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SHEHmpocmamuxa

3nekmpocmamuka — pasafgen YydenHua o0 anekTpudecTBe, W3yYaloLLWi
B3AMMOOEHCTBME HENOABWAKHBIX 3NEeKTPUYeCKWX 3apAfdoB U CBOWCTBA MOCTOAHHOIO
3NEeKTPUYECKOTO NonsA.

1. 3nekTpUYeckWii sapan.

ONekTpuyeckmn 3apAfg — 3TO BHYTPEHHEee CBOWCTBO Ten WKW  YacTuu,
XapakTepuayrllee Ux cnocobHOCTE K aNeKTpoMarHMTHbIM B3anMogecTBUAM.

EanHWMUa anekTpudecKkoro sapaga — KynoH (Kn) — anektpuyeckuid 3apan,
NpoxogALMiA Yyepesa nonepeyHoe cedyeHne NpoBogHWKa NMpW cune Toka 1 amnep aa
BpemA 1cekyHaa.

CyllecTByeT afleMeHmapHbIll (MUHUMAaIbHbIL) snekmpuyYyeckull 3apsad

e=1,6-10""Kn.

Hocutens snemeHTapHOro oTpuvuaTensHoro aapaga — snekmpoH. Ero macca

m,=9,1 1.10" kr. HocuTens anemMeHTapHOoro NoNoXWTENLHOMD 3apAna — MPOoMoH.

Ero macca m, =1 67107 kr.

dyHOameHTanbHble CBOWCTBA 3MNeKTpUMYeckoro 3apAfa  VYoTaHOBMEeHHLIe
OMNBITHBEIM MTYTeM:

— CyuwecTByeT B [BYX BWOax: MofioxumensHbili W ompuyamenbHbIil.
OpgHOMMEHHbIe 3apAbLl OTTankMBaTCA, PasHOMMEHHbIE — NPUTATMBAIOTCA.
— DneKkTpuyeckuil 3apag  uHeapuaHmeH — ero BenWuWHa He 3aBMCUT OT

CUCTEMBI OTCYETA, T.€. OT TOro, ABMKETCH OH UMW NOKOWUTCA.

— J3nekTpuyecknid 3apAn duckpemeH — 3apAn mwoboro Tenma cocTaBnAeT
Liernoe KpaTHOe OT 3NeMeHTapHOoro NeKTPUYecKoro sapana €.

— 3nekTpuuyeckunil sapan addumueeHd — 3apan MOoW cucTeMel Ten (YacTtuu)
paBeH cymMe 3apafoe Ten (4acTul), BXOOAWMX B CUCTEMY.

— DJNeKTpuyeckuin 3apAg NOAYMHAETCA 3aKOHY COXpaHeHWMs  3apsga:
Anzebpauvyeckaa cyMMa anekmpuyeckux 3apAados  mwobol  3aMKHymol
cucmemMs! ocmaemca HeuaMeHHol, kakue bbl npoyeccs! HU Apoucxodunu
BHYMpLU daHHOU cucmeMsl.

[Mog 3amMKHYTOW CMCTEMOW B JaHHOM Clydae NMOHWMAaKT CUMCTEMY, KOTOpaAa He
obMeHWBaeTCA 3apAfamMn ¢ BHELWHUMK Tenamm.

B anektpocTtatMke wcnonb3yertcA uandeckaa Mofgens — MmoYedHbId
snekmpudeckull 3apad — 3apAXeHHoe Teno, copMa W pasMepkl KOTOpPOro
HecylecTBeHHbl B JaHHOW 3afade.

2. 3akoH KynoHa

3aKkoH B3aUMOOEACTBWA TOUYeYHLIX 3apAfoe — 3sawoH KynoHa: cuna
BaaMModercTemMAa  F Mmexay [OBYMA HEenofBWHHLIMKW  TOYEYHLIMW  3apAaamMu,
Haxo0AWUMUCA 8 eaKyyme, nNporiopuMoHanbHa 3apagam ¢; W ¢,, 1w obpaTHo

nponopLUWoHanesHa KeagpaTty paccTOAHWA 7 Mexay HAMK:

F = 1 (1’1%’2
dre, o

Cuna F HanpaBneHa no nNpPAMOW, CcOeWHAKLWENA B3auModelcTBYHLINE
3apAfbl, T.e. ABNAETCA UEeHTpankHOW, W cOoOTBeTcTBYeT NpuTsAxeHumw (F <0) B
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cnyyae pasHOMMEHHLIX 3apAfoB W oTTankmeaduio (F > 0) B cnyyae ofHOMMEHHLIX
sapAfgoB. B BekTopHOil chopme, cuna, OeicTBylOWaA Ha 3apAf ¢, CO CTOPOHbI
3apaga ¢, :
E. = Il g9, 1ha
2= " 31
ey o 1

Ha sapag ¢, co cTopoHbl 3apafa g, AewcTeyet cuna F,y = —F,.

£,— 3MeKmpuyeckasn MocmoAHHadA, OTHOCALLAACA K Yncny dyHAamMmeHTanbHbIX
PU3NYECKMX NOCTOAHHBIX:

17 KJ'.[2 2 D
£,=8.85-107" —— unm £,=8.85-10"" —_ Torpa:
H-m" M 4me,
roe chapag (P) — eqMHULE 3NEKTPUYECKOW emMKocTH (n.21).
Ecnn B3avmooeWcTBYHOUIWE 3apA0bl HaxoOATCA B WM30TPOMHOW cpefe, TO
KYNOHOBCKaA cuna

—9.10° 2

1 ¢,9,
F= 1’1'5{_
e, er”
rae £ — duanekmpudyeckasa nMpoHuuyaemMocme cpedbl — beapasmepHan

BEeNMUKMHA, MOKa3LIBALWAA BO CKOMLKO pas cuna Baaumopeicteua F mewny
3apAfamu B AaHHoi cpede MeHbLUEe UX CUITbl B3auMofeicTeuA F, B Bakyyme:

e=—
F

[lnanekTpuueckan nNpoHuLaemocTb Bakyyma £, = 1. MogpobHee gnaneKkTpuku

W UX CBOWCTBA DYOYT paccMoOTpeHkl HKKe (n.15).

Becakoe aapaxeHHOEe Teno MOXHO paccMaTpyMBaTh Kak CO8OKYMHOCME TOYEYHLIX
3apA0oB, AadanorMyHo TOMY, Kak B MexXaHWwke BCAKOoe Teno MOMHO cyuTaTth
COBOKYMHOCTEH) MaTepwanbHblX Todek. [loaTomy 3nekTpocTartvyeckad cuna, c
KOTOpOW OfHO 3apAxeHHOoe Teno OeWCcTBYeT Ha Opyroe, paBHa [eoMeTpuyYecKown
CYMME CWI, MPUNOXEHHLIX KO BCEM TOYEYHbLIM 3apAfgam BTOPOro Tena co CTOPOHbI
KaxOoro To4eYyHoro 3apAaga nepeoro Tena.

UacTo DbiBaeT aHa4nTenbHo yaoOHee cunTaTk, YTO 3apAnbl pacnpedeneHbl e
3apseHHOM mesie HenpepbieHO — BAOMNbL HEKOTOPOW NIMHWUK (HanpumMmep, B cnydae
3apAXEeHHOro TOHKOrO CTEepPKHA), NOBEPXHOCTW (Hanpumep, B cnydae 3apAxeHHOW
nnacTuHbl) WNKM obkema. CoOOTBETCTBEHHO MOMNbL3YIOTCA MNOHATWUAMMWM TUHedHOoU,
nogepxHocmHod u obseMHol nnomyocmel 3apAados.

dq
O6bemHasa nnomHocmb neKkmpuYeckux sapadoe P = a9

dv’
rne dq — aapan Manoro anemeHTa sapsxeHHoro Tena obwemom 4V

d
MosepxHOocmMHaA NAOMHOCMb 31eKMpUYecKUX 3apnr303 a = _Q'

rne dq — 3apan Manoro yJyacTKa 3apsKeHHOW NOBEpPXHOCTU Nnowaab ds

dq
JluHellHaa NnNomMHoOCMbB ANnekKmpuYecrkux SEPHﬂGB T= E

Ll

rne dg — 3apan Manoro yyacTKa 3apsKeHHOW NUHUKA anvHoi dl |
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3. HanpAaXeHHOCTb 3NeKTPOCTATUYECKOro nons

JnekTpocTaTMY4ECcKUM MoneM HasbiBaeTcA none, co3faBaemMoe HemnoaBWKHLIMM
3NEeKTPUYECKUMK 3apAaamMu.

JnekTpocTaTMYecKoe nore onuckiBaeTcA OBYMA BenWduHamu: nomeHyuarom
(3Hepzemuyeckas cKanApHas XapakTepucTuka TmMons) W HanpsaxeHHOCMbHO
(cumoeasi BEKTOpHaA XxapakTepucThKa Nomns).

HanpsaxeHHocmb aeKmpocmamuyvyecKko20 Mosig — 6eKmopHas . F
duanyeckas BenwuWHa, onpefenAemas CUNoOW, [OedcTBywlWled Ha | E=—

E0MHUYHBIA NONOXWTENbHLIR 3apAf ¢, NOMELLeHHbIA B AaHHY TOuKY do

Nona:

EOMHWMUA HanNpAXeHHOCTHM 3MEeKTPOCTAaTUYECKOro MNOoNA — HBKTOH Ha
kynod (H/Kn): 1H/Kn=1B/m, roe B (BonkT) — eOouMHMua noTeHuwana
3ANeKTPOCTATUYECKOTO NOMA.

HanpaxeHHocmb Nona mo4e4yHozo sapAada B Bakyyme (M B AU3NEKTPUKe)

. 1 gr . 1 gr
R E=_L ar
dmeyror dmeqer-r
roe 7’ — paguyc-BeKTop, COeMHAILLMA [aHHyK TOUKY MONsA ¢ 3apAaoM ¢ .
1 g 1 g
B ckanAapHoi hopme:  E = ij F=——— f
dreg r- dreqe -

HanpaeneHue eekmopa E coBnagaeT ¢ HanpaeleHWeM CWUMbI, OeWCTBYOLLE
Ha NONOXUTENbLHLIA 3apAm.

Ecnu none cosgaeTcA nonoxumenbHbIM 3apAagoM, To BekTop £ HanpaeneH
BAOMNbL paguyca-BekTopa OT 3apfAfja BO BHeLUHee MpocTpaHcTBO (oTTankueaHue
npobHOro nonoxuTensHoro sapapa). Ecnw none cospgaeTtcAa ompuuamensHbIM

3apAnom, To BekTop £ HanpaBneH K aapagy (NpUTAKeHWe ).

- a) [ pamyeckn anem?ecramuecme none MSGE}D?—
AT € NOMOLLLK NMUHWUA HanpaXeHHOCTU — NMWUHWA,
KacaTelkbHble K KOTOPLIM B Kax QoW TOYKe cOBNafarT ¢

HanpaeneHwem Bektopa E (pwc.(a)). lluHnam Hanps-
MEHHOCTW  NPUNWUCLIBAETCA  HaNpaBlNeHWe, CcOBNa-
OAaKllee ¢ HanpaeBneHWeM BEKTOpa HanpsmeHHOCTW.
- Tak KaKk B [OaHHOW TO4Ke nNpocTpadHcTBa BeKTOp
HanpAMeHHOCTH MMEeEeT MWL OOHO HanpaeneHWe, To

0 MWHUA  HaNPAXEeHHOCTW HUKOTOA He MnepecekawTcs.
[InAn odHopodHozo nonAa (Korga BeKTOp Hanps-
KEHHOCTW B NMDOOW TOYKe MOCTOSHEH MO MOOYMo W
HanpaBfeHWio) NUHUK HanpXeHHOCTU napannenbHbi
BEKTOPY HanpAXeHHOCTK.

Ecnu none co3apgaeTtcA TOYeYHbIM 3apAOOM, TO NWHWKM HaMpAMeHHOCTW —
paguanksHele NpAMBIE, BhIXOOAUIWME W3 3apAfa, ecNK OH MONOXKUTENEH, U BXOOALLWE
B HETO, EclK 3apAn oTpuuaTensH (puc.(B)).

4. NoTok BekTOopa £ .

UTobkl ¢ NOMOLLLKD NMWHWA HANPAMEHHOCTU MOXHO DbINO XapakTepwu3oBaTb He
TONBKO HanpasneHwe, HO W 3Ha4YeHWe HanpAKeHHOCTH 3NeKTpocTaTU4eCKoro nonA,
WX MPoOBOGAT € ONpefeneHHoW  MYCTOTOW:  4YWUCNOo  NWUHUA - HanNpAXEeHHOCTM,




MPOHW3LIBAKLWMX  eOuHWLY  Nnowagn  NMOBEepXHOCTH,
nepneHanKynAPHY NUHWAM HanpsKeHHOCTW, AOMKHO ObiTh

paBHO MOy BekTopa E .
Torga Yvcro NMHWIA HaNPAXEHHOCTH, NMPOHW3bLIBAKLLNX

aneMeHTapHylo nnowagky dS, paBHo E -dScosa =E dS,
rae £, — npoekuuA BeKktopa E ua HOpMans ¥ K nnollagke
dS . (BekTop ¥ — eOWMHWYHLIA BEKTOp, NeprnedaukynApHbLIA
nnowanke dS). BennunHa

db, =E-dS, =E-dScosa = E,dS = EdS
HasblBaeTcA [IOMOKOM 8eKmopa HafpaxeHHocmuy 4epes

nnowanky ¢S . 3peck dS = dSn— BexTop, MoAyMNb KOTOPO-
ro paeeH dS, a HanpaBneHwe BeKTOpa COBMNaAaeT ¢ HanpaBneHneM # K nnoLagke.
MoTok BekTopa £ CKBO3b NPOU3BONLHYIO 3aMKHYTYIO MOBEPXHOCTL S

&z =§E,ds =§Ed5
5 5

5. MNMpUHUMN cynepnosnumM 3NeKTPoCTaTUYECKUX Nonen.

K KYNOHOBCKMM cHMMNam NPUMEHMM pacCMOTPEHHBIM B MeXaHWuKe nmpuHUun
Hesaeucumocmu delicmeus cun — pesynsmupyrowas cuna, OencTBylLlan co
CTOPOHLI MONA Ha NpobHBIA 3apA0 paBHa 8eKmMopHOU CcyMMe CUN, NPUNOMEHHLIX K
HeMY CO CTOPOHEI KaXO4oro W3 3apagoe, co34akllny 3NekTpocTatiyeckoe none.

Hanps#eHHOCTE pesyNsTUPYIOWEro NonA, co3faBaeMoro CMCTEMOW 3apAdoB,
TakKe paBHa seoMempudeckol CcyMMe HanpaxeHHOCTEeW Nonew, i
co3[aBacMbIX B JAHHOW TOYKE KaXObIM M3 3apA00B B OTAENLHOCTH. E = ZE’ )

i=l

3Ta  dopMmyna  BhipaxaeT  npuHyUn  cynepnosuyuu
(HanoxeHuUs) snekmpocmamudeckux noned. OH NO3BONAET
paccuynTaTbe a3NeKTpocTaTUYecKWe NomnA NboR CUCTEMBI HENOOBWMHLIX 3apA0OB,
NpefcTaBvB ee B BUE COBOKYNHOCTW TOYEYHLIX 3apA00B.
HanomHWM npaBwno onpefeneHns BenudWHbl BekTopa ¢

CYMMbI ABYX BEKTOPOB d W D
| = Na® +b* + 2abcosor = \fﬁz +b* —2abcos B .

6. Teopema Naycca.

BbluMcneHne HanpsKEeHHOCTW MOMA CUCTEMbl SMEeKTPUYECKWX 3apAfdoB ©
MOMOLLLK  MPUHUWNA  CYMEeprnoauuuu  SMNeKTPpocTaTUYecKMX  Mnoned  MOXHO
3HAYUTENLHO YNPOCTUTL, WCMOMNbL3yA Teopewmy [aycca, ONpedenslolWy NOToK
BEKTOpPa HanpsiKeHHOCTW 3MNeKTPWYECKOro MOMNA CKeo3b MPOU3BONLHYI 3aMKHYMYH0
M08ePXHOCME.

PaccmMoTpUM NOTOK BEKTOpa HanpseHHOCTU Yepes chepudeckyto NoBepxHOCTb
paguyca 7, OXBaTbIBAIOLLYIO TOYEUHbIW 3apAf ¢ , HAXOOALWMACA B ee LeHTpe

O =$E,ds=—L 4m? =L
5 e, £,

JTOT pesyneTaT cnpaeednue dnd  mwbold  3aMKHymold  [MosepxHocTu
npou3eonsHoU hopMel, OXBaTLIBaAKLLEN 3apA0.
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Ecnu aamkHyTas NoBepxXHOCTL HE OXBaThlBaeT dapAfa, TO MOMOK CKeo3b Hee
paseH HYmMo, Tak Kak 4YUCNOo JNUHWA HanNpAMeHHOCTW, BXOOALMX B NOBEPXHOCThL,
PAaBHO YKCITY NMMHUA HaNPAXEHHOCTH, BbIXOOALLWX U3 Hee.

PaccmoTpum obwjud ciyvad npouseonbHoU MogepxHOCMU, OKpyxarued n
3apAadoe. CornacHo NPWHUMNY  cyNeprnosavuuyyMn  HanpaxeHHocTe  NonA E
CO30aBaeMoro BCemW 3apagamMin, paBHa cymMmMe HanpsxeHHOCTeR E,., co3naBaeMbix
KawablM 3apAanom B oTgensHocTi. MNoatomy

by =§E,ds =4 ZE .dS = 23€£ ds_Zg* :—Eq,

=1 g i=1 €0 €p =1
Teopema aycca Ona anekmpocmamuyveckozo Mofs e eaKkyyMme. [omoK
geKmopa HanpAXeHHOCMU 3MeKmpPOoCcMamu4ecko2o oA 6 eaKyyMe CK803b
MPOL3BOMBHYI0  3aMKHYMyl [08epXHoCcmb paseH anse6pauyeckoil cymme
3aKIIOYEHHBIX 8HYMPU 3MO(l MO8ePXHOCMIU 3apsidoe, GeneHHbIX Ha £,

Ecnuw sapsAn pacnpegenedH B MNPOCTPaHCTBE ¢ ODBLEMHOW  MMOTHOCTLIO
p=dqg/dV  To Teopema laycca:

. 1 -
by =4E,dS=— [pdV
5 0r
7. Llprynauusa BeKTopa HanpaXeHHOCTH.
Ecrn B INeKTpocTatT4eckKoMm none To4dedHOro sapaga o

M3 TOykM 1 B TOuky 2 BOOML NPOWU3BONLHOW TpaekTopuK
nepeMellaeTcA [OpYrod TOYeYHblid 3apRpg ¢, TO CWNa,

NpUnoxeHHan K sapagy, coesepliaet paboTy. Pabota cunkl Ha

anemeHTapHoM nepemellieHnn d/ paeua:

d4d =Fdl = Fdlcosa :—@de’cosa‘ = —q—c‘?ldr
dre, 5o dre, 5o

PaboTa npw nepemellieHnH 3apana ¢, W3 ToOUYKKU 1 B TOUKY 2:

Al_«.:jdzi gqﬂjd_f I (99 499

" dmey dre, | 1 75

PaboTta AIE HEe 3aBWUCWT OT TpaekKToOpWuK nNepemMelleHWA, a ornpefefAeTCcA TOoINbEO

NoNOXeHUAMW HavyansHOM U KOHeYHoW Toyek. CnefoBaTenbHO, aNekTpocTaTuieckoe
rnone TOYeUHOro 3apAfa ABNASTCA MomMeHUUanbHbIM, a ANeKTpocTaTUYecKUe CUnLI
— KOHcepeamugHbIMU.
Takum obpasom, paboTa nepemellleHnsa 3apsana B 3NeKTPOCTaTUYECKOM none
—» 110 NMioBoMy 3aMKHYTOMY KOHTYpY L paeuna uynwo:

{r—mﬁﬁg - ?(M =0
= Ecnv _nepeHocUMBIA 3apan eGuHUYHbIO, TO 3nemeH-
L\ \ » TapHaA paboTa cvn NONA Ha NyTH dl paBHa Edi= Edl,
k \ » e £, = Ecostl — npoekuna Bektopa E wa HanpaeneHue

anemeHTapHoro nepemetleHuns dl .




WHTerpan Et Edl = ?E dl HasblBaeTcA  YUPKYNAuuel  eexkmopa
L

T

.

HanpsxeHHocmU No 3afaHHoMYy 3aMKHYTOMY KOHTYpy L .

Teopema 0 UMPKYNAUMK BeKTopa £
Lupkynayusa eekmopa HanpmXeHHocmu aneKkmpocmamuyeckozo nona edonk
nobozo 3aMKHYMo20 KOHMypa pagHa HyITo

j:Edf j:E(H 0

CunoBoe none, ofinagamu_gee TAKWUM CBOWCTBOM, HaswiBaeTcA
nomeHyuaneHbiM. 3Ta copMmyna cnpaseanuea mosibko ONA 3NeKkTPUYecKoro
nonAa HenodeuXHbIx 3apAnoB (anekmpocmamu4yecKko2o).

8. MoTeHUManNbLHaA 3Heprua 3apaoa.

B noteHuwansHoMm none Tena obnagakwT NoTeHUWanbHOW 3Heprven n paboTta
KOHCEPBATWUBHLIX CKUN coBeplUaeTcs 3a cueT yObINM NOTEHUWAaNsHON 3HEePTMA.

MoaTomy paboTy .4, MOKHO MpeAcTaBWTb, KaK pasHOCTb NOTeHUWamnbHbIX

3Hepruii 3apAafa ¢, B Ha4anbHOW M KOHEYHOW TOYKax NonaA 3apAgda ¢ :

4, = I 99 1 49 —W, -,
qrey, 1, 4dmey, ny
MoTeHuManbHanA 3HeprA 3apsafa ¢,, HaxofdsllerocA B rone sapaga ¢ Ha
paccTOAHWA 7* OT Hero paeHa

1
W :—@+ const

e, 1

Cuvtan, 4yto Npyv yoaneHWn 3apAfga Ha DecKoHeYyHOCTh, NoTeHUWankHaA
3HepriA obpawaeTcA B HyNb, nonydaem: const =0.

[OnA odHouMeHHbIX 3apAfoB NOTEHUWanbHasa 3HeprMa WX B3auMogencTBuA
(ommankusaHua) NoNoxWTENbHA, ONA PasHoOUMEeHHbIX 3apAfoB noTeHuWanbHaA
3HEpr1A M3 B2auMOoOelcTBUA (MpumaAXeHUd) oTpULaTensHa.

Ecnu none co3gaeTcA CUCTEMOW # TOYEYHLIX 3apAfoB, TO NoTeHUuWanbHaA

3HepruA 3apafa ¢, HaxodALerocA B 3TOM None, paBHa cyMMe ero noTeHuWanbsHbIX
3HEepPruii, co3aBaeMbIX KaxabiM 13 SBDFI,EI,DE! B oT,qeanocm:

Zf-» ‘%Z

4?1‘5,:},7
9. MoTeHuUMAn 3NeKTPOCTATUYECKOrO NONS.
H.-"
OTHoweHWe — He 3aBWcWT oOT npobHoro 3apaga ¢, W ABNAeTCA,
dy
aHepzemuYeckoll xapakmepucmukod noA, HasbiBaeMoi momeHUuanom:
W
(ID__
dy

HomEngan B Kakon-nMbo TO4Yke anekTpocTaTMYeckoro nonda ecTb

ckanApHaa duandeckan BenvuuHa, onpeaenseMan MnoTeHUWansHOW sHepruen
e0UHWUYHOTO MOMOKWUTENLHOrO 3apAaa, NOMEeLLEHHOro B 3Ty TOUKY.
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Hanpumep, noTeHuMan nona, cosfaBaeMoro TOUeUHbIM 3apsaaoM ¢ , paBeH

1 ¢

dre, r

(P:

10.PasHocTb NoTEHUWANOB

PaGoTa, coBepluaemMan cunami anekTpocTaTUYecKoro nons npy nepemMeLleHum
3apAga ¢, w3 To4kn 1 B TOUKy 2, MOXeT DbITe NpeAcTaBneHa kak

Ay =W =Wy =qo(0; —@,) = qoA@

TO ecTb paBHa MNPOW3BEdEeHWI0 MepemMellaeMoro 3apAga Ha pasHoCTb
NoTEHLUMANoB B HAaYanbHON W KOHEeUYHOW ToYKax.

PasHocmb nomeHyuanoe OBYX Todek 1 W 2 B 3NeKTpoCcTATMYECKOM rone
onpenenAetcA paboToil, coBepllaeMoi CcunaMu MofdA, npu  nepeMeLleHun
e[MHWYHOrO NONOKUTENBHOIo 3apAaa U3 TOYKW 1 B TOUKY 2

A,
P — @, =Ap= =2
4

MonbayAck OnNpefereHnemM HanpaXeHHOCTW 3NeKTpocTaTWYeckoro  Mofs,

MOXeM 3anucaTe paboTy 4, B BUAe

4y = [Fdi = [q,Edi =g, [Ed]
1 1

[ST) SE—

OTcropa

2 2
@0, — @, =A@ = fo | Edl=|Ed
dy 1 1

roe MHTerpupoBaHWe MOXHO NPOU3BOAUTL BAONL NGO NMUHUK, COBONHALLEN
Ha4anbHYyH W KOHEe4YHYH) TOYKKM, Tak Kak []an'GTE CHMN 3NeKTpocTaTU4YeCcKoro nonAa He
JaBUCUT OT TPpaekKTopWuK NepemMelleHnA.

Ecrnu nepemellate 3apAag ¢, U3 npouseosnbHOU Mouku 3a npedenbi nons
(Ha GeckoHEeYHOCTk), rae NoTeHUWanbHas 3HepPrusA, a 3Ha4YWT W NOTeHUWarn, paBHb
Hynio, To paboTa cun anekTpocTaTMyeckoro nona A4 = g, , oTkyaa

A,
¢=—=
dy
Takmm obDpazom, elle 0oOHO onpefdeneHWe noTeHUWana: momeHyuan —
ghuauyeckada esenuduHa, onpedendemad pabomol Mo nepeMeleHun edurHUYHo20
nonoxumensHo2o 3apada npu yoaneHuu e2o U3 daHHolU moyku 8 beckoHeyHocms.
EduHuya nomeHyuana — eonbT (B): 1B ecTb noTeHUWan Takon TOYKM Nons, B
KoTopoW 3apAaq B 1Kn obnagaeTt noteHuyansHol sHeprien 1[x (1B=110x/1Kn).
Mpuryun cynepnosuyuu nomeHuuanoe afekmpocmamudveckux nonei:
Ecnn none co3naeTcA HeCKONBKMMKM 3apAfamu, To MOTEeHUWan nonAa CcUCTEMGI
3apAnoe paseH anzebpauyeckol cyMme NOTEHUWANOE NoNel BCex 3TUX 3apA0oB.

11.CBA3b Mex Oy HAaNpAXeHHOCTEH U NOTEHUWANOM.

[nAa noTeHUWansHoro NonA, MeXay NoTeHUMansHOW (KOHCepBaTUBHOW) CUNORA K
NoTEeHUWanNbLHOW 3HEPIMER CyUIECTBYET CBA3L!

F=—gradW =-VW




9

cd - d 5
roe V ("Habna") — onepamop MamunemoHa: V = r—f + (—j +_(—£r
dx oy dz

MNockonbky Fng miW =gp, 10
E=—gadp=-V¢
3HaK MWHYC MOKA3bIBAET, 4T BekTop E HanpaeneH B CTOPOHY YBbiBaHWs
noTeHunana.

12. SKBMNOTEeHUWANbHbIE NOBEPXHOCTM.

OnA rpacduyeckoro UaobpaxeHus pacnpefeneHua NoTeHUuMana WCnonbaylTca
aKeUnomeHyuanbHbie MOGepXHOCMU — TMOBEPXHOCTW BO BCEX TOYKaX KOTOPbIX
NoTeHUMan MMeeT OfHO M TO Xe 3HadyeHue.

LT
&) &)

JKBUMNOTEHUMAarlNbHLIE NOBEPXHOCTW 0DObLIYHO NPOBOOAT Tak, JYTOObI pasHOCTU
NOTEHUMANOE Mexny OBYMA COCEOHUMWM 3IKBMNOTEHUWANBHBIMKW MNOBEPXHOCTAMM
ObiNKM ogwHakoBbl. Torga ryctota 3KBUMNOTEHUWANBHBIX NOBEPXHOCTEW HarnAgHo
XapakTepuayeT HanpAXeHHOCTk NoMA B pasHbiX Toukax. Tam, roe 3T NOBepXHOCTH
pacnonoMeHsl rylwle, HanpAXeHHocTb nonA ©Gonbwe. Ha pucyHke NyHKTUPOM
naobpameHsl CUMOBLIE TTMHWM, CNAOWHBLIMUW TTMHWUAMMI — ceyeHun
3KBUNOTEHUKWANBHLIX NOBEPXHOCTEW ANA. NONOMWTENLHOIO TOYEYHOro 3apAga (a),
ounona (b)), OBYyX OOHOWMEHHLIX 3apAfoB (8), 3apfAMeHHOro MeTannuYeckoro
NPOBOAHWKA CINOXHOW KOHUIypauwuu (2).

g, No3ToOMY 3KBUNOTEHUWaNbHLIE
4.?1-50 I
MOBEPXHOCTW —  KOHUEHTpWJYeckne cdepel. C  Opyrod CTOPOHBI,  NMHWKW
HanpAXeHHOCTW — paguankHble nNpAMble. CnenoBaTenbHo, NMUHWUKWM HanpAMEHHOCTH
nepneHgWKyNAPHB! 3KBUNOTEHUWANEHEIM NOBEPXHOCTAM.
Mo¥HO NoKa3saThk, YTO BO BCEX cny4Yanx

1) BekTop E nmeprneHduKynapeH SKBUNOTEHUManbHbIM NoBEpPXHOCTAM W
2) Bcerfa HarmpaeneH e cmopoHy ybeisaHua nomexuuana.

[na ToyeyHoro 3apAna noTeHuMan @ =

13.MpumMmepel pac4eTa Hanbonee BaXHbIX CHMMETPUYHEBIX 3NEKTPOCTATUYECKUX
nonev B Bakyyme.

1. Snekmpocmamuveckoe nosne anekmpuYyeckozo JUNona e eakyymMe.
Snekmpuyeckum dJunonemM (MNW [OBOAHLIM  3NEKTPUYECKUM  MOMKCOM)

Ha3blBAETCA CMCTEMa OBYX PaBHLIX MO MOOYMNHK pasHOMMEHHLIX TOYEYHLIX 3apAnoB

(+ g.—q), paccToaHWe [ MexOy KOTOPbIMM 3HAYUTENBHO MeHblle PaccTOAHWA [0

paccMaTpuBaeMblx Todek nona ([ << 7).

Mnewo Jdunona | — BekTop, HanpaeBneHHbLI# NO oOcW Aunona  oT
OTpULATENLHOTO 3apAfa K NoNoXWTENbHOMY W PaBHLIA PACcCTOAHWIO MEXIY HUMM.
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3Snexkmpudeckuid MomeHm Qunons p, — BEKTOp, COBMNaja- _
HOLWA MO HanNpaenNeHW ¢ NnedyoM AWMNONA W paBHbIi NpouasefeHuo | P, :|t?|ff
MOOyYIA 3apAfa |q| Ha nneyo [ :

1) HanpAxeHHOCTE NONA OUNona Ha NpoaorKeHun
oCWM OWNONA B ToYke A

E,=E, —E_, o=@, +@_
[MycTe 77 — paccToAHWME 00 TOYKM A OT cepedWHbl
ocu gunona. Torga, y4nuTelBan uto » >/ |
1 g 1 g 1 2ql
S Ame, [ ] JE dre, 1Y 4me, 1P
r—— r+—
2 2
__ 1 2Zp,
dre, 17
0, = 1 g g . 1 g 1 p
T odme \r—1/2 r+1/2) 4dme, P dme, P

2) HanpraxeHHoCTb NMons B Todke B Ha nepneHAMKynape, BOCCTAHOBNEHHOM K
OCW JWNOMNA W3 ero cepeauHbl Npu 7"'>> [ .

1 1 E /
E =E = = 9 — = g,,. B~ — noatomy
dmeg () +(1/2)  dme, (') E, T
/ 1 gl 1 p + ¢
E = (E :]— = = i {a} __'.:-—
T dme, () Ameg () JorF
g =0 /é.-/ -
Touka B paBHoyganeHa oT 3apAdoB +¢g M — ¢ - & -
F<1, \ -

Ounons, NosToMy MoTeHUMan nona B Touke B paeeH
Hymo. Bektop E; HanpaBneH MpOTWBOMOMNOKHO

- (b)
BekTopy [ . /

3) Bo BHELWIHEM 3NEKTPUYECKOM MOME Ha KOHLLI -
avnonsa AedcTBYeT napa cui, KoTopas cTpemuTea o F )
5 oo €3 e
NnoBepHyTb  OWNONMb  Takum  obpasoMm,  4TOOLI A :
INeKTPUYECKUIA MOMEHT P, [OWNONA pasBepHyncA \
BOOMNb HanpaeneHws nona £ (puc.(a)). \
Bo BHelHeM odHopodHOoM MNone MOMEHT Naphi
cun paseH M =gElsina wnm M =[p,.E]. Bo BHelwHeM HeodHopodHOM none

3*‘1':1‘) N nx

pe3ynsTUPYIOLWAaA CTPpeMWTCA NepedBWHYTE OWNONMe B obnacTe nonAa ¢ Honblen
HANPAMEHHOCTLID — AWNONL BTArMBAETCA B obnacTe Bonee CUNEHOMD NOMA.
2. lMone pasHoMepHo 3apAxeHHoU 6eckoHeYHOU nnockocmu.

BecKoHeYHaA NMNocKoCTE 3apAXeHa ¢ NOCTOAHHOW NOBEPXHOCTHOW NIMOTHOCTEHD

+0 =dgfdS. TuHUM HANPSKEHHOCTW NEPNEeHAUKYNAPHLI  paccMaTpUBaeMoil
MIOCKOCTW W HanpaeneHsbl 0T Hee B 00 CTOPOHLI.

(puc.(B)) cunbl, OeWCTBYOLWME Ha KOHULI OWNONA, HEOOWHAaKOBLI sz
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B kauyecTee [ayccoBoW NOBEPXHOCTHM MPHUMEM
NoBepXHOCTE UWNMHAOpa, obpasyluwWe KoToporo
NnepneHOWKynNApHel  3apAMeHHOW MNMOCKoCTW, a
OCHOBaHWA NapannenkbHbl 3apAxeHHOR NNOCKOCTH U
NeXAaT No pa3sHele CTOPOHBI OT HEE HAa OOMHAKOBLIX
paccTOAHWAX.

Tak kak obpaayllme uMNUHapa napannensHb
NMAHWAM  HaNpAXEeHHOCTW, TO MNOTOK BeKTopa
HaNpAXeHHOCTW 4Yepe3 DOKOBYH NOBEPXHOCTL
LUWNUHOPa paBeH HyIo, a NONHLIA NOTOK CKBO3b LMNWHAP paBeH cymme
NOTOKOB CKBO3b €ro ocHoBaHwA 2ES . 3apAn, 3akmoyYeHHbId BHYTPU E—i

uunuHOpa, paseH 75 . o Teopeme Naycca 2ES5 = (TS/EG , OTKyaa: 2g,

E He 3aBucuT oOT ONWHBLL UMnuMHOpa, T.e. HanpAXeHHOCTb NoMA Ha nbdbix
paccTOAHWAX OOWHaKoBa No MoOynk. Takoe none HasblBaeTcA OaHﬂpﬂaHbIM.

PasHocTek NOTEHUWMANOB MeXdy TOYKaMW, NexalluMn Ha paccToOAHMAX WA,
OT NNOCKOCTKH, paBHa

(,01—(,022_'#5{1’1': [ =9 (xy —xy)

2g, 2e,

3. lone ﬂeyx 6ecKoHeYHbIX napannenedbliX pPazHOUMEHHO IapPAXeHHbIX
nnockocmel ¢ pagHbIMU Mo EECGﬂmmHﬂM}f SHa4YeHUR NMoeepxXHOCMHBIMU

nnomHocmaAmMu sapadoe 0 =0 u — 0.

g>{ -%
51___0___5,2_ E, i o EL Exh A
mﬁ /€[~ 1 o
o a X E_ gl
9 %, 0 d 57 R B

W3 npegebigylwiero npumepa criefyeT, YTO BeKTOpbl HampskeHHocTn E, nE,
nepsoil W BTOPOW TNNOCKOCTEW paBHLl MO MOOYMK W BCHOOQY HanpasneHb
nepneHaukynaApHo nnockocTAm. [o3ToMy B MPOCTPAHCTBE BHE MMOCKOCTEA OHW
KOMNEHCUPYIOT OpYyr Apyra, a B MNpOCTPaHcTBE MeXgy MNocKOCTAMKM cyMmapHas

HanpaxeHHocTe £ = 2E, . MNoaToMy mMexay nnockocTAMM

E= g (B AnanekTpuke £ = i}

£ £€,
Mone wmexOy nnockocTAMKM OfgHOopodHoe. PasHocTe MOTEeHUManoB Meway
MIOCKOCTAMM

O =94 (B ouanekTpuke A =—)

i
j ad ad
£, £, &g,

4
019, = [ Edx=
0 0
4. Mone pasHoMepHO 3apaAXeHHoOU cihepuveckoll nogepxHocmu.
Cdpepuyeckana noeepxHocTe pagwyca R ¢ obwum 3apagoMm ¢ 3apAxeHa

g -
AmR*

PaBHOMEPHO C MOBEPXHOCTHOW MMNOTHOCTLI 0 =
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lNockoneKy cucTema 3apAfoB W, cnefoBaTenkHo,
camo none ueHTpanbHO-CUMMETPUYHO OTHOCUTENBHO
LeHTpa cdpepbl, TO NMUHUK HANPAXEHHOCTU HanpaeneHb
paguantHo.
B kayecTtee lNayccoBOW noBepxHOCTW BhliDepem cdhepy
paguyca 7, UMellly oDWWA UeHTp ¢ 3apAMeHHOW
cchepoii. Ecnm 7 >R, TO BHYTPb NOBEPXHOCTH
nonagaeT Beckb 3apag ¢ . [Nlo Teopeme [aycca

am?E=2 orypa E= : i’:[’fﬂ;‘ (r=R)
£ drey 1o ey

Mpu < R 3aMKHyTaA NOBEpPXHOCTb HE COAepHUT
BHYTDWM 3apsAdoB, TMO3TOMY BHYTPM  paBHOMEpPHO
sapaseHHon cipepol £ =0

Pa3adocTe NOTEHUMANOB MeXOy OBYMA TOUYKAMM,
nexalluMmMn Ha paccTOAHUAX 7; W 75 OT LeHTpa cdepbl

(1, > R.15, > R), paBHa

(Pl _(P1:j£df':j ! i__ld?':i l—i
B ! drey e dreg\ 1

e

i
Ecnu npuHATL n=r w j;=co,  TO NOoTEHUWanN nonAa BHe chepuyecKon

K
Ame, 1

BHe 3apaxeHHON cdepbl NMone Takoe ke Kak none ToueyHoro 3apaja ¢,
HaxofALleroca B LeHTpe cdepbl. BHYTpW 3apsaxeHHoR cdepbl NMona HeT, Noatomy
noTeHUMan Bciody OJMHaKOB U TaKOI e, Kak Ha MOBEepXHOCTH

NOBEPXHOCTH (P =

q OR
(p =
dre,R &,

5. Mone o6beMHO 3apAXeHHO20 Wapa.

E, 3apAal ¢ paBHOMEpHO pacnpefeneH B BaKkyyme No
obbemy wapa paguyca R ¢ oDbLEMHOM NNOTHOCTLID
pziz%_ LleHTp wapa ABNAETCA UEHTPOM

: { V. ¥nR
~F : ~ i CUMMETPUK NOMA.
) 1) inA nonAa BHe wapa (7 > R) nony4aem TOT e

0 . PE3YNbTaT, uYTO W B Cly4ae chepuyecKoin NOBEPXHOCTU

p>0 /TR g _ 1 qg _ q _ g (1 1

'E"_ 2:(.9_ '(pl_(pz_ -
dme, 1 dmer e\ 1y 1y
1 g R R’
2)MNpn r =R E= jﬁ_:p . -4 _P
- dme, R™ 3g, Are,r  3g,

4 5
3) BHyTpu wapa cdpepa paguycom 7 < R oxBaTblBaeT 3apAg ¢ = Em"p .
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3
2 qg Admr
Mo Teopeme [aycca dmr°E = g _rp
£ 3€,
q
OTcloga, AnA ToYek, Nexallnx BHYTpW Wwapa {1'1 <R.n< R), c yyeTom p = _9 -,
YR
L
r r h I .
E=—T -7 (Pl—(PFjEdf':—j (5 —17)
Arme R™ 38, } 8me R

6. Mone paeHoMepHo 3apAxeHHoz20 BeckoHe4YyHo20 YUNUHOpa (Humu).
bBeckoHeuHbll UMNUHAP pagwyca R 3apsxeH
L dg
paBHOMEPHO C JNWHEWHOW MMNOTHOCTBH T =——.
dl
JInHnK  HanpsAxeHHocT OyayT HanpaeneHsl nNo
paguycam  KpyroBblX CeYEHWW uUunuHapa c
0AWHAKOBOW rycToToM  BO  Bce CTOPOHbI

OTHOCMTENBLHO OCU UMNWUHIpa.

B KayecTBe [ayccoBoin NOBEPXHOCTH
BbifepeM UWNWHOP paguyca 7 W BbiCOTOW [
KOAKCWanbHbLIW C 3apAXEeHHON HUTLIO.

Topubl aToro uwnNUHOpa napannenbHb
NUHWUAM  HanpAXEeHHOCTU, MO3TOMY MOTOK uJepes
HUX paBeH HymMo.

[MoTok uyepe3 DOKOBYK) MNOBEPXHOCTE paBeH

: E2mri .

gl
Mo Teopeme laycca (npn 7 > R) 2mlE=—, oTkypanpu 1, >R, >R:
£p
1 7 % t Rdr 1 7
E= — ¢y~ @, = | Edr= J—Iz In-=

. L .. -
2me, 7 roo2me, n

2re
1 0n

Ecnn 7 < R, To 3aMKHyTas NOBEPXHOCTb 3apAA0B BHYTPU HE COOSPKMWT,
noatomy £ =0

14. AnekTpocTaTUYECKOE NoNne B AM3NeKTPUYEeCcKoNn cpee

HAuanekmpukaMu HasblBalTCA BeLlecTBa, KOTOpble NP OObLIYHLIX YCNOBUAX
MpakTUYeCcKU He NPOBOOAT SMEKTPUYECKWIA TOK.

[WaneKkTpUK, Kak U BCAKOe Opyroe BellecTBO, COCTOMT M3 aTOMOB WM MOTEeKyr,
Kaaas U3 KOTOPbIX B LIENTOM 3MeKTPUYEcK HeldTpankHa.

Ecnu 3aMeHUTL NoNoKUTENbHLIE 3apAabl ALep MONeKyn cyMMapHbIM 3apAaoM
+ ¢, HaXoOAWMMCA B, TaK cKaaaTb, "UEHTPEe TAXEeCTW" NOoNoXUTENbHLIX 3apAaoB, a

3apAn BCcex 3MNeKTPOHOB — CYMMapHbIM OTpUUaTenbHbIM 3apanoM — ¢, Haxoas-

WKMCA B "UEHTpe TAXeCTW" OTpuUAaTenbHbIX 3apAgoB, TO MONEKYNbl MOMXHO
paccMaTpuBaThL Kak 3flekmpuyeckue GUnomnu ¢ 3MeKmpuyeckuM MOMeHMoM.
PaanuuyaT TpWu TUNa QU3NeKTpPUKoB.
1) duanekmpuku ¢ HENONAPHLIMU MoNeKynaMmu, CUMMETPUYHLIE MONMEKY b
KOTOPLIX B OTCYTCTBME BHELIHEro NONA WMeT HYNeBOW OWNOMNBHLIA MOMEHT
(Hanpumep, N2, Ha, 02, CO3).
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2) Quanekmpuku ¢ AOAAPHBIMU  MOMEKynamu, MONekynsl KOTOPbIX
BcneacTBue acMMMETPUWM MMEKT HEeHYNEBOW OWNOMNbHBIA MOMEHT (Hanpumep, H,O,
NH3, 50,, CO).

3) HoHHble OJuanekmpuku (Hanpumep NaCl, KCl). WMoHHble KpucTannbl
npeacTaenAlT cobol NpocTpaHCTBEHHLIE PELIeTKW ¢ NpaBWNbHLIM YepedoBaHueMm
WOHOB pa3HbIX 3HAKOB.

BHeceHne [OWU3NEeKTPUKOB BO BHeLIHee anNekTpuyeckoe none npuBOOMT K
BO3HWKHOBEHWK) OTMWYHOIO OT HYNA pPeaynbTUPYLWEro 3MeKTPUYeckoro MoMeHTa
OW3nNeKTpUKa.

lMonapuzauued AW3NeKTpPUKa HasblBaeTcA NPoUecc OpWeHTauuK Ounonei unm
NOABNEHWA NMoJ BO3OeNCTBMEM 3IMEKTPUYECKOrDo NONA OPWEeHTUPOBAHHLIX NO MO
aunonen.

CooTBETCTBEHHO TpeMm BWMAaMm [OW3NeKTPUMKOB  pasnuyarnT  Tpv  Buaa
NoNAPU3aLIAK.

1) 3nekTpoHHas, vnNv gedopMaunoHHas, NonNApW3auWns OW3NEKTPWKa C
HENONAPHLIMK MONeKkynamMmm — 3a cueT gedopmMalii 3NeKTPOHHLIX OpDUT BO3HUKaET

E WHOYUWPOBAHHLIA OWNOMNEHLIA MOMEHT Y aTOMOB MK
— MOMNEeKYN AN3NeKTPUKA.
E * ‘ii.;};'nﬁ ) *'t;ii- 2) OpueHTaUMOHHAA, WNW AWNonbHas, No-
e ﬁnﬁnﬁﬂﬁgﬂgl)ﬁl)- NApu3auMa OU3anNeKTpuka ¢ MONAPHLIMKU - MOMEeKy-
+0°0© 000 ©- namm — opueHTa-
LUuA MMEHLLMXCH e+ 0O @10
AMNONbHLIX MOMEHTOB MONeKyn no mnonw (3ta  F, @Te . &1+
OpUeHTaUWA TeMm cunbHee, 4Yem Oonblle Hanpa- == @ @—O @1
HEHHOCTE SMNEKTPWYECKOro MNonA WM 4Y4em  HUxe @T1e @0 &40
Temnepartypa). @+e 0 @1+
3) WoHHaa nonapusauuvs [OW3NeKTpUka ¢
WOHHLIMKM  KpUCTANNWYEeCKMMKM  pelleTKkamu  —  CMelleHue  NoApelleTHu

NONOANUTENEHBIX WOHOB BOOCINE NMOMNA, a OoTpuuaTteneHblxX WOHOB TMPOTHUE NonAa
NPpUBOANT K BO3HWMKHOBEHWKD JWUNONEHBIX MOMEHTOB.

15.MonapusoBaHHOCTL.

MomMecTMM nNacTMHY W3  OJHOPOOHOTO  [OMASMEeKTpUKa BO  BHeElUHee
anNeKTpudeckoe rone co3gaHHoe [ABYMA OecKoHeYHbIMW  napannenbHbIMK
PasHOMMEHHO 3apXeHHLIMKU MNOCKOCTAMM.

Bo BHeluHeM 2MeKTpUYecKoM Mnone OWaneKTpuk obbemom V' monapu3syemcs,

T.e. NpuobpeTaeT AWMOMNbLHLIA MOMEHT Dy :Zp,., raoe p, — OUNONBHBIA MOMEHT
.
OQHOW MONEeKynkl.
[OnA KONWYEeCTBEHHOrO ONWCAHWA NONAPM3aLUWMK OW3NEKTpUKa WCNons3ayeTcA
BEKTOpPHaA BenWYuHa — MNOoNAPW30BaHHOCTE — KOTOpaA onpefendeTcA  Kak
OWNONEHLIA MOMEHT eAWHULLI 0bbeMa ON3NEKTPUKA.

_ P; Z-pr

V V
B cnyyae u3oTponHoro OManNekTpuka MNonApu30BaHHOCTL (OnA GonblUMHCTBA
OVSNEeKTPUKOB 3@  WCKMYEeHWEM CerHeTO3MNeKTPUKOB) JIMHEWHO 3aBUCUT  OT
HanpFAKEeHHOCTW BHELLHero nors.

P=ye,E
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rne y — dusnekmpuyeckas eocnpuuMyUeocmpb eeljecmea, xapakrepuayrowan
CBOWCTBA OWanNeKTpuKka (NonoxuTensHana beapasMepHan BeNnMYUHa).

16. duaneKTpu4eckas NpoHMLUAEMOCTE cpeabl. ’

+6 -0 +ag’ -&
BcnegcTeMe  nonApMaalMM Ha  MOBEPXHOCTH ' ] |
+ - - . -
OWanNeKTpuKa NOABNAKTCH HECKOMMEHCUPOBaHHbIE
+ (- + -
3apAfbl, KOTOPbIE HAa3LIBAKTCA CeA3aHHbIMU (B OTNUYMe . .
OT ce0600HbIX 3apAAOB, KOTOPble CO3[alT BHelWwHee 1 _ L
none). ) I | S + .
Mone E' BHYTPW [OW3NEKTpWKa, co3naBaemoe  + |F—i- +=l-
CBA3@HHLIMKW 3apAfamKn, HanpaBneHo NPOTMB BHellHero  + | - —| -
. + |f—-—t- + il -
nona E,, cosgaeaemoro cBoDoaMbIMM - 3apagjamu. L | el
PeaynsTUpyoLee none BHYTPWU AW3NeKTPUKa + [ - ——]
E=E,—-EF + [ — + f—| -
I =
B wHawem npumepe none, cosgaBaemoe [BYMA & &
DECKOHEYHO 3apAKEeHHLIMW NNOCKOCTAMM ¢ NOBEPXHOCTHOM ¢, a | &
. , — ’—:-'-— e
NNoTHOCTLIO 3apagos d': E'=0'/g,. MNoaTomy EE"" €
_ o L Sl....i..q..___..s- U
E=E,-0'/e, d

MoNHBIA  OWNONbHEIR  MOMEHT  OW3NEeKTPUYECKON
NNacTUHKW ¢ TOMWMHOW o u nnowagblo rpavn S: p, =PV =PSd, ¢ gpyroi

CTOPOHLI Py =qd =0'Sd . OTciopa ¢'=P.

' P e E
E=E,-% =g, -Z=g, - % _f £
£y €9 £y
OTKy[a HaNPsKEHHOCTL Pe3yrbTUPYIOLLErO NOMA BHYTPU OU3NeKTpUKa paBHa:
E E
E=_"0 -0

I+y ¢

E

W

BespasmepHana BenwuuHa Ezl-l—)f:E HasbiBaeTcA  QuanekmpuyvecKod

npoHuyaemMocmbro cpedbl. OHa xapakTepuayeT CcnocobHOCTL [AWANEeKTPUKOB
NoNApPWU30BaTbCA B 3MNEKTPWYECKOM Mofe W MoKasbiBaeT BO CKOMbKO pas none
ocnabnaeTcA AW3NEeKTPUKOM.

17. 3NekTpUYecKoe cMeLlleHne.
Hanps#eHHOCTE 23NeKTpocTaTUYeckoro nona 23aBucUT OT CBOWCTE cpedbl

(oT £). Kpome Toro, BeKTOp HanpsikeHHocTW £, nepexogAa dJepes rpaHuLy
OWANEKTPUKOB, NpeTepneBaeT ckaykoobpasHoe uaMeHeHUe, NO3aTOMY OANA ONUCaHWA
(HeEMpepbIBHOMD)  3MNEKTPWYECKoro  MNons  CUCTeMbl  3apAfoB C© YYETOM
NOMNAPWU3aUWOHHLIX CBOWCTB [OWSNEKTPMKOE BBOOWTCA BEKTOp  3MNeKTpUYeCcKoro
CMELIEHUA  (3NeKTpUYecKoW  WMHOYKUWMKW), KOTOPLIA  OnA  W30TPONHOW  cpefbl
3anUcLIBAETCA KakK

D=cE=¢c,(1+y)E=¢,E+P
EduHuya anekmpu4eckozo cmeuwjeHus — Kn/m®.

Bektop D onuceiBaeT aneKTpocTaTUyeckoe none, coigasaemoe ceob00HLIMU

sapAnamu (T.e. B Bakyyme), HO MpW TAKOM WX pacnpefeneHun B NpocTpaHcTBe, Kakoe
MUMeeTCA NP HanWuuKM OUarneKkTpuka.
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AHANOrMYHO NMHWAM HanpAKeHHOCTH, MOXHO BBECTWU JIUHUL 3MIeKMpUYecKkozo
cMeweHus. Yepes obnacTM nons, roe HaxodATcA CBA3aHHble 3apAgbl, NUHUK
sekTopa [) NpoxogAT He NpepblBasch.

[1nA NpoW3BOMNLHON 3aMKHYMOLU NOBEPXHOCTW S noTok BekTopa D cKBO3b 3Ty
NOBEPXHOCTL

®,=¢§DdS=¢D,ds .
5 5
rae D, — npoekuna BekTopa D Ha Hopmans 7 K nnowaake ds .
Teopema Maycca ONA 3nNeKTpocTaTUYECKOro Nons B OW3NeKTPUKE: [10MOoK
geKmopa CMelleHUus sneKkmpocmamuyeckoz20 nonsd 6 Ou3NeKmpuKke CKeosb

MPOU3BONBHYIO  3aMKHYmylo MosepxHocmbe paseH anzebpaudeckold cymme
3AKNIOYEHHLIX BHYMPU 3Moll MosepxHocmu ceobodHbLIX 3NeKmpuUYecKux 3apacos.

"
$DdS =9D,ds =Y g,
S 3 i=1
[InA HenpepuiBHOrO pacrpefeneHus 3apAna B MPOCTPaHCTBE ¢ OBLEMHOIl
nAoTHOCTEI P = dg/dV

§DE‘ = J‘pdV
5 v

Opyraa dopma 3anMcK  3TOM0  COOTHOLLEHWMA €  yd4eToM  onpegeneHuA
aovBepreHunK eBektopa (ctp.1-31):

divD=p
18.YcnoBus Ha rpaHMue pasgena ABYX AU3NeKTPUYecKUX cpen
lMpu oTCyTCTBUMKM Ha 2paduye d0eyx duanekmpukoe ceobodHbIx 3apAacos,

LUMPKYNALMA BEKTOpa E no KOHTYpY: :}-Eﬁ =0, otkypa E_/ — E_,/ =0.NoaTomy:

ABCDA

it / =] JErl :Erl
Yuuteigaa D =£,eE,

g A1 Dy _&

&2 p — 27 D., &,

ri

Mo Teopeme laycca noTok Bektopa D udepes
UMNMHOP HWUYTOMKHO Manoi BbICOTLlI paBeH Hymnio (HeT

ceobogHelx 3apagos) D, AS — D AS =0, noatomy
Dnl = Dﬁ'?_
E.ll‘l _ EE

—_ W T - E, &

- - = Takmm obpasom, NOpuv MNepexofe 4depes rpaHvly
pasnena OBYX OWANEKTPUYecKUX cpel TaHreHuwanbHaA cocTaBnAwllas BekTopa E
(E;) v HopMmankHaaA cocTaBnAwLLaA BeKTopa D (D,) W3MeHATCA HENPEepPLIBHO (He
npeTepneBawT CKadka), a HopMmankHasa CcocTaBnAwllas BekTopa E (E,) wn
TaHreHumaneHaA cocTaBnArLan BekTopa D (1);) npeTepneBaloT cKa4okK.
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19. CErHeTO3NEKTPMUKMW.

CerHeToanekTpUKaMn HasblBalTCA KpUCTaNnNUUYeckne OW3NeKTPUKN, Y KOTOpbIX
B OTCYTCTBME BHELWHEro 3MNeKTPUYecKoro MonA BO3HWKAeT CcamMOonpoW3BOMLHAA
OpPWEeHTaLNA OUNOMNLHEIX 3NEKTPUYECKMX MOMEHTORB COCTABNAKLLWY €ro YyacTull.

[Mpumepsr cerHetoBa conk NaKC:H:Og4H:0:
TUTaHaTt bapuAa BaTi0;

g — / CerHeToaNeKTPUKW COCTOAT WU3 JdomMeHoe —
/ (7 obnacTe#n C PasnUYHbIMM HanpasneHuAMK

1 ‘ C MoONAPWU30BAHHOCTK.
® o TemnepaTypa, Bbllle  KOTOPOW  MCYE3alT

CEerHeToaneKTpuyeckne ceocTea — modka Kropu.

[INA CerHeToaneKkTpPUKOB CBA3b Mexay BekTopamu £ W P HenwHelHasa w
HabnwaaeTcA ABNeHWe dJuanekmpuyeckoz2o aucmepesuca — COXpaHeHWA
ocmamod4Holl nonapusogaHHocmu NPW CHATWUW BHELHETD NonA.

Meesoanekmpukuy — KpUCTannuyeckne OW3NeKTPUKW, B KOTOPLIX NPW cHaTHUK
UMK pacTAXEHUW BO3HWKAET 3MeKTpUYecKan nonapuaagua — NpAMoR Nbe3osdidekT.

ObpaTtHbld Nbe3oaddekT — NoABNEHWE MexXaHudeckoW aedhopmauun nofg
OeACTBUEM 3MNEKTPUYECKOIo NONA.

20.MpoBoOHWKW B 3NeKTpocTaTUHMECKOM None.

Ecnu nomecTWTh NPOBOOHWK BO BHELWHee 3NekTpocTaTdYeckoe none WnW ero
3apAguTb, TO Ha 3apAabl NpoBogHWKa OyOeT [OelcTBOBaTL anekTpocTaTuyeckoe
none, B pesynbTaTe Yero OHW HauyHyT nepemMellaTbcA [0 Tex nop, Moka He
YCTAHOBUTCSH paBHOBeCcHOe pacnpefeneHue  3apsAfos, npw KOTOpOM

3NeKTpocTaTUYecKoe Nnomne BHYTPW NpoBogHuka obpallaeTcsa B Hynb E =0

WHaue, ecnn Bbl None He ObLINO paBHO HYMK, TO B NMPOBOOHWKE BO3HWKO Obl
yrnopAaoYeHHoe ABWKeHWe 3apAfos Des 3aTpaTbl 3HePrv OT BHELWHero WCTOYHMKA,
YTO NPOTUBOPEYUT 3aKOHY COXPaHEeHUA SHEepPruu.

Cnegcteua atoro (E =—gradgp =0 = @ =const):

= MNOTEeHUWan BO BCeX TOMKaX NpOoBOAHWUKA oduHakoe;
= [MOBEPXHOCTEL NPOBOAHWKA ABNAETCA IKeUmnomeHuuanbHoOU,;

— BEKTOp £ HanpaeneH No HOPManu K Kaxgol TOUYKe NOBEepXHOCTH;

= [1py NoMelleHMn HeWTpansHOro NPOBOAHWMKA BO BHELWHee none ceobofHkle
3apAfbl (3NEKTPOHLI U MOHEI) HAYHYT NepeMellaTsCA: NONOKUTENBHEIE — NO NOMK, a
a) oTpUUAaTENLHLIE — NPOTWUE NOMA
(puc.(a)). Ha ogHOM  KOHUE
npoeodHWKa ©OynerT  u3bbimoK
NONOMWTENEHLIX  3apAOOE, Ha
OpYyrom — oTpuuaTenkHbIX. 3TH
3apAgbl Ha3blBaTCA
uHdyyupoeaHHbiMu. [lpouecc
bynet npogomxartekcA Q0 Tex
nop, Noka HanpAXeHHOCTL NonA
eHympu npoeodHuka He CcTaHeT pasHol HYMH, a NWUHWKA HaNpAKEeHHOCTU BHe
NPOBOOHUKA — NepneHIUKYNAPHLIMU €ro NoBepxHocTH (puc.(6)).

— eCNIW NPOBOAHWMKY COODLWMTL HEKOTOPLIR 3apAf ¢, TO HEeCKOMIeHCUPOo8aHHkIe

3apAdbl pacnonaralTcA MoILKO Ha noeepxHocmu NPoBOgHUKa, npudem D =T wu
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E:i, rae ¢ — MOBEPXHOCTHAaA NNOTHOCThL 3apAfoB, U € — AWanekTpudyeckan
£4€
NPOHWUAEMOCTE Cpefbl, OKpYHakLWel NPoBOOHWK.

HelWTpankHell  NPOBOOHWK, BHECEHHLIA B  3nNeKTpocTaTU4eckoe none,
paspsigaem 4YacTb NUHUA HANPAXEHHOCTW, OHW 3aKaHYWBAKTCA Ha OTPUUATENBHLIX
WHOYUMPOBAHHEIX 3apAfax W BHOBb HAYWHAKTCA Ha NONOKUTENBHLIX.

MHOoyuupoBaHHeIe 3apAdbl pacnpefdenAlTcA Ha eHewHeld nNoBepXHOCTH
NpoOBOOHWKA. HBNeHWe nepepacnpefeneHUA MOBEpPXHOCTHLIX  3apA0oB Ha
NPOBOOHWKE BO BHELLHEM SNEKTPOCTATUYECKOM none Ha3blBaeTcA
anekmpocmamuyeckoll uHAykyuel.

21.9NeKTPOEMKOCTb.

PaccMoTpum yeduHeHHbIU npoeodHUK — NPOBOOHWK, YOaNeHHbLIA OT Opyrnx
Ten W 3apAnocB. M3 oneita cnefyeTt, 4TO pasHble NPOBOAHUKKW, Dyay4yn OOQMHAKOBO
3apAXeHHbIMW, UMEKT pa3sHble NoTeHUWarns.

dunanueckan sennunHa C, paBHaA OTHOLLEHWIO 3apAda NPOBOAHWKA ¢ K ero

noTeHUWany (¢, Ha3blBaeTCA AMeKmMpuUYecKol eMKOCML 3TOM0 NPOBOOHMKA.

c=4
@

SnekmpoeMKocms  yeduHeHHoz20 [poeodHUKa YucleHHo pasHa 3apAdy,
KOMopsil HyXHO cooblyumes 3momMy nNpogodHUKy Ond mozo, Yymobsl U3MeHUImMs e2o
nomeHyuan Ha eduHuUlYy.

OHa 3aBWMCWT OT (OpPMbBlI M pazMepoB MNPOBOAHWKA W OT OW3INEKTPUYECKMX
CBOWCTB OKpy#awlled cpefbl. EMKOCTM reomeTpudeckn nNofgobHBIX NPOBOOHWKOB
NponopuUWoHankHel UX NMHERHBIM pa3Mepam.

q

[pumMep: emkocmb yeduHeHHozo nNpoeodauleso wapa: C=—=471c,R
EduHuua snekmpoemkocmu — apag (P): 1¢ — emMkocTe Takoro

yeqWHEeHHOro NPoBOAHWKA, NMOTEeHUWan KOToporo uaMeHAeTcs Ha 1B npu coobleHun

emy 3apaga 1Kn. EmkocTeio 14 obnapaet wap ¢ paguycom R=9- 10° kM. EMKocTb
3emmu 0, 7md.

22 KoHOeHcaTopbl.
Ecnv K nNpoBOOHWKY € 3apAadoMm ¢ nNpubnusute Opyrie Tena, TO Ha WX

NOBEPXHOCTH BO3HWKHYT WHOYUWPOBaHHLIE (HAa NPOBOOHWKE) WMWK CBA3aHHbIe (Ha
OW3NeKTpUKe) 3apaabl. 3TW 3apagbl ocrabnsom none, co3fasaemMoe 3apanoMm ¢,
TeM caMbIM, MTOHLKAA MomeHyuarn NPOBOAHUKA W [Toekilan ero aNekmpoeMKocms.

KonHdeHcamop — 3T0 cuUcTemMa W3 [OByX nNpoBodHWKOB (oDknapmok) c
OOWHAKOBLIMKM MO MOAOYNH, HO MPOTUBONOMNOMHEIMKW MO 3HAKY 3apAagamu, opma u
pacnonoXeHne KOTOPLIX TAKOBLI, YTO MoNe COCPedoTOYEHO B Y3KOM 3a3ope Mexay
obknagkamu.

Emkocmbe koHdeHcamopa — uandeckana BEeNWYMHA, paBHaA OTHOLLEHWID

3apAfa ¢, HAKOMNEHHOro B KOHAEeHCAaTope, K Pa3HOCTU NOTeHLWanos ¢, — (7, Mexay
ero obknagkamm:
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1. EMkocmb _nnockozo koHOgHcamopa (OBe napannenbHble MeTannuyeckue
nrnacTWHLl Mnowaaslo S Kaxaasa, pacnonoXeHHble Ha paccTOAHWW d Apyr oT

q _ 9 _& s
e'_‘».qn od d
£,€
2. EmMkocmbs  UyunuHdpuyecko20o KoHdeHcamopa (OBa KoakcWalbHbIX UWNWHOpAa
anuHon [ ¢ paguycamu 73 u 1, (T=¢/1)):

q
ra (o =—=)):
apyra ( S)J

-
G 2me el
= d — 0
q :
2meqel I
3. Emkocmbs  cobepuyeckozo KoHOeHcamopa (OBe KOHUEHTPWYECKMX cdhepbl C©
paguycamu 7; 1 75 ).

- i
C= d = 4re e —2

q [1 1 h =1

dre e

23.CoegMHeHWUA KOHOEHCATOPOB.

Y npapannensHo _coeduHeHHbix koHOeHcamopos (C).C,...C, pasHocTb

noTeHyManoe Ha obknagkax KoHOeHcaTopoB OMHaKoBa ,ﬁ('{) . NonHaa eMKoOCTL

L]

¢ '
— , 24 G

] = — =l — =l — C
’ Ap ap - hp &

Y  nocrnedosamensHo  coedUHeHHLIX — KOH-
dercamopos C,.C,...C,, 3apagel ¢  BCcex

obknagok paBHbl MO MOAOYND, a cymmapHas
pasHOCTL NOTEeHUWanos

AP

ll a?’: aﬁ A% A?,j &(pzZ&(pf :Z_:_.

i=1 =1 ~i
i

A cl—‘—ll—'— -'—l|-6 oTevae L

24.3Heprua cUCTeMbl HENOABUAKHbLIX TOYEYHbIX 3apPAOOB.

OnAa cucTeMbl ABYX 3apAA0B ¢y W ¢, , HAXOAALWMXCA Ha paccTOAHUK 7° Apyr oT
apyra, Kaxablid U3 HUX B none gpyroro obnagaeT noTeHUWansHOW aHepruei

1 g, 1 ¢
dre, 1 4re, 1

Mostomy W =q,01; = ¢>05, = ¥ (g0, + q-05). Dobaenaa nocnegosa-
TenbHO MO O[HOMY 3apafdy, NONy4YuM, YTO 3HEepruA B3aMMOAEWCTBWUA CUCTEMbl 7

M =qPn =q 1 =20 =
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HeNOOBMHHEIX TOYSYHLIX 3apA00B paBHa

W= 12 gr'(.'or'
2 i=1

rde (p,— noTeHUWan, co3faBaembli B TOW TOuKe, rAe HaxoguTcA 3apag ¢,
BCEMM 3apAaaMu, Kpome 7 -To.

25. 3Heprusa sapAXeHHOro YyeAMHEHHOro NPoBoOgHMKA.

PaccMoTpUM yeOWHeHHLI NpOBOAHWK, 3apA/, eMKOCTbL W MoTeHUMan KoToporo
paeHbl ¢.C.( . DnemeHTapHan paboTta dA4, coBepllaeMas BHELIHUMW cCUNamMu no

NPeoooneHuio KyNOHOBCKMX CUM OTTankMBaHWs npu NepeHeceHun sapsana dg wa
BeckoHeyHocTW Ha nNpoeodHWK, paBHa dd4A=@dg=C@de . YTtobbl 3apAguThL
NPOBOOHWK OT HYNEeBOro notTeHuuwana no (¢, HeobxoQUMO COBepLUUTE paboTty

) 2
A :J{T'qu(p = Ci’o

0

q
3Hepaus 3apAaXeHHoz20 yeduHeHHo20 npoeodHuka (cnonbaya C = —):

_q _q9
2 20 2

26. 3Heprva sapaAxeHHoOro KoHgeHcaTopa.

O
-eh

W=

3neMeHTapHas paboTa BHELWHWX CWM Mo NepeHeceHW Manoro sapana dg c
obknagkM 2 KoHgeHcaTopa Ha obknagky 1:

d
dd = Apdg =194
PaboTa BHEeLLHUX CUM NpW YBENUUEHU 3apAna koHaeHcartopa ot 0 4o ¢
4o j»gdg g
) c 2C

0

q
3Hepaus 3apaXeHHozo koHdeHcamopa (ucnonbaya C = Ao ):

g - 2
FF — g_ — (‘ {(Pl _(PE } — g‘ﬁtp
2C 2 2
27.3Hepr1ua 3nekTpocTaTMHMecKoro nong.

B obwem cnydyae anekmpuYeckyrw 3Hepzauw nwoboli  cucmembl
3apsAXeHHbIX HenodeUXHbIX mMen — NPOBOAHWKOB WM HEMPOBOAHWKOB — MOMHO
HaWTK no dopmyne:

1 1
W= —J PodS + —J opdV
2! 27
rie 0 u p — NoBepXHOCTHaA M 0DbeMHaA NNOTHOCTH ce0D00HLIX 3apAnoB; () —

noTeHUWan pesynbTUpYLWero nons Bcex cBoOoOHbIX W CBA3@HHLIX 3apAO0B B
TOYKax Marnblx anemeHToB dS w dV aapaxeHHbIX NoBepxHocTeld W 0DbLEeMOB.
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WHTerpupoBaHne NpOBOAWTCA MO BCEM 3apsMeHHbIM MOBepXHOCTAM S W no Bcemy
sapseHHomy obwemy V' Ten cucTeMsbil.
Ha npymepe nonA NNOCKOro KoHAeHcaropa BbpasvM 3Hepruo Nons Yyepes ero

HanpskeHHocTk. [InA koHaeHcatopa C =£e,5/d w A@ = Ed . Otclopa

W= lE‘E‘.:}EESd = lssUEEV
2 2

B odHopodHoM None KoHAeHcaTopa ero sHepruA pacnpeaeneHa paBHOMEpPHO
no scemy obwemy nona ¥V = Sd .

ObwemHad nnomHOCME  3Hepaul 3NeKTPoCTaTMYEecKoro NonA  MNMNocKoro
KOHOeHcaTopa W:

W )
w=—= lE‘E‘DE' :lED
Vo2 2

rae D = ee,E — aneKkTpuyeckoe cMellieHne.

OTa chopmyna ABNAETCA OTpaMeHWweM Toro dpakTa, yTo anekTpocTaTudecKan
3HEPrMA CcOCpefNoToYeHa B SMNEKTPOCTATUYECKOM none.  3T0  BhIpameHwe
crpagednuec makxe 1 OnA HeodHOPOOHLIX Monel.

28.MoHOepoOMOTORHLIE CUNbI.

MexaHWyeckme cunbl, ASWCTBYHOLWMWE HAa 3apAXEHHbIE Tena, NoMeLllEHHbIE B
3NEeKTPOMAarHUTHOE MonMne, Ha3bIBAKTCA NOHAEPOMOTOPHEIMW CUNaMK (0T NaTHUHCKMX
CNOB ponderis — TAKECTb W 1Hotor — OBWKYLLIWIA).

Hanpumep, B NNOCKOM KOHOEHcATOpe cCWMa, ¢ KOTOPOW  MNMacTWUHGI
KOHOeHcAaTopa NpUTATMBaKT OpYyr Apyra, coBeplwaeT paboTy 3a c4YeT yMeHblLUEHWA

) q o
NoTeHUWanbLHOW 3Heprun cucTemel. C yyeTom 0 = — 1M £ = —— nonydyaem
A) £g,
dw q’ g’s 1 _
F="2" - 9 __9°__ g E’S
dx 2eg,S 2eg, 2

rge 3Hak MUMHYC YKa3blBaeT Ha TO, YTO 3Ta cuna ABMNAeTCA CUMoR NPUTAXEeHWA.
Mon peicTBMeM 3TOW  cunbl  ODKNaOKM KOHOeHcaTopa CHUMaKT  NNacTHHY
OW3NeKTpUKa, NOMELLEHHOT0 MEXOY HUMKU, U B OW3NEKTPUKe BO3HUKaeT faBneHne
F G'"z 1 5
p = — = = _EE.;}E_
S 2eg, 2

MocmosHHbIL 3nekmpuYecKkull Mok

29.MNocToAHHBIW 3NEeKTPUYECKMA TOK, CMNa U NNOTHOCTb TOKA.

3nekmpoduHaMuka — pasfen ydyeHua o0 anekTpuyecTBe, B KOTOPOM
paccMaTpuBalTcA  ABNEHWA WM Mpouecchkl, 0OyCNOBNEeHHble  [BWKEeHWeM
INEeKTPUYECKUX 3apsaoB.

3nekmpuYyeckuM  MOKOM  HasblBAeTcA  YNOpAfo4YeHHoe  [IBUKeHWe
INEeKTPUYECKUX 3apsaoB.

3a HanpaesieHue TOKa MPUHUMAaKT HanpasneHue OBWKEHWA MNONOKUTENbHbIX
3apAaos.

KonvyecTBEeHHOW Mepoi SMeKkTpUYecKoro Toka CNyXWT cuna moka [ —
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ckanApHas huandeckas BenuuWMHa, paBHaA OTHOLLEHWIO 3apAfa dg , NepeHOCUMOro

CKBO3b paccMaTpyMBaemMyrd) MOBEPXHOCTb 338 Manblii MNPOMEXYTOK BpPEMEHW, K
BeNWYuHe df aToro NPpOMEXRYTEA:

-t
dt

JNekTpuyeckMid TOK HasblBaeTcA MNOCTOAHHLIM, ecni cuna Toka W ero
HanpaeneHwe He WAMeHAKTCA C TeYeHWeM BpeMeHi.

[NA NOCTOAHHOTD TOKA: ==

rae ¢ — SNeKkTpUYeckwid 3apan, NPOXodAUlMi 3a BpeMA [ Yepes rnonepeyHoe

CeyeHWe NpoBOaHWKE.

EduHuuya cunbl moka — amnep (A) (cm. "Mexanuka" ctp. 1-2).

OnA XapakTepWCcTMKW HanpaBnNeHWA 3MeKTPWYecKoro TOoKa B pa3sHbiX To4Kax
paccMaTpuBaeMon NOBEPXHOCTH W pacnpeneneHnA cUMbl TOKA NO 3TOW NOBEPXHOCTH

CNYKWUT eekmop naomHocmu moka . Cwuna ToKa CKBO3b NPOM3BONBHYH
NnoBepxHOCTL S onpefenseTcA Kak NOTOK BeKTopa NNoTHOCTU Toka
I=|jds
S
roe ds = #idsS (71 — eAMHWYHLIA BEKTOp Hopmanu (opT) K nnowanke S ).
MnomHocmbo INeKMPUYECKO20 MOKa Ha3sbiBaeTcA BeKTop j; coBna-

OalWUWii ¢ HanpasneHWem 3NeKTPUYeckoro TOKa B paccMaTpyMBaeMOl Todke |
YMCTNEHHO pPaBHbLIA OTHOLLEHWIO CUMbI ToKa d] CKBO3b Manblil 3aNeMeHT NOBepXHOCTH,
opmozoHankHoU HanpaeneHuo Toka, K nnowaaun ¢S, 3Toro aneMeHTa:

j= dl

ds,
IOnA nocToAHHOrO Toka [, Tekywero nepneHaukynApHO CcedeHuo S

I

NPOBOOHWKA: Jj= E
Ecnu 3a Bpema df yepes nonepedHoe cedeHWe S NPOBOOHWKa NepeHOCUTCHA
3apAn dgzne(U)Sdr' (roe n, e n <U> — KOHUEHTpauWA, 3apAn W cpelHAn

CKOPOCTL YNOPAAOYEHHOrO OBWXEHWA 3apAfoB), To cuna Toka [ = d%: = HE(U}S, a
NNOTHOCTE TOKA:
j= HE(U>
EduHuya nnomHocmu moka — A’

30.CTopOHHWE cUNbI.

[nA BO3HWUKHOBEHWA W CYLLIECTBOBAHWA 3NEKTPHUYECKOro ToKka Heobxoaumo:
1) Hanuume cBoDOOHEIX HOcUmMenel Moka — 3apAMeHHbIX JacTul, crnocob-
HbIX NepemMellaTbCca YNopAa0oYeHHO;
2) HanWuue 3MeKMpUYecKko20 o4, 3HepPrMA KOTOPOro [O0IKHA KakuMm-To
obpa3oM eocnoHAMBCA.
Ecnu B uenw [OeWcTBYWT TONBKO CHNbl 3NEeKTpocTaTWYecKoro MonA, To
NponCXoauT NepemelleHne HocuTenen Takum obpasom, UyTo NoTeHLMankl Bcex Touek
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LENK BLIPABHUBAKTCAH W 3MEKTPOCTATUYECKDE NOME UcYe3asT.

OnA cyuwecTBOBAHWA [OCTOAHHOIO TOKa HeobxoduMmo Hanudue & uenu
yempotcmea, crnocobHozo cozdasamb U noddepXusame pazHocme nomeryuanos
3a CYET CUN He 3MekmpocmamuYecko20 NPoONCXOXOEHNA.

Takue ycTpoWCTEA HA3LIBAKTCA UCMOYHUKaMU MOKa.

CWNbl HE 3NEKTPOCTATUYECKOIO NPOMCXOXAEHWA, NEWCTBYOLWWE Ha 3apAdbl co
CTOPOHbLI MCTOYHWMKOB TOKA, HA3bIBAKTCA CTOROHHUMM.

KonuyecmeeHHasA xapakmepucimuka cmopoHHUX cUm — None cTOPOHHUX CUM K

onpefenAemand CTOPOHHEA CWNOW, AeACTBYHILIEW Ha

ero HanpskeHHocTb E ...

E0WNHWYHBIA NONOMUTENLHLIA 3apAL.

Mpupoda cmMoOpPoOHHUX cusl MOXeT ObiTb pasnuyHold. Hanpumep, B
ranbBaHWYecKWX 3NemMeHTax OHW BO3HWKAKT 3a CYET 3HEPrMn XMMWJECKUX peakuui
MeEXOY 3NeKTpogaMu W 3NeKTponuTamMWu, B reHepaTope — 3a CYeT MeXaHW4ecKoW
3HEPIMK BpaLLleHWA poTopa reHepartopa, B COMNHeYHLIX baTapeax — 3a cYeT 3Hepriu
oTOHOB W T.N. PonNk UCTOYHWKA TOKA B 3NEKTPUYECKOW LIENW Takaa e Kak ponb
Hacoca, KOTOPLIR HeEODXoOUM ANA NOAAEpHAHWA TOKA MWOKOCTU B MMApaBnUYeckon
CHCTEME.

Moo OencTBMEM CO30aBAEMOro NOMA CTOPOHHWX CWUN 3NeKTpUYeckue 3apagbl
OBWAYTCA 8HymMpU UCMOYHUKa MoKa Apomue cun 31eKkmpocmamuyecko20 oA,
tnarogapAa Yemy Ha KoHUax Lenu NnogdepWBacTcA pasHOCTE NOTEHUWANOE U B LENMW
TeUYeT NOCTOAHHLIN SMEKTPUYECKWIA TOK.

31.3nekTpoABMKYLAA CUNa U HaNpAXeHUE.

duanyeckan BenuuWHa, onpenenfseman  paboTon, KOTOpYH COBepluakT
CTOPOHHUE CWMNLI NpW  NepeMelleHuy eOWHWYHOrO MNOoNOoXWTEeNLHOro 3apAga,
Ha3sblBaeTcA anekmpodewxywed cunod (34C) neicTByOWER B Lenu:

o=

4

371a paboTa coBeplUaeTca 3a cYeT 3Heprvu, 3aTpadyMBaeMoi B MCTOUYHWMKE TOKa,
noatoMmy Benuuudy G, MOXHO Ha3BaTb 3NEKTPOOBWAKYLLER CUMNOR MCTOYHMKA TOKA,
BKMOYeHHoro B Lenb. 3[C, kak u noTeHUWan BelpaxaeTcs B eoNlbmax.

YyacToK Uend, Ha KOTOpoM He [OeWCcTBYIOT CTOPOHHWE CWIMbl, HasblBaeTcA
00HOPOOHLIM. YYacTOK, Ha KOTOPOM Ha HOCUTENW TOKa AeWCTBYHT CTOPOHHWE CUIbI,
Ha3blBaeTcA HeOOHOPOAHLIM.

PaboTa CTOPOHHMX CUN MO NepeMelleHno 3apAfa ¢, Ha 3aMKHYTOM ydacTke

Lenm

A=9F I =qo§E oyl
Otcopa, 3[1C gelcTeyOLWAA B 3aMKHYTOR LENW — 3MO UUPKYNAYUA eekmopa
HanpsaweHHOCU MoAsa CMOPOHHUX CLIT.
O=$E  ,dl
CnegoeaTensHo, ANA NonA CTOPOHHWUX CHUN UMPKYNALWA ero HanpsAxeHHoCTH No
3aMKHYTOMY KOHTYpY He paeHa Hymwo. [loaTomy [one cmMOpoHHUX cul —

HenomeHyuansHo.
2[C, nencTeYOWAA Ha y4acTke 1—2 uenw, paBHa

3

&

Oy = | Eopdl
1

CTop
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Ecrm Ha 3apag ¢, [OeACTBYIOT KaK CTOPOHHME CWMbl, Tak W CWMbl
3MEeKTPOCTATUYECKOro MonsA, To peaynsTUpYoLWan cuna
Fzﬁm+a=%ﬁ

cTop

+E)
PaboTta peaynsTupyloleid cunkl Mo nepemelleHuto sapaaa ¢, Ha yyactke 1—2

-

Ay :Q’DJ Ec‘mpdf ""Er’{:.JEfH =490 + (@1 —¢,)

I 1

[1ns 3aMkHYTOM Lenu paboTa 3NeKTPOCTATUYECKWUX CUTT PABHA HYMIO, NO3TOMY
A=¢q,0.

Hanpsxenuem [/ Ha ydacTke 1—2 HasbiBaeTcA (QWU3MYECKaAa BennyuHa,
YucrneHHo paeHas cymMmapHon paboTe coBepliaemMow anekTpocTaTtUYeckKuMu u
CTOPOHHUMW CHUNamMu Mo nepemMelleHud eqMHUYHOIO MONOMUTENLHOMO 3apAafa Ha
OAaHHOM yJyacTKe Lenm:

U, = =t =, — @, + 0Oy,
do

[MoHATME  HanpsaxeHUA  ABnAeTcA  o0bobWeHuemM  NOHATWUA  pPasHoCTH
NOTEHUWANOB. HalpAXeHue Ha KoHUYax yyacmka yenu pasHo pasHocmu
nomeHyuanos, ecnu y4acmok He codepXum ucmoyHuKka moka (T.e. Ha ydJacTKe He
nencteyeT 3[C; cTOpPOHHWE CUMNBI OTCYTCTBYHOT).

32.3akoH Oma. INeKTpUYecKoe CoNnpoTUBNEHWE.

3akoH Oma anA ogHOpPOOHOrD ydyacTka uenu (He cofepxawlero U
UCTOMHWKA TOKa): cujla moka, mekyuweso no odHopodHoOMY -
Memannu4yeckoMmy nNpoeodHuUKy, NponopuUuoHarbHa HanpaxeHur Ha
KOHUEe NpoeodHUKa (WHTerpanbHan chopma 3akoHa Oma).

KoadhuumeHT nponopuwoHanbHOCT R HasbiBaeTcA 3NeKTPUYEeCcKMM comnpo-
TUBINEHWEM NPOBOAHMKA.

EduHuua snekmpuyveckoz2o conpomueneHus — om (Om): 1 Om — conpo-
TUBMNEHWE TAKOro MPOBOAHWMKA, B KOTOPOM NpW HanpsxeHun 1B TeuyeT NocTOAHHLIN
ToK TA.

l 3
Benuwuunna G = E Ha3dklBaeTcA 3NeTpUyeCcKoW NPpOBOOWMMOCTED NPOBOAHWKES.

EduHuua snekmpuveckoll npoeodumocmu — cumeHc (Cm): 1 Cm —
NPOBOAMMOCTE YJacTKa 3MNeKTpUJYeckon Luenn conpotueneHmem 1 Om.

ConpoTUBNEeHWe NPOBOAHWMKA 3aBUCKUT OT ero pasmepoB U hopmel, a Takke oT
martepuana W3 KOTOpOro nNpoBOAHWK WaroToBnedH. Hanpumep, 0nsa
08HopodHo20 nuHelHozo nposodHuka OdnuHol | u nnowadbl | R = pi
rnonepeyHo20 ceyeHUs S ConpoTUBNEHWE paccyuTeiBaeTCA No hopmyne: \)

roe KoaddUUWEHT NpONOPUMOHANBHOCTH O, XapakTepusyrLwui maTepuan

npoBOoAHWEKA, Ha3klBaeTCA YAelNbHEIM 3NeKTpUYeCKUM CONpoTUENEHWEM.

EduHuuya ydenbHozo 3MekmMpUYecKoz0 conpomueneHus — OM-MeTp
(Om-m).
BenwunHa obpaTHaAa yaoenbHOMY CONPOTMBNEHWMID HAa3bIBAETCH 1

yOENLHOW 3NeKTPUYECKOW NPOBOAVMMOCTEI BELLIECTEA NPOBOAHWKA:
EduHuuya ydeneHol anekmpu4veckoll npoeodumMocmu — CUMEHC
Ha meTp (Cm/m).
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-

I
B npoBogHuke TZE_ HanpsXeHHOCTL aMeKTpUdeckoro nons, R = ’OE' j :E.

M3 3akona Oma nony4ynm cOOTHOLLIEHUE! £ = l— oTkyga j=7}E.
S pl
B BekTopHON chopMe COOTHOLEHWE
J=YE
HasbiBaeTcA 3akoHoM Oma e dudidhepeHuuanbHou dhopme. 3TOT 3aKOH
CBA3LIBAET MnomHocme moka & mobold moyke eHympu npogodHuKa ¢
HanpAXeHHoCIMbLI 3NeKmMpuUYecKozo Mofd 8 mod xe moyke.

33.ConpoTUBNeHNE coeAMHEHWUA NPOBOOHWUKOE:
(1).NocnepoBaTtensHoe coeAWHEHWE # NpPO-

BogHukos: [, =1,=...=1 =1 (1) R A. Ry
o
IR_L_Z@ ZIR —IZR v, L% LG
R AU .
32:2}2!.
i=1 (2)1 ﬁh"ﬁ'ru
T
(2).NMNapannensHoe coeguHeHWEe 7 npoBoA- P l}fé
. Fo=17. = =17 =17 2142y
HWKOB: U, =U, L U, =U O )| ke Ay i
E-{r i [i] .-"_ i 1
—=J=NT =N LN —_
1 = 1 R LU
—= JE— -

34. TemnepaTypHad 3aBMCUMOCTE COMPOTUBNEHWA.

OnbITHLIM MyTem BbINO  yCTAHOBMEHO, 4TO ANA GOMbIUMHCTBA Clydyaes
M3MeHeHUe YAEenLHOrO CONPOTUBMEHWA (a 3HAuMT U COMPOTMBNEHWA) ¢
TemnepaTypoi OMMCLIBAETCA MUHERHLIM 3aKOHOM:

p=pll+at) m R=Ry(l+at)
me p W Py, R u Ry — COOTBETCTBEHHO yAembHble COMPOTWBMEHWA W

COMPOTUBINEHWA NPoBOOHMKA Npu Temnepatypax f u 0°C (wkana Llenscua), of —
memnepamypHbil kKo3ghghuyuesm conpomueneHus.

Ha 3aBUCMMOCTK 3NEKTPMYECKOro CONPOTMBNEHWA METANMNoOB OT TEMNEpAaTYD.I
OCHOBAHO AeWCTBUE MEPMOMEMpPOE conpomueneHus.

ConpoTUENEHWe MHOTMX METArMoB Mpu o4eHb HU3KuX Temnepartypax I, (0,14—

20 K (wkana KenbBWMHAa)) Ha3biBAaeMEIX KpUmMuUYeckKUMU, XapakTepHelX ONA Kax[ooro
BellecTea, CkadykoobpasHO YyMeHblaeTcA [0 Hynd W MeTann cCcTaHOBWMTCA
abconTHLIM NPOBOAHWKOM. 3TO ABNEHWE Ha3bIBAETCA cEepXNpPoeodUMOCMbHO.

35.PaboTta 1 MOWHOCTb TOKA.
KynoHOBCKME KW CTOPOHHWE CWUNLI NPU nNepeMelleHWW 3apafa ¢ BOONb

INeKTPWYECKOW UeNKW coBepluaT paboty 4.
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PaccMOTpUM  OOHOPOAHLIA MPOBOJHMK € CcOMpOTMBREeHWeM R K KoHUam
KOTOpOro npunoxeHo Hanpsukenme U . 3a Bpema dif 4depes cedeHwe MNpPOBOOHMKA
nepeHocuTcA 3apag dg = Idf . PaboTa no nepemelleHnto 3apaaa ¢, Mexay ABYMA

TOYKaMK NOnAa paBHa:
.

r

4, =qg,Ap, oTkyga d4 =Udq = Uldt = I’ Rdt = %dﬁ .

MouwiHocmb MoKa:

-
T

dA ) ) U
P=—=UI=]"R=—
dt R
Ecnu paamepHocTk [I]:A, [U]:B, [R]:OM, TO [A]:JJ,H{ W [P]:BT_
BHecucmemHble eduHuybl pabomsl moka: Batt-yac (BT-4) m kMnosaTtT-4yac
(kBt-4). 1 BTy — paborta Toka mowHocTed 1 BT B TedyeHun 1 4. 1 Br-y=3600
BT-c=3,6-10° [)x. AHanoriuHo: 1 KBT-u=1000 BT-u=3,6-10° Ix.

36.3akoH Oxoyna-JleHua.

Mpn NpOoXO#OEHWWM TOKa MO NPOBOAHWKY NPOWCXOOWMT paccedHWe JIHEeprin
BCNeacTBUe CTONMKHOBEHWW HOCWTENeW Toka mexay cobol v ¢ NodbiMKU OpyrvMK
yacTuyamu cpefbl. Ecnn Tok npoxoguT no HenodsuHOMY TNPOBOOHWKY, TO BCA
paboTa Toka d4 waoeTt Ha HarpeeaHWe NPOBOAHWKA (BbioeneHne Tennotel d0 ).

Mo 3aKoHy coXpaHeHuA aHeprun: d4 = dQ

-

dO = [Udt = I*Rdt = %dr

KonuuecTBo TENNOTHI Q, BbifenAwlleaecA 3a KOHEeUYHbIR NPOMEXYTOK BPpEMEHW

ot 0 00 ¢ NOCTOAHHEIM TOKOM I BO BCcem obbeme NpoBOoOHWKa, 3NeKTpHU4yeckoe

CONPOTMBIEHWE KOTOpOro paeHo K, nonydyaem, WHTerpupysa npeasigyllee
BhlpaXeHne:

sz'ﬁﬂdrzr’-m
0

3akoH woyns-JleHua (e uHmezpanbHoU hopMe). KoMuYecmao Mmennomks,
eslfenAemMoe MNOCMOAHHLIM 3NEKMPUYECKUM MOKOM Ha yYacmke Uuenu, pasHo
npouzeedeHuro Keadpama cunkl moKa Ha 8peMA e20 [poxoxdeHud u
anekmpuyeckKoe conpomueareHue 3moz0 yyacmea uenu.

BhigenvM B NpoBOOHWKE UMNUHOpUYeckuid obbem dV = dSdL (ock uunuHopa

dl

coBnagaeT ¢ HanpaeneHwem Toka). ConpoTWBNeHwe 3Toro obbema Rzpﬁ_ MNo

sakoHy [Ixoyna-JleHua, 3a Bpema df B 3ToM obbeme BLIOENUTCA TennoTa

dO=1I*Rdt = Z—?{;d& Y dt = pj*dvdt

YdenbHoli mennoeoll MOWHOCMbK MOKa W Ha3LIBAETCA KONWYECTBO
TENNOTHI, BLIAENAKLIEEcA 3a e0UHULY BpeMeHn B eduHULEe obbema:

do 5
— pj?

W=

S dvdr
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Wcnoneaya auddepeHymnansHyo dopmy 3akoHa Oma j =JYE W onpegeneHve

1
P =—, nonyyum sakoH dwoynsa-fleHya e dugpgpepeHyuanbHol hopme:

w=7yE :jEE

Tennoeoe OeACTBUE 3NEKTPWUECKOND TOKA WCNONbL3YETCA B OCBETWUTENLHLIX,
namnax HakanvBaHWA, 3NeKTpOCBapKe, 3nNeKTpoHarpeeaTenbHbIX Npubopax U T.4.
37.3akoH Oma AnA HeoAHOPOAHOro YyYacTKa Lenu.

PaccMOTpUM HeoOHOPOOHbIU y4acToK Uen 1—2 Ha KOTOpPOM MPWUCYTCTBYIOT
CUIMEl HE3NEKTPUYECKOID NPOWUCXOXOEHWA (CMOPOHHUE CUMBT).

OboaHauum uepes: ©,, — 30C Ha yuactke 1—2; A@ =@, -0,
NPUNOKEHHYH HA KOHLIAX ydacTKa pasHOoCcThk NOTEHLUUAanNoB.

Ecnmn yyacTok uenn 1—2 HenodeuxeH, TO (N0 3aKOHY COXpPaHEHWA 3Hepru)
obwan paboma A4;, CTOPOHHWUX W 3NEKTPOCTATUYECKUX CWI, cOBepllaeman Haf

HOCUTENAMMW TOKa, paBHa TennoTe O, BbIAENAKNUIERCA Ha yJacTKe.

PaboTa cun, coBepluaeman Npu nepemeLleHnn 3apafa ¢, :
A4 =4O, + 4 AQ
30cC '9'1:-:- Kak W cuna Toka [, — BenuuyuHa ckanApHasa. Ecnm 3[0C

crnocobcTBYeT ABUXEHWIO MONOKUTENbHBIX 3apAAoB B BHIOpaHHOM HanpasreHuum, To
O, =0, ecnu npenatcteyeT, To O <0 .

3a BpemA { B NPOBOAHKKE BhlnenuTes Tennota: O =1 Rt = IR(It) = IRg,
Otciopa cneoyeT 3akod Oma  dnA  HeodHopodHO20  yyacmka Uenud &
uHmMezpansHod hopmMe KoTopbld ABNAeTCA 0bobleHHBIM 3aKkoHoM Oma:
IR=¢; =, + Oy,

. =P 9 +0y,
R

YacTHble cny4dau.
1) Ecnv Ha gaHHOM ydacTke Lenu WUCTOYHMK ToKa omceymcemeyem, TO Mbl
nony4yaem sakoH OmMa dnsa odHOpPodHO20 yHacmKa yenu:
=Y
R
2) Ecnm uene samkHyma (A@=0), TO0 nonyyaem 3akoH Oma dns

3aMKHymol uyenu:

e G

R ;EH\."I“]J + RBHEIII
roe © — 30C, geAcTByOLWAA B LENK,
R — cymmapHoe conpoTUBNEHWE BCER Lenu,

R, ..., — CONpPOTMBNEHWEe BHeLLHe| Lenu,

Tymyrp — BHYTPEHHEE COMPOTUBIEHME UCTOUHMKA TOKA.
3) Ecrm uyenb pasomkHyma, To =0 w O, =¢,—-¢,, Te. 3[C,
dedcmeyrowjad & pa3oMKHymod uenu pasHa pasHoCmuU Mnomexyuanos Ha
ee KOoHLax.
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4) B cnydyae kopomMkoz20 3aMblkaHUsa CONPOTWUBIEHWE BHELWIHEW Uenwu

R =0 wcunaToka [ =

BHEIIIE

B 3TOM Ccny4yae orpaHu4mMBacTCA TONBKO

Temyrp

BEMNWYMHOW BHYTPEHHETO CONPOTUBNEHWA MCTOYHMKA TOKa.

38.Mpaenna Kupxrodtha AnA passeTBNeHHbIX Uenemn.

Y3anom anekTpuYecKor Uenu HasbiBaeTcA Nobas Toyka pasBeTBNeHuA Lenw,
B KOTOPOW CXOOWTCA HEe MeHee Tpex NMPOBOAHWKOB ¢ TOKOM. TOK, BXOOQALUWA B yaen,
cUYMTaEeTCA NONOKUTENBHLIM, A TOK, BIXOOALWMWIA U3 yana — oTpuuaTenbHbIM.

Mepsoe npasBuno Kupxrocda — anrebpandeckas cymma TOKOB, CXOAALMXCA B

Vyane, paBHa Hynwo:
YI,=0
k

Hanpumep, OonAa yana 4 Ha pUCYHKE MepBOe NpaBuno
Kupxroda:

L —I,-I;+1,+1;-1;=0

Bropoe npaeuvno Kupxrodpa — B nNiobDOM 3aMKHYTOM KOHTYpe, MpPOWU3BOMNBHO
BolDpaHHOM B pasBeTBNEeHHOW 3MNekTpudeckoW uenw, anrebpavdeckana cymma
npousBeeHWit cun TokoB/, Ha conpoTueneHve R,

Iy B COOTBETCTBYHLIMX YJyacTKOB 3TOMo KOHTypa paeHa
+A Lz anrebpavdyeckol cymme 3[C Bk; BCTPEYaKLWXCA B

_ @2 3TOM KOHTYype:
R, ZI"R" - g’e’""

Hanpumep, aonA obxofga no 4acoBOW CTpPEnKe
4 3amMkHyTOro KoHTypa ABCDA BTOpoe npaBuno
Iz Kupxroda umeeT BUAO;
LR —LLR+I,R,+I,R, =0,-0,+0,
[Mpwn pacyeTe CNoXHbIX LUENner ¢ NpUMeHeHnem npaeun Kupxrogpa Heobxoanmo:

1. Bribpame nNpow3BoNbLHOE HampasfieHue MOKO8 Ha BCeX ydacTkax uenw;
OeWCTBUTENBLHOE HanpasneHWe TOKOB onpeaendAeTcA Npu pelleHn 3agadun:
eclin UICKOMBIA TOK NONy4YUTCA NONOMUTENBHLIM, TO ero HanpaeneHwe dbINO
BbiDpaHo npaeunbHO, a ecnu — oTpuuaTtenbHeiM — &ro MCTUHHOE
HanpaeneHWe NPoTUBONONOXHO BeIDpAHHOMY.

2. Beibpame HanpasneHue obxoda KOHTypa WM CTpOro ero npuiepsMBaTbCH;
npowasegeHve /R nonoXWTenbHO, ecnk TOK Ha AaHHOM y4yacTke coBnagaeT
C HanpaeneHwem obxoga. 30C, [OedcTByWlWWMe Mo  BeIbpaHHOMY
HanpaeneHWw obxoga, CcYMTAKTCA  NOMOXKMTENbHbIMKM, MNPOTME —
oTpUUaTensHeIMA.

3. Cocmasums cmoneKo ypasHeHsul, J4tobbl MX 4YWCNO ObINO paBHO 4Mcny
WCKOMBIX BenuuuH (B CUCTEMY YpaBHEHWW [OOMKHbBI BXOOWTL BCe
COMNPOTUBNEHWA W 30C paccMmaTpyueaemon Lenu); KaObIA
paccMmaTpuBaemMblil KOHTYP OOMMEeH codepxaTe XoTA Dbl OOWH 3NEMEHT, He
cofjepalmica B nNpedblyulMx  KOHTypax, JTtobbl He nonydyanucb
VpaBHEHWA, KOTOPLIE ABMAKTCA NPOCTOW KOMDMHaUWEN yKe COCTaBNEeHHbIX
YpaBHEHWUIA.




29

SJTEHIHPU'-IECHUE MOKU & Memanimnax, eéakyyme U 2a3iaX.

39. AnekTpM4ecKe TOKW B MeTannax.

Hocutenamn snekTpuyeckoro ToKa B MeTanne #ABMNAWTCA cBoDOfHLIe
ANEKTPOHBI.

[Mpw obpa3zoBaHWK KPUCTANNWUYECKOW pelleTKu 3NeKTPOHbI BHelWHWX obonodek
aToOMOB (BaneHTHbIe 3NeKTpoHLl) obobwecmenaomca W KpUcTann npeacTasnaeT
cofoi peweTky HenOOBWXKHLIX WMOHOB MeTanna, Mesay KOTOpPbIMW XaoTUYeCKW
OBWAYTCA CBODOAHLIE 3NEKTPOHLI, 0Dpa3syA 3NeKkmpoHHBIO 2a3, obnagawlni
CBOWCTBAMMW MOEaNLHOro rasa.

CornacHo meopuu Apyde-JlopeHua, 5NeKTPOHLI 0bnanatT Toi Xe aHepruei
TENNOBOrO ABWHEHWMA, 4TO M MONEKynel ogHoatoMmHoro rasa. CpefHAA CKOpPOCTb
TENNOBOro ABUMEHWA 3NEKTPOHOB

roe k=1,38-1 0= N#/'K — nocmoaHHaA BoneyMaHa,

m, =9,11-10""" kr — macca anekTpoHa,

I — abconmwoTHana (MNW TepMoauHaMuyeckan) Temnepartypa (B KenbBuHax).

Mpw komHaTHOW Temnepatype (I =300 K) cpegHAsa CcKOpoOCTe TEMNMOBOrO
OBWHEHWA 3NeKTPOHOB paeHa (u}z‘l,1-1ﬂ‘ M/C. XaoTWJYecKoe TENNOBOE OBWHEHWE
ANEKTPOHOB HE MOMET NPUBECTH K BOZHWMKHOBEHWID TOKA.

[Mpy  HanoOMeHWW BHelUHero SNeKTpPUYEecKoro nonA Ha MeTannuyeckui
NPOBOOHWK B [OMNOMHEHWEe K Xaomuyveckomy TENnnoeBoMy OBWAHEHWIO BO3HWKAET

ynopadoyeHHoe BW¥XeHWe 3NeKTPOHOB (INeKTPUYecKUid ToK).
Naxe npu npefensHo OONYCTUMBLIX 3HAYEHWAX MNMNOTHOCTW TOKa, cpenHAA

CKOPOCTh (U) YNOpAQOYEHHOTO [OBWKEHWA SMeKTPoHOB, o0OycrasnuBaulero

ANEKTPUYECKWIA TOK, 3HAYUTENBHO MEeHbLUE MX CKOPOCTW TEMNOBOro ABWKEHWA (H)Z

{vy<<{uy.

40.0CHOBHbIE 3aKOHbl 3NEeKTPWUYECKOro ToKa B KNacCWYEeCKOW TEOPWMW
3NEKTPONPOBOAHOCTY METaNNoB.
JakoH OMa.
MycTk B MeTannuyeckoM nNpoBOdHWKe pelcTeyeT none E =const. lMop
oedcteMem cunel F =eE 3apag e OBWKETCA PaBHOYCKOPEHHO C YCKOpPEHWEeM

e eFi{t
a=— W K KoHUy cBobogHoro npobera npuodpeTtaeT cKopocTb U, = ( > .
m m

{0
CpegHee Bpemsa ceobogHoro npobera anekTpoHOB (s‘}:— onpefenaeTca

()

cpeoHen OnuHoW ceoboaHoro npobera (f} W CcpefdHeld CKOPOCTBH [OBWXEHWA

ANEeKTPOHOB OTHOCUMTENBLHO KpUCTannMUYeckon peLleTkm (H) + (U} = <H) .
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Cpe[HAA CKOpPOCTb HE!I'IDEELJ'IEHHGFD NBUHEHWUA 3NeKTPOHOB:
(U) . +0 eE(f) B eE(f)
Com 2m<ff)

[NnoTHOCTE TOKAa
_ ne’ (f)
/ ﬁg(u) 2;1:(:;) YE
ne’ (e’)

roe ¥ =——— — YOeneHaa NnpoBoaMMOoCTE MeTanna.
2};3(:;)
SakoH [Ixoyna-fleHua.
K kKoHuy cBobogHoro npobera anekTpoH noa OedcTBWeMm NonA npuobpertaet
OONONHUTENBHYH KWHETUYECKYH 3SHEPTUI

) 2 Jlr 2
mu- e ( ) 5
— max _ 2
(EK)_ N EE ’
2 ZIJJ(H)
KOTOpas NpW CoyaapeHu 3MeKTPOHa ¢ MOHOM MOSHOCTLIO NEpenaeTcs peLleTKe.
Ecnu 77— KOHUEHTPaUWA 3MEKTPOHOB, TO B EOWHULYY BPEMEHW B eauHWLe

()

obtema NpoucXoguT #7-—- CTONKHOBEHWIA W pelleTke NepefaeTcA SHeprua:

)

N OYRINIEE (S

Em(u)
3akoH BudemaHa—$paHua.
OTHOLLEeHWe TennonposBodHocTM A K yOensHod NpoBOOMMOCTK ¥ OnA Bcex

MEeTannos NpW OOHOW M TOW Xe TemnepaType OAWHAKOBO W YyBenv4ueaeTcA
nponopuMoHansHo TeMmnepaType

izﬁf, roe ,BZBE
4

TpydHOoCcmuU KnaccuYecKol meopuu.
1. TemnepaTypHaa 3aBUCMMOCTL COMNPOTUBIEHWA: (H) ~~T. R~1/ly,

cnefoBaTenksHo, Rw«i‘?. YTOo MNPOTHMBOPEYMT ONLITHEIM  [OaHHLIM,
cornacHo kotopeim R~ 1 .

2. OueHka cpegHero npobera 3nekTpoHoB. YToDbI MONYy4YWTe BENMWYMHLI
yoeneHoW MNpoBOAMMOCTM ), cOBnagjawulue ¢ OnbiTHbIMW  OaHHbLIMMK,

crnegyeT NPpUMHUMEaTE <1‘r> B COTHM pas Bonblle MeXaTOMHbIX PAcCTOAHWA B

KpucTanne.

3. TennoemkocTb meTanna cKnagblBaeTcA n3 TENMNOEMKOCTH
KpUCTannMYeckol peLleTkn U TENNOEMKOCTH 3NeKTPOHHOMo rasa. lNoatomy
yaenkHasa (paccyMTaHHas Ha OQWH MOMk) TENNOeMKoCTe MeTanna OomkHa
DbITe CYUIECTEEHHO Bhille TENMNOEMKOCTW AW3MNEKTPWMKOE, YV KOTOPLIX HET
CBODOOHLIX 3MNEKTPOHOB, YTO NMPOTUBOPEYMUT IKCMEPUMEHTY.

Bce 3ty TpyOHOCTM CHUMAKTCA KBEAHTOBOW TEOPMEN.
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41. 3MWUCCUOHHbIE SBENEeHWS.

Paboma ebixoda anekmpoHoe u3 memanna — paboTa, KOTOpYH HYKHO
3aTpaTuTe OMNA yOaneHWA 3NeKTpoHa U2 MeTanna B Bakyym.

PaboTa BbIXxofa 3aBUCWUT OT XMMWYECKOW NPUPOoOLI METANMOE U OT YACTOThLI UX
noeepxHocTH. MNogobpae onpeneneHHbIM 0Bpa3oM NOKPLITUE MOBEPXHOCTH, MOMHO
3HAYNTENBHO U3MEHWTE paboTy BeIXoAa.

PaboTta Bbixoga BhbipaxaeTcA B 3NeKTpoH-BonkTax (3B): 1B paeeH paborte,
KOTOPYH)  COBEplUAKT CWUNbl  NONA  NpyM NEpPeMeleHUn  3NeMeHTapHOoro
3ANEKTPUYECKOrD 3apAfa Mexay ToYKaMKu pasHOCThe NOTEHUWANOB MeXOy KOTOPbIMMW
paBHa 1B. Tak kak e =1,6-10"""Kn, To 13B=1.6-10""° .

3nekmpoHHasa 3MUccUs — ABMNEHWE MCMYCKaHWA 3MNeKTPOHOB W3 MeTannoe
Npy cOoODUEHWUK SNEKTPOHAM 3IHEPTWK, paBHOW MUNK DONkLIer paboTel BeIXOOa.

1. TepMosnekmpoHHaA 3MUCCUA — WCNYyCKaHWe 3MEeKTPOHOB HarpeThiMK

meTannamu. NpuMep MCNonNL30BaHNA — 3MEKTPOHHLIE NamMnbl.

2. QomoaneKkmMpoHHaA 3MUCCUA — 3MWCCWA 3NeKTPOHOB W3 MeTanna nog
NeWcTBUEM 3MEKTPOMArHWTHOMC WanydeHWA. [Npumep WCNONb3OBAHWMA —
thoToOaTUYMKK.

3. BmopuyHaa  3MeKmpoHHad  3MuccUd —  WCMYCKaHWe  3MNeKTPOHOB
NOBEPXHOCTLH) METANNoB, MNONYNPOBOOHWKOB WNW  OW3NEKTPWKOB MpK
bombapaupoBKke WX Ny4koMm 3nNekTpoHoB. OTHOWEHWE 4Wicna BTOPWYHBIX

SNEeKTPOHOB 71, K 4WMCNY NePBUYHLIX 7, Bbl3BaBLUWMX 3IMWCCUD, HA3bLIBAETCA

K03GhGhuLUEHMOM 8MOPUYHOL 3MEKMPOHHOL amuccul. O = H, / 1y - lNpumep

WMCNONB30BAHWA — (DOTO3NEKTROHHEIE YMHOXUTENN.
4. AsmosnekmpoHHad 3MUCCUA — SMWCCUA SNeKTPOHOB C MNOBEpRXHOCTH
MeTannoe nog JeicTBMEM CUIMBHOMD BHELWHEro anNeKTpu4eckoro nons.

42.lMasoBble paspagbl.

MNMon gelcTeMeM UoHU3amopa (CUNbHLIA Harpes, MECTKoe W3nydYeHue, NoToKWu
YyacTul) HeWTpanbHble MOMekynbl (aTombl) rasa pacllennAwTcAd Ha WOHbL W
cBoboaHEIE 3MEeKTPOHbLI — NPOUCXOOUT UOHU3aUUA rasa.

SHepauA UoHU3ayuU — 3HepruA, KOTOPYK Haao aaTtpatvuTb, YToDbl K3
MoneKkynel (atoma) BelDWUTE OQWH 3NEKTPOH.
PexombuHayueli — HasbiBaeTcA npouecc  obpaTHbIA  MOHW3ALMM:

MONOXWTENbHLIE W OTPULATENbHLIE WMOHBLI, MOMNOXWUTENbHLIE WOHLI W 3MEKTPOHLI,
BCTPeYanch, BOCCOSOWHATCA Mexay cobol ¢ obpasoBaHWem HelTpanbHbLIX aTOMOB

N MONeKyn.
[NpoxoxOeHWe 3NeKTPUYeCcKoro TOKa Yepes WOHW3WMPOBAaHHLIA ras Ha3blBaeTcA
zasoebIM paspadom.
Paspan, CcywecTBYWWWA ToNsKo nog  OeAcTBUEM '//
BHELHWX WOHW3ATOPOB, HAa3LIBaeTCcA HecaMocmoamenb- /
HbIM 2a30ebIM paspadom.

PaspAag B rase, coxpaHAWLLIWACA Nocne npekpalleHnA
OeACTBUA BHELIHEro WOHW3aTopa, Ha3bIBAeTCcA caMocmos- ,_(
eNbHbIM 2a308bIM paspadom. ? }f/

PaccMoTpum Uenb, coepxallly rasoBblid NPOMEXYTOK
(CM. pUCYHOK), NOABEprawlUWACA HenpepbIBHOMY, NOCTOAH-
HOMY MO MHTEHCWMBHOCTW BO3OEWCTBUID MOHM3aTopa. R

B peayneTate nedcTBuA WoHW3aTopa ras npuobpertaet

HEKOTOPYK 3MNeKTPOnpoBOAHOCTE W B LEnW noTedeT TOK, ._ll___ll
3aBUCUMOCTE  KOTOPOTO OT  TMPWIOXEHHOrD  HanpaxeHWs
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(eonem-amnepHas xapakmepucmuka) npefcTaBneHa Ha cnefyLwem PUCYHKe .
Ha yuyactke OA4 BbinonHaeTcA 3akoH Oma. I

3atem (yyacTok 4B) pocT cunel  TOKa T Er
samegnAeTcA, a  3artem  (y4acTok BC) 13
npekpawaetcA coecem. B 3Tom cnydyae 4ducno
MOHOB W 3MNEKTPOHOB, CO34aBaeMblX BHEWHUM  fyac -
MOHM3AaTOPOM PaBHO YWUCIY WOHOB WM 3NEKTPOHOB A 2

O0CTUraKWMX SMNekTpodoe (M HERTPAaNU3yLLWXCA
Ha anektpopax). Tok [ COOTBETCTBYHILLMIA U

Hac *?
yyacTky BC HasbiBaeTcA mokoMm HackiwjeHus n O T >
ero  BenuuuMHa  onpefenseTtcd  MOLWHOCThLH "Hecamoctonrenuisii  Camocrosrensiuih
MoHW3aTopa. peapat peapra

Mpn  yBEMWYEHWMW  HaNPAMXEHWA, MNepBWYHLIE 3MEKTPOHbI  (CO30aHHbIe
MOHWM3aTOPOM), YCKOPEHHLIE 3NEeKTPUYecKUM MNonem, B CBOK O4Yepelb HaduHawoT
YOEPHO WOHW30BaTb MOMNeKynbl rasa, obpasyAa BTOPWYHLIE 3MEKTPOHBI M WMOHLI
Oblwee KONMYECTBO 3MNeKTPOHOB W MOHOB ByaeT Bo3pacTaTk NO Mepe NpubnukeHnA
3MNEeKTPOHOB K aHody naBMHoobpaaHo. 3To ABNAETCA NPUYMHOW YBENWYEHWA TOKa Ha
yyacTke CD . OnucaHHbIl Npouecc HasbiBaeTcA ydapHol UoHUsayuell.

M, HakoHel, NpW 3HAYUTENBHBIX HANPAXEHWAX MeXOy 3NeKTpogamn rasoBoro
NPOMEXKYTKA MONOMMTENLHLIE WOHLI, YCKOPEHHLIE 3NEKTPUYECKUM Monem, Takwe
npuobpeTarT IHEPTUID, A0CTATOYHYH ANA MOHWM3aLUWKM MONEKYDN rasa, Yto nopoxaaert
WMOHHLIE NaBuHbl. Korga BO3HUKAKT KPOME 3MeKTPOHHLIX NaBuH elle U MOHHLIe, cuna
TOKa pacTeT ye npakTudeckn Be3 yBennuyeHnAa HanpsxeHna (ydactok DE ).

JNlaBnHooDpaaHoe pasMHOKEeHWEe 3MNEeKTPOHOB WM MOHOB NPUMBOOWMT K TOMY, UTO
pa3spAg CTAHOBWUTCA CaMOCTOATENBLHLIM, T.€. COXpaHAeTCcA nocne npekpaweHna
OeWCTBMA BHeLWWHero WoHW3aTopa. HanpAxeHwe, nNpW  KOTOPOM  BO3HWKaeT
CaMOCTOATENbHEIN rA30BLIA pa3pAd HasblBaeTCA HanpsxKeHUeM Npobos.

B 3aBuMcumocTW OT naBneHuA rasa, KoHurypauun 3nekTpoaos, NapameTpoB
BHeLUHeR Lenn MOXHO roBOPUTL O YeThbIpex TUNax cCamMocTOATENLHOIo paapaaa:

1. Tnewwul pa3pad — BO3HWMKAET NPW HU3KOM OaBNeHnn.

2. HUckpoeoll paspad — BO3HMKaeT npw OONbWOA HaNpPAXEHHOCTU
SNEKTPMYECKOro nonA B rase, HaxodAWWMCA nod AasneHuWem nopafka
aTtMocdepHoro.

3. Qdyeoeol paspad — BO3HWKAEeT. a) ecnM Mocne 3aXuraHua WCKpOoBOro

paspAga OT MOLUHOMO WCTOYHWKA NOCTENeHHO yMeHblaTbk paccToAHue
Mexay onekTpogaMmu; ©) MMHYA CcTagui  MCKPbl, €ecni  anekTpofdbl
(Hanpwumep, yronbHele) cONManTb 00 CONPUKOCHOBEHWA, a NOTOM pas3BecTy.

4. KopoHHbIO pa3pad — BO3HMKAeT NpPW BLICOKOM [OABNEeHWW B pesko
HeOOHOpOOHOM Mone BONW3WM  3NEeKTPoOoE ¢ DONbLWOA  KPUBWU3HONW
NOBEPXHOCTMK.

[nA BO3HWKHOBEHWA CAMOCTOATENLHOIO ra30Boro paspAga Heo6xodumo,
yToDbl KOHUEHmMpauus W 2SHepauss BTOPWYHBLIX WOHOB W 3NEKTPOHOB,
obpasoBaBlwKMXcA NoJ AeWcTBUEeM WoHW3aTopa, BbINM JOCTaTouYHLl ANA asUuHHOZ20
pPasMHONEHU HOCcUTenel (4MCno BTOPWYHBLIX HOCWMTENEeW [OOMKHO NPeBbIWaTh
YUCNO HOCKUTENeW, NOKWAALLIMX ra3oBbli paspsan BCNeacTBUEe PeKkoMOWHaLMKM WK
HelTpanuaauun Ha NOBePXHOCTAX, OKPYHKALWX rasoBblil paspan).



