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O PASBPEHIMMOCTU UHTEI'PAJIOB KJIEBIIIA
B CJIVHAEA=B=2C

Annotanmmsi. HalineH HOBBIN ciayuail pa3periMMOCTH TEpBBIX HHTEerpanos KmeOma M 1oka3aHa JMHEHHAS
HE3aBUCHUMOCTD YCTHIPEX NMEPBBIX MHTCTPATIOB B CIy4ac JABIKCHHI OCECHMMETPHUYHOTO TEJIA OTHOCHTEIBHO IICHTPA
Macc B ICHTPAIILHOM HBIOTOHOBCKOM IOJIC TATOTEHHS. PacmpeneneHme Macc TBEpAOTO Tela HMPHUHATO COOTBETCT-
pyromuM paseHcTByY 4 = B = 2C, tae 4, B, C— rnaBHbIC IICHTPAIbHBIC MOMECHTBI HHEPIHH OCCCUMMETPHIHOTO TETIA B
TIOABHIKHBIX OCAX KCCTKO CKPCIUICHHBIX C 3THM TCJIOM. HOZ[BI/DKH&}I CHCTCMA KOOpAHUHAT UMECT HAYAIO B LCHTIPE
MAacc TEJIa ¥ €r0 OCH HANPABJICHBI IO TTIABHBIM IIEHTPAILHBIM OCSIM TEIa.

[MomHas cucrema au(depeHIATBHBIX YPABHECHHI BPAIATCIBHOTO JBIKCHIS TENA OTHOCHTEILHO LIEHTPA Macc
pomyckaer npu A = B = 2C cuCcTeMy YETHIPEX MEPBBIX HHTETPAJIOB, KOTOPHIC THHCHHO HE3ABUCHUMBI.

CormacHo o6meit Teopun [1] 370 JaeT BO3MOXKHOCTH NMOJHOCTHEO MPOMHTETPHUPOBATH cUcTeMy IuddepeH-
OUATGHBIX YPABHCHHUI JBIDKCHWS TElA B IICHTPAJLHOM IIOJEC HBIOTOHOBCKOTO IO TATOTCHHA. YTIBI Jiepa
NPEACTABICHBI B BUAE KBAAPATYP.

IToay4eHHBIE PE3yIBTATHI IO PA3PEIIUMOCTH NMEPBBIX HHTETPATIOB ABIDKCHHA TBEPAOTO OCECHMMETPHYHOTO TelIa
B IICHTPATLHOM HBIOTOHOBCKOM TOJIC TATOTCHHA TpH 4 = B = 2C npeacTaBoT COO0H MOACITHHYIO 3a1a4y O JBH-
JKCHHH HCYIIPABIICMBIX KOCMHYECKHX OOBEKTOB B OKOJO3EMHOM KOCMHYECCKOM IPOCTPAHCTBE, IIO3TOMY
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MOJTYYCHHBIC PCHICHUS AKTYATBHBI IPH PSIICHHA PA3TAYHBIX NPUKIATHBIX 33034 HGOCCHOH MEXAHWKH H JHHAMHUKH
KOCMHYECKOTO TTOJIETA.

PemeHus, monyUYeHHBIC B CTAThE, MO3BOJIAIOT OMPEICIHTh PA3THYHBIC MAPAMETPHI HEYTPABIICMOTO TBHIKCHHS
KOCMHYCCKHX OOBEKTOB (CIYTHHKOB B HCINTATHBIX CHTYALHAX, KOCMHYCCKOTO MYyCOPAa, OCTATKOB PA3IHYHBIX KOC-
MHYICCKUX OOBECKTOB U T.1I.).

KioueBnbie ¢/ioBa: AMHAMUKA, TBEPAOE TENO, CHIIOBOE TMOJIE, HBIOTOHOBCKOE MOJIC TATOTSHMS, IIEHTP Macc, Bpa-
MIATCTBHBIC IBIKCHUS, MOMCHTBI HHCPLIHH TEJIA.

Tipex ce3mep: TMHAMHKA, KATTHI ACHE, KYINTIK 6PIC, HEIOTOH AYBIPJBIK 6PICI, CAIMAK OPTAJBIFbI, alHATIMAIBI
KO3FaJIbIC, ICHCHIH HHEPUHSIIBIK MOMECHTTEPI.

Keywords: dynamics, rigid body, the force field, the Newtonian gravitational field, the center of mass, rotational
motion, the moments of inertia of the body.

HYCTL TBCPAOC TCJIO COBCPIIACT BPAIIATCIBHOC ABUKCHUC OTHOCUTC/IIBHO HCHTPA MacC B LICHTpPAJIb-
HOM IIOJIC TATOTCHHA, TOrAa IIOJIHaA CHCTCMaA ;[H(b(bepeHuHaanmx ypaBHeHI/Iﬁ B IIOABHIKHBIX OCIAX UMCCT

Buzx [1]:
p =\ysinBsin @ +Hcoso,
g = \ysin@cos @ —Osin o, (1)
r =\ycosf+ ¢;

Ap +(C = B)qr =&(C - B)y"’,
Bq+(A-C)pr=e(4-C)y"y, 2)

Ci+(B— A)pg =e(B- Ay, &= 3

==

A ’ ” ol ” o ’

Y=ry—-qy.v =pr .Y =qi—pr. 3)
rae O, ¢, W — yrasl Jijiepa; | — TPaBUTALMOHHBIA MMapaMeTp, K — PacCTOSHUE OT LICHTPA MAacC TEJa 10
LCHTPA IPUTSLKCHHES, P, ¢, ¥ — IPOCKLUH YITIOBOH CKOPOCTH TEa (O HA MOABIIKHBIC OCU X, V, Z, ¥, V', ¥ —
HANpPaBJLIOIINE KOCHHYCHI MOJBIJKHBIX OceH X1)1z. Hawamo obomx cHCTeM KOOpAMHAT HAXOOUTCH B

MEHTPE MaCC Tela.
Ycaosusa Kiebima uMeroT BUA;

AB-C)+B(C-A)+C(A-B)=0. €))
UersepTrii anrebpandeckuit uHTErpan, noay4deHneii Knebmewm [2] B 1870 roay:
A p? +B*q* + C*r? —e(BCY* + ACYy* + ABY"*)=C, (5)

ObLT nonmyucH 3aHoBo Tuccepanom B 1872 roxy. 10T e uHTErpan Obl1 monyueH B 1893 rogy bpyHoMm.
Creayer umeTs B BURY, 4To (5) OblT monyueH Knebmewm, Tuccepanom n bpyHom mpu perueHun 3amad,
KOTOPBIC HEC UMEIOT HUYEro ODIIEro ¢ 3a4aucii 0 JBUKCHHH TBEPAOTO TEIa OTHOCHTEIBHO LICHTPa Macc B
HBIOTOHOBCKOM TIOJIC TATOTCHHS, XOTS UCCICIOBATNCH VPABHCHUS AHAIOTHIHEIE C (2).

IMonyuum 31OT MHETErpaN As HawmeH 3axa4gu. s 3Toro yMHOXUM TIEpBOC ypaBHeHUE u3 (2) Ha Ap,
BTOpOE Ha Bq, TpeThe Ha CF U CINOKUM, YIUTBIBAA (4), TOTJA HOTYIUM

AZpd—p+B2qﬂ+c2r%+pqr[A(C ~B)+B(A-C)+C(B- A)]=

dt dt
=—e[AB-C)pyy"+B(C - Dyyy"q+ C(A-Byryy]. (6)
ITepBoic Tpu wieHa U3 (6) MOKHO MICPEIHUCATH B BUIC
1d 3 3 2 2 2.2
———(4 +B +Cr”),
g A P q )

claeayroIas ciaracMas B ciity (4) paBHa HyJTiO.
Hance, packpbiBas Kpyrible CKOOKH B MpaBoi 4YacT (6), MOC/IC HE3HAYUTSIBHBIX MPEOOpPA30BaAHUI
MOy YUM




Joxnaovr Hayuonanvroti axademuu Hayk Pecnyonuxu Kasaxcman

e[A(B-C)ypyy" + B(C - Ayyy"q + C(A-Byryy'] =
e d 2 12 "2
=——(BCy” +ACYy'" + AB : 7
5 g O Y ") (7
[ToxcTaBuB MoOIyYCHHBIE BRIPAXKEHUS B (6), HallneM

%%[/P;ﬂ +B2q? +C*r? —e(BCY* + ACY'* + ABY"®)]=0,
orcroaa umeeM uHTerpai Knebma
A*p? + B*q* + C?r? —e(BCY? + ACY* + ABY"*) =C, .
Hobaenss k (5) uarerpans! benenkoro U TpUBHATIBHBIA HHTETPAJL, TOJTYIUM YSThIPE HOBBIX HHTETPaa
st cuctemsl (2), (3)
Ap* +Bg* +Cr* +e(4y* +By* + Cy"*) =C,,

Apy+Bqy' +Cry" =C,,
2 2 r2 (8)
YOy YT =1=G,
A*p? + B*q* + C*r? —e(BCYy* + ACY* + ABY"*)=C,.
ITposepum (8) Ha THHCHHYIO HE3ABUCHUMOCTH. [/t 3TOTO COCTaBUM CIACAYIOUIYIO JTHHCHHYH) KOMOU-
HAITHIO:

Cih+Coh, +C3A; +C A, =0, 9)
e C; 20, C,#0, C; %0, C, #0, ciexoBarenapo (9) CpaBeIIMB TOIBKO TOLAA U TOIBKO TOTAA,
korma A, =A, =A; =A, =0, r.¢. (8) mHCHHO HE3ABUCHMBIL.
Teneps npoeepum cootrercrue paseHcTBa A = B = 2C yenosuro Knebma (4):
2C(2C - C)+2C(C -2C)+C2C -2C) =0 uwm 2C* -2C* +0=0.
IMoxncrasum A = B =2C B (8) yuursiBas, 4To ¥ = Fy B CHIY MOCACIHETO YpaBHCHUS 13 (2)
207 +q7)—ey"? = (Y,
2py+qy)+ry" = C,,

2 2 r2 (10)
VoY Y =1=G,

*

r=r,=Cy.

Caenyer 3ametuth, uro uHterpan KneGma nosropsier nepseiii materpan us (10), HO BMECTO HEro
*
nosiBisterest 7 =7, =C, .

Cuctema niepsbix uaTerpasion (10) nuHEHHO HE3aBUCHMA, TaK KaK
* * *
mpu Ay =A, =A; =4, =0.
INMonyuenHbie WHTETPaNbl MO3BOISIOT MPOUHTCIPUPOBATE CUCTEMY Au(hEPCHIMATBHBIX YPABHCHHHA
(2), 3) Bcayuac A =B =2C.
Huarerpanst (10) m03BONSIOT MPOTHO3UPOBATh HEYITPABISICMBIC IBHKCHUS KOCMUYCCKUX OOBEKTOB B
LCHTPAIBHOM M0JIC HBFOTOHOBCKOTO TATOTCHUSI.
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A =B =2C XAF JAUBIH JAFbI KJIEBII UHTEI PAJIIAPBIHAIH, IIEIIITYI TYPAJIBI

KneOm wHTerpamaapbIHbH JKAHA IICININY KC3CHI AHBIKTAJBIN, ONAPIBIH CBHI3BIKTBIK TOYCCI3MITI IOICAICHIIL.
Tepr OipiHII HWHTETPANAAPABIH OCTIK CHMMETPHSUIBIK JCHCHIH OPTAbIK HBIOTOH OpPICIHIE MACCalbIK LEHTPIHE
KATBICTBI AfHAJMAJIBl KO3FANBICHIHAA TAJAAHBIN 3CPTTCIAl >koHe KieOm WHTErpaTAapeIHBIH INCIOLTY KC3CHI
AHBIKTAJIIBL.

JIeHEeHIH KO3FaIbIChl MAcCACHIHBIH KaWblIysl A = B = 2C >karmaifeiHaa Kapactsipburabl. MyHnarsl 4, B, C —
JCHCHIH OPTANBIK 0ac MHCPIAIBIK MOMCHTTEpL. Omap OpTamslk 0aCc WHCPUHAIBIK KOFATBICTAFBl KOOPAHHATTAP
JKYHECIHC KATBICTHI aTBIHIBL. By skyiicHIH 0acTamKkbl HYKTECI MACCABIK OCHTPIC OPHATACKAH.

JleHeHIH MaccaiblK LEHTPIHE KATHICTHI KOBFAIBICHIHBIH OapiblK Au((PECPCHINANIBIK TCHACYJIEPI OPTAIBIK
HBIOTOH KYII OpICiHAC JCHE KO3FAJFAHIA TIYEICI3 TOPT OIPIiHIN HMHTErpasgapAbl KOPBHITHIT aNyFa MYMKIHIILTIK
Ocpeni xoHe Jiiep OYPHIITAPHIH KBAIPATY paIap apKbLIEI Ka3yFa 00Ia IbL.

JKammer Teopust OOHBIHINA TOYENCI3 TOPT OIPIHIINI HHTETPA €CETTI TOJBIK MIEIy OO0JIBIN TaOBIIA IbI.

Anpraran KireOnr wHTErpangaphelHbIH EOIiIyi HBIOTOH 6PICIHACTI KaTThl AeHEHIH A = B = 2C XarJalibIHAaFbI
MAaccanblk IEHTPre KATBICTHI KOBFAIBICHI OACKAPBIIMAWTBHIH FAPBHIITHIK HBICAHAAPBIHBIH JKep MAHBIHAAFBI KO3Fa-
JBICBIHBIH MOACI O0mbim Ta0prIaasl. COHABIKTAH MAKATANAFHI MICIIIMACP TYPJ FAPBIITHIK CCECHTCPAC KOITAHBIC
tabazxpl. byn menmmMaep FapeIITHIK HBICAHIAPABIH MAPAMETPIICPIH OPHATYFa KOMEK Oepei.

Tipek cesaep: mMHAMHUKA, KATTHI JCHE, KYIITIK 6pic, HBIOTOH ayBIPIBIK OpPICi, CAIMAK OPTAJbIFbI, AHHAIMAIbI
KO3FaJIbIC, ICHCHIH HHEPIHSIIBIK MOMECHTTEPI.

Summary
M. D. Shynybayev', A. A. Bekov', S. S. Da’yrbekov’, M. Parmanov®, D. T. Berdalivev’, T. D. Berdaliyeva®

(Professor W. M. Sultangazina Institute of space research of JSC «NCKIT», Almaty, Kazakhstan,
% University of Syr-Daria, DZetysaj, Kazakhstan,
? South Kazakhstan state pedagogical university, Shymkent, Kazakhstan)

ON SOLVABILITY OF INTEGRALS CLEBSCH IN CASE 4 =B=2C

Found a new case of solvability of the first integrals of Clebsch and proven linear independence of the four first
integrals in the case of motion of an axisymmetric body about the center of mass in a Central Newtonian
gravitational field. The distribution of mass of a rigid body adopted the relevant equality 4 = B=2C, where 4, B, C -
the principal Central moments of inertia of axially symmetric body in the moving axes rigidly fastened with this
body. Mobile system of coordinates has started in the center of mass of the body and its axis is directed along the
principal Central axes of the body.

A complete system of differential equations of rotational motion of a body about the center of mass makes
A =B=2C asystem of four first integrals that are linearly independent.

According to the General theory [1] this allows you to fully integrate a system of differential equations of motion
of a body in a Central Newtonian gravitational field. The Euler angles represented in quadratures.

The results obtained for the solvability of the first integrals of axisymmetric motion of a rigid body in a Central
Newtonian gravitational field at 4 = B = 2C represent a model problem of the motion of unguided outer space objects
in near-carth space, so the resulting solution is relevant in the decision of various applied problems of celestial
mechanics and dynamics of space flight.

Solutions obtained in the paper, allows to define various settings unguided motion of space objects (satellites in
emergency situations, space debris, the remnants of various cosmic objects, etc.).

Keywords: dynamics, rigid body, the force field, the Newtonian gravitational field, the center of mass, rotational
motion, the moments of inertia of the body.
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