CBHHIOBBIH AKKYMYVJISITOP — NPUMEP HCTOYHHKA CTOPOHHUX CHJI.

PaccmoTrpum aBe miactuabl. OnHa TiacTUHA CBUHIIOBasE Pb, napyras mokpeita
okuchio cBuHIa PbO,. Ha camoMm jene B CBUHIIOBOM aKKyMYJISITOPE MCIOJIb3YHOTCS
JIBE CBUHIIOBBIE TIJIACTUHBI, HO 00 3TOM 4yTh MO3XKE.

Mexay rmiacTUHaMU CepHasi KUCJIOTa U Boa.

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
uenb. Ecam BHENIHEW LEenu HET, TO XMMUYECKUE PEaKIMy HUIYyT A0 TeX MOop, MoKa
AJIEKTPUYECKOE MOJIE 3apsIA0B HA IUIACTUHAX HE OCTAHABJIMBAECT TEYEHHUE PEAKIIUN.

Ha cBunnoBoii (Pb) mractuxe monst SO,” BBITSIMBAIOT B PACTBOP CBHHEI,
OCTaBJIsis HAa TUIACTUHE OTPULIATENbHBIN 3apsaa. Mner xumuueckas peakius

Pb** +250;” < Pb(SOy),.

o +
Ha Bropo#i mmactune u3 okucu cBuHua (PbO,) monst H BeITSTHBaIOT B
pacTBop kucimopon u3 wmoisiekyn PbO,, ocrtaBnsis Ha T1IacTMHE CBHUHEN U
MOJIOKUTENIbHBIN 3apsf. MaeT xuMuueckas peakius

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

OTH peakUny MOKa3bIBAKOT, KAK aKKYMYJISITOP Pa3psiKaeTCsl.

Tenepb 00CyIUM, Kak 3apsyKaloT aKKyMYJISATOP.

AKKyMYJISATOD 3apsDKaroT B JBA dTala.

1). [IBe cBuHLOBble Pb mimacTuHbl OmMyckaroT B PacTBOpP CEPHOM KHUCIOTHI
H,SO, B Boge H,O.

Kucnora B3auMoencTByeT CO CBUHILIOM:

Pb+2H,80, —2H, T +Pb(S0;),

N3 pacTtBOpa BeIxoauT Boopoa. B pactBope octaetcs Boaa u cosb Pb(SOy),.

2). 3aTem uepes IUIACTUHBI U PAcTBOP MPOIYCKAIOT MOCTOSIHHBINA TOK.

[Ipu 3TOM XUMUYECKHE peaKliy Ha TIACTHHAX UAYT B OOpaTHOM HamnpaBlIeHUH
[0 CPAaBHEHUIO C TEM, KaK 3TO 00CYXAAJIOCh BBIIIE NP pa3psAIKe aKKyMYJIATOPA.

Ha onnoii mnactuHe BbiaensieTcss cBuHen Pb, Ha Apyroil miacTuHe CBUHEI
OKHCIIgeTcsl 10 OKUCcH cBUHLA PbO,. AKKyMysSITOp 3apsbKaeTcs.

3akon Oma /151 y4acTKa lenu.
(B uHTerpanbHOi hopme u ¢ yuerom IJ1C)

Bo3bmem 3akon Oma B nuddepenimanbHoi hopme
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[TomelicTByeM Ha DTO PAaBEHCTBO OIEPATOPOM I(-,dl ), B3ATBEIM BJOJIb TOKA

1
di ™1 J , 1 TIOTyumM:
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31ech NepBbId HHTETPAJl — 3TO HAIPSIKEHUE MEXKIY CEUeHUAMH | 1 2 ydyacTka
LCIIN:

2
U=¢—p :J(E,dl).
1
BTopoii uHTerpan Ha3pIBaIOT AJIEKTPOABIKYILEH cunoi ninu IC:

2
&= _[(Ecmop’dl ) — onpenenenne IJ]C — 371eKTPOABUKYILEH CUIIBI.
1

TpeTnii HHTErpaT MOXKHO peobpa3oBath ¢ yyeroM Toro, uto dl 171
2
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UuTerpan B IIpaBoii YacTH paBeHCTBA INpEICTABISET COOOH CyMMy

CONPOTUBJICHUH IOCIEI0BATENBHO BKIIOYEHHBIX PE3HCTOPOB C JIMHAMHU dl H
IJIONIAAMH MIONIEPEYHOIO CEYEHUd S | :

2

R= J — COIIPOTUBJICHUE YYaCTKa LICIIU.
1AL

Torna

U + & =Rl — 3akon OMa JiJ14 y4acTKa LeTHu.
OOGcyauM mpaBUIIO 3HAKOB B 3TOU (popMmyiie.
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Ha pucyHke Bce BETMUMHBI MOJ0KUTENbHBI:
U>0,ecnu ¢ >@,;
I >0, ecau TOK TEUET OT TOUKH 1 K TOUuke 2;

& >0, ecni npu ABMXKEHUHU OT 1 K 2 Mbl CHayaja BcTpeyaem "—"

xiemmy IJ1C,
a 3aTeM BcTpedaeM "+" kiieMMy.

B wmeramne Tok MNEPCHOCUTCA OTPULATCIBbHBIMHA 3apsAJaMU. HanpaBneHI/Ie
ABUKCHUS OTPULATCIIBHBIX 3apsA10B IIPOTHUBOIIOJOKHO HAIIPABJICHNUIO TOKA, IO3TOMY
HaIIpaBJICHUC TOKa HMHOrZa HAa3bIBAKOT TCXHHUYCCKHUM HAIIPABJICHHCM TOKaA. XOTH,



TCXHUYCCKOC HarpaBJICHUC TOKa IIOJIHOCTBIO coBIIagacT C (bI/ISI/I‘-IeCKI/IM
OIpCACIICHNCM HaIlPaBJICHHUA TOKA.

IIpaBuia uiau ypapaenust Kupxroga.

PaccMoTpuM  CIOXKHYIO — DJJIEKTpUYECKYHO  Lenb. Mecro, Trae  TOKHU
pa3BETBISAIOTCSA, Ha3bIBACTCS Y3JIOM DJIEKTPUYECKOM LENU. YYacTKOM Lienu Oyaem
Ha3bIBaTh OTPE30K OT OJHOIO y3ia A0 cocenHero ysna. Kontypom nenu Oynem
HAa3bpIBaTh IIOCJIEAOBATEIBHOCTh YYAaCTKOB ILEMH, B KOTOPOM HA4YaJIO M KOHEI
ITOCJIEA0BATEIBLHOCTH COBITAIAOT.

Ectb nBa THna ypasuenuii Kupxroda.

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

JInst KaXa0ro ydacTtka L€nu, HalmpuMep, IJs ydacTKa ¢ HOMEPOM k MOXKHO
3anucaTh 3aKoH OMa J1sl yJacTKa Lemu:

{;k + U k = RkI k-

[IpocymMMupyeM Takue paBeHCTBA Ul KOHTypa nenu. C ydeToMm Toro, 4to Ipu
00X0Jle TO 3aMKHYTOMY KOHTYpY CyMMa NaJCHUN HalpsDKEHUH paBHA HYJIIIO

ZUk =0 momy4nm:
k

Z&k = ZRkI «+ — ypaBHeHue Kupxroda nepsoro tumna.
k k
Cymma D/IC mpu 06xo/ie IO KOHTYpY paBHa CyMMe MaJeHUN HampsHKEHUH Ha
[IaCCUBHBIX JJIEMEHTaxX KOHTypa. B Takoil ¢opmymnupoBke ypaBHeHus Kupxroda
IEPBOro TUMA OyAyT YAOOHBI JJI pacCMOTPEHUs LeNeld NEPEMEHHOro TOKa. 3/1ech
Ry 1}, — 5TO0 nasieHye HANpPsKEHUs Ha k-OM PE3UCTOPE.

2). YpaBHEHUs1 BTOPOrO THUIIA — 3TO YPaBHEHHUS JJIS Y3JIOB.
Z[ ; =0 — ypaBHenue Kupxroda Broporo Tuna.
i

3nech TOKM, BTEKalOIIME B Yy3€Jl, M TOKH, BBITEKAIOUIME U3 Y34,
paccMaTpUBaIOTCs, KaK TOKU Pa3HbIX 3HAKOB.
CyMmMa TOKOB, BTEKAIOIIUX B y3€JI, paBHA CYMM€ TOKOB, BBITEKAIOIIHNX U3 y37a.

IlpuMep penieHus 321244 ¢ NOMONILI0 ypaBHeHuid Kupxroda.
Haiitu Bce TOKH B cxXeMe:
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OTankl PCUICHHUA 3a/lavu.



1). Beibepem mosIoKUTENbHBIC HATIPABICHHS TOKA HA KAXJIOM y4acTKe IEMH U
0003Ha4YUM TOKH.

2). BeibepeM CTOJIBKO KOHTYPOB 00X0/a, CKOJILKO DJIEMEHTAPHBIX HEJIEITHMMBIX
0 TUIOMIAIN KOHTYPOB C TOKaMH. BbIOepeM IMOJIOKUTENBHOE HalpaBiIeHHEe 00X0/1a
Ka)KJI0TO KOHTYpa.

3). Jas Kaxaoro BbIOPAHHOTO KOHTYypa COCTaBMM ypaBHEHHE BHIA

Zq‘zk :ZRkI ¢ € yderoMm npaBuia 3HakoB. DJIC BXOIUT B ypaBHEHHUE CO 3HAKOM
k k

"+" ecnu npu 006xoje KOHTypa cHavasa BcrpeyaeM "—" knemmy DJIC, a 3atem — "+"

KJIEMMY; NpOM3BEIACHHE R;[; BXOOUT B YypaBHEHHME CO 3Hakom "+'", ecnm

HaIpaBJICHUE TOKA YYacTKa IETH COBMAJACT C HAMpaBIIEHUEM 00X0/a KOHTYpa.
4). 3anuiieM HeJIOCTaroIIee YUCI0 YPaBHEHUN BUIA Zli =0, riue BTEKaroIme

l
B y3€J TOKH U BBITEKAIOUIME TOKU HYKHO OpaTh C pa3HbIMHU 3HAKAMH.
B nameii 3agaye 5 Hens3BecTHBIX TOKOB. CocTaBUM 3 ypaBHEHHS 1151 KOHTYPOB
Y JIBa HEJOCTAIOIINX yYpaBHEHUS s y3710B. /(s onpeneneHHoct OyneM 0O0XOAHThH
AJIEMEHTAPHBIE HEJIETUMBIE IO TUIOLIAIM KOHTYPHI IO YaCOBOU CTPETIKE.

gl :O'I4+R1]1

8() = ROIO + R3I3 _Rlll
9 —80 = Rz]z _R()]O

1 4= 1 ) +1 0 +1 1

[ 3 = I 2 + [ 0

dakyIpTaTUBHASA BCTAaBKA.

B HCKOTOPBIX CJIOJXKHBIX CXEMax BHGKTpI/IquKaﬂ Iciib HE MOXKET 6BITB
HpeﬂCTaBﬂeHa Ha IINIOCKOCTHU 663 HepecequI/Iﬁ IMPOBOAHUKOB. B Takom CJIyllae
TepHeT CMBICJI ITOHATHUC SHCMCHTapHBIX HCACIIMMBIX I10 IIIOIIadn KOHTYpPOB C TOKaMH
U KOJIMYCCTBO HE3aBHUCUMBIX ypaBHeHI/Ii/'I AJIs1 KOHTYPOB H Y3JIOB HYKHO OHpCﬂCHHTB
HUHa4dce.

MoxHO JOKa3aThb, 4TO YHCJIO HE3aBHCHUMBbIX ypaBHeHI/II?'I IJA Y3JI0B BCCTla Ha
C,Z[I/IHI/IHy MCHBLBIIIC 06IHCFO quciila Y3J0B. Yucno HE3aBHUCUMBIX ypaBHeHI/Iﬁ JJIA
KOHTypOB MOXXHO TOraga HaﬁTI/I, KakK paBHOCTL YHUCJIa HCU3BCCTHBLIX TOKOB H 4YHCJIA
HE3aBUCUMbBIX YpPaBHEHH JjIsl y370B. [Ipy COCTaBICHUM ypaBHEHUUH Uil KOHTYPOB
HY’KHO CIIEIUTh 3a T€M, YTOObI KAXKIOE CIEAYIONIEE YPABHEHHE COMEPIKAIO XOTs Obl
OJIMH YYaCTOK IIeMH, HE BXOISINUN B TpeAblayle ypaBHeHUs. MHadye ypaBHEHUsI

JU11 KOHTYPOB OKQXXYTCS IMHEMHO 3aBUCUMBIMH.
Konell hakyiapTaTUBHONW BCTABKH.

MeTo01 KOHTYPHBIX TOKOB.
PaccmoTpum  3yeMeHTapHbIE  HEJAEIMMbIE 1O  IUIOMAAXA KOHTYpbl U
MPETOI0KUM, UTO B KAXKJIOM M3 HUX TE€YET CBOM KOHTYPHBIN TOK.
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B Takom cnywyae ypaBHeHus Kupxroda s y3n0B OyAyT BBIIIOJIHEHBI
aBTOMATUYECKHU, a YPABHEHUH JJIs1 KOHTYPOB aBTOMATUYECKU OKAXKETCSI CTOJIBKO XK€,
CKOJIBKO U HEM3BECTHBIX KOHTYPHBIX TOKOB.

PaccMoTpuM mpumep pelieHus pacCMOTPEHHOW paHbIIe 33Jadyd METOJ0M
KOHTYPHBIX TOKOB.

JInst onpeneNeHHOCTH HalpaBUM BCE KOHTYPHBIE TOKM B OJIHY CTOPOHY I1O
4acoBoil cTpenke. B Takom ciydae Ha oOmiem Ui ABYX KOHTYPOB y4acTKe LIETIH TOK
PaBEH Pa3HOCTH JBYX KOHTYPHBIX TOKOB.

CoctaBum ypaBHeHusi Kupxroga a5is KOHTypOB, B KOTOPBIX TOKM y4aCTKOB
LEN BBIPAKEHBI Yepe3 KOHTYPHBIE TOKH:

((31 :O'[l'—i_Rl'(ll'_[z')
& =Ry (IL'-13")+ R [, + Ry -(I,'- I,").
~& =Ry 3'+ Ry - (13- 1)
Metoa >xBuBajentHoi J/1C.

DTOT METOJl yA00€H B TOM Cily4yae, €Cly HY>KHO HalTH TOK TOJIBKO Ha OJHOM
U3 ydacTkoB Iienu. CompoTHBIEHHE 3TOro y4acrtka R, uenu OyneM Ha3bIBaTh

CONPOTUBJIEHUEM HATrPy3KH.
ITycTh HY’>KHO HAlTH TOK /() Yepe3 CONPOTUBIECHUE R B CIEAYIOLIEH CXEMe:

S

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

OxaspiBaeTcsd, 4YTO TOK MOXXHO HaidTH 1o ¢opmyne [= rae

HEKOTOPOU 3KBUBAJICHTHOU CXEME
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JIBe cxeMbl SKBUBAJEHTHBI B TOM CMBICIE, YTO MOXXHO IOA0OpaTh Takue
3HAQYEHHA &, M 7, 4TO JUId Ka)KIOW BEIMYUHBI CONPOTHBIEHHA R, 00€ CXEMBI
CO3/Ial0T B OTOM PE3UCTOPE OJUHAKOBBIA TOK. Bennuunsl &, U r HE 3aBUCAT OT K.

Ecau Bo BTOpoii cxeme Harpy3ka UMeeT OECKOHEUHOE COIPOTHUBIEHUE Ry =0
(paspbIB BMECTO Harpy3ku Ry ), TO HamlpspKEHHE HAa HArpy3ke paBHO DKBHBAJICHTHOM
OJAC &,. Torna BesM4MHY &, MOXHO HAWTH, KaK HANpsOHKCHHE HAa HArpyske B
IIEpBOM CXeMe, €CIIM Harpyska R nMeeT OECKOHEYHOE CONPOTHUBIICHUE.

BHyTpeHHee conpoTUBIIEHHE BTOPOM cXeMbl » (OHO K€ BHYTpPEHHEE
CONPOTUBJIEHUE TMEPBOM CXEMbI) MOXHO HAWTH, KaK COINPOTHUBICHHE MEXKAY
KOHTakTamMu | m 2 nepBoi cxemsbl, ecnu Kaxayro DJ[C mepBodl cXxeMbl 3aMEHUTH
KOPOTKHUM 3aMBIKaHMEM, & BMECTO HAIpy3KH OCTABUTH Pa3PhIB.

Haiinem HanpspkeHue Ha O€CKOHEYHOM Harpys3ke B MEpBOM cxeme (BEIIMYUHY

skBuBaieHTHOW JJIC), kKak pa3HOCTh MOTEHIHAIOB B Toukax 1 u 2. byaem
OTCUUTHIBATH MOTEHIMAJIbI OTHOCUTEILHO HUXKHETO MPOBO/A cxeMbl. Torna

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

=R R,

Haiinem o ¢popMyiie HUKe CONPOTUBICHUE MEXly KOHTaKTaMu | u 2 nepBoii
cxemsl, ecnu kKaxayro OJ[C mepBoi cXeMbl 3aMEHHUTh KOPOTKMM 3aMbIKAHUEM, a
BMECTO Harpy3Ku OCTaBUTh Pa3phIB:

__RiRs | RyRy
Rl + R3 R2 + R4

Tok [ yepe3 Harpy3Kky R HaXOJIuUM Yepe3 MOIyYEHHBIE BEIMYUHBL &, U 7' 110

dhopmyie:

Iy

— 83
Ro+7”.

3akon /Ixoyas — JleHna JJjis yyacTKa 1elmd M ero 000CHOBaHMe HA OCHOBE
3aK0HA COXPaHEHHSsI DHEPIrUH.

N =&l + Ul — 3akoH [xoyns — Jlenna. 3aqecb N — MOIIHOCTb, HAYIIAS HA
HarpeB (JIeHI-KoyJeBo Termno); & — DJIC Ha yuyactke nenu; U-— HanpspkeHHe,
MPUII0KEHHOE CHAPYKU K YUaCTKY Llenu; [ — CUJia TOKa Ha Y4acTKe LIeTH.

[IpaBuna 3nakoB g I/C, HanpsKEHUS U TOKA TaKUE K€, Kak U B 3akoHe Oma
JUISl y4acTKa LEMn:




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.

3akoHbl (PU3UKU HE JT0KA3BIBAIOTCSA, a MMPOBEPSIOTCSA Ha OmbITe. 3aKoH JKoys
— JleHlIla CTOUT B 3TOM CMBIC/IE HECKOJBKO OCOOHSIKOM, TaK Kak OH MOXET ObITh
BBIBEICH W3 3aKOHA COXPAaHEHUS DJHEpruu. BuamMo, 3TOT BBIBOJ CUMUTAETCS
HEJJOCTATOYHO CTPOTHM.

PaccMoTpyum 1npoBOAHMK, B KOTOPOM HET CTOpoHHHMX cwil. llycte K
MPOBOJAHUKY MPUIIOKEHO HanpsikeHue U, U 10 HEMY Te€4YeT MOCTOSTHHBIN TOK 1 .
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HYCTB B HCKOTOPOM o0beMe V] BCC 3apsdabl, CO3Jaromue TOK, HMCIOT

OZIMHAKOBYI0 CKOpOCTh. IIycTh 3a Manblii IPOMEKYTOK BpeMeHH Of 00BEM C
3apagaMu V; nepemeinaercs B moyioxenue V. Jlnd mOCTOSHHOrO TOKa DHEPIus

o0111ei yacTu 3THX JABYX OOBEMOB 3apsJIOB HE M3MEHSETCs (MHAue PHEPrusi oOIIei
4yacTu OyZeT MOCTOSHHO BO3pacTaTh WM MOCTOSHHO yObIBaTh). IlycTh B 00BbEME OV

HaxogurTcs 3apan Oq. Torna M3MeHEHHE SHEPIruu 3apsfoB NpU NEPEMELICHUM W3
MOJIOKEHUs. V; B TOJIOKEHUE V); paBHO M3MEHEHUIO BHEPruu 3apsjga og Ipu
nepeMeleHun U3 00beMa o) cedeHus NPOBOJAHUKA C IOTEHIMAIOM ¢ B 00beM 6V,
CEYEHHUs C IOTEHLUAIIOM @, .

g — DHEprus 3apsaja ¢ B TOUYKE C HOTEHLUAIOM ¢, TOTAA NOTEPs SHEPrUU
3aps0B [IPU IIEPEMELICHUH U3 MOJIOKEHUs V; B ojoxeHue V;

§q-(¢1—¢2)=5q-U:%&-UzUl-ét

Ecnam oTy moTepro 3JeKTpUYECKON DHEPrUM PAa3fEeiIUTh HA BpeMs, 3a KOTOPOE
IIPOUCXOJUT MOTEPS, TO MOJIYIUM MOLTHOCTD INEKTPUUECKUX CHUIL:

N=UI.

MoOIHOCTE pacxoayeTcs Ha HarpeBaHue IMPOBOAHUKA — OTO TAK HA3bIBAEMOE
JIEHLI-JKOYJIEBO TEILIO.



3amMeTuM, YTO B MPOIIECCE BHIBOAA 3TOM (HOPMYIIBI MBI HUTJIE HE UCTIOIb30BAIN
3akoH OMa. CrieroBaTeNbHO, MoTydeHHas: (popmyna cripaBejiuBa U MpU HEJIMHEHHOM
3aBUCHUMOCTH TOKa OT HaNPSKEHUs, HAPUMED, B TOJIYITPOBOAHUKOBOM JIHO/IE.
PaccmoTpum cxemy:

N3 ypaBaenus Kupxroda nns paccmMaTpuBaeMOro KOHTypa MOAyduM & = R .
C npyroii croponsl 1o 3akoHy Oma U = RI . Toraa

&=U = Ul=¢l

3nech Ul — MOIIHOCTH, KOTOpasi MAET HA HArpeB MPOBOJHUKA, KAK TOJHKO
9TO OBUIO JTOKA3aHO BBIMIC. DTa MOIIHOCTh MOXET OBITh TOJTydeHa ToJabko ot DJIC.
Torna &I — momHOCTh pacxoayemast SC.

PaccmotpuMm Teneph He 3aMKHYTYIO Li€lb, @ YYacTOK IEMH, K KOTOPOMY
NpWIOKEHO BHemHee HampspbkeHue U, u xotopwiid conmepxutr IDJC &. Torma
MOIIHOCTh (N), uaymias Ha HarpeB (JIEHII-JKOYJIEBO TEIIO), B COOTBETCTBUHU C
3aKOHOM COXPaHEHUs SHEPIHH JO0HKHA MPEACTaBISITh co00i cymmy motHoctu (Ul),
MOJIBOJIMMOM K y4acTKy LIeTIH CHAapYyH, U MolHocTH (&), pacxoayemoit DIC:

N=&l+UI

Paccmotpum Temepbh HEKOTOpbhIE 4YacTHbIE ciydad. [lycTh Ha ydyacTke Ienu
orcyrctByeT D/IC: & =0, TOoraa, kak y>xe OTME4aJioCh BBIIIIE,

N=UI.
3ameTuM, uTO 3Ta (hopMyJia CIpaBeIMBa HE TOJIBKO AJISL PE3UCTOpPa, HO U IS
HEJIMHEWHOM  3aBUCUMOCTM  TOKa  OT  HANPSDKEHWs,  Hampumep, s

MOJIYIIPOBOJHUKOBOT'O JUO/A.

B cityuae pesucropa U = Rl nonmyyaem

N =RI*.

3ameTnM, 4TO B TaKOM BHJie opMya OyJeT CrpaBejInBa U I IEPEMEHHBIX
TOKOB, €CIIM TOJ] BEMUYMHONW ToKa [ moapaszyMmeBaTh d(()EKTUBHOE 3HAYCHHE TOKA.
Jy1st mepeMeHHBIX TOKOB (hopMyra OyJeT CrpaBeIIuBa HE TOJIBKO JJIs pe3UCTOpa, HO
Y JUISl KATYIIKU UHAYKTUBHOCTH C BHYTPEHHUM CONPOTUBIICHUEM R .

Ecin xe ¢ momompto 3akoHa OMa U =R/ MOIIHOCTH BBIPA3UTh 4Epe3
HanpsDKeHUE U CONPOTUBIIEHUE, TO PopMyia

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

SHAYCHUC HAIIPSKCHUS, HO B TAKOM BUJIC 6YI[6T CripaBC€aJiMiBa TOJIBKO IJIsA PE3UCTOpA,
HO HC CIIpaBCaJIMBa JJI1 KaTYIIKW MHAYKTUBHOCTH.

3axkoH /Ikoviasgs — JleHna B qiuddepeHumaabHoi gopme.




IIycte mommuocte N =&[+ Ul Bwlmensercss B BUAE TEIUIA B HEKOTOPOM
obveme V =IS, rne / — pnuHa Manoro orpeska LENU BJOJIb TOKa, S — IUIOLIA/b
IIOIIEPEYHOr0 CEYEHHsI OTPE3Ka LIETIH.

Benem nonste 00beMHOM MJIOTHOCTH MOIIHOCTH JIEHII-JKOYJIEBA TEILIA:

dN
v=—mmu.
dv
Torna
N &l+Ul & U) T
V=—=——= —+— c—
V I [ 1) S

O6cyanm Kaxioe U3 Tpex OTHOLICHHH B MPaBOi YaCTH paBEHCTBA.

2 e —
% = % ' {(Ecmop’dz) ~ % ) (EcmOpJ) - (EcmOP’Z?j - (Ecmop’ij

AHaJIOTU4YHO

2 -
u_L j(ﬁ,d*)z(g,i,j.
[ 1 " Jj
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S
rac ] — IINIOTHOCTD 3JICKTPUUCCKOI'O TOKA.

:j,

Torma

s UYI ((= J). (=7)] . (& = =
(77)5[(E7J(E7JJJ(EEJ)

N oxoHuarenLHO:

V= (Ecmop +E ,]) — 3akoH J[xoymns — Jlenna B nuddepenunanbHoi hopme,

—

ric v — 00BbEeMHAs TIJIOTHOCTH MOIIHOCTHU JICHI-PKOYJICBA TCIIJIa, Ecmop

HAIIpsHKCHHOCTh CTOPOHHUX CHII, E — HAIpsKCHHOCTDb SJICKTPHUYCCKOT'O ITO0JIA, ] —
IINIOTHOCTH TOKaA.

AHAJIOTUA MEXKIY HHTerpaJbHBLIMU M TH( depeHInaILHLIMU (hopMaMu

YDPABHEHMUIA.
Onau hopMyIIbI U3 IPYTUX TOTYYAIOTCS B PE3yJIbTATE 3aMEH:
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Tepmomnapa.

Oddext HabIIOAETCS B TOTYIIPOBOIHUKAX U MMPOBOTHUKAX (METaslIax).

Bo3bmeM 1Be MNpPOBOJOKU: OJIHY W3 KOHCTaHTaHa, JPYryl0 W3 MEJH.
DIEKTPOCBApPKOM COEMHUM 3TH JBE€ MPOBOJOKA B OAHO KOJBIO. Pazpexem 3To
KOJIbLIO B CEpEIMHE, HAIPUMEDP, MEAHOW MPOBOJIOKUA U BCTABUM B pa3pbIB BOJBTMETP.

Pa3zpe3anHoe KoJbIIO PEACTABISET COO0I TepMonapy.

Camas pacrpocTpaHeHHas TepMOIapa: MeAb-KOHCTaHTaH. KOHCTaHTaH — 3TO
cmiaB. CocraB cmiaBa: 58.5 % Cu, 40.0 % Ni, 1.5 % Al

TepMonapy 4acTo UCMOJB3YIOT, KaK JaTYUK TEMIEPATYPHI.

B cnopaBouHMKax €cTb OKCIEPUMEHTAIBHO IIOJYYEHHBIE 3aBUCUMOCTH
BEJIMYUHBI KOHTAKTHOW PA3HOCTH MOTEHI[MATIOB OT TEMIIEPaTyphl.

OpnuH cnaii TepMonapsl OyAeM NOAAEPKUBATh IIPU ONIOPHOM Temmeparype 1,

HalpuMep MNpH TEMIIEPATypPE CMECU BOJBI CO JIBIIOM — HOJb rpaaycoB Llenbcus.
Jpyrou cram tepMomapsl IMOMECTUM B TOYKY HM3MepeHus Ttemieparypel 1. Bcee
OCTaJIbHbIE BO3MOXHBIE€ KOHTAaKThl METAUIOB B LIEMHU BOJbTMETpa Oyjaem
NOJJCPKUBATh IIPU OAMHAKOBOM TeMmmeparype 17. 3HadeHHe TemiepaTypsl 1; He

CYILLECTBEHHO.

Pa3HOCTP KOHTAKTHBIX MOTEHIMAJIOB NpU 00X0A€ MO KOHTYpY paBHA
HaIIPSKEHUIO HAa BOJIBTMETPE M PABHA PA3HOCTH KOHTAKTHBIX HANPSDKEHUN B TOYKAX
IonT.

Tepmomapy MOXHO HCIOJNB30BaTh, Kak TepMoMeTp. Bocnons3dyemcs
CIPAaBOYHMKOM C TaOJMIIEW 3aBHCHUMOCTH KOHTAaKTHOM pa3HOCTH MOTEHLHUAJIOB OT
TEMIIEPATyphl JUIsl TEPMOIIApbl MEb-KOHCTaHTaH. bepeM M3 CIpaBOYHMKA 3HAYEHUE
KOHTAaKTHOM pa3HOCTH MOTEHLHUANOB IpH Temmeparype 7. JloOaBiseM HOKa3aHUs

BOJITMETpPA JI TOJYYEHHUS 3HAYEHUSI KOHTAKTHOM pa3HOCTU MOTEHIMAJIOB MpPH
n3Mmepsemoi temrnepatype 7 . [1o cipaBoYHUKY OIpeeisieM 3HauyeHUE TEMIIEPaTyphl
JUTSI TIOJTY4YE€HHOM KOHTAaKTHOM pa3HOCTH MOTEHIIMAJIOB.

dakyibTaTUBHAs BCTABKA.

To, uyro B 3aMKHYTOM KOHType Bo3HukaeT OJJIC, ecim KOHTaKThI
NOJJIEP>)KUBATh IPU Pa3HOM TeMriepaType, HazbiBaeTcs s dexrom 3eedeka.

B pa3nbIx MeTamiax pa3Hble YpOBHH SHEPTHH 3JIEKTPOHOB.

[Ipy COMpPUKOCHOBEHMH PAa3HBIX METAJIOB AJIEKTPOHBI MEPEXOAIT C Oojee
BBICOKHX 3aHITBIX YPOBHEH 3HEPTUU OJHOTO METajljla Ha MEHEee BBICOKHE CBOOOIHbIC
YPOBHHM 3HEPIHH IPYroro Merasia.
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oTpUIaTeIbHO. MEXaTy HHUMH BO3HHMKAET JBOMHOW DJEKTPUUECKUU CJIoM (Kak B
3apsHYKEHHOM KOHJIEHCATOpE) M HANPSKEHUE — KOHTAKTHAs! PA3HOCTh MOTEHIIUAJIOB.
N3meHeHue o@ moTeHlualna MpoBOJHUKA 32 CUET MEePexXo0/1a JIEKTPOHOB Yepe3

KOHTaKT MPUBOJUT K H3MEHEHUIO (CABUTY) YpPOBHEW SHEPrHUM >JEKTPOHOB Ha
BEJIMUUHY —eO@ , T11e (—e) — 3apsi/ DJIEKTPOHA.

B meramne o4eHb MHOIO YpOBHEH JHEPIHH JJIEKTPOHOB — DHEPrEeTUYECKUE
30HBl. B 52HepreTMdeckoil 30HE€ YPOBHHM pPAacHOJIOKEHBI C OYEHb BBICOKOU
I0THOCTRI0. [loaTOMY, IIpM mepexoze 3apsa0B W3 OJHOTO IPOBOJHUKA B JIPYrou
BBIPABHMBAHME OHHEPIHMH BEPXHErO 3aHATOTO YPOBHA B OOOUX MPOBOIHHKAX
MPOUCXOIUT HE CTOJILKO 33 CYET OCBOOOKICHHUSI KAKMX-TO YPOBHEH B OTHOM METAaJlIe
Y 3aHATUS YPOBHEU B APYIrOM METAJUIE, CKOJIBKO 3a CYET TOr0, YTO YPOBHHU DHEPIUU
Ka)X10TO IIPOBOJIHUKA CIBUTAOTCH.

IIpr COnNpUKOCHOBEHMM [BYX NPOBOJHHUKOB WM ITOJYNIPOBOJHUKOB B HHX
BBIPABHUBAETCS MOJIOKEHNE TaK Ha3blBacMbIX ypoBHed Depmu. Yposenb Oepmu —
3TO YpOBEHb SHEPIUU C BEPOATHOCTHIO 3aceieHus 1/2 B pacnpenenenun depmu —

Jnpaka

1
N =—p—p > 3/€Ch 1; — CPEHEe YHMCJIO 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 ) omnpenensaeTcs

PaBCHCTBOM N = Zl’li , IC N — 0611166 YHCJIO 3JICKTPOHOB B ITPOBOJHUKE, TO €CTh
i
PaBCHCTBOM

1
N:ZI.: E~Ep(T)

e K +1

Ha npuBeeHHOI BbIE KAPTHHKE €CTh YETKAS IPAHUIA MEKIY 3aHATHIME U
HE3QHATBIMH YPOBHAMH OHEPrMM, 4YTO CIPABEIJIMBO TOJBKO TIPH  HYJIEBOM
TEMIIEPATyPE.

[Ipy W¥3MEHEHWH TEMIEPATYPbl MPOBOAHMKA (MM  MOJYIIPOBOIHUKA)
nosoKeHre ypoBHs DepMU B HEM HECKOIBKO CABUTAETCS OTHOCHTEIBHO JIPYIUX
YPOBHEH SHEPTMH JTOr0 MPOBOJHMKA B COOTBETCTBUU C IOCIEIHEN NMPUBEICHHOMN
dopmynoii. B obmacT KOHTakTa ABYX IPOBOJHHUKOB BBIPABHHBAIOTCS WMEHHO




ypoBHH Depmu, NO3TOMY BEJIMUMHA KOHTAKTHOM PAa3HOCTH MOTCHIMAIOB 3aBUCUT HE
TOJIBKO OT MaTEpHUaJiOB MPOBOJHUKOB, HO U OT TEMIIEPATypbl KOHTAKTA, TaK KaK MpPH
MOBBIILICHUU TEMIIEPATYpbl YpOBHU Depmu IBYX METAIUIOB CIABUTAIOTCS MO-PA3HOMY.
CaBuraroTcs mo-pa3HoMy, TaK Kak MPU MOBBIIICHUN TEMIIEPATYpPbl B UTPY BCTYIAOT
YaCTUYHO 3acejieHHbIe O0oJiee BBICOKHE YPOBHU JHEPTUM, KOTOPBIE IO-PA3HOMY
PAacIoJIOKEHBI B COMTPUKACAIOIINUXCS METAJLIAX.

KOHTaKTHYI0 pa3HOCTh MOTEHIIMAIOB MOKHO paccMmaTrpuBath, kak J/IC. Ecnu
BCE KOHTAKTHl 3aMKHYTOW LIEMU HAXOAATCS MPU OAWHAKOBOW TEMIEPAType, TO U3
TEPMOJMHAMUYECKUX COOOpaXeHUH B KOHTYpE HE TEUeT DJIECKTPUUYECKUM TOK.
CrnenoBaTebHO, CyMMa KOHTAKTHBIX HAMPsDKEHUN MPHU 00X0JIe TI0 KOHTYPY paBHA
HYJIIO IPU OJJMHAKOBOW TEMIIEPATYPE BCEX KOHTAKTOB 3aMKHYTOM LIETIH.

Koner dhakynsTaTUBHON BCTaBKH.




