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Abstract. Here we have to uncover the essence of the problem will require some information from the
mechanics, and unpopular among mathematicians, and some mathematical concepts, little known mechanics
[1,2,3]. Let us consider the "small denominators". Astronomers have long noticed that the resonance phenomena
associated with commensurable frequencies of the interacting movements lead to "small denominators" and great
mathematical difficulties [2], since the expression:

Moy + nw, * 0
goes denominator in the perturbation series with solution of the form

Cmn e:’{mn.i._-i-nr.'..l:}r
Z (mw, + nw,)

mazl

(D

where m, n-integers, , cwy and 4 - the frequencies of motion, t - time, a,,,,, - const,
[mml + m’u:) — «small denominator».
It is clear that the exact commensurability frequency mew, + nw, method of solution in the form of (1) does

not apply, and in acute commensurability (e, + na, ) = X%, where & = 1, x-small parameter of the solution

(1) leads to terms with an exceptionally large amplitude, that is to resonance.

Henri Poincaré [3] wrote "The difficulties encountered in celestial mechanics due to the existence of small
divisors and approximate commensurability of the mean motions are related to the very nature of things and cannot
be bypassed."

Now answer the question: "What is the problem of stability?"

First and challenging research problems of this kind (and still unsolved) was the question of the stability of
planetary orbits.

It was necessary to answer the question: "Do not cause small perturbations of the planets with each other, after
a sufficiently long time, a collision or goes to infinity?"

The main difficulty in these studies is associated with the divergence of the perturbation series (1) because of
the small denominators ey + Fad,

In the context of the above, the theme developed in the article is relevant in all areas of science where there are
resonances and small denominators.
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AHHOTAIMSI. 37eCh HAM U1 PACKPBITHA CYTH 33Ja4M HOTPeOyeTCS HEKOTOPHIC CBEACHUS W3 MCXAHHKH,
HETOTY JIIPHBIC CPEAN MATEMATUKOB, M HEKOTOPBIE MATEMATHUCCKUE MOHATHSA, MAJIO- U3BECTHBIC MeXaHukKaM [1,2,3].
OcTaHOBHMCS HA «MAJbIX 3HAMECHATEILIX». ACTPOHOMBI JABHO 3aMETHIIM, YTO PE30HAHCHBIC SIBJICHHUS, CBSI3AHHBIC C
COM3MCPHUMOCTBRE) YACTOT B3AMMOACHCTBYIOIMX ABIDKCHHH, MPHBOIAT K «MajbIM 3HAMCHATCIIM» H OOJBINNM
MAaTEMaTHYECKUM TPYIHOCTAM [2], TaK KaK, BBIPAXKCHUE:

mawy + nw, & 0
BBIXOJHUT 3HAMCHATEJIEM B PAABI TCOPUH BO3MYILICHHH, UMEIOINHUE PEIICHHUE BUAA

B mn e:’(mw._-!-rzmz}r
Z (Mmw, + nw,)
mn=0 = (1)

—

rIe M, N-UeJIble YUCHIA, ty M &y -4aCTOTHI ABWKEHHMH, - BpeMs, ., - const, I = ' —1 |
(maw, + N, )- «Mambii 3HAMEHATE THY.

SIcHO, YTO MPH TOYHOM COM3MEPUMOCTH 4YacToT My + naw, =0 wmeron pemenus B Buge (1)
HETIPHMEHHM, 4 TPH OCTPOH comaMepuMocTn (M, + new, ) = ¥ rae & = 1, X-maneii mapametp
peureHus (1) MPUBOIUT K YICHAM € UCKITOYUTEIBHO OOMBIION aMIUTUTYJ0H, TO €CTh K PC30OHAHCY.

Amnpu Ilyankape [3], mucan «Tpyanoctn, BeTpeuaromuecss B HeOSCHOH MEXAHUKE BCICACTBUE
CYIICCTBOBAHUS MAJIbIX JCTUTEICH U MPHUOIUZUTCIBHBIX COU3MEPUMOCTEH CPEIHUX OBWKCHHH, CBI3aHBI
¢ caMmol PUPOIOL BEIICH H HE MOTYT ObITh O0OWICHBIY.

Teneps orBeTiM Ha Bompoc: «YTo Takoe mpoOIEeMBI YCTOHIUBOCTH ?»

IlepBoit ¥ CTUMYTHUPYIOLICH HCCACAOBAHUS 33Ja4Chi ATOro poaa (HE PEIICHHOW M TMOHBIHE) ObLT
BOIPOC 00 YCTOHYMBOCTH IJIAHCTHBIX OPOUT.

Hano Ori10 oTBeTHTE Ha Bompoc: «He BRI30BYT JIM Masble BOBMYIICHUS IIAHET APYT C APYIOM, Yepes
JOCTaTOYHO OONBIIOE BPEMSI, CTONKHOBCHHE HITH VX0 B OECKOHEUHOCTh ?»

OcHOBHasE TPYAHOCTb, B OJTHX HCCICIOBAHHAX CBfA3aHA € PACXOJUMOCTBIO PSAOB TCOPHHU
Bo3MymIeHui (1) U3-3a MabIX 3HAMCHATEIICH MMy + Thidy |

B koHTekcTe H3M0XKEHHOTO, TeMa paspadareiBacMas B CTAaThE AKTyaldbHA BO BCEX OONMACTAX HAYKH,
[IC €CTh PE3OHAHCHI H MAITbIe 3HAMCHATCIIH.

IIycte MUC3 coBepinacT HEympaBasSeMOS MABIKCHHEC (B OKOJO3CMHOM MPOCTPAHCTBE) B MOJC
TaroTeHus 3emid U JIyHbI, Toraa cumoBas (YHKUMS 337a9d XWIIA B TCOLCHTPUUYCCKUX KOOPAHHATAX
nMeet Uz [4]:

1, 1 2
U=E+—vr +—(vV'-v)z*, )
r 2
rac /{ - TPaBHTALMOHHBIH MapameTp, V Hu V' - IOCTOSHHBIC MAPaMeTphbl, OOCCIICUMBAOLINC

% 2 2 2
JCHCTBUTCIBPHOC JBIKCHHC IICPUTEs U y371a OPOUTEL, ' = \’ X +y +z7, X,V,Z-xoopaunarst UC3.
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HuddepeHumanpHbie YPaBHCHUS JBUKCHHS 3AMMUIIYTCS B BU/C!
2 2 2
dx oU d’y oU dz oU a)
= , = , =
d*  ox’ dt oy dft oz
Paznaras U B psg @ypbe, nocae HHTCTPUPOBAHUS MOMy4unM petneHue Tuna (1), To €CTh, IepPeMEHHBIC
X,,Z IPUBOJST K MAJIBIM 3HAMCHATCIISIM.

Huddepenuuansupie ypapHeHus (3) ¢ yuetoM (2)I0MyCKAlOT HHTETPai IUIOMAACH B OCHOBHOU
IIIOCKOCTH

x——y—=C, )

[ﬁJ +[ﬂj {%J U +h)- )
dt dt dt

rac C R h - COOTBCTCTBCHHO MNOCTOAHHBIC MHTCIPAJIA rmomaz[ei/i U UHTCTPaJIA SHCPIUU.

Onupasice Ha unTerpass (4), (5) nepeliaeM OT TCOLCHTPHUYSCKUX KOOPIUHAT K MCPEMEHHBIM XU,
torga (3) mpumet Bua [4]:

U UHTETpaa 3HEPTUU

2
ZIZ{H%jW_%:o : (6)
(1+S2)5
2
%+ 1+%)S:o (7)
ﬁ:,u_sz (®)
da
rae
6 _ !CG
a:VC4, ﬂ:(v V4) , a=const, [ =const
H H
1 H c? 1 z 2 2
—==W, W=——, S=—, p=4x +y
p C Hop P

P-npoexms pagmyc-ekTopa 7 Ha mockocts OXY (s3xBatop 3emmm), S -TaHTeHC MHPOTHL, 9-
JOIroTA.

Ilycte  opouta MC3  wmmeer  manbplii HAKIOH K IUIOCKOCTH Oxy ,  Toraa

z#0,z ’r 0,5+0,5 20 u nuddepeHIHATEHOE YpaBHEHHE (6) MPUMET BHI!

2
dVZJr[H%JW—l:O ©)
d3 w
nin
d9= waw : (10)

N 2w+ HW + o
rac H ~-IIOCTOsTHHASL I/IHTCFpI/IpOBaHI/IH

2
o 2h(2? .
7
B cayuae smmunrraeckoro tuma gemxenns [4] o >0, H <0 | nosromy (10) npuver Bux;

Wdw
N-W*+ 20 —HW? +
—— 128 ——

d8=

; (11
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s neCTBUTEIbHBIX ABHXKCHHH IMOIKOPECHHOH MOTHHOM JODKEH OBITh MMOJIOKHUTETbHBIM
4 3 2
G,(W)=-W*+2W° —HW? +a >0, (12)

B cootseTcTBHE ¢ TeOopemoit [ekapTa [5] TpH CMCHEI 3HAKA U OTCYTCTBHE OJHOTO

YICHA B HOJAKOPCHHOM MOIWHOME, JACT HATHYHE TPEX MOJOKUTEIBHBIX U OJHOTO OTPULATEIBHOTO
KOpHS, TyCTb O > O, > O3 > L,, TA€ (X, -OTPHUATENbHBIA KOpeHb. lloakopeHHON mMOMMHOM
MOJIOYKUTCIICH HA ABYX HHTCPBAJIAX:

Ao, <W<a,, B) o, <W <« . (13)

B cootserctBum ¢ [5] cmpasBemmuBo cacayiomee npeoOpasosanme (11) k HOpmambHOH (opme

Jlexxanapa Ha uHTEpBaIC A:

wd
dlgzluo—go s
1-k*sin’ ¢
0,00, + a0, Sin® @ oy W—a
W: 4~*31 1 4.3 , Sin2¢: 31, 4 (14)
oy, +0,,8in° @ o, oW
rae
AL
O<k2<l7 aik:ak_aﬂ (k71'21727374)7 kz:ﬂ 2

U130y

2

Hy =
N 1%y,

T
BuauMo Ha HepesoHaHCHOM yuacTke apmkeHmt @&y = W = aaul = @ = -

> HpHW:Ol4, ¢:O, HpI/I W:a37 qD:%

2
Ha pesonancrom yuactke asmxenms w3 supaenns iy _C 1 cneayer, uto p—>00, W —0

Hop
Teneps u3 (14), Haiigem yron 7, KOTOPBIH COOTBETCTBYET PE3OHAHCY

a31(_a4) 5 (15)

Q30

sing =

rae o, <0.
Taxum o6pasom, nepemennsic Xumna W, 9, ¢
JAI0T BO3MOKHOCTB HCKITIOUCHHS «MaJIBIX 3HAMEHATENEH) B 3a1ade 0 ABkeHnH pezoHancHex MC3.
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AnHoTarus1. EcelTiH MarbIHACKH TYCIHY YIIH Oisre MeXaHHMKajaH MaTeMaTHKTepre YHaMalTBhIH jKoHEe MaTeMaTHKajaH
MEXaHUKTEP 3epcaTMaliThIH TyCiHIKTep KaxkeT Gomafwl [1,2,3]. «Kimm Gemnmrektepre» TOKTalbIK. AcTpoHOMap GackamapaaH y3ak,
VakpIT OYphIH, pPE30OHAHCTHIK Ko3ralblcTap cebebin «Kimm OGemmiekTepMeH» GailTaHBICTHIPHIIT KOHE ONap OTe  YIIKeH
MaTeMaTHKAIBIK KUBIHIBIKTAP Ty IBIPATHIHBH GaiikaraH [2], 6TKHI KiITTi GeIrinT:

Moy + naw, & 0

FajaMITiap TeoprsUIapbIHarbl KaTapiap ia GemriiT peTiHje Kipe:

Bmn i{mo, +nawy )
(mw, + nw,)
mnz0 i 1

MyH7a m, n-OyTiH caHmap, (U4 W (Us-FamaMImapiaapibl OypBIUTHEK KbILAMIABIKTApEL, L- yakprr, .- const,

B, Emﬁ-’l + T, :l- «KiITr GOnNTimy.
Erep Typa TeHjik opHarbUica ITLOd4 + N, = 0  oum (1) Typmeri miemnM Jkapamchl3 Goiaipl Al

GYPBIONITHIKKBUTIaMIBIKTAp 6TKIp emmmemec Goca [mml + 1102'3:] = 'XE:, o = 1, ¥-ximi mapameTp, ouza (1) mernnm eTe
YIIKEH aMIUTUTY IaIbl MyIIeNepre ajbll Kene/li, Oackaria aifTKaH/a pe30HaHC OPhIHAIA b
Byn xarpatt Typaner Aupu [lyankape [3], ObDraif skasraH: «AclaH MeXaHUKACHIHJAFHI Killi GOITITep KaHe OTKIp

OIIIIeM/IeCTIK TAGUTATIICH YITITACATHIH TIENILUIMEUTIH Macemey.

3epTreyiep iNmHAe 0Chl MICENEH] MIeNTyTre BIKIIAI eTyII IpobieMa, 01 FalaMITap,IbIH OPBIHTHUIBIKTHIFHI IIpoGiemMack! (OyI
OCBHI KYH/IEp/IE TaIlKaH K0K).

Fanmammmap/pIH a3 BIKIAIJBIK acepriecyiiepi,alTapibIKTail Kell yakpIT eTKeH/e, KaHall HoTike Oepesl, onap TyHicepime
HeMece 6ip GipiHeH ITeKci3 albIcKa YMThITa el Ma?

By cypakka Kayarl anyra Tarbljia «Kinmi Oemekrepy iy + Fléy xenepri eresi.
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