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MexaHiuHI BJaCTHBOCTI KApOiIHUX MOKPHUTTIB 32 yYaCTIO
TUTAHY Ta XpOMY Ha cTaJjai Y8A

HTYY «KIIl» Yxpaina, m. Kuie 03056 np. Ilepemocu, 37

JocinimKkeHo 3HOCOCTIMKICTh cTani Y8A 3 3aXMCHMMH MOKPHUTTSIMH Ha OCHOBI KapOiliB THTaHy Ta
XpOMY TpH pI3HHX yMOBax 3HOIIYBaHHS. EKcliepUMEHTalbHI pe3yjbTaTH MOKaszaiu, L0 KapOiiHi

MOKPUTTA

e(peKTHBHO MiJABHIIYIOTh 3HOCOCTIHKICTh cTaimi B 25 — 30 pa3 B 3aJIeXKHOCTI Bl BHIY

3HOILIyBaHHS. Bu3HaueHi B poOOTI MIKpPOMILIHICT, IOKAa3HUK MIKPOKPHXKOCTI, ajre3is IOKPUTTS O
OCHOBH € e(DeKTHBHUMH XapaKTEPUCTHKAMH, IIO JOMOBHIOIOTH Ta OUIbII MOBHO BifOOpaXkaloTh BILIMB
MIKPOTBEPIOCTI Ta HAMpPYKEHOTO CTaHy, CTPYKTYpH, OEPEKTHOCTI MaTepialy MOKPUTTI Ha HOro

CTIMKICTB 10 3HOCY.
Knwuosi  cioBa:
MIKPOKPHUXKICTb, aare3is.

KapOigHe  MOKPUTTS,

Cmamms nocmynuna 0o pedakyii 27.08.2002; npuiinsma oo opyky 23.09.2002

JocBin excruryarariii getanxei MaIuH, iHCTPYMEHTIB
1 TEXHOJIOTIYHOT OCHACTKH 3 3aXUCHUMH IOKPUTTIMH
MOKa3aB, IO B TPOIECi 3HONIYBAHHS KOMIIO3HIIi]
TMOKPUTTA OCHOBa sBHUIIIA HOHJKOI[)KyBaHOCTi
BUSBJSIFOTBCS HA MOYATKOBUX cTafdisx podotu [1,2,3].
HopmainbHe, TOOTO MeXaHO-OKUCIIOBaJIbHE 3HOUIYBaHHS
BiIOyBaeThCsl NpW peanizalii Mporecy CTPYKTYPHOTO
NPUCTOCYBaHHS, IO BKJIIOYAa€ KOMIUIEKC  SIBHII,
NOB'sI3aHUX 13 gedopmariiero,  TEKCTYpyBaHHSIM
MOBEPXHEBUX IIapiB CIDIABIB, B3a€EMOIIEI0 XIMIYHUX
€JIEMEHTIB CIIIaBYy 3 XiIMiYHO aKTHBHUMH KOMIIOHEHTaMHU
poboyoro cepemopumia. Llimkom 3po3ymino, mo mpu
3HOIIYBaHHI BUPOOIB 13 MOKPUTTSIMH CIHOCTEPIraeThCs
(opMyBaHHS CKJIamHOI HEOIHOPIAHO-IE(HOPMOBAHOI i
3pyHHOBaHOI 30HM, IO BKJIOYae AUQPY3IHHMNA map i
OCHOBHMI cruiaB. JlaHHI Npo BIUIMB CTPYKTYpH 1
BJIACTMBOCTEH KapOIiJHUX IOKPUTTIB Ha 3HOCOCTIHMKICTH
crami Y8A mpu TepTi KOB3aHHS MalOTh JOTenep
HETIOBHUI XapakTep.

KapOinHi HOKpHUTTS HAaHOCWIM IIpU TeMIlepaTypi
1323 K B 3aMKHyTOMY peakLifHOMY MpOCTOpi NpHU
3HW)KEHOMY THCKY, Yac BUTPHUMKH 4 TOOMHH. Y SKOCTI
BUXIZJHUX  pEarcHTiB  BHKOPHUCTOBYBAJIH  MOPOIIKH
MepPexiTHUX MeTajiB (TUTaH, XpOM), YOTHPUXIOPUCTUI
Byriens[3]. dazoBuil ckiax MOKPUTTIB BHU3HAYAIH Ha
pertreniscbkomy audpaxromerpi JJPOH 2.0 y migHOMY
MOHOXPOMaTHU30BaHOMY BUITPOMIHIOBAHHI.
Mertanorpadiuni  TOCTIIKCHHS  3[IACHIOBAIA  Ha
ontuyHoMy Mikpockori «Neophot 21». MikpoTBepaicTh
BuMiptoBamn Ha mnpunani [IMT - 3, Ha sxkomy
BCTAHOBJICHO NPHCTPIii, IO JO3BOJISIE 3AIUCYBATH KPHBY

3HOCOCTIMKICTB, MIKPOTBEpPAICTh, MiKPOMIIIHICTb,
HAaBaHTAXXCHHS] B KOOpJAMHATaX ‘“‘HaBaHTAXEHHS Ha

IHIEHTOP1 — TIMOWHA BIPOBAHKEHHS TipaMian’”.
MiKpOMIITHICTB, MTOKa3HUK MIKPOKPHUXKOCTI
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KapOiHUX TOKPUTTIB, aJre3itl0 MOKPHUTTS JO OCHOBH
BH3HAYaJIM 3a METOAWKO [4] mpu aHami3i KpuBOi
BIPOBa/pKeHHs1 1HAeHTopa mpwiagy [IMT - 3. Ilpum
YTBOpPEHHI paliaibHOT TpilKMHA 10BKHUHOI C Ha KpHUBid
HaBaHTAXXEHH - AeopMallist yTBOPUTHCS IUIOMIAAKA IPU

HaBaHTakeHHI P, [0  JO3BOJSE  BH3HAYUTHU
MIKPOMIITHICTB 32 TAKHM CITiBBiJHOIIICHHIM
o= P,/C°.
Bukopucranns Oy, SIK XapaKTEPUCTHKH

MIKPOMIITHOCTI, IIUJIKOM CIIpaBeuInBO. TpilliHa BUHUKAE
i pOoCTe B TOMY BHUIIaJIKy, SIKIIO HANPY>KSHHs y BEPIIHHI
TPIIIMHU TIEPEBHIIYE MEXY MIIHOCTI Ha BIIpUB.
TpimmHa, po3TamoBaHa Ha MeXi IMOKPHUTTS — CTajb,
BimOMBae piBeHb anaresii MOKPUTTS JO OCHOBH, a
BenmunHa P, /C? BU3HAuae HATPY)KEHHS BiIlIapyBaHHS
HOKPUTTS Gy,

v SIKOCTI MMOKa3HUKA MIKPOKPHUXKOCTI
3aIIpONIOHOBAHO BUKOPUCTOBYBAaTH 0e3po3MipHuii
NOKa3HUK Y, LI0 MOB’S3y€ HABAaHTaXCHHS YTBOPEHHS
TpitmmHu  Pp, noBxuHy pamgianeHOi TpimuHM  C,
MaKCHMaJlbHe HaBaHTa)KeHHs Ha iHneHTopi P i po3mipu
KPHUXKOT'O BIJIONTKA IIPU TAKOMY HaBaHTa)keHHI —d:

y=C*P/d*P,.

MoskHa BBaXXaTH, IO MIKPOMIIHICTh 1 ITOKa3HUK
MIKPOKPUXKOCTI € e(EeKTHBHHUMH XapaKTEPUCTUKAMH.
KpiMm TOro, moKa3HHK MIKPOKPHXKOCTI JI03BOJISIE
BCTAaHOBHUTH  3B’S30K  MDK  MIKPOKPHUXKICTIO i
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MHUKPOMIITHICTIO 711 BHU3HAYEHOTO CTPYKTYpPHOTO i
HAIPYXEHOro cTany qudys3iiHoro mapy.

TpuboTexHiuHi BHNPOOYBaHHS MPOBOIIIM  HA
mamuHi TepTs MT - 68 3a cxemMow BKIIAIHIII-
HiAMMNIHAK. XapaKTepPUCTUKU 3HOCOCTIHKOCT] MOKPUTTIB
BU3HAYalM INpPH TepTi KOB3aHHI Oe3 3MallyBaHHS 3a
METOJMKOIO [7] 3 BUMIpIOBaHHSM IPHUBEACHOTO 3HOCY 1
KoedilieHTYy TepTs. Y SIKOCTI MaTepially KOHTpTLIA
BHUKOPHCTOBYBAJIM CTaib 651", 3araproBany 1 BiAmymieHy
Ha TBepaicts HRC 51. BunpoOyBaHHS npoBoawIn mpu
HaBaHTaxkeHHAX 0,25-1,5 MIla i MBUAKOCTAX KOB3aHHS
2-10 M/c. 3HOC OIiHIOBANH 32 3MIHOKO JIIHIHHUX PO3MIpiB
3pa3Ka BIJHECEHHUX JI0 LHIIIXY TePTS.

Pesynmprat  mocmijpkeHHS — (a3oBOro  CKiIamy,
TOBIIMHM 1 MEXaHIYHMX BJIACTUBOCTEH KapOimHMX
HOKPHTTIB Ha cTaii Y8A npuBezieHi B TaOnuIi.

AHani3 OTpUMaHMX JaHUX TII0Ka3aB, IO OUIBII
BUCOKHI piBeHb aaresiiHoi B3aemofii 31 crammo Y8A
MaroTh KapOiJHi MOKPUTTS 3a y4acTio Xpomy. [lns HuX
XapaKTepHO HasBHICTH JI0OpEe PO3BHUTOI MEPEXiAHOT 30HH,
30araueHoi XpoMOM, a TaKOXX 3HaYHMH BMICT 3aiiza
CIUIaBy OCHOBH B KapOigHiif 30Hi.

Y  po0OTi BCTaHOBIIEHO, IO HAaBaHTAXKCHHSI
YTBOpPEHHS TpimuHu PT, 1m0 BimOWBae CIPOMOXKHICTBH
Marepialy ~ MOKPUTTS IO  HPYXKHbO-IUIACTUYHOI
nedopmatiii B 30HI KOHTaKTy 3 1HIEHTOPOM 10 MOMEHTY
MMOYaTKy pyXy TpIIIMHHU, 3aleKdATh Bix OaraTbox
YMHHUKIB. BCTAaHOBICHO HEOJHO3HAYHY 3aJIeKHICTh PT
Bil MIKPOTBEPOCTI.

Posmipu pamianeHoi TpimmHM C  00yMOBIICHI
CTPYKTYpPOIO, CKJIaJIOM, HAIPY>KEHUM CTAHOM IOKPHUTTSI.
Pict TpimMHM TOYMHAETBCS B TOH MOMEHT, KOJH
penakcariifHi Tpomecd B 30HI KOHTakKTy iHAEHTOp -

MIKPOKPUXKOCTI i HEBUCOKHMU 3HAYCHHSAMHI
MIKPOMIITHOCTI. ITokputTst Cr,;Cs, Cr,C;
XapaKTepU3YIOThCA BHCOKOIO MIKPOMIIHICTIO i HU3BKHM
MMOKa3HUKOM MiKPOKPHXKOCTI.

PesynbraTyt  AOCHIIKEHHS  3MIHM  MEXaHIYHHX
XapaKTEePUCTUK MOKPUTTIB THUTaHA 1 XpOMY IO TOBIIMHI
npuBeneni  Ha  puc. 1. Cmim  3a3HauWTH, 11O

MiKpoMilHicTs NOKpHTTiB Ty TiC Ha MOCHimKyBaHHX
CTAJISIX TMPAKTUYHO HE 3MIHIOETHCS 1O TOBIINHI TOKPHUTTS
(muB. puc. 1). Xapaxkrep 3MiHM MIKpOTBEpPIOCTI,
HaBaHTa)XCHHS YTBOPEHHS TPIIMHH, pO3MIipy pamialbHOI
TPIIIMHE MAarOTh IHIMWH Xxapakrep. MIKpOTBEpIiCTh
MOHOTOHHO 3MEHIIYETBhCS BiA MexXi po3airy KapOin-
CTaJIb JI0 30BHIMHKLOI rpanumi Big 39,5 o 34 I'Tla. Ile
TIOB’SI3aHO MIBHU/IIE 32 BCE 31 3MIHOIO BMICTY BYTJIELIO IO
TOBUIMHI ~ NOKPHUTTS.  HaBaHTakeHHS  yTBOpPEHHs
MIKPOTPILIMHA MOHOTOHHO 3POCTAalOTh BiJl 30BHIIIHBOT
MEXIi MOKPUTTS, 10 00yMOBJIEHO 3MIHOIO
MakpoHanpyxeHb. [loKa3HHUK MIKPOKPHXKOCTI Y Ta
po3Mmip pamianbHoi Tpimman C  3pocTaroTh  BiX
30BHIIIHBOT MEXI MOKPUTTS i HaOyBaloTh
MaKCHMaJIbHOTO 3HaU€HHs B 11 [IEHTpaJIbHIN 30HI.

XapakTtep 3MIHH MEXaHIYHHX XapaKTEePUCTHK II0
TOBIIMHI TIOKPUTTS Ha OCHOBI XpOMY OOYMOBIICHHMA
3MiHOIO ()a30BOrO 1 XIMIYHOTO CKIaAy IOKPHUTTIB, a
TaKoXX Horo Mopdosioriero[3].

PesynbraTun ociipKeHHs 3HOCOCTIHKOCTI cTami Y8A
3 KapOilHMMHU MOKPHUTTSIMA B YMOBaxX TEpTs KOB3aHHS
0e3 3MalllyBaHHs IIPUBEJIEH]I Ha puc. 2.

Y poboti Oyiu BUKOHAHI JOCHIHKEHHS 3aJICKHOCTI
koe(ilieHTa TepTs 1 MPUBEAEHOTO 3HOCY BiJ| IIBHIKOCTI
KOB3aHHS 1 HaBaHTaXeHHA. BoHM moKaszanmy, M0
KOC(QIIiEHT TepTs OUIbIIE 3aJeKUTh BiJl 3MiHH

MOKPUTTS. € BUYEpIaHUMH. [IOKPUTTS 3 BHCOKOIO HABAHTAXKEHHS, HDX I[IBUAKOCTI KOB3aHHI OpPU TEPTi.
MikporBepaictio, Taki sk TiC,  Bigpi3HSAIOTHCS HaiiGinpiie Hu3bKi 3HaueHHsS KoedilieHTa Tepts Oynu
MaKCUMaJIbHUMH 3HAYCHHSAMHI [TOKa3HUKa BUSBJICHI Y TOKPUTTIB Ha OCHOBI KapOily THTaHy IpH
Taoaunus.
®da3oBuil CKJIAJ], TOBIIUHA i BIIACTUBOCTI IIOKPUTTIB HA OCHOBI cTaim Y 8A*.
= = .
o = = > <
= = = < R = = = o] o= =
= - Z S =5 EE |2 E |EEE
= g = = o= = = < = = =< S = = A
) 5 = - = L 2 = & = s 4
= = « ] 2 A =0 g = = X £ ab
5 = = = s g = S = 8 > =
3] = 2 = 2 = EE 2= =25 s Ea B
g 2 % = s~ |ZE~| =5 |E~ | £% |5=z¢
=) =3
= 8 E @ 2 g 3 23 | & =2 |28 &
I & = = = 3 2R | & 2 |£%F %
m - p—
= i = = =
-
TuTtanyBaHHs TiC 18.5 35,7 0,50 39,0 3,2 63,0 6,1
Cry;Ce 10,0 17,0 0,75 34,0 6,5 16,0
XpomyBaHHS Cr,C; 7,0 15,5 0,70 33,0 6.4 14,0 22,0
o-(pasa 3,0 - - - - -

*3HaueHHs IOKAa3HUKIB PUBENIEH] AJIsl LEHTPAIBbHUX 30H MOKPUTTIB
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Puc. 1. 3miHa MEeXaHIYHUX XapaKTEPUCTHK IO TOBIIMHI MOKPUTTIB HA OCHOBI
TuTaHa (a) Ta Xpomy (0) Ha crani Y8A.

HaBaHTaxkeHi 1,5 MIla npu MmBHAKOCTI KOB3aHHSI
V=10m/c (0,18); y MOKpUTTIB HAa OCHOBI KapOiliB XpoMy
npu HaBaHTaxkeHHI P=1 MIla Ta mBHIKOCTI KOB3aHHSI
V=10wm/c. IIpuBeneHuii 3HOC poCcTe 3 POCTOM IIBHJIKOCTI
KOB3aHHS, npore MOoKpuTTss Tuny TiC Bipi3HAIOTHCS
OUTbIII HU3BKMMHU TOKAa3HHKAMHU MPUBEICHOTO 3HOCY B
JOCIIIPKYBAaHOMY Jliarla30H1 IIBUAKOCTEH KOB3aHHS Ta
HaBaHTAXKCHb.

OueBHHO, IO BUCOKY 3HOCOCTIHKICTH B yMOBAax
TepTss 0e3 3MamlyBaHHS TOKPUTTS Ha OCHOBI KapOimy
TUTaHy BU3HAYAIOTh HU3BKUH Koe]ilieHT TepTs B mapi 3i
CTAUTIO Ta BHCOKA MIKpOTBepaicTh. Kpim Toro
MO3UTHUBHUM BIUIMB HAa 3HOCOCTIHKICTH KapOigy THUTaHa
Ma€ TOHKHUH Mpomrapok okcuxa tutany 110, (pytumna), mo
YTBOPIOETHCSI HA TIOBEPXHI TepTs, J00pe 34eruieHoro 3
ocuoBoro[1,3] IlmiBka OKCHIy THTaHA Ma€ 3axHUCHI
BJIACTHBOCTI 1 130J1F0€ IOBEPXHIO BUPOOY Bijl 3aXOILICHHS
3 KOHTPTUIOM. SIK TIOKa3aji pe3yJbTaTH JOCIiDKEHb, Ha
MOBEpXHI  KapOifiB  XpoOMy OKCHIHHMX IUTIBOK i3
3aXMCHUMH BIIACTUBOCTSIMH He YyTBOproeThcs. [Ipote
KapOiqy XpoMy MAalOTh OIUNBII BHCOKI TOKa3HHUKH
anre3ifHoi B3aemomil TMOKPUTTIB 10 ocHOBH. Ciix
3a3HAYMTH, IO KapOil THTaHy, SKUH Mae BUHATKOBY
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TBEPIICTIO IPU KIMHATHIN TeMIepaTypi, i3 MiJBUIIEHHIM
TeMIepaTypu BTpadae CBOIO Iepuricte. Bike mpu
temnepatypi 550-750 OC TtBepaicts kapbimis XpOMy CTa€e
BHIIC 33 TBEPAICTh THTaHY [3,6,8].

TpuborexHIuHI JOCHIIPKEHHS B yMOBax TepTs
KOB3aHHS MOKa3aly, 110 KapOiZHi MOKPHUTTS TOBIIMHOIO
18,0 -20,0 MM pyiiHytorbest B mepur 20-40 cekyH[
poboru. Ilpm 1BOMY 3HOCOCTIMKICTH KOMITO3HIIIT
MOKPHUTTSL - OCHOBa minBuuiyerscst B 25- 30 pasiB (y
3aJIeKHOCTI BiJl YMOB BHIIPOOyBaHb), B TOpPIBHSIHHI 3i
CTAJLTIO 0€3 TIOKPHTTSI.

MeranorpadigHuUMHI JIOCITI KSHHSIMH Oymno
MOKa3aHo, II0 B 30HI TepTs (puc. 3) HA JHI JYHKH 3HOCY
B JIOCTIKYBaHUX MOKPUTTSX, TTHOMHA SIKOi B AEKibKa

pa3iB IEpPEBUINYE TOBIIMHY IOKPUTTS, BiJ3HaucHA
HasiBHICTh 4YacTOK KapOimHux a3, 1o oueBHIHO
3aXOIUIIOIOTBECS.  KOHTPTIIOM 1 BIPOBAUKYIOTBCS B

HaWOUIBII IJIACTHYHI JUISTHKY IOBEPXHI JIyHKH.

TakuM YMHOM, NpOLEC 3HOIIYBAaHHA KOMIIO3MIIT
MOKPHUTTSI-OCHOBA 3 JI00pEe BUPAKEHOIO JYHKOIO 3HOCY
KOHTPOJIOETHCS CTPYKTYPOIO 1 BIACTHBOCTAMH



B.T". Xwxwnsik, B.1. Kopoinb

0,45 0,43 | | 16 | | 14
‘ 039 14 - —=—TiC oy
04 1—o0,4 0,37 ; "
; : 0,36 12 | e
o Cr7ca
0,35 0,37 = 7.9
& 6" 035 2 &
= 0,34 g
0,3 -
——TiC
0,25 1
—— (2306
Cr7C3
0,2 f f
1] 2 4 i} 8 10 12 12
V, Mt
J=]
0.5 18 | | 158 £¢
0,45 04 0.4 o 16 - ——TiC —
) ) 1‘?
0,4 o — 14 | 125
0,34 / /' 043 —E— (12306
0,35 ( 12 Cr7ca
0.3 0,32 a \ s 87 M
E 0,25 %
8 ;]2 s g s = "-T
| [ —&Tic 0,21 ® T 6 ot 8,3
0.15 1 018 6.4 i
01 | —e—cr23c6 4
; Cr7C3
0,05 | | 2
0 T T 1]
03 05 07 09 11 13 15 1,7 0.5 0,7 0.9 1.3 15 1,7
P,MIla P,MIIa
Puc. 2.

Puc. 3. MikpocTpyKTypH MOBEPXOHB TEPTSI ITiCIIsl BUIIPOOYBaHb Ha 3HOLIYBAHHS IIPH TEPTi KOB3aHHI 0e3
3marryBanHs, P = 0,25 MlIla, v = 10 m/c, yac 1 ron.
a — MOKPUTTS Ha OCHOBI KapOiny Tutany, x200;
0 — MOKPUTTS Ha OCHOBI KapOiniB xpomy, x200.
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MOKPUTTS, MaTepian SKOTO0 € MPUCYTHIM He TIIBKA Ha 3HIKEHHIO KoedimieHTa TepTs (B 2-2,5 pas3u).
MOBEPXHI, aJIe #f y BUIIIAI OKPEMHUX BKIIIOYCHb B OCHOBI, KpiMm Toro BH3Haue€HO ONTHUMAJIbLHUN diara3oH
CTPYKTYPOIO i BIACTUBOCTAMHU MaTepiajy OCHOBH (CTalb IIBHIKOCTEH KOB3aHHS Ta HaBaHTaXEHb, B SKUX
V8A), a TakoX anre3idiHOI0 B3a€MOJIEI0 TOKPHUTTS A0 pPEeKOMEHAYETbC  pobOoTa BHPOOIB 13  3aXHCHUMH
OCHOBH. nokputTsimu Ty TiC, Cry;Cg, CryCs.
B  pobori  po3riasHYTO  OCOOJHMBOCTI  3MiHH
MEXaHIYHUX BJIACTUBOCTEH 1O TOBIIUHI MIOKPUTTIB. Xuoicnak B.I. — 0okmop mexHiunux Hayx, npoghecop;
OtpuMani B poOOTi eKCIIEpUMEHTAIIbHI PE3yJIbTaTH Koponw B.1. — acnipanm.

MOKa3ay, Mo KapOifHI MOKPUTTS 3HAYHO IiJIBUILYIOTh
3HOCcOcCTiliKicTh cram Y8A (B 25 - 30 pasi), cnpusroTh
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V.G. Khyzhnyak, V.I. Korolj

Mecanical Properties of Carbide Covering with Titanium and Chromium
on Steel USA

NTUU «KPI» Ukraine, Kyiv 03056 av. Peremogy, 37

Became researched endurance Y8A at different aspects of trials, the experimental outcomes have
shown, that carbides of a coating in 25 - 30 times effectively boost endurance of steel depending on a
mode of trials. In operation is shown, that microdurability, index of microfragility are in effective
performances complementary microhardness and mirroring influence of a tension, the structures, defects
of a material of a coverage on its resistance to wear.
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