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NPUMOXEHHOTO HanpshxeHus (8oJibM-aMrepHasi Xapakmepucmuka) npeactaBneHa
Ha crneayloLeM prUCyHKe.

Ha yuactke OA BbinonHsetcs sakoH Oma. 7 a
3aTtem (yyactok AB) pocT cunbl Toka 3amennsi-
eTca, a 3ateM (ydactok BC) npekpaliaeTtcsa coB- 13
ceM. B aToM cnyyae 4MCno MOHOB U 3MEKTPOHOB,
CO3[aBaeMblX BHELIHUM MWOHU3ATOPOM PaBHO  lyge
Ynacny  WMOHOB U 3NEKTPOHOB  AOCTUraroLLmX ‘A 2
3MNEeKTPOAOB (M HEWTPanu3ylLmMXCs Ha 3MeKTpo- 1

nax). Tok [, , cooteeTcTBytoWMiA yyacTky BC

Ha3blBaeTCA MOKOM HacblWeHUsI N ero BennynHa (0]

U

-
>

onpeaensieTcsl MOLLHOCTbIO MOHU3aTopa. H W C

Mpu yBENUYEHUM HaNPSHKEHUS, MEepPBUYHbIE paspaz papra
3MNEKTPOHbI (CO34aHHbIE MOHM3ATOPOM), YCKOPEHHbIE 3NIEKTPUYECKUM MONEM, B CBOHO
ouepelb HauMHAKT yAapHO WMOHM30BaTb MOSeKymnbl rasa, obpasys BTOpWUYHblE
3NEeKTPOHbI U MOoHbI. OBLLEe KONMMYECTBO 3NEKTPOHOB 1 MOHOB GyaeT Bo3pacTtaTtb Mo
Mepe NpUONMXKEHWS SNEKTPOHOB K aHOAY NaBUHOOOPa3HO. ITO SIBMNSETCS NPUYUMHON
yBenuyeHusi Toka Ha ydactke CD. OnucaHHbI npouecc HasbiBaeTcsi ydapHol
uoHu3auyuedu.

W, HakoHel, Npu 3HAYUTENbHBLIX HaMPSPKEHUSIX MexXay 3reKTpoAamu ra3oBoro
NMPOMEXYTKa MOMOXUTENbHbLIE WMOHbI, YCKOPEHHbIE 3MEKTPUYECKMM MONEM, Takke
npuoGpeTaroT 3HEPruto, 4OCTATOUHYIO AN MOHM3ALUUKM MONEKYI rasa, YTo nopoxaaeT
MOHHble NnaBuHbl. Korga BO3HMKaOT KPOME 3MEKTPOHHbIX NIaBUH eLwé U MOHHble, cuna
TOKa pacTéT yxke npakTuyecku 6e3 yBenuueHust HanpsbkeHus (ysactok DE ).

JlaBnHOOGpasHoe pasmMHOXEHWE 3NEKTPOHOB U WMOHOB MPMBOAMT K TOMY, YTO
pa3psii CTAHOBWUTCSI CaMOCTOSITEMbHBIM, T. €. COXPaHsieTcsl Mocne npekpalleHns
OEeNCTBUSI BHELLHEro uoHu3aTopa. HanpsbkeHue, npu KOTOPOM BO3HMKaeT camo-
CTOSITENbHBIN ra3oBblii pa3psif, Ha3blBAETCS HanpskeHUeM npo6osi.

B 3aBucuMMOCTM OT JaBneHusi rasa, KOHUrypauum anekTpoos, napameTpoB
BHELLUHEW LieNu MOXHO rOBOPUTb O YETLIPEX TUMAX CaMOCTOATENbHOrO paspsaa:

1. Tnerowull pa3psi0 — BO3HUKAET NPWY HU3KOM [aABMEHUN.

2. Uckpoeoli pa3psid — BO3HMKAET Mpu GOMbLION HaNPSHKEHHOCTU SNEKTPU-
Yeckoro nons B rase, HaxoAdAWMMCH NOA4 [AaBMneHVeMm nopsiaka
aTtMmocepHoro.

3. [yzoeoli pa3psi0 — BO3HUKAET: a) €Cnn MOCMe 3aXUraHusi WCKPOBOrO
paspsiga OT MOLLHOTO WCTOYHMKA MOCTEMNEHHO YMEHbLUaTb PacCTosiHWe
Mexay oanektpogamu; 6) MUHYs CTaaMiO  WCKpbl, €Cnu  3nekTpoabl
(Hanpumep, yronbHble) CONM3NTL 4O CONPUKOCHOBEHWS, @ MOTOM pa3BecTy.

4. KopoHHbIli pa3psi0 — BO3HWKAET NPV BbLICOKOM [aBMEHUM B PE3KO
HEOAHOPOAHOM norie  BOMM3W  3MekTpogoB C  OONbLUON  KPUBM3HOMN
NMOBEPXHOCTW.

[ns BO3HMKHOBEHUSI CaMOCTOATENbLHOrO ra3oBOro paspsga Heob6xodumo,
ytobbl KOHUeHmpauyusi W 3Hep2usi BTOPUYHbIX WOHOB W  3MEKTPOHOB,
o6pa3oBaBLUNXCS MoA OEWCTBMEM MOHM3aTOopa, OblNK AOCTATOYHbI ANsi JJa8UHHO20
Pa3MHOXeHUs1 HocuTenen (Y4ACNO BTOPUYHBIX HOCUTENE [OIKHO MpeBbilaTh
4YWCNO HOCWUTENEW, NOKMAAKLWMNX ra3oBbIA paspsas BCNeACTBUE pekoMBuHauum unm
HenTpanu3aLmmn Ha NOBEPXHOCTSIX, OKPYXKatOLLLMX ra30BbI paspsia).
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MonHoe nnm YacTniHoe KONMpPOBaHME 1 TUPaXMPOBAHME TEKCTa B HEKOMMEPHECKUX 06pa3oBaTenbHbIX LIENAX paspeLaeTcs u npuBeTcTByeTcs. ABTOP.



Anekmpocmamuka

Anekmpocmamuka — pasfen ydeHus 06 nekTpuyecTse, U3y4YaroLmi
B3aMMOAENCTBME HEMOABWKHbLIX 3MEKTPUYECKUX 3apsiA0B M CBOWCTBA MOCTOSIHHOIO
3MEKTPUYECKOrO Morsi.

1. dnekTpuyeckuii 3apsaa

OnekTpuyeckuii 3apsg — 9TO BHYTPEHHee CBOWCTBO Ten WM YacTuu,
XapakTepuayioLlee nx CocoBHOCTb K 3MeKTPOMarHUTHbIM B3aMMOAENCTBUAM.

EpvHuua anektpuyeckoro 3apsiga — KynoH (Kn) — anektpuuieckunn 3apsg,
NPOXOAsALMIA Yepe3 NonepeyHoe cedeHne NPoBOAHMKA Mpu cune Toka 1 amnep 3a
Bpems 1 cekyHaa.

CyluecTByeT as1leMeHmapHbIt (MMHUMAanbHbIA) as1IeKmpuYyeckull 3apsio

e=1,610""Kn.

Hocutenb anemeHTapHOro otpuuaTensHoOro 3apsiga — asiekmpoH. Ero macca

m, =9,11-107%" kr. HocuTenb aneMeHTapHOro MOMOXUTENLHOMO 3apsiia — MPOMIOH.

Ero macca m,, =1 ,B67-107% kr.

dyHoameHTanbHble CBOWCTBA  AMIEKTPUYECKOro  3apsida  YCTaHOBIEHHbIE
OMbITHBLIM NYTEM:
= CywectByeT B [AByX BWAax: MOJIOXUmMesbHbIU W ompuyamesbHbil.
OpnHOMMEHHbIE 3apsifbl OTTaNKMBAaKTCS, Pa3HOUMEHHbIE — NPUTSATMBAOTCS.
= OnekTpuyeckuin 3apsa UHeapuaHmMeH — €ro BenuuYMHa He 3aBUCUT OT
CUCTEeMbI OTCYETA, T. €. OT TOrO, ABWKETCSI OH MUIM NMOKOWTCS.
= OnekTpudeckuii 3apsg duckpemeH — 3apsin nwoboro Tena coctaBnsieT
Liernoe kpaTHOe OT 3MeMeHTapHOro 3fIeKTPMYEeCcKoro 3apsaa e .
= DneKkTpuyeckuin 3apsig addumueeH — 3apsig nobol cuctembl Ten (Y4actuu)
paBeH CymMMe 3apsAoB Ten (4acTuu), BXOASALMX B CUCTEMY.
= OnekTpudyeckuii 3apsig  MOOYMHSIETCA 3aKOHY COXPaHeHus 3apsga:
Anzebpauyeckasi cyMma 3reKmpuyeckux 3apsio0os sbol  3amMkHymol
cucmembl ocmaémcsi HeusMeHHOU, Kakue 6bl fpouecchl HU rpoucxoounu
8Hympu daHHOU cucmemel.
Mop 3aMKHYTOW CMCTEMOW B O@HHOM Crydae NMoHWMaloT CUCTeMy, KoTopasl He
obmeHMBaeTCs 3apsgaMy C BHELLHUMU Tenamu.
B oanektpoctatuke wucnonb3yetca dusnyveckas Mogenb — MOYeYHbIU
anekmpuyeckuli 3aps0 — 3apsikeHHoe Terno, ¢opma W pasmepbl KOTOPOro
HecyLLeCTBEHHbI B AHHOW 3aaade.

2. 3akoH KynoHa

3aKoH B3aUMOAENCTBMS TOYEYHbIX 3apsaoB — 3akoH Kynoha: cuna
B3aumMogencTeuss £ mexgy [ABYMSi HEMNoABWXKHbIMU TOYEYHbIMM  3apsgamu,
Haxo0AWUMUCS 6 8aKyyme, NponopuUMoOHanbHa 3apsgam ¢; v ¢,, U obpaTHo
nponopLuuoHaribHa KBagpaTy pacCTOsiHUS 7 MeXAy HUMMU

F= 1 a4,

dng, r*

Cuna F HanpaBneHa no npsiMOii, COEAMHSIOWEN B3aUMOAENCTBYOLIME
3apsgbl, T.e. sBMSIETCS LUeHTpanbHOW, M cooTBeTcTBYeT npuTskeHntio (F <0) B
cryyYae pasHOMMEHHbIX 3apsfoB v oTTankueaHuio (F >0) B cnyYyae ogHOMMEHHbIX

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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41. OMUCCUOHHbIE SABNIEHUs

Pa6boma ebixo0a a/eKmpoHOe u3 mMemasuia — paboTa, KOTOPYH HYXHO
3aTpaTuTb ANS yAaneHus SNeKTpoHa U3 MeTanna B BakyyMm.

PaboTta BbIxoga 3aBUCMT OT XUMWYECKON NPUPOAbLI METANSIOB U OT YACTOTbI UX
nosepxHocTtu. MNogobpae onpenenéHHbIM 06pasoM NOKPbLITUE MOBEPXHOCTU, MOXHO
3HaYUTENbHO N3MEHUTb paboTy BbIXoAa.

PaboTa Bbixoaa BblpaxaeTcsl B 3M1eKTpoH-BofbTax (3B): 1 aB paeeH paboTe,
KOTOpPYH  COBeplialoT Ccwuilbl  MONS  NpuM  MNepeMeLlleHMn  3NIeMeHTapHoro
3MNEeKTPUYECKOro 3apsaa Mexay ToYkamu pa3HOCTb MOTEHUMAaNoB MeXAy KOTOpbIMU
paBHa 1 B. Tak kak ¢ =1,6-10"""Kn, To 1 3B = 1,6-107"° .

dneKmpoHHasi aMuccusi — SIBIieHNe WUCMYCKaHWS 3MeKTPOHOB M3 MeTannos
npu COOBLLEHNN IMEKTPOHAM 3HEPTUW, PaBHOW Unu 6onbLuer paboTsl BbIxoaa.

1. TepMO3/IeKMPOHHasA 39Muccus — WCMYCKaHNe 3NEeKTPOHOB HarpeTbiMu

MeTannamu. NprumMep UCNoNb30BaHNS — 3MEKTPOHHbIE NaMnbl.

2. ®omoanekKmpoHHas 3MUcCCUs — 3MUCCUS SMNEKTPOHOB U3 MeTanna nopj
OEeNCTBMEM 3NEKTPOMarHUTHOro uanydvexus. lpumep wcnonb3oBaHua —
doTogaTUMKM.

3. Bmopuy4Has 3/1eKmMpOHHasi 3Muccusi — WCMyCKaHWe 3IeKTPOHOB MOBEpX-
HOCTbIO MeTanmnoBs, NOMynpPOBOAHWKOB UMW AMANEKTPUKOB npu Gombapau-
POBKE MX My4YKOM 3MeKTPOHOB. OTHOLUEHWE YKUCNa BTOPUYHBIX 3NIEKTPOHOB

ny K 4ucny nepBUYHbIX 77y, BbI3BaBLUNX SMUCCUIO, Ha3biBaeTCA

KO3GhehuLUEHMOM 8MOPUYHOL IIEKMPOHHOU amuccuu & = n, / n; . Mpumep

ncnosnb3oBaHNA — (bOTOQJ'IGKTpOHHbIe YMHOXUTENN.
4. AemosneKkmpoHHas 3SMuccusi — 3IMUCCUS SNIEKTPOHOB C MOBEPXHOCTU
MeTansoB nog 4eNCTBUEM CUITbHOTO BHELLHETO BNEKTPUYECKOro nons.

42.la3oBble pa3paabl

Mop pencTBueM uoHu3amopa (CUMbHbIA HarpeB, XECTKOE U3ryyeHne, NOTOKM
YacTuu) HeWTpanbHble MOMeKynbl (aToMbl) rasa pacllennsioTcs Ha WOHbl U
CcBO6OAHbIE 3NEKTPOHBI — MPOUCXOANT UOHU3ayuUs rasa.

OHepausi UOHU3ayuUU — 3HEPIUSl, KOTOPYW Hado 3aTpaTuTb, 4YTOObI M3
MOreKysbl (aToma) BbIOUTb OMH 3NEKTPOH.
PekombuHayueli — HasblBaeTCs  npouecc  o6paTHbIl  MOHU3ALMU:

NONOXWUTENbHbIE M OTPULATEMbHbIE WOHbI, MOMOXWUTENbHbLIE MOHbI U 3MEKTPOHLI,
BCTpevasCb, BOCCOEANHSIOTCA Mexay coboit ¢ obpasoBaHem HelTparbHbIX aTOMOB
1 MOreKyrn.
MpoxoxaeHne 3MEeKTPUYECKoro ToKa Yyepes /
MOHU3NPOBAHHbIN ra3 Ha3blBaeTCA 2a308bIM Pa3psiOoM. /
Paspspg, cywectsyolwnin TONbKO Mo AencTsvem —‘{/
BHELLUHWX WOHWM3aTOPOB, HAa3bIBAaeTCH HecamMocmosimersib-

HbIM 2a308bIM Pa3ps0oM. mA
Pa3psig B rase, COXpaHsIlOLLMIACS NOCNe npekpalleHns 4 @ [
[eNCTBIUS BHELLHETO MOHWM3ATopa, Ha3blBAeTCsl CaMOCMOsi-
menbHLIM 2a308bIM Pa3psiGoM. _:5
PaccMoTpUM  Lenb,  coaepXallylo  rasoBbil
NPOMEXYTOK (CM. PUCYHOK), MOABEPraloLLMiCS HEMpepbIB- R
HOMY, TMOCTOSIHHOMY MO WHTEHCUBHOCTW BO3[EVCTBUIO
|

MoHu3aTopa.
B pesynbTaTte gefcTeus MoHKU3aTopa ras npuobpeTaert
HEKOTOPYI0 3MEKTPOMNPOBOAHOCTL U B LIEMU NMOTEYET TOK, 3aBUCMMOCTb KOTOPOro OT

OneKkTpnYecTBO
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CpepnHssi CKOPOCTb HanpaBfeHHOro ABMXKEHWS 3NEKTPOHOB
<U> — Umax +0 — eE<t> _ €E<l>

2 2m 2m<u> )
[1noTHOCTb TOKa
ne’ <l>
/ ne<v> 2m<u> Lol
ne’ <l>
roe Y = —— = — yAenbHasi NpOBOAMMOCTb MeTanna.
2m <u>

3akoH [Qxoyns-JleHua.
K koHUuy cBobogHoro npobera anekTpoH Nog AelcTBuem nomnsi npuobpeTtaeT
[OMONMHUTENbHYH KMHETUYECKYHO SHEPTUIO

2 2
mupa _ € (1) o
()= €V

2 2

2m<u>

KoTOpast Npy CoyAapeHnm 3NeKTPOHa C MOHOM MOJTHOCTbIO Nepefaércs pelléTke.
Ecnv n — KOHUEHTpauusi 3MEeKTPOHOB, TO B eAVHWLY BPEeMEeHW B eauHULE

(u)

06BbEMA NPOMCXOANT N ——- CTOSNKHOBEHWUM M peLlETKe nepefaéTcst aHeprus

0
=—LE*=yE%.
m

3akoH BudemaHa-PpaHya.

OTHOLLEHnE TennonpoBoaHOCTU 7\, K y,qu'IbHOIZ npoBoAMMOCTHU ’Y Ana Bcex
MeTannoB npu OZHOW W TOW Xe TemnepaType OAMHAKOBO W YBenMymBaeTcs
nponopLMoHansHO Temnepartype

2
&:BT, r/:|,e|3:3(£] .
Y e

TpydHocmu Knaccu4yeckol meopuu.
1. TemnepaTtypHasi 3aBWCMMOCTb COMPOTUBIIEHUS: <u> ~ \/?, R~1/y,

cnepoBatenbsHo, R~\/T, 4YTO MPOTMBOPEYUT OMbITHBIM  AaHHbIM,
cornacHo koTopbiM R~ T .

2. OueHka cpepgHero npobera 9neKkTpoHOB. YTOObI MONyYnTb BENUYUHBI
yAEnbHOW MpOBOAVMMOCTM Y, COBMajallimMe C OMblITHbIMA AAHHLIMU,

cnegyet npuHMMaTb [) B coTHM pa3 Bornblle MeXaTOMHbLIX PACCTOSHUIA B
Y/

Kpuctanne.

3. TennoémkocTb meTanna cknagbisaeTcs n3 TEeNnnoEMKoCTH
KpUCTannmnyeckon peLlléTkm 1 TENNOEMKOCTU 3NEKTPOHHOro rasa. MNoatomy
yAaenbHas (paccuMtaHHas Ha OAvH MOSb) TEMMOEMKOCTb MeTanna AormKHa
ObiTb CYLLUECTBEHHO BhbIlLE TEMMOEMKOCTU AMSNEKTPUKOB, Y KOTOPbIX HET
CBOOOAHbBIX AIEKTPOHOB, YTO NMPOTUBOPEYUNT IKCNIEPUMEHTY.

Bce aTu TpygHOCTM CHUMaOTCSt KBAHTOBOW TEOPUEN.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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3apanoB. B BekTopHOM dopme, cuna, AenCTBylOlWas Ha 3apsid ¢; CO CTOPOHbI
3apaga ¢,

Fo— 1 qig 7in.
12 — 2 .
dney ¥ 1
Ha 3apsig g, co cTopoHbl 3apsifa g, AeiictyeT cuna [y, =—F,.
€y — d/leKmpuyeckas MoCMOosHHAas, OTHOCALAACA K YMCny dyHOaMeHTarbHbIX
PU3NYECKNX NOCTOSHHBIX
2
_12 Kn 1nD 1 M
£y =8,85-10"2=— umm g,=885-10">=. Torma =9.10° =
0 > 2 0 ]
H-m M 4ne, o
roe dhapapg (P) — eguHMLa anekTpuyeckom émkocTtu (n. 21).
Ecnn B3anmopgencTsylowmne 3apsgbl HaxoOaTCcsa B U3OTPOMHOW cpefe, TO
KyJTIOHOBCKas cuna

po_l a9
4me, er’
roe € — duaslekmpuyeckasi nPoHuUyaeMocms cpedbi — Ge3pasMepHasi BENUYMHA,
nokasbiBaloLlash BO CKOMbKO pa3 cuna B3aumopencTeus F mexay sapsgamMu B
[aHHON cpefie MeHbLLIe UX CUIbl B3auMopencTeums I, B Bakyyme
e=T0.
F

[nanekTpryeckas NPOHULLAEMOCTb Bakyyma €
1 nx cBomncTea byayT paccMoOTpeHbl Hke (n.15).

Bcsikoe 3apspkeHHOe Teno MOXHO pacCMaTpuBaTh Kak COBOKYMHOCMb TOYEYHbIX
3apadoB, aHanorMyHo TOMY, Kak B MeXaHUKe BCSKOE Teno MOXHO cuyuTaTh
COBOKYMHOCTbIO MaTepuasnbHblXx Todek. [MoaToMy anekTpocTatMyeckas cwuna, ¢
KOTOPOW OOHO 3apshkeHHOe Teno AeWCTBYeT Ha [pyroe, paBHa reoOMeTpUYEcKoun
CYMMe CuI, NPUMOXEHHBbIX KO BCEM TOYEYHBLIM 3apsifiamM BTOPOro Tena CO CTOPOHbI
KaXkgoro TOYEeYHOro 3apsiga nepsoro Tena.

Yacto 6biBaeT 3HauUMTENbHO YAoOHEee cumTaTh, YTO 3apsabl pacnpedesieHbl
3apsiKeHHOM meJie Hernpepbi8HO — BAOMb HEKOTOPOW MHWUK (HanpuMep, B criyyYae
3apSKEHHOTO TOHKOTrO CTEPXKHS), MOBEPXHOCTU (Hampumep, B criydae 3apshkeHHOW
nnactuHbl) unu obbéma. COOTBETCTBEHHO MNOMb3YIOTCSA MNOHATUSMU JIUHEUHOU,
riogepxHocmHouU u 06bEMHOU nnomHocmeu 3apsi00s.

sax = 1. MogpobHee ANaNeKTpuKm

. dg
O61BEéMHast NIOMHOCMb 3JIEKMPUYECcKUX 3apsidos P = W ,
roe dg — 3apsig manoro aneMeHTa 3apshxeHHoro Tena obbémom dV .
dg
lMosepxHOocMHasi NSIOMHOCMb 3/IEKMPUYECKUX 3apsi008 G = E ,
roe dg — 3apsg mManoro yyactka 3apsbkeHHow noBepxHocTu nnowaabto d.S .
y dg
JluHeliHasi nMoMHOCMb 3J71IEKMPUYECKUX 3apsidos T = E ,

roe dg — 3apsg mManoro yyactka 3apsbkeHHow nuHum gnvvon d/ .

OneKkTpnYecTBO
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3. Hanpsik€HHOCTb 3/1IEKTPOCTaTUYECKOro nons

OneKkTpocTaTUYeCcKMM MofeM HasbiBaeTcs none, Co3AaBaemMoe HeNoABWKHBIMM
3MEKTPUYECKUMU 3apsfamMu.

OnekTpocTaTuyeckoe nore onucbIBaeTcs ABYMS BEMUUYMHAMU: MOMeHYuanom
(sHepeemuueckasi ckanspHas XxapakTepucTuka nons) W HanpsKéHHOCMbIO
(cunosasi BEKTOpHas xapakTepucTika nons).

HanpspokéHHOCMb 351eKMpPOCMamu4YecKo20 MoJiIsi — 8EKMOpHas . F
usmdeckas BenuuuMHa, onpegensiemad Ccuron, AeWCTBYOLWEen Ha E=—
€0MHWYHbIA MONOXUTENbHBLIN 3apan ¢, NOMELWEHHbIN B OaHHYI0 TOYKY 90
nons.

EavHuLa HanpsXX@HHOCTU 3NIeKTPOCTAaTUYECKOro NOJisi — HbIOTOH Ha KyNOH
(H/Kn): 1 H/Kn=1 B/m, rge B (BonbT) — eguHMLa noTeHumana aneKkTpocTaTuiyeckoro
nons.

HanpsxéHHocmb nosisi moye4Hoz20 3apsida B BakyyMe (U B AUINEKTPUKE)

- 1 7 - 1 7
E= ar 1 4qar

dney 12 r dnege r- 1

roe 7 — paguyc-BeKTOp, COeAUHSIIOLLMIA faHHY0 TOYKY MOSs C 3apsiaoM g .

1 ¢ E_lq

4mg 1 dme e 12

B ckansipHoi popme  E =

HanpaeneHue eeKkmopa E coenagaeTt ¢ HanpaBneHMeM cumbl, ,D,eﬁCTByPOLLI,em
Ha NONOXWTENbHBIN 3apsas.

Ecnu none cosnaércs nosioxumersibHbIM 3apsanoM, To BekTop £ HanpaeneH
BOONb paguyca-BekTopa OT 3apsaa BO BHELIHee NPOCTPaHCTBO (OTTankvuBaHue
npobHoro nonoxutensHoro 3apsina). Ecnu none cos3paércs ompuyamenbHbIM

3apsgoMm, To BekTop £ HanpaeneH k 3apsaay (MpUTsBKeHue).

- a) padmyeckn anekTpocTaTnyeckoe none mnsobpa-
E XalT C NMOMOLLBI0 IMHUN HanpsiKEHHOCTU — NUHUINA,
KacaTernbHble K KOTOPbIM B KaXI0W TOYKe COBMajatoT C

E HanpaBneHnem Bektopa E (puc.(a)). JiuHuam Hanps-

XEHHOCTM MPUMUCLIBAETCA HanpaslieHue, CcoBna-
Jawlliee ¢ HanpasfeHWEM BEKTOpa HanpshkEHHOCTM.
T/ ——>— Tak Kak B [AaHHOW TOYKE NpPOCTPaAHCTBA BEKTOP
HanNPsHPKEHHOCTU MMEET MULLb OOHO HanpasfeHue, TO

%) MIMHUA  HaNPsXX@HHOCTWM HUKOrJa He nepecekaroTcs.
[ns o0dHopodHO20 nonisi (Korga BeKTOp Hanps-
—> XEHHOCTM B NOOON TOYKEe MOCTOSHEH MO MOAYMo U
HanpaBneHuo) NNHUM HaNPSXEHHOCTU napaninesnbHbl

BEKTOPY Hanps»KEHHOCTW.

Ecnu none cosgaérca ToOYeYHbIM 3apsAoM, TO MMHUM  HAMPsXXEHHOCTM —
paavarnbHble nNpsMble, BbixoAdline U3 3apsha, eciv OH NoNoXuTeneH, U Bxoaslwme
B Hero, ecnu 3apsaa orpuuareneH (puc.(6)).

4. MNotok BekTopa F

YTOObI C MOMOLLBIO NIMHWIA HANPSXXEHHOCTU MOXHO ObINO XapaKkTepu3oBaTb He
TONbKO HarnpasfeHne, HO U 3HAYeHWe HanpPsPKEHHOCTWU SMEKTPOCTaTUYECKOro Mors,
MX MNPOBOAAT C ONpedenéHHOW TYCTOTOW: YWUCNO  JIMHUA  HanpsKEHHOCTW,
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39. 3neKkTpuyeckme TOKU B MeTanmaax

Hocutensmu anekTpuyeckoro Toka B MeTanne $BnATCs CcBOOOAHbIE
3MNEKTPOHBI.

Mpu o6pasoBaHUN KPUCTaNNMYECKON PELUETKM SMEKTPOHbI BHELLHMX 060mnoyek
aTOMOB (BaneHTHbIe 3NEKTPOHbLI) o6o6wecmensiromess U KpucTann npeactasnser
cobori pelléTky HEMOABWKHLIX WMOHOB MeTanmna, MeXay KOTOPbIMUA XaoTU4ecKu
OBWXYTCA CBOOOAHbIE 3MEKTPOHbI, 00pasys 3/1ekKmpoOHHbIU 2a3, obnagaroluin
CBOMCTBaMM ngearnbHoro rasa.

CornacHo meopuu [pyde-JlopeHuya, 3nekTpoHbl 06nagatoT TON xe 3Hepruen
TENMoBOro ABWXEHWUS, YTO M MOJNEKyNbl OAHOATOMHOro rasa. CpefHsis CKOpOCTb
TENnoBOro ABWXEHNS 3N1EKTPOHOB

()= ==

)

T,

roe k=1 ,38-10‘23 Ix/K — nocmosiHHasi BonbymaHa,
m, =9,11-10™" kr — macca anekTpoHa,
T — abcontoTHas (MK TepMoavHamudeckas) Temnepatypa (B KenbBuHax).

Mpu komHaTHOM Temnepatype (7 =300 K) cpegHsis CKOPOCTb TEMOBOro
OBWXEHUS 3MeKTPOHOB paBHa <u> =1,1-10° m/c. XaoTU4eckoe TENroBoe ABMKEHUE
3MEKTPOHOB HE MOXET NPUBECTU K BO3HUKHOBEHUIO TOKA.

Mpy HanoXeHWM BHELUHEro 3MeKTPUYeCcKoro Mons Ha MeTannuMyeckui
NPOBOAHMK B [AOMOSIHEHWE K XaOMuYecKOMYy TENnoBOMY OBWKEHWIO BO3HWKaeT
ynopsi0oYeHHOEe ABWKEHNE 3MEKTPOHOB (INEKTPUYECKUI TOK).

Jaxe npu npegenbHO AOMNYCTUMbIX 3HAYEHWAX MNOTHOCTU TOKa, CPeaHsas

CKOpPOCTb <U> ynopsaao4eHHOro  ABWXXEHUA  3JIEKTPOHOB, oﬁycnasnmaaromero

ANEKTPUYECKUI TOK, 3HAYUTENBHO MEHbLLE UX CKOPOCTU TEMMOBOIO ABWXEHMUS <u>
(vy<(u).
40.OCHOBHbI€ _3aKOHbl _ 3JIEKTPUYECKOro TOKa B KJIaCCUYECKOU _Teopuu
3NEeKTPONPOBOAHOCTU MEeTaoB
3akoH Oma.

MycTb B MeTannuyeckoM npoBoAHWKe nJeunctByeT none FE =const. Mog
gdeuncteuem cunbl F =e¢E 3apsg e [BWKETCA PaBHOYCKOPEHHO C YCKOPEHWEM

ek ek <t>
a =— W KKoHLy cBoboaHoro npobera npmobpetaeTt CKOPOCTb Uy, = .
m m
{)
CpenHee BpeMsi cBobogHOro npotGera 3nekTpoHOB <t> =L onpeaensieTcs

(u)
cpeaHeil AnvHOW cBoBogHoro npoBera (/) W cpedHeil CKOPOCTBIO [BMKEHWS

ONEeKTPOHOB OTHOCUTENbHO KpI/ICTaJ'IJ'WNeCKOVI pelweTkn <Ll> + <U> = <u>

OneKkTpnYecTBO
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4) B cnyvyae KOpomko20 3aMbiKaHUSI COMPOTMBMIEHWE BHELUHEN Luenu

Ripen =0 v cunatoka [ =

B 3TOM cny4ae orpaHn4mBaeTCcs TOJIbKO
Tsuyrp

BENTMYNHOW BHYTPEHHEr0 COMPOTUBIIEHUS] UCTOYHMKA TOKa.
38.MpaBuna Kupxrodha ansa pa3BeTBNEHHbLIX Lienewn
Y3nom anekTpuyeckoun Lienu HasbiBaeTcs Nobasi Touka pasBeTBreHUs Lenu,
B KOTOPOW CXOOUTCSH HE MeHee TPEX MPOBOAHWMKOB C TOKOM. TOK, BXOOSLUMIA B y3en,
CYMTaEeTCs NOMOXMTENbHBIM, @ TOK, BbIXOOSLMIA U3 y3na — OTpULaTeNbHbIM.
MepBoe npaeuno Kupxroda — anrebpanyeckas cymma TOKOB, CXOASILLUMXCS B
y3ne, paBHa Hyso
DI, =0.
k

Hanpumep, ana ysna A Ha pucCyHKe MepBoe NpaBuno
Kupxroda

L - -L+1,+15—-1,=0.
BTtopoe npaBuno Kupxroda — B noOGOM 3aMKHYTOM KOHTYpe, MpPOU3BOJSIbHO
BbIOpaHHOM B pa3BEeTBMEHHOW 3MeKTpUYeckon uenu, anrebpavyeckas cymma

0, npoussefeHuin cun TokoB/; Ha conpoTuBneHve R,
A R Iy B COOTBETCTBYIOLUMX Y4acCTKOB 3TOTO KOHTypa paBHa
= +A L2 anrebpaunyeckon cymme O[C ®k, BCTpeYarLmnxcs B
“T© 9TOM KOHType
2
[ % DR =)0,.
i k
Hanpumep, ans obxoga no 4acoBoOW cTperke
4 ¢  3zamkHytoro koHTypa ABCDA BTOpoe npaBuno
D +®- R, s Kupxrocba nmeeTt sna

[Mpun pacyéTte cnoxHbix Lenen ¢ npumeHeHnem npasun Kupxroda Heobxoammo:

1. Bbibpamb NpOW3BONbHOE HarpaesieHue MOKO8 Ha BCeX yyacTkax Lenu;
OEeNCTBUTENbHOE HanpaBrieHe TOKOB onpeaensieTcs npu peleHnn 3agayn:
€CNN NCKOMbIW TOK NOSYyYUTCH MOSNOXUTENbHBLIM, TO €ro HanpaeneHue Obino
BblOpaHO MpaBuUnbHO, @ ecnn — OoTpuuaTenbHbIM — €ro WCTUHHOEe
HanpaBsneHne NPOTUBOMOOXHO BblIOpaHHOMY.

2. Bblbpamb HanpasneHue ob6xoda KOHTypa W CTPOro ero npuaepXxuBaTbCs;
npow3eeaeHne IR NonoxvTensHo, ecrv TOK Ha JaHHOM yyacTke coBrnajaeT
C HanpaeBneHnem obxopa. OMOC, pewcteywwme Mo BbIOpaHHOMY
HanpaBneHnto  obxoda, CcyMTalTCA  MNOMOXWTENbHbIMW, MPOTUB  —
oTpuUaTenbHbIMU.

3. Cocmasumb CmonbKO ypasHeHuUd, YTOObl MX 4YMCNO ObINO paBHO 4ucny
WUCKOMbIX BeNWYnH (B CUCTEMY YpaBHEHUM [OOSKHbI BXOAWUTb BCe
COMPOTUBNEHNS " ic)iles paccmaTtpuBaemon uenw); KaXkabln
paccMaTpyBaeMbIi KOHTYP OOMMKEH codepXaTb XOTs Obl O4WMH 3NEMEHT, He
cogepxawmica B Npeablaywmnx  KOHTypax, 4Tobbl He nonyyanuch
ypaBHEHWS, KOTOPblE SABNATCS NPOCTON KOMOMHALMEN yXKe COCTaBIEHHbIX
YpaBHEHWI.

NPOHU3bIBaAOLLNX eanHuly nnowann NOBEPXHOCTH,
nepneHanKynapHy JIMHUAM Hal'lpﬂ)KéHHOCTI/I, OOMMKHO ObITb

paBHO Moaynto BekTopa F .
TorAa YMCHO MMHWIA HANPSXKEHHOCTU, NPOHM3bIBaloWNX 48
3neMeHTapHyto nroLiagky ds, paBHO

E-dScosa=E,dS, roe E, — npoekunst Bektopa £ Ha
Hopmanb 7i K nnowaake dS. (Bektop # — eOWHUYHBINA
BEKTOP, NeprneHanKynsapHbii nnowaake d S ). Benmunya

d®,=E-dS, =E-dScosa=E,dS=EdS
Ha3blBAETCA [10MOKOM _8eKmopa _HarnpsXXEHHoCcmu yepes

—————

?
|

ds,

|
: 1 |
1 ! !
to ot
[ |
1 ! |

|
|
|
1
'

nnowaaky dS. 3gecb dS=dSi - BEKTOpP, MOAyMb KOTO-

poro paseH dS, a HanpaeneHue BeKkTOpa cOBMagaeT C HanpasrieHMem 7 K
nnowaake.

[MoTok BekTOpa E ckBo3b NPOV3BONbHYIO 3aMKHYTYHO NMOBEPXHOCTb S
®,=PE,dS=PEdS.
S S

5. NpuHUMN cynepno3vumMmn INeKTPocTaTMYECKUX nonewn
K KkynoHoBCkMM cunam MpPUMEHWM PacCMOTPEHHbLIA B MeXaHuke mpuHyun
He3asucumocmu Oelicmeusi cus — pe3ynbmupyrowas cuna, OencTBylolwas co
CTOPOHbI MONSt Ha NPOOHbIA 3apsa paBHA 8EKMOPHOU CyMMe CWM, MPUMOXEHHbIX K
HEMY CO CTOPOHbI KaXK4oro U3 3apsiaoB, CO3AalLLMX SNeKTpocTaTMIeckoe none.
HanpséHHOCTb pesynbTupyloLero rnosnsi, co3gaBaemMoro CMCTEMOW 3apsiaoB,
TakkKe paBHa 2eomempu4yecKol CyMMe HanpsiKEHHOCTEN nonen, n
co3faBaeMblxX B AaHHON TOUKE KaXKablM U3 3apsifoB B OTAENbHOCTU. | F = Z E. .
Ota copmyna BblpaxaeT mpuHYuUN  cyneprno3uyuu a !
(HanoxeHusi) anekmpocmamu4veckux noneld. OH nossonset
paccuutatb anekTpocTatuyeckue nons noboi CMCTEMbl HEMOABMXKHBIX 3apsdoB,
npefcTaBuB ee B BUAE COBOKYMHOCTM TOYEYHbIX 3apsiAoB.
HanomHuM npaBuno onpefeneHusi BeNMYMHbI BekTopa C

CYMMbI [1BYX BEKTOPOB d W b
6| =a? + b + 2abcos o = Ja® + b — 2abcosp .

6. Teopema [aycca

BbluncneHve HanpskEHHOCTM MOMsi CUCTEMbl 3MEKTPUYECKUX 3apsifoB C
NOMOLLBID  MPUHLUMMNA  Cyneprno3vumyv  3NEKTPOCTaTUYECKUX  MONer  MOXHO
3HauUTEeNbHO YNPOCTUTb, WCMOMNb3ys Teopemy [aycca, onpedensiowyo MNOTOK
BEKTOpPA HAMNpPsKEHHOCTW 3MEKTPUYECKOro MONS CK8O3b MPOU3BOSIbHYO 3aMKHYMYIO
o8epxHoCMkb.

PaccmoTpum NOTOK BeKTOpa HanpsikEHHOCTUN Yepes cheprnyecKyto NoBEPXHOCTb
paguyca r, OXBaTblBaIOLLYIO TOYEYHbIV 3apsa ¢ , HAXOOSLWMNCA B €€ LieHTpe

2

0= E,dS =—1—am? =L
g 47'[801” €

OToT pesynbTar cnpaeeanuB  Onss mobol  3aMKHymol  1osepxHocmu
rpou3eosibHOU (hopMbI, OXBATbIBAKOLLEN 3apss.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe

OneKkTpnYecTBO



3-6

Ecnu 3amkHyTas NoBepxHOCTb He OXBaTbiBaeT 3apsiAa, TO MTOMOK CK8O3b Heé
paseH Hymoo, Tak KakK YMCMO TNUHWUA HanpsKEHHOCTW, BXOOSALIMX B MOBEPXHOCTb,
paBHO YMCIy NUHWUIA HANPSXKEHHOCTU, BbIXOASLLMX U3 HEE.

PaccmoTpum obwuli criyqali npou3eosibHOU Mo8eEPXHOCMU, OKpyxarowel n
3apsidoe. CormacHo MPUHUMMY  Cyneprnosvuuunm  HanpsbkéHHocTb nonst  E,
cO3/jaBaeMoro BCEMU 3apsfamu, paBHa CyMMe HanpsikéHHocTell E;, cospaBaembix

KaXabiM 3apA0oM B OTAESTbHOCTU. |_|03TOMy

n n n n
Oy =¢E,ds=§| YE |-a5=YfEdS =Y L =L,
g S \i=l i=l g =180 €0 =
Teopema aycca Onsi anekmpocmamu4yecko20 Mosisi 8 eaKyyme. [0moK
6EKmopa Harps)XEHHOCMU  31eKMpPOCMamuyecko2o Mo 6 eaKyyme CKeo3b
MPOU3BONBHYIO  3aMKHYMYyIO  [08€PXHOCMb  paseH anzebpauyeckoli cymme
3aK/IOYEHHBIX 8HYMPU 3Moti nosepxHocmu 3apsi008, enéHHbIX Ha € .
Ecnu 3apsg pacnpegenéH B MpoOCTpaHCTBE C  OOBEMHOM MIOTHOCTBIO
p=dg/dV , 10 Teopema laycca

@E:<35End5=ijpdl/.
S

€y

7. Uuvpkynaumsa BeKTopa HanpsaXKéHHOCTU
Ecrnn B QJ1IEKTPOCTATUHECKOM MNosie To4Ye4YHOro 3apsga ¢ i':
M3 TOYKM 1 B TOYKYy 2 BAOMb MPOU3BOSILHON TpaeKkTopum
nepemellaeTcs [Opyron TO4veYHbld 3apsagd ¢, To cuna,
NpUNoXeHHas K 3apsigy, coBepluaeT paboTy. PaboTta cunbl Ha

1
anemeHTapHom nepemetuedun d/ paeHa

o 1 1
dA=Fdl/=Fdlcosa =—@dlcosa =—q—q20dr.
47580 r 47580 r

PaboTa npu nepemelleHnn 3apsaaa ¢, 13 To4ku 1 B TOUKy 2

4 :jdA: q90 (dr __1 (440 490
12 ) 4, P2 4mey | A )
i Ul

Pa6ota A12 HEe 3aBUCUT OT TPaeKTopuUn nepemMelleHud, a onpeaendaerca TOJIbKO

MONOXEHUAMW HaYanbHOW 1 KOHeYHoW Toyek. CregoBaTtensbHO, aMekTpocTaTuieckoe
rnorne TOYEYHOro 3apsiaa SBMAETCS MoMmeHYUaNnbHbIM, a 3NEKTPOCTAaTUYECKME CUSTbl
— KOHCcepeamueHbIMU.

Takum obpasom, paboTa nepemelleHUs 3apsiga B 3MEKTPOCTATUYECKOM Mone
no Nto6oMy 3aMKHYTOMY KOHTYpY L paBHa Hynio

— E, $da=o0.
o —
| & i ,
\ \ Ecnu_nepeHocMMbIN_3apsa eQUHUYHbILH, TO dremMeH-
L TapHasa pabota cun nonsa Ha nytv d/ pasHa Edl= E,dl,

roe £, = Ecosa — npoekuusa Bektopa E Ha HanpaBneHue
1

anemeHTapHoro nepemetuenus d/.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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Wcnonb3ysa anddepeHumansHyto opmy 3akoHa Oma j =YyE 1 onpepeneHve

1
p =—, nony4um 3akoH [xoynsi—JleHya e dughghepeHyuanbHol hopme
Y

w= jE =yE>.

TennoBoe AeNCTBME 3NEKTPUYECKOrO TOKA MCMONb3YyeTCs B OCBETUTEMbHbIX,
namMmnax HakanuBaHus, 3NeKTPOCBapKe, areKTpoHarpeBaTesbHbIX Npudopax u T.4.
37.3akoH Oma ansa HeoAHOPOAHOrO y4YacTKa Lenu

PaccmoTpum HeoOHOPOOHbILU y4acTok Lenu 1-2 Ha KOTOPOM MPUCYTCTBYHOT
CUMbl HE3NEKTPUYECKOTO NPOUCXOXAEHMUS (CMOPOHHUE CUSTb).

O60o3Haumm yepes O, — O[C Ha yyacTke 1-2; AP =@, — @, — NPUNOXEHHYIO
Ha KOHLaxX y4YacTka pa3HOCTb NOTEHLManoB.

Ecnn yyactok uenn 1-2 HemodeuixeH, TO (MO 3aKOHY COXPaHEHWs1 3Heprum)
o6wasi paboma A, CTOPOHHWX W BNEKTPOCTATUYECKVUX CWIl, CoBepLuaemas Haj

HOCUTENSIMU TOKa, paBHa TennoTe Q) , BbIAENAIOLWENRCS Ha yyacTKe.
Pa6ota cun, cosepluaemas nNpu NnepeMeLleHnn 3apsaa ¢,
4ip = qoOr2 + qoAP.
icliles G)lz, Kak M cuna Toka [, — BenuuuHa ckanspHas. Ecnn 3[4C

CrMocoBCTBYET ABVXKEHMIO MONTOXUTENbBHBIX 3apsiAoB B BbIOPaHHOM HarnpaBreHum, To
®,, >0, ecnu npensTcTyeT, TO O, <0.

3a Bpemsi ¢ B NpoBOAHMKe BblAennTCs Tennota QO = I*Rt = IR(It) = IRq,.
Otcioga cnepyet 3akoH Owma Ons  HeoOHOPOOHO20 y4Yacmka uenu 8
UHMeepasibHol chopme, KOTOpbIN ABNsieTcs 0606uieHHbIM 3akoHOM Oma
IR=¢;—¢, +0O,

unu ]:w.
R

YacTtHble cniyyaum.
1) Ecnu Ha paHHOM y4yacTke uUenu MUCTOYHWK TOKa omcymcmeyem, TO Mbl

nonyyaem 3akoH Oma 0s151 0OHOPOOHO20 y4yacmka yenu

=2
R

2) Ecnm uenb 3amkHyma (A@=0), TO nonyyaem 3akoH Oma Odns
3aMKHymou yenu

® (C]

[=—= ,
R 7 BHYTp + RBHeI_lI

roe ® — JMC, peiicTeytowas B Lenu;
R — cymmapHoe conpoTuBneHue Bcen Lenu;

RBHem — COnpoTuBIIEHNE BHELUHEeN uenwu;

rBHyTp — BHYTpeHHee conpoTuBieHne NCTOYHUKA TOKa.

3) Ecrm uenmb pasomkHyma, 1o [=0 un O, =0¢,—¢,, T.e. 34C,
delicmeyroujasi 8 pa3oMKHymoli yenu pasHa pasHOCMU MoMeHyuanos Ha
€€ KoHUuax.

OneKkTpnYecTBO
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PaccMoTpM  OJHOPOAHBIA MPOBOAHMK C COMPOTUBREHWEM R, K KOHLaM
KoToporo nmpunoxeHo HanpsbkeHne U. 3a Bpemsi df 4epes ceueHue NpoBOAHMKA
nepeHocutcs 3apsa dg =/ dt. PaGoTa no nepemeLleHuto 3apsiga ¢, Mexay AByms
TOYKamU Nosisi paBHa

2 U
A, =qyAp,  oTkyna dA=Udg=Uldt=1 Rdt:?dt.

MowHocmb moka
2
p=34_yr-pr-Y".
de¢ R

Ecnu paamepHocTu [1]=A, [U]=B, [R]=OM, TO [A]zﬂ)K 7 [P]=BT.

BHecucmemHble eQuHUUbl pabomsi moka: BatT-4ac (BT-4) u kunosaTtT-4yac
(kBT-4). 1 BTy — pabota TOKa MowHocTblo 1 BT B TeyeHun 14: 1 B1-4=3600
Brtc= 3,6-103 k. AHanormyHo: 1 kB1-4 = 1000 B1'4 = 3,6-106 k.

36.3akoH bkxoynsa—-JleHua

Mpy NpoxoXaeHnM Toka MO NPOBOOHMKY MPOMCXOAWUT paccesiHue SHepruu
BCINEACTBUE CTOMKHOBEHMI HOCUTENEN Toka Mexgy cobor n c nobbiMyu Apyrumu
Yactuuamu cpegpl. Ecnu Tok npoxoauT Mo Hernod8UXHOMY NPOBOAHUKY, TO BCSI
pa6oTa Toka d A UAET Ha HarpeBaHve NPoBOAHMKa (BblgeneHue Tennotel d Q).

Mo 3aKoHy coxpaHeHusi aHepruu  dA=dQ,

2
dQ:IUdt:IZRdt:%dt.

KonunyecTtBo TENNOTHI Q , Bblaengdwuieeca 3a KOHEYHbIN NPOMEXYTOK BpEeMEHU

ot 0 go ¢ noctosiHHbIM TokoM [ BO Bcem 06bEMe NPOBOAHMKA, 3MEeKTpUYeckoe
COMPOTMBIIEHNE KOTOPOro paBHO R, nonyyaem, WHTerpupys npeabiayliee
BbIpaXeHue,

t
Q:jlszt:ﬁRt.

3akoH [xoynsi—JleHya (8 uHmMezpanbHOU hopMe): KONu4ecmeo mernsaomsi,
ebldesiieMoe MOCMOSIHHBIM 3/IEKMPUYECKUM MOKOM Ha ydyacmke ueru, pasHo
npoussedeHuro keadpama Cu/bl MoKa Ha 6peMs e20 [POXOXOeHUs U
3/IEKMPUYECKOE COMPOMUBIIeHUe 3mMo2o yJacmka uenu.

Bblgenum B npoBoaHuke uunuHgpudeckuii oobem dV =dSd L (ocb umnuHgpa

R d
coBnagaeT c HanpaeneHuem Toka). ConpoTuerieHne atoro o6béma R :pﬁ. Mo

3akoHy [xoynsa-JleHua, 3a Bpemsa df B aTom 06bEME BblAENUTCA TennoTa
do=I’Rdt= ‘ngl(]dS) dt=pj*dvdt.

YOenbHoli mennoeoli MOWHOCMBLIO MOKa W Ha3blBAETCA KONMUYECTBO
TennoThbl, BbiAensaoLIeecs 3a eanHuLy BpeMeHn B eauHuue obbéma
do

dth_pJ

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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WHTerpan Edl= (j;E, d/ Ha3blBaeTCs  Yupkynsyuel  sekmopa
L
HanpspkEHHOCMU 1O 3afaHHOMY 3aMKHYTOMY KOHTYpY L.
Teopema O UMPKYNALUUU BEKTOpAa EZ

LiMpkynaums BekTopa HaNPsHKEHHOCTM 3MEKTPOCTaTUYECKOro Mons BAOSb
No6Oro 3aMKHYTOrO KOHTYpa paBHa HyIo

$Edi=E dI=0
L

Cunosoe none, obnapatollee Taknm CBOWCTBOM, HasblBaeTcs
nomeHyuanbHbIM. 3Ta opMyna cnpaBeanvBa MOJILKO Ol 3NEKTPUHECKOrO
nons HenodeWXHbIX 3apsaoB (3/1IeKMpPocmamu4yecKozo0).

8. MoTeHumanbHas 3Heprusa sapsaga

B noteHunanbHoOM none Tena obnagatroT NoTeHuManbHoW aHeprven u pabota
KOHCEPBATUBHbIX CUI COBEpPLUAETCH 3a CHET yObINM NOTEHLMANbHON 3HEPrnn.

Moatomy paboTy A, MOXHO NpeAcTaBUTb, Kak PasHOCTb MOTEeHLMarbHbIX

3Heprui sapagda ¢, B Ha4YarbHOWM 1 KOHEYHOW ToYKax nons sapaga g

1 qq 1 qq
o 0= =17,
4ne, 1 4ney 7y

A12

MoTeHunanbHas 3Heprust 3apsiga ¢,, Haxodsllerocs B none 3apspa ¢ Ha
pPaccTOsHUM ¥ OT HEero paBHa

W=—— 1 qqo—i—const
4ne, r

CunTasl, 4yTo Npu ypaneHuuM 3apsga Ha 6eckoHeYHOCTb, MoTeHuMarnbHas
aHeprus obpaluaeTcs B Hynb, nonyyaem: const =0.

[ns oOHOUMeHHBLIX 3apsiAOB MNOTEHUManbHasi SHeprusi UX B3auMoAencTBus
(ommarkueaHus) nmonoxwTenbHa, ANs Pa3HOUMEHHBLIX 3apsOoB MOTeHUMarbHas
SHEprvsl U3 B3auMOOEeNCTBUS (TpumMshkeHUsT) oTpuuaTenbHa.

Ecnu none cos3gaértcs cMCTEMOM 71 TOYeYHbIX 3apsdoB, TO MoTeHumanbHas
3Heprus 3apsja ¢, HaxodsLLEerocs B 9TOM osie, paBHa CyMMe ero noTeHLManbHbIX

3Heprvu7|, co3aaBaeMbIX KaXxabiM U3 3ap§|p,OB B OTAOENbHOCTU
W= ZU qoZ

9. MNMoTeHuMan aneKTPOCTaTUYECKOro nons

4n80r

w
OTHOoWweHne — He 3aBUCMT OT I'Ip06HOFO 3apsga g, W ABNAETCA,

qo
3Hepaemuyeckoli xapakmepucmukol roJisi, Has3biBaeMol momeHyuaaom
w
¢o=—
9o

ﬂomengan ¢ B Kakon-nnbo Touke ANEeKTpoCTaTu4yeCkoro nona ecCctb

ckansipHasi uandeckas BenuuuHa, onpefensieMasl MnoTeHUManbHOW 3JHepruen
€ANHNYHOTO NOMOXWUTENBbHOMO 3apsaa, MOMELLEHHOTO B 3Ty TOYKY.

OneKkTpnYecTBO
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Hanpvmep, noteHuuan nons, co3gaBaemMoro To4eYHbIM 3apsioM ¢, PaBeH

1l ¢

4me, r

10.Pa3HOCTb NOTEeHUManoB

Pab6orta, coBepluaemas cunamm anekTpocTaTUYecKoro nons npy nepemMeLleHmm
3apsga g, 13 Touku 1 B TOUKy 2, MOXeT BbiTb NpeacTaBreHa Kak

Ay =W =Wy =qo(9; — 02) =qpAP,

TO eCTb, paBHa NPOM3BEAEHUIO NepeMeLLaeMoro 3apsa Ha pa3HOCTb NOTEeHLManos
B Ha4anbHOWM M KOHEYHOW TOYKax.

PasHocmb nomeHyuasioe OByx TOueK 1 M 2 B 3MeKTpOCTaTU4ECKOM Mose

onpegensdeTtcd pa60T0171, coBepllaeMon cunamym nons, npu nepemMeLleHnn
€ONHUYHOIO NONOXUTENBbHOIo 3apaga U3 TOYKNU 1B TOYKY 2

A
— A 2
0 =0, =Ap=—=.
90
Monb3ysicb onpedenieHnemM HanpsXKEHHOCTU  3MEKTPOCTATUYECKOrO  MOJs,

MoXeM 3anucatb paboTy A4, B Buae
2 o 2 . 2 .
Ay = [Fdi=[qyEdi =g, [Ed].
1 1 1

Ortcioga

roe WHTEerpupoBaHve MOXHO MNPOV3BOAUTL BAOMb MOGOW NUHUM, COeOMHSIIOLLEN
HayanbHYl0 M KOHEYHY TOYKM, Tak Kak paboTa CUN SNeKTpOoCTaTUYECKOro nons He
3aBUCUT OT TPAEKTOPUM NEePEMELLEHUS.

Ecnu nepemellats 3apsn ¢, U3 Npou3eosibHOU MoYKu 3a npedesibl nosns
(Ha GeckoHEYHOCTb), rae MoTeHUManbHasi 3HEPrusl, a 3HauuT M NoTeHumarn, paBHbl
Hynto, To paboTa cun anekTpocTaTudeckoro nons A, = g,¢, oTkyaa

¢= ﬁ .
q0

Takum obpasom, ewé ofHO onpedeneHve nNoTeHunana: mnomeHyuan —
gusudeckas eenuduHa, ornpedesisiemass pabomoul o nepemeweHurr edUHUYHO20
rnonoxumerbHo20 3apsida npu ydaneHuu e2o u3 daHHOU MoYKU 8 6eCKOHEYHOCMb.

EduHuuya nomenyuana — BonbT (B): 1B ecTb NoTeHuUman Takoi To4kv Nons, B
KoTopow 3apsia B 1Kn obnagaet noteHumansHom aHeprmen 10k (1B=10x/1Kn).

[MpuHyun cynepno3uyuu nomeHYUaso08 3JieKmpocmamuyecKkux roJseu:
Ecnu none cospaétca HeckonbkuMM 3apsgamu, TO MOTEHuMan nons CuUcTeMmbl
3apaaoB paBeH aneebpaudyeckol cymMme NOTEHLUManoB Nnomnew BCcex 9TUX 3apsiaoB.

11.CBsA3b MeXxAay HanpskEHHOCTbLID U MOTEeHLUMaNoM

[na noTeHumanbHOro Nons, Mexay NoTeHumansHON (KOHCEPBaTUBHOW) CUMON U
noTeHUManbHON 3Hepruen cyecTeyeT CBA3b

ﬁ:—gradW:—VW,

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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U ) I |
B npoBogHuke — = E — Hanpsik&HHOCTb anekTpuyeckoro nons, R=p—, j=—. U3

/ S S

I 1U .
3akoHa Oma nonyyuMm cooTHolleHue — =——, oTkydacnegyetr j=vYE.
p!
B BekTOpHOM hopmMe COOTHOLLEHME
J=YE,

HasblBaeTca 3akOHOM Oma e dughghepeHyuansHol chopme. ITOT 3aKOH CBSA3bI-

BaeT MIoOmHOCMb moka 8 itobol moyke 8Hympu I'lpOGOOHLIKa C Hanpsp»kéHHOCMbHO
31eKMpUYeCcKo20 MoJsisi 8 Mol Xe MOoYKe.

33.ConpoTtuBneHne coeguHeHUsi NPOBOOHUKOB
(1).NocnepoBaTtensHoe coeAuHeHWe 71 NpoO-

BopHukos: [ =[,=...=] =1, (1) J R, Ry
R=U=YU;=Y IR, =1 R,, LY L
i=1 i=1 i=1 RIU
Z}’l: } sty
R= R,
=i 2) Frndi
(2).NapannenbHoe coeauHeHMe 71 NPOBOA- e
HUKOB: U=U,=...=U,=U, Rl
U=y =yY%_yy L T 1
R i=1 l i=1 R; i=1 R; Ryody b
n et
11 ALY
R OR )

34.TemnepaTtypHasi 3aBUCUMOCTb CONPOTUBIIEHUA

OnbITHBIM  NyTEM  ObINO  yCTAHOBMEHO, 4YTO Ans BonblUMHCTBA CryyaeB
W3MEHEHWE YyOEeNbHOro COMPOTMBIIEHMS (@ 3HAYUT W COMPOTUBIIEHMS) C
TemnepaTypoyn ONMCbIBAETCHA NIMHEVHBIM 3aKOHOM

p=p,(1+ar) wm  R=R)(1+ar),

rae p wn pPgy, R n RO — COOTBETCTBEHHO YyaerbHble COnpoTUBIIEHUA U Conpo-

TUBMEHWSI NPoBOAHMKa Npu Temnepatypax ¢ u 0°C (wkana Llenbcus), oo — memne-
pamypHbIU Ko3ghguyueHm conpomuersieHus.

Ha 3aBMCUMOCTM 3MeKTpUYeckoro COnpoTUBIIEHWUST METaNMoB OT TemnepaTypbl
OCHOBaHO AENCTBME MepPMOMEeMmpPOo8 COMpPOMmMuUBIIeHUs.

ConpoTvBreHre MHOTUX MeTasroB Mpu o4eHb HU3kuX Temnepatypax 7). (0,14-
20 K (wkana KenbBuHa)), Ha3blBaeMbIX KPUMUYECKUMU, XapaKTEPHbIX AN KaXaoro
BellecTBa, CKaykoobpas3HO yMeHbLlaeTcss [0 Hyns M MeTann  CTaHOBWUTCS
abcontoTHLIM MPOBOAHUKOM. DTO SIBNEHNE Ha3bIBAETCSl C8EPXMPO80OUMOCMAbIO.

35.PaboTa 1 MOLWHOCTb TOKa
KynoHoBckMe W CTOPOHHME CwMbl MpW MepemelleHnn 3apsga ¢  BAoSb
3MEKTPUYECKON Lieny coBepLuatoT paboty A .

OneKkTpnYecTBO
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Ecnn Ha 3apsag g, MAeicTBYIOT KaK CTOPOHHME CuMbl, Tak W CuMbl
3NEeKTPOCTaTUYECKOro Moss, TO pe3ynbTupytoLas cuna

F=F +F"e:q0<E +E).

cTop cTop

PaboTa pesynbTupytoLLeli cuiibl o NepeMeLLeHmnio 3apsaa ¢, Ha ydactke 1-2

2 2
4y :qOIECTopdl+quEdl =q0®12 + 4o (91— 92)-
1 1

[ns 3aMKHYTO# Lieny paboTa aneKkTpOCTaTUYECKMX CUM PaBHa HyITH0, MO3TOMY
A=¢q,0.

HanpsxkeHuem U Ha yvacTke 1-2 HasbiBaeTcs uanyeckas BENUYMHA,
YUCNEHHO paBHasi CyMMapHoOW paboTe CcoBepLIaeMON 3neKTPOCTaTUYECKUMU W
CTOPOHHUMW CuUNamu No nepemeLLeHN0 eAMHUYHOrO MONOXUTENbHOro 3apsiaa Ha
OaHHOM y4acTke uenu

A

90
MoHsiTue  HanpsbkeHust  siBNsieTcss  060OLEHMEM  MOHSATUS  pas3HOCTU
NOTEHUMANOoB: HarnpskeHUe Ha KOHUax y4yacmka uenu pasHo pasHocmu
nomeHyuarsnos, ecriu y4acmok He co0epxum UCMoYHUKa mokKa (T. €. Ha y4yacTke He
pevicteyeT O[1C; CTOPOHHME CUIbl OTCYTCTBYHOT).

U= =09y +Oy;.

32.3akoH Oma. JneKkTpruyeckoe CONnpPoTUBIIEHUE

3akoH Oma Ans O4HOPOAHOro y4yacTka uenu (He copepxaliero U
MUCTOYHUKA TOKa): cusla moka, meKyuweeo M0 OOHOPOOHOMY :E
Memannu4eckomy npoeoOHUKY, MPONMopYuoHasibHa HarpshkeHUro Ha
KOHUe npoeodHuUKa (MHTerpanbHas dopma 3akoHa Oma).

KoadhdpumumeHT nponopumoHansHocTy R HasblBAaeTCsl SNEKTPUYECKUM COMpo-
TUBMEHMEM NPOBOAHMKA.

EduHuuya anekmpu4yecko2o conpomuesieHuss — om (Om): 1 Om — conpo-
TMBIIEHUE TaKOro NPOBOAHMKA, B KOTOPOM Mpu HanpsbkeHun 1 B TeYET NOCTOSIHHbIN
Tok 1 A.

1
BennunHa G ZE Ha3bIBAETCHA AMEKTPUYECKOWN MPOBOANMOCTbIO npoBOAHUKA.

EduHuuya a3nekmpudeckoli npoeodumocmu - cumeHc (Cm): 1Cm -
NPOBOAMMOCTb y4acTKa 3reKTpUYEcKon Lenu conpoTueneHnem 1 Om.

ConpoTvBreHne NPoBOAHMKA 3aBUCUT OT €ro pa3mepoB ¥ opMmbl, a Takke OT
mMatepvana 13 KOTOpPOro npOBOOHWK W3roToBneH. Hanpumep, 0ns
00HOPOOHO20  fIUHEeUHO020 npPo8odHUKa OnuHol [ u noowadso | R = pi
rorepeyHo2o ceyeHusi S CONpOTUBMEHVE PacCUMTLIBAETCS MO hOpMyIE:

roe koauumMeHT NponopuUMOHanbHOCTM P, XapakTepuaylowmii maTtepuan
NPOBOAHUKA, HAa3bIBAETCH YAENbHbIM 3M1EKTPUYECKUM CONPOTUBIEHNEM.

EdQuHuya yOenbHO20 3J1IeKMPUYECKO20 COMPOMUBJ/IeHUsI — OM-MeTp
(Om"m).

BennunHa obpaTHas ygenbHOMY COMPOTUMBIIEHWUIO Ha3blBaeTCs 1
yAernbHOW 3NeKTPUYECKON NPOBOAMMOCTbIO BELLECTBA NPOBOAHUKA: 1

EduHuya ydenbHoll anekmpuyeckoli Mpo8oduMocmu — CUMEHC
Ha meTp (Cm/m).

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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; ; 0- 0~ 0r
roe V ("Habna") — onepamop MamunbmoHa: V =—i +— j +—k .
ox oy~ oz

Mockonbky F = qE nW=qo, 0
E =—gradp=—-Vg.

3HaKk MUHYC nokasbiBaeT, 4To BekTop E HanpaBneH B CTOPOHY YOblBaHus
noTeHumana.
12. 3kBMNoTeHUUasnbHble NOBEPXHOCTU

[ns rpacduyeckoro nsoGpaxeHuss pacnpeneneHus noTeHumana Mcnonb3ayloTcs
3KeunomeHyuasibHble MO8epPXHOCMU — MOBEPXHOCTM BO BCEX TOYKAX KOTOPbIX
noTeHUMan uMeeT O4HO U TO e 3HaueHue.

\/ ) 4
t

S

R P
8) 2

OKBUMNOTEHUMANBbHBIE MOBEPXHOCTU OOLIYHO MPOBOAST Tak, YTOGbI Pa3HOCTM
NOTEHUMANoB Mexay [ABYMS COCEOHVMMMW 3SKBUMOTEHLUMANbHBIMU MOBEPXHOCTAMMU
6blMn oaMHakoBbl. Torga ryctota 9KBUMOTEHLMANbHbIX MOBEPXHOCTEN HarnsipgHoO
XapaKkTepuayeT HanpsikEHHOCTb MOSs B Pa3HbIX Toukax. Tam, rae aTi NnoBepXHOCTM
pacronoxeHbl rywe, Hanpsk€HHoCTb nons Gonble. Ha pucyHke NyHKTUPOM
1306paxeHbl CWUMOBbIE JIMHUM, CMIIOWHBIMWA JNIMHUSMW — CEYEHWUS IKBUMOTEH-
umanbHbIX MOBEPXHOCTEN ANs: MOMOXUTENBHOrO ToYeyHoro 3apsaa (a), aunons (6),
ABYX OOHOMMEHHbIX 3apsfoB (8), 3apsPKEHHOrO MeTanfMyeckoro MpOBOAHWUKA
CINOXHOWN KOHUrypauum (2).

i, NO3TOMY SKBUMOTEHLMATBbHbIE
4negy r
NOBEPXHOCTU — KOHUEHTpuYeckne cgepbl. C OpYro CTOPOHbI, NIMHUM HaNpPsKEH-
HOCTW — paamarnbHble npsmble. CriefoBaTenbHO, NIMHUM HANPSHKEHHOCTU NepreH-
JVKYNSAPHBI 3KBUMOTEHUMASTbHBIM MOBEPXHOCTAM.
MO>HO nokasaThb, 4TO BO BCEX Cnyyasx

1) BekTOop E neprneHOUKysipeH 3KBUNOTeHUMarnbHbIM NOBEPXHOCTAM;
2) Bcerpa HarnpaesieH 8 CMOPOHY ybbi8aHUs MomeHyuana.

[nsa ToyeyHoro 3apdga noteHunan ¢ =

13.Mpumepbl pacyéTa Hanbosnee BaXHbIX CUMMETPUYHbIX 3NIEKTPOCTAaTUYECKUX
noneu B Bakyyme
1. 3nekmpocmamuyeckoe nose afieKMpu4ecKo20 Aurorsisi 8 eaKyyme.
Anekmpuveckum OunoneM (AW OBOWHBIM  3NEKTPUYECKUM  MOMKOCOM)
Ha3bIBaeTCsl CMCTEMA OBYX PaBHbIX MO MOAYMO PA3HOMMEHHbBIX TOYEYHbIX 3apsifoB
(+9,—q), pacctosiHne [ MexXZy KOTOPbIMU 3HAYUTENbHO MEHbLUE PACCTOSHWS [0

paccMaTpuBaeMbix Todek nonst (I < r).

IMneyo Aunons | — BeKTOp, HanpaBMeHHbIN MO OCWU AMMoNs OT oTpuua-
TeNbHOro 3apsaaa K NoNoXUTENbHOMY U PaBHbIA PACCTOSHMIO MEXAY HUMM.

OneKkTpnYecTBO
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Anekmpu4eckuli MOMeHm dunons ﬁe — BEKTOp, CoBMagarLun -
MO HarnpaBleHNIo C NMeYoM AMMNONS U paBHLIi npouseeaeHuio mogynsa | Pe =|q|l

3apaga ‘q‘ Ha nne4o ZZ

E 1) Hanpspk€HHOCTL NONA AUMNONSA Ha NPOAOIKEHUN
g ocu avnons B Touke A
E,=E, -E, ¢o=0¢,+¢_.
i MMycTb r — paccTosiHne o TOYkM A OT cepefuHbl
ocy aunons. Toraa, yuuTbiBas uto »>> 1,
1 q q 1 2q/
Ey= 4 2 2 3=
g li 4me, / 4ne, r
r—— r+—
‘E'_ 2 2
1 2
A = ];e
. 47[80 v
Ea _ 1 q_qj_lql_lpe
E, P dngg\r—1/2 r+1/2) 4ngyr® dmegy 1>

2) HanpskéHHoCTb nonsi B Touke B Ha nepneHavkynsape, BOCCTaHOBEHHOM K
ocwv AMMons U3 ero cepeauHbl npu r'>> [
1 q 1 q Ep,

E =E = ~ , —=~—, NnoaTomy
" 4, (r')z +(1/2)2 4me, (r,)z E, 7
/ 1 / 1
Ep=(E,)—= q.3 - p,e3’ (a) L
r' 4mey (r')’  4me (1) ——)@;»f

Touka B paBHoynaneHa ot 3apsigoB +q U —q 7 5
€ @z >

AMMonsi, No3ToMy noTeHuman nons B Touke B paseH
Hynio. Bektop E; HanpaBneH npoTYBOMOMNOXHO

= (b)
BekTopy [ . /

3) Bo BHELUHEM 3MIEKTPUYECKOM Morie Ha KOHLbI - —
=7 ; +7

avnons OencTByeT napa Cum, KoTopasi CTPeMuTcs
At
MOBEPHYTb  AMMNONb  Takum  obpas3oMm,  4YTOObI

3NEKTPUYECKU MOMEHT D, AMMONs pa3sBepHyncs '\

BOOSb Hanpaenenus nonst £ (puc.(a)). \
Bo BHellHeM 0GHOPOOHOM rorie MOMEHT Napbi

cun paBeH M =gqElsina. vim M =[p,,E]. Bo BHeluHem HeodHopodHOM rore

(puc.(B)) cunbl, gencTByOWIME Ha KOHUblI AUMONS, HEOAUHAKOBbI (|F’2|>|151|) N ux

pesynbTUpyloLLas CTPeMUTcs nepeaBuHyTb Aunonb B obnacte nons ¢ Gonbluen
HanNPsHXEHHOCTbLIO — AUMONb BTSArMBaeTCsl B 06racTb 6onee CunbHOro nons.
2. lMone pasHOMepHO 3apsiXeHHOU 6eCKOHeYyHOoU niockocmu.

BeckoHeuHas MMocKoCTb 3apsikeHa C NOCTOSIHHOW MOBEPXHOCTHOM MIIOTHOCTLIO
+c= dq/dS. JIMHUM  HaNpPsXKEHHOCTU  MEepPNeHaNKYNSpHbI  paccMaTpyuBaemon

NNOCKOCTU N HanpaslieHbl OT Heé B 0be CTOPOHbI.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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Ona cyulectBOBaHMS MOCTOSIHHOrO Toka Heobxo0uMo Hasnuyue 8 uenu
ycmpoticmea, crnocobHoeo co3dasamb U noddepxusams pa3HOCMb MOMeHUUanos
3a CYET CUI He 3J1IeKmpPocmamu4ecKo20 NpPOUNCXOXOEHUS.

Takue ycTpoicTBa Ha3blBalOTCA UCMOYHUKaMU MoOKa.

Cunbl He 9MEeKTPOCTaTUYECKOr0 MNPOUCXOXAEHWS, AEACTBYOLWME Ha 3apsiabl CO
CTOPOHbI UCTOYHMKOB TOKA, HA3bIBAOTCS CTOPOHHVMM.

Konu4yecmeeHHasi xapakmepucmuka CMOPOHHUX CUJT — NOSe CTOPOHHUX CUN U

ero HanpsXEHHOCTb Ecmp: onpegensiemasl CTOPOHHelN CWION, OEWCTBYOLEN Ha

€[VHWNYHBIN NONOXUTENbHbI 3apsia.

lpupoda cmoOpoHHUX cun MoxeT ObiTb pasnuyHon. Hanpumep, B
ranbBaHUYECKNX 3NIEMEHTaX OHW BO3HMKAOT 3@ CYET IHEPIUM XUMUYECKUX peakuuii
MexXay aneKkTpodamMyu U INEKTPonMTamn; B reHepaTtope — 3a CYET MeXaHU4ecKoun
3Hepruy BpaLleHUsi poTopa reHepaTopa, B CONMHEYHbIX BaTapesix — 3a CYET IHeprum
(POTOHOB M T. N. PONb UCTOYHMKA TOKa B AMEKTPUYECKOW Lenn Takasi Xe, Kak posb
Hacoca, KOTOpbI HEOOX04MM ANA NOAAEPXKaHUSA TOKa XXMOKOCTM B rmapaBrinyeckomn
cucrteme.

Moa gencTBuMem co3gaBaemMoro Nomsi CTOPOHHUX CWM 3riekTpudeckue 3apsigbl
OBWXKYTCA 8HYmMPU UCMOYHUKA MoOKa [pomug CUJsl 3/1eKmpocmamu4eckoz20 [oJis,
6narogaps YeMy Ha KOHLaX Lenu noaaepXMBaeTcst pasHOCTb MOTEHLMAIOB U B LIeNu
Tbl4eT NOCTOAHHbIN 3NEKTPUYECKUI TOK.

31.3neKkTpoABMXYLIAA CUJIa U HaNpsXXeHue

dusnyeckasn BenuuuHa, onpefensiemasi paboToW, KOTOpyl COBepLuatoT
CTOPOHHWE CUMbl MPU  MEepeMeLieHN eOUHWYHOTO  MONOXWTENBbHOrO  3apsiaa,
Ha3blBaeTcsa asmekmpodsuxyuieti cunol (3C) pencTayioLen B Lenu

o-2.

90

OTa paboTa coBepLlUaeTCs 3a CHET SHEPrun, 3aTpaynBaeMoin B UCTOYHMKE TOKa,
noaToMy BenuunHy ®, MOXHO Has3BaTb SMEKTPOABMXKYLLEN CUMON MCTOYHMKA TOKa,
BKIMOYEHHOrO B Lenb. OAC, kak n noTeHuuan BbipaXkaeTcs B 8osibmax.

YyacTok uenu, Ha KOTOPOM He [OEWCTBYIOT CTOPOHHWE CUIbl, Ha3bliBaeTCcH
OOHOPOAHbLIM. Y4YacTOK, Ha KOTOPOM Ha HOCUTENU Toka AENCTBYIOT CTOPOHHUE CUbl,
Ha3blBa€TCA HEOOAHOPOOHbIM.

Pabota CTOpPOHHMX CWUM NO NEepemMelleHVio 3apafga ¢, Ha 3aMKHYmom

yyacmeke uenmu

A= CﬁFC’ropdl = qOC.&ECTopdl'

Otciopga, O[C geicTBylOLWAs B 3aMKHYTOWN LEeNn — 3mo YUPKYAsyus 8ekmopa

Harnps»kKEHHOCMU 107151 CMOPOHHUX Cusl
O = Eppdi.

CnepoBaTernbHO, 4518 MO CTOPOHHMX CUM LMPKYISILUSA ero HanpsbkeHHOCTU No
3aMKHYTOMY KOHTYpY He paeHa Hynr. [103ToMy rosie CMOPOHHUX Ccunl —
HernomeHyuasibHo.

O[C, pencreytowasn Ha yyactke 1-2 uenu, paBHa

2
®12 = J‘ECTOpdl'
1
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BenuuuHe df aToro npomMexyTka
d
=24
dt
SHeKTpVILIECKI/IVI TOK Ha3blBaeTCA MNOCTOAHHbLIM, €eCcnn curna ToKa W ero
HanpaBrieHne He NUSMEHAKTCA C Te4eHNEM BPEMEHMN.

[N NocTosIHHOrO ToKa 1= g,
t

TAe ¢ — 9NEKTPUYECKWiA 3apsi, NPOXOAsLIMA 3a BpeMsi ! Yepe3 nonepevHoe

ceyeHvie NPoBOAHMKa.

EduHuya cunbl moka — amnep (A) (cm. "MexaHnuka" ctp. 1-2).

[Ina xapakTepuUCTVUKW HanpasBfeHWsl 3NEKTPUHECKOro ToKa B pasHbIX TOYKax
paccmaTtpuBaemMon NOBEPXHOCTU U pacrnpefeneHunst CUMbl ToKa No 3TOW NOBEPXHOCTU

CIyXUT 8eKmop ImIomHocmu moka j Cuna TOKa CKBO3b NPOnU3BOJSIbHYIO
NoBEePXHOCTb S onpeaendeTcd Kak NOTOK BEKTopa NSIOTHOCTU TOKa

1=[jds,
S

roe dS=7ids (71 — eAVHNYHBIN BeKTOp Hopmanu (opT) k nowagke d.S).

MnomHocmbI0 37I€KMPUYECKO20 MOKa Ha3biBaeTCsi BEKTOp j, COBMa-
JaloWUin ¢ HanpaeneHWeM 3MeKTPUYECKOro Toka B pPaccMaTpuMBaeMon TOuKe U
YUCNEHHO paBHbIM OTHOweHWio cunbl Toka dJ CKkBO3b Manbli  3NEMEHT
MOBEPXHOCTW, OPMO20HanbHOU HanpasneHuWto Toka, k nnowapn dS, aToro
anemeHTa

.odrl
J= 7o
ds,
Ons  noctosHHOro Toka [, TeKkywero nepneHauKYNsapHO cedyeHuwo S
1
NpoBOAHUKA J =§.

Ecnu 3a Bpems d¢ yepes nonepedHoe cedeHne S NPOBOAHMKA NEepeHOCUTCA
3apsg dq:ne<v>Sdt (roe n, e n <v> — KOHLEHTpauusl, 3apsig W CpeaHss

d
CKOPOCTb YNOPsSiA0YEHHOr0 ABMXKEHUSI 3apsaoB), TO cuna Toka [ =d—q:ne<v>S, a
t

MNOTHOCTb TOKa
Jj= ne<l7>.
EduHuya nnomHocmu moka — A/M>.

30.CTopoHHUe cunbl
[ns BO3HNKHOBEHWS 1 CYLLECTBOBAHMWSA 3MEKTPUYECKOro Toka HeobXoaAMMo:
1) Hanunumne cBobOAHbLIX HOcumesieli MoKa — 3apsKeHHbIX YacTuL, CMOCOOHbIX
nepemMeLLaTbCs YNopsao4EHHO;
2) Hanuuve 3eKMpUYeCcKo20 [orisd, SHEpPrns KOTOPOro AOSKHA KakUM-TO
06pa3oM e0ocrnosIHIMbCSI.
Ecnu B uenu [OenCTBYHOT TOMbKO CWUMbl 3MEKTPOCTATUYECKOrO Mons, TO
NPOVUCXOONT NepeMeLLeHe HOCUTESEN TakuM 06pa3oMm, YTO NoTeHLManbl BCeX TOYeK
Lienu BblipaBHUBAOTCS M 3NEKTPOCTaTUYECKOE MOSe UCHE3AET.

JNINHNAM Hal'lpﬂ)KéHHOCTVI, TO TMOTOK BeKTopa

B kayectBe ayccoBoi NOBEPXHOCTM MpuUMeM
NoBEPXHOCTb LMNuHApa, obpasyiolme KoToporo
nepneHavKynsipHbl  3apsbKeHHOW  MMOCKOCTH, a
OCHOBaHWs napansesnbHbl 3apsKeHHOW MNOCKOCTU 1
nexar no pasHble CTOPOHbl OT HEE HA OOMHAKOBbIX
paccTosIHUAX.

Tak kak obpasytoLme LMnMHapa napannenbHbl

HanpsHkEHHOCTM  4Yepe3 BGOKOBYHO  MOBEPXHOCTb
LUMNUHAPA paBeH HyIto, a NOSHbIA MOTOK CKBO3b LIMIMHAP PaBeH CyMMe

.. < (&}
NMOTOKOB CKBO3b ero ocHoBaHusi 2ES. 3apﬂ/:|,, 3aKMNHOYEHHbIN BHYTPU E=——

uMnuHapa, paseH oS . Mo Teopeme Maycca 2ES = GS/SO , OTKyda: 2g,
E He 3aBMCWT OT ANWHbI UMNMHAPA, T. €. HanpsHkEHHOCTb MOMs Ha MoBbIX

paccTosHuAx ognHaKoBa No Moayn. Takoe nomne HasbiBaeTcs OdHOpOdeIM.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe

Pa3sHocTb noTeHUManoB Mexay Tovkamu, nexawmmm Ha pacCTtoAHUAxX xl n x2
OT NJ1IOCKOCTU, paBHa
X X
(e} (e}
01 =0y = [ Bdx= [ -=dx=—"(x,-x).
X

: 5 280 2¢g

3. Mone Odeyx 6ecKkOHeYHbIX MapasiesibHbIX Pa3sHOUMEHHO 3apsiKeHHbIX
nnockocmell ¢ pagHbIMU MO a6COIIOMHOMY 3Ha4YeHUI0 MO08EePXHOCMHbLIMU
nnomHocmsmu 3apsidoe ¢ >0 u —c.

6>0 -6
E E E
L2 g, ey 9
= %
E, /60— —4
> |
a
o‘ X |L N
[ % 0 d X 0 d

M3 npepbloyliero npuMepa criegyeT, YTO BEKTOpbl HanpsbkeHHocTn E; nE,
nepBoii M BTOPOW MIOCKOCTEN paBHbl MO MOAYM0 W BClOAQy HanpaeneHbl
nepneHauKynsapHoO NnockocTsiM. Mo3ToMy B MPOCTPaHCTBE BHE MNOCKOCTEN OHU
KOMMEHCUPYIOT OpYyr Apyra, a B MpOCTPaHCTBE MeXZy MIOCKOCTAMU CyMMapHast

HanpsbkéHHocTb £ =2 F, . Mo3ToMy Mexay MrocKoCTsIMM

E= 9 (B AnanexTpuke E = 9 )-
£ €€
Mone wmexay nNOCKOCTAMWM OAHOPOAHOe. PasHOCTb noTeHuManoB Mexay
NNOCKOCTSMU
d d
(pl—(p2:J.de: de:ﬂ (B AuanekTpuke A(p:ﬂ:Ed ).
0 0 €0 £ €€
4. [lone pagHOMePHO 3apsixeHHOoU cghepuyecKoli MoeepxHocmu.
Cdpepuyeckasi noBepxHOCTb paguMyca R ¢ obwmm 3apsgoM ¢  3apsbkeHa

q

pPaBHOMEPHO C MOBEPXHOCTHOW MMOTHOCTLIO G = 5
4nR

OneKkTpnYecTBO



[MockonbKky cuctema 3apsigoB W, crieqoBaTenbHO,
camMo nomne UeHTpanbHO-CUMMETPUYHO OTHOCUTENbHO
LeHTpa cdepbl, TO NIMHUA HANPSHPKEHHOCTN HanpaBeHbl
pagmarnbHo.

B kauectBe lMayccoBoi noBepxHOCTU Bblibepem cdepy
paguyca r, MMERLLy OOWNIA LEeHTP C 3apskeHHON
ctepoir. Ecnm >R, TO BHYTpb MNOBEPXHOCTU
nonagaert Becb 3apsf ¢ . o Teopeme aycca
2
4nr2E:i, oTkyaa E = ! 4 _ oR R (rZR).
€ 4me, 2 807’2

Mpu r < R 3aMKHyTasi NOBEPXHOCTb HE COAEPXKUT
BHYTPU 3apsdoB, MO3TOMY BHYTPM  pPaBHOMEPHO
3apsikeHHol cdepbl £ =0.

Pa3HOCTb noTeHuManoB mexay OBYMS TOYKamu,
nexalmMn Ha paccTosHUAX 7} U 7, OT LeHTpa cdepbl

(1 >R, > R), paBHa

1) 1

n
q q 1 1
-p,=|Edr= dr= _———
¢1 =0 I I4n80 2 dmeg\ i n
i

i
Ecnu npuHate =7 u 7, =00, TO MOTEHUMan nOns BHE CHEPUYECKON

q

4neg r
BHe 3apskeHHOW cchepbl Mone Takoe Xe, Kak none TOYeYHOro 3apspa ¢,

Haxosulerocsa B LeHTpe cdepbl. BHYyTpu 3apsxeHHON cdepbl Nons HeT, NoaTomy
noTeHuman BClody OAMHAKOB N TaKOW e, Kak Ha NOBEpPXHOCTH

NOBEPXHOCTN P =

q oR
(P =—_—
4neyR g
5. [Mosie 06BEMHO 3apsiXKeHHO20 wWapa.
E, 3apsa g paBHOMepHO pacnpefenéH B Bakyyme no
06bEéMy wWwapa paguyca R Cc OGbEMHOM MNOTHOCTLIO
q q
=—=—"—. LeHTp wapa sBnseTca LEHTPOM
i Py 4 R
~rf P\ L
NG CUMMETPUM Nonsi.
' 1) ins nong BHe wapa (» > R) nonyyaem TOT xe
o ! = »~ PE3ynbTart, yTo 1 B criyvae cchepuyeckomn NoBepxHoOCTM
p>0 A" " 1 ¢ q g (1 1
E= 5 P= PPy =
4me, r 4meyr dreg\ K 1
1 R R*
2)Mpn r =R E= iz:p—’ -4 _pr
— 4mey RS 3g dregr  3gg

4
3) BHyTpw wapa cepa pagumycom r < R oxsaTbiBaeT 3apsa g = Enr3p.
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Ha npumepe nons Nnockoro KoHAeHcaTopa BbipasiiM SHEPruio Nons Yepes ero
HanpsbkéHHocTb. ns koHaeHcatopa C =gg,S/d n Ap = Ed . Otciopa

W= l:»::»:OEzSd = ls:»:OEZV .
2 2

B 0dHOpodHOM nore KOHZEHcaTopa ero SHeprusl pacnpeaeneHa paBHoOMepHO
no scemy o6bémy nona V' = Sd .

Ob6béMHas nIomHOCMb 3HepP2UU dNEKTPOCTaTUYECKOro NOSS NIIOCKOro KOHAEH-
catopa w

W=K=1880E2 :lED,
Vo2 2
roe D =egyE — anekTpuyeckoe cMelleHve.
OTa opMyna SIBMSETCA OTPaXeHWeM TOro (hakTa, UTO areKkTpocTaTudeckas
3HEprMsl COCpPedoTodeHa B 3MEKTPOCTaTUYEecKoM norne.  JTO  BblpaXeHue
cripasednueo makxe u 05151 HEOOHOPOOHbIX norned.

28.MoHaepoOMOTOpPHLIE CUJIbI

MexaHuuyeckne cunbl, OENCTBYIOWME Ha 3apsiKeHHble Tena, MOMELLEHHblE B
3ANEKTPOMarHNTHoe Mose, Ha3biBaloTCA NOHAEPOMOTOPHLIMU cunamm (0T NaTUHCKMX
cnoB ponderis — TSXKECTb N MOLOr — ABUXKYLUUIA).

Hanpvmep, B nNNOCKOM KOHAEHCATope cwuna, C KOTOPOW  MNNacTuHbI
KOHEeHcaTopa NpUTArMBaloT Apyr Apyra, coBepllaeT paboTy 3a c4eT YMEeHbLUEHUs!

y i} q c
noTeHLManbHoii aHeprin cuctembl. C y4éTom 6 =— 1 E =——, nonyyaem
S €€
dw g 'S _ 1
= -4 _ = ——aaoEzS,
dx 2eg)S  2egy 2

rAe 3Hak MUHYC ykasblBaeT Ha To, YTO 3Ta cura ABNAETCH CUNon NpuTsbkeHus. Moa
OeNCTBUMEM 3TON Cunbl 06KNagKu KOHOEeHcaTopa CXUMaKT NnacTuHy OUIBNIEKTpUKa,
MOMELLEHHOTO MEX/1y HUMM, U B AM3MNEKTPUKE BOSHUKAET JaBneHne
2
F o 1
p=—=——=—ggE”.
S 2eg, 2

MocmosiHHbIl 351eKmpuYeckuli mok

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe

29.MoCTOSAHHbIN 3NeKTPUYECKUIA TOK, CUla U NJOTHOCTb TOKa

AnekmpoduHamuka — pasgen ydyeHuss 00 OnekTpuyecTBe, B KOTOPOM
paccMaTpuBaloTCA  ABMEHUMA U npoueccbl, OBYCMOBMEHHble  OBUXEHWEeM
ANEKTPUYECKMX 3apsaoB.

Anekmpu4eckuM  MOKOM  Ha3blBaeTCs  YNOpsSAOYEeHHOEe  ABWXEeHue
3NEeKTPUYECKNX 3apsaoB.

3a HanpaeneHue Toka NMPUHUMAIOT HanpaBlieHUE ABWXEHUS MONOXUTENbHbIX
3apagos.

KonuyecTBeHHOW MepOoi 3MeKTpUYeckoro Toka CryxuT cusa moka | — cka-
nspHas uandeckasl BenuuMHa, paBHas oTHoleHuto 3apsga dg, nepeHocumoro
CKBO3b paccmaTpvBaemylo MNOBEPXHOCTb 3a Marmbli NPOMEXYTOK BpPEMEeHMW, K

OneKkTpnYecTBO
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1 n
W—a;%@ir

rae ¢; — noTeHuman, co3aaBaemblii B TOW TOYKe, rAe HaxoauTCs 3apsq ¢;, BCemu
3apsigamMu, Kpome I -ro.
25.3Heprus 3apsiXKeHHOro YeAMHEHHOIO NPOBOAHMKA

PaccMoTpyM yeanHEHHbIV NPOBOAHUK, 3apsf, EMKOCTb M NoTeHumarn KoToporo
paBHbl ¢,C,¢. OnemeHTapHas pabota d A, coBepluaemasi BHELLHUMU cuniamu no

MPeofONEHNI0 KyNOHOBCKVX CUM OTTanKvBaHWsi MpU nepeHeceHun 3apsiga dg w3
GeckoHeyHocT Ha nposogHuk, paBHa dA=¢@dg=Cede. YTto6bl 3apsguTL
MPOBOAHMWK OT HYMNeBOro noTeHUmana Ao @, Heo6XxoAMMOo COBEPLUMTL paboTy

P 2
A:fc(pd(pzci_
0 2

OHepaus 3apsikeHHO20 yeOuHEHHO20 npoeodHuka (1cronb3ys C =g / 0)
2 2
Co” _q" _ae
2 2C 2
26.3Heprus 3apsXKeHHOro KoHgeHcaTopa

OnemeHTapHasi paboTa BHELIHUX CUIT MO NepeHeceHuio Marnoro 3apsina dg ¢
obknagku 2 koHaeHcaTopa Ha obknagky 1

qdq
dAd=Apdg=1"2.
¢dg==7

PaboTa BHeLLHWX cvn Npu yBenu4yeHnn 3apsiga koHaeHcatopa ot 0 fo g

q d 2
=[da_a"
0 C 2C

OHepaus 3apsixeHHo20 koHOeHcamopa (ucnonb3ys C = Ai)
¢
2
g’ _C(e=92)" _qAg

2C 2 2
27.3Heprusa aNeKTpocTaTMyeckoro nons
B obwem cnyyae anekmpu4deckyro 3Hepaur Jsob6ol cucmembl
3apsiKeHHbIX HEernoOG8UXXHbIX meJs1 — MNPOBOAHWKOB U HENPOBOAHMKOB — MOXHO
HanTu no cpopmyne

W:%'SfcpcdS+%’J/-(ppdV,

rae G U p — NOBEPXHOCTHAs M 0ObEMHas MMOTHOCTWM C80000HLIX 3apsados; ¢ —
noTeHuman pes3yrbTUPYIOLLEro nonsi Bcex CBOOOAHBLIX M CBA3aHHbIX 3apsiioB B
Toukax Manbix anemeHtoB dS u dV 3apsikeHHbIX noBepxHOCTe M 06BLEMOB.
WHTerpvpoBaHme NpoBOAUTCS MO BCEM 3apSHKEHHBLIM MOBEPXHOCTAM S 1 Mo Bcemy
3apshkeHHOMY 06bEMY V' Ten cuctemsl.

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe

A3
Mo Teopeme Naycca 4P E = g _4wp .
g 3¢
OTctoga, Ans Touek, nexaiymnx BHyTpu wapa (”1 <R, < R), C y4éTom p = #,
AT

n

qr pr q 2 2

= 3 A QO =9, =|Edr=—"—=@ —-1).
4ng R 3g b { 8mg R’ 0

6. lMone pasHOMepPHO 3apsiKeHHO20 6eCKOHe4YHO20 YusuHopa (Humu).
BeckoHeuHbIn uMnuHap paguyca R 3apsikeH
| o _dg

PaBHOMEPHO C FMMHENHOW NMOTHOCTLIO T—E.
| JInHMn  HanpskéHHocTM  OyayT HanpaeneHbl Mo
paguycam  KpyroBbIX —CEYEeHWW uunuHapa ¢
OAMHaKoBOM ryctotomn BO BCE  CTOPOHbI
OTHOCUTESBHO OCY UMnMHApa.

B kavectBe [ayccoBou NOBEPXHOCTU
BbibepemM uUunMHOP paguyca r U BbicoTon [
KOaKCHanbHbIN C 3apSXKEHHON HUTBLIO.

Topubl 3TOr0  UMNMHApPa  napannenbHbl
TIMHMAM  HaNPsPKEHHOCTW, MO3TOMY MOTOK 4epes
HUX PaBeH Hyro.

MoTok 4Yepes GOKOBYO MOBEPXHOCTb paBeH

I
v

I
-

|
7!
S

T
=]

,4\\

x\r//\ /

: E2nrl.
1
Mo Teopeme Maycca (npu » > R) 2nrlE :T—, oTkypa npu 1, > R,r, > R
€
1 n n
E= E, A(p:q)l—(pzzj‘Edrz i ﬂ: L mZ2
2ngy ¥ ’ 2y T r o 2mgy K
1

i
Ecnu r <R, TO 3aMKHyTas MOBEPXHOCTb 3apsiiOB BHYTPU HE COAEPXKUT,
noatomy £ =0.

14. AneKkTpocTaTuyeckoe nose B AU3NIEKTPUYECKON cpege

HAuanekmpukamu HasbIBalOTCS BELLECTBA, KOTOPblE MPU OObIYHBIX YCMOBUSIX
NPaKTU4YECKN He NPOBOAAT SNEKTPUYECKUIA TOK.

[naneKkTpuK, KaK 1 BCSKoe ApYyroe BELLeCTBO, COCTOUT U3 aTOMOB UM MOEKyI,
KaXkgasi U3 KOTOPbIX B LLEENOM 3NEKTPUYECKN HEWTParbHa.

Ecnv 3aMeHuTb NonoxuTernbHble 3apsabl saep Monekyn CyMMapHbIM 3apsiiom
+ g, HaxoAsWMMCS B, Tak ckasaTb, "LEHTPE TsHKECTU" MONOXMTENbHBIX 3apsifaoB, a

3aps BCEX 3MEeKTPOHOB — CYMMapHbIM OTpuuaTenbHbIM 3apsgoM — g, Haxoas-

WwuMca B "UeHTpe TshkecTu" oTpuuaTenbHbiX 3apsdoB, TO MOSeKynbl MOXHO
paccmaTpvBaTh Kak asiekmpuyeckue Ourosiu ¢ 371IeKmpUYeCKUM MOMEHMOM.
PasnuyaloT Tpu TMna AManeKTPUKOB.
1) Quanekmpuku c HenossiPHLIMU MOJIEKYy1aMuU, CUMMETPUYHbIE MOSIeKY bl
KOTOPbIX B OTCYTCTBME BHELUHEro MOMs WMElT HyNeBoW [AWMOSbHbIA MOMEHT
(Hanpumep, N,, H,, O,, CO,).

OneKkTpnYecTBO



2) fuanekmpuku c¢ MNOMASIPHLIMU MOJIEKyslaMu, MONEKYNbl KOTOPbIX
BCNeACTBME acMMETPUN UMEIOT HEeHyNeBon AUNOMbHbIA MOMeEHT (Hanpumep, H,0,
NH;, SO,, CO).

3) UouHble Auanekmpuku (Hanpumep, NaCl, KCI). VoHHble kpuctanmbl
npeacTaBnaT cobo NPOCTPaAHCTBEHHbIE PELLETKN C NPaBUMbHBIM YepedoBaHueM
MOHOB pasHbIX 3HAKOB.

BHeceHne [OM3NEKTPMKOB BO BHELLUHEE 3MEKTpUYecKoe Mosie MNpUBOAUT K
BO3HUKHOBEHUIO OTIIMYHOTO OT HYNS Pe3ynbTUPYIOLLEro 3MeKTPUYECKOro MOMEHTa
OVaneKkTpuka.

[Monapu3ayuel onanekTpyka HasblBAeTCs MPOLLECC OpUEHTaLMU OUNonen unm
nosiBNeHUst NoJ BO3OEWCTBMEM 3MEKTPUYECKOrO MO OPUEHTUPOBAHHbLIX MO MOS0
aunonen.

CoOTBETCTBEHHO TpEM BMAAM [OMIIEKTPUKOB  pasnuuyaloT  Tpu  Buaa
nonapusaummn.

1) OnekTpoHHas, wnn gedopMauUNOHHasA, MONAPU3auua OUINEKTpUka c
HeMNonsPHbIMU MOJIEKyNamMun — 3a CHET AedopMaLMn SNEKTPOHHbIX OpOUT BO3HMKaET

E WHOYLMPOBAHHbIA AUMONbHBIA MOMEHT Y aTOMOB UIu
o MOMeEKyN AN3NEeKTpUKa.
oo = 4= -+ = 4=l

E * oo 0 o() o- 2) OpueHTauuoHHasa, UMM gunonbHas, no-
~— 000 o® Oo ~ nSApW3aumsi OMANEeKTpUKa C MOMAPHLIMUA - MOMeEKy-

+10 0 0 - famm — OpueHTa-
ums nmetoLmxcs e1+0 0 (Cg oC]
AMNOMbHBIX MOMEHTOB MOMekyn no nomnwo (sta f, O1© &0 (Cans
OopveHTauns TeM CcunbHee, YeM Oonblle Hanps- -—=— &40 @—O 1+
XEHHOCTb 3MNEKTPUYECKOro MOofsi U YeM HUxe 10 &0 (O uS]
TemnepaTypa). 10 0 @10

3) WoHHaa nonspusauumsa [USNeKTpuka c
WMOHHBIMW  KPUCTaNMfMYeCKUMW  pelwétkamu  —  CMEeLleHMe  NoAapeLléTkm

NMONOXUTENbHLIX MOHOB BOOMb MOMS, a OTpuUATENbHbIX WMOHOB MPOTMB MOns
NPUBOAMUT K BO3HUKHOBEHWIO OUMOSbHbLIX MOMEHTOB.
15.Monsspnu3oBaHHOCTb

MomecTnm nnacTtunHy n3 OHOpPOAOHOIo ON3NEKTpUKa BO BHelUHee
AneKTpuyeckoe norfie co3aaHHoe [OByMA 6eCKOHEeYHbIMMU napannenbHbIMU
paSHOMMéHHO 3apAXEeHHbIMU NNOCKOCTAMMU.

Bo BHellHeMm ANEKTPUYECKOM nosnie AUINEKTPUK o6bémom V nonsapu3yemcs,

T. €. NpuoBpeTaeT ANMOMbHLIA MOMEHT Dy =2f9i, rae p; — AWUNOMbHBIA MOMEHT

i

ofHoWM MOneKynbl.
[na KonnyecTBeHHOro onucaHusi nonapun3aumm OU3NeKTpuka UcCnonb3yeTca

BEKTOpHaa BelMyMHa — NoNdpM30oBaHHOCTbL — KOTOpad onpenendeTtca  Kak
JVMONbHBIA MOMEHT eAnHULLI 06 bEMa ANaneKTpuKka
p_Pr _ Z,»P i
V V

B cnyyae W30TPOMHOro AMSneKkTprka Monsipu3oBaHHOCTb (Ans GonbLUMHCTBA
OV3NEKTPUKOB 32 WCKMIOYEHWEM  CErHETOSMEKTPUKOB) [MHEWHO 3aBUCUT  OT
HanpPsPKEHHOCTU BHELLHETO Mosst

ﬁ:XSOE’
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1. Emrxocmb _niiockozo KoHOeHcamopa (ﬂ,Be napannenbHble MeTannuyeckme
nnacTtuHbl nNnowaablo S Kaxxgaa, pacnosioXkeHHble Ha pacCToAHUU d apyr ot

apyra (o =-1)) c-9 _ 4 _EES
S AQ Gd d
€08

2. EmMkocmb _yunuHOpuYeckoeo KkoHdeHcamopa (ABa KOaKkCuarbHbIX  LMIUHApa
anvHoit [ ¢ paguycamn 1 n 1, (t=g/1))

C= q _ 2megel .
S P B TS
2megel  n R

3. Emkocmb _cobepuyeckozo koHOeHcamopa (ABe KOHLIEHTPUYECKUX cdepbl C
paguycamn 1 1 1,)

c=—92 =4neqe fiy
g (11 7

4nege\ 1

23.CoeanHeHNs KOHOEHCaToOpoB
Y napannensHo _coeduHéHHbix _koHOeHcamopos C,,C,...C, pasHocTb
noTeHLManoB Ha obknajkax KoHAeHCaTopoB oavHakoBa A@. MomnHas éMKoCTb

|_] 4 2.CGhe
C:iziztzll _ZC
Ap Ao

Y nocnedosamesibHO conUHeHHb/x KOHOEH-
camopos C,,C,...C, 3apsgbl g Bcex oGknagok

n

7
I
.L

_.”__ paBHbl MO MOAYMO, a CyMMapHas pasHOCTb
+ - noTeHunanos
Py C 49 _4

~ ! Ap=2 Ap =3 —-=—,

2% AR 8% ._gfh’: i=1 ia Gi
i 11 1 omkyaa
H o HH-—LT-'H l:Zn:L

G C C3 Cn cC =¢

24.3Heprua cUcTeMbl HeMOABWKHbLIX TOYEYHbIX 3apAA0B

Ans cnctembl ABYX 3apAfoB ¢ U ¢, , HAXOASWWMXCS Ha PacCTOsHUM ¥ Apyr OT
apyra, kaxzaplil U3 HAX B None Apyroro obnagaeT NoTeHUManbHoi aHepruen

1 ¢ 1
- - 2 _ 4 _ -
M= =4, =4 =420 =W,
e, 7 e, 1
- - =1 -

Moatomy W =q 0, =@,y = A(‘h(Plz +q,9,;). [HobaBnss nocnenosa
TENbHO MO OAHOMY 3apsifly, MOMYYNM, YTO 3HEPrUst B3aUMOAEWCTBUSA CUCTEMbI 71
HEMOABWKHbIX TOYEUHbIX 3apSI0B paBHa

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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E:i, roe G — MOBEepPXHOCTHas NMOTHOCTb 3apsAoB, U € — AMAneKTpudeckas
€€
NMPOHMLIAEMOCTb Cpefbl, OKpY>KatoLLen NPOBOAHMK.

HenTpanbHbIn  NPOBOAHUK, BHECEHHbIM B 3NekTpocTaTuyeckoe none,
paspbigaem 4acTb MUHWUN HanpPsXKEHHOCTW; OHU 3aKaH4YMBAKTCH Ha OTpuULaTEeNbHbIX
MHOYUMPOBAHHbIX 3apsiiaX U BHOBb HAYMHAKOTCA Ha NOMNOXUTENbHbIX.

MHOyumMpoBaHHble 3apsfbl  pacnpefensiotcs Ha 6HewHel MNOBEPXHOCTU
npoBodHUKA. fiBNeHWe nepepacnpefeneHuss MOBEPXHOCTHbIX  3apsaoB  Ha
NPOBOAHUKE BO BHELLHEM ANEeKTPOoCTaTN4ECKOM none HasblBaeTcA
anekmpocmamud4eckol uHOykyuedl.

21. 9neKTPoEMKOCTh

PaccmoTpum yeOQuHEHHbIU NPo8O0OHUK — NPOBOAHWK, YAANEHHLIN OT ApYyrux
Ten v 3apsgoB. M3 onbiTa cnegyeT, YTO pasHble NMPOBOAHWUKKM, Oyaoyyu OAMHAKOBO
3apPSHKEHHBIMU, UMEIOT pasHble NOTeHUMarbI.

®usnyeckan senuunHa C, paBHasi OTHOLLEHUIO 3apsfa NPOBOAHUKA ¢ K €ro

noTeHuuany ¢, HasblBaeTCs 3/1eKmpuYeckol EMKOCMbIO ATOTO NMPOBOAHMKA.

c=41
¢
Anekmpoémkocmb  yeOUHEHHO20 MPOBOOHUKA YUCMIEHHO pasHa 3apsidy,
KOMOPbIU HYXHO cOObWUMb 3Momy npo8oOHUKY 01 Mo20, Ymobbkl USMEHUMb €20
rnomeHyuarsn Ha eOUHULY.
OHa 3aBucuT OT (hOpMbl M pa3mMepoB MNPOBOAHMKA M OT AUINEKTPUYHECKMX
CBOVICTB OKpyXaloLlein cpedbl. EMKOCTW reomeTpuyeckn NogoBHbIX MPOBOAHMKOB
NponopLMOHanbHbl UX MUHEWHBIM pasMepam.

Mpumep: éMkocmb yeOuHEHHO20 npoeodsiujezo wapa (= q_ 4meyR .

EduHuya anekmpoémkocmu — papag (®): 1 & — EMKOCTb Takoro yeauHEHHO-
ro MpoBOAHWKA, MOTEHUMan KOTOpOoro usmeHsietcs Ha 1B npu coobleHun emy

sapsaga 1 Kn. EmkocTbio 1 ® obnagaeTt wap ¢ paguycom R=9-10%km. EwmkocTb
3emnmn 0,7 M.

22.KoHgeHcaTopbl

Ecnu k npoBogHuky C 3apsgoM ¢ npubnuante Apyrme Tena, TO Ha WX
NOBEPXHOCTN BO3HUKHYT WHAYLMPOBAHHbIE (HA NPOBOAHWMKE) UMM CBA3aHHbIE (Ha
AVaneKTprKe) 3apsaabl. ATV 3apsabl ocnabnsiom none, co3gaBaemMoe 3apsaoMm ¢,
TEM caMbIM, MMOHUXKas! MomeHyuas NPOBOAHMKA U 1108bIWasT Er0 371eKMPOEMKOCb.

KoHdeHcamop — 3710 cucTemMa U3 [AByX NpOBOAHMKOB (0Oknagok) c
OAVHAKOBbLIMM MO MOAYIO, HO NPOTUBOMOMOXHBLIMK MO 3HaKy 3apsgamu, dopmMa 1
pacnosioXXeHne KOTOpbIX TaKOBbI, YTO MOSe COCPEAOTOMEHO B Y3KOM 3a30pe Mexay
obknagkamu.

Emkocmb koHOeHcamopa — dusmyeckass BenuuMHa, paBHasi OTHOLUEHUHD
3apsia ¢, HaKoNNeHHOro B KOHAEHCATOPE, K PasHOCTM NOTEHLMANOB @) — (@, Mexay
ero obknagkamu

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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roe ¥ — Ouasnekmpuyveckasi 60CMPUUMYUBOCMb 8euwjecmea, xapakrepusytoLas
CBOWNCTBa AManeKTpuka (nonoxumtenbHaa 6espasmepHas BenmymHa).

16. AnanekTpnyeckas NPoOHULIAeMOCTb cpeabl

+6 -of to’' -
BcrneactBMe  nonsipusauumM  Ha  MOBEPXHOCTH 1 |
OM3neKTpuKa NnosiBNSTCA HECKOMMEHCUPOBaHHbIEe :
- + -
3apsifibl, KOTOPbIE Ha3bIBAKOTCS CES3aHHLIMU (B OTIM4Me _ N B
OT €80600HbIX 3aPAAO0B, KOTOPbIE CO3AAT BHELWHee B
none). - - - + -
Mone E' BHyTpM AauanekTpuka, co3gaBaemMoe  + - + -
CBSA3aHHbIMW 3apsijamu, HanpasfieHO MpOTMB BHeLLHero  +
. - - + -
nona E,, cosgaBaemoro cBOGOAHbIMM  3apapamn. N -
Pe3ynbTupytoLlee none BHyTPU AN3NEKTPUKA +
E=E,-E" + - + -
Lo u
B Hawem npumepe none, co3gaBaemMoe [ABYMS A 6
GEeCKOHEYHO 3apsPKEHHBIMU NMOCKOCTSIMU C MOBEPXHOCTHOW & - G| &
NNOTHOCTbIO 3apsifoB G': E'=c'/ g,. MoaTomy éi(_ &
— ' SLEL U
E=Ey-cg. A

[MonHBIM  OUNOMBHBLIA  MOMEHT  OUANEKTPU4ecKomn
NNacTUHKK C TONLLMHOM d 1 nnowaabio rpann S paeeH p, = PV = PSd , ¢ ppyroi

CTopoHbl py =qgd =6'Sd . Otcloga ¢'= P. CnegoBatenbHo,

' P goF
E=Ey-2=Fy-—=E - _F —yE.
€9 €9 €9
OTKyaa HanpsKEHHOCTb Pe3ynbTUPYIOLLEro MO BHYTPW AUANEKTpUKa pasHa
p=to Lo,
I+y ¢

E
EeapaamepHaﬂ BeJM4nHa e=1+ xX= FO Ha3blBaeTcA auanekmpuquKou

npoHuyaemocmbto cpedbl. OHa xapakTepuayeT CnocoBHOCTb AMANEKTPUKOB
nonsipu3oBaTbCA B JNEKTPUYECKOM MOMe W MoKasbiBaeT, BO CKOMbKO pa3 none
ocrnabnseTcs AM3NEeKTPUKOM.
17.neKkTpuyeckoe cmelleHue

Hanpspk€HHOCTb 9MEeKTPOCTaTUYECKOrO NOMSA 3aBUCUT OT CBOWCTB cpedbl (0T € ).

Kpome Toro, BekTop HanmpsbkéHHocTu E, nepexods yepes rpaHuly AMIMEeKTPUKOB,
npeTepneBaeT  cka4ykoobpasHoe  U3MEHEHUeE, nosTomMy  Ans  onucaHusi
(HeNpepbIBHOTO)  3MEKTPUYECKOrO  MOMs  CUCTEeMbl  3apsgoB  C  YY4ETOM
NONSIPU3aLMOHHBIX CBOWCTB AMANEKTPUKOB BBOAMTCSH BEKTOP 3MEKTPUYECKOro
CMeLleHNs  (3NEeKTPUYEeCcKON  MHAOYKUMK), KOTOpPbIA  ANA  W3O0TPONHOM  cpefbl
3anucbiBaeTcs Kak

D=¢gyeE =g)(1+3)E =gyE +P.
EdQuHuuya anekmpu4ecko20 cMeuweHust — Kn/m?,

Bektop D onwcbiBaeT anekTpocTatudeckoe rnone, cosgaBaemoe c80600HbIMU
3apsigamu (T.e. B BaKyyme), HO NMpU TakoM WX pacnpefeneHnn B MpoCTPaHCTBe,
Kakoe umeeTcs Npy HanMuun AUaneKkTpuka.

OneKkTpnYecTBO
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AHaNoOrMyHoO NMUHUSIM HaNPSPKEHHOCTU, MOXHO BBECTMW JIUHUU 3/1EKMPUYECKO20
cveweHus. Yepes obractu nons, roe HaxoasTcs CBsi3aHHble 3apsifbl, NUHUM
BekTopa ) NpOXOAST HE NpepbIBasiCh.

[INsi NPOM3BOMBbHONM 3aMKHYMOL MOBEPXHOCT S MOTOK BekTopa ) CKBO3b 3Ty
NOBEPXHOCTb

®,=$DdS=§D,ds,
S s
roe D, — npoekuusi Bektopa D Ha Hopmanb 7 k nrnowaake d.S'.

Teopema lMNaycca onsa aneKkTpocTaTUYeCKOro nons B AN3NEKTPUKE: MTOMOK
8eKmopa CMeWEeHUs 3leKmpocmamuyeckoeo rosisi 8 OU3NIeKMPUKe CK803b
MPOU3BOSIbHYIO  3aMKHYMyl0  [0BEPXHOCMb  paseH aneebpauyeckol  cymme
3aKMIOYEHHBIX 8HYMPU 3Mol Mo8epxHocmu c80600HbIX 3/IEKMPUYECKUX 3aps008

$DdS=¢Dn,ds =Zn:q,..
Ky S i=1

[na HenpepbiBHOrO pacnpefeneHns 3apsiga B NPOCTPaAHCTBE C OOBLEMHOW
nnotHocTbio p=dg/dV

@Dﬁ:jpd%
S v

Opyras copma 3anmMcuM 3TOrO0 COOTHOLIEHUSs C  YYETOM onpedeneHus
aneepreHuun BekTopa (ctp.1-31)
divD=p.
18.YcnoBusa Ha rpaHuue pasgena ABYyX AUINEKTPUYECKUX cpen
lMpu OTCYTCTBUUN Ha epaHuue 08yx OUINEKMPUKO8 c80600HbIX 3aps008, LPKY-

nAumns Bektopa £ No KOHTypy (j) Edl= 0, otkyna E,l — E 5/ =0. Moatomy

ABCDA
- l E‘[] = El.z .
Yuntbieag D = g,eE, nonyumm
A >
& bl B 1 DTI :i
2D - C 27 D, &

Mo Teopeme [laycca notok Bektopa [ yepes
LMAMHAP HUYTOXHO MarnoW BbICOTbl paBeH Hymnio (HeT

f AS cBoboaHbix 3apagos) D,AS — D, AS =0, nostomy
l Dnl = Dn2 ’

-
§
€; k\? _— 2

- —_— - Enl —
. E, g
- Takum o06pasoM, npu nepexodge 4Yepes rpaHuLy
pas3gena AByx OUBNEKTPUYEeCKUX cpel TaHreHumanbHaa cocTtaBndlollas BeKTopa E

(E.) v HopmanbHas cocTaBnsiiowas Bektopa D (D,) M3MeHsI0TCS HENPEpbIBHO (He

)

- ¥a —
- = Y —

npeTeprnesaloT ckayka), a HopmanbHas cocTaenswowas Bektopa £ (E,) wu
TaHreHumanbHas coctasnsiowas sektopa D (D;) npeTepnesBaroT CKayok.

19. CerHeToaneKkTpuku
CerHeToanekTpykaMmu HasblBalOTCA KPUCTaNnUMYeckue OUIANEKTpUkK, y KOTopbix
B OTCYTCTBME BHELUHEro 3MEKTPUYECKOro Monsi BO3HWKAET CaMOMpOou3BOSibHast
OpVEeHTaLMs AMMNOSbHBIX ANEKTPUYECKMX MOMEHTOB COCTaBSOLLMX M0 YaCTUL,.
lMpumepsr: cerHetoBa conb NaKC4H4Og 4H,0;
TuTaHat 6apua BaTiO;
V6@ / / / y, CerHeToaneKkTpukn CcoctoaT u3 OoMeHo8 —
obnacrei c pasnuyHbIMU HanpaBneHusiMmn
f ‘\__ ® lo Ny Nonsp1U30BaHHOCTW. §
TemnepaTtypa, Bbllle  KOTOpPOW  Ucye3awoT
CerHeToanekTpuyeckme ceoctea — moyka Kropu.

Ons cerHeToanekTpuUKoB CBSI3b Mexay Bektopamu E u P HenuHelHas u
HabnogaeTca ABneHMe OuUISIEeKMPUYECcKo20 2ucmepe3uca — COXPaHEHUs!
ocmamo4HoU nosisspu308aHHOCMU NPU CHATUM BHELLHEro Mnossi.

lMbe303nekmpuKu — KpuUcTannnyeckme OUINEeKTPUKK, B KOTOPbIX MPU CXaTum
WUNW pacTsikeHUN BO3HWUKAET aNeKTpuyeckas nonspusaums — npsaMon Nbe3osddekxT.

O6paTtHbii _Nbe303ddeKkT — nosiBNeHne MexaHudeckon aedopMauun nopg
[ENCTBUEM NEKTPUYECKOrO NOSS.

20.[NpoBOOHUKN B 3/1EKTPOCTaTUYECKOM NoJie

Ecnu nomectTuTb NMpoBOAHUK BO BHELUHEE 3NEKTpocTaTUYeckoe none unum ero
3apaanTb, TO Ha 3apsigbl NpoBoAHMKA OyaeT OeWcTBOBaTb 3MEKTpocTaTUyeckoe
none, B pe3ynbTaTe Yero OHW HauvyHyT nepemMellaTtbCcsi A0 Tex MNop, noka He
YCTaHOBUTCS pPaBHOBECHOE pacrpefeneHne 3apsnoB, MpW  KOTOPOM  3MEKTPo-

cTaTMyeckoe nore BHYTPU NpoBoAHMKa obpatlaeTcsa B Hynb £ =0.

WHaue, ecnn 6bl none He 6bINO paBHO HysO, TO B NPOBOAHMKE BO3HWKIO Obl
ynopsigodeHHoe ABukeHue 3apsgoB 6e3 3aTpaTtbl SHEPTMU OT BHELIHErO UCTOYHMKA,
YTO NPOTMBOPEYNT 3aKOHY COXPAHEHWUSI SHEPTUN.

Cnegcrteus atoro (E=—-gradp=0 = @=const):

== NoTeHLMan Bo BCeX ToYKax NPOBOAHNKA OOUHAKOS;

= NOBEPXHOCTb NPOBOAHVKA ABNAETCA IK8UNOMeHYuaibHOU;

= BekTop £ HampaBneH no Hopmasu K KaXaol ToUYke NoBepXHOCTY;

= [p1 nNOMeLLeHUN HEenTpanbHOro MPOBOAHMKA BO BHELUHEE Mone CBOOOAHble
3apsabl (ANEKTPOHBI U MOHBI) HAYHYT NepemeLLaTbCs: NoNoXUTENbHbIE — NO MNOJto, a
a) oTpuuartenbHble — MPOTMB MNons
(puc.(a)). Ha opHOm  KkoHUe
npoBoAaHuKa Oypet  u36bimok
MOMOXWUTENbHBLIX  3apsdoB, Ha
Apyrom — oTpuuaTenbHbIX. OTu
3apsabl HasblBalOTCS
uHOyyuposaHHbIMuU. [pouecc
Oynet npogomxkaTtbCst OO Tex
nop, noka HanpsbkEHHOCTb Nons
6HYmMpuU NpPo8OOHUKa He CTaHeT paeHOU HY/I0, a NUHUN HaMpPsXKEHHOCTU BHE
NPOBOAHMKA — neprneHOUKYISIPHLIMU €ro NoBepxXHOCTM (puc.(6)).

== eCM NPOBOAHMKY COOOLUMNTbL HEKOTOPLIA 3apsih ¢, TO HECKOMIMEHCUPOBaHHbIE

36pﬂabl pacnonararnTcAa moJibKO Ha noeepxHocmu nNpoBOAHUKA, I'Ipl/l‘-léM D=cun

A.H. OrypuoB. ®u3suka 0518 cmydeHmoe
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