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«INVERSION» AS A METHOD OF EXCLUSION
OF «SMALL DENOMINATORS» IN THE HILL’S SECOND PROBLEM

M. D. Shinibaev’, A. A. Bekov', S. A. Zholdasov’, O. Kashikbaev?,
B. N. Rakhimzhanov’, E. A. Akinbekov*,
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polar coordinates.

Abstract. For disclosure of the essence of the problem we give some details of the geometry, astronomy, and
the theory of the intermediate orbits. In geometry, introduces the concept of inversion [1]. This transformation which
takes each 4 point in the plane of the point A’, lying on the moon OA4 that O4’- OA = k, where k — const degree of

— 130 ——



ISSN 1991-3494 Ne 4.2015

inversion, O — inversion center. In astronomy [2], the notion of small denominators is the denominator of the form
mo, +nw, = 0 where m, n — integers, , u ®, — rate movements. «Small denominators» lead to resonant motion

of the satellite and other celestial bodies.
In theory [3], the notion of intermediate orbits «intermediate orbit» that solves the basic problem in the motion
of the satellite.
2
In the article, shallow p=04, w= 04", k =— where p — pole resonant radius of the satellite, w — the
0l
dimensionless variable of Hill, C — permanent of the integral areas, 1 — gravitational parameter, found a new method
of eliminating the «small denominators» in the second Hill’s problem.
The developed method is relevant in the theory of motion of satellites of resonance as a method:
- it allows to exclude «small denominatorsy;
- it makes it possible to build a universal variables that are valid in the resonant and non-resonant motion of the
satellite.

YK 531.1+629.195

«MHBEPCUS» KAK METO/J UCKJIIOYEHUA
«MAJIBIX 3BHAMEHATEJIEN» BO BTOPOU 3ATAYE XNJIUIA

M. 1. Ilunubaes’, A. A. Bekos', C. A. JKoanacos’, O. Kamnk6aes’,
b. H. PangmaHOB3, E. A. Akun6exos*

'AO «HLIKW1T», Anmartsl, Kazaxcras;
*yuusepcurer Crip-Jlapus, XKerbicaii, Kazaxcran;
’KokmeTayckuii rocyjapcTeennbiii yausepenter um. 1. Vannxanosa, Koxmeray, Kasaxcran:
*FOxmn0-KasaxcraHckuii rocyaapcTBeHHbIH yHuBepcHTeT nM. M. Ayesosa, IlIsivkent, Kazaxcran

KaioueBble cioBa: pe3oHaHc, opOMTa, Majblil 3HAMEHATENb, I10JIE TATOTEHHS, CHJIOBas (DYHKLUS, CITyTHHUK
3eMut, MoJIsIpHBIE KOOPUHATEHI.

AnHoTanusi. [ packpbITusl CyTH 3aja4yd IPUBEJEM HEKOTOPHIE CBEICHHS W3 T'€OMETPHH, aCTPOHOMHUH H
TEOPHUU MPOMEKYTOUHBIX OPOUT.

B reomeTpuu BBOmUTCA MoHATHE MHBepcuu [1]. DT0 mpeobpa3oBaHue, MEepeBOASIIEe KAKIYIO TOUKY A IHIoCc-
KOCTH B TOUKY A’, nexanryto Ha xyue OA, uto OA’- OA = k, rne k — const — crenens naBepcun, O — IIEHTP UHBEPCHHU.

B actponomuu [2] BBEIEHO NOHATHE «MaJlbIX 3HAMEHATENEH». DTO 3HAMEHATeNb BUjaa MW, + N, =~ 0, rae

m, n — LeIble YUCia, ), O, — YaCTOTHI IBIDKCHNI. Majble 3HaMeHaTenu NPUBOAAT K PE30HaHCHBIM ABmxeHusIM 1C3
U Ipyrue HeOecHbIe Tena.
B Teopun npomexxyToyHbIX OpOMT [3] BBEIEHO MOHSATHE «IPOMEXYTOYHOH OpOUTH», KOTOpas pelaer
OCHOBHY!IO 3aj1auy B aBwxkeHun MC3.
2

B cratee, monaras p=0A, w=0A", k=——, rne p — nonspusii pammyc pesonancuoro MC3, w —

Oe3pasMepHas nepeMenHas Xuiia, C — MOCTOSIHHAS WHTETpaia IJIOMAACH, |1 — TPAaBUTAIIMOHHBIN MapameTp, HailieH
HOBBIN METOJ UCKJIIOUYEHHUS «MaJIbIX 3HAMEHATENE» BO BTOPOH 3a7aue Xuiia.

Pa3paboTaHHbIif METO]] aKTyalleH B TEOPUH JBMXKEHUS pe3oHaHCHBIX MC3, Tak kak MeTo.:

— HO3BOJIAET UCKIIOUHUTD «MaJIble 3HAMEHATENINY;

— JIaeT BO3MOXHOCTb IIOCTPOMUTH YHHBEPCAJIbHBIE NEPEMEHHBIE, KOTOPhIE CIPABEAIMBBI KAK B PE30HAHCHBIX,
TaK ¥ B HEPE30HAHCHBIX oOnactsax apmwxenuit UC3.

[lycTh pe30HAHCHBIA CITyTHHK 3E€MJIM COBEpIIACT HEYIpPaBIseMOE IBM)KCHHE B TIOJIE TATOTCHHS
3emumn u JIyHBI, TOTIA CHIIOBast PYHKITHSA XWILIa 3alAIETCS B BUIE

M 1 , 1 , )
U=—+—vr +—0"-v)z", 1
5 2( ) (1)
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raic v u V' — MOCTOSIHHBIE napaMeTpbl, KOTOPbLIC HOZ[6I/IpaIOTC$I Tak, 4TOOBI OGCCHC‘IHB&HI/ICB JABHKXCHUSA
y3na u nepurest opoutsl UC3; |1 — rpaBUTALMOHHBIN MapaMerp; X, ),z — TEOLEHTPUUECKUE KOOPIHHATHI
UC3.

Juddepennuanshpie ypaBaenus nsmwkenns MC3 ¢ yuerom (1) B TeoleHTPHYECKUX KOOPIHHATAX
Oxyz

d*x px d*y w d*z pz
— =X, — =V, —+—=VZ (2)
>’ >’ > r?
JIOMYCKAIOT MHTErPa IJI0IIaAci
dy  dx
LS 3
adr @
1 MHTErpaj SHEPTUH
dx\ (dyY  (dz
vi=2U+h), V? =(—j +(—yj +(—) 4)
dt dt dt

rae C — MOCTOSHHAs HHTErpaia IIIoManel; /1 — MOCTOSHHAsA HHTErpaja SHEPTHU.
Ilepetinem ot muddepeHINANTEHEIX YpaBHEeHUN (2) K 0e3pa3MepHBIM MTepEMEHHBIM XWIIa, MOCPe/I-
CTBOM CIIETYFOIIMX 0003HAUCHHIA:

C* v —v)C°
o=— —const,3=%—const, ®)
1)
2
z C
p2:x2+)’2752—:w'p:_: (6)
P [
Tormaa OyaeM UMETh
d* o 1
Z”+[1+_4)w_—“/2:o, (7)
dov w (I+s7)
d’s
— + [l + %) s =0, s — TaHTeHC IIMPOTHI, )
dv w
dov 2
— = M—3 w? , U — IOJISIPHBIN yTodI, ©)
d C
c? 1
rme w=—-—— ImepeMeHHas XwWila, KOTOopas COOTBETCTBYET WHBEPCHOHHOMY COOTHOILICHUIO
nop

2
OA"-OA=k, 04 =w, 04 =p, k:C—,p—nonﬁpHHﬁpaﬂHyc.
u

B ciyuae pesonanca p — o, a w—> 0, npudyem B ciaydae orcyTcTBHs pe3oHanca w >0, p> 0.
IToxaxxeM, Kak UCKITFOUACTCS «MaIbIi 3HAMECHATEIIbY.

B
Iycte p :Z f(v), B—const, b — «manblii 3HaMeHatensy, f(V)— omnpenensomas QyHKIHS.
[MoncraBum p B (6):
2 2 2
. C
:C—-l:C—- b :Db, D=——const, b>0. (10)
Lop n B fo) f(v) HB
U3 (10) Buano, uro npu b >0, w>0 u npu b—>0, w— 0, tak kak [ (V) — orpaHu4eHHas

w

¢ynkuus, To ecth MC3 He coBepmaeT (pHMHANBHBIX TBUKECHHH.
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TakuM 00pa3oMm, TepeMEeHHass W He TepsieT CMbICTa, KaKk B PE30HAHCHON 00nacTh, Tak M B Hepe-
30HAHCHOM 00J1aCTH, T.€. B 3THUX MEPEMEHHBIX HET «MAJIbIX 3HAMEHATEICHY.

B 3akmoueHuN OTMETHM, 4TO NMPeoOpa3oBaHUEe HHBEPCHUH:

1) O3BOJISACT UCKITIOYUTh «MAJIbIe 3HAMCHATEIINY,

2) naeT BO3MOXHOCTh TIOCTPOCHHSI HEMPEPHIBHOM (QYHKIIMHU, KOTOpas YHUBEpCATbHA.

PaccMmoTpum Temeps, 9TO MpOUCXOauT ¢ amminkaroi NC3.

B ocnoBHoii minockoctTn Opv anmiukata paBHa Hymo. Kak toipko MC3 mokumaeT OCHOBHYIO

IUIOCKOCTB, BCTYIAET B CHIIY COOTHOIIEHUE z = P(L) - s(V) , npudeM s(V)— orpaHuueHHAs QyHKIHS.
B cayuae pesonanca p > u z >, p=0, z#0. C npyroit croponst UC3 Haxomurcst BHE
IUIOCKOCTH, TOT A

S=—"Ww (11)

npu pesonance w —> 0, s — 0, B ciyuae orcyrersus pesonanca w>0, s >0, z # 0, cienosarensHo,
TAHI€HC [UPOTHI § — HEMPEPHIBHAS (PYHKIIHA.

nz
BBenem obo3nauenue: & = —5 » e § — GespasMepHasi OrpaHHYCHHAs ICPEMCHHAS, TOT 1A

s=&-w. (12)
[lepemennsie s, &, w HE comepKaT «Mayble 3HaMEHATeI», OHU Oe3pa3MepHbl U YHUBEPCAJIbHEL, T.€.
HE TEPSIOT CMBICTIa KaK B PE30HAHCHOM, TaK ¥ B HEpe30HAHCHOM obnacTsx neuxenuit C3.
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«MHBEPCHSTHBI» XWIJIH EKTHIIT ECEBIH/E «KIIII BOJTTIITEPII»
7KOIO 9JICI PETIHJE KOJJIAHY

M. JI. HIpnbi6aes’, A. A. Bekxos', C. A. JKoanacos’, O. Kambik6aes’,
b. H. Paxumxkanos’, E. A. AkbinGexos®

'«¥ ik FapeimTsik 3eprreynep men Texnomorusiap Opransiesdy AK, Anmatsr, Kazakcran;
*«Crip-Jlapus yHuBepcuTeTi», XKericait, Kazakcran;
3«l1I. Yanuxanos aTeiHaarsl Kekmeray MeMiIeKkeTTik yHuBepenteti», Kokmeray, Kasakcran;
4M.Bye3013 areiagarsl OHTYCTiK Kazakcran MeminiekerTtik yHuBepcuterti, Llsimkent, Kazakcran

Tipek ce3nep: pe3oHaHc, opOuTa, Kiln Oerini, TapTeUIbIC epici, Kyl (GyHKIMCH, XKep cepiri, MOJISPIbIK
KOOPJIMHATTAp.

AnHotanusi. EcentiH MarplHachlH TYCIHY YLIIH 0i3 reoMeTpusiaH, aCTPOHOMHUSIAH KOHE OPTAIBIK OpOHTaIap
TEOPUSICHIHAH KaKET MAJIIMETTEp/Ii KeATipenik.

I'eomerpusiia [1] MHBEPCHSUIBIK TYpJICHIIPY YFBIMBI Oepinred. O TypieHAIpyAe Ka3bIKThIKTarbl 4 HykTeci A’
HYKTeciHe etefi, onap OA coynecinae opHamacaabl xoHe OA” - OA = k, myHaa k — const — HHBEpCUS JIOPEXKEC,
O — uHBepcHs NOJIOCI.

Actponomusna [2] «ximi 6enrinn yreiMel 6epinren. O denrim MM, + 10, = 0, m, n — 6yTin TypakThLIAp,

®), ®, — OYPBIITHIK KbUTAaMIbIKTap. «Kimri GenrimTep» pe30HaHCTHIK KO3FAIBICKa aJIbII KeTeIi.
Opranbik opouTanap Teopusiceinia [3] ocel opouTanap yreiMer 6epinesi. On XXJKC-nix Herisri eceOin mremniemi.

— 133 =——



Becmuux Hayuonanvrot akademuu nayk Pecnybnuku Kazaxcman

Maxaana nHBepcHs OblIail eHTi31ITeH:
, o, _C?
p=0A4, w=04", k=—
u
MyHaa p — pe3oHaHcThK JXOKC monsipnblk paguychl, w — Xwin aiHbiManbickl, C — ayJaH WHTETpaJbIHBIH
TYPAKTBICHI, || — TPABUTAIIMS TAPAMETI.
Maxaaga HHBEPCHUSHBI KOJITAHBIT XHJIIBIH SKiHIII ece0iH/e «Killi OeNrimTepaeH» KYThUTY 91iCi OpHATHLIFaH.
By anic e3exri, eifTkeHi:
— «KimIi OeInrimTepy KOUBIIAIBI;
— YHUBepcal aifHBIMaIIBIIapAbl KYpyFa MYMKIHIIIIIK Oepeti.

Hocmynuna 22.05.2015 e.
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Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere in the
same form, in English or in any other language, including electronically without the written consent of the
copyright-holder. In particular, translations into English of papers already published in another language
are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be
checked by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBumna opopmiieHHs cTaThU IS My OJIMKALUK B )KypHaJIe CMOTPETh Ha CalTe:
www:nauka-nanrk . kz

http://www .bulletin-science.kz/index.php/ru/
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