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1. BCTYII

1.1. IIpeamer OGiogizuku

biogisuxa — ne Hayka, sika BuUBYa€ (DI3MYHI SBHINA 1 MPOIECH B
OloJOTIYHUX CHUCTeMax Ta JOCHKye (yHAaMEHTAIbHI TPOLECH, IO
CKJIAIAIOTh OCHOBY KMBOI IPUPOIH.

Y Oiodizuili BUKOPUCTOBYIOTH (Di3MUHI TMPUHIUINK, METOAU Ta
IHCTPYMEHTU I BHMBYEHHS J>KMBUX CHCTEM Ha PI3HUX PIBHIX IX
oprasizailii — BiJi aTOMIB Ta MOJIEKYJI 0 KJIITHH, OPTaHi3MiB Ta €KOCHUCTEM;
¢b13uKa TAaKUM YHMHOM € OCHOBOIO 010()13UKHU.

@i3uka — 1€ HayKa, sIKa BUBYA€ HAWMPOCTINI, aje pa3oM 3 TUM
HANOUIBII 3arajibHi 3aKOHOMIPHOCTI SIBUII TPUPOIH, BIACTUBOCTI 1 Oy/I0BY
Marepii Ta 3aKOHHM ii pyXy. 3aJeKHO BiJl MPOIIECIB, IO BUBYAIOTHCS, (Pi3uKa
JTUIMTBCS HA Takl pO3AUIM: MEXaHiKa, TIIpoJWHAMIKa, aKyCTHKa,
MOJIEKYJISIpHa (pi3uka, TepMOJMHaMIKa, €JICKTPUKAa, MarHeTU3M, OITHKA,

aTOMHa 1 sijiepHa (i3uka.

1.2. OcHOBHi 3aBIaHHS KYpCY

OcHogHow memoro nucuuiiay ,,biodizuka” €:
® 0O3HAMOMJICHHSI CTYACHTIB 3 MPHUHIMIAMH Ta 3aKOHaMH (i3UKH, fAKI
JaI0Th MOXKJIMBICTh 3p0O3yMITH 3arajibHi 3aKOHOMIPHOCTI SIBUIL] IPUPOJIH;
® BUCBITJICHHS OCHOBHUX (DI3UYHUX XapaKTEPUCTHK Ta OCOOJMBOCTEH
KUBUX OPTaHi3MiB;
e onuc (I3BUYHUX TMPOIECIB, SIKI CTAHOBJISATH OCHOBY MKUTTEISUIBHOCTI
JIOJVHY, TBAPUH, POCIUH Ta MIKPOOPIaHi3MIB;
® BUBUCHHS MEXaHI3MIB 1 HACIHiJIKIB BIUIMBY PI3HOMAHITHUX 3O0BHIIIHIX

¢bi3nuHnx (akTopiB (MEXaHIYHUX, aKYCTUYHUX, TEIJIOBUX, CJICKTPUUHUX,
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MAarHiTHUX Ta ONTUYHMUX) Ha OpraHi3M 1 HWOro 3/1aTHOCTI 3/1HCHIOBATH
MeXaHO-, aKyCTO-, TEpMO-, €JIEKTPO-, MarHiTo- Ta (POTOPELENLio, 0 Aa€
MOKJIMBICTh OPraHi3My B3a€MOJISITH 3 HABKOJIHUIIHIM CEPEIOBUIIEM;
e po3rysig (PI3MYHUX METOZAIB Ta MPUHUMIIB il TPHIAIIB, 0 MOXYTh
3YCTPITUCS y IPAKTHUUHIN NISIIbHOCTI MailOyTHHOTO CHEeIianicTa.

Oco0nmBa yBara 3BE€pPTA€ThCsl HAa Cy4acHi JOCSATHEHHsS (PI3UYHOI HAyKH 1
TEXHOJOrli Ta iX NpPaKTUYHE BUKOPUCTAHHS ISl JOCTIDKEHHS KUBUX

OpraHi3MiB Ta CUCTEM.

1.3. Ilpu3HavyeHHs MOCiOHUKA

[TociOHUK mpU3HAYEHUM JJIS CTYJICHTIB BETEPUHAPHHUX, €KOJIOT1YHUX,
CUIbCHKOTOCITOIAPCHKUX, JICOrOCIOJAPCHKUX Ta 1HIIMX CHEH1aJbHOCTEH,
JUTSE SIKUX (h13MKa HE € JOMIHYIOYOI0 JUCIUILTIHOIO, ajie sIKi MaloTh CIIPaBy 3
BUBUYEHHSM XKUBUX OpPraHi3MiB Ta OTOYYKOYOro ix cepenoBuiia. [ligpyaHuk
MOXKe OyTH TaKOXX BUKOPUCTAHUM CTyJIEHTAMU O10JIOTTYHUX, MEIUYHUX Ta
IIeJaroriYHuX CIElaIbHOCTEN.

CrtpykTypa miapydyHuKa mnepeadavac MepBUHHE 3HAHOMCTBO CTYJEHTA
3 OCHOBaMH (DI3UKM Ta TOJajbIle BUBUEHHS MPAKTUYHUX O10(i3uYHUX
po0IeM.

[linpyuyHuk npu3HAYEHUHN ISl CTYAEHTIB-NIEPIIOKYPCHUKIB, SIK1 1IE HE
YITKO YSIBJIIFOTh HEOOXITHICTh BUBUCHHS (DI3UKHU 1 MOXKIJIMBI 3aCTOCYBaHHS
(GI3MYHUX TOPUHOUIIB 1 3aKOHIB 10 OJKMBHX Oprafi3miB. Aue
O3HAOMMBIINCS 3 OCHOBHHUMHM PO3JJIaMU MIJIPYYHUKA, CTYACHT 3MOXKE
IIJIBUILATH PIBEHb CBOET MOTH(OPMOBAHOCTI II00 MOKJIMBUX 3aCTOCYBAHb
MPUHITUIIB 1 METO/IIB (h13UKHU JJO BUBUCHHS )KUBUX OPTaHi3MiB Ta CUCTEM.

[ligpy4HUK MICTUTh MPUKIAIM PO3B’SI3KY MPAKTHUYHHUX O010(h13MYHUX
npo0sieM, KOHTPOJbHI 3aBIaHHS JIsi TIEPEBIPKH 3aCBOECHHS Marepiairy

CTyI€HTaMU Ta KOHTPOJIbHI 3amuTaHHSA, BIJMOBIAI Ha $KI CTYIEHTH
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3MOXYTh JaTH Yy pa3l O3HAOMJIEHHSA 13 BIJANOBIJHUMH pPO3JAUIAMU
nigpydnuka. [HpopMaTuBHMI MaTepia MpeCTaBICHUN U T101aTKYy.

[lepenbavaeThes, 10 MUTAHHS O10JIOTIYHOI PEaKIlil dKUBUX OPraHi3MiB
Ha 10HI3yIOY€ BUIPOMIHIOBAHHS Ta JIO3UMETPIi CTY/IEHTH BUBUYATUMYTH B
OKpeMHX Kypcax paaio0ionorii Ta paaioeKoIorii.

[ane BupaHHs Tiepeadadae MOXIMBICTH pOOOTH 3 MarepiajaoMm is
CTYICHTIB-IHO3EMILIIB Ta CTYJAEHTIB, fAKI HAaBYAalOThCA Y aHIJIOMOBHHX
rpynax. Ilicns QyHmaMeHTadbHUX TEeMAaTHYHUX OJIOKIB KypCy aBTOPH
HAJal0Th IO K 1HGOpMAIlI0 aHTJiHChKo. JlomaTku  aHTIIHCHKOIO
BUKJIQJICHI KOHCIIGKTHBHO, OJHAK Yy JOCTaTHIA Mipi JJI YCIIIIHOTO
3aCBOEHHS OCHOBHOI TEPMIHOJOTII ¥ BH3HA4YeHb, a TAKOX — JUJIS

IMapajJICIbHOIO OIIPpalltOBaHHA MaTepiaJIy JBOMa MOBaMH.
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1.4. ®I3UYHI BEJINYNHHU

XapakTepuCTUKH MPOLECIB a00 BIACTUBOCTEHN TIJI 1 MOMIB, Kl MOXKYTh
OyTH BHU3HAYEHI KUIBKICHO 3a JIOMOMOTOK) THUX YM IHIIUX BUMIPIOBaHb,
HA3UBAIOTHCA QDI3UYHUMU BETUUUHAMU.

Koxxna (piznuna BenmnunHa XapaKkTePU3y€eThCS YUCIO0BUM 3HAYEHHAM 1
oounuyero sumipiosanns. Hanpuknan, cuna F = 5 H mae uncioBe
3HaueHHs (5) 1 onunuIo BuMiproBaHHs (H).

OpuHuil MOXyTh Oytu ocHoguumu (M, ¢, ke, K, A, k0, moav) 1

noxionumu (m/c, ke -m/c?, ke - M’ ma inwi).

1.5. CTAHIAPTU JOBXKUHU, MACHU TA YACY

byap-ski  ¢i3uuHi BeIMYMHM MOXYTh OYTH TMpeAcCTaBieHI 3a
JIOTIOMOTOI0  (PyHJIaMEHTalbHUX  BEJIMYMH, SIKi, B CBOIO  4epry,
BU3HAYAIOTBCS SIK  pE3yJbTaTH BUMIPIOBaHb a00 TOPIBHAHHS 3
yCTaHOBJICHUMH cTaHjmapTamu. Y 1960 porti Oyno npuitHITO Mijichapoory
cucmemy oounuysb (CI), sika MICTUTH CIM OCHOBHUX OJIWHHUIIb: METP,
KUJTOTpaMm, CeKyHJla, ammep, KelIbBiH, KaHJena, MOJb. Y MEXaHill TaKuMU
dbyHIaMEeHTaILHUMHU BeIMurHaMu € jnoxkuHa (L), yac (7) ta maca (M). Y
cuctemi Cl omuHMII TTUX BEIMYWH BU3HAYAIOTHCS TaK:
1 MeTp AOpIBHIOE JOBKHUHI IIISAXY, SKUW MPOXOAUThH Y BaKyyMi CBITJIO 3a

1/299 792 458 yacTuHy CEKyH/H.
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1.1. ITpuOIu3Hi 3HAYEHHS TOBKUHH IeSIKUX 00 €KTIB

JloBxnHa 00 ekTa YucnoBe 3HaYEHHS, M
Paniyc Buaumoro Beecity 1-10%¢
Pajiiyc COHSYHOT CHCTEMU 1-101
Bincranp mix 3emuiero Ta CoHlleM 1-101
Cepenniii pagiyc opbiti 3emii 1,5-10!
CepenHiii pagiyc 3eMHOI KyJTi 6,4-10°

Bucora cexBoi Sequoiadendron
76—84 (pexkopaHa BucoTa — 95 M)

giganteum

YacTUHKYU TPYHTY:

- [IMHA 10 2-10°¢

- Myl 2-10°-2-10

- IpiOHMIA TTCOK 2:10°-2-10*

- IiCOK 2:104-2-107

- I'paBiii Oinbrre 3a 21073
YacTuHKa MUY 1-10*
bionoriuna KiriTHHA 1-10°
Paniyc Bipycy rpumy 1-107
JliameTp aToMa BOJIHIO 1-10°10
JliaMmeTp aTOMHOTO siIpa 1-10°1

OnuHuis JAOBXUHU Memp — JOBXHMHA, 10 AopiBHIOE 1650763,73
JIOB)KMHHM XBWJII BUIPOMIHIOBAHHS y BaKyyMi, IO BiJIIIOBITAE TEPEXOIy

MIX PIBHSIMH 2p ;9 Ta Sds aroma KpunToHa-86.
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YuciioBl 3HAYEHHS TOBKUHU AeIKHUX 00 €KTIB HaBeAeHo B a0 1.1.
OnunHung yacy cekyHoa — 4ac, sikuid qopiBHioe 9 192 631 770 mepiogam
BUIIPOMIHIOBAHHSI, IO BIANOBIIa€ €HEPreTUUHOMY MEPEXOAy MK JBOMA

PIBHSMHU HAATOHKOI CTPYKTYPH OCHOBHOTO CTaHY aToMa Iie3it0 '2.Cs .

UucioBi 3HaUCHHS JISIKHMX YaCOBHUX 1HTEPBaAJIiB HaBeAeHO B Ta0mmIl 1.2.
Maca Tina — @Qi3uuHa BeIWYMHA, KA € OJHIEK0 3 OCHOBHUX

XapaKTepUCTUK MaTepli, IO BU3HAYa€ 1ii I1HEPIIIAHI Ta TpaBiTaIliliHI

BJIACTUBOCTI.

OpuHMLS Macu Kinozpam — NOPIBHIOE Maci MJIATHHOBO-1pUAIEBOTO CILIABY

y BUTJISAl MWTHAPA AlaMETPOM Ta BUCOTOIO 3,9 cM, sikuii 30epiraeTbcs y

Cespi (Dpaniiis).

Tunosi 3HaUeHHSI Macu Pi3HUX 00 €KTIB HaBe/eHO B Tabmmi 1.1.

1.2 IIpu0au3Hi 3HAYEeHHS YaCOBHUX iHTEpBaJIiB

Yacoswii iHTEpBa 3HaueHHS, C
Bik Bcecity 5-10"7
Bik 3emui 1,3-10"7
TpHBaIICTh JIFOIACHKOTO KHUTTS 6,3-108
OnuH pik 3,2:107
OnuH 1eHb 8,6-10%
Ilepiox cBiTI0BOI XBHII 2101
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1.3. TunoBi 3Ha4YeHHSI MACH Pi3HUX 00 €KTIB

OO0 ekt Maca, kr OO0 ekt Maca, kr
I'anmakTtuka - 10% Inanuka 4,5-7,5
“UymalbKuil UIX I'ycka 4,5-5,0
Conue 2-10%° Kauxa 2,7-2.9
3emHa Kyiis 6-10% Kypka 1,4-2,2
Micsip 7-10% JTromuaa 70
BrakuTHMI KUT 10°-2-10° | KomiGpi 2-10°3
Crnon 5000—7000 | Kparumna gomry 10+
I'imomnoram 3000 Komap 10
Bizon 1500 Bakrepis 10715
Mopax 900 Bipyc rpumy 10718
Kinb 400-700 | Monekyna reMorioGiny 1022
CBuHs 200-350 | AToMm BOIHIO 1,67-10%
Bapan 100-130 | Enexrpon 9,11-103!
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2. MEXAHIKA

Mexanika — po3nul  (i3uKM, 110 BHBYAE MEXaHIYHUWA pyX

MaTepialIbHUX T1J1 Ta B3aEMOJIIIO IIUX TLL.

2.1. OCHOBHI BUBHAUYEHHSA

Mexaniynuii pyx — 3MiHa TOJOXKEHHS TiIa 3 4acOM BiJTHOCHO 1HIIIOTO
Tija a0 CUCTEMH TiJI, [0 YMOBHO BBa)KAIOTh HEPYXOMOIO.

VY MexaHill I OMHCY pPEaIbHUX TUI BUKOPHUCTOBYIOTH CIPOIIEHI
MO, TaKl K MarepiajibHa Touka ab0 abCONIOTHO TBEPAE TIJIO.

Mamepianona mouka — 11€ Ti10, POPMOIO 1 PO3MIpPaMU SIKOTO B YMOBaX
JAHO1 3a/1a41 MOYKHA 3HEXTYBAaTH.

Abcontomuo meepde mino — 1e TuO, neopmallisiMi sIKOro B yMOBax
JaHOi 3aj]adl MOXKHA 3HEXTYBATH, 1 BIJCTaHb MK JBOMAa TOUYKAMHU SIKOTO
3aBXK/IM 3AITUIIAETHCS HE3MIHHOIO.

Cucmema 6i0iky — 1€ CYKYITHICTh CHCTEMH KOOPJMHAT 1 TOJWHHHKA,
3B’SI3aHUX 3 TUIOM, BIJHOCHO SIKOTO BHBYAETHCS PyX OyAb-SKUX 1HIIMX
MaTrepiaJbHUX TOo4yoK abo Tin. Hanpukman, y jaexaproBid cucTeMi
KOOPIMHAT TIOJIOKCHHSI TOUKU 4 B JTAHWK MOMEHT 4acy XapaKTepPHU3YEThCs

TphOMa KoopauHaTamu X, Y1 Z.

2.2. KIHEMATHUKA

2.2.1. KineMaTHKa MaTepiajJbHOI TOYKH I MOCTYNAJIBbHOI0 PyXy

TBEPAOIo TLIa

Kinemamuxa BuBYae pyx Tl 0e3 BpaxyBaHHA MpPUYUH, LIO
3YMOBIIIOIOTh LIEU PYX.

Tpaexkmopis s(t) — ue JiHis, SIKy ONUCYE TiJ 4ac pyxy MarepiajibHa
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TOYKA. 3aJeXHO BiI (POPMU TPAEKTOPIi PO3PIZHAIOTH APAMOMIHIUHUL 1
KpUBONIHIUHUL PYyX TOUKH.
oearcunoro winsaxy As Ha3UBA€THCS BIJCTaHb, sIKa MPOKI€HA TOYKOIO 32
NEBHUU MPOMIKOK Yacy 1 ika BUMIPIOETHCS B3IOBX TPAEKTOPI.
Ilepemiwenns AF— 1€ BEKTOp, NPOBEICHUN 13 I0YAaTKOBOTO

IIOJIOXKEHHSI TOYKH, 1110 PYXA€THCS, B MOJIOKEHHS 11 Y JaHUW MOMEHT 4acy:

2.1)

N
Ny
Il
3
I
Y

1e 7, — paaiyc-BeKTOp TOUYKH, IO PYXA€ThCS, Y TOYATKOBUM MOMEHT 4acy,
a 7 — paliyc-BeKTOp TOYKH y JTaHUI MOMEHT 4acy.
Tpaekropito, TOBKUHY NIIIXY 1 IEPEMIIIIEHHS TOKa3aHO Ha PUCYHKY 2.1.
Cepeons wieuokicmo moyku <o > — 1€ BIJHOIICHHS MEPEMIIICHHS

AF 10 IPOMIXKKY 4acy Af, 3a IKMil BOHO BiaOynocs (puc.2.2):

L
<o>= . (2.2)

OnuHMI BUMIPIOBaHHS MIBHIKOCTI — M/C.

Puc. 2.1. Tpaekropisi, 10BxKMHA
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L

Xy

0 t

Puc. 2.2. Cepeansi IBUAKICTH PyXy HLJISIXY i HepeMillleHHS TOYKH

Hpuxnan

bmxona neTuTh y310BXK oci X Tak, 110 B MOMEHT 4acy #; = 1 ¢ BoHa
3HAXOJUTHCS B TOUIll X;=12 M, a B MOMEHT 4acy ¢ =3 ¢ — y TodIll X>=4M.
3HalWTH MOJYJl BEKTOPIB MEPEMIIIEHHS Ta CePEIHBOI IIBUAKOCTI MOILOTY
O)KOJU 3a TaHWI TPOMIXKOK Yacy.

Po3B si3anHst

Monynb BEeKTOpa MepeMilieHHs 0/KOIM 3HAX0UMO 3a BUPA30M:
AX] =1X>o-Xi|=|14Mm— 12 M[=8 m.
Monynb cepeHbO1 MBUAKOCTI BU3HAYAEMO 32 (hOPMYIIOIO:

|<v>| =AY | = |X,-X | =4 M- 12 M)/(3c— 1c)| = 8m/2c =4 m/c.
At

L=
Mummesa weuoxicms mouxu O AOPIBHIOE TEPIIiNA MOXIAHIN paaiyc-

BCKTOpPaA 3a 4aCoOM:

5= tm - =" 2.3)

Ha puc.2.1 BuaHO, 1110 31 3MEHIIIEHHIM Af TOBKHHA NUIBIXY As

HAOJIMKAETHCA 10 | A7 |, OT)KEe MOIYJIh MHUTT€EBOI IIBUKOCTI

JOPIBHIOBaTUME:

v=15] =1m 2=2 (2.4)
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Ilpuckopennsi — 1ile BEKTOpHA BEJIMYMHA, IO XapaKTepU3ye 3MIHY
MIBUJKOCTI TOYKM 3a YMCIOBMM 3HAa4eHHSIM Ta HampsMmkom. Ilin dac
OPSIMOJIIHIMHOTO PyXy TOYKH B3JI0BX OCI X, KOJI ii IIBUJKICTh 3pOcTa€e ado

cnazia€ piBHOMIPHO, cepeodHe NPUCKOpeHHs BU3HAYAETHCS 32 BUPA30M:

85

-, (2.5)

a=

ne Av — 3MiHa MIBUIKOCTI 32 TPOMIXKOK Yacy At.
Mummese npuckopenHs G IOPIBHIOE TIEPIIiN MOXITHIA BiJ MIBUIKOCTI
U pyXy TOYKM 3a 4acoMm f, abo Jpyriil MoxigHid BiJ pajiyc-BeKTopa 3a

yacoM (puc.2.3):

G=lim 20 =40 _d7 2.6)

OnuHULS BUMiPIOBAHHS IIPUCKOPEHHS — M/C’ .

Puc. 2.3. Cepeane npucKOpeHHs1 pyXy TOYKH
Ilocmynanvhum Ha3UBAETHCS TAKUM PyX TBEpPAOro Tila, 3a SKOTO

npsMa, 1o 3’eaHye Oyab-sAKi JIBI TOYKH IBOTO Tija, 3aJIMIIAETHCS IIiJ1 Yac

pYyXy napajiefIbHOK caMa co01; il Yac MOCTYNaJbHOr0 PyXy BCl TOYKHU TiJa
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pPYXaroThCs OJHAKOBO 1 TUIO MOXKHA 3aMIHUTH MareplajlbHOK TOYKOIO
HE3aJIeKHO BiJI MOTO PO3MIpIB.

Hpuxnan

YacTUHKA PyXaeThes B3IOBXK oci X 3rimHo 3 piBHanaHaM X = AF, ne A
= 3 m/c?, X BUMIPIOETHCS B M, a { — B C. 3HalTH MHUTTEBY MIBUAKICTH PyXy
YaCTUHKH.

Po3B s13anHs

V mo4arkoBuii MOMEHT 4acy ¢ KoopauHara yactuku X, = 3 . Uepes
MPOMIXKOK yacy A ¢, ToOTO B MOMEHT 4acy ¢ + A { KoOOpANHATa YACTUHKHU
CTaHOBHTb:

Xe=3(t+ A2 =3[F F2tAt HA L) | =3F +6t4t + 3(A ).

3BiJicH MEpEeMIIIEHHS YaCTUHKH 3a IHTEepBal yacy A ¢ TOPiBHIOE:

AX =X — X =38 4614t +3(At)Y° =3 £ =6tAt +3(At).

CepenHs MBUAKICTH OKOJU 3a IHTEpBAI yacy At NOpIBHIOE: <v> =M = 6¢f
At

+ 341

MuTTeBY MIBUAKICTh OJKOJM BU3HAYMMO 33 BUPa30oM (32 yMOBH, 110 A {—

0):

_ .. AX
U= o

= 61 m/c.

KonTpoabHe 3aB1aHHs

[IBUAKICTD pyXy YACTUHKH B3JIOBX OCl X OMMCYETHCS PIBHSIHHAM U =
(A4 — BF) m/c, ne A = 40 m/c, B = 5 M/C?, t BUMIPIOETLCS B CEKyHZaX.
3HalTH Npoekii Ha Bicb X MOIYJIB CEPEIHbOIO MPUCKOPEHHS, 3 SKUM
PYXA€EThCS YACTUHKA 32 MPOMIXKOK 4acy Bifg ¢t = 0 10 £ = 2 ¢, Ta MUTTEBOTO

MPUCKOPEHHSI B MOMEHT 4acy f = 2 c.

Bionosgion.: <a>=—10 M/c?; a = —20 m/c>.
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2.2.2. HIBuAKICTH PyXy KMBHUX OPraHi3MiB

Pyx € opnieto 3 o03HaK >KUBOTO opraHizmy. JKuBi opranizmMu
BUKOPUCTOBYIOTh PI3HOMAHITHI CHOCOOM TMEpEMINIEHHS 10 3€MHIH
MOBEpXHI, B BOJAHOMY Ta TIOBITPSHOMY CEpEIOBHINI 3a JIOMOMOTOI0
M’S130BOT aKTMBHOCTI, CIEMIAIbHUX TMPUCTOCYBaHb (IDKT'YTHKIB, BIHOK,
IUTABHUKIB, KPUJI TOIO). TUMIOBI 3HAUEHHS IIBUIKOCTI pyXy MpeICTABHUKIB

’KUBOTO CBITY MPEJCTABJICHI HUXKYE.

Tabaunsa 2.1.HIBuAKiCTh NOCTYNATBHOIO PYXY J€eSIKUX TBAPUH

Takcon [BuAKICT PYXY,
KM/TOJ
I'enapa (Acinonyx 110
Jjubatus)
Cokin (Falco 150

peregrinus) i 4ac
TOPU30HTAIBHOTO
MOJILOTY

Cokin (Falco 320

peregrinus) Mij 4yac 4ac

HiKIpyBaHHS

[NonkoxBoOCTHI CTPUK 160

(Chaeturinae)

Crpayc (Struthio 60

camelus)

Puba napycHuk 110
(Istiophorus

platypterus)
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Tabnuua 2.2.HIBuaKiCTE NOCTYNAIBHOIO PYyXy KJITHH JAeSKHX

Mikpooprani3mis [Posudin et al., 2010]

Takcon IBUAKICTH PYyXY,

MKM/C

Porphyridium 0,05

cruentum

Anabaena 0,5

variabilis

Dictyostelium 0,1

discoideum

Micrasterias 1,0

denticulata

Pinnularia nobilis 2,8

Nitzschia palea 6,0

Navicula 18,0

peregrina

Dunaliella salina 48+2

Dunaliella viridis 36+2

Chlamydomonas 200,0

sp.

Euglena gracilis 160

Euglena gracilis 84

Euglena rubra 20

Thiospirillum 87

jenense

Chromatium 46

okenii

Pseudomonas 56

aeruginosa

Escherichia coli 16

Bacillus 21

licheniformis

Sporosarcina urea 28

[IBuakicTe pyxy puO 3aleKuTh BIA cnoco0y ix xuTra. [ns

KOpaJIOBUX PHUO BaXKJIMBOIO € 3IaTHICTh MAaHEBPYBATH, TOHl SIK BEJIMKUM
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HIBUIKICTh pyXy HEoOOB’si3koBa. Taki puOM MaroTh JTOCTaTHHO THYYKHUH,
3/IaTHUMN J10 peryitoBaHHs xBicT. HaBnaku, nenaridyui pudH, siki pyxarTbes
3 BEJIMKOIO IIBUJIKICTIO, XapaKTEPU3YIOThCA BEIMKUM PI3HOMAHITTAM Gopm
OyTu

(romoliepkaTbHUMH) 200 acuMeTpudHuUMHU (Terepoiepkanibaumu). Cepen

XBOCTIB.  BoHH

Ta  (QYHKIIHA MOXYTb CUMETPUYHUMU
OCTaHHIX PO3PI3HAIOTH TIMOLEPKadbHI (SKIIO HIXKHS YacTHHA XBOCTA
OunbIlia 3a po3MipaMu, HiXK BEpxHs) a00 emirepKaibHl (y TPOTUICKHIN
cuTyallii). AKyJId Ta OCETpU MaloTh emillepkaiabHl XBOCTU. Pubu, 1o
BEJIMKOIO  IIBHJIKICTIO, BEJIMKAMH

pyXxarThCs 3 XapaKTEPU3yIOThCS

3HAYEHHAMH BiJHOLIEHHS KBaApaTy BUCOTH XBocTa H° 10 Horo miomi S,
T06TO H*/S.

[IBuAKICTH pyXy BOAHUX TBAPUH 3aJIKUTH BiJ po3MipiB Tiia (TabIl.
2.3).
2.3. MakcnMaibHa IBUAKICTH PyXy pu0 IO BiIHOIIEHHIO 10 10BKUHU

Tizia [Videler, 1993]

Bug pubu JopxuHa, |Makcumaib
M HA.
MIBUJKICTD,
M/c
CuHIH KAT 30 10
TyHeup 3 10
Makpeib 0,3 33
Ocenenenp
Hopocmuii | 0,2 1
Mannok 0,1 0,5
Becnonori 0.001 0.002
pakomno1i0Hi
Cnepmaro3zoin | 0.00015 0.0002
MOPCBHKOTO DKaka

Y JIna oonumnueux

[lonsapua xpauka (Sterna paradisea) mirpye Ha Biactanb 10 3200—

4000 kM.

25




Po3Mipy BOIHHMX TBapWH KOJIMBAIOTHCS Y IIMPOKUX Mexax - Big 24-27
M (MakcuMalibHa JOBXKWHA 33 M) y cuHboro kura Baluenopteru musculus
1o 6,2 MM y pubu Photocorynus spiniceps.

Pexopn po3MmipiB cepen nepeB HaISXHUTh CEKBOI (Sequoiadendron
giganteum) — cepeiHsi BUCOTa CTaHOBUTH 76—84 M, miamerp — 5-7 Mg

MakcHMalibHa BUcoTa — 95 M ta miametrp — 11 m.

2.3. IMHAMIKA

2.3.1. Ilmnamika MaTepiajbHOI TOYKH i MOCTYNAJBHOI0 PyXy TBEPAOIr0
TijIa

Jlunamixa — po3nUT MEXaHIKH, SKUWA BUBYAE PYX TUT y 3B’SI3KYy 3 TUMH
OpUYUHAMH, SIKI CHPUYMHIOWTH abo 3MiHIOITH led pyx. Kriacuuna
MeXaHiKa TPYHTYEThCS Ha MOHATTAX MAacCH 1 CHUJIM, a TaKOX Ha 3aKOHaX, K1
OB SI3YIOTh Il TOHATTS 3 KIHEMAaTMYHUMH BEIIMUYMHAMHU — 3MIIIEHHSM,
MIBUAKICTIO Ta PUCKOPEHHSM PYXY.

Cuna — Qi3uyHa BeIMYWHA, KA XapaKTEepU3ye A0 OJHOrO Tila Ha
1HIIIe; HACTIIKOM MPHUKJIAJEHHS A0 TUIa CHJIM € HAaOyBaHHS MPUCKOPEHHS
abo nedopmariii Tina.

OnuHuLs BUMIPIOBaHHs cuid — wotomon (H): 1 H= 1 xkr-m/c?.

Maca Tina — ¢i3WYHA BeNWYMHA, SKAa € OJHIEI0 3 OCHOBHHX
XapaKTEePUCTUK MaTepii, 10 BU3HA4Ya€ ii 1HEPIiHHI Ta TrpaBiTaIllliHI
BJIIACTUBOCTI.

OnuHUIS BUMIPIOBAHHS MacH — Kiogpam (Ke).

WII0B1 3HAUYEHHS MAaCH PI3HUX KT1B HaBeAeHO B Tabmuil 2.4.
Tumosi 3Haue acu pi3 00’€KTIB HaBeAcHO B TaOmuI 2.4

2.4. TunoBi 3Ha4YeHHA MacH Pi3HUX 00’ €KTIB
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OO0 exT Maca, kr OO0 ekt Maca, kr
I'anakTtuka Ingnuka 4,5-7,5
7-104

“Uymanpkuid nuisax” I'ycka 4,5-5,0
Conue 2-10%° Kauxa 2,7-2.9
3eMHa KyJis 6-10% Kypxka 1,4-2,2
Micsis 7-10% JTromuaa 70
CuHiii KUT 10°-3-10° | Komni0Opi 2-1073
Crnon 5000-7000 | KparunHa goury 104
I'imomnoram 3000 Komap 10°
bizon 1500 Baxrepis 1015
Mopax 900 Bipyc rpumy 10718
Kinp 400-700 Monexyma 10>

reMoro0iHy

CBuHsA 200-350 | ATOM BOIHIO 1,67-10°%7
Bapan 100-130 | Enexrpon 9,11-107!

23.2. TYCTHHA

I'yemuna peuosunu p — 11e Maca, 110 MPUIAJae Ha OJUHUIIO 00’ €EMY:

p=m/V,

e m — Maca Tuia; ¥ — o0’eM Tina.

OnuMHMIA BHMIpPIOBaHHS TYCTUHU — K2/M’. 3HaueHHS TYCTUHH [ESIKUX

PEYOBHH HaBeJIEHO B Tabsuii 2.5.

['yctuna chepudHOi YaCTUHKH pajiiycoM R TOPIBHIOE:
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m m 2.11)

ne D — miaMeTp 4acTHHKH.

2.5. I'yctuHa nesikuX pe40BUH

Temmneparypa,

PeyoBuna ['ycruna, xkr/m* oC
[ToBiTps 1,293 0
[ToBiTps 1,205 20
[ToBiTpst 1,128 40
Boma 999,8 0
Bona 1000,0 4
Boma 999,7 10
Bona 998.,2 20
Bona 995,6 30
Bona 992,2 40
Bona mopcbka 1025 0
[lapa BogsiHa 0,6 100
Moitoko 1028,5 20
Men 1400-1450 20
[ninepun 1200 20
PununoBa ojtis 900 20
Cnoupr 790 20
KpoB TBapun 1052-1060 20
Tlereni 260 40
BryTpimHs kamepa oka 1336 40
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Xpsi 1100 40
Kictka 1800—-1900 40
3y6 1950-2380 40
JlepeBuHa pocivH:
- 6anca Ochromona lagopus 110-140
- xedp Cedrela mexicana 293
- xaen Flindersia brayleyana 436
- 06 Castanopsis 569
accuminatissima 1490
- omusa Olea capensis 2600-2700
I'pynTH
KommnoHeHTH IrpyHTIB: 2660
- KBapIl 2650
- DJIMHUCTI MIHEpaIu 2900
- OKCH/IH 3aji3a 1300
- OpraHiuHa pe4oBUHA

IMpuxkiaan

BusnaunTtu cepeHio TYCTUHY 3€MHOI Kyii, Maca sIKOi CTAHOBUTb M =
6-10** xr, a pagiyc R = 6,4-10° m. IlpumycTuTH, MO 3€MHa Kyl Mae
chepuuny dopmy.

Po3B si3anus

['yctuna cepuynoro Tija paaiycoM R TOpiBHIOE:

o= —=(6-10 kr)/(4/3)(3,14)(6,4-10° m)*=
3

5467xr/™m>.
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['ycruna npicHoi Bomau craHoButh 1000 Kr/m3, Tomi sSK TIycTHHA
MOPCBHKOI BOJIA 3aBJSIKM BUCOKIM KOHIIEHTPAILIll POZYMHEHUX COJIEH JocsArae
1026 kr/m. B winoMy, IycTHHa BOOM 3aJIEKUTH Bin Temmeparypu (Taoi.
2.6). I'ycruna BoasHOI mapu ctanoBuTh 0,6 kr/m? (100 °C).

Bona € enuHOI0 CIIONyKOot0, SIKa 1] 9ac 0XOJIOKEHHS PO3ITUPIOETHCS;
OT)K€ TyCTHMHA JbhOAY MEHINA, HDK TycTMHa Boau. Yepes 1e iA
3HAXOAUTHCS Ha TIOBEPXHI BOJIOMM, IO JAa€ MOXKIHMBICTh 30eperTu

KUTTEISUIBHICTh BOJHUX OPraHi3MiB B yMOBaX OXOJIOKCHHS.

2.6. I'ycTuHa BOOM

['yctuna, Kr/m? Temneparypa, °C

999,8 0

1000.0 4

999.7 10
998.,2 20
995,6 30
992,2 40
983,2 60
971,8 80

TkanuHu MOpCHKHUX TBapuH (M’SI3M Ta KICTKM) MICTATh OUIKM Ta
HEOpraHiuHI PEUOBUHHM, Yepe3 10 iX rycThHa Bapiroe B mexax 1060-2000
kr/M?. T'yctvHa Tijla TBapuH, IO IUIABAIOTh, ajleé HE MAlOTh CIIEIialbHHUX
IPUCTOCYBaHb JJIs MIATPUMAHHS IJIaBY4OCT1, IEPEBULIYE TYCTUHY BOJIH.

Puba Memikae y mpicHiit Boji, TycTuHa sikoi cranoButh 1000 kr/m3, a6o

s . .. . 3 . 9
y MOpCBKIM BOHl, TycTHHa sikoi jgopiBHIoe 1026 kr/m’. BrtiMm, m’s30Ba
TKaHWHA pUOU XapaKTepU3yeTbCs OUTbIIMMU 3HAYCHHSAMU rycTuHH (Tao.

2.7). HAna 3abe3nedyeHHs IUJIaBy4OCTI TBapUHU HEOOXITHO MiJirHATH i
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TYCTUHY [0 3HA4€Hb T'YCTUHHM MOpPChKOi Boau. Came 3 L€ METOI0
OpraHi3M TBApUHU MICTUTh PEYOBHUHU 3 HEBUCOKUMHU 3HAYEHHSMU I'yCTUHU:

xup (930 xr/m?), ckBasien Ta BockoBi edipu (860 kr/m?), razu (= 0 kr/m?).

2.7. I'ycTuHA OKpeMuX TKaAHHMH Tijia pudu [Alexander, 1968]

['ycruna. kr/m
Trxanun | XpsmoBi| Mopcebki ([IpicHOBOA
a KICTKOB1 |HI KICTKOBI
M’s13 1038- 1055 |1046-1063
1081
Xpsug 1061-
1183
Kictku - 1300-1500 |1570-2040
[Ixipa 1079- | 1054-1066 -
1188
Kumku - 1038 -
Jlereni | 893-1069 986-1050 -

Posrnsinemo TBapuHy 00’€éMOM V' 3 TYCTHHOIO TiJia p, SIKa MEIIKAE Y
BOJII 3 MEHIIOI TYCTHHOIO p, Hexail TBapuHa BHUKOPHCTOBYE JESKY
cyOCTaHIIIf0 17151 3a0€3MeUeHHS MIABYYOCTI 3 TYCTHHOIO p. Ta 00’ eMoM V.

[lepBuHHA Maca TBapUHU JIOPIBHIOE m = pl/, a Maca cyOcTaHIli m. =
pcVe; 3araiibHa Maca TBapuHU 3 CYOCTAHITIEI0 CTAaHOBUTH ms = pV + p.Ve, a
3arajgbHUM 00’ €M JopiBHIOE V=V + V..

Sxmo TBapuHa 3aBASKH 3aCTOCYBAaHHIO CYOCTaHINi Mae OJHAKOBY 3

BOJOIO I'YCTHHY, TO MOKHA 3aITMCATH:
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pV+pch:pe(V+ Vc) (212)

3BIJIKM MOXKHA OJIep>KaTH BUPA3:

V/V=(p — ps)/( ps— pc). (2.13)

JIst TBAPUHM 3 THIIOBOIO T'YCTUHOO Tina p=1075 kr/m° Benmuunu Ve/V
HaBeJIeHO y TabJI. 2.8.

OTxe, 04eBUIHO, IO Ui 3a0e3MeUeHHs MIaBy4yOCTI Y MOPCHKiN BOJI
TBapUHI MOTPIOHO 3amoBHUTH 51% o00'eMy Tia KUpOM; y MPICHIN BOII
00’ €M KUPY HABITh TIEPEBUIILYE 00’ €M Tijla TBAPUHHU.

Tomy BomHi TBapuuu, Taki sik akynu Centroscymnus Tta Cetorhinus,
BUKOPHUCTOBYIOTh BYIJIEBOJIEHb CKBAJICH, SIKMM 3aiimae yume 30% o6'emy
TiJla TBAPUHH.

Jlesiki TBapWHM 3aCTOCOBYIOTH PIJWHU 3 HEBEJIUKHUMHU 3HAYCHHSIMH
ryctuHd. BigoMo, 1o coipoBl pO3YMHU MAaIOTh PI3HY TYCTHUHY: XJIOPUIY
Hartpito 1018 kr/m®; cymbdary Hatpiro — 1040 Kr/m>; XJIOpUay aMoOHiO —
1007 kr/m3. Teapunu (Taki sk memysza Scyphozoa abo Ctenophora) 3naTHi
peryaoBaTi TYCTHHY pPIAMHHM 3aBASKH BaXXKUM 10HaM cyabdariB abo

JIESTKUM 10HaM aMOHIIO.

2.8. O0'emn cyOcTaHmiid, HeOOXiTHUX sl 3a0e3MeYEeHHSI MJIABYYOCTI

BOJIHMX TBAPHH Y NpicHiii Ta MopchbKiii Boai [Alexander, 1968

Cyocranuis| [Ipicna Boga. | Mopcbka Boja.
pe=1000 |ps = 1026 xr/m>

KT/M>
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Kup, 1,07 0,51
pc:930
Kr/M>

CxBasieH 0,54 0,30

Ta BOCKOBI

edipu, pe =

860 kr/m?
lasm, p. = 0,08 0,05

0 xr/m?

[lle onmuu 3acid, AKUH BUKOPHUCTOBYIOTH BOIHI OpraHi3MH IS
3a0e3MeUeHHs TUIaBYYOCTi, 1€ 3alOBHEHHSA BHYTPIIIHIX OpPraHiB Ta3amu
(a30TOM, KHCHEM a00 JBOOKMCOM BYTJICLIO), IKI MAIOTh HEBEIMKY I'YCTHHY.
Jlo TakuxX OpraHiB MOKHa BIJHECTH IUIABAILHUN MIXYp, SKWH 37aTHUM
pPO3IIMPIOBATUCSA 1 CKOPOYYBATUCS, HAJAlOYM MOXJIMBICTE puOl UM
MOJIIOCKY PeryJjroBaTu TyCcTHUHY Tina. Hanmpuknaz, sxmo puba niaBae Ha
IIMOMHI, i1 MIXyp CTUCKAETHCS 3aBASKH 301IBIICHHIO TUCKY, OTXKE 3arajibHa
ryCTHHA Tina 30UTbITyeThes. SIKmo puba 1utaBae OJIM3bKO OIS MOBEPXHI,
IyCTHHA 1i T1JIa 3MEHITY€EThCS.

Y /s oonumaueux

Cepen BOAHUX OpraHi3MiB HaWOUIBIIY Macy Ma€ CHHIM KHUT
Balaenoplera musculus — 6mu3pko 100 ToH (MakcuManbHa Maca, SIKy 0yIio
BU3HAU€HO, craHoBwia 190 TOH); HailmMeHHly Macy Mac HpeACTaBHUK
BYIWIBITUKOBUX pUO Photocorynus spiniceps, Ikuil He TIepeBUIILYE | MT.

3HaueHHs  TYCTMHM  OIOJOTIYHMX  PIAMH  1HKOJIA  MOXYTh
BUKOPUCTOBYBATHUCS K JIaTHOCTHYHI KpUTEpii CcTaHy opraHizmy (Tao.

2.9).
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2.9. 3aJIeKHICTh T'YCTHHM KOBYI BiJI CTAaHVY 310POB’ A
y A Yy 310p

CraH 310poB’s ['ycruna, xkr/m?
Hopma 1008+0,2
XPpOHIYHUM XOJAHT10TeTaTUT 100442,0
[upo3 neuinku 100110,6

['ycTuHY  BHUKOPHCTOBYIOTH  SIK  IapaMeTp OLIHKH  JEepeBHOI
POCIMHHOCTI Ta TOKa3HUK pocTy JAepeB. Ha TycTMHY BIUIMBaIOTh
KJIIMaTU4HI YMOBHU: Yy TPOIIYHUX pailOHaX T'yCTHHA POCIWH OUIbIIa, HIXK Y
M1BHIYHUX.

['yctuHa € OOHMM 13 B@XJIMBUX KPHUTEPIiB OI[IHIOBAHHA SKOCTI
CUIbCBKOTOCIOJAPChKUX Ta XapuoBux mpoaykTiB [[locymin, 2005].
Hampuknan, siitie cKaagaeTbesa 3 YOTUPHOX OCHOBHUX KOMIIOHEHTIB, IO
XapaKTEPU3YIOThCS BJIACHOK I'YCTUHOK: mKapaixymnu (2230-2316 kr/m?);
xkoBTka  (1028—1035  «kr/m®); Ginka  (1039-1042  kr/m®) Ta
migmkapanynosoi ooononku (6auseko 1075 xr/m®). ¥ minomy rycruna
g (kypsyoro) cranosuth 1075-1095 xr/m®. OCKiIbKM T'yCTHHA
HMIKapajlyii Maii’ke BJBIUl MEPEBUIIYyE T'YCTHHY I1HUIMX KOMIIOHEHTIB,
3p0O3yMijio, 10 BUMIPIOBAHHS TYCTHHM SIUI A€ MOXJHUBICTh OLIHUTH
caMe SIKICTh IIKapaidylu, TOMY IO 1i TYCTHHA 3aJeKUTh BiJ HasgBHOCTI
TPIIIMH Ta IHITUX MEXaHIYHUX MOIIKOJKECHb.

BumipioBanHsi TyCTHHHM JI€KUTb B OCHOBI ¢hiomayiiinoco memooy
KOHTPOJIIO SIKOCTI TMPOAYKTIB: 3aCTOCYBaHHS KiJIbKOX 00 €MIB 3 PI3HUMHU
3HAYEHHSMU TYCTUHU PIAUMHU (BOAM, COUPTOBUX Ta COJIBOBUX PO3YMHIB,
oJIii) JMaloTh MOKJIMBICTh 3AIMCHUTHA COPTYBaHHS KapTOILUI, B TOMY YHCII
COJIOJIKOi, TOpOXY, 0001B, BUHOTPay, BUIIHI, YopHHUIlll. KpiM TOro, Takuii

METOJI 3aCTOCOBYETHCS ISl BUJIYYEHHS 0JyK 3 BHYTPIIUIHIMHU AePEKTaMU
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Ta HUTPYCOBUX 3 MOIIKO/)KEHHSIMHU Bij 3aMOPO3KiB. MeTo/ BiJ3HAYAETHCSI
BUCOKHMM PIBHEM TOYHOCTI COPTYBaHHS; 0 HEIOJIKIB MOXXHAa BIIHECTH
3a0pyIHEHHSI PO3YMHY Ta HEOOXIJIHICTb MUTTS MPOJYKTIB Mepesa Ta MICsd
copTyBaHHS. BUKOpPHCTaHHS COJIbOBUX Ta CIIUPTOBUX PO3UUHIB IiJIBUIILYE
co0iBapTiCTh NPOLECY BHUMIPIOBaHb Ta 3aBAa€ IEBHY HeOE3IMeKy I
JTOBK1JLJIS.

BumiproBaHHSM TyCTMHM MOXHa OIIIHUTH SIKICTh ~ MOJIOYHHX
IPOAYKTIB, TAKUX SIK MOJIOKO, CHPOBATKa, 3TyIIIEHE MOJIOKO Ta MOPO3HBO.

Hpuxnag

Momnoko siBiisse co00r0 CyMmiml )UpoBUX ToOyn (1-10 MxMm), Mmiren
kazeiny (0,1— 0,2 mxm) 1 gacTuHOK cupoBaTkoBoro Oinka (0,01-0,02 mxm).
BuzHauutu macy >kupoBoi rio0yinu mMoisioka giamerpoM 10 Mk, sKOio ii
I'yCTHHA CTaHoBUTH1028,5 kr/m>,

Po3B’s13anns

BuxopucroByroun ¢dopmyny (1.2), Bu3HauummMo Macy TI00yiH:
4 DY’

[TizcTaBisieMO YKCIIOBI JIaHi: mZGJ 3,14 -[10'12076”4]3 -1028,5 =5 =7 -10"" k.

KoHTponbHe 3aB1aHHS
Busnauutu macy minenu kaszeiny mosnoka aiamerpom 0,1 MM, sSKio ii
ryctuHa cTaHoButh 1110 kr/m?3.

Bionogiowv: 5,81-10"°kr.

IMpuxaan
3aJIe)KHICT, TYCTMHM MOJIOKa BIJI TEMIEpPAaTypud BHU3HAYAETHCS 3a

JIOTIOMOTOFO PIBHSHHSI:
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p=1+a+ bt + cf +df ,
ne t — temneparypa B °C; a,b,c,d — 4yucioBi Koe]illleHTH, HaBEJCHI B

tadi.. 2.10.

2. 10. 3nayeHHs1 Yuca0BUX KoedimieHTiB a,b,c,d

3.

[IponykT A b c d
Hesoupane

3,50 1072 -3,58 -10* 4,910 —1,0 -107
MOJIOKO
30upane

3,66 102 —-1,46 -10* 2,310 —1,6 1107
MOJIOKO

3HalTH TYCTUHY He30MpaHoro Mojioka 3a temmneparypu 20 °C.
Po3B’s13anHs

[TizcTaBisieMo YMCIIOBI 3HAYEHHS B OCTAHHE PIBHAHHS:

p=1+350-102-3,58-20-10%+ 4,9 -400 -10° - 1,0 -8 -10° 107 == 1

+350 -10%-71,6 -10%+ 19,6 -10* — 8 -10* = 1,029 r/c™m>.

KonTpoabHe 3aB1aHHs
3HaliTH I'yCTUHY 30MpaHoro Mojoka 3a temmeparypu 20 °C.

Bionogiov: p=1,0333 r/cm?>.

['ycTuHY BHKOpPHCTOBYIOTH $K MapaMeTp OLIHIOBaHHS JI€PEBHOI
POCIIMHHOCTI Ta SIKOCT1 pOCIIMHHUX MPOYKTIB.
['yctuHa cyxoi TBepJOi pPEYOBUHHU JEPEBUHU CTAHOBUTH OJIM3BKO

1,5-10° kr/m3. YV Gimpmiocti BHIIB JEPEBUHH, IO BHKOPHCTOBYIOTHCS

JIOAMHOK Y rocromapcTsi, rycruna popiBuioe (0,35-0,65)-10° xr/m?.
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BBaxaeTbcst, 10 HailMeHIy TYCTUHY Mae Buja Aeschynomene hispida
(0,044-10° kr/m?), a HaiGinbmy — Macauna Olea capensis (1,49-10° xr/m®)

[PetiBH u 1p., 1990].

Y /s oonumaueux

Y 1947 poui Typ Xedepman 1 m'sTb WOro CyMyTHUKIB 3I1HMCHUIU
nonopok Ha Moty «Kon-Tiki». Meroro #oro mojopoxi OyB Hamip
MIJTBEPJIUTA CBOIO TINMOTE3y MPO MOXKJIHUBICTh IEPBICHOTO 3aceieHHS
[Tominesii memkanisivu [liBnenHoT AMepuKy.

[Imit «Kon-Tiki» ckinagasca 3 9 0albCOBUX KOJIOI JTOBXUHOIO Bix 10
no 14 M. bamscoBe nmepeBo, a6o Oxpoma mipamigansHa (Ochroma
pyramidale) — 11€ BeJUKe, NIBUIKO 3pOCTAIOYE JIEPEBO, IKE MOXKE POCTH J10
30 M y BHCOTY. JlepeBHHA fepeBa — Jyxe Jerkuii Matepian. HMoro cepemns
cyxa ryctuHa ctaHoBuTh 120-160 kr/m®. Haramaemo, mo y Oepe3u cyxa
TYCTUHA CTaHOBHUTH MpubOim3Ho 600 kr/mM?, a y MIBHIYHOI SUIMHU CyXa
ryctuHa ctaHoBUTh 400 Kkr/m>.

3aBAsSKU MaJOMy 3HAYEHHIO IIUIBHOCTI OalbCch 1 IUIaBYYOCTI IJIOTA,

MaHJPIBHUKH poiiu 61m3bko 6 980 km 3a 101 nenb.

2.3.3. 3axonu HeroToHa
B 0oCcHOBI KJIacCHYHOI MEXaHIKH JieXKaTh TpU 3aKOoHU HbroToHA.

Hepwuii 3axon Hviomona — 0yov-axa mamepianvHa mouxka (mino)

30epieae cmamn CnOKow abo PiBHOMIPHO20 NPAMONIHIUHO20 PYXY, OOKU Ois 3
OOKY [HWUX MINl He NPUMYCUmMb i1 3MIHUMU Yeli CMAaH.

BrmactuBicte  Tim  30epiraTd  CTaH  CIOKOK  a00  PiBHOMIPHOIO
OPSIMOJIIHIMHOTO PyXy Ha3uBaeThesl iHepyicro. Ilepmmii 3akon HbproToHa

BUKOHYETHCS JIMIIIE B IHEPIIaJIbHIA CUCTEMI BIIJIIKY.
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Hpveuri saxon Hbviomona — npuckopemms, sIKo2o Habyeac Mamepianbha

mouKa (mino), nponopyitine Cui, KA SUKIUKAE Ye NPUCKOPEHHS, 30ieaembcsl 3

Her0 30 HANPSIMKOM, | 00epHEeHO NPONOPYILiHe MACI MAmMepiaibHOT MouKu (Mina):

(2.14)

8
I
3 |

PiBusiHus (2.14) MoXkHA 3amucaTH Tak:

F=mad. (2.15)

Tpemiii 3axon Hotomona — 6y0v-sgKka 0is MamepiaibHux moyox (min)

00HA HA 0OHY HOCUMDb XapaKmep 83a€MO0ii, CUU, 3 AKUMU OifOMb 0OHA HA
O00HYy MamepianvHi MouKU (Mina), 3aexcou O0OHAKOBI 3d MOOYVIAMU,
NPOMUNIEICHI 34 HANPAMKOM [ Ollomb Y3008JC NpAMOL, wo 3’€OHye yi
mouKuy (mina):

F, =-F,, (2-16)

—

ne F,,— cwuia, o Ji€ Ha OfHE Tio 3 60Ky iHmIOro; F,, — cuia, Mo Ji€ Ha

OJIHE T1JIO 3 OOKY 1HIIIOTO.

2.3.4. 3akoH 30epe:KeHHs iIMITYJIbCY 3AMKHYTOI CHCTEMH
Imnynvcom (kinoxicmio pyxy) p MatepiajibHOI TOYKH, IO PYXAEThCS

31 MIBUJKICTIO U, HA3UBAETHCS JOOYTOK MacH I11€1 TOUKHU Ha 11

IIBUIKICTD:

(2.17)

<
I
3
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OnuHuIsd BUMIPIOBaHHS IMITYJIBCY — K2 :M/C.
Ao marepianbHa TOYKA PYXAEThCS y JOBUIBHOMY HAampsMKY,

KUIBKICTB i1 pyXY XapaKTepu3yeThCsl TPhOMa KOMIIOHEHTaAMMU:
Dx = MUy Py = MUy, p: = MU.. (2.18)

Posrnsinemo cucremy MarepiaJbHUX TOYOK. MexaHI4Ha CHUCTeMa, Ha
SKy HE AII0Th 30BHIMIHI CHJIM (IO JIOTh Ha CHUCTEMY 3 OOKY 30BHIIIHIX
Ti), a00 SKIIO iX piBHOAIIOYA JOPIBHIOE HYIIO, HA3UBAETHCS 3AMKHYMOIO
(i301v08aHOI0).

Jns cucreMu MarepiaibHUMX TOYOK piBHSAHHA (2.15) maTtume Takui
BUTJIA!

d(mv) =F + frewmp

dt 306H duc ’

(2.19)

ne F

306H

= 3(F, )s0en — BEKTOP 30BHIIIHIX CHJI, a F*"”— BEKTOpP BHYTPIIIHIX
JVCUTIATUBHUX CHJL.
OCKUIbKM TeOMEeTpUYHa CyMa BHYTPILIHIX CHJI MEXaHIUHOI CHUCTEMH 3a

TpeTiM 3aKkOHOM HbIOTOHA JTOpIBHIOE HYIIO, TO dimo) — g

y oo - AL 3AMKHYTOL
t

. - d D
CHUCTEMH MarepiaibHUX TO4OK Maemo F,, = 0, orxe $= 0, abo
t

mo =Y mo, =Y p, = p= const, TOOTO NOGHULL IMNYI6C 3AMKHYMOI CUCTEMU He
i=1 i=1

IMIHIOEMBCA 3 Yacom (3aKOH 30epedcer s IMNVIbCY).

Jlnst 3aMKHYTOT crcteMu piBHSHHSA (2.19) MoKHa 3amucaTu Tak:

dmo)=dp=F, d,  (2.20)

308H
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Jie BeNMUnHa F dt HA3WBAETHCS LMIYIbCOM CUTU.
3 piBHsAHHSA (2.20) BUAHO, 110 IMITYJIBC CHJIM JOPIBHIOE 3MIHI KUIBKOCTI

PYXy.

2.3.5. PeakTuBHUI pyX y npupomni

Peaxmuesnuti pyx BUHUKAE 3a paXyHOK BIAKWJAHHS YaCTUHU MACH Tijia
13 TMEBHOIO IIBUIKICTIO. 3a 3aKOHOM 30€peKeHHS IMMYJIbCy TOBHUN
IMITYJIbC 3aMKHYTOI CUCTEMH HE 3MIHIOETHCS 3 4acoM (MB. po3aii 2.3.4).
OTxe, mpH BIIOKpEMJICHH] BiJ] TiJIa Macoro M mMacu m 13 IBUIKICTIO 0, TLIO

HaOyBa€ MBUIKOCTI V, IKy MOKHa 00UUCTUTH 32 (HOPMYJIIO0

(M—m)V +mov=0, (2.21)
3BIJIKH
V=- M””_”m . (2.22)

[IBunkicts V Tia HampaBieHa TMPOTUJIICKHO HAMPAMKY PyXy 0
BIIKMHYTOTO T1JA.

Po3rnsiHeMo pyx *KHBUX OpPraHi3MiB, IIO CYIPOBOIKYETHCS 3MIHOIO iX
MacH.

Jlnunnka GaOku-kopomucna (Aeshna sp.), MEIIKAHIS MPICHOBOIHUX
BOJIOMM, BHKOPUCTOBYE PEaKTHBHHMM pyX y pasi HeOesneku. Habuparoum
BOAY B 33/IHI0 KHUIIKY, & MOTIM PI3KO BUKHUAAIOYHU ii, JTUYMHKA CTpUOae
BIIEpE] 3aBASKHU CUJI1 BiJaul.

SckpaBUMHU MPUKIAaMU TAKUX OPraHi3MiB Y MOPCHKOMY CEPEeIOBHUIIT
€ MeIy3H, KaJbMapu, BOCbMUHOTH, JI€sIKI MOJTIOCKHU Toio (puc. 2.5). Bonu

NEPECYBAIOTHCS  3aBISKA  CBOEPIIHOMY PEAKTHBHOMY PyXy, SKUH
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320€3MeUyeThCS CTPYMEHEM BHUIITOBXHYTOI 3 OCOOJIMBHX MOPOKHUH TLIa

BOIH.

Puc. 2.5. PeakTuBHM# pyX Yy nNpupoi:

A—-Mmeny3a; b—kanbMmap (OsICHEHHSI B TEKCTi)

Hanpukmnan, meny3a kopHepoT abo pizoctoma (J1atr. Rhizostomae)
3allOBHIOE MapacoIbKOBY YaCTUHY BOIOIO, SIKY BUIITOBXYE, BHACIIOK YOTO
PYXA€EThCA Yy NPOTWICKHUM OIK 3aBISIKH CKOPOYEHHIO M’SI31B CTIHKHU
MapacoJIbKH.

CxiagHIilIMMKA cUCTeMaMH € KaimbMapu (nat. Teuthida), K1 MarOTh
M’SI30BY HAaKHJIKy, IO 3allOBHIOETHCS BOAOK. BHacmigok M’ ’'d30BOro

CKOpOYCHHSI BOJIa BHUINTOBXYETHCS uepe3 CU(OH, a KaabMap PyXaeTbCsi y

41



MPOTUIICKHOMY HampsMKy. [IpudoMy BiH 31aTHHUN pEryjIrOBaTH HAMPSIMOK
pyXy 3aBIskud oOepTraHHi0 cudona. Jleski KaabMapu 3a paxyHOK
PEaKTUBHOI'O pPyXy JOCATalOTh manmyou kopabmiB. Yacto kanbmap
CYNMPOBO/KYE BHUKHJ BOAW 3 TEMHOI YOPHWJIBHOIO PITUHOK JUIS
BIUISIKYBaHHs xWkakiB. [lofgoBkKeHE Ta 3arocTpeHe TiI0 KajabMmapa
BU3HAUa€ BEJIMKY IIBUJKICTh HOro pyxy sk y Bofi (10 70 km/rox), Tak i B
NOBITPI (KaJIbMapy MOXKYTh BUCKAKyBaTH 3 BOJW HA BUCOTY 710 7 M).

Bocemunir  (nmat.  Octopus  vulgaris) MOXe TakoX IIJIaBaTH
IIyNagbIIMHU Ha3aJ, BUKOPUCTOBYIOUHU CBOEPIAHUN BOJIOMETHHH JIBUTYH,
HaOuparouu BOAY B MOPOKHUHY, B SIKIM 3HAXOIATHCS 340pa, 1 3 CHJIOIO
BUIIITOBXYIOUM 1i B HANpPSAMKY, TPOTHICKHOMY PyXy, 4depe3 JiiKy, IIo
BIJIICPA€E POJIb COILIA.

Kapakatuui (nat. Sepiida) TakoxX JE€MOHCTPYIOTh PEaKTHUBHUU pyX.
Tak, smouceka kapakatuilsi (Todarodes paciticus) pyxaeTbcs i dYac
Mmirpaiii Ha BijcTanb 0Ju3bk0 2000 KM 31 HIBUJKICTIO TPUOJIU3HO 2 KM/TOSI.
Ilin wac mepeMilmieHHs Ha KOPOTKI BIJICTAaHI BOHAa MOXXE PO3BHUBATH
mBUAKICTE g0 11 kM/roa. Bigomo, mio aeski pi3HOBUIM KapaKaTHIlb
BMIIOTh PO3BUBATH MBUAKICTH TOHAA 30 KM/TOI.

Jlesiki MOIIIOCKHM, Taki SIK MOpChKuil TpebiHens (mar. Pectinidae),
CTUCKYIOTh TEpIOJANYHO CBOI CTYJIKH, 3aBISKH YOMY MOXYTh CTBOPUTHU
PEaKTUBHY TATY Ta 3alO0IrTH 3yCTPIvi 3 XMKaKaMU — MOPChKUMH 31pKaMHu.
B ocHOBi pakoBuHU 3HaIeHO 010K a0 YKTHH, MPYKHI BIACTUBOCTI SIKOTO
JAl0Th MOXKJIMBICTH MOJIOCKY IIJIaBaTH, BIJKPUBAIOYM W 3aKpUBAIOYH
CTYJIKU 3 YaCTOTOIO 3 KOJIMBAHHS B CEKYHIY.

Cepen cuUIbCbKOrOCnoIapChKUX 00’ €KTIB PEAKTUBHUN PYX IEMOHCTPYE
OTIPOK-TIUpCKAd TPYKHUN abo “‘ckaxkeHuii” oripok (nar. Ecballium

elaterium). Tlicnst TOCTUTAHHS TUTLA TIiJl BEJIMKUM THUCKOM pIAWHH, IO B
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HbOMY MICTUTBCS, BIIOKPEMITIOEThCA BIJl HKKY. HaciHHs yepe3 yTBopeHui

OTBIp 3 CUJIOIO BUIIOPCKYETHCS Ha BB 1-2 M BiJl pOCIIMHHU.

2.4. CTATUKA TBEPAOI'O TIUIA

2.4.1. YMO0BH CTATHYHOI PiBHOBaru

Cmamuka — 1€ pO3JLJ1 MEXaHIKH, SIKHH BUBYAE YMOBH PIBHOBAru Til
nija giero cui. TepMmiH pienosaza O3HAYae€, MO TUIO 3HAXOJIUTHCS Y CTaH1
CIOKOI0, a00 MOro IIEHTP Mac PyXaeThbCsl 3 MOCTIMHOI MBHUAKICTIO. Mu
OyaemMo po3rsiaTh y IbOMY PO3ILIl TilMa, M0 3HAXOMITHCA Y CTaHl
CIIOKOIO, TOOTO Y CTaHI cmamu4Hoi pieHosazu.

HeoOximHMMH yMOBaMU CTaTUYHOI PIBHOBArd Tija €:

1) pIBHICTh HYJIO T€OMETPUYHOI CYMH BCIX 30BHIIIHIX CHJI, IO JIIOTH HA
TLJI0:

S F =0; (2.23)

2) pIBHICTh HYJIO TE€OMETPUYHOI CYMH BCIX MOMEHTIB 30BHIIIHIX CHII
BIJIHOCHO JaHOTO IIeHTpa:

> i, = 0. (2.24)

2.4.2. Baxinb. YMOBM PiBHOBAru BaxkeJisi

Baoicine — HaUMpOCTIMINN MeXaHi3M, KU J103BOJISIE MEHIIIOI0 CHUIIOO
3pIBHOBRXUTU OUIbINY; sABIsE€ COOOI0 TBEpPAE TUIO, IO O0OEpPTAETHCS

HABKOJIO HEpYyXoMoi oropu (puc. 2.6).
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Puc. 2.6. Baxiab: [ — noB:KMHA IJIaHKW; I — cuiia, 1o Ji€ HA BaXiJab; m
— Maca IaHku; M — Maca BaHTaxYy; X — IJiede Baxkessi; [V — peakuis

onopu

—

Momenmom M cuau F BiIHOCHO HEPYXOMOi TOUKH O HA3MBAEThLCA

BEKTOpHUM TOOYTOK pajaiyca-BeKTopa 7, MPOBEICHOIO 13 TOYKU () B TOUKY

—

IMpUKJIadaHHsd CHUJIN F, Ha 1o CUIIy:

=7 xE. (2.25)

Monynb MOMEHTY CHIIA JTOPIBHIOE:

M = Frsina = FI, (2.26)

e o —KyT MK F'1r; rsina = [ — iede cuim.

OnuHUIS BUMIPIOBAaHHS MOMEHTY CUIH — H - M.
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Sxmo omopa po3TanioBaHa MK TOYKaMH TPHUKIAICHHS CHJI, TO 1€
BaX1J1b MEPIIOr0 POJy; SKIIO0 OOWJIBI CHJIM MPUKIAJIEHI 3 OJHOTO OOKY
OTIOpH, TO 1€ BaXLUIb APYTrOTO POAY.

Ymosa pisnosacu sadicens: 8ax)ciib 3HAX0OUMbCA 8 PIBHOBA3I, SAKUJO

aneeopaiynHa cyma Momenmié OilouuUx Cuil OOPIGHIOE HYIIO, MOOmMo cyma
MOMEHmMI8 CUl, Wo 00epmaoms 6aXdCilb 3d 200UHHUKOBOK) CMPLIKOK
(0o0amuux), OOpi6HIOE CYMI MOMEHmMI8 Cul, 5AKI obepmaromv 8aXNCilb
npomu 200UHHUKOBOI CIMPINKU (8I0 EMHUX).

Ha Baxinb, 300paxenuii Ha puc. 2.6, Ii0Th YOTUPU cuiu: F' — niroda
CHWJIa; mg — Bara IJIAaHKU BaXkens, Mg — Bara BaHTaxy; N — peaKilisi OIopH.
[lepmri Tpu cuaM YTBOPIOIOTP MOMEHTH CHJI, IIIO OOEpPTalOTh BaXKiJb
BITHOCHO TOYKHM ONOpPU. YMOBa PpIBHOBarM BaXeJs OIMHUCYETHCS

PIBHAHHSIMU OaJlaHCy CUJT TAa MOMEHTIB CHJI:
N—-F—-mg—Mg=0; (2.27)
—mg(l/2 —x)— F(l—x) + Mgx =0, (2.28)

ne [ — NOBXKWHA IUIaHKH; m — Maca IUIaHKKW; M — Maca BaHTaxy; X — IJIe4e
BaXKEJI.
3Bizcu:

_ Mgx+mg(x-1/2)
l—x '

F

(2.29)

Binnomenns Mg/F xapakTepu3ye BUTPALll y CUJIl, KK HAJa€ BaKLIb.
IHpuxaan

PosrnsineMo Baiib, 110 CKJIAJAE€THCS 13 MEPEATIIIYYS], PO3MIIIEHOTO

rOPHU3OHTAJIbHO, i Oirernca, skuii yrBoproe Kyt 15° 3 ImIe4oBor0 KicTKOMO
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(puc. 2.7, a). Bincranb x BiJl TOYKH OMOPU JO TOUKU MPUKIAIAHHS CUIU
(eKBIBaJICHTHAa CXE€Ma BaKells IoKa3aHa Ha puc. 2.7,0) ctaHoBUTH 1/5
BIJICTaH1 BIiJl JIKTS JO JOJOHI 3 BaHTaXeM. BHU3HAUUTH 3yCUIUISL, SKE

PO3BUBAE OIIIETIC i1 Yac YTpUMaHHs Tija Baroto 5 H.

S~

A

Puc. 2.7. KicTka K BaKLIb:
A — BaKiJIb, 110 CKJIATAETHCA i3 MJI€Y0BOI, MPOMEHEBOI KICTOK i M'si3a;
b — exBiBasieHTHA cxema Baxesi: P — Banrax; F — airoua cuna; /s b

— IJIeYi BasKeJ s

Po3B si3anHs
YMoBa piBHOBar" Ba)kesis Ma€ BUTIISI:
P-l,=F-1,
abo: P-5-x=F-x-cosl5.

3BIJIKH:

_P5
~ cosl5

[TizcTaBisieMO YMCIIOB1 JaHI1:
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_ 55 _
F—O,966 =259 H.

KouTtpoJbHe 3aB1aHHA

BusnauuTu 3ycusis, sike po3BUBAE OlIIETIC JUTsl CUTYallii, 300paskeHoi
Ha puc. 2.8.

Bionosios: F=143,7 H.

Puc. 2.8. Baxiab Ta iioro ekBiBajieHTHA cXeMa 3TiJIHO 3 YMOBOIO

MONMEPEAHLOI0 3aB/IaHHA
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2.5. CWJIM TAKIHHA

2.5.1. 3aKk0oH BCeCBITHHOI'0 TAKIHHSA

3akoH _ececsimnb020 MANCiHHA — 081 0YOb-AKI MAmMepiaibHi MOYKU 3

macamu mj i m; nPpUMs2YIOmsCsi 8 HANPSAMKY 00HA 00 0OHOL 3 CUNON0, WO
npsAMO NPONopyitiHa 000YMKY Mac i 00epHeHO NPONoOpYitiHa Keaopamy

B8IOCMAHI MIJHC HUMU:

F=G22, (2.30)

r

ne F — cuna TsokiHHS (TpaBiTalliiiHa cuja, Cujia BCECBITHBOTO TSDKIHHS); 7 —
BiICTAHb MiX TOoukaMu; my; i m, — ix macu; G = 6,672 -10°"! H-m%¥/xr? —
rpaBiTalliiiHa cTaja.

MarepiajibHi TOUKU — 1€ OyAb-sKI Tija, PO3MIPH SIKUX 3HAYHO MEHIII
HIXK BIACTaHb MDK HUMH. HBIOTOH HOBIB, IIIO CHMJIa TSOKIHHS MK JBOMAa
chepuYHMMHU TUIAMH KIHIEBUX pO3MIPIB 31 C(HEPUYHUM PO3MNOALIOM
PEYOBUHHM TAKOXK OMHUCYETHCS PIBHIHHAM (2.18).

PosrnssHeMo cuid, 1m0 J1I0Th HAa HEPYXOME TIJ0, PO3TalllOBaHE Ha
3eMHIi moBepxHi. 3 00Ky 3emiii Ji€ cuia TSOKIHHS F, 10 BUBHAYAETHCS 32

3aKOHOM BCECBITHBOI'O TSHKIHHA:

mM
2

F=G X

, 2.31)
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Puc. 2.9. B3aemoaisi ABOX TiJI: @ — B3a€MOJisl ABOX TiJI; 6 — Jisl CHJI
HA TiJIO, 1[0 3HAXOAUTHLCH HA 3eMHIll MOBEPXHI; ¢ — 3AJEKHICTh Baru

TiJIa Bil LIMPOTH HOr0 MiCLIE3HAX O/IKEHHSI.

Tyr: F, — BeKTOp rpaBiTalliiHOI CWJIH; F,— BEKTOP BIIIEHTPOBOI
CHJIM; P— BeKTop cwiaum Baru; F, — rpasirauiiina cuina; F, —
BiluenTpoBa cumia; P — Bara Tina; ¢ — reorpadgiuyHa mmpora
MiCIIe3HAXOI’KEHHS TiJIa; r — pajaiyc od0epTaHHs Tijia; R — paaiyc 3eMHOI

KYJIi.

ne m — maca Tina; M;— maca 3emii; R; — pajilyc 3eMHOI KYJIL.

VY BekTOpHi# (hOpMi 3aKOH BCECBITHOTO TSXKIHHS Ma€ BUTJISL

F=-GmM, 5 (2.32)
R

ne R —onuHUYHUIA BeKTOp (puc. 2.9).
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2.5.2. I'paBiTanis Ta ’»KMBI OpraHizMmu

I'pasimayia a00 madxicinHA — BIACTUBICTD T 13 MAaCOIO MPUTATYBATHUCH
onHe 10 omHoro. Ha BiaMiHy Biji IHINIWX 30BHINIHIX CTUMYJIB TpaBiTailis
ICHY€ 3aBXK]IM 1 HE 3MIHIOEThCA 33 BEJIMYMHOIO; i1 HE MOYKHA YBIMKHYTH YU
BUMKHYTH.

I'pasimakcuc sodopocmeli. BeprukanbHa Mirpaiisi BOAOPOCTEH
SBJIIE COOOIO TOBEIHKOBUN MEXaHI3M MOIIYKIB ONTUMAIbHOTO 3 TOYKHU
30py 11X pOCTY Ta PEnpoOAyKIIi MOJIOXKEHHS y BOJAHOMY CEpPEIOBHIIIL.
®oTOCHHTETHYHI Ta HE(HOTOCUHTETUYH1 MIKPOOPTraHi3MH BUKOPUCTOBYIOTh
CBITJIO SIK 30BHINIHIA CTUMYJ: TNPH HU3BKUX PIBHSAX OCBITJICHHS BOHHU
JE€MOHCTPYIOTh MO3UTHUBHHUM (POTOTAKCHUC, MPSAMYIOUH IO BOJHOI MOBEPXHI
3 TUM, 100 OTpUMATH JOCTaTHE I JKUTTEAISUIBHOCTI COHSIYHE
BUIIPOMIHIOBaHHS. AJie TpPU  BHUCOKIM  1HTEHCHUBHOCTI  COHSIYHOTO
BUTIPOMIHIOBAaHHS BOHHM BHUKOPHUCTOBYIOTh HETAaTWBHHM (oToTakcuc,
OpSIMYIOUM y TIMOMHY 3 THUM, W00 3amo0irTH pyHHYRO4Oi Jii I[hOTO
BUIIPOMiHIOBaHHS. DOTOOpIEHTALlII HE Ma€ MiCLsl Yy TEMpsBl, aje € Ha
3HAYHUX TJIMOWHAX, J€ CBITIa HE BUCTadae. B 1iboMy pasi BOAHI OpraHizMu
BUKOPUCTOBYIOTh TpaBITallll0 SIK 30BHIMIHIA (DakTOp IJs BEPTHKAIBHOL
opieHTaIri.

['papiTartiitHe mosje 3emMill € BaKJIMBUM 30BHIIIHIM (DaKTOpOM ISl
Oprafi3MiB, IO MEPECYBAIOTLCA Yy BOJHOMY CepenoBHIIi. Taky 31aTHICTH
OpraHi3MiB OpIEHTYBAaTH HaIPSIMOK CBOTO PYXY BIJIHOCHO I'paBiTaI[iiHOTO
MOJISl HA3MBAIOTh epasgimakcucom. ['paBITaKCUC CIOCTEPIraEThCsl y TaKHX
Bozopocrert sk Euglena gracilis, Chlamydomonas nivalis, Cryptomonas,
Peridinium gatunense ta P.faeroense, Amphidinium caterea, Prorocentrum
micans, Dunalialla salina. HanpssMoK TpaBiTaiiiiHO1 Opi€HTallll OPraHi3MIB
3aNeKUTh B BUAY Ta BiKy Bomopocti. Tak, Peridinium faeroense ta

Monofa nonysuis Euglena gracilis BUSBISIOT MO3UTUBHUN T'paBITaKCUC
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(pyx BiIZ BOAHOI MOBepxHi), B Toll uac sik Chlamydomonas nivalis,
Peridinium gatunense, Amphidinium caterea, Prorvocentrum micans Ta
CTapuM TOMYJSALISAM Euglena gracilis nputamMaHHUM HETraTUBHUUI
rpaBiTakcuc (pyX 0 BOJHOI MOBepxHi). PiBeHb TpaBiTaiiiiHoi OpieHTaIil
BOJIOPOCTEW BHU3HAYAETHCSA BIKOM KYyJIbTYpH Ta 4acoM 00U, HasBHICTIO
BAXKUX METalIB Yy CEpeJOBUIIl, BIUIMBOM COHSYHOrO, 30KpeMa
yIbTpadioneToBOr0 BHUIPOMIHIOBAHHS. TakWM YHWHOM, TPaBITAKCHC €
BAXJIMBUM €KOJIOTIYHUM (DAKTOpOM, SIKUM JTO3BOJISIE BOJHUM OpraHizMam
3HAaXOAUTH Kpalll yMOBH 1CHYBaHHS.

[Ilomo MexaHI3MIB T'paBITAKCUCY BOJOPOCTEH, TO TYT ICHYE MBI
rimore3u. 3TIHO 3 TMEPIIOI0 TIMOTE30l0 TACHBHOI IEepeopieHTalll],
IPaBITAKCUC € YUCTO (QI3UUYHUM SIBUIIEM, SIKE TIOSCHIOETHCS HEPIBHOMIPHUM
po3noauioM Macu B kiiThHI [Brinkmann, 1968]. Baxxka yacTvHa KIiTUHU
YTBOPIOE 00€pTarOuMii MOMEHT, IKUM YCTAHOBJIIOE KIITHHY y BEPTHKAJIbHE
MOJIOKEHHS; 3aBASIKM i JDKTYTHKOBOTO arapaTta KITHHA TOpsSMYye 0
BOJIHOI TOBEpXHi. AJie s TiroTe3a HE MIATBEPIKYEThCA Pe3ysibTaTaMu
OCTaHHIX JOCHIKeHb. Tak, rpaBitakcuc FEuglena gracilis 1HT10yeThCS
yibTpadioNeTOBUM  BHUIPOMIHIOBAHHSM, TOMI SK IIBUAKICTE  PyXY
3anmumaeTbesi He3MiHHOW [Hader and Liu, 1990]. Ilepma rimore3a He
3l1aTHa TMOSCHUTH, YOMY MoyioguM nonyismisMm  FEuglena gracilis
pUTaMaHHUN O3UTUBHUM IPaBITAKCHC, TOJI SIK CTapuM — HeraTuBHUi. He
MOSICHIOETHCS TAKOK PEBEPCisl rpaBiTakcuca ij] BILTMBOM Ba)KKUX METAJIiB.
Excriepumentu, mo Oyau MpoBeAeHI y KOCMOCI, CBig4aTh HpO Te, IIO
IPaBITaKCUC BOJOPOCTEH 3ajieKUTh BiJ PIBHS TIpaBiTalii, ajge HE BiJ
MAarHiTHOTO 4M eJIeKTpu4Horo nojist 3emii. Omxke, Oyna 3amponoHOBaHA
npyra rinore3a [Lebert and Hader,1996] 3rimHO 3 sIKOIO TpaBiTaKCHC €
aKTUBHUI (1310J0TYHUIN TTPOLIEC, B OCHOBI SIKOTO JIEXUTh PI3HULISI TYCTUHH

tina kaituHu (1,05 /M) ta cepenosumia (1,00 r/mi), B
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Puc. 2.8. I'paBirtakcuc BomopocTedi: a — THIOBA cXeMa
CIIOCTEPE:KEHHS Ta OUIHKHU rpaBiTakcucy Boaopocreii (I — MiKpoCKoI;
2 — Bigeokamepa; 3 — cucremMa 0o0poOku iHgopmauii; 4 — MOHITOpP
CIIOCTEPEKECHHA 32 MOMYJSALIE; 5 — MOHITOP CIOCTEPE:KEHHS 3a
OKpPeMOK KJIITHHOW; 6 — kKomMm'wTep); 6 — ricrorpamMa KYyTOBOIO
po3noaiyly KJIITHH 3ejdeHol Boaopocti Dunaliella salina nim 4ac
rpasitakcucy (Kinbkictb KiIiTMH 1336; cepemnst mBuaKicTh 25,36
MKM/c; piBeHb rpasitakcucy 0,352; nanpsimok rpasitakcucy 192,89°)

[[Mocyain, 1998]

SKOMY BOHA 3HaXOJUThLCSA. BHACTIIOK cemMMEHTaIlil TiI0 KIIITHHA YTBOPIOE
TUCK Ha KIITUHHY MEMOpaHy, 110 NPU3BOAMUTH JI0 il 3MILIEHHA Ha 1 HM Ta
aKTHBI3aIlli YyTJIMBUX JIO0 TrpaBiTaiii 10HHMX KaHajiiB. Ha kopucth 11i€i
rinoTe3u CBIAYATH PE3YJIbTATH 3aCTOCYBaHHS CHElU(IYHUX MpernapaTiB —

1HT10iTOpa MEXaHOUYYTJIIMBUX KaHaJB rajoiiHito, 1oHohopy A23187 Tta
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BaHAJaTy, SKI HaBiTh MPU HE3HAYHUX KOHIIEHTPALISIX MPUTHIYYIOTh
IPaBITAKCUC, TOJI K PYXJMBICTh KIITHH 3aJIUIIAETHCA HE3MiHHOW0. Kpim
TOr0, Il Pe3ylbTaTH NAIOTh MOMIUBICTh JIONYCTUTH Y4acThb y MEXaH13Mi
rpaBiopieHTaIlli  €JIeKTPUYHUX IOTCHIlaNiB, 1[0 BUHUKAIOTh Ha
[IUTOTUIA3MATHYHIN MeMOpaHi. THUTIOBY CXEMY CIIOCTEPEKECHHS Ta OIIHKU
rpaBiTakcuca BOJAOPOCTEN HaBeIeHO Ha puc. 2.8.

I'pasimponizm pocaun. POCTOBY peakIlil0 pOCIHH, sIKa BUKIHKAE
BUTMH a00 CKPHUBJICHHS i1 MEBHOI YaCTUHU Yy OIK 30BHIIIHBOTO CTHMYJIA
HA3WBAIOTh MPOonizmoMm. SIKIIO pyX HAmpaBlIEHUN O CTUMYIY, Ma€ MicIe
RO3UMUBHUL MPONI3M; IKIIO B TIPOTWICKHUN O1K — HecamusHuti mponism.
Konu 30BHIIIHIM CTUMYJIOM € TpaBiTalliiiHa cuiia, TO peaKilis POCIWHU Ha
HEl Ha3UBAEThCA epagimponizmom. PocinrHa, okiajieHa B TOPU30HTAIbHE
nonoxeHust (puc. 2.9), Hampapisie TApPOCTOK JIOropu  (HecamugHutll
epasimponizm), a KOpiHb — NOHU3Y (no3umusHuu epasimponizm) [[locymin,

2004].

Ocnoena eico napocmka —m
(HecamueHuil Opmozpacimponiam)

liaku
(naaciomponiiv)
(Oiazpasimponiav)

Tpyum
NP AN AAAADNSASAAY A

Pusosu
(Oiaepasimponiz)

Tpemunni kopeni
(naaciomponizv abo azpasimponizy)

Bmopunnuit kopine
(naaziomponiam)

Ilepsunrun kopine _——4\

Puc.2.9. Tunosi rpaBiTponHi BIAryku cred/ia Ta KOPiHHSA POCITHHH
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I'pasipeyenyis. Ha BiAMIHY BiJ 1HIIUX 30BHIIIHIX CTUMYJIB
rpaBiTallisi ICHY€E 3aBXKIU 1 HE 3MIHIOEThCS 3a BelMyuHOI0. KpiMm Toro,
rpaBiTallil0 HE MOXHA YBIMKHYTM YW BHMKHYTH; BOHAa HE
XapaKTepU3yeThCsS HAsBHICTIO TpamieHTIB. KiTUHM Ha BEpXHIX IIISTHKAX
cTebiia Y KOpeHsS MiUIIraroTh il Takoi » IpaBiTamiiHOI CHIIM, IO 1 Ha
HUWKHIX TiIssHKaX. OTKe, TaKUil 30BHILIHIA CTUMYII SIK TPaBITALlIl0 MOXKHA
peeECTpyBaTH TIIBKU 3aBASKH PyXy MEBHUX POCIMHHUX YW KIITUHHUX
CTPYKTYP — PYXY, BHACIIOK SIKOTO YTBOPIOETHCS aCUMETPisl B KJIITHHI, 110
MPU3BOIUTH 10 BUHUKHEHHA THCKY. Y 1900 p. Xabepnenn ta Hemex (uuT.
no [Weevers, 1949]) Ha OCHOBI pPETEIbHUX ITUTOJOTIYHHUX JOCIIIKEHb
NPUNMIIUTM 10 BUCHOBKY, IO (DYHKIII YyTIMBUX JI0 TpaBiTallii OpraHiB y
POCIIMHI BUKOHYIOTH 3€pHa KPOXMAIIIO — TaK 3BaHUX cmamoumis. 3T1IHO 3
Cy4YaCHUMH YSBIICHHSAMHM MEXaHI3M CHOpHUIIMaHHS TpaBiTAlliHOI CHIA
BiJIOYBA€THCS 32 PaXYHOK OCIJIAHHS aMiIONIacmis - TIACTH], IO MICTATh
3epHa KpoxMaio (Bia 1 mo 8) 1 po3mimieHi y memOpaHi. [li aminonnacru,
K1 MalOTh TIEBHY Macy 1 TYCTUHY, PyXalOTbCs M0 B'SI3KIM IIUTOIUIA3MI; MPU
3MiH1 MOJIOKEHHS POCIMHU BOHU MEPEMIIIYIOTHCS JOHU3Y 1 3aTPUMYIOTHCS
01151 KJIITUHHUX CTIHOK. BHACIiIOK CBOr0 HAaKOIMUYEHHS BOHU YTBOPIOKOTH

TUCK Ha IJIa3MAaTUYHY MeMOpaHy a00 eHI0TIIa3MaTUIHUNA PETUKYIIYM (pHC.

2.10).
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Bepmuxansuuii kopins

o
‘ o
OCmamonimy
}i

Ipasimayis Kineys

l Kopens

Kineys
KOpens

Puc. 2.10. CxemaTu4He NOSICHEHHS MeXaHi3My rpasipeuenuii: a —
OAHOPIAHMH THCK CTATOJITIB HA CHAOILIA3MATHYHHUA PETHKYJIYM NPH
BEPTHKAJIBbHIH Opi€eHTallil KOPIHHA; 6 — MEePepPoO3MOALI CTATOJITIB MPH
TOPU30HTAJIbHIN Opi€cHTalll KOPiHHS, 110 O0YMOBJIKOE HEOXHOPiAHUI
THUCK CTATOJITIB HA EHIOIJIA3MATHYHNI peTUKyJayM EP.

Pyx penenTopiB rpasitalii cripusie akTUBallli MEBHUX (PEPMEHTIB, 1110
PEryaolTh TOPMOHHUN MeTa0omi3M. BHacHiIOK mepeMillieHHS MIacTu/I
YTBOPIOETHCSI TPAMIEHT POCTOBUX PEUYOBHH, SIKI 3a0€3MeuyloTh PICT
napocTka abo KOpEeHs.

Buwmiprosannus  epagimponizmy. B OUIBIIOCTI  €KCHIEPUMEHTIB
BUKOPUCTOBYETHCS T'paBiTalliiiHe MPUCKOPEHHS Ha PiBHI 1 g 4K MeHIe, 110
JOCATAETbCA  OPIEHTYBAHHAM oOpraHa (KOJEONTWJIE YH KOPEHA) Yy
MOJIO’KEHH1, IO BIJIPI3HSETHCS BiJ BepTUKaIbHOro. ['paBiTaiiiiHa cuia
MPOIOpILIifHA CUHYCY KyTa Haxuily OpraHa BIJHOCHO BepTHKal. Ko
NOTPIOHO 3BECTH HAHIBEIb BIUIMB TPaBITAIlIMHOTO TOJS, 3aCTOCOBYIOTH

KAIHOcmamu — TIPUIaIu, K1 3a0e31e4yloTh 00epTalbHUN PyX POCIMHHOTO
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00’exta, ab00 MPOBOJATH KOCMIUHI O00CNiOU, B SKUX JOCATAIOTh CTaHY

HEBArOMOCTI.

2.5.4. Bara tijia

XapakTep MEXaHIYHOTO pyXy 3aJIeXKUTh BiJ CUCTEMHU BiwIiKy. Ti
CUCTEMHU, TIO0 BITHOIIICHHIO JI0 SIKUX BUKOHYETHCS TMepIiunii 3akoH HpioToHa
(TOOTO Taki CHUCTEMH, SKI 3HAXOMSThCA Y CTaHI CIIOKOK a00 PyXaroThCs
PIBHOMIPHO Ta TPSAMOJIHINHO), HA3UBAIOTHCA [HEPYIANbHUMU CUCTEMAMU
gioniky. CUCTEMU BIJIIKY, IO PYXalOThCS BIJHOCHO 1HEPIIATBLHOT CUCTEMU
3 IIPUCKOPEHHSAM, Ha3UBAIOTBCS HeIHepYIalbHUMU.

Posrnsinemo Tino, posmimene mo6ausy 3emuti. Kpim rpasiTaiidiHol
CHJIH, IITO0 BU3HAYAETHCS 32 3aKOHOM BCECBITHBHOI'O TSDKIHHS 1 3aBISKH SIKIM
TIJIO PYXA€ThCS 3 MPUCKOPEHHSIM BUIHHOTO TMaJIHHS, HAa HBOTO JIi€ 3a
paxyHOK m000Boro oOepraHHs 3emii gidyenmposa cuna inepyii Flio
ma’r (ne @ = 7,3-10° pag/c — KyToBa IIBHIKICTH JJOOOBOrO OOEpTaHHS
3emuti; » — paaiyc oOepTaHHs), IO HAIMIPaBJIeHA BiJ OCl 0OepTaHHS.

['eomeTpuyHa cyma CHIM TIPUTATaHHS 3eMJIi Ta BIALCHTPOBOI CHITU
1HepLii Ha3UBAETHCS cuoro maxcinHa. Cuia MPUTATAaHHS 3HAYHO TEPEBUIITYE
Bi/IIIEHTPOBY CHJIy iHEpIii, OCKIIBKM BEIMYMHA F JYKE Maja; OTXkKe, CHIa
TSOKIHHS Maike He BIAPI3HIETHCS B/l CHIIM TPaBITAIIHHOTO TSHKIHHAL.

[Tpoekrriss BiAIEHTPOBOI cUIK 1HEPIil Fyo HA HAMPAMOK il CHIA

TSOKIHHS 3eMJI1 IOPIBHIOE:

Flio = marrcose, (2.33)

ne @ — reorpadiyHa IMpoTa MiCIe3HAXO0KSHHS Tija.
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Baea P Tinma — 11e cnina, 3 SKOIO TIJIO BHACIIIOK TSOKIHHS JTO 3eMITL i€
Ha onopy (4u MIJBIC), M0 YTPUMYE TUIO BiJ BUIBHOrO majiHHs. Bara Tina
BHUSIBJISIETHCSA JIMIIE TOAI, KOJM Ha TUIO IIIOTH 1HINI, HIDK CHJIA TSDKIHHS,
CWJIH 1 TIJIO PYXa€TbCA 3 MPUCKOPEHHSM, BIAMIHHUM BiJ g. OCKUIbKM Maca
Tia TOCTIfiHA, a 3HA4YEHHS g 3MIHIOETHCA 3 IIMPOTOI0, TO BIAMOBITHO
3MIHIOETbCS Bara Tula. Ik BUJHO 3 PUCYHKY 2.9,6, Bara Tija BU3HAYAETHCS
AK PI3HULS CUIM TsOKiHHA F 1 mpoekuii BimueHTpoBoi cumu Flgo Ha

HaIPSIMOK JI11 CHUJTU TSDKIHHS:

P=G m}i\/213 —Ma’rcosQ. (2.34)

3

BpaxoByrouu, mo » = Rcos@, oJIepKyeMO BUpa3:

P= Gm;;[" —ma’Rcos’ . (2.35)

TakuM 4yMHOM, Bara TUIa 3&JIEXKUTH BiJ reorpadiuHoi WIUPOTH @

MICII€3HAXOKEHHS TLIA.

2.6. ITPYKHI CHJIN

2.6.1. ledopmanii TBepaoro Tizia

Mexaniuna Oegpopmayisi — 1€ 3MiHA B3a€EMHOIO PO3TAIlyBaHHS
MHOXXUHHA YacCTHHOK MAaTepialbHOTO CEPEOBHINA, SKAa MPU3BOIUTEH 0
3MiHU (OPMHU Ta PO3MIPIB Tija 1 3yMOBJIIOE BUHUKHEHHS CHJT B3aEMOJIIT M1k

YaCTUHKaMH, TOOTO MOSIBY HAPY>KEHb.
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IIpyxcnumu HazuBaroThes AedopMaliii, sIKi BUHUKAIOTh 1 3HUKAIOTh
OJTHOYACHO 3 HABAaHTAKEHHSM 1 HE CYNPOBOKYIOTHCS PO3CIIOBAaHHSIM
eHeprii. Ilnacmuynumu Ha3uBarOTHCS Aedopmallii, AK1 3aTUIIAIOTHCS MICIA
3HSTTSI HABAHTAXEHHS 1 CYIMPOBOJIKYIOTHCS PO3CIIOBAaHHSAM €Heprii. Ao
michs 3HATTS HaBaHTaXKCHHS JedopMariis 3HHMKAaE€ HEMOBHICTIO, il
HA3UBAIOTh HPYIHCHO-NIACMUYHOIO, SIKIIO BeJIW4YMHA Jedopmallii  SBHO
3aJICKUTh BiJT 4acy, ajie 000pOTHA, BOHA HA3UBAETHCS 8 A3KO-NPYHCHOIO.

[cHytoTh nedopMaltiii posmsey, cmucky, 32uty, KpyuerHs 1a 3¢yg)y (puc.
2.11). Hedopmariiss BUKIMKAE B TuUT, MO ACHOPMYETHCS, TOABY CUIU
npyscHocmi — BHYTPIIIHBOI CHIIH, 1110 TIEpeIIKopkae aedopmariii Tina.

Cmuck
F

F

Pozmse

Kpyuenns

fpoeun

Puc. 2.11. Tunm negopmamii

2.6.2. 3akon I'yka

3axon ['yka 15t OMHOOIYHOTO PO3TATY (CTHCKY): cuia npyscHocmi Fp,
Wo BUHUKAE BHACIIOOK Oeghopmayii mina, NPONoOpyiluHa BUO0BIHCEHHIO

Ub020 MINA X

— k%, (2.36)
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ne k — koediieHT IPYKHOCTI, 1110 3aJIEKUTh B pO3MIpIB 1 MaTepiany Tijia
(mijg yac po3TAry abo CTHCKY Tina B3oBX oci OX 3akoH ['yka HaOyBae
BUTISAAY F, =—k-x)-

3akon I'yka moxke OyTtu chopMylnbOBaHMM 1 3amUCaHHUl Tak:

BHACNIOOK Hegenukux oegopmayii, AKI € NPYIHCHUMU, HOPMATbHE

HANPYIHCEeHHs. NPONOPYiliHe BIOHOCHOMY BUOOBIHCEHHIO:

ne F — HopMalbHE MeXaHIYHEe HANpPY>KEHHS, [0 BUHHUKAE y MONEPEUYHOMY
s

nepepizi; S — IUIoma MOMEPEeYHOro mepepidy Tua; A/ — BiJHOCHE
I

BUJOBXKEHHS Tina; £ — monynb FOHra (3HauenHs moxaynst FOHra pizHux
NpYKHUX MaTepiaiaiB HaBeneHo B Ta0m. 2.10).

Monyns FOHra xapakrepu3sye NpykHi BIACTHBOCTI PEYOBHHHM T/ 4ac
HEBEJIMKUX JAeQopMalliii; BIH BU3HAYAETHCS HANPYKEHHSIM, 1110 BUKIIUKAE

BIJIHOCHE BHJIOBKCHHS T1JI1a, SIKE JOPIBHIOE OUHUIII.

59



2.10. Moayab FOHra nJist pisHuX NPYKHUX MaTepiajiiB

Marepian Monyss FOura E, H/m?

Craib 2-10"
Kictka 1,5-2 -10'°
Konaren 107-10%
CyXOKHUILIS 2107
Xpsir pedbepHuii 1,2 -107
'yma 2108
AGIyKTUH 1,9 -10°
Pesuiin 1,7 -106
Enacrun 6-10°
KpoBoHOCHa cynnHa 2-10°

Kmtran mageHpkux M’ s31B:

— y cTaHi 30y/KeHHS 10°
— y CTaHi CIIOKOKO 10*
BamOyk 2-101°
JlepeBHA POCIMHHICTE (0,35-1,93)-10'°
KunituaHa 006010HKa BOIOPOCTI1
Nitella T
Yucra 1eo103a 108
IMpuxaan

KoepimieHT XOpPCTKOCTI MNpPYKMHU TIOKa3ye, $Ky CcHlly Tpeba
OPUKIACTH JJIA PO3TATY INPYKMHM HA OAWMHULIO JOBXKWHH. Bu3HauutH

KOE(ILIEHT KOPCTKOCTI Kk MPYKUHH, MNPUKPIILUIEHOI OJHUM KIHIIEM [0
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TOPU3OHTAIBHOI TUIONIMHU, SKIIO IHIIMK KIHEIh 3B S3aHUM 3 BaHTAKEM
macoro m = 400 r. BugoBXeHHs IPY>KUHU CTAHOBUTH X = 3 CM.

Po3B s13anHs

Bara Tina nopiBHto€e pyxHii cuii: mg = kx.

3BiacH:
=g (0,4 xr-9,8 M/c?)/3-102m=1,31-10> H/m.
X

IMpuxkaan

CMy>KKa TKaHUHM 3aBIOBXKKH 5 CM i3 monepeunuM mnepepizom 0,1 cm?
BHpi3aHa 3i CTIHKH aopTh, MoAyib FOHra sikoi cranoButh 2-10° H/m2. SIky
Macy BapTO MPUKPIMUTA A0 BEPTUKAIBHO MIABIIIEHOI CMYXXKH, 100
BUKJIUKATH BUJOBKEHHS 0,5 cM (3MIHOIO TMOIEPEYHOro Tepepi3zy
3HEXTYBAaTH).

Po3B s13anHs

Cuna F, npukiaaeHa 10 CMYKKH, BU3HAYA€ThCA IK:  F=m-g,
e m — Maca MPUKPIIJIEHOTO BaHTaXy; g — IHPUCKOPEHHS BIJIBHOTO

[Ma{IHHA.

3anuiemo 3akoH ['yka y TepMiHax HOPMaJIbHOT MEXaHIYHOI HANpyTru

o= F/S Ta BITHOCHOTO BHIOBKEHHS TijIa g_ATl:

—F.—

m-g Al
S 1’

3BIJICH:

H
2-10° =)-(0,5-102m)- (0,1 - 10*m>
sz'N'Sz( Mz)( M) - ( M)

gl 102y (5:10w)
C

=2-107xr.

3aJIeXHICTh  MEXaHIYHOTO HANpPY)KEHHS O Big  BIAHOCHOTO
BUJIOBXKCHHS & HA3UBAEThCA Oiaepamoro pozmsazy (puc. 2.12). Tyt moxHa

BUJIUIMTH TaKl JUITHKY 1 XapaKTEPHI TOUKH: TOUKa 4 HA3UBAETHCS MedHCero
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nponopyitiHocmi; BOHA BIATIOBIA€ MAKCUMAJILHOMY HAIMPYXEHHIO Op, 32
SKOrO 1€ BHUKOHYETHCS 3aKOH ['yka; Touka B — meodrca npyscnocmi —
HANPYXEHHS, 3a sIKOTo AedopMallis IIe 3aIUIIAEThCA MpYyKHOW; BC —
oinauka naunHocmi, nAe nedopmailisi BiAOyBaeTbcs 0€3 301IbIICHHS
HanpyxeHHs; Touka C — meoxca nauHHocmi; TOYka D, 10 BIiJIMOBITAE
MaKCHMaJIbHOMY  HANPYXCHHIO  Ouaxe TiTA TIEpPEN  PyWHYBAHHSM,
HA3UBAETHCS Medicero MiyHocmi; Touka E BIANOBIAE po3pusy mina, SKUn

BiZIOYBA€ETHCSI 32 MEHIIIOTO HIXK Ojuaxc HATIPYKEHHS.

€

A

Puc. 2.12. /liarpama po3Tsary — rpagiyHe 300paskeHHs 3aJI€KHOCTI
MEXAHIYHOr0 HANPYKEHHA G BiA BiIHOCHOI0 BHIOBKEHHHA &
(MosiCHEHHSI B TEKCTi).

Tunosi 3Ha4eHHS MOJTYJISI 3CYBY HaBeIeHO B Ta0m. 2.11.

2.11. MonayJb 3CyBY AesIKUX MaTepiaiB

Marepian Monyis 3cyBy G, H/m?
Kicrka (0,8-1,5) -101°
Crab 8100
AJIOMIHIN 2,6 -10'°
'yma 1,6 -10°
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2.6.3. BumiproBanns moay.asi FOnra

PosristHeMo cTepikeHb, 70 SIKOTO TpHUKIAJACHA 30BHINIHSA cuia F.
BayTpimHi cuim y crepkHst OyayTh YHHATH OMip JAedopmarlii CTEpKHS, B
SKOMY BUHUKA€E depe3 Ie MeXaHiuyHe HAIPY)KCHHS; caM CTep)KeHb HaOyBae
BITHOCHOTO BHUJIOBKCHHS. BIiTHOIIEHHS HaNpyXeHHS OO0 BIJHOCHOTO
BUJIOBKCHHS XapakTepu3yeThcss Momynem lOnra. Benwumnaa nedopmartii
CTEpXKHS 3aJCKHUTh BiJl BEIMUUHHU TPHUKIACHOT CUIIU, TEOMETPIi CTEPIKHS
Ta WOro MNpYyXHUX BIACTUBOCTEH, TOOTO Moaynss HOHra, sikuii MoxkHa
Bu3HaunTH. HaBememo roToi Bupasu st Moy FOnra.

Mooyne  FOunea  kicmkogoi  mrxanuHu. BUBYEHHS  MPY>KHHUX
BJIACTUBOCTEM TKAHMH OpraHi3My 1, 30KpeMa, KICTKOBOI TKaHUHH €
JIOLIJIBHUM 3 TOYKH 30pY 3aBJIaHb, K1 CTOSITh MEPE]l CYy4aCHOI XIPYpPri€ro
Ta OPTONEIIEI0, TOB A3aHUX 3 PO3POOKOI0 Ta BIPOBAHKEHHSIM 3aco0iB
npore3dyBanHs.  Mopaynb FOHra E KiCTKOBOI TKaHMHU MOKHA BU3HAUUTH

3a MPOTMHOM KICTKH €JIINTHYHOro nepepidy (puc.2.13) 3a Bupazom:

4 F
E= i 1 (2.38)

ne [ — nmomkuHA CTEpXKHs; a 1 b — ocl eminca, FF = mg — cuna, 1o
MPUKJIAJCHA 10 CTEPXKHS;, M — Maca TATapllsd;, g — MPUCKOPEHHS BUTLHOTO

NajiHHs; A — BeJIMYMHA 3TUHY cTepkHS (“‘cTpina 3runy’).
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Puc. 2.13. Busnauenns mony/isi FOHra KicTkoBoi TKAHNHU

Mooynv FOHea pocnunnoi mrxanunu. POCIMHHA KIIITHHA OTOYEHA
€JIaCTUYHOK OO0OJIOHKOIO IIENI0JI03HO-NIEKTUHOBOI TpupoAau. OO0IOHKU
POCIMHHUX KIITUH XapaKTePU3YIOThCS MPYKHUMH BIIACTUBOCTIMH, SKI
3YMOBJIIOIOTh 3JIaTHICTh POCIMHHUX KIITUH PO3TATYBATUCS TiJ] BIUTMBOM
30BHIIIHIX HaBaHTaxeHb. Mopayns IOHra, mo xapaktepusye NpyKHI
BJIACTHBOCTI TiJI, JUIs YMCTOI 1EN0NI03u jopiBHioe 108 H/M2, 1110 cTaHOBUTH
om3bko 5% wMoxyns FOnra ms cram. KiituHHa 000JI0HKA MICTHUTH
PI3HOMAaHITHI KOMIIOHEHTH, KpiM LENI0N03H, uepe3 1o ii moayns HOnra
MEHIIIUM, HIK y 4yucTOl memono3u. Hanpuknaa, moayns FOHra KiiTUHHOT
oGononku Bomopocti Nitella popiBuioe 7-10% H/m2 Moayns IOnra

JepEBHOI POCIMHHOCTI 3MiHIOETHCS B iHTepBaii (0,35-1,93)-1010 H/m2.
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Hpuxnan

Busnauntn momynbs IOHra nepeBuHH, 3 SIKOi BHUTOTOBJIEHA Oajka
po3mipamu a = b =5 cm, [ = 70 cM, skmio mia BruiuBoM cuiu F = 6860 H
BEJIMUMHA BUTUHY CTepKHS A nopiBHIOE 0,7 cM.

Po3B si3anHs

[lincTaBnsieMo YMCIIOB] 3HAYEHHS Y pIBHSAHHSA (2.26):

00xe-0,7° M -98m-c”
E = 1007w 98nc  — 1 34.1010 H/m?.

42-5-10°m)"-0,7-10"m

2.6.4. IIpy:xHi BJacTUBOCTI 0i0IOTIYHUX MaTepiajiB

BuBueHHS MPY)XHUX BIACTUBOCTEH O10MIOTIYHUX MarepiayiiB Ja€ 3MOTY
JOCIIJKYBaTh Tpolecd (YHKI[IOHYBaHHS OIMOPHO-PYXOBOTO  arapary
KUBUX OpraHizMiB. Po3misiHEMO OCHOBHI O10JOTI4HI Marepiajid, IO
BIJI3HAYAIOTHCS HAJ[3BUYAHUMU MIPY>KHUMU BIACTUBOCTIMHU.

Konacen — 06170k, OpraHiuyHUN KOMIIOHEHT KICTKOBOiI TKAaHWHH, SKUU
3abe3neuye il mpyxkHi1 BIacTUBOCTI. KpiM Toro, koiareH 3HaXOIHUTHCS B
MIKIP1 1 TKAHWHAX KPOBOHOCHUX CY/IMH.

Enacmun siBisie o000 IpyXHUN OLIIOK, IO 3yCTPIYAETHCS B XPeOSTHUX
y BUIVISAI TOHKUX >KMYTIB Y CIIONYYHIM TKaHWHI, SIKa 3HaXOAUTHCS B
CTIHKax apTepiil, 0coOIUBO 0115 CepIIs.

Pezunin — 0150k, 1o 3ycTpidyaeThcsi y komax. IIpyxHi Bm1acTUBOCTI
pPE3WIHY HAIalTh iM MOXJIMBOCTI 3A1HCHIOBATH CTpuOku. Hampukman,
K0 O JIFoMHA Majla MOXKIIMBICTh CTpuOatu sik 6moxa (Aphaniptera), To
BOHa 3Moryia 0 nepeckountu yepe3 100-moBepxoBuit OyauHok. Came 3aB-
KU pe3wIiHy OjpKoma 31arHa 3iicHioBaTd Oyn3bko 500 MinbiloHIB
3MaxiB KpHJIaMH TPOTIATOM XKUTTEBOro UKy, LIITydnuil pe3wniH mupoko
BUKOPUCTOBYETHCS Y MEJIUIIMHI SIK 3aMIHHUK MPYXKHUX CEPIIEBUX KIIAMaHiB,

CTIHOK KPOBOHOCHMX CYIHMH Ta MI>KXPEOLIEBUX IUCKIB.
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A60ykmun — OUIOK, 3HANJAECHWH Yy MOIIOCKA — MOPCHKOTO TI'peOiHIs
(Pecten) B OCHOBI uYepemnamiky; rpediHelb 3JaTHUM IUTMBTH, BIIKPUBAIOYH 1
3aKpUBAIOYM CTYIKM 3 YacTOTOK 3 KOJMBaHHA 3a cekyHay. Kpim Toro,
a0 yKTHH 3HaXOMUTHCA B IEpeIHIX Kpuiax 1ukaau (Homoptera, Cicadidae).

bararo 6ionorivHuX MarepiaiB MICTATh KUTbKa MPYXKHUX KOMIIOHEHTIB,
M0 CHOPUYMHIOE crhenupiyHUui  XapakTep Jiarpamu  po3Ttsary. Tak,
NOTUIINYHA 3B’si3ka Ligamentum nuchae wonmuTHUX TBapuH (puc. 2.14)
MICTUTh TaKl MPYKHI CyOCTaHIli SK €JacTUH Ta KojareH, momyiai FOHra
SAKUX 3HAYHO BiApi3HAIOTHCS (AuB. Tadbm. 2.10). OTxe, enacTuH BiAMOBIAAE

3a MOYATKOBUH BIJITYK 3B’ 513K, TOJI1 SIK KOJIareH — 3a KiHI[EBUM.

A

Ligamentum nuchae

Puc.2.14. ITornaanyHa 3B’A3KAa KOIMMUTHUX

Kicmku Ta m’s13u € OCHOBHUMHM KOMIIOHEHTAMU OIOPHO-PYXOBOT'O arapary
JFOIMHU 1 TBApUHU. BUBYEHHS MPYKHUX BIACTUBOCTEH KICTKOBOI TKAHUHU
JOLUIBHO 3 TOYKH 30py 3aBlaHb, sIKI CTOSITh MEPEN CY4aCHOK XIPYpri€ro Ta
OpTONEMIE€I0, TIOB’SI3aHUX 3 PO3POOKOI0 Ta BIPOBAKCHHSIM 3ac00iB

IPOTE3yBaHHS.
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Okicma

Komnakmna
pexosuna
Kicmku

Kicmkoea
NOPONCHUHA

ly6uacma
pexosura
KicmKu

Cyanoboeutl
xXpawg

Puc.2.15. TunoBa aoBra Kictka

Kpim 3abe3meueHHss pyxy, KICTKM BHUKOHYIOTH (YHKIIT MIATPHUMKH Ta
3aXHUCTy M’ SI30BUX TKaHUH, SABJISTIOTH COOOI0 MICIIE HAarpOMaI>KEHHSI KaJIBIIIIO.

3a GpopMOr0 KICTKH OAUISIIOTHCSI HA 00621, KOPOMKI, NAOCKI Ta ipe2)/IspHI.
Maca kictok craHoBUTH Oim3bKo 18% 3aranbHoi Macu Tina. biamsbko 60%
00’emy (40% Barv) KOMIIAKTHOI KICTKOBOI TKaHWHM 3aiiMae OpraHiuyHUN
Marepiajl KoJareH; pemTy — HEOpraHiyHWid Marepiaid TiIpOKCHIIAaTuT
Cai0(PO4)s(OH):. Kpuiranuky 11i€i peuoBHHHM PO3TAIIOBAHI MI>K BOJIOKHAMH
KOJIareHy 1 MIlHO NpukpituieHi g0 Hux (puc.2.15). Came Taka cTpykTypa
KICTOK 3YMOBJIIO€ iX MPY>KHI BIACTUBOCTI.

Monynb TpY)KHOCTI KICTKOBOI TKAaHWHH 3aiiMae MPOMIKHE 3HAUEHHS Mixk
MOAYISIMA TPYKHOCTI il KOMIIOHEHTIB 1 CYyTTEBO 3aJeKUTh BiA IX

BIJICOTKOBOT'O BMICTY. MeXaH14HI XapaKTepUCTUKU KICTKH HaBEIEHO B TaOJL..
2.12.

2.12. MexaHi4Hi XapaKTEePUCTHUKHN KiCTKH

MexaH14Hul apaMeTp Bemmuunna, oquHAI
['ycTHHA KOMITAKTHOI KiCTKOBOI TKAaHMHU 1,9 -103 kr/m3
I'paHMIss MIITHOCTI Ha PO3TSAT 1,2 -10% H/m?
['panuisg MilIHOCTI Ha CTHCK 1,7 -10% H/m?
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KourtposbHe 3aB1aHns

CrernoBa KiCTKa Mae JOBKHUHY 25 cM i mepepis 3 cm’. BusHauwtn
CUJIy MPY>KHOCT1 y MPOIECl CTUCKAaHHS KICTKA Ha 0,5 MM, SKIIO MOAYNb
FOnra nopisaroe 2-101°H/m?,

Bionogiowv: 12 xH.

2.6.5. IlpyxHi BJaCTUBOCTI POCAMHHOI KJIITHHH
COEPUYHA KJIITHHA. CITPOBYEMO BU3HAUYUTU
TOBIIMHY OBOJIOHKU KJIITUHU C®EPUYHOI ®OPMU
PAAIYCOM R (PUC. 2.16). BAJIAHC CWJI, IO AIKOTb HA
OBOJIOHKY KJIITUHU, MAE BUT JIA/:

Fr=Fy, (2.39)
ne Fr=p-m?, a Fy = o2mrAr; p — BHYTPIIHBOKIITUHHMA THUCK; O —
HalpYy)KCHHS, 110 BHUHHKAaE€ B KIITHHHIA OO0OJIOHI; Ar — TOBIIWHA
KJIITHHHOT OOOJIOHKH.
3B1CH
p-m? = o2mrAr. (2.40)

ToBmuHY KIITUHHOT 000JOHKH MOYKHA 3HAWTH 32 BUPA3OM:

ar =2~ (2.41)

[lincTaBUMO THUTIOBI 3HAYEHHS MEXaHIYHUX IMapaMeTpiB IS
cepuunoi 3a popmoro kimiTuHu: » = 1 MkM; p =20 atm = 2-10° H-m?2; o =
2-107 H-m? B ocranHiit Bupas, 3Bigku Ar = 50 HM.

Luninopuuna knimuna. Knituau takoi popmH, 1110 MatOTh BOJIOPOCTI
Nitella a6o Chara, BiT4yBalOTh MEXaHIYHI HAMPY>KEHHS B KIITHHHUX

oOononkax. Skiio paaiyc uIiHIpa 7, a CUJia, [0 BUHUKAE 3a PaXyHOK
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BHYTPILIHBOTO T1IPOCTaTUYHOTO (TypropHOro) THUCKY, JOpiBHIOE F), = p-S
= p-m?, TO W0 cuily Oyae 3piBHOBaXYBATH CHUIA, KA OOyMOBJIEHA
MO3/I0BKHIM HAIPY>XEHHSM Or, 1[0 BUHUKAE B KIITHHHIA 00OJOHIN (pHC.
2.16,a).

[Inoma, Ha Ky i€ MO3OBXKHE HANPYKEHHs, AOPIBHIOE S; = 277-Ar,
ne Ar — ToBIIMHA KIITHHHOI 000JoHKHM. OTKe, cHiia, 1[0 BHHHUKAE B

KJIITUHHIN 000J10HII, AOpiBHIOE F1 = o1 27mr-Ar. 3 GanaHcy CWil, 110 II0Th

Ha oOonoHky (F, = F7), MOXHA 3HAWTU HANPY>KEHHA B KIITUHHIN
00OJIOHIII:
p’=o2mrAr, (2.42)
3BIIKA
- P
= £ 2.43
LT oA 2.43)

l=

Puc. 2.16. bananc cui, mo AilOTH HA 000JIOHKY KJIITHHH chepuqHOol
¢popmu pagiycom r [Hobes, 1973].

[To310BXXHE HAMPYXEHHS i€ MapajielbHO OCl MIIIHApAa 1 TPOTHUIIE
nedopMaliii po3TAry KIiTHHU.

KpiMm Toro, B KJIITHHI BUHUKAE TAHTEHLIAIbHE HAINPYXXEHHS O7, SIKE
oOMexye pajianbHe PO3LIMPEHHS KIITUHU 3aBJISIKU BHYTPIIIHBOMY THUCKY.

PosristHemo muitiHIApUYHY KIITUHY, 10 po3pi3aHa nocepenuti (puc. 2.17).
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BHyTpilHIi TUCK p Al€ HA IUIONY IPSIMOKYTHHUKA 27L, 10 BUKIUKAE
nosisy cwi Fr = p2rL. o cuiry Oyae 3piBHOBaXyBaTH cuja, sKa
00yMOBJICHAa TaHTEHIIIaTbHUM HAMpPY)KCHHSIM Or, 110 BUHUKAE B KIITHHHIN
oOouonl. Ilnoma, Ha sKy /i€ TaHTeHILIAIbHE HAIPYKEHHS, TOPIBHIOE ST =

2rL, ne L — noBXKWHA KIITHHHOI 00070HKHU (puc.2.17,0).

Puc. 2.17. MexaHi4Hi HANPYKeHHl Y KJIITHHHIA 000JOHLI: a —
MO3/10B:KHE HANPY/KEHHS Gz, W0 Ji€ MapajejJbHO OCi HWJIIHAPUYHOI
KJIITHHY | nporuaie Aedopmanii po3Tary KIITHHM; 6 — TAaHT eHUIAJIbHE
HAMNPYKEHHH G: , 10 BUHUKA€E€ B KJIITHHHIN 000a0HIi. Tyr p — THCK,
10 Ji€ HA KJIITHHY; F— pajlyCc KJIITHHH; Ar— TOBIIMHA KJITHHHOI

00010HKH; L — noB:kuHa kiaitunu [Hoben, 1973].

Orxe, 3 Oamancy cun (F, = Fr) MOXXHA 3HalTH TaHTE€HLIAJIbHE
HaIPYy>KEHHS:

p2rL = or2ArL, (2.44)

3BIJIKHA

:m
or =2 (2.45)
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2.6.6. IIpyxHi BJJacTUBOCTI pOCJIMHHOIO cTEdJ1a
Hepopmayin 3euny. PociuHHe cTe0JIO i BIUIMBOM 30BHINIHBOI
cuwii F (Hampukiaz, BITPY) 3ruHaeTbed. [lig BIIIMBOM INi€l CHIIM TIEBHI

Iapy PO3TATYIOTHCS, TOJI SIK 1HIII CTUCKYIOThCS (puc. 2.18).

Puc. 2.18. Cxema BIIIMBY 30BHIIIHBLOI cwiM F Ha nedopmauiro

CTEeP KHSl, BHACJIIIOK KOl YTBOPIOETHCS NMPOTHAII0OYHIT MOMEHT M

VY crebi BUHUKAIOTH MPYXKHI CUJH, IO YTBOPIOIOTH 00epTaibHUN
MOMEHT, SIKMM MpPOTUAIE MOMEHTY cuiiu F. BUJIHO, 1110 OCHOBHY y4acTh B
YTBOPEHHI MPOTHUJIIFOYOTO0 MOMEHTY OepyTh 30BHIIIHI MIapu cTebna, TOl
K CepefHl IIapu HISKOI pom He BimirparTh. OTXke, SKIO BUITYIUTH
IEHTPpaIbHY YacTUHY cTeOs1a, 1 omip Ha 3TMH HE 3MIHUThCSA. MaremaTu4Hi
PO3paxyHKH CBiYaTh, 1110 HAHOUIBIINI OMip 3rMHY BUSBISIOTH TPYOKH, B
SAKUX BIJIHOIIEHHS BHYTPIIIHBOIO JAlaMeTpa /10 30BHIIIHBOIO CTAHOBUTH
8:11. Came Take CHIBBIAHOIICHHS MalOTh CTeOja OUIBLIOCTI POCIHH.
SIckpaBUM MpeCTaBHUKOM POCIHMH, SIKI [1030aBJI€HI HEHTPaIbHOI YaCTUHU
crebma, € OamOyk. ILlto pociuHy e(EeKTHBHO BUKOPUCTOBYIOTH JJIA
OJICp’KaHHS CUPOBHHHM, MPOJIYKTIB XapuyBaHHA Ta Oy/IBETbHUX MaTepialiB
2,2 MIIpI HACEJEHHs CBITY; JIedKl BUJIM 0aMOyKy POCTYTh 31 HIBUIKICTIO

O0M3bKO OMHOTO MeTpa 3a A00y. Monayns FOura Tkanunu 6amMOyKy
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nopiBuroe 2-10!° H/M%, T106TO GaMOyK OiNBII TPYXKHUM, HiXK CTaleBHH
crepikeHb, Moxyib KOHra sikoro cranosuts 2,1-10'" H/m2 YV Toii ke yac
BiJIHOIIEHHsT Macu 0aMOYKy 110 #oro 00’emy cranoBuTh 600 Kr/m>, Tozi K
1S CTaji 1e BigHomenHs nopisaioe 7800 kr/m>,

Bumiprosanus npysicnux napamempis pociunno2o cmebaa. Bimomo,
0 POCIAWHU 3JaTHI  aJanTyBaTUCAd JO MEXaHIYHUX (HaKTOpiB
HABKOJIMIITHHOTO ~CepefloBUIia (Hampukiaa, BITpy). barato pocnun
OOMEXYIOTh BHCOTY Ta 30UIbLIYIOTH JAiaMeTp crebja y BIANOBIIb Ha
NOCTIMHO niroul MexaHiuHl ctumyau [Nobel, 2005]. Lleit nponec aganTarii
CYIIPOBO/IKYETHCS BIJMOBITHOIO 3MIHOIO MPYXHHUX BJIACTUBOCTEH crebiia.
Cxemy mnpunany i JOCHIJDKEHHS 3aJIKHOCTI MPYKHUX BIACTUBOCTEH
KcuwiemMu (TPOBIAHOI TKAHWUHHU, TIO SIKIM  371HCHIOETHCS  OCHOBHE
TPAHCTIOPTYBAHHSI BOJU 1 MIHEpaJbHUX PEUYOBUH B POCIMHI) Bij BIUTUBY

MEXaHIYHUX CTUMYJIiB HaBeqeHo Ha puc. 2.19 [Hepworth, 1999].

Puc.2.19 Cxema nmpuiaany sl JOCHIKEHHS 3aJ1€KHOCTI MPYKHUX
BJIACTMBOCTEH KCHJIEMHM BiJl BILIUBY MeXaHiunux crumyJiB [Hepworth,

1999].

Pocnunau Oynu moAineHi Ha YOTUPH TPYIU: OAHA — KOHTPOJIbHA, TOJI
AK 1HON TIAJSTanyd Al TOBITPSIHOTO TOTOKY PI3HOI 1HTEHCHBHOCTI

JBaJILSITh pa3iB Ha JIeHb MO 2 XB MpOTAToM 8 TrkHIB. [loBiTpssHUN TOTIK
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BUKJIMKaB € APYrid rpyni BiAXuieHHs Ha 3,5 cMm, Tperid — Ha 10,5 cm, e
yeTBepTii — Ha 17 cM (BLAXWUJIEHHS BUMIpSUIA Ha BHCOTI 15 cMm Bix
rpyHTOBOI moBepxHi). Omip crebia 3ruHy OLIHIOBAIM 3a JOIOMOTIOI0

1HJIEKCY )KOPCTKOCT] Ha 3TUH:

_ 4F(h2/3)4
mho

El , (2.46)

ne F'— niroua cuna; i — BUCOTA POCIIMHU; O — MEXaHIYHE HApyXEHHSI.
PesynbpTaTu gociimkens 3 pocinunowo (Nicotiana tabacum “Samsun’)

CBiTYaTh TIPO TE, IO POCIIMHA BIAMOBIJa€ HA TOCTIMHO Jif0Yi MEXaHIYHI

CTUMYJIH 301IbIIICHHSIM TOBIIMHW IWIIHAPY, IO YTBOPIOETHCS

KCHJIIEMHOIO TKAHHUHOIO.

2.6.7. IloTreHnianbHA eHePrisi NPYKHO-1e()OPMOBAHOIO Tijla
[loTeniianbHa eHEPrisi MPYKHO-IEPOPMOBAHOTO TiNAa JOPIBHIOE

MaKCUMaJIbHIN po0OTi, W0 3AIMCHIOETBCS CHJIAMU TIPYKHOCTI, SKi

BITHOBJIIOIOTH TIEPBUHHI po3Mmip Ta (popmy Tina. [loTeHmianbHy eHeprito

MPYXHO-1€(OPMOBAHOTO TiJIa BUSHAYAIOTH TaK:

k-x* E-S-(A)? o°-V
W = — —

P 2 20  2.E’ (2.47)

ne k — KoeillieHT MPYKHOCTI; X — BUJOBKEHHS I[bOTO Tila; £ — MOIylb
Onra; § — muoma nonepeyHoro nepepidy Tina; A/ — BUIOBXKEHHS; [ —
JOBJKWHA Tija; o — HopMaibHa MexaHiuna Hanpyra (H/m?); V —06’em Tina.

IMpukaan
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Buznauutu po0OOTYy, 110 BUKOHYETHCS i 4aC CTUCKYBaHHS CTETHOBOI
KicTkn cobaku Ha 0,5 MM, sKa Mae IOBXKHHY 25 cM i mepepis 3 cm?

Mouyis FOnra nopisaroe 2-101° H/m?,

Po3B s13anHs
PoGora crTuckaHHS KICTKM BHUTpAayaeTbcsi Ha 30UIbLIEHHS i

MOTCHITIAJILHOI SHEeprii:

AW _E-S-(A)?
=W, ==
[TincTaBnsiemo YnCIOBI TaHi:
(2-10‘052}(3.10‘41»12)-(25.10‘*#%2)
— M —
4= 2-025m = 3 Jx.
Hpuxnan
Crpubok Omoxu macorwo m = 0,45-10° kr xapakrepusyeThbCs

BEPTUKAIHHOI KOMIIOHEHTOIO MIBUJIKOCTI U = 1 M/C, sIKy BOHa JOCATaE
uyepe3 ¢ = 103 ¢, Ta Bucororw crpubka i = 3,5-102 M. BusHauutu taxi
napaMeTpu:

a) MPUCKOPEHHS, 3 IKUM cTprbae 610xa;

0) KIHETUYHY €Heprito OJ0Xu;

B) €Heprito M’si3iB Ojoxu, sika cTaHOBUTH 20% Macu Tina KOMaxu, SIKIIO
MTOMA MOTYXKHICTh M’s131B 1opiBHIOE P/m = 60 BT/kT;

') EHEPrito, 0 HAaKOMUYye 0J0Xa B ABOX 3aAHIX KiHITIBKaX (00’€M KOXHOI
3 gkMx craHoBuTh 1,4 -10* MM?) mig wac CTHUCKaHHS PE3WIiHY, IO
3HAXOJIMTHCS B IIUX KIHI[IBKAX;

1) Ha SIKY B1JICTaHb 3MOIJIa CTPUOHYTH JIFOAMHA, SKIIO O BOHA MaJa MPYXKHI
BiacTuBocTi Onoxu? Haramyemo, mo Omoxa crpubae Ha BIJACTaHb, IO

nepeBuInye ii po3mipu B 200 pasis.
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Po3B si3anHs
a) MPUCKOPEHHS, 3 IKUM cTpuOae 0J10Xa, BU3HAYAETHCS 32 BUPA3OM:
a =v/t = (1 m/c)/(107 ¢) = 103 m/c?.
Otxe, a ~#100g (1€ g — TIPUCKOPEHHS BUILHOT'O MaiHHS);

0) KiHeTHYHA CHEPrisl OJIOXU PO3PAXOBYETHCS 3a (HOPMYIIOH0:

Ee= ’"2“2= 10,4510 kr-(1 m/c)? =22,5-10° [l
B) €Hepris M’s31B 0JI0XY BU3HAYAETHCS TaK:
Ey = 20%-(P/m)-m-t = 0,2-60 Br/kr-0,45-10° kr-10-3 ¢ = 5,4-10° k.
OTtxe, eHeprii M’s31B OJI0XHU SIBHO HEJOCTATHBLO ISl 3a0€3MeUeHHS CTPUOKa
(Ew <E));
r) BUKOpUCTOBYHOUHM (opmyny (2.28) Ta Tabm 2.1, 3HaAXOAUMO
MOTEHINATBEHY eHeprito 1 MM? IPYKHO-IePOPMOBAHOIO PE3UITIHY:

2 2
p ke _ES@AD _

1.1,7-10 H/M>10° M3 = 0,85-107 JTx.
" 2 2-1 2

3arajibHa €Hepris, 1110 HarpOMaJPKYEThCS IBOMA KIHI[IBKAMU, CTAHOBUTh:
E.=2-1,4-104-0,85-10" [T = 23,8-10° JIxx.
Ii€i eneprii mocTaTHbO /I 3a0e3neueHHs cTpudka (£ > Ex);

) JoauHa, ska O Majga MPYXKHI BJIACTHUBOCTI 0JIoXH, 3Moryia O

CTpUOHYTHU HA IOBXXHUHY CTA/I10HY.
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2.7. POBOTA, NOTYKHICTb TA EHEPI'IA

Poboma cunu — ue wmipa aii cuiu, siKa 3aJIEKUTH BIJ YHCEIBHOL

BEJIMYMHHM 1 HAPSIMKY CHJIM Ta BIJ NEPEMIIICHHS TOUKH il MPUKIaJaHHS.

2.7.1. PoOora nmocTiiiHOI CHJIH

SIKIIIO TiJIO PyXa€ThCst MPAMOJIHIMHO 1 HA HBOTO JIi€ TOCTiiHA cuta F
sKa YTBOPIOE NIESKUN KYT ¢ 3 HalmpsIMKOM IepeMillleHHs, TO poOoTa i€l
CHJIM BU3HAYAETHCS K CKAISPHUN T00YTOK BEKTOPA CHIIM £ HA BEKTOP
MepPEeMIIICHHS 7 :

A=F F, (2.48)
abo

A=1F|cos a7 |. (2.49)

2.7.2. PoOora 3MiHHOI CHJIN

vy 34araJIbHOMY BHIIaJIKYy, KOJMU CHJIIA MOXKC 3MIHIOBAaTHCS K 3a
MOAYJIEM, TaK 13a HaIIpsAMKOM, I[OHiJ'IBHO BBCCTH IIOHATTA GHCMCHTapHOI

poboTH dA:

—

dA =F dr = F cosads, (2.50)
neds = ‘ dr ‘ — €JIEMEHTAPHUM NLISX.
PoGoTa A, sKa BUKOHYETHCS CUIIOK F Ha IiUISHI{I TPAcKTOpii Bix TOY-

Ki [ 10 TOYKM 2, JIOPIBHIOEC CyMi €lleMEHTapHUX poOiT cuiam F Ha BCiX
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HECKIHYEHHO MaJuX [UISHKAX TPaeKTopli; I CyMa 3BOJAMUTHCS 10

1HTerpana:

S,
A= de:IFcosa-ds. (2.51)

1 5

OnuHutg BUMIpIOBaHHS poOoTH — dorcoyns ([c): 1 Ix =1 H -m.

2.7.3. IIoTyXKHICTH
Skmo 30BHINIHA CWJIA TPUKIAEHAa 10 O0’€KTa 1 TpH  IbOMY
BUKOHYEThCSI podoTa A4 3a MPOMIKOK 4acy Af, TO cepeoHs NOMYHICHICMb

BU3HAYAETHCA SIK BIIHOIICHHS pOOOTH JI0 MPOMIXKKY 4Yacy:
N>= —. (2.52)

Mummesa nomyacnicmes — 11€ BITHOUIEHHS €J1eMEeHTapHO1 poOoTH dA,

—

10 3/IIHCHIOETHCS II€10 CUJIOI F 3a MaJIMK MPOMIXKOK 4Yacy, 10 HOTro

TPUBAJIOCTI dF:

N=lim 2 = ¢4 (2.53)
A0 At dt
BukopucroBytouu Bupa3s (2.42), ofepKuMo:
NI _E (2.54)
dt

OMHKII BUMIPIOBAHHS TTOTYKHOCTI — 6am (Bm): 1 Br= 1 JIx/c = 1 xkr-m%/c%.
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[To3acucTeMHOI OJIMHUICID MOTYKHOCTI € KiHcbKka cuna (K.c.):
1 x.c. =746 Br.

BHKOpPUCTOBYIOYM OJUHUII TOTY)KHOCTI, MOYXHA BH3HAYHTH TaKy
OIMHUIKO eHeprii (a0o poboTH) K Kitoeam-200una (kBm-2): 1 kBr-r = (10°

B1)-(3600 ¢) = 3,6:101% = 3,6 MJI.

IMpuxaan

JIBUTYH, 1110 BUKOPUCTOBYETHCA Y MITHOMHHUKY, 3a0€3Meuye miaiiMaHHs
BaHTaxy Macor 100 xr Ha Bucoty 10 M 3a 20 c. BU3HAYUTH MOTY>XHICTh
nsuryHa (g =10 m/c?).

Po3B s13aHHs

BuxkopucroBytoun piBHSHHS (2.46), 0JepKUMO 3 ypaxyBaHHSM TOrO,
10 HAMTPSIMKK CUJIM Ta MIBUAKOCT1 301TaloThCs:

N = F-v=mguv= 100 kr-10 m/c>-(10 M/20 ¢) = 500 Br.

2.7.4. Enepris

Enepeis — (i3muHa BedMuUMHA, [0 € 3arajlbHOI MIpPOI0 pyXy Ta
B3a€MOJIIT BCIX BUIB MaTepii.

Kinemuuna emnepeis MeXaHIYHOI CHCTEMU — II€ €HEpris MEXaHIYHOIO
pyxy uiei cucremu. Kinernyna eHepris Tina Ei 3al1€KuTh BiJ Macu Tiia m

Ta MBUAKOCTI HOTO MOCTYNAIBLHOTO PyXY U:

Ec= %muz. (2.55)

Posristnemo MarepiasibHy TOUKY, IO PYXa€ThCA il BILTUBOM MOCTIHHOT

CUIM Yy HampsMKy Aii 1iei cunu. Pobora cuimu mijg 4dac mepeMillieHH s
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MarepiagbHOI TOYKHU JOPIBHIOE 3MiHI KIHETUYHOI €HEPrii 1[i€1 TOUKU:

1 1
A=Lmo2 = Loy 2.
S mor’ = —mur, (2.56)

Jie U; Ta L2 —TI0YATKOBA Ta KIHIIEBA IMIBUAKOCTI pyXy MaTepialibHOI TOUKH.
Ilomenyianvna enepeiss — 1le MEXaHIYHA €HEPris CHUCTEMH TiJ, IO
BHU3HAYAETHCS iX B3a€EMHHM PO3TAITYBAaHHSIM 1 XapaKTEpPOM CHJI B3aEMOJIi
MIK HUMH.
Po6oTra, 110 BUKOHYETHCS KOHCEPBATHBHOIO CHIJIOK F 3 II€pPEMIIIEHHs

YACTHUHKH B3JIOBX OC1 X, JOPIBHIOE:

(2.57)

ae £, Ta E,— TOTEHIlalbHA EHEeprid YacTUHKU Y I[OYaTKOBOMY Ta
KIHIIEBOMY MOJIOKEHHSX B1JIITOBIIHO.

OTtxe, poboTa, 110 3A1HCHIOETHCS KOHCEPBATUBHUMU CUJIAMU, JTOP1BHIOE
BiJI’€MHI{ 3MiH1 TOTEHI1AJIbHOI €HEPrii.

Enepris MexaHiyHOrO pyxy Ta B3aEMOJII HA3UBAETHCS NOBHOKO
MEXAHIYHOI eHePIEN.

3axon 36epeowcenns enepeii y mexauiui — NOBHA MEXAHIYHA eHep2is

3AMKHYMOI cucmemu min, Midic AKUMU Oiromb Juule KOHCEPBAMUBHI CUTU,

3aiumaemvcia cmailoro.

E«+ E,= const, (2.58)

ne Ex, E, —KiHeTHYHa Ta MOTeHIIaJIbHAa €HEePrii CUCTEMH BIIMOBITHO.

Leit 3aK0H €KBIBAJIECHTHUN TBEPDKEHHIO, IO SKIIO KIHETUYHA €HEPris
KOHCEPBATUBHOI CUCTEMH 30UIbIIYEThCS (200 3MEHIIYEThCS) HA TIEBHY
BEJIMYMHY, TO TIOTEHIliaibHA eHepria Oyne 3meHmyBatuca (abo

30UTBLIYBATHCS) HA TY K CAMy BEJIMYUHY.
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IMpuxiaax

JIwxHUK cryckaeTbesi 3 marop6a Bucororo 100 M. Buznauutu ioro
MIBUJKICTh OUIA MIAHIOKS maropOa, HEXTYIOUM CHJIOK TEPTS Ta OMOpPOM
TOBITPSL.

Po3B 's13aHHs

3anuiieMo 3aK0H 30epeKeHHs CHeprii:
Exs + Eng = Exo t Eno,
ne Eiw Tta E,e — KIHETUYHA 1 TIOTEHLIAJIbHA €Heprisl JUKHUKA Ha BEPIIMHI
narop0a, a Ex, Ta E,, — KIHETUYHA Ta MOTEHL1aJbHa €HEepris JMKHUKA OIS
OCHOBH Tarop0a BiITOBITHO.

Ocranne piBHHHHiI MOJKHA IICPCIIUCATH TaK:

O+mgh=%m02+0.

3BiacH:

L= \/EZ J2-98u/¢* -100m = 44,27 Mm/c.

2.7.5. EHeprist Ta 00MiH pe40OBUH

Obmin  pewoeun  (Memabonaizm) — 1€ CYKYIHICTb  IPOLECIB
MEPETBOPEHHSI PEYOBUMH 1 €HEPrii B KWUBUX OpraHi3Max, SKi CTaHOBISTh
OCHOBY iX XUTTeIIsuIbHOCTI. OOMIH pedoBHH mependavae pyHHYBaHHS
CKJIaIHUX OpPraHIYHMX PEYOBUH, SKE CYNPOBOKYETHCS 3BLILHEHHSIM
eHeprii, MOTPIOHOI /Uii IHIIMX TWPOIECIB, Ta YTBOPEHHSIM CKIAIHHUX
cyOcTaHIii, 1mo (GopMyrOTh PEYOBHMHY MJI1 TKAHWH Ta opradiB. JKusui
OpraHi3M OJIEp)Ky€e €HEpril0 3 TMPOJAYKTIB XapuyBaHHS; LI EHEprisd
BUTpAYa€ThCs Ha HArpiBaHHS 1 3A1HMCHEHHs poOoTu. TUmNoBe 3HAYEHHS
O0OMIHY PEYOBHH SIK IIBHJIKOCTI IEPETBOPEHHS XIMIYHOI €HEPrii y TEIJIOBY

Ta MEXaHIYHY JJIs JIFOJUHA Macoro 70 KT y CTaHi CIIOKOI cTaHOBHUTH 120 BT.
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[IpoTsirom 100U 3HaYeHHsI 0OMIHY pedoBHH 3pocTae A0 120 B1-24 r-3600 ¢ =
10368 k/Ix = 0,2389 kxan/x/x-10368 x/{x =

2477 xxan. TakuM YWHOM, JIOAWHI 1I0I000BO MOTPIOHO 00JEPKYBaTU
yepe3 xapuyBaHHs Onu3bko 2500 kkaim 3 TUM, 00 MIATPUMYBATH CBOIO

Macy. 3MiHa Macu Tia Ha | Kr ekBiBaJieHTHa eHeprii 01u3pko 7700 kkait.

IMpuxaan

AnprinicT Macoro 90 Kr migHSABCS HA BepmuHy Topu Bucotor 1000 m.
Axmo npunyctutu, no 20 % XiMIYHOI €Heprii, 1o ojepkaB ajbIIHICT
yepe3 XapuyBaHHS, BUTPAYAETHCS HAa MEXAaHIYHY CHEPril0, BHU3HAYHUTH
KUIBKICTh €HEPrii, IKY BIH CIIO)KHBAE.

Po3B si3anHs

Po6ora, Ky BUKOHYE albIiHICT IiJl Yac MiJAiiiMaHHs Ha TOPY BUCOTOIO
h, NOP1BHIOE:

A = mgh = 90 kr-9,8 xkr-m/c>1000 m = 8,82-10° JIxx = 0,2389
kkan/kJ[x-8,82-10° JIx = 2,1-10% kkai.

XiMiuHa eHepris, U0 OAepaB aJbIIIHICT Yepe3 XapuyBaHHs, CTAHOBUTH
2,1-10° xkai/0,2 = = 1050 kxan. OckiJbKH 3MiHAa Macu Tina Ha 1 Kr
exBiBaJieHTHa eHeprii 7700 kkan, 3MEHIIEHHS MacH Tila aiblliHICcTa
BHACJIIJIOK ITiIIMaHHS Ha TOPY JIOPIBHIOBATUME:

Am = 1050 xkxan/7700 xkxai/kr = 0,136 kr.

Mpuxiaax

Koxuuil neHp pamion KopoBu kHuBo0 Macorw 500 kr, HeoOXinHUM i
MIATPUMAHHS JKUTTA Ta ojJepkaHHs Haaow 10 kr, Bkmouyae 940 r
3acBoroBaHuX OuIkiB, 290 1 xkwupiB, 800 r mykpy Tta 3700 r KIITKOBUHHU.

Buznauutu po0oty, 110 BUKOHAJIa KOpPOBa Mij Yac BUIIACY, Ta TEIUIOTY,
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BUJIUICHY Y TIPOIIECl 3rOpaHHS KOPMIB 3a TaKOTO IIOJEHHOIO PaIlioHY,
AKIIO KOpoBa mMiAgHsuIach Ha maropd Bucororo # =500 M. Kamopuuni

€KBIBaJICHTH ITOKMBHHUX PCYOBHH:

0 =17000°25 07, =39000%, 0’ 1700022 5 o Z 170002
Ke ) Ke

Po3B s13aHHs
Pobora, siky BUKOHaIa KOpOBa Mij Yac BUMACY:
A=F-h=mgh=500-10-500=2,5 -10° JI.
Temnora, sika OyJa BUIIJICHA IPH 3rOPaHHI KOPMIB, BU3HAYAETHCS TaK:
Q=m;-Q;+m, QO +m, -0, +m O,
[TlixcraBisieMo 4YUCIOB1 TaHl:
0 =0,94-17000 + 0,29-39000 + 0,8-17000+ 3,7-17000=15980 + 11310 +
13600 + 62900 = 103790 kIx = 103,79-10 ¢ ITk.

2.8. ObepranbHuii pyx

2.8.1. KinemaTuka pyxy MarepiajbHOI TOYKH 110 KOJIY

PosrmstHeMo pyx MaTepiaibHOI TOUYKH, IO PYXAETbCs MO KOJIOBIH
TpaekTOpli paaiycoM r 31 MBUAKICTIO o . [Ipoekiii NpUCKOpEHHsS Ha
JOTUYHY Ta TOJIOBHY HOpPMallb JO TPAeKTOpii Ha3MBAIOTh BIAMOBITHO

MAHSEHYIANbHUM d. 1 HOPMATbHUM d, TIPUCKOPEHHSIMH.

TaHrenmiagpHa CKJIaJ0Ba MPUCKOPCHHS BHHHMKAE 3a PaXyHOK 3MiHHU
IIBUKOCTI MaTepiaibHOT TOYKH 32 MOJYJIEM; BOHA HampaBJieHa MO JOTHY-

HIH JI0 TPAEKTOPIi B JaH1A TOYII:

a.=2Y. (2.59)
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HopmanbHa ckjajoBa MPUCKOPEHHSI XapakTepu3ye 3MIHY Yy Haci
HaAIpsIMKY BEKTOpa IIBUIKOCTI; BOHA HaIlpaBj€Ha MO Pajilycy KPUBU3HU 7
0 UEHTpa KpUBHU3HU (camMe TOMY MHOro Ha3UWBaKOTh OOYEHMPOBUM

NPUCKOpeHHsIM), a a0COJIFOTHA BEJTMYMHA BU3HAYAETHCS 32 BUPA3OM:
an= —. (2.60)

Monyne no6no2o npuckopenHs MarepiaibHOI TOYKH MiA  Yac

KPUBOJIIHIMHOTO pyXy BHU3HAYaeThes Tak (puc.2.20):

a=lal= \/[@;]{vn 2.61)

Puc. 2.20. IloBHe NPpUCKOPEHHA TOYKH i/l YaC UBOJIHIHHOT0 PyXy

2.8.2. CWJIM, IIIO BUHUKAIOTH II1J] YAC KPUBOJIIHIHHOI'O
PYXY

3rigHo 3 piBHSAHHAM (2.48), MaTepianbHa TOYKa, IO Oepe ydacTb B

2
. L

o0epTalbHOMY pyci, HaOyBa€ HOPMAaJILHOI'O MPUCKOPEHHS a,=-—. BoHO
r

CIIpSMOBaHE JI0 IIEHTpa Koja 1 HA3UBAEThCA OoyeHmposum. BiamoBigHO
CUIy, sIKa Jll€ Ha MaTeplaybHy TOUYKY 1 HampaBiieHa B3J0BX T'OJIOBHOI HOP-

MaJi 10 1i TpaekTopii y OiK IIEHTpa Koja, HA3UBAIOTh 00YEHMPOBOIO:
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2

Fy=ma, = m-. (2.62)

r

Cuna, 3 SIKOI0 MarepiajbHa TOYKA, [0 PYXA€ThCA MO KPUBOJIHIMHIN
TpaekTopii (110 KoJy), JIl€ Ha 3B 30K, SIKU 00MEXye CBOOOY PYXy TOUKH 1
3Mylrye i pyXarucs  KpPHUBOJIHIMHO, HAa3UBAETBCS  BIOYEHMPOBOIO.
BiguenTpoBa Ta JOLIEHTPOBAa CWIM JOPIBHIOIOTH OAHA OAHIN, MaroTh

MPOTHIICKH] HAPSMKH, OCKIJIbKY MPUKIAIEH] 10 PI3HUX TLIL

Hpuknan

Tino chepruyanoi ¢popmu Macor 1 Kr, 10 SKOTO MPUKPITIIICHa MOTY3Ka
JOBXKUHOIO 1,5 M, 00epTaeThCsi y TOPU3OHTANIBHIN IUIONIMHI. BU3HauuTu
MaKCUMaJIbHY HIBUJKICTh PYyXY TiJia, SKIIO CHJIA, IO JI€ Ha MOTY3KY,
nopiHioe 50 H.

Po3B 'si3aHHs

BuxopucroBytouu piBHsHHA (2.39), 3HaiiAeMO WBUIKICTh PyXY TiJja:

p= [Fr = [COHS) =g 7 /e,
m 1xe

PosristHemMo ropmuyk 3 POCIMHOK Ha CTOJI, IO OOCPTAETHCS 3
KyTOBOIO IIBUJIKICTIO @, Ha BIJICTaHl 7 BiJ ocl ooepraHHs. Pociuna Oyne
pocTH TiJ KyroM 6 10 BEPTUKAIBHOI OCi, KM BH3HAYAETHCS BILTUBOM

IPaBITALIHOIO g Ta iHEPIiATBEHOTO @7 MPUCKOpPeHb (puc. 2.21).
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Puc. 2.21. BnuiuB rpasitaniiiHol Ta BiILEHTPOBOI CWJI HA POCJIMHY, KA
po3MillleHa HA CTOJIi, 0 00ePTAETHLCHA 3 KYTOBOK IIBHAKICTIO @, HA
BificTaHl r Bin oci o0epTaHHsi: BHACTIAOK Ail pe3yjbTyrouoi cuiau F),
pocJiuHA Oyae poCcTH i KyToM 6 10 BEepTHKAJBHOI 0Ci.
2.8.3. KIHEMATHUYHI XAPAKTEPUCTUKU OBEPTAJIBHOI'O
PYXY

Obepmanvuum pyxom meepoo2o mina Ha3UBaKOTh TaKHK HOro pyx, 3a
SKOTO BCl TOUKH, 3 SIKHX CKJIQJA€ThCS TiJIO, OMUCYIOTh KOJAa, IIEHTPH SIKUX
JeKaTh Ha NMPSAMIHN, 1110 HA3UBAETHCS BicCclo 0OepmManHs.

PosrasiHemo oOepranbHUM pyX TiNa JOBUIbHOI ()OPMHU Yy TUIOUIUHI X)
HaBKOJIO OCi, 0 OPOXOJUTh dYepe3 TOYKY O MEpPHeHIUKYISIPHO A0
mioman (puc. 2.22). Jlas chnpolieHHs BBaKAaTUMEMO BICh OOEpTaHHS
HEpyXoMo10. SIKIo yacTuHKa P Tija, Mo 00epTaEThCs O KOy PajilycoM 7,
MEePEMIIIYETHCA 3 TOUKU / B TOUKY 2, paJilyC-BEKTOP 3MIIY€EThCS Ha KyT A6
= 6 — 0, axuii sBIsiEe Kymoge 3miwenns. Tolll cepedHio Kymosy ueuoKicmo

<@> BU3HA4YaAIOThH TaK:

<w>= =27 (2.63)
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Mummeea kymoga weuoxicmo @ —1e
BEKTOPHA BEJIMYMHA, I10 JOPIBHIOE MEPIIii

MOX1JHINA KyTa oOepTaHHS Tija 3a 4acoM:

& =1m 2292 (264
A0 At dt

abo

0=l =1im 22 =92 (265
A0 At dt

OpuHMIST BUMIPIOBAaHHS KYTOBOI IIBUJIKOCTI —

padlc abo 1/c (ockinbkd pamiaH He Mae Puc. 2.22. Ob6eprajgbHuid

: : pyxX Tiia  JIOBiJBLHOI
PO3MIpPHOCTI).

: ¢popmMu y miIommMHI Xy
3a aHAJIOTI€10 BBEIEMO MOHSTTS CepeOHbO20 Ta

HaBKOJIO oci, 11 (0)
MUMMEBO2O KYMOBO2O NPUCKOPEHHSL:

NMPOXOIUTH Yepe3 TOYKY

O nepneHAUKYJISIPHO 10

Bo=2"@_ Lo (2.66)
t,—t At TIJIOIIMHM
A P — yacTuHka Tij1a, 1m0
B = lim 22 =40 (2.67) ’
A0 Af dt 6
o0epraeTrbcs 1O
KOJIy pajiycoMm r; 6 — KyT
Onunuus BUMIPIOBaHHS KYTOBOT'O

o0epTaHHs
IPUCKOPEHHS — pad/c’ abo 1/c°.

Monyns MBUAKOCTI MOCTYMAJIBHOTO PyXy O IMOB'SI3aHUM 3 KYTOBOIO
IIBAIKICTIO (0 CITIBBITHOIIICHHSIM:

v =or, (2.68)

1ie ¥ — pajiyc o0epTaHHs.

86



2.8.4. IluHaMi4Hi XapaKTePUCTUKHA 00ePTATIBLHOI0 PyXy

JIMHaMIYHOIO XapaKTEPUCTUKOK TBEPAOrO Tijla, IO OOEPTAETHCS, €
MoMeHm iHepyii — cyma JNOOYTKIB Mac 7 MaTeplaJiIbHUX TOYOK, 3 SKUX

CKJIQJIA€ThCSl T1J10, HA KBAJpaT BiJICTaH1 iX BiJ 0C1 OOEepTaHHS:
1= mr’. (2.69)

VY Bumnaaky Oe3nepepBHOIO PO3MOAUTY Mac ISl cyMa 3BOJUTHCS 10

1HTErpany:
1= |ridm. (2.70)

Hagenemo ¢hopMynu MOMEHTIB 1HEPIIIT ASSTKUX OJHOPIAHUX TLT MAaCOIO
m BIAHOCHO OCeH CUMETpIi, 1110 MPOXOAUTh Yepe3 LIEHTP Mac:

o CYYINbHUL YUTIHOP ab0 Ouck padiycom R

I= % mR2; 2.71)

e MOHKOCMIHHUU YUTIHOP padiycom R
I =mR? (2.72)
e cyyinvHa cghepa padiycom R

I= % mR?; 2.73)

e MOHKUL CMEPICEHb Q0BIAHCUHOIO [

_ L.
1= = mib; (2.74)

e CYYLIbHUL napanenenined 008HCUHOIO A MA WMUPUHOIO b

1= %m(cﬁ + ). (2.75)
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o OnuHMIA BUMIPIOBaHHSA MOMEHTY IHEPLIT — K2 - M°.
Sk1ro HeoOX1THO BU3HAYMTH MOMEHT 1HEPIIii TiJIa BIIHOCHO JOBLIBHOI
0C1, BUKOPUCTOBYIOTH Teopemy IlIteitnepa.

Teopema Ilmetinepa —momenm inepyii mina I 6ionocro 6yov-sKoi oci

0bepmanHs OOpPIBHIOE CYMI MOMeHmY Uo2o iHepyii 1. 6iOHOCHO ocCi, sKa
napanenvHa 3a0auit i npoxooums yepes yeump mac C mina, ma 000ymKy

macu m mina Ha kéaopam giocmari d midc ociamu:
I=1.+md. (2.76)

HMpuxnan

BusnauuTu MOMEHT 1HEpINi CYyLUTBHOTO JMCKAa MAcor m Ta paailycoM
R, sixuii o0epTaeThCs BIAHOCHO OCi, IO MapajeibHa OCl, fKa MPOXOAUTh
yepes IEHTP Mac JIMcKa Ta 3HaXOAUThCS Ha BiJcTaHl R BiJ 1i€l Ocl.

Po3B sizanHs

BukopucroByemo Bupas (2.65):

]=Ic+md2=%mR2+mR2=§mRQ.

KonTponbHe 3aB1aHHs
BuszHaunuty MOMEHT 1HEpIlli CylUIbHOI chpepr Macor m Ta pajiilycom
R, sxmio Bich oOepTaHHS 3MICTWJIM Ha BifACTaHb 2R BIHOCHO OCi, IIIO

napa’sneibHa ocl, IKa IPOXOJUTh Yepe3 IEHTp Mac chepu.

Kinemuuna enepeia o6epmanns Tina, 1o 00EPTAETHCS, BUZHAYAETHCS

34 BUPA30M:

(2.77)
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IMpuxiaax

JIBoaTOMHa MOJIEKyJla KUCHIO O0EpPTA€ThCS B IUIOMIMHI X) HaBKOJIO
oci z, MO MPOXOAUTH uepe3 ToukKy O TMepHeHIUKYISIPHO IUIOMIHHI.
Bigcrans mik aromamu gopisuroe 1,21-10°'° M, maca atoma KHCHIO —
2,66-10726 xr, xyroBa mBuAKicTE — 2-10'? 1/c. BusHauuTn MOMEHT iHepIIii
Ta KIHETUYHY €HEeprito 00epTaHHs MOJIEKYJIN KUCHIO.

Po3B s13aHHs

BuxopucroBytoun Gopmyny (2.57), 3HaxoguMo MOMEHT 1HEPIIii

MOJICKYJIN KHUCHIO:

[= S my2=m(d/2Y + m(d/2) = md/2 = (2,66-102kr)(1,21-10"10 m)? =

1,95-10% kr-m2.

Kinetnuny eHepriro obepTaHHs MOJIEKY/IHM KUCHIO BU3HAYUMO 32
dbopmymoro (2.65):
Eos =5 (1,95-10% kr-M?)(2-10'2 1/¢)* = 3,9-1022 [Tx.
Momenmom M cunu F BiZHOCHO HEPYXOMOI TOuku O HA3MBACTHCS

BEKTOPHHI TOOYTOK pajaiyca-BeKTopa 7 , MPOBEACHOTO 13 TOUku O B TOUKY

NPUKIANAHHS CUIIM F , Ha 110 CHJIY:
M= 7 xF. (2.78)

Moyie MOMEHTY CHJIH TIOPIBHIOE:

M = Frsina = Fl, (2.79)

e o —KyT MK F'1r; rsina = [ —niede cuim.

OnuHUIS BUMIPIOBaHHS MOMEHTY CHUIH — H - M.
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KOHTPOJIbHI 3AIIUTAHHSA TA 3ABJIAHHA

[—

. ITlo Take nedopmartis?

2. JlaliTe BU3HAUCHHSI MPY>KHOI 1 TJIACTUYHO1 AedopMartii.
3. Ilepemniuite Binomi Bam Bunm nedopmarrii.

4. 3anumite 1 chopmymroiTe 3akoH [ yka.

5. Poskpuiite ¢iznununii 3mict moayis FOura.

6. I1lo Take HOpMaJIbHA MeXaHIYHA Hanpyra?

7. 1llo Ha3uBarOTH BITHOCHOIO fedopmartiero?

8. HapucyiiTe nmiarpamy po3Tary 1 BKaXiTh TOYKH, IO BIJMOBIAAIOTH
TPaHUIIM TPY>KHOCTI, TUTMHHOCT1 1 MIITHOCTI.

9. B sikux rpaHUIAX AlarpamMu po3TAry jie 3akoH ['yka?
10. Ha3BiTh npy>xH1 010J0T14H1 MaTepialu.

11. 3 yoro cki1aaroThCA KICTKU?
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APPENDIX I

Physical quantities

The characteristics of processes or properties of bodies and fields that can
be quantified by measurements are called physical quantities.

Each physical quantity is characterized by a numerical value and a unit of
measurement. For example, the force F=5H has a numerical value (5) and a
unit of measurement (H).

Units can be basic (m, s, kg, K, A) and derivatives (m/s, kg'm/s?,-m? and
others).

Length, weight and time standards

Any physical quantities can be represented by fundamental quantities,
which are defined in the form of measurement results or comparisons with
established standards. In 1960, the International System of Units (SI) was
adopted, which contains seven basic units: meter, kilogram, second,
ampere, kelvin, candela, mol. In mechanics, such fundamental quantities

are length (L), time (t) and mass (M).

MECHANICS

Mechanics is a branch of physics that studies the mechanical motion

of material bodies and their interaction.

Basic definitions

Mechanical motion - a change in the position of a body in time relative
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to another body or system of bodies, which is conventionally considered
immobile.

In mechanics, simplified models are used to describe real bodies,
mainly a material point and an absolutely solid.

A material point is a body whose shape and dimensions can be
neglected under the conditions of this problem.

An absolutely solid is a body whose deformations can be neglected
under the conditions of this problem.

A frame of reference is a set of coordinate and clock systems
associated with a body relative to which the motion of any material points

or bodies is studied.

Kinematics

Kinematics of a material point and translational motion of a solid

Kinematics studies the motion of bodies without taking into account
the reasons that cause this motion.

The trajectory s(t) is a line described by a material point during
motion. Depending on the shape of the trajectory, there are rectilinear and
curvilinear motion of the point.

The path length As is the distance traveled by a point over a period of
time and measured along a trajectory.

The displacement A7 1is a vector drawn from the initial position of a

moving point to its position at a given time:

N

N
|

U
|
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where 7, is the radius vector of the moving point at the initial time, and 7 is
the radius vector of the point at this time.
The average velocity of the point <o > is the ratio of the movement A7 to

the period of time As for which it occurred:

<v>= —A?
v>= .
At

The unit of measurement of speed is m/s.
The instantaneous velocity of a point is equal to the first derivative of

the radius vector in time:

As At decreases, the path length As approaches to | A7 | , so the modulus

of instantaneous velocity will be equal to:
| ~ Im As _ds

U= | U .
a0 Ar o dt

Acceleration 1s a vector quantity that characterizes the change in
velocity of a point in numerical value and direction. During the rectilinear
motion of a point along the x-axis, when its velocity increases or decreases

uniformly, the average acceleration is determined by the expression:
A

a= ,
At

where Av is change of speed over time At.
Instant acceleration a 1s equal to the first derivative of the velocity & of

the point in time t, or the second derivative of the radius vector in time:

The unit of acceleration is m/s2.
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It is common to call such a collapse of solid body, for which it is
straight, that there are two points of the whole body, that it’s not going to
be parallel to itself; before the hour of the progressive collapse, all points of
the body collapse in the same way, and it is possible to replace the material
point with a material point right away from each other.

Speed of movement of living organisms

Movement is one of the signs of a living organism. Living organisms
use a variety of ways to move on the earth's surface, in water and air
through muscular activity, special devices (flagella, cilia, fins, wings, etc.).
Typical values of the speed of movement of the living world are presented
below.

The speed of movement of fish depends on their lifestyle. For coral
fish, the ability to maneuver is important, while high speeds are not
required. Such fish have a fairly flexible, adjustable tail. On the contrary,
pelagic fish that move at high speed are characterized by a great variety of
tail shapes and functions. They can be symmetrical (homocercal) or
asymmetric (heterocercal). Among the latter, there are hypocercal (if the
lower part of the tail is larger than the upper) or epicercal (in the opposite
situation). Sharks and sturgeons have epicercal tails. Fish moving at high
speed are characterized by large values of the ratio of the square of the
height of the tail H? to its area S, i.e H¥/S.

The speed of movement of aquatic animals depends on the size of the

body.
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DYNAMICS

DYNAMICS OF MATERIAL POINT AND PROGRESSIVE
MOVEMENT OF A SOLID

Dynamics is a branch of mechanics that studies the motion of bodies in
relation to the causes that cause or alter that motion. Classical mechanics is
based on the concepts of mass and force, as well as on the laws that relate
these concepts to the kinematic quantities - displacement, velocity and
acceleration.

Force 1s a physical quantity that characterizes the action of one body
on another; the consequence of applying force to the body is the acquisition
of acceleration or deformation of the body.

Unit of measurement of force - Newton (N): IN=1kg-m/s?.

Body mass 1s a physical quantity that is one of the main characteristics
of matter that determines its inertial and gravitational properties.

The unit of mass is the kilogram (kg).

DENSITY
The density of a substance pis the mass per unit volume:
p=m/V,
where m is body weight; V is body volume.
The unit of density is kg/m?.

The density of a spherical particle with radius R is equal to:

pP= >
4 3
3 3 2

where D is particle diameter.
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The density of fresh water is 1000 kg/m?, while the density of sea
water due to the high concentration of dissolved salts reaches 1026 kg/m?>.
In general, the density of water depends on temperature. The density of
water vapor is 0.6 kg/m? (100 °C).

Water is the only compound that expands during cooling; hence the
density of ice 1s less than the density of water. Because of this, ice is on the
surface of water bodies, which makes it possible to preserve the vital
functions of aquatic organisms under cooling conditions.

Marine tissues (muscles and bones) contain proteins and inorganic
substances, so their density varies between 1060-2000 kg/m?. The body
density of floating animals, but do not have special devices to maintain
buoyancy, exceeds the density of water.

Fish live in fresh water, the density of which is 1000 kg/m?, or in sea
water, the density of which is 1026 kg/m®. However, the muscle tissue of
fish 1s characterized by higher values of density. To ensure the buoyancy of
the animal, it is necessary to adjust its density to the values of the density
of sea water. For this purpose, the animal's body contains substances with
low density values: fat (930 kg/m?), squalene and wax esters (860 kg/m?),
gases (= 0 kg/m®).

To ensure buoyancy in sea water, the animal needs to fill 51% of body
volume with fat; in fresh water, the amount of fat even exceeds the volume
of the animal's body.

Therefore, aquatic animals such as Centroscymnus and Cetorhinus sharks
use the hydrocarbon squalene, which occupies only 30% of the animal's
body volume.

Some animals use liquids with low density values. It is known that saline
solutions have different densities: sodium chloride 1018 kg/m?; sodium

sulfate - 1040 kg/m?; ammonium chloride - 1007 kg/m®. Animals (such as
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the jellyfish Scyphozoa or Ctenophora) are able to regulate the density of
the liquid due to heavy sulfate ions or light ammonium ions.

Another tool used by aquatic organisms to ensure buoyancy is to fill the
internal organs with gases (nitrogen, oxygen or carbon dioxide), which
have a low density. Such organs include the swimming bladder, which is
able to expand and contract, allowing fish or mollusks to regulate body
density. For example, if a fish swims at depth, its bladder contracts due to
increased pressure, so the overall density of the body increases. If a fish
swims close to the surface, its body density decreases. Density is used as
a parameter for assessing tree vegetation and an indicator of tree growth.
Density is affected by climatic conditions: in tropical areas, plant density is
higher than in the north.

Density is one of the important criteria for assessing the quality of
agricultural and food products: eggs, milk, ice cream, etc. Density
measurement is the basis of the flotation method of product quality control:
the use of several volumes with different values of liquid density (water,
alcohol and salt solutions, oil) make it possible to sort potatoes, including
sweet, peas, beans, grapes, cherries, blueberries. In addition, this method is
used to remove apples with internal defects and citrus with frost damage.
The method is characterized by a high level of sorting accuracy;
Disadvantages include contamination of the solution and the need to wash
products before and after sorting. The use of saline and alcohol solutions
increases the cost of the measurement process and poses a certain danger to

the environment.

Newton's laws
Classical mechanics 1s based on Newton's three laws.

Newton's first law: any material point (body) maintains a state of rest
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or uniform rectilinear motion until the action of other bodies does not force
it to change this state.

The property of bodies to maintain a state of rest or uniform rectilinear

motion is called inertia. Newton's first law holds only in an inertial frame
of reference.

Newton's second law: the acceleration acquired by a material point

(body), proportional to the force that causes this acceleration, coincides

with it in direction, and inversely proportional to the mass of the material
point (body):

Qy
Il

3 |

This equation can be written as follows:

Newton's third law:

any action of material points (bodies) on each
other has the character of interaction; the forces with which material points

(bodies) act on each other are always the same in modules, opposite in

direction and act along the line connecting these points (bodies):

lez_ﬁ

129

where F,, is force acting on one body from another; F,, is force acting on
one body from another.
The law of conservation of momentum of a closed system
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The momentum (amount of motion) p of a material point moving with

velocity o is the product of the mass of this point and its velocity:

S
Il
3

Ci

OnuHUIE BUMIPIOBaHHS IMITYJIbCY — K2 :M/C.
Sxmo MarepiagbHa TOYKA PYXA€ThCA y JOBIIBHOMY HaIpsIMKY,
KUIBKICTD 11 pyXy XapakTepHu3yeThCs TPbOMa KOMIIOHEHTaMHU:
Unit of measurement of pulse is kg-m/s.
If a material point moves in any direction, the amount of its movement is

characterized by three components:

Px = MUy, Py = MUy, Pz = MU:.

The total momentum of a closed system does not change over time
(law of conservation of momentum,).
For a closed system, this equation can be written as follows:
dmo)=d p=F,dt,

306H

where the value of 7 dt is called the momentum.

306H

From this equation it is seen that the momentum of the force is equal

to the change in the amount of motion.

Jet motion in nature
Reactive motion occurs due to the rejection of part of the body mass at
a certain speed. According to the law of conservation of momentum, the

total momentum of a closed system does not change over time.
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Therefore, when separated from the body by mass M of mass m with
velocity v, the body acquires velocity V, which can be calculated by the

formula

The velocity V of the body is directed opposite to the direction of motion v
of the rejected body.

Consider the movement of living organisms, accompanied by a change in
their mass.

The larva of the dragonfly (4eshna sp.), A resident of freshwater, uses jet
propulsion in case of danger. Gathering water in the hindgut, and then
abruptly throwing it, the larva jumps forward due to the force of recoil.
Prominent examples of such organisms in the marine environment are
jellyfish, squid, octopuses, some mollusks and more. They move due to a
kind of jet propulsion, which is provided by a jet of water pushed out of
special cavities of the body.

More complex systems are squid (Latin Teuthida), which have a muscular
cape that fills with water. As a result of muscle contraction, water is pushed
out through the siphon and the squid moves in the opposite direction.
Moreover, it is able to regulate the direction of movement due to the
rotation of the siphon. Some squid reach the deck of ships due to jet
propulsion. Often squid is accompanied by the release of water with a dark
ink liquid to scare away predators. The elongated and pointed body of the
squid determines the high speed of its movement both in water (up to 70
km / h) and in the air (squid can jump out of the water to a height of 7 m).
Octopus vulgaris can also swim back with its tentacles, using a kind of

water jet engine, collecting water into the cavity where the gills are, and
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forcibly pushing it in the opposite direction, through a funnel that acts as a
nozzle.

Cuttlefish (Latin Sepiida) also show jet propulsion. Thus, the Japanese
cuttlefish (Todarodes paciticus) moves during migration for a distance of
about 2000 km at a speed of about 2 km/h. When traveling short distances,
it can reach speeds of up to 11 km / h. It is known that some species of
cuttlefish can develop a speed of more than 30 km/h.

Some mollusks, such as the scallop (Latin Pectinidae), periodically
compress their wings, so they can create jet thrust and prevent encounters
with predators - starfish. At the base of the shell was found protein
abductin, the elastic properties of which allow the mollusk to swim,
opening and closing the sash with a frequency of 3 oscillations per second.
Among agricultural objects, jet propulsion is demonstrated by the elastic
cucumber or "mad" cucumber (Latin Ecballium elaterium). After reaching
the fruit under high pressure, the liquid contained in it is separated from the
leg. The seeds are forcibly sprayed at a distance of 1-2 m from the plant
through the formed hole.

Solid state statistics
Conditions of static equilibrium
Statics is a branch of mechanics that studies the conditions of equilibrium
of bodies under the action of forces. The term equilibrium means that the
body is at rest, or its center of mass is moving at a constant speed. We will
consider in this section bodies that are at rest, ie in a state of static
equilibrium.
Necessary conditions for static balance of the body are:
1) zero equality of the geometric sum of all external forces acting on the

body:
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2 F=0;
2) zero equality of the geometric sum of all moments of external forces

relative to this center:

i, = 0.

Lever. Leverage equilibrium conditions
The lever is the simplest mechanism that allows less force to balance
more; is a solid body that rotates around a fixed support.
The moment of force relative to a fixed point O is the product of the
radius-vector drawn from point O to the point of application of force to this

force:
M= F xF.
The modulus of the moment of force is equal to:
M = Frsina = FI,

where « is the angle between F and r; rsina =l is shoulder force.
The unit of force moment is N - m.

If the support is located between the points of application of forces, it
is a lever of the first kind; if both forces are applied on one side of the
support, it is a lever of the second kind.

Leverage equilibrium condition: a lever is in equilibrium if the
algebraic sum of the moments of the acting forces is zero, ie the sum of the

moments of the forces rotating the lever clockwise (positive) is equal to the
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sum of the moments of the forces rotating the lever counterclockwise
(negative).

There are four forces acting on the lever: F - the acting force; mg is the
weight of the lever bar; Mg is cargo weight; N is the reaction of the
support. The first three forces form the moments of forces rotating the lever
relative to the fulcrum. The equilibrium condition of the lever is described
by the equations of balance of forces and moments of forces:

N—-F—-mg—Mg =0,
—mg(l/2—x)—F(l—x) + Mgx =0,
where 1 is the length of the bar; m - mass of the bar; M - weight of cargo; x

- lever arm.

From here:

_ Mgx+mg(x-1/2)
l—x .

F

The Mg/F ratio characterizes the gain in force provided by the lever.

GRAVITY
The law of universal gravitation
The law of universal gravitation - any two material points with masses ml
and m2 are attracted in the direction of each other with a force that is
directly proportional to the product of the masses and inversely

proportional to the square of the distance between them:

mm
F=GM,

r

103



where F is gravity (gravitational force, gravity); r is distance between
points; m; and m are their masses; G = 6,672 10" H-m*kr? —
gravitational constant.

Consider the forces acting on a stationary body located on the earth's
surface. From the Earth there is a force of gravity F, which is determined by

the law of universal gravitation:

where m is body weight; M3 is mass of the Earth; R3 is radius of the globe.

Gravity and living organisms

Gravity 1s the property of bodies with mass to be attracted to each other.
Unlike other external stimuli, gravity always exists and does not change in

magnitude; it cannot be turned on or off.

The Earth's gravitational field is an important external factor for organisms
that move in the aquatic environment. This ability of organisms to orient
the direction of their motion relative to the gravitational field is called
gravitaxis. Gravitaxis is observed in such algae as FEuglena gracilis,
Chlamydomonas nivalis, Cryptomonas, Peridinium gatunense and
P.faeroense, Amphidinium caterea, Prorocentrum micans, Dunalialla
salina. The direction of gravitational orientation of organisms depends on
the species and age of the alga. Thus, Peridinium faeroense and the young
population of Euglena gracilis show positive gravitaxis (movement from
the water surface), while Chlamydomonas nivalis, Peridinium gatunense,

Amphidinium caterea, Prorocentrum micans and older populations of
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Euglena gracilis have negative gravitaxis (surface movement). The level of
gravitational orientation of algae is determined by the age of the crop and
the time of day, the presence of heavy metals in the environment, the
influence of solar, in particular ultraviolet radiation. Thus, gravitaxis is an
important environmental factor that allows aquatic organisms to find better

living conditions.

Gravitaxis of algae. Vertical migration of algae is a behavioral mechanism
for finding the optimal position in terms of their growth and reproduction
in the aquatic environment. Photosynthetic and non-photosynthetic
microorganisms use light as an external stimulus: at low light levels, they
show a positive phototaxis, heading to the water surface in order to obtain
sufficient solar radiation for life. But at high intensities of solar radiation,
they use negative phototaxis, going into the depths in order to prevent the
destructive effects of this radiation. Photo orientation has no place in the
dark, but is at great depths where there is not enough light. In this case,

aquatic organisms use gravity as an external factor for vertical orientation.

Gravitropism of plants. The growth reaction of plants, which causes the
bending or curvature of a certain part of it towards an external stimulus is
called tropism. If the movement is directed to the stimulus, there is a
positive tropism; if in the opposite direction - negative tropism. When the
external stimulus is gravitational force, the plant's reaction to it is called
gravitropism. The plant, placed in a horizontal position, directs the sprout

up (negative gravitropism), and the root - down (positive gravitropism).

Engraving reception. Unlike other external stimuli, gravity always exists
and does not change in magnitude. In addition, gravity cannot be turned on

or off; it is not characterized by the presence of gradients. Cells in the

105



upper parts of the stem or root are subject to the same gravitational force as
in the lower parts. Thus, such an external stimulus as gravity can be
registered only due to the movement of certain plant or cellular structures -
the movement that results in the formation of asymmetry in the cell, which
leads to pressure. According to modern ideas, the mechanism of perception
of gravitational force is due to the deposition of amyloplasts - plastids
containing starch grains (from 1 to 8) and placed in the membrane. These
amyloplasts, which have a certain mass and density, move along the
viscous cytoplasm; when the position of the plant changes, they move
down and linger near the cell walls. Due to their accumulation, they form

pressure on the plasma membrane or endoplasmic reticulum.

The movement of gravity receptors promotes the activation of certain
enzymes that regulate hormone metabolism. Due to the movement of the
plastids, a gradient of growth substances is formed, which ensure the

growth of the sprout or root.

Measurement of gravitropism. Most experiments use a gravitational
acceleration of 1 g or less, which is achieved by orienting the organ
(coleoptile or root) in a position other than vertical. The gravitational force
is proportional to the sine of the angle of inclination of the body relative to
the vertical. If it is necessary to nullify the influence of the gravitational
field, clinostats are used - devices that provide the rotational motion of a
plant object, or conduct space experiments in which they reach a state of

weightlessness.

Body weight
The nature of mechanical motion depends on the frame of reference.

Those systems in relation to which Newton's first law holds (ie, such
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systems that are at rest or move uniformly and rectilinearly) are called
inertial reference frames. Reference systems moving relative to an inertial
system with acceleration are called non-inertial.

Consider a body located near the Earth. In addition to the gravitational
force determined by the law of gravity and due to which the body moves
with the acceleration of free fall, it is acted upon by the centrifugal force of
inertia due to the diurnal rotation of the Earth F» = ma’r (0 = 7,3-103
rad/s 1s angular velocity of the Earth's diurnal rotation; r is the radius of
rotation), which is directed from the axis of rotation.

['eomeTpryHa cymMa CHIIM TIPUTATAHHS 3€MITi Ta BiAIICHTPOBOI CHIIN
1HepLii Ha3UBAETHCS cuoro maxcinHa. Cuia MPUTATAHHS 3HAYHO TEPEBUIITYE
BiJLIEHTPOBY CHJIy iHEpIIii, OCKIILKM BEIMYMHA «F AyXKe Malla; OTXKE, CUIIa
TSOKIHHS Maike HE BIPI3HIETHCS Bl CHIIM TPaBITALll HIHOTO TSKIHHSL.

[Ipoekiiss BIAUEHTPOBOI CUJIM 1HepHii Fyo HA HAOPAMOK J1i CHIA
TSOKIHHS 3eMJI1 OPIBHIOE:

The geometric sum of the Earth's gravitational force and the centrifugal
force of inertia is called the force of gravity. The force of attraction
significantly exceeds the centrifugal force of inertia, because the value of
@’ is very small; therefore, the force of gravity is almost indistinguishable
from the force of gravitational gravity.

The projection of the centrifugal force of inertia Fi» from the direction of

action of the Earth's gravitational force is equal to:

Flsio = ma’rcose,

where @ is latitude of the body.
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The weight P of the body [ is the force with which the body due to gravity
to the Earth acts on the support (or suspension) that keeps the body from
falling freely. Body weight is detected only when the body is affected by
forces other than gravity and the body moves with an acceleration other
than g. Since body weight is constant and the value of g changes with
latitude, body weight changes accordingly. Thus, body weight depends on
latitude of body location.

Elastic forces
Deformation of a rigid body

Mechanical deformation is a change in the relative position of a set
of particles of the material medium, which leads to a change in the shape
and size of the body and causes the forces of interaction between the
particles, ie the appearance of stresses.
Elastic are deformations that occur and disappear simultaneously with the
load and are not accompanied by energy dissipation. Plastic are
deformations that remain after the removal of the load and are accompanied
by energy dissipation. If after removal of loading the deformation
disappears incompletely, it is called elastic-plastic; if the amount of
deformation clearly depends on time, but reversible, it is called
viscoelastic.

Deformation causes in the deforming body the appearance of the
force of elasticity is internal force, which prevents the deformation of the

body.
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Hooke's law
Hooke's law for one-sided tension (compression): the force of elasticity Fpr
arising from the deformation of a body is proportional to the elongation of
this body x:

F,=—k%,

where k is the coefficient of elasticity, which depends on the size and
material of the body (during stretching or compression of the body along

the axis OX Hooke's law takes the form £ = ——x.x).

Hooke's law can be formulated and written as follows: due to small
deformations that are elastic, the normal stress is proportional to the

relative elongation:

where £ is normal mechanical stress occurring in the cross section; S is
S

cross-sectional area of the body; 2! is relative elongation of the body; E is
I

Young's modulus.

Jung's modulus characterizes the elastic properties of matter during
small deformations; it is determined by the stress that causes the relative
elongation of the body, which is equal to one. The dependence of the
mechanical stress on the relative elongation is called the tensile diagram.
Here we can distinguish the following areas and characteristic points: point
A 1is called the limit of proportionality; it corresponds to the maximum
stress, at which Hooke's law is still fulfilled; point B is the limit of

elasticity stress at which the deformation still remains elastic; Sun - the
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area of fluidity, where deformation occurs without increasing stress; point
C i1s the yield strength; point D, which corresponds to the maximum stress
max of the body before failure, is called the tensile strength; point E
corresponds to the rupture of the body, which occurs at less than max

stress.

Elastic properties of biological materials

The study of the elastic properties of biological materials makes it
possible to study the processes of functioning of the musculoskeletal
system of living organisms. Consider the main biological materials, which
are characterized by extraordinary elastic properties.

Collagen is a protein, an organic component of bone tissue that
provides its elastic properties. In addition, collagen is found in the skin and
tissues of blood vessels.

Elastin is an elastic protein found in vertebrates in the form of thin
tufts in the connective tissue that is located in the walls of the arteries,
especially near the heart.

Resilin is a protein found in insects. The elastic properties of resilin
give them the opportunity to jump. For example, if a person had the
opportunity to jump like a flea (Aphaniptera), he would be able to jump
over a 100-story house. Thanks to resilin, the bee is able to make about 500
million wingspan during its life cycle. Artificial resilin is widely used in
medicine as a substitute for elastic heart valves, blood vessel walls and
intervertebral discs.

Abductin 1s a protein found in the mollusk scallop (Pecten) at the

base of the shell; the comb is able to float, opening and closing the sash
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with a frequency of 3 oscillations per second. In addition, abductin is found
in the forewings of cicadas (Homoptera, Cicadidae).

Bones and muscles are the main components of the musculoskeletal
system of humans and animals. The study of the elastic properties of bone
tissue is expedient in terms of the tasks facing modern surgery and
orthopedics related to the development and implementation of prosthetics.

In addition to providing movement, bones perform the functions of
support and protection of muscle tissue, are a place of accumulation of
calcium.

The shape of the bones are divided into long, short, flat and irregular.
Bone mass is about 18% of total body weight. About 60% of the volume
(40% by weight) of compact bone tissue is organic collagen; the rest []
inorganic material hydroxylapatite Caio(PO4)6(OH)2. The crystals of this
substance are located between the collagen fibers and are firmly attached to
them. This structure of bones determines their elastic properties.

The modulus of elasticity of bone tissue occupies an intermediate
value between the modulus of elasticity of its components and significantly

depends on their percentage.

Elastic properties of plant stem
Bending deformation. The plant stem is bent under the influence of external
forces F (eg wind). Under the influence of this force, certain layers are
stretched, while others are compressed.

In the stem there are elastic forces that form a torque that counteracts
the moment of force F. It is seen that the main part in the formation of the
counteracting moment are the outer layers of the stem, while the middle
layers play no role. Therefore, if you remove the central part of the stem, its

resistance to bending will not change. Mathematical calculations show that
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the greatest bending resistance is found in tubes in which the ratio of the
inner diameter to the outer is 8:11. This is the ratio of the stems of most
plants. Bamboo is a bright representative of plants that are deprived of the
central part of the stem. This plant is effectively used to produce raw
materials, food and building materials 2.2 billion people worldwide; some
species of bamboo grow at a rate of about one meter per day. The Young's
modulus of bamboo fabric is 2-1010 N/m?, ie bamboo is more elastic than a
steel rod with a Young's modulus of 2.1-1011 N/m?. At the same time, the

ratio of bamboo mass to its volume is 600 kg/m?, while for steel this ratio is

7800 kg/m?>.

Potential energy of an elastically deformed body
The potential energy of an elastic-deformed body is equal to the
maximum work performed by elastic forces that restore the original size
and shape of the body. The potential energy of an elastically deformed

body is determined as follows:

W kXt E-S(A) o’V
w20 2.E’

where k is coefficient of elasticity; x is the elongation of this body; E is
Young's modulus; S is cross-sectional area of the body; A/ is elongation; 1 -

body length; o is normal mechanical stress (N/m?); V is body volume.

Work, power and energy
The work of force is a measure of the action of force, which depends
on the numerical magnitude and direction of the force and on the

displacement of the point of its application.
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Work of constant force
If a body moves in a straight line and a constant force acts on it, which
forms an angle with the direction of movement, then the work of this force
is defined as the scalar product of the force vector on the displacement

vector:

or
A= |ﬁ|cosa-|?|.

Work of variable force
In the general case, when the force can vary both modulo and direction, it
is advisable to introduce the concept of elementary work dA:

dA =F d7¥ = F cosa-ds,

where ds = | d7 |is elementary way.

Work A, which is performed by force on the section of the trajectory
from point 1 to point 2, is equal to the sum of elementary works of force on
all infinitesimal sections of the trajectory; this sum is reduced to the
integral:

SZ
A =| Fdr = IFcosa-ds.

1 5,

Unit of work 1s joule (J): 1 J=1 N-m.
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Power
If an external force is applied to the object and the work AA is
performed for the time period At, then the average power is defined as the
ratio of the work to the time period:

At

Instantaneous power is the ratio of the elementary work dA, carried out by

this force F for a short period of time, to its duration dt:

At—0 At dt
Using this expression, we obtain:
N=ET _F
dt

Unit of measurement of power - watts (W): 1 W=11J/s=1 kgm?/s.

Out-of-system unit of power is horsepower (hp): 1 hp =746 W.

Energy
Energy is a physical quantity that is a general measure of the motion and
interaction of all kinds of matter.
The kinetic energy of a mechanical system is the energy of the
mechanical motion of this system. The kinetic energy of the body Ex
depends on the mass of the body m and the speed of its translational motion

Vi

EK:lWlUZ
2
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Consider a material point that moves under the influence of a constant
force in the direction of this force. The work of force during the movement

of a material point is equal to the change in the kinetic energy of this point:

1 1
A= —ml)zz - —WZU]Z,
2 2

where v; and v is initial and final velocities of a material point.
Potential energy is the mechanical energy of a system of bodies, which is
determined by their mutual location and the nature of the forces of
interaction between them.

The work performed by conservative force F to move the particle along

the x-axis is equal to:

Ax= [Fdx=-AE, = E, - E, ,

where £,and £. the potential energy of the particle in the initial and final
positions, respectively.

Thus, the work done by conservative forces is equal to the negative change
in potential energy.

The energy of mechanical motion and interaction is called total mechanical
energy.

The law of conservation of energy in mechanics - the total mechanical
energy of a closed system of bodies, between which only conservative

forces act, remains constant:
E.+ E, = const,

where Ey, E, 1s kinetic and potential energy of the system, respectively.
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This law is equivalent to the statement that if the kinetic energy of a
conservative system increases (or decreases) by a certain amount, the

potential energy will decrease (or increase) by the same amount.

Energy and metabolism
Metabolism (metabolism) is a set of processes of transformation of
substances and energy in living organisms, which form the basis of their
life. Metabolism involves the destruction of complex organic substances,
which is accompanied by the release of energy needed for other processes,
and the formation of complex substances that form the substance for tissues
and organs. A living organism receives energy from food; this energy is
spent on heating and work. The typical value of metabolism as the rate of
conversion of chemical energy into thermal and mechanical for a person
weighing 70 kg at rest is 120 watts. A person needs to receive daily through
nutrition about 2500 kcal in order to maintain their weight. A change in

body weight per 1 kg is equivalent to an energy of about 7700 kcal.

Rotational motion
Kinematics of the motion of a material point in a circle
Consider the motion of a material point moving along a circular
trajectory of radius r with velocity o. The acceleration projections on the

tangent and principal normal to the trajectory are called tangential a.and
normal @, accelerations, respectively.

The tangential component of acceleration arises due to the change in the
velocity of the material point modulo; it is directed tangent to the trajectory

at this point:
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The normal component of acceleration characterizes the change in
time of the direction of the velocity vector; it is directed along the radius of
curvature t to the center of curvature (which is why it is called centripetal

acceleration), and the absolute value is determined by the expression:

2
L

an= —.
r

The modulus of total acceleration of a material point during curvilinear

motion is defined as follows:

Forces arising during curvilinear motion

The material point involved in rotational motion acquires normal

2

acceleration an=U—. It 1s directed to the center of the circle and is called
r

centripetal. Accordingly, the force acting on a material point and directed
along the main norm to its trajectory toward the center of the circle is

called centripetal:

19
Fy=ma, = m—.

The force with which a material point moving along a curvilinear
trajectory (in a circle) acts on a connection that restricts the freedom of
motion of a point and forces it to move curvilinearly is called centrifugal.
Centrifugal and centrifugal forces are equal to each other, have opposite

directions, because they are applied to different bodies.
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Kinematic characteristics of rotational motion

The rotational motion of a rigid body is called its motion, in which all
the points that make up the body describe circles, the centers of which lie
on a line called the axis of rotation.

Consider the rotational motion of a body of arbitrary shape in the x-
plane around the axis passing through the point o perpendicular to the
plane. For simplicity, consider the axis of rotation fixed. If the particle P of
a body rotating in a circle of radius r moves from point 1 to point 2, the
radius vector is shifted by an angle 46 = 6> — 6;, which represents the
angular displacement. Then the average angular velocity <w> 1is

determined as follows:

0,-06, _ A0

<w> = = .
L—t At

The instantaneous angular velocity @ is a vector quantity equal to the
first derivative of the angle of rotation of the body in time:

Ap _do

o = ,
A0 At dt

or

o= =1imA—(p=d—¢.

Unit of angular velocity is rad/s or 1/s (because radians have no
dimension).
By analogy, we introduce the concept of average and instantaneous

angular acceleration:

@, — O Aw
<pP>=——"1=—.
t, —t, At

Ao do

A0 At dt
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Unit of angular acceleration is rad/s? or 1/s2.
The modulus of the speed of translational motion v is related to the angular

velocity @ the ratio:

where r is the radius of rotation.

Dynamic characteristics of rotational motion
The dynamic characteristic of a rotating solid is the moment of inertia is
the sum of the products of the masses n of the material points that make up the

body, squared by their distance from the axis of rotation:
1= mr’
i=1

In the case of continuous mass distribution, this sum is reduced to the
integral:
1= Jrzdm.
Here are the formulas for the moments of inertia of some
homogeneous bodies of mass m with respect to the axes of symmetry

passing through the center of mass:

* a solid cylinder or disk with radius R

1= mR’;

e *thin-walled cylinder with radius R

1 =mR?;
e e asolid sphere of radius R
1= mR%
e *athin rod of length |
= Lle,
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e *qa continuous parallelepiped of length a and width b
-1 2+ B
1 - m(a® + b°).

Unit of moment of inertia is kg - m?.

If it is necessary to determine the moment of inertia of a body about an
arbitrary axis, use Steiner's theorem.
Steiner's theorem - the moment of inertia of a body I with respect to any
axis of rotation i1s equal to the sum of the moment of its inertia Iy with
respect to the axis parallel to the given one and passing through the center
of mass C of the body:

I=1+md.
The kinetic energy of rotation of a rotating body is determined by the

expression:
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3. BIOMEXAHIKA

biomexanika — pozmin  Oiodizuku, SKUM BHBYAE MEXaHIUHI
BJIACTHBOCTI TKaHWH, OPraHiB Ta OpraHi3My B I[IJIOMY, a TaKOX SBHILA,
OB’ sI3aH1 3 PyXOM TBapHH, pOOOTOI0 OKPEMHUX OPraHiB 1 CHCTEM.

3.1. MexaHiuHi BJacTUBOCTI 0ionoriynnx 00'ekTiB

Bci  OionoriyHi  00'€eKTH  XapakTEepU3YIOThCS  T'€OMETPUUYHUMU
po3MipamMu L, miomero ToBepxHi S Ta ob'emom V. Skmo mepexina
HEBEJIMKUX  JKUBUX  OpraHi3MiB  JO  BEJIMKUX  CYIPOBOKYETHCS
MIPOTIOPIIITHOI0 3MIHOIO TIapaMmeTpiB L, S Ta V, To MOXHa CTBEPIKYyBaTH
npo izomempiro 1ux opranizmis [IlImunr-Huenscen, 1987]. ¥V upomy pasi
BIIOYBa€ThCS JHINHA 3aNEXHICTh (i310JOTIYHUX TapaMeTpiB ) B
MEXaHIYHUX X, a caMe y = kx (1e k — KOHCTaHTa). Y peajbHIN cUTyalii
OpraHi3MH HE€ 130METPHUYHI, a aloMeTpuyHI1 (BiJ rpeusk. alloios — pizHuii).
Kopernsmist pizHuX (i310J0TIYHUX MapaMeTpiB OpPraHi3My 13 CTEIEHEBOIO

GyHKIIIEI0 MO0 MEXaHIYHUX XapaKTePUCTHUK OJepKalla Ha3BY alomMempii.

Puc. 3.1. AsomMeTpu4Hi CHiBBiAHOIIEHHS] MK Qi3iooriyaumu y i
MeXaHIYHUMM X IapaMeTpaMH /I IBOX 3Ha4YeHb Koediuienra b (b > 1

ib<1)
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[{ro kopenAlifiHy 3aleXHICTb MOXHa OMNUCAaTH AaJOMETPUUYHUM
piBHAHHAM THIY ¥ = ax’, ne y — (izionoriunuii mapaMerp; x — MexaHiuHa
XapaKTepucTuka, a Ta b — KoHcTaHTU. Ilpuknanmu amoOMETPUIHHUX
CIIBBITHOIIICHb HAaBEJACHO Ha puc. 3.1

Hanpuknan, maca Tina HaitMeHIIoro nraxa (Kouiopi) CTaHOBUTh M=
2 1, a HailOukIoro (crpayca HaHay) — Mu.= 100 xr. Maca siiiisg KBOUKHU
Konmiopi craHoBUTH My = 0,3 1. SIKIIO BHUKOPUCTATH 130METpiuHE
CHIBBIIHOUIEHHS JJI1 BU3HAUEHHS MacH SIMIsI KBOUKHM CTpayca, TO L Maca
cTaHoBHUTHME 15 KT, 1m0 HepeanbHO. PeanbHuil 3B’ SI30K MIK MacO0 SIS 1
Macol TiJla NTHIl ONUCYEThCA aJOMETPIYHUM pIBHSIHHIM M, =
0,277 - M,*77°,

PosrnssHeMo mpuWKIagyM BHUKOPUCTAHHS aJOMETPUYHUX pPIBHSIHBb 3
TOUKH 30py aHali3y B3a€MO3B'SI3KY PI3HUX MEXAHIYHUX XapaKTEPUCTHUK
010J10T1YHUX O0'€KTIB.

OmHUM 13 TakuX 00'€KTIB € giine nTuil. MexaHiyH1 BIaCTUBOCTI SIMIIS
BU3HAYAIOTHCS MOTPEOOI0 B 3a0€3MEUEHHI IOCTATHLOT MIITHOCTI IIKAPaTyIH
(nnms 3a0e3nmedyeHHsl 3axMCTy Ta Oe3neku eMOpioHa) 1 B TOW e dac
KpUXKocTi (00 mrTamieHs MOTJI0 BUWTH 13 miKapainymnu). Kpim Toro,
IIKapangyrna siiisg IMOBHMHHA 3a0e3rnedyyBaTH HEOOXIJHWM Ta30BUU OOMIH
(mporyckaTH KHMCEHb BCEPEMHY, a IBOOKHC BYIJIEII0 — HA30BHI) 1 3am00i-
raTy BUCUXAHHIO BMICTY.

Maca sierp pi3HOi MTHUIN Bapiloe y MHPOKUX Mexax — Big 0,3 ry
komiopi 1o 100 r y crpayca. TumoBI MOKa3HUKM Macu KypsSdoro SIls
CTaHOBJIATh OMM3bKO 60 T y MOMEHT 3HeceHHs Ta Omu3bko 50 T mpu
BUJTYIUTIOBaHH1 Kypuatu. 3a ganumu llImiar-Hienscona (1987), 3a uent
nepioj siile MorjiMHae 6 J1 KUCHIO, BUAULIE 4,5 J1 JBOOKUCY BYTJIEIIO,
BTpavae O0m3bko 9 r Boau. Takuil razoBuil pexum 3ade3neuyroTh 10 TuC.

nop y mIKapaigyi, JiaMeTp KOXKHOi 3 SIKMX CTaHOBUTH OJM3bKO 17 MKM.
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3arajbHa IJI0MIA NOP y IIKAPaIyIIi SHIs CTAaHOBHUTE 2,3 MM? IIPH 3arajibHiii
TUIOIII TIOBEPXHI Kypsuoro sttt 70 cm?2.
AJIOMETpUYH1 CITIBBIHOIIEHHS J1al0Th MOXJIMBICTh BCTaHOBUTH

3B'I30K M1 Macoro st M, 1 Macoro Tina nruili Mr[Rahn et al., 1975]:

M, =0,277M7 077, (3.1)

HoBxuHa L, Ta moma S, mop TNOB's3aHl 3 Macow suus M,

ciiBBiHOMEeHHsIMH (AT et al., 1979):

Ly =5,126-10"2M,0456 (3.2)

S, =9,2-1073M, °2%. (3.3)

3MICT 3a3HAYEHUX CHIBBIIHOUIEHb BH3HAYAETHCS MPAKTUUYHUMHU
norpebamu: He3Bakarouu Ha 30-TUCAYHY PIZHUIIO Y pPO3Mipax S€llb,
JIOBYKMHA Ta IJIOIIA MOpP TaK BiIHOCATHCS OJHA 10 OHOI, IO 3a0e3MevyI0Th
HOpMasjbHE (YHKI[IOHYBaHHS LS. [3 30UIbIIEHHSIM HOTro poO3MipiB
MIPUCKOPIOETHhCS TpoxokeHHs Ta3iB. 3a manmmu K. IlIminr-Hieascona
(1987), 30inbpmeHHs Macu sing y 10 pas3iB 3yMOBIIOE  BIANOBIJTHE
301IbIIEHHS TOBKHHHU TOp (3rijgHO 3 piBHsHHAM 2) y 10%%¢ = 2 86 pasa Ta
wIonti mop (BigmosigHo 10 piBusHHs 3) y 101236= 17,2 pasu. 3rigHo 3 num
OOMIH Ta3iB y sdli OUIBIIOrO po3Mipy 30UTBIIYETHCS MPOMOPIIITHO
norpedam 3apojKa, IKUi pO3BUBAETHCA.

Mo’kHa HaBECTH TaKOXX aJTOMETPUYHI CITiBBITHOIIECHHS, 10 3B'SI3YIOTh

Mmacy mkapanynu M, 13 macoro st M, (Paganelli et al., 1974):

M, = 0,0482M, 132, (3. 4)
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3a aHai30M I[LOTO BUpA3y, Y HAMMEHIIOro i1 (Komiopi) mkapaitymna
MOBMHHA CTAHOBUTH OJIU3bKO 4 % Macu sifld, a y HailouibIoro (ctpayca)
— 12 % Bixg macu s, Take TpukpaTHe 30UTBIIEHHS MacH MIKapaTymu
NOB'13aHE 3 11 HOTOBILIEHHSIM.

Cuia F, mo pyiHye siiilie, OB's13aHa 3 Macoro Al M, Bupa3om [Ar et

al., 1979]:

F=50,86M, %916, (3.5)

OTxe, MILHICTh WIS MiJBULTYETHCS 13 301JIBIICHHSIM HOTO PO3MIpIB.
JlitficHo, myIola MONepeyHoro nepepizy mkapaiynd Sin MpornopiiioHaaIbHa
KBaJIPaTOBI TOBIIMHU IIKAPATYTIH.

AHaJOr1yHl  BIJIHOIICHHSI  CIIOCTEPITalOThCA MK E€HEPreTUYHUM
OOMIHOM 1 3MEHUIEHHSIM PO3MIpPIB Tijda TBapHWH, BUCOTOIO, IIaMETPOM 1

¢diTomMacoro y pociauH TOIIO.

IMpuxkiaan
BinHomeHHs: Macu MO3KY y CCaBIIIB IO MAaCH T1J1a OMUCYEThCS
QJIOMETPUYHHUM PIBHSHHSAM:
M, =001-M/"".

MO3KY

Busnaunty Macy MO3Ky TBapuHU 3 Macolo Tija 2 KT.

Po3B’si3annn
[lizcTaBisieMo YKUCIIOBI J1aH1 Y OCTAHHE PIBHSIHHSA:

Mwo31<y = 0,0l 'Mm0’70-
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JlorapudmyemMo ocTaHHiil BUpas:

lgMyosy = 120,01 +0,701g2 = —2 +0.70 - 0,301 = —1,7893.

3BIIKU Mio5cp = 0,016 K.
Bionosiov: M5 = 0,016 k.

KoHnTpoJsbHe 3aB1aHHA
Maca «xictsika M, pubO mnop’s3aHa 3 Macow Tula M, TakuMm
AIOMETPUYHHUM PIBHSIHHSIM (Maca BUpa)keHa y rpamax):
M, = 0,033M,,"%.
3HalTH Macy KICTSIKa IIYKH, SIKIIIO Maca Tila CTaHOBUTH 120 T.

Bionosiov: M, = 4,57 T.

Hpuxnan

Busnauutn, y CKUIBKM  pa3iB  BIJIPI3HAETHCS  IHTEHCHUBHICTH
MeTabomi3My B AMIll  KypKM  MOpIBHAHO 3  sIMIEM  HaHIy
(MBAEHHOAMEPUKAHCHKOTO CTPAYCOMOIIOHOTO NTaxa), SKIIO0 BBAXKATH, 1110
IIBUJIKICTh MPOXOKEHHS ra3iB MPsSMO MPOMNOpIiiiHA 3arajabHIA TUIONIUHI
nop B SifIi 1 0OEpHEHO MPOMHOpIiiiHA JOBXKHHI IUX TOp. AJOMETpUYHI
CHIBBIIHOIIEHHS MAIOTh BUTJIA;

Luop = 5,126 -102M,0%¢ ;
Snop=9,2 1073 M3,

Maca situg Kypku cranoBuTh 60 T, Maca stitug Hanay — 600 r.

Po3B’si3anus

[TponorapupmyeMo aToMETpUUHI PIBHSIHHS :
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IgL,,, =1g(5126-107)+0,456-1g M, ;

g S

. -3
o =12(9,2-107) +1,236-1g M, .
[TincTaBnsieMo YUCTIOB] 3HAYEHHS [T KypSYOTO STATIS:

lg L., =1g(5126-107)+0,456-1g 60 = 1g 5126 -2 lg 10+ 0,456 - 1g 60 = Lnop: 0,3316 mm.
=0,7098 — 2 + 0,456 -1,7781 = 0,7098 — 2 + 0,8 108 = —0,4794;

-3
l25,,, =18(9.2:107) +1.236-1260 = 1g9.2=3-1g10+1236-1g60 = § 14504 MM2.

nop

=0,9638-3+1,236-1,7781=0,9638 =3+ 2,1977 = 0,1615;

Jla sing Havay:

IgL,,, =1g(5126-107) +0,456-1g600 = 1g5,126 — 2 -1g10 + 0,456 - 1 600 = Lm)p =0,9475MM;
=0,7098 -2 +0,456-2,7781 = 0,7098 — 2 + 1,2668 = —0,0234;

Sy =18(9.2:107) +1236-18600 = 1g9.2 - 3-1g10+1.236-1g600= § = 24,9557 MM?2.
nho
=0,9638—3+1,236-2,7781 = 0,9638 — 3+ 34337 = 1,3972;

Busnauaemo BigHOMEHHS (Liop )/ (Lnop)x 1 (Snop)u/ (Snop)x:
(Lnop)w/ (Lnop)c = 0,9475/0,3316 = 2,86;
(Snop)H/(Snop)K = 24,9557/1 ,4504 = 17,21 .

KonTposbHe 3aB1aHHs
PiBHSIHHS TPOHUKHEHOCTI JJI1 BOASHOI Mapu Kpi3hb MIKApaTylmy Mae
TaKUW BUTJIS;
G(H,0) =0432- M*™
BukopucroByroun  maHi  MONMEpPEeNHBbOI  3amadi, BU3HAYUTHU
BigHomeHuss  G(H>0)w/G(H:0)«. llpoananizyBaTu, sK BIUIMBAaE Ha
IHTEHCUBHICTh BUIIAPOBYBAaHHS 301JIbIICHHS MacH SIS

Bionogiow: ~ 6.

AJJIOMETpUYHI  CHIBBIJHOIICHHS CIpaBEIJIWBI  TaKOoX 1  JJIA

POCIMHHUX oOpraHi3miB. Di310M0rYHUMHU MapaMeTpaMu MOXYTb OyTH
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oOpani (iTomaca cTtoBOypa aepesa, (iTomaca kopu, (piTomaca KOPEHIB;
MEXaHIYHUMHU - CEpeJHs BHCOTa JIepeBa, CEpeHId JiaMeTp JepeBa,
CepeHE 3HAYCHHS JCPEBOCTaHY.

Ha ocHOBI HOpPMAaTWBHO-JOBIKOBUX JaHMX OyJIO BUBYEHO
QUTOMETPIUHI CIIBBITHOIICHHS MIX (iTomMacoro xBoi My, 1 aiamerpamu

nepeB D B COCHOBHX JiepeBOCTaHax pi3Hoi moBHOTH [Baiic, 20154,6]:

M= 0,041D"738, (3.7)

3.2. OnopHoO-pyXoBHUi anapaTr TBApUH

OcHoBHE pU3HAYCHHS OTIOPHO-PYXOBOTO amapara
CUIbCHKOTOCIIOIaPChKUX TBAPUH — 3a0€3MEUEHHS JUHAMIYHUX MIEPEMILLIEHB
Tia ab0 OKpeMUX MOro 4YacTUH y MpOCTOpi Ta 30epiraHHs IiJI 4ac
CIHOKIMHOTO CTOSIHHSL CTaTW4HOi piBHOBarh. (OCHOBHUMHM €JI€MEHTaMU
OTIOPHO-PYXOBOTO amapaTta TBapHH € KiCTKH, M’sI3U, CYTJIOOH, CYXOXKHJIIJIS
Ta 3B’s3ku. KicTku, 3B’s3aH1 O/IHA 3 OJIHOIO y PYXOMI JIaHKH, YTBOPIOIOTh
KiHeMaTu4H1 JadIord. OKpemi JJaHKH TaKOTo JIAHITFOTa MOYKHA PO3TIISAATH
SK HaWMpOCTIIIUNA MeXaHI3M — BaXUIb. TOYKOIO OIOPH, HABKOJO SIKO1
BIZIOYBa€ThCsl OOEpTaHHS Baxens, € cyriod. Pyx KicTOK, siKI yTBOPIOIOTH
BaXilb, 3a0e3neuyerbcs M s3aMu. CKOpOUYIOYMCh, BOHHM 3MIHIOIOTH
MOJIOKEHHSI KICTOK, JO SKUX BOHU MpHKpimieHl. OCHOBOIO OMOPHO-
PYXOBOIO amapary TBapUH Ta HOro HECYYOI0 KOHCTPYKIIIEIO € CKEJeT.
TakuM 4YMHOM, ONMOPHO-PYXOBHI amapar TBAPWUH CKIIAJAETHCSA 3 KICTOK —
MIIIHMX MaTepialliB, BAKOHYIOUMX MACUBHI QYHKIIIT Y TIpoIeci pyxy Tijia, Ta

M’5I31B, K1 € aKTUBHUM €JIEMEHTOM OMOPHO-PYXOBOTO anapary.
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TBapuna Oepe y4dacTb y pI3HOMaHITHUX THOAX pyXiB —
NOCTYNaIbHOMY (pyX Tijla B IIJIOMY), 00epTaibHOMY ( pyX 34JIC€HYBaHb),
KOJIMBAJIbHOMY (pyX OKpEMHUX YacTHMH TUIa 1 BHYTPIIIHIX OpraHiB),
XBUJICTIOAI0HOMY (pyX XpeoTa).

OCHOBHUMH €JIEMEHTAMU PYXOBOTO amapata TBAapUH € KIiCTKH,
M'sI31, CYrJ1I00H, CyXOXKHUILIS Ta 3B'A3KHU.

KicTtku, 3B’si3aHi OlHA 3 OAHOI y PYXOMIi JaHKH, yYTBOPIOIOTH
KiHeMaTuuH1 JaHiord. OKpeMl JaHKA Takoro JaHIIOTa MOXHa
PO3TIISAATH SIK HAUMPOCTIMIHNI MEXaHi3M — BaXiuib. TOYKOIO OMOpH,
HaBKOJIO SKOi BigOyBaeThcsi oOepTaHHsA Baxensds, € cyrjod. Pyx
KICTOK, $KI YTBOPIOIOTH BaXlib, 3a0e3meuyeTbcsi M sS3aMH.
Cxopouyrouuch, M'si3d 3MIHIOIOTh MOJOXKEHHS KICTOK, JO SIKMX BOHH
MPUKPIIIEH].

VY mporeci pyxy TBapuHH BHHHUKAE HEOOXIJTHICTh MOM’ SKIIyBaTH
NONIITOBXH; POJIb aMOPTH3aTOpa MPU LHOMY BIIITPa€ CYXOXKUJIBHO-
M’si30BuM  amapaTr. PosrisiHeMo  SK  TpUKIAL  aMOPTU3YHOUi
BJIACTMBOCTI MYTOBOTO cyriioba koHs [['mmmenspeiix, 1979]. Cuny
HaBaHTAXXEHHS Ha KIHI[IBKY, IO WA€ B3JO0BX I SICHOI KICTKH Y
MYTOBOMY CYTJjio01, MOXKHA PO3KJIACTU Ha cuily P, sika cnpuiiMaeThCs
KIiCTKaM¥ majblig, Ta cuiy P;, 10 mepepo3ruHae nyToBui cyriod Ta
MOTJIMHAETHCA  PO3TATHEHHSM  CYXOXXHJIBbHO-M SI30BOrO  amapara
(puc.3.2). 301ablICHHS TOBXWHU MaJbIS MIACUIIOE HABAHTAXXCHHS Ha

CYXO0XHJIBHO-M SI30BUI amapar.
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Puc.3.2.. Po3moaiyi cwiM mNOWITOBXY B IYTOBOMY CYIJIO0i mpH
HACTYNAHHI KiHIIBKA Ha PpyHT: a — npu KyTi 230 °; ¢ — npu kyTi 215 °

[I’mmMmenspeiix, 1979].

Y KkoHeu 3 JOBI'mM IIaJbOocM XoJa M’HKIH&, ITOIITOBXH
BiI[‘IYBaIOTBCH BCPIHIHUKOM MCHIIIC, IIpoOTe K1Hb MBUAIIC
CTOMIIIOETBCA; ¥ KOHA 3 KOPOTKHM IIAJIBICM ITOIITOBXH BiIILIYBaIOTBCH

CUJIbHIIIE, aJie TAKUH KiHb BUTPUBAIIINM.

3.3. M’s13u XpeOeTHUX TBAPHH

M’sa3n, maca axkux craHoBuTh Big 40 no 50% 3araiapHOI Macu Tijia
TBAapUHHU, SBISIIOTH COOOI0 TKAaHWUHH, SIKI XapaKTEpU3YIOThCS 3AaTHICTIO
CKOPOYYBATHCS, TOOTO 3MIHIOBATH CBOIO JIOBXKHHY 1 BUKJIMKATH BI1ATOBITHI
3MIHH POCTOPOBOIO MOJIOKEHHSI BCHOT'O TiJia 1 HOr0 YaCcTHH.

VY xpeOeTHUX TBApHUH € TPU TUIU M S30BUX TKaHUH — ckenemHi (200
nonepeuHo-nocmy2o8ani), cepyesi Ta enadenvki. CKENeTHI M s3u OEpyTh
y4acTb y poOOTI OMOPHO-PYXOBOI'O amapary; CepleBl M’si3U TOB’si3aHl 3
poOOTOIO ceplist; rIaeHbKI M 31 YTBOPIOIOTh CTIHKM BHYTPILIHIX OpraHiB
(KUIIIOK, KPOBOHOCHUX CYIUH, CTpaBOXoy). CKeNeTHU M’ g3 CKIaa€ThCs
3 IEHTPAIbHOI TKAaHWHHU, SKa CIPOMOKHA CKOPOUYBAaTHCS, Ta JBOX

cyxoxuib. OHE 3 HUX MPUKPITIIEHO J0 KICTKH, KA PYXa€ThCs, a Ipyre —
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JI0 OMOPHOI KICTKU. TKaHMHA CKEJIETHOIO M’si3a YTBOPIOETHCS 3 M S308UX
80J10KOH — 0araTosiICpHUX KIITHH HMWIIHIAPUYHOI hopmu aiamerpoMm 20-80
MKM 1 3aBJOBXKKH BiJ JEKIJTBKOX MUIIMETPIB J0 JECATKIB CAHTUMETDIB,
OTOYECHUX OOOJOHKOIO — capkoiemoro. KoxxHe M’S30B€ BOJOKHO MICTUTh
BiJI KUIBKOX COT JI0 KIIBKOX THCSY MioghiOpin miamerpoMm 1-2 MKM, sKi
CKJIQJIAIOThCS 3 npomoghiopin — TOBCTUX (OIOK Mmio3un) 1 TOHKUX (010K
akmuH) HUTOKSIKI YTBOPIOIOTh TEKAaroHaJbHY CTPYKTYypy B mHepepisi

(puc.3.3).

Puc. 3.3. BnopsiikoBaHa CTPYKTypa TOBCTHUX (CBIiTJIi K0JIa) i TOHKHX

(3a4yepHeHi Ko0J1a) HUTOK B MONEPEYHOMY Iepepisi capkomepa

JloB)krHA MI103WHOBUX HUTOK — 1,6 MKM, aKTHHOBHX — | MKM; JiaMeTp
MI103MHOBHX HUTOK — 16 HM, aKTHHOBHX — 8 HM. TOBCTI MIO3MHOBI HUTKHU
oOnamHaHI nonepeunumu micmxkamu. byaoBa CKeIIeTHOTO M’s3a HaBElICHA

Ha puc.3.4.
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Pe3ynbpTaTi €nekTpoHOi MIKpOCKOMIi CBIAYATh MPO Te, M0 Mio(iopiin
CKJIQJIal0ThCS 3 OCHOBHHMX OJIMHHUILIb, SIKI TIOBTOPIOIOTHCS, — CAPKOMEPIS.
JloBkuHa capkoMmepa — 2-3 MKM; BCl CapKOMEpU PO3JILIeHI Z-0uckamu

(puc.3.5).

M ‘azoee
BOAOKHO

Miogibpuna

50 un Ilpomogpibpuau

— Miosun

Axmun

Puc.3.5. Crpykrypa capkomepa. JdinsiHku, mo 3aimarrb: H — TOBCTI

HUTKHU; I — TOHKI HUTKH; A — TOBCTI Ta TOHKI HUTKH Pa3oM
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3.4. OcHoBH (i3uKU M’SI30BOr0 CKOPOYCHHA

VY mporieci M'I30BOr0 CKOPOUEHHSI BEJMKI KIITHHU CIpOi PEUOBUHU
COMHHOTO MO3Ky (ab0 BIAMOBIJHOTO CTOBOypa TOJOBHOTO MO3KY)
MOCUJIAIOTh HEPBOBI IMITYJIbCH (MOTeHIamM 1ii). L{i KITHHU HA3UBAIOTHCS
Momonetiponamu. BoOHU CKIalatoThCsl 3 TTA KIITKHU (comu) 1 CTIeIiaTbHUX
BIIPOCTKIB (akcona 1 Oewmopumis). JliNsTHKa KOHTAaKTyBaHHS akCcoHa 3
M’SI30BUM BOJIOKHOM HA3UBA€EThCS cuxancom. Kpim mepenadi 30yKeHHS Y
BUIJISIII HEPBOBOTO IMIYJLCY YEpEe3 CHHAIC BiJ aKCOHA MOTOHEHWpOHa
M'I30BOMY BOJIOKHY Ma€ MicClie JOJaTKOBE 30yKEHHS XIMIYHOI IPUPOJIU Y
dopmi anerunxoniny (ACh), 1mo BUAUIAETbCS 3aKIHYEHHSM aKCOHA.
IMITynbe JocsArae 3akiHUeHHS PyXOBOI'O HeEpBa, J03BOJstoun ioHam Ca’*
IMPOHUKHYTH B CHHAIIC 1 BUIUIMTH alleTUIXOJIH, SKUH IuyHIyE yepes
CUHANTUYHY UIUIMHY, BHKJIMKAIOUMA 3MIHY TPOHUKHOCTI MeMOpaHu
M’SI30BOTO BOJIOKHA. AIICTWIXOJIH TMIJICUIIIOE HEBEIUKUN IMIYJIbC Yy
3aKIHUEHHI PYXOBOrO HEpBa 10 pIiBHS, HEOOXITHOTO Jii BKIIIOYEHHI
IMITyJIbcy B M’ SI30BOMY BOJIOKHI. Konm imMmynbc gocsirae 3aKiHUEHHS
aKCcoHa, BIIOYBAa€TbCs JAeNoispu3alliss MeMOpaHu, IO CYNPOBOIKYETHCA
BiIMUKAaHHSAM KaHamiB Na' 1 axrtuBamiero kaHamiB Ca?". I[llBunke
30iIblIeHHs. KOHIEeHTparii ioHiB Ca?* moGmu3y (QigaMeHTIB aKTUHY i
MiO3MHY € CHTHAlOM IS TI0YaTKy M sA30BOro ckopoueHHs. lomm Ca?’
BUIUIAIOTECS 3 CApPKOIUIa3MAaTUYHOTO PETHKYIyMa, KU sBisie co001o
€MHY TPUBUMIPHY MEMOpaHHY CTPYKTYPY, IO OTOUYE KOKHHI capkomep
BiJl OTHOTO Z-HUCKa JI0 APYTOTO.

M’sa3u, maca skux craHoBuTh Big 40 mo 50% 3aranpHOi Macu Tijia
TBapUHH, SIBISIIOTH COOOK TKAaHWHH, SIKI XapaKTEpU3YIOThCS 3JIaTHICTIO
CKOpPOYYBATHCS, TOOTO 3MIHIOBATH CBOIO JOBXKHHY 1 BUKJIUKATH BIATOBIIHI

3MI1HU IPOCTOPOBOrO MOJIOKEHHSI BCHOT'O TLJIA 1 HOrO YacTHH.
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BinHocHa KUIBKICTh M103UHY cTaHOBUTH 50—55%, a aktuny — 20-25%
BIJI 3araJIbHOI KUIbKOCTI O1KiB. KpiM Toro, y mpoiieci ckopoueHHsi 0epyTh
y4dacTh Takl Outku gk mponomiosun (7%) 1 mpononun (2%). TponoHUH
MICTUTh TPU CYOONMHHIN: HaWOUIbITy cyOoaunuio THT, sika 3B’si3aHa 3
MOJIEKYJIOI0 TPOIIOMI03MHA; CEPEAHI0 CYOOAMHUII0 TH], siKa 3B’SA3y€ThCS 3
MOJIEKYJIOI0 aKTHMHA 1 MO)Ke IHri0yBaTH aKTUH-MIO3MHOBY B3a€MOJIIIO;
HaiimeHmy cybonuuuiio THC, sika 3B’S3Y€ThbCs 3 KaJbllieM. 3B’A3yBalibH1
BJIACTUBOCTI CYOOJMHMUIIL TPOIIOHMHA 3aJieXKaTh BiJ KOHIIEHTpaIlli 10HIB
KaJIBIIF0 B OTOYYIOUOMY TPOCTOPI.

B crani po3cnabienns M’s13a (pu KOHIIEHTpaIlli 10HIB KaJIbII10
< 10 M) tpomomiosun opieHtyeTbes mig Kyrom 50° BimHOCHO EHTPY
aKTUHOBOI HUTKH, BHACHIJIOK YOro 7H/ CUIIBHO 3B’SI3y€ThCS 3 aKTUHOM, IO
OPU3BOJAUTH 10 TAKOI Opi€HTALli TPOIOMIO3MHA, KA MPUIUHSIE B3a€EMOIII0
MOMNEPEYHUX MICTKIB 3 aKTUHOBOIO HUTKOIK, OCKLJIBKM MICTKH PO3IMKHYTI

(Puc. 3.6).

Puc. 3.6. Cxema B3aeMoail MIiO3MHOBMX MICTKiB, AaKTHHY,
TPONOHUHY Ta TPONOMIO3HHY Y BIACYTHOCTI i0HiB Kanblio. Tyr: I'M —
rojioBKu miosuny; A — aktud; TM — tponomiosun; T — cybGoaununs

TuT; 1 - cyoonuuuus Tul; C — cyoonuuuus TnC.
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[Tpu 30ymkeHHI M’si3a 1 30UIBIIEHHI KOHIIEHTpAlli KaJbll1i0 BII0OYBAE€THCS
3B’si3yBanHs THC 3 TuT 1 Tul; y Toii ke 4yac B3aemojiss THl 3 aKTUHOM
3MeHIyeTbes. Llel mpoiiec CynpoBOIKYETHCS OPIEHTAIIEID TPOIIOM1O3UHA
mig xkyrom 70° i ykimamaHHsM Horo B GOpO3HY aKTHHOBOI CIripaii, 1o

1HIII}0€ B3aEMO/II0 MOMEPEYHUX MICTKIB 3 aKTHHOBOIO HUTKOIO (Prc.3.7).

Puc. 3.7. Cxema B3aemozii MiO3HHOBHUX MiCTKIB, aKTUHY, TPOIIOHHHY
Ta TPONOMiO3MHY B MPUCYTHOCTI ioHIB KajabHilo. Tyr: I'M — rosoBku
Mmiosuny; A — aktuH; TM — Tponomiosun; T — cyoonuuuuss TuT; I —

cyoonunuust Tul; C — cyoonunnus TnC.
JlxepenoMm eHeprii [uis CKOPOYEHHS M S30BUX BOJIOKOH CIIY)KUTb
AT®, sxuii po3TamIoOBaHWN HA TOJIOBKAX MIO3UHY. 3BUIBHEHHS EHEpPrii

B1J10yBa€eThbCs IpH hepMEHTATUBHOMY T1JIpoJti3i MojieKkyau ATO:

AT® 20 5 AT,
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3.5. M’s13u nraxiB

VY MyckynaTypl NTaxiB MO>KHA BUAUIMTH J1Ba TUIIA M'A30BUX BOJIOKOH.
UYepBoHUi KOJIp “NOBUIBHUX~ BOJIOKOH OOYMOBJIEHUU HASBHICTIO B HHUX
BEIUKOI KUTBKOCTI Mioryo0iny. Ili m'130B1I BoJIOKHa OOTIUIETEHI TYCTOIO
MEPEKEI0 KaluIApiB 1 MICTATh BEJIUKY KITBKICTh MITOXOHApPiK. Taki
BOJIOKHA CKOPOYYIOTHCSI BIJTHOCHO MOBUIBHO 1 100pe MEepeHOCsITh TpUBAi
HaBaHTAKEHHS; iX MeTal0oJi3M 3aCHOBAaHUN Ha OKHCICHHI BYIJIEBOJIB 1
KHUPIB 10 BOJAM 1 JBOOKHUCY Byrjieur. lItaxu 3 yepBOHOW0 MiTaabHOI
MYCKYyJaTypol0, HaBIaKW, 3JaTHI NEPEHOCUTH JOCUTh  TpUBAJL
HaBaHTAKEHHS JAJIEKOro nosboTy. Hampukman, Kayky mijg yac Mirpamii
MOJKYTb JIETITU BECh JIEHb 31 MBUAKICTIO 80 KM/TOI.

bim — “mBuaki” BoJOKHA OUIBII 32 PO3MIPOM, MICTSTh MEHIIIE
MIOIJIOOIHY 1 MITOXOHJPIM; YMCIO KanUIsIpiB B OUIMX M’ S3aX TEX HIDKYE.
Enepreruka Oumux M’si3iB 3aCHOBaHAa Ha OKHCIIEHHI BYIJIEBOJIB, a HE
xupiB. Takl BOJIOKHA MPUCTOCOBAHI 10 IIBUAKUX CKOPOYEHBb MPOTATOM
KopoTkoro yacy. [Itaxu, B mTanbHIi MyCKyIaTypi SSIKHX MEpeBaKar0Th 011
BOJIOKHA (SIK, Hampukial, y (a3aHiB), 371Tal0Th, OyAy4d CIOJIOXaHI, aje

CKOPO BTOMJTIOIOTHCS 1 HE MOXKYTb JIITATH Ha BEJIMKI BiJICTaHI.

3.6. M’s13u pud

Ockinbky puba MemKae y BOAl 1 M'si3aM HE MOTPIOHO MIATPUMYBATU
Bary Tijia puOu, M'a3u puOM MarOTh CBOi 0COOJHMBOCTI. M'S30B1 BOJIOKHA Y
puOM 3rpynoBaHi y OJOKM — TakK 3BaHI MIOmMOMU, SIKI BiIIMEKOBYIOTHCS
OJIMH BIJl OJHOTO MIApaMH KOJareHy, L0 Ha3UBAIOTbCS MIOCENnMamu.
Buinomy, 3patHicTh puOM  I1uiaBaTH  3a0€3ME€UYYeThCs  JIATEPAILHOIO
(po3TamoBaHo0 BOIK BiJ CEPEIMHHOI ITUIOUIMHU) MYCKYJIaTyporo, sKa
ctanoBUTh 40% Bija 3aranibHOi Baru y kapacsi Carassius auratus, 0IU3bKO

60% y nmococeBux ta 70% y CKyMOpi€BHX.
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Cxkiag M's131B puOM BU3HAYAETHCS il CIIOCOOOM KHUTTS, @ CaM€ Y4acTiO
y Tpolleci MOBUILHOTO IUTaBaHHS Ta HECHOJIBaHMX pHUBKax. KoxHUMA
MIOTOM CKJIAJa€ThCd 3 BIJJHOCHO HEBEIMKOI KUIBKOCTI BOJIOKOH, IIIO
(bOpMYIOTh TaK 3BaHI uepeoui M's3u, SKI TPU3HAYCHI JISI TOBLIHHOTO
IUIaBaHHs, Ta 3Ha4yHO OUTbmIOT (O6sm3bk0 90%) KITBKOCTI BOJIOKOH, IO
YTBOPIOKOTH Oini M'a3u, SIK1 3a0€3MEeUyIOTh MIBUAKUN pyX a00 PUBKHU PUOH.

YepBoHi M'I3U XapaKTEPU3YIOTHCS BHUCOKMMHU 3HAYEHHSMU BMICTY
MIOIJIOOIHY, PO3TaIY»KEHOI0 CHCTEMOI0 KamiIsapiB, BEIMKOI KUIBKICTIO
MITOXOHJIpiil  (OpraHoimiB KIITUH, 0I0 3a0€3Me4yr0Th BHPOOJICHHS,
HarpoMaJDKEHHS 1 PO3MOJAUI €Heprii B KIITHHAX) Ta OKHUCIIOBAIBHUX
¢depmenTiB. BoHu neMoHCTpyloTh aepoOHE (YHKIIOHYBAHHS, MOBLIBHO
BTOMJIIOIOTBCS T4 MAlOTh HEBEJIMKY BHYTPILUIHIO HIBUAKICTH CKOPOUYEHHS.
JliameTp BOJOKOH uepBoHUX M'31B craHoBUTH 100-200 Mkm. Bcei i
BJIACTUBOCT1 HAJIal0Th MOXJIMBICTh pUO1 peali3yBaTH MOBUIbHI MEPIOIUYHI
pyxu.

bimi M’s13u cripoMokH1 3a0€3MeYUTH MaKCUMAJIbHY TOTYXHICTh pUOi.
BoHu xapakTepHu3yrOThCS BHCOKOIO TYCTUHOIO MioQiOpis, HEBEIMKOIO
KUIBKICTIO MITOXOHJIpI Ta OOMEXKEHHMM KpOBOINOCTayaHHSAM. biml M's3u
(YHKIIOHYIOTh aHAaepOOHO; BOHU IIBUKO BTOMIIIOIOTHCSA Ta MAlOTh BHCOKY
BHYTPIIIHIO IIBUJIKICTb CKOpoueHHs. JliamMeTp BOJOKOH OUIMX M'I31B
3HaxoauThes B Mexax 300-400 Mkm.

VY Outbmiocti pu0® YEpBOHI M A3M PO3TALIOBAHI Yy BUIJISAL BY3bKOI
CMYXKH B3JIOBXK OOKOBOi moBepxHi. Hampuknan, myka Esox [ucius
—XWKaK, 110 Y€Kae CBOIO JKEPTBY Y 3acijlll, Maiixke 1mo30aBieHa YepBOHUX
M’s31B, X04a y JESKUX BUJIB PUO(HANPUKIIA], TAaKUX XH)KaKiB-Oypiak sK
ckyMOpii Scomber abo Ttyuus Katsuwonus pelamis) 4YepBOHUN M’s3

IMPOCTATAETBCA aX 10 Xp€6CTHOFO CTOBIIA.
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3.7.EkcnepMMeHTaNbHi JOCTiAKeHHA M’ A30BOI'0 CKOP OYCHHA
Po3risiHeMO eKClepUMEHTAIbHY TEXHIKY JOCHIIPKEHHS M S30BOrO
ckopoueHHs: [Sybesma, 1989; Mc-Comas A.J. 1996; biogizuxa, 2001;
ITocynin, 2003].

Puc.3.8. 3ajexnictp B’A3KOCTI CcycneH3il AaKTOMiOUMHY Bij

CTYIIeHs 1oro 3B’ si3yBaHHsA 3 AT®

Ha xopuctb Teopii CkOB3aHHS NpOTO(IOpHUIT CBIAYATH PE3yJbTaTH
JOCTIHKEHHS 3aJI€KHOCTI B A3KOCT1 CYCIIEH311 akToMi03MHa (CyMmiln OUTKIB
aKTHUHA 1 M103WHA) BiJ cTyneHs ioro 3B’ s3yBanHs 3 AT®. JlonaBanus ATO
70 CYCIEeH31i MPU3BOJUTH A0 PI3KOr0 3MEHIIEHHS B’A3KOCT1 (puc.3.8), 110
MOXKHA TIOSICHUTH JHCOIIAIIEI0 aKTOMIO3WHA Ha akTUH 1 MI03UH-ATO
KOMILJIEKC.

ITix vac rigponisy AT® (y npucyrHocti ioniB Mg”") BinOyBaeThcs
BIJTHOBJICHHSI IEPBUHHOI BEJIMYMHU B’ A3KOCT1 CYCIIEH3I1.

BceranoBreHo  3aJ7€KHICTH  BIJTHOBJIICHHS TEPBUHHOI  BEIUYUHU
B’SI3KOCTI CyCIIEH3ii BiJ KoHIEeHTpanii BinsHoro Ca’”.

ExcriepuMeHTaIbHO BCTAHOBJIEHA 3aJIEKHICTh MIK KOHUEHTPALIEIO
BinmsHOro Ca’* B capkomasMi i CHIIOI0 M’SI30BOro CKOpodeHHs (puc.3.9):

cwia 3poctae Big 0 (C=10M) no makcumymy (C=5 -10M).
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S

0,5

Bionocna cuna

Puc.3.9. 3ajgexHictp CcWinm M’A30BOr0 CKOPOYEHHS  BiI

KOHLEHTPAUIl BIIbHOI0 KAJIBIII0 B CAPKOILIA3MI

[Ile omuH eKCHepUMEHT mepeadadae BUKOPUCTAHHS YYTIMBOIO JI0
Ca’* Oinka exsopuna (puc.3.10). Koau Mosexyna nporo 0ika Opueanye

TPH 10HU KaJIbI[i}0, BOHA BUIIPOMIHIOE KBaHT CBITJIA.

Puc.3.10. Cxema  eKCHePUMEHTAJBLHOr0 NPWIALy  JJA
AOCJIIKEHHSI CHJIM,II[0 PO3BUBAECTLCA M’SI30BMM BOJIOKHOM, BIJ

KOHIEHTPAaUil BIIbHOI0 KAJbIIiI0 (MOSICHEHHS B TEKCTI)

ExBopuH BBOAWIM B HE30y[KEHUH M43 1 3a JIOIOMOIOIO
(OTOETECKTPOHHOTO MOMHOXYyBaya criocTepiraim 3QJICKHICTh
BUIPOMIHIOBAHHS CBITJIa BiJ KOHIIGHTpallli KaJbllil0 B TMpoIeci HOro
3BUTBHEHHS 3 CapKOIIa3MAaTHYHOTO peTukymyma. Cuia, Mo po3BHUBAETHCS
M’SI30BUM BOJIOKHOM, 3aJIEKHUTh JTiHIMHO Bix KOHIEHTpauii BinbHoro Ca’*.

3aJIeXHICTh CUJIM CKOPOYEHHS BiJ MOJOKEHHS MOMEPEYHUX MICTKIB

y KHBOMY M’531 JIOCHIDKYBaJIM 3a JIOTIOMOT'OF0 PEHTTEHOCTPYKTYPHOTO
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anam3y (puc.3.11), B OCHOBI SIKOrO JI€&KHUTh AUPPAKI[isl PEHTTE€HIBCHKOTO

BUIIPOMIHIOBAHHS Ha KBAa31KPUIITAIEBIN CTPYKTYpPi M’ SI30BUX HUTOK.

3pasok
\
I
] I I =
p
i }
unu Omsip y

o)) N
Y ceunuesomy
Penzeniecoka eKpani
mpybKka

Jivursnux
leucepa

—{

N\

Puc. 3.11. PEeHTreHOCTPYKTYPHHM I aHAJII3 32JI€KHOCTI CHIIH

CKOPOYEeHHS BiJl MOJI0KEHHS MICTKIB y ;KUBOMY M’ 513i (II0SICHEHHS B

TEKCTI)

Konu nonepeyHi MiCTKM BUCTYNAIOTh 13 MIO3MHOBOI HUTKHU 1 IPUETHYETHCS
70 aKTMHOBOI HUTKH, 1HTEHCHBHICTh PEHTTE€HIBCHKOTO BUIIPOMIHIOBAHHS
3MEHIIIYETHCS 32 PAXYHOK HOro nudpakiiii Ha mepioAnudHIN CTPYKTYpi, sKa
YTBOPIOETHCSI  MOMEPEUHUMHU  MicTkamMu. KonuBaHHS  1HTEHCHUBHOCTI

BUIPOMIHIOBAHHS KOPETIOIOTh 3 KOJIMBAaHHSIMU Hanpyru m’s3a (puc.3.12).

|- Sckpasicmb nasmu
npu peaaxcayii m’s3a

S
T

Bionocna sckpaeicms naamu
~
N
Bidnocna cura

~
oy

Puc. 3.12. Kopeasinisi KoJITMBaHb IHTEHCMBHOCTI PEHTT€HIBCHKOI 0

BHUIIPOMIHIOBAHHS 31 3MIHOI0 HANIPYKEHHS M’s13a
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3.8. I'inokiHe3sis Ta rinoguHaMis

l'inoxinesia (Big rpeu. VWO — 3HM3Y, MO, KIVOlS — pyX) — CTaH
HEJOCTAaTHBOI PYXOBOi AKTUBHOCTI OpraHi3My 3 OOMEXKEHHSM TeMIy 1
o0cAry pyXiB.

CydacHa nrofHa MpUpeUeHa JI0 TIMOKiHe311 BHACTIIOK TaKuX MPUYUH
AK OOMexeHHs1 00cAry pyxiB, MaJOPYXJIUBUN CHOCIO KUTTS, HEXTYBaHHS
(b13UYHOI0 KYJIBTYpOIO, HEMPaBUIIbHA OpraHi3allisi HaBYaJIbHOTO TPOIIECy Ta
NEPEBAHTAKEHHS HABYAIbHUMU 3aHATTSAMU, MOMIUPEHHS TPOMAJICHKOIO Ta
0COOHMCTOr0 TPAHCHOPTY, 3MEHIICHHsS pOOIT, M0 BUMAramTh (Pi3UIHUX
3yCWJIb 1 M’SI30BUX HANpyr
VY CiIbCbKOMY TOCIOAAPCTBI YMOBU CTIHJIOBOTO YTPUMAaHHSA TBapUH Y
IPOMUCIIOBUX KOMIUIEKCAX CHPUYUHIOIOTH MOPYIIEHHS OOMIHY pEYOBHH,
JETeHEPAaTUBHUX 3MIH Yy KICTKOBIM TKAaHHMHI, MOTIPUIEHHS Bi1ATBOPHOI
G YHKIIIT Ta CKOPOUESHHS MEPI0ly TOCTIOAAPCHKOT JisSTTbHOCTI. Y KOPIB, SIKUX
YTPUMYIOTh Y 3aKPUTHX MPUMILIEHHSIX, 3MEHIIYEThCSA KUIBKICTh TEJSAT, 11O
HaAPOKYIOThCS ’KUBUMH, TIOPIBHAHO 3 TUMHU, SIK1 3HAXOSTHCA Ha BITbHOMY
BUMacaHHl. ['1MOKIHE31s BUKJIMKAE MIHEpaIbHY HEIOCTaTHICTh, IO
OPU3BOAUTH 10 3HM)KEHHS MII[HOCTI KICTOK, HEPIBHOMIPHOCTI Ta
AUCTpornopiii 30UTbIIeHHsS] Macu Ta po3BUTKY KicTok [Koctiok B.B., 1982].

Cnmix  BIAMITATH, IO SK 3axXig MOPO(UIAKTUKH TI0 TOJI0JaHHIO
TiNOKiHe311 MPOMOHYEThCSI AKTUBHUN MOLIOH Ta BBEIEHHS Yy palliOHU
TBapWH Ta NTHUII MiABUIIEHOI KUIBKOCTI JIETKO3aCBOIOBAHUX BYTJIEBOIIB 1
KupiB. [iMOKiHE31s SK OCOOJMBUN CTaH Opra”iamy, OOyMOBIICHUI
HEJIOCTATHICTIO PYXOBOI AKTHUBHOCTI, NMPU3BOAUTH B PsJil BHUIIAJKIB J10
T1ITOJUHaMI].

l'inoounamis (Bin rpeu. VO — mia Ta SUVAULS — CHIIA) — TTOPYIICHHS
(GyHKIIA oOpraHi3My (OMOPHO-PYXOBOI'O amapary, KpoBOOOIry, IHWXaHHS,

TPaBJICHHs), fKE CTaJloCs Yepe3 OOMEXKEHHS PYXOBOi aKTHUBHOCTI,
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3HUKEHHS CUJIM CKOPOYEHHs M'si3iB. ['imoguHamMisi € HaCiAKOM 3BUIbHEHHS

JFOJIMHM B (DI3UYHOI TIpari.

3.9. Hem’s130Bi popmu pyXJIMBOCTI

3.9.1. Ame0OoigHmnit pyx
KpiMm M’30BOro CKOpOYCHHS, >KMBI OpraHi3Md MaroTh III€ TaKi
OCHOBH1 MEXaHI3MU T'eHepallli pyxy K ameOOoiTHuN pyx Ta OWUTTS BIHOK 1

JOKTYTHKIB.

Puc.3.13.
3o0pa:xxkeHHs: ameOun

Chaos carolinensis

AMe00iTHUN pyX CYNPOBOKYETHCS 3MIHOIO (OPMH KIITHUHHU 3a
pPaxyHOK CIPSIMOBYBAHHS yIepe/] BaKyOJII30BaHOI CEPIIEBUHU ITUTOTLIA3MH
( enoonnasmu ) B OAHY abo JAEKUIbKO nce80onodiil - TMapOCTKIB, SKI
BUTATYIOTHCS, YTATYIOThCS Ta 3MIHIOIOTH (Gopmy (puc.3.13). Buacmimok
NepeTikaHHsA B TICEBIOMNOJIT €HJOIUIa3MU BiOYBAEThCA 1X BHUIIMHAHHS.
Teuist eamomazMu 0OMeKeHa TPAaHUIIMU TTepUepiitHOT 0OOTOHKH.

[lepecyBanns (1oxkomoyis) ameOONONIOHUX OpPraHi3MIB MOKIIMBE
IIPU HAsIBHOCT1 KOHTAKTY 3 OYJb-IKHMM CyOCTpaTOM.

BinbHo moB3aroui amebu pyxarotbes 31 mBUAKICTIO 0,5—4,5 MKM/C.
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3.9.2. Biliku Ta IKTYTUKH

Opranenu 3 XapakT€pHOIO BHYTPIIIHBOIO  CTPYKTYPOIO,  SIKi
pO3TAaIllOBaHl HA MOBEPXHI KIITHUHU, 3a0€3MEeUyI0Th MEPEMIIIEHHS PIAUHU
B3JIOBK TIOBEPXHI 3a PaxyHOK KOJHMBaJbHUX PYXiB; KOPOTKI OpraHenu
HA3UBAIOTh GiliKAMU, a BIJHOCHO JOBT1 — Ooceymuxamu. Bilikamu,
HampukiIaa, oOnaaHaHi 1HQY30pii; JKTyTUKAaMU — BOJOPOCTI, AESKl 3
HAWUTIPOCTIIINX, CTIEPMATO301/IH.

Biiiku 1e€MOHCTPYIOTh aKTHBHICTH JIMILE Yy BOJHOMY CEpEIOBHIIL;
BOHU JAIOTh MOXJIMBICTh OpPraHi3My 3MIHIOBATH HAmpsSMOK 1 HIBUAKICTH
PYXIB Mij BIUIMBOM 30BHIIITHBOTO MOApa3HuKa. JlOBXXKHA BIMOK CTAHOBUTH
1020 wmxm, a miamerp — 0,20-0,25 w™rm. Yacrorta OWTTS Biiiok
3HaxonuThes B Mexkax 10—40 yaapis 3a cekyHay. TUTIOBUM JUIsl BIHOK € pyX
y BUIISIL x6unvosux eucunie (puc.3.14), gxi CKIAJaloThCs 3 MPSMOro

rpeGHOro yaapy Ta 3BOPOTHOT'O BIITHOBHOTO PYXY.

ot O e gl O 1. il 1 v

Puc. 3.14. Pyx BiliOK y BUIJIfAli XBWIbOBUX BUTHHIB

142



JUKTYyTHKM MaroTh OUTblIl, HIDK BIAKHA, pO3MIPH 1 JIOCSTAIOTh
TOoBXKUHM Big 20 MKM [0 JACKITBKOX MUIMETPIB; JlaMeTp JIKTyTHUKa
nopiHioe 0,20—0,25 MKM.

3rilH0 3 CyYacHHMMH VYSBIEHHSMH, MEXaHI3M BilyacTtoro i
JOKTYTHKOBOTO PyXy TIOB’SI3aHWM 3  Ko0@3aHHAM TiepudepiiHuX Tap
MIKpOTPpYOOYOK BIJIHOCHO OJIHA OJHOi, BIJJHOCHO IIEHTPaJbHOI TapH,
3aBJISIKM YOMY BiJI0YBa€ThCSl BUTHH BiMKK a00 JKT'YTHKA.

PoGota, sika BUKOHYETbCSI MM Yac PyXy BIMKM a0o0 KTYTHKA,
CIpsiMOBaHa, B OCHOBHOMY, Ha TIOJOJAHHS CWJI BHYTPIIIHBOTO TEPTS
cepeIoBHIIA 1 MPY>KHOTO OMOpPY OpraHenu BUruHy. Pobora npsimoro yaapy
opranend cranoButh  4-1071° Ik, a 3BopornHoro — 1071° JIx; moTyxHicTh

oiHOro yaapy gopisaroe (1-4) -104 Br.

3.9.3. PoGora 1:KryTHKOBOI 0 anapary

JIKTYTHKY € OpraHesiamMmu, siki B OUTBIIIOCTI BUTIQAKIB PO3TAIIOBaHI Ha
anikaJibHOMY (MEpeIHbOMY IO XOAY pPYXY) KIHILI KIITUHH; 3BUYAIHO
JIOBKMHA JDKTYTHUKIB MOXE JIOPIBHIOBATH JOBKWHI KIITUHU, OyTH MEHIIIO0
ab6o mnepeBumyBatu ii [Mactok, 1973]. KoxkeH KTyTHK sBIIsIE COOOIO
OiuenoiOHe yTBOpeHHS AiameTpoM Omm3bko 0,2 MKM. 3aBISKA aKTUBHUM
BUTMHAM JDKTYTHKH 3a3BHYail BUPOOJISIIOTH TATHYYMH a00 IITOBXAKOUU
BIUIMB Ha KJIITHHY, 3a0€3MeuyrouH i1 MOCTyNaJIbHUN PyX 3 OJHOYACHUM ii

o0epTaHHSIM HABKOJIO BJIACHOI MTO30BXHBOI OCI.

3.9.4. Oco0uBOCTI OMTTH AKTYTHKIB
Burunau  mxryruka  Euglena  gracilis B mpouect  OUTTH
XapaKTepU3yIOThCS CHipanenofiOHo (GOopMOI0, X04a, CTPOro KaKyuH,

CTPYKTypa OWTTSA OinbINe BIiATOBIZA€E cepli BHUTHUHIB, KOXEH 3 SKHUX
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npeAcTaBiisie  coOow  yactuHy cmipami. 11 ginsgHKM — po3aineHi

IPSIMOJIIHIMHUMU BiJpi3KaMu JKTyTUKa (puc. 3.15).

Puc. 3.15. CxemaTu4He 300paKeHHs CTPYKTYPH OMTTH JUKT'YyTHKA
Euglena gracilis, o npeacrasJjisie co0010 cepiro BUruHiB (''mepepBany
cuipaiap'), koxedn 3 saxkux (1, 2) sBaAsE 0000 YACTHHY CHipaJi;
po3aijieHi mi cnMpaJenogiOHi ALISIHKHA NPAMOJIHIHHAMM BiIpizkaMu
pxryruka (a, 6) [Jahn, Bovee, 1968]. Tyr cTpiiku BKa3ylThb HANPAM
NOUIMPEHHS] BHUIHHIB; INYHKTHPHI JiHiI BIiANOBiIalOTH KOpPAOHAM

BUTI'HHIB.

Lle mgano miacraBy Ha3BaTu Taky (pOpMy JKIyTHKa B MpoLect OUTTS
«mepepBanoro cripautoy ("interrupted helix") [Jahn, Bovee, 1968].

burts mxryruka E. gracilis 3a0e3neuyloTh pyX KIITUHU 1O
cnupanenonaioHii Tpaekropii. Kimituna 3aiiicHioe mpu 1boMy 0OOpOTH
HAaBKOJIO CBOET MO3JI0BXKHBOI Oci 3 yacToToro 2 I'r (6imu3eko 0,32 06/c = 19
00/XB).

Jxrytuku  Chlamydomonas reinhardtii neMOHCTPYIOTh CHUHXPOHHI
OUTTA cUMETPUYHOI (OPMHU BIJIHOCHO IIO3J0BXKHBOI OCl Tijla B OJHIN
wiomumHl (Puc. 3.16). Takuit xapakrep pyxy kimituau [I.JI. Pinro nassas
"IiaBaHHSAM cTUJieM Opac", a pyX JUKTYTHKIB BIAHIC J0 HUJIHAPHOMY
TUIIOM (Take BECIOO0pa3HO OUTTSA XapaKTEpHO IS BIMOK 1H(Y30piid)

[Ringo, 1967; KButko u ap., 1978].
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Puc. 3.16. Becsononionuii pyx axryrukiB Chlamydomonas
reinhardtii npu nuaaBanHi ctwiem ''Opac'[Colombetti, Marangoni,

1991]. Crpinka Bka3ye HANPAMOK PyXy KJIITHHH.

BiaminnicTio y poboti kryrukoBoro amapary Dunaliella B
nopiBHsAHHI 3 Chlamydomonas € Te, 0 NpU 3MiH1 HAIPSIMKY PYXY KIITUHH
OJIMH 3 JDKTYTUKIB KOPOTKOYACHO CTa€ HEPYXOMUM, TOII SIK 1HIIUMA
3a0e3neuye MOBOPOT KJIITHUHU, MICIS YOTO KIITHUHA PYXa€ThbCi B HOBOMY
HampsIMKY 3 JABOMa TpamorounMu Kryrukamu [Dunaliella, 1992]. Kpim
TOTO, YaCTOTa OUTTA ABOX JUKTYTUKIB Dunaliella bioculata neonnaxona (50
1 60 I'm), 10 TPU3BOIUTH IO MOSBU JESKOTO KyTa MIXK TUIOIIMHAMHU OUTTS
JOKTYTUKIB. 1le BukIuKae oOepTaHHS KIITUHM 1 11 pyX MO CHHYCOiTaIbHOT

Tpaektopii [Shoevaert et al., 1988].

3.9.5. Peectpanist OMTTH JKTYTHKIB
Bucokoweuoxicha mikpokinemamoepaghisa, 1lg TexHika  103BOJIsIE
npoaHaiizyBatu Kaap 3a kajapom (100-500 kamapiB 3a ceKyHIy) pyX KIITUH
Bonopocred. [ns Chlamydomonas reinhardtii napameTpu pyxy KIITHH
CTAaHOBWJIW: TOCTYMaJlIbHA MIBUAKICTh MpU KiMHaTHIN TemmnepaTypel 00-200

MKM/C (MakcuMmanbHe 3HaueHHs 240 MKM/C); MIBUAKICTb 00€pPTaIbHOTO
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pyxy 1,4-2 T'u (0,22-0,32 00/c) npu makcumansHoMy 3HadeHH1 2,5 I'r (0,4
00/c); yacToTa OUTTS JHKTYTHKIB, SIKI 320€3ME€YYIOTh CIIUPAICTIONIOHUN pyX
KJIITUHH, BiJ 45 10 62-70 'l y IKryTHKa, 10 3HAXOAUTHCS HA 30BHINIHIN
cTopoHi cmipam, Ta 45 ' y IKryTuka, 10 3HaXOAUThCS Ha BHYTPIIIHIN
ctoposi cripaini [Riiffer, Nultsch, 1985]. 3aBasku BUKOPUCTAaHHIO METOMY
BHUCOKOIIBU/IKICHOT KIHO3HUOMKH A BU3HAYEHI [IBUIIKICTH
nocrynaiabHoro pyxy Dunaliella bioculata, sxa cknana 10510 mxm/c
[Dunaliella ..., 1992], Ta wactoty Outts mxrytukiB (50 1 60 I') mporo
Buay [Shoevaert et al., 1988] .

3.9.6. JlazepHa nonmiepiBcbKa CEKTPOCKOIIA
Cyrp edexty Jlonmiepa mosisrae B TOMY, IO IpPHU OINPOMIHEHHI
o0'ekTa, IKMI PyXa€eThCs 31 MIBUIAKICTIO 0, CBITJIOM IIEBHOI YacTOTH A Mae
MICII€ PO3CIIOBaHHS CBITJIa, IPUYOMY YacTOTa (JOBXHHA XBUJI1) PO3CISTHOTO
CBITJIa 3aJICKUTh BiJ MIBUAKOCTI pyxy oO'ekta. JlonmiepiBCchke 3MilICHHS
Af 4acToTH CBITJIa 3aJ€KHUTh BI1J KyTa pO3CIAHHS 6 CBITIa 0O0'€KTOM,
MIBUAKOCTI pyXy v 00'eKTa 1 B KyTa ¢ MDK HampsIMKOM PyXy OO0'€KTy 1

HaIPsIMKOM TommpeHHs cBitia [Ascoli et al., 1980]:

Af:i_usmgcos¢. (10.1)

BrumBaroun Ha KIITHHA HKTYTHKOBUX BOJOPOCTEH Ja3epHUM
BUIIPOMIHIOBAHHSIM 1 PEECTPYIOUM JOMIUIepiBChbKi 3cyBH, L. Ackom 3i
CHIBpOOITHUKAMHU BAAQJIOCA OIIHUTH IMIBUAKOCTI MOCTYMaJIbHOTO 1
o0eprasibHOTO PYXiB (s E. gracilis MBUAKICTh TOCTYNAJIBHOTO PyXy
ckiana 100 mkm/c, a yactoTa 00epTaHHs KJIITUHU OJu3bKo 2 '), a Takox

4acToTy OHWTTA JKIyTukiB [Ascoli et al., 1978, 1980]. Bukopucranus
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TEXHIKH JIONIUIEPIBCbKOT CHEKTPOCKOMIl JaJi0 MOKJIMBICTh  OI[IHUTH
MIBUAKICTh TOCcTynanbHOro pyxy Dunaliella bioculata, sixa cknana 10915
MkM/c [Dunaliella, 1992].

TunoBi JONIUIEPIBCbKI CHEKTPH, IO JO3BOJSIOTH OLIHUTH YacTOTY

OWTTS JDKTYTHKIB JUTsSl pI3HUX BOJOPOCTEH, pecTaBieHi Ha puc. 3.17.

PV

Haematococcus pluvialis

) ' v(T'w)

Dunaliella salina

P v('m
© M}na.x danica

50 v({I'u)

Puc. 3.17. TumoBi gonmiepiBCbKi CHEKTPH, IO A03BOJSAIOTH
OLIHMTH YACTOTY OUTTH JUKIYTHKIB JJIs1 Pi3HUX Bogopocreil [Ascoli et
al., 1980]. Tyr: P(v) — iHTEHCUBHICTH PO3CiISIHOI0 HA PyXOMOMY 00'€KTi
CHUTHAJLY, 3aPE€CTPOBAHOI0 HA YaCTOTi V.

Sk BuIHO, 9acToTa OUTTS JUKTYTUKIB D. salina 3HaXOMUTHCS HA PIBHI

Oym3bKko 25 I'm.
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3.9.7. MeTon cBIiT/10p03Cil0iBHHS

CyTb METOZly CBITIOPO3CIIOBaHHS MOSICHIOETHCS puc. 3.18.

s

Benbiuka
L

cBeTa

Puc.3.18. Cxema eKCnepMMEHTAJILHOI YCTAHOBKH, MPU3HAYEHOI
JJISL peecTpalii cBiT/IOpo3ciroBaHHs (1MOsicCHEeHHsI B TeKcTi) [Angellini et

al., 1986]

[HdppavepBoOHUl KOMITIOHEHT BUIIPOMIHIOBAHHS JKepeaa | MpoXoauTh
yepe3 iHhpadepBoHUN PiILTP 2 1 TEMHOMOJBHUN KOHJIEHCOP 3, MICJIS 4YOTro
NOTpaIUIAi€ Ha CyCHeH31l0 4 BOJIOpoCTed, 10 aociimkyeTbes. Cramax
CBITJIa, SIKMH TONAETHCS HA CYCIEH31l0, HE MOTparuiie B O0'€KTHB 3a
paxyHOK TEMHOMOJBHOr0O KOHJIeHCcOopa. OHAaK, MOIYIbOBAHHUM 32 paxyHOK
OWTTS JKTYTHKIB CHUTHal 30HMpAEThCS OO'€KTUBOM S5 1 PEECTPYETHCS
doronpuitmauem 6, BHUXIIHMM  CHUTHal  SIKOTO  TOJA€TbCA  Ha
cneKkTpoaHamizarop 7, moB'si3aHmii 3 xKomm'torepoMm 8 [Ascoli, Petracchi,
1991]. ExkcnepuMeHTallbHa CHCTEMa Ja€ MOXJIHUBICTh ITPOBOJUTH
BUMIPIOBaHHS, HAKONMYYIOUM 3a JOMNOMOIOK KOMI'IOTEpa JaHl 4Yepes
koxkHI 300 MC B mIecTUpa3zoBiii MOBTOPHOCTI. BUKOPUCTOBYIOUM TEXHIKY
mBuAKoro dyp'e-nepeTBOPEeHHs, MOKHA TMOPIBHATH MOYATKOBUHN CHEKTP

IHTGHCHUBHOCT1 I CYKYIHOCTI JOCIHIJDKYBAaHUX KJIITHH 3 THMH, SIKI
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OTpUMaHI MpU PI3HUX BIJHOCHO CHajlaXy CBITJA YaCOBUX 3aTPUMKaX, 1

OJIEpP’KaTH YSBIIEHHS MPO €BOJIOLIT YaCTOTH OUTTS JXKTYTUKIB BOJIOPOCTI.

3.9.8. Meron ¢poromerpii

B ocHOBi (poTOMETpUYHUX METOMIB JIGKUTH PeecTparlisi abCOMIOTHUX
a00 BIJIHOCHUX 3HAa4Y€Hb MOTOKIB BUIIPOMIHIOBAHHS, IO MPOWIUIM yepe3
OCHOBM pYXJMBHX JKTYTUKIB: TEPEMIIIEHHS Yy MPOCTOpl JKTYTHKIB
BUKJIMKAIOTh MOJYJSIII0 CBITJOBOTO TOTOKY, WIO0 JIa€ MOKJIUBICTD
OTpUMaTH 1H(POPMALIIIO IPO YACTOTY OUTTS IKTYTHKIB.

Y npomeci  Qoromerpii  KIITHHA  JIOCHIJKYBaHOi ~ BOJOPOCTI
3aKPITUTIOETHCSI MK MPEAMETHUM 1 MMOKPUBHUM CTEKJIaMU, MICTS 4Oro J0
OCHOBHU JUKTYTHKIB TiABOAATH 30HA Mikpockona (Puc. 3.19). Ilpouenypa
BUMIPIOBAaHb 3BOJIMIIACS JO PEECTPAIlii MOIYTHOBAHOTO CBITJIIOBOTO MOTOKY
(GOTOETEKTPOHHUM TOMHOXYBau€M MIKPOCKOIA, MIJCUJICHHS Ta aHalli3y
oJlepxkaHoro curHainy. Cucrema peectpauli 1a€ MOXIUBICTb IEPETBOPUTH
4acTOTy OHUTTS JDKTYTHKIB B aHAIOroBy (opmy 1 peectpyBaTu ii Ha

CaMOITHUCIII.
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Puc.3.19. Ilpununun mikpodoroMerpii JKIyTHKIB MIKpPOOpPraHi3MiB.
Tyr: 1 — kiIiTHHA MIKPOOPraHi3My, 110 AOCTIKYETbCH; 2 — IPeAMeTHe
CKJIO MIKPOCKONAa; 3 — NMOKPHBHE CKJIO0 MiKpockoma; 4 — xKepesio
cBiTiIa; 5 — Mikpockon; 6 — ¢(oronmoMHOXYBa4; 7 — MmiICHJIIOBaY-
nepersopwoBay; 8 —tpurep lIminra 8, axuii BUpoO/Isie CTAHIAPTHUH
iMITyJIbC NEBHOI TPHUBAJIOCTI, SAKIIO CUIHAJ IEPEeBHINYE 3aJaHUM
pPiBeHb; 9 — CHHXPOHI3yIWO4YHiIl TpuUrep, SKHH 3aMyCKA€ JiYMJIbHUK
iMmnyabciB; 10 — anasoroso-ungpoBuii nepeTBoprOBaY, IKMH BU3HAYAE

YacToTy OMTTH AKT'YyTHKIB.

3.9.9. Merton Bigeomikporpadii

Cucrema Bimeomikporpadil CKIamaeTbes 3 MIKPOCKOMA, SKUH
3'eqHaHuil 3 Bigeokamepor 1 MoHiTopoMm (Puc.3.20). Taka cucrema nae
MOJKJIIBICTh BIMIpPIOBaTI MOCTYHabHY Ta 0O€pTaibHY IIBUIKICTH KJIITHH,
boTOpyX Ta KIJIBKICTh KIITHH BOJIOPOCTEH.

BunpowmintoBanHs mxepena 1 6ioro cBiTia (JiaMmna po3KaproBaHHS
noryxHictio 300 Brt) ¢opmyBanmu B mapaneipbHUN IMy4OK CBITJIA 3a
nornoMororo kommaropa 2. IloTiM mydok CBITIa NPONYyCKaldH 4Yepes3

ckisiHui 3 1 pimuHHMA 4 iH(payepBoHI (GUIBTPU, a MpU HEOOX1THOCTI
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peecTpallli CBITJIOBUX KPUBHX - TAKOXK uepe3 IHTepPepeHiiHui GpuibTp 5.
ITicns mporo cBiTmo mig kKyrom 30 © HampaBisiid Ha IUIOUIMHY
IPEIMETHOIO CKJIa 3 HAaHECEHOK Ha HbOT'O CYCHEH31€I0 BOJOPOCTEH, SIKE
3HAXOJUJIOCST Ha TMPEAMETHOMY CTOoNuKy 6 wmikpockorna 12. Tlpu
JOCHIIKEHH1 CHEKTPAIBHUX 3aJIEKHOCTEN ¢doroTonoTakcucy
BUKOPUCTOBYBAJIM TAJIOTEHHY JIaMITy 7, BUTIPOMIHIOBAHHS SIKOT TIPOITYCKAJIH
yepe3 MoHoxpomarop 8. Jlif0 IOJISPU30BAaHOrO CBITJIa BHBYAJIH,
BUKOPUCTOBYIOUM JKepeno cBiTia 9, koHuencop 10, momspusarop 11.
[Tapamerpu (HoTOPYXY OLIIHIOBAIU 32 JOTIOMOTOK CUCTEMH peecTparlii, o

CKJIaJIaeThes 3 Biieokamepu 13, O1oky crionydeHHs 14 1 moniTopa 15.

Puc. 3.20. Cxema cucremu Bineomikporpadii ajsi 10CJTiKeHHA
¢oropyxy Bogopocreii: 1 — mxepeso Oijioro cBitia; 2— kojaimarop; 3 —
ckJsAHUI iHpavepBoHmii iibTp; 4 — pinnHHNKA iHQpavepBOHUI
$iabTp; 5 — inTeppepenniitnnii GiabTP; 6 — 3pa30K HA NMPEIMETHOMY
CTOJIMKY MIKpPOCKONAa; 7 — rajioreHHa Jjiammna; 8 — MmoHoxpomarop; 9 —
mkepeso cBitaa; 10 —  kongencop; 11 —  moaspusarop; 12 —
Mikpockon; 13 — Bigeokamepa; 14 — 00k cronydyeHHsi; 15 — mMoHiTop

[Posudin et al., 1992].
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3.9.10. Ouinka pyxyiMBOCTi criepMmiiB

B ocHOBi (poTOMETPUYHOTO METOJY, IO MPU3HAYEHUHN I KOHTPOIIO
SIKOCT1 CTEPMH, JICKUThb BIACTUBICTh CIEPMIiB MOBEpPTATUCS Y MPOIEC]
MOCTYMaJIbHOTO PyXy. OCBITIIOIOYNA pyXoMi criepMii OOKOBHM CBITIIOM,
MOJKHA PEECTPYBATH BIJOJIMCKH, SIKI TTOB’s13aH1 3 00epTabHOIO (a, OTXKeE, 3
NOCTYNAIbHOIW) MBUAKICTIO. DIKCYBaHHS KIJIBKOCTI CHEpPMIiB, IO
OPOXOJATh Yepe3 TEBHUM TMEPEeTHH, Ja€ MOXIUBICTh BU3HAYUTH 1X
KOHIeHTpalito. CxemMy (QOTOMETPUYHOIO aHajli3aTopa HaBEACHO Ha

puc.3.21.

~ ~
“~ “
reboeaalee

Puc. 3.21. Cxema JjazepHoro ¢oroMeTpM4YHOr0 aHAJIIi3aTopa s
KOHTPOJIIO AKOCTI ciepmu: 1 — BinOuBay; 2 — moayasarop; 3 — jasep; 4
—KI0OBeTa; S — onTHYHU npuiaan; 6 — xiagpparma; 7 — ¢poronpuiimay; 8
— OJOK po3moaisly WBHAKOCTI; 9 — migcummoBay; 10 — 14 — Osoku

00po0KM TaHUX
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3.10. Meroau BHMIPIOBAaHHS PYXOBHX XAPAKTEPUCTHK IKHUBHX

Oprasi3smis

3.10.1. KineMaTH4HI XapaKTePUCTUKHA TBAPUH
JI0o OCHOBHUX KIHEMaTHYHHMX XapaKTEPUCTUK TBAPUHU HAJEKaATh
JOBXKMHA KPOKY, YaCTOTa KPOKIB, TPUBATICTh KOHTAKTY KOXKHOI KIHI[IBKH 3
rpyaToM. Bei 1 mapaMeTpd  BUMIPIOIOTBCS 32 JIOTIOMOTORO
BHUCOKOIIBUJIKICHOI KiHemaTorpadii abo axcenepomerpii. Ilpuxnagom
pe3yNbTaTiB BUMIPIOBaHb KIHEMAaTUYHUX XapaKTEPUCTHK € IBUIKICTh PYXY

1 TOBKMHA KpPOKY KOHs (Tab6i.3.1).

Tabmuns 3.1. KinemaTnuHi XapakTepUCTHKH KOHS

Tun [Bunkicts pyxy, | Josxuna
pyxy KM/TOJ1 KpOKY, M
Xona 6-7 (BepxoBi 1.4-1,8
TIOPOJIN )
4-5 (BO30BI
TIOPOJIN)
Pucse 11-18 2,5-3,5
INanon 30-40 1,5-2,0

VY BerepuHapHill MEIUIMHI BCE YaCTIIIE BUKOPUCTOBYIOTh TaKUH
mapaMerp, K KyT MK OKPEeMHUMH CETMEHTaMH  34JICHYBaHHS.
BumiproBaHHs KIHEMaTHYHHUX XapaKTEPUCTUK MPOBOASATH y JABO- abo
TPUBUMIPHOMY IPOCTOPI 3a JOMOMOTOI0 KaMep, sIKI po3TalloBaHl 300Ky,

no3aay abo chepeny TBapuHUA. MeToauKa BUMIPIOBaHb TMependavae
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BUKOPHUCTaHHSI MApKEPIB, SIK1 3aKPIILTIOIOTHCS B LIEHTP1 0OOEpTaHHs Ccyriioda
1 Ha OKpeMHux cerMeHnTtax (puc.3.22). Po3mip KOKHOro Mapkepa CTaHOBUTH
2,5 cM. PO3BUTKOM IL1i€1 TEXHIKM MOKHA BBa)KAaTU 3aCTOCYBaHHA (OTOII0/IIB
K MapKepiB, Ha SIKi JIIOTh TPU CBITJIIOBUX IMPOMEHS, 110 CKaHYIOTHhCS B

TPUBUMIPHOMY TIPOCTOPI.

Puc. 3.22. 3akpininenns Puc. 3.23.

Mapkepa B  ULeHTpI Cxemaruine
300p a:KeHHHA

o0epTaHHs cyriobda MapKepiB

(nomepu 1-11)
Ta KYTIB MiK
cerMeHTaMu
TAKHX
CyrJo0iB
nepeaHbol
KiHIOIBKH
KOHHI: a —
BepTIyr; b —
mwieye; ¢ -
Jikotb; d -
KicTKa
3an'sicTsi; e —
mirka; [ -
CyrJi00 KonuTa
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PozramyBanns 11 ¢oromioniB Ha nepeaHiid KiHIIBUI KOHS (puc.3.23) aaio
MOXJIMBICTh BU3HAUMTH 3aJICKHICTh KyTa MDK CErMEHTAMH BiJl 4acy s
TaKMX CYrj00iB SIK BEPTIIYT, IJIeUe, JIIKOTh, KICTKA 3aIl’ICTS, LIITKAa, CYrji00

KOIIUTa.

3.10.2. /IlunaMivHi XapaKTepPUCTUKUA TBAPHUH

[lin wac pyxy TBapuHU BHUHMKAIOTh BHYTPIIIHI CHJIH, SKI
PO3BHUBAIOTECS M S3aMH B TiJIl TBApUHM 1 TIEPETBOPIOIOTHCS B OOEpPTaHHS
CerMEHTIB CYIJ00iB 1 MOCTYHNAJIbHUN PyX TBAapUHU B LIJIOMY, a TaKOX
30BHIIIHI CHJIM, TaKl SIK peakilig onopy rpyHTy. OJIMH 3 METOMIB OIIHKH
30BHIIIHIX CHUJI Nepedadyae BUKOPUCTAHHS CHIIOBUX IUIACTHH, SIKi SBISIOTH
co0or0 TMJocKi  minacTuHU po3mipom 60x90 cm, 3’enHant 3 3-4
1’ €30€JIECKTPUYHUMHU  [IepeTBOpIOBaYaMu  ab0 JaTtyukamu Hanpyru. Ll
IUTACTUHU PO3TAILIOBYIOTh Ha LIUISIXY PyXY TBapUHHU, sIKa JOCTIIKYETHCS.

[Ile oguH MeToa BUMIPIOBAHHS 0a3ye€TbCsl HA BUKOPUCTAHHI CHIIOBUX
YepeBUKIB, sKI oOjagHaHI JaTYMkamu. SIK TpHKIad, MOXKHA HaBECTH
pe3yNbTaTH 3aJIeKHOCTI peakiii Oomopy TPYHTY MiJ 4Yac XOAU KOHS
(puc.3.24).

Baxn1Boo AMHAMIYHOIO XapaKTEPUCTUKOIO TBAPUHU € PO3TAT, SIKUN
B1JI0YBa€ThCS HA TOBEPXH1 KICTOK TBAPUHMU II1]T Yac iX 3ruHy ab0 Kpy4deHHS.
Ominky 1pOro mapaMeTpy MPOBOIATH 3a JONOMOIOI0 JaTYUKIB, IO
JI03BOJIAIOTh BUMIPIOBATA CHIIy a00 Hampyry, siki BUKJIMKAIOTh PO3TSIT.
HeomnopigHicTh 1 HENMHIAHICT, MNPYKHUX  BIACTHBOCTEH  KICTKU
BHMAraroTh MOMepeIHbOro KaliOpyBaHHs JaTUYUKIB.

Po3tar cyxoxunb, AKUW BiJOYBa€ThCS NPHU HABAHTAXXEHHI, MOXKHA
BUMIPIOBAaTH, HAINPHUKIAJ, 3a JOMOMOIOI JAaTYWKIB, LI0 MPaIOTh Ha

OCHOBI e(pexra Xoia.
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Puc. 3.24. Pe3yjbTaTd BUMIpIOBAHHS peaKuil Oopy rpyHTy miJ
Yyac XOOM KOHS 32 [0NOMOIOK CWJIOBHMX 4YepeBUKIB: a,b -

TOPU30HTAJIbHI CWIN; ¢ — BEPTHUKAJIbHI CHJIH

KOHTPOJIBHI SATIMTAHHS TA 3ABJIAHHSA
1. ¥V yomy mosnsirae npuHIMM 130MeTpii 1 anomeTpii?
2. fx BmmBae KoeQIiIEHT b HaA XapakTep KPHUBOI, IO OIMUCYETHCS
QIOMETPUYHUM PIBHSIHHSAM?

3 SIKUX €JIEMEHTIB CKJIaIa€ThCs OMIOPHO-PYXOBUH anapart TBapuHU?

Ha3BaTy OCHOBHI THITH M’ SI30BHX TKaHHH.

3 YOro CKJIaaaeThCs CKEJIETHUN M’ 5137

[TosicHUTH MeXaH13MU M’ S30BOT0 CKOPOUYECHHS.

N S U AW

ki ekcnepuMEHTabHI METOAM BHKOPHUCTOBYIOTH TMPHU JOCIHIKEHHI
M’ SI30BOr0 CKOPOUYEHHS?

8. HasBatu Hem’s130B1 POopMU PYXIIMBOCTI.
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9. Sxi MeToau BUKOPUCTOBYIOTHCS JJII BUMIPIOBaHHS KIHEMATHUYHUX Ta
JUHAMIYHUX XapaKTepUCTUK TBapUH?

10.ITosicHUTH IPUHIMITA KOHTPOJIIO SIKOCTI CIIEPMU.
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APPENDIX II

BIOMECHANICS

Biomechanics is a branch of biophysics that studies the mechanical
properties of tissues, organs and the body as a whole, as well as phenomena
related to the movement of animals, the work of individual organs and

systems.

Mechanical properties of biological objects

All biological objects are characterized by geometric dimensions L,
surface area S and volume V. If the transition of small living organisms to
large ones is accompanied by a proportional change in the parameters L, S
and V, then we can say about the isometry of these organisms. In this case,
there is a linear dependence of physiological parameters y on mechanical x,
namely y=kx (where k is a constant). In the real situation, organisms are
not isometric, but allometric (from the Greek alloios - different). The
correlation of different physiological parameters of an organism with the
power function of its mechanical characteristics is called allometry.

This correlation dependence can be described by an allometric type
equation y=ax’, where y — physiological parameter; x - mechanical

characteristics; a and b are constants.

For example, the body weight of the smallest bird (hummingbird) is
Mup=2 g, and the largest (ostrich rhinoceros) - Mp,=100 kg. The mass of a

hummingbird's egg is soft=0.3 g. If you use an isometric ratio to determine
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the weight of an ostrich egg, this weight will be 15 kg, which is unrealistic.
The real relationship between egg weight and bird body weight is described
by the allometric equation Me=0.277 - Mp®77°.

Consider examples of the use of allometric equations in terms of
analyzing the relationship of different mechanical characteristics of
biological objects.

One such object is a bird's egg. The mechanical properties of the egg
are determined by the need to ensure sufficient strength of the shell (to
ensure the protection and safety of the embryo) and at the same time
fragility (so that the chick can come out of the shell). In addition, the
eggshell should provide the necessary gas exchange (let oxygen in and
carbon dioxide out) and prevent the contents from drying out.

The weight of eggs of different birds varies widely - from 0.3 g in
hummingbirds to 100 g in ostriches. Typical weights of a chicken egg are
about 60 g at the time of demolition and about 50 g at the time of hatching.
During this period, the egg absorbs 6 liters of oxygen, emits 4.5 liters of
carbon dioxide, loses about 9 g of water. This gas regime is provided by 10
thousand nop in the shell, the diameter of each of which is about 17
microns. The total area of the nop in the egg shell is 2.3 mm? with a total
surface area of the chicken egg of 70 cm?.

Allometric ratios make it possible to establish a relationship between

the weight of the egg M. and the body weight of the bird My:

M. =0,277M, "7

The length L, and the area S, pop are related to the mass of the egg by

the relations:
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Ly =5,126-102M04%¢ ;

Sy =9,2-107M, %%,

The content of these ratios is determined by practical needs: despite
the 30,000 difference in the size of the eggs, the length and area of the pops
are so related to each other that ensure the normal functioning of the egg.
As its size increases, the passage of gases accelerates. An increase in the
mass of the egg by 10 times causes a corresponding increase in the length
of the pope by 10%%%=2 86 times and the area of the pope (according to
equation 3) by 101-236=17.2 times. Accordingly, the exchange of gases in a

larger egg increases in proportion to the needs of the developing embryo.

You can also give allometric ratios that link the mass of the shell Mg,

with the mass of the egg M.:

M, = 0,0482M, 1132,

According to the analysis of this expression, the shell of the smallest
egg (hummingbird) should be about 4% of the egg weight, and the largest
(ostrich) - 12% of the egg weight. This threefold increase in the mass of the
shell is associated with its thickening.

The force F that destroys the egg is related to the mass of the egg by

the expression:

F=50,86M,°%1°.
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Thus, the strength of the egg increases with increasing size. Indeed,
the cross-sectional area of the shell Sin is proportional to the square
thickness of the shell.

Similar relationships are observed between energy metabolism and
reduction of animal body size, height, diameter and phytomass in plants
and the like.

Allometric ratios are also valid for plant organisms. Physiological
parameters can be selected phytomass of tree trunk, phytomass of bark,
phytomass of roots; mechanical - the average height of the tree, the average

diameter of the tree, the average value of the stand.

Musculoskeletal system of animals

The main purpose of the musculoskeletal system of farm animals - to
ensure the dynamic movement of the body or its individual parts in space
and storage during a quiet state of static balance. The basic elements of the
musculoskeletal system of animals are bones, muscles, joints, tendons and
ligaments. The bones, connected to each other in moving parts, form
kinematic chains. Individual links in such a chain can be considered as the
simplest mechanism - the lever. The fulcrum around which the lever rotates
is the joint. The movement of the bones that form the lever is provided by
the muscles. As they contract, they change the position of the bones to
which they are attached. The basis of the musculoskeletal system of
animals and its supporting structure is the skeleton. Thus, the
musculoskeletal system of animals consists of bones - strong materials that
perform passive functions in the process of body movement, and muscles,
which are an active element of the musculoskeletal system.

The animal participates in various types of movements - translational

(movement of the body as a whole), rotational (movement of joints),
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oscillating (movement of individual parts of the body and internal organs),
wavy (movement of the spine).

The main elements of the musculoskeletal system of animals are
bones, muscles, joints, tendons and ligaments.

The bones, connected to each other in moving parts, form kinematic
chains. Individual links in such a chain can be considered as the simplest
mechanism - the lever. The fulcrum around which the lever rotates is the
joint. The movement of the bones that form the lever is provided by the
muscles. As the muscles contract, they change the position of the bones to
which they are attached.

As the animal moves, there is a need to soften the shocks; the role of
the shock absorber is played by the tendon-muscle apparatus. Consider as
an example the cushioning properties of a horse's ankle joint. The force of
the load on the limb along the metacarpal bone in the ankle joint can be
decomposed into the force P, which is perceived by the bones of the finger,
and the force P1, which flexes the ankle joint and is absorbed by stretching
the tendon-muscle apparatus. Increasing the length of the finger increases
the load on the tendon-muscle apparatus.

In horses with a long toe, the gait is softer, the shocks are less felt by
the rider, but the horse gets tired faster; a horse with a short finger feels

stronger shocks, but such a horse is more enduring.

Vertebrate muscles
Muscles, which account for 40 to 50% of the total body weight of an
animal, are tissues that are characterized by the ability to contract, ie to
change their length and cause corresponding changes in the spatial position

of the whole body and its parts.
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Vertebrates have three types of muscle tissue - skeletal (or cross-
striped), cardiac and smooth. Skeletal muscles are involved in the
musculoskeletal system; heart muscle is related to the work of the heart;
smooth muscles form the walls of internal organs (intestines, blood vessels,
esophagus). Skeletal muscle consists of central tissue that can contract and
two tendons. One of them is attached to the moving bone, and the other to
the supporting bone. Skeletal muscle tissue is formed from muscle fibers -
multinucleated cells of cylindrical shape with a diameter of 20-80 microns
and a length of several millimeters to tens of centimeters, surrounded by a
shell - sarcolemma. Each muscle fiber contains from several hundred to
several thousand myofibrils with a diameter of 1-2 um, which consist of
protofibrils - thick (myosin protein) and thin (actin protein) filaments that
form a hecagonal structure in cross section.

The length of myosin filaments is 1.6 pum, actin filaments are 1 pm;
diameter of myosin filaments - 16 nm, actin - 8 nm. Thick myosin
filaments are equipped with transverse bridges.

The results of electron microscopy indicate that myofibrils consist of
basic units that are repeated - sarcomeres. Length of the sarcomere - 2-3

microns; all sarcomeres are separated by Z-disks.

Fundamentals of physics of muscle contraction

In the process of muscle contraction, large cells of the gray matter of the
spinal cord (or the corresponding brain stem) send nerve impulses (action
potentials). These cells are called motoneurons. They consist of a cage
body (soma) and special processes (axons and dendrites). The area where
an axon comes into contact with a muscle fiber is called a synapse. In
addition to the transmission of excitation in the form of a nerve impulse

through the synapse of the motoneuron axon to the muscle fiber, there is an
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additional excitation of a chemical nature in the form of acetylcholine
(ACh), released by the axon end. The impulse reaches the end of the motor
nerve, allowing Ca?’ ions to enter the synapse and release acetylcholine,
which diffuses through the synaptic cleft, causing a change in the
permeability of the muscle fiber membrane. Acetylcholine amplifies a
small impulse at the end of the motor nerve to the level required to activate
the impulse in the muscle fiber. When the pulse reaches the end of the
axon, the membrane depolarizes, which is accompanied by the unlocking
of Na* channels and activation of Ca?" channels. A rapid increase in the
concentration of Ca®" ions near the filaments of actin and myosin is a signal
to begin muscle contraction. Ca?" ions are released from the sarcoplasmic
reticulum, which is a single three-dimensional membrane structure that
surrounds each sarcomere from one Z-disk to another.

Muscles, which account for 40 to 50% of the total body weight of an
animal, are tissues that are characterized by the ability to contract, ie to
change their length and cause corresponding changes in the spatial position
of the whole body and its parts.

The relative amount of myosin is 50-55%, and actin - 20-25% of the total
protein. In addition, proteins such as tropomyosin (7%) and troponin (2%)
are involved in the reduction process. Troponin contains three subunits: the
largest subunit of TnT, which is associated with the tropomyosin molecule;
the middle Tnl subunit, which binds to the actin molecule and can inhibit
the actin-myosin interaction; the smallest subunit of TnC that binds to
calcium. The binding properties of troponin subunits depend on the
concentration of calcium ions in the surrounding space.

In the state of muscle relaxation (at a concentration of calcium ions <
10 M) tropomyosin is oriented at an angle of 50° relative to the center of

the actin filament, resulting in Tnl strongly binds to actin, which leads to

164



the orientation of tropomyosin, which stops the interaction of transverse
bridges with actin filament because the bridges are open.

When the muscle is excited and the calcium concentration increases, TnC
binds to TnT and Tnl; at the same time the interaction of Tnl with actin
decreases. This process is accompanied by the orientation of tropomyosin
at an angle of 700 and its laying in the furrow of the actin helix, which
initiates the interaction of transverse bridges with the actin filament

The source of energy for the contraction of muscle fibers is ATP, which is
located on the heads of myosin. Energy release occurs during enzymatic

hydrolysis of the ATP molecule.

Bird muscles

There are two types of muscle fibers in the muscles of birds. The red
color of "slow" fibers is due to the presence of a large amount of
myoglobin in them. These muscle fibers are entwined with a dense network
of capillaries and contain a large number of mitochondria. Such fibers
shrink relatively slowly and tolerate long loads well; their metabolism is
based on the oxidation of carbohydrates and fats to water and carbon
dioxide. Birds with red flight muscles, on the contrary, are able to
withstand fairly long loads of long flight. For example, ducks during
migration can fly all day at a speed of 80 km/h.

White - "fast" fibers are larger in size, contain less myoglobin and
mitochondria; the number of capillaries in the white muscles is also lower.
White muscle energy is based on the oxidation of carbohydrates, not fats.
Such fibers are adapted to rapid contractions in a short time. Birds, whose
flight muscles are dominated by white fibers (such as pheasants), take off,

being frightened, but soon get tired and can not fly long distances.
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Fish muscles

Because fish live in water and muscles do not need to maintain the

weight of the fish, the muscles of the fish have their own characteristics.
Muscle fibers in fish are grouped into blocks - so-called myotomes, which
are separated by layers of collagen, called myosepts. In general, the ability
of fish to swim is provided by the lateral (located away from the middle
plane) muscles, which is 40% of the total weight in the crucian Carassius
auratus, about 60% in salmon and 70% in mackerel.
The composition of the muscles of the fish is determined by its lifestyle,
namely participation in the process of slow swimming and unexpected
jerks. Each myotome consists of a relatively small number of fibers that
form the so-called red muscles, which are designed for slow swimming,
and a much larger (about 90%) number of fibers that form white muscles,
which provide rapid movement or jerks of fish.

Red muscles are characterized by high levels of myoglobin, a
branched system of capillaries, a large number of mitochondria (organelles
of cells that provide the production, accumulation and distribution of
energy in cells) and oxidative enzymes. They demonstrate aerobic
functioning, get tired slowly and have a low internal rate of contraction.
The diameter of the red muscle fibers is 100-200 um. All these properties
allow the fish to realize slow periodic movements.

White muscles are able to provide maximum power to the fish. They
are characterized by a high density of myofibrils, a small number of
mitochondria and limited blood supply. White muscles function
anaerobically; they get tired quickly and have a high internal rate of
contraction. The diameter of the white muscle fibers is in the range of 300-

400 pm.
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In most fish, the red muscles are arranged in a narrow strip along the
lateral surface. For example, the pike (Esox lucius) — a predator waiting for
its prey in an ambush, is almost devoid of red muscle, although in some
species of fish (such as predators such as mackerel or tuna) red muscle

extends to the vertebrate pillar.

Experimental studies of muscle contraction

Consider an experimental technique for studying muscle contraction.
The sliding theory of protofibrils is supported by a study of the dependence
of the viscosity of an actomyosin suspension (a mixture of actin and
myosin proteins) on the degree of its binding to ATP. The addition of ATP
to the suspension leads to a sharp decrease in viscosity, which can be
explained by the dissociation of actomyosin into actin and myosin-ATP
complex.

During the hydrolysis of ATP (in the presence of Mg?" ions), the
initial viscosity of the suspension is restored.

The dependence of the recovery of the initial value of the viscosity of
the suspension on the concentration of free Ca?",

The relationship between the concentration of free Ca?" in the
sarcoplasm and the force of muscle contraction has been experimentally
established: the force increases from 0 (C=10%M) to a maximum (C=5 - 10°
M).

Another experiment involves the use of sensitive to Ca?" protein
evorin. When a molecule of this protein attaches three calcium ions, it
emits a quantum of light.

Ekvorin was injected into an unexcited muscle and the dependence of
light radiation on the concentration of calcium during its release from the

sarcoplasmic reticulum was observed using a photoelectron multiplier. The
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strength developed by a muscle fiber depends linearly on the concentration
of free Ca?".

The dependence of the contraction force on the position of the
transverse bridges in living muscle was investigated by X-ray diffraction
analysis, which is based on the diffraction of X-rays on the quasi-crystal
structure of muscle fibers.

When the transverse bridges protrude from the myosin filament and
join the actin filament, the intensity of X-rays decreases due to its
diffraction on the periodic structure formed by the transverse bridges.
Fluctuations in radiation intensity correlate with fluctuations in muscle

tension.

Hypokinesia and hypodynamia

Hypokinesia - a state of insufficient motor activity of the body with
limited pace and range of motion.

Modern man is doomed to hypokinesia due to such reasons as limited
range of motion, sedentary lifestyle, neglect of physical culture, improper
organization of the educational process and overload of classes, the spread
of public and private transport, reducing work that requires physical effort
and muscle tension

In agriculture, the conditions of stall keeping of animals in industrial
complexes cause metabolic disorders, degenerative changes in bone tissue,
deterioration of reproductive function and shortening the period of
economic activity. In cows kept indoors, the number of calves born alive
decreases compared to those in free grazing.

Hypokinesia causes mineral deficiency, which leads to decreased bone
strength, unevenness and disproportion of bone mass and bone

development. It should be noted that as a preventive measure to overcome
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hypokinesia, active exercise and introduction of increased amounts of
easily digestible carbohydrates and fats into the diets of animals and
poultry are proposed. Hypokinesia as a special condition of the body due to
lack of motor activity, in some cases leads to hypodynamics.

Hypodynamia - a violation of the body's functions (musculoskeletal system,
blood circulation, respiration, digestion), which occurred due to limited
motor activity, decreased muscle contraction. Hypodynamia is a

consequence of the liberation of man from physical labor.

Non-muscular forms of mobility

Amoeboid movement

In addition to muscle contraction, living organisms have other basic
mechanisms for generating movement, such as amoeboid movement and
the beating of cilia and flagella.

Amoeboid movement is accompanied by a change in the shape of the
cell due to the forward direction of the vacuolated nucleus of the cytoplasm
(endoplasm) in one or more pseudopodia - sprouts that are pulled out,
retracted and change shape. Due to the overflow in the pseudopodia of the
endoplasm is their protrusion. The flow of the endoplasm is limited by the
boundaries of the peripheral membrane.

Movement (locomotion) of amoeba-like organisms is possible in the
presence of contact with any substrate.

Free-creeping amoebae move at a speed of 0.5-4.5 um/s.

Biiiky Ta TKryTHKH
Opranenn 3 XapakTE€pHOI BHYTPIIIHBOIO CTPYKTYPOIO,  SIKI

pO3TaIllOBaHI HA MOBEPXHI KJIITHUHU, 3a0€3MEUYI0Th MEPEMIIEHHS PIANHU

169



B3/IOBJK TOBEPXHI 32 PaxyHOK KOJMBAJbHUX PYXIB; KOPOTKI OpraHesu
HA3WBAaIOTh GiliKAMU, & BITHOCHO JOBI1 — Ooccymukamu. Bilikamu,
Hanmpukiaa, oOnanHaHi 1HQY30pii; JKTyTUKaMU — BOJOPOCTI, NEAKl 3
HAWTIPOCTIIINX, CTIEPMATO301/IH.

Biiiku 1eMOHCTPYIOTh aKTHBHICTH JIMINE Yy BOJHOMY CEpEIOBHIIN;
BOHM Jal0Th MOXJIMBICTh OpraHi3My 3MIHIOBAaTH HANpPSIMOK 1 IIBUAKICTH
PYXIB 1] BIUIMBOM 30BHINTHLOTO MOJApa3HUKA. JIOBXKMHA BIIOK CTAaHOBUTH
10-20 mxm, a miamerp — 0,20-0,25 wmxMm. Yacrora OUTTS BIHOK
3HaxoAuThes B Mexkax 10—40 ynapis 3a cekyHny. TUIOBUM 17151 BIHOK € pyX
y BUTJIAJIL X8UTbOBUX BUSUHIB, SIK1 CKIIAZAIOTHCA 3 MIPSMOT0 IpeOHOro yaapy
Ta 3BOPOTHOT'O BITHOBHOT'O PYXY.

JUKTYyTHKM MaroTh OUIbIIl, HIDK BIMKM, pO3MIpH 1 JOCATAIOTH
TOBXKUHU Big 20 MKM [0 JEKUIBKOX MIUTIMETpPIB; JiaMeTp KTyTHKa
nopiHioe 0,20—0,25 MKM.

3rifHO 3 Cy4YaCHUMHM YSIBJICHHSIMHM, MEXaHi3M Bid4YacToro i
JOKTYTUKOBOTO PyXy TOB’SI3aHUM 3  Ko0@3aHHAM TiepudepiiHuX Tmap
MIKpPOTPYOOUYOK BIJHOCHO OJHA OJHOi, BIJHOCHO LEHTPaJbHOI MapH,
3aBMISIKM YOMY BIJIOYBA€THCSl BUTHH BIMKHU 200 JH)KT'yTHKA.

PobGota, sika BUKOHYETHCS I Yac pyXy BiMikM abo IKTyTHKa,
COpsIMOBaHa, B OCHOBHOMY, Ha TOJIOJIaHHSI CUJI BHYTPIIIHBOTO TEPTS
CepeIOBHUILA 1 IPYXKHOTO OMOpY opraHenu BUruHy. Pobora mpsimoro ynapy
opranenu cranoButh  4-107'° ]Ik, a 3BoporHoro — 10°'® JIx; moryxHicTs

onHOro yaapy gopisuroe (1-4) -104 Br.

Eyelashes and flagella
Organelles with a characteristic internal structure, which are located
on the surface of the cell, ensure the movement of fluid along the surface

due to oscillating movements; short organelles are called cilia, and
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relatively long - flagella. Ciliates, for example, are equipped with ciliates;
flagella - algae, some of the simplest, sperm.

Eyelashes show activity only in the aquatic environment; they allow
the body to change the direction and speed of movement under the
influence of an external stimulus. The length of the lashes is 10-20um, and
the diameter is 0.20-0.25um. The frequency of lashes is in the range of
10—40 beats per second. Typical for lashes is the movement in the form of
wave bends, which consist of a direct rowing impact and reverse recovery
movement.

The flagella are larger than the eyelashes, the size and reach a length
of 20 microns to several millimeters; the diameter of the flagellum is equal
to 0.20-0.25um.

According to modern notions, the mechanism of ciliary and flagellar
movement is associated with the sliding of the peripheral pairs of
microtubules relative to each other, relative to the central pair, resulting in
the bending of the cilia or flagella.

The work performed during the movement of the cilia or flagellum is
aimed mainly at overcoming the forces of internal friction of the medium
and the elastic resistance of the organelles of the bend. The work of direct
impact of the organelle is 4-107'° J, and the reverse - 10°'° J; the power of

one blow is equal to (1-4) -10* W.

The work of the flagellar apparatus
Flagella are organelles, which in most cases are located at the apical
(anterior in the course of movement) end of the cell; usually the length of
the flagella can be equal to the length of the cell, be less than or greater
than it. Each flagella is a whip-like formation with a diameter of about

0.2um. Due to the active bends, the flagella usually produce a pulling or
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pushing effect on the cell, ensuring its translational motion with its

simultaneous rotation around its own longitudinal axis.

Features of beating flagella

The bends of the flagellum Euglena gracilis in the process of beating
are characterized by a spiral shape, although, strictly speaking, the structure
of the beating is more in line with a series of bends, each of which is part of
a spiral. These areas are separated by rectilinear segments of the flagellum.
This gave reason to call this form of flagella in the process of beating
"broken spiral".

The beating of the E. gracilis flagella ensures the movement of the
cell along a spiral trajectory. The cell rotates around its longitudinal axis
with a frequency of 2 Hz (about 0.32 rpm/s = 19 rpm/min).

The flagella of Chlamydomonas reinhardtii show synchronous beats
of symmetrical shape relative to the longitudinal axis of the body in one
plane. This nature of the cell movement D. Ringo called "breaststroke
swimming", and the movement of flagella attributed to the ciliary type
(such a paddle-like beat is characteristic of cilia).

The difference in the work of the flagellar apparatus Dunaliella in
comparison with Chlamydomonas is that when changing the direction of
movement of the cell, one of the flagella briefly becomes immobile, while
the other rotates the cell, after which the cell moves in a new direction with
two working flagella. In addition, the beating frequency of the two flagella
Dunaliella bioculata is different (50 and 60 Hz), which leads to the
appearance of some angle between the beating planes of the flagella. This

causes the cell to rotate and move along a sinusoidal trajectory.
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Registration of flagella beating

High-speed microcinematography, This technique allows you to
analyze frame by frame (100-500 frames per second) the movement of
algae cells. For Chlamydomonas reinhardtii, the parameters of cell
movement were: translational velocity at room temperature100-200 pm/s
(maximum value is 240 pum/s); rotational speed 1.4-2 Hz (0.22-0.32 rpm)
with a maximum value of 2.5 Hz (0.4 rpm); the frequency of beating of the
flagella, which provide a spiral movement of the cell, from 45 to 62-70 Hz
in the flagellum, located on the outer side of the spiral, and 45 Hz in the
flagella, located on the inner side of the spiral. Due to the use of high-speed
filming, the translational velocity of Dunaliella bioculata, which was 105—
10 um/s, and the beating frequency of flagella (50 and 60 Hz) of this

species were determined.

Photometry method

The basis of photometric methods is the registration of absolute or
relative values of radiation fluxes that have passed through the bases of
moving flagella: movements in the space of flagella cause modulation of
light flux, which allows to obtain information about the frequency of
flagella.

In the process of photometry, the cell of the studied alga is fixed
between the slide and the cover glass, after which the probe of the
microscope is brought to the base of the flagella. The measurement
procedure was reduced to the registration of the modulated light flux by a
photoelectron multiplier of the microscope, amplification and analysis of
the obtained signal. The registration system makes it possible to convert the
beating frequency of the flagella into an analog form and register it on a

recorder.
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Video micrography method

The video micrography system consists of a microscope that is
connected to a video camera and a monitor. This system makes it possible
to measure the translational and rotational speed of cells, photomotor and
the number of algae cells.

The radiation of the white light source 1 (a 300 W incandescent
lamp) was formed into a parallel beam of light using a collimator. Then the
light beam was passed through glass and liquid infrared filters, and if
necessary to register the light curves - also through the interference filter.
After that, the light at an angle of 30 © was directed to the plane of the slide
with a suspension of algae applied to it, which was on the slide of the
microscope. In the study of the spectral dependences of phototopotaxis
used a halogen lamp, the radiation of which was passed through a
monochromator. The effect of polarized light was studied using a light
source, condenser, polarizer. The parameters of the photomotor were
evaluated using a registration system consisting of a video camera, a

communication unit and a monitor.

Assessment of sperm motility
The basis of the photometric method, which is designed to control
the quality of sperm, is the property of sperm to return in the process of
translational movement. By illuminating the moving sperm with a side
light, it is possible to register reflections which are connected with
rotational (and, consequently, with translational) speed. Fixing the number
of sperm passing through a certain section makes it possible to determine

their concentration.
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Methods of measuring the motor characteristics of living organisms

Kinematic characteristics of animals

The main kinematic characteristics of the animal include stride
length, stride frequency, duration of contact of each limb with the ground.
All these parameters are measured using high-speed cinematography or
accelerometry.

In veterinary medicine, such a parameter as the angle between the
individual segments of the joint is increasingly used. Measurements of
kinematic characteristics are performed in two- or three-dimensional space
using cameras located on the side, behind or in front of the animal. The
measurement technique involves the use of markers that are fixed in the
center of rotation of the joint and on individual segments. The size of each
marker is 2.5 cm. The development of this technique can be considered the
use of photodiodes as markers that are affected by three light rays that are
scanned in three-dimensional space.

The location of 11 photodiodes on the front end of the horse made it
possible to determine the dependence of the angle between the segments on
time for such joints as the swivel, shoulder, elbow, wrist bone, brush, hoof

joint.

Dynamic characteristics of animals
During the movement of the animal, internal forces develop, which
are developed by the muscles in the body of the animal and are converted
into the rotation of the segments of the joints and the translational
movement of the animal as a whole, as well as external forces such as soil
resistance. One method of estimating external forces involves the use of

power plates, which are flat plates measuring 60 x 90 cm, connected to 3-4
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piezoelectric transducers or voltage sensors. These plates are located in the
path of movement of the animal under study. Another method of
measurement is based on the use of power boots, which are equipped with
Sensors.

An important dynamic characteristic of an animal is the stretching
that occurs on the surface of the animal's bones during their bending or
torsion. This parameter is evaluated using sensors that measure the force or
stress that causes tension. The heterogeneity and nonlinearity of the elastic
properties of the bone require pre-calibration of the sensors.

Tendon stretching that occurs under load can be measured, for

example, using sensors based on the Hall effect.
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4. MEXAHOBIOJIOI'TA

Mexanobionoeis — po3ain 610(h13uKH, IKUN BUBYAE MEXAHI3MH BILIUBY
30BHIIIHIX MEXaHIYHUX (AKTOPIB HA KUBI OpPraHi3MH Ta PEaAKIIo

OprafizMiB Ha 11i ¢akTopu (MEXaHOPEIETIIIIIO).

4.1. MexaHopeuenuisi y TBapvH

CxiagHo noOyaoBaHa CHCTEMa, sIKa IEPETBOPIOE  E€HEPIIIo
30BHIIIHBOTO TMOJAPA3HEHHS Y TOCTIIOBHICTh HEPBOBUX IMITYJIBCIB,
YTBOPIOE CEHCOPHY cucmemy abo ananizamop (3acTapiiuii TepMiH — opean
yymmig). CeHcopHa CHCTeMa CKJIAa€ThCSl 3 PElenTopa, JOIEHTPOBOTO
nyTi Ta Mo3Ky. daktopu, siki 30yIKYIOTh CEHCOPHI BPaK€HHS MEBHOI
AKOCTl, Ha3uBalOTh cmumyramy. KIITHHA CEHCOPHOI CHUCTEMH, SIKI
CHPOMOXHI pearyBaTtu Ha CTUMYJIH, HA3UBAlOTh peyenmopamu.

Mexanopeyenmopu — 1€ cHeuiajgizoBaHl YyTJHMBI YTBOPEHHS, LIO
npu3HA4YeH1 i1 TpaHcpopMmallii MEXaHIYHOTO CTUMYIY B aKTHUBHICTH
HEPBOBOI KJIITHHH, sSIKa MPU3BOJUTH JI0 MOMIMPEHHS HEPBOBOTO IMITYJIBCY.

MexaHopenienTopu 37aTHI pearyBaTd Ha pPI3HOMAaHITHI MeEXaHI4H1
CTUMYJH 1 3[1HiCHIOBaTU: 1) makmunvny wymaugicms (CIPUMMAaHHS TUCKY,
3MIHU THUCKY, JIOTUKY, BiOpaiiit); 2) eecmubyropeyenyiro (MATPUMaHHS
piBHOBaru); 3) inmepopeyenyito (KOOPIWHAIIIO PYXY OKPEMUX YaCTHH
OpraHizmy).

4.1.1. MexanopenenTopu mKipu

VY 1mKipl 3HaXOAMTHCS BEJIMKA KUIBKICTh MEXaHOpEHEenTopiB. SIKIno
IIKIpa MOKPUTA BOJIOCCSM, JJIsl HET XapaKTepH1 BUIbHI HEPBOBI 3aKIHUEHHS,
nucku Mepkensi, HepBOBI 3aKiHUEHHS HaBKOJIO BOJIOCSHUX CYMOK. ¥ MIKIpi,
030aBJIEHOI BOJIOCSHOI'O MOKPUBY, MEXAHOPELIENITOPAMU € BLIbHI HEPBOBI

3aKiH4YeHHs, Jucku Mepkens, Tl Meilicuepa 1 Ilauini. B
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1JICOCOYKOBOMY IIapl JIepMU MOKHa 3HaTH konou Kpayse; B rinmOuHi
JepMH 3ycTpiuaroThesi TUIbI Pydini. OCHOBHI TN MeEXaHOPELENTOPIB

HIKIpK HaBeAEeHO Ha puc.4.1.

Hucx
Meprers

Mexca depuu
i enidepmica

Tepensemeni
Koaazenoei
sonoxna

Tepuinaswi
saxinven
agpepenmuosn

Kasba Kpayse

Puc.4.1. Tunu MexaHopeuenropis

Binvni nepeosi 3axinuenns € HaMOIbII MOUIUPEH] PELIETITOPU LIKIPH;
BOHM BXOJSATb y CHCTEMY pO3BUHEHOI MEpeXl HEPBOBUX BOJIOKOH,
pO3TAIlIOBAaHUX Yy TMOBEPXHEBUX CTPYKTypax JaepMu. BinabHI HepBOBI
3aKIHYCHHS YaCTO PO3Tally>KYIOThCS 1 MOXKYTh 3aiiMaTH BEJIHKY TIJIONTLY.

Jucku Mepkenss 3HAXOOATHCA B HWKHIM YacTHUHI EMiJEPMICY.
BonokHa, 1m0 BiAXomsATh BIiJ JIEKIIBKOX JHUCKIB Mepkens, MOXYTh
00’eHyBaTHCS B €IWHE BOJIOKHO, YTBOPIOIOUHU €AUHY MAKMUIbHY
KOPNYCKYIy (TaKTWJIBHUN — Takui, M0 CIHPUAMAETBCS JOTHKOM)
niamerpom 100-500 mxM, sika BUCOYi€ HajJ ToBepxHErO MmKipu. KokHa
KIiTiHa Mepkenss  3’€IHYeTbCS 3 TEpMIHAIBHUM (KIHIEBUM) JTHUCKOM
adepeHTHOro (4yTIMBOr0) HEPBOBOTIO BOJIOKHA, K€ MPOBOAUTH IMITYJIbCH
BiA mepudepii A0 IEHTpadbHOI HEPBOBOI cucTeMH. KuIbKICTh AHMCKIB
Mepkens B onHii kopnyckyial Moxke pocsratd  30-50. Ileit Tun

MEXaHOPEIENTOPIB MOXKHA 3YCTPITH, HAIIPUKJIIA, HAa Ty0ax TBapHH.
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Hepeosi  3axinuennsi  naékono  onoccsi — SIBISIIOTH  COOOMO
HEMIeNiHI30BaHl (TOOTO 0e3 MIeTiHOBUX OOOJIOHOK, IO CKJIAJAal0ThCs 3
CyMillll JIMOiHUX Ta OIJIKOBUX PEYOBMH) HEPBOBI BOJOKHA, SIKI T'YCTO
OOILTITAlOTh CTPYKTYpU BOJIOCSIHOT CyMKH. KOXXHUI BOJOC OTOYEHMIA
JeKiJIbKOMa BOJIOKHAMM; B TOM K€ 4yac, OJJHE i Te K came BOJOKHO MOXKeE
oOIUTITaTH BEIUKY KUIBKICTh Bojoccs. Hampukian, y Bycl Kposst omHe
BOJIOKHO oxomaoe 0insg 300 BomocsHux (omikyiiB Ha o 1 cm? Y
TBapUH Yy BOJIOCSHOMY TMIOKPUBI 3yCTpPIYAIOTbCS YYTJIMBI BOJIOCKH —
gibpucu, K1 JIOKami3ylOTbCd HABKPYr poToBoro oTBopy. KokHa BiOpuca
Moke OyTu oTodeHa Outbin HiK 100 BolokHaMHu, 110 3a0e3neuye ii BUCOKY
YYTJIUBICTD.

Tinbyss Meiichepa BUSBISIIOTBCA B IIKIpl, 1[0 M030aBiieHa
BOJIOCSIHOTO TMOKpPUBY. BOHM 3HaXoAsThCS B COCOYKOBOMY LIapi AEPMH 1
MalTh KOHYycONoAiOHy abo eminconomaiony ¢opmy. [loBxkuHA Tinemb
Melicuepa cranoBuTh 90—120 MkM. 30BHI KOKHE TUIbLIE MTOKPUTO TOHKOIO
Karcymnor (000JI0HKOI0), siKa TICHO 3B’s13aHa 3 OTOYYIOUMMH TKaHUHAMH.

Tinbys Ilauini ABIAIOTH COOOIO 1HKAICYJOBaHI 3aKiHYEHHS B IIKIpi
po3MipaMu 4—5 MM 3aBIOBXKKH 1 1-2 MM 3aBIIMPIIKU (1HKANCYJSLIS —
Mpoliec yTBOpeHHs 000JI0HKM). Po3TammoBani B HIDKHIX IIapax JEepMH 1 B
HIIMKIPSHIA KUPOBIM KMTKOBUHI. CKIIaJal0ThCs 3 30BHIIMIHBOI KarCyJu,
BHYTPIIIHBOI KOJOM 1 HEMIeNiHI30BaHOTO HEPBOBOI'O 3aKIHUEHHS, SKE
3B’s13aHE 3 M’ SIKOTHUM HEpBOBUM BOJIOKHOM. KokHe Ttinbie [lagini
o0ruIeTeHE TOBCTUMU M’ IKOTHUMHU BOJIOKHAMHU.

Konou Kpayze 3HaXomsThCs B MiJCOCOUYKOBOMY IHapi JAEpMHU 1
ABJIAIOTH COOOI0 Cc(EepUYHI YTBOPEHHS, MOKPUTI Karcysiow. BHyTpiniHe
CepeI0OBHUILE TPOHU3AHE PO3TaTYKEHOI0 MEPEKEI0 3aKIHUEHb a(pepeHTHOTO

HEpBa.
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Tinvysa Pygini maroTh BepeTeHOno110Hy PopMy 1 0OTOUYEH1 KarCyoro.
Hiametp peueniropa gocsirae 150 mxm. OcHOBa KOXKHOTO TUblA Pydini —
CKJIQJTHO TIEPEIUIETeH1 KOJAreHOBl BOJIOKHA, SIK1 3B’si3aHi1 3 YHMCICHHUMU
po3ranykeHHs MU ad)epEeHTHOTO HEPBOBOT'O BOJIOKHA.

3rifHO 3 HAWMPOCTINIOW TIMOTE30I0 PO MEXaHOPEIEHTOPHE
NEPEeTBOPEHHS,  CTUMYJIOM, 1[0  0Oe3mocepelHbO  BIUIMBAE  Ha
MEXaHOPEIENnTop, € po3TAr abo gedopmallis MOBEPXHEBOI KIITHHHOI
MeMOpaHH, SKI MPU3BOAATH JO 3MIHM IPOHUKHOCTI 10H-CEJIEKTUBHHX
KaHaJIB.

4.1.2. BectuOyJiopenenuist

Becmubynopeyenyis — 1e crnpuiiMaHHA 3MIiHM TIBHUIKOCTI Ta
HampsiMy ~ MEpeMillleHHs  Tila y  MpocTopi 32 JOMOMOTOIO
gecmubynopeyenmopié — BOJIOCKOBUX KJIITUH MEPETUHYACTOIrO JIAOIPIHTY
BHYTpIIIHBOTO Byxa. lleil Tum peneniii peanizyeTbcs 3a JIOMOMOTOIO
secmubynIapHo20 anapamy, SIKUM CKJIaIa€TbCsl 3 nepedogep’si 1 TPhoX
HAani8Kpy2aux KaHauie, PO3TAIIOBAHMX Y B3AEMOMEPIICHIUKYIISIPHUX
miomuHax (puc.4.2).

Y nopoxHUHI TepeaaBep’s 3HAXOAATHCS PEHENTOPHI KIITHHU 3
BOJIOCKaMH, IO 3aHYpEHI B JKENemoJiOHy Macy, sika MICTHUTb KpUCTaJId

KapOOHATy KaJIbllit0 — TaK 3BaH1 omo.imu. SIKIo

Hanisxkpyeni
Kananu '}

Amnynu Miweyox

Puc.4.2. BectuOyasipamnii anapar
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rojoBa TBapHUHM HAXWIAE€TbCA, HAMIBKPYIJll KaHalM  HaOyBarOTh
IPUCKOPEHHS, TOJ1 SK eHAoJIM(a MpsAMYye 3aJMIIUTUCA Ha MICIl 4yepe3

CUITY 1HepIIii.

Omonimu

Peuenmopni
Kaimunu

bazansna
Mmembpana

Puc. 4.3. BMicT nopo:xHuHM niepeaaBep’ s

Bracnigok 1pOro OTOMITH 3MIIIYIOTBCA 1 3TUHAIOTH BOJOCKH, IO
NPU3BOAUTH A0 30YIKEHHS HEPBOBMX KIITHH, SKI T[OB’SI3aHI 3
pEelenTOPHUMHU  KIIITUHAMH, 1 Tiepenadl iHdopmailii A0 MO3KY Mpo
MOJIOKEHHS TOJIOBH a00 Ti1a y mpoctopi (puc.4.3).

OO6uzaBa BHYTpINIHIX ByXa ABIIIIOTH  COOOI0  Oinamepanvhy
(1BOOIYHY) peLIeNTOPHY CHUCTEMY: SKIIO MijJ 4ac oOepTaHHS TOJIOBU JIiBI
HaIBKPYIJll KaHanu HaOyBalOTh MPUCKOPEHHS, TO TMpaBl KaHaIU
HaOyBalOTh CIIOBUIbHEHHS. Y MO3KY TBapHHH BiJOYBA€THCS MOPIBHAHHS 1
aHaJ i3 YacTOTH IIOCUJIaHHS O10MOTEHIaNiB, SKI TOCTYMalTh 3 000X

CHCTCM.

4.1.3. InTepopeuenuis
Peuentopu, sokamizoBaHi B  CEpIEBO-CYJWHHIM cHUCTEMI Ta
BHYTPIILIHIX OpraHax, skl 3JaTHI CIPUAMATH NOJIPA3HUKHU PI3HOI TPUPOJIH,
Ha3UBAIOThCS iHmMepopeyenmopamu. [HTepopelenTopu MNOAUISIOTECS Ha

MPOIPIOPEENITOPH Ta BiCliepalibHI PELIEHTOPH.
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IIponpiopeyenmopu CUTHATIZYIOTh TIPO BIJJHOCHE MOJOKEHHS PI3HUX
gacTuH Tina. [lpencraBneHi i TUOUM MEXaHOPEHENTOPIB M S308UMU
gepemeHamuy 1 CyXonCcunbHumMu opearnamu I onvoorci.

M’s130B1 BepeTeHa OpIEHTOBAHI MapajiebHO CKEJIETHUM M’ si3aM 1
NOB’si3aHl 3 CyXOXWUIsIMU (puc.4.4); BOHM HANAOTh 1H(POPMAIIO TIPO

008IICUHY M 53Q.

M 'szoee eepemeno

Tamma-momopnut Cyxomuars Mepeurnui

Hetupon \ / V4 adpepenmnuit
.

Hepe eepemena

Bmopunnui
achepenmuuii
riepa eepemena

Opean Toadxci

Anvcha-momoprui
Heupom
Biavne
Hepeoee
JAKIHYEHHA

M azoee eepemeno Cyxoxcunas

Puc.4.4. M’si30Be BepeTeHO

M’s130Be BepeTeHO SIBJsE€ COOOI0 1HKANCYJIOBaHYy TI'PYNy TOHKHX 1
Creliali30BaHuX M’ s30BHX HUTOK. OCKINBKH Karcysa, e 3HaXOASIThCs Il
HUTKH, Ma€ BepeTeHonoaiOHy ¢opmy, 11i HHUTKM  HA3UBAIOTh
HYmMpiHbo8epemenHuMy. BOHN TOB’s3aHI 3 CYXOXHWIUIAIMH, MPUIOMY,
KIHIIl IIMX HUTOK MICTATh CKOPOTJIMBI OUIKHM, TOAI SIK CEpeaHs YacTHUHA
no30aBieHa iX. AepeHTHHIT HEpB M S30BOT0 BEpeTEHA 3HAXOIUTHCS caMe
B cepenHii vacTuHi BepereHa. [lomsipHi KIHII LOTO BEpETeHA MAIOTh
BJIACHI PYXJIMBI HEPBH, SIKI HA3UBAKOTHCS 2amMa-pyxaueumu HetipoHamu (Ha
BIIMIHY B anbha-pyxiusux Heupouie, 1O 3B’S3aHI 3 M S30BUMH
BosiokHaMH. Ili1 4yac ckopoueHHs a00 BHJIOBXKEHHS CKEJIETHOTO M’si3a
3MIHIOETBCS JOBKMHA CEPEAHBOI YACTHHHM BEPETEHA, IO MPHU3BOIUTH 0
BUHMKHECHHSI O10IMMOTEHINAIB, YacTOTa SKHMX 3aJCKUTh BIJl PIBHSI 3MIHH

JOBXHWHHU CGpGI[HBO'l. HYaCTHUHU.
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Puc.4.5. CyxoxuiabHuii opran I'onbaxi

CyxoxunbHuii opran [onbmki sBiIsiE COOOK0 TOHKY Karcyminy
yCepeauHI CyXOXKHILIS, sike 3B’ s13ye 15-20 m’s130BUX BOJIOKOH (puc.4.5).

KoxHuii opran mMae aQepeHTHUI HEPB, SIKUW NOCHIIA€ MOTEHLIATN B
IEHTPAJILHY HEPBOBY CUCTEMY TIiJ Yac CKopodeHHs M’si3a. Opran ['onbmxki
pearye Ha MexauiuMy Hanpyey, 1O BHHHKAE B CyXOoxuiut. Yacrora
MOCWJIAHHS TTOTEHITIATIB POMOPIIiifHA HAMPY31, III0 BUHUKAE B CYXOXKUJIITI.

Bicyepanvni peyenmopu mnocradaroTh 1H(GOpMAIliI0 MPOo pyx abo
CTaH BHYTPIIIHUX OpraiB (ILJTyHKa, KUIIEYHHKA, CIUOBOrO MiXypa), a
TaKO CHUTHAII3YIOTh PO CTaH BHYTPIIIHBOIO CEPENOBUINA, 3 SKUM
NOB’s13aH1 BIIUYTTS Tojony (piBeHb IYKpY B KpoBi) abo  crmparu
(T ABUIIIEHHS] OCMOTUYHOTO THCKY B TJIA3Mi KPOBI).

TakuM YHMHOM, BCl MEXAHOPELENTOPH BIJIPIZHAIOTHCA HE TUIBKU
OyZOBOIO, ajne W 3HaTHICTIO pearyBaTH Ha pi3HI MEXaHIYHl CTUMYIUA —
JOTHK, TUCK, 3MIHY THUCKY, CTUCK, BUTHH, PO3TAT, JiHIiHE a00 o0epTaibHE
OPUCKOPEHHS, 3MIHY JOBXHHU M’ 531B a00 MEXaHIYHO1 Hampyrd, IO

BUHUKAIOTh B M’ A3ax.

183



4.1.4. Mexanopeueniisi y puo

CnpuiiManHs puOaMH 30BHIIIHIX MEXaHIYHUX (DaKTOPIB Ta peakiiist
Ha HUX 31UCHIOETHCS 32 TOTIOMOTOI0 OCOOJIUBUX CTPYKTYP, @ CaMe: aMITyJl
Jlopewnttini, myxupiiiB CaBi Ta BJacHEe CECMOCEHCOPHUX OpraHiB (KaHaJiB,
OOpO3€HOK), SIKI MICTATh PELUENTOPHI EJIEMEHTH - Hespomacmu abo
celicmocencopui nynku. Jlo 3actapinmx  HalexaTh TEepMIHH  “OOKOBa
JiHig”, “opraHu OOKOBOT JIHIT .

B3goBx Tinma OinbIIOi KiTBKOCTI pub, a TakoX B 0OOJIACTI TOJIOBH,
pO3TallloBaHa CEMCMOCEHCOpPHA CUCTEMa, SiKa sIBJIsie COOOI0 MOCIIIOBHICTh
KaHaJIiB, BIAKPUTUX Yepe3 MEeBHUU MPOMIKOK it Boau. CKIIamaroThes IIi
KaHaJi 3 B’ S3KUX, )KEJTATUHOBUX KOHYCOMOM10HUX CTPYKTYp (cupulae), sxi
MICTSITh BOJIOCKH, TOB’Si3aH1 3 UYTJIMBUMM KJIITUHAMU (neuromasts). o

KOXKHO1 TaKoi KJIITHHH MAXOAUTh HEPBOBE 3aKiHUeHHS (puc.4.6).

Konyconodibna

cucmema Kanan

[Tosepxms

Baonockoei
Kaimunu

Puc.4.6. bynoBa kaHaj1y ceiliCMOCEHCOPHeOol cucTeMu puo

[ToTik BOaM, IO pyXaeTbCs, BUKIUKAE aeopmaliito BOJOCKIB, IO

CIpusie YTBOPEHHIO €JICKTPUYHMX MOTEHINIANIB Ta iX mepefadi y HEPBOBY
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cuctemy. Taki CEeiCMOCEHCOpPHI CHUCTEMH, SIKI CIIPOMOKHI pearyBaTH Ha
MIHIMaJIbHI 3MIIIIEHHS BOIH, 3a0€3eUyI0Th 1H(POPMAIIIEIO 010 HAPSIMKY
pPyXy BOJHHX NOTOKIB Ta HAsBHOCTI TYpOYJIEHTHHMX Te€Yid, BUKJIMKAHUX

MPUCYTHIMH Y BOJTHOMY CEPEIOBUIIl 4JIEHIB 3rpai abo BOPOTiB.

4.1.5. Mexanopenenuisi y 0K

Mexanopenientopu OJDKOJIM pearyloTh Ha MexaHluHl aedopmartii
NEBHOI CBOET YaCTHMHM TiJ] 4Yac JOTUKY a00 KOHTakTy 3 TBEPAUM
cyOcTpaToM, BIUIMBY TOTOKY TMOBITps, a00  BHUCTYMNalOTh  SIK
MPOIpIOPENenTop, o pearye Ha gedopmaliii abo Hampyru M s3iB Ta
30BHIIIHBOTO CKEJIETA.

Po3mimieni mexaHopeuentopu OJKOIM Ha BYCHKAaX, POTOBUX
NpUAaTKaxX, KIHI[IBKaX, MOBEpXHI uepeBUd. YyTJIMBUMHU €J€MEHTAMHU
MEXaHOPEIIENTOPIB € CEHCHWIH, a came: sensilla trichodea, s.scolopophora,
s.campaniformia, s.schaetica.

Tpuxoinni ceHcwnu  (s.trichodea), sKi  BUKOHYIOTH  (DYHKITIT
peyenmopie 0OmuKxy, CKIaJarOThbCs 3 JIBOX YaCTUH — CIIEIiali30BaHOro
yTBOPEHHSI (BOJIOCKA) 1 HEPBOBOIO 3aKiHYEHHS, SIKE 3HAXOJUThCS B
KOHTAKTI 3 IUM yTBOpEHHsM (puc.4.7).

[lonpazHeHHsT BOJIOCKA TMepeAaeThCcsl pPO3TallloBaHIM Ouig  Horo
OCHOBHM HEPBOBIM KIITHHI 1 4yepe3 11 BIAPOCTKU MOMNAAa€ y IEHTPAIbHY
HEpPBOBY cucTeMy. Po3miltieH1 TpUX0iaH1 CEHCUIIN 110 BCbOMY T1Ty OJIKOJIH.
3a J0MOMOTrO0 THUX CEHCHJI, IO PO3TAIlOBaHI Ha aHTEHaX, OJKojia Mae
MOJKJIMBICTh BUSIBJISITH 1 aHaJi3yBaTH MIKpOpelber Ha MOBEPXHI KBITIB.
Posmipu cencunmu  (6m3bko 10 MKM) CyMmipHI 3 po3MipamMu  LUX
MiKpopenbediB, SKI MOXYTh TpPOIIKH 3MIHIOBATHUCSA BiJ Kpas KBITKU O
LHEHTPY; aHali3 IUX 3MIH Hajgae 1H(OpMAII0 BIJHOCHO PO3TAIlyBaHHS

HEKTapy.
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Puc.4.7. TpuxoinHa ceHCHJIa SIK pelenTop A0TUKY

TpuxoinHi ceHCWIM, PO3MIIIEH] Yy MICIl 34JICHYBAaHHSA TOJIOBU Ta
rpyaeid, BUKOHYIOTh TaKOX (PYHKIIIT epasipeyenmopis.

Tuck romoBu Ha TpyAM 3aJ€KUTH BiJl MOJIOKEHHS TOJOBU OJKOIM
BIJIHOCHO TiJIa; PEECTPYIOUM PIBEHb THUCKY 3a JIOMOMOT'OK BOJIOCKIB,
O/KoJia 3/1aTHa KOHTPOJIOBATH TOJIOKEHHS Y TPOCTOpl CBOTO Tija, a
TaKOX BUMIPIOBATH KYTH IIECTUKYTHUX YapyHOK MpH iX mooynosi. [lpu
noOya0Bl HIECTUKYTHUX YapyHOK (caMe UIeCTUKYTHHUKH MaloTh
HallMEHIIUN mepuMeTp 1 NpU Tik caMii MICTKOCTI MOPIBHSHO 3
yapyHKaMu 1HIIOT (opMU 3yMOBIIOIOTH HalMEHIIY KidbKiCTh
OymiBenbHOTO Marepiainy) OJKOJU BUMIPIOIOTh KYTH 3a JOIMOMOT OO
OCOOJIMBUX OpTaHIB YYTTIB, PO3MIIIEHUX Y MICIl 34JICHYBaHHS
roJoBH Ta rpyaei (puc.4.8). VY 3BuualiHOMY CTaHI TOJI0Ba OMUPAETHCS
Ha JBa XITUHOBUX BHUCTYNHU TpyAei Bulle meHTpa macu (puc.4.8,a).
[Ipu BepTUKAIBbHOMY PO3MIIIEHH] OJKOJH T'OJOBOIO TOTOPU HHUKHS 1i

YacTWHA THUCHE Ha rpyau (puc.4.8,6), npuuoMy 4yTIWBI BOJOCKU B
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CIPUHAMAIOTh LEH TUCK; NPU PO3MILIEHHI T'OJOBOIO JOHH3Y CUTYyalls
3MIHIO€THCS (puc.4.8,86).

TakuM uYMHOM, pEECTPYHOUYM piBEHb THUCKY TOJIOBM Ha TpPyId 3a
JIONTIOMOT'0I0 BOJIOCKIB, OJ’K0Jia 3/1aTHA KOHTPOJIIOBATH TOJIOKEHHS Y
IPOCTOP1 CBOT'O TijIa Ta CTIJIBHHUKIB.

Peakmis O/pkonu Ha MeEXaHIUHI HAmpyrd Ta jAedopmaliii BiOYBaeTbCS
3aBASKM CEHCHJIaM, IO pO3TalloBaHI Ha TOJIOBI Ta KIHI[IBKax
(s.scolopophora), a TakoX Ha TOCTPOMY KiHIIl XKana (s.campaniformia). Ha
BIAMIHY  BiJl  TPUXOiJHUX I  CEHCHWIM  CHELIaTi3yIOThCA  SIK

nponpiopeyenmopu NPYyHcHux oeghopmayiti KyTUKYIIU.

Puc. 4.8. Opran piBHoBaru 01:x0J1 B Miclli 3’€JHAHHS I'0JIOBH Ta
rpyai. I'onoBa cnmpaerbest Ha XiTMHHOBI BUCTYnH nepearpyaas (XB Ha
puc.4.8, a). lllo6 ix Oy/j0 Kpaiie BHIHO, I'0JIOBA BIATATHYTa /I€I10
Brepea. Ockinbku 1l HeHTP TsKiHHA (BepxHiil KiHeub CTPIIKM Ha
puc.4.8,06 Ta ¢) JexKUTH IJIUOLIE, MPH MOJ0KEHHI TLIA TOJI0BOI0 YBEpPX
rojioBa mix Ai€l0 CHJIM TSLKIHHA BiAXWiasieTbes:i Bnepen (0), a mpu
MOJIOKEHHI T0JI0BOK BHM3 — Ha3ax (6). Y pe3yabTaTi HbOro YyTJHBI
BOJIOCKH B, sIKi CTHKAIOTBLCA 3 I0JIOBOIO, 30y1:KYyIOThCsl. Takui camMuii
OpraH 4yrTsi po3MimeHuii Mizk rpyabmu i yepeBuem [Lindauer and

Nedel, 1959]
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Posmimeni no niHigx gedopmaiiiid, BOHU MEPeIat0OTh CUTHAIM 1010
IHTEHCHUBHOCTI Ta HANpSMKY BHUTHHIB KYTUKYJTU. MopdonoriyHo BOHH
BIJIPI3HAIOTBCSA BiJ] TPUXOIAHUX CEHCHJ, OO0 M030aBieHl BOJIOCKA, SIKHUM
MEPETBOPCHUN Y HEBEIHMKUM OBAJIBHUN KOBIAYOK, JIO SKOTO ITJIXOJHTH
KOJIOKOJIOTIO/TIOH U KIHLIEBUI BIIPOCTOK  YYTJIMBOi  KJITHHH.
KomnoxkomnononiOni ceHcunu y poOo4oi OJKOIM 3HAXOASITHCS Ha Kpuiax
(xipKiCTh 1X cTranoBuUTh 1510), kinmiBkax (450), xaimi (100); y maTok - Ha
kpunax (1310) 1 kinmiBkax (450); y TpyTHIB - Ha kpuiax (1998) 1 kiHIiBKax
(606). 3miHa HATATY KYTUKYJIH OUIS CEHCHIIM BUKJIMKAE a00 3MEHILEHHS,
a00 301/IbIIICHHS KPUBU3HU KYTUKYJISIPHOT'O KYIIOJIA.

MenonocHa OmKkoia CIPOMOXKHA OITIHIOBAaTH IIBUIKICTh TTOTOKIB
MOBITPS Ta IX HAMPSIMOK TiJ 4ac MOJbOTY 3aBISKH UYTJIMBUM BOJOCKAM,
Kl JIIOTh AK aepoounamiyni oamuuxu. Po3ramoBaHi 11 BOJIOCKA Ha
CKJIQJHUX o4uax O/konu (puc.4.9), Ha NesKuX IUITHKAX TOJIOBU Ta KpUJiax.

OuiHKa HIBUAKOCTI PyXy BIAHOCHO 3€MHOI MOBEPXHI BiJOYBa€ThCA
BI3yaJIbHO, 32 PaXyHOK (hoTopenentopiB. 3arpaTv €HEprii i Yac MOJbOTY
JO3BOJIAIOTH OJKOJI MaTH YABJIEHHS MPO BIACTaHb MoJbOTy. Kpim Toro,
O0Ko0Na OTpUMye 1H(DOPMAIIIIO Yepe3 peyenmopu mucky, siki 3HaXOSIThCS
Ha CTIHKaX MEIOBOTO MIIIKAa: THUCK 3MEHIIYEThCSA, SKIO MIIIOK
CIIOPO>KHIOETHCS.

Peakmiss Omxonu Ha gibpayii cyocmpama, Ha TIOBEPXHI SKOTO BOHA
3HAXOAUTHCA, B1IOYBa€ThCS 3a PaxyHOK CIICIIali30BaHUX OpraHiB
(s.scolopophora), po3MIIIEHUX Yy BEPXHIX YAaCTHMHAX TOMUIOK TMEpeaHIX
KIHI[IBOK. UYyTiMBI e€leMeHTH [HMX OpraHiB (CKOJIOMIIIi) CHpPOMOKHI
peecTpyBaTu KOJIMBaHHS cyOcTpary. Came 11 peuentopu
BUKOPHUCTOBYIOTHCS MiJ] Yac CIUIKYBaHHSA ODKUI y 3aMKHEHOMY IPOCTOP1

BYJIHMKA.
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Ille onna cmerianizoBaHa ¢opMa MEXaHOPEUENTOPIB — /[[oicoHCcmoHig
opean (s.schaetica), KU 3HAXOAUTHCS HA JPYrOMYy 4YJICHHKY AaHTCHHU.
Ctumynsiisi 1bOro opraHa BiIOyBaeThCs MijJ 4ac oOMallyBaHHS aHTEHAMU

PI3HUX TIPEIMETIB Ta PyXy OJIKOJIN Y MOBITPI.

Puc.4.9. ®parmeHT CKJIAIHOTO0 OKa Omxkoau: Mk ¢dacerkamu
PO3MillleHi YYyTJMBI BOJIOCKH, IO JiIOTh SIK pelenTopd NOBITPSHUX

MOTOKIB

4.1.6. TurMoHaCTH4YHI pPyXH POCJIUH
Hacmuuni pyxu BWHUKAIOTH Yy BIANOBIAL Ha OYyIb-AKlI 30BHIIIHI
(dakTOpu — MOTHK, MOLIKOMKEHHS, MEXaHIYHy BiOpallito, CBITJIO, XIMIYHI
pPEUOBMHHM, Ha SKI pOCIMHA pearye MIBHAKUMH pyxamu. Hampsimok
HACTUYHUX  pPyXiB  HE  3&JeXKUTh Bl  HampsIMKy  CTUMYILY.
Tuemonacmuunumy HA3UBAIOTHCSA PYXH, IO BUKIMKAIOTHCS JOTHKOM.
OcoOnuBy KaTeropito CKJIaAaloTh MIBUKI HACTUYHI PYXU — CEUCMOHACMIL,
1110 BUHMKAIOTH BijJ JIerkoro yaapy abo cTpycy. Ix MexaHisMm Mo’ s3aHuii 3
MUTTEBUM BUKIMKAHUM TOTEHI[IAJIOM Jii, 30LIbIICHHSIM MPOHUKHOCTI

MeMOpaH 1 BTPaTO 3/1aTHOCTI KJITUH JUCTOBHUX 34YJI€HYBaHb yTPUMYBaTH
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OCMOTHYHO aKTHBHI PEYOBUHU 1 BOAY, B PE3yJbTaTi 4Oro pi3KO Majae
Typrop. Taki pyxu XapakTepHi, HapUKIaa, Ui 100pe BIAOMOI POCIMHU
Mimo3a copom’siznuBa (Mimosa pudica), sika 3ropTae JUCTKUA y BIJINOBIb
Ha npotuk (Puc.4.10).

yepe3 Bchoro 0,1 c. Ilpu 1bomMy po3apaTyBaHHS TOIIUPIOETHCS 31
mBuakicTio 40-50 cMm/c.

Taki mBHIKI pyXH Yy MIMO3U MOXYTh OYTHM BHUKOPHCTAHI ISl 3aXHCTY
MPOTH KOMax Ta IHIIMX TBapWH, MPOTUJIII CYXOBISIM 3 METOI 30epeKeHHS

BOJY y NOCYLUIMBUX PaliOHAX, 1€ BOHA MEILIKAE.

Puc. 4.10. TurmonacTuuni pyxu Leucaena (pin KBITKOBMX POCJIHH,

niapoauHa MiM030BHX, ciM’s1 0000BHX)

Peakrris BinOyBaeThCsl HAA3BUYAWHO MIBHIIKO,
30BHINIHIA MEXaHIYHUH CTUMYJ, IO CIPUUMAETBCA CEHCOPHUMU
KJIITUHAMU YepelllKa, MEPETBOPIOETHCA B EIEKTPUUYHUN CHUTHAJ, SIKUM
IIBUJKO TOUIMPIOETHCSA IO TKAHWHI, JIOKHM HE JOCSITHE JIOKOMOTOPHHUX
KJIITUH JIMCTKOBOI TOAYIICYKU TMMOOJIM3Y OCHOBU JIUCTKA, SIKI HETaiHO

3MIHIOIOTh CBIM 00'eM. MaOyTh, pyX OpraHiB y MIMO3U BHU3HAYAETHCS
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3MIHOIO TYPrOpHOrO THUCKY B LHX KJIITHHaX. 3MiHa 00’€eMy KIITHH
MPU3BOJUTDH JIO BUIUICHHS 3 HUX 10HIB KO Ta TaHIHOMOIIOHMX PEUOBUH
3 KJIITUHHU.

Jlo pocnuH, MmO pyXarTh JMCTKAaMU Yy BIJTOBIJIb Ha JIOTHK, MOYKHA
BimHeCcTH TakoxX Mimosa nuttallii, Codariocalyx motorius, Chamaecrista
fasciculata, Chamaecrista nictitans, Schrankia roemeriana, Neptunia lutea.

TurMoHaCTUYHUMU MOXXHA BBAXKATH W PyXH, Kl JEMOHCTPYIOTH y
BIJMOBI, HA JOTUK KOMAaxoOiJlHI PpOCIMHU — HaNpHUKIAJ, BEHEpPUHA
MyxonoBka Dionaea muscipula. BoHa oTpuMmye CBOIO 370014, TOJOBHUM
YUHOM KOMax Ta IMaBYKOMOMIOHMX, 3a PaxXyHOK 3aXOIUICHHS >KEPTBU
CTPYKTYpPOIO, III0 yYTBOPIOETHCS KIHIICBOIO YACTHHOKO KOXXHOTO 3 JIUCTKIB
POCIIMHU Ta 1HIIIIOETbCA KPUXITHUMH BOJIOCKAMHM Ha IX BHYTPIIIHIX
noBepxHAX. Ko komaxa abo MmaByK MOB3€ B3/I0BXK JIMCTKA, BIAOYBAE€THCS
KOHTAaKT 3 BOJIOCKaMH, Yepe3 IO MacTKa 3aKpuBaeThbca. BBaxkaeThes, 1110
IMIBUAKE 3aKpUBAHHS JIMCTKIB POCIMHHM TIOB’S3aHE 3 HE3BOPOTHUM
PO3TATYBAHHIM KJIITHH Ta 3MIHOIO TIJIKUCIEHHS KIITUHHUX CTIHOK [PeiiBH
u 1p., 1990].

Pocnuna-renerpad abo, iHakmie, taHuiporya pocivHa Codariocalyx
motorius (abo Desmodium gyrans) HalneXuTh 10 cimelicTBa 6000Bux. Lle
OJIHA 3 KUIBKOX ICHYIOUMX B TPHUPOJI POCIWH, 3JaTHUX 3J1MCHIOBATH
mBUAKI pyxu. IIppdomy mi pyxu — JUCTOBI, 1 MOXYTb OyTH BUKIIMKaHI
HalpI3HOMaHITHIIIMMHU (PaKTOpaMu, B TOMY YHCIII JIOTHKOM.

Pocuuka xpyriomucrta (Drosera rotundifolia) ocHaiieHa JTHCTKaMH,
AKI ~ 3BEpXY VYCAIKEHI KICHMKUMHU SICKPAaBO-YEPBOHUMH 3aJIO3UCTHUMU
BOJIOCKAMH 3 TOJIOBYACTHMHU ITOTOBIICHHIMHU Ha BEPIICUKY, IO BUIIJITIOTH
po30pi 1 OJIMCKYYi, SIK poca, KPanedbKH KJICHKOTo CIu3y (TOMY pOociauHa i
HA3UBAETHCSI pocUuKor0). Kielika piiiHa CIYXUTh JJis 3aXOIUTIOBAaHHS U

IICPCTPaBIIOBAHHA KOMAX
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[Tyxupuatka 3Buuaiina (Utriculdria vulgdris) — BoJHa pOCJIMHA, JTUCTS
SIKO1 pO3CIUEH1 Ha BY3bKI YaCTKH, JIe pO3TAIlIOBaHI MaJICHbKI OBaJIbHI JIOBY1
OynpOamiku 3 moBITpAM. JIoBUTH JpiOHMX KOMaX, pPaKOMOAIOHHMX,
BOJIOPOCTI.

AnwsapoBanga nyxupuacta (Aldrovanda vesiculosa) Tex BiTHOCUTHCS
10 KoMmaxoigHuX pociauH. [lpu mojpa3HEeHHI HIKHMX BOJIOCKIB, IO
3HAXOMATHCS HA TOBEPXHI JIMCTKA, OCTAHHIM CKJIAa€ThCA B3JOBXK, IMPHU
IbOMY Kpai 3HaXOAAThCS OJMH HaJ 1HIMMUM. J[piOHI BOASIHI JUYUHKH 1
pakomnoaiOHi, SKI TpaljIslOTBCA B II0 TACTKy, MEpPeTPaBIIOIOTHCS
POCIIUHOIO.

J1o THTMOHACTUYHUX PYXIB CJIIJI BITHECTH U 3aKpPYU)YBAHHS 8YCUKIB, 32
JIOTIOMOTOI0  IKUX ekl pociunu (PassijJora coerulea, Pisum sativum)
3aTHI TIATpUMYBaTU ceOe y mpocTtopi. Bycuku mig 4yac cBOro pocTy
BUKOHYIOTb KPYTOBl PyXH 3 THUM, 1100 301JILIIUTH MMOBIPHICTh KOHTAKTY 3
MOTEHI[IMHOIO OIMOPOI0, BHACHIJOK YOr0 BOHM 3MIHIOIOTH MIBUAKICTH Ta
HAIPSIMOK POCTY TaK, MI00 3a4€MUTHCA 3a OMOPY Ta MIATATHYTH POCIUHY.
SIKII0 TOrnaiuT! HUKHIO CTOPOHY BYCHUKA TOPOXY Pisum sativum CKISHOIO
NAJIMYKOI, KIITHHW HIKHBOI CTOPOHW TIOYMHAIOTh CTHCKYBAaTHCS, a
KJIITUHU BEPXHBOI — PO3TATYBATHUCS, MICIISL YOTO BCl KIIITHHU PO3TATYIOTHCA,
ajyie KJIITUHU BEPXHBbOI CTOPOHU PO3TATYIOThbCsS MmBUAIIE. OueBHUIIHO, B
peryssiii 3MiHM PO3MIpIB KJIITUH OEpyTh y4acTh Taki TOPMOHH, K ayKCHH,
0 CTUMYJIIOE PICT, Ta €TUJICH, KWW 30UIbIIYE MPOHUKHICTH MEMOpaHHU;
30UTBINICHHST €TWJICHY B KIITHHAX HIKHBOI CTOPOHU CYIPOBOKYETHCS
BTPATOI0 PO3YMHEHUX PEUOBUH 3 BaKyoOJli, 110 BUKIUKAE CTUCKYBaHHS

KJIITUH.
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[E—

N T N I

KOHTPOJIbHI 3AIIUTAHHSA TA 3ABJIAHHA

. o Take MexaHnopeuenTop?

Ha sixi MexaHiuHI CTUMYJIH pearyroTh MEXaHOperenTopu?

Ha3BaTtu mexanopenenTopu mikipu.

[TosicHuTH, SIK i€ BECTUOYIOPEIIETITOP.

3 4Oro CKIAAAEThCS M’ SI30BE BEPETEHO? CYXOKUIbHUMN opra [ obmxki?
B yomy nonsrarots QyHKIIIT BicliepadIbHUX PElenTOPiB?

SIKi cTpyKTYpH pu0 BIAMOBIIAIOTH 32 MEXaHOPELEMI1I0?

Sk pearye 0/KoIa Ha MEXaHIYHI CTUMYJIH?

UnM BIIPI3HAIOTHCS HACTUYHI, TATMOHACTUYHI Ta CEMCMOHACTUYHI

pyXu pOCIHH?
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5. TTAPOANHAMIKA

l'iopoounamixa — po3ain (i3WKu, 10 BUBYAE PyX PIAUH, iX

B3a€EMOJIII0 M1 COOOI0 Ta TBEPJIUMHU T1JIaMU, SIKI BOHU OOTIKAIOTh.

5.1. Tuck
Tuck p — ne (i3uyHa BEIMYMHA, 10 XapaKTEPU3y€e 1HTCHCUBHICTH
HOp-MabHUX (TMEPIEHAUKYISIPHUX IO TTOBEPXH1) CUJI, 3 SKUMHU OJTHE TLIO
Jlie Ha TOBEpXHIO 1HIOro. CepellHs BeIMYUHA TUCKY Ha OYy[lb-AKY IUIOIIUHY
JOPIBHIOE  BIJHOIIEHHIO  CEPEAHBOTO  3HAYCHHS CWJIHM, 10 i€

NePHEHIUKYIISIPHO 11K TUIONTKHI, JI0 11 TJIOIIII:

AF  dF
= —_— = 5.1
P ASZ:O AS  dS 1)

S0 cuim po3noiieH] B310BK MOBEPXHI pIBHOMIPHO, TO TUCK p Ha

Oynb-IKy YaCTHUHY IIOBEPXHI JJOPIBHIOE:

Y|

, (5.2)

ne F' — cyma npuKiIaIeHuX IePIeHANKYIIIPHO 0 MOBEPXHI CHIT;, S — TuToIa
111€1 YaCTUHM TTOBEPXHI.
Opnunautsg BuMiptoBanHs TUCKY B cucteMi Cl — nackans (111a ==
1H/M?).
[To3zacucTeMHi OAMHUII Ta IX 3B’SI30K 13 MACKAJIEM:
larm = 1,01325-10 ° ITa = 1013,25 m6ap = 760 MM.pT. CT.;
1 m6ap =100 ITa = 1 rlla = 0,75006 mm prt. CT.;
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I mm pt. ct. =1 Top = 1,3332 mbap = 133,32 Ila;
1ITa=9,87-10 ®arm = 7,5-10 3 MM pT. CT.

5.2. Tuck Boan

AOCOMOTHHN TUCK p HA TIHOWHI d BiJl TIOBEPXHI PIAUHU TIEPEBUIILYE
TUCK p4 HA BEIMYUHY pgh, siKa BIANOBIIAE TUCKY, III0 YTBOPIOE Bara CTOBII-

YHUKa PiIMHU d 1 TUIoIIero S:

p = patpgd, (5.3)

ne p4 — atMochepHuil TUCK; p — T'YCTHHA PIINHY; d — TTTMOWHA.

Lle#t BUpa3 MOKHA IEPENUCATH TaK:

ne P — Bara cToBNa piAMHU; m — Maca piJIMHU; g — MPUCKOPEHHS BIILHOTO
IMaJ1HHA.

OCKIIbKM THUCK PIJIUHU 3JICKUTD JIUIIE Bl TIMOUHH, OYIb-IKe 301J1b-
IIEHHS] TUCKY Ha TMOBEPXHI MepeNaeThcss KOKHIM Toull piaunau. Lleit gakr

Oyno chopmynsoBaHo y 1663 p. sk 3axou llackansi: muck Ha NOBEpxXHi

PIOUHU, SAKUL YMBOPIOEMbCS 308HIUMHIMU CULAMU, NEPedacmvbcs piOUHO
00HaK080 no ecix Hanpsamxax. Llel 3aKOH 3HAMIIIOB CBOE 3aCTOCYBAaHHS Yy

TiApaBIiYHOMY TIpECi.

5.3. 3akon Apximena

Cuna TUCKY Ha HWKHI IIApH PIAMHU 3aBKIU MEPEBUIILYE CUITY, 1110 JIi€
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Ha BepxHl mapu. OTxe, Ha TUIO, 3aHYPEHE B PIJIMHY, JII€ BUIITOBXYIOYa

cwia. 3aKOH CTaTUKH PIIMH Ta Ta3iB, abo 3axoH Apximeda, CTBEPIKYE: Ha

0y0b-sike mino, 3anHypene 8 piouny (abo 2as), die 3 60Ky yiei piounu (abo
2asy) SUWMOBXYIo4a CUld, sKa OOPIBHIOE 6a3i piouHu (2asy) 8 00 ’emi
3aHYpeHol wacmuHu mila, HANPAeleHa No BepMuKaili 0020pu ma
NpUKIaA0eHa 00 YeHmpa MsdiCiHHSL BUUIMOBXHYMO20 00 eMY.
BuimtoBxyrouy cuity Ha3UBalOTh apXiMedogor, abo 2iopocmamuitow

11 TIHOMHOIO CHUJIOKO.

5.4. Pyx ineajqbHOl piguHu

I0eanvHo BBAKAETHCS PIAMHA, OKPEMI CIEMEHTH SKOI PyXaroThCs 0e3
TEPTS Ta KA € HECTUCIIUBOIO.

Hecmucnusorn Ha3WBarOTh PiIHY, TYCTHHA SIKOT CTaJa.

Teuiero HA3UBAIOTh PYyX PIAMHH, & HOMOKOM — CaMy PIJIMHY, IO
pyxaeTbes. SKII0 MIBUAKICTH PYXy PIAMHUA B KOXHIW TOUlll 00’€My He
3MIHIOETBCS 3 YacOM, TaKUW pPyX PIAMHU HA3UBAETHCS CMAYIOHAPHUM.
I'padiuno pyx piaumHU 300paxyeTbcs 3a JIOMOMOTOIO JIiHill meyii — TaKuX
JIHIA, JOTHYHI O SKHX 30IraloThCs 3a HANPSIMKOM BEKTOpa ITBHJIKOCTI B
JMaHii  Todri mnoToky. YactuHa piauHH, OOMEXKEHa JIHISIMH Tedii,
HA3UBAETHCS MPYOKOIO meuii.

PosrisiHemo TpyOKy Tedii 3MiHHOTO Tiepepisy (puc. 5.1). s ineansHOT
PLIMHU, 1110 PYXA€THCSA Y I11H TpyOIll, CIpaBe IJIMBI TaKl 3aKOHOMIPHOCTI.

Pienanns nepospusnocmi nomoky — 3a cmayioHapuoi meuii piounu

000ymMox weuoxkocmi meuii piOouHu Ha nonepeynull nepepiz mpyoxu meuii

€ 6CJIUHUHOIO CMAO0:

S-v = const. (5.5)
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3 Oboro piBHHHHH MOJXHa OACPKATU BUPA3:

__const

g (5.6)

Puc. 5.1. TpyOka 3MinHOro nepepisy

IMpuxaan
KpoB B aprepii miamerpom 0,6 Mm Tede 13 mBuakicTio 0,1 m/c.
ApTepis epexoanuTh y n KaniyspiB giamerpom 8-1073 mm. [IBuakicTs pyxy

KpOBi y Karinspi cranoButh 1073 M/c. YoMy 10piBHIOE KIIBKICTh Kamijisapis?

Po3B’si3aHHs
Cepenniii 00’emHMi TOTIK (), KpOBI B apTepii BU3HAYAETHCA

BHPA30M:

ne S, — nepepi3 aprepii; V', — LIBUAKICTh PyXy KPOBI IO apTepii.
Cepenniit 00’emHUMII MOTIK Qx KpPOB1 y Kanuisipi moB’si3anuil 3 (O

CHIBBIIHOIIEHHSIM :
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©
I

n.QK’

Jie 1 — KUTBbKICTb KamJsIpiB.

BukopucroBytoun 3akoH HEPO3PHBHOCTI MOTOKY (piBHAHHS (5.2)),

OTPHUMAEMO:
S, -V, =n-S, V.,
abo
7D} v z-D’ y
4 Ve =n 4 K
3Biacu
Dﬂz .V[L
n= >
D>V

[TixcTaBisieMO YMCI0B1 3HAUECHHS

B (0,6-107m)* -0,Im-c”' _56.10°
TTE107°W) 100 e

Pienanns bepuynni: 6 cmayioHapHoOMy HOmMOYI NOBHUU MUCK, WO

CKIA0AEMBCS 3 CIMAMUYHO20, 2I0POCMAMUYHO20 MA OUHAMIYHO20 MUCKIE,

€ senuduHa cmana 0l 6y0b-KUX nepepizie NOMoKy.

2

p+p-g-h+p = const, (5.7)

1€ p — cmamuyHull muck, ToOTO TUCK, SIKUI YTBOPIOE PIIMHA HA MTOBEPXHIO
TiJla, SKe€ BOHA OOTIKae; p-g-h — 2ciopocmamuyHull mMuck, BUKINKAHUK

Barolo pIIUHU; oV — OUHAMIYHUL MUCK, OOYMOBJIEHUN PYXOM PIIUHHU.
2
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JInsi TOpU3OHTAIBHO PO3MIIIEHOI TPYOKH piBHSHHS bepHymni Mae

BUTJIAA:

pV:

= const. (5.8)

TakuM YMHOM, IOBHA €HEPris OOUHUIN O00’€My 1J€aIbHOI PIAUHU B
2

OyIb-IKOMY TIepepi3l MOTOKY € BEJIMYMHA CTajla.

Ipuxkiaan

BusHaunuTi HaAIUIIKOBUN THCK, IO BUHHWKAE B aopTi giamerpom 10
MM Yy TIporeci i po3MUpeHHs 10 15 MM, SKIIO MBHIKICTE PyXy KpOBI
cknanae 40-102wm/c.

Po3B sizanns

3anuiieMo piBHSIHHS HEPO3PUBHOCTI MOTOKY B Takii Gopmi:

S,-u =8, -0,
7r~D12 7Z"D22
.Ulzn.i. s
4 4

3BIIKH:

2
v _[ D,
v, [DIJ'
BukopucroBytoun piBHsSHHA bepHymn 8 TOPU3OHTAIBLHOI TPYOKH,

OJIEP)KUMO:

3BIJIKH:

2 2
RV 19
Ap:pz_p1:§'(ulz_uzz):p : '(1_22}
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KoMOiHyroun piBHSIHHS HEpO3PUBHOCTI MOTOKY 1 pIBHSAHHS bepHy,

2 D 4
2 D,

[TizcTaBisieMO YMUCI0B1 3HAUEHHS

MOJXHa OACPKATHU:

10°-0,42 (10)“ H
Ap=——"—|1-|—=| |=13—5 ~0,IMMMrPT. CT.
P 2 { 15 2~ MMM C

KonTponbHe 3aB1aHHs

Bu3HaunTi HaAJIMITKOBUN THUCK, 110 BUHUKAE Y BEHI1 3 TIJIOMIECIO
nonepeysoro mnepepiszy 10* m? mig yac ii po3mmpenns 10 4-107* M2, ko
IIBUIKICTH PyXy KpOBI y Hiit gopiBHIoe 21072 m/c.

Bionosiov: 1,9-10" H/m>.

5.5. Pyx B’s13K0i piiuHu
Sxmo nijg yac pyxy piIMHM B Hiil BUHMKAIOTh CHJIM BHYTPIIIHBOTO
TepTs (CUITU B’SI3KOCTI), TO TaKy PIAUHY HA3UBAIOTH PeaIbHOI0.

Pisnanna Hviomona — mawncenyianvra cuna F, wo 3ymoentoe 3cys

wapie piouHu 00UH BIOHOCHO 00HO20, NPONOpYiuHa niowi S wapy, no

sAKoMY 8i00y8aemvcs 3¢y8, ma epadienmy Av/Ax weuoxocmi meuir:
Av
F=nS.22 5.9
S (5.9)

ne 1 — koedilieHT quHAMIYHOI B’si3KoCTl. BiH Xapakrtepusye ormip pivHA
3MIIIEHHIO 1i IIapiB.

OnuHMI BUMIPIOBaHHS B’ s3KOCTI — [la .
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1 IMTa-c = 1 H-c-m? = 10 II (mmyas);
1 I1= 100 cII (cauTunyas) = 0,1 kr-m'-¢c! = 0,1 ITa-c;
1 cIl=1 mlla-c.

TunoBi 3HaYeHHS B’S3KOCTI IEIKUX PEYOBUH HaBeACHO y Tad. 5.1.

5.1. KoediuieHT B’I3KOCTI pe4oBHH

Koeditient B’sa3KocTi, Temneparypa,
PeuoBnna

Ila-c °C
[TosiTps 18-10°6 20
TToBiTpst 21-10¢ 100
Bona 1,781-1073 0
Bona 1,306-1073 10
Bona 1,002-1073 20
Bona 0,798-103 30
Bona 0,653-1073 40
Cy1iibHa KpoB (4-5) -1073 20
[T1a3ma KpoBi 1,7-10° 20
CymiibHe MOJIOKO 1,45 27
306upaHe MOJIOKO 1,42 25
MornouHna cupoBarka 1,16 24
PuriaoBa omis 0,9 20
['minepun 1,5 20

Pinuny, sxa B mporieci Tedil MiAMOPSIKOBYEThCS PIBHSHHIO HbroToHa,
Ha3UBAIOTh HbIOMOHIécbKo0. Hanpukia, Bona — HbIOTOHIBCbKA PIAMHA, a P

CYCIIEH31{ Ta PO34HHIB, 30KpEMa KPOB — 1€ HEHbIOMOHIBCLKI PITUHU.
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KonTpoabHe 3aB1aHHs

3HalTH Ha CalTI
http://www.gordonengland.co.uk/conversion/dynamic_viscisity.htm Tabmwiito
NIEPETBOPIOBAHb OIMHUIIH B’SI3KOCT1; BUPA3UTH B’ si3KicTh pimunan 1,71 clly

[Ta-c Ta mya3zax.

5.5.1. Pyx TBapuH y BOIHOMY CepeaoBHIIli

Bona mae ryctuny, mo y 800 pa3iB mepeBHINye TYCTHHY MOBITPA.
Ane uepe3 Te, 1O BOJA € HECTUCIMBUM CEPEIOBUIIEM, BOJHI TBapUHU
JIETKO BiIIITOBXYIOThCS Bif Hei. Kpim Toro, ryctuHa BOAM Ta ryCTHHA Tija
BOJIHUX TBapUH MNPUOJIM3HO OJHAKOBI, IO A€ MOXJIMBICTb Maike He
BUTpaydaTyd €HEPrilo Ha MPOTUJIII0 rpaBiTaiii. OTke, BOJa € CepeOBUILEM,
B SIKOMY JYXX€ JIETKO MepecyBaTucCsA, a IUIaBaHHSA € Haile()eKTHBHIIIUM
3ac000M mepecyBaHHS Y BOII.

Ha Tino, 1mo pyxaerbcsi y BOJHOMY CEPEIAOBMII, IIIOTh JiBa THUIU
cun: inepyianena cuna Fi, = p.o°L? ta cuna B sa3kocti F, = nol, ne pe —
IryCTUHA BOJIM; 0 — IIBUJIKICTH pyXy 00’ekTa; L — po3Mip oO'ekTa; 1 —
koe(imieHT B sa3k0ocTi. CIIBBIJHOMIEHHS MK IIMMH CHUJIAMHU 3aJIeKaTh BiT
po3MipiB 00'ekTa Ta Horo MmMBUAKOCTI. Tak, it pudu po3mipom 30 cMm, 110
pyxaeTbes 31 MBUAKICTIO 011M3bK0 1 M/c, 1HepuianbHa cuiia nopiBHIOE 36 H,
Toai sK cuia B’s3kocti — 3-10 * H, 106TO pisHMug craHoBuTh 10°. Il
pi3HULA 3MeHInyeThest B 10 pa3iB y BUMAAKY PyXy JIMYUHKHA po3MipoM 3
MM, 1110 PyXa€TbCs 3 TAKOIO XK IIBUIKICTIO.

Ilig yac pyxy 31 mBUAKIcTIO U puba mMacorw m BIAIUTOBXYE BOAY
Macoro M, siKka pyXaeTbCs Yy NPOTHIEKHOMY HANpsSMKY 31 IIBUIKICTIO V.
Imoynecu pubu mU Tta BOogu MV MawTh OJHAKOBY BEIUYWHY, aje

IPOTUJIEKHI HATIPSMKHU:
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mU=—MV, (5.10)

3BIJIKM MIBUJKICTh PyXYy BOJY BU3HAUYMUTHCS TaK:
U
y="2 5.11

Pobora, sika BUKOHYETBHCS IT1]1 Yac pyxXy puOH y BOJI, TOPIBHIOE:

2 2 2
A=mU+MV=mU(Hﬁ}(5U)
2 2 2 M

Takum yuHOM, YUM Oi/bIIa Maca BHUIITOBXHYTOI BOAW M, TUM MEHIIA

cyma (Hﬁ]’ 1, oT:Ke puba pyxaeTbes 3 OUIbIIOW mBUAKICTIO U, Benuka

Maca BUILTOBXHYTOI BOJIU 3a0€3MeUyeThCs BETMKUM 32 IJIOMICI0 XBOCTOM.
[TocTynaneHuid pyx puOM y BOII CYHPOBOIXYETbCS BUHUKHEHHAM

BUXOPIB, K1 MOCIITOBHO 301JILITYIOTHCS 3a po3Mipamu (puc. 5.2).

S AT

Puc.5.2. YTBOpeHHss BHXPIB Yy KuibBaTepi puOMm mig uyac

nocrynajabHoro pyxy [Videler, 1993]

Bincranp Mik IleHTpaMHd BHUXpIB HE 3MIHIOETBCS, a IIBUAKICTH
OUPKYJLii 3MeHIyeTbes. Ll BUXpl yTBOPIOIOTH CyMapHHUH IMITYJIbC,

MPOTUIICKHUM IMITYJIbCY pUOH.
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5.5.2. JlaminapHa i TypOyJ1eHTHA Tevil

Teuis B’A3K01 PIIMHU MOXKE OYTH JIaMiHapHOO (SIKILO IIAPU P1AUHU, 110
pyXaeTbcs, HE TEpPeMINIyIOThes), abo mypoyrenmuoro (y  pasi
nepeMilllyBaHHS 1IaPiB).

Pexum Teuii pigumHM XapakTepusyeTbCs uuciom Petinonvoca, 1m0

BU3HAYAETHCS 32 (POPMYIOIO:

Re = P2 (5.13)

Jie 717 — B’SI3KICTh PIIMHU; P — TYCTUHA piauHu; D — niaMeTp TpyOKwu.
[lepexin Bix JaMiHApHOI Teyli 10 TypOYJE€HTHOI BH3HAYAETHCA 3a
JOTIOMOTOI0 KpumuuHo2o uucia Petinonvoca Rey,: sxumo Re < Re, Tedis —
naMiHapHa; npu Re > Re, Teuis — TypOyJaeHTHA.
Hanpuknan, nist Tedii B'SI3k0i HECTUCIMBOI PIIMHU B UWIIHAPUYHIN
Tpyoi Rer = 2300. JlaminapHuii mpoliec MepeHECeHHsS BOAW Yy TPYHTI

XapaKTepU3yeThC 3HaYCHHSAMU Re<1.

Hpuxnang

[ToTik BOaM PyXaeThes Yepe3 TPYHTOBY mopy aiamerpom D = 6-107° m
31 mBuakictio 1,2-10% m/c. BusHaumtu umcino PeliHompaca, SIKINO
Temieparypa rpyuty cranoButhb 20 °C.

Po3B s13anHs

BukopucroByroun nani Tabmuib 1.4 ta 4.2, miACTaBIIEMO YUCIIOBI JaHi

y PIBHSHHS
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( 4.13): Re = (1,2-10* M/c)(998,2 xr/m*)( 6-10° m)/(1,002:107 Tla-c) =
7,17-10°.

5.5.3. 3akon I'arena-Ilya3eitns

PosristHemMo Tediro piAMHU B3MOBX TOHKOI JOBroi TPYOKW. 3rigHO 3
pIBHAHHAM bepHyi, B CTalllOHApPHOMY IOTOL MOBHUN THUCK 1€albHOI
PIIMHU B3IOBXK JOBrOi TPYOKM € BEIWYMHA CTaja. AJle Ha TMPaKTHIll
CIOCTEPIra€ThCsl  3MEHUIEHHS THUCKY 3aBISKM B SI3KOCTI  PLAMHH.
HproToHIBCBKA piIMHA PYXAETHCS B3IOBK TPYOKHU SIK CEpisi KOHIEHTPUYHUX
KUIBIIENOIOHMX  IIapiB, IMIBUIKOCTI PyXy SKHX 3MIHIOIOTBCSA  3a
napaboIIYHUM 3aKOHOM (pHC. 5.3): piIuHa PyXa€eThCs CKOpIIIE B3OBXK OCI
1 TIOBUIBHIIIE — Yy pa3l HAOMM>KEHHsI 10 CTIHOK TpyOku. IIIBHAKICTE pyxy

KOXKHOTO IIapy PajilyCoM ¥ OMHUCYETHCS PIBHAHHSIIM:

O(r) = Unax(1 —1*/R2), (5.14)

1€ Umax — WIBUJKICTh PYXY PIIMHU B3JOBX OC1 TpyOKH; R — pajaiyc TpyOKH.
UYepes 3MiHY MIBUA-KOCTI PYXy PIAMHU BUHUKA€E PIZHUIS THCKIB Y3I0BX
JIOBXHHU TpYOKH Av=p;—p,. Bu3HauuMo, 3a SIKUM 3aKOHOM OIIUCYETHCS

TeYis PIIUHY B3JIOBXK TOHKOI IIUJITHIPUYHOT TPYOKH.

—

~— U(¥) = Upax 1- 'Z/RZ 3 3
] 7= onal =BT pye, 5.3, Pyx HBLIOTOHIBCHKOI

O piauHu AK cepii

J KOHLUCHTPUYHHUX LIApiB pajaiyca
r, WBHAKOCTI » PpyxXy fIKHX Yy TpyOui pagiyca R 3MIiHIOIOTbCH 32

napadoIiYHIUM 32KOHOM
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3akon I acena-Ilyazeiins: 06’ em piouru, wo NPomixkae 3a OOUHUYIO Yacy

uepes nepepiz mpyoxu, npsamo nPONOPYIUHUL PIZHUYI MUCKIB D1—P2 HA KIHYSX
mpyoKu, wemeepmomy cmyneHio  paodiyca R mpyboxu i o0bepHeno

nponopyiirull 00excuni mpyoxu l i koegiyicumy 6 ’si3kocmi 1) piouHu:

7-R*
8-/

Q= (P —P2) s (5.15)

I |-

ne Q = V/t —o06’eMHa MBUIKICT Teuli pifuHu; V — 00 ‘€M piauHu.

3axon Cmokca: cuna, wjo 0i€ Ha meepoe mino chepuuHoi opmu

paodiycom R, saxe pyxaemvcs nosibHO y 68’A3Kill piOuni, nponopyitHa

Koegiyicumy 6 ’si3kocmi 1 piounu,padiycy R i weuokocmi pyxy v mina.

F =671 Ro. (5.16)

5.5.4. CenumeHnTauisa

3actocyBaHHs 3akoHy ['arena-Ilyazeiins mo aHaizy MOTOKIB BOAU Y
TPYHTI 4epe3 MOpPH CBIAYUTH MPO TE, 110 MPOIMYCKAHHS BOJIU MPOIOPLiiHE
R?, Toxi S IIOLIA MOIEPEYHOro Inepepisy mopy mpomnopuiiina R?. Takum
YIHOM, OJ[HA BEJIMKAa Mopa MPOIMYCKAaE ICTOTHO OLIbIe BOAM, HIXK JEKIIbKa
IpiOHUX TOp 3 OJHAKOBOIO CYMapHOIO IUIONICIO MEpepi3iB, 3a PaxyHOK
MEHIIINX 3HaYeHb CUJI OTOPY, SIKI YTBOPIOIOTHCS CTIHKaMH TOP.

Po3rnsiHeMo 4acTUHKY Macoro m, 00’eMOM V' 1 TYCTHHOIO p, 3aHYpEHY
y PiIKE cepeloBHIlle 3 TYCTHHOI oy . Ha 110 yacTuHKy ni€ TrpaBiTaiiiiHa

cuiia:
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Fop =mg =Vpg, (5.17)
sIKa CIIpsSIMOBaHa JIOHU3Y, 1 apXiMeloBa CHUJIa:
Fo=mog = Vg, (5.18)

COpsIMOBaHa JOTOPU 1 SKa YHUCEIbHO JOPIBHIOE Ba3l mog pPIAUHU, BU-

IITOBXHYTOI YaCTUHKOIO. Pe3ynpTyroua cuiia JOpiBHIOE:

Fs=F,p,—Fo=Vpg— Vg =Vg(p—pm). (5.19)

Aximo o < py, pe3ynbTylOda cuja CIpsSMOBaHa JOropu (Ipoiec
BUNIUBAHHA);, SKIIO P > pp, PE3yAbTyIOYa CHUJIa CIPSMOBAaHA JOHU3Y
(mporuec cedumenmayii).

Y Tolt ke dac, piIKe CEpEIOBHUINE XapaKTEPU3YEThCS B SI3KICTIO
(BHYTPIIIHIM TepTAM). SIKIIIO pyXaeThCsl YacTUHKA chepudHoi popmu paaiyca
¥, CHJIa OTIOPY, 3yMOBJICHA B’3KICTIO, BU3HAYAETHCS 3a 3akoHOM CTOKCa:

F,=6rxnro (5.20)

1 IBUIKICTH CEIUMEHTAIll] BU3HAYUTHCS TaK:
4 2
Veeo = Va(p— )/ 671 =§7z7f3(p— )/ 6rnr = 5 g(p—m) /n.  (5.21)

[Ipouiec ceauMeHTallli BUKOPUCTOBYIOTh JJIsi OYMIIECHHS BOIM BiJ

MIiCKY, TJINHU, OPTaHIYHOI PEUOBUHU, BIPYCiB, OAKTEPIii Ta BOJOPOCTEH.
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IHpuxnan

Bu3HAuMTH MBUIKICTH CEUMEHTAIl] YACTUHKH MYITY TYyCTHHOIO 2650
kr/m* ta giamerpom 0,03 MM, sika ocizae y Boxi npu 20 °C. Buxopucraru
nmadl Taoauik 1.4 ta 4.2.

Po3B si3anHs
[TincraBnsiemo 4KciioBi aHi y piBHsSHHSA (4.20):

Uceo :% g(p—p) r’/n= %(9,8 M/c?)(2650 —998,2)(15-10°° m?)*/(1,002-10°3

[la-c) =
=38,1-10* m/c.

KonTposbHe 3aB1aHHs
Bu3HaunTH MBUAKICTH NAAIHHS JOIMIOBUX KPAIUIMH J1aMETPOM 7 MM,
1 20 °C
AKIIO TeMIIepaTypa IOBITPs CTAaHOBUTH .

Bionosios: 7,95 M/c.

5.5.5. YabrpauenTpudyryBanus

Cnig migkpecinuTH, O CYOKIITHUHHI CTPYKTYpH XapaKTepU3YyHOThCS
HACTUIBKH MAaJIOO IIBUKICTIO CEIUMEHTAIII] y TpaBiTalliiHOMY MOl 3eMill,
o Tpeda O4iKyBaTH CEAMMEHTAII0 IIUX CTPYKTYP MPOTATOM MICSIIB abo
pokiB. JlJi MpUCKOPEHHSI MPOLECY CETUMEHTAIll] BUKOPUCTOBYIOTh TEXHIKY
yAbTpalEeHTPU YT yBaHHS.

Texnika po3miieHHS KOMIIOHEHTIB CKIIAJHUX PEYOBHH 1 OJAEpKAHHS
OJTHOPIAHUX (PPaKIii HABUBAETHCS YIbMpay eHMpughyey8anHHsIM.

Po3risiHeMo mpoOipKy 3 PO3YMHOM YaCTUHOK, sika 00EpTaeThCsl HABKOJIO
BEPTUKAJILHOI OCl 3 KYTOBOIO IIBUAKICTIO @ (puc. 5.4). Ha yacTuHKy nie

JIOIIEHTPOBA (BUILITOBXYIOUA) cuiia [y, cipsMoBaHa 110 OCl 0OepTaHHS:
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2

Fo="0" — mw’r = ppVair, (5.22)
r

e mp — Maca PIAUHU, 10 BHINTOBXYETHCS; U — JiHIAHA MBHAKICTH
YACTUHKH; (@ — KOJIOBA MIBUAKICTh YACTUHKU; J — 00’ €M piIUHHU; 7 — pajIlyC
YaCTHHKH.

Kpim Toro, BuHMKae BijalleHTpoBa cuia F,, sfKa TpUKIagEHa 0

3B’SI3KY (HUTKH UM JIPOTY) 1 CIPSIMOBaHa BiJl OC1 0OEpTaHHS:

2
F.="Y —ma’r = pVarr, (5.23)

r

JIe m — Maca YacTUHKH; V — 00’ €M YaCTUHKH.

Puc. 5.4. IIpolipka 3 po34MHOM YaCTHHOK, [0 00epPTAIOTHCSI HABKOJIO

BEPTUKAJIBHOI 0Ci 3 KyTOBOI IIBHAKICTIO @ (MOSICHEHHSI B TEKCTI)

Pinke cepenmoBuIlie XapaKTepU3YEThCA B’S3KICTIO, BHACTIJOK YOTO

BUHUKAE CUIIA ONIOpPY F7,, MPOMOop-IIiiiHa MIBUIKOCTI pyXy YaCTHHKH:

F, = uv=6rnry, (5.24)

1e (4 — KOe(PIIEHT TEPTH; 77 — B’ A3KICTb.
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Uepes aeskuii 4ac CUi, 110 JiF0Th HA YACTUHKH, 3p1BHOBXYIOTHCSI:

F.=Fy+F,, (5.25)
3BIIKH:
6rnrv = &rVip —m), (5.26)
a0o:
Oypp = %a)zr(p— o)/, (5.27)

[TopiBaIOtOuM BHupasu (5.26) 1 (5.27), MOKHA BICBHUTHUCS B TOMY, III0
MIBUAKICTD PYyXY YACTUHKH Y TOJI1 JOIIEHTPOBOI criv (Uyp) y Oarato pasiB

OlIIbIIIA, HIXK y TpaBITAlIHHOMY IO 3eMJTi (Vceo):

Ly 07T (5.28)

Hanpukman, skmo mpoOipka B 1ueHTpudyst pamiycom 10 cm

. . . . v
obepraeThbes 31 mBuaKictio 60000 06epTiB 3a XBUIMHY, BiAHOLIEHHS —2
L

ceo

ctaHoBUTH Osm3bk0 400000.

TexHika yabTpaneHTpU(PyryBaHHS Ja€ MOXKJIUBICTh PO3IIIUTH KPOB
Ha Tpu O¢pakmii: Ha [HI KIOBETH PO3MIIIYIOTHCS EpPUTPOLUTH; Jai
pPO3TAIlIOBaHUN IIap JICHKOIUTIB 1 TPOMOOILMTIB; Y BEpXHIM YaCTHUHI
KIOBETH MICTUTBhCS IUTa3Ma KpoBi. TakuM YHHOM, MOXKHA BH3HAYUTH
BIIHOCHY KUIBKICTh CKJIQJJOBUX YAaCTHH KpOBI 1 TMOKa3HUK TeMaTOKPUTY

BITHOCHOI'O CITIBBIJHOILIEHHS (DOPMEHUX €JIEMEHTIB KPOBI 1 IJIa3MH.
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IMpuxaan

Hentpudyra 3adesneuye 60000 06/xB. Bu3HauuTH, y CKUIbKU pa3iB
MIBUAKICTh CEIUMEHTAIlll YaCcTMHOK TMiJ 4Yac yabTpareHTpudyryBaHHs
HEepeBUIIye MIBUAKICTh CEIMMEHTAllli YaCTMHOK y TpaBiTalliiHOMY MO
3emui. Paniyc o6epranus — 10 cm.

Po3B si3anHs

KyroBa mBHAKICTE @ TMOB’S3aHa 13 YKMCIOM OOEPTIB V 3a OJUHMIIIO
4acy CHiBBIJHO-IIICHHSIM:

w=2-7-v,

ne v= %, a n — MBUJKICTH 00epTaHHs poTopa eHTpudyru (006/xB).

3BIJIKH:

2-7w-n

“= 60
[IBUAKICTH CeAMMEHTAIllT TiJ Yac yabTpareHTpU(yryBaHHS MEPEBUIILYE

IIBUKICTH CEQMMEHTAllii B rpapiTamiiHoMy momi 3emii B [u} pasib.
g

[ligcraBisieMo YnCiOB1 JaHl:

(2~7r-n)2 1)2
o Ugo ) m [2eme0000 |

g g 60 9,8
C

=402841.

Taxum unHOM: s _ 400841,

Vep

KoHTposbHe 3aB1aHHSA

Po3paxyBaTt, @y  CKUIbKM  pa3iB  MNPUCKOPEHHA  MiJ  4Yac
yABTpalleHTPU(PYTyBaHHSI OUTbIIIE TPUCKOPEHHS 3E€MHOT0 TSOKIHHS, SKIIO
HeHTpu@yrajbHa KIOBETa PO3MillleHa Ha BIJCTaHi 8 ¢M BiJl OCl 0OepTaHHS

poTopa, a oro mBUAKICTh 00epTanHs craHoBuTh 60000 006/XB.
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Bionosiow: 322273.

5.6. IOBEPXHEBUM HATAT
Posrnsitnemo monekyny A, po3ranioBany BcepenuHi pimuau (puc. 5.5).
3 pi3HUX OOKIB 1 0TOUY€E OJJHAKOBA KUIBKICTh CYCIAHIX MOJIEKYII, Yepe3 L0
pe3ynapTyoua CWJl, IO MiF0Th Ha MOJEKyny, nopiBHioe Hymio. [llomo
MoJieKynu b, sKka 3HaXoAATbcs B IOBEPXHEBOMY IIapl piAWHH, TO
pe3yibTyoua Cui, SKi AiI0Th Ha TaKy MOJIEKYNTy, HE JOpPIBHIOE HYJIIO,
OCKUIbKM KOHIIEHTpAI[isl MOJIEKYJ y TOBITPI HaJA PIAMHOIO 3HAYHO MEHIIa

KOHIICHTPAII1 MOJICKYJ Y PiJUHI.

Puc. 5.5. B3aemoniss Mmosieky;1 moBepxHeBoro (A) ta miuOuHHOro (b)

IAPIB PiAUHY 3 OTOYYHYUMHU MOJIEKYJIAMH

[Ipuuomy pe3ynpTyroua cujia HampaBlieHa O CEpPeAUHU PIIUHU
NePHEHIUKYIIPHO 11 MOBEPXHI, 4Yepe3 IO IOBEPXHEBUHU IMap PiIUHU
YTBOPIOE HA BCIO pIIWHY THUCK, SKHUM $BIsiE CO0OIO CyMYy BCIX
PE3YABTYIOUUX CHJI, IO JIIOTh HA OJIMHUINO MOBEpXHI piguHu. Lleit Tuck
HA3UBAETBCS  MOAeKYAapHUM a00  ewympiwniv. s mepeMinieHHs
MOJIEKYJIU 3 MIMOMHHM PIAMHU B MOBEPXHEBUU AP MOTPIOHO 3aTpaTUTH
po0OTy, sKa 3IIACHIOETHCS 3a PaXyHOK KIHETUYHOI €Heprii MOjeKynl 1

BUTPAYAETHCSI HA 30UIBIIEHHS MOTEHIIABHOT eHeprii X MojeKkyn. Yepes
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1I€ MOJIEKYJM MOBEPXHEBOI'O HIapy PIAMHUA MAIOTh OUIBLIY MOTEHUIAIbHY
EHEPrito, HIK MOJIEKYJH ycepeauHi piiuHd. OCKUIbKY PIBHOBAKHUN CTaH
XapaKkTepU3yeThCd MIHIMYMOM NOTEHIIANbHOI €HEeprii, piAuHa MparHe
CKOpOTUTH TUIonly moBepxHi. [loBepxHeBuil map piAMHU B I[bOMY pasi
CXOKMUA Ha eNacTUYHy pO3TATHYTY IulBKy. Hampyxenuiét cran
MIOBEPXHEBOT'O APy PIAMHHU HA3UBAETHCI NOBEPXHEGUM HAMA2OM, & CUIIH,
K1 3yMOBJIIOIOTH CKOPOUYCHHSI TIOBEPXHEBOI IUIIBKH PIJIUHH, HA3UBAIOThH
CUNAMU NOBEPXHEBO20 HAMNAZY.
Cua moBepXHEBOTO HATATY Ha OYy/Ib-sIK1d MEX1 OBEPXH1 P1AUHU

IIPOTIOPITIAHA JIOBKUHI MEXI:

F=ol (5.29)

ne o — Koe(IIIEHT MOBEPXHEBOTO HATATY; [ — TOBXKMWHA MEXI1 P1JIMHHU.
KoediieHT MOBEpXHEBOrO HATIATY YHWCEIBHO JOPIBHIOE  CHII
MIOBEPXHEBOI'0 HATSTY, PO3PAaXOBaHii HA OJUHUINO JOBXKHHHU KOHTYPY, IO
00OMEXy€e TIOBEPXHIO PIUHU; BIH 3aJICKUTHh BiJ TUITY PIAAHU, JOMIIMIOK 1
TeMIiepaTypu. 3 MiABUIICHHSAM TeMIlepaTypu KOeQill€EHT MOBEPXHEBOTO
HATATY 3MEHIIYETbCSA, OCKIIBKM CepelHs BIACTaHb MK MOJEKYyJIaMu
piIMHKM 30UIBIIYEThCS. THUIIOBI 3HAYEHHS Koe(dillieHTa IOBEPXHEBOIO
HATATY HaBeAeHl y Tabm. 5.1, a 3ajnexHICTh KoedillieHTa MOBEPXHEBOIrO

HaTATY BOJM B TeMIIepaTypH — y Ta0bi. 5.2.
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5.1. KoediuiecHTH MNOBEPXHEBOr0 HATArY PpiIuH. 3ajeKHICTb

Koe(ilieHTa MOBEPXHEBOr0 HATATY BOAH Bil TeMIlepaTypu

Koeginient Temnepary| Koegiumient
Piguna MOBEPXHEBOI0 pa, MOBEPXHEBOI0
HatAry o, H/'m °C Harary o, H/m
72,8107 0 75,6-1073
Boza 36,4:10 20 72,8103
PunmuoBa omist [26,0-1073 60 66,2-1073
Hagra 100 58,9-10
22,8107
Cnupt eTunoBuit
Cnupr MeTUIoBUN 22.6:107
MunbHUN pO3YKH
25,0-1073

KonTposibHe 3aB1aHHS

Cepenniil pasiyc aubBEONIH CTAHOBUTH Oym3bKO 5-107° M. BusHauuTu
JIOIATKOBUN TUCK, BUKIMKAHUM KPUBU3HOK aJIbBEOJH, SKIIO KOS(DII[iEHT
HIOBEPXHEBOr0 HaTATy 1asMu 50-1073 H/m.

Bionogiow: 2 -10° H/m?.

PedoBuHM, sKI 3MEHIIYIOTH TOBEPXHEBUW HATAT DIIWHH, HA3UBAIOThH
nogepxHego-akmusHumMy. BUBYEHHS TOBEPXHEBOIO HATATY JOMOMOXE
3pO3yMITH TPUHIUNKA OOPOTHOM 3 JUYMHKAMU MAIIPIMHUX KOMapiB y
BOJIOIIMaxX Ha OCHOBI 3aCTOCYBaHHS MTOBEPXHEBO AKTUBHUX PEUYOBUH.

5.6.1. IloBepxHeBi ABUIIA B JIEr€HAX
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[loBepxHsa JereHp Mae crneuudiuny penbedHy (HOpMY 1 BEIHKY
TUTIONTY JUTst 3a0€3MeUeHHs Kpaloro ra3000Miny.
300paxkeHHs €JIEMEHTAPHOI CTPYKTYPHU JIET€Hb (a1b6€0.11) HAaBEICHO

Ha puc. 5.6.

100 MxM—>

Puc. 5.6. EnemeHTapHa CTPYKTYPA JiereHb aJbBe0Ja

[lin wac HOpmambHOro (YHKIIOHYBAaHHSA JIETE€Hb 1€ 3HAYHUN THUCK
KOMIICHCYETHCS TIOBEPXHEBUM HATATOM, 1110 BUHUKAE HA MIOBEPXHI JIET€Hb.

[liABUIIEHHS TMOBEPXHEBOTO HATATY MOXE TPHUBECTH [0
HEOE3MEeYHOro PEeCcHipaTOPHOTO 3aXBOPIOBAHHS — 2iANiHO80-MeMOPAHHOT
X80POOU HOBOHAP O OIHCEHUX.

3amobirti bOMY 3aXBOPIOBAHHIO MOJKHA 32 pPaxXyHOK BHECEHHS
TIOBEPXHEBO-aKTUBHUX PEUYOBHUH, SIKi 3MEHIIIYIOTh ITOBEPXHEBUI HATSIT.

OpHi€lo 3 TaKUX PEUOBUH € (Pochamuounxoin, MOJICKYIH SKOTO
CKIIQJAIOThC 13 TIAPO(IIBHUX TMOJSPHUX TOJIOBOK 1 TipodhoOHUX
JAHLIOTIB XKUPHUX KUCIOT. [lodsipHI TOJMOBKHM 3HAXOASTHCS y KOHTAaKTI 3

BOJIOI0, TOJI1 SIK )KUPHI KUCJIOTH 3aJIMINAI0ThCS Y MOBITPi (puc.5.7).

Tidpohobui aanwoeu
HCUPHUX Kucaom

Ilogimps
lidpocpirwni )
noAspHi 20108KU Boda
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Puc.5.7. PosramyBaHHsi TrigpoQiIbHUX MNOJSAPHHUX TOJOBOK |
riapopoOHUX JIAHIIOTIB KUPHUX KHUCJIOT HA MEXi MOALIy «IOBiTpH-

pinuHay

Pesynbrarom 1ii Takoro TPaHUYHOTO MOJIEKYISIPHOrO Iapy €
3MEHIIIEHHs KoedimieHTa moBepxueporo Harsary Big 70 <10 H/m mo 30 - 10

3 H/m.

HMpuxnang

Bopnomipka pyXaeTbCcsi 1O BOAHIN MOBEpXHI. 3arajbHUNl NEPUMETP
B3a€MOJI1i KOXKHOI 13 i KIHLIBOK 3 BOAOI CTaHOBUTH 1 mM. [Ipunycrusiimy,
10 TOBEPXHEBUM HATAr Ji€ BEPTUKAIbHO, II0Ka3aTd, 10 CHJIU
MIOBEPXHEBOTO HATATY B 3MO31 YyTpUMAaTH TiJI0 KOMaxd Mmacor 25-10° kr
(0=72,8-10" H/m).

Po3B s13anHs

Cuta TIOBEepXHEBOTO HATATY PIIMHU BU3HAYAETHCS JJIS IIECTH KIHIIIBOK
BOJIOMIPKH SIK:
F=6-0-1=6-72,8 -10° H/™m - 10 M=436,8 - 10° H.

Bara xomaxu CTaHOBUTB:
P=m-g=25-10%kr -9,8 M -¢c2=245 -10° H.

OdeBHIHO, IO CHJIA TOBEPXHEBOTO HATSTY MEpPEBHUIYyE Bary Tija i,

TaKUM YMHOM, y 3MO31 yTPUMAaTH TLI0 KOMaXH.
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KoHTposbHe 3aB1aHHSA

Bonomipka Oirae mo moBepxHI BOJU. 3HAWTH Bary KOMaxH, SIKIIIO
BIJIOMO, IO MiJ KOKHOI 13 IIECTH JIANOK BOJOMIPKH YTBOPIOETHCS SIMKa,
110 JTopiBHIOE TiBcdepi 3 pagiycom 0,1 mMm.

Bionosiow: 27,5-10 H.

5.6.2. KAIIIVIAPHI IBUILIA
TpyOku 3 qye By3bKHM BHYTPIIIHIM KaHAJIOM HA3WBAIOTHCS KANIAPAMU.
Pinuna B kamijsipi migHIMaeThCsl a0 OIMYyCKA€ThCSA HA TaKy BUCOTY A, IPU
SKIM THUCK CTOBIA PiIUHM (T1APOCTATUYHUM THUCK) pgh BPIBHOBAXKYETHCS
HAJTUIIIKOBUM THCKOM /p.

@opmyna Jlannaca — NOJATKOBUNM THCK, 3yMOBJICHUM KPUBU3HOIO TTOBEPXHI

piIII/IHI/I, BU3HAYA€THCIA TaK:

Ap = ia(% + Ri), (5.30)

ne o— Koe(ilieHT MOBEPXHEBOro HATATY; R; 1 R> — paJilycl KPUBU3HU JIBOX

B3a€EMHO TIEPIEHANKYIIIPHUX TePepi3iB MOBEPXHI piauHU (puc. 5.8).

Puc. 5.8. ®opma menicka B kaninsipi: a — ejaintuuna (R; # Rz); 6 —

chepuuna noBepxHi (R; = R> =R)
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JonaTkoBuii TUCK OepeThes 31 3HAKOM ““+7°, AKIIO MOBEPXHS OIMYKJIA, 31
3HAKOM “‘—* — SKIIIO MOBEPXHS BBITHYTa. Y BUIMAJKY C(HEPUYHOI MOBEPXHI

(R = R2 = R) dbopmymna Jlanmaca Mae BUTTISIA:

2.0

5.7. I'inpoauHamMika pocjauH

5.7.1. Keunema

Cucremy, 110 3a0e3Meuye MOCTauaHHs BOAM Ta MIHEPATLHUX PEUOBUH
3 TPYHTY y BEpXHI YaCTWHHU POCIMHHU, HA3UBAIOTh Kcunemoro. L TkaHnHa
CKJIQJIa€ThCSl 3 TMPOBIAHUX E€JIEMEHTIB — TPaxeil, BOJIOKOH Ta €JIEMEHTIB
CyOWH, IO YTBOPIOIOTH JOBT1 pSAOU B3AOBXK PO3TAIIOBAHUX KIITHH.
JliameTpu MpOBITHUX €JIEMEHTIB KCHJIEMH BapiioioTh y aiamazoni 10-500
MKM JJIs1 pI3HUX BUJIIB POCJIHH, a JOBKUHA MOKE€ CTAaHOBUTH BiJl IEKIIBKOX
COT MIKPOMETPIB 10 ABOX 1 Oinmbiie meTpiB. Uepes Te, MO i MPOBIAHI
€JIeMEHTH T1030aBiieHl MPOTOIJIACTIB 1 KIITHHHUX OOOJIOHOK, OIlIp
MPOXO/KEHHIO Yepe3 HUX BOAM Ta PO3YMHIB Ayxke Manuid. CrpoieHui
BUIJISLZT MPOBIJHOTO €J1€MEHTa KCUJIEMHU HaBEJEHO Ha puc. 5.9,a.

5.7.2. MexaHi3MH KCWJIEMHOI 0 TPAHCIIOPTY

SIKII0 MOMICTUTH BY3BKY TPYOKY (Kaninsp) OJHUM KIHIEM Yy PiAMHY, TO
BHACJIIJIOK 3MOYyBaHHS a00 HE3MOYYBAaHHS PIIWHOI CTIHOK Kamuisipa
KpUBHM3HA TOBEPXHI PIAMHU (MEHICKA) CTa€ CYTTEBOIO, 4Yepe3 IO Haj
IIOBEPXHEI0 YTBOPIOETHCA 3HAYHMM J0onaTKOBUM THUCK. IlpuTsaranHHs Mix
MOJICKYJIaMU PIJMHU Ha3UBAIOTh KO2e3i€l0, TOAl SK TPUTATAHHS MIXK
PIAMHOIO 1 TBEpAUM TIJIOM (CTIHKaMHM Kamiuisipa) — aoeesiero. Konu

B3a€EMOJIISl pIIUHA 31 CTIHKOIO BUSIBISETHCS 3HAYHOIO, BI1AOYBA€ThCS
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3MO4y6aHHs CTIHKU PIAMHOIO; KOJIHM K MIKMOJIEKYJISIPHI KOTe3iiiHl CHJIM B
pPIAMHI 3HAYHO MEPEBUINYIOTh aJre31l0 MK PIIUHOI0 Ta CTIHKOIO, Mae

MICIIE He3MO4y8aHHsl CTIHKU PIAUHOI0. PO3riasiHeMO Kanuisap, 3aHypeHUun y

3MOYYIOUY PIANHY.

Kcuwresma Cumonooionui
cVouna CICNMEeHMN
hroenu

Bucorua
MUCK

Caxaposa

)

vy

.
Husoru \
muck o5
s

>

Cuxaposa

6

Puc.5.9. CnpouieHuii BHUIJISII NPOBIAHUX e€JIeMEHTIiB POCIHUHU: a4 —

KcwiieMu; 0 — groemu

Cwiu npuTAraHss, SKi BUHUKAIOTh MK MOJIEKYJaMU PIIUHU 1 Kamijspa,
MPUMYILYIOTh PIAMHY TiAIIMATHCS MO CTIHI Kanjisipa, 10 TPU3BOIUTH 10
BUKPHUBJICHHS IIOBEPXHI PIAMHM 1 YTBOPEHHIO HETaTUBHOIO THCKY.
Bracninok nporo pimHa miaiiMaeThes o Kanuisipy, JOKH T1IpOCTaTHUHUN
TUCK HE 3pIBHOBAXUTH JOJATKOBUI THCK. YMOBY pIBHOBarm MOXHa

OIIMCAaTHu 3a BUPA30OM:

29 _ peh, (5.32)
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1€ p — I'yCTHHA pIAUHU; R — pajlyc KpUBU3HU MEHICKa; g — MPUCKOPEHHS
BUILHOIO MaJ/IiHHS; /1 — BUCOTA, HA AKY MiA1AMA€EThCS piIMHA.

3BiJIcM MOYKHA BU3HAYUTH BUCOTY ITiAHIMAHHS P1AUMHU:

h= 20 cos@
ogr

, (5.33)

ne r = Rcos@— paniyc kaminsipa, €— kpaitoBuit Kyt (puc. 5.10).

Puc. 5.10. BeanuuHu, HeOOXigHi MJIs1 PO3IIALY KaIJISIPHOrO
migiiiMaHHs BoaH

PosristHeMo Ha KOHKPETHOMY MPUKIIAJI CYAUHY KCHUIIEMHU PalilycoM

20 MxM: 3rigHO 3 hopmyoro (5.33) Boma B CyauHI MiAiHMEThCS HA BUCOTY:

2-72,8-10°H - m cos90”  _1,49-107a°

= - —~ — — =0,745 m.
9982ke-m ™ -9.8m-¢c-20-10"m  20-107(m)

OTxe, MNONATKOBMM THUCK Yy CyIMHaX KCWIEMHU HE 3JaTHUU

3a0€3MeUnTy MiIHIMAHHS PIIUHA B POCIMHAX BUCOTOIO OUIBIIE OJHOTO
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Merpa. Ha Benmukux BIACTaHSX MEPEHOCOM BOJIU Kepye 00 €MHMI MOTIK,
KU 3a0€3MeUy€eThCs TPaJ1EHTOM THCKY.

KinbkicHo 1eit 00 eMHM NOTIK BOAU J, 1J1s1 HWJIIHAPUYHUX TPYOOK,
TaKMX SIK KJIITUHU KCUJIEMHU PaJilyCoOM 7, OTIUCYEThCS pisHsanHam [lyazeiins B

mudepentiiHii Gopmi:

Jy= [’g—n}(j—f’j (5.34)

, . . 0 .
A€ 77 — B A3KICTb P1IAWHU; 8_p "TPaAOl€EHT THUCKY.
X

3 piBHSHHS BHJIHO, 1110 00 €MHUI TOTIK CYTTEBO 3aJICKUThH Bij pajiyca
TPYOKH: SIKIIO 30UIBIIMTH PaAlyC yJBIYi, MBHUAKICTH 00 €MHOTO IOTOKY
BOJIM 30UIbIINTECS y 24 = 16 pasiB. TakuM YMHOM, KEPOBaHHUI IPaIi€HTOM
TUCKY 00 €MHUU TMOTIK BOJU € JOMIHYIOYMM MEXaHI3MOM pyXy BOJU Ha
BEJIMKI BIJICTaHI.

3acTtocyeMo piBHsHHS Ilyazeiins mis OIiHKKM 00 €MHOI IIBHIKOCTI
IPOTIKAHHS BOAU YEPE3 OMUHULIO Mol (S = /7°) CyIUHN KCUIEMH, KU

y IbOMY pa3l BU3HAYAE€THCA 32 BUPA3OM:

J/S= (ﬁ](z—p). (5.35)

8n \ ox

SIKIo cepenuiil MOTiK BoAM B KcuiieMi ctanoBuTh 107 M/c, KoedimieHT
B s3KkocTi Bogu 77 = 10~ Ila-c, a paxiyc kcunemu r = 20 Mkm = 2-107° M, TO

P _
X

TPaJleEHT TUCKY, IO 3aJI0BOJIbHsE PiBHSAHHIO (5.35), cTaHOBUTHME

—2-10* H/m3 = —-2-10*ITa/m.
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3MIHa TpaBITAllIHHOrO TNOTEHLIATy Ha KOXHUHA METpP BHUCOTH
CTAHOBHTH (K OYJIO BCTAHOBIEHO B IONEPEAHIX posainax) pgh/h = 10* I1a
= 102 MIla. ToOTO, rpagi€HT THCKY 3AaTHUH MMEPEBUIIUTH CHITY TSOKIHHS 1

HOIATPUMATH PyX BOAH B KCUJIEMI.

5.7.3. ®aoema

[lig gac ¢oTtocuHTE3y BiAOYBa€THCA MEPETBOPEHHS CBITIOBOI €HEPTii
HAa XIMIYHY, $K€ CYIPOBOKYETbCSA YTBOPEHHSM  BYIJIEBOIIB 3
BYIJIEKHCJIOTO ra3zy. Xoda HeBeJIMKa KUIBKICTh CIHOJYK BYTJIEII0 abo
gdomoacuminamis i1e Ha 3a0e3MEUYEHHS MPOIECIB POCTY Ta METaboII3My
JHCTSA, OCHOBHA KUTBKICTh MEpeaaeTbcs HE(OTOCHHTETUYHUM OpraHaMm Ta
TkaHuHaMm. [Iporiec TpaHcmopTyBaHHsI (POTOACHUMIIATIB Ha JOBT1 BiJCTaH1
HA3UBAETHCS mpaHciokayiero. Po3noain OUIbIIOCTI OPraHiuHUX PeUOBUH (Y
nepmy 4epry — (oTroacUMUIATIB) MO POCIUHI 3I1MCHIOETHCS 3aBISIKU
¢noemi — napyroi MpoOBITHOI CHUCTEMU pociauHu. Droema sBISIE COOOIO
TKaHUHY, 10 CKJIAJIAEThCS 3 KUIBKOX THUITIB KJIITHH. AJie Ha BIAMIHY BiJl
KCUJIEMHU TIPOBiJHI efleMeHTH (JI0eMH MICTATHh IpoTomiasmy (puc. 5.9,0).
I[li mpoBiAHI e€NEeMEHTH Ha3UuBaATh CUMONOOJIOHUMU KAIMUHaMu abo
cumonoOoionumu mpyoxkamu. BoHW 3'€¢IHAHI B €IWHUN JAHITOT, SKUH
YTBOPIOE TPAHCIOPTYBAaHHS OPraHIYHUX PEUOBMH. PO3uMHEHI peuoBUHU
NEepeMIIyIOThCsl MO0 (proeMi — MPOAYKTH (POTOCHUHTE3Y PYXaroThCsl BiJ
JUCTS 10 KOPEHEBOI CUCTEMHU, TOJI1 SIK IYKPU y TIPOTUIIC)KHOMY HaIPSIMKY,

BiJl KOPEHEBOI CHICTEMH JI0 BEPXIBKH POCIUHHU.

5.7.4. MexaHizmMu TpaHcaokauii mo guioemi
Bynb-sika Teopis, sika 6 MOrJia MOSACHUTH MEXaHI3MU TPaHCJIOKaIli
dboToacMMINIATIB Ta OpraHiuHUX PEUYOBMH 1O (jaoeMi, TOBHHHA

BpaxoOByBaTH Ta TOSICHIOBATH CTPYKTYPY CHUTOINOAIOHUX €JIEMEHTIB
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dbroemu, Bucoky (50-250 cm/T) MBUAKICTH TpaHCIOKAIli Ha BEJIUKI
BIJICTaHl, OJHOYACHE TPAHCIOPTYBaHHS PEYOBUH y MPOTHICKHHUX
HanpsIMKax, MOYATKOBHI MPOLEC NEPEHECEHHSI aCUMUIATIB 3 Me30(PIIbHUX
KJIITHH JIMCTKA J0 CHUTOMOMIOHMX elIeMEHTIB (iioeMu (3asaHmadicenms
@roemu), TPAaHCTIOPTYBAHHS ACUMUIATIB MO CHTOIOMIOHMX €JIEMEHTaX Ta
OCTaTOYHE MEPEHECEHHS aCUMUISTIB 13 CUTOINOAIOHUX €JIEeMEHTIB A0 KIITHH
3aracarounx OpraHiB (PO36aHMAdiCEHHA (roemut).

HaiiGinp1 BiporiIHOO BBAXKAETHCS 2inomesa NOmoKy nid Muckom
[Miinch, 1930], sika 6a3yeThCsi Ha MEPEHOCI MAacCH PO3UMHEHOI PEUYOBHHHU
BT JDKEpela [0 3alacalouux OpraHiB 3a paxyHOK TIpaJli€eHTa
T1IPOCTaTUYHOTO (TYPropHOT0) TUCKY B CUTOMOIIOHUX €IeMEHTax
(ous. puc. 5.9). 3aBaHTaxkeHHA (QuioeMU BiIOYBA€THCS  3aBMSIKU
TPAHCIIOPTYBAHHIO LYKPIB BiJ Me30(uly 4yepe3 TOHKI My4YKH, CEPEAUHHY
KUIKY Ta JIMCTOBUM YEpPEHIOK JO CHUTOMOJIOHUX €JEeMEHTIB (roeMu.
30UIbIIEHH KOHIEHTpALli PO3YMHEHHX PEYOBUH Yy MHMX eJIeMEeHTax
OPU3BOAUTH JO 3MEHIIEHHIO BOJHOIO TOTEHIAy Ta BIAMOBIIHOTO
OCMOTHUYHOTO TOTJMHAHHSA BOAM 3 CYCIAHBOI Kcuiemu. [igpocTaTUaHUI
(TypropHuii) TUCK Ha LbOMY KiHII (uioemMu 30UIbIIyeThCA. B Toit ke yac,
Ha TMPOTUJISKHOMY KiHII (JOEMHU ILYKpH TMOKUAAIOTH (proemy, a Boja
MOBEPTAETHCS B KCHJIEMY. THUCK 3MEHIIYETHCS, a B IIIIIOMY B370BX (hjoeMu
YTBOPIOETHCSI TPATIEHT TUCKY, KU OOYMOBIIIO€ TMOTIK PIAWHU BiJ JHCTA
no kopinHs. Llelt rpamieHT omucyerhbcs 3akoHoM Ilyazeiins. Ha kopucts
i€l TINOTE3U CBIAYATh PE3YIbTAaTH EKCIEPUMEHTAILHOTO BUMIPIOBAHHS
TiPOCTATHYHOTO TUCKY B CHTOIOMIOHUX eJIEMEHTAX, IKUi CTaHOBHUTH 2-10°
ITa [HoGen, 1973].

[lle omna rimore3a [Fensom, 1975; Spanner, 1975] mnepenbauae
y4acTh €JIEKTPOOCMOCY y TPAHCMOPTYBAHHI PEYOBUH 10  (hioemi.

BBaxxaeTbcs, 110 pPYHIIAHOI CHJIOK TEPEMIMICHHS IYKPIB 3 OJHIET
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CUTOIOMIOHOT TPYOKHM B iHIIY Yepe3 MOpPU € TpaHCHopT ioHiB K, skwuii
CYNPOBO/IKYETHCS BUHUKHEHHSIM  €JEKTPUYHUX TIONIB HA  KOXKHIN
CUTOMOMIOHIN TIACTUHII. ICHYIOTH 1€ TIMOTe3W, M0 TMOSCHIOITh
MEXaHI3MH TPAHCIOPTYBAHHS aCUMIJISITIB MO CUTOMOMIOHMX €JIEMEHTaxX —
pyX TPOTOIUIa3MH, TEPUCTAThTUKA (CKOPOUCHHS) KIITHHHUX CTIHOK,
MIKpPOEJIEKTPOKIHE3, MOBEPXHEBO-aKTUBHUN pyX Ta 1HII, ajieé BOHU HE
noctatHbo nepekonymBi [Jlrortre, Xurnaboram, 1984].

IMpuxkaan

BusnauuTy BUCOTY MiJHIMAaHHS BOAM Y KaUIApl TPYHTY JlaMeTpOM
10 MKM, SIKIIIO KPaiOBUI KYT JOPIBHIOE HYIIO, @ TEMIIEpaTypa rPyHTY
cranoButh 20 °C.

Po3B s13anHs
[TizcraBisiemo 4ucioBi AaH1 y piBHSHHS (4.38):

h = 2(72,8-10 H/M?)(c0s0)/(998.2 xkr/m*)(9,8 m/c?)(5:10°m) = 2,98 m.

KonTposibHe 3aB1aHHS
Uu 31aTHUI 1OAATKOBUM TUCK Yy KCUiIeMi aepeBa Sequoia 3a0e3MeUnTu
migHiMaHHs pigrHau Ha BUcoTy 100 M, SIKIIO I'YCTHHA PiAMHHA CTaHOBUTH 103

Kr/M>, a KoedirieHT moBepx-HeBoro Hatsry 70103 H/m?

5.7.5. BumiproBaHHSl MOTOKIB COKY

Cix — ue piauHa, 10 TPAHCIIOPTYETHCS B KCHIIEMI Yepe3 Tpaxeinu Ta
cynuHu abo y dutoeMi uepe3 cuTonoaioHi Tpyoku. KcunemHuit cik MiCTUTh
BOJY Ta MiHEpaJIbHI COJIl, a (PIIOEMHHI — BOZY Ta IIYKPH.

Ilomix coky BUMIPIOETbCA Yy JITpax, MO MPOXOASITh MPOTITOM JHS.
[Iporiec BUMIpIOBaHHS MOTOKY COKY B&)KJIMBUM 3 TOYKH 30pY OI[IHIOBaHHS
BOJIHOTO OallaHCy pOCIMHMA  Ta BH3HAYEHHS 3arajbHOi IMIBUIKOCTI
BUKOPHUCTAHHS BOJIM POCIIMHOIO (3a3BUYall JIEPEBOM).

Bci ocHOBHI MeToAau BUMIPIOBAHHSI MOTOKIB COKY 0a3yrOThCi Ha
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HarpiBaHHi TpaHCHIPAI[IMHOTO TOTOKY 3 MOJAJbIIMM BU3HAYEHHSIM
IIBUJIKOCTI TIOIIUPEHHS TEIUIOTH B3J0BXK CTOBOYypa.

OgHuM 3 TMOMIMPEHUX € Memoo mennogoi oucunayii, KUl OyB
3anporioHoBanuii A. I'panbe y 1985 pomi [Granier,1985]. Cytb Meromy
MOJISITAE 'y 3aHYPEHHI y CTOBOYp JepeBa JBOX NYCTOTUIMX TOJIOK, SIKi
MICTSTh TepMorapu — pobouy Ta omopHy (puc. 5.11). Oana ronka (3
poOOYOI0 TEPMOMApOK) Ma€ HArpiBHUK, 3aBASIKU SKOMY YTBOPIOETHCS
noTiK TerioTu. IIBUAKICTh MOTOKY COKY F BU3HAYAETHCS 32 BUPA30OM:

F =0.4288./(Tn — Ty)/Ta]"»!, (5.36)
ne Sa — MIIOIAa MOTOKY Ha BHUCOTI BHUMIpIOBaHHS; 7, — MaKCHMallbHa
pI3HUII TemrepaTyp, OTpuMaHa BHOYI, KOJM TOTIK COKY BiICYTHIH; Ty —

JHicHA PI3HULISI TEMIIEPATYP BICHb.

HarpiBau
CTtoBOYD Tepmomnapa
Bepxnsa
rojKa
Hwxnsa
roJIKa
OrmnopHa
TepMorapa 30 15 0
MM MM MM

Puc. 5.11. Cencop I'panbe [Granier,1985].

Cencopu I'panbe XapakTepHU3yIOThCSI HEBHUCOKOIO BapTICTIO, MEXAHIYHOIO

MILHICTIO Ta HAIINHICTIO.
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KOHTPOJIBHI BATIUTAHHSA TA 3ABJAHHSA
1. o Ha3uBarOTh TUCKOM? B SIKMX OJIMHUIISIX BUMIPIOETHCS TUCK?
2. CdopmymnroBaTi 3aKOH HEPO3PUBHOCTI MOTOKY. Hamncatu ta nosicHuTH
piBHAHHS bepHysmi.
ki cunu Ai10Th Ha KYJbKY, 110 3aHYpEHA Y PIIUHY?
CdopmyntoBaT yMOBU BUIUIMBAHHS Ta CEAMMEHTAITI].

CdopmyntoBaTtu 3akoH CTokca. J{Js SKUX T17 BiH CIIpaBeIJIMBUIA ?

AN O

ChopmymroBatu 3akon [lyazeiinsa. Illo Ha3zuBaeTbes KOediIieHTOM

B‘s3K0CTI? B SIKUX OJUHUIISAX BIH BUMIPIOETHCS?

7. SIx 3aMeXuTh B’SI3KICTh BiJl TEMIIEpaTypH?

8. Illo xapakTepusye KpuTUYHA MBUAKICTH? Bi 40ro BoHa 3a1€KUThH?

9. dAxuili THCK HA3UBaIOTh MOJEKYJIApHUM (BHYTpimHIM)? [losicHuTn
MEXaHI13M MOro BUHUKHEHHS.

10.lo0 Take moBepxHeBUU Hatar? Big doro 3ajexuTh CcuiIa
MOBEpXHEBOTr0 HaTATy?/laT BU3HaYeHHS Koe(illi€HTa MOBEPXHEBOTO
HaTAry. B SKux OJUHUIAX BIH BUMIPIOETHCS?

11.1llo Ha3WBarOTh JOAATKOBMM THCKOM? Hammcatm Ta MOSCHUTH

dbopmyny Jlamnmaca 1y MWJIIHAPUYHOTO Ta CIUIIOMIEHOTO KAaIUIAPIB.

[lo Take R; Ta R> B popmymi (5.23)?
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APPENDIX III

MECHANOBIOLOGY

Mechanobiology is a branch of biophysics that studies the mechanisms of
influence of external mechanical factors on living organisms and the

reaction of organisms to these factors (mechanoreception).

Mechanoreception in animals

A complex system that converts the energy of external stimuli into a
sequence of nerve impulses, forms a sensory system or analyzer (an
obsolete term - the sense organ). The sensory system consists of the
receptor, the centripetal pathway and the brain. Factors that excite sensory
impressions of a certain quality are called stimuli. Cells in the sensory
system that are able to respond to stimuli are called receptors.
Mechanoreceptors are specialized sensitive formations designed to
transform a mechanical stimulus into nerve cell activity that causes a nerve
impulse to propagate.

Mechanoreceptors are able to respond to various mechanical stimuli and
perform: 1) tactile sensitivity (perception of pressure, changes in pressure,
touch, vibration); 2) vestibuloreception (balance); 3) interreception

(coordination of movements of individual parts of the body).

Mechanoreceptors of the skin
There are a large number of mechanoreceptors in the skin. If the skin is
covered with hair, it is characterized by free nerve endings, Merkel's discs,

nerve endings around the hair follicles. In skin devoid of hair,
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mechanoreceptors are free nerve endings, Merkel's discs, Meissner's body
and Pacini's. Krause flasks can be found in the subpapillary layer of the
dermis; in the depths of the dermis there are Rufini's bodies.

Free nerve endings are the most common skin receptors; they are part of a
system of developed networks of nerve fibers located in the surface
structures of the dermis. Free nerve endings often branch and can occupy a
large area.

Merkel's discs are located in the lower part of the epidermis. Fibers
extending from several Merkel disks can combine into a single fiber to
form a single tactile corpuscle (a tactile one that is tactile) with a diameter
of 100-500 um that rises above the surface of the skin. Each Merkel cell
connects to the terminal (terminal) disk of the afferent (sensitive) nerve
fiber, which conducts impulses from the periphery to the central nervous
system. The number of Merkel disks in one corpuscle can reach 30-50.
This type of mechanoreceptors can be found, for example, on the lips of
animals.

Nerve endings around the hair are non-myelinated (ie without myelin
sheaths consisting of a mixture of lipoid and protein substances) nerve
fibers that densely intertwine the structures of the hair follicle. Each hair is
surrounded by several fibers; at the same time, the same fiber can entangle
a large amount of hair. For example, in a rabbit's ear, one fiber covers about
300 hair follicles in an area of 1 cm2. In animals, there are sensitive hairs in
the hair - vibrissae, which are localized around the mouth. Each vibrissae
can be surrounded by more than 100 fibers, which ensures its high
sensitivity.

Meissner's bodies are found in the skin, which is devoid of hair. They are
located in the papillary layer of the dermis and have a conical or elliptical

shape. The length of Meissner's bodies is 90-120 um. Externally, each body
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1s covered with a thin capsule (shell), which is closely connected with the
surrounding tissues.

Pacini bodies are encapsulated endings in the skin measuring 4—5 mm long
and 1-2 mm wide (encapsulation is the process of shell formation).
Located in the lower layers of the dermis and in the subcutaneous fat. They
consist of an outer capsule, an inner bulb, and an unmyelinated nerve
ending that is connected to a soft nerve fiber. Each of Pacini's bodies is
entwined with thick, soft fibers.

Krause flasks are located in the subpapillary layer of the dermis and are
spherical formations covered with a capsule. The internal environment is
permeated by an extensive network of afferent nerve endings.

Rufini's bodies are spindle-shaped and surrounded by a capsule. The
diameter of the receptor reaches 150 um. The basis of each Rufini body is
intricately intertwined collagen fibers, which are associated with numerous
branches of the afferent nerve fiber.

According to the simplest hypothesis of mechanoreceptor transformation,
the stimulus that directly affects the mechanoreceptor is the stretching or
deformation of the surface cell membrane, which leads to changes in the

permeability of ion-selective channels.

Vestibuloreception
Vestibuloreception is the perception of changes in the speed and direction
of movement of the body in space with the help of vestibuloreceptors - hair
cells of the membranous labyrinth of the inner ear. This type of reception is
realized by means of the vestibular device consisting of a vestibule and
three semicircular channels located in mutually perpendicular planes.
In the vestibule cavity, there are receptor cells with hairs immersed in a

jelly-like mass containing calcium carbonate crystals or otoliths. If the
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animal's head is tilted, the semicircular canals gain acceleration, while the
endolymph tends to remain in place due to the force of inertia.

As aresult, the otoliths displace and bend the hairs, which excites the nerve
cells that are connected to the receptor cells and transmits information to
the brain about the position of the head or body in space.

Both inner ears are a bilateral (bilateral) receptor system: if during the
rotation of the head the left semicircular canals become accelerated, the
right canals become decelerated. In the animal's brain there is a comparison
and analysis of the frequency of reference of biopotentials coming from

both systems.

Interreception

Receptors localized in the cardiovascular system and internal organs, which
are able to perceive stimuli of various natures, are called interreceptors.
Interreceptors are divided into proprioceptors and visceral receptors.

Proprioceptors signal the relative position of different parts of the
body. These types of mechanoreceptors are represented by muscle spindles
and Golgi tendon organs.

Muscle spindles are oriented parallel to the skeletal muscles and are
connected to the tendons; they provide information about muscle length.

The muscle spindle is an encapsulated group of thin and specialized
muscle threads. Because the capsule where these threads are located has a
spindle-shaped shape, these threads are called intra-spindle. They are
connected to tendons; moreover, the ends of these threads contain
contractile proteins, while the middle part is devoid of them. The afferent
nerve of the muscular spindle is located in the middle part of the spindle.
The polar ends of this spindle have their own motor nerves, called gamma-

motor neurons (as opposed to alpha-motor neurons, which are connected to
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muscle fibers. During contraction or elongation of skeletal muscle, the
length of the middle part of the spindle changes. leads to the emergence of
biopotentials, the frequency of which depends on the level of change in the
length of the middle part.

The Golgi tendon is a thin capsule inside the tendon that connects 15-
20 muscle fibers.

Each organ has an afferent nerve that sends potentials to the central
nervous system during muscle contraction. The Golgi organ responds to
mechanical stress that occurs in the tendon. The frequency of reference
potentials is proportional to the voltage that occurs in the tendon.

Visceral receptors provide information about the movement or
condition of internal organs (stomach, intestines, bladder), as well as signal
the state of the internal environment, which is associated with feelings of
hunger (blood sugar) or thirst (increased osmotic pressure in blood plasma).
Thus, all mechanoreceptors differ not only in structure, but also in the
ability to respond to various mechanical stimuli - touch, pressure, pressure
change, compression, bending, tension, linear or rotational acceleration,

change in muscle length or mechanical stress occurring in muscles.

Mechanoreception of fish

Fish perceive external mechanical factors and react to them with the
help of special structures, namely: Lorentzini ampoules, Savi vesicles and
actually seismic organs (channels, grooves), which contain receptor
elements - neuromasts or seismic sensory buds. The terms "lateral line" and
"lateral line organs" are obsolete.
Along the body of more fish, as well as in the head, is a seismic sensor
system, which is a sequence of channels opened at a certain interval for

water. These canals consist of viscous, gelatinous cone-shaped structures
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(cupulae) that contain hairs associated with sensitive cells (neuromasts). A
nerve ending is suitable for each such cell.

The flow of moving water causes deformation of the hairs, which
contributes to the formation of electrical potentials and their transmission
to the nervous system. Such seismic sensing systems, which are able to
respond to minimal water displacements, provide information on the
direction of water flow and the presence of turbulent currents caused by the

presence in the aquatic environment of members of the pack or enemies.

Mechanoreception of bees

Bee mechanoreceptors respond to mechanical deformations of a part
of them during contact or contact with a solid substrate, exposure to air
flow, or act as a proprioceptor that responds to deformations or stresses in
muscles and the external skeleton.

Bee mechanoreceptors are located on the antennae, mouth
appendages, limbs, abdomen surface. Sensitive elements of
mechanoreceptors are senses, namely: sensilla trichodea, s.scolopophora,
s.campaniformia, s.schaetica.

Trichoid senses (s.trichodea), which perform the functions of touch
receptors, consist of two parts - a specialized formation (hair) and a nerve
ending that is in contact with this formation.

Irritation of the hair is transmitted to the nerve cell located at its base and
through its processes enters the central nervous system. Trichoid senses are
placed all over the bee's body. With the help of the senses located on the
antennas, the bee has the opportunity to detect and analyze microreliefs on
the surface of flowers. The dimensions of the senses (about 10 pm) are

commensurate with the dimensions of these microreliefs, which may vary
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slightly from the edge of the flower to the center; analysis of these changes
provides information about the location of nectar.

Trichoid senses, located at the junction of the head and chest, also
perform the functions of gravireceptors.

The pressure of the head on the chest depends on the position of the
bee's head relative to the body; By recording the level of pressure with the
help of hairs, the bee is able to control the position in the space of its body,
as well as to measure the angles of hexagonal cells during their
construction. When constructing hexagonal cells (hexagons have the
smallest perimeter and at the same capacity compared to cells of other
shapes determine the smallest amount of building material) bees measure
angles using special sense organs located at the joint of the head and chest.
In the normal state, the head rests on two chitinous protrusions of the chest
above the center of mass. When the bee is placed vertically upside down,
its lower part presses on the chest, and sensitive hairs perceive this
pressure; when placed upside down, the situation changes.

Thus, by recording the level of pressure of the head on the chest with
the help of hairs, the bee is able to control the position in the space of its
body and honeycombs.

The bee's response to mechanical stresses and strains is due to the
senses located on the head and limbs (s.scolopophora), as well as on the
sharp end of the sting (s.campaniformia). Unlike trichoids, these senses
specialize as proprioceptors of elastic cuticle deformities.

Located along the lines of deformation, they transmit signals about
the intensity and direction of curvature of the cuticle. Morphologically,
they differ from the trichoid senses because they lack a hair, which is
transformed into a small oval cap, to which the bell-shaped end process of

a sensitive cell fits. Bell-shaped senses in the worker bee are on the wings
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(their number is 1510), limbs (450), stings (100); in queens - on the wings
(1310) and limbs (450); in drones - on the wings (1998) and limbs (606).
Changing the tension of the cuticle near the senseila causes either a
decrease or increase in the curvature of the cuticular dome.

The honey bee is able to estimate the speed of air flows and their
direction during flight thanks to sensitive hairs that act as aerodynamic
sensors. These hairs are located on the complex eyes of the bee, on some
parts of the head and wings.

Estimation of speed of movement concerning a terrestrial surface
occurs visually, at the expense of photoreceptors. Energy expenditure
during flight allows the bee to have an idea of the distance of flight. In
addition, the bee receives information through pressure receptors located
on the walls of the honeycomb: the pressure decreases if the sac is emptied.

The reaction of the bee to the vibration of the substrate on the surface
of which it is located, occurs due to specialized organs (s.scolopophora),
located in the upper parts of the legs of the forelimbs. Sensitive elements of
these organs (scolopidia) are able to register oscillations of the substrate.
These receptors are used during the communication of bees in a closed
space of the hive.

Another specialized form of mechanoreceptors is the Johnston organ
(s.schaetica), which is located on the second joint of the antenna.
Stimulation of this organ occurs when the antennae feel various objects and

the movement of the bee in the air.

Tigmonastic movements of plants
Nastic movements occur in response to any external factors -
touch, damage, mechanical vibration, light, chemicals, to which the

plant responds with rapid movements. The direction of nastic

234



movements does not depend on the direction of the stimulus.
Tigmonastic are movements caused by touch. A special category
consists of rapid nastic movements - seismonasties, arising from a
light blow or shock. Their mechanism is associated with the
instantaneous evoked potential of action, increased permeability of
membranes and loss of ability of cells of leaf joints to hold
osmotically active substances and water, as a result of which turgor
sharply falls. Such movements are characteristic, for example, of the
well-known plant Mimosa pudica, which folds the leaves in response
to touch after only 0.1 s. The irritation spreads at a speed of 40-50
cm/s.

Such rapid movements in mimosas can be used to protect
against insects and other animals, to counteract dry winds in order to
preserve water in arid areas where it lives.

The reaction is extremely fast, the external mechanical stimulus
perceived by the sensory cells of the petiole is converted into an
electrical signal that propagates rapidly through the tissue until it
reaches the locomotor cells of the leaf cushion near the base of the
leaf, which immediately change their volume. Apparently, the
movement of organs in mimosa is determined by changes in turgor
pressure in these cells. Changing the volume of cells leads to the
release of potassium ions and tannin-like substances from the cell.

Mimosa nuttallii, Codariocalyx motorius, Chamaecrista
fasciculata, Chamaecrista nictitans, Schrankia roemeriana, Neptunia
lutea can also be considered plants that move leaves in response to
touch.

Tigmonastic can also be considered movements that show

insectivorous plants in response to touch - for example, the Venus
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flytrap Dionaea muscipula. 1t gets its prey, mainly insects and
arachnids, by capturing the victim with a structure formed by the end
of each of the plant's leaves and initiated by tiny hairs on their inner
surfaces. When an insect or spider crawls along the leaf, it comes
into contact with the hairs, causing the trap to close. It is believed
that the rapid closure of the leaves of the plant is associated with
irreversible stretching of cells and changes in the acidification of cell
walls.

The telegraph plant or, alternatively, the dancing plant Codariocalyx
motorius (or Desmodium gyrans) belongs to the legume family. This
is one of the few plants in nature that can make rapid movements.
Moreover, these movements are leaf, and can be caused by a variety
of factors, including touch.

Round-leaved sundew (Drosera rotundifolia) is equipped with
leaves, which are sewn on top with sticky bright red glandular hairs
with head thickenings on the top, which emit transparent and shiny,
like dew, drops of sticky mucus (that's why the plant is called
sundew). The sticky liquid is used to capture and digest insects
Utricularia vulgaris is an aquatic plant whose leaves are dissected
into narrow lobes, where small oval hunting bubbles with air are
located. Catches small insects, crustaceans, algae.

Aldrovanda vesiculosa also belongs to insectivorous plants. At
irritation of the gentle hairs which are on a leaf surface, the last
develops along, thus edges are one above another. Small aquatic
larvae and crustaceans that fall into this trap are digested by the
plant.

Tigmonastic movements include the twisting of tendrils, with which

some plants (Passijora coerulea, Pisum sativum) are able to support
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themselves in space. The tendrils perform circular motions during
their growth in order to increase the probability of contact with the
potential support, as a result of which they change the speed and
direction of growth so as to catch the support and pull the plant. If
you stroke the underside of the pea tendril Pisum sativum with a
glass rod, the cells of the underside begin to shrink and the cells of
the upper side stretch, after which all the cells stretch, but the cells of
the upper side stretch faster. Apparently, hormones such as auxin,
which stimulates growth, and ethylene, which increases membrane
permeability, are involved in the regulation of cell size changes; the
increase in ethylene in the cells of the lower side is accompanied by
the loss of solutes from the vacuole, which causes compression of the

cells.

HYDRODYNAMICS

Hydrodynamics is a branch of physics that studies the motion of
liquids, their interaction with each other and the solids that flow around

them.

Pressure
Pressure p is a physical quantity that characterizes the intensity of
normal (perpendicular to the surface) forces with which one body acts on
the surface of another. The average value of pressure on any plane is equal
to the ratio of the average value of the force acting perpendicular to this

plane, to its area:
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If the forces are distributed along the surface evenly, then the

pressure p on any part of the surface is equal to:

N
Il
“ |

where F is the sum of forces applied perpendicular to the surface; S is
the area of this part of the surface.

The unit of pressure in the SI system is Pascal (1Pa=1N/m?).

Water pressure
Absolute pressure p at a depth d from the surface of the liquid exceeds
the pressure pa by the value of pgh, which corresponds to the pressure

forming the weight of the column of liquid d and the area S:

p = patpgd,

where pa is the atmospheric pressure; p is the density of the liquid; d -
depth.

Since the fluid pressure depends only on the depth, any increase in
surface pressure is transmitted to each point of the fluid. This fact was
formulated in 1663 as Pascal's law: the pressure on the surface of a liquid,
which is formed by external forces, is transmitted by the liquid equally in

all directions. This law has found its application in the hydraulic press.
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Archimedes' law

The force of pressure on the lower layers of the liquid always exceeds
the force acting on the upper layers. Thus, a repulsive force acts on a body
immersed in a liquid. The law of statics of liquids and gases, or
Archimedes' law, states that any body immersed in a liquid (or gas) is
subjected to an ejection force from that liquid (or gas) equal to the weight
of the liquid (gas) in the volume immersed. part of the body directed
vertically upwards and applied to the center of gravity of the ejected
volume. The repulsive force is called the Archimedean, or hydrostatic

lifting force.

The movement of an ideal fluid

An ideal is a fluid whose individual elements move without friction
and which is incompressible.

Incompressible is a liquid whose density has become.

A flow is called the motion of a liquid, and a flow is called the moving
fluid itself. If the velocity of the fluid at each point in the volume does not
change over time, such fluid flow is called stationary. Graphically, the
motion of a liquid is represented by flow lines - such lines, the tangents of
which coincide in the direction of the velocity vector at a given point of
flow. The part of the fluid bounded by the flow lines is called the flow tube.

Consider a flow tube of variable cross section. For an ideal fluid
moving in this tube, the following laws are valid.

The equation of continuity of the flow - for a stationary flow of liquid,
the product of the velocity of the flow of liquid on the cross section of the

flow tube is a constant value:

S-v = const.
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From this equation we can obtain the expression:

_const
5

Bernoulli's _equation: in a stationary flow, the total pressure,

consisting of static, hydrostatic and dynamic pressures, is the value of the

constant for any cross-section of the flow.

2

p+p-g-h+p = const,

where p is the static pressure, ie the pressure that the liquid forms on the
surface of the body, which it flows around; p-g-4 - hydrostatic pressure

caused by the weight of the liquid; »*- dynamic pressure due to the
2

movement of fluid.

For a horizontally placed tube, the Bernoulli equation has the form:

Thus, the total energy per unit volume of an ideal fluid in any flow section

1s a constant value.

The movement of a viscous fluid
If during the movement of a liquid there are forces of internal friction
(viscosity forces), then such a liquid 1s called real.
Newton's equation is the tangential force F, which causes the

displacement of the fluid layers relative to each other, proportional to the
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area S of the layer on which the displacement occurs, and the gradient

Av/Ax of the flow velocity:
Av
F=nS.2Y
nS-—,

where 77 i1s dynamic viscosity coefficient. It characterizes the resistance of
a fluid to the displacement of its layers.

A fluid that obeys Newton's equation in the flow process is called a
Newtonian fluid. For example, water is a Newtonian fluid, and a number of

suspensions and solutions, including blood, are non-Newtonian fluids.

Movement of animals in the aquatic environment

Water has a density that is 800 times the density of air. But due to the
fact that water is an incompressible environment, aquatic animals are easily
repelled by it. In addition, the density of water and the density of the body
of aquatic animals are approximately the same, which makes it possible to
spend almost no energy on the fight against gravity. Thus, water is an
environment in which it is very easy to move, and swimming is the most
effective means of transportation in the water. Two types of forces act
on a body moving in the aquatic environment: inertial force Fi, = p.v°L’
and viscosity F, = nol, where p. — density jf water; v — the speed of the
object; L 1s the size of the object; 1 — viscosity coefficient. The relationship
between these forces depends on the size of the object and its speed. For
example, for a 30 cm fish moving at a speed of about 1 m / s, the inertial
force is 36 N, while the viscosity force — 3-10 * N, that is, the difference is
10°. This difference is reduced 10 times in the case of a 3 mm larva moving

at the same speed.
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When moving at speed U, a fish of mass m repels water of mass M,
which moves in the opposite direction at speed V. The impulses of fish mU
and water Mv have the same magnitude, but opposite directions:

mU=—My,

where the speed of water will be determined as follows:

my

V= .
M

The work performed during the movement of fish in the water is equal

to:

n —
2 2 2

Thus, the greater the mass of ejected water M, the smaller the amount

[1+%), and, therefore, the fish moves at a higher speed v. A large mass of

ejected water is provided by a large area of the tail.

The translational movement of fish in the water is accompanied by the
appearance of vortices, which consistently increase in size.

The distance between the centers of the vortices does not change, and
the circulation speed decreases. These vortices form a total momentum

opposite to the momentum of the fish.

Laminar and turbulent currents
The flow of a viscous fluid can be laminar (if the layers of moving fluid
are not mixed), or turbulent (if the layers are mixed).

The fluid flow regime is characterized by the Reynolds number,
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determined by the formula:

where 7 — fluid viscosity; p— fluid density; D — tube diameter.
The transition from laminar to turbulent flow is determined by the critical
Reynolds numericr Re.,: if Re < Re. flow is laminar; at Re > Re, the flow
is turbulent.
Gauguin-Poiseuille law

Consider the flow of fluid along a thin long tube. According to
Bernoulli's equation, in a steady stream the total pressure of an ideal fluid
along a long tube is a constant value. But in practice, there is a decrease in
pressure due to the viscosity of the liquid. Newtonian fluid moves along the
tube as a series of concentric annular layers, the velocities of which vary
according to the parabolic law: the fluid moves faster along the axis and
slower [] in the case of approaching the walls of the tube. The speed of
each layer of radius r is described by the equation:

(1) = Unax(1 —7°/R?),

where Unax 18 the speed of the fluid along the axis of the tube; R is the
radius of the tube. Due to the change in the velocity of the fluid, there is a
pressure difference along the length of the tube Av=p;—p>. Buznauumo, 3a
SIKUM 3aKOHOM OITUCYETHhCS TEUlsl PIAMHU B3JOBX TOHKOI ITUIIHIAPUYHOL
TPYOKHU.

Hagen-Poiseuille law: the volume of fluid flowing per unit time through

the cross section of the tube is directly proportional to the pressure difference
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pi-p:> at the ends of the tube, the fourth degree of the radius R of the tube and

inversely proportional to the tube length | and fluid viscosity n:

7-R*

_ 1
© n 8-/

(P —Dy) s

where O = V/t is volumetric fluid flow rate; V [ volume of liquid.

Stokes' law: the force acting on a spherical solid of radius R that
moves slowly in a viscous liquid is proportional to the viscosity coefficient

(1 of the liquid, the radius R, and the velocity v of the body.

F = 6xn Ro.

Sedimentation
The application of Hagen-Poiseuille's law to the analysis of water flows in
the soil through the pores indicates that the water transmission 1is
proportional to R*, while the cross-sectional area of the pores is
proportional to R2. Thus, one large pore allows significantly more water
than several small pores with the same total cross-sectional area, due to the
smaller values of the resistance forces formed by the pore walls.

Consider a particle of mass m, volume V and density p, immersed in a

liquid medium with density . Gravitational force acts on this particle:

F, =mg =Vpg,

which 1s directed downwards, and the Archimedean force:

Fo=mog = Vg,
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directed upwards and which is numerically equal to the weight mog of the

liquid expelled by the particle. The resulting force is equal to:

If p < o, the resulting force is directed upwards (flow process); if p >
v, the resulting force is directed downward (sedimentation process).

At the same time, the liquid medium is characterized by viscosity
(internal friction). If a spherical particle of radius r moves, the force of

resistance due to viscosity is determined by Stokes' law:
Fy=6xnro

and the sedimentation rate will be determined as follows:
Ve = Vg(p=po)/ 67 == 7 (p= po)/ 670 = % g(p= po) 12/

The sedimentation process is used to purify water from sand, clay,

organic matter, viruses, bacteria and algae.

Ultracentrifugation
It should be emphasized that subcellular structures are characterized by
such a low sedimentation rate in the Earth's gravitational field that
sedimentation of these structures should be expected within months or

years. Ultracentrifugation is used to accelerate the sedimentation process.
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The technique of separating the components of complex substances and
obtaining homogeneous fractions is called ultracentrifugation.
Consider a test tube with a solution of particles that rotates around a
vertical axis with an angular velocity @. The particle is acted by centripetal
(pushing) force Fd, directed to the axis of rotation:

2

L

Fo= =my0’r = pVarr,
r

where my is the mass of the ejected liquid; v is the linear velocity of the
particle; w - circular velocity of the particle; V - volume of liquid; r is the
radius of the particle.

In addition, there is a centrifugal force Fy,, which i1s applied to the

connection (thread or wire) and directed from the axis of rotation:

2
Fr="Y —matr = pVarr,

r

where m is the mass of the particle; V is the volume of the particle.
The liquid medium is characterized by viscosity, resulting in a

resistance force F,, proportional to the velocity of the particle:

Fy=uv=06nnro,
where 1 — coefficient of friction; 77 — viscosity.
After some time, the forces acting on the particles are balanced:

F8:F0+F77)

from here:
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6rnrv = @’rV(p —m),

or:

Uef = %afr(p— o0)r/n.

The technique of ultracentrifugation makes it possible to divide the
blood into three fractions: at the bottom of the cuvette are placed
erythrocytes; next is a layer of leukocytes and platelets; at the top of the
cuvette contains blood plasma. Thus, it is possible to determine the relative
number of blood components and the hematocrit index of the relative ratio

of formed elements of blood and plasma.

Surface tension

Consider molecule A, located inside the liquid. On different sides it is
surrounded by the same number of neighboring molecules, so the resulting
force acting on the molecule is zero. With respect to molecule B, which is
in the surface layer of a liquid, the resultant forces acting on such a
molecule are not zero, because the concentration of molecules in the air
above the liquid is much lower than the concentration of molecules in the
liquid.

Moreover, the resultant force is directed to the middle of the liquid
perpendicular to its surface, so that the surface layer of the liquid forms a
pressure on the entire liquid, which is the sum of all the resulting forces
acting on a unit surface area of the liquid. This pressure is called molecular
or internal. To move a molecule from the depth of the liquid to the surface
layer requires work that is carried out due to the kinetic energy of the
molecules and is spent on increasing the potential energy of these

molecules. Because of this, the molecules of the surface layer of the liquid
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have a higher potential energy than the molecules inside the liquid. Since
the equilibrium state is characterized by a minimum of potential energy, the
liquid tends to reduce the surface area. The surface layer of the liquid in
this case is similar to an elastic stretched film. The stress state of the
surface layer of a liquid is called the surface tension, and the forces that
cause the contraction of the surface film of the liquid are called the surface
tension forces.

The force of surface tension at any boundary of the liquid surface is

proportional to the length of the boundary:

F =0l

where o is surface tension coefficient; 1 is the length of the fluid boundary.
The coefficient of surface tension is numerically equal to the force of
surface tension, calculated per unit length of the circuit that limits the
surface of the liquid; it depends on the type of liquid, impurities and
temperature. As the temperature increases, the surface tension coefficient
decreases as the average distance between the liquid molecules increases.
Substances that reduce the surface tension of a liquid are called surfactants.
The study of surface tension will help to understand the principles of
control of malaria mosquito larvae in water bodies based on the use of

surfactants.
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SUPERFICIAL PHENOMENA IN THE LUNGS

The surface of the lungs has a specific relief shape and a large area to
ensure better gas exchange. During normal lung function, this significant
pressure is compensated by the surface tension that occurs on the surface of
the lungs.

Increased surface tension can lead to a dangerous respiratory disease
- hyaline-membrane disease of newborns. This disease can be prevented by
applying surfactants that reduce surface tension. One such substance is
phosphatidylcholine, the molecules of which consist of hydrophilic polar
heads and hydrophobic fatty acid chains. The polar heads are in contact
with water, while the fatty acids remain in the air.

The result of the action of such a limiting molecular layer is a
decrease in the coefficient of surface tension from 70x10 N/m to 30x1073

N/m.

Capillary phenomena
Tubes with a very narrow inner channel are called capillaries. The
liquid in the capillary rises or falls to a height h at which the pressure of the
liquid column (hydrostatic pressure) pgh is balanced by the excess pressure
Ap.

Laplace formula - the additional pressure due to the curvature of the fluid

surface is determined as follows:

1 1
Ap =to(—+—),
\p (R1 Rz)

where o is surface tension coefficient; R; and R are the radii of curvature

of two mutually perpendicular sections of the fluid surface.
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Additional pressure is taken with the sign "+" if the surface is convex, with

nmn

the sign if the surface is concave. In the case of a spherical surface (R

= R, = R), the Laplace formula has the form:

20

Ap=t——.
? R

Hydrodynamics of plants

Xylem

The system that supplies water and minerals from the soil to the
upper parts of the plant is called xylem. This tissue consists of conductive
elements - tracheids, fibers and vascular elements that form long rows
along the cells. The diameters of the conductive elements of the xylem vary
in the range of 10-500 um for different species of plants, and the length can
range from several hundred micrometers to two or more meters. Due to the
fact that these conductive elements are devoid of protoplasts and cell
membranes, the resistance to the passage of water and solutions through

them is very small.

Mechanisms of xylem transport

If you place a narrow tube (capillary) with one end in the liquid, then
due to wetting or non-wetting of the capillary walls with liquid, the
curvature of the liquid surface (meniscus) becomes significant, due to
which a significant additional pressure is formed above the surface. The
attraction between liquid molecules is called cohesion, while the attraction
between a liquid and a solid (capillary walls) is called adhesion. When the

interaction of the liquid with the wall is significant, the wall is wetted with
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liquid; when the intermolecular cohesive forces in the liquid significantly
exceed the adhesion between the liquid and the wall, there is a non-wetting
of the wall with the liquid. Consider a capillary immersed in a wetting
fluid.

The forces of attraction that occur between the molecules of the
liquid and the capillary, cause the liquid to rise along the wall of the
capillary, which leads to curvature of the liquid surface and the formation
of negative pressure. As a result, the liquid rises in the capillary until the
hydrostatic pressure balances the additional pressure. The equilibrium

condition can be described by the expression:

20

=2 = peh,
R PE

where p is fluid density; R — radius of curvature of the meniscus; g -
acceleration of free fall; h is the height to which the liquid rises.
From here you can determine the height of the liquid:

h= 20 cos@
pgr

b

where r = Rcos@is capillary radius, 68— edge angle.

Additional pressure in the vessels of the xylem is not able to provide
fluid uplift in plants more than one meter high. Over long distances, the
transfer of water is controlled by a volumetric flow, which is provided by a
pressure gradient.

Quantitatively, this volumetric flow of water J, for cylindrical tubes,
such as xylem cells of radius r, 1s described by the Poiseuille equation in

differential form:
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Jp = mt (6_1’)
8n \ox )
where 7 is fluid viscosity; Z—p “pressure gradient.
X
It can be seen from the equation that the volume flow significantly
depends on the radius of the tube: if you increase the radius twice, the
speed of the volume flow of water will increase 24 = 16 times. Thus, the

pressure gradient controlled by the volume flow of water is the dominant

mechanism of water movement over long distances.

Phloem

During photosynthesis, light energy is converted into chemical energy,
which is accompanied by the formation of carbohydrates from carbon
dioxide. Although a small amount of carbon compounds or
photoassimilates goes to support the processes of growth and metabolism
of leaves, the main amount is transferred to non-photosynthetic organs and
tissues. The process of transporting photoassimilates over long distances is
called translocation. The distribution of most organic matter (primarily
photoassimilates) in the plant is due to the phloem - the second leading
system of the plant. Phloem is a tissue consisting of several types of cells.
But unlike the xylem, the leading elements of the phloem contain
protoplasm. These conductive elements are called sieve cells or sieve tubes.
They are connected in a single chain, which forms the transport of organic
matter. Solutes move along the phloem - the products of photosynthesis
move from the leaves to the root system, while the sugars in the opposite

direction, from the root system to the top of the plant.
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Mechanisms of phloem translocation

Any theory that could explain the mechanisms of translocation of
photoassimilates and organic matter along the phloem should take into
account and explain the structure of sieve-like elements of the phloem, high
(50-250 cm/h) translocation rate over long distances, simultaneous
transport of substances in opposite directions, initial the process of transfer
of assimilates from mesophilic cells of the leaf to sieve-like elements of the
phloem (loading of the phloem), transportation of assimilates through
sieve-like elements and final transfer of assimilates from sieve-like
elements to cells of storage organs (unloading of the phloem).

The most probable hypothesis is the flow under pressure, which is
based on the transfer of the mass of solute from the source to the storage
organs due to the gradient of hydrostatic (turgor) pressure in the sieve-like
elements. Phloem is loaded by transporting sugars from the mesophile
through thin bundles, the middle vein and the petiole to the sieve-like
elements of the phloem. Increasing the concentration of solutes in these
elements leads to a decrease in water potential and the corresponding
osmotic absorption of water from the adjacent xylem. Hydrostatic (turgor)
pressure at this end of the phloem increases. At the same time, at the
opposite end of the phloem, the sugars leave the phloem and the water
returns to the xylem. The pressure decreases, and in general a pressure
gradient is formed along the phloem, which determines the flow of fluid
from the leaves to the roots. This gradient is described by Poiseuille's law.
This hypothesis is supported by the results of experimental measurement of
hydrostatic pressure in sieve-like elements, which 1s 2x106 Pa.

Another hypothesis involves the participation of electroosmosis in
the transport of substances through the phloem. It is believed that the

driving force of sugar movement from one sieve tube to another through
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the pores is the transport of K" ions, which is accompanied by the
appearance of electric fields on each sieve plate. There are also hypotheses
that explain the mechanisms of transportation of assimilates through sieve-
like elements - protoplasm movement, peristalsis (reduction) of cell walls,
microelectrokinesis, surface-active movement and others, but they are not

convincing enough.

Measurement of juice flows

Juice is a fluid that is transported in the xylem through the tracheids
and vessels or in the phloem through sieve tubes. Xylem juice contains
water and mineral salts, and phloem juice contains water and sugars.

Juice flow is measured in liters per day. The process of measuring
sap flow is important in terms of assessing the water balance of the plant
and determining the overall rate of water use by the plant (usually a tree).

All basic methods of measuring juice flows are based on heating the
transpiration flow, followed by determining the rate of heat propagation
along the trunk.

One of the most common is the method of thermal dissipation, which
was proposed by A. Granier in 1985. The essence of the method is to
immerse in the tree trunk two hollow needles, which contain thermocouples
- working and support. One needle (with a working thermocouple) has a
heater, which generates a stream of heat. The flow rate of juice F is

determined by the expression:

F =0.428Sa/(Tn— Ty)/Ta] >,
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where S. is flow area at the measurement height; T, - the maximum
temperature difference obtained at night, when the flow of juice is absent;
T4 is the actual temperature difference during the day.

Granier sensors are characterized by low cost, mechanical strength

and reliability.
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6. TEMOJNHAMIKA

Poznin Giodi3uku, skl BUBYAE MPUYMHU, YMOBH 1 MEXAHI3MH PYyXy
KpPOBI Yy 3aMKHEHI CHUCTeMi1 KPOBOHOCHHUX CYJIMH Ta ONUCYE el pyx Ha

OCHOBI 3aKOHI1B T'1JIpOJIMHAMIKH, Ha3UBAETHCS 2eMOOUHAMIKOIO.

6.1. Cxian kpoBi

KpoB mocrayae KOXHIM KITHHI BOAY, KHCEHb, IMOXHBHI PEUOBHHH,
TOPMOHH, a TaKOXK OICPXKY€E 3AIMILKKA MPOAYKTIB METabOMI3My Ta mepenae ix
opranaMm BuaUIeHHs. Kpim Toro, KpoB Oepe ydacTh y peryssiii Temieparypu
OpraHi3My — BOHAa IIEPEHOCHTh TEIUIO, IO YTBOPIOETHCS BHACIIIOK
KUTTENSTIBHOCTI OPraHi3my, BiJl BHYTPIIIHIX CTPYKTYp 10 MOBEPXHI TLIA.

KpoB — 11e Henmpo3opa B’si3ka CyCHeH3isl, M0 CKIAAAEThCS 13 PIAKOI
YaCTUHU — Maa3Muy 1 3aBUCIUX y HIM KPOB’SHHUX KIIITHH, SIKI HA3UBAIOTHCS
Gopmenumu enemenmamu KpoBi. DOpPMEH1 €JIEMEHTHU KPOBI CKJIQJAIOThCS 3
EPUTPOIINTIB, JICHKOIUTIB 1 TpPOMOOUUTIB. [l1a3ma KpOBI — piaKa YacTHHA
KPOBI, SIKa CKJIQJIa€ThCA 3 PO3UMHEHHUX Y BOJIl COJIEH, BYrJeBOAIB, OUIKIB 1
010JI0T'1YHO aKTUBHUX CITOJIYK.

['ycruna minbHOI KpoBi KomuBaeThest B Mexax (1,035-1,055) -10° kr/m?;
ryctuHa rmiasmMu  craHoButh (1,025-1,034) <103 kr/m3; epurpouuTis
(1,08-1,09) - 103 kr/m>. B’s3kicTh KpoBi gopisaioe (4-5)-10- Ia-c, a ma3mu —
1,7-1073 ITa-c 3a Temneparypu 20 °C; B’S3KiCTh KPOBi Ta IIa3MHU 3aJI€KUTh
Bil noxaszvuxa 2emamoxpumy (00’€MHOrO CIIBBIJIHOIICHHS  (OPMEHHUX

€JIEMEHTIB KPOBI 1 TJIa3MH1 ) Ta TEMIIEPATYPH.

6.2. Cucrema kpoBoo0Oiry. Pyx kpoBi mo cyaunax
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KpoBoHOCHa cucTteMa TBapUH CKJIAJAE€ThCS 13 CYKYHHOCTI CYAWH

pI3HOrO JiaMeTrpa, siKi yTBOPIOIOTH 3aMKHEHE KOj0. THIOBI MapameTpu

KPOBOHOCHUX CYAMH HaBeAeHO y Tabi.6.1.

6.1. OcHOBHI mapaMeTpu KPOBOHOCHHUX CY/IUH

Tun Kimb-KicTb, Iia-metp, IInoma, JliniiiHa
KPOBO- THC. MM M2 MIBUAKICTh
HOCHO1 PYXy KpOBi, M/C
CYIUHU

Aopra - 10,5 86-10° 40-10
Kinneni 1,8 0,60 28.108 <10-102
aprepii

Aprepi- 4-10* 0,02 31-10 0,5-10°2
OJIH

Kanins 7.106 0,008 50-10-12 <0,1-1072
pi 8-10 0,03 70-10°1! <0,3-102
Bertymm 1.8 LS 1,75-10° 1-102
Kinnesi

i - 12 12,2:10° 20102
Benn

3rigno 3 3akoHoM ['arena-Ilyaseitns (dopmyma (5.19)), o6’em

KpOBOTEUIl BH3HAYAIOTh 3a PI3HUICI0 THCKIB Ha TOYATKy 1 HANPUKIHII

CUCTEMU CYAMH 1 T1IPOJIMHAMIYHUM OMOPOM R, SIKWIi BUHUKAE BHACIIJIOK

TEPTsI KPOB1 O CTIHKH CYAMH:

R=(pi—p2)/O =8Iln/ =R’
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06 ’emnoro wieuokicmio kpogomeuii () Ha3UBAETHCS 00 €M v KPOBI,

10 TPOXOJIUTh YEPE3 CYUHU 33 OJAUHUILIO Yacy f :

Q= (62)

OnuHMI BUMIPIOBaHHS 00’ €MHOT IBUAKOCTI KPOBOTEUii — MJi/c.
Jinitinoro  weuoxkicmio Kposomeuii © Ha3UBAETHCS BITHOIICHHS
00’€MHOI MBHUIKOCTI KpoBoTeuii @ A0 miomll S MOMEepeyHOro MepeTHHY

CYAUHU:

v = 0S. (6.3)

OnuHUIS BUMIPIOBAHHS JIHIKHOI IBUIKOCT1 KPOBOTEUil — cm/c.

Bemnuuna @ 3anumaeThes  CTAIO IS OyAb-AKOi  JUISTHKU
KpOBOHOCHOiI cucTeMu. JliHIiHA MBHAKICTP 0 3aJICKWTHh BiJ ILIOMII
nornepeyHoro mneperuHy cyauHu. CymapHa IMJioma CyJuH Ha piBHI
kanisipiB y 700-800 pa3iB nepeBuIlye TUIONTY MIEPETUHY aOpTH, a Aalli, Ha
PiBH1 BEHYJ 1 BEH LA IJIOIA 3MEHIIIYEThCH.

[IBUAKICTE PyXy NOTOKIB KpOBI 4Uepe3 CYAHHU 3MIHIOETHCS BiJ
MakcuManbHoro 3Hadenus (40 -102 wm/c) B aopri A0 MiHIMaIbHOrO
(6mu3bko 1073 M/C) B Kamisgpax; MIBUAKICTH TIOTOKY KPOBi y BeHaX, Hepes
THM, SIK JJOCSATHYTH CepIst, 3HOBY 30uabmryeThest (20 - 1072 m/c). EBomromiro

LIBUIKOCTI pyXy KpOBI Y KDOBOHOCHIM CUCTEM1 HaBeJeHO Ha puc.6.1.
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Puc. 6.1. EBostronisi 3MiHM IIBMIKOCTi KPOBi Y KPOBOHOCHIH cucTemi

Konu Benuka cyauHa po3rainyX yeThCsi Ha JCKUIbKA APIOHUX CYIUH,

3akoH [lyaseitnst BuMarae, mo0 Juisi OJEp>KaHHS TOTO K CaMOTO TMOTOKY

3araibHa IUIONIA /7 CYJMH Mae OyTH B ~/n pPa3iB MEHIIOIO IUIONI BEIMKOI

cynunu. JlificHO, MOTIK KpoBl (J; B Cy/IMHI BEJIMKOTO JiaMeTpa 3B’ sI3aHH 3

noTokamu (J> KpoOBI B CyAAMHAX MEHILIOTO JiaMeTpa:

Q1 =nQ:-. (64)

BpaxyBaHHs piBHSIHHSI HEPO3PUBHOCTI MMOTOKY TPUBOAMTH JI0 BUPA3y:

S1 01 =nS> v, (6.5)

BukopucroByroun 3akoH I[lyaseist, oTpumMaemo:

7R 1* Ap/Snl = 7R Ap/8nl. (6.6)
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3BIAKH

7R’ = n 7R, (6.7)
Jn iR’ =n nR7; (6.8)
Jn S1 =nS.. (6.9)

HIBUAKICTH MOTOKY B IPIOHUX CyAMHAX 3MEHIIYEThCS:

Y

02 = e (6.10)
n

PiBusinua I[lyaseitnst MoKHa 3aCTOCOBYBATH TIIBKH JIO MOCTIMHOTO
MOTOKY PIAMHM IO >KOPCTKUX NpsAMHUX TpyOkax. KpoBoHocHa cucrema
OpraHi3My MICTUTh CYAMHH 3 €JIaCTUYHUMHU CTIHKAMH; KPOB SIBJISIE COOOIO
CKJIQJIHY CYMIIII TUIa3Mu 1 (popMeHHX eneMeHTiB. OTxe MOTIK KPOoBi 1 3MiHA
TUCKY B CYAMHI HE MOXYTh omucyBatucs piBHsSHHsAM llyazeitns. Miporo
BIJIXUJICHHS peasIbHOI CHUTYaIlil, 110 BiI0YBAa€ThCS y KPOBOHOCHIN CHCTEMI,
BIJI Ti€l, 110 ONUCYEThCs piBHAHHAM [lyazeiins, € gesika 0e3po3MipHa craja

a:

a=R(wp/n )", (6.11)
1€ @ — 4YacToTa KOJIMBaHb THUCKY B CYIHWHI; p — TYCTUHA DPIAMHU; 7] —
B’SI3KICTh PIAVHMU.

Jns  aprepiasibHOi cucteMu « =~ 6, omxe piBHAHHA [lyazeiins

BUKOPUCTOBYBAaTH HE MOXKHA; JUIsl ApIOHUX KiHIEBUX aprepit a ~ 0,5 1
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piBHaHHS [lyazeiins MokHa 3actocoByBaTH. i BENMKUX 3HAYEHb o

npo(diyib poO3MOALTY IIBUJIKOCTI PYXY BIAPI3HAETHCS BIJ MapadOIIYHOL

dopMu, sika TmNpuTaMaHHAa MajJuM 3HauyeHHAM o (puc.6.3).

Tumosi

JMHAMIYH1 XapaKTEepUCTUKH KPOBOHOCHUX CYANH HaBeACHO y Ta0J.6.3.

6.2. TunoBi ITMHAMIYHI XaPAKTEPHUCTUKH KPOBOHOCHHUX CYJAUH

X a = Q. S
: gzégggggggg g S
g = o

Bucxigna 31 107 18 1500 21
yacTHHA

aoptu

YepeBna 18 33 14 640 12
JacTHHA

aoptu

Conna 5,9 6,5 14 217 4,2
aprepis

Hupkosa 6,2 12 40 700 4
aprepis

Kny6oBa 8,2 6,3 12 260 5.8
30BHIIIHSA

aprepis

Crernona 6,4 2,5 12 200 4
aprepis

Benmko 3.8 0,17 3,5 35 2,7
TOM1JIKOBa
3aJIHA apTepis
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AHami3 IMX XapaKTepUCTUK CBIAYUTH NPO TE, IO 13 3MEHIUECHHSIM
JiamMeTpa CyAMH pPI3KO 3MeHIIyeTbes uucio PeiiHonbiaca. Pyx kpoBi 1o
OLIBIIOCTI BENMKHUX CYAMH JIaMiHApHU; JHIIE HA MOYaTKy aoptu (y
BEJIMKUX TBApUH) Ta B MICIIX PO3TATY)KEHHS BEIMKUX CYAUH MOXJIUBA
TypOyJIeHTHa Teuisl.

KpoB € HEHbIOTOHIBChKA pIJIMHA 1 3 LM IIOB’S3aHI IEBHI BiIMIHU
IOTOKY KPOBi BiJl MOTOKY TaKOi HbIOTOHIBCHKOI PIAMHU K Boja. Ko
NPOCTEXKUTH PYX BOAWM Uepe3 TPYOKH PpI3HUX Jl1aMeTpiB, MOXKHA
BIIEBHUTHUCS, LIO0 B’SI3KICTh BOAM y LBOMY pa3l He 3MiHIO€ThCsA. KpoB
HaOyBa€ MEHINOI B’SI3KOCTI MPU MPOXOKEHHI CYJIWH MEHIIOro jaiamerpa
(puc.6.4). IlosicHUTH 3aJEXKHICTh B’S3KOCTI BiJ JiaMeTpa CyJIWHU MOKHA
TUM, IO TPAJIEHT IMIBUJIKOCTI TNPUMYLIYE €PUTPOLIUTU KOHIIEHTPYBATUCA
B3JIOBXK OCI MTOTOKY. 3@ paxyHOK I[bOTO OUJI CTIHOK CYIMHH YTBOPIOIOTHCS
IIapy KPOB1 3 MEHIIOI B’A3KICTIO, TPUYOMY PO3MIpPH IHMX IIAPIB CTAIOTh
3HAYHUMH BIJJHOCHO 3araJIbHOTO NMEPETUHY TPYOKH 13 3MEHIIICHHSIM pajiiyca

CYIVHH.

IMpuxkiaan

Cepenniii 00’e€MHUN MOTIK KpOBi, IO PYXAE€ThCs B apTeplajbHid
cucTeMi, cTaHOBHTH 8,5-10° M%/c, a muiomma MmomepeyHoro mnepepisy aopTu
cranoButh 10 M2 3HaiiTh JiHIAHY MIBUAKICTH PyXy KpOBI B aopti i
CEepeHI0 KIHETHYHY €HEpPrifo, SIKa MPUXOIUThCS HA OJMHHI0 00’ €My

kpoBi. ['ycrrna kpoBi 1052 kr/m>.

Po3B’sa3anus

JliH1liHY MIBUJIKICTh MOXKHA 3HANTH 3 PiBHSAHHS ( 6.3 ):

Q

V==,
S
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[TlizcTaBisteMO YMCIIOB1 JaHI:

~85-107°m" ¢

102 =849-10"'m/c.

CepenHio KIHETUYHY €HEPTii0 MOYKHA BUSHAYHTH 32 BUPA3OM:

[TixcraBisieMo YUCIIOBI [1aHI:

1052kr M~ -(8,49-10"'m-¢c™")? = 379]Ix.

e 1
)

6.3. @i3nyHI NPUHIUINY BUMiPIOBAHHS MIBUAKOCTI OCiIaHHS

€pUTPOLUTIB

OcHoBHY Macy OpMEHHUX €JIEMEHTIB KPOB1 CTAHOBISITh epumpoyumu

— YepBOHI KPOB’SIH1 T1IbIIA.

Eputponiutu MicTsTh reMOrIo01H — CKJIaJHUN OUIOK, 110 TEPEHOCUTh

KHNCCHb BiI[ JICTCHb A0 TKAaHHWH Ta ByrﬂeKI/ICJ'H/Iﬁ ra3s BiI[ TKaHHUH 10 OpFaHiB

JTUXaHHS.

3aBAsSKM reMOTJI001HY KOJIIP EPUTPOIIUTIB YEPBOHUIM.

263



Puc. 6.2. ®opma ABOBBIrHYyTOr0 JUCKA €PUTPOIIUTA

Eputponutu ccasiiiB MaroTh (Gopmy IBOBBIrHyTOoro nucka (Puc.6.2.)
— Taka ¢opMa 3abe3neuye MaKCUMaJlbHY IUIOLLY MOBEPXHI 3a JaHOTO
00’€My, 110 BaXKJIWBO 3 TOYKH 30py ONTHUMAIBHOTO OOMIHY KHCHEM 3
NOBKULIIM. KilbKicTh epuTponuTiB y KpoBi cTaHOBHTH 2-3-10'° s
nopociol JiroauHd Ta 5—9-10'° s cBilickkoi TBapHHM; THIIOBHUI JiaMeTp
JMCKa epUTPOIMTA Bapiloe B Mexax 6—8 MKM y JIOAMHU Ta 4—8 MKM y
TBapHUH.

Y KpOBOHOCHUX CYAMHAX EPUTPOLUTH PYXaIOThCs paiaibHO-

KUIBIIEBHM CITOCOOOM;
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Hotomoniecoka Henvromoniecsxka
pidura piduna

T
g

Puc. 6.3. OpieHTaniss epuTpOUUTIB BITHOCHO Nepepi3y CyIUHHU

OpIEHTAIII0 EPUTPOIUTIB BIZIHOCHO NEPETUHY CYJMHHU HaBEJIEHO Ha puc. 6.3.
KpuBa po3noauty HIBHIKOCTEH PyXy EpUTPOLIMTIB BIAPIZHAETHCS OLIbII
TUIOCKUM TpodisieM y HEHTpl CyUHH 1 KpyTiuM Oust cTiHOK. [1in yac pyxy
y 3CYBHOMY TIOTOLIl €PUTPOLIMTH MEPEBEPTAIOTHCS; Y IIHbOMY pasi, 3aJeXKHO
BiI IIBUJIKOCTI 3CYBY, BOHM MOXYTh 3a3HaBaTu nedopmariiii, HaOyBarodu
OBaJIbHOI YW TO30BXKHOI ()OpPMHU 3a paxyHOK 3ITKHEHb MK COOOK Ta 3i
CTIHKaMH.

Llleuokicme ocioanns epumpoyumis (LIIOE) y pa3i HaOIuXKEHHS iX

1o chepuanoi Gpopmu (Tabin. 6.3) Bu3HavaeThes 3a hopmynoro (5.21).

6.3. Pe3yjbTaTt NpUBeEIeHHs] ePUTPOLMTIB 10 chepruuHol GopMu

JliameTp epuTpoIuTa, JliameTp npuBeaeHOro 10 chepu
MKM EpUTPOIINTA, MKM
5,5 3,60
7,5 4,94
9,5 6,24
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Tunosi 3HaueHHd HIOE cranoBnates 15-20 mm/rox as gonosikis, 20-30
MM/TOJ, JUIS )K1IHOK Ta 2-13 MM/roz It JiTE.
[IBHAKICTH OCIIAaHHS €PUTPOLIMTIB U MOB’sA3aHa 13 B’A3KICTIO KPOBI 7

3AIEKHICTIO:

YL (6.12)

SIS

KoedirieHT B’S13KOCT1 pIAMHYU Y CBOIO YEPry 3aJICKUTH BiJl TEMIIEPATypH:

b
n=a-er, (6.13)
ne a 1 b — KOHCTaHTH; T—a0CcoN0THA TeMIepaTypa.
Otxe, 3 ypaxyBanHsM ¢dopmyd (6.12) ta (6.13) moxxHa JOBECTH, IO

MIBUAKICTb OCIJaHHS EPUTPOLMTIB Y B’SA3KIM piluHI (KpOBi) TaKOX

3aJIeKUTH Bl TEMIIEPATYPH:
v=a-e". (6.14)

3MiHa MIBUIKOCTI OCITaHHSA YACTHHOK ITi]] 4ac 3MiHU TEMIEpaTypu

BHU3HAYA€THCA 3 BUPA3Y:

lnuz—lnul=b(;—l} (6.15)

BumiproBanus IIIOE nae MOXIMBICTD OIIHUTH MPOIECH, IO

CIPUYMHIOIOTH MiIBUIICHHS TEeMIIEpaTypy opraHizmy. SKiio temmeparypa
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Tila 30UIBIIYETHCS, B’S3KICTh 3MEHIIYETHhCS, a IIBUJAKICTh OCIIaHHS
EPUTPOITUTIB 30UIbIIYeThCS.  30UTBIICHHS  IIBHAKOCTI  OCIJaHHS
EPUTPOLINTIB  3yMOBITIOETHCS 3alMajJbHUMH  TIPOIECaMU, TOCTPUMH
1HDEKIHHUMHA XBOPOOAMH, XPOHIYHUMHU  JIOKATI30BaHUMHU 1HDEKIIIMU
(abOcriecamu), TpaBMamH, 3JOSKICHUMHU TyXJMHAMH, CTaHOM BariTHOCTI.
OcobmmBo mpouenypa BumiptoBanHs IIIOE jominpHa y pasi Takux
3aXBOPIOBaHb, SIK TEMIIOpAIIbHUMN apTpuT, koiu 3HaueHHs [IIOE nocsratots

100 mMm/ron.

Ipuxaan
BusHaunTH MIBUAKICTH OCITAHHS E€PUTPOLIUTIB AlaMETPOM 5,5 MKM,
AKIIO B A3KICTh T1a3mMu 3a temrepatypu 15°C cranoButh 0,00228 1/cMm-c.

['ycTrHA OJMHUYHOIO EPUTPOLUTA Pop = 1,09 T/CM?, TYCTHHA TUIA3MH Py =

1,03 r/em’.

Po3B ' si3anns

BuxopucroByroun mani Tabn. 6.3, 3HaiigeMo, M0 EPUTPOIUTY
niameTpoM 5,5 MKM BiamnoBijzae cdepa miamerpoMm 3,6 MkM. IlIBuakicTs
OCIJaHHS EPUTPOLMTIB IiJ Yac HaOMWKEHHS iX 10 cdepudHoi dopmu
BU3HAYAETHCA 3a (HOPMYJIOIO:

2

ri-g
n

Uceo —

N3l )

(P = Pua)-

[lixcraBisieMo YUCIOB]1 3HAYECHHS

KI
3

M
(1,8-107°M)* 10—+ (1,09 = 1,03) - 10° =
=2 c M _1895.107 MM g 6820 MM
C roma

Ve = 9

0,0228-10"
M-C
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KoHTposbHe 3aB1aHHSA
BusHauuTH MBUIKICTH OCIJAaHHS €PUTPOLIUTIB JlaMEeTpoM 9,5 MKM,

AKIIO B’SI3KICTh IiazMu 3a Temneparypu 27 °C cranoButh 1,42 cll

['ycTMHA OJMHUYHOTO EPUTPOLUTA O = 1,09 I/CM?, TyCTHHA TUIA3MH — Oy
= 1,03 r/em’.
Bionoesiow: 3,34 mm/Ton,.

KonTpoabHe 3aB1aHHs

BukopuctoBytoun pgaHi, mo HaBeaeHi B Tabm.5.1 1 Tabn.6.4,
BU3HAYUTH IIBUJKICTb OCIAHHS EPUTPOLMTIB JiaMeTpoM 9.5 MKM mpu
temmneparypi 20°C.

Bionosiov: 2,74 mmr.

6.4. ®izu4HI MeTOAH TOCTiIKEHHSA KPOBI

Ilpsmi  eumiprosanus Oiamempy epumpoyumis. Eputpouutu Ha
3a0apBJICHIN IUTIBIIl OCBITIIFOIOTHCS TaK, IO iX 300paK€HHS MPOCIIOETHCS
Ha ekpaH 13 30ubmeHHsM y 1000 pasziB. Hemomikom Metony €
JIOBTOTPUBATICTH MPOIIECY BUMIPIOBAHb.

uppaxyiiini  memoou  6u3HAUEHHs — cepeoHbo2o  diamempa
epumpoyumie. Metonq 0a3yeThbCsi Ha OTMHAHHI CBITJIOBUM ITPOMEHEM
EPUTPOIIUTA 1 CIIOCTEPEKEHH1 MUMPAKIIIAHOI KapTUHH, IO CKJIAJA€ThCS 3
KOHIEHTPUYHUX Kutenb. JliamMerp mux Kidelub 3aJIeXUTh BiJ pO3MIpiB
EpUTPOLUTY 1 BiACTaHI MDK 00’€KTOM Ta JKepenoMm cBiTia. [lpuman
CKJIQJIA€ThCSl 3 JIBOX TEJIECKOMIYHUX IMIIHJPIB; 30BHINIHIA MICTUTH
JUKEpEJo CBITJIA, @ BHYTPIMIHIA - TUTIBKY 3 €pUTPOLIUTAMH Ta KaiOpoBaH1
OTBOpH MeBHOTO AiameTpa. Croctepirad nepecyBae BHYTPIITHIN IITIHID,

JOKM JllaMeTp Ju(]pakiiiiHOi KApTUHU HE 3PIBHIETHCA 3 J1aMETPOM
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KaJiOpOBAaHOTO OTBOPY. 3HAUYEHHS CEPEAHLOTO JlaMeTpa EepUTPOIUTA
HAaHECEHl Ha pydll, 3a JIONOMOIOI0 SIKOi IEepPEeCyBAa€ThCsl BHYTPIIIHIN
HUJIHIP.

Buwmiprosannus weuoxocmi ocioanns epumpoyumis. llpu BuIydeHH1
KpPOB1 3 KPOBOHOCHUX CYJIWH BapTO yBard BUBUCHHSI MIBUIAKOCTI OCITaHHS
eputpouutiB ([[/OFE). BinnoigHo piBHSIHHIO (6.15), MBUIKICTE OCITaHHS
YaCTMHOK Yy B’S3KiM pIAWHI 3al€KATh B Temmeparypu. ko
TeMreparypa Tijla 30UIbIIYETHCS, B’S3KICTh 3MEHIIYETHCS, a IIBUJKICTD
OCIJTaHHSI €PUTPOIUTIB 301TIBITYETHCA. 30UIBIICHHS MIBUIKOCTI OCITaHHS
EpPUTPOLIUTIB  O0YMOBIIIOETHCS 3aMajJibHUMH  TPOIIECAMH, TOCTPUMHU
1H(GEeKIIMHUMHA ~ 3aXBOPIOBAHHSMHU,  XPOHIYHUMH JIOKaJTI30BaHUMHU
iH(pekissMu (abcrecamu), TpaBMaMH, 3JIOSKICHUMU TyXJIMHAMHU, CTaHOM
BariTHOCTI.

Oyinka Kinbkocmi epumpoyumié 6 oounuyi 06 ’emy. Yum OumbIna
KUIBKICTh EpPUTPOLIMTIB B OAMHULII 00’€My, THM MEHIIA IIBUAKICTH
ociianHst eputporuTiB. OIiHKa KITBKOCTI €PUTPOLIUTIB Y KPOBI MOXKITMBA
3a JOTIOMOTOI0 JIYMJIBHMX KaMmep a0o eNeKTpOHHUuX mpuiaaiB. Jis
BUKOPHUCTAHHS JIYWJIBHOI KamMepu KpPOB pO30aBISIIOTH y CHiBBIJHOIICHHI
1:100 a6o 1:200. 3pa3ok po36aBieHOT KPOBI pO3MIIIYIOTh HAa MIPEAMETHOMY
CTOJIMKY MIKPOCKOIIa 1 aHaM3YIOTh.

[MpuHIMTT 1mii €JEKTPOHHOTO MpWUIAAy JJIs BU3HAYCHHS KIIBKOCTI
KpPOB’SIHUX KIITHUH 3aCHOBAaHUN Ha BUMIPIOBAHHI EJIEKTPUYHOTO OIOPY
KpOBI 3a JOTMOMOTOI0 JBOX €IEKTPOIiB, 3aHYpEHHX Y IO KpPOB.
EnexTponpoBiAHICTh KPOBI 3aJI€KUTh Bl KIJIBKOCTI 1 po3MipiB (popmMeHUX
€JIEMEHTIB KpOBI, MPUYOMY KpPOB’SIHI KIITHHH MalOTh 3HAYHO OUIbIIHMA
omip, HK IIa3Ma KpPOBI; MOYKHA BBaXKaTH, IIIO OIIpP KPOBI KOpEJIOE 3

NIOKa3HUKOM  T'€MATOKpUTY. 3BHYAMHO, TaKWil TMpUJaJ ~ BHMArae
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MONEPEHBOT0 KaJdlOpyBaHHA IIOJ0 KOHLEHTpalii 1 po3MipiB KpOB’SIHUX
KJIITHH, a TAKOXK TUITY TBaPUH, KPOB SKUX JOCIIIKYETHCSL.

Enextponnuii miumibHUK (puc.6.4.) CKIAQAaeTbcsi 3 JIBOX CYIUH -
IIUPOKOT /, sika MICTUTH KPOB, 1 BY3bKOi 2, 110 3aHypeHa y KpoB. By3bka
Cy[IMHa Ma€ BY3€HbKUU OTBIp 3, uepe3 KU MPOXOJATh KPOB’SHI KIITHHU
3a paXyHOK JESIKOTO PO3PSKEHHS MOBITPS, 110 CTBOPIOETHCS MOMIIOW 4.
Cucrema oOjagHaHa €IIGKTPOJaMHM J5, SKi 3’€HaHI 3 TPHIAJIOM 6 IS
BUMIPIOBAHHS €JIEKTPOIPOBITHOCTI.

Kpim Toro, By3pka cyauHa 3B’si3aHa 3 pTyTHUM maHomeTpom 7. Ilig
qac IPOXOJKEHHS KpPOB’SIHOI ~KJIITUHU 4Yepe3 BY3EHbKUU OTBIp
BIIOYBAa€ThCSI ~ KOPOTKOYACHE 3aMUKAaHHS  ENEeKTPUYHOTO  JIaHIIIOTa,
BHACJIJIOK YOro BHMIpPIOBaY EJIEKTPOIPOBIAHOCTI TEHEPYE IMITYJIbC,
aMILTITYyJa SKOro 3ajeXuTh BiI 00°’emy kimithuHH. LI  iMmynbcu
aHaJII3YIOThCS aMIUNTYAHUM JIUCKPUMIHATOPOM &, SIKMM pearye JIMIie Ha
IMITyJIbCH TIEBHOI aMILIITYH, MICJs YOro BOHU MPOXOAATH (200 H1) uepes
IMITyJIbCHUIM  3aTBOP 9, SKWUW BIAKPUTHA TpPU 3aMUKAHHI PTYTHUM
CTOBITYMKOM MaHOMETpa eyekTtpona /() 1 3aKpUTHH, SKIIO 3aMHKAETHCS
enektpon //. Takum 4YWHOM  BiIOYBa€ThbCA KUIbKICHA OIlIHKA 00’€My
KpPOB’SIHUX KJIITUH, [0 MPOUIIIIA Yepe3 BY3eHbKHM OTBIp 1 3MIHUJIM TUCK Y

cynuHi 2.
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Puc. 6.4. Enekrponnuii JiYnjabHUK: 1 — mmpoka cyauHa, mio MiCTUTh
KpPOB; 2 — BY3bKa CyAMHA, 3aHYPeHA Y KPOB; 3 — BY3eHbKMIl OTBip y
BY3€HbKIiil CyIuHi, 4Yepe3 SIKHUHA NPOXOAATH KPOB'SIHIi KJITHHH 3a
AESIKOr0 PO3PiAKEeHHS MNOBITPHA, IO CTBOPIETHCA MNMOMIOKW 4;—
eJIEKTPOAM, 3'€HAHI 3 NMPWJIAAOM JJ BUMIPIOBAHHS €JIEKTPONPOBiI-
HOCTi; 7 — PTYTHHH MAaHOMETP; — AMILIITYIHHMH JUCKPUMIiHATOP;—

iMmnyabcHuit 3aTBop; 10 i 11 — esexrponn; 12 — JiYHIBHUK

[le omuH METOJ BU3HAUEHHS KITBKOCTI KPOB’STHUX KIITHH 0a3yeThCs Ha
MIKpOcKonii TeMHoro nosis (puc.7.4). Poz0aBieHa KpoB / MpOXOJUTh Yyepe3
TOHKY TpPYOKYy 2, fKa OCBITJIIOETHCS KOHYCOMOJIOHMM MPOMEHEM, IO
YTBOPIOETHCSI JIAMMOIO 3 1 KOHJEHCOPOM TeMHOro mons (mH3u 4 i
niadparMa 5 3 KiJIbIIEBOIO anepTyporo). Akino B TpyOIll BiACYTHI KPOB’sHI
KJIITUHYU, CBITJIO 4epe3 TPyOKy He MpoxoiuTh. [lpu HasBHOCTI B TpyOIl
KpOB’SIHOI KJITHHHM CBITJIO PO3CIIOEThCS Ha HIM, 3a PaxXyHOK YOro
YTBOPIOETHCSI CBITJIIOBE 300pak€HHA KIITMHM Ha TemHOMYy momi. Lle
CBITJIOBE 300pa)K€HHS TIomajae uepe3 JiH3Y 6 1 miapparmy 7 Ha

(OTOETEKTPOHHMI MiACHIIIOBaY 8.
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Puc. 6.5. Meron BH3HAYEHHSI KPOB’SIHUX KJITHH HAa OCHOBI
MiKpoOcKOmii TeMHOro moJisi: 1 — pozdaBieHa KpoB; 2 — TOHKa TpPyOKa;
3 —nammna; 4 — jgiH3a; 5 — giagparmMa 3 KiJbLEBOI anepTryporw; 6 —

JiH3a; 7 — niagpparma; 8 — poroesieKTpOHHMI MiICHIIOBAY

Busnauenns cemamoxpumy. TexHika ylbTpalleHTpU(PYTyBaHHS A€
MOXJIMBICTh PO3JUIUTH KpOB Ha Tpu (¢pakuii: Ha JHI KIOBETH
PO3MIIIYIOTHCSL €PUTPOLIMTH; Al PO3TAlIOBAHUM IIAp JICWKOIUTIB 1
TPOMOOIIUTIB; Y BEPXHIM YaCTHHI KIOBETU MICTUTHCSI TIJIa3Ma KPOBI.

TakuM YWHOM MOXXHA BH3HAYUTH BIJIHOCHY KUIBKICTh CKJIaJOBHX

YaCTUH KPOBI1 1 TeMATOKPHUT.

Puc. 6.6.. PesyabraTn 3aCTOCYBaHHA TeXHIKH

YAbTPAUEeHTPU(PYTyBaHHA KPOBi CO0aKM (MOSICHEHHSI B TEKCTI)
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Ha puc.6.5 HaBeaeHO pe3yabTaTu yibTpalleHTpU(YryBaHHS KPOB1 COOAKU:
TYyT KiOBeTa A MICTHTh KpOB COOaKH, sika CTpaxkaae Ha aHeMito (00’eM
EPUTPOIIUTIB CTAHOBUTH 29 MM) 1 JIGUKOIIMTO30M (IIap 3aBIOBXKKHU 4 MM,
KOJIp SIKOTO 3MIHIOEThCA Bia Oimoro nmo ciporo). KioBerm B 1 C
JIEMOHCTPYIOTH Jl1aria30H HOPMAJILHUX PIBHIB €PUTPOITUTIB 1 JICHKOIUTIB.
[Toka3HWK TeMaTOKPUTy MOXE€ OyTH BHU3HAUCHHWHA 3a JOTIOMOTOIO
HOMOTPaMH, Ha TJIi SKOi PO3MIMIYIOTh Kamuisgp 3 KOMIIOHEHTaMHU KpOBI,

OTPUMAHUMHM MICJIA YIbTPAEeHTPU(PYTYBaHHS.

6.5. @i3u4HI NPUHIMIIM 3AXBOPIOBAHb KPOBOHOCHUX CY/IAUH

3axBOpIOBAHHS KPOBI Ta YpaXEHHsI CTIHOK KPOBOHOCHHMX CYIHUH MOXYThb
OyTH TOB’si3aHl 13 3MIHOIO KOHUEHTpALll €PUTPOLMTIB Ta iX MOCUIIEHOIO
arperaiii€ro, IO MPU3BOIUTH 1O IMJBHUINCHHS B’SI3KOCTI KpoBi. 3MiHA
KUIBKOCTI €pUTPOLIMTIB Y 3araJibHOMY 00’ €M1 KPOBI CHpPHUS€E 3aXBOPIOBAHHIO
TBapuH. Tak, 3017bIICHHS KUIBKOCTI €PUTPOIIUTIB BUKIUKAE HOIYUMEMIO
— 3HayHe 30UIbIICHHS EpPUTPOLUTIB Y KpOBI, SIKE MOXKE BHUKIMKATH Yy
BEJIMKOI poraToi XyAoOW 30UIbIIEHHS T'eMaTOKPUTY (CyMapHOTO 00’ eMy
(dopMeHHNX elIeMEHTIB KpOBl1 BiIHOCHO BChOro 00’emy KpoBi) Big 35%
(mopma) 10 71% Ta KijabKOCTI epuTpounuTiB Bif 5-7,5 mo 20-24 mua/mMMm>,
3MEHILIEHHS! KUTBKOCTI E€pUTPOLUTIB ab0 KOHIEHTpalii reMorjiodiHy B
OJIMHUII 00’€My KpOBI MPU3BOAUTH O TAKOTO 3aXBOPIOBAHHS SIK aHeMis,
0 CYIPOBOIKYETHCSI 3MEHIIICHHSIM KITBKOCTI €PUTPOIUTIB 1 3HIKCHHSIM
BMICTY TeMOrJio0iHy B OAMHUIIl O0’€éMy KpoBi. Y TBapuH aHEMId
BUKJIMKAETHCS BTpaTaMl KpOBI dYepe3 KpoBOTeuli, [1i Mapa3uTiB,
IPUCKOPEHHS PYWHYBAaHHSI €PUTPOIIMTIB a00 CHOBUIBHEHHS epumponoesa
(mporiecy yTBOPEHHSI €PUTPOLMUTIB). Y BHUMAAKY CepnonoodiOHO-KIiMUHHOL

aHemii CTIOCTEPITalOTh 1ICTOTHE MIABUIICHHS B’S3KOCTI KPOBI MIPU BEJIUKHUX
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IIBUIKOCTSX 3CYBY. 3OBHIIIHIM BUIJIAJ MOPYIIEHOI (POPMH €PUTPOLIUTIB
BHACIIJIOK  CEepHOAIOHO-KIITHHHOI ~ aHeMii HaBeIeHO Ha puc.6.7.
BuknmkaeTbes 11€ 3aXBOPIOBAHHS HASIBHICTIO B €PUTPOIMTAX MATOJIOTTIHUX
reMOrJI001HIB.

baraTto 3axBoproBaHb MOB’S3aHO 3 MOCUJICHHSIM arperaiii epuTpPOIUTIB
y BUINIIAI TaKk 3BaHUX MOHETHHUX CTOBMYMKIB a00 CKJIQJIHIIIMX
KOHTJIOMepartiB (puc.6.8).

PyitnyBaHHs 000JIOHKHA €PUTPOIUTIB Ta BUX1Jl 13 HUX IeMOIVIOOIHY Y
IJ1a3My Ha3WBA€ThCS 2emonizom. [IpUIMHOIO IIHOTO SIBUIA MOXYTh OyTH
XIMIYHI PEYOBHHHU, MEXaHIYHI MOJPa3HEHHsS, 3MiHA OCMOTHYHOTO THCKY,
Jis ~ BHUIPOMIHIOBAaHHS  PEHTTEHIBCHKOTO  abo  yibTpadioseToBOro

Jliana3oHiB, MPoLeypa MepeTuBaHHs KPOBI.

Puc.6.7. Burasng Puc. 6.8.
MOPYLIEHOI Arperanis
BHACJIII0K epUTPOLUTIB
cepronoaioHo-

KJIITHHHOI  aHeMil

(popmu

€pUTPOILUTIB
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PosrisiHeMo (i3MyHI NPUHIUIMN 3aXBOPIOBaHb KPOBOHOCHUX CYAMH,
OB’ SI3aHUX 3 YIIUIBHEHHSIM CYJIMHHU 32 PaXyHOK YTBOPEHHS HA BHYTPILIHIN
CTIHIIl KpPOB’SHUX 3TYCTKIB, a00 Judy3HHM pPO3IMIUPEHHSIM OTBOPY
BHACJIIJJOK MaToioriil criHok. L{i 3aXxBOoproBaHHA MOXYTh OYTH PO3TJISIHYTI
Ha OCHOBI PIBHSHb 11€aJIbHOT P1IMHH.

Tpomb0o3. YTBOPEHHS YIIUTBHEHUX Mac KpoBi abo miMdwu, 1mo 3ciimcs, B
KPOBOHOCHIM CHCTEMI HpPU3BOAMTH /0 3MEHIIEHHS Iepepidy cyauHu. lle
3MEHIIICHHSI BEJIMYMHU Tepepidy S CYIHMHU CYMPOBOMLKYETHCS 301IbIICHHIM
MIBUKOCTI U Tedii KPOBI y MICISIX MEHILOro Tnepepizy (puc. 6.9, a) 3rijgHo 3

const

PIBHSIHHSIM HEPO3PUBHOCTI MOTOKY S = ; 30UTBIIIEHHS IIBUIKOCTI L Tedii

MIPU3BOAUTEL JO0 3MEHILIEHHS CTaTUYHOTO THCKY p BIJIMOBITHO JO PIBHSIHHS

2
Bepuymni  p+ 2 2” = const. SMEHILEHHS LOTO TUCKY HIJKYE IEBHOTO PiBHS

NPU3BOAMTS JI0 3aKYIOPKU CyIMHU. AJie uepe3 1€ KIHETUYHA EHeprisi KPoBi, 110
pyXaeThesi, 30UIBIIYETHCS, 1 OTBIp CYIMHH 30UTBIIYETHCS. BUHUKAIOTH
KOJIMBaHHS CTIHOK KPOBOHOCHOI CYIMHH, SIKI CIIPUYMHIOIOTH OOJIICHI BIAYYTTSL.
Anespusma. Y pasi po3MIHMpPEHHS Mepepizy S CyauHU BHACIIIOK
naToMop(oJIoriyHUX 3MIH y CTiHKax (puc. 6.9, 6) MBUAKICTb Tedli U
3MEHIITYEThCS (PIBHSHHS HEPO3PUBHOCTI IMOTOKY), ajié CTaTUYHUN THCK p
30umb-ryeThess (piBHsHHS bepaymni). lledl HaaIMIIKOBHN THCK MOXE

IMPU3BCCTU JO KPOBOBUIINBY.
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Puc. 6.9. ®i3u4Hi NPUHIUIK 3aXBOPIOBAHb KPOBOHOCHHMX CYIMH: 4 —

3BY’KEHHSI KPOBOHOCHOI CyIMHH BHACJIIOK TPOMOO3Y; & — pO3IIMPEHHS

nepepizy KpOBOHOCHOI CYyIMHHM BHACJIIOK aHEBPU3MHU

IMpuxaan
Ha ckifbku 3MEHIIUTHCS TUCK KPOBI B apTepii MpH JOCSITHEHHI HEIO
MICIIsI, Ie apTepist 3BYXKYEThCS 32 PaXyHOK aT€pPOCKICPOTUYHMX SBUI IO
1/5 mnouri HopmanbHOro nepepizy. Hopmansnuii Tuck kpoBi B aprepii 100

MM PT.CT., LIBUAKICTH pyxy Kposi 0,10 m/c.

Po3B’s13anns
3anumemo piBHsAHHS bepHymm s aprepii mepepizom  S;, sika
3BYXKYETBHCS J10 TIepepizy S2:

p-Y L PO
2 2

Pt
Ap=p —p, :%-(UZZ—UI ).
3riHO 3aKOHY HEPO3PUBHOCTI IOTOKY
S,-u=8S,-0v,

abo

v,=5-v,.

276



KoMOinyrouu octanHi piBHSIHHS, OTPUMAEMO:

Ap=12-p-v} =12-1000ke/ m’ - (0,10m/c)’ =1201]a.

BpaxoBytoun, 1110 HOpMaJIbHUI TUCK KpOB1 B aprepii ckiagae p = 100 mm

PT.CT., BUBHAQYUMO THCK p; AK:

p=pg-h= 136000kr-M > -10M-¢ > - 0,Im = 136001 Ta.

BiI[HOCHC SMCHIICHHA TUCKY ,ZIOpiBHIOBaTI/IMeI

Ap_ 120 00~ 08su
p 13600 7%

l'azo6a embonia. Y KpOBOHOCHIW CyAWHI, B SIKIM 3 MEBHUX MPUYHH
(koHIeHcallsl ra3zy, IMopaHeHHs abo TpaBMH KPOBOHOCHHUX CYJIUH,
OIlepaTHBHI BTpy4YaHHS) yTBOpUJach OynbOalika ra3y, 3a paXyHOK IOTOKY
(dopMma OynbOamIKu COOTBOPIOETHCS (J1iBa M IpaBa MiBCepu MaKOTh Pi3HI
3a BETUYMHOKO pajiycu kpuBu3Hu) (puc. 6.10). OTxe, 3rigHO 3 PIBHIHHIM
Jlanmaca (5.31), m0maTKOBI THCKHM, 3YMOBJICHI ITOBEPXHEBHM HATSITOM
piAMHM Ha JiBIM Ta MpaBiii Mexax MOAUTy, OyIayTh BiIpi3HATUCA. Pi3HUILA
TUCKIB MOXe€ IMPHU3BECTU /IO MOPYIICHHS KPOBOIOCTA4YaHHS, pO3pUBY abo
3aKynopku cyAauHH. llel maToyoriyHuil TpoIec Ha3UBAETHCS 2d308010

emboJiero.
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Puc. 6.10. BunuxkHeHHs1 Ta30B0i eMOOJii 32 pyXy KpoOBi B CyIuHi, 10
3ymMOBWIIA JedopMmanito Oyaboamku razy (R; # R;), pisHULeBUil TUCK i

PO3pUB CyIHMHHA

Ipuxnan

Busnauntu, y CKUIBKM pa3iB  3MIHUTBCS JOJATKOBUHM  THCK,
3YMOBJICHUI MTOBEPXHEBUM HATATOM KPOBI Ha JIBIM 1 IPaBiil Mexax MOILITY
MOBITPSIHOI OyNbOAIKY, Sika BUHUKAE IT1J] Yac ra30BO1 eMOoJIii, SIKIIO JIIBUH
pajaiyc KpMBU3HU 301IbIIUBCS, a IpaBUil — 3MeHIIUBCs Ha 25% (puc.4.16).

Po3B s13anHs

BuxopucroBytoun gopmysny Jlamnnaca, BU3SHAUUMO 10AaTKOBUN TUCK,

10 BUHUKAE Ha JIBIN 1 MpaBiil Mexax MoIuTy:

2-a
> Apn:i

Ap =+ .
P R—AR

* R+ AR

BigHomnieHHs 10JaTKOBUX TUCKIB CTAHOBUTD:

AR
%7R+AR7R-(1+R)71+
T R- - AR
Apn R—AR R~(l—?) 1-

ITizcTaBisteMO YMCI0OB1 3HAUEHHS

Ap, 14025
Ap, 1-0,25

=1,67.
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KonTponbHe 3aB1aHHs

Cepenuiii pagiyc anbBeoiHd B JIETEHSX CTAHOBHUTL OIM3bKO 5-107 M.
BuzHaunTy 101aTKOBUM THCK, 3YMOBJICHHMW KPHUBHU3HOKO aJIbBEOJH, SKIIO
KOe(DIIiEHT MOBEPXHEBOro HATATY Tu1asMu 50-1073 H/m.

Bionosiow: 2 -10° H/M2.
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6.6. POBOTA CEPLISI
IloBHa p060Ta, JKa BUKOHYETBLCA CCPLICM HiI[ qac IICPCHCCCHHA 1 CM3

KpOBI, 3aJieuTh Bia 3MiHU (puc. 6.11): Bucotu m-g-(h> — h;), THCKIB

o .1
(m/p)-(p2 — p1) Ta MWIBUAKOCTEH Teuii KPOBI 2m (v: —v]), TOOTO:

. (6.16)

m 1
A=4+4,+ 4 =m~g'(h2—h])+—'(pz—p1)+5‘m'(uzz—u]2 -

0

Jlieuu
WAYHOHOK

Puc. 6.11. Cxema JiBOI YacTHMHM cepusi: v;, p1, h; — WBHAKICTH PyXYy,
THCK i BUCOTA 3HAXOIKEHHS KPOBIi, 110 BXOAUTH Yy cepue; vz, p2, hy — Ti

caMi BeJIMYMHU JJISl KPOBI, 110 3AJIMILIAE Ceplie

[TpunycTumo, 1m0 PI3HUIT BUCOT MIXK HUIYHOUYKOM 1 apTepiajbHOI0
nyroro jaopiBHioe 0,15 M, MIBUAKICTh pyXy KPOBI Ha 11 AUISHII CTaHOBUTH
0,4 m/c, a ryctuna — 103 kr/m®. TloyaTKOBa MIBHAKICTH CKOPOUEHHS M’SI3iB
JOPIBHIOE HYJIIO. 3a3HAUYUMO, 1110 apTeplajibHUN TUCK Y 370pPOBOI JHOAUHU
3MIHIOETBCS BiJl 80 MM PT. CT. (diacmona — pO3UIUPEHHS TTOPOKHUH CEpLIs
Ta iX HamoBHEHHS KpoB’t0) 10 120 MM pT. cT (cucmona — CKOPOYEHHS
M’SI31B cepIlsl MICs PpO3CialeHHs, MO0 CYMPOBOKYETHCS HArHITaHHAM
KpOBI B aprepiaibHy cucremy). OpHak MIHIMAIbHUA THCK, IO

BCTAHOBJIIOETHCS B apTepisix, MPHU3BOAUTH 10 3aKPUTTS a0PTAIBLHOTO
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KJIallaHa, KOJIM TUCK JIOPIBHIOE HYIIO. OTXe, Pi3HULS TUCKIB CTAHOBUTH Ap
= (120 mm pr. ct. — 0) = 1,6-10* H/™?.
[ToBHa po6oTa, 1110 BUKOHYETHCS CEPLEM ITiJI Yac mepeHeceHHs 1 cM> Kposi,

CTaHOBUTH.

m 1 =
A=A1+A2+A3=m-g~(h2—h1)+—~(p2—p1)+5~m-(l)22—l)12)

0

,3 _
=10’3-9,8-(0,15)+11%~(%-1,013-105)%-10*-(0,42—0):0,01755 Tk,

PoGoTa cepus 3a OHE CKOPOUEHHS, 3a SKOrO MEPEHOCUTHC 60 cm?

KpOBI, CTAHOBUTH:!
A =1,755-102 JIx-60 = 1,053 JTk.

Jo uiei poboTm ciuig gopgatd poOOTY MPABOrO LUTYHOUKA, SIKAN
HaKauyye KpOB Y JIETEHEBY apTepito, 3a0e3neuyrodu TUCK 0113bko 20 MM pT.
cr. (2,7-10° H/M?), a6o 1/6 aprepiaibHOrO THCKY.

3arajpHa pO6OTa, AKY BUKOHY€ CEpIIC 3a OJHC CKOPOUCHHA, lIOpiBHIOC:
Asaz = (1 + 1/6) I[}K = 1,23 I[)K

3a 100y cepiie Bukonye (3a mynascy 60 xB1) 24-3600 = 86400 ynapis;
pobota cepis 3a 100y cTaHOBUTEL Ay ~ 10° JIk.
3 ypaxyBaHHSIM TOTO, 1110 TPUBAIICTh cUCTONM Om3bko 0,3 ¢, cepenns

HOTY)KHiCTB ceps 3a 4aC OAHOI'0O CKOPOYCHHA CTAHOBUTD!:

N = _AT — 4,1 Br.
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Hpuxnan

Busznauutu poOoTy cepiis, SKIIO PI3HULS BUCOT MDK IIIYHOUKOM 1
JyrOI0 aOpTH CTAHOBHUTH 15 CM, MIBUAKICTH TeYli KpOB1 Yy Ik TOYIi
nopisaroe 40 cm-c!, ryctmHa kpoBi — 1 r-cM3. TIpUHHSATH ITOYATKOBY
MIBUAKICTh TIEPE]] CICTOJIOI0 PIBHOIO HYIIO, apTepiaiIbHUM TUCK TPOTSITOM

niactonu — 80 MM PT.CT., IPOTATOM cicToiu — 120 MM pT.cCT.

Po3B’si3anus

[TizcraBnsiemo 4yuCNOBI AaH1 y piBHAHHA (6.17):

107 (120— 80
10° 760

1
A4=107-9.8-(0,15) + -1,013~105)+5~10’3 -(0,4* —0) = 0,01755H - m.

SIKIIIO0 MPUTITYCTUTH, IO CepeHiil 00’ €M KpOBI, IO MEPEHOCUTHCA 32
OIMH yjap craHoBuTh 60 cM?, To po6oTa 10 ImepeHocy LbOro 06’eMy Oye

JIOP1BHIOBATH:
A'=A4-60=0,01755-60 = ,053H - m.
Tuck y npaBoMy IUTYHOUKY CTaHOBUTH 20 MM pT.cT. abo 1/6 TUCKY B aopTi.
Takum 4YKMHOM, MOBHA pPObOTA, IO BHUKOHYETHCS CEPLEM 3a OJUH
yaap, CTaHOBUTb:

A’ =10° Jix.

3 ypaxyBaHHSIM TOTO, III0 TPUBAIICTH CICTONHU AOpiBHIOE Osn3bKo 0,3

C, CCpCaHA HOTY)KHiCTB cCpusd 3a OJHC CKOPOYCHHA CKJIaJac:

N=A4"/t =4, Br.
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KoHTpo/ibHe 3aB1aHHA

Busnauutu poboTy, sSKy BHUKOHYE cCepie KOHsS 3a /00y, SKIIO
apreplajJbHUM THUCK MPOTATOM JIacTOAM CTaHOBUTH 70 MM pT. CT., a
npotsirom cuctonmu — 130 MM pr. cr. Cepenniii 00’e€M KpoBi, IO
MIEPEHOCUTHLCS 32 OJIUH ynap, AopiBHIOE 850 M1, a cepenHsl MBHUIKICTh TEUil
kpoBi — 0,5 m/c. [IpunycTutH, 1mo mopokHs BEeHa Ta a0pTa 3HAXOAATHCS Ha
omHOMY piBHI (h; = h2 = 0).

Bionosiow: 5,9-10° Ix.
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6.7. TUCK KPOBI

6.7.1. AprepianbHuii THCK

PobGoty cepus 3abe3nieuye apmepianvHuti muck, SSKUA Ji€ Ha CTIHKH
apTepiii 1 3yMOBJICHUM PIBHEM CTHUCKYBaHHsI KpOBi. THCK, 110 BUHUKAE i
gac CKOpPOYEHHS Ceplls, HA3MBAETHCA CUCMOJIYHUM, THCK, IO BHHHUKAE
MICIsT PO3CIIA0JICHHS CepIls, HA3WBAEThCA OiacmoniyHum. AprepianbHUN
TUCK BHUMIPIOETBCS y MM PT.CT. 1 TIO3HAYA€ThCA SK BIAHOIICHHS
CUCTOJIIYHOTO TUCKY J0 A1aCTOJIYHOTO. 3aJIeKHICTh TUCKY KPOBI1 BiJl 4acy B
mporieci poOOTH cepis 300pakeHa Ha puc. 6.12. BugHo, 1m0 KoawBaHHS
THUCKY B1A0OYBaIOThCS BiJI MPAKTUYHO HYIHOBOTO piBHA 10 120 MM pT.CT.
PisHu®e MK CHCTOMIYHMM 1 JIaCTOMIYHAM THCKOM SBJIIE COOOXO
nyavcosuti muck. THUMOBI 3HAYEHHS CHUCTOJIIYHOTO, J1aCTOJIYHOTO 1

MyJIbCOBOI'O TUCKIB Y KPOBOHOCHIM CUCTEM1 TBapUH HaBEACHO y Tabil. 6.4.

Cucmaona (0,35 c)—spe— Jiacmana (0,54 c) —
" 120 7 Kranan
H \ 4 aopmu
¥ - /4 3aKpumo
g 100 A e
g I I ~~
= S sd s
-~ 80 ~N Kranan Ty
g J«| T aoomu
2 r o Mimpaasnuii
& | ranan
10— nepedcepon fimpanonui i
Sk—-"= N\ maﬂag__a"
liowd JaKpumo
ULTYHOHOK
| an oo [om 0.2 o0 [aos| on | (%]

Tpusaricme xoxcnoi gpasu, ¢

Puc. 6.12. 3ajgexHicTh THCKY KPOBi BiJl 4acy B npoueci podoru cepus

6.7.2. BuMiplroBaHHS THCKY KpPOBI

PosrnsiHeMo 11Ba MeTOIM BUMIPIOBAHHS TUCKY KPOBI.
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Heinsasusnuti memod Tmonsra€e y MPOCIyXOBYBaHHI IIyMiB, IO
YTBOPIOIOTHCSL MYJIbCOBUMHU XBWJISIMH. M1X IJIe4eM 1 JIIKTEM HaKJIAJaloTh
MaHXeTy, B sKy HakauylThb noBiTps. Komu B mnpoMeHeBid aprepii
OPUMTMHUTECA Tedld KpOBI, IMyJbC 3HUKAE 1 TIPOIEC HaKadyBaHHS
npunuHA0Th. [I0TIM MOBITPS BUITYCKaIOTh 3a JOMOMOTOI0 BeHTWIs. e
eTan CYMpPOBOJKYETHCS 3MEHIICHHSIM THCKY. Komm THCK cTae piBHUM
CUCTOJIIYHOMY, KPOB MPOIITOBXYETHCS KPi3b apTepio 1 B HIll YTBOPIOETHCS
TypOyJIeHTHa TedYis, $Ka CYINPOBOUKYETHCS IIyMaMHU — TaK 3BaHUMU
monamu Kopomkosa. Iloganpiine 3HUKEHHS TUCKY BUKJIMKA€E BITHOBICHHS
JaMiHapHOI Teuii 1 3HMKHEHHS IyMmiB. IlokazaHHs MaHOMeTpa B IieH
MOMEHT BIAMOBIJAIOTH JalacToduuHoMy Tucky. Illymm B aprepii

KOHTPOJIIOIOTH 32 JIOTIOMOTOI0 CremocKkona (¢poneHoockona).

6.4. TunoBi 3HAYeHHS TUCKIB Y KPOBOHOCHIN cHCTeMi JIIOAMHHA

Bik Pmax, MM PT.CT. Dmin , MM PT.CT. | Ap, MM PT.CT.
HoBonapomxkennii 80 46 34
10 103 70 33
20 120 80 40
40 126 84 42
60 135 89 46

CepenHiil TUCK BU3HAYAIOTh TaK:

<p>= %, (6.17)

1€ Pe 1 po— CUCTOIIYHUH 1 A1ACTOIYHUI TUCKH BIJIIOBITHO.
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binbm TouHMI Bupa3 Uil BU3HAYEHHSI CEPEAHBOTO THUCKY, IO

BPAXOBY€E TPUBAIICTH IIYJILCOBOI XBHJI, MA€ BUTIISL:
|
<p>=3 (pc + po) + po. (6.18)

HeinBasuBHuii MeTOo[  TOYHUM, Oe3007iCHMI 1 3pydHHEl Yy
KOPUCTYBaHHi. AJie BIH CTpaXKJa€ BiJ MOXJIMBUX CYO €KTHBHUX MOMUIIOK
MiJ 4ac BUMIPIOBAaHHS MOHIKEHUX THCKIB. KpiM TOro, mpomy merony
Opakye iHdopmartii moa0 GopMu MyJIbCOBOI XBHIII.

Ipsamuii memoo mnependadae Oe3nmocepeHe BBEICHHS B KPOBOHOCHY
CyIMHY TOJIKM a0o cremiam30BaHoi Tpyoku — xamemepa. CydacHa
TEXHOJIOT1 BUMIPIOBaHHS TUCKY HAa OCHOBI MPSMOI0 METOAY 0a3yeTbcs Ha
YBEJIEHHI KaTeTepa B CYAMHY, L0 pO3TalllOBaHa MOOJM3Y IIKipH, abo B
apTepilo 4u BEHY, 1HKOJIM — HaBITh B came cepie. Karerep mycutsh Oyru
KOPOTKHUM, >KOPCTKHUM 1 HE PO3JyBaTUCS Bl MOTOKIB KPOBi, 100 3aro0irtu
MOMIJIOK TI1JT Yac BUMIpIOBaHHS THCKY. JJig 3amoOiraHHs 3CiaHHS KPOBI
abo ra3oBoi emOouii KaTeTep 3aloOBHIOIOTH COJIBOBUM po3uyuMHOM. [loTik
PO3UMHY 3 KOAryJssHTOM (PEYOBHUHOIO, IO CIPUYUHIOE YKPYITHCHHS
YaCTMHOK) YTBOPIOETHCSA 3a JOMOMOIOK  €JacTHMYHOI CYMKH, IO
3alOBHIOETHCS MOBITPsiM. Konm karterep BBOIATH y BEHY, IIOTIK KpOBI
HAIpaBIIIETbCS 32 JOMOMOIOI0 KJalmaHa [0 TepeTBOproBaya THCKY,
OB’ SI3aHOTO 3 CHCTEMOIO peecTpallii TUCKY (puc.6.13).

[lepeBaroro mpsMOro METOLY € MOXJIMBICTh O€3MEPEepPBHOrO
KOHTPOJIIO ()OPMU MYJILCOBOI XBHJII 1 OUIbIII BUCOKA TOYHICTh BUMIPIOBaHb
MOPIBHSHO 3 HEIHBA3MBHUM METOJOM. [0 HemomiKy MeTOAy CJIiJT BITHECTH
BTpY4YaHHSI KaTeTepa B KPOBOHOCHY CHUCTEMY MAaIll€HTA, [0 MPU3BOIUTH J10

OOJIICHUX BIAYYTTIB Ta TPABMH.
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Puc.6.13. Karerep Ta cucrema Horo BBeJeHHS B KPOBOHOCHY

CYAHHY

6.7.3. CyuacHi npuiaau AJs1 BAMIPIOBAHHA THCKY

[lpunan s BUMIPIOBaHHS —apTEpiaibHOTO THCKY HAa3MBAEThCS
monomempom (abo cghiemomanomempom). TOHOMETPU TIISATHCS 3AJIEKHO
BIJl IPUHIIMITY POOOTH Ha MEXaHIYH1, HallIBABTOMATUYH1, aBTOMaTHUYHI.
HaniBaBTOMaTU4HI TOHOMETPU BIAPI3HAIOTHCS BiJl aBTOMATHUYHUX MOJIEIEH
TUM, IO JJI1 BUMIPIOBaHHS THUCK HEOOXIJHO CaMOCTIMHO MigKadyBaTH
MOBITPS. B MaHXETy NpWwiIaay 3a JaonoMorow rpymi (puc. 6.14.,a).
[loBHiCTIO aBTOMAaTH4HI €NEKTPOHHI TOHOMETPHU MAlOTh KOMIIPECOP, SIKUN
HarHiTae MoTpPiOHUN TUCK Y MaHXKETI.

[Tpunuun poboTH mpuiaay TakKui: KOJIM TUCK B MAH)KETI MEPEBHILYE
TUCK KPOB1, MaH)XeTa MEPETUCKYE apTepito, MOTIK KPOBI MPU3YIUHAETHCA.
[Tpu 3HMKEHHI THCKY B MaH)KET1 apTepisi BIAKPUBAETHCS, CTPYM KpOBI IO
aprtepii moHOBIOeThes. [Ipy MaioMy MPOCBITI apTepii 3aBUXPEHHS KPOBI
cTBOprotoTh myMu KoporkoBa. Komu aprepiss OBHICTIO BIAKpUTA, IIYMH
3HUKalOTh. EJEKTpOHHA cXeMa peecTpye KOJUBaHHS THUCKY IOBITPS B

MaHXkeTl (ocuuisuii) 1 TpaHcPopMye iX y HUPPOBI 3HAUEHHS.
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Puc.6.14. HaniBaBTOMaTH4YHHI TOHOMETP, B SKOMY HeOOXiIHO
CaAMOCTIVHO MiIKAYYBAaTH MOBITPS B MaHKeTYy NMPUJIAAY 32 J0I10M OI OK0
rPYyLUi: ¢ — 30BHIIIHINA BUIJISA TOHOMETPA; & — cXeMa aBTOMAaTH30BaHOI
CHCTEeMH JJIs1 BUMIPIOBaHHSI THCKY KpoBi: 1, 2, 3 — migcuiwoBayu 3
¢pinbTpomM; 4 — migcHII0BaY; S — peryJiboBaHe MOCTA4YaHHSA MOBIiTPs; 6
— KJIanaH; 7 — TPUXOAOBMH KJIamnaH; 8§ — 1aTUYMK THCKY; 9 — BUMIpIo-

Ba4 piBHA THCKY; 10 — XpoHOMeTp
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® 2o s

KOHTPOJIBHI 3AIIMTAHHSA TA 3ABJIAHHA

. IlosicHuTH, YoMy epUTPOLIUT Ma€ TOPOiJAIbHY (hopmy?

. Ilo Ha3uBaOTH cepenHiM 00’ €MHUM MOTOKOM PIAMHM,IIO PYXA€ThCS

B TpyO1i?

[TosicHuTn (i3UyYHI TPUHIUIN BUMIPIOBAHHS IIBUJIKOCTI OCIJIaHHS
€PUTPOILIUTIB.

Bix yoro 3anexuts podota cepiis?

[osicautu (pi3MUHI TPUHIMIH 3aXBOPIOBAHHS TPOMOO30M.

[Tosicuuty (h13UMYHI NIPUHIMIIN 3aXBOPIOBAHHS aHEBPU3MOIO.
[osicuutu (Hi3MUHI IPUHIMITHA 3aXBOPIOBAHHS Ta30BOI0 €MOOITIETO.
Jlo 4Yoro mnpu3BOAUTHL MIJBUIIEHHS IIOBEPXHEBOIO HATATY Ha

NOBEPXHI JIET€Hb?
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7. AEPOJIMHAMIKA
Aepoounamika — 1e po3aul (i3UKU, SKUM BHBYAE 3aKOHH PYyXy
noBiTps (200 IHIIOTO Tra3y) Ta CHJIM, 0 BUHHUKAIOTh Ha TMOBEPXHI TiI,

BIJIHOCHO SIKUX BIJJOYBA€THCA 1IEH PyX.

7.1. @i3nKa YaCTHHOK
Yacmuuku — 11¢ OKpeMi mopilii TBepmaoi, piakoi abo ra3ornoaioHoi
PEUOBHHH, PO3MIPHU SKUX NMEPEBHUIYIOTH | HM.
Teuis B’A3K01 piiMHU MOXe OYTH JaminapHoro (SKIIO IIapH PiIMHH,
[0 PYXa€ThCs, HE TMEPEeMIyIOThCs), abo mypoyrenmuoro (  TpH
nepeMillyBaHHI 1IapiB).
Pexxum Teuii piavHM XapaKTepusyeThes uuciom Peiinonvoca, 1mo

BU3HAYAETHCA 32 (HOPMYIIOO:

Re =P D (7.1)
n

1€ 77— B’SA3KICTh PIAMHU; O — I'yCTUHA piAUMHU; D — niameTp TpyOKHu.
Ilepexin Big mamiHapHOi Tedwii A0 TypOYJICHTHOI BH3HAYAETHCS 3a
JIOTIOMOTOI0 Kpumuuro2o yucia Peinonvoca Rewp: skmo Re < Re. tedis
namiHapHa;, npu Re > Re. Tedis TypOyneHTHa. Hampukman, mns tedii
B'SI3KOI HECTUCIMBOI PIAMHU B IWIHIApHYHIA Tpyoi Rer = 2300.
JlaminapHuil TipolieC TEpEeHECEHHsS BOAU Yy TPYHTI XapaKTepU3YyEThCS

3HaUYEeHHAMU Re< 1.

7.2. Aepo3oui Ta Gioaepo30Ji
Oco0nuBe Mmicue cepell YaCTUHOK 3aliMaroTh aepo30i — JUCIEPCHI

(KOJIOIIHI) CHCTEMH, 10 CKIaAalThCs 3 YaCTHHOK po3mipamu Bix 1075 M 10

290



10”7 M Ta ra3oBOro CepeIoBHIIA, B SKOMY BOHH 3HAXOIATHCS y 3aBHCIOMY
ctadi. OCHOBHUM JDKEpEJIOM 0i0I02IYHUX aepo30.i6 € POCIUHH, Kl
nocravyaroTb B armocdepy cropu 1 mnuiaok. OcCTaHHI MONIUPIOIOTHCS
3aBASKHM TOBITPSHHUM IOTOKaM. /o 6i0aepo301iB HaJIe)KaTh TaKOX BIPYCH,
OakTepii 1 YaCTUHKU KOMax.

TunoBuMu TmpeAcTaBHUKAMHM Oloaepo3oiB € Oakrtepii Bacillus sp.,
Legionella  pneumophila,  Micropolyspora  faeni, = Mycobacterium
tuberculosis, Pseudomonas spp., Staphylococcus spp., Streptococcus spp.;
rpubu (B mepily d4epry, IliceHb Ta ApikmKi) Histoplasma capsulatum,
Alternaria spp., Penicillum spp., Aspergillus fumigatus, Stachybotrys atra,
Fusarium spp., Cladosporium spp.; Haunpoctiimni Naegleria fowleri,
Acanthamoeba sp.; Bomopocti Chlorella, Chlorococcum, Schizothrix,
Anabaena; xniuu Dermatophagoides farinae, D. Pteronysssinus, KoMaxu
Blatella germanica, Periplanetta Americana, Blatta orientalis; 3anviiku
mepeTi (KilmKy, co0aku, TXOPH, MOPChbKI CBUHKH, XOM SIKH, KPOJIi, ALIOKH,
MUIIK), TUWIOK Ta CHOpPU pociuH Oepe3u Betuta, Binbxu Alnus, cocHu
Pinus, nonuny Artemisia, am0po3ii Ambrosia.

lNany3p Oiosiorii, sika BHUBYA€ OpraHiyHI YAaCTHUHKH, IO ITaCUBHO
MEPEHOCATHCS y TOBITP1, HA3UBAETHC aepobionocicio [Mar Trigo Perez et
al., 2007]. Lla Hayka TICHO TOB’s3aHa 3 IaJIHOJOTIE€I0, MIKOJIOTIEO,
TOKCUKOJIOTI€10,  KIIIMATOJIOTI€I0, METEOPOJIOTI€I0,  IHXKEHEPIE  Ta
KOHTpoJieM O0i0JIoTiyHOro 3a0pyJHEHHS HAaBKOJHUIIHBOTO CEpPEeOBHUIIA.
[Ipobremam aepoOiosiorii 3 KOXKHHUM POKOM MPHUIUISETHCS Bce OlIbIIa
yBara. e y 1974 pomi y Taa3i, Higepnanau, Oylio 3acHOBaHO
Mixnapoany acouianiro aepo6iornorii IAA (International Association for
Aeobiology). Huni ns Acomiaris HapaxoBye Onm3bko 800 wieHIB, Mae
cBoro Pagy, KypHanu Ta KOXHI YOTUPU POKM 30Mpae MiXKHApPOJHI

KOHTPECH.
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ButbicTh pO3BUHYTUX KpaiH CBITY MAlOTh CTaHLIi CIIOCTEPEKEHHS 3a
NOBEIIHKOIO Ta TEHACHLISIMU MOLIMPEHHS HEOE3NeUYHMX Ui 310pOB’S
moauHu 010aepo3oiiB. KpiM Toro, aepo3osii Ta 610aepo30Jii BiAIrparOTh
POJIb TIEHTPIB KOHJACHCAIIIT 1, OTKE, BINIMBATUMYTh Ha MPOIIECH YTBOPEHHS

xMap.

Bnaus 6ioaepozonie na owcusi opeawnizmu. bioaeposoni  3maTHI
IIPOBOKYBAaTH 3aXBOPIOBAHHS Ta aJlepriyHi peakiii JItoJel, BIUIMBATH Ha
TBAapUH 1 POCIMHH, BUKIUKATH 3aXBOPIOBAHHS 4Yepe3 MOBITPSAHI MOTOKH.
Bigomo, mio OGarato 0610aepo30idiB 37aTHI BUKIMKATH TOJPa3HEHHS
pecHipaTOpHOrO TPaKTy, 30KpeMa HOCOTJOTKH, TpaxeHHOI CHCTEMH,

JICT€HIB 3aJIEKHO B1JT X TUITY Ta PO3MIpIB.

Ak npukimax MOXHa HaBecTHM puc. 7.1, Ha sKOMy MNpeacTaBieHa
3aJICKHICTh J10J11 aTMOC(EPHUX YACTUHOK PI3HUX PO3MIPIB, IO OCIIAOTH Y

pecHipaToOpHOMY TPaKTI JIFOUHU.

Puc.7.1. Po3noaizi atMoc(pepHUX YACTHMHOK Y pecmipaTopHOMY

TPAKTI JIOAMHHM 32JI€:KHO BiJ IX po3mipiB
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Cepen 3axBOpIOBaHb, IO BHUKIUKAIOTHCA 010a€pO30J5IMHU, MOKHA
BUJUTUTH OPOHXIANbHY acmmy — aJepriuHy XBOPOOy, sika TPOSBIISETHCS
MOBTOPHUMU HAIaJlaMU €KCIipaTOpHOI (TIi] 9ac BUAMXIB) SIAYXHU BHACIIJIOK
NOPYIIEHHS OPOHXI1aIbHOI MPOXITHOCTI; alepeiuHuti puxim — aJepriuHy
pEaKIiito, MO TMPOSBISIETHCS 3HAYHUM HAOPSKOM CIM30BOi O0OOJOHKH HOCA,
0CO0JIMBO B JIUISIHIII HOCOBHMX PAaKOBUH;, NMHEGMOHIl0 — TPyNy 3anajibHUX
IPOIECIB Y JICTGHAX 3 TMEPEBAXHUM YPAKCHHAM IXHIX PECHipaTOpHHUX
BIJIJTLTIB.

Ock yomy mnpobOiema ifeHTH(]IKAIlT Ta KUIBKICHOTO OIlIHIOBAHHSI
aTMoc(epHHUX aepo30JIiB Ta 610a€PO30JIB € aKTYaTbHOIO.

Memoou sumiprosannsa napamempis aepo3onie.  30BHIIIHINA BUTIIA

npuiaay s 300py 010aepo301iB HaBeJEHO Ha puc.7.2.

Puc. 7.2. 3oBHilIHI BUIJIAA NpWJIaay aJs 300py 0ioaepo3ois

[lpunax ob6nagHaHuil ¢arorepoM, SIKUH JO3BOJSIE OPIEHTYBATH
BX1/JIHE BIKOHIIE MPOTH HANPSIMKY BIiTpYy. bioaepo3oni HaAXOASATh NPOTArOM

n00M Ha CTPIUKY, MOKPUTY KJEWKOw cTpiukoro. Llg crpiuka obepraeThes
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BIJIHOCHO BXIJHOTO BIKOHIISl 3a JOTIOMOTOIO €JIEKTPOJBUTYHA 3 THUM, 1100
IPOCIIIKYBAaTH 3a PIBHEM aepo30JIiB, 110 HAAXOIATh MpOTAroM nobu. Bes
CUCTEMa YCTAHOBIIIOETHCS HA BUCOKOMY MicCIl (HampuKIan, Ha Jaxy
Oyaunky). Pa3 3a m00y CTpiuKy 3HIMAIOTh Ta aHAMI3YIOTh Ha MpPEAMET

KUTBKICHOTO Ta SKICHOTO BMICTY 010a€p030JIiB.

7.3. Pyx atMoc(pepHHX YACTHHOK

SIKI10 yacTHHKA pyXaeTbes B arMocdepi, Ha Hel AII0Th rpaBiTalliiiHa,
BUIITOBXYIOYa CHJIM Ta CUJIa BHYTPIIIHBOTO TEPTS 3 OOKY MOBITPSIHOTO
MOTOKY 3TifgHO 13 3akoHOM Ctokca. CIiBBITHOIICHHS MIX ITUMH CHJIAMHU
3aNIeXKUTh B (I3MYHUX TapaMeTpiB YacTUHKH, arMochepu Ta 0Oe3
po3MipHOTO yucia PeliHonbiaca Re.

PosmisHneMo BuIagku, SAK1 3ajeKaTb Bl CIIBBIIHOIIEHHS MK
paalycoM YacTUHKH 7, TOBXKHHOIO BUIBHOTO MpoOIry A MOJIEKyN rasy Ta
yucaoM PeitHonbica Re.

a) r > A, ane Re = 2rv/v < 0,1 (TyT U — WIBUJKICTb PyXy YAaCTHUHKH,
Vv — KiHeMaTu4Ha B'sA3KicTh). Ha uvactuHky macoro m Ta 00’emoM V i
TYCTUHOIO p, 3aHypeHYy y Tra3 Macow mg 3 TYCTHHOW pp, HIIOTh
rpaBitaniina (F.,=mg=Vpg) Ta apximenoBa (Fyp=mog=Vpg) cumu, a
TaKOK CHJIa BHYTPIIMIHBOTO TepTs (B’S3KOCTI), IO BU3HAYAETHCS 32
3akoHoM Ctokca (F, = = 67nrv), ne 17 — KoedillieHT BHYTPIIIHLOIO TEPTS
(TrHAMIYHA B SI3KICTD ).

[IIBuakicTh cequMeHTallll BU3HAYACTHCS TaK:
4
Vo = Vg(p— po)/ 670pr == m7°g(p— po)/ 67 =

= 2 glp= ) r/n. (7.2)
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IMpuxaan

BuzHaunty mMBUAKICTE CEIUMEHTAIll] YaCTUHKUA MYJTy T'YCTUHOIO 2650
kr/m> Ta giamerpom 0,03 mm, sika ocizae y Boxi 3a 20 °C. B s3kicTs Boau 3a
miei Temmeparypu cranoButh 1,002-1073 ITa-c.

Po3B si3aHHs
[TincTaBnsiemo uncioBi Aani y piBHsHHS (4.38):

Oeo =2 g(p— p) 12/ = 2(9,8 w/c)(2650 — 998,2)(15-10° w?)?/(1,002-10°

IMa-c) == 8,1-10* m/c.

KoHTponbHe 3aB1aHHS

BuzHauutn  MBUAKICT  CEAUMEHTAlli  CPEpUYHOI  YACTUHKHU
ryctuHoro 2650 xr/m® Ta miamerpom 0,1 Mwm, sika ocimae y Boxi 3a 20 °C.
B s3kicte Boam 3a miei Temmneparypu craHosuth 1,002-107 Ila-c. YUm
BCTUTHE YaCTHHKA JIOCSTHYTH JIHA pe3epByapa 3a 2 rOJAWHH, SIKIIO IIIMOUHA

TaHka 3,5 m?

0) r> A, ane Re = 2rv/v > 1. SIKmio po3MICTUTH TEBHE TUIO Y
MOBITPSHOMY TOTOIll, TO MEPEHECEHHs IMMYNbCY BiAOYAETbCA HE JHIIE
3aBISIKM CHJIaM TEpTs, IO HampaBlieHl MapajeibHO MOBEPXHI IIapiB, Ta
rpajieHTa MIBUIKOCTI, IO BUHUKAE TPHU IHOMY, ajle 4epe3 Te, MO0 ¥y
HAIpPsIMKY TOBITPSIHOTO MOTOKY BUHHUKA€E CUJIA, SIKa HA3UBAETHCS ONOPOM
Gdopmu. g cuma, mo OOYMOBJIEHA PIZHUMHU 3HAYEHHSAMHU THUCKY 3
MepeHLOTO Ta 3aJHLOTO OOKIB Tija Imij 4Yac OOTIKaHHS HMOro IOTOKOM,
3aNIeKUTh Bl (DOpMH Ta OpieHTAlli Tu1a. K0 MOYAaTKOBHM IMITYJIbC Tida

CTaHOBHUTH OV, a CepeAHs 3MiHa MIBUIAKOCTI — U/2, TO MIBUIKICTD, 3 KOO
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TOTIK 3MEHIye CBill iMImynbe, Oyae nopiBHIoBaTH pL-U/2= 0,5p07, a cuia

OITOPY BU3HAYAETHCS SIK:
Fon = OJSCmﬂ)UZ'S, (7.3)

1€ Cm — KOEPILIEHT OMOPY; My — TYCTUHA ra3y; L — HWBUIKICTb PyXy
YaCTUHKY; S — IJIOIIA TIepepi3y YaCTUHKH.
VY mpomy pasi 6anaHc cul, IO AIF0Th Ha YACTHHKY, PO3PaXOBYIOTH 3

dbopmyIoro:

% °8(0 - ) =0.5 Conp? 7%, (7.4)

J1y1s1 Gl0aepo30iiB 0 > My, TOMY OCTaHHE PIBHSHHS MOXKHA IEPEMTUCATH TaK:

U2: 8rgp/3po Con. (75)

3BIJIKH MIBUIOKICTh CEAMMEHTAII] YACTUHKYU CTAHOBUTD:

Vceo = 22079V, (7.6)

i€ vV —KIHEMaTUYHa B SI3KICTh.

3aJIeKHICTh IIBUIKOCTI CEIMMEHTAIlll JUIsi POCIMHHUX YaCTUHOK BIJI
1 Peii R ~ 10 3 xkr/™m>

pamiyca r Ta uucia PeliHonbaca Re, 3a TYCTHHHM YaCTUHKH O KI/M

HaBEJECHO Ha puc. 7.3.
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Puc. 7.3. 3anexkHicTh Koe(ili€eHTA 3arajibHOr0 ONMOPY Con YACTUHKH Bijl

yucJjga PeiiHoabaca Re

Buano, mo qist 3HaueHs Re, <0,1 (s THmoBux 3Ha4eHb 7 = 30 MKM

Ta U = 0,1 M/c, mpuTaMaHHUX TUJIKY Ta CIIOpaM) BUKOHYETHCSI 3aKOH

Crokca.

Ipuxaan

Busnaunt cunmy  omopy i COpM  TATOTEHHOTO  Tpuba
Helminthosporium maydis numuaapuaHoi GOpMH, SKIIO JlaMeTp HWTIHApa
cranoButh d = 20 MKM, ryctuHa o =1,2 Kr/M°, KOe(il[ieHT 3arajibHOro
OTIOPY Con = 4, MIBUAKICTH BITPY U = 10 M/c.

Po3B s13anHs

BukopucroByemo piBasiHHS (4.40):
Fon = 0,5¢onpt?-S = 0,5-4-1,2 xr-m>-(10 m-c")%7-(20-10° m)*/4 = 0,75-1077
H.
ExcnepumeHTansHO OyJi0 BCTAaHOBJIEHO, 110 KOEQIIIEHT OMOpPY Ta YHUCIO

Peiinonbica noB A3aH1 CITIBBIIHOIIEHHIM

Con = b s (77)
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ne b Ta n —KOHCTaHTH.

Jna naminapHoi teuii Re < 2, b = 24, n = 1, a con = %; TS
TypoyneHTHoi Teuii Re = 500-200000, b = 0,44, n = 0, a c,n = 0,44.

Takum YuHOM, JUIsi MaluMX 3HadyeHb uucha PeliHombiaca (Re<l)
JOMIHYIOUUMH € CHJIM B's3-KocTi (3akoH CTOKca), TOA1 SIK JJISi BEIMKUX
3HaueHb uucna PeitHompaca (Re > 1000) mepeBakaioTh CHJIH, IO
onucyrThes 3akoHoM Hprorona. [Ipudomy, B mepiiit 061acTi cuia onopy
3aJIeKUTh BiA 4ymcna PeliHonmbca, TOAl K B Apyriid 00nacTi cujia onopy He
3aJIeKUTh Bij yucia PeliHonbaca (puc. 4.19).

HIBUAKICTh PyXYy YaCTUHKH B OyJb-IKUII MOMEHT Yacy BU3HAYAETHCS 3a

BUPA30M:
U= Uc— (Uc— ye™, (7.8)

1€ Uy — WBUAKICTh PyXy YaCTUHKHU Y BEPTUKATILHOMY YH TOPU30HTATHHOMY
HanpsIMKax y MOMEHT 4acy #; Ux — KIHI€Ba IIBUJKICTb YACTUHKH; Up—
MOYaTKOBA IIBUKICTh PYXY YACTUHKH Y TOPU30HTAIBHOMY HAMPSIMKY (Up
= 0 a5 BEPTUKAIBLHOTO HAIIPSIMKY).

TpaexTopii pyxy 4aCTHHOK 3aJI€KHO BiJ X po3MipiB HABEAEHO Ha

puc. 7.4.

Puc. 7.4. TpaexkTopii pyXy 4YaCTMHOK 3aJ1€5KHO BiJ iX po3MipiB
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7.4. AepoaMHAMIiKa NTALIHHOIO MOJIbOTY

Kpuno nraxa mae oOTiuHy (opMy 13 3aKpyrJieHUM IMEpeHIM
KIHIIEM Ta BY3bKMM 3aJHIM. 3aBISIKM OOTIKAHHIO TaKOro YBITHYTOTO
KpuJia MTaxa YaCTUHKHU TOBITPS, 110 MUHAIOTh BEPXHIO, OUIBII OMYKIY
MOBEPXHIO KpHUJIA, TMPOXOMASATh 32 OJWHHII0 4Yacy NUIAX OUIBIINHN, HIXK
YaCTUHKHU, 1[0 MUHAIOTh HUXKHIO TTOBEPXHIO KpHUJa 1 OT)KE MarTh O1J1b-
Iy MBUAKICTE pyxy. HecumerpuuHe OOTIKaHHS Kpuja CHPUUYMHIOE
NOSIBY LMPKYISALIMHOIO MOTOKY HaBKOJIO KOHTYpPY Kpuja, SKUWA Ha
OMYKJIIH MJIOMIMHI CIPSIMOBaHUN B O1K Teuli MOBITPS, 110 MPU3BOAHUTH J0
301JIbIIIEHHS IMBUAKOCTI PyXy MOBITPS, a HA BBITHYTIM — MPOTH Tevii, 110
CYNPOBOIKYETHCS 3MEHIICHHSIM HIBUIKOCT1 PyXy MOBITps. AJie, 3TiIHO 3
piBHAHHSAM bepHymii, Tam e MBUAKICTH MOBITPSHOIO MOTOKY OlIbIIA,
TUCK CEpEeJIOBHUINAa MEHINIMM, 1 HaBMNaKW. 3aBASAKH PI3HUII THUCKIB MIiXK
BEpPXHBOIO Ta HIKHBOIO IUIONIMHAMU KpHWja BHHHKAE TaK 3BaHa
nioHiMaw4a cuna, MO CHpsIMOBaHA MEPHEHIUKYISIPHO 0 HAMPIMKY
MIBUAKOCTI pyXy TLJa.

[Tin 9ac mMoNbOTY BUHMKAIOTh YOTHPYU OCHOBHUX CHJIM, IO JIIOTH Ha
kpuwio. KpiM migHiMaro4oi cuiu, Tpeda 3rajaTd Cuily — TSDKIHHS,
CIPSIMOBaHY BEPTHUKAIBHO BHM3, CHIIY TSATH Ta CUJIY JIOOOBOTO OIMOpY, SKa

JIi€ IPOTUJICKHO HAIPSMKY IIBUJIKOCTI pyXy Tuia (puc. 7.5.).

Omip
[Tigaimaroua
Tara cuia

Kyt araku

Bara

Puc. 7.5. Cuiu, 110 Ail0Th HA KPUJIO ITAXA
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VY mporeci MONbOTY NTax 3JaTHUN 3MIHIOBATH KYT aTaKM — KyT MDK
XOpJOI0 KpHJia Ta HANpPsIMKOM TOTOKY IMOBITPS, IPUYOMY 3Max Kpujia BHU3
XapaKTepU3yeThCsl 30UIBIIEHHSAM KyTa aTaku, M0 30UIbLIYE MIIHIMAIOYyHY

CHILY.

KOHTPOJIBHI 3AIIMTAHHA TA 3ABJIAHHSA
1. IIlo xapakTepusye uucio PeliHombaca?
2. SIxi cunu Ait0Th Ha KYJIbKY, 3aHYPEHY B pIIUHY?
3. 1o Ttake yacTuHKa? aepo30b? 610acpo30Jib?
4. SIxi cunam [iI0Th HAa YacTUHKY Yy MOBITpsSHOMY moromi? Bim woro
3aJIeKUTh OaJlaHC IUX CHIT?

5. SIKi cunm Aif0Th HA KPWIIO nTaxa’?
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8. KOJIMBAHHA I XBUJII

8.1. MEXAHIYHI KOJIUBAHHASA
Konusanns — ne pyxum abo mpoliecH, sIKi BiJ3HAYAIOTHCS TIEBHOIO
MOB-TOPIOBAHICTIO Y Yacl.
Ilepioouunumu € KOMMBAHHS, IO TOBTOPIOIOTHCS Yepe3 OJHAKOBI
IIPOMIKKH Yacy.
l'apmoHiuHuMu KOMMBAHHSAMH HA3WBAIOTHCS TMEPIOAMYHI KONWBAHHS
¢izuynoi BenmunHH (a00 Oyap-sKOi 1HINOI) 3ajJ€KHO BIA Yacy, sKi

B1J1I0yBArOTHCSA 3T1AHO 13 3akoHamu cunyca (Puc. 8.1):

X = Asin(axt + @), (8.1)
abo KocuHyca
x = Acos(at + ¢u), (8.2)
ne A — amnaimyoa rxoausanv (MaKCUMaJbHE 3MIIICHHS TOYKH, IO

KOJIMBAETHCS, B1JI TIOJIOXKEHHS PIBHOBAru); @ — K0J108a 4acmoma; wt + @p—

¢aza Koaueanb y MOMEHT 4acy t; ¢p— noyamkosa ¢aza (pa3a KOJIMBaHb Y

MOMEHT 4acy ¢=0).

Puc. 8.1. T'apMoHIYHI KOJIHMBaHHSI, 32 SAKUX (i3MYHA BeJUYHUHA
3MIHIOETBCH 3 4YacoM 3a CHHYCOIAHUM (A) a6o kocuHycoinfHuM (B)

3aKOHaMH
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Haitmenmuii nmpomixok yacy, depe3 SKUH CHUCTeMa, IO 3J1MCHIOE
KOJIMBaHHS, TOBEPTAEThCA [0 CTaHy, B SKOMY BOHa TmiepeOyBaia B
MOYaTKOBUM MOMEHT 4acy, BHUOpaHUU JOBUIBHO, HAa3UBAETHCA NePio0oM
koausanv 1. llepiom 7T TOB’S3aHM 3 KOJIOBOKO YacTOTOI @

CI1BBIIHOIIECHHSIM:

T=2 (8.3)

BGJII/I‘II/IHa, sJgKa ,ZIOpiBHIO€ KIJJBKOCTI KOJMBaHb 3a OJUHHUIIIO YacCy,

Ha3WBAETHCS yacmomoro v. YacTtoTa v ToB’s13aHa 3 epiogoM 1 Tak:

(8.4)

~N|—=

Onununsg BuMiptoBands dactotu — [y (I'epn) — omunuis Bumipy B CI
YaCcTOTH TEPIOJUYHUX MPOIIECIB, sIKa JIOPIBHIOE OJHOMY KOJHMBAHHIO 32
cekyHny: 1 I'm= 1/c.

Ha ocnoBi piBHsHB (8.3) 1 (8.4) MOXHA OiepKaTH CIIBB1THOIICHHS:

w=2rnv. (8.5)

Enepris rapMoHIYHHX KOJMBaHb BU3HAYAETHCS 32 (POPMYIIOIO:

E=mde” (8.6)
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IHpuxnan

BusnauuTu noBHy eHepriro KoiuBaHb Tiia Macoro 300 r, 110 3/11icHIOE
3a JIONMOMOTOI0 TMPYKWHH KOJWBAHHS B TOPU3OHTAIBHIN TUIOMIWHI, SKIIO
aMILTITYy/la KOJIMBaHb JOPIBHIOE 4 CM, a dKOPCTKICTh npykunu 15 H/m.

Po3B si3anHs

[lincTaBnsiemo uyncnoBi AaHi y piBHAHHA (5.13), 3HaxX01UMO:

E = mA’ o’

. =%kA2 = 1. 15 H/™m-(4-102 m)*=

1.
2
12-107 JTx.

KonTposbHe 3aB1aHHs
Busnauntn MakcMManpHy IIBHAKICTH PyXy Tila 3a  YMOBOIO
ToTIepeTHBOT 3a1adi.
Bionogiov: Lyue = 0,28 M/c.
8.2. SrACAIOYI KOJINBAHHA
KonuBanns, aMriiTya sKux yepe3 BTpaTH eHeprii peaibHOo
KOJIMBAJIHHOIO CHCTEMOIO 3MEHIITYEThCS 3 YaCOM, Ha3UBAIOTHCS
3eacaruumu.
PiBHSHHS 3racarounx KOJIMBaHb MA€ BUTIISI:

x = AeP'sin(ax + ), (8.7)

ne [ — koediIieHT 3racaHHsl.

Puc. 8.2. 3racaroui

rapMOHIYHI KOJIUBAHHS
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I'padik 3anexxHOCTI X = f(#) M Yac 3racatouux KOJMBaHb HABEJEHO Ha PUC.
8.2.

JIns KIMBKICHOT OLIHKMA IIBUAKOCTI 3MEHIIEHHSI aMIUTITYAW 3racaruux
KOJINBaHb  KOPUCTYIOTbCSI MOHSTTIM  J102apughmiuno2o  Oekpemenma
3eacamHs, SIKAW JOPIBHIOE HATypalbHOMY Jiorapu(My BiJHOILIEHHS
3HAYEHb AMIUTITYAM 3racaro4uX KOJMBaHb Y MOMEHTH 4acy, 110 PO3AlJIEHI

IeP10JIOM:

A0 _
N AT (8.8)

8.3. BLKYYA XBWJIA
bixcyua xeuns moxe OyTH BU3HAU€HA K 30ypEHHs, IKE PyXaeThCs B
MPOCTOPI 3 MEPEHECEHHSIM eHeprii. PosrnsHemMo OiKy4dy XBHIIIO,
CHUHYCOi/IHY 3a (hOPMOIO, sIKa MOUIUPIOETHCS, TIOUNHAIOYY 3 MOMEHTY Yacy ?
= (, 31 IBUJKICTIO v y HaNpAMKY +x (puc. 8.3). PIBHSIHHS Takoi XBUJI1 Mae

BUTJIS:

T

y = yesin(wt — 27)( . (8.9)

SIk1o 61Kyda XBHIISL MIOIIUPIOETHCS Y HAMPSMKY —X, TO PIBHSHHS

3aIIUCYETHCA TaK:
y = yesin(wt + %”x). (8.10)

Bennunna 27” B piBHSAHHSAX (5.29) Ta (5.30) HAa3UBAETHCS XBUNILOBUM

qyuciom, BOHa IIO3HAYa€TbCsI CHUMBOJIOM k.
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PiBusaus (8.9) 1(8.10) MoxyTh puiiMartH 1ie Taki Gopmu:

y = yosin(at + kx), (8.11)

Puc. 8.3. bBixyua xBuias fIK 30ypeHHsl, 110 PyXa€TbCA y MPOCTOPI 3
NEePeHEeCeHHIM eHeprii: U — MBUIAKICTH MOMIUPEHHS OLKY40l XBWJIi, 4 —

JAOBKMHA XBMJIi, 1,2,3 — moC/1i0BHI nepeMilieHHsI XBUJTi

8.4. CTOAYA XBUJIA
Posrnsinemo nBi 01Kyl XBuil y; = yesin(at + kx) ta y2 = yosin(w—
kx), SIK1 MOMIMPIOIOTHCS Y MPOTUIICKHUX HAMPSIMKaX.
Ili #BI XBWII B3aEMOJIIOTH MDK COOOIO, BHACIIJOK YOI

YTBOPIOETHCS PE3YyIbTYIOUa XBUJIA:

Vv =y1+y2 =2 YmaxSInwtcoskx. (8.12)

OcCOOJIMBICTIO CTOSYOI XBHIII € TC, IO YaCTHHKH KOJHMBAaIOTHCA

OIHOYAaCHO, Yy LIbOMY pa3i YTBOPIOIOTBHCA o0ylacTi 3 MaKCHMAaJIbHOIO

aMILTITY00 KOJIMBaHb (nyuHocmi) Ta o0aacTi Crokow (8ysau). Biactanb
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MDXK CYCIAHIMU By3JlaMU (200 CYCIJIHIMHU ITyYHOCTSIMHU) JOPIBHIOE MOJIOBHHI

JOBXKUHM XBUJIi (puc. 8.4).

ITyunicmeo

Puc. 8.4. Crosiua xBuwiasi (uudpamMu NMO3HAYEHO MOMEHTH 4acy, SKi

HOCJIiIlOBHO NMpoxXoaAuThb YaCTUHKA, 110 KOJII/IBaeTbCﬂ)

SAxmo coskx= * 1, BenuunHa 3MILIEHHS MakCUMaibHA (Y = 2Vmax);
3HAYEHHS X y I[bOMY pa3i BIJMOBIAE MyYHOCT]; K10 coskx =0, 10y =01

3HAUYCHHS X BIAMOBIJAE BY3ITY.

8.5. BUTTS KOJIMBAHDb
PosrnstHemo ABI XBWJll, IO TPOXHM BIJIPI3HSIOTHCS YACTOTOKO 1
MOIIHUPIOIOTHCSA B OTHOMY HampsiMKYy. [li1 9ac CrocTepeXeHHS MOBEIIHKH
IIUX JIBOX XBUJIb Y JIaHIN TOYIIl MPOCTOPY BIIOYBAOTLCA OUmms KOJUBAHb
— TEepioAuYHI KOJMBAaHHS IHTEHCHBHOCTI B JaHIA TOYIll 3aBMISIKU
HaKJIQJaHHIO JBOX XBUJIb 3 YaCTOTAaMH, 1[0 TPOXH BiJIPI3HIIOTHCS.

Hexaii piBHSIHHS ABOX KOJUBaHb MAlOTh BUTIIS;

Y1 = ymaxcosa)lt, (8 1 3)
Y2 = YmaxCOSW 2L, (814)
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BHaCJ'IiI[OK HakJIagaHHss ABOX  KOJIMBAHb  PC3YJIbTYIOUYC  KOJIMBAHHSA

OIINCYETHCA piBHSIHHHMZ
Y =Y1t V2 = Ymax (COS® 1t + COS®1). (8.15)

BukoprcToBy0UM TPUrOHOMETPUYHE CIT1BBIIHOIICHHS

cosa +cosff = 2cos (“T_ﬁj cos (“T*ﬂj , (8.16)

Ta BpaxoByrouu Bupas (5.9), onepxumo:

y = 2ymaxcos27r(vl;_wjt coszn(%}. (8.17)

I'padix pe3ynbTyr0uOro KOJIMBaHHS HaBEJAEHO HA pHC. &.5.

Puc. 8.5. burrd KoJIMBaHb

Takum 4YuHOM, epEeKTHBHA YACTOTa PE3YIbTYIOUOrO KOMUBAaHHS JIOpiB-

HIOE (WJ, MaKCUMaJlbHA aMIUTITy/la Pe3yIbTYIOUMX KOJMBAaHb MA€ MiClIe
2

TOZ1, KOJIU COS2 ﬂ(%}t = 11, T00TO amMIUIITYyIa PE3yJIbTYIOUUX KOJIHBaHb

3MIHIOETHCS 3 YACTOTOO ("1_‘”2}
2
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8.6. POBKJIAJIAHHSA CKJUIIA/ITHUX KOJIUBAHDB Y PAI ®YP’€
3a Oyp’e, Oynb-aKe CKiIagHe KOJWBAHHS )(1) MOXKHA TIPEACTABUTH SIK
KOMOIHAI[I}0 JOCTaTHHO BEIMKOI KIJTBKOCTI CHHYCOITHUX Ta KOCUHYCOITHUX

XBUJIb, SIK1 YTBOPIOIOTH psid Dyp c:

V(t) = T (Asin2 vyt + Bacos2 vit), (8.18)

ne A, 1 B, —aMIUIITYAu TApMOHIYHHUX KOJIMBAHb; 1}, —4acTOTa 1-TO
KOJIMBaHHA.

3alIeXKHICTh BITHOCHOI 1HTEHCHBHOCTI TapMOHIK BiJ X YacTOTH
Ha3UBAETHCS 2APMOHIYHUM CHeKmpom CKJIagHoro koiuBaHHs. [lpukian
PO3KJIaIaHHs CKJIAJHOTO KOJMBAaHHA B psax Pyp’e HaBeneHO HaA puc. 8.6, a

BIJIMOBITHUH TapMOHIYHUHN CIIEKTP IIbOTO KOJIMBaHHS — Ha puc. 8.7.

TIapmonixn

- PN e

5 E 7" |*
: HNANYANY!
N AVARVERV/

: L Ao
3 AN ==
H ] . 8
R - ey 7 17

Puc. 8.6. Po3kiiaganHsi CKJIAHOI0 KOJIMBAaHHA B psajg Dyp'e

Puc. 8.7. 'apMOHIYHNH CIIEKTP CKJIAJIHOI0 KOJIMBAHHA
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8.7. KOJIUBAJIBHI ITPOLHECH Y ITIPUPOA1

8.7.1. Exoutoriuna mogesb Boabreppa—Jlorka

PosrisiHemo kiaacMYHMI MpUKIIaL MOAENl O10J0TIYHOI CUCTEMHU, SIKa
OMHCYETHCS BOMA MU(DEpEeHIlIaTbHUMU PIBHIHHIMU — €K0JI02IYHY MOOelb
Bonemeppa-Jlomka. Hexall y neskoMy 3aMKHYTOMY padOHI MEIIKAarOTh
KEPTBH (3ailI1l) Ta XWKaku (BOBKH). 3aiilll TOAYIOTHCS TUTBKHA POCITHHHOIO

)Kero, SIKOT 3aBXK/IU BJIOCTaJIb; BOBKAM K€ MOTPIOHI TUTHKH 3aMIIi.

. . . o - dN
MoxHa OpUNYCTUTH, 1[I0 3MIHAa KUIBKOCTI  3aMIliB LT‘J
t

MpONopIIiiiHa X KUTBKOCT1 N;:
—+=aNj. (8.19)

3MEHIIEHHS KUIBKOCTI 3aif11iB TPONOPLIHHE WUMOBIPHOCTI 3yCTpidi 3aMLis
3 BOBKOM, TOOTO m00yTKy KuIbKocTedt N;N,. Takum dYuHOM, MpoIecC

3MEHILEHHS KIIbKOCTI 3aiI[iB OMUCYETHCS PIBHSIHHSIM:

dN,
dt

= _bNN:. (8.20)

3MiHa KUIBKOCTI 3alIliB 3 ypaxyBaHHSAM iX PO3MHOXKEHHS Ta

MOJKJIMBOCTI 3YCTpiul 3 BOBKaMHU Oy/1€ ONMUCYBATHUCS PIBHSIHHSAM:

% — aN;— bNiN:. 8.21)

TakuM 4YWHOM, KIJIBKICTh BOBKIB Oyle 3MEHIIYBaTHCS (3a paxyHOK

IPUPOTHOT CMEPTHOCTI) MPOMOPILINHO 1X KIIBKOCTI N> 1 30UIbIIyBaTHUCS
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MPOMOPIIMHO WMOBIPHOCTI 3ycTpiul 13 3aiiuamu N;N>. 3MiHa KUIBKOCTI

BOBKIB 3aITUIIETHCS PIBHIHHSIM:

% — _ N2 + dNIN:. (8.22)

Bci mi MipkyBaHHS TPU3BOASTH JO CHUCTEMH JBOX AU(EpEHINIaTbHUX

PIBHSIHbB:
le =aN;- bN]Nz;
dt
(8.23)
dN,
el cN> + dN|N-.

Cnin 3ayBaXuTH, 110 KOXKHOMY CTaHy O10JIOTIYHOI CHUCTEMHU ‘‘3aiiili —
BOBKH’ BIJIIOBIJIa€ MEeBHA mapa 3MiHHUX N;1 N> ; BojgHOYAc, Oyab-gKa rmapa
3HaueHb N; 1 N, onucye NEeBHUM CTaH CUCTEMH.

PosristHemo MOXIuBICTh TpadiuHOi 1HTEpHpeTalli 3rajaHoro BHIIE.
Hexait € cucrtema koopAauHaT, Ha OCSIX SKOi BIIKJIAJICHI 3HAYCHHS 3M1HHUX
NiiN-.

Koxna Touka N Takoi TuiomwHM 3 KoopauHatramu X 1 ¥ BiamoBigae
NeBHOMY cTaHy cuctemu (puc. 8.8). Taka miomuHa Ha3UBAETHCA PA306010
niowunoro. Ilin wac 3MiHM cTaHy cUCTeMH Yy daci 3MiHHI X 1 V
3MIHIOIOTHCS BIIMIOBITHO 10 CHCTEMHU PIBHAHB (8.23).

[Ipontec 3minm X 1 ¥V Oyame Bignosimatu pyxy Touku M(X)V);
CYKYIHICTh MOMJIMBUX IIOJIOKEHBb I11€1 TOYKH Ha (Ha3oBiil IUIOMIUHI

HAa3UBAIOTh ()a306010 MPAECKMOPIEIO.
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M(x,y)

thp——_—,——————— 9

Puc. 8.8. ®a3oBa miaomuHa

Jlisa Toro, 100 ofiepKaTH pIBHSHHS, 110 3B’sA3ye Oe3nocepeHbo N;iNo,

PO3IIMMO Jpyre piBHSIHHA cucteMu (8.24) Ha nepliie, BUKIIIOYUBIIH Yac £

dN, _ O(N,,N,)
dN, P(N,,N,)

(8.24)

Po3B’d3aHHsI LIbOTO PIBHSHHS A€ CYKYIHICTh 1HTErpajibHUX KPUBUX

(pazoBux Tpaekropiit) Ha wiomuHl N, N> (puc. 8.9).

dN,

C . . dN
Touku, B SKMX MOX1AHI 3MIHHUX — 1 —2
t

NEPETBOPIOIOTHCS B HYIb,

) ) i dN. .
Ha3UBaIOThbCA ocoOusumu mouyxkamu. OCKIIbKH IIBHIKOCTI 3MIHH 7‘ 1
t
dN, o ) ) i )
y B OCOONMBIA TOUlll JOPIBHIOIOTH HYJIO, BOHA  BIJIOBIJIA€
t

CMayioHapHOMY CMAHY.
OTxe, 3pOCTaHHs YMCELHOCTI 3ai1liB BIJMOBIAAE PyXY BiJ TOUYKHU a J0
TOYKH 6 Ha ¢a3oBiil mrommHi (quB. puc. 8.9); 1eil mporec cympo-

BOJIKYETHCSI 3POCTAHHSIM YHCEJILHOCTI BOBKIB, 1[0 OACpPKaU CHPUSTIUBI
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YMOBH TOJIIBJII; ajie 1€ 3POCTaHHS YUCETHHOCTI XMKaKiB MPU3BOAUTH 0

3MEHIIICHHSI YUCEIILHOCTI XKepTB (mepexii 6—>¢ Ha (Pa3oBiil IUIOIMIKHI), 110

BIJIMBAE HA 3MEHIIIEHHS YHUCETHHOCTI BOBKIB (mepexin c—a). Takum 4u-

HOM, Ol0oJIOriyHa cucTeMa ‘‘3ailll — BOBKHM 3A1MCHIOE KOJMBaHHSA. bynb-

Puc. 8.9. ®a3oBuii nopTper cUcCTeMu
"xmwKak-keprea’'(M — ocodimBa

TOYKA)

Puc. 8.10. [loBeninka 3minuux N i

N: y gaci

SKAW BUITQAKOBUI  30BHIIIHIN
BIUTUB TI€PE-BOJNTH CHUCTEMY B
1HI1Y (a30BY IIJIOMIUHY.
[ToBeninky 3MiHHUX N; 1 N2y
yaci HaBeiaeHo Ha puc. 8.10.
OueBugHO,
0 MaKCUMyM  YHCEJIbHOCTI
KEPTB  3aBKIW  BHIEpPEIHKAE
MaKCUMyM YHCEJIbHOCTI XHM)KaKiB.
3 IUMH KPUBUMH Y3TOKYIOTHCS
pE3YJIbTaTH  CIIOCTEPEKEHb  3a
KOJIMBaHHSIMH YHUCETBLHOCTI
MIBHIYHOAMEPUKAHCHKOTO  3aMIIs
ta puci B Kanami (puc. 8.11).
[lepiogn KoOMMBaHb YHUCETHLHOCTI
KEPTB Ta XWXKaKiB MPHUOJINU3HO
OqHaKoBl 1 crTa”HoBIATH 9-10

pPOKIB,  TPUYOMY  MaAKCUMyM

YHUCCIHLHOCTI SaﬁHiB BUIICPCIKA€ MAKCUMYM YHUCEIHLHOCTI pHCGﬁ Ha OIHMH

PIK.PUYOMY MAaKCUMYM YHCEIbHOCTI

YUCEJIBHOCTI pUCEN Ha OJIUH PIK.
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1845 1865 1885 1905 1925 Poku

Puc. 8.11. Pe3yabrarH cnocrepexeHb 3a 3MIiHAMH KOJUBaHb

YMCeJbHOCTI MIBHIYHOAMEPUKAHCHKOrO 3aiius Ta puci B Kanani

8.7.2. YTBOpeHHS KOJIOHI KOJIEKTUBHUMHU aMe0amMu

PeanbHi Oionoriu"i cuUcTeMHU HE 3HAXOJSAThCA B CTaHl pIBHOBAard,
OCKUIbKU B HUX MPOTIKAIOTh MPOIIECH, 110 CYINPOBOIKYIOTHCS TUCHUIIAIIIEIO
€Heprii — Mepexo0M YaCTUHH €HEPril YIOPsIAKOBAHOTO MPOLIECY B €HEPT1I0
HEYIOPAIKOBAHOT'O TIPOLECY, HAPUKIIAJ, Y TEIUIOTY 200 BUIIPOM IHIOBaHHS.
BUHUKHEHHS TUCUITATUBHUX CTPYKTYP CIIOCTEPITAETHCS 1 B TOMYJIAIT aMe0
Dictyostelium discoideum. llicns Buxomy 31 crnop ameOu pOCTyTh Ta
PO3MHOXYIOTHCS SIK OMHOKJIITHHHI OpraHi3Mu, JOKH iM BucTadae iki. Komu
XapuyoBUM pPECypc BUUYEPIYETHCS, aMeOu MPUIMMHAIOTH PEMPOAYKIII0 Ta
BCTYNAIOTh y MPOMDKHY a3y, mo TpuBae Ommu3bko 8§ rox. [licns mporo
aMeOM CIOB3al0Th JO0 OKPEMHMX KJITHH, 110 BUKOHYIOTH (PYHKIIII IIEHTPIB
arperaitii. IlosicHIO€TbCS 1I¢ THUM, IO HaAWOUIBII “‘romomHi” aMeou
BUITYCKalOTh CUTHAJI — XIMIYHY pe4oBUHY yAM®D. SIK TUIbKH BHACHIJIOK
mudy3ii 19 peuoBHMHA JOCSTHE 1HINOI amMeOM, TO Ta TaKOX BHUJLISE CBOIO
nopuiro yAM® 1 nounHae nepeMillaTUCs 10 nepiioi ameou. Takum ynHOM
YTBOPIOIOTHCSI KOHIIEHTPUYHI aBTOXBUIJI pyxy ame0. Takuili mporec

CYNPOBO/IKYETHCSI YTBOPEHHSIM OaraTOKJIITUHHHUX KOJOHIM, SIKi MOBOJSTH
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cebe K enuHHMI opraHi3M. Ll KOJOHIS MIrpye, TOKA HE 3HAWJE NUISHKY
cepenoBuIla, MpUAATHY AJi1 (POpMyBaHHS IUIOAOBOTO TiMa. 3 IHOTO Yacy
KOJIOH1s MOYMHAE AU(EPEHIIIFOBATUCS, YTBOPIOIOUM CTEOINHY, SIKa HECe Ha
KiHIl Oe3mu cmop. lledt aBTOKAaTamITUYHHI TPOIEC IMOBTOPHOETHCS

nepioguyHo (puc. 8.12).

Puc. 8.12. YTBOpeHHS KOJIOHIH Yy

KOJIEKTUBHHUX aMe0

KomuBanpHi mporecn 1 XBWIL €
MOIIUPCHUMU  SIBUIIIAMU  KHBOI
npupou. Jlo Ko-TMBaILHUX MOXKHA
BIJHECTH Takl TMpoLecu: OuTTA
cepis, pyX JereHb, poOOTYy KHUIIEUHHUKY, BIOpallii TroJIOCOBUX 3B’S30K,
NEPIONYHY OKHMCHIOBAJILHO-BITHOBHY peakiiito beinoycoBa—KaboTHHCHKOTO,
NEPIOAMYHI MTPOLIECH MPH TJIIKO-JIi31 Ta (POTOCHHTESI, CITipajibH1 XBUJI B MIOKapIl

Ta CITKIBIIl OKa, TOIIUPEHHSI 3BYKOBHUX KOJMBaHb TOIIIO.

8.7.3. IlpupoaHi KOTUBAHHS Ta POCIMHHA

KopomiBchka mnpumyna (mpaBuibHa OOTaHIYHA Ha3Ba MpUMYJa
iMriepaTopchka) Primula imperialis 3poctae Ha ocTpoBi SIBa 1 CIIYKUTh JJIs
MICLIEBUX JKHUTEJIB CBOEPITHUM CEHCOPOM, SKUU TPOPOKYE BUBEPIKECHHS
BYJIKaHIB a00 3emieTpyc. BBaxaeThcs, MO MOTYKHAM TMOIITOBXIB 3€MHO1
KOpH TIepeayIOTh CabKi KOJIMBAaHHSA pPI3HUX YacTOT, B TOMY YMCI 1
yJIbTPa3BYKOBI, SIKI IMPUCKOPIOIOTh PyX IMOXUBHUX COKIB MO Kamijisipax
pPOCIIMHU, 1HTEHCU(IKYIOTh Mpolec OOMIHY PEYOBHH, B PE3yJbTaTi 4YOro

KBITKa PO3IIBITAE.
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Y Jlna oonumaugux
Yyrausicte Taprana (Blattodeae) no Biopaiit cranoButs 107—1071° cm;

aMILTITYZy KOJIMBaHb Y TAKUX TPAHULISIX MOXKHA MOPIBHATHU 3 11aMETPOM

aToMa BOJIHIO.
KOHTPOJIBHI 3AIIMTAHHSA TA 3ABJJAHHSA

1. IIlo Take KonMBaHHS?

2. SIxi KoIMBaHHS HA3UBalOTh TapMOHIYHMMH? 3amucaTtd 1 MOSICHUTH
PIBHSIHHSI TAPMOHIYHOTO KOJMBaHHS. JlaTh BU3HAaYEHHS aMIUTITYyad, ¢asu 1
MOYaTKOBOI ()a3u rapMOHIYHOTI'O KOJIMBAHHS.

3. Illo Take mepioj KOIMBaHb? YACTOTA KOJUBAHb?

4. $ki xonuBaHHS HA3UBAIOTh 3racalOuYUMHU?

5. Illo Take norapudMidyHU TEKPEMEHT 3racaHHs?

6. SIKy XBUJIIO Ha3UBaIOTh O1KY4OI0? CTOSTHYOI0?

7. HaBecTu npukiaau KOJIUBAJIbHUX MPOILECIB, 110 3yCTPIYAIOTHCS Y KUBIN

IPUPOII.
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9. AKYCTUKA
[any3p ¢i3uku, sKka BUBYAE MPYKHI KOJMBAHHSA Ta XBWJI 3BYKOBOTO,
yJIbTPa3BYKOBOTO Ta 1H(GPa3BYKOBOT'O J1aMa30HIB, MPOIECH iX 30ymKEeHHS,
00pOOKH, MOMUPEHHS, PELeNIlii, B3aEMO/Ii 3 PEUOBUHOIO Ta PI3HOMAHITHI

HpaKTI/I‘-IHi 34CTOCYBAHHS, HA3UBAECTLCA AKYCMUKOIO.

9.1. 3BBYK TA MOT'O XAPAKTEPUCTUKH
B Oiodisuii 38yx — 1e npyxHi 30ypeHHs, 10 TOIMIMPIOIOTHCS B
TBEPAUX, PIAKUX 1 Ta30MOAIOHMX CepeAOoBUIIAaX, SKI CIPUIAMAIOTHC
CIIyXOBUM aHAJII3aTOPOM JIFOJIMHU Ta TBAPHH.
Po3rnsiHeMo OCHOBHI XapaKTepUCTHKHU 3BYKY:
Yacmoma Q' 3ByKy XapaKTEPU3YEThCA K MEPIOANYHI KOJMBAHHS, 110

CHpHﬁMaIOTBCH CCPCAHBOIO JIIOAUHOLO.

3BYKOBI XBUJI, 10 CIOPUUMAIOTHCS JIIOJMHOIO, MarOTh 4YacTOTy B

manaszoni 4Q = 20-20000 I'1x.

1llsuokicmv nowupenHs 36yK060i Xeuai L 3aJICKUTH BiJ CEpeOBUIIA
(Tabm. 9.1).
Enepcisn 36yxosux xonusanv E CKIalaeTbCsl 3 KIHETUYHOI eHeprii FEy
MOJICKYJ, IO KOJHUBAIOTHCS, 1 TOTEHIIaabHOI eHeprii £, 3MilmeHnx
BIJIHOCHO TIOJIO’KEHHS PIBHOBAru.

Iloena emnepeis, sika MEPEHOCUTHCS 3BYKOBOIO XBHUJICIO, BH3HAYAETHCS

TaK:

E max = 212pVv2A2Y, 9.1)
e p — I'yCTUHA CePeAOBUIIA, B SKOMY IOITHPIOETHCS 3BYKOBA XBUJIS; V —

00’eM.

316



9.1. OcCHOBHI aKyCTHYHI NapaMeTPH Pi3HUX PEYOBUH

PevoBun I'yctuna [IBuaKiCTH [TuToMui XBUIIbOBUIA
a o 3BYKY U, orip PV,
Kr/™m> m/c Kr/M? - ¢
[ToBiTpst 1,29 0,331-10° 427
Bona 1-10°3 1,497-10° 1,497-108
Kpos 1,05-10° 1,56-10° 1,638-10¢
M’sa3u 1,058-10° 1,568-10° 1,659-10°
Kuposa 0,928-10° 1,47-10° 1,364-10°
TKaHWHA
Kictku 1,85-10° 3,36-10° 6,216-10°
yepena

U'V niteparypHux mkepenax 3 aKyCTHKH BHKOPHCTOBYIOTH CIIEIliajibHi
CUMBOJH: {2 — 4yacToTa, /1 — JOBXKHHA 3BYKOBOI XBHJII.
O06’emna eycmuna ewnepeii, TOOTO TIOBHA €HEPris OJWHUIN 00’ €My

CepeI0BUIIIA, B IKOMY MOLIUPIOETHCS 3BYKOBA XBUJISL, IOPIBHIOE:
1
E wax !V = 272 pV 4? =5 2 pA°. 9.2)
Ilomyowcnicms  36yK060i  x6uni  (akycmuuna  nomydsicHicms) P
BU3HAYAETHCS SIK €HEPrisl Enux, 110 MEPEHOCUTHCS 3BYKOBOIO XBHIICIO 32

OJJVMHHIIIO Yacy f:

P=Enalt. (9.3)

Iumencusnicme 1 368yKk060i x6uni — 1€ BIJHOIIEHHS TOTYXHOCTI

3BYKOBOI XBWJII /10 OAMHUILI IUIOLII S, Yepe3 sIKy MEePEeHOCHTHCS €HEepris

317



3BYKOBOIO XBHJICIO Ta SIKa MEPIICHAUKY/ISPHA HAMPSMKY TOIMTUPESHHS IiET
XBUJIL:

;
S

= Ema)/St. (94)

[HTeHCUBHICTH 3BYKY MOB’si3aHa 3 aMIUTITYyI0I0 4 MaKCHMaJIbHOTO

3MIMIEHHS CIIBBIIHOIIEHHIM:
[ = (Ena V)0 =27 pVA70 = 5 2 pA’0. (9.5)

3sykoeum (ab0 axycmuyHum) MuUcCKOM p, HA3UBAIOTHh JOAATKOBUN
TUCK (HAIJUIIIKOBUHM HaJl CepeAHIM TUCKOM HABKOJMIITHHOTO CEPEIOBHUIIA),
KU YTBOPIOETHCS B JUITHKAX 3TYIMICHHS YaCTUHOK B aKYCTHYHIN XBHIIL:

Pa = pUvA , (9.6)

ne (2 — KojoBa 4acToTa; A — aMmIUINTyJa 3MIMIEHHS YacTUHKH, sKa
KOJIUBAETHCS; pPU — MUTOMUM XBUJIBOBHI OIIpP CEPEOBUIIIA.

3BYKOBHUH TUCK OB’ I3aHUM 3 THTEHCHUBHICTIO XBHJIL:
1 =pd/2pv. 9.7)

IMpuxkiaan
[HTeHCUBHICTH 3BYKOBOi XBWJI, IIO CTBOPEHA PIKKOM MacTyxa Ha
Bigcrani 320 M , gopiBHroe 1078 B1/M?. Bu3HauuTH BEIMYMHY 3BYKOBOI'O

THUCKY.

Po3B’sa3anus

BuxopucroByrouu criBBigHomeHHs ( 9.7 ), MaeMo:

Pa = (2p0])"”.

[TixcraBiasteMo ynciioBl 3HaUueHHs 1 1adl Ta01.9.1:
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pa = (2 -427 kr/m? ¢ <10 Br/m?)'2 H/m?= 2,92 - 1073 H/m>.

KoHTponbHe 3aB1aHHs

KynkymakanHs KypKd CTBOPIOE JOJAaTKOBHM THUCK Oim3bko 1H/m2,
BuxopucroBytoun nani 1ab1.9.1, po3paxyBaTé 1HTEHCHUBHICTh 3BYKY, IO
CTBOPIOE KypKa, B IOBITPI.

Bionogion: 1073 Bt/M2.

9.2. PiBeHb IHTEHCMBHOCTi 3BYKOBHUX KOJIUBAHb

Jliama3oH  1HTEHCHBHOCTI 3BYKOBUX KOJHMBaHb, fAKI 3[aTHa
pEECTpYBATH JIIOJIMHA, 3MIHIOETHCS BiJl MIHIMAJIBHOIO 3HAYEHHS, IIO0
BIIMOBIa€ TIOPOry CIIyXOBOi uyriuBocTi yromuan (Ip = 1072 Br/m?), 1o
MaKCHMAJILHOIO, SIKMI Bilnosizae mopory GomicHux Bimuyrtis (I = 1 Br/m>3).
UYepe3 1€ AOUUIBHO BHUKOPUCTOBYBAaTH JIOTapU(PMIYHY IIKATy OLIHKH
IHTEHCHUBHOCTI 3BYKOBHUX KOJINBAHb.

Pigenwv inmencusnocmi 36yKy L OLIHIOETHCS TaK:

L= 101ng1}, (9.8)

0
ne I — IHTeHCHUBHICTb 3BYKOBOi XBWJI, fIKa OLIHIOEThCA; [y — MiHIMaiIbHa
IHTEHCUBHICTb.

Tyr L Bumiproerbcss y paenubenax (nb). TumoBi 3HadeHHS piBHS

IHTEHCUBHOCTI 3BYKY HaBEJICHO B Ta0JI. 9.2.
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9.2. TunoBi 3Ha4YeHHs PiBHIB IHTEHCUBHOCTI 3BYKY

J>xepeno 3ByKy PiBenb
IHTEHCUBHOCTI
3BYKY, 110

[lenecTinus TUCTS 10
[emiT 20-30
[IIym, npu IKOMY MO>KHA CIIaTH 35
JI3r>KyaHHS KoMapa 40
UuranbHa 3ama 40
CrokiitHa Oeciza 55-60
[IpansHa MammHa 50-75
ITunococ 60-85
Micbka Byauus 75
I'onocHa po3moBa 80
ABTOMOO1UIbHMM CUTHAJ HA BIACTaH1 6 KM 90
EnextpuuHna npuib 95
[TocTpin 13 pymHUAII 100
Jnckoreka 110
Pok-koH1ept 110-120
[opir OomicHUX BIIYYTTIB 130
PeaxkTuBHUi miTaK 140-150
[TormkoxenHs 6apabaHHOI TEPETUHKU 160
3anmyck KOCMIYHOI paKkeTu 180
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Hpuxnan

[HTEHCUBHICTL 3BYKOBOT'O IMIYJbCY, CTBOPEHOTO Ka)kaHOM B
mporieci exOJIoKallii Ha BifcTaHi JEeKiIbKOX CaHTUMETpIB, ckiagae 1072
Bt ‘M2

OuiHUTH PIBEHb IHTEHCUBHOCTI B Jeru0enax.

Po3B’si3anns

PiBeHb 1HTEHCHMBHOCTI 3BYKOBOI'O IMIIYJIbCYy BHM3HAYMMO 3a

JOTIOMOTOF0 BHPa3y:

L= 10lg )

3BIIKU

L= Jozg(llg‘fzj =101g10'° =10 -10 = 100 6.

KoHTponbHe 3aB1aHHA
OUIHUTH I1HTEHCUBHICTh 3BYKY, IO BHKJIMKa€e OOJICHI BIOYYTTH,
BUKOPHUCTOBYIOUHM J1aHl Ta01.9.2.

Bionosios: 10 Bt/M2.

9.3. Cy0’€KTHBHI XapaKTePUCTHKH 3BYKOBHUX XBWIb

3BYK, SIKUH € OO0’€KTOM 3BYKOBHX BpPaKEHb, OLIHIOETHCS IKUBUM
OpraHi3mMoM Cy0’ €KTHUBHO.

Bucoma 36yxy BIINOBIIA€E SKOCTI 3BYKY, III0 BU3HAYAETHCS CYO €KTUBHO Ha
CIyX 1 3aJeXUTh B OCHOBHOMY BIJ YacCTOTHM 3BYKOBHX KOJHMBaHb. 3i
3pOCTaHHSAM YacTOTH BUCOTA 3BYKY 30UIBLIYETHCS 1 HABMAKU. 3HAYHO MEHIIIE
BUCOTA 3BYKY 3QJIEKHUTh Bl IHTEHCUBHOCTI 1 CKJIQIHOCTI 3BYKY.

I'yunicme 36yKy — 11€ BEIMUMHA, KA XapaKTEpU3Ye CIYXOB1 BIAUYTTS JJIs

JaHOro 3ByKY. BoHa 3aneXuTh BiJl 1HTEHCHBHOCTI 3BYKY, aKyCTUYHOIO

321



TUCKY, 4aCTOTHU 1 (POPMH 3BYKOBUX KOJIMBAHb.
Tembp 36yKy BU3HAYAETHCA  CHEKTPAJbHUM CKJIaJOM 3BYKY, TOOTO

IHTEHCUBHICTIO 1 4aCTOTOI0 00EPTOHIB BIIHOCHO OCHOBHOI'O TOHY.

9.4. Edext Jonmiepa

Egexm [lonnnepa nonsrae y 3MiHI 4aCTOTH KOJIMBaHb a00 JOBKUHU
XBWJI, IO CHPUUMAEThCA CIOCTEpirayeM, MiJi 4Yac BIJHOCHOTO PyXY
JoKepesia KOJIMBaHb Ta CIIOCTEpiraya.

SKmio mKepeno 3BYKY Ta CIIOCTEpirad pyXaloThCs HA3yCTpid OIWH
OIJHOMY, 4YacTOTa, IO CIPUIMAETBCS CIIOCTEpIraueM, IEPEeBHUIIYE YaCTOTy
JDKEepenia 3BYyKYy.

Skmio mxepesno 3ByKy Ta CHocTepirad BiUIATSIIOTHCS OMH BiJl OTHOTO,
CrocTepirad CupuiiMae 4acToTy 3BYKY MEHIITY, HK 4acToTa JHKepesia 3ByKY.

Sxmo crnocrepirad 1 JpKepeao 3BYKY HEpPYyXOMi OAMH BIJIHOCHO

OJHOT'O, MAa€ MICIIC CHIBBIJHOIIICHHS

A=§, (9.9)

ne /A — OBXKHWHA; V — MBUIKICTh, V— 4acTOTa 3BYKOBOi XBHJII.
Akmo Kepeno 3BYKY HaOMMKAEThCSA JIO CIIOCTepiraya, JOBXKHUHA

3BYKOBOI XBUJIl BUBHAYAE€THCS TaK:

A=2"0% (9.10)
14

a 4acToTa 3BYKY, 1110 CIPUMMAETHCS CIIOCTEpIraueM, Tak :
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-V (9.11)

Takum 4YHWHOM, YacTOoTa JKepela 3BYKY, 110 HaOJIUXKAETHCS,

V-V

a

. . 1%
30UTBIITYETHCS TOPIBHSIHO 3 YaCTOTOI0 HEPYXOMOTO JDKEpesia B L J

pasiB.
VY Bunajaxy BiAJa’ICHHS JKEpea 3BYKY Bijl CllocTepiraya Mae Miciie

CHIBBIIHOIICHHS

V'”:L v J~v. 9.12)

v+,

B 1mpomy pasi wactorta mxepena, mo BiIJaISE€ThCsl, 3MEHIIIYETHCS B

o pasiB
v+, '

Sximo mKepeno 3ByKy HEpyXome, a CrocTtepirad HaOIMKaeThCs J10

HbOTO, 4YacTOTa 3BYKOBOi XBWIJIl, IO CIPUUMAETHCS CIOCTEpIradeM,

30LTBIITYETHCS:

va’=L“;“aJ-v. 9.13)

[Tpu BigmaneHH1 cocTepiraya Bij JHKepesia 4acToTa 3ByKOBO1 XBUIII,

10 CIPUHUMAETHCS CIIOCTEPIraueM, 3MEHIITY€EThCS:

W= L“‘“rJ-v. 9.14)

L

Taka 3MiHa 4acTOTH (JOBKHMHM 3BYKOBOI XBHIJII) B MPOIECI PYyXy

JoKepena 3ByKy (a0o croctepirada) Ha3UBaEThCs egpekmom /onnnepa.
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Hpuxnan

BusHauutu 4acTtoTy yIbTPa3BYKOBOI XBWJII, IO CIPUHAMAETHCS
KOMaxol IIJ 9ac HaOMMKEeHHs 10 Hel KakaHa 3i IMBHAKICTIO 5 mc.
YacroTta yabTpa3BYKOBOI XBWJIl, IO TEHEPYETHCS KaKaHOM, JOpPiBHIOE 60
kl 1.

Po3B si3aHHs

YacTora 3BYKOBOi XBWJI, IO CIPHUMAETHCS KOMAaxor, MOXe OyTH

3HalijieHa 13 BUpasy:

Va = y=3%_6.103= 60,9 k[ 1.

v-uv, 340-5

KoHTposibHe 3aB1aHHA
Busnauutu 4YactoTy 3BYKOBOi XBWJ, BIJOMTOI KOMAaxomw 1
CIPUMHSATOI Ka)KaHOM, BUKOPUCTOBYIOUH JaH1 TONEepeaHbOI 3a1ad4i.

Bionosiow: 61,8 k',
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9.5. YVIBTPA3BYK TA HOI'O XAPAKTEPUCTUKHU

[Mpyxui xBuii 3 vactoramu Big 2 -10* T'u go 10° Ty HasuBaroTHCA
yabmpazeykom. J1o OCHOBHHUX OCOOJIHMBOCTEH YIbTPa3BYKy HAJIEKUThH HOTO
BJIACTUBICTh MOLIMPIOBATUCH MO NPSMii, 10 J03BOJSE PO3IIAIaTH Lieh
npouec 3 MO3ULIM TeOMETPUYHOI aKyCTHUKM (B1IOWMBAHHS, 3aJOMJICHHS,
doxycyBanHsi). KpiMm TOro, OCKijbKH I'yCTHHA IMOTOKY €HEprii MpormopIiiiHa
KBaJpaTy 4YacTOTH, YJIbTPa3BYKOBI XBUJII XapaKTepU3YIOTHCS BEIUKOIO
EHEepri€o.

IlutanHss reHepalii yJbTPa3BYKY, OCJIA0JEHHs, IOIJIMHAHHS,
TTTMOMHY TPOHUKHEHHS B PEYOBHHY Ta PO301KHOCTI YIBTPa3BYKOBOI XBHIII

pO3IIIIHYTO JeTaibHO B poboTi [[locyain, 2008].

9.6. IHOPA3BYK

Ingppaszsyx — MpyxKHI XBWII 3 YaCTOTaMU MEHIIMMH, HIXK 00JacTi
4acToT, L0 CHPUUMAIOTHCA JHOAUHO0. Jliana3oH 1H(ppa3ByKOBHX KOJIMBAHb
craHoButh Big 1625 T mo 0,01 Tu IadpasBykoBi xBuii
XapaKTePU3yIOThCS BUCOKOK 1HTEHCHBHICTIO, 3JaTHICTIO MOIIMPIOBATHCS
B3/IOBXK 3E€MHOI TMOBEpXHI Ha BENMKI BIACTaHi 0e3 BTpar. Y NpuUpoi
okepenamMu  1HOQPa3BYKy € POCIMHM 1 JepeBa, W0 KOJHBAIOTHCH,
MIKPOCEMCMIYHI KOJIMBAHHS 3E€MHOI IOBEpPXHI, 3€MJIETPYCHU, YyparaHw,
BYJIKaHIYH1 BUBEp)KEHHsI, IITOPMHU, TPO30BI PO3PSIIU, IIyHaMi, BOJOCIA]IH,
BIIpUBH  JIbOJIOBUKIB Ta aiicOepriB, NpPUIUIMBA Ta BiIIuBU. B
1HIyCTpiai30BaHOMY CYCIUIBCTBI 710 JpKepen 1H(pa3ByKy HaleKaTh
aBTOMOOLTIbHI,  KOpaOenbHi,  aBialiiHl Ta  pakeTHI  JIBUTYHH,
CIITbCBKOTOCIIOIAPChKI  MEXaHi3MU. DBUTTS ceplis, KOJIMBaHHS JIET€Hb,
poOoTa  KHUIIEYHUKY, BiOpalii TOJOCOBUX 3B’SI30K — yce IIe

CYMPOBOJIKYEThCS TeHeparlieto 1HGpa3ByKy. [H(Gpa3ByKoBI KOJWUBAaHHA 3
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piBHEM 1HTEHCUBHOCTI < 120 10 BBaXarOTbCS IOMIPHUMH, OLUIbIIE —
IHTEHCUBHUMH.
9.7. LIYM
IcHye KimbKa BU3HAYEHB TEPMiHY wiym. Ilepiie BU3HAUYEHHS: IIyM SIBIISIE
cOOOI0 3BYKOBI KOJIMBAaHHS, IHTEHCHBHICTh 1 4YacTOTa SIKUX 3MIHIOIOTHCS
HECIMO/IBaHO Ta anepioAUYHO. 3TIIHO 3 IPYTHMM BU3HAYEHHSM, IIIyMOM € 3BYK,
SIKMI HAKJIAJIAEThCS Ha JIPYTUH 3BYK 1 B3aEMOJIIE 3 HUM, TOOTO HeOaKaHMA 115
HAILIOTO CIYXY 3BYK. Y TpPEThOMY CEHCI IIyM — 1€ OYyIb-SIKUil 3BYK, SIKUU
3aBakae JronuHI. Hampukmag, 3ByKM MY3WKH € KOPUCHUMH 3BYKaMH IS
MY3MKaHTa 1 IIyMOM Y APYTrOMY CEHCl JUIs JIIONEH, 1110 pO3MOBIISIIOTh, a00
IITyMOM Y TPETHOMY CEHCI JJISI JTFOIIHH, SIKa X0U€ 3aCHYTH.
OTxe, mIyM siBIIsi€ COOOIO0 3BYKOBI KOJIMBAHHS, MUTTEBA aMILIITy1a
SAKUX 3MIHIOETHCSI HECIOJIBAaHUM YMHOM. BennmunHa MHUTTEBOI aMILUTITYAH

IIYMY ONMKUCYETHCS HOPMAIBHUM (TayCOBHUM) PO3MOJILIIOM.

9.8. Posnogisn mrymy 3a iHTEHCHUBHICTIO

lym wMoxe OyTh mMOOYTOBMM, BHUPOOHUYUM, TIPOMHUCIOBUM,
TpaHCOPTHUM, aBiamiiiHuMm. lllym BuHUKae mig 4Yac po3Bar, JOMalIHIX
pOOIT, BHUKOPUCTAHHS ITPAIOK, BKJIIOYEHHS TPHUBOXHOI CHUTHAJI3aIll],
30MpaHHs CMITTA, OYIIBEJIBHUX Ta PEMOHTHHUX POOIT, 3allycKy Mojeieit

aepoIliaHiB, KAPTHHT1B, CHOPTUBHUX aBTOMOOLIIIB.
PexomenoBaHi HOpPMHM IIYMy B TMPUMINICHHAX 1 Ha TEPUTOPIAX
craHoBisATh: 30-35 10 — Ha TepuTOopisx 3amnoBiaHUKIB; 34— 37 10 B
CHAIBHUX MPUMIIIEHHAX (OyIUHKH, JIKApHI, KBapTHUpH); S56—66 16 — y

MPUMIIICHHSIX Mara3uHiB, 3aBOJIIB TOIIIO.
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KOHTPOJIbHI 3AIIUTAHHSA TA 3ABJIAHHA

Sxuit mporec Ha3UBaKOTh XBUJILOBUM?

o Take mpyxH1 XBUII?

. B AKMX 4acTOTHUX Jlama3oHax 3HAXOMSTHCS 3BYKOBI, YIbTPa3BYKOBI Ta

1H(ppa3ByKoOBi XBHIII?

Ha3BaTtu 0CHOBHI XapaKTEpPUCTHKN 3ByKOBUX KOJMBAHb.

. o Take cy0’€KTHBHI XapaKTEpUCTUKH 3BYKOBUX KOJIUBaHb?

UnMm BHU3HAYAETHCS TIOBHA EHEPTis, IO TMEPEHOCUTHCS 3BYKOBOIO

XBIWIEIO?

. o Take piBeHb IHTEHCUBHOCTI 3BYKY?
8.
9.

[Ilo Take edekt Jlomnmiepa?

[Ilo Take XBUILOBUH OMip?

10.1llo nHa3uBarTh ynbTpazBykom? ChopMysIOBaTH XapaKTepHI O3HAKU

YJIBTPa3ByKYy.

11.111o Take iHppa3ByK?

12./]atv BU3HAUYEHHS TEPMIHY “‘IIyM .
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APPENDIX IV

HEMODYNAMICS

The branch of biophysics that studies the causes, conditions, and
mechanisms of blood movement in a closed system of blood vessels and
describes this movement on the basis of the laws of hydrodynamics is

called hemodynamics.

Blood composition

The blood supplies each cell with water, oxygen, nutrients, hormones,
and receives the remnants of metabolic products and transmits them to the
excretory organs. In addition, the blood is involved in regulating body
temperature [] it transfers heat generated by the body from internal
structures to the body surface.

Blood is an opaque viscous suspension made up of the liquid part of
plasma and the blood cells that hang in it, which are called blood cells.
Shaped elements of blood consist of erythrocytes, leukocytes and
thrombocytes. Blood plasma is a liquid part of the blood, which consists of
salts, carbohydrates, proteins and biologically active compounds dissolved
in water.

The density of whole blood varies within (1,035-1,055) -10° xr/m3; the
plasma density is (1,025-1,034) -10° kr/m?; erythrocytes (1,08-1,09) -10°
kr/m>. Blood viscosity is equal to (4-5)-107 ITa-c, and plasma — 1,7-107 Ila-c
for temperatures 20 °C; blood and plasma viscosity depends on the
hematocrit (volume ratio of formed elements of blood and plasma) and

temperature.
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Circulatory system. The movement of blood through the vessels

The circulatory system of animals consists of a set of vessels of
different diameters, which form a vicious circle.

According to Hagen-Poiseuille's law, the volume of blood flow is
determined by the pressure difference at the beginning and end of the
vascular system and the hydrodynamic resistance R, which occurs due to

friction of blood against the vessel walls:

R=(pi—p:)/O =8In/ xR

The volumetric velocity of blood flow Q is the volume v of blood

passing through the vessels per unit time t:

0=/t

The unit of measurement of volumetric blood flow velocity is ml/s.
The linear velocity of blood flow v is the ratio of the volumetric

velocity of blood flow Q to the area S of the cross section of the vessel:

v =Q/S.

The unit of measurement of the linear velocity of blood flow is cm/s.
The value of Q remains constant for any part of the circulatory
system. The linear velocity v depends on the cross-sectional area of the
vessel. The total area of vessels at the level of capillaries is 700-800 times
larger than the cross-sectional area of the aorta, and then, at the level of

venules and veins, this area decreases.
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The speed of blood flow through the vessels varies from the maximum
value (40x102 m/s) in the aorta to the minimum (about 10-3 m/s) in the
capillaries; the speed of blood flow in the veins, before reaching the heart,
increases again (20x1072 m/s).

When a large vessel branches into several small vessels, Poiseuille's
law requires that in order to obtain the same flow, the total area of +n
vessels must be many times smaller than the area of the large vessel.
Indeed, blood flow Q1 in a vessel of larger diameter is related to blood

flow Q2 in vessels of smaller diameter:

Q1 =nQ:>.

Taking into account the equation of flow continuity leads to the expression:

S] V] — nSz 2.

Using Poiseuille's law, we obtain:

7Z'R14Ap/8771 = 7ZR24Ap/877].
From here:
7R = \Jn 7R,
Jn 7R =n nRY;

Jn S; =nS..

The flow rate in small vessels decreases:
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L2 = —F—.
Jn

The Poiseuille equation can only be applied to a constant flow of
liquid through rigid straight tubes. The circulatory system of the body
contains vessels with elastic walls; blood 1s a complex mixture of plasma
and shaped elements. Therefore, blood flow and changes in vascular
pressure cannot be described by the Poiseuille equation. The degree of
deviation of the real situation occurring in the circulatory system from that

described by the Poiseuille equation is some dimensionless constant o :
a=R(wp/n)"”,

where @ — the frequency of pressure fluctuations in the vessel; p — fluid
density; 7 — fluid viscosity.

For the arterial system « =~ 6, therefore, the Poiseuille equation cannot
be used; for small terminal arteries « ~ 0,5 and the Poiseuille equation can
be applied. For large values of a, the velocity distribution profile differs
from the parabolic shape, which is inherent in small values. c.

Analysis of these characteristics shows that with decreasing vascular
diameter, the Reynolds number decreases sharply. The movement of blood
through most large vessels is laminar; turbulent flow is possible only at the
beginning of the aorta (in large animals) and in the branches of large
vessels.

Blood is a non-Newtonian fluid and there are certain differences
between blood flow and the flow of a Newtonian fluid such as water. If you

trace the movement of water through tubes of different diameters, you can
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be sure that the viscosity of the water does not change in this case. Blood
becomes less viscous when vessels of smaller diameter pass. The
dependence of the viscosity on the diameter of the vessel can be explained
by the fact that the velocity gradient causes the erythrocytes to concentrate
along the flow axis. As a result, layers of blood with less viscosity are
formed near the walls of the vessel, and the size of these layers becomes
significant relative to the total cross section of the tube with decreasing

radius of the vessel.

Physical principles of measuring erythrocyte sedimentation rate

The bulk of the formed elements of blood are erythrocytes, red blood
cells.

Erythrocytes contain hemoglobin, a complex protein that carries oxygen
from the lungs to the tissues and carbon dioxide from the tissues to the
respiratory system.

Due to hemoglobin, the color of erythrocytes is red.

Mammalian erythrocytes have the shape of a biconcave disk - this shape
provides the maximum surface area for a given volume, which is important
from the point of view of optimal oxygen exchange with the environment.
The number of erythrocytes in the blood is 2-3-10' for an adult and 5-
9-10" for a domestic animal; the typical diameter of the erythrocyte disc
varies between 6-8 um in humans and 4-8 pm in animals.

In blood vessels, erythrocytes move in a radial-circular manner. The
erythrocyte velocity distribution curve has a flatter profile in the center of
the vessel and a steeper one near the walls. During the movement in the
shear flow, erythrocytes turn over; in this case, depending on the shear rate,
they may be deformed, acquiring an oval or longitudinal shape due to

collisions with each other and with the walls.
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Typical erythrocyte sedimentation rates are 15-20 mm/h for men, 20-30
mm/h for women and 2-13 mm/h for children.

Erythrocyte sedimentation rate is related to blood viscosity dependence:

The viscosity of the liquid in turn depends on the temperature:

N

n=a-e,
where a and b are constants; T-absolute temperature.
Therefore, taking into account the above formulas, we can prove that
the rate of erythrocyte sedimentation in viscous fluid (blood) also depends

on temperature:

The change in the sedimentation rate of particles during temperature

change is determined from the expression:

lho,-lhv, =b L .
L T

Measurement of ESR makes it possible to assess the processes that
cause an increase in body temperature. As the body temperature rises, the
viscosity decreases and the erythrocyte sedimentation rate increases. The
increase in erythrocyte sedimentation rate is due to inflammatory
processes, acute infectious diseases, chronic localized infections

(abscesses), injuries, malignant tumors, pregnancy. The ESR measurement
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procedure is especially appropriate in the case of diseases such as temporal

arthritis, when the ESR values reach 100 mm/h.

Physical methods of blood research

Direct measurements of erythrocyte diameter. The erythrocytes on the
colored film are illuminated so that their image is projected on the screen
with a magnification of 1000 times. The disadvantage of this method is the

long duration of the measurement process.

Diffraction methods for determining the average diameter of erythrocytes.
The method is based on the beam envelope of an erythrocyte and the
observation of a diffraction pattern consisting of concentric rings. The
diameter of these rings depends on the size of the erythrocyte and the
distance between the object and the light source. The device consists of two
telescopic cylinders; the outer one contains a light source, and the inner one
contains a film with erythrocytes and calibrated holes of a certain diameter.
The observer moves the inner cylinder until the diameter of the diffraction
pattern is equal to the diameter of the calibrated hole. The values of the
average diameter of the erythrocyte are plotted on the handle by which the

inner cylinder moves.

Measurement of erythrocyte sedimentation rate. When removing blood
from blood vessels, attention should be paid to the study of erythrocyte
sedimentation rate (ESR). The rate at which particles settle in a viscous
liquid depends on the temperature. As the body temperature rises, the
viscosity decreases and the erythrocyte sedimentation rate increases. The

increase in erythrocyte sedimentation rate is due to inflammatory
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processes, acute infectious diseases, chronic localized infections

(abscesses), injuries, malignant tumors, pregnancy.

Estimation of the number of erythrocytes per unit volume. The greater the
number of erythrocytes per unit volume, the slower the erythrocyte
sedimentation rate. Estimation of the number of erythrocytes in the blood is
possible with the help of counting cameras or electronic devices. To use the
counting chamber, the blood is diluted in a ratio of 1: 100 or 1: 200. A

sample of diluted blood is placed on a microscope slide and analyzed.

The principle of operation of an electronic device for determining the
number of blood cells is based on measuring the electrical resistance of
blood using two electrodes immersed in this blood. The -electrical
conductivity of blood depends on the number and size of blood cells, and
blood cells have a much higher resistance than blood plasma; we can
assume that blood resistance correlates with the hematocrit. Of course, such
a device requires pre-calibration of the concentration and size of blood

cells, as well as the type of animals whose blood is being tested.

The electronic counter consists of two vessels - wide, which contains
blood, and narrow, which 1s immersed in blood. A narrow vessel has a
narrow opening through which blood cells pass due to some discharge of
air created by the pump. The system is equipped with electrodes that are

connected to a device for measuring electrical conductivity.

In addition, a narrow vessel is connected to a mercury manometer. As a
blood cell passes through a narrow hole, an electrical circuit is short-
circuited, causing the conductivity meter to generate a pulse whose
amplitude depends on the volume of the cell. These pulses are analyzed by

an amplitude discriminator, which responds only to pulses of a certain
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amplitude, after which they pass (or not) through a pulse gate, which is
open when the mercury column closes the electrode manometer and closed
if the electrode is closed. This quantifies the volume of blood cells that
have passed through the narrow opening and changed the pressure in the

vessel.

Another method of determining the number of blood cells is based on dark
field microscopy. Diluted blood passes through a thin tube, which is
illuminated by a cone-shaped beam formed by a lamp and a dark field
condenser (lens and diaphragm with a ring aperture). If there are no blood
cells in the tube, light does not pass through the tube. When there is a blood
cell in the tube, light is scattered on it, resulting in a light image of the cell
in a dark field. This light image enters the photoelectric amplifier through

the lens and aperture.

Determination of hematocrit. The technique of ultracentrifugation makes it
possible to divide the blood into three fractions: at the bottom of the cuvette
are placed erythrocytes; next is a layer of leukocytes and platelets; at the

top of the cuvette contains blood plasma.

Thus it is possible to determine the relative number of blood components

and hematocrit.

The hematocrit can be determined using a nomogram, on the background
of which the capillary is mixed with blood components obtained after

ultracentrifugation.

Physical principles of blood vessel diseases
Blood diseases and damage to the walls of blood vessels may be

associated with changes in the concentration of erythrocytes and their
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increased aggregation, which leads to increased blood viscosity. Changes in
the number of red blood cells in the total blood volume contribute to animal
disease. Thus, an increase in the number of erythrocytes causes
polycythemia - a significant increase in erythrocytes in the blood, which
can cause an increase in hematocrit in cattle (total volume of blood cells
relative to the total blood volume) from 35% (normal) to 71% and the
number of erythrocytes from 5-7.5 to 20-24 million / mm?3. A decrease in
the number of erythrocytes or the concentration of hemoglobin per unit
volume of blood leads to a disease such as anemia, which is accompanied
by a decrease in the number of erythrocytes and a decrease in the content of
hemoglobin per unit volume of blood. In animals, anemia is caused by
blood loss due to bleeding, parasites, acceleration of erythrocyte
destruction or slowing of erythropoiesis (the process of erythrocyte
formation). In the case of sickle cell anemia, a significant increase in blood
viscosity is observed at high shear rates. This disease is caused by the
presence of pathological hemoglobins in erythrocytes.

Many diseases are associated with increased erythrocyte aggregation in
the form of so-called coin columns or more complex conglomerates.

The destruction of the erythrocyte membrane and the release of
hemoglobin into the plasma is called hemolysis. The cause of this
phenomenon can be chemicals, mechanical irritation, changes in osmotic
pressure, the effects of X-ray or ultraviolet radiation, blood transfusion
procedure.

Consider the physical principles of vascular disease associated with
vessel sealing due to the formation of blood clots on the inner wall, or
diffuse dilation of the hole due to pathology of the walls. These diseases

can be considered on the basis of the equations of an ideal fluid.

337



Thrombosis. The formation of compacted masses of blood or condensed
lymph in the circulatory system leads to a decrease in the cross section of
the vessel. This decrease in the value of the cross section S of the vessel is
accompanied by an increase in the velocity v of blood flow in places of

smaller cross section according to the equation of continuity of flow S =

const . . . . .
; an increase in the flow velocity v leads to a decrease in the static

L

2
pressure p according to the Bernoulli equation p + '20 = const. Reducing this

pressure below a certain level leads to blockage of the vessel. But because of
this, the kinetic energy of moving blood increases, and the opening of the vessel
increases. There are oscillations in the walls of the blood vessel, which cause
pain.

Aneurysm. In the case of widening of the S section of the vessel due to
pathomorphological changes in the walls, the flow velocity v decreases
(equation of continuity of flow), but the static pressure p increases (Bernoulli
equation). This excess pressure can lead to hemorrhage.

Gas embolism. In the blood vessel, in which for some reason (gas

condensation, injury or injury of blood vessels, surgery) formed a gas bubble,
due to the flow of the bubble shape is distorted (left and right hemispheres have
different radii of curvature). Therefore, according to the Laplace equation, the
additional pressures due to the surface tension of the fluid at the left and right
boundaries of the separation will be different. The pressure difference can lead
to disruption of blood supply, rupture or blockage of the vessel. This

pathological process is called gas embolism.
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POBOTA CEPLIA
The complete work done by the heart during the transfer of 1 cm? of
blood depends on the change: height m-g-(h2— h;), pressures (m/p)-(p2 — pi1)

and blood flow velocities %m (V3 -0, ie:

m 1 ) 2
A=A A A, =gy =h) + 2 =)y o)

0

Assume that the difference in height between the ventricle and the
arterial arch is 0.15 m, the speed of blood flow in this area is 0.4 m/s, and
the density is 103 kg/m3. The initial rate of muscle contraction is zero. Note
that blood pressure in a healthy person varies from 80 mm Hg. Art.
(diastole - dilation of the heart cavities and their filling with blood) up to
120 mm Hg. st (systole contraction of the heart muscle after relaxation,
accompanied by injection of blood into the arterial system). However, the
minimum pressure set in the arteries causes the aortic valve to close when
the pressure is zero. Therefore, the pressure difference is 4p = (120 mm
Hg.st — 0) = 1,6-10* N/m?.

The complete work performed by the heart during the transfer of 1

cm? of blood is:

m 1 =
A:Al+A2+A3=m'g'(hz—h1)+*~(172—P1)+5-m'(022—012)

0

:10’3~9,8-(0,15)+m—3-(w~1,013-105)+1-10’3~(O,42—0):0,01755 J
10° 760 2 :

The work of the heart for one contraction, which carries 60 cm? of

blood, is:
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A=1,755-102J-60 = 1,053 J.

To this work should be added the work of the right ventricle, which pumps
blood into the pulmonary artery, providing a pressure of about 20 mm Hg.
Art. (2.7x103 N/m?), or 1/6 of blood pressure. The total work done by the

heart in one contraction is:
A = (1 +1/6) Dj=1,23 ].

During the day the heart performs (at a pulse of 60 min') 24x3600 =
86400 beats; heart rate per day is Aq 105 J.

Given that the duration of systole is about 0.3 s, the average heart rate

. . A
during one contraction is: N = T: 4,1 W.

Blood pressure

The work of the heart is provided by blood pressure, which acts on the
walls of the arteries and is determined by the level of blood compression.
The pressure that occurs during a heart contraction is called systolic; The
pressure that occurs after the heart relaxes is called diastolic. Blood
pressure is measured in mm Hg. and is denoted as the ratio of systolic to
diastolic pressure. It is seen that pressure fluctuations occur from almost
zero to 120 mm Hg. The difference between systolic and diastolic pressure

is the pulse pressure.

Blood pressure measurement

Consider two methods of measuring blood pressure.
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The non-invasive method is to listen to the noise generated by pulse
waves. Between the shoulder and elbow impose a cuff into which air is
pumped. When the blood flow in the radial artery stops, the pulse
disappears and the pumping process is stopped. Then the air is released
through a valve. This stage is accompanied by a decrease in pressure. When
the pressure becomes equal to systolic, the blood is pushed through the
artery and a turbulent flow is formed in it, which is accompanied by noises
so-called Korotkov tones. Further reduction of pressure causes the
restoration of laminar flow and the disappearance of noise. The readings of
the manometer at this time correspond to diastolic pressure. Noise in the
artery is monitored with a stethoscope (phonendoscope).

The average pressure is determined as follows:

+
<p>: pczpd ,

where ps and pq are systolic and diastolic pressures, respectively.
A more accurate expression for determining the average pressure,

taking into account the duration of the pulse wave, is:
1
<p>=3 (pc + po) + po.

The non-invasive method is accurate, painless and easy to use. But he
suffers from possible subjective errors when measuring low blood pressure.
In addition, this method lacks information on the shape of the pulse wave.

The direct method involves the direct insertion into the blood vessel of

a needle or a specialized tube - a catheter. Modern direct pressure
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measurement technology is based on inserting a catheter into a vessel near
the skin, or into an artery or vein, sometimes even into the heart itself. The
catheter should be short, rigid and not inflated by blood flow to prevent
errors in measuring blood pressure. To prevent blood clotting or gas
embolism, the catheter is filled with saline. The flow of solution with
coagulant (a substance that causes the aggregation of particles) is formed
by an elastic bag filled with air. When a catheter is inserted into a vein,
blood flow is directed through a valve to a pressure transducer connected to
a pressure recording system.

The advantage of the direct method is the possibility of continuous
monitoring of the pulse wave shape and higher measurement accuracy
compared to the non-invasive method. The disadvantage of this method is
the intervention of the catheter into the patient's circulatory system, which

leads to pain and injury.

MODERN DEVICES FOR MEASURING PRESSURE

The device for measuring blood pressure is called a tonometer (or
sphygmomanometer). Tonometers are divided depending on the principle of operation
into mechanical, semi-automatic, automatic.

Semi-automatic tonometers differ from automatic models in that to measure the
pressure you need to pump air into the cuff of the device with a pear. Fully automatic
electronic blood pressure monitors have a compressor that injects the required pressure
into the cuff.

The principle of operation of the device is as follows: when the pressure in the cuff
exceeds the blood pressure, the cuff squeezes the artery, blood flow is suspended. When
the pressure in the cuff decreases, the artery opens, blood flow through the artery is
restored. At a small gleam of an artery vortices of blood create Korotkov's noises. When
the artery is fully open, the noise disappears. The electronic circuit registers the
fluctuations of the air pressure in the cuff (oscillations) and transforms them into digital

values.

342



AERODYNAMICS
Aerodynamics is a branch of physics that studies the laws of motion of
air (or other gas) and the forces that arise on the surface of the bodies

relative to which this motion occurs.

Particle physics
Particles are individual portions of a solid, liquid, or gaseous substance
larger than 1 nm.
The flow of a viscous fluid can be laminar (if the layers of moving
fluid are not mixed) or turbulent (when the layers are mixed).
The fluid flow regime is characterized by the Reynolds number,

determined by the formula:

where 77— fluid viscosity; p— fluid density; D — tube diameter.

The transition from laminar to turbulent flow is determined by the critical
Reynolds number Rey: if Re < Rex, laminar flow; at Re > Rei the flow is
turbulent. For example, for the flow of a viscous incompressible fluid in a
cylindrical tube Rex = 2300. The laminar process of water transfer in the

soil 1s characterized by values Re< 1.

Aerosols and bioaerosols

A special place among the particles is occupied by aerosols - dispersed
(colloidal) systems consisting of particles ranging in size from 10> m to 10"

7' m and the gaseous medium in which they are suspended. The main source
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of biological aerosols are plants that supply spores and pollen to the
atmosphere. The latter are spread by air currents. Bioaerosols also include

viruses, bacteria and insect particles.

Typical representatives of bioaerosols are bacteria Bacillus sp., Legionella
pneumophila, Micropolyspora faeni, Mycobacterium tuberculosis,
Pseudomonas spp., Staphylococcus spp., Streptococcus spp .; fungi
(primarily mold and yeast) Histoplasma capsulatum, Alternaria spp.,
Penicillum spp., Aspergillus fumigatus, Stachybotrys atra, Fusarium spp.,
Cladosporium spp .; protozoa Naegleria fowleri, Acanthamoeba sp .; algae
Chlorella, Chlorococcum, Schizothrix, Anabaena; mites
Dermatophagoides farinae, D. Pteronysssinus, insects Blatella germanica,
Periplanetta Americana, Blatta orientalis; remnants of fur (cats, dogs,
ferrets, guinea pigs, hamsters, rabbits, rats, mice), pollen and spores of
Betuta birch, Alnus alder, Pinus pine, Artemisia wormwood, Ambrosia

ragweed.

The branch of biology that studies organic particles that are passively
carried in the air is called aerobiology. This science is closely related to
palynology, mycology, toxicology, climatology, meteorology, engineering
and control of biological pollution. The problems of aerobiology are paid
more and more attention every year. As early as 1974, the International
Association for Aeobiology (IAA) was founded in The Hague, the
Netherlands. Today, the Association has about 800 members, has its own

Council, journals and convenes international congresses every four years.

Most developed countries have stations to monitor the behavior and trends

of bioaerosols that are dangerous to human health. In addition, aerosols and
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bioaerosols play the role of condensation centers and, therefore, will affect

the formation of clouds.

Influence of bioaerosols on living organisms. Bioaerosols can provoke
diseases and allergic reactions in humans, affect animals and plants, cause
disease through air currents. It is known that many bioaerosols can irritate
the respiratory tract, in particular the nasopharynx, trachea, lungs,

depending on their type and size.

Among the diseases caused by bioaerosols, we can distinguish bronchial
asthma - an allergic disease that manifests itself in repeated attacks of
expiratory (during exhalation) asthma due to impaired bronchial patency;
allergic rhinitis - an allergic reaction manifested by significant swelling of
the nasal mucosa, especially in the nasal sinuses; pneumonia - a group of
inflammatory processes in the lungs with a predominant lesion of their

respiratory tract.

That is why the problem of identification and quantification of atmospheric

aerosols and bioaerosols is relevant.

Methods of measuring aerosol parameters.

The device for measuring the characteristics of aerosols is equipped with a
weather vane, which allows you to orient the entrance window against the
wind direction. Bioaerosols are delivered during the day on a tape covered
with adhesive tape. This tape is rotated relative to the entrance window by
an electric motor in order to monitor the level of aerosols arriving during

the day. The whole system is installed in a high place (for example, on the
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roof of the house). Once a day, the tape is removed and analyzed for

quantitative and qualitative content of bioaerosols.

The movement of atmospheric particles

If a particle moves in the atmosphere, it is acted upon by gravitational,
repulsive forces and the force of internal friction from the air flow
according to Stokes' law. The ratio between these forces depends on the
physical parameters of the particle, the atmosphere and without the
Reynolds dimensional number Re.

Consider cases that depend on the relationship between the radius of
the particle r, the free path length A of gas molecules and the Reynolds
number Re.

a) r>A, ane Re=2ruv/v<0,1 (here v — particle velocity, v - kinematic
viscosity). For a particle of mass m and volume V and density p, immersed
in a gas of mass mo with density oy, act gravitational (F.,,=mg=Vpg) and
Archimedean (Fop=mog=Vpg) forces, as well as the force of internal
friction (viscosity), determined by Stokes' law (F,=67znrv), where n —
internal friction coefficient (dynamic viscosity).

The sedimentation rate is determined as follows:

4
Veeo = Ve(p— po)/ 67nr =3 m'g(p— po)/ 67r = 2 g(p— po) /1.

0) r> A, ane Re =2rv/v>1.

If a certain body is placed in an air flow, the momentum is
transferred not only due to the friction forces directed parallel to the surface

of the layers and the velocity gradient that occurs, but also because a force
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called shape resistance occurs in the air flow direction. This force, due to
the different values of pressure on the front and rear sides of the body
during its flow, depends on the shape and orientation of the body. If the
initial momentum of the body is puv, and the average change in speed — v/2,
then the rate at which the flow decreases its momentum will be equal to

pL-U/2=0,5p0’, and the force of resistance is defined as:

Fon = O,Scm,OOUZ'S,
where ¢ is the coefficient of resistance; o - gas density; v - particle
velocity; S is the cross-sectional area of the particle.

In this case, the balance of forces acting on the particle is calculated by the

formula:
% m°g(p — pr) =05 Conpp’ 7.

For bioaerosols p > o, therefore, the last equation can be rewritten as follows:
02 = 87"gp/3,00 Con.
Where the sedimentation rate of the particle is:

Uceo = 28079V,
where v is kinematic viscosity.
It was experimentally established that the coefficient of resistance and the

Reynolds number are related by the relation:
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where b and n are constants.

24

For laminar flow Re <2,b =24, n =1, a con= 4 ; for turbulent flow Re =

500-200000, b =0,44,n =0, a con=0,44. Thus, for small values of the
Reynolds number (Re<1) the viscosity forces (Stokes' law) are dominant,
while for large values of the Reynolds number (Re>1000) dominated by the
forces described by Newton's law. Moreover, in the first region, the
resistance depends on the Reynolds number, while in the second region, the
resistance does not depend on the Reynolds number.

The velocity of the particle at any time is determined by the expression:

U = Uc— (Uc— e,

where v s the velocity of the particle in the vertical or horizontal directions
at time t; vy is the final velocity of the particle; vo 1s the initial velocity of

the particle in the horizontal direction (vLe=0 for the vertical direction).

Aerodynamics of aerial flight

The bird's wing has a streamlined shape with a rounded front end and
a narrow rear end. Due to the flow of such a concave wing of a bird, air
particles passing through the upper, more convex surface of the wing, per
unit time travel a distance greater than particles passing through the lower
surface of the wing and therefore have a greater speed. The asymmetrical
flow around the wing causes a circulating flow around the wing contour,
which on the convex plane is directed towards the air flow, which leads to

an increase in air velocity, and on the concave plane against the flow,

348



accompanied by a decrease in air velocity. But, according to Bernoulli's
equation, where the air flow rate is higher, the medium pressure is lower,
and vice versa. Due to the pressure difference between the upper and lower
planes of the wing there is a so-called lifting force, which is directed
perpendicular to the direction of velocity of the body.

During flight, there are four main forces acting on the wing. In
addition to the lifting force, it is necessary to mention the force of gravity
directed vertically downwards, the force of traction and the force of frontal
resistance, which acts opposite to the direction of velocity of the body.

During the flight, the bird is able to change the angle of attack the
angle between the chord of the wing and the direction of air flow, and the
swing of the wing down is characterized by an increase in the angle of

attack, which increases the lifting force.
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OSCILLATIONS AND WAVES

Mechanical oscillations
Oscillations are movements or processes that are marked by a certain
repetition over time.
Periodic are oscillations that are repeated at regular intervals.
Harmonic oscillations are periodic oscillations of a physical quantity (or

any other) depending on time, which occur according to the laws of sine:

x =Asin(axt + ¢u),

or cosine

x = Acos(axt + @),

where A is the amplitude of oscillations (maximum displacement of the
oscillating point from the equilibrium position); @ — stake frequency; wr +
@0 — phase of oscillations at the time ¢; ¢y — initial phase (phase of
oscillations at the time t=0).

The shortest period of time after which the oscillating system returns
to the state in which it was at the initial moment of time, chosen arbitrarily,
is called the period of oscillations T. Period T is related to the circular

frequency w ratio:

A quantity equal to the number of oscillations per unit time is called

the frequency v. The frequency Ha is related to the period T as follows: v
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The unit of measurement of frequency - Hz (Hertz) - a unit of measurement
in SI of the frequency of periodic processes, which is equal to one
oscillation per second: 1 Hz = 1/s.

So:

w=2nv

Eneprist rapMOHIYHHMX KOJIMBaHb BU3HAYAETHCS 32 (OPMYIIOIO:

Fading oscillations

Oscillations whose amplitude decreases with time due to energy
losses by a real oscillatory system are called attenuations.

The equation of damping oscillations has the form:

x = AeP'sin(axt + @),
where £ — attenuation coefficient.

To quantify the rate of decrease of the amplitude of the attenuating
oscillations, use the concept of the logarithmic decrement of the
attenuation, which is equal to the natural logarithm of the ratio of the
values of the amplitude of the attenuating oscillations at times separated by

the period:

A(?)
A(t+T)

= BT,

351



Running wave
A traveling wave can be defined as a perturbation that moves in
space with the transfer of energy. Consider a traveling wave, sinusoidal in
shape, which propagates from time t=0, with velocity v in the direction + x.

The equation of such a wave has the form:

y = yosin(wt — 27”)().

Skmo ObKydya XBWUJISL TOIIMPIOETBCA y HANpPSAMKY —X, TO DPIBHSIHHS

3aMHUCYETHCS TaK:
_ . 2
y = yosin(wt + =%

Size 27” 1s called a wave number; it is indicated by a symbol & .

Standing wave
Consider two traveling waves y; = yosin(at + kx) and y> = yesin(wt— kx),
which propagate in opposite directions.

These two waves interact with each other, resulting in the resulting wave:
Yy =y1+ V> =2 ymaSinwtcoskx.
The peculiarity of a standing wave is that the particles oscillate
simultaneously, in which case regions with the maximum amplitude of

oscillations (heaving) and regions of rest (nodes) are formed. The distance

between adjacent nodes (or adjacent antinodes) is half the wavelength.
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If coskx= % 1, the magnitude of the offset is maximum (y = 2yma); the
value of x in this case corresponds to the antinode; if coskx =0,y = 0 and the

value of X corresponds to the node.

Beating oscillations
Consider two waves that differ slightly in frequency and propagate in
one direction. When observing the behavior of these two waves at a given
point in space, oscillations are beaten - periodic fluctuations in intensity at
a given point due to the superposition of two waves with slightly different
frequencies.

Let the equations of two oscillations have the form:

VI = YmaxCOSM 11,

Y2 = VmaxCOSW2AL,

Due to the superposition of two oscillations, the resulting oscillation is

described by the equation:
Y = Y1t Y2 = Ymax (COSW 1t + COSW2E).

Using a trigonometric ratio

cosa tcosff = ZCos(aT_ﬁJ oS (#J ,

and given the previous expression, we obtain:

= Vi—V, VitV,
Y = 2YmaxCOS2 ﬂ(TJI cos?2 ﬂ(TJt . (8.17)
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Thus, the effective frequency of the resulting oscillation is equal to

(WJ; the maximum amplitude of the resulting oscillations occurs when
2

COS27Z'(V';—V2Jt =*1, that is, the amplitude of the resulting oscillations

changes with frequency [‘ﬁ;"zj

Decomposition of complex oscillations into a Fourier series
According to Fourier, any complex oscillation y (t) can be
represented as a combination of a sufficiently large number of sine and

cosine waves that form a Fourier series:

V() = X (Ansin2 wvit + B,cos2mvit),

where A, and B, 1s amplitudes of harmonic oscillations; v, frequency of the
nth oscillation.
The dependence of the relative intensity of harmonics on their frequency is

called the harmonic spectrum of a complex oscillation.

Oscillatory processes in nature
Ecological model of Volterra-Lotka
Consider a classic example of a model of a biological system, which
1s described by two differential equations - the ecological model of
Volterra-Lotka. Let the victims (hares) and predators (wolves) live in some
closed area. Hares are fed only plant food, which is always plentiful;

wolves only need hares.
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We can assume that the change in the number of hares (%}

proportional to their number N;:

dN,
dt

The decrease in the number of hares is proportional to the probability of
the hare meeting the wolf, ie the product of the amounts of NiN». Thus, the

process of reducing the number of hares is described by the equation:

N BN,
dt

The change in the number of hares, taking into account their
reproduction and the possibility of meeting with wolves, will be described

by the equation:

AN\ _ AN — BNIN:.
dt

Thus, the number of wolves will decrease (due to natural mortality) in
proportion to their number N> and increase in proportion to the probability
of encountering hares NiN». The change in the number of wolves will be

written by the equation:

dN,
dt

= —¢cN, + dN;N-.

All these considerations lead to a system of two differential

equations:
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——=aN;— bN|N;
dt
% — _¢Ns + dNIN..

It should be noted that each state of the biological system "hares -
wolves" corresponds to a certain pair of variables Ni and N»; at the same
time, any pair of values N1 and N> describes a certain state of the system.

Consider the possibility of graphical interpretation of the above.
Suppose there is a coordinate system on the axes of which the values of
variables N1 and N> are plotted.

Each point N of such a plane with coordinates X and Y corresponds to
a certain state of the system. This plane is called the phase plane. When the
state of the system changes over time, the variables X and Y change
according to the given system of equations.

The process of changing X and Y will correspond to the motion of the
point M (X, Y); the set of possible positions of this point on the phase
plane is called the phase trajectory.

In order to obtain the equation that directly connects N; and N», we

divide the second equation of the system by the first, excluding the time t:

dN, _ O(N,,N,)
dN, ~ P(N,N,)

The solution of this equation gives a set of integral curves (phase

trajectories) on the plane N;, Na.
dN,

The points at which the variables are derived % and become

zero, called special points. Because the rate of change % i 4N

1 —2 at a special
dt

point equal to zero, it corresponds to a steady state.
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Thus, the increase in the number of hares corresponds to the movement from
point a to point b on the phase plane; this process is accompanied by an
increase in the number of wolves that have received favorable feeding
conditions; but this increase in the number of predators leads to a decrease in
the number of victims (transition é—c on the phase plane), which affects the
reduction of the number of wolves c—a). Thus, the biological system
"hares - wolves" oscillates. Any random external influence transfers the
system to another phase plane.

Obviously, the maximum number of victims always exceeds the maximum
number of predators. The results of observations of fluctuations in the
numbers of North American hare and lynx in Canada are consistent with
these curves. The periods of fluctuations in the number of victims and
predators are approximately the same and are 9-10 years, and the maximum

number of hares exceeds the maximum number of lynx by one year.

Formation of colonies by collective amoebae

Real biological systems are not in equilibrium, because they undergo
processes that are accompanied by energy dissipation - the transition of part
of the energy of an ordered process into the energy of an unordered
process, such as heat or radiation. Occurrence of dissipative structures is
observed in the population of amoebae Dictyostelium discoideum. After
leaving the spores, amoebae grow and reproduce as unicellular organisms
as long as they have enough food. When the food resource is depleted,
amoebae stop reproducing and enter an intermediate phase lasting about 8
hours. After that, amoebae slide to individual cells that perform the
functions of centers of aggregation. This is explained by the fact that the
most "hungry" amoebae emit a signal - the chemical cAMP. As soon as this

substance reaches another amoeba due to diffusion, it also releases its
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portion of cAMP and begins to move to the first amoeba. Thus concentric
autowaves of amoeba motion are formed. This process is accompanied by
the formation of multicellular colonies that behave as a single organism.
This colony migrates until it finds a part of the environment suitable for the
formation of the fruiting body. From this time the colony begins to
differentiate, forming a stem that carries many spores at the end. This
autocatalytic process is repeated periodically.

Oscillatory processes and waves are common phenomena of living
nature. The following processes can be considered as oscillatory: heartbeat,
lung movement, intestinal function, vibrations of vocal cords, periodic
redox reaction of Belousov-Jabotinsky, periodic processes in glycolysis and
photosynthesis, spiral waves in the myocardium and retina, propagation of

sound oscillations, etc.

Natural vibrations and plants
Royal primrose (correct botanical name imperial primrose) Primula
imperialis grows on the island of Java and serves as a kind of sensor for
locals, which predicts volcanic eruptions or earthquakes. It is believed that
powerful shocks of the earth's crust are preceded by weak oscillations of
various frequencies, including ultrasound, which accelerate the movement
of nutrient juices through the capillaries of the plant, intensify metabolism,

resulting in the flower blooms.

ACOUSTICS
The branch of physics that studies the elastic oscillations and waves of

the sound, ultrasonic, and infrasonic ranges, the processes of their
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excitation, processing, propagation, reception, interaction with matter, and

various practical applications is called acoustics.

Sound and its characteristics
In biophysics, sound is an elastic perturbation that propagates in solid,
liquid and gaseous media, which are perceived by the auditory analyzer of
humans and animals.
Consider the main characteristics of sound. Frequency €’ sound is
characterized as periodic oscillations perceived by the average person.
Human-perceived sound waves have a frequency in the range 4Q =
20-20000 Hz.
The speed of sound wave propagation depends on the environment.
The energy of sound oscillations E consists of the kinetic energy Ex of
the oscillating molecules and the potential energy E, displaced relative to
the equilibrium position.

The total energy transmitted by a sound wave is determined as follows:

E max = 212 pVv2A2YV,
where p — the density of the medium in which the sound wave propagates;
V - volume.
The bulk energy density, ie the total energy per unit volume of the medium

in which the sound wave propagates, is equal to:
EmaclV = 22V A2 =% Pl
Sound wave power (acoustic power) P is defined as the energy Emax

carried by the sound wave per unit time t:

P:Emax/t.
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The intensity of the first sound wave is the ratio of the power of the
sound wave to the unit area S, through which the energy is transferred by
the sound wave and which is perpendicular to the direction of propagation

of this wave:

I:

P
E - Ema)/St.

The intensity of the sound is related to the amplitude A of the

maximum displacement by the ratio:

I = (EnaxV)U=27pVA%0 = %[22,0/121).

Sound (or acoustic) pressure p, is called the additional pressure
(excess over the average ambient pressure), which is formed in areas of
condensation of particles in the acoustic wave:

Pa = pUvA ,

where (2 — stake frequency; A is the amplitude of the displacement of
the oscillating particle; pv — specific impedance of the medium.

Sound pressure is related to the intensity of the wave:

1= pd/2pv.

The level of intensity of sound oscillations
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The range of intensity of sound oscillations that a person is able to register
varies from the minimum value corresponding to the threshold of human
auditory sensitivity (p=10"?W/m?), to the maximum, which corresponds to
the threshold of painful sensations (/= 1W/m?). Therefore, it is advisable to
use a logarithmic scale for estimating the intensity of sound oscillations.
The sound intensity level L is estimated as follows:

L= IOIg(;J,

0
where I - intensity of the sound wave being estimated; lo - minimum

intensity. Here L is measured in decibels (dB).

Subjective characteristics of sound waves

Sound, which is the object of sound impressions, is evaluated by a
living organism subjectively.

The pitch corresponds to the sound quality, which is determined
subjectively by hearing and depends mainly on the frequency of sound
oscillations. As the frequency increases, the pitch increases and vice versa.
Much less pitch depends on the intensity and complexity of the sound.

Sound volume is a quantity that characterizes the auditory sensations
for a given sound. It depends on the intensity of sound, acoustic pressure,
frequency and shape of sound vibrations.

The timbre of the sound is determined by the spectral composition of
the sound, ie the intensity and frequency of overtones relative to the

fundamental tone.

Doppler effect
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The Doppler effect is a change in the frequency of oscillations or
wavelengths perceived by the observer during the relative motion of the
oscillation source and the observer.

If the sound source and the observer move towards each other, the
frequency perceived by the observer exceeds the frequency of the sound
source.

If the sound source and the observer move away from each other, the
observer perceives the sound frequency less than the frequency of the
sound source.

If the observer and the sound source are fixed relative to each other,

there is a relationship:

v
A="2
v

where A — length; V - speed; v— sound wave frequency.
If the sound source approaches the observer, the sound wavelength is

determined as follows:

Thus, the frequency of the approaching sound source increases

compared to the frequency of the stationary source in L J times.

V-V

a
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In the case of removal of the sound source from the observer there 1s

a relationship:

In this case, the frequency of the source being removed decreases in

19 .
times.
v+u,

If the sound source is stationary and the observer is approaching it,

the frequency of the sound wave perceived by the observer increases:

S LA
a V .

When the observer is removed from the source, the frequency of the

sound wave perceived by the observer decreases:

This change in frequency (sound wavelength) during the movement of a

sound source (or observer) is called the Doppler effect.

Ultrasound and its characteristics
Elastic waves with frequencies from 2 -10* Hz to 10° Hz called ultrasound.
The main features of ultrasound include its ability to propagate in a straight
line, which allows us to consider this process from the standpoint of

geometric acoustics (reflection, refraction, focusing). In addition, because
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the energy flux density is proportional to the square of the frequency,
ultrasonic waves are characterized by high energy.

The issues of ultrasound generation, attenuation, absorption, depth of
penetration into the substance and discrepancies of the ultrasonic wave are

considered in detail in the paper.

Infrasound
Infrasound is elastic waves with frequencies lower than the frequency
ranges perceived by humans. The range of infrasonic oscillations is from
16-25 Hz to 0.01 Hz. Infrasonic waves are characterized by high intensity,
the ability to propagate along the earth's surface over long distances
without loss. In nature, the sources of infrasound are oscillating plants and
trees, microseismic oscillations of the earth's surface, earthquakes,
hurricanes, volcanic eruptions, storms, thunderstorms, tsunamis, waterfalls,
glaciers and icebergs, tides. In an industrialized society, the sources of
infrasound include automobile, ship, aircraft and rocket engines,
agricultural machinery. Heartbeat, lung fluctuations, bowel movements,
vocal cord vibrations - all this i1s accompanied by the generation of
infrasound. Infrasonic oscillations with intensity level<120 db are

considered moderate, more intense.

Noise
There are several definitions of the term noise. The first definition:
noise is a sound oscillation, the intensity and frequency of which change
suddenly and aperiodically. According to the second definition, noise is a
sound that is superimposed on the second sound and interacts with it, ie sound
that is undesirable for our hearing. In the third sense, noise is any sound that

interferes with a person. For example, the sounds of music are useful sounds
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for a musician and noise in the second sense for people talking, or noise in the
third sense for a person who wants to fall asleep.

Therefore, noise is a sound oscillation, the instantaneous amplitude of
which changes unexpectedly. The magnitude of the instantaneous noise

amplitude is described by the normal (Gaussian) distribution.

Noise distribution by intensity
Noise can be domestic, industrial, industrial, transport, aviation. Noise
occurs during entertainment, housework, the use of toys, the activation of
alarms, garbage collection, construction and repair work, the launch of models
of airplanes, go-karts, sports cars.
The recommended noise norms in the premises and in the territories
are: 30-35 dB - in the territories of reserves; 34-37 dB in dormitories (houses,

hospitals, apartments); 56-66 dB - in the premises of shops, factories, etc.
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10. BIOJIOI'TYHA AKYCTHKA

Poznin 6i0¢gi3uku, 1110 BUBYAE MPOLIECH YTBOPEHHS 3BYKIB JIFOJUHOIO
Ta TBapuHaMH, 3BYKOBY CHUTHANI3aIlll0 Ta CHUIKYBaHHS TBapuH
(6lokOMYyHIKaIlF0) B MPHUPOI, X OPIEHTAII0 Y MPOCTOPI 3a JIOMOMOTOIO

€X0JIOKaTOpP1B, HA3UBAETHCS DIOAKYCMUKOIO.

10.1. YTBOpeHHsI 3BYKiB TBapUHAMU

Ccasyi.  llepBUHHUM  JKEpENOM  3BYKOBHX  KOJHMBaHb Y
BHCOKOPO3BUHEHUX TBAPUH € TOPTaHb (/arynx) i OB’ s13aHI 3 HEIO TOJIOCOBI
3B’SI3KM, €JaCTUYHI M’ S30BI BOJIOKHA SIKUX MOXYTh BIOpyBaTu. 3BYKOBI
XBUJII YTBOPIOIOTHCA 3a PaXyHOK A1l KOJIMBAJIBHUX CTPYKTYp, Kl y TBapHH
XapaKTEepPU3yIOThCS IEBHUMH PO3MIpaMHM 1 YACTOTHUM J11alla30HOM M’ S30BUX
CKOpOY€Hb. bUIBIIICTh M’5I31B TBAPHH, HE3BAKAIOUM HA iX PI3HOMAHITTS, HE
37aTHI KOJIMBATHCS 3 YacTOTOo, 1o nepesuinye 10° T'n. ¥V ccaBuiB 3ByKn
YTBOPIOIOTHCS BEPXHBOIO TOPTAaHHIO, IO SIBISIE COOOIO0 XPAIIOBY TPYOKY.
[ToBiTpsi, MO TPOXOAUTH dYepe3 If0 TPYOKYy, MPUMYIIYE KOJIUBATUCS
rOJIOCOBI 3B’A3KHM, PO3TAIlIOBaHI y BEPXHIM 4acTWHI ropTaHl. 3aleXHO Bix
AHATOMIYHUX OCOOJIMBOCTEW TOJOCOBOTO arapaTy TBapUHH 31HCHIOIOTHCS
KOJIMBAHHS PI13HOI 1HTEHCHUBHOCTI, YaCTOTH, TeMOpPY, 4aCOBUX 1HTEPBAJIiB.
Bixg mmx xapakTepuCTHK 3ajiekaTh 3BYKH, IO YTBOPIOIOTHCS CBIHCHKHUMU
TBapUHAMU: 1p>)KaHHS, MyKaHHS, POXKaHHSI, MEKaHHS.

Y mporeci yTBOpeHHsS 3BYKIB TOBITPS BHUXOIUTH 13 JIETEHb 1
MPUBOJIUTH Y PyX T'OJOCOBI 3B'SI3KH, B PE3YJIbTaTlI YOO BUHUKAIOTH MPYKHI
KOJIMBaHHS TOBITPSIHOTO CepeIoBUINA. ['0JI0COBI 3B'SI3KM MICTSThH €JIaCTHYHI
1 M's130BI BOJIOKHA, KOTpPl MOXYTh 3BYXKyBaTucs 1 BiOpyBaTu. Bucorta

3BYKY, IO (POPMYETHCS TOJTOCOBUM aIrtapaToM, 3aJICKUTh BiJl HAITPYKEHOCTI
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rOJIOCOBUX 3B'SI30K, 1XHBOI (hOpPMH, JOBKUHU JUISHKH, JI€ BiIOYBAETHCS
KOJIMBaHHS; 1HTEHCUBHICTh 3BYKY BH3HAUA€THCA YACTOTOIO Ta TPUBATICTIO
KOJIMBaHb 3B'S30K, 1110 3aJIeKaTh BIATUCKY MOBITpPS, SIKE BUXOJIUTH; TEMOP
rojocy 3a0e3nevuyeTbesi MOPOKHUHAMHU, L0 3HAXOASATHCS HaJ TOJ0COBOIO
IIUTMHOIO 1 i/ HEl0, 30KpeMa, MOPOXKHUHAMU TIIOTKH, pOTa, HOCA, TPYAHOI
MTOPO’KHUHHM, TUXATBHUM TOPJIOM.

3a 10MOMOT0I0 TOJIOCY 1 HOTO BIATIHKIB, SIKI BU3HAYAIOTHCSI BUCOTOIO,
IHTEHCUBHICTIO, TEMOPOM Ta IHTEpBaJIaMH 4acy, TBApUHM, NTaXU 1 KOMaXu
CHUIKYIOTbCA 3 TOJIOHMMH 110 cebe, MOJalouu CUTHAI MPO HABKOJIMIIHIO
CUTYaIli10, HeOe3IeKy, HasIBHICTh KOPMY TOIIIO.

Tak, y cBiliCbKOi CBHHI PO3PI3HAIOTH 23 THMH TOJOCOBUX CHUTHAIIB,
O0mxomu MOXKyTh mojaBatu 11 pizHux 3BykiB. Kypsiui eMOpioHH, KoiIu
MOTPAIUISAIOTh Y TIOBITPSAHY KaMepy SIS, TOJal0Th TPU THIH 3BYKiB. 3a
aHaII30M TUIIAHHS KypyaT MOXKHA BCTAHOBUTH CTaTh, OCKUIbKU Y MIBHUKIB
TOH 3BYKIB, SIKI BOHM MOJIat0Th, HKUUi [CtuilkoBckas, 1989].

IImaxu. Hwxus roprtanb (syrinx) — KICTKOBa CTPYKTypa, IO
3HAXOJIUTHCSI B OCHOBI Tpaxei, BUKOHYE (YHKIII BOKAJILHOIO OpraHy
nTaxiB. B ropraHi, sika NnepeTBOPIOE KIHETUYHY EHEPrii0 MOBITPs, IO
PYXa€ThCSA, B EHEPril0 3BYKOBOI XBWJI, 3HAXOMATHCS JIBI TOJIOCOBI
MeMmOpanu (membrana tympaniformis) — mij 4ac MPOXOHKEHHS TOBITPS
MDK MeMOpaHaMHM 3 BEJIMKOIO IIBHUJKICTIO CTaTMYHUNA THCK 3TITHO 3
pPIBHSHHAM bepHy/1l 3MEHIIyeThCs 1 MEMOpaHM CXOJSATHCS; OTBIP
3aKpUBAETHCS, MIBUIKICTD PYXY MOBITPS 3MEHIIYETHCS 1 CTATUYHHUI THCK
301IbIIyeThesa.  [Iponec MOBTOPHOETHCS, BHACHIAOK YOTO BUHUKAIOTH
3BYKOBI CUTHAJIM, YacTOTa SIKUX y NTaxiB 3HAXOAMTHCS B Aiana3oHi Big 200
I'm mo 12 xI'm.

Booni meapunu. KwutoBi (3y0ati kxutu Odontoceti, BKIIOYAIOYH

nenb(iHIB) YTBOPIOIOTH 3BYKH 3a JIOMOMOTOIO Mapy 3BYKOBUX T'y0 (phonic
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lips), po3MillIEHUX Y HOCOBIM cuctemi. JlenbdiHu KIanarTh Ta CBUCTSTh.
Hesiki kutu (Mysticeti) He MarOTh TaKOi CTPYKTYPH; MOXJIMBO, BOHH
BUKOPUCTOBYIOTh TIEpepoOJIeHEe MOBITPS ISl YTBOPESHHSI HU3bKOYACTOTHUX
3BYKIB JIJI1 KOMYHIKAIlii Ha BEJIMKIN BIJACTaH1 Ta HaBIrarfii.

KpiMm TOro, KuTHM 3aCTOCOBYIOTH IUIABIll Ta XBICT Ui BUI0OYBaHHS
3BYKIB Ha MOPCBHKIN MOBEPXHI.

JlactoHori TBAapMHU BUKOPHCTOBYIOTh KpPWKH, TaBKaHHS, PEBIHHS,
pUYaHHS Ta  NOHUpXaHHS. MOpCbKI CIIOHM, HaINpPHUKIad, YTBOPIOIOTH
pPI3HOMAHITTS TapyaHb Ta peBiB. Jleski J1acTOHOTT yTBOPIOIOTH
BHCOKOYACTOTHI KJIAIlaHHs, CBUCTIHHS Ta IMITYJIbCHI 3BYKH, SIKI BUHHUKAIOTh
3aBMSIKM 1HIIAM CHCTEMaM, Hi’K TOJI0COBa.

Pubu. MexanizMu yTBOpEHHS 3BYKiB puOaMu pi3HI — 3ByKH MOXKYTh
BUHUKATH 32 paxyHoK [Ilocynin ta I'punait, 2011]:
cmpuoynayii — B3a€EMHOTO TEPTA PI3HUX YACTUH TiJla, HAIMPHUKIA],

CKJIQJIOBUX YAaCTHH POTOBOTO arapaTry B TIpOIleCi XapuayBaHHS (Takuid
Me3aHi3M TpuTamaHHuii Haemulon plumieri, TipencTaBHUKaM 3aroHy
Tetraodontiformes Ta pomaunu Scaridae), ab0 3aBASKM BUKOPHUCTAHHIO
miaBiiB 4u  xpe0dta (Galeichtys felis, Bagre marinus, Gasterosteus
aculeatus, Apeltes quadracus, Amphiprion, Hippocampus, Syngnathus
louisianae);

2i0poouHamiuHoi Oii — yTBOPSHHS 3BYKIB 1] Yac MJIaBaHHS;

83a€MO0Ii  cneyianizosanux M's3i6 3 NAABAIbHUM — MIXYPOM
(Rhinecanthus  rectagulus,  Aplodinotus, — Holocentrus,  Therapon).
Crpyktypy M's3iB, o0OJagHAHUX BY3€HbKMMH OOpO3CHKAMH,  SIKI
B3a€EMOJIIIOTH 3 IUIABAILHUM MIXypoM y pud Eutrigla gurnadus (Triglidae),
HaBezieHo Ha puc.10.1. CrnekTpanmbHa 0051aCTh 3BYKOBUX KOJIMBaHb pUO

cranoBuTth Big 20-50 'y no 10-12 xI'm.
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Puc. 10.1. Crpykrypa M’s3iB 3 BY3eHbKMMH OOpO3€HKaMH, IO

B32€EMOIIIOTH 3 IVIABAJIbLHUM MiXypoM

Komaxu. AxyctudHa curHanizaiisi KOMax BiJIITpa€e BaXIUBY POJb Y
mporeci KOMYHIKallii KoMax B HUIIOOHHMM TMepioJl, MpU MNPOCTOPOBIi
OpieHTalli B HIYHUWA Yac, [JJs BHYTPIIIHBOBUAOBOI Ju(epeHIianii.
VYTBOpEHHsI aKyCTUYHUX CUTHAIIB 3IIMCHIOETbCA NUIAXOM BIUIMBY Ha
OTOpHUI CyOCcTpaT, TepTs CIeliani30BaHuX AUIHLHUIL €KOCKENETY, BiOpallii
MeMOpaH, BUKOPUCTAaHHS JIITaTbHUX anapatiB [€cbkoB, 1979].

bararo TBapuH MalwTh HACTUIBKM Majli pO3MIpH, IO MPOIEC
YTBOPEHHS 3BYKY 3aBASKH TiJTIbKA M’SI30BHM BOJIOKHAM BHSIBISSTUMETHCS
BKpail Hee(eKTUBHHMM. BupimmuTu 1m0 npolieMy MOKHA JIMIIE 4Yepe3
MOMHOKEHHS 4YacTOTHM 3BYKOBOI'O CHUTHaly, U0 3IIHCHIOETBCS Y

CTpuAyssliiiHoMy amapati komax (Lepidoptera, Coleoptera Ta

Hymenoptera).. Hespaxaroun Ha Ppi3HI aHATOMIYHI  BJIACTHUBOCTI

CTPUIYIAIIIMHUX  amapariB, MPUHIUMNN 1X Jii  MaibDKe  OJHAKOBI.
CrpekoTalbHUN KaHTUK, pO3MIIIEHUN B OJIHIM YaCTHHI anmapary, pyXaeThCs
B3JIOBXK CTPEKOTAIBHOI KHMJIKH, SKa Ma€ TMEPIOAUIHY CTPYKTYpy. Po3mipu
€JIEMEHTIB III€i CTPYKTYPH CTAHOBISITH OJHM3bKO KUTBKOX MIKPOMETPIB.
[IpoTarom KOXHOTO M’SI30BOTO CKOPOUCHHS KaHTHK 3adilla€ COTHI

€JIEMEHTIB JKWIKH, YTBOPIOIOYM y IIbOMY pa3i 3BykH Tak, 3BYKH, IO
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YTBOPIOIOThCS 1MKanoto (Zlibicen linnei) XapaKTepU3yHOThCS PIBHEM

iHTeHcuBHOCTI 106 16 Ha Binacrtani 0,5 M. Monymsiist 3ByKYy JOCSTa€ThCs,
KOJIM KOMaxa BOBTY3UTh CBO€ YEpEBLE BIJIHOCHO PpOCIWHHU, Ha SKIHA

3HaxonuThbcsl. Tak, 3BYKH, IO YTBOPIOIOThCS Iukanoto (Zlibicen linnei)

XapaKTepu3ylThcsl piBHEM iHTeHcuBHOcTI 106 16 Ha Biacrtani 0,5 M.
Monysiniss 3ByKy JOCSTAEThCS, KOJIM KOMaxa BOBTY3HTh CBOE YEpPEBIIS

BIJIHOCHO POCIIMHHU, HA SIKiM 3HAXOIUTHCS

10.2. AKycTHYHA KOMYHIKallisi TBAPHH

Axycmuuni  cuenanu meapun. AKYCTUYHE CHIJIKYBaHHS TBapuH
3MIMCHIOETBCSA 3aBISIKHM OCOOJMBOCTSIM TOJOCOBHX CHCTEM, IO Ja€
MOKJIUBICTh TBApPMHAM YTBOPIOBATH 3BYKH PI13HOI IHTEHCUBHOCTI, YaCTOTH,
CHEKTPAJILHOT'O CKJIaAy Ta TPHUBAJIOCTI, 1, TAKUM YMHOM, 3JIHCHIOBATH
aKyCTUYHY KOMYHIKAI[II0O M)XK OKpEMHUMH TBapUHAMHU Ta iX TpyMamu.

Axycmuuni cuenanu nmaxie. AKYCTUYHI CUTHAIH, IO YTBOPIOIOTHCS
nTaxaMu, BIAPI3HSAIOTHCS IHTCHCUBHICTIO, YaCTOTOK0, YaCOBOKO TPHUBAIIICTIO.
[X MO’XHa MOMINUTH HA JBi OCHOBHI TPYITH — 3aKAIUKU 1 cnisu. 3aKIHK
MOXKHA YSBHUTH SIK €JIEMEHT OUIBII CKJIAJHOTO aKYCTHYHOTO CHUTHAIY —
CHiBY. 3aJeXHICTh YacTOTH  I1HTEHCHBHOCTI 3BYKOBHUX CHTHAMIB, IO
YTBOPIOIOTHCS MTaXxaMu BiJl 4acy, HA3UBAIOTh COHO2PAMAMU.
[ITamuHi 3aKJIMKU BIIPI3HAIOTHCS 3a 3MICTOM. MOXKIIMBI Bapiallli 3aKJIMKiB
JIBOX BHUJIIB MTaxiB HaBeneHO Ha puc.10.2.

TyT 3aKIMKN a-d BUKOPUCTOBYIOTHCS JJIsi O3HAYEHHS TEPUTOPIT Ta
BIJUISIKYBAaHHSI 1HIIMX CaMUIB - MPEACTAaBHUKIB LbOrO BUIY. SKIIO0 mTax
CXOIUICHUH, BiH yTBOPIOE 3BYKH TPEBOTH e-f. 3BYKH g-k TpU3HAYEHI IS
HAJIaro/KEHHS KOHTAKTY 3 POJAWYEM; 3BYKH [-m BUKOPUCTOBYIOTH TIij] Yac
XOJIOJTHOT MOTOH, 00 310paTh MpeACTaBHUKIB I[OTO BUY IS CYMICHOTO

CHY; 3BYKM H-0 € CHUTHAJAMU TOJIBJII MNTAlIEHST, SKI MNPUMYIIYIOTh
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OCTaHHIX BIJKPUTHU POTA; 3BYKH p-¢ 3aKIMKAIOTh NTAIIECHAT 10 cHY. Kpim
TOro, NTAUIMHI 3aKJIMKH BUKOPUCTOBYIOTHCS JJIi HaBEJACHHS MTaXiB J0
TOJIBHMIII, Y TIpOLIECT BUCUIXKYBAaHHS, JIJIsl BII3HABAHHS MNTAIIEHAT ( SKILO

NTaXU MEIIKAIOTh y KOJIOHISX), i1 Yac Mirparii ToIo.

Puc. 10.2. MoxiuBi Bapiauii 3aKJIMKIB ABOX BHIIB NTaXiB (I0SCHEHHSA

B TEKCTI)

ChiBu mnTaxiB BHUKOHYIOTh NOABIMHY ¢yHkIi0. [lo-mepiie, BoHuU
1H(QOPMYIOTH PO BJIACHICTH MEBHOI TEPUTOPIT 1 MOTNEPEKAIOTh HeOaKaHUX
BisutepiB. [lo-mpyre, cmiB mNpu3HAYEHUH [JIsI TPUBEPTAHHA yBaru
CTaTeBOro MapTHEpa 3 METOI0 3aJUISHHS Ta CHApOBYBAaHHS. Y JESKHUX
BU/IIB NITaxiB BOKAJLHUM AYyeT IONMOMArae HajaaroJuTy TICHUA KOHTaKT MIXK
YJIEHaMH Mapy 1 CHHXPOH13yBaTH B3a€MHY MOBENIHKY y yaci. Ha puc.10.3
HABEJICHO COHOTpaMH CITIBIB MTaxiB - MPEICTaBHUKIB PI3HUX BUIIB OHOTO

pony ( BIBYApHUKIB ).
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Puc. 10.3. Conorpamu cmiBiB — NpeICcTABHUKIB PI3HMX BHIIB OJXHOI0

pony. KoxxHuii criiB TPUBA€ I’ ATh CEKYH/I

Buano, mo Bci Tpu COHOrpaMH 3HAYHO  BIJPI3HSAIOTHCA.
XapakTepUCTUKA IUX COHOTpaM MOXYTh OYyTH BHKOPHCTaHI 5K
TaKCOHOMIYH1 KpUTEPii.

AKYCTUYHI CHUTHaJIM, IO YTBOPIOIOTHCA ITaxaMH, BIJIPI3ZHAIOTHCS
IHTCGHCHBHICTIO, 9aCTOTOI, 4acoBO TpuBaicTio. CiiJl BII3HAYUTH, IO
NTaXd — MPECTAaBHUKHU TICBHOTO BUIY — BITI3HAIOTH OJWH OJTHOTO 3aBJISIKU
AmMnaimyoOHiti MOOYIAYIL, KA TOJIATAa€ B 3MiHI 1IHTEHCUBHOCTI aKyCTUYHOTO
CUTHAIIy y 4Yaci, Ta Yacmomuitl MOOYIAYii — 3MiHI 9aCTOTH aKyCTUYHUX

CUTHAJIIB.

10.3. AKycTHYHA KOMYHIKaWiss puo
AKYCTHYHI CHUTHaIM puO TMOAUIAIOTHCS HA XapyoBi, HEPECTOBI,
arpeCUBHO-000POHHI, TPYMOBI 1 MOB'A3aHI 3 TYypOOTOI MPO HAIIAAKIB.
CrpuaynsuiiiHi 3BYKM HaraayrThb CKpErIT 1 CKpHI; 4acToTa iX 3aiiMmae
3HauHy obnacte — Big 20 I'm mo 12 x['m. TimpomunamiuHi 3BYyKH
CKJIQJAlOThC 3 HHM3bKodacTOTHMX curHamiB (20 TI'n-5 xl'm), sxi

YTBOPIOIOTHCS 32 PaXyHOK PyXy IUIABIIB 1 Tijla puOH, 1 BUCOKOUYACTOTHUX
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3BYKIB, IO 3a0€3MEUYyIOThCA PYXOM BHYTPIIIHIX OpraHiB. 3BYKH, IO
BUHUKAIOTh 3a PAXyHOK B3aeMOAIl M'31B 3 IUIABaJIbHUM MIXypOM
3aiimaroTh 00sacTh 40 I'1y - 2,5 kI'11 1 ABJISAIOTH COOOKO CEPII0 IMITYJIBCIB.
3BYKH, 110 YTBOPIOIOTHCA puOaMH, MPHU3HAYEHI TAKOX JJI 3aXUCTY
TEPUTOPI; KOKHHUM BUJ 3JaTHUN TEHEPYBAaTH 3BYKH, IO BIAPI3HAIOTHCS

YacCTOTOIO Ta TPUBAIICTIO 3BYKOBUX IMITYJIbCIB.

10.4. AKycTHYHA KOMYHIKalis KOMax

bmxonu yTBOPIOIOTH 3BYKH, 3YMOBJIEHI iSUIBHICTIO KPHIJIOBHX
macTuH Ta Topakcy. CrekTp 3BYKIB O/xkonu 3aiiMae obmacte 8—12 kl'.
3BYKOBI CHTHajJH, $IKi YTBOPIOIOTH OJ/KONIM, BHKOPUCTOBYIOTHCA MJIs
nepenayi 1HIUM OmxonaM ciM’i iH(opMarllii mpo BHUSBICHHS KOPMY;
IHTEHCUBHICTh, YaCTOTa 1 TPUBAJICTh 3BYKOBHUX IOCUJIAHb 3ajieXkaTh BiJ
PIBHA BEHTWJIALLL1, IOPH POKY, TEMIIEPATYPH, HASIBHOCTI KOPMY, B1JICTaH1 JI0
T'OJTIBHHIII.

I3 ycix Omxin poay Apis HaWOLIbII JOBEPIIEHOK CYCH1JIbHOMO
OpTaHi3aIli€l0 XapaKTepU3YIOTbCS MeENOHOCH1 (Apis mellifera) Tta
1HA1MCBhKI (A. indica abo A. cerana) 6x0nu. Y mpolect COiJIKyBaHHS
O/KOJNIM  YyTBOPIOIOTH 3BYKHM, 3yMOBJEHI [ISJBHICTIO KPUJIOBUX
NJAaCTUH Ta OpraHa, o0 YTBOPIOE 3BYK — TOPAKCY.

3BYKOBI CUTHAjH, SKi YTBOPIOIOTH OJKO0JIH, BUKOPUCTOBYIOThHCS
JUJ1s1 TIOB1JJOMJICHHSI YJIEHIB POJAMHM NPO BUSABIECHHS Kopmy. B mporueci
KOpMOBOi MoOimi3amii Tak 3BaHI (Qypakupu MEIOHOCHUX OJKIN
BUKOHYIOTh CBOEpPITHUN TaHOK Ta HAAAIOTh IHIIUM 4YJ€HaM BYJIHMKa
iH(popMalilo MO0 HAOPSIMKY pO3TallyBaHHS, JDKEpena XapuyyBaHHSA,
BIJICTaH1 JI0 HbOTO Ta KUIBKOCTI B HhOMY NWJIKY 1 Hektapy (Puc. 10.4).
TpuBajicTe MiHIMHOT AUISHKK BICIMKM B TaHIl O/Komu B 1 cekyHay

BimoBiiae 1 kM BijacTaHi g0 mxepena kopmy. PoOoua Oxona mepenae
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1H(opMaIlilo YleHaM pPOJMHM IIOAO BIJICTAHI BIJl BYJMKa JI0 BUSABIECHOTO
KOpMY Ta HampsAMKy A0 JOKepeiaa 3a JIOIOMOrol KyTa o BIJHOCHO

postamryBanHs Conug [Wenner, A.M. 1964] (Puc. 10.5).

Puc.10.4. BukoHywouun TaHelb, OIXKOIM, SKi BHUSABWIN HEKTap,
HAIAK0Th IHIIMM wWieHaM BYJHKa iHQOpMALi0 100 HANPAMKY
po3TanyBaHHs, JUKepesia XapyyBaHHsl, BiJCTaHIi [0 HBLOro TAa

KIIBKOCTI B HbOMY NIWIKY i HekTapy [Wenner, A.M. 1964].

Puc.10.5. Po6oua 0x:xo0s1a nepenae ingopmaniro 4ieHaM pOAMHH 1010
BIJICTaHi BiJl ByJIUKA 10 BUSIBJIEHOT 0 KOPMY Ta HANpPSAMKY /10 JKepesia
3a I0IOMOr 00 KyTa a BiiHOCHO po3tamryBanHs Conust [Wenner, A.M.

1964]

3BYKOBI CUTHaJIM, I10 CTBOPIOIOTHCS OJKOJIO0 MiJ yac TaHIIO,
HECYyTh I1H(QOpMaNilD MNpPO PO3TAIIYBAHHS MO0 JKEpelra KOpMYy Ta

BifcTaHb g0 Hhoro (Puc. 10.6).
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Puc.10.6. 3BykoBi cnekrporpamu 0mkoiu. TpuBagicTh 3ByKOBOro

CUTHAJIy nmponopuiiina Bigcrani 1o roxiBHuni [Wenner, A.M. 1964].
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[ToMi’k aKyCTUYHHMX CUTHAJIB, SIKI YTBOPIOIOTH OJKOJU, MOXKHA

BHUIJTUTH TaKoX B1Oparii Topakcy maTok. Ciija BIIpi3HATH JBa

a
lc
20 Mmc
7]
6
4c¢

Puc. 10.7. /IBa THNM aKyCTMYHHUX CHIHAJIB, L0 CTBOPKIOTHCH
MaTkamMu: a — nepumid THn (PmikaHHA*) sIK Ha0ip 3BYKOBHX
NMOBiJOMJIEHb, YACTOTA SKHUX 30LJIBIIYETHCA; 6 — IMOYATKOBE
3pOCTAaHHA AMILIITYAM NMEPUWIOro THUIY CUTHAJIIB; ¢ — APYIMd THII
(“xBakaHHa*), o XapaKTepHU3y€ThCA MOCJIOBHICTIO

KopoTkoyacHux (< 200 mc) 3BykiB [Wenner, A.M. 1964]

TN ~ BIOpamiHUX CUTHAJIIB MaTKM — “MiKaHHA“ Ta “KBaKkaHHSA
(Puc.10.7). Ilepmuii TUI CUTHaNy XapaKTepU3YEThCS Habopom
3BYKOBUX IMOBIJIOMJIEHb, dacToTa skuxX 30unbmyeTbes (Puc.10.7,a).
Ile#ti TUm cUrHAIly XapaKTePU3YETHCSI TOYATKOBUM 3POCTAHHAM
amnaityau  (Puc.10.7,6). Hpyruit tun cur”any (Puc.10.7,6)
XapaKTePU3YETHCS MOCIAOBHICTIO KOopoTKkodacHUX (< 200 Mc) 3ByKiB

[Wenner, A.M. 1964].
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Taki  curHanu  JO3BOJSAIOTH  3a0€3MEUUTH  AKYCTHUYHY

KOMYHIKaIli}0 MepIoi, Mo BUHILIA 3 pOMOBOTO MaTOYHHKA, MAaTKHU 3i

CBOIMU cecTpaM, TOTOBUMH OO0 BUXOOY.

10.1. YacToTrHHil Jgiama3oH Ta  MAKCHMAJIbHA  aKyCTH4YHA
YYTJIMBICTH *KUBUX OpPraHi3MiB
10.2.
Opranizmn Yacroruuii giamazon | MakcumajabHa
YYyTJHUBICTH
3eMHI TBapuHHM
Koposa 23Tu—35kln
Kinab 55T —33,5kl'n 2 x['g
BiBus 100 I'm — 30 x['11 10 x['g
MopcbKi TBAapUHHA
[InsikoHocuid nenbgpin 250 I'm — 150 xI'g
Mopcbka CBUHKA 40 I'm — 150 xI'g
3ybaruii KuT 40 I'm — 325 k'
I'mageHbKuil KUT Memnie, Hi3k 5000 I'1g
ITaxu
Kanapetiika 250 I'm — 8 k['x
CoBa 200 I'm — 12 xI'g 2 x['g
Kypku 125Ty —2 xl'11
Puodu
Tpicka 2—500TI1 20T
CpiOHuit kapach 5-2000I'u 400 I'g
CpiOHuUll OKyHb 250—-300Tn 1000 T'u
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binpmr peranpHy 1HQOpMAII0 MpPO MapaMeTpu aKyCTHYHHX
CUTHAJIIB, 11O CTBOPIOIOTHCSA OJKOJIAaMHU, MOXXHA 3HATH B poOOTax
[Wenner, 1964; EcexoB E.K. 1975, 1979, 1981; Kirchner, 1993].
BTiM, npakThyHe BUKOPHUCTAHHS OTPUMAaHUX PE3YJbTATIB YCKIIAHIOETHCS
ix cynepewnusicTio [To6oes, 2010].
HazemHni Ta BojHI TBapuHM, NTaxu, pubu, am(ibii, pentusii yTBOPIOIOThH
3BYKH B MEXaX YaCTOTHOI'O J1alla30Hy, IpUTaMaHHOMY T'OJIOCOBIN cHCTEMI
moauau, a came 20-20000 I'm. BTiM, nesxi TBapyuHU BHKOPHCTOBYIOTh

yIBTPa3ByKOBHM a00 iH(pa3BykoBuil Aianazonu 9Ta6m. 10.1).

10.5. Exosokanist TBApuH

Vaiempaseykoea komyuixayis meapur. TBapuHH YTBOPIOIOTH Ta
BUKOPHCTOBYIOTh ~ YJIbTPa3BYKOBI KOJMBAaHHS 3 METOKO exookayii —
BUIPOMIHIOBAHHS  yJIbTPAa3BYKOBUX XBWJIb VY TMPOCTIp Ta CHpPUIAMAHHS
BIIONTOrO CUTHATy JJIs1 OTpUMaHHA I1HQOpMAIli II0J0 pO3TAllyBaHH,
po3MipiB Ta pyxXy o00’ekTiB abo i1 Hapiramii. KpiM Toro, komaxu
BUKOPHUCTOBYIOTH YJIbTPA3BYK /IS COLIIAJIbHOI KOMYHIKAIII1.

Kaowcanu (Vespertiloidei) BUKOPUCTOBYIOTh YJIbTPAa3BYKOBI CHUTHAIIN
JUIA 3HAXOJDKEHHS JKepTB, (PYKTIB Ta JAepeB abo A oOpieHTamii y
npoctopi. Mleski 3 Hux (Microchiroptera) BuaoOyBalOTh KOPOTKOYACHI
KIananHsg, Tomi sk 1Hm (Microchiroptera) TeHEpylOTh YaCTOTHO-
MOAYJIbOBaH1 200 3 MOCTIHHOI YacTOTOIO IMITYJIbCH. YacTOTHUHN Jiama3zoH
yIABTPa3yKOBUX CHUTHAJIB, [0 YTBOPIOIOTHCS KakaHaMH, CTaHOBUTH
14000—100000 I'm. Yacrora iMmmysnsciB Moxe BapitoBatu Big 4—10 1o
150—200 iMITy/bCiB 32 CEKYHIY.
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IHpuxnan

BusnauuTtu BijicTaHb, SIKYy TPOXOIATH IMIIYJIbCH Ka)kaHa, fAKi BIH
TIOCHJIAE 3 YaCTOTOO 4 IMITYJIbCH 32 CEKYHIY.

Po3B’s130K

3BYKOBUH IMIYJC CTBOPEHUW Ka)KaHOM TMPOXOJIUTH TOJBIHHY
BIJICTaHb d BIJl KakaHa J0 00’ €KTa 31 MIBUAKICTIO v 3a MPOMIXKOK Jacy ¢. Bci
11l TapaMeTpH OB’ sI3aHi CITIBBITHOIICHHSIM:

2d
L= —.
t

3BIJICH BIJICTaHb, SIKY MPOXOAUTH IMITYJbC, BU3BHAUUTHCS 32 BUPA3OM:

[TizcTaBisieMO YMCIIOB1 JaH1:

_340m/c-0,25¢c
2

d =43 M

KonTpoabHe 3aB1aHHs
BuszHauntu BijACTaHb, SIKy MPOXOJATh IMIYJIbCH Ka)kKaHa, SKi BiH
rmocwiae ix 3 4actotoro 200 IMITyJIECIB 3a CEKYHY.

Bionoesiow: 0,85 M.

Cobaxu YacToTHUM Jlalma3oH CHPUUHATIMBOCTI  YIBTPAa3BYKOBUX
KOJMBaHb  coOakamu  craHoBuTh  18—22 kl'm.  Ilfo  3marHICTB
BUKOPUCTOBYIOTh BJIACHUKHU COOaK Il TMOJaBaHHS KOMaH] CIelialbHUMU

YJIBTPa3BYKOBUMU CBUCTKAMMU.
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Kiwxu. BepxHsl TpaHullsl COPUMHATIMBOCTI YIbTPa3BYKOBUX KOJIMBAHb
kimkamu  gopiBHioe 50 k[, mo [gae  MOXIHUBICTH  BiI4yBaTH
BHCOKOYACTOTHI KPUKH KEPTB Ta MOJIOBATH HA HUX.

Kumosi, Taki gx 3y0ari KWTH, JOenb(iHU, JACTOHOTT BUKOPHUCTOBYIOTH
yIbTPa3BYKOBl KOJHMBAHHS JJIi 3HAXOMKCHHS TIIBOAHUX OO0 €KTIB Ta
KoMyHikaiii. YactorHuil miama3oH AenbgiHiB craHoBuTh 0,25-150 kl'm;
Hu3bkodacToTHi (0,25-50 kI'1) curnamm BUKOPUCTOBYIOTBCS IS
CIUJIKYBaHHS, TOAI SIK BHcokodacToTHi (50-150 xI'm) — s exosokartii.
Koxuuit nenb(in Mae CBOIO BIacHy raMmy YJbTPa3BYKOBHUX CBHUCTKIB, SIKI
SIBJISIIOTh  COOOK0  YJIBTPa3BYKOBI IMMyiabcH TpuBaiicTio 50-128 mkc. 1li
CUTHaJIM B1AOUBAIOTHCS BiJ KOH(OKAIBHOI 3a (HOPMOIO KICTKH y dYeper,
micas 4oro (POKyCyrloTbCS CHEIIaIbHUM OpPraHoOM JHMIJHOI MPUPOIU

(melon), ssxuii BUKOHYE QyHKUII JiH34 (puc. 10.8).

Puc. 10.8. Exonokaniiina cucrema aejbgina: 1 — guxajabuenBa
MOPOKHUHA; 2 — HOCOBHiII MImOK; 3 — MeJOH; 4 — YJbTPa3BYKOBI

XBWJIi; 5 JIyHa; 6 — BHYTpIlLIHE BYXO0

VYabTpa3ByKOBI ~ KOJIIMBaHHS, [0  TEHEPYIOThCA  AEIb(IHOM,
MOIIUPIOIOTECS Y BOJHOMY cepenoBuill 31 mBuakictio 1500 w/c,
BIIOUBAIOTHCS BiJ TMIJBOJHOTO O0’€KTa Ta MOTPAIUISIOTH Y 3arlOBHEHI

KUPOM TOPOKHUHU B KICTKAX HUKHBOI IIENENH, 3BIJIKM MEPEatoThCs 10
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CIIyXOBOTro amapary jeibdiHa. 3aBAsSkd 1bOMY Jeab(iH 3AaTHUU
BU3HAYATU HAIPSIMOK 0 KEPTBH, il MICIIE3HAXOKEHHS, PO3MIpH, Popmy
Ta MBUAKICTb PYXy

Pubu. Ilesxi Buau pu6 (Alosinae) 3maTtHi JETEKTYBaTH YJIbTPa3BYKOBI
curHaiau gactororo 10 180 kI ivmti (Clupeidae) — no 4 xI'm.

Komaxu. Tlpupona Haropoawna MeETEIMKIB 3/aTHICTIO JETEKTyBaTH
yIABTPa3BYKOBI CUTHaAM 4acToToro A0 80 kl'L, 1o BUIPOMIHIOIOTHCA
KaKaHaMH, 3 THM, 1100 3amo0irTy ataku Xmwkaka. KpiM Toro, MeTenuku
(Pyralidae: Ephestia cautella (Walker), Ephestia kuehniella Zeller, Plodia
interpunctella (Hiibner)) cami BHUI00YBalOTh YJIBTPAa3BYKOBI KOJMBaHHS
KpUJaMu I 3aJIy9aHHs CTaTeBUX MapTHEPiB. Mypaliku, mpeacTaBHUKH
pony Ectatomma, 3aCTOCOBYIOTh YJIbTPa3BYKOBI CUTHAJIU 3 YaCTOTOIO JI0
75 x['m, mo reHepyeTbcs 3aBASKH PYyXy OKPEMHUX YacTUH Tiula, s
KOMYHIKaIIii.

Kuei opeanizmu ma ingpaseyk. Jlrogu uyrnuBl 10 1H(Ppa3ByKy
nposiBAMHM  KaxXy, 30YIDKEHHS, HECIOKOI, 3aCMy4YeHHs, HYJOTH,
nucOanaHcy Ta MPOCTOPOBOI €30 Pi€HTAlII].

OcHOBHUM HacmiaAkoM Jii 1H(QPa3ByKy Ha JKUBUH Opra”iaMm €
MOpyIIEHHSI OpraHiB OanaHCy, a came — BecTHOyssipHOro amapary. s
JOCIIIJDKEHHS  BIUIMBY  1H(pa3Byky Ha JIOAMHY ab0  TBapuHY
BUKOPHUCTOBYBAJIM CIICLIaJIbHI TE€HEPATOPU Ta TYYHOMOBII, SIKI MPAIFOBAIIN
B miama3oHi 1-200 'ty 3 piBHEM 1HTEHCUBHOCTI 710 146 110. OmiHKy
BIUIMBY 1H(Ppa3ByKy 3a1MCHIOBAIM MIIAXOM pEECTpallii Xapakrepy 1
CTyleHs o0epTaHHd OYHUX sONyK maiieHTa, fAKi oOepramucs y
MPOTHJIEXKHUX HampsMKax 3 dactoror 0,7—1,5 ¢!, Lleit nmepiognunuii pyx
1]l HA3BOKO Hicmaem CBIIYUTH MPO MOPYIICHHS BECTUOYIISIPHOTO amapary.

Peectpariito HicTarMy 3A1MCHIOIOTH Yepe3 BHUMIPIOBAHHS KOPHEAIbHO-
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PETUHOBOrO0 IOTEHIIaTy; TEXHIKa BHUMIPIOBAaHHA LbOr0 MOTEHLIATY
HA3UBAETbCS  enekmpoHicmaemozpagiero.  HicrarmaTuyHui — BIATYK
OpraHi3My 3aJ€KHUTh BIJl 1HTEHCHUBHOCTI 1H(Pa3BYKOBOIO CTUMYIY 1
TPUBAJIOCTI il WOr0 HAa OpraHi3M, a TaKOX BiJ YACTOTH 1H(PA3yKOBUX
KOJIMBaHb.

MOXXJIMBUM MEXaH13MOM BIUIMBY 1H(QPA3BYKY Ha 5KMB1 OPraHi3MH CJI1JT
BBYKATH 3MINICHHS NEpUTiIM(PU — PiIUHM, 110 3aTIOBHIOE BHYTPIIITHE BYXO,
3a paxyHOK NepioAUYHUX 3MIH TUCKY, SIK1 TIepeatoThCs LI€W PIIUHI yepes
oBaJIbHE BiKOHIIE. B cBOIO uepry, 3MiieHHs nepiaimMpu Ipu3BOAsSTh 10
nedopmailii BOJIOCKOBUX KIIITHH.

[cuxonoriyanii BIUMB 1H(PaA3BYKy MOB’A3aHUNA 3 TaKUMH e€(eKTaMu SIK
HY0Ta, COHJIMBICTD, JIETAPTisl, TOYYTTA kaxy abo Oos3Hi. [HDpa3Byk 3HAUHOT
IHTEHCUBHOCTI ~ CIIPOMOXKHUM ~ BUKJIIMKATH 3MIHM CIYXOBOi YYyTJIMBOCTI,
MOUIKO/PKEHHST 0apabaHHOiI NEpeTWHKH, OOJICHI BIUYTTS, YCKJIATHEHHS
MOBJICHHSI 1 MOJYJIALIIT TOJIOCY, MOPYIICHHS! PECIipaTOPHOi aKTUBHOCTI, 3MIHH
o-puT™iB MO3Ky. Kutu, cioHu, 6ereMotTu, HOCOpOrd, *)upadu, ajiraTopw,
TUTPU BUKOPHUCTOBYIOTH 1H(PA3BYK IS CIUIKYBaHHS MIX COOOI Ha
BIJICTaHI1 Ta HaBiramii.

Tak, asziarceki cinonu (Elephas maximus) YTBOPIOIOTH 1H(pPa3BYKOBI
curHaym B niana3oni 14-24 I'y inteHcuBHicTio 70-100 16, Toai sik adpukaHChKi
cinonu (Loxodonta Africana) yrBOprOIOTh 1H(PPa3BYKOBI CUTHAJIM B Jliana3oH1
14-35 TI'm imTeHcmBHicTIO 10 90 n0. Lli curHaIM JO3BOJITIOTH CJIOHAM
CTIUIKYBaTHCS Ha BIJCTaHI /IO KUIbKOX KIJOMETpiB, 3armodiraTd 3ycTpidul 3
OpakoH’epaMu Ta MOMNEPEIKATH THIINX CIOHIB 00 HEOE3MEYHUX CHUTYAIlii,
3HAXOJIUTU JIKEpesia BOMU, IIIYKATH CTaTEBUX IMapTHEPIB, 30UpaTucs pa3oM B
YMOBAaX MOraHoi BUIAUMOCTI.

[H}pa3ByK yTBOPIOETHCS 3aBIISAKH PyXy MOBITPS Yepe3 HOCOBUM MPOXIiJ.

Benuki Byxa CIOHIB sKHaWKpaile MpUCTOCOBaHI i CHpUWMAaHHS
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iH(ppa3Byky. Husbpki 1H(}pa3ByKOBI YACTOTH BIJANOBIIAIOTH BEITUKHUM
JIOB)KMHAM XBWJIb, SIKI BIJOMBAIOTHCS JIUIIE BiJ BEJMKUX 32 PO3Mipamu
00’€KTIB, 110 Ja€ MOXJIMBICTH CJIOHAaM CIUIKYBAaTUCA Y JIICl, YarapHUKax
TOLLO.

Kupad (Giraffe camelonardalis reticulate) mae 31aTHICTh TEHEPYBATU
iH(ppa3BykoBi koymBanHsg Big 15 I'm (60 n16) mo 250-275 TI'm (30 16) 3
IOMIHAHTHUMU yacToTaMu B oOiacti 20-40 I'm.

Kutn (Cetacea) BUKOPUCTOBYIOTH 1H(Pa3BYK IIiJi dYac IMOIIYKiB
CTaTE€BUX MAPTHEPIB Ta CIIAPOBYBAHHS, OCKIIbKU 1H(PPA3BYKOB1 KOJIMBAHHS
MOIIMPIOIOTHCS Y BOAHOMY CEpeAOBHII Ha BeIUKY BijcTaHb (110 4800 km).
Kpim Toro, kuTH 31aTHI apanizyBaTu iHPpa3ByKOM KalbMapiB Ta pubd mnpu
MOJIFOBaHHI.

Turpu (Panthera tigris) BUKOPUCTOBYIOTh I1H(PA3BYKOBI CHUTHAIU
gactororo 18-20 I'y juist criiikyBaHHS y Jiici Ta yarapHukax. [Hppa3BykoBa
KOMIIOHEHTa TOJOCHOTO pEeBYy THUTPIB Jla€ MOXJIMBICTh JIIKaTH Ta
napajizyBaTu KepTB.

Xameneon (Chamaeleon) xapakTepuU3yeThCs 3aTHICTIO T€HEPYBATH Ta
NeTeKTyBaTH  1H(Gpa3BykoBl  xBwil.  [IpeacTaBHUKM — OiAPOAMHU
Chamaeleonidae MemkaloTh Ha JepeBax, J€ 3aCTOCOBYIOTh 1HPPA3BYK IS
3aJUISHD Ta TEPUTOPIATILHUX JOMAaraHb, TO1 SIK MPEACTAaBHUKH M1IPOANHU
Brookesiinae, mo MenkaoTh Ha 3eMHI MOBEpXHi a00 B 00JETIIOMY JIUCTI,
BUKOPUCTOBYIOTh 1H(PPA3BYK JJI 3aXUCTY BiJl BOPOTIB.

BBaxkaeTbcs, MmO mnTaxu, SKi MITPYIOTh, 3aCTOCOBYIOTH MPUPOIHI
1H(}pa3BYKOB1 KOJMBaHHS (HAIPUKIIAJ, BiJ TYpOYJIEHTHUX MMOTOKIB MOBITPS
y TIPCBKHX pailoHax) sl HaBiramii.

€ 1HdopMamis, Bapra IOAWBY, BIAMOBIAHO JO SKOi TBapUHU

3amo0IraloTh BIUIMBY IyHaMi Ta TOKUJIaIOTh HEOE3MEUH1 30HU 3aBASKU
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iXHbOI ~ 3IAaTHOCTI  peecTpyBaTh  1H(QPA3BYKOBI  KOJHMBAHHA, IO

CYIIPOBOKYIOTH ITIOIINPCHHA OKCAHCBbKHUX XBHJIb, Ta PCAl'YBATH HAd HHUX.

10.6. YabTpa3ByK Ta pOCJIUHU

Ha octposi KanimanTan (BiH sxe bopHeo), skuii 3HaXOAUTHCS B IIEHTPI
Manaiicbkoro apximneniary B MiBIEHHO-CX1JHINA A3ili, 3p0OCTa€ XMXKa pOCIMHA
HenieHtec (nat. Nepenthes hemsleyana). Tlopsin 31 3BUMatHUMU JIMCTaMU Y
i€ POCIMHM PO3BUHEHI CBOEPIHI TJEYUKO-TOAIOHI JUCTA. [Jeduk
HETMEHTeCa CIYKUTh MICIIEM YKPUTTS Uil KaxkaHiB Buny Kerivoula
hardwickii. Jlerrouya MuIla mrykae Micle IS cijajla 3a JIONOMOI'OO
€XO0JIOKaIlli, BUIPOMIHIOIOYM YIIbTPA3BYKOBI XBHJII 1 BH3HA4YalO4M MO iX
BIJIOMBAHHIO BiJICTAHb /10 00’€KTa Ta iioro ¢opmMmy. Y 1boMy iii jmoromarae
oco0MBa YyBITHYTa CTPYKTypa BcepenuHi rieunka N. hemslayana, sika
BIIOMBaE YIbTPA3BYK 1 HamMpaBlisie HOro Hasajl, J0 MHIII. Y CBOIO Yepry,

KakaH y00pro€ HETIEHTEC CBOIM IOCIIIJIOM, 30araueHuM a30TOM.

Puc. 10.9. TI'aeunx

HeneHTeca  Nepenthes

hemsleyana  cryXuTh

MicueM YKpPUTTS AJs

KasKaHiB BUIY
e Kerivoula hardwickii.

-

Po3pi3HsI0TE Taki piBHI IIyMY:
Crabkuti
30 16 — memnoTriHHs, THXa 010110TEKa
Iomipnut

40-50 06 — moMipHUI 10111, CIIOKiHiHA KIMHATa

384



Iumencuenuti
60—80 10 — OyAMIILHUK, JOPOKHIN PYX, MHIOCOC
Jyarce inmencuenuti
90-110 16 — razoHOKOCapKa, APUib, POK-MY3HKa, aBTOCTpaaa, OapabaHu
Axuil suxnukae 60icHi 8i0yymms
120-150 a6 — BiAO1MHMIT MOJIOTOK, MTOXKEKHA CUPEHA, PEaKTUBHUN

JIBUTYH

Lllymose 3a0pyonenus — 11e HeOaKaHi JIsl HABKOJIMIIIHBOTO CEPEIOBUIIA
3BYKOBI KOJIMBAaHHA, $KI yTBOpIOE€ mioanHa abo mexaHismu. lllymose
3a0pyAHEHHS! HaBKOJUIIIHBOI'O CEPEAOBUINA CTAJIO BEJIMUKOIO 3arp03010 JJis
310poB’s MoAuHU. [IpoTAroM AHS MEMIKaHI BEIMKHX MICT MPUMYIIEH]
TEPIITH IIYMOBI MEepEeBaHTAKEHHA Ha piBHI 65—70 10 1 Outbiie. € npsmuit
3B’SI30K MDK 1HTOKCHKAIIEIO IIYMOM 1 CepleBHUMH XBopoOamu. B 30Hax
BEJIMKHUX aepoOIOpTIB, /1€ piBeHb IIyMiB jtocsrae 100 10, 30 UTbIIMBCS TpOoAaK
CHOTBOPHHMX JIIKiB, a JITH IUX PaWOHIB Tipiie 3acBOIOIOTH HABYAIBHUUN
matepiast. Lllym, Benmunnoro 90 A0 BUKIMKae pi3HOMAaHITHI (D1310J10T14HI
nopyuieHHs. BepxHst rpanuiis 11 ToauHu cranoBuTh 140 16, mpu 160—-170
10 BIIOYBa€eThCs pyHHYBaHHsS OapaOaHHOI MMEPEeTHHKU Byxa JitoauHu. Kpim
TOTO, IIYM MOXe OyTH MPUYUHOIO pyiHHYyBaHHs oprany Kopti, 60 Hai011b1I
yYpazJIMBUMH CEpell BCIX €JIEMEHTIB CIIyXOBOTO aHajli3aTopa Bija Ml mIymy
BUCOKOI IHTEHCHBHOCTI € BOJIOCKOBI KIIITUHM BHYTPIIIHBROTO ByXa.
[TpryomMy, SIKIIO BOJIOCKOBI KIIITHHU 3a3HAIOTh CEPHO3HOTO MOIIKOKEHHH,
BOHM BXKE€ HE 37aTHI BIJIHOBIIOBAaTH CBOi (YHKINT 1 OyTH 3aMilllEHUMHU
IHIIUMU KJIITAHaMU. Hacmiakom 1mporo moxke OyTH 4acTKoBa abo IOBHA
BTpara Ciyxy.

JInst KUTbKICHOT OLIIHKM BIUIMBY IIYMY Ha CIyX BHUKOPUCTOBYIOTh

nmapaMmerp, 110 XapaKTepu3ye 3MiHYy CIYXOBOI YYTIUBOCTI — [HOYKOBAHUL
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wymom  nopoeosuti  3cyé  (IIIII13), sKui BU3HAYAETHCS IUISIXOM
BUMIPIOBaHHS MOPOT'Y CIYXOBOI YYTJIMBOCTI JI0 1 miciis 1ii urymy. Lleit 3cyB
MOXK€ OyTHM TUMYAcOBUM a0O TMOCTIMHUM 3aJIEKHO BIJ MapameTpa LIymMy
(IHTEHCHUBHOCTI, TPUBAJIOCTI, YACTOTHOTO CKJIATY).

Crnyx 3maTHUN BIJTHOBITIOBATHUCS ITICIIS MPUITMHEHHS i1 ITyMy Ha PIBHAX
IHTEeHCUBHOCTI, 10 He mnepesuinye 30 16, Bxe uyepe3 16-24 rox. Cunia
3a3HAYMTH, IO IS TOMIPHUX PIBHIB IIIyMOBOTO BIUTUBY IMPOIIEC
BIJIHOBJICHHSI CIIYXYy XapaKTE€PU3YEThCs JIIHIMHOI 3aJICKHICTIO BiJ Yacy y
norapupmivHOMy MacmTabi. BrimB OUTbIIMX PpIBHIB IHTEHCHBHOCTI
BUKJIUKA€E OE3MOBOPOTHI  TOIIKOKEHHS  BOJOCKOBHX  KIITHH, IO
MPU3BOATH JI0 CTAJIOTO MOPOTrOBOro 3CyBY. EKCneprMeHTH Ha TBapuHaX,
AKl 3a3HAIM BIUIMBY aKyCTUYHOTO IIYMY PI3HOI YacTOTH, 3 HACTYIHHUM
TICTOJIOTIYHUM aHAJI30M KUIBKOCTI MOUIKOKEHUX BOJOCKOBUX KIITHUH y
BHYTPIIIHBOMY BYCl CBII4aTh MPO T€, IO MOPIT CIYXOBOi YYTIUBOCTI
smeHinyeTbes B 00aacti 103-10% I'u. KinbKicTh BOJOCKOBHMX KJIITHH, IO
3aITUIIMIIACS, MOXKE JIOCATaTH MpU 1IboMy Jutiie 40 BiJICOTKIB BiJ HOPMHU.

Ha 3m0poB’st nroAMHM BIUIMBa€ IIyM HEBEIWKOI IHTEHCHUBHOCTI, aie
TPUBAINIA; BACOKOYACTOTHUH IIYM; IMITYJbCHUN LIYM.

KpiMm TOro, mym BHKIMKAa€ TOPYIIEHHS THCKY KpOBi, CEpPIEBOi
JUSITBHOCTI, MPUTYIUISIE yBary, 301IbIIYE YTOMJICHICTh, APATIBIUBICTb.

3BUYaiiHO, BIUIMB IIIyMYy Ha JIOJUHY 3JICKUTh SK B PIBHA
IHTEHCUBHOCTI 3BYKY, TaK 1 BiJl TPUBAJIOCTI JIi1 JyKepesia IIyMmy.

PekoMengoBaHi HOpMH IIYMy B MPUMINICHHSIX 1 Ha TEPUTOPIAX
ctaHoByATh: 30-35 10 Ha TepuTOpisiX 3anoBiHUKIB; 34-37 10 y crnaabHUX
npuMinieHHsAX (OyIUHKY, JIKapHi, KBapTUpH); 56-66 N0 y MpUMILIEHHAX

MarasuHiB, 3aBOJIIB TOIIIO.
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AyJAHMTOpPHI 3aBIaAHHA

. [HTeHCHBHICTh 3BYKOBOTO IMITYJIbCY, CTBOPEHOI'O Ka)KaHOM B IPOIIECi
€XOJIOKallil Ha BiACTaHi AEKiILKOX caHTHMETpiB, ckiamae 102 Br/m2.
OuiHUTH PiBEHb IHTEHCUBHOCTI B Jienu0ernax.

. BuzHauutu BiACTaHb, Ky MPOXOASTh IMIYJIbCH KakaHa, $KI BIH
MOCHUJIAE 3 YacTOTOI 4 IMIYJbCH 3a ceKyHay. LIIBUAKICTE TOLIMpEHHS
3ByKy y moBitpi mpu 20 °C cranoButs 343 M/c.

. BuzHauuTu BiACTaHb, SKYy NPOXOMASTh IMIIYJIBCH Ka)kaHa, SKi BIH
nocuiiae ix 3 9actotoro 200 iMIyIbCiB 3a CEKYHIY.

. OLIIHUTH IHTEHCUBHICTH 3BYKY, 1110 BUKJIMKA€E OOMICHI BIIUYTTS.

. Busnauutn, ckinmpkoM —genmOenaM — BIAMOBiZa€  IIKajga  PIBHIB

inTeHcuBHOCTEH 3BYKY ([min= 10712 B/M?; Lnax =10 B1/M?).

KOHTPOJIbHI 3AIIMTAHHSA TA 3ABJIAHHSA

. SIx yTBOpPIOIOTH 3BYKH CCaBIli? nTaxu? puobu? xomaxu?

. B yomy nonsirae npuHuun ayaiomerpii?

. HazBatu ocHOBHI TiporiecH, 10 CyMpOBOIKYIOTh B3a€EMOJIII0 3BYKOBUX
XBWJIb 3 HABKOJUIITHIM CEPEIOBHUIIIEM.

. UuM BiAPI3HAIOTHCS aKyCTHYHI XapaKTEPUCTHUKHU BOIH 1 TTOBITPs?

. SIx 3MIMCHIOETHCS aKyCTUYHA CUTHAJI3aIlisl NTaxiB? pud? KoMmax?
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11. AKYCTOBIOJIOI'TA

Poznin  Giodizuku, mo BuBYAaE OyaoBy 1 (I3UYHI OPUHLIUIN
b yHKITIOHYBaHHS CIIyXOBOT'O aHaJi3aTopa TBapHH, MpOLIECH
aKycTopeneniiii 1 BIUIMB aKyCTUYHUX CHUTHAJIB Ha TBapWH, 3BETHCA
akycmoo6ionoziero.

Cucrtema, sKa TIEPETBOPIOE EHEPril0 30BHIMIHBOTO aKyCTUYHOTO
MOJpa3HEHHsI Yy TIOCTIJOBHICTb HEPBOBUX IMIYJbCIB, HA3UBAETHCS
cryxoeum auanizamopom. CIyXOBUW aHAII3aTOP CCABIIB CKIAAETHCS 13
30BHIITHBOTO, CEPENHBOTO 1 BHYTPINIHBOTO ByXa, IIOB’S3aHUX 3

OCHTPAJIBbHOIO CIIYXOBOIKO HCPBOBOKO CUCTEMOLIO.

11.1. Akycropeuenuis y ccaBuiB

CnyxoBuid aHami3aTop JIIOAMHM 1 BHCOKOPa3BUHEHUX TBapUH
CKJIQJIA€THCS 3 30BHILIHBOTO, CEPEIHBOIO 1 BHYTPIIIHBOIO BYX, 3B SI3aHUX 3
LEHTPAJIILHOIO CIIyXOBOIO HEPBOBOIO CUCTEMOIO.

3o06HiwHE 8yx0 CKIANAETHCS 13 8YuHOI pakosunu (3ByKOBJIOBIIIOBaYa) 1
CyxX08020 npoxody. ByliHa pakoBHHA € PYIIOPOM, SIKAW HAIpaBJIsie 3BYKOBI
KOJIUBAaHHA B CIyXOBHM Tpoxid. Y OaraTbox TBapuH (KOHEH, Ki3 TOILO)
BYIIIHI PAKOBUHU PYXJMBI; 3a pPaXyHOK CKOPOYEHHS M S31B TBapUHA
o0OepTae ByIIIHI PAaKOBHHHU BIJIHOCHO TIO3J0BXKHBOI OCI, MOXE€ HAXWJISATH iX
yrepen, Ha3aj, yoik 3 TUM, 1100 HalpaBUTH PAKOBUHU y O1K po3TaIlyBaHHs
JDKepen 3BYKY 1 3a0e3nmeuuTd Kpaiie CrhpuiiMadHs 3BYKiB.  DyHKIIT
30BHIIIHBOTO  ByXa IOJATalOTh B ONTUMIZaIlli Ta  IIiJICHJICHHI
HalBaKJIMBIIIUX 3BYKOBUX YaCTOT, 110 JOLIIBHO 3 TOYKH 30py KOMYHIKaIii
KUBUX ICTOT MDK COOOI0 Ta iX BHXKUBaHHSA. Y TMPOCTOPi, CTBOPEHOMY
CIIyXOBHM IIPOXOJIOM 1 CEpEIHIM BYXOM, (POpMyeTbcs cTOsiua XBUIS (puc.

11.1). IIpu piBHOCTI MOBXHMHH IIHOTO MPOCTOPY UBEPTI JOBXKHUHU XBUII
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3BYKY Ma€ MICIIE pe30HaHC — BIIHOCHO BEIUKUIN CEJCKTUBHUMN (BUOIpHMUIA)
BIATYK KOJIMBAJIbHOI CHUCTEMU Ha TMEPIOAMYHUA BIUIMB 3 YacCTOTOIO,
OJIM3bKOIO JI0 YacTOTHM 1i BJacHUX KoyMBaHb. Il wac pe3oHaHCy
BIZIOYBA€ETHCS Pi3Ke 3pPOCTAHHS aMIUIITYIM BUMYIIIEHUX KOJIMBAaHb CHCTEMHU.
MakcumanbHa 9yTJIMBICTh CIIyXOBOTO aHAIi3aTopa MPOSIBISIETHCS caMe JI0

PE30HAHCHUX YaCTOT.

Puc. 11.1. ®opmyBaHHS CTOSA4YO0I XBHJI Yy HPOCTOPi, CTBOPEHOMY
CJIyXOBUM IPOXOAOM i cepeaHiM Byxom: 1 — ByHIHA pakoBHHA; 2 —

CJIYXOBHHM NpoXia; 3 — 0apadaHHa nepeTHUHKA

Ipuxnan
JIOBXKMHA CIIyXOBOT'O MPOXOY 1 CEPeIHBhOr0 ByXa JIIOJIUHU — 2,5 CM.
BusHaunTu pe3oHaHCHY 4acTOTY CIYXOBOI'O aHaIi3aTopa JOIUHH.
Po3B si3anns
[lincTaBistoun YKMCIOBI 3HAYEHHS Y CIIBBIIHOIIEHHS MIX YaCcTOTOIO

3BYKY V 31 HIBUJKICTIO MOMIMPEHHS V Ta TOBXUHOIO XBUIIl /1, MaEMO:

340m/ ¢

vy=Lb__>xamc
A 4.25107%m

—3400 1'1I.

KonTpoabHe 3aB1aHHs
BuzHauutu pe3oHaHCHY 4acTOTY JJIsl CIyXOBOTO aHali3aTtopa CJIOHa,
JOBKHHA CITYXOBOT'O MPOXOAY 1 CEpeIHBOI0 ByXa SKOTo ckiiaaae 20 cM.

Bionosiow: 425 I'1.
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Cepeone 6yxo TBapuHM, BIJIOKPEMJICHE Bl 30BHIIIHBOTO
bapabanHol0 nepemuHKor, CKIAA€ThCd 3 0OapabanHoi NOPONHCHUHU,
CYX08UX Kicmoyok (MOJIOMOUKA, KOBAOEIKA 1 cmpeminys) Ta Clyxo8oi
mpyou (puc. 11.2).

OyHKLIT CepeIHBOT0 ByXa OOMEXYIOThCA Iepelayeio 3BYKOBUX
KOJIMBaHb BiJ] 30BHIIIHBOTO CEPEJOBHINA 10 €HAOMIM(H, MiACUICHHIM
CTa0KMX 3BYKOBHX CHUTHAJIB 1 3a0e3leueHHsM Oe3MeYHOro NpuiMaHHS
IHTEHCUBHUX CUTHAJIIB.

[Tporec mifcuieHHs peani3yeThCs 38 PaXyHOK 301JbIICHHS THCKY, IO
MOB’S3aHO 3 BIAMIHOIO IUIONI OapabaHHOI TEPETUHKU Ta 08A1IbHO20
8IKOHYs, SIKE 3B’S3aHE 13 CTPEMIHIIEM 1 BIIOKPEMITIOE CEpEHE BYXO BiJ

BHYTPIIIHBOTO; T1JICUJICHHS! TUCKY CTAaHOBUTH OJm3bko 20—-25 pasis.

Puc. 11.2. KicToukoBHil anapaT cepeIHbOr0 Byxa Ta MOAeJ/Ib, 110
NMOSICHIOE (YHKIIOHYBAHHSI cepeAHbOro Byxa: 1 — OapaGanHa

NnmepPpETUHKA, 2 - MOJOTOY0K; 3- KOBaJ1€JIKO, 4 — CTpeMiHellb

KpiM TOro, KicTOUkOBUi amapaT BUKOHYE (YHKI[Ii BaKeJs, AKUU A€
BUTpAIll B CWJI MPUONU3HO B 2,5 pasu. 3arajbHUN pIBEHb IMiJICUIICHHS
3BYKOBUX KOJMBaHb CEPEIHIM BYXOM CTAHOBHUTb, TAKUM YHWHOM, OJIU3BKO

50—-60 pa3zis.
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IHpuxnan

ILnoma GapabaHHOI MEPETUHKH — S; = 55 MM2, a IUIOIIAa OBAJIBHOIO
BiKoHI — S> = 3,2 Mm% Burpam y cuiii BaKels, YTBOPEHOI'O CHCTEMOIO
CIIyXOBHUX KICTOYOK, CTaHOBHUTH 1,3. OLIHUTH PiBEHb MiJICHUICHHS CIAOKHUX
AKYCTUYHHUX CHTHAJIB y MPOIECI mepeaadi cepeaHiM BYXOM 30BHINIHHOTO
3BYKOBOT'O THCKY BHYTPIIITHEOMY BYXY.

Po3B si3anHs

Ha 6apabanny nepetuHky Jie cuna F, 1110 CTBOPIOE 3BYKOBUI TUCK P

Fr=piS..
Ha oBasbHe BIKOHIIE BHYTPIIIHHOTO ByXa i€ cwia F> , M0 CHOPHYUHIOE
3BYKOBUM TUCK p; :

F>=psSs.
Baxinb, CTBOpEHHI CUCTEMOIO CIYXOBHX KICTOYOK, Ja€ BUTpall B CHII,

10 JIOP1BHIOE:

3BIJIKH:

Brympiwne 6yxo CKIAmaeTbCsi 3 TPhOX CHIPATGHUX KaHATIB —
secmubyIapHo20, cepedHboeo 1 bapabanHozo, TIPAHYOMY CEpPEIHIA KaHaj
BIJIOKPEMJIEHUI BiJlT BECTUOYJSIpHOTO Membpanowo Peiiccnepa, a Bif
OapabaHHOrO — 6OazunapHoo membparoro. Ha npokcumanbHOMY KiHII (IO
MICTUTBCSL OJMDKYE 70 OCl Tiia) OapaOaHHOTO KaHally 3HAXOIUTBCS Kpyeje

8iKoHYe, 0 BUKOHYE (yHKII aeMripepa. AKyCTOpElENTOPaMH € 8010CKOBL
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KIimuHy, [K1 3B’s3aHi 3 Oa3UBIPHOI0 MEMOpPAaHO0; Il KIITUHH OCHAILIEH]
gitikamu. ba3uinsgpHa 1 OKprBHA MeMOpaHH, BOJIOCKOBI KIITHHH, 3’ €IHAHI 3
HepBOBUMU BOJIOKHAMU, YTBOPIOIOTb KOPMIES OP2aH.

@OyHKIIT BHYTPIIIHBOTO ByXa IMOJSATAIOTh Yy YacTOTHOMY aHali3i
3BYKOBUX CHUTHaNIB. 3CiAHO 3 CyYaCHUMH  YSIBJICHHSMH, KOJIMBAaHHS,
30y/I’KE€H1 CTPEMIHIIEM B OBaJIbHOMY BIKOHIIl, BUKJIMKAIOTh XBUJIBOBI PYXH

Oa3uIsIpHOT MeMOpaHu y BUTTISIL Oidcyuoi xeuni (puc. 11.3).

Puc. 11.3. XBWiIbOBi pyxu 0a3uiIsipHOI MeMOpPaHU y BUIJIAAI OisKy4oi

XBWJIi

PozramyBanHss MakcumMyMy OKy4doi XBWJII 3aJISKUTH BiJ 4acTOTH
3BYKOBOI'O CUTHalIy — HH3bKI YacCTOTH CTUMYJIIOIOTh BEPXIBKOBI IIJIIHKH

MeMOpaHH, TOJ1 SIK BUCOKI — OCHOBY MeMOpanu (puc. 11.4).
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Puc. 11.4. 3anexxkHicTb pO3MillleCHHA MAaKCHUMYMY OiKy4ol XBMJII BiJ

9aCTOTH 3BYKOBOI'0 CUTHAJIy

3MmimeHHa  Oa3uWisipHOi  MeMOpaHM TEepeAaroThbCcsl  BOJOCKOBUM
KIITHHAM, HaJ SKUMH 3HaXOAUThCS TNOKpUBHA MeMOpaHa. Buacmimok
nedopmariii 6a3uIspHOi MEMOpaHU MOKPHMBHA MEMOpaHa TaKOX MMOYHHAE
pyxaTucs, ajie, 3a paxyHOK PI3HHX CUCTEM 3aKpiIUIeHHs] 000X MeMOpaH (1B1
TOYKUA OMOpU y OazwisipHiii MeMOpaHu U OJHa — y MOKPHUBHIIN) Ha BIUKH
BOJIOCKOBHX KJIITHUH i€ 3 OOKY MOKPUBHOI MEMOPAHH CHJIa 3MILIEHHS (pHC.
11.5); BUruH BiiOK MPU3BOAUTH JI0 30y/KEHHS 3B’SI3aHUX 3 BOJIOCKOBUMH
KJIITUHAMU BOJIOKOH CJIYXOBOT'O HEpBa.
ABTtopy Teopii 6ixy4oi xBumi ['eopry ¢on bekemri Oyno npucymxeHo
B 1961 p. HobGeniBchbky mpemito. Takum 4MHOM, 3BYKOBA XBUJIS BUKJIMKAE
KOJIMBaHHA Oa3wiApHOi MeMOpaHuW 3 aMIUITYAOI0, JIOKATi30BaHOK B
MEeBHUX JIUITHKAaX MeMOpaHu. BHacmiok 1bOro mMae MicIe JIOKalTi30BaHe
30yKEHHSI BOJIOCKOBUX KJIITHMH KOPTIEBOTO OpraHa 3ajie’KHO BiJ 4acTOTH

3BYKOBOI'O CUTHAJIIY.
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Puc. 11.5. BuHMKHeHHSI CWJIM 3CyBYy, IO i€ Ha BOJOCKOBI

KJIITUHM 3aBISIKH PyXy HOKPHUBHOI Ta 0a3WJISPHOI MeMOpaH

TakuM 4YMHOM, 3BYKOBa XBHWJIS BUKJIUKAE€ KOJMBAHHSA Oa3uiIsApHOL
MeMOpaHu 3 aMIUTITYI0l0, JIOKAJII30BaHOIO B MEBHUX AUIIHKAX MEMOpaHHU.
Bnaciigok 1iporo mae micrie JIokajii30BaHe 30 y/KEHHST BOJIOCKOBUX KJIITUH
KOPTIE€BOTO OpraHa 3ajJeKHO BiJ YaCTOTH 3BYKOBOT'O CUTHAITY.

BusnaueHHst MicIs 3HAXO/DKEHHS JDKepena 3BYKYy Oa3yeThcsi Ha
3IaTHOCTI TBApUHU CHOPUMMATH PIZHUIO (a3 Ta IHTEHCUBHICTh 3BYKOBUX
XBWJIb, IO JOCATAIOTh JIIBOTO Ta IMPaBOTO BYX. SIBUINEC BU3HAYCHHS
HaIMpsMKY, 3BIIKM BUHHMKA€ 3BYK, TBAPWHAMH, HA3UBAIOTHb OiHAYPAIbHUM
eghexmon.

BryTpimmHE ByX0 pI3HHX TBapuH XapaKTEPU3YEThCS TEBHUMU
MopdonoriyHuMU 0coOIMBOCTIMU. CTPYKTYpY 3aBUTKHA KOPOBU HABEJICHO
Ha puc.11.6 — 3aranpbHa JOBXMHA ii CTAHOBUTH 38 MM, MPUUOMY cama
3aBUTKa CKpydeHa B 3,5 o0eptu. Biaryk 3aBUTKH KOPOBU MOYMHAETHCS 3 50

I
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Puc. 11.6. CuayxoBuil aHaIi3aTOp KOPOBH: a4 — CTPYKTypa
3aBUTKH; 6 — 3AJI€KHICTh MOJO0KEHHS MAKCMMYMY OiKy4ol XBWJII BiJ

YaCTOTH 3BYKOBOI'0 CUTHAJIY

11.2. Akycropeuenuist y nTuui

Cayx Biairpae 3Ha4Hy pojib y HOBCSIKICHHOMY XHUTT1 MTAxXiB MiJ yac ixX
BIJIMOYMHKY a00 HacukyBaHHA. KpiM TOro, ciyx BHUKOHYE Ba)KJIUBI
¢yHKLIT y mporeci KOMYHIKAmii Ha JOBTUX BIJCTaHSIX y MICIIX 3
oOMexkeHO BUIUMICTIO. OcCOOJIMBUN 1HTEpPEC SBISIOTH CIIBYYl MTAaXU
Yyepe3 CKJIQJHICTh 1 3HAYYIIICTh IX aKyCTUYHUX KOMYHIKAI[IHHUX CHCTEM.
[Itaxam, 1m0 BeayThb HIYHUNA CHociO SKUTTS (HANpHUKIIAA, COBaM),
npuTaMaHHa HaI3BHYaHO BHMCOKA CIIyXOBa YYTJIMBICTh; y TOW XK€ dYac,
KOMYHIKaIlIMHUKN penepTyap iX BIIHOCHO MPUMITUBHUH.

CnyxoBull amapar NTHIl XapaKTepU3YEThCS NMEBHUMH BIIMIHAMM B1J

CJIyXOBOI'O aHaJIi3aTopa CCaBI[iB. 30BHIIIHE BYXO MPEACTABICHO KOPOTKUM,
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IIMPOKUM 1 CKJIQJHUM 32 PElbeOM CIYXOBHM KaHAJIOM, SKUW BeAE M0
OapabaHHOi MEepeTUHKU. Y 0ararbox MTaxiB 30BHILIHS YaCTHHA CIYXOBOTO
KaHally OTOY€Ha CIEeLIai30BaHUMU Mip’sIMH, 110 YTBOPIOIOTH CBOEPIAHY
BUPBY, sIKa BHKOHYE (YHKIT e(pEKTUBHOTO 3BYKOBOTO KOJEKTOPA.
Oco0nmMBO pO3BHHEHI Taki 3ariauOJieHHs mapabomydHoi ¢GopMU Yy COB.
CepenHe ByX0 CKJIAJIA€ThCA 3 IOBrOi TOHKOI KICTKH, 10 3’ €JHy€e OapabaHHy
NEpEeTUHKY 3 OBAJIBHHUM BIKOHIIEM. BHYyTpilIHE ByXO CKIAQAA€ThCS 13
KOPOTKOI BHUTHYTOI 3aBUTKH, JIOBXKMHA fAKOi CTaHOBUTH 4-10 mm. Tak,
3aBUTKA Kyp4ya Mae€ JOBXKHUHY OJHM3bKO 5 MM; BIATYK 3aBUTKU MOYMHAETHCS
3100 I'm.

[Itaxu 3maTHI BIAPI3HATH aAMIUNTYIHO Ta YacTOTHO MOJYJIbOBaHI
aKyCTH4H1 curHau. Tak, KaHapKa B 3M031 PO3PI3HATU PIBHI IHTEHCUBHOCTI
3BYKY y 1,5 10, Toai sik rony0 — y 3 10. JIuBye 34aTHICTh NTaxiB pearyBaTu
Ha HEBEJMYKI 3MIHM YaCTOTH aKyCTUYHHMX CUTHAIIB: YaCTOTH, 3 SIKUMU
MOYMHAIOTH 1 3aKIHUYIOTh CBOE aKyCTUYHE CIIJIKYBaHHS MTaXH, CTAHOBJISATh

npubnu3Ho 10 ' B o6macti 500 ['1y Ta 6mm3bko 20 'y B o6macTi 1-2 k'

11.3. AKkycropeuenuisa y puo

3rigHo 13 3araIbHONPUHHATAMU MOTJIAIaMU CIIyXOBY (DYHKIIIIO HEce
opraH piBHOBaru - JIaOipuHT, 30KpeMa Horo HWKHs yactuHa (Lagena Ta
Sacculus). OCHOBHUM aKyCTOPEIENTOPOM pHO € OTONITOBUM OpraH, SIKUH
CKJIQJIA€THCSI 3 OTOJIITIB 1 BOJOCKOBUX KiMiTHH (puc.11.7).
3BYKOBI XBWJIl MPOXONIATH 4Yepe3 TiI0 PUOM 3 HEBEIMKUM ONOPOM 1
BUKJIUKAIOTh PyX BOJIOCKOBHUX KIITUH. OCKIIBKUA OTOJITH MalOTh OUIBIITY
IYCTUHY, HI’K BOJIa 1 TKAHUHU pUOU, BIITYKH OTOJITIB 1 BOJIOCKOBUX KJIITUH
Ha 3BYKOBI KOJIMBAHHS BIAPI3HAIOTHCSA. Uepes PI3HUII0 PYXIB OTOJITIB 1
BOJIOCKOBUX KIIITHH BiJI0yBaeTbcs Aedopmallisi OCTaHHIX, IO HAJa€e B

MO30K 1H(OpMaIlito 110,10 HABKOJHUIITHKO1 3BYKOBOT CUTYaIIii.
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Puc. 11.7. CayxoBumii aHamizatop pudu: a — CHCTeMa TPbOX
OPTOrOHAJIBHUX HANMIBKPYKHUX KAHAJIB; 6 — Iepepi3 uepena Ha piBHIi
NepeaHbOro caKyJayca

Po3niyiroTh 1Ba TUIIM CIIYXOBHX aHaJi3aTOpiB y pud - MOB’sI3aHUX 13
IJaBaJIbHUM MIXYpOM, Ta TaKWX, IO 1030aBJIeHI OCTaHHLOro. Tak, y
KICTKOBHUX puo MJIaBATbHU I MIXYp BIJI3HAYAETHCS
O0aratopyHKI[IOHAJILHICTIO - 3a JOMOMOIoK Horo puba BiauyBae
TIAPOCTATUYHUM THUCK, MIATPUMYE PIBHOBAry, yTBOPIOE 3BYKH, JIHXAE.
[InaBanpbHUM MIXyp 37aTHUH pO3LIMPIOBATUCA 1 CKOpOYYyBaTucCi Yy
BIJIMIOBIJI> Ha 3BYKOBI XBHJII 1 TIepelaBaTH 3BYKOBY iHQoOpMAIIiio uepe3
MOAU(IKOBaHI MO3BOHKM (YOTUPH TapH PYXJIUBO MOENHAHUX KICTOUOK)

BHYTPIIIHbOMY BYXY (puc.11.8).

Puc. 11.8. Axkycropeunentop y KICTKOBHX pHO (IOSICHEHHSI B

TEKCTI)
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Taka kicToukoBa cucTeMa oTpuMalia Ha3By Bebeposoco anapamy.
[InaBanpbHUM MIXyp BHKOHYE (YHKIIIO CBOEPITHOTO PE30HATOPA,
HAaCTPOEHOI'0 Ha 3BYKOBI CHUTHAJIM TEBHOI YAaCTOTH 1 3a0€3Meuyrouoro ix
nigcuiieHHs. Pubu, ki He MaloTh IJIaBaJbHOTO MiXypa, BUKOPHCTOBYIOTH
JUISE  TIEPETBOPCHHSI 3BYKOBUX KOJMBAaHb y MEXaHIYHI TMOBITPSHI
NOPOKHUHM, 10 3B ’si3aHI 3 BHYTPIIIHIM ByXOM. BaxiauBy poib y
COPUMHSATTI 3BYKY BIIIrpa€ CEMCMOCEHCOpHA CHCTEMa 3 TOYKH 30Dy
aHaizy aKyCTUYHOI CHUTyalii moOJu3y JoKepena 3BYKY 1 peleniii
3MIIICHHS YaCTHHOK BOJIH.

CnekTp crnpuiiMaHHs 3BYKOBHUX YacTOT, UYTJIMBICTb JO 3BYKOBUX
KOJINBaHb, 3/1aTHICTh PO3MI3HABATH 3BYKOBI TOHU BIAPI3HSIOTHCA Y PI3HUX
BU/IB pul. Y IIJIOMy MOXHA TOBOPUTH NMPO HIWKHIO Mexy 16-100 I'p ta
BepxHI0 488-8000 T'm. V mpomy AianmazoHi 3[aTHICTh COpUMMATH OUIBII
Bucoki (4000-8000 I'tr) 3BykOBI 4acTOTH HAJIEKUTh pudaM, skl MarOTh
1aBaJibHUM Mixyp 1 BeOepiB anapar; iM ke nmpuTamaHHa i O1IbII BUCOKA
abcomrotHa uyTnuBicTh cnayxy ( —70 n0) mopiBHsSHO 3 pubamu, IO

no30aBJieHi miaBaibHOro Mixypa ( 0 - =50 116).

11.4. Akycropenenuisi y Omaxin

bpkonu 31aTHI pearyBaTH Ha KOJIMBAHHS YaCTUHOK MOBITPS 3aBISKH
YyTIMBUAM OpraHam sensilla scolopophora, siki po3TalnioBaHi B aHTEHAX Ta Y
BEPXHIX YaCTHHAX TOMUJIOK KiHIIIBOK. IliT BIJMBOM 3BYKY BOJIOCKOBI
CCHCWJIM TOYMHAIOTh 3TIHATHUCS; KyT 3THHY 3aJCKHTh BiJ] 9acTOTH Ta
1HTEHCUBHOCTI 3BYKY. Y BIJIOBIJb Ha 3BYKOBI CUTHAJIM aKYCTOPELENTOPU
TEHEPYIOTh E€JIEKTPUYHI IMIYJIbCH; KUJIBKICTh LIUX IMIYJIBLCIB 1 TPUBAIICTh
IHTEpBaJIIB MK HUMHU BHU3HAYAIOTHCS CTPYKTYPOIO aKyCTUYHUX CTHUMYIIIB.

BrmmBae Ha  KUIbKICTH  IMIyNnbCiB 1 Temmeparypa. Cucrema
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aKyCTOperenTopiB 3ade3neuye OjkoyiaM OlHaypalbHUM CIyX, TOOTO

S,HaTHiCTB BHU3HAY4TH HAIIPAM O0 JKCPCJIa 3BYKY.

Y /s oonumnaueux

Haii0Oinpiia moTyXHICTh 3BYKY HaJIekKUTh KUTYy (Balaenoptera) — 10 Br;
3BYK Oyno uytu Ha Bigctani 10000 kM.

Haiikpamuii cnyx y coBu (Tyto alba) Ta y Biprincekoro nyrada (Bubo

virginianus).

KOHTPOJIBHI 3AIIMTAHHSA TA 3ABJAHHSA

1. Sxnii npolec Ha3UBaKOTh XBUIbOBUM ?
2. o Take mpyxH1 XBUIL?
3. B sKux 4acTOTHUX Jlana3oHax 3HaXOASAThCSA 3BYKOBI, YJIbTPa3BYKOBI

Ta 1H(Pa3BYKOBI XBUJI1?

4. Ha3BaTtu OCHOBHI XapaKTEpUCTUKN 3ByKOBUX KOJUBAHb.

5. [Io Take cy0’€KTHBHI XapaKTEPUCTUKU 3BYKOBUX KOJIMBAHb?

6. UuMm BU3HAYAETHCS TOBHA EHEPTis, IO TEPEHOCHUTHCS 3BYKOBOIO
XBUJICIO?

7. 1o Take piBeHb IHTEHCUBHOCTI 3BYKY?

8. [ITo Take edext Jlomnmiepa?

9. o Take XBUJIbOBUH OI1ip?

10. Sxi ¢izuyHl nporecy BiAOYBaIOThCS IMiJ Yac TOIIMPEHHS 3BYKY B
HaBKOJIUIITHLOMY CEPETOBHUIITI?

11. Illo Ha3zuBaoTh ynabTpa3zBykoM? CPopMyitoBaTH XapaKTepHI O3HAKH
yIIbTPa3BYKY.

12. Haspatu MeToau reHepariii yabTpa3ByKYy.

13.  Big4doro 3aiexxuth rMOUHA MPOHUKHEHHS! YIbTPA3BYKY?
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14. Yum Bu3HayaeTbCs PO3OLKHICTh  YIABTPA3BYKOBOI  XBUJl Yy
cepeIOBHII?

15. TlosicHUTH OCHOBHI ME€XaHI3MHU BIUIMBY YyJbTPa3BYKy Ha O10JIOTTYHI
00’ €KTH.

16. 1o Ha3uBarOTH KaBITAILIEIO?

17. Illo Take iHdpa3ByK?

18. Sk BrummBae iHGpa3ByK HA TIOAUHY?

19. JlaTv BU3HA4Y€HHS TEPMiHY “IIym”.

20. Sx po3nmoAUISETHCS IIYM 32 IHTEHCUBHICTIO? YaCTOTOO?

21. Illo Take mrymoBe 3a0pyaHEHHS ?

22. HazBatu MeToIu BUMIPIOBAHHS IIyMYy.

23. YV yomy noysAraroTh QyHKIIi 30BHIIIHBOTO ByXa?

24.  3a paxyHOK 4Oro MiJICHTIOIOTHCS 3BYKOBI CUTHAJIIU B CEPEIHHOMY BYCi?
25. Sk BiAOyBaeThCs aHaANI3 YacTOTHM 3BYKOBUX CHUTHAJTIB y BHYTpIMI-
HbOMY BYC1?

26. Sk BUKOPHCTOBYETHCS YABTPA3BYK y TBAPUHHOMY CBIT1?

27. Ha3Batu MOXJIMBI 3aCTOCYBaHHS YJIbTPa3BYKy B MEIMIIMHI.

28. Sk BrmBae iH(Qpa3ByK Ha KUBI OpraHi3MH?
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12. HIOX I CMAK

12.1. Hrox

Hiox — 1e mnpoiiec COpudHSATTS 3amaxy >KUBUM opraHisMoM. Hroxosi
KINTAHUA ~ 0e3XxpeOeTHUX pO3TallloBaHI HA WIKIPSHOMY  TMOKPHUBI, Yy
YJIEHUCTOHOTUX Il KJITUHU YTBOPIOIOTH OCOOJIMBI OpraHd — CEHCHIH; Yy
HIDKYMX XPEOCTHUX HIOXOBI KJIITHHU PO3MIIIEHI B HIOXOBUX MIIIKAX, Y
BUIIUX TBApUH 1 JIOMMHA BOHU YTBOPIOIOTH PELIENTOPHUI IIap HIOXOBOI
HOPOKHUHU.

Jlna GaraTbOX TBapWH BAKJIMBHUM 1 HAaBITh BUPIIMIATBHUM CIOCOOOM
KOMYHIKaIlli € BUCHJIAHHS XIMIYHMX CHUTHaTIB. XIMI4HI JIETKI PEYOBHHH,
1[0 CTBOPIOIOTHCS TBAPUHOKO 1 BUKIMKAIOTh COEUU(IYHUNA BIATYK Y 1HIIUX
IpPEJCTaBHUKIB TOTO X CaMOro BUJY, HA3UBAIOThCS ¢hepomonHamu adbo
ooopaumamu. TBapuHU 3M1ACHIOIOTH 1 pEalli3ylOTh TAKUI HIOXOBUM 3B’ 130K
JUTSL TIPOTOJIOIICHHS TIpaBa Ha Ty YM 1HIIY TEPUTOPIt0, TPOKIATAHHS CIIiTY,
NOIIYKIB KOPMY, YTBOPEHHSI CUTHATY HEOE3NEKH, CIUIKYBaHHS TBAPUHU 3
OTOMCTBOM, IIPUBEPTAHHS CTAaTEBUX MApTHEPIB 3 METOI CHAapOBYBaHHS 1
PO3MHOKEHHSI, Opi€HTalli y MPOCTOpI Ta HaBirauii, MIATPUMKUA TMEBHOI
comianbHOI 1€papxii. XiMIYHI CHUTHAIU XapaKTEPU3YIOTHCS HEBUCOKUM
PO3IIJICHHSIM, alié BOHU AIIOTh HAa 3HAYHOMY IPOCTOPOBOMY 1 4acOBOMY
IHTepBajax 3aBAAKH T'PYHTY Ta pOCIMHAM, Ha SKMX BIJKJIa/Ja€ TBapUHA
depomonn sk wmapkepu. Ilapamerpu mnomupeHHs (QEpPOMOHIB YacTo
3ajexarh BiJl IIBUIKOCTI BITPY: Tak, 3a IIBUIKOCTI BITpY 1 M/c obracth
MOLIMPEHHS Kiy0a GpepomMoHa Mae NOBKUHY 215 M, mmpunHy 4560 M 1 BUCOTY
108 M, TOml SIK 3a MIBUAKOCTI BITPY 5 M/C Il TapaMeTpud CTaHOBIISTH:

noBxnHa — 1820 m, mmpuna — 97 M, BUcora — 48,5 m.
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Ximiuna KoMmyHIiKayisi Komax 3IIMCHIOETbCS 3aBISIKU (epoMOHaM,
cepell SIKMX HaWOUIbII MOMIMPEHI CTaTeBl aTpakTaHTH. Po3risiHeMo oluH 3
TaKUX 11IeHTHU(PIKOBaHUX (PEPOMOHIB IIOBKOBUYHOTO LIOBKONpsina Bombyx
mori. CaMellb Ma€ Ha TOJIOBI mapy Benwkux aHteH (puc. 12.1), ski
30UparoTh OOMOIKON — aTPaKTaHT, MO Hajacuiae camka. Llelt arpakTaT €
cymimmto (10:1) came ©OomOikona (CKJIaAHOrO CHUPTY) Ta MOro
anpaerigHoi ¢popmu O6omOikanma. KokHa aHTEHAa METENHMKa CKIQJAEThCs 3
OCHOBHOTO CTEPIKHSI 1 BEJIMKOI KUJIBKOCTI BOJIOCOINOAIOHUX OpraHiB, cepenl
SKUX 3HAXOASTHCS HIOXOBI BOJIOCKH. BapTorw yBarum € 37aTHICTH aHTEH
CEJICKTUBHO 30MpaTh MOJEKyJau OomOiKojga 3a JOMOMOIOK KIIITHH-
perenTopiB, MO 3HAXOMATHCS HAa HIOXOBHX BOJOCKax aHTeHHW. Bosocok
pa3oM 3 PerenTOpOM Ha3UBAEThCS cencunor (sensilla trichodea).

KinekicTs ceHcmn Ha kokHIM aHTeH1 gocgrae 17000. 3aBasgxu muMm
perenropaM caMKa 3JaTHa NPHUBEPTAaTH CaMIliB Ha BIJCTaHI OJIM3BKO
omHOTO Kimomerpa. KOHTakT KIITHHH-pelenTopa IIOBKOMpsAAa 3
HABKOJIMIIIHIM CEPE/IOBUINEM BiOYBaEThCS Yepe3
opu 00OJIOHKH; JIlaMeTp KOXKHOI MOPU JOPIBHIOE
15 HM, a KIIBKICTh MOpP HA CEHCUJII CTaHOBUTH

3200. 3rigHO 3 CYYaCHUMH YSIBJICHHSIMH,

perenTopu (PakTUYHO PaxyloTh MOJIEKYJH, IO
30yIKYIOTh KJIITHHY; KOJU KiIBKICTh IMITYJBbCIB Puc.12.1. Antena
BiJl aHTeHH nepeBuiye 200 imI1/c, camels pearye HIOBKOMNPsiAa

1 pyxaeTbes 10 JKepena 6omOikona. MexaHizm Bombyx mori
XIMIYHOI perentyii MIOBKONpsJa TIOB’I3aHUN 3

MOENHAHHAM JTU(]yY31HHUX MPOLECIB 3 BUCOKOS(EKTUBOIO (PIIbTpAL€I0 B

dHTCHax.
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[IpoGrema GOpoTHOM 3 ManspiiHUM KomapeM (Anopheles) Takox
MOB’si3aHa 3 TMONIyKaMU Ta 1JICHTU(IKAIIEI0 TUX aTpPaKTaHTIB, SKi
BUCWJIAIOTHCSA JIFOIMHOI0 200 TBAPUHOIO 1 MPUBEPTAIOTH YBary Komapa.

Hiwox y pu6 Bimirpae 3HayHy pojb y TOIIYKax KOpPMY, BHUSBIICHHI
XIKaKiB, 3HAXOJDKCHHI CTAaTEBMX IMApTHEPIB, JOCATHCHHS MICIb IS
HEepecTy Ta opieHTaii. BukopucranHs HIOXy Iyke H00pe TOBEACHO Yy
J0COCS, SIKUW TIOYMHAE CBOE KUTTS B MPICHUX BOJIAX PIUOK, J€ BIH MEIIIKAE
BiJI KUJIbKOX MICSIIIB JIO JBOX POKIB 3aJIeKHO BiJI BUIY; 3a e MPOMIKOK
yacy BiH “BBOJIUTH B CBOIO IMaM AT’ 3amax MpiCHOI BojgoMu. Jlam iococh
npsiMye B3I0BXK Teuli 10 OKeaHy, /i€ MPOBOAUTH BiJl OJHOIO 0 YOTHPHOX
POKiB, JocsArarodu crareBoi 3pinocti. [licas 1mporo m0ococh MpPOXOAUTH
Oomu3pko 1500 KM  OKEaHCBKOrO MPOCTOpPY, 100 JOCSATHYTH pIUKH, Y
BEpXIB’SIX SKOi BIH HapoAuBCs, JUisl BUAUICHHs 1kpu. llponec HaBiramii
J0COCs B OKE€aHl 1€ HE 3’SICOBaHMM JTOCTaTHHO; BBAXKAE€THCA, IO JIOCOCH
BUKOPHUCTOBYE IUIMIA KOMILIEKC (PaKTOPiB — reorpadiuyHi pucu MiCLeBOCTI,
TEeMIIepaTypy, MarHiTHi 1moJis, HeOECHI Ta XIMIYHI OPIEHTUPHU. AJie MITpaLlis
y piuili BiOyBa€ThCS 3aBIISKH HIOXY.

Hwox y nmaxie six HaykoBa mpoOjemMa OOrOBOPIOETHCS MPOTSATOM
OCTaHHIX JecsaTupid. TpuBamuil yac BBaXAJIOCS, 10 HIOX € IPEepPOraTHuBOIO
BUHATKOBO ccCaBIiB. HemaBHl JOCHIKEHHS JOBEJIM, WLI0 MTAaXU
BUKOPUCTOBYIOTh HIOX Y MOLIyKax Ta PO3PI3HEHHI KOpMY, ISl BHOOpY
3pYYHHUX JJI1 HACHJKyBaHHS MICIlb Ta ImiJ 4yac Hagiramii. Cepea nraxis,
0 MaloTh PO3BUHEHI BITUYTTS 3amaxiB, MOXHa BiA3HAYUTH TONYOIB,
JEeSIKUX MOPCBHKMX MTaxiB, INMakiB, Kypuar. llikaBuM MoO)XHa BBa)kaTu
METOJ  BHSBJIEHHS HIOXy y nTaxiB. IlpomuciaoBi kommanii 3
TPAHCIIOPTYBAHHS Ta3y 3 METOI 3HAXOHKEHHS AEPEKTIB Yy CTIHKaxX TpyO
HaKadyBaJM B OCTaHHI TaKUW OJOPAHT SIK KaJlaBepuH (TpylHa OTpyTa); B

TOMY MICIIl, Ie TpyOa Maiia OTBip, 30HMpanacs BelIrKa KUIbKICTh Tpu(iB.
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12.2. HioxoBmuii aHaxizaTop

Hioxoesuti ananizamop BUIIMX TBAPHH 1 JIFOJIMHU — CIEIla/II30BaHA CHC-
TeMa, Mo 3a0e3nevye COPUUHSITTS PI3HUX MaXyduX PEUYOBHUH, aHATI3 Ta
00poOKy 30y/KeHb, IO BHHHUKAIOTh BIJ mepudepii 10 LIEHTPaIbHOI
HepBOBOi cucteMu. CKIIanaeThCs HIOXOBUM aHAII3aTOp 3 HIOXOBUX
pEeLENTOPHUX KIITUH (HEUPOHIB), SKI PO3MILIEHI B CIM30BOMY IIapi

TOBIIUHOIO 0113bK0 60 MKM (puc. 12.2).

Puc. 12.2. HioxoBuii anaJjizarop

PenienTopHuii map Mae HIOXOBI Ta OMOPHI KJIITUHU. 3 OJHOTO OOKY
perenTOpHUN HEUPOH 3aKIHYYEThCA BiMKaMH, [0 MAarOTh KOHTAaKT 13
30BHIIIHIM TMOBITPSIM Ye€pe3 CIW30BHM Iap; 3 IHIIONO — BIIPOCTKAMU
(akconamu). JIxrytu 3 10-100 akcoHiB TpOXOAATH dYepe3 OTBOPU B
pennTyacTii  KICTII 1 YTBOPIOIOTh KJIYOOYKH, SIKI B CBOI 4Epry
3’€THYIOThCS 3 JBOCTYJKOBUMH KJIITHHAMU 1 Yepe3 HUX — 3 MO3KOM.
Hanpuknan, y kponst 26000 nHeiiponiB noennytotbes 3 200 kiryboukamu 3
TUM, 1100 YTBOPUTHU OFHY KJIITHHY. Taka CTpyKTypa HIOXOBOI'O pelentopa

MIJBHINYE HOro 4yTiauBicTh. Ili yac BOuWxXaHHS 4Yepe3 HIOXOBY IIUIMHY
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Hoca mpoTikae Omu3bko 5—10% 3arampHOi KuUIbKOCTI TOBITps. Ilaxyudi
PEUOBUHM Yy MAPONOAIOHOMY CTaH1 JIIIOTh HA HIOXOBI PELENTOPH, 3aBJISIKH
YOMY OCTaHH1 30yMKyroThcs. [ns Toro, mo0 TBapuHa Biauysa 3amnax,
J0CTaTHBO 30ykeHHs uie 40 pelenTopHUX KIITHH, IPUYOMY Ha KOXKHY
3 HUX MOBUHHA JIATH OJHA MOJIEKYJa Maxydoi PEYOBHUHHU. Y HIKAJIbHOIO
BJIACTHUBICTIO HIOXOBHUX pELENTOPIB € iX TOCTiiHA 3aMIHIOBAHICTb

(mpotsirom 6;m3bK0 60 NTHIB).

12.3. MexaHIi3MHU HIOXY

Mexanizmu  Hioxy TIOB’SI3aHI 3 TOTPAIUBSIHHSAM  MOJIEKYJ JIETKUX
OpPraHiYHMX CITOIyK Yy HIOXOBUH aHami3aTop Ta 3B’S3yBaHHAM iX 3
pELENTOPHUMH O1IKaMH, SIKI CIIPOMOXKHI BHACIIJIOK I[HOTO 3MIHIOBATH
MeMOpaHHUM MOTEHIad; €JEeKTPUYHI CUTHAJIM [EpeNaloThCs  BiA
pPEIEnTOPHUX KIITUH Yepe3 aKCOHU (JOBr1 BIAPOCTKH KIITHH HEPBOBOI
CHUCTEMHM) JI0 TinmoTajiaMmyca — BIIJILTY MO3KY, IO SIBJISIE COOOI0 CKYMYEHHS
HEPBOBUX KJITHH; CaM€ B HbOMY YTBOPIOETHCS BIAUYTTS 3amaxy, HOro
kiacudikariis Ta i1eHTU(iKaIis.

Jleski TBapuHM (HAMpPUKIAJ, KIMIKK) MarOTh Ccrenudiuauii opeaw
Jrcakobcona, npu3HayYeHUM 1)1 ACTEKTYBaHHS (DEPOMOHIB Ta HHU3BKUX
KOHIIEHTpAI[Iil XIMIYHUX CIIOIYK MPUPOTHOTO MOXOIKEHHS.

BukopucToByIOTh TBapuHM 1€ OpraH il CIUIKYBaHHS MIDK
IpEICTaBHUKAMU TOTO K caMoro BuAy. Komm Kilmka BiJKpHUBa€ BEPXHIO
ryoy majig toro, mo0 HampaBuUTH (PEPOMOHM Ha LEW OpraH, 34A€ThCA, L0

BOHa nmocMixaeThes (peakiis deiimana).
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12.4. MeToau anaji3y 3anaxis

Onvhakmomempisi — e METOJl BUMIPIOBaHHSI TOCTPOTH HIOXY. BiH
3aCTOCOBYETHCA JIJII BU3HAYEHHS MOPOTY HIOXY, PIBHS HIOXOBOI ajamnTarfii
Ta BIJHOBJICHHSI HIOXOBOI (YHKIII (KinbKicHa obhakmomempis), a TaKOXK
JUIS BU3HAYCHHS 37aTHOCTI JIIOJMHHM CIPUAMATH 1 PO3PI3HATH 3alaxu
(sixicna onvgpaxmomempis). J|ns mpakTU4YHOI pearizailii oJibpakToMeTpil
BUKOPHUCTOBYIOTh Oe2ycmamopié 3anaxié — JIOAeH, SKI BiJ3HAYAIOTHCS
M1JBUIIICHOK YYTJUBICTIO /10 3amaxiB (YHUCIO TAaKWUX cepell 3BUYAHHOIo
HaceleHHs cTaHoBuUTh Omm3pko 10%). Jerycratropu TpeHYIOThCS
BHU3HAYaATH TIEBHI 3aMaxy; B KOXKHIHM OIIHIN 3amaxy OepyTh ydacTh BiJ 6 10
12 ekcmeptiB, MICIIs YOTO pPEe3yNbTaTH OLIHKK ycepenHworoThes. [lim uac
IPOLIETYPH BU3HAYAIOTHCS IMOPOTOBHM PiBEHb, 1HTCHCHBHICTH, CTIMKICTD,
TeJIOHIYHUI TOH Ta XapaKTepHI O3HaKkW 3araxy. [loporoBuii piBeHb 3amaxy
BU3HAYAETHCS TOCTYIMOBUM 30UIBIIEHHSAM KOHIIGHTpAI[li Mmaxy4oi peyo-
BUHU, JOKHM JIETYCTaTOp HE 3pearye Ha Hei. [HTeHCHBHICTH 3amaxy
BUMIPIOETHCSI TTOPIBHSIHHAM 3amaxy, 110 OLIHIOETHCS, 3 OMOPHUM 3alaxoM
(3BMyaitHo, n-OyTaHO’a), 3pa3Ku SKOTO MICATh PI3HI KOHIIEHTpAIlli rasy.
JI71st OLIHKM IHTEHCHUBHOCTI 3arnaxy BUKOPUCTOBYEThCS S5-OalibHa cucTeMa:
Bix O (BIACYTHICTH 3amaxy) 10 5 (myxe cuibHUM 3anax). CTIHKICTh 3amaxy
BIJIMOBI/IA€ KOPEJIALli 1HTEHCHBHOCTI 3amaxy 3 KOHIIEHTpAIli€l0 Maxy4oi
peuoBUHH. ['eTOHIYHUN TOH BKa3ye K JIOAMHA CIPUHAMAE TOW YM 1HIIUN
3amax 3 TOYKH 30py BIAUYTTS MPUEMHHUX BPaKE€Hb. XapaKTepHI O3HAKHU
BU3HAYAIOTHCS MOPIBHSHHSAM 3aIaxy, 10 OIIHIOETHCS, 3 J00pE BIIOMUMH
3araxamu.

Asmomamuszosani cucmemu muny “‘enekmpouHuli Hic’ T11030aBJIEHI
Cy0’€EKTUBHUX MIJXOJIB JIO OI[IHKM 3araxiB. Takl CUCTEMH CKJIaJalOThCs 3
HAOOpy XIMIYHUX CEHCOpPIB, B OCHOBI SIKMX JICKUTh IOJIMEPHA IUTIBKA.

Komu ra3, mo OLIHIOETbCS, MPOXOAUTh 4Yepe3 IUIBKY, BIH BUKJIMKAE
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3TMHAHHS TUTIBKY; 11 MEXAaHIYH1 3TUHAHHS MEPETBOPIOIOTHCS B €JIEKTPUYHI
CUTHAJIM, TIPOMOPIIiiHI piBHIO HedopMallii MIBKU 1, OTXKE, KOHIICHTpaIlii
ra3zy. OCKITbKM Pi3HI XIMIYHI CHONYKH BHKJIMKAIOTh PI3HI PIBHI 3rHHAHHS
IUTIBKH, B1JIOYBA€ThCSA peaKIliss TaKOro CEHcopa Ha KOKHY CIIONYKY.
ABTOMAaTH30BaHa CHUCTEMa TAKOTO THMY MicTUTh Habip (20—50) ceHcopis,
Kl HaJIalTh Crheuu@iyHy KapTUHY CEHCOPHUX BIJITIYKIB YCIX CEHCOpIB,
XapaKTepHY JIJIsl IEBHOTO 3araxy.

Jlo cydyacHMX METOJIiB KiJIbKICHOT Ta SIKICHOI OIIIHKH 3amaxiB CJIiJl TaKOX
BiTHECTH KOMOIHOBaHMI METON Ta3oBOi xpomarorpadii Ta Mmac-
CIIEKTPOMETPIi.

Memoo xpomamoepagii nependadae po3aiIICHHS, 3HAXOMKCHHS 1
BU3HAYCHHS PEYOBHH 3aBJSIKM HEOJHAKOBOCTI IX MOBEAIHKU B CUCTEMI 13
BOX (a3, sIKi HE 3MIMIYIOTHCS — PyXOMiii 1 Hepyxomii. Pyxomoro da3zoro y
pa3i BUKOPUCTAHHSI METONY ra3oBoi Xxpomarorpadii € ra3 (cymimn rasiB),
HEPYXOMOIO — TBep/a peuoBrHA abo piguHa. Ilix yac pyxy pyxomoi paszu
B3JIOBXK HEPYXOMOi KOXHA KOMIIOHEHTa CyMillIl ociJlae Ha HepyxoMmii (asi
(copOeHTi) BIAMOBIIHO 10 MaTepially COpOEHTY 1 BIOBUIBHIOE CBIM PYX.
Yepe3 Te, 1m0 pi3HI KOMIOHEHTH MAalOTh PI3HY CIHOPIAHEHICTH,
B1ZI0YBa€THCS MPOCTOPOBUI MO IIMX KOMIIOHEHTIB.

Mac-cnexmpomempuunuii. mMemoo TPYHTYETbCSI Ha YTBOPEHHI 10HHHMX
MYYKIB y BaKyyMi 3 iX MOAANBIIUM TOALJIOM 32 MacOl0 B €JIEKTPUYHOMY Ta
MarHiTHOMy TOJsSIX.  3aCTOCYBaHHS KOMOIHOBAHOI ~TEXHIKM  Ta30BOi
xpomarorpadii Ta Mac-cneKTpoMeTpii Aae MOXIHMBICTH ouiHuTH 70-100
JETKUX KOMIIOHEHTIB, II0 € B TOBITPl TBAPHUHHULBKUX MPUMIIIEHB,
CTBOPIOIOYM CEPUO3HY MPOOJIeMy JIJIsl TIPAIIBHUKIB Ta MEIIKAHIIIB JTOBKIJIJIA,
SIKl CKap>KaThCsl Ha TMOAPA3HEHHS CJIM30BOI OOOJIOHKM OYel, HOoca, Tropia,
TOJIOBHUM O1J1b, HYJOTY, IIPOHOC, Kalllellb, XPUIIOTY, MOPYLUEHHS AWXaHHS,

COHJIMBICTH TOIIIO.
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CydacHa IHCTpYMEHTAJIbHA TEXHIKA J03BOJISIE KUIBKICHO OI[IHUTH
apomar Ta OyKeT NaxoIliB y CUIbCHKOIOCTIOAAPCHKHUX Ta XapuOBUX
IPOAYKTaX, HAsBHICTh HEOAKAHMX 3allaxiB, MPUCYTHICTh Palibcu(piKaTopiB

Ta 3a0pyAHIOBaYIB.

12.5. Cmak

Cmax — 11e BIIUYTTS, 1110 BUHHUKAE M1 Yac J1i XIMIYHUX PEUYOBUH Ha
pELeNTOpU SI3UKa 1 MOPOXKHUHK poTa. BHACHIIOK pO3KOBYBAaHHS 1K1 3BLIb-
HIOIOTHCSI PI3HOMAaHITHI 3@ BEIMYMHOI0, (DOPMOIO Ta CKJIATHICTIO MOJICKYIIH,
0 JII0Th Ha MOJEKYJIM MEMOpaHM CMaKOBHX pELEeNnTopiB. Y Komax
XEMOPELENTOPH, II0 BIAMOBIAAIOTH 32 CMaK 1 HIOX, 3HAXOJIThCS Ha
pPOTOBUX OpraHax, a TaKOXX Ha Jiankax a0o aHTeHax. Y pub 1 amdioii
XEMOPEILIENTOPU PO3TAIIOBAHI HA TTOBEPXHI TUIA. Y BUIIUX TBAPHH 1 JHOJAUHU
byHK-111T  XeMoperneniiii 3BYXKYIOTbCS J0 CHOPUMHATTS 3amaxy Ta CMaky
PO3UYMHEHUX PEUOBHH.

Jlromuua 3maTHAa PO3PI3HATH YOTHPU OCHOBHI THUIH CMaKy —
conooxuii (0araTo opraHigYHUX CIIONYK, 30KpeMa IYKpPH, CaXapuH), COJIOHULL
(OaraTo HEOpraHIYHUX CIOJYK, 30KpeMa XJIOpHUJ HATpito, WOAMI Kaiio),
kucaui (KUCIOTH, 10HM BOJHIO, 30KpeMa OlLIeT, JUMOHHA KHUCJIOTa) Ta
eipxuti (Garato ankanoifiB, 30kpemMa Ko(eiH, HIKOTWH, XiHIH, CTPUXHIH).
CinibcbKOroCoapchki TBAPUHM BIAPI3HSIOTH 11 YOTUPHU THUIM CMaKy, aje
MOXYTh HaJlaBaTU TepeBary MeBHOMY CMAaKOBOMY BiJIUYBaHHIO: CBHHI —
COJIOJKOMY, BeEJIMKa porara Xyaoba 1 KoHi — cojoHoMmy. CmakoBa
YYTIMBICTh 3AJICKUTD BiJ] TUITY CMaKy — JIFOJMHA CIIPOMOXKHA pearyBaTu Ha

10'° monexkyn cTpuxHiny Ha A3uKy a60 Ha 10%° Monekyn Lykpy.
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12.6. CmakoBuii aHamizarop

Cmaxosuti  ananizamop — wopdodizionoriyia cucrema, ska
3a0e3neuye CIpUNUHATTA 1 aHAMI3 XIMIYHUX PEYOBHUH, IO MEpeOyBarOTh y
nopoXHUHI poTa. OCHOBOIO CMAKOBOTO aHANI3aTOpa € CMAKOBI COCOUKU —
CTPYKTYPH SI3UKa, 10 MICTATh cMakoBi perentopu. COCOYKH MOXKYTh MaTH
rpubonoi0Hy (Ha KIHI $I3MKa), JUCTONOMIOHY (Ha OOKOBHMX IMOBEPXHSIX
S3UKa) Ta JKOJI00YacTy (Ha MEXi 33JHbOI Ta JBOX MEPEIHIX TPETUH S3UKA)
dbopmu. KoxkHUN COCOUOK y CBOKO YEPry MICTUTb CMAKO8I YyubyauHu, sKi
CKJIaIaIOThCS 3 €miTelalbHUX CMAKOBUX KIIITHH, OB’ SI3aHUX 3 KIHIIEBUMU
pO3ray)KEHHsIMU CMaKOBUX HEPBOBHX KMITHH (puc. 12.3).

Kinekicte 1ubynun moxke pocsratd 10000. Ha moBepxHi cocouka
S3UKAa 3HAXOJUTBCI CMAKO8A Nopa, 4Yepe3 sKy CMakoBa IUOyIMHa
3’€AHY€ETHCS 3 IOPOKHUHOIO POTA.

CwmakoBa 1u0ynnHa moOyAoBaHa 13 caMe CMaKOBHUX (KUIBKICTB 1X
cranoBuTh 10—20 Ha ogHy HUOYIMHY) 1 ONOPHUX KJIITHH; CMaKOBa KJIITHHA
Ma€ CMAKOBI BOJOCKH, SIKI BUXOJATh Ye€pe3 MOpPY B PIJIKE CEPENOBUIIE HA

MOBEPXHI S3UKA.

MOXIMBUM MEXaHI3MOM CMAaKOBOi perentiii
MOXXKHA BBaKaTH 3’€IHAHHS CMAaKOBUX PEYOBHUH 3
MOJICKYJIaMH  OCOOJIMBUX OIJIKIB PELENTOPHHUX
KIITAH, 110 CYIPOBOKYEThCS BUHUKHECHHIM
peleNnTOPHUX MOTCHITIAIB.

PenientopHa  KJIITMHA  BUBUIbHSE  XIMIUHUH
MeaiaTop (BHCOKOAKTHUBHY XIMIUYHY PEYOBUHY),

Puc.12.2. CMakoBa OpyHbKa SAKUM 30yJIKy€e 3aKIHYEHHS CMaKOBOT'O HEpBa.
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12.7. JleTKi opraHivHi CIoJIyKH y OBIiTPi NPUMIillleHb

12.7.1. lloBiTps NpuUMileHb

SAxicTh TOBITPS MPUMIIIICHh 03HAYA€ BMICT Ta IPUPOTY BHYTPIIIHHOTO
MOBITPSI, SIKE BIJTMBAE HA 370POB’ S Ta KOMGOPT MEITKAHIIIB OY/IiBEIb.

3a maHuMu JociikeHb, nposeneHux y CIIIA Ta €Bpori, HaceaeHHs
1HIyCTpianmi30oBaHuX KpaiH mnpoBoauTh moHam 90% cBoro dacy vy
OpUMILICHHSX, 3 HUX Maiike 50% — Ha poOOoTI, Jie SKICTh MOBITPS 4acTo
ripuie, Hix 330BHI [Indoor Air Pollution,..., 1994].

Jlo OCHOBHMX 3a0pYyJHIOIOYMX PEUYOBHMH BHYTPIIIHBOIO TMOBITPS
MO>KHA BiJTHECTH:

- HeOpraHiyHi 3a0py/HIOIOYl PEYOBUHM (JIOKCHUJ BYTJICLIO, OKCH]I
BYTJICLIIO, J1OKCHU/T a30TY, A1OKCHU/] CIPKH, O30H);

- Opra”iyHi 3a0pyJIHIOIYl PEYOBUHU (JETKI OpraHiyHl CIOJYKH,
dbopmanpierii, MECTUIMIW, BYIJIEBOJHI, amiaTH4yHI Ta aTIIUKIIYHI
BYTJIEBO/IHI, KETOHU, CIUPTH, TIMKoIbedipu, edipu, HeHomm, XIopoBaHi
BYTJICBO/IHI1, TEPIICHU, aJIbJICT1/IH, alleTaTH;

- (b13uuH1 3a0pyAaHEHHS (YAaCTUHKH, a30ecT, MiHEpallbHI HUTKH,
pazon);

- TIOTIOHOBUM JHWM Yy JOBKULIl, MPOJYKTH 3TOpsSiHHs, O10J0Ti4H1
aepo30Jil, PaJl0aKTUBHI 3a0pyIHIOBAYI.

Cepen  OCHOBHMX  HeOe3leYHUX  3a0pyIHIOIOYUX  PEYOBHH
BHYTPIIIHBOTO TOBITPSA CHiJ 3a3HAYUTH JIeTKI opra”iudi crnonyku (JIOC)

[Koppmann, 2007].

12.7.2. JleTKi opraHivHi CroJyKu
Tepmin «IETKAN» BIIITOB1 A€ TEHAECHIIT  IUX CITOJIYK

BUIIAPOBYBATUCS 32 HOPMAJbHUMH TEMIEPATYpOK) THU TUCKOM uepe3 ix
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Majy TOUYKY KUTIiHHS.  PO3BUTOK MepeoBUX TEXHOJOTIH y CydacHOMY
1HTyCTpianai30BaHOMY CYCIIbCTBI CYIPOBOJIKYETHCA 3HAYHUM
30uTbLIEHHSIM acopTuMeHTy JIOC, 0 NOTparigioTh Y HOBITPS. TPUMILIEHD
3 pi3Hux kepen. lle apomaTudni ByryieBoHI, amidaTU4HI Ta aTiUKIIYHI
BYTJICBO/IHI, KETOHU, CHUPTH, TPOCTI TIIKOJEeBl edipu, ckiuagHi edipw,
dbeHOoNMbHI CMOJIM, XJIOPOBaHI BYIJICBOJIHI, TEPIEHU, ajbJerifu, aleTraTu
[Posudin, 2010; ITocymin, 2011].

o ocnoBHux mxepen JIOC nHanexxarb NoOyTOBI MaTepiayiv, 30KpemMa
MeOi (mepeB’siHI TOBEpXHi, 00pobsieHi nakamu, (apdamu, MOIITYpPOIO
TOII0); MOKPUTTS MIAJIOT, Cepel SKUX MapKeTH, CUHTETUYHI MOKPHUTTS,
JIHOJIEYMH Ta PI3HOMAaHITHI KOMIIOHEHTHM IIMX MarepialiB, Taki SK
OapBHMKHU, A00aBKH, PO3UMHHHKH, TUIACTU(PIKATOPU; KUIMMH, MOPTHEPH,
MMOKPHUBAJa, IO MICTATh CHHTETUYHI HUTKH, KOMIIOHEHTH JIATEKCY Ta KJICHO;
KHWKKH, Ta3eTH, >KypHaJIM; MoOyTOBa TEXHIKAa, 30KpeMa KOIIOBaJIbHI
MalluHU, TOHEPH, NPUHTEPU, HarpiBayl, BEHTHJISATOPH, KOHJIHUILIOHEPH;
noOyToBa XiMisi Ta MaTepialii, SKi BKIIOYAIOTh MHUNHI PEUOBHMHU, BOCKH,
OCBIXKYBaul TMOBITPS, IUMAJEpH, MJIACTUKOBI MOKPUTTS, Marepianv Jis
KJIGEHHSI; HOBI Ta BIJIHOBJICHI OYJAWMHKH; BHUXJIONHI Ta3d aBTOMOOLIIB,
TPAHCTIIOPTHI PEYOBUHU, MO MICTATh OEH3MH, MACcTHW/Ia, aBTOMOOIIBHHI
PIIMHKA, KOMIIOHEHTH BHYTPIIIHBOIO 03/100JCHHS HOBHUX aBTOMOO1TIB
(LIKipsiH1 MOKPUTTS Ta TKAHWHU); TIOTIOHOBUHM AWM, O10JIOT1YHI YaCTUHKH,
Taki K BIpycH, OakTepii, rpuOu, MUJIOK, TIOCII]T NITaxiB, KOMaxu, TPU3YHH,
€KCKPEMEHTH TBapHH, JCKOPATUBHI POCIMHHU.

Haitnommpenimum  BrmmBoM JIOC y moBiTpl OPUMIMICHBb  CIIJ
BBKaTH TOAPA3HEHHS OpPraHiB 30py, HOCOTJIOTKH, TOpPJia, TOJOBHUN O1JIb,
3armaMopoueHHs, Hynotry. KomOiHaiii 3axBOpIOBaHb, TIOB’SI3aHUX 3
1HIUBIAyaJbHUM MICIIEM Ha poOOTI UYMW BIOMa, Ha3UBAIOTh «CHUHIPOMOM

xBoporo oyauHky» [Ando, 2002].
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12.8. BumiproBaHH#A AKOCTi MOBITPA NPUMillleHb

12.8.1. I'a3oBa xpomarorpadis (I'X)

Metoz po3aiseHHsl, 3HaX0/PKEHHsI 1 BA3HAUEHHS PEYOBHH, OCHOBaHUI
HAa HEOJHAKOBOCTI  IX TMOBEMIHKM y CHCTeMI 13 JBOX (a3, sKi He
3MIITYIOTBCA (PyXOMiH 1 HEpPyXOMil), Ha3UBAETLCS Xpomamozpaicro.
Pyxomoro ¢dazor0 moxke Oytu pinwHa (PO3YMH CyMIIIl PEYOBHUH, IO
aHaII3yI0ThCs ) a00 ra3 (CyMmill Tra3iB), HEPYXOMOIO — TBEpJla peuOBHHA a00
pianHa, aacopOoBaHa Ha TBEP1N PEUOBHHI, 110 HA3UBAIOTh HOCIEM.

[lig yac pyxy pyxomoi a3y B3JOBXK HEPYXOMOi KOXKHA KOMITIOHEHTa
cyminr ocimae (copOyeThesi) Ha HepyxoMiit (a3 (copOeHTi) BIAMOBIIHO 0
Matepially copOeHTY, 3aTPUMY€EThCS 1 CIIOBUIBHIOE CBiM pyX. Uepes Te, 1110
pI3HI KOMIIOHEHTH MAalOTh PI3HY CHOPIHEHICTh, BIIOYBAE€THCS MPOCTOPOBE
PO3IIJIEHHSI IIUX KOMIIOHEHTIB — OJHI KOMIIOHEHTH 3aTpPUMYIOThCS Ha
NOYaTKy IUISAXY, 1HILI MPOCYBAIOTHCS YEpe.l TOILO.

["a3zoBa xpomarorpadist mepegdavyae BUKOPUCTAHHS IHEPTHOTO Ta3y SK
pyxoMoi (a3u Ta giaTomiTy (TiIpaTOBAaHOTO CEJIKareia) sIK HOCIS,
OCTaHHIM pO3MIIIYIOTh y CHipajJbHUX 200 KaNJIsspHUX KOJIOHKax. JloBkuHa
cripajibHUX KOJIOHOK aocsirae 50 M mpu aiameTpi 50 MKM.

MexaHi3MH OCIJJaHHSIT KOMIIOHEHTIB CyMIIll Ha HepyxoMiil ¢asi
MOXYTb  OyTM  pI3HUMHU:  pO3YMHEHA  pEUYOBMHA  aCOPOYETHCS
(MOTJIMHAETBCS) TOBEPXHEID HepyxoMoi (a3u; pO3YMHEHAa pEuOBHHA
PO3YMHIOETHCS Y PIAKINA (a3i, 10 TOKPHUBAE TTOBEPXHIO TBEPAOI PEUOBUHU;
PYXOMi aHIOHHM YTPUMYIOThCS KaTiOHaMH, IO KOBJICHTHO 3’€JIHaHI 3
HEpPYXOMOIO (ha3010; BIAAUIEHHS APIOHUX MOJIEKYI, sIKI TPOHUKAIOTh Yepes3
MOpY YACTUHOK PEYOBUHM, BIJ BEIMKHUX; CIOPIAHEHICTh OJHUX MOJEKYI
CyMillll JAPYrUM MOJEKyJIaM, [0 KOBaJIEHTHO 3B'i3aHI 3 HEPYXOMOKO

dazoro.
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[TpuHumn aii ra3oBoro xpoMarorpada nmoscCHIOETbCs Ha puc.12.3.

Hexaif pi3Hi MoONEKyaM, IO aHAII3YIOThCS, MAalOTh PIi3HI (GOpMH,
pO3MIpH Ta KUIbKICTh OKpPEMHX e€JeMEeHTIB (aromiB). BiamosinHo,
MBUAKICTh PyXy TaKuUX MOJEKYNI Oyae pi3HOw0. SIKIIo BCl III MOJEKYIH
CTapTyBaTUMYTh OJHOYACHO, Ta Ha (iHIIIl JETEKTOp OyAe peecTpyBaTu
KOXXHY MOJIEKYJy OKpPEMO, y CBiil BJIacHM MOMEHT duacy. lIpu 1mpomy

JIETEKTOp BUJIA€ CUTHAJ peecTpallii (MaKCUMyM XpOMaTOTPaMH ).

Puc. 12.3. Ilpunumn aii razoBoro xpomarorpaga. lerekryBanas
JIETKUX OPraHivYHUX CHOJAYK Ta ByrjiaeBoaHiB. Ilo oci opaunar —
AMILUIITY1a CUTHAJY, [0 PEECTPYETHCHA AETEKTOPOM; MO OCi adcuuc —
yac peecrpauii
BynoBy razoBoro xpomatorpada, OCHOBHUMH €JIEeMEHTaMH SIKOTO € 0aJioH
3 Ta30M-HOCIEM, 1HXKEKTOp, Yepe3 AKUM 3alyCKaloTh ra3, 1110 aHali3yeThC,

KarmisipHa KOJIOHKA Ta JETEKTOP. HaBeIeHO Ha puc.12.4.

Puc. 12.4. bynoBa razosoro xpomarorpadga
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Meron ra3zoBoi Xxpomarorpadii = XapaKTEpHU3Ye€TbCS  BHUCOKOIO
YYTJIMBICTIO, MOXJIMBICTIO OJJHOYAaCHOTO BUMIPIOBAHHS BEJIMKOIO YHUCIIA

JIOC.

12.8.2. Mac-cnexkrpometpis (MC)

TexHika po3/ieHHSA 10HI30BaHMX MOJIEKYJl 1 aTOMIB BIJAMOBIIHO iX
MacaMm, sika 0a3yeTbCs Ha Jii MarHITHUX 1 €NEKTPUYHUX IOJIIB Ha IMYYKH
10HIB y BaKyyMi, Ha3uWBAE€ThCA MAaC-CIIEKTPOMETPi€r0. Mac-CrieKTpoMeTp
CKJIQa€ThCSI 3 CHUCTEMHU TMIATOTOBKM PEUYOBHMHHU, Yy SKIH BOHA
NEPETBOPIOETHCA HA Ta3; MPUCTPOIO JJIs 10HI3aIlli MOJEKYIN rasy; 3aco0y
BUJIIJICHHS 10HIB MEBHOTO 3HAKY 3 IUIA3MHU Ta iX MPUCKOPEHHS Y JAaHOMY
HanpsIMKY; IUCIEPCIHHOTO €JIEeMEHTa, 31aTHOr0 PO3AUIUTH Y IIPOCTOpl abo
y 4acl 10HU NIEBHOT'O BIIHOIIEHHS 11/q; NETEKTOPA, IKUH 3JaTHUN KIJIbKICHO
OILIIHIOBATH 10HU JIaHOT'O MAacOBOI'0 YKciia (CyMapHOi KUTBKOCTI HEUTPOHIB 1
IPOTOHIB), IO MPOXOAATH Kpi3b BXIJIHY alepTypy; BAKYYMHOI YCTaHOBKH;
cucteMu o0poOKH, aHaI3y 1 peectparltii iHpopMmarrii.

[TpuHIMn A1i Mac-CIeKTpOMETpa MOSICHIOEThCS Ha puc.12.5.

Puc. 12.5. Ilpunnun xii Mac-crieKTpoMeTpa
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Bigomo, mo sKio YacTMHKA 3 3apsiioM ¢ MPOXOAUTH KpPi3b OJHOpPIJIHE
noje, To Ha Hei gie cuna JlopeHua, miJl BIUIMBOM SIKOI 4acTHHKa Oyne
pyxaTucs MO KpUBONIHIAHIA Tpaektopii. bamaHc cui onucyerbes
PIBHSAHHSIM:

mv’/r = quB, (12.1)

Jie m — Maca YaCTUHKH; ¢ — 11 3apsill; 0 — LIBUIKICTh PyXy YACTUHKU; 7 —

paaiyc KpUBU3HU TPAEKTOPIi; B — MarHiTHa 1HAYKIIiS.

loHn, #AKi NPOXOAATH TMOCHIIOBHO Kpi3b CHUCTEMH MArHiTHOTO 1
EIEKTPUYHOTO  BIJIXWJIEHHS, PO3JAUISIOTBCA Yy MPOCTOPI  BIAMOBIAHO
BEJIMYMHAM BiTHOIICHHS m/q.

Jlo mepeBar MeETONY MAac-CIICKTPOMETPIi CIiJ] BiTHECTH BHUCOKY

YYTJIMBICTh T4 TOUYHICTh BUMIPIOBAHb.

12.8.3. Komo0inauist meroniB xpomarorpadii Ta Mmac-cieKTpoMeTpii

(TX/MC)

[Toennanns ra3oBoi xpomatorpadii Ta Mac-CIIEKTPOMETPIi T03BOJISE
NO€IHAaTH XpoMarorpadiuHe po3AUICHHS KOMIIOHEHTIB CyMill 3 Mac-
CHEKTPOMETPUYHOIO 1eHTU(IKAIIEI0 OKPEMUX KOMIIOHEHTIB (puc. 12.6).

[Toemnannast ra3oBoi xpomarorpadii 3 Mac-CIEKTPOMETPIEI0 Ja€e
MOMJIMBICTh peaizyBaTH 1HXKEKIII0 Ta30BO1 CyMIII, 10 aHATI3YEThCA, Y
KOJIOHKY Ta30BOro xpomartorpada, 1€ KOMIIOHEHTH pPO3AUISIOTHCS
BHACHIIOK B3a€MO/II 3 KOJOHKOI. PO3/iJIeHI KOMIIOHEHTH MOJal0ThCsl Ha
BX1Jl Mac-CIIEKTPOMETPA, KU PEECTPyE Mac-CIEKTP KOXKHOTO KOMITIOHEHTA

[Masucci, 2004].
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Puc. 12.6. Xpomartorpadivyne po3aiieHHs KOMIIOHEHTIB cymimii 3
MAaC-CNIEKTPOMETPUYHOIO iTeHTH(IKAII€EI0 OKpEeMHUX KOMIIOHEHTIB I

yac 3acrtocyBanust '’ X/MC merony

Takum umHOM, i1H(pOpMaris, aky Hamae cucrema ['X/MC, Ounbi
Oarara. Jlns aHamizy KOMIIOHEHTIB, IO aHANI3YIOThCA, VY IaM STl
KOMIT' FOTepa € eJIeKTpOHHa O10/i0TeKa, M0 MICTUThH JIaHl MIOJ0 KIIbKOX
TUCSY MOXKJIUBUX KOMITOHEHTIB.

3arameauM HepomikomM I'X, MC Tta I'X/MC cucTteM € BHCOKa
BapTiCThb  OOJaJHAHHS, TOMI SIK TEXHIKAa BHUMIPIOBaHb BHUMAarae

KBaTI()IKOBAHOTO TIEPCOHAITY.

12.8.4. TexHika Mmac-crieKTpOMeTPii HA OCHOBI peakiil mepeHocy

nporona (PIIII/MC)
Lleit MeTon TIPYHTYEThCA Ha «M’SKIi» 10HI3alli, MOB’SI3aHIA 3

YTBOPEHHSAM MOJIEKYSIPHUX 10HIB IIJISXOM J0/JaBaHHS a0o0 BIIOMpPaHHS

npotony [Hansel, 2004; Kato et al., 2004; Lindinger et al., 2005].
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butemicte Mosekyi (R) 10HI3yIOThCS MpU J10AaBaHHI MpoToHY (R +
H"). B ocHOBI peakiiii MepeHOCy MPOTOHA JICKUTh MPOIEC 3apsKaHHS
MOJIEKYIH BOIM, IO CYIPOBOMKYETHCS YTBOPEHHAM i1oHY FH30", 3
HOJANBIION0 TEepeaayuero 3apsay JIETKUM OpraHiYHMM KOMIIOHEHTaM V) siKi

a”aiizytoTecs. [Ipu ibomMy BiTOyBaeThCs peakilisi MepeHoCy NPOTOHA:

H:0"+ V> VH + HO.(12.2)

Cxemy PIIII/MC-cuctemu HaBeAeHo Ha puc. 12.7.

Puc. 12.7. Cxema PIIII/MC cucremu: 1 — Bxix BoasiHOI napu; 2
— CHCTeMa YTBOpeHHs ioHiB; 3 — BXia nmoBiTps 3 JIOC; 4 — npeiidpoBa

Kamepa; 5 — Mac-CIeKTpoMeTp; 6 — Hacoc

Bonsna mapa mig tuckom 150 Ila momaerbcst Ha BXig / cucremu 2
yTBOpeHHs 10HIB. binsbko 98% mnapu H>O niepeTBoproethest y ionun H3O™.
[ToBiTpsl 3 JETKMMHU pEUOBUHAMHU V, 1110 aHATI3YIOTHCS, MOJAETHCA Yepe3
Bxia 3 y apeidoBy Kamepy 4, KyJld NOTPAIUIAIOTh 3aBISKU MPUKIAJIEHOMY

cabKoMy eIeKTpUYHOMY Tmomo ioHm H3;O'. Y  npeiidosiii  kamepi

417



BIIOYBA€THCS  peaKilisi TEPEHOCY MPOTOHA, M0 CYHIPOBOIKYETHCS
. b e s .
yTBOpeHHsIM 10HIB V-H". 11 i0HU qpeliyroTh 10 BXOAY Mac-CIEKTPOMETpPA
5, ne anami3yroThcs. Bei kamepu cuctemu 3B si3aH1 3 HACOCOM 6.
[lepeBaramu PIIII/MC-cuctemu € Bucoka (Omu3bko 1  HiI/m)
YYTJIMBICTb, MOXJIMBICTh BHMIPIOBaHb y pEAJIbHOMY 4Yaci, MIBUAKOJIA,
IpPOCTOTa KOHCTPYKIIIi, MOJIMNIIEHA 1J1eHTU(]IKalisl KOMIIOHEHTIB, IO

aHaJTI3yIOThCS.

12.9 ®diTopemenianis
Pemeoiayis — 1ue mnpomec BHUBEACHHA  3a0pyAHIOBaYiB 3
HaBKOJIUIITHBOTO  CEPEJOBHUINA, 30KpeMa 3  TIPYHTY, IIiJ3EMHHX,
MOBEPXHEBUX BOJ Ta aTMOC(epH 3 METOI 3aXHUCTy 3JI0pOB’S JIOJWHHU Ta
noBkiuig. CioBo remedy (BiA JaTUH. remedium — JIKyBaTH) O3HA4Yae

3aCTOCOBYBATH IIOCh, IO 3HIMAE O1JIb, KY€, 200 M030aBJIsi€ MOPYLIEHb.

12.9.1. OcHoBHi npouecu ¢itopememiamii

TepMmin gimopemedayis TOXOAUTH Bi TPEUBKOTO CJIOBA @imo —
«pOCTMHA» Ta JIATHHCHKOTO pemediym — <«JIikyBatw». llporuemypa
ditopememialiii mojsrae y 3He3apakyBaHHI I'PYHTY, BOJAU a0O TOBITPS 3a
JIOTIOMOT'OI0 POCIIMH, SIK1 37aTHI MICTHTH, 3MEHIIYBaTH ab0 OOMexyBaTu
NPUCYTHI Yy HaBKOJHUIIHBOMY CEpPEJOBUINI  METalH, TECTUIUIH,
po3uMHHUKHM, HapTy Ta ii MOXigHI Ta PI3HOMaHITHI 3a0pyAHIOI0Y]
PCUOBHHH.

Biapi3uastore Taki nporecu (itopemeniamii [ Yoo et al., 2006; Yang et
al., 2009; ITocynin, 2012]:

Dimomparchopmayis (pimooeecpaoayis) — 3aXOIUICHHS,

HAKOMMYEHHSI Ta TEPETBOPEHHS OpPraHIYHUX TOKCUYHUX CyOCTaHIN 3
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IPYHTY, TOBITPS Ta BOJAM; BCl LI MPOLECH MNPU3BOAATH J0 XIMIYHHX
Moaudikaiiil 3a0pyIHIOIYNX PEYOBUH HMUITXOM POCIMHHOIO METaboIi3My
Ta 3MEHIIEHHIO 1XHhOT TOKCUYHOCTI.

dimoexcmpayis — NOTJIMHAHHSA 3a0pYIHIOIOUYNX PEUYOBHH KOPEHEBOKO
CHUCTEMOIO POCJIHH Ta IX IEPEHECEHHS Y POCTUHHY OioMacy.

Pizoginempayia — pylinHyBaHHS 3a0pyHIOIOUMX PEYOBUH IPYHTOBUMU
MIKpOOpTraHi3MaMH Yy 30Hi, III0 0TOYy€ KOPEHEBY CUCTEMY POCIHHH.

dimocmabinizayiss — yTBOPEHHS XIMIYHUX CYOCTaHIlIM, SKI 3/aTHI
iMOOLTI3yBaTH 3a0pyIHIOIOY] PEYOBHHH, 32 PaXyHOK cOpOIi, OCiIaHHS Ta
YTBOPEHHS KOMILJIEKCIB.

Dimosonramunizayis — 30ATHICTb POCIMH BIIAANATH 3a0pyIHIOIOU1
PEUYOBUHM 3 TPYHTY UM BOJM Ta 3BUIBHITH iX y atMmocepy BHACTIIOK
¢piToTpanchopmarlii y MEHII JeTKI a00 MEHII 3a0pyIHIOK0Y1 CyOCTaHIIi.

Puzoginempayis — pinpTpanis Boau, 1Mo IPOXOJAUTH Yepe3 KOPESHEBY
Macy 3 BWJIYYCHHSIM TOKCHUHHMX CYOCTaHIl{, ab0 3aJMIIKy TOXHUBHUX
PEYOBHH; 3a0pyIHIOIOY1 PEUOBHUHH MOTJIMHAIOTHCS KOPIHHAM (puc. 12.8).

Sk mpukimamd  TakKMX ~— POCAMH, IO  37aTHI  3/IIHCHIOBATH
ditopememialiio, MOXXKHA HaBeCTU COHSIIHUK (Helianthus annuus), sKAi
BUJIy4a€ apceH, abo IykpoBuil Oypsik (Befa vulgaris), sSiKuii excTparye
XJIOPUJT HATPIlO, IO HAKOMUYYETHCS Y CLIBCHKOIOCIOAAPCHKUX YI1IAX
BHACJIIJIOK 1X 3aTOIUIEHHS! MOPCHKOIO BOJOIO.

Bzaram wMeromu  ditopemendiaiii  XapaKTEpPU3YIOThCA  TaKUMU
repeBaramMu Ta HeIOTIKaMH:

[lepeBaru: HU3bKa BApPTICTh; BUKOPUCTAHHS MPUPOJHUX OPraHi3MiB Ta

30epexKEeHHsI TOBKIJIIS.
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Puc. 12.8. Ilpuauun puzodiasrpamii

Henomiku: ¢diropememiaiiss oOMexeHa TUIOMICI0 Ta TNIHOUHOIO
pO3TallyBaHHsS KOPEHEBOI CHCTEMHU POCIMH; IMOBLIBHUM PICT Ta HHU3bKA
OlomMaca BHUMAararTh JOBFOTPUBAJIOTO MPOLECY peMeliallii; NOTeHIl1adbHa
MO’KJIMBICTh NPOHUKHEHHS 3a0pyIHIOBAauiB y TPaBHHUM TPAaKT CIOKMBAYiB

POCIMHHOT IPOAYKIIIi.

12.9.2. ®ditopemenianisi y kocMoci

B 1989 r. HarionanpHe ympaBiiiHHS 3 a€pOHABTHKU 1 JTOCHIKEHHS
KocMiyHOrO Tmpoctopy (amri. National —Aeronautics and  Space
Administration, NASA) npoBeno JOCHIPKEHHS 3 OYHWILIEHHS TOBITPs Ha
kocmiynux cranmisax. ®axisui HACA mnpumyckaiots, 10 e(eKTUBHE
OYMILEHHSI TOBITPS 3IIMCHIOETHCS HIOHAMMEHIIIE OJIHIEI0 POCIMHOI0 Ha
mwromi 100 xBagpatHux ¢yrie (9,29 M%) Oyaueky a6o odicy.
[lepciekTHBHUMHU B IIbOMY IUIaH1 pociauHamu € [Stutte, 2012]:

Hedera helix (ILmrormy 3BuyaiiHuii).

Chlorophytum comosum (XnopodiTyMm, maBy4e 1epeBo).

Scindapsus  aures abo  Epipremnum  aureum  (EninpemHym

30JI0TUCTHUN).

420



Spathiphyllum "Mauna Loa” (Cnatudimiym).

Aglaonema modestum (Arnaonema CKpOMHa).

Chamaedorea sefritzii (Xamenopest abo bamOykoBa nmaibma).

Sansevieria trifasciata (CanceBiepis a00 “TENTUH SI3UK’).

Philodendron scandens "oxycardium”( ®i101eHAPOH JIa3sT9Hi ).

Philodendron selloum (®inonenapon Ceo).

Philodendron domesticum (®imoneHAPOH JOMAIHIN, ‘‘CIOHOBE
BYX0”).

Dracaena marginata (paniena o0isMoBaHa).

b

Dracaena  fragrans “"Massangeana’ (dpamena  myxmsiHa
MaccamxeHa).

Dracaena deremensis “Janet Craig” ([panena nepemckas abo
JIPaKOHOBE JIEPEBO).

Dracaena deremensis “Warneckii” ([pauena nepemckasi Bapuekki).

Ficus benjamina (®ikyc benmxamina).

12.9.3. ®diTopemMenianiss pagioHyKJIiAIB
Haii6inpmn nommpernMu pagionykimigamu € 3Cs: 0Sy 234235238 238-
2Py, OcoONMBICTIO  PaMiOHYKIIAIB € iX HE3NATHICTH MPHUPOIHO
nerpaayBat. SKIIO pagiOHYKIIIM MOTPAIUISIOTh Y IPYHT, BOHM a0o
3’€AHYIOTHCS 3 TPYHTOBUMHU YaCTHHKAaMHU, a00 3aJIUIIAIOTHCS Y TPYHTOBOMY
po3uuHi. Haa3zBuyaltHO BHCOKY 3/IaTHICTH afcopOyBaTH paiOHYKJIIIN
JEMOHCTPYIOTh IPYHTH 3 TJIMHOIO 3aBISKH BUCOKIW 3arajibHIi MTOBEPXHI.
K10 pamioHyKIIAN aacopOyIOThCS TPYHTOM a00 3B’ A3YIOThCS 3 HUM,
BOHM CTAHOBJISATHCA HEAOCTYIHUMHU U POCIMH, MIKPOOpPraHi3miB ado

0e3xpeOeTHUX; PaTIOHYKIIIM, M0 3HAXOASATHCA y TPYHTOBOMY pPO3YHHI,

3[1aTHI MOTPAIISATH O IPYHTOBOI O10TH Ta POCIHH.
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VY npupoIHHMX yMOBax paJiOHYKIIH, IO MOTPAILISIOTh y POCIIHMHH,
MOXYTh TOTPAllUTH B OpPraHi3M TPaBOiMHUX TBAapUH Ta, BIJIMOBITHO, B

OpraHi3m JIFOJIUHH.

Puc. 12.9. Conssmunuk (Helianthus annuus) € nepcneKTUBHOIO

POCJIMHOIO 3 TOUKH 30pYy (piTopemenianii pagioHyKIiaiB.

KpiM Toro, pagioHyKJIiId MOXKYTh MOTPAMKUTH Y JIFOJACHKUNA OpraHi3m
yepe3 KOHTAaKT 3 3a0pyJHEHUMH TIPYHTOM 4Yu Bojaow. Hacmigkom
PaJlOaKTUBHOTO 3a0pyIAHEHHS JIOAMHU MOXYThb OYTH OHKOJOTIYHI
3aXBOpIOBaHHs abo reHeTuyHi myrtaiii [Sagyndyk et al., 2008].

[Ilo cTocyeThbest pememiarii TpyHTY, € ABA TPATUIIHHAX TT1IXOIH:

Buxonysanns 3a0pyaHEHOTO pagiOHYKJIAaMU TPYHTY 3 MOJATbIIAM
BIJTAJICHHSIM TPYHTY a00 3aXOpOHEHHSIM HOro y OETOHHUX YH CKISTHUX
MaTpuIlsiX. Ase el MeTo/ Ay*e KOIITOBHUI — BUKOITYBAHHS YIaKyBaHHS,

TPAHCIOPTYBaHHA Ta po3MilleHHs | M3

3a0pyHEHOIO0 IPYHTY KOIITYE
2100 gomapis CIHIA. bauzbko 200-300 miipa 1oiapiB mOTPiOHO BUTPATUTH
Ha peMeliallio PalioHYKIIIIB y BOI Ta IPYHTI.

Hpyruit metoz nependavae npomusanHs TPyHTY, MO TaKOK MOTpedye

BIJIJIaJICHHS TPYHTY Ta TMeBHI XiMiuHi orepartii. [loTiM ouunieHuit Bif
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PadIOHYKIIAIB IPYHT MOBEPTAETHCA HA CBOE MICIIE, ajie BIH BXKE MICTUTh
JETEpreHTH, cyp(akTaHTU Ta I1HINI CHOJNYKH, SIKI TaKOX BHUKJIMKAIOThH
npoOieMH 11 HABKOJMIIHBOTO CEPEHOBHING, OCOOJMBO SKIIO BOHH
MOTPAIUISIIOTh Y TPYHTOBI BOJIH.

AJIbTEpHATHBOIO IIUM JBOM METOAaM € ¢himopemediayis, 30KpeMa Taki
il pi3HOBUAM SIK (himoexcmpayis Ta pizoginempayis. diropemeniaiis (a0o
¢diTone3akTHBAallis) — 1€ BUJAICHHS PAIIOHYKIIIIIB 3 TPYHTY 32 JOIIOMOTOIO
CrHeniaibHO BUPOIYBAHUX HA HUX POCIHUH. [[J1s1 IbOr0 3aCTOCOBYIOTH BU/IH,
10 MAOTh BHCOKI KOE(ILIEHTI aKyMYJSIil palioHYKIIAiB Ta (HOPMYIOUHX
3Ha4yHy OioMacy. HalOimpln nuM BHMOraMm BIJNOBIJA€E JafONUH, B IO
MEHIIINA Mipi JfoyepHa, TaKOXK KYKYpy03a Ta COHAWHUK TIPU BUPOITyBaHHI
Ha 3€JIeHY Macy, JIesKi TPaBOCYMIIIKH.

[lepeBaramu ¢itopeMenianii € i 37aTHICTh OYMILATH IPYHT in situ,
TOOTO 0€3 MOpYIIEeHHsS IPYHTOBOI IuHaMiku. [lo-mpyre, pociauHU mMmicis
BUJTyYaHHS PaJIOHYKJIIJIB MOYKHA TPAHCHOPTYBATH y MICIIS iX 3aXOBaHHS.
[To-Tpete, mporec diTopeMesialiii 3MEHIIIYE Yac B3a€MO/IIi MPAIIBHUKIB 3
pPagioOHYKIiAaMHU.

KinbkicHe OliHIOBaHHSA €PEeKTUBHOCTI (piTopeMeialii pailoHyKIUIiB
MOKHA 3[IIHCHIOBATH 3a JOMOMOTrow0 xoegiyicuma odioaxymynayii (KbA),
SIKUA JIOPIBHIOE BIJTHOIIEHHIO KUJIBKOCT1 PAJIOHYKJIIIIB Y CYXiil pOCIUHHIN
TKaHWHI 0 KOHIICHTpPAIlii paliOHYKIIIIB y TPYHTOBOMY PO3YHHI.

Tax, nns KBA nns *’Cs sapiroe Big 0,01 mo 1,0 mis creGuunu ta 38-
165 — mns xopenst; mis ypany — 0,01- 0,0001; ais momyronito — 0,0001.

IMpouec diropemenianii *’Cs ta °°Sr moxe tpuBatu Bim 5 mo 20
POKIB, 11100 JOCSATHYTH MOBHOI'O OYHUILICHHS IPYHTY.

Bapricte ditopemeniariii rpyHTy cTaHoBUTH 25-100 monapiB 3a TOHHY

rpyHty ta 0,6-6,0 nonapis 3a 1 rano (3,786 1) Boau.
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Haiikpamumu 3 Touku 30py ¢piTopeMeniaiii € pocaIuHu 3 IHTEHCUBHO
PO3BHHEHOIO  KOPEHEBOK  CHUCTEMOI0,  fKa  3JaTHa  31HCHUTH
pizodiabTpallito, ad0 3 PO3BUHEHOK HaJ 3€MHOI0 MOBEPXHEI0 010Macolo,
10 BaXKJIMBO JIJIs1 (D ITOSKCTPAKIIIi.

JIBa BUAM POCIIHMH € TIEPCIIEKTHBHUMHE 3 TOYKHU 30py pizodinpTpamil:
cousiiHuk  (Helianthus  annuus) Ta BoaHud  rianuHT  (Eichornia
crassippes). ~ O0OumBa  31aTHI  HAaKONMUYYBaTH  3HAYHY  KUIBKICTh
pagionykninis (1*’Cs, U, *°Sr) nporsarom kinbkox roaud abo auis. CraBok
0iins YAEC 6yii0 0TOYEHO COHSMIHUKAMHM, KoedimienT Gioakymyimsiii ¥’Cs
KopiHHA skux ckianas 4900-8600 [Negri et al., 2000].

Bepeck (Calluna vulgaris) € moreHIiaqbHa pOCIMHA, KA 3aBISKH
3B’SI3Ky 3 MIKOPI3HUMHU TpubaMu 37aTHA HAKOMWYYBAaTHU PATIOHYKIIAN Y
3HAYHIM Mipl MOPIBHAHO 3 IHIIMMH pociMHaMu. Bepeck pocrte Ha
niaBHUIICHHAX BenukoOpuTanii, ki mocTpakaanu Big YOopHOOUIBECHKOTO
iHuuaeHty. LI perioHn XapakTepH3yIOTbCS KUCIUMU Ta TOp(’ STHUMH
IPYHTaMHU.

Mikopu3a BepecKOBUX HeoOXigHa I 3a0e3ledeHHs POCIUHU
CKOpile a3oToM, HDK (ocdopoM, 10 OCOOJMBO BaXKIUBO JII KHUCIHUX
rpyHTiB. He BuKIItOUEHO, 1110 MIKOpHU3a IMiIBUILYE CTIHKICTh BEPECKOBUX 0
T BaKKUX METaJIB, SIKI YTBOPIOIOTHCS y TaKUX I'PYHTaX ab0 MPUPOIHUM
HUIIXOM, 200 3aBASKN KHUCIOTHUM JOIIAaM.

KopeneBa cucrema Takux BUJIIB COCHU sIK Pinus ponderosa ta Pinus
radiata 37aTHa acOIIIOBAaTH 3 €KTOMIKOPH30I0 (FprOU OTOUYIOTH KOPIHHA,
ajle He NPOHHUKAIOTH y HHOro). Taka cucrema 3marHa moriamHard Sr?° 3
IpyHTY; 6% pagloOHYKIII/IIB HAKOMMYYBAJIOCS Y HAJA3E€MHIN YaCTUHI POCIHH
npotsirom 1 micsns [Entry et al., 1994].

Bigznaummo mnpeAcTaBHUKIB (iopu, AKI JEMOHCTPYIOTh 3AaTHICTb

MOTJIMHATH PaJI10H YK JIH:
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/Jlexopamueni pocaunu

[Dmrory  3Buvaitnuit  (Hedera Helix), rtemirpadic (Hemigraphis
alternataa), BOCKOBHMU IO abo Xxousa M™’sacucta (Hoya carnosa),
acrnaparyc TycTouBiTHUM (Asparagus densiflorus), TpaleCKaHIlisl MypIypHE
cepue (Tradescantia pallida), Tonctssuka moprymnakoBa (Crassula
portulacea), cnaributym7 Yomica (Spathiphyllum wallisii), npaneHa
nepemcbka (Dracaena deremensis), xananxoe bnochenpaa (Kalanchoe
blossfeldiana),  xpuzamnokapnyc  sxoBtyBatuii  (Chrysalidocarpus
Lutescens), ¢ixkyc benmxamina (Ficus Benjamina), xoBes dopctepa
(Howea forsteriana), ToBcTsinka oBanbHa (Crassula ovata), caHceB’epis
TphoxmoJioca (Sansevieria trifasciata)

3n1ako6i ma pi3HOmpas’s

Koctpuust ouepersina (Festuca arundinacea), KOCTpHUIld YEpBOHA
(Festuca rubra L.), naxutHuuzs OaratopiuHa (Lolium perenne L.),
KoHIoIMHA Ouna (moB3yua) (7rifolium repens), poroBUK JIaHIIETOBUIHUN
(Cerastium fontanum), mmMpunsa 3BudaiHa (Amaranthus retroflexus),
tpaaeckauiis (Tradescantia bracteata).

Buou oepesnoi pochunnocmi

YepBonuii knen (Acer rubrum), nTukBHUAaMOap CMOJOHOCHBIA, WA
amOpoBoe gaepeBo (Liriodendron tulipifera), xkokocoBa mnaimbma (Cocos
nucifera), montery pine (Pinus radiata), cocna npomenucta(Pinus radiata),
cocHa xoBTa (P. ponderosa), eBkaminT 4depBOHUU JicoBun (Eucalyptus
tereticornis), 4opHa sumHa (Picea mariana), nyo (Quercus), sliBeNb
(Juniperus).
IlepeBaru ¢iTopeMenianii pagloOHyKII11B:
e TexHonoris mnepeadadae oOpoOKy in sifu, TOOTO 0€3 pyHHyBaHHS

IPYHTY;

425



e PociauHM 3MEHINYIOTh TPUBAIICTh MOXKJIMBOTO KOHTaKTYy POOITHUKIB 3
PagioOHYKIIIJaMu;

o ®ditopeMeniallis Moke OyTH 3aCTOCOBaHa YIPOJOBX TPUBAJIOTO yacy,
1110 3011bITy€e €PEeKTUBHICTh OYHIIIEHHSI CEPEIOBHUIIIA.

e Henomniku ditopemeniariii pagioOHyKIiIB:

e TpuBamicTh OYHUIICHHS CEPEIOBUINA JTOCUThH BelHKA. Tak, HaNpUKIa,
s oumineHHs rpyary Big 3’Cs ta *Sr morpiOno Bim 5 mo 20 pokis,
o0 gocATHYTH MOBHOTO ouniieHHs [ Entry et al., 1994].

e Bapricts QiTopemenianii rpyHTy craHoButTh Bin 25 go 100 momapis
CHIA 3a tonny Ta Big 0.60 momapiB no 6 momapiB 3a 1000 ramonis
BOJIH.

e @iropeMeniaiisi PaalOHYKJIIAIB  CTBOPIOE TEBHMM  PHU3UK IS

OTOYYIO4O0ro cepcaoBuIia.

12.9.4. JleTKi cOJIYKH 3eJIeHUX JUCTKIB

Pocnuaun 37aTHI BUIAUIATH  PI3HI JIETKI CHOJIYKH, $KI MOXYTb
3aJydaTd Komax, 1[0 OepyTb y4yacTb B 3alWJI€HHI, BOJIOIITU
AHTUMIKPOOHOIO aKTHUBHICTIO, BIJJISIKYBaTH TPaBOinHUX TBapuH. Kpim Toro,
JeTKI PEYOBMHU MOXYTh 3aJlydaTd A0 POCIMHH I1HIIUX 1CTOT, AK1 37aTHI
3HMIIYBATHU HIKITHUKIB, OCKIJIbKA XapuyIOThCsl HUMU B PUPOJHUX YMOBaX.

JleTki opraHidHi CHOJIYKH, SIKI € CBOEPIIHUMH CUTHAJIaMH TPHUBOTH
(puc.12.10), Ha3zuBarOThCS emkumu cnoaykamu 3enenux nucmxie (Green
leaf wvolatiles, GLV). Jlo Takux JETKUX CIIOJNYK, SIKI € CBOEPIAHUMU
«CUTHaJaMu TPUBOTH», BIJHOCIATBCS TEPIEHOIAU, (EHUIIPONaHOiIH,
KUPHI KUCIIOTH, TOX1HI aMIHOKHCIIOT, a TaK caMoO €TUJIEH 1 13ompeH [Scala

et al., 2013].
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JIeTk1 cOayKW POCIMH B 3MO31 3aJly4aTd Mapa3uTUYHUX a00 XHKHUX
KOMax, Skl € TIPUPOJHUMH BOpOTaMH TpaBoigHuX. Hampuxnan, pocivHu
TIoTIoHy (Nicotiana tabacum), TOTpU3eHI TYCEHUISIMU METEIUKa-COBKU
(Heliothis virescens), yTBOPIOIOTb JIETKI PEYOBHHH, SKi IPUBAOIIOIOTH
HAI3HHMKIB — HaIMagHUKIB Ha IuX ryceHunlb [de Moraes et al., 1998]. Ile
BiIOYBa€ThCS TIIBKU B JICHHUM 4Yac, KOJM aKTUBHI Hai3HUKU. BHOY1 XK
POCIIMHM TIOTIOHY, TMOIIKOJKEHI T'YCEHUIIMU COBOK, BHUJIUISIOTH 1HIII
PEYOBUHHM, IO BIUISIKYIOTh CaMOK TOTO * BHJY COBOK, $IKl JIITalOTh B
MOLIYKaX MICLS JUI BIIKJIQAaHHS S€1lb.

[e sx mpukiIax 3alydeHHS KOMax — BOPOriB TPaBOiTHUX MO>KHA
3rajlaTy JIMCBHKY KBAacCOJIIO, JIETKI CIIOIYKH AKOi 3alydaroTh XMXKUX KIIIIIB
IpU TONMIKO/KEHHI JUCTs maByTuHHUM KiimieMm [ Takabayashi and Dicke,
1996].

JIeTki CroNyKd MOXKYTh BUKOHYBATH POJIb CUTHAIIIB, 32 JOMOMOTOIO
AKUX TOTPU3EHI KOMaxamMu POCIMHHU MONEpPeHKatoTh 1HII POCIMHU PO
MOXJIMBY HeOe3neky. Hampukian, B JTUCTI MOJUHY Y BIAMNOBIAL HA JIETKI
CIIOJIYKHM, BHJIUICHI CYCIIHBOIO TOIIKOJ/KEHOI POCIMHOK TOrO K BHIY,
1BUIIYBaJIacsl aKTUBHICTH (pepMeHTy nomidenonokcinazu. Leit pepmenr,
MOTPAIMBIIY B KUIIEYHUK KOMaxH, B3a€EMOJIIE€ 3 (PEHOJbHUMHU CIIOTYKAMHU
POCIIMHHOI 1Ki, B pPe3yJabTaTi 4YOro HE3aMiHHI aMIHOKHCIIOTH CTaloTh
HegocTynmHUMH st Komaxu [ Karban et al., 2003].

byno BusBneno [Korth and Dixon, 1997], mo pociauHu KapToruii
(Solanum tuberosum L.) BHUpOONSIOTH 3aXWCHI JIETKI CITOJIYKHA OUIBII
MIBUAKAMH TEMIIaMU MPU TIOiJIaHHI JIUCTA TPABOiTHUMH B TOPIBHSHHI 3

JUCTAM, ITOIIKOAXKCHUMHU MEXaHIYHHUM CITOCOOOM.
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Puc. 12.10. JleTki opradiuHi cnoJiyKu 3eJ1eHMX JHUCTKIB € CBOEPiTHMMH

CUIHAJIaMU TPUBOI'H

KOHTPOJIbHI 3AIIUTAHHSA TA 3ABJIAHHA

[—

. SIK BUKOpUCTOBYIOTh TBAPUHU XIMIYH1 CUTHAIIN?

Sk BrIMBae BiTep Ha MOMMPEHHS (HEPOMOHIB?

JlaTn BU3BHAYECHHSA HIOXY.

Sk 3miCHIOETHCS XIMIYHA KOMYHIKAIlIT KoMax?
HasBatu meTonu 60poThOM 3 KOMaxaMH-IIIKITHUKAMHU.
SIK BUKOPUCTOBYIOTh pUOH HIOX?

Uwu € HIOX y NTaxiB?

3 40ro CKJIaAaeThCcs HIOXOBUM aHATI3aTOp BUILMX TBAPHH 1 JIIOAUHA?

A S A A

OCBITUTHU CydacHI YSIBJIEHHS LI0JI0 MEXaHI3MIB HIOXY.

10.Ha3BaTu OCHOBHI METOM aHaNi3y 3anaxiB. [IopiBHATH 111 METOAM.
11./laTi BUBHAYEHHS CMaKy.

12.3 4oro CKIaa€ThCss CMAKOBHIA aHAIN3aTOP BUIIUX TBAPUH 1 TIOAUHU?

13.Y yomy nonAraroTh Cy4acHi ysBJICHHS II0JI0 MEXaHI3MIB CMaKy?
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14.5Iki1 cnoiyku MOXKHA BIAHECTH JO OCHOBHUX PpEYOBHUH, IO
3a0pYyIHIOIOTH TOBITPS MPUMIIIIEHb?

15.51k1 crionyKu HAa3UBAKOTHCS JICTKUMU?

16.Ha3BaTu OCHOBHI JiKepesia JETKUX OPraHIYHUX CIIOTYK.

17.4x rummBaroth JIOC Ha MIOACHKUNA OpraHi3Mm?

18.ITosicHUTH PUHIIMIIK A1i Ta30BOr0 XpomaTorpada.

19.TlosicHUTH IPUHITUTIA 1T MAC-CIIEKTPOMETPA.

20.Y 4doMy ckiafaeThecs TepeBara KoMOIHaIlli MeToiB xpomarorpadii Ta
Mac-CIeKTPOMETPii?

21.TlosicHUTH TIPUHIMIT Mac-CIIEKTPOMETPii Ha OCHOBI peakiliii mepeHocy
MPOTOHA.

22 .Tlosicuutu npuHIUNU GiTopememiali.
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BIOLOGICAL ACOUSTICS

The branch of biophysics that studies the processes of sound
formation by humans and animals, sound signaling and communication of
animals (biocommunication) in nature, their orientation in space with the

help of echo sounders, is called bioacoustics.

Animal sounds

Mammals. The primary source of sound vibrations in highly developed
animals is the larynx and associated vocal cords, the elastic muscle fibers
of which can vibrate. Sound waves are formed by the action of oscillating
structures, which in animals are characterized by a certain size and
frequency range of muscle contractions. Most of the muscles of animals,
despite their diversity, are not able to oscillate at a frequency exceeding
103 Hz. In mammals, sounds are formed by the upper larynx, which is a
cartilaginous tube. The air passing through this tube causes the vocal cords
located in the upper part of the larynx to oscillate. Depending on the
anatomical features of the animal's vocal apparatus, oscillations of different
intensity, frequency, timbre, and time intervals occur. From these
characteristics depend on the sounds produced by pets: growling, moaning,
grunting, moaning.

In the process of making sounds, air leaves the lungs and sets in
motion the vocal cords, resulting in elastic oscillations of the air. The vocal
cords contain elastic and muscle fibers that can narrow and vibrate. The
pitch of the sound generated by the vocal apparatus depends on the
intensity of the vocal cords, their shape, the length of the area where the
oscillation occurs; the intensity of the sound is determined by the frequency

and duration of oscillations of the connections, which depend on the
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impression of the air that comes out; the timbre of the voice is provided by
the cavities above and below the glottis, in particular, the cavities of the
pharynx, mouth, nose, thoracic cavity, respiratory throat.

With the help of the voice and its shades, which are determined by
pitch, intensity, timbre and time intervals, animals, birds and insects
communicate with their peers, signaling the surrounding situation, danger,
the presence of food and so on.

Thus, in domestic pigs there are 23 types of voice signals; bees can
make 11 different sounds. When chicken embryos enter the air chamber,
they make three types of sounds. By analyzing the chirping of chickens,
you can determine the sex, because roosters have a lower tone of sound.

Birds. The lower larynx (syrinx) - the bone structure at the base of the
trachea, performs the functions of the vocal organ of birds. In the larynx,
which converts the kinetic energy of moving air into the energy of a sound
wave, there are two vocal membranes (membrana tympaniformis) during
the passage of air between the membranes at high speed static pressure
according to the Bernoulli equation decreases and the membranes
converge; the hole closes, the air velocity decreases and the static pressure
increases. The process is repeated, resulting in sound signals, the frequency
of which in birds is in the range from 200 Hz to 12 kHz.

Aquatic animals. Whales (Odontoceti toothed whales, including
dolphins) make sounds with a pair of phonic lips located in the nasal
system. Dolphins click and whistle. Some whales (Mysticeti) do not have
such a structure; they may use recycled air to produce low-frequency
sounds for long-distance communication and navigation.

In addition, whales use their fins and tail to make sounds on the sea

surface.
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Pinnipeds use screams, barks, roars, growls and flutters. Elephant seals,
for example, make a variety of growls and roars. Some pinnipeds produce
high-frequency clicks, whistles, and impulse sounds that result from
systems other than voice.

Pisces. The mechanisms of sound formation by fish are different -
sounds can occur due to:

stridulation - mutual friction of different parts of the body, for example,
components of the oral apparatus in the process of feeding (such a
mechanism is characteristic of Haemulon plumieri, members of the order
Tetraodontiformes and the family Scaridae), or through the use of fins or
spine (Galeichtys felis, Bagreas actele, Amphiprion, Hippocampus,
Syngnathus louisianae),

hydrodynamic action - the formation of sounds during swimming;

interaction of specialized muscles with the swimming bladder
(Rhinecanthus rectagulus, Aplodinotus, Holocentrus, Therapon). The
spectral range of sound oscillations of fish is from 20-50 Hz to 10-12 kHz.

Insects. Acoustic insect signaling plays an important role in the process
of insect communication during the mating season, with spatial orientation
at night, for intraspecific differentiation. The formation of acoustic signals
1s carried out by influencing the supporting substrate, friction of specialized
sections of the ecoskeleton, vibration of membranes, the use of aircraft.

Many animals are so small that the process of making sound due to
muscle fibers alone will be extremely inefficient. This problem can be
solved only by multiplying the frequency of the sound signal carried out in
the stridulation apparatus of insects (Lepidoptera, Coleoptera and
Hymenoptera). Despite the different anatomical properties of stridulation
apparatus, the principles of their operation are almost the same. The

strecotic canticle, located in one part of the apparatus, moves along the
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strecotic vein, which has a periodic structure. The dimensions of the
elements of this structure are about a few micrometers. During each muscle
contraction, the cantilever affects hundreds of vein elements, forming
sounds. In this case, the sounds produced by the cicada (Tibicen linnei) are
characterized by an intensity level of 106 dB at a distance of 0.5 m. the
plant on which it is located. Thus, the sounds produced by the cicada
(Tibicen linnei) are characterized by an intensity level of 106 dB at a
distance of 0.5 m. Sound modulation is achieved when the insect crawls its

abdomen relative to the plant on which it is located.

Acoustic communication of animals

Acoustic signals of animals. Acoustic communication of animals is due to
the peculiarities of the vocal systems, which allows animals to form sounds
of different intensity, frequency, spectral composition and duration, and
thus to carry out acoustic communication between individual animals and
their groups.

Acoustic signals of birds. Acoustic signals generated by birds differ in
intensity, frequency, duration. They can be divided into two main groups -
calls and songs. The call can be imagined as an element of a more complex
acoustic signal By singing. The dependence of the frequency and intensity
of sound signals generated by birds on time is called sonograms.

Birdsongs perform a dual function. First, they inform about the
ownership of a certain area and warn of unwanted visitors. Secondly,
singing is designed to attract the attention of a sexual partner for the
purpose of courtship and mating. In some species of birds, the vocal duo
helps to establish close contact between members of the pair and

synchronize mutual behavior over time.
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Acoustic signals generated by birds differ in intensity, frequency,
duration. It should be noted that birds - representatives of a particular
species - recognize each other due to amplitude modulation, which is to
change the intensity of the acoustic signal over time, and frequency

modulation - changing the frequency of acoustic signals.

Acoustic communication of fish

Acoustic signals of fish are divided into food, spawning, aggressive-
defensive, group and associated with the care of offspring. Stridulatory
sounds resemble squeaks and creaks; their frequency occupies a significant
area - from 20 Hz to 12 kHz. Hydrodynamic sounds consist of low-
frequency signals (20 Hz - 5 kHz), which are formed due to the movement
of swimmers and fish bodies, and high-frequency sounds provided by the
movement of internal organs. Sounds arising from the interaction of
muscles with the swimming bladder occupy the region of 40 Hz - 2.5 kHz
and are a series of pulses.

Sounds produced by fish are also designed to protect the territory;
each species is able to generate sounds that differ in frequency and duration

of sound pulses.

Acoustic communication of insects
Bees make sounds due to the activity of the wing plates and thorax.
The range of bee sounds occupies the region of 8-12 kHz. The sound
signals generated by bees are used to transmit food detection information to
other bees in the family; intensity, frequency and duration of sound links
depend on the level of ventilation, season, temperature, availability of food,

distance to the feeder.
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Of all the bees of the genus Apis, the most perfect social organization
is characterized by honey bees (4Apis mellifera) and Indian (4. indica or A.
cerana) bees. In the process of communication, bees make sounds due to
the activity of the wing plates and the organ that forms the sound - the
thorax.

The beeps are used to notify family members of food detection.
In the process of feed mobilization, the so-called foragers of honey
bees perform a kind of dance and provide other members of the hive
with information about the location, food source, distance to it and
the amount of pollen and nectar in it. The duration of the linear
section of the figure eight in the dance of the bee in 1 second
corresponds to 1 km of distance to the source of food. The worker
bee transmits information to family members about the distance from
the hive to the detected food and the direction to the source using an
angle relative to the location of the Sun.

The sound signals generated by the bee during the dance carry
information about the location to the food source and the distance to
it.

Among the acoustic signals formed by bees, we can also
distinguish the vibrations of the uterine thorax. There are two types
of uterine vibration signals - "squeak" and "croak". The first type of
signal is characterized by a set of audio messages, the frequency of
which increases. This type of signal is characterized by an initial
increase in amplitude. The second type of signal is characterized by a
sequence of short-term (<200 ms) sounds.

Such signals allow to provide acoustic communication of the
first uterus which has left a swarming queen cell with the sisters

ready for an exit.
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More detailed information about the parameters of acoustic
signals generated by bees can be found in the works.

However, the practical use of the obtained results is complicated
by their inconsistency. Terrestrial and aquatic animals, birds, fish,
amphibians, reptiles produce sounds within the frequency range
inherent in the human vocal system, namely 20-20000 Hz. However,

some animals use ultrasound or infrasound ranges.

Echolocation of animals

Ultrasonic communication of animals. Animals generate and use
ultrasonic vibrations for echolocation — the emission of ultrasonic waves
into space and the perception of a reflected signal to obtain information
about the location, size, and motion of objects, or to navigate. In addition,
insects use ultrasound for social communication.

Bats (Vespertiloidei) use ultrasonic signals to find prey, fruit and trees
or to orient in space. Some of them (Microchiroptera) produce short-term
clicks, while others (Microchiroptera) generate frequency-modulated or
constant-frequency pulses. The frequency range of ultrasonic signals
generated by bats is 14000—100000 Hz. The pulse frequency can vary from
4-10 to 150-200 pulses per second.

Dogs The frequency range of susceptibility to ultrasonic vibrations in
dogs is 18-22 kHz. This ability is used by dog owners to give commands
with special ultrasonic whistles.

Cats. The upper limit of the susceptibility of ultrasonic vibrations in cats
i1s 50 kHz, which makes it possible to feel the high-frequency cries of
victims and hunt them.

Whales such as toothed whales, dolphins, and pinnipeds use ultrasonic

vibrations to find underwater objects and communicate. The frequency
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range of dolphins is 0.25-150 kHz; low-frequency (0.25-50 kHz) signals
are used for communication, while high-frequency (50-150 kHz) signals
are used for echolocation. Each dolphin has its own range of ultrasonic
whistles, which are ultrasonic pulses lasting 50-128 ps. These signals are
reflected from the confocal bone in the skull, and then focused by a special
organ of lipid nature (melon), which performs the functions of the lens.

The ultrasonic oscillations generated by the dolphin propagate in the
aquatic environment at a speed of 1500 m/s, are reflected from the
underwater object and enter the fat-filled cavities in the bones of the
mandible, from where they are transmitted to the dolphin's hearing aid. Due
to this, the dolphin is able to determine the direction to the victim, its
location, size, shape and speed.

Pisces. Some species of fish (Alosinae) are able to detect ultrasonic
signals up to 180 kHz; others (Clupeidae) - up to 4 kHz.

Insects. Nature has endowed butterflies with the ability to detect
ultrasonic signals up to 80 kHz emitted by bats in order to prevent predator
attacks. In addition, butterflies (Pyralidae: Ephestia cautella (Walker),
Ephestia kuehniella Zeller, Plodia interpunctella (Hiibner)) themselves
produce ultrasonic wing oscillations to attract sexual partners. Ants,
members of the genus Ectatomma, use ultrasonic signals with a frequency
of up to 75 kHz, generated by the movement of individual parts of the
body, for communication.

Living organisms and infrasound. People are sensitive to infrasound by
manifestations of horror, excitement, anxiety, frustration, nausea,
imbalance and spatial disorientation.

The main consequence of the effect of infrasound on a living organism
is a violation of the balance organs, namely the vestibular apparatus. To

study the effect of infrasound on humans or animals used special generators
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and speakers that operated in the range of 1-200 Hz with an intensity level
of up to 146 dB.

The impact of infrasound was assessed by recording the nature and
degree of rotation of the patient's eyeballs, which rotated in opposite
directions with a frequency of 0.7-1.5 s!. This periodic movement called
nystagmus indicates a violation of the vestibular apparatus. Registration of
nystagmus is carried out through the measurement of corneal-retinal
potential; the technique of measuring this potential 1is called
electronystagmography. Nystagmatic response of the body depends on the
intensity of the infrasound stimulus and the duration of its action on the
body, as well as the frequency of infrasound oscillations.

A possible mechanism of the effect of infrasound on living organisms
should be considered the displacement of the perilymph - the fluid that fills
the inner ear, due to periodic changes in pressure, which are transmitted to
this fluid through the oval window. In turn, the displacement of the
perilymph leads to deformation of hair cells.

The psychological effects of infrasound are associated with effects such
as nausea, drowsiness, lethargy, feelings of horror or fear. Infrasound of
significant intensity can cause changes in auditory sensitivity, damage to
the eardrum, pain, complications of speech and voice modulation, impaired
respiratory activity, changes in a-rhythms of the brain. Whales, elephants,
hippos, rhinos, giraffes, alligators, tigers use infrasound to communicate
with each other at a distance and navigate.

Thus, Asian elephants (Elephas maximus) generate infrasonic signals in
the range of 14-24 Hz with an intensity of 70-100 dB, while African
elephants (Loxodonta Africana) generate infrasonic signals in the range of
14-35 Hz with an intensity of up to 90 dB. These signals allow elephants to

communicate within a few kilometers, prevent encounters with poachers
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and warn other elephants about dangerous situations, find water sources,
look for sexual partners, gather together in poor visibility.

Infrasound is formed due to the movement of air through the nasal
passage. The big ears of elephants are best suited for the perception of
infrasound. Low infrasound frequencies correspond to large wavelengths,
which are reflected only from large objects, which allows elephants to

communicate in forests, shrubs, and so on.

Giraffe (Giraffe camelonardalis reticulate) has the ability to generate
infrasonic oscillations from 15 Hz (60 dB) to 250-275 Hz (30 dB) with
dominant frequencies in the range of 20-40 Hz. Whales (Cetacea) use
infrasound when searching for sexual partners and mating, as infrasound
oscillations propagate over long distances (up to 4,800 km) in the aquatic
environment. In addition, whales can paralyze squid and fish by infrasound
when hunting. Tigers (Panthera tigris) use 18-20 Hz infrasound signals to
communicate in forests and shrubs. The infrasonic component of the loud
roar of tigers makes it possible to frighten and paralyze victims.
Chamaeleon is characterized by the ability to generate and detect infrasonic
waves. Representatives of the subfamily Chamaeleonidae live in trees,
where infrasound is used for courtship and territorial claims, while
members of the subfamily Brookesiinae, which live on the earth's surface
or in a flying leaf, use infrasound to protect against enemies.Migratory
birds are thought to use natural infrasonic vibrations (for example, from
turbulent air currents in mountainous areas) to navigate. There is surprising
information that animals prevent tsunamis and leave dangerous areas due to
their ability to record and respond to infrasonic vibrations that accompany

the propagation of ocean waves.
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Ultrasound and plants
On the island of Kalimantan (aka Borneo), which is located in the center of
the Malay Archipelago in Southeast Asia, grows a carnivorous plant
nepenthes (Latin Nepenthes hemsleyana). Along with ordinary leaves, this
plant has developed a kind of jug-like leaves. The jug of nepenthes serves
as a shelter for bats of the species Kerivoula hardwickii. The bat searches
for a seat by echolocation, emitting ultrasonic waves and determining the
distance to the object and its shape by reflecting them. This is helped by a
special concave structure inside the jug of N. hemslayana, which reflects
the ultrasound and directs it back to the mouse. In turn, the bat fertilizes

nepentes with its nitrogen-enriched manure.

The effect of noise on living organisms

There are the following noise levels:
Weak 30 dB - whispers, quiet library;
Moderate 40-50 dB - moderate rain, quiet room;
Intensive 60-80 dB - alarm clock, traffic, vacuum cleaner;
Very intense 90-110 dB - lawn mower, drill, rock music, highway, drums;
Causing painful sensations 120-150 dB - jackhammer, fire siren, jet engine.

Noise pollution is undesirable for the environment sound vibrations
generated by humans or mechanisms. Noise pollution has become a major
threat to human health. During the day, residents of large cities are forced
to endure noise overload at the level of 65-70 dB and more. There is a
direct link between noise intoxication and heart disease. In areas of large
airports, where the noise level reaches 100 dB, sales of sleeping pills have
increased, and children in these areas are less able to absorb educational
material. Noise of 90 dB causes a variety of physiological disorders. The

upper limit for a person is 140 dB, at 160-170 dB there is a destruction of
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the eardrum of the human ear. In addition, noise can cause the destruction
of the Corti's organ, because the most vulnerable of all the elements of the
auditory analyzer from the effects of high-intensity noise are the hair cells
of the inner ear. Moreover, if the hair cells are severely damaged, they are
no longer able to restore their functions and be replaced by other cells. This
can result in partial or complete hearing loss.

To quantify the effect of noise on hearing, use a parameter that
characterizes the change in auditory sensitivity 1y noise-induced threshold
shift, which is determined by measuring the threshold of auditory
sensitivity before and after exposure to noise. This shift can be temporary
or permanent depending on the noise parameter (intensity, duration,
frequency composition).

Hearing is able to recover after the cessation of noise at intensity
levels not exceeding 30 dB, after 16-24 hours. It should be noted that for
moderate levels of noise exposure, the process of hearing restoration is
characterized by a linear dependence of time on a logarithmic scale.
Exposure to higher levels of intensity causes irreversible damage to hair
cells, leading to a permanent threshold shift. Experiments on animals
exposed to acoustic noise of different frequencies, followed by histological
analysis of the number of damaged hair cells in the inner ear, indicate that
the threshold of auditory sensitivity decreases in the range of 103-104 Hz.
The number of remaining hair cells can reach only 40 percent of normal.

Human health is affected by low-intensity but long-lasting noise;
high frequency noise; impulse noise.

In addition, the noise causes a violation of blood pressure, heart rate,
dulls attention, increases fatigue, irritability.

Of course, the effect of noise on a person depends on both the level

of sound intensity and the duration of the noise source.
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The recommended norms of noise in rooms and in territories make: 30-
35 dB in territories of reserves; 34-37 dB in bedrooms (houses, hospitals,

apartments); 56-66 dB in the premises of shops, factories, etc.
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ACOUSTOBIOLOGY

The branch of biophysics that studies the structure and physical
principles of the functioning of the auditory analyzer of animals, the
processes of acoustoreception and the effect of acoustic signals on animals,
is called acoustobiology.

A system that converts the energy of an external acoustic stimulus into
a sequence of nerve impulses is called an auditory analyzer. The
mammalian auditory analyzer consists of the outer, middle, and inner ears

connected to the central auditory nervous system.

Acoustoreception in mammals

The human and highly developed auditory analyzer consists of the
outer, middle, and inner ears connected to the central auditory nervous
system.

The outer ear consists of the auricle (sound collector) and the ear
canal. The auricle is a mouthpiece that directs sound vibrations into the ear
canal. In many animals (horses, goats, etc.) the auricles are mobile; by
contracting the muscles, the animal rotates the auricles relative to the
longitudinal axis, can tilt them forward, backward, sideways in order to
direct the shells toward the location of sound sources and provide better
perception of sounds. The functions of the outer ear are to optimize and
amplify the most important sound frequencies, which is appropriate in
terms of communication between living beings and their survival. A
standing wave is formed in the space created by the ear canal and the
middle ear. When the length of this space is equal to a quarter of the
wavelength of sound, there is a resonance - a relatively large selective

(selective) response of the oscillating system to periodic influence with a

443



frequency close to the frequency of its own oscillations. During resonance
there is a sharp increase in the amplitude of forced oscillations of the
system. The maximum sensitivity of the auditory analyzer is manifested
precisely to the resonant frequencies.

The middle ear of the animal, separated from the outer eardrum,
consists of the eardrum, auditory ossicles (hammer, anvil and stirrup) and
the auditory tube.

The functions of the middle ear are limited to the transmission of
sound vibrations from the external environment to the endolymph,
amplification of weak sound signals and ensuring the safe reception of
intense signals.

The amplification process is realized by increasing the pressure, which
is associated with the difference in the area of the eardrum and the oval
window, which is connected to the stirrup and separates the middle ear
from the inner; the pressure gain is about 20-25 times.

In addition, the bone apparatus performs the functions of a lever,
which gives a gain in strength of about 2.5 times. The total level of
amplification of sound vibrations in the middle ear is thus about 50-60
times.

The inner ear consists of three spiral channels - vestibular, middle and
tympanic, and the middle channel is separated from the vestibular
membrane by Reissner, and from the tympanic membrane by the basilar
membrane. At the proximal end (located closer to the axis of the body) of
the drum channel is a round window that acts as a damper.
Acoustoreceptors are hair cells that bind to the basilar membrane; these
cells are equipped with cilia. The basilar and integumentary membranes,

hair cells connected to nerve fibers, form the Corti's organ.
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The functions of the inner ear are frequency analysis of sound signals.
According to modern ideas, the oscillations excited by the stirrup in the
oval window, cause wave movements of the basilar membrane in the form
of a traveling wave.

The location of the maximum of the traveling wave depends on the
frequency of the sound signal low frequencies stimulate the apical parts of
the membrane, while high stimulate the base of the membrane.

The displacements of the basilar membrane are transmitted to the hair
cells, above which is the integumentary membrane. Due to the deformation
of the basilar membrane, the integumentary membrane also begins to
move, but due to different systems of fixation of both membranes (two
fulcrums in the basilar membrane and one in the integumentary) on the
cilia of hair cells acts from the integumentary membrane displacement
force; bending of the cilia leads to the excitation of the fibers of the
auditory nerve associated with the hair cells.

The author of the traveling wave theory, Georg von Békéschi, was
awarded the Nobel Prize in 1961. Thus, the sound wave causes oscillations
of the basilar membrane with an amplitude localized in certain parts of the
membrane. As a result, there i1s a localized excitation of hair cells of the
Corti's organ depending on the frequency of the sound signal.

Thus, the sound wave causes oscillations of the basilar membrane with
an amplitude localized in certain parts of the membrane. As a result, there
is a localized excitation of the hair cells of the Corti's organ depending on
the frequency of the sound signal.

Determining the location of the sound source is based on the animal's
ability to perceive the phase difference and intensity of sound waves

reaching the left and right ears. The phenomenon of determining the
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direction from which the sound originates, animals, called the binaural

effect.

Acoustoreception in birds

Hearing plays a significant role in the daily life of birds during their
rest or incubation. In addition, hearing performs important functions in the
process of long-distance communication in places with limited visibility.
Of particular interest are songbirds because of the complexity and
importance of their acoustic communication systems. Birds that lead a
nocturnal lifestyle (for example, owls) are characterized by extremely high
auditory sensitivity; at the same time, their communication repertoire is
relatively primitive.

The bird's hearing aid is characterized by certain differences from the
mammalian auditory analyzer. The outer ear is represented by a short, wide
and relief of the auditory canal, which leads to the eardrum. In many birds,
the outer part of the ear canal is surrounded by specialized feathers, which
form a kind of funnel that serves as an effective sound collector. Such
deepenings of a parabolic form at owls are especially developed. The
middle ear consists of a long thin bone that connects the eardrum to an oval
window. The inner ear consists of a short curved curl, the length of which
is 4-10 mm. Thus, the curl of the chicken has a length of about 5 mm; curl
response starts at 100 Hz.

Birds are able to distinguish amplitude and frequency modulated
acoustic signals. Thus, the canary is able to distinguish sound intensity
levels of 1.5 dB, while the pigeon - in 3 dB. The ability of birds to respond
to small changes in the frequency of acoustic signals is surprising: the

frequencies at which birds begin and end their acoustic communication are
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approximately 10 Hz in the 500 Hz region and about 20 Hz in the 1-2 kHz

region.

Acoustoreception in fish

According to popular belief, the auditory function is carried out by the

balance organ - the labyrinth, in particular its lower part (Lagena and
Sacculus). The main acoustoreceptor of fish is the otolith organ, which
consists of otoliths and hair cells. Sound waves pass through the body of
the fish with little resistance and cause the movement of hair cells. Because
otoliths are denser than water and fish tissue, responses of otoliths and hair
cells to sound vibrations differ. Due to the difference in the movements of
otoliths and hair cells, the latter are deformed, which provides the brain
with information about the surrounding sound situation.
There are two types of auditory analyzers in fish - those associated with the
swim bladder, and those that lack the latter. Thus, in bony fish, the
swimming bladder is characterized by multifunctionality - with its help the
fish experiences hydrostatic pressure, maintains balance, makes sounds,
breathes. The swim bladder is able to expand and contract in response to
sound waves and transmit sound information through modified vertebrae
(four pairs of movably connected bones) to the inner ear.

This skeletal system is called the Weber apparatus. The swimming
bubble performs the function of a kind of resonator, tuned to the sound
signals of a certain frequency and providing their amplification. Fish that
do not have a swim bladder are used to convert sound vibrations into
mechanical air cavities connected to the inner ear. An important role in the
perception of sound is played by the seismic sensor system in terms of
analysis of the acoustic situation near the sound source and the reception of

the displacement of water particles.
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The spectrum of perception of sound frequencies, sensitivity to sound
vibrations, the ability to recognize sound tones differ in different species of
fish. In general, we can talk about the lower limit of 16-100 Hz and the
upper 488-8000 Hz. In this range, the ability to perceive higher (4000-8000
Hz) sound frequencies belongs to fish that have a swimming bladder and a
Weber apparatus; they also have a higher absolute sensitivity of hearing

(=70 dB) compared to fish deprived of a swimming bladder (0—50 dB).

Acoustoreception in bees

Bees are able to respond to vibrations of air particles due to the
sensitive organs sensilla scolopophora, which are located in the
antennae and in the upper legs of the limbs. Under the influence of
sound, the hairy senses begin to bend; the bending angle depends on
the frequency and intensity of the sound. In response to sound signals,
acoustoreceptors generate electrical impulses; the number of these
pulses and the duration of the intervals between them are determined
by the structure of acoustic stimuli. Affects the number of pulses and
temperature. The acoustoreceptor system provides bees with binaural

hearing, ie the ability to determine the direction to the sound source.

SMELL AND TASTE

Smell

Smell is a process of perception of a smell by a living organism. The
olfactory cells of invertebrates are located on the skin; in arthropods, these
cells form special organs - sensory; in lower vertebrates olfactory cells are
located in olfactory sacs, in higher animals and humans they form the receptor

layer of the olfactory cavity.
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For many animals, sending important chemical signals is an important
and even crucial way to communicate. Chemical volatile substances created
by an animal and cause a specific response in other members of the same
species are called pheromones or odorants. Animals carry out and realize such
olfactory communication for proclamation of the right to this or that territory,
paving, foraging, formation of a signal of danger, communication of an animal
with posterity, attraction of sexual partners for the purpose of mating and
reproduction, orientation in space and navigation, support of a certain social
hierarchy. Chemical signals are characterized by low separation, but they act
at significant spatial and temporal intervals due to the soil and plants on which
the animal deposits pheromones as markers. Pheromone propagation
parameters often depend on wind speed: for example, at a wind speed of 1 m/s
the pheromone club distribution area is 215 m long, 4560 m wide and 108 m
high, while at a wind speed of 5 m/s these parameters are: length - 1820 m,
width - 97 m, height - 48.5 m.

Chemical communication of insects is due to pheromones, among
which the most common sexual attractants. Consider one of these identified
pheromones of the silkworm Bombyx mori. The male has a pair of large
antennae on his head, which collect the bombicol - an attractant sent by the
female. This attractant is a mixture (10: 1) of bombikola (complex alcohol)
and its aldehyde form of bombikala. Each butterfly antenna consists of a main
rod and a large number of hair-like organs, among which are the olfactory
hairs. Noteworthy is the ability of antennas to selectively assemble bombicol
molecules using receptor cells located on the olfactory hairs of the antenna.
The hair together with the receptor is called the sensilla (sensilla trichodea).

The number of sensors on each antenna reaches 17,000. Thanks to
these receptors, the female is able to attract males at a distance of about one

kilometer. The contact of the silkworm receptor cell with the environment
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occurs through the pores of the shell; the diameter of each pore is 15 nm, and
the number of pores on the sense is 3200. According to modern ideas,
receptors actually count the molecules that excite the cell; when the number of
pulses from the antenna exceeds 200 pulses / s, the male responds and moves
to the source of the bomb. The mechanism of chemical reception of
silkworms is associated with a combination of diffusion processes with highly
efficient filtering in antennas.

The problem of malaria control (4Anopheles) is also related to the search
for and identification of those attractants that are sent by humans or animals
and attract the attention of mosquitoes.

The sense of smell in fish plays a significant role in foraging, detecting
predators, finding sexual partners, reaching spawning grounds and orientation.
The use of the sense of smell is very well proven in salmon, which begins its
life in the fresh waters of rivers, where it lives from several months to two
years, depending on the species; during this time, he "instills in his memory"
the smell of fresh water. Then the salmon travels along the current to the
ocean, where it spends from one to four years, reaching sexual maturity. After
that, the salmon travels about 1,500 km of ocean space to reach the river in the
upper reaches of which it was born to spawn. The process of navigating the
salmon in the ocean is not yet well understood; It is believed that salmon uses
a range of factors - geographical features, temperature, magnetic fields,
celestial and chemical landmarks. But migration in the river is due to the sense
of smell.

The sense of smell in birds as a scientific problem has been discussed
in recent decades. It has long been thought that the sense of smell is the
prerogative of mammals only. Recent studies have shown that birds use
their sense of smell to search for and distinguish food, to choose places

where they can sit and to navigate. Among the birds that have developed
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sense of smell, we can note pigeons, some seabirds, starlings, chickens.
The method of detecting the sense of smell in birds can be considered
interesting. Industrial companies transporting gas in order to find defects in
the walls of the pipes pumped into the latter such an odorant as cadaverine
(cadaveric poison); in the place where the pipe had a hole, a large number

of vultures were collected.

Olfactory analyzer

The olfactory analyzer of higher animals and humans is a specialized
system that provides the perception of various odorous substances, analysis
and processing of excitations arising from the periphery to the central
nervous system. The olfactory analyzer consists of olfactory receptor cells
(neurons), which are located in the mucous layer with a thickness of about
60 pum.

The receptor layer has olfactory and support cells. On the one hand, the
receptor neuron ends with cilia that have contact with the outside air
through the mucous layer; on the other - processes (axons). Plates of 10—
100 axons pass through holes in the lattice bone and form glomeruli, which
in turn connect to the bivalve cells and through them to the brain. For
example, in a rabbit, 26,000 neurons combine with 200 glomeruli to form a
single cell. This structure of the olfactory receptor increases its sensitivity.
During inhalation, about 5-10% of the total amount of air flows through
the olfactory slit of the nose. Olfactory substances in a vaporous state act
on olfactory receptors, due to which the latter are excited. In order for an
animal to smell, it is enough to excite only 40 receptor cells, and each of
them must act on one molecule of odorant. A unique property of olfactory

receptors is their constant interchangeability (for about 60 days).
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Mechanisms of smell

The mechanisms of smell are related to the entry of molecules of
volatile organic compounds into the olfactory analyzer and their binding to
receptor proteins, which are able to change the membrane potential;
electrical signals are transmitted from receptor cells through axons (long
processes of cells of the nervous system) to the hypothalamus - a part of the
brain that is a cluster of nerve cells; it is in it that the sense of smell is
formed, its classification and identification.

Some animals (such as cats) have a specific Jacobson organ designed to
detect pheromones and low concentrations of chemical compounds of
natural origin.

Animals use this organ to communicate between members of the same
species. When a cat opens its upper lip to direct pheromones to that organ,

it appears to be smiling (Feyman's reaction).

Methods of odor analysis

Olfactometry is a method of measuring olfactory acuity. It is used to
determine the threshold of smell, the level of olfactory adaptation and
restoration of olfactory function (quantitative olfactometry), as well as to
determine a person's ability to perceive and distinguish odors (qualitative
olfactometry). For the practical implementation of olfactometry use odor
tasters - people who are hypersensitive to odors (the number of such among
the general population is about 10%). Tasters are trained to identify certain
odors; 6 to 12 experts take part in each odor assessment, after which the
evaluation results are averaged. During the procedure, the threshold level,
intensity, stability, hedonic tone and characteristic signs of odor are
determined. The threshold level of odor is determined by a gradual increase

in the concentration of the odorous substance until the taster responds to it.
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The odor intensity is measured by comparing the odor being evaluated with
the reference odor (of course, n-butanol), samples of which mix different
gas concentrations. A 5-point system is used to assess the intensity of the
odor: from 0 (no odor) to 5 (very strong odor). Odor resistance corresponds
to the correlation of odor intensity with the concentration of odorous
substance. The hedonic tone indicates how a person perceives a particular
odor in terms of feeling pleasant impressions. Characteristic features are
determined by comparing the odor being evaluated with well-known odors.

Automated electronic nose systems lack subjective approaches to
odor assessment. Such systems consist of a set of chemical sensors based
on a polymer film. When the gas being evaluated passes through the film, it
causes the film to bend; these mechanical bends are converted into
electrical signals proportional to the level of deformation of the film and,
consequently, the gas concentration. Because different chemical
compounds cause different levels of film bending, such a sensor responds
to each compound. An automated system of this type contains a set (20-50)
sensors that provide a specific picture of sensory responses of all sensors,
characteristic of a particular odor.

Modern methods of quantitative and qualitative evaluation of odors should
also include a combined method of gas chromatography and mass
spectrometry.

The method of chromatography involves the separation, detection
and determination of substances due to the heterogeneity of their behavior
in the system two phases that do not mix - mobile and stationary. The
mobile phase in the case of gas chromatography is a gas (mixture of gases),
the stationary phase is a solid or liquid. During the movement of the mobile
phase along the stationary, each component of the mixture settles on the

stationary phase (sorbent) in accordance with the material of the sorbent
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and slows down its movement. Due to the fact that different components
have different affinities, there is a spatial separation of these components.

The mass spectrometric method is based on the formation of ion
beams in vacuum with their subsequent separation by mass in electric and
magnetic fields. The use of combined techniques of gas chromatography
and mass spectrometry makes it possible to estimate 70-100 volatile
components present in the air of livestock premises, creating a serious
problem for workers and residents who complain of irritation of the
mucous membranes of the eyes, nose, throat, headache, nausea. , diarrhea,
cough, hoarseness, breathing disorders, drowsiness, etc.

Modern instrumentation allows you to quantify the aroma and
bouquet of aromas in agricultural and food products, the presence of

unwanted odors, the presence of counterfeiters and contaminants.

Taste

Taste is a sensation that occurs when chemicals act on the receptors
of the tongue and mouth. As a result of chewing food, molecules of
different size, shape and complexity are released, which act on the
molecules of the membrane of taste receptors. In insects, the
chemoreceptors responsible for taste and smell are located on the oral
organs, as well as on the paws or antennae. In fish and amphibians,
chemoreceptors are located on the surface of the body. In higher animals
and humans, the functions of chemoreception are narrowed to the
perception of smell and taste of solutes.

Man is able to distinguish four main types of taste - sweet (many
organic compounds, including sugars, saccharin), salty (many inorganic

compounds, including sodium chloride, potassium iodide), sour (acids,
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hydrogen ions, including vinegar, citric acid) and bitter ( many alkaloids,
including caffeine, nicotine, quinine, strychnine). Farm animals distinguish
these four types of taste, but may prefer a certain taste sensation: pigs -
sweet, cattle and horses - salty. Taste sensitivity depends on the type of
taste - a person is able to respond to 1015 molecules of strychnine on the

tongue or 1020 molecules of sugar.

Taste analyzer

Taste analyzer - a morphophysiological system that provides the
perception and analysis of chemicals in the mouth. The basis of the taste
analyzer are taste buds - structures of the tongue that contain taste buds.
The papillae may be mushroom-shaped (at the end of the tongue), leaf-like
(on the lateral surfaces of the tongue) and grooved (at the border of the
posterior and two anterior thirds of the tongue). Each papilla, in turn,
contains taste buds, which consist of epithelial taste cells associated with
the final branches of taste nerve cells.

The number of bulbs can reach 10,000. On the surface of the papilla
of the tongue there is a taste pore through which the taste bulb connects
with the oral cavity.

The taste bud is made up of taste buds (their number is 10-20 per
bulb) and support cells; the taste cell has taste hairs that come out through
the pores into a liquid medium on the surface of the tongue.

A possible mechanism of taste reception can be considered the
combination of taste substances with molecules of special proteins of
receptor cells, which is accompanied by the emergence of receptor
potentials. The receptor cell releases a chemical mediator (a highly active

chemical) that excites the taste buds.
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Volatile organic compounds in indoor air

Indoor air

Indoor air quality means the content and nature of indoor air, which
affects the health and comfort of building occupants.

According to research conducted in the United States and Europe, the
population of industrialized countries spends more than 90% of their time
indoors, of which almost 50% - at work, where air quality 1s often worse
than outside.

The main pollutants of indoor air include:

- inorganic pollutants (carbon dioxide, carbon monoxide, nitrogen
dioxide, sulfur dioxide, ozone);

- organic pollutants (volatile organic compounds, formaldehyde,
pesticides, hydrocarbons, aliphatic and alicyclic hydrocarbons, ketones,
alcohols, glycol ethers, esters, phenols, chlorinated hydrocarbons, terpenes,
aldehydes, acetates;

- physical pollution (particles, asbestos, mineral threads, radon);

- tobacco smoke in the environment, combustion products, biological
aerosols, radioactive contaminants.

Among the main dangerous pollutants of indoor air should be noted

volatile organic compounds.

Volatile organic compounds
The term "volatile" corresponds to the tendency of these compounds to
evaporate at normal temperatures and pressures due to their low boiling
point. The development of advanced technologies in modern industrialized
society 1s accompanied by a significant increase in the range of VOCs

entering the air from various sources. These are aromatic hydrocarbons,
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aliphatic and alicyclic hydrocarbons, ketones, alcohols, glycol ethers,
esters, phenolic resins, chlorinated hydrocarbons, terpenes, aldehydes,
acetates.

The main sources of VOCs include household materials, including
furniture (wooden surfaces treated with varnishes, paints, polishes, etc.);
floor coverings, including parquets, synthetic coatings, linoleum and
various components of these materials, such as dyes, additives, solvents,
plasticizers; carpets, drapes, bedspreads containing synthetic threads, latex
and glue components; books, newspapers, magazines; household
appliances, including copiers, toners, printers, heaters, fans, air
conditioners; household chemicals and materials, which include detergents,
waxes, air fresheners, wallpaper, plastic coatings, materials for gluing; new
and renovated houses; car exhaust gases, transport substances containing
gasoline, lubricants, automotive fluids, interior components of new cars
(leather and fabrics); tobacco smoke, biological particles such as viruses,
bacteria, fungi, pollen, bird droppings, insects, rodents, animal excrement,
ornamental plants.

The most common effects of VOCs in the indoor air should be
considered irritation of the eyes, nasopharynx, throat, headache, dizziness,
nausea. Combinations of diseases associated with an individual place at

work or at home are called "sick home syndrome".

Measurement of indoor air quality

Gas chromatography
The method of separation, finding and determination of substances,
based on the heterogeneity of their behavior in a system of two phases that

do not mix (mobile and stationary), is called chromatography. The mobile
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phase can be a liquid (solution of a mixture of substances under analysis) or
gas (mixture of gases), stationary - a solid or liquid adsorbed on a solid
substance called a carrier.

During the movement of the mobile phase along the stationary, each
component of the mixture is deposited (sorbed) on the stationary phase
(sorbent) in accordance with the material of the sorbent, delayed and slows
down its movement. Due to the fact that different components have
different affinities, there is a spatial separation of these components - some
components are delayed at the beginning of the path, others move forward
and so on.

Gas chromatography involves the use of inert gas as a mobile phase and
diatomite (hydrated silica gel) as a carrier; the latter is placed in spiral or
capillary columns. The length of the spiral columns reaches 50 m with a
diameter of 50 um.

The mechanisms of sedimentation of the components of the mixture
on the stationary phase can be different: the solute is adsorbed
(absorbed) by the surface of the stationary phase; the solute dissolves in
the liquid phase covering the surface of the solid; mobile anions are held
by cations covalently linked to the stationary phase; separation of small
molecules that penetrate through the pores of particles of matter from
large ones; affinity of some molecules of the mixture to other molecules
covalently linked to the stationary phase.

Let the different molecules analyzed have different shapes, sizes
and the number of individual elements (atoms). Accordingly, the speed
of such molecules will be different. If all these molecules start at the
same time, and at the finish the detector will register each molecule
separately, at its own point in time. The detector emits a registration

signal (maximum chromatogram).
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The method of gas chromatography is characterized by high

sensitivity, the ability to simultaneously measure a large number of VOC:s.

Mass spectrometry

The technique of separating ionized molecules and atoms according
to their masses, which is based on the action of magnetic and electric
fields on ion beams in vacuum, is called mass spectrometry. A mass
spectrometer consists of a substance preparation system in which it is
converted to a gas; device for ionization of gas molecules; means for
extracting ions of a certain sign from the plasma and their acceleration in
this direction; a dispersion element capable of separating in space or time
the 1ons of a certain ratio m / q; a detector capable of quantifying ions of
a given mass number (total number of neutrons and protons) passing
through the input aperture; vacuum installation; information processing,

analysis and registration systems.

It is known that if a particle with charge q passes through a
homogeneous field, then the Lorentz force acts on it, under the influence
of which the particle will move along a curvilinear trajectory. The

balance of forces is described by the equation:
mv’/r = quB,

where m is the mass of the particle; q is its charge; v is the velocity of
the particle; r is the radius of curvature of the trajectory; B - magnetic
induction.

Ions that pass sequentially through the systems of magnetic and
electrical deviation are separated in space according to the values of the

ratio m/q.
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The advantages of the mass spectrometry method include high

sensitivity and accuracy of measurements.

Combination of chromatography and mass spectrometry
methods

The combination of gas chromatography and mass spectrometry
allows to combine the chromatographic separation of the components of
the mixture with the mass spectrometric identification of individual
components.

The combination of gas chromatography with mass spectrometry
makes it possible to realize the injection of the analyzed gas mixture into
a gas chromatograph column, where the components are separated due to
interaction with the column. The separated components are fed to the
input of the mass spectrometer, which registers the mass spectrum of
each component.

Thus, the information provided by the GC/MS system is richer. To
analyze the components being analyzed, the computer has an electronic
library that contains data on several thousand possible components.

A common disadvantage of GC, MS and GC/MS systems is the high
cost of equipment, while the measurement technique requires qualified

personnel.

Technique of mass spectrometry based on proton transfer reactions

This method is based on '"soft" ionization, associated with the

formation of molecular ions by adding or removing a proton.

Most molecules (R) are ionized by the addition of a proton (R™ H").

The proton transfer reaction is based on the process of charging a water
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molecule, which is accompanied by the formation of the H3O" ion,
followed by charge transfer to the volatile organic components V, which

are analyzed. The proton transfer reaction occurs:

H;O0"+ V—>V-H" + HO.

The advantages of RPP / MS system are high (about 1 nl/l)
sensitivity, the possibility of real-time measurements, speed, simplicity

of design, improved identification of the analyzed components.

Phytoremediation
Remediation is the process of removing pollutants from the
environment, including soil, groundwater, surface water and the
atmosphere, in order to protect human health and the environment. The
word remedy (from the Latin remedium - to treat) means to use

something that relieves pain, treats, or relieves disorders.

The main processes of phytoremediation
The term phytoremediation comes from the Greek word phyto -

"plant" and the Latin remedium - "treat". The phytoremediation procedure

is to disinfect the soil, water or air with plants that are able to contain,

reduce or limit the metals, pesticides, solvents, oil and its derivatives and

various pollutants present in the environment.

There are the following processes of phytoremediation:

Phytotransformation (phytodegradation) - capture, accumulation and

transformation of organic toxic substances from soil, air and water; all

these processes lead to chemical modifications of pollutants by plant

metabolism and reduce their toxicity.
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Phytoextraction - the absorption of pollutants by the root system of
plants and their transfer into plant biomass.

Rhizofiltration - the destruction of contaminants by soil
microorganisms in the area surrounding the root system of the plant.

Phytostabilization - the formation of chemical substances that are able
to immobilize pollutants due to sorption, sedimentation and complexation.

Phytovolatilization - the ability of plants to remove contaminants from
soil or water and release them into the atmosphere due to
phytotransformation into less volatile or less polluting substances.

Rhizofiltration - filtration of water passing through the root mass with
the removal of toxic substances or residual nutrients; contaminants are
absorbed by the roots.

Examples of such plants that can carry out phytoremediation include
sunflower (Helianthus annuus), which removes arsenic, or sugar beet (Beta
vulgaris), which extracts sodium chloride, which accumulates in
agricultural land due to their flooding by sea water.

In general, methods of phytoremediation are characterized by the
following advantages and disadvantages:

Advantages: low cost; use of natural organisms and environmental
protection.

Disadvantages: phytoremediation is limited by the area and depth of
the root system of plants; slow growth and low biomass require a long
process of remediation; potential possibility of penetration of pollutants

into the digestive tract of consumers of plant products.

Phytoremediation in space
In 1989, the National Aeronautics and Space Administration, NASA

conducted a study on air purification in space stations. NASA experts
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suggest that effective air purification is carried out by at least one plant on

an area of 100 square feet (9.29 m?) of a house or office. Promising plants

in this regard are:

Hedera helix (Ivy).

Chlorophytum comosum (Chlorophytum, spider tree).

Scindapsus aures or Epipremnum aureum (Epipremnum golden).
Spathiphyllum “Mauna Loa’ (Spathiphyllum).

Aglaonema modestum.

Chamaedorea sefritzii (Chamedorea or Bamboo palm).

Sansevieria trifasciata (Sansevieria or "mother-in-law's tongue").
Philodendron scandens “oxycardium”.

Philodendron selloum.

Philodendron domesticum.

Dracaena marginata (Dracaena bordered).

Dracaena fragrans “Massangeana” (Dracaena fragrant Massagena).
Dracaena deremensis “Janet Craig” (Dracaena deremens or dragon
tree).

Dracaena  deremensis  “Warneckii”  (Dracena  deremenska
Warnekkii).

Ficus benjamina (Ficus benjamina).

Phytoremediation of radionuclides

The most common radionuclides are '3’Cs> %Sy 234235.238(J 238-241py

A feature of radionuclides is their inability to degrade naturally. If

radionuclides enter the soil, they either bind to the soil particles or remain

in the soil solution. Soils with clay show an extremely high ability to

adsorb radionuclides due to the high total surface area.
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If radionuclides are adsorbed or bound to the soil, they become
inaccessible to plants, microorganisms or invertebrates; radionuclides in the
soil solution are able to enter the soil biota and plants.

Under natural conditions, radionuclides entering plants can enter the
body of herbivores and, consequently, the human body.

In addition, radionuclides can enter the human body through contact
with contaminated soil or water. Cancer or genetic mutations can be the
result of human radioactive contamination.

As for soil remediation, there are two traditional approaches:

Excavation of soil contaminated with radionuclides with subsequent
removal of the soil or its burial in concrete or glass matrices. But this
method is very expensive - digging up packaging, transporting and placing
1 m? of contaminated soil costs 2100 US dollars. About $200-300 billion
needs to be spent on remediation of radionuclides in water and soil.

The second method involves washing the soil, which also requires soil
removal and certain chemical operations. The radionuclide-cleared soil
then returns to its place, but it already contains detergents, surfactants and
other compounds that also cause environmental problems, especially if they
enter groundwater.

An alternative to these two methods is phytoremediation, in particular
its varieties such as phytoextraction and rhizofiltration. Phytoremediation
(or phytodeactivation) is the removal of radionuclides from the soil with
the help of plants specially grown on them. To do this, use species that
have high coefficients of accumulation of radionuclides and form a
significant biomass. Most of these requirements are met by lupines, to a
lesser extent alfalfa, as well as corn and sunflower when grown on green

mass, some grass mixtures.
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The advantages of phytoremediation are its ability to clean the soil in
situ, ie without disturbing the soil dynamics. Secondly, plants after removal
of radionuclides can be transported to their places of storage. Third, the
process of phytoremediation reduces the time of interaction of workers
with radionuclides.

Quantitative evaluation of the effectiveness of phytoremediation of
radionuclides can be performed using the bioaccumulation coefficient,
which is equal to the ratio of the amount of radionuclides in dry plant tissue
to the concentration of radionuclides in the soil solution. Thus, QEA for
B7Cs varies from 0.01 to 1.0 for the stem and 38-165 for the root; for
uranium - 0.01-0.0001; for plutonium - 0.0001.

The phytoremediation process of *’Cs and *°Sr can take 5 to 20 years
to achieve complete soil clearance.

The cost of soil phytoremediation is $ 25-100 per ton of soil and $ 0.6-
6.0 per 1 gallon (3,786 liters) of water.

The best from the point of view of phytoremediation are plants with
intensively developed root system, which is able to carry out rhizofiltration,
or with biomass developed above the earth's surface, which is important for
phytoextraction. Two species of plants are promising in terms of
rhizofiltration: sunflower (Helianthus annuus) and water hyacinth
(Eichornia crassippes). Both are able to accumulate significant amounts of
radionuclides (**’Cs, U, °Sr) over several hours or days. The pond near the
Chernobyl nuclear power plant was surrounded by sunflowers, the '¥’Cs
bioaccumulation coefficient of which was 4900-8600.

Heather (Calluna vulgaris) is a potential plant that, due to its
association with mycorrhizal fungi, is able to accumulate radionuclides

significantly compared to other plants. Heather is growing on Britain's
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highlands affected by the Chernobyl incident. These regions are
characterized by acidic and peat soils.

Heather mycorrhiza is necessary to provide the plant with nitrogen
rather than phosphorus, which is especially important for acidic soils. It is
possible that mycorrhiza increases the resistance of heather to the action of
heavy metals that are formed in such soils, either naturally or due to acid
rain.

The root system of pine species such as Pinus ponderosa and Pinus
radiata can be associated with ectomycorrhiza (fungi surround the roots
but do not penetrate it). Such a system is able to absorb Sr90 from the soil;
6% of radionuclides accumulated in the aboveground part of plants for 1
month.

Note the representatives of the flora, which demonstrate the ability to
absorb radionuclides:

Ornamental plants

Common ivy (Hedera Helix), hemigraphis (Hemigraphis alternataa),
waxy 1vy or fleshy hoya (Hoya carnosa), Asparagus denseiflorus
(Asparagus densiflorus), tradescantia purple heart (7Tradescantia pallida),
Portulaca (Spathiphyllum wallisii), Dracaena deremensis, Kalanchoe
blossfeldiana, Chrysalidocarpus Lutescens, Ficus Benjamina, Howersa
Forster, Sansevieria trifasciata.

Cereals and grasses

Bonfire (Festuca arundinacea), red bonfire (Festuca rubra L.),
perennial fenugreek (Lolium perenne L.), white clover creeping (Trifolium
repens), lanceolate (Cerastium fontanum), amaranthus retroita

(Tradescantia bracteata).
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Types of woody vegetation
Red maple (Acer rubrum), liquidambar resinous, or amber tree
(Liriodendron tulipifera), coconut palm (Cocos nucifera), montery pine
(Pinus radiata), radiant pine (Pinus radiata), yellow pine (P. ponderosa),
eucalyptus red forest (Eucalyptus tereticornis), black spruce (Picea
mariana), oak (Quercus), juniper (Juniperus).

Advantages of phytoremediation of radionuclides:

* The technology involves in situ treatment, ie without soil destruction;

* Plants reduce the duration of possible contact of workers with
radionuclides;

* Phytoremediation can be applied for a long time, which increases the
efficiency of cleaning the environment.

* Disadvantages of phytoremediation of radionuclides:

* The duration of cleaning the environment is quite long. For example, it
takes 5 to 20 years to clear a *’Cs and *°Sr soil to achieve a complete
clearing.

* The cost of soil phytoremediation ranges from $ 25 to $ 100 per ton and
from $ 0.60 to $ 6 per 1,000 gallons of water.

* Phytoremediation of radionuclides poses a certain risk to the environment.

Volatile compounds of green leaves
Plants are able to emit various volatile compounds that can attract
insects involved in pollination, have antimicrobial activity, scare away
herbivores. In addition, volatile substances can attract other creatures to the

plant, which are able to destroy pests because they feed on them in the

wild.
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Volatile organic compounds, which are a kind of alarm signal, are
called volatile compounds of green leaves (Green leaf volatiles, GLV).
Such volatile compounds, which are a kind of "alarm", include terpenoids,
phenylpropanoids, fatty acids, amino acid derivatives, as well as ethylene
and isoprene.

Volatile plant compounds are able to attract parasitic or predatory
insects, which are natural enemies of herbivores. For example, tobacco
plants (Nicotiana tabacum), bitten by the caterpillars of the moth (Heliothis
virescens), form volatile substances that attract riders - attackers of these
caterpillars. This only happens during the day when the riders are active. At
night, tobacco plants damaged by scoop caterpillars secrete other
substances that scare away females of the same species of scoop, which fly
in search of a place to lay eggs.

Another example of the involvement of insects - the enemies of
herbivores can be mentioned Lima beans, volatile compounds which attract
predatory mites when the leaves are damaged by spider mites.

Volatile compounds can act as signals by which insect-bitten plants
warn other plants of possible danger. For example, in the wormwood leaf,
the activity of the polyphenoloxidase enzyme increased in response to
volatile compounds isolated from a neighboring damaged plant of the same
species. Once in the insect's intestines, this enzyme interacts with phenolic
compounds in plant foods, making essential amino acids inaccessible to
insects.

It was found that potato plants (Solanum tuberosum L.) produce
protective volatile compounds at a faster rate when eating leaves

herbivorous compared to leaves damaged mechanically.
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13. TABOPATOPHHH ITPAKTHKYM

13.1. BCTVYII 10 JJABOPATOPHOI'O IPAKTUKYMY
»BUMIPIOBAHHSA ®I3UYHUX BEJIMYUH TA OIIHKA
TOYHOCTI BUMIPIOBAHbB”

13.1.1. OcHoBHI TOHATTS Teopii moxuOoK. [IpsiMi Ta HeTIpsiMi BUMipIOBaHHS

Bumipsitu ¢i3MyHy BeJHMYMHY — Lieé 3HAYUTHh NOPIBHATH ii 3
IHIIIOI0 OJHOPIAHOI0 BEJIMYUHOKW, SIKA NMPUHHATA 32 OAMHULIO MIpH,
TOOTO BM3HAYUTH CKUJIBKH Pa3iB MICTHUTbCA B Hiil OJHOpiAHA 3 HEIO
BeJIMYMHA, NPUITHATA 32 OAUHULIO MipH.

€ 1Ba BHIM BHUMIpIOBaHb — mpsiMi 1 Hempsimi. [lpu mpsimomy
BUMIPIOBaHHI BEJIMYMHY BHU3HAYaIOTh OE3MOCEPEIHBO 3a JIOIOMOTOKO
BUMIPIOBIBHOTO MpUiaay (JHIMNKU, CEKYHAOMIPY, TEPMOMETPY, TEPE3iB
Tomo). Tak, Oe3mocepelHbO MOXKHA BUMIPSATH JOBXKHHY, 4ac,
TEeMIIepaTypy, Macy Ta J1edKi 111 (I3udHI BEJIUYMHH.

Akmio  BeaIMYMHY HE  MOXKHA  BUMIpATH  0e€3MocepeHbo,
3aCTOCOBYIOTh HeNpsiMe BHMIPIOBAaHHSI, a caMe: IIyKaHy BEJIUYHHY
PO3paxoBYIOTh 3a (POPMYIIOIO, SIKa BUpaXka€ JaHy BEJIMYMHY 4Yepe3 1HI,
3HaWJEHl LUIAXOM NPSIMHUX BHUMIpIOBaHb. Tak, HampUKIaZ, MPUCKOPEHHS
BiILHOTO HaiHHs 00YMCIIOIOTE 3a GopMynow g = 2h/f, BAKOPUCTOBYIOUH
pe3yJbTaTH MPSMUX BUMIPIOBaHb BUCOTH / 1 4acy ¢ BITbHOTO MaAIHHS Tija.

bynemo mno3HayaTH iCTUHHE 3HAa4YeHHS (PI3UYHOI BEJIUYMHU, IO
BUMIPIOETHCS, Yepe3 @, a pe3yapTaT ii BuMipy — yepe3 x . LI Benuuunm ,

B3araji KaXy4d, HeE CIIBIAJaloTh. Bemmuuny AX =X —a Ha3uMBaIOTh
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noxubkor, il Momyib ‘Ax‘z‘x—a‘ — a0COJIIOTHOI0 IOXHOKOIO,

BiTHONICHHA € =|AX|/d — BiTHOCHOI0 MOXHOKOI0 BUMIDY.

Skmo 3a OAHMX 1 THX € yYMOB IMOBTOPUTH BUMIp 7 pa3iB, TO
OTPUMAEMO 71 PE3YNbTATIB, X1, X2, ... Xj, ... Xn , 1 BIATIOBITHO MaTUMEMO 7
noxubok. OTpUMaHHS TOTO YM IHIIOTO Pe3yabTaTy X; — II€ BHIAJIKOBa
TIOJTisL.

Bunaakosor Ha3MBaKOTh MOi0, AKA MPHU peasidamii JAHUX YMOB
MOXxKe BiZ0yTHCh, 2 MOKe i He Bi10yTHCh.

Tak, HanpukIaa, IpyU MiAKUJIAHHI MOHETU TPU3YO MOXKE BUIACTH, a
MOJKeE 1 Hi; OT)Ke, BUMIaIaHHs TpU3y0a — BUTIQJKOBA MO/,

KoxxHa BuIagkoBa MoAisi Mae CBOIO OO0’ €KTUBHY XapaKTEPHCTHKY,
sKa Ha3UBA€ThCS MMOBIPHICTIO 1 BUMIPIOETHCS MO3UTUBHUM YUCIIOM P, sike

3aBk]u Oyne (110 BUILTMBAE 3 BU3HAYEHHS) OUIBIINM Bl OJUHUL :
0<P<I. (13.1)

fIMOBipHiCTb BHIAJAKOBOI noaii P BU3HAYACTLCHA BiHOIIEHHAM
yHucjaa BUNAAKIB, 10 CHOPUSIIOTH JaHid moaii, 10 NMOBHOI0 4YHCJa
PiBHOM OKJIMBUX BUIIAAKIB.

Hanpuknan, sxmmo y simmk Beunatu 5 6ummx 1 15 9opHux (0JHAKOBUX
3a pO3MIpOM, Baroro 1 SKICTIO MTOBEPXHI) KYJIbOK 1 J0oOpe HOoro moTpycUuTH,
TO WMOBIPHICTH P BUTATTH (HE 3a3Upar0du N0 sIuKa) OUTy KyJdbKy Oyme
piBHOWO 5/20 = 0,25 — 60 4KCIIO PIBHOMOXJIMBUX BUNAAKIB TYyT 5+15= 20, a
COpUSIIOTH JlaHii mojli (BUWMAaHHIO OUIO1 KYJIbKH) TIIBKM S5 13 HUX. Y
HaBEJICHOMY BHWIIE MPUKJIAAl 3 MOHETOI PIBHOMOXJIMBUX BHUIIAJIKIB JIBa
(Tpu3y6 abo uudpa), a crpusie Aa”ii noaii (BUNAAaHHIO TPU3yOa) TUIBKU

onuH. OTxe, UMOBIPHICTh BUTaaHHs Tpusyoda P = 1/2 =0,5.
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[Toxito, WMOBIPHICTH 5IKOi JOpiBHIOE ofuHulll (P = 1), Ha3uBalOTh
JAOCTOBIPHOIO.

[lonito, WMOBIPHICTH AKOI AOpiBHIOE Hy’neBl (P = (), Ha3MBaIOTh
HeliM OBIPHOI0.

[Ipu Benukid KUTBKOCTI 7 HE3aJCKHUX BUMPOOYBAaHb UMOBIPHICTH P
BUITaIKOBOI TIO/Iii BU3HAYA€ YACTKy BUIPOOYBaHb, KOJHM JaHA BUITQIKOBA
notist BimOoyBaeTbes. Tak, npu migkunanai monety 100 pasiB, Tpuzyd Moxe
BUIMACTHU, Hanipukiand, y 50, 49, 48, 51, 52 Bunanakax.

[Ipu BuMiproBaHHI MEBHOI (DI3MYHOT BEIUYMHU OJIMH €IUHUN pa3 3a
pe3yJabTaTOM BHUMIPIOBAHHS X HE MOXKHA OIIIHUTH aHl aOCONIOTHOI, aHi
BIJTHOCHOI ITOXHOOK (00 iICTUHHE 3HAYCHHS a € HEBIJOMUM).

Teopist moXrOOK BCTAHOBIIIOE TIPABUIIA, SIK1 JO3BOJISIOTH, BAUKOHABIIIN

HEBEJMKY KUIBKICTh (Hanpukias, 3, 5, 7) BUMIpIOBaHb, OLIHUTH 1HTEPBaJ

a1 <a<a (13.2.)

(eKBIBJIGHTHUM 3amuc: [ aj, az]), B SIKOMY 3HaXOJUTHCS ICTUHHE 3HAYCHHS
BUMiptoBaHOi BenuuuHU. lleit iHTepBanm Ha3uWBalOTH AoBipuMM. Teopis
NOXMOOK JI03BOJIAE TAKOX OLIHUTH JAOCTOBIPHICTL P OoTpuMaHOro
pesynbrary (1).

JocroBipnicTio P  (moBipuoro #MOBIPHICTIO) Ha3MBAKOTh
WMOBIPHICTH TOro, M0 ICTHHHEe 3HAYEHHS! BUMIPIOBAHOI BeJUYMHHU
3HAXOAUTHLCH Y BKa3aHOMY J0Bipuomy inTepBadi (1).

Came 10CTOBIpHICTh P BU3HAYa€ Ty YACTKY pE3yibTaTiB BUMIPIB, K1
IpU TMPOBENCHHI BEJMKOI KUTbKOCTI BuUMiptoBanb ( n = 100, 1000, abo
OlIbIIIE; CTPOrO0 KaXydd, NMPU # —> o0) Tomajgu O y JaHWi JOBIpUYUi

1HTepBall.
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k1110, HaIPUKIIAJ, ISl JOBKUHU BiAPI3KY L 3 JOCTOBIpHICTIO P =
0,8 orpumano pesynbtar 0,58 < L < 0,62 (M), TO 11e O3Hayae, U0 3 TUCAUI
BuMipiB (rn = 1000) npubnauzno 80% pe3ynbTariB MaTUMYTh 3HAYEHHS M1k
0,58 M 10,62 M, a pemrra (nmpudmmsHo 20 %) Oyayts menmumu 0,58 M abo
outpIMH HIK 0,62 M.
3aBAaHHs eKCIepUMeHTaTropa (CTyAeHTa) IpU BU3HAUYEHHI (DI3UUHOI
BEJIMYMHM, 1110 BUMIPIOETHCS Y MPSIMHUI CTIOCIO, TOJISATAE B HACTYITHOMY.
1. 3pobutu nekinbka (3-7) BUMIPIB 1 3HAUTU cepeiHE apuhMETHIHE

< X > pe3ynbTaTiB BUMIpIB:

<X>=@+tx2+..txit+..+x)/n. (13.2)

2. BcranoButu noBipumii 1HTepBan (13.2.), B sKkomy 3a HOro
(eKcCiepuMEHTaTopa) CTBEPIKEHHSM  3HAXOAMTHCS  ICTUHHE
3HaUY€HHd a  (i3uyHOoi  BenmuuuHU. JloBipuuiéd  1HTEpBail

MPENICTABISIOTH Y (hOpMi:

<Xx>-A <as< <x>+4 (13.3)

(eKBIBAJICHTHUH 3aInC : @ =< X >+ A; IpH I[bOMY:
a;=<x>-4,
ar»=<x>+4).
Bemuuny 4 y dopmym (13.3) Ha3uBaOTh JAOBIPUYOK) I'PaAHMIIEIO
NMOXMOOK pe3yJIbTaTiB BUMIPIB.
BxkazaTu 10CTOBIpHICTh P BUILE3ralaHOT0 CTBEPKEHHS.
OLIHUTH TOYHICTb eKCIepHUMEHTY. i XapakTepu3yloTh BiJHOCHOIO

MOXHUOKOFO
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& , IKy OOUHUCITIOIOTH 32 HAOIMXKEHOI0 (hOPMYIIOI0

ex_2 (13.4)

U [IHOMY BIIMITUMO, 10 YUM MEHIIIE & , TUM BHIIE TOUYHICTb.
[lomatu KiHUEBHI pe3ynbTaT y CTaHIAPTHIN (HOpMi, 3aMCaBIIH
BCTAHOBJICHUI JOBIpUYMN 1HTEPBAJI 1 BKA3aBIIM TOYHICTH 1 JIOCTOBIPHICTH

OTPUMAHOTO PE3YJIbTATY:

a=<x>FA, &, P (13.5)

CranpaprHa ¢opma (13.5) mpencraBieHHsi pe3yJbTaTy BHUMIPIOBaHb €
€IMHOIO SIK MPU MPSAMUX, TaK 1 IPU HEMPAMUX BUMIPIOBAHHSX.

To4yHICTP BHUMIPIOBaHHA BHU3HAYAETHCA TIEHO HANMEHIIOK YacTKOIO
OJIMHUIII MIPH, JI0 SKOI 3 YIIEBHEHICTIO Y MPaBUJILHOCTI PE3yJIbTaTy MOKHA
BUKOHAaTH BUMIpIOBaHHS. CTYIIHb TOYHOCTI BHUMIPIOBaHb 3aJIKUTH Bl
MPUIAIiB, 0 BUKOPUCTOBYIOTHCS, 1 BIJ] 3arajlbHUX METOJIB BUMIPIOBAHHS,
1 Oyn0 6 MapHUM BUTpAyaHHSM 4Yacy HamaraTuCs NMPU BUMIPIOBaHHSX 3a
JAHUX YMOB MEPEUTH 110 MeXy TOYHOCTI. Hampukiazn, 3Baxyroud TIJIO
Macoro 200 T Ha SKICHMX Tepe3aX, HeBaxKo gocartu TouHocti 0,1 wr,
t00TO TouHOCT1 0,00005 %. B 1Hmmx Bumagkax HaBiTh To4yHICTH 0,1 % €
MaiKe HEIOCSHKHOI — HaNpUKIIaA, MPH BUMIPIOBAHHI TeMmIepaTypu 3a
JIOTIOMOTOI0  TEPMOMETpPIB.  3BUYAMHUMHU  TEPMOMETpaMU  MOXKHA
BIJIpaxoByBaTu Temneparypy 3 TouHicTio 10 0,1 K, iHOAl 3 TOYHICTIO 10
0,05 K. Omxe, sKkmo BuUMIpIOBaHAa 3MiHAa TEMIEPAaTypud CTAHOBUTh
npubnu3Ho 5 K, To TouHicTh He nepeBuiyBatume 1 — 2 % BUMIpIOBaHOI

BCJIIMYHNHU.
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3BIACHM BHUIUIMBA€E, IO MEpPI HIXK NPUCTYyNaTH [0 BHUMIPIOBaHb,
HEOOX1JHO BHU3HAUYUTH MEXKI TOYHOCTI, SIKI MOXKHA OTPUMATH 3 HasSBHUMU
pUIagamMu.

SAxmo B mabopaTopHiii pPoOOOTI JTOBOAMTHCS BUMIPIOBATH Pi3HI
BEJIMUMHM 1 MEXK1 MOKJIMBOI TOYHOCTI JUIsl KOKHOI BUMIPIOBAHOT BETMUUHH
BUSIBIITIOTHCSL PI3HHUMH, TO HEMA€ CEHCY NMPH OKPEeMHX BHMIPIOBAHHIX
BUXOJIMTH 32 MeKi TOUHOCTI HAMMEHIII TOYHO BUMiPIOBAHOI BeJIUYHHU.
Tak, npu KaJIOPUMETPUYHUX BUMIPIOBAHHSIX BHU3HAYEHHS Macu BOIHU 1
KaJIOpUMETpa 13 3BaXXyBaHHS MOXxHa O Oyl0 BHKOHATH 3 TOYHICTIO, HE
menmor 0,0001 %. Onnak y 1aHOMy BUNAAKY HEMA€ CEHCY BUKOHYBATH
3BaKYBAaHHSI 3 TAaKOK BHCOKOK TOYHICTIO 1 MOXHa OOMEKHUTHUCH
3BaKYBAHHSIM Ha MEHII JOCKOHAUX Tepe3ax 3 TOYHICTIO, HAMPHUKIAMI, J0
0,1 %, OCKUJIbKM BUMIPIOBaHHS 3MIHU TEMIEPAaTypyu MOKe OyTH BUKOHAHO,

SIK CKa3aHo, 3 TOUHICTIO Jitie 1 — 2 %.

13.1.2. Buan mnoxubGok. MarematuyHa oO0poOKa pe3yJbTaTiB

NPSAMUX BUMIPIOBAHb

1. [lepen moyaTkoM MPSIMUX BUMIPIOBAHb MEPII 3a BCE 3aMHUCYIOTh
Ha3BY BEJIMYUHU, 110 BUMIPIOETHCS, Ha3By BUMIPIOBAJIBHOTO MpHIIANY 1
IiHy HaiiMeH10i Horo noautku C.

2. 3anucyroTh y CTOBINYMK TI1JI CHMBOJOM BEJIMYUHH, IO
BUMIPIOETHCS, PE3yJIbTaTH BUMIPIB X; 1 00UKCIIOOTH 3a popmyroro (13.2)
cepenHe apudpmeruune < X > pe3yJIbTaTiB BUMIPIB.

3. BCTaHOBIIOIOTH JOBIpUYy TPAHUII0O MOXUOOK A pe3yabTariB
BUMIpiB. [l 1OrOo BpaxoBYIOTH JiIBA OCHOBHI BHAM TOXHOOK —

CHCTEMATHYHI i BUIIAIKOBI.
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CucreMaTHYHUMHM HA3MBAIOTh MOXUOKH, MI0 3aJUIIAIOTHCS
MOCTIMHMMU 32 BETMYMHOIO 1 32 3HAKOM TPU MOBTOPHHUX BHMIPIOBAHHIX
OJIHI€T 1 Ti€T % BeIMYMHMU. Taki MOXMOKU MarOTh 00 €KTUBHUN XapakTep 1
00YMOBJICHI HEJIOCKOHAIICTIO BUMIPIOBAILHUX MPUJIAIIB, BIUIMBOM YMOB,
3a SKHX TPOBOAUTHCS JIOCHIJ, a TaKoX HEIOCKOHAIICTIO METO/IIB
BUMIpIOBaHHS. Jleski cUCTeMaTHYHI MOXHUOKM MOXYTh OyTH BUSIBIEHI 1
ycyHyTi. ONHaK ICHYIOTh 1 Taki CHCTEMaTW4HI TOXUOKH, BiJ SKUX HE
MOKHA 1M030aBUTHUCH 1 K1 000B’SI3KOBO HEOOX1JTHO BpaxoByBaTH. Takumu €
NOXMOKH, OOYMOBJIEHI  HEJOCKOHAMICTIO MPHJIAJiB, 30Kpema IiX
BUMIPIOBAJIbHUX KA. Sk mpaBuiio, OUIBIIICTh MPHUJIAAIB BUCOKOI SKOCTI
Ja€ MOXUOKY, 0 HE TEPEBUIITYE I[IHU HAWMEHIIOI MOIIKH 1X IIKaJIH.

BunagkoBuMH Ha3UBaIOTh MOXUOKHU, 110 HETIEPE10AUE€HO 3MIHIOIOTh
CBOIO BeauuuHy (1 3HaKk!) Bl OJHOTO J0CiHiAy 10 I1Hmoro. BoHu
oOymoBJieHI 0araTbMa HEKOHTPOJIbOBAHUMHU MPUYMHAMH, a TaKOX
HEJIOCKOHATICTIO HAIlIMX OpPraHiB YYTTIB. 3 OCTaHHBOI MPUYMHU BUMAJIKOBI
NOXMOKM B 3HAYHIM Mipl MarOTh CyO €KTMBHUUN xapaktep. Bumamakosi
NOXMOKHU OINHCYIOThCSI TEOpPi€l0 WMOBIpHOCTEW. BmimB BHUMaaKOBHX
NOXMOOK Ha pe3yJbTaT BUMIPIOBaHb MOXXHA ICTOTHO 3MEHIIUTU MpH
0araToKpaTHOMY ITOBTOPEHHI JOCHIY: OCKIIbKM 3aBHUINCHI 1 3aHMKEHI
(BITHOCHO ICTMHHOTO) 3HAYEHHSI 3yCTPIYalOThCA OJHAKOBO 4acTO, TO IPH
OOYHCIICHH] CEepeaHhOro apuMETUYHOTO < X > BHIAAKOBI MOXUOKH
YaCTKOBO KOMIIEHCYIOTh OJIHA OJIHY, 1 TOMY cepelHE apu(MeTUUHE MEHIIIE
BIZIPI3HSETHCS BiJ] ICTHHHOTO 3HAYEHHS a (PI3UYHOI BETUUHHH, HIK KOXKEH
3 pe3yJbTaTiB BUMIPIOBAHb X;.

3MEHIINTH BIUIMB CHCTEMAaTHYHHUX MOXUOOK MUISTXOM MOBTOPECHHS
JOCTiy, 3BUYaiiHO, HE MOXKHA. [ mboro moTpiOHO ymgockoHanuTu (abo

B3SITH OUTbII TOYHUI) TipuiiaZ a00 3MIHUTH METOJ] BUMIPIOBAHb.
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VY BIANOBIJHOCTI 3 HASBHICTIO JIBOX BHUIB MOXMOOK JIOBIpPYY T'PAHUIIIO

CYMapHUX MOXUOOK A 3aITUCYIOTh Y BUTJISII CYMH

A=A, +A, (13.6)

(0]
ne Ac — JoBIpYa TpPaHUIlS CHUCTEeMAaTUYHUX TOXUOOK, a A — JoBipua

rpaHMId BHUIAAKOBMX MOXMOOK. IM BifgmoBigaroTh mapamerpu P, —
o . . . . 0
HWMOBIPHICTB TOTO, IO CHCTEMATHYHI TOXUOKH HE TIEPEBUITYIOTh A, , 1 P —
o . . . (6]
HWMOBIPHICTB TOTO, 110 BUTIAJKOBI MTOXUOKH HE MEPEBUIIYIOTH A .

(0]
4.1. BcTraHOBNEHHSA JAOBIPYOl TpaHMIl BHUIIAJKOBUX IHOXHOOK, A,
MOYHMHAIOTh 3 OOYMCIICHHS BUNIAJAKOBUX BiIXWIEHb PE3yJIbTAaTIB BUMIPIB O
3a GOpMYJI0I0

8= Xi— <x>, (13.7)

iX KBazpaTiB 5i2 Ta CEPEeTHbOAPUPMETUIHOTO <O 2> 3 dbopmyIoro

<52 >_512+522...+ S .40,

= . (13.8)
n
4.2. Po3paxoByIOTh MapameTp
<5 >
Oo. =\ (13.9)
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[0 Ma€ Ha3By CePeIHbBOr0 KBAAPATUYHOrO BiIXHJIEHHSI CEPEIIHIX
pE3yJbTaTIB BUMIPIB.
4.3. JloBipduy TpaHULIO BUIMAJIKOBUX TOXHOOK OOYHUCIIOIOTH 3a

dbopmyIoro

A=1t-0g. (13.10)

Tyr ¢t — mapamerp, fiKMii BH3HAYAKTh 3 TA0JUIb, PO3POOJEHHMX 32
aomoMoror Teopii  WmoBipHocteii. Ilei mapamerp  Ha3BaHO
napamerpoMm CrT’loJeHTa HAa 4YeCTb BYEHOrO0, SIKHil PpPoO3paxyBaB

TaﬁJII/IIIIO HOro 3HaYeHb.

[MapameTp Ct’rojieHTa 3aJ€XHUTh Bl KUIBKOCTI BUMIPIB 7 (YHUCIIO 7

o
BCTAHOBJIIOE EKCIIEPUMEHTATOp) 1 BenuyuHu mapamerpy P (il Tex

BCTAHOBIIIOE €KCIlepuMeHTatop). 3 Tabmumi 13.1 Bua”o, MmO 0OpH

0
¢ikcoBanomy 3HaueHHi P mapamerp CT’rogeHTa ¢ 3MEHIIYETHCS 13

30UTBIIEHHSIM K1JIbKOCTI BUMIPIB 71.
5. Tlpu omiHIi AOBipYOi TPaHUIl CUCTEMATHYHUX TOXUOOK, A,
BBAKaTUMEMO, IO BOHA HE NEPEBHINYE IIHU HaiMeHIIoi noauiku C

BHMIPIOBAJIBHOTO TIPHJIaay. B 11boMy BHMaiKy
A.=C, P.=1 (13.11)
K110 K ICHYIOTh TI0AATKOBI CUCTEMATHYHI MTOXUOKH, 1110 TepeBUInyoTh C,

TO KOPUCTYIOThCS (opMynor0 Ac = C + Ao, 1€ Axon. — AOBIpUA TpaHULA

JOJTATKOBUX CUCTEMATUYHUX MOXUOOK. Dopmyna JuIsl Ajor, OOYMOBIEHOT

477



METOJIOM BUMIPIOBaHHS, SIKIIIO BOHA HE € HA0AaraTo MEHIIIOKO I[IHU MOJILIKH,

HABOJUTHCS B JIAOOPATOPHI pOOOTI.

Ta6un. 13.1. Koedimientn Ct’roaeHTa

JoBipua

O
P -

iMOBipHicTH

Yuco Bumipis

" 0,5 | 06 (0,7 08 ]0,9] 0,95 /0,980,999
N

1

2 1,00 | 1,38 (2,0 3,1 {6,3| 12,7 |31,8|636,6
3 0,82 1,06 1,3 1,9 {29 43 | 7,0 | 31,6
4 0,77 10,98 | 1,3| 1,6 |2,4| 3,2 | 4,5 | 12,9
5 0,74 1094 | 1,2| 1,5 | 2,1| 2,8 | 3,7 | 8,6
6 0,73 10,92 1,2 1,5 |2,0| 2,6 | 34 | 6,9
7 0,72 10,90 |1,1| 1,4 1,9 2,4 | 3,1 | 6,0
8 0,71 10,90 | 1,1| 1,4 | 1,9 2,4 | 3,0 | 54
9 0,71 10,90 |1,1| 1,4 | 1,9 2,3 | 2,9 | 5,0
10 0,70 10,88 | 1,1 | 1,4 | 1,8 2,3 | 2,8 | 4,8
15 0,69 1087 |1,1] 1,3 | 1,8 2,1 | 2,6 | 4,1
20 0,69 1086 |1,1| 1,3 1,7 2,1 | 25| 3,9
40 0,68 1085 (1,1| 1,2 |1,7| 2,0 | 2,4 | 36
60 0,68 1085(1,0] 1,3 |1,7] 2,0 | 24 | 3,5
120 0,68 1085(1,0] 1,3 |1,7| 2,0 | 24 | 3,4
0 0,67 10,84 1,0( 1,3 /1,6 2,0 | 2,3 | 3,3
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Taou. 13.2. MatemaruuHa 00poOKa pe3yJbTaTiB BUMIpPiB 4acy

ABAJAIATH KOJITUBAaHb MasiTHHUKA

Yac 7 BumiproBaiu cexkynaomipom , C =0,2 c.

i T, C 0, C Po3paxynku
1 | 342 ~ 0,07 g — 34243404346 427 ¢
2 | 340 | —0,27
3 | 346 | +033 |01=342-3427=-007c; &) =0,005c’;
<©>=3427 | 0q=0,18. | 9,=34,0-3427=-027¢; &, =0,073¢’;
A=026P=] J3=34,6-3427=+033¢c; O67=0,109 ¢
R 0770 B—095 52 . 0,005+ 0,(;73 +0109 _ 06>
A=10 c;P>0,95 o, :\/@:\/MZOJS :
£=0028 (2,8%) n-1 2
PesybTar: A=t-Gy =43-0,18=0,77c;
A=A, +A=02+0,77=097~10c;
t=(342%1,0) ¢, e 2 97 0008(28%).
<rt> 3473
P> 0,95,
£=0,028.

6. OO4YHuCTIOIOTH JOBIpUYy TpaHUII0 CYMapHUX MOOXUOOK A 3a

dbopmyioro (5) 1 BiIHOCHY TOXUOKY & 3a ¢opmyroro (13.4).
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7. 3anucyoTh pe3yibTar y ctaHgaptHii dopwmi (13.5), Bkazywouu, 110
o 9}
HOro JOCTOBIPHICTh 3HAXOAUThCS B MeXax Mk P 1 P.=1: P <P <]

(ao P> P).

Huwxdye HaBeneHO MNpuUKIAL  po3TallyBaHHS — pe3yJbTaTiB 1

PO3PaXyHKIB Mpu 11 = 3, IOJ = 0,95; (npu ubomy ¢ = 4,3).

[Tpumitka 1. Skmio pe3yabTaT X; IPIMUX BUMIPIOBaHb 301Tar0ThCH,
TO A=A=C 1 P=P.=1

[Tpumitka 2. fkmo BigHOCcHa moxuOka & mepesutrye 0,2 (20%), To
EKCIIEPUMEHT TOTPIOHO TMOBTOPUTH, B3SBIIM OUIbII TOYHUN THCTPYMEHT

(mpu 1OMY 3MEHINYETbCA Ac) a00 301IBIIMBIIN KUTBKICTh BUMIPIOBAHb 71

(6]
(mpy LbOMY 3MEHIIYETHCSA A ), 200 3pOOMBIIIH 1 T€ 1 1HIIIE.

13.1.3. MaremaTuyHa o0poOka pe3yabTaTiB

HEeNpsIMMX BUMIPIOBAHb

PosrnsiHemo Benmmuuny Z , 1110 € QYHKIE0 ACKITHKOX apryMEHTIB
— BEJIMYUH X, ), ..., SKI BA3BHAYAIOTHCS HE3aJEKHO OJTHA BiJl OJTHOT

HUITXOM IPSIMHUX BUMIPIOBAHb:

Z=fxy, ...). (13.12)
Tosi MOCTIJOBHICTh PO3PAXYHKIB € TAKOIO:
1. Cepenne 3HaAYCHHS BEIWYWHH 7 PO3PAXOBYIOTH OIWH Pa3s,

M1JICTaBJIIFOYH 3aMiCTh apI'yMEHTIB X, V, ... X Cepe/IH1 3HAUCHHS:

<Z> = f{<x>, <p>, ...). (13.13)
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2. Bu3HaualTh BIJHOCHY MOXUOKY HENPSMHUX BUMIPIOBaHb €Z3a

dbopmyIioro

o(In f)
oy |

olnf
¢z :{I (8X )IA

|
x+|

Ay + } (13.14)

ne A,,A, — IOBIpYl I'PAHUILIl CYMApPHUX MOXHUOOK BUMIPIOBAHb BEIMYNH
x> By

X, ¥, ... . Jlna nonermenns obuncnens Gopmyny (13.14) ans po3paxyHKy

BITHOCHOI TMOXHWOKH HEMpSIMUX BHUMIPIOBAHb &, TonaHo 'y KOXKHIM

1abopaTopHiil poOOTI.
3. Po3paxoByiOTh AOBipYYy TpPAHUIND CyYMapHUX TMOXHOOK 3a

dbopmyIoro

AZ =& <> (13.15)

B Ttabmumi 3 waBenmeHno pospaxoBadi 3a (opmynamu (13.14), (13.15)

3HAYECHHS AZ 1 SZ U1 BEIWYUMH Z, 10 BUPAXKAIOTHCSI IPOCTUMU

(yHKIIOHATBbHUMH 3AJIEKHOCTSAMU, SIK1 3yCTP14atOThCs HalOIbII 4acTo.

4. 3anucyroTh KIHIIEBUH pe3ynbTaT y cTanaapTHik dopmi (13.5):

7Z=<7Z>* AZ, EZ,

Pz. (13.16)
Ipumirka 1. fkio B po3paxyHKkax BUKOPUCTOBYIOTh TaOJINYHE
3HAYE€HH$, TO BIANOBIAHY AOBIpYY IPAaHULIO MOXHUOOK BU3HAYAIOTH SIK
MOJIOBUHY OJIMHUIII HOTO (TaOJIUYHOTO 3HAYEHHS) OCTAHHBOTO 3HAYYIOTO

pO3psy 3 JOCTOBIPHICTIO, piBHOW oauHulll. Hanpuknan, B Tabmauii
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Z=fx v ..) AZ &,
1 x+y+. A +Ay+... A,
<X>+<Y >+
2 X—y Ay +Ay A,
kx>-<y>|
3 ax, a-Ay EX
Oe a = const
4 Xy ... &, <xX>-<y>.. 8X+8y+...
X <X >
5 X £, <X Ly €X+€y
y
6 xn €, <x>" n-&
7 Q/; Ez'n\/<X> lg
n x
8 x%.yP ... &, <x>% <y>P . a&y + PEy +...
nea>0,6>0
9 sin X A_ -|cos <x >| A_ -letg <x >
X X
10 COSX A_ -[sin <x>| A Jtg<x >
X X
11 tgx AX /cOs? <X > 2A /‘Sin2<X >‘
12 ctgx AX /sin? <x > 2A /‘sinZ<x >‘

Mpumirka: y npukimagax 1 i 2 crmoyarky po3paxoByloTh A _, a

Z b
MnoTIM — &, . y IpHKIajax 4-8 croyaTtky po3paxoBYIOTh &,,a noTiM —

A
z

M0JIaHO 3HAYEHHSI MPUCKOPEHHSI BUILHOTO MaIIHHS g =9,807 m/c?; B
poMy BHIAIKy Ag = 0,0005 m/c?, Py =1. Ane K10 Ta0IM4YHe 3HAYEHHS g

noxaHo K g = 9,8 m/c, To Ag = 0,05 m/c?, Py = 1.
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Hpumitka 2. SIkoo npsMi BUMIPIOBaHHS HE MOXXKHAa BUKOHATH B
OJTHAaKOBUX YMOBAaX, TO BEIMYUHY Z PO3PaXOBYIOTh Il KOXKHOI'O OKPEMOTO
BUMIPIOBaHHS, a MOTIM 3HAaXOJATh ii cepenHe 3HadeHHs. [Ipu mpomy st
OpsIMUX BUMIPIOBaHb O€pyTh [0 YBard JIMIIE JOBIpYY TPAHUIIIO
CUCTEMAaTUYHUX TOXMOOK, a BIJHOCHI TMOXHOKH MPSMUX 1 HEIPSIMHUX

BUMIPIOBAaHb OIIHIOIOTh TUIHKHU JIJISl IKOTOCh OJJHOTO BUMIPIOBAHHSI.
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13.1.4. I'pagiunuii crocid npeacraBjeHHs Pe3y/IbTaTIB eKCIIEPUMEHTY

Jnst uporo y OLIBIIOCTI BUNAAKIB KOPHUCTYIOTHCS JE€KAPTOBOKO
CHUCTEMOI0 KOOPJHMHAT; Ha MUIIMETPOBOMY Mamepi y3J0BX oci abcuuc y
JOBUTBHOMY MacimTalbi BIAKIAAAIOTh HE3aNeKHY 3MIHHY X (apryMeHT),
TOOTO BEJMYMHY, 3HAYCHHS SIKOi 337a€ caM EKCIIEPUMEHTATOp, a Y3IOBXK
OCl OpAMHAT — Ty BeJWYUHY ) (QYHKIIIO ¥ = P(X) ), AKY BiH MPH LBOMY
BU3Hauae. Yepe3 OoTpuMaHi Ha IUIONIMHI TOYKH TPOBOMASTH HENEPEPBHY
mwiaBHy KpuBy. llpm moOymoBi rpadikiB HEOOXITHO JOTPUMYBATHCH
HACTYIHUX TTPABUIL

1. Binsg koxHOI 3 oceil (HampoTH cepearHu abo B KIiHIN OC1) CIIiT
BKa3aTH YMOBHE II03HAUEHHS BEJIWYUHU 1, Yepe3 KoMy, OAMHUII Il
BUMIpIOBaHHS B 00paHiii cucteMi oguHUILb (puc. 13.1).

2. Macmtab Ha KOXHii 0ci BUOMPAIOTh TaK, 00 eKCIIepUMEHTaIbH1
TOYKM HE 3JIMBAJMCS OJHA 3 OJIHOIO 1 Oyiau pO3TalloBaHl 3 PO3YMHUM
inTepBasioM (puc. 13.2). He ciig Bigkiagatv Ha OCAX 3HAUYCHHS BEJIMYUH,
1ICTOTHO OUTHIIMX a00 MEHIIMX THX 3HA4€Hb, B MEXaxX SKUX MPOBOIUINCH
BUMIpDIOBaHHSI — 1HaKkmie Tpadik 3aiiMaTUMe JHIIEe Mally YacTUHY
BIJIBEJICHOT /111 HHOTO KOOpAWHATHOI tuioniuHu (puc. 13.3).

[Ipu mocmiKeHH1 3aJIeKHOCTI OAHIET (PI3MYHOI BEIMUMHM BiJ 1HIIOT IJIS

HAOYHOTO TIPEICTABIICHHS ITI€1 3aJIEKHOCTI 11 300paxyroTh TpadivdHo.
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A
21 |
2,0 |
=
=
s 19 | a
=]
1.8 [
a 17] 1 1 1 1 1 N
70 100 200 300 400 500
T.K
)

Puc. 13.1. IIpukiaagun HaanMciB B310BkK ocell rpagdika: a) 3aj1e:KHICTh
monyJsa FOura E Bin temneparypu 7T; 0) 3aexkHicTs onopy R Mmini Big

Temneparypu 7 npu HarpiBanHi (X) i oxosomkeHHi (o).

3. IlouaTok KOOpAHWHAT HC 000B’SI3KOBO ITIOBHHEH 301raTucs 3 HYJIbOBHMHU

3HAa4YCHHAMU BI/IMipIOBaHI/IX BCJIMYHH.
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4. Macmtab mae OyTd MPOCTUM: B OJIHIM MO MaciiTady TOBUHHA
ykianatuch oguHui (a6o 10; 100; 0,1 oguHMUIN 1 T.11.) BUMIPIOBaHOT

BCIIMYHHU.

5. Ilpu BUMIipIOBaHHSX YaCTO 3yCTPIYalOThCS BEIMUMHU, 110 MAIOTh JTYKE
MaJie (a0o QyKe BEJIHKE) YHCEIbHE 3HaYeH s, Hanpukiaa, 5-107" m, 2-10!!
Ila Ta iH. ¥ Takux BUMaaKax 3arajibHUN Koe(illeHT BKa3yeThCs Tepe
ofMHUIIE0 BUMiproBaHoi Benmunnn (L, 107" m; E, 10! TTa). IIpu upomy
3HUKA€ HEOOX1HICTh BKa3yBaTH MHOXKHUK 017151 KOYKHOI U PHU TPOTH
MacitabHoi pucku (puc. 13.1). Bunecenns 3aragbHoro koedirieHra
MOKHA 3aMIHUTH BBEICHHSM TOJbHUX a00 KpaTHUX OMUHHMILG. Tak, 5-1077

M MO>KHA 3aMIHUTH Ha 0,5 MKM.

Hempaermsao IlpapiwmHo

A A a
40 - ) 35t g
30 — " Xx ® 6
I 30} .
10 b o

L L L :’ 25 SIU 610 ':I:U } Pl/lc.
100 150

0 50 13.2.

Bubip macmrady
a) HeBaaauii BUOIp MacmiTady 1Jis rpagiyHoro npeacTraBjieHHs
pe3yJbTarTiB;

0) Ti %k naHi y 30iabmeHoMy MaciuTaoi.

IIpaBuiabHO HenpasuibHo
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Puc. 13.3. IIpoBeaeHHs1 y3arajibHIOK4YO0I KPHUBOI 4Yepe3 TOYKH HA

rpagiky

a) Uepe3 ekciepuMeHTAJIbHI TOYKH NPOBOASTH IUIABHY KPHUBY;
0) 3°€AHYBaHHSI €KCIEPUMEHTAJbHHUX TOYOK JOMAHOI JIiHIE €

IIOMMJIKOIO.

6. ns rpadiuHOoro Bi0Opa’KeHHS TOYHOCTI BUMIPIOBAHb JOCIIIKYBaHOT
BEJIMUYMHN y Ha Trpadiky OKpiM caMOi EKCINEePUMEHTAIBHOI TOYKH
BIJIKJIAJIAI0Th Bropy 1 BHM3 BIJ HEl (B TOMy X MacuTadi) BepTUKaIbHI
BIZIPI3KHM, PiBHI JOBIPYMM TPAHUIISIM MOXHOOK BEIMYHUHU Y. AHAJIOTIYHO,
BIIPABO 1 BJIIBO BiJ €KCIIEPUMEHTAIBLHOI TOYKH BIAKIAIAI0Th TOPU3OHTAIbHI
BIJIpI3KU (PO3HOCKH), PIBHI JIOBIPUMM TpPaHULSIM TMOXHOOK BEIUYUHU X
(puc. 13.1). Po3HOCKHM HE HAHOCSTH, SKIIIO JOBIPYl TPAHUIIl Y30BXK OTHIET 3
oceit (a0o 000X oceil) He BUXOAATh 3a MEX1 PO3MIPIB TOYOK Ha rpadiky.

7. UYepe3 ekcrnepuMeHTaldbHI TOYKH, HaHeceHI Ha Trpadik (y BUIISAIL
KPYXKKIB, 31pOYOK ab0 XPECTHKIB), MPOBOJATH IJIaBHY KPUBY B TaKHii
cnoci0, mo0 TOYKHM, SKI BIANOBIAAIOTE OKPEMUM BHUMIPIOBaHHSM,

PO3TAIIOBYBAJIUCA CHUMETPUYHO TO OOWIBI cTOpoHW JiHii (puc. 13.3).
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ToBmmHa miHIT Mae Oyt y 2-3 pa3d MEHIIOK JIHIHHUX pPO3MIpIB
EKCIIEpPUMEHTATIbHUX TOYOK.

8. Skio MeTroro poOOTH € BCTAHOBJICHHS AHATITHUYHOI 3aJIEKHOCTI
MDK BHMIpIOBaHUMHU BenuuuHamu (abo ii mepeBipka), To Ha rpadik
HEOOXITHO TaKOXX HAHECTH TEOPETHUYHY JIHII0, IO BIAMOBIIAE i
3asiekHOCTI. [lpu 1IbOMY BENWYMHM, SIK1 BIIKIATAIOTBCS Y3JIOBXK OcCei
rpadika, 3aBXKAU CIiJ BUOMpATH TaKUMH, 00 OUYIKyBaHa TEOPETUYHA
3aJIeKHICTE  Majla Buja  npsmoi  miHii. [loGymoBa  ¢yHKIIOHATBHOI
3aJI©KHOCTI Yy BHUIVIAAI MOpsIMOi  JiHIT 3HAYHO TMOJIETIIYE  3a/aqy
EKCIIEpUMEHTATOPA.

Hanpuknaza, HeoOXiTHO EPEeBIPUTH, UM BUKOHYEThCS 3aKOH boiis -
Mapiorra (PV = const npu NOCTIHIA TeMmmepaTypl) s JEIKOro rasy.
Sk1o0 3a OTpUMaHUMHU TaHUMH OO0y yBaTH rpadik 3anexxHocti P Big V, To
Ipy BUKOHAHHI 3aKOHY boitHs - MapioTra ekcrnepuMEHTalbHI TOYKHU
pO3TalIyOThcsl O0JM3Yy TinepOonau. OnHaK BCTAaHOBUTH Bi3yalbHO, YU €
noOygoBaHa KpuBa TilmepOOJIO, JOCHUTh BaXKO. SIKIIO K BIJIKIACTH
y310Bx oceil BenmuuuHu P 1 I/V, 1o rpadik 3anexuocti P Bin 1/V s
11eanbHOr0 Ta3zy Oyae mnpsmoro JiHi€w. B 1boMy BHUMaAKYy MOXIIUBI
BIIXWJICHHS BiJ MpsiMoi JtiHIT (TOOTO Bijg 3akoHy boins - Mapiorra) 3pa3y
K CTaHyTh OYEBHUIHUMH.

9. I'oToBuii rpadik HAAUISIOTH HAJIHUCOM, 1110 PO3’ICHIOE MOTO 3MICT,

1 T JIKJICIOIOTH Y KYpHAJI JJA0OpaTOPHUX POOIT.

13.1.5. BuB4eHHSsI HOHiyCiB

Honiycom Ha3uBa€eThCs JOMOBHEHHS 10 3BUYAWHOTO MaciiTady
(JuiHifiHOTO a00 KpPYroBoro), sKe JO3BOJISIE TIJBHUINUTH TOYHICTh

BUMIPIOBaHHS 3 JaHUM MacmTadboMm y 10 — 20 pas3is.
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TexHika Oe3nocepeAHLOr0 BUMIPIOBAHHS JOBXKHH 1 KYTIB Y HAIll 4ac
J0cATIa BUCOKOI JTOCKOHanocTi. Hampukiaz, CKOHCTpyHOBaHO crelialbHI
npwiagy (Ha3BaHI KOMIIapaTopaMH), SKi J03BOJSIIOTH BUMIPIOBATH
JOBKHUHY 3 TOUHICTIO 10 1 MikpoHa (1 MM = 1076 m). IIpu npomy maiixe
3aBXK]IM BIJIIKOBI MPUCTPOI 00JIaJHAH1 HOHIyCaMH.

JliniliHuM HOHIyCOM HAa3MBA€THCS MaJCHbKa JIIHIMKA 3 MOIIJIKAMH,
SKa MOXE KOB3aTH Y3JIOBXK BEIWKOI JIHIMKKA (TaKOX 3 TMOIIJIKAMH),

Ha3BaHO1 MacmiTadboM (puc. 13.4).

0 5 10
e = =ol
|||||||||||||r—ﬂ||||||
0 5 10

m

Puc.

13.4. Honiyc

CymapHa JOBXHMHA BCIX m TMOAUIOK IIKaJIX HOHIyca JOPIBHIOE JOBXKHHI

(m — 1) HallMeHIMX MOAUIOK MacmTaldy. OTxe, oJHA TOJLIKA HOHlyca

JOPIBHIOE L—IZO_L) noauiku  Macmrtady. Came 1€ J103BOJISIE,
m m

KOPHUCTYIOUHCh HOHIYCOM, pOOWMTH BIIJIIK 3 TOYHICTIO A0 [/m dYacTKu
HaliMeHIIoi moxautku MacmTady. [lo3HaunMo dYepe3 y BIACTaHb MIXK
CYCIIHIMM IITPUXaMHU MaciiTaldy, a 4epe3 X — MK CYCIAHIMM IITpUXaMu

HoHiyca. ToJll MOXKHa 3aMucaTH, 110
oy,
X=y: ( - B) >
3BIJICH OTPUMYEMO:

mx = (m—1)y.

Bemuunna
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—yp—x=2
Ax=y—x - (13.17)

Ma€ Ha3By TOYHOCTI HOHiyca, BOHAa BHU3HA4Ya€ MAaKCUMaJbHY IMOXHOKY
HOHiyca.

[Ipu Oynp-iKOMy MHOJOXEHHI HOHlyca BIJHOCHO MaciuTaly ojHa 3
HOJIJIOK HOHIyca CXOAWUTHCA 3 JIEAKOI0 MOJUIKOI Maciutady. Bimmik mo
HOHIyCy 3aCHOBaHMM came Ha 3/IaTHOCTI OKa (PIKCYyBaTH I1€ CXOJKCHHS
MOJIJIOK HOHlyca 1 MacmTaly. [Ipu BUMIprOBaHHI JOBXUHU Biapizka L
PO3MIIIYIOTh HOTO Tak, MO0 BIH OIMUHHUBCA MK HYJIbOBOIO IOALIKOIO
OCHOBHOT'O MacmTaldy 1 HyJhOBOI MOJUIKOI HOHlyca. [Ipumyctumo, 1o
IIpH IIbOMY KIHEIlb BiJIpi3Ka L OMUHUBCS MIXK k-010 1 (k + 1) -0r0 mojaiikaMu
MacmTady. Toal MoXkHA 3anUCaTH :

L=ky+A4L,
ne AL — HeBijoMa IMOKH 10 YacTKa k-01 MOIIKU MaciTady. [i 3HaxoMMO
3a J0MOMOror HoHiyca. OCKUIBKM TMOJIJIKA HOHIyca HE € pIBHUMHU
nojaiIKaM MaciTady, To 00OB’SI3KOBO 3HAWJIEThCS Taka n-Ha TMOJIIIKA, sKa

Oyzae HalOMMK4e MAXOAUTH 10 BIANMOBIAHOT (k + 1)-01 ok MacmTaly.

L [ 1o

. .l

|||||||II ------ ||| ||| ————— |||||||| __________
0 5 K e Mktn é

Puc.

13.5. BumiproBaHH# 32 HOHiyCOM

Ak 6aunumo 3 puc. 13.5
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AL = ny —nx = n(y —x) = nAx;
OTXKe, BCS JOBXKHMHA L BU3HAYATHMETHCS (HOPMYIIOHO:
L = ky + nAx. (13.18)

Cuiseignomenss (13.18) no3possie chopMynroBaTH IpaBUIIO:
AOBKMHA BIiIpPi3Ky, 110 BHMIPIETHCA 3a [ONMOMOIOK HOHIiycCa,
JAOPIBHIOE YHCJIY HUIMX NMOALIOK MacmTaldy IUIIOC TOYHICTHL HOHiyca,
NMOMHOK€HA HAa HOMeEpP MOAiJIKM HOHiyca, siIKa CXOIUTHCHA 3 JIeSIKOI0
MOAIJIKOI MacmTaoy.

[Toxubka, MO MOXXE BUHUKHYTH IPH TaKOMy METOMAl BIIJIKY,

00yMOBJIEHa HETOYHUM CXOIKEHHSAM #-01 MOAUIKKM HOHlyca 3 (k+n)-o10
: 1
MOJITKOI0 MacmTady. BenmnunHa ii, oueBUAHO, HE TIEPEBUIITYE EAX' Orxe,

noxubka HOHlyca JOPIBHIOE MOJIOBUHI HOr0 TOYHOCTI.

KpyroBuii HOHiyC NpPHUHIMIIOBO HIYMM HE BIJPIZHIETHCA BIA
miHidHOTrO. lle HeBenmmka myroBa JiHIMKa, IO KOB3a€ Y3JO0BXK Kpyra
(;1imba), po3aiieHOro Ha rpaaycd abo mie Outbln APiOHI MOAUIKH (pHC.
13.6). Ha miHiiili HaHeceHO MOMUIKKA TAaKOX Y KUIBKOCTI m, 3arajibHa
JOBKMHA SAKUX JOPIBHIOE (M — 1) MO 1imOa, TOOTO

mA=(m-1p,
1e A1 — BUpaxkeHi y rpajycax ado y XBUJIMHAX L1HU MOAIOK HOHiyca (4) 1
HaWMEHIIO1 MOJIIKY JiMba ().
TouHICTH KpPyroBoro HoHiyca A4 Oyne BUpaKaeTbcs (HOPMYIIOLO,

aHajoriuynoro gopmymi (13.17):
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Puc. 13.6. KpyroBuii HoHiyc

BinpaxoBani Big Hynsa 1iMOy KyTH ¢ (puc. 13.6.a) 00UHUCITIOIOTHCS 3a

dbopmyIioro:

Puc. 13.6.a. BumiproBanHsi KyTa 3a J0IIOMOI0I0 HOHiyca

3anumanns i 6npasu 0l CAMOKOHMPOLIO

1. [aiiTe BU3HauUEHHS a0COJIFOTHOI Ta BITHOCHOI MOXHMOOK BUMIpIOBAHHSI.

2. JlaliTe BU3HAYEHHSI BUIIAJIKOBOI MO/111, HABEITh MPUKIIAIN.
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. JaiiTe BH3HaAueHHS HMOBIPHOCTI BHUIAAKOBOI MOJli, MPOLIOCTPYHTE
Horo mpuKiIagaMu.

[Ilo Take BUIMAIKOBE BIIXWICHHS pe3yjbTaTy BUMIiptoBaHHA? YuM BOHO
BIJIPI3HAETHCS Bl MOXUOKW BUMIPIOBaHHS?

. UM BiApI3HIETHCS TMOXMOKAa BUMIPIOBAHHS BiJl JOBIpYOi TpaHUIl
noX1UO0K?

. SIx BM3HAUWUTU [OBIpYY TPAHUIIO CHUCTEMAaTUYHHUX, BHUIIAJKOBUX Ta
CyMapHHMX OXHOOK?

. SIx po3paxyBaTu cepedHE 3HAYCHHS BEIUYMHM, 110 BUMIPIOETHCA Y
HETpsMHI criocio?

. Po3kpuiiTe 3MiCT MOHATTS JOCTOBIPHOCTI (AOBIPUOi HMOBIPHOCT1).

. SIxoro € craHgaptHa (opMa MpeNCTaBICHHS KIHLIEBOTO pe3yibTaTy

BUMIPIOBaHb?
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Buopagsa 1
BumiproBaHHSI TOBIIMHM MeTAJIEBOI IVIACTUHKHU MiKPOMeETpPOM

Mpuanagas: 1) mikpoMetp, 2) MeTasieBa MJIaCTUHKA.

Onuc npuwiaaay. Mikpomerp (puc. 13.7) BUKOPUCTOBYETHCS IS
BUMIPIOBaHHS JIIaMETPIB IPOTIB, KYJIHOK 1 HEBEJIMKOI TOBIIMHH TUTACTUHOK.
Bin mae BWIIsS[ HEBENWYKHUX JICHIAT, Y SIKUX TPEIMET 3aTUCKAETHCS 3a
JOTIOMOT010 TBUHTA. KpOoK rBuHTa 3BHYaliHO CTaHOBUTH 1 MM a6o 0,5 Mm.
Ha crepxui rBunta B 3akpimneHo 0apaban C 3 HaHECEHOI Ha HBHOMY

IIKaJI0X0, sika Mae 50 abo 25 moinoxk.

Puc. 13.7. 30BHilHIi BUIJISAA MiKpOMeTpa

VY Bunazaky, ko mkana 6apabana posnuieHa Ha 50 MOAUIOK, a KPOK
rBUHTA cTaHoBUTHL 0,5 MM, 11iHa nofiaku 6apadana nopisHioe 0,01 mm. Ha
THIMHIN MIKaTl HaJ HeHTPATBHOIO JIHIEI0 MK MOAIKAMA HAaHECEHO PUCKH
JUISL TOTO, 1100 3HaTH 1-i um 2-it 00epT 31iiicHIOE OapabaH.

[Ipu nonoxenHi 6apabana, 300paxeHomy Ha puc. 1.2.9a, noBxkuHa
BUMIpIOBAaHOTO Tijla CTaHOBUTH 2,35 mMm. Ilpu monoxxkenni Oapabana Ha
puc. 90 noBKHHA BUMIPIOBAHOTO TUIa AOPIBHIOE 2,85 MM, OCKUIbKU MiCJIs

JPYToi MOJIIKY MKW BUIHO OJIHY PUCKY MK 2-010 1 3-010 MOJIKaAMHU.
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Ile cBimuuth mpo Te, MO OapabaH Micis IPYroi MOAUIKH 3M1MCHIOE 2-Hil
o0epT 1, Xou Ha OapabaHi, 5K 1 Ha puc. 1.2.9a, mpoTu HEHTpaIbHOI JiHIT
po3TanioBaHa 35-a MojuIka, pe3yabTaToM BUMIpY € He 2,35 MM, a 2,85 mm.
[Ipn 3artucHyTOMYy TBUHTI HYJAb OapabaHa 3HAXOMUTHCA TMPOTH HYIA
miHIAHOT mKanmu D, a kpait 6apabaHa CXOAMTHCS 13 HYJIHOBOKO TMOJLIKOIO
mkani. [IpeaMer po3MinlyloTh MiXK TBUHTOM 1 MPOTHJIEKHUM JO HBOTO
yropoM A, moTiM, o0epraroud I'BUHT 3a roniBky K, moBogsTe ioro mo
31ITKHEHHS 3 MPEIMETOM. 3a JIHIMHOK IIKAJIOK BIAPaXOBYIOTh MIJTIMETpPH,

a 3a mKajiow 0apabaHa — COTI YaCTKU MUTIMETpa.

Puc. 13.8. BumiproBaHHs1 po3MipiB 3pa3ka MiKpoMeTpoOM.

['onoBHUM KepesioM MOXMOOK € HEPIBHOMIPHICTh HATUCKYBAHHS
IBUHTA Ha TPEAMET, PO3MIpP SIKOTO BHUMIpIO€Tbes. JlJii YCYHEHHSI LIbOTO
HEJIOJIIKY CydacHI MIKpoMeTpH 00JiaiHaHI CHEIIaIbHUM MPUCTPOEM, SKUU
HE JIOIYCKa€ HaJATO CUJIbHOTO HaTUCKYBAHHS.

BuwmiproBanns. [lepm HIX KOpUCTYyBaTUCh MIKpPOMETPOM, MOTPIOHO
MEePEKOHATHCh, 110 HYJ Horo mkan 30iraroThes. [IMacTHHKY po3MIIIyIOTh
MDK TBHHTOM 1 MPOTHIEKHUM YIopoM 1 oOepranHsM Oapabana C
HiABOJSATH TOPELb TBUHTA /10 MUIOIIMHYU TUIACTUHKH.

HatuckyBaHHs TBMHTOM Ha TNJIACTHHKY CJIiJ pPOOUTH TIIBKH

pykosatkoro K, mo moBeprae rBUHT. MOMEHT HATHCKYBaHHS (DIKCYeEThCS

495



cnabkum TpickoM. Ilicisa uporo Tpicky nojainbiie ooepranHsa pykosTku K e
HenoTpiOHUM, a Oapabana C — HENPUIYCTUMHUM. 3HIMAIOTh BIJUTIKUA 3a
[IKaJaMu: MUIIMETPU — 3a JIHIAHOIO IIKAJOH, YacTKWM MUIIMETpa — 3a
IIKaJIOK Ha OapabaHi.

ToBmMMHY TIACTUHKA HEOOXITHO BUMIPSATH MOOJIM3Y KOXKHOTO 3 ii
YOTUPHOX KYTIB HE MEHIIIE TPHOX pa3iB. 3a HAOIMKEHE 3HAUCHHS TOBILIMHU

O0epyTh cepenHe apupMeTUIHE.

Bunpaga 2

BuzHavyeHHs1 00eMy TPYOKH 32 1ONMOMOIOK0 INTAHTEHIUPKYJISI

Hpunanas: 1) mwraHreHIUpKyb, 2) TpyoKa.

Onuc npuaany. I[lranrennupkyns cknanaerscs (puc. 13.9) i3
po3aiieHOro Ha wMimiMeTpu Macmtaly LM, B3I0OBXK SKOTO MOXeE
NEePeMIllyBaTUCh MEPHEHANKYIAPHO N0 #oro noBxkuHu Hixkka CB 13
3aTUCKYBaIbHUM TBUHTOM C, 110 CIYXHUTh JUIsl ii 3akpimmoBaHHs. Ha
ckomeHoMy kpato HDKkH CB, sxuii mpuisrae mpo macmraly, HaHECEHO
HOHIYC; KOJIM HDKKM 3CYHYTl YOPHUTYJ, TO HYJb HOHIyca CXOAMTHCS 13
Hyiem wmacmrtady. Hepyxoma Hikka LA, 3akpimieHa Ha IMOYaTKy
MacmTady TakoX MEePHeHAUKYISIPHO 0 HOro JOBXKUHU, CIYKUTh YIIOPOM
s BumiptoBadHoro Tinma. Yactunu FF 000X HDKOK ciyxaTh s
BUMIPIOBAaHHS BHYTPIIIHIX PO3MIpIB TiJ.

BumiproBanns. [l  Bu3HaueHHS 00°’eMy TpYyOKH HEOOXigHO
BU3HAYUTH 11 TEOMETPUYHI PO3MIpU — JOBXKHUHY 1 BHYTPIIIHII Ta 30BHIMIHIN

JlaMEeTpH.
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Puc. 13.9. 30BHiNIHIi BUTJIA IITAHTeHIUPKYJIS

JI71s1 BUMIpIOBaHHSI IOBKUHU PO3CYBAIOTh HIKKU IITAHTCHIIUPKYJIIS 1
PO3MILIYIOTh MK HUMH TO3J0BXHBO TPYOKY MOOJM3Yy LIKaJIM, HIKKY B
HiBOASTH Tak, 00 TpyOka Oyjia TPOIIKUA 3aTHCHYTA, 1 POOJSTH BIMJIK.
Ockibku HIXKa B, a oTke 1 Hylb HOHlyca NEPEMICTHIIMCA HA JOBXHUHY
TPYOKH, TO BIIPaXOBYIOTh Ha MacmITall I[ijIe YUCIIO MOIJIOK MUTIMETPIB 110
HYJISI HOHIyCY, a MOTIM JUBJSATHCA, KA camMe MOJIIKAa HOHIyCa CXOIUThCA
13 JIeAKOI0 MOJIIIKOI MacumTaly. BuMipioBaHHS BUKOHYIOTH JEK1JIbKa
pa3iB, KOXHOIO pa3y MOBEPTAIOUYM TPYOKY HABKOJO OCl Ha JESIKUU KyT
(mpubmuzno 45%). I3 ycix OTpUMaHMX pe3yabTaTiB OepyTb CEPEIHE
apudMeTHUIHE.

Jlns BUMIpIOBaHHSI 30BHINIHBOTIO JiaMeTpy TPYOKH i1 3JiereHbKa
3aTUCKYIOTh MK HUKKaMH IITaHTeHIUPKYna A 1 B. BumiproroTs ogHakoBe
YHCJI0 pa3iB Ha OJTHOMY 1 Ha MPOTHUJICKHOMY KIHIISIX TPYOKH JiBa B3a€EMHO-
MEPHEHANKYJIIPHUX JlaMeTpa, TPUMArOUH il IPU UbOMY NEPIEHIUKYISIPHO
710 TOBXHUHU MaciTaly. [3 ycix pe3ynbTaTiB 0epyTh CepeaHe.

[Ipy BUMIPIOBaHHI BHYTPIMIHBOTO [J1aMETPy TPYOKH BBOISATH
yacTuHU FF HIXKOK mITaHreHIUpKys y TPYOKY 1 PO3BOJATH iX HACTUIBKH,

1100 00MAB1 BOHU MPWISATAIM A0 BHYTPIMIHIX CTIHOK TPYOKH, 1 BUKOHYIOTh
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BIJUTIK; MOTIM BHUMIPIOIOTh 1HIIWM, NEPHEHIUKYISAPHUNA A0 MEepUIoro,
BHYTpIIIHINA AlameTp TpyOku. Taki >k JBa BUMIpPIOBaHHS BUKOHYIOTH Ha
IPOTUIIEKHOMY 1i KiHLI. bepyThb 13 ycix BUMIpIB cepeqHe. 3a pe3ybTaTaMu
BUMIpIOBaHb, BHUKOPUCTOBYIOUM €JIIEMEHTApHI TE€OMETPUYHI (QopmyIu,

O0YHCITIOIOTH 00’ €M TPYOKH.
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13.2. JABOPATOPHI POBOTH 11O MOAVYJIIO 1 ,MEXAHIKA”

POBOTA1-1
BU3HAYEHHSA ITPUCKOPEHHSA BIVIBHOI'O ITAZITHHSA 3A
JOIIOMOI'OIO MATEMATHUHYHOI'O MAAATHUKA

Meta poGoTu: 1) BUMIpATH TPUCKOPEHHS BUILHOTO TAJIHHS IO
nepioly KOJIMBaHb MaTEMaTUYHOTO MAasTHUKA; 2) BUBUUTH METOIUKY
MaTeMaTH4HOI 0OpOOKU pe3yibTaTiB MPSIMHUX 1 HEMPSIMUX BUMIPIOBaHb; 3)
BUBUYUTHU 3aKOHU TAPMOHIYHOT'O KOJMBAJIBLHOTO PYXY.

Ipuaagm Ta o0JagHAHHS: BaXKa KyJbKa, sKa IiIBilIEHA Ha
JIETKIM HUTII, 1110 HE PO3TATYETHCS; BEPTUKAIbHA IIKAJIa; CEKYHIOMIP.

Pyx Tina mig Ai€ro TIILKU OMHIET CUITU TSOKIHHSI HA3UBAETHCS BUIBHUM
NajiHHAM, a [PUCKOPEHHs, SIKOro Ha0yBa€ NpU I[bOMY TUIO, -
MPUCKOPEHHSAM BUIBHOTO MAIIHHS g.

SIS SIS VYV naHiii poOOTI NPHCKOPEHHS
BUIBHOIO MAaJiHHS BU3HAYAEThCA 34
JIOTIOMOT'OFO MaTeMaTUYHOTO
MasTHHKA. MareMaTHYHUM
MAasiTHUKOM Ha3WBAETHCSl MaTepiaibHA
TOYKa, fKa IABIIIEHAa Ha TOHKIH
HEBAaroMiil HUTII, 110 HE PO3TATYEThCH.

[ln wmarepiasibHa TOYKa 3A1MCHIOE

KOJIMBaHHS y BEPTUKAJIbHIN IJIOMIMHI

1T JI€F0 CUIN TSHKIHHSL.

Ha HpaKTI/II_[i MaTCMAaTHYHHUM
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MasTHUKOM MOJKHAa BBa)XKaTH BaXKKE TIIO, SKE IMABINICHE Ha JICTKIH
HezedopMOBaHii HUTII, JOBKHUHA SIKOi B Oarato pasiB OUIbIIA 32 PO3MIPH
TLJA.
3 puc.l BumHO, 10 cwia £, gka mMoBEpTa€ MAsITHUK B HANPSIMKY
710 TIOJIOKEHHST PIBHOBATH, MPU MaJIMX KyTaxX BIAXWUJIEHHS ¢ JOPIBHSE
F=mgsina~mga, (1)
ne- sina=~a (BpaniaHax).

Takum yuHOM, cuna F mponopiliiHa KyTy BIIXUJICHHS MasTHUKA BiJ
MOJIOXKEHHSI PIBHOBAaru, OTXKE, MPOMOpIIiifHA 3MIMIEHHI0O MasTHUKA BiJ
I[FOTO MOJIO’KEHHS. Taka cuiia BUKJIMKAE TAPMOHIYHUHN KOJIMBaIbHUHN PyX.
[lepion konMBaHb MAaTEMATHMYHOIO MasTHUKA 7 3aleXUTh Bl OBXKUHU

MasATHHKA / 1 TPUCKOPEHHS BUIBHOTO MAJ{IHHA:

T=2rx L (2)

g

Po3B’s3yt0un (2) BITHOCHO g , OJIEP>KUMO:

2
_ 4771
T
3BIIKM BUIUIMBAE, IO BHU3HAYCHHS TMPUCKOPEHHS BIIHLHOTO TMAJIHHS

3BOJUTHCA J0 BUMIPIOBAaHHS JIOBKHMHU MasTHUKA Ta TMEpIOAy HOro

KOJINBaHb.
Iopsiiok BUKOHAHHS POOOTH

1. YcraHOBIIOIOTH MEBHY, (SKOMOra OuIbIly) IOBKHHY HHUTKH
MasTHUKA 1 . 3HaXOMSTh 3HAYCHHS [ , BAMIPSIOYH IS [IbOTO BiJICTaHb BiJl

TOYKH M1JBICY 10 IEHTPA Baru MiJBIIIEHOTO TLIA.
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2. BigBoAsuM MasTHUK BIJl MOJIOKEHHSI PIBHOBAark Ha Malldid KyT
(5-10°), BU3HA4AIOTh MPOMIKOK Yacy, 3a SKuUW 3aikcHI0eTbes N = 50
MOBHHX KOJIMBaHb. BUMiproBaHHS TTOBTOPIOIOTH HE MEHIIIE TPHOX pa3iB.

3. OOpoOASIIOTH pe3ybTaTH BUMIPIOBaHb [ 1 ¢.

4. Po3paxoByIOTh cepeqHe 3HadeHHsa Beymuuau (1) 3a GopMyIom0

()

(T')y =~~ i cepenne 3Hauenus enmuuau {g) 3a popmyinoro (3).

N

5. Bu3HauaroTh BiTHOCHI MOXUOKU Pe3yJIbTATIB MPSMUX 1 HEMIPSIMUX

BUMIPIOBaHb!
= Ta = +o + .
Er=&: eg=2¢ € 28T
6. Po3paxoByioTb JOBipYy TpaHMII0 CyYMapHUX IOXHOOK
A g = <g > Eg

7. OGopMITIOIOTH 3BIT 1 PE3yJIbTaTH 3aHOCATH Y TAOJIUIIIO.

No Tabmuun1 Pesynbpratu npsmux Pesynbpratn HEenpsamux
BEJIMYMHU BHUMIPIOBaHb BHUMIPIOBaHb
Vi
V3 I, m t,C T, c g, M/c?
C , -

IIuTanHs Ta BOPaBU AJIs1 CAMOKOHTP 0JIIO.

1. ChopmynroiiTe 3aKOH BCECBITHBOTO TsDKIHHS. [IOSCHITH pi3HUIIIO

M1 Baroro 1 CHJIOI0 TSDKIHHSL.
2. 3anuuiTh 3aJEKHICTh IPUCKOPEHHS BUIBHOIO TMAIHHS BIJ

BHUCOTH HaJl MOBEPXHEI0 3eMill Ta reorpadiuyHoi MUPOTH MICIIS.
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3. V yomy mnonsrae pi3HULS MK (I3UYHUM 1 MaTeMaTUYHUM
masitHukamu ? TlopiBHsiTE BUpa3u [ X MEP10/1iB KOJTUBaHb.

4. 3anuunTh AudepeHIiaibHe PIBHSHHSA TApMOHIYHHUX KOJMBAHb 1
roro posp'sizok. IlosicHITE 3MicT mMOHATH '"3mimieHHA", "amrIuiTyna",
"mouarkoBa (aza", "mepiox", "dacrora koiauBaHB". Bim SKUX BeIWYHH

3aJIe)KUTh TOBHA €HEPrisi FTApMOHIYHUX KOJUBAHb?
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POBOTA 1 -2.
BUBYEHHSA 3AKOHIB OBEPTAJIBHOI'O PYXY HA
XPECTOBUIHOMY MAATHUKY OBEPBEKA

Merta po6oTu: 1) BUBUNTH KIHEMATHKY 1 TUHAMIKY IMTOCTYNAJIBHOTIO 1
0o0epTaJbHOr0 PYyXiB; 2) BUKOPHUCTOBYIOUM OCHOBHUW 3aKOH JIWHAMIKH
00epTaJbHOrO0 pPyXy, BU3HAUUTH EKCIEPUMEHTAIbHO MOMEHT 1HEpIil
TATApIiB, 3aKpIIUICHUX Ha CIUILX XPECTONMOJAIOHOrO MasTHHKA, 1
MOPIBHATHU PE3yJbTAT 3 TECOPETUYHUM 3HAYCHHS] MOMEHTY 1HEpILIii TATapIiB.

Ipuaagm Ta o0NagHAHHA: XPECTONOMIOHMN MAasSTHUK, YOTHUPU
OJTHAKOB1 TATapII, IPUCKOPIOBATIbHUI TATap, CEKyHIOMIp,

IMITAHTCHOUPKYJIb, BEPTHKAJIbHA IIKaJIa.

XpecTonoaiOHUK MasATHHK SBIII€ COOOI0 IKIB (puc. 1), 10 SKOTO
OPUKPITUICH] YOTUPH CIULI 3 TATapLsIMU Macoro mi KoxxHuM. Li Tsrapmi 3a
JIOTIOMOTOI0 TBUHTIB MOXYTh OYyTH 3aKpiIlJieHI Ha CHUISIX HAa Oyab-sKii
BIJICTaHI BiJl OCl o0epTaHHs ab0 XK 3HSITI.

Ha mikiB HaMOTyeTbCS HUTKA, 0 KIHLS SIKOI MPUKPIIIIIOETHCA TATap
Mmacor m . Ilig ;aiero Taraps HUTKA, PO3MOTYIOUUCH, IPUBOJUTH CUCTEMY
10 piBHONpUCKOpeHOro oOepranHs. llocTynmanbHuil pyx Tiraps m
OIUCYETHCA PYTUM 3akoHOM HproToHa:

ma = F, ¢y

ne F — piBHOJIIOUA CHIIM TSDKIHHS mg 1 CUIINA HATIATY HUTKH 17 :
F=mg-T. (2)
OGepTasibHUN PyX XPECTOBUHU OMHUCYETHCS OCHOBHUM PIBHSHHSIM

JUHAMIKH 00€pTaIBLHOTO PYXY,

JB =M, (3)
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ne J — MOMEHT 1HepIIii XpEeCTOBUHHU BITHOCHO Ocl 00epTaHHs, f — ii KyToBe
PUCKOpPEHHS, M — MOMEHT 30BHIIIHBOI CHUJIM BITHOCHO OCl oOepTaHHs. Y
BIJIIIOBITHOCTI 3 MaJIFOHKOM

M = ToR, (4)

ne R — pagiyc mikiBa. 3rigHo 3 Tpetim 3akonoM Heloronacumn 711 T, €

PIBHUMH 32 BEIMUYHUHOIO (1 MPOTUIICKHUMU 32 HAMIPSIMKOM ):
nh="T=T.
Bukmouatoun 3 piBHSHb (2), (4) cwily HaTAry HUTKH,
BukopuctoBytoun (1), (3) Ta BpaxoByrouu 3B’SI30K  MDK JIHIMHUM 1

KYTOBUM IIPUCKOPEHHAMMU:

_a
ﬁ_ﬁ’ (5)

3HAXOINMO:
J =mR2(§—1). (6)

[IpuckopeHHst a TArapsi m BHUPAKAETHCS Yepe3 IUIAX /1, TPOUICHUN
TArapeM (BUCOTY MaJIHHS), 1 Yac ¢ TPOXOHKEHHS I[bOT0 ILISAXY:
2h
a = t—z
Bumiprotoun wac mamiHHS TATaps m 3 OAHIET 1 Ti€l XK BHUCOTH,

OTPUMYEMO MOMEHTH 1Hepuii Ji 1 J> XpeCTOBUHU MasiTHUKA 3 TATapLsAMU

(imgekc 1)1 6e3 tarapitiB (iHaEKC 2):

J, = mRZ(%tf -1, J, =mR2(%t22 -1).
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T :_fz,Tl =T,

7
m

Puc.1
MowmeHT iHepili Jy YG.apooa ...@PIIB HA CHOHISX BU3HAYAIOTH

JIBOMA PI3HUMU CIIOCOOAMU :
1) 3 Bupazy Jy = J; —J>, 70610 32 GOpMYII0I0:
2
md~-g
2) 3a ¢popMyIoro:
T _ 2
Jy =4mre. 8)
B ocranHbOoMy BHUMNAAKy TATapli 7 NPUAMAIOTh 3a MarepiaiabHi
TOYKH, 110 3HAXOSITHCS HA BIJCTaHI 7 BiJl OC1 00€pTaHHs.
[Topsimox BUKOHAHHS pOoOOTH

1. 3anucyrote n0 Tabmuui 1 3amgaHi 3HadYeHHA mac m 1 4mp 1 3aaHy

BUKJIQIaueM BUCOTY /A TIaJiHHS TATAps m .
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2. lllranreHUpKyJeM BHUMIPIOIOTH JlaMeTp WIKiBa d y JBOX PI3HHUX
MICIISIX TIPH pO3MOTaH1M 1 HAMOTaH1M HUTLI 1 BU3HAYAIOTh <d > .

3. Po3mimnyroTh TArapiii Ha CHMISIX HAa OJHAKOBIM BIJICTaHl 7 BiJ OCI

MasgTHHKa B Takid cmocid, mo0 MasTHHK 3HAaXOIMUBCSA y OalIyxHIN
pIBHOBa3l; BU3HAYAIOTh <r> [lepm, HIK NOYaTH EKCHEPUMEHT,

nepeBipsA0Th, YU J00pe 30aJIaHCOBaHO MasTHUK.

4. BiIMITHBIIM TIOYAaTKOBE TIOJOXEHHS TsAraps m 1 HaAaBIIM HOMY
MOJKJIMBICTD MMAJIaTH Y3 0BXK IIKAJIW, BU3HAYAIOTh /1 — Yac MaJiHHS TATaps 3
BUCOTH h. BuMiptoBaHHS MPOBOISATH TPU pa3d, PE3yJIbTaTH 3aHOCITH [0
Tadumi 2.

5. 3HIMArOTh TATApIi 71 31 COUIlL 1 3HOBY TPUY1 BU3HAYAIOTH Yac MaiHH

t TATApsi m 3 BUCOTH A.

6. Po3paxoBy1oTh cepeiHi 3HaYEHHS <t1> 1 <l‘ 2>.

7. OWIHIOITH MOBIpYl TPaHUIl CyMapHUX MOXUOOK (MpH JOCTOBIPHOCTI
He MeHmi 0,95) 1 BIZHOCHI MOXMOKM PE3yJbTaTiB MPSIMUX BUMIPIB 1

3aHOCATH X 10 TadIuUIl 2.

8. 3HaXOasATh CepeIHE 3HAUCHHS <J O> , KOpuCTyro4Huch hopmyoro (7),

1 OIIHIOIOTH BITHOCHY MOXMOKY HEMPSMOT0 BUMIPY 32 (popmMyIioro:

EJO :gm+gg+gh+28d+gtl+t2+gtl—t2’
I (¥
Al‘ +At
_ 1 2
gt +t. T >
12 <t >+<f >
1 2
Atl-i-Atz
g J—

t ot _
1752 <tl> <l‘2>

i noipay rpanuio A ; 3a Gopmyoro:
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10.0¢opmitor0Th 3BIT 1 BUCHOBKH. BIEBHIOIOTHCS B TOMY, IO TEOPETUUHE
. : T _ g 2
3HAQYEHHS] MOMEHTY iHepuii 4otupbox Tsrapuis, Jy = 4myr”, nonanae

B ZIOBip4iii iHTepBas i€l Benuuuuu: o , = <J 0 > + A i
0
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Taonuuys 1

No TaGmuuHi 1 3a7aH1 BETUYUHU
/1 g, M/c? m, KT 4m1, KT h, M
C
Ay
1
Taonuuys 2
Pe3yabTaTn npAMuUX BUMIpIB
No t, C , C d,m r, M
n/m
C
1
2
3
<X>
AC
A
Ay=A,+A
&

IIuranns Ta BIIPaBM AJdA CAMOKOHTPOJII0
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1. JlaiiTe BU3HaYEHHS KYTOBUX IIBHAKOCTI Ta IPUCKOPEHHS 1 OKAXITh,
SIK BOHHM 3B’s13aH1 3 BIAMOBIIHUMH JIHIHHUMHA BEJIHYUHAMU.

2. JlaliTe BU3HAYE€HHS HOPMAJIBHOTO 1 TAHTEHIIAJILHOrO (JIOTUYHOIO)
IIPUCKOPEHB 1 POKPUINTE X (PI3UUHUIA 3MICT.

3. JladiTe BU3HAYeHHS MOMEHTIB 1HEpIIii MaTepiaibHOI TOYKH Ta Tija
JOBUIBHOI (pOpMU; PO3KpHUIITE (PI3UUHUI 3MICT MOMEHTY 1HEPLIi.

4. Sk BU3HA4YA€THCSI MOMEHT CWJIM BIIHOCHO To4yku? BimHOoCcHO 0OCi?
Bianosiab npoigrocTpyTe MaTtOHKOM.

5. CdopmymroliTe 1 3anumnTh OCHOBHE PIBHSHHS  JHUHAMIKH
00epTaIBbHOTO PYXY.

6. 3anumiTe BUpa3 A KIHETHYHOI €Heprii Tuma, 1o obepTaeTbes
HABKOJIO HEPYXOMOI OCl.

7. Sk BU3HAYa€ThCA MOMEHT IMITYJIbCY Tija BITHOCHO OCl 0OepTaHHA?

CdopmyiroiiTe 3aK0H 30€pEKEHHSI MOMEHTY IMITYJIbCY.
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Puc.1

B  nmamiit  pobori

POBOTA1-3

BU3HAYEHHSI MOMEHTY IHEPIII TLJIA METOJ0OM
KPYTHUJIBHUX KOJIUBAHDb

Meta pobotu : I) BUBUNTH AUHAMIKY 00€PTaIBLHOTO PYXY TBEPIOTO
Ti7a; 2) BU3HAYUTH MOMEHT 1HEpIIi TiJla METOJIOM KPYTHUJIbHUX KOJIMBAHb.
Ipunagu Ta o0MAAHAHHA : KPYTWIBHUM MAasSTHUK, IHIIHID,

CEKYHJOMIp, IITAHT€HIUPKYIIb.

JUTST  BU3HAYEHHS MOMEHTY 1Hepmii Tija
HENPaBWIbHOI bopmu BUKOPUCTOBYIOTh
KPYTWIBHUI MAasATHUK, SAKUH SBIsIE  CcOOOIO
MiJBIIEHUN HA IPY>KHOMY APOTI JUCK 31 CKOOOIO
(puc.1). Ilepion xonvBaHb MasiTHUKA 1 3B'A3aHUI

3 HOro MOMEHTOM 1HEPIIii CIiBBIIHOIICHHSIM:

J
T=2m,|+
k (1
ne k - Moaynab Kpy4deHHsS MIABICY, SKH

YUCEJIbHO JIOPIBHIOE MOMEHTY CHJIM, WIO
3aKpydye IpiT Ha KyT B OJIMH pajiiaH.
Jlna BukmodeHHsa k 3 Bupazy (1) niroTh
TakuM 4YHHOM. Ha nucky po3miliyroTh
MUATIHAD 3 BIIOMAM MOMEHTOM 1HEpIIii J,
VY upomy Bumanky 3rizHo 3 (1) mepiox

MasaTHHUKa I[OpiBHIOBaTI/IMe:

T =2n % @)
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Po3B'szyroun cymicHo (1) 1 (2)oaepKyroTh:

Tz
= 2 2 (3)
J Ju T1 - T

Jﬁ%er:émdz 4)

ne m, d - Maca i giaMeTp IUIiHIpa.

ITopsiioxk BUKOHAHHS POOOTH

1.3anucyroTh 3aaHe 3HAUEHHS MacH LUIIHJpA M.

2. BumiproroTh MITaHTCHIIMPKYJIEM JlaMeTp HuiIiHapa d (He MEHIIe
TPbOX pasiB).

3. KpyrunpHu#i MasATHUK TPUBOJATH VY KOJUBAJIBHUU  DPYX,
MOBEPHYBILIY HOro Ha HEBEIUKUM KyT (20-30°).

Buwmiptotors vac ¢ tpunugatu konuBanb ( N=30 ). BumiproBanHs
HNOBTOPIOIOTH I'ITh Pa3iB.

4. Ha auck cTaBiSTh HWIIHJIP 1, TOBTOPIOIOYM BUMIPIOBaHHS (IUB.

n.3), BU3HAYAIOTh Yac 1; .

5. Po3paxoBytoTh cepe/iHi 3HaUYCHHS <t >, <t1> ,<d >

. r) .
6. OGUHMCIIOITL CepenHe 3HaueHHs nepionis komusanb (1)) :(—]\; i

(t)

(T)=-—-=, a Tako) cepeqHi 3HAYEHHS MOMEHTIB iHepuii J, 1 J 3a

N >
dbopmymnamu (4) 1 (3).
7. BuzHayaroTh BIJIHOCHI TMOXMOKM 1 JIOBIpYl TpaHMIIl CyMapHUX

MOXHUOOK Pe3yJIbTaTiB BUMIPIOBaHb, BUKOPUCTOBYIOUHU (POPMYJIIH:

€y, Em*28q> Er ~&;> Er, T &>
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2ATATY T2A7 (T )

)’ =1’

gJ :gJu+28T +

8. OopMITIOIOTH 3BIT 1 BUCHOBKH 3aHOCAYM JJaH1 B TAOJIHULIIO.

Ne 3anani Pesynbratn npsimux Pesynbratn HEMpSIMUX

/Tl | BETUYUHU BHUMIpPIOBaHb BUMIPIOBaHb

m, KT dwm | t,c | t;,c| N T,c | Ti,c | Jy, J,
: o 2
KT KT * M

M2

3anuTaHHsA Ta BIPABH AJIs CAMOKOHTP 0JI0

1. [daiiTe BU3BHaYE€HHA MOMEHTY 1HEpIii MaTepiabHOI TOYKH 1 Tija
JOBLIIBLHOI (hOPMHU.

2. 3anuuniTe 1 chopmymoiite Teopemy LTelinepa, npouttocTpyiiTe
PUCYHKOM.

3. HaBenite BimoMi BaM MOMEHTH 1HEpIIi1 TUJI CHMETPUYHOI (POpMHU.

4. BuBenith popMyny KIHETUIHOI €HEPTii TiIa, 10 00epTaETHCS.

5. JlaiiTe BH3HAYEHHS MOMEHTY IMIYJbCYy TBEPAOro Tijia, IO
00epTa€eThCs BIAHOCHO OC1 0OEpTaHHS.

6. 3anuunTh 1 cPOPMYIIIONTE OCHOBHUN 3aKOH JUHAMIKH 00€pPTAIBHOIO

pyxy.
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POBOTA 1 -4

BU3HAYEHHA MOAYJIA IOHT'A 110 3I'MHY CTEPKHA

Meta po00OTH: BU3HAYUTH MOJYJb MNpPYXHOCTI (Momynb FOHra) nms
CTaJIl.
Ipunagu Ta odaHAHHSA: TIpUIAT JUIT BU3HaUYeHHS Moayis FOHra mo

CTpUIi MPOTUHY, JiHIMKA, IITAHT€HIUPKYJIb, HAOIp TATapiiB, IHAUKATOP.

3MiHY B pO3MIIIIEHHI YaCTUHOK TBEPAOrO Tija IiJ1 1€ 30BHIMIHIX CHUII
Ha3uBalOTh JedopMaliiero. 3MiHY AOBKUHH Al TpU OIHOCTOPOHHBOMY

po3Tsary (abo CTHCKY) Ha3WBalOTh Aa0COJIOTHOIO Jedopmalico, a
BIJIHOIIEHHS —— - BIIHOCHOIO JepopMalli€ro, e / - moyaTkoBa JOBXKHUHA.
HedopMmaliisi BHUKJIMKAE BUHUKHEHHS B AedOpMOBAaHOMY Tl

MPYKHOL cHI [y

F,, =—kAl (1)

ne k - KoeilieHT >KOPCTKOCTI, KU 3aJeKUTh Bl MaTepiany 1 popmu
tia. ®opmyna (1), mo Bupaxkae 3akoH ['yka, aificHa a1 TPYKHUX
nedopmariii. Cuna F, sika Ji€ Ha IUIONIY MOMEPEYHOro TMepepidy Tiia S,

CTBOPIOE HOPMAJIbHY HaIPYTy:

(2)

Co.I B
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Bignosigno 1o 3akony I'yka

:E—, 3
o ; 3)

ne E - monynbs FOHra, moctiiiHuii Jyist 1aHOiT PEYOBUHU KOE(DIIIEHT, 1110
XapakTepu3ye ii MPYy»KH1 BIACTUBOCTI.

3 dopmymu (3) BummBae, mo MoAysb HOHra 4uceiabHO JOPIBHIOE
Hampy3i, mpu sKid BigHOCHA nedopmariisi AOPIBHIOE OMWHUIN (TOOTO
Moayns HOHra Mo’kHa BHU3HAYUTH [0 3TUHY CTEPXKHA MPSIMOKYTHOIO

nepepizy (puc.l) 3a popmyioro:

F
- -

13
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AN
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A
oy

¢

S
S

§
|

Pwuc.1

Tyr [ - BiACTaHb BiJA TOYKH OMNOPU CTEPXKHSI A 10 TOYKH B
NpUKIaAeHHsS cuim F ; a 1 b - mupwHA 1 TOBIIMHA CTEPXKHS B
NpSIMOKYTHIN dacTuHi; A - cTpina mporuHy (ToOTO Ta BiACTaHb, Ha SKY
onmyckaeTbes npu aAedopmariii Touka C , gKa JEKUTh MOCEpearuH MK A 1
B). Crpina mporuHy 3aJIe)KUTh BiJ] BETUYMHU HABAaHTAXKEHHS, PO3MIPIB 1

(dopMu cTepkHsI, a TaKOXkK BiJl Moayisl FOHra marepiany cTepKHs.
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IHopsiaok BUKOHAHHA POOOTH

[. BumipioroTh JHIMNKOIO JOBXKWHY [ , CTepXHs Bia omopu A 10
TOYKU B mpukianeHHs nedopmyroyoi cuim (ToOTO A0 pedpa mpu3Mu, Ha
SK1{ TMiJIBIIICHE TATapa).

2. BumiproroTh IITAaHTCHIUPKYJIEM WIUPUHY @ , 1 TOBUIUHY b CTEpXKHS y
BY3bKill IPSIMOKYTHI# 1Or0 YacTHHI.

3. 'V cepennbomy mosioxeHHI C 3aKpIUIIOIOTh  CTPUIOYHUHN
IHAMKATOpP TaKUM YUHOM, II00 pyXoMMil Iiyn OyB 3aCyHYTHH Yy KOpPIYC
inauKkaTopa. [Ipu yTBOpeHHI CTPUIM MPOTMHY IIYN MOBUHEH BHUXOIUTH 3
KOpIyCY 1HAMKATOpA.

4. TloBOpOTOM 3OBHIIIHBOTO KIJBISI 3 HACIYKOIO Ha OOKOBIiH
MOBEPXHI BCTAHOBIIIOIOTH 1Ky 1HIUKATOPA B HYJbOBE MOJIOKEHHS.

5. Yamiky miiBICYy MOCJIJOBHO HAaBaHTAXYIOTh IMJIOCKUMHU Ba)KKaMu
Macoro Big 1 1o 5 kr, a moTiM po3BaHTaxytoTh A0 0 kr. [ KO>XKHOTO

HAaBaHTAXEHHs [ =mg 1o WKl IHAMKATOpa BH3HAYAKOTh JIBa

TIOJIOKEHHS CTPLIM MPOTUHY A (TIpH HaBaHTaXCHHI 1 pO3BAaHTAXKEHHI).

6. bynyoTs Tpadiku 3anexxHocTi [ Bim A Npu HaBaHTaXEHHI 1
pPO3BaHTaXEHH1 (BOHM MPAKTUYHO 3JIMBAIOTHCS B OJHY MpPsIMY JIHIIO, 1110
NPOXOAUTh Yepe3 TMOYaTOK KOOPJIWHAT, OCKUIBKM TpU BKa3aHHUX

HaBaHTXEHHSAX AedopMallisi 3TUHY € MPYKHOIO).

F

7. Kopucryrounch rpadikoMm, BH3HAYAIOTh BEIMYMHY | — | K

A

BIJIHOIIIEHHSI OPJIMHATH TIPaBOTO KiHIM rpadika 0 BIAMOBIAHOI aOCIUCH
(Take BIJHOIIEHHS Ha3UBAIOTh KyTOBUM KOE(ILIEHTOM).
8. Po3paxoByroTh cepemHe 3HaueHHS Moayis FOura 3a ¢gopmyioro

(4) 1 BITHOCHY MOXMOKY BUMIpPIOBaHb 3a (hOPM Y010

=3t t36p LT EF
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9. Busnawatots goBipuy rpanumio Agp =&p(E) cymapHux

noxubok mpu P >0,95.

10. OopmitrorOTh 3BIT 1 BACHOBKH, BHOCSYH JaH1 B TaOJIULIIO:

[Tpsimi BUMipu Henpsmi

No BUMIPH
n/m|[,M |a, M| b, M| A HABHTaKEHHS A F/ E,
PO3BaHTAXKEHHS | A, I[la

s | ot | s | oo | i | oo | Him

mji mp ms mj mp ms

IIuTanHd i BIpaBH AJ151 CAM OKOHTP OJII0

1. JlaiiTe BH3HAUYE€HHS aOCOMIOTHOI 1 BIJIHOCHOI, TPYKHOI 1
HEMPYXHOI Ta 3aJIMIIKOBOI AedopMariii.

2. IlepeniviTh BiAOMI BUAM Aedopmariii.

3. 3anumiTe 1 copmymroiite 3akoH ['yka (B 3araJbHOMY BUIJISAL 1
JUISl OTHOCTOPOHHBOTO PO3TATY a00 CTUCKY).

4. Poskpuiite ¢i3uunuii 3mict moayist FOura

5. Hapucyiite niarpaMmy po3Tsry i BKaKiTh TOYKH, IO BiATOBIIAIOThH
TPAaHUIIM TPYKHOCTI 1 MIIHOCTI. BKaxiTh TpaHUIll BUKOHAHHS 3aKOHY
I'yka 1 rpanuIl mIacTUYHUX AehopMarlii.

6. TlosICHITH BIIMIHHOCTI B MPYXHHUX BJIACTUBOCTSIX TUIACTUYHUX 1

KPUXKHUX, a TAKOK aMOP(PHUX 1 KpUCTATIYHUX TLII.
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POBOTA 1 -5

HEPEBIPKA OCHOBHOI'O 3AKOHY IUHAMIKHA
OBEPTAJIBHOTI'O PYXY TBEPAOI'O TIUIA 3A 1OITIOMOI'OIO
MAATHHUKA MAKCBEJUIA

Meta podotu: I) 3aCBOITH OCHOBHI MUTaHHS KIHEMATUKH 1 THHAMIKH
00epTaIbHOTO PyXYy TBEPAOro Tija; 2) BU3HAUUTH EKCIIEPUMEHTAJIbHO
MPUCKOPEHHS IIEHTpa Mac MasTHUKA 1 MOPIBHATA HWOTO 3 TEOPETHUYHHUM
3HAYEHHSIM.

Ipunagu: masTHUK MakcBena, CEKyHIOMIp, INTAaHTCHIIUPKYJIb,
JiHIMKA.

MastHuk MakcBena — 116 HEBEJIMKUM JUCK (MaXxOBHYOK), IO TYrO
HACa/DKCHUM Ha BaJMK 1 MiJ JIEI0 CHIU. TSHKIHHA MOXKE OIyCKaTHCS Ha
JIBOX HUTKAaX, SIKl MOIMEPEHbO HAMOTaH1 Ha BAJIMK MaxOBUYKaA (JUB .puC.
1).

JIBI HUTKM MiJ Yac pyXy BHHM3 PO3MOTYIOTHCS Ha BCIO JTOBXKHUHY.
MaxoBHK, 110 PO3KPYTUBCS, MPOJIOBKYE OOEpTAIbLHUN pPyX Yy TOMY X
HanpsMKy, HAMOTYIOYM HUTKY Ha BiCh. BHACHIIOK 1IbOTO BiH MiAiMMaeThCs
yropy i npu oMy rajibMye cBiid pyX. [liTHABIIMCH 7O BEPXHBHOI TOYKH,
JTMCK 3HOBY Oyjle CIycKaTwcsi BHHU3 1 T.l. MaXxoBHYOK Oyze KOJMBATHCH,
pyXalouuch TO yropy, TO BHHU3; TOMY TakuMWd NPUCTPIA 1 HA3UBAIOTh

MAasATHHUKOM.
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oV

Puc.1

[To3Haunmo yepe3 P cuily TSDKIHHSA, 1O JIl€ Ha MasTHUK, a yepe3 f

CHIIy HATATY OfHi€1 HUTKU. Toxal piBHSHHS MOCTYMAILHOTO PYXYy MaXOBHKa
3alUUIeThCs Y BUTIISAL

P-2f=ma, (1)

7€ m —Maca MasTHHUKA; a — NPUCKOPEHHsI Horo 1eHTpa Mac. PiBHSIHHS 1u1s

o0epTanbHOro pyxXy Oy/ie MaTu BUTJISIA!
dw
2fr=J==- 2
Jr=J=7. @)

7e r —pajalyc BaJuKa; w— KyTOBa MIBUJKICTh O0EPTAIBLHOTO PyXy IUCKa; J
—MOMEHT 1HepIii MagTHuka. OCTaHHINA AOPIBHIOE CyMI MOMEHTIB 1HEpIii
Baguka J; 1amcka Js :
J=Ji+J; . 3)
Banmuk € ogHOpiAHUM IIWTIHAPOM, TOMY
Ji=ym s @

IS ml —Maca Bajauka.. MoMeHT 1Hepu11 JUCKa 3 KOaKClaJIbHUM OTBOPOM B

HbOMY BHU3HAYA€THCA 3 BUPA3y

J,=5m (R=r) ®
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ne R — paaiyc nucka; » — paJilyc OTBOPY; M2 —Maca JIMCKa.

dw

Bpaxoyroun, mo 4 =7 E , 3 piBHsAHB (1) 1 (2) 3HaxX0AUMO:

a= L _ M8 (6)
m+?d mel
7"2 7"2

SIKIO OMCK 1 BaJMK BUIOTOBJIEH] 3 OJHOIO 1 TOrO X CaMoro
Marepiary 1 pajaiyc Baluka Habarato MeHIe pajiyca aucka (Tooto r << R

), bopmyina (6) ciporyeTbcs 1 HaOyBa€e BUTTISY:

2
r
ax2gl —| . (7)
R
[IprckopeHHsS LIEHTpa Mac MasTHHKAa MOXXKHAa BH3HAYATH TaKOXK 3a
dbopmyIioro:
28
ar—-, ()
t2

ne S — HIUIsX, NPOWJIEHUM IIEHTPOM Mac BiJl KpaWHbOTO BEPXHHOTO
MOJIOKEHHS JI0 KPaHbOTO HWXHBOTO, [ — dYac OJHOTO TOBHOTO
pO3KpydyBaHHS MasTHUKA. Hajmam mo3Hauumo dYepe3 ar MPUCKOPEHHS
LEHTPa Mac, pO3paxOBaHe TEOPETUUHO 3a (popmyioro (7) 3 BUKOPUCTAHHAM
BIJIOMUX 3HA4YEHb 7 1 R , a uepe3 d. —BUMIPSIHE €KCIIEPUMEHTAIBHO /(TOOTO
OTpYUMaHE MPH MiJCTaHOBII B (8) pe3ynbTaTiB BUMIPIOBaHb S 1 1).

Meta paHoi poOOTH — TIOPIBHATH EKCIEPUMEHTalIbHE  d. Ta
TEOPETUYHE ar 3HAYEHHS NPUCKOPEHHS 1 MpoaHalli3yBaTH MOXKIIHUBI

MPUYUHH PO301KHOCTI OFEPKAHUX PE3yJIbTaTIB.

IHopsinok BUKOHAHHA POOOTH
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1.BuMipioroTh 3a JOMOMOIOK IITAaHTEHUUPKYIsS aiametpu d 1 D

BaJMKa Ta JIUCKAa B TPhOX PI3HUX MICHSX 1 BHU3HAUAIOTH IX pajilycu
d D

r= 5 i R= E . Pesynbratn BUMiprOBaHb 3aHOCATH J0 TAOJIHIII.

2. TlomMITHBIIM MTOYATKOBE MOJIOKEHHS MasTHUKA, MyCKalOTh HOro majaTu
B3JIOBK IIKaJIM 1 B MOMEHT IYCKY BKJIIOYAIOTh CEKYHJOMIp.
BuznayaioTb 4Yac TMOBHOrO pO3KpydyBaHHs. BuMiproBaHHs t
BUKOHYIOTb ~ TpHUYl JUIA OJHOTO 1 TOrO  CaMOro 3HA4YeHHS S
Pe3ynbratu BUMiprOBaHb 3aHOCSITH J0 TAOJHIIL.

3. 3a cepenHiMH 3HaUYCHHSAMHU S, f, R 1 7 BU3HAYAIOTh EKCIIEPUMEHTAIIbHE
de Ta TEOpETUYHE ar 3HAYCHHS MPUCKOPEHHs LIEHTpa Mac 3a
dbopmymnamu (8) 1 (7). PesynpraTti 00unciIeHh 3aHOCITH A0 TAOJHIII.

4. OuiHIOITH JOBIpUYl TPAHUIl CYMapHUX MOXUOOK 1 BITHOCHI MOXHOKHU
PE3yNbTATIB NPIMUX BUMIPIOBaHb.

5. BusHauatoTh JOBipYl TpaHHUIll CyMapHUX TOXHOOK HENpPIMHUX

BUMIpIOBaHb 3a (hopmynamu
A, =lad e, Eqa=Est2&
A, =lare,,s Eqp=Eg™ Aerte,)

6. [lopiBHIOIOTH 3HAYEHHS d. 1 ar 3 ypaXxyBaHHSIM JIOBIPYMX IPAHUILIb iX

CyMapHHX MOXHOOK. AHAJI3yIOTh MOXJIMBI MPUYMHU PO3O1KHOCTI

pe3ybTaTIB.
Ne /it | TabnuyHi | Pe3ynbTaTul NpAMUX BUMIPIOBaHb Pesynbratn
BEITMYMHHA HETMPSIMUX

BUMIpPIOBaHb

g, M/c? R, m 7, M S, M t,c | ae, M/C?| ai, m/c?
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3anuTaHHs | BIPaBH JIs1 CAMOKOHTP 0JI10

1. Jlaiite BH3HAYEHHS KYTOBOi INBHUIKOCTI Ta KYTOBOI'O
TIPUCKOPEHHSL.

2. Sk 3B'I3aHi JiHIMHA Ta KyTOBa WIBUIKOCTI, JIHINHE Ta KyTOBE
MIPUCKOPEHHS?

3. o Take MOMEHT cun?

4. o Take MOMEHT 1HEpIlli, B SKHUX OAWHUIISAX BiH BUMIPIOETHCS?
HageniTh npukiaan MOMEHTIB 1HEPIIT TiJ1 CUMETPHUYHOT POPMH.

5. 3Bamumite 1 copMymaolTe OCHOBHUM 3aKOH JAHMHAMIKU
00epTaIbHOTO PYXY.

6. [laliTe BU3HAaUEHHSI MOMEHTY IMIYJbCY, 3AMUILIITH 1 CHOPMYITIONTE
3aKOH 30€peEeHHS MOMEHTY IMIYyJbCYy 1 HaBeIITh MPUKIATU, 110

UTFOCTPYIOTh LIEW 3aKOH.
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®IBUUYHU MASATHUK

Ilepionq  rapmMoHiyHMX  KonMBaHb  (i3uyHOro MasTHuUkKa 1T

BU3HAYAETHCA 32 (HOPMYJIOIO

L
T'=2r |— , (1)
g
€ g — NPUCKOPEHHs BUIBHOIO MNaAilHHA, L — IpHUBeIeHa JOBKMHA

(Gh13UYHOTO MaTHUKA, sIKA Y CBOKO YEPry BU3HAYAETHCS 13 CITIBBIIHOIIICHHS:

J
L=, @)
m
ne J — MOMEHT iHepIii MasTHUKA BIZHOCHO oci kKadaHb O ; m—maca
MasATHHKA;
T
d T 1 =T
|
| d
| s
-~ ;L >
mg . d: .
Puc.1 Pwnc.2

d—BiJicTaHb BiJl OC1 KauaHb JI0 IIEHTpa Mac MasiTHUKA ¢ (puc.l).
. o 2
3rigno 3 Teopemoro Ilreiinepa J = J.+md > ae Jec — MOMeHT
1HepIil MasTHUKAa BIIHOCHO OCI, IIO HPOXOAUTh Yepe3 LEeHTp Mac (1
. . 2
napajesabHO oci KayaHb). J. MOJKHA 3anucat y Buriani J =md, , ne do

— paziyc iHepiii. BukoprucToByr0YM OCTaHH1 JiBa CIiBBIIHOIIEHHS, 3aMiCTh

PIBHAHHS (2) OTpUMY€EMO
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d’ +d;

L =44 (3)
d
bepyuu no yBaru dopmyny (3), nns nepioay kojauassb (1) maemo:
2, ;2
+
T =2rx d +d, . 4)

ad

3 piBHAHHA (4) BUINIMBA€E, IO MeEpioJ KOJIUBaHb [ (PI3MUHOTO
MasTHUKA € QyHKIi€r aprymenty d , 1o0to T =7(d). I'padik 3aj1e:KHOCTI

T=T(d) naBeneHo Ha puc.2. Moxna mnokazatu, mo ¢yakiis 7=7(d) mae

MiHIMyM npu d=dy , a mpu d—>0 1a doowo npsIMy€e 110
HECKIHUYEHHOCTI.

3 rpadika BUIHO, MO KOKHOMY TEpiONy KOJIMBAHb BiJIOBIIAIOThH
nBa 3HaueHHs d : di<dy Ta d>>do . BUKOpPHCTOBYIOUM PIBHICTh
1(d1)=1(d>), moxxna noBectu, mo L=di+d> .

BpaxoByrouu 1e criBBigHOmEeHH:, 3 popmynu (1) oTpumyemo:

2d1+2d2. 5)

=4
g =ar T
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POBOTA1-6

BU3HAYEHHS ITPUCKOPEHHA BIVIBHOI'O ITAJITHHSA 3A
JOHOMOI'OIO OBOPOTHOI'O MAATHUKA

I

ITy
di

L I,
d>

I1,

Pwnc.1

Meta poboTu: 1) BUBYMTH TapMOHIYHI
KOJIMBaHHS, 2) BHUMIPITH  TPUCKOPEHHS
BUIBHOTO I TiHHS.

Ipuaaau Ta 00JIaTHAHHS : CTEPXKEHD 3

PU3MOI0, CEKYHAOMIP.

Di3ugHUH MAasITHUK, 110
BUKOPUCTOBYETHCA y JaHI poOOTI, HA3UBAIOTh
o0opoTHUM. BiH cKIagaeTbcs 3 MeETaIeBOro

CTEpXHs, Ha SKOMY 3aKpiryieHo npusMu I 1

IDL 1 tarapi 171 15 (puc.l). OnuH 3 HUX 3aKpIIUIEHO YKOPCTKO, a JIPYTHid

MOKE TEpPeMIITyBaTUCS Y3IO0BX CTEPXKHS 1 3aKpIIUIFOBATHCS TBHUHTOM.

[TonoxxenHst TsarapmiB migiOpaHo Tak, 1o mepiogn 71 1 7> KOJIMBaHb

MasTHUKa BiTHOCHO mpusM [I1 1 [, 30iraiothesa. [Ipu 30iry mnepioxis

BIZICTAaHb MK IIPU3MaMU JIOPIBHIOE MPHUBENEHIN AOBXKUHI MasTHUKA L= d)

+ d>. B po6orti 11g Biacrans ctanoButh 0,730 £ 0,001 m.

ITopsiiok BUKOHAHHA PO0OTH

1. BigxunstoTh MasgTHUK BiJ] TIOJIOKEHHSI PIBHOBaru Ha mMaiuii Kyt (5-

8°) 1, mpomycTuBIIM 1-2 KOJMBaHHS, BHU3HAYAIOTh 3a JOMOMOTOIO

CEeKyHJIOMIpa dYac #; MSTACCATH TIOBHUX KOJWBaHb. BuMiproBaHHS

BEJIMYMHMU /| IOBTOPIOIOTH TPUYI.
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2.IlepeBepTatoTh MasTHUK 1 TpUYl BUMIPIOIOTH 4ac f» M'ATAECATH
MOBHUX MOr0 KOJIMBaHb Y HOBOMY IOJIO>KEHHI.

3.Pe3ynpTaT BCIX IIECTH BHUMIPIOBaHb Yacy ¢ OOpoOJsoThH 3a
CTaHJIAPTHOIO (HOPMOIO.

4.Po3paxoBYIOTh CepelHE 3HaueHHs mepiogy <7> 3a (opmynoro
<T>=<t>/50

5. Po3paxoByrwTh cepelHE 3HAUYEHHS  BEIWYMHU  <g>
BUKOPUCTOBYIOUH hopmyiy (5).

5.Po3paxoByioTh BITHOCHI IOXUOKH gr =g, Ta g, =g;+2¢&7 -

6.P0o3paxoByl0Th TOBIpYY I'PAHMINIO CYMApHUX TTOXHOOK BUMIPIOBaHb

BEJIMYMHU g TIpu JocToBipHOCTI P>0,95 , TOOTO Ay = (&) Eg-

7.0hopMIISIFOTH 3BIT 1 BACHOBKH, ISl YOT'0 3aHOCSTH JIaH1 B

TaOJIULIIO.

Ne | Pesynbraty npssmux | Pesynpratn HEMpsIMHUX

/1 BUMIpIOBaHb BUMIPIOBaHb

t,C L,m T, c g, M/c?

3anuTaHHsA TAa BIPABHU JJIs1 CAMOKOHTP 0J110
1./laliTe BU3HAUEHHS TapMOHIYHUX KOJIMBaHb HA TOSCHITH 3MICT

noHsATh "amrunityaa", "yactora", "ukiiyna yacrora”, "nepion”, "daza".
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2. SIki KOMMBaHHA HA3UBAIOTh BUIbBHUMU (BJACHUMHU) ?

3. o take ¢izuunuit mastHuk? IlpuBenena noBxuHa (PI3UYHOTO
MasiTHUKA.

4. SIki cuiv HAa3UBAKOTh KBa3INpy>KHUMH? HaBemiTh mpukiaau.

5.JlaWiTe BU3HAUYEGHHS MOMEHTY 1HEpIIi TBEpAOro Tija 1 paiaiyca
1HepIIii.

6. 3amumnTe 1 chopmymoiite Teopemy lllTelinepa Ta HaBediTh
PHUCYHOK, 110 ii LTFOCTPYE.

7. TlosicHiTh, SIK 1 YOMY HPUCKOPEHHS BUIBHOTO TMaIiHHS

3aJICKUTh BiJ] IITUPOTU MICIIEBOCTI.
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POBOTA 1-7

BU3HAYEHHA IPUCKOPEHHS BIJIBHOI'O ITAZAIHHSA ITO
KPUBIN 3AJIEXAHOCTI IEPIOAY KOJUBAHb ®I3UUYHOI'O
MASATHHUKA BIJ ITOJIOKEHHA TOYKHU IIABICY.

Meta poOotu: 1) BUBUMTH TapMOHIYHI
KOJIMBaHHS; 2) BU3HAYUTU MPHUBEIACHY JTOBXKUHY
d MasiTHUKA Ta MPUCKOPEHHS BUILHOTO MaiHHS.
Hpuaagm ta o0JaIHAHHA: METAICBUM
CTEPXKEHB 3 OMOPHOIO MPU3MOIO, CEKYHIOMID.
@i3uyHUI MaATHUK, M0 BHUKOPUCTOBYETHCS B
naHii  poOOTI, sBIAE COOOK  OJHOPIAHUUI
METAJIEBUI CTEP)KEHb 3aBJOBXKKH ONMU3bKO 1 M
Puc.1

(puc.1). Ha cTepxHi € mikanga 1 mepecyBHa OMopHa

pu3Ma, KKy MOKHA 3aKPIMUTH Y OYIb-SIKOMY MICIIl CTEPXKHSI.

ITopsiiok BUKOHAHHA POOOTH

1. OnopHny mnpu3My 3aKpilUIIOIOTH Ha CaMOMY KIHIII CTEp)KHS-
MasiTHUKAa. PeOpoM OmMopHOI MpU3MHU MAasTHHK CTaBISATh Ha ITi/ICTABKY;
BiIXMJIMBIIK MOro BiJ IOJOKEHHSA piBHOBarM Ha Maimil Kyt (<40),
BUMIPIOIOTh 3a JIOMIOMOIOI0 CeKyHaoMipa yac 50 TMOBHHUX KOJMBaHb 1
OOYHUCITIOIOTH 1X MEPIof.

2. TloBTOprol0Th BUMIpIOBaHHsA (uB. 11.1) dyepe3 kKoxHI 4 cM 1 JaHi

3aHOCATh y Tabmuiro. Tpeba oxepxkatu 10-12 3HaueHp nepiogy (mepioau
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MOXYTh BIJIPI3HATUCS HA COTI JOJI CEKYHIU, iX HEOOXIJHO BU3HAYUTHU
JIy’Ke PETEIBHO).

3. 3a nanumu Tabauii Oynyroth rpadik yukuii 7=7(d) (auB. puc.2
Ha ctop.104). Ilo oci abcuuc BiIKJIAMAIOTh BiJICTaHb MK CEPEIUHOIO
CTEpXKHS 1 peOpPOM OIOPHOI MPU3MHU, TIO OCl OPJUHAT - 3HAYEHHS TMEPIOY.
UYepes excriepuMeHTalbHI TOYKH, HaHEeCeH1 Ha rpadik, IpOBOAATh IJIaBHY
KPUBY Tak, 00 MPUOIM3HO OJTHAKOBA KIJIHKICTh TOUOK Oyia po3TalioBaHa
no oOuaBi cropoHu Kpuroi. ['padik HeoOximHO OyayBaTH TUIBKH Ha
MUTIMETPOBOMY Tarepi.

4. TlapanenbHO OCi aOCIUC MPOBOJSTH MPSIMY Tak, 1100 BOHA JBIYl
nepetruHana kpuBy 1=7(d). 3HaxonaTh 3HauUeHHs opauHaTH 1 Ta abcuuc d;
1 d> TOYOK TEpeTHHY 1 BU3HAYAIOTh MPUBEIACHY NOBXUHYL = d;+d:
[IpuckopeHHsi BUIBHOTO MaaiHHA g OOYHUCTIOTh 3a dopmyioro (5),
HABEJICHOI0, MIHIMYM JUIsl TPHOX 3HAYEHB MPUBEICHOI TIOBXKUHU 1 MEPioay;

MOTIM 3HaXOJSTh CepeiHE apu(METUIHE.

Ne ni/m Pesynbratu npsmMux Pe3ynbraTi HEMPAMUX BUMIPIOBaHb
BHUMIPIOBaHb
d, M t, ¢ T, c L,m g, M/c?

3anuTaHHA Ta BOIPABM IJIs1 CAMOKOHTP 0J110
1. Oo Take ¢i3nuHMil MasTHUK? 3a SKMX YMOB HOrO KOJIMBAaHHS €
rapMOHIYHUMH?
2. lllo Take mpuBeneHa AOBXKUHA (PI3UYHOIO MasiTHUKA?
3. JlaiiTe BM3HAY€HHS MOMEHTY IHEpLIi TBEpIOro TUIa Ta pajiyca
1HepIii, BHUPa3iTh paalyc 1HEpIii OJHOPITHOTO CTEPXKHS dYepe3 HOoro

JOBXKUHY.
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4. Chopmymroiite Teopemy Illtelinepa 1 HaBeAITh PUCYHOK, WIO. ii
UTIOCTpPYE.

5. Po3kpuiiTe MmaTeMaTHuHU Ta HI3UYHUI 3MICT TOHATTS dazu
KonMBaHb. Ha siky BenuuuMHy 3MIHIOETHCS (Pa3a 3a dYac, IO JOPIBHIOE
nepioay? BianoBigs oOrpyHTYiITE.

7. 3a IKUX YMOB BUHUKAE SIBUIIE HEBArOMOCTI1?
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POBOTA1-8

BU3HAYEHHS JIOTAPUOMIYHOI'O IEKPEMEHTY
3ATTACAHHA KOJIUBAHD ®I3UYHOI'O MAATHHUKA

Meta poGoru: 1) BUBUMTH 3aracaroyi KOJMBAHHS, 2) BU3HAYHUTH

aorapuMIdYHUN JEKPEMEHT 3aracaHHs 1 Koe(ilieHT 3aracaHHs KOJIUBaHb.

DBUYHUN MasTHUK, 1[0 BUKOPUCTOBYETHCS B JaHI poOOTi, Mae
BUTJISIZ] CTEPKHS 3 TsrapueM Ha Kinui /puc.l/. CtepxeHpb MiIBIIICHUN Ha
KPOHIITEHHI 3a JOIOMOIOI0 IIAPUKOBOIO MiAMMUIHUKA. Ha migcraBmi y
IJIONTMHI KOJMBAaHb BCTAHOBJIICHO IIKally, SKa JO3BOJISIE BUMIPIOBATH
amrutityny. HasBHICTH cwiI TepTs MNPU3BOAUTH 1O TOrO, IO EHEepris
MasTHHKA, SKAHA BIIPHO KOJHMBAETHCS, BHUTPAYAETHCA HA POOOTY 3 iX
MOJIOJAHHS 1 3 4aCOM 3MEHINYEThCs. B pe3ynbTari HbOro 3MEHIIYETHCS
aMIUTITy1a KonuBaHb. OTXe, BIIbHI (BJIaCH1) KOJMBAHHS 3aBXKIU 3aracaroTh

1 TOMY, CTPOTO KaXy4H, HE € TAPMOHIYHUMHU.

EI:\ ' :F | yﬂn%_

V2

77777 ‘(ﬂl B2

Puc. 1 Pwuc. 2
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AMHJ’IiTYI[a 10050, ¢ 3araCaroumnx KOJIMBaHb SMCHIIYETHCA 3a

GKCHOHGHHiaJ'ILHI/IM 3aKOHOM:

Bt
AD=Ae™. ()
TYT A9 — aMIUTITyJla B MOYaTKOBUM MOMEHT uacy, t=0 ; [ — mapaMmerp

CUCTEMHM, SIKMM Ha3UBAEThCA Koe(ilieHTOM 3aracaHHsi. 3riIHO 3

piBasHHsIM (1) 3a dac r:%ﬁ aMIUTITy[a 3aracarouux KOJMBaHb

3MEHIIYEThCS B e pa3iB. BennunHy 7 Ha3uBalOTh 4acoM peJiakcaiii

CHCTEMH; 3a Iiei Jac BimOyBaeTbcs [N :%:%BT [IOBHUX KOJIMBAaHL

(tyr T — mepion KOJIMBAHb).

Koedimient 3aracanHs [ BpaxoBye HasBHICTh CHI TepTsa (3a
BigcyTHOCTI TepTs £ =0). Jlns 3miHu BenuuuHUd £ GI3UUHUNA MasTHUK, 1110
BUKOPUCTOBYETbCA B JaHid poOOTI, Mae IOHOBIIOKOYl NpYXKUHU. g

XapaKTePUCTUKHM 3aracaHHsl KOJUBaHb TOPSJ 3 KOe(]II[IEHTOM 3aracaHHs

. 1
KOPHUCTYIOTHCSI 0€3p03MIPHOIO BEIMYMHOKD O = I, = [T , sika Ha3UBAETHCS

JAeKpeMeHTOM 3aracaHHs (a0o Jorapu@MIYHUM JEKPEMEHTOM).

JlorapudMigyHUN  JEKPEMEHT 3aracaHHs o  BHU3HAYAEThCH  SIK
HaTypaJIbHUN JjorapudM BIIHOIICHHS aMIUIITY/A, IO BIAPI3HSAIOTHCA 3a
9acoM, Ha Tepio/;

Alr)
mA@jTy

(2)

Buxonstuu 3 popmynu (1), MoKHA JOBECTH, IO JJIs1 OYIb-SIKOTO LI1JIOTO

YHUCiIa 71 Ma€ MICIE CITIBBIIHOIIIECHHS

Al) s
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IHopsiaok BUKOHAHHA POOOTH.

1. 3a 1OMOMOr0I0 YCTAHOBOYHUX TBUHTIB BCTAHOBIIOIOTH MiJACTaBKY
MasiTHUKA TOPU30HTATBHO.

2. 3a BiICYTHOCTI MOHOBJIIOIYHX MPYKUH BIAXUJISIOTh MasiTHUK Ha
HeBenukuid KyT (< 10°), BipaxoByOTh MO MIKaTl KIIBKICTh MOAUIOK Ay
(tyr  Ao=A(0)) 1 BiamyckaroThb MasaTHHUK. [loTiM BimpaxoByTh n=10
MOBHUX KOJMBaHb 1 3HOBY BUMIPIOIOTh aMILTITyy. Pe3ynbTar no3HavyaioTh
yepe3 A, (Tyr An=A(nT)).

3. BcraHOBIIOIOTH T€ X came 3HadeHHS Ap 1 MOBTOPIOIOTH
BumiptoBaHHs (nuB. 1m.2) mis n = 20, 30, 40, 50, 60, 70. Pe3ynbTaTu
3aHOCATH y Ta0. 1.

4. BumiptoBanHs (auB. T11.1.2,3) TIOBTOPIOIOTH 3@ HASBHOCTI

MTOHOBJTIOIOYMX MPYXKUH. Pe3ynpTaTu 3aHOCATh y Ta0m.2.

5. OGUHCITIOIOTh 3HAYEHHS A%q Ta ln(A%zl j 1 3aHOCATH X y
0 n

B1JIOB1IH1 TaOJIHIII.
6. Jlnga MadaTHUKa 3 OpyKMHaAMU 1 0e3 HUX OyaYIOTh Ha OJHOMY 1

TOMY > caMoMy rpadiky 3a maHuMu Ta0muii | Ta 2 3amexHOCTI

BIJTHOIICHHS aMILTITY/] AA BIJl KUIBKOCTI KOJIMBaHb 7 .
0

OpeprkaHi KpUBI1 MOPIBHIOIOTH M1k COOOIO.
7. Jlnga MasTHUKa 3 TIpY)KUHaMU OyayroTh rpadik, BiIKIATal0uu 10

ocl alciuc KUIBKICTh KOJHMBaHb # , a MO OCl OpAMHAT — 3HAYCHHS

—In AO . JlorapudmiyeU ITEKPEMEHT 3aracaHHs BU3HAYAIOTH
A 9
n

3HAXOJAYM HAXWJI OJIEPKAaHOI MpsAMOI JiHIT (IUB. pHC.2, 1€ XPECTUKOM

MO3HAYEHO €KCIEPUMEHTAJIbHI TOUKH ):

533



o=22%2 71
n,—m
8. AHQJIOrYHO OOYHUCHIOIOTH JIOTAPU(MIYHHI  JTEKPEMEHT

3aracaHHs O JJIS MasTHHKA Oe3 IPYKHH.
9. 3a nmomomororw CcekyHjoMipa Bu3HadaroTh nepiogu 1 1 To
KOJIMBaHb MAasTHUKA 3 MPYXKUHAMH 1 0€3 HUX, BUMIPIOIOYH TPOMIKKH

yacy ¢ 50 MOBHMX KOJIMBaHb:

t) (ty)
T =—-: To:%-

Po3paxoByroTh koeilieHT 3aracaHHs IB =% , ﬁoz%
0

MasATHHKA 3 IPYKUHAMU 1 0€3 HUX Ta BIAMOBIIHUI Yac penakcarii

T:/B’ ro=/ﬂ0-

Pospaxynku 3aHoCSTH y Ta01.3.

1. Pesynbrary po3paxyHKiB JJisl MassTHUKA O0€3 TIPYKUH

N An An/A() ln(An/A()) 5 0

10
20

70
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2. Pe3ynbTary po3paxyHKiB JIJIsi MAITHUKA 3 IPYKUHAMHU

N A A,/ A In(An/As) 5
10
20
70
Ne Pe3ynbTaTty HENMPSAMUX BUMIpPIOBAaHb
o/ | to,c | t,c | Tooc | fo,c | to,c | T,c | B¢t | 1,
1
C

3anuTaHHs Ta BIIpaBM AJd CAMOKOHTP 0110

1. Cxknanmite mudepeHiliaibHe PIBHSHHS BJIACHUX He3aracardux
KOJIMBaHb 1 3aJIMIIITh HOT0 PO3B'SI30K.

2. Cxuamite paudepeHiaibHE pPIBHSHHS BJIACHUX KOJMBaHb 3
ypaxyBaHHSIM CWJI TE€PTSI; 3aHILITh KOO PO3B'SI30K 1 3p00ITH aHAaMi3.

3. Sk 3ajexuTh aMIUIITy/la 3aracaloyux KOJIMBaHb BIJ 4acy?
3anunniTe BUpa3 1 mpoiTtocTpyiTe rpadikom.

4. o Take koeditieHT 3aracanusa? Skuit oro GizuuHM 3MiCT?

5. JlaiiTe BU3HAYEHHS JIOTapU(PMIYHOTO JEKPEMEHTY 3aracaHHs;

MOKaXiTh, K BiH 3B'I3aHUN 3 KOC(IIEHTOM 3aracaHHs 1 PO3KpUUTE HOTo

(b13MYHHI 3MICT.
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14. MATEMATHYHUIA TOJATOK

14.1.Bekropu. /lii 3 BekTOpamn

14.1.1. Ilpoexuin éexmopa

14.1.1.1. Tpoexuii BekTopie d, b , C Ha Bich X — Iie JOBXKUHY BiAPI3KIB dx,

b, ¢, BIAMOBIIHO, [0 BU3HAYAIOTHCS TaK, sIK MOKa3aHo Ha puc. 14.1.1.

Qi

ol

Puc. 14.1.1

7.1.1.2. Tlpoekiis BekTOopa ¢ Ha OCi X Ta )y 3HAXOAATh TaK, AK L€
MPOAEMOHCTPOBaHO Ha pwuc.14.1.2. Bennuunu npoekmii Ha oci x Ta y
JIOPIBHIOIOTH BIAMOBITHO:

ax=a coso. Ta a, = a sino.

>

-

Puc. 14.1.2



BukopucroByroun OMHUYHI BEKTOPH [, j (BEKTOPH OJUHUYHOI JOBXKUHH,

0 HAMpaBJICHI B3J0BXK OCEW X Ta ), TaK 3BaHI HAIpPaBISIIOYl OPTH), y
BEKTOPHIN (OpMi MOKHA 3aMKUCATH:
d=a,i+a yj :
Ipuxnaa. Bukopucraemo 3Ha4eHHs MPOEKIIN CHIJI, IO JIIOTh Ha OC1

X Ta y IpH pycl Tija Mo NOXuiii miomuHi BHU3 (puc. 14.1.3). Y BekTopHii
dbopmi npyruit 3akoH HeroToHA 17151 Ti)Ta HA TTOXWJIIN TJIONTUHI Ma€ BUTJISI:

mi=mg+N+F+F ),
VY mpoekirisix Ha oci:
Ha BICb X:

ma=mgsina—F —F,,;

Ha BICh J :

0=-mgcosa+N.

Puc. 14.1.3
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14.1.1.3. YV npocropi JOBiILHKI BEKTOP (I MOKHA BHPA3UTH YEPE3

HOro mpoekiii Ha ocl, BAKOPUCTOBYIOUM TOHSTTSI MPO OJUHUYHI BEKTOPH

—

i, j,k B3moBx mmx oceii:
ﬁzaxf+ayf+aZE.

Ipukaan. Y MexaHilll BUKOPUCTOBYETHCS MOHATTS PaAiyC - BEKTOP
MaTepiagbHOi TOYKH. Pajilyc-BeKTOp € BEKTOpOM, IO HampaBlICHHUH 3
MOYaTKy KOOPJIMHAT Yy TOYKY, B SIKiil 3HAXOIUTbCS MaTepialibHa TOYKA B
manuii MoMeHT 4acy (puc. 14.1.4). Takum YHUHOM, pajiyc-BEKTOp 7 Ma€
novatok y toutti (0,0,0); (x;, y1, z1) - KOOpAUHATHA HOro KiHIS. 3 1HIIOTO
OOKY X, , z € IPOEKIIISIMKA BEKTOpa 7 Ha OcCi X, y, z. MOKHA 3aIucary:

F:xlf+yl]+zll€.
Bemuunna Momyns BekTopa ¥ MOXe OyTH BHpaKeHa depes

BEJIMYMHM MPOEKIIIA pajlyc-BeKTOpa Ha OCl X, Y, z:

- 2
A=r=\x+y +z

14.1.2. /lobymok eekmopa na ckanap

z A

h% JIoOyTKOM CKaJIIpHOI BEIMYMHU C Ha

BEKTOpa d € BEKTOp C-d , IO Mac HAMPSAMOK

Puc. 14.1.4 BEKTOpa d, a WOro BeauuuHa (MOMYJIb)
JOPIBHIOE TOOYTKY CKalspa ¢ Ha MOAYIb BEKTOpa d, TOOTO: ‘c-ﬁ‘ zc‘ﬁ‘.

Ha puc. 14.1.5 nmoka3zaHo, 110 3aJIe)KHO BiJl BEIMYMHH ¢ MOJIYJb BEKTOpA

C-d MOXe NpUIMAaTH 3HAYEHHs K MEHIIe, Hi’ MOAy/b Bekropa d (c<l),
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TaK i OiblIe, HiX MOLYJIL BeKTopa d (c>1). 3po3ymino, mo B Bunaaky c=1

BEKTOp C-A=d .

QJ
o
AN

a
c<1 c>1 c=1

Puc. 14.1.5

7.1.3. Ckanapuuii 000ymoxk 060x 6eKmopie

CxansipHuM J00yTKOM JBOX BEKTOPIB € CKaJIsIpHA BEJIUYUHA, 1110

—

YHCENBHO JOPIBHIOE NOOYTKY aOCONIOTHUX 3HA4€Hb BEKTOpiB d Ta b,

IOMHO)KEHOMY Ha KOCUHYC KyTa Mk HUMU (puc. 14.1.6):

a-l;:\c?\‘l;‘cosa.

MoskHa nepenucaTv BU3HAU€HHS CKAJISIPHOTO TOOYTKY B 1HILIOMY BHTJISIL:

c“z-Z;:‘d‘-‘l;‘-cosa:

=a-b-cosa=a, b

Puc. 14.1.6
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Tyr ax — TpoeKiis BEKTOpa d Ha BiCh, 110 30iracThCs 3 HAIPAMKOM

BekTopa b .
VY 3araibHOMY BHMAJAKYy JBOX BEKTOPIB y MPOCTOPl iX CKaJISPHUN
NO0OYyTOK BUPaXAEThCS Yepe3 MPOEKIli IMX BEKTOPIB Ha BCi TPU OCI

KOOP/IMHAT:

—

a-b=ab, +ab,+a,b,.

Ipuxaagu. 1. EnemMenTapHa MexaHiuHa

E

po0oTa € CKaJIsIpHUM JI00YTKOM BEKTOpa

CHJIA Ha BEKTOp MepeMillieHHs (puc.

14.1.7):

dr F. dA=F -di =F,dr.

Tyr F,.=Fcoso — NpOEKIis CUIH Ha

Puc. 14.1.7

HaINPsIMOK NIEPEMIIICHHS.
2. MurrteBa TOTYXHICTh — II€

BIJTHOILIEHHSI €JIEMEHTapHOI poOOTH A0 Yacy, 3a AKUH 11 poO0Ta BUKOHAHA:

dA

dt
3 1HIOro OOKYy, BUKOPUCTOBYIOYM BU3HAUEHHS POOOTH, OTPUMAEMO
BUpa3, MO CBIAYUTH MPO T€, L0 MHUTTEBA MOTYXKHICTh € CKAIIPHUM

T00YTKOM BEKTOPIB CHJIM Ta MUTTEBOI IBUAKOCTI (AUB. puc. 14.1.7):
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7.1.4. BekmopHnuii 000ymokK 060X 6eKmopie

BekTopHuM 100yTKOM JBOX BEKTOPIB € BEKTOP, KUl TO3HAYAETHCA

[dxb]=C abo dxb=C wa BiaMmiHy BiJi NO3HAYEHHS CKAIAPHOIO
n06yTKYy G - b :\ﬁHb‘cosa.

BexTopHuM 100yTKOM [BOX BEKTOPIB HA3UBAETHCS TPETIH BEKTOD,
1110 3HAXOAUTHCS TaK:
a) BEJMYMHA BEKTOpa C, TOOTO MOJIYJb BEKTOPHOIO JOOYTKY

(MOIyJIb BEKTOpaA C ) IOPiBHIOE:

‘E‘ =|[Zz><b}| :‘Zz“b‘-sina;

0) 3a HAIPAMKOM BEKTOp C HAIpaBJICHHIA NEPICHIUKY/ISPHO 10 IUIONINHH,
B sAKill nexkaTh BekTopu d Ta b . Hanpsmok BekTOpa ¢ BU3HAYacThCA 32
IPaBUJIOM IpaBoro reuHTa (puc. 14.1.8).

TakuM YMHOM BaXKJIMBO, SIKMM BEKTOP B JOOYTKY CTOITh MEPIIUM,

TOOTO:
[@axb]=c, [bxa]=—c.
Ha Biaminy Biag ckajdsipHOro HO0OYTKY, MJis SIKOTO BHUKOHYETHCS

yMOBa:
a-b=>b-a,

BEKTOPHHI T100YTOK XapaKTEePU3Y€EThCs BIACTUBICTIO:

[axb]=-[bxa],
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c -
b
b o
o = >
> a
a G
a o
Puc. 14.1.8

TOOTO TEpEeCTaBJIECHHS MICIIMH BEKTOPIB Y BEKTOPHOMY JIOOYTKY 3MIHIOE
HaAIpsSM BEKTOpa BEKTOPHOTO JOOYTKY Ha MPOTHIICKHHIA.

Hpukaamam: 1. JliHiliHa MBUAKICTE 3B’s13aHA 3 KYTOBOIO IIBUJKICTIO
CHIBBIIHOUIEHHSIM, SIKE€ B BEKTOPHI (OopMi € BEKTOPHUM J100YTKOM
KyTOBO{ IIBUJIKOCTI Ha PaJilyC — BEKTOP:

V=[oxF].
BekTop niHIMHOI MBUAKOCTI € BEKTOPHUM JOOYTKOM JBOX I1HIIHMX

BEKTOPIB — KyTOBOI IIBUKOCTI Ta PajllyC-BEKTOpA.
7.1.5. Cyma ma piznuysa eexmopie

Cyma aBOX BEKTOpPiB — II€ TpeTid BEKTOp, 110 3HAXOAMTHCA 3a
,,[IPaBHJIOM Tapaiienorpama’ (puc. 14.1.9, a).

TakuM YMHOM, CYMOIO [JBOX BEKTOpIB € TpeTiil BEKTOp, WIO
noOy/I0BaHMM, SIK JlarOHadb Hapajesaorpama, CTOPOHAMH SIKOTO € IIl JBa
BEKTOpU. Y BHUINAJKy, KOJIM € OUIbII, HDK JBa BEKTOPH, MOXKHA
KOPHCTYBATUCh WI€ W TaKUM MPaBWIOM: y KIHEIb MEPUIOr0 BEKTOpPa

NepPeMIlIaoTh (MapajieTbHUM MEPEHECEHHSIM) MOYaTOK JIPYroro, B KiHEIb
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IPYroro, AaHaJoOriyHoO, IOMIMAITh MOYaToOK Tperboro 1 T.A. CyMoro
BEKTOpIB Oyzie BEKTOP, IO 3’ €HA€ MOYATOK MEPIIOTo 3 KIHIIEM OCTAaHHBOTO

BekTopa. Ha puc. 14.1.9, 6 npoaeMoHCTpoBaHa Mpolieaypa 3HaXOMKEHHS

CYMH TPbOX BEKTOpiB d, b Ta C .

a+b

Qy
Ql
S

/ S
o
QU
_|_
S
_|_
Q)
o

Puc.14.1.9

PizHuusi BeKTOpiB — 1I¢ TpeTi BEKTOp, IO 3’€JIHYE KIHII JBOX
BEKTOPIB, Kl BUXOJATh 3 OJHi€l Touku. HampsMok BekTOpa pi3HULI JBOX
BEKTOPIB BUOUPAIOTh Y O1K TOr0 BEKTOpa, BiJ] SIKOT'O BiHIMAIOTh. L{e BugHO
3 puc. 14.1.10, a ta 6.

b _ b -

7]

Puc. 14.1.10
Pi3HuIT ABOX BEKTOpIB 3a BEJIMYMHOW (MOAYJIEM) MOXe OyTu

O1IBIIIOI0, HIK KOXKEH 3 BEKTOPIB, PIHMINIO SKUX 3HAXOIATh. Y Oararbox
¢Gi3nyHuX 3a7adax WAEThCS MPO 3MIHY BEKTOPHOI (DI3MYHOI BEJIMYMHU 3a
AKUUCh BIAPI3OK Yacy, fKa € PI3HUICI0 KIHIIEBOTO Ta MOYaTKOBOTO
3HAYEHHA J1aHO1 (P13MYHOI BEKTOPHOI BEJIMYMHHU.

Hpukaagu. 1. YV mporeci pyXy MOJOKEHHS MarepialbHOI TOYKU

XapaKTepU3yeThes paaiyc-BekTopoM. [Ipu mepexosi Bij 0JHOTO 3HAYEHHS
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—

pajiyc-BeKTOpa 7, y MOMEHT 4Yacy f; J0 7, y HACTYIIHHI MOMEHT 4Yacy f>

BEKTOD 7 3MiHUBCS Ha

Bekrop, mo 3’€nHye Mo4YaTKkoBE Ta KIHIIEBE TMOJOXKEHHS pajaiyc-
BEKTOPa HAa3UBAETHCS BEKTOPOM mepeMilneHHst (1uB. puc. 14.1.4). Bektop
MEPEeMIIICHHS, TAKUM YUHOM, € 3MIHOIO pajlyC-BEKTOpa YW MPUPOCTOM
paaiyc-BekTopa.

2. Ilpu abcomoTHO MpPYyKHOMY yaapi (a. M. y.) KyJdbka Macor m
BIJIOUBAETHCSA BiJl IEPEIIKOAM 31 MIBUAKICTIO, 110 32 BEIMYUHOIO JTOPIBHIOE
MIBUAKOCTI TMafiHHSA Ha mnepemkony. llpm mamiHHI TEprneHANKYIIPHO
MOBEPXHI BEKTOp IIBUAKOCTI 3MIHIOETbCSI Ha BEKTOp, PIBHHH 3a

BEJIMYMHOIO Ta MPOTUJICKHUH 3a HanpsiMKoM (puc. 14.1.11 a).

‘A(m V)‘ =2mV .

3miHa immynabcy MarepianbHoi Toukd A(mV) nopiHioe pisHwmI
BEKTOPIB IMITyJIbCY TICs ynapy Ta no ynapy (puc. 14.1.11, 6). Moaynb
mi€i pi3HUIN (3MiHA IMIYNbCy) Oyae BIABIYI OUIBIIMM, HIX BeIMYHHA

iMynbey mV, To0T0:

‘A(mﬁ)‘=2ml/.
;17:171 §[,;\ 17=I72>__) (—mV . mV _
N Pl .
% a.n.y. A(mV)=2mV
§ _h=0__ —mr
:\: a. H.y

N

AmV)=0—(-mV)=mV
o

Puc. 144411



[Ipu abcomOTHO HENMpPYKHOMY yaapi (a. H. y.) KyJbKa 3yNHHSIETHCS
(K TUTAaCTUJIIHOBA KYJbKA, 10 MPWIMIUIA J0 CTIHKM TpU ynaapi), a ii
MIBUAKICTh cTae piBHOIO Hyo (puc. 14.1.11 a ta 6). B upboMy BUmanky

BeJIMYMHA 3MIHM IMIYJIbCy Oyze BABIYI MeEHINA, HDK MpuU aOCOIIOTHO
IPYKHOMY yaapi: AmV)=0—(-mV)=mV, TOOTO
‘A(m 17)‘ =mV.

BucHoBkHM 11i€i TIpoCcTOi MexaHIYHOI 3a/7adi Ha BU3HAYCHHS 3MiHU
IMITyJIbCy, IO ©0a3ylOThCS Ha 3HAXO/KEHHI PI3HUII JBOX BEKTOPIB,
HEOJTHOPA30BO BHKOPUCTOBYIOTHCS B PI3HUX po3AUIax (Pi3UKH, HAIIPHUKIAT
Ipy TiAPaxyHKY THCKY 1I€aTbHOTO Ta3y; THUCKY, IO CTBOPIOE CBITJIO Ha

MOBEPXHI 3 PI3HUMH BiI0MBaIHLHIUMH BIACTUBOCTSMH TOIIIO.
7.2. IloxigHa pyHKUil

Hexait y € dynkuieto aprymenty x. 1o dyHKIiOHANBHY 3aJI€KHICTD
sanuiieMo B BUDiAl y(x). Ilpu 3miHi aprymenTy Ha BenmuumHy Ax

3HaYeHHsT (QYHKINT 3MiHUTECS Ha BenmmunHy Ay. TIoXiagHOW0 Ha3HBa€ThCS

TpaHUIl, 10 SKOi HAOJMIKAETHCS BITHOIIEHHS MPUPOCTY (PYHKIIT H0

MPUPOCTY APTYMEHTY, MPH SKOMY MPOMIIOB Iei MpupicT (MpU HAOIMKEHH1

Ax no myns)
y' = lim _&
A—0Ax  dx

[ToximHa xapakTepusye MBUIKICT 3MIHM (YHKIIL )y TpU 3MiHI
apryMEHTY X.

Haitnpocrimi moxigHi, SKAMH KOPUCTYBAJIUCA y HABUYAIBHOMY
MOCIOHUKY:

y =c, TOCTIHA BEJIMYNHA, 1110 HE 3AJICKUTH BIJT X Y-=0
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y = cx, niHiliHA 3Q1eXKHICTh Y =c

y= x’ KBaJ[paTUYHAa 3aJICKHICTb ﬂ = 2cx

y = cx" TOKa3HMKOBA (DyHKIIS (3aralibHUi BUTIAJ0K ) ¥ = nex™!
c - : / ¢

y =— (100TO n=-1y nonepenHii Gpopmyi) y =——>
X X

y=e' y = e

y =sinx Y= cosx

y =CO0S X J//':-Sinx.

Hpuxnaau. 1. MuTTeBa MBUAKICTH — 11€ TIOXI1JIHA PaJilyC-BEKTOpa 3a
9acoM, TOOTO TPaHHUIS , O SIKOT HAOJWXKAETHCS BITHOIICHHS MPHPOCTY

paniyc-Bekropa g0 uacy Af, 3a gkuil  Uei npupicT  BinOyBcs,

npu At —0.
S PTAYA -~ dr .
V=lim—, upu At—>0 ao V="o=F"
At dt
3HauyeHHs MPOEKUIi IBUAKOCTI Ha OJHY 3 OCEH, HAIpPHUKJaa Ha BICh
X:
dx
V="
dt

3a3HaunMo, 110 TYT (YHKIIEI € pPajaiyc-BEKTOp 7, KOOPAUHATAMH —

X, , Z, a apryMeHToM — yac ¢. Tomy noxizHy Oepemo 3a 4yacom f.
2. Y 3araibHOMY BHWIIQJKy JOBUIBHOTO KPHUBOJIHIHHOTO pPyXy
BBOJIUTHCS TOHATTS BEKTOpAa MUTTEBOIO MPHUCKOPEHHS B JOBUIBHIN TOYLI
TpaekTopii. MUTTEBE MPUCKOPEHHSI — 1€ MOXIJHA BEKTOpa IIBHUJIKOCTI 3a

qacoOM:

ézlimﬂ npu At -0 ab6o c_izd—V

At dt
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3HayeHHs TPOEKIlli MPUCKOPEHHS Ha OJHY 3 OCEW, HaNpHUKIaJ Ha

BICH X :

dv. d’x
a = =

“odtdr*

—

Takum YHHOM, TPUCKOPEHHS d € MOXigHOM }/ 3a yacoM Ta JApyroro
MOXiTHOIO 7 3a YacoM.
3. MutTeBa TMOTYXHICT € TOXIJTHOIO POOOTH 3a dacom,

XapakTepu3ye MIBUIKICTh BAKOHAHHS POOOTH:

dA

7.3. HeBu3Ha4YeHM Ta BUSHAYCHUM iHTErpasi
[aTerpyBanHs — orneparis,

2 3BOPOTHA 10 AW(EPEHIIIFOBAHHS.

[aTerpyBanns I10JIATae B

3HAaXOPKEHHI CYMH HECKIHUYEHHO
MaJIUX BEJIUYHMH, BHACTIJOK YOTO
OTPUMYIOTh CKIHYEHY BEIHYHHY.

Tak, 1OBXKWHA JYI'HM JOBUIBHOL

KPUBOIL JIOPIBHIOE cyMi
0 X, dX X X P p e
Puc. 14.1.12 HECKIHYEHHO  MaJiuX  BIJPI3KiB

Al—0, AKi HA3UBAIOTh

nudepeHiiaiaMu Ta nmo3HavyaroTh dl. JIoBKWHaA AYyrd KpUBOI MOXKE OyTH

n
BHpaKEHA CyMOIO HECKIHUEHHO BEIMKOI KinbKocTi Bizpiskis: L= Al;,a60
i=1

L
yepes Mo3HaYeHHs inTerpana L= Idl :
0
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Buznauenuil iHTErpai BiJ HENEpepBHOI (PYHKIIT y(X) — 1€ MII0ILA M1
KPHUBOIO, IO 3alITpuxoBaHa Ha puc. 14.1.12. 3HadueHHS apryMeHTy X; Ta X2
HA3MBAIOTh HUKHBOIO Ta BEPXHBOIO MEXKEI 1HTerpyBaHHsA. OUueBHIHO, 11O
I TUIONIA CKJIAMA€ThCS 3 TUION] HECKIHYEHHO BY3bKUX MPSIMOKYTHHKIB
y(x)dx.

Busnauenuii iHTerpajn, 10 YHUCEIbHO PIBHUHN IUIONII 1]l KPUBOKO

Y(x), 3aUCYIOTh Y BUTJISL:
X2
P (x)dx.
X

J1J1s BU3HAYEHOT0 iIHTErpajia MOKHA 3alliCaTH:
X, Xz

Y(x)dx=F(x) | = =F(x,)-F(x)),
X

X
1

7€ 3HAaXO/KEHHS 3HaYeHHA QyHKIIIi F(X) 1 € CYTTIO IHTErpyBaHHS.
OcCKiIbKM IHTETPYBaHHS € JI€H0 3BOPOTHOK JIO 3HAXODKCHHS
NOXIHOI Ta JAudepeHiiala, TO HEBU3HAUYeHWH 1HTerpan (0e3 Mex
iHTerpyBanHsi) Oyzae piBHM (yHKIT F(x) 3 TOYHICTIO 70 JOBUIHHOI
KOHCTaHTH, TOOTO:
[y(x)dx=F(x)+ const.
Y xypci i3uku  HaWyacTilie BUKOPUCTOBYIOTH 1HTETpalid  Bij

MOKa3HUKOBOT GyHKIIIT x”. Takuil iHTErpa JOpiBHIOE:

+1

xn
jx"dx= p + const; N#-—l.

+1

Y Bumaaky n=-1 oOTpuUMyIOTh (QYHKIIIO, 110 HA3UBAETHCA

HaTypajIbHUM Jorapudmom (Jorapudm 3 0OCHOBOIO e = 2,7):

I@ = In|x|+ const.
X
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15. IOJATKHA

15.1. @Di3uuni eéenuuunu ma 0OUHUUI IX BUMIPDIOGAHH S

@i3M4YHI 3aKOHM BCTAHOBIIIOIOTH HAWCYTTEBIII B3a€EMO3B’SI3KM MIXK

(GI3MYHUMHU TIOHSTTSIMHU, IO ONUCYIOTh BaXJuBl siBumia B ¢izumi. L1
B3a€MO3B’SI3KM MOAAIOTHCA y BUTIJIAI MaTEeMAaTUYHUX CIIBBIHOIIEHb MIXK
Gi3MYHIMHY BEIMYMHAMH, IO BBOIATHCS IS XAPAKTEPUCTHKH JTAHOTO
(b13MYHOrO SBUILA YU TPYIU TAKUX SBHILI.
@i3uyHI BEMMYWHU — II€ BJIACTUBICTh, SKa € CIUIBHOIO B SIKICHOMY
BIJIHOIIIEHH] J10 6aratbox MarepiaabHUX 00’€KTIB, Ta 1HAWUBIAYaJIbHOIO JJIS
KOXXHOTO 3 HHUX Y KUIbKICHOMY BIJIHOIIEHHI. Tak, BIacTUBICTh BCIX
MaTepiaibHUX TiU1 30epiraTd CTaH CIOKOK a00  PIBHOMIPHOTO
OPSIMOJIIHIMHOTO pyXy, IO Ma€ Ha3By .iHepuiss” Mae Mipy, (I3UUHY
BEIIMYUHY ,Maca”. Tomy MOXXHa CKa3aTH, 110 Maca € MipOK iHEPTHOCTI
MarepiajJbHUX  TiJ. AHQJIOT1YHO,  TEIJIOBUH  pyX  MOJIEKYJI
XapakTepu3yeTbCs  (DI3UYHOIO  BEIMYMHOIO  ,,TeMIEPATYpoHw 1O
TePMOXUHAMIYHIM LIKAJTI TeMIeparyp (abo a0COJIIOTHOIO
TeMIepaTyporo)”, ToOTO TemMmepaTrypa € Mipo KiHeTHYHOI eHeprii
TEeII0BOr0 pyxy MoJiekyJl. OnHOpiTHUME (HI3MUHUMHU BEIMYMHAMU € TaKi,
IO XapaKTepu3yloTh TY K caMy BIacTuBiCTh. Hampukiazn, maca 3emi,
KoMOaifHa 4yu aBTOMOO1IA — OJHOPIIHI, a MIBUJKICTh aBTOMOOLIS Ta MOro
Maca — HEOJJTHOPITHI BETUYNHHU.

3HayeHHd (I3UYHOI BETUYUHU € KIUIBKICHOIO XapaKTEpUCTUKOIO
naHoi (I3MYHOI BEIMYMHU 3 TIO3HAYCHHSIM OJMHUIN 11 BHUMIPIOBaHHS.
Ywucrno, SIKUM BUPAKAETHCS 3HAYCHHS (DI3MYHOI BETMYUHU, OTPUMYETHCS B

pe3ynbTari BuMIipOBaHHA. @DI3MYHY BEJIUYMHY BHUMIPIOIOTH, TOOTO
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MOPIBHIOKOTh  (3ICTAaBJISIIOTh) 31 3HAYEHHSM OAHOPIAHOI 1l (Pi3nyHOI
BEJIMYMHHM, 110 MPUMHATA 32 OJAMHUINO. Take MOPiBHSAHHSA (BUMIpIOBAHHS)
OPOBOJUTHCS 3  BUKOPUCTAHHSIM  TEXHIYHMX  3aco0iB  (3acoOiB
BUMIPIOBaHHS).

Hanpuknax, uwcrmo, ske BuUpakae 3HAYCHHS JIOBKUHU TMpEAMETa,
OTPUMYETHCS TIOPIBHAHHSAM HOTO JOBXHHHM 31 3HAYCHHSM JIOBKWHU
etasiona metpa. llg x momkwHA MoOKe OyTH TMOJaHA I1HIIUM YHUCIIOM,
OTpMMAaHUM TOPIBHAHHAM 1i 3 €TaJIOHOM [riiMa, spaa. Tomy s
OJTHO3HAYHOCT] TOJaHHS 3HA4YCHHS (DI3UYHOI BEIMYWHU YHUCIIO NAOTh 3
000B’3KOBUM IIO3HAYCHHSAM BIJMOBIIHOI OJWHUII BUMIiprOBaHHsA. Jliis
Toro, mo0 MoxkHa OyJa0 BUKOHYBATH il HaJ 3HAYCHHSIMH (I3MYHHUX
BEJIMYMH, BOHU TTOBUHHI OyTH BUPaXXEH1 Yepe3 OJIMHMUII, K1 OB’ sI3aH1 MK
co00I0 3a TMEBHUMHU IMpaBUIaMH, TOOTO YTBOPIOIOTh CHCTEMY OIHMHHUIb
BUMIpIOBaHHS (i3MYHMX BeJUYMH. Y OUIBIIOCTI KpaiH CBITY HHUHI
000B’A3KOBOIO I BUKOpUCTaHHS € cucrema ojaunuilb CI (Cucrema
[nTepHamionanpbHa), mo npuiHaTa Ha XI ['eHepanbHiil KOHeEpeHIli 1o
Mipax 1 Barax? OJMHHUIII KO MaloTh Ha3By - oquHuli CI.

Cucrema olMHUIL OYY€ThCS TaK, IO AJISl KUTbKOX PI3HOPIAHUX (PI3UYHUX
BEJIMYUH OOYMOBIIIOIOTHCS MaTeplanbHi 00’€KTH a0 SBHUIIA, SKI MOXYTh
OyTH BIATBOPEHI 3 JOCTaTHLOK TO4YHICTIO. Il 00’ekTH abo sBuIlA
BUKOPUCTOBYIOTbCS Ui 30€piraHHsi Ta BIATBOPEHHS IIE€BHUX 3HAYEHb
GIBUYHUX  BETUYUH, TOOTO BOHM € eTaJOHAMM OJWHUI. OmuHUII
BEJIMYUH, JUIA SKUX OOYMOBJICHO BIATBOPEHHS 3a JOMOMOIOI0 E€TAJIOHIB,
HA3UBAIOTHCS OCHOBHUMH.

KoxHa ¢i3nuHa BeIM4YMHA XapaKTEPU3YeEThCsl PO3MIPHICTIO, SIKa BUpaXKae
3B’SI30K JaHOi (DI3MYHOI BEJIWYMHU 3 BEIMYUHAMU, SKI € OCHOBHHMHU Y
NEBHIM CHUCTEM1 OAMHHUIb. 3amuC PO3MIPHOCTI BEIUYMHHU MPUUHSITO

BUKOHYBaTH 3a TpaBUJIaMHU 3alliCy aireOpaiuHuX BUpa3iB, MO3HAYAIOUU
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OCHOBH1 BEJIMYMHU BEJIUKUMHU JIITEpAMU: JOBXKHUHY, IUIAX, BIACTaHb — L,
macy — M, gac — T, cuily €JIEKTPUYHOTO CTpyMy — [, TEPMOJUHAMIUHY
TeMmIeparypy — 6, KIIbKICTb pe4OBUHU — N, cuiy cBitia — J. Hanpukinan,
posmipuicTs cumd [F] = LMT -2 . Ha npakTtuii 4acTilie BUKOPHCTOBYIOTh
MO3HAYCHHS OCHOBHUX BenuuuH cuctemMu Cl 1 3amucyroTh pO3MIpHICTb,
HAIPUKJIAJ CHIM B BUIIAI [F] = M- Kr -¢2.

Haxg po3mipHocTSMU  (PI3UYHUX BEIMYWH MOXKHA BUKOHYBATH JESK1
anreOpaiuni nii. [IpaBuiia po6otu 3 po3MipHOCTSAMH Taki: 1) JliBa yacTuHA
anreOpaiuHOro PiBHSAHHS NOBUHHA MaTH TaKy * PO3MIPHICTb, K 1 paBa; 2)
IpH J10JiaBaHH1 (BIHIMAHHI1) 3HAY€Hb BEJIMYUH BOHU MOXYTh OYTH TIIBKH
OJTHOPIAHUMH, TOOTO MaTH OJTHAKOBI PO3MIPHOCTI (TIpU 3aMKCy BKA3YEThCS
CIUJIbHA PO3MIPHICTB); 3) MHOXKEHHS, JUJICHHS, MiJHECEHHS 10 CTEIeHS
BUKOHYETHCS SIK 13 3BUYAMHUMM 3MIHHUMH; 4) BIJIHOLIECHHSI OJHOPITHUX
BEJIMYMH € 0e3po3MIpHUM, TOOTO HE Mae po3MipHOCTi Lle 3HauuTh, 110 70
anreOpaiyHOro BUpa3y PO3MIPHOCTI B I[bOMY BHUIAJKy OCHOBHI BEJIMUMHU
BXOJISITh Y HYJIbOBOMY CTYIICHI.

BukoprcranHs MeETOAy pO3MIpHOCTEH JO3BOJIIE JTOCHTH IIPOCTO
3HAUTH TpyOl MOMWJIKM y MAaTeMaTMYHMX onucax (I3UYHUX MOJEIeH.
SIKo mpu 3amucy pO3MIPHOCTEH BENUYHH, SKI BXOIATH /O PIBHSHHSA
MOPYIIYIOThCS MpaBuiia 2) ado 3); TO Npy ONUCY MOJYJIA SIBUIIA JAOMYIEHO
NOMHJIKY. 3a mpaBuioM 4) TpuroHomerpuyHi ¢GyHkuii Oe3po3MipHi.
3HaueHHs Oe3pOo3MIpHOi BEIMYMHM HE 3aJIEKUTh BiJ BUOOPY CHUCTEMU
OJTMHUIIb.

[Ipu po3B’si3yBaHHI 3a/a4 Ali HaJ PO3MIPHOCTSAMH MOKHA 3aMiHUTH
TISIMU HaJ OJWHMISIMHU, 3alUCYIOUM TOXIJAHI OJUHMIIl Yepe3 OCHOBHI
onuHuIll cucreMu. [lo3HaueHHS OAWHUIL CIiJ 3aCTOCOBYBAaTH TICHS
YUCJIOBUX 3HAUYE€Hb BEJIMYMH 1 TMOMIIIATH 1X B OJAHOMY psAnky (0e3

MIEPEHECEHHS BChOr0 a00 YaCTUHU MO3HAYEHHSI B HACTYIMHHUM PsAIOK). Mix
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OCTaHHBOIO HHUGPPOI YHUCIa 1 TMO3HAUCHHSM OJUHHUII CIiJ 3aJIUIIATH
POMYCK.

Ko 4YHMCIIOBE 3HAYEHHS BEIMYMHHU € JCCATKOBUM JpOOOM, TO
MO3HAYCHHST OAMHUIN CIIJ] 3amucyBatu micis ycix mudp. CtanmaptoMm He
JIOMYCKAETbCS TIOMIIIATA TO3HAYEHHS OJWHWUIIL B OJIWH PSIOK 3
dbopMyIIo10, 110 BUPaXKA€E 3aJICKHICTh MK BeTuduHaMmu. [Ipu HeoOXiTHOCTI
MOSICHEHb BEJIMYMH po3MipHOCTEH y (opMmyni 3amuc iX BHUKOHYETHCS
OKPEMO.

JlitTepHi MO3HA4YeHHS OAMHUIb, SKI BXOIATh Yy JOOYTOK, CIiA
BIJTOKPEMITIOBATH KparKkaMH Ha CepeHil JiHii (K 3HaKaMu MHOXEHH:). Y
JTTEPHUX TIO3HAYEHHSX BIJHOIMICHb OJWHUIIL SK 3HAK MJUICHHS Mae
3aCTOCOBYBATHCS JIMIIIE OJHA TOXWJa ab0 TOpU3OHTAIbHA PHUCKA.
JlommycKa€eThCsi BAKOPUCTOBYBATH MTO3HAYCHHS OJMHUITH Y BUTIISIAL JOOYTKY
MO3HAYEeHb OJIMHUIIb, M1THECEHUX JI0 CTeNeHs (JI0AaTHUX 1 B1I'€MHUX).

[Ipm BuUKOpWCTAaHHI TIOXWJIOI PHCKH TO3HAYCHHS OJWHHIB Y
YUCENbHUKY T4 3HAMEHHUKY CJIiJl IOMIIIATH B PSAJOK, TOOYTOK MO3HAYEHb
OJIMHHUIIb Y 3HAMEHHHUKY HEOOX1IHO OpaTu B Ty’KKH.

[Ipu BHUKOpHUCTaHHI MOXIAHOI OJWHMUIN, IO CKJIAAETHCS 3 JBOX 1
OlIbIIIE OAMHUIID, HE JOMYCKAEThCS KOMOIHYBATH JIITEPHI MO3HAYEHHS Ta
HallMEHYBaHHS OJWHUIb, TOOTO Ui OJHUX OJIMHUIIL HABOJUTHU

IIO3HA4YCHHA, a AJIA IHIITUX — HaﬁMeHyBaHHH.

15.2. Bra3zieku w000 po36’a3y6anHs 3a0ay

1. Ilpu opopmiieHH1 po3B’A3aHOI 3aa4l BKa3yBaTU OCHOBHI 3aKOHU
Ta (opmynu, Ha SKUX O0a3yeTbCs PpO3B’SA30K Ta JaBaTH IHChbMOBE
OoOrpyHTYBaHHs IMX 3aKOHIB. [IoTpiOHO MosCHIOBaTH OYKBEHI MMO3HAYEHHS

y ¢Gopmyrnax. Skimio mpu po3B’si3Ky 3ajadyi BUKOPUCTOBYETHCS (popmyia,
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sKa OTpUMaHa T YaCTKOBOTO BWMAJAKY, IO HE BUPaXKA€E SKUH-HEOYIh
(bi13MYHMM 3aKO0H, YU HE € BU3HAYEHHSAM SIKOI-HEOYIb (13MYHOI BEJIMYMHH,
TO 11 HEOOX1THO OTPUMATH.

2. Jlati pUCYHOK, 1110 TIOSICHIOE 3MICT 3a/1aul ( y TUX BUNAAKaX, KOJIH
e MOXJIMBO). BukoHaTn #oro Tpeba peTenbHO (32 JTOMOMOTOIO0 OJIBIIA,
JTIHIAKY, LAPKYJIS).

3. CynpoBoaKyBaTH PO3B’A30K 3a7a4 KOPOTKUMHU, aje BUYEPIHUMHU
MOSICHEHHSIMU.

4. Bci moyaTkoBi 3HAUEHHS BEJIMYMH B YMOBI 3a/adi MOTPIOHO
nepeBectu y Cl. Hanpuknaza, moTpiOHO MepeBOAUTH KM/TOJ y M/C, Tpaaycu
B pamiany, rpaaycu °C y rpagycu Kenssina (K)

5. Orpumatu po3B’A30K 3ajJadi B 3arajlbHOMY BHUIJISAA1, TOOTO
BUPA3UTH BEITUYNHY, Ky 3HAXOJAMMO, B OYKBEHHX IMO3HAYCHHSIX BEJIMYHH,
110 3aJiaH1 B YMOBI 3aj1a4l. [Ipu Takomy crioco01 po3B’si3Ky HE MPOBOATHCS
O00YHCIICHHS TPOMDKHUX BETMYHH.

6. IlincraButu B mpaBy YacTUHY OTPUMaHOI poOo4oi dopMyiH
3aMICTh CUMBOJIIB BEJIMYMH MMO3HAYCHHS OJMHUIIb BUMIPIOBAHb, MIPOBECTH 3
HUMM BIIMOBIAHI J1i 1 IEPEKOHATHUCH Y TOMY, 1110 PE3YJIbTaT BIJMOBIIAE Tii
OJIMHUII, Ky 3HAXOAUMO ( TUBHUCH MPHUKIAAN PO3B’S3KIB TUIIOBHX 3aa4
HIDKYE).

7. TlinctaBnatu B poOouy (GoOpMylly YHCIOBI 3HAUEHHS BEJIWYUH
MOXKHA JIMIIE TOAl, Koiau BoHU BupaxeHl y CL Hemorpumanus mporo
MpaBUJIa MPU3BOIUTH IO HEBIPHOT'O PE3YNbTATY.

8. Ilpu miacranoBui B pobody GopMyny, a TakoX IpH 3alUCy
BIJITMOB1/11, YUCJIOBI 3HAUYECHHS BEJIMUYUH MOTPIOHO 3alUCYBaTH, SIK 100YTOK
JIECATKOBOTO JIpo0y 3 OJIHIEID 3HAYYIIOW HHU(PPOI0 Iepes KOMOK Ha

BIAMOBIAHY CTyHiHb AecsaTu. Hanpukian, pagiyc 3emmai 6400 kM noTpiOHO
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sanucaru y Burisagi 6,4:10% m, a 3amicts 0,00123 morpiOHO 3ammcaTu
1,23-1073 .

9. OuiHuTH, A€ 1€ MOXJIUBO, NPaBIAOMOAIOHICTh YHUCEIBHOT
BiAMOBMl. B psal BUMankiB Taka OIIHKA JOTOMOXKE 3HAWTH XHOHICTH
OTPUMAHOTO pe3ynbTaTy. Hampukian, koedilieHT KOPUCHOI Jii TeriIoBOl
MallMHU HEe MOXe OyTH Olibllle OJWHUII, EJICKTPUYHUMN 3aps]l HE MOXKE
OyTH MEHIIIE eJIEMEHTAPHOTO 3apsAy €JIEKTPOHY, IIBHAKICTH TiJIa HE MOXKE

OyTH OLIbIIIE MIBUJIKOCTI CBITJIA Ta TOIIIO.

15.3. Buznauennsa ocnoenux oounuuyb cucmemu CI

B cucremi CI npuifHsATO ¢iM OCHOBHHMX Ta JABi J0AATKOBI OJUHUIII.
OnuHusT BUMIPIOBAHHS — 1€ 3HAa4YeHHS (PI3MYHOI BEIWYWHH, B3STE 3a
OCHOBY MOPIBHSIHHS KUJIbKICHOTO OLIIHIOBAaHHS OJHOPITHUX BEJIMYHH.

OcHoOBHi:

1 merp (1 M) — oIMHHUISA JAOBKMHH, 1[0 JIOPIBHIOE BIJCTaHI, SKY
IPOXOJUTh y BaKyyMi IJIOCKA €JIeKTpoMarHiTHa XBuiis 3a 1/299 792 458
4acTKy cekyHau (abo pjopiBHioe 1650763,73 noBxkuH XxBWIb (A =
6,057802105938-107 M) y Bakyymi BHIPOMIHIOBAHHS, IO BIIIOBigae
nepexoly MiX piBHIMU 2pio1 Sds aToma KpunToHy — 86).

1 kimorpam (1 Kr) — oOIMHUIA MAacuM — JIOPIBHIOE Maci
Mi’>KHAPOJHOr0 IIPOTOTHITY KijlorpaMa IiHa noziaku saris 4-103.

1 cexynaa (1 ¢) — onuHMIS Yacy — IHTEpPBaAI 4acy, 110 JOPIBHIOE 9
192 631 770 nepionaM BUIPOMIHIOBaHHS, SIKE BIJIMIOBIIAE MEPEXOAY MIK
JIBOMa HAJITOHKUMHU PIBHSIMH OCHOBHOI'O CTaHy aroMa CTpoHIio — 133.

1 KeasBin (1 K ) — oquHuus TepMOAMHAMIYHOI TeMIIepaTypu —

nopiBHioe 1/273,16 yacTuHl TepMOAMHAMIYHOI TeMIIEpaTypy MOTPIHHOI
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TOYKM BOAM (TOYKA PIBHOBaru BOAM y TBEPIIH, pIAKIA Ta ra3onoaiOHii
dazax).

1 moab (1 MoJIb) — OIMHHUIA KUIBKOCTI PeYOBHMHU — JOPIBHIOE
KUTBKOCTI PEYOBUHHM TEPMOJMHAMIYHOI CUCTEMH, SIKA MICTUTH CTIJIBKH XK
CTPYKTYpPHHUX €JIEMEHTIB, CKIJIbKA MICTUTbCA aTOMIB y ByrJieni — 12 macoro
0,012 kr. CTpyKTypHI €J1eMEHTH MOBUHHI OyTH cnenudikoBaHl 1 MOXYTh
OyTu aroMam#, MOJIEKYJaMH, 10HAMHU, €JIIEKTPOHAMU ¥  IHIIUMH
YacTUHKaMH a00 creliiKOBAaHUMH T'PyIiaMHi YaCTUHOK.

1 ammep (1 A) — ogMHMUS CWJIHM CTPYMY — JODIBHIOE CHII
HE3MIHHOTO CTPyMY, SKUM MpU TPOXOHKEHHI MO JBOX MapajelIbHUX
MPSAMOJIIHIMHUX TIPOBITHUKAX HECKIHYEHHOI MOBXKHHU Ta IyKe Majoi
IUTONII MOIMEPEYHOro Mepepisy, siki MICTATHCS Y BaKyyMi Ha BiJCTaHi 1 M
OJIH BiJ OAHOTO, CIPUYUHSIE BUHUKHEHHS Ha KOXKHINA JUISTHII MPOBITHUKA
JOBXKUHOK 1 M cuity B3aeMogil, o gopisaoe 210 7H.

1 kanpgena (1 K1) — OIMHMIA CHJIH CBITJIa — JIOPIBHIOE CUJII CBITJIA,
II0 BUIPOMIHIOETECA 3 TOBepxHi Iwromer 1/600000 m? moBHOrO
BUIIPOMIHIOBaYa B MEPHEHAMKYJISAPHOMY 0 M€l IJIOLIl HANpPSIMKY MpHU
TEeMIlepaTypl BHUIPOMIHIOBaYa, $Ka JOPIBHIOE TeMIlepaTypl TBEPIIHHS
miatuan (T = 2042 K) npu tucky 101525 Ila (abo mopiBHIOE Ccwuti CBITHA,
10 BUIIPOMIHIOETHCS B 33J]aHOMY HAIpPSIMKY JIPKEPEJIOM, 10 BUIPOMIHIOE
MOHOXpOMAaTH4YHe CBiTI0 yactoToro 540-10'% ', eHepreTuyHa cuia CBiT/Ia
SIKOTO B IIbOMY HaIlpSIMKY CTaHOBUTH 1/683 B1/cp) .

Jlooamkoei

1 paagian (1 pax) — OAMHHUIA IIOCKOr0 KyTa — JIOPIBHIOE KYTY MiXk
JIBOMa pajilycamu KoJjia, JTOBXKHHA YT MK SIKUMU JOPIBHIOE Pajiycy.

1 crepamian (1 cp) — oaMHHUISA TiJIECHOr0 KyTa — JOpIBHIOE

TIJIECHOMY KYTY 3 BEPIIMHOIO B LIEHTPI chepH, KUl BUPI3ye HA MOBEPXHI
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cthepu 1IIOILY, 110 AOPIBHIOE TLJIONII KBajpaTa 31 CTOPOHOIO, 1110 JTOPIBHIOE
pazaiycy chepu.
Bci iHII1 0IMHULI BUMIPIOBAHb (DI3UYHUX BEJIMYMH € MOXITHUMH B1J

HaBEJICHUX BHIIEC OCHOBHUX (DI3MYHUX BEITMYHH.

15.4. Ocnoeni hizuuni cmani ( okpy2ieni 3naueHns)

di3nuHa crana [To3nauenHst | 3HaueHHs
[IpuckopeHHs BUTLHOTO MAaiHHA | g 9,81 m/c?
I'paBirartiiina craua G 6,67-10" M*/(xr- ¢%)
IMocriitna ABoraapo Ny 6,025-10% monp™!
VYHiBepcajibHa ra30oBa cTaja R 8,31 JIxx / (Monb -K)
Crana Bombsimana k 1,38-102 JIxx / K
EnemenTtaprwuii 3apsi e 1,60-10"" K
ATOMHA OIUHHUIS MacH a. o. m. 1,66-10"%7 kr

Maca enekTpoHa Me 9,11-103 kr

Maca HeiiTpona My 1,675-10"" kr

Maca npoToHa my 1,672-10°%7 kr
Enexrpuuna crana o 8,85-1012 d/m
MarnitHa craia J75 1,257-10°° Tu/m
Craia ITnanka h 6,62-10* JTx-c
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15.5. Muoscnuku i npucmagku 014 ymeopio6anHsa KpamHux ma

YACMKOBUX 0OUHUUD I IX HATIMEHYBAHHA

IIpucraBka MHOXHUK IIpucraBka MHOXHUK
Haiimenys | Iloznaue Haiimeny | Ilo3Hauen
aAHHsA HHS BaHHS Hsl
eKca E 108 nerti i 10!
nera I1 101 CaHTH C 102
Tepa T 1012 Miti M 103
rira r 10° MiKpO MK 10
Mmera M 10° HAHO H 10°
KiJI0 K 103 KO I 10712
T'eKTO r 10? dbemro 1071
IeKa na 10! aTTo a 1018
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15.6. Ilo3zacucmemni oounuyi, AKi 0ONyuwieHi 00 3acCMoCy6aHH 6

HAGUAIbHOMY npoyeci

Beanuuna OnuHuns
HaiimenyBanusi | llosHayenns | CniBBigHOLIEHHS 3
onunuuero CI
Yac XBUWJIMHA XB 60 c
roJInHa roJ 3600 ¢
noo6a 1100 86400 ¢
[Tnockuii KyT rpagyc | e ° (n/180)
XBWJIMHA | eee.... pan=1,74-102pan
CeKyHAA | ...... (m/10800)
pan=2,91-10"*pan
(1/648000)
pan=4,85-10" pax
00’em, JTp b 10733
MICTKICTh
Enepris CIEKTPOH-BOJIBT | €B 1,60-10°1° T
Maca TOHHA T 1000 xr
aTOMHA OJWHMIA | 2.0.M. 1,66:10-?7kr
Macu
OntuynHa cwina | g1oOTpist JITP I m!
BignocHa IIPOLICHT % 1072
BEJIMYMHA pomie %0 103
MinbioHHA M 10¢
JacTKa
Jlorapudmiyna | Oen b -
BEJIMYMHA nenuoen nb -
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15.7. I'yvcmuna pioun

15.8. I'y'cmuna 2azie ( npu HOpMaAALHUX

ymoeax)
Piguna I'ycTuna, I'as I'ycruna, kr/m>
Kr/m>

Asor piakuii(77K) | 0,79-10° Bonenb 0,09

Bensun 0,70-10° [emniii 0,18

Bona (ripu 4 °C) 1,00-10° Kucenn 1,43

Bona mopcrka 1,03-10° [ToBiTps 1,29

[ minepun 1,26 -10° O30H 2,14

PTyTh 13,6103 Oxkuc Byrterio | 1,25

Criupt 0,80-10° Xiop 3,21

15.9. I'vcmuna meepoux min

Teepae Tijo I'ycruna, kr/m® | Teepae tino | 'ycruna, kr/m?
Amominiit 2,70-103 Mapmyp 2,70-103

Anmas 3,50-10° Minb 8,93-10°

Bapiii 3,50-10° Hikenb 8,90-10°
Bananiii 6,02-10° Cunenp 11,30-10°
BicmyT 9,80-10° Cpibuto 10,50-10°
3aiizo 7,88-10° Cranb 7,80-10°
30510TO 19.3-10° Ckito 2,60-10°

JliTii 0,53-10° [e31i 1,90-103

Jin 0,90-10° 171503 7,15-10°
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15.10. Monsapna maca i 6iOHOCHA MOSIEKYIAPHA MACA 2A316

l'a3 MossipHa Mmaca, | BimHocHa MonekynspHa Maca
KI'/MOJIb

A3oT 281073 28

Bonenn 2:1073 2

IToBiTps 29-103 29

Iemiit 4-103 4

Kucens 32-107 32

Byrnekucnuii raz | 44-1073 44

15.11. Bionocuni amomui macu (3aoxkpyzneni 3nauenusn) A, ma nopaokoei

Homepa Z deaKux e1emenHmis

Enement CumBon A Z Enement CumBon A VA
Aot N 14 7 Jliti Li 7 3
AnromiHIH Al 27 13 | Marnii Mg 24 12
Apron Ar 40 18 | Mapraneus Mn 55 25
bapiit Ba 137 | 56 | Minp Cu 64 29
bepuniit Be 9 4 Momnibaen Mo 96 42
Banapniii v 51 23 | Harpiit Na 23 11
Bonenn H 1 1 Heon Ne 20 10
Boasdpam W 184 | 74 | Hikenp Ni 59 28
Byrneup C 12 6 O10BO Sn 119 50
lemi He 4 2 IInatuna Pt 195 | 78
3aiizo Fe 56 26 | Pryts Hg 201 | 80
3o10TO Au 197 |79 | Cipka S 32 16
Kanmiit K 39 19 | Cpibuo Ag 108 | 47
Kanbiiin Ca 40 20 | VYpan U 238 |92
Kucens O 16 8 Xnop Cl 35 17

561




15.12. Macu amomie ne2kux izomonie

[30TON CumBon | Maca, [30TON CumBon Maca, a.0.Mm.
a.0.M.
Heiitpon n 1,00867 bop YB 10,01294
VB 11,00930

Bosesb 'H 1,00783 Byrneus | 2C 12,00000
>H 2,01410 BC 13,00335
sH 3,01605 s 14,00324
1 6

Iemiii JHe 3,01603 A3zoT “N 14,00307
‘He 4,00260

JliTiit ¢Li 6,01513 Kucensr | YO 15,99491
1Li 7,01601 70 16,99913

Bepuniii | /Be 7,01693
’Be 9,01219

15.13. Ilepioo niepo3nady padioakmueHux i30monie

I3oTom Cumson | Ilepioa I3oTon CumBon | Ilepion

MIBPO3Maay MiBpO3Iay
AKTUHIN 25 4c 10 ni6 Ton ol 8 nid
KoGaner | £Co 5,3 poku CrpoHLiil | 557 27 poKiB
Marniit | [JMg 10 xB ®ochop | 2P 14,3 ni6
Paniii 2Ra 1620 pokis | Llepiii “Ce 285 ni6d
Panon ’Rn 3,8 ni6

562




15.14. Maca ma enepzisi cnOKo10 0€aKuUX 4aCMuHOK

YacTuHKa mo Eo

KT a. 0. M. Jx MeB
Enextpon 9,11-107! 0,00055 8,16-10°14 0,511
[Tporon 1,672-10% 1,00728 1,50-10°1° 938
Heiitpon 1,675-10% 1,00867 1,51-10710 239
Heitpon 3,35-10% 2,01355 3,00-10710 1876
o-9acTuHKa | 6,64-10%7 4,00149 5,96-10°1° 3733
Heitrpanbuuii | 2,41-10728 0,14498 2,16-10!" 135
T-ME30H

15.15. I'peyvkuit anghasim

Jlimepa Has3ea Jimepa Has3ea
A,o anbpa N v HIO
B,p Oera =& KCi
I,y ramma 0,0 OMiKpOH
4,0 JeJIbTa 1L, mi
E,& CNCUJIOH Pp po
A4 a3era 2,0 curma
H,n era T, Tay
0,0 TeTa ) 8)) incuion
L ora D,p ¢pi
Kk Kamna Xy xi
A, JAMOAa AT nci
M,u MIO Q0 omMmera
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15.16. Jlamuncokuii anghasim

Jlimepa Has3ea Jimepa Has3ea
Aa a Nn eH

Bb oe Oo ]

Cc e Pp ne

Dd ne Qq KY

Ee e Rr ep

Ff ed Ss ec

Gg re, ’e Tt TE

Hh ra, am Uu y

Ii i Vv Be

Jj HOT, KM Ww nyO0JIb-Be
Kk Ka Xx iKkc

Ll eJb Yy irpek
Mm eM VA4 3eT(3eTa)
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MIHICTEPCTBO OCBITHU I HAYKH

HAIIIOHAJIBHUI YHIBEPCUTET BIOPECYPCIB
I IPUPOJOKOPUCTYBAHHSA YKPATHU

boiiko Bonogumup BacunsoBuy
3aunoiuo Irop AnatoniioBu4
TI'opneBcbka Okcana OnekcaHapiBHA
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	where m is body weight; MЗ is mass of the Earth; Rз is radius of the globe.
	Gravity and living organisms
	Gravity is the property of bodies with mass to be attracted to each other. Unlike other external stimuli, gravity always exists and does not change in magnitude; it cannot be turned on or off.
	The Earth's gravitational field is an important external factor for organisms that move in the aquatic environment. This ability of organisms to orient the direction of their motion relative to the gravitational field is called gravitaxis. Gravitaxis ...
	Gravitaxis of algae. Vertical migration of algae is a behavioral mechanism for finding the optimal position in terms of their growth and reproduction in the aquatic environment. Photosynthetic and non-photosynthetic microorganisms use light as an exte...
	Gravitropism of plants. The growth reaction of plants, which causes the bending or curvature of a certain part of it towards an external stimulus is called tropism. If the movement is directed to the stimulus, there is a positive tropism; if in the op...
	Engraving reception. Unlike other external stimuli, gravity always exists and does not change in magnitude. In addition, gravity cannot be turned on or off; it is not characterized by the presence of gradients. Cells in the upper parts of the stem or ...
	The movement of gravity receptors promotes the activation of certain enzymes that regulate hormone metabolism. Due to the movement of the plastids, a gradient of growth substances is formed, which ensure the growth of the sprout or root.
	Measurement of gravitropism. Most experiments use a gravitational acceleration of 1 g or less, which is achieved by orienting the organ (coleoptile or root) in a position other than vertical. The gravitational force is proportional to the sine of the ...


	Elastic properties of biological materials
	The study of the elastic properties of biological materials makes it possible to study the processes of functioning of the musculoskeletal system of living organisms. Consider the main biological materials, which are characterized by extraordinary ela...
	Collagen is a protein, an organic component of bone tissue that provides its elastic properties. In addition, collagen is found in the skin and tissues of blood vessels.
	Elastin is an elastic protein found in vertebrates in the form of thin tufts in the connective tissue that is located in the walls of the arteries, especially near the heart.
	Resilin is a protein found in insects. The elastic properties of resilin give them the opportunity to jump. For example, if a person had the opportunity to jump like a flea (Aphaniptera), he would be able to jump over a 100-story house. Thanks to resi...
	Abductin is a protein found in the mollusk  scallop (Pecten) at the base of the shell; the comb is able to float, opening and closing the sash with a frequency of 3 oscillations per second. In addition, abductin is found in the forewings of cicadas (H...
	Bones and muscles are the main components of the musculoskeletal system of humans and animals. The study of the elastic properties of bone tissue is expedient in terms of the tasks facing modern surgery and orthopedics related to the development and i...
	In addition to providing movement, bones perform the functions of support and protection of muscle tissue, are a place of accumulation of calcium.
	The shape of the bones are divided into long, short, flat and irregular. Bone mass is about 18% of total body weight. About 60% of the volume (40% by weight) of compact bone tissue is organic collagen; the rest  inorganic material hydroxylapatite Ca1...
	The modulus of elasticity of bone tissue occupies an intermediate value between the modulus of elasticity of its components and significantly depends on their percentage.
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	Dynamic characteristics of animals
	During the movement of the animal, internal forces develop, which are developed by the muscles in the body of the animal and are converted into the rotation of the segments of the joints and the translational movement of the animal as a whole, as well...
	An important dynamic characteristic of an animal is the stretching that occurs on the surface of the animal's bones during their bending or torsion. This parameter is evaluated using sensors that measure the force or stress that causes tension. The he...
	Tendon stretching that occurs under load can be measured, for example, using sensors based on the Hall effect.
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	The surface of the lungs has a specific relief shape and a large area to ensure better gas exchange. During normal lung function, this significant pressure is compensated by the surface tension that occurs on the surface of the lungs.
	Increased surface tension can lead to a dangerous respiratory disease - hyaline-membrane disease of newborns. This disease can be prevented by applying surfactants that reduce surface tension. One such substance is phosphatidylcholine, the molecules o...
	The result of the action of such a limiting molecular layer is a decrease in the coefficient of surface tension from 70x10-3 N/m to 30x10-3 N/m.

	Mechanisms of phloem translocation
	Any theory that could explain the mechanisms of translocation of photoassimilates and organic matter along the phloem should take into account and explain the structure of sieve-like elements of the phloem, high (50-250 cm/h) translocation rate over l...
	The most probable hypothesis is the flow under pressure, which is based on the transfer of the mass of solute from the source to the storage organs due to the gradient of hydrostatic (turgor) pressure in the sieve-like elements. Phloem is loaded by tr...
	Another hypothesis involves the participation of electroosmosis in the transport of substances through the phloem. It is believed that the driving force of sugar movement from one sieve tube to another through the pores is the transport of K+ ions, wh...
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	Течія в’язкої рідини може бути ламінарною (якщо шари рідини, що рухається, не перемішуються), або турбулентною ( при перемішуванні шарів).
	Вплив біоаерозолів на живі організми. Біоаерозолі здатні провокувати захворювання та алергічні реакції людей, впливати на тварин і рослини, викликати захворювання через повітряні потоки. Відомо, що багато біоаерозолів здатні викликати подразнення респ...
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	9.1. Звук та його характеристики
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	Physical methods of blood research
	Direct measurements of erythrocyte diameter. The erythrocytes on the colored film are illuminated so that their image is projected on the screen with a magnification of 1000 times. The disadvantage of this method is the long duration of the measuremen...
	Diffraction methods for determining the average diameter of erythrocytes. The method is based on the beam envelope of an erythrocyte and the observation of a diffraction pattern consisting of concentric rings. The diameter of these rings depends on th...
	Measurement of erythrocyte sedimentation rate. When removing blood from blood vessels, attention should be paid to the study of erythrocyte sedimentation rate (ESR). The rate at which particles settle in a viscous liquid depends on the temperature. As...
	Estimation of the number of erythrocytes per unit volume. The greater the number of erythrocytes per unit volume, the slower the erythrocyte sedimentation rate. Estimation of the number of erythrocytes in the blood is possible with the help of countin...
	The principle of operation of an electronic device for determining the number of blood cells is based on measuring the electrical resistance of blood using two electrodes immersed in this blood. The electrical conductivity of blood depends on the numb...
	The electronic counter consists of two vessels - wide, which contains blood, and narrow, which is immersed in blood. A narrow vessel has a narrow opening through which blood cells pass due to some discharge of air created by the pump. The system is eq...
	In addition, a narrow vessel is connected to a mercury manometer. As a blood cell passes through a narrow hole, an electrical circuit is short-circuited, causing the conductivity meter to generate a pulse whose amplitude depends on the volume of the c...
	Another method of determining the number of blood cells is based on dark field microscopy. Diluted blood passes through a thin tube, which is illuminated by a cone-shaped beam formed by a lamp and a dark field condenser (lens and diaphragm with a ring...
	Determination of hematocrit. The technique of ultracentrifugation makes it possible to divide the blood into three fractions: at the bottom of the cuvette are placed erythrocytes; next is a layer of leukocytes and platelets; at the top of the cuvette ...
	Thus it is possible to determine the relative number of blood components and hematocrit.
	The hematocrit can be determined using a nomogram, on the background of which the capillary is mixed with blood components obtained after ultracentrifugation.

	Робота серця
	Modern devices for measuring pressure
	Aerosols and bioaerosols
	A special place among the particles is occupied by aerosols - dispersed (colloidal) systems consisting of particles ranging in size from 10-5 m to 10-7 m and the gaseous medium in which they are suspended. The main source of biological aerosols are pl...
	Typical representatives of bioaerosols are bacteria Bacillus sp., Legionella pneumophila, Micropolyspora faeni, Mycobacterium tuberculosis, Pseudomonas spp., Staphylococcus spp., Streptococcus spp .; fungi (primarily mold and yeast) Histoplasma capsul...
	The branch of biology that studies organic particles that are passively carried in the air is called aerobiology. This science is closely related to palynology, mycology, toxicology, climatology, meteorology, engineering and control of biological poll...
	Most developed countries have stations to monitor the behavior and trends of bioaerosols that are dangerous to human health. In addition, aerosols and bioaerosols play the role of condensation centers and, therefore, will affect the formation of clouds.
	Influence of bioaerosols on living organisms. Bioaerosols can provoke diseases and allergic reactions in humans, affect animals and plants, cause disease through air currents. It is known that many bioaerosols can irritate the respiratory tract, in pa...
	Among the diseases caused by bioaerosols, we can distinguish bronchial asthma - an allergic disease that manifests itself in repeated attacks of expiratory (during exhalation) asthma due to impaired bronchial patency; allergic rhinitis - an allergic r...
	That is why the problem of identification and quantification of atmospheric aerosols and bioaerosols is relevant.
	Methods of measuring aerosol parameters.
	The device for measuring the characteristics of aerosols is equipped with a weather vane, which allows you to orient the entrance window against the wind direction. Bioaerosols are delivered during the day on a tape covered with adhesive tape. This ta...


	Акустичні сигнали тварин. Акустичне спілкування тварин здійснюється завдяки особливостям голосових систем, що дає можливість тваринам утворювати звуки різної інтенсивності, частоти, спектрального складу та тривалості, і, таким чином, здійснювати акуст...
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