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AHAJN3 MHHAMAKHE I CHHTE3 YIOPABJEHOA JABIGKEHHEM
HCIHOJHHUTEJBHBIX OPTAHOB POBOTOB-MAHHITYJIATOPOB

A. IV JIECRKROB, B, C. MEJIBE/IED
(Mocrea)

[Ipn npoextTuponamim poGOTON-MAKUNYIATOPOB HEODXO/NMO DLIIOJAIATE
MO/APOOHBIC 1ICCACAOBALIL JAUTAMUKII BCCX 3POHLEB JNCIHOJHNTCALHBIX «PYK»
B PA3AMYLBIX PEKUMAX pafoTnl 1 odsacrax paGouero mpoctpanctna. Cioik-
HOCTHL JTHX lCcJeoBanmii oOyCJODJUBACTC/A B OCHOBIOM CJIOJRHOCTBLIO MaTe-
MATIIECKOr0 Ompcanis nofo0upix 00BEKTOD KAK MHOTOCBA3UBIX HEJANHCHIBIX
cucteMm puicoroii paamepmoctn ['~']. IlpemsaraeMsii B cTaTbe METO COCTABR-
JQHM YPABHCHINT JIBIGKEHI 103BOJACT 3anincarh X B BUAC OAHOro ypanmne-
HUA A 0J0vubIX BeKTOpPOn (DABOBLEIX KOOPAUHAT, YMNPABIAIOIIX I BO3MY-
OIAIOMNX DBOJJCHCTDBIIT I BRIIOJHNTH €ro mccjeposamme, me upuderas K
pasasepuyTRIM BhIpazKemuIM, I'aKoe ypanuemie J0CTATOMHO HPOCTO JUTeaAPH30-
path, ocobenno ¢ nmomoisio LIBM. lccaepopanme smnmeitmoir Mojeai H03BO-
JAET ONpPeAeJNTh KIIEMATHICCKIIe II ANHAMHYECKIe XapaKTePUCTHKI MexXa-
MI3MA B OKPECTHOCTII IPOM3BOJLHOIT TouKkir padodero npocrpancrsa. Ha ocno-
BC MCNOJL3OBALIA JHUEITHOI MOJCJII MOS0 DLIOOJUNTL CHIITC3 CHCTEMBI yII-
pPaBJCHIL HPIBOAMIL 3BCHLER MEXAHNN3MA.,

Hecaemopaumio KumueMaTnim i JUOaMIKI anTpoonoMopubIX HCOOMNNTeIb-
HLIX MEXAHN3MOB POOOTOB-MAIINITYJAATOPOD, a TAKME HEKOTOPLIM BOMpoOcaM
CHITE3a CHCTCM YIHPABJCHUA MX JBIZKCHIEM II IOCBAIICHA CTATLIL.

I. Maremarnueckan mojaeab antponoMop(hpnoro nemOAUNTEILHOrO Mexa-
nuama. Pacemorpuy MexammaM, KNMIeMATHYCCKAA Ienh KOTOPOro pA3OMKHYTA
Il mpepcTapager coboil IMOCHEHOBATCILHOC COCAWHCHHIE N TEJ ¢ BpamaTelb-
npiMp napayit (pur. 1), Ilyers mapuupsl, yeTanopliennbie B CO'LJICHEHISX,
JIOOYCKAIOT OTHOCHTRJILIOE BPAICHIE PAAOM CTOAINNX 3BCHLEB B HANPABJCHNT
TOJLKO OJLHOIL OCIL.

[lepenymepyeMm 3pennsA menn, HAYNHAA OT 3A4XBATA, KOTOPOMY IIPHCHOIM
iomep ojunil. Cnskesm © KasKABLIM i-M 3BCHOM OPTOrOHAJBIYIO NMPABYIO CHCTEMY
koopjaunar Oz, 0Cb Ty KOTOPOil HanpapjeHa BAOJL OCH OTHOCHTEALHOrO
ppamenis i-ro nu (i+1)-ro apennens, a HaYaJ0 COBMENIICHO C IEITPOM IIap-
mupa i-ro apena. byjgem naspisath ee i-it cmeremoit xoopamuar. Cucremy Ko-
opaanar ¢ momepom nt+1 cmkeMm co CTOIKOII Mexanusyma. JTy cHcTeMy Oyaem
CHIITATEH MHEPIIAALIIOIL. |

OGoamatuM ¢*=[qgz...q,] — BEKTOP OTHOCHTEJBHELIX YIJODBIX THEpeMe-
mennit apennes (T — CHMBOJ TPAHCHOHNPOBANNA), TAC ¢ — OTHOCHTEJHHOE
yriaonoe noxosxenie i-ro uw (i+1)-ro spennes, PT=[P|T|P="F...|P:] — (09 InIil
BEKTOP CHJI TAZKeCTH dpennen, saement xoroporo P (3*1) ectn npexrop cuianl
TaMcecTn i-ro apena. Bee ppopuseplie nmike Gaovubie BERTOPLI HMEIOT AHAJIOTNY-
HY10 CTPYKTYpPY, IOOTOMY IIPIL NX Hamucaunm ue OyaeM oropapusath nX pas-
mepuocth. Obosnavwny /7 — Gnounslit pekrop pmemunx cit 1w M — Gaoanniil
BCKTOP DHCIIINX MOMEHTOB, HNPIJIOKENHILIX K 3BOHLAM. JICMEHTLI BEKTOPOB
Fou My (3%1) — peKTopnr puemmeil CHanl it MOMONTA, TPHAOKONIBIX K i-My
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aseny. Bexropm Py, Fyw M, Gypesm cunrarh 0ajanmsiMim B HPOCKIMAX HA OCH
anImloﬁ CHCTOMMB KOOP/AMEBAT,

n
YCTh, agnee, a,, ®, 1 ® — GAOUHKIC BOKTOPH, DACMONTH KOTOPHWX @, @g
W ® — eCTh BEKTOPH abcoaoTnoro Jnneiinoro yckopenun neurpa mace, abeo-

I
Ya
M
; 2
v qy -ff'f
) Fi-1
Onr. 1 Our. 2

AOTHOM Yraosoil cKopocrnt i-il cHCTeMB KOOPJANIAT M OTHOCHTEALHON yraosoil

ckopocts i-ro m (i+1)-ro apennen. Dyjesm cunrarsh uUX 3aJJaHHBIMII B DPOEK-
NUAX HA OCH (-1l CHCTeME KOOP/UIHAT,

Beenem Gaounnie Marpunsl

0 h Erln
) : 5 masssss U--u -:—-—-E" -:*:-g'““"
T = dl.g ltl‘ ITI‘ I- .- = !rnlll t _— .__{_)___z._. _____"!' _éu .-—.-1::3.’3 "
ey g o
ool el Ol il ot
0§ 04f 0 f-r ;“J

BAEMEHTH KOTOPHX Ty M Ty (33) — coorsercrBenmno mMaTpunnl nmepexopa or
HEepuumaabnoil u j-ii cucreMul ¥ i-if cucremMe Koopauunar, £ — euuneHas Mar-

pena, 0 — nyaesaa marpuna. Herpyauo sujgers, wrto cupasejinssl cOOTHO-
meHnH

—=

E:-—fu 0 ' 0 7
0 ?:";l"'“o

PAnT? 1) = "UmE UE“E AN 5O¥ : (1.1)
.I._“Um“ml.]']l}“E ' E-_

S9T0 CJdedyeT N3 OpToronibHOCTH MAaTpHI T, 1 oYesllnoro coornpomenun
J—1

' Gj-1) = I l Ta k41 (qr)- (1_2)

k=i

Vs (Q6s Ghons o+

Jan ypobersa sanucu BEKTOPULX Lpouaseaeuuit saementron 6J0MHLX BER-

TOPOR BBEAeM KococuMMerTpuyeckyw Oaounyio marpuny Ala), soropyw oupe-
ACAUM PABEHCTBOM

Ala) =diag|[A(a,) 'Ala:)!...1A(a,) ],
L)



rne a'=|a,'lay"...la,’] — Gaouuslii BEKTOP, a=|asana,], a marpuna 2(a)
(3<3) umeer pujp ()

Py, — Uy, ayy i

. ' () — a
A(a) = | H: Iz |
 — 04y Oy U]

Martpnua A(a) crponres na saementon 0a041H0ro BEKTOpa @, MOITOMY Oynem
cuntath, uto A(a) ects peayiavrar mexortoporo A-npeobGpasopanns 0J04910r0

BCKTOPA.
Jlas ipyx GJA0uNLIX BEKTOPOB @ 11 b MeeT MecTO paBeucTno

SR = N O = M)

-

Vexopemut a."=[a."|a."|...|a.."] nentpon Macc spennes MeXanmn3MoB onpe-
neasoresn papenctnom (¢ur. 2)

a.= (1—E) (Q,+97) I+ (2,+27) p, (1.3)

e Q,=A(w,); a cumBoant p, [ — Gaounniec BEKTOPHl € aaeMeHTaMm| py, [
(3%1) — pexTOpaMm KOOP/UMILAT ICHTPOB MACC 3BOHLEB I BCKTOPaMH, COeM-
maomusmi i-it i (i—1)-it mapuupsl, 3aavuBIMII B IPOCKINAX HA OCH i-M CH-
CTEeMBLI KOOPIHAT.

Nlan paccMaTpHBAEMOTO MEXannaMa COpPABejUINBO COOTHOIICHHE MEKY
ﬂGCO.TllﬂTIILIMII I OTHOCHTEJIBITLIMIT CROPOCTHMI apennen

0 =TQ. ~ - (L.4)

[ToaToMy, y9nTeIDag 3nademiie NPouaBopnoil MaTpunel T, noayuennoe s IIpm-
aoxcennu 1, oGosznavnp A(w) =0, nonyunm

w=T0+TO=—T1L(T—F) o tto=—1010+10, (1.5)

TaKk Kak npouapeaenne 2w paBuo nyJo.

Kunematuvueckyo nens Mexannama ocsobopny ot csaseir. [leicraue o16po-
IICHALIX YACTeIl HA (-€ 3BeHO 3aMCENNM JICHCTBHEM CIJI M MOMEHTOB PpPeaKIimi
fom fi—y, Wiy, W—y (Ppur. 2). Bextopsr f; n |, OyaeM cUNTATHL 3ajlaHHBIME B IIPO-
eKIUAX Ha ocm il cmereMnl koopanmart. Jls paccMaTrpmpBaeMoro Mexammnama
ypapmenue jas oupeaenenua Ga0unoro peKTopa CHJ PeaKIiii IMMEeT D

ma.=T (P+F)+(v')f, (1.6)

rne m=diag[m,E'm.E!...!m ,E], m; — macca i-ro apemna.
Ypapnenue MOMEOTOB OTHOCHTEJLHO NEHTPOR MACC IBCHLOB JUIA OJOYHBIX
MATPHI] M BCKTOPOD MOJKIO 3aNNCATh TAK

lo;tQd.0=TM+(R—R)TF+ (v7") 'n—[RAL(z—E)"] («7")7f,  (1.7)

rne [.=diag[/.!l.!...1I.,] — Gaounan maTpmma, cocrapiennmasm W3 TEHAOPOD
HHEpIn Kazaoro snena /4 » cHCTEMe KOOPAUHAT, OCH KOTOPOIl MAPAJIeIbLIbI
OCAM {-if CHCTEMLI, a4 HAYAJ0 COBMEIICHO ¢ MEeHTPOM MOCC COOTBETCTBYIOIEro
apena, r’=[rlry"l..0r,"] — Gaounnii Bexrop, amementnl woroporo r; (3x1)
eCTH BCKTOPLL KOOPAMLAT TOUKI HPHJAOKCHNA cwianl Fy, Sajjanmbie B NPOCK-
nuax na ocm i-it cneremut, 1=A(r), R.=A(p), L=A(l).

Boenem 6aounyio marpuny U=T7"(t—E)*T. HemocpeAcTnenmBIM IOICYTOM
aero yoeqntnen, uro U (3n*3n) — nocrosnuan MaTpnuma, cOCTABACHOAN 13

g’




CAMHNMEREX MATPUW, PACHOIOMONIKN JA0n00 NIannolR Juaronaimn, T, e,

ﬁ ﬂ e U'
u:‘::. . ‘; e ..ﬁ-
U == !‘l‘(t - h‘)"l‘"‘ am 1M 4 s fad wo 12 (1-8}
£l &l |0 ]

Hoacramass suavenue noxropa ona f, voaywennoo wa coornomeommit (1.3) wm
(1.6), 8 pasencrno (1.7), npmmayan no nunmanue coorwomennsa (1.4), (1.5)
n (1.8), mocae npusegenus  MOAOOHWN WAOHON 11 YMUOKOIIT  HOJXYIONIOro
YPABHOHENR CAOBA HA MATPIIY 5 noayunm

U= [RAL(x=E) " Im[ Rt (v=E) L] o+ (Q —11Q) —
—~[RAL(x=E)" QL) m[ ((v=85) QL+QR) — ((r—=E) L+R,) 1Q]} to=
=T (U+E) M4 (RIHLTU) B4+ (R THLTU) PAp. (1.9)

A2 sROpapumy CHOTOM KOOPAMIAT ¢ yuorom upuuarwx ofosuavenmuit Gxou-
ENE BOKTOPH OTHOOMTOALUMN YIAOUKMN CROPOCTON I MOMOUTOR, ACHCTRYOMUX
00 HAUPABICHII OO IAPIIPON, WMEIT Byt

o' =[g.etige’l. ... 1¢.e"], e"=[100], p"=[p"elpael ... puse].

[Toaromy, COCAM BROCTY  JANANOMAIRIYI0  IPOCKIMOTIY 0 Guounyio MaTpmHny
ve=diag{{ ! ... L] To copaneiiinim panenerna

=\, =V, (1.10)
Na™=\V'l, . (1.11)

rae pet = ieltse o oo Moo ] = BOKTOP JIMDKYIIIX MOMONTOD D NIAPHEPAX, B KO-
TOPOM Jhe ©CTH MOMOUT, PABULIL PASHOCTIE MONGLY MOMOITOM, PA@DIBACMBIM
TsErareses o asena (Je), 1 MOMONTOM RUYTPOUIIOrO CONPOTIBIAOIA JIBII-
ORI B M mapunpe (pg).

Moacrasus suwavennn noxropon o n @ na coornomennit (1.10) n ypanme-
s (1.9), yauomun sarem o0o MaoTi oAy S0nnore ypaniouiut cJena na MaTpiu-
oy V5 e yeerom pasencrsa (L1 noaywusm judupopenimaianinoe  ypanmnemne,
QUNCHBARINCe AMMAMIKY HOUOANMNTOALIONO OPraua MANUNIyJATOPa,

A()§+B(q. 9)4=C(q)F+D(q) M+G (q) P+p; (1.12)

.'l‘tit-‘liti, :"iE',.._ [l(.* ’-(1""“*:)']’"[1{;'{'(T—E)L]I
Be=—1t,"{dxQ=Q. 0+ [ R+ L(1 E)'Im[QR+(v—E)QL]v), (1.13)
C=v"(RT+LTU), D=\'T'(U+E), G=t'(R.J-+LTU), to=1v.

C poMoms® OJovMmy MATPHIL MOTPYAMO HOJAYMITL I KIHOMATHYCCKIO
VPABHCHUN, T. O VPAaRUCHIN CHMBIE MOHLY AOCOMIOTHRIMIT I OTHOCHTOALITLIMIT
ROOPARBRATAMN MONAMIaMA, lll‘ OUTAIIIIBAICEH na oTiex  JjocraTotnuno upo-
CTOrO BNBOAA, VEAMIOM, NTO OTU COOTHOIIOUIN DAQIOT Dy

X, (UHE) T, Oy~ T, Xy (U™+E) I8, (1.14)

rae V. — GAouMMil BOKTOP, B KOTOPOM DAOMONT Xy '= leale2a] coTu neKTop 06-
COTIOTHMYX ANHOMUNX ROOPANIAT TOMKI (10 BROHA, CONAMAIONN © HATAJIOoM
(i — 1)-fl emeroMM Koopauuar, © = GAoMuM BOKTOP HATPAUHOIIX KOCHITY-
cos sestopos [ (0 BOKTOPM PACCMATPIRAIOTCH W HPOCKIIAX - 11l OCI nuep-

HRAARRON CHOTOMM KOOPAMNAT),
bo=diag 1L B LB B, ] = (" Hh L L) Y,

2. Jlumeapusamun ypasuenudl ke, o wupansendl (1.12), (1.14)
CACAVEOT., NTO JABUMKOHUO MONAMMIMQ OTHOCHTOALIO HOKOTOPOI OHOPHON TPAOIK-
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TOPHI ONNCHIBACTCA YPARTETTNAMMN
(AA)§AAAG+ (AB) 44 B.AG= (AG) P+ (AC)F.AC.AF+

F(ADYM.AD.AMA A, (2.1)

AX,=(U'+E)AT"I, (2.2)

e aneajgouroft obosnavensr snavennn MATPIIL T REKTOPOR HA nnnpnni‘r TpAER-
ropin, a A — nux npupamennn. ¥Yeazannwe n ypasnenmax (2.1), (2.2) npw-

PALIEeN I DL HCAsIoTen 1o hopmyaam

(AA)§.=AAq, (AB)¢q.=B,Aq+B:Aq, (AG)P.=GAqg, (2.3)

(AC)F.=C,Aq, (ADYM.=D,Aq, (AT)"1=T,Aq:

e A=[alasl ...!a,], By=[b,lbs!... 1], Bs=[bsbsl...ibs.l},
Gi=[G;1Gisl .. 18041, i [CnlCil . 551C1a), D,=[d,ldy!...d.],
Ttm[f..i Ty — MATPUILI, COCTABJACHALIC N3 N PEKTOPOR-CTOJAOIMOB pa3s-
mepnoctn (nX1):

a,= (OAfaq.ff) o, bh':' (anaq.fj) .y (JH= (aB/aq.iq) .y
G“'=(aGfaq.P)-, (2-4J

C.=(0C/aql)., di=(aD/agM)., ty=(aT"/dqd). (i=1,2,...,n).
Ypaprnennn (1.12) n (1.14) conepskar anms 9eTHpe MNEPeMERNEIS MATpPUITH
I, v, Q, Q. Iloatomy pas nocTpoenna aAnneiinoil MOJCAR JOCTATOTNO MOXYINTEH
hopMyJInl UL pacueTa TOALKO CACAYIONNX YACTALIX NMPON3BOJANBIX:

aT/0q,, 0t/0q,, 0QJ/0q, 0QJ/dq, dQ/dq..

Jmn popmyant npmneaenst n Ipmaomennn 2. IHoacranus coormomenma (2.3)
n puipaskemt (2.1) u (2.2), nocae npusepenna nmogoONLIX WICHOB HOJYTHM

aAG+bAG+eAq=dAF+eAM+An,, (2.5)
AX,=(U+E)TAq, (2.6)

rie a=A(q.), b=B(q., 4.)+B,(q., 4.), d=C(q.), e=D(q.), c=A(q., §.)+
+B|(Q-1 Q')_GI(Q')'—CI(Q') “‘Dl(q')-

Baaropapsn nenoanaonannio cooiicrs 6aounsix marpun u A-npeobpasonamus
yaaeren npn anpeapndanum nabe:kars onepammm auddepenmmposanna w
CBOCTIL BCIO NPOUCAYPY JAMHEAPHIAINIT K BHIIOJANEHNIO HJIEMEHTAPHLIX Onepa-
nuit (Caoskenis, yMUOKEHI I TPANCHONITPOBAIIA) Hax GAOTHEIME MATPHIA-
Mit, uTO peceMma yjao0mo mpn swnoaneunn pacueron na LIBM. Ilpepnaraeman
MOTOJINKA JANMHCAPNIALIIT [O3BOJACT DBLINOJINNTL pacuer anpeitnot Mopean
BOSMYICHIOrO  JIDIGKCHIA OTHOCHTCALIO NMPON3BOALIOI [IPOCTPAHCTBE N0
rpackropui. Ha ee ocnone Moryr GuiTh peliennt MHOIMe YacCTHLIe 3aJa9M ana-

JINBA JIBNZKEII MOXANIama.,
Onpepenenne KxunmeMarTunueckofl TOYHOCTHN WMCHOXHM-

Teaprnoro oprana. Pacemorpnm  mupakenne (2.6) AX,=(U"+E)~
“T'\Ag. 3uavenue 7', nuvncanM B coorsercronn ¢ nupakenmamn (2.3) n

(I1. 2.9), noxyunwm <
AXy=—(U"+E)T'LvAq=IIAq, (2.7)

rpe //=— (U'+E) I"Lrx,.

Bupamenne (2.7) yeramananpaer cpsas MEMULY NOrpeNIHOCTAME HOSMINO-
HUPOBATI OTHOCHTOALUBIX YIVIOBLX KOOpANIAT o abco/oTnnx anuefinuy Ko-
opfunar apennen Mexanusma. B wacrmocrn, neamwuny omuGknm  yaepmauus
abcomoTnLIX JAnnefinuX KOOPAMHAT 3AXBATA Mexauusma yaolmo omemupars ¢
nomompeio  kpagparianoii  gopyut AX,'AX,. Cormacmo ypaswemmo (2.7).

HMOeM
AN 'AX =Aq 'yl Aq=Aq"SAq,
e S=H'yll, ¥ (3n<3n) —Gaounan wmarpnna wuga y=diag [E10! ... 10].
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Vaewer VHOpoOw Hop gefictremem wosmymennh. "POW
HIMAM, A0 CHAOTOMA YHPABAOIIA JURONNCM MEXAIHAMA  YeToRTnna 1 ocy-
WIKEABENANGT ErYARPOBRIIG OTHOCHTOALNIAX OIMBOK Yraonux KOOpAHAAT i yr-
NOWIE  CROpOeTon; » rtoM cayane cupaneinno pasenctso f~K,(4.—4)+
YKl g) =K Ayt K:Ag, the K, K, (n*n) — MOTPHILA TIEPEAATOTIHEIX T
con peryantopn, Torn w covrnercromn ¢ supamennnsn (2.5) w (2.7) poan-
THIR CTRTHACCHOR O1mbII yACManusm saanmnoro noaomenns X ., poammrao-

ek w PESYAIRTE (I pHAOMennn DOCTONNIAX  BOSMYIINIOINX  RoapeReTRNi
AV, AM, Af, Moniet Biaty ofiposiesonn wa pupamenis

AX =l (c<K)=' (dAF+eAM—~Ap.).

AWAANS pannonescnoro noxomenmun Hoayanw nupamennn
FR WIAAHEACHAA Mttt AMNeRNOR MOACTIN JBIGKEIINA B OTRAGHENHAL oF We-
KOt opot o onamesmnn 'jmulmm-t:ml q.. I3 o1oM cayuae Ge=ijo=0 # B coornerer-

WA € panenictandn (113), (2.3) n (2.4) smarpmius auneitnod Moxexs OTIPe 16-

TARTEEH WA A 191 1

a=A(qe), b=, ¢= -G (q.)~C (q.) ~D,(q.), d=C(q.), e=D(q.).

Dopuynu jiam saancaenmn smarpus A, C, D, G Guan nosyaemms shamme
(es, (1.47) ), Pranuennst ronops smarpumm G, C, w D,. Wa coornomennit (2.3) .
(IL29) n (11,241) ¢ yuorom pasencrna Aa)A(b)~A(b)Ala) =AlA(a)b),
e @ I~ Gnotiinide secropin (5 CHPaBEINBOCTIE HTOT0 PABEHCTEA HETPYANG
YOCTRTICA HYTOM HOTOCPOACTHONIMX nuianeaenil), nMees

GAg=(AG)P=v" (Al (R.THLTU)P)=<Al (R.T+
FLTUYP Yt [A(TP)+LA(TUP) Jv,Aq=
=WAICNTHYLTU) P14+ [A(TP)RAA(TUP)L] ) 1:Aq.

Gi=V'AlC(HTYLTU)YP )ty o' [A(TPYRAA(TUPY L) 1. (28)
AHBAOTHANO HONYAROM WA PAIKOIIC JUI BRICACHMA smarpuns C:
Co=vV'AlV(RTHLTO)E |1o 1" [A(TF) R+A(TUF) L) x..
Haxonen, ¢ yaorom paneucrn (2.3) u (I1. 2.9) noayraesm
Di=v'AlT(U+E)M)r1..

Dynes eantnty, qro pabory npunojon crenenell NOABMMKIOCTH MOXamHaMa
HOmHG ONHERTY cootiomoennes pe=a,U+ayjta,(q), a nexrop momenron con-
porurnenun paneil =ptps(q), rno a, a, p (nXn) — marpwner; o (q) n
Gilg) (7)) = pudpbepenimpyosuie nexrop-pynxipm, U (nX1) — pexrop yn-
pragnennn, OGosnntinM

() : r B 0
by = "” ¢ dgn = Paa)id~(— b+ as—Py) |’ £ = | aray |
e Ay (ZnA2n) — matpmitn unaMuiecknx coofictn encremut; B, (2nXn) —
MaTpuia afrborrnnnoctn yupasaenni;

() 0
An = [ﬂ] AF + [';‘:.‘;" ] AM;

An(2n/L) —~ pewtop noamyienumit, B oTHX BRPUOKCHMAX MATPHIM Zsx W Jis
BILAHENRKTCA 1O PopMyinu

= |y, 5:~[ﬁnln dy=0asy/0q; Py=0p/0q, (I, J=1,2,...n).
Torna ypasnenne anneiinoll MOpeAN JANIZKEIINE MOJKIO BanNcats 7
Av=A An+B AU+An, (2.9)
rie A7 =[Aq IAG") (172n) ~ nexrop (hasonbIX KOOPAMIAT CHCTEMA.

Yopusnennn (2.8) u (2.9) 108poisior DLNOANNTE ANAJNE ANHAMETECKOTO
HOREHEHAA MOXANHEMA B ORPECTHOCTH TOYKI (« PABHOBECHOTO MOMOMENNA.

Orwyia
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Par. 4 Dur. 0

A EnzorrrEERr 06pasoM MOryT OETEL DOIYYeNEl MATPHOLI INHCNHON MOeJn npH
IONGEeTIE MeXAEnaMa OI0dL OPON3BoJABH0N OpOCTPANCTBEHHON TPACKTOPHH.

oo Cmerren cueTeMsr yOpapaenma. 3a7107a CHCTeMBI YOPABAeNnnsa JIBHGKeIH-
o530 ICODIHOTEIEHOTD MeXammaMa — obecnevuenne tpedyeMbIX 3HavYenuil Kaw-
IDIE I KOOPIIHEAT CTeNenell OoRMKnocTi pabovero oprama i H3Menemust
D GDPMENE RAEI0ON 03 KOoOopaINMHmaT Ha JajaHmoM  ppeMennoM HnuTepnpa-
e |7 ] B ooy otvevennnix ocofenmocTell ANHAMIKI MEXAnuaMa MHpeacran-
INeTTE YIDOHEEIM MCIOdBA0BANNE U CHATeda YIPABIeninsa MOTOAA anaJuTnTe-
cEnro. moEeTpyRpoRammur  peryamropon [ 7], B npepuosomenunm ManocTn
OIMEBOK PErVIEPOBAIIIT YPATHenma IDIFRCHIA MEXAnIIMa i TPHBOAOB JNNea-
JHSYEs OTHOCHTEABHO Jajganmoil tpaextopmir. CTpykTypy nm mapaMerpsl pery-

TETOPA. ONPEIEINM 13 YCITOBIE MUNNMYyMa Kpagpatuanoro gynkuauonansa
; T
¥ %M(ﬂ DrA%(T) -',-——21' S [AnT () D (v) Az (t) + dur (7) 'V (7) Au (1)) dr,
: .
(3.1)

e (D, () (1) — MaTpunsr 1econsX MIOFRITEeNeIT.
B



Hasectno, uro B oTOM cayvae
Au=—W-'(1)B;(t)K(t) Ax=—0Q(t) A%,

e Q(t)=V-'(t)B;(t)K(t) (nX2n) — marpuma mepefaTouHLIX YHCeJ pery-
aatopa, Au (nX1) — pekTop KOppeKkimmm NMpPorpaMMHBIX 3HAYCHUIT YIPaBJIAI0-
mux curnaxon, K(t) (2nXZn) — cumMmerpuueckas MaTpuila, ABJIAIONIASACA pe-
mennem auddepenunansnoro ypasuenna Pukkatn

—R=KA,({)+A,; (t) K—KB,(t) V' (t) By (1)) K+ O (t), K(T)=0y.

ITpn 3ajlaHEBIX TeOMETPHYECKIX ¥ MHEPIHOHHLIX XapakTepueTHKax mexa-
HII3Ma, IIapaMeTpax IpHBOJAOB M TPAGKTOPHH JBMKEHHA IDapaMeTpnl CHCTEeMBI
YHOpaBJIeHns, a cJeJl0BATEJbHO, H JHHAMNYECKNE CBOIICTBA BCEH CHCTEMBI IOJ-
HOCTBIO onpejieanioTes anavennamn secosuix Matpur O, O, W,

4. IIpnmep. Asropamn paspaGoraust nporpamMmul aias I[BM murerpuposaunus ypabue-
HI JABIZKEHHA, BBIYUCJACHHA MATPHIl JHHEHON MojeJan ABHKEHHs M pacyeTra CHCTEM
YIpaBJennsa, ONTHMAJAbHLIX 110 KBajpaTHIHOMY KpuTepnio Kavecrsa. Ilpumenenne MeTOIH-
KII NPOMJUIIOCTPHPYEM HCCAe0BANNEM HeCJ0KHOro MexanmaMma, naobpamennoro ua Gur. 3.
Ha ¢ur. 4 npusejensl peayJLTATHl NWHTETPHPOBAHIA MOJHLIX ¥ JINHEAPH30BAHHBIX YypaB-
HeHMIT ABM/KCeHNA B OTKAOHEHMAX KOOPAMHATLI Zgy OT BEePTHKAJLHOM JIMHUH, BhIpa/KeHHbIe
‘B MeTpax; no ocu abcmuce — BpeMsa B CEKyHjlax.

Ha ¢dur. 5 npeacrasiena 3apucnMOCTh ANArOHAJLHLIX 2JIEMEHTOB MATPHILI KHIEMa-
THYecKoit TounocTn S or Toukm pabouero mpocrpancTsa (g — B rpaaycax). Ha ¢ur. b
naobpasken MepexoaHblil Nponece no KOOPANHATE Zg B cHCTeMe, ONTHMAJbLHON o KBajpa-
TuuHoMy Kpurepmio (3.1), paccunmtanuoit B Touke g.=0 npm cJAeYIOIHX 3HATCHNAX BECO-
BLIX MATPHIL:

B aToM cayuae cncremMa ynpasaenns obecneumBaer MHHHMYM NOrpPENIHOCTH YA€pAKaH
BAJIAHHOTO NOJOAKEeHNSA Zgy.

IIPUJIOJE HH A.

{. IIpon3aBoAHYIO 10 BPeMeHN MAaTPHILl T BLIYACIUM C YUETOM TOro, 4TO

T=—1T'T. (I1.1.1)
«Coraacno (1.1),
0 T 0 - 1 0
0 U i —Tss ! . 0
T Py | [ R ' ........... O TR :- -----------
0,141 % 07| E10 65 550

(IpomaBonan oT MATPNILI Tii4+¢ HMEET BHII

Tiip1=—8Tii+1, Qi=A (). (I1.1.2)
(C yuerom seipazenmit (I1.1.1) n (I1.1.2) Oynem nmeTs
—'=—Q(t—'—E). (I1.1.3)

TlogcTaBns 3HavYeumne ! n3 (I1.1.3) B seipaskenne (I1.1.1), okonuareapno MOJYHHM
1=1Q (1~ '—E)1=—1Q(1—E). (11.1.4)

2. Moayunm gopmyisl jUist pactiera MPOH3IBOAHLIX OT MATPIL T, 1, Q¢ n Q. Herpyauno
JIPOBEPHTH, UTO CHPABE/UINBLEI PABEHCTRA

dQ/dq=A(0w/dq;) =\ (e)), (11.2.1)
rie ef=[e1d"]e20"| ... | €no"] — 0JOTULI BEKTODP, B KOTOPOM
oy 000], i/,
0™ 11100], t=1/.
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Toraa noayvuaem
; “l]‘quiﬁi\{Tfhﬂ/rjl‘jj) Hi\{lf}}. (”.2.2)

[1pi DLIMHCAOI I OCTABTIIXCA NPOHABOANLIX BOCHOALIYCACH COOTIHOLIQIMJIM

0T /0q=0T/0q), {?t/ﬂr“r“ﬂ‘l.'frhj‘._ (11.2.3)
C yuerom supaokennit (IL1LA) (I1L2.1) noayunm .

dv/0q;=—1\(g)) (1—E). (I1.2.4)

BLIvicans Npoianojnyio no npemMenn Marpuis T G yUeToM pancicrh (1.2) »n (11.1.2)

OGynem MMOTL | -
n n

. D g

T ETMMM vig = — Ztik!!kaiTis' (I1.=.9)
k=1 k=1

]!

Ha pumpascenun (1L.4) caeayer, 'To m,.=21.;mt. MO2TOMY, UCHOALAYS CBONCTBA OPTOro-

K== |
HOAJALNBX MATPHIL Tig, nMecMm
n ]
ey
!.!“ — ?.[u]sl] = L}_ (T 0,) = ZTikaTH' (rl.z.p)
k=4 k==l

[loacrapnn supakenne (IL2.6) p papencroo (I1.2,5), noay"nu tig=—8,Te. OTKyna cJe-
AAVET, YTO /U1 GAOMHBIX MATPHI[ CHPADEIANBO PABCICTHO T=—Q.T. Docnoan3opasuijcy pa-

penersamu (1.4), (IL2.2)— (I1.2.4), nmeem ‘
aT/dq=—N\(1e) T, (I.2.7)
0Q./3q;=A(0t/dq,0) =—A(tA(g)) (t—E) 0)=A [tQ.e—10¢)]. (11.2.8)

Bupenes reneps (popMyant U DBIICHOINI NpHpAMICHIIT DOKTOPOD ITr, xr, ﬂrﬁ Qg"'
T'r, T'r, T€ r— HEKOTOPLIT GA0UNLI TOCTOMNILIE BEKTOP. C yuetosm BbIpaIKCH s (11.2.7)

Ovjies uMeTh
] |

(AT) r = — Zi\ (TEﬂ T"iiij = X'J\ (I'r) 'I'Ej:lqj = A (T'r) Tolg. (I1.2.9)
] =1

Ananormano noayuaesm (ATT)r=—T7A(r)teAg. 3uauenne (At)r BHIHCAAM C YIETOM TOrO,
qro t=TUT*+E. Toraa OyaACM HMETL

(AT) r = 2 @T/0q;U™T™ + TUTOT™ 91)) TAY;. (I1.2.10)
J=1
Mpumusan no sunyaunne pasencrsa (I1.2.7) n (IL2.10), noaytuny (AT) r=[A(tr)—TA(r) JX

X1edq. Auaaornung pMeeM
(At7) r=[A (t7r) —t"A(r)  Todg. (Ir.2.11)

Naace, ¢ yuerom suipazsemmn (11.2.1) noayvaest

(AQ) r = ZA (Ej} r.-lr}j = — A (r) vAg-
J=1
Haxonen, coraacuo pasencrsam ([1.2.2) u (I1.2.8), Oyaes nMeTh

(AQ,) r= Z (A [v(Q, — Q) g;] rAg; 4 A (Te)) rﬁ:}j} = A (r) {[v(2— Q)] vAg — ToAq).

=1
Hocrynnao 3 1V 1974
JINTEPATYPA :

{, Teopust m ycrpoiicrno saumuyasropon, CO. crareit mox peia. M. M. AproGoaencroro
n A. E. KoGpnuckoro. «Hayxas, 1973.

KoGpuncrua A. E., Crenanenso 10. A. Hexoropuie 1npobaeMul TCOPHE MANNIYAATOPOD.
B ¢6. Mexanmia Mammmn, pei. 7, 8. «Havian, 1907,

Henarves M. B., Kyaaros ©. M., Hokpoeckuic A. M. Aaropnt™ yupapaenun poboramm-
samnnyanropamy. eMammocrpoennes, 1972,

Huterpaasnme poGoru. CO6. crateit mox pea I. E. Ioammaka. «Mup», 1073,

Kopu ., Kopx T. Cupanounnx no matemaruke. «Hayxas, 1973,

Jderoe A, M. Jlunamnga noaera u yupanaenue. eHayias, 1009,

PoarentGepe J. M. AsToMaTunecrkoe ynpanaenne, «Hayrkas, 1971,

e

§3

Sl I RN



	80
	81
	82
	83
	84
	85
	86
	87
	88

