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KaHaugaTta TCXHUYCCKUX HAyK
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Pabora BpmonHeHa Ha Oa3ze DenepaJbHOTO TOCYAAPCTBEHHOTO
ABTOHOMHOTO 00pa30BaTeIbHOTO YUYPEKACHUS BBICIIETO 0Opa30BaHUA
«HauuoHanbHBI ~ HCCNENOBATENbCKUN  TEXHOJIOTMYECKUA  YHUBEPCHUTET
«MHUCHUC»

Hay4ynbiii Mopo3zosa Upuna I'eoprueBna
PYKOBOIMTEJIb: KaHAWAAT TEXHUYECKUX HAyK, JOILCHT, YHUBEPCUTET HAYKH U
TEXHOJIOTUH MUCHC, Kagenpa WNuxunupunra

TCXHOJIOTHUYCCKOTO 060pyZ[OBaHI/IH

OdunuanbHbie
ONMOHEHTHI:

Benymas
OpraHM3aNus:

3amura AuccepTali COCTOUTCS 2025 roga B 14:00 yacos
Ha 3aceflaHuu auccepranuoHHoro cosera /[ 05.24.703 mo 3ammre quccepraruii
Ha COMCKaHWE YYEHOH CTeTeHM KaHAWAATa TeXHWYEeCKHX HaykK mnpu MHcTuTyTe
MAaIIMHOBEACHHS, aBTOMaTUKN M reoMexaHWKn HanmoHanbHOM akageMuu Hayk
Keipreizckoit Pecriyomuku u Keipreizckom [ocymapcTBEHHOM TEXHHYECKOM
yauBepcurere WM. M. PaszzakoBa MwunucTepcTBa 00pa3oBaHHS W HAayKH
Keipreizckoii Pecrryonuku no aapecy: 720055, r. bumkexk, yin. CkpsOuna, 23.
Ccbutka I 1OCTyTa K BUACOKOH(EPEHIINH 3aIINTHI JUCCePTALINH:
https://vc.vak.ka/b/052-xlj-xui-jwa.

C nuccepranueil MOXKHO O3HAaKOMHUThCA B Ombnmorekax MucrutyTa
MAaIIMHOBEICHNS, aBTOMAaTHKH M TeOMEeXaHWKH HannoHanbHON akaneMuH Hayk
Keipreizckoit  PecrryOnmuku (720055, 1. bumkek, ym. Ckpstouna, 23) u
KBIpreI3ckoro  rocygapCTBEHHOTO TEXHHYECKOTO yHHBepcuTeTa wuM. .
Paz3akoBa (720044, r. bumkek, yn. mpocnekt Y. AltmaroBa, 66) u Ha caiite
HanuonaneHolt artecranmoHHoi komuccun npu llpesunente Keipraizckoit
PecmyOnmuxu: https://stepen.vak.kg/diss_sovety/d-05-24-703.

ABTopedepar pa3ocinaH 2025 roxa.
VYueHslii cexperapb

JIUCCEPTALUOHHOTO %‘4— Onukbaes K.T.
COBeTa, K.T.H., C.H.C.



https://oreluniver.ru/edustruc/chair/73
https://vc.vak.kg/b/052-xlj-xui-jwa
https://stepen.vak.kg/diss_sovety/d-05-24-703

OBHIASA XAPAKTEPUCTHUKA PABOTbI

AkTyasbHOCTh  padorsl.  PaszpaboTaHHas  TEXHONOTHS
HAaHECeHMs I[BETHBIX HM300paKeHWH Ha METaUTMYeCKHe IOBEPXHOCTH
MOXeET OBITh 3(PPEKTUBHO MCIIOIB30BaHA VIS TICYATH TOBAPHBIX 3HAKOB,
3alUINAIONIMX  BBICOKOKAYECTBEHHYIO MPOAYKLIHIO OT MOJAENOK,
Ui KaccuuKanuy aetaneil B MUKpoTexHosorusx. [lpu saTom ouenb
BaXHBIM SBISIETCS TOT (PaKT, UYTO H300pakKeHWE HAHOCUTCS Ha
MMOBEPXHOCTh MeTajula C BBICOKOM TOYHOCTBIO 0€3 MEeXaHHYEeCKOTrO
BO3/ICICTBUS Ha H3JenHe. DTO MO3BOJSET CHeNaTh BBIBOJ O TOM, UTO
TeMa JINCCEPTAMOHHOM PaboTHI ABIsIeTCS, 6€3YCIOBHO, aKTyaTbHOM.

brnaronapsi kauecTBEHHOM MapKHUPOBKE OCYILIECTBISIOT CTPOTUi
YUeT Ka)KZ[Oﬁ CAWHUIIbI H3ACIIUA, BBIIIYCKACMOI'0 MNPCANPUATUEM U
KOHTPOJIb 32 €r0 MepeABIKEHUEM HE TOJIBKO 110 CaMOMY NPEANpHUATHIO,
HO W TIpHU peanu3anuu. BciencTBue oCOOEHHOCTEH TEXHONIOTHYECKUX
MPOLIECCOB, HMHOTJa MapKUpPOBKA H3JEIUNA MaccOBOrO IPOU3BOICTBA
JOJDKHA OBITH JIOCTYIHA BOCHPHUSTHIO OOCTY)KMBAIOIMIMM TEPCOHAIOM
0e3 mpubOpOB W BOMPOC O TPABWIHHOM MPUMEHEHWW TOW WM WHOU
neTanu TpeOyeT O4eHb OBICTPOro OTBeTa. B ATHX ciydasx IBeTHas
Ja3epHast MapKUpPOBKa HE3aMEHHUMA.

@daxTopsl BIUSAHHS HAa TPOIECC TOJYYECHHS I[BETOBOTO
M300paXeHHss  Ha  METAUIMYECKHX  IOBEPXHOCTSAX,  U3yYEHBI
OTHOCHUTENIBHO MajJ0 H Yy3KOHANpPaBIEHHO U I03TOMY TpeOYIOT
JanbHEHIIIETO0 MCCICIOBAaHUS C IIEIbI0 BBISBIICHMS, CHCTEMAaTH3aIlUM H
OTIpe/IeTICHHsI B3aNMOEHCTBUS ITHX (aKTOPOB.

Henbo pabdoThl SBISIETCS COBEPIIEHCTBOBAHWE Ipoliecca
LIBETHOM J1a3€pHOM MAPKHPOBKM METALIYPIMYECKOM IPOLYyKLUHU Ha
OCHOBE HCCIIEIOBaHMS W pa3pabOTKH PEKUMOB Ja3epHOW 00pabOTKH ¢
enpio  (OPMHUPOBAaHWS IBETHBIX HM300pXKEHUH Ha METAIUTHYECKOH
MTOBEPXHOCTH.

3aga4um uccie0BaHUs

1. HUccnemoBarb BIMSHHE  MHKDPOI'€OMETPHU  CIIOXKHOTO
peryisipHOro penbeda W MIePOXOBATOCTh IOBEPXHOCTH HAa IBETOBOE
OKpaIINBaHKE MPH Ja3epPHON MapKUPOBKE.

2. Pa3paboTaTh peXMMBI HAHECEHHs] HAa METAIMYECKYIO
MOBEPXHOCTh IIBETOBBIX M300paXEHUH, IMMyTeM JIa3epHOM MOAN(UKAINN
HEOOJIBIIIOTO CIIOST MaTepHara.

3. PazpaboTtath BO3MOXHBIH cIOCOO aBTOMATHU3ALUM MPU
noa0ope nmapaMeTpoB Ja3epHOH MapKUPOBKH.



Metonbl ucciaeqoBaHuii. B pabore ObUIO TIPOBEICHO:
MeTajutorpaduueckoe Ucclel0BaHne, PeHTT€HHOCIICKTPAIbHBINA aHaIN3,
MPUMEHEH METOJA CeKylmuX, (eHoMeHoJorndeckuii meronx. Jlms
JOCTIKEHHS IOCTaBJICHHBIX 33Ja4 HCIIOJIB30BAIOCH COBPEMEHHOE
o0OpyZoBaHHMe: WMITYJIbCHBI BOJOKOHHBIA sazep HansLaserMars;
CBETOBOM onTHyeckuii Mukpockon AxioObserver D1m; onrtudeckuit
mukpockor UnionVersamed 2; MHOTO(YHKIIMOHAEHBIA PEHTTEHOBCKHIMA
mudppakromerp Rigaku; s7eKTpoHHBIN CKaHHPYIOMIUH MHKPOCKOIL
TESCAN VEGAS SB.

O0beKT HMcciIeq0BAHUA — TOBEPXHOCTH W3 CTAIM M IBETHBIX
METaJUIOB, B TOM YHCIIE MOKPBITHS, OKpALICHHbIE B pa3IMYHbIC LIBETA B
pe3ynbTaTe Ja3epHOi MApKUPOBKH C PA3IMYHBIMU ITapaMeTpamH.

IIpenmMeramu HcC/IeNOBAHUI SBISIIOTCS ONpPEEIICEHUE BIUSHUSL
MUKPOTEOMETPHH CJIO0XHOTO PETYJSIPHOTO penbeda IMOBEPXHOCTH Ha
LIBETOBOE OKpAlIMBAaHUE IPU JIA3EPHOM MapKUPOBKE; OIPeNeICHUE
BIIMSIHUSL TEIIO(DU3NYECKUX XapaKTEPUCTHK MaTepUala-TIOAJIONKKH Ha
(hopMHpoBaHUE IIBETOBOTO M300paKEHUS HA MaTepHalie-TIOKPHITHU TIPH
LVIM.

OcHoOBHBIE N0J10KeHNs], BBIHOCUMbIE HA 3aIIATY

1. BiusiHe MHKpPOTEOMETPHH CIIOKHOTO PETYJISIPHOTO penbeda
U IIEePOXOBATOCTH IOBEPXHOCTH IO3BOJISIET ONPEHCIUTh 3aJaHHYIO
[BETOBYIO FraMMy H300paKEHHI MTPH JIa3ePHON MapKUPOBKE.

2.  Pexumpl  nmazepHOW  MapKHUPOBKH  XPOMHPOBAHHBIX
MIOBEPXHOCTEH, MO3BOJISIIOIIME MOJYy4YaTh KOHTPACTHBIE, CUUTHIBAEMbIE
CTaHJIAPTHBIMH YCTPONCTBAMHU M300paKe€HUS 3a CUET YIPaBICHUS TpeMs
OCHOBHBIMH TTapaMeTPaMu JIa3epHOI'0 MapKHUPOBOYHOTO KOMILIEKCA.

3. IIporpamMma mist mog00Opa MapaMeTPOB JTa3epHON MapKHPOBKH
«Jlaskon» Ha s3bIKE TporpamMMupoBaHus JavaScript, MO3BOJSIOIIAs
AaBTOMATHU3UPOBATh IPOIECC MOJTYYCHHUs] I[BETOBBIX H300pakKeHU# Ha
MOBEPXHOCTH PA3INYHBIX METAJUINYECKUX MaTEPHAIIOB.

Hayunas HoBH3HA

1. Hayyno 060cHOBaHBI peKOMEHIAITMHU TI0 pacueTy U MOoa00py
TEXHOJOTHYECKUX PEXUMOB JIA3€PHOTO MapPKHUPOBOYHOTO KOMILIEKCa
JUIS  TIONYyYeHWs] HAa  METaUNIMYECKMX IOBEPXHOCTAX  3aJaHHBIX
KOHTPaCTHBIX N300paKeHUH;

2. Pazpabotka METOINKHU aBTOMaTU3aluU pouecca
(hopMHpOBaHUsI BOCHPOM3BOAUMBIX KOHTPACTHBIX HM300pakeHU Ha
METaJUINYEeCKUX TOBEPXHOCTSAX B Ipolecce Ja3epHOoi o0pabdoTKu mpu
KOTOPBIX HE MPOUCXOANT TIOSBIICHHUE TPEIIUH B OKCHAHBIX TUIEHKAX.
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CreneHb 000CHOBAaHHOCTH M [JOCTOBEPHOCTH MOJYy4YeHHBIX
HAaYYHBIX Pe3yJIbTATOB

OObecmiedeHa MPOBEACHUEM JKCIEPUMEHTOB B J1aOOpPaTOPHBIX U
MPOM3BOJCTBEHHBIX YCIOBUSIX Ha CEPTUPHUINPOBAHHOM 000pYIOBaHUH C
WCTIONB30BaHUEM  XOpOIIO  OTpabOTaHHBIX  METOJOB  00paboTKU
9KCHEPUMEHTAIbHBIX JAHHBIX C MPUMEHEHHEM HH()OPMAIIMOHHBIX
TEXHOJIOTHH, ONBITHO-IIPOMBIIIJICHHBIM ONPOOOBAaHHEM PpE3yJIbTaTOB
paboTHLI.

3HAYMMOCTH NOJTYYEHHBIX Pe3yJIbTATOB

Ha ocnoBanum wucciaemoBanus IIJIM Ha MeTamIndecKue
MOBEPXHOCTH U TOJTYYCHHBIX PE3YJILTATOB pa3paboTaHa MporpamMma Jyis
pabotrel ¢ 0a3oif JaHHBIX S TONYYEHHs YETKOTO I[BETHOTO
M300pakeHU Ha KOHKPETHOW MapKe MeTalla IpH JIa3epHoi 00paboTKe.

Peasm3anusi  pe3yiabTaTtoB padoThl  PesynbraThl  pabOTHI
nepeaansl B MPOU3BOACTBO, YTO MOATBEPIKIAETCS COOTBETCTBYIOUIMMU
aktamMu  BHempeHus Ha  mpeampuatuax: OO0  «Ydumckwmii
KOMIIpeccopHEIii 3aBom», 000 HTL] « TCM» 000 «COJINT JIAWH».

AnpoOanys pe3yJIbTaToB.

Pabora BeIMONHEHA B paMKax TOCYAapCTBEHHOH paOOTHI
«IIpoBenenne Hay4HO-MCCIIEIOBATENBCKUX PA0OT ((PpyHAaMEHTAIBHBIX
HAYYHBIX HWCCIIEIOBaHWM, TPHUKIAJHBIX HAYYHBIX HCCIEOBaHUA U
SKCHEPUMEHTANBHBIX ~ Pa3paboTOK)»  TOCYJAapCTBEHHOTO  3aJaHHs
MunoOprayku Poccun B cdepe Hayunolt nestensHocTH Ha 2014-2016
rr. (3amanue Ne 2014/113). A Taxxe B pamkax JloroBopa mompsiza Ne
I'T1X22-2019/291 o1 01.04.2019 Ha Temy «HccnemoBanue mapaMeTpoB
LBETHOMH J1a3epHON MapKHUPOBKH METAJUINYECKUX TTOBEPXHOCTEN.

OcCHOBHBIE Pe3yJbTaThl M MOJOXKEHUS] AUCCEPTALUU J1OJI0KEHBI
Ha Hay4YHBIX KOH(EPEeHIHUIX.

1. FOOuneliHOM NecATOW €KEroAHOH MEeXIyHapOIHOW HAy4HO-
npaktuueckol MurtepHeT-KoH(MepeHnn «CoBpeMeHHbIE HampaBieHUs
TEOPETUUECKHUX W MPHUKIATHBIX uccieaoBanuii‘2015» (¢ 17 mo 29 mapta
2015 r.). [Ipoext SWorld (www.sworld.education)

2. MexxayHapoaHas HaydHO-TexHHUYecKas KoHpepeHuus [Ipom-
Wwxuanpuar 2019  25-29 mapra B ropox Counm__ (http://icie-
rus.org/icie2019-rus.html).

3. «Hayuno-npaktuueckue KoH¢pepeHuuu cryaentos HUTY
«MUCuCy. Ilox penaxmueit C.M. I'opbatroka Kupos, 2016 r, c. 54-58
«DEHOMEHOIIOTHYECKOE  HCCIICZIOBAaHHE  BO3MOXKHOCTEH  CO37aHUs
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yrpaBiasieMoro  (opMHpOBaHHMS ~ IIBETOBBIX  HM300pakKeHWH  Ha
METaJUINYEeCKOH MOBEPXHOCTI.

4. «Hayuno-ipaktrueckue KoH¢pepeHuuu cryneHtoB HUTY
«MHUCuC» Ilox pemaxumeii C.M. I'opbatioka. Kupos, 2017 1, c. 37-40
«BnusHMe TapamMeTpoB Ja3epHOTO M3IYYCHUs] HA TOMIOJOTHIO U
LBETOBYIO FaMMy METaJUIMYE€CKOH MOBEPXHOCTH.

5. International ~ Conference on Industrial Engineering,
Applications and Manufacturing (ICIEAM). 2019.

JInunblii BkJag aBTopa. Ha Bcex »sTamax BBIIONHEHHS
TUCCePTAIMOHHONW pabOThl aBTOpP MPUHUMAN TPSAMOE YydacTHe B
MIOCTAaHOBKE 33/1a4 WCCJIECNOBAHWS, B TUIAHUPOBAHUH W METOJAMYECKOM
O6CCHC‘1€HI/II/I OKCIICPpUMCHTA, B IIPOBCACHUN 6OJIBHII/IHCTBa
SKCHECPUMEHTABHBIX ~ WM3MEpPEHHi, B  OOCYXICHWH  IOJyYEHHBIX
pe3ynpTaToB W (POPMYIHPOBaHWU BHIBOJOB. Bcesl 3KcmepuMeHTambHAs
pabota U He0OXOAUMBIE PACUETHI TPOBOAMIMCH COUCKATENEM JINYHO UITH
IIpHU €ro HENOCPCACTBECHHOM YYaCTUH.

HyO6aukanuu. Ilo Martepuanam pucceprauuu umeercs 18
myONMuKamuii, 5 W3 KOTOPBIX BXOASAT B TIEPEYCHb PEICH3UPYEMBIX
Hay4YHBIX KYpPHAJIOB, pekoMeHa0BaHHBIX BAK, 9 crareli onmy0JIMKOBaHbBI
B eauHON ©0a3e peleH3npyeMoll Hay4YHOH JuTepaTypsl Scopus.
Hayxomerpuuecknii mokazarenb, wHIAekc Xwupma (h-mHIEKC) aBTOpa
paBeH 9.

CrpykTypa u o0bem padorbl. [uccepranmonHas pabota
COCTOWT W3 BBelEHUs, 4-X TIIaB, 3aKIFOYCHUS, CIUCKA ITyOIUKAIIA,
CIIMCKa HCITIOJIB30BaHHBIX HNCTOYHHKOB, BKITIOYAKOIIECTO 47
HauMeHOBaHu#, 3 mpunoxkeHus. Pabora m3noxkena Ha 130 crpanumax
MAaIIMHOITUCHOTO TEKCTa, COJAEPKUT 46 PUCYHKOB u 29 Tabmuil.

OCHOBHOE COAEPKAHUE JMUCCEPTAIIMU

Beenenue

JlazepHas MapkuUpoBKa HW3IENUH - 3TO MEPCHEKTHBHOE
HanpaBiIeHUE B 00JACTH MOBBILIICHHUS 3aIUTHI MPOAYKIUH OT MOJAEIKH,
a (QopmupoBaHHE IIBETOBOTO JIA3€PHOTO W300PAKEHHS PACIIHPSET
BO3MOXKHOCTH JAHHOT'O CII0c00a uaeHTH()HUKAIIMY TPOAYKIINH.

JlazepHasi MapkupoBKa 00JIaZaeT BBICOKMMH IapaMeTpamMu

JNOJTOBEYHOCTH,  YTO  TO3BOJIUT  NPOAYKUUM  OBITH  JIETKO
WIACHTU(QHUIIMPOBAHHOW C TEYCHHWEM BpeMeHH. J[aHHOe TNpenuMyIIecTBO
KOMIIEHCUPYET BBICOKYHO CTOMMOCTb CIIELUATIU3UPOBAHHOTO

000pyIOBaHMSA AJIS1 MAPKHUPOBKH.



B mammHOCTpOeHUHU U3IydaTellb Ja3epHOro Jyya COBMEIIAIOT C
pOOOTH3UPOBAHHBIMU ~ yYCTAHOBKAMH, HAHECCHHMS MAapKUPOBKH Ha
MTOBEPXHOCTAX C Pa3IM4HON reomeTpuueckolt ¢opmoit. CKOpOCTh
HaHECEHUS MapKUPOBKH MO3BOJISIET HIPUMEHSTh JAHHBIA METOJ B IIOTOKE
TEXHOJOTHYECKOr0 Mpoliecca MPOU3BOCTBA KY30BHBIX 3JIEMEHTOB.

[Ipencrarnennsie B pabote pexxumbl [[JIM moryt obecrieunth
HAaHECEHHE HA IOBEPXHOCTH METAUIMYECKMX MATEPHAIOB CIOMXHBIX
MHOTOIIBETHBIX MapKHPOBOYHBIX HW300paXeHWH, B TOM YHCIE H
IIUPOKONM I[BETOBOM TaMMBbI, PaCIpPOCTPAHSIONICIHCS HE TOJNBKO Ha
M300paXKeHHUs JIOTOTHIIOB WJIM CIIE[[HABHBIX CHMBOJIOB, HO W Ha
KOJIUPOBOYHBIE KOJbl, 4YTO IO3BOJIUTh MPUMEHATH TAaKOro THUIIA
MapKUPOBKY JJIS 3aIIUTHI U3AENUN OT MOJIEIIOK.

B _nmepBoii _riaBe mnpuBeiAcH 0030p W aHaJIM3 HAy4YHO-
TEXHUYECKOM W TAaTEeHTHOM JIUTEpaTyphbl, IIOCTAaBICHBI  3aJadyu
HCCIIEIOBAHHUS.

PaccMoTpensl  BOIpoOCHl  TEPMHUYECKOTO  BO3ACHCTBHUS  Ha
MOBEPXHOCTh META/NIOB C IOMOILIBIO HMIIYJIbCHOIO  JIA3€pHOT0
M3NTydeHus, omucaHa paborta nazepHoro rpaBepa RAYMARK CNC
MARK 2.

[IpencraBieHbl BOMPOCHI, CBSI3aHHBIE C LEISIMH M METOAAMU
JIa3epHOM  MapKUPOBKU  M3JCNHM,  ONpelNeieHbl  BO3MOXHOCTH
obopymoBanus s LIJIM meramior. M310xKeHbI COBpEMEHHbBIE HAYYHBIC
B3MJIAAB Ha Tmporecc (OPMHUPOBaHUS IIBETOBOTO H300paKEHHS W
paccMOTpeHbl  (paKkTOphI, BIUSIONIME Ha TIPOIECC OKpAIIWBaHUS
MOBEPXHOCTH MeTauioB. OpHaKo, CBEJACHUH O CHUCTEMHOM H3y4YEHHH
BIUSHUAA TApaMETPOB MHUKPOTCOMETPHUH  CIIOKHOTO  PETYJSIPHOTO
penbeda, chopmupoBanHoro B pesynsrate 1[JIM, Ha dopmupoBanue
LIBETOBOI'O OKpAILMBAHMS B HAyYHbIX MCTOYHHMKaX HeT. [losTtomy mms
MOJIy4eHUSI 33/JJaHHOM MapKHUPOBKH HEOOXOJHMMO, TIPEXJe BCETO,
BBISIBJICHHE 3aBUCHMOCTH IIOJIy4aeMOTO I[BETOBOTO HW300paKeHUS OT
MapaMeTpoB JIa3epHON MapKUPOBKH, (Ha30BOTO COCTaBa OKCHIHBIX
IJICHOK ¥ MUKPOTEOMETPHUHN TTOBEPXHOCTH, BKJIFOYAS €€ MIEPOXOBATOCTb.

Bropas rjaBa mocpsmieHa pa3paboTke METOIUKH TPOBEACHUS
HCCIIEIOBAaHNH.

Jiss  HaHeceHWS IBETHOTO H300paXCHHS HA  OIBITHBIC
METaJUTMYECKHUE IUIACTHHBI WCIOJIB30BaH HWMITYJIBCHBIM BOJOKOHHBIH
nazep wmapku YLP-FuHansLaserMars. C mnomompio nporpamHOro
obecnieuenus (MarkingSoftware6.0) 3agaBanuch HEOOXOAMMBIC PEKUMBI
nazepHol 00pabOTKU: TEOMETPUYECKUE TapaMeTphl, JJIMHA W IIMPHHA
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MapKUpyeMoro o0BbEKTa, HmapaMeTphl Ja3epHOI0 H3JIyYeHHs, CKOPOCTh
CKaHUPOBaHUsI, IEPEMELICHUS JIa3EPHOTO JIy4a, CTPATET sl 3aJJMBKH.

s mpoBeneHus HCCIENOBaHWN BHIOPaHBI METAIIMYECKHUE
MaTepHajbl C Pa3HBIMU TEIUIOPU3MUECKHMMU XapaKTEPUCTHKAMHU: CTaJlb
12X18HI10T; crane 08 u natyHp JI63 ¢ MOKpHITHEM, HaHECEHHBIM
METOAOM TajbBAaHHYECKOTO XPOMUPOBAHHSI.

B DOpOMBIILIEHHOCTH, B YacTHOCTH B MAalIMHOCTPOCHUH,
JNOCTaTOYHO LIMPOKO IPUMEHSIOT XPOMUPOBAHHE C IIEJbI0 3allHUTHI
MPOAYKIMH OT KOPPO3WH WIIM MEXaHUYECKUX MOBpexaeHuid. JlazepHas
MapKHpOBKa TakuX JeTaneidl uMeeT 0co0oe 3HadeHHEe U SIBISETCS
MaJION3Y4YEeHHOH MPOOIEeMOiA.

J1J1s1 OLIEHKH TOTyYeHHOTO LIBETOBOTO N300payKeHHUsI IPOU3BEICH
BBIOOp OIICHOYHOW MIKajbl IBETOB. V3 MHOTHX CYyIIECTBYIOIIMX ObUIH
BbIOpaHbl JBE IIMPOKO PACIPOCTPAHEHHBIE CHCTEMbI OLEHKH: KaTajor
usetoB RAL u cucrema nsera NCS.

O0ocHOBaH  BBIOOpP  COBPEMEHHOTO  OOOpYAOBaHHSI U
COOTBETCTBYIOIINX METO/IOB HCCIICAOBAHMS.

C nomompro Mukpockona AxioObserver D1Im 3aduxcupoBaHbl
LBETOBbIC HM300paKEHUSI MHUKPOCTPYKTYp, H3y4YeHa MHUKPOT€OMETPHS
CIIO)KHOTO  peryisipHOro  penbeda TOBEPXHOCTH, 0O0paboTaHHON
Ja3epHBIM HM3JIyY€HHEM MeTaIorpadMuecKuM METOAOM CEKYIIUX, C
MOMOIIIBI0 TPOrpaMmbl  Sizer. Beuti mpoBeieHbI 3aMepbl 3JIEMEHTOB
CTPYKTYpHBI: 30H Ja3epHoro Bo3aencTBus (3JIB) u 30H TepMuueckoro
pousHust  (3TB)  Ha moBepxHocTH  00pa3snoB C  JanbHeWIen
CTaTHCTUYECKON 00pabOTKO# MOJIYYEHHBIX PE3YJIBTATOB (PUCYHOK 1),

Pucynox 1 — O6pasen B mporpamme Sizer

Jis OTIONTHEeHUsT CBEJICHUH O MHUKPOTEOMETPUH TMOBEPXHOCTH
Pa3HOOKpaIIeHHBIX 00pa3uoB (ompeneneHus IyOMHBI HEPOBHOCTEH)
MPOBOJWIN HCCIICAOBAaHMUS C MOMOILIBIO OECKOHTAKTHOTO CBETOBOI'O
npodunomerpa VICWU. Ero npuHiun ASHCTBUS 3aKI0YaeTCsS B TOM,
YTO CBET, H3Iy4aeMbli HCTOYHHUKOM, OTpaKasich OT HCCIelyeMon
MOBEPXHOCTH, 00pa3zyeT MHTEP(EPEHIHMOHHYIO KapTHHY, KOTOpas 3aTeM
perucTpupyercs BUJeOKaMepoil. 3aTeM JlaHHbIe 00palOaThIBAIOTCS H



Habop WHTEepPPEPCHIIMOHHBIX KapTHH MpeodpaszyeTcs B KapTy ypOBHEH
MOBEPXHOCTH BBICOKOTO pa3pelIeHusI.

Xumudeckuii W (Pa3oBBIA COCTAaB IMOBEPXHOCTH OOpPa3IoB
U3y4Yalld, MCIOJb3ysl PEHTreHOBCcKuil mudpakromerp Rigaku meromom
aHajM3a TOHKHUX IJICHOK B T€OMETPHM CKOJB3SIEr0 Iydka. OTOT
npubOp AaeT BO3MOKHOCTD MOJyYSHHsI CUIIBHOTO CUTHaja OT OKCHAHON
IUIEHKHU, He paspymas ee. Ilpu 3Tom ynmaercs m3bexarb MHTEHCHBHOTO
CUrHaja OT HOJUIOKKM OKCHIHOM IUIEHKM — MeTajlla, YTO SIBJISIETCS
pe3yiabTaTOM  BBIIOJHEHHWS  CKaHUPOBaHHA C  (PUKCHPOBAHHBIM
CKOJIB3SIIMM YIJIOM MaJeHusl.

MaremaTrdeckyr0o W TpauuecKyro 0o0paOdOTKy pe3ylbTaToB
OPOBOJWIN C NPUMEHEHHEM C TMpPUMEHEHHEM WH(QOPMAaIMOHHBIX
texnonmoruit u  CAIIP mporpamm AUTODESK INVENTOR,
AUTOCAD.

Tperpsl raaBa MOCBSIIEHA TOHKAM METOJAM HCCIEIOBAHUS
($a30BOTO COCTaBa M COCTOSIHUSI OKCHIHBIX IUICHOK, OOpa3yrOIIUXCsl Ha
MOBEpPXHOCTU Hepkaperonledl cranmu npu [JIM. B rmase omwmcano
HCCIICIOBAHNE MHKPOTEOMETPHUH  CJIOKHOTO PEryJsipHOro pembeda
MOBEPXHOCTH Pa3HOOKPAILICHHBIX 00pa3IioB.

®a3oBbIi u XUMUYECKUN COCTaB MIOBEPXHOCTHU
Pa3HOOKpAIIEHHBIX O00pa3loB M3y4YajH, MWCIOJIb3YSd PEHTTEHOBCKUM
mudpaxtomerp Rigaku, MeTonoM aHanmu3a TOHKUX TJICHOK B T€OMETPHU
CKOJTB3SIIIETO MyYKa.

Hus MIOJTHOTO aHam3a OKpAIIEHHBIX 00pa3uos
(hEHOMEHOJIOTUYECKUM METOJIOM OBUIO TPOU3BEJCHO OO0bEIUHEHUE B
nBeToBbie Tpymmbl mo mkane RAL: «3eneHsplit mamopoTHUK» (TpyIina
RAL 6025), Kpacao-opamxkessriii (rpynma RAL 2001), UepHo-3eneHsrit
(rpymma RAL 6012), 3omnorucro-xentsiii (rpymma RAL  1004).
PesynmpTarhl  aHanM3a 1O BBIJCJICHHBIM  I[IBETOBBIM  TpyIIaM
MpeICTaBJIeHbl B IUCCEPTALMOHHON padore.

Ha pucynke 2 mnokazaHa MHKPOCTPYKTypa oOpasna IBeTa
«3enensrii manopotHuk» (rpymma RAL 6025) ¢ pacmonoxeHneM TOYeK
HCCIIe0OBaHMSI TTOBEPXHOCTH 00pasma. Ha pucynke 3 nmpuBenén oOpaselr
MOJYYEeHHOTO XHMMHYECKOTO COCTaBa OJHOM W3 BBIOPaHHBIX JUIS
HCCIIEIOBAHUS TOUEK.

Ha mukpocTpykType AJist uccieaoBaHus ObUIO BEIOPAHO MOpPSiIKaA
8mu Touek. IlonHbBI aHaNM3 KaXZOM TOYKM BHIOPAaHHOH IIBETOBOM
IPYNIIBl  OKpPAIIEHHOro o0pasia MpeACTaBlIeH B JUCCEPTALMOHHON
pabore.




S0pm

Pucynoxk 2 — MuxpocTtpykrypa Pucynok 3 — Crekrporpamma

oOpasua 1Bera «3eIeHbli XUMHUYECKOTO cocTaBa TOYkH NeS1
MaroOPOTHUKY» C PACIIOIOKEHUEM MIPH U3YYCHUU TIOBEPXHOCTH
TOYEK MCCIEI0BAHUSA [IOBEPXHOCTHU oOpa3sia nBera «3eeHbIrd
obOpa3sia HarnoOPOTHUK

KauecTBeHHbIlt  (a3oBBIi aHAaTM3 OKCHIHBIX IUICHOK Ha
nosepxHocTH ctann 12X18H10T, obpazoBannsix B pesynbrare LIJIM,
nokazan Hanmuue okuciioB jxene3a (FesOs) m mukens (NiOs). Kpome
TOro, HaOMIOAAIM TBEPAbIM PacTBOP XpoMa W HHUKENIsS B JKeJese
(Tabmura 1)

Tabmumna 1 — PesynbraThl ()a30BOT0 aHajin3a MOBEPXHOCTHBIX ILJICHOK
pa3sHOOKpameHHbIX 00pa3ios u3 ctamm 12X18H10T

IIBeToBas rpymnmna Dasbl Maccoas nois, %
3eTeHbIi MaoOpPOTHUK Teepapiii pactBop FeNi 29,0
(rpynma RAL 6025) Fes04 56,1
KpacHo-opanxeBbIit Tsepabiii pactBop (FECrNi) 52,0
(rpynma RAL 2001) NiO4Fes6-04 39,6
UYepno-3enenslii (rpynna | Teepastit pactBop (CrNi) 83,2
RAL 6012) FeO-Fe,0s 14,8
30JI0TUCTO-KENTHIH Tepapiii pacteop (CrNi) 83,1
(rpymma RAL 1004) Fes0,4 13,1

C u3MeHeHHeM OKpAallMBaHUS IUIEHOK B 3HAYUTEIFHOW CTETIeHU
U3MEHsIeTCsl MaccoBast 1ol a3, HampuMep, OKHUCIIOB Kene3a: oT 56 % B
IUIeHKax oOpasua «3eJeHblid manopoTHUK», a0 13,1 % B ruieHkax
obpazna  300TUCTO-KeNThIH. [Ipy  oTNIMUaromuXcs mapamerpax
JIA3ePHOTO M3Iy4YeHUs chopMUpOBaHA pa3UYHAs CTPYKTYpa OKCHTHBIX
IUIGHOK Ha TIOBEPXHOCTH HCCICAOBAaHHBIX 00pa3loB U3 CTalu
12X18H10T (tabauma 2).
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Tabnuna 2 - [NapameTpbl J1a3epHOrO M3IYYEHUS, HCIOIB30BAHHBIC IS

morydeHust KoHTpacTHeIX Tpymit RAL ma cramm 12X18H10T

I'pynmna u ner obpasua
ITapameTpsl
Na3epHOTO RAL 60%5 RAL 6012 | RAL 1004 | RAL 2001
3Ty YeHUs 3eneHsbIi ‘lepHo-V 30JIOTI/IC’£O- KpacHo- 5
TANOPOTHHK | 3EJICHBIH JKEITHIA OpaHXEBbIH
f, x['o 50 20 100 100
P, Br 60 35 80 80
L, Mm 0,005 0,01 0,03 0,005
V, MM/c 500 300 300 400
N 2 1 1 1
HccnenoBanue TpeHrHO00pa30BaHUs B IIJICHKAX,

oOpazoBaBiuxcsi Ha noBepxHocTH ctanu 12X18H10T mpu mapkupoBke
C Ppa3MUYHBIMH TapaMmeTrpamu mposeneHo mpu yBemmdeHnmn *1000,
%3000, x7000.

DONeKTpOHHAass MHUKPOCKONHMsSI TpU  OONBIIMX  YBEIHYCHHUSAX
MoKaszaja, 4TO MpPH Pa3IMYHBIX MapamMeTpax Ja3epHOro H3IyYeHHs
KayecTBO OKCHUIHBIX IUIGHOK OTIMYAaeTcsi ¢ TOYKH  3pEHHus
TpeurHooOpa3oanus. DOpMUpOBaHHE CETKM TPEIMH B OKHCHBIX
IUIGHKaX HE MOXXET HE CHH3UTh KauyeCTBO HAHOCHUMOH Ja3epHOU
MapKHPOBKH.

[lpu ompeneneHHBIX NapaMeTpax Ha IMOBEPXHOCTH 00pas3IoB
BO3HUKAET CETKa TPEIIWH, KOTOPYI0 MOXXHO OTYETIMBO HaOII0AaTh
s npu yeenuueHun x7000. Cerka TpeuuH obpa3oBanack mpu Oojee
BBICOKMX CKOpOCTSX mpoaBmwkeHus nyda (400...500 wmwm/c) u
HaUMEHBIIIEM pPACCTOSHHM MEXTy mnpoxogamu iyda (0,005 wmm).
[loBTOpHOE MPOXOXKIAEHHE Jyda, TAKKE CHOCOOCTBOBAIO OOPA30BAHUIO
TPEIUH Ha TOBEPXHOCTH 00pa3IoB (PUCYHOK 4).

Cetka TpentuH oOpa3oBaiach Mpu:

- ckopocTsx npoasmwkeHus tyda 400...500 mm/c;

- paccTossHuM Mexay npoxonaamu sryda 0,005 mMm;

- YBEJIMYEHUH MOIIIHOCTH JIa3epHOro u3nydyenus 1o 80 Br;

— gacToTe UMITYIhcOB 110 100 kI'1T;

- MTOBTOPHOM TPOXOXKIEHHE JTyda.

TpemuHsl Ha 00pabOTaHHONW MOBEPXHOCTH OTCYTCTBYIOT IpH
CJIEIYIOIUX MTapaMeTpax:

- MOII[HOCTH JIa3epHOT0 n3ny4yeHus 35 Br;

11



— yacToTe uMiyiabcoB 20 kI'i;
- CKOPOCTH MpoX0oxaeHus Jiyda 300 MMm/cex;
- OJTHOKPATHOM IPOXOXKICHUY JIy4a.

a) oOpazerw 3eseHbIN MAOPOTHHK; 0) oOpaser; KpacHo-opaHxeBblii;
B) oOpazerr YepHo-3eeHbIi; I') 00pa3el] 30JI0THCTO-KEIThIM.
Pucynok 4 — MUKpOCTPYKTypa MOBEPXHOCTH HCCIIEAYEMbIX 00pa3IoB

Pa3HoOKpalieHHbIe OKCHIHbBIE IJICHKH MUMEIOT B CBOEM COCTaBe
10 HECKOJIBKO (a3, KOTOphIE 001a1ai0T, pa3InuHbIMU K03 humenTamu
JTUHEHHOTO pacmupeHus. [loaToMy TpenuHbl 6oiee aKTUBHO BO3HHKAIOT
IPU BBICOKMX CKOPOCTSIX HPOXOXKIEHHsS Jyda WIA NpPU HOBTOPHO
HarpeBe U OXJIaKACHUH.

W3 aHanm3a CHUMKOB MHKPOCTPYKTYpPBI, CIEAyeT, 4YTO Ha
MOBEPXHOCTH 00pa3yloTcst «O0Opo3dbl», KOTOpbIE IOMYYalOTCS B
pe3yabTaTe MPOXOXKIEHHS JIA3€PHOrO Jiyda MPH  «3aKpaIlUBaHHUN
obmactu Bo3neicTus. IllupuHa «OOpPO3IBD COOTBETCTBYET THAMETPY
ISITHA, MPOELUPYEMOTO Ja3ePHBIM H3IydEHHEM, H COCTABIIACT MOpPsIKa
35 MxM. PacctosiHne mexmy Oopo3mamu mopsiaka 12 MM, a TayOuHa
0,3...0,8 MKM (B 3aBUCUMOCTH OT NOJy4eHHOro nseta). Kpome toro, Ha
MOBEPXHOCTH oOpaslia BHIHBI HEOOJBIIME HAPOCTHI  BHICOTOH
0,5...1.2 MkM B 00JlacTH BO3AEUCTBHS MATHA. DT HAPOCTHI 0OPa3yIOTCs
B pe3ynbTaTe KWIEHHA MeTauia, (OpMHUpYs CIOXHBIA penbed
MOBEPXHOCTH TIPH JIA3ePHOM OOTydeHHH. DTO MOXKET TOBOPHUTH O TOM,
YTO BU3yalbHOE IIBETOOOPA30BAHME CBS3aHO HE TOJBKO C SBICHHEM
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L[BETOB IOOEXKaNOCTH U HHTepdepeHurell B TOHKUX IUICHKaX, HO U
MOJKET SIBJISITBCS Pe3yNbTaToM AU(paKiyH, T. €. CI0KHOTO TPOSIBICHHS
HECKOJIBKHUX MIPOLIECCOB OTHOBPEMEHHO. CrenoBareinbHo,
MHUKPOT€OMETPHUS CIOKHOTO MIEPHUOIUYECKOr0 TOBEPXHOCTHOTO perbeda
MOKET OKa3blBaTh 3HAUMTENHHOE BIUSHUE Ha 3pUTEIBHOE BOCIPHUATHE
1BETOOOpa3oBaHus, nmoyy4eHHoro B pesynsrate [[JIM u TpeOyer Gonee
riyOokoro ucciaenoBaHus. [l OLEHKHM 3TOrO BIUSIHUSA HY)XEH HE
TOJIbKO IPUOIM3UTENBHO OLECHOYHBINA, HO CUCTEeMHBIN moaxoa. [lostomy
ObUT MPOBEACH LIENbIA s KCIEPUMEHTOB ISl OTPENEICHUS BIHSIHUSL
IIUPUHEI u I1yOMHbI MHKpPOHEPOBHOCTEN MTOBEPXHOCTH,
MOIUGHUIMPOBAHHOM  JIa3epHBIM  OOJy4YeHHEM C  pa3IMYHBIMU
rapaMeTpaMi, Ha I[BETOOOpa3oBaHME Ha IMOBEPXHOCTH HepKaBelollen
CTali, JAaTyHU M XPOMHUCTBIX TaJbBAaHMUYECKUX TIOKPHITUH Ha
KOHCTPYKIIMOHHOM CTaJId Y JIATYHHU.

Jnst onpenenenus MUpUHBI 30H JazepHoro BosneicTaus (3JIB)
1 30H Tepmudeckoro BiausHUS (3TB) B pasHBIX KOHTPacTHBIX IpyInax
MIPOBEIEHO MeTaJUIorpaduueckoe UCCiIeJ0BaHUE C IOMOLIbIO CBETOBOIO
MHKpOcKomna mnpu yBeaudeHud x200. beul paccuuTtan mapamerp
LIEPOXOBATOCTH — CPEJHMI 1Iar HepoBHOCTEH mpoduist SM Pe3ynbratTs
HCCIIEI0BaHUS N0CIe 00pabOTKU € IOMOIIBIO METOJIOB MAaTEMAaTHUECKON
CTaTUCTUKH CHCTEMAaTHU3UPOBAHBI U MPEJCTABICHBI B BUAe TabiIMLbl 3 U
JyarpaMM Ha pUCYHKe 5.

Tabnuma 3 — Pe3ynbpraThl pacdeToB CpEAHEro Iara HEPOBHOCTEH
HpO(I)I/IJISI B pa3HbIX KOHTPACTHLIX I'pyHIiax 110 8-1 Toukam HCCIICA0BaHUA

I'pynma Cepprii arat RAL 7038
Sm, mxm | 24,79| 25,37 | 23,29 | 20,54 | 25,37 | 21,87 | 21,85 |21,71
o 0,83] 0,77 | 086 | 0,85 | 102 | 0,81 | 0,62 | 0,71
I'pynmna @uonerosslii kpacHsIii RAL 4002
Sm, mxm | 25,42| 25,37 | 25,61 | 25,41 | 25,26 | 26,22 | 20,08 | 20,51
o 09| 059 | 103 | 1,03 | 1,11 | 1,21 | 0,96 | 0,77
I'pynmna Cepsrii antpauut RAL 7016
Sm, mxm | 25,71| 25,48 | 25,91 | 25,75 | 26,01 | 25,64 | 25,43 | 26,21
o 1,71 084 | 092 | 097 | 0,87 | 0,76 | 0,85 | 0,89
Jli1st pa3HBIX KOHTPACTHBIX TPYIII IMapaMeTp IIePOXOBaTOCTA SM
3HaYUMO (C y4eToM pazbpoca pe3ysbTaToB 3aMEpPOB) OTIWYAETCS JIPYT
OT Jpyra. OKCHEPUMEHT M0 H3YYEHHUIO IIEPOXOBATOCTH OKCUIHBIX
IJICHOK TPOBOAWIN Ha eawmHod turactuHe w3 cramum 12X18HIOT,
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KOTOpasi WMEeT OJWHAKOBYIO IO BCEH TIOBEPXHOCTH OJUHAKOBYIO
CTPYKTYPY U IIEPOXOBATOCTb.

" PerymnTame: mamepennd wwpwis: 418 roynnw RAL 4002
PesynsTaTsl hamepeHmii inpuHbi 3/1B rpynnsl RAL 7038 \uasarcauid Kpacist)

(cepuiii arat)

Ulipitss 30ens ABSEGHOD BOAMALTENA, Mk

Ilupuna 0861 aazepuoro sotelicraus,
MEM

-0 X EE.G

15 w 1 . 51
3 4 5 6 12 13 B W

Howsep ofpaiua ||..:._.. obpams

PesyNLTaTH HaMepEHWH WnpHHs! 318 rpynnel RAL 7016
(cepuiii antpavT)

a2 22 23 0 ——x -0

LUMPHHE 30HRI NEIEPHOTO BOSAE ACTBHA, MKM

8 9 19 20 2 28 26
Hovep odpasua

Pucynok 5 — Pe3ynbrarsl n3mepenuit mmpunst 3J1B

Kpome pacuéra cpemHero mara HepoBHOCTEW mpodwuias mpu
HCCIICIOBAHUYA MUKPOT'COMETPUHU CII0KHOTO PEryJISpHOro peiibeda Ha
MMOBEPXHOCTH MAapKUPOBAHHOTO MeTajlla Obula HM3y4YeHa TJIyOMHA
HEpPOBHOCTEW TPOPWIL C TOMOIMIBI0 OECKOHTAKTHOTO MpoduioMerpa
VICWU.

Jna uccnenoBanus mogoOpaHsl 00paslbl U3 TPYMIbI KPACHOTO U
3emeHoro 1BeToB 1o mkame RAL. [lomydennsie mapameTpsl
IEPOXOBATOCTH HCCIIEIOBAaHHBIX 00pa3I0B 0TOOpaxeHb! B Ta0uIle 4.

Tabnuua 4 — Pe3yabpTaTsl HI3MEPEHUS ILEPOXOBATOCTH

I'pynia u set o6pasia [TapameTp mepoxoBaTocTi

Ra, MKM R., MKM
I'pynma RAL 60253enenblit manopoTHUK 0,26 +0,01 3,06 + 0,39
['pynma RAL 2001KpacHo-opaHKeBbIi 0,17+0,02 1,87 +£0,25
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IMpodunorpamMmma HCCIEIOBAHHBIX  YYacTKOB  ITOBEPXHOCTH
ucciegyeMoi o61acTy, IpeacTaBlIeHa Ha pUCYHKeE 6.

i

Pucynok 6 — 3D nzo0paskeHre IOBEPXHOCTH HCCIeLyeMOr obnacTu

YBenuueHue BBICOTHI HepoBHoOcTedl B 1,5 pasza (6maromaps
JBOWHOMY MPOXO/Y JIyda MPH MPOUYNX PABHBIX YCIOBHUX), KApAUHAILHO
MEHsIET [IBETOBYIO OKPACKy MIOBEPXHOCTHU C KPACHOW Ha 3€JICHYIO.

UccnemoBanuss  perymspHblx  penbedos MIOBEPXHOCTH,
obpasytomuxcss B pesynbrate LJJIM ¢ pasnuuHbIMEH NapaMeTpami,
MOKa3aly BIMSHHE MHUKPOT€OMETPHUM 3THUX pelbeOB Ha 3PUTEIHLHOE
BOCIIPHUSITHE OKpAITHBaHKsI (PHCYHOK 7).

a) oOpaser 3eJIeHbIl MaopOTHUK; 0) oOpaselr KpacHoO-opaHKeBBbIii; B)
oOpaszer; UepHo-3eneHbIi; T) 00pazerr 30710 THCTO-KENTHIH.
Pucynok 7 — CHUMKH, TTOJTyYEHHBIE C TIOMOIIBI0 ONTHIECKOTO
MHUKpOCKOIIa IpH yBenudeHuu %200

[IpoBenennoe HCCIIeI0OBaHNE MoKasao BJIMSIHUE
MHUKPOT€OMETPUHN  CIIOKHOTO PETYISPHOTO penbeda MOBEPXHOCTH,
chopmuposanHoro npu L[JIM, Ha 1BeTooOpa3oBaHHe Ha MOBEPXHOCTHU
HEPKaBEIOLLEH CTaJIH.

B mammHOCTpOeHNH U3ITydaTesb J1a3epHOTO JIyda COBMELIAIOT C
POOOTHU3UPOBAHHBIMU ~ YCTAHOBKAMH, HAHECEHHs] MAapKHUPOBKH Ha
MOBEPXHOCTSIX C pa3lu4HOi reoMeTpuueckord Gopmoi. CKopocTh
HaHECEHHsI MAPKUPOBKH MO3BOJISIET IPUMEHSTh JAaHHBIA METOJ B IIOTOKE
TEXHOJOTHYECKOr0 TpoIecca Mpou3BoAcTBa. i MPUMEHEHHUS 3THX
BO3MOXKHOCTEN ornpeeneHbl pexxumbl [[JIM Ha NOBEpXHOCTH CTalu
12X18HI0T mnpu mnogyyeHHMM LBETOB, COOTBETCTBYIOIIMX PALY
KOHTPAaCTHBIX Tpymm 1o mKkaie RAL © ycTaHOBIEHHBIE PEKHUMBI
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Ja3epHOi 00pabOTKH MO3BOJSIONINE H30eKaTh IOSIBICHUS TPEIIUH B
OKCHJIHBIX TJICHKAX.

Yerpeprasi rjaBa TOCBANICHA W3YYECHUIO BO3MOXHOCTEN M
3aKOHOMEPHOCTEH JIa3epHOM MapKUPOBKM XPOMHCTBIX T'albBaHUYECKUX
MOKPBITHH yraeponuctoi cranu 08 u natynu JI63.

Paccmotpena 3aBUCUMOCTD MOJy4aeMoro LBETOBOTO
moopakennss mpu [[JIM MeTaummueckux IUIACTHH C TOKPBITHEM OT
[IapaMeTPOB JIA3EPHOI0 M3IYyYEHHUs U TEIUIOPHU3NMUECKUX XapaKTEePUCTUK
oOpabaThiBaeMBbIX MaTepuanoB. B HacTosimee BpeMsi HE H3BECTHBI
paboThl, MOCBALICHHBIX H3YyYEHHIO TPAaBUPOBKM M  MapKHPOBKH
METAJUINYECKUX  MOKPBITHH, IMO3TOMY  JaHHOE  HCCIIEJOBaHHE
NpPEACTABISIET HAyYHbIM W INPAKTUYECKUH HHTEpec. XPOMOBbIE
MOKPBITUSI HE CIIOCOOHBI CO3/1aBaTh C KeJe30M TalIbBAHMYECKYIO Mapy U
[O3TOMY HE MOTYT OJJICKTPOXHMMHUYECKH 3alluiarh kene3o. llpu
B3aUMOJECUCTBUM C KOHLIEHTPUPOBAHHOM a30THOW KHCJIOTOM Ha
MOBEPXHOCTH XpoMma o0pa3yercsi HepacTBOpHUMAas OKCHIHAs TUICHKA,
JAHHBIN Mpoliecc HAa3bIBAETCS NMaccUBalued Xxpoma. XpoM HE pearupyer
C OpraHM4YeCKMMH KHCIOTaMM, a Takxe ¢ cepoBomoponoM. llpm
B3aMMOJICHCTBUH C BO3JYXOM aTMOcC(epbl He MEHSET CBOETO IBETA, TaK
e TIOKpbIBasCh IIACCUBHOW IUIGHKOH, KOTOpas MpENsATCTBYET
JalbHEeHIIeMy pa3pyLeHNIO MeTaa.

Breibop mis uccnenoBaHusi 00Opa3ioB W3 CTald W JIATYHU
00OCHOBaH IIIMPOKUM paCIpOCTPAaHEHHEM B MPOMBIIUIEHHOCTH, U HX
pa3IUYHBIMU TEIUTOQU3NYECKUMH CBOCTBaMH (Tabuuia 5).

[TokpeiTHE OOpaA3IOB TAIFBAHUYECKUM XPOMOM  ITO3BOJIHIIO
YPOBHATH Ui 00OMX 00pa3loB Takoil mapaMeTp MarepHaia Kak
Ko3QPULMEHT OTpakeHUs. DTOT mapaMeTp BiIUsAeT Ha 3(GHEKTUBHOCTh
nazepHoi o0paboTku. YeM Bbimie 3TOT KOA(D(MUIUEHT, TeM OOJBIIYIO
MOIITHOCTb JIa3€pHOT0 MIITyUSHHS HY>KHO UCIIOJIL30BAThH JJIsSi HAHECEHHUS
MapKUPOBKHM Ha MOBEPXHOCTb. [ mpoBeaeHHs 3KCIEpUMEHTa OBbLIO
HaHECEHO MOKPBITHE XpOMa TOJIIHUHON 1 MKM.

Tabnuua 5 —Temnopuznueckue XapakTEPUCTUKU METAJUIOB MOATI0KKH

XapakTepucTuka Cranb 08 Jlatyss JI63
Tennoemkocts, kKJIx/(kr’C) 0,381 0,481
Tennonposoaxocts, Br/(M°C) 60 110
TeMIepaTyponpoBoIHOCTb, M%/c 12,5 26,4
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Janast TonmMHAa SBISAETCS PEKOMEHIYEeMBIM 3HAUYeHHEM IpH
XPOMHUPOBaHHUHU NPOU3BOICTBEHHBIX H3IEINH.

JU71st IOy 9eHHsT TOJIIIMHBI MTOKPBITHSA XpoMa | MKM Ha CTaIbHOW U
JATYHHOM TUTACTHHAX OBUIO 3aTPadeHo 2 MUHYTHI.

C moMOmIBI0 TECTOBBIX MPOXOAOB C(HOPMHPOBAIOCH TOHUMaHHE,
Kakhe MapamMeTpbl  JIa3epHOTO  W3IYYCHUS]  HEOOXOAMMBI  JUIS
(GOopMUpPOBaHHS I[BETOBOTO M300paKEHHWS M B KAaKUX IHANa30Hax
HEOOXOAMMO KOPPEKTHPOBATh JAHHBIE MapaMEeTPhl JUIA IOJTYyYSHHS
pa3NUYHBIX IBETOB. TecToBoe M300paskeHHe MpeACTaBIeHO Ha PUCYHKE
8. Bricota OyKB 5 MM.

Pucynok 8 — JlazepHas uBeTHas MapKUpOBKA XPOMHUCTOI'O IOKPBITHS

[TonydenHass B pe3yJpTaTe Hay4YHBIX KCCIEIOBAHUMI pa3iuvHast
[[BETOBAasi raMMa, TOBOPUT O TOM, YTO MPOMCXOIAT Pa3HbIC XMMHUUCCKHE
peakiuu B o0ynacTu ja3epHoit 00paboTku. MOXHO cKa3aTh, YTO TaKOM
pe3ysbTaT AT pa3iuHble TEIUIOPHU3MYECKHe TOKa3aTelld JIBYX
HCIIBITYEMBIX XPOMUPOBAHHBIX 0OPa3IIOB.

AHaIM3UPYsI TOJYYEHHbIE PE3YJIbTAThI, MOXXHO YTBEPXK/IATh, 4TO
Onarozapsi 6osiee OBICTPOMY pa3orpeBy U 00JI€€ MHTCHCUBHOMY OTBOIY
Tera mpu  o0paboTKe JNaTyHHOTO o00pas3ia TOKPBITOrO XPOMOM,
MOJIyYeHbI ~ [BETOBBIC  M300paXKE€HHS  OTJIIMYHBIE OT  I[BETOBBIX
M300pakKeHUH, MONyUYEeHHBIX NPHU aHAJOTHYHBIX MapaMeTpax Ja3epHOH
00pabOTKH XPOMHMPOBAHHOTO CTajibHOrO oOpasma. Cranb o0Jazaer
Oosice MEUIEHHBIM [0 CPaBHEHHIO C JIATYHBIO pPa3orpeBoM H Oosiee
ME/IJICHHBIM OCThIBaHHEM. Termnopu3ndecKue XapakTePUCTHUKU BIHSIOT
Ha (OPMUPOBAHHE TEMIIEPATYPHOTO IMOJII M COOTBETCTBEHHO BpeMs
NPOTEKaHUs] XMMHUUYECKOH peakiuu, B pe3yJibTaTe KOTOpOil oOpa3syercs
OKCHJHAs TUICHKA Pa3HOM TOMIIUHBI. TOJIMHA TUJICHKH 3aBHUCHT OT
WHTCHCUBHOCTU IPOTCKAHHUA XUMHYECKOMN pCaKknun, a MHTCHCUBHOCTH
3aBUCUT OT TEMIIEpATypbl 30HbBI TEPMHUUCCKOI'0 BJIHUAHHUA W 30HBI
JIa3epHOTO BO3ICHCTBUSL.

HpOBelleHHI)Ie HUCCIICA0OBAaHUA IIoKasalJiu, qTo, NIPpUMCHAA
rapaMeTpbl JIa3epHOW MapKUPOBKH, MpECTaBICHHbIC B Ta0uuie 6, mpu

17



YCJIOBHH HCIOJIB30BaHUSI 00Pa3lOB COOTBETCTBYIOIIMX HCCIIEIYEMBbIM,
MOJYYSHO BOCIPOU3BEICHNE [IBETOBBIX M300pPaKCHUIA, MPEICTABICHHBIX
Ha pUCyHKe 9.

Tabnuna 6 — Pesxumbl azepHON MapKUPOBKH OMBITHBIX 00pa3oB

Paccrosnue MomHocTh
Howmep CKOpOCTB Yacrora | Benuuuna
MEXAY Uucno | JnazepHOro
CeTMEH Ipoxona, o, [AMITyIIbCa) pacoKycu
g |PAcTPaMH, | T0 T | IPOXO/IOB| H3ITYHEHNH, % W pOBKH
MM (ot 20 Br)
1 0,01 50 1 35 20 0
2 0,01 50 3 30 20 0
3 0,01 100 2 40 20 0
4 0,01 500 1 95 100 5
5 0,01 500 1 95 100 3
6 0,01 500 1 95 100 2
7 0,01 500 1 95 100 1
8 0,01 500 1 95 100 0

Jns KoHKpeTHOro wmarepuaia, NPUMEHSIB pPa3sHYI0 3HEPrUio
BO3ACUCTBHA M MEHAA KOA(QPHUUUEHT MEPEKPHITUS MOXHO MOJIYYHUTh
OJMHAKOBBIE IIBETOBBIE 00Pa3Ibl MAPKUPOBKH U, HAOOOPOT, 3HAsI TOUHBIE
rapaMeTpsl JIa3epHOTO Jiyda Ha OJHOM MaTrepuaje MOJyYWuTh pas3Hble
OTTEHKH I1IBETOBOM raMMmbl. IIpu 3ToM wuaeHTH(UKAUs LBETOB
MPOBOAMIACH C  IOMOIIBI0  CIEHHUAIU3NPOBAHHON  MPOrpaMMBI

MAaIIMHHOTO 3PEHHUS.

IlBera uaeHTHGUIMPOBAIK C TOMOMIIBI0 MKanbl 1BeToB NCS
(auri. Natural Color System, ecrectBeHHast cuctema IBera). I[Ipu 3Tom
MPOM3BOAMIOCE CpaBHEHHE opuruHaiabHOro mpera no NCS c mserowm,
3a()UKCUPOBAaHHBIM  NPOQecCHOHATBFHONH  (OTOKaMepol, HMeroIIen
pacumpenue 12 Meranukcesnei.

NN peanos 336 oLpansts rp
¢ & &

of natyvee NAY
[ [ ?

P

PucyHnok 9 — BocnpousBeieHue BETOBBIX H300PKEHHIMA, TIOIYYCHHBIX
Ha XpOMHPOBaHHBIX MOBepxHOCTAX ctanu 08 u matynu J163
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[lomyuyenHnele B Xxome paboOThl IaHHBIE MCIOJB30BAaHBI JUIS
HaNMCaHMUs MPOTPAMMHOTO OOecreueHus: JJisl J1a3epHOM YCTaHOBKH Ha
sI3pIKe TIporpaMmupoBaHus JavaScript. Llempto mporpamMMmbl SBIISIETCS
[IOMOIb OIEPaTopy Ja3epHOTO CTaHKAa B IOXOOpE MapaMeTpoB IS
Pa3NUYHBIX MaTEPUAIIOB U TIOYYEHHH HA HUX [IBETHOTO U300paKCHUSI.

Hannune momoOHON mporpaMMBbl MOXKET YIPOCTHTH paboTy Mo
HAaHECEHHUIO IIBETHOH MapKHUPOBKHM Ha METAUIMYECKHE MOBEPXHOCTU U
YBEJIIMYNUTh HPOM3BOAMUTEIBHOCTh PA0OTBl  ONEPATOPOB  JIA3EPHOTO
obopynoBanus. [10 mpencrasisier co6oii 6a3y AaHHBIX ¢ MapameTpaMu
JA3epHOH MapKUPOBKH, KOTOPbIE NPUMEHSUINCh Ui HAHECEHMs
n300pakeHus Ha oO0paslpl, W I[IBETOB, MOJYYCHHBIX B XO0n€ pabOTHI.
3amaueil mpuiIOKeHUS OyAeT SBISATHCS MPEAOCTaBICHUE MapaMeTpOB
JA3epHOr0 Jiyda JAis BBIOPAHHOTO MeETaula B 3aBUCHMOCTH OT
BbIOPaHHOTO IIBETA, KOTOPBIM HYKHO ITOJIyYUTh HA MaTepHale.

3AKJIIOYEHHUE

1. Hccnenopanne BiusHUS (Ha30BOTO COCTaBa OKCHIHBIX
IUIGHOK Ha IIOBEPXHOCTH MeTayla IPH TEPMHUYECKOM HMILYIbCHOM
Ja3epHOM BO3AEHCTBMM B Juamna3oHe (OpPMHUPOBAHUS ILIBETHBIX
OKCHUJIHBIX CTPYKTYP IIOKa3aJj10, 4YTO USMCHCHHIO OKpalllMBaHU IJICHOK B
3HAYUTENIFHOW CTENEHH COOTBETCTBYET HM3MEHEHHE MAacCOBOW J0JIH
OKCHIOB kene3a. Ilpm M3ydeHHMM BIEKTPOHHOM  MHUKPOCKOIINH
TpeHII/IHOO6pa3OBaHI/IH B OKCHJHBIX IIJICHKax, YCTAHOBJICHO, 4YTO IIpU
OTIpEJICNICHHBIX TapaMeTpax Ja3epHOTO HU3JIyYeHHs Ha TOBEPXHOCTH
00pa3LoB BO3HHMKAET CETKa TPEIIMH, KOTOPYI0 MOKHO HaOJOAAaTh,
HaunHast ¢ yBenuueHuss x7000. Cerka TpemuH oOpazoBajliach MNpHU
ckopoctsx mnpoasmwkenus jayda 400...500 MM/C U PacCTOSTHUM MEKIY
npoxoaamu ayda 0,005 mM. IloBTOpHOE NpPOXOXKACHHE Jyda TaKKe
croco0CTBOBaIO 00Pa30BaHMIO TPEIINH HA IIOBEPXHOCTH 00Pa3LOB.

2. YcTaHOBIIEHO BIHSHUC MHKPOI€COMETPHUN CJIO’KHOI'O
perynsipHoro  penbeda  MOBEPXHOCTH, C(HOPMHPOBAHHOTO  IIPH
TEPMUYECKOM HMITYJbCHOM JIa3€pPHOM BO3/JCHCTBUM HA LIBETHBIC
n300paKeHNsT Ha TOBEPXHOCTH HEP)KABEIOIIEH CTanu: H3MEHEHHE
IyOMHBI HEPOBHOCTEH pEryJsipHOr0 peiibea Ha IOBEPXHOCTH
HEPXXABEIOLIEH CTalM TIOJHOCTBIO M3MEHSET IBET OKpaIlUBaHUs
MOBEPXHOCTH; MPU 3TOM IMapaMeTphl MIEPOXOBAaTOCTH HW3MEHSUINCH B
nuama3one Ra =0,261...0,167 mxm u Rz = 3,063...1,870 MxMm.

3. OnpezeneHsl peKuMbl TEPMUUYECKOT'O JIA3EPHOTO BO3AECHCTBHS
JUI TIONyYeHHMsl 3aJaHHBIX LBETOB Ha IOBEPXHOCTH HepiKaBelolIen
CTaJli, COOTBETCTBYIOIIMX PSIIy KOHTPACTHHIX Ipynn mo mkaine RAL u
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XPOMHPOBAHHBIX MTOBEpXHOCTAX ctanu 08 u marynu J163. Ha ocHoBannu
JAHHBIX TONMYyYEHHBIX MPU UCCIEA0BaHUU pa3paboTaHa mporpamma JJis
paboTel ¢ 0a30il MAHHBIX MONYYEHHBIX PE3yIbTaTOB NPHU JA3epHOM
00paboTKe METAUTMIECKUX 00pa3IoB ¢ TOKPHITHEM.
CIIUCOK ONNYBJINKOBAHHBIX PABOT
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HaymoBa Maprapura I'enHaabeBHanbin 02.05.08 — «MammuHa
KYPYY TEXHOJIOTHMSICHI» ATUCTHIH 0OIOHYA TEXHHKA WIMMIEPHHUH
KAHIUIAThl WINMHI 1apaXkachlH ajayy Y4YH CyHymTajarad « Meraui
OyIOMIapblH TYCTYY CYPOTTOPAY KAJIBINTAHABIPYY apKbLIYy
MAapPKAJIOOHYH CANATBHIH JKAKIIBIPTYYYY Jia3epauK TeXHOJIOTrHSHbI
UIITEN YbITYY» JIereH TeMaJarbl AUCCePTANUSICHIHBIH

PE3IOMECH

Tyiliyn ce3mep: mazep, poboTTyk Oenrmnee, KoHTpadakTTaH
KOpProo, TYCTYY Jia3zepIuk Oenrunee, aat 6acnac 60J0T, XpoM KarToo,
MHUKPOCTPYKTYypa, TYPAYY TYCTOry YJIAryJep.

H3nnnee o0bexkTHCH Ooiynm  OOJNOTTOH  JKaHa  TYCTYY
MeTaJuIap/iaH kacalran OeTTep, aHbIH MUUHJIE ap KaHAal mapameTpiiep
MEHEH JIa3epAuK OCIrMiIeeHyH HaThIIDKACBIHIA ap KaHAal TYCKe
0oénroH xalyymnap caHamnar.

N3unneenyH MakcaThbl - MeTAIT OETUH/IE TYCTYY CYPOTTOPAY
TY3YY YUYH JIa3epIuK UIITETYY PEKUMACPHUH H3WI0OHYH jKaHa UIITET
YBITYYHYH HETM3WHAE METAUTyprusUIbIK HPOXYKUMSHBI TYCTYY Jasep
MeHeH OeNruiiee MpoIEeCCHH OPKYHAOTYY OONyIT caHalaT.

N3unnee  bIkManapbl:  MeTaUIOTpaUsUIBIK  DKCIIEPTH3a,
PEHTI'CH-CIIEKTPAIBIK aHAN3, CEKAHTTHIK METOA, (PeHOMEHOJIOTHSIIBIK
meton. Kabayynap: uMiynscTyk Oyna nazepu HansLaserMars; sxapbik
ONTHKAIBIK MHKpockon AxioObserver DIm onTukamblk MHKPOCKOI
UnionVersamed 2; ken (yHKIHMOHAIIYY PEHTICH TUPPAKTOMETP
Puraky; anextponnyk ckanepneeuy Mukpockorn TESCAN VEGA3 SB.

AJIBIHTaH HATBIIKAJIAP KaHA AJAPABIH KAHBLIBITBI: TYCTYY
CYPOTTOPIY KOJIOHYY YUYH KaOayyiapiabl TaHJ00 Heru3ayy. Pazanbik
COCTaBIBIH JKaHa OKCHJ IUICHKAJApbIHIArbl >KapakajapAblH Iaiina
OOJyIIyHYH METaJUIABIH OeTHHE THITU3TeH TaacupH n3nijeHrex. Jat
Oacriac  OONOTTYH OETHHIETH TYCTYY CYpPOTTOPre TEPMHUKAIBIK
UMIIYJIbCTYK JIa3epAMK HYypJIaHyy acThlHAa Taiiga OOJroH Taraal
perynsipayy OeTTMK penbepTHH MHUKPOTEOMETPUSICHIHBIH TaacHpH
aHbIKTaIAbl. Jlar Oacmac OOJIOTTOH jKacairaH OETHHIE KOpPCOTYIIoH
TYCTOpIYy alyy YYYH OSKbUIYYIyK Ja3epIuK HypJaHyy peXuMaepH
anpIkTanrad. KanranraH MeTtayul yACYJAepyH Ja3epAdK HIITETYYAO
QJIBIHIAH HaThlKaNapblH MaanbIMaT 0a3ackl MEHEH HIITee Y4YH
MpOTpaMMa HINTEJHIT YbIKKaH
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PE3IOME

auccepranusas Haymosoit Maprapurel ['eHHagbeBHBI Ha TeMmy:
«Pa3paboTka Jia3epHOWl TEXHOJIOTHHM, TOBBINIAIOIIEH Ka4YeCcTBO
MAapKHPOBKHU MeTALNINYeCKOil MPOAYKIUU MyTeM (p)OPMHUPOBAHHSA HA
Hell IBeTHBIX W300pa’keHWi» NPeICTABJEHHON Ha COMCKaHHUe
Y4eHOH cTemeHN KaHAWAATa TeXHMYECKHX HAYK MO CHeNUATbHOCTH
05.02.08 — «TexHOIOrHsI MAIIIMHOCTPOEHUSI

KiroueBbie ciaoBa: saszep, poOOTH3MPOBaHHAS MAapKUPOBKa,
3alIMTa OT MOAJCIOK, LIBETHAs Jla3epHash MapKUpPOBKa, HepKaBeromlas
CTajlb, XPOMHCTOE IIOKPHITHE, MHKPOCTPYKTYpa, Pa3HOOKpAILIECHHBIC
00pasIpl.

O0beKT mccae10BaHUs - MOBEPXHOCTH M3 CTATM M LIBETHBIX
METaJUIOB, B TOM YHCIJIC TIOKPBITHS, OKpallleHHbIC B Pa3lIMYHbIC IIBETA B
pe3yJbTare Ja3epHONH MapKHUPOBKH C Pa3IMYHBIMU apaMeTPaMu.

Henp ncecaenoBanus — COBEPIISHCTBOBaHME Mpoliecca [[BETHON
Ja3epHOW MAapKUPOBKM METALTYPrHUECKOW TPOAYKIMU Ha OCHOBE
WCCIIEIOBAHNSA W Pa3pabdOTKH PEKUMOB Jla3epHON 0O0paOOTKH C IIENBI0
(¢bopMHpOBaHUs ~ LBETHBIX  H300pakKeHMH  HAa  METAUIMYECKOM
MTOBEPXHOCTH.

MeToabl uccief0BaHMii: MeTauIorpaduuecKoe ucciae10BaHue,
PEHTICHHOCHIEKTPAJIbHBIA ~ aHali3, MNPUMEHEH METOA  CEKYIIHX,
(hEeHOMEHOIIOTUYECKHI METOJI. Ob6opynoBanue: VMITYJIbCHBIN
BOJIOKOHHBIN J1azep HansLaserMars; cBETOBOM ONTUYECKUN MHUKPOCKOI
AxioObserver DIlm;ontuyeckuii mukpockon UnionVersamed 2;
MHOTO(YHKIIMOHANBHBIA ~ PEHTreHOBCKUH  nudpakrometp  Rigaku;
3eKTpoHHbIN ckanupyromuii Mukpockon TESCAN VEGA3 SB.

IHonyyeHnHsble pe3yabTaThl M UX HOBM3HA: O0OCHOBaH BBIOOD
o0OpyZOBaHMs IJIi HAaHECEHUS LBETOBBIX H300paxkeHuil. M3yueHo
BIMsHAE (DAa30BOTO COCTaBa U TPEUMIEHOOOPA30BaHUE B OKCHIHBIX IICHOK
Ha TOBEPXHOCTH MeTaUla. BBISABICHO BIMSHUE MHUKPOI€OMETPHUU
CJIOJKHOTO PEryJIipHOro peibeda MOBEpXHOCTH, CPOPMUPOBAHHOTO TIPU
TEPMHUYECKOM HMITYJIbCHOM JIa3€PHOM BO3JICHCTBUM Ha I[[BETHHIC
n300pakeHHsd Ha TOBEPXHOCTH HepkaBeromie cramu. OnpeneneHs
PEKUMBI TEPMHUYECKOTO JIa3€PHOTO BO3ACHCTBUS JJsl  TIOJyYEHHS
3aJaHHBIX IIBETOB Ha MOBEPXHOCTH HeprkaBeromeil cranu. Pazpaborana
mporpaMma Jjisi paboThl ¢ 030l JaHHBIX MMOJyYEHHBIX PE3YJIbTATOB MPU
na3zepHoi 00paboTKe METAUTUYECKUX 00Pa3LIOB C TIOKPHITHEM.
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SUMMARY

of the dissertation of Margarita Gennadyevna Naumova on the
topic: ""Development of laser technology that improves the quality
of marking of metal products by forming color images on them"
submitted for the degree of candidate of technical sciences in the
specialty 05.02.08 -""Mechanical engineering technology"*

Keywords: laser, robotic marking, protection against counterfeiting,
color laser marking, stainless steel, chromium coating, microstructure,
multi-colored samples.

Object of the study - surfaces made of steel and non-ferrous metals,
including coatings painted in different colors as a result of laser marking
with different parameters.

The aim of the study is to improve the process of color laser marking of
metallurgical products based on the research and development of laser
processing modes in order to form color images on a metal surface.

Research methods: metallographic examination, X-ray spectral
analysis, the intercept method, the phenomenological method were
applied. Equipment: pulsed fiber laser HansLaserMars; light optical
microscope AxioObserver D1m; optical microscope UnionVersamed 2;
multifunctional X-ray diffractometer Rigaku; electron scanning
microscope TESCAN VEGAS3 SB.

The results obtained and their novelty: the choice of equipment for
applying color images is substantiated. The influence of the phase
composition and crack formation in oxide films on the metal surface is
studied. The influence of the microgeometry of the complex regular
surface relief formed by thermal pulsed laser action on color images on
the surface of stainless steel is revealed. The modes of thermal laser
action are determined to obtain the specified colors on the surface of
stainless steel. A program is developed for working with a database of
the results obtained during laser processing of coated metal samples.
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HaymoBa Maprapura ['eHHa/ibeBHa

Pa3paloTka na3epHOI TEXHOIOT MY, TOBBIILAIOIIEH KayeCTBO
MapKHPOBKH METAITMUECKON MPOJAYKIIUH ITyTeM GOpMUPOBAHUS HA HEH
LBETHBIX M300paKEeHUH
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