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JOCILIXKEHHS MIKPOCTPYKTYPU POBOYNX TOBEPXOHBb
BIJHOBJEHUX KOHTAKT-JIETAJIEHA IICJISI BUTIPOBYBAHHS IX HA
EJEKTPOEPO3IMHY CTIMKICTH

IIpeocmasnenvl pe3ynbmamol uccie008aHUuLl CMpYKmMypvl pabouell N08epXHOCmU cepedpPAHbIX
KOHMAKMHBIX MAMePUAios Ha 0OCHO8e MEeMaiocpaghuyecko20 u penmaeHoCneKmpaibHo20 aHanU3dA.

IIpeocmasneni pezynomamu 00CioKHceHb CMPYKMypu poobouoi N0GEPXHI CPIOHUX KOHMAKMHUX
mamepianié Ha OCHOBI Memanocpa@iuHo2o ma peHmeeHoCneKmpaibHO20 aHANI3).

ITocTanoBka npodiaeMu

BrockoHanuTH KOHTAKTH KOMYTALIHHUX anaparis, 10 €KCIUTyaTyIOThCs B €IEKTPOYCTaHOBKAX

TBaPUHHULIBKUX (DepPM 1 KOMILIEKCIB, SIK1 B1JIHOBJIEHI METOOM T'a30IJ1a3MOBOI0 HAIUJIECHHS.
AHaJi3 nonepeaHix 10CTiIKeHb

Y mpoueci MPOBENEHHS MOCHIIKEHb BUKOPUCTOBYBAJIUCS PI3HI TEXHOJOTIYHI MPOIECU
HaWJIeHHs, MeTanorpadiyHi Ta pPEHTIEHOCHEKTpalbHI aHali3u poOouoro mapy HamWICHHS.
3acTocoByBaMCS MPUHIUIMN aHalli3y HOPOCTOPOBO-4aCOBOI CTPYKTYPH PO3BHUTKY TEIUIOBUX 1
JUHAMIYHUX IPOLECIB, 110 CYIPOBOKYIOTh yaap, pO3TIKaHHS 1 KpUCTATI3all1i0 HATMIECHUX YaCTUHOK
npu (popMyBaHHI HOKPUTTIB.

Mera crarrTi

Po3pobuTtu HOBI crnocoOu BiIHOBJIEHHS poOOYOI MOBEPXHI KOHTAKTIB Ha OCHOBI METOJA
ra3orjia3MOBOIO HAalWJICHHS 3 BUKOPUCTAHHSIM KOMIO3MIIIHMX KOHTAKTHUX MarepiaiiB, sKi
JTO3BOJISIIOTh TPOJIOBKUTU TPUBAJICT poOOTH amapary B IUIOMY 1 MiIBUIIUTH EKOHOMIYHY
e(eKTUBHICTh HOTO BUKOPUCTAHHS.

OcHoBHa yacTHHA

MeTtoau MIKpOCKOMii 103BOJIAIOTh 3HAUHO PO3IIMPUTH YSABY IMPO MEXaHI3M 1 KIHETUKY pPsay
IPOLECIB MOPOIIKOBOI METaIyprii 1 CHPUSATH PO3KPUTTIO MEXaHI3MYy CTPYKTYpOYTBOPEHHS, SKE
3HAYHO BIUIMBA€E Ha ()OPMYBaHHSI BIACTUBOCTEH €JIEKTPOKOHTAKTHUX MaTepiaiB.

MIiKpOCTpYKTYpHHUIl aHaji3 marepiajliB Ha OCHOBI Ag 3 OKCHIHUMHU J100aBKaMH JO3BOJISIE
BUSIBUTH 3arajbHy KapTUHY pO3MOJULY 3MILHIOIOUM J00aBOK B Marpuili. BigHOCHO piBHOMIpHO,
y BUIJISII TOYKOBUX BKJIIOYEHB PO3MOJIJICHI YACTUHKM OKCHIIB, SIKI BBEACHI B MATPHIIO CPIOHY
BHYTPILIHIM OKHCIIEHHSIM.

MikpocTpyKTypa 3pa3KiB, MpU BBEIEHHI PI3HUX OKCUIIB MOAIOHI, BUJIHA MATPHISl CBITJIOrO
TOHY, 3€pHUCTOI Oy/10BH, 3€pHa BIATIHEH]1 Ipyroko (a3oro, SKa 3ajsirae Mik HUIMH 110 TPAHULISIM.

I3 301IbIIEHHAM KUIBKOCTI OKCHJIB B MaTpulll, 3 SBJSIOTHCS OKPEMI CKOIUYEHHS OKCHUJIB,
OPUYOMY PO3MIpU TMPOMDKOK MIXK 3€pHaAaMHU 3pOCTalOTh, @ YaCTUHKH Ag BUSBISAIOTHCA Maiike
MOBHICTIO HUMH OToueHi (puc. 1).

CrpykTypa pylHyBaHHS MOBEpPXHI KOMIO3MIIMHUX MaTepiajiiB TICHO IMOB'A3aHa 3 MPUPOJOI0
KOMITOHEHTIB KOMITO3ULIWHUX MatepianiB. KpiMm Toro, momemiHKa KOMIIO3UTa IpU PYyHHYBaHHI
3aJIEKUTh B/l PO3MIPY YACTHHOK, iX 00'€MHOI KIJIBKOCTI 1 MILIHOCTI ITOBEPXHI PO3LIY.

KinueBa cTpykTypa cilabOCTpyMOBUX €JIEKTPUYHUX KOHTAKTIB (OPMYETHCS UUIIXOM
JUCTIEPTYBAaHHS CTPYKTYPHHUX CKJIQJOBHUX 1 BUHUKHEHHS aHI30TPOMHOCTI Marepialy B pe3ysbTari
HafpasjeHoi Aedopmallii 3 OAHOYACHUM YTBOPEHHSM cyOcTpykTypu. dopMyBaHHS aHI30TPOIHOT
retepoda3Hoi CTPYKTypH y 0araTOKOMIOHEHTHUX KOMITO3HIIIA, HAPABICHUN PO3IOILT B CTPYKTYpi
TEIUIONPOBITHOCTI 1 €IEKTPONPOBITHOCTI KOMIIOHEHTIB MPUBOJUTH O BUCOKMX 3HAYEHb €JIEKTPO- 1
TEIUIONPOBITHOCTI MaTepially B LIJIOMY 1 HaJla€ ilOMy BHCOKY €JIEKTPOEpO31iHY CTIHKICTD.
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Beenenns B cpibny martpuirto okcuaiB In 1 Mn 5 % He m03BoJisi€ 3/1HCHIOBATUCH XOJIOAHIN
nedopmarii Marepiany. 3'BISE€TbCS TEKCTypa B Pe3yibTaTi MPOKATKU, (POPMYETHCS aHI30TPOMHA
CTPYKTYpa €JIeKTPOKOHTAKTHOTO MaTepiaiy.

Kommo3uttiitni Marepiaiu, 3MIITHEHI OKCUIaMH, TYTOIUIABKUM MaTtepiaioM motpedyroTs 5—10
eTamiB MPOKATKH 3 MPOMDKHIM BimmamoBaHHaM mpu Temmepatypi 600 °C Ha moBitpi mpoTsrom
TOJIMHU.

[Iponiecu mmactuyHoi nedopmariii ocTaTOUHO (POPMYIOTH CTPYKTYPY EJIEKTPOKOHTAKTHOTO
Mmatepiany. BBeneHHs Hepo3uMHHMX (a3 CHOPUSAIOTH IHTEHCUBHOMY MNOJpPiOHEHHIO 3epHa CpiOHOT
MaTpHIIL.

YacTUHKM HEpO3UYMHHMX B Ag KOMIIOHEHTIB TAaKOX MOJPIOHIOIOTHCS (IUCHEPIyIOThCS) 1
BUCTPOIOIOTHCSI B JIAHIIOI B3/0BXK JedOopMOBaHMX 3€peH Ag 1 4YacTKOBO BCEpEAMHI HUX,
30epiratouu Opi€eHTallil0 B HampsAMKy Aedopmartii. JIaHIIOrH OKCHIIB MaTpHIll, BUTATYIOTbCS i
Jiero 1epopMyrOUHX 3yCHIIb MPU 3MiHI (OPMU 3€pHA a TAKOXK 1X PO3TalTyBaHHS 30€pira€ThCsl MiCIs
BiamamroBanas 600 oC. BBenenHns Zr B Ag BU3MBa€ MEXaHi3M B'SI3KOT0 PyHHYBaHHS.

[Tornubnene BuBYeHHS (GI3MYHUX TMPOIECIB, SKI BiAOYBalOThCS Ha poOOUId MOBEPXHI
KOHTAaKTIB y MpOIleci eKCIUTyaTallii, CTBOPIOE MEPEeIyMOBH Ul JAajbIIoi OOPOTHOU 3 €IEKTPUUHOIO
epo3i€ro, KA € OHICI0 3 OCHOBHUX NMPUYNH PyHHYBaHHS €ICKTPHYHUX KOHTAKTIB.

MiKpOCTpyKTypa € OJTHUM 13 TOJIOBHHUX (DAaKTOPIB, 1110 BIUIUBAE HA BIACTUBOCTI E€IEKTPHUUHOTO
KOHTaKTy, @ BOHA TEPII 32 BCE 3aJICKUTH BiJI TEXHOJOTIi BUPOOHMIITBA, BIIACTUBOCTEH BUXITHUX
MaTepialliB, KOHCTPYKTHMBHHMX OCOOJMBOCTEH amapaTy, eHeprii eJeKTpUYHOI IyrH, CKJIamy
HaBKOJIMIIIHBOI aTMOC(hepH.

Ha puc. | mpuBeneHa BuxiJHa MIKpOCTPYKTypa KOHTakTHoro marepianmy tumy CpH-10
enextpomarHitHoro myckada [IMJI-1100A micns 1x10° KOMYTaITid.

ITo mipi HaGmmxeHHs 10 poOouoi MOBEPXHI PO3MIPH 3epeH CpiOHOI Ta HikeneBoi (aszu
301IBIIYIOTHCS, BHACTIAOK TepMiyHOi 1ii gyru. Pobouya nmoBepxHs 30i1HEHa CpiOHOIO CKIIAJOBOIO,
sgKa BUIApyBajlach, OCKUIbKM TeMIlepaTypa BUIApoByBaHHS cpibma (2210°) 3HA4HO HIXKYA
TeMIepaTypu BUlapoByBaHHs Hikelto (2730°) (puc. 1).

Puc. 1. MikpocTpyKTypa pyXoMoro KOHTakTy 13 marepiany CpH-10
enexTpoMaraitHoro myckada IIMJI-1100A micmst 1x10° komyTatiit

Ha po0ouiit moBepxHi 3'IBISIOTECS MIJKI IMOPU Ta PAKOBUHH, € Oyso cpibiio 1 CKymueHHS
3€pEeH TYTOILIABKOI CKJIaI0BOT HIKEJIO.

['muOuHa mrapy B SKOMY BiOYBalOThCS MIKpOCTPYKTYpHiI 3MiHu nocsrae 0,05-0,08 mm.
Hikens 6e3mocepeHb0 Ha KOHTAKTHIN MoBepxHi i Ha TiuOuH1 10 0,05MM OKHUCITIOETHCS.

66 Ne01(95) 2012 SHEPIOCEEPEXKEHUE  SHEPIETUIKA ¢ SHEPIOAYAUT



HTN N SODEKTUNBHOCTL NPOVN3BOACTBA

x13

Puc. 2. 3oBHinmHIi BUa pyxoMoro KOoHTakTy 3 marepiany CpH-10 enekrpomarHiTHOrO
myckaua [IMJI-1100A micis 1x10° komyTariii

ITin yac poOOTHM ENEeKTPUYHOTO KOHTAKTY BiJIOYBAa€TbCA IUIABIEHHS Ta 1HTEHCHBHE
BUTIAPOBYBAHHS JIETKOIUIABKOI CKJIAJOBOI — cpibia 3 poOoY0i MOBEpPXHI KaToOAy, BHACHIOK YOTO
bopMyeTbCs TUCKpEeTHA, OyrpucTa MoBepxHs (pHC. 2) CTyMiHb LIOPCTKOCTI 3aJ€KUTh Bl CHIIU
CTpyMy Ta 4mcia KomyTamii. Ha eposiiiHiii moBepXHi 3'SIBUIINCS KPYIIHI BUCTYIIH, y TIOTJIMOICHHIX
CTPYKTYpPH pO3TallOBaHI CBITJII BKJIIOYEHHS, Kl MO JaHUM PEHTI€HOCIEKTPAIbHOIO aHali3y
SBIISIIOTH CO0OK0 yucTe cpibio. XiMiuHME aHaji3 MPUITOBEPXHEBOTO APy MOKa3aB, IO KUIBKICTh
HiKeII0 Ha poOouiif moBepxHi 3HayHO 30uIbLIyeThest (Bix 10 mo 20-25%), mo cBiAYMTH PO
NEepIIOYEePTOBICTh BUIIAPOBYBAHb CPibia 3 MOBEPXHI KOHTAKTY B MPOIECi KOMyTallii eJIeKTPHIHOTO
CTpyMy.

JletanbHe JOCHIIDKEHHS pOOOYOi IMOBEPXHI KOHTAKTiB JIO3BOJHMJIO BCTAHOBHTH, IO
BHACJI/IOK Jii AYTW IUIaBUTHCS HE TIIBKU JIETKOIJIaBKAa KOMIIO3HIIIS - cpibio, ae TakoXk 1 3epHa
Hikenro (puc. 3a), Mo MiATBEPKY€ETHCS HASBHICTIO XapaKTEPHUX CTYIICHIB 3aTBEPAIHHS 10 KpasM
HiKeneBuX 3epeH (puc. 30). 3arycnmi 3epHa HIKeI0 MaioTh (OpMy KOHycCa, IO THUIOBO IJif
MOCTHKOBOTO IepeHocy (puc. 3B).

Ha BepummmHax AesKuX HIKEIEBUX 3€pEH YTBOPIOIOTbCS IIISHKU B'SI3KOr0 BIJPUBY, IO
CBIIUUTH NP0 PyHHYBaHHS MaTepiaty Micis 3IUMAaHHS KOHTAKTIB.

0) x300 B) x400

Puc. 3. EnekTpoHHO-MIKpOCKOMIYHI 3HIMKHK TTOBepXHI KoHTaKkTiB CpH-10
micas 1x10° KOMYTaIliii
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OTtpumani pe3yabTaTd Jal0Th 3MOT'Y CTBEPIKYBATH, 110 KOHTAKTYBAHHS B OCTaHHIA MOMEHT
3MIHCHIOETBCS 10 TOYKaX TYTOIUIABKOI CKJIAZOBOI, SKa ¥ BU3HAYa€ HaXWJI MaTepiany [0
3BAPIOBAHHS.

HaliHnk4010 eneKTpoepo3iifHOI0 CTIHKICTIO BOJOJIOTh KOHTAaKTU 3 Marepiary CpM-0,2 [3],
xiMiuHU# ckiaf sikoro Biamosigae: Cu - 0,1-0,5 %; Ni -0,005-0, %, Ag - pemra.

IIpu xomyTtauii crpymy 4; 6,3; 10 A KOHTakTaMu i3 IIbOr0 MaTepialy CHOCTEpPIraeThCs
OOTOpSTHHS Ta OTJIABJICHHS POOOYMX MTOBEPXOHb KOHTAKTIB.
Mertanorpadidyauii aHaii3 MoKasas, 10 B MpoLEci poOOTH MIKPOCTPYKTYpa MOBEPXHEBUX

Puc. 4. MikpocTpyKTypa KOHTaKTy i3 Marepiary CpM-0,2 mics 1x10° komyTarii

I3 puc. 4 BuIHO, 110 TIPU KOMYTallli CTpyMy Martepiall, SKUi MepeHOCUTHCS Ha HEPYXOMUH,
HarpiBa€ThCs IO TEMIEPATYPH KHUITIHHS, YaCTKOBO MEPEHOCUTHCS HA MOBEPXHIO OUIBII XOJOAHOTO
HEPYyXOMOI'0 KOHTAKTy, a pellITa OCiJiae 3HOBY Ha MOBEPXHIO PYyXOMOTO, YTBOPIOIOUM MOPOXKHUHU
(Ha puc. 4 4opHI KpaTepH) 1 CTOBIMYACTI 3epHA MEPICHAUKYJISIPHI 10 poOOUYO0T MOBEPXHI KOHTAKTY.

MikpoCTpyKTypa HEpyXOMOro i pyXOMOro KOHTakTy pi3Ha mo cBoiii Oynosi. Ha puc. 5
MOBEPXHs aHOJy TOKPHUTA NPIOHUMHU 3€pHAMH IMapiB METAy KaTOAy, SIKi KPUCTATI3yBaJUCh MPHU
TaciHHI eNEKTPUYHOTO PO3PSIIY.
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x200

Prc. 5. MikpocTpyKTypa aHoIy KOHTAKTy 3 Marepiany CpM-0,2 micmst 1x10° koMyTariit
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Takox Ha MOBEpPXHi, e OCUIM Mapu METaliB, MOKHA OaunTH 301IbLICHHI 3epHa cpibia, 1o
YTBOPHWJIMCS BHACITIIOK PEKpUCTATII3AIIIT T T1€10 TEMIIEPATypH MapiB METAITy.

IIpu xomyTamii MOCTIHHOTO CTPyMy BiIOYBa€ThCcs HAINpaBICHHH TNEPEHOC MaTepiany 3
PYXOMOTO KOHTaKTy Ha HEPyXOMH. BHaCiIOK 1IbOro Ha KaTOMl YTBOPIOETHCS KpaTep, a Ha aHOi
BHUCTYII.

Puc. 6. 30BHilIHIN BUTsA KOHTAKTIB 13 MaTepiany CpM-0,2 egekTpoMardiTHOro myckaua
[IMJI-1100B micnst 1x10° komyTaniii ( [=6,3A, a-anon, 6-xaTox)

Bucnosok
MiKpOCTpYKTYpHUI aHaji3 [03BOJs€ BUSBUTHU 3arajbHy KapTHHY pPO3IMOAULY J00aBOK Y
marpuui. CTpyKTypa pyiHHyBaHHs TOBEPXHI KOMITO3UIIIMHUX MaTepialliB TICHO OB’ s13aHa 3 IPUPOI0I0
KOMIIOHEHTIB KOMITO3HMILIHHUX MarepiaiiB. DopMyBaHHS aHI30TPOIHOI reTepo-pa3Hoi CTPYKTypH Y
0araTOKOMIIOHEHTHUX KOMITO3UIIiil MPUBOIUTH 10 BUCOKUX 3HAU€Hb €JIEKTPOIPOBITHOCTI 1 Hajlae
oMy BHCOKY €NIeKTpOepO3iiHy CTIHKICTb.
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STUDY THE MICROSTRUCTURE OF THE WORKING SURFACES OF THE
RECOVERED CONTACT DETAILS AFTER TESTING THEIR RESISTANCE TO
ELECTRICAL EROSIVE

Ivan P. Radko, PhD in Technical Sciences
The results of research work surface structure of silver contact materials based on metallo-

graphic and X-ray analysis.
[Moctynuna B pepakumto 17.11 2011 .
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