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ANEKTPHYECKHE CBOHMCTBA CKOJIb3AILETO KOHTAKTA

A. U. CKOPOCIIELIKHH, B. H. HOCTLLJIEB, P. ®. BEKHIIEB

(PexoMeHfOBaHa HaydyHbIM CeMHHApPOM Kadegp SAeKTPHYSCKHX MallUH
H oflel 3JeKTPOTeXHHKH)

Fny6oxkoe u3yueHHe (HUIUYECKUX CBOHCTB CKOJb3ALIETO KOHTAKTa fAB-
JISieTCA HeNPEeMeHHbIM YCJIOBHeM [aJbHeHIIero pasBHTHSI H PeIHeHHs Teope-
THYEOKHX H TIPAKTHUECKHX BONPOCOB, CBA3AHHBLIX ¢ MpPolaeMOi KOMMYTALA.

B Hacrosiuieli paforte uccaeayloTes PU3HUecKHe NPOLecchl, MPOHCXOLI-
{lie B CKOJIb3fllleM KOHTAKTe IlleTKa—JaMejb KOJIEKTOpa C YYeTOM eMKO-
CTH 'B KOHTaKTHOM CJIoe, IpejJaraercsi MeTONdHKa ee OIpPeJdeJeHus, pac-
CMaTpHBAIOTCA eCTECTBGHHBIE THHAMUYECKHE BOJbTAMIEDHBIE XapaKTepHu-
CTMKH M JIaeTCsl HX MaTeMaTHYeCKasd allpoKCHM alius.

HM3BecTHO, UTO ACHCTBUTENbLHBI ‘MeXaHUYeCKHH 'KOHTAKT Mexiay JABYMsI
TenamMH (IeTKa—/aMesb KOJJIeKTOopa) MMEET MeCTO JHILIb Ha CPaBHHUTENbHO
MaJoH JoJie Kaxylleiicd MaKpoCKOIHUECKOH MNOBEPXHOCTH KOHTAKTHPOBA-
Huas [1]. TIpu s1oM npsIMOH 3MeKTPHUYECKHE KOHTAKT HMEeTCsl JIHIUb Ha 4a-
C1H MOBEPXHOCTH, BOCIPHHUMAIOULEH HaxKaTHE, KOTOPAs COOTBETCTBYET Aei-
CTBUTEJLHOMY MEXaHHUECKOMY KOHTAKTy. YYacTKU NPSAMOrO 3JeKTPHYECKO-
ro KOHTaKTa TakK Has3blBaeMble a-NATHA 'HMEIOT PazMepbl, He NPEBLIlIALINE
30—40 mx, mpuuem ux hopMa W IPOUCXOMKICHHS CBA3AHB ¢ MUKpPOpeabedoMm
IOBepPXHOCTH KOJJeKTopa. B ciaydae, Konia BCs TOBEPXHOCTh KOHTAaXTa
TOKPBITa OKCHAHON NJEHKOH, 3JEeKTpHYecKass NPOBOAMMOCTb B (KOHTAKTC
[POUCXOTUT NyTeM MpoGOs TIEHKH, NPH 3TOM HAMPSXKEHHOCTb 3JIEKTpHUC-
CKOTO IOJISA JOCTHraeT Beawuud mopsina 106—107 BfcMm.

Jloka3aHo, UTO MPH HaJUYMM Ha IOBEPXHOCTH KOJLISKTOpa Tepenanos
YPOBHS KOJJIEKTOPHBIX IAaCTHH Amun<0,5 MK 0€30TPLIBHOE KOHTaKTHPOBA-
IHe obecneyuBaeTcs 3a CYeT YOPYTHX CBOHCTB JIGKTPOLLETOYHbIX MaTepHa-
JoB. Takum 06pasoM, LIEeTKAa H KOJAEKTOpP pas3jeeHbl NpH BPALLeHWH I10<-
JeTHero HeOOJMBUINM 3330pOM, BeludHHa KOTOPOTO MOXKET KojgedaTbes B
mpegenax 0,01—1 K.

PaccmarpuBass OKCHAHYIO IVIEHKY Ha KOJJIEKTOpe, HMEWIUYIo, Mo LaH-

o]

HolM [2], ToaumHy 40—500A, xaxk AM3MIEKTPHK H YYHTBHIBAA pasfelende
KOHTAKTOB 1@TKa—JaaMeab, (U3HYECKYI0 MOJEIb CKOJb3ALEro KOHTAaKTa
MCKHO NPeJACTaBUTb B BHIe pHC. 1.

Tax Kax KOHTAKTUPOBAHHUE OCYLLECTBJAASTCH JIUIIb B HECKOJBKHX TOU-
Kax, pasMepsl KOTOPBIX HAMHOTO MeHbIIE PACCTOSHHS MeXK1y KOHTaKTHPYIO-
ULHEMH TOYKAaMH, CXEMY 3aMellleHHs CKOJb3fALIETO KOHTAKTa MOPKHO TIpel-
CTaBUTh B BHJE MapaJjJelbHOTO COeJAMHEHHS IH(P(PEepeHUHANbHON €MKOCTH
KOHTAKTa M IMePeMSHHOTO aKTHBHOI'O CONPOTHBJIGHHS TOYeK KOHTAKTHPOBA-
Lust (puc. 2). -

EMKOCTh MeXIy KOHTAKTHPYIOIIMMH 3JeMeHTaMHU ILeTKa —JaMedb KOJ-
JIEKTOPa 3aBMCHUT OT PACCTOSHUS MEXKIYy KOHTaKTaMu (TOcyefnee BKJIOYAET
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B ce0s TOJUIMHY OKCHIHOW TJICHKH H pasleleHue KOHTAKTOB) M KaxKy-
lefcss AA0LIIAAN KOHTaKTHpoBauus. IIpm 3moM MoOKHO TpeH&6pedb IJIOLLA-
JEEIO JMEeACTBUTENBLHOTO 3JeKTPUYECKOr0 KOHTaKTa, TaK KakK TOoCAelHss Ha-
MHOTO MeHbllle KaXKYILeHCs.

EMkocTh Mexay ABYMS NapanjeJbHLIMH KOHTAaKTaMH, NJOLMAABI A U
paccrosaaneM h npu e=1 onpepesnsercs

dA
Ck = %o “h bl .

B xoukpersoMm cjayuyae MpH KaxylieHcsl T/IOWLAIH KOHTAKTHPOBAHHSA
A=1 cM? u paccrossHuu Mex1y KoHTaktaMu h=0,01 MK MakcHUMaJbHOS
3naueHHe  eMKOCTH  CKOJb3fALLero  KOHTAKTd  JOCTHTAeT  BeJUUHHBI
Cmax:0,0‘885 MED-

Ilpu moOCTOAHHOM (PACCTOSTHUM MEPKAY KOHTAKTAMH €MKOCThL H3MeHsaT-
¢ oT 0 10 Cmax IO 3aKOHY H3MEHEHHS KaXKylledcsi MJIomand KOHTAKTH-
pOBaHUA TPH BpallleHWH KoOJJIeKTopa. Eclu yuecTb, uTo pasfeleHHe MSKIy
KOHTAaKTaMd TaKyKe He OCTAeTCcs MOCTOSHHBIM, MOMKHO BHIETb, 4TO 3aKOil
Y3MeHeHHs eMKOCTH CKOJb3SUIero KOHTaKTa ONpPelesadTh BecbMa 3aTpyd-
HHTEJNBHO.

B cBowo ouepenb, akTHBHOC CONPOTHBJIOHHE KOHTAKTA, 3aBUCAILEE OT
MAGTHOCTH TOKA, TakK:Ke fABJAETCS IepeMeHHbIM.

OcHoBHast TPY@HOCTbL TPH 3TOM COCTOUT B ONPENEJNEHHH COOTHOIIEHH
MEACIY aKTUBHBIM H €MKOCTHBIM COIPOTHBJICHHSIMH CKOJIb3SLLET0 KOHTAKTA.

12. 3ak. 4379. 177



EmkocTHOE CONPOTHBJICHHE IIDH 4acCToTeé KOMMYTHPYEMOro TOK&

1
fij=-—<—  mnopsaxa 3—4 Xru pasHo
Tk

1
Xex ocy lom]
" cocraBagsT 400—300 oM, uTo MOXKeT ObITb CPABHHMO ¢ AKTHBHEIM COTIDO-
THEJIEHH®M KOHTaKTa HPU MaviOk TJIOTHOCTH TOKa,

IKClepUuMeHTadpHas IPOBePKa H3/JOKEHHBIX NOTOKEHU dIPOBOAUIACH
MpU UOCIeL0BAHKN KOMMYTAUHH 3JKTPOMAIUHHHONO ycHauTema IMY-124,
crabxentoro mwerkamu II'-8. Ocunanorpaduposanuck KpuBble TOKA KO-
MYTALUHH JBYX CMEXKHBIX CEKIUE SKOPS, a TaKKe dalcHHe HATPSIKEHHHA
MEeKAY OOLIeH AJs1 3THX CEKLMH KOJAJIEeKTODHOH MJIACTHHOH U IETKOH, COOT-
(BETCTBYIOLLEH MOJAPHOCTH B MEPHOT MX KOHTaKTHpoBaHudA. [ag uaMepeHui
Oblj HCIOJNbL30BAH ABYXJIyueBoH ocuuinorpap Cl=16, umeomuil obuyio
Ul IBYX Jydell pa3BepTKy. BHEWIHAS CHHXPOHW3ALUA M 3aMyCK AJYIIHX
PASEEPTOK  OCYILSCTBJASETCS CUTHAJAOM, IIOJYUYEHHBIM 3JIEKTPOMATHHTHBIM
TMyTeM H JKeCTKO CBf3aHHbIM CO CKGDOCTBIO BpauleHus axops. Koncrpykiy:
CHHXPOHH3HPYIOIIEro YCTPOHCTBA TO3BOJISIET NPOU3BOAHTL 3AMYCK OCHHJJIO-
rpaha B a1060i TpebyeMblil MOMEHT BpPeMeHH B TeueHHe KacKZoro 060poTa
KOJJIeKTODa. ,

- Tox snamenn onpeaeasercs 1Ja5 BCero BPeMEeHW MpebbIBAHHS MOI LIST-
KOH TeoMeTPHUSCKHMU MOCT.POCHUAMH.

Ha puc. 3 npuseleHbl OCLHMIIOTPaMMbl KPHBBIX TOKa KOMMYyTaLHH J[BYX
CMEXKHBIX CEeKIIHH AKOPst U TIadeHus Ha'HpH)KeHI/IH B KOHTAKTe, a TaKxKe IIO-
CTPOSHA KPUBAS TOKa JiaMEJU.
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Puc. 3. OcuuanorpaMmbl TOKa CEKUUH H Iafe-
HHA HaUpAKeHUH,
i;, i — TOKH CeKUHi, iy — Tox Jamemn, AU —
KOHTAKTHOe MajcHHe Hampssxenuf, Ty — nepH-
ol KOPOTKOTo 3aMBIKAHHA IIETKH JaMeJNbio

Ananuanpys yKazaHHBE OCIHJIJIOTPAMMBI, JErkKo YBWIeTb, 4TO TOK
JaMEIH JOCTHTaeT HYJAeBOrO 3HaueHMs paHplle, HeXKeJAd HajeHue HaIlpPsaxKe-
HMfA, HHbIMH CJOBaMH, HMeeT MeCTO HecoBmajenHe (a3 TOKA M NajeHHA Ha-
HPSIKEHUS, YTO NOJATBEPIKAAeTCs HaJlHUMeM €MKOCTH CKOJb3ALLero KOHTaKTa.

Hast Toro, 4T0GB BBISICHUTD, O0yCHOBIGHA JH ©MKOCTh KOHTAKTa Had-
YpyeM TOHKHMX IIJICHOK OKHCH Ha KOJJeKTope WK pasiedeHueM KOHTaKToB
Lph BPALleHUH KOJJeKTOpa, TOCTaBAeH CJACIVIoMUi 3KenepumeHt. Ocuua-
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JorpaupoBaiuch KpHBble TOKAa KOMMYTAllUH CMEXHBIX CEKUMH W MaleHH:
HanpsXXKeHHs B KOHTAKTe IIOC/Ee TPOJOJKHTENbHOH HapabGOTKH MNOJIATYPbI
M ONMpejessicss BDPEMEHHOH CABHI MeXAY TOKOM JaMeNIH M ajeHueM Ha-
apsizeHus. 3aTeM ¢ MOMOIIbI0 CTEK/SAHHOM GyMarn CHHManach NOJHTYpa
W BHOBb MPOHM3BOAMJIOCH ocuuaaorpapuposanue. Ilpu 3ToM BpeMenHOM
CABHMI yMeHbwaJjcsi. B pesysbrare onblta BLISCHEHO, YTO BBLICOKHE €MKOCTH
KOHTAKTa OOYC/IOBJEHBl B OCHOBHOM HaJHYHeM IJIEHKH OKHCH, XOTs 3a30p
MEXIY KOHTAKTaMH TaKxXKe y4aCTBYeT B 3TOM Npollecce.

OmnbiTamu Parker’a [3] Tak:ke nokasaHo, 4To ;1,15 KOHTAKTOB, He HMEIO-
iUMX OKHCHOH IJIEHKH, 30J0TO—TpaduT U rpaduT — rpadur BHICOKHE €MKO-
CTH KOHT@KTa TOXKE€ HMEIOT MECTO.

ITpn ocuunnorpacdupoBalny KpUBOH TOKa H HANPIKEHMS Ha KOPOTKO-
2aMKHYTOM KOJJI2KTODe ¢ HONOJAB30BAHUEM MEPEMEHHONO TOKa BbLICOKON 4a-
CTOTBI, COOTBETCTBYIOLLEH UaCTOTE TOKAa {KOMMYTAIMH, BPEMEHHOTO CABHI A
MEXKAY TOKOM JaMeIn M lajeHHeM HaNPAXKeHUs He  HabJdoganoch. D10
GOBACHSIETCSA COBEPUICHHO IPYIHM XaPaKTePOM HIMEHEHUS HaTpy3KH CKOJb-
3411er0 KOHTakTa. [leficTBHTENbHO, Ha KOPOTKO3aMKHYTOM KOJJIEKTOPE HMe-
€T (MECTO M3MeHeHHe TOJbKO BO BpPeMeHH TOKa, TMPOXOJSUlero No IEeTKe, 3
KOMMYTaUHOHHOM Ke Tpolecce Ha KOAJIEKTOpe BJAeKTPHUSCKON MallHHLI
NPOUCXOAHT NEPHOJHUYECKOE MepepacnpeleseHHe TOKa MO OTAEJbHBIM yua-
CTKaM KOHTAKTHOH IOBEPXHOCTH LIETKH. :

AHanusupys HONYYEHHbIEC OCUMJIOFPAMMBl (PHC. 3), BUAUM, UTO Xapak-
T€p H3MEHEHHS TOKa JlaMeJH M NaJeHHst HanpsKeHHUs B KOHTAKTE 3aBHCHT OT
COOTHOLIEHHA IePEMEHHBIX I' M ¢ CKOJNB3fALlero KOHTakra. Tak, Tpu ycxo-
PEHHOA KOMMYTallHd Ha HaleramlleM Kpae I[LUIOTHOCTb TOKAa BBICOKA, a M-
KOCTb He3HauuTe/JbHa, B CBSI3W ¢ HeOOJbIUOH IIOWA/bi0 MePEeKPBITHS J1a-
MeJH UIeTKOH, M KOHTAKTHPOBAHHE OCYIIECTB/ISETCS IIOJHOCTbIO 4epes ak-
THBHOE CcONpoTHBJAeHHe, [lo Mepe TpPOABHKEHHUS TJIACTHHBI M0Of LTI/
IMIOTHOCTbL TOKa yYMEHBIIAETCS 0O HyJf, a MJOM[AaAb KOHTaKTa IeTka—Jja-
MEAB U, COOTBETCTBECHHO, €MKOCTb CTAHOBSITCS MaKCUMaJdbHbIMH. Takg Kak
€MKOCTBhIO 3alaceHa COOTBETCTBYIOIAs 3HEPTHs, NPH HAOCTHKEHHH TOKOM
HYJEeBOTO 3HaYEHHS HMEeT MRCTO ONPeAe/JeHHAsA BeJHYNHA NaieHns Haapd-
JEHHUS B CKOJIb3SIleM KOHTAKTE. ’ ‘

Ilpu sameanensoll KoMMyTauuy Ha HaleramouleM Kpae IVIOTHOCTh TOKa
OsiH3Ka K HYyJI0, OJHAaKO €MKOCTb HeBejHKa, HO9TOMY PeaKTHBHOCTH KOHTAK-
Ta mpoasasercd cnabee, HexKead TPHU YCKOPEHHOH KOMMYTAalL[WH IIPH COOT-
BETCTBYIOLLCH IIOTHOCTH ToKa. Ha c6eramwoieM Kpae NpH HE3IHAUUTEJNBHOIT
eMKOCTH KOHTaKTHOIO CJI0SI WMEEeT ‘MECTO BEICOKAasi INIOTHOCTb TOKa M peak-
THBHOCTb CKOJIB3SILETO KOHTAKTa TIPAaKTHYECKH He I[IPOsBJASETCH. ‘

BenuynHa M COOTHOLIEHHE MEXJAy €MKOCTPIO U AKTHBHBIM COMPOTHB.JIE-
HHEM CKOJIb3fILETO KOHTAKTa  HeMOCPeLCTBEHHO CBA3AHEI ¢ H3MeHEHHEM
LeHCTBUTEIBHOTO Tepuoia KOMMYTAUHH. DTOT BOIPOC MOAPOGHO pPacCMOT-
pen B [4].

TouHoe u3aMepeHue eMKOCTH CKOJB3SLULETO KOHTAKTa B peajbHOH Ma-
II{HE CONMpsAKeHo ¢ OOMBIIMMH TPYJHOCTAMH, TAK KAK BeJHYHHA €MKOCTH
34BHCHT OT ABYX HepeMeHHbIX A ¥ h.

EJMHCTBEHHEIM COOCOO0M /Sl 3TOM Le/IH ‘MOKET ObITh TIPHHSIT KOCBeEll-
Hblil, OCHOBAHHbBIHM Ha H3MEDEHHH yIJa CIBHra a3 MemK1y TOKOM JaMeau H
TaJleHueM HanpsaXeHUs B KOHTAaKTe.

Ha pmc. 4 mpencraBieHa cXeMa H3MepeHus eMKoctd, M3mepenue
NPOH3BOJHAOCE METOJAOM CPABHEHHSA ©MKOCTH CKOIB3ALIEr0 KOHTAKTa C M-
KOCTBIO 3TaJIOHHOIO KoHIeHcaTopa C,, MpuueM HNOTKIIUEHHe ITAJOHHON €Mi-
KOCTH MapajlieIbHO €MKOCTH KOHTAKTa TMPOU3BOIUAOCE JHIIL B TeUEHHE BP--
MEHH KOHTAKTHPOBAHMS HIETKH C HCCJAEAYEMOH KOMJIeKTOPHOH TAACTHHOL
¢ momolplo koHTakTa K. Ilnst 970k UesqH Ha Bajqy TOKOCHeMHHKA yCTaHAB-
JHBAIOCh KOJBLO, HBTOTOBJIEHHOE H3 TeKCTOJHTA, H 'Ha €T0 IIOBePXHOCTH
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Puc. 4. CxemMa H3MEPeHHs MAKCHMAJLHOTO 3HA-
YeHHS eMKOCTH

»

B aKCHaJbHOM HalpaB/eHud pasMellatach MeJHas I[JACTHHA LIHPHHOH,
paBHOH JaMesid KoJjaektopa, ITo moBepXHOCTH KOJbLA CKOJML3ST [Ba KOH-
TAaKTa, KOTOpPHIE 3aMBIKAIOTCS B MOMEHT HAXOXIEHUs JaAMeau MOH LIeTKOA.
CHuMaoTes OCUHAIOTPAMMbBl KPHUBBIX TOKA KOMMYTAIWH ¥ HaJeHUs Hamps-
KEHHUS] B 'KOHTAKTe TPU PA3OMKHyTOM PyduabHuke P u olleHMBaerca ¢paso-
BBIL OABHr. 3aTeM, 3aMKHYB P, mogk/jawyaeM 3TaJOHHYIO eMKocTb C, H, U3-
MeHss ee BEJHUHHY, LoOUBaeMcs yBeJuueHHs (pasoporo casura Basoe. Oue-
BHIHO, B TOM CJy4ae BeIHUHHA E©MKOCTH KOHTAKTa PaBHA BeJMYHUHe 3Ta-
JoHHOH eMkocTH, Tak Kak C, u Cx coexHHeHHI mapaJiesibHO, TakuM MeTo-
JA0M MOXKHO ONPENeIMTh JIHIIb BEJHUHHY MAKCHMAJbHOH €MKOCTH COKOJIb3si-
1ero KontaxTa. EcTecTBeHHO, UTO BHEHIHSIST CHHXPOHU3AUUs OCHMAMOrpada
8 TOM (JIydae JOVIZKHA Ob(Tb XODOIIO HacTpoeHa. Beaudnna MakcnManbHoii
eMKOCTH, U3MepeHHas NaHHBM MeToqoM, cocTasaser 0,03—0,05 mxd.

JLTsT cpaBHUTEJNBHON OLEHKH BSJIWUHHBI ©MKOCTH KOHTAKTHOTO CJOs IIPO-
E€IeHO ee M3MEpPGHHE B CJydyae HENOABHXKHBIX KOHTAKTOB IPH (PA3JIHYHOM
WX pasjeseHdd. EMKOCTb HENOIBHMIKHOW KOHTAKTHOH Tapel IeTKa—JaMelb
KOJJEKTOPa MOMKHO H3MEpHTb KYJOHOCTATHYECKHMH MeTOJaMH, LIHPOKO
[PHMSHSIEMBIMH B WIEKTPOXHMHH, M3 37eKTPOXHMHUH H3BECTHO, UTO, €C/H
PACCTOsIHHE MeXKAY JABYMS NOBEDXHOCTAMH, HMEIOLIEMH MDOTHBOMOMONKHLIE
3apsifbl, WCYesalolle Masjgo, COBOKYIHOCTb 3THX IOBEPXHOCTeHl Ompeeader
xapakTep ABOHHOrO 3JEKTPHUECKOTrO ¢JIosi, Tle HMEET MECTO CKayoK MOTeH-
MHana, NPOMOPUHOHANBHBIH MJIOTHOCTH 3apfAloB Ha oOKJAagKax JBOHHOrO
ciaos. CKaukKH 3JEKTPOAHBIX TOTEHLHAJO0B Ha rpanuue as HenoCpPeICTBEH-
BO cBA3aNbl ¢ OOpPA3CBaHHEM [OMPAHMYHBIX YIBOHHBIX cloeB. MexaHu3m
06Pa30oBAHUS JBOHHOIO C/IOST COCTOUT B TOM, 4TO alcopOHpoBaHubie Ha Pa-
30BOl TpaHMLEe LHIOJbHLIE MOJEKY/bl, HAPHMEP MOJEKYJNbl BOJBI, OpHEH-
THPYIOTCS OTPeeJeHHbIM 00pasoM. '

Pa6oTa KOHTAKTHON Napbl IMeTKa—JaaMe/b KOJJCKTOpPa B peajbHbiX
VCJIOBHAX IOJHOCTBIO — COOTBETCTBYET MeXaHM3My O05pa3oBaHust JIBOMHOTO
CAOS.

Jlas u3Mepemusi €MKOCTH IIpHHATA CcXeMma, TpHMeHseMast B 3JEeKTDO-
XHMHMH [UIS1 OTpe/le/ICHHA MapaMeTpoB 3JeKTPOXHMHUECKOH peakuuu [5].

TIpHHUMNAATbHA CXeMa H3MePUTeNbHOH YCTAaHOBKH NPHBGIEHA HA
puc. 5.

Mamepenne 3apsila MCCAeAyeMOro 3JexTpoaa (H.3.) -OCYLLeCTBJACTCH
nyTeM paspsiia Ha Hero KomleHcaTopa Cg, 3apsKEHHOTO TIPEABAPUTENBHO
or Gatapeu B. Konmencarop Cj goakeH OBbITH BBICOKOTO KauecTsa M Ge3
yTeukH, 4TOOB MOMKHO GBLTO PaccyuTaTh M3MEHeHHe 3apsja Mo ypPaBHEHUIO

AQ = Cl UB.

Tepermouerne Konaencatopa Cy Ha HCCISIyeMble 3JGKTPOUIBL OCYILC-
CTBJASETCS € IOMOUIbIO peje, KOTOPOe OJHOBPEMEHHO HDOM3BOAHT 3alycK
cocupsrorpada. 3apan 3JeKTpOia H3MEHAETCA 3a BpeMs 0,1—1 MKkcexk, B

180



Perne

- L
6 c,

=F C, Ci-8

Puc. 5. [IpuHwnnanepas CXeMa H3MepUTeJBHOH
YCTAHOBKH A7 onpefeneHus C

TEUeHHe (KOTOpOro Heo0Xo1uMO C/AeIHTh 3a U3MEeHeHHeM NOTeHLHaJaa.
Ilorennuan ¢ AOCTHraeT CBOEr0 MAKCHMAaJbHOTO 3HAYEHHS @Qmax, NOCJE ye-
ro HauyuHaeT majaTe 40 HyJad. MiMesa BeqMUMHY NMOTEHUHANA @pax, EMKOCTH
ZLBOHHOIMO CJOA ‘MOXKHO OINpPELeNHTh MO (QopMye

B un3smepurenpHoii cxeme norTeHuuoMerp Il cay:KHMT A KOMIIEHCALHH
PaBHOBECHOro IIOTeHIMaJMa, TaK YTO Ha ocuu/Iorpade Jto U3MeHeHUs] 3aps-
& 37eKTpoAa HalpAKeHHe A0JXKHO ObITb paBHO HYJIO, 9TOOLI COMPOTHBIE-
HHE MOTSHLIHOMETpPa He YBeJU4YUBAJO BpeMs 3aPSAXEHHs] IABOHHOLG CJOs,
{IOTEHLHOMETP WIyHTHPYyeTCH eMKOCThbio Cs GOJIIION BeJIMUHHEL.

YKa3aHHHH MeTOo 103BOJIAET IPOCTO ONPENesiTh BEJHUHHY ©MKOCT:H
REMOABUIKHOTO KOHTAKTd, UTO C MIOMOUIbI0 MOCTA NIEPEMEHHOTO TOKA Cie-
JaTb TPYJHO H3-32 HaJW4Ws 1CEBI0EMKOCTH, YVBEIMYHBAIOUIZH HCTHHHOE
spauenne Cy.

OnHako 3THM METOJI0M MOXKHO JIUIIb YCTAHOBUTH HaJdHYMe GMKOCT!H
KOHTAKTa WJH ONpPele]HTb ee IOPSAOK, TAK KaK MPeIBapUTeJbHO Nepe M3-
MepeHHeM YCTaHABJIMBaeTCs ONpeleseHHOe PasjeleHde KOHTAKTOB. Tax, pu
vVCcTaHOBKe cpeadero 3asopa 0,5 MK BeJWUHHA eMKOCTM COCTaBJser
0,03—0,05 mxid.

PesynbraTel sKcHepHMeHTaJbHOTO HCCJAeJOBaHUs eCTeCTBeHHBIX Au:da-
MHUYECKHX BOJBTAMMNEPHBIX XAPAKTEPUCTHK CKOJIB3SIIEr0 KOHTAKTA LeTKa —
KOJWIEKTOP MOATBEPIKAAIOT CIPABEAJHBOCTb MPHUHATONH GH3INUECKOH Mole-
JI1 CKOJb3fIIeTO KOHTAaKTa.

Kak rnokazano ocuuaiorpadupoBaHue KPHBbIX TOKA KOMMYTalluu NpH
HCNOJb30BaHUM 1leToK D['-8, JdelicTBUTENbHBIN MepHol KOMMYTaluu 3Ha4u-
TeJABHO OTJIHYAETCs OT TCOPEeTHUEeCKOro, Jaxe IpH 0bscliedeHHH yIL'OBJIETBO-
PHTEJbHbIX MEeXaHHYeCKHX YCJIOBHHA paboThl KoJAIeKTOpa. CocTosAHYe MOoBepX
HOCTH KOJIJEKTOPa KOHTPOJUPOBANOCH CHATHEM NPOQHIOTPAMMbBI KOJICK-
TOpa C INOMOLLBIO MPOPUIOMETPA ¢ ©MKOCTHBIM JlaTunkoM [6].

[TocTpoenre ecTSCTBEHHBIX JHHAMHUSCKHX BOAbTAMIEPHBIX XapaKTepu-
CTHK NMPOW3BOJHUTCS MYTEM COMOCTaBJEHHSA BO BPeMEHHM TOYEK KPHBLIX MJAOT-
HOCTH TOKa W NajeHus HanpsaxeHusa (7]

BosibTaMIlepHble XaPAKTEPUCTHKH KATOAHO- H AHOJHOAMOJAPHIOBAHHBIX
LLETCGK COOTBETCTBEHHO AMs POIONbHON U monepeunoi uemny IMY-12A npx-
BEXSHBI Ha puc. 6 u 7.

AHanusupys ecTecTBeHHBIE AMHAMHUEOKHe BOJIbTaMIepPHble XapaKTepk-
CTHKH, HEOOXOLMMO GTMETHTb, YTO HX BHUZI IOJHOCTbIO ONpPEAETAeTcs Xapak-
TEePOM KOMMYyTailuy. BesuunHa mageHUs HANPAKEHHA MEXKIY LISTKOH H KO-
JNEKTOPHOH MJIaCcTHHOH, KOHTAKTHUPYIOULeH CO LIeTKOH Onpeae/eHHON TOaAp-
HOCTH, 3aBHCHT OT BeJWYHHBI H CKOPOCTH HU3MeHeHUst IJIOTHOCTH TOKa
H peakTHBHOCTH KodTaKrta. llocaeiHsis OKasblBaeTcs 3HAYHMTENbHO JIHWD
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Puc. 6. Boabramnepnble XapaKTepHCTHKH KaTold-
HO- M aHOIHO-TIOJIAPH30BAHHON INETOK HPOROJB-
HOH nenmn SMVY-12A.

1 — Boneramnepuas XapaKTEepPHCTHKA KaTOMHO-
IONAPH30BAHHON HIETKH Ha HHMKHEH rpaHuie Ge-
3BICKDOBOH B0HBL; 2 — TO 1Ke Ha BepxHEf rpa-
HHUIle ©e3bICKPOBOH B0HBI; 3 — BOJILTaMIlepHaAa
XapaKTEePUCTHKA aHOAHO-IIONAPH3OBAHHOH LIeTKH
Ha HHXHeH rpaHHre 6e3bICKPOBOH 30HbL: 4 — To
e Ha BEPXHEH TrpaHHIe OGE3bICKPOBOH 30HBI
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Puc. 7. Boasramnepnsre XapaKTePHCTHKH KAaTOA-
HO- H aHOJHO-IOJIAPH30BAHHOH LIIETOK TOMEPeYHOH
nenu 3MVY-12A

IIpH TLIOTHOCTAX TOKA, OJUH3KHX HYMO, H BeJWddHa MATlenus HATIPSIK A U A
Al B 3TOT mMoMmenT BPEMCHH MOXeET JOCTWraTh 3Hauenuiri 1,0—1,5 p. Tak,
IIpy YCKOPEHHOH KOMMYTAaLWH MOMEHT BPDEMEHH, KOTAa TIOTHOCTh TOKa J0-
CTHTa€T HYJeBOI0 3HAMEHHS, COOTBETCTBYET HawbO/IbIIEMY 3HAYSHHI) EMKO-
CTH CKOJIB3SLSNO KOHTAKTA, H BEJHYHHA N4 TCHHUS Hampsxesug AUe max-
cumanpHa. Ilpu mocaeayomem wnaveHeHuH XapakKrepa KOMMYTalUUHd OT
CHJIBHO YCKODEHHOH K IPSIMOJMHEHHON M Aadee K BaMeIJIEHHON MOMEHT
epexosia TOKa 4epes HYJIb Bce Gojgee CMLILASTes K COeralneMy Kpalo
ULEeTKH (L eHCTBUTENbH b HIEPHOT KOMMYTALMH CTPEMHTCA K TEODETHUECKO-
vy). IlpH 3TOM MrHOBeHHOE 3HAueHHe EMKOCTH KOHTAKTa, COOTBETCTBYIOIee
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MOMEHTY ITepexojga TOoKa JaMeJH uYepe3 HyJb, 3HAUUTENbHO YMEHbLIAeTCH.
2T0, eCTeCTBEHHO, BJeUeT 3a cOo00il CHHIKEHHS BeJTHYHHBI MaTeHus HalpsikKe-
iusg AUg. Ecau 6B ¢ NOMOIIBIO pPeryTHpOBaHHS TOKa T00aBOYHBIX NOJIOCOB
JIOCTHTHYTb TaKo¥ CTelleHH 3aMeIIeHUsd KOMMYTalldy, Ip# KOTOPO# TOK Ja-
M€JM CTAHOBHUTCS PaBHBIM HYJIO B MOMEHT BbiXOAa JaMeJu U3-TIoJ LIeTK,
4 HAYaJO KOHTAKTHPOBAHMS CORMNALAET C MOMEHTOM BXOMKIEHHs IJACTHHLI
HOJ UIeTKY, PSaKMHBHOCTh CKOJBL3ALLETO KOHTAKTA CKas3blBaThesl He OGyLeT
Hu Ha cOeraiolleM, HY Ha Haberatomem kpasx wertkd. OQHako TaKHX yc-
JIOBHH B peasibHbIX MallMHaX JOCTHTHYTh HEBO3MOXKHO.

‘Kak moxasanu ncciefoBaHusi KOMMYTALHU 110 MPOLOJBHONH W MOTepet-
noli ocaiM IDMY-12A, npu pasaUUYHBIX YCJIOBHAX KOMMYyTallkd B Tpelenax
0e3bICKPOBOH 30HBI, BeJHUHHA MajeHus HanpsakeHus: AU, o6ychnoBiennas
PEAKTHBHOCTHIO CKOJB3SUISN0 KOHTAKTA, UIMEHSETCs B LUIMPOKMX IIPeresax:
(1,5—~0,6) B 119 KatolHo-mosasipuzoBaHHON wertku u  (1,1—0,4) B Anx
QHOAHO-NOJAPH30BAHHOH. :

XapakTep W3MeHeHHsl TAaZeHUA HaNpPSKEHUS CKOJIb3SLUIETO KOHTaKTd
fipt ‘GOVIPIUUX IJIOTHOCTSX TOKAa ONPEeRessIeTcs B OCHOBHOM BEJNUUMHONH H
CKOPOCThI0 U3MEeHEeHHs IJIOTHOCTH TOKa. Tak, MpH YCKOPEHHOH KOMMYTauuH
[IOTHOCTH TOKA Pe3Ko YMeHblIaeTcss X QopMHUpOBaHHe KOHTaKTHOI IIPOBO-
AUMOCTH NPOHCXOAUT OBICTPO MyTEM HHTEHCHBHOTO pAacIIMPEHHA KOHTAKT-
UbIX maTed nocpenctsoM B-ppurtunura. [Ipu 3Tom ypoBeHb ManeHus HaIpi-
JKCHHA HECKOJAbKO TNoHuxkaercs, Ilpu 3amensneHHOH KOMMYTaUUH BeJHYHHA
4 CKGPOCTb H3MEHEHHs MJIOTHOCTH TOKa He3HauHTe bHbl B 'Hauaje KOHTAK-
TEPOBAHMS, BO3pacTas JNHUIIb K KOHIY Mepuofa KOMMYyTalldH, mosatoMy (op-
MHPOBaHHE KOHTAKTHOH MPOBOIMMOCTH MPOHCXONUT BANO M yPOBEHb flaile-
HUS HANPSKeHUS pPe3Ko TOBbIIAeTCS. JTHM OOBACHSETCH Manbli HaKAOH
BOJILTAMIEPHBIX  XapaKTePHCTHK K ‘OCH MJIOTHOCTH TOKa MpH VCKOPEHHOH
KGMMYTAUUH W 3HAYHTEJAbHBIA — TIPH 3aMeIeHHOH.

BOJIBIIOE KOMHYECTBO OIbITOB, IIPOBEIEHHBIX € HCIOAb30BAHHEM LUIETOK
3TI'-8, nokasano, yTo AJsI LIAHHOH MapKH IUETOK B DeaJibHbIX YCJOBHAX pa-
GOThl CKOJb3SIIEN0 KOHTAKTAa 3aBUCHMOCTb INEPEXOAHOTO MadeHHs Hampsi-
JKEHHS OT IJIOTHOCTH TOKa B KOHTaKTe Bblpakaercst mpsimoi juHuefl. Cie-
LyeT OTMETHTb, UTO MpH TIPIAMOJHHEHHON KOMMYTaUHH, KOTOPYIO MOXKHO
00eCTieydTh PeryJHpOBKOi 100aBOYHbIX NOJIOCOB, ©CTECTBEHHAA JAMHAMHYE-
CKas BOJbTaMilepHasi XapakTepucTHKa obpaulaercd B TOUKY, TaK Kak [MJIOT-
HGCTh TOKA H TajcHHe HATNPAXKeHHS B KOHTaKTe MOCTOSHHbI

Pasanune B BOJBTAMIEPHBIX XapaKTePHCTHKAX aHOLHO- H KaTOIHO-
NOJIIPU3OBAHHBIX IIETOK OODBSICHAETCA H3BECTHBIM IPpexnoM IOJNAPHOCTH.

[TonyuemHble €CTeCTBeHHble JTUHAMHYECKHAE BOJbTaMIepHble XaPaKTeph-
CTHKM ¢ JIOCTATOMHON MJs NMPAaKTHYSCKHX DACYETOB TOYHOCTbIO MOTYT 'ObITh
ANNPOKCHMHPOBAHDI BHIPACKEHHEM BHAA

AU = AU, + Ki.

s ®aToAHO- W aHOAHO-TIONSPH3OBAHHBIX IIETOK COOTBETCTBEHHO Bbi-
paXkeHue uMeeT BH.

. AUK = AUOK + Kl{ - )5
AUr=AUga + Ka -,

!

TAe
AUOH, AUgp — NaJIeHHs] HaMpsSiXKeHUs MNpPH IJIOTHOCTH TOKa, paBHOH HY-
J0, ISl KATOAHO- H aHOLHO-NOJISPH30BAHHOH MIETOK,
I\K, Ka —- TAHTEHCHl | yIVIOB HAKJOHA BOJbTAMNEPHOH XapaKTepH-
CTHKH K OCH IJOTHOCTH TOKA COOTBETCTBEHHO IJIS Ka-
TOMHO- U aHOJHO-MOJSIPUIOBAHHON IIETOK.
B s3akjloucHHe HeoOXOLWMO OTMeTHTb, uTo B pabotax [8, 9, 10, 11]
CAeJaHa TONMbITKA YYHTHIBATH NPH pacyeTax KOMMYTAUMH €MKOCTb MEXIy
PHRAOM JeXKallHMHE KOJVIEKTOPHBIMH MIacTHHAMU U Pacnpele/]eHHyI0 eMKOCTH
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cexunil. Ilpu sToM OTMeuaeTcs BAUSHHE eMKOCTH Ha KOMMYTALMIO TOKA
hak (akropa, ymMeHbIIAMOWIEro BepOATHOCTb HeKpooGpa3oBaHus, EmMxocTs
Ke MeXJy IIeTKOH W JaMmeJblo KOJJeKTopa He Y4YuThlBaercs, XOTsl B Jell-
CTBUTEJBHOCTH GHa SBJAAETCS OCHOBHOH Kaxk 1o BeJHYHHe; Tak U NO &e
POJIE B KOMMYTALlHOHHOM (IIpOlLecce.

Kpome Toro, mo mnpemjgaraemoit aBTropama [12] cxeMe Befercs ofnpe-
LeJIGHHE eMKOCTH MEeXJy CeKIHell 00MOTKH AKOPS H IHaKeToM TKOps, KOTO-
pas 3aTeM BBOJAMUTCSI B pacyeT KOMMYTAIlMH, B TO BpeMs KaK 3Ta €MKOCTb,
MO CYyLIeCTBY, He NPHHUMAET yyacTHs B KOMMYTalHOHHOM Ipoiecce.

UccnenoBanusiMu, npoBeeHHEIMU HAMH ¢ MCMOJb30BAHUEM 1LETOK Pas-
THUHBIX THIIOB, OTMeueHa cieayiowlass ocobeHHocTb. Llletku, oGHapyxiu-
Balolll4e BBICOKYIO DPEakTHBHOCTb (KOJb3sillero KoHTakTa (II-8, II-74j,
06J1a4a10T, KaK TPABUJAO, BBICOKHMH KOMMYTHUPYIOLIMMH CBOHCTBaMM.

Takum 06pa3oM, MOXKHO CUHTATb, 4TO OIHOH H3 BaXKHbIX XapaKTepH-
CTHK LIETOK B KOMMYTAIlMOHHOM OTHOLUCHHYU SABJSETCA COOTHOLIEHHEe MEXKAY
aXTHBHbLIM COTIPOTHBJAECHMEM H €MKOCTbIO TPH IVIOTHOCTH TOKA, JOCTHIaloLlel
HyJeBOro 3HaueHHs. BMecTe ¢ Tem yueT iPeaKTHBHOCTH CKOJDb3ISALLENO KOil-
TaKTa IO3BOJIAET OTBETHUTh Ha BOMpOC, KakuM o6pasoM IeTKH, obaanalo-
UlHe BBICOKHMH KOMMYTHDYIOUIWMH CBOUCTBAMH, YIEPXKHUBAIOT B MePexoll-
HGM cJioe y cHeramwlero Kpas ONpelejJeHHyl0 BeJHIHHY HATIPAKEHHs.

B pesynbrate MPOBeIEHHBIX MCCAeAOBAHME MokHO ChOpMYIHpOBATH
CJIelyIolMe BbIBObI: i

I. ITocrpoena ¢u3Hueckass MoJeJb CKOJb3SLIETO KOHTAKTA B 3JIEKT-
pPUYECKHX MAIlTWHAX, COTJACHO KOTOPOH KOHTAKT IUeTKa—/aaMellb KOJJeK-
TOpa HeoOXOAHMMO paccMaTpUBATh KaK HeJHHeHHYI0 [elb NpH Mapajnenb-
HOM COeJAMHEHHH IepeMeHHBIX Iy H Cy.

2. TpemnaraeMbiii Crocod onpefeleHdss €MKOCTH CKOIb3sllero KOHTAaK-
Ta TyTeM CPaBHEHHT C eMKOCTbIO 3TAJIOHHOIO KOHJeHCaTopa IM03BOJAET M3-
MEDHUTb BEJHYHHY MAKCHMaJbHOH €MKOCTH CKOJIB3fAILEer0 KOHTAKTa B peallb-
HBIX YCJIOBUSIX PaGOTH! KOJJEKTOPHBIX 3JEKTPHYECKHX MAaIIUH.

3. EcrecTBennbie AHHAMUYECKHe BOJbTaMIeDHBIE XapaKTepUCTHKH, Y-
TRIBAKOIUIME PLAKTHBHOCTD CKOJb3SIEr0 KOHTAKTa, ANTPOKCHMHUPYIOTCA BbI-
paykeHueM BuAa

AU =AUy + K- j.

4. KoMMyTHpPYIOllHE CBOMCTBA LIETOK HEPAa3PbIBHO CBSI3aHbl ¢ HaTHYHEM
GMKOCTH B KOHTaKTe LieTKa—JJaMesb KOJJIEeKTOpa W COOTBETCTBEHHO BEJIHYH-
HCIl MaleHds HaTMpsSKeHus, KOTOPYIO VJepxKusaer IleTka y cOeraioilero
Kpasi pPH YCKOPEHHOH KOMMYTAllHH.
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