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OB30P M AHAJIM3 METO/IOB ITIOPOT'OBOM OBPABOTKH
N30BPAKEHUI B ABTOMATHYECKOM ONITUYECKOM
KOHTPOJIE KAUECTBA U3IEJNI DJEKTPOHHOU TEXHUKHA

AHHoTanus. [laHHas cTaThs MOCBSIIEHA 0030py U aHAIU3Y METOJIOB MIOPOTOBOI 00pabOTKH
I/I306pa>1(eHI/II71, IIPUMCHACMBIX B AaBTOMAaTHYCCKOM OITHYECKOM KOHTPOJIE KadeCTBa PIB,Z[CJIHP'I
3JI€KTpOHHOI71 TEXHUKHU. PaCCManI/IBaIOTCH KakK FJIO6EUIBHBI€, TaK U JIOKaJbHBbIC MECTOAbI HOpOFOBOfI
00paboTKH, BKIIOYAs IMIUPOKO HCHOJb3yeMmbld Meron Oiy u amantuBHbIC MOAXoasl. Ocoboe
BHUMAHHUC YACIIKICTCA IMPUMCHCHUIO 3THX MCETOHOB JISA BBIABJICHHUA PA3JIMYHBIX THIIOB I[G(l)eKTOB,
TAKHUX KaK apariiHbl, 4aCTUIbI, ITYCTOTHI U ,Z[e(beKT bl MAPKUPOBKH. AHaJ'II/IBI/Ipy}OTC}I MpEUMynIeCTBa
Y OTPaHUYCHHUS TIOPOTOBON 00pabOTKH, BKIIOUAsi 3aBUCUMOCTD OT KOHTPACTa M yCJIOBUN OCBEILICHHS.
CraTesl Takxke 3aTparuBacT IICPCICKTUBHBIC HAIpPaBJICHUA pPasBUTHUA MCTOAOB, TaKHEC KakK
HCIIOJIb30BAHHUC aHAJIM3a KPACB U KOPPCKIHA JUHAMUYCCKOI'O JUuara3oHa. Hpel[CTaBJIeHHHe METOAbI
MOTYT CHYXUTh 3((PEKTUBHBIM HWHCTPYMEHTOM TMPEABAPUTEIBHOM 00paOOTKHM H300pakeHHH B
CUCTEMAaX aBTOMATHU3UPOBAHHOI'O KOHTPOJIA.

Abstract. This paper reviews and analyzes image thresholding methods used in automatic
optical quality control of electronic products. Both global and local thresholding methods are
considered, including the widely used Otsu method and adaptive approaches. Particular attention is
paid to the application of these methods to detect various types of defects, such as scratches, particles,
voids, and marking defects. The advantages and limitations of thresholding are analyzed, including
dependence on contrast and lighting conditions. The article also touches on promising areas of method
development, such as the use of edge analysis and dynamic range correction. The presented methods
can serve as an effective tool for image preprocessing in automated inspection systems.

KiaroueBbie ciioBa: ABTOMAaTHYECKMA ONTHYECKHH KOHTPOJb, QJITOPUTMBI 00pabOTKH
1/1306pa>1<eHH171, usacius BHGKTpOHHOﬁ TCXHUKH, H3BJICUCHUC IMPHU3HAKOB, MAIIMHHOC O6y‘IeHI/Ie,
KOMIIBIOTCPHOC 3PCHUC.

Keywords: Automatic optical inspection, image processing algorithms, electronic products,
feature extraction, machine learning, computer vision.

Beenenue

TexHomorus pa3paObOTKH U U3TOTOBIICHUS U3AeTUi dNIeKTpoHHOM TexHukn (MO T) mocrossHHO
COBEPIICHCTBYIOTCS. [Ipennpusatus paguodJeKTPOHHON MPOMBIIIIEHHOCTH CTPEMSITCS TOJYYHUTh
BOCIIPOU3BOAMMBIN M HA/I€KHBIA MPOU3BOJCTBEHHBIA MIpouecc. OQHaKO MPOU3BOACTBO HE BCeraa
uneanpbHo 1 DT Bce emie m3roraBinmBaroTcs ¢ aedexkramu. Hekotopele m3 3TuUX IedeKTOB HE
MO3BONISIIOT mpuMeHsATh MOT B paanosnekTpoHHOW ammapartype, NOCKoibKy inoboe WIT,
MOCTABIICHHOE C TakKuM JePEKTOM, NTPHBOJUT K OTKa3y WM HWHBIM 00pa3oM CTaHOBUTCS
HepabOTOCITOCOOHBIM.

OtcyrcTBre Ne)eKTOB 00ECIIeYnBAET OCHOBY, JUI KOTOPOH KayeCTBO MMEET peEIIarolee
3HaueHHe I Hajexkameld padorer UDT. Tlo mepe Toro, kak TexHojgoruu wm3rotoBiacHus MOT
YMEHBIIAIOTCSA JI0 HAHOMETpoBOro macmrtadba, MUDT craHoBsATCS Bce 0ojiee UyBCTBUTEIBHBIMHU K
MUHUMAaJIbHBIM TOBEPXHOCTHBIM WJIM OOBbEMHBIM J1e(heKTaMm.
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Korna UDT conmepxut nedekt, moie3Ho 3HaTh €ro KOOpAWHATHL 1 pa3Mepbl. Kpome Toro, mpu
nzroroBiaeHnr UDT napamerpsl oOHapyxkeHUs 1e(EeKTOB MOTYT ObITh U3MEHEHBI AJ1st oTOopa UOT B
COOTBETCTBHUE C KATETOPUSIMHU KayecTBa.

NOT conepxar nedeKThl MIOBEPXHOCTH, TAKHE KaK:

- I[apanvHbl U CKOJIBI HA TOBEPXHOCTAX, BBI3BAHHBIE KOHTAKTOM C IPOHU3BOJCTBEHHBIM
o0opyJOBaHWEM  WJIM  HUHOPOAHBIMU  yacTunamu. [logoOHble  AedexTsl  HapylmaroT
¢ynkunonuposanue UOT;

- SMKH — KpPOUICYHbIC HEIOCTAIOIIME MPOCTPAHCTBA HA MOBEPXHOCTH, B KOTOPBIX MOTYT
CKaIlJIMBaThCs 3arpsA3HEHNUS;

- YaCTHUIBl — 3arps3HSIONIME BEIIeCTBa OT OOOPYIOBAHMS, YEIOBEYECKOTO KOHTAKTa HIIU
OCTaTKOB XMMHUYECKUX BEIICCTB.

O6neémubIe nedexTr meuatHbix miat (I111):

- yCThIE MPOCTpaHCcTBa WK 3a30psl BHyTpu DT co3naroT npobiemMHbIe MecTa;

- HECOOCHOCTh Mex 1y aneMeHTamu U T npensiTcTByeT NpOX0KIEHUIO CUTHAJIOB;

- MPUMECH — WHOPOJHBIC DJJIEMEHTHl WM MOJICKYJIbI, OTPHUIATEIHPHO BIUSIONIME Ha
MIPOBOAUMOCTb.

Hedextet UDT ompeneneHsl Kak OCHOBHBIE MPOOIEMBI KAa4eCTBAa, OHU CHIDKAIOT BBIXOJ
roJHbIX u3nenui. OTpuLaTeabHO BIUAIOT Ha XapakTepucTuku MOT, MOTYT BbI3bIBATh CHIXKEHHE
MIPOU3BOUTEIHFHOCTH U HAJIEKHOCTH YCTPOMCTB.

WNnentudukanus gepexro UOT B 0CHOBHOM paHee OCHOBBIBANIACH HA PYYHOM BH3YaTbHOM
OCMOTpE, METOJIC C BBICOKOH CTOMMOCTBIO, 3aTpaTaMH BPEMEHH W HH3KOH 3((HEKTHUBHOCTH IS
MaccoBOT0 MTPOU3BOJICTBA. B HacTos1ee Bpems: 0OHapykeHHe A1ePEKTOB B OCHOBHOM OCHOBBIBAETCS
Ha U3MEPEHHUSIX W UCHBITAHUSAX. ODTOT METOJ MOXET OIpelesaTh TOIbKO 3JIEKTPUYECKUe
XapaKTePUCTHKH, a TAK)KE MOXKET BbI3BaTh MEXaHUYECKHE MOBPEIKICHUS.

[TosrTomMy pa3paboTka HepazpymarIlIe, HeJOPOTOH M OBICTPOIl CHUCTeMBbl OOHAPYKEHUS U
onpeaenenus nedexroB Ha UOT aBnsercs 3agaueit, Ha KOTOPYIO ObLIO 00paIIeHO BHUMaHUE MHOTHX
HCCIIE0OBATEIICH.

JIJ1st 5TOr0 MPUMEHSIIOTCS MHOTOOOpa3HbIE METO/bl Ha PA3JIMYHBIX dTarax OOHApPYKEHUS U
onpenenenusi nepexroB Ha MOT. OmHuMH W3 HUX SBIAIOTCS METOIBI TOPOTOBOM 00pabOTKH
M300paXeHUI B aBTOMATHYECKOM ONTUYECKOM KoHTpoisie kaduectBa UDT (AOU), o630p u anamus
pe3yNbTaToOB HCCIEA0BAHNN KOTOPBIX MPEACTABIIECH B HACTOSIIEH CTaThe.

ABTOMATH3MPOBAHHANL ONTHYECKAs] MHCHEKIHA W3AeJUil Ha IJTamne TMOPOroBoi
00padoTKM U300paKeHU U31e Uil JIEKTPOHHON TeXHUKH

[Topor — »T0 mpu3HaK (CBOWCTBO), KOTOPBIM MOMOTAET pa3[eNUTh MCKOMBIM CHUTHAN Ha
kiaccel. Omepanust MoporoBoil oOpabOTKM 3akiIro4yaeTcs B COMOCTAaBICHUM 3HAYEHUS SPKOCTH
Ka)KJIOTO MUKCeNst N300pakeHus ¢ 3aJaHHbIM 3HaYE€HUEM MOpOora.

MeTtoasl TOPOroBoit 00paboTKKU M300pakeHU B OCHOBHOM 3(h(PEeKTHUBHBI, KOT/Ia KOHTPACT
MEX/1y Pa3IMYHBIMU MTPU3HAKaMU XOpoILIo ycTaHoBJeH. [loporosas 06paboTka cuuTaeTcsi METOJ0M
CErMEHTallMH, KOTOPBIN IeTUT U300pa’keHne Ha JIBe 00J1acTH: 001acTh YacTull (Hanpumep, Npu3HaK
WM KOMIIOHEHT) U 00jacTh ()oHa ¢ MOMOIIBIO 3HAYEHHs] TOPOroBoro ypoBHs ceporo [1]. Takum
o0pa3om, Bce 3HAYCHMs NHKCEJEeH YPOBHS CEporo, MpHHAIIEKANIHNe K 00JacTh 4YacTHIl (BbIIIE
MIOPOTOBOT0 3HAYEHMUS ), yCTAaHABIMBAIOTCS B JIOTUYECKOE 1, a OCTaIbHbIE MUKCEIH, TPEICTaBIISIOIIE
¢oH (HIKE MOPOrOBOTO 3HAYEHHWS), yCTaHaBIWBaOTCca B (; IpYrUMH CJIOBaMHU, H300pakeHUE
npeoOpazyercss B OumHapHOe. 3HAaUEHUE MOPOTa MOXKHO BHIOpaTh ABTOMATHUECKH C IOMOIIBIO
rucrorpaMMbl  [2]. Ock X THCTOrpaMMBI TPEACTaBISIET COOOW 3HAYEHHUS CEpOro Macmrada
n3o0paxeHus (B cnydae 8-OuTHOrO M300paxenus ot 0 mo 255 3HavyeHwHii), a ock Y IPEACTaBISICT
KOJIMYECTBO MUKCENEH I KaXK10ro 3HAaU€HHs] HHTEHCUBHOCTH.

Br160p MpaBMIIBHOTO MOPOTOBOTO 3HAYCHHS CUYHTASTCS KIIFOUYEBBIM (PAKTOPOM B TIpOIECCEe
MoporoBoil 00paboTku. B o06miem, MeToasl MOPOTOBOM 0OpabOTKM MOXKHO pa3feiuTh Ha JIBE
Kateropuu: rnobanpHas u jokanpHas. [Ipu riaoGanbHON mOporoBoit 00paboTKe BHIOMpAETCS OJHO
MMOPOTOBOE 3HAYCHHE W3 THCTOTpaMMbl BCero m3oOpaxeHus. JlokampbHas moporoBas oOpaboTka
(Takxke Ha3pIBacMasi aJaNTUBHOW TIOPOTOBOM 0OpaOOTKOW) HCMOJIB3YeT JIOKAIM30BaHHYIO
MH(OPMAIIHIO O TPAIAllUAX CEPOro IS BBIOOpA HECKOIBKHUX OPOTOBBIX 3HAUCHU.
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JlokanbpHbIE METOJIBI TOPOTOBOM 00PAaOOTKM MPEBOCXOIAT II00aTbHbIE TP HEPABHOMEPHOM
ocernieHuu. C Apyrod CTOPOHBI, TJIOOaNbHAs MOPOTOBasi 00pabOTKa cUMTAeTCs Topasno Oosee
MPOCTOM W TpeOdyeT MEHbIIE BBIUYUCIUTEIBLHOTO BpEeMEHHU. JJis MPUIOKEHWA MO WHCIEKIUU
nedeKToB, TOCKOJIbKY HACTPOHKHM OCBEIIEHUS XOPOUIO KOHTPOJHPYIOTCSI U PaBHOMEPHBI,
MPEaNOoYTUTENbHA II100abHast moporosas oOpadotka [2, 3].

[ToporoBas 00pabotka O1y cuuTaeTcs OJHOM U3 MIUPOKO HCIOIb3YEMbIX TEXHHUK INIOOATIBLHOM
MOPOroBOi  0OpPabOTKHU. DTOT METOA BHIOMpPAECT IMOPOTOBOE 3HAYEHHE, KOTOPOE MAKCHMHU3UPYET
JUCIIEPCUI0  MEXKIY KiaccamMu THUcTorpamMmmbl [2, 4]. Meroabl mnoporoBoro 3HadeHus Oiy
MIPEANIOYTUTENIFHEE HCIIOIb30BaTh, KOTJA XapaKTePUCTHKA Je(eKTa MMEeT BBICOKHUH KOHTPACT IO
cpaBHeHuto ¢ horoM. [Tpumepsl 3tux aedektoB — orcyrcTBre DT nHa I1I1 u oTcyTCcTBHE MaiiKy HA HEH.

[lepur u np. B [5, 6] u Kyo u ap. B [7] ucnonb3oBanin noporooe 3HaueHue Oriy mis
W3BJICYCHHS XapaKTEPUCTUK AePEKTOB B cBeToANOoaX. B [6] aBTOpBI 0003HAYMIN pE3YyIbTHPYIOIICEe
KOJIMYECTBO MHUKCEJCH SApKUX 001acTeil mociie MpUMEHEHUsI TIOPOrOBOr0 3HAYCHHS KaK «a». Bplio
orpezeneHo mnoporoBoe 3HaueHue kl, Takoe 4yto, ecnum «a» MeHbuie kl, 370 o3HauyaeT, 4TO
orcyrctByeT UDT Ha muiate, a uzo0paxeHue knaccuuupyercs kak aedext orcyrcrpyromero UOT.
B mporuBHOM ciywae, ecnu «a» Oombiie kl, 3To o3Hayaer, 4TO M300pa)KeHHE TOJKHO OBITH
JOTIOJTHUTEIBHO TMPOAHAIM3UPOBAHO HA MPEAMET JAPYruX Ae(eKTOB (HEmpaBWIIbHAS OpPUEHTAIUS,
oOpaTHasi TOJAPHOCTh, IMOBEPXHOCTHBIE naedekThl). Iloxoxkee moporoBoe 3HaueHHe k2 ObLIO
oTpeeieHo s KitaccuuKanuu n300pakeHui, coepkanux apyrue nedextol. [loqo0HbIe METOIBI
TaKXe MPUMEHSUTUCH B |5, 7].

Opnako, B [7] pans  ompenenaeHHsT IOPOTOBBIX 3HAUYEHUH TaKKe HCIOJIb30BalIOCh
COIIOCTaBJICHHE IIA0JIOHOB C MOMOMIbI0 MaKCHUMAaJbHBIX KO3()()UIIMEHTOB KOppEsIUH BMECTE C
MOpOToBOI 00padoTkoit Orry.

JIu u np. B [8] ucnonb3oBaid MOPOTOBYI0 00pabOTKY AJisl BbIIEICHHS MPU3HAKOB MOJIOC B
TFT-LCD (yctpoiictBo otobpaxenus — Thin Film Transistor — Liquid Crystal Display), uto moxet
YKa3bIBaTh Ha HaNM4He nedexra Mypa (HepaBHOMEPHOCTB SIPKOCTH WIIH [[BETA, KOTOPAs! TIPOSIBIISIETCSI
B BHJIE MSATEH WJIM MOJIOC Ha m300paxkenun). [llupuna, cOOTHOIIEHUE TOJOC, KPUBU3HA MOJOCHI U
pa3Mep Mojochkl ObUTH OLIEHEHBI U3 Pe3yJIbTUPYIOIIEro OMHAPHOTO M300paKeHUS U UCIOJIb30BaHBI
KaK BXOJHBIE JaHHBIE [ Kaccu(UKauu B HEHPOHHOM CeTH.

Hox w nap. B [9] wucmonp3oBaiy TEXHUKY aJalTHUBHOW TMOPOTOBOM 0OpabOTKH st
WCCIIeIOBAaHUS [IeCTH TUMOB AedexToB moispusyrommx mieHok B TFT- LCD. [IpeanosxeHHBbIiH
MOAXO0Jl ompenenseT Tul JaedexkTa dYepe3 aHaIM3 M300paKEHUs, MHCIONb3Yysl pa3iHyHbIe
XapaKTePUCTHKH, TaKWe KaK TeOMETPUYECKHE TMapamMeTpbl W omucarenb (GOopMBl € yd4eToM
pacnpeneneHuss MHTEHCUBHOCTU. Jlng knmaccuduxanuu ae(eKToB HCIONIb30BAINCH Pa3IHNYHbIe
QITOPUTMBI HA OCHOBE MPABUI B COOTBETCTBHM C TAKUMU H3BICUYCHHBIMH XapaKTEPUCTHUKAMU, KaK
MUHUMAaJbHBIN OrpaHUYMBAIOIINN MPIMOYTOJIbHUK, akThdeckass 00iacTs nedeKra u JeCKPUITOop,
OCHOBaHHBIN Ha obOnactu. [IpennokeHHBIN MOAXO0 AOCTUT OYEeHb BBHICOKUX 3HAUEHUN TOYHOCTH U
MOJIHOTHI B ompenenaeHuu aedexToB. OIHAKO 3HAYEHUS MOJHOTHI U TOYHOCTH JJISl PE3yJbTaTOB
KIaccupuKauy ObUTH 3HAUUTETHHO HU3KHMH.

Au u nop. B [10] 0ObeIMHUIN aJaTUBHYIO TIOPOTOBYIO0 00PabOTKY ¢ TEXHUKOW YaCTOTHOU
(bunpTpanuu MoJ Ha3BaHHEM HecyOCceMILTMpoBaHHOE KOHTYypHoe mpeoOpa3zoBanne NSCT (Non-
subsampled Contourlet Transform), 4To0bl HcclieOBaTh MOBEPXHOCTHBIC Je(DEKTHI TUICHOYHBIX
koHgeHcaropoB. NSCT Obuta pazpaboTaHa Ha OCHOBE TEOPUU BEHBIET-MPEOOPA30BAHHMA KAaK METO/
MHOT'OMACIITA0HOTO TEOMETPHUYECKOTO aHaiM3a W ObUla BhIOpaHAa M3-32 CBOCH CHOCOOHOCTH
OIMHCHIBATH KOHTYPBI KpaeB 1e(heKTOB TIICHOYHBIX KOHJEHCATOPOB.

Tepmun BeiiBier (wavelet) B mepeBoje ¢ aHTIMHCKOTO O3HAYACT «MAaJICHbKas BOJIHAY.
BeiiBetst — 3T0 0000IIEHHOE Ha3BaHHE MaTeMATHYECKUX (QYHKIUN ONpeAeNeHHOW (OPMBI,
KOTOpBIE JOKAJIbHBI BO BPEMEHH U TI0 YacTOTE, U B KOTOPHIX BCe (DYHKLMHU MOTYYAIOTCA U3 OJIHOM
0a3oBoi, u3MeHsss e€ (caBurasi, pacTsaruBas). BeiiBner-mpeoOpazoBaHHe — HHTErpaIbHOE
npeoOpazoBaHue, KOTOPOE MPECTaBIsACT CO00I CBEpTKY BeWBIIeT-(DYHKITMU ¢ CUTHAJIOM. BeiiBnert-
npeoOpa3oBaHue MEPEBOUT CUTHAN U3 BPEMEHHOTO MPEICTABICHHS B YaCTOTHO-BPEMEHHOE.
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AlanTUBHOE MOPOTOBOE 3HAUCHHE C MOMOIIBIO TayccoBor GyHkuuu siapa (Gaussian kernel
function) cHavana mpuMEHSIETCs U1 OT/ICJICHUS IEPEHETO IUIaHa OT (POHA, YTO TTO3BOJISET BBIACIUTD
nedekTHbIe XapakTepucTuku. JledekThl 3aTeM KiacCu(UIUPYIOTCS B COOTBETCTBUU C YaCTOTHBIM
pacripeesieHneM 00pasoB H300pakeHH Ha 1eEeKTHBIE U C OTCYTCTBHEM Je(eKToB. Takol moaxon
nocTur oduiei Tounoctu 98,7% co Bpemenem uncnekuuu 0,1 cexyHapl. OCHOBHBIM NPEUMYIIECTBOM
3TOr0 HCCJEeNOBaHUS SIBISETCS OOJBIIOE KOJUYECTBO PEAbHBIX OOpa3lOB, HCIOJIB30BAHHBIX B
TECTUPOBAaHUM alroputMma. B o0mieit cinoxuocTr ucnoib3zoanuch 10000 KoHaEHCATOPOB, BKIIIOYAs
1000 ngedekTHBIX. DTO MOATBEPXKAACT WX peE3ydabTaThl M JOKas3biBaeT A((PEKTUBHOCTH
MPEAJIOKEHHOTO METO/1A.

KnBak u np. B [11] npemnoxxunu mpocTtoi, HO 3(h(EKTUBHBIN aITOPUTM ISl IPOBEPKHU
nedextoB B ceeronnoaabix OLED (Organic Light-Emitting Diode) nanemnsix. Cnauasna ¢pon o0pasios
M300paXeHUI TeHepupyeTcsl ¢ UCMHOIb30BaHUEM MeIuaHHOro (GuibTpa. 3aTeM CreHEepUpPOBAaHHBIC
M300paXEHUS BBIYUTAIOTCS M3 OPUTHHAIBHBIX, YTOOBI BBIACIUTH IIIyM, PEACTABIISIONIUHN 1e()EKTHI.

Meton Ouy ucrnonb3oBaics sl OMHApU3alUU M300paKEHUs, TaK YTO YEepPHbIE MUKCEIH
OMHAPU30BAHHOTO U300paKCHHS MPEICTABISIIOT CO00H NedeKTHhIC MUKCENH. B KOHEYHOM HTOTE,
3HaYEHUE MpHU3HAKa OBLIO CTreHEPUPOBAHO B COOTBETCTBUU C YHUCIOM IMHUKCeNel, U ObUlH
YCTaHOBJICHBI OTPE/ICIICHHBIC KOHTPOJIBHBIC MPEACIIbI IS KiacCUpUKAu 00pa3oB U300paKeHHA
Kak Je(heKTHBIX WK He NedeKTHbIX. [IpenioxkeHHbIit MeTo OB CpaBHEH C APYTUMH allTOPUTMAMH,
takumu kak DCT (Discreet Cosine Transform — nuckpetHoe kKocuHycHOE ipeodpaszoBanue) u DWT
(Discrete Wavelet Transform — mguckperHoe BeiliBieT mpeoOpa3oBaHKe), W ObLIO JTOKA3aHO, YTO
MPEJIOKEHHBIM METO/I 3HAYUTEIHHO MPEBOCXOAUT APYrUe aIrOPUTMBbI IO BPEMEHU BBIYUCICHUH.
Omnako no Tounoctd DWT u DCT npeB3onum npeajioxKeHHbIH METO, OCOOCHHO TP CPEAHEM H
BBICOKOM ypOBHE IITyMa.

3sta 1 ip. B [12] uccnenoBaym nedextsl Ha [111. Micnonp3ys BeIOpaHHOE 3HAYEHUE ITOpora, ObLIO
MIOJTy4eHO OMHApHOE N300pakeHNE U Cepble YPOBHH 3HAYCHUH ISl KaXK1ou nedekTHOl obnactu. M3-3a
HEJI0CTaTKa MPEIOCTABICHHBIX OOpPa3llOB JAaHHBIX B MX HCCIEAOBAaHUM ObLla MPUMEHEHA TEXHUKA
OyTcTpan-BeiOOpKU (bootstrap — MeTox Uis OIEHKM CTAaHAAPTHBIX OTKJIOHCHWH W HAXOXKICHHS
JIOBEPUTEIILHBIX WHTEPBAIOB CTATUCTUYECKUX (DYHKIIMOHAJIOB) JJIsi TEHEPAITUH OOJIBIIIErO KOJIUYECTBA
00pa3IioB ¢ e eKTHBIMU MPU3HAKAMHU Ha OCHOBE MX 3HAUEHHI Ceporo ypoBHs. UeTkIpe THTIa IPU3HAKOB,
CBSI3aHHBIX CO 3HAYEHUSIMH CEPOT0 YPOBHS, ObUIM M3BJICUEHBI U3 CTEHEPUPOBAHHBIX 00PA3IIOB: CpeIHES
3Ha4YeHUe BHIOOPKHU, CTAaHIAPTHOE OTKIIOHEHHUE, CpeiHee aOCOMOTHOE OTKIIOHEHUE M aCHMMETpUsL. DTH
MIPU3HAKU ObUTH OTHPABJIEHBI B AJITOPUTM KIacCU(PUKALIUY 17151 onpeieneHus Tuna aedexrta. OaHako uist
WCTIOJIb30BaHUsl OYTCTPAM-BHIOOPKH OCBEIEHHE JOKHO OBITh XOPOIIO KOHTPOJIMpyeMbIM. Ecim
HCTIOJIB3YETCsl HEPAaBHOMEPHBIN UCTOYHHUK OCBEIICHHS, TO 3HAYCHUS CEPOro, TIOTYUYSHHBIE U3 00pasIioB
nedekTHBIX H300pakeHuid, He OyIyT COOTBETCTBOBATH HEOOXOAMMOW BEIMYMHE. JTO TMOBIHSET Ha
aHAJIN3 U KJIACCU(PHUKAIHIIO IEPEKTOB.

[3ssH u ap. B [13] mpeanokuin 1moaxoj, OCHOBAHHBIA Ha TEOPUU CEPOTO PENSALIMOHHOIO
aHajM3a JJIs WHCIEKIMA MapkupoBku wuHTErpaibHBIX cxeM (MC). OcHoBHasi wuues ceporo
PENALMOHHOTO aHallM3a 3aKII0YaeTCsl B CXEME PAHKHUPOBAHUS, KOTOpas yHOPSAOYMBAET CEPYIO
PETSIUI0 CPeN HECKOIBKUX METOJIOB. bbutM peann3oBaHbl METOIbI 00Pa0OTKH M300pasKeHUH ISt
MPUMEHEHHUS TEOPHH CEepOro pelsMOHHOro aHanu3a. CHauyanma ObUIO MPUMEHEHO BpalleHHe
n3o0pakeHusi, 4ToObl yoOemutbes, 4ro MC HaxoauTcss B TPABWIHBHOM TOJIOKEHUHU IS
UICHTU(PHUKAIMN CUMBOJIOB MapKHPOBKH. 3aTeM OBbLIN MPUMEHEHBI MOP(HOIOTHUYECKUE OIepariu
JUIS yAJIeHUs IIyMa U CerMEeHTallui CUMBOJIOB. HakoHell, OblJI0 IPUMEHEHO OPOTrOBOE 3HAUCHHUE,
yTOOBI TIpeoOpa30BaTh cepoe M300pPaKEHHE B OMHAPHOE C IICJIbI0 MUHUMHM3AIMA 00beMa JaHHBIX.
KittoueBble npu3Haku ObLTH U3BJICUYEHBI C TOMOIIBIO MIPEABLAYIINX MPOLECCOB: IEPUMETP, AUAMETD,
JUTSL OTIPEJICIICHUS THITa TPOOJIEMBI, BOZHUKAOIIEH B MAPKHUPOBKHU, TAKOW KaK OIIMOOYHBIE CUMBOJIBI.
B cpaBHeHMM ¢ TpaAMIIMOHHBIMU METOJaMH, TAKUMHU KaK €BKIJIUIOBO PacCTOSIHHUE, KOIPPUIMEHT
KOppeJSIUK, B MPEIOKEHHOM IOAXOAE €CTh TpU mpemmyliectBa: 1) He Tpebyercs Ooubinoe
KOJIMYECTBO JAHHBIX; 2) HEe TpeOyeTcs crnennduueckoe CTaTUCTUYECKOE pacipeielieHle TaHHBIX; U
3) Her TpeboBaHUI K HE3aBUCHMOCTH paccMaTpuBaeMbiX (akTopoB. boiee Toro, mpenioKeHHbIN
MOAXOJ JOCTUT YpoBHS HAcHTHGUKamuu nepexroB — 97,5%. OmHako 3TO HccleOBaHUE HE
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BKJIIOYAJIO PaclO3HABAHME IS MHOTOTUITHBIX, MHOTOCJIOMHBIX U Pa3IMYHbIX YIJIOBBIX HAHECEHUM
mapkupoBku MC. Takke OHM He BKJIIOYAIM TOBapHbIE 3HAKM W 3HAKU MPENUHAHMS B IMpoOIEecc
pacnio3HaBanust MapkupoBkun HMC. Kpome TOro, npeayio)keHHbBI MOAXOJI HE HWHTETPUPOBAI
MIPOrpaMMHOE U allllapaTHOe 00ecreueHue B €IMHYI0 aBTOMAaTHYECKYIO CUCTEMY MPOBEPKH.

Harapamxan u ap. B [14] mpemioXuiau aHAJOTHYHOE HCCIEIOBaHUE JUIsl OLIMOOK
MapkupoBku MC, Takux kak Hepa300pUYMBbIE CUMBOJIBI, OTCYTCTBYIOILINE CUMBOJIBI U I€YaTh BBEPX
Horamu. Jlyig pacrio3HaBaHUSI CUMBOJIOB ObLIO IPUMEHEHO YEThIPE METO/A U3BJICUEHUS IPU3HAKOB:
pouik NpPOEKLKNH, MOMEHT, pa30rueHue Ha 30HbI (TO K€ CaMOe, YTO U CETMEHTAIUs) U KOHTYPHBIH
npoduib. [Tocie u3BIeUeHNS IPU3HAKOB C TOMOIIIBIO YIIOMSHYTHIX YETHIPEX METOIOB, 3TH PU3HAKU
OTIPABJISIIOTCS B HEHPOHHYIO CeTh JUId KJacCU(PHUKAMU B COOTBETCTBHM C  TpeMs
paccmaTpuBaeMbIMH TUIIaMu omO0K. Mx moaxox goctur 100% tounoctu knaccudukanuu. OgHaKo
MIPeIJIOKEHHBINA MOJIX0/] HE TOUHO BBIABISAET AedexThl MapkupoBkH, korna MC pasmemarores mnoa
yraamu nosopota [15]. Kpome Toro, MeTonsl W3BI€YEHHUS NPU3HAKOB, PACCMOTPEHHBIE B ITOM
HCCIeIOBaHUH, TPEOYIOT 3HAUYUTEIBLHOTO BPEMEHH, 4TO 3aHuMaeT oT 1,844 no 2,093 cexynn s
OJIHOM 3aJ1a4u MPOBEPKH.

Caung u ap. B [16] mpemioxuid MCCIEIOBaHUE ISl MPOBEPKU HE BIIArOMPOHUIIAEMBIX
COCIMHCHUI TNpUNAKU B COCAMHEHMSX HpoleccopoB B kopmycax BGA (Ball Grid Array — ¢
LIApPUKOBBIMH BbIBOJIaMU ). VI300pakeHus B 3TOM HCCIIeI0BaHUU OBLITHU MOJIy4YEHBI C HCIIOIb30BAaHUEM
PEHTTEHOBCKON M ONTHYECKOW CHUCTeM HWHCIeKnud. llogxomasl K ToOporoBoil o0OpaboTke
CEerMEHTAllMU MPOBOJMINCH AaBTOMAaTHYECKH i1 TOWCKAa o0nacTell COeAMHEHUH MalKu C
MUHUMAaJIbHBIM BIMSHUEM NOMEX IPHU OCBEUICHHH. DTOT aBTOMATU3UPOBAHHBIA INPOLIECC MOXKET
BBITMOJHATHCS C TOMOIIBIO CTaTUCTUYECKOIO MOJAEIUPOBAHUS, HUCIOIB3YyS CMECh T'ayCCOBCKHX
pacnpeneneHuil Uisi HaXOKJIE€HUS ONTHUMAaJIbHOTO IOPOTrOBOro 3HauyeHWs. LIeHTpel coequHeHUi
MalKu 3aTeM OINpEAeIAIOTCA, M MaTeMaTHdeckass MOJENIb OLICHUBAETCSA Ji1 MPOBEPKU CTENEeHU
BBIPAaBHHUBAHUS LEHTPAa KaXKIOrO COEIMHEHUS OTHOCUTEIbHO coenuHeHuil. Mcronb3oBancs
OTIpeCNIEHHBIH MMOpOr JJs KJIacCU(PUKAUU NPUIIOEB KaK JACPEKTHbIX U He JAe(PEeKTHBIX B
3aBUCHMOCTM OT CTENIEHU BbIpaBHMBAaHMA. [IpoBeneHHas OLEHKAa ITPOU3BOJUTEIBHOCTH H
MOJIy4€HHAas CTaTHCTHKAa IIOKa3alld, 4YTO TMPEJIOKEHHBIN alropuT™M o00ecleynuBaeT YpPOBEHb
obHapysxenus 95,8%. HecmoTps Ha 3(h(heKTUBHOCTH 3TOr0 METOJa B YCIOBHSIX HEPABHOMEPHOIO
OCBEILIEHUS, UTHOPUPOBAHUE MTPOOJIEM HEPABHOMEPHOTO paCIpeeseHUs SPKOCTH MOXKET MPUBECTU
K IIpobiieMaM Ype3MepHOi U HelocTaTOYHOM cermenTaruu [17].

[Toxoxee uccnenopanue [ 18] Taxxe ObLI0 MPOBEACHO 151 OOHAPYKEHUS MMOJIOCTEH B MASTHBIX
COEJMHEHUSX B BUJE MIAPUKOBBIX. [1070CTH ompenenstoTcs Kak KaBepHbl, 00pa3yromuecs: BHyTPU
MasiHOTO IapHKa M3-3a KOJMYECTBA ra3a, KOTOpPOE 3aXBaThIBAETCS BO BPEMs TEIJIOBOIO IOTOKA.
I'maBHOM 3ajmadeil, ¢ KOTOPOH CTOJIKHYJIOCH 3TO HCCJIEIOBAaHHUE, SIBISETCS CO3AAHME AIrOpUTMA,
CIOCOOHOT0 pa3IuyaTh MOJIOCTH.

Jlpyroii 3anadeil sBiseTcss u3deraHue ydera (opM, MOXOXKHUX Ha TIOJOCTH, KOTOPHIE
HaxoJATcsl B 00JIaCTH MastHOTO IIapHKa, YTO MOXET YBEJIWYHUTh YPOBEHb JIOKHBIX cpabaThIBaHUI.
Kak 1 B mpeapIayIeM HcciIeJOBaHuH, 00pasiibl H300paKeHUH OBbLIM MOIY4EHBI C UCIIOJIb30BaHHEM
peHTrenoBckoii cucreMbl AOU.

[ITabnoHHOE COOTBETCTBUE OBUIO BIEPBBIE MPUMEHEHO Ui BbIOOpA MIEANbHOrO 1mabioHa,
KOTOpBIM MOKET OBbIThb MCIOJB30BaH IJs UAEHTHU(UKALUUU APYTruX oOjacTed IIapuKOB TNPHUIIOS.
UroObl UCKIIIOYUTH BBIBOZA U3 OOHapyKeHus, B HccienoBanuu [18] Obuta pa3paboTaHa MeTOAMKA
CerMEHTAllMU BBIBOJIAa M MX JIOKAJIM3alMU. 3aT€M IyCTOThI OBLIM PACIONIONKEHBI U TOMEYEHBI C
HCIIOJIb30BAHUEM OIPEICIICHHBIX MEP U XapaKTEPUCTHK, TAKUX KaK YPOBHHM CEpOro, IJOLAaAb U
(hakTop KOMIMAKTHOCTH, U OBbUIM OLIEHEHBI ONpefesieHHbIE MOPOTrOBbIE 3HAYEHUS, OCHOBAHHbBIE Ha
9THX KpUTEPHUSAX IS BBIIOJIHEHUs mpouecca kiaccudukanuu. Hakonen, 4yToObl yAaauTh Jt00bIe
oOHapyXeHHbIe (PaHTOMHBIE ITyCTOThI, KOTOPhIE HE ObUIM YCTPaHEHBI MPEAbLAYIIUMH ONepalusiMu
U3-32 CXO0XKECTH C PEANbHBIMU IyCTOTaMH, ObUI BBEJIEH OI'PAaHUYUTENILHBIA KPUTEPUH KPyroBOU
¢bopMbl, U OH OBUT KOJMYECTBEHHO OIIEHEH C UCIHOJb30BaHUEM (paKTOpa KOMIAKTHOCTH U
COOTHOIIEHUS OCHOBHBIX oceil. O1HaKO MTPENI0KEHHBIM METO/ HE MI0KA3aJl PELICHHUS, €CIIU PEaIbHbIE
MyCTOTHI HA OKOHYATEIbHOU MPOBEPKE HE UMENH KPYIIIyIo (popMy (Hampumep, HEMPaBUIbHYIO WIH
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Kakylo-1ubo cioxHyio ¢opmy). pyroe uccrenoBanue, nposeneHHoe Ban Beitnxy3eHom, Taxxke
HaIpaBJICHO Ha UCCIIEJJOBAHUE MYCTOT B IIApUKAX MPUIIOS; OAHAKO IS Mpolecca Kiaccupuxauu
e eKTOB UCTIOIh30BATACH MOIETH TITyOOKOTO 00yUYEeHHUSI.

Jly u ap. B [19] co3nanu cucteMy onTUYeCKOW MHCTIEKITMH JTsl u3MepeHust nedopmanmii XKK-
9KpaHOB AJis cMapT(HOHOB U Ui ONpeAeNIeHUs MO3UILMU ¢ MaKCUManbHOU nedopmanueit. Cuctema
cocrosuia u3 CCD (Charge Couple Device — ananorosasi ”HTErpajibHasi MUKPOCXEMa, COCTOSIIAS U3
CBETOUYBCTBUTENBHBIX (DOTOJUOOB,  BBINOJIHEHHAas HAa  OCHOBE KPEMHHS,  HCIIOJIB3YIOIIAs
texHonoruo [13C — npubopoB ¢ 3apsI0BOM CBSI3BI0), 3€pKajia, HACTPOSCHHOTO O] OMPEAeICHHBIM
yIJIOM, W TPEUU3MOHHOW IUIACTUHBI, 3allOJHEHHON OTBEPCTUSIMU OJIMHAKOBOrO pasmepa. Ecim
uMmeercs aedopmansi, To U300pakeHUe OTBEPCTHH, MOJyYEHHOE C MOMOLIBI0 HAKJIOHHOTO 3€pKaa,
OyZIeT BHITTISCTh HEpaBHOMEPHO. B mpoTuBHOM citydae, eciu e opMaiius OTCyTCTBYET, OTBEPCTHUS
OyIoyT BBITTISAAETh HEMOBPEXKACHHBIMH. [l ynaneHuss OTBEPCTHH Ha Kpasx H300paKeHus u
BOCCTaHOBJICHUsI (OPMBI JAPYTHX OTBEPCTHM HCIONB30Bajach Mopdosornyeckas omepamus ¢
MIPUMEHEHHEM MOPOroBoM 00pabOTKH. BbUT yCTaHOBIEH OMNpENENICHHBIM MOpOr, TaK 4YTO €CiH
pa3Mepsl 1eOpMHUPOBAHHBIX OTBEPCTUH MPEBOCXOASIT ITOT MOPOT, TO H3JEIHEe UMEeT Ne(eKT.
Onnako He OBUTO 00CYKIEHUS TOYHOCTH MPEJIOKEHHOTO AJITOPUTMA.

[3st1 u f1p. B [20] mpe10KUiTi IPOCThIE TEXHUKH 00pad0OTKH N300paKeHH, OCHOBAaHHBIC Ha
MOPOTOBOI 00pabOTKe, CErMEHTAu U MOP(OIOTHUECKHX OIMepalusxX A OOHApYKEHHS Tpex
TUTIOB JIE(PEKTOB COEAMHEHMI TNpU Taiike. Bo-mepBbIX, Ui YMEHBIICHHS CIIOKHOCTH aHAN3a
BBIJICJICHUS IPU3HAKOB, OH yAATSAETCA C IIOMOIIIBIO TIPOCTOTO IIOPOTOBOTO METO/1a, YTOOBI OTJACITUTH
COEIMHEHUS MpH Maiike OoT GoHa. 3aTeM ObUIM BBHIMOJIHEHBI OlEpallMi CerMEeHTAlUU U TUiIaTaluu,
YTOOBI BBIICTTUTH 00JIACTH COCTUHEHHIA.

Jlyist onpeniesieHus HOPMaJIbHBIX WM AC(EKTHBIX COSTMHEHHUI PUIIOeM OBLITN BHIOpAHbI JBa
Habopa XapaKTEepUCTHUK: JIEBATh OMHAPHBIX XapaKTEPUCTHK, OCHOBAHHBIX Ha N300paKEHUAX, U CEMb
CephIX 3HAUEHUWH HA OCHOBE MPHU3HAKOB. 3aTeM ObUIM H3yueHbl nuarpamma [lapero anms 3TuX
MPU3HAKOB, YTOOBI BHIOpATh JMyUIIWe MPHU3HAKH, KOTOPHIE MOTJHU OBl pa3in4yaTh TUIBI AE(PEKTOB.
Haxonen, mis knaccudukaruu ne@exToB mo TUIy ObUta MPUMEHEHa KJIacCH(PUKAIMS Ha OCHOBE
MIPaBWJI C KMCIIOIH30BAHUEM OIpPEACTICHHBIX MPaBWI U MOPOroB. B uccienoBanuu ObUIO OTMEUEHO
MHOT'O MPEUMYIIECTB, HAIPUMED, JaHHAsS METOJOJOTUsl HE TpeOoBayia CIEUATBHOTO OCBEIICHUS
WIH CTIeNraIbHOro 000pyI0oBaHMs JUIs 3aXBaTa U300pakeHus. boyee Toro, moaxona mo yJajJeHUIo
(hoHa yMEHBIINUI BRIYUCIUTEIHLHOE BPEMS Ha U3BJICUEHUE MPU3HAKOB.

Hokaraky wu gp. B [21] mnpemnoxunu cucteMy M paclo3HaBaHUs — JEePEKTOB
MOJTyTIPOBOJAHUKOBBIX IUIACTHUH, MCIOJNB3Ysl METOJIbI TOPOroBOM OOpaOOTKM M CEerMEHTAIlHH.
N300pakeHnst ObLTH COOpaHBI M 3aMEUEHBI pa3InyHbIe JeGeKThl. OTBEPCTHS U y30PhI J1eEKTOB ObLTH
OTIPEIENICHbI C UCTIOIBb30BaHUEM METOJIOB IMOPOTOBOM OOPaOOTKH IMyTeM pacdeTa CPEeTHErO 3HAUYCHHS
MUKCENIe B TIOMYYEHHOM OWHAPHOM H300pKCHUHU. AJITOPUTM JUIS BBISBICHUS Y30pOB Je(eKToB
BBIOMpAJICS B 3aBUCHMOCTH OT €ro TWIOTHOCTH. [loporoBast 06paboTka MCIIOIb30BaNach ISl BBISIBICHUS
IUIOTHBIX Y30pOB, B TO BpeMsl KaK CETMEHTAllMsl C MOMOIIBI0 OMHApU3allMd U OOHApy>KEHHs KpaeB
HCIOJIb30BaJIach JUISl BBISBIECHUS PEAKUX y30poB. B mccienoBaHuu Taxoke Obula Kiaccu(UIMPOBaHA
nHpopMarsi 0 aedeKTax Mo CTENEHH MX CEPhe3HOCTH Ha KPUTWYECKHE M HekpuTmdeckue. OmaHaKo
ITOpUTM KJaccu(uKkaimu He ObLT 00bscHEH. TOYHOCTH pacro3HaBaHUS Y30pOB JIEPEKTOB B 3TOM
HcciIeIoBaHuu cocTaBmiia 98,8%, B TO BpeMsl Kak TOUHOCTh OLIEHKH e(PEKTOB B 1IEJI0M cocTaBmia 95,6%.
B ananornyHom ucciieoBaHny, IPOBEJCHHOM TEMH )K€ aBTOpaMH B [22], ObUIa HCIIOIb30BaHA TEXHUKA
COTOCTaBNieHUsl IA0NIOHOB [uisi aHanmu3a JedekroB. OJHAKO JaHHOE WCCIEOBAHUE TMPUBEIO K
HE3HAYUTEIBHOMY YJIYUILIEHUIO TOYHOCTH, YTO COCTaBMIIO 98,9%.

OrpanunyeHnusi u Oyayuiee pa3BuTue

Meroasl moporoBoit 00paboTku mn3o0paxkeHuit Hambosee A(hPEKTUBHBI, KOT/AA KOHTPACT
Mexay nedexkramMu u (POHOM UMeEeT BhICOKOe 3HaueHue. Kpome Toro, nzo0paskenue nedekra J0KHO
OBITH CYyIIECTBEHHO ABYMEPHBIM. Bee, uTo mocTymnaeT 11t 00pabOTKH — JIMIIb OYSPTAHUE UITH CHITY 3T
nedexra. [To Takoit HHGOpPMAIUU TPYIHO CYIUTH O €ro (popMe WM MPOCTPAHCTBEHHOM IOJIOKEHHH.

HeoOxomumo  BhigeneHHe TeX OCOOCHHOCTEH M300pakeHHs, KOTOpbIe TOMOTalOT
JIOKAIIN30BaTh YYaCTKH, IJI€ MOKHO OOHapyXuTh nedekT. BroiHe o4eBUAHO, YTO 3alTyMIIEHHOCTD
WHTECHCUBHOCTH OTPAaHUYHMBACT BO3MOXXHOCTh BBIACIUTh HWH(MOPMALUIO O Kpasx JAe(eKTOB.
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OO6HapyKHUBaeTCs MPOTHUBOPEUNE MEKY UyBCTBUTEIBHOCTHIO U TOYHOCTHIO, U (POPMUPYETCS BBIBOI,
YTO KOPOTKUE Kpast TOJKHBI 00J1a71aTh OOJIBIIEH KOHTPACTHOCTBIO, YeM JUTHHHBIC, YTOOBI X MOXKHO
ObUIO pacro3HaTh. BblieneHue KpaeB MOXHO paccMaTpUBaTh KaK MEPCIEKTHBY K MOPOrOBOMH
00paboTKe, MOCKONBbKY Kpas MOXXHO HCIOJIBb30BaTh IS pa3OueHus u300pakeHWid Ha 00JacTH,
COOTBETCTBYIOIINE PATMIHBIM (PparMeHTaM N300pakeHHI.

[Tockonbky wucciegyeMoe H300paKeHUE TMOABEpraeTcsi BO3JACHCTBUIO IlIlymMa, Ha HEM
JIOMYCKAeTCsl HEKOTOphIM pa3dpoc 3HadeHWid spkocTd. MccnemoBaTenssMu MpOpadaTHIBAIOTCS
HECKOJIbKO aHAJIMTUYECKUX IMOJXO0JI0B K IMOPOrOBOMY OTpaHHYEHHUIO MO spKOocTH. OJAHUM U3 HUX
SBJIICTCS TPOPa0OTKA YCTAHOBJICHHS TOpPOTa HA TaKOM YpPOBHE, MPH KOTOPOM OOMIas CymMma
3JIEMEHTOB C MOANOPOTrOBO SIPKOCTHIO COTJIACOBaHA C allpUOPHBIMU BEPOATHOCTSIMH ITHUX 3HAYCHHM
SIPKOCTH.

Eme onun cnoco0 coBeplieHCTBOBAHUS OPOrOBOM 00pabOTKH M300pakeHU — KOPPEKIIHS
JUHAMHYECKOTO JUara30Ha HHTEHCHUBHOCTEH SJEMEHTOB H300pakeHus. M3BeCTHO, 4YTO TIpu
HEJOCTaTOYHOM OCBEIICHUU (OPMUPYIOTCS H300pa)xeHHsl ¢ OrpaHUMYEHHBIM JUHAMHYECKUM
nuana3oHoM. [loaToMy pa3BuTHE METO/Ia KOPPEKIHMH JAMHaMU4eckoro auanazoHa B AOU ouenn
aKTyaJIbHO, MOCKOJIbKY CHCTeMa JOJDKHA paboTaTh € Pa3IMYHBIMU HU3JENUSIMH, UHTCHCUBHOCTh
OCBEIIIEHUS IIEMEHTOB KOTOPBIX MOXKET OBITh HE COBCEM JOCTAaTOYHAS.

3akiloueHue

[ToporoBass oOpabotka wu3o0paxkeHuii B AOU sBisercs 3¢h(EKTUBHBIM METOJOM IS
oOHapy>keHHs 1e(PeKTOB, KOTOpPBIM IMHPOKO HCHoib3yercss Bo MHOrux AOU mns oOHapyxeHus
nedexToB Ha (GOHE U HA OCHOBE MX 3HAYCHHI HHTCHCUBHOCTH.

bunapnas moporosas oOpaboTka mpeoOpa3yer n3o0pakeHne B OWHApPHOE MPEACTaBIICHUE,
I'JIe AKCEJH BBIIIE ONPEIEIICHHOTO TIOPOra MHTEHCUBHOCTH CUUTAIOTCS YaCThIO IeEKTa, a MUKCENN
HIDKE TOTO 3HAYEHHSI CYUTAIOTCS (POHOM.

AnantuBHas moporoBasi 00pa0boTKa M300paKEHH ¢ UCIONIb30BaHUEM MeTonoB Oy wim
MeToZ10B Hubmaka MOXeT MCIoNb30BaThes ISl 00paOOTKM Pa3IMUHBIX yCIOBHH OCBEIIECHUS WIIH
n3MeHeHuH (oHa.

I'moGasibHOE TOPOrOBOE 3HAUEHUE TPUMEHSIETCS K OAHOMY ITOPOTOBOMY 3HAYEHHUIO JIJIsl BCETO
n300pakeHus. ITOT MeTOll paboTaeT Jydllle BCEro, KOT/Ia OCBEIICHHE PaBHOMEPHOE M KOHTPACT
MEeXIy pa3iNYHbIMH TUTaHaMu 4YeTkud. Hampumep, B m300pakeHHH B OTTEHKAaX CEPOTO MOXKHO
YCTaHOBUTH (PUKCUPOBAHHBIM MOPOT Ui OTAeNieHus1 0oJjiee CBETJIbIX o0nacTel oT Oojiee TEMHBIX.
[Mukcenu BBIlIE TIOPOTA CTAHOBATCS YACThIO MEPEAHETO IJIaHa, a T€, YTO HIDKE HEro, GOpMUPYIOT
¢GoH. DTOT METOA IPOCT ¥ AIPPEKTHBEH C TOUKHU 3pEHHsI BEIYUCIICHHH. TeM He MeHee, OH CIIOKEH IpH
paboTe ¢ HEpaBHOMEPHBIM OCBEIICHHEM WJIH CIOXHBIM (OHOM. B Takux cimydasx riiobambHOE
MOPOTOBOE YCTAHOBJICHNE MOXET HE 00ECTIeYUTh TOUYHYIO CETMEHTAIUIO, YTO MPHUBEIET K ONIHOKaM
pu 0OHAPYKEHUU Ae(PEKTOB.

JlokanpHOE TOPOTOBOE 3HAYEHHUE JEIUT HW300paKeHHEe Ha Oojiee MeNTKHe 00JlacTh |
BBIUHCIISICT OTIENBHBIN MOPOT s KaKIOW M3 HHUX. Takoil MOAXOA aJanTHpyeTcs K BapHALUSIM
ocBenieHust U (GoHy, 4TO aenaeT ero 6osiee 23G(HEKTUBHBIM i1 H300paXEeHUH ¢ HEPAaBHOMEPHBIM
ocBelieHreM. Hampumep, B OTTEHKaXx Ceporo ¢ TEHSAMH JOKaJbHOE IIOPOTrOBOE 3HAYCHHE
rapaHTUpyeT, 4YTO Je(PEeKTBl MOTYT OOHApPYXHBAThCS, KOPPEKTHUPYS IOPOTOBBIC 3HAYCHUS B
3aBUCUMOCTH OT MECTa.

JlokanbHBIE TIOPOTOBBIC 3HAYCHHUS MOXKHO HCIIONB30BaTh JUIsI OOpaOOTKM  CIIOXKHBIX
CIICHapueB, B KOTOPBIX TNI00aTbHBIE METO/IBI HE CIIPABIISIOTCS. Takoi MeTo ] 00ecTieunBaeT Ty dIine
pe3yJIbTaThl CETMEHTAIUH TSI H300PaKCHUH CO CIIOHBIMH JIETAISIMU MWW PA3IMYHBIMHA YPOBHIMH
spkocTi. OmHAaKO 53TOT MeToj TpeOyeT OOJbIlle BBIYUCIUTEIBHBIX PECYpPCOB, TaK KaK OH
o0pabaTbIBacT HECKOJIBKO YacTEH MOBEPXHOCTH MO OTJEIILHOCTH.

[IpencraBneHHbIC U MTPOAHATU3UPOBAHHBIC B CTAThE PE3YIbTATHI MOTYT OBITH UCTIOIB30BaHBI
B KaueCTBE MPEIBAPUTEIHLHON 00pab0TKH N300paKeHHM 1)1 ONITHYECKOro 0OHapyKeHHs 1e(EKTOB
NoT.
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