy eHepriro eneKTpoHa, mo BHpHBaeTbca 3 noBepxHi BHacnigoK $oto- 
e^eKry, aKmo po6oTa BHxogy gopiBHroe 2,46 eB.

P o 3 B ’H 3oK

EHepria eneKrpoHa BH3HaHaeTbca 3a gonoMororo piBHaHHa (20.32) :
2 C

E = m°  = hv-A  = h— -  A = (6,626-10-34 gx-c)(3-108 m-c1)/(300-10'9 m) -  2,46 eB =
2 A
= 6,63-10-19 g*/(1,6-10'19 gx/eB) -  2,46 eB = 4,14 eB -  2,46 eB = 1,68 eB.

K o H T p o a b H e  3 aB g a H H H

KopHcTyroHHcb yMoBoro nonepegHboi 3agaHi, BH3HaHHTH HepBoHy rpaHHuro $oto- 
e êKry.

Bidnoeidb: 505 hm.

2 0 . 4 . 3 .  E ^ e K T  K o M n T o H a

E f y e K m  K o M n m o H a  -  ^  n p y x H e  po3c iro B aH H a eneK T poM arH iT H oro  bh- 
npoM iH roB aH H a H a B in b H u x  e n e K rp o H a x , aK e c y n p o B o g x y e T b c a  3 6 in b m e H - 

HaM go B x H H H  x B u n i;  c n o c T e p ira e T b c a  n i g  H ac p o 3 c iro B aH H a B un p o M m ro B aH - 

H a M a n u x  g o B x H H  x B u n b  -  p eH T reH iB cbK oro  T a  j-B u n p o M m ro B aH b . 3 r ig H o  3 

K nacuH H oro  T e o p ie ro  g o B x H H a  cB iT noB oi x B u n i n i g  H ac  po3c iro B aH H a He n o -  
BHHHa 3M iH roB aTuca. y  1 9 2 3  p . A . K o M n ro H  g o c n ig x y B a B  3 a n e x H ic r b  in re H -  

cuB H ocT i p o 3 c ia H o ro  p eH T reH iB cb K o ro  B unpoM iH roB aH H a B ig  goB xH H H  

x B u n i. B y3bK H n nyH oK  M oH oxpoM aTH H H oro p eH T reH iB cb K o ro  B u n p o M rn ro - 
BaHHa n a g a B  H a peHoBHH y 3 nerKHM H aToMaMH ( n a p a l m ). n i c n a  p o 3 c iro -  

BaHHa H a K y r 0  B unpoM iH roB aH H a n o r p a n n a n o  H a B xig  peH T reH iB cb K o ro  

c n e K r p o r p a ^ a ,  g e  B H M iproB anaca g o B x H H a  x B u n i B unpoM iH roB aH H a.

n i g  H ac  cboIx eK cnepuM eH T iB  K o M n ro H  g o c n ig x y B a B  3 a n e x H ic T b  in re H -  

cuB H ocT i peH T reH iB cb K o ro  B unpoM iH roB aH H a B ig goB x H H H  x B u n i 3 a  p i3 H u x  

(4 5 0, 9 0 0 r a  1 3 5 0) KyriB  0 p o 3 c iro B a H H a  (p u c . 2 0 .3 5 ) .  T p a ^ iK H  ^ e i '  3 a n e x H o c r i  

g eM o H cT p y B an u  H aaB H icrb  g B o x  MaKcuM yM iB -  H a  g o B x H H a x  x B u n b  A0  T a A . 

M aK cuM yM  3 a  A0 BHHHKaB 3aBgaKH po3ciroB aH H ro  p eH T reH iB cb K o ro  B u n p o -

324



MiHKBaHHH H a eneK TpoH aX , TiCHO 3B 33aHHX 3 aTOMaMH peHOBHHH ( n a p a ^ i -  

H y), T o g i aK  MaKCHMyM n p u  A  C n p rn u H K B aB C a  po3C iK B aH H aM  p e m re m B C b -  

K o ro  B unpoM iH K B aH H a H a BinbH uX  eneK T poH aX  p e n o B u H u . A H an i3  piBH aH b, 

m o  B upa*aK >T b 3aKoHH 3 6 e p e * e H H a  e H ep rii ' T a  iM nynbC y , g o 3 B o n u B  K o M n - 

TOHy o g e p * a r a  B u p a3  g n a  3cyB y  A A  g oB *H H H  X Buni:

A A  =  A7 -  A o =  —  (1  -  C o s0 ) , ( 2 0 .3 5 )
m 0 c

h
ge AK =------  KoMnToHiBCbKa goBM Ha XBuni eneKTpoHa (AK = 0,00243 hm); m0 -  Maca

m0c
cnoKoro eneKTpoHa; h -  CTana Hnarna; c -  mBugKicTb CBiTna.

T aK u M  huhom, g o B * u H a  X B u n i A  p o 3 C ia H o ro  B u n p o M iH K B aH H a  n e p e -  

B u m y e  g o B * u H y  X B u n i A  B u n p o M iH K B aH H a , m o  n a g a e  H a  3pa3oK . P i 3 H u ^  

A  — A  3 a n e * u T b  n u m e  B ig  K yT a p o 3 C iK B aH H a  0 .  f lo C n ig  K o M n T o H a  goB iB  

npaB oM ipH iC T b  KBaHToBoi n p u p o g u  en eK T p o M arH iT H u X  X B unb .

ApTyp Xonni KOMnTOH (1892-1962)

AMepMKaHCbKMM $i3MK, HKMM BiflKpMB T a nOHC-
h u b  (1 9 2 2  p .) e $ e K T  n p y w H o ro  po3CiroBaHHH eneK -
TpOMarHiTHOrO BMnpOMiHWBaHHH Ha BmbHMX 
e n e K T p o H a x  (e $ e K T  K oM nToH a). B mhbm b noB H e 
BHyTpim H e BiflSuBaHHH peH TreH iB C bK ux n p o M e -  
HiB. n a y p e a T  H oSeniB C bK O i n p e M ii 1 9 2 7  poKy.

n p H K a a g

H a  p e n o B u H y  g i e  p eH T reH iB C bK e B u n p o M iH K B a H H a  g o B M H o r o  X B u n i 0 ,2 0  hm. B u -  

n p o M iH K B a H H a , m o  p o 3 C iro e T b C a , C n o C T e p ira K T b  n i g  K yToM  4 5 0 g o  H a n p a M K y  g i r o n o r o  

B u n p o M iH K B a H H a . B r o H a H n m  g o B M H y  X B u n i p o 3 C ia H o ro  B u n p o M iH K B a H H a .

P 0 3 B ’H 30K

n ig C T a B n a e M o  n u C n o B i g a H i y  p iB H aH H a ( 2 0 .3 5 ) :

h  6 , 6 2 6  • 1 0 -34 Hm • c
AA=  ------- (1  -  C o s0)  =  Q 1 1  1 0 -31-3 0 0  1 0 8 (1  -  cos45 )  =  7 , 1 -1 0 -13 m =

m  c  9 ,1 1  • 1 0  KZ • 3 , 0 0  • 1 0  m /  c

=  0 ,0 0 0 7 1  HM.

3 B ig K u : A/ =  AA +  A0 =  0 ,0 0 0 7 1  +  0 ,2 0  =  0 ,2 0 0 7 1  hm.

K o H T p o a b H e  3 aB g a H H H

B r o H a H n m  g o B M H y  X B u n i p eH T reH iB C b K o ro  B u n p o M iH K B a H H a , m o  p o 3 C iK e T b C a  n i g  

K yToM  3 0 0 g o  H a n p a M K y  n a g a K H o r o  B u n p o M iH K B a H H a , a K m o  g o B M H a  X B u n i o C T a H H b o ro  

g o p iB H K e  0 ,1 2  HM.

Bidnoeidb: 0 ,1 2 0 3  hm.
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20.5. KBAHTOBI B^ACTHBOCTI 
BHnPOMIHWBAHHfl

K o x H e  T in o  B u n p o M iH ro e  3 a  6 y g b -a K o i  T e M n e p a T y p u , KpiM a 6 c o n ro T -  

H o ro  H y n a , e H e p r iro  y  B u r n a g i  en eK T p o M arH iT H u x  x B u n b . ^  en eK T p o M ar- 

H i r a e  B un p o M iH ro B aH H a, ^ o  BHHHKae 3 a  p a x y H o K  B H yT pim H boi' e H e p r i i  

T in a , H a 3 U B a e rb c a  m e n n o e u M  e u n p o M i n w e a u u H M .  3 a  H U 3bK ux T eM n ep a T y p  

TaK e B u n p o M iH ro B aH H a 3 H a x o g u T b c a  b m ^ p a n e p B o H o M y  g ia n a 3 o H i ,  to6to 
boho H eB u g u M e g n a  oK a. 3  n ig B u ^ e H H a M  T e M n e p a T y p u  T in o  n e p B o m e , a  

3 a  g o c T a T H b o  bucokux T eM n e p a T y p  H a 6 y B a e  6 i n o r o  K o n b o p y . A H a n i3  T e n -  

n o B o r o  B u n p o M iH ro B aH H a C B ig n u T b , ^ o  boho c K n a g a e T b c a  3 H a 6 o p y  p i3 -  

hux g o B x u H  x B u n b  iH ^ p a n e p B o H o r o ,  B u g u M o ro  T a  y n b T p a ^ io n e T O B o ro  

g ia n a 3 o H iB . H a n p u K i H ^  X I X  C T o p in n a  C T ano  o n e B u g H u M , ^ o  K n a c u n H a  

T e o p ia  H e 3 g aT H a  n o a c H u T u  cn eK T p an b H u M  p o 3 n o g in  T e n n o B o r o  B u n p o ­

M iH roBaH H a. O cH oB H i n p o 6 n e M u  buhuktu y  n p o ^ c i  po3yM iH H a cn eK T p an b - 

H o ro  p o 3 n o g i n y  B un p o M iH ro B aH H a, ^ o  y T B o p ro eT b ca  a d c o n w m n o  n o p n u M  

m in o M ,  aK e n o B H icT ro  n o r n u H a e  B ecb  noT iK  B u n p o M iH ro B aH H a, ^ o  n a g a e .  

P o 3 rn a H e M o  K opoT K o n e p e 6 i r  n o g iM .

E K c n e p u M e H T a n b H o  o g e p x a H u M  cn eK T p an b H u M  p o 3 n o g in  e H e p r i i  a 6 -  

c o n ro T H o  n o p H o r o  T in a  3 a  p i3 H u x  T e M n e p a T y p  H aB eg eH o  H a  p u c .  2 0 .3 6 ,  

3B igK u B u g H o , ^ o  n o B H a  e H e p r ia ,  a K a  B u n p o M iH ro e T b c a , n p e g c T a B n e H a  

n n o ^ e r o  n i g  K p u B o ro  i m B u g K o  3 6 in b m y e T b c a  3 n ig B u ^ e H H a M  T e M n e p a -

|  140-

s;

4000K
T y p u . H a c T o T a  vmax, H a aKiM 

3 H a x o g u T b c a  M aK cuM yM  B u - 

n p o M iH ro B aH o i 3 g aT H o cT i, T a ­

K o x  3 6 in b m y e T b c a  3 n i g B u ^ e H -  

HaM  T e M n e p a T y p u . ^ M  K opoT - 

K oxB u n b o B u M  3cyB  M aK cuM yM y 

p o 3 n o g i n y  y  p a 3 i  3 6 in b m e H H a  

T e M n e p a T y p u  c ^ o p M y n ro B a B  aK  

3aK oH  y  1 8 9 3  p . B . B iH .

60

40

3aKon 3MiwennH Biua — do- 
e^ u n a  xeuni Amax, na HKy npu- 
nadae MaKcuMyM eHep^ii e cneK- 
mpi pieH0ea^H0^0 eunpoMinw- 
eannH, o6epneno nponop^una

1 2  3 4
. Jloexima xeUAi, hm

>  adcojuommu meMnepamypi T  
mijia, iijo eunpoMiwoe:

P u c .  2 0 .3 6 .  3 a a e * H i c T b  e H e p re T H H H o i 

CBiTHOCTi a S c o a r o r a o  q o p H o r o  T i n a  

B ig  g o B ^ H H H  X B H a i

b / T  , ( 2 0 . 3 6 )
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n p H K a a g

T e M n e p a T y p a  n o B e p X H i nuC T K a C T aH oB uT b 2 8 0  K . H a  aK y  g o B x u H y  X B u n i n p u n a g a e  

M aK CuM yM  B u n p o M iH K B a H H a  n o B e p X H i nuC T K a?

P 0 3 B ’H 30K

B u K o p u C T o B y K H u  3aK oH  B iH a ,  o g e p x y e M o :

Amax =  2 , 8 9 7 8 - 1 0  -3/ T = 2 , 8 9 7 8 - 1 0  -3 /  2 8 0  =  1 0 - 1 0  -6 m =  1 0  mkm.

K n a C u n H a  M o g e n b  B u n p o M iH K B aH H a  a 6 C o n K T H o  n o p H o r o  T in a  n p o -  
n o H y e  TaK y 3 a n ex H iC T b  iHTeHCuBHoCTi B u n p o M iH K B aH H a  T in a  B ig  g o B - 

x u h u  X B u n i T a  a 6 C o n r o r a o i ' T e M n e p a T y p u , a K a  o g e p x a n a  H a3B y 3aKony 
Penen - H w unca :

2nckT
I(A,T) = , ( 2 0 .3 7 )

A
g e  k  -  C T a n a  E o n ^ M aH a; c -  m B u g K iC T b  C B iT na; T -  a 6 C o n K T H a  T e M n e p a T y p a .

C n eK T p  B u n p o M iH K B aH H a  a 6 C o n K T H o  n o p H o r o  T in a , o g e p x a H u n  eKC- 

n e p u M e H T a n b H o  (p u C . 2 0 .3 7 ,  a ) ,  H e 3 6 ira e T b C a  3 T e o p e T u n H o K  k p u b o k  

Cn e K T p a n b H o i 3 a n e x H o C T i B u n p o M iH K B aH H a  a 6 C o n K T H o  n o p H o r o  T in a , 

a K a  o n u C y e T b C a  3aK oH oM  P e n e a - f l x u H C a  (p u C . 2 0 .3 7 ,  6 ) . ^  p o 3 6 ix H o C T i 

e  o C o 6 n u B o  iC ToTH uM u y  K o p o T K o X B u n b o B m  o 6 n a C T i C neK T pa: i3  n p a M y -  

BaHHaM  A g o  H y n a  $ y H ^ i a  I(A,T) H eCK iH neH H o 3 6 in b m y e T b C a . T a K a  Cy- 

n e p e n H a  C m y a ^ a  o g e p x a n a  H a3B y “ y n b T p a ^ io n e T O B o i  K a T a C T p o ^ u ” . 

O T x e ,  b  paM K aX  K n a C u n H o i $ i3 u K u  He M o x H a  6 y n o  n o a C H m u  3aK oH u 

p o 3 n o g i n y  e H e p r i i  y  C neK T pi a 6 C o n K T H o  n o p H o r o  T in a .

H u m e  M . n n a H K  y  1 9 0 0  p .  3 a n p o n o H y B a B  T e o p e T u n H e  o 6 r p y m y B a H -  

H a C neK T p an b H u X  3aK oH oM ipH oC T en B u n p o M iH K B aH H a  a 6 C o n K T H o  n o p -  

H o ro  T in a , aK e 6 y n o  C ^ o p M y n b o B a H e  aK  3aKOH eunpoMinweanuH nnaHKa 
($opMvna nnaHKa):

2 n h c 2

A5( e hc/AT - 1 ) ’A )  = . 5, ,cA T  „  , (2 0 .38)

g e  h — C T a n a  n n a H K a  (h = 6 , 6 2 6 -1 0 -34 f l x -C); A  — g o B x u H a  X B u n i; c — m B u g K iC T t C B iT na;

T — a6 C o n K T H a  T e M n e p aT y p a ; k  — C T ana E o n tn M a H a ; e — oCH oBa H a T y p a n tH o r o  n o r a p u ^ M a .

^k HaCnigoK 3aKoHy BunpoMiHKBaHHa nnaHKa BunnuBae 3 aK O H  e u -  

n p o M iH w e a H H H  C m e & a H a - E o n b U M a H a  — n o e H a  e u n p o M i H w e a n b H a  3 d a m -  

H i c m b  R  a 6 c o n w m H O  H0p H 0S 0 m i n a  n p o n o p ^ U H a  n e m e e p m o M y  c m e n e H W  

m e M n e p a m y p u :

R  = oT4, (20.39)
g e  R  B u M ip K eT L C a  b Bm/M2; o  — C T a n a  C r e i ^ a H a - E o n ^ M a H a  ( o  = 5 ,6 7 0 5 1  ■ 1 0 -8 Bt m'2 K'

4).
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^ M  3aK oH  3 a c T o c o B y e T b c a  g n a  o ^ h k u  B u n p o M iH ro B aH H a a T M o c ^ e p u ,  

3eM H oi n o B e p x H i T a  B u n p o M iH ro B a n b H o ro  6 a n a H c y  p o c n u H H o r o  n u cT K a.
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KOHTPO^BHI 3AnHTAHHfl I  3AB^AHHfl
1. m,o BuBnae onTuKa?
2. m,o Ha3uBaroTb onrunHuM BunpoMiHroBaHHaM?
3. C^opMynroBaTu 3aKoHu reoMeTpunHoi onTuKu.
4. m,o Ha3uBaroTb a6conroTHuM noKa3HuKoM 3anoMneHHa? BigHoc- 

hum noKa3HuKoM 3anoMneHHa?
5. noacHuTu, ^ o  TaKe noBHe BHyTpimHe Big6uBaHHa?
6. y  noMy nonarae ^puH ^u^ gii cBiTnoBogy? $i6pocKony?
7. m,o TaKe niroa?
8. 3anucaTu ^opMyny tohkoi niH3u.
9. noacHuTu ^puH ^u^ gii MiKpocKona.

10. flna noro BuKopucroByroTb oKynap-MiKpoMeTp Ta o6’eKT- 
MiKpoMeTp?

11. m,o BuBnae xBunboBa onTuKa?
12. m,o TaKe im -ep^epeH ^a cBiTna?
13. noacHuTu gocnig ^ H ra .
14. C^opMynroBaTu Heo6xigHy yMoBy iHTep^epeH^i cBiTna.
15. C^opMynroBaTu ^puH ^u^ rroMreHca.
16. noacHuTu MeTogu cnocrepexeHHa iHTep^epeH^i cBiTna.
17. HanucaTu yMoBu cnocrepexeHHa gu^pa^iM H ux MiHiMyMiB Ta 

MaKcuMyMiB.
18. m,o TaKe g u $ p a ^ ia  cBiTna?
19. fle 3acTocoByeTbca gu^pa^iM H a pemiTKa?
20. HanucaTu piBHaHHa gu^pa^iM H oi' pemiTKu gna BunagKy: Konu 

cBiTno nagae HopManbHo Ha noBepxHro pemiTKu; Konu cBiTno nagae nig 
KyroM 0i go nno^uH u pemiTKu.

21. m,o TaKe gucnepcia cBiTna?
22. noacHuTu ^puH ^u^ gii cneKTpanbHux npunagiB.
23. flaTu Bu3HaneHHa nonapu3a^i' cBiTna Ta Ha3BaTu ocHoBHi Tunu 

nonapu3a^i' cBiTna.
24. OxapaKTepu3yBaTu MeTogu ogepxaHHa nonapu3a^i' cBiTna.
25. m,o Ha3uBaroTb onrunHoro aKTuBHicTro penoBuHu?
26. noacHuTu ^puH ^u^ gii nonapuMeTpa.
27. m,o BuBnae KBaHToBa onTuKa?
28. m,o TaKe ^oToeneKTpunHuM e^eKT? HanucaTu 3aKoH 36epexeHHa 

eHeprii nig nac $oToe$eKTy (piBHaHHa EMHmTeMHa).
29. noacHuTu e^eKT KoMnToHa.
30. C^opMynroBaTu 3aKoH 3Mi^eHHa BiHa.
31. C^opMynroBaTu 3aKoH Penea-flxuH ca.
32. noacHuTu cyTb “ynbTpa^ioneTOBoi KaTacrpo^u” .
33. C^opMynroBaTu 3aKoH BunpoMiHroBaHHa nnaHKa.
34. C^opMynroBaTu 3aKoH BunpoMiHroBaHHa CTe$aHa-Eonb^MaHa.
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21. OCHOBH ^O TO EIO ^O ril
21.1. nAPAMETPH OnTHHHOTO 

BHnPOMfflWBAHHfl
3 r ig H o  3 yaB neH H aM  X B unboB oi o n T u K u , onmuHHe eunpoMiHweaHHH 

(ceimno y  m u p o K o M y  CeHCi C noB a) a B n a e  co6ok  eneK TpoM arH iTH i X B uni, 

g o B x u H u  aK uX  M ic raT b ca  b g ia n a 3 o H i B ig KinbKoX H aH oM erp iB  g o  geC aT uX  

H acro K  M iniM eTpa. X B uni n o m u p K K T b C a  y  n p o C T o p i y  B u rn a g i  B 3aeM o- 
3B’a3aH uX  KonHBaHb en eK rp u H H u X  i M arHiTHuX n o n iB , B eK T opu H a n p y x e H o -

CTi aK uX  E  i  H  3 a B x g u  n e p n e H g u K y n a p H i o g u H  g o  o g H o ro  i g o  H a n p aM y  

n o m u p e H H a  X B uni. TTTBugK icT b  n o m u p e H H a  CBiTna y  BaKyyM i CTaHoBuTb

3 -1 0 8 m/c. B ig p i3 H aK T b  y n b rp a ^ io n e T O B e  (A < 4 0 0  hm), B u g u M e ( A = 4 0 0 —

7 0 0  hm) T a iH ^ p a n e p B o H e  (A  > 7 0 0  hm) B unpoM iH K B aH H a (g u B . T a6 n . 2 0 .1 ) .

C y K y n H ic T b  en eK T p o M a rm T H u X  X B unb  3 p i3 H u M u  g o B x u H a M u  X B unb 

a 6 o  H acTO TaM u, m o  B X ogaT b g o  C K n ag y  c o H a H H o ro  B u n p o M iH K B aH H a , 
C T aH oB naT b cneKmp c o H a H H o ro  B u n p o M iH K B aH H a . y  to h  x e  n a c ,  3 r ig H o  3 

K B aH T oB oK  T e o p ie K ,  CBiTno p o 3 r n a g a e T b c a  aK  noT iK  en eM eH T ap H u X  C B ir- 

n o B u X  n a cT u H o K  -  KBaHTiB e n e K T p o M a rH iT H o ro  B u n p o M iH K B aH H a  a 6 o  

^o tom b . K oxhuh  $ o to h  M ae e H e p r iK  E  = h v = h c/A, g e  v — n a c T o T a  bu- 
n p o M iH K B aH H a; A — g o B x u H a  X B u n i; h -  c r a n a  n n a H K a  ( 6 ,6 3 - 1 0 -34 f l x - c ) ;  

c  =  m B u g K icT b  C B iTna ( 3 - 1 0 8 m/c).
B e n u n u H u , 3 a  g o n o M o r o K  aK uX  o ^ H K K T b  o n ra H H e  B unpoM iH K B aH H a, 

g in a T b c a  H a eHep^emuHHi, aKi X apaK T ep u 3 y K T b  B unpoM iH K B aH H a 6e3B igH o- 

cho g o  H o ro  g i i  H a  n p u H M an i B unpoM iH K B aH H a, T a  ceimnoei, aKi X apaK T epu- 

3 yK T b B unpoM iH K B aH H a B igH ocH o g o  y M oB H oro  n p u H M a n a  -  c e p e g H b o ro  

n K g c b K o ro  oK a (g u B . g o g aT o K ).

21.2. COHflHHE BHnPOMIHWBAHHfl
Coh^  e  ochobhum 3oB H im H iM  g x e p e n o M  C B iTna T a  e H e p r i i  g n a  3 e M n i 

T a  i i  a T M o c ^ e p u ,  3 a B g aK u  aK oM y ic H y e  x u T T a  H a  n n a H eT i. Coh^  a B n a e  

co6o k  p o 3 x a p e H y  K y n K  p a g iy c o M  6 , 9 6 -1 0 8 m, M a c a  a K o i CTaH oBuTb 

1 ,9 9 1 -1 0 30 K r. B ig c T a H b  M ix  Coh^ m i 3 e M n e K  g o p iB H K e  1 ,4 9 6 -1 0 11 m . 
C K n a g  c o H a H H o ro  c e p e g o B u m a  -  B o g eH b  ( 6 4 % ) ,  r e n iH  ( 3 2 % )  i c y M im  

B a x K u X  eneM eH T iB  ( 4 % ) .  T e M n e p a T y p a  Coh^  y  ^ m p i  -  2 -1 0 7 °C , H a 

no B ep X H i -  6 0 0 0  °C . 3 a  T aK oi B u c o K o i T e M n e p a T y p u  B ig 6 y B a K T b c a  io H i- 

3 a ^ a  aToM iB c o H a H H o ro  c e p e g o B u m a  T a  a g e p H i p e a ^ i i ' .  U i  n p o ^ c u  c y -
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n p o B o g x y r o T b c a  B u g in eH H aM  B e n u K o i K inbK ocT i e H e p r i i .  ^ o p i n H a  e H e p ­

r i a  C o h ^ ,  ^ o  n p u M M ae T b ca  3 e M n e ro , cT aH oB uT b  5 ,5 - 1 0 24 f l x ;  n o T y x -  

H icTb -  1 ,5 - 1 0 18 k B t .  C o h ^  M o x H a  n o p iB H a T u  3 a 6 c o n ro T H o  n o p H u M  T i- 

noM , T e M n e p a T y p a  a K o r o  g o p iB H ro e  6 0 0 0  K . C n eK T p  c o H a n H o ro  B u n p o M i­

H roB aH H a cT aH oB uT b  2 0 0 - 5 0 0 0  h m ; M aK cuM yM  B u n p o M iH ro B aH H a n p u n a -  

g a e  H a 5 0 0  h m . C n eK T p  c o H a n H o ro  B u n p o M iH ro B aH H a, aKuM  g o c a r a e  

3eM H oi n o B e p x H i, c K n a g a e T b c a  3 y n b T p a ^ io n e T O B o i  ( 2 0 0 - 4 0 0  h m ) , B u g u -  

M oi ( 4 0 0 - 7 0 0  h m ) T a  m ^ p a n e p B o H o i ' ( 6 in b m e  7 0 0  h m ) n a c T u H . H a  y n b T - 

p a ^ io n e T O B y  n a c T u H y  c n e K T p a  n p u n a g a e  5 % , H a B u g u M y  3 5  i H a  iH ^ p a -  

n e p B o H y  — 6 0 %  c o H a n H o ro  B un p o M iH ro B aH H a. C n eK T p  c o H a n H o ro  B u n p o ­

M iH roB aH H a n o 3 a  a T M o c ^ e p o ro  T a  H a  3eMHiM n o B e p x H i 3 o 6 p a x e H o  H a 

p u c .  2 1 .1 .  B u g H o , ^ o  cn eK T p  3 o B H im H b o ro  c o H a n H o ro  B unpo M iH ro B aH H a

2500 r - i  ' M l  "i | M  1 I 1 j 1 [ 1 I 1 F -1 I 1 i 1 I 1 I 1 I 1

0 0,2 0,4 0.6 0,8 1,0 1.2 1.4 1,6 1.8 2.0 2,2 2.4 2,6 2.8 3.0 3,2
f lO B > K H H a  X B M J li,  M K M

P u c .  2 1 .1 .  C n e K T p  c o h h h h o t o  B H n p o M m ro B a H H H  n o 3 a  a T M O c ^ e p o r o  

T a  H a  3eM H iH  n o B e p x H i

H a r a g y e  cn eK T p  B u n p o M iH ro B aH H a a 6 c o n ro T H o  n o p H o r o  T in a  3 a  T e M n e p a ­

T y p u  6 0 0 0  K  3 M aK cuM yM oM  6 n u 3 b K o  0 ,5  m km ; n i c n a  n p o x o g x e H H a  3eM - 

H o i a T M o c ^ e p u  c o H an H e  B unpoM iH roB aH H a cyTT eB o n o r n u H a e T b c a  H a n e B - 

h u x  g o B x u H a x  x B u n b  (o 3 o h o m  b  y n b T p a^ io n e T O B iM  o 6 n a c T i  c n e K T p a , b o -  

g a H o ro  n a p o r o  T a  g B o o K u co M  B y ^ n e ^ ro  -  b  r n ^ p a n e p B o rn M ) .  H a  3M iHy 

x a p a K T e p y  c o H a n H o ro  c n e K T p a  B n n u B a ro T b  T a K o x  n p o ^ c u  p o 3 c iro B a H H a
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C B iTna M a n u M u  3 a  p o 3 M ip a M u  M o n e K y n a M u  n o B iT p a  ( p o 3 c i w e a H H H  P e n e n )  

T a  B e n u K u M u  H a c ru H K a M u  n u n y ,  g u M y  T a  a e p o 3 o n iB  ( p o 3 c i w e a H H H  M i ) .  

K p iM  T o ro , H a  X apaK T ep  c n e K T p a  c o H a H H o ro  B u n p o M iH K B aH H a  B n n u B a -  

K T b  B u c o T a  CToaH H a Coh^ , X M apH icTb H e 6 a , C K nag  a T M o c ^ e p u .

Coh^  X a p a K T e p u 3 y e T b c a  n o c r iH H ic T K  cboix B u n p o M iH K B an b H u X  

B nacT u B o cT eH . O T x e ,  c o H H H H a  c m a n a  ( 1 3 6 8  Bt/m2) -  iH T eH cuB H icT b c o ­

H aH H o ro  B u n p o M iH K B aH H a , aK a  B u M ip K e T b c a  H a piB H i 3eM H oi a T M o c ^ e -  

p u .  3  B paX yB aH H aM  3 a ra n b H o i  n n o m i  3 eM H o ro  g u c K y , aK u H  c n o -  

C T e p ira e T b c a  3 6 o K y  Coh^ , c e p e g H a  iH T eH cuB H icT b c o H a H H o ro  bu- 
n p o M iH K B aH H a , m o  g o c a r a e  3eM H oi n o B ep X H i, CTaH oBuTb 3 4 2  Bt/m2. B  

y K p a iH i  iH T eH cuB H icT b c o H a H H o ro  B u n p o M iH K B aH H a  B a p iK e  B ig  1 1 5 — 

1 4 5  Bt/m2 H a n o n i c c i  g o  1 8 5 - 2 1 5  Bt/m2 y  K p u M y .

O.fl. HMWEBCbKMM (1897-1964)

Pocm cbKM M  6io$i3M K , 3acHOBHUK re n io S io n o r i i '.
yCTaHOBUB 3 a ^ e ^ H iC T b  M W  ^MKnaMM aKTUBHOCTi
C o H ^ fl  T a  S a ra T b M a  HBM ^aM M  b 6 i o c $ e p i .  
A b t o p  ^ p a ^ b  3 a e p o io H i3 a ^ i ',  f lo cn iflw eH H H  n p o -  
CTopoBoV o p r a H i3 a ^ i ' CTpyKTypHMx eneM eH T iB  
KpoBi. y  1 9 4 2 - 1 9 5 8  p p . SyB  penpecoB aH M M .

21.3. Bn^HB OnTHHHOrO BHnPOMIHWBAHHfl 
BHflHMOTO flIAnA3OHy HA ^H BI OPrAHI3MH

C B iT n o  e  o g H u M  3 H a H B a x n u B im u X  3oB H im H iX  ^ a K T o p iB , aK i B n n u B a -  
K T b  H a xubuh  o p ra H i3 M . B n n u B  CBiTna n o B ’a 3 aH u H  3 T aK uM u ochobhumu 
n a p a M e T p a M u  CB iTna, aK  iH m e H c u e H i c m b  c e i m n a  ( o c e i m n e H i c m b ) ,  c n e K m -  

p a n b H u U  c K n a d  T a  m p u e a n i c m b  o c e im n e H H H  ( f y o m o n e p i o d ) .  f le a K i n r a X u  i 

K oM aX u c n p o M o x H i  p e a r y B a T u  H a n o n x p u 3 a t y w  o m u H H o r o  B u n p o M iH K - 

BaH H a.
C n p u a T n u B i  3 tohku 3 o p y  iH T eH cuB H ocT i C B iTna y M o B u  b T B ap u H H u - 

^ kux n p u M im eH H a X  B n n u B a K T b  H a o6M iH  p eH o B u H  y  T B ap u H  T a okuc- 
H K B an b H o -B ig H o B H i n p o ^ c u  y  TK aH uH aX , ^ y H ^ i i  eH g o K p u H H o i c u c r e -  

mu, p e3 u cT eH T H icT b , B igT B opH y 3gaT H icT b  i n p o g y K T u B H ic T b  T B apuH . 

B o g H o H a c , 3 a 6 e3 n e H e H H a  B u c o K o ro  p iB H a oC B iTneH oC Ti n p u M im e H b  n o -  
T p e 6 y e  e H ep re T u H H u X  B u rp a T . n o m y K u  B u X o g y  3 ^ o r o  n p o T u p iH H a  n p u -  

3 B e n u  g o  p o 3 p o 6 K u  o n ru M a n b H u X  H opM  oC B iTneH oC Ti T B a p u H H u ^ K u X  

n p u M im e H b , aK i 3 H a X o g a T b c a  b M e x a X  6 n u 3 b K o  5 0 - 1 0 0  nK.

C n e K T p a n b H u H  C K nag C B iTna T a K o x  B n n u B a e  H a T B ap u H y ; 3 a n e x H o  

B ig  g o B x u H u  X B u n i o n T u H H o ro  B u n p o M iH K B aH H a  M o x H a  g o c a r r u  n i g -
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B u m eH H a  n p o g y K T u B H o c r i  T a  n p u c K o p e H H a  B ig T B o p H u x  ^ y H K ^ M  T B apuH , 

3 6 in b m e H H a  B M icTy r e M o r n o 6 iH y  b K poB i. B ig M in e H o  B n n u B  c n e K T p a n b -  

H o ro  c K n a g y  c B iT n a  H a  po3butok e M 6 p io H iB , n o B e g iH K y  r e r u ^ ,  3 6 in b m e H -  

H a M a c u , K inbK ocT i 3 a n n ig H e H u x  a e ^ ,  n ig B u m e H H a  H e c y n o c r i .

T p u B a n ic T b  o cB iT n eH H a B p a x o B y e T b c a  y  n r a x iB H u ^ r B i .  B u 6 i p  n e B H u x  

p e x u M iB  ^ o T o n e p io g y  g a e  M o x n u B ic T b  ckopotutu n e p io g  n u H b K u  KypeM , 

n ig B u m u T u  H e c y n ic T b , aK T uB i3yB aT u p y x o B y  aK T u B H icrb  T a  iH T eH cuB ­

H icTb n o ig a H H a  K opM y K y p n a T aM u .

n i g  B n n u B o M  c o H a n H o ro  B u n p o M iH ro B aH H a B ig 6 y B a ro T b c a  $ o m o 6 i o -  

n o s iH H i p e a ^ i !  -  $ i 3 u n m  a 6 o  x iM in H i 3M iH u b p o c n u H H u x  c u c T e M a x . B c i  

$ o T o 6 io n o r i n m  p e a ^ i !  M o x H a  n o g in u T u  H a  n o T u p u  ocH oB H i r p y n u :

1. E H e p ^ e m u ^ H i  -  p e a K ^ i ',  3 a  a K u x  cB iT n o B a  e H e p r ia  B H acn ig o K  cuh- 
T e3 y  hobux o p r a H in H u x  M o n eK y n  T p a H c ^ o p M y e T b c a  b x iM in H y . n p u K n a -  

g o M  T aK u x  p e a ^ i M  M o x e  6 y T u  $ o m o c m m e 3  -  n p o ^ c  n e p e T B o p e H H a  

3 e n e H u M u  p o c n u H a M u  T a  $ o T o c u H T e 3 y ro n u M u  M iK p o o p raH i3 M aM u  e H e p r i i  

Coh^  b e H e p r iro  x iM in H u x  3b a3KiB o p r a H in H u x  p e n o B u H . ^ p p i n H o  B H a­

c n ig o K  $ o T o c u H T e 3 y  H a  3 e M n i y T B o p ro e T b c a  6 n u 3 b K o  1 5 0  M n p g  t o p r a H i-  

n H o i p e n o B u H u , 3 a c B o ro e T b c a  3 0 0  M n p g  t g B o o K u c y  B y ^ n e ^ ro  T a  B u g in a ­

e T b c a  6 n u 3 b K o  2 0 0  M n p g  t B in b H o ro  K ucH ro .
2 . i H ^ o p M a ^ U H i  -  p e a K ^ i ',  3 a  a K u x  cB iT n o  e  K e p y ro n u M  c u rH a n o M , 

m o  B u K n u K ae  n e p e 3  c n e ^ a n i 3 o B a m  M exaH i3M u y T B o p eH H a ^ o T o n p o g y K -  

TiB T a  3 a 6 e 3 n e n y e  i H ^ o p M a ^ r o  m o g o  H a B K o n u m H b o ro  c e p e g o B u m a .  f l o  
iH ^ o p M a ^ M H u x  M o x H a  B igH ecT u:

а )  $ o m o p y x  — p y x  a 6 o  3M iHa p y x y  opraH i3M iB , m o  B uK nuK aroT bca  cBiT- 

noM . C B iT no -  ^  B a x n u B u M  3oBHimHiM ^ a K T o p , aKuM 3aBgaKH ^ o r o p y x y  

B uK o p u cT o B y eT b ca  p y x n u B u M u  op raH i3 M aM u  (b n e p m y  n e p r y  -  B o g o p o c r a -  

mu T a H a M n p o c rim u M u ) g n a  n o m y K iB  o n ru M a n b H u x  yM oB icH yBaH H a;

б )  $ o m o M o p $ o ^ e H e 3  -  B ca  cy K y n H icT b  K o H T p o n b o B a H u x  cB iTnoM  

n p o ^ c i B ,  n o B a 3 a H u x  3 po3butkom T a  poctom p o c n u H u .  O o T O M o p ^ o re -  

H eT u n H u M u  p e a ^ i a M u  M o x H a  B B a x a T u  n p o p o c T a H H a  H aciH H a, B u g o B - 

x e H H a  c r e 6 n a ,  ^ o p M y B a H H a  n u c T a ,  po3butok x n o p o n n a c T iB  T o m o ;

e )  $ o m o m p o n i 3 M  — iH gyK oB aH uM  cB iT noM  p y x  n a c r u H u  (c T e 6 n u H u , 

K o p eH a , n u c T a )  ^ iK c o B a H o ro  p o c n u H H o r o  o p ra H i3 M y , aKuM  a B n a e  c o 6 o r o  

p e a ^ i r o  p o c n u H u  H a  rp a g ie H T  cB iT n a . P o 3 p i3 H a ro T b  n o 3 u m u e H u U  ( p y x  g o  

g x e p e n a  cB iT n a ) T a  H e s a m u e H u U  (B ig  g x e p e n a )  $ o T O T p o n i3 M .

s )  $ o m o n e p i o d u 3 M  — p u T M in H i 3M iH u p i3 H o M aH iT H u x  M o p ^ o n o r in -  

hux, 6 io x iM in H u x  T a  $ i3 io n o r i n H u x  B nacT uB ocT eM  i ^ y H K ^ M  op raH i3 M iB  

n i g  B n n u B o M  n e p ry B a H H a  T a  T p u B a n o c T i c B iT n o B u x  T a  T eM H oB ux  iH T epB a- 

niB. B ig  ^ o T o n e p io g y  3 a n e x a T b  TaKi n p o ^ c u ,  aK  ^ r r i H H a ,  cnoK iM  6 p y -  

HboK , c K u g aH H a  n u c T a ,  n p o p o c T a H H a  H aciH H a, ^ o p M y B a H H a  ^ u 6 y n u H  T a 

6 y n b 6  T o m o .
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3 . E i o c u H m e m u H H i  -  p e a K ^ i ,  3 a  aK uX  y  C K nagH oM y n a H ^ K 3 i n o c n ig o B -  

hux eT an iB  c u H T e3 y  o p ra H iH H u X  M o n eK y n  e  oK peM i ^ o T o x iM iH H i C T ag ii, 

m o  n p o T iK a K T b  n u m e  n i g  B n n u B o M  CBiTna. f l o  ^ H x  p e a ^ i H  H a n e x a T b  

6 io c u H T e 3  x n o p o ^ i n y ,  r n g y ^ i a  c u H T e3 y  n irM eH T iB  T a  B rraM im B .

4 . f f e c m p y K m u e H o - M o d u f y i K y w H i  -  p e a ^ i i ' ,  n o B 'a 3 a m  3 n o m K o g x e H -  

HaM  CBiTnoM M o n e K y n  6 io n o r iH H o r o  c y 6 c T p a T y , m o  n p u 3 B o g u T b  g o  n e -  
T an b H u X  a 6 o  M y r a ^ H H u x  H acn ig K iB . f l o  ^ o r o  T u n y  p e a ^ i H  B ig H o caT b  

$ o m o c e H c u 6 i n i 3 a w K >  — n p o ^ c ,  3 a  a K o ro  C B irn o B a  e H e p r ia ,  n o r n u H y T a  
M o n e K y n a M u , m o  M aK T b x p o M o ^ o p u  ( c e H c u 6 in i3 a T o p u ) ,  n e p e g a e T b c a  

m m u M  M o n eK y n aM , H e c n p o M o x H u M  caM ocT iH H o n o r n u H a T u  CBiTno. ^  

a B u m e  n o m u p e H e  y  n p u p o g i :  B ig o M o , m o  g e a K i g u K o p o c n i  p o c n u H u  M ic- 

TaTb c u n b H o g iK H i xiM iH H i c n o n y K u ;  T B ap u H u , aK i n o ig a K T b  ^  p o c n u H u ,  

C T aK Tb H y T n u B u M u  g o  C B iTna b H e n irM eH T o B a H u x  g in a H K a x  m K ip u , o c o 6 -  

n u B o  H aB K ono oH eH , p o T a , B y x  T a  K o n u T , g e  B o n o c a H u H  n o K p u B  p ig K u H . 

O cH oB H i cu M nT oM u -  C B e p 6 ix , BuHuKHeHHa n y x u p ^ B  po3M ipoM  3 r o p o m u -  

H y (aK i n o n a K T b c a ) ,  koh’KHKTuBiT, CToMaTuT, rapaH K oB uH  CTaH, 3 an an b H u H  

n p o ^ c  (HaBiTb y  M o3Ky), 3 6 y g x e H H a  a 6 o  n p u rH iH eH H a. T B a p u H a  n o H u H ae  

T ep T u ca , B H ocuTb i H ^ e K ^ K  i M o x e  3 a r u H y r u  H epe3  8 - 1 0  r o g .

21.4. Bn^HB OnTHHHOrO BHnPOMIHWBAHHfl 
y^bTPA^IO^ETOBOrO flIAnA3OHy 

HA ^H BI OPrAHI3MH
y n b T p a ^ io n e T o B u H  g ia n a 3 o H  g in u T b c a  H a T p u  ochobhux g in aH K u : 

y ^ - C  ( 2 0 0 - 2 8 0  hm), y ^ - B  ( 2 8 0 - 3 2 0  hm) i y O - A  ( 3 2 0 - 4 0 0  hm). B B a - 

x a e T b c a ,  m o  y O -C -B u n p o M iH K B a H H a  e  H ag3B uH aH H o H e6 e3 n eH H u M  g n a  

xubux  o p raH i3 M iB ; y O -B -B u n p o M iH K B a H H a  M o x e  B u K n u K aT u  c ^ e ^ H $ iH -  

H i, a n e  He 3 a B x g u  pyH H iB H i e ^ e K T u  b xubux  o p ra H i3 M a x ; y O - A -  

B u n p o M iH K B aH H a  He a B n a e  co6o k  H e 6 e 3 n e K u . B u n p o M iH K B a H H a  co H aH ­

H o ro  y n b T p a ^ io n e T O B o ro  B u n p o M iH K B aH H a  y p a x a e  H yK neiH oB i K u c n o T u  i 

6 in K u , B u K n u K ae  e p u r e M y ,  K a H ^ p o r e H H i  e ^ e K T u , koh ’K H K TuB iT, o c n a 6 -  

n K e  ^ o T o c u H T eT u H H y  aK TuB H icTb p o c n u H H u x  o p raH i3 M iB , iH r i6 y e  p y x o -  

M icTb i o p i e m a ^ K  M iK p o opraH i3M iB  y  n p o c T o p i .  T aK u M  huhom, x u B i  

o p ra H i3 M u  B u M y m eH i p o 3 p o 6 n a T u  B n a c H y  C T p aT eriK  m o g o  o n T u M i3 a ^ i  

i x  CTaH y T a  n o n o x e H H a  y  H aB K o n u m H b o M y  c e p e g o B u m i  3 tohku 3 o p y  3 a -  

6 e 3 n eH e H H a  n p o ^ c y  x u T T e g ia n b H o c T i  n i g  B n n u B o M  B u n p o M iH K B aH H a  

B u g u M o ro  g ia n a 3 o H y  i b toh x e  H ac  3 a n o 6 ir a H H a  pyH H iB H oi g i i  B u n p o M i-  

H K B aH H a y n b T p a ^ io n e T o B o r o  g ia n a 3 o H y .

y n b T p a ^ io n e T o B e  o n p o M iH K B aH H a  T B apuH  c n p u a e  o g e p x a H H K  3 g o -  

p o B o r o  noToM C TB a, 3 a n o 6 i r a e  3 a x B o p K B a H H K  M o n o g H aK y  H a  p a x iT , n i g -  

B u m y e  n p u p ic T  x u B o i  M a c u , n p u c K o p K e  iH T eH cuB H icT b o 6 M iH H u x  n p o -  

^ c iB , n ig B u m y e  n n o g K H ic T b , 3 y M o B n K e  iH T eH cuB H uH  po3butok m K ip u
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a rH a T . B H K opH cT aH H a y n b r p a ^ i o n e T o B o r o  B H npoM iH roB aH H a y  n T a x iB H u - 

^ B i  n pH 3B ogH T b g o  oa.K T epHn.HgH H x e^eK T iB , c n p u a e  K p a m o M y  po3B H TK y 

eM 6 p io H iB , n o n in m e H H ro  B H B ogH M ocTi K y p n aT , n ig B H m e n n ro  o 6 M iH y  p e -  

hobhh, K oM neH cyB aH H ro  g e ^ ^ u r y  B iTaM iH y D  b p a a j o m  n r ^ i  Ta 3 a n o 6 i-  

raH H ro  3axB oproB aH H aM . B c e  ^  n i gB u m y e  H e c y n ic T b  n r a ^  i  3 6 in b m y e  

n p u p o c T u  xuboi M ac u .

PociMCbKMM 6io0i3M K , ^kmm B n e p w e  3 acT O cyB aB  
c 0 O K y c o B a H e  y n b T p a $ io n e T O B e  BMnpoMiHro- 
B aHHa g n a  g ii H a g  KniTMHaMM T a  p o3po6M B  c e -  
p iro  yHiKanbHMX M eT ogiB  i n p u n a g iB  g n a  g o c n ig -  
weHHA M iK pooS’eKTiB.
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22.0I3IO ^O riH H A  OnTHKA
22.1. frOTOPFJTEnTTItt y  ^HBHX  

OPr AHI3MIB
O cH o B H e n p u 3 H a n e H H a  ^ o T o p e ^ n T o p H o i  c u c T e M u  ^ u b u x  o p raH i3 M iB

-  3 a 6 e 3 n e n e H H a  i H ^ o p M a ^ e r o  n p o  cTaH  yM oB  H a B K o n u m H b o ro  c e p e g o ­

B u m a , 3oK peM a, iH T eH cu B H o cri c B r r a o B o r o  c r u M y n y ,  n p o c T o p o B u x  i n a -  

c o b u x  x a p a K T e p u c T u K , 3 a  g o n o M o r o r o  a K u x  o p ra H i3 M  3gaT H uH  o p i e m y -  

B a T u c a  B ig H o cH o  o g H o r o  3 H a H B a ^ n u B im u x  3 o B H im H ix  ^ a K T o p iB  -  cB iT­

n a .  n p o c T o p o B i  T a  n a c o B i  3M iH u iH T eH cu B H o c ri T a  H an p aM K y  c B ir a o B o r o  

n o T o K y  M o ^ y T b  B u K n u K aT u  B ig n o B ig H i 3 M rn u  p y x o B o i  T a  n o B eg iH K o B o i 

aK T uB H ocT i ^ H x  opraH i3 M iB .

2 2 . 1 . 1 .  ® 0 T 0 p e ^ n ^ H  y  K O M a x

P e a ^ i a  H a cB iT n o  y  K oM ax 3 g iH c H ro eT b c a  3 a  g o n o M o r o r o  g B o x  

c K n a g H u x  o n e H  i T p b o x  n p o c T u x  ( p u c .2 2 .1 ) .  C K n a g a e T b c a  n p o c T e  o k o  3 

n p o 3 o p o i  n iH 3 u , m a p y  3 o p o B u x  K niT uH  (6 n u 3 b K o  8 0 0 )  i 3 o p o B o r o  H ep B a  

(pHC.22.2). Ha c m c iB ij i  npocToro oica He 

^ o p M y e T b c a  3 o p o B e  3 o 6 p a ^ e H H a ;  b  t o h  

^ e  n a c ,  n p o c T i  o n i  b  3M o3i c n p u H M a T u  

TaK i n a p a M e T p u  o n r u n H o r o  B u n p o M i­

H roB aH H a aK  iH T eH cuB H icT b, n e p io g  i 

c n eK T p a n b H u H  c K n ag . B B a x a e T b c a ,  m o  

n p o c T i  o n i  3 g aT H i p e a r y B a T u  H a c y r iH K u  

a 6 o  cB iTaH oK , 3 a 6 e 3 n e n y r o n u  o p ie H -  

T a ^ r o  K o M ax u  b  y M o B a x  3 H u ^ e H o ‘i  

o cB iT n eH o cT i.

C K x a d n i  o n i  M aroTb ^ a c e r o o B y  

c T p y K T y p y , aK a  ^ o p M y e  M o 3 a in H y  K ap - 

T u H y . C K n a g a e T b c a  c K n ag H e  o k o  3 H a 6 o -  

p y  O M a m u d i' ie , K inbK icTb a K u x  cT aH o ­

B uT b 2 5 0 0 0  y  ^ y K iB , 8 0 0 0 - 1 0 0 0 0  y  

6 g m n ,  4 0 0 0  y  M yx , 1 0 0 - 1 0 0 0  y  M y p a - 

m oK . O c h o b h u m u  eneM eH T aM u o M a T u g ia  

e  K p u m T an u K o B a  n iH 3 a  (p o r iB K a ), K p u m - 

T an u K o B u H  K oH yc, n irM eH T H i K n iT uH u,
^ o T o p e ^ n r o p ,  p a 6 g o M  (p e T u H a n b H a  K n iT u H a). 3oB H im H iH  B u r n a g  c K n a- 

g H o r o  oK a n o K a 3 aH o  H a p u c .2 2 .3 ,  a , a  o M a T u g ia  -  H a  p u c .2 2 .3 ,  6 . y

flpocmi oni

P u c .  2 2 .1 .  3 0 |) 0 B i m  a H a ^ i 3 a T o p  

K O M axw  ( 6 g ^ o n u )
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6 g x o n u ,  H a n p u K n a g , g o  B H y T p im H b o ro  K i H ^  K p u m T a n u K o B o ro  K o H y ca  
n p u e g H a H o  BiciM  p a g ia n b H o  p o 3 T a m o B a H u x  3 o p o B u x  K niT uH , 3 aB g aK u  

aK uM  K o M ax a  3 g aT H a c n p u H M a T u  n o n a p u 3 a ^ K  B ig 6 u T o r o  c o H a H H o ro  bu- 
n p o M iH K B aH H a  i 3 g iH c H K B a T u  o p i e m a ^ K  y  n p o c T o p i .

P u c .  2 2 .2 .  n p o c r e  o k o  K O M a x u : a  -  n a T e p a n b H e ; 6  -  g o p c a n b H e

P u c .  2 2 .3 .  C K a a g H e  o k o  S g x o a n :

a  -  ^ a c e T K o B a  C T pyK T ypa C K n a g H o ro  

o K a  ( 1  -  p o r iB K a ; 2  -  K pHm TanH K OBH H  

K o H y c ; 3  -  n a n n H K u  ciTK iB K u; 4  -  3 o -  

p o B u n  H ep B ); 6  -  C T pyK T ypa o M a r a g i a  

( 1  -  K p u m r a n e B a  n iH 3 a ; 2  -  K p u m r a -  

n u M B m  K o H y c ; 3  -  n irM e H T H a  K n im -  

H a ; 4  -  p e 'm H a n L H a  K n iT u H a)

m ,o g o  3 g aT H o cT i K oM ax c n p u H M a T u  K o n ip , to c n ig  B ig M rru T u , m o  

B 3 a ra n i  C T u M y n K K H o K  g i e K  x a p a K T e p u 3 y K T b c a  g o B x u H u  X B unb  b g i a -  

n a 3 o H i 2 5 0 - 7 0 0  hm . B B a x a e T b c a ,  m o  M eT en u K u , M y x u  i g e a K i x y K u  p e a -  

ry K T b  H a  cu H iH  K o n ip ; 6 g x o n u  -  H a H epB oH uH , xobtuh, 3 e n eH u H  i c u -  

H b o -3 e n eH u H . K p iM  T o ro , K oM axaM  n p u T aM aH H a  H yT nuB icT b  g o  y n b T p a -  

^ io n e T O B o ro  B u n p o M iH K B aH H a . A n e  moxdubum n o acH eH H aM  B ig B ig y -  

B aH H a K o M axaM u K o n b o p o B u x  KB iriB  e  i x  3gaT H icT b  p o 3 p i3 H a T u  iH T eH cuB - 

H icTb B u n p o M iH K B aH H a , B ig 6 u T o ro  B ig  p i3 H u x  H acT uH  KBiTKu.
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2 2 . 1 . 2 .  3 o p o B H H  a H a ^ i 3 a T o p  p n 6

C T p y K T y p y  oK a  p u 6 u  H a ­

B e g eH o  H a  p u c .2 2 .4 .  f l n a  3 a -  

x u c T y  p o r iB K u  B ig  B e n u K u x  

TucK iB  i n ic K y  oko o 6 n a g H a -  

He o6omohkow -  T B ep g u M  

n p o 3 o p u M  yT B opeH H aM . K o -  

e ^ m ie H T u  3 a n o M n eH H a  o 6 o -  

n o H K u , p o r iB K u  i B o g u  n p u -  

6 n u 3 H o  o g H aK oB i. O o K y c y -  

B aH H a oK a  H a  o 6 ’eKT 3 g iH c - 

H K e T b c a  3 a  g o n o M o r o K  e m n -  

e y e rn bH O So m ’M 3a , aK uH  n e -  

p e c y B a e  K p u m T a n u K  B 3 g o B x  

o n T u H H o i o c i  p o r iB K u .

2 2 . 1 . 3 .  3 o p o B H H  a H a ^ i 3 a T o p  n T a x i B

3 o p o B u H  a H a n i3 a T o p  n T ax iB  n p u 3 H a H e H u H  He n u m e  g n a  C TB opeH H a 

3 o p o B u x  3 o 6 p a x e H b ;  ^ y H ^ i i  H o ro  n o n a r a K T b  T a K o x  y  ^o p M y B aH H i ko- 
n b o p o B u x  o 6 p a 3 iB , m o  B a x n u B o  3 tohku  3 o p y  p o 3 n i3 H a B aH H a  C T aT eB ux 
n a p T H ep iB , c y n e p H u K iB  T a  B o p o riB . E in b m ic T b  n T ax iB  n p o B o g u T b  B ecb  

CBiH H ac  y  n o m y K a x  K opM y, a n e  c n o c i 6  x u T r a  y  hux p i3 H u H . Bohu mo- 
x y T b  B ecT u  g eH H u H  a 6 o  hw huh  c n o c i 6  x u T T a ;  g e a K i 3 hux n i r a K T b  bu- 
coko H a g  n o B e p x H e K  3eM ni. B c e  ^  H a K n a g a e  B ig 6 u T o K  H a  6 y g o B y  i $ y H -  

^ i i  3 o p o B o r o  a H a n i3 a T o p a , m o  c ^ o p M y B a B c a  n p o T a ro M  e B o n K ^ i .  M o x ­
H a  p o 3 p i3 H u T u  H o T u p u  ochobhux T u n u  6 y g o B u  oK a  y  n T ax iB  ( p u c .  2 2 .5 ) :  

p y p H a c m u u  f a u n i H d p m H U u )  T u n  oK a  3 y c rp iH a e T b c a  y  cob; m o c K U U  — 
npH TaM aH H H H  K ypaM ; K y j i e n o d i d n u u  — x a p a ic re p H H H  g j ia  irrax iB -x H aca ic iB ;

P u c .  2 2 .5 .  O c H o B H i T H n H  S y g o B H  o K a  y  n T a x iB :  a  -  p y p H a c m n  (^H n iH gpH H H H H ); 

6  -  n n o c K u n ;  e  -  K y n e ^ o g i6 H H H ; ^  -  ^ n o c K O c$ ep H H H H H

ofiaiwwca
P u c .  2 2 .4 .  3 o p o B H H  a H a a i 3 a T o p  p n S n
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m o c K O C ^ e p m n u u  M o x H a  3H aH Tu y  c m B o n u x  n T ax iB . TaK HM  huhom, n T a -  

xh B ig p i3 H aro T b ca  H e j u m e  ^ o p M o r o  OKa, a  h n o r o  B H y rp im H b o ro  c rp y K -  
T y p o ro . O n m  a 6 n y K a  6 i n b m o c r i  n T ax iB  o 6 n a g H a H i gB o M a c^e^H $ iH H H M H  

n p u c r p o a M u  g n a  n ig B u m e H H a  r o c r p o T u  3 o p y  -  ^ m p a n b H o r o  aM K oro i 

r p e 6 iH ^ M .

22.1.4. 3 opobhh aHa^i3aTop ceaBuiB
C e H c o p H a  i H ^ o p M a ^ a  m o g o  H a B K o n u m H b o ro  c e p e g o B u m a  c n p u n M a -  

e T b c a  n ro g u H o ro  a 6 o  T B ap u H o ro  y  B u r n a g i  3MiH T aK u x  n ap aM eT p iB  aK  iH - 

TeHCHBHicTb cB iT n a , g o B x u H a  CBiTnoBoi' x B u n i ,  $ o p M a , p o 3 M ip u  i n o n o -  

x e H H a  o 6 ’eKTa. Ochobhum eneM eH T oM  3 o p o e o ^ o  a n a n i 3 a m o p a  ( c e H c o p -  

H o i c u c T e M u , a K a  n e p e T B o p ro e  o n T u H H i c r a M y n u  b n o c n ig o B H ic T b  H ep B o - 

bux iM n y n b c iB ) e  oko; H o ro  n p u 3 H a n e H H a  -  ^ o K y c y B a H H a  3 o 6 p a x e H H a  H a 

ciTKiBKy, p e r y n a ^ a  K inbK ocT i cB iT n a , aK e 6 e p e  y n a c r b  y  ^o p M y B aH H i 3 o - 

6 p a x e H H a ,  n e p e T B o p e H H a  3 o 6 p a x e H H a  ^ o T o p e ^ n r o p H o r o  c u c r e M o r o  oK a 

i n e p e g a n a  m ^ o p M a ^ i  b mo3ok.
E y g o B y  oK a  c c a B ^ B  y  ro p ro o H T a n b H iM  n n o m u m  H aB eg eH o  H a 

p u c .  2 2 .6 .  3oB H im H iH  3axHCHHH m a p ,  m o  o T o n y e  oH H e a 6 n y K o , H a 3 u -  

B a e T b c a  C K n e p o w . H a  n e p eg H iM  H a c r a m  oK a  c K n e p a  n e p e x o g u T b  y  n p o 3 o -  

p y  m a p y B a T y  c rp y K T y p y ,  m o  3 B eT b ca  p o^ i6 K O K > .  3 a g H i g B i T p e T u H u  oK a

B K p u B ae  n irM eH T o B aH u H  m a p  -  

c y d u n n a  o 6 o n o u K a .  C a M e  b 
o 6 o jo h ^  3 H a x o g u T b c a  c i m K i e -  

K a , aK a  M icTuT b ^ o T o p e ^ m o -  

p u .  C B iT n o  n o T p a n n a e  b oko 
K pi3b p o r iB K y  b n e p e d n w  K a M e -  

p y ; TaK caM o , aK  i 3 a d n n  K a M e ­

p a , B oH a 3 an o B H eH a  n p o 3 o p o r o  

p ig u H o ro  -  e o d m u c m o w  e o n o -  

^ o w .  M i x  n e p e g H b o ro  i 3 a g H b - 

o ro  K aM epaM u p o 3 T a m o B a H a  

p a u d y w n a  o 6 o n o n K a , aK a

B u K oH ye ^ y H ^ i i  g i a ^ p a r n u .  

3 a B g a K u  cK o p o n eH H ro  a 6 o  p o 3 -  

c n a 6 n e H H ro  M ’a3 iB  3M iH roeT bca 

B e n u H u H a  g ia M e T p a  3 i n u t y  -  

o T B o p y , H e p e3  a K u n  cB iT n o  n p o -  
x o g u T b  y  3 a g H ro  H a c ru H y  oK a. 

3 a  p a M g y x H o ro  o 6 o n o H K o ro  

3 H a x o g u T b c a  K p u w m a n u K , p a g iy c  K p u B u 3 H u  a K o ro  M o x e  6 y T u  3M iH eH uH  

3 a  g o n o M o ro ro  e i u ^ a c m o ^ o  m i n a . n p o c r i p  M ix  K pum T anuK oM  T a ciTKiBKoro

P u c .  2 2 .6 .  B y g o B a  O K a c c a B ^ B :  1  -  p o r iB K a ;

2  -  p a n g y x H a  o 6 o n o H K a ;. 3  -  K oH 'roH K T uB a;

4  -  B in n a c 'T u n  m 'a3 ; 5  -  3B 'a3K u; 6  -  K p u m T a n u K ; 

7  -  n e p e g H a  K a M ep a ; 8  -  3B 'a3K u; 9  -  c K J io n o g i-  

6 H e  T in o ;  1 0  -  ciTK iB K a; 1 1  -  o n T u H H u n  g u c K ; 

1 2  -  ^ m p a j i L H a  aM K a; 1 3  -  3 o p o B u n  H epB
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3 an o B H eH u H  c K n o n o d i6 H U M  m in o M  — x e n a T u H o n o g i6 H O K  p ig u H O K . H a  

c iT K iB ^ , a K o i B p e m T i- p e m T  g o c a r a e  C BiTno, e  o n m u H H u U  d u c K ,  g o  a K o ro  

c x o g a T b c a  HepBOBi B onoK H a. T aM  x e  p o 3 T a m o B a H a  ^ H m p a n b H a  H M K a, 

a K a  e  M ic ^ M  H a H K p a m o ro  3 o p y .

^ K a B O  p o 3 r n a H y T u  BnacTuBO CTi 3 o p o B o ro  a H a n i3 a T o p a  g e a K u x  TB a- 
p u H , aK i b  n p o ^ c i  e B o n K ^ i ' H a 6 y n u  c ^ e ^ H $ iH H H x  p u c .  f l o  h u x  M o x H a  

B ig H ecT u  KOHa. O H H e a6 n y K O  KOHa acu M eT p u H H e  ( p u c .  2 2 .7 ) ;  p o riB K a  

p o 3 T a m o B a H a  n o 6 n u 3 y  B e p x -  

H b o i g in a H K u  OKa; ciTKiBKa 

n o c y H y r a  BigHOCHO o n T u H H o i 

B ici OKa. B iH H acT i M ’a 3 u  B ig i-  

r p a K T b  H e3H aH H y p o n b  y  3MiHi 

p a g i y c a  K p u B u 3 -H u  K p u m T a - 

n u K a . 3 g aT H icT b  KOHa ^ O K y c y -  

B aT u  3 o p o B u H  a H a n i3 a T o p  H a 
o 6 ’eK Tu, m o  p o 3 T a m o B a H i H a 

p i3 H u x  B ig cT a H ax , g o c a r a e T b c a  

n p o c T u M  H a x u n o M  r o n o B u .  3  

k o x h o k  3M iHOK n o n o x e H H a  
r o n o B u  KOHa 3 M iH K eT b ca  $ o -  

K y cH a  B igcT aH b — B ig  4 0  g o  4 5  m m . ^ , e  o g H ie K  o c o 6 n u B ic T K  3 o p o B o ro  

a H a n i3 a T o p a  KOHa e  $ o p M a  3 m u ^  — y  M o n o g u x  KOHeH BOHa K p y rn a ,  n i c n a  

5 - 6  poK iB  ^ o p M a  3 m u ^  H a 6 n u x a e T b c a  g o  e n in c o ig a n b H o i .

2 2 . 1 . 5 .  M e x a H i 3 M H  3 o p y  e e a B u i B

C B iT n o B u H  noT iK , m o  n o T p a n n a e  b  o k o ,  3 a 3 H ae  3 an o M n eH H a  H a  p o r o -  

BiH o 6 o n o H ^  (n  =  1 ,3 7 6 ;  r  =  7 ,8  m m ). n i c n a  ^ o r o  M ae M i ^ e  3 a n o M n e H - 

H a n i g  H ac  n e p e x o g y  3 p o r o B o i  o 6 o n o H K u  b  n e p e g H K  K aM ep y  (n  =  1 ,3 3 6 ) .  

n o g a n b m e  3 an o M n e H H a  B ig 6 y B a e T b c a  b  K p u m T a n u K y , no K a3 H u K  3 an o M - 

n eH H a  a K o ro  n o c T y n o B O  3 p o c T a e  B ig  1 ,3 8 6  g o  1 ,4 0 6  b  H an p aM K y  H o ro  

a g p a .  3 a  K pum T anuK O M  n p a M y e  B H yT pim H a K aM ep a  OKa (n  =  1 ,3 3 6 ) .  T a -  

k u m  h u h o m , C T pyK T ypa OKa B K nK H ae H O T upu  c ^ e p u H H u x  M e x i  p o 3 n o g in y  

c e p e g o B u m  3 p i3 H u M u  noK a3 H u K aM u  3 an o M n eH H a  ( p u c .  2 2 .8 ) .  CiTKiBKa 

c c a B ^ B  c K n a g a e T b c a  3 n ’a T u  T u n iB  K niT uH  — ^ O T o p e ^ n T o p H u x ,  6 i n o n a -  

p H u x ,  ro p u 3 O H T a n b H u x , aM aK puH O B ux  i r a H r n io 3 H u x  ( p u c .  2 2 .9 ) .  O o t o -  

p e ^ n T o p m  K n iT u H u  (n a n u H K u  i K on 6 o H K u ) 3 H a x o g a T b c a  b  KOHTaKTi 3 

6 in o n a p H u M u  K niT uH aM u, aK i 3 g iH c H K K T b  3B’a3OK 3 ra H rn io 3 H u M u  K ni- 

T uH aM u. O cT aH H i n e p e g a K T b  n o T e H ^ a n  g i i  MO3Ky. ro p u 3 O H T a n b H i K ni- 

t u h u  3 ’e g H y K T b  n o  ro p u 3 O H T a n i ^ O T o p e ^ n T o p H i  i r a H rn io 3 H i K n iT u H u ; 

aM aK puH O B i 3 ’e g H y K T b  n o  ro p u 3 O H T a n i 6 in o n a p H i  i r a H rn io 3 H i K n iT u H u .

P u c .  2 2 .7 .  A c H M e T p H H H a  ^ o p M a  o ^ H o r o  

a S a y K a  k o h h .
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PoeieKti Ilepedtut Bftympiuimi CiimdsKa

ni  < n2 < n4
D =  48,3 dump D  =  7,4 dump

n 2 >  n 3 n 4 >  " j

D = 5,7 dnmp D : 72, J onmp

P u c .  2 2 .8 .  3 a n o M n r o B a n b H a  3 g a T H ic T b  O K a

P u c .  2 2 .9 .  O cH O B H i T H n H  K n i-  

t h h  ciT K iB K H : 0 P  -  ^ o T o p e -  

^ n T o p m ;  £  -  6 in o n a p H i ;  

r p  -  I ' o p ^ o m 'a n t m ;  4  -  aM aK - 

p u H o B i; r n  -  r a H r n io 3 H i

O o T o p e ^ n T o p r n  K n iT u H u  M ic raT b  3 o p o B i n irM e H T u  - p o d o n c u n  b n a -  

n u H K ax  i u o d o n c u n  b K o n 6 o H K ax . M a K c u M a n b H a  cB iT n o B a  H y rn u B ic T b  p o -  

g o n c u H y  n p u n a g a e  H a  5 1 0  hm b 6 naK H T H 0-3eneH iH  g i n a H ^  c n eK T p a . 

B H a c n ig o K  o cB iT n eH H a p o g o n c u H  6 e p e  y n a c T b  y  n o c n ig o B H o c r i  x iM iH H u x  

p e a ^ i M ,  B ig o M u x  aK  p o g o n c u H o B u n  ^H K n. n o r n u H a H H a  p o g o n c u H o M  

KBaHTa c B iT n a  n p u 3 B o g u T b  g o  H o ro  x iM iH H o ro  p o 3 K n a g y  H a  6 in b m  n p o c T i  

K oM noH eH T u; 3aK iH H yeT bca  p o g o n c u H o B u n  ^H K n 3 B opoT H oro  p eK o M 6 iH a - 

^ e r o  n p o c T u x  K oM noH eH TiB  y  p o g o n c u H .  B c i  ^  n p o ^ c u  c y n p o B o g x y -
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K T b c a  n o a B O K  p e ^ n r o p H o r o  n o T e H ^ a n y .  T aK u M  huhom, 3 ip  a B n a e  c o -  

6o k  C K nagH uH  n a H ^ K ^  im ^ a ^ i  CBiTnoM ^O T O xiM iH H ux  p e a ^ iH b 3 o p o -  

bux n irM e H T a x , n e p e T B o p e H b  M o n eK y n  ^ O T o m rM e m iB, 3M iH u npoH uK H O - 

CTi M eM 6 p a H u  ^ O T o p e ^ n r o p a ,  y T B o p eH H a e n eK T p u H H o ro  n o T e H ^ a n y  b 
$ 0 T 0 p e ^ n T 0 p m H  M eM 6paH i i n e p e g a H i  e n eK T p u H H o ro  iM n y n b c y  B ig  3 0 - 

p o B o r o  H ep B a  MO3Ky.

Y  f f n n  d o n u m n u e u x

^ r a x M - x u ^ a ^ ! ,  TaK i aK  o p n u ,  c o K o n u , a c T p y 6 u  M aK T b  3 ip  y  8  p a 3 iB  r o c T p i m u n  H i x  y  

n K g u H u .  E e p K y T  ( A q u i l a  c h r y s a e t o s )  3gaT H H H  m ^ a H u m  3 a n u a  H a  B ig c T a H i 1 ,6  km .

n.n. AA3APEB (1878-1942)

POCiMCbKMM $i3MK, 6 i0^i3M K , re0^ i3M K . 
3aCHOBHUK T a flMpeKTOp iHCTUTyTy $i3MKM T a 
6io^i3M KM  H apK O M 3flpaB a. M aB  HayKOBi n p a ^  b 
r a n y 3 i  $ i3 io n o r i i ,  M o n e K y n a p H o i $i3MKM, $ o t o - 
xiMii.

y  1 9 3 1  p . 6yB  penpecoB aH M M .
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23. nFHK^A^HA OnTHKA
23.1. METOflH BHMIPWBAHHfl 

COHflHHOrO BHnPOMIHWBAHHfl
n p u n a g u ,  n p u 3 H a H e H i g n a  B u M ip K B aH H a n p u p o g H u x  B u n p o M iH K - 

B aH b, H a 3 u B a K T b c a  p a d i o M e m p a M u .  C e H C o p u  p a g io M e T p iB  M o x y T b  6 y r u  

n o g in e H i  H a  g B a  T u n u :  T e n n o B i i KBaHTOBi g e T e K T o p u .

2 3 . 1 . 1 .  T e n a o B i  g e T e K T o p n

B  0 CH0 Bi g i i  C eHCopiB  ^ o r o  T u n y  n e x u T b  n o rn u H a H H a  B u n p o M iH K - 

B aH H a T a  H o ro  n e p e T B o p e H H a  b  T e n n o B y  e H e p r iK  T aK o i $ o p M u ,  aK y  m o x -  

nuB O  B u M ip K B aT u . f l o  ocH O B H ux T u n iB  T e n n o B u x  geT eK T opiB  M o x H a  B ig - 

H ecT u  K a n o p u M e m p u , b  a K u x  p e e c r p y K T b c a  3M iH u T e M n e p a T y p u  M a T ep ia - 

n y  g e T e K T o p a ; m e p M o n a p u  T a  m e p M o 6 a m a p e i , b  a K u x  p e e c r p y e T b c a  e n e ­

K T p o p y m iH H a  c u n a  ( H a n p y r a )  b  eneK T puH H O M y K o n i, m o  c K n a g a e T b c a  3 
n 0 c n i g 0 BH0  3 ’e g H a H u x  p i3 H o p ig H u x  n p o B ig H u K iB , KOHTaKTu a K u x  M aK T b 

p i3 H y  T e M n e p a T y p y ; 6 o n o M e m p u , ^ p H H ^ H ^  g i i  a K u x  n o n a r a e  b  p e e c r p a ^ i '  

3 an ex H O C T i o n o p y  n p o B ig H u K a , H a n iB n p o B ig H u K a  a 6 o  H a g n p o B ig H u K a  B ig  
T e M n e p a T y p u ; n i p o e n e K m p u H H i  d e m e K m o p u , b  o cH o B i a K u x  n e x u T b  b u k o -  

p u c T a H H a  3 an ex H O C T i n o n a p u 3 a ^ i  n ip o a K T u B H o ro  K p u c T a n y  B ig  3M iH u 

H o ro  T e M n e p a T y p u  n i g  H ac  o n p o M iH K B aH H a ; CTpyM , m o  n p o x o g u T b  H ep e3  

K p u c T a n , p e e c T p y e T b c a .

P a g io M e T p u  3 T e n n o B u M u  g e T e K T o p aM u  K n a c u ^ iK y K T b c a  TaK:

• n i p ^ e n i o M e m p u  -  n p u n a g u  g n a  B u M ip K B aH H a n p a M o r o  c o H a H H o ro  

B u n p o M iH K B aH H a  3 a  yM O Bu H o p M a n b H o ro  n a g iH H a ;

• n i p a H o M e m p u  -  n p u n a g u  g n a  B u M ip K B aH H a c o H a H H o ro  B u n p o M i-  

H K B aH H a, m o  H a g x o g u T b  3 ^ n o i '  m B C ^ e p u  (KyT 3 o p y  2 ^ c p ) ;
• n i p ^ e o M e m p u  -  n p u n a g u  g n a  B u M ip K B aH H a H u c x ig H o r o  (aT M O C ^ep - 

H o ro )  a 6 o  B u c x ig H o r o  (3eM H oi n o B e p x H i)  g o B ro x B u n b O B o ro  B u n p o M iH K - 

B aH H a b  M e x a x  ^ n o i '  m B C ^ e p u ;

• n i p p a d i o M e m p u  -  n p u n a g u  g n a  B u M ip K B aH H a c y M a p H o ro  B u n p o M i-  

H K B aH H a ( k o p o t k o -  T a  g o B ro x B u n b O B o ro ) ,  m o  n p o x o g u T b  K pi3b r o p u -  

3O H TanbH y n n o m u H y .

P 0 3 rn a H e M 0  ^ p H H ^ H ^  g i i  n ip r e n io M e T p a .  n p u n a g  c K n a g a e T b c a  3 M e- 

T a n e B o ro  ^ H n iH g p a , H a  g H i a K o ro  p o 3 T a m o B a H u H  g eT eK T o p  (K a n o p u -  

M eT p), c u c T e M u  g i a ^ p a r M  g n a  n o n a g a H H a  H a geT eK T o p  n u m e  n p a M o r o  

c o H a H H o ro  B u n p o M iH K B aH H a  T a  M e T an e B u x  3acniH O K . K a n o p u M e T p  0 6 - 

n a g H a H u H  BaH H O K , n o  a K in  ^ H p K y n K e  p ig u H a .  B u M ip K B a H H a  T e M n e p a -
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T y p n  p ig u H u  H a B x o g i T a  B u x o g i  BaHHH g o 3 B o n a e  o^ hutu m B u g K icT b  

T e n n o B o r o  n o T o K y  i, TaKHM hhhom, n o r n u H y r y  c o H a n H y  e H e p r iro .  

3oB H im H iM  B u r n a g  n ip r e n io M e T p a  H aB eg eH o  H a  p u c .  2 3 .1 .

crraPt repMonspw

P u c .  2 3 .1 .  3 o B H im H if t  B H r a a g  n i p r e n i o M e T p a

f l n a  B H M iproB aH H a c o H a n H o ro  B un p o M iH ro B aH H a, m o  n o T p a n n a e  H a 

ro p u 3 o H T a n b H y  n o B e p x H ro  3 ^ n o l  mB c ^ e p u  b M e x a x  K yTa 2 n  c r e p a g ia H ,  

B H K opucT oB yroT b n i p a n o M e m p u .  ^ p H H ^ H ^  g i l  n ip a H o M e T p a  n o a c H ro e T b c a  

H a  pHC. 2 3 .2 .  OCHOBHHM ejieMCHTOM 

n p u n a g y  e  3 ip K o n o g i6 H u H  g eT eK T o p , 

o 6 n a g H aH H H  H y T n u B u M u  eneM eH T aM u

-  3 a ^ a p 6 o B a H u M u  b n o p H u H  T a 6 in u H  

K o n ip  T e p M o n a p a M u . H o p m  n o B e p x H i 

n o r n u H a ro T b  c o H a n H e  B u n p o M m ro B a H - 

H a iH T eH cu B H im e, H i x  6 in i .  K o H T p o n b  

T e n n o o 6 M iH y  M ix  n o p H u M u  T a  6 in u M u  

c eK T o p a M u  g e T e K T o p a  g a e  M o x n u B ic T b

o^ hutu c o H a n H e  B u n p oM iH roB aH H a. 

n p u n a g  o 6 n a g H a H u H  g B o M a ckm humu 
a 6 o  K B a p ^ B u M u  n iB c ^ e p a M u  g n a  3 a -  

n o 6 i r a H H a  B n n u B y  K oH B exm i (aK a  BniT- 

Ky M o x e  6 y T u  cy T T eB o ro ), a  T a K o x  g n a  

$ i n b T p a ^ i '  B u n p oM iH roB aH H a.

f l n a  B uM iproB aH H a a n b 6 e g o  (n a c T -  

KH c y M a p H O r o  B H npoM iH roB aH H a, m o  P h c .  2 3 .2 .  n p i m i i m i  gii nipaHOMeTpa
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B ig 6 u B a e T b c a  n p u p o g H O K  n o B e p x H e K )  H e o 6 x ig H O  g B a  n ip a H O M e T p u  -  

o g u H  H a n p a B n e H u n  g o r o p u  i B u M ip K e  c y M a p H e  B u n p o M iH K B a H H a , to -  
g i  aK  r n m u H  H a n p a B n e H u n  g o  3eM H oi n o B e p x H i  g n a  B u M ip K B a H H a  B ig -  

6 u T o r o  B u n p o M iH K B a H H a . T a K a  c u c T e M a  H a 3 u B a e T b c a  a n b 6 e d o M e m p o M  

( a 6 o  6 a n a H c o M e m p o M ) . f le T e K T o p  ^ o r o  n p u n a g y  M icT u T b  T e p M o 6 a T a -  

p e K .  f l n a  3 a n o 6 i r a H H a  B n n u B y  p o c u  i B iT p y  n e p e g 6 a H e H O  o 6 g y B a H H a  

g e T e K T o p a  n o B iT p a H u M  n 0 T 0 K 0 M  3 a  g o n o M o r o K  B e H T u n a T o p a . 3bu- 
H anH O  a n b 6 e g o M e T p u  p o 3 M im y K T b  H a  B u c o T i 1 - 2  m H a g  3eM H O K  n o -  

B e p x H e K .

2 3 . 1 . 2 .  K B a H T o B i  g e T e K T o p n

f l i a  C eHCopiB  rp y H T y e T b c a  H a  n o rn u H a H H i e H e p r i i  $O T O H a, 3B inbH eH H i 

eneK T poH iB  T a  yT B opeH H i e n eK T p u H H o ro  c rp y M y . K m ^b u m  n a p aM eT p o M , 

m o  p e e c T p y e T b c a ,  M o x e  6 y T u  H a n p y r a ,  3M iHa m B u g K O c ri B u c u n a H H a  

eneK T poH iB  a 6 o  n p o B ig H ic T b  c eH C o p a . 3 a n e x H O  B ig  ^ o r o  p a g io M e T p u  3 

KBaHTOBuM u g e T eK T o p aM u  n o g in a K T b c a  H a  $ o m o s a n b e a r n H H i  d e m e K m o -  

p u , b a K u x  p e e c T p y e T b c a  H a n p y r a ,  m o  B u H u K ae  H a $ 0 T 0 e n e M e m i  n i g  

B nnuB O M  3O B H im H boro  B u n poM iH K B aH H a; $ o m o e u n p o M i H w e a n b H i  d e m e K -  

m o p u , ^ p H H ^ H ^  g i i  a K u x  n o n a r a e  b n e p eT B o p eH H i e H e p r i i  o n r u H H o r o  bu- 
M ip K B aH H a b en eK T p u H H y  B H acn ig o K  3O B H im H b o ro  ($ o m o e n e K m p o H H i  

n o M H o w y e a H i ) a 6 o  B H y T p im H b o ro  ($ o m o d i o d u ) ^ 0 T 0 e ^ e K T y ;  $ o m o n p o -  

e i d m  d e m e K m o p u , aK i B u K o p u c T o B y K T b  a H a n i3  3 a n e x H O c r i  e n e K T p o n p o -  

BigHOCTi M a T e p ia n y  g e T e K T o p a  B ig  n o T o K y  B u n p o M iH K B aH H a , m o  n o T p a -  

n n a e  H a ^ H  M a T ep ian .

23.2. BHMIPWBAHHfl KO^bOPy 
nPOflyKTIB

2 3 . 2 . 1 .  n a p a M e T p u  K o a b o p y

K o n i p  -  ^  n c u x o $ i3 u H H a  B n a c ru B ic T b  C B iTna, a K a  n o B  a 3 a H a  i3 3 o p o -  
bum BigH yB aH H aM . K o n ip  3 a n e x u T b  B ig  o m u H H o ro  B u n p o M iH K B aH H a , m o  

n a g a e  H a  n p o g y K T , T a  g u ^ e p e H ^ n o B a H o r o  B ig 6 u B aH H a  ^ o r o  B u n p o M i-  
H K B aH H a H a n e B H u x  g o B x u H a x  X B unb . f l n a  T0H H 0i a K icH o i x a p a K T e p u c -  
tuku K o n b o p y  B u K o p u c T o B y K T b  T p u  H o ro  c y 6 e K T u B H u x  n a p a M e T p u : ko- 
n b o p o B u n  toh, H a cu H em cT b T a  a cK p aB icT b  (cB iT H icT b).

K o n b o p o e u u  m o H  n K g u H a  c n p u n M a e  aK  BigTiHOK K o n b o p y ,  a K u n  

a c o ^ K e T b c a  i3  3 a 6 a p B n e H H a M  o 6 e K T a  n eB H u M  T u n o M  n irM e H T y , $ a p -  

6 u ,  6 a p B H u K a . B iH  3 a n e x u T b  B ig  g o M iH y K H o i g o B x u H u  X B u n i o n r u H -  
H o r o  B u n p o M iH K B a H H a , aK e  B ig 6 u B a e T b c a  B ig  n p o g y K T y . ^ k n p u K n a g u  

M o x H a  H a B e cT u  H e p B O H u n  toh n o M ig o p a  a 6 o  ^ io n e T O B u n  toh 6 a K n a -  

x a H a .
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H a c m e n i c m b  x a p a K T e p u 3 y e  “ K o n b o p o B y  a cK p a B icT b ” , to6to c r y n iH b ,  

p iB eH b  a 6 o  c u n y  B ig 6 u T T a  K o n b o p o B o ro  T oH y. P o x e B u H  K o n ip  e  ogH aK O - 
B o ro  T o H y  3 n ep B o H u M , a n e  ^  g B a  K o n b o p u  B ig p i3 H aro T b ca  piB H eM  H a c u -  

n e H o cT i.

H c K p a e i c m b  ( c e i m n i c m b )  n o B 'a 3 y ro T b  3 H a a B H ic rro  6 i n o r o  n u  n o p H O - 

r o  n irM e H T y  a 6 o  3 o cB iT n eH icT ro . n a p a M e T p  B u 3 H a n a e T b c a  aK  BigHO- 

m eH H a  c B iT n o B o ro  n o T o K y , m o  B u x o g u T b  3 en eM eH T a  n o B e p x H i, g o  n n o m i  

^ o r o  eneM eH T a.

23.2.2. Ko^opHMeTpin
K o n ip  e  B a x n u B u M  n a p aM eT p o M  a K o cT i n p o g y K T y . O p i e m y r o n u c b  H a 

K o n ip , n o K y n e ^  n p u H M a e  p im e H H a  m o g o  c B ix o c T i  T a  c T u r n o c T i  n p o g y K ­

T y, aK uH  BiH K y n y e . n o a B a  H a  x n i6 H u x  n p o g y K T a x  3 e n eH O -6 n aK u T H o i 
n n ic H a B u , 3M iHa K o n b o p y  M a c a ,  ^p y K T iB  T a  o B o n iB  e  tpuboxhumu c u r -  

H an aM u  g n a  c n o x u B a n a ,  aK i cB ig n aT b  n p o  6 aK T ep ian b H e  3 a6 p y g H eH H a n p o ­

gyKTiB. m ,o 6  B u R n ro n u T u  c y 6 eK T u B H i ^ a K r o p u  n ig  n a c  o^ hku K o n b o p y  

npogyK T iB , g o ^ n b H O  B uK opucT oB yB aT u iH c ipyM eH T anbH i M eT ogu  o^ hku 
K o n b o p y . M e T o g u  B uM iproB aH H a T a  K in b K ic H o ro  B u aB n eH H a K o n b o p y  i 

K o n b o p o B u x  BigM iH cT aH o B n aT b  cy T b  K o n o p u M e m p i i .

23 .2 .3. CneKTpo^OTOMeTp 3 00/450 reoMeTpiero
n p u n a g  n e p e g 6 a n a e  o cB iT n eH H a 3 p a3 K a  B unpoM iH roB aH H aM , m o  n a ­

g a e  H o p M an b H o , n i g  KyToM 0 0, H a  n o B e p x H ro  3 p a3 K a, T a  p e e c r p a ^ r o  B ig - 
6 u T o r o  B ig  ^ e i  n o B e p x H i B u n p o M iH ro B aH H a n i g  KyToM  4 5 0 ( p u c .  2 3 .3 ) .  

T a K a  re o M e T p ia  n p u n a g y  g o 3 B o n a e  3 a n o 6 i r T u  B n n u B y  g 3 e p K a n b H o  B ig 6 u -  

T o r o  B u n p o M iH ro B aH H a, aK e H a n p a B n e H e  n p o T u n e x H o  B u n p oM iH roB aH H ro , 

m o  n a g a e  H a 3pa3oK . T aK  c aM o  i n r o g u H a ,  a K a  o ^ H r o e  K o n ip  n p o g y K T y , 

o 6 e p T a e  H o ro  3 tum, m o 6  yH uK H yT u  n o n a g a H H a  g 3 e p K a n b H o  B ig 6 u T o ro  

cB iT n a  b o n i.

23.2.4. Ko^opHMeTp 3i c^epHHHoro reoMeTpiero
O cH o B H a  n p o 6 n e M a , a K a  B u H u K ae  n i g  n a c  B uM iproB aH H a K o n b o p y  

n p o g y K T iB , n o B a 3 a H a  3 H e o g H o p ig H ic r ro  ix H b o i n o B e p x H i. m ,o 6  3 a n o 6 i r -  
tu ^ O M y ,  g o ^ n b H O  B u K o p u c T o B y B aT u  K o n o p u M e T p u  3i c ^ e p u n H o r o  r e o -  

M eT p ie ro . 3pa3O K  p o 3 M im y ro T b  y c e p e g u m  c ^ e p u ,  B H yT pim H a n o B e p x H a  

a K o i n o K p u T a  6 in o r o  p e n o B u H o ro , m o  g u $ y 3 H O  B ig 6 u B a e  cB iT n o . K p iM  

T o ro ,  c ^ e p a  o 6 n a g H a H a  3acn iH K aM u , aK i 3 a n o 6 ir a r o T b  n o T p a n n a H H ro  
n p a M o r o  B u n p o M iH ro B aH H a H a 3pa3OK T a  geT eK T o p . P o 3 M im e H H a  g eT eK - 

T o p a  n i g  KyTOM 6 n u3bK O  8 0 B ig H o cH o  B e p T u K an b H o i o c i  g o 3 B o n a e  y H uK - 

H y T u  B n n u B y  g3 ep K an b H O  B ig 6 u T o r o  B u n p o M iH ro B aH H a. C x e M y  K o n o p u -  

M eT pa 3i c ^ e p u n H o r o  re o M e T p ie ro  3 o 6 p a x e H o  H a  p u c .  2 3 .4 .
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P u c .  2 3 .3 .  C n e K T p o ^ o T o M e T p  3 0 ° / 4 5 °  

r e o M e T p i e r o :  1 -  g x e p e n o  C B iT na;

2  -  3pa3O K ; 3 -  g e T e K T o p u

©

P u c .  2 3 .4 .  C x e M a  K o a o p H M e T p a  3 i c ^ e p n q -  

H o ro  r e o M e T p ie r o :  1 -  g x e p e n o  C B iT na;

2  -  c ^ e p a ,  B H y T p im H a  n o B e p x H a  aK o i 

n o K p u T a  6 i n o K  peH O B uH O K ; 3 -  3pa3O K ;

4  -  3 a c n iH K n ; 5 -  g eT eK T o p

2 3 . 2 . 5 .  3 a c r o c y B a H H H  K o a o p H M e T p H H H H x  

M e T o g iB

M e T o g u  K o n o p u M e T p ii g a K T b  M o x n u B ic T b  o^ hutu K o n ip  B a p e H o ro  

M a c a  n a H ry cT iB , K p a6 iB , n o c o c a  T a  c u p o i  M aK O T i n o c o c a ,  $ o p e n i ,  T y H ^ .  

B ig 0 M 0 , m o  H a6 y B aH H a  K o p u H H e B o ro  a 6 o  H o p H o ro  3 a 6 a p B n e H H a  c y x u M u  

K a n b M ap aM u  e  O3HaKOK n c y B aH H a  ix H b o i aKOCTi. B a x n u B O K  O3HaKOK e  

K o n ip  m K ip u  p u 6 u  -  n p e g c T a B H u K u  T u x o o K e aH C b K o ro  n o c o c a  icTOTHO 

3M iH K K T b CBin 3O B H im H in K o n ip  n p o T a ro M  H a 6 n u x e H H a  g o  M i c ^  H e p e c -  

Ty. B u K o p u c T a H H a  g x e p e n  B u g u M o ro  B u n p o M iH K B aH H a  T a  ^ in b T p iB  g o -  

3 B o n a e  3 g in c H K B a T u  m B u g K e  T a  H ep y n H iB H e  B u3H aH eH H a HaaBHOCTi 

K p o B a H u x  n n a M  i M ex aH iH H u x  n o m K o g x e H b  H a  T in i C B ix o i  T a  c o n e H o i  

p u 6 u  H a K oH B eepi.

H e p B O H u n  K o n ip  n o c o c a  b K O H cepB H ux 6 a H K a x  e  n p u B a 6 n u B O K  O3Ha- 

kok aKOCTi. n p o T a r o M  6 a r a T b o x  poK iB  p u 6 H a  iH g y c T p ia  CToiTb n e p e g  
n p o 6 n e M O K  H eo6x igH O C T i B ig 6paK O B yB aT u  6 n ig i  3 a  K o n b o p o M  3 p a3 K u  

p u 6 u .  E y n o  g 0 B e g e H 0 , m o  B ig 6 u B a n b H i B nacTuBOCTi M a c a  p u 6 u  y  B u g u -  
MiH o 6 n a c T i  c n e K T p a  B ig p i3 H a K T b c a  g n a  p i3 H u x  B u g iB  n o c o c e B u x  -  H epK u 

( O n c o r h y n c h u s  n e r k a )  T a  K ix y H a  ( O n c o r h y n c h u s  k i s u t c h ) ,  np u H O M y  c n o -  

C T e p ira e T b c a  K o p e n a ^ a  M ix  K o n b o p a M u  c u p o r o  T a  o 6 p o 6 n e H o r o  g n a  
K O H cepB yB aH H a M a c a  p u 6 u .  ^ k iH g e K c u  3 a 6 a p B n e H H a  6 y n o  0 6 p a H 0  3H a- 

HeH H a K o e ^ m ie m iB  B ig 6 u B aH H a  3 a  6 5 0  hm (H epB O H un  K o n ip )  T a  5 1 0  hm 
(3 e n e H u n  K o n ip ) , aK i o ^ H K B a n u  n op iB H aH O  3 B ig6uB aH H aM  c ra H g a p T y  -

n n a c T u H u  M g O .
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K o n o p u M e T p , n p u 3 H a n eH H H  g n a  H an iB aB T 0M aT H 30B aH 0r0  co p T y B aH H a  

P h 6 h  ( p u c .  2 3 .3 ) ,  c K n a g a e T b c a  3 g x e p e n a  cB iT n a  1 ,  cB iT n o  3 B H x o g y  a K o - 
r o  n o T p a n n a e  Licp c3  iH (|)p aLicpBOHHH c|)inbTp 2 2  Ta M ogynaTop 3  b  ogHH 3

X 0 "
10

11 m 2 > r 1 Y1,w™ " ......

P u c .  2 3 .3 .  K o n o p H M e T p ,  n p H 3 H a n e H H H  g n a  H a n iB a B T 0 M a T H 3 0 B a H 0 r 0  

c o p T y B a H H a  p h 6 h  (n o a c H e H H a  b T eK cT i)

K aH aniB  T p u n aH K O B o ro  $ i6 p o c K o n y  4  g n a  o cB iT n eH H a 3 p a3 K a  p h 6 h  m n a -  

x o m  n p a M o r o  KoHTaKTy. B ig 6 u T e  B u n p o M iH ro B aH H a H a g x o g u T b  H a g B a  

iH m u x  K a H a n u  n e p e 3  o m u n m  ^ i n b T p u  5  ( 6 5 0  h m )  T a  6  ( 5 1 0  h m )  H a B x o g u  

^ o T o n p u H M a n iB  7 , c u r H a n u  3 B u x o g iB  a K u x  n o g a B a n u c a  H a  n ig c u n r o B a n i  

8 , B H M iproB ani 9  T a  g u ^ e p e H ^ H H H H  B H M iproB an 1 0 , aKHH o ^ H r o e  c n iB ­

B ig H o m eH H a  c u rH a n iB  H a  g B o x  g o B x u H a x  x B u n b . 3 a n e x H o  B ig  B e n u n u H H  

^ o r o  c n iB B ig H o m e H H a , aK e 3 a n e x u T b  B ig  T o ro , 6 n ig u H  n u  acK paB H H  n e -  

p b o h h h  K o n ip  M ae  3pa3oK , iH g u K a T o p  1 1  g a e  cBiTnoBH H  c u r H a n .  T a K y  c u -  

cT eM y co p T y B aH H a  o 6 c n y ro B y ro T b  g B a  o n e p a T o p u ;  m B u g K icT b  c o p T y B a H ­

H a cTaH oBH Tb 6 0  p u 6  3 a  x B u n u H y .

KOHTPO^BHI 3AnHTAHHfl TA 3AB£AHHfl
1. H a3B aT H  n a p a M e T p u  o n T u n H o r o  B u n p o M iH ro B aH H a.

2 . m ,o  TaK e e H e p re T u n H i T a  cB iT noB i B e n u n u H H ?

3 . O x a p aK T e p u 3 y B a T H  c o H a n H y  c T a n y .

4 . ^ K i  x ap aK T ep u cT H K H  o m u n H o r o  B u n p o M iH ro B aH H a B n n u B a ro T b  H a 

T B ap u H y ?

5 . H a3B aT H  $ o T o 6 io n o r in H i  p e a ^ i i  p o c n u H H u x  cu cT eM .

6 . ^ k  B n n u B a e  y n b T p a ^ io n e rc iB e  B unpoM iH roB aH H a H a x u B i  opraH i3M H ?

7 . O x a p aK T e p u 3 y B a T H  o c o 6 n u B o c T i  3 o p o B o r o  a H a n i3 a T o p a  y  K oM ax.

8 . 3 o 6 p a3 H T H  i Ha3BaTH ocH oB H i e n e M e m u  3 o p o B o ro  a H a n i3 a T o p a  

c c a B ^ B .

9 . f laT H  x a p aK T ep u cT H K y  B ig M iH H u x  o c o 6 n u B o c T e H  3 o p o B o ro  a H a n i-  

3 a T o p a  KoH a.
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10 . f l a T u  x a p a K T e p u c T u K y  B ig M iH H u x  0 C0 6 n u B 0 CTeH 3 o p o B o ro  a H a n i-  

3 a T o p a  p u 6 .
1 1 . ^ K i  ^ y H ^ i i  r p e 6 r n ^  b  3 0 p 0 B 0 M y  a H a n i3 a T o p i n T ax iB ?

1 2 . H a 3 B a T u  0CH0BHi $ 0 T 0 p e ^ n T 0 p H i  K n iT u H u  T a  3 o p o B i n irM e H T u .

1 3 . H a 3 B a T u  0CH0BHi n p u n a g u  g n a  B u M ip K B aH H a n p u p o g H u x  B u n p o -

M iH K B aH b.

1 4 . ^ k u m u  n a p a M e T p a M u  x a p a K T e p u 3 y e T b c a  K o n ip ?

1 5 . y  HOMy n o n a r a e  ^ p H H ^ H ^  K o n o p u M e T p ii?
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24. ENEMEHTH KBAHTOBOI 
MEXAHIKH

y  p o 3 g in i  2 0 .4  6 y n o  c ^ o p M y n b O B aH O  0CH 0BH y K O H ^ n ^ K  KBaHT0B0i 

T e o p ii .  f laH u M  p o 3 g in  n p u cB aH eH u M  m a n m o e i u  M e x a H i t f  -  T e o p ii ,  aK a  

B C TaH O B nK e c n o c i 6  o n u c y  T a  3aKOH u p y x y  M iK poH acTuH O K  -  aTOMiB, M o­

n e K y n , aTO M H ux a g e p  T o m o .

24.1. KOPnyCKynflPHO-XBHnbOBHH flyANI3M
E K c n e p u M e H T a n b H u M u  g o c n ig x e H H a M u  g 0 B e g e H 0 , m o  b g e a K u x  

a B u m a x  ( i m - e p ^ e p e H ^ a ,  g u ^ p a ^ i a ,  n o n a p u 3 a ^ a )  CBiTno n o B o g u T b  c e 6 e  

aK  en eK T p o M arH iT H a  X B u n a , T o g i aK  b iH m u x  ( $ 0 T 0 e $ e K T , e ^ e K T  K o M n - 

TOHa) CBiTno x a p a K T e p u 3 y e T b c a  K o p n y c K y n a p H u M u  (B ig  n aT . c o r p u s c u l u m

-  H acT uH K a) B nacTuB O C TaM u. y  ^ O M y  n o n a r a e  cy T b  K o p n y c K y n n p H o -  

x e r n b o e o s o  d y a n i3 M y  (B ig  n aT . d u a l i s  -  nogB iM H uM ).

24.2. XBHNbOBI BNACTHBOCTI HACTHHOK
H a M  B axK O  3 p o 3 y M iT u , m o  M iK p o H acru H K u , m o  OTOHyKTb H a c , mo- 

x y r b  6 y T u  p o 3 rn a H y T i  ogH O H acH O  aK  H acT uH K u T a  X B uni. BTiM , M iK poH a- 

ctuhku 3gaT H i n p o a B n a T u  xB u n b O B i BnacTuBOCTi. n e p m i  K poK u b p o 3 y -  

MiHHi K o p n y c K y n a p H O -x B u n b O B o ro  g y a n i3 M y  M iK poH acTuH O K  6 y n o  3 p o 6 -  

neH O  H y i  g e  E poM neM  1 9 2 3  p o K y . K p iM  T o ro ,  BiH B craH O B uB , m o  H ep e3  

T e, m o  $ otohu M aK T b B nacTuBOCTi i X B u n b , i H acruH O K , 6 y g b -a K i  ^ o p M u  

peH O B uH u T a K o x  M aK T b BnacTuBOCTi i X B u n b , i H acruH O K . P 0 3 rn a H e M 0  

0 CH0 BHi MOMeHTu T e o p i i  H . g e  E p o M n a , 3 a  aK y  BiH o g e p x a B  y  1 9 2 9  p . 

H o 6 e n iB C b K y  n p e M iK .

O otoh x a p a K T e p u 3 y e T b c a  e H e p r ie K :

h c
E  =  h v =  —  ( 2 4 .1 )

A
T a  iM n y n b c o M :

E
P  =  — . ( 2 4 .2 )

c
K o M 6 iH y K H u  g B a  o c ra H H ix  B u p a 3 u , M o x H a  B u3H aH uT u  iM n y n b c  $ o -  

TOHa:

E  h c  h
P  =  — =  ~ 1 T =  ^ , ( 2 4 .3 )c  cA  A
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3BigKH MO*Ha ogep̂ a™ BHpa3 gna goB̂ HHH xemi de Epornn:
h

i  =  h  =  

P mv
( 2 4 . 4 )

C n ig  3a3HaHHTH, g o B ^ H H a  X B uni g e  E p o f in a  o 6 e p H e H o  n p o n o p -  

^ t a a  M aci HacTHHKH T a 11 m B u g K o c T i; g n a  HacTHHKH M a c o ro  1 r ,  a K a  p y ­

x a e T b c a  3i m B H g K ic ro  1 m/c, g o B ^ H H a  XBHni cTaHoBHTb 6 ,6 2 - 1 0 -31 m, to6-
to n e ^ H T b  3a  M e^aM H  c n o c r e p e ^ e H b .  BTiM , g n a  TaK Hx HacTHHoK aK  $ o -

tohh, eneK T poH H , n p o T o H H , aToM H to^ o ^  T e o p ia  n p H n y cT H M a.

K o H ^ n ^ r o  XBHni g e  E p o f in a  M o ^ H a  3acT o cy B aT H  g o  en eK T p o H a , ^ o  

p y x a e T b c a  n o  K onoB ifi o p 6 r r i  H aB K ono a g p a .  n o  g o B ^ H H i o p 6 iT H  eneK T ­

p o H a  B K n a g a eT b ca  ^ n e  H H cn o  x B H nb  (p H c . 2 4 .1 ) :

n l = 2 nr, ( 2 4 .5 )

g e  n  -  m n e  H H c n o ; r  -  p a g i y c  o p 6 iT H .

3  ypaxyBaHHaM piBHaHHa ( 2 4 .4 )  

ocT aH H ifi B H pa3 M o ^ H a  npH B ecT H  g o  

B H rn a g y :

mvr = nh/2n, ( 2 4 .6 )
g e  m v r  -  M oM eHT iM n y n b c y  e n e K T p o H a .

TaKHM  hhhom, KBaHToBa M exaH iK a 

n p H n y c K a e , ^ o  MoMeHT iM n y n b c y  M i- 
KpoHacTHHKH KBaHTOBaHHfi, T o 6 T o

f io r o  BenH H H H a M o ^ e  n p u fiM a T H  n u m e  

neB H i g u c K p eT H i 3H aH eH H a, ^ o  B ig n o -

B ig a w T b  n = 1 ,2 ,3 ,___

E K cn ep H M eH T an b H e  n ig T B e p g ^ e H -  

H a r in o T e 3 H  g e  E p o f in a  6 y n o  o g e p ^ a -  
m BHgKicTb Ta eHepriro  ho 1 9 2 7  p o K y  f le B ic c o H o M  T a  A ^ e p -

M epoM , aK i n p u c K o p u n u  nyH oK  eneK T poH iB  b eneK TpH H H oM y n o n i  

T a  H a n p a B n a n u  f io r o  H a K p u c T a n  H k e n r o .  E H e p r ia  eneK T poH iB  c T a H o B u n a

P u c .  2 4 .1 .  B c i  M O ^ ^ H B i c r a H H  e ^ e K T -

p O H a  HK C y K y n H iC T b  CTOHHHX X B H ^ b ,

K ovK iia 3 h k h x  M a e  C B oro  g o B ^ H H y ,

Hyi ge BPOMHb (1892-1987)

0 p a H ^ 3 b K M M  $i3M K-TeopeTM K, OflMH i3 3aCHOB- 
HUKiB KBaHTOBOi M ex aH iK u  B ucyH yB  ifle ro  ^ o g o  
xBMHbOBwx BnacTMBOCTew M aTepii (1 9 2 4  p .). .n ay -  
p e a T  HoSeniBCbKoT npeM ii 3 $i3MKiu 1 9 2 9  poKy.
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6 n u 3 b K o  5 4  e B , ^ o  B ig n o B ig a n o  g o B x u H i xB H ni 6 n u 3 b K o  2 0  hm. E y n o  g o B e- 

g eH o , ^ o  eneK TpoH H  g u ^ p a r y r o T b  TaK, aK  g u ^ p a r y B a n u  6h xB H ni, g o B x u H a  

a K u x  B H 3H anaeT bca 3 a  ^ o p M y n o ro  ( 2 4 .4 ) .

n p H K n a g

B u 3 H a n u T H  g o B x u H y  x B u n i  g e  E p o n n a  g n a  en e K T p o H a , ^ o  p y x a e T b c a  3 i m B u g K ic T ro  

1 0 7 M /c.

P 0 3 B ,H 30K

n ig c T a B H M o  n u c n o B i  g a H i y  p iB H aH H a ( 2 4 .4 ) :

A = 6 , 6 3  ■1 0-34  c  = 7 , 2 8 4 0 -11 m.
( 9 ,1 1  ■ 1 0 -31 kz  ) ( 1 0 7 M  /  c )

K o n  r p o .  i h n c  i a i u a i n m

B u 3 H a n u T H  g o B x u H y  x B u n i  g e  E p o n n a  g n a  K a M iH ^  M a c o ro  1 0 0  r ,  K H H y ro ro  3 i m B H - 

g K icT ro  2 0  m/c.
Bidnoeidb: 3 , 3 ■1 0 -34 m.

24.3. E^EKTPOHHHH MIKPOCKOn
E n e K m p o H H U U  M i K p o c K o n  -  ^  n p u n a g ,  n p u 3 H a n eH H H  g n a  c n o c T e p e -  

x e H H a  T a  ^ o T o r p a ^ y B a H H a  6 a ra T o p a 3 o B o  3 6 in b m e H o r o  3 o 6 p a x e H H a  

o 6 'eK T iB , b aK oM y 3aM icT b cB iT noB H x n p oM eH iB  (aK  b o n T u n H o M y  M iK po- 
c K o n i)  B H K opucT oB yroT b  n y n K H  eneK T poH iB , n p u c K o p e H u x  g o  B e n u K u x

e H e p r iH  ( 3 0 - 1 0 0  K eB ) b y M o B a x  r n u 6 o K o r o  B aK yyM y. 

f lo ^ in b H ic T b  cT B opeH H a e n eK T p o H H o ro  M iK p o c K o n a  
c T a n a  o n e B u g H o ro  n i c n a  3 a n p o n o H y B a H H a  g e  E p o H n e M  

c B o e i r in o T e 3 H . 3 6 in b m e H H a  e n eK T p o H H o ro  M iK pocK o­

n a  g o c a r a e  g o  1 0 6. B a x n u B o r o  B nacT H B icT ro n p u n a g y  
e  B u co K a  p o 3 g in b H a  3gaT H icT b : 3aB gaK H  bhcokhm
3H aneH H aM  e H e p r ii ' g o B X H H a x B u n i  3 r ig H o  3 p iB H aH - 

HaM ( 2 4 .1 )  c T a e  g y x e  M a n o ro  -  y  1 0 0  p a 3 iB  M eH m o ro , 
H i x  g o B x H H H  x B u n b , ^ o  B H K o p u cT o B y ro T b ca  b on T H - 

nH o M y  M iK p o cK o n i. O T x e ,  3 a  g o n o M o r o r o  en eK T p o H - 

H o ro  M iK p o c K o n a  M o x H a  c n o c T e p ira T H  g e T a n i  o6 'eK T iB  

y  1 0 0  pa3iB  M eH m i. 3 p a3 o K  g n a  eneK T poH H oi M iK pocK onii 

ro T y ro T b  y  B H rn a g i T oH K oro  m a p y  tob^ hhok) KinbKa 
gecaTK iB  H aH oM erpiB  3 thm, ^ o6 3 a n o 6 irT H  B n n u B y  n o -  

rnH H aH H a a 6 o  po3 c iro B aH H a eneKTpoHiB. EneK TpoHH HH 

n y n o K  ^ o K y c y e T b c a  3aBgaKH M araiTHHM  niH3aM  -  c u c -  

TeMaM K oT ym oK  3 i3 o n b o B aH o ro  npoB igH H K a, p o 3 M i^ e -  
hhx y  M eran eB H x  o 6 o n o H K ax , aK i M aroTb K in b ^ B y  ^ i -  

n u H y  g g a  n ig c u n e H H a  Ta K O H ^eH T pa^ii M arH iT H oro  n o n a  
(p u c .  2 4 .2 ) .  C yK ynH icT b  ^ H x  niH 3 g a e  3M o ry  o g e p x a T H  

3 o 6 p a x e H H a  o 6 'e K T a  H a eK paH i 3 HaHeceHHM  ^ n y o p e c -  
^ iro ronH M  noK puTTaM .

P u c .  2 4 .2 .  C x e M a

e i e K T p o H H o r o  M i­

K p o c K o n a :  1 -  g x e -  

p e n o  en eK T p o H iB ;

2  -  o 6 'eK T ; 3 -  M a r ­

HiTH i n iH 3 u ;

4  -  3 o 6 p a x e H H a
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24.4. CniBBI^HOmEHHH HEBH3HAHEHOCTEH
Cnieeidnomennn HeGU3HcmeHocmeu -  ^  ^ y H g a M e m a n b H e  n o n o ^ e H -  

H a  KBaHToBoi M exaH iK H , aK e c ^ o p M y n ro B a B  B . T e f t3 e H 6 e p r  y  1 9 2 7  p . ,  3 r i -

g H o  3 aKHM n p u ^ u n o B o  H e M o ^ n u B o  o g H o H ac H o  BHM ipaTH n o n o ^ e H H a  

HacTHHKH T a 11 iM n y n b c  3 H ecK iH H eH H oro ToH H icTro. lH a K m e  K a ^ y H H , aK - 

^ o  B H M iproB aH H a n o n o ^ e H H a  HacTHHKH 6 y n o  3 g ific H e H e  3 T oH H icTro Ax, 
a  o g H o H ac H e  B H M iproB aH H a iM n y n b c y  HacTHHKH -  3 ToH H icTro A p , to  g o -  
6 y r o K  g B o x  H eB H 3H aH eH ocT efi H ix o n u  H e M o ^ e  6y T H  M eH m uM  3a  n o p a g -  

kom BenHHHHH c T a n o i  n n a H K a  h :

Ax A p  > h ,  ( 2 4 .7 )

g e  h  =  h /2 n .

To6to, a K ^ o  H eBH 3H aH eH icTb Ax M a n a , H eBH 3H aH eH icTb Ap B e n u K a  i
HaBnaK H .

C n iB B ig H o m e H H a  H eB H 3H aH eH ocT efi M o ^ H a  3 a n u c a T H  g n a  e H e p r i i  T a  

H a c y :

A E A t > h  ( 2 4 .8 )

g e  A E  -  H eB H 3H aH eH icTb 3H aH eH H a e H e p r i i  cu c T eM H ; A t  -  H eB H 3H aH eH icTb H a c y  (T pH B a- 

n ic T b  n p o u e c y  B H M iproB aH b).

P o 3 rn a H e M o  aK  n p H K n ag  p y x  eneK TpoH iB  H epe3  By3bK y ^ in H H y . f l o  n p o -  

x o g ^ e H H a  H epe3  ^ i n u H y  eneK TpoH H  p y x a ro T b c a  n a p an en b H H M  noToK oM , 

aKHfi x ap aK T ep H 3 y eT b ca  HeBH3HaHeHocTaM H iM n y n b c y  Ap =  0  T a  K o o p g u H a- 

t h  Ax — &>. y  MoMeHT n p o x o g ^ e H H a  eneK TpoH iB  H epe3 ^ in H H y  HeBH3HaHe- 

HicTb iM n y n b c y  3 6 in b m y e T b c a  H epe3  g u ^ p a K ^ r o  eneK TpoH iB  H a ^ i n u m ,  T o g i 

aK  HeBH3HaHeHicTb K oopguH aT H  Ax o 6 M e * y e T b c a  m u p H H o ro  ^Lthhh.

BepHep rEM3EHBEPr (1901-1976)

HiM e^K M M  ^i3M K-TeopeTM K, OflMH i3 3aOHOBHMKiB 
KBaHTOBOl M exaHiKU. O ^ o p M y ^ W B a B  CniBBiflHo- 
m eH H ^ HeBM 3H aM eH ocTen ( 1 9 2 7  p .) .  f l a y p e a T  
H o 6 e^ iB C b K o i n p eM ii 3 $i3UKU 1 9 3 2  poKy.

n p H K a a g

^BHgKicTb eneKTpoHa, aKa cTaHoBHTb 5-103 m/c, BHMipanu 3 ToHHicTro 0,003 %. 
3HafiTH HeBH3HaHeHicTb nono^eHHa uboro eneKTpoHa.

P 0 3 B H 3 0 K

IMnynbc eneKTpoHa gopiBHroe:
p  = mv = (9,11 -10-31 kt)(5-103 m/c) = 4,56-10-27 kx -m/c.
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H e B H 3 H a n eH icT b  iM n y n b c y  3 a  y M o B o ro  3 a g a n i  cT aH oB H Tb:

A p  =  0 ,0 0 0 0 3 p =  ( 0 , 0 0 0 0 3 ) ( 4 ,5 6 - 1 0 -27 kf-m/c) =  1 ,3 7 - 1 0 -31 kf-m/c. 
3 H a x o g H M o  H eB H 3H aneH icT b  n o n o x e H H a  e n e K T p o H a :

Ax > . h
2%lSp

( 6 , 6 3 - 1 0 -34 f l x - c ) / ( 2 t f -  1,37■ 1 0 -31 kt-m/c) =  0 ,7 7 - 1 0 -3 m =  0 ,7 7  mm.

24.5. XBH^bOBA ^ y H K ^ fl
H y i  g e  E p o n n b  c T B e p g x y B a B , m o  B ci $ o p M H  penoB H H H  x a p a K T e p u 3 y -  

ro T b c a  xB unboB H M H  B nacTH B ocTaM H . TaKHM  h h h o m ,  e  n eB H a  c x o x ic T b  
M ix  n o B e g iH K o ro  cB iT n a  T a penoB H H H . B e n u n u H a ,  m o  n o B H icT ro  o n u c y e  
cT aH  M iK ponacTH H K H  i B 3 a ra n i  6 y g b -a K o i  KBaHToBoi' c u c T e M u , H a3H B aeT b- 

c a  x e m b o e o w  $ y H K U ,ie w .  ^  ^ y H ^ i a  M ae iM oB ipH icH H n x a p aK T e p : 
B oH a 3 a n e x H T b  B ig  n o n o x e H H a  nacTHHK H, t o 6 t o  B ig  i i  K o o p g u H a T  x , y ,  z ,  

T a n a c y  t  i  B 3 a ra n i  3 a n u c y e T b c a  y  B u r n a g i iF ( x , y , z , t ) .  K B a g p a T  M o g y n a  

x B u n b o B o i ^ y H K ^ i' | lF ( x , y , z , t )  |2 B H 3H anae  iM oB ipH icT b 3 H a x o g x e H H a  
nacTH H K H  b  t o h ^  3 K o o p g u H aT aM H  x, y ,  z  b  MoM eHT n a c y  t.

24.6. CTA^OHAPHE PIBHAHHA IIIPF.mHrF.PA
X B u n i  g e  E p o n n a  o n u c y r o T b  n o B e g iH K y  nacTH H K H  n u m e  y  B u n a g K y  

B in b H o ro  p y x y .  f l n a  nacTH H K H , aK a  p y x a e T b c a  3 i m B u g K icT ro  v n i g  g ie r o  

c u n u ,  m o  3 y M o B n ro e T b ca  n o T e H m a n o M  U ,  x B u n b o B a  ^ y H ^ i a  B H 3H ana- 
e T b c a  g u ^ e p e H ^ a n b H H M  piB H aH H aM , aK e o g e p x a n o  H a3B y c m a ^ o H a p H o -  

^ o  p ieH H H H H  ^ p e d i m e p a :

( 2 4 .9 )

^  p iB H aH H a e  B a x n u B H M  cn iB B ig H o m eH H aM  KBaHToBoi' M exaHiKH. 
O y H K ^ i ' \f/ , m o  3 a g o B o n b H a ro T b  piB H aH H ro f f l p e g m r e p a  3 a  3 a g a H o ro

3 H an eH H a U , H a3H B aroT bca  e n a cH U M U  ^ y H K ^ H M U . f l n a  K B a n ro B u x  cucT eM , 
p y x  a K u x  B ig 6 y B a e T b c a  b o 6 M e x e H o M y  n p o c T o p i ,  p im e H H a  p iB H aH H a 
f f l p e g m r e p a  icH y ro T b  n u m e  g n a  n eB H H x  g u c K p e T H u x  3 H an eH b  e H e p rii ';  
K o x H o M y  3H aneH H ro  e H e p r ii ' B ig n o B ig a e  c B o a  B n a cH a  ^ y H K m a .

EpBiH mPEfllHrEP (1887-1961)

ABCTpmCbKMM $i3MK-TeOpeTMK, OflMH 3 OCHOBOnO- 
nOXHMKiB KBaHTOBOl MexaHiKU. PO3PO6MB XBM^bOBy
M exaHiKy (1 9 2 6  p .), c ^ O p M y n ro B aB  IT OCHOBHe piB­
HaHHa (piBHaHHa W p e f l iH re p a ) .  f l a y p e a T  H O 6en iB - 
cbKOi npeM il (pa3OM  3 n .  flipaKOM ) 1 9 3 3  pOKy.
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24.7. NIHIHHHH r  APMOHIHHHH 
O^HNflTOP

P03rnaHeM0 aK npuKnag MoxnuBoro 3acTocyBaHHa cra^oHapHoro 
piBHaHHa fflpegrnrepa nrniMHuM rapM0HiHHHM o^unaTop -  cucTeMy, mo 
3giMcHroe ogHoMipHHM pyx nig BnnHBoM npyxHoi' cunu.

HexaM HacTHHKa Macoro m 6epe yHacTb y KonuBaHHax nig BnnuBoM 
npyxHoi' cunu F  = -  kx, ge x -  3MimeHHa HacTHHKH Big cTaHy piBHoBaru. 
noTeH^anbHy eHepriro TaKoi cucTeMH MoxHa BH3HaHHTu 3a gonoMororo 
Bupa3y (5.12) TaK:

kx2 mm2 x2
U =  ------ = ------------- , (24.10)

2  2
f f  , .

g e  m  =  J  K yT oB a H ac T o T a  K onH B aH b; k  -  x o p c T K ic T b  n p y x u H H .V m
KnacuHHa MexaHiKa BH3HaHae noBHy eHepriro TaKoi cucTeMH (due. 

mA 2m2
piBHaHHa (5.13)), aK E  = ----------- ; aMnniTyga Manux KonuBaHb KnacuH-

Horo o^ unaTopa BH3HaHaeTbca Moro noBHoro eHepriero, aKa b ToHKax
i x max gopiBHroe noTeH^ anbHiM eHeprii' . OTxe, 3a Mexi o6nacTi (- xmax, 
+ xmax) KnacuHHuM o^ unaTop bhmth He Moxe.

3anumeM0 piBHaHHa fflpegrnrepa gna TaKoro o^unaTopa:

d 2Y  2 m E  m m  2 2

-  2 = - [( . 2 ) - ( ~ T ~ ) x ]^ . (2 4 .11)
d x  h 2 h

P03Ba30K ^ o r o  piBHaHHa cnig myKaTH y BHrnagi:

/  =  B e ^ , (24.12)

m m  h m
g e  C  = --------T a  E  = --------- .

2 h  2

XBunboBa $y H ^ ia  gna ocHoBHoro cTaHy Mae Burnag:

/  =  B e - {mm/2h) x2. (24.13)

EHepria 36ygxeHux cTaHiB onucyeTbca Bupa30M:

E  =  (n + V2)  hm , (24.14)
g e  n  =  1 , 2 , 3 , . . .  .

TaKHM hhhom, KBaHT0B0MexaHiHHHM nigxig go niHiMHoro o^ unaTo- 
pa goBogHTb, mo Moro eHepria Mae gucKpeTHi piBHi eHeprii. EHepria oc­
HoBHoro cTaHy (TaK 3BaHa eHep îH uynboeux KonueaHb) cucTeMH gopiB­

Hroe —— ; pi3HH^ Mix piBHaMH craH0BHTb AE = hm (puc. 24.3).
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U(x)

P h c . 2 4 .3 .  ^ H C K p e T H i 

p iB H i e H e p r i i  ^ i m f i -  

H o r o  o ^ H ^ H T o p a :

e H e p r i a  0 C H 0B H 0r0  

C TaH y (T aK  3B aH a e H e ­

p r i a  H y^bO BHX  K o g u -  

B aH b) CHCTeMH g o p iB -  

ha
H W e ; p i 3 H H ^  M i*

p iB H aM H  CTaHOBHTb:

AE  =  f t©

1
\ 1

AE=hca \ /

£4

E = —tl<!>

E = — tia>

' = -  tin)

X

O.C. flABMflOB (1912-1993)
yKpaiHCbKMM #i3M K-TeopeTM K. P o 3 p o 6 w B  T eo p iro  
H eaK cianbH iux  a g e p ,  M o g e n b  KoneKTMBHiux 3 6 y -  
g x e H b ,  T eo p iro  eKCMTOHiB y  M o n eK ynapH iux  Kpu- 
C T a n a x . A b t o p  M O H o rp a^ iw  “KBaHToBa M exaH i­
Ka” ( 1 9 6 3 ) ,  „ T e o p m  M oneK y n ap H iu x  eKCMToHiB” 
( 1 9 6 8 ) ,  “E io n o rm  i KBaHToBa M exaH iK a” (1 9 7 9 ) ,  
“T e o p m  T B e p g o ro  T in a ” ( 1 9 8 0 ) ,  “C oniToH iu y  m o - 
n eK y n ap H iu x  c u c T e M a x ” ( 1 9 8 4 ) ,  B hki/ix noB H oT a 
T a  b u c o k u W piB eH b n o e g H y ^ T b c a  3 n p o c T o T o ro  
BM K nagaHH ^ T a  gocT ynH icT W .

24.8. CKAEYroHHH TyHE^tHHH MIKPOCKOn
npuHHun gii cKaHyroHoro TyHegbHoro MiKpocKona HaBegeHO Ha puc.

24.4. npoBigHHK, mo Mae 3arocTpeHy ^opMy, po3TarnoBaHuH no6gu3y 
noBepxHi, mo aHagi3yeTbca. 3aBgaKu Ta*iHHro 3 6oKy no3uTuBHux ioHiB 
egeKTpoH Ha noBepxHi Mae MeHrny 3aragbHy eHepriro Hi* egeKTpoH y 
BigbHoMy npocTopi Mi* noBepxHero Ta npoBigHuKoM. Te *  caMe Mo*Ha 
CKa3aTH mogo egeKTpoHa Ha 3arocTpeHoMy Krnm npoBigHuKa. 3rigHo i3 
3aKoHaMH KgacuHHoi MexaHiKH, egeKTpoHu He3gaTHi nepecyBaTuca Mi* 
noBepxHero Ta 3arocTpeHUM KiHu,eM, ocKigbKu im 6paKye eHeprii, Heo6- 
xigHoi gga Buxogy 3 MaTepiagy. Age KBaHToBa MexaHiKa npu3BoguTb go 
npuH^noBo HoBoro BucHoBKy mogo Mo*guBocTi npoxog*eHHa HacTu­
HoK Hepe3 noTeHmagbHuM 6ap’ep; He aBume ogep*ago Ha3By “TyHegb- 
Horo e^eKTy”. ^ga Toro, mo6 noKuHyTu noBepxHro, eHepria egeKTpoHa 
noBuHHa gopiBHroBaTu ( U  -  E ), ge U  -  BucoTa noTeHmagbHoro 6ap’epa,
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m o  B ig n o B ig a e  p i3 H H ^  n o T e H ^ a n b H u x  e H e p r if t ,  aK i MaB eneK T poH  30B H i 

T a  y c e p e g H H i M a T e p ia n y  n o B e p x H i; E  -  KiHeTHHHa e H e p r ia  e n eK T p o H a . 

O ™ e ,  p o 6 o T a  B H x o g y  en eK T p o H a g o p iB H ro e  ( U  - E ) .  B ip o r ig H ic T b  T y H en b - 

H o ro  n p o x o g y  HacTHHKH B H 3H aH aeT bca K o e f i i t y e n m o M  n p o n y c K a n n n  T :

T  & e - 2 K L ,  ( 2 4 .1 5 )

g e  K o e ^ m ie H T  K  B H 3H aH aeT bca 3 a  B H pa3oM :

K  =  V 2 m (U  ~  E )  , ( 2 4 .1 6 )
n

g e  m  -  M a c a  HacTHHKH; n  -  C T a n a  n n a H K a ;  L  -  m u p u H a  n o T e H ^ a n b H o r o  6 a p ’e p a .

f l n a  T H noB H x 3H aH eH b ( U -  E )  =  4 ,0  e B  g o B ^ H H a  T yH enroB aH H a 

S  =  1 I T  CTaHOBHTb 6nH3bKO 1 0  hm ( a 6 o  1 0 '10m ).

P h c . 2 4 .4 . ^ p H H ^ H ^  gii’ c K a H y r o n o ro  T y H e ^ b H o ro  M iK p o c K o n a : 1 -  g ^ e p e n o  

cT p y M y ; 2  -  6 n o K  3 ’e g H aH H a  n ’e3 o n e p e T B o p ro B a H iB  3 g n c n n e e M .

n p o ^ c  n o 6 y g o B H  M iK pocK oniH H H x 3 o 6 p a ^ e H b  B ig 6 y B a e T b c a  y  TaKHH 

c n o c i6 .  M m  n o B e p x H e ro , m o  a H a n i3 y e T b c a , T a  3 a ro cT p eH H M  km ^ m (3oh- 
g o M ) n p o n y c K a ro T b  eneKTpHHHHH cT pyM , aKHH g y ^ e  H y rn u B H H  m o g o  

B ig cT aH i L . n i g  H ac  cK aH yB aH H a 3 o H g y  B ig H o cH o  p e n b e ^ y  n o B e p x H i B ig - 
6 y B a e T b c a  n e p e r e o p e H H a  H o ro  M ex a H iH H o ro  n e p e M im e H H a  y  eneK T pH H ­

HHH c n r H a n  3 a  g o n o M o r o r o  n ’e3oeneK T pH H H H x n e p e re o p ro B a H iB ; TaK a 

c u c T e M a  g a e  M o ^ n u B ic T b  n o 6 y g y B a T H  TpHBHM ipH e 3 o 6 p a ^ e H H a  n o B e p x H i 

3 B u co K o ro  p o 3 g in b H o ro  3 g aT H icT ro  (6 n u 3 b K o  0 ,2  hm).
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npHKaag
EgeKTpoH 3 KiHeTMHHoro eHepriero 30 eB npoxoguTb Hepe3 noTemiiagbHun 6ap’ep 

BucoToro 40 eB. Bu3HaHuTu BiporigHicTb TyHegbHoro npoxogy egeKTpoHa Hepe3 6ap’ep 
mupuHoro 1 hm.

P03BH30K
EHepria egeKTpoHa, Heo6xigHa gga Toro, mo6 noKuHyrn noBepxHro, gopiBHroe:
(U - E )  = 40 eB -  30 Eb = 10 eB = 1,610-18 fl*.
BnKopncToByronn piBHaHHa (24.16), Bu3HaHuMo BeguHuHy 2KL:

J 2(9,11 -10-31 k?)(1 ,6  -10-18 E m )  9
2 K L  = ^ ------------ ^ - ^ (1-10-9 m) = 32,4.

1,054 -10-34 f f m  - c  y J
OT*e, BiporigHicTb TyHegbHoro npoxogy egeKTpoHa Hepe3 6ap’ep cTaHoBnTnMe:
T  x e -IKj=  e-32,4 = 8,49-10-15.

KoHTpoabHe 3aBgaHHH
Bn3HannTn BiporigHicTb TyHegbHoro npoxogy egeKTpoHa 3 KiHeTuHHoro eHepriero 

30 eB, mo npoxoguTb Hepe3 noTeHuiajibHun 6ap’ep BucoToro 40 eB Ta mupuHoro 0,1 hm. 
B i d n o e i d b :  0,0392.

KOHTPO^BHI 3AnHTAHHfl TA 3AB^AHHfl
1. m,o BuBHae KBaHToBa MexaHiKa?
2. y  HoMy nogarae cyTb KopnycKygapHo-xBugboBoro gyagi3My?
3. noacHuTu ocHoBHi MoMeHTu Teopii' Hyi ge Eponga.
4. y  HoMy nogarae gocgig fleBiccoHa Ta fl*epMepa?
5. noacHuTu npuH ^n gii egeKTpoHHoro MiKpocKona.
6. C^opMygroBaTu cniBBigHomeHHa HeBu3HaHeHocren ren3eH6epra.
7. m,o xapaKTepu3ye xBugboBa $y H ^ ia?
8. 3anucaTu cra^oHapHe piBHaHHa fflpegmrepa.
9. noacHuTu npuH ^n gii cKaHyroHoro TyHegbHoro MiKpocKona. y  

HoMy nogararoTb noro nepeBaru?
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25. EIEM EH TH  ATOMHOI #I3HKH
P o 3 g in  $i3H K H , aKHH BHBHae 6 y g o B y  i B n a cT H B o c ri aTOMiB T a  en eM eH - 

T ap H i n p o ^ C H ,  m o  B ig 6 y B a ro T b c a  H a  aTOMHOMy p iB H i, H a3H B aeT bca  

a m o M u o w  $ i3 U K O W .

ATOM Ha $ i3 H K a  3acTOCOBye ocHOBHi n o n o x e H H a  KBaHToBoi' M exaH iK H  

g o  p e a n b H o r o  CBiTy aTOMHOi c T p y K T y p u , 3OKpeM a g o  aTOM a aK  KBaHTOBOl 

CHCTeMH, piBH iB e H e p rii ' aTOMiB T a  M o x n H B H x  n e p e x o g iB  M ix  ^HM H p iB ­

HaM H, 3 6 y g x e H H a  aTOMiB T a  ix  n o B e g iH K y  b  3O B H im H ix n o n a x .

B  icTopHHHOM y n n a H i aTOM y a B n aB c a  H e n o g in b H o ro  HacTHHKoro peHO- 

bhhh y  n o r n a g a x  C T apogaB H ix  BHeHHx (.HeBKmn ,  fleM OKpHT, E n iK y p ). H a  

noH aTK y X I X  CTopiHHa aTOM p o 3 r n a g a n u  aK  H a M g p i6 m m y  HacTHHKy xiM iH- 
H o ro  eneM eH T a. 1 9 0 2  p o K y  f l .  Tomcoh 3 an p o n o H y B aB  M o g en b  aTOMa, aK a 

o g e p x a n a  Ha3By “ n y g iH r  3i cnHBaM H”  -  aTOM a B n a e  c o 6 o r o  c y ^ n b H y  c ^ e p y ,  
3 a p a g x e H y  no3HTHBHO, aK a  MicTHTb y c ep e g H H i eneK TpoH H  (p n c . 2 5 .1 ) .  3 a p a g  

c ^ e p u  g o p iB H ro e  3aranbH O M y 3 a p a g y  eneK TpoH iB.

^ n o H c b K H H  ^i3H K -T eopeT H K  X a H T a p o  H a r a o K a  n p n n y c T H B  y  1 9 0 4  

p o ^ ,  m o  c rp y K T y p a  aTOM a c K n a g a e T b c a  3 no3HTHBHO 3 a p a g x e H o r o  a g p a ,  

H aB K ono a K o r o  o 6 e p T a e T b c a  K i n b ^  3 eneK T poH iB  ( p n c .  2 5 .2 ) .  T a K a  mo- 
g e n b  H a r a g y e  n n a H e T y  C a T y p H  3 koh^ htphhhhmh K in b ^ M H  H aB K ono 

nn aH eT H .

y  1 9 1 1  p . E . P e 3 e p $ o p g  n p oB iB  g o c n ig ,  aKHH goBiB HeKopeKTHicTb mo- 
g e n i  aTOMa T o M co H a. C x e M y  g o c n ig y  P e 3 e p $ o p g a  3 o 6 p a x e H O  H a p n c .  2 5 .3 .

25.1. M O^EII ATOMA

P u c .  2 5 .1 .  M o g e a b  aT O M a 

3 a  ,3 , T o m c o h o m

P u c .  2 5 .2 .  M o g e a b  aT O M a 

3 a  X .  H a r a 0 K 0 M
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n y n o K  n03H TH B H 0 3 a p a g x e H u x  a -n a c ru H O K  H a n p a B n a n u  H a TOHKy M eT a- 

n e B y  ^ o n b r y  T a  a H a n i3 y B a n u  x a p aK T e p  p o 3 c iro B aH H a  n acru H O K . B h c h o b k h

a -q a c T H H O K  H a n p a B a a a n  H a  TO H K y M e T a a e B y  ^ o a b r y  T a  a H a a i 3 y B a a H  

x a p a K T e p  p o 3 c i ro B a H H H  n ac T H H O K : 1  -  g x e p e n o  h e c t u h o k ;  2  -  g i a ^ p a m a ;

3  -  $ o n b r a ;  4  -  eK paH .

6 y n n  rigH H M H  n o g u B y :  6 in b m ic T b  a -n a c ru H O K  n p o x o g u n u  K pi3b ^ o n b r y  

aK  n e p e 3  n y c r e  M i ^ e .  E a ra T O  a -n a c ru H O K  B i g x u n a n u c a  B ig  nonaTK O B O i 
n p a M o n irn H H O i T paeK T opii' T a  p o 3 c ir o B a n u c a  n i g  BenHKHMH KyTaMH. f le a K i 
nacTH H K H  (n p n 6 n H 3 H O  o g H a  3 2 0 0 0 0  nacTHHO K) 3 M iH roB anu  H anpaM O K  

p y x y  H a  n p o T u n e x H u H . P e 3 e p $ o p g  3 ra g y B a B : “ f l n a  M eHe ^  6 y n a  H aH - 

6 in b m  HeHM OBipHa n o g i a  y  M oeM y x u T r i .  ^ r o  HeHM OBipHicTb M o x H a  6 y -  
n o  n o p iB H aT H  3 K y n e ro , aK y  b h  B u c r p in u n u  y  n a n i p ,  a  BOHa n o B e p H y n a c a  

T a  y p a 3 H n a  B a c ” . T a K y  n o B e g iH K y  a-nacT H H O K  H e M o x H a  6 y n o  no acH H T H  

M o g e n n ro  T o M c o H a , 3 rigH O  3 aK o ro  aTOM a B n aB  c o 6 o r o  H eH T p an b H y  c $ e -  

p y .  T a K y  c ^ e p y  a -n acT H H K H  noB H H H i 6 y n n  n p o 6 n B a T H , ocK inbK H  b o h h  

p y x a n n c a  3 B en u K o ro  m B u g K ic r ro .  P e 3 e p $ o p g  n p u n y c r u B ,  m o  no3U TU B - 
h h h  3 a p a g  c K O H ^ m p o B a H u M  b  o 6 n a c r i ,  g o c T a T H b o  M aniH  n op iB H aH O  3 

po 3M ipaM H  aTOM a, n p u n o M y  b  HiH c K 0 H ^ m p 0 B a H a  M a H x e  B ca  M a c a  aTO- 
M a. B iH  Ha3BaB ^ r o  o 6 n a c T b  n d p o M  aTOM a. T o 6 t o  M o g e n b  aTOM a P e 3 e p -  

$ o p g a  H a r a g y e  c o H a n H y  n n a H e T a p H y  c u c r e M y  (c aM e  TOMy BOHa o g e p x a -  
n a  H a3B y m a n e m a p n o i )  -  B ca  M a c a  aTOM a c K 0 H ^ m p 0 B a H a  b  M an o M y  3 a  

p o 3 M ip a M u  n03U TU B H 0 3 a p a g x e H O M y  a g p i ,  a  B ci en eK T p o H u , m o  H a n e -  

x a T b  aTOM y, p y x a r o T b c a  n o  o p 6 i r a x  H aB K ono a g p a .  H u c n o  eneK T poH iB  b  

aTOMi g o p iB H ro e  aTOMHOMy H O M epy Z  en eM eH T a, a  3 a p a g  aTOM a g o p iB H ro e  
Z e ,  g e  e  -  3 a p a g  en eK T p o H a . E n eK T p o H u  3 B 'a 3 aH i 3 a g p o M  3 a B g aK u  K y n o - 

HiBcbKOM y T a x iH H ro .
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EpHCT PE3EPOOPfl (1871-1937)

AHmiwcbKMM $i3U K , akum  c ^ o p M y n ro B a B  n n a H e -  
T ap H y  M o g e n b  6 y g o B U  aTO M a (1 9 1 1  p .) . B igK puB  
a n b $ a -  T a  6 e T a -n p o M e H i T a  BCTaHOBUB Tx n p u -  
p o g y .  O g u H  i3 3acHOBHUKiB T eo p ii  pagioaK T U B - 
HOCTi. ^ a y p e a T  H o6eniB C bK oT npeM ii 1 9 0 8  poKy.

f l o  H eg o n iK iB  M o g e n i  P e 3 e p $ o p g a  c n ig  B ig H e c ru  Te, ^ o  3 a  3aKOHaMH 
K n a c u n H o i eneK T pogH H aM iK H  p y x  en eK T p o H a  aK  3 a p a g x e H o i  nacTHHKH 
c y n p o B o g x y e T b c a  en eK T poM araiT H U M  B unpoM iH roB aH H aM  T a B ig n o B ig -  
hhmh BTpaTaM H e H e p r i i ,  n e p e 3  ^ o  B p e m T i-p e m T  eneK T poH  noB H H eH  B n a c -  

th H a a g p o  ( p u c .2 5 .4 ) .  A n e  ^ e  H e n ig T B e p g x y B a n o c a  eK cn ep u M eH T an b H o . 

K p iM  T o ro , M o g e n b  P e 3 e p $ o p g a  H e 3 g aT H a 6 y n a  n o a c H H T u , n o M y  aToM  
B u n p o M rn ro e  neB H i x a p aK T e p H i n acT oT H , a  H e iH m i. f l if ic H o , a K ^ o  aToM  

B u n p o M rn ro e  cB iT no , n a c T o T a  B u n p o M iH ro B aH H a ^ iK c o B a H a  i 3 a n e x u T b  B ig  
T u n y  aT oM a ( p u c .  2 5 .5 ) .  A n e  3 aB g aK u  3MiHi po3M ip iB  aTOM a n i g  n a c  bh- 
npo M iH ro B aH H a n a c T o T a  B u n p o M iH ro B aH H a noB U H H a n o c T y n o B o  3M iH roB a- 
T u c a  TaK caM o, aK  i cn eK T p  B u n p o M iH ro B aH H a ( p u c .  2 5 .6 ) .

t= >  © ' b

K a a c H H H d  e a e K T p o g H H a M iK H  c y n p o B o g ^ y e T b C H  e a e K T p o M a r a iT H H M  

i i i i i i p o \ i i i i i o i i a i i i i } i \ i  T a  B ig n o B ig H H M H  B T p a T a M H  e H e p r i i ,  n e p e s  ^ o  

B p e m T i - p e m T  e g e K T p o H  n o B H H e H  l i i i a c m  H a  n g p o

P h c . 2 5 .5 .  B n n p o M iH r o -

B aH H fl aT o M o M  lie i i l l l lX  

x a p a K T e p H u x  H a c r o T  

3 a ^ e ^ H o  B ig  T u n y  a T o M a
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P u c .  2 5 .6 .  n O C T y n O B a  3 M iH a H aCTO TH  B H n p O M m W B a H H H  B H a c n ig o K  3M fflH  

p o 3 M ip iB  aT O M a n i g  H a c  B H n p O M iH M B aH H H  3 r ig H O  3 K ia c H H H o ro  T e O p ie ro

n o g a n b m H H  B H ecoK  y  p03B H T0K  n o r n a g iB  m o g o  6 y g o B H  aTOM a BHic 

H .  E o p ,  3 k h h  3 acT o cy B aB  ig e r o  KBaHTyBaHHa e H e p rii ' g o  T eo p ii ' 6 y g o B H  

aTOM a T a 3 a n p o n o H y B a B  M o g e n b  aTOM a B ogH ro .

25.2. ATOM BOflHW
A t o m  B o g H ro  c K n a g a e T b c a  3 o g H o r o  e n eK T p o H a  T a  o g H o r o  np o T O H a. 

K iH eTH H H a e H e p r ia  e n eK T p o H a  b  aTOMi B ogH ro  g o p iB H ro e :

( 2 5 .1 )E k = mv2/2 = p 2/2m,
g e  m -  M a c a  en e K T p o H a ; u -  m B u g K ic T b  n o r o  p y x y ;  p  -  iM n y n b c  e n e K T p o H a .

n o T e H ^ a n b H a  e H e p r ia  aTOM a B ogH ro  B H 3 H an aeT b ca  3 a  ^ o p M y n o ro :

U ( r )  =  - k —  . 
r

( 2 5 .2 )

g e  k  = 4xen -  KynoHiBcbKa cTana (k = 8,9875-109 H-m2/Kh2); r -  BigcTaHb eneKTpoHa

B ig  a g p a .

M e T o g u  K B a H T o B o i  M e x a H i K H  g o 3 B o n a r o T b  o g e p x a T H  T O H H y  x a p a K T e -  

p u c T H K y  c T a H i B  e n e K T p o H a  b a T O M i B o g H r o .  3 r i g H O  i 3  3 a K O H a M H  K B a H T o B o i  

M e x a H i K H  e H e p r i i  g o 3 B o n e H H x  c T a H i B  a T O M a  B o g H r o  B H 3 H a n a r o T b c a  T a K :

E  =  -n
^ke2^

2 a^ W0 J
1 2

—  =  - 1 3 , 6 / n 2 e B ,
n

( 2 5 .3 )

g e  n  =  1 , 2 , 3 , . . .  -  n i n e  H H c n o , m o  B H 3H aH ae M o x n H B i p iB H i e H e p r i i  i  H a3 H B aeT b c a  ^0M0B- 

hum K B a n m oB U M  hucmom; a 0 -  p a g i y c  E o p a  ( a 0 =  0 ,0 5 2 9  h m )  -  p a g i y c  H a f t6 n n x H o i  g o  

a g p a  o p 6 i r n  en e K T p o H a .

P o 3 r n a g  aTOM a B ogH ro  y  TpHBHM ipHOM y n p o c T o p i  BHKnHKae H e o 6 x ig -  

H icTb B B egeH H a T p b o x  KBaHTOBHx H H cen  g n a  K O X H oro  c r a ^ O H a p H o r o  

cT aH y , aK i 6  B ig n o B ig a n H  TpbOM c r y n e H a M  B in b H o cT i en eK T p o H a . P o 3 r n a -  

H eM o ^  KBaHTOBi H H cna.

roMOBne KBanmoBe hucmo n B H 3H anae  eH epreT H H H i p iB H i e n eK T p o H a  b 
aTOMi i M o x e  npH H M ara  ^ n o H H cn o B i 3 H an eH H a n = 1 , 2 , 3 , .  .

2

1

361



Op6imanbne Keanmoee nucno l B H 3H anae  MOMeHT iM n y n b c y  e n eK T p o - 

H a  b aTOMi i M O * e  npH H M aTH  n g o 3 B o n e H H x  3 H an eH b  B ig  0  g o  n -  1. I 3 

p o 3 B 3 3 a H b  p iB H aH H a f f lp e g H H r e p a  B H nnH B ae, m o  o p 6 r ra n b H H H  MOMeHT 

iM n y n b c y  e n eK T p o H a  M o x e  npH H M aTH  n a m e  gHCK peTHi 3H an eH H a, m o  
B H 3 H an aro T b ca  3a  ^ o p M y n o ro :

L  = s j l ( l  +  1) h  , ( 2 5 .4 )

g e  l  =  0 , 1 , 2 , . . . ,  n  -  1.

Op6imanbne Ma^HimHe Keanmoee nucno mt B H 3H anae  n p o e ^ iro  mo- 
M eHTy iM n y n b c y  e n eK T p o H a  H a  3agaH H H  H an p aM o K  z i M o * e  npH H M aTH  
2 l+ 1  g o 3 B o n e H H x  3H an eH b . K B aH T oB a M exaH iK a n p o n o H y e  g o 3 B o n e H i 3H a- 
n e H H a  n p o e ^ i i  M oM eH Ty iM n y n b c y  3 a  TaKHM B Hpa3oM :

L z =  m i  h , ( 2 5 .5 )

g e  m l =  0 ,  + 1 ,  ± 2 ,  . . . ,  ±  l.

B n acH H H  MoM eHT iM n y n b c y  en eK T p o H a , m o  M ae  K B a m o B y  n p n p o g y  T a  
He n o B ’a3aH H H  3 p y x o M  e n eK T p o H a  aK  ^ n o r o ,  H a3 H B aeT bca  cninoM (B ig  

a H rn . spin -  o 6 e p T a T H c a ) . C n iH y  e n eK T p o H a  B ig n o B ig a e  B nacH H H  Ma^Him- 
huu MOMeHm. O T x e ,  BHHHKae H e o 6 x ig H ic T b  y  B B egeH H i n e T B e p T o ro  KBaH- 

T o B o ro  H H cn a  g n a  K o x H o r o  CTaH y, aK e H a 3 B a n n  cnmoeuM Ma^HimHUM 
KeaHmoeuM nucnoM ms . H n c n o B e  3 H an eH H a c n iH y  e n eK T p o H a  M o x H a  

3HaHTH 3a  ^ o p M y n o ro :

S  =  J s (  s  +  1 ) h  =  ^  h , ( 2 5 .6 )

g e  s  -  c n iH o e e  K e a H m o e e  n u c n o ,  B enH H H H a a K o r o  g o p iB H ro e  % .

n p o e ^ i a  Sz c n iH o B o ro  M oM eH Ty iM n y n b c y  H a  H an p aM o K  n o n a  BH3H a- 

n a e T b c a  TaK:

Sz = ms h  = ± — h  . ( 2 5 .7 )
2

C niH oB H H  M arHiTHHH MoMeHT e n eK T p o H a  n o B 'a 3 aH H H  3i cniH oB H M  
M oM eHToM  iM n y n b c y  cn iB B ig H o m eH H aM :

Ms =  - - S  . ( 2 5 .8 )
m

O cK inbK H  Sz = ± — h , n p o e ^ i a  c n iH o B o ro  M arH iT H o ro  M oM eH Ty H a 

H an p aM o K  z  M o x e  npH H M aTH  3H aneH H a:
e

Msz = ± ------ h . ( 2 5 .9 )
2 m

e
B e n rn HHa m = ----------- h  Ha3HBaerbca MamemoHoM E opa ( m  = 9 ,2 7 -10-24 f l x /T n ) .

2 m
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B c i  ^  KBaHTOBi H H cn a  g n a  aTOM a bo a h to  3 B egeH i y  T a S n . 2 5 .1 .

2 5 .1  -  K B a H T O B i H H C ^ a  g ^ H  aT O M a B o g H ro

K B aH -

TOBe

HHCnO

H a 3 B a flO 3B O neH i 3 H an eH H a
^ H c n O  gO 3 B O n eH u x  

3 H a n e H t

N rO n O B H e  KBaHTOBe H ucn O 1 , 2 , 3 , . E y g t - a K e  H ucnO

L O p S i T a n t H e  KBaHTOBe H ucnO 0 , 1 , 2 , . ,  n  -  1 N

m i
O p S i T a n t H e  M arH iT H e KBaHTO­

B e HHCnO

—l ,  —I +  1 , . . . ,  0 ,  . . . ,  

l  — 1 , l
2 l  +  1

m s
C n iH O B e M arH iT H e KBaHTOBe 

HHCnO
- 1 / 2 ,  + 1 /2 2

f l n a  no3H aneH H H  CTaHiB n  =  1 , 2 ,3 , . . .  BHKOpHCTOByroTb n r r e p H  K ,  L ,  

M , . . .  , a  CTaHiB l  =  0 , 1 , 2 , . . . ,  n  — 1 - n iT e p u  s , p ,  d ,  f ,  g ,  h ,  . . .  . H a n p H ­

K n a g , CTaH 2 s  x a p a r c r e p r o y e r b c a  kbaHTObhmh H H cnaM H  n  =  2  T a l  =  0 ,  a  

CTaH 3 p  — KBaHTOBHMH H H cnaM H  n  =  3  T a  l  =  1.

I  HmbC BOP (1885-1962)

§  flaTCbKMM #i3MK, OflMH i3 3aCHOBHUKiB CyHaCHOI
■  #i3MKM. P o 3 p o 6 u B  T e o p ira  aTO M a, 3 a n p o n o H y B a B
H n o c ry ^ a T M  B o p a .
■  f la y p e a T  Ho6e^iBCbKoT npeMiT 3 ^i3MKM 1 9 2 2  poKy.

n p H K a a g

BH 3H aH H TH  KBaHTOBi H H c n a , m,O x a p a K T e p H 3 y ro T t M O ^ nH B i CTaHH aTO M a B O gH ro 3 r o -  

nOBHHM KBaHTOBHM HHCnOM n  =  2 .

P O 3 B H 3 O K

O cH O B H i KBaHTOBi H H c n a  aT O M a B O gH ro g n a  n  =  2  TaKi:

n l m l m s
n ig O S O -

nO HK a

O SO nO H -

K a

K in tK ic T t  

eneK T pO H iB  y  

n ig O S O n O H q i

2 0 0 A 2 s L 2

2 0 0 - A

2 1 1 A 2 p L 6

2 1 1 - A

2 1 0 A

2 1 0 -A

2 1 - 1 A

2 1 - 1 - A
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25.3. ^PHH^H^ n A ym
3 nonepegHboro po3giny cTano BigoMo, mo cTaH aToMa BogHro xapaK- 

TepH3yeTbca HoTupMa KBamoBHMH HHcnaMH. hothph Hucna MoxHa 
BHKopncTaTH gna onucy Bcix eneKTpoHHHx cTaHiB He3anexHo Big Hucna 
eneKTpoHiB b aTOMHiH cTpyKTypi. BHHHKae nmaHHa -  cKinbKH eneKTpo­
HiB Moxe MaTH toh x e  caMHH Ha6ip KBaHToBHx Hucen? BignoBigb Ha ^  
nHTaHHa 6yno 3anponoHoBaHo B. nayni 1925 poKy y BHrnagi KBamoBo- 
MexaHinHoro 3aKoHy, aKHH ogepxaB Ha3By n p u H U u n  n a y n i  (n p u H U u n  

e u K n w n e H H H ) : e  6 y d b - H K o M y  a m o M i  H e  M o w e  6 y m u  d e o x  e n e K m p o H i e ,  ^ o  

3 H a x o d n m b C H  e  d e o x  o d H a K o e u x  c m a ^ o H a p H U x  c m a H a x ,  e u 3 H a n e H U x  H a -  

6 o p o M  n o m u p b o x  o d H a K o e u x  K e a H m o e u x  n u c e n  -  ronoBHoro n, op6iTanb- 
Horo l, op6iTanbHoro MarHiTHoro m i  Ta cniHoBoro MarHiTHoro m s.

y  Ta6n. 25.2 HaBegeHo go3BoneHi KBaHToBi cTaHH gna aToMa go n  =  3.

HanpaMoK cTpinoK BignoBigae: t  - m sh =  — , a ;  - m sh =  - — .

2 5 .2  -  ,3 ,0 3 B 0 a e m  K B aH T O B i C TaH H  g a a  aT O M a g o  n = 3
n 1 2 3

l 0 0 1 0 1 2

m l 0 0 1 0 - 1 0 1 0 - 1 2 1 0 - 1 - 2

m s t ; t ; t ; t ; t ; t ; t ; t ; t ; t ; t ; t ; t ; t ;

T aK , aToM  B ogH ro  M ae  o g u H  en eK T p o H , aKHH b ocH oB H oM y cT aH i o n u -  

c y e T b c a  TaKHMH K B am oB H M H  H H cnaM H : 1 ,0 ,0 ,1 /2  a 6 o  1 ,0 ,0 , - 1 / 2 .  E n eK - 

T p o H H a K o H ^ i r y p a ^ a  aT o M a n o 3 H a n a e T b c a  aK  1 s 1. C u M B o n  1s B ig n o B ig a e  

cT aH y , g n a  a K o ro  n  =  1 T a  l  =  0 ;  iH geK c 3 B e p x y  cB igH H T b, m o  n u m e  ogH H  

en eK T p o H  3 H a x o g u T b c a  H a ^ o M y  piB H i.

Bonb^raHr nAyfll (1900-1958)
W B e^apC bK M M  ^i3MK-TeOpeTMK, OflMH i3 3aCHOB- 
HUKiB KBaHTOBOl MexaHiKU T a penaTMBiCTCbKOI
KBaHTOBOi T eo p ii' n o n a .  C ^ o p M y n ro B a B  n p u H - 
^M ^, Ha3BaHMM M oro iM’aM  ( 1 9 2 5  p .). f i a y p e a T  
H oSeniB C bK O i' n p e M ii 3 $i3MKM 1 9 4 5  poKy

25.4. HAHOTEXHO^Orifl TA HAHOMF^MTTMHA
n p o T a r o M  o c T a H H ix  poK iB  y  H ayK oB iH  T a  n o n y n a p H iH  n iT e p a T y p i,  a  

T a K o x  b iH T epH eT i M o x H a  3HaHTH B ig o M o cT i m o g o  H a H o m e x H o n o m  -
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T e x H o n o r i i  o 6 ’eKTiB, p o 3 M ip n  aK H x 3 H a x o g a T b c a  b HaHoM eTpHHHiM m K a n i 

( 0 , 1 - 1 0 0  hm), to6to b M e x a x  p o 3M ip iB  K in b K o x  aToM iB a 6 o  g p i6 H H x  M o­

n e K y n . n i g p o 3 g in o M  ^ o r o  H an p aM K y  e  n a n o M e d u ^ n a ,  a K a  BHBHae M e- 

gHH Hi 3acT O cyB aH H a H aH O T ex H o n o rii. n p e ^ iK C  “ H aH o”  n o x o g H T b  B ig  

r p e ^ K o ro  c n o B a  n a n o c  (K apnH K ), m o  o 3 H a n a e  1 0 -9 H o ro -H e 6 y g b .  3 a n u -  

m aK H H  3 a  HH TaneM  n p a B o  o ^ H r o B a r a  n p a B g o n o g i6 H ic T b  B H c y H y ra x  a n o -  

n o re T a M H  H aHO M egH^H HH ig eH , H aB eg eM o  ix  o cH o B H y  cy T b .

Prnapg Orninc OEMHMAH (1918-1988)

AMepMKaHCbKMM ^i3MK-TeOpeTMK, OflMH i3 3aCHO- 
BHUKiB KBaHTOBOl e^eK TpO fluH aM iK u. MoM y Ha-
u e w u T b  n e p w e  3 ra g y B aH H a  ^ o f l o  M eTogiB , aKi 
n i3 H im e  Ha3ByTb H aH O T exH O uoriew  (1 9 5 9 ) .  BiH 
n p u n y cT U B , ^ o  m o w t u b o  OKpeMO, MexaHiHHO 
n e p eM i^ y B aT M  aTOMu 3 a  g o n o M o r o w  M a m n y u a -  
T o p a  B iflnoB iflH ux  po3M ipiB . f i a y p e a T  H o S e u iB -  
CbKOi npeM ii' 3 $i3MKM 1 9 6 5  poKy.

Hopio TAHiryTI (1912-1999)

^noHCbKMM BneHMM. B n e p w e  B u K o p u c raB  y  1 9 7 4  
p o ^  TepM iH “H aH O T exH O uoria”, aKUM H a3BaB 
b u p o S h u ^ tbo  B up o S iB  p o 3 M ip aM u  n o p a flK y  Ha- 
HOMeTpiB. E yB  niO H epoM  3acT O cyB aH H a b u c o k o - 
eH ep reT U H H u x  npoM eH iB  (eu eK T p o H H u x , iOHHux, 
u a 3 e p H u x )  f l u a  o S p o S K u  M a T ep iau iB  3 H a flB u co - 
KOW TOHHiCTW.

3 a c o 6 a M H  H aHO M egH^H HH M o x y T b  6yT H  H a H o p o 6 o T H , M rn ia T ro p rn  

gB H ryH H , M a H in y n a T o p n , c e H c o p n ,  M iK poK oM n’ro T ep H , aK i B n p o B a g x y -  

ro T b c a  y  n ro gcbK H H  o p ra H i3 M , n e p e H o c a T b  M o n eK y n H  B a x n H B H x  peno B H H  

y  KniTHHH T a  3 KniTHH, M aH in y n ro ro T b  M iK pocK oniH H H M H  o 6 ’eKTaMH T a 

BHKoHyroTb K oM aH gH  n iK a p a .

KnacHHHHM rinoTeTHHHHM HaHopo6orc>M  e  p e c n i p o ^ u m  [R o b e r t  A . F r e ­

i ta s , “ N a n o m e d ic in e ”  V .1 ,1 9 9 9 ;  V .2 ,  2 0 0 3 ;  h t tp : / /w w w .n a n o m e d ic in e .c o m ] -  

m TyH H a H epB oH a K poB ’a H a  KniTHHa. BHKoHaHHH ^ h H aH o p o 6 o T  3 18 M inb- 

a p g iB  aToMiB By^ne^K>, aKHH M ae K p n c ran iH H y  p e m iT K y  anM a3y, m o  y r a o -  

p ro roT b  c ^ e p H H H y  o 6 o n o H K y  p o 6 o T a  g iaM eT poM  6nH 3bK o 1 mkm. TaKHH Ma- 

T e p ia n  3 a 6 e 3 n e n y e  BHcoKy M m m c rb  T a  xiM iHHy iH epTH icTb H aH o p o 6 o T a.

P e c ^ ip o ^ H T  3gaTH HH H arH iT aT H  y c e p e g H H y  9  M in b a p g iB  M o n eK y n  kh- 
CHro T a  g B o o K H cy  B y ^ n e ^ ro . ^  ra 3 H  y r a o p ro r o T b  B H y rp im m M thck 6 n H 3 b -
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ko 1 0 0 0  aT M O C ^ep . n o B e p x H a  p e c m p o ^ H T a  n o K p u T a  2 9 1 6 0  M o n e K y n a p -  

hhmh no M n aM H , aK i M O xyT b  H aK anyB aT H  T a BHnyCKaTH ra3 H . K p iM  T o ro , 

p e c ^ ip o ^ H T  o S n ag H aH H H  M iK poC eH C opaM H , npu3H aH eH H M H  g n a  BH3Ha- 

H eH H a KOH^ m p a ^ i' khchto 0 2 T a  gBOOKHcy B y ^ n e ^ ro  C 0 2 , a  T a K o x  g n a  

n o g a n i  c n rH a n iB , m o  K ep y ro T b  H e p e3  M iKpoK OM n’ro T ep  g ia n b H ic r r o  n o M n . 

^ K m o  p e c ^ ip o ^ H T  3 noTOKOM K poB i n e p e H o c u T b c a  y  K a n in a p u  n e re H b ,  g e  

th c k  0 2 n e p e B u m y e  th ck  C 0 2 , KOMn’ro T ep  g a e  KOM aHgy n o M n a M  H aK a- 

HyBaTH y  p e 3 e p B y a p  0 2 T a B u n y c K a T u  C 0 2 . ^ K m o  H a H o p o S o T  o n u H a e T b c a  

b TKaHHH ax, g e  khchto 3 a M a n o , K e p y ro n a  c u c T e M a  BHKOHye n p o T u n e x H y  

n p o ^ g y p y .  T p e S a  BigMiTHTH, m o  e^eK T H B H icT b p e c m p o ^ H T iB  m o g o  H a- 

K o n u H y B aH H a T a  T p aH cn o p T y B aH H a  ra 3 iB  y  2 0 0  p a3 iB  B u m a  n op iB H aH O  3 

i x  n p u p o g H H M H  a H a n o ra M H  -  HepBOHHMH K poB ’aHHM H KniTHHaMH. 

3 B ’a3OK p e c ^ ip o ^ H T a  3 n iK ap eM  3 g in c H ro ro T b c a  3a  g o n o M o r o r o  M iK poceH - 

c o p iB , m o  p e a r y r o T b  H a  aKycTHH Hi c u r H a n u ,  aK i M o x e  n o g a B a T H  n iK a p  3 a  

g o n o M o r o r o  y n b T p a3 B y K O B o ro  n p u c T p o r o  3 M eT oro  3MiHH noB eg iH K H  p e c -  

^ ip o ^ H T iB .

H a H o p o S o T H  M O xyT b  3acT O C O B yB aT uca g n a  S o p o T b S u  3 B ipycH H M H , 

OHKonoriHHH M H T a cyguH H H M H  3 ax B o p ro B aH H aM u ; T p aH cn o p T y B aH H a  n i -  

KiB y  n o T p iS H e  M i ^ e  o p ra H i3 M y  (H a n p H K n a g , iH c y n iH y  n p u  g ia S e T i) ;  

o g e p x a H H a  i H ^ o p M a ^ i  m o g o  C T pyK T ypu M o n e K y n u  f lH K ;  B igH O B neH H a 

n o m K o g x e H u x  TKaHHH; p o 3 S n o K y B aH H a  a p T e p rn , 3 a K y n o p e H u x  S n a m K a -  

mh; B u aB n eH H a, ig eH T H ^ iK a^ i  T a  3 H u m eH H a  n a T o re H H u x  T a  tokchhhhx 
peHOBHH.
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26. OCHOBH OI3HKH ^A3EPIB
26.1. ^A3EP TA MPHMMIIM HOrO ^11

n p u u ^ n dii nasepa. n p u c T p i S ,  a K u S  r e H e p y e  K o rep eH T H i e n eK T p o - 

M arH iT H i x B u n i  3 a  paxyH O K  C T U M ynB oB aH oro B u n p o M iH ro B aH H a CBiTna 
aKTHBHHM C ep eg o B U m eM , m o  MiCTUTBCa B OnTHHHOMy pe3O H aTO pi, Ha3U- 

B aeT B ca nasepoM. ^ p u H ^ u ^  g i i  n a 3 e p a  n o a c H ro e T B c a  a H rn iS c B K o ro  $ p a -  
3 o ro  «Light Amplification by Stimulated Emission o f  Radiations; LASER, 
TaKHM hhhom, e  a 6 p e B ia T y p o ro  c n o B o c n o n y n e H H a  a H rn iS c B K o ro  M oB oro, 

aK e  o 3 H a n a e  <mocmeuuH ceim m  nepe3 cmuMymoeaue eunpoMiHweaHHM».
y  1 9 1 3  p . gaTCBKHH $ i3U K  H . B o p  BBiB g B a  n p u n y m e H H a  g n a  n o a c -  

HeH H a CTiHKocTi aT oM a T a cn eK T p an B H H x  3 aK o H o M ip H o cT en , aK i o g e p x a -  

n n  H a3B y nocmynamie Eopa. 3 r ig H o  3 hhmh icH yroTB  C T a m o H a p rn  CTaHH 

aT oM a, aK i B ig n o B ig a ro T B  g u c K p eT H o M y  p a g y  g o 3 B o n e H H x  3H aneH B  E i 

( i = 1 , 2 , 3 . . . )  S o r o  e H e p r iS .  3M iH a m e i  e H e p r i i  n o B ’a 3 a H a  3 KBaHToBHM 
(c T p H 6 K o n o g i6 H H M ) n e p e x o g o M  3 o g H o r o  C T a m o H a p H o ro  CTaHy b iH rnH fi; 

yM o B a HaCToT e n eK T p o M a rH iT H o ro  B u n p o M iH ro B aH H a n ig  H ac  K B aH T oB oro 

n e p e x o g y  aT oM a 3i CTaHy 3 e H e p r ie ro  E i y  CTaH 3 e H e p r ie r o  Ej  M ae B u rn a g :

E i  - E j  =  h v .  ( 2 6 .1 )

P o 3 rn a H e M o  gB o p iB H eB y  eH epreT U H H y C T pyK T ypy aToM a. PiB eH B  E 0 

Ha3UBaeTBCa ochobhum, T o g i aK  piB eH B  E 1 -  36ydweuuM. Atomu 3 H a x o - 

gaTB C a y  3 6 y g * e H o M y  CTaHi 6 n u3B K o 1 0 -8 c, n iC n a  H o ro  3 a n u m a ro T B  p i ­

BeHB E 1 . C u c T e M a  3 6 y g * e H u x  aToM iB T a K o *  6 y g e  n e p e x o g u T u  H a ochob- 
hhh piBeH B 3 B unpoM iH roB aH H aM  ^ o T o m B ; a n e  n p o ^ c  e  xaoTUHHUH i

B ci ^otohu, m o  B u n p o M iH ro ro T B ca , B ig p i3 H aro T B ca  cboimu H an p aM K aM u  i 

^ a 3 a M u  ( p u c .  2 6 .1 ) .  T aK e  B u n p o M iH ro B aH H a H e y n o p a g K o B a H u x  (H e K o re - 

peHTHHx) (J)OTOHiB Ha3HBaeTBca c n o H m a H H U M .

(1) (2) (3) •
______.  ______

I Ey r " s  \I /"N I ^  i i

P h c . 2 6 .1 .  C n o H T a H H e  B u n p o M iH ro B a H H a  $O T O H iB  aT O M aM H , 

a K i  3 H a x o f lH T b c a  y  3 0 y f l^ e H O M y  C T aH i (n o a c H e H H a  b  T e K c r i)
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^ K m o  aTOM n e p e 6 y B a e  b 3 6 y g ^ :eH 0M y c r a m  E j i  H a H b o ro  g i e  3 0B H im - 

HiH $ o to h  3 e H e p r ie ro  hv  =  Ej -  E 0, to  $ o to h  cTUM ynroBaTUM e n e p e x i g  
aTOMa 3 p iB H a E j H a p iB eH b E 0 i3 BunpO M iH roBaH H aM  H O B oro ^O TO H a 3 T a- 

K oro ^  e H e p r ie ro  hv. n p u H O M y , H anpaM K H  n o m u p e H H a  i $ a 3 u  o 6 o x  $ o to - 
HiB 0gH aK 0B i, to 6 to  bohh e  K orepeH TH H M u (p u c . 2 6 .2 ) .  T aK e  B u n p o M iH ro ­

BaHHa H a3U B aeT bca cmuMynboeanuM. P e3 y n b T aT 0 M  cT U M ynbO B aH oro B u ­

n poM iH roB aH H a e  3 6 rn b m eH H a  K inbK ocT i ^OTOHiB, to 6 to  n o c u n e H H a  cB iTna.

E y d o e a  n a 3 e p a .  Ha3ep cKnagaeTbca 3 Tpbox ochobhhx KoMnoHeHTiB
-  aKTUBHoro cepegoBuma, g^epena HaKaHyBaHHa Ta onTHHHoro pe30Ha- 
TOpa (puc. 26.3). A K m u e n u M  c e p e d o e u ^ e M  MO^yTb 6yTu KpucTaniHHi a6o 
cKnonogi6m MaTepianu, piguHHi cepegoBuma, ra3u hh cyMimi ra3iB, Ha- 
niBnpOBigHUKH. f i w e p e n o M  0n m m H 0S 0 H a K a u y ea H H M  MO^yTb 6yTu no- 
TOKU c^OKycoBaHoro cBiTna, eneKTpuHHi p03pagu, nyHKH eneKTpoHiB 
Tomo. O n m u H H u U  p e 3 0 H a m o p  -  ^  npucTprn, B aKOMy MO^yTb 36yg^y- 
BaTuca cToani a6o 6i^yni eneKTpOMarHiTHi xBuni onTHHHoro giana30Hy. 
CKnagaeTbca onrHHHHH pe30HaT0p, aK npaBuno, 3 gBox g3epKan.

I m e p c m  3 a c e n e H 0 c m i .  f f n a  Toro, mo6 BunpoMiHroBaHHa Mano nepe- 
Bary Hag nornuHaHHaM, cnig 3a6e3neHUTu TaK 3BaHy i m e p c i w  3 a c e n e -  

H o c m i  -  36inbmeHHa KinbKocTi 36yg^eHux aTOMiB nopiBHaHO 3 thmh, mo 
3HaxogaTbca B ocHOBHOMy cTaHi. ^na peani3aml' iHBepcii' 3aceneHocTi 
3gincHrororb o n m u m e  n a K a H y e a n u H .  ^Kmo 3BUHaHH0 KinbKicTb aTOMiB B 
OcHOBHOMy cTaHi nepeBumye KinbKicTb 36yg^eHux aTOMiB (puc.26.4,a ), 
to nig BnnuBOM HaKaHyBaHHa cuTya^ia 3MiHroeTbca (puc. 26 .4 ,5 ).

O o p M y e a n n n  n a s e p n o s o  n p o M e n n .  nicna Toro, aK y pe3ynbTaTi HaKaHy- 
BaHHa B aKTHBHOMy cepegoBumi peani3yeTbca iHBepcia 3aceneHocTi, 36yg- 
^ern aTOMu nepexogaTb B ochobhhh cTaH, mo cynp0B0g^yeTbca BunpOMi- 
HroBaHHaM ^OTOHiB. O otohh, aKi nomuproroTbca napanenbHO n03g0B^Hrn 
oci onTHHHoro pe30HaT0pa, 3a3HaroTb 6araT0pa30B0r0 Big6uBaHHa Big g3ep- 
Kan; nig Hac npoxog^eHHa Hepe3 aKTHBHe cepegoBume bohh craroTb g^e-

X

P u c .  2 6 .2 .  C T H M y ^ b O B a H e  B H n p O M iH M B aH H H  ( |)o t o h Ib  aT O M aM H , 

h k i  3 H a x o g H T b C H  y  3 0 y g ^ e H O M y  C T aH i (n o a c H e H H a  B T eK cT i)
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p e n o M  CTHM ynbOBaHoro B unpoM iH roB aH H a. O o t o h u , aK i n o m u p ro ro T b c a  n ig  

KyTOM g o  o c i  o m u H H o r o  p e 3 o H aT o p a , 3 a n u m a ro T b  M oro. E a ra T o p a 3 o B i aKTH 

C TH M ynboB aH oro B unpoM iH roB aH H a c n p u a ro T b  r e H e p a ^ i '  o m u H H o r o  B u n p o -  

M iHroBaHHa. f lo B x u H a  x B u n i n a 3 e p H o ro  B unpoM iH roB aH H a B H 3H anaeT bca 

C TpyK Typoro eH ep re T u H H u x  piBHiB aKTHBHoro c e p e g o B u m a  n a 3 e p a  T a  H aaB - 

H icTro c e p e g  h u x  g o B ro ic H y ro H u x  piBHiB.

P u c .  2 6 .3 .  ^ a 3 e p :

a  -  6 y g o B a  n a 3 e p a  

6  -  3oB H im H iM  B u r n a g  n e p m o r o  

n a 3 e p a  H a  p y 6 i m

P u c .  2 6 .4 .  i H B e p c i a  3 a c e -  

a e H O C T i: a  -  3 a c e n e m c T b  

p iB H iB  y  3 B n H an H o M y  c r a m ,  

6  -  H e p iB H o B a x H u n  CTaH 

p e H o B u H u  n i g  B n n u B o M  

H aK aH yB aH H a

P o 3 rn a H e M o  p y x  T p b o x  ^ o t o m b ,  m o  y T B o p u n u c a  3 a  p a x y H o K  c n o H -  

T aH H u x  n p o ^ c i B  ( p u c .  2 6 .5 ) .  O o t o h  1  n o K u g a e  o re ra H H u fi p e 3 o H a T o p ; 

$ o t o h  2  B ig 6 u B a e T b c a  B ig  g 3 e p K a n a  i T e x  3H uK ae. O o t o h  3 , a K u n  n o -  

m u p r o e T b c a  n a p a n e n b H o  n o 3 g o B X H iM  o c i  n a 3 e p a ,  B ig 6 u B a e T b c a  B ig  g 3 e p -
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K a n a  f f 2, p y x a e T b c a  y  n p o r a n e ^ H o M y  H anpH M K y i B 3 aeM o g ie  3 nacT H H K oro 

A , m o  3 H a x o g u rB c a  y  3 6 y g ^ e H o M y  c r a m  n i g  B nnH B oM  H aK anyB aH H a. 

U a  HacTHHKa 6 e p e  y n a cT B  y  CTHMynbOBaHOMy B H npoM iH roB aH H i. TaKHM  

hhhom, H acnigK O M  B 3aeM ogii' ^O TO H a 3  3 nacT H H K oro A  6 y g e  n o a B a  g B o x  

K o rep eH T H H x  ^ o T o rn B  4  i 5 , aK i n i c n a  B ig6H B aH H a B ig  g 3 e p K a n a  f f  B 3ae- 

M ogiroTB  3 i 3 6 y g ^ e H H M H  nacTHHK aM H B  i C , B H acn ig o K  H o ro  H a g a n i  n o -  

niHpiQiOTBca HOTHpH KorepeHTHHx (Jjotohh: 6 ,  7, 8  i 9 .

HaKanyBaHHfl

Phc. 2 6 .5 .  n p o ^ c n ,  ^ o  e i g S y e a r o T b C f l  b  aK T H B H O M y c e p e g o e i i ^ i  

. i a 3 e p a  n i g  e n i n e o M  H a K a n y e a H H A  (n o a c H e H H a  b T eK cT i)

Hapm Xapg TAyHC (Hapog. 1915 p.)

AMepi/IKaHCbKI/IM $i3l/IK, Ofll/IH i3 3aCHOBHIUKiB KBaH- 
TOBOI e^eKTpOHiKM. CTBOpi/IB nepWMM KBaHTO- 
bmm r e H e p a T o p  -  M a 3 e p  ( 1 9 5 4  p .) .  0 6 rp y H T y B a B  
pa3OM  3 A .f l .  UaB^OBM M  MOWHMBiCTb CTBOpeHHfl 
^ a 3 e p a .  f l a y p e a T  H o 6 e^B C b K o T  npeM ii i3 $i3MKiu 
1 9 6 4  poKy.

0 ™ e ,  B p e m T i-p e m T , n i c n a  6 a ra T o p a 3 o B H x  B 3aeM ogiM  ^ o T o rn B , m o  

p y x a ^ T B c a  B 3 g o B ^  aKTHBHo'i penoB H H H  3i 3 6 y g ^ e H H M H  3 a  p a x y H o K  H a ­

K aH yB aH H a HacTHHKaMH BHHHKae noT iK  K orep eH T H H x  ^ o T o rn B , aK i n p o -  

HHKaroTB n e p e 3  n acT K o B o  n p o 3 o p e  g 3 e p K a n o  f f 2 i ^ o p M y ^ T B  n a3epH H H  

npoM iH B .
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M.r. BACOB (1922-2001)

POCiMCbKMM ^i3M K, OflMH i3 OCHOBOnO^O^HMKiB 
KBaHTOBOi e^eKTpoHiKM . BiflKpuB ^ p u H ^ u ^  re H e - 
p a ^ i  T a  n iflcuneH H H  B unpoM iH roB aH H a KBaHTo- 
b u m u  r e H e p a T o p a M u . f i a y p e a T  H o S e^ iB C b K o i 
n p eM ii 3 ^ i3U K u 1 9 6 4  poKy.

O.M. nPOXOPOB (1916-2002)

POCiMCbKUM ^i3U K , OflUH i3 3aCHOBHUKiB KBaHTo­
B oi e^eK TpoH iK u. BiflKpuB ^ p u H ^ u ^  r e H e p a ^ i  T a 
n if lc u ^ e H H a  B unpoM iH roB aH H a KBaHToBuMu re -  
H e p a T o p a M u . f i a y p e a T  H o S e^ iB C b K o i n p e M ii 3 
$ i3 u K u  1 9 6 4  poKy.

T aK uM  h u h o m , g n a  p e a n i3 a m i ' g i i  n a 3 e p a  c n ig  B uK oH aTu TaKi yM oB u: 

1 -  3 a 6 e 3 n e H m u  iH B epciro  3 a ce n eH o cT i; 2  -  3 6 y g x e H u n  CTaH cu cT eM u  M ae 

6 y r a  M e m a c m a 6 U b H U M ,  H ac  x u r r a  a K o ro  3HaHHo 6 i n b m u n  no p iB H aH o  3i 

3B uHaKH uM u K opoTK oH acH uM u 3 6 y g x e H u M u  c ra H a M u ; caM e H epe3  ^  c t u -  

M ynboB aH e B unpoM iH roB aH H a n e p e B a x a r u M e  c n o m a H H e  B unpoM iH roB aH H a; 

3 -  ^ o t o h u ,  m o  B u n p o M m ro ro T b ca , noB uH H i 6 y r u  o 6 M e x e H u M u  gocT aT H bo  

g o B ro ro  cu cT eM o ro  g B o x  g 3 e p K an  (o n ru H H u M  pe3o H aT o p o M ) g n a  p e a n i3 a m i  

n p o ^ c y  C TuM ynroBaHHa ^UMU ^ o ro H a M u  iH m u x  3 6 y g x e H u x  aToMiB.

26.2. XAPAKTEPHCTHKH .M JEPHOrO  
BHnPOMIHWBAHHfl

H a 3 ep H o M y  B un p o M iH ro B aH H ro  n p u T aM aH H i TaKi x a p a K re p u c T u K u :

• iH m e H C U B H ic m b  e u n p o M iH w e a H H H  — n o B H u n  noT iK  e H e p r i i  B u n p o M i­

H roB aH H a, a K u n  n p o x o g u T b  3 a  o g u H u ^ r o  H a c y  H e p e3  o g u H u H H y  n n o m y  y  
H an p aM K y  H o p M an i g o  H ei i p o 3 p a x o B a H u n  H a  o g u H u ^ r o  T in e c H o ro  KyTa. 
B u c o K a  iH T eH cuB H icT b n a 3 e p H o r o  B u n p o M iH ro B aH H a n o B ’a 3 a H a  3i 3 g aT H i- 

CTro n a 3 e p a  K o H ^ m p y B a T u  C B iTnoB y e H e p r iro  y  n p o c T o p i .  T aK , iH T ep B an  

iH T eH cu B H o c ri c y n a c H u x  n o T y x H u x  n a 3 e p iB  C TaH oB uTb 1 0 6—1 0 10 B t / c m 2.

• M 0 H 0 x p 0 M a m m H i c m b  — 3gaT H icT b n a 3 e p a  B u n p o M iH ro B aT u  H a  o g m n  

n e B H in  i n o c T iH H in  H acT oT i. f f l u p u H a  n a 3 e p H o i n iH ii  M o x e  C T aH oB uTu 

0 , 1 - 1  h m ; o T x e  M oH oxpoM aT uH H icT b  C T aH oB uTuM e Av/ v =  10" - 1 0 "  .
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• K o s e p e H m m c m b  — y 3 r o g x e H e  n poT iK aH H a y  n a c i  T a  n p o c T o p i  geK inB - 

kox K onH B anB H H x a 6 o  xB H nB oB H x n p o ^ c i B ,  aK e  n p o a B n a e T B c a  y  n p o ^ c i  

H aK n ag aH H a. 3  K o rep eH T H icT ro  n o B ’a 3 a H a  B H coK a H an p aB n eH icT B  n a 3 e p -  
H o ro  B u n p o M iH ro B aH H a. U a  B nacTHBicTB n a 3 e p H o r o  B un p o M iH ro B aH H a 

n o a c H ro e T B c a  thm, m o  y  ^o p M y B aH H i n p o M e H a  6 ep y T B  y n acT B  n u m e  Ti 
^ otohh, aK i p y x a ro T B c a  B 3 g o B x  o c i  n a 3 e p a .  C n p aM o B aH icT B  n a 3 e p H o ro  

B u n p o M iH ro B aH H a x a p a K T e p u 3 y e T B c a  n o m u p e H H a M  n o r o  y  M e x a x  T in e c -  

H o ro  K yT a -  K yTa p o 3 6 ix H o c r i .
• P o 3 6 i w n i c m b  M 3 e p n o s o  e u n p o M i n w e a n n H .  H a 3 e p H u n  npoM iH B  x a -  

p a K T ep u 3 y e T B c a  ra y co B H M  p o 3 n o g in o M  n p o ^ i n r o  iH T eH cuB H ocT i y  n o n e -  

peH H oM y n e p e p i3 i .  P a g i y c  n p o M e H a  ra B H 3H anaeT B ca aK  B igcTaH B  y  n o n e -  

peH H oM y H an p aM K y  B ig  o c i  n p o M e H a  g o  tohkh, b a K in  iH TeH cuBH icTB 
3 M eH m yeT B ca b 1 /e 2 B e n u n u H H , aK y  B oH a M ae H a  o c i  ( p u c .  2 6 .6 ) .  P o 3 M ip  

n o n e p eH H H K a  n p o M e H a  ra (z )  H a  B ig cT aH i z  B ig  H a n 6 in B m  B y3B K oro  n o -  

n epeH H H K a n p o M e H a  B H 3H anaeT B ca 3 a  B upa3oM :

a  ( z )  =  a 0 ^ j l  +  ~ ( A z 7 m o ^ ) 2 , ( 2 6 .2 )

g e  ffl0 -  p a g i y c  H aftB yacH o i H a c T in n i  n p o M e H a ; X  -  g o B M H a  X B iin i.

fay)

P u c .  2 6 .6 .  T a y c o e H H  p o 3 n o g i a  n p o ^ i a r o  iH T eH C H B H o cT i b  n o n e p e H H o -  

M y  n e p e p i 3 i  a a 3 e p H o r o  n p o M e H a :  p a g i y c  n p o M e H H  w B H 3 H a H a e T b c a  h k  

B ig c T a H b  y  n o n e p e H H o M y  H a n p a M K y  e i g  o c i  n p o M e H a  g o  t o h k h , b  h m h  

iH T e H C H B H ic rb  3 M e H m y e T b c a  b  1 /e 2 e e a H H H H H , H K y  e o H a  M a a a  H a  o c i

npoMiHB po3xoguTBca 3 BigcraHHro; KyT 0  po36ixHocTi npoMeHa bh- 
3HanaeTBca 3a Bupa3oM:

0 = a  (z)/z = X/na0 . (26.3)

flna ra3oBux na3epiB 0 »  10 ; gna TBepgoTinBHux -  0  ~ 10—40 ; gna 
HaniBnpoBigHHKoBux -  0&  30° .
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n p H K i a g

P o 3 p a x y B a T u  g ia M e T p  H e K o n iM o B a H o ro  n a 3 e p H o r o  n p o M e H a  g ia M e rp o M  1 m m  H a  n o ­

B e p x H i n e p u c T u x  x M a p , B u c o T a  a K u x  C TaH oB uT b 1 0  k m , a K m o  p o 3 6 ix H ic T b  n a 3 e p H o r o  

n p o M e H a  g o p iB H ro e  1 0 -3 p a g ia H .

P 0 3 B H 3 0 K
n ig c T a B n a e M o  y  p iB H aH H a ( 2 6 .2 )  H u c n o B i g a H i: 

m (z) = m0 ^1 + (A z/n m \  )2 =  5 - 1 0 -4 m [(1  +  ( 6 3 3 - 1 0 -9 m -1 0 4 m ) / ( 3 ,1 4 -2 5 -1 0 -8 m 2) ] 1/2 =

=  5 - 1 0 -4 m  [1 +  6 ,3 3 - 1 0 -3/ 7 8 ,5 - 1 0 -8] 1/2 =  5 - 1 0 -4 m  -9 0  =  4 5 0 - 1 0 -4 m  =  0 ,4 5  m .

K o H T p o a b H e  3 aB g a H H H
P o 3 6 ix H ic T b  n a 3 e p H o r o  B u n p o M iH ro B aH H a  M o x e  6 y T u  3H aH H o 3 M eH m eH a  3 a  g o n o M o ­

r o r o  KoniMamopa, a K u n  a B n a e  c o 6 o r o  g B i n o c n ig o B H o  p o 3 M im e H i n iH 3 u  3 ^O K ycH U M u B ig -  

C T aH aM u f 1 i  f 2, n p u H o M y  ^ O K y c u  o 6 o x  n iH 3  3 H a x o g a T b c a  b  o g m f t  t o h ^ . f l i a M e r p  K oniM O - 

B a H o ro  n p o M e H a  B U 3H aH aeT bca 3 a  B u p a3 o M : Dq = (f2 / f 1) D t , g e  D 0 -  g ia M e T p  H eK o n iM o ­

B a H o ro  n p o M e H a . O c h o b h u m  H ac n ig K o M  K o n iM yB aH H a n a 3 e p H o r o  n p o M e H a  e  3M eH m eH H a 

p o 3 6 ix H o c T i  g o  p iB H a  6 0 = (f1 / f 2)  0i = (D1 /  D2)6i .
P o 3 p a x y B a T u  g ia M e T p  H e K o n iM o B a H o ro  n a 3 e p H o r o  n p o M e H a  g ia M e rp o M  1 m m  H a  n o ­

B e p x H i M i c a u a  (B ig c T a H b  g o  a K o r o  B ig  3 e M n i C T aH oB uT b L  = 3 8 4 4 0 0  k m ). P o 3 6 ix H ic T b  

n a 3 e p H o r o  n p o M e H a  g o p iB H ro e  1 0 -3 p a g ia H .

iMnynbCHUU p e^ U M  podom u. H a 3 e p u  o c ra H H ix  n o K o n iH b  3gaT H i r e -  

H e p y B a T u  y n b T p aK o p o T K i iM n y n b c u ,  T p u B a n ic T b  a K u x  g o c a r a e  coT eH b 

^ e M T o c e K y H g  (1  ^ e M T O ceK y H g a  g o p iB H ro e  1 0 -15 c ) .  3 a  g o n o M o r o r o  T aK u x  
n p u n a g iB  M o x H a  g o c n ig x y B a T u  K o p o T K o T p u B an i n p o ^ c u .

n n a e m  nepecmpoweaHHH nacmomu. f le a K i T u n u  n a3 ep iB  M aroTb mox- 
nuB icT b  n n aB H o  n e p e c T p o ro B a T u  H acT oT y b m u p o K o M y  cneK rp an b H O M y  g ia -  

na3 o H i. C e p e g  n a3 ep iB , H acT oT a a K u x  n n aB H o  n e p e c T p o ro e T b c a , c n ig  B ig3H a- 

h u tu  n a 3 e p u  i3 nepeB epT aH H aM  c n iH y , n a p a M e rp u H H u n  re H e p a T o p  CBiTna, 
xB u n b O B o g H u n  n a 3 e p  B u c o K o ro  T ucK y, n a 3 e p u  H a  6ap B H u K ax , H a n iB n p o B ig - 

HuKoBi n a 3 e p u , eK cuM epH i n a 3 e p u . P o 3 p o 6 K a  n a3 ep iB  3 H acT oT oro, aK a  n e p e -  
C T poroeT bca, T a  p o 3 m u p e H H a  g ia n a 3 o H y  HacToT, a K u n  n e p eK p u B ae T b c a  n a 3 e -  

p a M u , e  ogH uM  3 H a n B a x n u B im u x  3aB gaH b cy H acH o i cn eK T p o cK o n ii.

X a p a K T e p u c T u K u  ochobhux T u n iB  n a 3 e p iB  H aB eg eH o  y  T a 6 n . 2 6 .1 .

2 6 .1  -  O c H O B H i T H n H  a a 3 e p i B

T u n  n a 3 e p a f l o B x u H a  x B u n i
A K T uB H e

c e p e g o B u m e
n o T y x H ic T b

H e : C d 3 2 5 ,0  h m ; 4 4 2 ,0  h m r a 3 O B u n 5 0  - 1 5 0  m B t

A r 4 8 8 ,0  h m ; 5 1 4 ,5  h m r a 3 o B u n 2 0  B t

K r 4 1 3 ,1  h m ; 5 3 0 ,9  h m ; 6 4 7 ,1

HM

r a 3 o B u n 5 B t

^ a 3 e p u  H a 6apB H uK ax 4 0 0 - 1 0 0 0  h m P ig K i 6 a p B H u K u 2  B t

H e :N e 6 3 2 ,8  h m r a 3 o B u n 5 0  m B t

G a A lA s 7 5 0 - 9 0 0  h m H a^iB^poBigH U K O BU H 1 0 0  m B t

N d : Y A G 1 ,0 6  MKM T B e p g o T in b H u n 6 0 0  B t

H F 2 , 6 - 3 , 0  MKM X iM iH H u n 1 5 0  B t

c o 2 1 0 ,6  MKM r a 3 O B u n 1 0 0  B t

373



26.3. ̂ OKyCyBAHHfl NA3EPHOTO 
BHnPOMfflWBAHHfl

n p o ^ g y p a  ^ o K y c y B a H H a  n a 3 e p H o r o  B u n p o M iH ro B aH H a 3 a c r o c o B y -  

eT B ca n i g  n a c  M iK p o o n e p a ^ n  H a  KniTHHHoM y p iB H i. ^ K m o  n p o n y c T H T H  

n a 3 e p H u n  npoM iH B  n e p e 3  n iH 3 y  g iaM eT p o M  D  i 3 ^ o K y c H o ro  B igcT aH H ro  f  
t o  g iaM eT p  c ^ o K y c o B a H o r o  n p o M e H a  6 y g e  g o p iB H ro B a T u  2 a 0. C n iB B ig ­

H o m eH H a  M ix  g iaM eT p o M  2 a  H e c ^ o K y c o B a H o ro  T a  g iaM eT p o M  2 a 0 c $ o -  

K y c o B a H o ro  n a 3 e p H u x  n p oM eH iB  M ae  B H rn a g :

2a  = D  = (2/n)(Xf/a0). ( 2 6 .4 )

3 B ig c u

a 0 = Xf /(na) = (2/n)(Xf /D). ( 2 6 .5 )

3  T eo p ii' g u ^ p a ^ i i '  B ig o M o , m o  iH TeH cuB H icTB  y  ^ m p i  ^o K an B H o i' 

n n a M H  g o p iB H ro e :

~  I  f  P , ( 2 6 6 )
1 0 =  P 4 x  f 2

ge P  -  noTyxHicTt na3epHoro BunpoMiHroBaHHa.
C ^ o K y c o B a H e  n a 3 e p H e  B u n p o M iH ro B aH H a M o x e  B H K o p u cT o B y B aT u ca  

g n a  ceneK T H B H oi g i i  H a  oK peM i o p r a H e n u  p o c n u H H o i  KniTHHH, p o 3 M ip u  

a K u x  o g H o r o  n o p a g K y  3 g o B X H H o ro  c B iT n o B o i x B u n i.

n p H K a a g

O^ huth inreHcHBHicTt BunpoMiHroBaHHa renin-HeoHoBoro na3epa (X =632,8 hm; 
P =1 mBt), aKa yraoproeTtca Ha ciTKiBni (̂ oKycHa BigcTaHtf= 22,4 mm) nig nac ôKycy- 
BaHHa n^oro BunpoMiHroBaHHa KpumTanHKoM oKa. nopiBHaTH ogepxaHy iHTeHcHBHicTB 3 
iHTeHcuBHicTro coHaHHoro BunpoMiHroBaHHa, aKa gopiBHroe 7-103 Bt-m'2.

P o 3 B ’H 3oK

^Kmo gonycTHTH gna oKa THnoBi 3HaneHHa D  = 1 mm, f  = 1,5 cm, to Ha ocHoBi BHpa- 
3y (26.5) MoxHa oTpHMaTH:

( 10-3 M \ 2 3 7 ,
I  = I-------------9------------ r-1 -10 "3 Bm = 107 Bt/m2.V 632,8 -10 9 m -1,5 -10 2 mJ

26.4. 3ACTOCyBAHHfl NA3EPIB

2 6 . 4 . 1 .  3 a c T o c y B a H H H  . i a 3 e p i B  y  iv ieg H U H H i

3 B u n a n H e  onT H H H e B u n p o M iH ro B aH H a  ( C o h ^  a 6 o  n a M n u )  c K n a g a -  

eT B ca  3 6 a r a T B o x  c B iT n o B u x  x B u n B , m o  n o m u p r o r o T B c a  y  p i3 H u x  H a n p a -  

M K ax 6 e 3  6 y g B - a K u x  $ a 3 o B u x  c n iB B ig H o m e H B  M ix  oKpeM HM H x B u n aM H . 

^ a 3 e p H e  B u n p o M iH ro B aH H a  x a p a K T e p u 3 y e T B c a  TaKHMH B nacT H B ocT aM H  

aK  B u c o K a  iH TeH cH B H icTB , M oH oxpoM aT H H H icT B  i K o rep eH T H icT B , aK i 

o 6 y M o B n ro ro T B  B u c o K y  n p o c T o p o B y  H a n p aB n eH ic T B  n a 3 e p H o r o  B H n p o M i-
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H roB aH H a. C a M e  H e p e 3  u;e n a 3 e p H u n  n p o M iH b  M ae  3HaHHO 6 i n b m y  r y c T u -  

H y  ^O TO H iB , H i x  MOHOxpOMaTUHHUK T a  CKOniMOBaHUK npO M iH b 3BU- 

H a n H o i n a M n u .

3 a n e x H o  B ig  x a p a K T e p u c T u K  K o x H u n  n a 3 e p  3 H a x o g u T b  3 acT o cy B aH H a  

b T in  hu m m in  r a n y 3 i  M e g u ^ m . T aK , N d :Y A G - n a 3 e p  B ig 3 H aH aeT b ca  

rn u 6 o K U M  npoH U K H eH H aM  B u n p o M iH ro B aH H a b TKaHUHy i 3acT O C O B yeT bca 

g n a  H arp iB aH H a, K o a r y n a ^ i '  TKaHUHu, p y n m B H o i g i i  H a  3 n o a K icH i n y x n u -  

hu . A p ro H O B u n  n a 3 e p  3 H a n m o B  CBoe 3acT O cyB aH H a b o ^ T a n b M o n o r i i ,  

o c K in b K u  g o B x u H a  x B u n i  n o r o  B un p o M iH ro B aH H a 3 H a x o g u T b c a  b c u H b o -  

3 e n e H in  o 6 n a c T i  c n e K T p a , g o 6 p e  n p o n y c K a e T b c a  i ^ O K y c y e T b c a  okom i 

B U K opucT O B yeT bca  g n a  g i i  H a  ciTKiBKy. f l o B x u H a  x B u n i  B u n p o M iH ro B aH H a 

H an iB n p o B ig H U K O B o ro  A l G a A s - n a 3 e p a  3 H a x o g u T b c a  b o 6 n a c T i  “ T e p a n e B -  

T U H H oro BiKHa”  i c aM e  H e p e3  u;e n a 3 e p  B U K opucTO B yroTb g n a  H eiH B a-

3U B H oro  M O H iT o p u H ry  rn ro K O 3 u  b K poB i y  x B o p u x  H a g ia 6 e T . B u c o K a  n o -  

T y x H ic T b  T a  3gaT H icT b re H e p y B a T u  iH ^p aH ep B O H e  B u npoM iH roB aH H a 

o 6 y M O B u n o  m u p o K e  3acT O cyB aH H a C O 2- n a 3 e p a  b x i p y p r i i .  H a 3 e p u  H a  6 a -  
pB H U K ax T a  B in b H u x  e n e K T p o H a x  3gaT H i n n a B H o  n e p e c T p o ro B a T u  HacTOTy 

r e H e p a ^ i' b m u p o K u x  M e x a x ,  m o  cyTTeBO 3 tohku 3 o p y  c n eK T p o c K o n iH - 

hux g o c n ig x e H b .  Y n b T p a ^ io n e T O B e  B u n p o M iH ro B aH H a eK C U M epH ux n a 3 e -  

p iB  3gaT H e p y n H y B a T u  M o n e K y n a p H i 3B’a 3 K u  i caM e  H e p e3  u;e 3 H a n m n o  

CBoe 3acT O cyB aH H a b o ^ T a n b M o n o r iH H u x  o n e p a ^ a x .

2 6 . 4 . 2 .  ^ a 3 e p H a  g ia r H O C T H K a

f l a 3 e p H a  f y n y o p e c ^ H m H a  c n e K m p o c K o n i n  r p y m y e T b c a  H a  o n p o M i-  

HroBaH H i p e H o B u H u , m o  g o c n ig x y r o T b ,  3 6 y g x e H H i  M o n e K y n u  ^ e i '  peH O - 

buhu T a  n e p eB u n p o M iH ro B aH H i C B iTna y  B u r n a g i  ^ n y o p e c ^ H ^ i '  -  onT U H - 

H o ro  B u n p o M iH ro B aH H a 3 6 in b m o r o  g o B x u H o r o  x B u n i .  A H a n i3  x a p a K T e p y  

cn eK T piB  ^ n y o p e c ^ H ^ i '  T a  H a co B o i n o B e g iH K u  B un p o M iH ro B aH H a $ n y o -  

p ecu ;eH u ;ii H a g a e  K o p u c H y  iH ^ o p M a ^ r o  m o g o  C TaH y 6 io M e g u H H u x  
o 6 ’eKTiB. n p u K n a g a M u  3acT O cyB aH H a n a 3 e p H u x  ^ n y o p e c ^ H T H u x  MeTO- 

g iB  y  M e g u ^ m  e  g iarH O C TU K a 3 n o a K ic H u x  n y x n u H  H a  p a H H ix  C T ag ia x , 

B u aB n eH H a  K poB ’a H u x  6 n a m o K , BU3HaHeHHa KOHu;eHTpau;ii rn ro K O 3 u  b 
K poB i y  x B o p u x  H a g ia 6 e T .

O n m u K o - a K y c m u n H a  c n e K m p o c K o n i n  6 io M e g u H H u x  o 6 ’eKTiB r p y m y -  

e T b c a  H a on p o M iH ro B aH H i o 6 ’eKTa aM n n iry g H O -M o g y n b O B aH U M  CBiTnoM , 

B H acn ig o K  H o ro  B ig 6 y B a ro T b c a  n e p io g u H H i 3M iH u T u cK y  H a B K o n u m H b o ro  

n o B iT p a . ^  3M iH u T u cK y  aK  aKycTUH Hi c u r H a n u  p e e c T p y ro T b c a  H yTnuBUM  

M iKpo^O H O M . n e p e B a r o r o  M e T o g y  e  M o x n u B ic T b  a H a n i3 y B a T u  H e n p o 3 o p i  

T a  g u c n e p c H i  c e p e g o B u m a .

K o M 6 iH a t y U H a  c n e K m p o c K o n i n  6 io M e g u H H u x  o 6 ’eKTiB n e p e g 6 a H a e  

H e n p y x H e  p o 3 c iro B a H H a  C B iTna, 3 a  paxyH O K  a K o ro  B ig 6 y B a e T b c a  3M iHa
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H an p aM K y  i H acToTH  B u n p o M iH ro B aH H a. K o M 6 r n a ^ n H e  p o 3 c iro B a H H a  H a- 

g a e  i H ^ o p M a ^ r o  m o g o  c r p y K T y p u  i K o H ^ o p M a ^ n H u x  3MiH 6 io M o n e K y n , 
c ro cy H K iB  ^ H x  M o n eK y n  3 H aB K onum H iM  c e p e g o B u m e M , KiHeTHKH p i3 H o - 

M aH iT H ux  n p o ^ c i B .  y  M egH ^H H i M eT og n a 3 e p H o i  K o M 6 rn a ^ n H o i ' cn eK T - 

p o c K o n i i  3 a cT o co B y e T B ca  b o ^ T a n B M o n o r i i ' 3 M eT oro  p aH H B o i g iarH ocT H K H  

KaTapaK TH  K pon iB , a H a n i3 y  i n  v i v o  n p o ^ c y  po3B H TK y 3 ax B o p ro B aH H a  T a 

BHBHeHHa B nnH B y p i3 H u x  M e g n p e n a p a T iB . T e x H iK a  K o M 6 rn a ^ n H o i ' cn eK T - 

p o c K o n i i  M o x e  6yT H  3 a c T o c o B a H a  g n a  B H 3H aneH H a a T e p o cK n ep o T H H H u x  

6 n a m o K .

f l a 3 e p n a  c n e K m p o c K o n i n  K e a 3 i n p y ^ H 0 ^ 0  p o 3 c i w e a n n H  B H K o p u c ro -  

B y e  p e e c r p a ^ r o  n a c o B u x  3MiH (g u H a M iK u ) a M n n iT y g u  i $ a 3 H  (H a c r o T u )  

p o 3 c ia H o r o  B u n p o M iH ro B aH H a. ^ n  M eT o g  g a e  M o x n u B ic T B  o ^ H ro B a T H  

g u H a M in H i x a p a K T e p u c T u K u  6 i o n o r in H u x  M iK p o o 6 ’eKTiB, a  caM e: K o e ^ i -  

^ e H T H  g u ^ y 3 i i ' ,  m B u g K o c T i p y x y ,  n a p a M e T p u  B H yT pim H B oK niT H H H oi 

p y x o M o c T i.  B  6 i o n o r in H u x  g o c n ig x e H H a x  c n e K T p o c K o n ia  K B a 3 in p y x -  

H o r o  g o c n ig x e H H a  B H K o p u cT o B y eT B ca  g n a  e n e K T p o ^ o p e T H H H o ro  cB iT - 

n o p o 3 c iro B a H H a , BHM iproBaHB m B u g K ic H u x  x a p a K T e p u c T H K  n o T o K iB  K p o ­

Bi (n a 3 e p H o i  g o n n n e p iB c B K o i  a H eM o M eT p ii)  HaBiTB y  c y g u H a x  ciT K iB - 

kh, g n a  B H M iproB aH H a p y x n u B o c r i  c n e p M iiB  c a M ^ B  3 M eT oro  o^ hkh i x  

aK o cT i.

f i a 3 e p n a  m m e p ^ e p o M e m p i n  g a e  M o x n u B ic T B  H a n p aB n aT H  b oko g B a  

n a 3 e p H u x  K o rep eH T H H x  nyHK H TaK, m o 6  bohh n e p e K p u B a n u c a  H a  ciTKiB- 

^ ,  B H acn ig o K  n o r o  H a  H in  y r a o p ro e T B c a  iH T e p ^ e p e H ^ n H a  K apTH H a y  

B H rn a g i  c B ir n o B u x  c M y r. A H a n i3  ^ e i '  KapTHHH g o 3 B o n a e  BH3HaHHTu p e -  

TH H anB H y r o c r p o T y  3 o p y  HaBiTB 3a  H aaB H ocT i K aTapaK TH , BHM iproBaTH 

T o B m u H y  p o r o B o i  o 6 o n o H K H  n i g  n a c  o n e p a ^ i '  K epaT oM ii.

O n m m n a  K O ^ e p e H m H a  m 0 M 0 ^ p a $ i %  r p y m y e T B c a  H a  n o 6 y g o B i  3 o -  

6 p a x e H B  n o n e p e H H u x  n e p e p i3 iB  B H y rp im H B o o H H u x  c rp y K T y p . M e T o g  

x a p a K T e p u 3 y e T B c a  B u c o K o ro  p o 3 g in B H o ro  3 g a T H ic rro  i H e p y n H iB H o ro  g ie ro .
^ o n o ^ p a $ i ^ H i  M e m o d u  g iarH ocT H K H  m u p o K o  3 acT o co B y ro T B c a  b 

o ^ T a n B M o n o r i i ' g n a  o T p u M aH H a T p u B H M ip H u x  3 o 6 p a x e H B  oK a  b ^ n o M y  i 

o K p e M u x  n o r o  HacTHH , a  T a K o x  g n a  g o c n ig x e H H a  B H y rp im H ix  c rp y K T y p  

oK a  3 bhcokhm c ry n e H e M  p o 3 g in e H H a . B u c o K i M o x n u B o c T i  r o n o r p a ^ i n -  

hhx M eT ogiB  n ig T B e p g x e H i  T a K o x  b o p T o n e g i i ,  p a g io n o r i i ,  y p o n o r i i .

f l a 3 e p H U U  M i K p o a H a n i 3  B ig 6 y B ae T B ca  n i g  n a c  B 3 aeM o g ii n o T y x H o r o  

n a 3 e p H o r o  B u n p o M iH ro B aH H a 3 6 ioM eguH H H M H  o 6 ’eKTaMH, m o  c y n p o B o -  

g x y e T B c a  B H napoB yB aH H aM  M a n u x  K in B K o c ren  M a T e p ia n y , aK i a H a n i3 y -  

roT B ca cn eK T p o cK o n iH H o . M e T o g  n e p c n e K T H B H u n  g n a  K in B K icH o ro  BH3Ha- 

HeH H a x iM in H u x  eneM eH T iB , M eT aniB , ToK cuK aH TiB i 3 a 6 p y g H ro B a n iB , g n a  

n o p iB H a n B H o ro  g o c n ig x e H H a  H o p M an B H u x  i p a K o B u x  KniTHH, g n a  bhb- 
HeH H a n p o ^ c i B  g u $ y 3 i i  a p M a T y p H u x  M eT aniB  y  K icTK ax.
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26.4.3. ^a3epHa Tepania
fia3epHa $ omomepanin. fln a  niKyBaHHa naTonoriHHux CTaHiB i c tu -  

M yna^i' xu T T eB u x n p o ^ c iB  b M e g u ^ H i i BeTepuHapHin npaK T u^ 3a- 
CTOCOByroTbca HU3bKoeHepreTUHHi (renin-HeoHOBi) na3epu, aKi Bunpo- 
MiHroroTb MOHoxpoMaTUHHe KorepeHTHe nonapu3OBaHe CBiTno 3 goB- 
xu H oro  xBuni 6 3 2 ,8  hm 3a iHTeHcuBHocri Big 2 - x  g o  25  m B t/cm 2. B B a- 
x a e T b ca  goBegeHUM, m o HepBOHe na3epHe CBiTno HeBenuKoi noTyxHOC- 
Ti g ie  Ha opraHi3M b ^ n o M y  i OKpeMi opraH u i cu creM u  CTUMynroroHe, 
ocKinbKu ix  HacTOTu g y x e  6nu3bKi g o  HacTOT t u x  xu T T eB u x n p o ^ c iB ,  
aKi nepe6iraroTb y  TKaHUHax opraHi3My, oco6nuBO b HepBOBin cucTeMi: 
nig giero na3epH oro CBiTna nocunroeTbca eHepreTUHHun noTeH ^an, Me- 
Ta6oni3M y  TKaHUHax, 3MiHroeTbca TOHyc cyguH , onTUMi3yeTbca Kni- 
TUHHun nogin  i gu^epeH ^roBaH H a KniTUH, aKTUBi3yroTbca 3axucH i Me- 
xam 3M u, pereHepaTUBHO-BigHOBnroBanbHi n p o ^ c u ,  ^epMeHTaTUBHi Ta 
iMyHonoriHHi cucTeMu, pi3KO nigBum yeTbca pe3ucTeHTHicTb opraHi3My 
3axBoproBaHHaM.

ABTopu ^ x  gocn igxeH b  HacTO nocunaroTbca Ha oco6n uB y ponb ko- 
repeHTHOCTi na3epH oro BunpoMiHroBaHHa, xoHa ^ n  apryMeHT He e n epe- 
KoHnuBuM, ocKinbKu mBugKicTb 36ygxeH H a MoneKyn Hu3bKoiHTeHcuB- 
hum  CBiTnoM Ha geKinbKa nopagKiB (y  1 0 10- 1 0 14 pa3iB) MeHma mBugKocTi 
BTpaTu KorepeHTHOCTi 36ygxeH H a MoneKynaMu y  KOHgeHCOBaHin $ a 3 i 3a 
HopManbHoi TeMnepaTypu. MoxnuBOCTi 3acrocyBaHHa HU3bKoeHepreTu- 
HHoro na3epHoro BunpoMiHroBaHHa y  BeTepuHapHin npaK Tu^ Tpe6a 
o6o B ’a3KOBO po3rnagaTu 3 tohku 3opy KorepeHTHoi B3aeMogii na3epHoro  
BunpoMiHroBaHHa 3 6ionoriHHUM o 6 ’eKTOM; TaKa KorepeHTHa B3aeMogia 

Big6yBaeTbca TinbKu 3a bucokux (6nu3bKO 2 -1 0 11 B t/ cm2) iHTeHCUBHOC- 
Ten na3epHoro BunpoMiHroBaHHa.

fla3epHa $omoxeMomepanin. B  ocHoBi ^ e i' MeguHHoi TexHonorii ne- 
xu T b  B3aeMogia na3epHoro BunpoMiHroBaHHa 3 xiMiHHUMu cnonyKaMu -  
$omoceHcu6ini3amopaMU, aKi ceneKTUBHO nornuHaroTbca 3noaKicHUMu 
nyxnuHaMu. BHacnigoK ^ ei' B3aeMogii nyxnuH a cnpoM oxH a ^ n y o p e c ^ -  
roBaTu (m o BUKopucTOByeTbca gn a giarHOCTUKu nyxnuH Ha paHHix c ra g i-  
a x ) a6o  pynHyBaTuca (b HOMy n o n arae  cyTb na3epHoi ^OToxeMOTepanii). 
3 a  4 8 - 7 2  roguH u b opraHi3M BBogaTb mnaxoM m ’eKuji $OTOceHCu6ini3a- 
Top (HanpuKnag, reMaTonop^ipuHOBi noxigH i), aKun Bu6ipKOBO KOH^eH- 
TpyeTbca b 3noaKicHin nyxnuHi. flani Hepe3 CBiTnoBig ocBiTnroroTb n y x-  
nuHy; aKTUBOBaHun na3epHUM BunpoMiHroBaHHaM ceHCu6ini3aTop $ n y o -  
p e c^ ro e . BunpoMiHroBaHHa ^ n y o p e c ^ H ^ i' HagxoguTb Kpi3b gp y ru n  CBi- 
TnoBig Ha onTUHHy cucTeMy, m o cKnagaeTbca 3 niH3, ^inbTpa Ta 
iHTeHCu^iKaTopa 3o6paxeH H a, aKe aHani3yeTbca a6o  Bi3yanbHO, a6o  3a  
gonoM ororo ^OTonpunMaHa i cucTeMu p eecrp a^ i'.
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f la 3 e p H a  aK ynyH K m ypa  noB’a3aHa 3i 3gaTHicTro na3epHoro BunpoMi- 
HroBaHHa npoHHKaTH Kpi3B TKaHHHy, m o BHKopucToByeTBca gn a iHgHKa- 
^ i' 6ionorinH o aKTHBHux to h o k  Ha noBepxHi Tina TBapuHu (puc. 2 6 .7 ) .  
n ep eB aroro  na3epHoi aKynyHKTypu e HepynHiBHicTB, acenTHHHicTB, 6e3- 
6onicHicTB, mBugKogia.

Phc. 26.7. TunoBi KapTHHH 3acTocyBaHHH aa3epHo'i aKynyHKTypu TBapuH

26.4.4. ^a3epHa xipypria
f ia 3 e p H a  x ipyp^ in  rp ym yeT B ca Ha nornHHaHHi na3epHoro BHnpoMi- 

HroBaHHa TKaHHHoro, ii HarpiBaHHi Ta pynHyBaHHi 3a paxyHoK ^oToxiM i- 
h h h x, TennoBHx a 6o rigpoguHaMinHux n p o ^ c iB . 3an exH o Big iHTeHcuB- 
HocTi na3epHoro BunpoMiHroBaHHa Ta TpuBanocTi onpoMiHroBaHHa M o x­
Ha gocarHyTH pi3HoMaHiTHux e^eKTiB -  geHaTypa^i' a 6o maKTHBa^i' 6 i- 
nKiB Ta ^epMeHTiB nepe3 K oH Be^iro TennoTH i TennonpoBigHicTB 
TKaHHHH, rinepTepMii, K oaryna^i', 3BaproBaHHa, BunyneHHa a6o pynHy- 
BaHHa TKaHHH. y  BeTepuHapHin xip yp rii BHK0pucT0ByroTB C 0 2-na3epu, 
N d -Y A G -n a 3epu, py6 iH0Bi n a p r0H0Bi na3epu. CxeMy M oxnuB oro na3e- 
pHoro cKanBnena 306p axeH 0 Ha puc. 2 6 .8 . TaKi na3epHi iHcTpyMeHTH 
BHK0pucT0ByroTB nig n ac na3epHoi KepaT0T0Mii -  xipyprinH ux Hagpi3iB 
Ta po3THHiB poroBoi o6onoHKH, niKyBaHHa rnayK0MH -  3axBoproBaHHa
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OHen, noB’a3aHe 3 nigBu- 
meHHaM BHyTpimHbooHHo- 
ro  TucKy, Ta KaTapaKTu -  
noMyTHiHHa KpumTanuKa. 
n ep eB aroro  na3epHoi xip y -  
p rii e 3MeHmeHHa TpuBano- 
CTi o n e p a ^ i, CTepunbHicTb 
na3epHoro npoMeHa, MeH- 
m a KinbKicTb HeKpoTuHHux 
nepeTBopeHb TKaHUH i re -  
MaTOM. ^CKpaBUM npuKna- 
goM M oxnuB oro 3acTOcy- 
BaHHa na3epa B 3ooiH xeHe- 
pHin npaK Tu^ e K acrp a^ a  
caM ^B  cinbCbKorocnogap- 
CbKux TBapuH Ta aM n y ra^ a
Kpun y  goMamHboi re ru ^  3 MeToro mgBumeHHa npogyKTUBHOCTi Ta He- 
cyHocTi.

26.4.5. ^a3epm CHCTeMH y gucraH^HHOMy 
30HgyBaHHi HaBKo.niwHboro cepegoBuma

flucT aH ^n H e 3OHgyBaHHa Ha ocHoBi na3epiB n o n a ra e  b onpoMiHro- 
BaHHi o 6 ’ eKTiB HaBKonumHboro cep eg o B u m a Ta p e e c T p a ^ i B ig6u T oro  
Big o 6 ’ eKTa a 6 o  p o3ciaH oro Big Hboro na3epH oro BunpoMiHroBaHHa. 
n p u n a g  g n a  g u cT aH ^ n H oro  3OHgyBaHHa KOMnoHeHTiB 6 io c $ e p u  Ha- 
3UBaeTbca H lflA PoM  (Big aHrnincbKoi $ p a 3 u  Ligh t Detectio n  And 
Ran gin g).

H a3epm  cucTeMu BUKopucTOByroTbca gn a gucTaH ^nH oro 3OHgyBaH- 
Ha aTMOC^epu, 3OKpeMa BU3HaHeHHa bucotu xMap, gocnigxeH H a crpyK- 
Typu i BnacTUBOCTen xMap, BuMiproBaHHa napaMeTpiB BiTpy, BuMiproBaH­
Ha BonorocTi i TeMnepaTypu noBiTpa, o^ hku onagiB.

H a3epm  cucTeMu, m o BCTaHOBneHi Ha 6opTy aBiaHOcia hu cynyTHUKa, 
cnpoM oxH i npoBoguTu Tonorpa^iHHi BuMiproBaHHa Ha 3eMHin noBepxHi, 
o^HroBaTu pocnuHHi noKpuBu, BogaHi noTOKu, epo3inHi n p o ^ c u .

H igapu 3acTOCOByroTb gn a o ^ h k u  b aTMOC^epi HacTUHOK noneny 3 

nignpueMCTB, aKi BUKopucTOByroTb Byrinna; cnonyK Kanb^ro i pTyTi 3 

nnaBunbHux Ta MeTanyprinHux 3aBogiB, ^nyopugiB, aKi cynpoBogxyroTb  
Bupo6H u^rao anroMiHiro a6o  $ o c $ o p y ; HacTUHOK cyn b ^ ariB , xnopugiB, 
BaHagiro, Mum’aKy, OKCugiB i cynb^igiB pi3HOMamTHux eneMeHTiB; Ha- 
aBHOCTi Ta KinbKicHoi o ^ h k u  aTMOC^epHux aepo3oniB Ta MoneKyn; Bu­
MiproBaHHa TeMnepaTypu noBepxHi BogonM.

4

Puc. 26.8. XipypriHHa cucTeMa Ha ocHoBi 
C 0 2-.a3epa: 1 -  na3ep; 2 -  MaHinynarop 

npoMeHa; 3 -  cncTeMa ocBirneHHa; 4 -  o6'eKT
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26.4.6. ^asepu y KepoBaHOMy TepMOHgepHOMy
CHHTe3i

^ n a  3giHcHeHHa p e a w M  KepoBaHoro TepMoagepHoro cHHTe3y Heo6- 
xigHo Ha6nH3HTH agp a, m o pearyroTB, Ha g y x e  Mani BigcTaHi. ^ 0 6  no- 
gonaTH eneKTpocraTHHHHH 6a p ’ep, 3yM0BneHHn B3aeMHHM BigmToBxy- 
BaHHaM agep aK ogHaKoBo 3apagxeH H x HacTHHoK, Heo6xigH 0 3a6e3neHH- 
t h  gocTaTHBo BHcoKy (6nH3BK0 10 KeB) eHepriro, m o BignoBigae TeMne­
paTypi 6nH3BK0 106 K.

TaKa cH T y a w  peani3yeTBca 3a gonoM ororo $0KycyBaHHa npoMeHiB 
3HaHHoi (6nH3BK0 1 9 0 ) KinBKocTi na3epiB Ha c^epHHHy Kancyny giaMeT­

poM KinBKa MiniMeTpiB, 3anoBHeHy nanHB0M -  genTepieM Ta TpHTieM 
(pnc. 2 6 .9 ). H,eH npoijec cyn poB ogxyeT tcfl BHnapoByBaHH^M Ta iom3aiiieio

KyribKi/i 3aiviep3noro

Puc. 26.9. CxeMa 3acTOcyBaHHH m3epiB y KepoBaHOMy
TepMOHgepHOMy cuHTe3i

30BHimHB0r0 m apy nanHBa Ta BHHHKHeHHaM nna3MH. BHacnigoK po3m u- 
peHHa nna3MH nanHBo crucKyeTBca, m o BHKnHKae HarpiBaHHa n o ro  BHy- 
TpimHix mapiB.
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27. OCHOBH CnEKTPOCKOnil
27.1. CnEKTPH ATOMIB I MO^EKy^

27.1.1. CneKTpn aTOMiB
3BHnaHHO aTOMH npoaBnaroTb TeHgeH^ro 3anum aTuca b ochobhom y  

CTaHi E 0 3 MiHiManbHoro eHepriero. n e p e x ig  3 ocHOBHoro piBHa E 0 Ha 
36ygxeHHH piBeHb E j BignoBigae nornuHaHHro KBaHTa CBiTna hv 
(p n c. 2 7 .1 , a ) ;  npn n epexogi 3 piBHa E j Ha piBeHb E 0 Mae M i^ e  BunpoMi- 
HroBaHHa KBaHTa CBiTna hv (pnc. 2 7 .1 ,0 ) . n epexogH  cynpoB ogxyroT bca  
pi3Koro 3MiHoro nornuHaHHa (a 6 o  BunpoMiHroBaHHa) nig n ac 3MiHH n ac-  
t o t h  onTHHHoro BunpoMiHroBaHHa (puc. 2 7 .1 , e) a6o  goB xuH u  xBuni 
(p u c. 2 7 .1 , ^), t o 6 t o  xapaKTepu3yroTbca noaBoro By3bKux cneKTpanbHux 
jimiM norjiHHaHHa (a6o BHnpoMimoBaHHa).

hv =

L ‘ , L

hv

a ft A ft
v ^ \ | W

hv

a A
^  \jW>

i r

Phc. 27. 1. CneKTpaabHi BaacTHBOCTi aTOMa: a  -  nornuHaHHa aToMoM KBaHTa 
cBiTna; 6  -  BunpoMiHroBaHHa aToMoM KBaHTa CBiTna; e  -  cneKTpanbHa niHia 
nornuHaHHa (a6o BunpoMiHroBaHHa);  ̂-  Te caMe, b MacmTa6i goBxuH xBunb

27.1.2. CneKTpn MoaeKya
CneKTpu MoneKyn xapaKTepu3yroTbca gem o CKnagHimoro CTpyKTy- 

poro, H ix  cneKTpu aToMiB. ^  noB’a3aHo, HacaMnepeg, 3 yn acrro  Mone-

6

B
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Kynu aK gHHaMiHHo'i cucTeMH (m o cKnagaeTBca 3 aT0MiB), y  TpBox BHgax 
pyxiB: eneKmp0HH0My (p y x  eneKTpoHiB HaBKono agep ), KonmanbuoMy 
(KonuBaHHa agep HaBKono n o n o :eH B  piBHoBaru) Ta o6epmanbuoMy 
(o6epTaHHa MoneKyn aK ^ n o r o  y npocTopi). TaKHM h h h o m ,  eHepria m o -  

neKynu M o :e  6yTH npegcTaBneHa aK:

E  =  E en +  E o  +  E 06. (2 7 .1 )

BignoBigHo g o  n o cry n a™  Eopa, MoneKyna M o :e  3HaxogHTHca b  neB- 
h h x  eHepreTHHHHx cTaHax. noBH a eHepria E  MoneKynu Mae gucKpeTHi 
3HaneHHa, aKi xapaKTepH3yroTBca Ha60p0M eneKTpoHHHx, KonHBanBHHx 
Ta o6epTanBHHx piBHiB. n e p e x o g u  i3 ^Hx piBHiB cy n p 0B 0g :y ro T B ca  
yTBopeHHaM eneKTp0HH0-K0nHBanBH0-06epTanBHHx cneKTpiB. npunoM y

cyTO  ejieKTpO H H i c n e K T p h  

p03MimeHi b  ynBTpa^ione- 
T0Bin Ta BHgHMin ginaHKax 

cneKTpa, KonHBanBHi -  b  

iH$panepB0Hin, o6epTanBHi
-  b  ganeKin m^paHepBornn  
Ta HagBHc0K0nacT0THin g i­
naHKax cneKTpa. EH epreran- 
Ha giarpaM a MoneKynu no- 
Ka3aHa Ha puc. 2 7 .2 . npH - 
pogHo, m o n cneKTpH Mone­
Kyn MaroTB cKnagm m un  
xapaKTep, m o noB'a3aHHn 3 

Ha60p0M oKpeMHx cneKTpa- 
nBHHx niHin, aKi nepeKpH- 
BaroTBca. CaMe T0My cneKT­
pH nornHHaHHa MoneKyn 
xapaKTepH3yroTBca m upo- 
k h m h  cMyraMH (puc. 2 7 .3 ) .  
^ ,o g o  n p o ^ c iB  BHnpoMi- 
HroBaHHa, cnig 3a3HaHHTH, 
m o n icn a nornHHaHHa KBa- 
HTa cBiTna Ta n ep exogy m o -  

neKynu y  36y g :eH H n  cTaH 
B0Ha 6epe ynacTB y n ep exo- 
g a x  Mm: nigpiBHaMH (puc. 
2 7 .4 ) .  Hepe3 ^  niK nornH­

HaHHa 3 a B :g u  p03MimeHHn y g in aH ^  6inBm b h c o k h x  nacroT  (a 6 o  
k o p o t k h x  goB :H H  xBHnB), H i :  niK BunpoMiHroBaHHa (puc. 2 7 .5 ) .
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Phc. 27.3. EHepreTHHHi piBHi MoaeKyan (a) Ta CMyra noraHHaHHH (6)

Bl(

BK

S,
”F“r

■ ICK -

"r \J\s*-
T, -

± J L

BK

J

i
I I • •

▼ ▼
± - ± -

: :

Phc. 27.4. CxeMa eHepreTHHHHx piBHiB Ta MO^aHBHx nepexogiB Mi^ hhmh:
S0 -  ochobhhh piBeHb; Sj, S2 -  CHHrneHTHi piBHi; Th -  TpunneTHi piBHi; KP  -  ko- 

nuBanbHa penaKca^a; IC K  -  iHTepcucTeMHa peanaKca^a; B K  -  BHyTpimHa 
KoHBepcia; A -  nornuHaHHa; F  -  ^nyopec^H^a; P  -  ^oc^opec^H^a
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Phc. 27.5. Cnercrpamm BnacTHBocTi MoneKyi: a  -  nornHHaHHa 
i BunpoMiHroBaHHa KBaHTa cBiTna MoneKynoro; 6 -  CMyrn 

nornHHaHHa (A) Ta BHnpoMiHroBaHHa (F) MoneKynu

27.1.3. E^eKTpoHHi piBHi eHeprii
Ko^HoM y eneKTpoHHoMy CTaHy BignoBigae neBHa piBHoBa^Ha koh- 

$i^yp a^ia Ta neBHi 3HaHeHHa eHeprii' Ee}l. H a6ip  eneKTpoHHHx piBHiB mo- 
neKynn BH3HaHaeTtca BnacTHBocTaMH ii eneKTpoHHoi o6onoHKH. Cnig  
3ayBa^HTH, ^ o  k o ^ h h h  eneKTpoH y  MoneKyni 6epe yn acT t b op6iT ant- 
HoMy pyci, npHHMaroHH gncKpeTHi 3HaHeHHa eHeprii. Ba^nH Boro xapaK- 
TepHCTHKoro eneKTpoHa e cniH -  BnacHHH MoMeHT KintKocTi p y xy  eneKT­
poHa, sk h h  M o^e cyMyBaTHca 3 o6epTantHHM MoMeHToM KintKocTi p yxy  
a6o  BigrnM araca Big H toro. A6conroTHa BenHHHHa noBHoro cniHoBoro  
MoMeHTy B cix eneKTpoHiB BH3HaHaeTtca KeaHmoeuM hucmom S . XiMiHHo 
cTiHKi MoneKynn MaroTt napHe HHcno eneKTpoHiB, gna aKHx S  = 0, 1, 
2 , . . .  3rigH o 3 npuH'yunoM nayni, b ogHoMy eHepreTHHHoMy cTaHi He mo- 
^ e  6yTH 6 in tm e  gB ox eneKTpoHiB, npHHoMy ogHH 3 h h x  Mae no3HTHB- 
hhh, a gpyrnfi -  HeraTHBHHH cniH.

^ K ^ o  n ig  Hac 36yg^eH H a eneKTpoHa Horo cniH He 3MiHroeTtca, TaKi 
eHepreTHHHi piBHi Ha3HBaroTt cuHsnemHUMU (S1, S2 t o ^ o ) .  ^ k ^ o  cniH 
3M rnroeTtca, piBHi Ha3HBaroTt mpurnemHUMU (T1, T2 i T .g.). TaKHM h h ­
hom, 3 ypaxyBaHHaM cyM apHoro cniHy 36yg^eH H x eneKTpoHiB eH epre- 
THHHa giarpaM a 6y g e  xapaKTepH3yBaTHca Ha6opoM cHHrneTHHx i TpH- 
nneTHHx piBHiB. T nnoB y eHepreTHHHy giarpaM y xn o p o ^ in y  HaBegeHo 
Ha pnc. 2 7 .6 .
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Phc. 27.6. TnnoBa eHepreTHHHa giarpaMa xaopo^iay

27.1.4. KoaHBaabHi piBHi eHeprii*
M oneKyna -  ^  rHyHKa CTpyKTypa, b aKiM aToMH, mo 3B'a3arn M ix  

co6oro, 6epyTb ynacTb y  KonHBaHHax BigHocHo nonoxeH H a piBHoBaru. 
Po3rnaHeMo HaMnpocTimy MoneKyny, m o cKnagaeTbca 3 gB ox aToMiB, 
3B'a3aH ux M ix co6oro. TaKy MoneKyny M oxHa MogenroBaTH gBoMa Tina- 
mh MacaMH m i Ta m 2 , 3B'a3aHHx npyxuH oro, xopCTKicTb aKoi k. 3rigH o 3 

KnacuHHoro MexaHiKoro HacToTa KonHBaHb TaKo'i CHCTeMH BH3HanaeTbca 
3a ^opMynoro:

1 k 

2 n \ ^
(2 7 .2 )

ge n -  npuBegeHa Maca (^
m1m2

m1 + m

BignoBigHo g o  KBaHToBoMexaHiHHiM Teopii' KonHBanbHa eHepria Mo­
neKynH KBaHTyeTbca. ^o3Bonern KonHBanbHi eHeprii gn a k o xh o 'i neBHoi 
CHCTeMH MoxyTb 6yTH 3HaMgeHi po3B'a3yBaHHaM geaKHx gu ^ ep eH ^ an b - 
h hx  piBHaHb. Po3B'a3oK u,h x  piBHaHb y  Ha6nuxeHHi niHiMHoro o c ^ n a -  
Topa Mae BHrnag:

v
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E kom = (V + y2)hv , (2 7 .3 )

ge V = 0 ,1 ,2 , .  -  KonueanbHe maHmoee hucmo.
KoM6iHyroHH BHpa3H (2 7 .2 )  Ta (2 7 .3 ) , M oxHa ogepxaTH :

k
(2 7 .4 )

U
K B am oB a Teopia BH3HaHae npaBHna Big6opy, 3rigHo 3 aKHMH go3Bo- 

neHi num e TaKi KonHBanbHi nepexogH , gn a aKHx BHKoHyeTbca yMoBa 

A v=  ± 1 .
3  ocTaHHboro piBHaHHa BugHo, m o p i3H H ^ M ix KonHBanbHHMH piB­

HaMH gopiBHroe:

h
E kom = (V  +

2 K ^

AE = —aal-,kom _
2 k  \

k
—  = hv. (27.5)
u

n ep exogH  M ix KonHBanbHHMH piBHaMH 3HaxogaTbca b iH^paHepBo- 
HiH o 6 n a cT  cneKTpa. CaMe Hepe3 nornHHaHHa TennoBoro goBroxBHnbo- 
Boro BHnpoMiHroBaHHa 3eMni, m o Big6yBaeTbca M ix KonHBanbHHMH piB­
HaMH aTMoc^epHHx ra3iB ( C 0 2, H 20 ,  C H 4), BHHHKae napHHKoBHH e^eKT.

27.1.5. OSepTaabHHH pyx MoaeKya
npogoB xH M o o6roBopeHHa gBoaToMHoi MoneKynH (xoHa Bci HaBe- 

geHi MipKyBaHHa M oxHa 3acTocyBaTH gn a 6ygb-aKoi 6araToaToMHoi' mo- 
neKynH). KiHeTHHHa eHepria o6epTaHHa (due. po3gin 2 .9 .2 )  BH3HaHaeTbca 
3a BHpa3oM:

l a 2
Eo6 = ------------------------------------------------------------ , (2 7 .6 )

2
ge I  -  MoMeHT mepuii MoneKynH; a  -  Kyrcrna HacToTa.

MoMeHT m epuji gBoaToMHoi MoneKynH gopiBHroe:

I
C m1m2 ^

V mi + m2 J
r2 = u r 2. (27.7)

MoMeHT iMnynbcy I a  y  KnacHHHiH MexaHmi M oxe npHHMaTH 6ygb- 
aKi 3HaHeHHa, Togi aK KBaHToBa Teopia nepeg6aH ae KBaHTOBam 3HaHeHHa, 
aKi BignoBigaroTb piBHaHHro:

I a  = ,J j ( J  +  1) h , (2 7 .8 )

ge J  = 0 ,1 ,2 , .  . -  o6epma}bHe KeaHmoee hucmo.
KoM6iHyroHH BHpa3H (2 7 .6 )  Ta (2 7 .8 ) , M oxHa ogepxaTH :

E o6 =  W J  ( J  +  1)h)2 =  h /  j  ( j  +  1 ) . (2 7 .9)
21 2 I
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KBaHToBa Teopia BH3Hanae npaBuna Big6opy, 3rigHo 3 aKHMH go3BoneHi 
num e TaKi o6epTanbHi nepexogu, gna aKux BuKoHyeTbca yMoBa A J=  ± 1 .

3  ocTaHHboro piBHaHHa BugHo, m o p i3H H ^ M ix KonuBanbHHMu piB- 
HaMH gopiBHroe:

n 2 J
A E o6 =  — . (2 7 .1 0 )

n e p e x o g u  M ix o6epTanbHHMH piBHaMH 3HaxogaTbca b  MiKpoxBunbo- 
BiM o6nacTi cneKTpa.

27.1.6. npo^CH ge3aKTHB;mii
n ic n a  36ygxeH H a MoneKynu nepe3 nornuHaHHa KBaHTa CBiTna BoHa 

6ep e ynacTb y  n ep exogi g o  ochobhoto CTaHy BHacnigoK 6e3BunpoMrnro- 
BanbHux Ta BunpoMmroBanbHux n p o ^ c iB . flo  ochobhhx 6e3BunpoMrnro- 
BanbHux n p o ^ c iB  M oxHa BigHecTH:

1. K on u ean bH y  p e n a K c a ^ w  (K P ), aKa TpuBae 10-14- 1 0 -12 c  i cynpoB o- 
g x y e  n epexig  MoneKynu b ochobhhm KonuBanbHuM CTaH eneKTpoHHoro 
3 6y g xeH o ro  CTaHy 3 BunpoMiHroBaHHaM m ^panepBoH oro KBaHTa CBiTna 
a6o  i3 nepeHeceHHaM eHeprii nepe3 3iTKHeHHa.

2 . BH ym pim H W  K O H eepciw  (B K ), aKa TpuBae 10-12 c  Ta Big6yBaeTbca 
M ix eneKTpoHHHMH CTaHaMH BHacnigoK nepeKpuBaHHa H uxH ix KonuBanb- 
h h x  piBHiB Bum oro eneKTpoHHoro CTaHy 3 BumuMH KonuBanbHHMu piB­
HaMH H uxH boro eneKTpoHHoro CTaHy.

3. iH m epcucm eM H y K O H eepciw  ( IC K ),  m o Mae M i^ e , HanpuKnag, M ix  
CHHrneTHHMH i TpunneTHHMu piBHaMH.

flo  BunpoMiHroBanbHux n p o ^ c iB  cnig BigHecTH $ n y o p e c ^ H ty M  F , 
aKa cy n p o B o g xy e  n epexig  3i 3 6y g xeH o ro  CHHrneTHoro CTaHy b och ob- 
hhm (HanpuKnag, S } ~^S0), Ta ^ o c ^ o p e c ^ H ^ w  P ,  aKmo icHye n epexig  3i 
3 6y g xeH o ro  TpunneTHoro CTaHy b ochobhhm (HanpuKnag, T I ^ S 0). CneKT- 
pu eneKTpoMarHiTHoro BunpoMiHroBaHHa b ynbTpa^ioneTOBiM, BuguMiM 
Ta m^panepBomM  ginaHKax Ha3HBaroTb onmmHUMU. OnTHHHuM giana3oH  
3aMMae num e nacTHHy mKanu eneKTpoMarHiTHux xBunb. npoT e e^eKTH, 
aKi yTBoproroTbca onTHHHHM BunpoMiHroBaHHaM Ha 6ionorinH i o6'eKTH, 
gocuTb 3HanHi. ^  M oxHa noacHHTu HaaBHicTro CMyr nornuHaHHa B a x -  
nuBux 6ionorinH ux MoneKyn — flH K , 6inKiB b ynbTpa^ioneTOBiM g in aH ^ ; 
xn op o^ in y , KapoTHHoigiB, reM orno6iHy, MenaHiHiB, pogoncuH y Tomo y  
BuguMiM g in aH ^  cneKTpa.

KOHTPO^BHI 3AnHTAHHfl TA 3AB^AHHfl
1. y  noMy n o n arae  gocn ig  P e3ep $o p g a?
2 . Ha3BaTH ocHoBHi KBaHToBi n ucn a, m o xapaKTepu3yroTb eHeprii g o -  

3BoneHux CTaHiB aToMa BogHro.
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3. y  HoMy n o n arae  ^pHH^H^ n a y n i?
4 . C^opMynroBaTH nocTynaTH Eopa.
5. noacHHTH ^pHH^H^ gii na3epa.
6. ^Ke BHnpoMiHroBaHHa Ha3HBaroTb cnoHTaHHHM? cTHMynboBaHHM?
7. ^ o  TaKe iHBepcia 3aceneH ocri?
8. ^ k Big6yBaeTbca nigcHneHHa cBiTna b aKTHBHoMy cepegoBHmi na- 

3epa?
9. 3  aKHx KoMnoHeHTiB cKnagaeTbca na3ep?
10. Ha3BaTH ocHoBHi xapaKTepHcTHKH na3epHoro BHnpoMiHroBaHHa.
11. fle 3acTocoByroTbca na3epH?
12. 3  Horo cKnagaroTbca cneKTpH MoneKyn?
13. noacHHTH eHepreTHHHy giarpaM y MoneKynH.
14. Ha3BaTH ocHoBHi n p o ^ c H  ge3aKTHBa^i' 36y g xeH o i MoneKynH.
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28. E^EM EHTH #I3HKH  
TBEP^OrO TI^A

0 i 3 u m  m eep ^ o^ o  m in a  BHBHae $i3H nm  BnacTuBocTi i CTpyKTypy TBep- 
g u x  Tin Ta po3po6nae TeopeTunm yaBneHHa, m o noacHroroTb ^  BnacTH- 
BoCTi.

T e e p d e  m in o  -  ^  arperaTHHM CTaH penoBHHH, m o Big3HanaeTbca CTa- 
6inbHicTro $opMH Ta xapaKTepoM TennoBoro p y xy  aToMiB, aKi 3giMcHro- 
roTb Mani KonuBaHHa HaBKono nonoxeH H a piBHoBaru. Po3pi3HaroTb Kpu- 
CTaninHi Ta aMop^Hi TBepgi Tina. KpucTanu xapaKTepu3yroTbca n p o cro -  
poBoro nepiogunHicTro y  po3TamyBaHHi piBHoBaxHux nonoxeH b aToMiB, 
Togi aK b aMop^Hux TBepgux Tinax aToMH KonuBaroTbca HaBKono xaoTun- 
ho po3TamoBaHux toh ok .

28.1. THnH 3BA3KIB y  TBEPflHX TMAX
Po3pi3HaroTb TBepgi Tina 3 ioHHHM, KoBaneHTHHM, MeTaneBHM Ta iH- 

muMH TunaMH 3Ba3Ky.

28.1.1. IoHHi KpilCTa.lH
E araT o KpucraniB (HanpuKnag, N a C l, K C l)  ^opMyroTb ioHHi 3B'a3KH, 

g e goMiHyronoro e KynoHiBCbKa B3aeMogia M ix ioHaMH. HanpuKnag, y  

KpucTani N a C l  koxhhm  ioH N a + Mae micTb cycigH ix ioHiB xn opy C l ,Togi 
aK koxhhm  ioH xn opy oToneHuM micTbMa ioHaMH HaTpiro. noTeH ^anbH a  
eHepria npuTaraHHa K oxH oro ioHa HaTpiro micTbMa ioHaMH xnopy bh- 

6 e 2 • • •3HanaeTbca aK - 6 -------------- , ge r  -  BigcTaHb M ix ioHaMH HaTpiro Ta xnopy.
4nss0 r

KpiM Toro, koxhhm  ioH HaTpiro oToneHuM gBaH ag^TbM a iHmuMH ioHa­

MH HaTpiro Ha BigcTaHi V2 r , aKi xapaKTepu3yroTbca cna6Koro BigmToB- 
xyBanbHoro giero Ha ^ M  ioH HaTpiro. CyMapHuM e^eKT y c ix  ^Hx B3aeMo- 
giM onucyeTbca pe3ynbTyronoro noTeH^anbHoro eHepriero:

e2
U  =  — a -------------, (2 8 .1 )

4nss0 r
ge a — CTana MagenyHra (a = 1,7476 gna NaCl).

^Km o aToMH TicHo 3rpynoBaHi, noTeH^anbHa eHepria TaKoi CHCTeMH 
BH3HanaeTbca 3a ^opMynoro:
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e2 B
U  =  -  a -------------+ — , (2 8 .2 )

4nss0 r rm
ge r -  BigcTaHb M i: agpaMH; B -  crana, m -  HHcno.

3ajie>KHicTb cyMapHoi noTeH- 
^anbH oi eHeprii' Big BigcTaHi M i:  
ioHaMH noKa3aHo Ha pHc. 2 8 .1 . 
BugH o, ^ o  cHnH npHTaraHHa 
3piBHoBa:yroTbca cHnaMH Big- 
mToBxyBaHHa; cyMapHa noTeH- 
^anbH a eHepria Mae MiHiManb- 
He 3HaHeHHa Ha BigcTaHax r0 
(6nH3bKo 10-8 cm).

IoHHi KpHcTanH cTa6inbHi, 
MaroTb cna6K y eneKTponpoBig- 
HicTb, BHcoKy TeMnepaTypy 
BHnapoByBaHHa, npo3opi y  bh - 
guMin o6nacTi cneKTpa Ta n o- 
rnnHaroTb iH^paHepBoHe BH­
npoMiHroBaHHa, po3HHHaroTbca 
y  Bogi.

28.1.2. KoBa^eHTHi KpHCTa^H
y  KoBaneHTHux KpucTanax xiMiHHun 3Ba3oK  3gincHroeTbca napaMH 

eneKTpoHiB, aKi noKani3oBaHi M i : 6nu3bKo po3TamoBaHHMH aToMaMH. 
npuKnagaMH TaKux KoBaneHTHux KpucTaniB M o:yTb 6yTH KpucTanu an- 
Ma3y, KpeMHiro, repMaHiro to^ o. TaK, y  KpucTani anMa3y ko: hhh aToM 
KoBaneHTHo 3B'a3aHun 3 HoTupMa iHmuMH aToMaMH By^ne^ro. KoBaneHT- 
Hi KpucTanu xapaKTepu3yroTbca bhcokhmh 3HaHeHHaMH eHeprii' 3B'a3Ky, 
TBepgicTro, npo3opicTro y  BuguMin o6nacTi cneKTpa, i3onroroHHMH Bnac- 
THBocTaMH.

28.1.3. MeTa^eBi KpucTanu
y  6inbmocTi MeTaniB eHepria 3B'a3Ky 3yMoBnroeTbca B3aeMogiero 

pyxnuB ux eneKTpoHiB 3 ioHHHMH rpaTKaMH, M i : aKHMH icHyroTb cunu  
npuTaraHHa. EHepria MeTaneBoro 3Ba3K y MeHma eHeprii ioHHoro Ta ko- 
BaneHTHoro 3Ba3KiB.

28.2. 30HHA TEOPM
3onna meopin TBepgux Tin -  ^  KBaHToBa Teopia eHepreTHHHoro 

cneKTpa eneKTpoHiB y  KpucTani, 3rigHo 3 aKoro go3BoneHi 3HaHeHHa eHep-

noTeHuia^bHoV eHeprii Big BigcTaHi Mi^ 
ioHaMu (noacHeHHa b TeKcTi)
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rii eneKTpoHiB y  TBepgoMy Tini yTBoproroTb neBHi iHTepBanu -  TaK 3BaHi 
do3eonem 3 0 h u , aKi BigginaroTbca 3a6oponenuMU 30HaMU.

^ k ^ o  gBa 6ygb-aKux aToMu po3TamoBaHi gocraTHbo ganeKo oguH Big 
ogHoro, BOHH He B3aeMogiroTb. BHacnigoK Ha6nuxeHHa aTOMiB (aK ^  Big- 
6yBaeTbca y  Kpucrani) ixHi xBunboBi ^yH K ^’i nepeKpuBaroTbca; 3a gocraT- 
Hbo cunbHoi B3aeMogii eneKTpoHu Bcix aToMiB craroTb cninbHuMu. y  Kpuc- 
Tani k o xh u h  3 aToMHux piBHiB nepeTBoproeTbca y  CMyry, aKmo KinbKicTb 
aToMiB BenuKa. ^ k ^ o  TBepge Tino MicruTb N  aToMiB, to  KoxHa eHepreTuHHa 
CMyra cKnagaeTbca 3 N  piBHiB, a6o  3 ypaxyBaHHaM cniHy -  3 2 N  piBHiB.

M o xH a roBopHTH npo er n eHMHy 30Hy, aKa noBHicTro 3anoBHeHa eneK- 
TpoHaMH (3a TeMnepaTypu T = 0  K ), Ta npo 30Hy npoeidHOcmi, aKa a6o  
nacTKoBo 3anoBHeHa eneKTpoHaMH, a6o  BinbHa Big eneKTpoHiB (3a TeMne- 
paTypu T = 0 K ). 06n acT b  eHeprifi M ix BepxHiM piBHeM BaneHTHoi 3ohh Ta 
HuxHiM piBHeM 3ohh npoBigHocTi HasuBaeTbca 3a6oporn HOK> 30H0W.

iMoBipHicTb 3HafiTu eneKTpoH Ha neBHoMy eHepreTuHHoMy piBHi bu- 
3HanaeTbca fiyHKtyew po3nodiny 0epMi-ffipaKa:

f (E  = e (E-E rl  T  +  1 > (2 8 -3 )

ge Ef  -  eHepria OepMi -  3HaneHHa eHeprii, Huxne aKoi Bci cTaHu cucTeMu HacTuHoK, mo 
nignararoTb cTaTucTuu,i OepMi-gipaKa (TaK 3BaHux fyepMioHie), 3anHaTi 3a TeMnepaTypu 
T = 0 K.

rp a^ iK  3anexHocTi ^ y H ^ ii  f(E) Big eHeprii E  HaBegeHo Ha puc. 2 8 .2 , a 
gna T = 0  K  Ta Ha puc. 28 .2 , 6 gna T > 0 K. BugHo, m o f(E) = 1 gna E  <EF 
Ta f(E) = 0  gn a E  > EF, t o 6 t o  3a TeMnepaTypu T = 0  K Bci piBHi eHeprii, 
m o n exaT b H u xn e eHeprii OepMi, 3aftHaTi, a Ti, m o nepeBumyroTb eHep- 
riro OepMi, e BaKaHTHuMu. 3 a  TeMnepaTypu T >  0  K  Ta E  = EF ̂ yH^ ia 
f(E) = ^ ;  num e He3HaHHa HacTKa piBHiB 3 eHepriero, m o nepeBumye eHep- 
riro OepMi, 3aftHaTa eneKTpoHaMu. Binbm e Toro, He3HaHHa HacTKa piBHiB, 
eHepria aKux MeHma 3a eHepriro OepMi, BinbHa Big eneKTpoHiB.

Puc. 28.2. Tpa$iK 3aae^HOCTi (|)\iikum po3nogi.iy ^epMi-gipaKa f(E) 
Big eHeprii E: a  -  gna T = 0 K; 6  -  gna T > 0 K
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BnacTHBocTi TBepgux Tin 3ane^aTb Big xapaKTepy po3TamyBaHHa go- 
3BoneHHx Ta 3a6opoHeHux 30H Ta piBHeM 3anoBHeHHa 30H eneKTpoHaMu 

(p u c. 2 8 .3 ) . ^ k ^ o  mupuHa 3a6opoHeHoi 3ohh cTaHoBuTb AE = 5 - 1 0  eB , 

t o  TaKe TBepge Tino e diexeKmpuKOM; mupuHa 3a6opoHeHoi 3ohh AE = 
= 1 - 2  eB  npuTaMaHHa HanienpoeiduuKaM; TBepgi Tina, b sk h x  BaneHTHa 
3oHa nacTKoBo 3anoBHeHa a6o  BaneHTHa 3oHa Ta 3oHa npoBigHocTi nepe- 
KpHBaiOTbca, e Memanamu.

O -

A E = 5-\Q eB

- o
o

o -
AE  = 1-2 eB

o
— o — o -

- o

a 6 e

Phc. 28.3. ^ k ^ o  innpnna 3a6opoHeHoY 30hh CTaHOBHTb AE = 5-10 eB, 
to  TaKe TBepge Tmo e gie^eKTpnKOM (a); innpnna 3a6opoHeHoY 30HH 

AE = 1-2 eB npuTaMaHHa iiaiiimipomgniiKaM (6); TBepgi Tma, y hkhx 
BaneHTHa 30na nacTKOBO 3anomiena a6o Ba^enTna 30na Ta 30na 

npoBignocTi iiepeKpiiiiai<>Ti>eji, e MeTa^aMn (e)

nonb flIPAK (1902-1984)

AHrnitiCbKuti < $\ 3rn , OguH i3 3aCHOBHuKiB KBaH- 
TOBOT MexaHiKU. PO3PO6UB KBaHTOBy CTaTUCTUKy 
O e p M i- f l ip a K a ,  penaT uB icT C bK y TeO pira  p y x y  
e n e K j p O H a  (piBHaHHa f l ip a K a ) .  . n a y p e a T  H O 6 e -  
niBCbKO'T npeMiT 3 $ i3U K u 1 9 3 3  pOKy

EHpiKO OEPMI (1901-1954)

iTan i t icbK uti  $i3MK, OguH i3 ^ y H g a T O p iB  agepH O T  
T a  HetiTpOHHOT $i3UKU. PO3pO0UB KBaHTOBy CTa­
TUCTUKy O e p M i- f l ip a K a .  f lO 6 y g y B a B  n e p m u t i  
a g e p H u t i  peaKTOp. . n a y p e a T  HO6eniBCbKOT n p e ­
MiT 3 $ i 3 u K u  1 9 3 8  pOKy.
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M upoK un Knac peHoBuH, m o xapaKTepu3yroTbca nuroMuM onopoM y  

M exax  10 -6- 10 9 Om-m, 3pocTaHHaM eneKTponpoBigHocTi 3 TeMnepaTy- 

poro Ta mupuHoro 3a6opoHeHoi 3ohu 1- 2  eB , Ha3uBaeTbca Hanienpoeid- 
HUKaMU. Po3pi3HaroTb eneMeHTapHi HaniBnpoBigHuKu (Si, Ge, Te, Se), 
cnonyKu Tuny AmB V, ge A111 -  eneMeHT III rp yn u , B V -  eneMeHT V  rpynu  
(GaAs, InSb, InAs, InP), cnonyKu Tuny AIIB VI (CdS, CdTe, ZnTe, ZnSe, 
ZnO6, HgTe), a TaK ox cnonyKu eneMemiB V I rp yn u  3 nepexigHuMu Me- 
TanaMu Ta pigKo3eMenbHuMu eneMeHTaMu, b aKux BHyTpimHa o6onoHKa 
aToMiB 3anoBHeHa HacTKoBo (NiS, F e3O4 Ta iH.).

3 a  Hu3bKux TeMnepaTyp HaniBnpoBigHuKu 3oBciM He MaroTb eneK- 
TponpoBigHocTi Ta He Bigpi3HaroTbca Big gieneKTpuKiB. 3  nigBumeHHaM 
TeMnepaTypu 36inbm yeTbca TennoBun p y x  aToMiB, aKi 3gaTHi nepegaTu  
eHepriro eneKTpoHy, BHacnigoK Horo BiH M oxe nepenTu 3 BaneHTHoi 3ohu  
go 3ohu npoBigHocTi. A ne Ha M ic^  eneKTpoHa 3anumaeTbca dipKa -  Binb- 
Hun Hocin no3uTuBHoro 3apagy. 3 a  paxyHoK eneKTpuHHux noniB M oxnu- 
Bi n epexogu  eneKTpoHiB Ha iHmi piBHi (eneKmpoHHa npoBigHicTb), a6o  Ha 
M i^ e  gipKu (dipKoea npoBigHicTb). y  ^noM y, npoBigHicTb xiMiHHo h u c- 
Toro HaniBnpoBigHuKa, m o 3yMoBneHa BnacHuMu eneKTpoHaMu aToMiB 
gaHoi peHoBuHu, Ha3uBaeTbca enacHow.

KpiM Toro, e Knac HaniBnpoBigHuKiB, b aKux eneKTponpoBigHicTb 3y- 
MoBneHa eneKTpoHaMu goMimKoBux aToMiB (doMimKoea npoBigHicTb).

^ogaBaHHa goMimoK go  HaniBnpoBigHuKa icToTHo 3MiHroe 3oHHy 
cTpyKTypy Ta eneKTponpoBigHicTb. HanpuKnag, aKmo gogaTu go HaniB- 
npoBigHuKa 3 HoTupuBaneHTHoro KpeMHiro goMimKy -  n'araBaneHTHun  
aTOM (j)oc(|)opy, t o  HOTnpn eneicrpoHH Sepyrb  
yHacTb y  KoBaneHTHux 3B'a3Kax, Togi aK 
n'aT un e BinbHuM (p u c. 2 8 .4 ,a ) . ^  npu3Bo- 
guTb go noaBu b 3oHHin cTpyKTypi KpeMHiro 

HoBoro piBHa, po3TamoBaHoro nopyH (AEd =
= 0 ,05  eB ) i3 3oHoro npoBigHocTi (puc. 2 8 .4 , 6).
TaKa goMimKa Ha3uBaeTbca doHopoM, a npoBig­
HicTb HanexuTb go n-Tuny.

Puc. 28.4. ^ k^ o gogaTH y HanienpoBigHHK i3 noTnpnBa- 
aeHTHoro KpeMHiro goMimKy -  n’flTiiBa.ieHTHim aToM 

$oc$opy, to noTnpn eaeKTpoHH 6epyTb ynacTb y Koea- 
aeHTHHx 3B?H3Kax, Togi hk n’nTHH e eî bHHM (a); ue 

npn jeognTb go nonen e 3ohhm cTpyKTypi KpeMHiro Ho­
Boro pieHH, po3TamoBaHoro nopyH (4E = 0,05 eB) i3 
3oHoro npoBigHocTi (6). TaKa goMimKa Ha3HBacTbcn 

doHopoM, a npoBigHicTb Haaê HTb go w-Tnny.

28.3. HAHIBHPGBmHHKH
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^ k ^ o  gogaTu go HaniBnpoBigHuKa 3 
HoTupuBaneHTHoro KpeMHiw goMimKy -  
TpuBaneHTHun aToM repMarnra, t o  Tpu 
eneKTpoHu rngiro KoBaneHTHo 3B a3yraT bca  
3 cycigHiMH aToMaMH, 3anum aranu BinbHe 
M i^ e  gna ^ e  ogH oro eneKTpoHa (p u c.
2 8 .5 ,a ) .  TaKa cuTya^ia cy n p o B o g :y eT b ca  
noaBow  b 3ohhm  CTpyKTypi KpeMHiw ho- 
Boro piBHa (p u c. 2 8 .5 ,5 )  n o6nu 3y BaneHT- 
hoi 3ohu (A E a  = 0 ,0 5  eB ). TaKa goMimKa 
Ha3UBaeTbca aKi ênmopoM, a npoBigHicTb 
H an e:u T b  go p-Tuny.

Puc. 28.5. npoeigmcrb ̂ -THny HaniBnpoeigmiKa:
a  -  gogaBaHHa go HaniBnpoBigHuKa 3 HoTupuBaneH- 
THoro KpeMHiw goMimKu -  TpuBanenraoro aToMa 
rngiw; 5 -  noaBa b 3oHHifi CTpyKTypi KpeMHiw hobo- 
ro piBHa, po3TamoBaHoro nopyH (AEa = 0,05 eB) 3 
Banenraow 3ohow.

28.4. HAniBnPOBI^HHKOBI nPH^A^H

28.4.1. TepMope3HCTop
TepMope3ucmop (mepMicmop) -  HaniBnpoBigHuKoBun TepMoMeTp, 

^puH^u^ gii aKoro n o n arae  y  BuKopucTaHHi 3an e:H o cT i onopy HaniB­
npoBigHuKa Big TeMnepaTypu b mupoKux M e :a x :

AE

R = RoeJk T , (2 8 .4 )
ge AE -  mupuHa 3a6opoHeHoi 3ohu; R0 -  CTana, xapaKTepHa gna gaHoro HaniBnpoBigHuKa.

28.4.2. HaniBnpoeigHHKoBHH giog
Po3rnaHeM o KoHTaKT gB ox HaniBnpoBigHuKiB: p -T u n y  Ta n-Tuny. B  

n -o6n acT i e BucoKa KOH^eHTpa^ia eneKTpoHiB, Togi aK b p -o 6n acT i -  
BucoKa KOH^eHTpa^ia gipoK. 3aBgaKu g u ^ y 3ii gipKu nepexogaTb b n- 
o6nacTb, a eneKTpoHu -  b p -o6n acT b . 3aBgaKu ^ o M y  b o6nacTi KoHTaK­
Ty yTBopweTbca TaK 3BaHun p-n-nepexid. ^ K ^ o  npuKnacTu go  TaKoro 
3^egHaHHa 3oBHimHe eneKTpuHHe none, t o  mupuHa i onip p -n -n e p e x o g y  
6ygyTb icToTHo 3 a n e :a T u  Big HanpaMKy n ona (p u c. 2 8 .6 ) .  T o 6 to  TaKun 
p -n -n e p e x ig  BuKoHyBaTuMe ^yH K ^'i g io g a  -  n pu n agy, ^ o  xapaKTepu3y- 
eTbca BnacTuBicTW yHinonapHocTi (ogHocnpaM oBaHocTi) eneKTponpo- 
BigHocTi.
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Puc. 28.6. HaniBnpoBigHHKoBHH giog -  npunag, mo xapaKTeproycTbcn 
B^acTHBicTro yHinonnpHocTi (ogHocnpaMoBaHocTi) eneKTponpoBigHocTi

28.4.3. HaniBnpoBigHHKoBHH Tpiog
H anienpoeidH U K oeuu  m p io d  (m paH 3U cm op) cKnagaeTbca 3 By3bKoi n- 

o6nacTi, po3MimeHoi M ix gBoMa p-o6nacraM u (puc. 2 8 .7 ). 3oBHimHi o6n acri 
TaKoro p-n-p-TpaH3ucTopa Ha3uBaroTbca eM im epoM  Ta xom x m op oM , a cepe- 
gHa o6nacTb -  6a3ow . TaKuM huhom, y TaKoMy 3 'egHaHHi e gBa nepexogu. 
3 a  TaKoi cxeMu niBun p-n-nepexig n p a ^ e  y npoxigHoMy pexuM i (mupuHa 
nepexogy Ta noro onip Mani), a npaBun n-p-nepexig -  y 3anipHoMy pexuM i 
(mupuHa nepexogy Ta noro onip BenuKi). 3 a  ogHaKoBux 3MiH cTpyMy, mo  
Bu3HaHaeTbca pyxnuBicrro HociiB, 3MiHa Hanpyru y Koni KoneKTopa 6yge  
3HaHHo 6inbmoro 3Mrnu Hanpyru y Koni eMiTepa, to6to :

IeMR eM < <  I komR kom (2 8 .5 )

a6o

Uex < <  U6uX. ( 2 8 .6 )

EMiTep Ba3a Kojieicrop

Ue:

EMiTep KojieKTop

Ba3a

Puc. 28.7. HaniBnpoBigHHKoBHH Tpiog -  npunag, mo bhkoph- 
cToBycTbcn hk nigcnnroeaH cna^KHx, 3mIhhhx y Haci cnrHanie

TaKuM huhom, HaniBnpoBigHuKoBun Tpiog M oxe BuKopucToByBaTuca 
aK nigcunroBaH cna6K ux, 3MiHHux y Haci curHaniB. K o e ^ ^ ie n r  n igcu - 
neHHa k = U6UX/U6X M oxe gocaraT u  104.
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28.4.4. HaniBnpoBigHHKoBHH ^oTonpuftMan
HaniBnpoBigHUKoBun npunag, 3MiHa cTaHy aKoro n ig  BnnuBoM noTo­

Ky onruHHoro BunpoMiHWBaHHa BuKopucToByeTbca gna o ^ h k u  ^ o r o  
BunpoMiHWBaHHa, Ha3uBaeTbca HanienpoeidHUKoeuM fiomonpuuMaueM. 
B  ocHoBi npunagy nexuT b p e e c rp a ^ a  36inbmeHHa eneKTponpoBigHocTi 
HaniBnpoBigHuKa nig giew  eneKTpoMarHiTHoro BunpoMiHWBaHHa. O o-  
to h u  cBiTna “BupuBawTb” eneKTpoHu 3 BaneHTHoi 3ohu Ta nepeHocaTb ix  
y 3oHy npoBigHocTi (puc. 2 8 .8 ) . BHacnigoK ^ o r o  36inbm yeTbca Kinb­
KicTb eneKTpoHiB npoBigHocTi Ta gipoK.

28.4.5. HaniBnpoBigHHKoBHH na3ep
y  HaniBnpoBigHuKoBoMy na3epi BuKopucToBywTbca BunpoMiHWBanb- 

Hi n epexogu  M ix go3BoneHuMu eHepreTuHHuMu 3oHaMu, a He gucKpeT- 
humu piBHaMu eHeprii. 3aBgaKu HaKaHyBaHHW Big6yBaeTbca nepexig  
eneKTpoHiB 3 BaneHTHoi 3ohu b 3oHy npoBigHocTi, npuHoMy KinbKicTb 
eneKTpoHiB Ha BepxHix piBHax 3ohu npoBigHocTi 6inbm a, H ix Ha HuxHix 
piBHax BaneHTHoi 3ohu, t o 6 t o  3gincHWWTbca yMoBu gna iHBepcii 3ace- 
neHocTi. r  eH ep a^a KorepeHTHoro onruHHoro BunpoMiHWBaHHa Big6yBa- 
eTbca 3a paxyHoK nepexogy 3 HuxHboro piBHa 3ohu npoBigHocTi Ha Bepx- 
Hin piBeHb BaneHTHoi 3ohu (puc. 2 8 .9 ) . nepeBaraM u HaniBnpoBigHUKoBo- 
ro  na3epa e n o ro  Mani po3Mipu, MoxnuBicTb nnaBHoro nepecTpowBaHHa 
HacToTu reH ep a^ i, BucoKa iHTeHcuBHicTb BunpoMiHWBaHHa.

t
O

- O
Puc. 28.8. HaniBnpoBigHHKoBHH

^oTonpHHMan (noacHeHHa b TeKcri)

O r

- O

Phc. 28.9. HaniBnpoBigHHKoBHH aa3ep, b 
HKoMy peaai3yroTbcn BunpoMrnroBaabHi 
nepexogu Mm go3BoaeHHMH eHepreran-

HHMH 3oHaMH, a He gHCKpeTHHMH piB- 
hhmh eHeprii (noacHeHHa b TeKcTi)

28.4.6. MogenroeaHHH $oTocuHTe3y
3eneHi nucTKu pocnuH aBnawTb co 6o w  npupogHi npucTpoi, b  aKux 

coHaHHe cBiTno nepeTBopwe ByrneKucnun ra3 Ta Bogy y  ByrneBogu Ta
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KHCeHb. 3aBgHKH ^OTOCHHTeTHHHffl aKTHBHOCTi nHCTfl, TaKHM HHHOM, £ 
nepBHHHHMH gxepenaM H eHeprii Ha 3eMni.

npnpogH oro £ cn p o 6a goCnigHHKiB po3po6HTH mTyHHi ^OTOCHHTeTHH- 
Hi CHCTeMH (6 a p e n u K o e i c o n m n i  KOMipKu) Ha OCHOBi Ha.niBnpoBig.HHKiB 
Ta 6apBHHKiB, m o £ aHanoraMH xn opo^iny. TaKa KOMipKa, CxeMy aKOi 
HaBegeHO Ha pHC. 2 8 .1 0 , Mae CeHgBiHonogi6Hy KOHCTpyKmro, m o CKnaga- 
eTbCa 3 HaniBnpoBigHHKOBoro KpHCTany TiO 2, MOHomapy 6apBHHKa, eneKT- 
p oniry  (renenogi6H oI peHOBHHH, b aKift HaaBHi y  noMiTHiH KOH^HTpami 
ioHH, 3gaTHi nepeMimyBaTHCa Ta npoBogHTH eneKTpHHHHH CTpyM) Ta Ka- 
Tani3aTopa (peHOBHHH, aKa npHCKoproe peaKmro, ane He 3a3Hae npn ^ o -
My iCTOTHHx 3MiH), po3Mim,eHHx M i* gBOMa eneKTpogaMH Ta CKnaHHMH 
nnaCTHHaMH. BHaCnigoK OCBiTneHHa MoneKyna 6apBHHKa 36yg*yeT bC a i 
nepeBogHTb eneKTpoH y  3OHy npoBigHOCTi HaniBnpoBigHHKa. EapBHHK 
BigHOBnroeTbCa 3aBgaKH eneKTpoHy, m o nepeHOCHTbCa 3a paxyHOK okhc- 
HWBanbHO-BigHOBHoro n p o ^ C y . TaK Big6yBaeTbCa BHCOKoe^eKTHBHe 
fiepeTBOpPOBaHHfl COHflHHOrO BHnpOMiHIOBaHHa b  eneKTpHHHHH CTpyM.

6

▼ 2

m
Phc. 28.10. Moge^roBaHHH $OTOCHHTe3y: miynHa ^oTocHHTerHHHa
CHCTeMa (SapBHHKOBa COHaHHa KOMipKa) Ha ochobI HanienpoeiflHHRiB 

Ta SapBHHR-ie, ^ o  e aHanoraMH x^opo^i^y: 1 -  CKnaHa nnacTHHa;
2 -  npoBigHHH npo3opHM map; 3 -  HaniBnpoBigHHKoBHH KpHCTan T i02;

4 -  SapBHHK; 5 -  eneKTponiT; 6 -  KaTani3aTop

KOHTPO^bHI 3AnHTAHHfl TA 3AB^AHHfl
1. ^ o BHBHae $i3HKa TBepgoro Tina?
2. ^ o Ha3HBaroTb TBepgHM TinoM?
3. Ha3BaTH ocHoBHi THnn 3B'a3KiB y  TBepgnx Tinax.
4. noaCHHTH CyTb 3OHHOi Teopii TBepgHX Tin.
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5. ^K y 3oHy Ha3UBawTb BaneHTHow? npoBigHocTi? 3a6opoHeHow?
6. noacH uTu MexaHi3Mu eneKTpoHHoi Ta gipKoBoi npoBigHocTi.
7. ^Ki goMimKu Ha3UBawTb goHopaMu, a  aKi -  a ^ e m o p a M u ?
8. Ha3BaTu ocHoBHi HaniBnpoBigHUKoBi npunagu.
9. noacH uTu ^puH^u^ gii' mTyHHoi ^oTocuHTeTUHHoi cucTeMu.
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29. fl^EPHA #I3HKA
Hdepna fii3UKa -  po3gin $i3UKu, m o BUBHae crpyKTypy i BnacTUBocri 

aToMHux agep Ta ix  nepeTBopwBaHHa -  n p o ^ c u  pagioaKTUBHoro po3na- 
g y  Ta agepHi p e a ^ i i .

y  1913  p. E . P e3ep $o p g  npoBiB cep iw  gocnigiB 3 po3ciaHHa a-H acru -  
h o k ,  aKi ganu MoxnuBicTb ycraHoBUTu, m o agp o aToMa Heo6xigHo po3- 
rnagaTu aK ToHKoBy Macy Ta t o h k o b h h  3apag, npuHoMy 6inbm icrb Macu 
aToMa CK0H^eHTp0BaHa b  agpi. KpiM Toro, ^  g ocn igu  npogeM oHcrpyBa- 
nu HaaBHicTb HoBoro Tuny cu n  -  agepH ux cu n, aKi giwTb Ha BigcTaHi 
6nu3bKo 10 -14 m  Ta 3HHKawTb 3a  6inbm ux BigcTaHen.

29.1. BNACTHBOCTI ATOMHOrO flflPA
B ci ag p a cKnagawTbca 3 gB ox TuniB HacTHHoK -  npoToHiB Ta HenTpo- 

HiB (3a  BUHaTKoM ag p a aToMa BogHW, aKe MicTHTb num e oguH npoToH). 
3aranbH a Ha3Ba npoToHa Ta HenTpoHa -  nyKRon. M aca aToMHoro agp a  
npu6nu3Ho b  4 -1 0 3 pa3iB 6inbm a Macu B cix eneKTpoHiB aToMa. Po3Mipu 
ag p a gopiBHWWTb 10 " - 1 0 " m .

^ g p o  xapaKTepu3yeTbca MacoeuM uucnoM A (3aranbHUM HucnoM Hy- 
KnoHiB), amoMHuM noMepoM Z  (m o gopiBHwe Hucny npoToHiB Ta n opag- 
KoBoMy HoMepy xiMiHHoro eneMeHTa b  nepioguHHin cucTeMi) Ta uucnoM 
neumponie N  = A -  Z.

a g p o  no3HaHaeTbca cuMBonoM Z ^ X , ge X  -  cuMBon xiMiHHoro ene­

MeHTa. HanpuKnag, 5 6 Fe o3HaHae, m o MacoBe Hucno 3ani3a gopiBHwe 

5 6 , a  aToMHun HoMep -  2 6 .
a g p a  3 ogHaKoBHMH aToMHUMu HoMepaMu Z, ane 3 pi3HUMu MacoBu- 

m h  HucnaMu Z  Ta HucnaMu HenTpoHiB N  Ha3UBawTbca i3omonaMu. H a- 
npuKnag, nog 127I  Mae MacoBe Hucno Z = 1 27 , Hucno npoToHiB Z = 5 3  i h h -  

cno HenTpoHiB N = 7 4 ; BogHoHac y  npupogi icHywTb i3oTonu n ogy 123I, 
125I  Ta 131I, b  aKux Hucno HenTpoHiB N  cTaHoBHTb 7 0 , 7 2  Ta 7 8  BignoBig-

C- • 11̂  12 13̂  14-̂ r
h o .  a K  npuKnag HaBegeMo i3oTonu By^ne^w 6 C , 6 C , 6 C , 6 C .

3ap ag  npoToHa gopiBHwe e = + 1 ,6 -1 0 -19 Kn. HenTpoH eneKTpuHHo 
HenTpanbHun.

flna o ^ h k h  Macu b  agepHin $i3u m  BHKopucToByroTb TepMiH amoMna 

odunuyx Macu (a.o.M.). OgHa a.o.M. gopiBHwe 1/12 Macu i3orony 1̂ C , a6o  

1 ,6 6 0 5 5 9 - 10-27 k t .  O Txe, Macu npoToHa, HenTpoHa r a  eneKTpoHa gopiBHwwTb:
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mn =  1 ,6 6 7 2 6 -10-27 Kr =  1 ,0 0 7 2 7 6  a.o.M .; 
m H =  1 ,6 7 5 0 -10-27 Kr =  1 ,0 0 8 6 6 5  a.o.M .; 
m e =  9 ,1 0 9 -10-31 Kr =  0 ,0 0 0 5 4 8 6  a.o.M.

P agiy c ag p a y  npunymeHHi n o ro  c^epuHHoi $opMH BU3HaHaeTbca 3a  
^opM ynow:

r = r0 A 13, (2 9 .1 )

ge r0 -  crana, mo 6nu3bKa go pagiyca gii agepHux cun (r0 = 1,2-10-15 m), A -  MacoBe HHcno. 

npHKaag
Bu3HaHHTH rycTHHy aToMHoro agpa.
P03BH30K
rycTHHy agpa (npunycTHMo, mo boho Mae ĉ epHHHy $opMy) BH3HaHHMo aK BigHo-

Zm
meHHa Moro Macu go o6'eMy: p = Zm/V = -4------- .

— Kr 3 
3

BuKopucToBywHH ôpMyny (29.1), oTpuMyeMo:
Am Am  3 3

p =  -4-----  = -4-------  = 3(1,67-10 K )̂/4K(1,2-10"15 m)3 = 2,3-1017 Kr/M3.
— Kr 3 — Kr03 A
3 3 0

29.2. flflEPHHH CniH TA MArHITHHH MOMEHT
a g p o , aK i eneKTpoH, Mae BnacHun MoMeHT iMnynbcy (agepHun cniH) 

Ta 3B'a3aHun 3 hum agepHun MarHiTHun MoMeHT. BenuHuHa ^ o r o  mo- 
MeHTy Bu3HaHaeTbca 3a Bupa3oM:

J  =  - , j l ( I  +  1 )h  , (2 9 .2 )

ge I -  cniHoBe KBaHToBe HHcno.
agep H u n  cniH o6yM oBnwe gunonbHun MarHiTHun MoMeHT agp a  

(agepHun MarHeToH):
e%

juMd =  -------- =  5 ,0 5 -10-27 f lx /T n . (2 9 .3 )
2 mn

29.3. flflEPHHH MArHITHHH PE3OHAHC
B  ocHoBi TexHiKH agepHoro MarHiTHoro pe3oHaHcy (a M P ) nexuTb ce- 

neKTUBHe nornuHaHHa eneKrpoMarmTHoi eHeprii' peHoBUHow, o6yMoBneHe 
KBaHToBHMu nepexogaMu aToMHux agep M ix eHepreTUHHUMu cTaHaMu 3 

pi3HHMH opieHTa^aMu cn iny I  (BnacHoro MoMeHTy iMnynbcy) aToMHoro agpa. 
C nocrepiraeTbca a M P , Konu Ha 3pa3oK giwTb B3aeMHo nepneHguKynapHi 
MarHiTHi nona: iHTeHcuBHe B 0 Ta cna6Ke pagioHacroTHe B 1 (1 0 6- 1 0 7 r ^ ) .  
BigoMo, m o agp a Bcix eneMeHTiB MawTb eneKTpuHHun 3apag, aKun gog ar- 
hhh i gopiBHwe 3a a6conwTHow BenuHUHow cyMi 3apagiB aTOMHux eneKT­
poHiB. 3aBgaKH cniHy agpo nig Hac o6epTaHHa gie aK eneMeHTapHun MarHiT
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(pHC. 2 9 .1 ). O T *e, agpo xapaKTepu-
3y£TbCa MarHiTHHM MOMeHTOM, Be-
nuHHHa aKoro 3ane*HTb Big npupo- 
gu agpa. ^ g p a  3 napHHM HHCnoM 
npOTOHiB i napHHM HHCnoM HeHTpo- 
HiB He MaroTb CniHy i MarHiTHoro 
MOMeHTy; Togi aK agpa 3 napHHM 
HHCnoM npOTOHiB i HenapHHM hhc- 
noM HeHTpOHiB MaroTb cniH i gunonb- 
HHH MarHiTHHH MOMeHT fd. ^KmO 
3pa3OK pO3MicTHTH b iHTeHCHBHOMy ogHOpigHOMy MaraiTHOMy noni B0, Bci 
gunoni noHHHaroTb npenecyBaTH HaBKono HanpaMKy MarHiTHoro nona 3 
napMopiecbKow HacToToro, aKa BH3HaHaeTbca TaK:

=  — YnpB 0. ( 2 9 .4 )

ge ynp -  ripoMarHiTHe BigHomeHHa a6o BigHomeHHa MarHiTHoro MOMeHTy agpa go Horo 
MOMeHTy iMnynbcy

Bu3HaHaeTbca ripoMarHiTHe BigHomeHHa 3a BHpa3OM:

gds

Phc. 29.1. flgpo nig nac oSepTaHHH 
hk eaeMeHTapHHH MarHiT

Ynp
h

(2 9 .5 )

ge g -  mho* hhk .HaHge; jje = 9,27-10- g*/Tn -  MarHeTOH Eopa; h -  CTana nnaHKa. 
MarHiTHi napaMerpu eneMeHTapHux HacTHHOK HaBegeHO y  Ta6n. 2 9 .1 .

29.1 -  MarHiTHi napaMeTpn eaeMeHTapHHx nacrnHoK
EneMeHTapHa

HaCTHHKa
Mho*hhk 
•HaHge g MarHiTHHH MOMeHT

ripoMarHiTHe 
BigHomeHHa y

EneKTpoH -2,002 de = 9,27-10-24 g*/T n
1,761-1011 c-1Tn-1 = 
= 28024 Mru/Tn

npOTOH 5,586 dnp = 1,4110-26 g*/T n 2,675-108 c-1Tn-1 = 
= 42,577 M r^Tn

HeHTpOH -3,826 d  = -0 ,966-10-26 g*/T n 1,832-108 c-1Tn-1 = 
= 29,165 M r^Tn

npHMiTKa: ToH HecnogiBaHHH ^aKT, mo HeHTpoH, y aKoro BigcyTHiH 3apag, Mae 
MarHiTHHH MOMeHT, CBigHHTb npo HaaBHicTb y HeHTpoHa CKnagHoi BHyTpimHboi CTpyKTy- 
pu Ta icHyBaHHa BHyTpimHix eneKTpuHHux CTpyMiB, mo yTBoproroTb MarHiTHHH MOMeHT

npHKaag
Bu3HaHHTH napMopiBCbKy HacroTy npoTOHa, mo 3HaxoguTbca y MarHiTHoMy noni 1 Tn. 
Po3BH3oK
BuKopucTOByroHH ^opMyny (29.4) Ta gaHi Ta6num 29.1, ogep*HMo:

(D0 = -YBo = 2,675-108 c-1T-1-1 T = 42,577 M ^ .

KoHTpoabHe 3aegaHHH
Bu3HaHHTH napMopiBCbKy HacTOTy npoTOHa, mo 3HaxoguTbca y MarHiTHoMy noni 

3eMni (50 MKTn).
Eignoeigb: 2
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npunoMy, ogHa rpyna gunoniB npoaBnae cyMapHy opieHTa^ro B 3g o B : 
MarHiTHoro nona, Togi hk gpyra -  nporu nona (puc. 2 9 .2 ). Cnig Big3HanuTu, 
^ o  y craHi piBHoBaru KinbKicTb gunoniB, ^ o  opiemyroTbca B 3g o B : nona, 
nepeBumye KinbKicTb npoTune:H o opieHToBaHux gunoniB. ^  M o:H a noac- 
hhtu tum, ^ o  b ocHoBHoMy eHepreruHHoMy cTaHi, Konu MarHiTHi gunoni opieH- 
ryKTbca B 3g o B : MarHiTHoro nona, eHepria agpa MeHma, H i :  y  36yg:eH oM y, 
gna axoro npHTaMaHHa opieHTagia, npomne:Ha MarHiTHoMy nonio.

§ 0  XX $ 0 0 9
R

0 OXT 0 $
r  *

0  § 0 XX § &

0 0 0 0 $ § 0 0
Puc. 29.2. noBegiHKa MarmTHHx MOMeHTiB ngep: a  -  aKT BigcyraocTi 3oBHimHboro 

MarHiTHoro nona; 6  -  aKT HaaBHocTi 3oBHimHboro MarHiTHoro nona B0

Puc. 29.3. YTBopeHHH 3a- 
BgnKH npeuecii 3MiHHoro 

MarHiTHoro MOMeHTy ^simp. 
AKHH oSepTaeTbCH y nno- 
iniiiii. nepneHgHKynnpHitt 

Bo

3aBgaKH n p e ^ c ii  yTBoproeTbca 3MiHHuH 

MarHiTHun MoMeHT ^sin ^ (puc. 2 9 .3 ), aKuH 
o6epTaeTbca y nnomuHi, nepneHguKynapHift B0. 
n o n e  B1, ^ o  o6epTaeTbca y Tin : e  nnomuHi 3 

HacToToro o , B3aeMogie 3 MoMeHToM d ; ^  B3a- 
eMogia crae  noMrm oro, aK ^o o  ~ o 0, a Ha- 

npaMKu o6epTaHHa d  Ta B1 ogHaKoBi. npaBuna  
go6opy Bu3HanaroTb num e neBHy o p ie m ^ iro  
MarHiTHoro MoMeHTy BigHocHo HanpaMKy Mar­
HiTHoro nona B 0 : gna cniHy I  M o:nuB i 2 1 + 1  
go3BoneHux opieHTa^ft, a caMe I, (I -  1), . . .  

- (I  -  1), - I. TaK, gna i3oroniB 1H  Ta 13C  , cniH 
aKux I  = 1/2, go3BoneHi opieH ra^i, ^ o  BignoBi- 
gaKTb 3HaneHHaM + 1 /2  Ta -1 /2 .  flna i3oroniB, 
cniH aKux I  = 2, KinbKicTb go3BoneHux eHepre- 
tu h h u x  piBHiB craHoBuTb 2 I  +  1 =  5. P i3H u ^  

eHeprifi AE  M i: BignoBigHuMu piBHaMu npono- 
p^HHa MarHiTHifi iHgyK^’i (puc. 2 9 .4 ):

A E = yhBo. (2 9 .6 )
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E

-1/2

B0=0

IIpOTH B 0

+1/2

B330BHC B0

Bo

E  ~  + l/2 y ftB 0

A E

E  =  -U ly h B o

Phc. 29.4. EHepreTHHHa giarpaMa agepHoro cniHy: pi3HHUH 
eHeprifi AE Mim pieHAMH nponopuiTma MarHiTHiH iHgyKuii

P i3H H ^  3ace^eHOCTefi 0CH0BH0r0 Ta 36yg^ eH oro  piBHiB Bu3HanaeTB- 
ca  3a ^opM y^ow:

N  ~AP,lT, (2 9 .7 )
N

= e

ge N36 Ta N0 -  3aceneHocri 36yg^eHoro Ta 0CH0BH0r0 piBHiB BignoBigHo; T -  TeMnepaTypa.

CxeM y ^ M P -cn eK - 
TpoMeTpa HaBegeHo Ha 
p uc. 2 9 .5 . HyrauBicTB, 
3 aKoro cnpHHMaeTbca 
^ M P -c u ra a n , 3a^e^HTb 
Big npupogu i30T0ny Ta 
p i3H u^ 3ace^eHocTefi 
ocHoBHoro Ta 3 6 y g ^ e -  
Horo piBHiB. TexHiKa 
^ M P  BHK0pncT0ByeTbca 
g^a o^H ^BaH H a aKocTi 
cm tcbK orocnogapcbK H x  
Ta xapnoBHx npogyKTiB, 
gocm g^eH H a po3nogm y  
Bogu y rpyHTi, pyxoM o- 
cTi Bogu b poc^HHi Ta 
B3aeMogii K^iTUHHoi Bo­
gu 3 MeM6paHaMu a6o  
MaKpoMo^eKy^aMu. Puc. 29.5. CxeMa AMP-cneKTpoMeTpa
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29.4. EHEPrifl 3B'fl3KY
EHep îH 3e'n3Ky gopiBHroe po6oTi, aKy Tpe6a BuKoHaTu, m o6 po3gi- 

nuTu ^ro cucTeMy Ha oKpeMi HacTuHKu, 3 aKux BoHa cKnagaeTbca, Ta Big- 
ganuTu ix  Ha TaKy BigcTaHb, ge M o :H a 3HexTyBaTu B3aeMogiero H acru- 
hok. fln a criHKux cucTeM eHepria 3B'a3Ky Big'eMHa, ocKinbKu yTBopeH­
Ha 3B a3aHoi cucTeMu cy n p o B o g :y eT b ca  BugineHHaM eHeprii. EH epria  
3b a3Ky tu m  6inbm a, hum criHKima cucTeMa. fln a aToMHoro ag p a eHepria 
3B a3Ky Bu3HaHaeTbca cunbHoro B3aeMogiero i, 3rigHo 3 EHHmTeHHoM, 

nponop^ HHa ge^eKTy Mac Am:
A E  = Amc2 =  [Zmn + (A -  Z)mH - M^], (2 9 .7 )

ge Mh -  Maca agpa.

npHKaag
BroHaHmu eHepriro 3B'a3Ky aToMa reniro, Maca agpa aKoro gopiBHroe MH = 4,00260 a.o.M.
PO3BH3OK
-Sgpo aToMa reniro MicTurb gBa npoToHu Macoro mn = 1,007276 a.o.M. Ta gBa HeftrpoHn 

Macoro mH = 1,008665 a.o.M. O r:e , Maca HyKnoHiB, ^o yTBoproroTb agpo, gopiBHroe:
2mn + 2mH = 2(1,007276 a.o.M. + 1,008665 a.o.M.) = 4,031882 a.o.M.

fle^eKT Macu aToMHoro agpa gopiBHroe:
Am = (2mn + 2mH) -  Mx = 4,031882 a.o.M. -  4,00260 a.o.M. = 0,029282 a.o.M. =

= 0,029282 a.o.M. -1,660559-10-27 Kr = 4,86-10-29 Kr.
EHepria 3B'a3Ky agpa reniro gopiBHroe:

AE = Amc2 = 4,86-10-29 kt-(3-108 m/c)2 = 43,74-10-13 f l :  =
= 43,74-10-13/1,6-10-19 = 27,34 MeB.
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30. IOHI3yroHE BHnPOMIHroBAHHfl
30.1. K^ACH^IKA^fl IOHByTOHOrO 

BHnPOMfflWBAHHfl
Ioni3ywne eunpoMinweanuH -  u;e h o to k h  nacTUH0K a6o  eneKTpoMar- 

HiTHHx KBaHTiB, B3aeMogia aKux i3 cepegoBumeM  3yM0Bnroe io m 3a^ ro  -  
yTBopeHHa ioHiB Ta BinbHux eneKTpoHiB 3 eneKTpuHHo HeHTpanbHux 
aToMiB i MoneKyn.

IoHi3yrone BunpoMiHroBaHHa Mae gocTaTHbo eHeprii' gna Bu6uBaHHa 
eneKTpoHiB 3 op6iT, BHacnigoK n oro aT0M Ha6yBae 3apag i cTae i0Hi30BaHUM. 
flo  ioHi3yronoro BunpoMiHroBaHHa H anexarb: a-nacmuHKu -  agpa reniro 
He, m o MicTaTb 2  npoToHu i 2  HeHrpoHu; {5-nacmuuKU -  eneKTpoHu i no3u- 

TpoHu, m o BUKHgaroTbca aT0MHUMu agpaMu nig nac 6eTa-po3nagy; peHm^e- 
niecbKe eunpoMiHweaHHH -  eneKipoMarHirae BunpoMiHroBaHHa, mo 3aHMae 
cneKTpanbHy o6nacTb M ix y- Ta ynbrpa^ioneTOBUM BunpoMiHroBaHHaM b 
M exax goBxuH  xBunb 10" —10" m; y-eunpoMiHweaHHH -  KopoTKoxBunboBe 
eneKTpoMarHiTHe BunpoMiHroBaHHa 3 goBxuHaMu xBunb Big 10-11 m go 10-12 m; 
KOCMinHi npoMeHi -  noriK eneMeHTapHux nacTUH0K bhcokoI eHeprii, nepe- 
BaxHo npoToHiB, m o npuxogaTb Ha 3eMnro i30Tp0nH0 3 y c ix  HanpaMKiB ko- 
cMinHoro npocTopy, a  TaKox BTopuHHe BunpoMiHroBaHHa, aKe yTBoproerbca 
BHacnigoK B3aeMogii npoToHiB 3 aT0MHUMu agpaMu noBiTpa.

3HaneHHa eHeprii iom3yroHoro BunpoMiHroBaHHa HaBegeHo b Ta6n. 30 .1 .

30.1 -  EHepria iom3yronoro BHnpoMiHMBaHHH
Tun BunpoMiHroBaHHa HacToTa, ru; EHepria, Kflx-MnL-1

EacmuHKu
a-nacTUHKU 4,1-108
-̂HacTUHKU 1 ,5 1 0 7

EneKmpoMaeHimHe eunpoMmweaHHH
PeHTreHiBctKe BunpoMiHroBaHHa 3-1015 1 ,2105
y-BunpoMiHroBaHHa 3-1020 1,2-108
KocMinHi npoMeHi 6-1021 2,4-109

30.2. PAfllOAKTHBHICTb
30.2.1. PagioaKTHBHHH po3nag

1896 p. $paH^3bKun ^i3UK A. EeKKepenb BigKpuB aBume padioaK- 
mueHOcmi -  3gaTHocri geaKux aT0MHux agep caM0BinbH0 (cnoHTaHHo) 
nepeTBoproBaTuca b iHmi agpa 3 BunpoMiHroBaHHaM nacTUH0K. flo pagio- 
aKTUBHoro nepeTBoproBaHHa HanexaTb a-po3nad (po3nag aT0MHux agep,
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m o cy n p o B o g :y eT b ca  BunpoMiHKBaHHaM a-HacruHoK), Bci Bugu P -po3- 
nady (caMoBinbHux nepeTBopKBaHb HenTpoHa b npoToH i npoToHa b Hen- 
TpoH ycepeguH i aToMHoro agp a) i cnoHmaHHUU nodin ndep (caMoBinbHun 
nogin B a :K u x  agep ). PagioaKTuBHun po3nag HacTo cy n p o B o g :y eT b ca  
^-BunpoMiHKBaHHaM. Po3pi3HaKTb npupogHy Ta mTyHHy pagioaKTuB- 
HicTb, M i : hkumu HeMa ^puH^u^OBOl pi3H u^. npupogH a pagioaKTuB- 
HicTb Big6yBaeTbca BHacnigoK 6oM6apgyBaHHa MoneKyn ra3y  y  BepxHix 
m ap ax aTM oc^epu ioHi3yKHuM KocMiHHuM BunpoMiHKBaHHaM C o h ^  Ta 
3a paxyHoK npucyTHix y  3eMHin Kopi pagioaKTuBHux eneMeHTiB (ypaH, 
aKTuHin, Topin, H em ym n ). PagioaKTuBHi MaTepianu, m o MaKTb mKignu- 
Bun xapaKTep i po3noginaK Tbca y  HaBKonumHboMy cepegoBum i, Ha3u- 
BaKTbca padioaKmueHUM 3a6pydHeHHHM.

O chobhumu g :ep en aM u  ioHi3yKHoro BunpoMiHKBaHHa i pagioaKTu- 
BHoro 3a6pygHeHHa 6 io c $ e p u  e npupogHa pagioaKTuBHicTb, po3po6Ka, 
go6yBaHHa i 36araHyBaHHa KonanuH, BuKopucTaHHa pagioaKTuBHoi cu -  
po bu h u  b peaKTopax, nepepo6Ka agepH oro nanuBa b ycTaHoBKax, Bunpo- 
6yBaHHa Ta eK cnnyaT a^a agepHoi 36poi, cxopoHeHHa B ign p a^ oB aH oro  
nanuBa i pagioaKTuBHux BigxogiB.

AHTyaH AHpi BEKKEPEflb (1852-1908)

0paH^y3bK M M  $i3MK, HKMM BiflKpMB n p u p O f lH y
paflioaKTMBHicTb c o n e n  y p a H y  ( 1 8 9 6  p.).  N a y p e a T  
HoSeniBCbKO'i npeM ii  3 ^i3UKU 1 9 0 3  poKy.

30.2.2. 3aKOH pagioaKTHBHoro po3nagy
CaMoBinbHun po3nag aToMHux agep nignopagKoByeTbca 3aKOHy p a d io -  

aKmu6H0^0 p o s n a d y : gna BenuKoi KinbKocri agep Hucno aKriB po3nagy b ogu- 
h ^ k  Hacy (mBugKicTb po3nagy nponopm nm  Buxigmn KinbKocTi agep N 0):

d N
- ------ =  A N . (3 0 .1 )

dt
U,e piBHaHHa aBnae co6 o k  gu^epeH ^nH y $opM y 3aKoHy pagioaKTuB- 

Horo p o3nagy; iHTerpanbHa $opM a ^ o r o  3aKoHy Mae Burnag:

N  =  N o e -At, ( 3 0 .2 )

ge N0 -  KintKicTL pagioaKTuBHux agep y MoMeHT Hacy t = 0; N  -  KiitKicTt agep b MoMeHT 
Hacy t; A -  cTana po3nagy (c-1).
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fflBugKicTb pagioaKTUBHoro p o3nagy Ha3UBaroTb adconrnmHorn 
aKmueHicmw a:

d N
a = —----- = AN  . (3 0 .3 )

dt

OguHu^ ro pagioaKTUBHocri e SeKKepenb (Ek), aKHH BignoBigae
ogHoMy p o3nagy b ceKyHgy (1 E k =  c -1) ; Ha npaKTum BUKopucToByroTb
Kwpi (Ki). 1 Ki -  ^  a6conroTHa aKTHBHicTb TaKoro npenapaTy, b aK0My

Big6yBaeTbca 3 ,7 -1 0 10 po3nagiB y  ceKyHgy (1 Ki =  3 ,7 -1 0 10 E k).
n poM ixoK  n acy , 3a aKHH Big6yBaeTbca po3nag nonoBUHu pagioaKTu-

b h u x agep eneMeHTa, Ha3UBaeTbca nepiodoM niepo3nady T1/2 :
N  0 A

= No e-x , (3 0 .4 )

3BigKu

rp ln 2  0,693
ll/2 = —  = ~ A  ' <' )

HanpuKnag, nepiog niBpo3nagy T1/2 cTaH0BUTb gna: pagioaKTUBHoro 

i30T0ny By^ne^ro 14 C  -  5 7 3 0  poKiB; pagiro 28286R a  -  1 ,6 -10 3 poKiB; Hogy
131I  -  8 ,0 4  gHiB.

n ’ep KtoPI (1859—1906)

0paH^y3bK M M  $i3UK, OflMH i3 3aCHOBHUKiB T eo p i i  
paflioaKTMBHOCTi. BiflKpuB T a  f locn if lU B  n ’e 3 o -  
e n eK T p u H H u n  e $ e K T  ( 1 8 8 0  p .) .  
f l o c n i g w y B a B  pag ioaK T U B H e B unpoM iHroBaHH a, 
BBiB TepMiH “paflioaKTUBHicTb”. f i a y p e a T  H o S e -  
niBCbKOi n peM ii  1 9 0 3  poKy.

Mapia CKAOflOBCbKA-KWPI (1867—1934)

0 p aH ^y3bK U M  $i3U K  T a  xiMiK, o f lH a  3i CTBoproBa- 
niB T e o p i i  pa f lioaK TU B H ocri.  B n e p w e  3 a n p o n o H y -  
B a n a  3 a c r o c y B a H H a  p ag ioaK T U B H oro  B u n p o M i­
HroBaHHa y  MeflUHHUx ^ n a x .  f i a y p e a T  H o S e n i B -  
CbKoi n peM ii  3 $i3UKU 1 9 0 3  poKy T a  H o S e n iB C b -  
Koi n peM ii  3 xiMii 1 9 1 1  poKy.
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npHKaag
nepiog niBpo3nagy i3oTony 288 Ra cTaHoBuTb 1,6-103 poKiB. Bu3HaHuTu aKTuBHicTb 

3pa3Ka, aKun MicTuTb 3-1016 agep pagiK, b gaHun MoMeHT Hacy.
PO3B’n3OK
BuKopucToByKHu piBHaHHa (30.5), 3HangeMo BenuHuHy nepiogy niBpo3nagy:

T12  = 1 ,6103-31016 c = 5,0-1010 c.
3Bigcu:

A = 0,693 / Tm = 0,693 / 5,0 1010 c = 1 ,410 '" c.
AKTuBHicTb 3pa3Ka b gaHun MoMeHT Hacy (t = 0) o6HucnuMo 3a Bupa3oM: 

a  = AN0 = 1,4-10-11 c-3-1016 = 4 ,1 1 0 5 Ek = 4 ,1105 / 3,7-1010 Ki =
= 11,110's Ki = 11,1 MKi.

KoHTpoabHe 3aBgaHHH
HoMy gopiBHKe aKTuBHicTb 1 Kr i3oTony 226Ra, aKmo nepiog niBpo3nagy gopiBHKe 

1600 poKiB?
Bidnoeidb: 3,62-1013 Ek.

30.3. PEHTrEHIBCBKE BHnPOMIHMBAHHfl
PenmseniecbKe eunpoMinweanuH -  ^  eneKTpoMarHiTHe ioHi3yKHe 

BunpoMiHKBaHHa, m o 3anMae cneKTpanbHy o6nacTb b M e :a x  Big 10 -10 m 
go 10 -8 m. BigKpuTe y  1 895  p. B . Pem reH oM .

PeHTreHiBcbKe BunpoMiHKBaHHa yTBopKeTbca BHacnigoK 6oM 6apgy- 
BaHHa MeTaneBoi MimeHi BucoKoeHepreTuHHuMu eneKTpoHaMu. f l :e p e -

,ZIpB>KHHa XBHJli, 10'12 M
Puc. 30.1. CneKTp peHTreHiBcbKoro Bunpo- 
rviiHWBaHHA cKaagaerbcn 3 mupoKoi CMvru. 

Ha Tai HKoi* MO^Ha Bigpi3HHTH cepiro
pi3KUX MaKCUMyMiB

naMu peHTreHiBcbKoro Bunpo­
MiHKBaHHa M o:yT b 6yTu T a K o :  
geaKi pagioaKTuBHi i3oTonu. 
CneKTp peHTreHiBcbKoro Bu­
npoMiHKBaHHa cKnagaeTbca 3 
mupoKoi cM yru, Ha Tni aKoi mo- 
:H a  Bigpi3HuTu cep iK  pi3Kux 
MaKcuMyMiB (p u c. 3 0 .1 ) . n ig  Hac 
B3aeMogii peHTreHiBcbKoro Bu­
npoMiHKBaHHa 3 peHoBuHoK nig  
BnnuBoM 3oBHimHboro eneKTpo­
Ha a6o  BucoKoeHepreTuHHoro 
^oToHa BupuBaeTbca oguH 3 
gB ox eneKTpoHiB BHyTpimHboi 
o6onoHKu aToMa MimeHi, aKun 
3anum ae aToM. H a BaKaHTHe Mic- 
^  M o :e  nepenTu eneKTpoH 3 
6inbm  BigganeHux Big ag p a o 6o - 
noHoK. ^ n  n epexig, m o TpuBae 
10 -9 c, cy n p o B o g :y eT b ca  Bu­
npoMiHKBaHHaM peHTreHiBcbKo-
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ro  KBaHTa. EH epria TaKoro n ep exogy  craH 0BUTb noHag 1 0 0 0  eB . BucoK a  
eHepria peHTreHiBcbKoro BunpoMiHroBaHHa 06yM0Bnroe n o ro  nomupeHe 
npaKTUHHe 3acTocyBaHHa b peHTreHiBcbK0My aHani3i, MiKpocKonii Ta 
cneKTpocKonii.

30.4. fl03HMETPIfl IOHByTOHOrO 
BHnPOMIHWBAHHfl

30.4.1. flo3H iom3yronoro BunpoMiHroBaHHa
BuMiproBaHHa xapaKTepucTUK iom 3yronoro BunpoMiHroBaHHa nig nac  

Horo B3aeMogii 3 cepegoBumeM , Big aKux 3anexaTb p ag ia^ H m  e^eKTu b 
o 6 ’eKTax H exuB oi Ta x h b o i npupogu, m o onpoMiHroroTbca, craH0BUTb 
cyTb do3uMempii.

ffo3a -  ^  eHepria iom 3yronoro BunpoMiHroBaHHa, aKa nornuHaeTbca 
penoBUHoro, m o onpoMiHroeTbca. flo3a 3anexuTb Big Tuny BunpoMiHro­
BaHHa, Horo iHTeHcuBHocri, TpuBanocTi onpoMiHroBaHHa Ta cKnagy pe- 
hobhhh, m o onpoMiHroeTbca. Po3pi3HaroTb TaKi go3u:

• noznm yma do3a — ^  po3paxoBaHa Ha oguHu^ro Macu penoBHHH, 
m o onpoMiHroeTbca, nornuH yra eHepria BunpoMiHroBaHHa:

d E
D n = —  , (3 0 .6 )

dm
ge dE  -  cepegHa nornHHyra eHepria; dm -  Maca penoBHHH.

O guH H ^ nornuH yroi go3u: 1 rp  =  1 flx /1 K r; 1pag =  10-2 r p  (TepMiH 
«pad» noxoguTb Big aHrniHcbKoi $ p a 3 u  “Radiation Absorbed Dose”).

n p u p icT  nornuH yroi go3u  3a oguHu^ro n acy  Ha3UBaeTbca nomywHi- 
cmw noznuHymoi do3u:

Pn =  ^ . (3 0 .7 )
dt

OguHH^  noTyxH ocTi nornuHyToi' go3u  — Tp/c, pad/c.
• EKcno3utyUHa do3a BU3HanaeTbca aK BigHomeHHa cyMapHoro 3apagy 

Bcix ioHiB ogHoro 3HaKa, craopeH ux y  noBiTpi btophhhhm h nacruHKaMu
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(eneKrpoHaMu i no3uTpoHaMu, mo yrBopKKTbca b eneMeHTapHoMy o 6 ’eMi 
nig Hac ix  noBHoro ranbMyBaHHa) go  Macu noBiTpa b ^O M y o 6 ’eMi:

dQ
X  = — , (3 0 .8 )

dm
ge dQ -  cyMapHun 3apag Bcix ioHiB ogHoro 3HaKa; dm -  Maca noBirpa.

OguHum eKcno3umnHoi go3u: 1 K J k z ;  no3acucTeMHa o g u H u ^  -  peHm- 
êH: 1P =  2 ,5 8 -10-4 Kn/Kr a6o  1Kn/Kr =  3 ,8 8 -10-3 P. flo3a b 1 P BignoBigae 

yrBopeHHK 2 ,0 8 -10-4 nap ioHiB b 1 cm3 noBirpa npu 0 0C Ta 7 6 0  mm pT. c t .
n p u p icT  eK cno3u^nH oi go3u  3a oguH u^K  Hacy Ha3uBaeTbca nomy- 

wmcmw eKcno3UtyUHoi do3u:

dDe
Pe = — e . (3 0 .9 )

e dt
O g u H u ^  BunpoMiHKBaHHa n o ry :H o cT i eKcno3umnHoi go3u — K J k z c .
• E m iea n eH m H a  d o 3 a  -  ^  nornuH yTa eHepria BunpoMiHKBaHHa, 

6ionoriHHO eKBiBaneHTHa ogHOMy peHTreHy. n ig  Hac onpoMiHKBaHHa 
:u b u x  opraHi3MiB, 3OKpeMa nroguHu, M o:yT b  BuHuKaTu mKignuBi H ac- 
nigKu, aKi Bu3HaHaKTb piBeHb p ag ia^ n H o i 6e3neKu. C npaBa b TOMy, m o  
6ionoriHHi e^eKTu 3 a n e :a T b  He TinbKu Big go3u , ane n Big Tuny ioHi- 
3yK H oro BunpoMiHKBaHHa. H anpuK nag, 3a ogHaKoBoi go3u  a-H acruHKu  
npu3BogaTb g o  6ionoriH H ux pynHyBaHb y  gecaTKu pa3iB 6in b m u x, H i :  
nig Hac g ii peHTreHiBcbKoro BunpoMiHKBaHHa. TaKuM huhom , 3HaHHa 
nornuH yToi go3u  HegocTaTHbo gn a o ^ h k u  pagia^nHO-rngyKOBaHoro  
e^eKTy. EionoriHHi e^eKTu, aKi BuKnuKaKTbca 6ygb-aKuM  io m 3 a ^ n -  
hum BunpoMiHKBaHHaM, npunHaTO nopiBHKBaTu 3 6ionoriHHuMu e^eK - 
TaMu, aKi BuHuKaKTb n ig  BnnuBOM peHTreHiBcbKoro BunpoMiHKBaHHa 3 
rpaHuHHOK eH eprieK  2 5 0  KeB. ^  nopiBHaHHa 3gincH K eTbca 3a g o n o -  
M oroK  K oefy ty ieH m a  H K ocm i eunpoM iHweaHH H K ,  m o Bu3HaHaeTbca aK 
KinbKicTb p ag  peHTreHiBcbKoro a 6 o  ^-BunpoMiHKBaHHa i BuKnuKae Ta­
Ki :  caMi 6ionoriHHi n om K og:eH H a, aK i 1 p ag  gaH oro ioHi3yKHoro  
BunpoMiHKBaHHa. fln a  peHTreHiBcbKoro i ^-BunpoMiHKBaHHa K  =  1 ,0 ; 
a-HacruHOK -  2 0 ;  ^-HacruHOK i eneKTpoHiB — 1 ,0 ; HenTpoHiB -  5 - 2 0 ;  
npoToHiB -  5 ; B a :K u x  ioHiB — 2 0 . BnnuB m m u x  ^aKTopiB (ginaHKa Tina 
a 6 o  o 6 ’eM, m o onpoM iHKKTbca, TpuBanicTb onpoMiHKBaHHa, Bug : u -  
B oro opraHi3My) BpaxoByeTbca 6e3po3MipHuM ^aKTopoM N . TaK, gn a  
KicTOK, KumoK, nereHb, mnyHKa $aKTop N  =  0 ,1 2 ; MO3Ky, HupoK, neHi- 
hku, M’a3iB, nigmnyHKOBoi 3ano3u, cene3iHKu, m uTonogi6H oi 3ano3u -  
0 ,0 5 ; mKipu -  0 ,0 1 .

TaKuM huhom, eKBiBaneHTa go3a Bu3HaHaeTbca 3a Bupa3OM:

ge Dn -  nornuHyra go3a.

H  = D nKN, ( 3 0 . 1 0 )
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OguHum eKBiBaneHTHoi go3u — 3ieepm: 13e = 1^w/kz; 13b = 100 peM 
(oguHH^  peM noxoguTb Big aHrniHcbKoi $ p a 3 u  “Radiation Equivalent in 
M a n ”).

TunoBi eKBiBaneHTHi go3u, m o 3ycrpinaroTbca y  HamoMy noBcaKgeH- 
H0My xuTTi, HaBegeHo y  Ta6n. 3 0 .2 .

30.2 -  TnnoBi eKBiBaaeHTHi go3H

Tnn BunpoMiHroBaHHa ^03a

KocMinHe BunpoMiHroBaHHa 200 mk3b (20 MpeM) npoTaroM 1 poKy
npupogHe ioHi3yrone BunpoMiHroBaHHa 300 mk3b (30 MpeM) npoTaroM 1 poKy
npupogHo icHyroni pagioaKTUBHi MaTepia- 
nu b opraHi3Mi nroguHu

300 mk3b (30 MpeM) npoTaroM 1 poKy

Onyoporpa^ia nereHb 500 mk3b (50 MpeM) nig nac ogHiei penr- 
remBcbKoi npoiiegypu

PeHrreHonorinHe gocnigxeHHa apTepiu i 
BeH

20 mk3b (2 MpeM) nig nac ogHiei penr- 
remBcbKoi npoiiegypu

^gepHa eneKTpocraHma < 1 m3b (100 MpeM) npoTaroM 1 poKy Ha 
BigcTaHi 1 km Big craHmi

iBaH ny^WM (1845—1918)

yKpaiHCbKMM $i3MK, BMHaxiflHMK Tpy0KM (naMnM 
n y n w a ) ,  aK a  r e H e p y B a n a  “x o n o f l H e  CBiTno” (aK 
Moro H93B9B BMHaxiflHMK), a 6 o  peHTreHiBCbKe BM- 
npoMiHW BaHHa 3 a  c y n a c H o w  T e p M iH o n o r ie w .  
n y n w t f  nepm M M  3 a c T o c y B a B  n p u n a f l  f l n a  o g e p -  
w a H H a  peH T reH iB cbK oro  3 o 6 p a w e H H a  3 n a M a H o i  
pyKU CBoei floHbKM.

30.4.2. nor^HHaHHA ioHi3yronoro BunpoMiHroBaHHa
nornuHaHHa iorn3yronoro BunpoMiHroBaHHa 3pa3K0M ToBmuHoro x 

BU3HanaeTbca 3a ^opMynoro:

I  = I 0 exp(-ux), (3 0 .1 1 )
ge I -  imreHcHBHicTL BunpoMiHroBaHHa, mo npoftmno 3pa30K; I0 -  inreHcnBHicTL Bunpo- 
MiHroBaHHa, mo nagae Ha 3pa30K; u  — Koe^iuienr nornuHaHHa.

C nig Big3HanuTu, m o Koe^i^eH T nornuHaHHa u  = 1/S, ge S  — rn u - 
6uHa npoHUKaHHa, t o 6 t o  TaKa ToBmuHa, aKa 3MeHmye iHTeHcuBHicTb 
BunpoMiHroBaHHa, m o n agae Ha 3pa30K, b e pa3iB ( t o 6 t o  Ha 3 7  % ).

3MeHmeHHa iHTeHcuBHocri n acro  xapaKTepu3yeTbca mapoM nonoBHHHoro 
nornuHaHHa D i/2, aKa 3MeHmye iHTeHcuBHicTb BunpoMiHroBaHHa BgBini:

D j /2 =  ln 2 / u  . ( 3 0 . 1 2 )
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T ogi 3aKOH nornuHaHHa ioHi3yKHoro BunpoMiHKBaHHa 3anum eTbca
TaK:

I  = Ioexp[- (ln2/Dm)x] (3 0 .1 3 )
a6o

I  = Io 2  -  x / D1/2 . (3 0 .1 4 )

npHKaag
CBu^eBa nnacruHa TOBmuHOK 0,9 cm 3MeHmye iHTeHcuBHicTb y-BunpoMiHKBaHHa

i3orony 137Cs Ha 65 %. rycruHa cbuhhk gopiBHKe 11,3 r-cM-3. Bn3HaHnrn map nono-
BuHHoro nornuHaHHa D 1/2 nornuHaHa, Koe^i^eHT nornuHaHHa ra rn^uHy npoHuKaHHa 
BunpoMiHKBaHHa.

PO3B’H3OK
BuKopucroByeMO piBHaHHa (30.10) 3 BpaxyBaHHaM yMOBu 3aBgaHHa:

I/I0 = exp (-fx ) = 0,35.
3Bigcu

ln0,35 = - f x  = -^-0,9 cm.
06HucnKeMO Koe^i^eHT nornuHaHHa:

fi = -ln0,35 / 0,9 cm = 1,0498 / 0,9 = 1,166 cm-1.
E a p  nonoBuHHoro nornuHaHHa 3HangeMO 3a gonoMoroK Bupa3y (30.11):

D 1/2 = ln2/u = 0,693 / 1,166 cm-1 = 0,594 cm.
3HaxoguMO rn^uHy npoHuKaHHa:

S = 1 /  fi = 1 /1,166 cm-1 = 0,858 cm.

KoHTpoabHe 3aBgaHHH
E a p  nonoBuHHoro nornuHaHHa cbuh^boto nornuHaHa gopiBHKe 6 mm. ^Ky tob- 

muHy Tpe6a Hagara nornuHaHy, mo6 3MeHmnTn iHTeHcuBHicTb /-BunpoMiHKBaHHa i3O- 
Tony 137Cs y gecaTb pa3iB?

Bidnoeidb: 20 mm.

30.5. BHMIPWBAHHfl IOHByWHOrO  
BHnPOMIHroBAHHfl

30.5.1. OcHOBHi MeTogu BHMiproBaHHa 
ioHhyroMoro BunpoMiHroBaHHa

OcHOBHi MeTogu BuMipKBaHHa ioHi3yKHoro BunpoMiHKBaHHa 6a3y- 
KTbca Ha: 36upaHHi i p e e c rp a ^ i eneKTpoHiB Ta ioHiB, m o 3BinbHKKTbca 
b n p o ^ c i  io m 3 a ^ i; cnocT epe:eH H i ^ n y o p e c ^ H ^ i peHOBuHu, aKa no- 
rnuHae ioHi3yKHe BunpoMiHKBaHHa; BuKopucTaHHi Ta aHani3i xiMiHHux 
p e a ^ in , m o BuKnuKaKTbca ioHi3yKHuM BunpoMiHKBaHHaM; BuMipK- 
BaHHi Tenna, aKe yTBopKeTbca 3a paxyHOK nornuHaHHa ioHi3yKHoro Bu­
npoMiHKBaHHa. C epeg napaMeTpiB ioHi3yKHoro BunpoMiHKBaHHa, mo  
p eecrp yK T b ca, Tpe6a Big3HaHuTu Tun BunpoMiHKBaHHa, eHepriK KBaH- 
TiB a6o  HacTuHOK, BenuHuHy noToKy a 6 o  mBugKocTi 3MiHu noToKy KBaH- 
TiB a6o  HacTuHOK, HacoBun a6o  n pocropoB u n  po3nogin ioHi3yKHoro Bu­
npoMiHKBaHHa. P03rnaHeM0 ocHoBHi MeTogu BuMipKBaHHa iom 3yK H ux  
BunpOMiHKBaHb.
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3anoeneni sa30M demeKmopu. B  ocHoBi po6oTu geTeKTopiB ^ o r o  
THny e npuKnagaHHa Hanpyrn go  np0CT0p0B0 po3gineH ux eneKTpogiB, 
po3TamoBaHHx y  KaMepi, 3anoBHernM ioHi3oBaHUM ra3oM. no3HTHBHi 
ioHH Ta eneKTpoHu, m o yTBoproroTbca b KaMepi, 36uparoTbca Ha eneKTpo- 
g a x  i cnpuHUHroroTb noaBy eneKTpHHHoro CTpyMy a6o  iMnynbciB. Kinb­
KicTb nap “ioH-eneKTpoH” npaMo nponop^H H a eHeprii' BunpoMiHroBaHHa. 
C epeg och o b h h x TuniB 3anoBHeHux ra3oM geTeKTopiB M oxHa BuginuTu 
iom 3a^H H y KaMepy, nponop^H H i ninunbHUKu Ta ninunbHUK reH rep a- 
M ronnepa. P i3 H u ^  M ix ^UMU geTeKTopaMu noacHroeTbca Ha puc. 3 0 .2 , 
Ha aKOMy HaBegeHo jancxH icTb ioHiB, m o 36HparoTbca Ha eneicrpogax,

] h n p v ra ,

Phc. 30.2. OSaacri gii' 3anoBHeHHX ra30M geTeKTopiB:
1 -  iom3amnHa KaMepa; 2 -  nponopmnHun niHHnbHHK;

3 -  niHunbHHK renrepa-Mronnepa

Big npuKnageHoi H anpyru. U a  H anpyra BuKnuKae KoHKypeHmro M ix  
BTpaToro ioHHux nap 3a paxyHoK peKoM6ma^i' Ta ix  36upaHHaM Ha eneKT- 
p ogax. 36inbmeHHa Hanpyru (o6nacTb 1 ) npu3BoguTb go  36inbmeHHa 
mBugKocTi p y xy  ioHiB, 3MeHmeHHa Hacy, noTpi6Horo Ha peKoM 6m a^ro, 
Hepe3 m o 3apag Ha eneKTpogax CTae nponop^HHUM KinbKocTi ioHHux 
nap, m o yTBoproroTbca b MixeneKTpogHoMy npocTopi. H a  ^ o M y  npuH- 
^u^i ^pa^roe iom 3a^H H a KaMepa. n og an b m e 36inbmeHHa Hanpyru cy -  
npoB ogxyeT bca thm , m o eneKTpoHu, aKi yTBoproroTbca 3a paxyHoK nep- 
bu h h u x  iom 3a^H H ux n p o ^ c iB , 6epyTb ynacTb y  gogaTKoBiH iom 3a^i'. 
3ap ag  Ha eneKTpogax b gamM c m y a ^ i ' npaMo nponop^HHUH npuKnage- 
HiH Hanpy3i (o6nacTb 2 ). BuKopucTaHHa ^ ei' 3anexH ocTi CTaHoBuTb 
^puH^u^ gii nponop^H H oro ninunbHUKa. npogoB xeH H a 36inbmeHHa 
Hanpyru gae  MoxnuBicTb oTpuMaTu c m y a ^ r o , Konu 3apag Ha eneKTpo­
g a x  He 3anexuTb Big npuKnageHoi g o  h h x  Hanpyru (o6nacTb 3 ). U a  cu - 
T y a ^ a  peani3yeTbca b ninunbHUKax r  eHrepa-M ronnepa.
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Ion n a iim H a  KaM epa -  gereKTop, gia aKoro 6a3yerbca Ha 3garHocTi 3apag- 
:e H u x  HacTuHOK BuKnuKaTu io m 3a^ K  ra3y. ^puH ^u^0B0K  nepeBaroK ge­
TeKTopa ^ o r o  Tuny e Mo:nuBicTb ogep:aH H a 6e3nocepegHboi iH^opMamii 
m ogo eKC^03u^inH0l a6o  nornuH yroi go3u. flincHO, ocKinbKu peHTreH e 
o g u H u ^ K  eKC^03u^inH0l go3u i BignoBigae KmbKocri 3apagiB, aKa yTBOpK- 
eTbca ioHi3yKHuM BunpoMiHKBaHHaM b 1 cm3 noBiTpa 3a HopManbHux yMOB, 
caMe ioHi3a^inHa KaMepa Hagae Mo:nuBicTb o^iHKBaTH ioHi3yKHe BunpoMi-
HFOBaHHM B UHX O^MHMUflX.

3oBHimHin Burnag KaMepu 
HaBegeHo Ha puc. 3 0 .3 . 
YTBopeHHa k o :h o i  ioHHoi‘ 
n ap u  c y n p o B o g :y e T b c a  
BTpaTOK eHeprii 6nu3bKO 
3 4  eB  (1 eB  =  1 ,6 -10 '19 Kn). 
^K m o npunycTuTu, m o  
ioHi3yKHi HacTuHKu npo- 
xogaTb Hepe3 KaMepy 3i 
mBugKiCTK N (c-1) i K o:H a 3

BHMipiOBaHHa

+ i ' h

Ta3
ZTZTTT)

: >
rrn r L U L L  l  \

oBHMipiOBan

Puc. 30.3. IoHi3auiHHa KaMepa

h u x BTpaHae eHepriK E (M e B ), t o  BenuHuHa 3apagy, m o 36upaeTbca Ha 
eneKTpogax 3a oguHu^K Hacy, Bu3HaHuTbca 3a ^opMynoK:

Q ( K n - c 1)  =  N E e -1 06/3 4 . (3 0 .1 5 )

npuKnagaHHa Hanpyru BenuHuHOK geKinbKa cot BonbT gae M o :n u -  
BicTb 36upaTu Ha eneKTpogax Bci eneKTpoHu i no3uTuBHi ioHu.

n p o n o p t i iu n u u  m n m b u u K  y rB op K e curHan, aMnniTyga aKoro nponop- 
^ n H a  eHeprii, aKa BuginaeTbca b n o ro  06’eMi HacTuHKOK, m o peecTpy­
eTbca. K oH C Tpy^ia geTeKTopa (p u c. 3 0 .4 )  n epeg6aHae HaaBHicTb ^ h t -  
panbHoro eneKTpoga, go aKoro npaMyKTb eneKTpoHu, m o 3BinbHKKTbca 
3aBgaKu iom 3a ^ i .  H an p y:eH icT b  nona E , m o yrBopK eTbca Ha BigcTaHi r  
Big eneKTpoga, gopiBHKe:

E  = U/[ rln(d1/d2)], (3 0 .1 6 )

ge U — npuKnageHa Hanpyra (B); d1 -  giaMeTp niHunbHuKa; d2 -  giaMeTp ^HTpantHoro 
ejieKTpo^a.

+  BucoKa Hanpyra

AproH + 10 % C 0 2 a6o CH4 ‘

IliaCHJlIOBaH

H  f
J

- m
'// d:

'4
di

Puc. 30.4. nponopuinHun ainuabHHK

414



n o 6 n u 3 y  eneKTpoga HanpyxeHicTb eneKTpuHHoro nona HacTinbKu 
BenuKa, m o nepBUHHi eneKTpoHu Ha6yBaroTb eHeprii', gocTaTboi gna b to - 
puHHoi ioH i3a^i. BHacnigoK ^ o r o  Ha ^HTpanbHun eneKTpog HagxoguTb  
naBUHa eneKTpoHiB. BigHomeHHa noBHoi KinbKocTi 3i6paH ux Ha eneKT- 
pogi eneKTpoHiB go  ix  nepBUHHoi KinbKocTi Ha3UBaeTbca KoefyityeumoM 
3a3oeo3o nidcuneuuH; BenuHuHa n o ro  M oxe gocaraT u  102- 1 0 4.

flinmbHUK reuzepa-Mwnnepa aBnae co6oro ra3opo3pagH un geTeKTop, 
aKUH n p a ^ e  y  n p o ^ c i  n poxogxeH H a Hepe3 n o ro  o 6 ’eM 3ap ag xeH u x  
HacTuHoK. P o6oh h h  o 6 ’ eM niHunbHUKa HaBegeHo Ha puc. 3 0 .5 . ^ o  eneKT­
pogiB npuKnagaroTb H anpyry BenuHUHoro geKinbKa c o t  BonbT. BHacnigoK  
n poxogxeH H a ioHi3yroHoi HacTUHKu b ra3i yTBoproroTbca BinbHi eneKT­
poHu, aKi pyxaroTbca go ^H TpanbH oro eneKTpoga. n o 6 n u 3 y  eneKTpoga 
HanpyxeHicTb eneKTpuHHoro nona 36inbm yeTbca, eneKTpoHu npucKo- 
proroTbca HacTinbKu, m o noHUHaroTb y  CBoro Hepry ioHi3yBaTu ra3. B u -  
HUKae kopohhuh po3pag, aKHH nomuproeTbca B 3goB x eneKTpoga. B  3ob- 
HimHboMy eneKTpuHHoMy Koni yTBoproroTbca eneKTpuHHi iMnynbcu, aKi 
BignoBigaroTb cnanaxaM  po3pagy. KinbKicTb ^ x  iMnynbciB 3a o g u H u ^  
Hacy gopiBHroe KinbKocTi ioHi3yroHux HacTUHoK.

TpySica '

B h x w h h h  

c i i r H a j i

-------------------- J----------►

Phc. 30.5. îHHabHHK renrepa-Mroaaepa

Cw HmuflRtyUHuti ninunbHUK -  geTeKTop, ochobhhm h eneMeHTaMu 
aKoro e peHoBUHa, m o nroM rne^iroe nig BnnuBoM mBugKux HacTUHoK, Ta 
^oToeneKTpoHHun noMHoxyBaH. 3ap ag xeH a HacTUHKa npoxoguTb Hepe3 
peHoBUHy, BHKnuKaroHu He num e iorn3a^ro  aToMiB i MoneKyn, a n ix  
36ygxeH H a. n e p e x ig  aToMiB i MoneKyn 3i 3 6y g xeH o ro  CTaHy b ochobhhm  
cyn poB ogxyeT b ca BunpoMiHroBaHHaM KBaHTa BuguMoro a6o  ynbTpa^io- 
neToBoro giana3oHy. K oxh h m  TaKun CBiTnoBun cn an ax, m o Ha3UBaeTbca 
cw HmunRtyew, peecTpyeTbca ^oToeneKTpoHHUM noMHoxyBaHeM, eneKT­
puHHi iMnynbcu 3 B uxogy aKoro nogaroTbca Ha cucTeMy p eecT p a^ i. T u -  
noBUMu MaTepianaMu gna c^ H T u n a ^ n H u x  niHunbHUKiB e KpucTanu 
ZnS(Ag), Nal(Tl), CsI(Tl) (b g y x K a x  yKa3aHun aKTUBaTop, m o cnpuHu- 
Hroe ^ H H T u n a^ i b KpucTani), KagMieBi Ta Kanb^eBi coni Bonb^paMoBoi

T e H e p a T o p  . 

b h c o k o i  H a n p y r n
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KHcnoTH, ran igu  nrriro, a TaKox opraHiHHi ^uH TunaTopu -  a n rp a ^ H  
C i 4H io, CTunb6eH C i 4H ]2, po3HHHH TonyeHa, Kcunony, ^eH L^uKnoreK - 
caHy. SoBHimHin B urnag ^ u n r u n a ^ n H o ro  niHunbHUKa HaBegeHun Ha 
puc. 3 0 .6 . nepeB aroro  TaKoro niHunbHUKa e BucoKa HyrnuBicTb (Hepe3 

BHC0Ky rycTHHy po6oHoi peHoBuHu), 0C06nuB0 go  /-BunpoMiHroBaHHa, 
mBHgKogia Ta 3gaTHicTb BH3HaHaTH eHepriro HacTUHKn a6o  KBaHTa Bu­
npoMiHroBaHHa.

O n T H H H e  BiKHO

HanienpoeidHUKoeuu ninunbHUK -  b 0CH0Bi nexuT b iom 3a^ia aToMiB 
TBepgoro Tina, BHacnigoK aKoi yTBoproroTbca BinbHi eneKTpoHu b 30Hi 
npoBigHocTi i gipKn y  BaneHTHin 30Hi. HacTUHKa, m o npoHHKae b Kpuc- 
Tan, reHepye b HboMy gogaTKoBi eneKTp0HH0-gipK0Bi napu. H ocii 3apagy  
(eneKTpoHu i gipKH) n ig BnnuBoM npHKnageHoro eneKTpHHHoro nona  
nepeMimyroTbca go eneKTpogiB, BHacnigoK Horo b eneKTpuHH0My Koni 
yTBoproeTbca eneKTpuHHun iMnynbc, aKnn nigcunroeTbca i peecTpyeTbca. 

O n p u H a 3a60p0HeH0i 30HU CTaHoBuTb 2 - 3  eB ; o T x e  eHepria, Heo6xigHa 
gna yTBopeHHa napu eneKTpoH-gipKa, e BenuHUHoro TaKoro x  nopagKy  
(HaragaeMo, m o b ra30B u x io m 3a^ n H u x KaMepax gna yTBopeHHa napu  
ioHiB noTpi6Ha eHepria 3 4  eB  (gna noBiTpa). TaKUM hhhom, HaniBnpoBig- 
HUK0Bi niHunbHHKu MaroTb Ha nopagoK 6inbm y HyrnuBicTb, H ix  ra30Bi. 
TunoBUMu MaTepianaMu HaniBnpoBigHUKoBux niHunbHUKiB e repM amn, 
KpeMHin, CdTe, Hgl.

TepMonwMiHec^ HmHi demeKmopu BUK0pncT0ByroTb n p o ^ c  nroMi- 
H e c ^ H ^ i n ig  Hac HarpiBaHHa peHoBuHu, aKa nonepegHbo 36yg xy eT b ca  
BunpoMiHroBaHHaM. n ig  Hac HarpiBaHHa peHoBuHu eneKTpoHu, m o 3axon- 
nroroTbca ynoBnroBaHaMu, 3BinbHroroTbca i nepexogaTb Ha piBHi 3 MeH- 
moro eHepriero, BunpoMrnroroHu KBaHT CBiTna. TepM onroM iH ec^H rai 
geTeKTopu CKnagaroTbca 3 KaMepu, m o noB ’a3aHa i3 cucTeMoro HarpiBaH­
Ha, ^oToeneKTpoHHUM noMHoxyBaHeM, nigcunroBaHeM Ta TepMonaporo 
gna BHMiproBaHHa TeMnepaTypu.
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TpeKoei demeKmopu -  b ocHoBi ix po6oTH n exuT b  iorn3a^ a aTOMiB 
a6o  MoneKyn penoBuHu; ioHu, ^ o  yTBoproroTbca, peecTpyroTb 3aBgaKu 
KoHgeHca^ i nepecuneH oi napu (KaMepa Bim coHa), napoyTBopeHHro ne- 
perpiToi pigHHH (dynbdarnKoea KaMepa), yTBopeHHro po3pagiB y  ra 3 a x  
(icKpoea KaMepa).

Oomospapime demeKmyeaHHM 6a3yeTbca Ha BHKopucTaHHi nniBoK, b 
aKux m ap eMynbcii (6poM ucTe cp i6n o Ha ^enaraH oB ift ocHoBi) Mae b ge- 
caTKH pa3iB 6inbm y ToB^HHy, Hm: y  3BunaHHux ^oTonniBKax, ^ o  n ig- 
B H ^ye e^eKTHBHicTb B3aeMogii ioHi3yronoro BunpoMiHroBaHHa 3 peno- 
BHHoro. MexaHi3M ^ e i  B3aeMogii n on arae  b nornuHaHHi ioHi3yronoro 
BunpoMiHroBaHHa penoBUHoro BHacnigoK ^oToeneKTpunHoro n p o ^ c y , b 
cu ny aKoro eHepria BunpoMiHroBaHHa nepegaeTbca eneKTpoHy. eneKT- 
poH 3aBgaKu io rn 3a^ i yTBoproe iHmi BinbHi eneKTpoHu, aKi B3aeMogiroTb 
3 ^O3HTHBHHMH ioHaMu cp i6n a i 3MiHroroTb ix po3nogin Ha n n iB ^ . PiBeHb 
nonopHiHHa nniBKu o^HroeTbca 3a gonoM ororo geHcuToMeTpa (p u c .3 0 .7 )  
3a ^opMynoro:

D  = lg (Io /I), (3 0 .1 7 )
ge D -  rycTuHa cpi6na Ha nniB^; I0 -  iHTeHcuBHicTb BunpoMiHroBaHHa, ^o nagae Ha 
njiiBKy; /  -  iHTeHcHBHicTB BnnpOMimoBaHHa, mo nponnuio nepe3 nniBKy.

<t»0T0fleTeKT0p LlJapnip

Puc. 30.7. OuiHKa nonopmHHH nnieKH 3a gonoMororo geHCHToMeTpa

BenunuH a D  = 2  BignoBigae 3anopHeHin n n iB ^ , nepe3 nniBKy 3 D  = 1 
Mo^Ha nuTaTu TeKcT.

30.5.2. npHHUHnn y-eneKTpocKonii
OcKinbKu ^-BunpoMiHroBaHHa aBnae co6oro eneKTpoMarHiTHe Bunpo- 

MiHroBaHHa 3 g y ^ e  kopotkumu (<  2 -10 -10 m) xBunaMu, Ha nepm un nnaH 
BucTynaroTb KopnycKynapHi BnacTuBocTi. Po3rnaHeMo ocHoBHi n p o ^ c u ,  

^ o  Big6yBaroTbca nig n ac B3aeMogii ^-BunpoMiHroBaHHa 3 penoBuHoro.
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0omoeneKmpunne nosnunannH cyn poB ogxyeT b ca nepeHeceHHaM Bci- 

ei eHeprii' /-BunpoMiHroBaHHa Ha BHyTpimHi eneKTpoHHi op6iTu aT0Ma, 
BHacnigoK Horo eneKTpoH 3anum ae aT0M, a /-BunpoMiHroBaHHa 3HUKae 
(p u c. 3 0 .8 ) . A ne BaKaHTHe M i^ e  Ha BHyrpimHift op6iTi 3anMae eneKTpoH 
i3 30BHimHb0i op6iTu; ^ 0 M y  n ep exogy BignoBigae BUBinbHeHHa neBHoi 
eHeprii y  Burnagi KBaHTa peHTreHiBcbKoro BunpoMiHroBaHHa. KBaHT 
Ha3UBaeTbca xapaKmepucmunnuM, ocKinbKn BiH xapaKTepu3ye peH0BUHy, 

m o nornuH ae /-BunpoMiHroBaHHa. OoToeneKTpuHHun e^eKT Big6yBaeTb- 
ca 3a Aii 30BciM Majinx (^ecaTKH KeB) eHeprift.

OoToejieKTpoH

PeilTrCHiBCbKIJH
<j)OTOH

Ilepcxia
3 0 B H ilI IH L 0 l 0  C JieK T p O Iia  

na B iiy  ipiiiiiiio 
B a K a i m i y  o p 6 i r y

Phc. 30.8. OoToeaeKTpHHHe noraHHaHHH

KoMnmoniecbKuu e$eKm n on arae  b npyxH 0M y p03ciroBaHHi KBaHTiB 

peHTreHiBcbKoro a6o  /-BunpoMiHroBaHHa Ha BinbHux a6o  30BHimHix, 
cna6K0 noB’a3aH ux 3 aT0M0M eneKTpoHax. y  ^ 0 M y  pa3i KBaHT nepegae  
HacTUHy CBoei eHeprii eneKTpoHy i 3MiHroe HanpaMoK p yxy , t o 6 t o  p 03ci- 
roeTbca; 3MeHmeHHa eHeprii 03HaHae 36inbmeHHa goB xuH u xBuni p03ci- 
aH oro BunpoMiHroBaHHa (p u c. 3 0 .9 ) .

YmeopeHHR nap -  n p o ^ c ,  m o Big6yBaeTbca 3a gocTaTHbo b hcokhx  
piBHiB eHeprii, 3a aKux y-KBaHT nornuHaeTbca aT0MHUM agpoM peHoBuHu. 
BHacnigoK ^ o r o  nornuHaHHa yTBoproeTbca n apa “ eneKTp0H-n03UTp0H” 
(p u c. 3 0 .1 0 ) . ^  caMe BunagoK, Konu eHepria nepeTBoproeTbca b Ma- 
cy. flna yTBopeHHa napu (3rigH 0 3i cniBBigHomeHHaM E  = mc2) H eo6xig- 
Ha eHepria 1 ,0 2 2  M eB . n03UTp0H x u B e  HegoBro, ocKinbKu npu 3ycTpiHi 
3 eneKTp0H0M BiH 3'egHyeTbca 3 ocTaHHiM, BunpoMiHroroHu gBa KBaHTu 3 
eHepriero 0 ,5 1  M eB .
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Pojciniiifii i  a \ ia -( j)O T < > H

Phc. 30.10. YTBopeHHa nap

B ci po3rnaHyri BH^e n p o ^ c n  npoinrocTpoBaHi Ha pnc. 3 0 .1 1 , a, aKHH 
aBnae co6oro npHKnag eHeprernnHoro cneKTpa eneKTpoHiB, ^ o  yTBoproeTt- 
ca b Kpncrani Nal nig BnnHBoM ^-BHnpoMiHroBaHHa g^ep ena 60Co. 3a  npH- 
cyraicTL MaKcHMyMiB npn 1,15 Ta 1,33 M eB  BignoBigae n p o ^ c  ^oToeneKT- 
p m H oro nornHHaHHa; HeBenHKHH MaKcHMyM npn 0 ,51  M eB  noB’a3aHHH 3 
aHirina^ero BHnpoMiHroBaHHa BHacnigoK yTBopeHHa nap; Hapernri, mnpo- 
khh MaKcHMyM npH 0 ,2  M eB  BHKnHKaeTtca KoMmoHiBcLKHM po3ciroBaH- 
HaM. ^ y ^ e  By3BKHH MaKcHMyM npn 0 ,8 8  M eB  BHHHKae 3a paxyHoK cbhhhto, 

b aKoMy po3Mi^eHHH Ko6anBT. CBH He^ nornHHae y-BHnpoMiHroBaHHa i 
BHnpoMiHroe KBaHTH peHTreHiBcbKoro BHnpoMiHroBaHHa. U i KBaHTH npoxo- 
gaTb nepe3 KpncTan Nal, ge nornHHaroTtca 3aBgaKH ^oToeneKipmHHM  
n p o ^ caM . BigHocHy BiporigHicTb po3rnaHyTHx n p o ^ ciB  nornHHaHHa 

^-BHnpoMiHroBaHHa 3ane^Ho Big eHeprii HaBegeHo Ha pnc. 3 0 .1 1 , 6.
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Phc. 30.11. EHepreTHHHHH cneKTp eneKTpoHiB, ^ o  yTBoproeTbca 
b Kpncrani NaCl nig BnnnBoM y-BHnpoMiHMBaHHH (a) Ta BigHocHa 
BiporigHicTb ^po^eciB nornnHaHHH y-BHnpoMfflMBaHHH (6): 1 -  K0Mn- 
ToHiBCbKHH e^eKT, 2 -  $ 0T0eneKTpHHHHH npo^c, 3 -  yTBopeHHa nap

TaKHM HHH0M, BHMiproBaHHa iHTeHCHBH0CTi /-BunpoMiHroBaHHa 3a- 
nexH o Big goBXHHH xBnni a6o  eHeprii KBaHTiB CTaHoBHTb cyTb p e m re -  
HiBCbKoi Ta /-cneKTpoMeTpii. OcHoBHoro MeToro cneKTpoMeTpii ioHi3yro- 
Horo BunpoMiHroBaHHa e igeHTH^iKa^a pagioHyKnigiB. ^ k npnKnag mo- 
x H a  HaBecTn cneKTp pagioHyKnigiB, 3i6paH nx y  M a30B in  TKaHHHi T y H ^ , 
aKoro BnnoBHnn b paftorn aTona BiKiHi, ge np0B 0gnnn Bnnpo6yBaHHa 
agepHoi 36poi (pnc. 30.12).
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Phc 30.12. TaMa-cneKrp pagioHyKnigiB y M'H3oBifi TKaHHHi TyH^, HKoro 

BHnoBHnn b panoHi aTona EiKiHi, ge npoBognnn BiinpooyBaHHH agepHoi' 36poi‘

420



30.6. Bn^HB IOHI3yWHHX BHnPOMIHWBAHb 
HA ^H BI OPrAHI3MH

30.6.1. MexaHi3MH Bn^HBy iom3yroHHx
BHnpoMiHroBaHb

BHacnigoK Toro, m o eHepria KBamiB ioHi3yronux BHnpoMiHroBaHb 
3HanHo nepeBum ye eHepriro 6ygb-aKHx xiMinHux 3Ba3KiB, Big6yBaeTbca 
pyHHyBaHHa MoneKyn x u b o i TKaHHHH, m o npu3BoguTb go  3aru 6en i Kni- 
th h  i nopymeHHa OHOTeM xuTregianbH ocTi opraHi3My. n p o ^ c  iorn3au;ii 
aToMiB i MoneKyn noB’a3aHHH 3 ix  36ygxeHHaM , nepe3 m o bohu Ha6yBa- 
roTb nigBnmeHoi peaKujfiHoi 3gaTHocTi 3aBgaKu 3’aBneHHro HecnapeHux 
eneKTpoHiB. B ce  u;e M oxe cnpnaTn yTBopeHHro h obu x xiMinHux cnonyK  
a6o  3MiHi oKpeMnx ginaHoK MoneKyn.

BnnnB iom 3yronoro BunpoMiHroBaHHa Ha Bogy, m o MicTnTbca b 6io -  
norinH nx KniTnHax, noB’a3aHnn 3 yTBopeHHaM BinbHnx pagnKaniB, aKi 
3gaTHi HaHecTn cepH03Hy mKogy 6i0n 0rinH 0 BaxnuBuM  MoneKynaM. 
KpiM Toro, iom 3yrone BunpoMiHroBaHHa gie Ha MoneKynu flH K  (pyHHy­
BaHHa HyKneoTngiB, po3puBu nonm yKneoTugHux naH^ro^iB), 6inKiB (3Mi- 
hu  aMiHoKucnoTHux 3anumKiB, nopymeHHa onoTeMn BogHeBux 3Ba3KiB, 
BTpaTa K0H $0pM a^HHux cTaHiB), ninigiB (n p o ^ c u  pagioni3y). B c i u;i 
pyHHyBaHHa 6i0n0rinH 0 B axn u B u x MoneKyn i KniraHHux crpyKTyp npu- 
3BogaTb g o  po3BuTKy npoMemeozo ypawennH -  naTonorinH ux 3MiH b 
opraHi3Mi, opraH ax i TKaHuHax. KpiM pi3H0MaHiTHux 6e3nocepegH ix no- 
pymeHb n p o ^ c iB  xuTregianbH ocTi, M oxnuBi BigganeHi e^eKTu onpoMi- 
HeHHa, aKi npoaBnaroTbca b $opM i BuHuKHeHHa 3noaKicHux nyxnuH, 
cKoponeHHi TpuBanocri x u T r a , nocna6neHHi iMyHiTeTy, MyrareHHux Ha- 
cnigKiB.

30.6.2. PAfllOAKTHBHI 3AEPyflHEHHfl
3  to h k u  3opy 3gopoB’a  nroguHu, HaH6inbm He6e3nenHuMu e pagioaK- 

TuBHi eneMeHTu 3 nepiogoM niBpo3nagy Big geKinbKox tu x h Ib  go  geKi- 
nbKox poKiB. HanpuKnag, cTpoHujfi 90Sr, m o HaKonunyeTbca b k Ictk ob ux  
TKaHuHax (2 8  poKiB) i ^ 3in 137Cs (3 2  poKu). KpiM Toro, He6e3nenHuMu e

I4s~ii30T0nu n p o cru x  eneMeHTiB, m o BxogaTb y  cKnag x u b o i  penoBuHu -  C , 
32P, 45Ca, 35S. He6e3neHHuMu e pagioaKTuBHi on agu, m o BuHuKaroTb BHa­
cnigoK Bunpo6yBaHHa agepHoi 36poi. PagioaKTuBHi goMimKu po3ciro- 
roTbca b aTM oc^epi, a  noTiM nepe3 rpyHT i Bogy nonagaroTb b 6ioM acy. 
flxepenoM  pagioaKTuBHoro 3a6pygHeHHa M oxe 6 y ru  aT0MHa npoM ucno- 
BicTb. 3a6pygHeHHa M oxe Big6yBaTuca nig n ac Bugo6yBaHHa i 36araneH - 
Ha KonanuH, BuKopucTaHHa cupoBuHu b peaKTopax, o6po6K u agepH oro  
nanuBa b ycTaH0BKax. BKpaH rocrp oro  gn a HaBKonumHboro cepegoBum a
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e npo6neM a yruni3au;ii pagioaKTuBHux BigxogiB. n p o ^ c u  o6po6K u Ta 
eKcnnyaTa^i' agepH oro nanuBa M oxHa n o g in u ra  3 to h k u  3opy M oxnuB ux  
BnnuBiB Ha 3gopoB’a  nroguHu Ha gBi Kareropii. flo  nepm oi cn ig  BigHecTu 
TexHonorinm  onepauji', aKi cyn poB ogxyroT b ca yTBopeHHaM HeBucoKoro 
piBHa BigxogiB -  u;e go6yBaHHa ypaH0Bux KonanuH Ta ix  onucTKa. ^  
onepauji MoxyTb HaHecTu mKogy nrogcbK0My opraHi3My num e npoTaroM  
TpuBanoro Hacy. B ig x o g u  BucoKoro piBHa MaroTb M i^ e  nig n ac p o 6 o ra  3 

ypaH0BuMu crepxH aM u, Konu 3a  kopotku h  n ac MoxHa oTpuM ara BucoKi 
piBHi pagioaKTuBHocTi.

fl.M. rPOfl3MHCbKMM (Hapog. y 1929 p.)

npoBiflHMM yKpaiHCbKMM p a , q i o 6 i o n o r  OcHOBHe 
K ono  HayKOBux iH T epeciB  -  p a f l i o 6 i o n o r i a  T a  p a -  
f l io e K o n o r i a ,  p e n a p a ^ M H i  T a  ioHHi ^ p o ^ e c u  b Kni- 
TUHi n i c n a  o n p o M iH K B aH H a ,  M exaHi3M u n p o T u -  
n p o M e H e B o r o  3 a x u c r y ,  M exaHi3M u flii' M a n u x  f lo 3  
io H i3 y w n o ro  B u npoM iH K B aH H a, B if lf laneHi e ^ e K T u  
o n p o M iH K B aH H a .  P o 3 p o 6 u B  T e o p i K  HafliMHocTi 
S io n o r iH H u x  c u cT eM .

B o g u  oKeaHy M oxyTb 6 y ru  cunbHo pagioaKTuBHuMu BHacnigoK bu- 
npo6yBaHb agepHoi 36poi. A k tu b h o  niggaeTbca pagioaKTuBH0My 3a6p yg- 
HeHHro nnaHKT0H H BogopocTi, 3 aKux nonuHaroTbca xapnoBi naH^ro^n, 
m o npu3BoguTb go  noTpannaHHa pagioaKTuBHux penoBuH y  BogHi o p ra- 
Hi3Mu. TaKi m BugKoxigm  p u 6u , aK M en-pu6a, i 30KpeMa T y H e^ , MoxyTb 
B u n e p e g x a ra  Ha geKinbKa M ica^B mBugKicTb niBHinHoi eKBaTopianbHoi 
Tenii', Hecynu pagioaKTuBHo 3apaxeH i BHacnigoK agepH ux Bu6yxiB Bogu, 
i MoxyTb y  ^nK0M  h u c tu x  B ogax cT aB ara gxepenoM  pagioaKTuBHocTi 
gn a cb oix  BoporiB, a  H agxoganu Ha puhok, i gn a nroguHu. €  BigoM ocri 
npo Te, m o oKpunem K0Maxu, nunuHKu aKux x u n u  i xapnyBanucb b pa- 
gioaKTuBHo 3ap axeH u x cep egoB u m ax, MaroTb b cBoeMy Tini BenuKy Kinb­
KicTb pagioaKTuBHux i30T0niB i 3gaTHi n epeH ecra ix  b nonboTi Ha BenuKi 
BigcTaHi Big Micua BunycKy K0Max y  npupogy. nepeniTHi nTaxu 3gaTHi 
T aK ox n epeH ocura nacTKu pagioaKTuBHocTi B ogocxoBum a, m o 3a6p yg- 
HroBanoca, b iHmi KpaiHu, Ha iHmi MaTepuKu, 0c 06nuB0 x  -  BogonnaBHi, 
m o MaroTb y  cBoeMy xuBneHHi 6e3n ocep egm n  KoHTaKT 3 MynoM i goH- 
humu opraHi3MaMu.

3ap axeH i ginaHKu rpyHTy n ocryn oB o 6ygyTb 3BinbHaTuca Big 3a6p y- 
gHeHHa 3aBgaKu ynacTi 6aKTepiH i pocnuH, aKi K0Hu;eHrpyrorb i30T0nu i 
nepegaroTb ix  iHmuM TBapuHaM, a  TaK ox 3a  paxyHoK Mirpauji Ta n epe­
MimeHHa pagioaKTuBHo 3ap axeH u x opraHi3MiB, HaciHHa Ta nacTuHoK
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rpyHTy y  npocTopi. HucToepo3iHHi n p o ^ c u  TaK ox 3po6naTb CBoro cn p a- 

By. KpiM Toro, gianbHicTb i gon a pyxoM ux rpyHT0Bux TBapuH -  
HepB’aKiB, nuHHH0K K0Max, m o HapogaTb, KpoTiB, xoBpaxiB, M um onogi6- 
h h x  rpu3yHiB, aKi TaK hh iHaKme cnpunMaroTb pagioaKTUBHi 3a6pygHeH- 
Ha, HeMUHyHe HagaBaTUMyTb npucKopeHHa n p o ^ c y  po3ciroBaHHa 3a- 
6pygHeHb.
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31. PAflIOI3OTOnH
31.1. ATOMHE AflPO TA I3OTOnH

^gepH a Megu^uHa oxonnroe KoMnneKC giarH0CTUHHux Ta TepaneBTUH- 
h h x  n p o ^ g y p , aKi nepeg6aHaroTb 3acT0cyBaHHa padioi3omonie — i30T0- 
niB, m o HanexaTb pagioaKTUBHUM eneMeHTaM. fln a noTpe6 giarH0CTUKu 
go^n bH o BuKopucToByBaTu p agi0i30T 0nu, 3gaTHi yTBoproBaTu /-B u n p o­
MiHroBaHHa, aKe 3gaTHe npoHUKaTu Hepe3 6ionoriHHy TKaHUHy i 6yTu  
3apeecrpoBaHHM 30BHi Tina n a ^ e m a  3 noganbmuM BU3HaHeHHaM po3no- 
giny ^ o r o  BunpoMiHroBaHHa BcepeguHi Tina. fln a Tepanii BapTo B xu B a-  
t h  i30T0nu, m o BucunaroTb ^-HacTUHKu, HeBenuKa npoHUKHicTb aKux y  
TKaHUHy 06yM0Bnroe 3a6e3neHeHHa b hcok h x go3 BunpoMiHroBaHHa b gi- 
n aH ^  noK ani3a^i i30T0ny.

31.2. PAflIOI3OTOnH y  MF.THI I HHI
3acT0cyBaHHa pagi0i30T0niB g ae  MoxnuBicTb BUBHaTu $i3ionoriHHi 

n p o ^ c u , m o Big6yBaeTbca b xuB0M y opraHi3Mi, 0C06nuB0 3a paxyHoK 
3aMiHu t u x  eneMeHTiB, 3 aKux cKnagaeTbca opraHi3M, i aKi 6epyTb yHacTb 
y  o6MiHi peH0BUH. Pagi0i30T 0n u  yTBoproroTb cnonyKu 3 iHmuMu aT0Ma- 
mh, m o npu3BoguTb go  ^opMyBaHHa TaK 3BaHux “MiHeHux” MoneKyn, mo  
noBogaTb c e 6 e  TaK caMo, aK i 3BUHaMHi MoneKynu, ane aKi nerKo M oxHa 
Bigpi3HHTu. B  ^noM y, pagi0i30T 0nu go3BonaroTb oTpuMaTu BigoMocTi 
m ogo guHaMiKu n p o ^ c iB  b opraHi3Mi; MeTogu 3acT0cyBaHHa p agioi30- 
ToniB xapaKTepu3yroTbca BucoKoro HyTnuBicTro -  gn a KinbKicHoro BuMi­
proBaHHa gocTaTHbo 105-1 0 6 aToMiB (Togi aK gn a Tpagu^M Hux aHaniTUH- 
h h x  MeTogiB H eo6xigH0 1 0 12- 1 0 14 aToMiB); HeBenuKi KinbKocTi p agioi30- 
ToniB He BnnuBaroTb Ha CTaH i n p o ^ c u  xu ireg ian b H ocT i opraHi3My.

Pagi0i30T 0nu mupoKo 3acT0C0ByroTb y  gocnigxeH H ax x h b h x  opraHi3- 
MiB. TaK, i30T0n 132I  BUK0pncT0ByroTb gn a niKyBaHHa m uTonogi6Hoi 3a- 
no3u. U a  3ano3a b 3BUHaMHux yM0Bax Bugo6yBae Mog 3 KpoBi gn a yTBo­
peHHa m uTonogi6H ux ropMoHiB. PagioaKTUBHUM Mog xiMiHHo igeHTUH- 
hhm HopManbHoMy MogoBi; n icn a BBegeHHa b opraHi3M BiH 3’aBnaeTbca b 
muTonogi6HiM 3ano3i Hepe3 neBHuM npoM ixoK Hacy. 3ano3u, ^ y H ^ ii  
aKux nopymeHi, nornuHaroTb 6inbm y KinbKicTb pagioaKTUBHoro Mogy 
nopiBHaHo 3 HopManbHUMu 3ano3aMu, m o peecTpyeTbca geTeKTopoM.

f l y x e  3pyHHHM gn a B i3yan i3a^i 6ioMeguHHux 06 ’eKTiB e pagi0i30T0n  
TexH e^ro 99mTc, aKuM Mae g y x e  ManuM (6  roguH ) nepiog niBpo3nagy, 
Hepe3 m o BiH 3HHKae 3 opraHi3My nicn a gocnigxeH H a.
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y  Megn^nHi p agi0i30T 0nu 3HaHmnu cBoe 3acTocyBaHHa gn a giarH oc- 
tu k u  muT0n 0g i6H0i 3ano3u (99mTc, 123I, 131I), cep^ Bo-cyguHHoi cucTeMu
/201̂ i 99m̂  \ •• /99mrp \( Tl, Tc ) , ^ HTpanbHoi HepB0B0i cucTeMu ( Tc ), mnyHK0B0-
KumK0B0r 0 TpaKTy (99mTc, 111In, 113mIn), noKa3HuKiB KpoBi (51Cr, 59Fe), 
3ananroBanbHux Ta m^eK^ HHux npo^ ciB (99mTc, 111In, ^nTpaT 67Ga),

s99m̂  \ •• /81m jy- 133 \r 127̂  \ /99mrp \nereHb ( Ic), guxanbHoi cucTeMu ( Kr, Xe, Xe), k icto k  ( Ic), 
3noaKicHux nyxnuH (1231, 1311,111In, 99mTc).

31.3. PA flI0I30T0nH  TA POC^HHH
l30T 0n 11C  BuKopucToByroTb gn a BuBneHHa n p o^ ciB TpaHcnopTy 

ByrneBogiB in vivo y  pocnuH ax 3aBgaKu T0My, m o BunpoMiHroBaHHa 
^ o r o  i30T 0ny M oxH a p eecT p yB ara ninunbHuK0M reH rep a . MineHuH

14i30T0n0M  C gB00Kuc By^ne^ro m u p 0K0 3acTocoByeTbca gn a BuBneHHa 
B y rn e ^ B o ro  MeTa6oni3My pocnuH Ta BuMiproBaHHa mBugKocTi acuM i- 
n a ^ i  C 0 2. y  n p o ^ c i  BuMiproBaHb n ucroK  3a 3Hae BnnuBy 14C 0 2 npoTa­
roM neBHoro npoM ixKy n acy  (MeHme H ix  6 0  c ). n ic n a  BuganeHHa p o c-  
nuHHoi TKaHuHu Bu3HanaroTb KinbKicTb 14C, aKa n pon op^ HHa mBugKo- 
cTi acu M in a^ i C 0 2. fflBugK icrb acu M in a^ i C 0 2 nucTK0M 3an exuT b  Big 
nnom i nucTKa, npoM ixKy n a cy  i nponop^H H a KinbKocTi BigniKiB, aKi 
^iKcyroTbca iom3a^ HHuM ninunbHuK0M. CTa6 inbHi i30T0nu 12C  Ta 13C 
He BunpoMmroroTb; ig eH ra^ iK a^ ro  cTa6 inbHux i30T0niB M oxH a p ean i- 
3yBaTu 3a gonoM ororo Mac-cneKTpoMeTpii a 6o TexHiKu agepH oro MarHiT­
Horo pe30HaHcy. n ep eB aro ro  npunagiB, m o 6a3yroTbca Ha BuKopucTaHHi 
pagi0i30T 0niB , e KoMnaKTHicTb, Hu3bKa c o 6 iBapTicTb nopiBHaHo 3 iH- 
^panepB 0HuMu ra3oaHani3aTopaM u. ^K m o o 6p o 6uTu 3pa30K pigKuM 
a30T0M, M oxH a po3ginuTu nucroK  Ha ^ p a rn e H ra  Ta o ^ h u t u  po3nogin  
mBugKocTi acu M in a^ i C 0 2 n o  BciH nnom i nucTKa. HegoniKoM e pyHHiB- 
Ha g ia  Ta M oxnuBa HeToHHicrb BuMiproBaHb 3aBgaKu npupogHo n p u cy -  
THiM i30T0naM y  nucTKax.

31.4. yTBOPEHHfl 30BPA ^EH b
OcH0BHa igea yTBopeHHa 3o6paxeH b 3a gonoM ororo pagioHyKnigiB 

n o n arae  b p e e c rp a ^ i npocTopoBoro p o3noginy pagi0i30T0niB y  nrogcb- 
K0My opraHi3Mi mnaxoM nepeMimeHHa a 6o cKaHyBaHHa geTeKTopa ioHi- 
3yronoro BunpoMiHroBaHHa; iHKonu geTeKTop HepyxoMuH, ane 3 a cro co -  
ByroTb KpucTan geTeKTopa BenuKoro po3Mipy. TaKa cucTeMa (raM a- 
KaMepa a6o ^ u m i o r p a ^ )  cnpoM oxH a peecTpyB ara aKTuBHicTb, m o Ha- 
KonuHyeTbca oKpeMuMu nacraHaM u Tina. EygoBy raMa-KaMepu HaBegeHo 
Ha p uc. 3 1 .1 . Ochobhum u eneMeHTaMu npunagy e KoniMaTop, m o cKna­
gaeTbca 3 50-MiniMeTpoBoro m apy CBnH^ro, b aK0My e 0TB0pu, Ta cu c -
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TeMH noK ani3a^i $0T0HiB. raMa-BunpoMiHroBaHHa 3 Tina n a ^ e m a  n po­
xoguTb Hepe3 oTBip KoniMaTopa TinbKH 3a  yM0Bu, aKmo boho nom upro- 
eTbca napanenbHo oci oTBopy. H a Buxogi K oxH oro oTBopy 3HaxoguTbca 
^ u m n na^ M H uM  geTeKTop, aKuM peecTpye aKTHBHicTb neBHoi ginaHKH 
Tina n a ^ e m a . B c a  cucTeMa geTeKTopiB g ae  MoxnuBicTb yTBopuTu noBHy 
KapTy jiiogcbKoro Tijia.

Cuenrnu
t &omoejieKmpQHfiuii 

noMHODtcyean
&(ttno&neicmpoHH! noM HOM yeani

Phc. 31.1. EygoBa raMa-KaMepu

CucTeMa gna yTBopeHHa 
TpuBHMipHux 3o6paxeHb n a ^ -  
eHTa (puc. 3 1 .2 ) nepeg6aH ae 
nepeMimeHHa raMa-KaMepu 
HaBKpyr n a ^ e m a . B  k o x h o -  
My nonoxeH H i raMa-KaMepu 
^iKcyeTbca neBHuM 3pi3 Tina; 
3a  gonoM ororo KoMn’roTepHoi 
CHCTeMH M oxHa no6ygyBaTu  
06 ’eMHe 3o6paxeH H a.

Pnc. 31.2. CucTeMa gaa yTBopeH- 
hh TpHBHMipHHX 3o6pa*eHb n a^ - 
GHTa 3a gonoMororo raMa-KaMepn
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31.5. I30T0nH A  XPOHO^Orifl
homonna xpoHornsix Bu3Hanae a6conroTHuH BiK ripcbKux nopig, Mi- 

HepaniB, cnigiB cTapoBuHHux nrogcbKux KynbTyp 3a HaKonuneHHaM b 
h u x  npogyKTiB p o3nagy pagioHyKnigiB. Po3nag  K oxH oro pagioHyKniga 
Big6yBaeTbca 3 nocTiHHoro mBugKicTro i npu3BoguTb go  HaKonuneHHa 
m h ^ b u x  cTa6inbHux HyKnigiB, BMicr aKux D  noB’a3aHuH 3 bIkom 
06 ’eKTa, m o g ocn ig xy eT b ca , cniBBigHomeHHaM:

D  = N(eXt - 1), (3 1 .1 )

ge N  -  KintKicrt aroMiB pagioHyKniga; X -  crana po3nagy; t -  BiK 06’eKTa.
3B igcu  BiK 06 ’eKTa gopiBHroe:

t = —  ln(1 +  D/N). (3 1 .2 )
X

^cKpaBuM npuKnagoM pagioHyKnigiB, m o BuKopucToByroTb nig n ac  
i30T0nH0i xpoH onorii, e B y r n e ^ . KocMinHi npoMeHi noTpannaroTb y  
BepxHi m apu aTM oc^epu, ge  Big6yBaroTbca agepHi p e a ^ i i  3 yTBopeHHaM 
i30T0na 14C. BHacnigoK ̂ o ro  HaBKonumHe cepegoBum e Ta x u B i opraHi-
3mu MicTaTb pagioHyKnig 14C  3 nepiogoM p o3nagy 5 7 0 0  poKiB. K onu x u -
buh opraHi3M ruHe, nornuHaHHa pagioHyKniga 3 aTM oc^epu npunuHa- 
eTbca i BMicT 14C  b opraHi3Mi n ocry n oB o 3MeHmyeTbca. BuMiproBaHHa 
K0H^eHTpa^il 14C  g ae  MoxnuBicTb B ^ H a n u m  BiK (go 2 5 0 0 0  poKiB) o p ra- 
HinHux 3anumKiB -  gepeBuHu, gepeBHoro Byrinna, k Ictok  Tomo.

npHKaag
AKruBHicrt i3orona 14C  y 3pa3Ky gepeBHoro Byrinna Macoro 25 r, aKuH 3HaHmnu nig 

Hac apxeonoriHHoro po3KonyBaHHa, craHoBuna 250 po3nagiB 3a xBunuHy. ^ 0My gopiB­
Hroe BiK gepeBa, 3 aKoro 6yno orpuMaHo 3pa30K?

P03B’H30K
BroHaHuMo crany po3nagy 3pa3Ka Byrinna:

0,693 0,693 „ ,
X = ------- = ---------------------------------= 3 83 10 c

T1/2 (5730p)(3,16 • 107c / p) L ■
KintKicrt agep 12C  y 25 r Byrneuro gopiBHroe:

N(12C) = [(6,024023 agep/Mont)/(12 r/Monb)](25 r) = 1,25  ̂1024 agep.
npunycKaroHu, mo BigHomeHHa pagioi3orona go cra6intHoro i3orona craH0BHn> 

14C/12C = 1,3-10'12, Bu3HaHuM0, mo KinLKicrb agep 14C  y 25 r 3pa3Ka nepeg po3nagoM 
craHoBHrb:

N0(14C) = (1,3-10'12)(1,25-1024 agep) = 1 ,631012 agep.
noHarKoBa aKruBHicrb 3pa3Ka gopiBHroe:
a 0 = XN0 = (3 ,8340 '12 c'1)(1,63-1012 agep) = 6,25 po3nagiB/c = 375 po3nagiB/xB.
AKruBHicrb 3pa3Ka b 6ygb-aKuH MoMeHT Hacy t noB’a3aHa 3 noHaTKoBoro aKruBHicrro raK:

a  = a 0e Xt,
3BigKu:

-Xt = ln(a/a0) = ln(250/375) = -0,405.
Orxe, BiK 3pa3Ka gopiBHroe:

t = 0,405/ 3,83-10'12 c 1 = 1 ,061011 c = 3350 poKiB.
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KOHTPO^BHI 3AnHTAHHA TA 3ABflAHHA
1. Ha3BaTu 0CH0BHi xapaKTepHCTHKH aToMHoro agpa.
2. m,o Ha3UBaroTb i30T0n0M? pagi0i30T0n0M?
3. ^ k o^HroroTb pagiyc aToMHoro agpa?
4. noacHHTu ^puH^u^ TexHiKu agepHoro MarHiTHoro pe30HaHcy.
5. m,o TaKe eHepria 3b a3Ky?
6. ^Ke BunpoMiHroBaHHa Ha3UBaroTb ioHi3yroHUM?
7. Ha3BaTu 0CH0BHi Tunu ioHi3yroHoro BunpoMiHroBaHHa.
8. y  H0My nonarae aBume pagioaKTUBHoro po3nagy?
9. C^opMynroBaTu 3aK0H pagioaKTUBHoro po3nagy.
10. m,o TaKe a6conroTHa aKTHBHicTb?
11. Ha3BaTu 0CH0BHi go3u Ta oguHu^ go3.
12. 3a aKHM 3aK0H0M 3giMcHroeTbca nornuHaHHa ioHi3yroHoro Bunpo- 

MiHroBaHHa peHoBuHoro?
13. Ha3BaTu Ta noacHHTu 0CH0BHi MeTogu BuMiproBaHb ioHi3yroHoro 

BunpoMiHroBaHHa.
14. y  H0My nonararoTb ^puH^u^u /-cneKTpocKonii?
15. ^Ki n p o^ cu  nexaTb b 0CH0Bi B3aeMogii /-BunpoMiHroBaHHa 3 pe- 

HoBuHoro?
16. y  H0My nonarae cyTb BuKopucTaHHa pagioi3oroniB aK iHguKaTopiB?
17. noacHHTu ^puH^u^ yTBopeHHa 3o6paxeHb Ha 0CH0Bi BUKopnc- 

TaHHa /-BunpoMiHroBaHHa.
18. Ha3BaTu MexaHi3Mu BnnuBy ioHi3yroHux BunpoMiHroBaHb Ha xuBi 

oprarn3MH.
19. ^Ki 3a6pygHeHHa Ha3UBaroTbca pagioaKTUBHUMu?
20. ^ k 3acT0C0ByroTbca pagi0i30T0nu y Megu^uHi?
21. noacHHTu BuKopucTaHHa pagi0i30T0niB gna BUBHeHHa npo^ciB  

TpaHcnopTy ByrneBogiB y pocnuHax.
22. ^ k yTBoproroTbca 3o6paxeHHa nrogcbKoro opraHi3My 3a gonoMo­

roro pagioHyKnigiB?
23. noacHHTu ^pHH^H^H i30T0nH0i xpoHonorii.
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