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ELLIPTIC MOTION TYPE OF RESONANCE SATELLITES
AT INTERVALS o, <w<a; IN THE CASE OF A SMALL TILT ORBIT

TO THE MAIN PLANE
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Abstract. Writing the differential equations of motion of the body in the geocentric coordinates, integrating
them through a Fourier series, or a Taylor series or Poisson series can find that kind m®; +n®, = 0 of small di-

visors appear in the coefficients of series representing solutions. There m,n - integers, ®;,®, - rate of movements.

These small dividers are so-called "small- denominators." At the same time the existence of solutions, analytic,
smooth convergence solutions in the form of a series of essentially depends on the arithmetic properties of numbers
m,n and the quality of the differential equations [1].

This big problem is far from over and decides this day, both in the theory of differential equations and in the
theory of motion resonant satellites. A wide variety of tasks performed by satellites, making it virtually an important
systematic study of a fairly broad class of resonance rotation reverse it - the so-called nominal movements [2].
Especially important are the new variables to-that do not make any sense, as in the non-resonant and resonant in the
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areas of motion of the satellite. [3] The problem of resonances and small denominators consists of "academic" and
"engineering," issues. But if the first is enough to take care of the stability of the resonant motion, the second -
"dissipative factor" has to "load on board satellite» in the form of a system of active stabilization. Clearly, an
adequate solution of the first problem, give a reliable basis for solving the second.

In the context of the above subject, developed in the article is relevant in all areas of science where there is a
"small denominators" and resonances of various kinds.

YK 531.1+629.195

SJIJIMOTUYECKUHN TUII IBUKEHUSA PE3OHAHCHOI'O UC3
HA UHTEPBAJIE o, <w<oa; B CIYHAE MAJIOT'O HAKJIOHA

OPBUTHI K OCHOBHOM IIJIOCKOCTHU

M. Iunn6aes’, A.A. Bekos', JK.C. KyKneBZ, T. . BepuaJmeBaZ,
AK. )KaMezm}mBaz, B.H. Paxum:kanos’

'AO «HLIKWT», Anmartsl, Kazaxcras;
*yuusepcurer Crip-Jlapus, XKerbicaii, Kazaxcran;
*Kokmierayckuii rocyapcTBernblii yansepenter nm. 1. Vamixanosa, Koxureray, Kasaxcran

KaioueBble ciioBa: pe3oHaHC, opOuTa, MaJIbIi 3HAMEHATENb, T10JIE TATOTEHHs, CHIOBas (YHKIHS, CITyTHHK
3eMJIH, MOJIsIPHbIE KOOPIMHATEI.

AnHotanus. 3anucaB quddepeHnnanbHble YpaBHEHUS JBMKEHHS TeJla B I'€OLEHTPHUYECKHX KOOpAWHATAX,
MHTETpHUpYS HX MOCpeAcTBOM psnoB Dypee, mubo pspos Teinopa nim psaoB [lyaccoHa MOXHO 0OHApYKUTh, YTO

Majble JENUTENH BUaa MO, + N0, ~ 0 nosnsiorcss y kK0d(GULMEHTOB PAIOB MPEICTABIAIONINX PEIIEHHUS.

3nece m,n— uensle 4ucna, ;,(0,— YacTOThl ABMXEHUH. OTH Majble NENUTENM IPEJICTABIAIT COOOH, Tak

Ha3bIBa€MbIC, «MaJlbleé 3HAMEHaTenW». lIpM 3TOM CyIIECTBOBAaHHE pPEIICHUS, AHAIUTHYHOCTb, IJIaJKOCTh,
CXOZMMOCTh PEIIEeHUH B BUJE PANOB CYIIECTBEHHO 3aBHCHUT OT apU(PMETHUECKUX CBOMCTB 4YHCEN M, N U KaueCTB
camux augdepeHInanbHbIX ypaBHeHui [1].

Ora Oonbluas npodiemMa Janeka OT 3aBepIICHHs U PelIaeTcs, 10 Cei JIeHb, KaK B TeOpuH TU(QepeHHanbHbIX
YpaBHEHHI, TaK U B TEOPUU IBHKEHUA pe3oHaHCHBIX M C3.

Bounbiioe paszHooOpasne 3a1ad, BHINOIHIEMBIE CITyTHUKAMH, IETAaeT NMPAKTUUYECKH BAKHBIM CHCTEMAaTHYECKOe
N3y4YeHHE JOCTATOYHO IIUPOKOTO Kiacca PE30HAHCOB BpAIIEHUs ¢ 00palieHreM — TaK Ha3bIBa€MbIX HOMHHAIBHBIX
nBIKeHnH [2]. OcoOeHHO BaKHBI HOBBIE TIEPEMEHHBIE, KOTOPBIE HE TEPSIOT CMBICI, KaK B HEPE3OHAHCHBIX, TaK U B
pe3onancHbIX 30HaxX apmwkeHns MC3 [3]. IIpobGneMa pe30HAHCOB M MallbIX 3HAMEHATENEH COCTOUT M3 «aKaJIeMH-
YECKHX» M «MH)KEHEPHBIX» BOINpocoB. Ho ecny B mepBoi AOCTATOYHO M03a00TUTHCS 00 YCTOMYMBOCTH PE30HAHC-
HOTO JIBMDKECHUS, TO BO BTOPOH — «IMCCUIIATUBHBIA (PaKTOP» MPUXOIUTCS «3arpy’kath Ha OOPT CIyTHHKa» B (hopme
TOM MJIM WHOW CHCTEMbI aKTUBHOM CTaOMIM3aiuu. SICHO, YTO aJeKBaTHOE PEIICHUE NICPBOM 3a1a4yM JaCT HAIC)KHBIC
OCHOBBI JIJIs1 pELIICHUS BTOPOIA.

B xOHTEKCTe M3II0KEHHOTO TeMa, pa3padaTbiBaeMasi B CTaThbe, aKTyajbHa BO BCEX OOJACTAX HAyKH, L€ €CTh
«MAJIbIC 3HAMECHATECIIN» U PE30HAHCHI Pa3JIMYHBIX BUIOB.

Ilycts maccuBHbt UC3 coBepiiaeT ABHKEHHE B MOJIE TATOTEHUS IIEHTPAIBHOTO M BHEIIHETO Telna,
TOT/1a CUJIOBYIO (DYHKIIMIO B TEOLIEHTPHUUECKUX KOOPAMHATAX MOXKHO MPEICTABUTh Tak [4]:

U:K-i-lvr2 +l(v'—v)22, (1)
ro 2 2

. 2 2 2, .2
rle | — I'paBUTAlMOHHBIN IapaMerp; X, Y,z — reoleHTpudeckue koopaunatel UC3; r* =x" + y~ +z7;

napameTpsl vV B V' HMoAOMpAIOTCs Tak, YTOOBI MOJyYauch HaOJIOJaeMble IBIDKCHHS y371a U Iepures
OpOUTHI.
Jduddepennmanbapie ypaBHEHUs IBUKEHUS ¢ yueToM (1) HMEIoT BHI:
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2 2

dx w_ dy w_

T T IV e =W

dt r dt r

o )

z
R
dt r
OHu AOITYyCKAarOT UHTErpaJl nﬂomaneﬁ B OCHOBHOH IIOCKOCTHU O)Cy HUHTCrpal HJIOHlaZ[CP'I

xy—yx=C 3)

u B ipoctpancTBe OXyz UHTErpaj SHEpruii
N
X“+y +z°=2U+h), (€))
rae C — MOCTOsSHHAs MHTErpaia IIoanei; /I — IMOCTOsSHHAS MHTErpaia SHEPTHH.
B ciyuae pesonanca r —> 0 u ¢(yHKuus r(f) CTAHOBHTCS KyCOYHO-HETPEPBHIBHOM. B Kakmoi

pe3oHaHCHOU ToYke 7(¢) Tepmut paspbiB 1-ro posa.

BBeneM HOBBIE ITepeMEHHBIE, KOTOPBIE MO3BOJIIIOT MCKIIOYUTh «Majble 3HaMEHATeNN», U KOTOphIe
He TepsII0T CMBICIIA, KaK B PE30HAHCHOM, TaKk U B HEpE30HAHCHOM 30He nBmxkenus MC3.
[Tycth opouta UC3 rMeeT Maiblii HAaKJIOH K OCHOBHOU TUIOCKOCTH, TOT/a

2 z 2
z#0, z°=0, s==%#0, s"~0, p>=x?+y?,

p
rZie s — TaHreHc mupoThl. Teneps nepenuineM (2) B mepeMeHHbIX Xuia [5]:
2
d Vz”+(1+i4jw—1=o, 5)
dvo w
d’ do
—j+[1+£4js=0, e (6)
dv w d C
rae:
=t = W ™)
[ [ Lop

o —const , —const, w — nepeMeHHasi Xuyia, L — HICTHHHAS 0JITOTA.
Ypasuenue (5) A0mycKaeT MOHKEHHE TTOPSIIKa

dv = wabw , (8)
\/—w4 2w + Hw? + o
2hC?
rac H = 5 — ITIOCTOsAHHAasA I/IHTerI/IpOBaHPISI, IJIA ,HeﬁCTBHTeHLHBIX ,Z[BI/I)KCHI/Iﬁ HO,ZLKOpeHHOf/i
n

TIOJIMHOM TIOJIOXKUTEIICH.
B [4, 5] ObLIO yCTaHOBJICHO, YTO MOJAKOPSHHOM IMOJIMHOM ITOJIOKUTEICH Ha JIBYX MHTEpBaIax:

A) oy Swsag;
B) o, <w<a,,
I€ KOPHU Oy > Oy > Oly > Oy, IpUYEM Oy, 0Ly, 0l3 — MOJIOKUTENBHEIE KOPHH, Oly— OTPULATENbHbIN

KOpCHb.
B ciyuae snunruueckoro tuna apukerns o, > 0, H <0 u (8) umeer Bua

wdw
do = : ©)
\/—w4 +2w — Hw? +a
Ha nnTepBane A) coepieH nepexon oT (9) k HopMmansHOU Gopme Jlexxkanapa
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wd
do=pg e (10)
1-k?sin’ ¢
o2 O30y _ 2
rac: k =, HO =7, k — MO,I[yJ'IL SIINIUIITUYCCKOI'O I/IHTCrpaﬂa, (p — HpOMe)KyTO‘IHaSI

O304 V03104

NepeMCHHasd, (p =amov — aMIIUTyJa v,
O<k<l,ay=0,—-0;, (k,i=1234),

.2
o Fala T OOy SN @ oy (w—oty)

2= sin’g= ; (11)
O3 +0y3SID- @ gz (0 —w)

T
ect W=0,, 10 @=0; ecim w= 05, T0 (p=5.

PaccMoTpuM pe3oHaHCHBIH citydai, koraa p —» o u3 (7)) w— 0.

W3 (11) npu w =0 umeem

(12)

31€Ch (14 < 0 , HO3TOMY NOAKOPCHHOC BBIPAXKCHHUEC MOJIOXKUTCIIBHO, MTPUYEM 3HAUCHUE €T0 CO 3HAKOM (—)
o T
HC YKJIAAbIBACTCA B paCCMAaTpHUBAaCMbI UHTCPBAJI 0,5 .

Hcxons u3 9TOro, p€30HAaHCY COOTBETCTBYCT OJJHA TOYKA HAa OCHU O(P

o [%310y
¢ 54, = aresmn_[———, (13)
g3y
npuyeM
T
0<(Pad¢<§a (14)

nostomy rpadpuxk w(Q) umeer Bu (pUCyHOK 1):

o3

0 Ppes

N

Oly

Pucynoxk 1
Taxum 00pa3oM, HEPE30HAHCHBIX 30H IBA:

T
0<¢, <Pu>  Poic <Pjp 55-

N3 (7) ummeem
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i v
p=—m-, mnpu w=0o, <0, p4:N—<0; o=0,
uw Hoy
nipu pesonance W=0, p . =0; @ = 4
2 .
mpu w=03 >0, p;=—>0, o=—.
nol; 2

U3 rpaduxa p(@) (pucyHOK 2) BHAHO, YTO (YHKUMS TEPIUT Pa3phiB MPH @ =@ 4., P —> ©,

. T o
npudeM p # 0 HU B OJJHOU TOUKE, TaK KaK Ha HHTEPBae [O;E} HH B OTHOH TOUKE W # o0 (PUCYHOK 1).

p
I\
P3 4+
1
1
1
' ' 0
0 Ppes L
2
P4

Pucynoxk 2

Taxum 00pa3om, nepeMeHHble XWIIa W,V,( MOTYT ObITh HCIIOJIb30BaHbI U UCCIICAOBAHUS JBH-

xKeHns pe3oHaHCHbIX MC3, Tak Kak OHH HE TEPSIOT CMBICIA, KaK HAa PE30HAHCHBIX, TaK M HEPE30OHAHCHBIX
30HAaX JIBIDKCHUS DTUX CITyTHUKOB.
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