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NCCIEJOBAHUE JMHAMUWKU ABU/KEHUA MEXAHNU3MOB
BbBICOKUX KJIACCOB

JUta m3ydeHns AUHAMHKA MEXaHMU3MOB BBICOKHX
kiaccoB (MBK) HE0OX01UMO UMETh PACUCTHBIC MEXa-
HHUYECKHE MOJETH, € JOCTATOYHON TOYHOCTBIO OITHCHIBA-
IOLINE CBOMCTBA peanbHBIX MaIIuH. BRIOOp pacueTHON
MOJIENH B Ka)KJIOM KOHKPETHOM CITy4dae ONPEASIACTCS
KJIACCOM MEXaHHU3Ma.

B HanbGonee mpocThIX MOJETSX CUUTAIOTCS, YTO BCE
JCTaIu MEXaHu3Ma — a0COMIOTHO TBepAbIie Tena. Kune-
MaTHYECKHE Taphl MPEANONaralTcs HAcaIbHBIMH,
TPEHHUE B HUX NpeHeOperaercs. ITH MOJCTH C PHEM-
JeMOH CTEHEHBKO TOUHOCTH OTPAXKarOT CBOMCTBA peaslb-
HBIX MammuH [1].

B nccnenoBannm AMHAMUKH MEXaHHUECKHX CHCTEM
OJHUM W3 BO3MOKHBIX METOJOB OITUCAHM I JHHAMIYEC-
KOH MOJEIU SIBJASETCS. METOA, OCHOBAHHBIM HA UCIIOJIb-
30BaHUU ypaBHeHUH Jlarpamxka BToporo pozaa. IToT
METO/] MPHUMCHUM AJIS TFOOBIX TOJJOHOMHBIX MEXaHHUEC-
KHX CHCTEM C KOHCUHBIM YHCIOM CTCIICHEH CBOOOABI,
B TOM YHCJIC U A5l CUCTEM, coaepKamux nedopmupye-
MEIC BJIEMEHTHI (IIPYKUHBL, VIIPYTHE CTCPIKHHU H T.I1.),
€CITH MOYKHO MPEeHEOPEUb X HHEPLIHOHHOCTBIO.

B mpuHmmune B xadecTBe ypaBHEHUM JBWKECHHS
MBK moryT npumeHsThcs apyrue GopMel ypaBHEHHN
JUHAMUKH: ypasHeHMs | aMunbpToHA, ypasHenue Payc-
ca, ypaBuenue Jiiepa—Jlarpanxa u ap. [2]. Ypasae-
HHS JBWKCHUS MOTYT OBITb COCTABIICHBI TAICKE IMYTEM

MPUMEHEHUS K OTACITBHBIM 3JICMEHTAM MEXaHH3Ma Te-
OpEM MEXaHUKH 00 H3MCHECHHH KOJIUYCCTBA ABHKCHHUS
Y MOMEHTA KOMUYECTBA ABMKECHUS . CYIIECCTBYIOT TAKIKE
moaxo s K orucanuto nuHamuku MBK, He TpeOyrorue
cocrasycHus AudepeHIHATEHEIX YPABHCHUH JBIKE-
HUS, 2 OCHOBAHHBIC HA HEMOCPEICTBEHHOM HCIOIB30-
BaHWHM BaPUAIIMOHHBIX TPUHITUIIOB MEXaHUKH [3].

B cnyuae muaorozsenasix MBK peanmzanus nro6o-
'O M3 METOJOB COCTABICHUS YPAaBHCHHUH JBIDKCHUS TIPH-
BOJUT K HEOOXOANMOCTH BBITIONHATh YTOMHTCIBHBIC
AHATATUYCCKHUE BhIKIAIKH. CaMu e ypaBHEHHUS MOy~
YaloTCs OUCHb IPOMO3AKHMH. B cBs3U ¢ 3THM nepcrek-
THBHBIM MPEACTABIICTCS UCmonb3oBanne IBM ans
MPOBEACHUS AHATUTHICCKUX NMPeoOpa3oBaHUH IPH CO-
CTaBJICHUH YPABHCHHUH IBUKCHUSL.

BeiBOa ypaBHEHUH JMHAMUKH ABMKCHHS METOIOM
Jlarpanzka-JHinepa oTaHIacTCs NPOCTOTOH U € IHHCTBOM
MOAX0J2. ITOT MOAXOA MPUBOAMUT K CUCTEME HETTMHEH-
HBIX Tu(epeHINATBHBIX YPABHCHUH BTOPOrO HOPSI-
Ka ¥ OTpakacT 3¢ EKThl, CBA3AHHBIC C ACHCTBUEM CHIT
HWHEPLUH, OOYCIOBICHHBIX YCKOPCHHBIM ABIKCHHEM
3BCHBCB, JCHCTBHEM KOPHOIHCOBBIX H LICHTPOOCKHBIX
CHJIL, & TAKXKE ACHCTBUEM CHI TSDKECTH. JTH VPABHEHHUS
00eCIIEUHBAOT CTPOTOE OMMUCAHUE AMHAMUKHU COCTOSHUS
MEXaHH3Ma 1 UCTIONB3YIOTCA I paspaboTKh ycoBep-
LICHCTBOBAHHBIX 3aKOHOB YIIPABIICHUS B TPOCTPAHCTBE
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MPHCOCANHCHHBIX NepeMeHHbIX. COBMECTHOE HC-
MONb30BAHUE MATPUYHOrO npeoOpaszosanus [eHa-
BuTa-XapreHOepra u meroxa Jlarpanka mpUBOAUT
K KOMIAKTHOH BEKTOPHO-MaTpUIHOH hopMe ypaBHE-
HUU JBIKCHHSA, VAOOHOU AT aHATUTHYECKOTO HCCIIe-
JMOBaHHUS U MOMyCKAarMmeH peanuzanuio Ha IBM.
Ecnu u3BecTHBI pemieHUs oOpaTHOHW 3a7adu KHHE-
MATHKH, TO U U3BECTHBI OOOOINEHHBIC KOOPIUHATHI,
MO3BOJSIOIIKNE NMPUAATE PabOUCH TOUKE MOTOKECHHE
U OPUCHTALMIO OTHOCHTEIBHO 0a30BOM CHUCTEMEI
KOOpAWHAT.

VpaBHEHHA TUHAMUKH ABIDKEHHSA MEXaHHYCCKOM
cucreMbl MetoaoM Jlarpanxa-Jiinepa OCHOBaHbI Ha
HCIIOIb30BAaHNH YPaBHEHHS

afa) a _
alag) "oy~
rae L — pyuaxoua Jlarpamka, L=K-IT; K — xunetnuec-

Kasga 3HCpI‘I/IH MeXaHquCKOﬁ CHUCTCMBI . H — HOTCH-
[UaIbHAs SHEPTUS MEXAaHUIECKOH CUCTEMEL; (; — 0000-

i=1,...5, (1)

seees

ICHHBIC KOOPAMHATHI MCXAHHYCCKOH CHCTEMBI;, ¢ —

MepBas MPOU3BOAHAS IO BPEMEHH OOOOIIEHHBIX KOOP-
auHAT; Q; — 0000ImEeHHbIE CHIIBI (MTH MOMEHTEHI), CO-
37ABACMBIC B 1-M COUJICHCHHH /IS PCAIU3aLUU 3a1aH-
HOTO ABHKEHHUS 1-T0 3BEHA.

Jiist Toro uToOBI BOCMONB30BATHCS YPABHCHHSIMH
Jlarpanxa—Jitnepa, HeOOXOANMO 3HATE KHHETHUCCKYIO
SHEPTHIO paccMaTpuBacMoON (U3UUECKOH CHCTEMBI, a
CCOBATENBHO, U CKOPOCTH BCEX €€ TOUCK C YUCTOM
JBIKCHHS BCEX COWICHCHHUM MCXAHU3MA.
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Mexanusm 4eTB CPTOTO Kitacca
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3Has CKOPOCTH MPOU3BOIBHON TOYKH KaXKAOTO 3BC-
Ha MCXaHW3Ma, HAWAECM KHHETHYECCKYIO SHCPTHIO 1-TO
3eeHa. OGosHaunM uepes K, KUHETHIECKYIO SHEPTHUIO
3neMenTa Macchl dm i-ro 3eeHa. Toraa

dK = 1/2(x*+y*+z°)dm =
= 1/2cnea(® T BT )dm =1/2tr( T T ET )dm.

2

31ech BMECTO CKALIPHOTO MPOU3BEACHHUS HUCIIONb-
3yeTCst onepaTop tr (C/ICA MATPHIIBL), UTO B JATBHCHIEM
HO3BOJIUT NEPEUTH K MATPHULIE HHEPLHH J, 1-r0 3BEHA.
IMoacTaenss B BeIpaKeHHUE (2) 3HAYCHHE V., MOMYYAEM:

K =ZK, = 1/25t(ZZU, J UTr &, dr) =
= 1/2532[tr(U, ], UTD &, gr], 3)

CIIEAOBATEIbHO, KUHETUUECKA DHEPTUS MEXaHU3Ma
paBHa apupMETHICCKON CYMME KHHETHUYCCKOM SHEPI UK
BCEX €r0 3BCHBEB!

K = 1/22tr(¥ 7. %), 4)
i ()

JO O Jy JY mxl
R T A
IR IR Ty mz

mx;, my, mz  m,

MaTpHUlla HHEPLUHM 1-TO 3BEHA, M, — Macca 1-ro 3BEHa;
x* y*, z* — KOOpAMHATHI LEHTPA TAKECTH -0 3BEHA

3 S CHN (CR (O
B COOCTBCHHOM CHCTEME KOOpZHAT; JO T - Jo
3JCMEHTHI TCH30Pa HHEPLIUHU 1-TO 3BEHA OTHOCUTEIBHO
CODOCTBCHHBIX OCCH.
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Haqubze cmams U 3amMemxu

Benmuuuner J. 3aBHCAT TONBKO OT pacnpeeneHus
MacCHI 1-TO 3BCHA B 1-U CHCTEME KOOPAWHAT U HC 3aBH-
CAT HHU OT TMOJIOKCHUS, HH OT CKOPOCTH 3BCHBEB. JTO
MO3BOJIAACT, BBIMUC/INB MATPULIBI Ji’ HUCIIOJb30BATH IIO-
JIYICHHBIC 3HAYUCHUA B JAJTBbHCUIICM JJId BBIYMHUC/ICHUA
KHHCTHYCCKON OHCPTUH MCXaHU3Ma.

Hcronb3ys nmomyyueHHBIE BRIPAIKEHHUS, 1T TIEPBOTO
3BCHA HAITUIIICM !

K, =12502(% 5 &), (6)
rae
'&1:U11¢1:HA01 ¢1:
=Sy -Cy 0 -a,S,
_ Cy S 0 a,C, Qg
) 0 0 0 1
0 0 0 0
1501041
_Sllql_cllql 0 _ananl
_qul_anl 0 _ananl
K=120 " SO
0 0 0 0
J}c( 0 0 0 -S4 Cuq, 00
0 JII’Y 0 mlyl* -Chq, =S¢ 00
0 0 Jéz 0 0 0 00
0 0 m&’f m —aSyq —aCug 00
_ 1 2
_(2Jz+m1a11)#/2'
Takum oGpazom,
_ 1 2
K, =) +m a®) /2, (7)

npuaem J', momysero ¢ ywerom J/ +J! =)0
rze J°, — 0ceBO MOMEHT HHEPIIH 3BEHA | OTHOCHTETB-
HO OCH Z,.

AHANOrHYHO, A1 BTOPOTO 3BCHA MEXaHHU3MA,
K,=(2J, +m a )& /2. (8)
K=1/2(2)>+m,a; )¢ /2. raca,=a, +a,,. (9)

(9) — kuHETHUCCKAS YHEPTHS TPETHETO 3BSHA MEXa-
HHU3MA.
Kunetnueckast sHESPrust 4STBEPTOro 38€HA Oy ACT

K=1/22)%+m al )& /2.
I[J'IH IIITOrO 3BCHA HAXOAUM
K=1/2(2) +m,as, )& /2.
HOJ‘IHyIO KUHCTUYCCKYID DHCPIrHUIO MCXAaHHU3Ma

YETBEPTOrO KIACCa MOIYYacM, CKIIAIbIBAs ap HPMETH-
gecku K, K, K, K, n K
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2 2
ma
K, =|J +0% g2 T g PG
ma2 m.a ? ma
Iy AR e T R e Y A e SR S S
(10)

Ionnas OOTCHLUAIbHAA SHCPI'Us, CBA3AHHAA C BCCOM
MCXaHU3Ma, ONIPCAC/ICTCA KaK CyMMa BCCX IOTCHIIU-
AJIBHBIX 3H€pI‘HI>i OTACIBbHBIX 3BCHBCB. HOTGHLII/IaJ'IbHaH
OHCPIUa 1-TO 3BCHA MCXaHU3MA B II0JIC CHJT TDKECTH

= ®
IL=P y*, (11
rac P. — cuma TsokecTH 1-r0 3B¢HA, Y* — KOOpAMHATA TIO
1 1]

OCH Y LICHTPA TSLKECTH 1-TO 3BCHA.
Jnsg nepBoro 3BeHA:
+as, ).

= — * p—
Hl ml[ g(y lcll all 11)] P (y 1 11 1711
JI7ist BBIYMCIICHUS TIOTCHIMAIBHBIX SHEPTUI OCTAITb-

HBIX 3BeHbEB HykHBI Matpunel T, T,, T, u T,
Toraa moTeHIMATBHBIE 3HEPTHUN AT 3THX 3BEHBEB

Oyayr

IL=P,[y,(-S,S,+C,C a8, C,.. S, C)a, S, I
IL=P,[(@,C, -S,)S,,C,+C S, )
-@,, S, +C,)ES,,S,,-C, C )+Ha, +a,)S, +a,C, .S, I
II,=P,[@,C S, )E, C +C S+
=(@,S,+C)S, S +C, C )+Ha, +a,)S, +a,C I
II.=PJa (S +CIC,S,,C +C11822)+
+S,S,,S,,+C, C)HI-S,S.—C )C, C, S, S,)-
-C,(5,-C,)S,,C +C11822)+a4[C (S,,C+C S )+
+S,-S,,5,+C,,C )+, (S,,C +C )+a, S, .

CymMHpY4, TOTYYAEM MOJTHYIO MOTCHLUUAIBHYIO
SHEPTUI0 MEXAHU3MA!

I =P (-v* S, +a, C,) 6+P [y (-C S, +S,,C. )+
+a,(C,,C,,+S,.S, r+a, C, 165 +P [(a, C,-S, )x
x(C,,C,-S,,S,)~(a,, S, +C, (C, S, +S, C I+
+(a,,+a,,)C,, a21SHSZl]69%+P [(a C4—S4)><
x(C,,C,.+C,;S,)+@a,S,+C)-C, S, S, C )+
+@a, +a,,)C, +a,,S, 165 +P [a (S +C. )%
x[C(C,,C,=S,,S,)+S (-C, S, +S, C)I-S (S.~C )%
S, c ~C,.8,)-C(S.+~C)C, C,+S, S, )+
+a4[C4(C C,,++S,,S,)+S,(-S,,S,,+S,C )1+

a'22((:11 11)+allcll]é§£1 : (12)
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Ecau BEIpaXCHUS KHHCTHICCKOHN U MOTCHIIMATBHOM
SHEPTUH A1 MEXaHU3Ma MoAacTaButh B popmymy (1),
TO MONYYHM YPABHEHUS ABIXKCHHS €TI0 MEXAHHICCKOH
CHUCTEMBI.

HaneHelimee mpeoOpa3oBaHus HALCTICHBI HAa TO,
ytoObl 3amucare ypasHeHue (1) B MarpuuHOM BHIE,
yIOOHOM I TPOTPaMMHUPOBAHUS. Y PAaBHECHUS JIBH-
JKCHU MEXaHH3Ma MPEACTABILIIOT COOOU CHCTEMY HE-
JVHEHHBIX OOBIKHOBEHHBIX AU (epeHINATbHBIX YpaB-
HEHHH BTOPOTO MOPIAKA. DTH YPABHCHUS VUUTHIBAIOT
BCC JCHCTBYIOLINMC HA 3BCHbS MEXAaHU3Ma YCTBEPTOrO
KJIacca CHUIIbl H MOMCHTHI. HHEPLIHAIBHEIC, LICHTPOOCK-
HBIC, KOPHOJUCOBH U TpaBuTauronnsie. 1 ananmusa
CcBOOOJHBIX KOJIEOAHUN MEXaHUUECKON CUCTEMBI MEXA-
HU3Ma OTHOCHTCIBHO HEKOTOPOH KOH(HUIYpaLHH Mpu
MOJIHOCThIO OCTAHOBICHHOM MPHBOJC, T.C. MPHPAB-
HUBAas CHJIBI (MOMEHTBI) K HYJIIO, TIOCIE HEKOTOPBIX
MpeoOpa3oBaHUN MOKHO NMPHUBECTU B OOLIEM BHIE K
OJHOPOIHEIM VPaBHEHHSIM BTOPOTO MOPSAKA C HOCTO-
STHHBIMU KO3 (PUITHCHTAMH

Ag+Cq=0, (13)
rac A — MaTpuna HHEPUHOHHBIX ko3¢ dunueHTos; C —
MaTPHULA KECTKOCTHBIX KO3 PHULIHECHTOB.

O6wee pemenne cucreMbl AuddhepeHIHATBHBIX
ypasaeHuii (13) 3amuceBacTCs B BUAE CYMMBI YaCTHBIX
peLIEHUM

5
q()= Y. abisin(ot+3),
i=l
rae b’ — aMIMTYHBIH BEKTOP; (), — 4acTOTa KojIeba-
HuH; 6, — HauanbHas (pasza KoneOaHHi.
3a¢ech a,, 8, — MPOU3BOJIBHBIC TIOCTOSHHBIE, OMPEE-
JIICMBIC U3 HAYAJIBHBIX ycnOBHﬁ. HaqaanLIe YCJ'IOBI/IH

(14)

MPH CBOOOAHBIX KONCOAHUSIX B OOIIEM CJIy4ac HE W3-
BecTHbI. J|1s1 pacueTa BO3bMEM HAYATBHBIC YCIOBHUS

q,=0, ¢=0,

¢ ¢, ONPEACIAIOT M3 YCIOBHS CTATHYECKOrO PaBHO-
BECHL IS 33, JaHHON KOH(pUrypauuu.

®dopmyna (14) onuckiBaeT CBOOOIHBIC KOICOAHUS
3BCHBCB MCXAHU3MA.
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Pezrome

JKoraprbl Ki1acc MEXaHM3MJCPIHIH JAHHAMUKACHIH TCOPHSIIBIK
3epTTey YIiH, Ky PUTBIMJIBIK TapaMeTPIICPiH aHBIKTAY YITiH €CeTTiK
MEXaHUKaJbIK MOJICIIH TaHjan aly Kaxer. Byl taHuay op kesje
MEXaHU3MHIH KMHEMATHKalbIK CYl0achiHa, MEXaHHKAaJbIK
KacHeTTepiHe OalaHBICTB ©3Tepill OThIPAIbI.

JKoraprb! Kilace MEXaHM3MHIH AMHAMHKAJIBIK MOJIEIT Jlar-
PaHXKIBIH CKIHITI TEKTi TCHACYIEePiH KONJaHY apKbLIbl 3¢pPTTETCH.

Summary

For theoretical study of dynamics, the definitions of design
data are necessary for having settlement mechanical models. The
choice of settlement model in each concrete case is defined by
the circuit of the mechanism, mechanical properties.

In clause the dynamic model of the mechanism is investigated
on the basis of use of the equations Lagrange of the second sort.
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