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KPUBOIIMITHO-ITATYHHOI'O MEXAHI3MY
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MOMEHTY IHEPLII KPUBOLIMITHO-IIAT

2.3 3MiHa MPUBEACHQI0 MOMEHTY 1HEPI[ll KPUBOMIUITHO-IIATYHH XaH13MIB
y gy

PO3AUI 3 EKCITEPUMEHTAJIBHI JOCJIIXE
[HEPLIT KPUBOLIMITHO-IHATYHHOI'O MEXAHI3MY JIBUI'YHA J1-3 TA
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V5N YiroaiHm




AKTyaJbHiCTL TeMHu. JI0 OCHOBHMX 3a/Jad JBUTYHOOYJIyBaHHS Ta

WyKQHHS PiBHA BIOpaliHYR) @IBAHTAKEHD Bl

Tb H
OHC (
JIb

arperariB JBUTYHIB Ta TPAHCHOPTHHMX 3ac00iB, 3HIDKEHHSAM iX MaTEPiaIOEMHOCTI,

MIJBUAIIEHHSM KOM(OPTHOCTI, IOBFOBIYHOCTI, €EKOJIOTTYHOCTI TOIIIO.

BUTYHAX \ BHYTPHHH
BHKO 1i| KpY THITBHUY) K@I 0

3MCHIIMTH BIOpaLiiiHI HABAHTAKEHHS Bi poOOUn}

eHeprii. Ilopyd 3 HUMH 4YacTO BUKOPHUCTOBYIOTH JIBOMACOBI MaxXOBUKH, SIKi

Hanfo (3MeEHR konuBaHHs, @ (MepenaroThes B

1 Hg

. HE3

KOJIMBAJIbH1 TPOLIECH, IO BIIOYBAKOTHCS OE3MOCEPEIHBO B CAMOMY JIBUT'YHI.

OnHiero 3 npgmﬂ BUHUKHECHHS KOJWBAJIbHHUX MPOLECIB B (BOCBIHHGBI/IX JIB3 €

EJIEHOT EHTl [HEPX
e

PO3rIAAa0TLCA MaTeMaTH4H1 MOI[GJ'IL B AKHX MJD CIIPOIICHHA HC BPAaXOBYIOTLCA

PYXOMI Macd CWJIOBOIO arperary B MOBHOMY OOCs3i, a caM€ BOHM MPHU3BOASATH IO

MpPOTIATOM OI[HOFO@ Ty [13-15, 18

&Rf[ 1HE
121. Bracnioox
HAHDEM , B0 3H&XHO




7

OCEe{l 3MiHM TPUBEICHOrO MOMEHPY) iHepuii KIIIM

P1y A

s

EHTY 1HEPLIT pa3oM 3 racisiMu

HACTYITHI

3agaui;

aHaJI13 3MIHU MOJIO>KEHHS LIEHTPA MAC Ta NPUBEACHOT0 MOMEHTY 1Hepuii KIIIM

3 B 3QJIKHOCTI RIJT HOrO MAaCOBO-T€OMETPUYHUX MAPAMETPIB H&OM}/ JlanasoHi,
)\ :




METOJOM MAasSTHUKOBUX KOJMBaHb, JJis BHUMIPIOBaHHS HEPIBHOMIPHOCTI XOIy

KOJIHYacToro Bajia_ mnopmHeBoro JIB3. JlOCTOBIPHICTE OTpPUMaHUX PpPE3YJbTATIB

CTaH H

HHA

JAHUX TEOPETUYHUM PO3paxyHKaMm, OJAECPKaHUX OCOOMCTO, Ta JaHUMH 1HIIKAX

%O y I
YKO HJ OLPIKAH i
BE & oﬂm;ie 3M% T C

3alpONOHOBAHO BHpPA3 Ui HOTr0 BU3HAUEHHS, 110 JO3BOJISIE OIIHIOBATH 3MIHY

MOJIOKCHHS ueHTpadsSac KIIM JIB3 B 3aJIe’KHOCTI Bl KyTa HOB?BO(BY KOJITHYACTOTO

B H OHIAT KOM%

KIIIM JIB3 Ta 3anmpomoHOBaHO BUPAa3 Ui WQOPO BHM3HAYEHHS, MO JO3BOJISIE

OLIIHIOBATH 3MIHY MpHBeAcHOTO MOMEHTY 1Hepuii KIIM JIB3 B 3ajie’kHOCTI BiJ KyTa




MBI YkozlFm
V5N YroalHx
5N Yoz
YIS YroalHx
VBN YRoalHx
V5N YroalHx
V5N YroalHx
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1.1 AxrtyajabHicTh npodjemMu

e

IOTY)KHICTb, CKOHOMIYHICTL, MIHIMAJIbHA K1JTbK(

Ki [IQB 4
OCHIJKEHb, O

npobiieMa AOCHIDKEHHS BIOPOAKTUBHOCTH JBUIY

EJ
)

I

xapaktep. [ToB’s13aH0 11€ K 3 HEOAHO3HAYHICTIO BUOO 03paxyHKOBOI MOJIEI, TaK 1
00

O BMH]

HHA C

JUHAMIYHOTO CHUHTE3Y MapaMeTpu 3a3HAYEHWX CHCIEM PO3MIISIIAOTHCA SIK JITHIMHI

MOJIENI, U0 B 3HAYHIH MIpl 0OYMOBJIEHO IPOMIZJKICTIO i TPYAOMICTKICTIO PO3B'S3KY

Hmibl;y
ope aii

(dakropu
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CWJIOBOI'O arperary B moBHOMY o0cs31 [17, 38].

Cy4acHi JTOCSITHEHHS B €NEKTPOHILI BIAKPHIN MIMPOKI MOKIIMBOCTI PO3BHTKY

()
QL0 K HA A
“' etib. [MaioyT

BAOCKOHAJICHH1 1 IIOKpallCHH1

BUPOOHMIITBA JATUYHUKIB 1 BUKOHABYMX MeXxaH13MiB [12—14, 21, 25, 29].

: ' JB3\ Ui ¢npOIIEHH NPUBEICHAR MOMEHT iHEPIi
K ] HOI) B np%g ¢ .
31 Mmal qadHOTY \ : {HO '
Ile

FCOMETPUYHUX MMAPAMETPIB Ta KOMIIOHYBATBHAUX  CXEM. 1 BH3HAYMJIO

COpSAMOBAaHICT AaHOi podoTtu. Came TOMY CTAaHOBUTb I1HTEPEC CTBOPEHHS
@)

( O
Hﬁro TgnpJrpaMyoro\ Ko Ccy

FEOMETPAUYHUX MAPAMETPIB Ta KOMIOHYBAIBHOT

XOIy.
1.

€ThC

oOepranHs Bajna [47, 69]. ToOTO B KOHTEKCTI 3aBaHHsI MPUBEICHHS NIHCHOI CUCTEMHU

0 il JUHAMI4HO1 agog[eni Maca MPEACTaBISAEThCS 1, 5K prTvago-KonHBaanHﬁ

A

HEPLIY

HHM

NEPETUHAX KPYTWIBHOI cucTeMu. Tak Macu, NOBMIPHM SKHX B3J0BXK Baja HE

NEPEBULIYIOTh B 1,5-2 pa3u KWOro aiaMeTp, HA3UBAKOTHCS 30CEPEKEHUMU Macamu

KOJIECO, HACAIHKECHE He didb Bajia, My(ptu

DK

0 ¢
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PO3MIISETHCS HA KiUJIbKA YaCTHH (K MPaBWiIO, AB+IPU B JUCKPETHIA Mojeni), abo

OPEICTABISIETECS  SIK  PO3MOAUICHA MO JOBXKMHI Maca (O€3ynMHHO PO3MOJIICHI

11

ONMUCYIOThC AU (EPEHIIIAIEHUMHA

rinepOoYHOro TUMY [6].

PO3IIIAAETHCS Y 3B'A3KY 3 (POPMYBAHHSM JIMHAMIYHO E€KBIBAJEHTHOI KPYTWJIHHO-

KOJIMBAJIbHOT CI/ICTGMI/I 3 JBUTYHOM. Y [bOMY PO3IUN  PO3MIISLAAKOTHCS
QO
] Il/lP I

RIS

00EepTOBI Macu KPyTHUX MOMEHTIB BiJ] ra30BUX 1 IHEPIIHHUX cuil. Y nopiiHeBux /(B3

CogepramoThes oCi KOmiH4YacToro ®afa) € JaHKW, IO

-IOCTY TIAJIbHN

MUHHO Po8OOAl 3

X CHJI 10 UEHTPY B KJIIACUYHIN MEXaHIIl KOPUCTYIOThCA MEeTOA0M [lyaHco, 3riiHO 3

IKUM O Nb-AKY C%yHHiCTB CWJ_MOJKHA IIPHUBCCTH 10O FOHO(B}E)FO BCKTOpPA %1

TOYOK, TPAEKTOPIi IKHX BIJOMI.

SKmo pyx MExaHiuHOi CHCTEMHM (OKpeMui MexaHi3M ab0 OKpeMa 4acThHA

HCHOK KOO HHH&TOI@@) [1850)
inoi 1 . . -













16

WX HPOILIECIB, MOB’I3aHUX 3@@3 TPAHCMICIEIO
g

Oz

Jleski aBTOpW BU3HAYAKOTh MOMEHT I1HEPHIiI BT Mac, IO PyXarThCs

p

MOCTYMAJBLHO, CIPOLIEHO 3a JOMOMOrOK PO3KJIafaHHs B psa PyHKiii ix pyxy [17,

~

AHaJi3 BTpaT eHeprii B NpuBoAi aBTOMOOIIs 32 538HOK

1.4
] O
H HOMIPHOCTI BHI'YHaA
VBTN EPRIEIZ
: : iIHuacToro Bana /[B3 3ymoBieHa, B

HepiBHOMIpHICTE YacTOTH OOEpPTaHHS KOJII

OCHOBHOMY, 3MYIIYOUMMH (PAKTOpaMH — IPOTIKAHHAM POOOUYMX MPOLECIB B OKPEMUX

=]

TN DAY (T KDY TN HAMEA KOJIHBAIH eaementiB JIB3. OctafBi Moyt OyTH
Jpc € eﬁlﬁ ﬂ a BHAYHU : THYHWAH
bHU B e BHMarae YBRHH Q) 38 BEIMK

YHCJIOM YaCTOT BJIACHUX KOJHMBaHb. [|Jisl TAKOTO aHai3y JOCTATHBO MEpIIl (HUXK4l) 2-

3 3 HUX, 3 IKUMW B C%O6O‘{OMV Jlana3oHi 4acToT 0O0epTaHHs M0>K815)e30HyBaTH 3-4

T Q0 | MOMGHTY 1]
3 1 OHIK M., 0

BHACJI1I0K MaJIOCT1 My, [35].

HuaH 0 r@é@mx MPOLIECIB B
€ THY P X APS;
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3a 4aCTOTOK Ta aMILTITYAOK, MOYKHA BUIUIMTH AB&XAPAKTEPHUX PIBHS MPYKHHUX Ta

3BYKOBHMX KOJMBAaHb. MAKPOCKOMIYHMI Ta MIKPOCKOMIYHUH. MakpOCKOMYHMIA pIBEHb

iHun). [lpyn 3HaYHKMX 3a30pax MK AETaassMU IMOYJIbCHI CHJIM HAOyBarOTh YIapHHN

BIIACHUX KOJMBaHb OKPYMMX JETaANCH, Kl

HEONHOPIIHA, MIOPCTKA. [i CTPYKTypa 3aIeKHuTh Bij

3HOIITYBAHHSI. d)nngaui;{ CWJIM TEPTS JTOCTATHBO BEMKA, 1100 30y IUTH B Marepiail

B AHH S 1 B
KR KUTBKICTE 1
dKY (I _ETRKTR
NHSA [peOoYu
Aol moxu pes

H_IBI/II[KOCTi 3MIHH TIOJIO;KCHHS pe)KI/IMHOi TOYKH II0 NHUKIOBOMY HAIOBHCHHIO.

Cucrema HpaBnng POOOYMM TPOIIECOM aBTOMOO1IILHOTO HBH%}% IMOBUHHA MaTH
B 0_3a083nguye| 0ppo 0 KAPAKTE ' KITOB
H HHH | hi Thb 31 31

[Tpu inauumpyBanHi JIB3 4acToTy BlacHUX KQIMBAaHb JaTYMKA MiA0MPArOTh 3a

YMOBH, 00 BOHA MEPEBUIIyBala 4aCTOTY FAPMOHIK HAMBHILOTO MOPSIKY 13 YMCIa

a MOxe OyTh

leld
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aii nmpuBoay. Ciix 3a3HAYUTH TOM (PAKT, MO MOTYSKHICTH BTPAT MPH PE30HAHCHI Ta

OMM3BKKUX IO HBOTO PEXKUMaxX poOOTH MPUBOY PI3KO 3POCTAE, 1 LIE CTAaBUTh OOPOTHOY

@)

q 34X0/

IYHO| OE3MEKH Ma

AeMIyBaHHS ) € TPUYMHOK PO3CIFOBAHHS €HEPT1i BCEPEIUH1 KOJMBAIBHOI CUCTEMH.

BUBYCHHI IIPUPOIU BYYIPJIUIHBOIO TEPTH,

[H

i

Npy>KHA MOJIETb, [0 MPUITYCKAE 3AJIEXKHICTh CHJI TEPTS B IBUAKOCTI Aedopmarrii,

TOOTO BiJl YACTOTH gsouecy. Jlta Takoi MOJIEN1 CTBOPEHUIA HAIIHHUH MaTeMaTHYHAN

50 Qf‘p”

IXﬁi 5103:3%)
(LT 1

aeopmarliiss €JIEMEHTIB KIHEMATH4HOI Mapu, TEPTS B HEPYXOMOMY 3'€HAHHI

KOHCTPYKIIHHE ﬂeagrd)ipyBaHH;[) MO>KHA BU3HAYUTH TIPH OI[HO‘I&%IBM}/ BpaxyBaHH1
s

Q0 KOHTAKTHUX [10B [ fAK A
Teap oc@(' ro agMidip HE%

PO BJIACTUBOCTI MaTepiany (3akoH ['yka) 1 mpo ¢p

NOBEPXOHb (3aKOH CcyXOro Tepts). LluM ysBJICHHSIM BIANOBIJAE SIBULIE TiCTEPE3UCY,

/ _HE 3aIeXKaTh Bil I@aﬁﬂmcﬂ poIIeC
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13 TUIUB 3'€¢JHaHb BClEl a00 HgeY 1 KOJIMBAJTLHO1

EKCIIEPUMEHTAIbHE BU3HAUYEHHSI TUIOLII TETI1 MCTEPE3UCY, OCKUTBKH OJHOYACHO Ma€

MICIIe ¥ mpy»KHA CKJIafoBa aedopmartii — >KOpCTKICTb.

MpOT rQ il p T aH
BT y@ﬂ 4000 xg! C
TAPMOHIKH APYyTOTr0 MOPSAIKY KPYTHOTO MOMEHTY| /] 1. B TIbOMY

Jiama3oHi 0OOB'I3KOBO MPUCYTHI HIKY1 BJIACHI YaCTOTH MPUBOAY. TOMYy HasBHICTh

TOMO01II € HEMUHYYUM (PaKTOM.CJKDIO JUId JU3ENb -

HE PEKOMEHIYETHCS, TO HA ABTOMOOUIBHOMY TaXOMETP1 TOBEJIOCH O BIAMIYATH KIJTbKa

3a00POHHMX 30H. 3pO3yM1JIO, IO 1€ HEMOXKJIIUBO [17].

O
TIMHUM Bapl
HS

«pO3rOMAYBaHHS» KOJMMBAaHb. OCKIJIBKM CWJIM BHYTPIIHBOIO TEPTS 3aJI€KATh

Afamiin, » (@ popmanii 3 avh BiJ BigHOLIEHHS YacTODU 3OYproBaHHS 10
IBICTED BJI X 4acro ' )7 :

JBUTYHA (TpaaMiiiiHa 3anada). [Ipy HEMHHYYOCTI KPUTUYHHMX OOEPTIB ABUTYHA

HEOOX1THO MiHiMi38aTI/I aAMIUTITYIW KOJIMBaHb MPUBOAY W Tmbcgva - 3HU3UTHU
B : TE
3 H H]

HaMpyT.
[Tpu BUOOP1 3ac001IB [Tl 3BMEHIICHHS KOJIMBAHb BAKIIMBO 3HATH, SIKY YACTHHY B

eMH CTAHOBIATL BTP&dih 3’€qHAHHAX, 1

&

s =i 4 3 2
' ’% - \ )
S ‘
o
2







21

MyJICYKOUUNA KPyTHUA MOMEHT [46]. 1le MOSCHIOEFHCS TUM, 110 CEPEIHE 3HAUYCHHS

KPYTHOTO MOMEHTY CTBOPIOETHCS MOCTIAOBHICTIO IMITYJIbCHUX MOMEHTIB, SIKI MOXKYTh

3 0 yparyg. Y T
BHII Ba KIB KPYTHOTO\MOM

o CTBOPKOIOTH MOCTIMHUM KPYyTHHH MOMCHT.

JOCIKyBaHA YCTAHOBKA SIBJIIE COOOK) KONMBAJIBHY CHUCTEMY 1, IO B HIA MOXYTh

¥H) HHS\[ [pyr—epexonl 4epe3 NONOMEWHS PE3OHAHCY

b y|Oararo epeBH ,ch 3
M]prOBaHH1 HaM1YHQT

BUPOOHMYOI0 YCTAaTKYBaHHsS TaKOXX HEOOXI[ NEPEBIPUTH, KO  MIPOKO

NEPETBOPIOBAY (JIaTUYMK ) KPYTHOTO MOMEHTY, IO JI€ SIK TOPCIOHHA MPY>KWHA, 3MIHIOE

O .S
K apak cTUKY Beiel
TJ:[ BUNIIPH)BAHH S

MO>KHA PO3JIIMTH Ha Takl rpynu [10]:

- TPaHCMICIiiHI JUHAMOMETPH,

AaHCHfH [T

- TOPCIOMETPH.

Haii0iapn 38¥qHHMI/I JUIS_3aCTOCYBaHHSI B npom&cnogb YCTAHOBKAx €

BEMYMHU Jedopmallii MPY>KHOrO €JIEMEHTY, pQ3TalloBAaHOTO B KIHEMATUYHOMY

TPaKkTi mepeaadyi MOMEHTy, Hanpukian [87, 107]. B GaraTtbox TUOax TOPCIOMETPIB

BUMIDIOBAHHA

IATpyy ]
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1

pTul i i 1 BHMIPIOETHCS KYT 3aKPYHyBAHHSA TIPYKHOTO
ejie ' AM p , ,
| 17} B»@p ICIEBA opmapry \1 ' ' )

CJICMCHTA.

3a poAOM BHKOPUCTAHOI €HEPrii KPYTUIIbHI TOPCIOMETPH MOKHA PO3LIMTH Ha

: : (T OO0
\ i1y, G
TEH3YMETP q@T pCl

K @r
Bajly), L0 OOEPTAETHhCH, a00 mo3a HuM (O€3KOHTAKTHI). [Toganbiia kiacu@ikaris

)

TOPCIOMETPIB MOXKE OyTH MPOBEACHA 3a BUJOM BUKOPHUCTOBYBAHMX BUMIPIOBATBHUX

TOEJIEKTPUYHI, MarHiTPApy>kHi Ta iHOI

AHITX

TOPCIOHHOMY €(EKTI, € MEePCHEKTUBHUMM MPUCTPOi, 3aCHOBAaHI HAa BUMIPIOBAHHI

3MI1HHM TOTEPEYHOT CCI/5J'II/I Ta KPyTHOTO MOMEHTY 32 PEaAKLISIMHU OH(():B) 82]. Lle# croci6

0 lcToLOBYB BJMI
BEPT b HUX|BAJIaX. R

[Ipu milarHOCTYBaHHI TAKOK IMIMPOKO BUKOP

0€3 po3OupaHHs CUIIOBOTO arperary [69]:

IcHHS MOKa3sHWKIB nQD\eRHOCTI ABHMIYHA

iva

- METOJ BHW3HAYCHHS HECMPABHOCTEH JBUIYHA 34 HEPIBHOMIPHICTIO

o0epTaHHs Koninagoro Bajla HA YCTAJIEHUX PEKUMax poOOTH;
Q0O
- 10poak YHWN | METO CTHRY XUTTHQTY
C i ﬂ@y
LH]

Takok OKpeMO ClijJ 3rajaTi 1HAWLKAPYBA JIB3. InaukatopHi miarpamu

TUCKIB Y LMJIHAPAX AO3BOJSIOTH BU3HAYATH CEPEIHINA 1HIMKATOPHUN THUCK 1, OTXKE,

()

AIOBaTH 0COOJIMBOCTI @l@eMI/IX
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auayu,3HAYCHHA MUTTEBUX PEMHLPATYp MOTOKY,

BJIACTUBOCTAMMU MAarThb TCH30JaTYNKH

NEPETBOPrOBayYa Ha MeMOpaHi.

[gByr HOIL}BIKIIMKACCHEOOXIJHICTD OXOJIOKEHHS (TIMKIB, TOMY II0
ejie HI B0 ATTPHKIT a ‘ '
3M1 aTtn ;{I‘_z; Jik TEM TYQH | 1 .

NPAKTHUL 1HAWLHUPYBAHHS 3aCTOCOBYKOTH SIK JATUMKK 3 OXOJIOMKEHHSM, TaK 1 3

OXOJIOJDKEHHSAM MEMOpPaHU. 3arajbHE OXOJIOJKEHHS JaTdyuKa 3I1HCHIOITH BOJIORO,

110 HEOOX1HO BD&@BVB&TI/I 3MIHY MPUBEACHOIO MOMEHTY iHepa,Bi' gﬂ_ﬂ\/{ JAB3 npu

B 1| 3paay MR’ szadl ‘ ) 1133
i} HI | @ﬁ M|HH|TTPH Al \ ]

- € npubaU3HUMU a0 MPUBEACHU I MOMEHTY THEPIIIi BBAKAETHCS MOCTIHHUM;

BHU3HAYAIOTLCA JIMIIC M1 OKPEMO B3ATHX KOHKPCTHHX I[B3,

orfihie monosxenns KITIM; O O

MRS At
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NS Yrosily

B ymoBax mnocuieHHS BHMOr [0 “flapaMeTpiB  pPoOOTH JBUTYHIB

BHYTPILIHBOTO 3rOPSHHS Ta YAOCKOHAICHHS iX KOHCTPYKUIi OJHUM 3 MPIOPUTETHUX

iR

ECTaHOBHeHO, mo BILIUB 3MIHH PDUBCACHOI'O MOMCHTY 1HCPIIl

1HEpUIi JBUTYHA BHYTPILIHBOTO 3rOPSIHHS, KW, B OUTBIIOCT] BUNAAKIB, BBAKAECTHCS

NOCTIHHOK BEJMYMHOKO, MPH JTOCIIHKEHHI KOJMBAJIBHUX IPOLECIB, MOB’SI3aHUX 3

O OO0
1arHOCTHU
S S

JBUTYHA BHYTPIIIHBOTO 3rOPSHHS Ta MOKPALIMTH NAPAaMETPH MOro HEPIBHOMIPHOCTI

XO[ly, BPAaxOBYKYM 3MIHY HOro MHPHBEACHOIO MOMEHTY I1HEpLii. 3MIHY HOro

NS YroalHx

5N YioaiHm

V5N YiroaiHm
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O [ 3111 2 00
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HOPIIHEBOI'O/IBUT'YHA BHYTPII

PO3PaXyHKOBOK) CXEMOK) 3 OJHHMM CTYIEHEM BIIBHOCTI — KYTOM TOBOPOTY

\HYa

CapNa CHCTEMA ENIEMEHTIB, 110 JSPOPMYIOThCS, Ma€E
1B cril/ ¢ H@ %1 | €
X pUG ' (_|saBU JTOCTaNHD MKH | TOMHICTIO,

PO3PaxyHKOBIA CXe€MI MOXKHA OOMEXHTH KIJIBKICTh CTYNEHIB BUIBHOCTI, IO

BPaxOBYIOThCS. 3apa3 HaAWOUIBIIOrO  PO3MOBCIOKEHHS  HAOYIM  JIMCKPETHI
O

p KUY MACHRHY T : BIIAGTHBOCH
3len HEBATOMHU X1 7M1k

BpaxyBaHHs OUIBINOi KITBKOCTI KOHCTPYKTHMBHMX |0COONMBOCTEH NPU3BOAWUTH 10

BUX_CXQM §KNaIgfOrh BUKOPHCTOBYIOUH fibEsHHsa Jlarparka
AX CJIEMCHTIR ‘ [ ' ! ]
LICH 2 :

BUKOPHCTOBYIOTh OLIbII CKIAQAHWI MareMaTM4HUK amapar, mio OOMEXye Horo

—

BUKOPUCTAHHSA HA IT KTI/IHi.

-IKa MATEMaTHY
p 51 p@c KMMU

AK caMy MOJENb, Tak 1 ii pO3paxXyHOK BIAMOBLIHO A0 METM OCHOBHHX 3a/1ay

JOCJTIIPKEHb.

Of#é, Sedifnam 133, Wdro /eflement posrmsnarotsed ik Tina, wo He
SN OEIRI

2.1 3miHa M0JIO:KeHHS LEHTPAa MAC KPHBOILIHITHO-IIATYHHOTO
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reomeTpuuHux mapametpis KIIIM JIB3, BpaxoByrouM MOJAEIL LIaTyHa (JIMB. pHC.

O| KO €EHT\3MIHA A
IMd/IbHE BHAUYCHH ,0

napamerp KIIIM A, BHCOTM HWXHBOI KPHMILKHM I[IATyHA /; Ta JlaMeTpa WIATYHHO{

HY/KPUBOLIUITHOI FOJIOBKY () (QUPHUHU 1IOKH b,

'pal

pajiyca KpuBolMna R, jiou nepepidy CTEPKHs MmaTyHa (napaMmeTpy M, Auin, Du,

Ay, ty), MTATOMOT MAacH MOPIIHEBOI m1,. TaKOK BCTAHOBJICHO, 10 KOEQIIEHT 3MIHU

pax.,

1] )
THCBOI T K

raJITesIMU [xr, TOBIIMHA IIOKK /1 (IUB. puc. 2.7).

2.3 3miHa nNpuUBEAEHOr0 MOMEHTY iHepuii KPHBOLIMITHO-IIATYHHHX

aHi3Mik ABTOMODIILHEX 1 HiB BHYTPillIHLOT0 GDEPSHHSI
NVISINNEO=EIZ

BigoMo, 1110 iICHYIOTh PI3HI THUIMH CXEM (M QaraTOnWIIHAPOBUX MOPUIHEBUAX

JIB3, a came: oaHopsanuii, V-nomiOHuii, ono3utHuii, W-noaionuii, H-moaioHmii,

EhfidommpenimmMu

BKJIFOUHO [6, 85].

Js MO)KJII/IBO&i MOPIBHSHHS 3MIHU_MPUBEJECHOTO MOMeH% 8epuii’ 3a 00epT

K q A 11| BIOMOBITHOU \O (]ﬁ@ﬁa M}
n HO ¢ 3

M Ha1;
OpPUEMEMO HACTYIHI MacoBO-reoMeTpuyHi mapamerpu KIIM (BOHHM BIANOBIIAKOTH

J










41

Jlapi, Tab) W3RaYcH1 ~Ge3 BpaxyBaHHs Max@EBIKa JB3. Tomy
pp3 xoed (1 |TTpH 1y ; 1HY ‘ HQ MPHKFAT
il 5| an ,3° C3\BPAXYBAY A jKa) | T 01%

(3 BpaxyBaHHSIM MaxOBHKA).

=)

JIng mepeBipkr MareMaTU4HOI MOJENI 3MiHM MPUBEACHOIO MOMEHTY IHEpIii

( O
0 oIyl OPIITHEBOTO
Wi fs KII I 0| YOTUPULINIT

[65] (puc. 2.10) 3 HACTYTHUMU MapaMeTpamu: paaly¢ Kpupolmna R=40 ymu, natoma

iHepLii BiAHOCHO OCIi, IO MPOXOAMTH Yepe3 LeHTp Mac maryHa [,~2,72-107 kr-m?,

nopurHeBoi ,=2,61-10"* kr-M> Ta MOMEHT iHEpIlii KOJIHYAaCTOro Bajga 3 MaxOBUKOM
‘ Q0
AN {1 KOMTAOTOpE
areMafuy eNTY,

13,45 mm BULIE OCI MOPIIHEBOTO Majblls, OyJI0 BCTAHOBJICHO, IO MaKCUMajbHA iX

BT Yiroai-u
BN YiRoaiHm
5N YiRoaiHm
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TP 3¢

Ta

LEHTPaJIbHI MOMEHTH 1HEpUii. BpaxoByroun 1e TakoK BUKOPUCTOBYBATH METOAMKY

o0 V-nmoaiOHux ABUryHiB. Takoxx po3noscromkeHi KIIM 3 npuyinHUM MIATYHOM.

2. NPUBEACHOTO MOMEHTY 1HEPLIi

OI[HOI_II/IJIIHI[pOBOFO KPUBOILIMITHO-IIATYHHOTO ~ MEXaHI3My Ta HepeBlpeHa i

ST, TR

BBeaeHo TmoOHATTS Koe(illieHTa 3MIiHM TOJOKEHHS IIEHTpa Mac

KPUBOUIMITHO- IIATYHHOTO MEXaHI3My [JBUTYHA BHYTPILIHBOTO 3TOPSHHSA O Ta

TOHXTT oedu e@} 1 )
ar r B BHI
acTo aoTa B

KPHBOLIMUITHO-

TUIOMI Mepepidy CTEP/KHS ImaTyHa (apameTpH weriin, Du, G, fw), TATOMOI MAcCH



-J -— ‘-3 ‘-—3J) ) ]

‘yﬁwwywymww

YEIN YRoaim
Y5 YioaiHm
BN YiRoaiHm
BN YiRoaiHm
5N YiRoaiHm

=
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BaHp-T1Ia, 1o oOupasnocs 3a ETATOH, €5
h - BIICTaHb BiJl OC1 MABICY JI0 [ICHTPA MaC MasiTHAKd, M;

T’ - mepioa KOJMBaHb MAsITHHKA, C.

noxuOKaMu BU3HA4YECHHs 1HTEpBamiB uvacy kommBanb 0,2 ¢ Tta 0,04 ¢ Oyno

BCTAHOBJICHO, 110 YaC KOJMBAHL HEOOXIJHO BU3HAYATH 3 TOUHICTIO OUIbIION 3a 0,04

NS

Q .
p199aH0 3—HE3HAUROH BTN 3yt

JIns BUMIPIOBaHHS BETMYMHA MOMEHTY 1HEpI|i |

MOKJIMBOCTI MOJaibioro yaockoHajmenns [TAK ocratouno Oyino oOpaHo MK

ATMegal6 3 kBapyepuM reaeparopoM Ha 11,0592 MI'1, mo 103BQIs€ BUMIPIOBATH
© (@] eje

~ 0
1) 1 eHpll MOM Pl
KIIIM /IB3 MeTo10M MasTHUKOBMX KOJIMBAaHb (pHUC.J3.2), IKWA TO3BOJISIE 3MEHIIUTH

NOXUOKH BUMIPIOBAHb METOJIOM KPYTHJIbHUX KOJTUBAHb.
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mianazonivacTot 1;=3000...3600 xB™!.

o

B e rmiMats 11
BUX 10} QyTHIX|BHIIPOOYBay D{l?

Sk mpaBuIlo, TeHEPAIBHNI KOEPILIEHT BAP

) 00CS
|

II 11 Y € HCBLAOMOIO BCJ/IMYMHOILO,

TOMY MPY BU3HAYEHHI 00CITy BUOIPKH HOTO 3aMiHSIFOTh BUOIPKOBUM KOE(PIIEHTOM v |

' HangopHofjH(GOpManii 3 aHaJION{IHAX MarepiaiisB 1
[1i]. U B ' ,
QIAroTheS W H b ‘

TYH = MaKCHMAITE e epra O' YacTOFQ B
OID(B [16]. Omxe HEOOKI 1H1 1, %

340C3ICUHUTH JAaTUMK, IO BUMIPIOE YaCTOTY 06ep AHHS KOJIHYACTOr0 Baja ABUI'YHA

Bracnmigok Toro, mo auryn MeM3-2457 H;a apromo0OuT «IVECO» He mae

ITATHOTO TaxOMETPa Ta, BIAMOBIAHO, JAT4YMKa 4YAaCTOTH OOEPTAHHS KOJIHYACTOrO

B IIOHO 11| KPMILIE e C
IP4YayYKgBO ODO ¢HHS s BUM3May

KOJIIHYACTOrO Bajia.

b

Ta Mac TpUu BHUXOAHW, OOWH 3 AKHUX BHJAAC MapKepHI/Iﬁ CUIrHajl Ha I04YaTrKy KO>KHOI'O
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TEMOEPATYPHUMU W TPYKHUMHU AedopMalissMud AeTancil (3aKkpydyyBaHHsS BaiB,

KIHEMaTHYHUX TOXUOOK MEXaHI3MY.

IlepBuHHI MOXUOKK) BUTOTOBICHHSA I

B aBToMOO1151X 3 ONEPEYHUM PO3TAllyBaHHSM ABUTYHA BIACTAHb MK HIKIBOM

00

SO i

Tabnuig 3.2

JIOBOTO KOJieca HED%%AIO#BB bipmu

PN

L[]/

XapaKkTepucTUKa 11 HEDS-9040 ta xo
N/ T
B /|

0
DO

tapsvepl ] | R SERE Al
Jl1anma3oH poOoYnX TEMIEPATYP -40°C ..[4100°C -40°C ...+100°C
Po3aiibHA 31aTHICTD - 1000 1M11/00.
ey iz \/ o nn o
%ﬁyﬁMﬁwr()Ta OO pTaHHS / - R< U )@" B(] )O%XBJ. VA
JTOTlyCTHME OCbOBE OUTTS Baia iﬁiﬁ“ﬁlg S
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3a0€3§€YeHO TIpU BHFOTOB@I@& KPOHIITEHHA

iz

il crenn (puc. 3.8). B sxocti

Jlns nanaromkenHs [TAK cTBopeHo creni

OPHUBIIHOTO MEXaH13My OyJI0 BUKOPUCTAHO EJIEKTPOJBUTYH MOCTIHHOrO ctpymy I1-

OCHOBHUMH NPOOJICFRF € BEIMUCIHUN

Eli=hiz)

Tabmuis 3.3
nexrpoasuryna JII1- MIQ6LP-2K
[ M M [

CHOBHI TE X0l YHi XapaKkTeRACTH

—
1

Wiy Wi i E iz

51| BM JUEHH
ARy //
iHAEHATIO Ry IHCTE Bt L =

—
gy U UL U

HominanmbHa yactoTa 00epTaHHs XB !

ik
(yipdnisacafiderpysy | \V A1/ /[

gn LU0 U /U

Hanpsimok oO0epTaHHs

Maca KT

AY ane es— A T S— N )

f— .
\l{?é[ YeHHS [TOCIrarHbO
BHKOpHETaNo| KBa EI: peBOHATOP

3HAUYCHHS MOXUOKM nuckperu3ailii Ha piBHi 0,38 % 1ipu yacToTI 00€pTaHHS ABUIYHA
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dKka 1

v

ta komooro kosieca HEDS-6140#B13 ¢dipmu

TaxoMeTpoM (0e3 KOpIyCy) HaBeICHO Ha puc. 3.9.

IBATYHOM — MeM3-2457

JUIS TPOBEACHHS TOPOKHIX BUMPOOYyBaHb HaBEACHO B Ta0n. 3.4 Ta 300pakeHO Ha

puc. 3.10.
O
7 4] — OcH9BHT T0B1IIKOBY
arpenar, )ﬂ |—\z O )E m [
I[ep)I(aBHI/II/I HOMEDHHMI 3HAaK AM 8428 AP
Homep Ky3oBa Y6D11030750072490

NN E

Bagonchxuit-noMepasuryra  — U\ F/ N4l 9700* 30559973

[ [poOir aBTOMOOLITS, KM 21321

l]il” %O(ﬁ 289?3

” jﬁ@t

aBTOMOO1JIS HOPMATHUBHHUX  3HA4YCHb, K]

i Ud

dTgMU| 1B
pPCriIaMCHTOBAHO TEXHITHOIO

J:[OKyMeHTauie}o [2, 16, 80, 100].

Y15 yﬂ@@@@ﬁﬁﬂ%

. i
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D Tabnwuis 3.5

%

PesxumMu 0e3 HaBaAaHTAKEHHS

Cepenns

HepiBHOMIPHICTE X0y

i

\\ //~
\

HIO%

A

5
566,4 0,227 0,237 0,224 0,214 0,236
@@9/27? @po— Wlﬁﬁ 9;133 0,1@ﬁoﬁ ro 143
2\1&/1/8 ﬁ 0L069 o,ﬁ@/ / ¥O7ﬂ )‘;Dm?s [ c,)%
0052 L— /ldasd U jolosy =p 0,98 F/ LCEML JﬁLc,

Pe>xivy 3 HaBaHTAKEHHAM

Cepenns geDiBHOMi HICTh XO 00
a y f /AN (1] /7]
ol JL : o N EJUUwL/U
Bajia, XB'!
2270,6 0,091 0,087 0,088 0,092 0,098
(DN O\ QQ

/

O\

k)

N /AN

3.3

R TP
oy

n{)_[ﬁnaiﬂy 3

S

1H

AACKPCTHUM 3HAYIC

\

@ OCHOBI
gDITI

X

saM MeHmM 3a 0,04 c.

SN ALE ]
=/ Iny PeJirutzL

CTBOPEHO MPOTrpaMHO-AMAPATHUN KOMIUIEKC JJIsi BU3HAUYCHHS MOMEHTY

I3My JABUTyHAa BHYTHIN(HbLOrO 3rOpsSHHS

BHYTPILIHBOTO 3rOPSIHHS BKA3aHUM METOJIOM 1HTEPBAIM Yacy HEOOX1JHO BU3HAYATH 3
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NOXMOKA BU3HAYEHHS BEJIMUYMHN MAKCUMAIBHOI 3MIH MPUBEACHOIO MOMEHTY THEPLI|

EKCIIEPUMEHTAJIBHO Ta 33 JOTIOMOTOK0 KOMIT' FOTEPHOIO MOAEIIFOBaHHs ckiana 2,48%.

14 xI'm, 3 MakCUMaJITLHUMH B1JHOCHOIO MOXMOKOIO BU3HAYCHHS fi0ro mososkeHHs 0,19

B RoRIHMA
) YxealHm
I YikealHm
) YRealHm
) YRealHm

R
I
I
I
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IS

4.1 AmnHaJji3 eKCIIePUMEHTAJIBLHUX JAHHUX HEPIBHOMIP

BUOEPEMO TaKl, 0O MIHIMI3YBaJId CYMY.

O
aJi3 y¢Tafienpro pe
NS

4
pH YCTAJIEHOMY PEXKWMI POOOTH IMIBHIKIC

3MIHIOETBCS TMEPIOAMYHO. YacTo yCTaleHHMA pyxX UEpryerbes 3 po3roHamu (Ipu

p 1 TranbMyBaHHAMHU (DU  3HIDKECHHAX

cuit onopy M,, € QyHKIIMU Bix ¢, a00 Bi @ abo BI {, TOMY B 3araJlbHOMY BUIAJIKY

L€ PIBHAHHS € HEMHIAHUM audepeHianbauM. HMoro po3e’s30k Moxke OyTH

S

A .

an ii mMpUBEACHUI MOMEHT

[
[
[
[
[
[

3aMIHSIOTBECS CYMApPHUM NPHUBEACHUM MOMEHTOM Ms. ToOTO Ms € eKBIBaJICHTOM
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H

30yKYIOTh Yy KOJIIHYACTOMY Bajly, dK 1 y @Yap-sKiid MNPYKHIA CHCTEM1 3

MareplalbHUMHU MacaMu, MEXaH14H1 KOJIMBAHHSI.

1 ' @i KOHH;
34Kp a HDK ﬂ X | U1
P Kpy " [MBA

CHHUX Ha4 Bajla MaQ

O BHUKJ/IMKAIOTh

e
KOJIMBAHHS, K1 BUKJIMKAKOTh BIAMOBIIHI AeopMallli 3ruHy
a bH1 KOJIMBAHHS 3BOJATES IO BHU3HAUYCHHS
BaJIy [IPH N g 30y A0
BJIIACHUX K 00 b

3MCEHIIICHHI BUHUKAIUNX HaIpyr, TO Ha KOJIIHYACTPHY BaJI BCTAHOBITIOIOTH I[GMH(I)ep.

s pospaxyHKiB HA KPYTWIbHI KOJIMBAHHS AIMCHY CKJIAJHY KOJ'II/IBHy CUCTEMY

| AN 1H
R

HACA/PKEHUMU HA HUX JUCKAMHU (30CEPEHKEHMMM (MACAMM ). 1P IbOMY HEOOXI1JHO,

mo0 OCHOBHI JWHAMIYHI BJIACTHBOCTI CIPOIIEHOI PO3PaXyHKOBOI CHUCTEMH

-

UIT

HE3HAYHO BIUIMBAKOTh HA KPYTWIbHI KOJIMBAHHS KOJIHYACTOrO Bajla, TOMY iX NpH

poO3paxyHKax 3a3131/1%171 HE BPaxOBYIOTb.

KM (HHACTOIO
nacTymHnx|efamis J66];

e 3aMIiHU peaIbHOI CUCTEMHU KOJIHYACTOrO Baja, a

PO3PAXYHKOBOIO a00 €KBIBAJICHTHO CUCTEMOIO;

VI BIIbHMX KOJNUBAHK)PO3PaxyHKOBOI

KOJTIHA BaJia, 1 OLIIHKA MOMEHTIB BHYTPIIIHIX OMOPIB IBUI'YHA,



KPYTHJIbHUX KOJIMBAHL,

i

68

IUNTYJ KOJMBaHb ¥8§¢~PO3PaxyHKOBOI

BUIIYKYBAHHS MOKIIMBOCTEH YCYHEHHsI a00 3MCEHILCHHS HerI/IHyCTI/IMO OUThIINX

[

ISH;{y

]

AOCHUTH I'POMI3AKOIO 1 He 3aBXXJIW1 BU3HAUYCHOIO 3a1ayucrO, a TAKOXK TC, IO B pO6OTl

posrasaaroTeest KM 3 KUTBKICTIO MJTIHAPIB 10 4 BKJIFOYHO (KOJUBAIBHI MPOLIECH

BH

ITH (CJICMC

4|

S

MO 3

110

Ka\

ITHOCHO MaJioi JOBXKHHAN KOJIIHYACTOTO

Tabnuig 4.2

Koedimientn 61 JUTSl Ta KOe(PIIIEHT TMHAMIYHOCTI [t 1BUryHaMeM3-2457 B

M) Q0
W{ i 7| s P IRSAFTARSUAN (1 [(1[] /)
| iR A S i 7
BaJia, XB
566 1,28 37252 (14,788 |6,426 0,722
T/ =5 Y /ol peo O354  plod
P/ T D) VARG OL 0=
Ughey U0 O oy O (9,—992J\—/-\36,5’3J (2 4967 U710




CHELIATI30BaHl CTEHAN. AJIE TAKOXK CI1 BIAZHAYNTH-CYUaCH1 OE3CTEHI0BI METOIMKH,

Kl HaOyBarOTh OUIBLI HIMPOKOTO PO3MOBCIOKCHHS 3aBIASKHA CTPIMKOMY PO3BUTKY

2 4

3MIMCHIOIOTE TIEpEBIpKY Ha

OOMEKEHUX TECTOBUX pekumax, [99]. OcraHHe 3ayBaskE€HHS AY>KE ICTOTHE, TOMY IO

PERHNB |

PMIPHICTH LMITIHAPOBE YO Y>KHOCTI MOYKE

METO/IIB 1 3aC001B, IO JO3BOJIAIOTH BU3HAYNTH TN

AKHX PCKUMaAXx.

npuBeneHoro MmomenTy Hepii KIIM nonarok A.

CyTtHicTh cnocoOy mnoJisrae B HacTymHoMy. Y mpoueci pobotu JIB3 Ha

yisTane ]36)1(1:11»@ MapHmij MQMEHT A%, a 0TKe 1 noTykHicTs) @k 3aIMIIaroThCs
npc M ﬁﬁ MH, a|BJISIO 6% K1 ]
CT a, 0QyMOB bCsLOC T3 DOTL i ]

MPOLECY B OKPEMUX IWIIIHAPAX JBUIYHA Ta KIHEMATHYHWUMH BJIACTUBOCTSIMH HOTO

[V

KIIIM. [lpm 11bOMY. KOJIHYACTWI BaJl OJ€ € meploauvH1 1 BCH KPYTHOTO
* O - o]} Y
v '
151

0 ' q OBDPPOTY
ITEBATO 3@6 1JI cepenuboi

NEPIOANYHY 3MIHY KYTOBOi YACTOTH 00EpTaHHs KOJIHYAcTOro Bana [17].

5N YiRoaiHm
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CHOBKH 00

QJICHHST KOHCTPYKIIi #oro

als
JBUTYHA BHYTPIMIHBOTO 3TOPSHHS LUISIXOM  YAQGKOH

3

MaxOBHKa. byJin BCTAHOBJIEH1 3aKOHOMIPHOCTI 3MIHM MPUBEACHOTO MOMEHTY 1HEPLIT

Qs@mmocﬂ BIJ iX

1HEepUIi KPUBOLIMITHO-IIATYHHOTO MEXAaHI3My MHPOTATOM OJHOrO 00EpTy, 3MEHINYE
AIYETIAPIMETPU TPUHOMUCTOCTIL ABIFEyHA.

aTu

)=

i o1
BHYTPILIHBOTO 3rOPSHHS B 3aJI€5KHOCTI BiJI HOr0 MaedBO-reOMETPUYHUX MTapaMeTPIB.

2. BBencHO mMOHATTA KoedilieHTa 3MIHM TOJOXKEHHS LEHTpa Mac

A 1O 0 aH1 a
a @i MPUBEI¢HOTO M%

MEXan13My JTBATYHA BHYTPITHBOIO 3TOPSHHA BITHPCHO OC1 OOCPTAHHI KOJAHYACTOTO

JBUTYHIB BHYTPINIHBOTO 3TOPSHHS 3 KUIBKICTKO LMTIHAPIB Bix 1 A0 4 BKIIFOYHO,
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W BH3HAYCHHI KOHI/I% MOB’SI3aHUX 3

2N

1a neuryHi FP10C y mopiBHSIHHI

MaxOBHKa 3MIHHOTO TPUBEJICHOTO MOMEHTY 1HEPILTT

3 BUKOPHCTAHHSIM MaxOBHMKa MOCTIHHOIO MOMEHTY 1HEpUii I[OBBOJ'II/IJ'IO 3HU3UTHU

3 pospo[neHHM

MAaxOBHKOM 3MIHHOTO MPUBEACHOIO MOMEHTY 1HEPLIi 3HM3anacs Ha 9,6% B pexumi

PEKUM1TIOBHOTO HaBaHTeDKeH@DFa HA 7,5% B
00QTH.
HH Ty

asuryHi FP10C 103BOSMIIO 3MEHIIMTH €HEPTitO, IO MPUMAE y4acTh B KOJIMBATbHUX

npouecax KOJIH4YacToro Bayia, B 2,24 pa3u B peKUMI XOJIOCTOTO XOJ:[y ta B 10,83 pasu

b eyt Hororo ﬁmHgpr@ U [H] %

51 YiKoalHu

]
SN YR
J

51 YiKoalHm
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OLICHKE TEXHUYECKOTO COCTOsIHMS au3enb-reneparopoB / A.H. Bbopucenko, C.A.

JlutBunenko, I1.C. OO6on, E.B. Xananckas, A.B. I'ycenbHukoB // BiCHHK

. .00 .
2\ BELKTN DIOTTITRE HHIA FHCFHTY
SR

5. Bbopuienko S1.A. Pa3paboTka MeTOJa JTUAarHOCTUPOBAHUS aBTOMOOWJIBHBIX

€PHOCTY BP@NEHJT) KojeHUaToro Bana: derbped. muc. kamm.

op

6. pikoB K.I1. ABromoOunu «Taspus», «I

O» 3A3-1102, 3A3-1103, 3A3-

1105 u wmx MOI[I/I%SKa]_II/II/I. YCTPOUCTBO, 3KCIIyaTalus, peABth nocodue Mo

i

ICPrui B FI/I6pI/II[HOM IIPHUBOAC

aBTOMOOMJIS 3a CYeT YMCHBIICHHUSA BJIMAHUA Hyan&HHOHHOﬁ COCTAaBJIAIOLICH

alMOHAJIBHOHN cxeMb(() iliC. HA 3100y TTS

P

(]
=
o=
(=

TEXHUUYECKUH yHUBEpCUTET. — MkeBck, 2007. — 166°C. bidmiorp.: ¢. 131-144.
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HEMATHKA UH Ka KPHBOUIMITHO-IIAPYHHOTO MEXaHH3MA
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9. ['pabap [.I'. BnnmB MacoBO TEOMETPUYHUX MApaMETPiB KPUBOLIUITHO-

IATYHHOTO MEXaHi3Ma Ha KPYTHHI MOMEHT JBUIYHA BHYTPIIIHBbOIO 3ropsiHHs / LI

0
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p. — Ne4 (43). - C. 15-25.
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A.B. Inbuenko, B.O. Jlomakin // Bicauk XXJ(TY. 200’
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K r$ MEKGHI3MA XB) FROFO3FQPAHH./ 1.1 I'pad
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13 I'pabap L.I". IIporpamHo-anapaTHHii KOMIJIGKC JUTS aHaJIi3y poOOTH ABUTYHA
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