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AHomayis. Cmamms npucssyeHa po3pobuyi iHpopmayiliHoi modeni npusHayeHoi 0714 aHanisy
yugpposux 306paxeHb Memanocmpykmyp 3 Kapb6ioHumu skpanaeHHaMu. [lposedeHull aHani3 ni-
mepamypHuUx OxepeJsi, BMCHOBAGHO, W0 OO0C/NIOXeHHS MemaaoCcmpyKmyp € aKmyasabHUM TH-
CMpyMeHmMoM OUIHKU SKICHUX Xapakmepucmuk. HassHicms kap6idis 8 cmpykmypi memany Mae
3HaYHUU B8nauB Ha (io2o AKkicmb. HasedeHull 02190 MemoOOUKU BUBYEHHI CMpPyKmypu memany,
BU3HAYEHO BAX/UBICMb emany 06pobKu 306paxeHHs memanocmpykmyp. OnucaHi 0CHOBHI cno-
cobu ompumaHHaA yugposux 306paxeHs cmpykmypu memany. [IpedcmasneHi 3pasxku memanoc-
mpykmyp, 3 kap6idamu. 3anponoHos8aHo npoyedypy yugposoi 0bpobru 306paxeHb memanocm-
PYKmMyp 3 KipbiOHUMU BKPANJIGHHAMU, KA CKNAOQEMbCS 3 nepeBe0eHHs 300paXeHHS 8 HaNiBMO-
HOBe, KOHMpPAcMyBaHHs Ma nopo2osoi 6GiHapizayii. [lpoOeMOHCMpPOBAHT pe3ysbmamu BU3HA-
YeHHs KapbIOHUX BKpanjeHs 13 3aCMoCcys8aHHaM npoyedypu yugposoi o6pobku 306paxeHs. [lo-
Ka3aH1 nepesazu ma HedoNiKu nioxody, BU3HAYEHT HaNPAMKU BOOCKOHA/IGHHS.

Kntoyosi cnosa: Memanocmpykmypa, kap6iou, 306paxeHHs, yugposa obpobka, HanismoHose
300paxkeHHs, KOHMPAcMyBaHHA, A0aNMuUBHe KOHMPACMyBAHHSA, 6IHapi3ayis, 2icmozpama.

BcTtym. B TenepiniHiii yac eKoHOMiKa YKpaiHM BUMara€e BOAHOYAC 3HMKEHHS
cobiBapTOCTi Ta BiAIOBIAHOCTI eKCIUTyaTalliifHUX XapaKTepUCTUK BUPOOIB MaIIMHO
OymiBHUIITBA, TOMY Ha BCiX eTarax BUTOTOBJEHHS MeTaJeBUX JleTaneil HeooximHmit
KOHTPOJIb SIKOCTi MpOAyKILii. [Ij11 OTpMMaHHSI MOBHOI KapTUHMU IIPO CTaH MeTajy Ta
JOTO SIKOCTi Ha Makpo i MiKpO PiBHSIX BUKOPUCTOBYIOTh B TOMY UMCJIi aHaJIi3 MiKpoO-
nutidiB metany. Iligxim 3B’si3aHMi1 i3 aHaMi30M MiKponutihiB moTpebye 3amydyeHHS
BMCOKOKBaJTi(hiKOBaHMX €KCIEPTiB B rajy3i MaTepialo3HaBCTBA, 10 Y CBOIO Yepry He
BUKJIIOUA€E BIUIMBY «TIOACBKOTO (pakTOpy». 3 iHIIOrOo OOKY, MUTAHHS IMiABUIIEHHS
00’eKTMBHOCTI imeHTMiKaIii BJaCTMBOCTEN METaIiB i CIIJIaBiB BMMAaraioTh 3a/JIy4eH-
HSI Cy4YaCHMX METOiB 00pOOKM MaHMX, HATIPUK/IA[ IITYYHOTO iHTeJeKTy Ipu BUPi-
IIeHHi 3aaay4 Kiacudikailii Ta imeHTudikaiii Makpo Ta MiKpo CTPYKTYp.
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B poboTi rmpeacraBieHnit OIS, IIPoIecy JOCTiIKeHHSI MaKpo Ta MiKpO CTPYK-
TYp, IO MIiCTSITh KapOiay, Bu3HAUeHHi crenydiuHi 0co6aMBOCTI, IO MpUTaMaHHi
IaHUM 300paskeHHsIM, 3alIpOIIOHOBAHO iHQOpMalliiiHy Moiesb iX 00poOKM.

Ananis crany muraHHsa. O6'eKTaMM MiKpPOCTPYKTYPHUX HOC/iIKeHb CTAIOTh
MeTanorpadivHi nutidu — BHYTPIillIHI epepi3u MeTasly, BiAIIoaipoBaHi Ta IMPOTPYEHi
pi3HMMM MeTOJaMM, a OCHOBHMII 3aBIaHHSIM MeTasiorpadii € — BUsIBJIeHHS Ta pe-
€CTpallist HaiApiOHIMMX JeTaseii peabedy, 0 BUHMKAIOTH yepe3 CTPYKTYPHi Heo -
HOpPiAHOCTI B MeTasi [1]. PO3noBCIOAKEeHUM iHCTPYMEHTOM [Jj11 OTPUMaHHS 3HIMKIB
MEeTaJIOCTPYKTYP Y HAYKOBUX, HABYAJIbHMX, 3aBOJICHKMX Ta eKCIIePTHUX JIabopaTopi-
SIX € CBITJIOBA Ta €JIEKTPOHHA MiKPOCKOITisl. MiKpOCTPYKTYPHi AOCTII>KEHHSI MeTOAa-
MM CBIiTJIOBOI MiKPOCKOITii XapakTepusyoThcs 30inpmenHsam 10...2000 pasiB 3a mo-
ITIOMOTOI0 CBIiTJIOONITUYHUX MPWIAAiB Pi3HMUX TUITIB. MOXKIMBOCTI IIbOTO METOIY 00-
MesKeHi TpaHMYHUM JI03BOJIOM (TOOTO, MiHiMa/IbHOIO BifICTAHHIO MiXX IBOMa TOYKa-
MM, II0 pO3pi3HSIEThC) 6/m3bKo 0,2 MKM. lle mOB'SI3aHO 3 XBMJIbOBOIO IPUPOIOI0
BUIMMOTO CBITJIOBOT'O BMIIPOMiHIOBaHHS: yepe3 IudpakililiHi siBuIla geTali CTPyK-
TYpH, 10 MalOTh PO3MipyM MeHIIle TOBXMHM CBiT/IoBOi xBwiIi (500 HM), CTalOTh HEBU-
pasHuMu. PacTpoBa eeKTpOHHA MiKPOCKOIIiSI O3BOJISIE MiABUIIUTY 301/IbIIIEHHS 10
30000 pasiB, a po3ginbHy 3maTHICTD A0 5,0 HM. [TlepeBaroi MeTomy € BiHOCHA ITPOC-
TOTa MiATOTOBKM 3pa3KiB, a TAKOX MOXJIMBICTb MTOETHAHHS 3 JIOKAIbHUM PEHTTEHiB-
CbKMM Ta €HeproaucrnepciiHuM aHamizom. Jlesiki paCTpOBi MiKpOCKOIIM MalOTh CIie-
1iaJIbHi IPUCTPOI IJII OTPUMAaHHS KapTUH KaHaJTyBaHHS BigOUTUX eJeKTPOHIB, 10
IO3BOJISIE BU3HAUATY OPi€HTAIIiI0 KPUCTATIYHOI PeNIiTKM OKpeMuX 3epeH abo yacTu-
HOK iHIMX (as.

[TpucTpiit MmeTanorpagiyHOro MiKpocCKoma CKJIaZa€ThCsl 3 BOX CUCTEM — OKY-
Jsipa Ta 06'€eKTUBA, SIKi ITpeACTaB/leHi TPbOMa CUCTEMaMM: OCBIT/IIOBAIbHOIO, MeXa-
HIiYHOIO Ta ONTUYHOIO, KOXKHA 3 SIKMX MOXXe BIIMBATU Ha SKiCTh BUXiZHOro 300pa-
KEeHHS i K HACTiIOK CIIOTBOPUTHU OI[iIHKY CTPYKTYPHUX OCOOIMBOCTEN MpecTaBe-
HIX Ha IMPOBOMY 300pakeHHi MeTaIoCTPYKTYPH.

BuBYEHHS CTPYKTYypU MeTaly BK/IIOYA€ JIAHIIOKOK TMOCIiTOBHUX OIepaliiii, oc-

HOBHI 3 IKMX [IpeCTaBJIeHi Ha PUCYHKY 1.
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PucyHok 1 - [TocnioBHICTD Omepallii mpy BUBYEHHI CTPYKTYPU MeTaly

O6po6IIi 300paskeHHsT TIepeiye BaXKIMBUI eTall OTpUMaHHS Hu@poBoro 306pa-
SKEHHSI, Ha SIKOMY MOXYTbh BiIOYTMCS CIIOTBOPEHHS Bi3yaJIbHOI SIKOCTi 300paskeHHS
nop’si3aHHi B ToMy uncii 3: OECF (omToeneKTpoHHA (PYHKIIiSI TIepeTBOPEHHS), pO3-
MipoM 300paskeHHs Ta PO3AiTbHOI 30ATHICTIO, ITYMOM (BiZHOIIEHHS CUTHAJI/IIYM),
KOHTPACTHICTIO 300pakeHHsI (KoedillieHT KOHTPACTHOCTI), Pi3KiCTIO 300pa’keHHS],
cipumu piBHSIMM, piBHEM YOPHOTO, TaMMa KajliopyBaHHSIM, HaCMUeHicTIo Oisoro (6a-
JIAHCOM), Yac Bifr'yKy, KOJIbOPOBMMU BJIACTUBOCTSIMU, KyTOM OIJISIAY [2 — 6].

MeTta po6oTu. IIpoBemeHHsT IOCTimKeHHS OcobimBocTeii 1MdpoBux 306pa-
’KeHb METaJIOCTPYKTYp MeTasliB i CIuIaBiB, sIKi MicTATh Kapb6inu. BusiBieHHst pakro-
piB, 110 BIIMBAIOTh HA MOXK/IMBICTh aBTOMATMYHOTO BUJIiJIEHHST (parMeHTiB 306pa-
SKeHHSI, 10 BiINOBiZal0Th KapOiJHMM BKIIOUEHHSIM.

OcHoBHMIT MaTepian. Bitomo, 1mo nmdposi 306pakeHHSI MiKPOCTPYKTYpU Ma-
TepiaiiB, 30KpeMa MeTaJIiB i CIIaBiB, CKIAMA€ThCS 3 KiHIIEBOTO YMCJIa €JIEMEHTIB —
mikcenmiB. Y 3B’S13Ky 3 LIMM, OCHOBHUM 3aBAaHHSIM LM(PPoBOi 06po6KYM 306paskeHHSs
MeTasorpadiuHoi MiKpoCcTpyKTypu € (PoHOBA KOPEKILisl Ta BUIiIEHHSI TeOMEeTPUUHUX
006'eKTiB [IJI TIOJIA/IBIIIOTO PO3PAXYHKY Ta MOC/iIKEHHS, 8 TAKOX IMOKPAIeHHS SIKOC-
Ti 300paskeHb Ta YCYHEHHS Pi3HMX ITYMOBUX CKIamoBux. Cilim 3a3HAYMTH, 1O BUII-
JIEHHSI TeOMEeTPUYHUX 0C0bMMBOCTeN IMBPOBUX 300paskeHb METANIOCTPYKTYP € BasK-
JIMBOIO 3a7jauelo MOB’SI3aHOI0 3 imeHTudiKaIlier0 MexaHiYHMUX Ta Pi3MUHUX BIACTUBO-
CTell MeTaliB i CIIaBiB [7].

Sk Bimomo, KapbimHa HEOZHOPOAHICTh € HedeKTOM MiKpOCTPYKTypM CTaJli,
MIPUUMHOIO MOSIBU SIKO1 HEpiBHOMipHe PO3MOiJieHHS ITePBMHHMX i BTOPUMHHUX Kap-

6imiB y MeTasti. Y ByIJIelleBMX Ta JIETOBAHMX CTaJISIX BYTJ/IEIlb MOXKe BUIIISATUCS Y BU-
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Al MetacTabiapHux ¢as — KapO6ifiB, 1[0 MOKYTh YTBOPUTY KapOigHy CiTKy (pucy-
HOK 2). V 3B’SI3Ky 3 HEOJHOPiIHICTIO KOHIeHTpallii Kapb6ifiB B 06’emi MaTepiany,
MOXe BMHMKHYTM 3HIKEHHS MIIJHOCTI Ta B’SI3KOCTi BCbOro Marepiaay B
uiomy [8 — 10]. O1iHKy Kap6igHOi HEOJHOPIMHOCTI MTPOBOASITH Y BiIMOBIAHOCTI 10
I'OCT 19265-73 pns mBuakopiskyuix craneit, TOCT 801-78 gjst migIIMITHUMKOBOI CTa-
ni, TOCT 8233-56 gy craini, TOCT 5950-2000 a1 iHCTpyMeHTa/IbHOI JIerOBaHOi CTa-
ni [11]. 3pa3ku niggaoTh nutibyBaHHIO, TTOMiPYBaHHIO Ta TpaB/ieHHIO, Aajli Ha MeTa-
norpadiyHOMy MiKpocCKoIIi rmpu 36imbiieHHi X100 MPoBOASITH OIiHKY KapOigHOI He-
OOHOPIAHOCTI 3a mormomorolo Iikaau, HaBegeHol B 'OCT Ha BigmoBigHy cTanb. Ha
migcTaBi omiHKM 6any KapOigHOI HeOTHOPIMHOCTI POOUTHCS BUCHOBOK IIPO SIKiCTh
JOCTiI)KyBaHOTO 3pa3ka [12].

Ha pucyHKy 2 TnipeacTaBiieHi puKIaau ubpoBux 300paxkeHb MiKpOCTPYKTYP 3
KipOimHMMM BKpaIJIEeHHSIMM — CBiTJIi DiJISTHKMA.
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100pm

PucyHOK 2 — ONITUYHI MiKPOCTPYKTYpHU
a — 60opHMit yaByH [13]; 6 — yaByH 3 BucokumM BmicTom Cr [13];
B — eBTEeKTUYHMI1 YaByH 3 38% Kapbinis, 1000X [14]; r — HesmeroBaHe 3ai30 [15];
I — MIBUAKOpi3a/sibHA CTalb S 6-5-2 [16], e — cTanb X121 [17]

s uudpoBoi 06pobKM 300paskeHb METAJIOCTPYKTYP 3 KipOimHMMM BKpaIlJIeH-
HSIMM OYJI0 3aCTOCOBAHO HACTYITHY ITOC/TiTOBHICTh (PUCYHOK 3) ITIepeTBOPEHHS BUXi-
JHOTO 300paskeHHsT 40 6GiHapi30BaHOIO 3 METOK BM3HAUEHHS HiJSTHOK 300paskeHHs,
SIKi BiITIOBigaroTh Kapbimam.

P L
KoHTpacTyBaHHA
i
Hanisvonope ricTorpami

FOBpAReH s o
3

Undpore
0paseHHA

Moporosa

Gimapixain

METAADCTPVETYRH
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+
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PucyHnok 3 — ITocmigoBHicTh 1IMdpoBoi 060po6KM 11ppOoBOi 06p0OKM 300paskeHb Me-

TJIOCTPYKTYP 3 KipOimHMMM BKpaIlJIeHHSIMMA

B Tabmuui 1 mpeacraBiieHi pe3ynbTaTy 06p0oOKM 300paskeHHSI 60PHOTO YaBYHY,
TIpeicTaB/JIeHoro B poboTi A.M. lanbckoro «TeXHOJIorisi KOHCTPYKILIHMX MaTepia-
niB» [13]. Ins 1poro 3006pakeHHsI IPUTaMaHHAa KOTPACTHICTb, IO JO3BOIWIO 3 J0-
CUTh BUCOKMM CTYIIEHEM SIKOCTi BUIINTH (pparMeHTH, SIKi BigIIOBigaroTh Kapoimam.
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Pe3ynbTaT BUIIEHHS Ii/ITHOK 300paskeHHsT (PUCYHOK 2, a),

110 BiZIMOBiga0Th Kapbimam

Tabmuus 1

300paskeHHS

l'icrorpama

HamniBTOHOBE 306 paskeHHs

KoHTpacTyBaHHS

AJanTyBHE KOHTPACTY-
BaHHS

IToporosa 6iHapi3artiis
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3acTocyeMo 3aMporOHOBaHY MpPOIeAypy 06po6KY 300paskeHb O MaKpPOCTPYK-
Typu ctasti X121 (pucyHoK 2, e). Pe3ynbTaT 06po6KM 1[bOTO 300paskeHHSI TTpeiCTaB-
JIeHUt B Ta6au1i 2.
Tabnuis 2
PesynbTaT BUIiNIeHHS OiISTHOK 300paskeHHS (PUCYHOK 2, €),
10 BiIOBigarOTh Kapbimam

306paskeHHS licTorpama

BuxigHe xo6paskeHHS

HamiBTOHOBE 306paskeHHS

KoHTpacTtyBaHHs
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ApanTuBHe KOHTpPACTyBaHHA

IToporoBa 6iHapi3atiis

AHasi3 pe3ynbTaTiB 00pOOKM 300pakeHHST (PUCYHOK 2, €) A03BOJIMB BUSBUTHU
TOiSTHKM 3 KapOUIHMMM BKIIOUEHHSIMM, ITPOTe 10 IUX OUITHOK AoAaHi apTedakTu,
10 He € kapbimamu. bamaHcyBaHHST moporom GiHapmsailii B IbOMY BUITAAKY He TIPH-
3BOANTD A0 TMOKpPAIIeHHsS BUIIIEHHSI MepexXi KapOiJHUX BK/IIOUEHb Y 3B’SI3KY 3 Bifl-
CYTHICTIO KOHTPACTHOCTi Ha JaHOMY 300paskeHHi. 'icTorpamMmu IeMOHCTPYIOTh HasIB-
HicTb iHpOpMaliliHMX 03HAK B IIMPOKOMY CIIEKTPi CipuX KOJIbOPiB, TOMY JIJISI TAKOTO
KJIacy 300pakeHb MOTPiOHO PO3pOO6ISITY GiNbIll CKIAMHI TEXHOJIOTii 06pobKM 300pa-
KeHb.

BucHoBKM. B xofi mpoBemeHHSI HOCTIIKEHHS 0COOJMBOCTeN HuUppPOBUX 30-
Opa’keHb METAJIOCTPYKTYP METAaJIiB i CIIaBiB, sIKi MicTSITh Kapbiay 6yJ1o:

1) 3armponoHoBaHO iHpoOpMaIliiiHy Moaeab 00pPOOKM MEeTaJIoCTPYKTYP, IO MicC-
TSITb KapOigHi BKIIOUEHHS;

2) 3aIpoIlIOHOBaHy iH(opMalliiiHy Mozaesb 3aCTOCOBAaHO M0 HMU(POBMUX 300pa-
>KeHb MeTaloCTPYKTYP;

3) BCTAHOBJIEHO, 110 JIesKi 300paskeHHSI MeTaJIOCTPYKTYP Bilpi3HSIOTHCS HU3b-
KOI0 KOHTPACTHICTIO, 110 MPU3BOANUTD A0 BUIIJIEHHS OKPIiM HiJSTHOK i3 KapoimHummu

BKJIIOUeHHSIMM (OHOBUX apTedaKTiB;
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4) 3aIPOTIOHOBAHO PO3POOJIEHHS KOMILJIEKCHUX MaTeMaTUYHUX MEeTOHIiB MJist
BUiIeHHST KapOiTHMX BKIIOUEHb Ha 300paskeHHSIX METAJIOCTPYKTYP, IO XapaKTepu-
3YIOTbCSI 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 1s 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 Omnekcanap OJekcaHApOBMY — aclipaHT, HallioHajibHA MeTanypriiiHa
akagemisi YKpaiHu.

CeniBropcroBa TersiHa BiTanmiiBHa — KaHAMIAT TeXHIYHUX HAyK, MOLIEHT, Kadeapa
iHpopMalliifHMX TeXHOJIOTiii Ta cucTeMm, HallioHanmbHa MeTanyprifiHa akagemis
VKpaiHmu.

CeniBbopcToB Bagum IOpiiioBuMu - mOKTOp TeXHiYHMX Hayk, Ipodecop, kadeapa
JIMBApHOTro BUPOOHMIITBA, HallioHa/bHa MeTanypriiiHa akageMist YRpainm.

Banakin Banepiit ®emopoBuy — IOKTOp TEXHIYHMX Hayk, Ipodecop, 3aBimyBau
Kadenpu Teopii, TexHOJIOrii Ta aBTOMaTM3allii MeTa/lyprifiHux rnpoiecis, Haiiona-
JIbHa MeTalyprifiHa akageMis YKpaiHu.

Kamkina Jliogmwmwia BosogumMmupiBHa — JOKTOp TEXHIUHMX HayK, IMpodecop, nekaH
dakynbTeTy MeTanypriifHMX TMpolleciB Ta XiMiYHMX TexHoJjoriii, HaiioHanbHa

MeTaJlypriiiHa akagemisi YKpaiHu.
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