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V]IK 520.88
E. C. Kosbipes, E. C. Cubupskosa, A. B. Illyasra

HaykoBo-nocniguuii inctTutyT « MuKonaiBcbka acTpoHOMi4Ha o6cepBaTopisi», MUKoONaiB

TEJIEBU3NOHHBIE HABJIIOAEHUA HU3KOOPBUTAJIBHBIX
KOCMUMYECKHX OBBEKTOB C UCITOJIb3OBAHUEM
CIIOCOBA HAKOILTEHHA KAJPOB CO CMEIIEHUEM

4

Onucarno memod cnocmepedcers HU3bK0OPOIMAanbHUX HAGKOA03EMHUX KOCMIMHUX 06°cKmig 3 8uKopucmannam menesizitinux I133-
Kkamep 6e3 cynpogody 06°ckma meneckonom. Ocrogor memoda € cnoci6 Hakonu4eHHs Kaopie 3i 3cy6oM, AKULI NIOBUYE GiOHOWEHHS
cuenan/uym 300paxcers 00°ekmis, w0 weudko pyxaromsca  noai 3opy meneckona. Haeederno onuc o6pobku kaodpie, npoepamHozo
3abe3ne4enns, mexuivnux 3acobie, Wo 8UKOPUCIOBYIOMbCA, MA PE3y1bmamie cOCMepeNces.

BBEIEHUE

OnTuyeckre KOOpAMHATHBIE HAOMIONEHUSI HU3KO-
opOuTaNbHBIX KOcMUYecKUX 00bekToB (KO) (BBI-
cora arnores 200—2000 kM) gBIsSIETCA CJIOXHOM
3agayei, nockoubky KO uMeroT Gonbliyio BUIAM-
myto ckopoctb (0.2—2.0 °/c). Habnogenusa Hus-
KoopbutanbHeix KO, kKak npaBuio, npoBOAsTCS
B pEXHUME COMPOBOXIEHUSI OOBEKTA TEJIECKOIIOM.
Hcnone3oBaHue 3HAYUTENBHOrO BPEMEHM HaKOIM-
Jenust (>0.1 c) Hanaraet XecTkue TpebGOBaHUSA K
PaBHOMEPHOCTU CKOpPOCTH comnpoBoxaeHus KO,
a TaKXe MPUBOAUT K (DOPMHUPOBAHUIO BBITAHYTHIX
1300paxxeHu ONOpHbIX 3Be31. B ¢Bsi3u ¢ aTuM i
HaboaeHus HU3koopouTanbHbix KO 00bIuHO Hc-
MoJib3yloTcs TesieBU3MoHHbIe Kamepbl (TBK) ¢ yac-
TOTOW 25 KaapoB B ceKyHay. Heobxomumasi npo-
HULATENIbHAS CIMOCOOHOCTb OOCTUraeTcsl 3a CYET
NPUMEHEHUsI OOBEKTUBOB C AMaMeTpoM D > 30 cM,
(okycHbIM paccTosinueM F> 1 M [1, 3] u nonem 3pe-
Hua MeHee 0.37°. Takoi#i Manblit pa3mep mons 3pe-
HUS 3aTpyAHseT HabII0aeHUS1 OOBEKTOB C OOMBLLIONA
olIMOKOM 3eMepuabl, a TAKXKE YMEHBILIAET KOJHU-
YECTBO OMOPHBIX 3BE3I.

Kpome TOro, omHoii M3 mnpobieM MCMoab30Ba-
Hua TBK mns Habmonenus KO sBnsercss Hatmuue

© E. C. KO3bIPEB, E. C. CHBUPAKOBA, A. B. LLIVJIbIA, 2011

3HAYMTEJIbHON COCTaBIIAIOLLEH alAMTUBHOrO 1IyMa
B u300paxeHuu. HakoruieHue KaapoB MOBBIILIAET
OTHOLLEHUE CHUTHAI/IUYM H300paxeHUss 0OBEKTA
MPOIOPLIMOHAJIBHO KOPHIO KBaJApPaTHOMY U3 YHCIia
cKiIaabiBaeMbIX KaapoB [4]. OnHako Takoit noaxon
NMPUMEHHUM TOJILKO K HEMOABHXHBIM U300paXeHH-
saM KO B none 3penust teneckona. B HUU «Huko-
JlaeBCKas acTpoHOMUYecKas obcepBaTopusi» (HAO)
ObLT peain30BaH crocod CyMMUPOBaHMS KaJpOB CO
CMeUIEHHEM, NMO3BOJIAIOILIWKA HaKaruiuBaTh U300pa-
XEHUS OOBEKTOB, ABMXYLUMXCS BAOJb PACYETHOIO
HanpasieHus no nomo TBK. Ha 6a3e storo crnoco-
0a Obin pa3paboTaH METON KOOPAMHATHBIX HAOJIO-
neHui HuskoopOutanbHeiX KO Ha HenoaBuXHOM
teneckone. [lpy Mcnons30BaHMM 3TOro crocoda
TPOLIECC COMPOBOXIEHUS W HAKOIUIEHUSI H300-
paxenuss KO npoucxoaut Ha uudpoBOM YpOBHE.
Takum 00pa3oM, HeT HEOOXONMMOCTH B MEXaHU-
YECKOM COIPOBOXAEHUU M MPUMEHEHUU OONBbILUX
OOBEKTUBOB, YTO 3HAUMTEJIBHO YIIPOLIAET KOHCT-
PYKLIHIO TEJECKONA U NMpouLecc HabIoaeHH.

OcobeHHOCTSIMU pa3paboTaAHHOrO METOaA SIBJISI-
I0TCH:

® CYLIECTBEHHOE YBEJIWYEHHE TMPOHMLIATEBHOMN
CIIOCOOHOCTH 3a CYET NPUMEHEH U Criocoba HaKoI -
JIEHUS KaJpOB CO CMELIEHUEM;

* MCI10JIb30BaHUE KOPOTKO(MOKYCHBIX CBETOCHJIb-
HbIX OO BEKTUBOB, 00eCneYMBaIOLIMX OOBLLIOE MOJIE
3pEHUS;

71
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a 6 e

Puc. 1. Unmoctpauus HabmoneHuit Ha TB-kamepe: a —
oauH TB-kanp, 6 — HaKoTUIeHHE MOCJe10BaTeIbBHOCTH Kall-
pPOB 6e3 CMELUECHHA, 6 — HAKOIUIEHUEC KaapOB CO CMEIICHHUEM

* HEMOJBUXXHOCTb TEJIECKONa BO BpeMsi HabJIio-
IEHHUsl, YTO CYLIECTBEHHO YNpOULIaeT IMpOoLEeCC Ha-
OmoneHus;

* HCMOJIb30BaHME KOMOMHHMPOBAHHOIO MeETOAa
HaOJONeHUI IS ompelesieHUsl 9KBATOPUAIbHbIX
KOOpAMHAT OOBEKTA M0 OMOPHBIM 3BE3/1aM.

CIIOCOBb HAKOILJIEHUA KAITPOB
CO CMEIIEHUEM

Cnoco6 HakoruieHHsI KagpoB CO CMELUeHUEM
(HKC) 6bu1 peanuzoBan B HUU HAO misi nmoBbI-
IIEHUs TIpOHHLIaTeNbHOM crniocobHocth TBK npu
HabmoneHuu HuskoopbutanbHeix KO Ha Henon-
BuxXHOM TeJieckorne. Cnoco6 HKC 3akimiouaercs
B CYMMMPOBaHMH IOCJIEA0OBATEIbHOCTU KaApOB CO
CMELIEHUEM M300paXeHMsl KaxIoro Kaipa, COOT-
BETCTBYIOIIIUM CMEIIIEHUIO 00bEKTa B MOJIE 3pEHUS
teneckomna. Ha puc. 1 cxematuyecku npencraBieHO
M300paxeHHue OBICTPO ABUXYLIETrocs HabIIaeMo-
ro oobeKTa Ha OJHOM Kajpe (puc. 1, a); ¢ HaKoIuIe-
HHUEM ITOCJICIOBATEIbHOCTU KaApOB 6€3 CMELIEeHUSs
(puc. 1, 6); 1 ¢ HAKOTUIEHUEM MOCIEA0BATENBHOCTH
KaJpoB CO cMelleHueM (puc. 1, 6).

CyMMHUpOBaHME MOC/IEAOBAaTEIbHOCTA KaapoB
MPOMU3BOAMTCSA HA MOMEHT CPEOHEro Kajapa Hakar-
nuBaeMoil nocnenosarenbHOCTH T,  BenuyuHbl
AX, AY, cMeleHus: U300paxeHus BIOJb ocet X, ¥
KaXIOro Kajapa MoCJ€eI0BaTeNbHOCTH 3aBMCAT OT
Pa3sHOCTH MOMEHTOB BPEMEHM CO CPEAHUM KaapoM
T, — T, u cKopoCTeil OBHXEHHs OOBEKTa B MOJe
3peHus Teaeckona vV, V.

AX,=(T,~T)Vy, AY,=(T,-T)V,.

CKOpOCTH ABUXEHUS OOBEKTA B MOJIE 3PEHUS TeJle-
CKOIa BbIPAXalOTCS B MUKCeNax 3a CEKYHAY U BbI-

YUCIAKOTCA CIEAYIOLIHUM 06p330MI

V cos(o—B) Vsin(o—p)
v, = Mtp B,Vy= Mcp B
X Y

rae V, rpan/c — yrioBasi CKOpPOCTb O0bEKTa; ¢,
rpaa — yroJi HanpasJieHus apuxeHust KO K rioc-
KOCTH HeDEeCHOro 3KBaropa; [3, rpag — yroJj HakJjo-
Ha ocu X Bumumoro nojsi 3peHust [13C-kamepsi;
M, My, rpaa — yrjoBble pasMepsl nukcens [13C-
KaMmephbl. YroJ B Ui napauilakTHYeCKOi MOHTUPOB-
KV MOCTOSIHEH, 111 a3UMYTaJIbHO MOHTUPOBKH 3a-
BUCHT OT a3MMyTa M YIJla MECTa TOYKH HAOIIONEHHUS.

Yrnosas ckopocts KO Bbrumc/isiercs no hopmyJie

V =\(V,secd) +V2,

a yron HanpaiaeHus aBuxeHusi KO kK muiockocTu
HebecHOoro 3KBaTopa — o gopmysne

_ arctg| —22
h . V. secd |

3nece V, V, — MIHOBEHHBIE CKOPOCTH OObEKTa B
MepBOi IKBATOPHUAILHON CUCTEME KOOPAMUHAT.

Haomonenuss criocobom HKC npoBoasitcs no
NpeJABAPUTENILHO PACCYMTAHHBIM 3deMepuaaM MU
HarpaBJeHbl Ha YTOYHEHUE 3JIEMEHTOB OpPOMT Ha-
onmonaemoro KO. Bdemepuna KO 3anaercs B BUIe
TOCJIEIOBATEIbHOCTH TOJIOXKEHU B IEPBOiA 9KBAaTO-
pHasbHOM cucTeMe KoopauHar 7, t, §, C 1arom ot
10 c. MrHoBeHHbIe cKOpocTH 06beKTa V,, ¥ Bblunc-
JISIOTCS U3 ABYX MOCJIe10BaTeIbHbIX ITOJTOXEHU:

s
Vr e 2

i-1 V=6i_6i—l_
T;_T;—I’ ' T-T

i i-1

T

Jnst HabarOAEeHUS OMOPHBIX 3BE3/1 C UCMOJIB30Ba-
HueM cnocoba HKC cmeeHue u3o0paxxeHus Kax-
JIOrO Kajpa IocjieioBaTeIbHOCTH pacCYMTbIBAIOTCS
Tak Xe, Kak U ainsg KO. MrHoBeHHbIe CKOPOCTH
OTOPHBIX 3B€3/ B IEPBOI 3KBATOPHUAJIbHOI cUCTEME
koopauHar cocrapiswT V., = 0.004178 °/c, V, = 0.

Kak yxe Obut0 CKa3aHO BbILIE, PEUMYILLECTBO
HaKOIJIEHUsI KaIpOB I10 CPaBHEHUIO C UCIOJb30Ba-
HMEM OOBIYHOTrO BUIEOPsIa C YaCTOTOM 25 KaapoB/c
3aKJ1I0YAEeTCS B MOBLILIEHUM OTHOLUEHUSI CUTHaJ/
IIyM. DTO NMPUBOAUT K YBEJIUYEHHUIO BEPOSTHOC-
T4 obHapyxeHust KO kak HaOniogaresnem, Tak U B
aBTOMAaTMYECKOM PEXHMME, a TAKXKE K MOBbILLIEHUIO
TOYHOCTHM BBIYMCIIEHUM TPSAMOYIOJIbHBIX KOOpAU-

12 ISSN 1561-8889. Kocmiuna Hayka i mexnonoeia. 2011. T. 17. Ne 3



Tenesusuonnvie HabAIOOEHUs HUBKOOPOUMANbHBIX KOCMUHECKUX 00BEKMO8 ¢ UCHOAb308AHUEM CnOcoBa HAKONACHUS Kadpos ...

z ;

Puc. 2. Tlpodunu wm3obpaxeHuii HabmogaeMoro oObBEKTa: d — OIUH TV-kanp
(OCULI = 13.0, fit RMS = 0.09); 6 — kanp, nony4yeHHslii B pexxume HKC (31 Kaup)

(OCL = 76.7, fit RMS = 0.06)

HaT oObeKTa B cucTteMe Matpuubl. s onpenene-
HUSI BJIMSIHUSI KOJIMYECTBA CKJIabiIBA€MbIX KaApOB
CO CMELUEHMEM Ha KayecTBO U300paxkeHusi ObUIO
MPOBEJEHO CPAaBHEHWE OTHOUIEHUS] CUIHAaJI/LIyM
(OCIL) 1 cpeaHero KBaapaTU4HOIO OTKJIOHEHMS OT
rayccuanbl (fit RMS) nis uzobpaxeHus: HU3KOOp-
outanpbHoro KO, monyyeHHOro Ha OJHOM Kazipe u
B peXXMMe€ HAaKOTUIEHHS KaJpOB CO CIBUIrOM. 3Haue-
Hua OCLL u fit RMS onpenensinucek nporpamMmoit
Astrometrica (http://www.astrometrica.at/) u npen-
CTaBJIEHbI Ha pUcC. 2. Pe3yabraThl cpaBHEHUS MoKa-
3aiu, 4to ciaoxeHue 31 kaapa nossiwaer OCII B
5.9 pas, 4TO COOTBETCTBYET KOPHIO KBaJPATHOMY M3
KOJIMYECTBA CKJIaZbIBAEMbIX KAIPOB, U yayyluaer fit
RMS B 1.5 pa3za.

OBJIACTb IPUMEHEHUSA
A METOJ HABJIIOJAEHUSA

C uenbio yrouHeHus asneMentos op6ur KO B HUU
HAO perynsipHO npoBoasiTcs HaOMIOAEHUST HA He-
MOABUXHOM TEJIECKOIIE C UCITOJIb30BAHMUEM CIOC0o0a
HKC nns TBK. OcHoBHOE npenmyLiecTBo crocoda
HKC 3akioyaercst B TOM, 4To BO BpeMs Habioe-
HHsl TEJIECKOI OCTAETCs HEMOABUXHBIM, a CONpPO-
BOXIEHME M HAKOIUIEHWE H300paxeHUsl 0O0beKTa
NPOUCXOOUT Ha LMD poBOM ypoBHe. Ucnosib30BaHMe
criocoda HKC no3Bosisier 0TKa3arbest OT CAOXKHbBIX
M TOPOTOCTOSALLMX TEJIECKOIOB C CUCTEMaMU Mexa-
HU4yeckoro cornpoBoxaeHuss. B HUUW HAO mis Ha-
OsnoneHus HU3koopourtanbHbix KO crnocod HKC
npumeHsiercsa ¢ 2007 .

OdemMepuanbl wis HU3KoopouTanbHbix KO pac-
CYUTBIBAIOTCS 110 3JIEMEHTaM OpPOWT, MpPeJICTaB/ICH-
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HBIM Ha caiite SpaceTrack (http://www.space-track.
org/perl/login.pl) B ¢opmare TLE ¢ ucnonabn3zosa-
HUeM Mozaenu aBuxeHus SGP4. Habnwoaeuua KO
NPOBOAATCS B HECKOJBbKMX TOYKAaX Ha BUIMMOM
y4yacTke opOuTbl. Teneckom HaBOAMTCS B TOYKY
BcTpeun KO M ocraercsi HEMOABMXHBIM BO BpeEMSI
HabmoneHus. B pacueTHoe Bpemsi MPOM3BOIMTCS
3alUCh CEPUM KaapoB, 3aTEM TeJEeCKOIT HaBOAUTCS
B CJlenyolulyo To4ky Bctpeun 3toro xe KO. Bpe-
Msl 3aMUCH CEPUM KaApPOB COOTBETCTBYET BPEMEHU
npoxoxaeHuss KO nons 3peHus teneckona. Dde-
mepuna KO umeer olinbKy, KOTopas BO3pacTaeT ¢
YBEJIMYEHUEM Pa3HHULIBI MEXIY 3IMOX0il Habmome-
HUSI U 3TOXOM 2J1EMEHTOB OpOuTH. POCT OnOKuU
3(emMepuabl NMPUBOAUT K YBEJMYEHHUIO BUIMMOTO
yriia oTkioHeHus aBxenus KO ot pacueTHOI -
HMH, a8 TAKXKe K YBEJIMUEHUIO BPEMEHH 3arasabiBa-
Hus/onepexeHus. JonycTUMBINA Yyros OTKIOHEHUS
OTpenesisieTcs pasMepaMu 1ojs 3peHus. s KoM=
MEeHCalMK OIUMOKU 3arna3abiBaHMsl/OnepexXeHust
K BPEMEHM 3anucu n00aBisieTcss AOIOJHUTEIbHOE
Bpemsi. JlononHuTensHOe BpeMsl HabII0AEHUS Bbi-
OupaeTcsi B 3aBUCHMMOCTH OT Pa3HMLIbI SMOXH MO-
MEHTa HaOJIIOJEHUS] U 3IIOXU BJIEMEHTOB OPOUTHI:
£5 ¢ i pasHULB 310X 10 2 ¢yT, £10 ¢ — 10 7 cyT,
160 ¢ — cBbiute 7 cyT. BoJibluoe NOMOTHUTENBLHOE
Bpemst HaOmoneHus (£120 ¢) ucnoab3yercs B ciy-
yae HaOMIONEHMI 3JEMEHTOB 3aMycka Ha MepPBbIX
BUTKAX OCJI€ CTAPTa PAKEeThI-HOCUTES 10 HaYas b-
HOM HEYTOHYEHHOM ahemepue.

JIns BBIYMCIAEHMSI 3KBATOPUATbHBIX KOOPAMHAT
00beKTOB AHDdEpeHLIMATBHBIM METOIOM TPUME-
HSIE€TCA KOMOMHUPOBAHHbIM MeETOJ HabM0AEHUI
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N, %
35

30 r
25 +

lg_m ﬂmjL-fLFIFIrl'l

0.0005 0.0018 0.0044 0.0111 0.0278 0.0699 0.1756 0.4411

1.1079 2.7830 6.9905 17.5594 °
BI10, M’

Puc. 3. PacripenejieHHe OTHOCUTEIbHOTO KondecTBa N HU3koopOuranbHbix KO no 3Ha-
yeHUsIM 3D GEKTUBHOM MOBEPXHOCTH OTpaXeHusl (CBeTIble cToNOMKU — cnucok NORAD

(1120), Temubie — cnucok HUU HAO (277))

(KMH) [2], 3aknioyalouuiicss B MCMOJIb30BAHUUA
M300paxXeHU OMOPHLIX 3BE3M, MOJTYYEHHBIX OTIE-
npHO ot uzoopaxeHus KO. UzobpaxeHuss KO u
OMOPHBIX 3Be31 (POPMHUPYIOTCSL B PEXUME HaKOIUIE-
HUS KaZlpOB CO CIIBUTOM C Pa3HbIMU CKOPOCTSAMHU V,,
V, nBMXeHUsA OOBEKTA B MOJIE 3pEHHsI TEIeCKOomna.
Hakonnenue uzobdpaxeHuit KO u onopHbix 3Be31
MPOMCXOIMUT NapajUIeJIbHO, KaXIblil Kaap BUAEOIO-
TOKa npubdapisieTcs: B 00a u3o00paxeHus ¢ pasHbIMHU
cMmeleHusAMHU. KoiM4ecTBO CKIaabiBaeMbIX KaJpOB
(BpeMsi SKCITO3ULIMH) LTSI TIOJTyYEeHUS1 U300paKeHUs!
KO BblyucngeTcss TakuM 00pa3oM, YTOObI MOJTYYUTh
HeoOXOOMMOe Uil YBEPEHHOIO0 OTOXIECTBJICHHS
KosnyecTBo u3obpaxeHuit KO (5—9). Bo Bpems
nosiyueHust cepun nzobpaxenuit KO popmupytor-
cd JBa M300paXeHUs OINOPHbIX 3Be3l, HEOOXOOM-
Mbl€ ISl BLIYUCTIEHUS DKBAaTOPHUAIbHBIX KOOPAWUHAT
KO ¢ ucnonszoBannemM KMH.

ITPOrTPAMMHOE OBECIIEYEHHE
U DTAIIbI OBPABOTKH

Jlnsi npoBeneHus v oopaborku Habmonenuii B HUA
HAO npumeHsieTCsl TPOrpaMMHBIA KOMILIEKC, CO-
CTOSILLMIA U3 ABYX [1AKETOB MIPOrPaMM.
[TporpaMMHBIii MakeT MOATOTOBKM M TpPOBEAE-
HMSI HAOMIOOEHUM:
* PlanCU — pacuer acpemepun KO mno anemeH-
tam opobutsl B TLE-dopmare;
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e Control — ¢opMHpoBaHUE ONMTUMATBHOM T10C-
JlefoBaTeIbHOCTH TodyeK HabmioaeHusi KO, MuHu-
MM3alLlus BpEMEHU HaBeleHUs] U OXUIAHUS Teje-
ckKona. ABTOMAaTMYecKoe YIpaBjIeHUE IPOLECCOM
HaOJIIOAeHUSA;

e Motion — HaBeleHUE TeJIECKOMNa;

* Video — 3axBat M oOpaboTKa BUIEOMOTOKA B
peanbHOM BpeMeHU. OnpeaeneHue yria 3 HaKJIO-
Ha ocu X Buaumoro nons 3peHus [13C-kamepsl u
YIJIOBbIX pPa3MepoB MukKcens M, M Hakornienue
U COXpaHEHMUE CEpPHU’ HaKOHIleHHle M300paXKeH Ui
KO u onopHbIX 3Be311.

[TporpamMMHBbIii MakeT 06padOTKK HAOIIOAEHHU !

* CCD — obpaboTtka cepuu KaapoB ¢ u300paxe-
HUSAMU 00bEKTA: BbIpaBHMBaHUE (pOHA, NETEKTUPO-
BaHue KO; onpeneneHue npsiMOyrojibHbIX KOOpPAU-
Hat B cucteme [13C-marpuibl;

* Astrometrica — obpaboTka KaapoB ¢ u300pa-
XEHUSIMU OMOPHbIX 3BE3[: BbIAEJIEHWE 3BE3[, OIl-
penesieHUe NMPAMOYrOJbHbIX KOOPAUHAT B CUCTEME
[13C-MmaTpuLibl, OTOXIECTBIECHUE C KAaTAJIOTOM;

* Satellite — npuMeHeHUe MOIMPULIMPOBAHHOM

- MOZIEJIU PEAYKLIMU HAOIIOAEHUI A pacyeTa 9KBa-

TopUabHbIX KoopauHat KO.
Bce nporpamMmmHoe obecrieyeHue, KpoMme TMpo-

rpamM PlanCU u Astrometrica, 661710 pa3paboTaHo
B HUHU HAO.
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Tenesusuonbie HaOAI00CHUA HUSKOOPOUMANbHbIX KOCMUMECKUX 06BEKMO8 ¢ UCOAbI0BAHUEM CnOc6a HAKONACHUS KAOPOE ...

BHEJIPEHUE METOJIA
U PE3YJIBTATBI HABJIIOAEHU A

B HUUN HAO HabnoneHus Hu3koop6urtanbHbix KO
¢ npuMmeHeHueM criocoba HKC npoBoastes Ha wu-
POKOYIrOJIbHOM TEJNEBU3MOHHOM KaHaJie TeJIeCKOoIa
CkopocTHoit ABTOMaTtHyeckuii Kommiaekc, BKIO-
yarouieM dororpadpuyeckuii 00beKTUB (D = 47 MM,
F = 85 MM) 1 BbICOKOUYBCTBUTELHYIO TEJIEBU3M-
oHHywo [13C-kamepy Watec LCL902H (768 x 576,
8.3 MxM). ITone 3peHns WIKMPOKOYroabHOro KaHaia
cocrasnsieT 4.3 x 3.2°, yrnoBoii pasmep nukcens 20",
[Ipn HabnoneHuu KO cpenHee Bpemsi 3KCNO3ULIMH
GOCTaBJISIET 2 C, YTO COOTBETCTBYET HAKOIUIEHUIO 50
Kanpos. [ HaG/II0aeHUs OMOPHBIX 3BE3/ CpeIHEE
BpEMS SKCIO3ULIMHU COCTABAET 15 ¢, YTO COOTBETC-
TBYET HAKOIUIEHHIO 375 KaipOB, NP 3TOM IPEIENb-
Has 3Be3JHas BeJIMUMHA COCTaBIAET 127,

Pa3smep nosis 3peHus rno3sossietT HabaOIATh 00b-
€KThI ¢ OIIMOKOM 3emepunsl 10 1° mo KoopauHa-
TaM U 10 60 ¢ no BpeMeHu. CKOPOCTb nepebpocKu
teneckona CAK cocrapnsiet 3 °/c no o6eum ocsm,
BpeMs YCTaHOBKU B TOUKy 20 c. CpenHuit mepuop
HabmoneHust B onHoO# Touke cocrasaser 120 ¢, uto
MO3BOJISIET HA OAHOM BUAMMOM YYacTKE OpPOMTBI
KO npoBoaute HabnoneHus B 1—5 Toukax B 3aBU-
cuMocTtu oT BpeMeHU Buaumoctu KO. IMpusska
M0 BPEMEHU OCYLIECTBJISAETCS Yepe3 CHHXPOHOMETP
cayx6bl BpeMmenn HUU HAO ¢ TouHoctsio 0.0001 c.
MeTonuka HabTI0NeHM I, TEXHUYECKOE U NIPOrpaM-
MHO€ OCHAalUEHHUE MO3BOJSIOT 3a HOYb HabII0aaTh
ot 20 10 40 06BEKTOB ¢ 3aCEYKOM B CPEHEM B TpEX
TOYKAaxX BCTpe4YH no Buaumoi nyre KO.

[lo pesynsratam 2000 HabGnwoAEHMIE HU3KOOPOU-
TajibHbIX KO 3a 2008—2009 rr. onpenenena nmorpetu-
HOCTb BbIYMCJIEHUS IKBATOPUAIbHBIX KOOPAMHAT 110
OTHOLUEHMIO K KEIJIEPOBOM OpOMTE C MCIONB30Ba-
HHUEM TPOrpaMMHOrO CMELMATBLHOIO MPOrpaMMHOTO
obecrnieyeHus [5]. TlorpewHoCcTh ornpeneneHust Ko-
opauHar cocraBuiaa +1.7—8.1" nns o6bekToB 6—117,

Jlng cpaBHeHMS: B YKPAMHCKOM HALlMOHAJIBHOM
LIEHTPE YIPAaBJECHUSI U HUCMBITAHUSA KOCMUYECKHUX
cpeacts Ha Teneckone A3T 28 (D = 50 cm, F= 8 m),
PabOTAIOLIEM B PEXUME COMPOBOXIEHMsI, TOTPELLI-
HOCTb Hal0aeHUil Hu3KoopouTaabHbiX KO co-
crasasier £15-20" [3].

‘TesleBU3MOHHBINM KaHal C TPUMEHEHUEM CITOCO0a
HKC noszBonsier HabmionaTh HU3KOOPOUTATIBLHbIE
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KO ¢ maccoii ot 50 kr 1 3¢deKTHBHOI MOBEpXHOC-
TbIO oTpaxeHus (BI10) paguososH ot 0.2 M2 (45 x
x 45 cm). Ha puc. 3 npencraBneHo pacripeneneHue
OTHOCHUTEJILHOIO KOJUYECTBA OOBEKTOB I10 3Haye-
HuaMm OI10 mns cnucka Hu3KoopbutanbHbix KO
karajora NORAD M cnucka HM3KOOPOUTAIbHBIX
KO, kotopsie Habmoganucs B HUU HAO.

BbIBO/IbI

B HUU HAO peanuzoBaH crioco6 HaKOIUIEHUS Kal-
POB CO CMELUEHUEM, IO3BOJSAIOIIMIA 3HAYUTEIBHO
MOBBICUTb MPOHULAIOLILYIO CITOCOOHOCTh (OTHOLLE-
HUE€ CUTHaJ1/1IyM) TeneBu3unoHHbIX [13C-kamep npu
HaOMIONEHUH OOBEKTOB, TIOABHXHBIX B TI0JI€ 3PEHUS
teneckorna. C ucnons3oBanuem criocoba HKC pas-
paboTtaH ¥ BHenpeH 3 heKTUBHBIN U MPOCTOH B UC-
MOJIb30BAHWU METOA KOOPAWHATHBIX HaOMIOLEHMIA
HU3KoopouraneHbix KO. Meton npumensiercs mis
HaOJIIONEHUI Ha HEMOABMXKHOM TEJIECKOME C HUC-
nosib3oBaHueM TeneBU3MOHHbIX [13C-kamep u ko-
POTKO(MOKYCHBIX CBETOCHJIbHBIX OOBEKTHBOB.
Habmonenus, monyyaemoie B HUHU HAO c uc-
nosib3oBaHueM crnocoba HKC, ucnonw3yiorcs mis
YTOYHEHHS] MOLEJIM ABUXEHHUS HU3KOOPOUTAIBHBIX
KO, xotopas pa3pabarbiBaeTcsi coBMeCTHO ¢ Onec-
CKOM acTpOHOMMYECKOI obcepBaTtopueil. JaHHble
HaOMIOOEHUI MCIONBL3YIOTCA TaKXe s odecre-
YeHHUs] (PYHKLUMOHMPOBAHUSI CUCTEMBI KOHTPOJS U
aHaJIM3a KOCMHMYECKOH OOCTAaHOBKM, KOTOpas SiB-
JIIeTCS COCTAaBHOM yacThlo HallMoHabHOM KOCMMU-
YyecKoM nporpaMMbl YKpaussl. C UCMOJIb30BAHHMEM
TEXHMYECKMX U METOMUYECKHMX paspaboroxk HUU
HAO B YkpauHe Oblna co3naHa ceTb ONTHYECKUX
TEJIECKOIOB U1l KOOPAUHATHBIX HAOMIOAEHU I HU3-
koopoutanbHbeix KO, Bkimovawomas B cebs HUU
HAO, actpoHoMuueckue obcepsatopuu Oneccko-
ro, JIbBOBCKOro v YXropoackoro yHMBEpCHTETOB.
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Ye. S. Kozyryev, Ye. S. Sybiryakova, A. V. Shulga

TV OBSERVATIONS OF LOW EARTH ORBIT OBJECTS
USING FRAME ACCUMULATION WITH SHIFT

A method for observations of low Earth orbit objects with a
TV CCD camera is suggested. The method can be used for
telescope observations without object tracking and is based
on the frame accumulation with shift. Such frame accumu-
lation allows one to increase the signal/noise ratio for the
objects moving fast in the field of view. The frame process-
ing, software, used hardware and observation results are de-
scribed.
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