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B Acrponovuueckoii ob6cepBaTopun Y pajbCKOrO FOCY HUBEPCUTETA TTPOBOASTCsA (pororpaduyeckue
naburogenus reocrauuonapubix cuytHukos (I'CC) na kamepe SBG (F =777 mm, d = 420 mm) bup-
mbt “Kapi eiic”. Tlomygero 6omee 15000 Tounbx monoxkenuit u okoo 1000 opoutr ['CC, koropwie
oOpMIIEHBI B BU/JIE JIEKTPOHHBIX KaTaiaoros. Pazpaborana meromuka orox necrsienus opour I'CC
HA PAa3/IMYHBIX WHTEPBAJIAX BPEMEHU U MPOU3BEIEHO OTOXKIECTBJIEHWE Ps/Ia CILy THUKOB, 3apPEru-
CTPUPOBAHHBIX BO BpeMsi 0030pHbix HabmogeHuit 1984-2002 rr. Ilo pesysbratam nabsoaeHuit Ha
uHTEepBaJiax Bpemenu 7, 11 u 15 jreT ncciemoBaHa SBOMIONUS OPOUT TeOCTAIMOHAPHBIX CITy THUKOB

85010B, 73013A u 85102A, 111 1ACCUBHBIX OOBEKTOB OIPEIEIEHbL JTUOPAIMOHHBIE TTAPAMETPHI.

RESULTS OF THE OBSERVATIONS OF GEOSYNCHRONOUS SATELLITES WITH
THE SBG CAMERA OF THE ASTRONOMICAL OBSERVATORY OF THE URAL STATE
UNIVERSITY, by Kaiser G. T., Kuznetsov E. D., Romashin G. S., Glamazda D. V., Wiebe J. Z.,
Berland V. E., Khremli G. P. — Photographic observations of geosynchronous satellites (GSS) have
been made with the Zeiss SBG Camera (F' = 777 mm, d = 420 mm) at the Kourovka Astronomi-
cal Observatory of the Ural State University. We have obtained more than 15000 exact positions
and about 1000 orbits of GSS, which are formed as computer catalogues. A special technique for
the identification of GSS orbits was developed for various time scales. The identification of various
satellites recorded during the sky surveys in 1984-2002 was performed. From the observation data
for time intervals of 7, 11 and 15 years the evolution of the orbits of geosynchronous satellites
gSOlOB, 73013A and 85102A was investigated, for passive objects the libration parameters were
etermined.

BBEJEHUE

B Acrponomuyueckoii obcepsaropun Y panbckoro rocyaapersennoro yausepcurera (AO YpI'V) doro-
rpadudeckue HabIOeHNsA TeocTarmuonapabix crnyTHUKOB (['CC) mpoBoggTcst IO ABYM MTPOTPAMMAM:
peryJsidpHabie Ha6JIIO,Z[eHI/IH MaCCUBHBIX T'€OCUHXPOHHBIX CITYTHUKOB JIJI¢1 (byH,Z[a.MeHTaJIbeIX ucciaeaoBa-
HIl ¥ 0030pHbIE HAOJIIOMEHNSI MeOCTAIIMOHAPHON 00/1acTr I/Id pelleHus IpUKIaTHbIX 3agad. Co3mamno
HEODXOIMMOE METOINIECKOE U TPOTPAMMHOE 0DeCIeueHue st TOLy YeHUsT TOUHBIX TOJI0KEHU 1 opouT
I'CC, pazpaborana Meromuka oToxkaecTBiaenus unaboaenuit u opobur ['CC Ha pa3audIHBIX HWHTEPBAIAX
Bpemenu. B pesysbrare nabioaeruit moaydero 6osee 15000 Tounbix mosoxkenuit pazmuaasix 'CC u
s7eMeHThl opbut Ha 985 310X, KOTOphie 0OPMJIEHBI B BHJE SJIEKTPOHHBIX KaTajoros. McciemoBana
sposttorust opour I'CC Ha wHTEpBaax BpeMenu 10 12 jier, onpeesiensl Teproibl U aMILIUTYIbI JTHOpa-
[IMOHHOTO JBUKEHUSI MACCUBHBIX CIIyTHUKOB, YTOYHEHA JOJT0TA TOYKU JUOPAIIH.

B macrosmeit pabore nmpuBOASTCS PE3y/IbTATHI aHAIM3a, 0030PHBIX HAOJIIOJEHUI U SBOJIIOIUS dJIe-
MEHTOB OpOUT OTJEIbHBIX T€OCHHXPOHHBIX CITyTHUKOB, ITOJIYUY€HHAs HA OCHOBE TOI'0 MaTEPUAJIA.

OBOPYJOBAHMUE /1JISI ®OTOTPA®GNYECKUNX HABJIIOJAEHUN I'CC

Hab6momenua 'CC 8 AO YpI'Y B Koyposke nposojgarcs ma kamepe SBG dhupmsr “Kapa Leiic”, koTopast
Obuta BBemeHa B geiictBue B 1974 romy. Kamepa mmeer 9eThIPEXOCHYI0 MOHTHUPOBKY, OIITHKY CHCTEMBI
[MImuara ¢ BeipaBHEeHHBIM TI07eM (F =777 vM, D =420 MM), TO3BOISIONIYIO HA IUIACTHHKY Da3MepOM
9x12 cm dororpaduposars obsacth Heba 6.3° X 8.2°. [lepBoHavyaJbHO TEIECKOI OBLI IpeIHA3HATEH
B OCHOBHOM Jijist Ha0Jtrojenunii obicrpoasmkytmxcss MC3. 3a nporre/inee BpeMst ero mHOPACTPYKTYpa,

117



mperepriesia psj u3MeHeHwii. B yacTHOCTH, B CBA3M C T€M, UYTO HAa KaMepe Hab/II0Al0TCs TPEnMY-
IIIECTBEHHO T€OCTAIIMOHAPHBIE CIIyTHUKH, & JIEKTPOHHAS PEryJUPYIONas YacTh HPUBOIA 1O 3-if ocu
ycrapesa, ObLI YCTAHOBJIEH MPHUBOJ IJIACTHHOYHONW KApEeTKW Ha IaroBoM jsuraresie. st perucrpa-
[IMA MOMEHTOB SKCITO3UIIHIT 3BE3JT U CIIYTHUKOB CO3/[aHa HOBas PETMCTPUPYIONIAS allapaTypa, COCTO-
sIast U3 JIBYXKAHAJBHBIX YaCOB, MPOrPAMMUPYEMOr0 TaiiMepa IKCIo3uliuit 1 Komubiorepa. OmopHbie
gacrorel 10 kI'm u 1 ' mocrynator or cramgapra dactoTsl u Bpemern U1-69 (py6uameBbiii aToM-
HBII CTAHAAPT). DTO MO3BOMMIO BECTH HAOJIOJEHUS B MPOLECCE IUAJIOra, ¢ KOMIbIoTepoM. Jljist KoMm-
MIEHCAIINY TEMIIEPATYPHO PachOKyCUPOBKU OMTUYECKON CUCTEMBI OBLIO CO3/IAHO MO/TyaBTOMATUYIECKOE
YCTpOI';ICTBO (bOKy(ZI/IpOBaHI/IH C IIarOBBIM JBHUTATEJIEM B Ka4eCTBE HCIIOJTHUTEJIbHOI'O MeXaHU3Ma. ﬂﬂﬂ
yIIpaBjeHus TpoieccoM (oTorpadupoBaHusi, BeIeHUs XKy pHAJIa HADTIOIEHNI, DErUCTPAIINNA W YaCTUY-
HOIl 00pabOTKM Pe3y/IbTATOB HAOJIIOAEHNN CO3MaH KOMILIEKC ITPOrpaMM, HAMMCAHHBIX HA a3bike Turbo
Pascal.

B macrosiiiiee Bpemst paccmaTpuBaercst Bonpoc o nepesoje SBG Ha HOBBI CBETOIIPUEMHUK — KAMEPY
¢ [I3C-marpureii.

ACTPOMETPUYECKAS OBPABOTKA PE3VYJIBTATOB HABJIIOJAEHUN

Actpomerpuueckas 06paboTKa BHITIOTHAETCS ¢ UCIOIB30BAHNEM TTPOrpaMMbl 06pabotku canMkos CBI,
QJIAITUPOBAHHON IS TEPCOHAIBHOTO KoMbioTepa. [Iporpamma mo3sosisier 06pabarbiBaTh KAK CHUMKHA
C OJTMHOYHBIMU U300paKEHUSIMU 3BE3]], TAK W CIIy THUKOI'PAMMBI, & TAKKE BBITIOJTHSIET TEPEBOJT KOOPIHU-
mar u3 cucrembl B1950.0 B cucremy J2000.0 u obparHo.

AsrropurMm mporpamMmbl onucaH B pabore [1| u mpegycMarpuBaer BBIYUCTEHIE BUIMMBIX KOOD/MHAT
OTIOPHBIX 3BE3/I C yYETOM X COOCTBEHHBIX ABUzKeHUi n nuddepeHimabHoil pedppakinm, PeayKius u3-
MEPEHHBIX U TAHTEeHIMAIbHBIX KOOPIUHAT OCYIIECTBISETCs 000OIIEHHBIM MeTO/I0M TepHepa ¢ UCIo/Ib-
30BAHUEM JIMHEWHONW MOJEIN PEAyKIMU U MOJHOrO KBaAPATUIHOrO mojauHoma. [Iporpamma mo3Bosisier
MIOJTYYaTh SKBATOPUAJIbHBIE TOTOIEHTPUYIECKNE KOOPAUHATHI CIIyTHUKA B CHCTEME OIMOPHOIO KATAJIOra,
PPM. B koopauHaTh! CIlyTHUKA BBOIATCS MTONPABKU 33 TOAWIHYIO abeppPaIiuio.

OIMPEJAEJIEHUE OPBUT 1N OTOKJECTBJIEHUE I'CC

Dniementsl npeaBapurenbHbix opbur ['CC ompenensaiorca meromom Jlamnaca ¢ mauddepennnaabHO
koppeknueit Jleitmuepa. Oroxaecrsienne nab/arogenuii (COPTUPOBKA M0 00HEKTAM) BHYTPU OJIHOTO
CeaHca OCYIIECTBJISIETCS BU3YaJbHO U C MOMOIIBI0O KOMIIBIOTEPHON MPOTPAMMBI, aJTCOPUTM KOTOPOit
NPEIIoIaraeT CPABHEHUE IEMEHTOB OpOUT (HAKJIOHEHUS, JIOATOTHI BOCXOISIIEr0 y3/1a, U JI0ATOThI MO/~
cryTHUKOBO# Toukwu) [4]. Kpurepun oroxKIecTBieHNsS BBIOUPAIOTCA MO OMIMOKAM OIMPEIEJCHUS e~
MEHTOB NPeJBapUTEIbHbIX 0pOuT [3] 1 OpreHTUPOBaHbl Ha TOYHOCTH onpesesenust nosoxenuii I'CC,
pasmyio 17 -2".

JList OTOXKIeCTB/IEHUS CITyTHUKOB, 3aPErMCTPUPOBAHHBIX BO BPEMsI PA3JIMIHBIX CEAHCOB HADJIIO/IE-
HUl, U UX uAeHTudUKaInn ¢ oobekTamu ormopraoro karajora I'CC ucmoib3yercs MeTOIMKA, U3/I0KEeHHAS
B Hameil pabore [5]. Ee nues nosonbho npocra. Cunraercs, uro ape opbursl G1 u G2 ornocsTes K
OJTHOMY OOBEKTY, eC/IH JIJIsi KaXKJI0r0 CPABHIUBAEMOT'O JIEMEHTA BBIMOIHAETCS YCIOBUE

rae O — sanement opbursl G1, momydennerit no Hadbmogenuam Ha MoMenT 1), C — anement opbuter G2,
TOJIYy9E€HHBIU IIYTEM TPOTHO3a [ABUXKEHUA CIIyTHUKA OT HAYaJIbHOU IMOXU Ha IMOXY OTOKICCTBJICHUA
T;. ITox 3K noHmMaeTcs KpUTEpUil OTOXKJECTBICHUA, COCTAB/ISIOMUAMEI KOTOPOTO ABJISAIOTCA BETMINHDI
CIIy9aiiHbIX OMIMOOK ONpe/iesieHns COOTBETCTBYOIINX 3/eMeHTOB opbutr obeux rpymi (op) u (o¢). Ilpn
9TOM CpPAaBHUBAIOTCI HAKJIOHEHWE W JOJT0Ta BOCXOsInero yaja. lIpormosuposanue mBuxkenus ['CC
Ha, MCC/IEIyeMOM HHTEPBaJIEe OCYIIECTB/ISIETCS C MOMOIILIO mporpamMMbl “Uuc/ienHas MO/Ie/b IBUKEHU ST
ncs” [2].

[To sToit Merouke ObLIM TacTUIHO 0OpaboTaHbl 0030pHBIE HADIOAeHNU, BhIToHeHHBIe B AOQ YpI'Y
B 1984-2002 rr. B pesysabrare moaydeno 510 mpeasapureabHbix opbut u BeigBjeHo 4 maccusubix 'CC,
KOTOPBIE OTOXK/IECTBJIAIOTCA B IIPEe/Iax YKa3aHHOTO repuoa. Boigesenb Hab/IogeHus, OPEeIe/IeHbl 1
oroxgectsiensr opbuTel 'CC 85102A (“Kocmoc-1700") u HAOIIOMABUINXCS PaHee CIIYTHUKOB C YCIOB-
wbiMu HOMepamu Spl u Sp3. OroxgecrrieHre 9TUX 00BEKTOB BBITOIHSIOCH TAKXKe CO CIIyTHUKAMH,
3apEruCTPUPOBAHHBIMU BO BpeMsi 0630poB B 3enuropogackoit AO [7]. C momorpio 30HATBHOTO KaTa-
aora 'CC A®I AH Kazaxcrana [6] onpegenensl ux mexgyHapoasbie Homepa: Spl — 85010B, Sp3 —
73013A.
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Osommonus snementos I'CC. B mepBoii kKosonke npusenennt rpaduku (a, 6, B), orHocsaumecs k T'CC 73013A;

MpsAMOYTOJbHUKOM — B 3Benuropoackoit AQ; rpeyronbaukom — B AOU AH Ka3zaxcrana

Bo BrOpOii (r, 1, ) — Kk 'CC 85102A. HakiionubiM KpecToM 0003HAYEHDBI JAHHbBIE,

Pe3yJIbTaThI YMCIEHHOTO MozaenupoBanus apmkenus ['CC



9BOJIIOIIN A 9JIEMEHTOB OPBUTHI I'CC

B pabore [5| mpuBegens! pe3yibraThl HCCae 0BaHs dBosonun dnementos opoursl I'CC Spl (85010B)
u Sp3 (73013A) no nabaogenusim, soimonnenabiv B AO YpI'V 8 nepuon ¢ 1987 no 1998 rr. Vayumen-
HBIE 3JIEMEHTHI OPOUTHI TPEICTABIEHBI PE3yIbTaTaMU YUCIEHHOT0 MoJeupoBanus. B pe3yabrare ObLin
ONPEJIEIEHBI EPUO/L U AMILIATY/1a TUOPAMOHHOr0 aBukenus Sp3 (754.58 cyr n 1.48° cooTBeTCTBEHHO)
U YCTAHOBJIEHO TaK:Ke, 9To opbuta Spl KOppPEKTUPYyeTCs.

IIpu BeIinoOMHEHUM HACTOsAIIEH PAOOTHI 3TU PE3YJIbTATHI ObLIN JOMOTHEHBI JIeMEeHTaMu OpOUT, BbI-
YHCIeHHBIMI 110 0030pHbIM HabmoaennaM AO YpI'V, 3senuropozackoit AO 7] u A®U AH Kasaxcra-
Ha [6]. Kpome Toro, no nabuirogeHnsM pasandHbix craniuii 3a nepuog 1985-2002 rr. 6buau oLy deHsl
sBostrorronuble m3Menenns snemenToB I'CC “Kocmoc-1700” (85102A).

Ha pucynke npusejernr rpaduKu W3MEHEHWH HAKJIOHEHWS, TOJTOTHI BOCXOASIIEr0 y3J1a U JOJATOThHI
MOJICITY THUKOBO# Toukm crryTHUKOB 73013A u 85102A, mosrydeHHbIe TI0 HAOTIOMEHUAM ¥ IIyTeM YHUCIeH-
voro mojenupoBanus asuxkenust ['CC. Ilpu mojgesmpoBarny 3a HaYaJbHBIE TaAPAMETPhI OBLIN TTPUHS-
TBI 97IeMeHTHI, Beraucienusle mo Habmomenuam B AO YpI'V (I'CC 73013A) u A©UI AH Kazaxcrana
(85102A) [6].

[To uaMeHeHuI0 JOATOTHI MOACIY THUKOBOM TOYKHU OMpPEIEIEHO, 9TO TepUo/l JUOPAIMOHHOTO JTBUKE-
nug “Kocmoc-17007 cocrapaser 775 nueir, a amminTypa paBasgercd npuMepro 20°, yCTaHOBJIEHO TaKkKe,
aro ammnTyga gudbparym ['CC 73013A co BpemeHeM yBeMUINBACTCA, €6 MAKCUMATHHOE 3HAUEHWE 0~
cruraer 2.35°.

OBCVY2K/JIEHUE PE3VYJIBTATOB 11 BBIBO/JbI

AHanusupys nosiyueHHbIe pe3yJIbTaThl, MOYKHO 3aMETUTh, UYTO 3JIEMEHTHl OPOUT T€OCUHXPOHHBIX CITyT-
HHUKOB, IIOJyYeHHBIE II0 pe3yabTaTaM HaOoaeHnii n myTeM MmoaeaunpoBanus gpmxenns I'CC ma min-
TeJIbHOM MHTEPBaJe BPEMeHH C MOMOIbI0 nporpammbl “Huciennas momenb apuxkenus NC3” 2], B
OCHOBHOM XOPOIIIO COIVIACYIOTCA MeXKIy coboii. CyliecTBeHHbIE PACXOKIEHUSA B TOJTOTE BOCXOISIIETO
yaaa ['CC 85102A gosuzu stmoxu MJD = 4700 00bsiCHIIOTCS GOIBITIME OIITMOKAME ONPEIEIEHUS ITOTO
97eMEHTa MIPY MAaJbIX YIVIaX HAKJ/JIOHA OPOUTHI CIyTHHKA K 3KBAaTOPYy. Jlas momydenuns: 6osiee TOUHBIX
PE3Y/IBTATOB B 9TOM CJIydae HEOOXOIMMO HCIIOIB30BAHUE OOJIBIIIOr0 YUC/Ia MO3UIMOHHBIX HAOJIIOIEeHMIA.

[IpoBenentoe nccaeI0BaHNE MOKA3BIBAET TAKXKe, UTO PEe3yJIbTAThl 0030PHBIX HAOIIOAeHN obacTh
reOCTAIMOHAPHBIX CIIyTHUKOB, IOy Y€HHBIE HA PA3JIUIHBIX 00CEPBATOPUAX, MOTYT YCIIEITHO MCIIOIb30-
BATBCS I PEIIeHNs HayIHBIX 3334, B YACTHOCTHU I NCCaeI0BaHns opbuTtaabHoro asmxkenna ['CC.
B nanpreiiiem 8 AO YpI'V mianupyercst usydenue 00X 3aKOHOMEPHOCTE 3BOJIONUN opouT HeHec-
HBIX TeJI Ha JINTEJbHBIX HHTEPBAIAX BPEMEHN C HCIIOJb30BAHIEM ITOI0 MaTEepHa/Ia M IMOUCK YCIOBHIA
nepexoza peryiaspuoro nsuxkenus NHT B croxacruaeckoe.

Pabora Beimosinena mpu momgepxkke KomkypcHoro menrtpa mo yHIaMeHTAIBHOMY €CTECTBO3HAHUIO
Mumnwucrepcrsa obpazosanus P® (mpoext E00-11.0-33).
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