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JNHAMUKA BJEMEHTAPHOT'O JU®DEPEHIINAJIA,
3BEHbAMMN KOTOPOI'O ABJIAIOTCA YIIPYI'UE TEJIA

T.M. CnoboaaHuk?, E.E. bBanaxHuHa'
T HUTY «<MUCuKC», MockBa, Poccus, e-mail: tslobodyanik@gmail.com

AHHOmMayusA: Pag 3aia4y AMHAMUKKM MOXKET BbITb pelleH [0CTaToOYHO TOYHO 6e3 yyeTa ynpyroctu
Harpyaemblx 31eMeHTOB. Mpu pacyeTax AMHAMUYECKUX MPOLLECCOB TPAHCMMUCCUIA FOPHBIX MaLUUH
HeobXoAMMO yunTbIBATb NOAATIMBOCTb 3yBUaThiX Nepesay, Tak Kak OHa 3HAUMTE/IbHO MpPeBbIWAET
noAaTNIMBOCTb BasIoB BO/bLLMX AMAMETPOB M Manok ANnuHbIL. B AaHHOM paboTe paccmaTpuBatoTca
BO3MOHOCTU M OCOBEHHOCTU UCCNeA0BaHUI AUHAMUYECKUX ABEHWUI, KOTOPbIE MMEIOT MECTO B
NAaHeTapHbIX MeXaHU3Max TPAHCMUCCUI FOPHOTPAHCMOPTHBIX MaLUMH, OYUCTHbBIX U NMPOXOAYECKUX
KOMbaHOB, NMOrpy304HbIX MALLWH, NPY 3TOM OHW NPEACTaB/EHbI KaK yNpyrMe mexaHU4Yeckune cu-
ctembl. [Insa uccnenoBaHuii MCNONb3yeTcA AMHAMUYECKaa MOAe/b 31eMeHTapHoro anddepeHum-
aNbHOrO MEXaHM3Ma C Y4EeTOM YNpyrocTu 3BeHbeB. [1ns atoro guddepeHLman NnpescTaBieH B BUae
9KBMBAJIEHTHOrO PAAA C 6e3bIHEPLMOHHBIM BOAMIOM, OCHOBHbIE 3BEHbA KOTOPOrO MMET MOMEH-
Tbl UHEPLMM, ONpesensieMble Mo M3BECTHbIM GopMyam. IKBUBANEHTHAA AMHAMMUYECKAA MOLENb
anemeHTapHoro anddepeHumana npeacTaBieHa B BUAE PAa3BETBEHHOM TPEXMACCOBOWM CUCTEMBI.
OnpeaenatoTcs MOMEHTbI YNPYrocTW, BO3HUKAIOLME B MEXAHUYECKUX CBA3AX CUCTEMBI. YpaBHEHUA
ABWKEHUA AN1A KaXKA0M M3 MacC Aak0T CUCTEMY SIMHEWHbIX OA4HOPOAHBIX AMbdepeHUnanbHbIX ypas-
HEHWI MU CUCTEMY YpaBHEHUI CBOBOAHbIX KONebaHUI MexaHN3mMa, KOTopas MOXKET bbITb npea-
CTaB/EHA B BUAE CUCTEMbI JIMHEWHbIX anrebpanyeckunx ypaBHeHui. MpakTUYecKnin nHTepec npea-
CTaB/AIOT YACTHblE peLleHnsA CUCTEMbl HEOAHOPOAHbIX AnddepeHLManbHbIX YPaBHEHUIA, MOCKO/b-
KY MMEHHO OHM AalT BO3MOYKHOCTb NPOaHaAN3MPOoBaTh 3OPEKT MPUNOKEHUA BHELLHWUX HArpy3oK,
OENCTBYIOLWMX Ha MeXxaHM3M. [pUMeHUB ONepaTopHbI METOA, MOXKHO HalTM YacCTHble peLueHus
JIMHENHBIX HEOAHOPOAHbIX AnddepeHLManbHbIX ypaBHEHUN. MoNyYeHHbIe CUCTEMbI YPaBHEHU
No3BONIAT pellaTb caeayolme 3a8a4v ANHAMUKK YNIPYTUX CUCTEM: ONpeaesieHne xapaktepa us-
MEHEHUA Y MAKCHMasIbHbIX 3HAYEHUI AMHAMMUYECKUX HArpy30K 3BEHbEB MEXaHW3Ma, NEePUOA0B U
4acToT KosnebaHuii, yCNoBUiA PE30HAHCHOTO COCTOAHUA CUCTEMDI.

Knroueeoble cnoea: AMHaMUYECKUIA aHaNU3, sneMeHTapHbIi andbdepeHuman, 6esbiHepLMOHHOE BO-
AUno, ynpyroctb, gubdepeHumnanbHoe ypaBHeHMe.

Ana yumuposaHusa: CnobodsHuK T. M., banaxHuHa E. E. JuHamuKa anemeHTapHoro auddepeH-
Lpana, 3BeHbAMM KOTOPOTO ABAAIOTCA ynpyrue Tena // TopHbii MHGOPMALLMOHHO-aHAIUTUYECKUIA
6tonneteHb. —2019. — Ne 9. — C. 204-210. DOI: 10.25018/0236-1493-2019-09-0-204-210.

Dynamics of elementary differential composed of elastic bodies

T.M. Slobodyanik, E.E. Balakhnina

1 National University of Science and Technology «<MISiS», 119049, Moscow, Russia,
e-mail: tslobodyanik@gmail.com

Abstract: Static and dynamic parameters of planetary gearing of different design are widely ad-
dressed in literature. Some of dynamic problems can be solved at sufficient exactness without
regard to elasticity of of loaded elements. In the dynamic analysis of transmission gears of mining
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machines, it is necessary to account for the gear yielding as it largely exceeds the yielding of shafts
of large diameters and small length. This article discusses capacities and features of studies into
dynamic events in the planetary mechanisms of transmission gears of mine dump trucks, shear-
ers and roadheaders as well as loaders when the planetary mechanisms are presented as elastic
mechanical systems. The study uses a dynamic model of an elementary differential with regard to
elasticity of components. To this effect, the differential is presented as an equivalent series with
an inertialess carrier and with basic elements having moments of inertia found from the known
formulas. The equivalent dynamic model of the elementary differential is presented as a branched
three-mass system. Moments of elasticity are determined in ganging of the system. The equations
of motion of each mass make the system of linear uniform differential equations or the system
of equations of free vibrations of the mechanism; this system can be presented by a set of linear
algebraic equations. The practical interest lies in the partial solutions of the systems of nonuniform
differential equations as the make it possible to analyze influence of external loads on the mecha-
nism. The operator method allows finding partial solutions of the linear nonuniform differential
equations. The obtained systems of equations can be used to solve such problems in the dynamic
theory of elasticity as determination of the behavior and maximums of dynamic loads on the ele-
ments of the mechanism, periods and frequencies of vibrations, and resonant behavior conditions.

Key words: dynamic analysis, elementary differential, inertialess carrier, elasticity, differential
equation.

For citation: Slobodyanik T. M., Balakhnina E. E. Dynamics of elementary differential composed of
elastic bodies. MIAB. Mining Inf. Anal. Bull. 2019;(9):204-210. [In Russ]. DOI: 10.25018/0236-1493-

2019-09-0-204-210.

BeBepeHue

APPEKTUBHOCTb UCMOAL30BaAHKA 060pY-
AOBaHUA MMEET peLlatolee 3HaYeHNE ANA
obecneueHnss 6e3y6bITOYHON U NPUObIAL-
HOM AEATEABHOCTU MPEANPUATUIA PA3AUUHBIX
oTpacAer NPOMbILLUAEHHOCTH. MOBbILLEHWUIO
3QPEKTUBHOCTU MUCMOAB30BAHMA MALUMH U
MeXaHW3MOB NocesLleHbl pabotbl [1—9].

lAaHeTapHble Nepepay LWKUPOKO NpuU-
MEHSIOTCA B PA3AMYHbIX OTPACASAX MPOMBbILL-
AEHHOCTU. B ropHow TexHWKe nAaHeTap-
Hble nepepayn NPUMEHSIOTCS B ABYX-TPEX
TUMNax ropHbIX MaLIWH (OUYUCTHbIE KOMbaK-
Hbl KLU3M, PKY10, PKY13, PKY16; npo-
xopueckue kombanHbl 411Y, 4MN2M, 4Mns;
norpysoyHble mawuHbl 1MHB2, 2MHB2,
AMMH5, MMH4Y); B TpaHCMUCCHUAX FTOPHO-
TPAHCMOPTHbIX MaLLWH (TYCEHWYHbIE U TPY-
30Bbl€ KOAECHbIE MalLWHbl, AeOEAKH, TEAD-
depbl). McnoablyeTtcs Hanbonee HapexHas,
npocTtasi B U3roTOBAEHWM U MOHTaXe OAHO-
cTyneHuaTtas nepepada 2K-H [1, 10, 11].
OrpaHWuyeHHoe NPUMEHEHUE NAGHETAPHbIX
PEAYKTOPOB B rOPHOM TEXHUKE 00YyCAOBAE-
HO 0COBEHHOCTbIO PEXMMOB PaboThbl rop-

HbIX MallWH, BOAbLUIMMKU AMHAMUUYECKUMMU
Harpy3kamu M OTHOCUTEAbHO HEDOAbLLIOW
AOATOBEYHOCTbIO MOALUMMHUKOB CaTeAAU-
ToB [1, 10, 11].

Mcecaep0BaHUIO CTaTUYECKUX U AUHAMU-
YyecKMx napameTpoB pPaboTbl NAAHETAPHbIX
nepepay pa3AMUHbIX KOHCTPYKLMK NOCBSA-
LLeHbl paboTbl [12—18]. Paa 3apay Au-
HaMWKKU MOXET ObiTb PeLLUEH AOCTAaTOUYHO
TOUYHO 6€e3 yueTa ynpyrocTv HarpyXaembix
aneMeHToB [12].

Mpn pacuetax AMHaMUUYECKMX MPOLEC-
COB TPAHCMWUCCUI rOPHbIX MaLWUH HeObXO-
AVMMO YUUTbIBaTb NOAATAMBOCTb 3y6UaTbIiX
nepeaay, Kotopas 3HaUMTEAbHO NPEBbILLA-
€T NOAATAMBOCTb BanoB OOAbLLMX AMAMET-
pPOB M MaAoOl AAMHbI. PaccmMoTpeHbl BO3-
MOXHOCTU M 0COBEHHOCTU UCCAEAOBAHUM
ANHAMUUYECKMX ABAEHWI, KOTOPbIE UMEIOT
MECTO B NMAA@HETapHbIX MexaHM3Max TpaHc-
MWCCUIW rOPHOTPAHCMOPTHBIX MaLLWH, NPK
3TOM OHM NPEACTaBAEHbI KaK ynpyrue me-
XxaHunuyeckune cuctembl [13—16]. B 3apaun
AMHaMWKK YyNPYrux CUCTEM BXOAMUT onpe-
AEANEHWE XapaKTepa M3MEHEHWS U Mak-

205



z < /5=0
4 + 7
4
3 ey — 3
13
a4 1 2227 2z 2] ] 2227
= 777\ o 777 !
—

Puc. 1. KuHematnyeckas cxema d3NeMeHTapHOro AupdepeHumarbHoro MexaHu3ma
Fig. 1. Kinematic scheme of elementary differential mechanism

CUMAaAbHbIX 3HAYEHUN AMHAMMWYECKUX Ha-
rpy30K 3BEHbEB MexaHW3Ma, NepUoAOB U
yacToT KoAebaHW, YCAOBUIM PE30HAHCHOIo
COCTOSIHUSI MEXaHWYECKOW CUCTEMBI.

OcHoBHas yacTtb

AWHamMmunueckaa MoAEeAb

aAeMeHTapHoro audpepeHumnana

B paHHOM pabote npeanaraercs AMHa-
MUYeckass MOAEAb SAEMEHTaAPHOro Audode-
PEHUMANbHOIO MexaHu3Ma C y4eToM ynpy-
roctM 3BeHbeB. AAA aTOro aAnddepeHuman
NPeACTaBAEH B BUAE 3KBUBAAEHTHOMO ps-
Aa ¢ 6e3blHEPLUMOHHBIM BoAMAOM [14, 15,
17], OCHOBHblE 3BEHbSI KOTOPOIO MMEIOT
MOMEHTbI MUHEPLUMK, ONPEAEATEMbIE MO U3-
BECTHbIM GOpPMyAaM.

Ha puc. 1 npuBepeHa cxema aneMeH-
TapHOro AuddepeHLMara (INeMeHTapHbIN
psAA) C TPEMSI OCHOBHbIMW 3BEHbSIMU 1, 2,

I/

M;

Puc. 2. AuHamuueckass MOAEAb SAEMEHTapHOro
paAa ¢ 6e3bIHEPLIMOHHBIM BOAMAOM

Fig. 2. Dynamic model of elementary series of iner-
tialess carrier
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3 v rpynnon catenmmtoB 4.3 u 3’ — 6e3bl-
HEPUMOHHOE W KOHCTPYKTMBHOE BOAMAA
COOTBETCTBEHHO; C,, — XECTKOCTb COOTBET-
CTBYHOLLEN CBA3MN.

OCHOBHbI€ 3BEHbSA INEMEHTAPHOIO NAa-
HEeTapHOro psiAa UMeKT MOMEHTblI MHEpP-
UMK, onpeapensemble No popmyram [11,
12, 171]:

12=1 +, kl;

1,2=km,r2+y_ kl,.

12=1,+y, Kk,

47 2

(1)

rael,, I, |, — MOMEHTbI MHEPLMM LEHTPaAL-
HbIX KOAEC U CaTeAAMTA OTHOCUTEABHO COO-
CTBEHHbIX OCEW BpalleHus; m, — Macca
caTenAnTa; K — UMCAO CaTeAAUTOB B 3aAe-
MEHTapHOM PsAY; r, — PaAUYC YCTaHOBKM
0CEWN CaTeAUTOB B BOAWNAE; X, X, X5 — KO-
30 OULMEHTbI KAHOHUYECKON GOPMBbI.

la1 [ 32] [’41 32 "l 31}
-1
_ a2 2 2,
Yo = lao [’31} [’42’31 _’41’32}
la1 [’42 ][ 31 32]

rae i°ij — nepepaToyHoe OTHOLLEHUE OT 3Be-
Ha i K 3BEHY j MpW 3aKpPENAEHHOM 3BEHE O.

IOKBMBAANEHTHYIO AMHAMMWYECKYIO MO-
AEAb  3AEeMeHTapHoro aAuvdodepeHumana
NpeAcTaBvM B BUAE Pa3BETBAEHHOM Tpex-
MaccoBol cucteMbl [17] (puc. 2). Ha pu-
cyHke M,, M,, M, — BHellH1e MOMEHTbI,
AENCTBYIOLLIME Ha COOTBETCTBYHOLLME 3BE-

2)



HbAA; Cjo — nNpuBEAEHHAA XECTKOCTb COOT-
BeTCTBy}OLLleVI CBA3MN.

PelueHune ypaBHEHUA ABUXEHUA

MexaHu3ma

AvHaMMUUYecK1e NpPoLEeCChbl B MPUMBOAAX
MalLUWH CYLLIECTBEHHO 3aBMCAT OT TUMNa ABU-
ratensi, To €CTb OT €er0 MeXaHUYeCKoW xa-
PaKTEPUCTMKK. B npruBOAAX rOPHbIX MaLLUKWH
YacTo MCMOAB3YITCA AaCUHXPOHHbIE IAEKT-
POABUIraTEAM C KOHTAKTHBIMKW KOAbLAMU [9,
16], pabounit yuacTok MexaHUYEeCKon xa-
PaKTEPUCTUKN KOTOPbIX MOXET ObITb NMPeA-
CTaBAEH OTPe3KOM MpsiMoi. Toraa 3Have-
HME MOMEHTa Ha BaAy 3AEKTPOABMUIaTeAs
B 3aBMCUMOCTM OT YTAOBOW CKOPOCTU Bana
MOXHO OMpPeAeA Tb U3 BbIPaXEHWUs] CAeAY-
towero Buaa [171]:

M, =M, 2 "2, 3)

Oy — @Oy

rae M, ® — HOMWHaAbHbIE 3HAYEHWUSA MO-
MEHTa U1 YTAOBOW CKOPOCTU BaAa INEKTPO-
ABUTaTeAs;  — YrAOBas CKOPOCTb BaAa
ABUratenst mpu OTCYTCTBUM Harpy3Ku.

Takxe npeanoAaraeTcsi, YTo OCTaAbHble
BHELLUHWE MOMEHTbI AMBO MOCTOSAHHbI MO
BEAMUMHE, AMOO SIBASKOTCA OYHKLMSAMK Bpe-
MeHU. AeNCTBUTEABHO, TOPMO3HOM MOMEHT
AAA MPABUABHO pacCUMTaHHbIX TOPMO30B
M3MEHSETCA B Npouecce TOPMOXEHNA He-
3HAUYUTEABHO, U €r0 MOXHO CYMTaTb NOCTO-
AHHbIM, @ MOMEHT COMPOTUBAEHWS 3aBUCKUT
OT XxapaKTepa onepauuin, NpeAyCMOTPEH-
HbIX AAS TOW MAM MHOW MaLLUUHbI.

Mcnonabdys metop C.H. KoxeBHUKOBa
[18], 6byaem OTbICKMBATb HE YrAbl MOBOPO-
Ta Macc, a MOMEHTbI YNpyroctu, BO3HWUKa-
IOlMEe B MEXaHUYECKUX CBA3AX CUCTEMDI.
YpaBHEHNst ABUXXEHUSA A KaXAOM 13 Mace
CUCTEMBI 3aMULLEM B CAEAYIOLLEM BUAE:

" 0y, —O® .
oy =M, . —M,;
Wy — Oy
o5 =M, (t) = M,,; (4)

1,05 =M, (t) — My,

rae (PLN — YFAOBOE YCKOPEHME COOTBETCTBY-
OLLEN MaccChbl; MJ.O — MOMEHT, pa3BuBae-
Mbld CUAGMM YNPYrOCTU, B COOTBETCTBYIO-
wen ceasum; j=1, 2, 3.

Mpu cocTaBAEHUWN CUCTEMbI YpaBHEHWI
(4) npeanonaranoCb, YTO BCE BHELUHUE MO-
MEHTbl OAHOTO 3HaKa, U COBMaAakoT CO 3Ha-
KOM YTAOBOTI0 YCKOPEHWSA COOTBETCTBYHOLLIEN
mMacchbl. [TOCKOAbKY BHELWHWE MOMEHTHI,
AEVICTBYIOLLIME HA CUCTEMY, SIBASIOTCS QYHK-
LUMSIMU Pa3AMUHbBIX NEPEMEHHbIX, TO CUCTE-
Ma ypaBHeHUN (4) npeacTaBAsieT cobon
cucTemMy AMddepeHLManbHbIX YPaBHEHWI C
Pa3HOPOAHbBIMU NEPEMEHHbIMU. [TprBEAEM
CcUCTEMyY ypaBHeHUI (4) K BUAY, KOTAa Bce
BHELIHWE MOMEHTbI BYAYT NPEACTaBAATb
cob0oi GYHKLUMM OAHOM MepemMeHHOn —
BpeMeEHU. AAA 3TOro M3 NepBOro ypaBHe-
HUS cucTeMbl (4) HEOOXOAMMO UCKAKOUMUTD
YrAOBYHO CKOPOCTb BaAa SAEKTPOABUIaTEAS.

MpoanddepeHunpoBaB nNnepBoe 1 BTO-
poe ypaBHEHUS cUcTeMbI (4) N0 BpEMEHMU
N NOAEAMB 3aTEM KaXAO€ M3 3TUX ypaBHe-
HWIA Ha COOTBETCTBYIOLLIMIA MOMEHT MHEPLMK,
BblYTEM BTOPOE ypaBHEHME U3 NEPBOro

m_ H

Py — @) =~ )tpl—

I, (0, — o,
Mo M, M
-2,
Il I2 12
BBeAs B MOAYYEHHOE BbipaxeHue ABa

(5)

R
HOBbIX CAAraemMbIX —@, ,
1

2 , 1 3aMeHAA B OAHOM U3

Wy — @y
14 -
HUX P2 3HayeHnem, HanpAeHHbIM U3 BTO-
POro ypaBHEeHWUA cucteMbl (4), MOAYUYUM:

rae R=

"

" " R "
(cpl—cp2)+l—(<|>1—<92)+
1
’ [ ’ (6)
+%_%:%_EM2 R
Il I2 I2 Il’2 I1I2

BBeAH B NOAy4YEHHOE BblIpaXeHune no-
NnapHO ABa HOBbIX CAaraemMbiX i(Pg’ n

20

R n "
iI—(PO, TAe @y — YrAOBOE€ YCKOpPEHUe y3-

1
AOBOTrO ceveHus «O», byaem MMeTb
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m m m m R n n
(07 —98)— (05 — 95 ) +—( — 05 ) —

R, , ., M, M R
__((Pz _(po)"'i_i__Mzo =.(7)
Iy Iy b Ll
__ M R
b L, ’

M HakoHeL, yuuTbiBas, 4To MJ.0 = CJ_O((pJ. —

— @,), OKOHYATEALHO MOAYYaEM
ClO C20 ll C:LO l2 C20

Mo My Ry My Ry,
| Il

CocTtaBAeHUE cUCTEMDI

AMddepeHUManbHbIX ypaBHEHUH

MexaHu3ma

3ameuas, uTo BHELIHWE MOMEHTbI M,
1 M, ABAAIOTCA GYHKUMAMW BPEMEHW UAK
MOCTOAHHBIMW BEAMUYMHAMMU, MOXHO aHa-
AOTMYHO MOKa3aHHOMY Bbille obpa3oBaTb
Pa3HOCTb YTAOBbIX YCKOPEHWI COOTBETCTBY-
FOLLMX MAcC M y3AOBOIO CEYEHWUSI U MOCAE
YMHOXEHUSA Ha BEAMUYMHY COOTBETCTBYHO-
LLLEM XECTKOCTU CBAI3W MOAYUYUTb ypaBHe-
HWE, B KOTOPOE BOMAYT MOMEHTbI CUA YIpY-
FOCTU CBSI3EW U UX MPOU3BOAHbIE.

B pesyAbTate NoAyYMM CAEAYIOLLYIO CH-
cTemy AnddepeHUManbHbIX ypaBHEHNI:

" " ” ”
Mo _ Mo i R{ M, _ Mo

1 2 12

Co Cxp L\Cyu Cy
MM, R, MR
Iy by L, by L, 2(9)
M _Mé’o +M20 +M30 M, M,

C20 C3O I2 I3 I2 I3
3AECb Cjo — NnpuBeAEeHHanA XXeCTKOCTb COOT-
BETCTBYIOLLEN CBA3N.

AAs onpepeneHnst HEM3BECTHbIX Mjo HE-
0HXOAMMO COCTaBWTb eLLE OAHO YpaBHEHHUE,
KOTOPOE MOXET 6bITb 3an1caHo B BUAE pa-
BEHCTBa HYAHO CyMMbl MOMEHTOB CUA YyNpPy-
roCTu CBSI3eN B y3AOBOM CE€YEHUN «O», T.€.

J

> M, =0 (10)
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Takum 0b6pas3om, cucTemMa He3aBUCH-
MbIX AMHEMHBIX HEOAHOPOAHBIX AUDdEPEH-
LIMAAbHbIX YPABHEHWI C TPEeMA UCKOMbIMU
MOMeHTamMm M, C1A ynpyrocti cessen npu-
MET CAEAYHOLLIMIN BUA:

My R My M
ClO I:I. ClO Il

Mo R My My R 0|

C2O Il C20 I2 I1I2 *
M, Ry

Lo, (11)
C20 l2 C3O l3 I2 I3

M., +M,, + Mgz, =0.

MpupaBHAB HYAO MpaBble YacTu ypas-
HEeHUM cuctembl (11), MOAyYMM cuCTEMY
AMHENHbIX OAHOPOAHBIX AMbdeEpPEHLMANb-
HbIX YPAaBHEHUN UAU CUCTEMY YPaBHEHWUN
CBODOOAHbBIX KoAeDaHUN MEXaHUUYECKOM CU-
CTEMbI.

MW R M!/ M!

Mo , T Mio , Mo

C:LO ll ClO ll

My R M) R

— i+_.£+_.[\/[20 =0’
C20 Il C2O I1I2
14 n

MQO + MZO M30 + M30 :O.

C20 I2 C3O 13
M.y + M,y +My, =0.

(12)

Cuctema pndoepeHumanbHbIX ypaBHe-
HUK (12) NnpeacTaBMMa B BUMAE CUCTEMBbI
AMHENHbIX anrebpanyveckux ypaBHEHUN.
MpaKTMUYECKU UHTEpPeC NpU AMHaAMUYe-
CKOM MCCAEAOBAHWW NPMBOAA MalLWHbI
NPEACTaBASIKOT YaCTHbIE PELIEHNS CUCTEMbI
HEOAHOPOAHbIX AMdDEPEHLIMAABHBIX YpaB-
HeHWM (11), NOCKOAbKY MMEHHO OHU AQtOT
BO3MOXHOCTb MpoaHaAn3npoBaTh 3PPEKT
NPUAOXEHUS BHELLIHUX HArpy3oK, AEMCTBY-
IOLLMX HAa MeXxaHUWYeckyto cuctemy. Mpu-
MEHWB OnepaTopHbIM METOA, MOXHO HaNTU
YacTHble PeLUEeHUsT AMHEMHbIX HEOAHOPOA-
HbIX AMdDEpPEHLMANBHBIX YPaBHEHMI.



BbiBoAbI 3BEHbAMU MOAYUYEHA CUCTEMA He3aBUCU-

AN M3BECTHOM SKBUBAAEHTHOW AMHA-  MbIX AMHEMHbIX HEOAHOPOAHbIX AUDdEpPEH-
MWUYECKON MOAEAU SAEMEHTAPHOTO AMd-  LUMaAbHbIX YPaBHEHUM AAS MOMEHTOB CUA
bepeHLManbHOro MexaH1M3ma ¢ Yynpyrumu — ynpyroctu CBA3en.
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