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KOMIT'IOTEPHUI1 AHAJII3 MOP®OJIOT'Ti BIIOPSIAKOBAHOI'O
PEJIbE€®Y ITOBEPXHI CTAJII 15X13M®
HICJIA IMITYJIbCHOI'O OBPOBJIEHHSA JIASEPOM

I1. O. MAPYILIIAK', I. B. KOHOBAJIEHKO', B. C. MOYAPCHKHH ',
A. I1. COPOYAK', B. I PABHK?

! Teproninscbkuii HaujoHansHul mexHivHul yHigepcumem im. leana Mynios;
2 ®isuko-mexanivHul iHcmumym im. I. B. Kapnenka HAH Ykpainu, JTbsie

InentudikoBaHO Ta KiIBKICHO MpoOaHai30BaHO LHGPOBi 300pakeHHsA BMNOPAAKOBAHOIO
penvedy Ha moeepxui crani 15X13M®, 06pobneHOl NOTYKHHM JIa3EPHHM iMITYJILCOM.
CtaH noBepxHi OLIHEHO MiCNA ONPOMiHEHHA B Pi3HHX cepefOBHILAX. BcraHoBieHo, wo
penved, cpopMoBaHmii Ha MOBEPXHi MOAN(IKOBAHOro MaTepiany, Mac O3HaKH XBHIIACTOL
CTPYKTYPH, JUIA AKOI BU3HAYEHO MEBHI iHTErpanbHi napaMeTpu 306pakeHHs.

Kiio4oBi cioBa: iMnynscre naseprne 06pobaeHHA, KiNbKiCHUll ananiz mop@onoezii nogepx-
Hi, napamempu peavedy.

IMoBepxHeBHii Lap MaTepiany po3riAAaoTh Ak 0co0aMBY AedopMaiiiHy nigcuc-
TEMY 3 iHTEHCMBHMMH 3CYBHUMHU Ta POTAUifiHUMHM NEPEMilLEHHAMM, AKi 3yMOBIIOIOTD
BUHHUKHEHHS Y bOMY ILIapi HeNiHiHUX XBHIBOBHX MPOLECIB 3 YTBOPEHHAM perysp-
Horo abo BriopsiakoBaHoro pensedy [1]. Came Le BBaXalOTh NepeyMOBOO MOAHDIKY-
BaHHs MOBEPXHEBHX LIAPIB MaTepiaiiB Ta HAHECEHHA Ha HUX 3aXHCHUX MOKpMBIB [ 1, 2].

HedopMaliiiHi npouecH y cucteMi OCHOBa—TIOKPHB MalOTh CKJIaJHMI Ta HEOOHO-
piaumii xapakrep. OCHOBHi 3aKOHOMipHOCTI (hOpMyBaHHA penbedy 3a “I1aX0BOro”
pO3MOAINY PO3TAryBalbHMX Ta CTUCKAJIbHHUX HamnpyxkeHb Ha MOBEPXHi LMKIIYHO Ae-
dopMoBaHOro Matepiaty npoaHanizoBaHo B npawsix [3, 4]. Binomi pesynsTaTtn po3pa-
XYHKIiB HOPMaJIbHMX Ta JOTHYHHUX HaNpy»KeHb B3JOBX IUIOLIMHH MMOBEPXHEBU Lap—
OCHOBa [5], fAki moka3anu nepioAU4HUil XapakTep po3noaity 060X HanpykeHb Ha Mexi
MOALNTY CepemOBHL 3 Pi3HMMH MOIYNAMH NpPYXHOCTI YK KoedilieHTaMH TepMiuHOro
po3wnpeHHs. Ha ocHOBI aHani3y yMOB iMITyJIbCHOrO JlazepHOro o6pobneH: s Ta Bino-
MHX METOAIB OUiHIOBaHHS penbedy NMOBEpXHEBHX ILUApiB HU3KM MaTepiaiiB 3amporno-
HOBAHI MiAXOAM ANA KiNbKICHOTO OLIHIOBaHHA MapameTpiB penbedy 3 XBUIACTMMH
CTpYKTypamu Ha MoaudikoBaHiit nosepxHi [6]. TexHonoriuna cki1aaHicTh, HEAOCTATHA
TOYHICTh i HaAiMHICTe BiIOMHUX IHCTPYMEHTAJbHMUX METOAIB BH3HAYEHHA CTaHy MO-
BEpXHi 0OMEeXyYIOTh IX NpakTHYHe BUKOpUCTaHH [7].

KinbkicHe olliHIOBaHHS NapaMeTpiB BIOPSAKOBAaHOro penbedy Ha NMOBEPXHi AacTh
3MOry He Juile nepeabayat Micue i MOMEHT BUHHKHEHHS TPILUMHH, ane i BUABIATH
¢isnuni nepenyMoBH i 3apomxeHHs. Ha erani po3po6nenHs texHonorii MoandikyBaH-
Hf MOBEPXHi MaTepiany Take MPOTrHO3YBaHHA CYTTEBO 3MEHLIY€E BapTiCTh HATYPHUX BH-
npo6 i CKOpoYye iX TpUBANiCTb, a Ml Yac eKcIyarauii — NiABMLIy€ HAXiHHICTh KOHCT-
PYKTHBHHX ejieMeHTiB [8]. BaxMBO Takox 3’sCyBaTH 3aKOHOMipPHOCTI BIUIMBY iHTE€H-
CHBHOCTI JJa3epHOro iMMynbCHOro 0OpobNeHHs Ha XapaKTepHUCTHKH CHOPMOBAHOroO Ha
MOBEpPXHi CTalli BIOpsaaAKoBaHoOro penbedy [9].

Meta po6oTH — OUIHUTH iHTerpajbHi mMapameTpu penbedy MOBEPXHi cTai
I5X13M® nicna ii iMmynbcHoro oOpoOneHHs a3zepoM Ha OCHOBi KOMIT HOTEPHOrO
aHani3zy uu¢poBuX 300pakeHb.

Koxmakmta ocoba: M. O. MAPYLLAK, e-mail: Maruschak.tu.edu@gmail.com
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MeToauka nocjaimxeHb. [ToBepxHio Mmiuockux 3paskiB (10x5x3 mm) 3i crani
15X 13M® 06pobnsnu Ha NOBITpi, y BoAi Ta yopHuni nazepom FOC-1001 3 LiF 3aTso-
POM B iMIyJLCHOMY PeXHMi MOAYJIbOBaHOI HOOPOTHOCTI 3 KOPOTKUM iMITy/IbCOM BH-
NpPOMiHIOBaHHA (3a3BMyaii CTAHOBUTb AECATKM HaHOCeKkyHn). Jliana3oH 3MiHM TyCTHHH
MOTOKY BHMIPOMiHIOBAHHS 5-10%...2:10° W/sm%, a miamerp 30HM 0GpoGneHHs 3 mm.
[Ipo3ope KOHIEHCOBaHe CepefoBHIIE OOMEXHIO PO3LIMPEHHS MIa3MM i MiABULLMIO
amniitysy iMnynscy tacky P = 2 GPa [10]. Penbed) nosepxonb 06poGneHux 3paskis
JochimKyBanu i Gikcysanu Ha iHTepdepeHLUiliHOMY npodinomerpi “Mikpon-anbha”.

Ludposi 306pakeHHs penbedy NMOBEPXHi 3pa3KiB MiCNA Na3epHOro iMMyabCHONO
06po6ieHHs Ta ix GiHapu30BaHi 300pakeHHs HaBe/IeHi Ha puc. 1.

oviiwdo 2 i lev:

Puc. 1. Buxiati (a—) Ta 6iHapu30oBaHi (d—f) 306pakeHHsA BMNOPAAKOBAHHX CTPYKTYp
Ha nosepxHi crani 15X13M® nicna nasepHoro iMmyJbCHOro 06pobaeHHs
Ha noBiTpi (a, d), y Boxi (b, e) i opHui (c, f).

Fig. 1. Original (a—) and binarized (d—f) images of the ordered structures on the surface
of 15X 13M steel after laser pulse treatment in air (a, d), in water (b, e) and in ink (c, f).

®i3zuKo-MeXaHiYHI MepeAyMOBH 1iarHOCTYBaHHSl CTaHy MoBepxHi. MeTtoauka
nociimkens Mopdosorii moBepxHi MaTepiany rpyHTY€ETbCS Ha Mmiaxonax ¢i3nyHol Me-
30MEXaHiK{, € MMOBEPXHs € CKJIaJAHOOPraHi30BaHOK CUCTEMOIO CKIaAHMKIB, BUIije-
HHX Ha pi3HuX MacwtabHux piBHsx [1]. [Tin mopdonorieto penbedy noBepxHi posymi-
nu 1i 6yaoBy Ta mapamerpu penbedy. CTaH MOBepXHi aHani3yBald Ha KiJIbKOX Mac-
wtabHuX piBHAX. 30KpeMa, Ha MiKpOpiBHi penbed Ha NMoBepxHi MaTepiany ¢popMyeTbes
BHACJIIOK 3apOJDKEHHS, pYXY, aHirinauil quciokauii Toumo, Ha Me30opiBHi — BHACJTi0K
KOOIEepaTUBHUX MPOLIECIB MIACTUYHOro AeOpMyBaHHsA Ta CaMOOpraHisallil, a Ha Mak-
popiBHi — BHac/iJOK Jlokani3auii AedopMmaLii Ha MaKpPOCKONiYHOMY PiBHi, CyMipHOMY 3
po3mipamu camoro 06’ekra [1, 9]. IHpopmaTUBHI 03HaKH penbedy MOBepXHi JoCIimKe-
HUX 3pa3KiB y3aranbHeHo y Tabu. 1.

ses o

Aaroput™ igenTndikauii inpopmaTHBHHX 03HaK peabedy nmoBepxHi. 3anpo-
MOHOBAaHO aJTOPUTM KOMIT'IOTEPHOIO BH3HAUYEHHA MapaMeTpiB peibedy MOBEPXHi.
CraH noBepxHi OLiHIOBaIM LUIAXOM aHani3y il uugpoBux 306paxkeHp MiCJA a3epHOro
iMnysbcHOro 06po6ieHHs. ANrOpUTMOM pO3Mi3HAaBaHHA iHGOPMATHBHUX €NIEMEHTIB
penbedy Ha uudpoBoMy 300paxkeHHI NOBEPXHi 3pa3ka nependadeHo onepauii ¢inbTpy-
BaHH1A, OiHapu3auiil Ta BUAINEHHA iHPOPMATMBHUX O3HaK AJIA BU3HAYEHHA NapaMeTpis
noBepxHi [11]. BuxigHi konbopoBi 306paxkeHHs (puc. 1a—c) nepersoproBanu y “cipi” 3
¢yHKkui€ro AckpaBocTi J 32 NPUHLMIOM, NPUHHATUM Yy cTaHaapTi Tenebayenns NTSC [12].

JU1 KOXHOT TOYKH 300paKEHHA pO3paxoBYBaIH abCOMOTHE 3HAYEHHS MOPU30OHTANIb-
HOTO Ta BEPTHKANILHOIO rpajlieHTiB ACKPAaBOCTi 3 BAKOPUCTaHHAM oneparopa Cobena:

VG =T, G =T, M)

Oi
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Ie i, j — BianoBiaHo iHgekcu croBnumkiB (J€[1...n]) Ta pagki (je[1...m]) Ha 306pa-
XEHHI 3 ACKPaBICTIO /.

Ta6auus 1. CxemaTH4YHe NoAaHHA peibedy MOBEPXHi JocaidkKeHHX 3pa3KiB
Ha Pi3HUX MaclITaOHHX PiBHAX Ta iioro iHpopMaTHBHI 03HAKH

Penbed mosepxHi

CxeMaTH4He NMONAHHA MaciutabHuit pises | IHpopMaTHBHI 03HaKK

Makpopisers I'paaieHT KONIBOPY

LRI OBEPXHi
P el
Y2202, 9224
,/\/\/\/\ IMpocroposa cTpykTypa
DAV aVvel . eJ1bE BMITLAAI
. P MesopiBeHb penbegy y ..
AoNNY BMOPAAKOBAaHOT CUCTEMH
Loy BHMCTYMIB Ta 3alaauH
VcepenHeHuii napamerp
MikpopiBeHb €JIEMEHTapHOI O3HaKH
pensedy

Jlns 3arajibHOT OLIHKY CTaHy AOCHiDKYBaHO! MOBEPXHi BUKOPHCTAIIH cepeliHi 3Ha-
YeHHs FOPU30HTAILHOIO Ta BEPTUKAIBHOIO IPAJi€HTIB ACKPABOCTI 300paXKeHH:

L TS s LI ¥
Gy =V, =— [ [VI,G, )didj, G, =VI,=— | [VI,(i, )didj . )
mnOO mnoo

Lli rpamieHTH HalOTh 3MOry OLHUTH MEPEBAKHUI HanmpsM GopMyBaHHS XBHUJISAC-
THX CTPYKTYp Ha JOCTIiKyBaHi# MoBepxHi Ta cTymiHb iX HeomHopigHocTi [10]. Huxye
cepeliHE 3HAYECHHSA rpaJlicHTa CBiUUTH NP0 HE3HAYHY 3MiHY iHTEHCUBHOCTI B3A0BX 00-
paHoi JIiHii Ha 3006paskeHHi. [IpakTH4HO L€ 03Hayae, IO B NEBHOMY HaNpsAMi CTPYKTypa
penbedy noBepxHi € ogHopiaHiworo [13]. Lleit HanpsM Bka3zye Ha BiCb KOOpIAWHAT, sKa
BIJNOBiJa€ HaNMpAMY Hal6inbIOT MoaUdiKaLii moBepXHi.

1106 BuAinMTH iHPOPMATHBHI O3HAKH, AKi MOB’A3aHi 3 MOAUDIKYBaHHAM MOBEPX-
Hi, IO OTPMMAHOro 300paXkeHHs y rpajalisfx ciporo KOJLOpY 3acTocyBain GiHapHe re-
petBopeHHs [14]. B pe3ynbTaTi HOro OTpUMaNu YOpHO-6ine 300paxkeHHs Moaudiko-
BaHOI MOBEPXHi 3 QyHKLi€I0 iIHTEHCUBHOCTI Jp, Ha KoMy 6ini mikcesni Bixnosinamu ¢o-
HY, a YOpHi — iHpOPMaTHBHUM eNleMEHTaM BIOPAIKOBaHUX CTPYKTYp (puc. 1d—f).

Haily>xuBaHiluuM iHpOpPMAaTUBHUM NapaMeTpoM, AKWi Aa€ 3MOry OLiHHUTH CTy-
niHp MoaMdikauii noBepxHi Ha OCHOBI 1 300paXkeHH, € BifHOCHA IUTOILA, AKA BiANOBI-
Jla€ NeBHUM iHHOpPMaTUBHUM MOP(QOJIOTiYHUM O3HaKaM [15]:

Sy =i-100%, 3)
m-n
e S — KiNbKiCTb MiKCeJIiB, IO BiAMOBiAAOT BIOPAAKOBAHNUM elleMEHTaM pesibedy Io-
BEPXHi Ha 300paxkeHHi Iz; m Ta n — BiANOBIAHO IIMPHHA Ta BUCOTA LbOr0 300paXkeHHs.
Po3nozin BNopsAKOBaHUX €NEMEHTIB pelbedy B3NOBXK OCeil 300paxKeHHs OMUCY-
10Th BepTHKaNbHa H, i ropu3oHTansHa Hj, ricrorpamu [11]:

H,={H,(); ie(l..nl}, H,={H,(j); ie[l..m]}, @)

m n
ne Hy()= 3 1G,)), H,())=21G,)).
Jj=1 i=I
KoskeH eneMeHT ricrorpam MiCTUTB KiIBKICTB MiKCEiB, O BiANOBiAAIOTH KiNbKO-
CTi BIOPAAKOBAHMX €IEMEHTIB penbedy Yy BIANOBIAHMX CTOBMYMKAX Ta PAAKAX aHANi30-

81



BaHoro 300paxenHs. OyHkuii ricrorpam (4) Mictate 6a3zoBuii MacuB iHdopmauii rmpo
PO3MONiN BIOPAAKOBAHUX €EMEHTIB peNibedy B3J0BK KOOPAMHATHUX OCeil 300 paskeHH.

JIns y3araisHeHOl OL[iHKH MOLIKOMKEHb NMOBEPXHi BUKOPUCTAJIM CEpPEiHi 3HAYEH-
HA ricrorpaM p, =S/m Ta p, =S/n (ae S — 3aranpHa KinekicTe nikcenis). TTpore ui

mapaMeTpH JOUUIBHI MiJ 4ac BeJUKHUX 00’ €MiB BUMipIOBaHb 3a OJIHAKOBHX YMOB Ta He-
3MiHHOrO MPAMOKYTHOTO BiKHa CHOCTepeXxeHHs. B nabopaTopHux yMoBax mns mocii-
JDKEHHA Pi3HUX 3pa3KiB, 0COGNMBO 3a pi3HUX YMOB (JOpMyBaHHs pesbedy Ha MOBEPXH,
cepefiHi 3HauYeHHA ricrorpam ManoingopmatusHi. KpiM Toro, 3a BUKOPUCTaHHSA MPAMO-
KYTHOTO BiKHa CHOCTepeskeHHs 3HaYeHHs W, Ta L, M0-pisHOMY MaclutaboBaHi (BigHOC-
HO po3MipiB 300paXkeHHs) i TOMy He3py4Hi IJIs MOPiBHAHHA, a 33 KBAJpaTHOro BiKHA
BOHH CTalOTh OJJHaKOBHUMH.

3a momnoMororo LUBH/IKOTO NEPETBOPEHHA ®yp’e dyHkuii ricrorpam (4) noganm y
BUITIALI pany:

Kv
Hy®= Ao+ > Ay cos2nki=8,), H ()~ Ao+ 3 AeosCri -9,
k=1 k=1 m
ne Ay, A, Ta 0y, 0, — ammiTy 1M Ta a3u rapMoHik, BillMOBiHO; kK — HOMEP rapMOHIKH.

INpunitManyn Taky KinbkicTh rapMoHik po3snany K, K, 106 TOYHicTh MomaHHA
¢yHKUiT ricrorpaMu y BUIMISAI CyMU rapMoHik Gyna He HMXKYOIO 3a minibpane emmi-
PHUYHO rpa}mqﬂe 3HAYEHHS €, AKE 3ATEXKUTH Bill BULY 306pa>|<eHHa'

Hy,(i)- ZAhk cos(21t£c-t—8h) <e, |[H,(j)- ZAvk cos(21t k Jj=9)|<e. (6)
k=0 k=0
Sk indopmaTuBHi napaMeTpu BUOpanM cepefHi aMIUTITYyAHM TapMOHIK CIHeKTpa
¢dyHKUii ropu3oHTaNBHOT Ta Bepmkanbuo'l' ricrorpaM Aa;,, Aay

ah‘—‘—"ZAhk’ oy = ZAvk @)

h k=0 v k=0
CepenHs aMIUTiTyja ClieKTpa Ja€ MOXJIMBICTb KiJIbKICHO OLiHMTH MepeBakHi Ha-

NpsMH po3TalllyBaHHA iHGOPMAaTUBHUX eJIEeMEHTIB peinbedy nosepxHi. Lo Bui 1i 3Ha-
4eHHs, TO Oinblua penbedHicTs MOANQiIKOBaHOI NOBEPXHi Y 1ibOMY Hanpsami. OTxe, no-
PIBHIOIOYM 3HAYEHHS Ay, Aay, MOKHA CYANTH IO NMEpeBaXHUH HanpsaM (opMyBaHHS
eJIeMEeHTIB penbedy Ha MoaudikoBaHiii MOBEpPXHi.

IMapa y3araibHEeHHX XapaKTepHUCTHK (CepelHix rpanieHTiB G, G, Ta aMIUITYX
cnektpa Ay, Agy) Aa€ MOXIIMBICT OTPUMATH iHTErpaIbHY XapaKTepUCTHKY aHalli3oBa-

HOTO 300paXKeHHs Y JBOX B3a€MHO NepeHUKYIApHUX HanpsaMax [15].

InTerpanbHi napameTpH ejieMeHTIB pelabedy Ha MOBepPXHi. 3a YMOB HaJlUBUA-
KOI KpUCTaJi3auil MeTaqy B Oro moBepXHEBHX LIapax MOXKHA Bil3HAYUTH JBa TpPUH-
LIMMOBO BiIMiHHI MeXaHi3MH MeTacTabiJIbHOro CTaHy Martepialy: 3pOCTaHHS BiJILHOI
eHepril MaTepiany BHacniok 30iNblIeHHs eHepril LeHTpiB KpUCTali3alil; YTBOPEHHA
MEPECHYEHOr0 TBEPJOro PO3UMHY 3 BAHUKHEHHAM HaINpyXeHb Ta JOKAILHUX TeMMepa-
TypHO-cHIOBUX moJiB. Takum unHOM, BinOyBaeThes OaratopiBHeBa (parmeHTalis mo-
BEpXHi MeTany 3 ¢opMyBaHHAM penbedy 3i BIOPAAKOBAHOIO CTPYKTYpPOIO, F€OMETPHY-
Hi 03HaKM AKOI BU3HAYEHi yMOBaMH na3epHoro obpobieHHs Marepiany [16, 17].

IMpaBoMipHiCTh 3acTOCYBaHHSA TEpMiHy “BHOpAAKOBaHMii penbed” moBeneHa pe-
3yNbTaTaMi JOCHiPkeHb 00pOOIeHHX NMOBEPXOHb 3 BUKOPHCTAHHAM ONTHYHOI i ejek-
TpoHHOi Mikpockomii [1, 3]. 3akoHOMipHOCTi 3MiHM OOYHCIIEHHX iHTErpalbHUX Mapa-
METpiB BMOPAAKOBAHOrO penbedy 3a iMITyIbCHOrO Jla3epHOro oOpoGNeHHsA B pi3HHX
cepeloBHIlax HaBeJeHi Ha puc. 2. Penbed Ha MoaudikoBaHill MoBepXHi BUHHKAE BHa-
CITiIOK IUBHIKOTO OXONOMKEHHA METaNy, IO CIPHYNHAE 3HAYHY TEPMOJMHAMIUHY He-
cTabiNbHICTL MOBEPXHEBOTO 1Iapy i 3a0e3neuye HOMY YHiKaJbHI MeXaHIYHi BIacTHBOC-
Ti. [InactuyHe TediHHA MeTaly y 30HI obmexeHoi Aedopmauil noBepxHeBoro wapy
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Ma€ ACKpPaBO BUpaXeHHH XBWIbOBHH Xapaktep. [Ipy uboMy Mertan y 30Hi 06po6neHHs
HiMMTBCS HAa OKpeMi IiIAHKH, po3’€HaHi 30HaAMM J1aMiHApHOIO IUIMHY pi3HOi iHTEH-
CHBHOCTIi. AJIXKe BiZIoMO, L0 rpafi€eHT Halpy>KeHb 3yMOBIIIOE XBHUIIbOBHII XapakTep mo-
IIHPEHHS TUIACTHYHOI AeopMail i MOB’A3aHUH 3 MM JUCKPETHHH XapakTep AiNAHOK
penakcarii i Jokanizauii HanpyseHb, CIPHYUHAIOYM MopdororiyHi 3MiHK B MeTai [18].
3 ¢i3suuHOl TOUKH 30py Ha MOBepXHi MeTaly QOpMyeTbCA MPOILAPOK, AKHA Mae
BUILi HiX B #Oro 06’eMi MOAY/JbL MPYXKHOCTI Ta MiKpOTBEPHICTh (YTBOPIOETHCA CBOE-
pinunit “nokpus”). [Ipu oMy penbed MoOBEpXHEBOro Mapy MeTaly CTa€ XBUIIACTHM 3
YTBOPEHHAM “BUCTYMIB” Ta “3anaguH”. 3a pe3ynbTaTaMu 00po6KH 306paXkeHHs MOXHA
OTpHUMAaTH BepTHKaNLHY H, Ta ropusoHTanbHy Hj, rictorpaMu iHTerpajibHUX iHTEHCHB-
HocTe# GiHapHOro 306paXkeHHA 3 BOPAAKOBaHHM penbeoM MoBepxHi 3paskis [11].

S0 100 150 200 i

Puc. 2. TopusonransHa H), (a) i BeprukansHa H, (b) ricrorpaMu iHTerpajJbHUX iHTEHCHBHOCTEH
6iHapHuX 300paxkeHb BIOPAAKOBaHOro penbedy noBepxoHs 3paskis crami 15X13M®
micnA X la3epHOro iMmmyJibcHOro o6po6iieHHs Ha nosiTpi (/), y Boai (2) i yopHuni (3).

Fig. 2. Horizontal H), (a) and vertical H, (b) histograms of integrated intensities
of the binary images of the ordered surfaces relief for the specimens made of 15X 13M® steel
after their laser pulse treatment in air (/), in water (2) and in ink (3).

Orxe, BUXigHMM 0a30BHUM Ma-
CHBOM JaHUX CIIY>KHJIM TiCTOrpamu Ta6muus 2. Mopdooriuni napamerpu
PO3NOAITY BIOPSAKOBAHUX eNeMeH- BNOPSAKOBAHUX CTPYKTYP pebedy
TiB penbedy (puc. 2). Ha ix ocHoBi Ha noBepxHi 3paskis craai 15X13M®

ouinunu MopdonoriyHi mapamerpu e IxX 06pobaents 1asepom
BIOPAAKOBAHUX CTPYKTYp penbedy Y Pi3HuX cepenopHmax

Ha MOBEpXHi 3pa3kiB, 06pobieHux IMapameTpu BopsakoBaHOT
nasepom (Tabn. 2). Cepenosue CTPYKTYpH penbedy
Ob6pobnenna na nogimpi. Ha 06po6iieHHs G, G, |Auml|4

noBepxHi MeTany copMyBaBcs nie- -
dopMauiiiEuii penbed 3 XBHIEMNO- THOBITPA 11286,4 | 8201,8 | 1,7 | 1,3
HIIOHOIO CTPYKTYpOH pO3TallyBaH- BOZa 3380,3 | 26103 | 0,5 0,5
HA BUCTYNB Ta 3amajuu (puc. 2, woprmwio | 6783,0 | 52758 | 1,1 | 09
ricrorpama /).

O6pobnenns y 600i. Chopmy-
BaBCA JELIO PO30picHTOBaHUi penbed (pHc. 2a, ricrorpama 2). Huxuwuii (nopisuaHo 3
FOPU30HTATBHUM) BEpTUKATILHUI IpaflieHT penbedy (puc. 2b) BKazye Ha Te, L0 B3XOBXK
BEPTUKAILHOI OCi HOPMY€ETLCA OAHOPIAHIILA BIIOPAAKOBAaHA CTPYKTypa penbedy. Boa-
HOYac y rOpH30HTALHOMY HaNpAMi FpajlieHT iHTerpanpbHOi iHTEHCHBHOCTI GiHapHHX
300paXkeHb BIIOPAAKOBAHOrO penbedy MOBEPXOHb 3pa3KiB 3MiHIOBABCA iCTOTHiLue.
Humx4uM rpajiicHTam BiANOBIAAIOTL HANMPAMH, B3A0BXK AKUX Opi€eHTOBaHHii penbed mo-
BepxHi. MOHOTOHHE 3pocTaHHA mapameTpiB Gy, G, NiATBEpIKYE paHilie 3pobneHui
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BHCHOBOK [11] mpo moBTOproBaHicTh Ta MaciuTabyBaHHs cOpMOBaHUX AedopMaliii-
HHH CTPYKTYp.

O6pobnenns y yopruai. Jlewo inuy Mopdooriio BopsaaKoBaHOro pensedy (rmo-
PiBHAHO 3 OTPUMAHOIO Ha MOBITPi) OTpUManu 3a 06pobyeHHs B YopHUi (puc. 2a, ric-
Torpama 3), 110 3yMOBJIEHO THCKOM i1a3mMu. KpiM Toro, BoJia Ta YOpHUIIO Mepepo3mno-
JiNAIOTH MOrTMHANBHY 3aTHICTE cepenosuiia. @opma aeraneit 3i chopMoBaHUM pelb-
€¢oM MoB’s3aHa He JIHILIE 3 TEMJIOBUM BIUTMBOM PO3IUIaBY Y MOBEPXHEBOMY LLapi 3pas-
Ka, aje 3 BUHUKHEHHSM B HHOMY BHCOKOTO THUCKY BHACJIiIOK 3HAYHHUX CTUCKAIBLHUX
Hamnpy»xeHb [19].

soe

JBoBuMipHa ouninka MopdoJiorii peabedy 3 BHOPAAKOBAHMMH CTPYKTYPaMHu.
3a iMIyJBCHOTO JIa3epHOro BIUIMBY Ha IMOBEPXHEBHMH IIap MeTaly B HbOMY BHUHMKAE
nBogazHui cTaH (piAMHa Ha NOBEepXHi + TBepAa OCHOBA). Penakcallis HanpyXeHb y Me-
Tani BiAOyBaeThCs LIISIXOM CTPYKTYPYBaHHS MOBEPXHi, PO3BUTOK SIKOTrO MPUMUHAETHCS
3a BCTAHOBJIEHHA JUHaMiyHOI piBHOBAarM MiXK KpUCTaliyHOIO Ta piakoro ¢dazamu. [pu
[IbOMY BHSIBHJIY, L0 3MiHa cepeloBHUila 0OpoOiieHHs He 3MiHIOE 3arajibHOl TeHIeHLT
YTBOpeHHs penbedy, MpoTe 3MiHIOE HOro mapameTpH: BHCOTY BHCTYMIB Ta riuOUHY
3anaauH (puc. 3).

Hm

300

200 |

100

Y ¢ 4 1
‘0100 200 300 400 um

Puc. 3. JIsoBuMipHa ouinka Mopgonorii
penbedy nosepxHi crani 15X 13M® micns
11 1a3epHOro iMITYIbCHOr0 06pO6IEHHS
Ha noBiTpi (a), y Bogi (b) i yopHuIi (¢)

3 BUKOPHCTaHHAM MeToay npodioMerpii.

Fig. 3. Two-dimensional assessment
of the surface relief morphology

0
Foor ey of the 15X13M® steel after laser pulse
‘g“:l\,l Al 18 treatment in air (@), in water (b)

{ \ 4 and in ink (c) using the current profilers.

‘0 100 200 300 400 um

MoskHa MPUMYCTUTH, IO HEOAHOPIAHICTE HA MeXi NMOJINY CHCTEMH MOBEPXHEBH
1ap—TBepJia OCHOBA € OAHI€I0 3 NMPUYUH POPMYBaHHA BMOPAAKOBAHMX CTPYKTYp Ha
noBepxHi. 3aBAAKM MiKpPOTeTEepOreHHOCTi CTPYKTYpH MeETall Mac NEBHY HEONHOpiA-
HicTh (i3HKO-MeXaHIYHUX BIACTHBOCTEH, IO Mif Yac ja3zepHOro o6pobIeHHs cripuum-
HA€ pi3Hi 3@ iIHTEHCUBHICTIO 30ypeHHs, fAKi 3aexaTh Bil pO3MOALTY HAaNpy>XeHb Ta Je-
¢opMmauiif Ha JokanbHOMY piBHi. Pe3ynberytoue mone nepeMilieHb (ikCYeTbCs Ha
NOBEpXHi MeTATy Y BUITIALI NepioquyHoi cucTeMu aedopmMauiitnx xsuis [20].
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Po3sunyTi niaxoau na- Taoauus 3. [liaxoau Ta MOXKAMBICTD IX

I0Tb 3MOTy aHalli3yBaTH Killb- BHKOPHCTAHHSA 1Al AiarHOCTYBaHHA NapameTpis
KICHi NOKa3HHKH NfOPd)O”OF ii mopdo.Jorii peanedy 06pob.aenoi nosepxwi
MOBEpXHEBUX LuapiB cTajeif -

nicnA nasepHOro o6pobIeHH. TMizxomn Mikpo-| Me3o- |Makpo-
[TopiBHAHHA Ta MOMXIHUBOCTI PIBCHb |pIBEHb | PIBEHD
po3pobneHoro Ta BigZOMOro Onruko-undposuii aHais - + +
METOMiB aHaNlily HaBeleHi y 2D npoditomerpin N + —
Tabm. 3.

Merton onrtuko-uudpo-
BOIO KOHTPOJIKO BUSIBUBCA MEPCMEKTUBHUM /IS OLiHIOBaHHA MOPGOIOriYHMX 0cobIiu-
BocTei 06po6eHOT Ta3epoM MOBEPXHi HAa ME30- | MaKpOPIBHAX i MOXe OYTH OCHOBOIO
171 eKcrpec-aHallizy TeXHIYHOro CTaHy MOBEPXHi KOHCTPYKUiHHMX enemeHTiB. [Tpote
JUIS OCTOBIPHIIIOr0 OLiHIOBAHHS CTaHy MOBEpXHi CJliJl BUKOPHCTOBYBAaTH KOMILIEKC
meToniB nedekrockomnii [21-23].

BUCHOBKH

Po3pobneHo mMeron ouiHioBaHHS MOpGONOriYHUX 0coOaMBOCTEH MOBEPXHi CTai
15X13M® nicnsa 06poOaeHHs NOTY>KHUMH JJa3epHUMH iMIYJIbCAMH LUJIAXOM aHanisy 1i
uMdpoBuX 300paxkeHb Ta PO3paxyHKYy MHOXUHH iHTErpajlbHUX MapaMeTpiB: BiZTHOCHUX
niow, MoauGikoBaHOT MOBEPXHi, CepelHiX Tpaii€HTIB sickpaBocTeHd 300pakeHHS Ta
aMmiTyn cnekrpa ¢yHkuii ricrorpam. HeobxinHoo nepexyMoBolO BUKOPHCTaHHS 3a-
NPOMOHOBAHOIO METOAY € JOCTaTHiN rpadieHT penbedy MoaudikoBaHO! MOBEPXHi Me-
Tany i Bi3yani3auis Horo o3Hak METOAaMH ONTHYHOI MiKPOCKOITil.

MeTtonoM aBoBUMipHOT MpodinoMeTpii BcTaHOBNEHO NapaMeTpH penbedy 06po6-
neHol noBepxHi. PopMyBaHHA Ha MOBEPXHi BMOPAAKOBAaHOro AeopMaLiiiHOro pesbe-
¢y moB’sA3aIK 3 TEPMiYHMM YHHHUKOM Bill pO3IJIaBIEHOr0 NOBEPXHEBOIO LIapy MeTany.

PE3IOME. VneHTHHUNPOBaHbI M MPOAHATM3UPOBaHBI UMPOBLIE H300paXXeHHA ynops-
JIo4eHHOro penbeda, chOpMHPOBAHHOrO Ha MoBepXHOCcTH cTainH 15X13M® nocne o6paboTku
MOILHBIM JIA3€PHBIM HMITYJILCOM. TTpoBeNEeHa OLEHKa COCTOSHHA MOBEPXHOCTH MO pe3ysbTaTaM
paccMOTpeHHA padIHuHBIX CXeM OOJIyYeHHA MaTepHana. Y CTaHOBNIEHO, YTO BOJTHOBBIM CTPYKTY-
paM, c)OpMHPOBaHHBIM Ha MOBEPXHOCTH MOAH(HLIPOBAHHOrO Marepuasia, COOTBETCTBYIOT
ofnpeneneHHbIE 3HAYEHHA HHTErPAIbHBIX MapaMeTPOB H300paKeHH.

SUMMARY. The identification and quantitative analysis of the ordered relief formed on the
15X 13M® steel surface after the steel treatment by powerful laser pulse according to the digital
images was done. It was established that surface conditions were assessed by the analysis of
different schemes of material irradiation. It was established that the wave structures formed on
the surface of the modified material correspond to the values of the image integral parameters.
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