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B po6orti npezacTaBieHi pe3ysibTaT JOCIIHKEHb BIUIUBY Pi3HUX (AKTOPIB Ha MOPHCTICTh KapOiAHUX TOKPUTTIB
Ha ocHOBI Kap6iny HioGiro NbC. IlokazaHo, 110 MOPHCTICTh MOKPHUTTIB Ha OCHOBI KapOimy Hiobiro NbC moxna

CYTT€BO 3HU3UTHU 32 PaXyHOK ix JICTYBaHHS XpOMOM.
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Hudysiitai mapu Ha OCHOBI KapOifiB MepexiTHux
METaJiB, SKi MalOTh BUCOKI MIKPOTBEPAiCTh, MIIHICTh Ta

3HOCOCTIHKICTB, 3HAWIILTH BHKOPHUCTAHHS B
MPOMHUCIOBOCTI  JUI  MIABHINEHHS  Mpare3gaTHOCTi
cTaieBUX Jeraned Ta iHcTpymenty [1]. KapOigni

NOKpUTTA Ha ocHOBI NbC BHKOPHCTOBYIOTH, Ha BiAMIHY
Bin mokputrTie Ha ocHOBI NbC Tta Cr;C;, mopiBHSHO
piIKO, IO TMOB’SI3aHO 3 IX BUCOKAMHU 3HAYCHHSIMU
MOPHUCTOCTI, KPUXKOCTI, & TAKOXK MOTAHUM 3YCIUICHHIM 3
MaTPHUIICIO.

YCyHYTH 1Ii HEJOJIKH BHSIBISETHCS MOKIJIMBUM 32
paxyHOK JIeTyBaHHS KapOimy Hio0if0 XpoMoM, IO
3IIMCHIOCTHCS i YaC KOMIUIEKCHOTO HACHYEHHS CTajei
LIMH €JIEMEHTaMU.

B HTYY “KIII” po3pobneHi HOBi crmocodu Ta
CKIIQJIM CYMIIIEH T KOMIUIEKCHOTO HACHYEHHS CTaliei
HIO0IEM Ta XpOMOM, a TaKOX CIeEIliajJbHe OO0JIaJIHAHHS
JUISL TIPOBEJICHHS TIpoliecy, BUBUYEHI (a30BUH, XiMIUHHNA
CKJIaJ] TOKPHUTTIB, IX EKCIUTyaTalliifHi BIIACTHBOCTI Ta
BU3HAYCHI ramy3i iX BHKOPHUCTaHHS. 3amporOHOBaHA
MPOMUCIIOBA TEXHOJIOTiI KOMIUICKCHOTO HACHYCHHS
cTaJei HioOiEM Ta XPOMOM.

Binomo, 1110 3aXUCHI BIIACTUBOCTI MIOKPUTTIB CYTTEBO
3aJIeXaTh BiJl 1X CYIUTBHOCTI [1]. 3aranbHUll BUCHOBOK,
3po0sIeHuit aBTOpaMH OibIIOCTI JTOCITIKEHb,
MIPUCBSYCHUX BIUIUBY ITOPHUCTOCTI Ha eKCIUTyaTamiiHi
XapaKTePUCTHKH 3aXUCHUX TOKPUTTIB [2], BKa3ylOTh Ha
Te, MO caMe MOPH — BHYTPIIIHI OCEPEAKH PYHHYBaHHS,
3HIKYIOTh JKapOCTIMKICTh, KOpO3ilfiHy Ta KaBiTaliiHy
CTIHKICTh 3MilIHEHUX aeTanei. Ile moB’s3aHO 3 THM, IO
Mporec pyHHYBaHHS 3aXHCHUX TOKPHUTTIB PO3BUBAETHCS,
HacamImepe], B MICIIX HaWOUIBLIIOro CKYIMUYEHHS MOp.
BcraHoBneHo, 10 MpU nepexofi Bif CYHUIBHHUX 3pa3KiB
JI0 3pa3KiB 3 MOPHCTICTIO BChOro 5% MIIHICTE KapOimy
TUTaHy Ha 3TUHAHHS 3MEHIIYETHCA B 2 pas3u, TOOTO MOpH
CTUMYIIOIOTh KpPHXKEe pYHHYBaHHsS Marepialy mOpu
nedhopMyBaHHI.
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JlitepaTypHi BiZJOMOCTI PO TMOPHCTICTH TOKPUTTIB
Ha OCHOBiI KapOiZOyTBOPIOIOYMX €JIEMEHTIB BEIbMHU
HeuucneHHi [1]. Bim3naueHo, Mo B MOpsAKYy 3MEHIICHHS
TIOPHUCTOCTI KapOigHI MOKPUTTS HAHECEHI Ha IMOBEPXHIO
BYTJICIICBHX CTaJICH, MOJKHA PO3TAIIYBAaTH B PAL :

NbC—»VC—»TlC—»ZrC—»Cr7C3,
TOOTO, KapOian Hi00iI0, MalOYH MOPHUCTICTH HA MOPSIOK
BUIILy 32 KapOiou BaHAII0 Ta TUTaHY, BITHOCATBCSA IO
YHCIla BACOKOTIOPUCTHX.

Bimomo [1,2], mo Ha yTBOpPEHHS HECYIIUILHOCTECH B
mudysiiiHOMy mrapi OLIBII 3a BCe BIUIMBAE KOe(ilieHT
30utbieHHsT 00'eMy (kpurepiii [lumtinra-bensopra),
SKUH € BIJHOIICHHSAM MHUTOMOTO 00’eéMy XiMi4HOI
CIIOJTYKH JI0 TTUTOMOTO 00’€My MeTally, 10 YTBOPHB IIFO
cronyky. Slkmo kpurepiit I[Tinniara-beasopra Oinmbie 1,
TO Ha MOBEPXHI METaTy TOBHUHHI YTBOPIOBATHCS CYIUTBHI
0e3MOPHUCTI MapH.

Kpurepiit [Tiutiara-bexpopTa y BUnaaky yTBOpeHHS
MOKPUTTIB Ha OCHOBI KapOigiB HIioOif0 Ta Xpomy
cknaznaioTh 1,2 1 1,1 BigmosigHo, TOOTO A PO3IIISTHYTHX
HaMHU TIOKPUTTIB YMOBa CYIUIBHOCTI IX BHKOHYETHCS.
OueBugHO, JUIS  OAHO3HAYHOTO  CY/KCHHS  IIPO
CYLIJIBHICTh KapOiHUX TOKPUTTIB BUKOHAHHS YMOBH
kputepito Ilimminra-benBopra He € gocratHiM. Tak B
mpami [3] mToka3zaHO, IO HAsABHICTH HECYHIIBHOCTEH
XapaKTEepHO JJIsl IIOKPUTTIB TOBIIMHOIO He OibIe 3 MKM
i 00yMOBIIEHO OCOOJIHMBOCTAMH MeXaHi3My (HOpMyBaHHSI
TOTO CYIUIBHICT TIOKPUTTIB MOXe OyTH IOpyIIeHa
MIPUCYTHICTIO B IHapi MIKPOIOpP, BUHUKHEHHS SIKHUX
MoB’si3aH0 3 peamizamiclo edekry @Dpenkens mig dvac
MpoTiKaHHA  JUQY3IMHUX MpoLeciB, TOB3YYIiCTIO B
Halpy)KeHOMY [Iapi MpOAYKTIB peakniiiHol audysii,
CYTTEBO BIIMIHHUX 3a CTPYKTYPOIO Ta BIIACTUBOCTSIMH
BiJI OCHOBHOIO MaTepialy, pi3HHIECI0 Koe]illieHTIB
TEPMIYHOTO PO3IIMPEHHS YTBOPEHUX KapOifiB Ta
Marepiany, skuii oopobmoBamu [4]. [Ipu mpomy, nesika
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YacTHHA MOP MOKE BUHUKHYTH B HPOLECI MOB3YYOCTI B
Hanpy>KeHOMy IIapi BHACIiJOK TOTO, IO IPOIYKTH
peaxiii 3a CTPYKTYpOIO Ta BIACTUBOCTSIMH BiIMiHHI BiJ
Matepiany, mo o0poOmooTs. CaMe 0 Takoro edexty
MOXE TIPpUBECTH pi3HAa TeMIepaTypHa 3aJeKHICTh
Koe(DIiIi€eHTy TEpPMIYHOTO PO3IMIUPEHHS MAaTPHI Ta
TTOKPHTTSL.

3a maaumu [3], KUTBKICTh TIOP B TIOKPUTTI HAa OCHOBI
MepexiIHUX MEeTalliB, B TOMY YHCIIi i Ha OCHOBI KapOixy
HiOOif0, TUM MeEHIIA, YUM BHUIIUH CTYIIHb JIETyBaHHS
XpoMOM  craneid, ski oOpoOmrorots. Ilpu npOMYy,
po3unHeHHs xpomy B ¢a3i NbC, 3a nmaHuMM aBTOpa
pobotu [3] 3HAXOMUTHCSA B MPsMIll 3aJIC)KHOCTI Bifl HOTO
BMICTY B CTaji. ABTOp BifI3HAyae, 110 MPHUCYTHI B KapOii
NbC gowmimkoBi aTtomMw, B TOMY YHCII 1 Xpomy,
YTBOPIOIOTh 3 HAUIMIIKOBUMH BaKaHCISIMH KOMILIECKCH,
0 3MEHIIYIOTh IX PYXJIHUBICTh, TOOTO JIETYBaHHS
KapOimaux (a3 € HamiHHAM CHOCOOOM  3HIDKEHHS
TIOPUCTOCTI TTOKPHTTSI.

OnHi€ro 3 MPUYHH MOSBU IMOP B MOKPHTTI, HA HAIIY
OyMKy, € (a3oBi 3MiHM B mporeci iX Ha3piBaHHS 1
HaCTYIIHOTO  OXOJO/DKEHHsS, a  TaKkoX  pi3HHLI
Koe(ilLlieHTIB TEpPMIYHOTO PO3LIMPEHHS KapOimHux ¢a3
Ta cTaji, mo o0poOIoI0Th. Tak KoedilieHTH TEPMIYHOTO
po3mmpenHs kap6iniB V rpynu Ilepiognunoi cucremu
BIJIPI3HSAIOTHCSA BiJ IIi€l BETUYMHU IS JTOCHIHKCHUX
crayieil Maibke B 1Ba pasu [4].

ABTOp poboTtm [3] BKazye, IO I MOKPHUTTIB Ha
ocHoBi NbC xapakTepHa HAacKpi3Ha TOPHUCTICTh, KOJH
MOpH TPOXOIATh Kpi3h yce TOKPUTTS, Ta TIOB’S3ye€
MarepiaJl CcTaji 3 3O0BHIIIHIM cepeloBUIIEeM. Takuid
BHCHOBOK IPEACTABISIETHCS HAM IEPEAYacHUM, OCKITIbKA
32 HAIIUMH JaHUMH CIIOCTEPIraeThbesl JHMIIE Y TOMY
BUNAJKY, JOKM TOBIIMHa Judy3ifiHOro mrapy He
MEPEBHUIIYE 5 MKM. Hammmu — mociipkeHHAMH,
BCTaHOBJIEHO, LIO JUIs MOKPHUTTIB Ha ocHOBI NbC Ta
(Nb,Cr)C xapaxTepHa TIIbKH “3aKpUTa” TOPHUCTICTE.
OcoOnMBO dYIiTKO 1€ MPOSIBIISIETHCS KOJIM TOBIIWHA
KapOiTHUX TOKPHUTTIB JOCHIPKEHUX THUIIB JIOCSTaE
parioHaTbHUX 3Ha4YeHb, TOOTO 12-15 mxm. Ilopwm, ski
pO3TaIIoBaHi HOPMAJIBGHO 10 MOBEPXHI Ta MEPETHHAIOTH
BCIO TOBIMHY nudy3iiiHOro mapy Ha ocHOBi NbC,
BIJICYTHI HaBiTh IPU BUBYEHHI 00’€KTIB 3 JAy>KE€ BEIUKHM

30LTBIICHHSM 32 TOTIOMOTOI0 SIIEKTPOHHOTO MIKPOCKOLY.

Astopamu [1,3] BCTaHOBJIEHO, IO HACKPI3HI MOpPHU
BUHHKAIOTH TP TOBIIHMHI MOKPUTTS, KA HE MEPEBHUIIIYE
3,0 MkM. 3i 30iIbIICHHSM TOBIIMHW TOKPHTTS BOHH
3HHUKAIOTh, [0 0OYMOBIIEHO MEXaHI3MOM 3apODKEHHS Ta
HACTYIMHOTO OOKOBOTO POCTY 3apOoJKiB KapOigaux das. 3

MiIBUIICHHSM ~ TEMIIEPAaTypyd  MpOIeCcy  HACHYCHHS
3poctae  nmudy3iiHa  pyXJIHMBICTH  €JIEMEHTIB,  SKi
YTBOPIOKOTH  KapOimui  mokpurtsa. LI  enemenTH

3allOBHIOIOTH BAaKaHCii, B pe3yJbTaTi 4Oro IOPHUCTICTh
MOKPUTTIB  3MEHINYIOThCS. BCTaHOBIEHE 3HMKEHHS
MOPHUCTOCTI ANQY3IHHOTO MOKPHUTTSA, OTPUMAHOTO IpH
KOMILUTEKCHOMY HACHYEHHI CTalli Hi0OIEM Ta XpOMOM, SKE
cKiIamaeTeess 3 Tphox KapOimiB — Cry3Cq, (ND,Cr)C,
(Cr,Nb),C;, moB’s13aHO TaKOX 3 HOTO OaraToIapoBiCTIO.
Hammmkosi BakaHcii, 0 00yMOBITIOIOTH TOSIBY TIOp B
MOKPHTTI, B 0araTOKOMIOHEHTHUX IIapaxX BUHHUKAIOTH B
MEHIIH KUTbKOCTI, HiX B OJHOKOMIIOHEHTHHX [3],
MaroTh MEHIIY PYXJIUBICTh Ta aCOI[iHOBaHI B KOMITJICKCH
3 aromamu Nb i Cr. Ilpu mpoMy, CTYNEHb PO3BHUTKY
MIKPOIIOPHCTOCT] 3HAXOMUTHCS B 3aJI€KHOCTI BJI BMICTY
BYIJICLIO B CTaJI Ta TEMIIEpaTypH MPOLECY HaCHYEHHSI.

3axuCHI  BJACTHBOCTI  KapOiHOTO  TOKPHUTTS
BU3HAYAIOTHCSA HE TUIBKH iX CyMapHOIO MOPHCTICTIO, alle
i ¢popmoro Ta posmipom mop. bins 10% Bix 3aranbHOi
KUTBKOCTI TOp MaroTh BUTATHYTY (GOPMY Y BHIJIAII
TPIIMH PO3MIPOM B OJHOMY HANpPSIMKY HpPUOIN3HO
2 MkM, a B iHmomy 0,3 Mxm. [lopu po3Mipom OinbImi 3a
6,0 MKM MarOTh BUTJISI OaraTOrpaHHHUKIB Ta BUTIISAIAIOTH
SK JUISHKA TIOBEpXHI Marepialy, Ha SKAX HE Mae
TTOKPHTTSL.

OnHowacHa TIPUCYTHICTE B audy3idHOMY mapi
OKpEeMHX KpYIHHX IOp Ta BEJIUKOi KUIBKOCTI JpiOHUX
CBIIYMTH MO Te, IO B mporeci popMyBaHHs KapOiaHUX
MTOKPUTTIB, TOPSA 3 MOSBOIO HOBHX IOP, NMPOTIKAE picT
THX, SIKI yTBOpwiHcs padimre. IIpu nboMy mpoTikae aBa
KOHKypylounx mnponecu. [lo-mepmie, mne yTBOpeHHs
HOBHX TIOp Ta iX PIiCT 5K 3a paXyHOK CTOKY BaKaHCiH, Tak
1 3a paxyHOK KOAJICIEHIli NesKOoi KiTBKOCTI IpiOHMX
nop. lleit mpoluiec NpU3BOAWTH [0 TOSBU OKPEMHX
kpynHux mop. [lo-apyre, 3amikoByBaHHS TOp, LIO BXKe
YTBOPHJIKCS, MOXJIMBO 33 PaXyHOK CITIKaHHS.

[lizBumenHss  TeMmepatypu  HacH4eHHS  IIpH

Taoanns

Mikpomnopucticth kapoimaux $a3 NbC ta (Nb,Cr)C B nmokputTsax Ha ctami Y8A, orpumanux npu 1323 K
BIIPOJIOBX 4 TOJAUH

KinbKicTh mop 3a po3Mipam, M
Bincrans Bix ) 3aranpHa
) IMTopwucTicTs, o = s
dasza TOBEPXHI, KIIBKICTB 110D, 2 2 2 = €
% 5 = = = = =
MKM M < © ) S 2
@\ e o~ A -
NbC 3 TIOBEPXHi 1,47 2500 1700 350 200 150 100
3 1,09 1850 1400 250 150 50 -
(Nb,Cr)C 7 1,02 1700 1350 200 100 30 -
10 0,59 1000 850 100 50 -
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MikpoTnopHuCTiCTh HIOOIHXPOMOBOTO KapOiTHOTO OKPUTTSI

HIOOIHXpOMYBaHHI ~ NPHU3BOJUTH  JO  3MEHILCHHS
MIKPOIIOPUCTOCT] B MOPIBHSHHI 3 MOKPUTTSIMU Ha OCHOBI
kapOimy Hiobiro NbC. Ile Moxe OyTH MOSICHEHO
MPUCKOPEHHAM TUQPY3IHHUX TPOIECiB, SAKi CIPHUSIOTH,
3IIKOBYBaHHIO Je(EeKTiB 3a pPaxyHOK JIeTyBaHHS
kapOimHoi ¢asm NbC XpoMoM, a TakoXX IOSBOIO Ha
30BHIIIHIA TIOBEPXHI MOKPHUTTS MPAKTHIHO OE3MOPHUCTOI
(1)331/1 Cr23C6.

Cuip BiI3HAUUTH, IO KpPiM HOpP B NOKPUTTI, 1HOJI
criocrepiraloTbes MixdazoBi nopu, siKki po3TanioBaHi Ha
MEXI PO3IUTy MOKPUTTSI-Marpulls. Binsemenns 3amiza,
OCHOBHOTO Me€Taly CIUIaBy, B HOKpUTTA [l] Moxe
CTHMYIIIOBATH  PO3BUTOK  MDK(a30BOi  MOPHCTOCTI.
MoXMBO, NOPH BHHUKAIOTH NPH BiIBEAEHHI YaCTHHU
mudy3aHTiB 3 BHYTPIIHBOT 0O0NAacTi TOKPUTTS Y
30BHIITHIO, 1 TOTIM OJHOTO 3 HUX — 3aj1i3a, y ra3oBy (azy
y Burasaai FeCl,. OgHak, B OCHOBHOMY MeETalli, 3HAYHO
OUTBII TUTACTUYHOMY HIK TOKPHTTS, MOPU HE 3IaTHI
NPU3BOJNUTH 10 TOSIBU TPIIIMHU KPUTHYHOTO DPO3MIpYy.
Bonu Hebe3neuHi TUTBKY TP TOPOCTAHHI IIapy.

[NopiBHIOIOUM pe3ynbTaTH, OTPUMAaHHI HaMH paHilie
Ha crami 45 [1], Ta pe3ymbTaTH IO BH3HAYCHHIO
MikporopucTocTi Iudy3iiHNX ImapiB Ha cTami Y8A
(Tabm. 1), MOXHa CTBEpKYBATH, IO 30LTBIICHHS BMICTY
BYIJIEHIO B CTaJli MPH PIBHUX IHIIMX yMOBAaX, CIIPHSE
3HIDKEHHIO MikpornopucTocTi. [Ipu mpomy B KapOigHHX
MOKPHUTTAX Ha cTadi Y8A KpYIHI TOPH 3YCTPiYarOTHCS
piamre, Hixk Ha cTami 45.

KoHnnenTpariss mop, ix kiHmeBa (opma Ta po3Mipu
BU3HAYAIOTBCA ~ TEMIIEPATypHO-YACOBHM  PEXHUMOM

HAHECEHHs MOKPUTTIB, TOBIIUHOIO Ta XIMIYHUM CKJIaJIOM
MOKPHUTTIB, a TakoXX BMICTOM BYIJICIIO B CTali.
Hampuxman, mokputTs Ha OCHOBI kapOimy Hio6iro NbC,
orpumani nipu 1273 K Bopomosx 1 rogwau Ha cram 45
HE MalOoTh OKPEMHX KPYIHHX TOp. 3O0UIbIICHHS dYacy
HacW4eHHA 10 3-4 TOOWH, TOpPSA 13 CYTTEBUM
3poctanHsM TOBIIMHA NbC 1m0 18 MKM NMpHU3BOAUTH JI0
TMOSIBH B IIaPi KPYIHHX IOP.

Posmonin mopuctocti ¢dazu (Nb,Cr)C mo rimbuHi
mudysiiiHoro mrapy Oyllio BHBYEHO 3a JIOIIOMOTOIO
3inUTiOBYBAHHS IIAPiB MOKPHUTTS Ta MiAPaxXyHKY IO
TIOBEPXHI, 110 MPUXOJUTHCS Ha MOpH. BcraHoBIEHO, 1o
B Mipy 3innripoByBaHHsS audy3iiHOTO mIapy Horo
MMOPUCTICTh 3MCHINYETHCA. Tak Ha BIJICTaHI 3 MKM Bij
moBepxHi nopucticts azu (Nb,Cr)C mopisaioe 1,09%,
Ha rauomHi 7 MKkM — 1,02%, a wa rambuni 10 MKM —
Bcroro 0,59%.

Ha ocHOBI oTpuMaHuMX [aHWUX, MOXHAa MOSCHUTH
CyTTEBE 30UTBIICHHS KOPO3iiHOT Ta  KaBiTamiiHOT
CcTifiKoCTI TTOKPHTTIB, OTpUMaHUX pu
HIOOIMXpOMYBaHHS B TODIBHSAHHI 3 TOKPUTTAMH Ha
ocHoBi NbC [5,6].
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The results of researches of different factors influence on porosity of carbide coverage on the basis of carbide of
niobium NbC. It is shown, that on account of their alloying by chrome in work are presented.



