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JK.C.CAJIVAKACOBA® , K.C. ACTEMECOBA’, ]l 1. YCHIIFEKOBA®

MMAPABOJIMYECKWI TUII ABUKEHNSA UC3
B HECTAIIMOHAPHOM ITOJIE TAT'OTEHUSA 3EMJIN

(unTepBaa o, <W < a,, cay4aii V(1) = Vit 2)

' MHcTuTyT KOCMITMECKHX HcceaoBanmit uv. Y. M.Cyrranrasuaa AO «HLIKHT», r. AnMarsr,
2 AKAICMUYCCKUI HHHOBALMOHHBII YHHUBEPCUTET, T. [IIbIMKEHT;
? KazaxCKuit HAIIMOHATBHEIH TeXHUYECKHit yHuBepcuTeT mv. K 1. .Carnacsa, T. AMatel

Ha unmepeane o, <w < or; hoitydensl noisapHuvie Koopounamvl 6uskoeo HC3 ¢ crytae HecmayuoHapHo20 nois

msacomenus. Semmu o5 napabonuyeckoeo muna osuicenus ¢ moynocmvio O(F), 20e k — MOOVIL AMmUnmMUuecKoeo
unmezpana 1-eo pooa. I1onapHvie KOOPOUHAMbBI COOEPHCAM KAK 8eKOGble, MAK U CMEULAHHbIE YTeHb.

[lycte 6nuzkuit UC3 copepmact ABIKCHHE B HECTAITMOHAPHOM IMOJIE TATOTCHUS 3€MJIM HA OCHOBHOM
INIOCKOCTH. BBEAEM MOMIpHYIO CHCTEMY KOOPAMHAT p, 3 € LEHTPOM B LEHTPE MACC CXKATOTro ceponna,

Toraa anddepeHImManbHEIC YpaBHEHH JBrkeHus 6mmskoro MC3 mpumyT Bua [1]:
. , 1 d :
(-p8")=U;, ——(p*9) =Uj, (D
p dt

rae U — cunmoBast hyHKUMs 3a0a4u.
Mpurmrmas z* = 0, maxoaum U B crieayromeM Bue:

1
U:{EJr—vpz}, pl=x’+vy>. 2)
p 2

IMoxcrasss (2) B (1), Haxogum:

S 1
p—pSZ=—u;;+vm

(3)
1 d. 5.
——(p 9 =0.
. (P9)
W3 Broporo ypaBHeHus 13 (3) HAXOIUM HHTETPA ILIOMIAACH
d9
Y 4 4
P 4)
rae C — MOCTOsSTHHAS MHTETPAJIa TUIOIIAICH.
IMonyunm uHTErpaI SHCPrUU
ﬂ2+ﬂ2—2(U+h) (5)
dt dt
B TOJISIPHBIX KOOPAUHATAX P, I .
M3zeectHO, uTO
x=pcosd, y=psinJ. 6)

Boruucium X u y u3 (6), u noacraBum ux, u (2) B (5), TOraa mOAYYHM UHTErPAl SHCPrHH B
MOJIIPHBIX KOOPAUHATAX

p> +p?8? zﬁJrvp2 +2h. N
p
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PaCCMOTpI/IM BIIMSTHUC HCCTAIMOHAPHOCTU IOJIA TATOTCHUA 3eman Ha napa6om/1qecxm“l THUITI JABHUKC-

amst 6mskoro VIC3 Ha mETepBane o, <Ww <o, B caydac v, = vt .

. g .y CF
Ucnonesys (4), naiinem 9 =—-, 9% = —~ W IICPETHLICM TIEPBOC M3 YPaBHCHUH (3) B BHAC
p
2
= B
p=—mr——0i+Up, ®)
PP
[ocne onpenencuus p(v;) ans HaxoxacHuss H(V;) wucmomb3yem (4), MEPEnucaB €ro B CIACAYOLIEM
BHJE 2 e )
dr p?

Jns yopoIneHus BEIYUCICHUN OCTAHOBUMCS HA CAVYac v = vg .

HcnonsayemM METOA MOCACAOBATCIBHBIX NpuOmMmKeHUM [2]. 3a mepBoc MNPUOIMKCHHES NPUMEM
pemeHus B caydae v —const [3]:

9 = (e, +k’e)y+ke,siny+ ke, sin 2y + 0(k>), (10)
P=pu + (Pork +Pok?)cosy+py,k’ cos® y+0(k?), (11)
=l +12k>) +Laksing +17k? sin 2¢ + 0(k?). (12)
t=(Lo + k>0 )W+ Kkl siny+ k>0, sin 2y . (13)
B stoMm cnyuae (8) umeeT BU;
p'z—j—izwgﬂp. (14)
p p

Janee, ucrons3ys (13), Haiigem ¢°:
1* = kzezﬁj + gy + k22l WP+ k(=13 cos 2y + k(2L ol ) wsiny +

+k* (2Ll )ysin 2y . (15)
Vuaureisas (15) u (11), Haiizem vit’p

k( lllpooj [poolozo +k2(lgolozpooplz)]\|/2 +k2(_1121900)0052‘¥+

vgt2p :Vg +k(2poolooln)\VSin\V+k2(2poolozloo +Porl ool Wsin 2\V+(k9011020 + (16)

+k21020902)\V COS‘V"‘k ( plzlooj\V cos2ys.

IMpunnmas Bo BauManue (16), nepenumem (8) B CICIYIOMEM BUAC:

N _ 515 51
{(Czpog _Hpooz)"'k{czpog ) —Ry, +6C2900R02 Hpog 2R Mpongoz +Vo lllpooﬂ"'

_ . i
—hpoy SR~ By 2Ry +

k(=mpoo 2Ry +6R,Cpg

+|+ cosy +| k* +C2pgg%Rﬁ +C?p i 6R,, — ||+

dp=9 |k (~pupe22R,, +6R,C?py2 X

272
—VohiiPoo

+cos2y + [pool oVo +k2 (vglgolozpooplz)]\4/2 + k[2v§poolool11 Twsiny + k? (2v§p00122100 +

2
+V0901100111)‘V5m2\l’+[k(VoPm oo)+k (Vgl Poz)]\l’ cosy +k [ Plzloo}lf cos 2y

oo Tk, + Kk, cosy+ k2L, cos2\|/}d\|/. (17)
— |9 ——




Joxnaoer Hayuonanenoii Axkademuu nayx Pecnybuuxu Kazaxcman

BeimomsyM npouseeaeHue GUrypHBIX CKOOOK, IPUBEACM MOJ00HbIE WieHbI, Toraa (17) npuMeT Bug

(Soo +k2€02) + (kg +k2€12)005\|/+k2€22 cos2y +

dp =< +(c30 Tk g3y’ +howsiny + kg, ysin2y+  pdy, (18)

+(kgg, + kg )y cosy+k g,y cos2y
rJ€ BBEACHBI 0003HAUYCHUS

1
Soo = 100800 Goz = Eoaloo +102€ 0o +5§111113 S = o811 118005 12 = loEia s

1
G2 =Enly +5111§11 +205,8005 S30 =&32l00 > G320 =Esaloo + 3000 +EZIIE.>61 s 6a1 =100 m >

1 g g
52 = Es2l00 +EZHE.>41> Ge1 = LooGe1 T 418305 Ssr =LooGez» G0 = Czpog _Mpoga

4 15 (1 1 g .
€ = Czpog[ > R121 +6R02j Mpog (ERIZI +2R02J+EV51121900 ;€ = 2903 (3R11C2poé —uR;),

L1 (15
&, = 2poo (3R12C2900 MR, &, = _Mpog[ERlzl +2R22j+ Czpog[ ) R121 +6R22j Vglnpoo >

&5 = poolozovg ;€3 = Vozlgolozpooplz » € = 2Vgpoolooln > E.>52 = Vgloo (2900122 +901111)

2 5
E61 =VoParl 00: Eer = oopoz s € = V0p12100

[Tpounrerpupyem (18) cneBa u copaBa OT HyJIS OO0 BEPXHUX MEPEMCHHBIX MPEICIOB, COXPaHSS
2 :
semuuuHbl 10 O(k~) BKIIOUUTETBHO:

. 1 k(gn +Cy _2€61)+ )
P =(Goo +h G )W += (530 + K63 "{ 5 s\ +
3 +k (912 _2€62)

1 . 1
+k2(5€22 +Z€52 _Z€72j5m2\|/+[k(€41 +2@61)'”‘2(2962)]\VCOS\V"‘kZ(Qn ~ G5 ) Weos 2y +

+(kg61+k2g62)\|/ sinwy + k ( an\lf sin 2 .

(19)
[Ipounrerpuposas (19) emie pa3 oT HyIs BEPXHHUX HEPEMEHHBIX IPEACTIOB, IMECM:
P =(Bork +PBork”)+(Bro +hPr)W +(Bry + By +(Byk +B k) cosy +
+k°B,, cos2y + (kBs, + kB, )wsin y + +k B,y sin 2y +
+ (KB, + kB )W’ cosy +k* By cos 2y + kB, siny + kB, sin 2y, (20)
rJ€ BBEACHB 0003HAUYECHUS

1 3
Bor =My — 2N +6Mg15 By = May _Znsz A _Znn +Zn92 > Blo =Moo > Bz =MNoas

Bao =Mig> Baz =Mizs Bsp = Moy + My + 206 — Mgy, Bip =My + My + 21625

1 3
By =Ms +Zn52 +Zn72 _Zn92 , Bsp =my 206 — 6Ny, Bsy =My, + 20,

3
Bsr == (nsz N7 == Moz

1
5 ja Bor =Ms1> By =3Mg1 —Me1» B = Mez> Bsa 25(37192 _n72)>

1 1 1
Moo :Eloo%o > Moz :E LooS02 +102S00 +Ell1€41 +11G61 |> Mo :EZOO%O:

1
N2 :E(Zoo%z +102€30)> Moy = oo (G171 641 —251) s Moy = —56(G12 —264,) »
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1
1|/ (g +=G5 — 56 j+
N3 =~ R 2vm M = L0oGa1 +11G00 2000861 > Nz = 200Gz > Ne1 = LooSe1 »

4
+111(€11 +C4y _2961)

1 1 1
N5z :Eloo (972 _952)"‘111[5941 +€61j+2122€003 Nex =L00G62> N2 25(100972 +11G61)

Ns1 = G301 -
BBeaem nomonHMTENBHBIM MOAYNL A’ Cneayrommm oGpasom E?+k*=1mn nepermiiem (20) B

CIICIYIOLIEM BHJC!
le_k,z —k* + kB +k2[302 +(k,2[310 +k2[310 +k2[312)\|/2 +(k,2[320 +k2[320 "'sz’zz)\lf4 +

+(kBs + k2[332)cos v+ k2B42 cos 2y + (B, + sz’sz )y sin y + sz’sz\lfsm 2y +
+ (kB + k7 By’ cosy + k7B, cos 2y + ko, sin y + k2B g,y sin 2y . (21)
Ucnonsays (21), Beraucmm Cp
(Yoo +hvon + szoz) + (Y0 + szlz)\VZ + (Vg0 + szzz)\V4 it
+ Iy o+ (b gy +hy o) cos y+ kv 5y cos 2y + (ky g + b7y )wsiny +

Cp’2 = +/€2\(72\|/sin2\|/+(k'\(81 Jrlczygz)\y2 cosq/+kzq(92\|/2 cos 2y + C> (22)

+ (kv + k2Y102 )\V3 sin y/ + k2Y112W3 sin 2\ + k2Y122\V2 sin 2y +

+ kzyl32\|/4 cos 2y + kzyl42\|/6 cos 2y + kzym\ys sin 2/

31ech BBEAEHBI 0003HAYECHUSL

3 3
Yoo =35 Yor = 2Bor> Yoo = 2B +3B§1 +EB§1 Yo =2Bos Y12 = 2B, +EB§1 +3B3,B7
3 3
Voo = 2B > Yoo = P +EB§1 +3B51Bors V3 = 5[351 s Y1 =2Bs15 Yo = 2B, + 6By Bss

3
V5o = 2By +EB§1: Yor =—2Bs15 Yoo = —2Bsy +6BoiBsis Y7o = 2B, +3B31Bs1s ¥a1 =—2B 45
Yso = 2B7 = OBoiBr1s Yoo =—2Bs +3B31B71s Yior = —2Bor»> Y102 = 6BoiBos >
3 3 3
Y112 = =2Broz +3B51Bor +3BsiByy » Y1z = _5[3?1 > 132 :EB% +3B51Bors Va2 = _5[351 >

Visy = 3P71Bor -
IMepenumem (9), ucnonnzys (22)

(Ngp +kNgy +k°Np) + (N +k*Nypw? + Ny + "Ny +k Ny +

+ (KN, + kN ) cosy + k>N, cos 2y + (AN + k>N wsiny + k>N cos 2y +
d9 =3+ k*Ngwysin 2y + (AN, +k >Ny y? cosy + (kN o, + k>N oo 0w sinys + dy, (23)
+ 5PN, w7 sin 2y + k2N o2 sin 2y + k2N oy cos 2y + AN,y cosy +

+ 5N w8 cos 2y ++k 2N\ sin 2y

34C€Ch BBCACHBI 0003HAUCHUS

1
Noo =200700C s Noy =Cvileo> Ny = C(ZOOYOZ +lnYoo +5111Y41j > Nyg =l¥10C

1
Ny, = C[Zooylz + Y10 +5111V81j 2 Ny =10720C s Noy =CUogy s +on¥20) » Ny =Clygys, s
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1
N =Uoovm +Y00l)C s Ny =Ugo¥ g +1176))C . Ny, = C(Zooyfsz +5111Y41 +2122Y00j>

1 1
Ng =Clygve» Ngg =Clyy¥ey Noy = C(Zoo%z +5111Y81 +2122Y10j> Ny, = C(ZOOYU +5111Y61j>
Ng =CUoYs1 +41710) > Noy =Clog¥sa > Nigy =Clog¥igr > Nigy = Clyg¥ion
1
Ny, = C[ZOOYIIZ +51117101 j s Nigg =ClogYim> Nizy =CUooY130 +2005Y50) s Ny =Clivy,

N5, = ClogY1aa > Nigy = Clg¥is, -
[Tpounrerpupyem (23) ot HYJII 4O BEPXHHUX IEPEMCHHBIX MPEACTIOB, HAHACM:!
8 =K1, + Gty oty +R W+ g +E U)W Az R U, W R gy +

ks, + kg, ) siny+k g, sin 2y + (ki +k 10, W sing+ kg gt siny+
U, \ySin 29 +k g, sin 2y +k 1 o sin 2y k2 0 sin2y+k g, cos2y+

ks, + k13 Weosy + ki, Weos2y+k i\ cos2y+k i o\ cos2y+

+ kzum\y5 cos2y + (kuyg, + kzum)\y3 cos V. (24)
31ech BBEAEHBI OO03HAUECHHUS
1 1 1 1
Ug =——Nyyy, g =Ny, #yy =Ny, g, =Ny, 5y == Ny, sy = =Ny, 25 =—Nyy,
4 3 3 5
1 1

Uiz :gsz > Uy :7N323 usp =Ny +Ng =2Ng =6N; +24N,,,,
us; =Ny +Ng =2Ng, —=6N,,,

1 1 1 3 3 45 15
Ugy :Est _ZN72 +ZN82 _§N112 +ZN132 _Tlez +?N162> Uq = N91 +3N101 _12N141 >
1 1 3 3 45 15
Uz, =Ngy +3Nyg,, g = Nyyp, sy, :Elez > Ugy :ENU +ZN112 _EN132 +TN152 _IN162 >
1 15 5 1 1
Uy0p :5N132 _Ilez +ZN162> Uy :Eleza Ui :Zleza
U3y = —Ng +2Ng +6N ) = 24Ny, 35, = —Ng, +2Ng, +6Ny, ,
1 1 45 3 3 15 1 1
Upp = EN72 _Est +TN152 +ZN112 _5N132 _IN162 > Uysp = _Elez > Uisp = _Elez >

1 15 5 3 1
Uy === Ny +Npgy =Ny, + =Ny, 249 == Ny == Ny, 2175 = =Ny +4N,,,
2 2 2 2 2
Uy = =Ny, .
Takum oOpazom, HaiiaeHel momsipHeie koopauHatel MC3 B OCHOBHOH mHIIOCKOCTH B Clydae
HECTAIMOHAPHOrO MOMS TATOTEHHs 3EMIM TPU V=V_(’ a1 MapabOIMYECKOrO THIA JBIDKCHHS HA
HHTEpBATIE O, <W <o, BepakeHusmH (20) u (24).

HecraumonapHOCTs 1OJSL TATOTCHHSI MPHBOAMT K IMOSIBACHHIO CMCIIAHHBIX M BCKOBBIX YJICHOB B
noJsIpHbIX koopaunarax UC3.
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bexoe A.A., vinvibaes M J[., benec A.O.,
Caoyaxacosa JK.C., Acmemecosa K.C., Ocinbexosa J[.H.

YKACAH/IbI )KEP CEPITTHIH, JKEP/IIH, TAPTBUIBIC OPICIH/IEIT [TAPABOJIAJIBIK
KO3FAJIBICBIHBIH TYPI(MHTEPBAJT o, < w < &, KE3JIEUCOK v(f) =v;t”)

o, < W <o, MHTEPBANBIHIA O(k?) momaiTiMeH KO3FambICTEIH MApabOoTaNbIK THIN VIIiH CTAHIHOHAPIBIK €MEC

XKepmnin TapTsiibic opici xkarnaiibiHaa kakbH AOKC-HIH TOIIPIBIK KOOPAMHATTAPH! TAOBLFAH, MYHIA K — 3JUMNTHK
HHTCTPAIIBIH |-1mi TypiHiH Moxymi. [TomapIisik KoopaHHATATAPAA FACKIPIBIK, COHTAN-aK apaaac Mymenep oap.

Bekov A.A., Shinibaev M.D., Beles 4.0.,
Saduakasova Zh.S., Astemesova K.S., Usipbekova D.1.

PARABOLIC TYPE MOTION OF ARTIFICIAL EARTH SATELLITE IN NON-STATIONARY EARTH
GRAVITATIONAL FIELD (INTERVAL o, < w < ¢, CASE v(t) =v;t°)

On the interval o, <w < ¢, the polar coordinates for the case of close AES in non-stationary Earth

gravitational field for parabolic type of motion with accuracy O(k?), where k — modul of elliptic integral of 1-kind are
received. Polar coordinates contains as the secular, and so the mixed members.




