3AKOH OMA A1/11 HEOQHOPOAHOIO YYACTKA LLENU

3aBMCMMOCTb NIOTHOCTU TOKa OT CKOPOCTU apeiida cBO60AHbIX 3apaa0B.

OnpedeneHue.

k I MNOTHOCTbIO TOKAa Ha3blBaeTCA BEKTOp, onpeaensembiit
S COOTHOLIEHUEM
ju ok &
Puc. 1 ] = S )
roe I — cuna ToKa Ha yuyactke, § — niowagab ero
—
nonepeyHoro cevyeHua, kK — epguMHUYHAA Hopmanb K

ceyeHuro, 3a4awWan nosao0xXxumesibHoe HarpaesieHue
MoOKda.

3ameyaHue. TlonoxutenbHoe Hanpas/1eHNEe TOKa BbI6VIpaETCF|

YCNI0BHO n He obsAzaTenbHo cosnagaer C NUCTUHHbIM

HanpaB/fieHWem ToKa. MWMMEeHHO 3TO YC/IOBHO BblbpaHHOe

Puc. 2 Hanpas/iieHMe Mbl Y4YMTbIBAaEM B MpoLiecce NPUMEHeHUA npasuna
3HOKOB ANA TOKa, peyb O KOTOPOM MOMAET B KOHLE TEMbI.

Myctb TOK B MNpPOBOAHWKE co3daeTca fAperddom 3apAaaoB, BEANYMHOM (G, KarKabl, U

KOHUeHTpaumMm n. Torga 3apag, npoluelinii Yepes rnonepeyHoe cevyeHWe NPoBOAHMKA 3a Bpema t

paseH
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roe V — obbem umnanHapa, cogeprkallero Bce 3apagbl, KOTopble NPONAYT Yepes ceveHne NPoBOAHMKA,
3a Bpems t. Kak nerko sngetb (cm. puc. 2),
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Taknum obpa3om, NJAOTHOCTb TOKA HOCUTENEN (), KOHLEHTPaLMeN 1 3343eTCA COOTHOLLEHNEM

j = quTjap' (4)

Mpo6nema noagepKaHua ToKa. Mone ctropoHHux cun. AC.

Ecnn coeanHUTb 06KNAAKKM 3apsaXKEHHOro KoHZeHcaTtopa NpoBOAHMKOM, TO MO HeMy nponaer
TOK, B pe3y/ibTaTe Yero KoHAeHcaTop pa3pAaaMTca. ACHO, OZIHAaKO, YTO 3TOT TOK ByaeT nepemMeHHbIM W,
BooOLLe roBops, KpaTKoBpeMeHHbIM. Kak 4ob6UTbCA noanep:kaHma ToKa B MPOBOAHMKE HEOrPaHUYEHHO
nonro?

Cambili npocToit cnocob6 — coeaAuHUTb KOHLbI MPOBOAHMKA M 3acTaBUTb CBOOOAHbIE 3apAdbl
ApendoBaTb BAO/b HEro NO 3aMKHYTbIM TpaekTopuam. OAHAKO Npu 3TOM OHWM ByayT MNOCTOAHHO
CTa/IKMBaTbCA C APYrMMU 3apsaamMu, B MeTanne 3TO MOHblI KPUCTA/IZIMYECKOW pelleTKU. A, 3HauuT, co
CTOPOHbI pelleTKn Ha apeiidylollee 3/1eKTpoHHoe obnako byaer AelcTBOBaTb CUAa COMPOTUBEHMUS,



MOCTOAHHO COBEpLWas Hafd, HUM OTPULLATE/IbHYIO
paboty. CnepoBaTenbHo, ANA  NoAAepskaHus

OBMXeHNA, obnaka K Hemy Jo/KHa bbiTb
NPUIOXKeEHa eLle KaKaa-To CMa, KOMMNeHCUpYoLWas
conpotusneHne. Yto 3To MoKeT bbITb 3a cuna?
MoxeT i ee ponb BbINO/HATH
3NeKTpocTaTUYeckoe B3aMmoaeincTemMe 3apaaos?

OTBeT Ha nocnefdHWiA BOMPOC OTpULATENEH.

MpuunHa TOMY — KOHCepBaTUBHOCTb

Puc. 3. 3NEeKTPoCTaTUYECKUX CcuN. Bedb, KaK W3BECTHO,

paboTa KOHCepPBaTUBHbIX CU MPU ABUNKEHUM Tena

BA0/1b 3AMKHYTOW TPAEKTOPMM pPaBHA Hyt0. [M03TOMY, eC/iM KYIOHOBCKME CU/bl HA HEKOTOPbIX Y4YacTKax

Luenu cosepllaT NONOXKMUTENbHYIO PaboTy, TO Ha OCTaNbHbIX y4YacTKax OHW COBEpPLUAT TaKyl Ke Mo
MOAYNt0, HO OTPULATENbHYIO paboTy.

M3 cKasaHHOrO fCHO, 4YTO 029 nodepxaHua cmabunbHO20 MOKA 8 3amKHymoli uyenu
HeobXxo0uMmMbl cunbl NPUHYUNUAALHO UHOU NpUpodbl, Hexenu KysoHoecKue. Takne CUNbl CYLLLECTBYIOT U
Ha3blBalOTCA CMOPOHHUMU. OAUH U3 BUAOB CTOPOHHUX CUA ByaeT AeTanbHO PacCMOTPeH B pasgdene
«INEKTPOMArHUTHAA MHAYKUMA». 30eCb e Mbl NOCTPOMM KOJIMYECTBEHHYIO TEOPMUIO 3/IEKTPUYECKOro
TOKa, He BAaBasACb B MPMPOAY CTOPOHHUX CUI.

OnpedeneHue.
CTOpPOHHMMM Ha3biBalOTCA Nt06ble AeUCTBYIOWME HA 3apaj, HEKOHCEPBATUBHbIE CUJIbl, 3a

UCKNTIOYEHUEM CU INNIEKTPUYECKOro conpoTusieHUA.

3ameuaHue. WCKNOYEHUA M3 YUCa CTOPOHHMX TOJIbKO 3/1IEKTPOCTAaTUYECKMX CWUJ, Kak 3TO
AenaeTcA BO MHOIMMX y4yebHMKax, ABHO HeAOCTaTOYHO. [encTBUTeNbHO, B 3TOM C/lydae Ha posib
CTOPOHHMX, XOTA 6bl B NpMHUMNE, MO Bbl NPeTeHA0BaTb U rPaBUTALLMOHHbIE CUJIbl. HO ACHO, YTO OHM
He CNocobHbl pelwnTb 3a4a4y NoAAepsKaHUsA TOKa B 3aMKHYTOW LIeNU MO TOW XKe NPUYUHE, YTO U CUbI
KY/IOHOBCKMWE: FPaBUTALMOHHbIE CU/bl KOHCEPBATUBHbI. A BOT CU/bl 3N1EKTPMUYECKOro CONPOTMBAEHMUS,
XOTA OHU N ABNAKOTCA HEKOHCePBATUBHbIMU, ABHO He cnegyeT NPUYUCIATb K CTOPOHHUM. |-|03TOMy Mbl
WCKTIOMUIN UX U3 YMCNA TaKOBbIX CNELNAbHOM OrOBOPKOIA.

BBegem B pacCMOTPEHME TaK¥Ke CUI0BYIO U SHEPreTUUYECKYIO XapaKTepPUCTUKM NOA CTOPOHHUX
cun.

OnpedeneHue.
Hanpsa)KeHHOCTbIO N0AA CTOPOHHEN CU/Ibl HA3biBAOT OTHOLLUEHME 3TOM CUADbI K 3apagy, Ha

KOTOPbIA OHa OEeNCTBYET:
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EanHuuen nsmepenus E.rq, Takke Kak u Ey, asnaetca H/Kin v B/m.

OnpedeneHue.
dnekTpopsmkyweii cunoit (34C) HasbiBalOT OTHOWeEHUE PaboTbl CTOPOHHUX CUA MO

nepemeLLeHuIO 3apA[a K 3ToMy 3apagy
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EanHuueit usmepenma 3C, TakKe Kak U pasHOCTU NOTEHLMANOB, ABAsAEeTcA BonbT.

UcToYHMK CTOPOHHUX CWUAN Ha Yy4yacCTKe uenn MnpUuHATO Ha3bliBaTb UCMOYHUKOM MOKQa. Ero
ob03HauyeHune Xopowo Mu3BeCTHO U3 Kypca 8 Knacca. Ho TonbKO C BBeAeHMEM B paccmoTpeHunA
CTOPOHHUX CUZT MOXKHO ncyepnbiBatowe 06BbACHUTL cMblc 0603HaYeHMA NOJHOCOB:

CTOpOHHME CU/bl, AEeACTBYIOT HA MOJIOXKUTE/IbHbIM

O 3apAag BHYTpMU UCTOYHUKA TOKa Bcerga B
+ FcTop -

Ky HanpaB/NIEHUM OT € - » K « + »,

Ecnv B 3aMKHYTOM LENKU HET APYrUX UCTOYHWUKOB, TO,
B pe3syabTaTe TaKoro AeWCTBMA CTOPOHHUX CUA,
MONOMKUTE/IbHBIN  MOMOC  WUCTOYHMKA 3apsaKaerca
MONOMKUTENbHO, a OTpULUATE/bHbIN —
oTpuuaTesnbHO, OTClOAa U NPOUCXOAUT HasBaHWe
no/tocos. B utore BHe 061acTti AeNCTBUA CTOPOHHMX
puc. 4. cmn  — BO 6HewHeli uenu — co3jaeTcs
3/1eKTPOCTaTUYECKoe noJie, NoAAEPKMBaIOLEE TOK.
KaKk BMAOMM, KY/JIOHOBCKME CWUJIbl, BCE e UrpaloT NPUHLUMMMANbHYIO POSb ANA NOAAEPXHaHUA TOKa B
3aMKHYTON uenu. OAHaKo BHYTPM UCTOYHMKA TE ¥Ke KY/JIOHOBCKME CW/bl, Byayuyn KOHCEPBATUBHbLIMY,
06paTATCA NPOTUB TOKA, NOSTOMY CTOPOHHUM CUam MPUAETCA NPeoaoeBaTh elle U UX, MOMUMO CUA
3N1EKTPUYECKOTO CONPOTUB/IEHUS.

3akoH Oma oA HeO4HOPOAHOrO yUYacTKa uenu B andpdepeHumnanbHoii popme.

PaccmoTpum  3neKkTpoHHoe obnako w3 N
3apA[0B, BEIMYNHON g KaxKabli, apelidytolee BHYTpU
MOHHOM  KpPUCTaN/IMYeCKOM peweTkn MmeTanna ¢
NMOCTOAHHOM CKOPOCTbIO ﬁap (puc. 5). B obwem cnyyae

Ha 061aKo MOTyT AelCTBOBaTb TPU CUAbI: KYJIOHOBCKME

— Fqyn, CTOPOHHME — Fiop, M CMA COMPOTMBAEHMSA

-

pewetkn — Feopp. [19 KYNOHOBCKMX M CTOPOHHUX CWA

MOXeM HanncaTb:

Feyn + ﬁ‘CTOp = QON(EKyn + ECTop)- @)

Camo o065ako, 064yBas  KPUCTANINYECKYIO
pelweTKy, byaeT AeicTBOBATL Ha HEe C CM/I0M, KOTOPas, Kak M3BECTHO M3 MEXaHWMKK, MPONopLMOHabHa
CKOPOCTM ABWMIKEHUA PELLUETKM OTHOCUTeNbHO obnaKa. Toraa, no TpeTbemy 3aKoHy HbloToHa, Ha obnako
6yaeT AeicTBOBaTb MPOTUBOMNONONXKHAA cuia. TaknMm obpasom:

= -
Fconp = T AVUpp.

OZHaKo, NOCKO/IbKY pasHble YacTu obnaka noaBeprKeHbl AeNCTBUIO CU/bl CONPOTUBEHNA HE3aBUCUMO
Apyr oT apyra, KoadduUMEHT «, B CBOK o4vepedb A[O/KeH 6biTb nponopumoHaneH N. Toraa
OKOHYaTe/IbHO

ﬁconp = _ﬁNaap: €)



Frae B — KoabOUUMEHT cONPOTUBAEHUA, NPUXOAALMNACA Ha eauHULY obbema ob6naka, 3aBUCALLUIN
OYEBMAHO OT MaTepuana MNPOBOAHWKA, @ TaKMKe MHTEHCMBHOCTM XaOTMUYECKOro ABUMKEHWUSA MOHOB
peLleTKn, KOIMYECTBEHHOM MEPOM KOTOPOM ABAAETCA TeMnepaTypa.

Moactasnaa (7) n (8) Bo BTopoit 3akoH HbtoToHa, Mmeem:

qON(EKyJI + ECTOp) - ﬁNa,qp = mo6a- (9)

[lasxke ecnmn aneKkTpoHHoe 0bnako ABUMKETCA C yCcKopeHuem, npasyto Yyactb (9) cneayeT nNpupaBHATbL K
HYJIl0 BCNeACTBUE HEe3HaUnTeIbHOM macchl 061aka. Taknm obpasom
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Ha3blBaeTCA yp,eanon nposogNMOCTbIO NPOBOAHWKA, A 06paTHaﬂ el BeNM4mMHa

p== (13)
Y
— YAeNbHbIM CONPOTUBNEHNEM. MCI'IOI'Ib3yF| ero, sanuwem nojay4eHHoe HaMmu CoOoTHoLleHue:
E.n+E
> yi cTOp
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310 M ecTb 3aKOH Oma gna HeoAHOPOAHOro y4yacTKa uenu B auddepeHumanosHon dopme. Ona ero
BblBOAA Mbl MO3aMMCTBOBAIN U3 MEXaHWKWN BblparKeHWe CUbl CoNpoTUBAEHUA. [pu 3TOM Ham yaanoch
NoJIyYNTb BEPHYH 3aBMCUMMOCTb YAE/bHOW NPOBOAMMOCTM MeTajffla OT 3/1eMEHTapHOro 3apAga U
KOHLEHTpaumMmM cBoboaHbIX HocuTeneit. [loKasaTenbcTBO, He Tpebylowee TaKOro 3aMMCTBOBaHUA
CYLLLECTBEHHO C/I0XHee. OHO NPOBOAMTCA B KAACCUUYECKOW 3NEKTPOHHON TEOPUM 3NEKTPONPOBOAHOCTH
METa/N0B; NPU 3TOM onpenenaeTca BUA 3aBUCMMOCTU YAENbHOM MPOBOAMMOCTM OT MAacCbl HOCUTENs
cBoboaHOro 3apsaaa, AMHbI ero cBobogHoro npobera 1 TemnepaTypbl NPOBOAHMKA. 3aMETUM, O4HAKO,
YTO 3aBMCMMOCTb OT TemnepaTypbl, NOJy4EeHHas B pamKax K/AacCMYecKoin Teopuu, naeT Bpaspes C
ONbITHbIMW GaKTamu; BEPHbIN BUA, 3aBUCMMOCTU MOMKET BbiTb MOAYyYeH TO/IbKO MeTOAaMW KBaHTOBOW
TEeopuu, NO3TOMY YraybnaTb NpeacTaBNeHNs TEOPUM KNacCUYecKoin Ham 34eCb HeT HUKAKOro CMbIcAa.

3akoH Oma A/1Aa HeOAHOPOAHOIO YHACTKa LLenu B UHTerpanbHoii popme.

PaccmoTpvMm NPOBOAHWK ANMHON | NOCTOAHHOrO yAENbHOro COMPOTUBAEHUA P U CevyeHua S, BHYTpU
KOTOPOro Ha 3apagbl AeWCTBYIOT CTOPOHHME cuabl (puc. 6). MycTb TaKKe NPOBOAHMK HaxoamTca B
3/1eKTPOCTaTUYECKOM MOAE, B pesynbTaTe Yero ero KoHUbl MMEHT MnoTeHumansl @4 ¢,. bnarogaps
COBMECTHOMY AeWCTBUIO Ha cBo60AHbIe 3apAabl TPEX OCHOBHbIX BUAOB CUJ, NO NPOBOAHMKY NpOTeKaeT
ToK I. Mpoue roBops, paccCMOTPUM HEOOHOPOOHLIU y4acmoK 3aekmpuveckol uenu. NMpUMeHUMm 3aKoH



Oma B anddepeHumanbHoi popme K NPon3BOIbHOMN

P2
P1 e > SRR TOYKe NpoBOAHMKa, coobwme nNpobHomy 3aps
Pe j ®
& 2 manoe nepemeleHune dl B HanpasneHuu obxoda ot
1 ToukM 1 K TOouke 2. T[locne  HECNOXKHbIX

Puc. 6. npeobpa3oBaHNn NOAYHUM.
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dl _ dAKyn + 6ACTOp.

Ianrp? - q q (15)
Cymmupys nesble 1 npasble Yyactu (15), umeem:
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Ha3blBAeTCA COMPOTUBAEHMEM Yy4acTKa; (17) paeT Ham 3aBUCMMOCTb MNOJIHOTO COMPOTUB/IEHUA OT
YOE/NbHOro COMPOTMBAEHUSA NPOBOAHMKA U €ro reomeTpuyecknx pasmepos. Moactasms (17) B (16),
noy4ynMm 3aKkoH Oma 419 HEOAHOPOAHOIO YYacTKa Lenu B MHTerpanbHoin dopme:

Q1 — P2 + ganr = Ia.nrR' (18)

MpaBuno 06xopa 1 paccTaHOBKM 3HAKOB IAC U cunbl TOKa.

3akoH Oma (18) nmeeT oAMH U TOT Xe OBLINIA BUA HE3aBUCMMO OT 3HAKOB CWU/bl TOKa U
3NeKTpoaABMIKYLWEN cuibl. OAHaAKO, NPU pelleHnN KOHKPETHbIX 3adad, yao6bHO Bbipa3uTb BXoasAllMe B
Hero aneebpauyeckue BeANYMHbI Yepes UX MOoAyAWn, UCTUHHbIE UAK npegnonaraemble. Ans onucaHus
3ToW npoueaypbl chopmyanpyem Tpu NPOCTbIX NpaBuaa, o4eBMAHbIM 0bpasom BbiTeKaloWMe U3 xoaa
BCEro usnoxeHus. [na yaobcTea npueeaem elle pas Takke Heobxoanmble onpeaeneHus.

1) Noa HanpasneHnem obxoga 6ygem noHMMaTb YCNOBHO BblbpaHHOe HanpasneHue
OBWXEHUA NONOXUTeNbHOro npobHoro 3apaga BAOAb pPacCMaTPUBAEMOro y4yacTka uenw.
Toraa, B neBoii yactu (18), ¢, — NoTeHuMan Hayana ob6xoaa, a P, — KOHUA 0b6xoaa.

2) CTOpOoHHME CUNbl, OEeICTBYIOT Ha NOJIOXKUTE/bHbIN 3apAg, BHYTPU UCTOUHMKA TOKa Bcerga B
HanpaB/NeHUM OT « - » K « + ». B aTom cnyuyae ana &,,. B nesoii yactu (18) cnpasegnmeo
cnepylollee NpaBuao 3HAKOB:

c &, ecnun fCTOp T1T mamp. 06x0/3;
o —&, ecnu chp 1T nanp. o6xoja.



3) MonoxuTenoHoe HanpasB/ieHUE TOKa OnpeaensaeTcA BEKTOPOM HOPManu K nonepeyHomy

Ce4YyeHUI0 NpoBoOAHUKa. Takum 06pa30M, NONOXKUTE/IbHOE HamMpaB/ieHNWEe TOKAa — 3TO TOXKe

YCNoBHO Bbl6paHHoe Hanpas/sieHne BAOJIb pPacCMaTpuBaemoro y4yactka, HO HUKAK He

cBA3aHHOe ¢ HanpaeaeHuem obxoaa. Ana I, B npaBoii yactu (18) cnpaBeanmeo cregyiowee

npasu/10 3HaKOB:

Ianr -

[ I, ecnu nonoxxuTebHoOe Hanp. Toka TT Hamp. 06x0/3;
—1I, ecmu mosI0KKTEIBHOE HANp. ToKa LT Hamp. o6xoa.

3amevaHue. TIOCKONbKY M HanpasieHue o06x04a, U MONOMKUTE/IbHOE HanpasjeHue ToKa

BbI6Mpa}OTCF| YCNOBHO, TO Bbl60p nocnegHero MoXetT NoKasaTbCA 6eccmblicneHHbIM. Ha camom Aene 3To

He TaK. EcAu, pelwurB KOHKPETHYIo 3afady, Mbl onpedenuMm 3HaK TOKa, TO 3Has MO/0XUTeNbHOe

Hanpas/1eHWe TOKa, Mbl CMOXXEM YKa3aTb U ero UCTUHHOE HanpaBaeHUeE.

Hanp. obxoda
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Puc. 7.

B 3aknt04eHMEe NPOUNNKCTPUPYEM MPaBUIO
3HAaKOB Ha KOHKpeTHOM npumepe. [na y4yacTka,
n3obparkeHHoro Ha puc 7, 3akoH Oma, c y4yeTom
npasu/ia 3HAaKOB, NPUMET BUA,:

gol—(p2+5=—IR

30ecb MOMKET MOKas3aTbCA CTPaHHbIM, OMNATb Ke,
BbIOOP  MO/IOMKWUTENIbHOFO  HampaB/ieHWA  TOKa:
MOXKET /IN OH AENCTBUTENIbHO Teyb B BblGpaHHOM
HanpasneHnn? Ecam B Uenu, y4aCTKOM KOTOPOW

ABNAETCA PACCMOTPEHHDbIN, MPUCYTCTBYIOT APYro WMCTOMHUK TOKa, COEAMHEHHbIA OA4HOMMEHHbIMU

noatncCamum C UCTOYHUKOM OaHHOIO y4aCTKa, TO MOXKeT.



