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O6roBoprOIOTbCS  OCHOBHI
pocnipkeds  YxAY. IlpuBonsartscs

HANPAMKH  iSIBHOCTI
pe3ybTaTH

nabopaTopil KOCMIiYHMX

PO3B’A3KY MNPHKIAZHUX |

(dyHnaMeHTaTbHUX 3a0a4 Ha OCHOBI pisHOMIaHOBHX cnoctepexeHs LLIC3. binbuiicTs
NpHBEAEHUX pe3ynpTaTiB oTpuMana B JIK]I 3a ocTaHHI WwicTh PoKiB.

JIaGoparopisi KOCMIYHHX AOCIIKEHD:

mumuye, cydacue, maibyrue.

Yac Bim wacy B HayKOBHX Kojax
BHHHKAIOTH AMCKYCIl IIpo ¢pyHAAMEHTANbHI i
OpUKJIaIHI Haykd. BUCHOBKOM IHCKYCIHi €
npobnemMa  ¢QiHaHCYBaHHS. B Halue
ChOI'OJIEHHs Hayka He (PIHAHCYETBCS 30BCIM
abo nyxe Maino. ToMy aAuCKycil ToYarbcs
HABKOJIO [MUTaHb, IO BaXUTHUBIINE: MPUKIIAAH]
yH (GyHJAMEHTaIbHI JOCHIJDKEHHS. B bomy
BIIHOIIIEHHI pe3yNbTaTu pobirt, K1
BUKOHYIOThC B JlaGopaTtopii KOCMIYHHX
mocnikenb  YxJ1Y, BOpoBamXylOThCS B
NpUKIafHI 3aj1a4l, 1 € QyHAaMEHTaIbHHMU.
Xapaktep poOIT: CHOCTEPEXEHHS IUTYYHHUX
nebecunx o00'extiB. PezynpTaTH crocTte-
peXXEHb — Il€ TOYHI KOOpAHHaTH 00'eKkTa, a
TaKOX XapaKTepHa 3MiHa OJHMCKY, 3yMOBJIEHA
HOBEeAIHKOIO 00'ekTa Ha OpOITI 1 B3aEMOLIEIO
00'eKTa 3 HABKOJIHIIHIM CEPEIOBULIEM.

Touni koopavHaTH OO'€KTIB  BHpO-
BaJDKYIOTECSL B TpHKIanHi 3anadi. Hasemy
Kinbka wUpHKIagis. B mepmi poku cro-
CTepexXeHb, MIECTHUAECATI, HalHOlIpIIa yBara
IpUIIUIAcS BH3HAYEHHIO TOYHHX KOOp-
nuHAT 00'€KTa 3 YCIX TOYOK CIIOCTEPEKEHD.
KoopauHaTy 3pasy » BHCHIAIHCH B LEHTp—
MockBy, 1 Ha OCHOBI LHX KOOPAHMHAT
O0YMCITIOBANIUCE TOYHI OpOiTH 1, Ha KUIbKa
ni6 Boepen, po3paxoBYBaIUCh eheMepuau,
AKI MOCUJIATUCH Ha ITYHKTH CIIOCTEPEKEHb.
Ils nporpama HasuBanace "Edemepunna
ciyxba CPCP" i, nmo cyri, ue Oyna
[IpUKIIaaHa 3aaya [1].
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Crorondi mpobiemMa BH3HAYEHHS TOYHHX
KOOpAHMHAT € OJHOK 3 OCHOBHHX IIpH-
Knagaux gocnimxens. Cdepa HOCIIKEHDb
posmpunack. Skumo B 60-1 1 70-1 poku B
OCHOBHOMY criocTepiranucs o6'exTH
HU3BKOOPOITANBHI, TO TENep, M ITHPOKOIo
BOPOBADKEHHS, BH3HAYAIOTHCS KOOPAHUHATH
BUCOKOOPOITAIHUX Me0CTalliOHapHUX 00'eK-
TiB. MeTa: KOHTPOJIb KOCMIYHOTO IPOCTOPY.

Pezyanam CIIOCTCPEIKECHD BHKO-
PHUCTOBYXOTBCH 3pa3y K.
OueBHIHOO NpUKJIagHOK 331auero €

KOHTpOJIb 3a CyNyTHHKaMH 3B'I3Ky. Hase-
nemo npukian. Ilpu po3s'sisky nmpuxiIagHux
3aja4y, O0coOJHMBO KOJM HAETBCS  Npo
BUAIeHHs ¢iHAHCIB Ha 3aTpaTH, UIYKalOTh
koeiuieHT edextuBHOcTi. [Ipo edexTun-
HICTb CYIIyTHHUKOBOI'O 3B'I3KYy CBLIYHMTH X04Ya
6 rtakmit ¢axr. [ng oxHol panmiopeneidHOT
muii MockBa — BranuBocTox HeoOXigHa
BEJIMYE3HA KUIBKICTh PETPaHCISATOpPIB, a JJIs

kabenbHOro 3B'A3Ky — Olmplme  THCSAYL
IIyHKTIB-1ACHJIIOBaYiB. I"'eocratioHapHi
CYIIyTHMKM  10o30aBuIM  JIIOACTBO  Bif

HEeoOX1JHOCT] OOYJ0BH HMX HAATO JOPOTHX
ciopyl. Ha pisHux noBrorax Haj €KBaTOpoM
Ha BHCOTI 36000 KM "BUCSTB"
reocranionapu. "Bucare" ToMy, Hio mepion
ix ofOepraHHss HaBKOJO 3eMil JOPIBHIOE
nepiofry obepraHHs 3emili HaBKOJO OCi, 1
CYNYTHHMK MaB 04 3aBXXIH 3HAXOAWUTHUCH HaJ
OJIHIEIO TOYKOKO eKBaTopa. AJie MiJ] BILTHBOM
30BHiIHIX 30ypeHb reocTallioHapd He
MOXYTb TOYHO IepeOyBaTH Haj OIHICO 1
TIEIO )X TOYKOK €KBaTropa, i1 TOMY 3 4acom

i
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3B'130K  CIIOTBOPIOETBCA.  PyX  IIIOUHX
CYIIYTHHKIB KOPEKTYETBCH 3 ypaxyBaHHSIM
30ypesb, TOMY 3a HHMH HEOOXITHHUH
KOHTPOAb, SKMH 3JIHCHIOETbCS HITISAXOM
HA3EMHHX CIIOCTEPEKEHD. Taxki
CIIOCTEPEXXEHHsT 3apa3 [POBOAATHCS Ha
VKpaiHi B 0QHOMY OYHKTI — Yropoai. [is
NPOBENEHHS TakuX poOIT  HeoOXigHUl
cBiTiOCHIBHUH Teneckon. B 1972 pomi npu
HiATpUMII 3allikaBICHUX  Opradizauiit
VYxropoa orpumas kamepy SBG. Kamepa 1
CHOI'OJIHI B Ail.

Orxe, CTBOpeHHss 0a3u € HaWroysos-
HIIIUM B 00J1aCTi HAYKOBHX JOCHIKeHE [1].

SIk BHAHO i3 BUILIEHANMCAHOTO, ISl TOTO,
mo6 xopekuis BindOynacs RYacHO 1 He
MOpyIIUBCS  3B'A30K, HeoOXigHa omepa-
THBHICT B 00poOLi CIOCTEpEXeHb |,
HallTONIOBHIIIE, CBOE€YacHe [IOJAHHA pe-
3yNbTaTiB B KOOpPAMHALIWHHUK LIEHTp, Tenep
te)x — Mocksa. Panlilne pesynbratu nepe-
naBanucs rtenerpadoM, TeneTalnnoM, Temnep
BHPYYa€ €JEKTPOHHA MOLUITA.

BracHUKHM CymyTHHMKOBHX aHTEH MOBUHHI
3HaTH, o ©6e3  KpomiTkoi  pobotH
crioctepirayiB.  BOHM He Morau 6 Haco-
JOKYBAaTUCh TejlenepeiadaMy 3  Pi3HUX
Toyok Hamoi 3emii [1, 2].

Ile onHa mnpukiagHa 3ajada po3B's-
3y€TbCA LUIIXOM KOHTPOJIIO KOCMIYHOIO
OpOCTOpY: 1€ BHABJICHHS "KOCMIYHOIO
ceMitTs”. "KocmiyHe cMITTH" ckiamaetses i3
IPUPOIHOI CKIAIOBOI — PYHHYBaHHA KOMET 1
acTepoimiB, 1 MTY4HOI CKJIaMoOBOI — [
HEKEpOBaHi MTy4YH1 00'€XTH 1 IX yTamMKH OpH
sitkaeHHIX [3]. Husekoopbitanbhi 06'ekTH,
BHKOHABIIIH CBOIO KOPHUCHY POJIb, 3rOPSIOTH B
ryctux luapax arMocdepu. I'eocrauniorapu
nepeOyBalOTh Ha opOiTax nayxe JIOBro i
MOXXYTh CTaTH IPUYUHOIO 3ITKHEHb.

Tyt cig i AKPECIHUTH dynaa-
MEHTaNbHUHM XapakTep JOCHikeHb. DyH-
J@aMEHTANBHICTE IIOATac B TiM, WO MO
KoopauHarax OO'KTIB  OOYHCHIOIOTH  1X
opOitn. HasBHicTs oOp6iT mae  3mory
BCTAHOBUTH I'PaHUIl MOXJIUBOI 3ycTpidi —
3ITKHEHHS JBOX HEKEPOBaHMX OG'€KTIB.

MeTtonu Takux oGuHcIeHb, iX po3pobka i
BIOCKOH&JICHHS 1 € (PyHJaMEeHTaIbHOIO Npo-
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OnemMor0, MPO IO JCTAIBHINIE HaIlMIIEMO
HHXKUE.

OxpeMo cnif Big3Ha4yuTH GyHAaMEH-
TIBHICTD 3ajad4, AKi 6a3yloTbca Ha pe3yllb-
TaTax KOMIUIEKCHUX cHocTepexeb. Lle
Mo3uLiliHi, exekTpodoToMeTpryHi i NazepHi
CIIOCTEPEXEHHS MTY4HHX 00'ekTiB. Sk
[OKa3aHO B IIONEpeaHiX Hamux poborax,
OCHOBOIO  EKCIIEpUMEHTY € OTPUMAaHH]
KpHBHX OIHCKY ITY4HUX 00'ekTiB [1, 4].

B actpodizuili OCHOBHEM METOAOM BHB-
yeHHs HeOecHHX 00'€KTIB € pO3B'A30K
oGeprenux 3amad. CyTe mossirae B TiM, IIO
N0  CHOOCTEPEXXEHHAX:  (HOTOMETPHUYHUX,
CHEKTPATbHUX, B PI3HMX Jianma3oHaX 4acToT
pobnaTe  cnpoO0M  BU3HAUSHHS  CaMoOro
o6'ekra. 3naBanocs © y BUNaJKy CyIyTHHKIB
ACHO, o coboro sgBise ob'ekT. Ale B
HeaJeKoMy  MHHYJIOMY, IIpH  3amycKy
HH3bKOOPOITANTEHUX CYNyTHHKIB ix
napamerpd Oynu Bifomi He BCIM. B poku
xosoaHoi1 BiliHK ABi Aepxasu, CPCP 1 CILIA,
3anmyCKad CyNyTHHKH posBinauku. Ilpo Te,

M0  CYHYTHHK  3anyuleHui,  MOXHa
BCTaHOBHTH LUTIAXOM CITOCTEPEKEHB.
[InsxoM  KOMIUIEKCHHX  CIIOCTEPEKEHb

MOXXHa BCTAHOBHTH HOro Opi€HTALIIO 1
HabmkeHo — Qopmy. Ix  HeobximHo
NpOBOAUTH CHHXpoHHO [1, 3]. Jlume Taki
CHOCTEPeXEHHsI [JaloThb 1H(QOpMaIiio Ipo
nojoxeHHs: 06'ekTa BIJIHOCHO cCIIOCTepiraya
— Opi€HTAIlIO, a MO0 KPUBUX OJIUCKY MOXKHA
cyautH npo o0'ekT 1 Horo noBediHKy Ha
op6iti. Slkmo BAamocs mnpocrocTepiraTi
Takdil "HeBimOMHH" 0O0'€eKT KijllbKa pasiB, a
(poTOoMeTpilo MPOBECTH B KIIBKOX (PLILTpaX,
TO B NPHHLUNI MOXXHa BCTAaHOBUTH, JIO SKOI
Kareropii HanexuTh 06'exT [4].

3Buyaiino, METOINKa pPO3B'A3KY
o0epHEHUX 3ajad cKkiajgHa. Sk npasuiio,
cxjagHui  maremarnyHuid  anpapar. Illo

CTOCYETBCSl 3aCTOCYBaHHsS OOCPHEHHX 3a/ay
J0 KpHBUX OJNHCKYy MITydHUX OO'€KTIB, TO
YCKJIQ@HEHHS B TOMYy, IO  KOXHE
NPOXOMKEHHA 00'€KTa XapaKTepHU3yeTbCs
BimMIHHOKO KpuBoro Onmcky [3). Ilepmmit
KpOK B PpO3B'SI3KY 3ajadi, BH3HA4YCHHS
opieHTanii 00'ekTa, BUKOHYETHCS MOPIBHAHO
IIPOCTO Yy BHNAAKY OpicHTauil oci obepTaHHs
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ob'exta nmo uentpy 3emmi. Toxmi BoHa
3HAXOUTHCS B IUIOLIHHI opdiTH [5].

[Ofo crocyeTbcst  BHCOKOOPOITANIBHUX
00'€KTiB, TO OCHOBHAa TPYAHICTh B HAIIUX
yMOBax HEMOXXNTUBICTh  [TOCTAHOBKH
KOMIDICKCHUX CIIOCTEPEXEeHb, TOYHILIE, ¥
Hac BiacyTHs ¢oromerpis. Cnpobu Oyau B
MHUHYJIOMY, ajl€ Ii¢ OKpeMl CIOCTEepEeKEeHHS
(6]. _

TpyaHomi TO3MIIMHHX CHOCTEPEXEHb
onucani B [7] 1 Hixue.

PesynbTatt  po3poOOK B MHHYJIOMY
BIPOBa/DKEHI B INPUKIAAHI 1 ¢yHIaMeH-
TajgbHl 3amavi. HadycHimHimkM BIpoBaj-
XKCHHSIM, Ha Hall MOIJIA/, € IX BIIPOBADKEHHS
B y4OoBH# [Ipouec; BIANOBIAHI PpO3JAITH

BHECEHI B CHENKYPCH, nocTasJIeHi
nabopatopHi poboTH. .
Hame wmaiOyTtHe OaduTbCs B NOTIHMO-

nenHi oOpoOKH pesy/IbTaTiB, OTPUMMAHHX B
MHUHYJIOMY, 1 YHOCKOHAJIEHHS CcHOcCTepe-
KyBasibHOro Komruiekcy. OcobnmuBo B 06-
JacTi BUKOPHCTAHHS TBEPHOTIIBHUX IIPHH-
mauis — CCD. lle macte 3Mory BUUTH Ha
HOBHIf PIBEHB CIIOCTEPEKEHD.

BBeneno B milo MeTpoBHi Tejeckonm B
cJlepeHiBka. Y BUNAAKY CHPHATIMBHX YMOB
BHCOKa pO3JUIbHA 34aTHICTh, 3YMOBJICHA
METPOBUM A3epkaiioM 1 3actocyBauusg CCD —
npuiimaya B (oKyci Tejeckoma, JAacTh
MOJK/IMBICTh TIOCTABHTH KOMIUIEKCHI CIOCTE-
pexeHHst reocrauvioHapHux o0'extiB. Ue €
TaKOXK HNEPCHEKTHBOI MO  BKJIIOYEHHIO
n.JlepeHiBka y BCECBITHIO Mepexy ''Space
Debris".

IpobaemMu GIAHAKHBLOrO KOCMOCY,

SIKi pO3B’SI3yIOTHCH HA OCHOBI
thororpahivnnx cnocreperkenb
reocTAliOHAPHHUX CYHYTHHKIB 3eM.Ii.
Jironua XX-XXI crositrs BXxe He
TINBKH JIOCTIZPKYE, a W BTPYYAETBCS B
OonmxkHiA kocMmoc. | Tinbku Ha 43-My poui
KOCMIYHOi €IOXH YITKO YCBIJOMHIA, IO
3eMHa UUBLII3aLlis [IOBUHHA pO3rasaaT cede
B €JHOCTI 3 KOCMOCOM, HE JONYCKaTH TOrO,
mo Oyno 6 HeOGe3meyHo s JHOOUHH Ha

3emii

CoocTepeXXeHHS IUTYYHHX CYNYTHHKIB
3emmi (ILIC3) B nepmy uepry pgauo

@)

MOXIMBICTE CTBOPHTH CYYacHy MOJEIb
3emiii. Busegena B CIIA wMozens 3
CACTEMOIO HOCTIHHMX OTpUMaNa Ha3By

“CrannaprHa 3emns”. Ilix “CrasaapTHOO
3eMiict0”  pO3yMilOTH CYKYIHICTH Koedi-
LIEHTIB pO3KNany TreonoTeHuiany i reo-
UEHTPUYHHX KOODJHHAT MEKiJIbKOX ITyHKTIB
Ha 3eMHili nosepxHi. [lorenmmian rpasi-

TaiiHOro monst 3eMyli  MpeJCcTaBISETHCS
pAHOM:
© n
m 7 _
- 1-3J,| 2| P (sing) +
4 n=2 F

® n n
¥, , .
+ Zj_;; —f— P8 (sin @) - [C oy cos kA +

+ 8, sin kﬂ}},

ne f — rpasitamifina mocriliHa; m — Maca
3emumi; rg — paaiyc 3emii; » — BiACTaHb BiA
uerTpa mac 3emni no ILUC3; P, i p®
HOJIIHOM 1 npueanana ¢yukiis Jlexxasapa; @
i A — mupora i goBrota cynyTHUKA; Cuxl Spk—
YHCIIOBl KOE(IUIEHTH, SIKi XapaKTepHU3YIOTh
CTPYKTYpy rpasiTaiuiliHoro mons 3emui. Ix
Ha3uBaloTh rapMmoHikamu: C,g (ab6o J, ) —
30HaJIbHI rApMOHIKH, @ Cpy 1 Sy (1pH k # 0) —
TecepasibHi 1 CEKTOpialibHI TapMOHIKH. J;
XapakTepusye cTucHeHHs 3emui, Cp 1 Sy —
eMNTHYHICTh €KBATOPA.

Ha ocHoBi ¢poTorpadiytmx criocrepexeHb
HIC3, saxi npoBoaumnanck B Yxkropomi (8],
BU3HAYeHM# HaAMl IIYHKT B  CHCTeMI
“Crapmaprea 3emns” II, III, IV [9, 10].
Koopannaty nyskTy npuseaeHi B tabmuui 1

[11].

Tabnuus 1. Koopaynary nyHkTy Vkropoa (M) .

“CranpaptdH | “CranpaptHa | “Cranpapt-

a 3emas” 3emas [1I7 Ha 3emis

1969p. 1973p. 1V 1978p.

X 3907 421 3907437 3907 302
Y 1602397 1 602 442 1 602 447
Z 4 763 890 4 763 886 4763 926
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HuspxoopbitanbHl CYmyTHHKM 3 BHCO-
tamu g0 3000 kM ganum  MOXIUBICTE
BH3HAYUTH, B OCHOBHOMY, BUCOKI TapMOHIKH.
[eocranionapsi CYNYTHHUKH, K1
3HaXOJAThCs B pe30HaHci 3 3emuero 1:1 i3-3a
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cHiBIaziHHA 1nepiogy ix ofOepraHHs 3
nepiogoM obeptaHHs 3emi, € 00’€KTamMu
JUIS BUBYEHHS 3MIH HH3BKUX rapMoHik (3 1
$y1. i KoedinieHTH MOSBISAIOTECS BHACILIOK
HeCIiBIAAiHHA OCi TOJIOBHOTO MOMEHTY
inepuii 3emui (Bici Girypu) 3 MUTTEBOIO BiCIO
obepraHHs.

Iapmonixkst Crz 1S3 YTOYHIOIOTBCA 11O
pe30HaHCHUX 30YPEHHAX, SIKi MPUBOIATE 10
IOBrOTHHX JApe(iB reocTallioHapHUX 00’ €K-
TIB — MasTHUKOBOTO PYXy BiTHOCHO CTIHKHX
TOYOK Nibparii.

Pizna crymiHep BIMBY PE30HAHCHHX
30ypeHp Big  TeONOTEeHUially  JO3BOJISE
HNOJIIMTH  reocTalioHapHi o00’€kTH  TIO

Xapaktepy ix pyXy Ha okpemi tHnu: [ —
mbpaniitai, d — npefidyroui [12, 13}, Jas
HMX IijpaxoBadi mnepiomu mbpamii 1o
JOBroTi (Tabnuns 2).

[TacuBui 06’€KTH €BOMIOLIOHYIOTH 3a
3akoHaMu HeOeCHOU MeXaHIKd: IUIOmUHA
opbiTu mpelecye 3 NEPIOgOM 52 poKM i
ammnitynoro g0 15°. Posnoain  3MiHH
BeJAMKOI I1iBBiCi OpOITH reocTauioHapHHUX
06’ekTiB (Aa = a — 42164 kM) no uacy
3allycKy CylyTHHKA Ta apeiidy A Ha emoxy
MID 51437 (BepeceHs 1999p.) npuBenecHo

da

2000 ]

1200 | 09 8 o oo
5 @ 0.8 ?° &
r e ® 200 ® 8B 8O @ 1
w | ° o, o %goﬂg@-@“g §¢> ch?&o‘i.. °e & o
9 050 ’3& 3: o Q& @o ® 8o m ° o
) 1
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1966 1970 1974 1978 1982 1986 1930 1994 1998
arna, poxu
Man.1. 3anexHicTs 3IMIHU Benukoi  oci

reocTallioOHapHHX CYITyTHUKIB Bil POKY 1X 3aIycky, y =

—6,671253x* + 26482,812-x — 26281514,9.

Tineku B opHoMy o00’exkti (91015A)
BEJIMKa MiBBICH OpOITH BIAPI3HAETHCA Bl ap
= 42164 M. Illeiti 00’ekTt Mae Takox
Ha#Ginemmi excienTpucuter (e = 1,3:107),

1600 | -

~1600

2400 o 4 v a o %y

Ha wman. 1 i 2. IlysakrupHi KpuBi Ha
MQIIOHKaX OJep)KaHi METOAOM HaWMEHINHX
KBajgpariB 1 mnpuBeseHi AK GyHKUI mig
rpadixamu. I'padiku noxasyroTh, 0 €BOMIOLIs
o6’extiB TpmBae. Jlo 2017  poky
reocraniioHapHi 00’€KTH NEpHIMX 3aIlyCKiB
JIOCSTHYTH HAWOIIBIIOro KyTa Haxuiny opOiTH
no exmaropa. Tineku cucremaruuni ¢oto-
rpadiyHi CIIOCTEPEHESHHS reocTalioOHap-HUX
06’€KTIB JafyTh MOXJIHMBICTE JOCHIJUTH L0
esomonito. Ilepwt 3a Bce HeoOXiaHO, 100
KOXHHMH  reocTainioHapHuid 00’¢xT  OyB
ineHTu(QiKoBaHUH 1 3aHeCEHMH B Karajor
[15]. Anani3 xatajioriB 1okasas, 1O B JOB-
TOTHOMY HpOMIXKY Big 5° no 292° 3Ha-
xomutscs 140 30H “konokauii” — JOBrOTHHX
BiKOH paaiycoMm 0,1°, B KOXXHOMY 3 SKHX Ha
JIAaHWH MOMEHT 4acy 3HaXOAHThCS Bif 2 10 8
06’exriB. B Tabnuui 3 npuBoAsTHCS 30HU KO-
JAoKamii 1 KUIBKiCTH OO’€KTIB B HHUX Ha
BKazaHy emnoxy Sk npuknag, npuBOAKMMO 3
HAlMX pe-3YJIbTaTiB CIOCTEPEIKEHD, a TAKOK
00-4HCNIeHp  eJIeMEHTIB  opbiT  3MiHY
KOOpAMHAT CYNYTHHKIB B 30HI KOJIOKaHii Ha
JoBroTi 19° (tabinus 4).

da T T T T T T T T T T T Y

800 | 4
L E
o .

ol

-32 -24 -16 -8 0 8 16 24
Lpelip, epad. 3a doby

Man.2. 3anexHicTh 3MIHU BENUKOT OCi reocTauioHapHux

cymyTHHKiB Bia apeiidy, Aa =—78,7471- A - 3,0436,
koet. kopenauii p = 0,99985.

a I1¢ IPUBOAMTH A0 PI3HUX BEJIUYUH ApeHdy.
Anani3 tabmuni 4 ta Mair.3 mnokasye, IO B
30Hax KoJoKauii MOXYTb  BlAOyBaTHCs

101
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HaiickaajHimow cutyanieio Ha opbiti €
pyWHYBaHHS KocMiuHoro o0’exty. Bcra-

3ITKHEHHST 00’exTiB. Takl 3iTKHEHHS BXKeE

criocrepiranack Ha op6itax [16].

Tabuud 2. Tepioau nibpawii o A0BroTi cynyTHHKIB THNiB | i d.

HOBJICHHS (aKTy pyHHYBaHHS [TPOBOAMTHECH

Tun Kinpkicts Mexi
, : €30HAHCHHX

CYIyTHHKA | CYIyTHHKIB ?IepiouiB  ofax

l, 56 700 — 900

5 24 1000 - 1500

5 5 3000 - 3500

a, 126 30-70

a, 96 300 - 650

d; 57 75115

Tabauug 3. 3084 Konokauil | KJIbKICTL 00’ €KTiB B HUX.

Enoxa MJD 49939.0 Enoxa MJD 50116.0

NP NN N AT TN R N g [N ik
o ' n/n : n/n : n/n : n/n : n/nm )

n ., i i ; ] : . . i ) ) i

I 151 4010 (784 441 152 5110 (707 14 [19 11601 '3 |28 3442 ! 6
2 1132 411 182 402 169 3|11 1783 14|20 11843 :4 |29 13587 :5
3 7192 4012 184 43 122 5|12 1802 5 (21 12232 :4 (30 3595 .4
4 7415 1513 13387 :544 3,1 5|13 183 322 12545 :6 |31 3225 '3
5 1646 16114 13418 145 192 15114 .84 4 (23 12588 4 (32 13354 :2
6 665 4|15 3453 3016 1256 3|15 1163 5 [24 12599 6 [33 13362 3
7 714 6116 :3584 317 548 3 |16 1302 :5 |25 3012 .7 |34 3385 :2
8 1755 151017 :3594 1308 1619 4 [17 11365 1412 3149 :3 : '
9 1765 4 i : 9 1692 4|18 1503 i3 |27 3254 .4

Tabnuus 4. 3mina KOOpAMHAT CYIYTHMKA B iHTEPBaAi CHOCTEPEXEeHHs uis 00 €KTiB Ha JoBroTi A=19°.

Ne | MID Haszpa cynyTHuKa i 10ro KOOpAMHATH B rpajgycax
n/ 95055A Astra IF | 97076A Astra IG | 94070A Astra ID | 96021A Astra 1E
" 9 A o h 9 A o ____H
1 | 51434,9084 | 0,0555 19,2232 10,0337 19,1991 | 0,0215 : 19,1600 | 0,0621 : 19,1716
2 1514349098 | 0,0551 192240 | 0,0337 : 19,2004 { 0,0219 : 19,1606 | 0,0625 : 19,1725
3 1514349111 | 0,0545 1 19,2232 10,0337 § 19,2000 | 0,0225 19,1604 | 0,0622 : 19,1724
4 |51436,8507 | 0,0441 19,1899 { 0,0298 : 19,1901 | 0,0152 : 19,1893 | 0,0633 . 19,2199
5 151436,8521 | 0,0441 19,1908 | 0,0295 : 19,1917 | 0,0145 : 19,1896 | 0,0629 : 192208
6 |51436,8535 |0,0443 19,1900 | 0,0301 : 19,1911 { 0,0145 : 19,1888 | 0,0627 : 19,2201
{ MID Haspa cynmyTHHKa 1 HOro KOOpJIMHATH B rpajycax
88109B Astra 99033A Astra 91015A Astra 93031A Astra
o 1A 1H 1B 1C
@ i A ¢ i A o i A ¢ A
514349084 | 0,0552 ;19,1975 0,0943 : 19,2153 | 0,0820 : 19,2110 | 0,0810 19,2025
51434,9098 [0,0555 19,1985 | 0,0945 19,2165 | 0,0824 ;19,2117 | 0,0812 ; 19,2024
51434,9111 | 0,0552 19,1982 | 0,0937 19,2161 | 0,0822 19,2113 } 0,0808 19,2021
{51436,8507 | 0,0606 : 19,1899 | 0,0909 : 19,2416 | 0,0863 : 19,2132 | 0,0700 @ 19,2277
51436,8521 | 0,0602 : 19,1722 | 0,0908 : 19,2432 | 0,0855 : 19,2141 | 0,0707 ' 19,2289
{ 51436,8535 | 0,0602 : 19,1721 | 0,0916 : 19,2425 | 0,0854 19,2133 | 0,0708 : 19,2276
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Ha OCHOBiI KOHTPOIIIO IIPOCTOPOBO-YacOBOI
CYCTHHU PO3IOAiNY napametpis i, 2, T (xyTa
Haxuiay opOiTH IO €eKBaropa, BHUCXIJHOTO
KyTa, nepioxay) [16].

Jljist BU3HAYEHHS WMOBIPHOCTI 31TKHEHHSA
JIBOX TEOCHHXPOHHUX OO €KTiB BMKOpPHU-
CTOBYETHhCS IHIIHIAPHYHA MoJenb (pamiyc
mnigapa <140 kM, Bucota =200 kM)
00’eKTH PyXaloThCsi B3JOBX OCI HUIIHIpA.
JIMOBipHICTh 3iTKHEHHS JBOX CYIIYTHHKIB
npu ix 30aMKeHH]

feoep. doseoma, 2pad.

7 -(dy +d, )
4.5

Tyr S — rwoma OCHOBM LWJIIHJpAa B
Mozeni, S = 120 000 xm?, F(h, ¢) — nBOMipHa
T'YCTHHa PO3I0JUTy 00 €KTIB, 1O NPOXOAATh
yepe3 OCHOBY wwiiHzapa. I[left posnonin
fimMoBipHOCTEH NOAIOHMH 10 HOPMAIBHOTO
(nns TPBOXMIPHOTO IPOCTOpY) 3
MaKCHMYMOM B3JI0BX OCI HMJIIHApA.

Pro = F(h,9)

18‘25 | R I | T L T T T T T T T T T T 1 T L 1 T T T T T
o J* 1 '
19,23} ————t .
- + 1 -
19.21 +4 ; a€13 2
18.189 J[‘ s lj 6 X ]
= 5 -4
19.17 T 8 W

19.15 1 L 1 i 1 1 [ 1 lb 1 A’] 1 A r 1 L 1 1. 1 A1 A A L. 1 1
-0.10 -0.08 -0.06 -0.04 -0.02 0.00 0.02 -0.01 0.01 0.03 0.05 0.07 0.09

leoep. wupoma, epad.

Man. 3. [NepeMilieHHs 8 reOCHHXPOHHHX CYNyTHMKIB MO CnOcTepeskeHHaM B Yxropogi B 1999 poui: (a) 3a 4
no6u B 6epesHi; (B) 3a ABi A06u y BepecHi. KpyXeukH — No4aTKOBE NOJOKEHHS CYNyTHHKE, KBaIpaTHKH — KiHUEBE
nonoxenns. Hudpamu noxasani somepa cynytaukiB: 1 — 95055A, 2 — 99033A, 3 — 91015A, 4 — 93031A, 5 -

96021A, 6 - 88109B, 7—97076A, 8 — 94070A,.

p T T T ¥
o n=2982 E
0.08 [, 4
0.0¢ - 4
0.04 | j
- .
0.02 | 4
0.00 < - 1 1 1 L 1 1_\/\;._
-160-120 -80 -40 _ O 40 80 120 160 200
Bidcmans do exeamopa, kM
Mand4. Tycruwa HMoBipHOCTE#i  po3moniny
BiACTaHi TEOCHHXPOHHHX CyMyTHHKIB BiJ
eKBaTOpiaibHOI  TINOILMHM N0  pesynbrarax

cnocTepeskeHs B Yoxropoai 3a 1998-1999 pik.
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[TinTBepKeHHAM  LBOTO € TYCTHHA
AMoBIpHOCTEH po3noainy BiZicTaHi
reoctaioHapHHX CYMyTHHKIB Bi
€KBaTOPiIBHOI TUIOLITUHE (Mman.4),

nobyaoBaHa MO pe3ysbTaTax CIIOCTEPEKEHb
B Yxropoxai (2982 nonoxenss) 3a 1998 —
1999 pp.

Ha man.4 P — #MOBIpHICTb 3HaXOKCHHS
T€OCHHXPOHHOTO 00’€KTa B iHTepBami 1 KM
Ha 3aj1aHill Bijl exBaTOpa BiACTaHi.

PIMOBipHiCTb 3ITKHEHHs 3alleXXUTh BIJ

KUIBKOCTI FEOCHHXPOHHHX 00 eKTiB Ha
opbiri.  Po3paxyHKH  mOKa3ylOTh, IO
AMOBIpHICTH  3ITKHCHHsS CYNYTHHKAa Ha

reocTaiioHapHii op6iti 3 iHmUM 06’ €KTOM
npoTsAroM poky Omusska go 0,01. Binein
TOYHIlLIE BH3HAYCHHS PU3UKY 3ITKHEHHS Ha
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reocranioHapsiit op6itTi notpebye TOYHOTO
3HAHHs PO3MOAiTy 06 €KTiB Ha OpOiTi.

Kinpkicth  WITYy4HHX  HeOGeCHHMX  Tix
po3mipoM Ouipiiie | MM OLIHIOETHCS YHCIIOM
n = 3,510 % [16]. B cepeaspomy 1 Takmii
06’€eKT MICTHTBCS B 00’ €Mi

V:4/3 n-(R03—r33)/n

Ry = 42:10* kv, r3 = 6410° Kwm).
VIMOBIpHICTh 3ITKHEHHS 3 TakuM 06’€KTOM
IpH 3aIycKy CYIYTHHKA Ha reOCTalliOHApHY
opOITY CTAaHOBUTH

Pz(Ro—-r3)'Sp -F,

ne F = 1/V — upocroposa TycTuna
00’ekTiB. SIKIIO mIOmMAa MijgeaeBoro rnepe-
pisy pakern Sp= 26 M%, To P =0,0001.

JUIsL  eKCriepHMEHTaIBHOrO0 BH3HAYCHHS
posnoaily 00’€KTiB Ha TIeoCTallOHApHHUX
opbiTax BXe IMPOBOIAATHCS CIOCTEPEKEHHS
cymicHo 3 criocrepexennsmMu B 'AO HAHY,
a B HalOmwxuuil 4ac OyayTb HpPOBOJHMTHCH
CHHXPOHHI CIIOCTEPEXEHHA B 000X MyHKTax.

Ilpobnema  pu3uky  3ITKHHEHHA  Ha
recTaiioHapHii opbitu 3B’A3aHa 3
npobiieMor0  “3abpynHeHHs”  KOCMIYHOTO

npocropy. OHHM 3 UUISIXiB pO3B’sI3aHHS i€l
npobiaeMy € karajgorizauis o00’€KTiB, — He
TUIBKH ~ THX, LI0  3HAaXONATBCI  Ha
reocTauioHapHiii opbiti, ame H THUX 4Ki
€BOJIONIOHYIOTE 1 € TeOCHHXPOHHHMH
ob’exktamu (A # 0, i > 0). BusnauenHs
€JIeMEeHTIB OpOIT AJIA KaTajloriB IPOBOAUTHCSA
1o pospobiieHomy B Hac metony (14, 17]. B
MalOyTHBOMY NO3HIIHHI CIOCTEPEKEHHS 3
JBOX IIYHKTiB Vxpainu OynyTb
TIOETHYBATHCSL 3 €IeKTPOGHOTOMETPHYHHUMHU

CIOCTEPEKEHHSIMH 3 IHIOMX  IIyHKTIB
VYkpainu. Ile po3mmpuTs  MOXIHMBOCTI
OTOTOXXHEHHS 00’ €KTIB.

['eocTanionapni  cynyTHuKM  €BOJIO-

HIOHYKOTh M1J JI€I0 TpaBiTamifHux cuia i
30ypeHb, BMIUIMKAHHX CBITJIOBUM THCKOM.
Jns Ginpmocti uuX 00’€KTiB BiJHOIEHHS
wiomi egexTHUBHOI MOBEpXHI J0 MacH S/m
AeXHTH B aqiamazoni 0,01 — 0,1 M/KT, TOMY
BIKOBI 3MiHM OpOITH TOpPIBHSIHO HEBEJMKI,
BOHM He OyZyTh BHXOOUTH 3 JESKOro
00MeXeHOro  00’eMy  HAaBKOJO3EMHOIO
KOCMIYHOTO MpOCTOPY Ha NpOTs3i AOBroro
NpOMDKKY wacy. Ane Inpd pyHHyBaHHI
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KOCMIYHHX amapaTiB B pe3yibTaTti pisHHX
OpUYHH  YTBOPIOIOTBCS  (parMeHTH, siKi
MaloTh AOCTATHBO BEJMKE BIIHOMIEHHS S/m
(o 1~ 10 M*/xr). Tozi cBitioBuit Trck Gyne
CYITEBO BIUIMBATH Ha BIKOBY €BOJIIOIMIIO
BeJIMKOI miBoci opbiTH Takux ¢parMeHTtis,
JAOCSraTH COTHI i OUIbLIE KiJIOMETPIB B piK,
o TpUBeRe OO0 3MIHH IPOCTOPOBOrC
PO3MOALNTY €IEMEHTIB KOCMIYHOro “cMiTTs”.

Ha reocranionapHiii op6iTi € CTIHKI TOYKH
nibpauii, i macuBHI CynyTHUKH (tHny / i d)
HArpoMaRKyIOThest Ol HWX, 3MIACHIOKYH
KONMBAIBHI PYyXH HABKOJIO LHUX TOYOK.
O®parMeHTH  CYNYTHMKIB 3 BEIHKHM
BIZIHOLIEHHAM S/m OyyTh [MOKHIATH OpOITY 1
HE 3aIMIIAaTUMYThCS B “XMapi” B OKOMHLSX
CTIAKHMX TOYOK JiOparii.

Po3p’s3arH  po3rVIAHYTI BHINE 3a7adul
MOXHA [UIAXOM CHCTEMAaTHYHHX (¢OTO-
rpaduHUX CIOCTEPEXEHb I'€OCTalllOHApHUX
06’ekTiB, 1x otoroxkHeHHs. Orysanosi ¢oro-
rpadiuHi CIIOCTEpEKEHHsSI JaroTh Oararto
UWiHHOT iHGopMamil i e He BHYEpPHAIH CBOT
MOXJIMBOCTI UIsi BHBYEHHS KOCMIYHOTO
IIPOCTODY.

Komnsexcui cnocrepexenns IC3
o us 3
i ix Buxopucranus.

Sk 3a3Havayocs BHIE, 3 PI3HUX NPHYMH
He Bci  HebecHi  0o0'ekTH  HITYYHOIO
MOXOJDKCHHS BifioMi criocrepirayaM. ToMy B
JIKJ B meputy 4yepry npumiisiacs 3Ha4yHa
yBara [noiryky Ha#OuIbIoro uucia HaJiiHUX

KpurepiiB  ix orotoxHeHHd. CyTTeBUM
KPOKOM B  UbOMY  HAalpsAMKYy  CTalo
3aCTOCYBaHHSL  (POTOMETPUYHMX,  KOJOPH
METPHYHHUX i NONsApU3aniHHUX
CHOCTEPEKEHb KOCMIYHHX amapariB. Bci
BOHM ampobosani Hamu. [lapanensho

po3poOneHi BINMOBIHI METOAUKH OOpOGKH
€KCIEPUMEHTANBHOIO Marepiany, NpoBeaeHi
notpibHi pospaxyHkd [18, 19]. Ocobnuso
BAQIMMH CTaMM pe3yabTaTH, OTPUMaHi B
nabopatopii no cynyTHHKY, 1o OyB Bigomuii
HaM 3TiIJHO MDKHApOAHOI peecTpauii jwiie
Ak ob'ext Ne 88006. Ilo mno3uuiiHuX
CNIOCTEPEXKEHHAX BCTAHOBIEHO, IO JaHMUM
IIC3 Mae CHHXPOHHO-COHSYHY OpDiTy
(rob6T0 TaKy, SIKa 3MILLYETHCS B IPOCTOPI
npubiuszHo Ha 1° 3a j06y). Taky opbiry
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33/1al0Th CYNlyTHUKaM, siKi IpOBOIATH $OTO-
abo TesecrocTepeXeHHs il OJHUM i THM Xe
KyTOM OCBITJIICHHS Jerajgel Ha 3eMHiH
moBepxHi 4 okeadi. [lo KpuBHX 3MiHH
ONHUCKY BCTAHOBJICHO, 1O TIOBEPXHsS 00'€KTa
CKJIaJacThcsl 3 MOCHiIOBHOrO  Habopy
IUIOCKUX  JeTaneldl pi3HOI BENMYHHH Y
KinpbKicHOMY  cmiBBimHomeHHi  1:4:4:32.
3rifHO BEJIMYMHU KOJlap 1HAEKCA
c=mg—my,

Ie mp 1 my — 30psAHI BEJIUYMHHU CYNyTHHKa,
3apPEECTPOBAH! OJHOYACHO B JBOX CYMIXHHX
AiMSHKAaX ~ CHeKTpa, Nepuly  HaiOuIblIy
IIOWAJKYy MOXHA INpUNHATH SK [aHENTb
coHssyHOI GaTapei. [HII € rpansMu OKpeMHX
yacTuH nosepxHi LIC3.

Po3paxyHoxk opieHTanii 1okasas, MO
MOB3/JIOBXHS BICh CYNMYTHUKA CIiBIagaja 3
HAaMpsIMKOM BEKTOpa #oro pyxy o op6iti.
JlocuTe CKJIaJZHMM @UTaHHSIM BHSABHJIIACH
noBe/llHKa 1boro ob'ekra. 3 omHoro OOKYy,
CYHyTHUK HIOM-TO 0OepTaBcs HABKOJIO
IO3OBXHBOI OCi, ane 3 APYroro OOKy, 4K
BUJIHO 110 KpHUBHX 3MiHU OJHCKY, Lieil pyX He
MaB JIOTIYHOIO 3aBepIUEHHSA. 3  TaKuM
dhaxTom MU 3yCTPLIHCS BIIEpIlIE.
[lepeGpaBim MOXJIMBI BapiaHTH, 3poOHIIH
npunymenas, mwo panui UIC3  pobuth
KOJIMBHI PYXH HABKOJO IMO3IOOBXHBOI oci. I
TaKMM YHHOM 30UIpllye KYyT CKaHyBaHHS
3eMHOI HOBepxHi. OTpuMaHe 3HAYE€HHS LUX
KOJIMBaHb B YaCOBOMY BHMipi JOPIBHIOBAJIO,
srigHo  poTomerpuuHoi iHdopmauii, 52 c.
Ilin gac onHoro i3 mpoxomkens IIC3 Ham
BIaiocs 3agikcyBaTH MOTYXHHM crnajax B
CHHIH [JQUIAHII CIIEKTpa BIX e/ieMEHTa
noBepxHi 00'eKxTa, AKUH po3MillleHHH B HOro
nxumi. Bee BkasyBano Ha Te, wo ue OyB
COHAYHUI OJIK BIiJ BEJIHMKOro oO0'cKTHBA,
SKMH  30opieHTOBaHMH B  Oik  3emui.
3HaHOMIITYMCH 13 CHELIANBHOK JIiTepary-
pol0 1 KaTaJlorOM aMEpUKaHCBKHX CYIyT-
HUKIB, 1110 OyB y HalIOro 3aMOBHHKA, Cepel
120 aHamoriB BHAnOCA BIJUIYKATH JTHIIE
OIUH, IKHM BIANOBIIAB BCIM BUSBJICHUM
Hamu o3HakaM. lle 6yB MeteocymyTHUK
aMEPUKAHCHKOTO BiiCBKOBO-MOPCHKOTO
drnoty "TIROS-N" (man.5).
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Man.5. Cynytiuk BM® CLUA «TIROS-N».

Came Ha cuctemi "TIROS" amepukaHchki
KOHCTPYKTOPH PO3MICTHIN MEXaHI3M, SKu
HE KPYTHB CYIYTHHK HABKOJIO OCi, a JIHIIE
3giiicHioBaB 3anaHi kosauBanusa [20]. Lle#
CYOYTHHK Ma€ JIMUIE OJHY I1aHejlb COHSYHOI
Oarapei, sika po3MileHa Y XBOCTOBIH
yacTuHi. Buxogsauu 3 naHoi dopmu ob6'exra,
MH IIpOBENM HECKJIAAHE MOJENIOBAHHA, a
caMme: sIK TTO3HaYUThCs Ha HOro KpHBiH 3MIHU
Onucky "nepeTtuH" CyIyTHHKOM TpaHMIi
"HeHb-HI4Y" 1 HOpIBHSNM OTpHMaHI JaHi 3
pe3ynbTaTaMH  pPEaIbHHUX  CIIOCTEPEXKEHb.
CniBnaaingas 6yno gocutb xopoumm [21].

BHCOKy OHIHKY 3aMOBHHKa MM OTPHMAJIH
i 3a IHTepmperalifo pe3ylbTaTiB KOMII-
JEKCHMX CIIOCTEPEXEHb aMEePHUKaHCHKOro
po3BinyBansHoro cynyrHuka "FERRET-D"
(Man.6). Hamu Oyna BcraHOBIEHA HE JHILE
HOro opieHramis, ajge 1 BUSABJICHA B JIHHII
OCHOBHOI NapaboJiyHOl aHTEHH Iue OJHa
MEHIlIa aHTEeHa, BICh 4KOI BIOXMWAIACA Ha
23.6° BiJ oci BETHKOI AHTECHH.

Beboro Hamu Oyiu ocnipKeH1 AMHaMIYHi
1 IOBEpXHEBI XapaKTEPHCTUKH y OLIBLI, HiX
30-tu ILIC3 pi3HOro npusHayeHHs.

3 3aKkiHYeHHSAM IIPOTHCTOSIHHS  JBOX
Jep>KaB IOIHUT Ha NoaiGHI pe3yJIbTaTH Pi3Ko
BIaB 1 B AaHuM 4ac HapobieHuM 3100yTKaM
MH 3HaHILIM HOBE 3aCTOCYBaHHsA B oOyacti
¢yHAaMEHTaNIBHUX JOCHipKeHb. Hekepoani
1IC3 nye yyTIHBI 40 MPOABIB 30YPIOIOYHX
CHJ, SAKI TOPOMKEHI HECHMETPUYHICTIO
rpasitauiiinoro mons 3emni 1 Micsus,
aepOAMHAMIYHHUMH IIPOLECaMH, MarHiTHHM
oJieM 3emi, THCKOM COHSIYHOTO
BHIIPOMIHIOBAHHS, 3MIiHOKO MAacH BHACTIZOK
aBapifHuX 3iTKHEHb Ha opOirti. [Iii uux cui B
[epiy 4epry rnposiBAsioOThCS Ha 3MIHI
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3OIMCHEHHST TaKMX MJOCHIKEHb BHMAraio
NOCKOHANNX METOMIB BM3HAUYCHHS mnepiony
BJACHOrO 1 mpenecifiHoro ofepTaHHs Ta
opieHTanii B npocTtopi Hekepoanoro H1C3 B
Oyab-IKHH MOMEHT CHIOCTEPEXKEHb.
HanpaifoBaHHsi METOJIUK JIOTIOMOTJIO HaM
JIOCHUThH YCIIUIHO 3afHATHCA AOCITIUKEHHAM
Apupony 1 B3aeMoii 30yprolouMXx CHI B
HABKOJIMUIHbOMY KOCMIYHOMY CepeOBMMLI i
iX BOJIMBY Ha [OBEAIHKY IITYYHUX 1
npupoaHux HebecHux Tui. el Hanpamox
JOCHIXeHb HaMKi OYB 3aroyaTKOBAHMH IIe Yy
80-1i poKH, KOJU MU CIIPOOYBaNy NMOSICHUTU
Ce30HHY 3MiHYy Nepioay BJAacHOro obGepTaHHs
i BikoBoi mnpeuecii cymyrhuka "[lareoc”
(macoro 56 kr, nmiameTrpoM 32 M, BHCOTa
monsory 4 000 xm) [22]. Orpumani pgasni
JO3BOJIMJIH HaM 3anpoNoOHYBaTH MOJENb

Man.6. CynyTHHK cepit «FERRET-D»

paniopossigku CLIA

opieHTalii i nepioxy BIacHOro o6epTaHHA
IIIC3. Ule Ha moyaTky KOCMI4HOI epy B psii
pobiT mimKpecyioBaNOCH, IO KIHETHYHA
eHepris Bl1acHoro obepraHHs HeOeCHOro Tina
Habarato MeHIIa, HDX eHeprif Horo pyxy mno

opOiti. ToMy npu BUBYEHHI NEPIAY BIACHOTO
oOepranHs 1 opieHTanii of'ekta MOXHa
BYSIBJATH 30ypeHHs, AKi IpY BUBYCHHI 3MIHH

B3aeMHOl 11 Ha oOepranHs nasoro I1IC3
JBOX OCHOBHHX 30yproroumMx (axTopiB -
MAarHiTHOro Iojs 3eMJi i CBITJIOBOTO THCKY

opbitasipHOro  pyxy  HemomirHi. Ta
Tabanusa 5.
Ne Hazsga ha " AT N APqs APy
n/n KM KM c c
1 2 3 4 5 6 7 8
1 “Minac-4" 61028 3780 | 3720 1.07.73 - 71 105.2 - 615.0 - 405.6
6.11.84 135.2 i
2 “Minac-7” 63030 | 3727 | 3670 | 24.07.78 — 90 | 115.8- | 345.0-4140
2.09.84 138.0
3 “Merteop-2~ 70047 906 | 863 7.03.78 — 56 | 7.0-160.0 | 7.0-2096.0
7.08.86
4 | “Kocmoc-626” 73108 | 990 | 910 23.03.76 - 86 | 15.5-68.8 | 3178-15549
1.10.82
5 | “Kocmoc-651” 74029 | 1032 | 938 4.02.76 - 102 | 12.2-56.0 | 272.1-1248.8
27.07.83
6 | “Kocmoc-654” 74032 | 1040 { 930 23.0376 — 144 | 12.7 —104.0 | 274.3-2603.0
8.08.86
Tabanus 6.
Hassa "Mignac-4" | "Minac- | "Mereop-2" | "KocMmoc- "Kocmoc- "Kocmoc-
1IC3 7" 626" 651" 654"
A 3003 | 35+£02 10.1+£05 226+2.2 22.3+0.8 21.6+£0.5
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Tabauna 7.
HasBa 06'exTiB "Merteop-2" "Kocmoc-626" "Kocmoc-651" "Kocmoc-654"
AB 16° - 56° 32°-52° 28°-52° 28°—-353°

Ta6nuua 8. Pesynbraret 06paxyHKiB POABY MOMEHTY CHI COHA4HOT pafiamil
Ha BiacHe obepranns LHC3 "Migac-4".

Hara At, ¢ M, 1077 xr/(m-c) AP, ¢
21.03.74 -21.03.74 10210 5380 1,6
21.03.74 - 25.03.74 338400 32,6 0,8
25.03.74 - 17.09.79 24278400 5,23 21,2
17.09.79 - 22.06.79 431580 19,2 1,5
22.09.79 - 26.09.79 344860 40,0 0,3
26.09.79 - 27.09.79 90000 15,3 0,3
27.09.79 - 21.01.80 10022400 5,51 0,9
21.01.80-21.01.80 9900 55,8 1,0
21.01.80 - 14.02.80 2073600 6,66 1,2
14.02.80 - 18.02.80 345600 319 2,1
18.02.80 - 20.02.80 172800 160 0,4
04.04.82 - 05.05.82 86400 1600 2,0
05.05.82 - 13.05.82 691200 59,9 2,0
13.05.82 - 14.05.82 86400 3190 2,0
26.05.82 - 29.05.82 259200 1600 2,0
29.05.82 -31.05.82 172800 799 2,0
31.05.82-04.11.84 79315200 6,26 7,0
04.11.84-06.11.84 172800 879 2,0

Tabauus 9. Pesynsratit kopensuiitHoro anaiisy mpossy coHsYHUX 36ypeHb
i BnacHoro ofepraHus cynyTsuka "Minac-4".

At K,/Ky, |,/ o, | H,/ H,
4 0.98 0.99 0.98
281 0.78 0.89 0.77
3 1.02 1.01 1.05
4 0.99 0.99 0.92
1 1.00 1.00 1.00
24 1.00 1.00 1.40
4 1.00 0.99 1.15
At K,/K, |o,/o, |H,H,
2 0.97 0.99 1.20
1 0.96 0.98 1.02
1 1.07 1.04 0.98
12 1.00 1.00 0.89
2 1.04 1.02 0.90
2 0.97 0.98 1.01
1864 1.82 0.87 0.87
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HA TOBEPXHIO cynyTHHKa. [lpudiM s
B3aEMOJIis MaJia pe30HaHCHMH XapakTtep {23].

3acrocyBaHHS  CHELIATBHHX  Marema-
TUYHUX MeTodiB 1 po3pobnerux B JIK/
BiOBIHUX 1porpamM Ha EOM "Tlepiox” Ta
"OpienTauis” J03BOMWIM HaM B Jpyrid
noysoBuHi  90-x  pOKIB  IEpeHTH  Ha
ONpAIfOBAaHHS AOBMOTPUBAIMX IO KUIBKOCTI
ceaHciB croctepekenp winoro pary LIC3. B
[I01a/IbLIOMY HaBeIEMO pe3ynbpTatu
JOCII/UKEHD B IIbOMY HalpAMi 3a OCTaHHI 4-U
POKH IECTH KOCMIUHHUX araparis.

B tabmuui 5 npuBeneHi maHi  mpo
MIHIMaJIBHY 1 MAKCHMAJIBHY BUCOTY IMONBOTY
IIIC3, iHTepBal CHOCTEPEXEHB, KUIBKICTH
0bpobnenux npoxomkens LIC3, Mexi 3MiHU

Ha IMX I[HTepBalax mepiofy BIAacHOro
ob0epranHs  (croBmuuk 7) 1 nepiogy
peryaspHoi  mpeuecti  (ctoBmumk - §).

OmnpansoBado BChOro 549 nNpoxoKeHs.
['padiuro 3MiHAa 1epiogy  BIACHOIO
obepranus oxuoro i3 "Kocmocis", a came,
"Kocmoc-654", npencrasieHa Ha Man. 7.
3yMIBIIM OIIHUTH IapaMeTpH peryaspHol
npegecii, MM BHU3HAUWJIM  BEJUYUHY
CIIBBIZHOUIEHHS A MDK T§peuecidiHuM |
BIIACHUM IiepiosiaMu obepraHHs. Bussunocs,

o0 B yCIX CYNYTHMKIB LIS BeJHYMHA
MPaKTHYHO Ha yChOMY iHTepBai
CHOCTEPeIKEHh Malla [OCTIHHE 3HAuYeHHS

(Tabnuus 6). Jlume xomu o6'extd "MeTteop-
2" i "Kocmoc-654" nepefinuin B Tak 3BaHUi
pexuMm  "KyBHUpKaHHsA", BOHAa Yy  HHX
3MIHUIACH.

[locriiive 3HayeHHA BenuuuHH 4 = Py, /
Pys roBoputes npo Te, WO ul ob'ektu obep-
TaUCH Yy Pe30HaHCl — Ieplli ABa MPOTArOM

YCBOrO [epiofly CHOCTEpEekKeHb, YOTHPH
OCTaHHIX A0 NEpeXoay B IHIIMA pexuM
obepTaHHs.

OTpumani 3HayeHHs BeNWYUHH A 1 iX
CHIBCTABNCHHA 3 IHIIAMM BiJIOBIAHUMH
pesynbTaTaMd [IO3BOJISIOTH CTBEPIKYBATH,
WO HeH nmapaMeTp MOXe CIYXUTH OJHUM 13
HagIHHUX KPUTEPITB OTOTOKHEHHS IITYYHHX
HebecHux ob'extiB. Hanpuxnan, nepuii nsa
CymyTHUKH "Minac" BITHOCATHCS 1O OOHi€l
cepii IIC3, anme orpumadi pe3yabTaTH
BKa3yIOTh Ha BIJIMIHHOCTI B €JeMEHTax iX
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KOHCTpykuiid. CyTTeBO BIAPI3HAIOTBCA BIiA

immmx  ob'extie  cepii  "Kocmoc" HIC3
"Meteop”. A TpU OCTaHHI CYNyTHUKH
OJIHaKOBL.

B Tabnuui 7 npuBeleHI HaHI OpO 3MiHY
Kyra 3 MDK TIO3HOBXHBOK Bicclo 4-x
JOCHI/DKYBaHUX OO'eKTIB 1 HaImpAMKOM
"cynyTHHUK -~ UeHTp 3emyi” B Ipoueci
HEPEXOAY 3 pexUMy crabiizauii Jo pexumMy
"kyBUpKaHHA" abo "BiyHOro"  pexumy
obepranHs Hekeposanoro 1IC3.

SK BHAHO i3 NPUBEACHUX [3HUX, LeH
MoMmeHT y IIC3 nacTtymaB npu NOCSTHEHHI
KyTa 3 3HaueHb ~50°-53°. B neit vac, 3rigHO
OTpUMaHUX  pe3ynbraTiB  (AuB. Man.7),
HacTynas TaKOX pO3puUB GyHKuii
HapOCTaHHA Mepiofly BrIacHOro obepraHHS
CynyTHHUKIB. B pexumi "kyBupkauas" Kyt f§
BXE€ HE MaB BHPaXEHOI TEHAEHUIl 10
30inbuIeHHS. B saxuitce Moment mua [LIC3
"Meteop” 1 "Kocmoc-654" Horo 3HaueHHS
Oyno 6insuM 58°, @ MOTIM 3HOBY MEHIIUM.

Ha ocHOBI aHanily OTpUMaHMX HaHUX
3a[pPOMNOHOBaHa HaCTyNHA MOJENb IWHAMIKU
nosenigku 1IC3 "Mereop” i cepii "Kocmoc"
[24]. Ilicns  3axkiHueHHss Al CHCTeM
crabuiizamil CyNyTHUKH HOYaly UIBUAKO
o0epTaTUCs HABKOJIO MOB3IOBXHBOI OCI, sIKa
Ha 1e#i MOMEHT chiBmajana 3 HaupsMKOM
"cynytTHUK — ueHTp 3emni". [lix gaiero
MOMEHTa CWUJI aepoJUHAMIYHOI AWcHramii
KyTOBa IUBUAKICTH OOCPTAHHS CYIIYTHHUKIB
moyana TracHYTH, a caMi O0'eKTH nouanu
OpICHTYBaTHCA B MNOJOXEHHS HafHOiIbIoro
aepOAMHAMIYHOro onopy. MoMeHT 3Mi-
IIEHH MpPHBIB A0 TOrO, UI0 peryispHa
IIperecis  BEKTOpa KIHETHYHOIO MOMEHTY
noyana CIIOTBOPIOBATHUCH, BUHUKIIH
KOJIMBAHHS KyTa peryaspHoi mpenecii. B
NpOAOBryBaTUX Mo (OpMI CYNyTHUKIB BiCh
ofepTaHHg  moYajia  BIAXWIAATHCH  BiJ
HOB3JOBXKHBOI oOct, TOOTO 3MiuryBarucsd y
camMOMy TiJi CYIYTHHKIB.

SABumie  mpeuecii  CHOHyKano  BICh
obepTaHHs BUKOHYBATH KOJUBAHHS BiJIHOCHO
HanpsMKy CymyTHMK — HeHTp 3em”,
yTpUMyrOYH i1 B KOPHAOpI, PpIBHOMY
NoABIRHOMY KyTy mpenecii ~14°. MomedTu
3MIIIEHHS 1 aBTOpOTalii B TAKOMY BHIAAKY
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IIOYHHAIOTh  PO3BEpPTaTH  caM  KOPIIyC IIOB3/IOBXHBOIO Biccio 0O'ekTa 1 BICCIO
cynytHuka. lle#t mpomec mpomoBxkyBaBCA y obepraHHs He HepeBHIUB 45°.
CYHyTHHKIB JO THX Mip, HOKH KyT MiX

lepiod, ¢
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Maur.7. 3mina nepioay BaacHoro o6epranus HIC3 “Kocmoc-654" 3 1976 no 1986 pp.
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Mau1.8. PparMeHTH CIBCTABACHHA COHAYHOT aKTUBHOCTI Ha A=9,7cM (A) i nepioais Bnackoro obepranns LLIC3
“Mipac-4” (P) Ha OkpeMi MOMEHTH CIIOCTEpEXKEHD.
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Ipu 3mavenHi uporo xKyra ~ 52°-53° Bcl
CYNYTHUKH [OYalld IEPEXOOUTH B DPEKUM
"KyBHpKaHHs'', KOJH BiCh OOepTaHHs Tiia
HaMaraeTbCst CIIIBIIACTH 3 HOrO NONEPEYHOIO
BiCCIO. 3 OTpUMaHMX JaHUX BHJHO, IO LEH
MOMEHT IJis cymyTHHka "Mereop" HacTaB B
cepuni 1981 poky, "Kocmoc-626" — y x0BTHI
1982 poky, "Kocmoc-651" — y TpaBHI-THIHL
1983 poxy, "Kocmoc-654" — y TpaBHi-CeprHi
1983 poky. Tobrto, iHTEepBan  4acy
JIOCSITHEHHS PEeXUMy "KyBHpKaHHsS" CTaHO-
BuB mig IUC3 "Mereop" ~ 3.8 poxwm, ans
cynytaukiB cepii "Kocmoc" — ~7.5 poxkis.
Tak, sx y 06’exta "Kocmoc-654" nposisissest
e i IporeTIOYHd MOMEHT, TO HaJalli BiH
nepebyBaB B PEXHMI IOCTIHHOro nepexony
BiJl 3aKpydyBaHHS HAaBKOJO IOB3JOBXHBLOI
oci 10 pexxuMy "KyBUpKaHHA" 1 HaBIIakH, IUO

OPUBOIMIO 70 CTPUOKIB y 3HA4YEHHAX
nepiofy BnacHoro oOepraHHsg. 3 4acoM
pouec rajbMyBaHHSI CYIIyTHHUKIB

BLIHOBHBCS 1 BXX€ B PEXHUMi "KyBHUpKaHHA"
IIPOTIiK&B IUBHULLE.

Ha BigmiHy Big 4-x [omnepenHix
CyINyTHHKIB, 06'ckT "Migac-4" nepeGyBac Ha
BHUCOTI ~ 3 750 kM HaJx MOBEpXHEX 3eMIIl.
Moro wmaca 1580 xkr. Mae OBl HaHem
coHsyHUX Oartapeit. Ha ocHoBi ¢oto-
METPHYHHUX CIOCTEPEXKEHb HaM BHAAJIOCA
OLIHUTH IX 3arajipHy Miomy. BpaxoByrouu
posmipu [IIC3, My BuU3HAYUIH e(eKTUBHY
IJIOUly CYIYTHMKAa Sep , fKa BHABHIACH
pisHO0O 22.7 M°.

AHani3 IOBroTpUBAIUX CIOCTEPEXKEHDb 3a
nasuM o0'€KTOM TOKaszaB, HI0 Ha OKpeMmi
emi30AM4yHl  3MIHM  IepioAy  BJaCHOTO
obepTaHHs HaKJIaaeThCs 1JIaBHA
CHHyCOlanbHa Kpusa 3 nepiogoM ~11 pokis.
B nopanemoMy 1 3MiHa Oy;1a criBCTaBJICHA
3 [posiBaMM  COHSYHOI  aKTHBHOCTI,
BIANOBIAHO, 3 4HciamMu Byneda Ta
BunpominioBauHsaM COHUS B pajiofiana3oHi
Ha A = 9.7 cm.

1. bparittuyx M.B. 40 poxis JlaGopaTopii
KOCMIYHHX Jlociizpkennb Yy (1957-
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@parMeHTH  KOpelsuiHHOro  aHaiizy
npezncTaBneHi Ha Man.8.
Pesynbrata o0paxyHKy IpPOSIBY

raJbMiBHOTO MOMEHTY 3 GOKy CHI COHSIUHOI
pamiamii Ha pI3HHX iHTepBajlax uacy Ha
BlacHe  obepramna  IHC3  "Minac-4"
npeactagnedi B tabmuui 8. B mepruomy
CTOBIMYMKY TaOauLl MIpeJCTaBIEeHI JaTH
[IO4ATKY 1 KiHIS noAii, B APYroMy — 4acOBHH
iHTEpBa] MOMAIH B CEKyHJaxX, B TPETbOMY —
3Ha4eHHS 30ypror040oro MOMEHTY Ha LbOMY
iHTEepBAIi, B YSTBEPTOMY — BEIIMYHHA 3MIHU
nepiofly BJIACHOTO OOepTaHHs CYNyTHHKA,
BU3HAYEHa Ha Hel yac i3 CHOCTEePeIKEeHb.

B Ttabnumi 9 upuBefeHi pe3yiabTaTd
KOpeJAmiHHOro  aHajmizy MDK  [IPOSIBOM
COHSYHOT aKTHBHOCTI Ta  BJIACHUM

obeprannam UIC3 "Minac-4". B nepiomy
CTOBNYMKY TIPUBEACH! IHTEpBaJld dYacy B
Jobax, B Mexax SKWX CHIBCTABISLIMCS [TaHl.
B npyromy, TpeThOMy Ta YETBEPTOMY —
BIJINOBIAHI  BIJHOIIEHHA 3MIHH 3Ha4YeHb
ripOCKOII4HOTO MOMEHTY CYIYTHHKA,
KyTOBOI IIBHJIKOCTI BJIaCHOTO oOOepTaHHs
HIC3 Ta nposiBy Ha HBOTO CHEPreTHYHOIO
notoky Bix Conust Ha A= 9.7 cMm.

3 OoTpUMaHMX JAaHHX BHAHO HAaABHICTH
BUCOKOI KOpensAuii MiX 3MIHOK COHSYHOTO
E€HEPreTUYHOro  IMOTOKY i BJIACHHM
obeprannsm LIC3 "Minac-4" mist GLibmOCTI
IHTepBAJIIB BHUMIpIOBaHb. A oTxe, ued
CYIIyTHHK MOXHa BUKOPHCTOBYBATH, SK
BUCOKOC)EKTUBHUE  IHAMKATOP  TIPOSBY
COHSYHOI aKTHBHOCTI Ha '€OMarHiTHU# CTaH
HABKOJIO3€MHOI'0 KOCMIYHOr0 IPOCTOPY.

OrpuMani HapoOKH 3a OCTaHHI
HiATBEPIKYIOTh, 110 pPE3yAbTaTH KOMII-
JEeKCHUX CHOCTEPEXEHb JNO3BOJIAIOTH HE
JIMIIE BHSBIATH O3HAaKU THX Y IHIIUX
KOCMIYHMX TiJ 1 MPOTHO3YBAaTH iX 3MiHY B
yaci, ajle ¥ BCTAHOBIIOBATYU 1 OLIHIOBATH
IPUYHHH TUX 3MiH.

poKu

1997 poxwu). Bua-so Y1V, Vxropon,
1997.
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OBSERVATIONS OF ARTIFICIAL EARTH
SATELLITES IN UZHGOROD UNIVERSITY: APPLIED
AND FUNDAMENTAL ASPECTS

M.V. Bratijchuk, A.G.Kirichenko, V.P.Jepishev
Uzhgorod State University, 294000, Uzhgorod, Voloshin, 54

Main directions of activities of Laboratory of Space Research of Uzhgorod
University are discussed. Results of solutions of applied and fundamental problems
on basis various observations of artificial Earth satellites are given. Most of given
results are obtained in last six years.
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