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OIITUMAJIBHOE TOPMOXEHHUE BPAIITATEJBHOT O
JIBWOKEHUSA TBEPAOT'O TEJIA C HOJOCTBIO B CPEJE
C COITPOTUBJIEHUEM

TTpoBeNeHo AOCHIKEHHA ONTHMANBHOTO 32 TIBHAKOAIEH FAlEMYBAHHA ofepraHs BiTEHOTO TBEPMOIO TiNa mif Ai€0
MATIOr0 Kepyrouoro MoMeHTy. IIDHIYCKAETECS, MO Tijlo MICTHTE C(HEPUHHY MOPONHUHY, 3aIIOBHEHY piguHOW BEMHKOl B'S3-
kocTi, KpiM TOro, Ha TBEpHE TiNo Aie Manuil ralbMYyOTHI MOMEHT CHN AMCHNIALIT cepeloBHIia. BaamaeTrCs, mo TINO AHUHA~
MIFHO HECHMETPHIHO. [[/1% IMHAMIYHO CHMETPHUHOTO TiNA AHANOTIYHI PE3yINETATH onepxasi B [1]. BusHAYEHO ONTHMATE-
Huil | KBA3iOMTHMATEHM 3AKOHH KepyBAHHA 115 TANEMyBanHA ofepTaHb TBEPIOTO TiNa Y GopMi cuHTesy, Hae MBAAKOMI i
dasoni TpaekTOPIi.

Kniouosi ciosa: ONTAMATLEE TAThMYBaHHs, KBA3iONTMManbHE rajbMyBaHHA, TBEPAE TLIO; B'A3KA pifMHA; cepeda 3
OTIOPOM, METOJ Y CePEeIHEHN .

IIpoBeNeHD HCCRenOBaHKE ONTHMAIBHOTO MO OICTPONEHCTBIIO TOPMOKEHIS BPAINGHHI ¢so0oaHOro TBEPAOro TENa
1oz AefiCTBHEM MATIOrO YTIPARTSIOMEr0 MoMenTa. TIpeInonaraeTcs, 410 TENO CONEP AT ChepuuecKyto N0NOCTh, 3aMN0NMHEH-
HYIO KHIKOCTER GOMB1IOH BA3KOCTH. Kpome Toro, Ha TBEp/IOE TENO NEHACTBYET MAJTBIH TOPMO3AIIHI MOMEHT CEUI IHCCHITA=
K cpenbl CHMHTAaETCA, 9TO Teno QHHAMHMYECKH HECHMMETPHdHO. [lis AMHAMHYECKH CHMMETPHUHOTO TeNa AHATOTHYHBIE
pesybTarsl nomyaeHsl 5 [1] OnpedencHbi ONTHMATBHEI ¥ KBA3HONTHMATLHEI 3aKOHBI YIDABNEHHA A/IA TOPMOXEHHA
Bpainesuil TEEPIOro Tena B (hopMe CHETE3A, Bpema ObiCTPONEHCTEHA 1 (pas0BbIC TPACKTOPHH.

Kniouegsie cioea: ONTHMATBHOE TOPMOXEHHE, KBA3HOMTHMAJBHOE TOPMOKEHHE, TBEDHOE TENO; BA3KAd MUIKOCTE,
cpena ¢ COTPOTHBIEHHEM, METO YCPENHEHHUS,

Two minimum-time problems on deceleration of rotations of a free rigid body affected by a small control torque are
studied The problems of time-optimal deceleration of rotations of a rigid body affected by small equal coefficients were
studied in [1] for dynamically symmetric and asymmetric bodies. It is assumed that the body contains a spherical cavity filled
with highly viscous fluid. The body is subjected to a small retarding torque of viscous friction. A minimum-time problem on
deceleration of rotations of a body affected by a small control torque with close but not identical coefficient is studied. This
problem can be considered as a quasi-optimal control. It is assumed that the body is dynamically asymmetric. An optimal
control law for the deceleration of rotations of the body is synthesized, and the corresponding time and phase trajectories are
determined in the first problem. A quasi-optimal feedback control for the deceleration of rotations of the body is constructed
the optimal control law, and phase trajectories are found in the second problem.

Keywords: optimal deceleration, quasi-optimal deceleration, rigid body, viscous fluid, resistive medium, averaging method.

JIns npoBeIeHAs MCCIENOBAHUA PACCMATPHBAETCS MHAMHYECKH HECHMMETPHHHOC TBEPOE TE-
0. YpaBHEHN YIPAB/SIEMbIX BPAIIEHHHA B MPOSKIMAX HA OCH, CBS3AHHOM ¢ TBEPIBIM TE/OM CHCTe-
MBI KOOpIMHAT (ypasHeHHA DHnepa) MOTYT ObITh IIPECTABICHE] B BHIIE 1]

G+oxG=M*+M"+M- (0))

rae G — KMHeTHYeCKHI MOMEHT Tejla,

o =(p,q,r) — BexTop a6COMOTHOM YI/IOBOH CKOPOCTH,

M* — BeKTOp yNpaB/HIOIIET0 MOMEHTA CIJT;

M’ — MOMEHT CHI ONCCHIIAINH,

M* — MOMEHT CHJI BA3KOH *KHNKOCTH B TIOJIOCTH TENA.

CuuraeTcs, 9To MoMeHT cin muccnmamuy B (1) mopagka O(g), rie € — Mansiii mapamerp. Pac-
CMATPHBAETCS MOMEHT COTIPOTHBIIEHHS Cpe/ibl IIPOTIOPIFMOHATBHEIA KMHETHUECKOMY MOMeHTy Tena [1, 2],

VITPABIIIHHA AEPOKOCMIYHUMM, MOPCEKMMH TA HITMMH PYXOMHMHA OB’ CKTAMU




Marepians XXII MikHaponHOi KoH)EpeHL|l 3 ABTOMATHYHOTC YIIPaBIi HHS 143
«ArTomaTuka 2015»

ITpeamonaraeres, 4T0 B MOJOCTH HAXOMWICA JKHAKOCTH GONBINOM KMHEMATHUSCKOH BS3KOCTH, T.€.
§-1 ~ ¢, Dopwma nonoctu cuutaercs cdepuueckoit [1, 3].

YIIpaB.TICH}lE BpaMEHUAMHA TBGleOIU TE/Na HpOHSBDI[HTCﬂ ¢ NOMOLIbK) MOMEHTA CHIL, OrpaHH4cH-
HOTo TI0 Moy 0. KOMIIOHEHTEI Y IPaBJIsIOLIMX MOMEHTOB TIPEACTABJICHB! B BHJIE IPOM3BeAcHHI &by,

(1=1,2,3), roe Benuuunsl €b, XapakTepHu3ylOT 3PGHEKTHBHOCTH CHCTEMSBI YIIPaB/IEHHS OTHOCHTETHHO
i -0# ocH, u, - Ge3pasmMepHBIE YNpaBNsIoOuIMe PyHKIMH.

HJ‘]H TPUKJTAAHBIX 3ana4 TPEOCTaB/eT MHIEPEC HCCIICAOBAHNE NBIVKCHMA TBEPIOIO Tena C 3a-
AaHHBIM 3aKOHOM YVIIPABRJCHHA BH]IA.

: {(z. |,

M =gbu,, u,=——, i=1,2,3, )
G

TlocTpoeHo pemneHWe 3a7a4v ONTHMAIBHOTO IO OBICTPOACHCTBMIO TOPMOKCHHA BDAIICHHI

TBEpIOTO Tejla ¢ 3aKkoHOM yhpasieHds (2) i Kod(QUOMEHTOB YNPaBNIONIET0 MOMEHTA

by =b,=b,=b,rae b=b(t,G), b=>b(t) wm b=const.
IIporeneHo uccnenoBaHue 3a0davs KBA3HONTHMANBHOTO YHPABICHHS BPAIIEHAIMHE TBEPIOTO Te-
na i GTM3KMX BemvumH b, = const [1, 2].

TTomyuensl 1 ¥ccnenOBaHbl CHCTEMEI HeNTHHEHHBIX Ju(pepeHINaTnHbIX YPaBHCHAH, ONHCHIBA-
I0IIME 3BOIFOLHI0 BPAIIEHMS TREPAOTO Tena. HaleHs! 3aKoH M3MEHEHMS KMHETHYECKOTO MOMEHTA
TeNa U BPEMS TOPMOJKEHHA B aHATIUTHUECKOM BHIe s b = const. B paMkax acHMITOTHYECKOro Hoi-
X0/a IOy YeHs! YCPENHEHHEIE CHCTeMBI YpaBHeHHH. ClielyeT OTMETHTS, UTO B CITydae pPEIleHHs 3a7a-
HU KBASUONTHMANBEHOTO YIIPABICHHA, HCCIICI0BaHa MHOTONIapaMEeTpHUCCKaA CHCTEMA,

B pesynsTare mpoBefeHHBIX MCCHeNOBaHMI [ 33734 ONTMMAIBHOIO M KBa3HONTHMATHHOIO
yOpasjieHus ONpefic/icHsl ynpasnsonme (yuknuy, Bpema ObicTponeficTeus (yHkims bemrmvana),
3BOJIFOLINM KBAApaTa MOAYJIsA SIMOTHIECKHX GyHKim# 42 , Ge3pasMepHBIX KHHETHYECKOH IHEPIHA H
KMHETHHECKOTO MoMeHTa. ITokaszaHo, YTO HA W3MEHEHHE KMHEeTHIeCKOr0 MOMEHTA HE BIMSIOT BHYT-
pEHHHE CHIBI, 00YC/IOB/ICHHbIE JIEHCTBUEM BA3KOH KMAKOCTH B ronocti. Ha 3BOmMOIMI0 KHHETHYE-
CKOM DHEPTHH TBCPAOTO TCia 0Ka3hIBAIOT BIMAHAC BCE BOIMYINAOIINE MOMEHTHL, Y CTAHOBIEHBI Kade-
CTBEHHBIE CBOHCTBA ONTHMAIBHOIO IBYIKCHHS.
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