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BJIMAHUE YCHNJIUA 3AMBIKAHUSA PA3PBIBHBIX KOHTAKTOB

HA INEPEXO/JTHOE COITPOTUBJIEHUE

Hageoeni pezynomamu 0ocniocens 6niugy HOPMAnbHOMYy mMa MAHZEHUIANLHOI CKI1aA0060T 3yCUnb 3AMUKAHHA eeKMPUYHUX
Konmakmie na nepexionuii onip. Ilokazano, ujo nasagnicmes manzenyiansHoi cK1ao06oi npu3eooums 00 30invuienna pakmuynoi

nAOWi KOHMAKMy ma 3HUNCEHHIO NEPexioOnozo onopy.

Ilpusedenvt pe3ynvmamosl Uccne)08aHUIL GNUAHUA HOPMATIbHOU U MAHZEHUUATILHOU COCMAGNAIOWEN YCUIUTL 3AMbIKAHUA ITIeK-
mpuyecKux KOHMaKkmos Ha nepexooHoe conpomuenenue. llokazano, umo Hanuyue MAHZEHYUAILHOU COCMABNAIOUIC NPUBO-
oum K yeenuuenuro pakmuueckoii niouiaou KOHMAaKma u CHUMCEHUI0 NePexoOH020 CONPOMUGIEHUA.

BBEJIEHUE

BiusiHue MepexoMHOro CONPOTHBIICHUS HA JHEPro-
HOTepH B Pa3phIBHBIX KOHTAKTaX 0COOO aKTHUBHO IIPOSIB-
JSFOTCSL B TIPOLECCE KOMMYTAIIUH. XOPOIIO H3BECTHO, YTO
XapakTep 3THX MOTEPh OOYCIOBIEH ABYMS OCHOBHBIMHU
(bakTOpaMu: MHKPOTEOMETPHEH KOHTAKTHBIX MTOBEPXHO-
CTell ¥ HAIMYMEeM Ha HUX MOBEPXHOCTHBIX IUICHOK. B
HOPMAJIBHBIX YCIOBHSX 3KCIUTYaTallWM Ul CHJIBHOTOY-
HBIX KOHTAKTOB IIEPBBIA (HaKTOp SBISIETCS OIPEIEIISIO-
MM, YTO MHOTOKPAaTHO HAXOAMJIO JKCIIEPHMEHTAIbHOE
HOITBEPIK/ICHNE, KaK HAIPUMEp, B IMIIMPUUYECKOM 3aBH-
cumoctr H.E. JIsicosa [1]:

R= Lm x107°, (1)
(01-P)
rrne R — mepexonHoe conpoTuBieHne; Py — ycume cxarus
KOHTAakTOB; M, K — K03 uIMeHTsI, 3aBUCSIINE OT KOHCT-
PYKIMH KOHTAKTOB M BH/Ia KOHTAKTHBIX MaTEpPHaJIOB.

Ha npaxtuke, cHmKeHHE ITEpex0HOrO CONPOTHBIIE-
HUSL C POCTOM YCHJIHMS 3aMBIKaHUsI IPOMCXOJUT HEPAaBHO-
MEpHO, C ITOCTEIIEHHBIM NPHUOIKEHHEM K OTHOCHTEIHHO
CTa0WIBHOMY 3HAa4YEHHIO. DTO OOBSICHSCTCS MeXaHW4e-
CKUMH TPOLECCaMHU YIPOYHEHHS CXKUMAEMbIX MHKPOBBI-
CTYNOB KOHTAKTHOH TIOBEPXHOCTH W CTaOMIM3aIuei
wromaay (hakTH4ecKoro KoHrtakTa. JlanmpHeiimee Hapa-
IIMBAaHKUE YCWJIMS 3aMbIKaHUSI KOHTAKTOB CTAHOBUTCS Ma-
7105 HEKTUBHBIM.

OpHako YBENMUYUTh (PAKTUUECKYIO IUIOMIAIh KOH-
TaKkTa MOXXHO W 0€3 yBENWYEHWs YCWIWsS 3aMbIKaHWS, a
myreM OoJiee paIMOHAIBHOTO PACIpEeNICHUsI €ro I10
KOHTaKTHOW MOBEPXHOCTH. TeopeTHdecKue MpeaoCchuIKi
K 3TOMY YTBEp)KICHHIO OCHOBAHBI Ha MOJIEIM Ipoliecca
B3aMMOJCHCTBUM KOHTAaKTHBIX MOBEpXHOCTEH pa3pabdo-
tanaoi P. Xomemom u gap. [2, 3]. Tak, mampumep, Ha
puc. 1,a mokazan MexaHH3M 00pa3oBaHUs (HaKTHIECKOU
VIO KOHTAKTHOTO B3aMMOJCHUCTBHS TOA JCHCTBHEM
HOPMAJIBHOTO YCHIINS 3aMbIKaHus Py.
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Puc. 1. CxeMa KOHTaKTHOTO B3aMMOJICHCTBUS TIPH CIIOKHOM
HarpyxeHun (a) eIMHIIHON ToUKH (0)

Torma miomans €AMHUYHOTO KOHTAaKTa MHKpOHE-
POBHOCTEN A; MpPEACTaBISIETCS KPYroBOil MOBEPXHOCTHIO
panuyca ro:

i , (2)
nH
rae Py — HOpManbHOE YCHIIME 3aMBIKAHUS, PUXOJISIIee-

r0=

csl Ha €AMHWYHOE IISATHO KOHTAaKTHOW moBepxHocTH; H —
KOHTaKTHAas TBEPJOCTb.

Ecnn B TakoM COCTOSHMM K 3aMKHYTBIM KOHTAaKT-
JIeTaJISIM TIPUJIOKUTD JIOTIOJHUTENBHO KacaTelIbHOE YCH-
qe Ty, TO 3TO YBEJIMYHT IUIOUIAJKY €AMHIYHOTO KOHTAK-
Ta Aj, npeodbpa3oBaB ee B ¢popmy wmmnca (puc. 1,0).
OOBsicHEeHHe pocTa IUIOMA[M KOHTAKTA MOA JCHCTBHEM
OJIHOBPEMEHHO BYX CUJ (HOPMAJIbHOM M KacaTelbHOM)

CJICAYCT U3 YPABHCHHUSA TCKYYCCTH KOHTAKTHOI'O MaTCpHra-
na [2, 3]:
p*+a’s’=p, 3
rac o~10 — IIOCTOsIHHAsA, 3aBHCAIAsA OT INIACTHUYHOCTHU
KOHTaKTHOTO Matepuana; P = Py/d4; — HOpMambHOE Ha-
NPSDKEHUE Ha TMATHE KOHTakTa; S = Ty/4; — KacareapHOe
HAIIPpS?KCHUEC Ha MIATHC KOHTAKTa, p* — NpeaACi TCKYy4CCTU
KOHTAKTHOI'O MaTcpuraa.
HpI/I OTCYTCTBUU Tki, S PpaBHO HYJIIO, a JABJICHUC Ha
IIITHE KOHTAaKTa HpI/I6HI/DKaeTCH K Mpeaciy TCKY4YCCTH

p = p*. Torxa:
Ao =Pqi/p*. (4)
Teoperndecky pocT KOHTAKTHON ITOBEPXHOCTH JIOJI-
JKeH OBUI NPEKPaTUTHCs, Korja P craHeT MeHsiue p*. On-
HaKo, IIPU NPHIOKEHUN KacaTeJIbHOTO YCHIHMS Hapylia-
ercs yclioBre miacTiaHocTy. [Inactnueckas nedopmarms
KOHTakTHOI'O0 Marepualia IIPOAODKACT yBEIIMYMBATHCH,

pZ I 0,282
COOTBETCTBYET CIIYYal0 IUIACTHYECKOrO TEUCHHS, KOTOPOE
BO3MOJKHO MPY POCTE IUIOIIAH SAXHUYHOIO KOHTAKTA A
10 pazmepos [2]:

A = Po(L+ (T /R)P)MZ. (5)

Teoperudeckd, poCT IUIOMIAAN TSATEH KOHTAKTa OT-
paHWYECH TOIBKO IPEIeioM MPOYHOCTH Ha Cpe3 MOBEpX-
HOCTHOT'O CJIOSI Y1 JITIsl YUCTHIX TIOBEPXHOCTEH, 3HAUCHHUE A;
MOJKET B UETHIpE U O0JIee pasza MpeB30HTH Ay, IPEKIC IEM
TIPOM3OMIIET WX TPOCKaNb3bBanue [3]. DKcrepuMeHTab-
Hasl TPOBEPKa ATHX TOJOKEHUI ObLla MPOBEJCHA HA YC-
TaHOBKE 110 M3MEPCHHIO IEPEXOJHOTO COIPOTHBIICHUSA,
BHJ] M CX€Ma KOTOPOIi MOKa3aHkI Ha pUC. 2.

[ToBepxHOCTH WCCIETYEMBIX KOHTAaKTOB, W3TOTOB-
JICHHBIC U3 MEJH, JaTYHH U cepedpa UMEIH TOIyChepH-
YEeCKAE OYCPTaHUs C YHCTOTOH 00paOOTKH MOBEPXHOCTH
Ra1,6. M3MepeHue mepexoHOro CONPOTHUBIICHHS OCYIIe-
CTBJISIIOCH C TIOMOIIBIO aMIIePMETpa U MIJUTHBOJIETMETPA.
Cuna TOoKa MPOXOAIIETO Yepe3 KOHTAKTHI yIepKUBaIach
Ha 3HadyeHHH 1 A. Cria HOpMajJbHOTO 3aMBIKaHUS Ha3Ha-
ganachk B npenenax oT 2 kr g0 10 Kr it BceX KOHTAKT-
HBIX MaTepuanoB. KacatenpHoe yCHine MpUKIaIbIBalIOCh
IUTABHO C TIOMOIIBI0 MHUKPOMETPHYICCKOrO BHHTA, XOI
kotoporo He mpesbiman 0,2 mM. Pe3ympTathl 3kcmepu-
MEHTa TPEACTaBJICHBI Ha PUC. 3.

IOCKOJIbKY IIOJIHOC HAIPAKCHUC BCC LIS
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Puc. 3. TlepexomHOe COMPOTHBIICHHIE PA3PhIBHBIX KOHTAKTOB U3
menu (a), narynu (6), cepebpa (B) B 3aBHCHMOCTH OT Xapakrepa
HATPy3KH

g 10
Pk, ul' B

Pe3ynbraThl 9KCHIepEMEHTa, TOJMydeHHbIE KaK Cpe-
HEB3BEIICHHOE 3HAUYCHHWE MHOTOKPATHBIX M3MEpEeHHUH Iie-
PEXOZHOTO CONPOTHBIICHUS! HA ISITH YPOBHSAX YCHIINS
COKaTHA JUId TPeX Pa3iM4YHbIX KOHTAKTHBIX MaTepHajioB
MOKa3aJIM, YTO HaJIWYWEe TAHTCHIUAJIBHOTO YCHIUS IIpHU-
BOIUT K CHIDKEHHMIO HMX IIEPEXOIHOTO COIPOTHBIICHUS
(puc. 3). OcoGeHHO HATISIHO 3TO MPOSBISIETCS TIPU YCH-
JMAX CKATHS KOHTAKTOB 10 4 Kr, KOTJla CHIDKCHHUE Tepe-

XOIHOTO CONpOTUBICHUs cocTaBmwio oT 41 mo 46 % mns
MenHbIX U 44 no 66 % Juis maTyHHBIX KOHTakToOB. [lyist
CepeOPSHBIX KOHTAKTOB 3TOT IPQPEKT MPOSIBHICS TOIBKO
B JWAmNa30He YCHIIMH CkaTus 2-3 K, 4TO OOBACHICTCS
MEHBIIIUM HaTPsHKCHUEM TEKy4decTH cepedpa, a, ClieIoBa-
TENBHO, Ooiiee OBICTpO IedopMalii MHUKPOHEPOBHO-
CTel KOHTAKTHBIX MTOBEepXHOCTeH. M3 nuarpamm Ha puc. 3
BHJIHO, YTO MPHIIOKCHUE KACATEIBHOTO YCIIUS K KOHTaK-
TaM ITO3BOJIUT TOYIUTh TaKHe K€ 3HAYCHUH MEPEXOTHO-
T'O CONPOTHBJICHHS, HO TPH OOJiee HU3KUX YCHIIUSAX CXKa-
tust (or 1,5 1o 3 pa3 MeHbIe 11 MEIHBIX KOHTAKTOB M
Ooree ueM B 5 pa3 MEHBIIIE TS JTATYHHBIX).

CrnemyeT mpu3HATB, YTO PE3YIBTaThl IKCIICPUMCHTA
HE HOCAT OOOOIICHHBIN XapaKTep, MOCKOIBKY CYIIECTBEH-
HO 3aBHUCSIT OT HECTaOWIBHOCTH (POPMBI U BHIA B3aUMO-
JICHCTBUS KOHTaKTHBIX MOBEpXHOCTEeH. OIHAKO 3TO HE OT-
BEpraeT CyIIeCTBOBaHHE OOIICH TCHACHIIMH K CHIKCHUIO
MIEPEXOMHOTO COMPOTHUBIICHHUS CXKATHIX DIICKTPUUCCKUX
KOHTAKTOB ITPH MPHIOKECHUN K HIM KacaTeITbHOTO YCHIIHS.

BbIBO/IbI

Crabmm3arst IepexoIHOT0 COMPOTUBICHUS C POC-
TOM YCHIHA 3aMBIKAaHUS 3aBHCHT OT MEXaHHYECKUX
CBOWCTB KOHTAKTHBIX MaTepuayioB. s Oonee MATKHX
MaTEpHAIIOB ATO MPOUCXOAUT OBICTpEe W MpH Ooliee HU3-
KHUX 3HAYCHHUSX.

[MpunoxxeHne KacaTeNbHOI'O YCHIIAS K 3aMKHYTBHIM
KOHTaKTaM TIO3BOJIIET CYIISCTBEHHO CHH3HTH WX Iepe-
XOJTHOE COIPOTUBIICHHUE.

IIpakTuueckuil pe3ynbTaT, BBITEKAOIMNA M3 IPOBe-
JICHHBIX WCCIICIOBAaHUM, COCTOUT B TOM, YTO JOCTATOYHO
HU3KOTO 3HAYCHUS TEPEXOTHOTO COMPOTHBICHUS Pa3phIB-
HBIX KOHTAKTOB MOJKHO JIOCTHTaTh O€3 HapalluBaHU JKe-
CTKOCTH TIPY’KHMH 3aMBIKaHUS B TPHBOJAX KOMMYTAIMOH-
HBIX YCTpPOHCTB. CleqoBaTeNbHO, 3TO TO3BOJHT CHIBHTH
TpeOOBaHMS K MPOYHOCTH DJIIEMEHTOB MEXaHI3MOB KOMMY-
TaIlUX ¥ U3TOTABJIMBATh UX O0Jee JISTKUM U KOMIIAKTHBIM.
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Volkova O.G.

Influence of interrupting contacts closure force on transient
resistance.

Results of research into influence of normal and tangential com-
ponents of interrupting electric contact closure force on transient
resistance are presented. It is shown that the tangential compo-
nent results in increasing the actual contact area and decreasing
the transient resistance.

Key words — interrupting contact, transient resistance,
contact area, pressure, microgeometry.
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