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®I3UKO-MEXAHIYHI BJACTUBOCTI TA CTPYKTYPHO-®A30BUI
CTAH 3HOCOCTIMKHUX ITOKPUTTIB HA OCHOBI HITPHUJIIB W TA Cr

I'osopyn T. I1., Iamopa K. O., IInaunenko O. B.,
IlepepBa B. 1., Bapenuk C. B., Ociues /. P.
Cymcbkuii 1ep:KaBHUI YHiBepcUTeT

Anomauin. Y pobomi poszensnymi memoou OmpumMants 3HOCOCMIKUX NOKPUMMIE HA OCHOBI HIMPUOie
memanie W ma Cr, oxapakxmepu3oeati ix nepegacu ma neoonixu. 11ioibpani pesicumu kondencayii ma-
KUX NOKPUMMIG i3 PI3HUM CRIBBIOHOUEHHIM KOMNOHEHM Y MACHEeMPOHHIU cucmemi 3 NOCIMIUHUMU Ma-
enimamu. Tlposedeni 0ocniodncen s MIKpOCMPYKIMYpU ma CmpyKkmypHo-gazoeoeo ckaady. [locuioice-
HO MiKpomeepoicmb OMPUMAHUX NOKPUMMIE Ma NPOAHANI3068AHT OMPUMAHT pe3yIbmamu.
Knrouoei cnoea: pizanvhuti incmpymenm, 3HOCOCMIUKI NOKPUMMSL, NOBEPXHeBe 3MiYHeHH L.

Beryn

Ha choromni BaknuBe 3HAuYCHHS MalOTh
CBITOBI TeHIEeHLIT 1010 30UIBIIEHHS MIBUAKOCTI
BHPOOHHIITBA 1 BUKOPUCTAHHS OUIBII JICTKHX 1
MEHIII KOIITOBHHUX MatepianiB. HeBmuHHE 3poc-
TaHHSI BUMOT JI0 HIBHJKOCTEH 1 HaBaHTa)XKEHHS
HA MAIllMHU Ta IHCTPYMEHT POOWTH Iie OuIbII
aKTyaJIbHUM BHPIILICHHS TPOOJIEMH 3HOIIYBaHHS
Marepiamis [1-3].

AHnani3 myOaikamii

JlocmiKeHHST 3HOCOCTIHKHMX IMOKPUTTIB Ha
ocHoBi HiTpuaiB Ti, Zr, Mo, W i Cr noka3yoTb
iX BHCOKY TBEpIICTh 1 BiJIMIHHI TpHUOOJOTI4HI
XapaKTepUCTUKHU. Taki OKPHUTTS € TepCeKTHB-
HUMH MaTepiajJaMH JJisl IUPOKOTr0 3aCTOCYBaH-
HsI, HAIIPUKJIIA, SIK 3aXUCHI MIOKPHUTTS BiJ IIBU/I-
KOT'0 3HOIIyBaHHS iHCTpyMeHTYy [4-11].

CrilikicTh 0 3HOCY MOXJIMBO 3HA4HO IO-
KpalllUTH 32 PaxyHOK 3aCTOCYBaHHS OaraToria-
pOBHUX 1 KOMIUTIEKCHUX MOKpUTTIB [12]. [upoke
KOJI0 HAYKOBHX JOCIHI/DKEHb MPUCBSYECHO BHB-
YEHHIO BJIACTHBOCTEH MaTepiaiiB HAaHOCTPYKTY-
pOBaHUX TOKPUTTIB 3 yHiBepcaidbHHMHU [13] Ta
BHCOKAMH 3HOCOCTIHKUMH XapaKTepPUCTHKAMH
[14-15]. Cepen pi3HOMaHITHUX TOKPUTTIB
HITPU/IHI HAHOKOMIIO3UTHI 200 HaHOIIAPOBI CH-
CTEeMH AOCIIDKYIOTBCS JOCHTh IIHUPOKO [5-10,
12, 16].

Iopsin 3 uwmM, CTpyKTypa i TpHUOOJIOTivHI
BJIACTUBOCTI MOKPHUTTIB W-N Majio A0CHiIKeHI.
Bci BuIie nepepaxoBaHi HOKPUTTS Ha OCHOBI Ti-
N, Zr-N, Mo-N, Cr-N ta W-N ¢a3 uytnusi 10
NapiabHOTO THUCKY N,, BHKOPHUCTOBYBAaHOTO
mig dvac ocamkeHHs. [lpu HemocTaTHHOMY
napiiaJlbHOMy THCKY PEaKTHBHOTO razy B Ka-
Mepi  OCa/pKEHHs, MOXJIHMBEe (OPMYBaHHS
MDKaTOMHUX 3B’S3KIB 3 HU3bKOI XIMIYHOIO i
TEPMIYHOIO CTaOLIBHICTIO.

Hitpuan nepexigHuX MeTaliB po3TisIaloTh-
Csl, SIK 3aXUCHI TIOKPUTTSI, 3aBISKHU iX BIAMIHHUM
BIIACTUBOCTSIM 32 TBEPJIICTIO, 3HOCOCTIHKICTIO Ta
KOpO3iifHOO cTiliKicTio. CHcTeMa HITPUI XPOMY
(CrN) € nmepcrieKTHBHOIO ISl IOKPUTTIB 3 BHCO-
KOIO TBEPJICTIO, BIAMIHHUMHU aHTHOKHCIIIOBAJIb-
HHUMH BJIACTHBOCTSIMHM Ta TapHOIO CTIHKICTIO 110
Kopo3ii Ta 3H0Cy [4, 12, 17]. Bonbdpam, y me-
Tam4yHid GopMi, € IHIIUM MaTepianoM, SKUi
4acTO BHKOPHUCTOBYETHCS Yepe3 BUCOKY TeMIIe-
paTypy ITUIaBIIeHHSI 1 BHCOKY TBepaicts [17].
[okputTs HiTpUIY BONb(paMy 3aCTOCOBYIOTH Y
ONTHYHUX Ta MIKPOCNEKTPOHHUX TNPHIIAJIAX,
TaKuX K Oap'epHi mapH Ta enexkTponu. Tum He
MEHIIIe, MOYKHA BHSIBUTH OOMEKEHY JITepaTypy
010 MOro MEXaHIYHUX BIacTUBOCTEH. 3podiie-
HO BHCHOBOK, IO MOKPHUTTSA HAHOIIAPOBOI
KOH(}Irypallii 3 Y4UCTUM METajJoOM Ta HITPHIAMH
MeTajiB, MalOTh BHII MEXaHIYHI BJIACTHBOCTI,
HDK OHOIIAPOBI MOKPHUTTS. ToMy BHOpaHa Tema
pOOOTH € aKTyaIbHOIO.

Merta i nocTaHOBKa 3aBIaHHA

Meroro poboTu € JochimkeHHS (i3UKO-
MEXaHIYHUX BJIACTHBOCTEH Ta CTPYKTYpHO-
($azoBoro CcraHy HaHOIIAPOBHX MOKPHUTTIB
CrWN, ocapkeHHX Ha CTalleBy NiAKIAAKY 3
PI3HOIO IIOPCTKICTIO TOBEpxHi. Taki HaHO-
crpykrypoBaHi mokputts CrWN MaioTh pi3Hy
KOHIIGHTpaIlieto KoMmroHeHT. Jlis peamizarii
OKpECcIIeHOT MeTH HeOOXiJHO BHPIIIUTH TaKi 3a-
BJAHHS: JOCHIJUTH TIOBEPXHEBY CTPYKTYpY Ta
crexiomerpito CrWN MOKpUTTIB OTpHUMaHUX
MarHeTpOHHHUM  METOJIOM 13  KOMIUIEKCHOI
MillleHi; TMpoaHai3yBaTH BIUIMB TlapaMeTpiB
KOHJICHCAIlii Ta MIOPCTKOCTI MOBEPXHI MIAKIIAI-
KM Ha MEXaHIYHI BJIACTHBOCTI MMOKPUTTIB Ha OC-
HoBi HiTpuaiB W Ta Cr.
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MeTtoauka ekcnepuMeHTy

Sk migkiIaaKyd BUKOPHUCTOBYBAIKMCH 3pa3Ky 3i
mBHJIKOpi3anbHOi ctani POMS, mo mae dikco-
BaHUU po3Mip 15 MM X 15 MM x 5 MM, XiMidHM
CKIIaJ MiJKIAgKA HaBemeHo B Tabn. 1, BiH
Bignosigae 3HadeHHsM JICTY B Mexax morry-
ctumoi moxubku. [ligknaaku Oymu momipoBaHi
MEXaHIYHUM METOJA0M B KOMOiHAMIl 3 aJIMa3HUM
nuTipyBabHAM JTUCKOM. Pi3Ha MIOPCTKICTH MMO-
BEpXHI OyNa JOcATHYTa 3a JOMOMOrol 00po0-
JIeHHs1 NUTIyBaJbHUM MAepoM i3 Pi3HUM pO3-
Mmipom 3eper (800, 1000, 1200 1 1500) Mokpum
nuTipyBaHHSAM Ta NUTiQyBaHHSM HA MOMEPEIHINH
3€PHUCTOCTI. P&XXUMH MPOBENEHOT0 0OpOOISH-
HS IMIKIaJ0K HogaHo B Ta0m. 2. Jlam migkaagKu
OUHUIIATIK YABTPa3BYKOM MpoTsaroM 10 XBHUIHH
MOCIJOBHO B alleTOHI Ta ETHIIOBOMY CITHPTI.
Hoxputts CrWN ocamKyBaIrch MarHETPOHHUM
METOJOM 3 IIOCTIMHMMHM MAar”itaMu 13 KOM-
IJICKCHOI MimeHi, sika ckiaamanacs 3 Cr ta W Ta
MaJyia pi3Hi CIIBBIJHOIICHHS 3a IUIOmIer0: 95:5,
75:25, 50:50. [oTyxkHicTh pO3psly CTAaHOBHIIA
500 Br. Mimens Cr+W mnornepeaHbo O4uIaii B
Kamepi B atMocdepi aprony npotsrom 10 xBu-
muH. KoHzeHcalliss MOKpUTTIB BijOyBanacs B
Kamepi 3 6azoBum trckoM 107 = 107 Ia.

Tab6muns 1 — XiMiuHuA CKIIa] miaKiIaaky (Bar. %)

C |Si|Mn|Ni| S P |Cr|Mo|W |V |Co

0,82|0,3 10,44/0,35(0,008(0,0274,34/4,83|5,91|1,94/0,27

Tabnuugt 2 — [IpuroryBaHHs MiIKITaI0K

3pa3ok [pouenypa oOposnsiHHS
1 800 3epen 10 xBuiuH
2 1000 3epen 10 xBumuH
3 1200 3epen 10 xBuIUH.
4 1500 3epen 10 xBumuH

Jlnst IKiCHOTO Ta KUTBKICHOT'O aHali3y CKIIaLy
1 CTPYKTYpH MOKPUTTIB BUKOPUCTOBYBAIIM PEHT-
reHorpadidHAN aHaJi3 i3 3aCTOCYBaHHSM PEHT-
reHiBcbkoro cmekrpomerpa Jpon 4.07 (3
BurnpomintoBanHsM CuK, 1oBKuHa XBHIII J0pi-
BHIOE 0,154 HM).

OcapkeHHsT TOKPUTTSL BiIOYBaiocs B aTMO-
chepi mBox rasie Ar ta N,, CHIBBiIHOIICHHS
sikux cranoBmwio 10 mo 1. Ha puc. 1 naBemena
MOJKJIMBICTh BapilOBaHHS MIBUAKOCTI KOHJEHCa-
1ii, sika Oyja peanizoBaHa yepe3 momady pizHol
HATpYyry A0 MillleH] i MOTOKOM rasy, mo CKja-
Jana npuOiau3Ho 1 MKM/TOI.

ToBuIMHA HAHECEHOTO TIOKPUTTSI KOHTPOJIFOBA-
Jlacs in-Situ-MeTOA0M KBapI[OBOI'O PE30HATOPA.

TBepaicTh BUMIPIOBAIM 32 METOJOM MIKpO-
IHIGHTYBaHHS 3 YOTUPUKYTHOIO aliMa3HOIO

nipaminoro Bikkepca 3 xkyrom 136 °, siKy BHKO-
PHUCTOBYIOTH SIK 1HICHTOP Y pa3i HaBaHTaKEHHS
50 rp.

Puc. 1. 300pakeHHsT IPUCTPOIO IS OCAJKSHHS
3pas3kiB: | — MarHeTpoH; 2 — TpuMad 3pas3Kis;
3 — TpyOka mojaui ra3zy B 00JIacTh MiX TpH-
MadeM 3pa3KiB Ta MArHETPOHOM

JlocmipkeHHsT TIOBEPXHEBOT CTPYKTYpH TIO-
KPUTTIB 3IIMCHIOBAJIMCh Ha CKaHYBaJbHOMY
enekTpoHHOMY Mikpockoni Tescan VEGA 3.
Enepromucnepciiini criekTpu OTpuMaHi 3a Ja0-
MOMOT'0I0 JIOJIATKOBUX JCTEKTOPIB Ha IBOMY K
MIiKPOCKOITI.

PesynbTaTtu gociigkeHb Ta 00roBOpeHHs

[IpoBeneni pentrenorpadidfi JAOCTIIKEHHS
JIEMOHCTPYIOTb, 1110 J0 CKIIaJy OTPHUMAHOTO I0-
kputTs Hanexarb ¢azn WN, W,N, CrN (rm-
6uHa iHdopMaliiHoro mapy ckiajgana OIu3bKo
200 uM) 3 kyOiuHOO (cTpykrypa THIy NaCl)
KPHUCTATIYHOIO PEIIITKOI0 0e3 SIBHO BHUPAXKEHOI
oci opieHTarii 3epeH. Ha puc. 2 sk npukian Ha-
Be/IEHI PEHTreHOrpaMu, OTPUMAaHI BiJl 3pa3KiB 3
IIOKPUTTAMU CI'75W]N24 Ta CI'56W4N4().

1, BigH. ox.
100

Puc. 2. Pertrenonudpakiiiiii CrieKTpy MOKpUT-
TiB CI'75W]N24 (a) CI'56W4N40 (6) 1 TaOIM4Hi
3Ha4YeHHS HITPUIIB XpOoMy Ta Boibdpamy (B)
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Ha puc. 2 B HaBeneHi TaONyU4HI 3HAYCHHS BiJl-
HocHO CrN — 01-076-2494, W,N — 00-025-1257,
WN - 01-075-1012.

Sx nemonctpye puc. 2 (a i 6), BinOyBaeThCs
Momu(ikallis CreKkTpa 31 3MIHOI KOHIIGHTpaIlil
KOMIIOHEHT y MOKpUTTI. Tak, IS MOKPUTTA 3
OinmbmuM BMicTOM W OLIbII ICTOTHUMU CTalOTh
KK, 110 BIANOBIAaI0Th (pa3zaM HITPUIIB BOJb-
pamy.

Hocmimkenns, orpuMmanux  Cr-W-N-mok-
PUTTIB, MPOBENCHI Ha CKaHYBAJIBHOMY EIEKT-
POHHOMY MIKPOCKOIIi, JEMOHCTPYIOTh HAHOKPH-
CTaliuHy JpiOHOAMCIEPCHY  CTPYKTYpY 3
po3mipom 3epHa a0 50 HM Ta iX PIBHOMIPHHUM
PO3MOIIIOM B3J0BXK IMOBEpxHi (puc. 3).

5 MEM
—

Puc. 3. Tunose 300pa>keHHs MOBEPXHI 3pa3Kka 3
MIOKPUTTSIM

Pesynbratu poboru podotm [18] 3 mocmi-
JDKEHHST MIKPOCTPYKTYpH cucTeM Ha ocHoBi Cr,
W Tta N JIeMOHCTPYIOTh TEHJCHIIIO YTBOPECHHS
IIJIbHOT Ta APIOHO3EPHUCTOI MIKPOCTPYKTYPH 3
BkpamieHHAIMH Wy Cr-N- moxputts. Ilpote
po3Mip 3epHa MOKpUTTS Ha ocHOBI Cr, W Ta N,
ominenuii y [18], cranous Bix 10 10 20 HM, 1110
TPOXH HIDKYE, HIXX Y IIbOMY JOCTiKeHHi. BBa-
KAEMO, IO BIUIMB TEMIIEPATYpPU OCaHKECHHS,
sIKa BHUKOPHCTOBYETHCSI B POOOTI, MOPIBHIHO 3
eKcriepuMeHToM y pobori [18], mpusBiB 10
OUTBII MIBUJIKOTO 3pOCTAaHHS 3€peH ITiJ] 4ac oca-
okeHHS Cr-W-N-TIOKpHTTSL.

I3 maHux aHayizy e€IEeMEHTHOrO CKJIaly MOK-
pUTTIB (Tabn. 3) MOXKEMO CIOCTEpiraTH YiTKy
KOpEIAIII0 MDK CKJIAJIOM MillleHI Ta CKJIaJ0M
OTPUMAaHOT'O TIOKPUTTSL.

Tabnuug 3 — CriiBcTaBiIeHHS CKIIAAy MillleHi Ta
CKJIaJly OTPUMAaHOrO IIOKPUTTS

Cr:W | Cr:W | Cr:W

Cxrnan mimeni, mac. % | 50:50 | 80:20 | 95:5
Cxunan nokpurts, at. % | 78:22 | 93:7 99:1

Enepromucnepciiini cnekTpu isi OKPUTTIB
Ha ocHOBI Cr, W Ta N, siki XapakTepu3yloTh iX
CTEX10METPII0 Ta 3HATI JJIsl Pi3HUX (ParMeHTiB,
M0/IaHO Ha puc. 4.

I, BigH. ox.
Cr
Enement, atom %
N - 39,66
Cr - 56,36
W -
Cr W 3,98
il W WWW
C
! Enemenr, atom %
N - 26,09
Cr - 73,05
W- 0,86
NCl' J
“f 1 Ul\ = |W W| L ] 1

0 2 4 6 & 10 12 14 E xeB

Puc. 4. Enepromucnepciiini CieKTpH, 3HATI JUIS
3pa3KiB CI'4()W56N4 Ta CI'26W73N]

Lli enepromucrnepciiiHi CHEKTPU TO0JATKOBO
MiATBEP/UKYIOTh 3pOCTaHHS BMICTY HITPHIIB
BOJIb(ppaMy B HOKPHUTTI 3 MiABUIICHHSAM BMICTY
BONb(paMy B MillleH], IO JEMOHCTPYE 3pOC-
TaHHS NIKIB Ig etemednTiB W ta N.

JocinkeHHs MexaHiYHUX BJIACTHBOCTEI
NOKPHUTTIB

lonoBHUMH YMHHWUKaMH, IO BIUIMBAIOThH
HA BEIWYHMHY TBEPAOCTI Ta 3HOCOCTIHKOCTI MOK-
putTie Ha ocHoBi Cr, W Ta N, € mapamerpu
KOHJIGHCAIlii, a caMe: Hampyra, IpuKiIajeHa o
MIJKIAIKA, TEMIIepaTypa MiAKIaAKH, KOHIICHT-
pauis rasiB, B SKHX BigOyBa€Tbcs OCaHKCHHS,
THCK Ta3iB 1 CKJIa MillIeH].

Pesynpratd JOCTIDKEHHS MEXaHIYHUX BJIa-
CTHUBOCTEH TaKWX MOKPUTTIB (32 HAMOLILII BUpa-
KEHOI0 W YHIBEpCAIbHOIO XapaKTEPUCTUKOI —
MIKpOTBEp/IiCTh) HaBElleH] Ha pHC. 5.

HH’ I'TIa
6
Cr,sWN,,
4L
o) Cr, W, Ny,
L & o)
o
2L & 4 = —A
I N TR B

800 1000 1200 1400

Po3mip 3epHa mist BUSHAYCHHS IIOPCTKOCTI

Puc. 5. 3anexHocTi MIKpOTBEPAOCTI BiJl MIOPCT-
KOCTI ITOBEPXHi ISl MOKPHUTTIB Ha ocHOBI Cr,
W ta N (0,0) Ta 6e3 TokputTs (A)



BicHuuk XHAAQY, sun. 88, 2020, 7. |

3HaueHHS MIKPOTBEPJOCTI HAHOIIAPOBAHUX
MOKPUTTIB CcKianano Omu3pko 3 ['Tla mis mokpur-
TA CI'39W] ]N5() Ta 5ITla I TIOKPUTTA CI'75W]N24,
0 Y3rOUKYEThCS 3 JaHuMH podotH [18]. Samex-
HOCTI MIKPOTBEPJOCTI Bifl HIOPCTKOCTI (pHC. 5)
JIEMOHCTPYIOTh CIIAJIANIBHUAI XapaKTep BeTMYUHU
H,, 3i 3MEHIIIEHHAM IOPCTKOCTI OBEPXHI.

ToOTo Take 3MelIeHHs] MPU3BOIUTH 1O He-
3HAYHOTO 3HIKEHHS TBEPJIOCTI TMOKPHUTTS, IO
CBIYUTH MPO 3HIDKECHHS aare3ii Ha OULIbIN TJ1aj-
Kux migknankax [12]. MakcumanbHe 3HaYeHHS
MIKpPOTBEPOCTI MOYKEMO CIIOCTEpiraTi Ha 3pas-
kax, muridoBanux aobpasuBoMm i3 1200 3ep-
HHUCTICTIO, IO MiATBEPPKYEThCS Pe3yJbTaTaMH
po6oru [19].

BuchHoeku

Ha ocHOBi gaHWX, OTpIMAaHUX PEHTTEHOrpa-
(IYHMM METOOM, Ta 3TiIHO 3 BU3HAYCHHSAM Mi-
KpPOTBEPAOCTI B PobOTI Oylo mpoaHalizoBaHi
CTPYKTYpPHI Ta MeXaHi4Hi BJIaCTUBOCTI 3HOCO-
CTIHKMX TOKpUTTiB Ha ocHOBi Cr, W ta N 3a-
JISKHO BiJl yMOB OTPUMAaHHSI.

JlocmipkeHHsT CTPYKTYpHO-(a30BOTO CTaHY
mokputTiB Cr-W-N neMOHCTpYIOTh, IO He3a-
JISKHO BiJI CKJIaJly MillleHi BUKOPUCTAHHS peak-
TUBHOT'O MarHETPOHHOTO PO3MHJICHHS J03BOJISE
OTPUMYBATH MOKPHUTTS 3 PIBHOMIPHOIO HIUTBHIC-
TIO CTPYKTYPH 1 TAPHOIO aJIre3i€ro.

AmHani3 pe3ynpTariB peHTreHorpadiuHux Jo-
CI/DKEHb JIOBIB, MO JO CKJIaay OTPUMAaHOTO
nokputTs Hanexats Gasm WN, W,N, CrN i3
KyOIYHOIO KPHCTAIIYHOIO PEIIITKOI Ta Cepel-
HiM po3MipoM 3eper 50 HM.

MiKpOTBEpAICTh HAHOIAPOBAHUX MOKPUTTIB
ciagana Omuzpko 3 [Tla gns  moKpUTTS
CI'39W]]N50 15 TITla JUIA CI'75W]N24 Ta CYTTEBO
3ajieKaja BiJ MIOPCTKOCTI MiAKIaakd. Makcu-
MajibHe 3HA4YCHHS MIKPOTBEPJOCTI OysI0 J0CsAT-
HYTO JUIsl BCIX THITIB TMOKPHUTTIB Ha 3pa3Kax,
nurioBanux abpasuBom i3 1200 3epHUCTICTIO.
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Physico-mechanical properties and structural-
phase state of individual coatings based on ni-
trides W and Cr

Abstract. Problem. Ti, Zr, Mo, W and Cr nitride
coatings are promising materials because they have
high hardness and excellent tribological characteris-
tics and are therefore widely used as a quick-wear
protective cutter. At the same time, the structure and
tribological properties of W-N coatings are poorly
understood. All of the above coatings based on Ti-N,
Zr-N, Mo-N, Cr-N and W-N phases are sensitive to
the partial pressure of N2 used during deposition.
Coatings with nanolayer configurations of pure met-
al and metal nitride have higher mechanical proper-
ties than single-layer ones. Therefore, the topic of the
work and the problems considered are relevant.
Goal. The aim of this work is to study the physico-
mechanical properties and structural-phase state of
CrWN nanolayer coatings deposited on a steel sub-
strate with different surface roughness. Such nano-
structured CrWN coatings have different component
concentrations. Methodology. In the work, samples of
fixed-speed P6M5 steel of fixed size 15 mm *x 15 mm X
5 mm were used as substrates, which were polished
by a mechanical method combined with a diamond
grinding wheel. Different surface roughness was
achieved by grinding paper with different grain sizes
by wet grinding, with preliminary grinding on the
previous grain size. A target consisting of Cr and W
with different area ratios was used: 95: 5, 75:25,
50:50. For the qualitative and quantitative analysis
of the composition and structure of coatings, radio-
graphic analysis was used, studies of the surface
structure of coatings and obtaining energy dispersion
spectra were performed on a scanning electron mi-
croscope. Results. Radiographic studies show that
the obtained coating includes such phases as WN,
W,N, CrN with a cubic (NaCl-type structure) crystal-
line lattice without a pronounced axis of grain orien-
tation. Studies carried out on a scanning electron
microscope of the obtained Cr-W-N coatings showed
a nanocrystalline structure with a grain size of up to
50 nm. According to the analysis of the elemental
composition of coatings, a clear correlation between
the composition of the target and the composition of
the obtained coating is observed. The main factors
affecting the hardness and wear resistance of Cr, W
and N coatings are the condensation parameters
such as the stress applied to the substrate, the sub-
strate temperature, the concentration of the gases in
which the deposition occurs, their pressure and the
composition of the target. Originality. It has been
found that the main factors that influence the hard-
ness and wear resistance of Cr, W and N coatings
are the condensation parameters such as the stress
applied to the substrate, the substrate temperature,
the concentration of the gases in which the deposi-
tion occurs, their pressure and the composition of the
target. The microhardness of the nanolayers was
about 3 GPa for Cr;gW;;Ns coating and 5 GPa for
Cr;sWiN>y and was significantly dependent on the
coating roughness and had a maximum value on the
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1200 grit abrasive samples. Practical value. The
investigated results of the dependence of the micro-
hardness on the roughness show a decreasing nature
with a decrease in surface roughness, that is, an in-
crease in surface smoothness leads to a slight de-
crease in the hardness of the coating. The obtained
values of microhardness of P6M5 steel with wear
resistant coatings based on W and Cr nitrides allow
to apply such coatings for surface hardening of ma-
chine tools and cutting tools.

Keywords: cutting tool, wear-resistant coating,
surface hardening.
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Du3nKo-MeXaHH4YeCKHe CBOWCTBA M CTPYKTYPHO-
(a3oBbIil COCTAaB M3HOCOCTOMKUX MOKPBITHII Ha
ocHoBe HUTpUI0B W u Cr

Aunnomayusn. B pabome paccmompenvt memoobvi
NONYyYeHUsi UZHOCOCHOUKUX HNOKPBIMUL HA OCHOBe

Humpuoos memannog Wu Cr, oxapakmepuzoeaHsi ux
npeumywecmsa u HedoCmamku, noO0OPansl pedicu-
Mbl KOHOCHCAyuu Maxkux NOKPuIMull ¢ pPasiuyHbimM
COOMHOUIEHUEM KOMNOHEHM 6 MACHeMmpPOHHOU CUC-
meme ¢ ROCMOsHHbIMU Machumamiu. IIposedeno
UCCne006aHue MUKPOCMPYKMypbl U CIMPYKMYPHO-
¢aszosoco cocmasa. Hccnedosana Mukpomeepoocme
NOJYYUEHHbIX NOKPLUNUL U NPOAHATUIUPOBAHBL NOTLY-
YeHHble Pe3YIbmamal.

Knioueevle cnosa: pesicywuii uHcmpymenm, usHoCco-
CMOUIKUEe NOKPbIMUSL, NOBEPXHOCMHOE YRPOUHEHUE.

I'oBopyn Tarbsina IlaBioBHa, K.(p-M.H., JOIEHT
kKadeapsl MPUKIATHOTO MATCPHAIOBEICHHUS M TEX-
HOJIOTMHA KOHCTPYKIIMOHHBIX MaTe€pHajoB,  TeJl.
+38-054-264-09-49,

e-mail: tatgovorun@gmail.com, hovorun@pmtkm.
sumdu.edu.ua,

dsanopa KoHcTanTuH AjleKcaHApOBUY, [I.T.H.,
mpodeccop Kadeapbl MPUKIAIHOTO MaTepHaIOBEIC-
HUS U TEXHOJOTMU KOHCTPYKIIMOHHBIX MAaTEpPHUAJIOB,
Ten. +38-054-264-09-49,

e-mail: dyadyura@pmtkm.sumdu.edu.ua,
Mununenko Anexcanap BajepueBu4, accUCTEHT
Kadenpbl 2IEeKTPOHUKH, OOIIel W npuKiIagHo ¢Gu-
3uKkH, Tei. +38-054-233-56-12,

e-mail: pylypenko.o@gmail.com,

IlepepBa Bajsentnna WBaHOBHA, MarucTpaHt
Kadeapsl MPUKIATHOTO MATCPHAIOBEIACHHUS M TEX-
HOJIOTMHA KOHCTPYKIMOHHBIX MAaTE€pHajoB, Tl
+38-054-264-09-49,

e-mail: valyapererval 8@gmail.com

Bapenux Cepreii BiaagumMupoBU4Y, MarucrpaHT
Kadeapsl MPUKIATHOTO MATCPHATIOBEIACHHUS M TEX-
HOJIOTMHA  KOHCTPYKIIMOHHBIX MAaTE€pHajoB,  TeJl.
+38-054-264-09-49,

e-mail: foxtrot1849101@gmail.com,

OcuueB JMutpuii PoMmanoBu4, cTyneHT Kadeapsl
MIPUKJIaTHOrO MaTePHUAJIOBEICHUS U TEXHOJIOTMH KOHCT-
PYKUMOHHBIX MaTepuaios, Tel. +38-054-264-09-49,
CyMcKkolf  TOCYIapCTBEHHBIH  YHHMBEPCHUTET, 2,
yi. Pumckoro-Kopcakosa, r. Cymbl, 40007, YkpauHa.




