Cepis «IIpuxnaona mamemamuxa. Ingpopmamuray

Bucnosku. Peszynomamu yvoco oOocniddicenus ceiowamv, wjo Koepiyienm Binkca, skuil
BUKOPUCTHOBYEMBCSL Y NAyepaipmuney 01 6USHAYEHHST MICYb KOHKYPCAHMIE ) 3A2aNbHOMY 347K,
He3anexdcHo 60 8acu, He MOJCe 68aNCAMUCA 00 EKMUBHUM Hepe3 HeobepYHMOBAHe OOMIHYB8AHHS
npeoCcmagHuUKi6 lecKux ma 6AdICKUX 8acosux Kame2opiil. Jlane 00CniodcenHs npeocmasuno HOBGUll
aHAai3 Ol NePemBOPerHs KOHKYPCHUX Pe3yibimamie noyepaipmepie y 00Ky WKaLy 3 UKOPUCHAHHAM
J02apupMiYHUX Koe@iyieHmis, po3paxo8anux Ha OCHO8I MAMEeMAMUYHOT ma cmamucmuyHoi 06pooKu
OJaHux nonepeouix 3macanv. Lle 0038016 npedcmMagHUKAM HAUYUCTEHHIWUX BA206UX Kame2opill
nocioamu nepwi Micys Yy 3a2aibHOMY 3aNIKY. 3anpononoeamni Mmemoou HOuLyKy —@opmynu
no2apu@miunoeo  Koeghiyichma Ha OCHOGL MamemMamu4Hoi Mooeli Jno2apupmiynoi peepecii
00360J15110Mb NEPIOOUUHO YIMOYHIOBAMU Yell KOepIYieHm Ha Niocmasi OHOGIEHUX OAHUX Pe3Ybnamis
3Mazanb nayepaigpmepis.

Buxopucmogyrouu ananociuni  Memoou, MOJCHA GUSHAYUMU 3HAYEHHS  JI02APUPDMIYHUX
KoeiyicHmie 015 pi3HUX Kame2opill 3Ma2aHb (3a CMammio ma 6iKOSUMU 2PYRamMu, OKPeMi CMeHO06i
npecosi 3Maz2aHHsA, 3MA2AHHA 3 UKOPUCIAHHAM abO Oe3 BUKOPUCMAHHA CReyidibHo20 001a0HAHHS
mowjo) y 8aXsCKill amaiemuyi.

Knrouosi cnoea: nayeprichmune, nocapugpmiuna peepecitina mooensb, opmyna 102apu@dmithoco
Koe@iyicnma, 3a2anbHa OYiHKd.

Ooepoicano pedakyieio 15.02.2017
Tpuiinamo oo nyonixayii 27.03.2017

YK 519.6:004.8 MOPO30BHY Baagucias
BosoaumupoBuy
PACS 02.60.-x, 02.60.Pn, 02.70.Wz Yepkacbkuil HalllOHAIbHUM YHIBEPCUTET

imeH1 bormana XMenpHUIIBKOTO, CTYACHT
e-mail: vladmorozua@gmail.com

I'OHJA Aunapiii PomanoBu4
Yepkacbkuil HalllOHAIBHUN YHIBEPCUTET
imeH1 bormana XMenpHUIIBKOTO, CTYACHT
e-mail: andriy.gonda@gmail.com

JIIIIEHKO IOpiii OaexciiioBu4
Yepkacbkuil HalllOHAIBHUN YHIBEPCUTET
imeH1 bormana XMenpHUIIBKOTO, TUPEKTOP
HHI indopmaniiiHux Ta OCBITHIX TEXHOJIOT1H
JTOKTOP (Pi3.-MaT. HAYK, TOIEHT

e-mail: urico@ukr.net

3ACTOCYBAHHS TONEPEJIHBOI OBPOBKH 305PAKEHH 13
PACTPOBOI'O EJIEKTPOHHOI'O MIKPOCKOIIA JJISI HOKPAIITEHHSA
INEHTU®IKALIL CTPYKTYPHUX EJEMEHTIB

Anomauin. Y pobomi onucano éniue nonepeouvboi 0OpoOKu  300paxceisb H4Omupu@dasHoco
spaska cucmemu Cu-Sn, wo ompumaui i3 pacmpogoeo eneKmpOHHO20 MIKPOCKONA, HA aHANI3
cmpyxkmypHux enemenmie. [lonepedus 0opobka 306pascensv 30iticniosanacs memodamu I aycosoeo ma
Hepizkozo pozmumms. Onucano aneopumm oOpoOKU 300padicenvb 3 3ACTMOCYBAHHAM MAMPUUHUX

* CTaTTio HamMcaHO y paMKax IIpUKIanHoi  jaepxOromkeTHoi Temu MOH  Vkpainn — “Cunres
HAHOCTPYKTYPOBaHHX CIUIABIB 32 OCIIMJIIOIOYUX HAIPYXKEHb Ta IX 3aCTOCYBaHHsS B HOBIM TEXHOJOTIi 3’€HaHHS
MIKpOEIEKTPOHHUX KOMITOHEHTIB” (HOMep neprkaBHOI peectparii: 0117U000577).
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Ginempis. [Ipoananizosano 0OYinbHICMb UKOPUCMANHHS KOJICHO20 I3 MemOo0ié NoNnepeonboi 0opooKu
300padiceny 0l AHANIZY PI3HO20 MUNY CMPYKMYPHUX eleMenmis (POo3paxyuky niow ¢az ma
BHAXOOJCEHHS KIIbKOCMI | PO3PAXYHKY PO3MIDI6 CIMPYKMYPHUX OedheKmia).

Knwuosi cnosa: memoou obpobku 300padicetsb, pacmposa elekmponua mikpockonis, Iaycose
PO3MUmMMsL 300PadlCceHsb, HepizKe POIMUMMSL 300PANCEHD.

Beryn

Metou 06poOku 300pakeHb € OJJHUM 3 MPIOPUTETHUX HANPSAMKIB HAyKH 1 TeXHIkH. Lle
MOSICHIOETHCSL THM, IO 300pa)kK€HHS BHUKOPUCTOBYIOTHCS $IK 3aci0 OTpUMaHHS BI3yaJIbHOL
iH(popMaIlli B CHUCTEMax CIIOCTEPEKEHHS, TEXHIYHOTO 30py, TejaeOadeHHs, aBTOHOMHHX
IHTEeNEeKTyaIbHUX cucteMax 1 1H. Tomy Meroau oOpoOku Bi3yanbHOI 1H(poOpMalii, ILI10
3a0e3MeuyloTh MiBUIIEHHS Bi3yaldbHOI SIKOCTI CIIPUHHATTS 300pa’K€Hb, CTUCHEHHS JaHUX
i 30epiraHHs 1 mepedadl IO KaHajlaX 3B'SI3KY, a TaKOX aHaji3, pO3Mi3HABaHHS Ta
IHTepIpeTalis 30pOoBUX 00pa3iB A MNPUNHATTS PILEHHS 1 YHOPaBIIHHSI MOBEIIHKOIO
ABTOHOMHUX TEXHIYHUX CHUCTEM TPAlOTh BCE OUTBII BKIUBY poJb [1-2].

Bbynp-sxa 3 npoueayp o6poOku Ta aHai3y 300paxeHb MICTUTb y CBOill CTPYKTYp1 eTan
nonepeHboi 0O0pOoOKH, 10 BKJIKOYAE 3rJaKyBaHHs, (QUIBTpalil0 MIyMiB, MiABUIIECHHS
pi3kocTi 1 KoHTpacTHOCTL. Kpim Toro, momepenHss oOpoOka 300pakeHb BKJIIOYae B cede
KOPEKIII0 HEJNIHIHHOCTI JlaTuMKa, SCKPAaBOCTI, KOHTPACTy, YCYHEHHS TI€OMETPUUYHHUX
CIIOTBOPEHb, BUJUICHHS IMEBHUX 00'ekTiB BiaHOCHO ¢oHy [3]. YacTo, Ha maHoMy erari
3/IIHCHIOETHCS KOPEKIis 30ypeHb B 300pa’ke€HH1, pO3MUTOCTI 300paKE€HHS B pe3ysbTaTl pyXy
00'exTa, MOXMOOK BiJ CEHCOPIB ab0 B X0l Imepenadl curHaiiB 300paxeHHs. EQexkTUBHICTD
eTary IomnepenHboi (mepBUHHOI) 00poOKM 300pa’k€Hb CHPUYMHIOE 3HAYHUN BIUIMB Ha
pe3ynbTaT HACTYMHHUX eTamniB oOpoOKu 300pakeHHsS, B T.4. CETMEHTallil0, MOP(OIOTTYHUN
aHaJi3 1 po3mi3HaBaHHS oOpa3iB. Tomy B cucremax Bizyamizalii HaWOUIbIIMNA I1HTEpeC
MPEJICTABISAIOTh JOCHIPKEHHS B HalpsIMKYy BJIOCKOHAJIEHHS METOJIB CaMe€ IONepeaHbOl
00poOKHU 300pakeHb [4].

VY mporieci A€TEKTYBaHHS B PacTpOBOMY €JIEKTPOHHOMY MIKPOCKOMI Ha KOPUCHUI
CUTHAJI HAaKJIaJal0ThCs PI3HOMAHITHI IIYMU BHACIIIOK PO3CIIOBAHHS E€JIEKTPOHIB Ha MEXax
CTPYKTYPHUX €JIEMEHTIB (HampuKiIaj, pi3HUX (a3 JOCHIIKYBAaHUX CIUIaBIB) Ta 00 €MHUX
nedekrax (HAMpUKIAN, 13-32 PO3CIIOBAHHS Ha TOTIOJOTTYHUX HEPIBHOCTAX OLIsA mop abo
TpiiuH). ToMmy 3acTocyBaHHS BIINOBIAHMX METOJIB HONEPEIHbOI OOpOOKHM 300pakeHb
BIJII'pa€ BaXJIMBY POJIb JUISl MOKPAIIEHHS aHaJli3y PI13HUX THUIIIB CTPYKTYPHUX €JIEMEHTIB Ta
neQeKTiB.

OCHOBHOIO MeTOI pPOOOTH € JOCHIKEHHS BIUIMBY pPI3HUX BHJAIB IMONEPEIHBOT
KOMIT'tOTepHOi 1M(ppoBoi 00poOKH 300pakeHb 3pa3KiB, LI0 OTPUMAaHI Ha PACTPOBOMY
esleKTpoHHOMY Mikpockori (nani PEM 300paxeHHs), Ha pe3yabTaTH aHali3y X 300pakeHb,
a TakoX Oe3mocepenHs peami3allis B €IMHOMY J0JaTKy O0a30BHX METOJIB MOMEPEAHBOT
00poOku Ta HacTymHoro ananizy PEM 300paxens.

1. Onuc MeToaiB NepBMHHOI 00POOKHU 300paKeHb

O06poOka 300pakeHb BIAITpae 3HAYHY POJIb B KOMIT'IOTEPHOMY aHaii3l HU(pOBHUX
300pakeHb, 30KpeMa B pO3Mi3HaBaHHI ¢parMeHTIB 300paxeHb. Bapro 3ayBaxuTu, mo B
BUIAJKY PO3TJSAY 300pa)K€HHS $K JBOBUMIPDHOTO CHUTHaNy (KOJM 300pa)K€HHS MO’KHA
ONKCATU TEBHOI (PYHKIIEIO 3HAYEHHS SIKOT 3aJIeKUTh B JBOX MPOCTOPOBUX KOOPHMHAT),
BAXKJIMBUM e€TarnioM B oOpoOui 300pakeHb € BUAUIEHHS KOpHCHOI iHpopmauii. Meroau
MoTnepeAHb0i  0OpOOKM  JO3BOJISIOTH  3MIHIOBAaTH 300pa)KEHHSI TAaKUM YHHOM, 1100
BJIOCKOHAJIUTH BUAUICHHS KOPUCHOTO CUTHAILY.

Sk B11OMO peaibHI CUTHAIM MOYKHA IPEICTaBUTH B BUIJISLIL JTIHIMHOT KOMOIHALIT ITyMYy
Ta KopucHoro curHainy. OJgHak B Mpoleci BUIUIEHHS KOopucHOI iH(popmalii 13 curHaizy
BUHUKA€E P TPYAHOIIIB. Y BUINAAKY aHali3y pacTpoBUX LU(GPOBUX 300paxke€Hb JOCUTH
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IIMPOKO BUKOPHUCTOBYIOTH PI3HOMAaHITHI aJrOpUTMH O0OpOOKH 300paxeHb, 30KkpemMa (QuIbTpU
3raaKyBaHHS Ta po3MUTTSA [4]. s 1boro Ha MpakTULl JOCUTh IIHUPOKO BUKOPUCTOBYIOTh
MaTpuuHi QUIBTPU A NEpeTBOpPeHHs 300pakeHb. HaillOuiblll MOMMpPEHUM alropuTMOM
PO3MUTTS € Tak 3BaHe po3MUTTA 3a ['aycom. Po3mutts 3a I'aycom — ¢uibtp nms oOpoOku
300pakeHb, 110 BUKOPUCTOBYE HOpMaibHUI po3noalt (po3noain ["ayca) ans mepeTBopeHHs
3Ha4eHb Tpajaiii ciporo koisopy (mani 3I'CK) koxHOTO MiKcens 300pakeHHs. PIBHSIHHS 1151
3acTocyBaHHs po3noaury ['ayca B 2D mpoctopi mae Buriisia [S]:

1 2,2 2
G(u,V) — - e (u"+v7)/(207) (1)
2o

JIe U, V — BIICTaH1 0 MIKCEJIB MO JBOX HE3ICKHUX HAIMpsSMKaXxX BiJ BUOPAHOTO TIKCENA, O -
CTaHJapTHE BIAXHWJICHHs po3noauty ['ayca. [ljist ABOBUMIPHOTO BUTIAAKY AaHa (hopmysia 3a1ae
MMOBEPXHIO PIBHS, III0 MA€ BUTJISA KOHIIEHTPUIHHUX KIJI.

Puc.1. Cxema BruiuBy matpuyHoro giastpa Ha 3['CK B Bubpanomy
eJeMeHT1 300pakeHHs [7]

OinpTp 'ayca MOXKHA MpenCTaBUTU y BUINISAAI MaTpUYHOTO (UIbTpa, pO3MIpamMH IXr
(3a3Buuail 3x3 uu 5x5), 1e r — pagiyc po3MuTTs (r"=u’+v’). CyTh 3aCTOCYBAHHS MATPHYHOTO
¢biteTpa (mUB. puc. 1) momisrae y mo4eproBoMy 3aCTOCYBaHHI MAacKH 3 MaTPHIll KOE(III€EHTIB
Ha BIAMOBIAHI 3HaYEHHS I'pajJalliif Ciporo KOJbOpy CYCIIHIX MIKCENIB Ta OOPaxXyHKY IX HOBHX
3Ha4eHs [1]:

1 4 6 4 1
4 16 24 16 4
6 21 36 21 6
4
1

e
2504 16 24 16

1 4 6 4 (2)
[IpuBenemMo METOIMKY pO3paxyHKy MaTpHill 1 GuIbTpy Hepizkoro po3MutTs. Hexait

nesika dynkuis f(x,y), 0<x<X, ,..,05y<Y,

height € 00PA30M IH(PPOBOTO 300pAKECHHSL.

3nilicauMo 3ropTKy 300paxkenns f(X,)) 3 Bukopucrannsm ¢Qinbrpa [ayca (2), Hanpukia,
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3 po3mipom Marpuii 5x5. Orpumanuii 06pa3 OymeMo MO3HAYATH f(x, ¥) (Tyr oTpuMyeMO

300pa)KeHHs, 10 PO3MUTE 3a HOPMAJIbHUM 3akoHOM). Omepaii€lo BHUIUIEHHS KOHTYpIB
300pakeHHsI HA3UBAIOTh TaKy OTEPAIliio:

fsharpen(xay):f(xay)_j(x:y) 3)

3BOPOTHOIO ONEPALIEI0 IO BUAUICHHS KOHTYpIB (Tak 3BaHe HEpI3KE PO3MHUTTS) MOXKHA
Ha3BaTH TaKy OTEpaIlio:

gunsharping ()C, y) = f(x) y) + k ’ f;'harpen (X, y) ’ (4)

ne k - geskuii xoedilieHT, MO0 BKa3zye Ha TUl (GimbTpamii (st peryispHOTO HEPIZKOTO
po3mutts k=1). [lobynyemo MaTpuuHuii oneparop sjpa 3rOpTKH Uil HEPI3KOT'O PO3ZMUTTS
npu k=1. Jlng nmoOyqoBHM MaTpUYHOTO OIepaTopa siipa 3rOPTKHM BUKOPUCTAEMO OIEpPaTop
TOTOXKHOTO BiJOOpa)keHHS 300pa)K€HHS. Y BUIIAJIKy PO3MIPHOCTI MATPUIIl AJpa 3TOPTKHU 5X5
JAHUM ONepaTop MAa€ BUTIISIAL

00000 00 0 00
00000 00 0 00
ﬁ=00100*=ﬁ0025600*, (5)
00000 00 0 00
00000 00 0 00

ne * - omeparris 3rOPTKH.
MatpuyHuil onepaTop 3ropTKM 3 BHUKOPUCTaHHSAM MaTpuul sapa ¢inmptpa [ayca mis
PO3MIPHOCT1 5X5 Ma€ BUTJIA;

ﬁvGauss —

I 4 6 4 1
4 16 24 16 4
6 24 36 24 6
4 16 24 16 4
I 4 6 4 1

Oneparop BUJIUIEHHS KOHTYPIB MOKHA BUPA3UTH TAKUM YHHOM:
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00 0 00 1 4 6 4 1
LS00 0 00 416 24 16 4
folaver —f _FGes— — L 0 256 0 0|*———|6 24 36 24 6 |*=
256 256
00 0 00 416 24 16 4
00 0 00 1 4 6 4 1) (7

-1 4 -6 -4 -1

[ToGymyemo omepaTop perysIsipHOTO HEPIZKOTO PO3MUTTS

00 0 00 1 -4 -6 -4 -1
00 0 00 . -4 -16 -24 -16 —4
éunsharping :ﬁv+ﬁvsharpen —— 10 0 25 0 0|*+—| -6 —24 220 —24 —6|*=
256 256
00 0 00 -4 -16 -24 -16 —4
00 0 00 1 4 6 -4 -1/ ©®
-1 4 -6 -4 -1 1 4 6 4 1
-4 -16 -24 -16 -4 4 16 24 16 4
:L -6 24 476 -24 -6 *:_—1 6 24 -476 24 6 |*
256 256
4 _16 -24 -16 -4 4 16 24 16 4
1 -4 -6 -4 -1 1 4 6 4 1

Omxe Marpuls s MEpBUHHOI OOpOOKH 300pakeHb METOJO0M HEPIZKOT0 PO3MUTTS
IIpUHAMaE BUTIISAL;

1 4 6 4 1
1|4 16 24 16 4
=6 24 —476 24 6
256 4 16 24 16 4

1

1 4 6 4 (9)

[Toxaxemo, mo onucani Marpumi (2) Ta (9) MOXXHa 3aCTOCOBYBaTH B IE€PBUHHII
00po61i PEM 300pakens sik QUIbTp I TOKpAIICHHS BUAUICHHS TPaHUIb PI3HOMAHITHUX
nedeKTiB.

2. Pesyabtarn anauaizy PEM 300paskenn

Jst ananizy PEM 300paxkens Oyino CTBOPEHO MPOTPaMHUM MPOAYKT, IO IPAITIOE 3a
anroputMoM: koxkHe PEM 300pakeHHs 3UnTyBajoCs MOMIKCENIbHO 1 OyayBajacs ricrorpama
3I'CK Bix 0 mo 255, ne 0 BmoBigae YOpPHOMY KOJBbOPY, a 255 — Oimomy. Ilicis anamizy
ricrorpamu 3I'CK kokHOMY 3 1i MIKIB cTaBUjacs y BIINOBIAHICTH neBHa ¢a3za. i anamizy
IIPOCTOPOBOr0 po3noJLTy MeBHOI ¢azu noTpidHo obuparu iHTepBan 3['CK, mo Biamosizae
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mikoBi i€l daszu. Jlami, micas MmipaxyHKy KUIBKOCTI IIKCENB, 110 BiANOBigae oOpaHOMY
iHTepBany 3I'CK, cTae MOKIMBUM pO3paxyHOK 3arajibHoi IIOLII KOKHOT 3 ¢a3.

Jlnst  BCTaHOBJIGHHS  OCOONMBOCTEM  3acTocyBaHHsS warpunb (2), (9) Oyno
MpOaHATI30BaHO BIUIMB Mornepeansoi o0poOku PEM 300pakenHs dotupudazHOro 3paska
cuctemu Cu-Sn Ha 3MIHY pO3MOAUTY TpajaIlii Ciporo KoJIbOPY B HbOMY.

[Ticnst 06po6Ku 300pa’keHHsI METOJIOM HEPI3ZKOr0 PO3MUTTS 3 3aCTOCYBAHHSM MaTpUIl
(9) (Puc. 26), pi3kicTb 300paxx€HHS 3pociia 1 TpaHUIll IOp CTadu OUIbLI OKPECIECHHUMH, ajie
npu 1pomy miku B ricrorpami 3I'CK (Puc. 2B) ymupunucsa. Meton ['aycoBoro po3murts 3
3aCTOCYBaHHAM MaTpulll (2) [a€e NPOTUICKHUNM pE3ynbTaT, PI3KICTh 300pakeHHs
3meniyetses (Puc. 21), a miku Ha ricrorpami 3I'CK craroTs Outbin po3aineHumu (Puc. 2e).

Tak sixk meton ['aycoBoro po3mutts no3Bosisie BuauiuTu intepBan 31'CK meBHoi da3u,
10 BUHO 3 ricTorpamu Ha Puc. 2e, To aist OUTbIl TOYHOTO po3paxyHKy 1wiomi 0-CusSns dhazu
0yJI0 BUKOPUCTAHO came MeToJ ["aycoBOro po3mMuTTs 3 BAKOPUCTAHHSAM MaTpull (2).

= IOOO:| I -
0

0 50 100 150 200 250

Komip
a 0
B r
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2000

0 50 100 150 200 250
Komip

pil| Cc
Puc. 2. PEM 300paxxenHs dyotupudaszHoro 3paszka cucremu Cu-Sn ta
ricrorpamu 3I'CK 10 06po0Oku (a, 6), miciast 00poOKH METOI0M
HEpI3KOTro po3MHUTTH (B, I') Ta ["aycoBoro po3murts (1, €)

Ha Puc. 3 npoeneno nopiBHsiHHS PEM 300paxenb dotupudasHoro 3pazka CUCTEMU
Cu-Sn 1o Ta micng nomnepenHboi 0OpoOKKH MeTo10M 1'aycoBOTO PO3MMTTS 3 BUKOPUCTAHHSIM
Mmatpuiii (2). Jnst uporo 3actocoByBascs inTepBan 3I'CK Bix 150 go 170, mio BiamoBigae miky
0-CueSns (azu. 3a3HaumMMo, 110 OJMHUYHI MIKCeNl 31 3HAUEHHSIMH T'pajallii ciporo KoJbopy,
SK1 HaJle)KaTh LIbOMY 1HTEpBajy, ajie B OTOUEHHI SIKUX 30BCIM HEMa€ MOAI0HUX 1M IIKCEIiB, HE
BpaxoByBaJIncs. BuaHo Takox, 1o micis nonepennboi 00podku PEM 300paykeHHsT MeTo0M
l'aycoBoro po3mutrts BunvieHi ob6macti ¢asu  0-CugSns crtaym  OUTBII  PIBHOMIPHO
3aMIOBHEHUMH MIKCEJSIMU 3 MOIIOHMMH 1M 3HAUYCHHSIMU T'pajallii ciporo Koiwopy. Tomy, 1o
00poOKHM BiTHOCHA TUIONIA BUAUIEHOI obmacTi ckiagana 18,4%, a micis oOpoOKu MeToI0M
l'aycoBoro po3mutts BoHa ckjiana 22,3%, 10 JOCUTh CYTTEBO 3MIHIOE pPE3yJbTaT
inenTudikaii das.

a
Puc. 3. PEM 300paxxenHs yotupudazHoro 3paska cucremu Cu-Sn 3 BUALIEHOIO
N-CueSns dazoro 110 (a) Ta micist (6) 00pooku MetogoM ['aycoBOro po3MHTTS

Kpim HeoOximHOCTI BUAUIEHHS Mol (a3 icCHye moTpeba MoKpalleHHs 1ieHTUdiKarii
TaKOro THUILY CTPYKTYPHHX €JIEMEHTIB, K 00’€MHUX MycTOT (mop Ta TpimuH). TyT y mpoueci
NIETEKTYBAHHS Ha PacTpPOBOMY €JIEKTPOHHOMY MIKPOCKOIIl Ha TOIOJIOTTYHUX HEPIBHOCTSIX
HABKOJIO IMX 00’ €MHUX Je(PEKTIB BUHUKAIOTh PO3MUTTS KOHTYpIB. Taki e(peKTu po3ciroBaHHs
BHUHUKAIOTH 13-32 3MIHU IHTEHCUBHOCTEH PO3CIIOBAaHHS €JIEKTPOHIB, IO MOTPEOYE KOPEKITi.
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PEM 300paxkenHss yorupugaznoro 3paszka cucrtemu Cu-Sn Oynu mpoaHanizoBaHi Ha
BMICT JedeKTiB B BUIJIAAl 00’eMHMX mycToT (mop). Ockinbku Mexi nedexriB Ha PEM
300pakeHH1 YoTupudaznoro 3pazka cucremu Cu-Sn 10 00poOKH pO3MHUTI, & METO]T HEPIZKOTO
PO3MUTTS MIJCHIIIOE JOKAJIbHUNA KOHTpAcT 300pakKeHHsI Ha TUX JUISHKAX, /1€ CIoYaTKy Oynu
MPUCYTHI Pi3Kl 3MIHU I'PaJi€HTa KOJbOPY, TO AJsl OUIbII KOPEKTHOTO BUIUICHHS JE(EKTIB
Oyno 3acTocoBaHO MaTpuIio (9).

Ha Puc. 4 nposeneno nopiBHsiHH PEM 300paxenb 4otupudasHoro 3pazka CUCTEMU
Cu-Sn o Ta micasi 0OpoOKHM METOJOM HEPI3KOTO PO3MHUTTS 3 3aCTOCYBaHHSIM Matpuill (9).
st inenTrdikaiii mop 3acTOCOBYBaBCA 1HTEPBAI 3HAYCHB I'pajallii ciporo Koibpopy Bim 0 10
50. Ananiz PEM 3o06paxenns dotupudazsoro 3pazka cucreMu Cu-Sn Ha BMICT TTOp TOKa3as,
oo 10 OOpoOKM METOJOM HEPI3KOrO0 PO3MMTTS 3 3acTocyBaHHAM MaTpuul (9) B 3pasky
mictimocst 38 Takmx me(eKTiB i3 CcepeaHpO0 MmIOMmeR 52.8 MKMS. 3a3HAYMMO, WO B
po3paxyHOK Opamucs AedeKkTH po3Mmip sIKUX OlIbmmui 3a 15 mikceniB, a micast oOpoOKU
300pake€HHsI METOJIOM HEPI3KOT0 PO3MHTTS KUIBKICTh AeeKTIB ckiana 53 13 cepenHboro
montero 43.8 Mrm’.

Takum ywnom anamiz PEM 3o0paxenns dotupudaszHoro 3paska cuctemu Cu-Sn
nokasaB, 10 micis oOpoOku MetonoM ['aycoBOro po3mMuTTs 3 3aCTOCYBaHHAM Marpuii (2)
BHJIJIEHA O0JACTh CTayia OUTHII PIBHOMIPHOIO TO PO3MOALTY rpajaaiiil ciporo koiasopy. o
00poOKHM BigHOCHA TUTONIA BUAUIEHOI oOyacti ckimanana 18,4%, micis oOpoOKM MeToIoM
l'aycoBoro po3mutts BoHa ckjana 22,3%, 10 JOCUTh CYTTEBO 3MIHIOE pPE3yJbTaT
inentudikamii ¢asu. Takoxx PEM 300paxenHHs Oyno MpoaHami30BaHO Ha BMICT IIYCTOT
(medexTiB), Ta BINIUB METOAIB OOpOOKM 300pakeHb Ha pe3ynbTaTH aHamizy. bymo
BCTaHOBJIEHO, 110 morepenHs o0poOka PEM 300pakeHHS METOJIOM HEpI3KOTOo PO3MHUTTS 3
3acToCyBaHHAM Matpuill (9) CyTTeEBO TMOKpallye pe3yiabTaTH aHali3y po3MipiB Top, 3a
paxyHOK OUIbIII KOPEKTHOTO BUAUICHHS I'PaHUIlb MOP.

a 0
Puc. 4. PEM 300paxxennst yotupudazHoro 3pazka cuctemu Cu-Sn 3 BUAUICHUMHU JeheKTaMu
1o (a) Ta micins (6) oOpoOKM METOI0M HEPI3KOTO PO3MHTTSI

BucnoBku

VY po6oTi nmpoaHai30BaHO 3aCTOCYBAaHHS METOJIIB MONEPEeIHbOI 00pOOKH 300pa’KeHb,
0 OTPUMAHI 13 PacTPOBOTO EJIIEKTPOHHOTO MIKPOCKOIIA, B MPOIEC] TOCTIKEHHS (Ha30BOTO
CKJaly Ta BHU3HA4YEHHS pO3NOAUTY MOop Yy uorupudasHomy 3pasky cucremu Cu-Sn.
[IpoananizoBaHO 3acTOCyBaHHSI MeTOJy ['aycoBOro po3MuTTs, METOJy HEPI3KOIO PO3MMTTS
UIs BUAUIGHHS MeX (a3 Ta MIIBUILEHHS PI3KOCTI KOHTYpIB IYCTOTHHUX JA€(EKTIB.
Po3pobneno anroputMu nomnepeaHboi 00poOKH 300pa’keHHS 3 BUKOPUCTAHHSAM BIJIOBIIHUX
MaTpUYHUX (PLIBTPIB.
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[Tokazano, Mo Ha pe3yabTaTH aHANII3y IUIONI (ha3 BIUIMBAE HASBHICTH OUIOTO MIyMy B
PEM 300paxennsx. s toro mo0 mo30ytucs Outoro mrymy OyJ0 3aCTOCOBAaHO METO]
['aycoBoro po3MHTTS, SIKMH YCEpeIHIOE 3HAUYEHHs TIpajalii CIporo KOJbOPY B IMIKCENAX
300paKe€HHs BITHOCHO iX OTOYEHHS, 1110 JIa€ 3MOTY MOKPALUTH PE3yabTaT PO3PaxXyHKY ILIOILL
¢as.

Y poboTi mokazaHo, 1o TomepenHs oO0poOka 300pakeHb YOTUPH(DA3ZHOTO 3pa3Ka
cuctemu Cu-Sn MeTOqy HEpI3KOTO pO3MUTTS Ja€ 3MOTY MOKpAaIIUTH 11eHTU(IKALII0
TOMNOJIOTTYHUX Je(eKTiB. 30Kpema, OylI0 3’sCOBAHO, 110 3a PaXyHOK 30UIbLIECHHS JJOKAIBHOTO
KOHTPACTy B pe3yJbTaTl 3aCTOCYBAaHHS METOJY HEPI3KOTO PO3MHTTS 3pPOCTa€ TOYHICTh
a”Hayzy nyctoT Ta nop Ha PEM 300pakeHHSX, OCKUIbKM rpaHuul nux aedexris Ha PEM
300pa’KEHHSX CTAIOTh MEHII PO3MUTHMH.

Cnucox BUKOPUCTAHOI JIiTEpaTYypu:

Shapiro L. G. Computer Vision / L. G. Shapiro, G. C. Stockman. — Prentice Hall, 2001. — pp. 53-54.

2.  Gumster J. GIMP Bible / J. Gumster, R. Shimonski. — Wiley Publishing, 2012. — pp. 438—442.

3. Lecarme O. The Book of GIMP: A Complete Guide to Nearly Everything / O. Lecarme, K. Delvare. — No
Starch Press, 2013. —p. 429.

4. Gonzalez R. Digital Image Processing / R. Gonzalez, R. Woods. — Addison-Wesley Publishing Company,
1992, p 191.

5. beictpoe pasmbrtue mo I'ayccy [EnextponHumii pecypc]: [Be6-caiit]. — Enexrponnuii pecypc. — Pexum
nmocrymy: https://habr.com/post/151157/ — Ha3Ba 3 ekpaHa.

6. ®unpTpanus U300paKeHU MeToIOoM cBepTKH [ EnexkTponuuii pecypc]: [Beo-caiit]. — Enekrponnuii pecype.
— Pexxum mocrymy: https://habr.com/post/62738/ — Hasea 3 ekpana.

—

7. Image Filtering [Enektponnmii pecypc]: [Be0O-caiit]. — Enexrponnmii pecypc. — Pexum mocrymy:
http://machinelearninguru.com/computer_vision/basics/convolution/image convolution 1.html — Haspa 3
eKpaHa.

References:

1. Shapiro L. G. & Stockman G. C. (2001) Computer Vision. Prentice Hall.
2.  Gumster J. & Shimonski R. (2012) GIMP Bible. Wiley Publishing.
3. Lecarme O., Delvare K. (2013) The Book of GIMP: A Complete Guide to Nearly Everything. No Starch

Press.
4. Gonzalez R. & Woods R. (1992) Digital Image Processing. Addison-Wesley Publishing Company.
5. Quick Gaussian Blur [Electronic resource]: [Web-site]. — Electronic Data. — Access mode:

https://habr.com/post/151157/. The name of the screen. (in Rus)

6. Filtration of images by convolution [Electronic resource]: [Web-site]. — Electronic Data. — Access mode:
https://habr.com/post/62738/. The name of the screen. (in Rus)

7. Image Filtering [Electronic resource]: [Web-site]. — Electronic Data. — Access mode:
http://machinelearninguru.com/computer_vision/basics/convolution/image convolution 1.html. The name
of the screen.

MOROZOVYCH Vladyslav,
The Bohdan Khmelnytsky National University ofCherkasy, student

HONDA Andrii,
The Bohdan Khmelnytsky National University of Cherkasy, student

LYASHENKO Yurii,
The Bohdan Khmelnytsky National University of Cherkasy, Director of Educational-Scientific
Institute of Informational and Eduational Technologies, Doctor of Physics and Mathematics Sciences,
Assistant Professor
THE APPLICATION OF PREVIOUSLY PROCESSED IMAGES FROM SCANNING
ELECTRON MICROSCOPE FOR IMPROVING IDENTIFICATION OF STRUCTURAL
ELEMENTS

Abstract. The paper describes the effect of pre-processing images of a four-phase sample of the
Cu-Sn system obtained from a scanning electron microscope on the analysis of structural elements.
Preliminary image processing was carried out using Gaussian and non-erosive methods. The image
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processing algorithm using matrix filters is described. The expediency of using each of the methods of
pre-processing images for analysis of various types of structural elements (calculation of phase areas
and determination of the number and calculation of the sizes of structural defects) has been analyzed.

Introduction. Image processing plays a significant role in computer analysis of digital images,
in particular in recognizing image fragments. It is worth noting that in the case of considering the
image as a two-dimensional signal (wWhen an image can be described by a function whose value
depends on two spatial coordinates), an important stage in the processing of images is the selection of
useful information. Various pre-processing algorithms allow you to change the image so as to simplify
the selection of a useful signal.

Procedures of image processing and analysis contain a pre-processing step in their structure,
which includes smoothing, noise filtering, sharpening and contrasting. In addition, pre-processing of
images includes correction of non-linearity of the semsor, brightness, contrast, elimination of
geometric distortions, the selection of certain objects relatively to the background. Effectiveness of the
stage of the previous (primary) image processing has a significant effect on the result of the
subsequent stages of image processing, including segmentation, morphological analysis and pattern
recognition.

During the process of detecting in a bitmap electron microscope, the received signals impose
different noise on the received images due to the scattering of electrons at the boundaries of structural
elements (for example, the different phases of the investigated alloys) and volume defects (for example,
due to scattering at topological inequalities near pores or cracks). Therefore, the application of
different methods of pre-processing images plays an important role in improving the analysis of
various types of structural elements and defects.

Purpose. The main purpose of the work is to study the effects of various types of previous digital
image processing of samples taken on a scanning electron microscope (SEM) on the results of the
analysis of these images, as well as direct implementation in a single application of the basic methods
of preprocessing and subsequent analysis of SEM images.

Results. The paper proposes methods of preliminary processing of images obtained from a
scanning electron microscope for the study of a four-phase sample of a Cu-Sn system with bulk
defects. The application of the Gaussian blur method, the method of unsteady blurring for the
separation of phase boundaries and the sharpening of the contours of cavity defects has been
analyzed. To do this, algorithms for pre-processing images using various matrix filters were
implemented.

Conclusion. It is shown in this paper that the use of matrix filters for the pre-processing of SEM
images can significantly improve the results of their analysis.

1t is shown that the results of calculating the area of the phases are influenced by the presence
of white noise in the SEM images. To eliminate the effect of white noise, the Gaussian blur method is
used, which averts the value of the grayscale of the image peaks relative to their surroundings.

The work demonstrated that the preliminary processing of images of a four-phase sample of the
Cu-Sn system by the method of non-erosive blurring makes it possible to improve the identification of
voids defects: pores and cracks. In particular, it was found that the after increasing the local contrast
the accuracy of the analysis of three-dimensional defects on SEM images was increased as well. In
this case, the boundaries of hollow defects on the SEM images are blurred, and the method of erosive
blurring improves the process of their selection.

Key words: methods for image processing, scanning electron microscopy, Gaussian blur,
unsharp masking.
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