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AHAJIN3 YCJOBHUI PABOTBHI TOKOIIOJBOJAIINX HAKOHEUHUKOB M
CO3JIAHUE BBICOKOCTOMKNX HAHOCTPYKTYPHBIX MATEPHUAJIOB JIJIA
NX N3I'OTOBJIEHUSA

ITpoBeneH aHanu3 ycioBHi paOOTHI TOKOIOABOIAIINX HAKOHEYHUKOB Ul CBAPKH IIPOBOJIOKON B cpele
YTJIEKHCIIOTO Ta3a, PACCMOTPEH MPOLECC W3HAIIMBAHUA KOHTAKTa — «TOKOMOJBOISIIMNA HAKOHEYHHUK — DJIEK-
TpOJHAsl IPOBOJIOKA» M (PAKTOPBI, OKA3bIBAIOIINE BIMSHHUE HA Pa3pylIeHHE KOHTAKTHBIX IMOBEPXHOCTEH; NPHBE-
JICH TIepeYeHb OCHOBHBIX XapaKTEPHCTHK M (PU3NKO-XMMHYECKUX CBOWCTB, KOTOPBIMHU JIOJKEH 00yanaTh Mare-
pHal Ui CKOJB3SAIINX KOHTAKTOB, M MX JKeJaeMbIil KaueCTBEHHBII ypOBEHb. YKa3aHbl MEPCIIEKTUBHBIC HAIPaB-
JICHHS TOBBIIIEHUS 3KCILTyaTallUOHHBIX CBOMCTB HAKOHEYHUKOB, NPEIJIOKEH KOMIIO3ULHOHHBIN MOPOLIKOBBII

Marcpuajl Ha OCHOBEC MCIH, 06na,ua}01111/1171 MOBBIIIEHHOI CTOMKOCTEIO.

OKCIlyaTallMOHHBIE CBOMCTBa Trope-
JOK Il JYrOBOW CBapKd IUIaBSIIMMCS
JJEKTPOJOM B OOJBLIEH Mepe OmpenemnsoT-
Csl KaueCTBOM TOKOIOABOJAIIEIO HAKOHEY-
nuka (TITH) u, nmpekae Bcero, ero CTOMKo-
cTbio. IIpu mPOXOXKIEHUU DBIIEKTPOJHOU
IIPOBOJIOKH HAKOHEYHMKHU OBICTPO M3HAIIU-
BAIOTCs, B pe3yJibTaTe 4Yero HapylaeTes
NEKTPUYECKUI KOHTAKT U yXyJIHIaeTcs
CTaOMIIBHOCTH Tpoliecca cBapku. Haubomnee
IIMPOKOE NMPUMEHEHUE MOJYyYHUIH HAKOHEU-
HUKHU U3 Meau 0e3 MOMKMMHOTO KOHTAKTa,
U3TOTOBJIIEMbIE TOUEHHUEM WJIU IITAMIIOB-
Koi. Cpok ciry kOBl UX‘COoCTaBiIsIeT 0T 4710
9 4y HenpepbIBHOM paboTsl [1].

W3BecTHO, uTO HpU pabOTE CBAPOYHOTO
anmapara Ha MpEABapUTEIbHO OTPEryJIMpOBaH-
HBIX ONTHUMAJBbHBIX pPEXHUMaX HaOMIOIAI0TCS
HapylleHus cTabmibHOCTH. Tponecca. HMccie-
noBaHus moBepxHoctel Kananos TITH [2] mamu
BO3MOYKHOCTb YCTaHOBHUTh, YTO HPUYUHAMU
HapyIIEHHUs YCTOWYMBOCTH TIPOIECCa CBAPKH
SBJIAIOTCA U3MEHEHUS YCIOBUM KOHTAKTUPOBA-
HUSI 3JIEKTPOAHON MPOBOJIOKU C TOKOIOABOAS-
MM HAaKOHEYHUKOM. V3MepeHus maJieHus Ha-
NPSOKCHUS Ha KOHTAKTE <«AJIEKTPOA — TOKOMO-
BOJ» TOKAa3aJH, YTO MPHU CBApKE OHO OOBIYHO
cocTapisieT 2—4 B, HO B HEKOTOpbIE MOMEHThI
ono nocruraer 10-15 B. Kpome Toro, Obuio
OTMEUEHO, YTO KOHTAaKTHOE IaJIeHHE Harps-
KEHHS BO3PACTAeT 1O HENOMYyCTHMBIX 3Haye-
Huil 1 o mMepe u3Hoca TITH. Takue Gombiine
NaJICHUs] HANPSDKEHHS SBISIFOTCS CIIEICTBHEM
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AKTUBHOT'O (3JIEKTPOIPO3UOHHOrO Tpoliecca
B KOHTaKTe.

B. [2] uccnenoBamy mporiece U3HAIIM-
BaHus koHrakra «TITH — snekrpoanast mpo-
BOJIOKa» B YCJIOBHSIX PaOOThI 0€3 TOKOBOW
Harpy3ku u npu capke. [Ipu cBapke m3HOC
TOKOMOABOAALIETO HAKOHEYHUKA CYIIECT-
BEHHO BBIIIC, YeM TPU CKOJILKEHUH 0e3 TOo-
Ka. YBEJIMYeHHE M3HOCA HAKOHEYHHKA IpU
MPOXOXKIEHUH TOKA CBSI3aHO CO CHIKEHHEM
TBEPAOCTU MaTepHaja TPYUIUXCS MTOBEPXHO-
CTell Ha y4yacTKaX KOHTAKTHBIX TSTEH MOJ
BO3/IEHCTBHEM JKOYJIEBA TEILIA.

B mponecce nencTBUS TOJIBKO MeXa-
HUYECKOTO M3HOCA Yy TOBEPXHOCTH KaHala
MIPOUCXOJIUT HM3MEHEHHUE MHUKPOCTPYKTYPHI
Ha nryouny a0 0,15 mwm. [Ipu aTomM Matepu-
aJl Ha TIOBEPXHOCTH KaHasa JeopMupoBaH-
HBIM, MEJIKO3EPHUCTBIA. 3€pHa BBITSAHYTHI
BJIOJIb KaHaJia B BUJE BOJIOKOH. [lo mepe
yJaJIeHus OT MOBEPXHOCTH BEIMYHMHA 3€peH
YBEIIMUUBACTCSI U TPUHUMACT OOBIYHYIO
paBHOOCHYIO (hopMy, MHUKpPOTBEPIOCTb MH3-
mensiercs ot 1400-1800 mo 900-1270 MITa.

Bo Bcex TOKOMOABOIAIIMX HAaKOHEY-
HUKaX SIBHO BBIpa)KCHa HEPABHOMEPHOCTh
W3HOCA KaHaja B HAalpaBJIEHUM BBIXOJA
ANEKTPOJHON MPOBOJIOKH — JUAMETP KaHa-
na yBennuuBaercs. Kak mokaspiBaeT aHaIN3
JAHHBIX O PacHpeesieHNH TOKa B KOHTAKT-
HOW mape, TOKOMOABOASIIIAS MOBEPXHOCTh
HAKOHEYHHKA 3arpy»eHa HEepaBHOMEPHO.
VYyacTok mepeHoca OCHOBHOM JOJIM TOKa
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(60mee 50 %) umeeT MaTyIO IPOTHKEHHOCTD —
okoso 30 % ero mnusbl. [IMOTHOCTH TOKa Ha
stom yuactke pgocturaer 200-350 N
[IponoprrioHaIbHO pacHpeneaeHNI0 IIOTHO-
CTH TOKA NMPOUCXOJNUT U M3HOC HAKOHEUHHKA.

[IpoBenenubIC MeTajorpapuuecKue
uccaeaoBanus cuibHO m3HomeHHbx TITH [2]
[IOKa3aJM, YTO Ha pa3pyLICHHONW KOHTaKTHOU
IIOBEPXHOCTU CO CTOPOHBI BBIXOJA 3JEKTPOAA
U3 HAaKOHEYHMKA HAOJIIOAAIOTCS CIEIbl MeXa-
HUYECKOTO U APO3MOHHOIO M3HOCA, & CO CTO-
POHBI BXOZA 3JIEKTPOJHOM IPOBOJIOKH B HAKO-
HEYHMK — TOJIBKO MEXaHUYECKOTO U3HOCA.

Takum 00pazoM, MOXHO CleJaTh BBI-
BOJI, YTO M3HOC MOBEPXHOCTU KaHajla TOKO-
NOJBOJAIIEIO0 HAKOHEUYHUHKA B IpOILECCE
CBApKH SIBJISIETCS CJIEJICTBUEM KOMILIEKCHOTO
BO3/ICHCTBUS. MEXaHUYECKOTO TPEHMs IPO-
BOJIOKM O MOBEPXHOCTh KaHajia, 3JIEKTpuye-
CKUX pa3psioB UM HarpeBa B pe3yJibTaTe
BBIICJICHUS JKOYJIEBAa TEIJIa HPHU MPOXOXK-
JICHUH TOKaA.

Tak Kak KOHTaKT 3JIEKTPOAHON MPOBO-
noku U ka”ana TIIH peanmusyercs, riaBHbIM
o0pa3oM, Mo 30HaM I'peOHEeH MepoXoBaTOCTH
IOBEPXHOCTH, TO CHJIBHBIN pazorpeB marte-
puasia B yKa3aHHOW 30HE HWHTECHCUDUIIHPY-
eT npouecc u3HamuBaHusA. KaHanm Ha BBI-
X0J/ie TIpuoOpeTaeT OBaJbHYI0 (HopMy B TIO-
nepeynoM cedenun [1]. BenenctBue msnoca
munHapuueckuid kanan TITH npuoOperaer B
HONIEPEYHOM CEUEHHH OBaJbHYIO (opMy, a B
MPOJIOJIBHOM — KOHYCOOOpa3Hy10. DTH U3Me-
HEHMs (POpMBbI KaHajla MPUBOJAT K CIEIYIO-
MM HETaTUBHBIM SIBJICHUSM. YMEHBUICHUIO
IUIOINAAM KOHTAKTUPYIOIIKUX MOBEPXHOCTEH 1
YBEJIMUEHUIO KOHTAKTHOI'O COIPOTUBIICHMUS,
HEJIOIyCTUMOMY BO3PAaCTaHUIO KOHTaKTHOTO
NaJCHUs HANpPSDKEHUS; YCUJICHUIO D3JIEKTpPO-
9PO3UOHHOTO TPOLECCa; OTKIOHEHUIO 3JIEK-
TPOJHOW TNPOBOJIOKHM OT OCH CBapHUBAEMOIO
I1Ba; HEKOHTPOJIUPYEMOMY YBEIMUEHHIO BbI-
nera anekTpoja. llepeunciieHHbIE SBICHHS
HapylalT CTa0MIBHOCTh MPOLIECCa CBAPKU U
BBI3BIBAIOT 00pa30BaHUE JEPEKTOB B IIBAX.

B cBoro ouepenp, akTMBM3alMs 3JEK-
TPOIPO3UOHHOTO TMPOIIECCA BbI3HIBAET MHTEH-
cuBHbI HarpeB TIIH. IloBeienue temnepa-
TYpBI HEM30€KHO NPUBOJUT K MHTEHCH(HKA-
UM CJIEAYIOUIMX TPOLECCOB. aOpa3sMBHOIO
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M3HOCA WU3-332 CHUKEHUS TBEPJAOCTH; HAJIH-
naHus Ope3r Ha nosepxHocts TIIH; anre-
3UM, BBI3BIBAIOIICH  «IIPUXBATHIBAHHE»
3JIEKTPOJHOM IpPOBOJIOKM K KaHaiy TIIH.
B wurtore Ha craguu KatacTpo(UUECKOro
M3HOCA KaHajla MPOUCXOJIUT CBapKa Ipo-
BOJIOKM M HAKOHEYHHMKA BCIIEJCTBHE BO3-
HUKHOBEHUS JYTOBOTO pa3psija.

Lenvio nacmosaweii pabomul a617-
JIUCD. aHATTU3 YCIIOBUI pabOThl TOKOIO/IBO-
JSIIMX HAaKOHEYHUKOB, OIpE/IEIICHUE Iep-
CHEKTUBHBIX HalpaBJI€HUI MOBBIILICHUS UX
9KCIUTyaTallMOHHBIX  CBOWCTB, CO3/aHHe
KOMIIO3UIIMOHHOTO MaTepHana, o0ianaro-
LIErO MOBBIIIEHHON CTOMKOCTBIO,

HanexxHoeTs 1 goaroseunocts TIIH
B 3HAUUTEIILHOW Mepe 3aBUCUT OT MPUPOIBI
CTPYKTYPHBIX W (ha30BBIX TPEBPAILICHUN B
MOBEPXHOCTHBIX CIIOSX' KOHTAKTHBIX MaTe-
pHUaIOB IpU TPEHUH:

B mpouecce paboTel Marepuaibl
JOJGKHBI  00ECTIEUnTh BBICOKYIO H3HOCO-
CTOMKOCTH "M | AJIEKTPUYECKYIO IPOBOJIU-
MOCTb .CKOJIB3SIIIIETO KOHTaKkTa. BeInomiHe-
HUE ¢ 3TUX TPOTUBOPEUUBBLIX TPeOOBAHMIA
[IPECTABIISIET CIOKHYIO 3aa4y.

B cootBercTBUM ¢ KiaccupuKanuei
BUJIOB U3HOCA BCE IMPOLIECCHl IPU TPEHUU
MOYXKHO Pa3JeliTh HAa HOpMasbHbIe (M3HA-
[IMBaHKWEe) M HeAomycTuMmbie (MOBpexIae-
MOCTb).

K HOpManbHbIM OTHOCSTCSI MEXaHO-
XMMHUYECKHE TPOLIECCHI, CBSI3aHHbIE C 00-
pa30BaHMEM Ha MOBEPXHOCTAX TPEHUSA
IJIEHOK BTOPUYHBIX CTPYKTYp. B 3ToM
ClIyyae MpolecC M3HALIMBAHUS JIOKAIU3Y-
€TCSl B TOHYANIINX MOBEPXHOCTHBIX CJIOSX
U XapaKTepu3yeTcs JUMHAMUYECKUM PaBHO-
BECHEM 00pa30BaHUS U Pa3pylICHUS BTO-
puuHBIX CcTpyKTyp. K HemomycTumbIM sB-
JICHUSIM OTHOCSTCS: cxBarbiBanue | pona
(atepmuueckoe) u Il poma (Tepmuueckoe),
¢dperTuHT-TIpOoIIeCC W a0pa3WBHOE W3Ha-
mmBanue [3].

Paspymenue npoucxoaut Hauboiee
WHTEHCHUBHO MpU MEXaHUYecKoil ¢dopme
aOpa3WBHON TOBPEXKIAEMOCTH MaTepHa-
70B. BBICOKOM MHTEHCHBHOCTBHIO MOBEPX-
HOCTHOTO pa3pyILIEHUs XapaKTepU3YIOTCs
U Ipyrue BUIbI NOBPEXAAEMOCTU. MuHHU-
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MajbHas MHTEHCHUBHOCTh HaOIIoAaeTcs Mpu
HOPMaJIbBHOM MEXAHOXMMHUYECKOM H3HaIIU-
BAHUHU.

Ecnu moxazaTth ynenbHyl0 paboTy u3-
HOCa MaTepHAJIOB NPU TPEHUM KAK OTHOLIE-
HUE palbOThl CUJ TPEHHS K HMHTCHCHUBHOCTH

MOBEPXHOCTHOTO pa3pyIllIeHUs,, TO pa3iu-
Yre MEXJy HOPMAJIbHBIMH U HEIOMYCTH-
MBIMH TIPOIECCAMHU CTAHET 00JIee YSTKHM.
PesynbraTel uccnenoBanuii [3] npuBeneHb
B Tabu. 1.

Tab6m. 1. yZ[CJ'ILHaH pa60Ta HW3HOCA B 3aBUCHMMOCTH OT €Iro BUJga

Bz m3HOCa V nenbHas pa6oTa u3Hoca, Kr-M/MM>
AOpa3uBHBIN H3HOC 1-10
CxsatbiBanue | ponga 10-100
CxsatpiBanue |l pona 100-1'000
®peTTUHr-TIpoLece 1 000-10000

Mexanoxumudeckas (hopma abpa3uBHOTO U3HOCA

10.000-100 000

HopmanbHblii MEXaHOXUMHUYECKUN U3HOC

100 000-1 000 000

VYnenbnast pabora msnoca TIIH, wusro-
TOBJICHHBIX W3 MEIHM M Pa3JIMYHBIX OpPOH3, CO-
crassier 15000-80000 kr-m/mm®, 4To cootBeT+
CTBYET MEXaHOXUMHYECKOU (hopMe abpa3uBHO-
ro usHoca. McciienoBanne HOPMAIBHBIX IPO-
IICCCOB HM3HAIMBAHUS MPU TPEHUH C MPHBIIC-
YEHHUEM METOJIOB CTPYKTYPHOTO aHaJiH3a’ I10-
3BOJIMJIO YCTaHOBHTH [3], UTO B OCHOBE WX Jie-
KHUT YHUBEPCAIBHOE SIBJICHUE "CTPYKTYPHOMH
NPUCITOCA0IMBAEMOCTH MATEPUANIOB TPH Tpe-
HUH.

Ot0 siBNeHHE 00YCIOBICHO TIEPECTPOIi-
KOM HCXOJHOM CTPYKTYphl HOBEPXHOCTHBIX
CJIOCB B METacTaOMIbHYIO (hOpPMY, TEpMOIH-
HAMHYECKH OO0NEC BBITOAHYIO IS JTaHHBIX
yCIOBUM M3HAamMBaHus . sl Bcex marepua-
JIOB CYIIECTBYET OHpPEAeNICHHBIN TUarna3oH
U3MEHCHHUS MapaMeTpPOB HArpy>KeHHs, B KO-
TOPOM peau3yercsi CTPYKTypHasi MPHUCIIO-
cabmmBaeMoCTh, B 3TOM nuama3oHe CyIecT-
ByeT ()CHOMCH MHHUMH3AIMH BCEX BHJIOB
B3aUMOJICHCTBUST TBEPABIX T U CPEAbI MPH
Tpeuun, ~ (MEXaHHYECKHX,  (DU3UKO-XUMH-
YeCKMX, TEPMHUYECKHX, DJICKTPOMATrHHUTHBIX,
aKyCTHUYCCKUX W 7p.). Bce ocHOBHBbIE B3aw-
MOJICHCTBHUS JIOKAIHU3YIOTCSI B TOHKOIUICHOY-
HOM OOBEKTE — BTOPHYHBIX CTPYKTypax. Pa-
00Ta TPeHHs MPH STOM, B OCHOBHOM, MPeo0-
pasyercsi B TEIUIOTY, KOTOpas paccerBaeTcs,
a DHEprus, 3aTpayrBacMas Ha pa3pyllCcHHUC
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eAMHULIBI 00BeMa, CTAHOBUTCS MAaKCH-
MajbHOW, YTO MPUBOAUT K PE3KOMY IIO-
BBIIIICHUIO COMTPOTUBIICHHSI MaTepuaia Imo-
BEPXHOCTHOMY pa3pyILIECHHIO.

BropruHbie CTPYKTYPBI  SIBIISTFOTCSI
pe3yJibTaToOM IJIacTHYecKol nedopmanu,
CTPYKTYpPHO-TEPMHUYECKONH aKTHBAIIMH H
B3aMMOJCICTBUS Marepuanga co cperoi. B
[4] oTMeueHBI 0COOEHHOCTH TIACTUYECKOM
nedopMalui MpU TPEHUU B CKOJB3SIIUX
KOHTAaKTaxX: JIOKaJIW3alusg B TOHKHUX IIO-
BEPXHOCTHBIX closix (mopsimka 10 cm);
M3MEIFYCHHE W OPHUCHTALUS CTPYKTYPHI
BJIOJIb HAINpaBJCHUs] MEPEeMELICHUs; HC-
KITFOUYUTENIEHO BBICOKAs IUIOTHOCTH JHEp-
THH, 3aIIaCCHHOW B IOBEPXHOCTHOM CJIOE.
CTpyKTypHasi U TepMHUYECKas aKTHBAIIUS
MMOBEPXHOCTHOTO CJIOSl BBI3BIBACT HMHTEH-
cudukauo (U3NKO-XUMHUYECKUX TPOIIeC-
COB B3aUMOJICHCTBUS AEPOPMUPYEMOTO
CIIOSL CO CPeod M KOHTpTeNIoM (aacopO-
ud, aupPy3un, XUMHUECKUX DPEaKInii).
COBOKYMHOCTh YKa3aHHBIX MPOIECCOB BhI-
3bIBACT  IMACCHUBAIHMIO  TMOBEPXHOCTHOTO
cios W 00pa3oBaHHE METAaCTaOMIIBHBIX
CTPYKTYp, Ha3BaHHBIX BTOPUYHBIMHU.

Bropudnbie cTpyKTyphbl OBIBAIOT IBYX
TUMOB. BTOpHUHBIE CTPYKTYphI MEPBOTO TH-
Ma TMpPeJCTaBISIOT COOOH TMepechIIeHHbIE
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TBEP/bIE PACTBOPHI aKTHBHOTO 3JIEMEHTa Cpe-
nbl (kuciopona, a3oTa, Gocdopa, cepsl U apy-
THUX 3JIEKTPOOTPHUIIATEIIbHBIX JICMEHTOB) B Me-
tasuie (puc. 1, a). BropuuHble CTPyKTyphl BTO-
PpOro Turia — 3TO MCTaCTa6I/IJ'II7HBIe XUMHUYECKHEC
COCJIMHECHHST METAUIOB C JJIEMEHTaMH CpPEJIbl
HECTEXHOMETPHIECKoro coctana (puc. 1, 0).
XapakTepHbIM [ JBYX THUIIOB BTO-
PHYHBIX CTPYKTYpP SIBIISIIOTCS MX ITOBEPXHO-
CTHasl JIOKaJW3alus, YyJIbTPAJAUCIEPCHOE
CTpOCHHE, CIOCOOHOCTh MHHHMH3HUPOBATH
(UBHKO-XUMUYECKUE MPOIIECChI (KOPPO3HIO,

aubdy3uo, aare3wio) W paspylicHHe
HUKEJICKAITUX CIIOCB.

OTnuume CTPYKTYp 3aKIOYacTcsl B
CJICAYIOUIEM: TIEPBBIH THIT AJIEKTPOIPOBO-
JICH, CBEPXIUIACTUYEH (JIETKO MepeTeKaeT
[0 TMOBEPXHOCTU TPEHHS), HMEET Ciabo
BBIPQXKEHHBIH CcyOpernbed, MOHMKEHHBIC
aJICOpOIIMOHHBIC U aJre3MOHHBIC XapaKTe-
PHCTHKH; BTOPOW TUIT HIMEET MOHMKECHHYIO
ANIEKTPONIPOBOJHOCTh ¥ IUTACTHYHOCTB,
BBICOKYIO MPOYHOCTb, SIPKO BBIPaKCHHBIN
cyOpenbed, XOpomio ynep:KUBaeT KHUIKHE

" TBEPAbIC CMAa3KH.

Puc. 1. Cxema cTpoeHHUsI TOBEPXHOCTHBIX CJIOEB HPU HOPMATEHOM TPEHHUH: a — MepBblil, 6 — BTOPOii THI BTOpHY-

HBIX CTPYKTYP

IlepBblii TN CTPYKTYpHI CYIIECTBYET
IpU OTHOCHUTEIBHO HMU3KHUX 3HAYCHMsIX pabo-
Tl TPEHUS, KOI/ia TIpeodIaiaeT CTPYKTypHas
akTuBalys. B onpeneneHHoM fnana3oHe 3Ha-
YEeHUI Pa0OThl TPEHUS (MOTYT COCYILECTBO-
BaTh J[Ba TUMA. BTOpoi#l THUTT peobnanaer npu
MIPEUMYLIECTBEHHO TEPMUYECKON aKTHBALUH.

Hawnyumme, ycnoBus s paOoOTHI
3JIEKTPUYECKNX-. KOHTAKTOB CO3AAr0TCs, KO-
I71a JIB€ ‘TIOBEPXHOCTH TPEHHUS IOKPBITHI
IUIEHKaMH - BIOPUYHBIX CTPYKTYp IE€pPBOTrO
Ttuna. B 3ToM ciydyae obecrneuynBaroTCs Kak
BBICOKAsi AJIEKTPOIIPOBOJHOCTh  KOHTAaKTa,
TaK-¥ €ro MOBBILIEHHAS! N3HOCOCTOMKOCTb.

ObecrieunTh  3aJaHHOE  COYETAHHE
BTOPUYHBIX CTPYKTYp Ha KOHTaKTHBIX IO-
BEPXHOCTAX MOXKHO Pa3Iu4YHbIMU IYTAMH.
[Ipexne Bcero, ’To0 MOXKET OBITH JOCTHTHY-
TO CIELHAJbHBIM JIETUPOBAHUEM DJIEKTPO-
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59

KOHTAaKTHBIX MAaTEPHAIIOB DJIEMEHTAMH,
paCIIMPSIFOIIMME 00JaCTh CYIIECTBOBAHHMS
BTOPUYHBIX CTPYKTyp TNepBOro Tuma. B
9TOM OTHOUICHWU Hauboliee IMUPOKUE
BO3MOXHOCTH OTKPBIBAIOT METOJIBI TIO-
POIIKOBOW METAJLTyPTrUu, IO3BOJISIONINE
MOJIy4aTh MaTepHabl ¢ YHUKAIBHBIM CO-
yeTaHUEM (DU3UYECKUX U MEXAHUYCCKUX
CBOMCTB.

JpyruM BaKHBIM IIyTEM SIBJISIETCS
ONTUMU3ALNS YCIOBUHM Cpeibl. DTO MOKET
OBITh JOCTUTHYTO, HalpUMep, 3aMeHOU
BO3YIIHOW Cpenbl MEHee akTUBHOW. Eciun
KOHTaKThl paboOTalOT CO CMa3KOM, paciiu-
pUTh JUAINa3OH CYIIECTBOBAHUS BTOpPHY-
HBIX CTPYKTYp MEPBOTO TUIA MOXHO BBe-
JIEHUEM CHEeIUaIbHBIX MPHUCAJOK — aHTH-
OKHCIITUTEIICH.

Takum oOpa3om, miss obOecreYeHHS
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HAJIS)KHOW M JOJTOBEUYHON PabOTHI CKOJIb3SI-
IIMX KOHTAKTOB Ba)XHBI HE TOJIBKO BBICOKHE
MEXaHUYECKUE CBOWCTBA M 3JIEKTPONPOBOJ-
HOCTh, Majas CKJIOHHOCTb K CXBaThIBAaHHUIO
MaTepHalioB, HO U CTPYKTYpHBIE YCIOBUS —
ONTUMAJILHOE COYETaHUE TUIIOB BTOPUYHBIX
CTPYKTYp Ha KOHTaKTHBIX MOBEPXHOCTAX [3].

B mponecce paborst Ha TIIH neiict-
BYIOT TpU I'pyHIbl (JaKTOPOB, OKA3BIBAIOIINX
BIMSHUE HA pa3pyllieHue KOHTAKTHBIX IIO-
BEPXHOCTEH, YTO B KOHEYHOM HTOT€ IPUBO-
JUT K HapylIeHUsIM paboThl CBAPOYHOIO arl-
napara B LeJoM: 1) snekTpuueckue (akTo-
pBI: 3JIEKTPUUECKUH TOK, HAINpPsDKEHUE, BHI
TOKa, MOIIHOCTh MCTOYHHMKA TOKAa; HArpy3Ka
Heny (OMUuecKas, eMKOCTHas WIH HMHIyK-
THUBHAs1); 2) MEXaHMYECKUE M KOHCTPYKIIH-
OHHbIe (DaKTOPBI: KOHTAaKTHOE JIaBJECHHUE,
MEXKOHTAKTHBIE 3a30pbl, CKOPOCTh IepeMe-
IIEHUS] KOHTAKTOB, T€OMETPUUECKUE pa3Me-
pBl U MEXaHWYECKHE CBOWCTBA KOHTAKTOB,
BUJ TIOKPBITHS 3JIEKTPOJHON TMPOBOJIOKH,
COCTOSIHUE €€ IOBEPXHOCTH M UIEpOXOBa-
TOCTh; 3) (PHU3UKO-XUMHUYECKUE (HAKTOPHI:
COCTaB, JaBJICHHE, TeMIlepaTypa OKpyKaro-
IEN Cpensl.

CornacHo JaHHBIM PaHTOBOI KOppess-
MK (PaKTOPOB, OIMpPEENIAIONMX PAdOTOCIO-
COOHOCTb CKOJB3AIIUX 3JIEKTPOKOHTAKTOB
[5], dakTopoM, oOka3bIBaOIMM pelIaroice
BJIMSIHUE, SIBJSIETCS KOHTaKTHOE HaxkaTue., K
(daxTopaM, CyIIECTBEHHO BIUSIOIIMM Ha U3-
HOCOCTOMKOCTB, .OTHOCAT TBEPAOCTH Mare-
pHuanga KOHTAKTa, COOTHOILEHHE. TBEpAOCTEH
MaTepHaioB . MApbl, TOPSYYIO0 TBEPIOCTH,
CKOpOCTh . CKOJIBXKEHHUSA| W, I1ePOXOBATOCTh
KOHTpTENa.

B mpornecce-eBapku B pe3ysbTaTe BO3-
JIeMCTBUS YKa3aHHBIX BhIIIE ()aKTOPOB MOTYT
BO3HHMKATh CIEAYIOUINE SIBICHUS. MPHUIIUMA-
HUe OpbIr k moBepxHoctu TIIH; cBapuBa-
Hue TIIH ¢ 3mekTpoaHoil mpoBOJIOKOH; W3-
HOCpaboueil MOBEpXHOCTU KaHaJa.

Ilpununanue OpbI3T K MOBEPXHOCTH
HAaKOHEYHHKA MOJKET IPHBECTH CBAPOUYHBIN
amnmapar K OTKa3aM WIM K HapyIIEeHHIO CTa-
OMJIBHOCTH IpOLIECCa CBApPKH.

OTka3bl BBI3BIBAIOT MOSBJICHUE B CBAp-
HOM IIIB€ HEJOIyCTUMBIX NE(PEKTOB, YBEIH-
YeHHE BpPEMEHHM MPOCTOEB IO OOCTyKHUBa-
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HHIO ¥ TToBbIIEeHHBINA pacxoxd TITH.

SIBrieHue nmpuiIUnaHus OpbIT HanOo-
Jee XapaKTEpPHO NP CBapKe UIMHHOM Aay-
rol B cpele yINIeKUCIoro rasa. B stom
CiIy4yae TIPOMCXOJIUT BBHIOpAChIBAHUE OPBI3T
MeTajljla U3 CBapOYHON BaHHBI, BbI3bIBaE-
MO€ BBIICIICHHEM U3 HEe ra3oB, 0oOpa3syro-
IIMXCA B pe3yjbTaTe NPOTEKAaHUS MeTall-
JAyprudeckux mporneccos. IIpwimnanue
OpBI3T IPUBOAUT K 0OPa30BAHUIO «MOCTH-
ka» mexnay TIIH m comnom ropenku w,
BCJIEICTBUE OTOr0, BO3HMKHOBEHHIO KO-
POTKOI0 3aMbIKaHHUS COIJIa U 3aTOTOBKHU.

C npyroil CTOpPOHBI, NIpUIUIIAHHE
cTanbHbIX Kamens K Topuy TIIH BeI3BIBaeT
MOSIBJICHUE JIEKTPUYECKUX pa3psioB Me-
My HUM U 3JIEKTPOAHOHN mpoBojiokoil. Co
BPEMEHEM, IO MEpE Pa3BUTHUA 3TOTO NPO-
1ecca, NpouCcXoAuT o0pa3oBaHUE 1yTOBOTO
paspsiza U CIUIABJIEHUE 3JIEKTPOAHOMN IpO-
BOJIOKM CO CTajJbHBIMU OpbI3raMu Ha IO-
BepxHoctu TIIH.

B ciyyae BO3HHKHOBEHHMS JJIEKTpU-
YECKOro paspsAla KOJUYECTBO DSHEPIUH,
BBIICTISIONICHCS Ha pabovMX MOBEPXHO-
CTSAX KOHTAKTOB, 3aBUCHUT OT IIapaMETPOB
IJEKTPUYECKOM LEeNu: CUJIbl TOKa, Hamps-
KEHUS W MOIIHOCTHM HCTOYHHMKA TOKa.
VYka3zanabpie (aKTOPBI ONMPEneaIoT Gopmy
U JUIMTEIBHOCTb JJIEKTPUYECKOTO pasps-
na. Eciu mapamMeTpsl 3JIEKTPUYECKOW Iie-
U 00ecrneynBaloT BO3MOKHOCTb BO3HUK-
HOBEHHUS U TOPEHUS 3JIEKTPUUYECKOU AYTH,
TO B 30HE €€ HENOCPEACTBEHHOTO BO3JEH-
CTBUS Ha pabouyyl0 MOBEPXHOCTb KOHTAaK-
TOB I10J] OIOPHBIM ISAITHOM pa3BUBAIOTCS
Ype3BbIYAMHO  BBICOKas  TemIeparypa
(15 000-20 000 °C) u maBnenue xo 1,0 xI1a.
KpaTtkoBpeMeHHO AEUCTBYIONIMH HCTOY-
HUK TeIUla pacIuIaBiII€T M HUCHapseT He-
OonpmIol 00beM MaTepuasia. DTOT 00beM
OTpaHMYEH BCIEACTBUE IIOracaHus AyrH
WIKM €€ NEepEeMELICHUS IO IOBEPXHOCTU
KoHTakTa. Crenuduueckue sBIEHUS, CO-
MIPOBOXK/AIOIINE  BJIEKTPUUYECKYIOD YTy
(TepMuUecKHe HAMPSDKCHUS, TEPMOYIIPY-
rasi BOJIHA, JIEKTPOIMHAMUYECKUE YCUITHS,
B3pBIBOOOPA3HbIE BbIIEICHUS aaCOpOHPO-
BaHHBIX Ha IOBEPXHOCTH KOHTAKTOB U
PacTBOPEHHBIX B METAJLIE I'a30B, AABJICHUE
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B CTOJI0E IyTrH), NPUBOAAT K HHTCHCHBHOMY
UCTIAPEHUIO U Pa3OpBI3TUBAHUIO PACILIABHB-
LIEr0oCsl MaTepualla, MEXaHU4ECKOMY OTTOp-
KEHHUI0O M BBIOPOCY OTIENBHBIX YaCTHI[ He-
paciiaBuBILErocsi, Je(GpOpPMHUPOBAHHOIO MU
oxpym4yeHHoro metaia [6, 7]. B pesynbrate
CIABUTOBBIX YCWIMH, HANpPaBICHHBIX DPalIu-
QIbHO OT LEHTpa Kparepa K mnepudepuy,
pa3MATYEHHBIM MeTalll IepeMeIaeTcst u oo-
pasyer BaJMK Kparepa. IloBepxHOCTH KOH-
TakTa BOKpPYI Kparepa TOKpbIBaeTcs 3a-
CTBIBIIMMH ¥  3aKpUCTAJIIM30BaBLIMMHUCS
OpbI3ramy, KaruisIMM KOHJAEHCaTa MeTajllu-
YECKUX MapOB U OTTOPTHYTHIX TBEPIBIX 4ac-
tuil [8]. B pesynbTare mepemenieHus ayru
Ha [TOBEPXHOCTU KOHTAKTOB IMOSBISAIOTCS HO-
BbI€ KpaTepbl WIM WX KOMIUIEKCHI, TPEILIUHBI
U OTKOJIBl KaK CJIEICTBUE YCTAJIOCTHBIX SB-
JICHUH, CBSA3aHHBIX C TEPMHUYECKUMHU U JpY-
TMMH HaNpsDKEHUSIMU Ha TIOBEPXHOCTH KOH-
takToB [9, 10]. B o0mem cityuae 3po3uoHHOE
paspylieHue pabounx MOBEPXHOCTEH KOHTAK-
TOB SIBJIIETCSl CJICACTBUEM TEPMHUYECKOTO
JEUCTBUS JIEKTPUYECKON OyTH, B Pe3yJbTaTe
KOTOPOr0 MaTepuall KOHTaKTa O] OMOPHBIM
ISITHOM JIyTW pacIUIaBisieTcsl, pa3OpbI3ruBa-
ercs, ucnapsercss u okucisercs. Ilostomy
IEKTPOIPO3UOHHON CTOMKOCThIO 00JaJar0T
MaTepHualbl, OTIMYAIONIMECS BBICOKUMH Tell-
JT0(PU3NUECKUMHU XapAKTEPUCTUKAMU. TEMIIe-
paTypoy IUIaBJIEHUS U KUIICHHUS], CKPBITOM Te-
IUIOTON TUIaBJIEHUS U CyOIMMalnH, TeTI0eM-
KOCTbIO, TEIUIONPOBOJAHOCTBIO U HU3KOH yII-
PYTOCTBIO ITAPOB B IIMPOKOM MHTEPBAJIE TEM-
nepatyp. Bce aTu cBoOlcTBa onpenenstor Ko-
JIMYECTBO IIEPEHOCUMOI0 B Qyre Marepuana,
NOTEPHU BEIIECTBA IIPU UCTIAPEHUHU U pa30OpbI3-
T'MBAaHUM, BbI3BIBAEMOM  B3PHIBONOOOHBIM
BBIJICJICHUEM Ta30B, HAXOAAIIUXCS B Mare-
pHane KOHTaKTOB, WU BO3JEHCTBHEM TEPMO-
ynpyroii BosHbl. O4eHb Ba)KHO, YTOOBI MaTe-
pHan KOHTAaKTOB 00Jajai JOCTaTOYHOM Tep-
MOCTOMKOCTBIO, IUIACTUYHOCTBIO U TPOYHO-
CTBIO, OCOOEHHO IPH MOBBIIIEHHBIX TEMIIEepa-
Typax. Uem sydire 3T CBOWCTBA, TEM MEHb-
1€ pa3pylIacTcs IOBEPXHOCTh KOHTAaKTa B
pe3yJibTaTe pacTPEeCKUBaHHUS U OTTOPIKEHHUS
4acTUl €€ B TBEPAOM COCTOSIHUU O] BO3ACH-
CTBHEM TEPMOYAAPOB.

B razoBoii cpene nyra racutcsl AENOHH-
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3aI[Mell ¢ BOCCTAHOBJICHHEM IUAJIEKTpHYE-
CKOM MPOYHOCTH MEKKOHTAaKTHOTO 3a30pa.
IIponiecc ke BOCCTAaHOBJICHMS AMAJICKTPU-
YECKOM MPOYHOCTH TOXKE 3aBUCUT OT
CBOMCTB Marepuajga KOHTAaKTOB, TaK Kak
[JIABHBIM  PETYJIAITOPOM  BOCCTAHOBJICHHUS
JTUAJICKTPUYECKOM  TIPOYHOCTH  SIBJISIETCSA
TEMIEpaTypa MOBEPXHOCTU KOHTAKTOB, OT
KOTOPOWM 3aBUCUT BEJIMYMHA TEPMODJIEK-
Tpuueckor smuccu. OTBOJ TeIuia OT Ha-
IPETO 30HBI TIOBEPXHOCTU OMPEIEISICTCS
TEIUIONPOBOAHOCTRIO MaTepuana KOHTAKTa,
a €ero SMUCCHOHHAs CIIOCOOHOCTH B JIAHHOM
Clly4yae UrpaeT BTOPOCTENIEHHYIO POJib.
Dpo3usi MEAHBIX - MaTepUaJIOB  COTIPO-
BOXKJIAETCS TPOMECCAMH OKHCISHHSI U Ta30-
nornonieHus, Kak n3BecTHo; MeAb pacTBO-
psier kucnopo-(ipu 1050 °C.no 0,0156 %)
1 00pasyeT JiBa OKCHUIA; CTAOMIBHBIX B Pa3-
HBIX. TEMIICpaTypHBIX MHTEpBasax. M3meHe-
HU€ pacTBOPUMOCTU ra3za MpHU 3aTBEplEBa-
HHMW MO BBI3BIBACT IOSBIICHHE Ha €¢ II0-
BEPXHOCTW Ty3bIpeid U pakoBuH. [Ipu yBe-
JIMYEHUH, TEMIIEPATYPhl TIOBEPXHOCTH BBIIIIE
1200 °C. ma Heit obpasyercs MUIAKOBas
wienka u3 okcuna Cu,O. OHa, SBIAACH H-
SIEKTPUKOM, TPUBOIUT K 00pbIBY ayTH [11].
CapuBanue TIIH c¢ mnpoBosokoii
MOXET MPOUCXOJUTh HE TOJIBKO B CIlydae
YBEITUYCHHUS 3a30pa B CKOJB3SIIEM KOH-
Takte. DU3MKO-XMMUYECKHE MPOLECCHI,
MPOTEKAIOIIe Ha pabOYuX MOBEPXHOCTSIX
TIIH B mporecce CKOJIBXKEHHS dIEKTPOJI-
HOM TIPOBOJIOKU U MPOXOKACHUS IJIEKTPH-
YEeCKOro TOKa, MOTYT BbI3BaTh HEOOpaTu-
MbI€ M3MEHEHMsI MaTepuaja Kak Ha ITHX
MOBEPXHOCTAX, TaK W B MPWIETAIOIIUX K
HUM oObeMax. XapakTep U3MEHEHUH, Be-
JUYMHA OXBAYE€HHOM MMM ILUIOIAJU U TIy-
OMHa WX pPactpoOCTpaHEHUsS ONPEACIISIOTCS
KOJIMYECTBOM SHEPI'MH, BBIACIAIONICHCS Ha
STUX MOBEPXHOCTSIX U CBOMCTBAMU MpHUMeE-
HsieMbix Marepuanos [9, 12, 13]. Konuue-
CTBO JHEPrud B BHUJE JKOYyJIeBa TeEIUIa,
BeLensgronierocss B o0oreMe TIIH un Ha ux
paboYmnx MOBEPXHOCTSX, 3aBUCUT OT BEJIH-
YUHBl TOKA, YJEIBHOIO COMPOTHUBIICHUS
Marepuaiga KOHTAKTOB, BEJIIMYMHBI HUX TIIe-
PEXOAHOTO COMPOTUBJICHUS W BPEMEHHU
MPOXOKJIeHUS ToKa. [loa necTBueM 3TOro
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TEIJIa MOTYT IPOUCXOJWUTh PEKPUCTAIN3A-
1Us U pa3ylpOUYHEHHUE MaTepuasa BHICTYIOB
Ha KOHTaKTHBIX IOBEPXHOCTAX, a TAKXKE X
[UIacTHUecKass  aedopmanus — BCIEACTBUE
KOHTaKTHOTO Haxkatus. PasorpeB marepuana
TIIH B OTHENBHBIX TOYKAX IOBEPXHOCTH
CIOCOOCTBYET HE TOJBKO CIJIaKMBAaHUIO He-
POBHOCTEH, HO U WX <IPUXBATHIBAHUIO» K
3JIEKTPOJHOM MPOBOJIOKE. DTO SIBJICHUE Xa-
pPaKTEepHO JJI1 MAaTepUajIoB C HU3KHMMHU 3Ha-
YEHUSIMH TOPSTYEH TBEPIOCTH.

Brei6op marepuana ans TIIH 3arpyn-
HEH TEeM, 4YTO HEOOXOJIMMO peanu30BaTh
MHOTO00Opa3HBIi U TMPOTUBOPEUUBBHIN KOM-
IUIEKC CBOMCTB, AMKTYEMBIX YCIOBHSIMH HX
pabotel. TpeboBaHUsAM, TPEABSIBISIEMBIM K
TUM MaTepuanaM, YaCTUYHO YAOBJIETBOPS-
10T Bolb(pam, MONMHOCH, PeHMIA, TaHTAN U
rpa¢put. OHM UMEIOT HanboJee BBICOKHE
3HAYEHUS TEII0(PU3NIECKUX CBOWCTB M KpH-
TUYECKOW CHJIBI TOKa U HaIpsDKEHUS Jyro-
o0pa3oBaHMs, BeCbMa BBICOKYIO pa0OTy BbI-
X0J1a JJIEKTPOHOB M ITOTEHIMATl MOHHU3ALMUU.
Opnako 3TH MaTepuaibl 00agaroT CyIIecT-
BEHHbIMM HEIOCTaTKaMH. KOPPO3UOHHAs
CTOMKOCTh UX HEBEJIMKA, OHU HEJOCTATOYHO
NEKTPO- M TEIUIONPOBOJHBI, OTIUYAIOTCA
HEBBICOKOM TEPMOCTOMKOCTBIO W IWIACTUY-
HOCThIO. [loj nelicTBMEM MEXaHMYECKUX H
TEPMUYECKUX YCUIIUN KOHTAKTBI U3 3TUX Me-
TaJUIOB CKJIOHHBI K yCTaJIOCTHOMY pa3pyuIe-
Huto. Cepebpo, Mes, 30J10To, MIaTHHa, Tal-
Jaaui 00s1aar0T BEICOKMMHU 3JIEKTPO= U TEll-
JONPOBOAHOCTHIY; MNIACTUYHOCTHIO U KOPPO-
3MOHHON CTOMKOCTHIO (KpOME ME/IH), OJTHAKO
uX Termnodu3nuecKue (CBOMCTBA HE3HAUU-
TEbHbI, M.-OHU HE OTIMYAIOTCA XOpOLIEH
3JIEKTPO3PO3UOHHOM . CTOMKOCTBIO. M crob-
3ysd METO/bl TOPOIIKOBON METaJUIypruy,
MO>XHO TOJYYNATh TAaKOW KOMMO3ULMOHHBINA
MaTepuaj, KOTopblii OyaeT o0iaaath COBO-
KYIHOCTBI) CBOMCTB, HECOBMECTHUMBIX B OJ-
HOM MatepHaie.

Komno3unuonnsie mMatepuanbl MOXKHO
ONPEIEIUTh KAK TETEPOrCHHYI CHUCTEMY,
HMpEeACTaBICHHYI0 KOMIIOHEHTaMH, HE pac-
TBOPSIIOIIUMHUCSA JIPYT B Ipyre B TBEPJOM CO-
ctosaud. K 3TuM Martepuanam MOryT OBITh
OTHECEHBI HEPABHOBECHBIE CHCTEMBI, (a3o-
BbIE COCTABJISIOIINE KOTOPHIX HE B3aUMO-
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NEUCTBYIOT WIH C1ab0 B3aWMOJCHCTBYIOT
Ipyr C JApPYroM B IIMPOKOM HHTEpBae
TEMIIepaTyp, COXpaHss CBOUM UHIAUBULIY-
aJbHbIE CBOWCTBA. TakoW KOMIIO3MLMOH-
HBI MaTepuag MOXET UMETh TpeOyeMbIid
Ha0Op XapaKTePUCTHK BCIEACTBHE aJJ-
TUBHOCTH CBOMCTB OTAEIbHBIX (Pa30BBIX
COCTABJISIFOLIUX.

Upe3BhIUaiiHO Ba)XXHBIM TPEUMYIIIE-
CTBOM IOPOLIKOBOM TE€XHOJIOTUM SIBISIETCS
BO3MOJKHOCTB CO3JaHUsI KOMITO3UIIMOHHBIX
MaTepuaioB, B KOTOPBIX COCYLIECTBYIOT
CTPYKTYPHBIE  COCTABJISIIOIIME,  BBIIOJ=
HSIOIIUE CTPOTO ONMpeAeiAcHHbIC (PYHKINH.
Coueranne pas3IHUHBIX crenu(puIecKx
yIbTPAAUCIIEPCHBIX (a3 B OHpeNeICHHBIX
KOJIMYECTBEHHBIX COOTHOIUEHUSX W C OTl-
peneneHHbIM. XapakTepoM UX pacnpeese-
HUS TIO3BOJSIET PEAJIM30BATh B MOJOOHBIX
MaTepuaiax HOBBIE ~CBOMICTBA, HEIOCTH-
JKAMbIE B MaTepHaiaX, MOJy4yaeMbIX Tpa-
JUIMOHHBIMU., META/UTYPTUYECKUMH  CIIO-
cobamu. €' y4eToM TaKMX MIMPOKHUX BO3-
MOXHOCTEM OTKpPBIBAIOTCS MEPCHEKTHUBBI
CO3J@aHUsl TPUHIMITHAIIBHO HOBBIX Mare-
pHAJIOB 3IEKTPOTEXHUYECKOIO0 HA3HAUCHUS
C.CYIIECTBEHHO 00Jiee BHICOKMMHE (PH3UKO-
MEXaHUYECKUMH M HKCIUTyaTallMOHHBIMU
CBOWCTBaMH.

B wuccnenoBanusax [14] Obuio oTMe-
YEHO, YTO BBEJICHHE Jaxe HEOOJBIIOTO
KOJIMYECTBA OKCHJIOB B KOMIIO3ULIMOHHBIE
MaTepuaibl I AJIEKTPOKOHTAKTOB TIPH-
BOAUT K CYIIECTBEHHOMY YXYJUIEHUIO YyC-
JOBHI CMaduBaHUSA. DTOT 3PQeKT Kea-
TenbHO ucnonb3oBaTh B TIIH ans 60pbrObI
C TpWINIaHUEM OpBI3T M CIUIABJICHUEM C
3JIEKTPOJHOM ITPOBOJIOKOM.

B [15] uccnenoBanoch BIUsHUE BBe-
JICHUs OKCUJOB Pa3IMYHBIX METaJUIOB Ha
3PO3UOHHYIO CTOHKOCTh KOMITO3UIIMOHHBIX
3JEKTPOKOHTAKTHBIX MarepuanoB. bbiio
OTMEYEHO, YTO MPU BBEJCHUHU TUCIIEPCHBIX
OKCHJHBIX (a3, HE B3aUMOJICHUCTBYIOUINX C
MaTpullel, B Tmpolecce paboThl KOHTAKTa
COXpaHSETCA €€ TEeTEePOreHHOE CTPOEHUE
HECMOTpPsSI Ha TO, 4TO (DIYKTyaluu TeMIie-
paTyp Ha pabouyuX MOBEPXHOCTSIX IMPEBBI-
IAI0T TEMIIEpaTypy IUIABIICHUS MATPHUIIBI.
Takum o0OpazoMm, Hanuuue B MaTepuaie
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KOHTaKTOB HEOOJBIIOr0 KOJMYECTBA JIUC-
NIEPCHBIX OKCHJHBIX BKJIIOYEHUN I103BOJISET
3HAUUTEIBHO CHU3WUTHh IMEPEHOC Marepuana
Onarosapsi U3MeJIbUCHHUIO 3epHA U TOPMOXKE-
HUO TU(GY3UOHHBIX MPOIECCOB HA PaOOUNX
NOBEPXHOCTAX. [Ipy 3TOM 3HAUUTENBHO BO3-
pacTaroT MEXaHWYECKHE CBOWMCTBA, YTO MO-
JIOKUTENIBHO BIIMSAET HA CTOMKOCTbh KOHTAaKTa
U B Ipoliecce aOpa3sUBHOTO HW3HAIIMBAHMUSL.
Hedopmarmonnoe ¢GopMUpOBaHHUE aHU30-
TPOIHOM rerepoda3Hoil CTPYKTYpbl Y TAKOTO
MaTepuaia TMpUIAeT €My elie OOJBIIYIO
ANEKTPOIPO3UOHHYIO CTOMKOCTbD.

B [16] paccMaTpuBanoch BIHMSHHUE
JTUCTIEPCHBIX BKJIIOUEHUN C HU3KOM padoToit
BBIXOJIa BJIEKTPOHA HA 3JIEKTPOIPO3UOHHBIC
XapaKTEPUCTUKU MOPOIIKOBOM menu. B Heit
OBLJIO OTMEUYEHO, YTO Ha JTUX BKIIOUYEHUSIX
IPOUCXOANT JOKAIN3ALUs PA3PsIHBIX MSATEH
U, TaKUM 00pa3oM, OHH, IPUHHUMAas Ha ceOs
OCHOBHOM JHEPreTHMYECKUHN YJap, CHHUKAIOT
9PO3HI0 METHOI OCHOBBI. DD (HEKT CHUKEHUS
AJIEKTPOIPO3UU PACTET MO0 MEPE YBEIUUECHUS
COJIEpXaHUsl 3TUX JIUCIIEPCHBIX BKIIFOUECHHM.
OpHako mpU TMPEBBILIEHUH UX KOJIWYECTBA
6onee 3 % mo Macce, u3-3a OOpa3OBAHUS
KOHTaKTOB MEXAy HUMHM, YMEHbIIAETCs KOH-
TaKTHasi IOBEPXHOCTh YaCTULl MEAHOI OCHO-
Bbl. DTO NMPUBOANUT K CHI)KEHMIO €€ IIPOYHO-
CTH, SJEKTPONPOBOJHOCTH. U _ YBEIMYHUBACT
ApO3UOHHBIN U3HOC. TakuM 00pa3oM, MEXTY
SMUCCHOHHBIMU CBOWCTBaMU MOBEPXHOCTH
KOMITO3MIIMOHHOLO. MAaTepHalid U €ro dJIeK-
TPO3PO3UOHHBIMHU XapaKTEPUCTHKAMU CyIIe-
CTBYET 3aBACHUMOCTb, YYHTHIBasg KOTOPYIO
MO>KHO | BRIOUPATh UCHEPCHBIC BKIIOYCHHUS,
MOBBIIIAIOIINE CONPOTUBIIEHNE 3PO3UHA MEN-
HOMl OCHOBBI, a  TakikKe€ OIpeAeNiATh ONTH-
MaJIbHOE KOJIMYECTBO HEOOXOAMMBIX KOMIIO-
HEHTOB.

B [8] mpuBeneH mepeucHb OCHOBHBIX
XapaKTePUCTHK U (UBHKO-XUMHUYECKHUX
CBOICTB, KOTOPHIMHM JOJDKEH 00JaaaTh Ma-
TEPUAN AJI1 CKOJB3ALIUX KOHTAaKTOB, M HUX
JKeacMblil KAYECTBEHHBIN YPOBEHb.

Jns  nocTukKEeHHsT BBICOKOW H3HOCO-
CTOMKOCTH TNPOTHUB MEXAHUYECKUX BO3ACH-
CTBUM MaTepuan JOJKEH HMETh BBICOKHE
3HAUEHUS. TBEPAOCTH, MPOYHOCTH, IJIACTHY-
HOCTHM, YJApHON BS3KOCTH, YCTAJIOCTHOU
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IIPOYHOCTH; TOpSiYEHd TBEPAOCTH M IIPOY-
HOCTH; obnanarb MEJKO3EPHUCTON
CTPYKTYpOit u CIIOCOOHOCTBIO K
00pa30BaHUIO HA TOBEPXHOCTSAX TPEHUS
IJICHOK BTOPUYHBIX CTPYKTYP.

Jns BBICOKOM 3JIEKTPOIPO3UOHHOM
CTOMKOCTH, B JOINOJIHEHUE K IEPEUHCIICH-
HBbIM CBOMCTBaM, MaTepuall J0JKEH OTJIHU-
4aTbCsl MOBBIIICHHBIMUA 3HAYCHHUAMH. TEM-
neparyp IUIaBJICHUS, KUIIEHUS U pa3Msrde-
HUS, TEIUIOTHI IJIABJICHUS U CyOJIMMAIINY,
TEIUIOEMKOCTH, TEMJIONPOBOJHOCTH; JKa-
PONPOYHOCTH, TEPMOCTOMKOCTH; MOBEPX=
HOCTHOTO HATsHKEHMSA, -HAa rpaHule ¢as
«TBepas — KUAKAL», ©KUIKas —~ ra3y»; pa-
00TBl BBIX0J1a < IEKTPOHOB, ~TIOTEHIMAIA
MOHM3AIMH; KpPUTUUECKON cuJia. TOKa U Ha-
NpsDKEHHS  yrooO0pa3oBaHusl; KOPPO3UOH-
HOM CTOWKOCTH; JIETy4E€CTH IPOAYKTOB
KOPDpO3UH, CONPOTHUBICHUS pa3pblBy U
CKATHIO; HATIPSHKEHUSI pa3MATYEeHHUS.

JInst HU3KOM CKIIOHHOCTH K JWHAMHU-
YECKOMY W CTaTUYECKOMY CBapMBaHHUIO Ma-
TepUaJlbl, JOJKHBl UIMETh MEJIKO3EPHHUCTYIO
CTPYKTYpPY C paBHOMEPHBIM pacIipe/ieIeHu-
€M UCTIEPCHBIX OKCUAHBIX (a3 u 001anaTh
BBICOKMMH 3HAUEHUSIMH. TEMIEpaTyp pas-
MSTYEHUs] M IUIABJICHHUS; TEIUIONPOBOJHO-
CTH U 3JIEKTPONPOBOJHOCTH; TOpAUYEH TBEp-
JIOCTH ¥ Tpefeia yIpyrocTH; NOBEPXHOCT-
HOTO HATsHKEHUs] Ha TpaHuie (a3 «Kum-
KOCTb — HJKOCTb», <OKUJKOCTb — TBEp-
Jasi»; IPOYHOCTH U IJIACTUYHOCTU KOPpO-
3MOHHBIX IUIEHOK; paboThl BBIXOAA 3JIEK-
TPOHOB M KPUTUYECKOH CHJIBI TOKAa U Ha-
NpsDKEHUsT JyrooOpa3oBaHusl.

JlucniepcHO-yIIpOYHEHHas Mep,
TEOpHUS U TEXHOJIOTUS MPOU3BOACTBA KOTO-
poii pa3zpaboTanbl U ocBoeHbl B benopyc-
cko-Poccuiickom  yHuBepcurete  [17],
MPECTaBIsET COOOH KOMIO3MUIUIO, CO-
CTOALIYIO U3 MEAHON MATpHIIbl, B KOTOPOU
paBHOMEpHO pachpeneneHo a0 5 % mo
00bEMYy AMCHEPCHBIX YaCTHUI] YIPOYHSIO-
uieit ¢asbl. B xauecTBe nocneaHen npume-
HSIOTCSl TEPMOAMHAMHUYECKU CTaOWIIbHBIE
COEIMHEHMS C BHICOKMM 3HAYEHHUEM MOJy-
nst casura, Hanpumep Al,Os.

CrpyKkTypa XxapakTepusyeTcs cie-
OYIOIIMMHU TapaMeTpamMH. pa3sMep 3epeH
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ocHoBbI < 0,5 MKM, pazmep 6s10koB < 50 HM.
OcHoBa mpencTaBisieT co00il HU3KOKOHIIEH-
TPUPOBAHHBIA TBEPJBIA PACTBOP ATOMHHMS
B MEIU C COACPNKAHHEM JIETUPYIOIIEro 3ie-
mentra < 0,1 %. Bricokopa3BuTas moBepx-
HOCTh TPaHUI] 3€PEH U Cy03epeH CTabuIn3u-
poBaHa HaHopa3mepHbiMU (MeHee 20 HM)
BKIoueHusAMH (aszsl Al,O3.

VYkazaHHas CTPyKTypa oOOecleuynBaeT
HU3KYIO CKOPOCTh TMPOTEKaHHUs pPEeKpUCTa-
JU3AIMOHHBIX TIPOIIECCOB, BBICOKHE 3Haue-
HUS TBEPJOCTU U NMPOYHOCTU HE TOJIBKO MPH
20 °C, HO ¥ mpH TeMIIepaTypax, JOCTHIAFOIINX
800 °C. IIpu OTHOCHTENLHON DIIEKTPOIPOBO-
HocTH, paBHou 70-75 %, mucmepcHo-
YIIPOYHEHHAss MeIb O0JIaaeT CIeayOMUMH

MEXaHWYECKHUMH CBOWCTBAMH. TBEPIOCTh
HB 180-220, npenien npoYHOCTH MPU PacTsi-

skeand og = 700-900 MT1a, GE,;OO =400 MIIa,

OTHOCUTENbHOE yanuHeHue 2—4 %, Tem-
neparypa pekpucraummsanuu 850 °C. Kak
clenyeT U3 JaHHBIX, IPEICTAaBICHHBIX B
Tabn. 2, paszpabortanneie B bemopyccko-
Poccuiickom yHUBEpcUTETE MaTepHUaIbl
0 KOMIUIEKCY (PU3UKO-MEXaHUYECKHX
CBOMCTB MPEBOCXOAAT JYUILIUA Kiaccuye-
CKHH DJIEKTPOAHBIA Marepuall, KOTOPBIM
spigercs Oponsza bpXllp,.a Taxxke BHYT-
PEHHE OKHCJICHHYIO MEIb W JHUCIEPCHO-
YIPOYHEHHBIM KOMIO3UIIMOHHBIN MaTepu-
aJl MPOU3BOJICTBA « Y PAIIIEKTPOMEIH>.

Tab. 2. PU3UKO-MEXaHHYECKHE CBOMCTBA MEPCIIEKTUBHBIX 3JCKTPOIHBIX MAaTCPHATIOB

Du3NKO-MEXaHUYECKNE CBOMCTBA
CocraB i
0, K .

KOMITO3MIMH, % SIBI; I\%E_;[,a PO ;(;a HVE® MITa Gfgg Ml | & ~"'|>300 MIla tgg'
Buytpenne oxucnennas Cu 140 465 >2,11 - <190 - 700
MexaHuuecku JISTUpOBaHHast
TIVKM «Y paioiekTpome/ts 145 350 2,823 — - - 800
BpXlip 140 500 2,059 40 185 280 500
Pa3pa6aTBIBaeMBIe MaTtepualibl
Al(0,8), M0oO4(2,13) 220 900 2,216 70 250 400 850

OcHOBHbBIE TpEUMYIECTBA Ipearac-
MOTO MaTepHajga [0 CPaBHCHHIO C OpoH30i
bpXLp 3akmouarorcs B ciaeAyromem: 1) Bbi-
COKHE 3HA4YCHUs TBEPAOCTU W.IOpsSYEH TBEP-
JOCTH TPHUBOAAT K CHIDKEHHUIO aOpa3MBHOTO
U3HOCA" U BEPOSITHOCTH «IIPUXBAThIBAHUS»
TIIH k 3MEKTPOAHON HPOBOJIOKE; 2) B IMpPO-
L[eCCe CBapKM PEKpPUCTAIM3ALMS U pasy-
IIPOYHEHHE MAaTepHasna BBICTYIIOB Ha KOH-
TakTHBIX mOBepxHocTAXx TIIH mnpoucxomut
IpU TEMHACPaTypax, NPEBBIIAMUX aHAJIOT
Ha 350 .°C; 3) npu ONM3KUX 3HAYEHHUAX OC-
HOBHBIX"® TEIUIOPU3NYECKUX XapPAKTEPUCTUK
rops4as IPOYHOCTb JHUCIIEPCHO-YIIPOYHEH-
HOM MeIM HaMHOTO BBIIIE, YTO NMPUBOIUT K
ocnalJIeHUIo Tpolecca pa3pylIeHus MOBEpX-
HOCTH KOHTAaKTa B pe3yJbTaTe pPacTPEeCKHBa-
HUS W OTTOPXKEHUS YaCTHUIl Marepuaja B
TBEPAOM COCTOSHHHU I10J, BO3JIEHCTBUEM TEp-
MOYJIapOB, 4 TaK)KE€ CHU)KAET KOJIUYECTBO IIe-
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pEHOCHMOTO B Ayre Marepuana, MOTepu
BEIIECTBA MPU UCIIAPEHUU U pa3OpbI3ruBa-
HUU, BBI3BIBAEMOM BO3JCUCTBHUEM TEPMO-
yOpyroi BOJIHBI, OJarogaps U3MeIb4YE€HUIO
3epHa U TOPMOXKEHHIO UG Y3UOHHBIX
MPOIIECCOB Ha PabOYMX MOBEPXHOCTSX; 4)
B CBS3M C TEM, UYTO Yy JIUCHEPCHO-
YIPOYHEHHOW MEIH KaTOJHBIC IMATHA pac-
MpelesstoTcss Ha OoJbIIell MOBEPXHOCTH
(OHM KOHIICHTPUPYIOTCS HA TPAHUIIAX Pa3-
nena (as), 3TO 3aTpyAHsAET 00pa3oBaHUE
€IMHOMN pacCIUIaBIICHHOW 00JIACTH U 3HAYU-
TEJILHO YMEHBIIIAET SPO3HMI0 KOHTAKTOB; D)
Hanmuue 1,5 % mo macce nucnepcHbIX yac-
THUI] OKCHJA aJIOMUHUS MPUBOAUT K CyIIe-
CTBEHHOMY YXYIIICHHUIO YCIOBUI CMadu-
BaHHS M CHIDKCHHIO 3P deKTa NMpuiInnaHus
OpBI3T ¥ CIUIABICHHS C 3JIEKTPOJIHON Mpo-
BOJIOKOI#1; 6) BXOJsIMEe B COCTAB MaTepHa-
na yactuiel Al,O3 paspymaroT mieHKH Ha
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MOBEPXHOCTH  JIBMKYILIECHCS  BJIEKTPOIHOU
IPOBOJIOKH, YTO OOECIEeYHBAET CHIKEHHUE
KOHTaKTHOTO COIPOTHUBIICHMUS.

CpaBHUTENBHBIE  NPOU3BOJICTBEHHBIE
WCIIBITaHMs, IPOBECHHBIE HA PSJE MPOMBIIII-
nennbix npeanpusatiii (OAO «MoTtoBeno»,
MuHckuii aBT03aBOJ, ['OpbKOBCKHMI aBTO3a-
BOJ, MorwieBckuli aBT03aBOJ, bpecrtckui
3aBoj «['azoammapar» u Ap.), MOKa3aaH, YTO
IIPU PAaBHBIX CTOMMOCTSIX M3JEIHI CTOMKOCTh
TIIH, W3roTOBIEHHBIX U3  JHUCHEPCHO-
YOPOYHEHHON MeAM IO TEXHOJOTWH, pazpa-
6orannoit B bemopyccko-Poccuiickom yHu-
BEpPCUTETE, MPEBBIILIAET CTOMKOCTh aHAJIOTUY-
HbIX HAKOHEYHMKOB, M3TOTOBJIEHHBIX U3
oponssl bpX1Lp B 2,5-3,0 paza.

3aknwuenue

JlonroBeYyHOCTh M HAAEKHOCTh TOKO-
NOJBOAALIMNX HAKOHEYHUKOB MOTYT OBITh
MHOTOKPAaTHO TIOBBIIICHBI NPUMEHEHUEM IS
UX W3rOTOBJIEHUSI KOMIIO3MLIMOHHOTO Marte-
puana — AUCIEPCHO-YIPOYHEHHON MENH, TEO-
pUsl U TEXHOJOIMs HPOM3BOJCTBA KOTOPOM
paspabotanbl U oOcBoeHbl B benopyccko-
Poccuiickom ynuBepcurere. IlpennaraeMsrit
MaTeprajg UMEET BBICOKYIO CTENEHb yIpOUYHe-
HUS, B CBSI3U C PAa3BUTON IOBEPXHOCTBHIO Ipa-
HUII 3epeH U cyO3epeH, 3aKpEeIUICHHBIX U CTa-
OWIM3UPOBAHHBIX JMCHCPCHBIMU YacTUIIAMHU
ynpoussiroriei (aspl. OH 00s1amaeT CTPYyKTY-
pO#, ONTUMAIBHOM JUII CUIBHOTOYHBIX CKOJIb-
3IIMX KOHTAKTOB} MHUKPOKPUCTAIINYECKOTO
tuna ¢ pazmepom 3eper 0,2-0,5 mMxm u Benu-
YUHOW YacTHUI[ YNPOUYHSIONeH (a3bl MeHee
0,05 MKM.

OCHOBHBIE TNpPEUMYIECTBA IpeIarae-
MOro MaTepuasa 0 CPaBHEHHIO C aHaJIOraMHu
3aKJIIOYaloTCs B, 0oJiee BBICOKUX 3HAUEHUSAX
TBEPAOCTH (W TOPSYEH TBEPAOCTH, TEMIEpa-
Typbl PEKPUCTAIIIN3ALNH, KapOIPOYHOCTH,
cHIDKeHUM 3¢ ¢dexra npuiaunaHus OpwIr U
CIJIABJICHUSI C AJIEKTPOJHOW IMPOBOJOKOM, B
PaBHOMEPHOM paclpeaeNeHuH Ha Ooblieit
TIOBEPXHOCTH KaTOJAHBIX IATEH, YTO B UTOTE
CHI)KAeT 3PO3MOHHBIN U a0pa3uBHBIA U3HOCHI
TOKOTIOJIBOJISAIIINX HAaKOHEYHUKOB. Pa3pabo-
TaHHBIE MaTepHallbl MO0 KOMILIEKCY (U3UKO-
MEXaHUYECKUX CBOMCTB 3HAYUTEIBHO IIpe-
BOCXOJISIT JYy4YIIMH KIIACCMUECKHI MaTepual
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JUIL TOKOIIOJBOASIINX HAKOHEYHUKOB, KO-
TOpBIM siBiseTcst Oponza bpXLp.

B benopyccko-Poccuiickom yHuBep-
cutere ObUIM pa3paboTaHbl TEXHUYECKHE
YCIJIOBUSL Ha 3Ty NPOLYKLHUIO M HaJa)KEHO
KpYIHOCEPUMHOE MTPOU3BOJCTBO HAKOHEU-
HUKOB W3 JHUCIIEPCHO-YIPOYHEHHOW MEIH,
UMEIOIUX CTOWKOCTh, IPEBBIMAOLIYIO
CTOMKOCTh JIOOBIX AHAJIOrOB, BBITyCKae-
MbIX B ctpaHax CHI', uto nmo3Boawmio psany
KpyIHbIX npennpustuii Pb orkasarscs ot
HMIIOpPTA 3TUX U3ACIUM.
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Analysis of operating conditions of current conducting tags for'wire welding in carbonic acid atmosphere
has been conducted. Contact wear process — «current.conducting tag — electrode wire» and factors influencing
the destruction of contact surfaces have been studied. The list of the-main characteristics and physic and chemi-
cal properties which must be possessed by the material for sliding contacts and their desirable quality level is
given in the article. Perspective directions:in operation properties improvement of tags have been named. Com-
positional powder highly resistant material.based on copper has been suggested.
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