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«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 Kaszakcran PecryOivKachIHbIH 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
KaCHETTEPIHIH KaIBINTACY 3aHAbUIBIKTAPBIH OCTiIey.

Koiibuiran Makcatka coiikec Keseci MiHIETTEp TYKbIPbIMIAIIbI:

- CFD wmognenwaeyin konmana oteipbin, HVOF-To3anmaysl ke3iHme opTypii
bpakmusael WC-Co-Cr yHTaK OenmiekTepiHiH yAeyl MeH KbI3y 3aHIbUIBIKTaphIH
OpHATY JKOHE YHTAKTBIH YTHIM/IbI (PPAKITUSIIBIK KYPAMbBIH HET13/IEY;

- WC-Co-Cr xaObIHIaphIHBIH KYPBUIBIMABIK-()a3aIblK KYHIHE YHTAKTHIH
bpakuUsIbIK KypaMbl MEH MOP(OJIOTHSICBIHBIH 9CEPIH aHBIKTAY;

- TO3aHJAay KAIIBIKTBIFBIHA JKOHE JKYMBIC Ta3apbIHBIH IIBIFBIHBIHA
oarnanbicTel WC-C0-Cr >xa0blH KYPBUIBIMBIHBIH KaJbIITACy 3aHIAbUIBIKTAPhIH
AHBIKTAY;

- WC-Co-Cr xaObIHIAPBIHBIH MEXAHUKAJIBIK, TPUOOIOTHSUIBIK JKOHE
KOPPO3USJIBIK CHUIATTaMajapblHa MUKPOKYPBUIBIMABIK MapaMeTpiepiH dcepiH
AHBIKTAY,



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

3epTTEey HBICAHBI — KOFaphl JKbUIIAMJIBIKTHI Ta3/IbIK >KaJbIHMEH 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  OpTalbliFbiHbIH, C. AwmamxkonoB areiHAarbl LleiFeic  Kazakcrtan
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 yHuBepcuTeTiHiH (Bpomnas k., Ilombemia) pecypcrapel  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 ~ KQJIBIITACYblH  JKOHE  (DU3MKAJIBIK-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 3aH/bUIBIKTAPhl AHBIKTAJI/IHI.

- WC-Co-Cr xa0bIHIapbIHBIH MUKPOKYPBUIBIMJIBIK ITapaMeTpiiepi, ha3aibiK
Kypambl MEH KEYEeKTUIIliHIH aOpa3uBTI, THAPOAOpa3vBTi, HPO3ZHSUIBIK KOHE
KOPpPO3USIIBIK ~ OY3bUTYy MEXaHU3MJIECPIMEH apachlHAarbl ©3apa OalIaHbICHI
AHBIKTAJIJIBI.

Koprayra mblFapblIaThIH 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 HamuMiceciHoe bonuekmepiniy yuly scolnoamovievt 800-900 m/c
Jcone Kovlzy memnepamypacsl wamamern 1400 °C 6onamuin oymatinsl yinecim
KaMmamacsl3 emiiin, OAUIanblcmbipyiubl Meman azaunvly ulemoilici apmaowl,
COKKbl Ke3iHOe2l KapKblHObL 0edOopMayuscyl HCypeodi HCoHe ACKbIHKbIZYCbI3 Mblebl3
2HCAOBIH KAIBINMACAObL.

2. WC-Co-Cr orcabvinoapuinviy azanvlx Kypamvina, KeyeKkminicihe 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 YHmagmoiy Qpakyuscol
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 apmxambl 3epMXAHANBIK HCIHE CMEHOMIK CbIHAKMAD APKblIbl
pacmanoewl.

KymbICcTbIH Heri3ri HaTHAKeepi. JKyprizuireHn 3epTreynep HOTHXKECIHIe
HVOF  onmicimen  ampiaran WC-Co-Cr  xaObIHAApBIHBIH ~ KacHUETTEpIHE
TEXHOJIOTUSIJIBIK TIapaMeTpiepiH aTapibIKTail ocep ereTiHi aHbIKTanael. CFD-
MOJIETIBJICY Ta3 aFblHbI TEMIIEPATYPAChI, KHICHIMBI JKOHE JKbUIIAM/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 koHe 300 MM To3aHAay KalllbIKTHIFbI
€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 TO3aHJay KaIIbIKTHIFBI KaOBIHHBIH KYPBUIBIMBI, (Da3ajblK 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
OemIeKTep 1l KoprayFa apHaJFaH THIM/I TEXHOJOTHSIIAPABI JAMBITY YIIIiH FHUTHIMA
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 KACHETTEpPIH alTapibIKTal >KaKcapTyibl
KaMTaMachl3 €Tell. O3IPJCHTeH TEXHOJIOTHS TajJbBaHUKAIBIK XPOMIIAYIAbIH
AKOJIOTHSUTBIK KaylIici3 6amamachl O0JIbITT TAObLIA B KOHE OHBI KYOBIp apMaTypachlH



HIBIFAPATBHIH  KOCIOpbIHAApFa eHrizyre Oomjaabl. ToxipuOeniK MaHbI3IbUIbIFbI
naiiganel  mMonensre apHanran Kasakcran PecrmyOnukachIHBIH — TATEHTIMEH
pacranran («0KaOwiH TecenreH mmubepai vickipMa» Ne 10138, 2025 xbuiasiy 31
KaHTapbIH/IA KapUsUTaHFaH).

JKyMBICTBIH ~ FBUIBIMU-3€PTTEY JKoOamapbiMeH OainmaHbiChl.  «JKoFapsl
KBUTIAMIBIKTBI Ta3/bIK KaNBIHIALI To3aHAay ke3inae WC-Co-Cr jxa0bIHIapbIHBIH
KYPBUIBIMBIH,  (ha3aJIbIK ~ KYpPaMbIH  JKOHE  KACHETTEpPIH  KaJBIITACTBIPY»
TaKbIPBIOBIHAAFBI IUCCEPTAIUS FBHUIBIMU JaMYJbIH «DHEpPreTuka >KOHE MallliHa
acay» 0acbeIM OaFbIThIHA Colikec Kemeni skoHe Kaszakcran PecryOmukace! Frutbim
KOHE YKOFaphl O1TIM MUHHUCTPIIriHIH FhUIBIM KOMHUTETI Kap>KbUIaHABIPATHIH K002
eHOEPiHIEe OPBIHAANIbL:

AP14870977 «MyHaii eHIipy ©HEpKaciOiHIe MaiaTaHbUIAThIH MIHOepIi
pICBIpMaJIap OOJIIEKTEPIHIH MaijalaHy CUIaTTamMalapbiH apTThipy», 2022-2024
KbUIApFa apHAIFaH FHUIBIMU XoHE (HeMece) FhUIBIMH-TEXHUKAIBIK >KOOaIapapl
TPAHTTHIK Kap>KbUIAHJIBIPY.

BR24992854 «Ilbirbic KazakcTan OONBICHIHBIH Tay-KeH METAJLTyprust
CaJaChIHBIH TYPAKThI TaMybIH KAMTaMacChlI3 €Ty YIIiH 0ocekere KaOiaeTTi FhUIBIMU
HET13/IeJITeH TeXHOJIOTUSIIAp/Abl 931pJiey KoHE icKe achipy», 2024-2026 xox.

ABTOpPIBIH KeKe YJjeci. ABTOPJIBIH *EKE YJEeCl IKCIEPUMEHTTIK-3epTTey
KYMBICTAPBIH JKYPri3y, AUCCEpTalMAla YCHIHBIIFAH HOTHKENEPAl Taiaay, CoHaa-
aK FBUIBIMH Makamajap jka3y Oojbiln TaObLIaabl. JluCCepTalMsIIBIK JKYMBICTBIH
MakcaTbl MEH MIHJETTEPIH aHBIKTAy, HETI3r1 TYXKBIPBIMIAPABI TYXKBIPHIMAAY
FBUIBIMU JKETEKIIIEpMEH O1pJIeCi KYy3ere achIpbUIIbI.

HoTrmskenepain Herisgijiiri MeH CeHIMIIIK JAdpexeci KypbUIBIMIBI,
XUMUSUTBIK  JKOHE  (ha3alibIK  Kypamjibl, MEXaHHUKAJIBIK JKOHE TPUOOIOTHSIIBIK
CBIHAKTAP/Ibl, KaObIHAAPIbIH aAre3usi OCPIKTITIH aHBIKTAYIbIH 3aMaHayH 9/1iCTepIH
KOJIJIaHy apKbUIbI KamMTaMachl3 eTiieni. JluccepramusiHbiH HOTWKeEnepi Oenrii
FBUIBIMHM WJEsUIapFa KaWIibl KEIMEHIl KoHEe 3epTTENreH Marepuaijiapra Coukec
KeJIe/l.

Kymbic HITHKedepiH  ampoGamusiiay. JluccepTanusiHblH —— HETI3Ti
HOTWOKENIepl Kejeci FhUIBIMHU Iapajiapjaa OasHIAIIbl KOHE TalKbUIaHABI: «XL
Jesienna Szkola Tribologiczna» xanbikapanblK KOH(pEpeHIMICH, bykoBWHA K.,
[Tonwmma, 13-16 keipkyitek 2022 x.; C. AmanxomnoB aTeiHaarb! [sireic Kazakcran
yauBepcuteTiHiH 70 XbUiabiFbiHa apHanraH «Kaszipri 3amMaHFbl KUBIHIBIKTap
asICBIH/IaFbI FRUTBIM MEH O11IM Oepy/liH ©3€KTi MOCeeNepl» XaublKapalbIK FhIITBIMU-
NpakTUKAIbIK KOoH(pepeHuuscel, Ockemen K., Kazakcran, 2022 xputrer 16-17
KbIpKY#ieK.; «Ka3ipri 3aManfrbl (DU3UKAHBIH 1prefi )KOHE KOJIIaHOambl Moceenepi»
aTThl XaJllbIKapalbIK KoH(pepeHmus, TamkeHT K., ©30ekcrad, 2023 xbuirel 19-21
kazad; Kanmbimm CornaeBteiH 125  KkbuigplFbiHA — apHaiFaH  <«oKactapnbiH
HIBIFAPMAIIbUIBIFBl - Ka3aKCTaHHBIH WHHOBAUUSUIBIK JAaMybl» arThl  10-11bI
XaJIbIKAPAJIbIK FHUIBIMU-TEXHUKAJIBIK KOH(pepeHus, OckeMeH K., 2024 xpuirbl 11-
12 coyip, conpaii-ak, JI.CepixbaeB atbiHmarbl brpic KazakcTaH TeXHUKAIBIK
YHUBEPCUTETIHIH 0Oa3aliblK WHXKCHEPJIK JaspiblK (akyabTeTiHIH xoHe CopceH
AwmanxonoB ateiHaarel IeiFeic KazakcTan yHuBepcuteTiHIH «beTKl MHKEHEpus



KOHE TPHOOJIOTHS» FHUIBIMU-3EPTTEY OPTAJIBIFBIHBIH FHUIBIMA CEMUHapapbIHIa
TaJIKbUTAHIBI.

Kapusnanpimaap. [uccepranmst TakpIpeiObl OoMbIHIIA 12  KYMBIC
*apusianabl, oHbiH imriHme Web of Science »xone Scopus nepekkopsapbiHaa
WHJICKCTENETIH peleH3MsUIaHFaH FhUIBIMU OachuUibiMaapaa 4 makana, Kaszakcran
Pecny6niukace! FruibiM sxoHE aOFaphl OLTIM MUHUCTPIITIHIH FBUIBIM KoHE KOFapbl
OimiM Oepy canachlHIaFrbl camaHbl KamMTaMmachbl3 €Ty KOMHTETI YCBHIHFaH
KypHaijapiaa 4 Makana, pecrnyOJUKalIbIK JKOHE XaJbIKapallblK KOH(epeHIusap
MaTepuaigapbl MeH 0acka Ja FbUIBIMU OachuibiMAapiaa 4 >KYMbIC, COHAal-ak
naiaanasl Mojenbsre apHanrad Kasakcran PecriyOnukacbinbiH 1 maTeHTi 6ap.

J{uccepranusiHbIH KYPbUIBIMBI MeH KoJleMi. J[uccepraiius KipicreaeH, 0ec
OeniMHEH, KOPBITHIHABINAH, 137 maiinanaHbutrad ofcOUeTTep TI3IMIHEH KOHE Oip
KOCBIMILIQJIaH Typajibl. J{uccepranmsHbiz xanmbl kesiemi 141 OeTTeH Typajibl, OHbIH
iminae 77 cyper xxane 20 kecte 0ap.



