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Hccaenyercs 3agaya ONTUMAIbHOTO TTPOTPAMMHOTO YIIPABJIESHUS YIJIOBBIM JABMKEHUEM KOCMUYE-
CKOTO afrapaTta Kak TBepIOoro Teja ¢ KBaapaTUYHbIM (byHKIIMOHAJIOM 3HEPruu, 3aTpauyeHHOM Ha
MaHeBp KOCMUYECKOTO afrapara, i GUKCUpOBaHHBIM BpeMeHEM IMepPeXOIHOTO Ipoliecca. JnHamu-
yeckasi KOH(pUTrypaius KOCMUUECKOTo arrapara U TpaHWYHbIE YCJIOBUSI TTPOU3BOJIbHBI, BEKTOP-
byHKIIMS yIpaBieHUsT He orpaHndeHa. B paMkax koHuemnuu [TyaHco ¢ Mcrojib30BaHUEM MPUHIIU-
ma MmakcumyMa ITOHTpsSITMHA TTOJIy4eHO KBa3HONTUMAJIbHOE aHAJIUTUYECKOE pellieHre 3a1a4yu, KO-
TOpOEe IOBENEeHO A0 aaropuTt™a. [IpuBoaSTCS MOATBEPKIAIOIIE YUCIEHHBIE ITPUMEPHI, TTOKa3bIBa-
fo11Me 6J1M30CTh KBa3UONTUMAIBHOTO PElIeHUS K ONTUMAIbHOMY PEIIeHUIO 3a1a4u.

DOI: 10.31857/50002338823030101, EDN: EUUEGE

Baeaenne. 1o mpobiemMe mporpaMMHOro ynpaBjieHUs MPOCTPAHCTBEHHBIM YIJIOBBIM JIBUKEHUEM
kocmuueckoro arrapara (KA) ony0ankoBaHO 00JIbIIOE KOJIUYECTBO padboT (Hanpumep, [1—4] 1 o6-
IIUPHBIE CCBIIKK Ha JIMTEPaTypy B HUX; [5, 6]), HO aHaAIMTUYeCKast HEPEIIEHHOCTh 3aa4i B O0IIEM BH-
Jle OCTaBJISIET aKTyaJIbHOI 3Ty TeMaTUKy ucciienoBaHuil. [1pu Mponu3BOIBHBIX KpaeBbIX YCIOBUSIX TOU-
HOE pellIeHKe HE U3BECTHO J1axe B ciyvyae cpepuyecku-cummerpudHoro KA, nostomy B 0011ieM ciiyyae
MPUMEHSIIOT TOJBKO MPUOIMIKEHHbBIE pELIeHUS 3a1a4u. SIBHOE pellleHre 3a1a4d ONTUMaTIbHOTO yIIpaB-
JIeHUs yTJI0BbIM IBUXKeHUEM KA nmeno 6bl HE TOJBKO TEOPETUUYECKYIO, HO 1 OOJIBIIYIO TIPUKIIATHYIO
3HAYMMOCTb, TaK KaK MO3BOJIMJIO Obl UCIOJIb30BaTh B CUCTEME YIIPABJIEHUS 3apaHee MOJyYEeHHbBIE Bbl-
paxkeHus LISl ynpasieHus U Tpaekropun KA. DTo kacaetcs, Hanpumep, KA HaHoKJIacca, KOTOpbIe
MMEIOT OIpaHUYCHUST HA BBIYMCIUTEIbHbIE MOIIIHOCTH.

B cratbe uccnenyercs Kiaccuyeckas 3ajgada ONTUMAaJIbHOTO yIIpaBJIeHUS YIJIOBBIM ABMKeHeM KA
KaK TBEPJIIOTo TeJla C KBaApaTUIHBIM (DYHKIIMOHAJIOM DHEPTUM, 3aTpadeHHOM Ha MaHeBp KA, 1 pukcu-
pPOBaHHBIM BpeMeHeM IepexoaHoro npoiecca. Jlunamudeckas koHurypaiusi KA v rpaHUYHbBIE yCI0-
BUSI IIPOU3BOJILHEIL, BEKTOP-(QYHKIIMS yIIpaBieHUsI He orpaHudeHa. C UCIT0JIb30BaHUEM KBaTEpPHUOHOB
U OpUHLMNA MakcuMyMa [ToHTpsrnHa TofrydeHbl OopMYJIBI KpaeBoil 3amadya ontuMu3anuu. KpaTtko
ONMCaHO YMCJICHHOE pelleHre 3TOM KpaeBoii 3agaun [7] Ha ocHoBe ajaroputma JleBeHbepra—Mapk-
BapaTa, MpeacTaBsiiolIero codboit KoMouHauw MoauduIMpoBaHHOTO MeTona HbeioToHa U MeTona
rpagueHTHOrO citycka. OCHOBBIBASICh HAa MPOBEACHHBIX YMCIEHHBIX 3KCIEPUMEHTAX IJIsl Pa3TUIHBIX
rmapamMeTpoB 3a/lauyu, CAeJaH BBIBOI O HE CYIIECTBEHHOI 3aBUCMMOCTH KMHEMAaTUUYECKUX XapaKTepu-
CTUK ONTUMAaIbHOM ITepeopueHTanim KA ot ero qmHaMU4ecKuX napaMeTpoB. DTo obecrieuynBaeT OJIu-
30CTh pPEILIEHU KJIaCCUUECKO 3a1a4i U HIKE OIUChIBAEMOM MOIU(PUIIMPOBAHHOI 3a1a4i ONTUMAJb-
HOTO yIpaBJICHUS YIJIOBBIM ABMXKeHUEeM KA mpu ero mpou3BOIbHONM AMHAMUYECKOM KOH(PUTYpaALIVN.

[MonyyeHo siBHOE pellleHrMe MOAUMDUIMPOBAHHON 3a1a4M ONTUMAILHOTIO MO SHEPTUU yIIPpaBICHUS
yIIOBBIM nBIMXXKeHNEeM KA ¢ TIpou3BOJBHBIMU KPpaeBbIMU YCIIOBUSIMU TI0 YIVIOBOM CKOPOCTU M OpUEHTA-
uuu KA, noBengeHHoe g0 aaroputma. B paMkax kjiaccudyeckoit koHuenuuu IlyaHco, MHTepOpeTUPYIO-
el MpOn3BOJBHOE YITIOBOE ABWXXEHME TBEPIOIO Tejla B TEPMUHAX KOHYCOB IPELEeCCUM, WIN NHaYe
0000I1IIEeHHOT0 KOHMYECKOIo ABMXKEHMUSI, IMTpoBeAeHa MoAuGUKALIUS 3ada4u ONITUMAaJIbHOIO yIIpaBJie-
HUS YIJIOBbIM ABUxKeHueM KA, a ero TpaekTopusl 3ajlaHa B 3TOM KJiacce ABMxKeHuit. I1pu 3ToM o001 -

! PaGora BbinonHeHa nipu hbuHaHcoBoit momnepxxke PH® (poekt Ne 22-21-00218) u B pamkax tembl FFNM-2022-0007.
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126 MOJIOJEHKOB, CAITYHKOB

HOCTh UCXOIHOI 3a1a4M IMPAKTUIECKH He HAPYIIAEeTCsI: U3BECTHBIE TOYHBIEC PEIIEHUS KJIaCCUUECKOI 3a-
Jla4u ONITUMAJILHOTO YTJIOBOTO ABUXKEHUSI IMHAMUYECK-CUMMETpUYHOTO KA B Cilydasx TI0CKOro mno-
BOpOTa WJIM PETYISIPHON MpellecCUM W aHaJIOTUWYHBIE peIleHUs MOIUMUIMPOBAHHON 3amavun
MOJIHOCTBIO COBITAIAalOT. B Apyrux ciaydyasx B YMCIOBBIX pacuyeTax KiIacCUYecKoil 1 MOOTUUIIIPOBaH-
HOI 3a/1a4 OTHOCUTEIbHAS TIOTPEITHOCTh MEX Y 3HaYeHUSIMU (PYHKIIMOHAJIA ONITUMU3ALIU COCTABJISIET
He 60JIee HeCKOJIBKUX MPOIIEHTOB, BKITI0UYas yrioBble MaHeBphl KA Ha 60sbmme yribl. [TosTomy mipen-
JlaraeMoe pelreHrne MoTu(UIIMPOBAHHON 3aMauyn MOKET TPAKTOBAThCSI KaK KBa3MOIITUMATIBLHOE 110 OT-
HOIIICHUIO K KJIACCUYECKOM 3a/1aue ONTUMAaJIbHOTO yrioBoro nprkeHus KA. [TpuBeaeHbI SIBHbIE BbIpa-
JKeHUS TSI KBaTepHUOHA OPUEHTAIlMU U BEKTOpa YIriioBoit ckopocTn KA, Ha oCHOBe pellreHust oopaT-
HOI 3aJa4M JMHAMUWKHU TBEPIOro Tejla IMojiydeHa (hopMyJia BEKTopa yIIpaslisiiolnero MoMmeHTa KA.

INpennaraeMbiii B cTaThe METOJ, PELICHUS 3aJa4yM paHee ObLI YCHEIIHO MTPUMEHEH K 3a/1ade ONTH-
MaJIbHOI 10 GBICTpOaeiicTBUIO TIepeoprueHTaluu KA Mpon3BonbHOM TMHAMUYECKO KOH(DUTYpALIUU C
OTrpaHWYEHHBIM IT0 MOJYJIIO BEKTOPOM yIpaBieHus [8] 1 3amaue moBopoTa ocecuMMeTpruuaHoro KA 6e3
OrpaHUYECHUI ¢ KOMOMHUPOBAHHBLIM (PYHKIIMOHAJIOM U He (PMKCMPOBAaHHBLIM BpeMEHEM IePEXOIHOr0
npoiiecca [9].

OTMeTUM, YTO B INTEPATYype U3BECTHBI HEKOTOPHBIC KBa3MONTUMAJIbHbIE PEIICHUs 3a1aul [TI0BOPOTA
KA ¢ nucnons3zoBanmemM o0parHoii 3amauyn fTMHAMUKY TBepaoro Teja, Harmpumep [10, 11]. B [10] pemie-
HUE TI0JIyYeHO C TTOMOIIbIO MpUHIIMIIA onTUManbHOCcTU P. beisimaHa Ha ocHOBe 3aga4M ONTUMAJILHOM
nepeopueHTauuu KA B KWHEMaTUYEeCKOI IMOCTAHOBKE, TAe (DYHKIIMEN yIpaBJIeHUs SIBJISIETCSI BEKTOP
yrinoBoii ckopoctu KA. HampaBneHue BekTopa yriioBoii ckopoctu KA npu 3ToM onipenessieTcss Hadalb-
HBIM M KOHEYHBIM 3HaUYeHUSIMU KBatepHrnoHa opueHTannu KA. B [11] pemrenne 3amaum mogy4eHo 1Mo-
CPEICTBOM MpeACTaBIeHUSI KBaTepHUOHA opueHTalu KA ToJlMHOMaMU M BBIpaXKeHUsI BEKTOpa YIJIO-
BOIM CKOPOCTH Yepe3 3TOT KBaTepHUOH. OIHAKO HUKAKUX rapaHTUil (HoKa3aHHBIX TEOPEM WJIU COO0pa-
KEHUI U3 TEOPETUUECKOM MEXaHMKM ), YTO Ha BCEii COBOKYITHOCTH YIVIOBBIX ABVKeHU KA, TIpy T100BIX
IPaHUYHBIX YCIOBUSIX T10 YIJIOBOMY IOJIOXKEHMIO U YTJI0BOI ckopocTu KA aTu perieHust OymyT nocTa-
TOYHO XOPOIIO alllpOKCUMUPOBATh ONITUMAJIBHYIO TPAaeKTOPUIO YIIIOBOTO ABvxkeHuss KA, He mpuBo-
JIUTCA.

1. ITocTaHoBKAa KJIaCCHMYECKO# 3amaun. YIiioBoe aBrkeHne KA Kak IIpou3BOJIBHOTO TBEPAOTO Tejla B
cBs13aHHOI ¢ KA crcTeMe KoopaIuHAT ONMMChIBACTCS KBATEPHUOHHBIM KUHEMATUYECKIM YPaBHEHUEM U
JIMHAMUYECKUMU YpaBHEHUSIMU Ditepa [2]:

2A = Ao, (1.1)
o=1"M-I"[0lo], (1.2)

e A(f) = Ay(®) + A (0)i; + Ay ()i, + Ay(£)i; — HOPMUPOBAHHBIN KBATEPHUOH, OMUCHLIBAIONIUI YITIOBOE
nonoxenne KA, [A] = A5 + A{ + A3 + A3 = 1, @(f) = oy (1)i; + 0,(1)i, + @4(?)i; — BEKTOp €ro Y110Boii cKo-
poctu, M(?) = M, (?)i, + M,(?)i, + M,(t)i; — BEKTOp BHELITHETO YIPABJSIOLIETO0 MOMEHTA, MPUJIOXKEHHO-
ro K KA, MHuUMBIe enrHULBI [aMUIBTOHA i, i, i; COOTBETCTBYIOT OPTaM TPEXMEPHOI'O BEKTOPHOTO ITPO-

CTpaHCTBa iy, i,, i3, CHUMBOJI “o” 03HayaeT yMHOXEHUE KBATEPHUOHOB, “[ . , . ]” — BEKTOpHOE Npou3Be-
JIeHre; MaTpUlia

1, 00
I=/01, 0
00 L
— TeH30p WHepuuu, rae /,, I,, I;— riaBHble MoMeHTH MHepuu KA. CooTBeTcTBEHHO, (ha30BbIE KOOP-

IUHATBI A, @ TIOJOXEHbI HENMPEPbIBHBIMU (DYHKIMSIMU, a yripaBjieHue M — KyCOUHO-HEIpPePbIBHOMN
dyHkumei [12].

[paHW4HBIE YCIOBUS 110 YIJIOBOMY TIOJIOXKEHUIO U YIIOBOM cKOpocT KA MPOU3BOJIbHBL M 3a/1aHbL:
A)=A,, AT)=Ar, (1.3)
0(0)=0, o(7T)=0;. (1.4)
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OnT

CraBuTcs 3amaya HalTH ONTUMaJIbHOE yIipaBiaeHue M (#), JOCTaBIsSIoOlIee MUHUMYM KBaapaTHy-
HOMY KPUTEPUIO 3HEpro3aTpar ¢ GUKCUPOBAHHBIM BpeMeHeM T

T
J = IMTMdt. (1.5)
0

2. Hepexo;l K 6e3pa3Mepm,IM nepeMEeHHbIM. Tak Kak OCHOBHasi INEpEMCHHaA 3aa4Y KBATCPHUOH A
SABJIACTCA 663pa3M€pHOfI BCHHQHHOﬁ, C UCITOJIb30OBAHUEM (I)OpMy.TI
1/2
Macm __ 2 2 2 6e3paz __ Macur _ .
M= (1 + 5 +13)/3) ;I =L, k=123
m663pa3 — T(l), t663pa3 — T—lt, M663pa3 — TzM/IMaCLLI’ J6e3pa3 — T3J/1M30Lu2

nepedopMyIupyeM 3a1ady B 6e3pa3sMepHBIX TIEPEMEHHBIX, TIPU 3TOM BCE BhIpaXKeHUsI TIOCTAHOBKM 3a-
Iagy KpoMe (pyHKIIMOHAIa ONITUMU3AIHI

1
J = j M'Mdr Q2.1)
0

He u3MeHsrcs. lanee paccMoTpuM 6e3pa3MepHYyIo ITocTaHOBKY 3anaun (1.1)—(1.4), (2.1) ipu 7= 1.

3. IIpumeHenne npuHMna Mmakcumyma. [lpumeHsia npuHuun makcumyma IloHTpsiruna [2, 12], BBe-
JieM conpsikeHHble mepeMeHHble W(f) (KBaTepHUOH), @(7) (BEKTOP) K (ha30BbIM MepeMeHHbIM A(Z), o(7)
cootBeTcTBeHHO. DyHKIMA [aMmtbToHa—IToHTpsSITMHA

H =-*(M,M) + (W,A c0)/2+ (@1 ' M-T"[0,In)), (3.1)

rae KoHcTaHTa y* > 0,a “( ., . )” — cKaJsipHO€ NMPOU3BEIECHUE BEKTOPOB.

PaccMaTpuBasi HeBbIpOXKIEHHBIE pellieHUsT KpaeBoil 3a1auM TIPUHIIMIIA MaKCUMyMa MPU YCIOBUU
y* > 0 u B cwity ogHoponHocth dyHkunu 'amunsroHa—IlonTpsaruna H [12], B dopmyne (3.1) moio-
XKuM y* = 1.

YpaBHEHUS JIsI COTMPSKEHHBIX TTIEPEeMEHHBIX:

2W =Wo g,

) - O O 3.2)

¢ =—vect(Ao W) /2 [T, To]+1T '¢,0],
rae “vect(.)”— BEKTOpHasi YaCTh KBaTEpHUOHA, a CHMBOJI “~” O03HayaeT COMpsiKeHUe KBaTepHUOHA.

KBarepHuoHHbIe ypaBHeHUS JIs1 TTlepeMeHHBIX W 1 A COBIIaIaloT, CIeA0BATEIbHO, UX pEeIleHUS
pasnyaloTcs Ha MOCTOSSHHBIN KBaTepHUOH C:

Y =CoA 3.3)
B cuity aToro u yuutsiBast o6o3HaueHue [2]
p=vect(AoW)=Aoc, oA, (3.4)
[Ie ¢, — BEKTOpHasl yacTb KBaTepHUoHa C, BbipaxeHus (3.2) OpuMyT BU
p=Aoc, oA,
{q) =—p/2-[1I"'p,Io] + 11 "¢, ].

Taknm 00pa3oM, B CHJTy CAMOCOTIPSKEHHOCTH JTMHEHHON auddepeHInaaibHOi CUCTEMBI ypaBHE-
Huit (1.1), pa3aMepHOCTb KpaeBoil 3a7auu NMPUHIIUIIA MAKCUMYMa MMOHMXKaeTcsl Ha yethipe [2]. U3 yco-
BUsI MakcuMyMa (3.1) TToy4yrM HEeTIpEePhIBHYIO CTPYKTYPY ONTUMAaILHOTO YIIPaBISHMSI:

(3.5)

M =1""@/2. (3.6)

C yuetoM nepemeHHOI p (3.4) dynknus I'amunbroHa—IloHTpsiruxa (3.1) 3anuimnercs Tak:
H=~(M,M)+(p,0)/2+ (@,1'M~T"[0,I0)). (3.7)
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4. HaBoasmue coodpakenusi. OMUCHIBAIOTCSI IIPUMEPHI YMCIIEHHOTO PEIIeHUS 3a1a9i OIITUMAaIbHO-
IO YIIpaBJICHUS YTJIOBBIM JIBUXKEHUEM Pa3JIMYHBIX 10 CBOel IMHaMnuecKoii KoHurypauuu KA (TBep-
JIBbIX T€J) U IMIPUBOASTCS BBIBOMIBI, CASAYIOLINE U3 3TUX IIPUMEPOB.

PaccmatpuBaercst yMciaeHHOE pellleHue KpaeBoi 3a1auu, MOoJyYeHHONH Ha OCHOBAHWU MPUHIIMIA
MakcuMyMa 111 ucxogHoit 3agauu (1.1)—(1.4), (2.1):

2A = A oo,
o=1"M-I"[0lo],

) ) .1)
& =-p/2-[I"p,Jo]+1[Tp,0],
p=Aoc, oA, ¢, =const,
A(0) = Ay,  ©(0) = o, (4.2)
AT)=Ar, o) = or, (4.3)
M =1"¢/2, (4.4)

oTKyza HeobxonuMmo Haiitu M°™, A°", °™", ¢

L
YciaoBusT B KOHEUYHBIT MOMEHT BpeMeHU (4.3) HeoOGXonnuMo TiepenucaTh B ceMUMepHOM (a30BOM
MIPOCTPAHCTBE A X @:

vect(AT)oA;) =0, o) =w. (4.5)

I1pu pemtenun kpaeBoii 3anauu (4.1), (4.2), (4.4), (4.5) npuMeHsIICS UTEPALIMOHHbBINA YMCIIEHHBINA METO
Ha ocHOBe ajiropuTMa JIeBeHOepra—MapkBapaTa, sIBISIOLIErocs: KoMoruHauueir metogoB PyHre—Kyt-
T, HbloTOHA M rpagueHTHOrO cnycka [7]. Ciemyer OoTMeTUTbD, UTO B paboTte [13] ocyllecTBsiach mo-

MBITKA BBITTOHUTH ycioBue A(T) = Ay, YTO IPUBOAMIIO K BBIPOXIESHUIO MATPUI] YACTHBIX TIPOU3BO/I-
HBIX OT HEBS30K. B KauecTBe HayaJbHBIX YCIOBUI IO COTPSIKEHHBIM MEPEMEHHBIM @, P OpaJlCh UX
3HAYEHMUSsI, MOJYYEHHbIE B TOUHOM pEIlIeHUU TPUMEHUTENbHO K chepruuecknu-cummeTpuuHomy KA B
KJlacce TTOCKUX 3MJIEpOBBIX TOBOPOTOB [2].

Jas tBepabix Tes (KA) ¢ pa3IMUHBIM paciipeJieieHueM MacC CpaBHUM KMHEMAaTUYSCKHUE XapaKTepH-
CTUKM OITUMAJILHOIO ABMKEHUS B 3aa4aX OIITUMAaJIbHOTO Pa3BOPOTa C OMHUMM 1 TEMU K€ TPaHUIHBI-
MU YCIOBUSIMH, HATIPUMED:

Ay =(0.7951, 0.2981, —0.3975, 0.3478), ®, =(0.2739, —0.2388, —-0.3), (4.6)
A =(0.8443, 0.3984, —0.3260, 0.1485), ®; =(0.0, 0.0, -0.59). 4.7

Teno 1. Chepuyecku cummeTpuyHoe TBepaoe teo I, = I, = I, =1.0.
Teno 2. [IpoussonsHoe Teno I; = 0.9869, 1, =1.1843, I; = 0.7895.

Teno 3. IIpousBonbHoe Teno /; = 0.9506, 1, =1.3308, I; = 0.5704.

Teno 4. MexnynaponHasa kocmuueckast craHuus (MKC) (panssisg Bepcust [14]) KaK IIpon3BOIIb-
Hoe TBeproe Teso [; = 4853000 kr - M, 1, =23601000 kr - M2, 1; = 26278000 kr - M (pa3MepHbIE MO-
MeHTHI uHepiun) uiu I, = 0.2358, I, =1.1466, I; =1.2766 (6e3pa3MepHble BETUYNHBI).

Teno 5. “Cneiic Hlattn” (muHamuueckue xapaktepuctuku KA “Cneiic IlIaTTn” Takue xe, Kak y
MOYT OCECMMMETPUYHOTro TBeproro Ttena): [, = 3400648 kr - M2, I, =21041672 kr - M’ Wi I, =
=0.1967, I, =1.2168; I, =1,.

Teno 6. IIpoussonpHoe Tesno [; = 0.9116, I, =1.3674, I, = 0.5470.

B ta6. 1 npeacraBieHbl KWHEMAaTUUYECKUE XapaKTePUCTUKU (KOMITOHEHTHI KBaTepHUOHA TOJIOXKEe-
Hus KA 1 BeKTopa yrioBoii CKOpOCTU) sl MSITU U3 BblllIeyKa3aHHbIX TeJ Mpu ¢ = 0.5 (B cepeanHe Mpo-
MEXYTKa BpEMEHU ONTUMAaIbHOTO JIBMKEHUS ) TIPU PELLIEHU U 3a1a41 ONTUMAJIbHOTO YIIPaBJI€HUs C rpa-
HUYHBIMU YCJIOBUSMMU (4.6), (4.7) B KiTacCyecKoif mocTaHoBKe. B mocnenHeit ctpoke Tabit. 1 ajst cpaB-
HEHUS TIPUBOMSTCS JaHHbIE, MOJIyYeHHbIE TPU pellIeHUU MOIUMUIITUPOBAHHOM 321241 ONNTUMAIbHOTO
yIIpaBJIEHUs, 0 KOTOPOii MOMIET peyb B pa3id. 6, 7 cTaTbu.
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Ta6auna 1. BennuuHbI KBATEpHUOHA OPUEHTALIMN U BEKTOPA YIJIOBOM CKOPOCTH
Teno Ao A 9 As 031 W, ]
1 0.8096 0.3625 —0.3768 0.2668 —0.0502 | —0.0114 | —0.4937
2 0.8095 0.3628 —0.3766 0.2670 —0.0499 | —0.0115 | —0.4941
3 0.8093 0.3631 —0.3765 0.2674 —0.0496 | —0.0116 | —0.4949
4 0.8077 0.3654 —0.3773 0.2678 —0.0506 | —0.0159 | —0.4949
5 0.8086 0.3634 —0.3780 0.2668 —0.0519 | —0.0137 | —0.4948
MonudunimpoBanHasi 3amaya| 0.8099 0.3627 —0.3756 0.2673 —0.0488 | —0.0098 | —0.4938
Ta6mmua 2. BeM4uHBI yIJI0BOTO YCKOPEHUS
Teno €,(0) €,(0) €;(0) €(0.5) | €,(0.5) | &(0.5) g () & (1) &;(1)
1 —0.9854 | 0.7259 | —0.4892 | —0.2917 | 0.2087 | —0.2878 | 0.5077 | —0.1272 | —0.0985
2 —0.9649 | 0.7262 | —0.4736 | —0.3051 | 0.2053 | —0.2902 | 0.5357 | —0.1154 | —0.0965
3 —0.9399 | 0.7235 |—0.4449 | —0.3207 | 0.2039 | —0.2942 | 0.5681 | —0.1076 | —0.0940
4 —0.9262 | 0.6536 |—0.4422| —0.3182 | 0.2586 | —0.2978 | 0.5591 |—0.2446 |—0.0886
5 —0.7914 | 0.6537 | —0.4345|—-0.3968 | 0.2549 |—0.3002 | 0.7341 | —0.2381 |—0.0875
Momubmuuponati-"|_ o647 | 07634 | -0.4932 | —0.3103 | 0.1687 | —0.2847 | 0.5350 [-0.0220| 0.1024
Has 3a7aJa
Taommuna 3. KBaTepHUOH OpUEHTAIUU U BEKTOP YIJI0BOil CKOPOCTU
Teno Ao M Ay A3 oy w, s
1 0.78995 0.41434 —0.35808 0.28583 0.32168 —0.01522 —0.52451
6 0.78999 0.41442 —0.35860 0.27492 0.32414 —0.01453 —0.52402
4 0.79080 0.41371 —0.35618 0.27679 0.31768 —0.01578 —0.52304
5 0.79103 0.41317 —0.35664 0.27635 0.31932 —0.01491 —0.52314
Ta6muua 4. YriioBoe ycKopeHue
Teno £(0) €,(0) €;(0) €(0.5 | &(0.5) | &(0.5) gD & (D) (1)
1 0.26547 | 0.38677 | —1.00250 | —0.06733 | 0.52385 | 0.10458 |—0.43888 | 0.74958 | 1.18404
6 0.19271 | 0.34271 | —1.05149 | —0.05270 | 0.54857 | 0.12304 | —0.41047 | 0.70409 | 1.16712
4 0.36496 | 0.53821 | —1.00244 | —0.07017 | 0.44837 | 0.10585 |—0.54722 | 0.88317 | 1.18497
5 0.28551 | 0.51819 | —1.00680 | —0.04259 | 0.45769 | 0.10771 |—0.55803 | 0.86381 1.18517

715 TeX e TeJI TP TeX K€ TPAaHUIHBIX YCIOBUSX B Ta0J1. 2 pacCMOTPEHBI KOMITOHEHTHI BEKTOPOB YT-
JIOBOTO YCKOpeHUs &(f) = €,(?)i; + &,(H)i, + &;(¢)i; = O(f) W19 HaYaIa, cCepearHbI M KOHLA IpoLecca OIl-
TUMaibHOTO yrpasaeHus (t=0,7=0.5,r=T=1).

Takxe onuileM KMHEMAaTUYECKHUE XapaKTePUCTUKK ONTUMAIBHOTIO ABVXKEHUS Pa3IMUHBIX TeJl JJIsI
ciydasi, KOraa HayaJabHO€E COCTOSTHHE Tejla OMPenesisieTCsI COOTHOIIeHeM (4.6), a KOHEYHOE COCTOSTHUE
COOTHOIIIEHUEM

Ay =(0.79368, 0.49375, —0.26823, 0.23309), ; =(0.2, 0.3, -0.2). 4.8)
B Ta6:. 3 myis ten 1, 4—6 nipencTaBlieHbl KOMIIOHEHTBI KBATEPHUOHA MOJOXEHUS U BEKTOPA YIIIOBOM

ckopoctu ripu £ = 0.5.

Jutst Tex ke TeJl mpU TeX 3Ke TPAaHUYHBIX YCIIOBUSIX B Ta0J1. 4 IPUBOASITCS KOMIIOHEHTHI BEKTOPOB yT-
snoBoro yckopeHus ipn t=0,r=0.5,r=T=1.
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AHaJornyHble pacyeThbl MPOBOAWINCH U JIs1 APYTUX HaYaIbHBIX U KOHEUHBIX cocTosiHul Ten. U3
Ta6a. 1—4n APYyrux BbIYUCJIEHUM C IrpaHUYHBbIMU YCIIOBUAMU BUIHO, YTO KUHEMATUYCCKUE XapaKTEpU -
CTUKM ONTUMAJILHOTO ABUXXEHMUSI TeJI CYLLIECTBEHHO 3aBUCST OT HAYAJIbHOTO M KOHEYHOIO COCTOSTHUS
TeJI U ¢j1ad0 3aBUCST OT paclpenciaeHmns Macc B Teae. OTciona clemayeT, 9YTO, UCIOoIb3ysl KHHeMaThde-
CKHE XapaKTEepHUCTUKM Teja co chepruyecKoil cuMMeTpHreil, 13 ITMHAMWYECKUX YpaBHEHUM Diijiepa ¢
Y4eTOM MOMEHTOB MHEPLIMU ITPOU3BOJIbHBIX TEJI MOXHO BEIYMCINTD YIIPABJISIIOLINE MOMEHTHI 1151 IBU -
KEHUS IIPOU3BOJILHBIX Tell. Takie MOMEHTHI MOXXHO pacCMaTpUBaTh KaK KBa3MONTUMAaIbHBIEC YIIPABIISI-
IOIIIME€ MOMEHTHI JIJIS1 IEPEeBOIa TBEPABIX TEI M3 Ha4aJbHOTO COCTOSIHUSI B KOHEUHOE COCTOosIHUE. Bripa-
KEHMUS 11 KBaTepHUOHA OPUEHTALIMY U YTJIOBOM CKOPOCTU MOXXHO MOCTPOUTh aHATUTUYECKU B IBHOM
BUJIC HA OCHOBE pellIeHUs MOAN(UIIMPOBAHHOM 3a1a4l ONTUMAaJIbHOM IIePEOPUEHTAIINN, a YIPaBJISIIO-
LIMIT MOMEHT OIIPEAEIUTh UCXOISl U3 PEllIeHUsI 00paTHOM 3adauu TMHAMUKU. OTIMIIEM 3TOT IMOAXOI.

5. MoaudguuMpoBaHHas 3a7a4a ONTHMAJLHOIO ynpasjeHus. ToyHoe pellleHUe 3aJadyr HaXOXICHUS
OpUEHTALIMK TBEPAOTO TeJIa IT0 €T0 U3BECTHOM YITIOBOM CKOPOCTHY, WIIX nHade 3agaun Jlapoy (1.1), B 06-
1eM ciy4dae He n3BecTHO. [ToaToMy paccMOTpuM pelleHre 3a1aun B Kjacce 0000IIeHHBIX KOHUYECKUX
JIBVKEHUI U MPUHYIUTEIBHO 321aIUM BEKTOP YIJIOBO# CKOPOCTU w(f) hopMyJioit

o) = i, f(O)sin g(r) + i,/ (1) cos g(1) +i:4(7), (5.1)

rae dyHkuuu f(f) u g(¢f) npousBoJibHbL. B 3TOM citydyae ypaBHeHue (1.1) umeeT TouHoe peuieHue [15],
YAOBJIETBOPSIIOIIee HayalbHOMY yciIoBuIO (1.3):

A(?) = Ay o expi-i;g(0)/2} o exp{-i, f(0)/2} o expli, f()/2} o explisg(1)/2}, (5.2)
rae “exp{.}”— KBaTEpHUOHHAasl SKCIIOHEHTA [2].

Boipaxenus (5.1), (5.2) COOTBETCTBYIOT BCEM M3BECTHBIM TOYHBIM PEIIEHUSIM KJIACCUUYECKOM 3a1a4n
OIITUMAaJIbBHOTO YIpaBJCHUS YIJIOBBIM JIBUKCHHNEM C(I)CPM‘JCCKI/I—CI/IMMCTPI/I‘{HOFO KA, Koraga BEKTODP
€ro YrJIOBOM CKOPOCTU COXpaHSIET MTOCTOSTHHOE HaIpaB/IeHUEe HAa BCeM MHTepBaJie BpEMEHU JBUKEHUST
KA wnu coBepiaer peryaapHyio mpeteccuio [1—3, 16]. I1pu 5ToM ¢ TOMOIIBI0 B3aUMHO-OTHO3HAYHBIX
3aMeH IepeMeHHBbIX [15] 3agauy IapOy B 00111eM cliydae MOXHO CBECTU K PELISHUIO YpaBHEHUS TUTIA
(1.1), toe yrioBast CKOPOCTb IMIPUMET BUI

0*() = —o(),

1 OyneT oTndarhbes oT (5.1) ToabpKo 3HaKOM (omHaKo 3amayva Jlapoy (1.1) mo-npexxHeMy He pa3pelinma).
Hpyrumu ciioBaMu, CTPYKTypa BEKTOpa yIrJIOBOI CKOPOCTH (5.1) XOpPOIIIO COOTHOCUTCS C KOHIIECTTIINEN
IlyaHco u3 TeopeTnueckoil MexaHUKHU, 3aKiovyaloleincs B TOM, YTO BCIKOE MPOU3BOJIbHOE YIJI0BOE
JBVKEHUE TBEPAOTO Tejia BOKPYT HEIMOJABMXKHOM TOYKM MOXKHO paccMaTpUBaTh KaK HEKOTOpoe 0000-
IIIEHHOE KOHWYecKoe ABuxeHue [17].

®opmynsi (5.1), (5.2) MOXXHO 0000IIINTh, BBEISI B HUX MOCTOSIHHBIN KBaTepHUOH K, K|| =1:
o =Ko (i, f()sin g(t) + i, /(1) cos g(1) + 1;8(t)) 0 K, (5.3)
A = A, o Ko exp{-i;g(0)/2} o expfi,(f(?) — £(0))/2} o expli;g(1)/2} o K. (5.4)

IMonoxum BTOpbIe TPOU3BOAHBIE OT (PYHKIIMK f 1 g B KauecTBe yrpaBieHuii. C yyeToM ob603Haue-
HUMN

f=fr é=g (5.5)
MOXHO COCTAaBUTD YIIPpABIACMYIO CI/ICTCMyI
f=r é=g fi=w &=u, (5.6)

rae f, £, &, g ABISoTCs (pa30BbIMU KOOPIWHATAMU, U, U, — yrpaBieHussMu. KarepHroH K mnpencra-
BUM TIPOU3BEICHUEM

K=K, °K,, K, =explio,/2}, K, =expfi,o,/2}, (5.7)
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rae Q, O, — HEKOTOpbIe MOCTOsSIHHBbIE. OTMETUM, YTO KBaTepHUOHBI K, 1 K, onpenessitoT noBOpoT BeK-
Topa ® (5.1) Bokpyr oceii i;, [IoBOpoT BOKpYT ocH i; yKe BKJItoueH B opmMyiy (5.3), eciiv y4yecTb, 4YTO B

byHKIIMIO g(¢) BXOOUT anauTUBHAsI TocTosTHHAsI. CONpsKeHHBIN KBaTepHIUOH K OyIeT mpencTaBisiThCs
Tak:

K=K, K, K =exp{-i0,/2}, K, =exp{-i,0,/2}. (5.8)

VnoBierBopeHue KpaeBbiM yciioBusiM (1.3), (1.4), (4.5) dynkumii o, A (5.3), (5.4) c yuetom (5.7), (5.8)
3aIMIIeTCS TaK:

K, ° K, o (i,£(0)sin g(0) + i, £,(0) cos g(0) + i,g,(0)) ° K, o K| = o, (5.9)
K, o K, o (i, /(T)sin g(T) + i, £/,(T) cos g(T) + i3g/(T)) ° K, o K| = o, (5.10)
Ay o K| o K, o exp{—isg(0)/2} o expli,(f(T) — £(0))/2} o explisg(T)/2} o K, o K| = A (5.11)

g ynpapisieMoit cucTeMbl (5.6) TocTaBUM CJISOYIOLIYIO 3aJauy ONTUMU3aLUK. TpedyeTcss HallTH O11-
TUMAaJIbHBIC YIIpaBieHus i (t), u,(t), KOTOpbIE TIEPEBONST YIIpaBisieMylo cuctemy (5.6) 13 MonoXeHus

S=70), A=/0), g=¢g0), & =0 (5.12)
B ITOJIOKECHUEC
f=rM), fi=h/T), g=gT), g&=g&), (5.13)

YIOBJIETBOPSIOLIME COOTHOLIEHUSIM (5.9)—(5.11), B KOTOPBIX O, O, BBICTYIAIOT KaK IapamMeTphbl, MO -
JIeXalue oInpeaeieHUIO, U JOCTaBISIOT MUHUMYM (PYHKIIMOHAJTY

T
J:ﬂﬁ+ﬁﬁn (5.14)

0

Boipaxkenus (5.9)—(5.11) nepenuiiem Tak:
i,/,(0)sin g(0) +i,/(0) cos g(0) + i;&,(0) = K, o K, o @ o K, o K, (5.15)
i,/1(T)sin g(T) + i, /i(T) cos g(T) + isg(T) = K, o K c 07 o K, o K,, (5.16)
exp{-i;2(0)/2} o exp{i,(f(T) - £(0))/2} o explizg(T)/2} = K, o K, 0 Ay 0 Ay o K, o K. (5.17)

Takyro 3amady onTuMu3anuy 0yaeM Ha3blBaTb MOAMGMULMPOBAHHOM 3a1a4eii ONTUMAJIBHOIO yIIpaB-
JIeHUs YTJIOBBIM JIBM>XKeHUEM KA, TouHOe pellieHrue KOTOPOil TOMyCTUMO paccMaTpuBaTh Kak MpUOIU-
KEHHOE WJIM KBa3uoNTUMaJIbHOE pelieHne ncxonHoi 3agaun (1.1)—(1.4), (2.1). U3 ypaBHeHus (1.2) Ha
OCHOBe 00paTHOI 3a1a4u TMHAMUKHU TBEPIOTO Teja onpeaesieTcs yipasisiomuii MomeHT KA, coor-
BETCTBYIOIIUI pellieHUIO MOAU(DUILIMPOBAHHOI 3aa4uM:

M = I + [0, Io]. (5.18)

6. Tounoe pemenue Mmoauunmpoannoi 3agaun. yHkuus laMmuabroHa—IToHTpsSITMHA [J1s1 TOCTaB-
JICHHOM 3a[1a41 ONITUMAJIBHOTO YITPABICHUS

H = _(”12 +”22)+\|11f1 T V81 + Vst + Yald,. (6.1)
31ech Y, 5, W3, W, — COMPSIKEHHBIE MIEPEMEHHBIE, YIOBIETBOPSIIOIINE CUCTEME YPaBHEHMUIA
V=0, ¥,=0, Yy3=-y, VY,=-Y, (6.2)
o0l11iee peleHrne KOTOPOil COMEPXKUT MPOU3BOJIbHBIE KOHCTAHTHI €, ...,C4 "
Vi=¢, V=06, VY;=—al+c, VY,=-0f+tc. (6.3)
YenoBue MmakcuMmyMa 101 (6.1) gaet onTuMabHbIE YIIpaBJIeHUS
w =52 = (et +¢3) /2, =,/ 2 = (=ct +¢4)/2. (6.4)
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IMoncrapnss (6.4) B (5.6), moxy4aeM BhIpaskeHUS TSI (PA30BBIX KOOPAMHAT, COASPKAIIIe BOCEMb HE-
OIpPEIEJIEHHBIX KOHCTAHT C;, ..., Cg:

f= —c1t3/12 + c3t2/4 test+c, 8= —c2t3/12 + c4t2/4 + ¢t + ¢,

(6.5)
fi=—ol’ JA+ct/2+cs, g =—0f /A+cat/2+ ¢,

B cuty Toro, uto B BeipaxkeHue Jisl GyHKIUU f KOHCTAHTA €z BXOAUT alIUTUBHO, U3 (5.4) BUAHO,
YTO OHA HE OKAa3bIBACT BIUSIHUSI, U TTIOBTOMY Cc MOXXHO HE YUYMUTHIBATh. Toraa s moucka JeBsITU HEU3-

BECTHBIX (i, ..., Cs, C7, Cg, O, O, UMeETCd AeBATh ypaBHeHU (5.15)—(5.17) (M3-3a HAIMYMS YCIOBUS

||A|| = 1 BKBaTepHUOHHOM ypaBHeHUU (5.17) HE3aBUCUMBIMU SIBJISIFOTCSI TOJILKO TPU CKaJISIPHBIX YpaBHE -
Hus). [loacrasmsst popmyitst (6.5) B (5.3), (5.4), TTOTyIUM BeIpaXkKeHHUS IJIsI BEKTOPa YIIIOBOM CKOPOCTH
U KBaTepHUOHA opueHTanuuu KA. DT BbipaxkeHUs! onpeaessiT ONTUMAabHbI B CMbICIE MUHHAMYyMa
dyHk1moHana (5.14) yrinosoit MaHeBp KA, mocTpoeHHBIH B KJ1acce 0000IIIEHHBIX KOHMYECKUX IBIMKE-
Huii. BHeIIHMIT ynpaBisiomuyii MOMEHT, TpuiloxXeHHbI K KA, Ha ocHoBe (5.3), (5.18)

M =1Io + [0, Io] = I(K o ((ij(y;sing + f,g cosg)+
+ i,(u cos g — fig;sin g) + isu,) 0o K) + (6.6)
+[Ko (i, fising + i,/ cosg + i3g,) o K,I(K o (i, f; sin g + i, f cos g + isg,) o K)].

OTMeTHM, 9TO IS CHepIIeCKN-CUMMeTpIYHOTO KA cKaJIsIpHBIf KBampaT BeKTOpa YIIPaBJIsSIONIeTo
MOMEHTA BhIpaXkaeTcsl Yepe3 nmepeMeHHbIe MOTUMUIIMPOBAHHON 3a1a9M TaK:

M’ =ul +u; + £ gl (6.7)

B ciyyae miockoro nosopora cepudecku-cummerpuaHoro KA [2], korna o, o, (1.4) KojuiMHeapHbI
vect (A0 ° AT), pelIeHUs] KJIACCUYECKOH U MOAM(PUIMPOBAHHON 3a1ay TOXIECTBEHHO PaBHBI. DTO

CIIpaBeJIMBO U JJISI CJIy4aeB pellleHUs 3a1a4d yIJIoOBOIro ABMXXEHUs cpepudecku-cummeTpuyHoro KA B
KJIacce peryJIsIpHbIX KOHMYECKUX IBMKEHUH (peryisipHoii mpetieccun) [12]. B aTux ciaydasix cnaraemoe

flzgl2 B (6.7) obpaiaercs B Hy/Ib 1 Kputepuii (5.14) coorBercTByeT Kputepuio (1.5) (2.1) kimaccuyeckoi
3amauu. B 3agaue yriioBoro ABMXKeHUS cheprudecKru-cuMmmeTpudHoro KA npu nmpou3BoJbHBIX TPaHUY -
1 1

2 2 2
HBIX YCIIOBUAX, T10J1arasd, 4To I /i g; dt MaJio o cpaBHEHUIO C I M°dt, B (6.7) MOXHO OITyCTUTD ITOCTICII-
0 0

HEC cJ1aracMoc. TOF}Ia MOI[I/I(bI/H_II/IpOBaHHaH 3agavda OIITUMaJIbHOTO YIIpaBJICHMA B IICPECMEHHDBIX f, &g, fi 5

g1, Uy, U, ¢ hyHkumoHanom (5.14) u Beipaxkenusimu (5.3), (5.4), (5.15)—(5.17), (6.5), (6.6) Oymet cooTBeT-
CTBOBaTh KJIACCUYECKOM 3a/1aue ONTHUMAIbHOIO MOBOPOTa ChepruuecKU-CUMMETPUYHOIO Tejla B Kjacce
00600IIeHHBIX KOHMYECKUX IBMKeHNI. Ha ocHOBaHMY paccyXKIeHuit pas. 5 ctaTbi, MOTUMPUIIUPOBAH-
Hasl 3aJa4ya MOXET pacCMaTPUBAThCI B KauyeCTBe KBa3WMOIITUMAIbHOM 3amgauM YIIpaBIEHUs YIJIOBBIM
JBMXKEHUEM ITPOM3BOJIbHOrO KA Ipu IMpor3BOJIbHBIX KPACBbIX YCIOBUSIX.

KBazuontumanbHbIi aIropyuT™ yrjioBoro ABvxkeHus1 KA mpous3BoIbHOU AUHAMUYECKON KOHMUTY-
palyvu Mpy TPOU3BOJIbHBIX KPAEBBIX YCIOBUSIX UMEET CIECIYIOIIUNA BUL:

1) mo 3amaHHBIM BeJIUUYUHAM A, Ay, 0y, 07 (1.3), (1.4) u T=1u3 (5.7), (5.8), (5.15)—(5.17) Bb1uUC-
JISTIOTCSI IEBATh HEONPENEIEHHBIX KOHCTAHT ¢y, ..., Cs, C7, Cg, 0., O, Y BBIpaxatotcs QyHKUMH f, fi, &, &5

2) ucnonnays (5.7), paccuuTbiBaeM KBaTepHUOH K

3) ompenessieM BEKTOP yIjIoBoit ckopoctu KA
o = Ko (i,/(t)sin g(1) + i, (1) cos g(t) + 1,4(1)) ° K;
4) HaxoIUM KBaTepHHOH opueHTaun KA
A = Aq o Ko exp{-i;g(0)/2} o exp{i,(f(1) — £(0))/2} o explisg(t)/2} o K;

5) ¢ ucnonb3oBaHueM (6.6) omnpeaessieM BEKTOP yIPaBISIOIEro MOMeHTa M;

6) u3 BeipaxkeHuii (2.1), (6.6) HaxoAUTCS 3HAYEHUE OE3pPa3MEPHOro KPUTEPUST ONITUMU3ALNY 3a0a4l
ONTUMaNTbHOM mepeopreHTannm KA.
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Tabmmuna 5. Yripapisionmii MOMEHT Uis Tena 3
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t M;(IlaCCl/l‘I Mgnaccuq M;ﬂaCCl/l‘l M?AOELMCD M;{oump Mg/[oamb
0 —0.9480 0.9316 —0.2786 —0.9715 0.9847 —0.3062
0.5 —0.3093 0.2807 —0.1676 —0.2987 0.2337 —0.1622
T=1 0.5401 —0.1432 —0.0536 0.5085 —0.0293 —0.0584
Ta6mmua 6. YripaBisionmii MOMEHT Ui Tesa 4
t Mlcnaccw{ Mmaccw{ Mmaccw{ MMOde) MMOmeb MMOLLMC])
1 2 2 1 2 3
0 —0.2091 0.8349 —0.6241 —0.2181 0.9608 —0.6893
0.5 —0.0741 0.2697 —0.3795 —0.0725 0.1683 —0.3630
T=1 0.1318 —0.2804 —0.1131 0.1261 —0.0253 —0.1307
Tabmmua 7. Yrpaisionii MOMEHT JUIS Teia S
t Mmaccw{ Mgﬂaccw{ Mgnaccw{ Mllvlonmb M';Oﬂmb Mg/{onncb
0 —0.1556 0.8793 —0.5955 —0.1897 1.0127 —0.6669
0.5 —0.0780 0.2846 —0.3644 —0.0610 0.1807 —0.3459
T=1 0.1444 —0.2897 —0.1065 0.1052 —0.2682 —0.1246
Taommuna 8. ®yHKIMOHAIBI KJIACCUYECKOI 1 MOIUMUIIMPOBAHHOI 3a1a4
Knacc Tena Teno 1 Teno 2 Temo 3 Teno 4 Teno 5
Jacem 0.4782 0.4920 0.4947 0.35522 0.35797
Jhomid 0.4797 0.4935 0.4966 0.36404 0.36775

7. YucyioBbie npuMepbl. PaccMaTpuBaloTCcss CpaBHUTEIBHBIC Pe3y/IbTaThl YMCIIEHHBIX PEIIeHUI KJ1ac-
CUYECKOM 1 MOTM(UIIMPOBAHHOI 3a1a4 onTUMainbHOM nepeopueHTaunu KA (tBepmoro tena). st mo-
INPUIMPOBAHHON 3a4ayd BBHITIOJHSUIMCH PacueThl MO AHAIMTUYECKOMY aJITOPUTMY pasd. 6 CcTaTbu.

3HayeHus1 KOHCTaHT 0, Oy, Cj, ..., C, Cg, BXOISILINX B AHAJIUTUYECKOE PELIEHVE MOIUDULIMPOBAHHOM
3a7a4u, IS YIJIOBOTO ABVKEHWUS ¢ KpaeBbIMU YCI0BUSIMU (4.6), (4.7) TaKOBHI:

o, =—0.0421, @, =-0.2226, ¢ =3.2902, ¢, =—1.4885 ¢ =2.2113,
¢, =—1.45, ¢ =—0.4156, ¢ =-0.2221, ¢ =—0.9216.

Pe3ynbrarhl pellieHU ABYX 3adad OKa3aJduch OJu3Ku. B Taba. 5—7 mNpuBOISTCSI 3HAYSHUSI BEKTOpa
M(¢) Ha KOHIIaX U B cepeIMHEe UHTEPBajia BDEMEHU JBUKEHUST B 9TUX PELICHUSIX I TeJl Tuna 3—3.

B Ta61. 8 paccmoTpeHbl 3HaueHUs pyHKUIMOHANa (2.1) mis Ten 1—5, nmojaydyeHHbIe B pe3yjibTaTe pe-
IIEHUS KJIaCCUYeCKON 1 MOIU(PUIIMPOBAHHO 3a1a4 ¢ KpacBbIMHU yciaoBusMu (4.6), (4.7).

C6 :0,

Kak BHUIOHO, ITO MEPEC BO3paCTaHUA pa3jinidurd MEKAYy MOMCHTaAMM MHEPLUUN TCJT 119 12, 13 BO3pacTacT
pasHULa MCXAy ynpabsIdlOIMMU MOMEHTAMHM, IMOJYYCHHBIMU IIPpHN PCIICHUUN OBYX 3aaad. Taxke oka-

3bIBACT BJIUSIHUE XapaKTep U3MEHEHUs BeIU4uH [, 1,, I, Mexay coboii. [Ipu sToM pacxoxaeHue 3Ha-
YeHMd KpuTepus KayecTBa (2.1) B KjlaccuuecKkoit 1 MoaudUuIIMpoOBaHHOM 3amadyax gomyctumo. OTMe-
TUM, YTO BEJIMYMHA KPUTEPUSI KAUeCTBA SIBISIETCSI BAXKHEUIIIUM TTOKa3aTeJIeEM B 3aa4ax ONTUMU3AIINH.

Taxeke MpOBOAMINCH YUCIIEHHbBIE PELICHUS 3aJa4U OTITUMAIBHOTO YIPaBI€HUS YIJIOBBIM IBUKECHU -
eM JUISl cilydyaeB, Korma HadyajibHoe cocTosiHue TBepaoro tena (KA) ompenenssioch COOTHOIIEHUSIMU
(4.6). KoneuyHoe 1oJ10XXeHHE Tejla 3a1aBajioCh IOBOPOTOM TeJjia U3 HAYaAJIbHOT'O MOJIOXKEHUS Ha HEKOTO-
PBIA YTOJI BOKPYT SMJIEPOBOM OCU, EAMHUYHBIN BEKTOP KOTOPOM OIPEnesiicsad KOOPAUHATAMMU:

(0.04500, —0.07519, —0.99615). (7.1)
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Ta6mma 9. dopMupoBaHue KBATEPHMOHOB KOHEYHOM opreHTam KA

¢ Ao(T) M(T) M(T) A(T)
30.0 0.84643 0.40650 —0.31853 0.12982
60.0 0.84013 0.48716 —0.21783 —0.09703
90.0 0.77657 0.53461 —0.10229 —0.31727
120.0 0.66009 0.54564 0.02023 —0.51589
150.0 0.49863 0.51948 0.14136 —0.67935
180.0 0.30318 0.45792 0.25286 —0.79652
Taomua 10. BenuuvHbl GyHKIIMOHAIOB M UX PACXOXIECHUS
DOyYHKIIMOHAIBI U
Teno | pacxoxaeHUs UX ¢ = 30.0° ¢ = 60.0° ¢ =90.0° ¢ =150.0° ¢ =180.0°
BEJTMIWH
1 Jonacen 0.52385 4.63277 15.31437 56.39081 86.78094
Jhonud 0.52510 4.63724 15.32882 56.52086 87.51533
AJ 0.00125 0.00447 0.01445 0.13005 0.73439
% 0.24 0.10 0.09 0.23 0.85
6 Jraceu 0.48938 1.68431 4.99284 17.73522 27.05714
Jhonud 0.49142 1.69229 5.08024 18.48275 28.29371
AJ 0.00204 0.00798 0.08740 0.74753 1.23657
% 0.40 0.48 1.75 4.20 4.56
4 Jraceu 0.44007 7.25434 24.73075 88.98745 132.97487
Jhonud 0.44918 7.26926 24.80963 92.18788 142.39358
AJ 0.00911 0.01492 0.07888 3.30042 9.41871
% 2.07 0.21 0.32 3.71 7.08
5 Jrraceny 0.44007 7.25434 24.73075 83.69665 128.85478
Jhonud 0.44918 7.26926 24.80963 83.93641 129.60500
AJ 0.00911 0.01492 0.07888 0.23976 0.75022
% 2.09 0.21 0.32 0.29 0.56

B 1a671. 9 TpuBOASATCS KOMIIOHEHTHI KBATEPHUOHOB KOHEYHOTO MOJIOXKEeHUS TBepmoro Teia (KA) mist
TIOBOPOTOB Ha pa3IMYHbIE BEJIMIMNHBI diJIEpOBa YIJia () B Tpaaycax BOKpYT BekTopa (7.1).

B ta6n. 10 npeacraBiaeHbl 3HaUeHUsI (PYHKIIMOHAJIOB KJIaCCUYECKON U MOAUMUIIUPOBAHHOM 3aaa4,
OIpeIEeITIONINX Ka9eCTBO Tpoliecca IrepeBoaa tei 1, 4—6 n3 Ha4aabHOTO COCTOSTHUS (4.6) B KOHEUHBIS
cocTosiHusl A; mo T1abi. 9 u nipu @, = (0.0, 0.0, —0.59), ¢ ykazaHWeM Pa3HOCTU MeXNy 3HAYCHUSIMU

Monud Jmaccw{

3TUX PyHKUMOHANOB AJ = J Y IIPOLIEHTHOTO PaCXOXIEHUS (AJ yai K”a“”q) x100%.

B Ta6a. 11 mpuBomsaTcs MomoOHBIE TTOKAa3aTeIn, Korma KOHeUHas yIJIOoBasi CKOPOCTh TBEPABIX TEN
ornpeaessieTcss BEKTOPOM

o, = (0.0, 0.0, 0.0),

T.€. B 9TOM ciydae TBepaoe teno (KA) nepeBoguTcs B COCTOSIHUE TTOKOSI.

M3 yrcieHHBIX SKCIEPUMEHTOB TSI PA3JIUYHBIX ITAPAMETPOB 3a1a4U YIIPABJIEHUS YTJIOBBIM TBUXKE-
HueMm KA cienyer, 4To KBaTepHMOH opueHTanu KA A 1 ero yrioBasi CKOpOCTh  HE CYILLIECTBEHHO 3a-
BUCSIT OT BEJIMYMH [, [,, [; U B OOJbLIEH CTENEHU 3aBUCIT OT KPaeBbIX YCIOBHUiA, a YIPaBISIOLIUMA
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Taomna 11. BennunHbl GyHKIIMOHAIOB U UX PACXOXIESHUS

Teno PyHKUKOHANL 1 © = 90.0° @ =120.0° © = 150.0° @ = 180.0°
PacxXoXXaACHUs UX BEJIMYUH
1 Jacens 24.25074 45.17597 72.66431 106.71186
o 24.28745 45.19513 72.77169 107.40843
AJ 0.03672 0.01916 0.10738 0.69657
% 0.15 0.04 0.15 0.65
6 xaces 7.67679 14.14398 22.61087 33.03152
o 7.82727 14.55971 23.46155 34.32325
AJ 0.15048 0.41573 0.85068 1.29173
% 1.92 2.94 3.76 3.91
4 Jxaceis 39.30956 72.66173 113.88517 162.63861
o 39.45538 73.72885 118.74480 174.83836
AJ 0.14582 1.06712 4.85963 12.19975
% 0.37 1.47 4.26 7.53
5 xacen 35.85965 67.01230 83.69665 158.59297
o 35.91027 67.10659 83.93641 159.06287
AJ 0.06062 0.09429 0.23976 0.46990
% 0.17 0.14 0.29 0.30

MOMEHT ONIpeAeNsieTcsl BeluumHaMu 1, I,, I, 1 xpaeBbIMU yciioBUsIMU 3anadu. He cymecTtBeHHas 3a-
BUCUMOCTb KUHEMATUYECKUX XapaKTePUCTUK ONITUMAJIbHOIO YIIPAaBJIEHUS YIJIOBbIM IBMKeHHEM KA ot
ero IMHAMWYECKMX ITapaMeTPOB o0ecreuyrnBaeT 0JIM30CTh pelIeHU I KiIacCUYeCcKOoit 1 MOAU(DUIIMPOBaH-
HOI1 3aJa4 ONITUMAJIbHOIO YIIPABJIEHUS YIVIOBBIM IBUKEHHWEM NMHAMUYECKM MTpou3BoJbHOro KA, yro
MO3BOJIMJIO paccMaTpuBaTh pellieHre MOAUMUIIMPOBAHHON 3adauM KaK KBa3MOIITUMAaJbHOE pellleHe
KJIACCMYECKOI 3a1aun ONTUMAaIbHOM nmepeoprueHTanuu KA.

OTMmeTuM, 4To KBaTepHUOH opueHTaluu KA A(f) MoxeT ObITh IBY3HaUYHBIM [2], T.e. A 1 —A COOT-
BETCTBYIOT OTHOMY M TOMY XK€ YIITOBOMY NoJioxkeHnI0 KA B IIpocTpaHCTBeE.

3akimoueHne. AHATNTUISCKA KBAa3WONTUMAIBHBIM aJlTOPUTM YIpaBIeHUS YIJIOBBIM IBIDKEHUEM
KA kak TBepaoro Tejia Npou3BOJbHON AMHAMUYECKON KOHMUTYpalUU C MPOU3BOJIbHBIMU KPaeBbIMU
YCIIOBUSIMU IPUMEHUM B cucTteMax yrpasieHus KA. [IpenmaraeMplil airopuT™ MMEeT TEOPETUIEeCKOe
000CHOBaHME U C XOPOIIUMM TOYHOCTSIMU pellaeT 3a7auy onTuMaabHoi nepeopueHTau KA. Ipu
5TOM OH He TpeOyeT YMCICHHOTO pelIeHUsT KpaeBOM 3amaur MPUHIIMIIA MAaKCUMyMa WA MHOTO CJIOX-
HOTO 4YucJieHHOro petieHus. [ToaydyeHHbIe pe3ybTaThl MOTYT ObITh 000OIIEHBI HA CTyYau yIpaBieHUs
KA mmpn HaTmImm B TOCTaHOBKE 33a4 3JIEMEHTOB He SKECTKOCTU KOHCTPYKIIMU KA 1 pa3TUIHBIX BO3-
MylleHUI. Pe3yabTaThl TakXKe MOTYT ObITh TIpuMeHeHbI U1s1 KA HaHOK/Iacca, KOTOpbIE UMEIOT OrpaHu-
YeHUs Ha BBIYUCIUTEIFHBIE MOIITHOCTH.

Ha ocHoge IPEATIOKECHHOIO B CTAaThC aJiroOpruT™Ma rneEpecopruecHTaliin KA MoxeT ObITh aHATMTUIECKHU
HpI/I6J'II/I)KeHHO peluI€Ha 3aJgada yIpaBJI€HUA OINTUMMAJIbHOIO B CMBICIIE MMHMMYMa AYaJIbHOI'O MHTEC-
I'paJIbHOIO KBaApaTU4HOIO CbYHK]_II/IOHaIIa Ka4y€CTBa B OTHOILICHMUM B3aMMOCBA3aHHOTO (COBMCCTHOFO)
YIIpaBJICHUA YIJIOBBIM M IOCTYIATC/IIbHBIM ABUKCHHUAMMU KA WJIW, MHadyeC, 3agadya OIITUMAJIbLHOIO B
CMBICJIE MUHHUMYMA SQHCPICTUYCCKUX 3aTpaT MaHECBPUPOBaAHUA KA. B atom CJIydyac InoCTpoOCHME KBa3n-
OTITUMAJIBHOM HpOI’paMMHOﬁ TPpAaCKTOPUU 1 YIIPpaBJICHUA ITPOCTPAHCTBEHHBIM IBMKECHUEM KA BkJacce
AyaJIbHBIX (BI/IHTOBBIX) KOHUYECKUX IBUXKEHUA B 6HKBaTCpHHOHHOI>i ITIOCTAHOBKE OCYIICCTBJIIACTCA C
NCITOJIb30BAHUEM KOHUCIIIHUU PCIICHUSA O6paTHI)IX 3aJa4 IMHaAMUWKU OJId 6I/IKBaTepHI/IOHHBIX YpaBHE-
HUA TBVDKEHUS TBEPOOTO TEJIA.
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