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JOCJIIKEHHSA 3HOCOCTIMKOCTI EJJEKTPOICKPOBHUX
IHOKPUTTIB B YMOBAX ®PETUHI-3HOLIYBAHHS

HauionanbHuii aBianiiHuil yHIBEpCUTET

Excnepumenmanvro docniosceno eniug cepedosuwya npu @op-
My8aHHi enekmpoickposux noxkpummie BK8 na mpubomexuiuni
Xapaxkmepucmuku 6 ymosax gpemuney. Bemanosneno xinemuxy
ma MexamizM 3HOULY8AHHS NOKPUMMIE, 00CHIONCEeHO IX (hi3uKo-
MEeXaHiuHi 61acmueocmi.

3arajnbHa MOCTaHOBKA MpodjeMu Ta ii 3B’A30K 3 HAYKOBO-
NPaKTHYHUMH 3aJa4aMH. BaxinuBuUM HampsiMOM ITiABHINEHHS Haiil-
HOCTI 1 JIOBrOBIYHOCTI JIeTanell aBiallifHOl TeXHIKH € TiIBHUIIEHHS eKC-
TUTyaTaIlIfHAX XapaKTepPUCTUK KOHCTPYKIIHHUX MaTepiamiB TpuOOCIo-
Jy4eHb, 3 SKAX BUTOTOBJICHO OUTBINICTH feraineil i By3iiB. Excmryara-
1ifiHa HAJIMHICTG 1 JTOBTOBIYHICTH BiAIMOBITAIBHUX BY3JB TEPTS BH3HA-
YAEThCA MIIHICTIO KOHTAaKTYyIOUHX TOBEPXOHb, OCOOIWBY (GopMy pyi-
HyBaHHS SKHX TpercTaBisie GpperuHr-nporec. @peTuHr-nporec € Haii-
OlpII HEOe3MeYHNH BUJI TOIMIKOKEHB JeTaneil. MexaHi3M 3HOITyBaH-
HS B TAKMX YMOBax OaratorpaHHui, a iX KoMOiHaIlii B peaJhbHIX yMOBaX
MPHU3BOJIATH JI0 TPYAHOIIIB BUBYEHHS 1 BUOOPY 3aC001B IPOTHIII.

Orasa nyoaikauiii Ta ananiz HeBupimeHux npoodsaem. OpeTuHT-
MPOIIEC BUHHUKAE B TPUOOCITONYYCHHSIX B YMOBAX TEPTS, SIK 0€3 MaCTHIILHO-
TO MaTepiaiy, Tak i 3 HUM IPH HAsIBHOCTI BiOpaIliif, SIKi IPU3BOAATH JI0 Pi3-
HOTO POy KOIMBAJIFHUX BiTHOCHMX TIEPEMIlIeHh KOHTAKTYIOUHX TiT. Llu-
KIYHAN XapakTep (ppeTHHry NpU3BOIUTH 0 3HIDKEHHS BTOMHOI MIill-
HOCT1 KOHTAKTYFOUUX MTOBEPXOHb, PO3BHBAIOYH YTOMHI TOIIKO/KEHHSI.

[IpoGnema mominImeHHs eKCIUTYaTaifHIX XapaKTEePUCTHK 1 sIKOC-
Ti JIeTasieil MoXKe yCIIITHO BUPIIyBaTHCS, TIEPIII 33 BCE, MUIIXOM 3a0e3-
MIEYCHHS JOCTAaTHBOTO PiBHA (Di3UKO-MEXaHIYHUX 1 TPUOOTEXHIYHUX
BIIACTHBOCTEH MaTepiaiiB Ta 3a paXyHOK 3aCTOCYBaHHS 3aXHCHHUX IOK-
PUTTIB i3 3aJaHUMHU BIACTUBOCTAMHU. BUKOpPHCTAHHS METOTy €IeKTpoic-
KpPOBOTO JIETYBaHHS BiJKPUBA€E HOBI MOXKJIMBOCTI 3MIITHEHHS TTOBEPXOHb
TepTS 1 3HAYHOIO MipOr0 BHpINIye AaHy mpobdiemy. llpomecn mepedymo-
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BU CTPYKTYPH, IO PO3BUBAIOTHLCS IiJ YaC ENEKTPOICKPOBOTO JIeryBaH-
Hf, BimOyBarOThCI B yMOBaX, JalleKHX Bil TEPMOAMHAMIYHO-
piBHOBakHUX. Lle m03BOMSE OTpUMYBATH TIOBEPXHEBI MIapH 3 YHIKaJb-
HAM KOMITJIEKCOM (hi3MKO-MEXaHIIHUX BIIACTHBOCTEH.

Merop eneKTpoiCKpOBOTo JETyBaHHS Ma€ P IepeBar, y mopisB-
HSHHI 3 1HIIMMHA METOAAMH, OJHIEI0 3 SKUX € MOXIJIHBICTH CTBOPCHHS
JIOKAJBHUX JUISTHOK TIOKPUTTS JUCKPETHOI CTpyKTypu. CTBOpPEHHS Ta-
KOro penbedy 3HAYHO MiABHINYE ehEeKTUBHICTH MpoIecy (pOopMyBaHHS
3aXHMCHUX TOKPUTTIB TPHUOOCIIONYYEHb ITPU 3MEHIIEHHI BUTPAT JIETYIO-
YUX EIEMEHTIB 1 yacy JIeTyBaHHS.

Hait6impmn po3moBCIOKEHUME SICKTPOAHIMHI MaTepialamMu IS
HAHECEHHsI TIOKPUTTIB METOJIOM EJICKTPOICKPOBOIO JICTYBAHHS € CTaH-
JApTHI TBEep/i CIUTaBH Ha OCHOBI KapOimxy Bomb(hpamy mapok BK 3 pos-
Mipom 3epeH 3—5 MxMm. Lle moB’s13aH0 3 TUM, IO y TBEPAUX CILIaBax, SKi
ckiamaroTbes 3 TBepaoi (WP) 1 mmactuanoi (P o) das, maiikpammm qu-
HOM CITIBBITHOCATHCS BHCOKA MIITHICTE 1 TBepmicT. CdopmoBaHi MTOK-
PUTTSI XapaKTepU3YIOThCS YHIKaTbHUMH (DI3MKO-MEXaHIYHHUMH BIACTH-
BOCTSAMH, IO POOUTH iX TPHUBAOIMBUMH ISl BUKOPUCTAHHS Y TPHOOC-
MOJTYYEHHSIX, SIKI TPAIIOIOTh B EKCTPEMAIILHIUX YMOBAX EKCILTyaTaIlil.

CyyacHull PO3BHTOK METOAY EJIEKTPOICKPOBOTO JIETyBaHHS
MOB’A3aHUN 3 YJIOCKOHAJICHHSIM ICHYIOUHX 1 pO3pOOKOI0 HOBHX TeX-
HOJIOTiH JJIT OTPpUMAaHHS Ha KOHTAKTYIOUHX IMOBEPXHAX TPHOOBY3IIB
MOKPHUTTIB (PYHKIIOHATBHOTO MPU3HAYEHHS, SKi TPAIIOIOTh B €KCT-
peMaNbHUX yMOBax eKcruryatailii. ¥ 3B’SI3Ky 3 BUIIECBHKIAJICHUM,
HayKOB1 JTOCII/DKeHHSI TIOB’s13aHI 3 yJOCKOHAJECHHSM 1 MPaKTHUYHUM
3aCTOCYBaHHSIM TBEPJIOCILNIABHUX IMOKPUTTIB, CPOPMOBAHUX METO-
JIOM €JIEKTPOICKPOBOT'O JIETYBAHHS, € AKTYaTbHUMH.

MeTo10 T0CTiTKeHHsI € MOCTIKEHHS (DPETHHTOCTIMKOCTI eITeK-
TPOICKPOBHX MOKPHUTTIB B YMOBAaX IPAaHUYHOIO TEPTs TA BUSBICHHS Me-
XaHI3My iX 3HOITYBaHHS.

Metoauka aociigxensb. BunpoOyBaHHs Ha 3HOITYBaHHS B YMO-
Bax (hpeTwHT-KOpOo3ii mpoBoanauch Ha yctaHoBli M®K-1 Ha 3paskax,
BurotoBieHux y BimnosimHocti mo I'OCT 23.211-80. Konctpykmis i
npuHOU podoTn yctaHoBku M®K-1 ommcanuit B podori [1]. Bumpo-
OyBaHHS TIPOBOJMIINCEH TPH HACTYITHUX MapaMeTrpax BiOPOKOHTAKTHOTO
HaBaHTaKEHHS: MUTOMEe HaBaHTaxeHHS — P = 20 MIla; ammutityna Bif-
HOCHOT'O TIepeMiIeHHs 3pa3kiB — 4 = 87,5 MKM; 9acToTa KOJWBAaHb —
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f=25T'i; 6a3a BunpoGyBans — N=10> nukiiB. B mpoueci Bunpo6ysass
JIOMaTKOBO BUMIPIOBABCS MOMEHT TEPTsI 1 BU3HAYABCS KOSQIIIEHT TEPTS
B 3QJIGKHOCTI Bill KUTBKOCT1 IIUKJIIB BIOPOKOHTAKTHOT'O HABAHTAKCHHS.

EnexTpoickpoBi mokputts Hanocwid Ha ctaih 30XI'CA. B skoc-
Ti MaTepiary KOHTp3pasKiB — cTanb 45 TepMidHO 00poOiieHa 10 TBepI0-
cti HRP 52-54. PoGoui moBepxHi 3pa3KiB i KOHTP3pa3KiB IITiPyBaTNCh
1o R, = 0,32 MKM.

HaneceHnHst TOKpHTTIB Ha poOOUi TUITHKA 3pa3KiB METOJOM €JICKTPO-
ICKpOBOTO JIETYBaHHS MPOBOAMIIOCH Ha ycTaHOBII «EmiTpon-22». B skocTi
JIETYIOYOTO €IeKTPOy BUKOPHCTOBYBaM crutaB Ha ocHOBI BK8. Ha poGo-
YMX TIOBEPXHSAX 3pa3KiB (hOpMyBaJI AUCKPETHI CTPYKTYPH IIUIIXOM HaHe-
CCHHSM TIOKpUTTIB MBoX TuMiB: BK8 i BK8+M, siki Bigpi3HSIOTECS THM, IO
TIepIIie TOKPUTTS (POPMYETHCS EIEKTPOICKPOBHAM JIETYBAHHSM B CEPEIOBHIIT
TIOBITPSL, & IPYTe — B CEPEIOBHIII MACTHIIBHOTO MaTepiay.

BurnpoOyBaHHS IPOBOIUITHCE TIPH TPAHMYHOMY 3MalleHi MACTHIIOM
HUATHUM-201. Sk 6a30Bi BapiaHTH JJIsI TIOPIBHSHHS B TaKHX JK€ yMOBaxX
3MaITyBaHHs BUITPOOYBAIMCH 3Pa3KH 13 MUTI()OBAHIMHU POOOUIHNMH TTOBEPX-
HSIMU Oe3 TIOKpHUTTS. BennunHa 3HOMTYBaHHS 3pa3KiB BU3HAYATIACH SIK Ce-
penHe apudMeTHIHe 3HAYeHHS JHITHOTO 3HOCY, BUMIPSHOTO 32 JJOTIOMO-
roro ontumerpa MKB-3 3 onTr4HOIO MPUCTAaBKOIO HE MEHII HDK y TPHOX
TOYKaX IO MMMPHHI KUTBIIEBOI JTOPLKKH TEPTS IO BOCBMHU TIEpETHHAM, a
KOHTp 3pa3KiB — BarOBUM METOJIOM, SIK PI3HHIISI MDK ITOYATKOBOIO MAaCOI0
3pa3KiB 1 Macoro 3pasKiB IICIs BUMPOOYBaHHS, sIKa IEPEepaxoByBaiach y
JHIAHAN 3HOC 3 ypaxyBaHHSIM ITUTOMOIO TYCTHHH MaTepiany.

PesyabTaTn gociaigkens Ta ixiii anaiis. Bemuumam 3HOIIY-
BaHHS JIJIS TOCHIKYBaHUX KOHTaKTHUX Tap MartepiajiB B yMoBax (pe-
TUHTY TIpYA BUMPOOYBaHHI 0€3 MaIeHHs i MpH TPaHUYHOMY MAaIeHH1
MacTuiasHUM Matepianom [TMATHUM-201 npuBenero Ha puc. 1, ail, 6
BIMOBITHO. SIK BUAHO i3 OTPUMAaHHUX PE3YNbTATIB, (PPETHHTOCTIHKICTH
crani 30XI"CA npu HaHECEHHI 3a3HAYCHUX BHUIIE €IEKTPOICKPOBUX TI0-
KPHUTTIB IOMITHO 3pocTae. [Ipu 1iboMy OJTHO3HAYHO 3MEHINYETHCS BEITH-
YUHA CyMapHOTO 3HOCY mapu TepTs. HailOumpmmii edexT minBuIeHHs
(hpeTHHTOCTIMKOCTI OCATAETHCS TPU BUIPOOYBAaHHI 13 3MAIIEHHSIM Yy
mapi TepTs 3 MOKpUTTsIM BKE+M.

B mportieci BunpodyBaHb MPOBOIMIOCH TAKOK BHMIPIOBAHHS MO-
MEHTY TepTs B KOHTAKTI 3pa3KiB, 3a AKHMH OyTyBaINCh 3aJISKHOCTI KO-
edimieATa TepTA Bim KITBKOCTI IMUKIIB (PETHHTY 1 BU3HAYAJIMCH TaKi
TPUOOTEXHIUHI XapaKTEPUCTHUKH, SK BETMIMHA MaKCUMaIHHOIO Koedi-
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IIi€EHTa TEPTS HA CTaJii MPUTIPAITIOBAHHS, TPHBATICTD CTaIil MIPUTIPAITIO-
BaHHS, BETMIMHA MiHIMaJIBHOTO Koe(ilieHTa TepTs MIiCis cTamii MpHuIl-
pamroBauHs (puc. 2). OTpuMaHi IaHi, sKi pencTaBiieHi B Tabm. 1, moka-
3YIOTh, IO TIAPH TEPTS 3 MOKPHUTTAMHU SK IIPH BUIIPOOyBaHHI 0e3 Ma-
IIeHHS, TaK 1 3MAIIEHHSIM XapaKTepU3YIOThCS MEHIIUM Koe(illi€HTOM
TepTsI Ha CTaii 1 TCISI CTamii MPUTIPAITFOBAHHSL.

a0 a0

40 40

3HOC, KHM

30 30

3HOC, MEM

20 20
10 10

i) 0k
1 2 3 1 2 3
O 3pasok B KoHTRTING O CyMapHMiA 3HoC O 3pazok B KoHTRTING O CyWapHUi 3HOC

a o
Puc. 1. Jliarpamu jiHIHHOTO 3HOIIYBAHHSI €IEKTPOICKPOBHUX IMMOKPUTTIB B YMO-
Bax 0e3 mareHHs (a) i 3 MameHHsIM (0): [ — crans 30XI'CA; 2 — EIIT BKS;
3 — EIIl BK§+M
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Puc. 2. 3anexHicTs KoediiieHTa TepTs BiJ] KUIbKOCTI IIMKITIB ()PETUHTY B YMOBaX
Teptsi 0e3 martennst (/, 3) i3 mamennsim (2, 4): 1, 2 — EITT BKS;
2, 4 — EIIl BK8+M

TpuBamicTh TEPiOAY MPHITPAIFOBAHHS, Ky BU3HAYAIN KUTHKICTIO IH-
KB (hperuHry ;0 cradimizamii KoedirieHTa TepTs, I eIeKTPOICKPOBIX
nokputriB BK8 1 BK8+M B mapi 3i ctammo 45 1Mo BiTHONICHHIO 0 ITapH
cranb 30XI'CA—crans 45 nipu BUnpoOyBaHHI 0€3 MaIeHHs 30UTbITYEThCS B
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cepenHpoMy BimmoBiaHO Ha 32 % 1 50 %, mpu BunpoOyBaHHi 31 3 MaIICHHAM
3MEHILYEThCSI B CEpeHbOMY BiamnoBinHo Ha 32 % 1 16 %. Ilpu npomy, 5K i
M0 BEJTMYMHI 3HOIIyBaHHS MatepialiB Maph TEpPTs Mpu BUMPOOYBaHHI 3i
3MarreHHsIM ToKpuTT BK8+M 3abe3nedye Ouibln HU3bKI 3HAYEHHS Koedi-
IIIEHTIB TEPTS 1 TPUBAJIIOCTI TIEPIOTY TIPUITPAITFOBAHHSI.

Tabauys 1
TpuboTexHiuHi XapakTepUCTUKH MaTepiajiB J0CTiIKeHUX Nap TepTs
Bennunna MiHi-
Benuuuna max- . .
TpuBaicts cta- | ManbHOro Koedi-
Ne CUMAIIBHOTO KO™ | iy s ympartio- Ii€HTA TEPTS
o | 11apaTepra | ehinientatepra | o0 N,,, x10° | micns npumpa-
Ha cTaii mpuI-
LUK IFOBaHHS,
PALIOBAHHS, [0y Lo
BumnpobyBauus 6e3 MameHHs
1 | Cramp
30XI'CA — 0,7 1,0-1,2 0,28
ctanb 45
2| PiSoram 0.4 1415 0.22
3 | BR&+M- 0.42 1,6-1,7 0.24
ctanb 45
BunpoOyBaHHS 3 MallleHHAM
1 | Cramp
30XI'CA — 0,5 1,4-1,5 0,27
ctanb 45
2| PiSoram 0.28 1.0-12 0,09
3 | BR&M- 0.22 L1-14 0,1
ctanb 45

[ligBumeny ¢perunarocriiikicts mokputTsi BK8+M moxHa mosic-

HUTH YMOBaMH #oro ¢gopmyBaHHs. BimoMo, 1o MexaHi4HI BIaCTHBOCTI
CIIeYeHUX KapOigo-BoIb(PaMOBUX TBEPIUX CIUIABIB 3aJICKUTH BiJ CITiB-
BITHOIIEHHS TBepAoi KapOimHoi 1 M’sKkoi MmetaneBoi (a3. B cumcremi
WP—Po icHye onTuMaibHE CITIBBIIHOIIEHHS KOMIIOHEHTIB, SKe 3a0e3-
redye HalOUIhII BICOKY MIIHICTD 1 3HOCOCTIHKICTh KOMITO3UIIil. Ode-
BUJIHO, TIPHU €JIEKTPOICKPOBOMY JIETYBAaHHI €ICKTPOJHUMHU TBEPIOCILIA-
BHUMH Matepianmamu cucteMu WP—Po Ha moBITpi, 10 BiAmoBigae Tex-
Honorii ¢popmyBanns nokputtss BK8, B pe3ynprari BucokoTemMmepaTyp-
HUX peakIlii MK KOMIIOHEHTaMH JIETYIOUOTO €IEeKTpOo/a 1 Marepiairy

88



OCHOBH 1X B3a€MOJII€I0 3 KHCHEM BiJOYBA€THCS 3HEBYIJICIIOBAHHS Kap-
0imy Bomb(pamy 1 3B’A3yBaHHS BUXITHUX KOMITOHEHTIB Ta KOMITOHEH-
TiB, III0 YTBOPIOIOTHCS, B CKJIAIHI KapOiad, IHTEpPMETali Hi CIIONYKH 1
okcuaHi ¢azu. He nuBnsdmch Ha Te, 10 32 yMOBaMH (pOPMYBaHHS €IIEK-
TPOICKPOBI TOKPHUTTS BiAPI3HAIOTHCS Bl CIIEUEHHWX TBEPANX CIUIABIB,
MOYKHA OYIKYBaTH, III0 YUM MEHIIE B MOKPHUTTI 30epiraeTscst WP 1 Po
MO BiTHOIIEHHIO 10 ONTHMAJIBHOTO CKJIATy KOMITO3HIII{ 1 OLIbIIe yTBO-
PIOETHCSI KPUXKHX 1 MEHIII MIIIHUX CTPYKTYPHHUX CKJIaJIOBUX, THM MEH-
Iy 3HOCOCTIMKICTh Oy/1e MaTh TTOKPUTTSI.

IIpu enexTpoiCKpoBOMY JIEryBaHHI B CEPEIOBHINI MAaCTHIHEHOTO
MaTepiaiy, o BifmoBigae ymoBaM ¢opmyBaHHs MOKpUTTs BK8+M, 3a
pPaxyHOK BUXOAY Ta30MOAiOHNX MPOIYKTIB PO3KIIAy MACTHIIA TIiJT €0
BUCOKOTEMIIEPATYPHUX IMITYJILCIB €IEKTPUYHOTO PO3PSIY, YCKIAIHIO-
€THCSI IOCTYI KUCHIO JI0 BAHHU MIKpopo3iuiaBy. OJHOYACHO, IIap Mac-
TUJIBHOTO MaTepiany 3amodirae HaaMipHOMY HarpiBy i OKHCJIEHHIO TI0-
BEPXHI MeETaly B 30HAaX TEPMIYHOrO BIUIMBY EIEKTPHYHOTIO PO3PSIY.
TomMy, MOXHa OYIKYBaTH, IO TIPH E€IEKTPOICKPOBOMY JIETYBaHHI TBEp-
JIOCTUIABHUMH €JICKTPOJHUMH MaTepiallaMi B CEPeIOBUIII MAaCTUIHHOTO
MaTepiany 3a paxyHOK 3a3HaueHuX e(exTiB: mo-mepuie, Oyae ¢hopmyBa-
TUCH OUTBIII CIIPHUSTINBA CTPYKTYpa MOKPUTTS, 3a XIMIYHUM 1 (a30BUM
CKJIQJIOM € OibII HAOJIMKEHOIO JI0 MaTepialy JIErylo4uoro eneKTpOIy;
no-Apyre, Oyne 3MEHIIYBAaTUCh IHTEHCHUBHICTh OKHCIIOBAIBHUX Ta iH-
IIUX TIPOIIECIB, IO HETATHBHO BILTMBAIOTH HA BIACTHBOCTI MaTepiairy
OCHOBH, 30KpeMa, HOro pernakcaiiiHy 374aTHICTh. 32 TaKUX yMOB (op-
MYBaHHS, BPaXOBYIOUH JMCKPETHUI XapakTep OyJ0BH MOKPUTTS, IMOE-
HaHHS TBEPAUX METATYPTiHHO-3B’A3aHUX 3 OCHOBOIO JIJITHOK JIETOBAHO-
TO MaTepiairy 3 BUCOKOIO HECY4OI0 3/IaTHICTIO 1 MUISTHOK MaTepiaiy, sKi
30epiraloTh BHCOKY peNaKCaIiifHy 3JaTHICTh, OyIe CHpPUATH MPOSBY
PEOTIOTIYHUX MEXaHI3MIB AWCHMAIll MEXaHIYHOI eHeprii, 3HIMKCHHIO
MKOBUX HANPYXXEHb B MaTepiaji Bi Aii TMHAMIYHUX KOHTAaKTHUX HaBa-
HTa)KeHb, 1110 3 TO3UIIii Cy9acHOI Teopii peosorii KOHTaKTHOI B3a€MOIi 1
PO3BUTKY pENIaKCaIiHHUAX TPOIECIB MPH 30BHIMIHFOMY TEpPTi TBEPANUX
T pO3TIISAAETHCS SIK ONWH 13 OCHOBHHX (DaKTOPiB 3a0e31eUeHHS 3HOCO-
cTiiikocTi Tpubocuctem [2; 3].

Meranorpadiuauii aHami3 MOMEPEYHOTO Iepepizy 3pasKiB 1 pe-
3yNbTaTH BUMIPIOBAHHS MIKPOTBEPAOCTI MOKA3aJH, IO MPHU eIeKTPoic-
kpoBomy neryBanHi cram 30XI'CA TBepIocCIIaBHUM €eKTPOTHIM Ma-
tepianmom BK8+M B cepenoBuIi MacTHIIBHOTO MaTepiany (popMyeThCs
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MPaKTHYHO Oe37aeeKTHHH TIap MOKPUTTS (pHC. 3, @) 3 MIKPOTBEPIICTIO
1000 MIla. MikpoTBepaiCTh MOKPUTTS, CPOPMOBAHOTO TPH JIETyBaHHI
Ha moBIiTpi, ckmagae 1100 MIla, miibHICTh MIapiB MPAKTUYHO BifICYTHS.
B moKpHTTI BUSABIIAETHCS 3HAYHA KUTBKICTE JeeKTiB, a Ha TPAHUIII TTOK-
PHUTTS 3 OCHOBHMM MAaTepiajioM CIIOCTEPIraeThesl IBHO BHPaXKEHA Tepe-
XimHa 30Ha (puc. 3, 0) 13 3HAYHO MIABHUINEHOIO, Y TIOPIBHSAHHI 3 OCHOBOIO
MIKPOTBEPAICTIO, YTBOPEHHS AKOi MOXXe OyTH 0O0yMOBIIEHO e(peKTOM
3araptyBaHHS (Ta0mI. 2).

Y

Puc. 3. MikpocTpyKTypa MOIepeyHoro nepepisy 3paskKiB i3 elIeKTPOiCKPOBUMH
nokputtamu: a — BK8+M; 6 — BKS8

Tabnuys 2
MikpoTBepaicTh J0CTiIZKEHUX eJIeKTPOiCKPOBUX MOKPUTTIB
EnteKTpoickpoe MikpoTBepaICTh wapis, MHa.
. . Bins rpanuni nokpur-
TIOKPUTTS Bins noBepxHi
Ts1 3 OCHOBOIO
BKS 1100 894
BK8+M 1000 973

B ymMoBax rpaHUYHOrO TEpPTs MPU Pa30BOMY MalleHHI KOHTAKT-
HUX TTOBEPXOHb TPUOOCTIONYYEeHh KOHCUCTCHTHIM MACTHILHUM MaTepi-
aJIOM JTUCKPETHICTh TIOBEPXHI MOKPHUTTS 32 PAXyHOK «KaIiJISIpHOTO ede-
KTy» MIKpO3arinOuH Oyne CpusTH YTPUMaHHIO MAaCTHIILHOTO MaTepia-
Jy B 30HI KOHTAaKTy 1 pereHeparii Ha misMax (pakTHYHOTO KOHTAKTY
IPaHUYHOI MACTUIIBHOT ILTIBKH. 3 ODJISAY Ha I1e MOYKHA CKa3aTH, 110 YUM
BHITIC 3HOCOCTIMKICTh C(DOPMOBAHOTO TTOKPUTTS Ha IUTBHUIIX (DAaKTUIHOTO
KOHTaKTY, TUM TPUBAIIIINM TIepiof] il «KarmiIapHoro epekTy» i, BimmoBi-
HO, TPUBAIICTH POOOTH TPUOOCHCTEMH B YMOBAaX T'PAHUYHOTO TEPTA. 3a-
3HAYEeHWH MPHUHIMI (HOPMYBAHHSA 3HOCOCTIMKOCTI TPHOOCHCTEM HAWOLTBIIT
edeKkTUBHO peanizyeThcs y mapi TepTs 3 mokputTsiM BK8+M. Edextus-
HICTb 3aXHCHOI Jii TpaHUIHOI MACTHIIBHOI IDTIBKH TS TAHOI TIApH TTATBEp-
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JUKYETBCSI CTAOUTBHICTIO KOoeiIlieHTa TepTsI MICHS Tepiofy MPUTIPAIIOBaH-
Hs (cM. puc. 2). B Toii sxe gac y mapu 3 mokputrsim BK8 micist mocsrHeHHs
TIEBHOTO MIHIMAJILHOTO 3HAYEHHS Y TIEPioJl MPHITPAIIOBAaHHA KOe]ilieHT
TEPTA MOCTYIIOBO Ti/IBUIIYETHCS, IO MOXKE OYTH TIOB’SI3aHO 3 TIOCTYIIOBUM
3MEHIIEHHSIM e()eKTUBHOI I0/10 3a0€3MeUeHHS PEKUMY TPAaHUIHOTO TEPTS
TUOWHM 1 TIUTFHOCTI pO3TAallyBaHHA Ha KOHTaKTHIM MOBEPXHI MOKPHTTS
MIKPO3arInOVH B HACIIIOK 3HOIITYBaHHS.

Takuii BUCHOBOK MIATBEPIIKYETHCS PE3ybTaTaMH aHaTi3y poOo-
YHUX TIOBEPXOHb 3pa3KiB, cHOPMOBAHHUX NP MPHHHATHX YMOBAX BHUIIPO-
OyBaHHS B CepeNOBUII MACTHJIBHOTO MaTepiany. SIk BuaHO 3 puc. 4, a
Ha 3paskax 3 mokputTsaM BKS mics 5x10° mqukiis GppeTnHry GpopmyeTh-
CsI MPAKTUYHO CYIITbHA OBEPXHS TOPIKKH TEPTSI 3 OKPEMHMH OANHOY-
HAMH MiKpo3arinOnHamu. 3a TaKWX K€ YMOB Ha 3pa3Kax 3 MOKPUTTIM
BK8+M moBepxHs TOpIKH TEPTS MPEACTABIISIE COOOI0 TUCKPETHY IIO-
BEPXHIO, 5IKa CKJIAJA€ThCS 3 OKPEMHUX JAUTHHHUID 30H (PaKTHIHOTO KOHTa-
KTy, OTOYEHHX MiKkpo3arimbouHamu (puc. 4, 0).

7% %

Puc. 4. dpakrorpadivHi 3HIMKH pOOOUUX TOBEPXOHb €IEKTPOICKPOBUX MOK-
puTTiB micns 5x10° UKIiB GPETHHTY B cepeIOBHIII MAaCTHILHOTO MaTepiany
HUATHUM-201: a — BKS8; 6 — BK8+M

He3Bakarounm Ha BHCOKY 3HOCOCTIHKICTh €EKTPOICKPOBHUX TIOK-
PUTTIB, CyTTEBUM iX HEmONIKOM [4] € pi3Kke 3HIKEHHS XapaKTePUCTHUK
OTIOpY BTOMH, SK B YMOBaX «4YHCTOI» BTOMIi, TaK i B yMOBax (ppeTHHT-
yTomu. PyiliHyBaHHS 3pa3KiB B 3a3HAUYE€HUX YMOBaxX 3IIHCHIOETHCS Y
TOYKaX eIeKTPOicKkpoBoro BipoBapkeHHs ciuiaBy BKS y crams 30XI'CA.
i momkomKeHHsT 3HIKYIOTh BHX1THI BTOMHI XapaKTepUCTUKHU CTalli 1 CyT-
TEBO TIOTIPIIYIOTH OITip BTOMI MPH I0JJATKOBOMY BIUIMBY Ha HHX 3YCHIIb BiJl
KOHTaKTY 1 TepTS B 30H1 (PPETHHTY.

3HIKEHHST BTOMHOI MIITHOCTI TIOB’SI3aHO 3 YTBOPEHHSIM 3aJIAIIIKOBHX
HAaIpy’KeHb PO3TATY B MOBEPXHEBHUX IIapax MOKPUTTA. Po3paxyHok Hampy-
YKeHO-71e(hOPMOBAHOTO CTaHy TIOBEPXHI TEPTSI METOIOM CKIHUEHUX EIeMEH-
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TIB TIATBEPAVB HASBHICTD PO3TATYIOUMX HAMPY)KEHb B TIOKPUTTI Ta CTHUCKY-
FOUMX B OCHOBI (pHC. 5, a, 0). SIKI0 B cHCTEMI TTOKPUTTSI-OCHOBA HE IifOTh
HOpMaJTbHI HABAaHTa)KEHH:, TO B OCHOBI He BiNOyBaeThCs 3MiHA 3HAKY Ha-
TIpy>XeHb (pHC. 5, a). A SKIIO MPUKIACTH HOPMaJIbHE HABaHTa)KEHHS T10 BCIi

TUTOII TTOKPHTTS, TO XapakTep PO3IMOILTY HAMPyXeHb B OCHOBI 3MIHIOETHCS
(puc. 5, 6.)

Ol Omax Orex/ Orriax
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00014 % x
-0.0018 < J -0,0ME
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Puc. 5. Po3nozin HOpMabHUX HAMPYXXEHb B3J0BK OCl X MO BHCOTI MOJENI Y
HamnpsIMKy oci Z 0e3 HaBaHTaKeHHsI (@) Ta MpH Aii PO3MOIIIIEHOr0 HOPMAaJIbHO-
ro HaBaHTaxxeHHs (0) Ha nmokputTi BK8+M [5]

OnHuM 13 TIDIAXIB 3MEHIIEHHS 3aJUIIKOBUX HANpYy>KEHb PO3TATY
CIICKTPOICKPOBUX ITOKPUTTIB € ITOBEPXHEBO-TUTACTHYHA JedopMaIrist
IapiB, SKa CHOTOHI MHUPOKO BUKOPHUCTOBYETHCS B TEXHIIll IS Ti/IBH-
IIeHHS eKCIUTyaTaIliifHOl HaIiifHOCTI jAeTanei [6].

BucHoBku. J{ocmimKeHHS 3HOCOCTIMKOCTI €IIEKTPOICKPOBHX ITOK-
PUTTIB B yMOBaxX (hpETHHTY MOKA3all0 CYyTTEBUH BIUIUB CEPEOBUINA HA
(hopMyBaHHS 1X TPUOOTEXHIYHNX XapaKTePUCTUK. BcTaHoBIEHO, TIO:

1. HaneceHHs eTeKTPOICKPOBHUX MOKPUTTIB B CEPEIOBHUII MACTH-
apHOTO Matepiamy (BK8+M) 3a0e3nedye 3MEHIIIEHHS CyMapHOTO 3HOCY
MaTepiaiiB KOHTAKTHOI Tapy B YMOBAaX TPAaHUYHOTO TEPTS, MIOPIBHIHO 3
MTOKPUTTSIM, HaHeCEHNM B cepenosutli mositps (BKS), y 4,6 pa3u.

2. JlocmimKkeHo MexaHi3M 3HOIIYBAaHHS IHUCKPETHUX EIIEKTPOICK-
poBux mokputTiB BK8+M, saxuii 6a3yeThCcsi HAa MPUHIINTI «KATISIPHOTO
edeKTy», Mo CIpUsiE YTPUMaHHIO MACTHIIBLHOTO MaTepiaiy JTUCKPETHH-
MU IUITHKaM# (MiKpO3arTHOWHAMHK) 1 pereHepariii MaCTHIBHHUX TITIBOK
y 30HaX (PaKTHYHOTO KOHTAKTY.
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DKCHEepUMEHTAILHO UCCIICAOBAHO BIUSIHUE Cpelbl NMPU (OPMHUPOBAHUH IJICK-
TPOUCKPOBBIX MOKPbITHH BK8 Ha TpuOOTEeXHHMYECKHE XapaKTEPUCTUKU B YCIIO-
BUAX (I)pCTTI/IHFa. YcraHoBlIeHA KMHETHKA M MEXaHU3M H3HAIIMBAHUS TIOKPBI-
THIA, UCCIIEIOBAaHBI MX (U3UKO-MEXaHUYECKHE CBOICTRA.

Tabum. 2, puc. 5, CHHCOK JTUT.: 6 HAaUM.

Marchuk V., Dukhota O., Naumenko N. Investigation of wear re-
sistance of coating by the electric coatings in fretting-wear.

The influence of the environment in the formation of the electric spark coatings
on the tribological characteristics VK8 by fretting have been investigated. The
kinetics and mechanism of wear coatings and their physical and mechanical
properties have been investigated.
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