8D05301 — «TexHukanbIk pu3rka» MaMaH IbIFbl OOMbBIHIIA PHIOCOPUS JOKTOPHI
(PhD) nopexecin amy ymrin yebiabuiFaH MykranoBa HazepkeniH
JiccepTanuschiHa
AHJIATHA

«Korapsl KbLIIAMABIKTHI I'a3/IbIK *KAJbIHABI To3aHAay ke3inge WC-Co-Cr
KA0BIHIAPBIHBIH KYPbLILIMbIH, (ha3ajbIK KYPAMbIH K9HE KacHeTTepiH
KAJBINTACTBIPY)>

ZKyMBICTBIH KaJINbl cUIIATTAMACKI. [[uccepTaiiys TO3yFa )KoHE KOPPO3HsIFa
KOFapbl TO3IMIUIIrT Oap KobanbT-xpom OaitnanbicTiprbilibl (WC-Co-Cr) 6ap
BOJIb()paM KapOWJi HETI3IHAETT MeTauI-KepaMHUKaJIbIK >KaObIHIAPABl d31pJeyre,
COH/Ial-aK JKOFapbl KbUIMAMJIBIKTBI Ta3IbIK KajlblHMeH To3aHmayasiH (HVOF)
TEXHOJIOTUSIIBIK PEXUMICPIHE OaiIaHBICTBI OJIAPABIH KYPBUIBIMBIHBIH, (ha3alibIK
KYPaMbIHBIH JKOHE TMaijanaHy KacHUeTTepiHIH KaJbINTacy 3aHJbUIBIKTapbIH
3epTTeyre apHairad. JKyMmbicTa mmOepil bICHIpMaJIapAblH KayanTbl OeJlIeKkTepl
ymria  konmadeiiaTeiH  30X13  GomarteiH  Oetine  karsutraH  WC-Co-Cr
KaOBIHIAPBIHBIH ~MHUKPOKYPBUIBIMBIH, (a3ajblK JKOHE JJIEMEHTTIK KYpaMbIH,
MEXaHUKAIBIK, TPHOOIOTHSIIBIK >KOHE KOPPO3USIIBIK CHUIATTaMAJIaPhIH 3EPTTEY
HOTWXKeepl kenripuireH. JKorapbl KbUIIAMJIBIKTBI Ta3/bIK KAJIBIHIBI TO3aHJIAY
omicimen anbiaFaH WC-Co-Cr xaObIHIApBIHBIH TO3yFa TO3IMIUIIIHE KEIIeH/I1
AKCIIEPUMEHTTIK 3epTTeysep >Kyprizunmi. [luccepramusuiblk KymbIc MIEHOEpiHIEe
mubep BICHIPMAIAPBIHBIH OeekTepine apHainraH tozyra Tesimai WC-Co-Cr
XKaOBIHBIH ajly TEXHOJOrWAChl a3ipieHAl, on 2025 xeuiapiH 31 KaHTapblHOA
xapusiianrad Nel0138 «0KaOwiH Tocenren mubdep:i bicbipMay Maiganbl MOJIeiHe
apHanran Kazakcran PecryOiMKkachiHbIH TATEHTIMEH KOPFaJIFaH.

JluccepTaumsJIbIK KYMBICTBIH MaKcaTbl: To3yFa, 3po3usra >KOHE
kopposusira Tte3iMautiri sxorapel WC-Co-Cr Herizigaeri Metaul KepaMHKaJIbIK
XKaOBIHIAPABl 93ipJey, COHIAN-aK >XOFAPhl JKBUITAMIBIKTHI Ta3/bIK KAJIBIHMCH
to3aHaaHabIpyAbIH (HVOF) TeXHOTOTHSIIBIK PeKUMIEPIHE KOHE OacTalKbl YHTAK
MaTepHAIIBIHBIH ~CUTIIATTaMalapblHa OalIaHBICTBI OJIAPABIH  KYPBUIBIMBI MCH
KAaCHETTEPiHIH KAJIBINTACy 3aHIbUTBIKTAPbIH OCINT1IeYy.

Kolibuiran Makcatka coiikec Keseci MiHIETTep TYKbIPbIMIAIIbI:

- ecentey runpoauHamuka (CFD) moxmenbaeyin kommana oteipein, HVOF-
To3aHaaybl ke3innae opTypii gpakusiasl WC-Co-Cr yHTak OeniiekTepiHiy yaeyl
MEH KbI3y 3aHIBUIBIKTAPBIH OpPHATY JKOHE YHTAKTBIH VTHIMABI (PAKIUSIIBIK
KYpaMbIH HET13]IEY;

- WC-Co-Cr >xaObIHIapbIHBIH KYPBUIBIMABIK-()a3adblK KYHiHE YHTAKThIH
(pakuUAIBIK KypaMbl MEH MOP(OJIOTHSICBIHBIH 9CEPIH aHBIKTAY:;

- TO3aHJay KAIIBIKTBHIFBIHA JKOHE JKYMBIC Ta3/IapbIHBIH IIBIFBIHBIHA
OaitnanbicTel WC-C0-Cr 3xa0blH KYPBUIBIMBIHBIH KaJbIITACy 3aHAbLIBIKTAPbIH
AHBIKTAY;

- WC-Co-Cr >xaObIHIApBIHBIH MEXaHUKAIBIK, TPUOOJOTHSUIBIK KOHE
KOPPO3USIIBIK CHUTIATTaMajapblHa MHUKPOKYPBUIBIMABIK TapaMeTpiepIiH dcepiH
aHBIKTAY;



- a0pa3uBTi, TUA0a0pa3UBTI KOHE IPO3USIIBIK acep eTy karnanbinga WC-Co-
Cr sxaObIHAAPBIHBIH )KYMBIC TO3IMJIUTITIHE KEIICH I Oaraay Kyprisy.

3epTTEey HbICAHBI — OFAPhl JKbULIAMJBIKTBI Ta3/IbIK JKaJbIHMEH TO3aHIay
apkpuTbl anbiaFad WC-Co-Cr ykaObIHEI.

3eprrey moHi — WC-Co-Cr xaObIHIapBIHBIH KYPBUIBIMIBIK-(Pa3aliblK KYii,
KaJIBINTacy >KOHE BIAbIpAy MEXaHU3MJEpi, COHJAW-aK OJIAPJbIH TO3aHJIAYIbIH
TEXHOJOTUSJIBIK ~TIapaMeTpiiepiMeH KoHe OacTamkel VHTAaK MaTepHUaIbIHBIH
cunaTTamanapbIMeH OailllaHbICHI.

3eprrey amicTepi. KyMbic 3amMmaHayu SKCIIEPUMEHTTIK XKOHE €CENTIK 9ICTEP
KEIIEHIH TaifjlajJjaHa  OTBIPBIN  OPBIHIAIABI:  CKAHEPJICYIIl  AJIEKTPOHIBIK
MUKPOCKONIHUS, SHEPTOJUCIICPCHSUIBIK — Tajjay, peHTreHodasanblK — Tajjay,
MUKpOKaTThUIbIK  (MEMCT  9450-76), «amap-guck»  cbhi30acel  OOibIHIIA
Tpubomorusibik chiHakrap (ASTM G99), abpa3uBTi TO3yFa TO3IMILIIK ChIHAKTAPHI
(MEMCT 23.208-79), ruapoabpa3uBTi TO3yFa Te3iMAiliK chiHaKTapbl (ASTM
G134-95), xyibin any omiciMeH aires3us cbiHakTapsl (ASTM C633-01), Ty3asi
TyMaHbiHAa Kopposusira cbiHakTap (MEMCT 9.308-85), smekTpoXuMUSIBIK
Koppo3usHbl 3eprreyiaep (ASTM G59-13), sposusra TO3IMAUIIK ChIHAKTAPHI
(ASTM G76-04) sxone HVOF arbiabingarsl Oesmiexkrep auHamukacbin CFD
MOJENBACY. OJICTEMENIK TOCUI TEXHOJIOTHSJIBIK MPOIECC MapaMeTpiiepiHiH,
KYPBUIBIMJIBIK-(Da3aliblK KYHIH JKOHE >KaOBIHIApIBIH TalgagaHy KacHETTEpiHIH
e3apa OalIaHBICHIH JKYHEN TalljJayFa Her13/1e/TeH.

Kymeicter opeiaaay kesinge [. CepikOaeB atbiaparsl [eirpic Kazakcran
TEXHUKAJIBIK YHUBEPCUTETIHIH «KOpFaHbic koHE (PYHKIMOHAIIBIK KaOBbIHIAP
FBUIBIMU  OpTanbliFblHbIH, C. AmamxonoB areiHAarel [siFeic  Kazakcran
YHUBEPCUTETIHIH «beTTik WHXeHepHsi >KoHE TPUOOJIOTHS» FBUIBIMU-3EPTTEY
opranbirbiabiH, «PlasmaScience» XKIIC xone E.A. bekeroB atbiHnarsl Kaparanabl
YHUBEPCUTETIHIH FBHUIBIMU 3€pPTXaHAJAPBIHBIH, COHAAaN-aKk BpoIiyiaB FHUIBIM JKOHE
TexHoJiorusi yHuBepcutTeTiHiH (Bpommas k., Ilombemia) pecypcrapsl  MeH
XKaOIBIKTAPhI Mai1aIaHbLIIbL.

7KYMBICTBIH FBLJIBIMH KAHAJIBIFBI:

- Anram per 30X13 Gomareina WC-Co-Cr kabbinaapsin HVOF onicimen
TO3aHJAyIbIH YTHIMJBl PEKUMIEP] FHUIBIMU TYPFBIIAH HETI3MENAl, OJap THIFbI3
KYPBUIBIMHBIH ~ KQJIBINTACYblH  JKOHE  (DU3MKAIBIK-MEXaHUKAJIBIK  JKOHE
TPUOOTOTUSIIBIK CHUTIATTaMaIap IbIH JKaKCapyblH KAMTaMaChI3 €Te/i;

- Agram per WC-Co-Cr OemmiexTepiHiH TeMIiepaTypaiblK->KbUIIaM IbIK
cunarramanapbiiblH,  WC/W2C  (azanblKk  KaTblHACHIHA JKOHE KAOBIHIAPABIH
KEYEKTUIITiHE 9CepP €Ty 3aHJIbUIBIKTAPbl AaHBIKTAJIIBI.

- WC-Co-Cr xa0bIHIapbIHBIH MUKPOKYPBUIBIMJIBIK, ITapaMeTpiiepi, dazaiabikK
Kypambl MEH KEYEeKTUIIliHIH aOpa3uBTI, THAPOAOpa3vBTi, HPO3ZHSUIBIK KOHE
KOPpPO3USIIBIK ~ OY3bUTYy MEXaHU3MJIECPIMEH apachlHAarbl ©3apa OalIaHbICHI
AHBIKTAJIJIBI.

Koprayra mbIFapbLIaThIH HETi3ri KaruaaJaap:

1. HVOF-moszanoayvr  kezinoeci oicozapvl  HCbLIOAMOLIKMbL  ALIHOAEHL
2a30bIK-OUHAMUKANIBIK JHCoHe JHCbLIYIblK npoyecmepdi CED-moodenvoey apkblibi
WC-Co-Cr yumazvinvly Ymuoimobl @Qpakyusivlk KYpamvl 2uliblMU MYpulod



Hez2i30e/10i, COHbIY Hamudicecinoe bonuexkmepiniy yuly scotnoamovievt 800-900 m/c
Jicone Kolzy memnepamypacul wamamen 1400 °C 6onamvln oymatiivl yiiiecim
KaMmamacsl3 emiiin, OAUIanblcmbipyiubl Meman azaunvly ulemoilici apmaowl,
COKKbl Ke3iHOe2l KapKblHObL 0edOopMayuscyl HCypeodi HCoHe ACKbIHKbIZYCbI3 Mblebl3
2HCAOBIH KAIBINMACAObL.

2. WC-Co-Cr orcabvinoapuinviy azanvlx Kypamvina, Keyekmilicihe Hcoue
Qusuxanvig-mexanuxanvly Kacuemmepine HVOF-moszanoay xawwixmoievinbiy,
HCYMBIC 2a30Ap UILIRLIHbI MeH YHMAKMblY (PaKyusiblK KYPAMbIHbIY acep emy
3AHObLIBIKMAPbL AHBIKMALObL.

3. HVOF 2o0icimen 30X13 6onramuvinviy 6emine 300 mm  moszanoay
KAUbIKMbIKMbIZbIHOA, ommezi ubl2blHbl 170 1/Mun scone YHmMakmoly pakyuscol
21-35 mxm wamacwvinoa anvinean WC-C0-Cr orcabvinOapvlibiy 5KCHAYAMayUusiivblK,
cunammamanapul, aeHu abpazusmix mosyea mesimoiniei 9 ece, cuopoabpazusmix
mo3yea me3imoiniei 5 ece, 3po3usnvi mesimoiniei 1,4 ece dcoHe KOppoO3UANLIK
me3imoiniei 35,2 ece apmkKauvl 3epMXAHANBIK HCIHE CMEHOMIK CbIHAKMAP apKblibl
pacmanoewl.

KymbICcTbIH Heri3ri HaTHAKeepi. JKyprizuireHn 3epTreynep HOTHXKECIHIe
HVOF  onmicimen  ampiaran WC-Co-Cr  xaObIHAApBIHBIH ~ KacHUETTEpIHE
TEXHOJIOTUSIJIBIK TIapaMeTpiepaiH aTapibikTail ocep ereTiHi aHbIKTanabl. CFD-
MOJIETIBJICY Ta3 aFblHbI TEMIIEPATYPAChI, KHICHIMBI JKOHE JKbIIIAM/IBIFBIHBIH JKaObIH
KaJIBINTaCybIHA MaHBI3/IbI POJI ATKAPATHIHBIH KOPCETTI. 3epTTey OapbhIChIH 1A O6JIIIIeK
emmemi 21-35 MKM OONaThIH YHTAKTapAbIH TeMIepaTypa MEH >KbUIIaMIBIKTHIH
OHTAMJIBI TETe-TeHIITTH KaMTaMachl3 eTeTiHl xkoHe 300 MM To3aHIay KallbIKThIFbI
€H TUIMJII PEXKHUM €KEHl aHbIKTaNAbl. ToXIpUOENTIK HOTHXKEIEp MOJENbICY
JEPEKTEPIMEH JKAKChl COMKECTIK KOPCETIll, KOJIJAaHBUIFAH OJICTIH CEHIMILIITIH
nonenaeni. COHBIMEH KaTap OTTETi WIBIFBIHBI, VHTAKTHIH T'PaHYJIOMETPHUSIIBIK
KYpambl KOHE TO3aH/Jay KaIlIbIKTHIFBI JKaOBIHHBIH KYPBUIBIMBI, (ha3aiblK Kypambl,
MHUKPOKATTBUIBIFBI MEH TO3yFa TO3IMIUTITIHE eJieysl ocep €TeTiH1 aHBIKTaJIJIbI.
OHrailibl  mapameTpiiep Ke3lHJe KaOblH J>KOFapbl KATTBHUIBIKIICH, TOMEH
KEYEKTUTIKIIEH J>KOHE JKOFapbl aAre3usyiblK OEpIKTIKIICH CUNATTalbl. 3epTTey
Hotmwxkecinae WC-Co-Cr xkabeiaaapsl 30X 13 GonaThIHBIH KOPPO3USFa, IPO3USFa,
aOpa3uBTI KOHE THAPOAOPA3UBTI TO3yFa TOIIMIUIITIH alTapiIbIKTaldl apTThIPATHIHbI
nonenaeHaAl. by HoTmxKenep arpeccuBTl NalanaHy >KaraalblHIa )KYMBIC ICTEHTIH
OemeKTep 1l KoprayFa apHalFaH THIM/I TEXHOJOTHSIIAPABI TAMBITY YIIIIH FEUTBIMA
Her13 OOJIBIT TaObLIA k.

FolabIMu  HOTHKeJIEPAIH NPAKTHKAJIBLIK MAaHBI3ABLUIBIFBL. AJIBIHFaH
HOTWOKENIEP Ta30TePMUSIIBIK KEPMET >KaOBIHIAPBIH KAJIBINTACTBIPY MPOIECTEPl
Typajbl (PU3UKA-METALTYPrUsUIbIK HACSUIAPABIH JIaMyblHa BIKIOAT €Telll >KOHE
KOFaphl KBUIAAMABIKTBI TO3aHIAy >KaFdaiiblHIa KYPBUIBIMHBIH TEOPHSIIBIK
MoJenbpaepiH skacayaa konganbuia anaabl. WC-Co-Cr xaObIHAApbIH alyablH
FBUIBIMU HETI3JIENIT€H TEXHOJOTUSICHl d31pieHAl, Oy mubep bIChIpMallapbIHbIH
KOMITOHEHTTEPIH OHJIpy VIIIH KeHiHeH KoiujgaHeuiateiH 30X13  GonaTThiH
TPUOOTOTUSIIBIK KOHE KOPPO3USUIBIK KACHUETTEPIH alTapibIKTal >KaKcapTyaAbl
KaMTaMachl3 €Tell. O3IPJCHTeH TEXHOJIOTHS TajJbBaHUKAIBIK XPOMIIAYIAbIH
AKOJIOTHSUTBIK KaylIici3 6amamachl O0JIbITT TAObLIA B KOHE OHBI KYOBIp apMaTypachlH



HIBIFAPATBHIH  KOCIOpbIHAApFa eHrizyre Oomjaabl. ToxipuOeniK MaHbI3IbUIbIFbI
naiiganel  Monenbre apnHanrad  Kasakcrtan —PecryOnuKkachlHBIH — TATEHTIMEH
pacranran («0KaOwiH TecenreH mmubepai vickipMa» Ne 10138, 2025 xbuiasiy 31
KaHTapbIH/IA KapUsUTaHFaH).

KYMBICTBIH FBUIBIMH-3€PTTEY KoOanapbiMeH OailiiaHbIChl. <«OKorapbl
KBUTIAMIBIKTBI Ta3/bIK KaNIbIHIALI To3aHAay ke3inae WC-Co-Cr xa0bIHIapbIHBIH
KYPBUIBIMBIH,  (ha3aJIbIK ~ KYpPaMblH  JKOHE  KACHETTEpPIH  KaJBIITACTBIPY»
TaKbIPBIOBIHAAFBI TUCCEPTAIUS FBUIBIMU JaMyIbIH «JHEpPreTHKa >KOHE MalllhHa
xacay» 0acbIM OarbIThIHA coiikec keneni xoHe Kazakcran PecnyOnukackl Fruibim
KOHE YKOFaphl O1TIM MUHHUCTPIIriHIH FhUIBIM KOMHUTETI Kap>KbUIaHABIPATHIH K002
eHOEepiHAe OPBIHAANIbL:

AP14870977 «MyHaii eHIipy ©HEpKaciOiHIe MaiaTaHbUIAThIH MIHOepIi
pICBIpMaJIap OOJIIEKTEPIHIH MaijalaHy CUIaTTamMalapbiH apTThipy», 2022-2024
KbUIApFa apHAIFaH FHUIBIMU XoHE (HeMece) FhUIBIMH-TEXHUKAIBIK >KOOaIapapl
TPAHTTHIK KapKbUTaHibIpy. XKoOaHbIH MemiiekeTTiK Tipkey Homipi: 0122PK00489.

ABTOP/IBIH 3KeKe YJjeci. ABTOPJIBIH EKe YJEeCl IKCIEPUMEHTTIK-3epTTey
KYMBICTAPBIH JKYPTi3y, AUCCEPTAIMAIA YCHIHBIIFAH HOTHKEIEPAl Talaay, COHIa-
aK FbUIBIMKM Makanajap a3y OoJbil TaObUIaabl. JluccepTanusibIK >KYMBICTBIH
MakcaTbl MEH MIHAETTEPIH aHBIKTAy, HEri3rl TYKbIPbIMIAPAbl TYXKbIPbIMAAY
FBUTBIMH JKETEKIILJIEPMEH O1pIIECiIl KY3€re achIPbUIIb.

Hotmskenepain Herisgijiiri MeH CeHIMIIIK Jdpexeci KypbUIBIMIBI,
XUMUSUTBIK  JKOHE  (a3alibIK  Kypambl, MEXaHHUKAJIBIK JKOHE TPUOOIOTHSIIBIK
ChIHAKTAP/Ibl, KAOBIHIAP/IBIH are3usi OCPIKTITIH aHBIKTAYABIH 3aMaHayH dJIICTEePIH
KOJIIaHy apKpUIbl KamMTaMachl3 eTuieni. JluccepTrauusiHblH HOTHXKeEnepl Oenruil
FBUTBIMHM WJEsUTapFa KaWIIbl KEIMEHIl KoHEe 3epTTENreH MaTepuaijiapra Coukec
KeJIe/l.

Kymbic HITHKeNepiH ampobGamusiiay. JluccepTamusiHblH —~— HETI3Ti
HOTHOKENIepl KeJecl FhUIBIMHU Iapajiapja OasHAAIIbl *KoHE TalKbUIaHabl: «XL
Jesienna Szkola Tribologiczna» xanbikapanblK KOH(pepeHuuschl, bykoBuHa K.,
[Tonwma, 13-16 keipkyiiek 2022 x.; C. AmamxkomnoB ateiHaarsl [siFeic Kazakcran
yHuBepcuTeTiHiH 70 >KbUiAbIFbIHA apHanFaH «Kaszipri 3aMaHfbl KUBIHABIKTAp
asICBIH/IaFbI FRUTBIM MEH O11IM Oepy/liH ©3€KTi MoceneNepi» XanblKapalbIK FhIITBIMU-
MpaKTUKAILIK KOoHpepeHuusacel, Ockemen K., Kaszakcran, 2022 xputrer 16-17
KbIpKyliek.; «Ka3ipri 3amanfbl (U3MKAHBIH 1prefii koHe KoMgaHOambl Macenenepi»
aTThl XalIbIKapalblK KoH(pepeHmus, TamkeHT K., ©30ekcran, 2023 xbuirel 19-21
kazad; Kanbimn CornaeBTeiH 125  KbUigplFbiHA  apHanmFaH  <«oKactapnbiH
MIBIFAPMAIIBUTBIFBI - Ka3akCTaHHBIH WHHOBAITMSUTBIK —JTaMybl» aTThl  10-Tibl
XaJbIKapaJblK FHUIBIMU-TEXHHUKAIBIK KOH(pepeHus, Ockemen K., 2024 xbuirnl 11-
12 coyip, conpaii-ak, J[.CepikOaeB arbingarel [birpic KazakcTaH TeXHUKAbIK
YHUBEPCUTETIHIH Oa3aliblK WHXXEHEPJiK AaspiblK ¢akyiabTeTiHIH xoHe CopceH
AwmamxkonoB ateiHaarel [leiFeic KazakcTan yHuBepcuteTiHiH «beTki MHKEHEpUs
XKOHE TPUOOJIOTHS» FHUIBIMU-3€PTTEY OPTAIBIFBIHBIH FHUIBIMU CEMUHAPJIAPBIH]IA
TaJIKbUIAHIbI.

Kapusaanbimaap. Jwucceprauus TakeIpblObl OoWbiHIIA 12  KyMmbIC
apusiaadapl, oHbiH imrame Web of Science sxome ScCOpus amepekkopsapbiHaa



WHJIEKCTEJICTIH peleH3MsUIaHFaH FhUIBIMH OachlibiMaapaa 4 makana, Kazakcran
Pecmybnukacet FrutbiM sxoHE KOFaphI O11IM MUHUCTPIIITIHIH FBUTBIM KOHE )KOFaphl
OuriMm Oepy canacblHIArbl CalaHbl KaMTaMmachl3 €Ty KOMHTETI YCBIHFaH
KypHajgapaa 4 Makana, pecryOJUKaIIbIK JKOHE XabIKapaJIbIK KOH(EpEeHIUsIap
MaTepuaigapbl MEeH 0Oacka Ja FhUIBIMH OachuibiMaapna 4 >KYMBIC, COHIal-ak
naianel Mojienbsre apHanrad Kazakcran PecriyOnukacbinbiH 1 maTeHTi Oap.

JuccepTauusiHbIH KYPbLIBIMBI MeH KoJ1eMi. /[uccepranus kipicnenex, 6ec
OeJliMHEH, KOPBITBIHABIAH, 137 mailganaHbulFad ofcOueTTep TI3IMIHEH *)oHE Oip
KOCBIMIIIaJIaH TYpasbl. JluccepranusiHpiH xKanmbl kenemi 140 6eTTeH Typajbl, OHBIH
imriage 73 cyper xxone 20 kecte Oap.



