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Onwucana mporneaypa IPUMEHEHUsT «ITPUHIMIA OOPATHON CBA3U MO KBA3WYCKOPEHUIO» IPU
MTOCTPOEHUY CAMOHACTPAMBAEMOTO YIIPABJISAIONIETO BEKTOPA, JIJIsT IPUBEJECHUST COCTOSTHUST Me-
XaHUYIECKUX 1 ODOOIIEHHBIX CUCTeM Oe3 ynapa B 3aJaHHOe MHOrooOpasue hazoBOro COCTOSTHUST
CHCTEM 33 KOHEUHBIH IIPOMEXKYTOK BPEMEHH B YCJIOBUSX IIOJTHOW WJIM JACTUYIHON HeolpeJe-
JIEHHOCTH MaCCO-WHEPIIMOHHBIX [TapaMeTPOB CUCTEMBI U JEHCTBYIONINX HA HEE BO3MYIIEHUIA.
[Iporecc Takoro ynpasieHust Ha3BaH O€3yJapHON CTAOMIN3AINEH CUCTEMBI 33 KOHETHOE Bpe-
Ms. MHOroo6pasusi COCTOSIHUS CUCTEM 3aJ]aI0TCSI COBOKYIIHOCTBIO IOJIOHOMHBIX U HETOJIOHOM-
HBIX TTPOTPAMMHBIX CBs3eit. [loryerno MHOXKECTBO BEKTOPOB YIIPABJIEHUs, 00ECIIEINBAIOIINX
perieHue 3Toi 3a1a4u. 3aTEM U3 9TOT0 MHOXKECTBA BBIJEJISIOTCS BEKTOPHI YIIPABICHIS MUHN-
MaJIbHON PA3MEPHOCTH ¥ MUHUMAJILHOM €BKJIUIOBOM HOPMBI. Y Ka3aHbI IPUMEPHI TPUMEHEHU ST
TTOJTyIeHHBIX PE3YIbTATOB I PEIeHUs 3302 MPUKJIATHOTO 3HATEHNsI, TAKUX KaK yIIpaBJe-
Hre 6e3yJapHOil CTBIKOBKOM HA/IBOJIHBIX, ITOABOIHBIX U KOCMUYIECKUX AIIIapaToB, 6e3yqapHOit
MTOCAJIKOM CITyCKAeMBIX alllapaToB Ha MOABUKHbBIE IJIAT(MOPMBI, 8 TAK¥Ke 3aXBaTa MOABUKHBIX
00BEKTOB, B TOM YHCJIE «KOCMUYIECKOTO MYCOPay.

B omynuane ot npeabaynmx paboT aBTOpA, IMOCBANEHHDBIX IIPOOIEMAaM YIIPABICHIS MEXaHM-
YEeCKUMHU CUCTEMAaMM, 3/1€Ch, HAPSAY C HUMU, PACCMATPUBAIOTCS TaKxKe H60j1ee obIIre CUCTEMBI,
BKJIIOYAIONINE B C€0sT CHCTEMBI APYTOi (PU3NIECKOM TPUPOIBI, TAKNE KaK CHCTEMBI | eTbMTOTh-
114, U MIAPOKUN KJIACC CUCTEM C II€PEMEHHLIMHU MACCaMU, 3aBUCAIIIMU, KPOMe OOOOIIEHHBIX
KOOPJWHAT, emié u 0T 0000IMEHHBIX cKopocTeil. Kpome Toro, K TakuM cucremMaM MOXKHO OTHE-
CTH TaK>K€ SKOHOMHUYIECKHE CUCTEMBI IIPU X PACCMOTPEHUN B KAUECTBE JNMHAMUICCKUX aHA-
JIOTOB MEXaHMYeCKUX M 0000IEHHbIX cucreM. ClemayeT OTMEeTUTh, 9TO IIPU BBIIIEYKA3aHHOM
PACIIMPEHNH KJIACCA UCCJIEAYEMBIX CHUCTEM MPUXOIUTCI CUUTATHCS C TE€M, UTO ODOOIIEHHAST
MaTpHIA KBaJAPATHIHON (POPMBI MACCO-WHEPIIMOHHBIX XaPAKTEPUCTHK CHCTEMBI MOXKET He
SIBJISITHCST ONPEJIEJIEHHO MOJIOKUTEIBLHON, B OT/IMYKME OT MEXaHUIECKUX CUCTEM, & JIUIIb OBIThH
HEOCOOEHHON. DTO 0OCTOSITEIHCTBO HE TIO3BOJISIET OCTPOUTH YIIPABIeHNE O€3 NCIOIH30BAHUST
3JIEMEHTOB 9TOH MAaTPHIIBI, YTO OBLIO BOZMOXKHO B CIydae MEXaHMIECKHX cucTeM. Bmecte ¢
TeM B paboTe yIaoCh MOCTPOUTHh YHUBEPCAJIbHBIM BEKTOD, HE 3aBUCAIINAN OT ITUX JIEMEH-
TOB, JIJTs1 JIIOOBIX OOOOIIEHHBIX CUCTEM, YMHOXKEHIEM KOTOPOTO Ha 3Ty ODOOIIEHHYIO MATPUILY,
OIIpE/IeISIeTCsT 3aKOH YIIpaBJieHus JI000# JaHHON 06001mEHHON cucteMoit. Takum obpazom,
pe3yIbTaThl pabOTHI MOYKHO PACCMATPUBATEH B KAYECTBE CYIIECTBEHHOT'O BKJIAA B TEOPHIO Ca-
MOHACTPANBAEMOT0 YIPABICHUS MEXAHUICCKUMU U OOODIEHHBIMI CHCTEMAMU U UX JIMHAMU-
YeCKUMHU aHAJIOTAMHU, KOTJIa IIeJIbIO YIIPABJIEHU SIBJISIeTCA Oe3yJapHOe IIPUBEJIEHIEe COCTOSTHUS
CHCTEMBI B MHOTOOOpa3ne, 06pa3oBaHHOE MPOTPAMMHBIMY CBSI3sIMU TIPU HETOJHON mHMOpMa-
Mu 0 JEeHCTBYIONUX Ha CUCTEMY HEYIIPABJIAIONINX CHIAX U BO3MYIIEHUIX.

KJmroueBble cj10Ba: NPUHIUI OOPATHOMN CBS3HU 110 KBA3UYCKOPEHUIO, CAMOHACTPANBAEMOE
ylupagjeHne, 0e3ylapHoe IPUBEICHNE B MHOroobpasue, KOHEYHOE BpeMsl, MEXaHUYEeCKUe U
000OIIEHHBIE CUCTEMBI.

1. Bsenenue

Pabora 1m1ocBsiinena pa3sBUTHIO UJIEi, 3a7I02KEHHBIX B «IPUHITATIE JIEKOMIO3UIH> [1]
1 pa3BUTHIX B paborax [2-4].

CraTbs mocTynuia B pegakuuio 25 utoHs 2014 r.
Pa6ora Brinosnena npu dunancosoit noauep:kke PODU, npoekr 13-08-00535-a.
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B nanmoii paboTe mpeiaraeTcst «IPUHIAI 00OPATHON CBA3U 110 KBa3MYCKOPEHUIO»,
C IOMOIIBIO KOTOPOI'0 CTPOSTCSI YHUBEPCAJbHBIE AJITOPUTMbI Ge3yIapHO cTabuIn3a-
A 38 KOHETHOE BpeMsi (Pa30BOTO COCTOSTHUST MEXAHUIECKNX W ODOOIIEHHBIX CHUCTEM,
3aJIAHHOI'O T'OJIOHOMHBIMH ¥ HErOJIOHOMHBIMY IIPOrPAMMHBIMU CBSI3SIME. B oT/Imdme oT
«IIPUHIMIA JEKOMIIO3UIN» [1] pemenne 3a1a41u BOSMOXKHO U IIPU PA3MEPHOCTH BEKTO-
pa yrpaBJjieHus, MeHbIIell Yucja cremneHeit cBoboap! cucreMbl. [Ipu aToM mpemosrara-
eTCsl, YTO MaCCO-MHEPIMOHHBIE TIAPAMETPhI CUCTEMbI M BO3MYIIAIOIIIE CHJIbI H3BECTHDI
HeTo4uHO. [losrydeHHbIE pe3y/IbTaThl MTO3BOJISIOT PEIaTh 3aa9l MPUKJIAIHOTO XapaK-
Tepa, NOJ00HbIE PACCMOTPEHHBIM B [5—7|, GoJjiee SKOHOMHO, Osiaroaps IPUMEHEHUIO
[IPEJJIOZKEHHOTO «ITPUHIIHIIA, OOPATHON CBSI3H 110 KBAa3UyCKOPEHHIO.

2. praBJ’IeHI/Ie MeXaHn4dYeCKMMU CucrteMaMu

PaccmarpuBaeTca mexanndeckas cuctemMa, JUHAMAKA KOTOPOI OMMICHIBAETCH yPaB-
HeHusMU Jlarpamzka BTOpOro pozia

d /0T oT
i(5) e W
T = 24T A(q, 00 + b, 0) + Tola, 1), (2)

24

rie A — onpeesIEHHO MOJIOKUTE/IbHASA MaTpuIia, b — BekTop, Ty — cKaJsp, q, ¢ € R™
— BEKTOPBI 0GOOMEHHBIX KOOPJAUHAT W CKOpOCTeil. daementsl A, BekTopos @', b n Ty
[PEIIOIArAI0TCS HEIPEPBIBHBIMU U OMPAHUICHHBIMU.

IIycts MHOTOOOpaA3ME HEBO3ZMYIIEHHOI'O COCTOSTHUST MEXAHUIECKON CUCTEMBI 38,]aH0
C TIOMOIIIHIO HEIIPEPBIBHBIX (DYHKIUI B BHUJIE

w1 (Q7 t) = 07 A(Qa t)q + &2((]7 t) = 07 (3)

rjie W1 — k1-MepHbIii, a G2 — ko-MepHbIil BeKTOp, A — (ko X m) Marpura.
[pemnonoxkum, ato det || QQT || 0, Q =|| dw1/dq, A || — marpuna pazmepa k X n,
k = k1 + k9. 3agada 3akirodaeTcss B mocTpoeHHn () 11 obecredeHus: 6e3ymapHOro
[PUBEJICHNs 38 KOHEYHOE BpeMs (hasoBOTO COCTOSIHUS MeXaHUYecKoh cucreMmbl (1) B
muOroobpasue (3) mpu JoObIX (o, qo, b(q,t), To(q,t), Q. Takoit nponecc Ha30BEM
Oe3yIapHOil cTabMIN3aIuell CUCTEMBI 38, KOHETHOE BPEMSI.
s permenus 3amadyM IIEPEXOAUM OT KOODAUHAT ¢, K IPYTUM KOOPIHTHATAM

W1,W2, ..., Wk, — JIEMEHTaM Wi, U KBasukoopauuaraMm w;(j = k1 + 1,k1 +2,...,k),
rae k = ki + ko, a TakxkKe KOODAUHATAM P1, P2, ..., Pn—k, OPTOTOHAIBHBIM w; (i =
AU
BBeném BMecTO Wy KBa3UCKOPOCTU
w1 = w1 + M, (4)
TIe jwp — BEKTOD C SJIEMEHTAME [y Wy, [l = const > O (v =1,2,..., k). IIpuco-

euss K (4) Wo = Aq + G2, nOIyIuM K-MepHBIi BEKTOD w = (&, wg) Bpra}KaH Ts
Bune T' =Ty + T, + Ty, tne Ty = @ TAuw/2+ & by, Ty = Ty +TY, by = b, — Aya,

Tg) = 0T A /2, nonyunm ypasenne (1) B kBasukooauHaTax [7]:
d (0T 8T oT 0T
il : =Q, —_— 5
(aw) = Qut+ QL+ 5~ = (5)

Cucremy (5) mpejcTaBuM B BUJIE Apio = Qu+ Q' - BexTop (), KBa3HOOOOIIEHHBIX
YIPABJISIONIX CUJI UIIEM B BUJIE:
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Qw = _(Sign(b)(Qg + AQw)> (6)
re signcf} — nuaronasbhas Marpurna (k X k) ¢ sinementamu sign (f)l,(l/ =1,2,...,k).

Ipu t = 0 ecom W7 > 0, To 17T OMpeIe/Ienns MOCTOSTHHOM cocTasasiomeit Q0 He
ucnosb3ys urdopmanuio 06 d1eMeHTax MaTpunbl A, (& cesoBaTeIbHO U MATPUIIBI
A), coobrmaem cucreme (6) npu t = 0 yupasiienue

Qu = —(sign®) (), (7)

e sign @ — AuaroHaJbHasi MATPUTIA, A — BEKTOP C JOCTATOYHO OOJIBITUMHE TTOJIOXKH-
TEJIbHBIMU JI€MEHTaMMU.

MomeHT BpemeHU OOpAIleHUsT (0 B HyJb 0003HAYUM 4epes tg. 3aMeTuM, ITO HIpHU

t =ty uMeeT MeCcTO ~ ~
Q., = [signw(0)](Mto). (8)

Teneps orpebyem, urobbl ipu t = to + At, At > 0, umeso MecTo
wl'é =6, 6= const > 0. 9)
st sToro npu t = ty COOOIUM CUCTEME YIIPaBJICHNE

Q. = —(sign@) (Mo + A), (10)

rae A — BexTop ¢ smementamu A, > 0, IPH KOTOPBIX COBIIONACTCS HEPABEHCTBO B
(9). B nporuBHOM CiIydae HEOOXOAUMO YBEIUIUBATEL A, .

V3Mepenne M BBIMICICHIE (W TPOIOJIAKIM JI0 TeX TIOp, 0K He HACTYIINT PABEH-
CTBO _—

wl'é = —6, (11)

e §p = v, 1 > v > 0.

B moment Bpemenn t; > to nacrymwrennst (11) gobasum k (10) momomnurensro A.
Torna (10) npunnmaer Buf

Q. = —(sign@)[Mto + A1 +1)], (12)

rze 1 + 4 coorBercTByeT MOMeHTY Bpemenn Nel macrymienus pasencrsa (11).

[Tpu nposo/IzKeHNn U3MepEHHsT WA BBIYUCJICHHs! JIeBOil JacT (9) BO3MOXKHO Ha-
CTYILIEHHUE CJIEJYIONEero MOMEHTa BpeMeHH to, npu KoTopoMm uMmeer mecto (11). 3a-
METHM, 9TO MOMEHTa BPEMeHH to, yaosjersopsiomiero (11), moxer u He O6bITh. Eciin
to cymectsyetr, 10 i B (12) yaBauBaercs, T.e. 3aMeHsiercs Ha i = 2. Takum obpaszom,
poueaypa olpezeseHud ¢ B

Qo = —(sign@)[Mo +AG+1)] (1=1,2,...), (13)

IPOJ0JIZKaeTCd 10 T€X II0P, IIOKa HE HACTYIIUT BpEeMA O6paH1€HI/IH W B HYJIb.

Heobxommio ormernts, ato mpn ! (0)0(0) < —dp 3Hadenns \ caeyer BHIGPATH
PaBHBIM HYJIIO.

Crenosarenbro, nckomble BekTopbl Q¥ AQ,, B mpasoit gactu (7) MOXKHO TIpe/-
CTaBUTb B BHUJIE

Q° = (Mo+A)sign [(@7(0)&0(0)+00) +]0T(0)&(0)+00]], AQu =Ai (i=1,2,...).
3aMeTuM, UTO MPEJJIOKEHHBIN BBIIIE CIIOCO0 CAMOHACTPAMBAEMOIO YIIPABJICHUS

IpeACTaBsgeT cO0Oil «IIPUHINI OOpAaTHOM CBSA3M IO KBA3UYCKOPEHHUIO» B JUCKPETHLIC
MOMeHTHI Bpemenu t, (v =1,2,...), coorBercrBytomme i = 1,2, .. ..
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Kaxk mokaszano B [7|, B HEKOTODBIil KOHEUHBIII MOMEHT BpeMeHN t; n300pazKkalolie
TOUKH (W, W, ), CONTACHO (4), OKayKyTCs Ha JTHHUAX PaspbiBa

Wy + ppw, =0 (v=1,2,...,k1) (14)

W TIpH 3TOM 3HaKH W, (f1) 1 W, (t1) GyayT TPOTHBOTIONOKHBLIMHA, YTO HEOOGXOIAMMO JIIst
obecriedeHnsi YIPABJIEHUsT CHCTEMOIl B «peXKHMe TOPMOXKeHusi» [7], obecrednsarorie-
r0 JIOCTU?KEHWME OJTHOBPEMEHHOT0 OOpAaIlleHusl B HY/Ib 3HAYEHUN w, W W, B KOHEUHbBIE
MOMEHTBI BpEMEHHN

€CJIM 9JIEMEHTBI BEKTOpa yupasieHus (., BbIOpaTh B Buje |7):

Qu, = —(signo) [ Mto+ AL+ 1)] (i=1,2,...), (15)

e : . L .
Woy = W, sign@w? + w3,sign(1 — sign 0?), (16)

(0, — 3JeMeHTHl BeKTopa W' = (W, ws),

wy(t)

= =1,2,..., k), T=t—1;. 17
20 (1)) (v 1), T 1 (17)

Wy (T) = =0, (7) + o, (£1) +

Bamerum, ato B (17) snaxn w, (1) u @, (1) B cwry (14) gBASIOTCH TPOTHBOIIOOMXK-
HBIMU.

Tenepn yupapjieHne ucxoHoii cucremoii (1) ¢ MUHUMAIBHOl €BKJIMIOBOI HOPMOIA
omnpenensiercs B Buje [§]:
AT (OOT\—1
u=07(Q07)1Qu, (18)

re Q = QT(QOT)~ 1.

Ecmn Q samasats B Buge Q = MyU, rae My(q,q4,t) — marpuma (n x r), U —
T-MEpHBIIl BEKTOD ylpasJienus, 1o u3 (18) ciaemyer

QO 'QMU = Q.. (19)

Hpu yerosun 0 = QT (QQT)~1QMy, det || QQT ||# 0 pemenus ypasaenns (19)
oTHOCHTEJILHO U MOXKHO IIPE/JICTaBUTH B Buje (8]

U =070 Q. + U,, (20)

rae U, — r-MepHBIA BEKTOP, YIOBIETBOPAIONINI YCIOBUIO QU, = 0, KOTOPBIil MOKHO
[peJICTaBUTh B BHIE [8]:

U. = [E - QY (00 1Q)U,
rie E — enuanunas Marpuna, U — MPOU3BOJILHO 3a/1aBaeMblil BEKTOP.

Samernm, uro npu r = k Marpuna ) ssasercsa KsagaparHoii. CiexoBaTesbHO,

U, = 0, tak kak npu 3rom QT (QOQT)~10 = E. Orciona cieayer, 900 MUHAMAJIbHAS
r s 2t JY€ET,
pasMepHOCTh BeKTopa ynpasienus U B ciaydae k < r MoxKeT ObITh pPaBHA pas3Mep-
HOCTH k BEKTOpA w, YTO SIBJISIETCS MEHBINE YHCJa CTeleHel ¢cBobombl cucreMbl (1).
CileyeT OTMETUTD, 9TO Ipu 1 > k, nonarad U, = 0 B (20), nonyuum yupasienune U ¢
) ) )

MUHUMAaJbHOU €BKJINJIOBON HOPMOIA.
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3. VYmupaniieHue o000IIIEHHBIMU CHCTEMAaMM

B ciayuae mexanndeckux cucreM mMarpuna A B (2) sBISETCS ONPEIEIEHHO MOJIO-
KUTeIbHOI 110 ¢. [Ipu 9ToM Marpuna A, B (6) TOXKe SBJISIETCS TOJIOKHUTETHLHO OIIPe-
nenénno. Jjs Toro, 4robbl yoeauThCd B 9TOM, OIpelenM Bbipaxkenue A, depe3 A
crenyomuMm obpazom. OmnpemennM ¢ depe3 w, auddepeHnupyst wy 1Mo t U IPUCoe -
Hssl K Heli BTopoe paBeHcTBO B (3). ITomyunm

8w1 . 8w1 . = . ~ .
—_— ) = —— A t = — t . 21
aq ¢ 5 T (q,t)¢ = —a2(q,t) + wo (21)
YuuThiBast TPEIIoIOKEeHIe
det || QQT |#£0, Q=| du1/dq, A, (22)

nostyanM perienue (21) gepes w,ws B Buje [8]:

§=aT(Qa")"! (23)

w1 —8@1/6tH

wa —as

Moncrasnas (23) 8 Ty = ¢ Ag, momyanm T = (,Z)T[QT(QQT)*l]TAQT(QQT)*lw,

“1 Orcioma crenyer, uto A, = [Q7(QQT)~1)" AT (QQT)~! apaserca ompe-

w2
JIEJIEHHO TTOJIOYKUTEJILHOM, ecii A — OIpeIe/IEHHO TOJIOKUTEeIbHas MaTpura. Kcan A
HE SIBJISIETCSI ONPEJIEJIEHHO TOJIOKUTEJILHOMN, & JIMIID SBJISIeTCS HEOCODEHHON M MOXKET
3aBUCETh KPOME w, ¢ emé U OT ¢, YTO UMeeT MeCTO B ciiydae 00OOMEHHBIX cucreM 9],
TO MaTpuna A, He Oyer OompeieIEHHO MMOJI0KUTEIHHOMN.

Cremyer OTMETUTD, 9YTO K ODOOIIEHHBIM CHCTEMAaM OTHOCSTCSI CUCTEMBI [ eJTbMIoJIb-
1a [9] u mupoKmii KJIace CUCTEM € TIEPEMEHHBIMU MACCaMU, 3aBUCAIIIMU KPoMe 0606-
MEHHBIX KOOPJMHAT U BPEMEHN elé 1 0T 0600mennbix ckopocreit [10]. Samernm, uro
METO/IbI, pa3pabOTaHHBIE 3/1€Ch /I OOOOITEHHBIX CUCTEM, TPUMEHNMBI U K MeXaHUIe-
CKHM CuUCTeMaM, T.K. OHU ABJIAIOTCA YaCTHBIM CJIyYaeM O606H_[éHHbIX CHUCTEM.

B cayuae, korma A, B (6) siBIsieTCsl ONPEEJEHHO HOJIOKUTENBHOM, B 1. 2 y/a-
JIOCh MOCTPOUTH BEKTOP () 0000mEHHbIX cuit B (1) 6e3 undopmarnuu o6 3aeMeHTax
MaTpunbl A. B jmanHOM ciiydae He yaaércs 3TOro J00UThCHA, HO OKA3bIBAETCS BO3MOXK-
HBIM 1npejsicTaBuTh ) B Buge Q = AR(w,w,t), e R — BeKTOp, onpejessieMblii 6e3
HCIIOJIb30BaHusT HH(popMayy 00 3JIeMeHTax MaTPHUIbl A.

CienoBaresibHO, JIjIs BCeX ODODIIEHHBIX CHCTEM ¢ HeocobeHHo#l marpureit A, R
SBJISIETC YHUBEPCAIbHBIM BEKTOPOM, 3aBUCSIIIM JIAIIb OT DYHKITUH W, W, OIPeaess-
101X MHOroo6pasue (3) 3a1aHHOTO (Ha30BOTO COCTOSTHUST OGOOIIEHHO CUCTEMBI.

st oupenesennst R cucremy (1) ymMHOKMM Ha A~ nocye uero ona cranoBuTCH
AHAJIOrOM MEXaHUYECKOH CUCTEMbI ¢ €MHIIHON MaTpulieil A 1 BeKTopoM 0000IIEHHBIX
cunt @, pasabim R = A71Q. Torya cucrema (6) mpejicrapisiercss B BUIe

A& =R, + R, (24)

roe A, — MaTpuia BUIA
A, = 07" BT (a7, (25)

E — equauanas MAaTPHIA. 3 R ) ~
Vuuowxas (24) na AL, nomyunm w = R, + AR, R, = A 'R,
Hasee, mosropsisi paccyxaenus 1. 2, u3 (15) mocse 3amenst A\, tg ma |A, (0)w(0)],

COOTBETCTBYIOIEE HAYAJTLHOMY MOMEHTY BpeMmeHu tg = 0, moyduM BeKTOop R, ¢ 37e-
MEHTaMu
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R, = —(sign o, )[| A, (0)0(0)| + A (i +1)] (i=1,2,...), (26)

e Wo, umeer Bug (16). IIpu 5T0M OTCIET MOMEHTOB BpeMeHHU t,, HACTYILJIEHUST DABEH-
crBa (11) Bemérest HemocpeACTBEHHO TIoce MOMeHTa ¢ = 0.

Iocste storo onpenenum Ry, = Ay R, a u3 (18)
R=0QT(QOT) 1A, R, QF =TT~ (27)
Hakonerr, ymuoxkast R Ha A, mosryanm 0000IIEHHBIH BEKTOD yIIpaBjieHus cucreMoii (1):
Q = AQT(QOT)TALR,,, (28)

Ay, Ry, 2, Q umeror Beipazkenus (25), (26), (27), (22).

3amernm, 4TO BeKTOp () HOCUT CTyIeH4YaThlii XapakTep, Tak Kak R, Tepser cBoio
HEIPEPBIBHOCTD MJIA IIAJIKOCTh B MOMEHTBI BpeMenu to,t, (v = 1,2,...),t1, nupemie-
CTBYIOIIE KOHILY ITPOIIECCa yYIIPABJIEHHs, © B MOMEHTBI BpEMEHH o = max t, JOCTH-
JKEHHsI CUcTeMoit cocrostHust w(te) = 0, w(tz) = 0 6e3 ynapa.

B zakmtodyerne oTMeTnM, 9TO B KAadeCTBE IMPUMEPOB MPUMEHEHUSI BBIIEH3I0KEH-
HBIX PE3YJIBTATOB K PEIIEHUIO 33,189 TPUKJIATHOTO 3HAYEHUS MOTYT CJIY2KHUTh 3a/Ia9H,
paccmorpensie B [5—7,9,10], u 3a1a4n yupasieHusi SKOHOMAYIECKUMU Iporieccamu [11].
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The Principle of Feedback on the Quasi-Accelerations for
Unstressed Stabilization in Finite Time of Given Manifolds of
Mechanical and Generalized Systems

I. A. Mukhametzyanov

Department of Theoretical Physics and Mechanics
Peoples’ Friendship University of Russia
6, Miklukho—Maklaya str., Moscow, Russian Federation, 117198

The procedure is described of application of the “principle of feedback on the quasi-
accelerations” in the construction of auto-adjustment control vector for bringing the con-
dition of mechanical and generalized systems without impact to a given manifold of phase
state of systems in finite time, in full or partial uncertainty mass-inertial parameters of the
system and disturbances acting on it. This process is called unstressed stabilization of sys-
tem in a finite time. Varieties of the condition of systems are given by set of holonomic and
nonholonomic soft links. A set of control vectors that provide a solution to this problem
is obtained. Then from this set of vectors control vectors of minimal dimension and min-
imum Euclidean norm are allocated. The examples are shown of applying these results to
solve problems of practical importance, such as process of control of unstressed docking of
surface and underwater and spacecrafts objects, unstressed landing of landers to the moving
platforms, and capture of fast moving objects, including “space debris”.

In contrast to previous works of the author on the problems of control of mechanical
systems, here, along with them, more general systems are also considered, including systems
of other physical nature, such as the Helmholtz system, and a wide class of systems with
variable masses, depending not only on generalized coordinates, but also on the generalized
velocities. In addition, such systems may also include economic systems when considered
as dynamic analogs of mechanical and generalized systems. It should be noted that in the
above extension of the class of systems under study one have to reckon with the fact that the
generalized matrix of quadratic form of the mass-inertial characteristics of the system may
not be positive definite, unlike mechanical systems, but only to be nonsingular. This fact does
not allow building a control without the use of elements of this matrix, it was possible in the
case of mechanical systems. However, in the work a universal vestor could be built that does
not depend on these elements, for any generalized systems, Multiplying that vector by this
generalized matrix, the law of control of any given generalized system is determined. Thus,
the results can be regarded as a significant contribution to the theory of auto-adjustment
control of mechanical and generalized systems and their dynamic counterparts, when the goal
of control is unstressed bringing of condition of system to given manifold, formed by program
constraints, with incomplete information about the non-control forces and disturbances acting
on system.

Key words and phrases: The principle of feedback on the quasi-accelerations, auto-
adjustment control, unstressed bringing to manifold, finite time, mechanical and generalized
systems.
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