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BUBIP TAPAMETPIB HAHECEHHA BAKYYMHO-AYT'OBOI'O
HAHOKPUCTAJIIYHOI'O ITIOKPUTTA AJIA IIIJABUINEHHSA 3HOCOCTIMKOCTI
IHOPHIHEBUX KIVIELIb

I'mymkosa /I.b, Kocrina JI.JIL., Ctenaniok A.l.,
XHALY

Anomauia. I'0106H00 NPUYUHOIO PYUHYEAHHS NOPUWHEGUX KileYb € 3HOULYBAHHS POOOUOI NOBEPXHI.
B pobomi npogedeno oocniddicenns 6azamomaposo2o HaAaHOCMPYKMYPHO2O NOKPUMIMNS, HAHECEHO20 Ha
NOBEPXHIO NOPUIHEeSUX Kileyv, 0 nioguujents ix snococmitikocmi. Ilokpumms Hanocunu 8aKyymHo-
0y208UM MemoooM Ha cipuil 4agyH. Bcmawnoeneno, umo 6 nosepxmesomy wiapi ymeoproiomvcsl
CMUCKAIOY] HANPYICEHHS,, a mEeplicmb 8 NPUNOBEPXHEBOMY Wapi NIOGUUYEMBCS, WO NPUBOOUMDL OO

BHAYHO20 NIOBUUEHHSL 3HOCOCMIUKOCIL.

Knrouoei cnosa: nokpumms, HaHOmMeepOiCMb, 3HOCOCMILKICMb, NOPUIHES] KilbYsl.

Beryn

3HayHe MicIle y BUPOOHUIITBI AeTaneil pi3Ho-
ro MpPU3HAYEHHs 3aiiMae BUTOTOBJICHHS MOPII-
HEBHUX KiJlellb, OCHOBHOIO IPUYMHOI0 BUXOLY 3
Jany SKMX € 3HOLIYBaHHS pPOOOYMX HOBEPXOHb.
ToMy Benmmka yBara NPHUIUISETbCS MPoOIIeMaM
MiIBUIICHHS! 3HOCOCTIHKOCTI MOBEPXOHb MOPII-
HEBUX KiJI€elb.

CTBOpeHHS B OHOMY Matepiam KoMmOiHarii
BHUCOKOI TBEPJIOCTI 3 BHCOKOK ILJIACTUYHICTIO
peanbHO B FETEPOreHHOMY CILIaBi.

AKTyaJbHOIO IPEACTaBIAETbCA MpodiemMa
PO3pOOKH METOMY MiJBHIICHHS 3HOCOCTIMKOCTI
MOPIITHEBHUX KIJICIIb.

AHaJji3 myOaixanii

Sk 3a3HaueHo B poOoTi [1], 3HOCOCTIHKICTh
MeTally BH3HAYA€ThCS KOMOIHAINEI CTPYKTYPH
 psily BIIaCTUBOCTEH, @ caMe BUCOKOT TBEPOCTi
W TUIACTHMYHOCTI TpPH BiJICYTHOCTI KPUXKOCTI,
CTIKOCTI MEXaHIYHHX BIACTHBOCTEH B yMOBax
po0OTH Ha 3HOUIYBAaHHS, BUCOKOI HACHYEHOCTI i
PIBHOMIPHOCTI pO3MOALTY JIETYIOUMX EIIEMEHTIB.

Y poGoti [2] BCTaHOBJICHO, IO IHTEHCHB-
HICTh MPOTIKAHHS PeNaKCalliiHUX MPOIECIB MPH
TEPTi CYTTEBO BIIMBAE HA 3HOCOCTIMKICTD.

OcTaHHIM YacoM JijIsl IiJBUILEHHS €KCILTya-
TallfHUX XapaKTEPUCTHUK MaTepialliB MIMPOKO
3aCTOCOBYETBCS 0OpOOKa IMOBEPXHI BHUCOKOIH-
TEHCHBHUMH JDKEpENaMH EHeprii, B3aeMOJIis
SKHX 3 MaTepiajlaMH TPUBOJHTH JIO MPOXOI-
JKEHHsI TIPOLIECiB, MOB’A3aHUX 31 3MIHOIO CTPYK-
TypH.

Hacamriepen BinOyBa€eThCs 3MiHa TapaMeTpiB
KPUCTANIYHUX PELITOK, (OPMYIOTbCS AUCIIO-
KaliliHi CTPYKTYpH, YTBOPIOIOTHCS YJIbTPaJUC-
nepcHi dazm.

Pe3ynbraToM Takux MpoLECiB € BAHUKHEHHS
B MOBEPXHEBUX IIapax Marepiary 3aJUIIKOBHX
BHYTPILIIHIX HamNpyXeHb. MeTonamM BU3HAUCHHS
i BUBYEHHS MTPUPOIH (OpMYBaHHS 3aJTUIIKOBUX
HaIpy>KeHb Y MOKPUTTAX, SIKi OTpUMaHI IpH Ba-
KYYMHO-IIyTOBOMY OC@JK€HHi, MPUCBSIYCHUH
psa poOiT [3, 4].

Merta i nocTaHOBKA 3aBJIaHHA

MeTta pobOTH — HiABHIEHHS 3HOCOCTIHKOCTI
MOPIITHEBUX KiNENb 13 CIporo 4aByHYy HaHECEH-
HSM BaKyyMHO-IIyTOBOTO HAaHOKPHCTaJIi9HOTO
nOKpuTTA. [|yist JOCATHEHHS 11i€l MeTH OyJIH Io-
CTaBJICHI HACTYNHI 3aBJAHHS: JOCIIJKEHHS
CTPYKTYpH 1 BIACTHBOCTEH OaraTonrapoBoro
HAHOCTPYKTYPHOTO TIOKPUTTS, KWOTO JiHIHHOTO
3HOCY.

Bu6ip napameTpiB HaHeceHHSI BAKYYMHO-
AYTroBOr0 HAHOKPUCTATIYHOIO MOKPHUTTS Ha
NMOPLIHeBi Kibl4 i3 ciporo 4aByHy

Marepianom, Ha KA HAHOCHIW Oararoia-
pOBE TOKPHUTTS BaKyyMHO-AYTOBHM METOAOM,
OyB cipuii 4aByH, IIMPOKO PO3MOBCIOKEHUHN Y
PI3HUX TaTy3sX MalMHOOY TyBaHHSI.

Sk Bimomo, cipuii 4aByH Ma€ TapHi JUBapHi i
aHTU(PUKLIKHI BIACTUBOCTI, HE YYTJIMBUHU 10O
Je(eKTiB MOBEpXHi, 00pe racuTh BiOpallii.

XiMIYHUI CKJIaJl ciporo YaByHY HaBeJICHHUH Y
Tabm. 1.

IIpoBeneHi B OCTaHHI POKU JOCIIIKCHHS
CBi4aTh, IO BJIIACTUBOCTI 0araTOKOMIIOHEHT-
HUX ¥ OararomapoBUX NOKPHUTTIB BHILi, HIK
OJTHOLIAPOBUX MOKPUTTIB [5].

BararomapoBi aBodasHi HaHOCTPYKTYpHI
nokputtss TiN-MoN ocamKyBanu y BakyyMHO-
nyroBiii ycranosui «bymat-6».
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Ha puc. 1 noka3aHa cxema yCTaHOBKH JUIs
oJlepaHHs 0araTomapoBUX NOKPHUTTIB.

Tabmuus 1 — XiMiuHUHA CKJIaj CIporo 4aByHY

Bwmict enemenris, %

C Si Mn Ni S P Fe
349 |1 249 | 0,56 | 0,08 | 0,06 |0,11 | pemta

BakyymHa kamepa 1 oOnagHaHa CHCTEMOIO
aBTOMATUYHOI MIATPUMKH THCKY a30Ty 2 1 IBO-
Ma BUTMAPHUKAMH, OJWH 3 SIKUX 3 MICTUTH Y
AKOCTI ~ Marepialy, 110  BUIApOBYETHCH,
Momibmen mapku MUBII, a inmmit 4 — TuTaH
mapku BT1-0. Ha moBopoTHOMY mpmcTpOi Ka-
MEpH BCTAHOBJICHUH MiAKIAIKOYTPUMYyBad 5 y
BUTTISNI TPYOKH, Ha SIKIH PO3MillleHi posuKu 6.
YcTaHoBKa Mae JKEpero MOCTiHHOI HalpyTH 7,
a TakoXX TeHepaTop iMIYJNbCHOI Hampyru 8 3
PEryIL0BaHOIO aMILIITYI0K0 IMITYJIbCIB.

2 1 5 6

Puc. 1. Cxema ycTaHOBKH JIs HaHECEHHs Oara-
TOLIAPOBHX TMOKPHUTTIB: 1 — BakyyMmHa Ka-
Mepa; 2 — cUCTeMa aBTOMAaTUYHOI HiATpUM-
KW THCKY a30Ty; 3 — BUIAPHUK MOJi0OAeHY;
4 — BUNIAPHMK THUTAHY; 5 — MiAKIAAKOYTpH-
MyBa4; 6 — miAKIaaka; 7 — KEepeno
MOCTIHOT HANPyTH; § — TeHepaTop IMITYJIb-
CHOI Hanpyru

IIpomnienypa 0XONOMKEHHS OaratonapoBUx
JBO(ha3HUX MOKPUTTIB BKIIIOYAJIa HACTYITHI OTIe-
pariii. BakyyMHy kamepy BiJlkauyBaji J0 THUCKY
1,33-10° ITa. TToTiM Ha TOBOPOTHHIT IIPHCTPiii 3
i KTaIKOyTPUMYBa4eM I10/1aBajld HETraTUBHHIA
norexHmian 1,3 kB, BKIItoYanu moBopoTHUIA MpH-
CTpiii 5 Ha Oe3mepepBHE OOEpTaHHS ¥ MO Yep3i

IMITYJIbCHO BKJTIOUQIM BUITAPHUKH 3 1 4, TaKUM
YMHOM POOJISTYN OUYHIICHHS TOBEPXHI PONHUKIB 6.
3aranpHAN 9ac OYUIIECHHS CTaHOBUB 10 XBUIIHH.

Jlami BKJIIOYANIM OHOYACHO OOWIBAa BHITAp-
HUKa ¥ ocakyBanu Ti-Mo, micist bOro mojia-
Bald B KaMmepy a30T 1 OcaKyBalW HITpHUI
MOITIG/IeHy, a 3 IPOTHIICKHOT CTOPOHH — HITPU
TUTaHy Ha POJIMKHU, II0 OE3yMUHHO 00epTanucs.
BapiroBanu Taki mapameTpd, SK CTpyM [IyTH,
Hampyra HocTiiHa Ha migknaani U, Hampyra

iMIynbcHa Ha migknaami U, , THCK a30Ty, Kijib-

nu >
KICTh IIApiB HAMWIIOBAHHSA, YaC HAIMJIIOBaHHA
CTaHOBHB 2 T'OJMHHU.

HanoinaeHTyBaHHS TPOBOAWIHM TipamiIor0
bepxosuua npu HaBantaxkenHi 0,5 H 3 aBroma-
TUYHUMH HABAHTAKEHHSIM Ta PO3BAHTAXKCHHSIM.

Mertanorpadiuni IOCHiIKEHHS TPOBOAMIH
Ha ENeKTPOHHOMY MIKPOCKOMi, BHUBYCHHSA
CTPYKTYPHOTO CTaHy HOKPHUTTIB — Ha pacTpOBO-
MY MIKPOCKOITi.

BenmmuuHy 3anMIIKOBUX HanpyKeHb y IPH-
MOBEPXHEBHUX IApax BHU3HAYAIM Ha YCTaHOBII
JAPOH-2 wmeTogoM 0Oaratopa3oBUX MOXMIMX
3MOMOK Yy BHIIPOMIHIOBaHHI MiJHOTO aHOJa i3
rpadiTOBUM MOHOXPOMATOPOM.

BunpoOyBaHHSI Ha 3HOCOCTIHKICTH OyNu BU-
koHaHi Ha mammHi CMLI-2.

[IpoBeneni BUMiproBaHHSI HAHOTBEPAOCTI Ja-
JIU MOXKITUBICTBH OAEP)KATH 1H(POPMAIIIFO TIPO Xa-
paKkTep po3NOoJIily HAHOTBEPAOCTI B TOHKUX TIO-
BepXHeBUX mapax mokpurts Ti-Mo-N.

Ha puc. 2 nHaBemenuwit rtpadix posmoairy
HaHOTBepAOCTI Ha rnOuHI 200 HM, 3 SIKOTO BHII-
JIMBAE, 10 HAHOTBEP/ICTh 3pOCTAE HE3HAYHO.

0.4

0.2

Hardness (GPa)

0.0
20 40 60 80 100 120 140 160 180 200 220

Displacement Into Surface (nm)
Puc. 2. I'padix po3noninty HaHOTBEPAOCTI

HaBaHnTakeHHS TIpU 1IBOMY JIOCSITA€ MaKCH-
MaJbHOrO 3HaueHHs Ha Tiauouni 200 HM
(puc. 3).

Monyns FOnra mae 3aagenns 250 I'Tla.

OTpuMaHi 3aJIeKHOCTI CBiI4YaTh Mpo Te, IO
HAaHOTBEP/AICTh MaKCUMallbHa B TIOBEPXHEBUX
mrapax. Llg 3akoHOMipHiCTH 30iraerscsi 3 pe-
3yJIbTaTaMH, BUKJIAJICHUMHU B poOoTax [6, 7].
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Puc. 3. I'padik posnoaiay HaBaHTaKCHHSI

AHani3 HamnpyXeHO-Ae(OpPMOBAHOTO CTaHy
[T0Ka3aB, 1[0 HAWOIIBII BHCOKA BEJIMYMHA CTHC-
KaHHA Bifamnosinae rauoOuHi mopsaka 10 am. Ta-
KU pe3ysbTaT OTPUMaHUM y BUNAJAKY HAHECEH-
Hs1 TiN-MoN nokpurrs nipu ctpymy ayru |, =

100-170 A, Hampy3i MOCTIHHOI Ha ITigKIaIIl
U,, =40 B, mampy3i iMIyabCHOI Ha MiAKIAALi
U,,= 2000 B, tucky asory 1-10° mm pr. ct.,
2700 mrapiB Oe3mepepBHOro obepranHs. [le-
(hopMalliss CTHCKaHHS Ha TaKii TJIMOWHI CTaHO-
BUTH 2,2 %.

OTtpumaHi JaHi y3roJUKYIOTbCA 13 rpadikom
HAHOTBEPJIOCTI, HABEJACHUM Ha pucC. 2.

BaxuuBum Qaxkropom y QopmyBaHHi 3a-
JMIIKOBUX HANpy>KeHb Y MOKPHTTI € TEKCTypa,
sKa crocTepirajgacs Npyd BUBUEHHI CTPYKTYpH
Ha eJeKTPOHHOMY Mikpockomi (puc. 4). [Ipuun-
HOIO 3QJIMIIKOBUX HAIIPYXKEHb € BIUIUB 10HHOTO
OoMOap/ 1yBaHHSI.

Puc. 4. EnextpoHHa cBiTIMHA CTPYKTYpH 1IO-
BepxHeBoro mapy, x 10000

JlocipkeHHsT CTPYKTYPHOTO CTaHy IOKPHUT-
TIB TIOKa3aJI0, 110 MPH TOBIIWHI IIapy OIU3BKO
2 HM HE BHUSBJSAIOTHCSA MiX(asHi IpaHHIl i TO-

My Ha AWQPAKIiHHUX CIEKTpax MpPOSBISETHCS
CHEKTp, XapaKTepHUH UIsi OAHO(PA3HOTO CTaHy;
W Martepian 3MIIHIOETHCS HE3HAYHO. 3 IOSBOIO
npyroi ¢asu TBepmicTe 30impmryerses. [lpum
OBOMY 3 pe3yJbTaTiB BHBUEHHS HOKPHUTTIB Ha
pacTpoOBOMY MIKPOCKOIIi BUIUIMBAE, IO KOMIPKH
Ha MMOBEPXHI MOKPUTTS BUPaKEH] penbedHO, 10
MOYKHa MOSCHUTH NPOLECaMU iX PO3MUIICHHS
ioHaMu MOMIOZICHY ¥ THTaHy MiJ 4ac OCaKCH-
Hi. [lpu BUBUYEHHI MapiB TOBIIMHOIO TMOPSIKY
10 HM criocTepiraetTbest hopMyBaHHS TBO(A3HO-
ro CTPYKTYPHOTO cTaHy. Benmukuii muromuit 00-
cAar 3aiiMaroTh MiK(a3HI TpaHUIl, IO CYIpO-
BOJ/DKY€ETHCSI 301NTBIIIEHHAM CTHCKAIOUHAX HAIpy-
JKeHb. Lle MOBMHHO MPUBOIUTH A0 MiJBUILIECHHS
TBepaocTi. BuBueHnHs Mikpodpakrorpamm Oara-
TOLIAPOBOT0 IOKPUTTS MOKa3aJlo, 10 OTPUMaHi
3KOJIM MAIOTh IOCUTh MPaBUIbHY (OPMY, Xapak-
TEpHY AN pYHHYBaHHS MeTaly I i€l
Hamnpy)XeHb CTHCKaHHA. Jlocmi/pkeHHS MIapiB
TOBIIMHOIO TOpsAAKy 20 HM MOKa3zajio OibIn
po3MuUTy Mix(a3Hy TpaHHIIO, IO BeAe [0
3MEHIIIEHHSI TUTOMOTO BHECKY I'PaHHIIb.

Ha puc. 5-8 mpezacraBneni rictorpamu, mo-
OynoBaHi 3a pe3yJbTaTaMH BUMIPIOBaHHS
HaHOTBEPAOCTI MPU BaKyyMHO-IYTOBOMY OCa]-
JKeHH1 OararomapoBUX HaHOCTPYKTYpHUX TiN-
MoN NoKpuTTiB, OTpUMaHUX NP Pi3HUX Mapa-
MeTpax, L0 JO3BOJISIIOTH BCTAHOBUTH BIUIMB
KITBKOCTI ImapiB Oe3mepepBHOTO 0OOepTaHHS,
TUCKY a30TYy, HallpyTd IMIyJIbCHOI Ha IMiJKITaIIi
Ha BCJIIMYHUHY HaHOTBepIIOCTi.

()
o

S
o

Hanotsepaicts, H, I'Tla
S ]

10
1 2

Puc. 5. I'icrorpamu HaHOTBEpIOCTI MpPHU BaKy-
YMHO-IYTOBOMY OCaJDKEHHI Oararoriapo-
BUX HaHOCTPYKTYpHHX TiN-MoN mokpur-

TiB mpu ctpymi ayru | = 100-170 A,

Harpy3i nocrtiiHoi Ha miakitaaui U, , =40 B,

A

Hanpy3i iMmynbcHOi Ha migkiammi U, =
2000 B, tucky azory 1-10° mm pr. c1.: 1 —
oesnepepBHe obepranus 1800 miapis; 2 —
2700 1mapiB Oe3mepepBHOIO OOCpTaHHS.
Uac nanuntoBaHHS 2 TOJIUHU
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JocmimpkyBanu Kinbkicte mmapie 1800 Ta
2700; ctpym myru 3mintoBanu Big 100 go 170 A;
THCK a3oTa 3amaamn 1-10° MM pr. cr.,
3102 mm pr. cr., 5-10* MM pr. cr.; Hampyry
IMITyJTbCHY Ha migkiaaam — a0 2000 B.
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Puc. 6. I'icrorpamm HaHOTBEPIOCTI MPHU BaKy-
YMHO-IYTOBOMY  OCaJKEHHI Oararo-
nrapoBux HaHOCTpYKTypHHX TiN-MoN mo-
KpUTTiB 1ipu cTpymi ayru |, = 100-160 A,
Hampysl HOCTiIHHIM Ha migkmanmi U,
=230B, U,, —6e3 imnyinscis, 1800 mapis
OesnepepBHOro obepranHsi. Yac Hanmio-
BaHHs 2 roauHH, 1— THcKy asoty 3-10° Mm
PT. cT.; 2 — THCKY a30Ty 5-10 % MM pr.cT

40
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20

10

HanotBepaicts, H, I'Tla

Puc. 7. I'icrorpamu HaHOTBEpIOCTI MpPHU BaKy-
YMHO-IyTOBOMY OCaJKeHHI Oararomiapo-
BUX HaHOCTPYKTypHHX TiN-MoN mokput-
TiB mpu ctpymi ayru |, = 105-100 A,

Hanpy3i mHocTiHid Ha migkmagm U,

pis

230 B, U,, — 6e3 immynsciB, Ge3mepeps-
Homy oOeprtanHi 1800 mapiB. Yac Hanmwiro-
BaHHA 2 TOAMHHU, 1— THCKYy azoTy
310° MM pr. cT.; 2 — THCKYy a30Ty
5.10* MM pr. CT

40

a0

20

10

Hanoteepaicts, H, I'Tla
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Puc. 8. Iicrorpamu HaHOTBEpIOCTi MpHU BaKy-
YMHO-IYyTOBOMY OCaJDKEHHI Oararomapo-
BUX HaHOCTPYKTYpHHX TiN-MoN mnokpur-
TiB pu ctpymi ayru |, = 100-170 A,
Hampysi nocTiHiil Ha migxmaami U, =
= 40 B; Tucky asory 5-10* MM pr cr. Yac
HAITIOBAHHA 2 TOAWHH, 1— 03 IMITyIbCiB;

2 — Hampyra IMIIyJbCHA Ha ITiIKIAJII

U, =2000B
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1 2

Puc. 9. I'ictorpamu niHiiHOTO 3HOIIYBaHHS 3a 5
rOJMH NpH HaBaHTaxeHHi 1000 kr/em? 1 —
cipuii 4yaByH 0e3 TOKpPUTTS; 2 — 4YaBYH
micisg  ocamkeHHs OararomapoBux TiN-
MoN nokpurTiB

HaneceHHst /JBOIIApOBOTO  IMOKPHUTTS HA
cipuii 4aByH 1 CYNpPOBOKYIOUl HOTO mpouecu
MPHUBEJIU 10 ICTOTHOI'O MiABHINEHHS 3HOCOCTIMH-
KOCT!I.

BucHoBkn
1. Hanecenns OararomapoBux TiN-MoN
NOKPHTTIB Ha CIpuil YaBYH CTBOPIOE HA MMOBEPX-
Hi CTUCKaIO4i HanpyXeHHSI.
2. MakcuMallbHI 3HAY€HHS HAHOTBEPIOCTI
npu HaHeceHHi Ti-Mo-N mokputTs criocrepira-
IOTBCSI B CaMiil TOBEPXHI.
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3. JliniiiHe 3HOINYBaHHS 4YaBYHYy, Ha SKHH
HaHeceHe Ti-M0-N nmokpuTTs, 3MEHITYeTbCA Y 8
pasiB.

4. B onHaKOBUX yMOBaX HaHECEHHS MOKPHT-
TS Ipu Oe3nepepBHOMY 00epTaHHi 3i 301NbIICeH-
HAM KimpkocTi mapiB 3 1800 go 2700
HAHOTBEPICTh 3pocTae Maibke Ha 40 %.

5. Ilpu 30inpmieHHi Bakyymy Mpu HeE3MiH-
HOCTI BCiX IHIIMX TMapaMeTpiB HaHECEHHS IIOo-
KPHUTTSI HAHOTBEPAICTH 3pocTae Ha 25 %.

6. BakyymHO-myroBe OCapKeHHS, IIpOBe-
JeHe TpU IMIyJIbCHIM Hampy3i Ha MigKIazi
U, piBHiii 2000 B, 3abe3nedye miABUILEHHS

HaHoTBepaocTi Ha 30 % y mopiBHSHHI 3 6€3iM-
MyJBCHUM TPH BCiX 1HIIMX OJHAKOBUX yYMOBaX
IPOBEJICHHS EKCIIEPUMEHTY.
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THE CHOICE OF PRECIPITATION PARAM-
ETERS OF VACUUM-ARC NANOCRYSTAL-
LINE COATING FOR INCREASING WEAR
RESISTANCE OF PISTON RINGS

Hlushkova D., Voronkov A., Nikitchenko 1.,
Kostina L., Bagrov V., KhNAHU, Kalinin A., P1-
HE «Prydniprovska State Academy of Civil Engi-

neering and Architecture»

Abstract. The production of piston rings the main
failure of which is wearing of working surfaces takes
a considerable place during various parts producing.
The wear resistance of metal is determined by com-
bination of a structure, high hardness and plasticity,
stability of mechanical properties, the high satura-
tion and the uniform distribution of alloying ele-
ments. It has been investigated the influence of multi-
layered vacuum-arc nanostructure coating on wear
resistance of piston rings. The material on the multi-
layered coating was applied by means of vacuum-arc
method was the grey cast-iron. Multi-layered two-
phase nanostructural coatings TiN-MoN were pre-
cipitated in the vacuum-arc plant "Bulat-6".
Nanoindentation was conducted by means of a
pyramid of Berkovich at loading 0,5 H with loading
and unloading executed automatically. Metallog-


mailto:diana@khadi.kharkov.ua
mailto:kostina4991@gmail.com
mailto:Dioxid26@meta.ua
mailto:Dioxid26@meta.ua

BecTtHuk XHALLY, BbIn. 82, 2018

raphy researches were conducted by means of elec-
tronic microscope, study of the structural state of
coverages was performed on a scanning microscope.
The quantity of residual stresses in near-surface lay-
ers was determined on the difraktometr rent-
genovskiy DRON-2 by means of procedure of multi-
plied inclined shootings in radiation of copper anode
with graphite monochromator. The tests for wear
resistance were performed on the plant SMTs-2.

Research of the structural state of coatings
showed that at the layer thickness about 2 nx there is
no interface border and that’s why a spectrum is
revealed on diffractive spectrums that is typical for
monophasic state and material is hardened not much.
The absence of detectability of the interphase bound-
ary indicates the epitaxial growth of thin layers. The
hardness increases at occurrence of the second
phase.

In case of studying the layers of thickness about
10 nm it is observed the forming of two-phase struc-
tural state. The interfaces occupy a large specific
volume, that is accompanied by the increasing of
compressive stresses. It must result in harden-
ing.Coatings over 20nm thick are also biphase and
very hard. Increasing the compressive stresses and
increasing the hardness in the near-surface layer
leads to a significant increase in wear resistance.
Linear wear of cast-iron sprayed with coating Ti-Mo-
N decreases in 8 times.

Key words: vacuum-arc coating, nanohardness,
nanostructural coatings, wear resistance, piston
rings.

BbBIBOP TAPAMETPOB HAHECEHUA
BAKYYMHO-AYI'OBOI'O
HAHOKPUCTAJUVIMYECKOI'O ITIOKPBITUA
JIJISI TOBBIIEHUAA U3HOCOCTOMKOCTH
HHOPHITHEBBIX KOJIELY

'aymkosa J.b., Kocruna JIJI., Crenaniok A.H..,
XHAIY

Annomayun. OCHOBHOU NPUHUHOU GbIX00A U3
CMpos NOPUWIHEBHIX KOJley AGNAEeMCs USHAUWUBAHUE
pabouux nosepxuocmeil. B pabome npogedeno uc-
cnedogane  MHO2OCIOUHO20 — HAHOCHMPYKMYPHO20
HOKPbIMUsl, HAHECEHHO20 HA NOBEPXHOCMb NOpUiIHe-
8bIX KOJeYy ONsl NOBbUUEHUS. UX UZHOCOCOUKOCHIU.
Hokpvimue HAHOCUNU 8AKYYMHO-0Y208bIM MEMOO0OM
Ha cepulil yyeyn. Ycemanoeieno, ymo 6 no8epxHocm-
HOM Cllo€e CO30aI0MCs COHCUMAIOWUE HANPIINCEHUSL, A
meepooCcmy 8 NPUNOBEPXHOCIMHOM CI0e NOSbluidem-
C, UMo npueooum K 3HAYUMENbHOMY NOBbIULEHUIO
UBHOCOCMOUKOCTU.

Kniouesvie cnosa: noxpwvimue, HaHomeepooCcmo,
UBHOCOCMOUKOCb, NOPUIHEsble KObYA.



