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Huccepranmsansik nm «MHUCHUC» Opycust YayTTyk H3WIIee

TEXHOJIOTUSLIIBIK YHUBEPCUTETID) (henepanbix MaMJIEKETTUK
ABTOHOMMUSUITBIK JKOTOPKY OKYY YKalBIHBIH 0a3achIHAA KYPTY3YIIAY.
Nanumnid Mopososa Hpuna TIeoprueBHa, TEXHUKAa WIMMICPUHUH
KETEKYHUCH: Kapauaarel, ponent, MMWCHC MHWnuMm xaHa TEXHOJIOTHS
YHHUBEPCUTETH,  TeXHONOTHSJIBIK  JKaOayymapabl — Kypyy
Kageapacel
Pacmuit AbcanbikoB BaxeiTr Hapuk6aeBnd, TeXHUKA WINMIEPUHUH

ONMOHEHTTEP: HAOKTODY, npodeccop A. BekTypoB aTbIHAArbl XuMus
WJIMM/Iep MHCTUTYTYHYH TeHepaJi/ibIK JUPEKTOPYHYH OpyH
6acapsl, KazakcraH Pecry6/iuKachl.

Kymaaues Kexmenoai MyparbexoBuy, TEXHHUKA
WINMJICPUHNH KaHIuAaThl, KeIprbl3 MaMIIEKSTTHK TEXHUKAJIBIK
YHHUBEPCUTETHHUH MallluHa Kypyy TEXHOJOTHs KadenpachlHbIH

JIOLIEHTH.
Kerekroouy  Denepaniblk MaMJIEKETTUK OHOKETTHK JKOTOPKY OMtMM Oepyy
MeKeMe: MEKeMeCHUHUH MocCKBaarsl MaMIeKeTTUK TeXHOJIOT USIIBIK

«CTAHKHWH» yHUBEpCUTETH.
127994, Mockaa, I'CII1-4, BankoBckwuii npocrnektucy, 1

Huccepratmmsael - koproo  2025-skbuiabin - 05-mapThiHaa  caat
16:00me Keipreiz PecryOnukachlHBIH YIIYTTYK WIMMACP aKaleMHUSICHIHBIH
MallMHaTaaHyy, aBTOMAaTHKa jKaHa T€OMEXaHUKa WHCTUTYTYHYH aJIbIH/arbl
TEXHUKA WIMMIEPUHUH KaHIUIATbl OKyMYLUTYYJIYK Aapa’kacblH H3JICHHII
ayy YIYH quccepTanusuiap/ sl koproo 6oronya /[ 05.24.703 nuccepTanusiibik
KeHEIIMHUH OTypyMyHAa eTkepyser. M. Pa33akoB atwingarsl Keiprei3
PecnyOnukacbiabin bunum Gepyy ’kaHa WIMM MUHHUCTPJIMIMHUH Japeru
Ootonua: 720055, bumkek mr., CkpsOuH ked., 23.

Omnnaiin KOproo OepyYHYH UICHTHOUKAMSITBIK KOy
https://vc.vak.kg/b/052-xlj-xui-jwa .

Huccepranusa meHeH Koipreiz PecniyOnukacbiHbIH YIyTTYK WIMMAED
aKaJeMIsIChIHBIH ~ MarmHataaHyy, aBTOMAaTHKa JKaHa TeOMeXaHHKa
uHCTUTYTYHYH (720055, bumkek mr., Ckpsoun kxed., 23) sxana M.Pa33akoB
atpiHAarbl  KeIprel3  MaMmJeKeTTHK  TE€XHUKAIBIK  YHUBEPCUTETUHHH
kutenkaHaitapbiHan (720044, bumkexk maapel, Y.ANTMATOB MPOCHEKTUCH,
66) xana Keipreiz PecniyOnukaceiabia [Ipe3unentude kapamryy YIyTTykK
aTTECTALMUSUIBIK KOMUCCUSHBIH CaUThIHA!
https://stepen.vak.kg/diss_sovety/d-05-24-703 taansbiiryyra 60J0T.
Astopedepar 2025-xk. «21» anpenjie KOHOTYITOH.

J1.05.24.703 nuccepTarusiibik
KEHEIUTHH OKYMYIITYY KaTUYbICHI, %f Omukbaes K.T.

T.M.K., y.0.K
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HUIITHUHH KAJIBI MYHO3IOMOCY

JuccepTanMsiHbIH TEMACBIHBIH AKTYAJAYyyayry. Merann Oertepre
TYCTYY CYPOTTOPAY KOIJOHYY YUYH HIITEINN YBIKKAaH TEXHOJOTHS )KOTOPKY
carmaTTarsl IpOAyKIMSHBI )KacalIMaJIOO0d0H KOPTOrOH TOBAPBIK OeNTHiIepIu
OachIn 9pIrapyyaa XKaHa MHUKPOTEXHOJIOTHsIIA OeNyKTOpYH
Kiaccupuramsuiooqo 3hheKTuBIyy KONJOHYIYIIy MYMKYH. Bym cyper
MPOIYKT MEXaHUKAJIBIK TAACHPH 5KOK )KOTOPKY TaKThIK MEHEH METaJlT OeTHHE
KOJNJOHYJaT abJaH MaaHIIYy 0oJyn caHanat. Byn auccepranusHblH TeMachl,
anberTe, aKTyanayy AereH ThISIHAK Yblrapyyra MyMKYHAYK Oeper.

CamatTyy MapKHpOBKaJOOHYH apKachlHAAa HIIKaHa YbIrapraf
OPOAYKUMSIHBIH ap Oup OWpAWTHHE KaTyy OJcel KYpry3yiyl, aHbIH
KBIMBUTBIHA UIIIKAHAHBIH HYMH/IE TaHa IMEC, CaTyy yUypyH/a Ja KOHTPOJAYK
Kypry3yieT. TeXHOTOTHSIIBIK MPOLECCTEPANH ©3TOUOIYTYHOH yllaM, KIdJIe
MacCaJlbIK TYP/1® OHIYPYJITOH MPOTyKIUSHBI MAPKHPOBKAJIOO allapaTTapChl3
Teileeuy mnepcoHan TapaOblHaH KaObL1 aNbIHBIIBl YYYH JKETKIJIHKTYY
OouyIry Kepek jkaHa THUTHII JKe OyJI TETUKTH Tyypa Maiiananyy Macejaecu oTe
Te3 JKOONTY Tajam KbUiaT. MpIHIAall ydypiapna, TYCTYy Jazep MeEHEH
Oenruiiee amMaIITHIPLUITEIC OOTYTT cCaHamar.

Mertann OeTTepHHAETH TYCTYY CYPOTTY alyy TMpOLECCHHE Taacup
3TYY4y (akTopiop canbIuThIpMalyy a3 jkaHa Tap OarbITTa H3HJIICHIEH,
OUIOHAYKTaH Oyn (akTOpIOpayH e3 apa apakeTTeHYYCYH aHBIKTOO,
CHCTEMAJAIITHIPYY KaHa aHBIKTOO YUYH MBIH/IaH apKbl H3WIIJIO0JIOpAY Tajar
KBLJIaT.

Wmrun makcaTbl Metaul OeTHHZAE TYCTYY CYPOTTOPAY TY3YY
MakcaTblHJa Ja3epJUK HWINTETYY PEKUMIEPUH W3WIIe6 >KaHa HIITel
YBITYYHYH HETH3WHIE METAJUTyPrHsUIBIK TPOIYKIUSHBI TYCTYY JIa3epIuK
OeNruIee MPOLECCHH OPKYHIOTYY OOJTyIl caHajar.

N3unneenyH maceiejiepu.

1. Jlazepmuk Oenruneene Tycke Oo€o OoroHuUa TaTaanm pelbeTHH
MHUKPOT'€OMETPHSCHIHBIH KaHa OCTUHUH TETH3IUTUHUH TAaaCUPUH U3HIII00.
2. MatepuaiiblH KHIMHEKEH KaTMapbIH JIa3ep UK MOAU(UKALUSIIOO KOy
MEHEH MEeTAIUIJ[BIH OeTWHE TYCTYY CYPOTTOpAy TapTYYHYH PEKUMIECPUH
WIITEN YBITYY.
3. Jlazepauk Oenrmiiee napamMeTpiiepuH TaHI000 aBTOMATTAIUTHIPYYHYH
MYMKYH OOJITOH BIKMACBIH HIITEI YBITYY.

N3nianee bIKMAaJIapBI. Nmxke TOMOHKYJIOD KUPIeH:
MeTauIorpadusUIbIK  AKCIEPTU3a, PEHTreH-CIEKTPANABIK Tall00, Kecyy
BIKMAachl KaHa (DEHOMEHOJIOTHSUIBIK BIKMa. AJIIbITa KOIOJIaH MakcaTTapra
KETYY YIYH 3amaHOan xabayyiap KOJJIOHYNTaH: UMITYJIbCTYK Oyia ja3epu
HansLaserMars; >xapelk ontukaislk Mukpockon AxioObserver Di1m;
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onTHKaIBIK MUKpockon UnionVersamed 2; Puraky ken ¢GyHKIUSITYY PEHTI€H
IQpaKTOMETPH; NEKTPOHIYK ckaHepieeuy mukpockon TESCAN VEGA3
SB.

H3unneenyn o0bekTHcn Oomyn  OOINOTTOH  JKaHa  TYCTYY
MeTaJuIJap/iaH >KacairaH OeTTep, aHbIH WYMHIE ap KaHgal mapamerpiep
MEHEH Ja3epAuK OEITrmIeeHYH HAaThIIKACBIHAA ap KaHOal TYcke OO&IroH
xabyymnap caHamar.

HN3unpeenyn mnpeaMerw OOyl JazepauK Oenruinee ydypyHOa
Tyctyy Oo€omo TaTaan peibe@THH MHKPOTEOMETPHSICHIHBIH TaaCHpPHH
aHpikT00; [IJIM yuypyHAa kKantoody MmaTepuaija TYCTYY CYPOTTYH mMaija
OonyiryHna CyOCTpaTThIK MaTepHalIbIH TEPMOPHU3UKAIIBIK
MYH63/16MeJI6pYHYH TaaCUPHH aHBIKTOO.

JuccepTanMsiHbIH KOPIrooro YbirapbluiraH Heru3ry :k000j10p

1. Taraan perymsapayy penbedTHH >XaHa OCTHHHH OYIYpIYYIYTYHYH
MHUKPOTCOMETPUSCHIHBIH ~ TaacHpH  JIa3epIuK  Oelruinee  ydypyHAa
CYPOTTOPAYH KOPCOTYITOH TYC AUANA30HYH aHBIKTOOTO MYMKYHIIYK OepeT.

2. JlazepouK MapKHpPOBKaJOO KOMIUIEKCMHMH Y4 HETM3TH NapaMeTpHH
Oamkapyy »KOJdy MEHEH CTaHIapTTHIK TY3YJIYIITOp OKyH TypraH Kapama-
KapIlbl CYPOTTOPAY alyyra MYMKYHIYK Oepyydy XpoMm OeTTEepHH Ja3epaAuK
MapKaJIOOHYH PEeXUMICPH.

3. JavaScript mporpammanoo TunuHzAe «Jla3koH» nazepank 6eNTuIee yayH
rapaMeTpiiepid TaHA00 MPOrpaMMachkl, ap KaHai MeTayll MaTepHualiapIsIH
OeTMHIE TYCTYY CYPOTTOpAY alyy IPOLECCHH aBTOMATTALITHIpyyra
MYMKYHIYK Oeper.

Naumuii skanbuibIk 1. MeTanmn 6eTTepun/ie KopcoTYITeH KOHTPACT
CYpeTTepAy alyy YUYYH JIa3epAMK MapKajloO KOMIUIEKCUHHUH T€XHOJIOTHSIIBIK
PEKUMAEPUH HCEITOO KaHa TaHA0O OOIOHYA MIMMHUI JKaKTaH HETH3JENreH
CYHyILTap;

2. JIazepauK UIITETYY® META/UIIbIH OCTUH/IC OKCU/T IICHKAJIAPBIH/IA
KapakaJapJblH naiga OonylryHa ajbll KeJaOereH KalTaliaHyydy KOHTpacT
CYpPOTTOPYH TY3YY NPOLIECCHH aBTOMATTALITHIPYy METOYH UIITEH YBITYY.

AJBIHTaH WIMMHA HaThIKAJApABIH HETHU3AYYJYTYHYH sKaHa
HIIEeHUMIYYJYTYHYH Japamachl

JlaGopaTopusiblK  kaHa OHAYPYLITYK IIapTTapAa MaaJbIMATThIK
TEXHOJOTHSIIApIbl KOJJAOHYY MEHEH SKCIIEPHUMEHTANIBIK MaajlbIMaTTap/bl
WIITETT  YBITYyyHYH  O€NTMJIeHreH  BIKMaJapblH  KOJJOHYY  MEHEH
cepTudUKaTTaNTaH Xabayynapaa SKCIePUMEHTTEPIU KYPry3YY >KaHa HIITHH
HaTBIMXKaJIapblH MUJIOTTYK CBIHOO MEHEH KaMChI3 KbUIBIHAT.



AJIBIHTaH HATBIHKATAPABIH MAAHHCH

Merann Oerrepunperun [JIMnu wu3wigeeHYH jkaHa allbIHTAH
HaTbIKaIapAblH HETU3UH/IE JTa3epANK UIITETYY1® METAILIIBIH OeNruiyy Oup
MapKachlHa a4blK TYCTYY CYPOT allyy YU4yH MaajabsIMaT 0a3ackl MEHEH HILITOO
MIPOrpaMMachl UIITEINI YbIKKaH.

NiuTuH HATBIKAJIAPBIH MIIKE alIbIPYY

WmtuH HaThibKasapbl OHAYPYIIK® OTKepyiayn Oepuiau, Oy
nmkananapna: «Yda kommpeccopayk 3aBoxy» KUKcbl, «TCM» unummuii-
TexHHKaNnbIK GopGopy KUKce, «COJIAJ JIAMH» YXUYKcel 6oroHua
THEILENYY aTKapyy aKThUIapbl MEHEH bIpacTaJIlaH.

Harelitzkanapasl Tekmepyy.

N Poccusiapia bunmum Oepyy kaHa wiuM MUHUCTpIUruHuH 2014-
2016-xputmapra HMIUMHA ~ WIIMEPAYYJIYK JKaaThIHAArbl  MaMJIEKETTHK
TaNIIBIPMAaCHIHbIH “M3unnee nmrepuH xxypry3yy (QyHIaMEHTANIBIK WITAMAN
W3UJieeep, MPUKIAAIbIK WINMUN U3WIIeeNep KaHa 3KCIepUMEHTAIIbIK
UINTEN YBITYyJNap)” MaMJICKeTTUK WINWHUH aJKarblHAa SKYPry3YJay.
(Tarmmmeipma Ne 2014/113). Omonmort ame 01.04.2019-x. No I'TIX22-
2019/291 xenmMIIMMHUHMH ajkarbiHAa «MeTamn OeTTepHH TYCTYY Jia3eplIuK
MapKaJIOOHYH MapaMeTpIliepuH U3MIII00» TeMachl OOOHYA.

JuccepTalMsaHbIH HEI'U3TH KBIMBIHTBIKTAPHI )KaHa )K000J10py WIMMUI
KoH(epeHnusIIapaa OasHaaNraH:

1. «HazapusaTThIK jxaHa KOJJIOHYY M3WIO6NIOpAYH 3aMaHOan OarbITTapsl
‘2015» oHYHYY >KBUI CailblH ©TYYYY 37 apalibiK WINMHNA-TaXKPBIHOATBIK
nHTepHeT-KoH(pepernus (2015-kxpuraeiH  17-MapThiHaH 29-MapThIHA
yeiinn). SWorld nmon6oopy (www.sworld.education) 2. Dn  apaibik
WIMMHR-TEeXHUKAIBIK KoHpepeHims Prom-Engineering 2019 25-29-mapt
kynaepy Couwnge (http://icie-rus.org/icie2019-rus.html).

2. Dn apaJbIK WIMMHIA-TEXHUKAIbIK KoH(pepeHims Prom-Engineering 2019
25-29-maptra Coumpe (http://icie-rus.org/icie2019-rus.html).

3. «NUST MISIS CTYIEHTTEPUHUH WIUMUN-TIPAKTUKAIIBIK
koH(pepennusuiape»y. C.M. ['opbatiok Kupos, 2016, c. 54-58 «Merann
OeTUHIIE TYCTYY CYPOTTOpJAYH Oamikapbulyydy TY3YJIYIIYH TY3YYHYH
MYMKYHUYYJYKTOPYH (P€HOMEHOIOTHSITBIK N3N0,

4. “MUCHUC” HUTY  CTyZEHTTEPHMHHMH  MIUMHU-NIPAKTHUKAIIBIK
KOH(EpEeHIUSITAPHI, C.M.I'opbatiok TapaObIHAH
penaknusiianrad. Kupos, 2017,  37-40-6.  “Merann  OeTMHUH

TOMOJIOTHSACHIHA JKaHa TYCTYY TaMMachlHa JIa3epaUK HYypJIaHyy
MapaMeTpIICPUHUH Taacupu’.

5. Industrial Engineering, Applications and Manufacturing ©Goronua 31
apainsik kKoHpepenus (ICIAM). 20109.
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ABTOPIOYH ’Keke caabIMbl. JluccepTalisuIbIK WMINTHH OaplbIK
JTanTapblHAAa aBTOP H3WIAEOHYH MAaKcaTTapblH KOKYyra, 3KCIEPHUMEHTTU
IUTAHAAITBIPYYyTra  JKaHa  METOJOJOTMSJIBIK  JKakTaH  KaMChI3IOOTO,
SKCHCPUMEHTAIABIK ~ ©IYeeNopAyH  KeOyH  KYpry3yyre,  ajibIHTaH
HaThlKaIapasl TAIKYYJIOOr0 KaHa KOPYTYHIyJapAbl TY3YYr'® TY3IOH-TY3
KaThIIIKaH. bapapIk sKCriepuMEHTaNABIK MIITEP jKaHa KEPEKTYY CENTeenep
apbel3 33cH TapaOblHaH »EKe JK€ aHbIH TY3IOH-TY3 KaTbIIyyCy MEHEH
KYPrY3YJIreH.

Bacbuimanap. JlyccepTanisiHIH MaTepHalapbIHBIH HeTH3NHIAEe 18
Oaceiima Oap, anapabiH Su JXKoropky arrecTalisuibiKk KOMHCCHUS TapaOblHaH
CYHYIITaJraH peleH3MsUIaHTaH WIMMHIA KypHAIAApAbIH TH3MECHHE KUPICH,
9 makama SCOpUS pereH3UsUTaHTaH WIUMHUA anaOusaTTapslH OUPIUKTYY
MaanpIMaT Oas3acblHOA KapblsUIaHTaH. MIMMOMETpUKaNbIK KOpPCOTKYY,
aBropayH Xupm unnekcu (h-ungexc) 9.

MiTuH cTpyKTypacsk! :kaHa keaemy. Juccepranys KUpUII CO3/0H,
4 GenyMIeH, KOPYTYHIydaH, OackUIManapablH TH3MECHHEH, aTaObuaTTapIbIH
TU3MECHHEH, aHbIH WunHAe 47 aranplliTaH jkaHa 3 THPKEMEICH Typar.
Usirapma mamuHkara 6aceuirad 130 0apak TekcTTe OepuiireH xana 46 cyper
xkaHa 29 xanpidanmaH Typar.

JUCCEPTAIMSAHBIH HET'U3I'N MASMYHY

Kupumyy

[TponyKIusHEL Ja3epAuK MapKanaoo NPOLYKLHSHBI
KOHTPa(aKTTBIKTaH KOPrOOHY >KOTOpYJIaTYy UeHpecYHAery KeJIeUeKTYY
0areIT OONYN caHajar, alm MU TYCTYY JIa3epIHK CYPOTTY KaJbIITAHIBIPYY
MPOTYKIHSIHBI WACHTH(PHUKAUSIIOOHYH Oy BIKMACBIHBIH
MYMKYHUYYJYKTOPYH KEHEHUTET.

Jlazepauk Oenruiiee MpoayKTyIapIbl YOAKBITTHIH OTYIIY MEHEH OHON
AHBIKTOOTO MYMKYHJIYK O€preH JKOTOPKY TYPYKTYYJIYK HapameTpiepuHe 33.
Byn apTHIKYBUIBIK aJUCTEIITUPWITEH MapKaloody >KabayylapablH KOTOPKY
0aacblH KOMIICHCAUSIIANT.

MainvHa Kypyy/ia 1azep HypyH 4blrapyydy ap KaHJail reOMeTpHUsUIIbIK
¢urypanap Oap Oerrepre Oenru KOy Y4yH POOOTTYK TY3YJIYIITOP MEHEH
alKaJBIITHIPBUIraH. MapKUpOBKajapAbl KOJJOHYYHYH BUIIAMIBITEL Oyl
BIKMaHbl JIeHe OOIYKTOPYH JaspJOOHYH TEXHOIOTHSUIBIK IPOIECCHHUH
arbIMBIHJIA KOJIJIOHYYTa MYMKYHJIYK Oeper.

Wmre cyHymraiaran —CcaHapuUOTHK — MapKajoO  MAIIMHACHIHBIH
PEXUMACPH METal MaTepUualapAblH OeTTepUHE KOMILIEKCTYY KoMl TYCTYY
MapKajoo CYpPOTTOpYH KOJJIOHYYHY KaMcChI3jaii anar, aHblH WYHHJIEe
TYCTOPAYH KEHUPHW IUANa30Hy JIOTOTHITEPAMH K€ aTailblH CUMBOJIJIOPAYH
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CYPOTTOpYHO TaHa »dMeC, KOJI00 KOAJIOpyHa Ja >KaWbLITBUIAT, Oyn
MapKaJIOOHyH Oyl TYpYH NPOAYKLUHMSHBI >KacaiMalOOJOH KOproo YYYH
KOJIJOHYyTa MYMKYHAYK Oeper.

Bupunumn  6anTa wWIMMHHA, TEXHUKANbIK JKaHA IATEHTTHK
ama0duATTapAbl Kapan 4YbIlYy JKaHa TalJo0 KapajiraH >kaHa W3HIIIee
MakcaTTapbl KOKJITaH.

VMnynbeTyK J1a3epauK HypiaHyyHY KOJIOHYY MEHEH METaJIIapAblH
OeTuHE TepMUKAIBIK Taacup Oepyy Macenenepu kapansiil, RAYMARK CNC
MARK 2 nazepamk OrrydyHYH HIITOOCY OasHIaITaH.

[IpomykuustHbl ~ Ja3epAMK  MapKaJOOHYH  MakcaTTapbl  JKaHa
METOAJIOPY MCEHEH OaiJlaHbIIKaH Macelieliep KepCeTyNyI, MeTaiiapabl
Na3eparK MapKaioo Y4YyH kaOayyJapAblH MyMKyHUYIYKTEpY aHBIKTaJTaH.
Makanana TYCTYY CYPOTTONYINTYH maiiga Ooiyy mpoleccHHe 3amaHOar
WINMHAA K3 KapamTap OepuireH XaHa MeTauigapAplH OetnH 00€0
MPOLIECCUHE Taacup JTyyuy ¢akropiaop kapanar. bupoxk KJIMuauu
HaTBIiDKachlHIA  maiiga  OONTOH  Taraan  peryisipayy — pelbeTHH
MHUKPOT€OMETPUSCHIHBIH ~ MapaMeTpIICpUHUH  TYCTyy OOEKTyH maiina
OonylIyHa THUHTM3reH TAaCHPHH CHUCTEMAalyy TYpAe HW3WINee KOHYHIO
WIMMUH OynakTapzaa MaaibiMar oK. OmoHAYKTaH, OeprireH OCNTHHN alyy
Y4yH, OMpHHYM Ke3eKTe, naiga OOJNIroH TYCTYY CYPOTTYH Ja3epAuK
OeNrwieeHYH napamMeTpieprHe, OKCH] IJICHKAIapbIHBIH (pa3aliblk KypaMblHa
)aHa OETTHH MHKPOT€OMETPHUSICHIHA, aHBIH WYHHJIE aHBIH OYIypiyYyJTyTryHe
KO3 KapaHAbUIBI'BIH aHBIKTOO 3apbL.

OKMHYHU 0aNTa U3MI1/166 METOJOJIOTUACHIH OHYKTYPYYr'® apHAITaH.
OKCIepUMEHTAIBIK METAJUT TUIMTAJIapblHAa TYCTYY CYPOTTY KOJIOHYY YUYH
YLP-F >xana HansLaserMars mapkachlHIarsl HUMITYJIBCTYK Oyja Ja3epu
kongonyiarad. Ilporpammaneik  kamceizgoony — (MarkingSoftware6.0)
KOJIJIOHYy MEHEH Ja3epAuK HIITETYYHYH KEpeKTYY PEKUMAEpPH KOIOJraH:
TeOMETPHSIIBIK TTapaMeTpiiep, OenruieHe Typran OObeKTTHH Y3YHIIYTY jKaHa
TYypachl, Ja3epAuK HypJaHyyHYH IapaMmeTpiepH, CKaHEp/oe bUIAaMIbITHI,
na3ep HypyHYH KbIHMBUIBI )KaHa TONTYPYY CTPATErHsCHL.

Wsnnneenepay Kypry3yy YYYH ap KaHJai KbUTYYTyK-(OU3HKAIBIK
MYHO3/1eMenepy Oap MeTaul MaTepuanjap TaHAANbII aJbIHTaH: O0JoT
12X18N10T; 6onot 08 xana natyHp L63 rambBaHHUKalbIK XpOM >Kanaryy
BIKMAachl MEHEH KalTalraH.

Omnep ’kaiifla, ©3re4e MallnHa KypyyAa XpOoM >Kanaryy OyroMaapis!
KOPPO3USAAaH K€ MEXaHUKAJBIK 3bIIHAaH KOProo YUYH KEeHUPHU KOJIJOHYJAT.
Mprinpaii Oenykrepre ja3epAuK O€Nrmiiee ©3redue MaaHWTe 33 jKaHa a3
V3WJIICHTeH Macee.



AJBIHTaH TYCTYY CYPOTTy 0aanoo y4yH TYCTYY Oaanoo MIKagachl
TaHAaIrad. Ydypaarkl KeNTereH CHUCTeMalapAblH HWYMHEH KEHHUPH
KOJIZIOHYJITaH KU PEUTHHI cucTteMackl TaHganrad: RAL Tyc karanory xaHa
NCS T1yc cuctemacsl.

3amanban >xaOnyynapipl KaHa BUIAWBIKTYY H3WIIO6 BIKMANAPbIH
TaHJ00 HETH3/EITEH.

AxioObserver  DIm  MHUKpPOCKOITyHYH  JKapAaMbl  MEHEH
MUKPOCTPYKTypallapJblH  TYCTYY  CYPOTTOPY  JKa3bUIbIl  ajbIHTaH,
MeTayuIorpadusUIbIK CEKaHT METOAY apKbUIyy Ja3epAuK HYpIaHyy apKbUIyy
WIITETWITEH TaTaall perysapayy o6er penbeuHnH MUKporeoMeTprsichl Crusep
mporpaMMachl  apKbUTyy UW3WIACHreH. CTPYKTypajiblK dJIEMEHTTepANH
eJ1406J1epY KYPry3YJay: YATYIOpIAYH OeTHHAE Ja3epAuK TaaCHp 30HAIaphl
(LI1Z) xana xxpuTyyIyK Taacup 3Tyydy 3oHanap (T3A), annaH KuiinH abiHTaH
HaTBIFKAIAp/Ibl CTAaTUCTUKANBIK HTeTyy (1-cyper).

1-cypet —Sizer nporpaMMachIHAArbl YTy

Ap TYpAYy TYCTOry YATYIepAYH OETHHUH MHKpPOTEOMETPHSICHI
0OI0HYA MaaJbIMATThl TOIYKTOO Y4YH (TapTun Oy3yynapiAblH TE€PEHAWIHH
anbIkT00 YuyH) VICWU KOHTaKTCBHI3 XapblK MPOGHIOMETPUH KOJIJIOHYY
MEHEH M3WIZOeJIop JXYPry3Y/JIreH. AHBIH HIITO6 NPUHIMOU - OyJIakTaH
YbIKKaH  JKapblK,  M3WIJACHHWII  JKaTKaH  OCTWHEH  YarbUIBIIbII,
UHTEPPEPEHLMSUIBIK CXeMaHbl TY3YIl, aHJaH KUHUH BUAEOKamMmepa TapaObIHaH
kKa3pulaT. AHIAH KHHUH MaajubpIMarTap HINTETHIIET XKaHa HHTepdepeHIus
YIITYJIOPYHYH JKBIMBIHJIBICH KOTOPKY PE30JIIOLUSIAarbl OCTTHK JCHIIAIIACTH
KapTara aiinaHar.

Yary OeTMHUH XUMHSUIBIK *aHa (azajiblk Kypambl Puraky peHTreH
T paKTOMETPUHUH KapAaMbl MEHEH JKbUIMa HyP/IyH T€OMETPHSICHIH/IA )KyKa
IJICHKaHBI aHAIN3/106 BIKMAChIH KOJIIOHYY MEHEH M3WIAeHreH. by ammapar
OKCHJI TUIEHKAaChIHAaH KY4YTYY CUTHA&JIJbI KbIHpaTHacTaH alyyra MYMKYHIYK
Oeper. Byn OKcuj TUIGHKACBIHBIH CYOCTpaThlHAH - METaUJIaH KeJreH
WHTEHCHUBJIYY CHUTHAIJIAaH Kadyyra MYMKYHIYK Oeper, Oyl CKaHHPIOOHYH
HaTbIKackl OOyl caHaaT.

Hatplibkanapipl MaTeMaTHKaJIBIK JKaHa TpaduKalIblK HIITETYY
maanbiMaT TexHonorusiapei jxana AUTODESK INVENTOR, AUTOCAD
MIporpaMMaIapblH KOJIJJOHYY MEHEH KYPIY3YJIAy.
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Yuynuy 6an [[JIM yuypynaa aat Gacrac 6010TTyH OeTHHJIE Haiaa
OONrOoH OKCHJ IUICHKAJIAPBIHBIH (a3ajblk KypaMblH >KaHa a0aliblH
W3WIIGOHYH 3H COHYH bIKMajapblHa apHairad. bexymme typayy tycrery
YITYJIAOpAYH TaTaayl peryssipAyy OeTTHK pelbe(pMHUH MHUKPOTr€OMETPHUSICHIH
usniee OasHanar.

Ap TYpAYY TYCTOry yaryiepayH OeTHHMH (a3achl KaHa XMMHUSUIBIK
Kypambl Puraky peHTreHIMK An(pakTOMETPHHHUH >KapJaMbl MEHEH XXbLIMa
HYpJIapIblH T€OMETPHSICHIHIAA XKYKa IUICHKaHbl aHATU3466 METOLy MEHEH
W3WIIICHTEH.

boénron ynarynepay Toidyk aHaiau3nee yuyH anapisl RAL mikamacer
0OIOHYa TYCTYy TONTOPrO TONTOO YYYH (EHOMECHOJOTHSIBIK BIKMa
kongonynrad: “Ilamopornux xameir” (RAL 106y 6025), KbI3bUT-KBI3TBUIT
capsl (RAL To6y 2001), Kapa-xamsin (RAL To0y 6012), Antera capsr (RAL
100y 1004). Tammanran Tyc TomTopy OOIOHYA aHATW3IMH HATHIKATAPHI
JyccepTanuaaa OepuIreH.

2-cypet Fern Green (RAL 6025) ynrycyHYH MUKPOCTPYKTYpachIH,
YJITYHYH O€TTHK H3WIZ66 YEKUTTCPHUHMH >KalrallkaH >KepUH KepceTeT. 3-
CYPOTT® M3WIAOO YUYYH TaHJAITaH IyHKTTapAblH OWPHHUH allbIHTaH
XUMUSUTBIK KYPaMbIHBIH YITYCY KOPCOTYIITOH.

Wsnnmee y4yH MHKPOCTpYKTypa OOIOHYAa 8re JKakblH IIyHKT
TaHAaNbIl anbiHrad. Juccepramumsina OOENTOH YATYHYH TaHOalraH Tyc
TOOYHYH ap O¥Mp MYHKTYHYH TOJIYK aHAIIM3HU OepUIITeH.

SOpm

2-cypet — “¥Kambut nanopoTHuk”  3-cypet — “¥Kausui nanopoTHux”
TYCTYY YJITYCYHYH TYCYHYH YJIT'YCYHYH O€THH
MUKPOCTPYKTYPACkL, Y'Y n3ungeesio No S1 4eKUTHHUH
OCTUHHH M3WI166 YeKUTTCPHUHUH XMMHMSUIBIK KYPaMbIHBIH
Kalramikas xepu CIIEKTPOrpaMMacsl

IJIM mateiikaceiana madiga Oonaron  12Kh18N10T OomortyH
OCTUHJCTH OKCHJ IUICHKAJapbIHBIH CamnarThik (a3ajiblk aHaJU3d TEMUDP
(Fe304) xana nukenb (NiO4) oxcuyiepiHUH Oap 3KEHIUTUH KOPCOTTY.
MBIHIaH THITIKAPEI, XPOM MEHEH HUKEIBIHNH TEMUPJETH KaTyy SPUTMECH
Oatikanran (1-xaapidan).



1-xanpi6an — 12X18H10T Gon0TTOH xacanraH TYpAYY TYCTery YITylIepAayH

OCTTHK IJICHKAJIAPBIHBIH (a3alblK aHATM3MHAH HATHIKATAPEI

Tycryy Ton ®dazanap Maccam;l/;c YAy,
JKampur manopoTHUK Karyy s3unau FeNi 29,0
(RAL 6025 Ton) FesOq4 56,1
Ke3bu1-caprera Karyy s3unau (FeCrNi) 52,0
(RAL 2001 Ton) NiO4Fez6-04 39,6
Kapa-skamsut Karyy s3unnn (CrNi) 83,2
(RAL 6012 tom) FeO-Fe 03 14,8
ANTBIH-Capbl Karyy s3unau (CrNi) 83,1
(RAL 1004 torm) Fes0, 13,1

YnOypeKkTepayH TYCTYYAYTYHYH e3repymry MeHeH ¢a3anapasiH
MaccalbIK YJYIy, MHUCAJbl, TEMUpP OKCHAJIEPU ONYyTTyy e3repet: JKambin
NAanoOpOTHUK  yATycyHmery TacMamapuarel 56%pman AnteiH - Capsl
yirycyHnery tacmanapnarsl 13,1%ke deiiun. Jlazepauk HypiaHyyHYH ap
kaHnai napamerpiepu MeHeH 12X18N10T 000TTOH *kacairaH U3WIISHIeH
YIrylAepayH OeThHAe OKCHI YJIOYPOKTOPYHYH ap KaHIall CTPYKTypasapsl
maiina 601aroH (2-xampoan).

2 - xanpioan - 12X18H10T 6onotTroH RAL KOHTPacTTBHIK TONTOPYH alyy
YYYH KOJJIOHYJITaH Ja3epAuK HYypJIaHYYHYH MapamMeTpliepH.

Jlazepuuk YuryHyH toOy xaHa Tycy
HapaMeTpJ'IepI/I Kapa-xcambm AJ'ITLIH'Capr
HaHOpOTHI/IK CapFLI‘I

f, kI'1 50 20 100 100
P, Bt 60 35 30 30

L, Mm 0,005 0,01 0,03 0,005
V, mm/c 500 300 300 200
N > il . .

12X18H10T Gonortyn OeruHze maiaa OOAroH yiIOypekTepae ap
KaHZall mapameTpiiep MEHeH Oenrmieeze >kKapakajapAblH maiiia OoiymryH
m3ungee %1000, x3000, x7000 woHONHTYyAA KYPTY3YITOH.

JKoropky 4YOHOUTYyyJarbl 3JIEKTPOHAYK MHMKPOCKOMNUS JIa3epauK
HypJIaHYyHYH ap KaHJail mapaMeTpiepHHIe OKCHI YIOYPOKTOPYHYH camnarhl
XKapaka maiiza Ooiyy jKarblHaH adblpMaliaHapblH KepceTTy. OKcHAIuK
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YIOypeKkTepaery skapakajap TapMarblHBIH Maiina OoJymly JasepAauk
OeNrnIIeeHYH canaThlH TOMOHIOTION KOE anbaiT.

Benrmnyy mapamerpiepIuH  acThIHIA  YATYJIOpAYH — OeTwHze
kKapakaiap Tapmarbl maiina 6onot, anbl x7000 4OHOWTYyZO raHa adblk
Oaiikooro 0o0moT. XKapblk TapMmarsl HypIapIblH alIbIHKbI BUITAMIBITBIHIA
(400...500 MMm/cek) xaHa HYp OTKOOIYHYH OPTOCYHIArbl H a3 apalibIKTa
(0,005 mm) Ty3ynren. HypayH kaiipa-kaiipa eTymry na yiaryJaepayH OeTuHie
yKapakaJlap/IblH Naia OoyIryHa mapT Ty3reH (4-cyper).

JKapbix TapMarsl TOMOHKY y4ypiapAaa naiijga OonroH:

- HypIapAsH wirepmwioo suinamasirst 400...500 mm/c;

- 0,005 MM HypIJlyy 6TMOKTOPAYH OPTOCYHJArbl apalblK;

- Ja3epAMK HypliaHyyHYH Ky4uyH 80 Bt yeliun xoropynaryy;

- IMIYJIbCTYH KbIUTHITbl 100 kI'11 yeiinn;

- HypJlyH Kaiipa-Kaiipa eTymry.

TeMeHKy mapaMeTpiiep MEHEH HINTETUIITeH OCTHHIE KapaKaiap )KoK: -

- Ta3epAvK HypiaHyy kyuy 35 BrT;

- IMIYJIbCTYH XbIUTHITH 20 KI'11;

- HypAyH buiaaMabeIrel 300 Mm/cex;

- OUp HypIYy OTYY.

a) ’Kamwen nanopoTHuk yarycy; 6) Kei3sui-caprera yiarycy;
B) Kapa-amsin ynrycy; r) AJITbIH-Capsl YATYCY.
4-cyper — U3uiieHreH YAryaepiyH YCTYHKY MUKPOCTPYKTYpachl
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Ken TycTyy okcun ynoypex oup Heue QasanapAbl KAMTBINAT, anap ap
KaHOall CBI3BIKTYY KeHelyy koddpduuueHrrepune 33. OIIOHAYKTaH,
Kapakajap >OIOpKy Hyp BbULAaMIbIKTa >X€ KaWTalal >KbUIBITYY JKaHa
My37aTyy yaypyHIa keOypeek akTHBIYY Haiaa 60IoT.

MUKpPOCTPYKTYpallbIK CYPOTTOPAY TAITOOIOH KOPYHYI TypraHaa,
OctuHme "kapwputap" maiima 00J0T, anmap TaacHUp ATKEH alMakThl "ChIpao0"
yUIypyHZa J1a3ep HypyHYH OTYIIYHYH HaTHIKACBHIHAA albHTaH. "bopo3ayH"
Tyypacel Ja3epAWK HypJaHyy TapaOblHaH OOJDKOJIOHTOH — TaKTHIH
OUaMeTpuHe Tyypa KeleT jaHa OOJDKOM MeHeH 35 MHKpPOHIY Ty3er.
OIOKTapbIH OPTOCYHArbl apaJIbIK OOJKOI MEHEH 12 MKM, ajl 3MU TepeHIUTU
0,3...0,8 Mxm (maiima 60onroH Tycke skapamia). MeiHaad Teimkapsl, 0,5...1,2
MKM OMHMKTHUKTErM KHYMHEKEHW OCYLITep TaKTapiIblH TaacHUpu aiMarbIHIa
YJIrYHYH OeTuHzIe KepyHeT. byn ecymTep jnasepAMK HypiaHyy acThIHAA
TaTaan OCTTUK pesibeTH TY3YII, METAIJIABIH KallHATyyCYHYH HaThI)KachIHAA
nmaiina Oomor. bBynm Bu3yanmelk TycTepAyH Taiiga Oodymry  Kyka
YIOYpOKTepIery TYCTOpAYH KYHYPTTOHYY KaHa WHTepepeHLus KyOymyury
MEHEH raHa 3Mec, MU PaKIUIHBIH HAThIIbKACkL, 0.a. Oup 31me yaypaa Oup Hede
MPOIECCTEPANH TaTaal KepYHYLy OOJylly MYMKYH DKEHHH KOpPCOTYIIY
MYMKYH. JleMek, TaTaan Me3rwiayy OeTTHK pelbeTHH MUKPOTEOMETPUSCHI
CLMpuH HaThIKACBHIHAA alBIHTAH TYCTOPAYH Maia OOMYIIyH BH3YaJIIBIK
KaOBUIZOOr0 ONYTTYYy TaaCUPUH THHWTM3HMIIM MYMKYH >aHa TEPEHHPIIK
M3WIIe6HY Tanan Keliat. byn taacupau 6aanoo yuyH Gomxonayy Oaa rana
sMec, cucTeMaldyy Mamuie Kepek. OmoHaykraH, aar Oacmac OOJOTTOH
Kacaira, JaTyH/JaH >KacajraH kaHa XpOoM rajlbBaHHUKaJIbIK KanTaMajlapbIHbIH
OeTuHIIErn TYCTOPIYH Maiga OonymryHa ap TYpAyYy MapaMeTpiiepu MeHEeH
JIA3epAMK  HypJIaHyy  JKOJy  MEHeH MoauUKalusIaHraH  OeTTHK
MUKPOKEAUPIUKTHH KeHIUTMHUH jKaHa TEPEHIUTHHUH CTPYKTYPAJIBIK 00JI0T
MEHEH JIaTyHra THWTM3TeH TaaCHpPWH AaHBIKTOO YYYH OWp Karap
JKCIIEPUMEHTTEP OTKOPYIIY.

Ap KaHIall KOHTPACTTBIK TONTOPAO JIA3EPAUK TAaacHp 3STYYdy
genkemaepayH (JITYH) skaHa skpUTyysIyK Taacup 3Tyydy 3oHamapasie (JKTY)
KeHJIMTHH aHBIKTOO Y4yH %200 3ce 4OHOWTYyyZHarbl >KapbIk MHUKPOCKOITYH
XKapAaMbl MEHEH MeTaJulorpadusuiblKk H3WIAee KyprysyireH. Keanpauk
napameTpH 3CENTelreH — NpoQuIANH Oy3ylyUIyHYH OpTOYO KagaMbl SM.
WzunneenyH HaThlikKadapbl MaTeMATHKAIBIK CTATUCTUKAIBIK BIKMAJAp.IbI
KOJIJOHYY MEHEH WINTETUITEHJECH KHUIHWH CHCTeMAaNAlIThIPhUIraH jkaHa 3-
Xapi0anaa )kaHa S-cypeTTe AuarpaMManap TYPYHAe OepuiireH.
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3- xanpidan — 8 yekut 00rOHYA U3NIITO6 ap KaHail KOHTPACTTHIK TONTOPAOTY
npodunauk Oy3yiyynapaslH OPTOUO KalaMbIH ACEITOOHYH HAThIIKAIaphI

Ton Bbo3 arat RAL 7038
Sm, mxm | 24,79| 25,37 | 23,29 | 20,54 | 25,37 | 21,87 | 21,85 | 21,71
G 0,83 | 0,77 0,86 0,85 1,02 0,81 0,62 | 0,71
Ton Keremt kb13601 RAL 4002

Sm, mxm | 25,42| 25,37 | 25,61 | 25,41 | 25,26 | 26,22 | 20,08 | 20,51
) 0,96 0,59 | 1,03 103 | 1,11 | 1,21 | 0,96 | 0,77
Ton bo3 anTpaunt RAL 7016
Sm, mxm | 25,71| 25,48 | 2591 | 25,75 | 26,01 | 25,64 | 25,43 | 26,21
o 1,71| 0,84 | 0,92 097 | 087 | 0,76 | 0,85 | 0,89

Ap KaHmall KOHTPACT TONTOPY YIYH Sm OpOUIIyK MapaMeTpu Oupu-
OupuHEH (61406 HAThIKaIAPBIHBIH KAHBUTBIIIBIH 3CKE allyy MEHEH) OIyTTYY
aiipipmanianatr.  12X18N10T emuemyHzmery OOJOTTOH JkacairaH Oup
IUIACTUHAZA OKCHJ IUICHKAJApbIHBIH KeOypeeKTyryH YyiipeHyy OoroH4Ya
IKCIIEPUMEHT KYPTy3yJILy, aHBIH CTPYKTYpachl Oup/ei xana OyTKys OeTnHe
TEru3auru 0ap.

" PerymnTame: mamepennd wwpwis: 418 roynnw RAL 4002
PesynsTaTsl hamepeHmii inpuHbi 3/1B rpynnsl RAL 7038 ety

(cepuiii arar)

587
“ -

© pourelicTemn,

aasepuor
M

iprts 30ens ABSEGHOD BOAMALTENA, MK

v " as st 52 . . . . n
Howep ofpana Honicp obpams.

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

232 22 23 o X m—Y-O

LUMPHHE 30HBI ABIEPHOTO BOSACACTBHA, MKM

5-cypeT — JITUHBIH TyypachlH ©J14e6J6paAYH HaThIiKaIapbl
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Benrunenren MeTawiablH  OCTHHIETH KOMIUICKCTYY PETYISIPAYY
penbedTHH MUKPOTEOMETPHACHIH U3WII0616 NPOPUIANH 0Y3yIyylIapbIHbIH
OpTOY0  KamaMbIH  3cenTeeneH  Teimkapbl, VICWU  KOHTakKTCHI3
MpO(UIOMETPHH KOJIJOHYY MEHEH MpodriIInH Oy3yTyyIapelHbIH TEPEHIUTH
W3WJIICHTCH.

Wzunpee yuyn yarymnep RAL mikamacer 6010HYa KBI3BLT JKaHA KAITBLT
TYCTYY TONTOPAOH TaHAANBIN aiblHTaH. V3WIAeHTeH yirylepayH
OYIYPJIYKTYH aJIbIHTaH IapameTpriepu 4-kaapioaiia KopcoTyJ ITeH.

4-xanpi6an — Kenup KTy eT900HYH HATHIHKaIaphI

Kenupnuk mapamerpu
I'pynma u et obpasiua Ra, MKM Ry, MKM
RAL 6025 Ton JKaibut marmopoTHHK 0,26 +£0,01 3,06 + 0,39
RAL 2001 Ton Ks13bu1-caprera 0,17 +0,02 1,87 £0,25

Wsunpeeuy aliMakThIH 3WIICHTEH OSTTHK assHTTAPBIHBIH MPOdUIH 6-
CYypeTTe OepHJITeH.

6-CYpeT — M3UJIIEHHIT )KaTKaH aiMakThIH OeTuHUH 3D cypeTy

Hopmanapasa Outinkturud 1,5 acere skoropynaryy (yCTYH 9KH JKOITY
OTYIIYHO OalNaHBIITYy, Oapablk Oamika Hepcenep Ouppeii) OETTHH TYCYH
KBI3BbIJIJIaH JKAIIbIIra TYI-TaMBIPbIHAH OEpH 63repTerT.

Ap typayy mapamertpiepu Oap KJIMame HateiibkacelHoa maima
OonroH perynspayy OerTuk penbedTepau H3WIAee OOEKTYH BU3YalABIK
KaObUT aIBIHBINIBIHA OyN perabed@TepJMH MUKPOT€OMETPUSCHIHBIH TaaCUPHH
kepcetty (7-cyper).
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a) JKamreur mammopoTHuK yirycy; 0) Kemsur-caprera yarycy; B) Kapa-xamrsin
YJITYCY; T) ANTBIH-Caphl YATYCY.
7-cypeT — X200 4OHOWTYyAArbl ONTHUKAIBIK MHKPOCKONTYH
JKapJlaMbl MEHEH aJIbIHTaH CYPOTTOP

JKyprysyiren usninnee nat 6acmac OONOTTYH OSTHHIIETH TYCTOPIYH
naiiaa 6onymyna [IJIM ydypyHaa nafiga 00iaroH KOMIUICKCTYY PEryJsipayy
OeTTHK penbeTHH MUKPOI€OMETPHUACHIHBIH TAACUPUH KOPCOTTY.

MaiuuHa Kypyyia 1a3ep HypyH 4blrapyydy ap KaHJai reOMeTpHUsUIBIK
¢durypanap O6ap Oerrepre Oearu KOy YY4YH POOOTTYK TY3YJIYLITOD MEHEH
allKaIbIITHIPBUITaH. benaruneenyn BUILAAMIBITBI Oyn BIKMaHBI
TEXHOJIOTHSUIBIK OHAYPYIL IPOLIECCUHUH arbIMbIH/IA KOJIJIOHYYI'a MYMKYHIYK
Oeper. byn MyMkyHuynykrepay kKommonyy y4dyH, 12X18N10T Gomorryn
oerunneru CLM pexumnepu RAL mikanacel 00toHYa OMp KaTap KOHTPACTTHIK
TONTOPTO Tyypa KEJIreH TYCTOpAY alyy YUYYH aHBIKTITaH >KaHa OKCHUJ
YIIOypeKTepae xapaxkalapblH naiaa 0omyuryHa ko 6epbee YUyH Ja3epauk
UIITETYY PEXUMICPHU OCNTHIICHT CH.

TeprTyHuy 6anm kemypTekTyy OonortyH 08 >xaHa nmatyHb JI63 xpom
rajJbBaHUKAJIBIK KaNTaMAJIAPbIH Ja3epANK OeNTMIe0HYH MYMKYHUYIYKTOPYH
YKaHa YITYJIePYH U3WJI1eere apHajraH.

Kanranran meramn mmutanapasia [JIM yaypyHna amsiHTaH TYCTYY
CYPOTTYH Jla3epIUK HypJaHyyHYH IapaMeTpiiepuHe J>KaHa HINTETUITCH
MaTepuaiapabH KBUTY YTy K-(U3UKATBIK MYHO3/16MeJIopYHO Ke3
KapaHAbUIBITBl KapanaT. A3BIPKBl ydypAa MeTail kaOyyJapblH OIOI
TYWYPYYHY J>KaHa MAapKUPOBKAJIOOHY W3WJIIeere apHajraH Oelruiayy
OMIeKTep JKOK, OUIOHAYKTaH Oyl H3WINee WIMMHUU XaHa TNPaKTHKAaJIbIK
KBI3BITYYHY ’KapaTtaT. XpoM KarnTaManapbl TEMUP MEHEH raJIbBAaHUKAJIBIK XKYTI
TY30 an0alT, OMIOHJYKTaH TEMUPIH DIIEKTPOXUMHSIBIK KOPro anmOamT.
KoHueHTpeHreH a30T KUCIIOTachl MEHEH apakeTTeHTeHIe XPOMAYH OeTHH/E
spubereH OKCUJI TUICHKACHI Maiaa 00yIoT; Oyl mporecc XpoM MacCHUBAIHSCHI
Jen aTtanmaT. XpOM OpTaHUKAaJbIK KHCIIOTajap K€ KYKYpT CyyTeK MEHEH
peaknusara KUpOenT. ATMocdepanblk ada MEHEH 3 apa apakeTTeHTeHAe all
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TYCYH ©3repTHeONT, OMIOHAOHN 3JIe METANUIABIH aHJaH apbl Oy3yayIIyHa oI
OepOereH maccUBIYY IJICHKA MEHEH KarTalar.

W3unnee ydyH OOJOTTYH »aHa JATYHAYH VITYJIOPYH TaHI00
amapiblH  OHOp JKaiga KEHUPH KOJJIOHYJIyHIy JKaHa ap TYPAYY
TEPMO(QH3UKAIIBIK KACUETTEPH MEHEH HeTu3eneT (5-T1adbnuma).

Yirynepny raibBaHUKAIBIK XPOM MEHEH KaIlToO KH YITY YIYH T€H
YarbUIABIPYY — KOO(PQHUIMEHTH  CHISKTYY  MaTepHabIK  IapaMeTpau
TEHJICIITHPYY MYMKYHUYJIYTYH Oepau. By mapaMeTp naszepauk UIITETYYHYH
HATBIDKATYyJIyTyHa Taacup 3TeT. byn K03(D(HUIMEHT KaHYaJIbIK KOTOpY
00J1c0, OeTke OenrmIepan KONIOHYY YIYH JIa3epArH KYUY OIIOHYOIYK KO
KOJJIOHYIYIIY KepeK. DKCIePHUMEHT JKYPTY3YY YYYH KaablHABITBl | MKM
0O0JITOH XPOM KalTOO KOJIJIOHYJITaH.

S5-xkampiban  —  CyOcTpaTThIK — MeTauImapAblH  TePMO(PHUIUKAIBIK
MYHO316MeJepY
MyHe3neme Bogor 08 JlaTynb J163
Keimyy CBITBIMITY YTV K, kJ[x/(xkr°C) 0,381 0,481
Keutyy etkepymayyiyk, Br/(m°C) 60 110
Tan eTkepyMAYYIYK, M2/c 12,5 26,4

Byn kanblHIBIK ©HEp KAl MNPOAYKUMSCBIH XpOMIOO Y4YH
CyHyILITaJraH MaaHu OOJTyTI caHanar.

Bonot xaHa e3 rmTanapelHAArsl KaJdbIHABITBE | MKM OOJTOH XpOoM
KalToOOCYH ajlyy Y4YH 2 MYHOT Tajarl KbUIbIH/IBI.

ChIHOONIOpAYH Kapaambl MEHEH TYCTYY CYPeTTY TY3YY YYYH
Ja3epAuK HypJaHyyHYH KalChl NapaMeTpiiepud 3apbul JKaHa ap KaHgau
TYCTOpAY ajlyy Y4yH Oy mapameTpiiepAu KaicChl IUana3oHIopAO Tyypaioo
KepeK IKEHIUTW >KOHYHIe TYIIYHYK Ty3ynay. CeiHOO cypeTy 8-cyperTe
KepceTynreH. TamranappiH OUHUKTUTH 5 MM.

'

8-cypeT — XpoM KanTOOCYHYH JIa3epIuK TyCTYY Oenrucu

Mnumuii u3ungeenepliyH HaThIMKACBIH/A albIHTAH TYPAYY TYC
JMANa30H0py Ja3epAuK Kaipa UIITETYY TapMarblHia ap KaHJal XUMUSIIBIK
peakuusiap OOJYIl JKaTKaHBIH KOPCOTYI TypaT. byn IKBIMBIHTBIK KA
ChIHAJITaH XPOM KalTajraH YITYJIOPYHYH ap KaHAal sKbUTyYIyK-(DH3HKaIbIK
KOPCOTKYUYTOPY MEHEH OSpUIITeH Jiel aiiTyyra 00JoT.
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ATBIHTaH HaThlKalapapl Tajjal, XpPOMJOITOH JK€3 YITYCYH
WIITETYYA® BUIAAMBIPAAK BICBITYYHYH >KaHa HMHTEHCHUBIAYY JKBUIYYIYKTY
KETUPYYHYH 93CEeOMHEH XpOMIOJATOH OOJOTTYH VITYCYH JIa3epIuK
UIITETYYHYH OKILIOLI [apaMeTpJIepU MEHEH ajbIHraH TYCTYY CYPOTTepaeH
ailBlpManaHral TYCTYY CYPOTTep aJlbIHTaHIBITBIH aiTyyra Oomnor. boimor
Ke3re CaJbIITBIPMANYy >Xall BICBITYY KaHa My34aTyy YOAaKThICBIHA 2393.
Tepmodusukanblk MyHe3#eMeNep TeMmIepaTypa TajlaachblHbIH Iaiiaa
OonymryHa jkaHa OLIOTO JKapalla XUMISUIBIK PEaKUUSHBIH y3aKThITbIHA
TaaCUpHUH TUNTH3ET, aHbIH HATHIIKachIHAA ap KaHJall KaJdbIHABIKTArbl OKCHU]L
yi0ypery maiina 60m0T. YIOYPOKTYH KaJbIHIABIIBI XUMUSUIBIK PEAKLUSHBIH
WHTEHCUBIYYAYTYHO, a1 3MHM WHTEHCHUBAYYIYTY JKBUTYYJIyK TaacHp 3TKEH
YOJNKOMAYH XaHa Jla3epJUH TaacUpu TUHTEH alMakThIH TaOblHa jkaparia
00I0T.

Kypryzynren HA3WI06JI6p KOPCOTKOHIOM, 6-Tabnmunana
KOPCOTYJITOH Ja3epIuKk Oelrunee mapaMeTpiepHH KOJJIOHYY MEHEH,
KOJIIOHYJIraH YITyJep HW3WIIEHUN >KaTKaHjaapra Jajl KeiareH maprtra, 9-
CYpOTTe OepuIIreH TYCTYY CYPOTTOPAYH PEHPOLYKUUACH! aJbIHTaH.

6-xanp10an — [IpoToTUnTep YUYH Ja3epAuK OeNTHIee MapTTamMIaphl

Jlazepnuk
Cermen Pactpiap oTyy O1yy ;yyg; Hﬁ;ﬁ;ﬁi Wmnynsc Tedokyc
TTHH | apajibilbl |bUIIAMIbI o PKBIILITHITH]
CaHbI % KeJIoMy
HOMYpPY MM T'bl, MM/C (20 Br , KI['mg
Garran)
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

Konkperryy Oup Matepuan ydyH ap KaHIail Taacup SHEPrusiChIH
KOJIJIOHYY JKaHa KaiTanaHyy KO3(QQHIMEHTHH ©3repTYy apKbUIYy TYCTYY
OenrwieeHyH Oupneill yATYlepyH anyyra KaHa, TeCKepucuHue, Oup
MaTepuaiiarbl Jja3ep HYpPYHYH TaK HapameTpiepuH OWIYy MEHEH Tyc
raMMacblHBIH ap KaHAad TycyH aimyyra Oomor. bynm yuypma, Tycrepay
AHBIKTOO aTalbIH MaIlIHA KOPYY MPOTrPaMMachl apKbUITYy HIIKE alllbIPhUITaH.
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Tyctep NCS (Natural Color System) Tyc IIKaJgachHBIH apAaMbl
MeHeH aHbIkTanraH. byn yaypaa, NCS 6oronua Oamtanksl Tyc mMeHeH 12
METaIUKCEJIUK PEe30JII0LUAIarkl KeCUIIKell Kamepa TapaOblHaH >Ka3bUIaH
TYCTYH OPTOCYH/Ia CaJIBIITBIPYY KYPry3YJIay.

Nave i <03 LT FOMPEOR I T3 08

- - 2 el s B

T | H 3 4 | [y s ] 3
Mok et (03T SV T P st F o AN SMETO00 5 b ae
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e e

9-cypet — 08 GomorToH xaHa L63 >ke3neH jkacainraH XpOMIOJTOH
OeTTepze aJIbIHTaH TYCTYY CYPOTTOPAYH PENPOIYKIHUSICHI

Wmtue  KYpYIIYHO®  anmblHTaH — MaajepiMaTrap  JavaScript
OpOrpaMMaJIO0  TWJIMHAE JIa3epAUK OPHOTYY YYYH MPOrpaMMaibIK
KaMCBI3ZIOOHY JKa3yy YYyH KojjoHyiaraH. IlporpaMmaHblH Makcathel -
Ja3epIMK MallMHAHBIH OIepaTopyHa ap KaHZall MaTepuangap Y4yH
napameTpyiepay TaHIOOAO >KaHa amap OOIOHYA TYCTYY CYPOTTY alyyaa
xKapjam Oepyy.

MpiHgali nporpaMMaHbiH  OOJIyIly MeETaul OeTTepUHE TYCTYY
Oenrwiepau KOJIIOHYY UIINH KOHOKOUIeIITYPYII, JIa3epaHK >ka01yyIapaIsiH
OTIepaTOPJIOPYHYH OHIYPYMAYYJIYTYH >koropynara amat. IIporpammansix
KaMChI3ZI00 OyJI WII yuypyHJIa ajbIHTaH YJTYJIepre jkaHa TYCKe CYpPeTTepAy
KOJJOHYY YYYH KOJJIOHYJraH Ja3epauK Oeiruiee napameTpiepuHUH
MaaneiMaT Oazachl. KONJOHMOHYH MMIZIETH MaTepHajia ajbIHBIIIBI KepeK
OOJITOH TaHJANTaH TYCKe jKapallla TaHJalraH METajul Y4YH Jla3ep HypyHYH
napamMeTpJIEprUH KaMChI3 KbUTyy OO0JTyTI caHanar.

[lonmyuyenHsie B Xoe pabOTH! JaHHBIEC UCIIOJIB30BaHbI I HAITMCAHUS
MpOrpaMMHOTO  OOecreYeHnsi Ui JIa3epHOM YCTaHOBKM Ha  SI3bIKE
nporpamMupoBanust JavaScript. llenpio TmporpamMmbl  SBISETCS TTOMOIIIb
OIlepaTopy Ja3epHOr0 CTaHKa B NOAOOpE MNapaMeTpoB Ui Pa3iIMYHBIX
MaTepHaoB U MMOJYYSHUU Ha HUX [IBETHOTO M300payKeHNSI.

KOPYTYHAY
1. TepMHKaJIbIK UIMITYJIBCTYK JIA3€PIUH TAaCUPHU aCThIH/AA METAIJIIBIH OCTHHE
OKCHJ IUICHKAJapbhlHBIH  (a3ajblk  KypaMbIHBIH = TYCTYY  OKCHIIUK
CTpYKTypaJlapAblH Taiiia Oonyy JAWana3oHyHAArbl TaacHUpPWUH H3HI00
IUIEHKAJIApAbIH TYCTOPYHYH ©3repylly TEMHpP OKCHIACPUHUH Macca
YJIYIIYHYH ©3TepyIIyHe HETU3MHEH Tyypa KeJlepuH KepceTTy. OKCHIIUK
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IUIGHKaNapAarbl  JKapakajlapAblH  maiga  OOMyHmIyHYH — 3JEKTPOHAYK
MUKPOCKOIMSICHIH ~ HM3WIAee[e  Ja3epAuK  HypJaHyyHYH  alpbiM
napaMeTpJIepuHAE YATYJAepAYH OeTHHIE >XapakalapIblH TapMarbl Iaiaa
6ooopy anbikTanTaH, abl X7000 woHOMTYymaH Oamran Oaikooro GOOT.
XKapsix Tapmarst 400...500 Mm/cek HypiapAbIH ajIbIH ajla bUIIAMIBIKTa KaHa
0,005 MM Hyp amyymapelHBIH OpPTOCYHAArbl apaiblKTa TY3YJTOH.
Kaiitamaaran HypIyH eTYIIy Jia YATYJIOpAYH OSTHHIE KapaKalapAblH Haina
0oxynIyHa e0enre Ty3reH.

2. dar Gacmac 0OJIOTTOH jkacairaH OETTErH TYCTYY CYPOTTOPT® TEPMHKAJIBIK
HMIIYJIbCTYK Ja3epAUK TaacUpIeH TY3YJIreH TaTaajl Peryysapayy peibedTHH
MHUKPOT€OMETPHUSCHIHBIH Taacupu OeiruieHred: npaT Oacmac OONOTTYH
OeTUHIErn perysIpAyy pelbeTHH Oy3ylyynapblHBIH TEepPeHIUTHHUH
e3repymry OeTTUK OOEKTYH TYCYH TONYTY MEHEH e3repTeT; Oyl ydypaa
opoinyktyH napamerpiepu Ra=0,261...0,167 mxm xana Rz = 3,063...1,870
MKM JIMaNa30H/I0 e3repreH.

3. 08 Gonorron xaHa L63 ke3nen xacanran RAL mkamacer 6oroHua Oup
Karap Kapama-Kapuibl TONTOPro KaHa XPOMIOJTOH OeTTepre Tyypa KeJreH
naT 6acrac 0OJIOTTYH OSTHHIE KOPCOTYITOH TYCTOPAY allyy YUYH KBLIYYIIYK
JIA3EpAUK SKCIO3MLMS PEXUMIECPHU AHBIKTAITAaH. V3WIIeeHYH XKYpYLIYHAO
QIBIHIAH MAAJbIMAaTTapAblH HETM3MHAE KanTaJlraH MeTaul YJIATrYJIepyH
Ja3epaMK MINTETYYAe ajblHTaH HaThliKajJapAblH MaajbIMaT 0a3achl MEHEH
HUIITOeO6 NporpaMmMachl UIITCIUIT YbIKKAH.

HKAPDBIAJIAHT'AH ODOMI'EKTEP/INH TU3MECHU

1. HaymoBa M.I". Metamn OeTwHIE TYCTYY CYPOTTOPIYH OamIkapbulyydy
TY3YAYUIYH TY3YY MYMKYHUYYJIYKTOPYH (peHOMEeHOnMoTusuIbIK m3unnee / W.T.
MopozoBa, M.I'. Haymoa // NUST MISIS cryaeHTTeprHnH XaHa
ACIUPAHTTAPBIHBIH WIMMHM SMreKTepUHUH >KbliHaArel. — 2016 Kupos. -
Menen. 54-58,5C. Kupyy pexumu: https://elibrary.ru/item.asp?id=27361421
2. HaymoBa M.I". MeTann OyromMIapbiH jkaHa DiaiMaHgapbl OHAYPYY YIYH
s dextuBnyy nazepauk texuomorusuiap / JLM. I'myxos, C.M. ['opbartioxk,
M.T'. HaymoBa, 1.I'. Mopo3osa // Metamrypr. — 2016. — T. 60, 3-6ac. — 6.1-
6C. Kupyy pexumu: https://elibrary.ru/item.asp?id=35526423

3. HaymoBa M.I'. XKoropky KOHIEHTpaunusjaHTaH 3HEprusi Oynarsl MEHEeH
MeTaJLIABIH OeTuH e Tyc OenrucuHuH naiina 6omyury / C.M. ['opbatyk, M.
Haymosa, W.I'. Mopo3osa // Metamnypr. — Centsiops 2016. — T. 60, 5P
YBITaPBUTBIII. - 646-650 5C. Kupyy pEeXUMU
https://elibrary.ru/item.asp?id=30994256

4. Haymoa M.I'. Mertann OyroMIapblH >KaHa IIaiiMaHIapAsl ©HAYPYYHYH
s¢dextuBayy naszepauk texuosorustiapel / JLM.I'myxos, C.M.['opbaTiok,

19



https://elibrary.ru/item.asp?id=30994256

M.I".Haymoga, 1.I'. Mopo3oga // Metamrypr xxypransl. — Ne3 2016. — 6. 80-
85 5C. Kupyy pexxumu: https://elibrary.ru/item.asp?id=26505312

5. HaymoBa M.I'. XKoropky KOHIEHTpaIMsJIaHTaH OSHEPrusi OyJarsiH
naiganaHyy MEHEH METaJUIIbIH OeTHHHH TYcTyy OemrmcuH TYy3yy / C.M.
T'op6artiok, N.I'. Moposzoa, M.I". Haymosa // Metamnypr xypaainst. — 2016 —
Ne6 — 6. 91-94, 4C. Kupyy pexumu: https:/elibrary.ru/item.asp?id=26527002
3 Haymosa M.T.

6. bBomorrapapl  TepMHUKaNBIK  MIOTETYYA®  PEHHIYCTPUANIAIITHIPYY
npuniuntepu / C.M. Topbartiok, M.I'. Haymosa, W.I'. Mopozosa //
Koropmomo 6omot. — Ne 5, 2017. — T. 47, 6. 308-312 5C. Kupyy pexumu:
https://link.springer.com/article/10.3103/S0967091217050047

7. Haymoa M.I". lllTamMnThiK 60JIOTTOPLY TEPMHUKAJIBIK UIITETYY OHAYPYIIYH
PEHHIYCTPUATAAITHIPYY MPOLECCHHNUH XYMYIIYy MOJEIUH UINTEN YbIryy /
l'opbatiok C.M., Mopozoa W.I'., Haymoa M.I. // XKoropky okxyy
XainapeiHbeiH Kabapnapsl. Kapa meramnyprust. 2017. T. 60. Ne 5, ISSN 0368-
0797, CTp. 410-415. Kupyy PEXUMU:
https://www.elibrary.ru/item.asp?id=29197735

8. HaymoBa M.I". MeTain GETHHUH TOHOJOTHSCHIHA jKaHA TYC raMMachIHA
JIa3epAMK HypiaHyy mapamerpiepunuH Ttaacupu / M.I. Haymoma, B.A.
HaroBumern, W.I'. Mopo3osa // NUST MISIS cryneHTTepuHUH >KaHa
ACTIMPAHTTAPBIHBIH WIUMHUA 3MreKTepuHUH KbiitHarel. — 2017 — Kupos. -
Menen. 37-40, 4C. Kupyy pexumu: https://elibrary.ru/item.asp?id=28992018
9. HaymoBa M.I". Jlazepauk Hypi1aHyy MEHEH UIITETIIITeH OOJIOTTYH O TUHUH
camarTyy peHTreH-crnekTpanasik ananmusu / M.I'. Haymosa, A.A. CadpoHoBa
// NUST MISIS cTyaeHTTeprHUH JKaHa AaclUpPaHTTAPBIHBIH WIMMHHA
sMmrekTepuHuH KbiitHarel. — 2018, — Kupos. - Menen. 108-111, 4C. Kupyy
pexumu: https://elibrary.ru/item.asp?id=32711032

10. HaymoBa M.I'. Jlazepauk >KbUTyyJIyK MEHEH MINTETYYHYH Taacupu
aCTBIHJ]a aHBIH OETTHK TOIOJIOTHICHIHBIH ©3TepYIIYHYH HETHU3WHIE JKe3
PUTMECHHHUH MapKUpoBKachiH Ty3YY / U.I. Mopo3oBa, M.I'. Haymoga, A.IO.
3apanuH, [1.B. bopucos // Metamnypr xxypHaisl. — 2018 — Ne 5 — 4C. Kupyy
pexumu: https://elibrary.ru/item.asp?id=35000814

11. Haymosa M.T". Jlazepauk >KbUTyyJIyK MEHEH JapbUIOOHY KOJOHYY MEHEH
aHBIH OETTHK TOIOJOTHACHIH ©3TOPTYY apKbUIyy Ke3 3pUTMECHH Oenruinee /
W.T'. Mopo3zosa, M.I'. Haymosa, A.}O.3apanun, [1.B. Bopucos // Meramnypr,
— 2018. — 62(5-6). - Menen. 464-469 6C. Kupyy pexumu:
https://elibrary.ru/item.asp?id=35748513

12. Haymoa M.I'. UTII3 IIAOHyH mapTeiHAa TYTYKTYY Oyromuapibl
OHJIYPYYHYH TE€XHOJIOTHSUIBIK IMPOIECCUH aBTOMATTAIITBHIPYY YUYH JIa3epIuK
O0enruan xonponyy / M.I. Haymosa, IL.B. bopucos // NUST MISIS

20



https://elibrary.ru/item.asp?id=26505312
https://link.springer.com/article/10.3103/S0967091217050047
https://www.elibrary.ru/item.asp?id=29197735
https://elibrary.ru/item.asp?id=32711032
https://elibrary.ru/item.asp?id=35000814
https://elibrary.ru/item.asp?id=35748513

CTYACHTTEPHHUH jKaHa aCIMPaHTTAPBIHBIH WIMMHIA SMIeKTEpUHHH KbIHHATBL.
— 2018 - Kwupos. - Menen. 112-115, 4C. Kupyy pexumu:
https://elibrary.ru/item.asp?id=32711033

13. HaymoBa M.I. bepuiren wmapkamoofo Oamkapeulyydy TYCTYY
CYPOTTONYIITY TY3YY YYYH TajJbBaHHUKAJBIK XPOM KalTOO MPOLECCHHUH
TYCTYY JIa3epIuK MapKajoo MPOLECCHHUH 03reueIyKTepyH niminee. / M.I.
HaymoBa, W.I'. MopozoBa, II.B. bopucoB // byrynky warepmanmap:
Marepuanmap: OHOYPYII TEXHOJOTHSIIAPHl JKaHa >KaOmyymapbl OoloHYa
3aMaHOan TeHACHIUsIap OoroHYa 311 apajibik kKoHdepennus. — 2019. — T. 19.
— 2405-2408-6. — DOI: https://doi.org/10.1016/j.matpr.2019.08.044. Kupyy
pexumu: https://elibrary.ru/item.asp?id=43249538

14. HaymoBa M.T". Jlazepauk Oeiruiee MEHEH ajlblHTaH TYCTYY CypeTy Oap
MeTtaabH 6etuH usnminee / .I'. MopozoBa, M.I'. Haymoga, I1.B. bopucos
// Kordepernnusuisik [Ipotokon "MHAYCTHKUSIIBIK UHKEHEPHS, TUPKEMEIEep
xana eHaypyITyk koHdepenuus (ICIEAM). KMII Temup xana 6010TTOH
JKacallraH. - TOM. - 4-0. ova, n.a. chichenev. // KMIII Temup »xaHa 6010TTOH
xacanrad. - 2020. - DOI. - DOLI.

15. HaymoBa M.T'. Jlazepauk kaTyyjaHyy HpOLIECCTEPUH CYPOTTOO YUYH
OKIIOITYK TeopusicklH Komaonyy. / H.A.Uuuene, C.M. T'opbatiok, M.T.
Haywmoga, 1.I". Mopo3zosa // — 2020. — KMIIIabH Temup >xana 6010T 60r0HYa
OasHIaMachl. - T. 19. - 44-47-606. - DOl:
https://doi.org/10.17580/cisisr.2020.01.09. Kupyy PEKUMHU:
https://elibrary.ru/item.asp?id=45443759

16. HaymoBa M.I. Meranmn OeTHHMH TYCYHO Ila3epAWK JapbUIOO
pexxumaepunut taacupu. / C.M. Topbatiok, M.I'. Mopo3osa, M.I". Haymoga,
Uuuener H.A. // KMIIubiH TeMup xkaHa 60510T Ooronua Oasamaamacet, — 2020.
—T. 20. — 37-40-6. — DOLI: https://doi.org/10.17580/cisisr.2020.02.09. Kupyy
PEKUMHU:

17. HaymoBa M.I". Bepuiren nazepavk OenruieoeoHyH HATHIHKACBIHAA Mai1a
o6orron  12KhI18N10T ©OomoTryH OeTHHAETH OKCHJ IUICHKAJapbIHBIH
camatTelk (Qaszanslk anammzu. / W.I. Mopozosa, M.I'. Haymoma, B.A.
Harosuisin, P 0. Kazoekos // Mertamnypr, —2023. — T. 67. — Ne 2, 63-69-0. —
DOI:  https://doi.org/10.52351/00260827 2023 02 63. Kupyy pexumu:
https://elibrary.ru/item.asp?id=61896929

18. HaymoBa M.I'. Jlazepauk OenrmiieoHYH HaTBIIDKAChIHIA Makga OONITroH
12X18N10T GonoTTyH OETHHIECTH OKCHJ TUICHKAJIAPHIHBIH —CalaTThIK
¢azanbik ananusw/ U.I'. Mopo3zosa, M.I'. Haymosa, B.A. Harosuupis, P.1O.
KazbekoB // Meramrypr. — 2023. — Ne 2. — Bb. 63-69. — DOI
10.52351/00260827 2023 02_63. Kupyy PEKUMHU:
https://elibrary.ru/item.asp?id=50285189

21



https://elibrary.ru/item.asp?id=32711033
https://elibrary.ru/item.asp?id=43249538
https://elibrary.ru/item.asp?id=45443759
https://elibrary.ru/item.asp?id=61896929

HaymoBa Maprapura I'ennanbeBHaHbIH 02.05.08 — «MamuHa kypyy
TeXHOJOTHSACHD) aAUCTHIH 0OIHYA TeXHNKA WIMMICPHHMH KAHAUAATHI
WIMMHH JapaxacblH ajlyy YYYH cyHywtaiaran «Meraaa OyroMIapbiH
TYCTYY CYPOTTOPAY KAJBINTAHABIPYY apKbLIYy MApKAJOOHYH CANIATBIH
JKAKIIBIPTYYYY JIa3epANMK TEXHOJIOTHSIHBI HIUTeNl YbITYYy» JereH
TeMaAarbl JMCCePTALUSICHIHBIH

PE3IOMECH

Tyiiyn ce3gep: nazep, pobOTTyK Oeiruinee, KOHTpadakTTaH KOProo,
TYCTYY J1azepAuK Oenruiee, aat d6acmnac 6010T, XpOM KanToo,
MHUKPOCTPYKTYypa, TYPAYY TYCTOry YJIryJep.

N3nngee odbekTHCH OOTyn OOJOTTOH JKaHa TYCTYY MeTaiiapAaH
’Kacanrad OeTTep, aHbIH MYMHJE ap KaHAail mapameTpiep MEHEH Jla3epauk
OeNTHIIeeHYH HATHIIKACKIH/A ap KaHAal Tycke 00EnToH xalyynap caHamiar.

H3ua106HYH MaKcaThl - MeTaU1 OETUHAE TYCTYY CYPOTTOPAY
TY3YY YUYH JIa3epIuK UIITETYY PEKUMACPHUH H3WI0OHYH jKaHa UIITET
YBITYYHYH HETH3MHJE METaJUTypTrHsUIbIK IPOAYKIUSHBI TYCTYY Jla3ep MEHEH
OenNTIIee MPOIECCHH OPKYHIOTYY OOIyIl caHamart.

N3unnee bikManapbl: MeTaUIOTpadUsUIBIK SKCIEPTH3a, PEHTTeH-
CHEKTPAABIK aHallN3, CEKAHTTBIK MeToHA, (EHOMEHONOTHSUIBIK METOI.
Kabmyynap: ummynsctyk Oyna gazepu HansLaserMars; xapbix
ONTHKAIBIK MuUKpockon AxioObserver DIm onTHKagblk MHKPOCKOI
UnionVersamed 2; xen (yHKIHMOHANIYy peHTreH audpaxromerp Puraxy;
3NeKTpOoHIyK ckaHepneeuy Mukpockorn TESCAN VEGA3 SB.

AJIBIHTaH HATBIIZKAIAP KaHA aJNapAbIH KAHBLIBITBI: TYCTYY
CYpeTTepay KOJIZOHYY Y4YYH >kaOayynapabl TaHmoo Herusayy. dazanbik
COCTaBIBIH JKaHa OKCHJ IUICHKAJAPBIHAATHl JKapakalapAblH maiina
OOJyIIyHYH METaJUIABIH OeTHHE THITH3TE€H TaacupH W3niaeHrex. Jat
Oacriac 0OJOTTYH OETHHIETH TYCTYY CYPOTTOPre TEPMHUKAIBIK UMITYIBCTYK
Ja3epIuK HyplaHyy acThlHAA Iaiaa OONTrOH TaTaaln peryssipayy OeTTux
penbeTUH MHMKPOT'€OMETPHSACBIHBIH TaacHpu aHbIKTangel. Jlar Oacnac
OO0JIOTTOH >KacaliraH OETHHIE KOPCOTYITOH TYCTOPIY alyy YUYH KBUIYYIYK
Na3ep/IMK HypllaHyy PeXUMIIEpH aHbIKTaNrad. Kanranran metamt yiryiepyH
Ja3epaMK MINTETYYAe ajbIHraH HaTbliKajlapAblH MaajbiMaT 0a3ackl MEHEH
UIITOe YUYH MPOrpaMMa HIITEIHIT YbIKKaH

22



PE3IOME

auccepranusa Haymosoii Maprapurel I'eHHagbeBHBI Ha TeMmy:
«Pa3paboTka J1a3epHOii  TeXHOJOTHMH, NOBBIMIAIOIIEHl  Ka4YeCTBO
MapKHPOBKH MeTALJIMYECKOU MPOAYKIUH yTeM (opMHUPOBaHUsI HA Hel
IBETHBIX H300pa’keHWil» TPEACTABJEHHON HAa COMCKaHHe Y4YeHOMH
CTeNMeHH KAHIMIATA TeXHHYECKMX Hayk mo cnenumaiabHocTu 05.02.08 —
«TexHoJIOTHsI MAIIMHOCTPOEHU S

KaroueBble cioBa: naszep, poOOTH3MpOBaHHAs MapKUPOBKa, 3aIUTAa
OT TOJJETOK, IIBETHas Ja3epHas MAapKUpPOBKA, HEpIKaBeroIlas CTajb,
XPOMHCTOE MOKPBITHE, MUKPOCTPYKTYpPa, Pa3HOOKPALIEHHBIE 00pa3Lbl.

O0beKkT MCCIeJOBAHMA - [OBEPXHOCTH M3 CTalld M I[BETHBIX
METaJUIOB, B TOM YHCJIE TIOKPBITHSI, OKpAIlEHHBIE B pa3JIMYHbIC I[BETa B
pe3yJbTare Ja3epHONH MapKUPOBKH C Pa3IMYHBIMU apaMeTPaMu.

Hennr wucciaenoBaHusi — COBEPIICHCTBOBAHHE MPOLECCAa LBETHOM
Jla3epHOM  MapKUPOBKM  METAJUTyprMYecKo TMpOAYKIMH Ha OCHOBE
HCCIICIOBaHUS W Pa3pabOTKH PEKUMOB J1a3epHOM 00pabOTKH C IEJIbI0
(hopMHUpOBaHUs LIBETHBIX U300paKEHUH HA METAIUIMYECKOI TOBEPXHOCTH.

Metoabl mccieioBaHMii: MeTayuorpaduueckoe HUccieloBaHue,
PEHTTCHHOCHIEKTPAIbHBIA ~ aHaliW3,  NPUMEHEH  METOA  CEeKYUIHX,
(enomenomornyecknii meron. OOOpymOBaHHME: WMITyJIECHBI BOJIOKOHHBIH
nazep HansLaserMars; cBeToBoii omnrudueckuii mukpockorn AxioObserver
D1m; ontuueckuit mukpockon UnionVersamed 2; MHOTO(YHKIIMOHATBHBIH
peHTreHoBckuil mudpakromeTp Rigaku; 5nexTpoHHBI CKaHUPYOMIHNA
mukpockonn TESCAN VEGA3 SB.

Moayyennsle pe3yabTaThl M WX HOBH3HA: OOOCHOBaH BBIOOD
00OpyZIOBaHMS I HAHECEHHSI IIBETOBBIX M300pakeHWH. M3ydeHo BiusHHE
¢a3zoBoro cocraBa M TpelIeHOOOpa3oBaHME B OKCHAHBIE IUIGHKH Ha
MOBEPXHOCTH MeTaula. BEISBIEHO BIMSHHE MHUKPOTEOMETPUH CIOXKHOTO
peryJsipHOrO penbeda MOBEpXHOCTH, CHOPMUPOBAHHOTO MPH TEPMUUECKOM
HUMITYJIbCHOM JIa3€PHOM BO3JICHCTBMM HAa IIBETHBIE HW300paKEHUS Ha
MOBEPXHOCTH HeprkaBeromedl cranu. OnpeAeseHbl PeKUMbl TEPMUYECKOTO
JIA3€pPHOTO BO3AECUCTBUS ISl TONYYEHHUS 3aJaHHBIX [[BETOB Ha IMMOBEPXHOCTH
Hepxaserowlel cranu. Pazpaborana nporpamma 11t paboThl ¢ 6a30i TaHHBIX
MOJYYCHHBIX pe3yJbTaTOB NpPU JiazepHOH 00paboTKe METaTUUYECcKUX
00pasIoB ¢ TOKPHITHEM.
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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
Dim; optical microscope UnionVersamed 2; multifunctional X-ray
diffractometer Rigaku; electron scanning microscope TESCAN VEGA3 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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