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3
I nasnas acmponomuueckas oocepsamopus HAH Yrpaunvl, Kues

CUTHAIIbHO-TPAEKTOPHbIA METO[ OLIEHKW NAPAMETPOB BJIU3KUX
OBBbEKTOB C NPOTAXEHHbLIM U3OBPAXEHUEM HA CEPUUN KAIPOB

Paspaboman cucHanbHO-mpaekmopHbwiil GbIYUCTUMETbHBIL MemOO OYEHKU Napamempos suouMo2o 0sudicerus Q
OU3KUX 0OBEKMOB CO CMAZAHHBLIM COOCMBEHHbIM O8udiceHuem usoopasicenuem na cepuu I13C-kadpos. B memoode om-
cymemeyem pazoenieHue GbINUCTUMEIbHbIX ONePayuUll Ha ONePayuL 6HympuKaoposoll U MeCKaoposot 06pabomku, u KaxK
cnedcmesue — OMCymemeyom onepayuu opmMuposanuss ommemox. B kauecmee saxona pacnpedenenusi KOOpOUHam nda-
OeHUst (hOMOHO8, NPUHAOTENHCAUUX OOBEKMY C NPOMSNCEHHBIM U300PANCEHUEM, RPUHAMA 636CUICHHASL CYMMA KOHEUHO20
KOMU4ecmea 08yMEPHbIX HOPMATIbHBIX 3AKOHO8 PACHPE)eNeHUsl KOOPOUHAM NAOCHUsL (POMOHOB, MAMEMAMUYECKUE OXHCU-
O0aHUsL KOMOPLIX PACNONONCEHBL 800Tb MPASKMOPUL BUOUMO20 O8UdiceHUst 00bexma. Memoo modicem Obimv UCHONb3068AH
8 NPOSPAMMAX AGMOMAMUSUPOBAHHO2O OOHAPYICEHUSL ACMEPOUA08 NPU OYEHKE MECMONONIONCEHUS. ACMEPOUOO8, UMEIO-
wux OonbuLUe CKOPOCHU BUOUMO20 OBUNCEHUS, HANPUMep, ACMepoudos, CONUNCAIOWUXCSL ¢ 3emell.

Knroueswie cnosa: oopabomra I13C-uzobpadicenuii, npomsicenusiti 00vekm, oyernka nonoxcerus, CoLiTec.

BBepeHue

[Ipobnema acTepoMAHO-KOMETHOH omacHocTH [,
2] B XXI Beke crana akTyaJbHOW TEMOH Hay4HBIX KOH-
(bepennwii, perynaspruo paccmarpuaercsi OOH, mpasu-
TENILCTBAMHU M TAapJIaMEHTaMH BEIyIIMX CTpaH MUpa,
BIIMATEIHHBIMU HENPaBUTEIHLCTBEHHBIMU OpTraHU3alIns-
Mu. Bcé Oonbiie BHMMaHMs yaensercs pa3paboTke
CpPE/ICTB ¥ METOJIOB OOHAPY)KEHHsI 1 MOHUTOPHHIAa 00b-
€KTOB, COTMKAIOIINXCS ¢ 3eMITEH.

KonmuecTBO M3BECTHBIX MOTEHIHAIBHO OIMACHBIX
00BEKTOB, CONMMKAIOIUXCS ¢ 3eMi€i, OBICTPO pacTéT.
Opnako nH(OpMAIHMU TMO-TIPEKHEMY HE JOCTATOYHO, a
METO/IBI €€ TIOJIYUEeHNUS! TAJIEKH OT COBEPIICHCTRA.

AHayim3 Jutepatypbl. TpaauimonHo [3], oOHa-
pY)XEHHE IBIXKYIINXCS OOBEKTOB B LIEJIOM W TOTEHIIH-
aJIBHO ONACHBIX aCTEPOHJOB B YACTHOCTH OCYIIECTBIIS-
ercst B 1Ba dTamna. [lepBblil atan (mepBUYHAas, BHYTpH-
KaJpoBas 00paboTKa) MpeaHa3HaueH I OIICHKH Tapa-
METPOB TOJIOXKEHUS! OOBEKTOB B (PUKCHPOBAHHBIE MO-
MEHTBI BpeMeHH. Bropoii aTan (BropuuHas, MexXKapo-
Basg 00paboOTKa) MCHOIB3YeTCs I OOBhCTUHCHHUS JaH-
HBIX, MOCTYMAIOUIMX C BBIXOJA BHYTPUKAJIPOBOH 00pa-
0O0TKH, MPEXK/E BCEro B IEIIX OOHAPYKEHUSI U OLEHKU
MapaMeTpOB TPASKTOPHH ABHKEHHS 00BEKTOB.

UzBecten [4, 5] cUrHaNbHO-TPAEKTOPHBIM MeETO.
(CTM) perieHust TakuX 3a7ad, CBSI3aHHBIA C JTUKBUIAIIN-
el pasjencHus mpolecca 00paOOTKH JTIOKAMOHHBIX JaH-
HBIX Ha yKa3aHHBIE BbIlIe 3Tarbl. CTOPOHHUKH JAHHOTO
MOAXO0/1a HAJICFOTCS, YTO €IMHAsl ONTHMU3ALMS Ipolecca
00pabOTKH JIOKAIMOHHBIX JAHHBIX MPUBEIET K MUHUMH-
3alM ee IT0TepPh M, KaK CIIE[CTBHE, — K MOBBIIICHUIO
TOYHOCTH OLICHKH MTApaMETPOB MX JABMKEHHUSL.

Ha Hacrosmmii MOMEHT pa3paboTaHbl METOJBI
OLIEHKH MECTOIOJIOKEHNSI HECKOJIbKHX OOBEKTOB, M30-
Opa’keHUs] KOTOPBIX IEPECcEeKaloTCsi U B OTOM CMBICIIEe
CTaTUCTHYECKH 3aBUCAT JApyr oT apyra [6, 7]. Taxxke
W3BECTHBI METOJBI OLIEHKH MECTOIOJIOKEHUSI TPOTS-
JKEHHBIX 00BeKTOB [8, 9, 10, 11, 12, 13], HO HU OJUH U3
HHUX HE YYUTHIBAET OJAHOBPEMEHHO BCE 3HAYUMBIE OCO-
o6ennoctu ¢opmupoBanus nudpoBeix [13C-u300paxe-
HUI HEOECHBIX 0OBEKTOB.

Leanio cTtaTby sBIsieTCs pa3padOTKa CHIHAIBHO-
TPAEKTOPHOTO BBIYMCIUTEIBHOTO METOJa OIIEHKH IIa-
pamMeTpoB BHIAMMOrO JABWXEHHUS Q ONM3KMX OOBEKTOB
CO CMa3aHHBIM COOCTBEHHBIM JIBU)KEHHEM M300paKeHH-
em Ha cepuu II3C-kanmpoB, KOTOpBI YYUTHIBAET BCE
3HAYMMBble OCOOEHHOCTH (DOPMHUPOBaHHS IH(PPOBBIX
[13C-u300paskenuit HeOeCHBIX 0OBEKTOB, BKIIIOYAS H TO,
YTO OCTATOYHBIE TOMEXOBBIE (POTOHBI MOT'YT OBITH pac-
TIpe/ieNIeHbl 10 N300paKEHHI0 00bEKTa HEPAaBHOMEPHO.

IMocranoBka 3agauu. [Ipennonaraercs, yto 00b-
€KThl OOHApYXKeHBbI, a UX KonuuecTBo Q n3BectHO. U30-
OpakeHUs] HeOECHBIX OOBEKTOB COAEPIKATCS B CEPUU U3
Nfame HCCIEAYyEeMBIX KaApoB, KaxIbli M3 KOTOPBIX

MIPUBSI3aH K 3BE3HOMY HeOy.

BmMmecre ¢ TeM, TOYHOCTh ITOBTOPHOTO HaBEICHUS
TeJIeCKONa HE TaKoBa, YTOOBI CUCTEMBI KOOPAWHATHI B
KapTUHHOW IUIOCKOCTH Ka)IOTO KaJapa coBlaiaiu. B
CBSI3U C OTHM I1e1ec000pa3HO MEPEHTH OT KOOPIUHAT B
cucTeMax KoopAMHAT Kaxkaoro otaensHoro I13C-kxaapa
K KOOpIMHATaM B cucTeMe KoopauHat OazoBoro [13C-
KaJipa, IOCTaBUB B COOTBETCTBUE LIEHTPY KaxJ0ro ik-ro
nukcens M3 Ngane KaIpoB KOOPAMHATH HeOECHOI

cepsr oy, O -

110

© C.B. Xnamos, B.E. CaaneBuy, M.M. be3kposasiii, H.C. CokoBrkoBa



OopoodKa inopmayii 6 CKIAOHUX MEXHIYHUX CUCEeMAaX

CraTHCTHYECKH 3aBHCUMBIE n300pakeHus Q 00b-
€KTOB HaXOAATCA B CTPOOE BHYTPHUKAIPOBOH 00pabOTKH
(CBKO), xoTopslif mpeAcTaBUM Kak MHOXKECTBO Cdgipp

nukcened. [log cratucTuueckw 3aBUCHMMBIMH HM300pa-
XKeHUIMU Q OOBEKTOB MOHMMAETCSl BO3MOXKHOE TIepece-
YyeHue ux u3odpaxenuit Ha [13C-kanpe.

3a BpeMsi 9KCIO3UIUU A, 00BEKTHI TIPOXOAT pac-
CTOSIHUE, KOTOPBIM HENb3sl NIpeHeOpeyub MPH OLEHKE HX
MecrornojaomkeHus. [Ipu atom mn300paxeHus 00bHEKTOB
CTaHOBUTCS CMa3aHHBIMH COOCTBEHHBIM ABHKEHHEM M
MOT'YT OBITh Ha3BaHbI MIPOTSHKEHHBIMU.

OOBeKTHl B KapTUHHOW IIOCKOCTH TeJIeCKoIla
JIBUKYTCSI PABHOMEPHO I10 KaXK/I0H KOOpJIHATE:

STM STM
ajr(®r )= Uy, (07 )+Vaj(r_rtbase);
8:(OF™) =5 (OF™)+ V(1= Typase )

()

)
TI€ T — BPeMS; Ty,ee — BPEMs IPUBA3KU 0a30BOTO Kajl-
. STM STM :
pa; ajy, (O7 ), 8j, (@7") — KoopauHaTH j-ro

00BbEKTa HAa MOMEHT TPUBSA3KH 0a30BOTO KalIpa Tiyace
(KaK mpaBWJIO, MOJIOBUHA BPEMEHH DKCIIO3UIIMHU 6a30BOT0

Kajpa); ocjr(®§TM), SjT(GETM) — KOOpAMHATHI j-TO

00BbeKTa HA MOMCHT BPEMEHH T; Vi, Vs — CKOPOCTS J-

ro 00bEKTa 110 KOOPAMHATaM 0L M & COOTBETCTBEHHO.

Koopaunatel majeHusi CHrHaJbHBIX (POTOHOB Ha
[M3C-matpuiy B 150001 MOMEHT BpeMEHH UMEIOT KpY-
ropoe HopMmaibHOe pacmpenenenue [7, 11, 12]. Uzo-
OpaskeHus] HeOECHBIX 0OBEKTOB Ha KaJpe UMEIOT Gopmy
TOYKH, a C yIeTOM aTMOc(hepHOi TypOyJIEHTHOCTH U30-
OpakeHUs] 0OBEKTOB MOTYT CTaHOBUTHCS Pa3MBITBIMHU.
[TomexoBbie (HOTOHBI (BBI3BaHBI LTYMaMU CUUTHIBAHUS
n3o0pakenus ¢ I13C-MaTpuI, «TEMHOBBIMH TOKaMH,
HEpaBHOMEPHOCTBIO YyBCTBUTENbHOCTH ITuKceneit [13C-
MAaTpHIl, & TaKke (POHOBBIM H3IYYCHHUEM) O0pa3yioT B
nukcensix CBKO nmomMexoByro MOIOKKY.

HaOmtofeHuro TOCTYHBI HANPSDKEHHST HA BBIXOJIE
Ncep mukceneit 11I3C-matpull, KOTOpble MOXKHO TIPH-

BECTH K OIBITHBIM OTHOCHTENIFHBIM YacTOTaM II0Ia/ia-

Hus ¢oroHoB B ik-i mukcens [13C-maTpuil Kaskaoro
b3

Kajpa u3 cepu N, UCCIELYEMBIX KaJPOB, Ly !

. . Nframe NsIFp .
ik = Ajke / Akt »
=1 ik

2

* .

rae Aj — 9KCIepHMEHTallbHas ApPKOCTh ik-ro mukcess
IT3C-matpun uccnenyemoro CBKO; Ngpp — konmue-
cTBO nukcene# uccnegyemoro CBKO.

TeopeTnyeckuM aHAJIOTOM OIBITHBIX OTHOCHUTEINb-

™

HBIX 9aCTOT SBJISIFOTCS BEPOATHOCTH Vi (®§ ) noma-
nmauus GortoHoB B ik-# mukcens [13C-matpui ¢ rpaHu-
IAMH Oy, , Olej TIO KOOPIHHATE O U Oy , O O KOOP-
aouHaTe o .

Heo0xonnmMo Ha OCHOBE COBOKYITHOCTH 3HAUCHHUH

b3
V¢ U uHbOpMaIMu 00 H300paXKeHHsX OOBEKTOB Ha

cepun [13C-kanpoB pa3paboTaTh CUTHAIBHO-TPACKTOP-
HBIA METOJ OILCHKH MapaMeTPOB BUIAUMOIO IBYIKCHHUS
Q OnM3KMX OOBEKTOB CO CMa3aHHBIM COOCTBEHHBIM
JBIKEHUEM H300pakeHueM Ha cepuu [13C-kaapos.

Cucrtema ypaBHEeHUH
MaKcuManbHOro npasgonogoous

OOt BU CUCTEMbI YPaBHCHUN MaKCHMAaJIbHOTO
npapaomnono0us [14] ansd OLEHKH HapaMeTpoB OO0BeEK-
TOB Ha cepud MUGPOBBIX KaJIPOB MOXKHO MPEIACTaBUTH
BBIPOKEHUEM

Nframe NSIFP auikt (@%TM)

80,

b3
Uikt
STM
ik Vi@ )
COBOKYITHOCTb OIICHMBAEMbIX MAapaMeTPOB BKIIIO-
. STM STM
gaer B cebs: KoOpaMHaThl ajr (07 ), 8, (07 )
j-To O0BEeKTa Ha MOMEHT INPHUBS3KH 0a30BOr0 Kajpa

=0. (3)
t=I1

Tipase s CKO KoopauHaT najieHust GpoToOHOB Gg;, CKO-

V..

poctb Vi, Vg; j-TO 00BEKTa TIO0 KOOpJUHATAM O, U O

COOTBETCTBCHHO. JlaHHyIO COBOKYITHOCTH ITapaMETpOB
MOXHO HNpEACTaBUTbH C IMOMOIIBIO BCKTOpa OIICHHBAC-
MBIX ITapaMETPOB:

STM STM STM
®‘r = (al‘rtb (91 )3811[1) (®r )’Vocl ’VBI >OG1»-

STM STM
O('j‘rtb (®‘r )aS (®T )sVajsVBstst~~~

ITtb
STM STM
aQTtb (®‘E )’SQTtb (®T )’VOLQ ’VBQ’GGQ) =
=(91,...9n,...95Q), (4)

rae 0, —n-il oreHUBaeMblil mapaMerp.

VYuuThIBas BHIIIECKA3aHHOE M BEPOSTHOCTHBINA Xa-
pakrep pacmpenenenus ¢oronoB B mukcenu I[13C-
MAaTpHUL, BBIPAKEHUE JJI1 BEPOATHOCTH Ly (@%TM) To-
naganust potoHoB B nukcenu [13C-marpuil, ¢ rpaHULIaMU
Olp; » Olg TIO KOOPIHHATE O U Opy , Og O KOOpAHHATE

8 COOTBETCTBEHHO, ISl MPOTSHKEHHBIX 00BEKTOB MOXKET
OBITh MPE/ICTABIICHO CIIEIYIOIIM 00pa3oM:
Oej dek
Vi (OF™) = _f j v (@B O3 oty dy (5)
Qb Bpk
Beipaxxenue, onuchIBarolee 3aK0H pacnpeeIeHus
nagenus (oroHoB Ha I13C-MaTpUIly MOXXHO MpEICTa-
BUTH CMECHIO BEPOSITHOCTHBIX pacnpenenenuii [15, 16].
YuuteiBas Bce BpeMs 3KCIO3HUIMH, BhIPAKCHUEC
JUIsl 3aKOHA paclipeieneHuss KOOpUHAT naaeHus GpoTo-
HOB B KapTuHHOM miuockoctu T13C-kaapa mpenacrasis-
€TCs C MOMOIIIBIO HHTErpaja Mo BPEMEHU SKCIIO3UIIUU:

STM
fom (0, Ok, OF ) =Arpg +

T +AL/2
et pj 1
LIRSS
= 2ncl:
T—A/2 =1 Gj

+ X

2
26Gj

STM 2
X |:(ait _E.:t ~ Oty (©7 )_Vaj(T_Ttbase)) +
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=G~ Bje,, (O3~ Vi (e —rtbase»z}}dr (6)

rae &;,0; — HEBA3KH IPUBA3KH KOOPAUHAT LIEHTPOB
mUKcenel t-ro kaapa Kk 6a30BOMY KaJipy MO KOOpAUHATE
0L U 8 COOTBETCTBCHHO; P;j — OTHOCHTENbHBIN BEC CHI-

HAJBHBIX ()OTOHOB, MPUHAICIKAIINX j-My OOBEKTY:

Q
>.pj=1-py; ()
=l

pO — OTHOCHUTEJIbHBIII BEC OCTATOYHBIX ITOMEXOBBIX

¢oronor [13C-MaTpuir ociie KOMIICHCAIIMH ITOMEXOBOM
nomoxka (0<py<1); oG} — CKO koopauHaT maje-
HUSI CUTHAJIBHBIX (DOTOHOB.

3akoH pacmpeneneHus (6) KOOpAHWHAT IaJICHUS
(oToHOB B KapTHHHOH uiockoctu [13C-martpury (3a Bce
BpEMsI SKCIIO3UIIMN) MOKHO MPE/ICTABUTH B BUIE CYMMBI
KOHEYHOI'0 KOJIMYeCcTBa ABYMEpHBIX rayccous [13]. Uem
OOJIBIIMIA ITYTh MPOXOJAT OOBEKTHI 32 BPEMsl IKCIIO3H-
LMK, TEM OOJIbIlIee KOJIUYECTBO TayCCOU HEOOXOAUMO
JUI  aJIEKBATHOTO TIPEJCTABJICHHS WX HW300paKeHUsI.
dopmanbHO (hopMaNU3aKy TAKOTo ITOAX0/1a JOCTATO-
HO BOCIIOJIB30BaThCS (POPMYIIOH MPSIMOYTOJIbHHUKA YHC-
JICHHOTO MHTETPUPOBAHUS M IPEICTABUTH B BHIE CyM-
MBI BTOPOE cllaraeMoe B BbIpakeHuu (6):

™
form (0t 81,03 ) =pg +

Q8 1
+Z Z\un SeXpy————X
=1 n=0 270G 26

STM 2
X |:(ait - E.:t ~ %y 7 ) - Vaj (T — Tibase))” +

Ok —Ci — Sjrtb (®§TM) = Vs (Th ~ Ttbase ))2 :|} ., (3

THE T, = Tipase T AM/N—=0.5) — Bpems NpuBs3KH n-it

rayCCOMBI, MCMOMb3yeMON [UIs arpOKCHMALMH M300pa-

KEHUs1 00BEKTa, CMa3aHHOTO COOCTBEHHBIM JIBIKCHHEM;
NG — KOJIMYeCTBO rayCCOM, UCIONb3YEMbIX M

anmpoKCHUMaly H300pakeHHus: 00bEeKTa, CMa3aHHOTO
COOCTBEHHBIM JIBUKEHHEM HJIH KOJTHMYECTBO HHTEPBAIIOB
YHCJIEHHOTO0 HHTETPUPOBAHUSI [10 BPEMEHU;

Y, — K03 }UINEHT YHCIEHHOIO HHTETPUPOBAHHS.

Jlst orleHUBaHUs MapaMeTpoOB OOBEKTOB HEOOXO-
IUMO DEUINTh CUCTEMY YPaBHEHUH MaKCHMaJIbHOTO
npasaononodus (3). IIpu 3ToM B KadecTBe TeopeTHue-
CKOW BeposiTHOCTH Nonananusi Goronos nukcenu [13C-
MAaTpHIl UCTIOIb3yeTCsl BhipakeHue (5), B KOTOPOM BBI-
paxxenue (8) MCIONB3yeTCs KaK 3aKOH PacIpeieeHHs
KOOpJIMHAT TaJeHHUs CUTHAIBHBIX (DOTOHOB B KapTHH-
Hoit miockoctu [13C-matpwur.

Jlis momy4deHusl BhIpa)KEHUH TPOW3BOIHBIX, BXO-
X B (3), He0OXOAMMO BhIpaskeHue (8) moncTaBuTh
B (5) ¥ BOCITOJIL30BAThCSl U3BECTHBIM TpaBuiioM audde-
PEHLUPOBaHUs HHTETpaja 1o napamerpy [17]:

d?l o
- { f(x,A)dx = { a—kf(x,k)dx . )

BelpaxkeHue 18 NPOU3BONHOM IO KOOpAMHATE

™, -

U, (@f ) j-To 00BEKTa MO MHUKCEIHLHOMY HHTETpa-
ay (5) Ans mpOTSDKEHHBIX OOBEKTOB, C YUETOM 3aKOHA
pactipeznenenus kKoopauHaT (8) maneHuss (POTOHOB B

kaptuHHOU 1ockoctu [13C-matpur, Oyner UMeTh BHA:

™ Qi Sk N
@™ _ 1 P F °kZGW expl
™ 2 n 2
O, ©™) Ng 210G g =0 205

| (Bl =G =80, OF™) = Vi(xy - rtbase»z]}x

0l
™
dajy, (2™

T

™
x [ (o~ ey, ©F™) -
20Gj

— V(T — rtbase))z}}daitdéikt . (10)

Bocmnosnp30BaBmvch mpaBmwioM qudpepeHIMpOBAHS
exp'(x) = x"exp(x) , Bepakenue (10) mproOpeTaeT BUL;

oop(@3™) 11 y
STM / 3
aocjrtb (®T ) NG 27'CGGj

Ng 1 STM
2wy [ exp ‘—z[(Skt—Ct—Sjnb(@r )=
n=0 &y 20G;

V(1 -1 ))2} A8y, X x

dkjt \n  “tbase kt \/EGGJ'

Olej
y J? ( 0S™) _y 2

ait_E.:t_aj‘rtb( T - it (Th = Ttpase)) ™ | X

Opi

1 STM
xexpy ~—5 (ay ~& ~aje, (OF™) -
CGj

2
_Vocijt (T — Ttbase)) :|}dait :

Jlnist B3ATHS MHTETpaia U3 MpeoOpa3oBaHHOTO BbI-
paxenus (11), memecooOpa3HO HUCIONB30BATh 3aMEHY
NIepEMEHHOI:

STM
a=ay —& - Ut (©7 )_Vocj (Th — Tibase) - (12)

(©F™) +V,4(ty ~Tipese) -

(11)

Torma o =a+&; +0ajg,
0oy =0a , a HIKHUN U BEpXHMII Ipeaensl HHTErPUpo-

BaHUsA OyIy UMETh BUI:
A =0 —E — o (O™ -V (1, —Typae) : (13)
min bi t LT aj\*n ~ “tbase/ >
STM
Amax = Olej —&¢ — Ut ©7 ) - Vocj (Th ~ Tibase) - (14)

JInst HopMasIbHO pachpeeNieHHON ciayJaiiHOH Be-
JWYUHBI O C MaTeMaTHYeCKMM OXHIaHHEeM m, U

o 2
JUCIIEPCUCHU G IUIOTHOCTH PAaCHpEACICHUSA ONpEaAcIia-
€TCs BbBIPAKCHUCM !
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Ny (y:6%) = —A—exp(-—=(a—mg)?) . (15)
267

1
\J2no
Ilpu aToM BeposTHOCTE Fg; Toro, 4to cimydaiiHas

BEJIMYMHA O, HaXOAWTCSA HAa MHTEPBAJIE [Olp;,0;], OI-
pezenseTcs cielyoIuM 00pa3oM:

Qej
Foti(mot;c2) = _[ Na(ma;cz)da '
O
C yueToM MpoBeIeHHON 3aMeHbI epeMeHHoH (12)
U BBeleHHBbIX oOo3HaueHuil (13) + (16), BbIpakeHue
(11) mpumer Bux:

aolkt @3™) 1
(®STM)

(16)

X

2
ey Ngog;

. Fu. 5. (@™ Vot — L2
XZ\Vn Okj Ce+ _]Ttb( T )+ SJ(Tn Ttbase)’GG_] X

a
1 max ) )
X— aexp{—a/zc ~}da. (17)
\/2ncha'[. ( GJ)

Jns npanpHeimero mnpeoOpa3oBaHUsl BBIPAKEHHS
(17) enecoobpa3HO BOCIONB30BATLCS MMOHATHEM [6, 14]
JIOKQJIBHOTO MAaTEMaTHYeCKOTO OXKHIAHHs CIydailHOM
BEJIMYMHBI 0. HA MHTEPBAJIE [Oly;, O] :

/ 1 G‘Cl
m > =———— | aN,,
Fui(mgso”) o

2
(¢

+———— (N, (my;6%) =N, . (m,;02)). (18)
Fai (ma;GZ) el bi

Bocnonp3oBaBimmcs TaOIUYHBIM HHTErpajiom [17],

cz)doc =mgy +

2 2
[xe™dx =—2iae—ax . (19)

a taxke BblpakeHusMH (16) u (18) Bepakenue (17)
Oymer nmpeodpa3oBaHo K cnez[y}omeMy BHILY:

6olkt(®sm) Z\v
n
©™) " NGGGJ a0

Lty
STM 2
><FESkJ (qt +8]‘rtb (07 )+V8j (Tn _Ttbase);GGj)X
STM 2
><|:Fotij (E.:t +aj‘rtb (©7 )+Vocj (Tn _Ttbase);GGj)X
(®§TM) - Vocj (tn = Ttbase)) -(20)

KOOpJMHATE

( ouJ —&— Ajrg

AHaJOrM4YHO IIpOU3BOAHAA Io

JTtb
5) [UIsl IPOTSKEHHBIX OOBEKTOB O z[eT HUMETh BUL;
p Y.
STM
o0 (O2) Z
2 \Vn

STM
aaj‘rtb (07 ) NGGGJI’I =0

STM 2
><FESkJ (qt +8]‘rb(®‘r )+V8j (Tn _Ttbase);GGj)X

STM 2
><|:Fotij (E.:t +aj‘rtb (©7 )+Vocj (Tn _Ttbase);GGj)X

(mgﬁj Ce— Sj‘rtb (®§TM) - Vﬁj (tn = Ttbase)) -(21)

(®STM) j-T0 00BEKTa 10 MUKCETLHOMY UHTETPAITy

IMpoussoznHas mo ckopoctu V,, o j-ro oOBeKTa 1o

KOOpIWHATEe O, IO MUKCEIbHOMY HHTerpany (5) mist
MPOTSDKEHHBIX OOBEKTOB, C YYETOM 3aKOHa pacrpene-
JeHuss KoopauHat (8) maaeHus (GOTOHOB B KapTUHHOMN
mwiockoctH [13C-kanpa, OymaeT UMeTh B

ST™M N
O (©7 ) _ 1 ZG\V (t
OVyi Neo2. n
j GOGjn=0

STM .2
*Fsij (Ct +8jr, (@7 )+ V(1 —Ttbase)»GGj)X

n— Ttbase) X

STM 2
><|:Fotij (E.:t +aj‘rtb (©7 )+Vocj (Tn _Ttbase);GGj)X

STM
( OUJ E.:t Qjrg, ©7 ) - Vocj (tn = Ttbase)) (22)
AHaJIOTUYHO, MIPOU3BOIHAS TIO V5j CKOpPOCTH j-TO
o0beKTa 1o KoopAuHaTe 6yz[eT UMETh BHI;
2 Z \Un (T

NGGG_] n=0

STM .2
*Fsij (Ct +8jr, (@7 )+ V(1 —Ttbase)»GGj)X

Ttbase) X

(®STM

2
X Fotij E.:t + A )+ Voc'(Tn _Ttbase);GG' X
tb J 1

(M =0 =850, (OF™) = Vig (5 ~Tase)) - (23)

JIyst HaXOXKIIeHHsI CHCTEMBl YpaBHEHUI MaKCHMallb-
HO TIPaBIONOI00HOM OIICHKH MTAPaMETPOB JIBIKCHHS 00b-
€KTOB 110 IUKcessiM uccinemayemoro CBKO na cepun mud-
POBBIX KaJpoB yacTHble npou3BoaHble (20) + (23) moa-
craBisitorest B Beipakenue (3). IIpu sToM cucrema ypas-
HEHMH MaKCHMAaJIbHO MPaBJIOMOI00HON OIIEHKH MECTOIIO-
JIOXKEHHSI U CKOPOCTEN MPOTHKEHHBIX O0OBEKTOB Ha CEPUU
U(POBBIX KaAPOB OYIET MMETh CIICIYIOIINI BUII;

Ng
o > waF (g -GZA)F (a -GZA)
Fp ikt g ntokj\ “kjt> 9O Gj ) taij | %ijt»© Gj
n=

Nframe Ns
STM x
t=1 ik L (@77)
f
X( al_|+(x’l_|t) 0; (24)
Ng ,
Nframe NgsiFp ‘kt ZOW“F5kJ(8th’GGJ)Fa1J( ithGGj)
n
X
STM
t=1 ik L (O7 )
x(ms + 80 ) = 0 (25)
Ng
_—
Nframe NSIFP 1ktZWn(T Ttbase)FSkj(Skjt’GG_])
n=0 x
STM
=1 ik Vi (O )
xF (a -02-)(mf‘?9 + )—0- (26)
aij | %ijt> O Gj aj ijt )=
Ng
_—
Nframe NSIFP 1ktZWn(T Ttbase)FSkj(Skjt’GG_])
n=0 x
STM
=1 ik Vi (O )
- .2 loc | _
XFaij(aijt’GGj)(mSkj +8kjt)—os (27)
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— STM .
e Oyt = e+ Qjr, ©7 )+ Vocj (Tn — Ttbase) 3

N STM
8kjt =Gy +5jTtb (07 )+V8j(Tr1 — Ttbase) -

CucreMa ypaBHCHHH MaKCHMaJbHOTO IIPaBJIOIO-
nmobust (24) + (27) moxer OBITh Iepenucata B BUJIE:

Nframe NSIFP %

loc
Uik ikjt M

. STM =1 ik
a. (O = : (28
JTtb( T ) Nframe NSIFP % ’ ( )
Uikt hikit
=1 ik
Nframe NSIFP % oc
Vit ikjt Mgk
5 ™ =1 ik
5. (©5™)= ’ 29
JTtb( T ) Nframe NSIFP % ’ ( )
Vikehikit
=1 ik
e < .2 _ 2
Z‘VnFSkj(Skjt;GGj)Faij(aijt;GGj)
0
rac }\‘ik' =1
jt STM
Vi (@77 )
Nfame NsIFP Joe
VikeAikjt (Tn — Trbase Maij
- =1 ik
V.. = > ; (30
a Nframe NSIFP % ’( )
VikeMikit
=1 ik
Nframe NSIFP % gie
VikeAikjt (Tn — Tbase ) Mskj
- =1 ik
Vs: = : 31
8 Nfame NsIFp > B1)
Uikt hikjt
=1 ik
. STM, =« STMy ¢ <
rae Gjp (077), ajp, (O777), Vg, Vg — 0bo3Ha-

YEeHHs OLIEHOK COOTBETCTBYIOIIHX MapaMeTPOB.

Cucrema (28) + (31) ypaBHEHHI MaKCHMajIbHOTO
MPaBIOION00HS SBJISIETCS TPAHCLUEHIECHTHOH M MOXET
OBITH pelIeHa METO/IOM TOCIIeIOBATEIbHBIX MPUOIIHKe-
HUi (mpocTtoi urepanun) [18]. Marematuueckoi ocHO-
BOW TEXHUYECKOH 3afayu pa3padOTKM CUTHAJIBHO-
TPAEKTOPHOT'O BBIYMCIUTEIBHOTO METOJa OIIEHKH Iia-
pameTpoB BHIAMMOTO JABWXEHHUS Q ONM3KMX OOBEKTOB
CO CMa3aHHBIM COOCTBEHHBIM JIBU)KEHHEM M300paKeHH-
eM Ha cepuu [I3C-kaipoB CIyXHUT 3ajiaya OIIEHKH Ta-
paMeTpoB CMECH BEPOSTHOCTHBIX pacHpe/elieHHH 110
rpynmnupoBanHol BeIOOpKe [19, 4, 6, 15, 16, 20, 21].

W3 ananmza Beipaxkenwii (28) + (31) BumHO, yTO
orepany (POPMHUPOBAHUSI OTMETOK (OIEpaIMU OLEHKH
nonoxeHus Q 00bEKTOB B KaXAOM U3 Ng,n. KaapoB)

OTCYTCTBYIOT B ONTUMAaJIbHOM CHUT'HaJIbHO-TPAEKTOPHOM
METOJIe OLECHKU IapaMeTpoB JABWXeHHs Q MpOTSHKEH-
HBIX 00BEKTOB. TeM caMbIM B MHOTOLICIEBOM Cllydyae
MIPU HCIOJIB30BAaHUH CUTHAIBHO-TPAEKTOPHOIO METO/a
onTHMajbHa OE30TMETOYHAsl TEXHOJNOTUs 00pabOTKH
JIOKAI[MOHHBIX JaHHBIX.

JIyist OIIEHKH TapaMeTpoB IBIKEHHS OOBEKTOB Ha
Ka)KAOH MTepaluy pa3pabOTaHHOTO METOa MOOYEepEnHO

MIPOU3BOIATCS IBE ONepalyy. B cooTBeTCTBUM CO 3HaUe-
STM
HHMEM IlapaMeTpoB O ", NOIYYEeHHBIM Ha NpeabIdy-

el urepaniy, pPacHICIUISIOTCS CTATHCTHKU IHKCeIeH
KaJ[pOB CEPHU Ha IIOMEXOBYIO (IIyMOBYIO) CTATUCTHKY H
Q curHajbHBIX cTaTuUCTUK. [lanmee cremyeT omepauus
B3aUMHO HE3aBHCHMOI OLIEHKH MapaMeTpoB BUIUMOIO
IBIKEHHUS Kaxaoro u3 Q o0bekToB Ha cepuu [13C-
KaJ[poB IO HE3aBUCHMBIM CTaTHUCTHUKaM, BBIACIECHHBIM
ornepanuei pacmeruieHns. OIeHKa MapaMeTpoB IMPOu3-
BOJUTCS TI0 ISTePMUHHUPOBaHHOMY TpaBwity (28) — (31).

CdopmupoBaHHas OlEHKa ITOCTYIAaeT B KauecTBeE
HAYaIBHOTO MPHOIMKEHHS HA ONEPaIfio PacIeTIICHHs
cnenyrouie urepauuu. MrepaluoHHBIN Ipolece mpo-
JIOJDKAETCS 10 TeX TI0p, MOKa OLEHKH Ha COCeIHHUX UTe-
pauusx IpaKTHIECKH HE COBITAIYT.

BbiBOoAabI

Pa3paboTaH CHrHAIBHO-TPACKTOPHBIA BBIYKCITH-
TENbHBIN METOJI OIIEHKU MapaMeTPOB BHIMMOTO JBIIKE-
Hust Q ONU3KUX OOBEKTOB CO CMa3aHHBIM COOCTBEHHBIM
JBIKCHUEM H300pakeHreM Ha cepuu [13C-kaapos.

Pa3paboTaHHBIE METOJ] YYHUTHIBAET OCTATOYHBIC
MOMEXOBbIe (DOTOHBI, KOTOpbIE MOT'YT OBITH pacrmpesie-
JIEHBI TI0 H300paKEHHIO 00bEKTa HEPABHOMEPHO.

B MeToze OoTCyTCTBYET pasjieieHie BHIYUCIUTEINb-
HBIX OMEpAaIMii Ha OMepalny BHYTPUKAJIPOBOH H MEK-
KaJpoBOH 00pabOTKH, U KaK CIEICTBUE — OTCYTCTBYIOT
orepaniu GOpMUPOBAHUST OTMETOK.

Tak Kak METOJI CHHTE3UPOBaH KaK pPEIICHHUE €Iu-
HOM ONTHMHU3AIUOHHOM 3a7a4i OIEHKH IapaMeTpoB
BHIMMOTO JBI)KEHUS 00bekTOB Ha cepuu [13C-kampos,
0e3 ee TPaJAMIMOHHOTO pa3J/elieHns] Ha BHYTPHKAIPO-
BYIO U MEXKaJPOBYIO 00paOOTKH, TO OXKUIAETCS YITyd-
[IEHHE MOTEHIHAIBHON TOYHOCTHU MOTYYaeMbIX OIIEHOK.

IIpakTudeckast 3HAUUMOCTh MeToja [22] 3akitoua-
€TCsl B BOBMOXKHOCTH U I1€JIECO00Pa3HOCTH €ro MCIOJb-
30BaHUs [UIS OLICHKU [APAMETPOB BHIMMOTO JBHKCHHSI
MPOTSHKEHHBIX CTATHCTUYECKH 3aBHCHMBIX OOBEKTOB B
IporpamMmax ONepaTUBHOTO aBTOMAaTH3MPOBAHHOI'O 00-
HAPY)KEHHUS HOBBIX U COMPOBOX/ICHUS M3BECTHBIX acTe-
POUIIOB, KOMET M HEOECHBIX TeN CO CJa0bIM OJIECKOM,
HanpuMmep, B mporpamme CoLiTec [23, 24].

B nanbueiimem B pamkax npoekta CoLiTec OyayT
MPOBEICHBI KCIICPUMCHTAIBHBIC UCCIIEIOBAHUS CTATHU-
CTHYECKUX XapaKTEPUCTHK Pa3pabOTaHHOI'O CUTHATBHO-
TPaeKTOPHOT'O BBIYHMCIUTENFHOTO METO/a OIEHKH Tia-
paMeTpoB BUAWMOTO ABWKeHHUsI Q OMM3KHX OOBEKTOB
CO CMa3aHHBIM COOCTBEHHBIM JBI)KCHHEM H300pakeHHU-
eM Ha cepun [13C-kampoB Ha 6a3e peaabHBIX CHUMKOB
3BE3IHOTO Heba.
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CUIrHAIbHO-TPAEKTOPHUA METO[ OLIIHKU MAPAMETPIB BJIU3bKUX
OB'EKTIB 3 MPOTSAXXHUM 30EPAXEHHAM HA CEPIi KAOPIB

C.B. Xnamos, B.€. CaBanesiu, M.M. Beskposuuii, H.C. CokoBikoBa

Po3spobnenuii cuenanvno-mpaekmopHuil 064UCII08aNbHUL MEMOO OYIHKU napamempie auoumo2o pyxy Q bauzvkux ob'ckmie
i3 3MaujeHum 8AAcCHUM pyxom 300padicennam na cepii I13C-kaopis. Y memooi iocymme po3oinens 064uciiosaibHux onepayiii
Ha onepayii 6HYMPIiuHbOKAOPOBOL i MidCKaOpo8oi 06pobKu, i AK HACTiOOK — giocymui onepayii hopmyeanns 8iomimox. Ak 3axon
POo3n00iny Koopounam nadinks GomMomis, wjo nanexcams 00'€eKmy 3 RPOMANCHUM 300PAICEHHAM, NPULIHANA 36AXHCEHA CYMA KiH-
Yesoi’ KinbKOCMi 0808UMIPHUX HOPMAILHUX 3AKOHIE PO3NOOLTY KOOPOUHAM NAOJiHHA (DOMOHIE, MAMeMamuyHi O4iKY8AHHS SKUX
PO3MAUOBAHI Y30062C MPAEKMOPIT 6UOUMO20 PYXY 00 'ckmy. Memoo modice Oymu UKOpUCMAHULL 8 NPOSPAMAX ABMOMAMU3Z06A-
HO20 BUAGIEHHSI ACMepoiodie npu OYiHyl MiCYENON0ANCeH s acmepoidis, w0 Maiomy GeUKi WEUOKOCMI 8UOUMO20 DYXY, HANPU-
KAa0, acmepoiois, wjo 301udcylomvcs iz 3emueio.

Knirouogi cnosa: o6pooxa I[13C-306padicens, npomsiscruii 06'ckm, oyinka nonooicenns, CoLiTec.

ALARM-TRAJECTORY METHOD OF ESTIMATION OF PARAMETERS OF NEAR
OBJECTS WITH EXTENSIVE IMAGE ON SERIES OF STILLS

S.V. Khlamov, V.Ye. Savanevich, M.M. Bezkrovnyy, N.S. Sokovikova

The alarm-trajectory calculable method of estimation of parameters of visible motion of Q of near objects is developed with
the smeared own motion an image on the series of PZS-stills. In a method the division of calculable operations absents on the opera-
tion of intraskilled and interskilled treatment, and as a result — the operations of forming of marks absent. As a law of distributing of
co-ordinates of falling of photons, belongings an object with an extensive image, the self-weighted sum of eventual amount of two-
dimensional normal laws of distributing of co-ordinates of falling of photons the expected values of which are located along the
trajectory of visible motion of object is accepted. A method can be utillized in the programs of the automated discovery of asteroids
at the estimation of site of asteroids, having high speeds of visible motion, for example, of asteroids, drawn together with Earth.

Keywords: treatment of PZS-images, extensive object, estimation of position, CoLiTec.
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