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«@opMupoBaHue CTPYKTYPbI, (a30BOro cocraBa u cBoiictB noxkpbiTuii WC-Co-
Cr npu BbICOKOCKOPOCTHOM ra30IJIaMeHHOM HANbLIEHUN»

O0mas xapaktepuctuka padorbl. Jlucceprauus nocpsieHa pa3zpaboTke
METANIOKepAaMUYECKUX TMOKPBITUA HAa OCHOBE KapOuaa Boibppama C KOOAJIbT-
xpomoBoii cBsizkoit (WC-Co0-Cr) ¢ BBICOKOM CTOMKOCTh K U3HOCY M KOPPO3UH, & TAKKE
UCCJIeIOBAHUIO 3aKOHOMEPHOCTEN (POPMUPOBAHUS UX CTPYKTYPHI, (ha30BOro cocTaBa U
SKCIUTyaTallMOHHBIX CBOMCTB B 3aBUCUMOCTH OT TEXHOJOTMYECKUX PEKHUMOB
BBICOKOCKOPOCTHOI0 razoruiamenHoro HanslieHus (HVOF). B pabore npencraBieHbl
pe3ynbTaThl MCCIEIOBAHUS MUKPOCTPYKTYpPbI, (a30BOro M 3JIEMEHTHOI'O COCTAaBa,
MEXaHUYECKUX, TPUOOIOrMUECKUX U KOPPO3UOHHBIX XapaKTEPUCTUK MOKpbITHil WC-
Co-Cr, HaHeceHHbIX Ha mnoBepxHocTH cTtanin 30X13, mnpumenseMon s
OTBETCTBEHHBIX JeTajeil MmuOepHbIX 3aaBWkeK. [IpoBeAeHbl KOMIUIEKCHbBIE
SKCIIEPUMEHTAIbHbIE HCCIEAOBaHUA U3HOcocToMkoctn mokpeitnii  WC-Co-Cr,
NOJYYEHHBIX METOJIOM BBICOKOCKOPOCTHOI'O ra30IIaMEHHOr0 HamblieHus. B pamkax
JUCCEePTAllMOHHON pPaboThl pa3paboTaHa TEXHOJIOTHMS MOJyYE€HUE H3HOCOCTOMKOIO
nokpbitTus WC-Co-Cr nis geraneid mMOEpHBIX 3aJBMKEK, KOTOpasi 3alluilieHa
natentoM PecnyOnmku Kaszaxcran Ha monesnyro mojens «llluGepnasi 3anBuxkka c
nokpeiTHeM» Ne 10138, onybnukoBanubiM 31.01.2025 1.

Heab padorbl: Pa3paboTka MeTalIOKEpaMHUYECKUX MOKPBITUI HAa ocHOBE WC-
Co-Cr ¢ BBICOKOI CTOMKOCTBIO K H3HOCY, 3PO3UHU U KOPPO3UH, a TAKKE YCTAHOBJICHUE
3aKOHOMEpPHOCTEH (POPMUPOBAHUSI UX CTPYKTYpbl M CBOHCTB B 3aBHUCHUMOCTH OT
TEXHOJOTMYECKUX PEKHUMOB BBICOKOCKOPOCTHOI'O Ta30IUIAMEHHOI'O  HaIlbUICHHUS
(HVOF) u xapakTepucTUK HCXOJHOTO MOPOIIKOBOIO MaTepuaa.

B cooTBeTcTBUM C MOCTaBIEHHOW LIEIBI0 ObUTM CHOPMYIUPOBAHBI CIEIYIOLINE
3a1a4u:

- YCTAaHOBUTH 3aKOHOMEPHOCTHU HarpeBa u yckopenus yactuil nopourka WC-Co-
Cr pasmuunbix Qpakmuii nmpu  HVOF-maneimenun ¢ ucnonbszoBanuem CFD-
MOJEIUPOBaHUS U 00OOCHOBATH pallMOHATIbHBIN (PPAKIIMOHHBIN COCTaB OPOLIKA;

- YCTaHOBUTbH BJIMSHUE (PPAKIIMOHHOTO COCTaBa M MOP(OIOrMu MOpouIka Ha
cTpyKTypHO-(hazoBoe coctosiaue nmokpeituii WC-Co-Cr;

- BBISIBUTH 3aKOHOMEPHOCTU (popMupoBaHusi cpykTypbl nokpeitust WC-Co-Cr B
3aBHUCHUMOCTH OT JAMCTaHIIMH HAMBUICHUS U pacxoja paboyux ra3os;

- OIpPENENNTh BIMSHUE MHUKPOCTPYKTYPHBIX I[IApaMETPOB Ha MEXAHUYECKHE,
TpHOOJIOTUYECKHE M KOPPO3UOHHBIE XapakTepucTuku nmokpsituii WC-Co-Cr;

- IPOBECTU KOMIUIEKCHYIO OLEHKY JKCIUIyaTallMOHHOM CTOMKOCTHU MOKPBITUU
WC-Co-Cr B ycnoBusix aOpa3MBHOrO, TUAPOAOPa3sUBHOTO U 3PO3UOHHOIO
BO3JICUCTBUS.



Oo0bext wuccaenoBanusi — nokpeitue WC-Co-Cr, nonydyeHHOEe MeToJ0M
BBICOKOCKOPOCTHOT'O Ta30IIJIAaMEHHOTO HAITbUICHHMS.

IIpeamer wucciaenoBaHust — CTPYKTYpPHO-(pa3oBOE€ COCTOSIHUME, MEXaHU3MBbI
dbopmupoBanus u pazpymieHus mokpbituit WC-Co-Cr, a Takke WX B3aUMOCBS3b C
TEXHOJOTUYECKUMH TIapaMeTpaMH HAIbUICHUS W XapaKTEPUCTHKAMU HMCXOIHOTO
MOPOILKOBOT0 MaTepuara.

—MeToabl uccieaoBanusi. Pabora BeIMOTHEHA C HCIIOIH30BAHHEM KOMILJIEKCA
COBPEMEHHBIX OKCIEPUMEHTAIBHBIX W PACUETHBIX METOJOB: CKaHUPYIOIIEH
AJIEKTPOHHOH MHUKPOCKOIINHU, YHEPTOJUCTICPCHOHHOTO aHAIN3a, PEHTTeHO(a30BOTO
ananmsa, mukporBepaomerpun ('OCT 9450-76), TpuOOIOTHIECKUX HCTIBITAHUN TIO
cxeme «map-guck» (ASTM G99) wucnbiTanuii Ha CTOKOCTh K aOpa3sHMBHOMY
m3HamuBaanio (COCT 23.208-79), ucneiTannii Ha CTOKOCTh K THUAPOAOPA3UBHOMY
m3HamuBanuio (ASTM G134-95), wucneiTanuit Ha aare3un MeroaoM otpbia (ASTM
C633-01), wucneiTanuii Ha Koppo3uu B cojeBom TtyMane (I'OCT 9.308-85),
INMEKTPOXUMHUYECKUX HccheqoBanuii Ha koppo3uu (ASTM (G59-13), ucnbiTanmii Ha
3po3uoHHYI0 cTOMKOCTh (ASTM G76-04) u CFD-MoaenupoBaHusi TMHAMUKH YaCTHII
B ctpye HVOF. Merononornyeckuii Mmoaxol OCHOBAH HA CHCTEMHOM aHAIIA3E
B3aMMOCBSI3M [ApaMETPOB TEXHOJIOTMYECKOTO TPOoIecca, CTPYKTYpHO-(a3zoBoro
COCTOSIHUS Y DKCIUTYaTallMOHHBIX CBOWCTB MTOKPBITHH.

[Tpu BeIMOTHEHNN PAaOOTHI MCTIOIL30BAIIA PECYPCHI U 0O0OPYAOBAHUE HAYYHOTO
neHTpa «3amuTHeie U QyHKIMoHanbHble TOKpbITUs» BKTY nmenn [1.Cepukbaesa,
HAy4YHO-HUCCIIEI0BATENbCKOr0 LIeHTpa « HxkeHepus moBepXxHocTH U Tpudonorus» BKY
umenn C. AwmamkonoBa, HayuHblx JabOopatopuii TOO «PlasmaScience» wu
Kaparanamackoro yHUBepcUTeTa HWMEHHM akanemMuka E.A. bBykeroBa, a Ttaxxke
Bpounasckoro ynuepcuteTa Hayku U TexHosorui (r. Bpoiyias, [lonbiia).

HayuyHasi HoBHM3Ha padoOThI:

- BrepBble HayuyHO 00OCHOBaHBI panroHaibHbie pexxuMbl HVOF-nanbuienus
nokpeiTuit WC-Co0-Cr Ha cranp 30X13, obecnieunBaromiue GopMUpOBaHHUE TIIIOTHOM
CTPYKTYpPHl ¥  TIOBBIIEHWE  (UBHKO-MEXaHMUYECKMX W TPHOOJOTHYECKUX
XapaKTEPUCTHK.

- BmepBbie yCTaHOBJIEHBI 3aKOHOMEPHOCTHM BIIMSIHUSL  TEMIIEpaTypHO-
ckopocTHbIX xapaktepucTuk dactuii WC-Co-Cr ma cootHomenue paz WC/WC u
MIOPUCTOCTh NOKPBITUM.

- BrisiBiIeHa B3aMMOCBSI3b MUKPOCTPYKTYPHBIX ITapaMeTpoB, (a3oBOTo cocTraBa
u mnopuctoctu  mokpeitmii WC-Co-Cr ¢ mexanusmamu  aOpa3wBHOTO,
rUApoadbpa3suBHOT0, 3PO3UOHHOTO U KOPPO3UOHHOTO pa3pyIICHUS.

OcHoOBHBIE N0JI0KEeHNSI, BBIHOCUMbIE HA 3aIIUTY:

1. Ha ocnose CFD-mo0enupogarnus 2a300UHAMUYECKUX U MENI08bIX NPOYECCO8
6 evlcokockopocmuou  cmpye npu  HVOF-nanvitenuu  Hayuno 000CHO8aH
payuonanvusili  ppakyuonusiti cocmas nopowxa WC-Co-Cr, obecneuusaroujuii
onmumanvHoe couemanue ckopocmu noiema 800-900 m/c u memnepamypuvl Hazpesa
oxono 1400°C, npu Komopom Oocmuearomcs nogvlueHue NIACMUu4HOCmU



MEMmanuiecKou Cea3Ku, UHMEeHCUsHas oegopmayusi vacmuy npu yoape u
Gopmuposanue n10MHO20 NOKpbIMuUsl 6e3 nepezpesa.

2. Yemanoenenvr 3axonomepnocmu enuanus oucmanyuu HVOF-uanvinenus,
pacxooa pabouux 2a308 u GPaKyuoHHO20 COCMAaéa NOPoOwKa Ha hazosviii cocmas,
nopucmocms u Qusuxo-mexanuyeckue ceoticmsea noxpovimuti WC-Co-Cr.

3. JlabopamopHvimu u CcmeHOO8bIMU UCHBIMAHUAMU HOOMBEPHCOEHO, HUMO
Hanecenue nokpvimus WC-C0o-Cr na cmanv 30X13 memooom HVOF npu oucmanyuu
300 mm, pacxooe kucaiopooa 170 a/mun u ppaxyuu nopowxa 21-35 mxm obecneuusaem
CyujecmeenHoe noeguvluleHue Cmouxocmu K aOpasusHomy usHawueanuio 6 9 pas,
2uU0poadpa3uBHOMy UHAWUBAHUIO 6 5 pa3, 3pO3uoHHOU cmotikocmu 6 1,4 paza u
KOPPO3UOHHOU cmouxocmu 6 5,2 pasza.

OcHoBHbIE pe3yabTaThl padoThl. [IpoBeeHHbBIE UCCIEA0BAHUS TOKA3AIH, YTO
TexHojornyeckue napamerpbl HVOF-HanbiieHus: oka3bIBaloOT CYIIECTBEHHOE BIMSIHUE
Ha cBoicTBa nokpeiTrii WC-Co-Cr. CFD-moaenupoBanre mpoaeMOHCTPUPOBAIIO, YTO
TeMIlepaTrypa, AaBJIE€HUE U CKOPOCTh Tra30BOr0 IMOTOKA HWIPAlOT BaXXHYIO pPOJb B
dbopMupoBaHUU TMOKPHITUS. B X0/i€ HCCiienoBaHUsl YCTAHOBJIEHO, YTO MOPOIIKH C
pasmepoM dacTtuil 21-35 MKM oOecrneumBalOT ONTHUMAaJIbHOE COOTHOIICHHUE
TEeMIIepaTyphl U CKOPOCTH, a Hanbosee 3h(HEKTUBHBIM PEKUMOM SBIISIETCS TUCTAHIIMS
HanbUieHUsT 300 MM. OKCIEPUMEHTANIBHBIE PE3YJIbTAThl XOPOIIO COTJIACYIOTCS C
NAHHBIMHA MOJIEJIUPOBAHUSA, YTO NOATBEPKIAECT HAAECKHOCTh HCIOJIb30BAHHOTO
MeroAa. Takke BBISBIICHO, UTO PacxoJl KUCIOpOJa, IpaHyJIOMETPUUYECKUH COCTaB
MOPOINIKA M JTUCTAHIIUS HAIMBUICHUS! CYIIECTBEHHO BIMSIOT HA CTPYKTYPY, (ha30BbIid
COCTaB, MHUKPOTBEPIAOCTb W HM3HOCOCTOMKOCTb TOKpBITUMA. [Ipum onTuMaibHBIX
napaMeTrpax IOKPBITHSL  XapaKTepU3YIOTCA  BBICOKOM  TBEPAOCTHIO,  HHU3KOU
IIOPUCTOCTBIO M BBICOKOW aJAr€3MOHHOM MPOYHOCTHIO. [loslydeHHbIE pe3ynapTarsl
nokaszainu, 4to MNOKpbiTUd WC-Co-Cr 3HAaYuTEIBHO TMOBBIIAIOT KOPPO3UOHHYIO,
APO3MOHHYI0, a0pa3uBHYI0 U TUApoadpa3uBHYO0 CTOMKOCTh ctanu 30X13. JlaHHbIE
pe3yNbTaThl CO3AAIOT HAY4YHYIO OCHOBY JJis pa3paboTKu 3(P(EKTUBHBIX TEXHOJIOTHM
3allUThI JieTajned, paboTaMX B YCIOBUSIX MHTEHCUBHOIO M3HOCA W arpeCCUBHBIX
CpeL.

IIpakTHYecKoe 3HAYEeHUE HAYYHBIX pe3yJbTaToB. [lomyueHHbIe pe3yabTaThl
BHOCSIT BKJIaJ B pa3BUTHE (PU3MKO-METAJUTYPTHUECKUX TPECTABICHUN O MpoIeccax
dbopMUpOBaHUSI TAa30TEPMUYECKUX KEPMETHBIX TOKPBITUH H  MOTYT  OBITh
UCIIOJIb30BaHbl MPU Pa3pabOTKEe TEOPETUUECKUX MOJIeNIed CTPYKTYypooOpa3oBaHUs B
YCIIOBUSX BBICOKOCKOPOCTHOTO HambuieHus. Pa3paboTaHa Hay4HO-OOOCHOBaHHAs
TexHojoruss moiydenuss nokpeituii WC-Co-Cr, obecrnieunBaronasi CyliecCTBEHHOE
MOBBIIIEHUE TPUOOJOTMUYECKUX U KOPPO3UOHHBIX XapakTepucTuk craaum 30X13,
MIMPOKO TPUMEHSEMON JIi M3TOTOBJIICHMS JeTalied IIMOEpHBIX  3aJBUXKEK.
Pa3paGoranHasi  TeXHOJNOrMsl  SIBISIETCS  DKOJIOTMUECKM  Oosiee  Oe3omacHOM
aTbTEPHATUBON TaJbBAHUYECKOMY XPOMUPOBAHUI0O M MOXET ObITh BHEIpEHA Ha
OpPEANpUITUAX 10 TMPOUZBOACTBY TpyOomnpoBogHON apmaryphl. IlpakTuueckas



3HAYMMOCTh MOJITBEPKJIeHA mareHToM Pecnybnuku KazaxcTaH Ha TOJIE3HYIO MOJIEIb
(«IIuGepnas 3anBmwkka ¢ mokpeiTrem» Ne 10138, omy6. 31.01.2025 1.).

Ces3b pad0Thl ¢ HAYYHO-HCCJIECA0BATEIbCKUMH NpoeKTaMu. /[uccepranns
Ha TeMy «DOpMUpPOBAHUE CTPYKTYpPHI, (Pa30BOTr0 COCTaBa U CBOMCTB MOKpbITUt WC-
Co-Cr mnpu BBICOKOCKOPOCTHOM Ta30IJIAMEHHOM HAINbUIEHHWHW» COOTBETCTBYET
PUOPUTETHOMY HATIPABJICHUIO PA3BUTHUSI HAYKH «DHEPreTUKA U MAITMHOCTPOCHUE» U
BEITIOJTHEHA B paMKax mpoekTa, purancupyemoro Komurerom Haykn MuHHCTEpCTBA
HAyKH U BeIciIero oopasoanusi Pecriyonuku Kazaxcran:

AP14870977 «lloBplllIEHHE SKCILUTYaTAIlMOHHBIX XapaKTEPUCTUK JeTajeu
MHUOEPHBIX 3aJBIKEK, HCIOJIB3YEeMBbIX B HEPTEAOOBIBAIONIECH MPOMBIILICHHOCTH,
rpaHTOBOEC (DMHAHCUPOBAHUE HAYYHBIX M (WJIM) HAYYHO-TEXHUUYECKUX IMPOEKTOB Ha
2022-2024 ronpl. Homep rocymapctBeHHoM peructpanuu mpoekra: 0122PK00489.

JIMYHBIA BKJIAA aBTOPA. JIMUHBIA BKJIAJ aBTOpA 3aKJIIOYAECTCS B IPOBEICHUU
AKCIIEPUMEHTAIbHO-UCCIE0BATEIbCKUX PA0OT, aHAIN3€ MOJIYYEHHBIX PE3YJIbTaTOB,
NPEACTAaBICHHBIX B JUCCEpPTAllUM, a TAKXE B HANHCAaHUM HAy4YHBIX CTaTEw.
Omnpenenenue ey U 3a7a4 AUCCEPTALMOHHON paboThl, POPMYIUPOBAHUE OCHOBHBIX
BBIBOJIOB OCYILIECTBIISLIIOCHh COBMECTHO C HAYYHBIMU PYKOBOJAUTEISIMHU.

CreneHb 000CHOBAHHOCTH U IOCTOBEPHOCTH Pe3yJIbTATOB OOECIICUMBACTCS
UCIIOJIb30BAHUEM COBPEMEHHBIX METOJOB H3Y4YECHHUSI CTPYKTYpPbl, XUMHYECKOIO0 U
¢dazoBOro cocraBa, MEXaHHMUYECKUX M TPUOOJOTUYECKUX HUCIBITAHUMA, OMpPEIeICHUs
MIPOYHOCTH CIICTUICHUSI TOKPBITUNA. Pe3ynbTaThl auccepTaniid HE MPOTHBOpPEYAT
W3BECTHBIM Hay4YHBIM MPEACTABICHUSM U COOTBETCTBYIOT U3YU€HHBIM MaTepHUajaM.

Anpobauus pe3yabTaToB PpadoTbl. OCHOBHBIE pE3YJbTAThl IUCCEPTALIUU
JTOJIOKEHBI U 00CYKJICHBI Ha CICIYIOMINX HAYUYHBIX MEPONPUATUAX: MeXTyHApOIHOM
koH(pepermuu «XL Jesienna Szkola Tribologiczna», r. bykoBuna, Ilonpmra, 13-16
ceHTsiOpst 2022 r1.; MexXIyHapoJHON  HAy4YHO-TIPAKTUYECKOM  KOH(EpEeHLINH
«AKTyaJTbHBIC TTPOOJIEMBI HAYKHA U 00pa30BaHMS B YCIOBUSX COBPEMEHHBIX BHI30BOBY,
nocBsnéHHon 70-neturo BKY umenn C. AmanxkonoBa, r. Ycrb-KameHnoropck,
Kazaxcran, 16-17 centsiops 2022 r.; MexayHapoJHOH  KOH(EpEeHLNH
«DyHIaMeHTaNbHbIEC U MPUKIIATHBIE TTPOOIEMbI COBPEMEHHOM (DU3UKWY», T. TaIllIKeHT,
V36ekucran, 19-21 okta0ps 2023 r.; 10-ii MexayHapoaHOW HAayYHO-TEXHUYECKON
koH(pepeHIun «TBOPUECTBO MOJIOABIX — MHHOBAIIMOHHOMY pa3BUTHIO Kazaxcranay,
nocBaméHHon 125-neturo Kansima Carnaesa, r. Ycrb-Kamenoropek, 11-12 anpens
2024 1., a Takke OOCYXIalMCh HAa HAY4YHBIX ceMHHapax ¢akyinbTeTa 0a30BOM
VH)XCHEPHOM NOATOTOBKH BoCTOYHO-Ka3axCTaHCKOro TEXHMYECKOrO YHUBEPCUTETA
umenn [J[. CepukbaeBa W Hay4dHO-UCCIEAOBATENbCKOro ueHTpa «MHxeHepus
NOBEPXHOCTH H Tpubonorus» BocTouHo-Ka3zaxcTaHCKOro yHHBEpPCUTETa HMEHHU
Capcena AmMaHXo0J10Ba.

IMyomukanmu. Ilo reme nuccepranuu onyO0iaukoBansl 12 pabot, B ToM uucie 4
CTaThU B PEIICH3UPYEMbIX HAYyYHBIX U3JIaHUSIX, MHACKCUPYEMBIX B 0a3zax gaHHBIX Web
of Science u Scopus, 4 craTbu B XypHanaX, pekoMeHJoBaHHbIX KomwureroMm 1o
o0ecrieueHuno KauecTBa B chepe Hayku U Beiciiero oopazoBanus MHuBO PecriyOnuku



Kazaxcran, 4 paborel B Marepuanax pecnyOJUKAHCKUX U MEXAYHapOJIHbIX
KOH(pEpEeHUUH 1 IPYTUX HAYYHbIX U3/1aHUsAX, a Takke | marent PecriyOnuku Kazaxcran
Ha TOJIE3HYIO MOJIENb.

Crtpykrypa u o0beM auccepraumu. /[uccepranvoHHas paboTa COCTOUT W3
BBEJICHUSA, ISATU IJaB, 3aKIIOYEHMS, CIHCKA HCIIOJIBb30BAHHBIX HCTOYHUKOB,
BKtoyaromiero 137 nanmenoBanuii u 1 npunoxkenus. OOmui 00beM auccepTaALUU
coctapiisier 140 crpanutl, Bkitodas 73 pucyHkoB u 20 Tadumi.



