ITpuMeHeHne OAHOPOAHBIX CTPYKTYP AJis
oOHapy>KeHNsT KOCMUYeCKIX YacTUll Ha
ACTPOHOMUYECKIX M300parKeHmsIX

O.M. Cymupnos

1. IlocTaHoBKa 3aja4n

CoBpeMeHHBIE aCTPOHOMUYECKHE HaO/oAeHus Uco/ib3yorT 113C-ka-
Mepbl (MATPHIBI) KAK OCHOBHOE CPEJICTBO TOJIydeHus n3obpazkenmii. Vx
[ITIPOKOE PACIIOCTPAHEHUE CBSI3aHO C PA3BUTUEM KOMITBIOTEPHBIX METOJIOB
00paboTKu jaHHbIX. CHUMOK, MOJIyYEHHBIH KOMITBIOTEPOM HAIPSIMYIO C
MaTPHIIBI, COJMEPKUT 3HAIUTETBHO 0OJIbIe NH(MOPMAIMA U MEHBIIE IITy-
MOB, YeM AHAJIOTUYHBIH CHUMOK, CHATHIH Ha (DOTOITACTUHKY W TTPOEKTH-
POBAHHBII MUKPOIEHCHTOMETPOM.

Tem ne menee, maxke [13C-uz00pazkeHuss MOryT COJIEPXKATH 3HAYU-
TeJIbHBbIE ITOMEXU, KOTOPhIEe MOXKHO YCJIOBHO pasOUTh HA TPHU I'PYIIIIBL:

® 3JIEKTPOHHBIN MyM Heba U ITyMbl CINTHIBAHUSI;
e 3bdeKThH paccemBaHNsI, CBI3aHHBIE C «HEUIEAJTHFHOCTHIO» ONTHUKI;

e rpeku Kocmmdeckux dacrur (K9).

Kak mpasusio, yraJjienne moMex BOBCE He SABJISIETCS KOHEUHOM MU J1a-
2Ke MIPOMEXKYTOYHOM MEIbI0 00pabOTKN aCTPOHOMUYECKUX N300paKeHuil.
Koneunast 11ejib — 10JIydeHNe KAKUX-TO (DU3MYECKUX BEJINIUH (OTHOCH-
TeJIbHAsT SIPKOCTH 3BE3/I, TTAPAMETPbI CHEKTPAJIbHBIX JIMHUA, ¥ T.I.) U UX
norperiHocTeir. [losToMy moMexu 0OBIMHO HE YAAJISIOTCS, & YINTHIBAIOTCS
B mporiecce obpaborku. [lomexu MByX MepBLIX IPYIIT OTHOPOIHBLI B IIpe-
Jesiax u300pazkeHus, u ¢ HUMHU Gojiee (a MHOIJIA U MeHee) JIErKO CIIPaB-
JISTFOTCST METOJIbI MaTeMaTHIeCKoil cTaTuCTUKU. C TpeKaMu KOCMHIECKUX
YACTHI], PACIIPEIETICHHBIME 110 U300PAKEHUIO CJIyIaliHO, CUTYAIIUs] MHAS.
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st UX HAXOXKJEHWsS CYIIECTBYET MHOXKECTBO aJrOPUTMOB, HO BCE OHHU
najieku oT coBepiercTsa. llensb 9Toit paboThl — pazpaboTrka 3¢ dexTun-
HOT'O aJINOpUTMa 0OHAPY KeHUsT TpeKoB K, 0ocHOBAHHOTO Ha TIOHSITUU OJT-
HOPOJIHO# CcTPYKTYpHI [1].

1.1. ®opmupoBaHue N300parKEeHMIA

[Ipssmoyrosbaast I13C-maTpunia peructpupyer n3o0pakeHue, TO eCTh
HelpepbIBHYO GyHKIUO sgproctu ¢(x,y), e £o < ¢ < 21, Yo < Y < Y1.
Marpuria pazbuta Ha M X N 1yBCTBUTEIbHBIX 3JIEMEHTOB, UJIU ITUKCEJIeH,
Agj (kak mpaBusio, M u N maxonsres B npegenax 300-1000), kaxkpiii B
orcyrcreue KY dbukcupyer maTErpas oT g mo cBOeil MOBEPXHOCTHU, HA3DI-
BaeMBII 3HAUEHUEM TTHKCEJI:

_ def . .
gij://g(ac,y)da:dy—&—fij (t=1...M,j5=1...N) (1)

(31€Ch %, j OTBEYAIOT IEIOYNCIEHHBIM KOODIUHATAM IHKCeJs, a &;j eCTh
HEKOTOPBIN IIyM, COOTBeTCTBYyIoOmuii nukcemo A;;). Ceayer oTMeTnTs,
9TO peaJsibHO Ka}K,Z[‘bII;'I JJIEMEHT CcYuTaeT OTIe/IbHBLIC CbOTOHbI7 IIO3TOMY
Jij CyTb IleJIble HEOTPHUIATE/IbHBIC YUC/Ia, B COBOKYITHOCTH OIPaHUYCHHbIE
Pa3pAIHOCTBIO JIATYUKA.

1.2. KocMuyeckue 4acTHIIbI

Ecmu B mukcens A;; monagaer KY, To ero smauenme yBsegmamBaet-
Csl Ha KAKOe-TO 4ncyo d0;; (Jobasox HacTHIlBI), 3aBHUCHINEEe OT SHEPIUM H
TpaekTopun dacTunbl. Tpek KY oObIvHO 0XBaThIBAET HECKOJILKO ITHKCE-
Jieil ¥ MOYKeT MMeTh caMble pa3Hoobpasuble popMbl. ITocKombKy 00pasb
0ObEKTOB M3y4eHUsl (3Be3[l, CIEKTPAJIbHBIX JIMHUIA) MMEIOT Majble — B
mpejiejiaX HeCKOJIBKUX ITUKCeJIeil — pa3Mephl, HaJumdnue HeoOHapyKeHHbIX
K'Y B HEUX MOXKET CyIIeCTBEHHO HOBJIUSTEL Ha Pe3yabTraThl oopaborku. [To-
9TOMY TIOUCKY 3aJeThIX MHUKCesel yiaessiercst 60sbinoe BauManne. OOHa-
PY>KEHHBIE TTUKCEIN CUYNTAIOTCS MCIIOPYEHHBIMU, U UX 3HAYEHHA JTUOO He
VUUTBIBAIOTCS B JaJIbHeleit 00padboTke, MO0 3aMEHAIOTCS HA PE3yIbTAT
MHTEPIIOJIANIN HE3aIeThIX coceei.
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Baslaua cocTouT B TOM, YTOOBI MMest Habop wmcen {gi; = Gij + 0ij}
(151 HesazeTHIX mHKceseit 0;; = 0), OOHApY’KUTh U MOMETHTDH 3a/[eThle
nukcenn. OHa 006/1a7aeT HEKOTOPBIMI XapPaKTEPHBIMI OCOOEHHOCTSIMHU.

e Tpexkn YacTuI] HACTOJIBKO PA3HOOOPA3HBI, UTO HE CYIIECTBYET 00-
IEr0 AHAJUTUIECKOTO KPUTEPHUS IJIsi UX OOHAPYKEHUSI.

e [Tnorrocts KY moxker 6bITh OueHb Bbicoka (10 1-2% nmkceseii),
0COOEHHO B M300PaXKEHUSIX, CHATLIX C OOJIBINTON BBIIEPXKKOW U B
n300pazkeHuAX ¢ Xab0IOBCKOIO KOCMHYECKOTO TEJIECKOIIA.

e Hecmorpst Ha oTCcyTCTBHE Y€TKOIO KPUTEPHS, I€JIOBEK-IKCIIEPT MO-
2KET JIErKO OI03HATH BU3YAJBHO OOJIBITUHCTBO TpeKoB. Ho 06beMbl
COBPEMEHHBIX HAOJIIONEHUN CIIOCOOHBI MOJHOCTHIO 3arpy3UTh ITOMH
paboToit BceX acCTPOHOMOB MUDA.

o KY uuskoil sueprum TPyIHO OOHAPYKUMBI, HO MAaJO BJIAAIOT HA
pE3yJIbTAT.

o K'Y j1r060it sHEpIUH, IONABIINE B HE OYeHb IVIQIKHi 0Opa3 obbekTa,
IOPOit ¢ TPy/IOM OOHAPYKUBAIOTCS Jaxke dKcreproM. OThesbHbIe
JaCTUIIbI IVIOFyT IIOJIHOCTBIO CJIMTBCA C JAeTaJIdMN KapTUHKH. STO
CTaBUT HEKHUIl IIOTOJIOK Ha BOZMOXKHOCTH ajropurMa. K coxkasienuro,
NMEHHO TaKue JaCTUIIbl CKOpee BJIUAIOT Ha pesyanaT.

e OTtiesibHBIE 3JIEMEHTHI M300paskKeHUsI MOLYT II0 CBOEH CTPYKType
OBITH OYEHB MOXOXKH Ha TPEK. BaxKHO, 4TOOBI aJIrOPUTM KaK MOYKHO
peke pearnpoBaJl Ha HHX.

1.3. TpeboBaHug K ajiropuTMam

OddexkTuBHOCTL ajropurMa noucka K onennBaerca nyms mokasa-
resisimu. Hacrora obnapyzkenus (detection rate) Rp oupejessiercst Kak
cpejiHee OTHOIIEHNEe YnCcJIa MpaBuIbHO noMedeHHbIX K'Y k obmemy uucity
KY (naiinenusix sxcreprom). Jacrora jgoxkabx Tpesor (false alarm rate)
Rp ectb oTHOIIEHHE YHC/Ia OMNOOYHO IOMEUYEHHBIX IUKCeJIeil K obIeMy
4HCIy IOMEYEHHBIX HuKceseil. [lyis maeaapbHOro ajropuTMa, O4eBUIHO,
Rp =1wu Rr = 0; y G0JBIIUHCTBA COBPEMEHHDBIX AJITOPUTMOB ITH MTOKA~
3aTesn JIeXKaT B Ipejenax, coorsercrsenno, 0.5-0.7 u 0.1-0.3 [2].
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Jpyrum BaXKHBIM KPUTEPUEM OIECHKU SBJISIETCs KOJIMIECTBO IIOTPEO-
JIIEMBIX BBITUCIUTENbHBIX pecypcoB. [lonck KY orHocuTes K mpensapu-
TeJIbHOU 00pabOTKe, U JIOJIPKEH BECTHCH 110 BO3MOXKHOCTHU OBICTPO.

Hakomner, mocieganM TpeboBaHneM K ajJrOPUTMY SIBJISIETCS HAJIAYIHE
BO3MOYKHOCTH HACTPOHKHN ¥/miu o0ydenusi. HabroieHusi, Kak mpasuiio,
00pabaThIBAIOTCH CEPUSAMH, B IIPEJIETIAX KOTOPBIX MaJj0 OTJIMYAIOTCS YCJII0-
BHs CbEMOK, a cjenoBaTesbHo u ocobennoctu KY. HacrpanBaembrit aji-
TOPUTM JOJI2KEH MUMETHh HECKOJIbKO [TapaMeTpOB, MOAOUpPAasi 3HAYCHUS KO-
TOPBIX, IKCIEPT MOXKET JOOUTbCs JydInux mnokaszareseit Rp u Rp jjist
n300pazkennii gaHHo cepun. OOyJIArOMMiics aJlfOPUTM MOXKET CaM IT0/I-
b6upaTh ONTUMAJbHBIC 3HAYEHUS APAMETPOB, IPUHSB 338 OCHOBY OJ[HO—
nBa m30bparkenusi, rje K yxxe oTMedeHbl 9KCIIEPTOM.

2. OcHoBHBIE PeE3yJIbTaThbl

st maxoxkmennst KY 6611 peaan3oBaH aJroOpuT™M, B OCHOBE KOTOPOTO
JIEXKUT OJIHOPOJIHAsS CTPYKTypa co Bxojamu u Bbixogamu (OCBB). Ha
MPOOHBIX JTAHHBIX 3TOT aJropuTm mokasaal Rp ~ 0.8 u Rp < 0.1 upn
CPaBHUTEJIBHO MaJIOM BPEMEHH PabOTHI.

2.1. IIpenBapuTtesibHBIE ITpeoOpa30BaHUST

. .. def |. .
Ha niesiounciiennoit pemerke BBeieM MeTpuky ||ij|| = |i|+|7]. Dorst e-
JIOYUCIICHHOTO JIACKPETHOTO H300pazkeHust {g;j } MOKHO IIOCTPOUTH HEKO-
TOpBIHt aHajor AuddepeHInpoBaHUsL:

) def
Yiojo = ||Iirjl|?§1(giojo — Gio+ijo+j) (2)
(I[‘.HH I'PaHUYIHBIX IIuKceJen MaKCI/IMyM 6epeTC5{ 110 MeHbHJeMy MHO2>Ke-
crBy). Iosmyvennoe nzobpakenue MOKHO ere pa3 juddepeHInpoBaTh:
g;; = (ggj)’ . Terrepb Ha OCHOBE 3THX M300ParKeHUIl CTPOUM U300paNCeHUE
kpumepus. st sToro BBOAUM yiKe JeiicTBuTeNbHYIO Beanauny Gyj:

= def
Gij = G(gij» 9i7)s (3)

e G ecTb OfHA U3 CACAYIONUX (DyHKIHIA:
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G5 (u,v) =u+ v (ajuTUBHAS )
G"(u,v) = uv (MyJIBTHILIMKATUBHAS )
Gl(u,v) =u?+ M?  (kBagparuunas)

G\ (u,v) = Vu? + Xv?  (paamaibHas)

A SBJISIETCST HACTPAUBAEMBIM IMAPAMETPOM AJITOPUTMA, KaK U COD-
cTBeHHO BbIOOD dyHKImu. Ha nmpakTuke Jiydiine Bcero pabotaer pajiuaib-
woiit kputepuii ¢ 0.5 < A < 2. [lenounciennoe m3obpakeHne KpUTEPUs
G mory4daercs u3 Gij IyTeM MacIiTabupOBAHUS:

(4)

def | Gigjol

Gigjo = ) (5)

max |G|
Z?

rie koucTanTa L = 25 —1 ecTb Moysib HAHGOIIBIIErO IIEJIOT0 YHCIIa B Ma-

IIMHHOM IIPEJICTABJICHUH C JBOMYIHON pa3psiiiHocThio K, a [x] obo3Hadaer

B3SATHE IIEJI0H YacTu OT .

2.2. OgHopojsHAasi CTPYKTypa

s obuapyxkenus KUY wuzobpakeHue KpuTepus IOTPyKAeTCd B
OCBB. Beenem misa sroro asa cemeiicrea OCBB. Ilpu stom B 1emsx
yI00OCTBa 3aIlUCHA U PEAJTU3AIMUN Mbl HECKOJIBKO OTCTYIUM OT KAHOHUYE-
ckoro onpegenenuss OCBB. Ilyers OCBB oy(w,0) = (Z2, W9(w,0),V)
u oy(w,0) = (Z2, WH(w, ), V). Buech w ecTh BEKTOP HEOTPUIATETHHBIX
JIefiCTBUTE/IBHBIX 1APAMETPOB (Wo, Wy, Wy), & € — IOJIOKUTEIbHOE N0-
pozosoe 3nauernue. HACKCHI ¢ U | OTIIMIAIOT CTPYKTYPBI 24000461020
u soxaavrnozo noucka. [labson cocemcrBa V' kpecTooOpaseH, TO €CTh
V ={(£1,0),(0,£1)}. IIycrs Ey = {0,1},a E ={—L,—L+1,...,L—1}
— MHOKECTBO MAIIMHHO MPEICTABUMBIX K -pa3psaHbix uncest; B = Eé( .
Torma asromarsr W9 u W', mopoxpaomnue Halmmi CTPYKTYpbI, HMEIOT
CJICAYIOIIUNA BUL.

e MmuoxkecTBO cocrosgamii S = Ej.

e Oymn K-paspsiiablii oCHOBHOI BXOJ1 (3HaueHusi B E); OJIMH OCHOB-
HOI BBIXOJI CO 3HaUeHusIMU B Ej.

e Ilo qeThbIpe OOKOBBLIX BXOJa M BBIXOJ/la CO SHaYCHUAMMU B E.
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® ypaBHeHI/IH aBTOMaTa MMEIOT BU/I:

s(t+1) =s(t) =---=s(0),

y(t) = p1a(z(t), @—Uw@—l)

a(t) = p2w(x(t ), b(t —1),s(t —1)) (6)
©19 + Ex E*x Ey — Ey,
ou 1 EXE*x Ey— E4

Baech  u b = (b,) OTBEUAIOT OCHOBHBIM M GOKOBBIM BXOJAM, Y U
a = (aq), @ € V OCHOBHBIM 1 GOKOBBIM BBIXOJIAM, & § — COCTOSIHHIO
asromara. depes Xy(0), Bi(f), Yi(B), A(B), X¢(B) obosnauarorcst

3HAYEHUsT 3TUX PYHKINN st TIeUKN 3 B MOMEHT BpeMeHH t.

[orpy:xenue nzobpakennsi kpurepusi B8 OCBB ocyiectBum ciemyio-
M obpaszom. Omupesesm npsMoyroibauk A C Z2, orseuaronuii n306-
parKEeHUIo, KaK MPsIMOe TIPOU3BEJICHIE T[EJIOUNCICHHBIX OTpe3KoB [1, M] x
[1, N], a ero BayTpenHoCcTb Kak int A = [2, M — 1] x [2, N — 1]. Bagajum
HAYAJIbHBIE COCTOSTHUS ST9€EK M BXOJIbI CTPYKTYDPBhI B MOMEHT ¢:

[ 1, (i,j) eintA, [ Gy, (i) €A,
20(27]) - { 0’ (Z,:;) ¢ int A Xt(lvj) - { 07 (7],‘?) ¢ A (7)

(BXOZIBI M COCTOsIHMsI IIOCTOSIHHBI BO BpeMmeHnu). [jisi onpejesieHHOCTH
ypasHennii (6) Oyzmem cunrars (By(4,j))a = Gij. B xakmupiii MomeHT
spemenn t nama OCBB ocymecrsisier otobpazkenne {Gi;} — {Yi(i,7)}
n300parkeHns KpUTepUsi Ha JBOMTHOE n300paxkeHue @.aazos. Bymem cau-
TaTh MUKCEJb oMedeHHbIM (3ajeTbiM KY), ecu ero duar pasen 1.

3amernm, uro Tak omnpejenenasie OCBB He oTBeuaroT KaHOHUYIECKO-
My OIpEJIeIEHNI0, TaK KaK WX ABTOMATHI MMEET HEIBOMYHBLIE BXOJBI U
BBIXOJIbI, & UX (DYHKIUS B3aUMOJIEHCTBUS (g ,, 3ABIUCUT HE TOJBKO OT CO-
CTOsIHUsI. DTO OYIET PACCMOTPEHO OJAPOOHEe B TPEThell JacTu.
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2.2.1. ABTromaTHble PYHKIINHU

3aa M JJTS KaXK/I0# KJIETKU cpedhee 3nadenue U cpedrutl npupocm
rpaJinenTa:

o) % 2 bt~ 1) 8

acV
d(t) = x(t) — o(t) (9)

a takxke Vi(B) n Dy(f) — ux suadenns Jyis saeiikn (5. Tenepb paccmor-
pUM 2400a4vH0E WIH AOKGADHOE CPEIHEKBaJAPATHIHOE OTK/IOHeHue X (1),
a TaKKe HOPMAAU30BaAHHYI0 neeA3ky N(t):

1
\/(M (N -1) Z Dy(3)?, nmns aromara W9

X(t) d:ef . BEint A (10)
\/Z Z [bo(t — 1) — v(t)]?, st apromara W
acV
def d(t)

(B cayuae WY st onpesiesienoctu nostaraeM 7(1) = 0). @yHkius Bbl-
X071 TOTJIa OLPEJIeJISIeTCsI TaK:

TORTEO LS Bl (12

(MHOXKHUTEIB S(t) 0beceanBaeT HyJIeBYIO (DYHKIINIO BBIXOJIA JIJIsT BCEX sTUe-
ek BHe int A). Tenepb onpeesnM A0KkaAvHOe 3HaveHue TIeK:

wr [ 20, y(t)=0

)= { min b(t), y(t) = 1 (13)
acV

Tak ke, Kak u panblie, BBogurcs u dbyukiws L. (). Hakoner, onpe-

JEITM 6€Ca {Weq, We,

wa:{wx/(wx—i—wo), a=(%1,0), 5 {wo/(wx—i—wo), a=(%1,0),

wy/(wy +wp), a=(0,%£1); = wo/(wy + wo),
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OdeBusHO, 9TO0 Wo + Wo = 1. Temepb MOXKHO BbIMHUCATH (DYHKIIAIO
B3aUMOJIENiCTBUSI:

1)=0

— 1el I(t)7 S(t -
10 = (Paul Do d_f{ Gal(®) + wab_a(t— D], st-1)=1 P

(kBasipaTHBIE CKOOKM O3HAYAIOT B3siTHE 11eJI0N YacTh). JIerko npoBepurs,
YTO TaK ONpEJICJIeHHAs dq, (t) OyeT jeficTBuTesibHO JiexkaTh B E| a Takxke
TO, UTO TaK OIIPEJIEeIEHHbIE ABTOMATHbIC (DYHKIINK OYIyT JeHCTBUTEILHO
nmveTh Bug (6).

Ha sTom opmanbhoe onucanune ganabix OCBB 3akondeno. Hekoro-
pble 3MIIMPUIECKHE COODParKeHUsl 10 UX CTPYKType OYIyT BBICKA3AHDLI B
TpeThel JacTH.

2.3. IlporpammHasi peaau3arus

Puc. 1. Ucxonnoe uzobpazkenne (hpparMeHT 3IIeIbHOIO CIEKTPA).

IIporpammuas peammsarusa OCBB oy u 07 cymectsenno objierdaercs
OJIHUM OYEBH/IHBIM, HO BaxKHBIM (haKTOM, KOTOPBI OyJIeT JIOKa3aH MO37Ke:

Teopema 1. (ozpanuuernocmv) Jis og u 0] ¢ HAUAAOHBMU COCTNOAHU-
amu, 3adanrvmu (7), 6vixodv, npouseosvrol suetixu By € int A 6 npous-
BONBHBIT MOMER, EpEMENU Ty He 3a6UCAT, 0M 60KOGHT 6blT0006 10601
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Puc. 3. n(1), wo =1, wy = 0,2, wy = 2.

avetikuy B ¢ A 6 060U momenm epemenu t < to (unaue 2060ps, ne
UBMEHAMCA NPU NPOUSBONLHOM NEPEONPEIEAEHUL NOCAEOHUL,).

Tak Kak OYeBH/HO, YTO OT JPYIUX IapamerpoB sideek (3 ¢ A BbIXO-
Jbl B9 HE MOI'YT 3aBHCETH 110 OIPEJICJIEHUIO, TO 9Ta TEOPEMa MTO3BOJISIET
BECTU pacdYeThbl TOJILKO B IIpe€/iejiaX MPAMOYTOJIbHUKA A B €ee OTCyTCTBUE
peasimzarus ObLIa OBl IPOCTO HEBO3MOXKHA.
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Puc. 5. n(3).

Yo KacaeTcst BpeMeHH pabOThl, TO IPAKTUKA MOKA3BIBAET, 9TO B CJIy-
Jae peasibHBbIX JAHHBIX y2Ke P ¢ > 5 3aMEeTHBIX U3MEHEeHUH B Y; He Ha-
crynaer. K coxkasienuio, Heb3s yTBepkaTh ato Takas OCBB cxomures,
B OIIpEICJIEHHBIX CUTYyalludAX BO3MO2KHBI U KOJI€6aTe.HbeIe IIPOIIEeCChI, XO-
TSl B CJIyuae PEAJIbHBIX JIAHHBIX W IPUEMJIEMBIX 3HAYCHUI IapamMeTpOB
9TO IIOYTU MNCKJIFOYEHO.

OCBB 04 u 07 6bun peanuzosanbl eaunoit nporpammoit HSCR na
sizbike Cu -+ B cpejsie cucreMbl 0bpaborku u3obpazkenuit PCIPS [3]. Tlo-



ObHapy:keHre KOCMIYECKUX IaCTHUIL 329

Puc. 7. I'ucrorpamma pacupenenenust st 7(5). Ilo Beprukamm — duciio
NOITaJaHU, 110 TOPUBOHTAJN — JIUAIIA30Hbl 3HAUEHUN.

cae 3arpoca mapamerpos u tunia OCBB, ona kaxkipiit TakT oTOoOparkasia
Ha 9KpaH Buj dyukmn 7(t) u y(t) mo Bcemy nzobpazkenuio. [lapasiensao
CTPOMJIACH MHCTOIPAMMa pacipeesenus 3uadenuii 7(t) (puc 1-7). Ucnbi-
TaHWsI ¢ PA3HBIMU THIIAME N300payKeHHil (CHUMKH 3B€JIHOTO TOJIst, SIIEJIb-
Hble CIIEKTDbI) [OKA3aJil BbICOKME 3HavYeHuss Rp u Rp 1npu npaBujibHOM
oibope mapamMeTpoB A, w, 6.
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2.3.1. Bo3moXXHOCTH caMOOOyUeHust

W3 onpenenennst Buano, aro mosegenne OCBB mocraTodro mpocTbiM
00pa30M 3aBUCHUT OT ee IapaMeTpoB; 0oJjiee TOTO, €CJIN CIUTATh BCE UUCIIA
JEeCTBUTEILHBIMHI, TO JIEI'KO OIEHUTDH IMPOU3BOIHBIE OCHOBHBIX (DYHKITUM
10 TIapaMeTpaM. DTO IO3BOJISIET IPUMEHNTDH K HUM I'PaIUeHTHBIE METOIbI
MUHUMUBAIUT, U TAKUM 00pa30M, UMesi JIOCTATOIHOE KOJUIECTBO <«IIPU-
MepoB» (a umenHo 1-2 mzobpaxkenusi, riae KY yxke ormedensl skcrep-
TOM), aBTOMATHYECKU HOJ00paTh ONTHMAJIbHbIE 3HAUYEHUSI IapAMeTPOB.
D710 yrKe BBIXOJIUT 3a HPEJE/Ibl JIAHHOH PaboThl (HO M3BICKAHWS B 9TOM
HAIIPABJIEHUM TEM He MEHee BeJIyTCsl).

3. ObocHoBaHugd

3.1. DMnmpudyeckne coOOpakKeHust

Tpex KY npemncrapisger coboit pe3kwnit BCIJIECK SPKOCTHU, ITOITOMY
MOXKHO PaCCUYUTBHIBATH ODHAPYKUTH €0, U3ydas HepPBYIO MPOU3BOIHYIO.
OnbIT TOKA3bIBAET, YTO €€, KaK IIPABUJIO, HEJIOCTATOTHO JjIst 6€301ub09-
HOrO OOHAPYIKEeHUSs, MO3TOMY BBOJUTCS COCTaBHOU Kputepuit G, comep-
Karuit B cebe u BTOPYIO TPOU3BOJIHYIO sIPKOCTH.

Chenyer ydectb, uTo0 G MOXKET CHJIBHO BapbUPOBATHCS B Ipejesiax
n300paKEeHNsI, TOITOMY HE MOYKET CYIECTBOBATEL ITOPOTOBOTO 3HAYCHUSI,
3¢ beKTUBHO pazessonero 3ajerbie u HeTponyThie nmkcesaun. B OCBB
04 1 0] GaKTHIECKH ITPOUCXOJUT PACIIOCTPAHEHHE CTATUCTUKN O PACIIpe-
nesiennn G B HEKOTOPO# KpecToobpa3Hoit OKpecTHOCTHU. [lelicTBUTEIBHO,
u3 (15) ciaeayer, 4ro

(Ai(B8))a = @(Lt(B) + walt(f — @) + - +wiLe(B —na))  (16)

(3mech n 3aBUCHT OT ¢ U pa3MepOB M300ParKEHUsT; TOYHOIO PABEHCTBA
Het, Tak Kak B (15) Gepercs nenast yacTh). Bec w, ompejesser To, Kak
ObICcTpO 3aryxaeT mHOpMAIMd O 3HAYEHWH L; B JAHHOM IUKCEJE IIPU
pacriocrpanennu 1o Hanpasienuio «. Li(3) 6yaer no onpenenennto (13)
6o 3HadenneM G B mukcesie (3, 100, €CJIM MUKCEIb MOMETeH KakK 3a/1e-
THIfl, MUHUMAJILHOW BXOJHON CTATUCTUKONH. DTO MO3BOJISIET MOCTEIIEHHO
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HCKJIIOYUTh U3 cOOpa CTaTHCTUKU Biusinne obHapyzkeHHbIX KY ¢ ux Jj10-
KaJIbHO BBICOKUM 3Ha4Y€HUEM G, TO €CTh KazKJasd sTIeiiKa HOJIyqa.eT Ha
BX0/1 HH(MOPMAIIMIO O B3BEIIEHHOM cpejHeM 3HadeHnn (G B CBOeil KpecTo-
0Opas3HOIt OKPECTHOCTH ¢ uckarouerHvmy K Y, mpudem 3HadeHUst B Hostee
yIAJEHHBIX TOYKAX OKPECTHOCTH MMEIOT MEHBIIN Bec.

Ocrasioch MOHATH, HACKOJIBLKO 3HavYeHne G = x(t) JOJZKHO HPEBOC-
XOJIUTh CpejiHee 3HaueHue v(t) B OKPECTHOCTH, YTOObI MUKCETh CIUTAJICS
zasterbiM. Jlanasie OCBB HopMa u3yioT 9Ty HEBSI3KY MO CpeTHEKBaIpa-
rranomy orkionenmio (CKO) x(t), oupenenennomy cooruorrenuem (10):
ecJIM OHa TIPEBHIMIAET ero Gojtee 9eM B § pas, TO MUKCETb OObIBISIETCS 3a-
JIETBIM. DTO TO3BOJISET 3a/[aBATh TIOPOT OOHAPYKEHMsI B TEPMUHAX HEKOI
necdopManbHOil cmenenu nesepoammocmu semnecka. OCBB oy n 0; or-
JIMYAIOTCS JINIIL MEeTOJIOM nojcdera X (1), mepsast (I1o6aIbHOTO IIOMCKA)
6eper B KauectBe Hero CKO HeBSA30K 110 BeceMy M300PaKEHUIO, IMOJICUIU-
TAHHOE Ha NPeJbLLYIIeM TakTe, a Bropas (JokaiabHoro moucka) — CKO
9YeThIpexX BXOJOB OT uxX cpejanero v(t). JIoKagbHBINH MOX0/I XOPOIIO pa-
foTaeT B ciydae M300parKeHUsI ¢ PA3HOOOPA3HBIM CUTHAJIOM (HAIPUMED,
IyCTO3ace/IeHHOE 3BE3/IHOE T10JIe) M CUJIbHBIM YPOBHEM IIyMa, B JPYIHUX
CIydasx OH JAaeT HempueMJIeMO GOJIBITON MPOIEHT JIOKHBIX TpeBor. [U1o-
GaJIbHBII [TOJIXOJT JlaeT aJeKBATHbIE Pe3YJIbTaThl MOYTH BCerja, HO yCTY-
MaeT JIOKAJTHLHOMY B BBINIETIEPEINCTIEHHBIX CTYYasix.

I'panmynbie sgdYefiku m300parkeHusi MMEIOT HYJIEBOE COCTOsIHUE, WU
BesiesictBue (15) Beerjia pacrocTpaHsiioT CTATHCTUKY TOJBKO O 3HAYCHUH
G B HEUX. DTO MO3BOJISIET UCKJIIOYUTH BJIMSTHUAE STIEEK, JIEXKAIIUX 38 Mpe-
JlesIaMu M300parkeHnsl, B KOTOPHIX 3HatdeHne (G TpoCTo He OMpeIesIeHO.

3.2. Csegenne k kanoundeckum OCBB

Omupenenenne OCBB 04 u 0; He aBIgeTca KaHOHMYECKUM II0 TPeM
IPUYUHAM.

e 3HadeHUd BXOJ0OB U BbIXOJOB HE€ JIBOUYHLI, & K—paBpH,ILHI)I.

e VYpasHenusi aproMaroB (6) He OTBEYAIOT KAHOHMYECKOMY BHUJLY, &
HMMEHHO:
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y(t) = @1 (2(1), b(t), (1)),
a(t) = pa(s(t)), (17)
s(t+1) = @(x(t),b(t), s(t))
e OCBB rn06apHOr0 MONCKA UCIOIB3YET JOMOJTHATEILHO BETHINHY
X(t), 3aBucsiyo or Beex sideek (3 € int A.

IlepBast mpobjieMa ycTpaHseTca HPOCTHIM Iepeobo3HadenneM. JIio-
basa Besmuuba r € F = eé( PaCKJIAIBIBAETCST IO JBOMIHBIM Pa3pPsigaM

(xoy...,Tx—1) € Eé( CEAYIOIINUM CTAHJIAPTHBIM 0OpPa30M:
xo +2xy 4+ 2K 20 o) rr-1=0
L= K K—2 (18)
2% +2x0+221+---+2 TK_9, Tx_1=1

Bocmoib30BaBmmch 3TuM, MOXKHO KazKIblit K -paspsiHblil BXOJ, ¥ BbI-
xoy1 3aMeHuTh Ha K jaBomunbix kananos. @axruuecku, x(t), HanpumMep,
MOZKHO PACCMaTPHBATh KAK COKPAIIEHHYIO 3amuch (xo, ..., Tx—1)(t).

Bropas npobiiema Toxe Jierko ycrpanumMa. PaciupumM MHOZKECTBO CO-
crosmit 0 S' = E x E* x S ¢ snementavu s’ = (s), s, s4), u Torma,
yuauThIBast, 9T0 () = const, n COOTBETCTBYIOIIIM 00pa30M 3a/1aB UCXOJI-
Hble COCTOSIHUS, ypaBHeHusi (6) MOXKHO 3aIUCaTh B KAHOHUYIECKOM BHUJIE:

s'(t+1) = (l‘(t),b(t),Sé(t)),

i (19)

~—
Qb
—
VA
—_~
—~
~~
S~—
»
o~
—~
S~—
V)
w~
—~
~~
S~—
~—

[Tocneusist mpobiieMa He MelllaeT peain3allii ajropuTya (Tak Kak Ha
OJTHOTIPOIIECCOPHOI MAaIllMHE STIeHKN 00pabaThIBAIOTCSI IOCJIEI0BATEIHHO,
U JIETKO BbIYucsuTh X (t) B mporecce 06paboTKu cTpyKTyphl). PopmasibHO
yCTpa.HI/ITb €€ MO>KHO JABYM:I CHOCO6a.MI/I:

o JloGaBuTh K KaxK 1011 stueiike nmo K'-paspsaaomy Bxomy () u K +1-
Pa3psAIHOMY BBIXOLY d(t) Ha Bbixos nomasarb 3nadenue d(t), a
Ha BXOJ[ — IPEJICTABJIEHHOE ¢ KOHEYHON TOYHOCTBIO 3HadeHue (i),
KOTOPOE IMOJIyYaeTCsA U3 3HAYEHUH BBIXOJI0B ci(t — 1) no dopmysnam
(10). Tak dbakTUUECKH U CIIEIAHO B aJIlOPUTME.

e Pemmurs npobiiemy, dpopmasbao ocraBasics B npegenax OCBB (Ho
CYIIECTBEHHO YCJIOXKHUB €€), MOYKHO IIyTeM JI00aB/IeHNsl K MabI0Hy
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cocesicTBa mapasienenunena V' co croponamu 2M +1u 2N + 1 n
BBEJICHNUS eI1ie OOJIBIIOrO IHCIa COOTBETCTBYIOMIX OOKOBBIX BXOJIOB
X~(t) m BBIXOIOB cf,y(t), rae v € V. Ha KaxKaplil BBIXOJL TTOJAETCS
suauenne d(t)s(t), rorna us (7) u (10) ciemyer, uro B Jr060i siueiike
B € int A emunoe rinobanbHOe 3HaUYeHHE Y (f) MOXKHO HANTH Kak
GbYHKIMIO OT BXOJIOB:

X0 =\ ar= 1)1(N ) d(t)* + %; XA (1)? (20)

Bce Boimeckasannoe mosBoJisier yrBepkiaaTh, 9o Hamu OCBB BbI-
pa3suMbl B TepMUHAX KaHOHMYecKH olpejeieHHsix OCBB.

3.3. OrpaHu4eHHOCTh

B zaksrouenne BCrioMHEM TeopeMmy 00 orpanmderHoct. OHa yTBep-
JKJIA€T, 4TO JIIsl 04, U 0] BBIXOJBI U COCTOSHUE IIPOU3BOJIBHON sueiiKu
B € int A B IPOM3BOJILHBIN MOMEHT BpEMEHH t( He 3aBUCAT OT GOKOBBIX
BBIXOJIOB J11000# stueiiku 3 ¢ A B jo6oit Moment Bpemenn ¢ < to. loka-
JKEM 3TO.

O6ozHaunM yepe3 YV(y, tg) MHOXKECTBO BCeX TAKHUX sideeK (3, 4TO Ipu
kakoM-T0 @ € V n t < to Y, (Bo) 3aBucut or (A(8))q. AHasOrmIHBIM
obpazom BBeseM MHOkecTBO Ay (0o, to). Hamo jnokasars, uro npu [y €
int A sTi MHOXKeCTBa TieMKOM JiexkaT B A. U3 onpenenenwnii (7-15) nerko
BBIBOJIATCS CJIEJIYIOIIIE CBOMCTBA:

y(/B()?tO)?Aao(BO?tO) c U AO&(BO + 047t0 - 1) (21)
acV
BeintA — Vi, adu(B,1) = {2} (22)

Teneps, pekypcuBHo pactucbiBast (21), ¢ yaerom (22) mosydaem, 9To
Y(Bo,t0), Aay(Bo,to) C A. Teopema nokaszana.
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