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NuapapuaHTHBIE COOTHOITEHNS HEABTOHOMHBIX CHCTEM
mudpdepernTIaIbLHBIX ypaBHEHMI

Obobwen smemod unsapuoHmunr coomuowenutt Hyonwape, Jdesu-HJusumum, Xapaomosa wa
cucmemn QufifepeHuUa L HUT YPaSHEHUT ¢ NPAGUMY YACTRAMY, FRGUCAULUMY 0T GPEMEHIU.
B wotecmee npumens paccMompents YPASHEHUA JSUNCEHUA HERGMOHOMMOR0 MANCENIRO 2lU-
pocmama, HatdeHb YeAOSUR CYWECTNEOSAHUA PISHOMEPHT SPALEHUT] U NOCIMPOEHY UHE-
PURHITIHDE MHORC00 PR3 UA.

Meton uapapuanTueix cootomenuti (1C) cucteMbl odnikHoRenHbx AuddbepenipabaeX ypas-
HeHumi, pasputTelil B padotax A. Ilyankape [1], T. JTepn-Tusure [2], IT. B. Xapaamoga [3], nosyymn
ITAPOKOe TPHMEHEHNE B 33J1a9aX JUHAMAKHA TBEDAOTO Ted, TEOPHW YCTOWIWMBOCTH [BIKEHHHA
MEXaHNYIECKIX CHUCTEM, 33JIa9aX YIPABMISHHA, CTAOWAM3AIIN W CHHXPOHH3AITHN JTHHAMITIECKITX
cacTeM. C NOMOIIBIO TOTO MEeTOAa HalileHbl MHOTOYHCAeHHBIE KJIACCH HOBBIX TOYHBIX DeIleHnid
ypapuenuit Diinepa-Ilyaccona u ux obobuienuit [4-6], paspaboTana TeopHs BIOKEHHA HHBADH-
AHTHLIX MHOrO0Opasuil B ceMeficTBO HHTErpasIbHBIX MHOrooOpazuil [7], HeciaesoBaHbl cBOHCTEA
VIIPABIAEMOCTH MeXaHHTIecKnX cucTeM [8]. BakuocTs Teopnn MC npocieKnBaeTed 1 B 3a/ja9aX
VCTOWIHBOCTH PellleHnit 06RIKHOBEHHRIX AudpepeHuaababIX ypaBHeRnH (9, 10].

Meton UC [3] 611 m3HATAIRHO TTPE/IONKEH 1 0BOCHOBAH JITA CACTEM, TIPABKIE TACTH KOTOPHIX
fABHO He 3aBHCAT OT BpeMeHH. B mammoil paboTe mccaenoramkl MC 1715 HEARTOHOMHBIX CHCTEM
IudhepenTranbLaLIX ypasaennii. Obobmenne MeTona MC naeT RORMOMKHOCTL PACIIHPUTL KIACC
PacCMATPHBAEMEIX CHCTEM H [MO3BOMAET PACIPOCTPAHATE MHOTHE PE3YIILTATEL, Oy YeHHBE B I
HAMHKE TEEPIOTO TeNa M TEOPUH YCTOHIMEBOCTH, Ha HECTAIMOHAPHEIH CTy9all.

1. TlocTarnoBka 3aa4mn. PaccMoTpuM cricTeMy OOBIKHOBREHHBIX JndhepeRTTnanbHBIX Ypak-
HeHnid BHIa

} dx;

ST
rfe ¢ — He3aBNCHUMAA IEPEMEHHA, X1, . . . , Ty — HEM3BECTHLIE DYHKITHN 5TOH IepeMeHHOH, a X; —
dyEKORT OT n+ | HepeMeHHBIX, 3aJaHHbIe Ha HEKOTOPOM OTKPBITOM MHO:KecTBe [V mpocTpaHcTRa
pasMepHOCTH 7 + 1, B KOTOPOM KOOPIHHATAMHE SBJIAITCH KOMIOHEHTEl BEKTOPA (T1,...,Tn, ).
Byzem npepnonarats, ato dyskmpn X;(z1, ..., Ty, ), ¢ = 1,7, EMEIOT HENPEPHIBHLIE YACTHEIE
MPOM3BOJIHEIE TIOOOTC TOPAIKA.

[Ipm paccMOTpeHNN HEABTOHOMHOM cHeTeMBI (1) mMemecoobpasio MpeofpasoBaTh ee K aBTo-
HOMHOMY BHZY. Chenya [11], monoxknM ¢ = x,+1. Torga ypaBHeHns (1) MOKHO 3aIMCATh B BHJE

=2 DO By <y By B i=1,n, (Al

U :lfi(ulﬁ"':uﬂ+1): T = 17n+ 1? (2)
{0)

rae Y; = X;, 4 = 1,n, Y, 41 = 1. Pemennto yparHennit (1) ¢ HaUaIbHEIMEA yCIOBAAMHA x:(tn) = x;

Gy/eT cOOTBETCTBOBATE PeIllleHHe YpaBHeHM (2) ¢ HAYalbHBIMH YCIOBHAMHA
0 . e
w0 =2,  i=Tn,  uppu(0) =t (3)

DTO COOTBETCTBHE ONPELEeNISIeTcsl 2aBUCHMOCTRIO x; () = wi(t — o), 7 = 1, n.
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Onpepenenne 1. Henyeroe muoxkectso M C U HasblBaeTcd HHBAPHAHTHBIM 110 OTHOLICHHO
K (2), ecmm g1 mroGolt TOUKH (m(o) 29 10) ms M 2
,  y waee e pellleHne ypaBHeHHs (2) ¢ HaTa/JbHBIMA
YCIOBAAMHE (3) yIOBIeTBOPAST yemoBHK (wuy(t), ..., upt1(t)) € M mpu ¢ € (81 — to, t2 — to), THe
(t1,t3) — HHTepBaJI CYLIECTBOBAHHS COOTBETCTBYIOLIETO PelleHus cucTeMsl (1).
Paccmorpum ypaBHeHue

f(ul,...,un+1) ={, (4)

Mpennonozum, 9ro hyuxmms f(iy, .. ., Uyt ) suddepennupyeMa 0o BceM HepeMeHHEBIM 10 IPOL-
BBOJILHOT'O TOPSJKa, B JaCTHOCTH JIo Hopaika n + 1, u

(af. o1 )%o (5)

Auy’ T Bupt

B paccMaTpHBaeMmoii obmactu UV,

Oupepnenenue 2. Cootroutenue (4) Hazpiaetcs UC cucteMsl (2), ecnu MHOZKeCTBO (G TOUEK,
V/IOB/IETBOPAMIIHAX 3TOMY COOTHOIMIEHUIO, COMEPKAT HEKOTOPOe HHBAPHAHTHOe MHOMKECTBO.

[TockonbKy HHBapHAHTHOE MHOMKECTBO IO ONpe/Ie/IeHN) He MOXKeT GBITh IIYCTHIM, TO JOZKHA,
CYIIECTBOBATE IO KpaliHelt Mepe oJflHA TOYUKa, 1J18 KOTopolt (4) eemmonaeno. llocTapuM 3amady ob
HeCAeOBaHIN yenopni cyectroBanng UC (4) y cucremul (2).

2. VesoBue unBapuanTHocTH cooTHotmenus (4). Jna dyakinmn (4) noctpoum mocie-
JIOBaTeNbHOCTL (DYHKITHAH

f(l)(ul, e vig B (s vocer (Se2 Ty

n+1 vy
AFD(uy, . .. un (6)
FO(ug, oy tingr) = S ! (”5% ”*1)1/j(u1,.__,un+1), [=28...,
¥

=1

YJIEHB] KOTOPOH SBJIAIOTCS IPOUBBOAHBIME OT COOTBETCTBYIONHX (DYHKIUA B CHITY ypaBHeHuH (2).

Jlemma 1. ITycme daa ypasnenutd (2) coommowenue (4) unsapuarmmoe u snoscecmeo G,
onpedeanemoe um, codeprcum unsapuarmtoe mroxcecmeo M. Tozda daa movex mruomcecmsa M
AOAHCHDL EBINOARATNDCA YPAEHEHUA

f(l)(ula s ':un+1) = 0:

e P B

HokazaTtenbctBo. Paccvmorpmm wMooxecTeo M. BrifepeM NOpOoH2BOIBHYIC TOIKY
(mgo),...,:nsj),to) (0BosmaumM ee ul®)) sToro MHOKecTRa W BOSBMeM pemrenme u; — wui(t),
VIIOBIETBOPAIEe HAUATBHBIM yeaoBuaM (3). Hockomeky M C G, To B cuny onpenenenna UC
IPH [OJCTAHOBKE PELIeHud B ypapHenue (4) HoIy<9uM TOIECTBO 10 ¢

FO s (®), .-, wnga () = 0. (&)
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Muaorokpatao guddepeHIUPYa 3T0 TOXIECTRO N0 T, HOIYHHAM

[Mockombky ToxzecTBa (8) u (9) cupaBen/UBEL 15l BeeX ¢, TO OHE BepHbl i 1pu ¢ = 0, a 3HaquT,
u puia toukn w') . B ety e IponsBO/BHOCTH 0 HOJIy9aeM, 910 cooTHOeHnst (7) BBIIOIHEHED
BCrONy Ha, M.

OTMeTHM, 9TO B OBIIEM CAyYae JJ8 COCTARMSHTA TETMOYKH TPOR3ROIHBIX HEOOXOTIMO TIOTpE-
GoBaTh GeckoHewHYI AndpepeHnIpyeMocTh BYHKITA f(ug, .. ., Untl ).

Teopema 1. Ecau s nocacdosameavnocmu (6) cywecmeyem k nesasucumvia “Aaenos, mo
nezasucUMuMY Bydym v nepeve k waenos nocacdosamenviocmu (6).

HokazaTensctBo. JlokazaTenkeTBo HyeM TPOBOJUTE METOAOM OT TpOTABHOTO. llpesmo-
TOXKAM, TUTO TIEpBHIE k WIEHOB Tocne oBaTenbHoCTH (6) 3aBmenMelr. Halimem Takoe HamMeHb-
nee umeao kY, ato mepewie k' uneHoR mocnepoBatessHOCTH (6) 3aBmcnMbl. Torma dyHKIHR

f(l), p— f(k*fl) He3aRUCHMEL, & QYHKIHA f(l), — f(k*) saBHCHMEI B obacta U, npuyem k* < k.
Torza ma ocHopammy yrRepzkiennst 11, c. 307] MoxKHO 3anmcarh
FE VMo s o et ) = WP Mt s Bt s 5 00 o T 000 5 05 Uiyt D) (10)

Oyuknus (10) onpenenena u guddepeniupyema Ha MuozkecTBe U 1 2aBHCHT TOIBKO 0T Dy HKITHH
f(l), — (5*=1)  Bpraucimm HPOUBOHYIO OT JIeBOH U IpaBoil 9acTell Beipazkennd (10) ¢ ygerom
ypaprenuit (2):

k*—1

: SW(F, ..., f=1y
f(k +1)(U1,...,un+1) - Z (f 8f(3)f )f(9+1)(u17"'7u”+1)7

=1

T. e. (pyHKIIAA f(k*ﬂ) Tak e, Kak n HyHKIma f (k*), OKa3bIBaeTCA 3aBUCHMON OT TepBhIX k™ — 1
hyHKIIR. AHATOTHYTHO NOKA3RIBAETCH, ITO OCTATBHEIE UIEHE TTOCIENOBATENBHOCTH (6) ABIAIOT-
C$l 3aBUCHMEIMH OT f(l), s pe (=1 Ogpako MOCKOJLKY BCe 9IEHEI IOCIeI0BATEIEHOCTH 3aRACAT
ot k" — 1 dysxoum, To mobeie k* (n Tem Gonee k) wieHOB 6yLyT 06sa3aTeNBHO 3aBHCHMBIMI,
9T0 OPOTHBOPEYUT YCAORHIO TeopeMbl. llonydeHHoe mpoTHROpedHe 0O3HAYAET CIPABEIJIHNBOCTh
JaHHOH TeopeMEbl.

CrnenctBue 1. Feau cyuecmsyem nenyemoe muoswcecmso M, onpedearemoe ypaenerua-
amu (7)), mo cuemema (7) pasrocussna ceous nepevim k ypasnenuam, z2de k — maxcumarvioe
KOAUMECTIIB0 HEBASUCUMME ynryuld 6 nocaedosameavnocmuy (6).

HoxazareabcrBo. Tak kak byHKOANA f(i), ¢ > k, pYHKIIMOHATBLHO 3aBHCAT OT HEPBLIX &
byHKIWH MoCIeIoBaTe/IHOCTH, TO IpH (hUKcHpoBaHHEX sHauernsx £, .. %) kaxnsit anen
MOCTE0BATEMBHOCTH MOKET TPHHENMATE JTHIE 0JHO 3HadeHne. [lockonbky crctema (7) ompee-
NAET HEMyCcTOe MHOMKECTEO M, TO OHa COBMECTHA W CYNISCTEYET MO KpaliHelt Mepe O7HA TOUKA,
I719 KOTOpPOH Bce paBeHCTBA f(i) = 0,7 = 1,2,..., BLIOAHEHLL. DT0 H 03HAYALT, UTO U3 COOT-
HOITIeHHH f(i) =0, i = 1,k, clenyet, 9To ¢ HeOSXOIHMOCTBLEO BBIIOJIHEHE PARCHCTEA f(”') =
I Beex 1 > k.
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IIycTh HocTaB/IeHa 3aJ9493 O HAXOXKICHUH YpPABHEHHH, OLpEeAessiomuy MHOKeCcTEO M 1pn
sananaoM VC (4). CormacHo J0Ka3aHHOMN BHIINE TeopeMe, HeoOXOINMO TIOCTPOUTE TIETIOYUKY TIPo-
W2BOMHBIX (6). 3aTeM HyKHO TOSTAIHO MPOBECTH WCCISOBAHIE 3aBHCAMOCTH BXOIANHIX B (7)
vpagHeanit. To ecTh Ha TEPBOM 3Talle c/IefyeT MPOBECTH Hcc/e0BaHNe 3aBACHMOCTH POR3BO/I-
noii (2 (21, ..., Upy1) OT cooTHOwenus (4). Eciau OyayT mafifiensl yesIOBHs, IPH BBHIHOJIHEHHH
KOTOPBIX

f(Q)(ula e "un'l'l)‘f(l)(ul,...,un+1):0 = 0:

TO MHOXKecTBO (¢ SIBIAeTCS WMHBADHAHTHBIM.
OueBnzHO, 9TO HPH JAMLHERANIEM H3YHYeHHN CHCTEME! (7) HeobX0IUMO PACCMOTPETh CILy9an

i _
f( )(U1, T ’un+1) ‘f(l)(ui,...,un+1):0,...,f(£—1)(ul,...,un+1):0 =0. (11)

B ¢opmyne (11) mpenyeMoTpeHbl Bee BapuanThl uccaenoBanua cuctemsl (7). Ilpu Beimosme-
Hun (11) nony9uM cHcTeMy YpaBHeHMi, KoTopasl 3a1aeT HHBapHaHTHOe MHOKecTBO M.

3. PaBHOMepHEIE BpPAINeHUs TAMKENToro rupoctaTa. [IpuMerny momydeHHRIe BHIIE pe-
BYMBTATHI B 337a5e 00 YCIOBMAX CYIIECTEOBAHNA PABHOMEDHEIX BPAIEHTI THPOCTATA ¢ TIEPEMEH-
HBEIM THPOCTATHYIECKUM MOMEHTOM TIOJ, JIEHCTBMEM CHJTRI THKEC TH:

A= T AXT+ AX@L5xD, T=px® Ar=L (12)

Breck w = (wi,ws,ws) — YIVIOBasA CKOPOCTh TeNa-HOCUTENA, U = (1, v, ¥'3) — ©THHIYHBIH
BEKTOD, YKAZLIBAOMIME HAIPABICHAE CHIBL TAKECTH; A = (Aq, Ao, Az) — IEpoCTATHIECKHH Mo-
MeHT; L — BekTop-(DyHKIHS, XapaKTepH3yIoIlad B3aUMOICHCTRAE TENa-HOCHTEIA W HOCHMBIX
ten; A — rerzop uHepuun; § = (81, s3, §3) — BEKTOP, COHAIPABICHHEIN ¢ BekTopom OC, rne O —
HEOJBUAKHAA TouKa, O — IEHTP TAMKECTH THPOCTATA.

Ypaprerna (12) WUMeOT JBa HHTETPAJIa.

w1, (Aw+ \) -7 =k, (13)
rie k — OpOM3BOJBHAA [TOCTOAHHAS,

[IycTh Teno-HOCHTENb COBEPITAST PABHOMEPHOE BpallleHne OTHOCHTE/IFHO HAK/IOHHON 0CH, KO-
TOpas XapaKTepH3yeTcs BeKTOPOM 7y, B HEMOJABHKHOM TPOCTPAHCTEE. B cHIy W3BECTHOTO CBOMH-
CTBa 9TOT BeKTop OYJeT HEeM3MeHHBIM H B TeNe-HOCHTeNe, T.e.

W = woa, (14)

rie @ — eIWHAYIHBI BEKTOD, HEMAMEHHEIH B Te/Ie-HOCHTENE, wy — CKOPOCTE PABHOMEPHOTO Bpa-
meHndA. PaccMoTprM BHawane ypaeHeHHe [lyaccona w3 (12). [logcTapuM B Hero BhIpazeHme (14):

T = wp(7 x @). (15)

Hampapum TpeTsio och HOABUAKHON cHeTeMbl KoopauHat o Bektopy @ = (0,0, 1), a nepByo ock —
no manpasaennio 7{0) x @ = (aj, 0,0). Torga uz ypapnenud {15) U reoMeTpHYECKOr0 HHTETPAJIA
w3 (13) BeITeKaeT (6]

11 = agsin wot, vy = ag coswot, g = G, (16)
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rje ap = cosf, ay =sinf, a 6 = (@, ). OBosHaunM gepez ¥ = ¥(t) BekTOp ¢ KoopAuHaTaME (16)
u nogcraeuM (14) uw L = A B nepsoe ypaeuenne cucTeMbl (12):
ME) = wa(ME) % @) + (A7 x @) + 3 x B(8). (17)

Takmm o6pazoM, Hee/e0BaHRE CYTECTROBAHNA PABHOMEPHKIX BpallleHntt B 3a axe (12) cRognTes
K BOIIPOCY O CYIIECTBOBAHNH PEIeHNA HeaBTOHOMHOTO ypapHeHWA (17).
Wzyvenne ypasrenua (17) 6yeM MpoBOJRTH MPH YCIOBHA

ME) = M()a + Xa(t)B, (18)

rie o = (a1, 02,a3), 8 = (61,52,63), |[a| = |8] = 1, @ 5 = 0. HogcTapum Boipazkenne (18)
B ypaBHerue (17):

M &+ M (18 = wori ()@ x &) + woda(£)(B X &) + wi( Az x @) + 5 x 5(). (19)

CrpykTypa ypapHeHns (19) mokassBaeT, ITO TenecoobpasHo paccMOTPeTh PaBeHCTRA, KOTOPEIE
BRITEKAIOT B PE3y/bTaTe CKaJAPHOTO YMHOMKeHWd TeBolt m mpapoit wacTett (19) Ha BEKTOPH @,

8, @ x B

/.\1(15) = wo’ygx\z(t) + po + pssinwot + g coswol, (20)
‘Ag(t) = —wWoY3AL (t) + =20 + e3ginwyt + £4 coswyt, (21)
f()\l, Az, t) == wo(ﬂg)\l(t) — 053/\2(?5)) + op+ azsinwgt + o4 coswpt = 0, (22)

e

Y = agfy — azPa, 2 = azfy — a1, 3 = a8y — anfy,

By = Aj3wi + aost, Bo = Asawi + apss,
fiy = aB(agsS — ags2), a5 = a6(5233 — B3s3), Ty = a6(7253 — y382), (23)
pa = ap(ossy — o1ss), g4 =ap(Bast — Pis3), o4 =ag(vasy — yis3),

o = o1 Bz —aszBy, g0 =p1Bz— BBy, oo = y1B2 — y2By.

Takum 06pasoM, 3a7a9a 00 HCC/ENOBAHHH YCIOBHHA CYIIECTBOBAHHA PABHOMEPHLIX BpAIEHHN
THPOCTATA CBOJNTCA K AHANIY YCIOBHH, MPH KOTOPBIX COOTHOIMEHNE (22) 6y/1eT MHBAPHAHTHBIM
JUTA cEcTeMBl ypapreHmit (20), (21).

[IprMeHnM yKasaHHBIH BhIIe MeTog MC J1d HeaBTOHOMHBIX JHhhepeHIInalbHbIX YpaBHe-
uuft. Beramenum nepByo u Bropyio npouspopanle ot MC (22) B cuny ypasmenuii (20), (21)
U [pHpPABHAEM HX HYJIEO:

F(A1, A, t) = wolyawol{as AL (E) + Bara(t)) + po + pasinwot + pgcoswot] =0, (24)
F(A1, 22, t) = wiHEwo(oada(t) — Bara(t)) + Po + Pasinwot + Py coswpt] = 0. (25)
3pmeck ¢ yderoM (23) BBeeHB 0603HAYECHNA
Po = Bapo — aggo, p3 = Papg — g€y — 04,  pa = Papa — ages + o3, (26)
Py = vyaloapo + Bago), Pz =slesps+ Baes) —ps,  Pu=vyaloaps + B3e4) + pa.
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Mcenenopanue nenodxn Opouzpoublx (22), (24), (25) 6yaeM LpOBOLUTL B CIIELYIOLIMX CJIy-
Jaax:

Desg==0 ==kl Dun=0 =8 =15 3uifl =520

B cnygae 1 BeKTOPHl @ H 3 OPTOTOHAIBHE! BEKTOPY @ W, CIEJIOBATENBHO, THPOCTATHIECKAH
MOMEHT PacloNozKeH B IVIOCKOCTH, HepHeHAnKy /i pHoi ocu Bpamiennd, Ha ocHoBanum obozmade-
uuit (23) uz ypapmenns (22) nosydmm

51 =83 =0, (27)

Bee ypapmenusa (22), (24) u (25) cTaHOBSTCH TOLLa TOMKIECTBAME. DTO O3HAYAET, 4TO JH0GOe
pemenne ypagHeHnit (20), (21), HMeroIee MpH YKa3aHHBIX YCJIOBHAX BAJ

M (8} = —wolag Az + agAgs) + (O — szafayt) coswot + (O + szagast) sinwt,

. (28)
Aa(t) = —wo(BrAza+ PoAra)+ (1301 — szagBit) coswal+ (—y3C1 + ssapfat) sin wpt,

0BecIeIHBACT PeKUM PABHOMEPHBIX BpalleHmit. YemoBme (27) ozHadaer, 9TO LEHTD TSZKECTH
rEpocTaTa JICKHT Ha OCH BpalieHms. IIoCKOIbKY B peasibHBIX KOHCTPYKOHAX 2HadeHmd Aq(t)
1 Ag(t) m2 (28) orpaHumYensl, TO HEOSXOAUMO HOJIOKUTL

85 — 0. (29)

Mexaan9ecKmit cMBICT yenoBmit (27) m (29) sakmoTaeTcd B TOM, ITO TIEHTP TAKECTH HAXOIATCH
B TOYKE 3aKpelyIeHnd HpPOCTATA.

Korzna umeer Mecto ciiydaii 2, BEKTOPEL @, &, {3 JeKaT B ofHOH miiockocTd. Y pasrerne (24)
npu y3 = 0 He 3aBHCAT OT Ay, Ag, & CAeJOBATENbHO, JOMIKHO OBITH TOHAECTBOM IO f. ITO
BOBMOZKHO JIHIIE LPH BEIIOJHEHHN (29) U elle 0IHOI0 JONOMHETENLHOTO YCIOBI

Yo (Azawd + ans2) + y1(A13wi + apsy) = 0. (30)

HeTpyrHo yOe AThCA B TOM, UTO IPH BRINOAHEHRH (30) cBOGOTHBIE WIEHH! 1, £ B TPABBIX YACTAX
vpagreHntt (20), (21) cTaHORATCA pPaBHBIMA Hymo. WHTerpmpoBaHme 5THX YpABHEHHN ¢ yIeTOM
NC (22) mpuBOINT K CAENYIONEMY pEIIeHH):

Al (t) = wal{ag [CLE,(SI ginwpt + 82 Coswot) + C} + a1 Bg + O£2B1}, ( )
31
)\2(15) = wal{ﬂg[af)(sl ginwot + s2 COSwot) + C} + 5182+ 5231},

rie C — IpOH3BOJIbHASA HOCTOSAHHAS.

PacemoTpum obmmtt coydatt, T.e. caywait 3. JIurettHO KOMEHHEMpYSA ypaBHeHHs (22) m (25),
TOMYIAM COOTHOIIEHAE, KOTOPOe He 3aBHUCHT 0T Ay H Ag. UTOOR 3TO cOOTHOIEHAE GBIIO TOXKIECT-
BOM II0 £, HEOBXOIIMO TOTPEBOBATE BRIOMHEHNE YeIoBaA (29). B 3ToM caytuae hyHKIHSA f cTaHeT
3aBHCHMO oT f, a cucreMa dyHKIwmit { f, f } — mesapucumoii. MapapuanTioe MuorooGpazue Toria
saflaercd ypaBHeHHAMH (22) u (24) # CONepPKHUT GIUHCTBEHHOE POIIeHHE:

M) = A (azpg + v3B300) + (03ps + 136303) sinwat + (aspy + y3ba04) coswot], (32)
Ao(t) = A™(Bapo — yaeaa0) + (Aaps — y3eaca) sinwat + (Baps — yacaoy) coswit],
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rie A = woys(ad + £7). @ynkmmn (32) onpepegioT rupocTaTHdecKuil MoMenT puga (18), KoTo-
pHIiT OGEeCTIETHBAST PEKIM PABHOMEPHOTO BpallieHns rupoctata. Cormacso (29) Takoe perenme
FMeeT MEeCTO, eCHTH GAPHIIEHTPHIECKAA OCh OPTOTOHANBHA OCH PABHOMEPHOTO BPAIEHHA.
TarnM 06pasoM, YCTAHOBIEHB! HEOGXOIMMBIE YCJIOBHA CYIECTBOBAHWA ¥ CHCTEMBl HEABTO-
HOMEBIX AuchdepeHnuaIbHEX ypaBHeHnil HHBapHanTHOrO cooTHoenus. JIokazana TeopeMa, Ko-
Topas ABJAeTCs 0DOOIIEHHEM TeopeMbl Xap/IaMoBa, HOJIYSeHHOR UM JUIE CJIydas aBTOHOMEIBIX
nuddepennuanbaex ypapnennit. Hafienmnsie pe3y/ibraTel NpUMEHEHE! IPH HCC/ICAOBANIE PaB-
HOMEPHBIX JIBHZKEHHH TAMKENOro IIpoCTaTa ¢ MEPeMEHHBIM THPOCTATHISCKAM MOMEHTOM.
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InBapianTHi cruiBBigHOINEHHS HEABTOHOMHHUX CHCTeM JHdepeHIl AJILHIX
PiBHSIHB

Yaazaavneno memod insapiowmnur cnissidnowens yanwape, Jesi- Yusimu, Xopaamosa wa cuc-
mesmit JudepeHuiaAs LT PISHANY 3 NPAGUMU MACTIUHAMY, WO 30Aescamy aid uacy. Hx npuxand

POSEAAHYNO DPISHAHKA DYTY HEAETOHOMHOZ0 SAMCKOZO ZLPOCTRAMG, OMPUMAOHO YMOSU LCHYSANHSA
pisHoMmipHuE obepmans § nobydosano THEAPICHMHT MHOZOSUIU.

Academician of the NAS of Ukraine A. M. Kovalev, G. V. Gorr, V.N. Nespirnyy

Invariant relations for nonautonomous systems of differential equations

The method of invariant relations developed by Poincare, Levi-Civita, and Kharlamov is generalized
for differential equations with right-hand sides depending on the time. As an ezample, the motion
equations of a nonautonomous heavy gyrostat are considered, conditions for the existence of uniform
rotational motions are obtained, and invariant manifolds are constructed.
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