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PACYET JHHAMHWYECKHUX BOJBbTAMNEPHBIX XAPAKTEPUCTHK
CKOJIb3IWWEI0O KOHTAKTA
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(PekomennoBana ceMMHapoM kadeap 3JeKTPHUECKHX MALIHH H OOLIeH
3/1eKTPOTEXHHKH)

Kaxk wu3BecTHO, AMHAMHYECKHe BOJbTAMIIEPHBIE XAPAKTePUCTHKH NpPH
HOpMAJIbHBIX YCJIOBHSIX DPabOTBHl KOJJIEKTOPHO-LIETOYHOI'O y3Ja 3JeKTpuue-
CKOH MalIWHB! JJOCTATOUHO MOJHO OTPAaxKalOT CBOHCTBA CKOJAB3AIIEr0 LIETOY-
HOTO KOHTakTa. [T03TOMY npH pacueTe KOMMyTalHH HEOOXOAUMO HCMOJB3O-
BaTh MMEHHO AMHAMHYECKHE BOJbTaMIlepHble XapakTepuUCTHKH.  (QcHoBHAf
TPYAHOCTH MCTOJAb30BAHHS JHHAMHYECKHX BOJBTAMIIEPHBIX XAapAaKTEPUCTHK
NIpH pacyeTax KOMMYTAUHH 3aKJIOYaeTCd B TOM, YTO TGCJAeIHHe MOJYyUaauch
JIHIIB 3KCMEePHMEHTAJbHBIM NyTeM NPH paboTe adekTpuueckoid Maumunbl. Of-
HAKO Ajs o0ecreyenus BBICOKOI Ha[eXKHOCTH KOJJEKTOPHOH MAallHHBI, KOTO-
past onpeneasercai B OCHOBHOM KOMMYTAallHOHHBIMH (baKTopaMn, HEO6XO}1HMO
°HAaHWe RXUHAMHYECKHX BOJIbTAMIEPHBIX XAPAKTEPUCTHK CKOJB3SILUIEro KOH-
TaKTa 3JCKTPHYECKOH MaUIMHBI Ha CTAAHH ee NpPOeKTUPOBAHMUS.

Taknum o6pasoM, co Bceil HEOOXOAHMOCTbIO BO3HHKAET BOIPOC O pa3pa-
0OTKe METOAHMKH pacyeTa AHHAMHUECKHX BOJbTAMIIEPHBIX XaPAKTEPHCTHK C
HCIIOAB30BAHHEM OIPE/eTeHHBIX NapaMeTPOB CKOJIb3SIUIETO UIETOYHOIO KOH-
TaKkTa, NOJYYEHHBIX Ha MOJEAAX HJH HCKYCCTBEHHBIX YCTaHOBKaX.

Kax mokaspiBaeT aHagau3, npenjoxenHoid B [1], cxembl 3aMeleHds
CKOJIB3AUIErO IIETOYHOrO KOHTAKTa KOJNJEKTOPHON 3JeKTPUUECKO[ MalllHHD,
AWHAMHMUYECKHE BOJbTAMIIEPHbIE XaPAKTEPHCTHKH MOTYT OBITb pPacCuHTaHBl
MO YKa3aHHOK CXeMe 3aMelleHHS] C MCHO/b30BaHHEM [IapaMerpoB, MOJYYeH-
IIBIX TIPH CHATHH CTATHYECKHX BOJBTAMIICPHbLIX XapaKTePUCTHK Ha KOPOT-
KO2aMKHYTOM KOJIEKTOpe. MeToaHKa omnpele/ieHHs MapaMeTpPOB CXeMbl 3a-
MeleHnst uanoxena B [1]. Tlo nauHOl MeTOZHMKe OIpejeseHbl MapaMeTphl
CXeMbl 3aMeLLeHHs] CKOJABb3SAIIero 1eTOYHOr0 KOHTAKTa JJd PasJjHYyHBIX Ma-
pox uterok (II-43, 3T-14, 3T-8, 3I'-74), xoTopbie NpUBEAEHb B Tadad. .
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CrartuyeckHe BOJbTAMOEPHbIE XAPAKTEPHCTHKH, HEOOXOAHMBIE L1 on-
PelesieHHs] NapaMeTpPoOB CXeMBl 3aMellleHHs], CHUMAJHCb Ha KOPOTKO3aMKHY -
TOM KOJIJIEKTOpE NPH TOALEPXKAHUK MOCTOSIHHON Temmepatypnl (50°C) ma
KaXJI0i TOUKE XapaKTEePHCTHKH.

Ha peauyrHy cpelHero 3HayeHHUst CONPOTHBJEHHS MeXKAY IIETKOH H KO-
JIEKTOPHO# MJIeHKOH CYIleCTBEHHOEe BJHSHHE OKAa3blBalOT pajuaJjibHble H TaH-
reHiHaJjbHEe KoJebanus weTok. VMenosb3ys nanHble ucciaenoBanui [2], co-
TIPOTHUBJIEHNE Iy MPH HAJHUYMH KOJgeDaHM{ MOKHO ONDPEIEJIHTb 110 BbIpaiKe-
HHIO

ty = tyy(l + m sinet)(1 -+ m’sin 2 0't). (1)
rie

o — COINPOTHBJIEHHE MEXIY IIeTKOH M KOJJIeKTOPHOH IJEHKOH, COOT-

BETCTBVIOllee ONpee]elHOMY Ha»Katuio NpH OTCYTCTBHH Ko.e-
GaHHH LIeTOK W 3aBHUCsillee OT COPTA LIETKH;
mu m’ — rJyOHHA MOAYJSIIUH CONPOTHBJACHHUS COOTBETCTBEHHO TAHTEH-
IIHAJbHBIMH H PalUaJbHbIMHM KOJeOAHHAMH LLETOK.

BosbramnepHass xapakTepUCTHKA HeJHHEeHHOro COMPOTHBICHHMS yTEUKU

Ryr onpeiessieTcss AJs HCCIeNOBAaHHBIX LIETOK 3aBHCHUMOCTHIO BHIA

s — _ n
tyr = {(SUca) = aSUcs™ (2)
rlie 4 A 1 — KOHCTAHTLI, XapakKTepU3ylIiue MapKy LICTOK,
S — nJicmajgb KOHTaKTHPOBAHHA JaMeJH CO 1eTKOH,

Uecn — HamnpsikeHHe Ha 3anuparouleM cJjoe.
‘BoJabTaMIepHYI0 XapaKTEPHCTHKY COMPOTHBJIEHHUS MOJYNPOBOAALIETO 3arii-
pamwoulero cios Ry aas werok I0-49, IT-14, IT'-8, II'-74 moxHo npeacra-
BHTb BbIpaskKeHHeM

iagc = ¢ (Uey) = bUY, (3)

rae b U kK — nocTosiHHble, XapaKTepH3YIOLIHe TMOJAYNPOBOAsIUHe CBOHCTBA
KOJIJIEKTOPHOMH TIJIEHKH.
3aBUCHMOCTb €MKOCTH 3alHPAaiollero cjaost, 00pa3soBaHHOIO MeXAy Mo-
JIYNPOBOAsiIeH MJEHKOH 3aKHCH MEAH H Me[Ibl0 KOJJIEeKTOpa, OT BeluiuHb
1l TIOJIIPHOCTH TPHJOKEHHOTO HaNpsiKeHHsI MOXKeT ObITh NMpeIcTaB/]eHa Bbl-
paxeHHeM (4), XapakTepHbIM [Jd MeIHO3aKHCHBIX MOJAYIPOBOIHHKOB

A

C=Sig—g

(4)
rie

Sy — noaHasi KOHTaKTHas NJOWAAb JaMeaH (cm?),

A — KOHCTaHTa BBLIIPAMHUTEJS. ‘

Pacuer quHaMHuyeCKUX BOJBTAMIEPHBIX XaPAKTEPUCTHK MPOBOAHTCH 1O
meTonuke [1] mpu 3amanHOoM Toke snamesu. [lajgeHue HanpsizxeHHs B CKO.Jb-
35ILIEM KOHTAKTe /s IIeTOK o0euX NOoJApHOCTeHd onpeje]derTcd m[no Bbipa-
ZKEHHIO

T
U = Uc;[ '*" Ulll == g [(ln— aSlUCJln_‘bUCJ[K) w Jdt i _!'TLE_. i_n,
S.A g,
0
(3)
rige
iy — MrHOBeHHO€ 3HaueHHe JIAMEJbHOIO TOKAQ,

T — nepHox JameabHOTO TOKA,

S¢—TeKylllee 3HaueHHe MJIOIIALH KOHTAKTHPOBAHHA J1aMeaH €O LIEeTKOMH.

Tak kak cOnpoTHBJEHHE MOJIYNPOBOAsiIEro ¢10s Rae MOA KaTOAHOIMO-
JIIPH20BAHHOH 1HETKOM MOXKeT OBITb NPHHATO OECKOHEYHO OOJbLIHM, 15
pacyeTra KOHTAKTHOIO NMAaJleHHs HaNpsKeHHs MexJAy LEeTKOIl AAaHHOI nmoJsip-
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HOCTH If KOJJICKTOPOM B BbIpaxK€HHM (D) KO3 PUIHMEHTH b H ¢ HOJOXKEHBE
pPaBHBIMI HV.TIO.

BusiHue paananbHbIX H TAHTEHIMAJIBHBIX KOJMeOAHU[ YUHTHIBAETCH B
CpeiaHeM depe3 CONPOTHBJeHile Ty. [IpoBepka MeTomuKH pacuyeta AHMHAMU-
UECKHX BO.JIbTAMNEPHBIX XapaKTePHCTHK [POBOAMIACH  KAK HA peabHBIX
3JEKTPHYECKHX MamnHax [l], Tak W HAa MCKYCCTBEHHBIX YCTAHOBKAX TUMA
KOPOTKO32MKHYTOrO KOJJEKTOpa.

Tax, Ha HCKyCCTBEHHOfl yCcTaHOBKe, paszpaGoraHHoil aBropamii [3], mo-
JY4YeHbI HMITYJIbCHbIe JHHAMHUECKHE XapaKTePHCTHKH I[I€TOYHOIQ KOHTAKTa,
00pa30BaHHOrO IMETKAMH Pa3HOH MOJSIPHOCTH, CKOJB3ALIUMH MO OOIEH J0-
POXXKEe Ha KOPOTKO3aMKHYTOM KOJLJIeKTope. JIJHTeJbHOCTH UMITY.16CA TOKA
mMeHsgach B npelenax 100—1750 mrcex, a ammnuryna ot 5 jgo 30 a. Ipw
HCCTeJOBaHHH OCLHJJIOTPa(HPOBAJIUCE OAHOBPEMEHHO C NOMOLIbIO OABYXJV-
ueBoro ocumagorpada Cl-16 uMnmyabpc Toka H KpHBasi KOHTAKTHOTLO Majge-
HHSI HalpsKEHHs MeX/y LIeTKOH W BbIOPAHHON JaMeJbl0 KOJJIEKTOpa, H30-
JHPOBAHHOH OT OCTaJIbHBIX NJIACTHH.

MMmnyabe saMebHOro TOKa, MOJYUYEHHBII TPH OCIMJIOTPadipOBaHIH,
JICMOIb30BAJICA [Jd pacueTa KPHBOH KOHTAKTHOIO MaJeHHsl HanpaKeHHA.
Ilanenne nHanpsizKeHHsT MEXKAY IUETKOH COOTBETCTBYIOUIEH TOJAPHOCTI M KOJI-
JIEKTOPHOH MJIACTHHOH B Npouecce KOHTAKTHPOBAHHA ONpeNensJoch Mo Bhi-
paxkenHio (5) uucAeHHBIM MeToZOM. IIpH pacueTe HCMOJb30BaIach KAXKY-
lasicst nJouiaabh KOHTAKTHPOBAHHA JlaMeJH CO LIETKOH, XapakTep H3MEHEHHs!
KOTOPOH OnpejenseTcs UIeTOUHBIM NepeKpblTHeM by=3 by, Pacuer npose-
aen 1ag mwerok -4 n II'-74 obenx mosasipHoCTEi.

Ha puc. 1, 2 npeacraB/ieHbl HMIYJbCHl J1aMe/JIbHBIX TOKOB, MO.IyUeHHbIE
OCUH/I0rpapoBaHHeM Ha 3KCMEPHMEHTAJbHOH YCTAHOBKE, a TaKKe OMBIT-
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Puc. 1. Conomrdbie JHHHH — ONIBITHBIE, IITPHXOBBIE JTHHHH -— pacCyeTHbIE

Hple 1 pAcCYMTAHHble (WITPHXOBbIE JHHHH) KPHUBblE KOHTAKTHOIO Ma/CHHHA
nanpsKeHus.

AHaIH3 ONBITHBIX H MOJYYEHHBIX B Pe3y.IbTaTe pacyeTa KPHBBIX KOH-
TAKTHOTO MAZeHHd HaMpsKeHHUs MOKa3blBAeT HX A0CTATOUYHYIO CXOLHMOCTb.
Cpennsis KBajgpaTHueckas omnOka coctaasier 12%. O6pamaer BHHMA-
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Pyc. 2. CniowHble JIHHWUH — ONBITHBIE, IITPHXOBBle JIHHHH — pacdeTHbie

‘HHE 3HaunTe/JbHAasl HEPEeryJ/JspHOCTb ONBITHLIX KPHUBBIX KOHTAKTHOIO MaXCHHI
HaNpPsAXkKeHHsl, KOTopasd He OOHAPYXKHUBAGTCs HA PACUETHHIX KPHBLIX. ITO 00L-
SICHAETCS BJHAHHEM MEXaHMYECKHX (haKTOPOB, KOTODLIE YUHTBIBAIOTCS COMPO-
THBJIEHUEM Ty JIHUIb B CPellHeM MO KoJuiekTopy. Kak Bu1HO u3 puc. 2, 60.1b-
UinM Ko.1e0aHHAM NOJABEPXKEHO KOHTAKTHOE NadeHHe HaNpsizKeHia 114 lie-
Tok 3T-74. IleficTBUTeNbHO, KAK MOKA3aJM HCCIe0BaHusa [2]. npn 1Cnoan-
3oBauuu uletok I1'-74 TaHTeHUHAIbHBlE U pajHa/bHble KOgedaHild OKa3blBa-
10T 3HAuiiTe/1bHOE BJIHsIHHE HA MOAYJALHIO KOHTAKTHOTO TATeHHs Harpsize-
Hust. [TostoMy npu pacyere XKOHTAKTHOTO MAf€HUs HANPAKEHHS 115 TREDPIbIX
HIETOK HEOOXOJIUMO YYHTBIBATH BJINAHHE MEXAHUKH KOJIEKTOPHO-LIETOYHOTO
y3Ja no spipaxkesvio (1).

[Ipu ucmonnb3oBaHMH MATKHX UleTOK (D[-43) pausmiie xoledaHi 1ie-
TOK CKasbiBaercda cgaalbee W NPH YIOBJETBOPHTEIBHOM MEXAHIIUECKOM COCTO-
SAHHH KO 1eKTOPA B KPUBBLIX KOHTAKTHOT'O MaJEHHS HampsiKEHHS, Kax MOoKa-
3BIBAIOT OCUMJJIOTPAMMEL (pPHUC. 1), OTCYTCTRYIOT 3aMETHBIE HePervVIsAPHOCTH.
Iosromy B 1anHOM c/yuyae MexaHHuecKHe (PAKTOPBI  MOCVT OblThb VUTEHLI
CpeJHHM CONMPOTHBJEHHEM Iy MO KOJJIEKTOPY, KOTOpPOE OHpeleIsercs 110
CTATHUECKIIM BOJbTAMIIEPHBIM XapaKTePHUCTHKAM.

Kpome toro, no yxasasnoifi MeTomuKke MpoBejieHbl pacdyeThl IHHAMUYE-
CKHX BC.1bTAMIICPHBIX XapPAKTEPUCTHK MPH CHMMETPHUHOM TPEYTOJIbLHOM HM-
ITy/1bCe TOKA MOCTOSIHHOH MJIMTEJIbHOCTH M PA3/JHUHOM XapakTepe H3MeHeHHS
Kaxkyueficad INJ/0Mail KOHTAKTHPOBAHHS JaMeJdd CO LIEeTKOI.

Ha puc. 3 npeacrapjeHpl HMOYJIbCH TOKa ¢ aMmnantyroi: 10a u aan-
TeabiocToio 600 mxcex, NpuusAThIe AJAS pacueTa, a TAaKXKe KPUBbIe KOHTAKT-
HOTO NnaJeHusl HalpsizKeHUsl MeXKAy LeTKaMHu 00eHX TOJAAPHOCTEll 11 .JJaMebio
KOJIJIEKTOpA, TIOJIyYeHHble B pe3yJbTaTe pacdeTa. Kaxk BHIHO 13 KPHBBIX
(puc. 3), KoHTakTHble najgeHus HanpsikeHus Uy m U, 3HaulTeIbHO TIpeBbI-

i1a10T BeJTHUYMHY TMAaJCHHA HANPAXKCHHSA HA COIIPOTUBJEHHH Iiy. JHlllb B CJayv-
yae OOJBIIHX NMJOTHOCTEH TOKa na cHerarieM HJIH Haberamoulem KpasX IHeT-
KH faaeiye HalpgameHHda Ha 3aluparonieM TOJAYIDOBOJSALLIEM CI10€ He3HAuH-
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Puc. 3

TeJIbHO 1 KOHTAKTHOE TlajJeHHe HaNpa:KeHHs ONpe/essieTcss B OCHOBHOM Be-
THuHHOR U

[TosyueHHbie B pe3yJabTare [IPOBEJEHHbIX PACUETOB JHHAMHUYECKHE BOJIbT-
ammepHble xapakrepucTuku Uy =1(ix) Npu pasIudyHOM XapakTepe H3MeHe-
HHSI Ka)KVIIeHcs TJIolladu KOHTAKTHPOBAHUS JaMesH CO IeTKO# IpeacTaBs-
JI€HBI HA pHC. 4.

AHanu3 NOKasbBaeT, UTO oUepTaHue BOJAbTaMIEpHbIX XapaKTEPHCTHK OIl-
pejeisieTcss BEJHUNHOMN 11 XapaKTepoM H3MEeHeHWs NMJIOTHOCTH TOKA B KOHTAaK-
Te. Ecan UMNyJabe 1aMeabHOro TOKa COOTBETCTBYeT BO BPEMEHH XapaKTepy
H3MeHeHlls TIJIOUlaAil KOHTAKTHPOBAHUSA JaMe/aH CO LIeTKOH, KOHTAKTHOe mna-
AeHre HanpsKeHHsi B TeueHHe NepHo1a JJAMEJNbHOTO TOKAa NOCTOSTHHO, BOCXO-
Asmast H HHCXOMAIlast BeTBH XapaKTePUCTHKH COBHAAlOT. Korxa HMIyJbC
TOKa JlaMeJdH COOTBETCTBYET BO BPEMEHHM HapacTaHHUIO NJOLAAHd KOHTAKTHPO-
BaHHA JaMesNH CO UIeTKOH, 4TO XapakKTepHO JJS YCKODEHHOH KOMMYTaIHH.
BOCXOASI[as] BeTBbL XapaKTEePHCTHKHM pacrnoJjaraercss Bblllle  HUCXOASALLER
(puc. 4, 6). Haxkonen, B cayuae 3aMelJICHHOH KOMMYTAlHH, KOrna HMIOYALC
TOKa JaMeJjqH COOTBETCTBYEeT BO BpeMeHH cOeraHHio KOJIIEKTOPHOH N1acTH-
Hbl M3-TIOJ, LIETKH, HUCXOAsIasi BETBb BOJIbTaMIEPHOH XapaKTepUCTHKH pac-
noJlaraeTcs Bbllle Bocxoiafllefi (puc. 4, 8).

CpaBHeHHe HMNYJbCHBIX BOJIBTAMIEPHBIX XapPaKTEPUCTHK, MOJYUEHHbIX
SKCIIEPUMEHTANbHBIM TyTeM [4] M PACCYHTAHHBIX MO MpejaraeMofi MeTGLH-
Ke, 1aeT TNOJHYIO KaueCTBeHHYI0 CXOAMMOCTb.
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Puc. 4

Takum o6pasoMm, peay/abTarhl pabOThl HATJAAAHO  MOKa3biBAIOT, YTO-
npejpJjiaraeMast MeTOAHKA I[03BOJIAET ONPENe/IHTh IIapaMeTPBl CKOJb3ALIers
LIeTOYHOrO0 KOHTAKTa U pPaCCUUTaTh AUHAMHUECKHE BOJIbTAMIIepHble Xapak-
TEPHUCTHKH Ha CTALHU NPOEKTHPOBAHHS 3JEKTPHYECKON MallHHBI.
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