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ABTOMATU3ALUA NMPOLIECCA KOHTPOJA
KAYECTBA NnrPoayKuuu rnPm CO3oAHUU
®YHKUUOHAJIbHbIX MATEPUAJIOB

1 2
Hlapuioun C. .7, Ctoabos B. 10.
(ITepmckuil HayuoHANILHBLIL UCCACO08AMENbCKUL NOIUMEXHUYC-
ckutl ynueepcumem, [lepmv)

Onucvieaemes adanmayus U UCNOAb308AHUE NOOX0008 UHICEHEPUU
3HaHULl 0718 3a0a4 OnpedeneHus QOU3UKO-MEXAHUUEeCKUX CBOUCME
Memannog npu co30aHuU QYHKYUOHATbHBIX Mamepuanos. [Ipogo-
oumcs onucanue paspabomanHo20 Memooa pacno3Hasanus oobpa-
306 6 3a0aue aHaIu3a WaUPos mMemanna u Kiaccugurayuy Haoao-
O0aemou 36peHHOl CIMPYKMYPbL.

KiroueBsle ciioBa: aHanu3 NUTHQOB, 36pHOBBIE MUKPOCTPYKTYPHI,
uAeHTH(UKALUS NapaMeTpoB, (YHKIHOHAIbHBIE MaTepHAabI,
METO/IbI pacro3HaBaHusi 00pa30B.

1. BeedeHue

PaccmarpuBaeTcs 3a1aua aBTOMaTH3aLMHU IPOLIECCOB aHAIN3a U
KJIacCU(UKALIMU CIIOKHBIX MUKPOCTPYKTYP METAIJIOB U CIUIABOB IPH
NPOM3BOACTBE (YHKIMOHAIBHBIX MAaTEPUAJIOB C LENBI0 KOHTPOJIS
COOTBETCTBHUSI CBOIMCTB 3TUX MaTEPUANIOB 3apaHee 3aJaHHbBIM.

HeobxonumocTs mpoBeneHUs MOAOOHOTO aHalin3a BO3HUKAET
Kak B Ipoleccax co3AaHus (QYHKIHOHAJIBHBIX MaTEepHajioB MpH
KOHTPOJIE CO3/1aBaeMON CTPYKTYpHI, TaK M Npu pa3paborke (yHK-
IUOHAJIBHBIX MaTepUaIOB B JIAOOPAaTOPHSX, TAe TpeOyeTcs MpoBepKa
COOTBETCTBHSI CBOMCTB CMOJEIMPOBAHHOW CTPYKTYpPHI 3aJaHHBIM
MaKpOCBOMCTBaM MaTepHuaa.

Y Hlapei6un Cepeeri Hzopesuu, acnupanm (sergey.vix@gmail.com).
2 Cmon6oe Banepuii FOpvesuu, dokmop mexnuueckux nayk, npogeccop.

XI BCEPOCCUMCKA S LIKOJIA-KOH®EPEHLIUS MOJIOJIbIX YUEHBIX
“YIIPABJIEHUE BOJIbIIUMU CUCTEMAMU”



887

Kak m3BecTHO, QH3HKO-MEXaHUICCKHE CBOWCTBA METAIIJIOB OII-
peneNsItoTCsL ero 3EpPEeHHOM MHUKpOCTpyKTypoil. Ilostomy 3amaum
ompezneneHus] (QU3NKO-MEXaHHYECKUX CBONCTB MOXXHO CBECTH K
3amadaM aHanm3a W Kiaccu(pukammm camod 3EPEHHOH CTPYKTYpHI
MeTaiia. s 3Toro A0CTaTOYHO MMETh 0a3y 3HAHWN WITH Ke HEeKHUN
MaTeMaTHYeCKHH OmepaTrop /IS COMOCTaBIEHHs Kilacca MHKpO-
CTPYKTYPHI M €€ YMCIIEHHBIX XapaKTepUCTHK CO CBOWCTBAMH MaTe-
pHualia Ha MaKpOypOBHE.

CymiecTByeT He TaK MHOTO IPOTPaMMHBIX W IMPOTPaMMHO-
anmapaTHBIX KOMIUIEKCOB IJIsI TPOBEACHUS aHAIN3a MHUKPOCTPYKTYD,
HO BC€ OHHM PEIMIAIOT JIUIIb YacTh PacCMaTpPHBAEMOH 3/IECh 3a/layuu.
Tak, HampuMmep, MporpaMMHO-aNIapaTHhIE KOMIUIEKCH  (UpM
SIAMS wu Carl Zeiss [6, 9] ciocoOHBI mOATOTaBIMBATE HUTU( Me-
Tajlsa ¥ TIOJCYMTHIBATH YHCICHHBIE XapaKTEPUCTUKUA 3EPEHHBIX
CTpYKTyp Ha 3ToMm 1mmmude. K 3Toil ke KaTeropmu MOXHO OTHECH
takne koMruiekchl, kak GLEEBE [8], koTopbie He TOBKO TOMOTArOT
MpHu co3laHuu nUM(OB W TPOBeACHHH WX 0a30BOTO aHanM3a, HO
TaK)Ke TIO3BOJISIFOT MOJICTUPOBATh U3MEHEHUS! MUKPOCTPYKTYPBI TIO]T
BIUSHUEM Pa3nu4HbIX (pakTopoB. Cioja e OTHOCATCS Takue Mpo-
rpaMMHBIE KOMIUIEKCHI, kak Thixomet [7], KoTOpble HampaBlIeHbI Ha
VIOPOIEHHE TOJCYETa YHUCIEHHBIX XapaKTEPHCTUK MaTepuana.
Opnako, 3aKJIIOYEHHE O CBOMCTBaX MaTepualia BO BCEX ITHX CHUCTe-
Max JIOKHUTCS Ha TUIEYH CaMOTO dKCIIepTa-MaTepruaIoBe/a.

B nogo6HOM HampaBieHUH IBUXKYTCS U pa0oTHI [3, 4], KOTOpBIE
TaK)K€ HallEJIEHbl Ha CO3/1aHUE CUCTEM M METOJOB MOACUYETA YUCIIECH-
HBIX XapakTepucTuK uumda wu3zydaemoro Mmatepuaia. Ilpum stom
OJTHM aBTOPBI UCHOJB3YIOT MPOrpaMMBbl 00PaObOTKH M300pakeHUi u
MaTeMaTH4YeCKHe IaKeThl OOLIero Ha3HayeHHs (YTO OKa3bIBaeT
HETaTHUBHOE BJIHMSHUE MPH TMOIBITKAX aJanTalld NPUMEHSEMBIX
AITOPUTMOB B paMKaxX €IMHOW aBTOMAaTH3UPOBAHHOW CHCTEMBI),
Ipyrue ke aBTopbl paboTaroT Haj OoJjiee aBTOMATH3MPOBAHHBIMH
cucremMamu. Taxke cieayeT OTMETUTh Pa0dOThl TaKMX aBTOPOB, KaK
[5, 2], B KOTOpPBIX OMHCHIBACTCS CO3JIaHWE ABTOMATHU3UPOBAHHBIX
cUCTeM Kiaccu(uKauy 3¢PEeHHBIX CTPYKTYP C MPUMEHEHHEM MOl
XOJI0B MICKYCCTBEHHOT'O MHTEIUIEKTa. DT paboThl Hanbosee ONM3KH
K TTOCTABJIEHHOW HaMH LIETH, OAHAKO TOXE HE JHUILIEHBI HEAOCTATKOB.
B aTHx paboTax akumeHT CTaBUTCS Ha TOM, YTO CBOMCTBa MeTaija

XI BCEPOCCUMCKAS LUKOJIA-KOH®EPEHIUS MOJIOJIbIX YUEHBIX
“YIIPABJIEHUE BOJIbIIUMU CUCTEMAMU”



888
3aBUCAT OT KOJMYECTBEHHOW IO M CpPEIHEero pasMepa 3epHa.
ITomo6Hast 3BpUCTHKA CIpaBeINBa PU PadOTE CO CTAISIMU, MOTY-
YEeHHBIMH TPAIUIIMOHHBIMH CIIOcOo0aMu (TUTHE, KOBKa U T.1.). OmHa-
KO OHM CTaHOBATCS MaJjl0 MPHUMEHUMBIMH TIpH padore ¢ QyHKIHO-
HaJIbHBIMU MaTEpHAIAMH.

Kaxk BpIBOI 13 IpUBEAEHHON KPATKOW UCTOPUM U3yd4aeMOH Ipo-
0J1eMBI MOKHO OTMETHUTB TO, YTO YacCTh CYIIECTBYIOIINX METOJOB H
IPOTPaMMHBIX PEaTH3aliidi MOTYT OBITh MCIIOJIB30BaHBI KaK HAadallb-
HBII oTanm uaeHTH(UKAIMU (U3NKO-MEXaHHIECKUX CBOWCTB MaTe-
puana, oJHaKO BCE 3TH pabOThI OyAyT MpeAroiarath HaJIWIHue 3KC-
nepTa-MeTauIoBela Ul TPHUBEACHHS 3aKIIOYEHHS O CBOMCTBAX
Mmarepuana.

Henbio padoThl SBISETCS CO3NAHUE WHTEUIEKTYaJbHOHM cuc-
TEeMbl aHalM3a W KJIACCH(UKAIUU  CIOKHBIX MHKPOCTPYKTYp Ha
nuirax METaJuIOB U CIUIABOB, ITO3BOJISIOIICH:

o KraccudunupoBars HaOIIOZaEMBIE CIOXXHBIE MHKPO-
CTPYKTYPHI (IPOU3BOIUTH (a30BBIN aHAIN3).

e lneHTnpuumpoBaTh  KOJMYECTBEHHBIC  IMapaMeTpPhI
MHKPOCTPYKTYp (0ai 3epHa, OpUEHTAUIO 3EPEH, MEX-
IUTACTUHYATOE PACCTOSHHE H T.1I.).

e Ompenensat (PU3MKO-MEXaHUYECKUE CBOICTBAa Mare-
pHuana Ha MakKpOypOBHE HCIOJIB3YS Pe3yibTaT KadecT-
BEHHOTO M KOJIMYECTBEHHOT'O aHAJIM30B MUKPOILIH(A.

IMocranoBka 3amauun. PaccmarpuBaercst 3amada Kiaccupuka-
UM CTPYKTYp Ha dororpaduu mMuxkponumda MeTaaia Wid CIUIaBa.
Cunraercs, yro umeercs ¢ororpadus Mukpouuipa B nuppoBOM
BUJIE, U151 KOTOPOI M3BECTHO:

®  MHKPOCKOI, KOTOPBIH HCIOIB30BAJICS AJSl TOTydeHHs
¢dororpaduu;

e  yBeJIMYEHHE MHUKPOCKOIIA, IPU KOTOPOM 3Ta (oTorpa-
¢us Obta caenaHa.

[lo 3roit pororpaduu nmda Tpedyercss onpeaeauTs 30HbI 01-
HOPOJHOCTH CTPYKTYp, HaONIOJaeMbIX Ha MUKpoOUUTH(E, a TaKxke
KJIACCHI CTPYKTYP, K KOTOPBIM IPUHAJIEKAT 3TH 30HBL.

BriBog pesynbrara IOMKEH NPOM3BOAMTHCS B BUAC, YAOOHOM
JUTSL UCTIONIB30BAHMUS SKCTIEPTOM-MAaTEPUATIOBEIOM.
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Orta 3amada yxe Oblla pacCMOTpeHa B Ooyiee paHHUX CTaThsIX
aBTopoB [11-12], u xak Obuto orMedeHo B [11], cymecTByromiue
pacrpocTpaHéHHBIE TOJXOJbI K PACIO3HABAHUIO 00Pa30B ILIOXO
NPUMEHUMBI B paMKax pemacMoi 3aiaur ¥ HeoOxoauma Moaudu-
Kalysi CYIIECTBYIONIMX TOJXOJMOB JIISl TOJYYCHHUS] TPUEMIIEMBIX
pE3yIbTATOB.

2. OnucaHue memoda pacrno3HagaHUsl C/I0XHbIX
36peHHbIX MUKPOCMpPYKmMyp

Kak yxe ynmoMuHanIoCh BBIIIE, BXOAHBIMH JAaHHBIMH METOAA
pacro3HaBaHusl KJIacCOB MHKPOCTPYKTYp sBisieTcst QoTtorpadus
MHUKpoIUIH(]a B 3NMEKTPOHHOM BHUIEC, ISl KOTOPOH H3BECTEH Mac-
mTad ¥ MOJETh MUKPOCKOTIA.

HeobxonumocTh 3HaHMS MOZENM MHUKPOCKONA BbI3BaHA TEM,
YTO Pa3IM4YHble MHUKPOCKOIBI MOTYT NaBaTh Pa3MYHYIO KAPTHHKY
OJIHOTO M Toro ke mmda (Hanpumep, GEppUT B IIEKTPOHHOM H
ONTUYECKOM MHKPOCKOIE BBINVIIAUT COBEPUIEHHO HHAue). ITO
TaKXe HaKJIaJblBaeT OrPaHUYEHUE HA TO, YTO 0Oyuaromas BBIOOpKa
JOJDKHA OBIThH CIeNlaHa Ha TOM K€ MHKPOCKOIIE, C KOTOPOro B Jallb-
HeimeM OyZeT IpOBOANTHLCS HTOTOBBIN aHAJIH3.

3a OCHOBY MeToja KilacCU(pHUKAUUU ObUT B3AT aJrOPUTM MOJ-
cuéTa OJMHAKOBOCTH OJIOKOB M300pa)KeHWH, Ha3bIBAEMbIH «CymMMa
a0COJIIOTHBIX PAa3HOCTEH», KOTOPBHIH LIMPOKO pPAaclHpoCTpaHEéH B
3amavyax (Je)koaupoBaHus Buaeo [15]. DToT amroputm, mo CyTH,
onpenenser Hopmy L' pasHuupsl u3zofpaenuii, 4acTo MMeHyeMyo
MaHX3TTeH-paccTosiHueM [ 14]. B matemarnueckoi hopme 3Ta HOpMa

HUMECT BU
widthheight

(1) SAD(Imagg Imagg)= Y. >-((Imagg(x,y)— Image(x,y)))

x=1 y=1
rae Image; u Image, — 310 1Ba M300paKEHUS, MEXY KOTOPHI-
MU TMPOW3BOIUTCS ToACu€T oamHakoBoctw; Wwidth, height — aro
IIMPHHA M BBICOTa M300paskeHmii (00a n300paskeHHs JOKHBI OBITH
OJIMHAKOBOW pa3MepHocTH); Image;(X,y) u Image,(X,y) — ato ¢yHk-
[IM, KOTOPBIC BO3BPAIIAIOT 3HAYCHUE IHKCEISI COOTBETCTBYIOIETO
U300paskeHHUs1 UIsl KOOPAUHATHI (X,Y).
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Kax Oput0 TIOKa3zano B [11], ncmonp3oBanue 3TOH HOPMEI JAJI0
Ooee afeKBaTHBIE PE3YJIbTAThI, YEM HCIIOJIb30BAaHUE TPAAULIMOHHBIX
MOJXOJI0B C MCIOJIb30BAaHHEM HEMPOHHBIX CETel IJIs pacliO3HaBaHMS
0o0pa3oB. OgHAKO AJIsl MPOBENEHUSI KaueCTBEHHOTO aHaln3a Tpely-
eTcs 0ojiee BBICOKUIM YPOBEHb JOCTOBEPHOCTH IPOBEICHUS KIAacCHU-
dbukarmm.

Opmno#t n3 Hambojee CepbE3HBIX MPUIUH HETOCTATOYHOH JOC-
TOBEPHOCTH pabOTHI aIrOPUTMOB PACIO3HABAHMS SIBJISETCS TO, YTO
OHH He OepyT BO BHMMaHHe TOT (akT, uTo ¢aszpl Ha (oTorpadun
KIIACCU(PHUIIPYEMOTO IITH(a MOTYT OBITh TOBEPHYTHI OTHOCHTEIHHO
T€X, YTO MPHUCYTCTBOBaJIM Ha QoTrorpadusx u3 odydaromeii BEIOOp-
ku. [loaToMy anst pemeHus 3TOH MpoOIEMBbl NPEATIOKEHO BMECTO
TOTO, YTOOBI HCKATh CTENEHb OJUHAKOBOCTH 30H Ha aHAIN3UPYEMOM
e ¢ o0yJaromieil BRIOOPKOH, JTydIlle UICKaTh MAKCUMYM CTETICHU
MOXOXKECTH MEXAYy aHaJU3HUpyeMod oO0NacThi0 M BCEBO3MOXKHO
MOBEPHYTHIME 00pa3amMu M3 OOydJaromiell BBHIOOPKH. DTO PpEIIuT
YIIOMSIHYTOE OrpaHMYCHHE, HO CJeNaeT IMpouecc KiacCH()UKaLUHU
MHOT'0 MEJUICHHEE, YETr0 XOTeJIOCh ObI H30€XKaTh.

[Ipeamosnoxxum, 9TO yroj MOBOPOTa, HA KOTOPBIM pasHATCA 00-
pasiel 13 00yJaroliei BEIOOPKHU ¢ KilacCUPUIIPyeMOi 001acThI0 Ha
¢dororpaduu, mocrarouHo Man — B mpenenax 5-10 rpamycos. Takoe
NPEAIOJIOKEHHE JeNlaeT BO3MOXKHBIM HCIIOJIb30BaHUE METOJa Hau-
MEHBIIMX KBaIpaTOB MJs IOWCKA yIJa, JAlOIEr0o MHHHMAaJIBHOE
3Ha4YeHUE (PYHKIMN HEBS3KH.

Ho mepen Tem, kak mepedTH K OIMMCAHUIO WUCIOJIB30BAaHHUS Me-
TOJla HAaMMEHBIIUX KBaJIpaToB B JAHHOW 3ajade, BHAYajJe paccMoT-
PUM TO, KaKk HanOoJjee ONTUMAIBHO CUUTATh HEBS3KY MEXKAY Kiac-
cupuuupyemMoil o0macThi0 W TMOBEPHYTHIM 00pa3moM u3 0asbl
3HaHUH. JIOTMYHO TPEeArnoNOXKUTh, YTO NMPUMEHEHMs MOBOPOTa Ha
camM0 HM300pakeHHE NPUBEAET K 3HAUMTENBHOM IMOTEpe TOYHOCTH,
MO3TOMY B pa3padaTbIiBaeMoi CCTEME UCTIONb3YeTC sl MHOM MOIXOI.

A MMEHHO, TOBOpPAaYMBAETCs HE caMo M300pakeHue, a mpeodpa-
30BaHMIO MOABEPraloTCs Wb KoopauHathl. To ecth B popmyme (1)
cyMMa MIET HE MO0 KOMIIOHEHTHOW pa3HOCTH M30pa)KCHUH, a BbIpa-
JKEHUS BUA!

(2) Imagg(x,y)—Image(M - (x,y))
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rae M sBisieTcst MaTpuIielt mpeoOpa3oBaHus KOOPAWHAT, HWC-
MTOJIF30BaHUE W BHJI KOTOPOH MmoapoOHee omucad B [16]. 3nech aumib
OTMETHM, YTO MaTpHIla MPeoOpa30BaHUs OJHO3HAYHO OIPEIEISIeTCs
U3 yTIa MOBOpOTa, MacmTada U mpounx aUHHBIX TpeoOpa30BaHUMA.

W3 mpencTaBieHHOTO BBIpaKEHUSI BUIHO, YTO B OOIIEM Cirydae
OT M300pakeHHs HYXHO OyAeT MOoJydaTh 3HAYCHHWE MHUKCENS s
IPOOHON KOOpAMHATHI. {151 3TOTO MCHONB3yeTcs MOAX0a OWITHHEeH-
HOT'O MHTEPIIOINPOBAHMUS, OoJiee TToAPOOHO pacCMOTPEHHBIH B [14].

Jlerko 3ameTHTh, YTO TSI PAaOOTHI METOJa HAMMEHBITUX KBa-
paToB B MCXOTHOM BBIpaKeHUH (1) NEByIO M MpaByO YacTh MOXHO
BO3BECTH B KBaJIpaT, HE Hapymas OOIIHOCTH BBIpaKEHHUS. TakuMm
o0pa3om, TpeuTaraeMblii aNTOPUTM MUHAMH3HPYET BeIpakeHue (3),

BapbhHUPYsI KOMIIOHEHTaMH MaTpHUIlsl M.
widthheight

(3) SAD*(Imagg Imagg )= > . (Imagg(x,y)-Imagg(M - (x,y))f .

=1 y=1

MuHuMU3anMs  TpOM3BOAMTCS 1O Merony JleBenOepra-
Mapxksapara [13], KoTOpBIi siBIIIeTCS anbTepHaTHBON Metoay ['ayc-
ca-HpioTOHa W MOXKeT OBITH PACCMOTPEH KaK KOMOHWHAIUS METO/a
lNaycca-HpioTOHA ¢ METOAOM TPaJMEHTHOTO CITyCKa. DTOT METOH
OTJIMYAETCS B JYYIIYIO CTOPOHY OT IOCJIEIHEro TeM, 4To OH Ooiee
YCTOMYMB JlaXkKe B Cllydasix, KOrja HayuMHaeT paboTaTh OT TOUKH,
JajeKo yaanéHHoi oT MuanuMyma. CTOUT TakKe€ OTMETUTh, YTO 3TOT
METO/I MIIET JIOKaJIbHBI MUHUMYM, KOTOPBIH HEe 00S3aTeNbHO COB-
nagaet ¢ abcomoTHbIM. OIHAKO, UCTIONB3Ys MPEATOI0KEHHE O TOM,
4yTo (a3pl Ha aHaNM3MUpyeMoM Inirde MOBEPHYTH HA MANbIA Yroi
OTHOCHTEIIFHO 00pa3noB M3 0a3pl 3HAHMH, 3Ta CreU(HUKa PadOTHI
METOJIa HE SBJSETCA CYIIECTBEHHOW IMpH MPOBENEHUH Kiaccupuka-
ITUH.

3. Cmpykmypa cucmembl

Kak yxe ObIIIO YIIOMSHYTO paHee, OIMUCAHHBINA aNTOpUTM Kilac-
CU(UKAINK peniaeT HeMaJOBaKHYI0, HO BCETO OJHY 3ajady paspa-
0aThIBAEMOr0 TMPOTPAMMHOTO KOMIUIEKCA W SBISICTCS OJNHOW W3
COCTABIISIONIMX aBTOMATU3UPOBAHHON cHcTeMbl. MoaylbHasl cxema
MPOTrPaMMHOT0 KOMIDIEKca IpejicTaBieHa Ha puc. 1.
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BxoaHan hoTorpadma

N

Monayne Mogyne
Knaccuprkaunm WAeHT N HKaLmm

NS

Mogayne NOAAEPKKKU NPUHATUA DELIEHWIA

l

PesyneTaT aHanwia

Puc. 1. Cmpykmypuas cxema npocpammHnozo Komniexca

CrnenyeT OTMETUTh, YTO MOJIYJb MOANEPKKH MPUHATHS pelle-
HUI HCTONB3YeT pPEe3yibTaThl KOJUYECTBEHHOTO M KAaueCTBEHHOTO
aHanmm3a MEKpoluunda u JaéT 3aKIroueHre 0 PU3NKO-MEeXaHUIeCKUX
CBOICTBAxX HCCIEAYEMOTO MaTepuraa.

4. Mpumep pabombi anzopumma Knaccugukayuu

JanHble 1711 TPOBEPKH pabOThl CUCTEMbI OBUTH B3SITHI U3 0a3bl
JIAHHBIX JIaOopaTopuK MeTajuiorpagu MarHUTOropcKoro rocyaap-
CTBEHHOTO TEXHHYECKOTO YHHBepcHTeTa. MUKpoumudsl ObUTH
MOJTy4eHBI TIOciie TepMooOpadoTku  cTanmu, Mapku 80P, xoropas
ObLITa TIOZIBEpPIKEHA 3aKaJIKE TI0 CIIEIYIOIIEMY TPOIIECCY:

e marpeB 10 930°C myTéM TPOBEICHUS DIEKTPHIECKOTO
Toka 20KV;

e BBIJICP)KKA B TCUCHUE 3 MUH;

e oxyaxzaenue co ckopoctrro 20°C/cek.

Cucrema Obuta oOydeHa KilaccaM MHKDPOCTPYKTYP, BO3HUKAIO-
MM TIPU TaKOM TEXHOIJIOTHYECKOM TpoIlecce, M0 OJHOMY Habopy
dororpaduii u Obuia mpoBepeHa 10 (ororpadusM, KOTOPhIE HE
BXOJIWJTH B 00YYAFOIIYIO BHIOOPKY.
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Ha puc. 2 mpencraBineH pe3ynbTaT KiacCHQUKANUU NUTH(A
JKCIepTaMHU U3 T1a00paTOPHU METAIIOrpaQHH.

Puc. 3. Pezynomam ananuza wiiugha paspadamsigaemou cucmemor

Jlns mpOBEpKH COTIIACOBAaHHOCTH Pe3yJIbTaTa KJIACCU(PHKALIUH,
MPOBEIEHHOTO pa3pabaThiBacMOil CHCTEMOM, pe3yibTaram, II0JTy-
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YEeHHBIMU TIPA PYYHOM aHaNM3€ NUTH(a 3KCIEePTaMU, UCIOIB3YeTCs
kputepuii cornacus [lupcona [1], koTopoe 3amaércst BRIpa)kKeHUEM:
2 (0 —E)

@ r=y
i=1 Ei

rae x° — cratucTuka kputepus Iupcona, O; — HaGmonaemas
YyacToTa siBleHus, E; — TeopeTnyeckas yactoTa siBieHHS, N — KOJIU-
4eCTBO HaOII0IaeMbIX SIBJICHUH.

N3BecTHO, YTO 3TOT KPUTEPUI CHpPAaBEIIMBO MCIOJIB30BaTh B
ClIy4asx, KOIjia pa3Mep BBIOOPKU COCTAaBJISIECT, 110 KpaiHed mepe, 25
9eMeHTOB. sl TOCTHXKEHUS TAaKOTO pa3Mepa BBIOOPKH Ha HEOOJIb-
oM 00bEMe HccieyeMbIX QoTorpaduii ObUTO pelIeHO pa3AeiuTh
KOKIYI0 M3 HUX Ha 25 OJIoKOB (5 pa3OMeHMU BHONb KaKIOW W3
ctopoH). Takoe monmpa3OueHHe SIBISIETCS KOPPEKTHBIM, TaK Kak
AJITOPUTM KHaCCI/I(bI/IKa]_[I/II/I MOXHO 3allyCTUTh Ha KaXXAOM M3 TAKHUX
OJIOKOB, TeM CaMbIM TapaHTHPYs HE3aBHCUMOCTH KiacCH(UKAIHU
Ka)XJI01 U3 00JIacTel.

Bonee Toro, Takoe pa3zdueHHe TakKe MO3BOJSET HE TOIBKO OIl-
peleNATh COrNIACOBAaHHOCTh OOBEMHBIX JIOJICH Paclo3HAHHBIX CTPYK-
TYyp, HO ¥ COTJIACOBAHHOCTH PacIpe/IeieH s KJIACCOB Ha HUTUde.

Jns xaxgoi u3 stux 25 momoOimacted MOACYNUTHIBACTCS IIIO-
11a]1b, 3aHUMaeMasi KaX/IbIM M3 KJIACCOB KaK IO pe3yJIbTaTaM py4YHO-
ro aHanu3a (4TO COOTBETCTBYET TEOPETHYECKOW BHIOOpKE MpH MpH-
MEHEHHHM KpUTEpHs), TaK M IO pe3yibTaTaM aBTOMAaTHYECKOTO
aHanm3a (4TO COOTBETCTBYET HaOII0aeMOi BEIOOPKE MpH IMpHUMEHe-
HUU KPUTEPHS).

B namHOM ciiyuae mMmeeM 3 aHaJ M3MpYeMbIX Kiacca MHKPO-
cTpykTyp ((beppTuHO-KapOUAHAS CMECh, MAPTEHCUT W OCHHUT) U TI0
KOKIOMY M3 HHUX MOJy4YaeM CTAaTUCTHKY MO 25 momobiacTsM Ha
¢dororpaduu. CiaeayeT OTMETUTh, YTO pa3Mep OJIOKa BHIOMpPACTCS U3
YCIIOBUSI, YTO YacTOTa COOTBETCTBYIOIETO SIBJICHHSI B OJIOKEe HE
JIOJDKHA OBITH HYJIEBOW. Eciy 3TO MPOUCXOAUT, TO COCETHUE OJIOKU
HEe00X0oanuMO 00beIMHATH. [I[pUMEeHssI 3TO BO BHUMAaHHE TP MOICUE-
TE€ CTATHCTUKU PE3yJbTaTOB aHalu3a (GoTorpadum, mpeacTaBieHHOM
Ha puC. 2, mony4aeM 45 0J0KOB Mmociie 00beAUHEHUS.

IIpumenss xkputepuii cornacust Ilupcona (¢ BITIICyKa3aHHBIMHU
3aMEUYaHUsAMH) K TOJy9eHHOW BBHIOOPKE JaHHBIX aHallu3a Hcclie-
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nyemoit Qortorpadum, mo Qopmyne (4) ompenmensieM pacdETHOE
2 _

3HAYEHHE — X ,,., = 4.58. Bynem cuuTath, 4TO KIacchl MHKpO-

CTPYKTYp Ha (oTorpaduu pacrnpeerneHsl 0 HOPMaIbHOMY 3aKOHY,
TorAa TabIMYHOE 3HAYCHUE Xia0535(42): 28.14 . Yucio 42 cootBet-

CTBYET KOJMYECTBY CTemeHed cBOOOABI (45 3KCIepUMEHTOB U 2

napamMeTpa 3a CHCT NPCIAJIOKCHUA O HOPMAJIBHOCTU PACIIPECACICHUA

2 0.05
mabn

2
kiaccoB). Takum o0pasom, moiydaeM, 910 X ,.. < X . D10

MO3BOJISIET MPUHSTH THIOTE3Y O TOM, YTO aBTOMAaTHYECKasl Kiaccu-
¢buKanys coriiacoBaHa ¢ pe3yJbTaTOM aHaIN3a SKCIEPTaMH C YPOB-
HeM gosepus 0.95.

5. BbieoOblI

IlokazaHo, 9TO pa3paOOTaHHBIA THOPHUIHBIA aJTOPUTM PaCIIO-
3HaBaHUA 3EPEHHBIX CTPYKTYp Ha Qororpadusax numdoB METAIIIOB
MO3BOJIIET HPOBOAMTH Kiaccuukanuio obiacreil numda U OTHO-
CUTh HCCIELYEMYI0 MUKPOCTPYKTYPY K TOMY WJIM HHOMY KJaccCy ¢
3aJaHHOM TouHOCThIO. [IpuBenéHHBIN npuMep paboThl pa3paboTaH-
HOI'O QJITOpPUTMa TNPH PACNO3HABAHUM CTPYKTYp Ha MHUKpouLIH(de
cranu mapku 80P nokasblBaeT aJeKBaTHOCTb MPOBOJUMOM KJIACCHU-
¢uKaMy ¥ BO3MOKHOCTH €0 MPHUMEHEHUS MPH pa3paboTKe TEXHO-
JIOTMH NOTy4eHHs! (PyHKIMOHAIBHBIX MaTEPUAJIOB.
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AUTOMATIZATION OF FUNCTIONAL MATERIALS
MANUFACTURE QUALITY CONTROL PROCESS
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Perm, graduate student (sergey.vfx@gmail.com).
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Abstract: Describes adaptation and usage of knowledge engineering
approaches in problems of physical-mechanical metal properties
identification when creating functional materials. Also describes
developed method of image recognition in thin metal section classi-
fication problems..

Keywords: section analysis, grain microstructures, parameter
identification, functional materials, image recognition methods.
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