WCCNEOOBAHUE OGHAPYXUTENEN CUTHATA

Jlabopamopnan paboma Ne 2
10 JUCLUIIIINHE
((COBpeMeHHBIG MCTOObI O6pa60TKI/I CUTHAJIOB U ITIOJICHY

L]env pabompi: Visydenue METONOB M AIrOPUTMOB OOHAPYKEHHUs CHTHAIA Ha IIYMOBOM TIOJIE C W3-
BECTHBIMHU M HEM3BECTHBIMHU XapaKTEPUCTUKAMHU.

1. TEOPETUYECKHUE CBEJIEHUA

1.1.  @opmynuposka 3a0aqu oOHapyHCeHUS

B naGopaTopHoii paboTe paccMaTpuBaeTcs cilydail 0OHapy»KEHHs JJOKaJIbHOTO CUTHAA, 3aHUMa-
IOIIETO OJMH 3JIEMEHT (TTUKCEeN) WM TPYIIY CMEKHBIX 3JIEMEHTOB Ha M300paxeHuu. OOBIYHO MOsBIIe-
HHUE CHTHAJIa CBSI3aHO C YBEJIMUYEHUEM MHTEHCUBHOCTHU (SIPKOCTH) B 3TUX 3JIEMEHTAaX H300pa)kKeHHUs 110
OTHONIEHUIO K CIydaiHO# sipkocT (oHa. Jlyig curHana, 3aHUMArOIIEr0 OJIMH 3JIEMEHT, ero oOHapyKe-
HUE Ha IIYMOBOM (POHE MOXET OCYIIECTBIIATHCS TyTEM CPAaBHEHUS KaXKJI0TO 3HAYEHUSI [10JIS1 C IOPOTOM.
Ecnu curnan 3aHumaeT rpyIiny 3JIeMEHTOB, TO (POPMUPOBAHKE PEIIAIONIEH CTATUCTUKU OCYIECTBIIETCS
B IIpoIiecce TPYIMIUPOBAHUS COOTBETCTBYIOIIMNX 3JIEMEHTOB U300pakeHUsI.

[Ipu M3BECTHBIX XapaKTEPUCTUKAX CUTHAJIA U IIYMOBOTO IOJISl OPOT SIBJII€TCSI IOCTOSIHHBIM U
MOJKET OBITh pAacCCUMTaH 3apaHee UCXOs M3 BBIOPAHHOTO KpHUTepHs oOHapyxeHus. B manHO#l pabote
npuMensiercsi kputepuid Heiimana-ITupcona, KoTopslit obecreurBaeT HanOOJBIIYI0 BEPOSATHOCTD Tpa-
BUJIBHOTO OOHApYKEHUs pU (PUKCUPOBAHHON BEPOATHOCTH JIOXKHOH TPEBOTH.

3anada oOHapykeHus GOpMyJIUpyeTCs KaK 3aa4a NPOBEPKH TUIIOTE3bl H ,: cueHana Hem, TIpo-

THUB TUIOTE3bI (aJbTEPHATUBBI) H | : cucHan ecms.

Haburoienust 3aBUCAT OT BUIa U3Ty4YeHHs, (DOPMBI ITOJIE3HOTO CUTHAJA, TUIA IOMEXHU U BUJIa €€
B3aUMOJICHCTBHS C CUTHAJIOM, a TAKXKE OT CTPYKTYpPbI IPeABapUTENbHOM 00padoTku. Pemenus d, u d,

, IPUHUMaeMBbIe B TI0NIb3y H, 1 H|, 3aBUCAT KaK OT CAMHX COOBITHI (IIOSIBJIEHHE CUTHAJIOB B OT/IEJIbHBIX

DJIEMEHTEX ), TaK U OT HAOIIIOJIEHUI U criocoba 00paboTKy, T. €. OT BUIa PATUOTEXHHUECKON CUCTEMBI U
ITOpUTMa OOHAPYKECHHS.
[lycts y — ciydaiinasi BeJIMYMHA, IPEICTABISIONIAs HAOII0ICHUE B JAHHOM 3JIEMEHTE U300pa-

KEHUs1, TMO0 HaONIo/IeHHe, TIOTYYeHHOE B PE3yNbTaTe IPYNIUPOBAHUS CUTHAIBHBIX BBIOOPOK U3 He-
CKOJIBKHX 3JIEMEHTOB H300paxkeHus. Torna npu runotese H,, cirydaifHas BeIMYMHA ) MMEET INIOTHOCTD
BeposiTHOCTU f,()), @ Ipu anpTepHaTHBe H, — IIOTHOCTH BEpOATHOCTH f,(y). ONTUMAIIBHBIN aJIro-
pUTM OOHApYKEHHUSI OCHOBAaH Ha (OPMHUPOBAHUH OMHOULEHUS NPABOONO0000Us (PEIIAIOIIEH CTATUCTUKH)
A(y)=f,(»)/ f,(¥) ucpaBHeHuu ero ¢ noporom A,, T.e. npu A(y) = A, npuHUMaeTcs peleHue d,
B MOJIb3Yy runoressl H,, a npu A(y) <A, — pemenue d, B nouab3y runoressl H,. Eciu A(y) ectsb

MOHOTOHHAs! QyHKLUS ) , TO ONITUMAJIBHBII aJITOPUTM UMEET SKBUBAJICHTHBIN BUA y = y, = H,. B npy-
TUX CIIy4asix MOCJIETHUHN alrOpuTM yxKe He OyAeT ONTUMaIbHBIM.
3HayeHue nopora ), CyIIEeCTBEHHO 3aBUCHUT OT BUJA U [TapaMETPOB pacipeeieHus poHa u pac-
T

MMPEACIICHUSA CUTHAJIA B AHAJIM3UPYCMBbIX 3JICMCHTAX I/1306pa)KGHI/IfL HpI/I IIOJJHOM CTAaTUCTHUYCCKOM OIIHU-
CaHHuH1 MO,I[GJ'IGI\/’I CHUrHajia nu (bOHa 9TO 3HAYEHHUE MOXKET OBITH pacCuUuTaHO 3apaHCe. OTO0 3HaUYCHHE 3aBUCHUT
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OT BBIOpaHHOTO KpUTepus ontumanbHocTU. [l kpurepus Helimana-IIupcona nopor y,, paccuuTbiBa-
€TCsI UCXOIS M3 33JaHHOI BEPOSITHOCTH JIOKHOU TPEBOTH.

KauecTBO 00HapY)KE€HMS 3aBUCHUT OT CTENIEHHU pa3nuuus IioTHoctei f,(y) u f,(y). Oro pasnu-

qre 00BIYHO PACTET C YBEIUUCHUEM MHTCHCHBHOCTH MOJIC3HOTO CUTHAJIA M MPOSIBISIETCS, B Ya4CTHOCTH,
B casure f,(») mo orHomeHuto Kk f,(y). Crenens pasnuuus miotHocted f,(v) u f,(y) Buuser Ha

cmenenb 0OHAPYICUMOCHY TIOJIE3HOTO CHTHAJIA ¥ €€ MOXKHO XapaKTePH30BaTh napamempom 0OHapyxce-
nua d = (M, (y)—M,(»))/ o,(y),tne M,(y) u M,(y) 0603Ha4at0T MaTEMaTUIECKUE OXKHUIAHUS CITy-
yaiiHoi BeauuuHbl (CB) y npu runoresax H, u H,, o,(y) — cpelHEKBaAPaTUYECKOE OTKIOHEHUE
(CKO) CB y npu runorese H,. Ilapametp d HazbiBaeTcs Oehiexyueri 1 0ObIYHO UMEET (PU3NUECKU

CMBICIT OMHOUIEHUSl CUSHAT/WYM NO HANPAXCEeHUI0 Ha BXOJIE TIOPOTOBOTO YCTPOIMCTBA.
Hpyrum napamempom odoHapysceHus, XapaKTepU3YIOIIUM CTEIIeHb OOHAPY>KUMOCTH, SIBIISIETCS

Benuunna q° = (P, —P,)/P,, tne P, =M (y’), P,=M,(y*>) - BTOpble MOMEHTHI pacrpeeieHuil
f,(») u f,(¥),T. e. MowroCcmu cry4aiitHOM BETMUMHBI  TPH COOTBETCTBYIONIMX TMIIOTE3aX. Benuuuna

q” MMEET CMBICI OMHOWEHUS CUSHAT/ULYM HO MOWHOCH HA BXOJIE TIOPOTOBOTO YCTPOHCTBA.

KauecTBo anroputma oOHapyKE€HHs TP 3aJAHHOM pa3jinduy wiotHocted f,(y) u f, () (1. e.
MPY 3aJIaHHOM OTHOIIIEHWH CUTHAJ/IIYM B KaKOW-JTMOO (pOpMe) MOJHOCTHIO XapaKTEPU3YETCs NBYMS
YCIIOBHBIMHU BEPOSITHOCTAMHU: 8ePOSAMHOCHbIO 10J4cHOU mpesoeu = P(d, | H ) v éepossmnocmuio npa-
sunvbHo2o oonapycenus D = P(d, | H,). BMecTo BeposITHOCTH IPaBUIBHOIO OOHAPYKEHUSI MOMKHO UC-
110J1b30BaTh BEPOSATHOCTH Iponycka M =1-D =P(d, | H,).

3aBucumocth D OT F mipu GUKCHUPOBAHHOM IapameTpe oOHapyx eHHs (Wi (UKCHPOBAHHOM
OTHOIIEHUM CHUTHAJ/IIYM) €CTh pabouasn xapaxkmepucmuxa npuemuuka (PXII). 3aBucumocts D 0T
napameTpa oOHapyXeHHUs TPU (GUKCUPOBAHHON BEPOSTHOCTH JIOKHOM TPEBOTH MPENICTABISET XapaKme-
PUCMUKY 0OHapysicenus ATOPUTMA WIH Kpugyio obnapycenus. CeMEHCTBa 3TUX KPHUBBIX CBS3aHBI C
cemericteamu PXII, HO mpu ucnonb3oBanuu kpurepusi Heitmana-Ilupcona ynoOHee moap30BaThes Xa-
paKTepUCTUKAMH OOHAPYKEHHS.

Jlnst 6ailieCOBCKMX KPUTEPHUEB UOEANbHO20 HAOA00amens U MaKCUMAIbHO20 NPasoono0oous Ka-
4eCTBO OOHAPYKEHUsI ONUCHIBAETCS BEPOATHOCTAMU noanot owudbku P, = p F +(1— p,)(1— D) u cym-

mapnoi owubku P, = F +1—D COOTBETCTBEHHO. 3/1eCb p,, €CTb ANpUOPHAs BEPOSITHOCTh OTCYTCTBUS
cursazia. J{is onucaHusl KauecTBa alrOPUTMOB MCHONB3YIOTCS 3aBUCUMOCTH P, uiu P, oT mapamerpa

0OHapy>KeHHUS.

1.2 Obuapysicumenu ¢ NOCMOSHHBLIM NOPO2OM 8 CIyUae MOOENbHBIX PACNpedeieHUl
Gona
[Tpu MOIHOCTBIO M3BECTHOM INIOTHOCTH f,()) BBIYMCIEHHME IOpora y,, mo kpurepuro Heii-
MmaHa-IIupcona CBOAUTCA K PEIIEHUIO ypaBHEHUS [ = J‘ f(y)dy,rne F, —3aqaHHOE 3HAYEHHUE BEPO-
Ynp

ATHOCTHU JIO)KHOM TpeBoru. MakTudecku TpedyeTcs: ONpeIesuTh MPOLEHTHYIO TOUKY BRIOPAHHOTO pac-
npenesnenus. s OOJBIIMHCTBA MOJEIBHBIX pAaclpeeeHU pelIeHre MMoIy4aeTcsl B aHAIUTHYECKOM
BHJIE.

1.3 Pacuem nocmosannozo nopoea y,,
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B cnyuae pasnomepnozco pacnpedenenus U(0,b) moporoBoe 3Ha4eHUe paBHO y,, =b(1—F}).

Jlns eayccoeckozo pacnpedenenus f,(y) = N(m,,0,) TOPOT paBeH y,, =m, +0,Cp, TIE Cp ECTH
100 - F,, — npoLieHTHasl TOUYKa crmaHnoapmHo20 HopMaibHoro pacnpeaenenuss N(0,1) . 3HaueHue ¢, BbI-
Oupaercst 0 TabaULaM MHTErpana BEPOATHOCTH UCXOJ U3 3aJaHHOro 3HaueHus [ . CBs3b 3HaUEHU
¢, U a=-1gF, naerca tabnuuei 1:

Ta6muna 1

a 2 3 4 5 6
Cp 2,323 3,09 3,72 4,27 4,76

HIy™m ¢ axcnonenyuanbneim pacupeaeacHueM o0pasyeTcs Ha BbIX0JIe KBaAPaTUYHOTO JETEKTopa
oru0aroIei mpyu BO3JACHCTBUN HA €r0 BXOJ] TAyCCOBCKOTO IIyMa C HYJEBBIM MaTEMaTHYECKUM OXKHIa-
aHueMm. lllym ¢ peneesckum pacripeneneHueM mory4aeTcsi Ha BBIXOJIE TMHEWHOTO JETEKTOpa OTHOAroIIeH.

B cimydae myma ¢ 5KCIIOHEHIMABHBIM pacupezneneHueM E(f,) pelieHue moirydaercs B BUIE

Y =a- B,/(lge)=a-B,/0,4343. Jna R(B,)
Y =By -lalige) 1,517, /a.

Boobmie s mymMa ¢ pacrpefeleHHeM M3
Y =B (a /(lge))l/y .

PENIEeBCKOTO  pacrpe/ieieHus MOpOT  paBeH

cemelicmea  Betibynna WB(f,y) 3HaueHue

B cnydae myma c rocapugmuueckum nopmanvuuim pacupeneneaueM LN(y, .k, ) nopor paBeH

Yp = Ve €Xp(C - 0)).
Jliist iryma ¢ eamma-pacnpedenenuem T(a, ) TOPOT BBIpAKACTCs Yepes MPOLEHTHYIO TOUKY C

CTaHIApTHOTO TamMa-pactpeneneHust ['(a,l). [locnennsist cBsizaHa ¢ HenoHou eamma-gyHKyuerl

INa,x) = Jmt”“l exp(—t)dt, a umenno I'(a,c,)=F,. Ilopor no xpureputo Helimana-Ilupcona Oyner

paBeH y,, =f-c;.
I[Ipu  OGompmmx  aprymeHTax x>>1 nMeeTcs
C(a,x)~x"e ™ [I+(@-1)/x+(a@-1)a-2)/x*+..].

ACUMIITOTUYCCKOC Pa3JI0KCHUC

00 n . .
Jlis ienbIX n cripaBeuIUBO BeIpaxkeHue ['(n+1,x) = J t" exp(—t)dt =nlexp(—x)- Zi_ox’ /i!. 13-
N -
BECTHO, YTO raMMa-paclpeieliCHUe eCTh HEMPEPBIBHBIN aHAIIOT pacnpedeneHus Xu-Kkeaopanm, npuaeM
YHCJI0 CTereHe# cBo0oapl N MOCeIHEro pacipeIesieH s CBsI3aHO ¢ mapamMeTpoM (HopMbl raMMa-pac-
npenenenns ['(a, B =2), a umenno « = N/2. IIpoueHTHbIe TOUKH pactpenenenus yy ¢ N crerme-

HSIMM CBOOO/IbI TIPUBE/IEHBI B TAOIHUIIE 2.
IIponienTHBIE TOUKM ramma-pacnpeaeneus ['(e¢ = N/2, f =1) 6yayT BaBoe MeHbINMU. [yis

OIIpCACIICHUA HpOL[GHTHOfI TOYKHU IIpHU APYTOM IMapaMeTpe Macitabda ﬁ CJICAYCT B3ATb 3HAYCHUC U3 Tao-
JIMIbI, pa3JAC/IUTb Ha JIBa 1 YMHOXXHWUTb Ha ﬁ .

Ta6muma 2

N F=10"

F=10""

F=10"

F=10"

F=10"°

6,635

10,828

15,137

19,511

23,928
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2 9,21 13,816 18,421 23,026 27,631
5 15,086 20,515 25,745 30,856 35,888
10 23,209 29,588 35,564 41,296 46,863
20 37,566 45,315 52,386 59,045 65,421
30 50,892 59,703 67,633 75,023 82,044
50 76,154 86,661 95,969 104,542 112,608
100 135,807 149,449 161,319 172,099 182,127

B ciywae myma ¢ m - pacnpedenenuem Haxaeamu mN («, /) TakKe MOKHO IMOJIb30BaThCS YKa-

3aHHOM Tabymuel s « = N /2. Pactipenenenne Hakaramu MokeT OBbITh MTOJIy4E€HO M3 raMMa-pacipe-
JiesieHusT yTeM ()YHKIIMOHAJIBHOTO MPeoOpa30BaHusl, KOTOPOE CBOJUTCS K M3BICUYCHUIO KBAJAPATHOTO
KOpHs. [y ompezeneHus IPOLEHTHON TOUYKH, T. €. IOpora y,,, Oepercsd 3HaueHue U3 TaOnuubl Uil

3agaHHbIX F' u o = N /2, nenurcs monoiaM, U3BJIEKaeTcs KBaIpaTHBIH KOPEHb, U pe3yIbTaT yMHOXKa-
eTcs Ha mapameTp maciurada pacnpeaenenus Hakaramu.

Jis myma ¢ K - pacnpeoenenuem K (o, [f) MOpOr MOKHO BBIUMCIUTE MPHOIMKEHHO. Beposit-
HOCTb NpeBbIlIeHus nopora paBHa Fy = P(y 2 yyp) =2y / YK, (2| Ynp / ), TRe K, (-) —Moaudu-
rpoBanHast pyHKus beccens BToporo poaa. [1pu 6onbmimx aprymenTax z >> 1 OHa BBIYUCIISCTCS TIPH-
6mmkenno o dopmyne K, (z) =+7z/2z-[1+(4a’ —1)/8z]. [opor y,, ompenenseTcs u3 MOTyYeH-
HOT'O MPUOJIMKEHHOTO YPaBHECHUSI.

1.4 Pacuem xapaxmepucmux oOHApY*CEHUs

Bebrurcienne BeposITHOCTH NTPABUIILHOTO OOHAPYKEHUS AJIsl OOHAPYKHUTEIS C TIOCTOSIHHBIM T10-
POroM CBSI3aHO C HaXOXKAEHHEM MHTerpaia oT IoTHocTu f,(y). B kadecTBe napameTpa oOHapyKeHUs

OY/IyT UCMONb30BAThCA IBE BETMUMHBL: Ae(IeKius d U OTHOIIEHHE CUTHAJ/IIYM 110 MOI[HOCTH ¢~ .
PaccMoTpuM HEKOTOpBIE CTaHAAPTHBIC 3a7a4l OOHAPYKEHHS.
1. N(my,0.)— N(m,,0;) (CABHT raycCOBCKOTO pacrpe/eNeHus).
B sTOM cityuae MOsIBJI€HHE TOJIE3HOTO CHUTHAJA MPHUBOAUT K CABHUTY TayCCOBCKOW IJIOTHOCTH.
Ecniu  m; >m,, TO BEpOATHOCTh NpaBWIbHOrO OOHapyxeHus paBHa D=®(d-c.), Ttae

d=(m —-my) o,,a D)= (27:)’”2.[2 exp(-x”/2)dx ectb unTerpan BeposTHOCcTH (opme Jlammaca.

Umeetcs npubmwkennas rpanuna: D > 1—(1/2)exp(—(d —c,)* /2), KOTOPYIO MOXHO HCHOJNB30BATH
npu d —c, >2.

HetpynHo BuaeTs, uTo nopozossie 3nauenus oeghnexyuu, odecrieyuBaromue 3ajianiple D u F, paBHbI
dpp =¢_p+cp. B wactnocrn, mns BIT F =107 wumeeM dgsy=cp=2326 ma D=05 u

d 9 =378 nia D=10,9.

JUisi OTHOWIEHMS CUTHAI/IIYM 10 MOLIHOCTH uMmeeM ¢q° = (P —PB)/ P, =d(d+2y,)/(1+y.), e

7o =m,/c,.lpn y, =0 nonyvaem ¢° =(P,—B,)/ P, =d".
2. E(B8,)-E(B,) (U3meneHne Macumrada 3KCIOHCHIMAIBHOTO PACTIPEICICHHS).
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Ecnu nipy nosiBIeHUN MOJIE3HOTO CUTHAA TapaMeTp MacluTada yBeluuuBaercs, T. €. 5, > 3, T0

MOYXHO BBECTH OTHOILLIEHHME CUI'HAJI/IIyM 10 HanpshkeHuto (neduexuuro) d = (B, — B,)/ B, , 1 NOTyuuTh

paboune XapakTepHCTUKU U XapaKTepUCTHKH OOHAPYsKeHUs B aHanuTudeckoM Buae D = F''"* Bpoas
o0o3HaueHust a =—1gF u b=-IgD, nonyyaem b = a/(1+d). Takum obpa3zom, PXII B koopauHaTax

a ¥ b momydaroTcs B BUe NPSIMBIX JTUHUI.

Jns  GUKCHpOBaHHBIX 3Ha4eHUH F W D MOXKHO BBIUUCIUTH IOPOrOBYIO Je(IEKLHUIO
d(D,F) =al/b-1~alb.

BBenem oTHomeHNe 4 = a /b, KOTOpPOE OOBIYHO 3HAYUTEIBHO OOJIbILIE €AUHUIIBI B HHTEPECYIO-

IIMX Hac 00JIaCTAX XapaKTepUCTUK OOHapyxeHus. OHO XxapakTepu3yeT TpeOOBaHUE K KaueCTBY OOHapy-
KeHwst. B pesynbrate umeem d , ) ~ 4.

Ilepexoisl K OTHOIIEHMIO CHMTHAJ/IIYM TI0 MOIIHOCTH, HojiydaeM ¢~ =d(d +2). Jliasa moporo-

BOT'0 OTHOUIEHHUSI CUTHAJI/IIIYM MO MOIIHOCTH UMEEM q(ZD = a’ /b —1=yu’.

3. R(B,)— R(B,) (U3meHeHue MaciTaba peneeBCKOro pacipeieIeHus)
CuutaeM, 4TO MpH MOSBICHUU MOJIE3HOTO CUTHAJIA TapaMeTp MaciuTaba yBenuuuBaercs. Toraa
PXII UMEIOT TOT K€ BUJI, 4TO U B IpebIayIIeil 3a1aue ¢ 3aMeHoii mapamerpa d Ha g”. B pesynbTare

HOJTy4aeM q(zD, m =alb—1= u. CpaBHuBas ¢ NPeAbIIYLIEN 3a/1a49€H, MOKHO YOSTUTHCS, YTO B ITAHHOM

Cllydae 3Ha4€HHUs1 IOPOrOBOI'0 OTHOLIEHHSI CUTHAJI/IIIYM 10 MOIIHOCTH OYAYT CYIIECTBEHHO MEHBIINMHU.

4. LN(y,,,.k,)—E(fS,) (lym — norapupmMuyuecKkuii HOpMaabHbIH, OSBIEHUE OJIE3HOIO CUT-
HaJla IPUBOAMT K U3MEHEHUIO INIOTHOCTH, KOTOPAasi CTAHOBUTCS HKCIIOHEHIIUAILHOM ).

Momsocte  mryma  (BTOPOM — CTATUCTHYECKUH MOMEHT) P, =m,+0, =y.., - P , TIe
p= exp(cfl2 /2) €CTb OTHOIIEHNE MaTEMATHYECKOTO OKUAAHUA K MeauaHne. 1Ipu nosiBjaeHnH Mone3Horo

CHTHAJIa MOIIHOCTh paBHa P, =2/3.
B nanHoii 3a1a4e yn00HO MCIONB30BaTh OTHOMIEHHE CUTHAJ/IIYM MO MOIIHOCTH. [10CKOIBKY

P =FR(1+q*) =24, nonysaem B} =y, ,.p (1+4°)/2.

ITockonbky BEpOSATHOCTh MPAaBUWIIBHOTO OOHapyxkeHust D =exp(—y,,//f,), To nocie noacra-
HOBKHU [3, TIOJTy4aeM XapaKTepUCTUKU OOHapyxeHus D = eXp(—\/E exp(c,o,)/ p*(1+¢°)"?). O6o3Ha-
9B HOPMUPOBAHHBIN K MEAMAHE IIyMa IOpor V =y ,, /Yy, ., HOIy4aeM, 4To 3Ha4eHHe v = exp(c,o,)
3aBUCHT OT TpeOyeMOIl BEPOSATHOCTH JIOKHOM TPEBOIY M BEIMUMHBI p = exp(o; /2) . Toraa moporosoe
OTHOIIIEHUE CUTHAI/TIIYM IO MOITHOCTH q(ZD,F) =2v(Ige)* /b* p* —1=xu’ -1~ ku*, Tne ko3pPuny-
ent x =2v>(Ige)’ / p*a’ 3aBucuT OT 3HAYEHHS MAPAMETPA IyMa O, @ TAKXKE OT 3HAUEHUS BEPOSITHO-

CTH JIOKHOU TpeBOTH F .

Pacyetsl moka3pIBalOT, YTO 3HAYCHHE Kk OOJBIIE €AUHHUIIBI, TOITOMY MOPOTOBOE OTHOIICHUE
CUTHAJI/IIIyM TI0 MOIITHOCTH B CITy4ae JOrapu(pMUIeCKOT0 HOPMaIbHOTO IITyMa MPEBBIIIACT aHAIOTUIHOE
OTHOIIIEHUE CUTHAJI/IIIYM IO MOITHOCTH JJIsl SKCTIOHEHIIMATIBHOTO IryMa. TakuM 00pa3zom, Kodpumment
K OTPa)KaeT IOTEPH B IIOPOTOBOM OTHOILEHUH CUTHAJI/IYM 10 OTHOIIEHHMIO K 3a1aue E(fS,)—E(fS)).

5. LN(p,,.4-k,)—R(B,) (Ulym - norapupMuueckuii HOpMabHbIN, NOSBICHUE MOJE3HOTO CHI-
HaJla IPUBOAMT K U3MEHEHUIO TUIOTHOCTH, KOTOPasi CTAHOBHUTCS PEIICEBCKOM).
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AHanoruyHo npeaspIayiei 3anade nmoayuaem PXIT D = exp(—ﬁ exp(c,0,)/ p*(1+4¢*) ). Tlo-
pPOTOBOE OTHOIIIEHWE CUTHAJ/IIYM TO MOIIHOCTH q(ZD, Py = vi(lge)/bp* —1=xu—1~xu. B nanHOM
cinyuae kodbduruent x =v>(Ige)/ p*a orpaxkaer moTepu B MOPOrOBOM OTHOIIEHHH CHTHAI/IIYM IO
MOILHOCTH [0 CPAaBHEHUIO CO CIIy4aeM PEJICEBCKOTrO LIyMa, T. €. 110 CpaBHEHH!IO ¢ 3anaueil R(S,) — R(f))

6. WB(y,,B,)—R(B,) (lLlym umeet pacupezenenue BeiiGynna ¢ HEKOTOPBIMY TapaMeTpaMu, a

IIPY MOSIBJICHUY CUTHAJIA PACIIPEIEIICHNE U3MEHSIETCS Ha PEIEEBCKOE).
B sTOM cityyae ynoOHO BBECTH OTHOIIEHHE CUTHAJI/IIYM MO MOIIHOCTH, KOTOPOE ONpEAeseT

CBSI3b MapaMeTpoB y,, B, u B: f=Li(1+q>)-T(1+2/y). [loporoBoe OTHONIEHHE CUTHAI/IIYM
ompeaensieTcs mo Gopmyie q(ZD, n=¢ *(Ige)/b-T(1+2/y))—1= Au—1~ Ay, rie HOPMUPOBAHHBIHA TI0-
por &=y, /B, =(allge)"’”, axosdpduument A =E*(Ige)/(a-T(1+2/y)) orpaxkaer notepu (Wim BbI-

UTPBIIT) @ HOPOrOBOM OTHOIIEHHH CUIHAJI/IIYM IO MOIHOCTH 110 OTHOMIEHHIO K 3a1aue R(S,)— R(f))

1.5  Obuapyscumenu ¢ a0anmueHbiM NOPO2OM NPU HEU3BECMHBIX napamempax ¢ona

B cny4yae Hen3BeCTHBIX XapaKTEePUCTHK IIYMOBOTO ITOJISt BO3HUKAIOT TPYJHOCTH B yCTAaHOBKE I10-
pora oOHapyxeHHsa. He3HaHue XapakTepuCTUK (OHA U UX BO3MOXKHBIE M3MEHEHUs MPHUBOJAT K TOMY,
YTO HE00X0UMO GOPMUPOBATE adanmueusili (IEPEMEHHBIN) MOpor oOHapy)eHus. st 3Toro oObI4HO
UCTIOJIB3YIOTCS OTIOPHBIE IIYMOBBIE BHIOOPKH C COCETHHX JIEMEHTOB H300paKeHUSL.

OO6mwmii anropuT™M 0OHAPYKEHUS BKJIIOYAET TPU OCHOBHBIE MPOIIETYPHI:

1) TPYNIIUPOBAHUE AHANU3UPYEeMbIX (CUTHATBHBIX) U 0NOPHbLIX (TIOMEXOBBIX ) KAHAJIOB,
2) dbopmHpoBaHUE TTOPOTOB I AHATU3UPYEMBIX JIEMEHTOB,
3) CpaBHEHUE M MPUHATHE PEIICHUS.

[Tponenypa rpynmupoBaHus CBsi3aHa ¢ BHIOOPOM (POPMBI U1 pa3MepOB CKOJIB3AIINX OKOH IS O]
HOBpPEMEHHOH 00pabOTKH CHUTHAJIOB, OTpE/IEICHUEeM YHCIIa aHAIM3UPYEMBIX U ONOPHBIX 3JIEMEHTOB B
npezenax BHIOPAHHBIX OKOH, OpraHU3aIMel MOpsIKa CYMTHIBAHUS BCErO M300paskeHHs NpU ero odpa-
00TKe B MpoIiecce 0OHapyKEeHUSI.

[Tpu nocnenoBaTeTbHOM CUUTHIBAHUH N300payKEHHS OPTaHU3YETCs CKOJIB3SIIIEe OKHO, BKIIFOYA-
foliee 7+ m 3neMeHToB. [Ipu 3ToM mojaraeTcsi, 4TO CUrHaJl MOKET OJIHOBPEMEHHO TOSIBUTHCS B M
AJIEMEHTAaX, a OCTAJIbHBIC /1 DJIEMEHTOB 3aHSTHI ITYMOBBIM ToJieM. B mpoiiecce cCunThIBaHUS Kax bl U3
9JIEMEHTOB B TOT WU MHOW MOMEHT OKa3bIBACTCS B TPYIIIE aHAM3UPYEMBIX.

B naGoparopHoii pabore mpejiaraeTcsi HA00p HECKOJIbKUX KBAJPAaTHBIX CHUTHAJBHBIX OKOH: U
psifa moMexoBbIX OKOH. CHIHaJIbHOE OKHO pacrojiaraercs B IeHTpe momexoBoro. CYuTeiBaHue n300pa-
JKEHHUSI OCYIIECTBISIETCS B IIPOLIECCE MEPEMEIEHHS CKOIb3AUe20 TIOMEXOBOT0 OKHA (BHYTPU KOTOPOTO
HAXOJUTCS CUTHAJIBHOE) ClIeBa HAIMPaBO BIOJb Ka)XIOW CTPOKH C MOCIENOBATEIBHBIM MPOCMOTPOM
CTPOK CBEpXY BHU3.

OmnopHbIe IIyMOBBIE BHIOOPKH MCTIONB3YIOTCS 7S OLICHUBaHMS HEU3BECTHBIX MApaMeTPOB IIyMa
B QHAJM3UPYEMBIX JIEMEHTaX N300paKeHHSI.

OO6b1yHO BBIOOP (POPMBI U pa3zMEpPOB OKHA YUUTHIBAET CBOMCTBA NPOCMPAHCIMBEEHHOU 0OHOPOO-
HOCMUY WA U30MPONHOCMU TITyMOBOTO TIOJIA. J{JIsl TOJTHOCTHIO OTHOPOTHOTO M U30TPOITHOTO IITYMOBOTO
HOJISI TOMEXOBOE OKHO JIOJDKHO BKITIOYATh BCE MMEIOIIHECS IIIyMOBBIE BBIOOPKH.

ITycTb CUTHANBHOE OKHO COAEPKUT 71 BBIOOPOK y = (¥, V,,..., V, ) » @ HOMEXOBOE — 71 BBLIOOPOK

X =(X,,X,,...,x,). OOHapyKeHHe MOJE3HOr0 CUrHala HPOU3BOJUTCA IYyTEM CPaBHEHUs pelIaroIeit

Crp. 6 u3 12
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cratuctuku  u(y) =u(y,,v,,....», ) (pe3ynbraT (QOpPMHUPOBaHMA CUTHAJIa) C HOpPoromM A(y,x):

u(y) = h(y,x) = H,- curHain ecTb.

B obmem cnyuae aoanmusnwiii nopoz h(y,x) 3aBUCUT OT BCEX 3HAUECHUHN aHATM3UPYEMBIX U I10-
MEXOBbIX BbIOOpOK. Eciii curHanbHOe OKHO COAEPKUT TOJIBKO OAUH 3JIEMEHT, T. €. m =1, TO anropuT™m
OOHapy:KeHUs IPUHUMAET BUA y = h(y,x) = H,.

MaremaTuyeckuif CHHTE3 ONTHMAJIBHOTO aJropuT™Ma OOHApYKEHHMsS CUTHala IO BBIOOPKAM
y=0Yys0¥,) B X=(X,,X,,...,X,) BO3MOXKEH IIPU CYLIECTBOBAHUU CTATHCTHYECKOIO ONMUCAHMSA

KiaccoB W, u W, ans coBMeCTHbIX pacupeaeneHuil f,(y)u f,(y) npurunoresax /4, (CUrHai ecTb) U
H, (curnana Het). 3ajaya 00Jer4aercst B Cilydae B3aMMHOM HE3aBUCHMOCTU BBIOOPOUYHBIX 3HAYECHUN

MOMEXU MEXKy cO00i U ¢ aHATTU3UPYEMOU BHIOOPKOH, a TAKkKE OJTHOPOJHOCTH MOMEXH (OJMHAKOBOCTH
pacnpeziesieHHil) B OTIOPHBIX U aHAJTU3UPYEMBbIX KaHalaxX.

Kpurepuit Helimana-IIupcona npeaycmatpuBaeT CHHTE3 allTOPUTMA, 00ECIIEUMBAIOIIETO MaKCH-
MaJIbHYIO0 BEPOSITHOCTh IPAaBUIJILHOIO OOHApyXeHUs D IMpU OrpaHUYEHHH BEPOSTHOCTH JIOKHOU Tpe-
BOTM [ Ha ypoBHE F,T.€. F < F.

B napamempuueckoii mocTaHOBKe 3a1a4n 0OHApyKEHUs KIacchl pacnpenenenuid W, u W, 3ana-

IOTCSI C IOMOIIBIO AHATTUTUYECKOTO (TTApaMeTPUIECKOro) ONMCaHMs TUIOTHOCTEI BEPOSITHOCTH HE3aBU-
CUMBIX BBIOOpOK f,(v|6,), f,(x]6,) u f,(¥|6,),rae 6, n 6, HeusBecTHbIE NapaMEeTPBI, BXOSIIHE
B BBIPAXKCHHUS JJISI IJIOTHOCTEH.

B mpocreifmux Mopmensx 4MCIO KOMIIOHEHT, BXOMIIMX B @, U O,, T. €. YNCII0 HEU3BECTHBIX
HapaMeTpOB, HEBEJINKO (OJMH-/IBA), YTO CYIIECTBEHHO YMEHBIIAET TPYJHOCTH CHHTE3a M aHaJM3a I10-
JTY4YaroIUXCsl aJlTOPUTMOB. B ciiydae 0HOTO 1MoJe3HOro (CBS3aHHOTO C IMOSBJICHHEM CHTHAla) M He-
CKOJIBKHMX MEIIAOIIHNX ITapaMeTpa pPelIeHue 33/1a41 YyIpOLIaeTcs, €CIH CYIIeCTBYIOT JOCTaTOYHBIE CTa-
THCTUKH u(y) U v,(¥,Xx), v,(¥,X), ..., v, (¥, X) I 3THUX apaMETPOB.

OnTuManbHBIN aNTOPUTM B Kilacce HecmeweHHubix (Y KOTOPBIX BEPOSITHOCTH MPaBHIBHOTO 00-
Hapy)XEHHsI He MEHbIIIE BEPOSATHOCTH JIO)KHOW TPEBOTH) MMEET TaK Ha3bIBaeMyro CTpYKTypy Heiimana
uzh(u,v,,v,,.v,)= H,, roe noporosas ¢yHkuus 5h(u,v,,v,,.v,) HAXOAUTCA U3 YPaBHECHUSI:

00
I W, (u | v)du = F , BKIIIOYAIOIIETO yCIOBHYIO IIIOTHOCTh BEPOSATHOCTH W, (1 | V) IS pemmaromniei cra-
h

TUCTUKHU U TIPH GUKCHUPOBAHHOM 3HAYEHUU V. JlaHHBIN anropuT™ 00J1aaeT IEHHbIM CBOHCTBOM CTa0Ou-
JM3alMK BEPOSATHOCTH JIOKHOM TPEBOTH HA ypoBHE F|, MPU U3MEHEHMSAX MEIIAIOLINX MapaMeTpoB (Ia-

paMeTpoB pacrpeaeNCH s IOMEXH) — CBOUCTBOM 10000UsL.

AJNTOPUTMBI OIICHWBAHUS MApaMETPOB IIyMa W (POPMUPOBAHHS AJANTHBHOTO MOPOTa CYIIe-
CTBEHHO 3aBUCST OT BUJA pacnpeeicHus myma. B nanHo# paboTe paccMaTpUBACTCs IIyM C SKCITOHEH-
[IMATBHBIM pacIpeelieHHeM, KOTOPBIH HMEeeT eMHCTBCHHBINA apaMeTp MaciuTada. DTOT mapameTp siB-
JSIETCSL CYUjecmeeHHbIM, TTIOCKOJIbKY OH BXOJWT B BBIPOKEHHE JUIS BBIYUCICHHS MMOCTOSIHHOTO MOpOTa
obHapyxeHus. OH TakKe BeChMa CHIILHO BIIUSCT HA XaPAKTEPUCTUKU OOHAPYIKEHHUS, T. €. SIBIIACTCS 3HA-
YUMBIM.

Jlns  SKCIOHEHUMalnbHBIX — pacnpenenenuit  f,(v16,)=E(B,), f,(x|6,)=E(B,) n
fi(y16,)=E(f,), c HEU3BECTHBIMU IapaMEeTpaMU MaclTaba B pe3yldbTaTe CHHTE3d PABHOMEPHO
Haubonee mownozo (PHM) necmewennozo anropurma momyvaercs Tak Ha3biBaeMmbiid "Cell-Averaging
Detector" ("CA-Detector"” — 0OHapy:KUTENb C YCPETHEHUEM IO sUeHKaMm): u > chxi = H,, e ¢, —

i=1
IIOJIOKUTCIIbHAA IIOCTOSIHHAA, 3aBUCAIIIAA OT YHUCJIa IIOMEXOBBIX BIJI6OpOK n.
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n
Ilopozoeas ¢hynkyus B JTaHHOM Cllydae IPONOPLHOHATIbHA BHIOOPOYHOMY CPEHEMY X = z x;/n
i=1

¢ K03 GHLUEHTOM MIPONOPLUUOHANBHOCTH K, = ¢, -1, KOTOPBI 00ecreurBaeT 3alaHHyI0 BEpPOATHOCTD

JIO>KHOHM TpeBoru F| . Pematomast cTatiucTika u (GopMHUpyeTcs Kak BBIOOPOYHOE CpeHEee aHAIM3UPY-

m
€MBIX BBIOOPOK U = Zy, /m.
i=1
IIpuBenemM BhIpaXkeHHUs I XapaKTEPUCTUK OOHAPYKEHHUs 3TOr0 ajanTUBHOro anropurma. Ilpu
HE3aBHUCHUMBIX OJIMHAKOBO PACIPE/ICNIEHHBIX BHIOOPKAX MIOMEXH BEPOSTHOCTh JIOKHON TPEBOIM HE 3aBH-

CHT OT IapaMeTpa MaciuTaba pacnpenenenus v papia F = (1+¢,)" . Orcroga a =—1gF =-n-1g(1+c¢,)
, @ TIOPOTOBBIH KO>(HUIMEnT paseH ¢, = 10" —1.

3HaueHHe BEPOSTHOCTHU JIOKHOW TPEBOTH OY/ET OTJIMYAThCS OT PACUETHOTO B CIydae HEOJHO-
poaHo# moMexu (M3MEHEHHU NapameTpa MaciiTada B pezesiax OKHa), a TAKkKe MPU 3aBUCUMBIX BBIOOD-
Kax MIOMEXH.

Anroput™ "CA-Detector"” MOKHO IDEJICTaBUTh B BUAE U = k, - X = H |, tae k, = ¢, -n.3amernm,
4YTO X €CThb HaMIydllas OLEHKAa HEM3BECTHOIO IapaMeTpa MaciuTadba [, IKCIIOHEHIUAIbHOIO paclpe-
JIeTICHUSI TIOMEXH.

B ciyuae u3BectHOro napamerpa 3, onTHMallbHbIH Opor paBeH k, - f,,rae k, = a/lge. Cpas-
HEHUe 3HaueHUi &, U k,, COOTBETCTBYIOLIUX OJAMHAKOBBIM BEPOSTHOCTSIM JIOXKHOU TPEBOI'M IOKA3bIBAET,
410 k, Beerga Oomblie k,. OT0 00BACHAETCSA (IIyKTyalUsIMU BBIOOPOUHOIO CPEIHETO X , YTO TPeOyeT

yBEIUYEHUs [Topora.
IIpu nosiBIEHUM NONE3HOrO CUTHANA napaMmeTp maciuTtaba yBennuuBaercs f, = B,(1+d), rue

d — nednexuuns WM OTHOIICHHE CUTHAI/IIYM 110 HANPSHKEHUIO, SIBISIETCS] OHOBPEMEHHO OTHOCHTEIb-

HBIM M3MEHEHUEM Napamerpa MaciTaba. Ecnu paccmaTpuBaTh yBenuueHHe MomHoctd P > Py, rae

P, =2p,, P =2}, TO  OTHONIEHWE  CHTHAI/IIyM 1O  MOIIHOCTH  PAaBHO
2 2 2 2 2 _

q- =P -P)/F=(p —By) B, npuiem q° =d(d +2).

[Ipu HeusBecTHOM MapameTpe MmaciiTaba momexu u ucrnoyibzoBanuu "CA-Detector” B ciydae
€IMHCTBEHHOW aHATM3UPYyeMOU BBIOOPKH (T. €. CUTHAIBHOE OKHO COACPIKHUT OJUH dJIeMEeHT m =1) Xa-
PAKTEPHCTUKU OOHAPYKEHUs ompejenstorcs BuipaskenueM D = (1+d)" /(10°" +d)" . Tloporopas je-
(pmexuns pasua d ) = (10*" —=10""")/(10""" —1) ¥ 3aBHCHT OT YHCIIA OTIOPHBIX BEIOOPOK MIOMEXH.

B nenapamempuueckoii moctaHoBKe 3a/a4a CMHTE3a MOXET (OPMYIMPOBATHCSA KakK MpOBEpKa
UJCHTUYHOCTH paciipeiefieHnii BceX (He3aBUCHUMBIX ) BEIOOPOK:

Hy: wy(y,)=w/(y;) I o0bIX 3HAYCHHH I, ] .

H,: wy(y,)>w(y,) XOTs Obl 1JIst OIHON apbl i U j .

[Tocnennsist crpoyka 03HayaeT, 4YTo BHIOOPKA ) «CTATUCTHUYECKU OOJIbIIE) BHIOOPKH X .

B sTom citydae nporieypa oOHapy>KeHUsI OCHOBBIBAETCSI HA MCIIOJIb30BAHUH 3HAKOBBIX M PAHTO-

BBIX CTATHCTHK, MOJyYaeMbIX M3 Bapuaiuonnoro psaa x <x® <. <x" . Hampumep, x,_ = x"

€CTh MAaKCHUMAaJIbHOE 3Ha4€HHE, a BBIOOpOYHas Meuana x, ., = med(X,,...,x, ) BbIUYUCISAETCS 10 HOpPMY-
mam: x, = (x® +x*)/2 mpn n=2k, x,_, =x"" npn n=2k+1.

Henapamerpudeckne CTaTUCTUKU 001a1al0T JOCTATOYHON YCTOWYMBOCTBIO XapaKTEPUCTUK MpU
U3MEHEHUSIX BUAA PACHpEeNeHNs] He3aBUCUMBIX OIOPHBIX BBIOOPOK, YTO 00ECIeYnBaeT CTaOUIIbHBIN
YPOBEHb BEPOSATHOCTH JIOKHOM TPEBOTH AJIs anroputMa "Max-Detector” u > x_ = = H,, a Taxke 174

Crp. 8u3 12
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anroputma "Med-Detector” u > x,_ ., = H,. OnHaKo OHU NPEACTABIAIOT IPAKTUYECKUN MHTEPEC NPU

med
0O0JIBIIOM KOJTMYECTBE HE3aBUCHUMBIX OMTOPHBIX BHIOOPOK 7, TOCKOJIBKY 3HAUEHUS BEPOSITHOCTH JIOKHON
TpeBOr" uMeroT nopsaaok (1/n). B wactHocTH, ans anropurma "Max-Detector” (BbIOOp HanOOJbILIETO
3HA4YeHMs JJIs IOPOra) BEPOSTHOCTH JIOKHOU TpeBOTU paBHa F = 1/(1+ n) npu m00bIX pacrpeeaeHusIx
HE3aBHCUMBIX BBIOOPOK IMTOMEXH.

[Ipu He oueHb GonbIIUX K1 (HaIPUMEpP, HECKOIBKO JIECATKOB) UCIIONB3YIOTCS K8A3ZUHENapamen-

puueckuti BapuaHT airoputma "Max-Detector” u > c, -x,, = H,, KOTOpBI I03BOJIAET MOJIy4aTh TPe-

max

OyeMble HU3KHUE 3HAUEHUs] BEPOATHOCTH JIOKHOM TPEBOTI'HY, 3a CUET BbIOOpA NOCTOSIHHOM ¢, > 1. OTH 3Ha-

YEHMsI OCTAIOTCs CTAaOMJIbHBIMU B KJIACCE pacHpeesIeHni TOMEXH ¢ €JUHCTBEHHbIM HEW3BECTHBIM Ia-
pameTpoMm Maciutada. MizmMeHnenus Buja pacnpeaeneHus TpeOyroT U3MEHEHHsI 3HaYeHHsI TOPOTOBOI0 KO-
ydumuenTa c,, KOTOpbII 3aBUCUT TAKKe OT YUCIIA BEIOOPOK 7. TeM He MeHee, IOCIeIHUN alrOpUT™M

Oosee ycTOWYMB K OTKJIOHEHMSAM OT NMPHUHATON MOJENN pacHpeaeeHus moMexu, yeM anroput™m "CA
Detector”.
J11s1 5KCIOHEHIIMAIBHBIX MOJIENIEH BEPOSITHOCTD ITPABUIBHOTO OOHAPYKEHUS, COOTBETCTBYIOIIAs

anroputmy "Max-Detector” ipu n =1 Beraucnsiercs no popmyne D = ZZZO =D CrA+k(d+1)/c,)™
,rne C* = n!/(k!(n—k)!) —4ucno couerannii u3 n no k.

BeposITHOCTB JIO’KHO TPEBOTH MOTydaeTcst U3 3Toro Beipakenus npu d = 0. Jlerko yoemurbes,
4TO IPU BBIOOPE NMOPOTOBOI KOHCTaHTHI ¢, =1 anroput™m "Max-Detector” cTaHOBUTCS YUCTO Hemapa-

METPHUECKUM U 00ecIednBaeT MOCTOSHHYIO [Tl MOOBIX pacHpeIeeHnii IITyMa BEPOSTHOCTD JIOKHOM
tpeBoru F =(1+n)".

Crp.9u3 12
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2. OIIUCAHUE MPOI'PAMMHOI'O OBECHEYEHUWA
IS UHCCJIIEJOBAHUA OBHAPY/KUTEJIEU

2.1 Cocmas npoepammnoco obecneueHusl
[IporpamMmMHoOe obecrieueHre BKIIIOYAET YEThIpe OJI0Ka MporpamMm, 00beIMHEHHBIX eIUHON 000-
JIOUKOM:
1. Mooenv — bopmupoBaHue (reHepUpOBaHUE) CITYyYalHBIX MOJIEH ¢ 3aJaHHBIMH PACTIPE/ICIICHU-
SIMU.
2. Cuenan — GopMHUpOBaHUE TMOJE3HBIX CUTHAJIOB B 33IaHHBIX 00JIACTAX TOJIS.
3. Oyenka — OlieHMBaHUE XapaKTEPUCTUK TMOJIS: (POPMHUPOBAHKE BHIOOPOYHOT'O CPEIHETO, BhI-
OOpOUYHOI AUCTIEPCUH, BEIOOPOYHBIX KOI(PDHUIIMEHTOB aCUMMETPHUH U IKCIIECCa.
4. Obpabomra — oOHApYKEHUE CUTHAJIOB Ha (POHE IITYMOBOTO TOJIA.
[lepexox k TOMy W HHOMY OJIOKY TPOrpaMM OCYIIECTBIISIETCS BBIOOPOM COOTBETCTBYIOIIETO
pexuma B TJIaBHOM MEHIO (BEpXHsIsl CTPOKa):

2.2 Cmpykmypa u onucanue npocpamm & pedxicume « CueHany

[IporpamMHOe oGecrieueHue Mo3BOJSIET MOJEIUPOBAThH MOSBJICHUE MOJIE3HOIO CUTHAJa B BUJE
TOUYKU Ha (POHE MOMeXH MO0 JOKAIBHYIO HEOTHOPOJIHOCTh IOMEXH B KaXKJIOM 3JIEMEHTE N300pakeHHU.
[Ipu >TOM MosTOkKEHUE DJIEMEHTA 3a/1aeTcsl Kak HoMmep cToiibna u crpoku (X, Y). Pazmep HeogHopoaHO-
CTH KBaIpaTHON (POPMBI MOKHO U3MEHUTH.

HmeeTcst BO3MOKHOCTD 3a/1aHUS HEMOCPEACTBEHHO a0COJIFOTHOIO 3HAYEHHSI CMECH CUTHAJIA C TT0-
MEXOM B yKa3aHHOU Touke (3HAUYCHHE).

dopMupoBaHHUE CIIYYalHOW BEIMYMHBI CUTHAIA Ha (JOHE MOMEXH 3aBUCHUT OT BUJA pacrpeserie-
HUS IOMEXH U CBSA3aHO C 3aJaHUEM 3HAYeHUN Je(UIeKIIMY WIM OTHOIIEHUS CUTHAJ/IIYM IO MOIIHOCTH,
KOTOPOE OIpesiesieTcs B KaXA0M KOHKPETHOM CIIydae.

2.3 Cmpykmypa u onucanue npocpamm 8 pedxrcume «llopoay

B nporpamme ocymecTBisiercs: OpMUPOBAHUE MIOCTOSHHOTO U a/IalITUBHOTO MTOPOTOB JIJIS KaXK-
JIOTO DJIEMEHTa aHAIM3UpyeMoro m3oOpakeHus. [IoCTOSHHBIA ypOBEHb BBOAHMTCS HETIOCPEICTBEHHO.
dopMHUpOBaHKE aANITUBHOTO NIOPOTa BKJIIOYAET BEIOOP BUA CKOJB3AIIETO OKHA. B mporpamme npexy-
CMOTPEHO IIECTh BAPUAHTOB MTOMEXOBBIX OKOH U JIBa BAPUAHTA CUTHAIHHOT'O OKHA.

J1J1s1 OBBIICHUST YCTOMYMBOCTH XapaKTEPUCTUK AITOPUTMOB U UCKIIFOUEHUS BIIUSHUS aHOMAJTb-
HBIX BBIOPOCOB IITyMa BBEACHO MPEABAPUTEILHOE YEeH3YPUPOBatie OTIOPHBIX BHIOOPOK MyTeM HCKITI0Ye-
HUS OJTHOTO MaKCUMAJIBHOTO 3HAUEHUS U3 OOIIEro YHciia MOMEXOBBIX BEIOOPOK B CKOJIB3SIIEM OKHE.

Takum oOpa3oM, YUCJIO 7 OMOPHBIX BHIOOPOK MOMEXH, Y4AaCTBYIONIUX B (HDOPMHPOBAHUU aJlall-
TUBHOTO MOPOTa, Oy/IET Ha €IUHHILY MEHBIIIE OOIIET0 YHCiia ONOPHBIX BHIOOPOK B TOMEXOBOM OKHE.

Jns popmMupoBaHus aJanTUBHOTO MOpOra MPUMEHEHA JIMHEWHas THOpUAHAs CTPYKTypa, HC-

n
noJsp3yromas 0asossle anroputmel "CA Detector” n "Max-Detector™: u 2 c, -in +Cy X = H,
i=1
Koa¢dduuuents! ¢, u ¢, BBOAATCSA 10 3alPOCy B JUAIOTOBOM PEXKUME C KIABUATYPBL
Jnst yacTHBIX 0a30BbIX anroputMoB "CA Detector” n "Max-Detector” ( T.e. 1uis citydaes ¢, =0

mbo ¢, =0) 3HaueHHs NOPOrOBBIX KOI(D(DUIMEHTOB PACCUUTHIBAIOTCA Ul IKCIOHEHIMAIBHOIO pac-
npeeIeHNs IOMEXHU U BBIBOAATCS B TUAJIOTOBOM OKHE.

Pe3ynbrat noporoBoii 00paboTku 0ToOpakaeTcss B MPAaBOM OKHE B BUJE CBETJIBIX ToueK. OTHO-
CHUTEJIBbHOE KOJIMYECTBO MPEBBIMIEHUH (II0 OTHOIIEHHIO K 00IIeMy 4MCiIy Touyek mousst 256*256) BbIBO-
nutcs B rpage "JIoKHBIX BBIOPOCOB".

Crtp. 10 u3 12
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3. 3AJIAUA JIABOPATOPHOM PABOTHI

3.1  Cocmag npocpammuozo obecnevenus

3.1. TeopeTtrndeckoe Hccie10BaHUE CBSA3H OCTOSIHHBIX TOPOIOB OOHAPYKEHUS, & TAK)KE IIOPOro-
BbIX IOCTOSIHHBIX JUIsl aJJalTUBHBIX IIOPOrOB C MTapaMeTpaMu IMOMEXOBBIX pacnpeaeneHuil. TeopeTuue-
CKUH aHaIM3 BIUSHUS BUJA paclpeleeHus IyMa Ha 3HAY€HHUs IOPOTOB U Ha TIOPOrOBbIE OTHOILIEHUS
CUTHAI/IITYM.

3.2. 'enepupoBaHue CIIy4aifHOTO MOJIS C 3aIaHHBIMU TTapaMeTpaMu pacnpenenenus. [loporosas
00paboTKa ¢ UCMOJIb30BAaHUEM MTOCTOSIHHBIX OPOTOB C LIEJbIO BBIICHEHUS! COOTBETCTBUS IKCIIEPUMEH-
TaJIBHOT'O YMCJIA MPEBBIIIEHUH U TEOPETUYECKOT0 3HAUCHHS BEPOSITHOCTH JIOKHON TPEBOT'H.

3.3. DKcniepuMeHTaIbHOE U3yUEHNE BO3MOKHOCTEN aIrOpUTMOB OOHAPYKEHHUS C IIOCTOSTHHBIM U
aJlanTUBHBIM noporamu. MccnenoBanue 4yBCTBUTENBHOCTH aJITOPUTMOB K OTKJIOHEHHSAM OT 3aJaHHOM
mozenu. [lonydyeHne skcriepuMeHTaNbHBIX XapaKTepUCTUK OOHAPYKEHUS U CPAaBHEHHE UX C TEOpETHYe-
CKUMH.

4. MOPSTOK BBITIOJTHEHUSA JABOPATOPHOM PABOTHI

4.1. 3yunTh TEOpETUUECKHE CBEACHUS U OTBETUTh HA KOHTPOJIbHBIE BOIIPOCHI.

4.2. BoiOpaTh MOJ€Nb IYMOBOTO NOJS U PELIMTH 3a7a4M MyHKTa 3.1. Paccuntarh 3HaueHUs Mo-
CTOSTHHBIX MIOPOT'OB JJIs1 BBIOPAaHHOT'O TUIIA LIIyMOBOT'O MOJIsA, 00eCIeunBalOIINe 3aJaHHYI0 BEPOSTHOCTD
JIOKHOW TPEBOTH.

4.3. IIpoBecTu 3KCIEPUMEHTAIBHOE UCCIEA0BAaHUE B COOTBETCTBUM ¢ MyHKTOM 3.2. Mccneno-
BaTh YyBCTBUTEIBHOCTH AITOPUTMA C MOCTOSHHBIM MOPOTroM (10 OTHOCUTEIBHOMY UUCITY JIOXKHBIX Tpe-
BOT) K H3MEHEHUSAM MOJIEIH CIIy4aitHOro moJisl.

4.4. BeecTu curHai B IIIyMOBO€ T10JI€ U BBINOJIHUTH OOHAPYKEHUE €T0 aJrOPUTMOM C MOCTOSIH-
HBIM HoporoM. CpaBHHUTH C TEOPETUUECKUMHU 3HAUCHUAMU XapaKkTepucTK. MccienoBats BiusHue QIyk-
Tyaluil CUTHaJIa Ha Ka4eCTBO OOHAPYKEHHUS.

4.5. BpInonHUTH, OOHapyKEHUE CUTHaJa aJrOpUTMOM C aJalTHUBHBIM Hoporom. Mccnenosathb
BIMsAHUE (DIYKTyallnii CUTHaIa U pa3MepOB IOMEXOBOI'0 OKHA Ha Ka4eCTBO OOHApYKEHHUS.

4.6. Ilognucats TPOTOKOJ UCCIIEIOBAHUN (UEPHOBUK).

4.7. OGopMUTh U TIPEICTABUTH OTYET IO JaOOpaTOPHOM pabOTe COracHO MPUBEJACHHBIM HIKE
TpeOOBaAHUSM.

5. CTPYKTYPA U COAEP KAHUE OTYETA

5.1. Otyer no nabopaTopHoil paboTe ohopMIIieTCs] HHANBUAYAIBHO KaXKIbIM CTYIEHTOM.

5.2. TUTYNbHBIN JUCT TOJDKEH COAEPIKaTh Ha3BaHUE JIabopaTOpHOil paboThl, PaMuiINIO, UMS, OT-
4eCTBO (TIOJIHOCTBIO) U HOMEp IPYIIBI CTYJEHTA, ATy BBIIOJHEHUs paOOTHI U JaTy MPEICTaBICHUS K
3aIlUTe.

5.3. OTueT A0KEH coAepIKaTh CIEIYIONINE 00sS3aTeNbHbIC YaCTH:

1. Hens paGoThI.

2. [TocTanoBKy 3a7aun (B pa3BepHYTOM BHUJIE C YKa3aHHWEM YaCTHBIX 3a7ad).

3. Teopetnueckue ucciae10BaHMs.

4. DKclepruMeHTaIbHbIE UCCIIEI0BAaHMs 110 Ka)KJI0W KOHKPETHOM 3a/1ayue.

5. BBIBOIBI 110 KaXKIOMY YHKTY UCCJIEIOBAaHUHN M 00IIIME BHIBOIBI U3 CPABHEHUS pe-

3yJbTaTOB TEOPHUH U HKCIIEPUMEHTA.
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6. KOHTPOJIBHBIE BOITPOCHI

1. BeiaenuTs U3 TEKCTa U AaTh ONpPEENICHHUs BCeM TepMUHAM: OTHOILIEHHE MPaBIONOo00Hs, Ol
TUMAJIbHOCTh, CTENEHb OOHApY)KHUMOCTH, OTHOLIEHHE CHUTHAJ/IIyM, HOPOrOBOE OTHOIIEHHE CHI-
HaJI/IIyM, pelIarolias CTaTUCTUKA, BEPOSITHOCTH JIOXKHOM TPEBOTM M MPaBUILHOTO OOHApYXeHHUs, pabo-
YHe XapaKTepUCTHKU MPUEMHHUKA, XapaKTePUCTUKUA OOHAPYKEHHS, aJalTUBHBIN MOPOT, HECMEIIIEHHBIN
QITOPUTM H JP.

2. latb opMyaHpoBKY 3a1a4u 0OHAPYKEHHS C YKa3aHHEM €€ OCHOBHBIX 3JIEMEHTOB.

3. [IpoBepuTh NpUBEICHHBIE BHIIIE BHIPAKESHHS JJISl TIOCTOSTHHBIX TTOPOTOB OOHAPYKEHUS U TI0-
POTOBBIX OTHOIIEHUH CUTHAJI/ILIYM B CIy4ae OCHOBHBIX MOJIEJIbHBIX PACIpe/leIeHUi IIyma.

4. B yem omiimune GopMyJIMPOBOK MapaMETPUUECKON M HeTapaMeTpUUecKoi 3aa4 oOHapyke-
HuUs?

5. Beigenute CyniecTBeHHbIE M 3HaUUMble TapaMeTPhl ISl KAKIOW U3 MOJENbHBIX 3a/1a4 OOHa-
pyKeHusl.

6. SIBnsercs mu anroput™ "CA-Detector” onTUManbHBIM U B KAKOM CMBICIIE?

7. Kak 1 mouemy M3MEHSIOTCSI XapaKTEPUCTUKU aJalTUBHBIX AJITOPUTMOB C YBEJIMUYEHUEM pa3-
MEpOB IMIOMEXOBOTO OKHA?

8. B kakux ciydasx aganTUBHBIE aJTOPUTMBI 00E€CTIEUMBAIOT BHIUTPHIII B XapaKTEPUCTUKAX 00-
Hapy>KEHHUs 110 OTHOIIECHUIO K aJITOPUTMaM C OCTOSIHHBIM MOPOrom?

9. Beiienure 1OCTOMHCTBA U HEJIOCTATKU JIBYX PaCCMOTPEHHBIX BapUAHTOB a/JallTUBHBIX OOHa-
pyXuTtenei.

10. C kaxoii 11e51bt0 MPUMEHSIETCA IEH3yPUPOBAHUE BEHIOOPOK B TOMEXOBOM OKHE?
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