YK 004.932: 523.44: 621.383.7

B.E. CABAHEBHY, noxt. TexH. Hayk, npod. XHYPD, XaprkoB

A. M. KOKYXOB, nnx., HanmoHanbHbId HEHTP YIPABIEHUS U UCIIBITAHHUMA
KOCMHUYECKHX cpeacTB, EBnatopus

A. B. BPIOXOBEIIKHUH, vnx., HanuoHanbHbIA HEHTpP yIpPaBIeHHS 1
WCTIBITAHUY KOCMHAYECKUX CPEACTB, EBIaropus

B. Il. BTACEHKO, vnx., HallmoHa bHbBINA LIEHTP YIPABJICHUS U UCIIBITAHUI

KOCMHYECKHX CPE/CTB, EBnaropus
B.H. TKAYEB, couck., XHYPO, XapbkoB

OIPEJEJEHUE ONITUMAJIbHBIX 3HAYEHUHA SJIEMEHTOB
MATPHULBI PASMBITUA IS METOJA CJIOKEHUA IT3C-KA/IPOB
C HAKOIVIEHUEM CUTI'HAJIA OT IBUXKXYHIEI'OCA OBBEKTA

Pazpaboran Merosn ompenencHUss ONTUMAIbHBIX 3HAYCHUH SJIEMEHTOB MATPHUIBI PAa3MBITHS IS
metona cioxeHus [13C-kagpoB ¢ HAKOMJIEHHWEM CHUTHajla OT acTepou]ia CO CiIa0biM OIecKoM u
HEHYJICBBIM BHJIMMBIM JBIKeHHEM. ONTHMalbHBIE 3HAYEHUS OHJIIEMEHTOB MATPHUIIBI Pa3MBITH
OHpeI[eJIHIOTC}I METOAOM HMUTALITUOHHOI'O MO,Z[G.HI/IpOBaHI/IH Ha BKCHepI/IMeHTaJIBHBIX JAaHHBIX
WHIUBHUIYAIBHO IS KaXXJIOTO ONTHYECKOTO CpeacTBa. lIpwBeeHB ONTHMAIbHBIC 3HAYCHUS
DJICMCHTOB ManI/II_H:I paBMBITI/IH IJIA HECKOJIBKHUX OIITUYCCKUX Cpe,Z[CTB.

KiroueBble coBa: acTepoun]], HAKOIUIEHUE CUTHANIA OT acteponia, cioxenue [13C-kampos.

Po3po06ieHnii MeTOT BU3HAYCHHS ONTHMAJIbHUX 3HAYCHB CJICMEHTIB MATPHIIl PO3SMHUTTS IS METOIY
nomaaHHs [133-kaapiB 3 HAKOMUYEHHSIM CUTHAIY BiJl acTepoina 31 cIaOKUM OJUCKOM 1 HEHYJIhOBUM
BUIUMUM pyxoM. ONTUMaNbHI 3HAUEHHS EJIIEMEHTIB MaTpPHUIll PO3MHUTTS BU3HAYAIOTHCS METOJOM
IMITAIITHOTO MOJIETIIOBAaHHS Ha €KCIEPUMEHTAIBHUX JTaHWUX 1HIUBIIYAIBHO JIJISI KOKHOTO ONTHYHOTO
3aco0y. IlpuBeneHi onTuMalibHi 3HAYEHHS €JIEMEHTIB MAaTpPHUIll PO3MUTTS JJs KiJIBKOX ONTHYHUX
3ac00iB

KirouoBi crioBa: actepoin, HaKONMYEHHSI CUTHANY BiJl actepoina, noxaBanus [133-kaapis.

The method of detection of the best value of bhgrmatrix’ elements for the method of CCD-frames’
stacking with signal’s accumulation from a faintemsid with nonzero apparent motion on series of
CCD-frames is worked out. Estimation of the bedueadf blurring matrix’ elements is done using
method of simulation on experimental data for eaptical facility individually. The best values of
blurring matrix’ elements for some optical faceii are represented.

Key words: asteroid, signal accumulation from aerasd, CCD-frames stacking.

1. BBenenue

Hakomnnenue curnana or oObeKTa MO3BOJISET MOBBICHTH MOKA3aTEeNN KAauecTBa €ro
OoOHapy>KeHUSI U TOYHOCTh OIIEHKH ero mapamerpoB. OCOOEHHO 3TO aKTyalbHO I
ONTHKO-3IeKTPOHHBIX cpenctB  (ODC), UCHONB3YIONMMX TEJIECKONbl C MaJbIMH
anepTypaMyd U, CJIEJOBaTeNIbHO, HEBBICOKMMHU XapaKTEPUCTHUKAMHU MPOHMLAIOUICH
cnocoOHocTH. OpHAKO, H3-32 3HAYUTENBHBIX BHUIUMBIX COOCTBEHHBIX JBIKEHHIA
acTepOU0B JJIsi HUX HEBO3MOXKHO NMPUMEHUTH TaKhe KJIACCHUECKUE aCTPOHOMUYECKHE
METO/Ibl HAaKOIUJICHHUsI CUTHAJIOB, KaK YBEJIMYEHHE BPEMEHH 3KCIIO3MIIUU WM TPOCTOE
cnoxenne kaapoB I[I3C-nabmionenuit ogHON oOnactu HeOecHOU cdepbl. MeTosl
CIIO)KEHUSI KAaJIpOB C HAKOIUICHHEM CHUTHAJIOB OT MABIIKYIIUXCS OOBEKTOB (METOIBI
CKIO), yuuThiBamMe AaHHYKD OCOOCHHOCTh HAOIIOJCHHN acTEPOMIOB HE MOTYT
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YUYECTh BCEX BIHSIOIIUX (PAKTOPOB (HAmpuMep, BIAMSHUS TypOYJICHTHOCTH aTMOCQEphI
Ha pacnpeserncHne amiumtya nukceneit [13C-MaTpuibl) Mpu ONpeIeICHUN 3HAYCHHHA
WCITIOJIB3YEMBIX TIPU CJIOKEHUHU B3auMHBIX cIBUTOB [13C-kanpoB. OqHUM U3 BapuaHTOB
MOBBIICHUS Y(PPEKTUBHOCTH HAKOIUICHUS SHEPTUH JAHHOTO CUTHAJIA TIPH MPOBEICHUN
CKJO sBasercst mpoBeleHHE HEKOTOPOTO JOTOJHUTEIBHOTO Pa3MbITHS CUTHAlA C
MOMOIIBI0  CIJIaXHuBaromero mudposoro ¢uibrpa HU3KMX dactor [1, 2].
XapakTepUCTUKH JAHHOTO (WIbTPa ONPEICSISIOTCS MaTpuiei (MacKoi) pa3MbBITHS.
HanbGonbimeit 3¢h)EKTUBHOCTH MOXXHO JOOUTHCS B Cilydyae IPUMEHEHHS MaTPHIIbI
Pa3MbITUS C ONTUMATbHBIMU 3HAYEHUSIMU DJIEMEHTOB.

2. AHAJIM3 JIUTEePaTypPbl

OOmiee omnucanue HUPPOBLIX (UIBTPOB HHU3KHUX YaCTOT mpHBeaeHo B [1], a
IpUMEpP UX MPUMEHEHUs VIS 3a/1a4 OIpeesIeHHs] BUIUMOro Oyiecka 3Be3/1 IPUBEICH B
[2]. B o0oux cny4asx 3HaueHHs D3JCMCHTOB MATPHUIbl Pa3MBITUS CUHUTAKOTCS
(buKCHpPOBaHHBIMH JUII BCeX oOpabaThiBaeMbIX M300paxkenuii (kaapor). B padote [3]
pa3pabotan meron CKJIO, ucnonp3yrommuii MaTpuily pasMbITUS [JIs1 TOBBIIICHUS
3¢ (HEeKTUBHOCTH HAKOIUICHUS YHEPTHUHU HEOECHBIX OOBEKTOB, a TAKXKE JJI1 YMEHBIIICHUS
KOJIMYECTBA JIOXKHBIX HaKkorieHuH. [Ipu atom dopmyina 1t aMmomutyas! 1K -ro muikcens
cynepkazapa Ay , C yI€TOM MaTpPULbl Pa3MbITHsI, UMEET BUJI:

t1+NHH3_1 1 1 2n n

Ak = 20 22020 2 YeqttMyj iown) DA +aNrefy) (ki o +1+aN, +g Tyt (1)

t=ty  e=0g=0j,=0i,=-n

rae Ay o +ON, +ely). (k-] +1+AN +g )t — AMIUTHTYIa  CMEIAeMOro  IHKCes
Tekymero (t-ro) kaapa,

AN,; = E(A%),AN; = E(Ay;) —ipupaluenust HOMEPOB MUKCEIeH UTOrOBOTO Kajpa
OTHOCHUTEIBHO TEKYIIET0 Kajpa Mo COOTBETCTBYIOLIMM KOOp/IMHATAM,

t, —nepBbli Kanp noxcepu, it koropoit nmposogurcs CK/O;

N 773 —KOJIMYECTBO KaapoB noxacepus, yuactyromux B CKJO;

E([) —onepanus BbIACIICHUS 1IEJION YacTH,

Yegt — BECOBOH KOI(GUIHMCHT, 3aBUCSIINI OT 3HAYCHHII W HAMPABIICHHS CABUIOB

TCKYHICIO KaJipa OTHOCUTCIILHO 0a30BOro 110 KaXK 101 KOOpPJAHHATE,
M i p(i p+n) — 3JICMCHT MaTpPUIbl Pa3MbITH.

Marpuna pasmeitus M B [3] mpencraBnseT coOOH KBaJpaTHYHO MaTpPHILY

pasmepa (2n+1)x(2n+1), tme N — pa3smep o0O0NACTH THKCENEH, COCEIHHX C

KOHKPETHBIM (OCHOBHBIM) IHKCEJIEM TEKYILIEro Kaapa, aMIUTUTyAa KOTOPBIX Oyaer
NPUHMMATh y4YacTUe B mpolecce pasmbitus. B osnementst M~ 3anmceiBarorcs

BbIOpaHHBIE Beca TakKMM  00pa3oM, 4YTO BeC  IIEHTPAJIbHOIO  DJIEMEHTA,
COOTBETCTBYIOIIETO pa3MbIBa€MOMY IIHKCENIIO, BcerJa paBeH 1, a Beca OCTaJIbHBIX
MeHbIle enuHuIel. Hanpumep, ais n =1:

M p00 M pO01 M p02
M P = M p10 M pll M pl2 |* (2)
M M M

p20 p2l p22
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Pexomenpanuii 1o BbIOOPY KOHKPETHBIX 3HAUEHUU SJIEMEHTOB MAaTpPHIIbI
pa3MBbITHS, KPOME LIEHTPAIBLHOTO, B pab0Te MPEACTaBICHO HE ObLIO.

3. Ilean craThH

HeoOxogumo pa3paboTath METOJ OMpESICHUS ONTHUMAIBHBIX 3HAYCHUUN
3JIEMEHTOB MATpPHIIBI Pa3MBITHUSI, KOTOPbIE OO0ECIEYMBAIOT HAUIYYIIYIO YCJIOBHYIO
BEPOSTHOCTh TpaBuibHOro oOHapyxeHus (YBIIO) actepouna. IIpu sTOoM 3HaueHHE
YCIIOBHOM BepOATHOCTH J0xHOro oOHapyxenus (YBJIO) acreponga F~ He 10DKHO

npesbImaTh TpeOyemoe ., olleHKa KOOPAMHAT MECTOMONOKEHHS aCTEPOUNIA JODKHA
COOTBETCTBOBATh KPUTEPUI0 MaKCUMAaJIbHOrO mpasjaononoodus, a cpennee CKO o, 5

yKa3aHHOW OIIGHKH He J0JDKHO TpeBblmaTh 3HadeHuss CKO oleHkM KoopjuHaTa,
HOJTy4eHHOH Oe3 ucronb3oBaHus Matpunbl pasMeitus (N=0) O, Oomee yem Ha

3apaHee 3aJJaHHYI0 BEJTUYUHY.
4. IlocTaHOBKA 3a1a4M
Marpuna pasmeituss M , OTpeJieNieHa paHee. B 3JIeMEeHThI MaTPUIIbl Pa3MbITHsL M )

3allMCHIBAIOTCS BBHIOpAHHBIE Beca TakKUM OOpa3oM, UYTO 3HAYEHHE LEHTPAJIbHOTO
3JIEMEHTA, COOTBETCTBYIOLIETO Pa3MbIBAEMOMY MHUKCENIO, Bceraa paBHO 1, a 3HaueHMs
OCTAJIBHBIX — HE NPEBBIIIAET €IUHULBI. BennunHa norpemHocTen, s KoMIeHcauu
KOTOPBIX MPUMEHSTCS MaTpHLa pa3MbITHs, HE MPEBBINIAIOT pa3Mepa OJHOIO MUKCEIS.
Oto pemaetr 0OOCHOBaHHBIM ucmoiib3oBaHue mpu mposeneHun CKJIO wmatpun
pa3MbBITHS OrpaHUYeHHOro pasmepa 3x3 snemeHnrta (N=1). Her ocHoBaHmii cuuTath
MaTpULly pPa3MbITUS HECUMMETPHUYHON OTHOCHTEJIBHO LIEHTPAJIbHOIO 3JIEMEHTA,
[IO3TOMY €€ 3JIEMEHTBI, KPOME LIEHTPAIbHOIO, MOTYT IPUHUMATh TOJIBKO JIBA 3HAUECHHUS

(A, B):

A B A
M,=|B 1 BI.
A B A

[Tpu stom A< B, A <1 [ <1.
HeoOxomumo wHaiiTm Takue 3HaueHuss A, [, mnpu KoTopbix omeHka YBIIO

actepousa Dg Ha cepun cynepkaapoB OyneT HanOOIbIIEH:

Do (B:A,0;, mjx) O B — max, 3)
mpu Og 5 (B, A, Mja) skgOo(Mja) st j =1 ..., Q; (4)
F <F.,,. (5)
NC
an,é(t)
rae Oq5(B,A mja) =t:1N — cpeaqaee CKO  oneHKHM 3KBaTOpPHAIBHBIX

c
KOOPJIMHAT aCTEPOUJIOB HA CEPUU CYNIEPKAIPOB;
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N, Nt /.
Zt (ait ‘O‘k(it))2 + Zt (5it ‘5k(it))2

Oa5(t) = =1 =1 — cpeagaee CKO  ouenku
N36t -1

HKBATOPHUATBHBIX KOOPJUHAT acTepoua Ha t -M cynepkajape;
M, — BUAMMBIi OJIeCK ] -To acrepowua;

9,

N, — KOJIM4€ECTBO CYIIEPKaApOB B CEPUM;

— IIapaMeTPhl TPACKTOPUH | -TO aCTEPOHIA;

Ko — K03 duimeHT nponopuroHanbHOCTH, B JaHHON padoTe NMPUHATHINA paBHBIM
1,2;

A N
De(ej, mJA):iA, (6)
N ampc
—oneHka YBIIO oTMeToK OT acteponia Ha CEpUM CynepKaapoB,;
FA * = M . (7)
Ncmp

— oneka YBJIO acrepouna npu oOHapyKeHHMH OTMETOK OT acTepouja Ha cepuu
CyHEPKAIPOB;

Qit s Sit — OIICHKH 3KBATOPHATIBHBIX KOOPJIUHAT | - OTMETKH, OTOXICCTBICHHON C
K -# kaTaymo)kHO# 3Be3110# Ha t -M cymepkape;

O it) 5k(it) — KaTaJIOKHBIE 3HAYCHHUS DKBATOPUAIBHBIX KoopawHaT K -it

KaTaJIOXKHOM 3BE3/1bI, OTOKICCTBICHHOM C | -if OTMETKOM Ha t -M cymepkape;

N, —KOIMYECTBO UCIIOJIb3YEMBIX ONIOPHBIX 3BE€3/] Ha t -M cynepkape;
N 5 —KOJIMYECTBO OTMETOK OT aCTEPOUJI0B, CPOPMHUPOBAHHBIX HA CEPUU KAAPOB;
N avpc — KOJIMYECTBO aCTEPOUIIOB, HAXOMAIIMXCSA HA CEPUU KAAPOB IO JAHHBIM

MPC, BuauMbIil 6J1€CK KOTOPBIX MPEBHIIIACT 33 IaHHYI0 BEJIUYHHY;,

N, — KOJINYECTBO JIOKHBIX OTMETOK, C(DOPMUPOBAHHBIX HA CEPUU KAIPOB,;
— N3¢ .
Newp = Ne B—"— — KOmMYecTBO BO3MOXHBIX CTPOOOB BHYTPHKAZPOBOIL
CBKOc

00paboTKH, B KOTOPBIX MPEAINOIATETCS] HATMYUE CUTHATIA.

[Ipennonaraercss, 4YTO YCIOBUS HAOJIOJEHUS M MCIOJIb3yeMasl amnmaparypa
HO3BOJIAIOT 00€CIIEYNTh HEOOXOAUMYIO TOUHOCTD OLIEHKH 3KBAaTOPUAIbHBIX KOOPUHAT.
MeToapl MONy4eHHs] MaKCUMAalbHO IIPAaBAONOJOOHBIX OLEHOK 3KBAaTOPUAJIBbHBIX
KOOpIHMHAT OMKCaHbI B paboTax [4, 5].

5. BiausiHue 3j1eMEHTOB MaTpPHIbI Pa3MBITHSI HA Ka4decTBO OOHApYy:KeHHSs
acTepou/i0B

OObnapy>xeHue acTepou0B OCYIIECTBISETCS Ha cepuH KaapoB. OTAeNbHbBIE ATarbl
oOHapyXeHHs U UX B3aUMOCBS3b MpeacTaBiaeHbl Ha Puc 1. Kaxaplil kaap npencraBisier
CO00H COBOKYITHOCTb IOTEHIINANIOB, 3apPETUCTPUPOBAHHbIX Ha BbIX0OAE N3~ HHKcenen

[M13C-maTpuiiel B MOMEHT BpPEeMEHH 1, COOTBETCTBYIOIIMK (OPMHUPOBAHHIO KaJpa
U,ex = (Vg4 ,...,Uikt,...,Ucht). Kpome TOro, B KadecTBE MCXOIHBIX JaHHBIX

HCIIOJIB3YCTCA OHOpHBIﬁ SBCBHHLIﬁ KaTaJjor Ycat’ KOTOpBIﬁ MO>KHO IMPCACTaBUThb KaK
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COBOKYIIHOCTH IIapaMETPOB BXOJAAIINX B HETO 3BE3 /] (KOJII/I‘ICCTBO KOTOPBIX COCTaABIIACT
Nae): Ycat = (chat ""’Yicat ""rYNg(,cat) '

1

Copegens e ONTEMAMBHERK SHEATSHEE MATRIIH PESMETEA

'El:r‘-":xn}:rm:@?.‘ =E=}": 1I'F)\ae;::vaz: \PB!&\'PW,E :xy.gm,o_p —)ﬁ:}‘ 119X,

Wcu:a (LTM:::}’;:M: E= '7"! ‘Pnepy ‘Psic:lpwnﬁp:?mp}gjcﬂcﬂ:
F(I'waj;car:@h:ﬁl’: 'i*: 1'}'rJ'ae'p«-s: qlﬂfiaqjmﬁm‘ymp)g‘ﬁ-m&
1t

Eropsmean ofpatoTra
@';; s l:@]_:'": 'af:---:@'_v_;J' = fmp (G}p B.A, IPW:TBE:IPQM}U:TMQP}

3 - il
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I N SR, i =Jap (¥ BAY, . Fon) € COEHKOH BRIIMOTe GMecka, DPeERCH BN EH TOpoT
BE ligga-—+" g --3" N peded BRE\ fegs b= © ngpe: ~ BR ? e E
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ACTPOM ST e bR PETYIIEL H pacTeT
3KBATOMANBEETR KOODLHAT OTMETOK Onegra KOOPIHEAT B SM LT TH CHFHANCE, (0 [MEPOEIRHE OTM ETOK

Yeg =(Buege - Fieg - T _g) = FzmlFe Foce B3 o Frgeza Frpwe B | Fr =Creec i 2 )= Jou (Vs GLBA Frongo. Fipass . Foy )

I3

, ﬁ . T

IpeaeapeTeneRan obpaboTES cYIepRanpos

IIrorpassa HEGE T2 pERO G S3pATa L - h il 2 ;
U =(Ugpen Ve o uf_.\'ﬁd)=f5(.l'a(rze:t’;:x:WE;TJG‘:-E_-}-) P 6 =aaies- = aazits - I‘ma:x:;:)=fma9{{’1’ﬁ-'"‘= IPCKJD‘WM}
| 1I Hick it fiats
Omo pebL SEESTHED KATAMT Verogane sampel
A R /0 S
- e

Puc.1 Onpenenenue onTUMaIbHBIX 3HAYEHUI MaTPULIBI PA3MBITHS

Ha ocHOBe 3THX HCXOIHBIX JTaHHBIX (OPMHUPYIOTCS CYHEPKAAPhl METOIAOM
CIIOKCHMS KaJpOB C HAKOIUIEHHEM CHTHaja oT ABwxkyiierocs oowbekra (CKO) [3],
OJHON W3 COCTABJIAIONIMX KOTOPOTO SIBISICTCS NPUMEHCHHWE MATPHIIBI Pa3MBITHS.
Cynepkajipsl TIPEJCTABISIOT COOOH TaKkKe COBOKYNMHOCTh TOTeHIManoB  Nicg

nukcened Us =(Usqg s Usipgs oos U B ornuume OT MCXODHBIX KaApoOB,

Zcht)'
3HAYE€HUs [JTAHHBIX MOTECHIHUAJIOB 3aBUCAT OT 3HAYEHUW HCXOJHBIX MOTCHIIMAIOB
MUKCENEH, OT MapaMeTpoB MPOTPAMMHOTO mepeHoca 3apana  Weg;o (mapamerpst

B3aMMHOTO CMEIICHHS KaJpOB BHYTPH IIOJCEPUH, 3HAUYCHUS MHUHUMAIBHOH W
MaKCHMaJbHOW CKOPOCTH, IIar MO CKOPOCTH W TaK Jajiee), a TAaKKe OT BEIMYUHBI
3HAYEHHUI UCKOMBIX JIeMEeHTOB A, 3, To ecTh: Uy = fCKZIO (YeatsU ex s WCMO,B,)\).

[Tony4yeHHble cynepKaapbl NEPEXOAAT HA CTAJIMIO MPEIBAPUTEIHHON OTOPAKOBKH,
B XO0Je¢ KOTOpod (opmupyercsi cOBOKYMHOCTh N/ MOPOLICANINX OTOPAKOBKY

JIOK JIOK Y JIOK

JIOKaJIbHBIX MakcUMyMOB H300paxkeHH G = (Yot - Ymaxit o ma)d\%oa,&t). HanHas

COBOKYIHOCTb 3aBHUCUT Kak OT napamerpoB npoBeneHus 1113 Tak m oT mapamerpos

npesBapuTenbHoi  oTOpakoBkn W, ., (3HaueHue KkoadduumMeHTa OTOPAKOBKH,

NOpPOrOBOE  3HAUEHHE  pa3iuyusl  MEIUAaHHOTO M CPENHEro  3HA4YeHUH):
G = fe0sUs BA, Werno: Wipeos) - 38T€M AL K&KOOH  COBOKYIHOCTH  JIOKAIbHBIX

MAaKCUMYMOB IPOBOAUTCA OICHKAa KOOpAWHAT W aMIUIMTYydy CHIHaJIOB, MCTOIOM,
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usnoxeHHomy B [4], koropas Tarxke mmeer cBou mapamerpel W, (pasmep ctpoba

BHYTPHKaAPOBOM 00pabOTKH, pazMep cTpoOa BHYTPUKAAPOBOM 00pabOTKH, B KOTOPOM
IpernoiaraeTcs HaTMIhe CUTHAJIa, MAKCUMAaJbHO BO3MOYKHOE KOJIMYECTBO UTEPAIUN U
tak ganee). COOTBETCTBEHHO, Ha BBIXOJE IS Ka)JOTO cynepKaz[pa (bopMI/IpyeTc;I

COBOKYITHOCTH N OTMETOK =(Ys . .. =
omm It It t

= fou (U21Grl31)\’LIJCKZZO’LIane()g’LIJOu) '

st OTMETOK, C(OPMUPOBAHHBIX Ha KaXJAOM Cymepkaape, MNPOBOAUTCS HX
OTOXJECTBJICHUE C ONOPHBIM 3BE3AHBIM KATAJIOTOM M PacUeT 3KBATOPUAIBHBIX
KOOPJAMHAT OTMETOK, COIIACHO METO/TY, PACCMOTPEHHOMY B [5], B pe3ysbTaTe KOTOPhIX
bopMHpYyETCSi COBOKYMTHOCTh OLIEHOK SKBAaTOPUAJIBHBIX KOOPJIMHAT, COOTBETCTBYIOIIAS

om M

C(I)opMHpOBaHHLIM OTMETKaM
teq (YJqu’ vliteqr - YN ,teo) = facmp (Y v Tcatr B1 )\’ l'IJacmp , LIJCKZZO ’ LIanec)e 1 LIJou) !
rne W,,, — UapamMeTpbl acTPOMETPHYECKOM peaykumu (B MOzenH

K03((PUITMECHTOB MTOCTOSIHHBIX TIJIACTUHKH, IMapaMeTphbl (POPMHUPOBAHUS MaTPHIIBI BECOB
o6o6mennoro MHK, koaddunuent ordpackiBanus MHoromnpoxogoBoro MHK u tak
naiee).

Ha ocHOBaHWM TMOJMY4YEHHBIX OIICHOK SKBAaTOPUAIHHBIX KOOPJAWHAT OTMETOK W
JAHHBIX W3 OTOPHOTO 3BE3JHOTO KaTaliora MPOU3BOAMTCS (POpMUpOBaHWE BHYTPEH-
HEro Karajora HEMOJBI)XHBIX OOBEKTOB C  MOCIEAYIOIUM  IPOBEIACHUEM
(dboTOMETpUYECKOTO MepecyeTa Ui OLEHKHM BUIUMOTro Onecka OOBEKTOB IO METOY,
n3noxkeHHomy B [6]. Ha Bbeixome ¢dopmupyercst coBokymHOCTE N, zr OTMETOK

BHyTpeHHero  karanora  Ggg = (Yyeq - Yiteqr1 YN, peteq) »  PAHALICKAIIHX

HEMOJBIKHBIM OOBEKTaM W HE YYacTBYIOIIMX B JajbHeliied oOpaboTke.
dopmupoBaHUE JAHHOW COBOKYIMHOCTH OTMETOK 3aBHUCHUT OT COBOKYIHOCTH
napaMeTpoB ePBUYHOMN (BHYTpHKAI-pPOBO¥A) 00paboTKH

Woens = (Werno s Wapeoss Yoy » Paemp) ¥ OT HapaMeTpoB (HOPMHUPOBAHMS BHYTPEHHETO

KaTaJora ¥ OLEHKH BUAUMOro Oiecka oTMeTok Wy, (paauyc MOMCKa HEMOABMXKHBIX
OOBEKTOB, KOJIMYECTBO KaJgpoB, HEOOXOAUMOE [UIi TPHUHATHA pELIeHHS O
HENO/BIKHOCTH 00beKTa U Tak aanee): Gpp = fpr(Yeq BA W06 i) -

OTMCTKI/I, HE BOHICAIIIHNE BO BHYTpeHHI/II/I KaTajdor HCIIOABMXKXHBIX 06’beKTOB,

IPOXOAT OTOPAKOBKY IO YPOBHIO OLICHKH BHAMMOTO Oiiecka ¢ nmapamerpamu W,,-

nocjae KOTopoil ¢opmupyercss coBOKymHocTh N, . OTMETOK, MOCTYHAloOIUX Ha
BTOPUYHYIO (MC)KKa,Z[pOBy}O) 00paboTKy:

Gn (Y]qu’ viteqr -t NumMﬁe(J) = 0m6p( teq? GBK ’B’)\’ l'IJnepe ’ l'IJBK ’ l'IJom6p) .

B xonme BropuuHO# (MEXKaIpoBOil) 00pabOTKH, KOTOpasi MPOU3BOIUTCS COTIIACHO

BBIYMCIIUTENBHBIX METO/IOB, M3IIOXKEHHBIX B [7] ¢ mapamerpamu W, npuHuMaercs
pelieHre 0 HAIMYWK Ha JAHHOW cepud KagpoB N, TPaeKTOpui, 4acTb U3 KOTOPBIX

ABJISICTCS TPACKTOPUAMHA aCTCPOUIOB, a I-IElCTI:- SIBJIACTCA JIOXKHBIMA TPACKTOPHUSIMMU.

@h = (@l »n @i ""16Nmp) = emop (Gh B AW nepe’LPBK1LIJ0m6p1LP6m0p) .
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HMcxos U3 BBIIECKA3aHHOTO, HENEBYI0 QyHKIHMIO (3), MOKHO MPEICTABUTh KaK
(YHKIIHIO OT psia apaMeTPOB, BKITFOUAS SJIEMEHTHI MATPHIIBI PA3MBITHS:
D(U ucx ’Ycat’@h 1[3’)\’ l'IJnepe’ LIJBR J l'IJomb'p 1 LIJemop) N &;g\ — max (8)

1IpH 0-(1,6 (U ucx ’Ycat’ BJ\’ LIJnepe ! LIJBK ’ l'IJomb'p ! LIJemop) = kOO-O
F (U ucx ’Ycat’ G)h 1[3’ )\’ l'IJnepe ’ l'IJBK ’ LIJomb’p ’ l'IJemop) = Fmpe6 : (9)
Takum O6p330M, OJIEMCHTBI  MAaTpPHULbl Pa3MbITHA  OKa3bIBAIOT  BJIMAHHC

MPAKTUYECKH HAa BCE OTalbl OOHAPYKEHHS aCTEPOUJIOB, MOATOMY OMPEICICHUE WX
ONITUMAJILHBIX 3HAUEHUU SIBJISIETCSI BAXKHOU U CJIOKHOM 3a1aUeH.

6. [louck oNTUMAJIBLHBIX 3HAYEHUI 3JIEMEHTOB MaTPUIIbI PA3MbITHS

IlocTaBneHHY0 ONTHUMHU3ALMOHHYIO 337a4y HEBO3MOKHO PEIINTh AHAIUTHYECKHU.
[IpyunHaMu 3TOTO SABIAIOTCS CJOXKHOCTb IENE€BOM (YHKIMM W OTpaHUYEHUIA,
TPYAHOCTb BBIBOJIA AHAJIUTUYECKUX BBIPAXKCHUM I 3aBUCUMOCTH BBEICHHBIX BBIIIE
GyHkmii (LeneBoil W OrpaHWYEHUIl) OT MCKOMBIX IapaMeTpoB. 3ajada pemaeTcs
METOJOM MMUTALIMOHHOTO MOJEIMPOBAHUS Ha SKCIIEPUMEHTAIbHBIX JAHHBIX.

B kauecTBe sKCIEPUMEHTAJIbHBIX JAHHBIX HCIOJB3YETCSI HAOOP TECTOBBIX CEpUi
IT3C-xaapoB, COOTBETCTBYIOLIUX PA3IUYHBIM peXUMaM HaOJIOACHUS WIN PA3IUYHbIM
HAOJII0JaTeIBHBIM cpeacTBaM. Jlims kakiaou cepuu u3BectHO (o maHHbIM MPC u
pe3yJbTaTaM pYy4HOH OOpaOOTKM CepUii) KOJIUYECTBO ACTEPOMIIOB, HAXOJSIIIUXCS HA
UCCIIEyeMOM ydacTke He0a M OIeHKa MECTOMOJIOKEHHUS M300paKEHUI ONTUYECKUX
curHasioB oT HuX Ha [13C-kanpax cepun.

MMuTanmoHHoe MOAETUPOBAHNE MMPOBOIUTCS CIEAYIOUMM oOpazoM. st kaxxaon
tectoBoii cepuu [13C-kaapoB mpoBomutcst mepebop 3HaueHwid A, B. Hus xaxmoro

couetaHusi 3HayeHWi A, f 1npoBoasTCS BCce OdTambl 00paOOTKH, IIOCIAE 4Yero

paccuuThIBaeTCs 3HaUEHHE 1ienieBoi QpyHKIuuU 1o ¢opmyie (8) mpu orpannyenusx (9).
B kadecTBe ONTHUMANBHBIX MPUHUMAIOTCS 3HAYCHHS, COOTBETCTBYIOIINE HAOOIBIINM
3HAYEHUSIM 11eJIeBOI (PYHKIIUH.

OntumanbHble 3HaYeHUS A, [ 3aBUCAT OT XapaKTEPUCTHK allaparypsl, YCIOBUH

U PEKUMOB HAOIOJCHHS, TOITOMY JaHHYIO ONTHMH3AIMOHHYIO 3aJady CIeIyeT
peliaTh He3aBUCUMO JIJIsl KaXKIOTO ONTHYECKOTO CPEICTBA.

7. Pe3yJbTaThl IKCIIEPUMEHTA

OnpeneneHre ONTUMAJIbHBIX 3HAYCHWH DJIEMEHTOB  MATPHUIIBI  Pa3MBITHS
TIPOBOJIUIINCH TIPU TIOMOIIM aBTOMAaTU3HUPOBAHHON CHCTEMBl OOHAPYKEHHUS aCTEPOUIOB
ColLiTec, B pa3paboTke KOTOpOH NMPUHUMAIN YIaCTHE aBTOPBI. DKCIIEPUMEHTAILHBIC
UCCJIEIOBaHMs TPOBOAMIUCH B AHJIPYIIEBCKON aCTPOHOMUYECKON oOcepBaTopuu Ha
teneckore Zeiss-600c aguamerpom 3epkaia 60 cm., ocHamennom [13C-kamepoii FLI
PLO9000 pa3mep kampa mpu ChbeMKe C OIMHApPHBIM OuHHpoBaHmeM 152&1528
HUKCeJIeH, HCcnob3oBaach dSkcno3uims 30 C.) U B POCCHUCKON JTUCTAHIIMOHHO
ynpasisiemoir obcepBatopun ISON-NM, pacnonoxxkennas B mrate Hpro-Mekcuko
(CIIIA) na actporpade Astroworks Centurion-18& nuamerpom 3epkaia 45 cm.,
ocHameHHoMm [13C-kamepoit FLI MLO9000-65 pasmep kaapa npu cbeMke 0e3
ounuposanus 3056x3056Giukcereit, ucnoab3oBanach sxkcrnosuius 240c¢.).

B tabmuuax 1, 2 npuBeneHbl 3HAa4YCHMs MOKa3aTesiell KadecTBa OOHApYKEHUS U
OLIEHKM MECTONOJIOKEHUA acTrepouaa [ AHIAPYIIEBCKOW aCTPOHOMHYECKOU
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ob0cepBatopun (tabmmma 1) m gas obcepBatopuu ISON-NM (rabnuma 2) s
TUIMYHBIX COUYETAHHWI 3HAYCHU JIEMEHTOB MATPHIIBI PA3MBITHS.

Tabnuna 1 . 3HaueHus nmokasaresei KauecTBa OOHAPYKEHHS U OLICHKU
MECTOIOJIOKEHUS acTepoua Juist AHAPYIIEBCKOM aCTpPOHOMHUUYECKOM obcepBaTopuu

Necou. | Coueranue B/ Oq.51YT-C Dy F, 1x10°
1 0/0 0,668 0,3 0,75
2 0,25/0,062 0,780 0,95 0,75
3 0,25/0,25 0,721 0,83 1,1
4 0,5/0,25 0,748 0,87 0,75
5 0,5/0,5 0,746 0,79 0,75
6 0,71/0,5 0,760 0,80 0,75
7 1/1 0,801 0,88 3,0

Tabnuna 2. 3HadeHns mokaszareseil kauecTBa 0OHAPYKEHUS U OI[CHKU
MeCTOIOJI0KeHHs actepoua A ooceparopur ISON-NM

Ne Cou. Coueranue [/ A Og5,YT-C Ijg F* 1x10°
1 0/0 0,849 0,3 0,7
2 0,25/0,062 0,913 0,85 2,96
3 0,25/0,25 0,903 0,88 0,8
4 0,5/0,25 0,882 0,97 1,08
5 0,5/0,5 0,889 0,85 1,32
6 0,71/0,5 0,862 0,88 0,8
7 1/1 0,917 0,93 2,96

N3 Ttabmuy 1 w 2 ciieqyer, YTO SKCTPEMAIbHO HH3KOE (KpOME TOYHOCTH)
MOKa3aTeM KauecTBa OOHapyKeHHsI IeMOHCTpUPYIOT coueTanust Ne 1 u Ne 7 nnst o6enx
oOcepBaTOpHii, KOTOpPbIE COOTBETCTBYIOT OTCYTCTBHIO MATpHUIBI pa3MbITus. B
OCTaJIbHBIX CITydyasix MoKa3aTelld KauyecTBa OOHAPYKEHUS JOCTaTOUYHO OJHM3KHU.

Hns ob6cepBatopun ISON-NM crnenyer Boaenuts codetanue Ne 4, xoTtopoe
oOecrieynBaeT HAWIYYIIYI0 YCJIOBHYIO BEpPOSTHOCTh MPAaBUIBHOTO OOHApPYKEHHS
acTepon/ia TPU MPUEMIIEMON TOYHOCTH OILIEGHKH MECTOIOJIIOKEHUS acTepouyia Hu
CPaBHHUTEIHFHO HEOOJBIIIOM YPOBHE YCIOBHOW BEPOSITHOCTH JIOKHOTO OOHApYKECHHUS
acreponna. Jlns AHIPYIIEBCKOH acTpPOHOMHYECKOW 0OCepBaTOPUU B KAdeCTBE
HAWIYYIITUX MOKHO TIPEUIOKHUTh UCIIOJIb30BaTh couetanne Ne 2 mim Ne 4.

Coueranuss 2, 4 u 6 TpeACTaBIAIOT COO0OM BapuaHThI MPOCTPAHCTBEHHOTO
rayCCOBCKOTO (MIIbTpa HU3KHUX 9acTOT ais paznuuHbix 3HaueHnit CKO. [lepenarounas

¢yHknus nogoOHOTro GUIBTpa UMeeT BU [8]:

>(2_'_)/2

G(xy) = ! Ze_ 20° (15)
2710

rae X,y —KOOpAHMHATHI paCCMaTPpUBACMOTI'0 ITUKCEIIsI OTHOCUTCIIBHO LICHTPAJIBHOTO

MUKCEJIs;
0 —CKO nepenatouyHoi XapakTepUCTUKH.
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BriBoabI

B cratee pazpaboTaH MeTOA OMpeNeNeHHs ONTHUMAJIbHBIX 3HAYCHUN MaTpPUIIbI
Pa3MBITHS IO KPUTEPHUIO MAKCUMYMa YCIIOBHON BEPOSTHOCTH MPABUIBHOTO OOHAPYKEHHUS
acTepouZOB IIPU OrpaHMYEHMSX HA 3HAYEHUS YCIOBHOW BEPOSTHOCTH JIOKHOI'O
oOHapyxeHuss 1 Bo3MOkHOTo yBenuueHusi CKO oleHkn SKBaTOpHAIbHBIX KOOPAWHAT
acrepouaa. ONTHMaiabHBIE 3HAYEHUS AJIEMEHTOB MATPULBl Pa3MbITUS ONPEAEISIOTCS
METOJI0M UMUTALMOHHOTO MOJIEJIMPOBAHUS HA HKCIIEPUMEHTAIbHBIX TaHHBIX OTIEIBHO
JUTSL KQXKA0TO TEJIECKOIIA.

OKCIEPUMEHTAIBHO NMPOUJUIIOCTPUPOBAHO, YTO IIPUMEHEHUE MATPULIBI Pa3MbITHSA
3HAYUTEJIBHO TMIOBBIIAET II0KAa3aTeM KayecTBa OOHAPYKEHUsS IPU HPHUEMIEMOM
CHIDKECHUM TOYHOCTM OLIEHKHM MECTOIIOJIOXKEHUs CHTHaja OT actepoupa. Hawmmywmme
3HAQYEHMsI DJJIEMEHTOB MATPULBI Pa3MbITUS COOTBETCTBYIOT 3HAYECHMSM DJIEMEHTOB
rayCCOBCKUX (PMIIBTPOB HU3KUX YAacTOT ¢ pa3nuuHbIMU 3HaueHussMU CKO u 3aBucsT ot
anmnapaTtypsbl, yCJIOBUH U PEKUMOB HAaONIOEHUS. BBIMIPHILI B YCIOBHON BEPOSATHOCTH
NPaBUIBHOIO OOHApYXKEHUs acTepoua IpU NPUMEHEHUM MAaTpULIbl PA3MBITHS C
ONTHUMAJIbHBIMUA 3HAYCHUSIMH 3JIEMEHTOB MOxeT pgocturatb 14 % — 20 %mnpu
NPaKTUYECKH HEM3MEHHOM 3HaueHnu Y BJIO acteponaa u nmpruemieMOM IMPOUTPHILIE B
CKO oueHkyM 35KBaTOpHANIbHBIX KOOPAUHAT ACTEPOUIOB.

B nmampueitiuem mnpeamosaraeTcss  pa3pa0oTka METOJa  aBTOMATHYECKOTO
onpeaeeHus] ONTUMAJIbHBIX 3HAYEHUH 3JIEMEHTOB MaTPHULbl Pa3MbITHS.
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