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Beryn

B mporeci TepTs 3HOIIYBAHHIO JeTajed IMiAIaroThCs
camMe TIIOBEPXHEBI INapu, MI0 YHEMOXJIUBIIOE iX
Mojajbplly eKCIUTyaTallifo, Xoua camMa JeTajlb He
BTpaTHja MIITHOCTI 1 Moria Ou 3a0e3NednuTH HaAidHy
poboTy Oyab-sIKOi KOHCTPYKIIii, MEXaHi3My YH arperary.
Tomy mnepiiodeproBuM 3aBIaHHSIM € 3MIIHEHHS MIapiB
TIOBEPXOHb TePTSA. B 3ayIe)XHOCTI BiJ BUIY i YMOB TepTs
MTOBEPXHIO JIETai 3MIIHIOIOTh PI3HUMH METOJIaMH — Bif
TIOBEPXHEBOI'O TapTyBaHHS, HAHECEHHSM 3MillHIOFOUMX
MOKPUTTIB /10 eJeKTpodizuuHux wmeroxiB. lllupoxoro
3aCTOCYBaHHS HaOyB METOJ HAaHECEHHS KOMITO3MUTHHX
€JIeKTPO-JIITUYHUX MOKPHUTTIB, IO JA€ MOKIUBICT
(hopMyBaTH MOKPUTTS K i3 YACTUX KOMITOHEHT, TaK i3
JOMIIIKaMH  TIOPOUIKIB ~ HEMETaJiyHHX  MarepiaiiB
(xapOimm, cwrinman, Oopuaw, okcuad Ta iH.) Cuig
3ayBa)KHTH, 1110 TaKi MOKPHUTTS, HAHECEH] OCa/PKEHHSIM Ha
pobouy MOBEpPXHIO AETajli, MalOTh HEJOCTATHIO aJre3ito
Ta CYTTEBY MOPHCTICTh, IO CIIOHYKA€E IO JOJATKOBUX
TEXHOJIOTIYHUX ONepaliii 3 MEeTOW YCYHEHHS IuX
HenonikiB. Ile ommaBieHHs, o00poOka  Ja3epom,
mudysiiiHe HAacWYeHHA Ta iHmE. SK  TOKa3yloTh
nmocnmipkenns [1], pisHi Meromu 0OpOOKHM HaHECEHUX
MOKPUTTIB € €()EKTHBHUMH B KOXXHOMY KOHKPETHOMY
BUIAJIKy B 3QJIEKHOCTI BiJ TPUPOIU Ta CTPYKTYpH
MTOKPUTTS.

. 3amaua nocjigxeHHs: Ta 00roBOpPeHHs
iX pe3yabTartiB

Meroto naHoi poOOTH € JOCIHIIKEHHSI BIUIMBY
nmudysiitHoro HaCUYEeHHS Ha 3HOCOC-TIHKICTh
KOMIO3UTHOrO ejektponitudroro mokputrst (KEIT) wa
OCHOB1 HIKeIr0, HaHeceHoro Ha cranp X18H10T.

JHocmimxennro miggasanucs KEIT Ni — Mo, Ni-B4C Ta
Ni-TiC micas audy3iiHOrO HACHYEHHS XPOMOM B
MOPOIIKOBUX cyMmimax. LluM camuM mnepecini-ayBanach
MeTa IiJBUIIUTH 3HOCOCTIHKICTh MOBEPXHEBHX IIapiB
nokputTsd, ryctuny KEII ta anresito #oro Ha craii
XI8HIOT.

Judysiiine  XpoMyBaHHS  INPOBOJAWIOCH  MpH
temnepatypi 1100°C 3 pisEmm wacom BHTpHMKa, a
BUIIPOOYBaHHS Ha TepTsl 3IIHCHIOBAIOCH HAa MallMHI
CMII-2 npu pi3HUX HABaHTAKCHHAX, IBUIKOCTIX 1 Yaci
BUTIPO-OyBaHb.

Ha puc. 1 npuBeneHa MIiKpOCTPYKTypa OCaPKESHOTO

Puc. 1. Tudyziiino xpomo-Banuii KEIT Ni-Mo Ha
crani XI8H10T x300.
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KEIT Ni-Mo na crami X18H10T micns audysiiiHoro
XpomyBanHst 1pi Temmepatypi i 1100°C ma mnporssi
TPBOX TOJHH.

MIiKpOTBEpIICTH XPOMOBAHOT 30HU IiJBU-
Ilach  B3araji  HecyTTeBo. | jmme y
MPUTIOBEPXHEBIM 30HI JEMIO BHINA, IO CIiJ
OB’ SI3aTH 3 MPY)XHO Je(OPMOBAHUM CTaHOM
MOBEPXH1 3pa3ka 1 BIAMOBIIHO ITIBUINCHHIM
eHeprii nedopmanii kpucraiaiuHoi rpatku. Ha
TPaHUINl TIOKPUTTA — CTajdb copMyBaiIach
JOCTaTHBO IIUpOKAa AuQy3iiHa 30HA, sKa
XapaKTEepPU3YETbCS BHUCOKOIO KOHIIEHTPALIEIO
HIKEJTI0, MOJTIOICHY, a TaKOK 3aii3a (puc. 2).

SIKImo He3HayHWH BMICT aToOMIB 3aji3a 3
MOCTIMHOIO KOHIIEHTPAIIIEI0 IO BCIA TIMOWHI
HAHECEHOT0 IOKPUTTS MOSICHIOETbCA 3a0py/i-
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Puc. 2. Po3nozisn eneMeHTIB 110 TOBIIMHI MOKPHUTTS
micist U y3iHHOTO XpOMYBaHHS.
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Puc. 3. Tsepmictb 1o Bikkepcy mudysiiHo

xpomoBanux KEII.

HEHHSIM 3aJ1130M EJICKTPOJITUYHOI BAaHHH, TO
pi3Ke TIABUINEHHS WOTO KOHIIGHTpallii B
IUQy3iiHIi 30HI € pe3ylbTaToM 3YyCTPIUHOi
nudy3ii aromiB 3aniza 13 craii. PopMyBaHHS
TaKoOl 30HH aHYJIOE PI3Ky TPAHUIIIO PO3TOILTY
1 3a0e3medye BHUCOKY aAre3it0 IMOKPUTTS 3
OCHOBOIO, IO € IO3UTUBHUM pE3YyJbTAaTOM,
0COOJINBO TpHM HE3HAYHUX TOBILMHAX HaHe-
CEHOTO MOKPHUTTSL.

Ha puc. 3 JaHa MOPIBHSUIbHA
XapaKTepUCTHKa  MIKPOTBEPJOCTI  PI3ZHOTO
ckiany KEII nmo 1 micns ix audysiiiHOrOo
XPOMYBAHHS.

3 giarpamMu BUJHO, IO B YCIX BHITaJIKax
nudysiiiae XpOMYBaHHSI MIJBUIILYE
MIKpOTBEPJICTh B MOPIBHSAHHI 10  3HAYEHb
BUXIIHOI CTpykTypHu. HailiBuioro MikpoTBep-
mictio B 1iboMy psiay mokazaB KEIT Ni-TiC sx
710, TaK 1 MICJi XpOMYBaHHS, L0 MOSCHIOETHCS
OUTBIII PIBHOMIPHUM PO3MOAUIOM YacTHHOK TiC
o 00'eMy MOKPUTTS 3a PaxyHOK iX BHUCOKOi
mucnepcHocTi.  Jlemo  HWKYI  MOKa3HHUKHU
mikpoTBepaocti Bianosinarote KEIT Ni-B4C i
HaMEHINIl 3HAYEeHHS MIKPOTBEPAOCTI Xapak-
teppusytore KEIT Ni-Mo, mo mnos’s3ano 3
BIJICYTHICTIO B HbOMY KapOiaHoi (a3u, a micis
IUQy31HOTO XpOMYBaHHSI CTPYKTypa SBIISiE
co00I0 TBEpAMIl PO3UMH KOMIIOHEHT XpOMY,
Hikemo Ta Mojioneny. Ha puc. 4 mnonani
pe3ynbTaTH BUNPOOYBaHb Ha 3HOCOCTIMKICTH
KEIIl na ocHOBI Hikenwo micas audysiitHOTO
XpOMYBAHHS.

XapaKkTepHUM € Te, 1110 HalBUIIII 3HOCOC-
TIMKOCTI BIATIOBIJIa€ MOKPUTTS HE 3 HAMBUILOIO
mikpotBepaictio (Ni-TiC), a mokputts Ni-B4C.
I e miaTBepUKYE pe3yabTaTH JOCITIKEHb [2],
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Puc.4. 3anexxHicTh BETMYMHU 3HOUICHHS TU]y3iii-
Ho xpomomanux KEII nHa crami X18H10T Bin
NUIIXY TepTs npu HaBaHTaxeHHi P = 15 H/mm.
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[TinBUIIIEHHS 3HOCOCTIHKOCTI KOMITO3UIIIHHUX enekTpomiTnuaux nokputtis (KEIT)...

B SKUX aBTOp IIOKa3aB, IO M1JBUILIEHHS
TBEPJIOCTI Marepialy HE € 3amOPYKO IiJIBU-
IIEHHs HOro 3HOCOCTiHKOCTi. TyT, OYEeBHIHO
CHPaLbOBYIOTh PI3HI MEXaHI3MU 3HOIIYBaHHS,
X04ya BCl BOHHU IIOB'Si3aHlI 3 €HEPreTUYHUMU
3aTpaTaMM Ha pIiBHI KpUCTaJliyHOT OyJI0BU
pedoBuHU. YacTuHa eHeprii HaOyBae XapakTepy
JMCUIIATUBHOCTI, @ YaCTUHA KOHLIEHTPYETHCS B
MIKpOOO'€Max PEYOBUHU 1 CIIPUUYMHSIE IUCIO-
Kallii, 1110 MPUBOJUTH JI0 HAIIPY’KEHOT'O CTaHy B
OKpeMHX 30Hax. Buxin nucriokarii Ha mosep-
XHIO OKpHUXYy€ Ii, 110 IPUBOJUTH IO CKOJIO-
BaHHA Ha pIBHI MOHOIIApYy, a BIANOBLAHO
MIIBUIIY€E 3HOLTYBAHHS (CTUPAHHS).

B poGoti [3] mocmimkeHO CTPYKTYpHO-
€HepreTUYHy MOJIEJIb 3HOUIYBaHHS — 3HOCOC-
TIMKICTb MOKPUTTIB MPU OJIHAKOBUX YMOBax Ta
BUJIl 3HOIIYBaHHS 3QJIEKUTh HE JIMIIE BiJ
TBEPAOCTI Marepiany, aje W BiJ CTPYKTypHu
NOKPUTTA. TUIbKM AJI1 HOKPUTTIB OJIHOTO THILY
CTPYKTYPH CIIOCTEPITa€ThCsl KOPENSAIiss MK
BEJIMYMHOIO 3HOCY 1 TBEpHAICTIO IOKPUTTIB.
I'pagieHT 3HOCOCTIMKOCTI 3a TBEPHICTIO MpPHU
OJIHAKOBOMY BHJ1 3HOIILYBaHHS PI3HUN Ui
pPI3HUX MaTrepialiB MOKPUTTA. 3OUIbLIEHHS
TBEPAOCTI  HOKPUTTS  MOKHA  JIOMOITHCH
bopmyBaHHSIM y IOKpHUTTI TBepauX (a3 (kapoi-
i, OOpUIH, OKCHIM), ajie Uil CYTTEBOTO
30UIbILIEHHSI 3HOCOCTIMKOCTI 11 (pa3u MOBHHHI
OyTH HaJIMHO 3aKpilJIEHI B METaJEBi OCHOBI
MOKPUTTSL.

Taka iHTepmperanis MiATBEPIKYETCS
pobortoro [4], B sKiii pO3MIISIA€THCS 3B’ I30K
3HOUITYBaHHS 3 HalpPY>KEHUM CTaHOM PEYOBHHHU.
SIkmo BBakaTH, IO BeNIMYMHA Jedopmarii
mpomopIiiiiHa BennurHi Bektopa broprepca, To
MPYXXHIO €HEPril0 Ha OJMHULII0 JTOBXKUHU JHC-
JIOKAIi1 MOYKHA 3allMCaTH Y BUTJIAI |

dE = (% wy?) 2 zrdr,

ne K — TIOCTIfHA HampYXEHOTO CTaHy
Marepiany; y — Hampyra B CepeIMH1 TUCIOKAIIIT,
I — TOBIIMHA HAPY>KEHOTO CTaHYy.

[TockutbKu AUCIOKALll, KOHIIEHT-PYIOUHCH
y TOBEPXHEBHUX MIKpOIIApax, OKPUX-UYIOTh
camMe TUIbKM MIKpOIIAap MOBEPXHI TepTH, TO
JNOCTaTHBO  OIIHUTH  JIMIIE HAmpyry Iio
TIJTOTIMHI:
X (x2 - x2)
s=_ M6 M 21 22 |
2p (1'n) xp txo
€ 6 — BIOHOCHE 3MIIIECHHS AHUCIIOKAIlll Ha
BiIIaNb X2, TOOTO — BEJIWYMHA BEKTOpa
broprepca; X1 — Touka 3apoKEHHS AUCIIOKAIIIT,
Y —4acToTa KOJMBAHHS aTOMIB.

[ligcraBngioun B 1€ PIBHSAHHSA 3HAYCHHS
x2=0 i Bekrop broprepca, piBHuii 3, 3anumieHo:
He He X
0= ———— — InZ22 :
2p(1-n)x1 2p(1-n) X,
10 1 BU3HAYa€ MPYKHIO €HEprio B KpahoBiil
muciokarii. OpHak, cCiix 3a3HaydTH, 10
po3paxyBaTU TaKy €HEpril0 € BKpail CKIJIaJHO,
00 BIICYTHI1 3HAYEHHS MOCTIMHUX BEIIWYUH, IS
pI3BHMX MaTepialiB, OTXe, TaKe OIMUCAHHSA
SIBJIIETHCS CYTry0O TEOPETUYHUM BUKJIAIOM.

; 3Bigcu E =

BucHoBku
IlinBuIteHHA  3HOCOCTIMKOCTI  KOMIIO-
3ULIAHUX ~ €JIeKTPOJITUYHUX MOKPHUTTIB Ha

OCHOB1 HIKEJII0 METOJIOM XIMIKO-T€pPMIUHO1
00poOKM € e(pEeKTUBHUM TEXHOJIOTITYHUM
npuiioMoMm, 60 CIpHUS€ OJHOYACHO YIIUIbHEH-
HIO TIOKPUTTS Ta TIIBUIIEHHIO ajresii 3
MaTpPHUILIEIO.

TBepaicTp MOKpUTTA 1 HOro 3HOCO-
CTIMKICTh HE YTBOPIOIOTH MPOMOPILIIHOT 3aex-
HOCTI, a 3aJIe)aTh BiJl CTPYKTYpU Marepiairy Ta
MEXaHI3My HOro 3HOLIYBaHHS, KU 0a3yeThCs
Ha EHEpPreTMYHHX 3arpaTax (QOpMyBaHHS
JMCIIOKallll 3 BUXOJIOM iX Ha IMOBEPXHIO, 1110
NPUBOJUTh JO CKOJIIOBAaHHS TOBEPXHEBHUX
MIKpOIIapiB, TOOTO IO 3HOIIYBAaHHS AETall.

Jobypax B.A. — imxenep.
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Conducted research influence of chrome dif-fusion of composite electrolytic coatings on their wear resistance.

1040



