CBI/IHIIOB])Iﬁ AKKYMVJIATOP — INPUMEP UCTOYHHUKA CTOPOHHUX CHJI.
PaCCMOTpI/IM JABC IIJIACTHUHBI. OI[Ha IJ1aCTuHa CBHUHIOBasa Pb, Apyrasa IOKpbITa
OKHCBIO CBHHIIA PbOz Ha camom ACJIC B CBUHIIOBOM AaKKYMYJIATOPE HCIIOJIB3YIHOTCSA
JABC€ CBHHIIOBBIC IIJIACTHUHBI, HO 00 3TOM YYTb ITIO3KC.
MC)K,Z[y IIAaCTUHAMH CCpHAA KHCJIOTAa U BOJA.

H,850, < 2H" +50,*~

Ha xaxnoit miacTuHe uaeT XuMru4ecKkasi peakiusa. B pe3ynbprare 3Tux peakiuu
K TUIACTUHAM WAYT 3apsjibl MPOTHBOMOJIOKHBIX 3HAKOB. JIBM)KEHHE ATHUX 3apsiiOB
3aMBIKA€TCsl 4Y€pe3 BHEIIHIOI MO OTHOIICHUIO K AKKYMYJISITOPY SJIEKTPUUYECKYIO

IICIIb. Ecau BHemHen uenu HET, TO XUMHUYCCKUC PCAKIIMU HMAYT OO TCX IIOp, IIOKa
QJICKTPHUHICCKOC ITI0JIC 3apsA10B Ha INIACTHHAX HC OCTAHABJIMBACT TCUCHHC peaKHHﬁ.

o 2-
Ha cBunnosoit (Pb) nmmactune monst SO4~ BBITATUBAIOT B PacTBOP CBHUHEI],
OCTaBJISIS HAa TUIACTUHE OTPULIATENbHBIN 3apsaa. Vet xumudeckas peakuus

Pb** +280;” < Pb(SOy),.

o +
Ha Bropo#i mmactune u3 okucu cBuHua (PbO,) monst H BeITSTHBaIOT B
pacTBop Kkucimopon u3 Moisiekyn PbO,, ocrtaBnsis Ha T1IacCTMHE CBHUHEN U
MOJIOKUTENIbHBIN 3aps. MaeT xuMuueckas peakius

PbO, +4H" < Pb* +2H,0.

OTH peaklMy ITOKA3bIBAIOT, KaK aKKYMYJISTOP pa3psiKacTcs.

Teneppb 00cy1uM, Kak 3apsKaroT aKKyMYJIATOD.

AKKyMyJIATOp 3apspKaroT B JBa dTana.

1). JIBe cBuHLOBble Pb miacTUHBI OMyCKalOT B PacTBOP CEPHOU KHUCIOTHI
H,SO, B Boae H,O.

Kucnora B3auMogerncTByeT CO CBUHILIOM:

Pb+2H,80, —2H, T +Pb(S0;),

N3 pacTtBOpa BeixoauT Boopoa. B pactBope octaetcs Boga u cosb Pb(SOy),.

2). 3aTeM uepes IUIACTUHBI U PAcTBOP MPOMYCKAIOT MOCTOSIHHBINA TOK.

ITpu 5TOM XMMHYECKHE pEaKlMy Ha IJIACTUHAX YT B 0OpaTHOM HallpaBJICHUU
10 CPAaBHEHMIO C TEM, KaK 3TO 00CYK/1aJI0Ch BBIILIE IIPU Pa3psAKe aKKyMyJIsTOpa.

Ha opnoit mimactuHe BhIAeNseTcs cBUHEN Pb, Ha apyroil miacTuHe CBUHEI
OKHCIIgeTCsl 10 OKUCH cBUHLA PbO,. AKKyMysSITOp 3apsbKaercs.

3akon Oma /151 y4acTKAa lenu.
(B uHTerpanbHOit hopme u ¢ yuerom IJ1C)




Bo3bmem 3akon Oma B nuddepenimansaoi hopme

j=A (E + Ecmop ), pa3jenM ero Ha yAeabHYI0 IPOBOJUMOCTb A U IOIyYHM
- 1=
E+ cmop ZJ :

2

[TopeiicTByeM Ha 3TO PaBEHCTBO OMNEPATOPOM I(-,dl ), B3STHIM BJIOJIb TOKa
1

dl ™ J , ¥ IOIy4UM:

u?2:

2 2 201
E,dl )+ | Eopop-dl )= || —J.dl |.

(B ) ()= [ 7

3/1ech NEPBBIM MHTErPall — 3TO HANPSHKEHHE MEXAY TOYKaMH y4acTka uenu 1

2
U=o —p :I(E,dl).
1
BTtopoii nHTerpan Ha3bIBaroT JIEKTPOABKYIIEH cunoi uinu D/C:

2
&= J(Ecmopadl ) — onpenenenne IC — 37IeKTPOABUKYILEN CUIIBI.
1

Tpetuii HHTErpa MOXKHO MPEOOPA30BATH C YUETOM TOTO, UTO di ™1 IE
2 2 2 2
J(lf,dij:jl. '-dl:J-l-i-dlzl-J‘ dl _
1 A 1/1 1/1 S, 11-5 i
WuTterpan B mpaBoii YacTH pPABEHCTBA NPEACTABIAET COOOH cymMmy

COHpOTI/IBJ]eHI/IfI MMOCICA0BATCIIbHO BKIIOYCHHBIX PE3UCTOPOB C JJIMHAMU dl n
rIomaasaMu IMornepeYHOro CCUCHUA SJ_ .

2
d
R= J — CONPOTHUBJICHUE yYaCTKa LEIH.
A8

1
Torna
U + & =Rl — 3akon OMa i1 y4acTKa LenHu.
OO6cyaum nmpaBUiIo 3HaKOB B 3TOH popmysie.




Ha pucyHke Bce BEMUHMHBI MOJ0KUTENbHBI:

U>0,ecnu ¢ >¢,;

I >0, ecmi TOK T€UYET OT TOYKH 1 K TOUKE 2;

& >0, ecnu npu ABM>KEHUH OT 1 K 2 Mbl cHavana BcrpeyaeM "'—" kinemmy D]1C,
a 3aTeM BcTpeuaem "+ kiemmy.

B Meramne TOk mnepeHOCUTCS OTpULIATEIbHbIMU 3apsaaMu. Hanpanenue
JIBWKEHUSI OTPULIATENBHBIX 3apsAI0B MPOTUBOIIOJIOKHO HAMPABICHUIO TOKA, TO3TOMY
HaIlpaBJICHHUE TOKAa WHOTJA Ha3bIBAlOT TEXHUYECKUM HAIPABICHHEM TOKa. XOTH,
TEXHUYECKOE HaNpaBJIeHHME TOKA TMOJHOCTbIO  COBHAJaeT C  (U3HUECKUM
ONpEIECIICHUEM HAITPABIICHUS TOKA.

IIpaBuia uiau ypasHenus Kupxrodga.

PaccmoTprm  CIIOXKHYIO — BJIEKTPUYECKYXO  1Lenb. MecTto, TA€  TOKH
Pa3BETBISIOTCA, Ha3bIBACTCS Y3JIOM JJIEKTPUYECKOW IIeTH. YYacTKOM IenHu Oyaem
HA3bIBaTh OTPE30K OT OJHOTO y371a 0 coceaHero ysna. Kontypom unenu Oyaem
HAa3bIBaTh IIOCJEIOBATENBHOCTh YYAaCTKOB II€NM, B KOTOPOW HA4Yalo0 M KOHEI
IIOCJIEIOBATEILHOCTH COBIIAIAOT.

Ecte nBa TMNa ypaBHeHuit Kupxroda.

1). YpaBHeHue nepBoro TUmna — 3TO ypaBHEHUS JJI1 KOHTYPOB.

JInst KaXa0ro ydacTtka 1N, HampuMmep, AJis ydyacTKa ¢ HOMEpPOM k MOXKHO
3anucath 3akoH Oma U1 yyacTka Lenu:

{;k + U k = RkI k-

[IpocymMmupyeM Takue paBeHCTBA JJIsl KOHTYypa 1enu. C y4eToM TOTo, 4TO MpHU
00X0Je TO 3aMKHYTOMY KOHTYpY CyMmMMa NaJCHUN HalpsDKEHUH paBHA HYIIO

ZUk =0 moayyum:
k

Z&k = ZRkI + — ypaBHeHue Kupxroda nepporo tuma.
k k
Cymma O/IC npu 00xo0/1e IO KOHTYpY paBHa CyMMe€ MaJeHUN HalpsHKEHU Ha
[IaCCUBHBIX JJIEMEHTaxX KOHTypa. B Takoil ¢opmymnupoBke ypaBHenus Kupxroda
NepBOro TUMa OyayT yaOOHBI JUIsl PACCMOTPEHHUS LEMNeil MepeMEeHHOIo TOKa. 37ech
Ry 1), — 5T0 najieHye HanpsKEHKs Ha k-OM pe3ucTope.

2). YpaBHEHHUs BTOPOTO TUIIA — 3TO YPABHEHUS IS y3JI0B.
Z[ ; =0 — ypaBHenue Kupxroga Broporo tumna.

1
BI[eCB TOKH, BTCKAOIUMC B y3CJI, W TOKH, BBITCKAIOOIMC U3 Y3JI4,
paccMaTpuBarOTCs, KaK TOKHW Pa3HbIX 3HAKOB.
CYMMa TOKOB, BTCKAONIHUX B Y3CJI, paBHA CYMMC TOKOB, BBITCKAIOIIUX M3 y3Jia.

IIpumep permeHus 3a1a4u ¢ nOMOINLI0 ypasHenuii Kupxroda.




Haiiti Bce TOKH B cxXeMe:

I4 L Ry
| |
Ry
61 — RIU g’l.']
Il IU
1
| I |
R, I,

Dranbl pelieHus 3a1a4u.

1). BeibepeM moJsioKHUTENIbHBIE HAMPABIICHUS TOKA Ha KaKJIOM Y4YacTKe LENu U
0003HAYMM TOKHU.

2). BeibepeM CTOJIBKO KOHTYPOB 00X0/a, CKOJIBKO AJIEMEHTAPHBIX HEJETHUMBIX
M0 TUIOMIA/IM KOHTYPOB C TOKaMH. BriOepem mookuTenbHOE HaIpaBieHHe 00Xo/a
Ka)KI0ro KOHTYpa.

3). Jns xaxaoro BHIOPAaHHOTO KOHTypa COCTaBHUM YpaBHEHHE BHJA
Z&k :ZRkI % C ydeToM mnpasmia 3HakoB. DJ[C BXOIUT B ypaBHCHHE CO 3HAKOM
k k
"+" ecnu npu 006xo/e KOHTypa cHavasa BcrpeyaeM "—" knemmy DJIC, a 3atem — "+"
KJIEMMY; IpOU3BeldcHHE R;[, BXOOUT B YypaBHEHHE CO 3HAKOM '+", ecim

HampaBlieHUE TOKA yJacTKa [ENU COBMAJAET C HalpaBlIeHUEM 00X0/1a KOHTYpa.
4). 3anuiieM HeIOCTAIONIEE YUCIO YPABHEHUM BUJIA Zli =0, rae BTEKaIoIINe

1
B y3€JI TOKM U BBITEKAIOIIME TOKH HY>KHO OpaTh C pa3HbIMHU 3HAKaMHU.
B nameii 3agaue 5 Hen3BeCcTHbIX TOKOB. CoCcTaBUM 3 ypaBHEHMS ISl KOHTYPOB
U JIBa HEJOCTAIOLIMX ypaBHEHUs i y310B. s onpeneneHHocTH OyaeM 00XOAUTH
AJIEMEHTApHbIE HENEIUMBIE O MJIOLIaAN KOHTYPHI [0 YaCOBOU CTpPEIIKE.

((_?)1 :O'[4+R111
& = Rolo + B33 — Ry [

~&y = Ryly — Ryl
[4212+]0+11
13 :]2+]0

daxkynpTaTUBHAsA BCTaBKA.

B HEKOTOpBIX CJHOXKHBIX CXEMax »JJEKTpUUYecKas Lelb HE MOXKET ObITh
IpEICTaBICHa Ha IUIOCKOCTH 0e3 mepecedeHuid NpOBOAHMKOB. B TakoMm ciydae
TEPSET CMBICI OHATUE DJIEMEHTAPHBIX HEIEINMBIX 110 ILIOMAAU KOHTYPOB ¢ TOKaMU
1 KOJINYECTBO HE3aBUCHUMBIX YPAaBHEHHUW JUII KOHTYPOB M Y3JIOB HY’KHO OIPEIEIAThH
VHAaYe.

MoOHO n0Ka3aTh, YTO YUCJIO HE3aBUCHMBIX YPaBHEHMM U1 y3JI0B BCEraa Ha
€IMHHUIY MEHbIIEe OO0IIEero Yuciaa y3a0B. UMCIO HE3aBUCHUMBIX YpaBHEHUH AJis




KOHTYPOB MOXHO TOTJla HAlTH, KaK Pa3HOCTh YMCJIa HEW3BECTHHIX TOKOB W YHUCIA
HE3aBUCUMBIX YpaBHEHHU 11s y370B. Ilpu cocTaBieHuM ypaBHEHUN AJiE KOHTYPOB
HY>KHO CJIEIUTH 32 TEM, YTOOBI Ka)KJ0€ CJIEeAYIollee YPAaBHEHHE COAEPKAIO XOTs Obl
OJIMH YYacTOK LIeTH, HE BXOMSAIIMUNA B MpeAblayliue ypaBHeHus. MHaye ypaBHEHUsA
JUTSL KOHTYPOB OKaXyTCSl TMHEHHO 3aBUCHUMBIMH.

Konen ¢akynbTaTHBHOW BCTABKHU.

MeTo1 KOHTYPHBIX TOKOB.
PaccmMoTpum  syeMeHTapHbBlE  HENENMMBIE 1O IUIOIIAAM  KOHTYPBl U
IIPEAIIOJIOKNM, YTO B KAXKJIOM U3 HUX TE€YET CBOM KOHTYPHBIN TOK.
HanpasuM Bce KOHTYpHBIE TOKH B OJTHY CTOPOHY: BCE 110 YaCOBOM CTPEJIKE HUIIN
BCE MPOTHUB YaCOBOW CTPEJIKH.

R,y
| I
Ry
Ry
S
L T
R

Ha oOmem st 1ByX KOHTYpPOB yYacTKe ILIEMM TOK PaBEH PAa3HOCTH ABYX
KOHTYPHBIX TOKOB.

B Ttakom cnyuae ypaBHenuss Kupxroda nnsi y3i0B OyayT BbIINOJTHEHBI
ABTOMATHUYECKH, & YPABHEHUN JJIsl KOHTYPOB aBTOMAaTUYECKH OKAXETCsA CTOJIBKO XK€,
CKOJIBKO Y HEU3BECTHBIX KOHTYPHBIX TOKOB.

Paccmotpum npumep perieHus Tor ke 3aJa4l METOJJOM KOHTYPHBIX TOKOB.

CoctaBum ypaBHeHusi Kupxroga a5 KOHTypOB, B KOTOPBIX TOKM yYaCTKOB
LEIN BBIPAKEHBI YePE3 KOHTYPHBIE TOKH:

81 :O'[l'—i_Rl'(ll'_[z')
& =Ry (I~ 13")+ RsLy'+ Ry - (I~ Iy")
~& =Ry l3'+ Ry - (13- 1)
Metoa >xBuBajentHoi J/1C.

DTOT METOJl yA00€H B TOM Cily4yae, €Cly HY>KHO HalTH TOK TOJIbKO Ha OJHOM
u3 ydacTkoB uenu. CONpOTUBIEHHE 3TOr0 y4yactka R, uenu OyneM Ha3blBaTh

CONPOTHUBJIEHUEM HATPY3KH.
ITycTs HYXHO HalTH TOK /() Yepe3 CONPOTUBIIEHUE R\ B CIEAYIOLIEH CXeMe:



S

b
RO +r
skBuBaneHTHas OJIC &, M BHYTPEHHEE COINPOTHBIEHUE F COOTBETCTBYIOT

OxaszplBaeTcsd, 4YTO TOK MOXXHO HaiTH mno ¢opmyne [j)= rae

HEKOTOPOU 3KBUBAJICHTHOU CXEME

S’aT R[]

2

I[Be CXE€MBbI 3KBHMBAJICHTHBI B TOM CMBICJIC, UYTO MOXHO HO,Z[O6paTI> TaKHue
3HA4YCHUA 83 n r, 4TOo 1JA Kﬂ)K,Z[Oﬁ BCJIMYMUHBI COIIPOTHBIICHUA RO 00e CXEMBI

CO3/IaI0T B OTOM PE3UCTOPE OJUHAKOBBIA TOK. Bennuunel &, U r HE 3aBUCAT OT K.

Ecau BO BTOpo# cxeme Harpys3ka UMeeT OECKOHEUHOE COIPOTHBICHUE Ry = o0
(pa3pbIB BMECTO HArpys3ku R ), TO HaIIpsKEHHE HA HArpy3Ke PaBHO SKBHBAJICHTHOU
OJC &,. Torna BeNMYMHY &, MOXHO HAWTH, KaK HANpPsOKCHHE HA HArpyske B
IIEPBOI CXEMeE, €CII Harpy3Ka R, MMeeT OECKOHEUHOEe COMPOTHBIICHUE.

BuyTpenHnee conpoTuBiieHHE BTOpPOM cXembl 7 (OHO K€ BHYTpPEHHEe
CONMPOTUBJICHUE TEPBOM CXEMbl) MOXKHO HAWTH, KaK COIMNPOTHUBJICHHE MEXKIY
KOHTakTaMu | u 2 mepBoil cxemsbl, eciu Kaxayro IJIC mepBoil cXxembl 3aMEHUTH
KOPOTKHUM 3aMbIKaHUEM, & BMECTO Harpy3Ku OCTaBUThb Pa3phbIB.

Haiinem HanpspkeHue Ha O€CKOHEYHOM Harpys3ke B MEpBOM cxeme (BEIIMYUHY
skBuBaiecHTHOM JJIC), Kak pa3HOCTh MOTEHIHAIOB B Toukax 1 u 2. byaem
OTCUMTHIBAThH MTOTEHIIUAJIBI OTHOCUTEIBHO HIXKHETO MPOoBOJa cxeMbl. Toraa

QZSL
R+ Ry > e —U=g-gy =& Ry Ry
Ry ? 2 Ri+Ry, Ry+Ry

=R R,

Haiinem no dbopmyiie HUXKE COMPOTUBICHUE MEXAY KOHTakTaMu 1 1 2 mepBoi
cxeMbl, ecnn kaxayro OJ[C mepBol cxeMbl 3aMEHUTh KOPOTKHUM 3aMbIKaHHEM, a
BMCCTO HArpy3Ku OCTaBUTh Pa3pbIB:

__ Rk | RyRy
Ri+R;y Ry+Ry




Tok [ yepe3 Harpy3Kky R HaX0JIuUM Yepe3 MOIyYEHHBIE BEIMYUHBL &, U 7' 110
dhopmyie:

83

0

R0+I"-

3akon /Ixoyasa — JleHna JJjis yyacTKa 1elu M ero 000CHOBaHHE HA OCHOBE
3aK0HA COXPaHEHHSsI DHEPIrUH.

N =&l + Ul — 3akoH [xoyns — Jlenna. 3aqecb N — MOIIHOCTb, HAYIIAS HA
HarpeB (JIeHI-pKoyJeBo Termno); & — DJIC Ha yuyactke nenu; U-— HanpspkeHHe,
MPUIIOKEHHOE CHAPYXKU K YUaCTKY 1lenu; [ — CUJia TOKA Ha YYacTKe LICTH.

[IpaBuna 3nakoB aiiga D/C, HanpsKEHUS U TOKA TaKHE K€, KaK U B 3akoHe OMa
JUISl y4acTKa LEMn:

Ha pucyHke Bce BEIMUNHBI TOJI0KUTEIbHBI:

U>0,ecnu ¢ >¢,;

I >0, ecmi TOK T€UYET OT TOYKH 1 K TOUKE 2;

&> 0, ecnu npu IBHKEHUHU OT | K 2 MbI cHavana BcrpedaeM "—" kiemmy D/1C,
a 3aTeM BcTpedaeM "+" kiieMMy.

3akoHbI (PU3UKK HE JOKA3bIBAIOTCS, a MPOBEPSAIOTCA Ha ombiTe. 3akoH JIKoys
— JleHma CTOMT B 3TOM CMBICJIE HECKOJBKO OCOOHSKOM, TaK KaK OH MOXET ObITh
BBIBEJICH N3 3aKOHA COXPAHEHWs JSHEpruu. Buammo, STOT BBIBOA CUMTAETCA
HEJOCTATOYHO CTPOTUM, IIOCKOJIBKY OH ONHPAeTCsi Ha MHKPOCKOIUYECKOE
paccMOTpEeHHE JBUKEHUS 3apsI0B.

PaccMoTpuM 1NpOBOAHMK, B KOTOPOM HET CTOpOHHMX cui. Ilycth K
IPOBOJHUKY IPUJIOKEHO HarpspkeHue U, ¥ 110 HeMy TedeT NOCTOSIHHBIN TOK [ .

i

T

I
V)| —=— oY

"'\-\___\_\_\_Y_'_'_'_/
P, v, P,

[Tycte B HekoTOpoM o00BEME V) Bce 3apsabl, CO3JAIOIIUE TOK, HMEIOT

OJIMHAKOBYIO CKOpoCTh. IlycTh 3a Maniblii NpPOMEXKYTOK BpEMEHH Of 00bEM C
3apsanaMu V; nepememiaercs B noJsiokeHue V. g MOCTOSHHOTO TOKa SHEprus

oOIel yacTu 3TUX NBYX OOBEMOB 3apsAI0OB HE M3MEHSETCS (MHA4Ye SHEPrusl oOIIen
4acTu OyZeT MOCTOSHHO BO3pacTaTh WM MOCTOSHHO yObIBaTh). IlycTh B 00BbEME OV

HaxXoauTCs 3apsia Oq. Torja M3MEHEHUE SHEPruM 3apsoB IMPHU MEPEMEUICHUH W3
NOJOXKEHUs. }; B mHoJOXeHue V) paBHO M3MEHEHHIO 3HEPrHU 3apsga Oq IpH



nepeMeleHu U3 00beMa o)) cedeHus NPOBOJAHUKA C IOTEHIMAIOM ¢ B 00beM 6V,
CEYEHHUs C IOTEHLUAIIOM @, .

g — DHEprus 3apaja g B TOYKE C HOTEHLUAIOM ¢, TOTAA NOTEPS SHEPrUU
3aps0B [IPU IIEPEMELLICHUH U3 TI0JIOKEHUs V; B mojoxeHue Vy;

§q-(¢1—¢2)=5q-U:5t-%-U:U1-5t

Ecnmn aTy moTepro 37eKTpUYECKON DHEPrUU PA3LEIUTh HA BPEMs, 3a KOTOPOE
IIPOUCXOJUT MOTEPS, TO MOJIYIUM MOLTHOCTD INEKTPUUECKUX CHUIL:

N=UI.

MomHOCTh pacXxoyeTcsl Ha HarpeBaHue IPOBOJHUKA — 3TO TaK Ha3bIBAEMOE
JIEHL-1KOYJIEBO TEIIO.

3aMeTuM, YTO B IPOLECCE BBIBOAA 3TOM (POPMYJIBI Mbl HUTJIE HE UCTIOIb30BAIN
3akoH Oma. CreioBaTeabHO, OJIyuYeHHas (popMyIia crpaBeUIvBa U MPU HETUHENHOM
3aBUCUMOCTH TOKA OT HaIPsLKEHUS, HAIIPUMED, B IIOJIyIIPOBOJHUKOBOM JHOJIE.

Paccmotpum cxemy:

N3 ypaBuenust Kupxroda nis paccMarpuBaeMoro KOHTypa moiyduuM & = RI .
C npyroii croponsl 1o 3akoHy Oma U = RI . Toraa

&=U = Ul=¢l

3necb Ul — MOIIHOCTH, KOTOpasi UAET HA HArpeB MPOBOJHUKA, KAK TOJHKO
YTO OBLIO I0KA3aHO BBINIE. DTa MOUIHOCTh MOXET ObITh MosiydeHa Tojbko ot DJIC.
Torma &I — MomHOCTh pacxoayemas I /C.

PaccmotpuMm Teneps He 3aMKHYTYIO Li€lb, @ Y4YacTOK IEMH, K KOTOPOMY
NpWIOKEHO BHemHee HampstbkeHue U, u xotopwiii coumepxutr IJC &. Torna
MOIIHOCTh (N), uaymas Ha HarpeB (JIEHL-DKOYJIEBO TEIUIO), B COOTBETCTBUHU C
3aKOHOM COXPaHEHMS YHEPTHH JI0JKHA MPEACTaBIsATh co00il cymmy MomHocTH (Ul),
MOJBOJMMOM K YYaCTKY LIEMHU CHAPYKH, U MoIHOCTH (&1 ), pacxonyemond DJIC:

N=&l+UI

PaccmoTpum Tenepp HEKOTOpblEe yacTHblE ciaydad. IlycTh Ha ywacTke uenu
orcyrctByeT D/IC: & =0, TOoraa, kak y>xe OTME4aJioCh BBIIIIE,

N=UI.
3aM€TI/IM, YTO 3Ta (1)OpMy.TIa CIipaB€JiMBa HE TOJbKO AJIs1 pE3UCTOPA, HO U JJIA
HEJIUHECHHOU 3aBUCHUMOCTHU TOKa oT HaIIpsKCHUS, Harpumep, JJIA

NOJIYIIPOBOJHUKOBOT'O JUO/IA.
B ciyuae pesucropa U = Rl nonmyyaem

N =RI?.



3ameTnM, 4TO B TaKOM Bujie opMyna OyJeT CrpaBeinBa U I IEPEMEHHBIX
TOKOB, €CJIM I10J] BEIMUYMHOM TOoKa [ mojapa3zymeBaTh 3(PEKTUBHOE 3HAUCHHUE TOKA.
Jlns mepeMeHHBIX TOKOB (opmysia OyJeT crpaBejiiBa HE TOJIbKO JJis pe3UcTopa, HO
U JUIS1 KATyIIKW UHIYKTUBHOCTH C BHYTPEHHUM CONPOTUBIICHUEM R .

Ecmu xe ¢ momompto 3akoHa OMa U =RI MOUIHOCTH BBIPA3UTh YEPE3
HaIPsDKEHHUE U CONPOTHUBIICHHE, TO (hopMyIia

2
U
N=—o
R
BCe erle OyJeT crhpaBemiiuBa M sl IEPEMEHHBIX TOKOB, eciu U — addekTuBHOE

SHAYCHUC HAIIPSKCHUS, HO B TAKOM BHUJC 6y,Z[€T ClipaB€aJIMBa TOJILKO AJIA PE3UCTOpA,
HO HC CIipaBCAJIMBa JJIA KaTYIIKH WHAYKTUBHOCTH.

3akon /Lxoyas — Jlenna B auddepeHnuaabHoi dhopme.

IIycte mMomuHOoCcTs N =&[ +UI BbIOEISIETCS B BUIE TEIUIA B HEKOTOPOM
obbeme V =[S, rie [ — pymMHA Majoro OTpe3Ka IeMH BJO0JIb TOKa, S — IUIONIAIb
MIOMEPEYHOr0 CEUECHUS OTPE3KA LIEIH.

Brenem nonsiTre 00BeMHOM MITOTHOCTA MOIITHOCTH JICHIT-JPKOYJIEBA TEIlIa:

dN
v=—omu.
dv
Torna
LN _elsUl (e UYL
4 IS I 1)S8
OO0cyauM KaXk10€ U3 TPEeX OTHOIIICHUH B MPABOM YaCTH paBEHCTBA.
2 - -
& o1 = - 1 /= — - [ ~ Jj
_:_'_[(Ecmop’dl)z_'(Ecmopﬂl): Ecmopﬂ_ = Ecmop’_.
[ ] 1 [ [ J
AHaNOTrU4YHO
2 =
gzlj(ﬁ",d#)z Esi
[ 1 Jj
i_ .
s 7
rae j — IUIOTHOCTH DJIEKTPUUECKOTO TOKA.
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YPABHEHMH.
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TepMonapa.

DddexT HabI01aeTCs B MOTYNPOBOJHUKAX M MIPOBOJIHUKAX (MeTasliax).

Bo3pMeM 1Be TIPOBOJIOKM: OJHY W3 KOHCTAaHTaHa, JPYIyH0 U3 MEIH.
DJEKTPOCBAPKON COSAMHMM OSTH JBE TPOBOJIOKM B OJHO KOJIBIIO. PaspexxkeMm 3TO
KOJIBIIO B CepeIMHE, HAITPUMEP, METHOM MPOBOJIOKU ¥ BCTABUM B Pa3pbiB BOJBTMETD.

Paspe3anHoe KOJBIIO MPEACTABIIAET COOO0M TEpMOTIapy.

Camas pacmpocTpaHeHHAasi TepMoIiapa: Mellb-KOHCTaHTaH. KoHCTaHTaH — 3TO
cmiaB. Cocras cmurasa: 58.5 % Cu, 40.0 % Ni, 1.5 % Al

Tepmormapy 4acTo UCTIOJB3YIOT, KaK JATYUK TEMIIEPATYPHI.

B cmpaBoyHMKax e€cTh OKCHEPUMEHTAIBLHO TOJYyYEHHBIE 3aBUCHUMOCTHU
BEJIMYMHBI KOHTAKTHOW PA3HOCTH MOTSHIIMAIOB OT TEMIIEPATYPHI.

OpnuH cnaii TepmMonapsl OyAeM NOAAEPKUBATh IIPU ONIOPHOM Temmeparype 1,

HalpuMep MNpH TEMIIEPATypPEe CMECU BOJBI CO JIBIIOM — HOJb rpaaycoB Llenbcusi.
Jpyrou cram tepMomapsl IMOMECTUM B TOYKY HM3MEpeHus Ttemieparypbl 1. Bcee
OCTaJIbHbIE BO3MOXHBIE€ KOHTAaKThl METAJUIOB B LIEMHU BOJbTMETpa Oyjaem
NOJJCPKUBATh IIPU OAMHAKOBOM TeMmmeparype 1;. 3HadeHHe TemiepaTypsl 1; He

CYII€CTBCHHO.
Pa3HOCTL KOHTAKTHBIX HOTEHI[MAJIOB IIpu 06XO,Z[C II0 KOHTYpPY paBHa
HaIIpsXKCHHUIO HAa BOJBTMETPEC M paBHA Pa3sHOCTU KOHTAKTHBIX HaHpH)KeHHfI B TOYKax
TepMOHapy MOXHO  HCIIOJB30BaThb, KaK TEPMOMETDP. BOCHOHB3yeMCH
CIIpaBOYHHUKOM C Ta6HHHeﬁ 3aBUCUMOCTH KOHTAKTHOM Pa3sHOCTU IMOTCHOHUAJIOB OT




TEMIIEpaTypbl Uil TEPMOIApbl MEIb-KOHCTAHTAaH. bepemM u3 crpaBOYHMKA 3HAYEHUE
KOHTaKTHOH pasHOCTH NOTEHLHUANIOB IpH Temreparype 7;. JlobaBiseM moKa3aHUs

BOJIBTMETPA JUISl MOJYYEHUs 3HAYEHUs KOHTAKTHOM Pa3sHOCTH MOTEHIMAJIOB IpPH
n3Mmepsiemoi remneparype 71 . [1o cnpaBOYHHKY OINpEAesieM 3HaYEHUE TEMITEPATYPBI
JUISl IOJTYYEHHOM KOHTAKTHOW PA3HOCTH MOTEHIUAJIOB.

dakynpTaTHBHAs BCTABKA.

To, u4ro B 3aMKHYTOM KOHType Bo3HuUKaeT OJJIC, ecim KOHTaKThbI
MOJIEPKUBATh IPU pa3HOM TeMreparype, HazbiBaeTcs 3pdexrom 3eeOeka.

B pasnbIx MeTauiax pa3sHble ypOBHHM SHEPIHH JIEKTPOHOB.

ITpy CONPUKOCHOBEHMHU pA3HBIX METAJUIOB 3JIEKTPOHBI NEPEXOJAT ¢ Oosee
BBICOKHX 3aHATHIX YPOBHEW SHEPrUU OJHOTO METajljla Ha MEHEE BBICOKHE CBOOOHBIE
YPOBHH 3HEPIHH IPYroro MeTaia.
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Mertainbl IpU 3TOM  3apsDKAIOTCS: OJWH — IIOJOKHUTENBHO, APYIOM —

OTpUIIaTENbHO. MeXIy HUMHM BO3HHMKAET JBOWHOW SJIEKTPUUECKUN CIOMl (Kak B
3apsSYKEHHOM KOHJIEHCATOpE) U HANPSKEHHE — KOHTAKTHAS Pa3HOCTh MOTEHLIUAJIOB.

N3menenue o¢ moTeHIMana NpoBOJHUKA 3a CUET MepPexoa dJIEKTPOHOB Yepes
KOHTaKT MPUBOAUT K HU3MEHEHHIO (CABUTY) YpPOBHEH HHEPruu 3JIEKTPOHOB Ha
BEIMUHHY —eJ@, T1e (—e) — 3apsi dIeKTpoHa.

B Meranne o4eHp MHOTO YpOBHEM DHEPIMM DJIEKTPOHOB — J3HEPreTHYECKUE
30HBI. B JHepretnyeckom 30HE€ YPOBHM PACIOJIOXKEHBI C OYEHb BBICOKOU
IIIOTHOCTRIO. 1lo3TOMY, IpH mepexone 3apsaoB W3 OAHOTO IPOBOAHUKA B JIPYrou
BBIPABHMBAHME OHHEPIMH BEPXHErO 3aHATOTO YPOBHA B OOOUX MPOBOIHHKAX
MPOUCXOIUT HE CTOJILKO 33 CYET OCBOOOKICHHUSI KAKMX-TO YPOBHEH B OTHOM METaJlIe
U 3aHATUS YPOBHEH B IPYIrOM METajule, CKOJIBKO 3a CYET TOr0, YTO YPOBHHU SHEPIUH
Ka)KJI0TO IIPOBOJHUKA CBUTAIOTCS.

IIpy CONPUKOCHOBEHUM IBYX NPOBOJHUKOB WJIH IIOJYIPOBOAHUKOB B HHUX
BBIPABHUBAECTCS IOJIOKEHUE TaK Ha3blBaeMbIX ypoBHEH Pepmu. YposeHbr Pepmu —
3TO YPOBEHb SHEPIUU C BEPOATHOCTHIO 3aceieHus 1/2 B pacnpenenenun depmu —

Jnpaka

1
N =—p—p > 3/€Ch 1; — CPEHEe YHCJIO JIEKTPOHOB HA YPOBHE SHEPrUH
i~EF
e KT +1
E;, Er — osueprua ®epmu, k — nocrosgHHas bomenmana, I” — abcomroTHas

TeMIEeparypa. 3aBUCUMOCTb dHepruu Pepmu oT TemnepaTtypsl Ep (T ) omnpenensiaeTcs



paBeHCTBOM N = Z”i , Tne N — o0l11ee 4uciio 3JeKTPOHOB B MTPOBOJIHUKE, TO €CTh
i
PaBEHCTBOM

1
N:Z E—Ep(T)

e K 41

Ha npuBeneHHO Bblllle KAPTUHKE €CTh YETKAasl FPaHULA MEXIY 3aHATBIMUA U
HE3aHATBIMA YPOBHSMHU SHEPrUM, YTO CIPaBEIJIMBO TOJBKO TIPH HYJIEBOM
TemIeparype.

[Ipy wu3MeHeHUM TeMmmepaTypbl NPOBOJAHMKA (WM TOJYHIPOBOJIHHKA)
MoJIoKEeHnEe YpoBHA DepMu B HEM HECKOJBKO CIBHUIAETCA OTHOCHUTEIBHO IPYTHX
YPOBHEN 3HEPTHM 3TOrO MPOBOJHUKA B COOTBETCTBUM C IOCIEIHEN MPHUBEICHHON
dbopmynoit. B obmacth KOHTaKTa ABYX NPOBOJHUKOB BBIPABHUBAIOTCS HMMEHHO
ypoBHH Depmu, NO3TOMY BEJIMUMHA KOHTAKTHOM PAa3HOCTH MOTCHIMAIOB 3aBUCUT HE
TOJBKO OT MaTEPHUAOB MPOBOJHUKOB, HO U OT TEMIEPATYPbl KOHTAKTA, TaK KaK MpHU
NOBBIIIEHUU TEMIIEpaTypbl YpoBHU DepMU JBYX METAILIOB CABUTAOTCS MO-PA3HOMY.
CnBurarorcs no-pa3HoMy, Tak Kak IIPU MOBBIIIEHUU TEMIIEPATYPbl B UTPY BCTYIAIOT
YaCTUYHO 3acejieHHble O0oJiee BBICOKME YPOBHU DHEPrUH, KOTOPbIE MO-Pa3HOMY
PACIIOJIOKEHBI B COMPUKACAIOIINXCS METaJuIax.

KOHTakTHYO pa3HOCTh MMOTEHLIHAIOB MOKHO paccMmarpuBath, kak DC. Eciou
BCE KOHTAKThl 3aMKHYTOW LEMU HAXOIATCS MPU OJMHAKOBOW TEMIIEpaType, TO W3
TEPMOJMHAMUYECKUX COOOpaXeHUH B KOHTYpE HE TEUeT DJIEKTPUUYECKUM TOK.
CrnenoBaTelbHO, CyMMa KOHTAKTHBIX HAMPSDKEHUN MPU 00X0JIe TI0 KOHTYPY paBHA
HYJIIO IPU OJJMHAKOBOW TEMIIEPATYPE BCEX KOHTAKTOB 3aMKHYTOM LIETIH.

Konen hakynbTaTuBHON BCTaBKH.




