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AHomayis. Cmammsa npucssyeHa po3pobuyi iHgopmauiliHoi modeni npusHa4yeHoi 018 aHANi3y
yughposux 306paxeHb Memaaocmpykmyp 3 kapb6ioHumMu skpanneHHamu. lTposedeHull aHanis ai-
mepamypHux 0xepeJsi, BMCHOBNGHO, W0 OOCNIOXEHHA MemasnoCcmpyKkmyp € aKmyaabHUM iH-
CMpyMeHmMOM OUTHKU AKICHUX Xapakmepucmuk. HassHicme kap6idis 8 cmpykmypi memasny mae
3HaYHUl 8naus Ha (020 Akicmb. HasedeHull 027190 MemoOuUKU BUBYEHHT CMPYKMypu memany,
BU3HA4YeHO BAX/UBICMb emany 06pobKu 306paxeHHs memanocmpykmyp. OnucaHi 0CHOBHI cno-
cobu ompumMaHHa yugposux 306paxeHb cmpykmypu memany. [lpedcmasneHi 3pazku memanoc-
mpykmyp, 3 kap6idamu. 3anponoHosaHo npouedypy yugposoi 06pobKu 306paxeHb memanocm-
PYKmMyp 3 Kip6iOHUMU BKpANieHHAMU, KA CKAAOAEMbCA 3 nepesedeHHs 300paXKeHHs 8 Hanismo-
HoBe, KOHMpPAcmMysaHHs ma nopo2osoi 6iHapizayii. [IpodeMoHCMpPoBaHi pe3ysbmamu BU3HA-
YeHHs KapbIOHUX BKpanjeHs i3 3acmocyBaHHAM npouyedypu yugposoi 06pobku 306paxeHs. [To-
Ka3aH1 nepesazu ma HedoNiKu nioxo0dy, BU3HAYEHT HaNPAMKU BOOCKOHAEHHA.

Knioyosi cnosa: Memanocmpykmypa, kap6iou, 306paxeHHs, yugposa obpobka, HanismoHose
306paXKeHHS, KOHMpPAcmMyBaHHS, adanmusHe KOHMPAcmysaHHs, 6iHapizayis, 2icmoepama.

BceTrymn. B TenepiniHilii yac eKOHOMiKa YKpaiHM BUMAara€ BOJHOYAC 3HVDKEHHS
cobiBapTOCTi Ta BiAIIOBiMHOCTI eKCILTyaTaIiiHMX XapaKTePUCTUK BUPOOIB MaIIMHO
OymiBHMIITBA, TOMY Ha BCiX eTarax BUTOTOBJIEHHSI MeTaleBuX AeTaseil HeoOXimHmit
KOHTPOJIb SIKOCTi MPOAYKIIii. [I711 OTpUMMaHHS MTOBHOI KapTUHU MpPO CTaH MeTaly Ta
JI0T0 SIKOCTi HA MAaKpO i MiKpO piBHSIX BUKOPUCTOBYIOTbh B TOMY UMCJIi aHasi3 MiKpO-
nutigiB mertasy. ITigxin 3B’s13aHMif i3 aHaA/MiI30M MiKpoONUIidQiB MOTpedye 3aTydeHHSs
BMCOKOKBaJIi(hiKOBaHMX eKCIIEePTiB B Ta/ly3i MaTepiaJlo3HABCTBA, 1110 Y CBOIO Uepry He
BUKJ/IIOUA€E BIUIMBY «IIOACHKOTO (akTopy». 3 iHIIOTO OGOKYy, MUTAHHS IiIABUILIEHHS
00’eKTUBHOCTI igeHTMdiKallii BIacTUBOCTEN MeTaJiB i CIIaBiB BMMAaraloTh 3aayuyeH-
HSI Cy4aCHMX METOMiB 00pOOKM HaHMX, HAIIPUKIA IITYYHOTO iHTENEeKTY IMPU BUPi-

1eHHi 3amayu Kiacudikaiiii Ta imeHTHdikalii Makpo Ta Mikpo CTPYKTYP.
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B po6oTi nmpeacTaBaeHnit OIS, MPOLeCy MOCTiIKeHHSI MaKpo Ta MiKpO CTPYK-
TYp, IO MIiCTSITh Kapbiay, BU3HAUEeHHi crenydiydHi oco6aMBOCTI, IO MpuUTaMaHHi
IaHMUM 300paskeHHSIM, 3aIIpOTIOHOBAHO iHGOpMAaIliifHy MO/ie/ib iX 0OPOOKN.

Anani3z crany muraHHsa. O6'eKTaMy MiKpPOCTPYKTYPHUX AOCJiIsKeHb CTAIOTh
MeTanorpadivHi nutidyu — BHYTPIillIHI mepepi3u MeTasy, BiIIOJipoOBaHi Ta MPOTPYEHi
piSHMMM MeTOJaMM, a OCHOBHUI 3aBIAHHSIM MeTajorpadii € — BUSBJIEHHS Ta pe-
€CTpalist HaiapiOHIMMX metaneii penbedy, 0 BUHMKAIOTh Yepe3 CTPYKTYPHiI HEOM -
HOpigHOCTi B MeTasti [1]. PO3moBCIOAXKeHUM iHCTPYMEHTOM JJis1 OTPUMMAaHHS 3HIMKiB
METaJIOCTPYKTYP Y HAYKOBUX, HABUYATbHMX, 3aBOJICbKMX Ta €KCIIePTHUX JabopaTopi-
SIX € CBITJIOBA Ta eJIeKTPOHHA MiKPOCKOIIisi. MiKpOCTPYKTYpHi JOCTiIKeHHSI MeToAa-
MM CBiTJIOBOi MiKPOCKOIIii XapakTepu3yoTbcs 36inbimendsm 10...2000 pasiB 3a mo0-
IIOMOTOI0 CBiTJIOONITUYHMX MPWIAAiB Pi3HUX TUITIB. MOXKIMBOCTI I[bOTO METOIY 00-
MesKeHi TPaHMYHMM JI03BOJIOM (TOOTO, MiHiMaJIbHOIO BiIICTAaHHIO MiXXK IBOMAa TOYKa-
MM, IO pO3pi3HSAETHCA) 6aM3bKO 0,2 MKM. lle MOB'sI3aHO 3 XBMJIBOBOIO IIPUPOIOI0
BUIMMOTO CBIiTJIOBOTO BMIIPOMiHIOBaHHS: yepe3 nudpakiliiiHi SBuIla JeTadi CTPYK-
TYpH, 1[0 MaOTh PO3Mipy MeHIIe TOBXKMHM CBiT/IOBOi XBuJIi (500 HM), CTalOTh HEBU-
pasHumu. PacTpoBa eeKTpoHHA MiKpOCKOITiSI JO3BOJISIE MiABUIIUTH 30iTbIIIeHHS 10
30000 pasiB, a po3ginbHy 3maTHICTD A0 5,0 HM. [lepeBarow mMeToy € BifHOCHA TpoOcC-
TOTa IMiATOTOBKM 3pa3KiB, @ TAKOK MOKIMBICTb MOEAHAHHS 3 JIOKAJIbHUM PEHTTeHiB-
CbKMM Ta eHeproAyucnepciiiHuM aHaji3oM. JlesKi pacTpoBi MiKpOCKOIM MalOTh CIie-
IiaJIbHI MPUCTPOI IJISI OTPMMAHHS KapTUH KaHAJTyBaHHS BilOUTUX €JIeKTPOHIB, 110
II03BOJISIE BU3HAYATY OPi€HTAIIiI0 KPUCTAIIYHOI PeIriTKM OKpeMMX 3epeH abo yacTu-
HOK iHImmx as.

[Ipuctpiit meTamorpadgiyHOTO MiKpOCKOTIA CKIaJA€ThCS 3 ABOX CUCTEM — OKY-
JisIpa Ta 00'eKTMBA, SIKi IpeCcTaBjeHi TpboMa CUCTEMaMM: OCBIT/IIOBAJIbHOIO, MeXa-
HiYHOIO Ta OINTUYHOIO, KOKHA 3 SIKMX MOKe BIUIMBATM Ha SIKiCTb BUXiTHOTO 300pa-
SKEHHS i K HaCTiIOK CIIOTBOPUTY OIiHKY CTPYKTYPHUX OCOOJMBOCTEN IpencTaBie-
HMX Ha IMPOBOMY 300paskeHHi MeTaIOCTPYKTYPH.

BuBYeHHS CTPYKTYpM MeTaly BK/IIOUA€ JIAaHIIOXKOK IOCTiIOBHUX OIlepalliii, oc-

HOBHI 3 SIKMX MpeACTaB/IeHi Ha PUCYHKY 1.
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PucyHok 1 — IToc/igoBHICTh omepailiii IIpy BUBYEHHI CTPYKTYPU MeTaly

LR TETTHTE Y

O6po6IIi 300paskeHHSsT IIepeye BAKIMBUIA eTall OTpUMaHHS IMdpoBoro 306pa-
SKeHHSI, Ha SIKOMY MOXYTb BiOYTMCSI CIIOTBOPEHHS Bi3yaJbHOI SIKOCTi 300paskeHHS
roB’si3aHHi B Tomy uncii 3: OECF (onToenekTpoHHa (YHKIIiSI TTepeTBOPEHHS), pPO3-
MipoM 300paskeHHS Ta PO3AiJIbHOI0 34ATHICTIO, ITYMOM (BiZHOIIEHHS CUTHAJI/IIYM),
KOHTPACTHICTIO 300pakeHHST (Koe(dillieHT KOHTPACTHOCTI), Pi3KiCTIO 300pa’keHHS,
cipvmu piBHSIMM, piBHEM YOPHOTO, TaMMa KaiOpyBaHHSIM, HACMYEHICTIO 6iyioro (6a-
JIaHCOM), Yac BiATYKY, KOJIbOPOBMMM BJIACTUBOCTSIMU, KYTOM OTJISIAY [2 — 6].

Meta po6oTu. IIpoBemeHHSI MOCTIIKEHHS 0COOJMBOCTEe HuU(ppPOBUX 300pa-
’KeHb MEeTaJIOCTPYKTYp METaJIiB i CIUIaBiB, SIKi MiCTATh KapOianu. BusBieHHs ¢GakTo-
piB, 11O BIVIMBAIOTh HA MOSK/IMBICTh aBTOMATUYHOTO BUiJIeHHS ()parMeHTiB 300pa-
>KeHHS, 1110 BiAIOBiZal0Th KapOiJHMM BKIIOUEHHSIM.

OcHoBHMIT MmaTepian. Bimomo, 1o undposi 306pakeHHSI MiKPOCTPYKTYpHU Ma-
TepiaJiB, 30KpeMa MeTaJliB i CIIaBiB, CKIQOA€ThCS 3 KiHIIEBOTO YMC/Ia eJIeMEeHTIB —
miKcesiiB. Y 3B’SI3KYy 3 LM, OCHOBHMM 3aBIAaHHIM LM(POBOi 06p0oOKM 300pakeHHS
MeTasiorpadiuHoi MiKpoCTPYKTYpu € OHOBA KOPEKILis Ta BUAiIEHHSI TeOMeTPUYHMUX
00'eKTiB IJIs1 IOIATBIIIOTO PO3PAXyHKY Ta HOCTiIKEHHS, 8 TAKOX IMOKPaIIeHHS SIKOC-
Ti 300paskeHb Ta YCYHEHHS pi3HUX MIYMOBMX ckiaanoBux. Ciif 3a3HaUUTH, 1110 BUi-
JIEHHSI TeOMEeTPUIHUX 0COOIMBOCTEN 1IMIPOBUX 300paskeHb METAIOCTPYKTYP € BasK-
JIMBOIO 3a/1aUel0 MOB’I3aHOI0 3 imeHTUdiKalieo MexaHiyHuX Ta Qi3MUHMUX BJIaCTUBO-
CTeil MeTaliB i CIUIaBiB [7].

Kk Bimomo, KapbifHa HEOIHOPOIHICTh € AedeKTOM MiKpPOCTPYKTYpU CTali,
MIPUYMHOIO MOSIBU SIKO1 HEpiBHOMipHe pO3MNOJiJIeHHSI TIEPBUHHMX i BTOPMHHUX Kap-

6i,U,iB Yy meTani. Y BYIVIEHEBUX Ta JIETOBAHUX CTAJIIX BYIJICLIb MOXKe BI/I,Z[i]IHTI/ICSI Y BU-
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T4 MeTactabinbHux gas — Kapo6ifAiB, M0 MOXYTb YTBOPUTHU KapOiHY CITKy (puUcy-
HOK 2). YV 3B’I3Ky 3 HEOZHOPIIHICTI0O KOHIIeHTpallii KapbimiB B 06’emi MaTtepiany,
MOXe BMHMKHYTM 3HMKEHHSI MIIIHOCTI Ta B’SI3KOCTi BCbOrO MaTepiany B
izomy [8 — 10]. OuiHKy Kap6igHOT HEOAHOPIAHOCTI MPOBOASTH Y BiATIOBIMHOCTI 10
I'OCT 19265-73 pns mBuakopiskyuix craneir, TOCT 801-78 mjist mignuIIHMKOBOI CTa-
ni, TOCT 8233-56 mys craii, TOCT 5950-2000 m1s1 iHCTpyMeHTa bHOI JIeroBaHoi cTa-
ai [11]. 3pa3ku nigganTh nutidhyBaHHIO, OJMiPYBaHHIO Ta TPaBJleHHIO, 1ali Ha MeTa-
norpadiuHomMy MiKpockori rmpu 36inbiieHHi x100 MpoBOASATH OLIiHKY KapOigHoi He-
OAHOPiAHOCTI 3a momomororo mkaayu, HaBegeHoi B 'OCT Ha BigmoBigHy cTtasb. Ha
MigcTaBi OLiHKM Oany KapOiZHOI HEOTHOPITHOCTI POOUTHCS BUCHOBOK IPO SIKiCThb
IOCIiAKYBaHOrO 3paska [12].

Ha pucyHKy 2 nipeficraB/ieHi npukiaaayu nudppoBux 300paskeHb MiKpOCTPYKTYD 3

KipOimHMMM BKpaIlJIeHHSIMM — CBIiT/Ii TiISTHKMA.
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PucyHOK 2 — ONITUYHI MiKPOCTPYKTYpU
a — 6opHMi1 yaByH [13]; 6 — yaBYyH 3 BUcOKUM BMicToMm Cr [13];
B — eBTeKTUYHUIT YaBYH 3 38% kapbinis, 1000X [14]; r — HesleroBaHe 3ai30 [15];
I, — IIBUAKOpi3aabHa cTaib S 6-5-2 [16], e — ctanp X1201 [17]

Iast umubpoBoi 06pobKM 300pakeHb METAJOCTPYKTYP 3 KipOigHMMM BKpaIeH-
HSIMM OYJI0 3aCTOCOBAHO HACTYITHY ITOC/TiIOBHICTh (PUCYHOK 3) ITepeTBOPEHHS BUXi-
IHOTO 300pa’keHHs N0 6iHapi30BaHOTO 3 METOI0 BM3HAUYEHHS MITHOK 300pakeHHS,
SIKi BiIIIOBima0Th Kapbimam.
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Pucynoxk 3 - ITocaigoBHicTh 1MppoBoi 06po6KM HMPPOBOi 06POOKM 300paskeHb Me-

TJIOCTPYKTYP 3 KipOiIHMMM BKparieHHSIMU

B Tabnuili 1 mpencTaBieHi pe3yabTaTy 0OpOOKM 300paskeHHsI 00pPHOI0 YaBYHY,
TpeCcTaBleHoro B poboTi A.M. Jlasibckoro «TexHOoTisl KOHCTPYKIIHUX MaTepia-
niB» [13]. JIjst 1iboro 306paskeHHs] MpUTaMaHHa KOTPACTHICTB, 10 TO3BOJMIIO 3 JI0-

CUTb BMCOKMM CTyIIeHEM SIKOCTi BUIIINTY DparMeHTH, SIKi BiATIOBimal0Th KapOimam.
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PesynbTaT BUIiIEHHS IiJITHOK 300pakeHHST (PUMCYHOK 2, a),

110 BiZIOBiIal0Th KapOimam

Tab6muisa 1

300paskeHHS

l'icrorpama

HamiBToHOBE 300paskeHHS

KonTpacTyBaHH4

ApanTuBHE KOHTPACTY-
BaHHS

[Toporosa 6iHapisaris
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3acTocyeMo 3amporiOHOBaHY MPoIeaypy 006poOKyu 300paskeHb 10 MaKpPOCTPYK-
Typu ctaji X121 (pucyHOK 2, e). Pe3yabTaT 00p0OKM IIbOTO 300paskeHHS IpeiCTaB-
neHuit B Tabauti 2.
Tabauus 2
Pe3ynbTaT BUIiIEHHS IIJITHOK 300paskeHHs (PUCYHOK 2, €),
110 BiIIIOBiga0Th Kapbimam

306paskeHHS licTorpama

BuxigHe X00paskeHHSI

HamniBTOHOBE 300paskeHHs

KoHTpacTyBaHHS
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A,H&HTI/IBHG KOHTpPACTyBaHHA

IToporoBa 6iHapi3sairis

AHnani3 pesynbTaTiB 06p0o6KM 300paskeHHS (PUCYHOK 2, €) I03BOJNUB BUSIBUTU
IUITHKY 3 KapOMIHMMM BKIIOUEHHSIMM, TIPOTE 0 IIMX AiISTHOK MOoAaHi apTedakTy,
110 He € Kapb6imamu. BanmaHcyBaHHS Toporom 6iHapu3aillii B IbOMY BUIIAJIKy He MTPU-
3BOJUTD 0 MOKpaIleHHS BUIiIEHHSI Mepexki KapOiTHMX BKIIOUeHb Y 3B’SI3KY 3 Bif-
CYTHiCTIO KOHTPACTHOCTi Ha JaHOMY 300pakeHHi. ['icTorpaMu JeMOHCTPYIOTb HasIB-
HiCTh iHpOpPMAIliifHXX 03HAK B IIMPOKOMY CITEKTPi CipuX KOJIbOPiB, TOMY JJISI TAKOTO
KJ1acy 300paskeHb MOTPiOHO pO3pOOJISITH Oi/IBIN CKIAAHI TEXHOJIOTii 00p0oOKM 300pa-
>KeHb.

BucHoBKM. B xomi mpoBemeHHS MOC/iIKeHHSI 0COOMMBOCTElN LIMPPOBUX 30-
Opa’keHb METAJIOCTPYKTYP MEeTAaIiB i CIUIaBiB, sIKi MicTSITh Kap6igu 6yio:

1) 3anponoHoBaHo iH(opMalliiiHy Mojie/ib 00pOOKM MEeTaTIOCTPYKTYP, 1[0 MicC-
TSITh KapOigHi BKIIOUEHHS;

2) 3aIIpoIIOHOBaHy iHdOpMalliiiHy MOJe/lb 3aCTOCOBAaHO 0 HuGpoBUX 300pa-
>KeHb METaJ0CTPYKTYP;

3) BCTAaHOBJIEHO, IO AesIKi 300pasKeHHSI METAJIOCTPYKTYP BiAPi3HAIOTHCS HU3b-
KOI0 KOHTPACTHICTIO, 1[0 TIPU3BOAUTH 10 BUIiIEHHS OKPiM MUJITHOK i3 KapOigHUMM

BK/IIOUeHHSIMM (POHOBUX apTedaKTiB;
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4) 3aMpOMOHOBAHO PO3PO0JIEHHS KOMIUIEKCHMX MaTeMaTUUYHUX MEeTOIIB [IJIs
BUJIiJIEHHST KapOigHMX BKIIOYEHb HA 300pakeHHSIX METATIOCTPYKTYP, 10 XapaKTepu-
3YIOThCSI HU3bKOIO KOHTPACTHICTIO.
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Features of metal structures digital images containing carbides investigation

The analysis of microsections requires the involvement of highly qualified experts in the
field of materials science, which, in turn, does not exclude the influence of the "human factor".
On the other hand, the issues of increasing the objectivity of identifying the properties of metals
and alloys require the use of modern data processing methods, for example, artificial intelligence
in solving problems of classification and identification of macro and micro structures.The paper
presents an overview of studying macro and micro structures containing carbides process,
determining the specific features inherent in these images, and proposing an information model
for their processing.

The article is devoted to the development of an information model intended for the
analysis of metal structures digital images with carbide inclusions. The analysis of literary
sources is carried out, it is established that the study of metal structures is an important tool for
assessing qualitative characteristics. The presence of carbides in the metal structure has a
significant impact on its quality. A review of the methodology for studying the structure of a
metal is given, and the importance of metal structures image processing stage is determined. The
main methods for obtaining digital images of the alloy structure are described. Samples of metal
structures with carbides are presented. A procedure for digital processing of metal structures
images with kibide inclusions is proposed, which consists of image conversion to grayscale,
contrasting, and threshold binarization.

An analysis of the results of metal structures processing images made it possible to
identify areas with carbide inclusions, however, additional artifacts that were not carbides were
found in some images. Balancing by the binarization threshold in this case does not improve the
detection of carbide inclusions network due to the lack of contrast. Histograms demonstrate the
presence of information features in a wide range of gray colors, so for this class of images, more
sophisticated image processing technologies need to be developed.

In the course of digital images features study of metals and alloys metal structures
containing carbides, it was: an information model for processing metal structures containing
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carbide inclusions is proposed; the proposed information model is applied to digital images of
metal structures; it was found that some images of metal structures are characterized by low
contrast, which leads to the selection of background artifacts, except for areas with carbide
inclusions; the development of complex mathematical methods for the detection of carbide
inclusions in images of metal structures characterized by low contrast is proposed. Thus, the
article shows the results of carbide inclusions of the using the digital image processing
procedure. The advantages and disadvantages of the approach are shown, the directions for its
improvement are determined.

3axapoB OsnekcaHap OsekcaHApOBMY — acmipaHT, HaljioHasibHa MeTasypriiHa
akagemisi YKpaiHm.

CeniBbopcToBa TersiHa BiTaniiBHa — KaHAMIAT TEXHIYHUX HAyK, JOIIEHT, Kadempa
iHbopMmalliiiHuX TexHOoJoriii Ta cucrteM, HallioHanbHa MeTanypriiiHa akajaemist
VKpaiHu.

CeniBbopcToB Bagum IOpiiioBuu - MOKTOp TeXHIUHMX Hayk, rpodecop, Kadeapa
JMBapHOro BUpOOHMIITBA, HallioHa/ibHA MeTaTyprifiHa akajgeMist YKpaiHu.

BanakiH Banepiii ®enopoBuu - IOKTOp TEeXHIYHMX HaAyK, Mpodecop, 3aBigyBay
Kadenpu Teopii, TeXHOJIOTii Ta aBTOMaTM3allii MeTaaypriitHUX IpolieciB, HalioHa-
JbHA MeTalypriiiHa akagemiss YKpaiHu.

Kamkina JlrogMmuia BosogumupiBHa — JOKTOP TEXHIUYHMX HaAyK, Ipodecop, TeKaH
dakynbTeTy MeTalypriiiHMX IIpolleciB Ta XiMiUHMX TexHOJoriii, HalioHanbHa

MeTanypriiHa akagemiss YKpaiHu.
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