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T€J/10 CO CTOPOHbI BHELUHEW cpefbl. YCPeAHEeHHas CUCTEMA UHTErPUPYETCS YMCIEHHO MpK
Pa3HbIX HauasbHbIX YCNOBKSAX M NMapameTpax 3afaun. ViccnenoBaH HOBbIN Knace Bpalla-
Te/IbHbIX ABMMKEHUN AMHAMUYECKU CUMMETPUYHOTO TBEPAOro Tela OTHOCUTESIbHO HEeMoa-
BMXKHOWM TOUKM C YYETOM HeCTaLMOHAPHbIX BO3MYLLAIOLLETO 1 BOCCTAHABNMBAOLLETO MO-
MEHTOB CUJ.
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EVOLUTION OF ROTATIONS OF A RIGID BODY, CLOSE
TO THE LAGRANGE CASE, UNDER THE ACTION OF AN UNSTEADY
RESTORING AND PERTURBATION TORQUES OF FORCES
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Perturbed motions of a rigid body, close to the Lagrange case, under the action of restoring
and perturbation torques that are slowly varying in time are investigated. Conditions for the
possibility of averaging the equations of motion phase angle are presented and averaging
procedure for slow variables is described. The motion of a body in a medium with linear
dissipation is considered.

MNOCTYNATEJIbHO-BPALLATEJIbHOE 1BUXXEHUE
OCECUMMETPUYHOIO CNYTHUKA C MEPEMEHHbIM

KO®PULIMEHTOM CXKATUSA
M.Ox. MuHanub6aes minglibayev@gmail.com
C.b. Bu)kaHoea saltanat_92_05@mail.ru

KazaxcKuil HauMOHaNbHbIN YHUBEPCUTET UM. anb-Dapabu

WccnedosaHa HecmayuoHapHas 3a0a4a 08yx mes. OcecuMMmempuYHbIL CnymHUK umeem nepe-
MeHHBbIT Ko3ghghuyueHm cxamus. HplomoHOBCKas cuna 83aumo0elicmsusi Xapakmepusyemcs
NPUGILXXEHHbIM 8bIpaxkeHueM cun080U yHKYUU C MOYHOCMbIO 00 BMOPOL 2aPMOHUKU BKITHO-
yumesnbHo. [loyyeHbl I80MIOUUOHHbIE YPABHEHUS NOCmynamesbHO-8paLamesibHo20 08UsKe-
HUSI CNYMHUKA 8 GHA/I020X nepemMeHHbIx JJenoHe-AHdyalie.
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CoBpemeHHble JaHHble HAabMOLEHN B aCTPOHOMMM MOKA3bIBAKOT, YTO peasibHble KoCMuYe-
CKVe CUCTEeMbl SBASKOTCA HECTALUMOHAPHBIMU — MX MACCbl, pa3Mepbl, hopma 1 pag apyrux
(PU3NYECKMX XapaKTEPUCTUK U3MEHSAIOTCS C TeYeHWeM BPeMeHU B npoLiecce 3soaoumm [1-
3]. B CBAI3M C 3TMM CTAHOBUTCA aKTyasibHbIM CO3[laHME MAaTeMATUYECKNX MOJENeN ABUKEHNA
HeBeCHbIX TeN ¢ nepemMeHHbIMU Maccamu, pa3mepamm 1 hopmamu.

B paboTte paccmoTpeHbl Ba B3aMMOrpaBUTHPYIOLLMX HECTaLMOHApHbIX Tena. MepBoe
TeNo — «LEeHTPanbHOe» — Wap co chepuyecknum pacnpefeneHmem naoTHOCTH, 3aBUCALLEN
OT BpemeHU, NepemMeHHbIM pafvycom. NMpeanonoxum, 4To BTOPOE TeNo — «CMyTHUK», 06-
naparoliee 0CecMMMETPUYHBIM JUHAMUYECKMM CTPOEeHVEM, (POPMOI 1 XapaKTepHbIM nn-
HeMHbIM PasmMepoM, ero MOMEeHTbl MHEPLMK BTOPOro MOPsALKa — NepemMeHHble 1 3afaHHble
N3BECTHbIMW (DYHKUMAMMN BPEMEHW. 3aKOHbI U3MEHEHUS MACCbl TeN U3BECTHbIE U OHW MeHS-
HOTCA C Pa3/IMYHbIMK CKOPOCTAMU. TaKKe NpefnonoXunm, 4To Maccbl Ten 3MEHAITCS 130~
TPOMHO, HE NOABMIAOTCA PEAKTUBHbIE CWJIbI 1 LOMOJIHUTE IbHbIE BPALLATE/IbHbIE MOMEHTbI.

MycTb HecTaLMOHapHOe 0CeCMMMETPUYHOE Tenlo 061aaeT IKBAaTOPUANbHOW MIOCKO-
CTbi0 cMMMeTpuK. Torfa HecTauMoHapHoe ocecMMMeTpUYHOe Teno o6nafaeT Tpems B3a-
MMHO NepneHAnKyNAPHbIMY NAOCKOCTAMU cMMMeTpun [1—4]. Ocv co6CTBEHHOIN cuCTeMbI
KOOPAMHAT COBMNAAAIOT C MABHbIMW OCAMY UHEPLIMM 1 HAaNpPaB/ieHbl BAOJb IMHUI Nepece-
YeHua Tpex B3anMHO NnepreHauKYNApHbIX NA0CKOCTer. 3TO MNOJI0XKEHNE B XO4e 3BOOLMN
0CTaeTCA Hen3MeHHbIM. B BblpaXKeHUn cMNoBoW YHKLMKM OrPaHUUYMMCA NPUBIUKEHHBIM
BbIpaXK€HMNEM BTOPOV raPMOHWKMN BKIIOUNTENbHO.

Llenbto HacTosLLeln paboTbl ABASETCA NOMyYeHUe 3BONOLMOHHBIX YPAaBHEHWI NOCTY-
naTesibHO-BPALLATENbHOIO [B/XKEHUA HEeCTAaLMOHAPHOro 0CeCMMMETPUYHOIO Tesa nepe-
MEHHOr0 CXKaTUA B HECTALMOHAPHbIM LLeHTPaJIbHOM rPaBUTALMOHHbIM roJie.

YpaBHEHUA [BVXKEHUA LEeHTPa MacC HeCTauMOHAPHOro OCEeCMMMETPUYHOro Tena
6blaIY ONUCaHbl B OCKYINPYOWMX 3nemeHTax [enoHe [1-3]. BpawatenbHoe ABMXeHUe
0CECYMMETPUYHOIO TeNla BOKPYT ero LLeHTPa MHepLMK Bbln OMMCcaHbl B aHanorax 0cKym-
pyrowmx anemeHToB AHayawne. MNpy 3TOM HEBO3MYLLEHHOE [B/KEHNE ABNAETCA aHANONoM
ABUXKeHWs 3nnepa — lyaHco — BpaLlaTeNbHOe [iBMXeHWe CBOOOAHOr0 HecTaLMoHapHOro
0CeCUMMETPUYHOrO TeNa BOKPYr COBCTBEHHOrO LieHTpa MHepuun [1-3]. B HeBo3MmyLLeH-
HOM [BVXXEHWM, KOrAa 3NAUNCONS UHEpLUK nepexoauT yepes cdepy, yrnoBas CKOpPOCTb
COBCTBEHHOrO BPaLLEHMSA PaBHa HYIO M B NOCNEAYIOLMIA MOMEHT MEHSIET 3HaK. [1py 3TOM
HecTalMoHapHOe 0CeCMMMETPUYHOE TeN0 HauMHAET BPaLLaTbCa B 06PaTHYIO CTOPOHY.

MocTynatenbHo-BpawatesibHoe [ABMXEHWe HeCTauMOHAPHOT0 0CEeCMMMETPUYHOTO
Tena B rpaBUTALMOHHBIM MOJie HeCTaUMOHaAPHOro Wapa U3y4yeHo MEeTofamMmu Teopun BO3-
MyLLeHWIA. TToNnyyeHbl 3BONIOLMOHHbIE YPABHEHUS, KOTOPble MPeACTaBAAOT CO6OM cucTemy
AvdeperHLmanbHbIX YpaBHEHWI YeTBEPTOro NOPSAAKA C O4HUM NepPBbIM UHTErPaNoMm.
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TRANSLATIONAL-ROTATIONAL MOTION OF AN AXISYMMETRIC
SATELLITE WITH VARIABLE COMPRESSION RATIO

M. Zh. Minglibaev minglibayev@gmail.com
S.B. Bizhanova saltanat_92_05@mail.ru

Kazakh national University named after al-Farabi

Non-stationary two-body problem is investigated. The axisymmetric satellite has a variable
compression ratio. The Newtonian interaction force is characterized by an approximate
expression of the force function with precision including up to the second harmonic. The
evolutionary equations of translational-rotational motion of satellite in analogues of Delaunay-
Andoyer variables are obtained.
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