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KbIpreizckuii rocyiapcTBeHHbIH TeXHHYECKUH
yHuBepcurer uM. U. Pa33zakosa

HMuccepraumonnslii coet /I 05.24.703
Ha npaBax pykonucu

VJIK: 621.7.01
621.7.015

Haymoa Maprapura I'enHagbeBHa
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Pabora BpmonHeHa Ha Oa3ze DenepaJbHOTO TOCYAAPCTBEHHOTO
ABTOHOMHOTO 00pa30BaTeIbHOTO YUYPEKACHUS BBICIIETO 0Opa30BaHUA
«HauuoHanbHBI ~ HCCNENOBATENbCKUN  TEXHOJIOTMYECKUA  YHUBEPCHUTET
«MHUCHUC»

Hay4ynbiii Mopo3osa Upuna I'eopruesna
PYKOBOIMTEJIb: KaHIUIAT TEXHUUECKUX HAYyK, HOIEHT, YHUBEPCUTET HAYKH W
TEXHOJIOTUH MUCHC, Kagenpa WNuxunupunra

TCXHOJIOTHUYCCKOTO 060py[[OBaHI/IH

Odunnanbueie AdcanbikoB baxeiT Hapukbaesnu

ONMOHEHTHI: JIOKTOp TeXHMYECKHX HayK, Hpodeccop, 3aMecTHTENb
TeHEepaJbHOTO AupeKkTopa MHCTUTYTa XUMHYECKHMX HAyK HM.
A.B. Bektypoga, Peciyonuka Kazaxcran
Kymanues Kexkmenoaii MyparoexoBu4
Kanmumar TexHMYECKMX HayK, [OIEHT, MOLEHT Kageapsl
TexHonorun MamuHoctpoeHuss KI'TY

OB;?;’:::;’;HHE ®enepanpHOE rOCYAapCTBEHHOE Oro/KeTHOE
00pa3oBaTeNIbHOE  YUPEXKACHHE BBICIIET0 00pa30BaHMSA
"MocKoBCKUI rocyaapCTBEHHBIN TEXHOJIOTUYECKUI
yausepcuret "CTAHKIH".
r Mocksa

127994, ropon Mockga, I'CII-4, nepeynok BankoBckui, 1. 1

3amuta auccepranuu cocroutcs 23 mas 2025 roma B 14:00 gacoB Ha
3acenaHuu aucceprauuonHoro cosera [l 05.24.703 no 3amure agucceprauuii Ha
COWCKAaHWE YUYEHOH CTeleHW KaHAWAaTa TeXHWYeCKnX HaykK npu HHcTutyTte
MaIIMHOBEACHHs, aBTOMaTUKN M reoMeXaHWKn HanmoHanbHOM akageMuu Hayk
Keipreizckoit Pecriyommkn u Keipreizckom [ocygapcTBEHHOM TEXHHYIECKOM
yHuBepcurere WM. M. PaszakoBa MwunucrepcTBa 00pa3oBaHHS W HAayKH
Keipreizckoit Pecrryonuku no aapecy: 720055, r. bumkexk, yin. Ckpsouna, 23.
Cchlika Ut JOCTyTIA K BHICOKOH(DEPEHIINH 3alUThI IUCCePTaIHH:
https://vc.vak.ka/b/052-xlj-xui-jwa.

C nmcceprammeid MOXXHO O3HAKOMHUTHCS B Oubimorexkax MHcTHTyTa
MAaIIMHOBECHNS, aBTOMAaTHKH M TeOMEeXaHWKH HannoHanbHOM akaneMuH Hayk
Keipreizckoit  PecrryOmukm (720055, 1. bumikex, ym. Ckpsibuna, 23) u
KpIpre13ckoro rocynapcTBEHHOTO TEXHHUECKOTO yHUBepcHuTeTa uM. 1. Pazzaxosa
(720044, r. bumkek, yi. mpocnekt Y. Aiftmarosa, 66) u Ha caiite HannonanbsHoi
arrecraliioHHOW komuccun npHu Ilpesunenre Keipresckoir  PecmyOnuku:
https://stepen.vak.kg/diss_sovety/d-05-24-703.
ABropedepar pazocnan 21 anpens 2025 roza.

VYueHslil cekpeTapb JUCCEPTALHOHHOIO COBETA, K.T.H., C.

Omukbaes K.T.


https://vc.vak.kg/b/052-xlj-xui-jwa
https://stepen.vak.kg/diss_sovety/d-05-24-703

OBHIASA XAPAKTEPUCTHUKA PABOTbI

AKTyaJIbHOCTh padoTHhI. Ha MAaIIMHOCTPOUTETBHBIX
MIPEANPUATHIX I[BeTHAs Ja3epHas MapkupoBka (IIJIM) moxker OBITH
OCHOBOWM  COOMIOACHHWA JIOTUCTHKH  TPOM3BOJCTBA,  CIIOCOOCTBYS
UICHTU(UKAIIMA YW BU3yalIM3allid TPH Mepeadye MPOIYKIUH MEKIY
oipa3AccHUSIMU MIPEIPUITUS BcenenctBue ocobeHHoCTeH
TEXHOJOTHYECKUX TPOIECCOB WHOTJa MapKHUPOBKA HM3IEIHIA MacCOBOTO
MIPOM3BOACTBA JOJDKHA OBITH JOCTYITHA BOCTIPHUSATHIO OOCTYKUBAIOIIHM
nepcoHasiom 0Oe3 mpubopoB. B 3THX ciydasx IBeTHas Ja3epHas
MapKHpPOBKa HE3aMEHUMA.

Bo3MOXHOCTP TIOMy4YaTh MHOTOI[BETHBIE HW300paKEHUS B
MpolLecce J1a3epHOM O00pabOTKM METAIMUECKUX MAaTePHAIOB — 3TO
COBPEMEHHBIH, TEXHOJOTMYHBIM IOAXOJN, OOJaJaloNMidA  BBICOKOU
BapMAHTHOCTHIO TApaMETPOB MpOIecca, TaK KaK XapaKTePUCTHKAMH
JIA3€pHOTO JIy4da JIETKO YIPaBIIATh.

®dakTopel BIMSHUS Ha TPOIECC TOJIYYCHHS I[BETOBOTO
M300paKeHHS Ha METAITHIECKUX TTIOBEPXHOCTSIX, M3y4eHBI OTHOCUTEIHEHO
Majo ¥ Y3KOHANPABICHHO M TIO3TOMY TpeOYIOT aNbHEUIIero
HCCIICIOBAHUS C IICJIbIO BBISBIICHMSI, CHCTEMAaTH3allMd M OIPEICICHHS
B3aMIMOJCHCTBUS ITHX (PAKTOPOB.

AKTyanpHOCTB JIUCCEePTAIIMOHHON paboTs BEI3BaHa
HEOOXOJMMOCThI0 HAay4YHO OOOCHOBAaTh M KOHKPETH3MPOBATH BHIOOD
MapaMeTPOB JIA3EPHBIX MAPKUPOBOYHBIX KOMIUICKCOB JIJISl HAHECCHHS Ha
MMOBEPXHOCTH JIeTaJleld, MAaIllMH ¥ arperatoB 3aJaHHBIX I[[BETOBBIX
U300 pasKeHUIA

Henan paGoTsl — BBISIBICHWE 3aKOHOMEPHOCTEH mpoIecca
[BETHOW Ja3epHON MapKUPOBKH METATYPTUYECKOW NPOAYKIMH Ha
OCHOBE HCCIIEIOBaHMS W pa3pabOTKH PEKUMOB Ja3epHOH 00pabOTKH ¢
Leinbi0  (OPMUPOBAHMS IBETHBIX HM300pAKCHUA Ha METAJUTHYSCKOM
MTOBEPXHOCTH.

3apaum uccjeg0BaHUs

1. MHccnemoBaTh  BJIMSHUS ~ MHKPOI'€OMETPHUH  CJIOKHOTO
peryinsipHoro penbeda, haz0Boro cocTaBa M COCTOSIHUSI OKCHU/THBIX TICHOK
Ha T[IOBEPXHOCTHM HEPIKABEIOIIEH CTaIM TpU I[IBETHOW JIa3epHOM
MapKUpPOBKE.

2. 3yunTth BO3MOXXHOCTh M 3aKOHOMEPHOCTD LIBETHOM JIa3e€pHOM
MapKUPOBKH XPOMHCTHIX TajJbBaHUYECKUX TIOKPBITHH YIIEPOAUCTOM
ctanu 08 u natyHu JI63.



3. Pazpaborats IporpamMmy JUIs OCYIIIECTBIICHHS
AaBTOMAaTHYECKOTO BBIOOpa MapaMeTpOB MAapKUPOBOYHOTO KOMILIEKCA
HansLaserMars ams moiydeHusi CTaOWIBHO — BOCHPOHM3BOIUMOTO
LBETOOOPA30BaHMs HA XPOMUPOBAHHBIX TIOBEPXHOCTSIX.

Hayuynas HOBU3HA

1. JlaHo pjanbHeliee pa3BUTHE W HAydyHOE OOOCHOBAHHE
PEKOMEHAIMi MO0 MOA00pY TEXHOJIOTHYECKUX PEXHUMOB JIA3€PHOTO
MapkupoBo4yHoro komiiekca HansLaserMars Ha XpOMHPOBaHHBIX
MTOBEPXHOCTSAX.

2. Ha mnosepxumoctu cramm 12X18HI0T mocime nBeTHOM
JTa3epHOM MapKHUPOBKH BIEPBBIE NPOBEACHO KOMIIIEKCHOE H3MEpPEHUE
MapaMeTpoB UHIEPOXOBATOCTH W  OMNPEAENEHO UX BIUSHHE Ha
LIBETOOOpa30BaHUE.

IIpakTHyeckasi 3HAYUMOCTb IOJIyYeHHBIX pe3yJibTaToB. Ha
ocHOoBaHMM HuccienoBanuss L[JIM Ha meTauiMuyecKkue MOBEPXHOCTH U
MOJYYECHHBIX pe3yJbTaTOB pa3paboTaHa mporpaMma st paboTel ¢ 6a3oi
JAHHBIX JUIS IOJTyYSHHS YE€TKOI'O LIBETHOTO N300paKeH!sI HA KOHKPETHON
MapKe MeTalia IpH J1a3epHoil 00padoTke. BHeapeHa B yueOHBIHM mIporiece
kadeapst U'TO HUTY MUCHUC.

Peamu3anusi pe3yabTaToB PpadoThl. Pe3ymprathl  paboTHI
nepeiaHbl B IMIPOM3BOACTBO, UTO MOJATBEPKAAECTCS COOTBETCTBYIOLIMMH
aktamMu  BHeApeHus Ha  npemnpustuax: 000  «Ydumckuit
KOMIIpeccopHEIii 3aBo1y», 000 HTL « TCM» 000 «COJIU]T JIAH».

IJKOHOMHYECKasi 3HAYUMOCTL IMOJYYeHHBIX Pe3yJbTATOB.
Pacuer xoHKpeTHOro 3KOHOMHUECKOT0 3 dexra oT BHeApeHus L[JIM Ha
yYKa3aHHBIX BBIIIE MPEANPUATHSIX HE BO3MOXKEH, TaK Kak JaHHas
nHpopmanusi crporo KoH(uaeHuuambHa. llosToMy wHMeeT CMbICT
cpaBHUTH puMeHenue LIJIM ¢ npyrumu cioco0amu MapKHUPOBKH € TOUKH
3peHUs] MapKEeTHWHTa M0 MPHUHATHIM CTaHJapTaM, BKIIOYAIONINE TaKHe
[OKa3aTeNu Kak: PbIHOYHAs CTOMMOCTb TEXHOJIOTMYECKOW YCTaHOBKH,
9KOJIOTHUYECKAasi YUCTOTA TEXHOJOTHUYECKOro Mpolecca, MOTPeOUTEIbCKHIEe
XapakTepUCTUKU. IIpoBeNEHHBIM MapKETUHIOBBINA aHAJIN3 [TOKA3bIBACT,
yro TtexHonoruss [[JIM crmocoOHa KOHKYpHUpOBaTh C COBPEMEHHBIMH
TEXHOJIOTHSIMA HAaHECEHHUSI LIBETHOTO M300PaXEHUSI HA METAJUTUYECKYIO
MoBEpXHOCTh. OHA YCTYNAET TONBKO TEXHOJIOIMH TEPMOIEYATH, HO €CIIH
BO3HHMKAET HEOOXOUMOCTh B TIOJYYEHHUH JIOJITOBEYHOTO N300paXeHHUs C
BBICOKMMH Pa3pelieHreM U OECKOHTAKTHBIM BO3JEHCTBHEM Ha MaTepHal,
C MUHHMMAaJIbHBIM BO3JICHCTBHEM Ha OKPYKAIOIIYIO CPEY, TO TEXHOJIOTHS
LJIM stBisieTcst 6€3yCIIOBHBIM JIUIEPOM.
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OcHoBHBI€ 10J10K€HNs1, BBIHOCUMBbIE HA 3aILUTY.

1. ITapaMeTphbl MIEPOXOBATOCTH CIOKHOTO PETYIIPHOTO penbeda
moBepxHocTd ctaymm  12X18H10T Baumstor Ha  dopMHpOBaHHE
[IBETOOOPA30BaHMS TIPH IIBETHOM JIa3epHON MapKHPOBKE.

2. llomydenue CTaOMIIBHO BOCTIPOU3BOJIUMOTO
LBETOOOpa30BaHMs Ha XPOMHUPOBAHHBIX IOBEPXHOCTSX 32 CYET
pa3pabOTKH CUCTEMBI KOMILIEKCOB IIapaMEeTPOB Ja3epHOI0 U3IyUYeHUS Ha
ycranoBke HansLaserMars.

3 IIporpamma «JIa3koH» aBTOMaTHUYECKH BHITOIHSIOMIAS TPOLIECC
noadopa napaMeTpoB VISt OCYLIECTBICHUS 3aJaHHOI0 LIBETOO0Pa30BaHUs
Ha XPOMHPOBAaHHBIX IIOBEPXHOCTSIX C IIOMOUIBIO MapKUPOBOYHOI'O
koMmiuiekca HansLaserMars Ha si3bIke IporpaMMupoBanus JavaScript.

JInunbplii BkJIax couckareas. Ha Bcex sramax BBINOJHEHUS
IUCCEPTAllMOHHOM paboThl aBTOp MpPHUHUMAT MpPSIMOE YydacTHe B
[IOCTAaHOBKE 33/1a4 MCCJIENOBaHMs, B IUIAHUPOBAHUM M METOAUYECKOM
oOecriedyeHur  JKCIIEPUMEHTa, B MPOBEICHUH  OOJBIIMHCTBA
9KCHEPUMEHTABHBIX ~ WU3MEPEHHH, B  OOCY)XIEHHH  IIOJyYEHHBIX
pe3ynbpTaToB U (OPMYIMPOBAaHMM BBIBOAOB. Bes sKcnepuMeHTalbHAs
pabota U He0OXOAUMBIE PACUETHI TPOBOAMIMCH COUCKATENEM JIMYHO UIIH
IIPY €r0 HEIOCPEACTBEHHOM YYacTHH.

Amnpobanus pe3yabTatoB. Pabora BbITONIHEHA B paMKax
rocyapcTBeHHO pabothl «llpoBeneHrne Hay4YHO-HCCIETOBATEIBCKUX
pabor (dhyHIaAMEHTANBHBIX HAy4YHBIX HCCIEIOBAHHN, MPUKIIATHBIX
Hay4YHbIX  HCCIEIOBaHMM M  IKCHEPUMEHTAIBHBIX  Pa3pabOTOK)»
rocyJapcTBeHHOro 3aganuss MuHoOpHayku Poccuu B chepe HaydHOH
nesitenbHOcTH Ha 2014-2016 rr. (3amanme Ne 2014/113). A Ttakxke B
pamkax JloroBopa mojpsima Ne T'TIX22-2019/291 ot 01.04.2019 Ha Temy
«HccrnenoBanne  mapamMeTpoB  IIBETHOW  Ja3epHOM  MapKUPOBKH
METAJUTMYECKUX TTOBEPXHOCTEI.

OCHOBHBIE pe3yJbTaThI U TOJIOKEHUS JUCCEPTALMN JOJIOKEHBI HA
Hay4YHBIX KOH()EPEeHIHSIX.

1. FOOwmeliHO# necsATol eXerogHOW MEKIYHApOIHOW HaydHO-
npaktuieckoir MuTtepHer-koH(MepeHnn «CoBpeMeHHbIE HarpaBlIeHUS
TEOPETUYECKUX M NMPUKIAAHBIX ucciaenoBanuii 2015» (¢ 17 mo 29 mapTa
2015 1.). IIpoexr SWorld (www.sworld.education)

2. MexxnyHapoHas HaydHO-TexHH4Yeckass KoHdepeHus [Ipom-
Wwxuanpuar 2019  25-29 wmapra B ropox Counm__ (http://icie-
rus.org/icie2019-rus.html).




3. «Hayuno-npaktrueckue KoHbpepeHuuud cryaeatoB HUTY
«MUCuCy. Ilox penaxiueit C.M. I'opbatroka Kupos, 2016 r, c. 54-58
«DEeHOMEHOIOTMYECKOE  HCCIACAOBAHME  BO3MOXKHOCTEH  CO3IAHMS
ympaBisieMoro  (OPMHpPOBaHHMS  I[BETOBBIX  W300pakeHWH  Ha
METaJUINYEeCKOH MOBEPXHOCTI.

4. «Hayuno-npaktuueckue KoHgepeHuuu cryiaearo HUTY
«MHUCuC» Ilox pemakuneii C.M. I'opbatioka. Kupos, 2017 1, c. 37-40
«BnusHME TapaMeTpoB Ta3ePHOTO N3ITYyUEHHS Ha TOMOJIOTHIO U IIBETOBYIO
raMMy METaJUIMYeCKOH TOBEPXHOCTI.

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

IlosHoTa  OTpa)keHMsA  pe3yJabTATOB  JAMCCEPTAIIMM B
nyoaukanusx. [lo marepuanam quccepranuu umeercs 18 myoOmukaiuii,
5 M3 KOTOPBIX BXOJAAT B TIEPEYCHb PEIEH3NPYEMBIX HAYUHBIX )KYPHAJIOB,
pexomennoBanHeix BAK, 9 crareii omyOnukoBaHbl B eIWHOH Oase
perieH3supyeMoll HaydHOl muTeparypbl Scopus. Haykomerpuueckuit
mokasarenb, nHaekce Xupma (h-uHaexc) aBTopa paBeH 9.

Ctpykrypa u o0bem padoTbl. [lucceprammonHas pabora
COCTOWT M3 BBEACHHUS, 4-X TJaB, 3aKIIOYCHUS, CIUCKA IMTyOIHKaIid,
CIHCKa  WCIOJH30BAHHBIX WCTOYHHKOB, BKITFOYAIOIIETO 47
HauMeHOBaHWH, 3 mpunokeHus. Pabora m3moxkena Ha 130 crpanHmIax
MAaIIWHOITUCHOTO TEKCTa, COAEPKUT 46 pUCYHKOB U 29 Tabuiwil.

CreneHb 00OCHOBAHHOCTH W [OCTOBEPHOCTH MOJYy4YEeHHBIX
HAYYHBIX pe3yabTaToB. ObecriedeHa MPOBEACHUEM YKCIIEPUMEHTOB B
n1ab0paTOPHBIX U TPOU3BOJICTBEHHBIX YCIOBUSAX HA CEPTUPHUIIMPOBAHHOM
00OpYZIOBaHWH C KCIIOJIB30BAHUEM XOPOIIO OTPAOOTaHHBIX METOIOB
00pabOTKM  JKCHEPUMEHTANBHBIX  JAaHHBIX  C  NPUMEHEHHEM
“H(OPMAITMOHHBIX TEXHOJIOTHHA, OTIBITHO-TIPOMBITIIIIEHHBIM
OMpoOOBaHUEM PE3yTBTATOB PAOOTHI.

OCHOBHOE COAEPKAHUE JUCCEPTAIIMA

Beenenmne. JazepHas MapKupOBKa U3/IEJIUH - 3TO IEPCIEKTUBHOE
HarpaBJIeHUE B O0JIACTH MOBBIIICHUS 3alIUTHI MIPOJAYKIIMH OT MOJJICIKH,
a (opmupoBaHHE TIIBETOBOTO JIA3€PHOTO W300PAKEHHS pPACIIUPSIET
BO3MOXHOCTH JIaHHOTO c110c00a HACHTU(HUKAIINN TPOTYKLIUH.

JlazepHast MapkupoBKa 00JIaZaeT BBICOKMMH IapaMeTpamMu

JOJITOBEYHOCTH, 49To ITO3BOJIUT MIPpOAYKINHN OBITE JICTKO
H,Z[CHTH(I)HL[HPOB&HHOI;’I C TCUCHUCM BPCMCHH. ﬂaHHOC npeumMynieCTBO
KOMIICHCUPYCT BBICOKYHO CTOMMOCTD CHICIUaJIN3UPOBAHHOT'O

000pyIOBaHUS TSI MAPKUPOBKH.



B mamuHOCTpOeHNH U3ilydaTesb J1a3epHOTo JIyda COBMELIAIOT C
POOOTH3UPOBAHHBIMU ~ YCTAHOBKAMH, HAHECEHHs MapKHUPOBKH Ha
MTOBEPXHOCTSAX C Pa3INdHON reomeTpuueckodi ¢opmoii. CKopocTh
HaHECEHMsI MAapKUPOBKHY MO3BOJISIET IPUMEHSTh JAHHBIN METOM B IIOTOKE
TEXHOJIOTHYECKOT0 Tpoliecca MPOU3BOACTBA KY30BHBIX JIEMEHTOB.

B mnepBoii riaBe mpuBeneH 0030p W aHAIW3 HAy4HO-
TEXHWYECKOM M IIATEHTHOH JUTepaTryphl, IOCTAaBICHBI  3aJa4d
HCCIIEI0BAHUS.

CymiecTByeT psAJ Hay4YHBIX IIKOJ, HW3YYalolUX pa3invHbIe
O0COOCHHOCTH I[BETHOW JIa3epHOW MapKuUpOBKH: WHCTHTYT ONTHKU TpH
yuuBepcutetre B T. Pouectep (CLHA) — m3y4aroT oOTpaxKaromme
CIOCOOHOCTH METAJUTMUECKUX MOBEPXHOCTEH MPH Jla3epHON 00paboTKe;
VYuusepcuret Jean Monnet — Saint Etienne (®panums) — 3aHUMar0TCS
KOHTPOJIMPYEMBIM (OPMHUPOBAHHEM HAHOCTPYKTYP IOJ BO3ACHCTBHEM
nazepHoro mnyuenus; Cankr-IlerepOyprekuii nazepHoit ueHTp (Poccus)
— H3y4YEHHE COCTaBa CIOCB OKCHIHBIX IUICHOK IPH Jia3epHOoi 00paboTke
HEpXKaBEIOLIEeH CTajH, IATYHH U TUTaHA.

PaccmoTpeHpl  BOIPOCHI  TEPMHUYECKOIO  BO3JACHCTBUSA  Ha
MOBEPXHOCTh METAUNIOB C TOMOIIBI0 HMIYJIBCHOTO  JIa3epHOTO
M3ITydeHus, omrcana padoTa JrazepHoro rpaBepa HansLaserMars.

IIpencraBieHsl BONPOCHI, CBSI3aHHBIE C LEISIMH M METOJAMH
JMa3epHOW  MapKUpPOBKH  W3JICNIMH,  ONpeAeNIeHbl  BO3MOXKHOCTH
obopymoBanus s LIJIM meramior. M310xKeHbI COBpEMEHHbBIE HAYYHBIC
B3NIAABl Ha mpouecc (OPMHUPOBAHUS LIBETOBOTO M300pakeHHS U
paccMOTpeHbl  (aKTOPHI, BIMSIONIME HAa TIPOLECC OKpPAlIMBaHUS
MOBEPXHOCTH MeTayuioB. OJHAKO, CBEJICHWH O CHCTEMHOM HW3yUYCHHHU
BIMSHUS TApaMETPOB  MHUKPOT€OMETPHUU  CIIOKHOIO  PETYJISIPHOTO
penseda, chopmupoBaHHoro B pesynbrare L[JIM, Ha dopmupoBanue
[BETOBOTO OKpAIlIMBAHWS B HAYYHBIX HCTOYHUKAX HeT. [loaTomy s
MOJYYEeHUs] 3aJaHHOM MAapKUPOBKM HEOOXOOUMO, NPEeXIEe BCETO,
BBISIBICHHE 3aBUCHUMOCTH MOJYYaeMOr'0 IBETOBOIO H300paKeHHs OT
napaMeTpoB JIa3epHON MapKHPOBKH, (Aa30BOTO COCTaBa OKCHIIHBIX
TUIEHOK ¥ MUKPOTEOMETPHH TTOBEPXHOCTH, BKIIIOUAS €€ MEePOXOBATOCTb.

Bropas riaaBa nocBsieHa pa3paboTKe METOIUKH IIPOBEICHUS
HCCIIEIOBAaHNH.

Jns HaHeceHHWS IBETHOTO M300pPaKEHHWS HA  OIBITHBIC
METaJUINYEeCKUE IUIACTHHBI HKCIOJb30BaH HMMITYJILCHBIH BOJOKOHHBIN
nazep mapku HansLaserMars. C moMomiso nporpaMMHOTo o0ecrieueHust
(MarkingSoftware6.0) 3amaBanuch HEOOXOTMMBIE PEKUMBI JIA3ePHOI
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00paboOTKH: TEOMETpPHYECKHE TapaMeTphl, JUIMHA © IIHPUHA
MapKHpPyeMoro 00BEeKTa, mapaMeTphl J1a3epHOr0 H3IyYeHHs, CKOPOCTh
CKaHWPOBaHUS, IEPEMEIIeHHS JTa3ePHOTO JTyda, CTPATET sl 3aJINBKH.

MeToapl HccaeqoBaHnii: MeTaIorpadUIecKoe UCCIIeIOBaHNE,
PEHTTCHHOCTIEKTPAILHBIA  aHalu3, MNPUMEHEH METOJ]  CEeKYLIHX,
(eHOMeHONOTHUECKU MeTo. sl AOCTMIKEHHUS] TIOCTAaBICHHBIX 3aiad
HCIIOITE30BAIOCH COBpEMEHHOE 00opyIOBaHHE: MMITYJTECHBIN
BOJIOKOHHBIN J1azep HansLaserMars; cBeTOBOM ONTHYECKUH MHUKPOCKOI
AxioObserver DIlm;ontuyeckuit mukpockon UnionVersamed 2;
MHOTO(QYHKIIMOHAIGHBIA ~ peHTreHoBckuil  mudpaktomerp  Rigaku;
3JeKTpOHHBIN ckanupyomuii Mukpockorn TESCAN VEGA3 SB.

O0beKT HMcciaeq0BAaHUA — TOBEPXHOCTU M3 CTalIM M LIBETHBIX
METaJUIOB, OKpAllleHHbIC B pa3jM4yHbIE LBETA B pPE3yJibTare JIa3epHOU
MapKUPOBKH C Pa3TUYHBIMH MTapaMeTPaMHU.

IIpeameTramu uccae 0BaHUH SBISIOTCS ONpPEACICHNE BIUSHHS
MHUKPOT€OMETPUHU CJIOKHOTO PETYJSIPHOTO penbeda MOBEPXHOCTH Ha
[BETOBOE OKpAIlIMBaHWE TPH JIA3epPHOW MapKHUPOBKE; [IBETOOOpa3OBaHHUE
Ha XPOMHPOBAaHHBIX TOBEPXHOCTSIX METAUIOB C  Pa3UYHBIMH
TEII0(QU3MYSCKUMHU CBOMCTBAMHU

Jns mpoBeneHWs] WCCIENOBAaHWK BBIOPAHBI METAJLTUYECKHE
MaTepraibl C Pa3HbIMU TEIO(PH3NIESCKUMH XapaKTEePUCTHKAMHU: CTallb
12X18HI10T; crans 08 u nmatynp JI63 ¢ mMOKpbITHEM, HaHECEHHBIM
METO/IOM TaJIbBAHHYECKOTO XPOMUPOBAHHSI.

B mpoMBIIIEHHOCTH, B YacTHOCTH B MAITUHOCTPOCHUH,
JOCTaTOYHO HIMPOKO MPUMEHSIOT XPOMHPOBAHUE C IIETBIO 3aIIUTHI
HPOAYKIIMM OT KOPPO3UH WIM MEXaHUYECKUX NOoBpexaeHuil. JlazepHas
MapKUpOBKa TaKHX JeTajeil uMeeT oco0oe 3HaueHHe U SBISETCA
MaJIOU3Y4YEeHHOH MPOOIeMOiA.

J1J1s1 OLIEHKH TTOJTyYEHHOTO [BETOBOTO N300paKeHHUsI IPOU3BEICH
BBIOOp OLICHOYHOW MIKajbl IBETOB. M3 MHOTHX CyLIECTBYIOIIMX ObUIN
BBIOpaHBI BE IIMPOKO PACHpPOCTPAHEHHBIE CHCTEMBI OLEHKH: KaTajor
usetoB RAL u cucrema nusera NCS.

O6ocHoBaH  BBIOOpD  COBpEMEHHOTO  OOOpYyNOBaHHS W
COOTBETCTBYIOIIUX METO/IOB HCCIICAOBAHHUS.

C momompto Mukpockona AxioObserver D1m 3adukcupoBaHbl
[BETOBbIC HM300paKEHUSI MHKPOCTPYKTYP, H3y4YeHa MHUKPOT€OMETPHS
CIIO)KHOTO  PErylsipHOTO  penbeda MOBEPXHOCTH, 00paboTaHHOMN
Ja3epHBIM H3JIyYE€HHEM METAIOrpaduuecKuM METOAOM CEKYIIUX, C
MOMOIIIBI0 TPOrpaMmbl  Sizer. Beuti mpoBefeHbl 3aMepbl 3JIEMEHTOB
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CTPYKTYpPHBI: 30H JilazepHOTOo BO3aeicTBHsA (3JIB) M 30H TepMHUYIECKOTO
pousaust  (3TB)  Ha moBepxHocTH  00pa3noB ¢ JanbHeWmien
CTaTHCTUIECKON 00pabOTKOI MOIYIEHHBIX PE3yIbTaTOB (PUCYHOK 1).

Pucynok 1 — O6pa3zen TUIIOBO MUKPOCTPYKTYPHBI

s nomonHeHus CBEOCHHH O MHUKPOT€OMETPHUH ITOBEPXHOCTH
Pa3HOOKpAIIICHHBIX 00pa3IoB (ONMpPEIeICHUsT TIIYOMHBI HEPOBHOCTEH )
MPOBOJMIIN HCCIICAOBAHHUS C MOMOIIBIO OECKOHTAKTHOTO CBETOBOT'O
npodunomerpa VICWU. Ero npuHImn AeHcTBHS 3aKIIOYAE€TCS B TOM,
YTO CBET, H3JIy4YaeMbli MCTOUYHHUKOM, OTPAXKasiCh OT HCCIEIYyEeMOM
MOBEPXHOCTH, 00pa3zyeT MHTep(EpPEHIIMOHHYIO KapTHHY, KOTOpas 3aTeM
perucTpupyercst BUAEOKaMepoil. 3aTeM IaHHbIE 00pabOaThIBAlOTCA H
HaOOp WHTEepP(EPEHIIMOHHBIX KapTUH Ipeodpa3yercs B KapTy ypOBHeEH
MTOBEPXHOCTH BBICOKOTO Pa3peIIeHHUS.

Xumudeckuit u (ha3oBBIA COCTaB TOBEPXHOCTH 00pas3IoB
U3y4Yalld, UCIOJb3ysl PEHTreHOBCKuil mudpakromerp Rigaku meromom
aHaJIM3a TOHKKUX TUICHOK B TE€OMETPHHU CKOJIB3SIIIEro My4Ka. DTOT MpUOop
Aa€T BO3SMOXKXHOCTD IOJYUCHHA CUJIBHOTO CUTrHalia OT OKCHI[HOﬁ IIJICHKH,
He pazpymas ee. [Ipu aTom ynaercs n3dexars HHTECHCUBHOT'O CUTHajIa OT
MOJUIOKKH OKCHIHOW IJIEHKH — METajlla, YTO SIBISIETCS PE3yJbTaTOM
BBITTIOJIHCHUS CKaHUPOBAHUA C q)HKCI/IpOBaHHBIM CKOJIB3AIIUM  YTIJIOM
MaICHUsL.

MartemaTtnueckyto u rpaduieckyro 0o0pabdOTKy pe3yJbTaToB
nmpoBouWIM C TIMPUMCHEHUEM C TIPUMCHCHUEM I/IH(i)OpMaI_[I/IOHHLIX
texnonoruit u CAITP nmporpamm AUTODESK INVENTOR, AUTOCAD.

Tperbsi rjaBa MOCBSIIEHA TOHKAM METOJAM HCCIEIOBAHUS
($a30BOTO COCTaBa M COCTOSIHUSI OKCHJTHBIX TICHOK, OOpa3yroIuxcsi Ha
IIOBEPXHOCTH Hepxkaperouiel crasm npu [JIM. B rnase omnmcano
UCCIICIOBAaHNE MHKPOTEOMETPHUH  CJIOXKHOTO PETYJSIpHOrO peibeda
MOBEPXHOCTH Pa3HOOKPAILIEHHBIX 00pa31oB.

®Da30BbIi 51 XUMUYECKUN COCTaB IIOBEPXHOCTHU
Pa3HOOKpAIIEHHBIX O00pa3loB M3yYalH, MWCIOJIb3YSd PEHTTEHOBCKUM
mudpaxtomerp Rigaku, MeTonoM aHanM3a TOHKUX IJICHOK B T€OMETPHU
CKOJIB3SIIIIETO MyYKa.




Hns TIOJTHOTO aHanm3a OKpaIIeHHBIX 00pasoB
(h€HOMEHOJIOTHYECKUM METOIOM OBUIO TPOU3BEIACHO OO0BEIUHEHUE B
nBeToBble Tpynnsl mo mkane RAL: «3emeHbrii mamopoTHHK» (Tpymma
RAL 6025), Kpacuo-opamxkessiii (rpynma RAL 2001), YepHo-3eneHsbrit
(rpynma RAL 6012), 3onotucro-xenteii (rpymma RAL 1004).
PesynbTarhl aHann3a no BbIIEIEHHBIM [IBETOBBIM IPyIIaM IpeACTaBICHbI
B IMCCEPTAIIMOHHOMN padore.

Ha pucynke 2 mokazaHa MHKpPOCTPYKTypa oOpasia IBera
«3enenblit manopoTHuk» (rpymma RAL 6025) ¢ pacrnonoxeHneM TOoueK
WCCIIeIOBaHMS TIOBEPXHOCTH oOpasna. Ha pucynke 3 npuBenén oOpasern
MOJTy9eHHOTO XMUMHYECKOTO COCTaBa OIHOW W3 BHIOpaHHBIX IS
HCCIIEIOBaHUS TOUCK.

Ha mMukpocTpyKkType Aj1sl ucclieioBaHust ObUTO BEIOpaHO MOpsIIKa
8Mu Touek. [lomHBIA aHamM3 KaXXKAOHW TOYKA BBHIOPAHHOW IIBETOBOU
TpYyNIIBI  OKPAlIEHHOro o0pa3na MpeiacTaBlIeH B JAWCCEPTallMOHHON
paborte.

S0pm

PucyHok 2 — MukpocTpykTypa Pucynok 3 — CrekrporpamMmma
oOpasna usera «3eNeHbIi XHMHYECKOr0 cocTaBa TOYKU NoS1
IMarmopoOTHUK» C PACIIOJIOKCHUEM IIpY U3y4YCHHUH MOBEPXHOCTHU
TOYEK UCCIIENOBAHUSA oOpa3sia 1npera «3eJeHbli
MOBEPXHOCTH 0Opa3ia [aNOPOTHHK

KauecTBeHHBIH (ha30BBIA aHAIW3 OKCHIHBIX IUICHOK Ha
noepxHoctH crtanm 12X18H10T, obpazoBanHbix B pesynbrare LIJIM,
rokaszai Hamure okucios xxene3a (FezOs) u nukens (NiO4). Kpome Toro,
HAOJIIOIaIM TBEPABIA PacTBOP XpOMa M HUKEIS B jkene3e (Tabmuma 1)

C u3MeHEHNEM OKpAIIMBAHUS TJICHOK B 3HAYUTEIIBHON CTETICHU
M3MEHSETCSl MaccoBas J1oiis (ha3, HalpuMep, OKHCIIOB Kene3a: oT 56 % B
IUIeHKax oOpa3na «3eJeHblil ManopoTHUK», 10 13,1 % B ruieHkax obpasna
3omoTuCTO-KenThii. Ilpu oTiHMUaromuxcs TmapaMmerpax Jia3epHOTO
M3ITydeHus cOpPMHUpPOBaHA pa3InyHasi CTPYKTYpa OKCHJIHBIX TUICHOK Ha
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MTOBEPXHOCTH HCCIICIOBAaHHBIX 00pasloB U3 12X18H10T

(Tabnuua 2).

cTajin

Tabmuma 1 — PesynbraTsl (ha30BOT0 aHamM3a MOBEPXHOCTHBIX IIEHOK
Pa3HOOKpAIICHHBIX 00pa3ioB u3 ctanu 12X18H10T

IIBeToBas rpymnmna Dazbl Maccoas moisi, %
3eTeHbIi ManopPOTHUK TBepaprii pactBop FeNi 29,0
(rpymnma RAL 6025) Fes04 56,1
KpacHo-opauKeBbIii Teepapiii pactsop (FECrNi) 52,0
(rpymnma RAL 2001) NiO4Fes6-04 39,6
YepHo-3enenslit (rpynna | Teepapiii pacteop (CrNi) 83,2
RAL 6012) FeO-Fe,0s 14,8
30JI0TUCTO-KENTHIH Tepapiii pactBop (CrNi) 83,1
(rpymma RAL 1004) Fes0. 13,1

Tabmuma 2 - [lapameTpsl J1a3epHOTO U3ITyYECHUS], HCIIOJIB30BAaHHbIC JUIS
noJry4eHust KoHTpacTHbeIX rpynn RAL Ha cramu 12X18H10T

I'pynma u nBer obpasna
[TapameTpbl
JTa3epHOTO RAL 60%5 RAL 6012 | RAL 1004 | RAL 2001
3Ty deHUs 3eneHsIit ‘IepHo-v 30J10THCTVO- Kpacso- 3
TMarnnopoOTHUK 3CJICHBIN KCIITBIN OpaHXXCBbIN
f, xI'n 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
UccnenoBanue TPEIUHOOOpa30BaAHMS B IJIEHKAX,

oOpazoBaBiuxcs Ha nmoBepxHocty cranu 12X 18H10T mpu mapkupoBke ¢
pa3IMYHBIMU TTapaMeTpamMu TpoBejieHo mpu yBenmdenun x1000, x3000,
x7000.

OJNeKTpoHHass MHUKPOCKONHMS TpuU  OONBIIMX  YBEIMYECHHUSX
MOKazaja, 4TO TPH Pa3TUYHBIX MapaMeTpax JIa3epHOro W3ITYUYCHHS
KauecTBO  OKCHJHBIX IUIEHOK OTJIMYAaeTCs C TOYKH 3pEHHA
TpeurHooOpa3oBanus. DOpMUpOBaHME CETKM TPELUIMH B OKHCHBIX
IJICHKaX HE MOXET HE CHU3UTh KauyeCTBO HAHOCUMOW JIa3epHOH
MapKUPOBKH.

[Ipu ompeneneHHBIX NapamMeTpax Ha IOBEPXHOCTH OOPa3LOB
BO3HHKAET CETKa TPELINH, KOTOPYIO MOXXHO OTUETIMBO HAOIIOAATH JIUILb
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npu yeemuueHun x7000. Cerka TpemmH oOpa3oBajiach Tpu Oolee

BBICOKHX

CKOpoCTsX mpoaBwxkeHus Jyda (400...500 wmwm/c) u

HauMEHBIIEM pAcCTOSHMM Mexny mpoxomamu yda (0,005 wm).
[ToBTOpHOE MPOXOXKICHUE JTyda, TAKXKE CIIOCOOCTBOBAIO 00pPa30BAHHIO
TPEIIMH Ha MMOBEPXHOCTU 00pa3loB (PUCYHOK 4).

Certka TpeuH o0pa3zoBaiach Ipu:

ckopocTsix npoasmkenus ayda 400...500 mm/c;
paccTossHuM Mexay npoxoaamu jryda 0,005 mm;
YBEIMYEHUH MOLTHOCTH Ja3zepHoro uanydeHus no 80 Bt;
yacToTe UMITyabcoB 10 100 kI

MMOBTOPHOM TIPOXOKICHHE JTyYa.

TpemuHbl Ha 00pabOTaHHONW MOBEPXHOCTH OTCYTCTBYIOT IIpH
CJIEAYIOLIUX apaMeTpax:

MOIIHOCTH JIa3epHOT0 n3ny4eHus 35 Br;
yacToTe UMITyscoB 20 kl'm;
CKOPOCTH TTpOoX0oxaeHus ryda 300 Mm/cex;

OJHOKPATHOM IIPOXOXACHUU Jiy4a.

a) oOpasell 3ejIeHbII ManmoOpoTHUK; 0) oOpa3sel; KpacHo-opaHKeBbIi;
B) oOpazerr YepHO-3eNeHEIi; T') 00pa3el] 30JI0THCTO-KEIThIN.
PucyHok 4 — MUKpOCTpYKTypa MOBEPXHOCTH HCCIIEAYEMBIX 00pa3IoB

Pa3HOOKpaleHHbIC OKCHIHBIC TUICHKH UMEIOT B CBOEM COCTaBE
10 HECKOJIbKO (ha3, KOTOphIe 00JIaat0T, Pa3IMYHBIMKU KO3 PUImeHTaMu
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JuHeNHoro pacmupenus. IloaTomy Tpeuunsl 60j1ee akTUBHO BO3HUKAIOT
MIPH BBICOKUX CKOPOCTAX MPOXO0KICHUS JTyda WU NP TOBTOPHO HArpeBe
U OXJIQKICHUH.

W3 ananu3a CHUMKOB MHKPOCTPYKTYpPBI, CIEOyeT, 4YTO Ha
MOBEPXHOCTH 00pa3yloTcsi «O0Opo3[bl», KOTOpbIE IMONy4yarTcs B
pe3ynbTaTe MPOXOXKIEHHUS Ja3epHOro Jyda IpPH «3aKpalllMBaHHUN
obnactu BozxeicTBus. IllupunHa «OOpO31BI» COOTBETCTBYET IUAMETPY
IITHA, IPOELUPYEMOTO JIa3ePHBIM H3JIy4E€HHEM, U COCTaBIISIET MOPsIIKa
35 MxM. PacctosiHne mexmy Oopo3mamu mopsizka 12 MxMm, a TioyOuHa
0,3...0,8 MKM (B 3aBUCHIMOCTH OT TOJIy4YeHHOTO mBeTa). Kpome Toro, Ha
MOBEPXHOCTH oOOpasua BUAHBI HEOONBIIME HAPOCTBl  BBICOTOH
0,5...1.2 MkM B 00JIaCTH BO3ACUCTBHS MATHA. DTH HAPOCTHI 0OPa3yIOTCs
B pe3ynbTaTe KWIIEHHS MeTaia, (OpMHUpPYS CIOXHBIH penbed
MIOBEPXHOCTH IPH JIA3EPHOM O0IyIEHUH. DTO MOXKET TOBOPHUTH O TOM, YTO
BU3yallbHOE IIBETOOOpa30BaHKE CBA3aHO HE TOJBKO C SIBICHHUEM I[BETOB
nobexanocTd W MHTepdepeHIreld B TOHKMX IUICHKaX, HO M MOXKET
SBIISITBCA ~ PE3yJAbTaTOM IUGPAKLUU, T.€. CIOXKHOIO MPOSBICHUS
HECKOJBKHUX MPOLIECCOB OJTHOBPEMEHHO. CrnenoBarenpHO,
MHUKPOTEOMETPHS CI0KHOTO MEPUOTUIECKOTO MOBEPXHOCTHOTO perbeda
MOJKET OKa3blBaTh 3HAUYMUTEIHHOE BIMSIHHWE Ha 3PUTEIBHOE BOCHPUSITHE
LBETOOOPa30BaHus, MoIyueHHOro B pesynbrate LIJJIM u Tpebyer Goiee
rITyOOKOTo HCCllefoBaHMs. J{Js OIIEHKH 3TOTO BIUSHUS HYKEH HE TOJIBKO
MPUOJIU3UTEILHO OLICHOUHBIA, HO CHUCTEeMHbIH moaxoi. [loatomy ObuI
NpOBENEH LENbld PAO HKCIEPUMEHTOB Uil OINpPEIENICHHUS BIUSHUS
HIMPHUHEL u rITyOUHBI MHUKPOHEPOBHOCTEN MIOBEPXHOCTH,
MOIU(UIMPOBAHHON  Jla3epHBIM  OOJy4YeHHEM C  pa3IMYHbIMU
napameTpaMy, Ha LBETOOOpa30BaHHE HA MOBEPXHOCTH Hep:KaBeoLIeh
CTalM, JAaTyHH W XPOMHCTBIX TaJIbBAHMUECKMX TOKPBITHA Ha
KOHCTPYKIITMOHHOM CTaJlM U JIATYHHU.

s onpeaeneHus IMPUHBI 30H Ja3epHoro BozaericTaust (3JIB) u
30H Tepmuueckoro BiausHUS (3TB) B pasHbIX KOHTpAacTHBIX TpyImax
MPOBEIEHO MeTalutorpaduiyeckoe UcciaeJoOBaHHE C TIOMOIIBIO CBETOBOTO
MuKpockona mipu yBenmmdennn *200. bemm  paccumTaH mapamerp
LIEPOXOBATOCTH — CPEJHUI LIar HepoBHOCTeH mpoduist SM Pe3ynbrars
HCCIIEI0BaHUs N0ciIe 00pabOTKU € IOMOLIBIO METOJIOB MAaTEMAaTHUECKON
CTaTUCTUKU CHCTEMAaTU3UPOBAHBI U MPEJICTABICHBI B BHJE TaOIHILI 3 U
JarpaMM Ha PUCYHKE 5.

Jis pa3HBIX KOHTPACTHBIX TPYII MapaMeTp MIepOXoBaTocTu SM
3HAYUMO (C yIETOM pa3dpoca pe3yabTaTOB 3aMEPOB) OTIUIACTCS IPYT OT
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Ipyra. DKCIEPUMEHT 10 M3YUYCHHUIO IMIEPOXOBATOCTH OKCHIIHBIX IUICHOK
MPOBOJIMIIN Ha enuHOM mactuHe u3 cranu 12X18H10T, kotopast umeer
OIMHAKOBYIO M0 BCEH TIMOBEPXHOCTH OJMHAKOBYIO CTPYKTYypy M
IEPOXOBATOCTb.

Tabmuua 3 — Pe3ymbraTbl pacueToB cpenHEro Iiara HEpOBHOCTEH
npoduiIs B pa3HEIX KOHTPACTHBIX TPYIIAX 110 §-U TOYKAM HCCIIETOBAHU

I'pynna 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 0,86 0,85 1,02 0,81 0,62 | 0,71

I'pynma ®duonetoBblit kpacHeI RAL 4002

Sm, mxm | 25,42| 25,37 | 25,61 | 25,41 | 25,26 | 26,22 | 20,08 | 20,51
o 0,96 | 0,59 1,03 1,03 1,11 1,21 0,96 | 0,77

I'pynma Cepnrii anTpanut RAL 7016

Sm, mxm | 25,71 2548 | 25,91 | 25,75 | 26,01 | 25,64 | 25,43 | 26,21
o 1,71 0,84 | 0,92 0,97 | 0,87 0,76 0,85 | 0,89

PesyAMTETS: amepesni wipunnd 1B rpynnut RAL 4002
($maneTonmd Kpackadi)

PesynsTaTel usmepenyii wipuibi 318 rpynns: RAL 7038
(cepiii arar)

" -

BovzelicTans,

aasepuoro

LB 0vent ABSEBHOTD BOLSACTEMA, NS

1 52
3 ‘ s 6 1
Howep obpasua Howep obpama

Pesynutarsi namepenmii wnphns: 318 rpynnu RAL 7016
(cepuiii anTpaLHT)

LLIMDAHE JOHBI NAIEPHOTO BOIAEACTEMA, MKM

L 19 20 2
Hovep oopamms

Pucynok 5 — Pe3ynpraTs! usmepenuii mupunsl 3J1B

Kpome pacuéra cpemHero mrara HepoBHOCTeH Tpoduist mpu
UCCJIEZIOBAHUN MMKPOI'€OMETPUU CJIOXKHOI'O PEryJisipHOro penbeda Ha
MOBEPXHOCTH MAapKUPOBAHHOI'O MeTajula ObUla H3y4yeHa [IIyOuHa
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HEPOBHOCTEH MPOQUIS ¢ MOMOIIBI OSCKOHTAKTHOTO MPOQUIOMETpa
VICWU.

Jlnst uccnenoBanus ogoOpaHsl 00pas3mbl U3 TPYIIEI KPACHOTO H
3emeHoro 1BeToB 1o mmkaie RAL. IlomydenHsie mapameTps
IEPOXOBATOCTH MCCIICIOBAaHHBIX 00pa3I[0B 0TOOpaxeHbI B Ta0HIIe 4.

Tabnuna 4 — Pe3ynbraTsl H3MEpEHUS IIEPOXOBATOCTH

Tpyrina 1 user o6pasia ITapameTp mepoxoBaTocTu

Ra, MKM R,, MKkM
['pymma RAL 60253e1eHb1i TamopoTHAK 0,26 0,01 3,06 +0,39
['pymma RAL 2001KpacHo-opamkeBBIit 0,17 +£0,02 1,87 £0,25

[MpodumnorpaMma  UCCIEAOBAaHHBIX ~ YYaCTKOB — IOBEPXHOCTH
UCCIIelyeMoii 001acTH, TIPEACTaBIeHa HAa PUCYHKE 6.

n

Pucynok 6 — 3D n3o0paskeHre IOBEPXHOCTH UCCIIeyeMOol 00macTu

YBennueHue BBICOTHI HepoBHocTed B 1,5 pasa (Guaromaps
JIBOMHOMY MPOXOJTy JIyda MPU MPOYUX PABHBIX YCIOBHAX), KapJUHAIBEHO
MEHSIET [IBETOBYIO OKPACKy IIOBEPXHOCTHU C KPACHOM Ha 3€JICHYIO.

UccnenoBanuss  perymsapHblXx  penbedos MOBEPXHOCTH,
oOpasymomuxcss B pesyiabrare L[JIM ¢ pa3iuyHbIMU [apamMeTpamu,
MOKa3aly BIMSHUE MHUKPOI€OMETPHUU JTHUX pelbeOB Ha 3PHUTEIBLHOE
BOCIPHUSITHE OKpAIIMBaHUs (PHCYHOK 7).

a) oOpas3elr 3ejIeHbIN MaOpOTHUK; 0) oOpaselr KpacHO-OpaHKeBbIii; B)
oOpaszer; UepHo-3eneHbli; T) 00pazer 30710 THCTO-KENTHIH.
Pucynok 7 — CHUMKH, TTOJTyYEHHBIE C TIOMOILBI0 ONTHYECKOTO
MHUKpOCKOTIIa Tpu yBenmaeHun %200
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[IpoBenexnHoe UCCIIeIOBaHUE II0Ka3aJI0 BIIMSIHUE
MHUKPOT€OMETPUN  CIOKHOTO PETYISIPHOTO penbeda MOBEPXHOCTH,
chopmupoBannoro npu [[JIM, Ha mBeTOoOOpa3OBaHWE HA MMOBEPXHOCTH
HEp KaBEIOIEH CTalld.

B MammHOCTpoeHHH H3IIydaTelNb JIa3epHOro JIyda COBMELIAIOT C
POOOTH3UPOBAHHBIMU ~ YCTAHOBKAMH, HAHECEHHs MapKHUPOBKH Ha
MIOBEPXHOCTAX C Pa3INIHON reomeTpuyeckoit ¢opmoit. CKOpOCTh
HaHECEHMsI MApKUPOBKH MO3BOJISIET IPUMEHSTh JAHHBIA METOM B IIOTOKE
TEXHOJOTMUYECKOro Ipolecca Mpou3BoAcTBa. i NMPUMEHEHHUs 3THX
BO3MOXKHOCTEN ornpeaeneHbl pexxumbl [[JIM Ha NOBEpXHOCTH CTaiu
12X18H10T mpu DOJy4eHHH LBETOB, COOTBETCTBYIOLIUX PSIy
KOHTPAaCTHBIX Tpynn Mo mkane RAL u ycTaHOBIEHHBIE pPEXKUMBI
Jla3epHON OOpabOTKH IO3BOJIAIONIUE H30€kKaTh IOSBICHHUS TPCIIUH B
OKCHJHBIX IJICHKAX.

YerBepTasi rjaBa TNOCBSIIEHA H3Y4YEHHIO BO3MOXKHOCTEH U
3aKOHOMEpPHOCTEHN Jla3epHOM MapKHUPOBKH XPOMUCTBIX TalbBaHHMYECKUX
HNOKPBITHH yriepoaucToit ctanu 08 u natynu JI63.

Paccmotpena 3aBUCUMOCTD MOJTy4aeMOro LBETOBOTO
n3o0paxkenus npu [[JIM MeTauIMYeCKUX IUIACTHH C TOKPBITHEM OT
[apaMeTPOB JIA3EPHOTO U3IYyYEHHUS U TEIUIOPHU3NUECKUX XapaKTEPUCTUK
o0OpabaTeiBaeMbIX MaTepuaioB. B HacTosmiee BpeMsi HE W3BECTHBI
paboThl, TMOCBSIIEHHBIX HM3YyYEHUIO TPAaBUPOBKM M  MapKUPOBKH
METANIMYECKUX  TOKPBITHH,  TO3TOMY  JaHHOE  HCCIEOBaHHE
MPEACTaBISIET HAYYHBIN U IPAaKTHYECKH HHTEPEC. XPOMOBBIE IIOKPBITHS
HE CIIOCOOHBI CO3/1aBaTh C ’KEJIe30M TralIbBaHUYECKYIO MTapy U MOITOMY He
MOTYT 3JIEKTPOXUMHMUYECKHM 3alllMIIaTh keie30. [Ipu B3anmmozeiicTBuu ¢
KOHIICHTPUPOBAaHHOM Aa30THOW KHCJIOTOH Ha MOBEPXHOCTH XpoMa
oOpa3yercsi HepacTBOpuMMas OKCHIHAs IUICHKA, JaHHBIA IPOILEecC
Ha3bIBAETCS MacCUBalMell XpoMa. XpoM He pearupyer ¢ OpraHnYeCKHUMHU
KHCIIOTaMH, a Takke ¢ cepoBojopojoM. Ilpum B3amMopeWcTBuu ¢
BO3AYXOM arMoc(epbl HE MEHSET CBOEr0 IBETAa, TaK K€ IMOKPHIBAACH
[IaCCUBHOM IUIEHKOM, KOTOPAsl IPENSATCTBYET AAIBHEUIIEMY PA3PYLLEHUIO
MeTana.

Boibop mis wuccnepoBaHus o0pasloB M3 CTAIM W JIATyHH
000CHOBaH IIMPOKUM PaCIpOCTPAHEHHUEM B MPOMBIIUIEHHOCTH, U HX
pa3uYHbIMU TeII0(U3NYECKUMHE CBOiicTBaMu (Tabuuia 5).

[lokpeiTHe 00pa3LOB TalbBAHUYECKUM XPOMOM II03BOJIHIIO
YPOBHATH Uil 000MX 00pa3loB Takoil mapaMeTp Marepuaia Kak
KO3 PHIMEHT OTpaKeHUs. DTOT mapaMeTp BIUSAET Ha dPPEKTHBHOCTH
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Ja3epHoii 00paboTku. YeM BbIie 3TOT KOI(D(QHUIUMEHT, TeM OOJBIIYIO
MOIITHOCTh JIa3ePHOT0 M3TyUeHHS HYKHO HCIIOJB30BATh I HAHECCHUS
MapKHpPOBKH Ha TOBEPXHOCTh. s MpoBeneHHs 3KCIEpUMEHTa ObLIO
HAaHECEHO MOKPBHITHE XpOMa TOJIIIHUHON 1 MKM.

Tabmmma 5 —Temodpusndeckne XapaKTepUCTUKA METAIOB TTOIJIOKKH

XapaKkTepHuCTHKa Crais 08 Jlatyns JI63
TennoemxocTs, kKJIx/(kr’C) 0,381 0,481
TennonposoaHocts, B1/(M°C) 60 110
TeMIepaTyponpoBoIHOCTE, M%/C 12,5 26,4

Hanast TonmumHa SBISETCSd PEKOMEHIYEMBIM 3HAu€HUEM IIpU
XPOMHUPOBaHHUHU NPOU3BOACTBEHHBIX U3IEIHH.

st nomy4YeHus TONIIUHBI MOKPBITUS XpoMa 1 MKM Ha CTaJIbHOU U
JATYHHOH TTacTHHAX OBLIO 3aTPadeHO 2 MUHYTHI.

C moMOIIBI0 TECTOBBIX MPOXOAOB CHOPMHUPOBAIOCH TOHUMAHHE,
Kakhe [apaMeTpbl  JIa3epHOTO  W3IY4YEHUS  HEOOXOAMMBI ISt
(hopMUpPOBaHUs IBETOBOIO H300paKCHUS M B KaKWUX JHMara3oHax
HEOOXOMMO KOPPEKTHPOBATh JaHHBIE MMapaMeTphl Ui TOJyYeHHUs
pa3nuYHBIX IBETOB. TecToBoe M300pa’keHHe MPEACTaBICHO Ha PUCYHKE
8. Bricota OykB 5 MM.

Pucynok 8 — JlazepHast IBeTHasi MAPKUPOBKA XPOMHCTOTO TIOKPBITHS

[MonyuyeHHast B pe3ysibTaTe HAYYHBIX HCCICIOBAHUN pa3muyHas
[IBETOBAsl raMMa, TOBOPUT O TOM, YTO MPOUCXOMIST Pa3Hble XUMUYECKHE
peakuuu B o0nactu na3epHoil 00paboTku. MOXKHO CKa3aTh, YTO TaKOH
pe3yNbTaT AT pa3inyHble TeIUIOPHU3UYEeCKHe ToKa3aTelld JBYX
HCIBITYEMBIX XPOMHPOBAHHBIX 00Pa3Ii0B.

AHaIM3Upys NOJyUYSHHbBIE PE3YJIbTaThl, MOXKHO YTBEPXKIaTh, UYTO
Onarozapst 6oyee OBICTPOMY pa3orpeBy U 00Jiee MHTCHCUBHOMY OTBOAY
Tella Npu o0paboTKe JATYHHOTO 00pasla MOKPBITOIO XPOMOM,
MOJIy4EHbl ~ I[BETOBBIE  H300pakKeHHS  OTJIIMYHBIE OT  I[BETOBBIX
M300paKeHUH, TMOJNyYEHHBIX NPU aHAJOTHYHBIX IMapaMeTpax Ja3epHOM
00pabOTKH XpOMUPOBAHHOTO CTAIBHOTO 00pasna. Ctanb obnagaer 6osee
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MEIJIEHHBIM TI0 CPaBHEHHMIO C JIATYHBIO Pa30rPEBOM U 00JIee MEUIEHHBIM
ocTeiBaHMEM. TemIopu3nuecKkue  XapaKTEpPUCTUKUA  BIMSAIOT — Ha
(opMupoBaHHE TEMIEPaTYpPHOTO TIONSI W COOTBETCTBEHHO BpEMS
MPOTEKaHUsI XUMUIECKON peakiny, B pe3yibTare KOTOpOi oOpasyercs
OKCHJIHas IUIEHKa pPa3HOM TONIIMHBL. TONIIMHA IJIEHKH 3aBUCHUT OT
WHTEHCUBHOCTH MPOTEKAaHUS XUMHMYECKOM pEaKkIMH, a MHTEHCHUBHOCTb
3aBUCHT OT TEeMIIepaTypbl 30HBI TEPMHYECKOTO BIUSHUS W 30HBI
JIa3€pHOTO BO3JICUCTBHUA.

IIpoBenennple  HcciaenoBaHUs TOKa3ald, 4YTO, MPUMEHSSA
napamMeTphl JIA3epPHOW MapKHUPOBKH, MPEJICTABICHHBIC B Tabmuie 6, mpu
YCIIOBUU WCIIONIB30BaHUSI O0PA3IOB COOTBETCTBYIOIIMX HCCIEAYEMBIM,
MOJYYEHO BOCIIPOM3BEICHHE IBETOBBIX N300payKeHHUH, PeACTaBICHHBIX
Ha pUcyHKe 9.

Tabmuua 6 — PexxuMbl 1a3epHOil MApKUPOBKH OMBITHBIX 00pa3ioB

Paccrosinue Mo1HoCTb
Howmep CkopocTb Yacrora | Bennuuna
MEXIY Yucio | masepHOTO
CeTMEH poxona, o, [AMITyJIbCa, pacoKycu
ta  |PACTPAMH, | T T IPOXO/IOB| M3y EHHUH, %0 W pOBKH
MM (ot 20 B1)
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

Jlisi KOHKPETHOTO Marepuajia, MPUMEHSIB Pa3sHYI 3HEPTHUI0
BO3JIEHCTBHST U MEHAA KOI(PPHUIIMEHT MEepeKpHITHS MOXXHO TOIYYHTh
OJIMHAKOBBIC I[BETOBEIE 00pa3Ilbl MAPKUPOBKH U, HA000POT, 3HAS TOUHBIC
rmapaMeTpbl JIa3epHOIro Jiydya Ha OJHOM MaTepuaje IMOJyYHuTh pa3HbIe
OTTEHKH I[BETOBOM rammbl. [Ipm 3ToM wuaeHTUUKALKSA I[BETOB
MPOBOAMIACH C  TOMOIIBI  CICNUATM3UPOBAHHON  MPOTpaMMBI
MAaIIMHHOTO 3PEHUSI.

IlBera uaeHTUGUIMPOBAIKM C HOMOMIBIO MiKanbl 1BeToB NCS
(anrn. Natural Color System, ecrecTBeHHas cuctema nBeta). [Ipu sToM
MPOM3BOAMIOCH CpaBHEHHE opuruHaimbHOro 1Beta Mo NCS ¢ mBerowm,
3aUKCUPOBAHHBIM  NPOGECCHOHAILHOM  (POTOKAMEpOH, HMEIOIICH
pacimupenne 12 Meranukcenen.

18



a
— L L
4 | [ [ ? 5

e L

NI peaaaos 23305 6930 15
T3 T 21

NN s Ao e AR TE M 3 poARDCR e AaTyvee 1]
| F) 1 | 3 1 o [ ? s

e

Pucynok 9 — BocnponsBeieHue 1IBETOBBIX N300paXKeHHUH, IOTYYeHHBIX
Ha XpOMHPOBAaHHBIX NOBepXHOCTAX ctanu 08 u natynu J163

HOHy‘-ICHHI)Ie B XOI€ pa6OTI)I JAaHHBbIC HCIIOJb30BAaHbI IJIsA
HaNMCaHMs MPOTPAMMHOTO OOecTieueHusl ISl J1a3epHOM YCTaHOBKH Ha
s3bIKe TporpaMmupoBanus JavaScript. Llempro mporpaMmsl sBiIseTCS
MOMOIIb ONEpaTopy Ja3epHOTO CTaHKAa B ION0OpE MapameTpoB JUIs
Pa3IMYHBIX MAaTCPHUAJIOB U ITIOJYUCHHNU HAa HUX LIBETHOI'O I/I306pa)KeHI/I$I.

Hanwmune mogo0GHON mporpaMMbl MOXKET YIPOCTUTH paboTy To
HAHECCHUIO IBETHOW MapKHUPOBKHM HAa METAJUIMYECKHE IOBEPXHOCTH U
YBEJIMYUTh TIPOU3BOJUTEIBHOCTh PA0OTHl  ONEPATOPOB  JIA3EPHOTO
obopynoBanus. [10 mpencrasisier co6oit 6a3y HaHHBIX ¢ MapameTpaMu
Ja3epHO MapKUPOBKH, KOTOpbIE IPUMEHSUIUCH Ui HAaHECEHHs
M300pakeHUss Ha 00pasilbl, U IBETOB, MOJYYCHHBIX B X0J¢ PabOTHI.
3amayeil mpuioKeHUs OyJeT SBIATHCA MPEAOCTABIEHHE IapaMeTpPOB
Ja3epHOro Jyya Uit BBIOPaHHOTO MeTaJula B 3aBHCHMOCTH OT
BBIOPAHHOTO 11BETA, KOTOPBIN HY)KHO MOJTYYUTh Ha MaTepHase.

3AKJVIOYEHHUE

1. VYCTaHOBIIEHO BIHMSAHHE MHKPOT'€OMETPHH  CIIOXKHOTO
perynspHoro  penbeda  HOBEPXHOCTH, COHOPMHPOBAHHOIO  IPH
TEPMHUYCCKOM HUMITYJIbCHOM JIa3€PHOM BO3I[eI>iCTBPIH Ha IBCTHBIC
n300paKeHNsT Ha TOBEPXHOCTH HEP)KABEIOIIEH CTanu: H3MEHEHHE
rIyOMHBI HEPOBHOCTEH peryisipHOro peibeda Ha TOBEPXHOCTH
Hep)KaBeIOHIeﬁ CTaJlui TIOJIHOCTBIO HU3MCHACT NBET OKpalluBaHUA
MMOBEPXHOCTH, IIPU OTOM IMApaMETpPbl MIEPOXOBATOCTU HU3ZMCECHAINCH B
muamazone Ra = 0,261...0,167 mMmxm u Rz = 3,063...1,870 mkmM.
HccnenoBanne BiussHUS (Ha30BOrO COCTaBa OKCHJIHBIX IUIGHOK Ha
MMOBEPXHOCTH MCTAJJIa IIPpU TEPMHUUCCKOM HUMITYJIbCHOM JIa3€pPHOM
BO3JICHCTBHH B IUana3oHe (OPMHUPOBAHUSI [[BETHBIX OKCHUIIHBIX CTPYKTYP
MOKa3aJl0, YTO HM3MEHEHUIO OKPALIMBAaHMS IUICHOK B 3HAYUTEIBHOU
CTEIIEH! COOTBETCTBYET M3MEHEHHE MAacCOBOW JOJM OKCHIIOB JKene3a.
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DONeKTpOHHAsT MUKPOCKOIUS TPU OONBINIUX yBENWYCHUAX MTOKa3aja, 4yTo
MPU Pa3NUYHBIX MapaMeTpax JIa3epHOT0 M3ITyUYeHHs KauecTBO OKCHUIHBIX
IUICHOK OTJIMYAeTCs C TOYKH 3peHHus TpemmHooOpa3oBanud. [lpu
OTIpE/IETICHHBIX ITapaMeTpax Ha MOBEPXHOCTH 00pa3I[0B BOZHUKAET CETKa
TPELINH, KOTOPYIO MOXKHO OTYETIIMBO HAOIIOATh JIMIIb IPU YBEINUCHUH
x7000. ®opMUpOBaHUE CETKH TPELIMH B OKHCHBIX IJICHKAaX HE MOXKET He
CHU3UTH KaYECTBO HAHOCUMOM J1a3€pHOM MAPKUPOBKH.

2. OnpeneneHsl  peXXHMBI  TEPMHYECKOTO  JIA3€PHOTO
BO3ACUCTBHA ISl TONyYEHHS 3aJaHHBIX [IBETOB Ha XPOMHPOBAaHHBIX
noBepxHocTsax crtamu 08 m matynu JI63 mpm yciaoBHH HCTIOIB30BAHUS
00pasIos COOTBETCTBYIOIIHNX HCCIIEeTyEeMBIM, MTOJTy9EHO
BOCTIPOW3BEACHUE [IBETOBBIX H300pasKEHHIA.

3. Ha ocnoBanuu JaHHBIX TMOJYYCHHBIX IIPpU HCCIICOAOBAHUUN
paszpaboTtana mporpamma s paboTel ¢ 0a30i JaHHBIX IONyYEHHBIX
PE3YJIbTAaTOB MPHU JIa3epHOU 00pabOTKE METAUIMYECKUX OOpasloB C
nokpeitTueM. lIpencraBineHHas nmporpaMMa BHEAPEHA IPU IPOBEICHUU
MabopaTOPHBIX 3aHATHH TO Kypcy «HXWHUPHHT TEXHOJIOTHIECKUX
JA3epHBIX TEXHOJOTHi» Kadenpsl MNHXUHUPWHTA TEXHOJIOTHYECKOTO
obopynosanus HUTY MUCHUC.
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HaymoBa Maprapura I'ennagbeBHanbIH 02.05.08 — «MammnHa Kypyy
TEXHOJOTHSICHD» AJUCTUTH OOIHYA TEXHHKA WJIMMIEPUHUH
KAHIUIATHI WIMMH 1apaskachiH ajyy YU4YH CyHymTaaran «Merana
OyloMJapblH TYCTYY CYPOTTOpPAY KaJbINTAHABIPYY APKBLIYY
MapKaJ00OHYH CANATBIH KAKIIBIPTYYYYy JIa3epAUK TEXHOJIOTHSHBI
HIITEN YBITYY» IeTeH TeMAIArbl AUCCEPTANUACHIHBIH

PE3IOMECH

Tyiliyn ce3mep: mazep, poboTTyk Oenrmnee, KoHTpadakTTaH
KOpProo, TYCTYY Jla3epIuk Oenrunee, aat 6acnac 60JI0T, XpoM KarToo,
MHUKPOCTPYKTYypa, TYPAYY TYCTOry YJIAryJep.

H3nnnee o0bexkTHCH Ooiynm  OOJNOTTOH  JKaHa  TYCTYY
MeTaJuIap/iaH kacalran OeTTep, aHbIH MUMHJIE ap KaHAal mapameTpiiep
MEHEH Jla3eprK OCITUII0OOHYH HATHIIKACBIH/IA ap KaHJai TYCKe 00ENToH
xabyymnap caHamart.

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

N3unnee  bIkMadapbl:  MeTaUIOrpaUsUIBIK  DKCIIEPTH3a,
PEHTI'CH-CIIEKTPAIBIK aHAN3, CEKAHTTHIK METOA, (PeHOMEHOJIOTHSIIBIK
Meto. XKabayynap: uMImynbCTyk Oyna naszepu HansLaserMars; sxapbik
ONTHKAIBIK MHKpockon AxioObserver DIm onTukamblk MHKPOCKOI
UnionVersamed 2; kent pyHKIIMOHANAYY peHTreH audpakromerp Puraxy;
3NeKTpOoHIyK ckaHepneeuy Mukpockorn TESCAN VEGA3 SB.

AJIBIHTaH HATBIIKAJIAP KaHA AJAPABIH KAHBLIBITBI: TYCTYY
CYPOTTOPY KOJIOHYY YUYH KaOayynapiasl TaHJ00 Heru3ayy. Pazansik
COCTaBIBIH JKaHa OKCHJ IUICHKAJApbIHIArbl >KapaxkaJapIblH Taijaa
OOJyIIyHYH METaJUIABIH OeTHHE THITU3TeH TaacupH n3nijeHrex. Jat
Oacriac  OONOTTYH OETHHIETH TYCTYY CYpPOTTOPre TEPMHUKAIBIK
UMIIYJIbCTYK JIa3epAMK HYpJIaHyy acThlHAa Taiiga OOJroH Taraal
perynsipayy OeTTMK penbepTHH MHUKPOTEOMETPUSICHIHBIH TaacHpH
aHbIkTaIAbl. Jlar Oacmac OOJIOTTOH jKacajiraH OETHHJE KOpCOTYJIIoH
TYCTOpAY alyy YYYH JKbUIYYJIyK JIa3epIUK HYpJIAHYy peXHMACPH
anpIkTanrad. KanranraH MeTtayul yACYJAepyH Ja3epAdK HIITETYYAO
QJIBIHIAH HaThlIKaNapJblH MaanbIMaT 0a3ackl MEHEH HIITee Y4YH
MpOTpaMMa HINTEJHIT YbIKKaH
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PE3IOME

auccepranusas Haymosoit Maprapurel ['eHHagbeBHBI Ha TeMmy:
«Pa3paboTka Jia3epHOWl TEXHOJIOTHHM, TOBBINIAIOIIEH Ka4YeCcTBO
MAapPKUPOBKH MeTAJVINYeCKOH NPOIYKIUH IyTeM (popMHUpOBaHHs HA
Hell BEeTHBIX H300pakeHniD> MPeICTABJICHHOM HA COMCKAHUe YUYeHOMH
CTeNeH! KAaHIHIAaTA TEXHHYECKUX HayK mo cnemuaiabHocTu 05.02.08
— «TexHO0THS MAIIIUHOCTPOEHUSD)

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

O0beKT mccae10BaHUsA - MOBEPXHOCTH W3 CTAM M LIBETHBIX
METaJUIOB, B TOM YHCIJIC TIOKPBITHS, OKpallleHHbIC B Pa3lIMYHbIC IIBETA B
pe3yJbTare Ja3epHONH MapKHUPOBKH C Pa3IMYHBIMU apaMeTPaMu.

Lean uccaenoBaHusi — COBEPUICHCTBOBaHHUE MPOIECcCa [IBETHOM
Ja3epHOW MAapKUPOBKM METATYPrHUECKOW TPOAYKIWHM Ha OCHOBE
WCCIIEIOBAHNSA W Pa3pabdOTKH PEKUMOB Jla3epHON 0O0paOOTKH C IIENBI0
(¢bopMHpOBaHUs ~ LBETHBIX  H300pakKeHMH  HAa  METAUIMYECKOM
MTOBEPXHOCTH.

MeToabl uccie0BaHMii: MeTayuIorpaduuecKoe ucciae10BaHue,
PEHTICHHOCHICKTPAJIIHBIA ~ aHalU3, NPUMEHEH METOJ  CeKYLIHX,
(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 TIOBEPXHOCTH MeTaUla. BBISBICHO BIMSHUE MHUKPOI€OMETPHH
CJIOJKHOTO PEryJIipHOro peibeda MOBEpXHOCTH, CPOPMUPOBAHHOTO TIPU
TEPMHUYECKOM HMITYJIbCHOM JIa3€PHOM BO3JICHCTBUM Ha I[[BETHHIC
n300pakeHHsd Ha TOBEPXHOCTH HepkaBeromied cramu. OnpeneneHsl
PEKUMBI TEPMHUYECKOTO JIa3€PHOTO BO3ACHCTBUS JJsl  TIOJyYEHHS
3aJaHHBIX IIBETOB Ha MOBEPXHOCTH HeprkaBerolieil cranu. Pazpaborana
mporpaMma Jjisi paboThl ¢ 030l JaHHBIX MMOJyYEHHBIX PE3YJIbTATOB MPU
na3zepHoi 00paboTKe METAJUNTHUYECKUX 00Pa3LIOB C TIOKPHITHEM.
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SUMMARY

of the dissertation of Margarita Gennadyevha 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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