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BBeageHune

IMopourxossie MaTepuasl (IIM), HCIIOB3YIONIECs BO BCEX OTPACIX
IIPOMBIIJIEHHOCTY, B IIPOAYKTAX IIUTAHUA U B MUKPOJJIEKTPOHUKE, I10-
3BOJIAIOT:

e IIOJIYYUTDb U3JEJINA U MAaTEPUAIBI BBICOKOW YUCTOTHI U 3aJIaHHOTO XM~
MHUYECKOTO COCTaBa C TAKUMU (:1)I/I3I/I‘IQCKI/IMI/I, XUMHUYECCKUMU, MEXaHU~
YECKHMHU U TEXHOJOTUYCCKUMHU CBOfICTBaMH, KOTOpbI€ HEBO3SMOXHO
TOOCTUTHYTh TPAAUIMOHHBIMU METOIAMU;

e HCIOJIB30BATh OTXOMbI IIepepabaThIBAIOIIe IPOMBIIIUIEHHOCTH, CHU-
3UTb PACXOJIbI IOPOTOCTOSIIUX META/UIOB U TPYIOEMKOCTh H3TOTOBIIE-
HUS U3,

Il akTUBHO Pa3BUBAIOIIEHCSl IOPOLIKOBON UHAYCTPUU AKTYAIbLHO
3HaYeHUe IPOBEPKU KaIeCTBa IIOPOIIKOBBIX MATePHAIOB, AHAIN3 (pak-
LU ¥ MUKPOCTPYKTYP TBEPAOTEIbHbIX IIOBEPXHOCTEM, B TOM YMCIIE KOM-
MO3UTHBIX MaTepuanos. [Tposepka kavectsa [IM urpaer cyriectseHHyIO
PoJIb, 0OOecIIednBast Ka1ecTBO (DUHATBHOM IPOTYKIHIL

Crenuanuctsl AO «LIKD «[lefiToH» pa3paboTanu aBTOMAaTH3UPOBaH-
HBIII IPOrPaMMHO-AINAPATHBIN KOMIUIEKC JUIsl IPOBEPKH KadecTBa M0~
POIIIKOBBIX MaTePHAIOB U MUKPOCTPYKTYP IOBEPXHOCTEI C UCIOJIB30BA~
HUEM TEXHOJIOTUIA UCKYCCTBEHHOIO MHTEJUIEKTa (1N), KOTOPBIN MpeHa-
3HAYeH JUIS aHAIN3a H300paKEHNIT MaTePUANIOB, U IIPe/ICTaBIIseT COO0I
HHTETPALUI0 COBPEMEHHBIX TEXHOJIOTHI 110 06paboTKe 1306pasKeHNI,
CO3JAHHBIX Ha (a3e MATEMATHIECKUX METOIOB.

ITpu paszpaborke AITAK 6blau M3y4YeHB M UCHOJIB30BAHBI JIYU-
mue NpueMbl 1 METO/IbI (byHKI_[I/IOHaJIbeIX AHAJIOTOB, B TOM YHC-
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B Homepax DK2-4 3a 2025 r. onncaHbl MeTOAbI M CNOCcOo6bl HACTPOIKN N306parke-
HUIA ANA BUAMMOro Anana3soHa o6HapyKeHus AepeKToB, pacCMOTPEHbI METOADI
nsmepeHus, Knaccudukaumm n popmmpoBaHua 6asbi aaHHbIx (B]]) gedpekToB
C NOMOLLbI0 aBTOMaTU3MPOBaHHOIO NPOrpaMmMHoO-annapaTHoOro Kommnsekca
(ANAK) gna noncka gedeKToB nsaenuin aneKTpoHHol TexHuku (U3T) c coxpa-
HeHnem nsobpaxeHus pedekra B B[l AnAa ganbHellero npMMeHeHNA, ONMCaHO
o6HapyxeHune fedeKToB NONyNnpoBOAHUKOBbLIX NAACTVH B NOAAPU30BaHHOM
cBeTe. B 31O YacTmM cTaTbn ONKMCbIBaeTCA NpoBepKa KauecTBa NOPOLUIKOBbIX
MaTepuanoB N MUKPOCTPYKTYP NOBEPXHOCTEN.

1e BendingStudio XT (Bemuxo6puranus), paspaborku Radiant Vision
Systems (CIIIA), SmartVision S. r.l. (Mranus), Sensofar Metrology
(Mcmanus), CrysTBox (Yexust), NEXSYS ImageExpert (Poccus), a Taxoke
Y‘ITeHbI HOTpe6HOCTI/I OTE€YECTBEHHBIX Hpe,HHpI/IFITI/Iﬁ B aBTOMATU3alluNn
[POIECCOB MCC/IENOBAHNS KAYECTBA MATEPHUAIIOB.

CocraB AMNAK ans oueHKn KayecTtBa MaTepvanoB

ATTAK paspaboraH 1uist IpoBepKU HaIUIuUs 1edeKTOB, OCHOBAHHOI
Ha MeTOZax 00paboTKU U300paXkeH i, BKIIOYasl yCTpaHeHHe (HOHa, all-
IIPOKCUMAIINIO TPAHUII, aJAITAI[MIO K Pa3HBIM 00pasiiaM MaTepHaIOB.
DToT KOMIIEKC 0becIedrBaeT 6eCKOHTAKTHBINA METOJ, TapaHTUPYIOLIUIT
OTCYTCTBUE 3aTPsI3HEHUI MM IOBPEXIEHUI BO BpeMsi 0CMOTPa, a¢h-
q)eKTI/IBHO BBIABJIASA BU3YAJIbHBIE NCKAJKEHUS, OTKJIOHEHUSA IIOBEPXHOCTU
1 UHOPOJHBIE ITPEIMETHL.

ATITAK npenBapurenbHO 06pabaTbiBaeT IIOBEPXHOCTH MATEPUAIOB
C OMOIIBIO0 KOMIIBIOTepHOTro 3perust (K3). UTo6s! onTHMHU3HPOBATH IIPO-
1ecc 1 136eXxKaTh HeOOXOMUMOCTH 00PabOTKY HEHPOHHOI CEThIO BCETO
U300paKeHHst, 4TO SBISETCS PECYPCOEMKUM IPOIIECCOM U OTHEMAET MHO-
TO BpeMEHH, UCIOIb3YeTCsl TPAAUIMOHHas TexHonorus 2D/3D-3penus
JJIS BBISIBJICHU S BO3MOXKHBIX jleq)eKTOB Ha 3aJaHHOM Y4YaCTKe II0BEPX-
HOCTH, TO €CTh IJIs YKa3aHus 06J1acTell, TPeOYIOIUX JaTbHeHIIEero 1c-
crenoBaHysL. BoiGpaHHble 00JIaCTH 3aTeM IepefaloTCst B HEIIPOHHYIO CeTb,
06y4eHHYI0 Ha GOJIBIIIOM KOJIMYecTBe 06pasiioB, KoTopast 06pabaTbiBaer
U306paKeHNe U IPUCBAUBACT €MY OLICHKY, OLPENELIOIIYI0 COOTBETCTBHE
YCTaHOBJIECHHBIM HOPMAaTUBAM.
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Puc. 1. CrpykTtypHasa cxema AMAK

Paspa6oranusiit AITAK nmeer cieyroruit cocras:
® KOMIIBIOTEp C MOHHTOPOM;

o mporpammHoe obecriedenue (I10) ¢ uHCTpyKuIUAME IO 0OPaOOTKe HH-
dopmarmu;

o (a3a JAHHBIX;

o HaOOP JAHHBIX C OIIUCAHUEM [e(DeKTOB;

e  KaMepa—MHKPOCKOIL

o Kamepa i cbeMkn QR- 1 IITprx-KOmoB.

Crpykrypnas cxema AITAK npencrapiena Ha puc. 1.

ATITAK mosygaer ¢ IOMOIIBI0 KAMEPBI-MHUKPOCKOIIA HHPOPMAI[HIO —
nsobpaskeHue 00pasios s mpoBepku kavecrsa. C momornpio K3 Hacrpa-
HBAIOTCSI TapaMeTpsl u306pakeHust. [I0AroToBKa n306paskeHUI K KOIU-
JeCTBEHHOMY aHAIU3y U UX MAaTeMAaTUIeCKOI 06pabOTKe BBIIOIHSIETCS
npu nomotm [10, pasgpaborarnuoro crenuanicramu AO «LIKB «[leiitom».
Kamepa-MHKpPOCKOII 06ecreqnBaeT ChbeMKy U Iepefiady H300paKeHuUs 110~
BEPXHOCTH MaTepPUAIOB B BUIUMOM [JHUAIIA30He C KPATHOCTDIO YBEIHICHIS
2-1000 u pazperrieruem ot 3 M.

ATTAK conepsxut nporpammuble nHCTpyKimu K3 aist 06paboTku mo-
JIyIeHHOH ¢ KaMepbI-MUKpOCKoma nHpopmanuu. Onucanue e ekToB
1 nHbOpPMANHs, IOTyIeHHAsI C 9TOU KaMepsl, 060pabaTbIBAeTCsI, CPABHU-
BAeTCsL, OIPeeISIeTCsT HAIUIYe WX OTCYTCTBHE Ie(DeKTOB, [AeTCSI OLIeHKA
KaueCTBY HCC/IeAyeMbIX MaTepPUAIIOB.

ITapTust IpOBepsIeMbIX MaTePUAIOB UACHTUDHUIIPYETCS C IOMOLIBIO
ee HOMepa, KOTOPbIIT BBOAUTCS BPYIHYIO WX C IOMOIIBIO KaMepbI BBOZA
QR- (tTpux-) KozIa, 4To OnpenensieTcss Beibopom monb3osareneit AITAK.

ATTAK noxaspiBaer n3o6paxkeHue o6pasija Marepraa Ha 9KpaHe KOM-
IIBbIOTePa, IO3BOJLSISL BHIOMPATD I10JI€ 3pEHNUS], HACTPAUBATh [apaMeTpPhI
U COXPaHATD TpebyeMble Kafpbl B Bujie GaiiyioB U300 paXKeHUH AJIs IO~
crepyroltero aHanu3a. [IpenycMoTpeHa BOSMOKHOCTb U3MEHSITh MAcIITad
IIPOCMOTPA H300PKEHHUIL.

st HacTpoiiku mosrydaemoit ¢ kamepsl urdopMarmu B ATTAK ncrmons-
3yercst PyHKIMOHAI HACTPOMKHU N300paKeH il, KOTOPBII ortucaH B [1].
715 openiesieH st COOTBETCTBHSL PeaIbHOTO MACIITa6a MOy IaeMbIM H30-
6paxenusm posoauTcst Kamoposka AITAK. ITpomecc kanubpoBKu uso-
6pakenust onucad B [2]. Maciutab ycTaHaBIMBAaeTCs B CHCTEMeE CPasy Mjist
BCEX 3arpy)KeHHBIX M300PaKEHMUIL.

OnucaHune gedeKToB MaTepuanos
n MO gna nx onpeaeneHns

JledpextoM sIBIISIETCS KasKIOe OT/AEIbHOE HECOOTBETCTBHE UCCIETyeMbIX
MaTepuaIoB TpeOOBAHNUSM, YCTAaHOBICHHBIM HOPMATHBHON IOKYMEHTa~
e, [leexramu MOTyT OBITH He TOJIBKO HEJOIYCTHMbIE HAPYIIICHIUSI [0~
BEPXHOCTH /11 BUAUMOTO JUAIIA30Ha UX OOHAPY>KEHHs], HO U BBIXOJ pa3-
Mepa YaCTUL| MATEPUAJIOB 3a IIPeJIeibl TOIIyCKa, HECOOTBETCTBUE CTEIIEHU
LIEPOXOBATOCTU IIOBEPXHOCTU HOPMATUBAM, HJIMYUE IIAPAIIMH U CKOJIOB
Ha MTOBEPXHOCTH, COfiep’KaHNe CTOPOHHUX NpuMecedt 1 T. /1. Kak mpasuuio,
CTPYKTypa MaTepuaja He ABJIAETCA U1eaJbHO CIUIOIIHOM U IIPEICTAB/IAET

€o00I1 OCHOBHOI MaTepHaJl, Ha TIOBEPXHOCTH KOTOPOTO pacIpeeseHbl
IIPUMeCH, a TakKe TeDeKThI, PasIMIaoIiecs: pasMepaMu, hOpMoit U pac-
TIOJIOKEHNEM.

B crpykrype MaTepuana HabIIOAIOTCS AUCIOKALMY U BaKaHCUH (UC-
KaKeHUS X HeCOBEPIIEHCTBA KPUCTALIINIECKON PeLIeTKY MaTepraa).
B MUKpOCTPYKType — MUKPOTPEIIMHEl ¥ MHKPOIOPBI. B MakpocTpyx-
Type — TPEIINHBI, PAKOBHHDI, PACCIIOCHNUS], PHIXJIOCTH U T. II.

B HOPMATHBHOI JOKYMEHTAIINH TOJLKHBI OBITh Y€TKO YKa3aHBbI [PeMIeib-
HbIe OTKJIOHEHHMSI TOBEPXHOCTH MaTepPUajIoB OT HOMHHAJIbHBIX 3HAUCHHUIT,
IIpU KOTOPBIX MAaTePHAJI BBIIOMHSET CBOK (DYHKINH 6e3 H3MEHEHIIs CBOCTB.

OTKIIOHEeHUEe CIUTAETCS OIMYCTUMBIM, €CJIU YUCIeHHOE 3HAYeHHE ITapa-
MeTpa gedeKTa He BBIXOIUT 3a IPefIeIbl, YCTAHOBICHHbIe HOPMATUBHOI
IOKyMeHTAIHel. BbIX0[I 1iCIeHHOr0 3HaUeHNsI ITapaMeTpa AedekTa 3a 9TH
IIpelieibl O3HAYACT, YTO MaTepUall uMeeT HedeKT.

1O AITAK no3BoJisieT pa3inyarh:

e KpUTHYECKHE OTKJIOHEHUS, IPY HATMIUU KOTOPBIX HeJIb3sI HCIIOIb30-
BATh MaTepHaI 10 Ha3HAYEHHIO, TAK KAK OH He OTBEYaeT TPeOOBAHUSIM
10 IIPHMEHEHHUIO;

e 3HAYMTEJbHBIE OTKIOHEHNUS, KOTOPbIE BIHAIOT Ha UCIIOIB30BAHUE Ma-
TEPHAJIOB II0 HA3HAYEHUIO, HO He SBJIAI0TCS KPUTHIECKIMU;

¢ MaJIO3HAYUTEIbHbIE OTKJIOHEHNUS, KOTOPBIE CYIIeCTBEHHO He BIIMSIOT
Ha HCII0JIb30BaHUE MaTepPUajIoB.

ITocKOIbKY KpUTHYECKUE U 3HAYUTEIbHbIE OTKIOHEHUS CYUTAIOTCS e~
bexramu 1 6paKoM, IJIS UX BBISABIEHHUSI KOHTPOJIb TOJDKEH ObITh CILIOLI-
HBIM U B OT/IeJIbHBIX CJIy4asX — HEOTHOKPATHBIM. Maso3HauuTeIbHbIE
OTKJIOHEHHS CINTAIOTCS AedeKTaMu, HO He OPakoM, HO IJIsi HEKOTOPBIX
MaTepHalIoB COBOKYITHOCTH OTKJIOHEHHII, KK/10€ M3 KOTOPBIX SABJISAETCS
MaJIO3HAYUTETHHBIM, MOTYT OBITh S9KBHBAJIEHTHBIMI 3HAYUTEIIHHOMY HIIH
KPUTHYECKOMY OTKJIOHEHHIO.

st m3mepenus nedeKTOB BUAUMOTO JHANa30Ha Pa3paboTaHbl Cpel-
CTBa, IIPeLCTaBICHHbIe BHEIIHIM HHTepdeiicoM B pasfene (BKIagKa
«[TynbT yrpasieHus ccreMoii») «MaMepeHney, 9To M03BOJIsIET HACTPOUTD
unentrdukanuio nedexros. BHerHumit nHTepdeiic B pasiese u3MepeHus
neeKToB ¢ 0603HAIEHIEM OPTaHOB YIIPABJICHHUS [IPENICTABIIEH B [2].

ITpencraieHye MOTYYEHHBIX Pe3y/IbTaTOB HOTYUHAETCS OOIIel H1e0-
norueit AITAK. Bce mpomeph! aBTOMaTHYeCKM HAKAIUIUBAIOTCS B COOT-
BETCTBYIOIIUX 6a3ax JaHHBIX. [y1s1 yno6cTBa MOIb30BaTeell Kakue-1160
SIBHBIE OIleparfusi ¢ (aiiTaMu He BBIIOMHSIOTCS. [1pu Heo6XonuMoCTH Ha-
9aTh IPOMeEPHI 3aHOBO (IIPH CMeHe 06pasIia) JOCTATOUHO HAXKATh KHOIIKY
«O9ucTUTH» ISt AKTUBHOM 6a3bl JaHHbIX. Ha BKiajiky «Pacder» BHIHOCST-
s pacdeTHbIE IAPaMeTPbl, OTMEYEHHbIE II0JIb30BATEIEM B OKHE HACTPO-
ex. Hanpumep, 1151 pacuera 3epHUCTOCTH MaTePUAIOB U PacIpe/ieIeH s
UX II0 TPYIIIaM aBTOMATUYeCKU CTPOUTCS THCTOTPAMMa pacIipeeeHus
B CTaH/IAPTHOM MpeJICTaBIeHunH (puc. 2).

ITpu HeOOXOMMMOCTI HHTEPIIPETALINY Pe3yIbTATOB TICTOIPAMMY MOXK-
HO IIePeCTPOUTD B COOTBETCTBHY C TPeOyeMBbIM KOJIMIECTBOM HHTEPBAJIOB
1 3HAUEHUSAMHU UX JHana3oHoB. B cocras 110 BKIIIOYEHO HECKOIBKO Ha-

Pacnpenenenune nnoliaaei 3epHUCTOCTH
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Puc. 2. [uctorpaMma pacnpegeneHus no niowaam
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CTPOEK pa3MepPHBIX I'PYIIII, COOTBETCTBYIOLIUX CTAHIAPTaM 110 aHATIU3Y ®HUY Boizenster cabble neTanu, KOTOpbIe ObUIH 3aTYIIIEBAHBI IIIYMOM.
KaJecTBa CTPYKTYpPbl, ”HOPOJHBIX BKIIOYeHHH. [Tob30BaTeb MMeeT BO3- ITpu o6paborke uzobpaxenuit ®HY cryKuT pis yrageHus myma,
MOJKHOCTb CaMOCTOSITEJIBHO HACTPOUTH Pa3MepHbIe IPYIIIbI Ha OCHOBA- CHIDKeHUsI pasperteHus (6e3 yMeHbIICHNS pa3Mepa H300paskeHusI)
HUU TpeOyeMOro CTaHAapTa ¥ COXPAHUTH ITH HACTPOUKH LS TOCIIEAYIO- WM IPUTJIYLIeHNs leTajlell 32 OfIUH JTall IPOLeNypsL. B 6osee cioxk-
IIIeT0 HCIIOIb30BAHISL HBIX IIpoLefiypax 06paboTku nsobpakenui ormwibrposannoe HY-
U300pasKeHIe MOYKHO HCII0JIb30BATD /151 BO3BPATa OTTEHKOB U I[BETa
UncTpymenTapuin MO gna onpeneneHnsa pedpexkTos Pe3yJIbTUpYIOIeMy H300PKEHHIO [OCTIe TOTO, KAK APYTHe IIPOLIELy bl
matepuanos 00pabOTKH YIAIMIN KX B IIPOLECCe YIIYUIIeHNs IeTaleil.
B mpoueccax paspadorku AITAK nccienosambl cranfapTHble HGOPMBL
Habop MeTonoB u GmibTpoB, mpeoO6pasoBaHHbII B HHCTPYMEHTapUIl ®HY: uneansuslit, barrepBopTa u rayccos [4].
T10, cymrecrBerHo paciiupsier BosmoxkHocti ATTAK u adpdexruBrO 06e- VpeanpHbIM cauTaeTcst GUIbTp, KOTOPHIA oTCeKaeT Bce BU-koM-
CIIeYnBaeT aHAJIN3 OBEPXHOCTeH MaTepHraoB. Ilerh mpuMeHeHNs MeTO- HOHEHTHI TpeobpasoBanust Oypbe, HAXOMIIIECS Ha PACCTOSHUIL, KO-
I0B 1 PWIBTPOB 3aKII0YAETCSI B 06pabOTKe MEPBHIHOTO U300PAKEHUS, TOpOe IPeBBIIIAeT YKa3aHHOe PaccTosiHue D 0T Havama KOOPAUHAT
IIPU KOTOPOIT Pe3yJIbTaT OKa3bIBACTCsI 60Iee IIOAXOMIIIIUM C TOIKU 3PEHHS npeo6pasosanust. [lepenarounas ¢yuxius uneansaoro ®HY ompe-
KOHKPeTHOr0 IpuMeHeHust. PUIbTPBI H300paKeHU! pabOTAIOT MyTeM TeNseTCs CIIeyIouM 06pasom (2):
BBITIOJIHEHU ST MAaTEMAaTUIECKOM onepanyuy HaJl KaKIbIM ITUKCEIEM C UC-

I, ecmuD(uyv)<M

II0JIb30BaHUEM OKPY’KAIOIIHUX ero MUKCeJIel IS TOJIydYeHUs pe3yIbTaTa. H (u,v) _ ,
0, ecimm D(u,v) >M

Hampumep, dunbtp Hipkaux qacrot (PHY) u3MerseT 3HaUeHre K&KIOTO
IHKCeJIs1 B N300pKEHNN Ha CpeiHee 3HAUCHUe IIUKCeIsI U TUKCEIIe B ero

2

OKpY/KeHHH. rzie D(u, v) — paccrostHue TOYKY (U, V) 0 EHTpa UX 9acTOTh M.
Wnucrpymenrtapuit I10 AITAK ocHOBaH Ha HCIIOJIB30BAHUM MAaCOK ITepenarounas ¢yuxius PHY BarrepsopTa mo3sosster ynamuts BYU-
¢dbunprpa. OUIBTPHI HO3BOJSIOT TUOO YIIYIIIATD H300pAKEHUE, OTCESIB IIYM C MUHUMQJIBHOH ITOTepell KOMIIOHEHTOB CUTHajIa B YKa3aHHOU
HEHY)KHbIE «IITyMbI» ¥ MeJIKHe JaCTHUIIBI, THOO H3MEHHUTH €ro TaK, YTOObI II0JI0CE IIPOIYCKAHMS C IOPSIKOM 1 (3):
aKIEHTHPOBATh Ha HEM Te MJIM MHbIe 0OBEKTHI, ITO TTO3BOJISIET CETATh
BBIBOJ] O B&KHOCTH cofiepykanus n3o6pakenuit. B ATTAK macka ¢urbrpa H (u,v) - 1 . (3)
IpefCcTaByIsieT cOOO0M ABYMEPHYIO CUCTEMY, dJIeMEHTBI KOTOPOIT CHMMe- D(u,V) B
TPUIHO OKPYKaloT pabouyio Touxy. Koadduiuments cucremsr BbIOI- 1+ M
parorcst TakuM 06pasom, 4To0bI 0beciednTh Tpedyemoe mpeobpasosa-
HIle IePBUYHOTO M300pakeHust. [Jst 1eMOHCTPAIMU 3TOTO MMOJIXO/IA IBY- [Mopsapox ®HY BarrepsBopra n onpenesnsier ociaabienne B moioce 3a-
MepHasi CHCTeMa Pa3MepHOCTBIO 3 X3 ISl MUKCEJIS ¢ KOOPAUHATAMU X U Y mepyxaHus. YeM Bblllle IOPSIOK GUIbTpPa, TEM CJIOKHEE OH B peasu-
[I0Ka3aHa Ha IpHMepe TabINIIbL. 3anuu. B ornuune ot uneanproro ®HY, npu ucnonpzosanun PHY
Ecnu BenmauHbr wl, w2, ..., W9 IpencTaBistior co60it K03 UIHeHT, barrepBopTa IUIaBHO yMEHBILIAETCS CTEIIEHb PA3MbIBAHUS C YBeIHYe-
MACKH ITHKCEIIS (X, Y) 1 €0 BOCBMH COCEelt, TO AITOPUTM MOIKHO Ipef- HIEeM 4acTOTHI cpe3a. [Ipy MCronp30BaHIU HU3KUX MOPSIKOB (DUITh-
CTaBHUTh KaK BBITIOJTHEHHE CIIEYIONIEl OIepaIii B OKPECTHOCTH 3% 3 TO4- Tpa IIyM Ha pe3yIbTHPYIOIIeM H300paKeHUH He 3aMeTeH (TakK Kak
Kux,y(l): (IIBTPY CBOMCTBEHEH ITIANKHII [IePEXOf] MK HU3KUMU U BBICOKIMHE
YaCTOTAMH).
h[w(x, Y)] =wl(x-1,y-1) + w2(x, y=1) + w3(x+1, y-1) + Tayccos ®HY onpenensiercst Kak (4):
+ wa(x-1,y) + w5(x, y) + wo(x+1,y) + H(uv) — D) (4)
+w7(x=1,y+1) + w8(x, y+1) + wI(x+1,y+1) (1)
Kaxk n B cirygae ¢ ®PHY batrepsopTa, mpu yBeImdeHUN 9acTOTHI cpe3a
PesybTaThl HCCIENOBAHMUI TOKA3a/IH BAXKHOCTD BeIUIUHBI U (DOPMBI rayccoBa ®HY npoucxonut riaBHOe yMeHbIIIeHNE CTeIIeHH Pa3MbIBa-
IByMepHOi cucreMbl. [Ipu Manort Beimdnse (ONTUMAIBHO 3%3) GriibTphl HUSI, IOOTOMY IIIYM Ha Pe3yJIbTHPYIOIeM U300payKeHU! He3aMeTeH.
06pabaThIBarOT MeJIKUe 00BEKThI; GOJIbIIIAst BEINYHMHA [IBY MEPHOI CHCTEMBI TayccoB ®HY nmeer HenyieBoe sipo 6eckoHeqHOro pasmepa. OHaKo
BIIUSIET HA KPYIIHbIe OOBEKThI, BEICOKHE U Y3KHE IBYMEPHOI CHCTEMBI — s7po GHUIBTpa 09eHb OBICTPO YOBIBAET K HYJIIO IPH YIATEHUH OT MACKH
Ha BepPTHKAJIbHbIE,  KOPOTKHUE 1 [IIUPOKHUE — Ha TOPU3OHTAIbHEIE [3]. nuKcesns (X, y), ¥ IOTOMY Ha IPAKTHKE MO>KHO OTPAaHIIUTCS IBYyMep-
1O nepemerraercst Mo K&KIOMY ITHKCEI0 N300 pasKeH I, BBITTOTHSISL HOM CUCTEMOM Pa3MEPHOCTBIO 3X3.
Ty ’Ke MaTeMaTHIeCKyIO OIePalnio U UCIOJIb3Ys OKPY KaIOIINe TINKCeTH [TonydeHHBIe IOJIOKUTEIbHBIE Pe3yJIbTATEI IPOBEIEHHBIX IKCIIEPU-
B €r0 OKPECTHOCTSIX, ITOOBI OLIPee/ITh HOBOE 3HAUCHHE L[eIEBOTO UK~ menToB OHY 1 pe3ysbTaThl ApyTUX HCCIENOBaTeNel (5] peaansoBaHb
e, B AITAK.
Wucrpymenrapuit I[1O crpynmnupoBaH B COOTBETCTBUM € (DYHKIIHOHAIb-
HOCTBIO. Britanka «KauecrBeHHble (DUIBTPbI» IOKA3aHA HA PUC. 3 1 mipu- | & Mynstynpasnenas Cucrewor = 8 X
mensierca B AITAK x HNCXOOHBIM I/ISOGPB.}KEHI/IS{M. HZOGP&)K&HHE H;,\]epemm 3ep}mcrocn, d‘:m'mrpu (6] nporpaMme
PaccMOTpPHM 110 HOPSIIKY 9TU (DUIIBTPBL [Kaectsenmbie| Crextpamsinie Mopgonormeckse
1. Huzkouacrotuslit punstp (PHY), KoTOpELi 0c1abiseT BEICOKOTAC- Tt
TOTHBIE KOMIIOHEHTBI U YCUJIUBAeT pojib HU3KOYACTOTHBIX. YacToTa O thstoiatomsian
€ro IPUMEeHeHIsI K H300PasKeHUSIM OTPAKAET KOIMIECTBO UMEIOIINX- [5 Bikosssacronical
cs1 B HUX JleTasiell. Peskue mepemansl IPKOCTH, IIOMEXH U IIIyMBI 5B~ O Meammtt
JISIFOTCS, IPUMEPOM BBICOKOYACTOTHBIX 3JIEMEHTOB B M300PaKEHHH. O Moporoesiit
O MuxroHoesiit
Tabnuua. []BymepHan cuctema pasmepHOCTbio 3X3
Paauyc
1 y— - -
x=1,y-1 X y-1 x+1,y-1 _su
X1y Xy X+1,y
¥=1,y+1 X, y+1 ¥+1,y+1 Puc. 3. Bknagka «KauecTBeHHble GpunbTpbi» Ha cTpaHuue «MynbT ynpasneHns Cuctemoin»
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ucnbiTaHue n TeCTupoBaHune

@ Tyt ynpasnexna Cucremoi = o X
H3obpaxerne Hsmepenus 3eprucrocts PHIBIPHI O mporpamme
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Cratuctnyeckoe anddepeHumposanme

O Ounetp Yonuca
O Cobens
O Oypue-crenenHoii

O Kencrpa

Paguyc
n

[ 1]

Puc. 4. Bknapka cnekTpasnbHbix GuibTpoB

2. Boicokouacrorusrit GunsTp (OBY) mpuMenseTcs: ULl BbIEICHUS Ta-
KUX JleTajlell KaK KOHTYPBI, TPAHUI[bI WU JIJIs1 IOBBIIICHUS Pe3KOCTH
nzobpaxenust. Kaxaplil CKav4oK SIPKOCTH U KK KOHTYP IpeJ-
CTaBJISIIOT COO0I MHTEHCUBHbIE IETJIH, CBSI3AHHbIE C IIOBBIIICHHBIME
gacToTaMu. B pesynbrare netictsus ®PBY mopasisiorcs MefieHHBIE
H3MEHeHUs SIPKOCTH Ha H300paKEHUH B IPOCTPAHCTBEHHOM 00IaCTH.
B aTOM CiTydae B UTOTe LOJTy9aeTCs ©306pakeHNe, Ha KOTOPOM SIPKOCTb
BCeX 0OBEKTOB YMEHbIIICHA, a JeTAJIH Y CUIEHBL.

[Tepenarounyio dyuxiuo PBY MOXHO IOTYIUTh U3 3aTAHHOTO HU3-
KOYAaCTOTHOTO (DUIIBTPA IIPU IIOMOLITH COOTHOIIEHHUS (5):

Hepy(w, v) =1-H(u, v). (5)
DTO 3HAYUT, 4TO OCIAbIsIEMble HI3KOYACTOTHBIM (PUIBTPOM JaCTOTDI
npormyckaorcs BU-uasrpom, u Hao6opot. [Tpu atom PBY obnamator
TEMH JKe CBOVICTBAMH B OTHOIIIEHHH ITyMa, yto 1 PHY [6].

3. Menuannsiit punpTp (M®P) peanusyer HeTUHENHYIO IPOLIEYPY HO-
HaBieHus mryMoB. M® mpencTasiseT co60i CKOIb3sIIIee IO OO
U300p@KEHNSI OKHO ABYMEPHOI CHCTEMBI, 9JIEMEHTHI KOTOPOIT CHM-
METPHUIHO OKPY’KAIOT PaboayIo TOUKY (CM. pHC. 4), OXBaThIBAIOII[ee
HeYeTHOE YHCII0 OTCIETOB. 3HaYeHHe paboder TOUKH (X, y) 3aMeHsIeTCst
MeINaHOI BCeX JIeMEHTOB H300PasKeHIsI B OKHe JBYMEPHOI CHCTEMBIL.
MenuaHOU [UCKPETHOU IOCIeN0BATEIbHOCTY HAa3bIBACTCS CPEIHUI
110 HOPSJKY WIEH Psifia, MOJIYYaloIerocs IpY yIOpsI09eHIN UCXO/-
HOI ITOCJIe10oBaTeIbHOCTU. HoMep MeinaHHOTO 2/1eMeHTa BBIYUCIIeTCS
1o popmyue (6):

N+1
2

e N — 9ucIIo IKCeIeit, y9acTBYIOIINX B pacyeTe.
MO omnpenestercst cepyromum o6pasom (7):

) (6)

n=

B(x,y) = med{M(x, y)}, (7)

TO €CTh Pe3yJIbTATOM (DUIIBTPALIUH SIBIISIETCSI MEUAHHOE 3HAYEeHHUE [THK-
ceJieit OKpecTHOCTH, (hopMa KOTOPOIT OTIpeiesisieTcst MacKoil GHIbTpa.
MO crioco6Ha 3¢ peKTHBHO yHaIATh U3 H300pKEHNUS! TIOMEXH, He3a-
BHCHMO BO3JIEHICTBYIOIINE HA OTeIbHbIe uKcenn. Harpumep, Takumu
[IOMeXaMU SIBJLTIOTCSI «OUThIe» IIMKCeIN Ha U300PasKeHHH, «CHETOBOI»
IIIYM, KOT/]a 9acTh ITUKCeNIel 3aMeHsIeTCsT MUKCeSIMHI C MaKCHMallb-
HOU UHTEHCUBHOCTBIO, U T. 1. [TpenmyiecrBo M® 3akitogaercs B TOM,
UTO «TOPSIIUIl» IHUKCETb Ha TeMHOM (OHe OyIeT 3aMeHeH TeMHBIM,
a He «pa3MasaH» 110 OKPeCTHOCTH [7].

M® ucnonssyercs B AITAK 15 mogaBieHus aiiUTUBHOTO ¥ UMITYJIbC-
HOTO IIIyMOB Ha H300paKeHNH. XapaKTepHOil 0c06eHHOCTHI0 M® siBist-
€TCsT COXPAHeHHe [IePeNaioB sIPKOCTU (KOHTYPOB) n300paxenust. [Tpu
9TOM, eCJIH HepPerajibl IPKOCTU BEJIMKH, TO Pe3yJIbTaThl HCIIOIb30BAHMS
M® nydqie mpuMeHEHUs ONUCAHHBIX BbIlie GrIbTpoB. Oco6eHHO
abdexrusabM MO sIBIISIeTCS B CITydae IMITYIbCHOTO LIyMa.

4.

[Toporoserit Guabtp (I1P), KOTOPLIIL 3agaeTcst CAEAYIOMIUM 06pa-
30M (8):

A(xy), A(x,y)-m, <p

. 8
m,, A(X>y)_mn >p ( )

B(xy) =

Benuuauna p sBisieTcs moporoM duabrpanuu. Eciu BenudnHa meH-
TpanbHO¥ Touku [1® npeBkIITaeT cpefiHee 3HAUEHNE OTCUETOB M, B ee
M-0KpecTHOCTH Ha BeJIMYUHY [IOPOTa, TO OHA 3aMEHSIeTCSI CPeIHUM
3HaYeHMeM. 3HaUeHIe IOPOTa SBJISIETCSI KOHCTAHTOM, TaK KaK OHO
(yHKIMOHAIBHO 3aBUCHMO OT BETMYHMHBI [IEHTPATHHOM TOUKH [8].

B II® AITAK nopor ompefensieT mpefenbHyI0 HHTEHCUBHOCTD, HIKe
KOTOPOII 3HaUeHUe AHATTU3UPYEMOI TOUKU He MEHSIETCSI Ha Pa3MBITOe.
IMukronoBslit punsTp (1), KOTOPLIIL OMpeeeH B HALIMOHAILHOM
craunapre [9], MeHsieT [[BeT IUKCeJIs Ha [[BET ¢ HanboJiee BEPOSTHBIM
3HAaYeHHeM MHTeHCUBHOCTH B IIpeleNax 3agaHHoro paguyca. I10 uc-
IOJIB3YeTCsL IUISL YCTPaHeHHs 1e(DeKTOB PacTPOBOTO U300pasKeHUsI
(IIOpBI B BOJIOKHAX, BKIIOUECHIUS B MATPHUIIE 1 T. [1.).

,HJ'IF{ ycujienusa cmabbIx neTajeil KOMIIO3ULIUU UCIIOIb3YIOTCS CIIEKT-

pasbHble (PUIBTPHI HEPE3KOTO MACKUPOBAHISI, CTATUCTUIeCKOro nudde-
pernupoBanust, Yoiumca, Cobesst, Oypbe-CTereHHOM 1 KeICTpa.

Crekrpanbuble GUIBTPHI IPEACTABICHbl BO BKIaAKe « DIIBTPEI»

(puc. 4). K atuM pubTpam OTHOCATCS CIIEAYIOLITE.

1.

3.

6.

OuIbTp HEPE3KOro MaCKUPOBAHUsI 00pabaThIBaeT H300pasKEHHeE, [0~
BBIIIAA 9€TKOCTD 3a CYET YCUJIIEHUA KOHTPACTa MEJIKUX I[eTaHeﬁ npu
HensMeHHOM o61ieM kKonTpacre. Cragana AITAK monygaer macky:
KONIUpYyeT OpUTUHAIBHOE 1/1306pa>1<eHI/1e, IIPUMEHAET Pa3MbITHE K 110~
ayyenHo# kormu. 3ateM AITAK cpaBHIMBaeT Macky ¢ OpUTHHAIBHBIM
usobpaxkenueM. Eciu otnndus B ToUKe H300paskeHUS IPEBBIIIAIOT
OIIpeie/IeHHBII IIOPOT, MACKA BBIMUTAETCS U3 UCXOLHOTO U300PaKEeHIISL.
B nukcensx, mapamMeTpbl KOTOPBIX COBIAAIOT C MACKOMH, N3MEHEHU N
He npoucxonut. [Topor He06X0OMUM /ISt TOTO, YTOOBI u3bexaThb ycu-
JIeHNs HeXKeNlaTeIbHbIX geraneii [10].

DuIbTP CTaTUCTHIECKOTO [HibepeHIIPOBAHISI BbIIENsET 06IaCTH, CO-
JeprKalye pe3Kue [epexoabl 110 ApKOCTU WIN IBETHOCTY, U IIO[IABJIAET
00J1aCTH € IPUMEPHO OXHOPOLHON HHTEHCUBHOCTHIO U [IBETHOCTBIO.
®unbrp Yosutuca (Wallis, WF) yiydiaer qerannsario 3a cqet KOHT-
pacrrocr [11]. Pesymbrar 06paboTku usobpaskenus f MOXHO Ipen-
CTaBUTh CIIEAYIOIIUM 06pasoM (9):

WEF, (x,y) = a[f(x,y)—mf]-i—ﬁ, )]
rzie (X, y) — KoopauHaTa MUKCeNIst; O ¥ B — TapaMeTpsbl; My — IOKAIbHOE
cpefiHee 3HaUEHHe TeKyIIero okHa pasmepoM v. [1pu Berancinennu WF
UCXOHOE H300pakeHe f CcHaYaIa IeUTCs Ha HellepeKPBIBAIOIIIECs
OKHa C OIMHAKOBBIM Pa3MEePOM V, BBIYUC/ISCTCS 3HAYEHHE My KaKIOT0
OKHa, a 3aTeM paccautbiBaercs Benumanaa WE. O1ot GpuibTp mo3sosser
YIIYUIINTD JeTaTu3anuio N300PKEeHUS IOCPENCTBOM PETyIHPOBKI
KOHTPAaCTHOCTH Ka)KIOT0 MAJIOTO OKHa. 1306paskeHne MOKHO afjall-
THUBHO YJIYYIIUTH B COOTBETCTBUU C €TI0 HA3HAYEHUEM.

Qunptp Cobesst 0OCHOBAH Ha HPUOIIDKEHUN 3HATCHHUI IPafieHTa
SPKOCTU I/1306pa>KeHI/IH. OH BBITHUCIISIET T'PaIUEHT APKOCTU B Ka)KI[Oﬁ
TOYKE Ha I/I306pa)K€HI/II/I, Haxos BEJIMINHY USMEHEHUA APKOCTU U €€
HarpasiieHue. PesyIbTaT OTpakaeT U3MEHEHHUS IPKOCTH N300 paKeHIUs
B Ka}KILOP‘I TOYKE, TO €CTh BEPOATHOCTD HAXOXIECHUA TOYKHU HA I'PAHUIIE,
a TaKkKe OPHEHTAIHUIO.

DTOT GUIBTP UCIIONB3YeTCS ATIsT OOPUCOBKH 06BEKTOB, KaK IIOKA3aHO
IJISE YACTHUIL TAHTAJIA Ha PUC. 5a M AJIFOMUHUS Ha PHC. 50.

Ounbtp Oypse-crenennoi (PPC) mo3BOISIET BO3AEHCTBOBATH HEILIO-
CPEICTBEHHO Ha YaCTOTHBIN creKTp. OH OCHOBAH Ha MAHUMYJIAIUU
OllpefieJIeHHBIMH JaCTOTHBIMU KoMioHeHTaMu curHasta. PC pabora-
€T, BBIIOJIHsIS TpeobpasoBanue Pypbe-CUrHaIIA, 0CIA0IISISI MIH YCHIN-
Basi OIpelieIeHHbIe YaCTOTHI, U BBIIOJIHSET 00paTHOe IpeoOpasoBaHIe
pesyJbrara.

®unbTp Kercrpa, 06paTHbII peobpasoBanuio Pypwe ot norapudma
CIIeKTPa MOIIHOCTH cUrHaIa. Mopdonorndeckue GUIBTPHI IPUMEHS-
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U300paKEeHNUIT, KOTOPBIE MOTYT BBITOJIHATHCS C IOMOIIBIO HHCTPYMEHTOB
ATTAK, nom4epKHY U CUIIbHBIE ¥ CJIa0ble CTOPOHBI CYIIECTBYIOIINX Me-
Tof0B. Kpome TOr0, OBLIH OCBEIIIEHbI HEKOTOPbIE TIPUIOKEHNMS, KOTOPhIE
6bITN UCCIIEOBAHBI HAMH B Ka4eCTBe aHAIOroB. HecMoTpst Ha pasBuBaio-

i i - o g® o 1muecst Bo3MoxkHocTu K3 [71s1 olieHKH KadecTBa MaTePHAIOB, 3TU TEXHOJIO-
/ (] o 3 TUH BCe elrle HaXOJSITCsl Ha PaHHEeH CTaUU U MMEIOT OOJIBIIION TOTeHIIHAI
L nyst obecriedenus kadectsa. Hanudaue 6071b1ux Ha6OpOB 00y IaIOINX
' ® ® , o g mf oy it IAHHBIX UMeeT pelIaioliiee 3HaUeHUe sl yCIleXa IPIMeHeHHsI METOIO0B

’ ’ o 8° o K3 B MarepuanoBeneHuu.
3 ©® b & S Jpyrue mpo6ieMbl CBSI3aHbBI C HAIMIHEM 3aIlIyMJIeHHBIX HEOOpaboTaH-
[ 1) L » " HBIX M HeMapKHPOBAHHBIX IAHHBIX, 4 TAK)Ke HeCOATaHCHPOBAHHBIX Ha-

60poB JaHHBIX. BHLIN [IpeIoKeHbI HEKOTOPbIE BAPHAHTHI JIS PELIIEHUS
artux mpobiaem. HakoHelr, MbI OIpeesnig 1Ba OCHOBHBIX HAIlPaBJIeHUS
11st Oy IyLI¥X MCCIeoBaHuI IprMeHeHus MeTonoB K3 B MaTepuanose-

Puc. 5. O6pa6oTaHHble ¢ noMoLLbio dpunbTpa Cobens MopoLLKw: a) TaHTana; 6) antomMmnHms

IOTCA K 6I/IHapI/ISI/IpOBaHHLIM I CErMEHTUPOBAHHBIM I/1306pa>KeHI/IHM,
BO3JEHCTBYSI HA TeOMETPHUIO OOBEKTOB.

Brianka ATTAK miast mopdonorudeckux GuabTpoB mpecraBieHa
Ha puc. 6.

QUIBTPBI 9PO3UU U AUIATALIUT MO,[II/ICI)I/ILII/IPOBaHLI 1 OCHOBAHbI Ha Me-
XaHU3ME HOHepeMeHHOﬁ 4-u 8‘CB${3HOCTI/I, YTO IMO3BOJIAET TOYHEE OITHCHI-
BaTb PABHOMEPHOE paclIMpeHre Ha N300 pakeHUsX.

QunbTpsl «BekpriTie» n «3aMbIKaHEEe» OCHOBAHBI Ha ITOIIEPEMEHHOM
IIPUMEHEHUU SpO3UN—TUIaTallU U TUIATAIUHU—O3PO3UHU, COOTBETCTBEHHO,
U IIPUMEHSIIOTCS A7Is1 PasiesIeHus] WK COeMUHEHNUs B ONHO IieIoe OIM3K0
PACIIONOKEHHBIX 0GBEKTOB.

q)I/IJIpr <<CK€J'I€TI/IS&L[I/IH>) IIPUMEHAETCA JIA1 BBIABICHUA TOHKOU CTPYK-
TYPBI OOBEKTOB U SIBJISIETCS MTOJIE3HBIM IIPH aHAJM3€ 3ePHUCTOM CTPYKTY -
po1. GunpTphl «Coenunenne» 1 «OTceueHNe» TPUMEHSIOTCS IS COeuHe-

NeHUU:

BO-TIEPBBIX, Pa3dpabOTKa HOBBIX METOOB MIJIst BBIsIBIICHUS leheKTOB
MaTepuajioB, KOTOPOE rapaHTUPYET, YTO BbIXOTHBIC TaHHbIE MHTEPIIPE-
TUPYIOTCA HOPMAaTUBHBIMU TOKYMEHTAMHU;

BO-BTOPBIX, HAIIl AHAJIN3 MHOKeCTBA (PUIIBTPOB JOKa3aJI HEOOXOMI-
MOCTb PasBUTHsI TEXHOJIOIHMH [IPeJIBAPUTEILHOIO aHAIN3a N300paxe-
HUA 1 HO,[[60pa OIITUMAJIBHOT'O YMUCJIa (bHﬂprOB JJIs1 OOEHKH Ka4eCTBa
MaTepHaJIOB.
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