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Uzyuensl pusuko-mexannueckue xapakrepuctuku nokpbituii (Ti, AN u (Ti, Cr)N, nomydyennsie
METOJIOM BaKyyMHO-AYTroBOTO ocakaeHus. [y chopMUpOBaHHBIX MOKPHITHH 3HAaYCHUE TBEPIO-
ctu cocraswio: (Ti, AN — H = 30,6 I'Tla; (Ti, Cr)N — 6e3 00paOOTKH MOIOKKH UMITYIbCaMH
HV = 27,6 I'lla, npu o6paborke nmmynascamu HV | = 34,5 T'lla. Koapuuuent Tpenust cucTemsl
nokpeitue (Ti, Cr)N / kontpreno Al O, npu Tpenuu B cyXyro umeer 3Hadenue p = 0,17, a s cu-
cremsl (Ti, AI)N / xontpreno Al O, u = 0,87. M3nammsaemocts nokpeituii (Ti, Cr)N B 4 paza nuke,
yem nokpsituit (Ti, AI)N.

Ki1roueBble cjioBa: BaKyyMHO-AYT'OBOI METOJ, IBYXKOMIIOHEHTHBIE CHCTEMBI (KaTO/bl), H3HAILIBA-
€MOCTb MTOKPHITUH, KOAQPHULUUEHT TPEHHSI, TBEPIOCTb.

MEXAHIYHI BJIACTUBOCTI
HAHOCTPYKTYPOBAHUX NOKPUTTIB (Ti, A)N I (Ti, Cr)N,
OTPUMAHUX METOJAOM BAKYYMHO-AYT'OBOT'O OCAJI’KEHHS
C. C. I'pankin, V. C. Hemuenko, B. 1O. HoBikos, O. B. Co60.1b,

JI. B. Madjikos, C. L. ILiieB
Bupueno ¢isuko-mexaniuni xapakrepuctuku mokputtiB (Ti, AN i (Ti, Cr)N, orpumani mero-
JIOM BaKyyMHO-JIyrOBOTO oca/pkeHHs. J[ns copMOBaHMX MOKPHUTTIB 3HAYCHHS! TBEPIOCTI CKIIAJIO:
(Ti, ADN — H = 30,6 I'lla; (Ti, Cr)N — 6e3 00po6ku miaxnaauaku iMmnynscamu HV | = 27,6 T'la,
npu 06podui immynecamu HV | = 34,5 TTla. Koediuient teprst cucremu nokpurts (Ti, Cr) N /
koutprino Al,O, npu Tepti B cyxy mae 3HadenHs p = 0,17, a nisa cucremu (Ti, Al) N / xonrprino

AL O, u=0,87. 3nomysanicts okputTis (Ti, Cr)N B 4 pasu nmikde, Hix nokpurris (Ti, AI)N.
Kuro4oBi cjioBa: BakyyMHO-TYyTOBHH METOJ, JTBOKOMIIOHEHTHI CHCTEMH (KaTOAM), 3HOIIYBaHICTbH
MTOKPHTTIB, KOE(DIili€HT TePTA, TBEPIICTH

MECHANICAL PROPERTIES
OF NANOSTRUCTURED COATINGS (Ti, AI)N AND (Ti, Cr)N,
OBTAINED BY MEANS OF VACUUM-ARC DEPOSITION METHOD
S. S. Grankin, U. S. Nyemchenko, V. Ju. Novikov, O. V. Sobol,
L. V. Malikov, S. 1. Pliiev

Physical and mechanical characteristics of the coatings (Ti, AI)N and (Ti, Cr)N, obtained by means
of vacuum-arc deposition method, have been studied. For the formed coatings the values of hardness
were: (Ti, ADN —H=30.6 GPa; (Ti, Cr)N with no pulses applied to the substrate — HV  =27.6 GPa,
when processing with applying pulses HV = 34.5 GPa. The coefficient of friction for the system
coating (Ti, Cr)N/counterbody Al O, during the dry friction is = 0.17, and for the system (Ti,A1)N/
counterbody Al,O, u = 0.87. Wearability of the (Ti, Cr)N coatings is 4 times lower than of (Ti, Al) N
coatings.

Keywords: vacuum-arc method, 2-component systems (cathodes), wearability of the coatings, fri-
ction coefficient, hardness.
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BBEJIEHUE

B mpomecce skcrutyaranuu Aetane MaiiuH
WU PEKYIIETO MHCTPYMEHTA MOBEPXHOCTHBIN
CJIOM mojiBepraercs Hanbosiee CUIIbHOMY MeXa-
HHUYECKOMY U XUMHUYECKOMY Bo3zaeicTBuIO. [Ipn
9TOM Hauboyiee BEPOATHON TPEACTABISETCS
MoOIU(HKALKs CBOWCTB pabOYMX IMOBEPXHOC-
T€W MYyTEM HAHECEHUS 3ALUUTHBIX MOKPBITUM,
COYETAIONINX B ce0€ BHICOKYIO TBEPJIOCTh U U3-
HOCOCTOMKOCTB.

s obecrieueHUs] KOMIUIEKCA COBEPIICH-
HBIX 3KCIUTyaTallMOHHBIX XapaKTePUCTUK KOH-
CTPYKIIMOHHBIX MAaTE€pHUaJIOB IEPCIEKTUBHBIM
SIBJISIETCS TIPUMEHEHHE 3allUTHBIX MOKPBITUIA
Ha OCHOBE KapOuI0B, OOPUIOB, HUTPUIOB U CH-
JUIUOB MEPEXOIHBIX METAIJIOB C BBICOKUMU
(u3HKO-MEeXaHMYECKUMH cBOMCcTBamu [1—3].

B nacrosiee BpeMst 1151 TOTy4YEHUS TTOKPbI-
TUI HauOOJIbIIEE PACTIPOCTPAHECHUE TONYYUIIN
HMOHHO-TUTa3MEHHBIE METOIbl  (DOPMUPOBAHUS
(BaKyyMHO-YTOBO€ OCXKICHHE, MAarHETPOHHOE
pacnbuienue) [4, 5].

[IpumeHnsiembie B HacCTOsIIEE BPEMs MTOKPHI-
THS HA OCHOBE HUTPHUJIA TUTAHA, IO CBOUM BO3-
MOXXHOCTSIM BO MHOTOM HCYepIiaiu ceos, 1, He-
COMHEHHO, HE CMOTYT 00€CIICUHTh YITyqIICHUS
IKCIUTYaTallMOHHBIX XapakTepucTuk. JlobGanie-
HUE B IMOKPBHITUS HAa OCHOBE HHUTPUJIA TUTAHA
TAKUX DJIEMEHTOB KAK LUMUPKOHUM, aJTFOMUHUM,
XPOM U T. . IPUBOJUT K COBEPILIEHCTBOBAHUIO
(YHKIIMOHATBHBIX XapaKTEPUCTUK, TYTEM W3-
MeHEeHHE (PU3UKO-MEXaHMYECKUX CBOMCTB [6—
8].

Lenbto maHHOW pabOTHI SBISETCS H3yye-
HUE TMPOIECCOB (POPMHUPOBAHUS HUTPHUIHBIX
MOKPBITHI MyTeM paclblUICHUs CUCTEM Ha OC-
HoBe nByX aneMeHToB Al + Ti u Ti + Cr meto-
JIOM BaKyyMHO-IYyTOBOTO OCaXKJICHUS, a TakK-
KE HCCIENOBAaHUE HMX (DHU3HKO-MEXaHHMUECKUX
CBOJCTB.

METO/IUKA DKCIIEPUMEHTA

B kxauecTBe ucmapsieMpIX MaTepUaIoB UCIOIb-
30BAJIMCh LIETBHOIUTHIE KaTOAbI HAa OCHOBE
Al + Ti u Ti + Cr, noixy4eHHbIE METOIOM BaKy-
YMHO-yTOBOTO TIepeIiaBa.

XUMHUYECKUN COCTaB UCIAPSIEMOr0 Marepuala
karonoB crneayromuit: st Al + Ti— 50 ar. % Al,
50 ar. % Tiu qns Ti + Cr — 63 ar. % Ti, 37 ar.
% Cr.

B kauectBe pabouero rasa MCHOIb30BAJICH
monekynsipabiit a3oT. [Tokpertus (Ti, AN (Ti,
Cr)N ocaxxaanuch Ha MOBEPXHOCTb 00Pa3loB
u3 cramu (15 x 15 x 2,5 mm) Ha ycTtaHoBke by-
nar 6. [lapaMeTpbl oca)eHUs] TPUBEIEHBI B
Tabm. 1.

TonmuHa BceX MOKPHITUH B 3KCIEPUMEH-
tax coctaBmsia 2,0—3,0 mxm. Mopdomnorus
MOBEPXHOCTH HCCIIEAOBANACh HA PACTPOBOM
anekTpoHHOM Mukpockore FEI Nova Nano
SEM 450.

TBepaoCTh MOKPBITHI omnpenensiach ¢ Io-
MoIIbI0 TBepaoMepa moaenu JIM 8 mo merony
MUKpO-Bukkepca, npu Harpyske Ha MHIEHTOP
0,1 H.

HccnenoBanus (a3oBoro cocraBa u CTpyK-
TYPHBIE UCCIIEAOBAHUS MTPOBOJMINCH HA PEHT-
reHoBckux auppaxromerpax JIPOH-2 wu
JIPOH-3M B ¢unbTpoBaHHOM H3iyuyeHuH Fe-
K, u Cu-K ¢ ncronb3osannemM BO BTOPUYHOM
nyuyke rpaguroBoro MoHoxpomaropa. CbeMKU
TU(PPAKIHUOHHBIX CIIEKTPOB OCYILECTBISIINCH B
MOTOYEYHOM DPEXKUME C IIaroM CKaHUPOBAHUS
20=0,1°.

TpuOonoruueckue UCHBITAHUS IPOBOIU-
JIMCh Ha BO3AYXE M0 CXEME «IIAPHK — JUCK».
B kadecTBe MalIMHBI TPEHUsS] UCIOJIB30BAJICS
«Tribometer», CSM Instruments. O6pa3iamu
cyxunu qucku u3 crtamu 45 (HRC = 55) na
MOJIMPOBAHHYIO TOBEPXHOCTh KOTOPBIX HAHO-
cunuck nokpeitus (R, = 0,08 Mxm). B kauectse
KOHTPTEJ HUCHOJIb30BAINCH IIAPUKHU JHAMET-
poM 6,0 MM, HM3TOTOBJIEHHBIE M3 CIEYEHHOTO
cepruuiupoBanHoro marepuana — Al O,
Harpy3ska npu ucnsitanusx cocrasmnsia 3,0 H,
CKOPOCTh cKoJbxeHust 10 cm/c.

HcnbiTaHust COOTBETCTBYIOT MEXAyHapo-
HbIM ctangapraM ASTM G99-959, DINS50324
u ISO 20808.

Crpoenne OOpO3JOK HM3HOCA MOKPBITHH U
MSTHA W3HOCA HA MIapHKaX HM3Y4aluCh IOCIHE
UCTIBITAHUNA C HUCIOJIb30BAaHHEM ONTHYECKOTO
MHBEPTHPOBaHHOTO MHUKpockona Olympus GX
51 ¥ pacTpoBOro 3MEKTPOHHOIO MHUKPOCKOIA
FEI Nova NanoSEM 450.

KonnuecTBeHHast olleHKa U3HOCOCTOMKOCTH
00pa3loB U KOHTPTEN HPOBOAMIACH MO (hak-
Topy u3zHoca W, meroauka pacuera, KOTOpPOro
npuBeneHa B padore [9].
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Tabmuma 1
Du3NKo-TeXHOJOTHYeCKUe mapaMeTpbl oca:xkaenusi nokpoiTuii (Ti, AI)N, (Ti, Cr)N
HoxpeiTus I,A u.B P, Topp npuMeyYaHue
(Ti, AI)N 90 150 3x10°7 0e3 UMITYJILCOB
(Ti, Cr)N 90 150 3x103 0e3 UMIYIIECOB
C UMITyJIbCaMH1
. f=7,0xl1
-3 > °
(Ti, Cr)N 90 150 3x10 U~ 800 B,
v =10 MKc

OBCYXIEHUE NOJTYYEHHbBIX
PE3YJIBTATOB

WccnenoBanue tonorpaduu moBepXHOCTH IO-
KPBITUH, TOTYYEHHBIX METOJOM BaKyyMHO-IY-
TOBBIM OCa)XJIEHUEM IPU IOMOIIU CKaHUPYIO-
LIEr0 PACTPOBOIO MMKPOCKONA IOKa3bIBAET
HaJIMYMe KalleJIbHOM COCTABIAIOIIEH JUI BCEX
cucreMm (Ti, A)N u (Ti, Cr)N (puc. 1).

™ y »

cocrosiumii u3 (Ti, Cr)N ¢ kyOuueckoii pemer-
KOM M TUTaHa C TIEKCarOHaJbHOW pPELIETKON
(puc. 2).

CpenHuii pa3Mep KpHUCTAJUIMTOB THUTaHA
15 um, a aurpuna (Ti, Cr)N — okono 7,5 HM.
IIpy UMIYIBCHOM CTUMYJSILUU IIPOUCXOIUT
TOJIbKO M3MEHEHHUE TEKCTYphl C MPEUMYILECT-
BeHHBbIM pocToM (200), 4TO XapakTepHO st

Puc. 1. Tomorpadust TOBEPXHOCTH MOKPBITHIT ITOTy4YEHHBIX MPH NMapluaIbHOM AaBieHuH asora P =3 x 107 Topp,
U, =-150 B: a — cucrema (Ti, AI)N; 6 — cuctema (Ti, Cr)N

DJIEMEHTHBII COCTaB TOJyYCHHBIX MOKPHI-
THU NIpUBE/CH B Ta0OI. 2

OoJbIIel HHEPreTUYECKOW CTUMYISAILUHN TIPO-
Lecca pocra ¢ MUHUMM3aLUeld TIOBEPXHOCTHON

TaOuma 2
Xumuveckuii cocraB mokpoiTuii cucrem (Ti, AN u (Ti, Cr)N
Cocras . N, at. % Al, at. % Ti, at. % Cr, at. % O, at. % R, MKM
NMOKPLITHH a
(Ti, AN 35,38 30,22 33,9 - 0,5 1,87
(Ti, Cr)N 39,43 - 43.79 16,78 - 1,19
Pentrenonugpakromerpuueckie  METOAbl  JYHEPTHUH.

HCCIIEIOBaHUS TOKpPbITHH (puc. 2—3) BbI-
SIBUJIM, YTO Marepuai MOKPHITUS BYX(a3HbIH,

s mokpeituit (Ti, A)N cbemka mpousBo-
nunack B u3nyueHnu Fe-Ko, B oTamunm ot cbeM-
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ku nokpeiTuii (Ti, Cr)N rme ucnonp3oBaioch
n3nydyeHun Cu-Ka. IlomyueHHsle NOKpbITHS
UMEIOT KyOMUYEeCKyr0 MOAM(DUKAIIUI0 HUTPUAA
amoMuHus (kaprouka 46—1200) co cTpyKTyp-
HeIM TuoM NaCl, texctypoii (111) u cpeaaum
pa3MepoM KpUCTAILIIUTOB 15 HM.
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Puc. 2. Yyactox peHTreHOrpaMM MOKPBITHI Ha OCHOBE
(Ti, Cr)N

MHUKpPOTBEPAOCTh M HAHOTBEPJIOCTD MOKPHI-
TUM u3y4yaiuch Ha oOpaslax, MOBEPXHOCTh
KOTOPBIX MEpe] HAaHECEHWEM IOKPHITHS ILIHU-
¢doBanach U MOJIMPOBATACH JJIS yAAJCHUS Je-
(eKTOB MeXaHN4eCcKoi 00paboTKH (PUCOK, I1a-
parnuH).
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Puc. 3. Y9acTok peHTreHOrpaMM TOKPBITHI HAa OCHOBE
(Ti, ADN

[Tocne HaneceHwust (TONIMHA TTOKPBITHH CO-
crapisiia ~7,0—8,0 MKM), IOBEPXHOCTh C MO-
KPBITUSIMA Ha CIEIUAIbHOM 000pyIOBaHUN
Ha aJMa3HbIX JHCKaxX pa3HOW 3EepHUCTOCTU
JOBOAMIACH (TIONMPOBANACh) ISl CHIDKEHUS
mepoxoBaroctd nokpeiTui (R, = 0,12 Mkm
s (Ti, ADN u R, = 0,1 mxm s (Ti, Cr)N).

Pesynprarel uccnenoBaHuil TBEPAOCTU U MOJY-
ns ynpyroctu nokpeituit (Ti, A)N npusene-
Ha Ha puc. 4. CpenHee 3HaYECHUE TBEPIOCTU U
Moaysst ynpyroctu coctaBuio: H = 30,6 I'Tla;
E=1370,2I'Tla.

Harpyaka Ha oBpaszeu, mH
» N > S

~

120 160 200
BHefpeHue B NOBEPXHOCTb, HM

40 80

400

300} A

Mogyne ynpyroctu, I'Ma

40 80 120 160 200
BHeapeHue B NOBEPXHOCTb, HM

0
Puc. 4. KpuBble Harpy3ku (pasrpy3ku) — IepeMenieHus
WHJICHTOPA IIPH HAHOMH/ICHTHPOBAHUH TIOKPBITHI Ha OC-
Hose (Ti, AI)N: a — TBepaOCTh; 6 — MOJYIIb YIPYTOCTH

Cpennue 3HadeHus (MO AECATH U3MEpPEHU-
saM) TBepaoctu nokpsituit (Ti, Cr)N cocrtaBis-
I0T: JUIsl 00pas3IoB, MOTYyUYEHHBIX 0e3 00padboT-
ku umnyinscamu HV = 27,6 T'la, B ciyqae
obpabotku nmmynscamu HV | = 34,5 T'la.

3HayeHus KorpuLmeHTa TPeHUs [L U U3HO-
cocroikoctu V, nokpsituit (Ti, AN u (Ti, Cr)
N, nosy4eHHbIe MPU UCHBITAHUSAX, TPUBEICHBI
Ha puc. 5 u B Ta6m. 3.

®dororpadguu AOpOKEK U NpoduIorpamm
TPEHMsI, KOHTPTEJ, MOJIYUYEHHBIX C MOMOUIbIO
pacTpoOBOM MUKPOCKOIIMH, ONTUYECKON MUKPO-
CKOITMU a TaK)K€ XUMHUYECKUI COCTaB JOPOKEK
MIpUBENIEHBI HA pUcC. 6 U B Ta0. 4.
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Puc. 5. Pe3ynsraTsl TpHOOIOTHYECKUX HCIIBITAaHIHA 00pa3noB: @ — ¢ mokpeituamu (Ti, Cr)N Ha cramu 45; 6 — ¢ mo-
kpertusivu (Ti, AI)N Ha cranum 45

Tabnuua 3
Tpuobosornvyeckue xapakrepuctuxu nokpsituii (Ti, AN u (Ti, Cr)N
Koa¢ppuument Tpenus, p NHTeHcuBHOCTH H3HOCA,
v x 1075 mvEx H' x it
IHokpbiTHS R, MkM
.. | lIpu ucnbiTa- KonTpreso
HavanbHblii — (ALO,) IMokpbiTHE
(Ti, ADN 0,49 0,867 3,33 28,5 0,44
(Ti, Cr)N 0,11 0,167 1,10 6,82 0,31
MKM
5

-10
0,75 1,00 1,25 150 wMm
o
MEKM 3.3 afisaaiansabasnatonssiassabasssbanaslanaa
20
15
10
5
Ohu,wm:&
-5
0.2 0.3 0.4 0.5 0.6 mm
6 2l

N3o0pakeHne TOpokeK TpeHHst U X npoduiiorpamm nokpsITui, kourpren a, 6 — (Ti, AI)N: ¢, 2 — (Ti, Cr)N
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Tabnuma 4
DJIeMEeHTHBI| COCTAB J0POKEK TPEeHUs MOKPBITHI
HoxpbiTHS N, at. % 0, at. % Al, at. % Ti, at. % Cr, ar. % Fe, at. %
(Ti, Cr)N 26,46 32,95 0,94 28,35 11,13 -
(Ti, AN 17,24 56,77 12,24 9,29 - 4,47

Pesynbrarel uccnenoBaHuil (HPUKIIMOHHBIX
XapaKTePUCTUK MPH CyXOM TPEHHH MOKPHITHNA
¢ xoHTprenoM u3 Al,O, CBUIETENBCTBYET, YTO
BO BCEX CIIyyasX MPHU HUCHBITAHUM MOKPHITUNA
(Ti, Cr)N mpoucxoauT aAre3MOHHOE H3HAIIINBA-
HUe, 00yCIIOBICHHOE MEPEHOCOM Marepuaia ¢
OIHOHM TIOBEPXHOCTHU Ha APYTYIO B HAIIEM CITy-
gae Al (tabn. 4). CormacHO maHHBIM PabOTHI
[10] xomMuecTBO MEPEHECEeHHOro Marepuaia
3aBUCUT OT TMPOYHOCTH aATC3UOHHOW CBSI3H,
KOTOpasi 3aBUCUT 00 3JIEKTPOHHOM CTPYKTYpHI
KOHTpTena Ha ocHoBe AlLO, ¥ MOKpBITHS Ha
ocHoBe (Ti, Cr)N uxX COBMECTUMOCTH 00pa-
30BBIBaTh TBEPAbIE PACTBOPHI HIIM HHTEPMETAJI-
JHIHBIE COCIMHEHUS APYT C IpyroM. B ciyudae
nokpsiTust (Ti, A)N meiicTByeT MexaHu3m abpa-
3MBHOTO M3HAIIMBAaHUA (CM. Mpoduiorpammy
JIOPOXKKHU TPEHMSI, PUC. 5a), 3TO CBSI3aHO C MPO-
reccoM (OPMHUPOBAHUS TOKPBITHHA (HATU4Ms
OOJIBIIMX Kameslb BHYTPUM M Ha MOBEPXHOCTHU
MOKPBITUI).

[lonydeHHble pe3yNbTaThl COMIACYIOTCA C
JTAHHBIMH, TTPUBEIEHHBIMU B paborax [11, 12]. B
yKa3aHHBIX paboTax MOKa3aHo, YTO B 3aBUCHUMO-
CTH OT XHUMHYECKOTO COcTaBa KOA(QUIHECHT
tpenus W st nokpeiTuid TiN u TiAIN menser-
cs ot 0,7 o 0,9. JlernpoBaHue MOKPLITUH XpoO-
MOM WJIM BaHQ/IMEM TPHBOIUT K YMEHBIIECHUIO
ko3 durmenta Tperus 1o 0,2—0,25 B 3aBu-
CUMOCTH OT YCJIOBHUH IIPOBEIEHUS UCIBITAHUI
[13]. ITomyuyennsie B paboTe pe3ynbTaThl CBU -
TENBCTBYIOT O BO3MOXHOCTH  IPUMEHEHHUS
3aIUTHBIX MHOTOKOMITOHEHTHBIX —TOKPBITHH
cuctemsl (Ti, Cr)N s MOBBIIIEHUS YKCIUTya-
TAIIMOHHBIX XapaKTEPUCTHUK Y3JI0B TPEHUS JeTa-
JIEM MalluH.

Pabota BbINIOJTHEHA aBTOPAMU B paMKax KOM-
TUIEKCHBIX TOCOIOKETHBIX HAy4YHO-HCCIIEI0BA-
tenbekux pador 01130001079, 01120005920
u 01120006974, ¢unancupyembix MuHu-
CTEpCTBOM OOpa30BaHMs M HAyKH YKPaHUHBI.
Yactb paboOTHl BBINOIHEHA C HCIOIb30BAHU-
€M JHarHocTuieckoro obopynoBanus LleHTtpa

KOJUIEKTUBHOTO TI0JIb30BaHMsI HAyUYHBIM 000pYy-
JI0OBaHUEM benropoackoro rocynapcTBEHHOIO
HAaIlMOHAJIBHOTO MCCIIENOBATEIBCKOTO YHUBEP-
cuteTa «JlMarHocTHKa CTPYKTYpbl M CBOMCTBA
HaHOMaTepuasaoB» MuHucTepcTBa 00pa3oBa-
HUS ¥ Hayku Poccuiickoit @enepanumu.

BbIBO/1bI

1. MeTonomM BakyyMHO-AYTOBOTO OCaJACHUS
MyTEM pACMbUICHUS IIEJIbHOJIUTBIX Karo-
noB chopmupoanbl nokpbiTus (Ti, AI)N u
(Ti, Cr)N.

2. Nomyuennsie nokpeitust (Ti, Cr)N coctosT
u3 aByx ¢a3 (Ti, Cr)N ¢ kyOuueckoi perer-
KOM M TUTaHa C TEKCAaroHaJIbHOW PEIIETKOM.
Cpennuii pazmep KpHUCTAUIMTOB THUTaHA
cocraBisier 15 um, a Hutpuga (Ti, Cr)N —
oxonio 7,5 um. Ilokpertus (Ti, AN umeror
KyOn4ecKyto MOAU(UKAUI0 HUTPUIA ajto-
muHus (kaptouka 46—1200) co cTpykTyp-
HbeIM TunoM NaCl ¢ tekcrypa (111), cpennmii
pa3Mep KpUCTAJUIMTOB COCTABIIAET 15 HM.

3. CpenHue 3Ha4Y€HUS TBEPIOCTH I OKPHI-
tuii cnenytonue: (Ti, A)N — H = 30,6 I'Tla;
(Ti, Cr)N — 6e3 00pabOTKH UMITYJIbCAMHU
HV , =27,6 I'lla, npu 00pabOTKe UMITYIb-
caMu HVQ1 = 34,5 I'Tla.

4. KooppuiueHt TpeHus CHCTEMbI MOKpbI-
tus (Ti, Cr)N / konrpreno AL O, mpu Tpe-
HUH B CyXyro umeer 3HadeHue p = 0,17, a
ms cucremsl (Ti, AN / konTpreno ALO,
p = 0,87. M3HammBaeMOCTb IOKPBITHI
(Ti, Cr)N B 4,0 pa3a HIXe, yeM MOKPBHITUN
(Ti, ADN.
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