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(eonnbm-aMnepHasi xapakmepucmuka) NpeAcTaBlieHa Ha CrneayloLweM PUCYHKE.
Ha yuactke OA BbinonHsieTcs 3akoH Oma.  pa E
3atem (yyactok AB) pocT cunbl  TOKa ,'
3ameanseTrca, a 3atem (yyactok  BC) 13
npekpaiyaetcs coscem. B atoMm cnyvae uumcno D!
MOHOB W 3NEeKTPOHOB, CO3AABAEMblX BHEWHUM lyg B_Cl>
MOHM3aTOPOM PaBHO YMCIly MOHOB U 3NEKTPOHOB “A
[OCTUTaKoLLMX 3MEKTPOAOB (M HelTpanuayoLmxcs 1

Ha onekTtpogax). Tok /.., COOTBETCTBYIOLWIA

U

ot

yuactky BC HasbiBaeTca mokom HacbiweHus n O >

ero  BenuMuMHa  onpefensieTcsi  MOLLHOCTbHO H w G enbiLifi
paspan paspan

MoHn3aTopa.

Mpn  yBENMUYEHUW  HanpPsPKEHUsl, MNEepPBUYHbIE  AMEKTPOHbl  (CO3A4aHHbIe
MNOHM3aTOPOM), YCKOPEHHbIE 3MEKTPUYECKUM MOreM, B CBOK Ouvepedb HayvHaoT
YAApHO WMOHW30BaTb MOMEKyrbl rasa, obpa3ys BTOPUYHbIE JMEKTPOHbI U MOHBI.
OOLlee KONMYeCTBO 3MEKTPOHOB U MOHOB ByaeT Bo3pactaTb MO Mepe NpubnmkeHus
SMEKTPOHOB K aHoAy NaBMHOOOpa3Ho. 3TO SBNSIETCS NPUYMHON YBENMYEHUS TOKa Ha
yyactke CD . OnucaHHbIi Npouecc HasblBaeTcs y0apHoU uoHu3auyued.

W, HakoHel, Npu 3HAYUTENbHbIX HaMPSPKEHWSX MexXay aneKkTpodamu ra3oBoro
NPOMEXYTKa MOMOXUTENbHbIE WMOHbI, YCKOPEHHbIE 3MEKTPUYECKMM MONEM, TaKke
npuobpeTaroT SHEPruo, AOCTaTOYHYIO AN MOHM3aLUMM MOJIEKY rasa, YTo nopoxaaeT
WOHHble NaBuHbl. Korga BO3HMKaKOT KPOME SMEKTPOHHbBIX NAaBWH eLLe U UOHHble, cuna
TOKa pacTeT yxe npaktnyecku 6e3 yBenuueHus HanpsikeHus (yyactok DE ).

JlaBuHOOGpasHoe pasMHOXEHWE 3EKTPOHOB M MOHOB MPUBOAUT K TOMY, YTO
pa3psii CTaHOBUTCS CaMOCTOSITENbHbIM, T.€. COXPaHSIETCs MNocrne npekpaLleHus
AeCTBUS  BHELHero uoHusatopa. HanpsikeHue, npuM KOTOPOM  BO3HUKaeT
CaMOCTOSITENbHbIV ra30BbIfi pa3psig Ha3biBaeTCs HanpskeHueM rnpobosi.

B 3aBuMcuMOCTM OT AaBreHusi rasa, KoHurypaumm anekTpodoB, napamMeTpoB
BHELLHEeN Lieny MOXHO rOBOPUTL O YETbIPEX TUMAX CaMOCTOSATENBHOIO pa3psaaa:

1. Tnerowuil pa3psid — BO3HUKAET NPU HU3KOM AaBMEHUN.

2. Uckpoeoli pa3psi0 — BO3HMKAET MNpU OOMNbLIOA HaNPSXKEHHOCTU
3MEeKTPUYECKOro Mossi B rase, HaxoAsWMMcst Mof AaBfieHWeM nopsiaka
aTMocdepHOro.

3. Ayeoeoll pa3psi0 — BO3HMKAET: a) eCnu Nocne 3axuraHus MUCKPOBOro

paspsiga OT MOLUHOMO WCTOYHMKA MOCTENEHHO YMEHbLUaTb paccTosiHne
Mexay anektpogamu; 6) MWHYS CTaguilo  WUCKPbl, €Cny  3nekTpoabl
(Hanpumep, yronbHble) CONU3NTL 40 CONPUKOCHOBEHUS, a MOTOM Pa3BeCTHU.

4. KopoHHbIli pa3psid — BO3HVKaeT Mpu BbICOKOM [ABMEHUM B pPe3Ko
HeogHOpPOAHOM Mofle  BOMAM3W  3MEeKTPOAOB € GOMbLIOK  KPUBM3HOI
NOBEPXHOCTMU.

[ns BO3HWKHOBEHWS1 CaMOCTOSATENbLHOMO rasoBoOro paspsiga Heobxodumo,
yToObl KOHUEHmpauyusi W 3Hepa2usi BTOPUYHBIX WOHOB U  3IEKTPOHOB,
obpasoBaBLUMXCSt MO AEWCTBUEM MOHU3ATOpa, Gblnv JOCTAaTOUHbI AN JJa@UHHO20
pa3MHOXeHUs1 HocuTenen (YMCNo BTOPUYHBIX HOCUTENEeW [OIKHO MpeBbiwaTh
YMCIO HOCUTENEN, MOKMAALWMX ra3oBbI pa3psa BCNEACTBUE pekoMOuHaumm mnu
HeMTpanusauum Ha NOBEPXHOCTSIX, OKPYXaIOLLMX ra3oBblii paspsia).

A.H.Orypuos. flekyuu no gusuke.

0g9103hUdiN3ue

A.H.Orypuos
NEKUKUU NO ®U3UKE
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Anekmpocmamuka

dnekmpocmamuka — pasfen ydyeHus 00 SNEKTpPUYeCTBe, W3yYaroLLni
B3aMMOLENCTBME HEMOABWKHbLIX 3MEKTPUYECKUX 3apsAoB M CBOMCTBA MOCTOSHHOMO
3MEeKTPUYECKOro Mons.

1. OnekTpu4eckui 3apsag.

OnekTpuyeckuii 3apsg — 93TO BHYTPEHHEE CBOWCTBO TEN WM  YacTul,
XapaKTepuaytoLLiee UX CroCOBHOCTb K 3MEeKTPOMarHUTHLIM B3aUMOOENCTBUSIM.

EavHnua anekTpuyeckoro 3apsga — KynoH (Kn) — anektpuyeckun 3apsag,
NPOXOAALLMIA Yepe3 NomnepeyHoe CeyYeHne NPOBOAHMKA Mpu cune Toka 1 amnep 3a
BpeMs 1cekyHaa.

CywiectByeT annemMeHmapHbIl (MUHUManbHbIl) anekmpu4yeckull 3apsio

e=1,610""Kn.

Hocutenb anemMeHTapHOro oTpuuaTenbHoro 3apsga — as1ekmpoH. Ero macca

m, =9,11-10"%" kr. HocuTenb 3neMeHTapHOro NONOXMTENBHOTO 3apsiAa — MPOMOH.

Ero macca m, =1,67-10% r.

dyHOaMeHTanbHble CBOWCTBA  3NEKTPUYECKOro 3apsga  yCTaHOBEHHble
OMbITHBIM MYTEM:

— CywectByeT B [BYX Buaax: MosioxumesnbHbll N ompuyamersibHbIU.
OpHOMMEHHbIE 3apsabl OTTaNKMBaKTCS, PA3HOMMEHHbIE — MPUTATMBAKOTCS.

— OneKTpuyecknn 3apsn UHeapuaHmMeH — €ro BEnuYMHa He 3aBUCWUT OT
CUCTEMbI OTCYeTa, T.€. OT TOro, ABWKETCS OH MU NOKOUTCH.

— OnekTpuyeckuii 3apsg OuckpemeH — 3apsif noboro Tenma cocTtaBnseT
Lenoe KpaTHoOe OT 3fIeMEeHTapPHOro ANeKTPUYEeCcKoro 3apsaa €.

— OnekTpuyeckuin 3apsg addumueeH — 3apsa NoGo cuctembl Ten (4actuu)
paBeH CymMe 3apsfoB Ten (4acTuu), BXOASLMX B CUCTEMY.

— OneKTpuyeckun 3apsn  NOAYMHSAETCS 3aKOHY coxpaHeHus 3apsafaa:
Aneebpaudeckasi cymMma aniekmpudeckux 3apsidos mobol  3aMKHymou
cucmembl ocmaemcsi HeU3MEeHHOU, Kakue Obl Mpoyecchl HU Mpoucxoounu
8Hympu O0aHHoU cucmembi.

Moa 3amkHyTOW CMCTEMOM B AAaHHOM Cryyae MOHUMAaKT CUCTEMY, KOTopas He
obmeHuBaeTCs 3apsaamn ¢ BHELLHMMU Tenamu.

B anekTtpoctaTvke ucnonb3yetcs usmveckas Moaefllb — MmMOYeYHbIU
anekmpuyeckuli 3apsi0 — 3apsikeHHoe Terno, ¢dopma U pasmepbl KOTOPOro
HeCyLLLeCTBEHHbI B JaHHOW 3afave.

2. 3akoH KynoHa

3aKkoH B3aMMOAENCTBUSI TOYEYHbIX 3apsigoB — 3akoH Kynowa: cuna
B3aumodencTeuss £ mexgy LOBYMS HEMOABWXKHbIMW TOYEYHbIMM  3apsiaamu,
HaxodauwumMucsi 8 eaKkyyme, NpoMopuMOHanbHa 3apsgam ¢, U ¢,, n obpaTHo
nponopuMoHarnbHa KBagpaTty pacCTosiHUAS ¥ MeXay HUMM:

F= 1 99,

dre, r*

Cuna F HanpaBneHa no npsiIMOW, COEAMHSIIOWEN B3auMoAencTByioLime
3apsabl, T.e. SIBMSIETCA LeHTpanbHOoi, M cooTBeTcTBYeT nputshkeHuio (F <0) B
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41. OMUCCUOHHLIE AABMIEHUSA.

Paboma ebixoda 3nekmpoHoe u3 memassia — paboTa, KOTOPY HYXHO
3aTpaTuTb ANs yaaneHusl anekTpoHa u3 MmeTanna B BakyyM.

PaboTa Bbixoga 3aBMCUT OT XMMWUYECKOWN NPUPOAbLI METANIOB U OT YUCTOTbI UX
nosepxHocTu. MNMogobpae onpeaeneHHbIM 06pa3oM MOKPLITUE MOBEPXHOCTU, MOXHO
3HaUNTENbHO U3MEHNTL paboTy BbIxoaa.

PaboTa BbiIxoda BblpaXxaeTcsi B 9MeKTpoH-BonbTax (3B): 13B paBeH paboTe,
KOTOPYIO  COBEpLUAT  Cunbl  MOMsi  NPU  NEpPEMELLEHUN  3MEMEHTapHOro
3MEeKTPUYECKOro 3apsifa Mexay TOYKamy pasHOCTb MOTEHLUManoB Mexay KOTOopbiMU
paBHa 1B. Tak kak e =1,6-10"""Kn, To 1aB=1,6-10""° 1.

AnekmpoHHasi aMuccusi — sIBNEHVNE WCMYCKaHWs 3NIEKTPOHOB U3 MeTarnsoB
npv cOOBLLEHNN SNEKTPOHAM 3HEPTX, paBHOM Mnu GonbLuen paboTel BbIxoda.

1. TepMosneKmpoHHas 3Muccusi — WCNyCKaHWe 3NEeKTPOHOB HarpeTbiMu

meTannamu. MNprumep Ucnonb3oBaHNUs — SNMEKTPOHHbIE NaMnbl.

2. ®omosnekKmpoHHas 3MUccusi — 3MWUCCUS JNEKTPOHOB W3 meTanna nop
OeNCcTBMEM 3MEeKTPOMarHUTHOro M3nyyvyeHus. Mpyumep MCMonb3oBaHWs —
doToaaTUmKM.

3. BmopuyYHas 3neKmpoHHas _9Muccus —  WUCNyCcKaHwe  3reKTPOHOB
NOBEPXHOCTbIO METanmnoB, MOMyNPOBOAHUKOB WMN  OWUSNEKTPUKOB  Mpu
6ombapaMpoBKke UX My4YKOM 3NeKTpoHOB. OTHOLLEHME YMcna BTOPUYHBIX

OIIEKTPOHOB 71, K YNCny NepBUYHbIX 71, BbI3BaBLUNX SMUCCUIO, Ha3blBaeTCA

KO3GhGULUEHMOM 8MOPUYHOU SMIEKMPOHHOU amuccuu: 6 = n, / n, . Mpumep
1cnonb3oBaHWs — POTOSNEKTPOHHBIE YMHOXUTENM.

4. AsmossieKmpoHHas 3MUCCUSi — 3MWUCCUS JNIEKTPOHOB C MOBEPXHOCTU
MeTanmnoB Nog AefCTBMEM CUITbHOTO BHELLHErO 3MEKTPUYECKOro nonsi.

42.la30Bble pa3paabl.

Mop pencTBMemM uoHuszamopa (CUIbHbIA HarpeB, XECTKOE M3NyveHune, NOTOKN
yacTuy) HenTpanbHble Monekynbl (aTombl) rasa pacwennsioTcd Ha WOHbI ©
cBODOOAHbIE 3NEKTPOHbI — MPOUCXOANT UOHU3ayusi rasa.

OHepausi uOHU3ayUU — 3Heprusi, KOTOPYW Hado 3aTpaTuTb, 4YTOOblI M3
MoneKynbl (aTomMa) BbIOUTb OOUH 3MIEKTPOH.
PekombuHayueli —  Ha3blBaeTCs  npouecc obpaTHbIi  MOHWU3ALMU:

MOMOXWTENbHbIE WU OTpULATENbHbIE WOHbI, MOMNOXUTENbHbIE WMOHbI WU 3MEKTPOHBI,
BCTPeYasiCb, BOCCOEAMHAIOTCA Mexay cobon ¢ obpazoBaHWeM HenTpasibHbIX aTOMOB
N MOReKyrn.

MpoxoxaeHne aNeKTPUYeckoro Toka Yepe3 MOHU3MPOBaHHbLIV ra3 Ha3blBaeTcs
2a308bIM pa3psiOom.

Paspsg, cywecTByloWwuUiA TOMbKO NoA4  AEWCTBUEM '//
BHELUHMX WOHM3aTOpOB, Ha3blBaeTCs HecamMocmosimesb- /
HbIM 2a308bIM Pa3psiOOM.

Paspsg B rase, COXpaHsIOLWMNCA nocrne npekpalleHns ”

OeNcTBMS BHELUHEro MoHM3aTopa, HasbiBaeTcs caMocmosi-

e/IbHbIM 2a308bIM Pa3psiOoM. —W
PaccmoTpum uenb, coaepxallyto rasoBbii NPOMEXYTOK

(cM. pyCyHOK), noaBepraroLMncs HenpepbIBHOMY, MOCTOSH- _:5

HOMY MO UHTEHCUBHOCTM BO3AENCTBUIO MOHM3aTopa. R
B pesynbTtate OencTBus MoHu3atopa ras npuobpetaeT

HEKOTOPYIO 3SIEKTPONPOBOAHOCTL M B LENU noTeyeT TOK, _‘l___'|__
3aBMCHMOCTb  KOTOPOrO OT  MPUMOXEHHOIO  HamnpshKeHust

A.H.Orypuos. flekyuu no gusuke.

OneKkTpnyecTBo
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Cpeﬂ,Hﬂﬂ CKOPOCTb HanpaB/ieHHOro ABM>XXeHNA SNEKTPOHOB!
(v)= U 10 _ eE(r) _ eE(l)
2 2m 2m<u>

MnoTHOCTL TOKa

2
j=ne<v>=;le<l>E:yE,

miu)

ne’ <l>
—— — yaenbHas NPOBOAMMOCTb MeTarnna.
2m<u>
3akoH [Dkoynsi-JleHua.
K koHUuy cBobogHoro npobera amneKkTpoH nof AeicTBveM nons npuobpeTaet
[OMNOSTHUTENbHY KUHETUYECKYIO SHEPTUID
2 2/7\2
<E >_mvmax _ € <l> E2
K/~ - 2
2 2m<u>

KOTOpaaA npu coygapeHun anekTpoHa ¢ MOHOM MOJIHOCTLIO NepenaeTCAa peLleTke.
Ecrm n— KOHUEeHTpauna 3NeKTpoHOB, TO B eAMHUUY BpeMeHW B euHuue

()

obbema npoucxoonT n——— CTONKHOBEHUN 1 peLwleTke nepenaeTca sHeprua:

)

roe Y=

)

2
ne-(l
= 7< >E2 = ’J/E2
2m<u>
3akoH BudemaHa—PpaHua.

OTHOLUEHMe TENmnonpoBOAHOCTM A K yAenbHOM MPOBOAMMOCTM ¥ ANs BCeX
MeTasnmnoB npuM OOHOW M TOW Xe TemnepaType OAMHAKOBO M YBeENMYMBaeTCst
nponopLMoHansLHO Temneparype

2
A k
—=fr, rae B=3—
Y e

TpydHocmu Knaccu4eckoli meopuu.

1. TemnepaTypHasi 3aBUCUMOCTb COMPOTUBMEHMS: <u>~ﬁ, R~1/y,

crnefoBaTensHo, R~AIT, wuro NMPOTUBOPEYUT  OMbITHBIM  [AHHBIM,
cornacHo kotopbiM R~ 1.

2. OueHka cpegHero npobera 3neKTPOHOB. YTOGbI MONy4nTb BENUYUHBI
yAEenbHOW NPOBOAMMOCTM Y, COBMAaAaloliMe C OMbITHBIMUA AaHHLIMU,

cnenyet npuHMMaTb <l> B COTHU pa3 Gonblue MeXaToOMHbIX paCCTOFIHI/IVI B

KpucTanne.

3. Tennoemkoctb MeTtanna cKnagbiBaeTcs n3 TEennoeMKoCTHn
KpUCTaNNM4eckomn peLieTkn U TenoeMKoCTM 3NEKTPOHHOro rasa. MNoatomy
yaenbHas (paccyntaHHasi Ha OAMH MOMb) TENNOEMKOCTb MeTarnna AOMKHA
ObITb CYLLECTBEHHO BblllE TEMIOEMKOCTU AMIMEKTPUKOB, Y KOTOPbIX HET
CcBODOOAHbIX 3NEKTPOHOB, YTO NMPOTUBOPEUUT SKCNEPUMEHTY.

Bce 3T TpyOHOCTM CHUMAIOTCA KBAHTOBOW Teopuren.

A.H.Orypuos. flekyuu no gusuke.
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crnyyae pasHOMMEHHbIX 3apsaoB U oTTankueaHuio (F >0) B cnyyae 0AHOMMEHHbIX
3apsagoB. B BektopHon dopme, cuna, OedcTBylOllas Ha 3apad ¢, CO CTOPOHbI
3apsaga ¢,:
F.= 1 g9, o
12— 2
dre, r= 1
Ha 3apsig g, co cTopoHbl 3apsifa g, pevictyeT cuna F,, =—F,.
£,— 2/IeKMpuUYecKas nocmosHHas, OTHOCALLAACA K YMCny pyHaaMeHTanbHbIX
PU3NYECKMX MOCTOSAHHDBIX:

1 Kir? @ 1
£,=885-10""—— unm £, =8,85-10"* —. Toraa: ——=9-10"—
H-Mm M 4re, D
roe chapap (®) — eamHuua anekTpuyeckon emkoctu (n.21).
Ecnn B3avmopencTeylowme 3apsgbl HaAXoAsaTCA B M3OTPOMNHOW cpede, TO
KyrnoHOBCKas cuna

1 g9,

dre, er’
roe € — OQuanekmpuyveckasi npoHuyaemMocms cpedbl — GespasmepHast
BENuUMHa, MOKasbiBaloWas BO CKONMbKO pa3s cuna B3aumopencteust F - mexay
3apsinamu B JaHHON Cpefie MeHbLUE UX CUrbl B3aumogencTaus F, B Bakyyme:
F
e==2
F
[uanekTpudeckas NPoHMLAeMocTs Bakyyma £, = 1. MNoapoBHee ananekTpukm

1 nx ceonctea byayT paccmMoTpeHbl Huke (n.15).

Bcsikoe 3apspkeHHOe Tenio MOXHO paccMaTpyBaTh Kak COBOKYMHOCMb TOYEYHbIX
3apsAfgoB, aHanorMyHo TOMY, KaK B MeXaHuKe BCSKOe Terno MOXHO cuuTaTtb
COBOKYMHOCTbIO MaTepuarnbHbiX Toyek. [loaTomy anekTpoctaTvyeckas cuna, c
KOTOPO OfHO 3apsKeHHOe Teno [AeWCcTBYeT Ha [pyroe, paBHa reoMeTpu4eckoWn
CYMMe Cufl, NPUMNOXEHHBIX KO BCEM TOYEYHbIM 3apsiAaM BTOPOro Tena CO CTOPOHbI
KaXxgoro TOYeYHOro 3apsifa nepeoro Tena.

YacTo 6biBaeT 3HauMTENBLHO YA0OHee cunTaTb, YTO 3apsabl pacnpedesieHbl 8
3apsKeHHOM meJie Herpepbi8HO — BAOMb HEKOTOPOW ANHUM (HanpuMmep, B cryyae
3apSHKEHHOr0 TOHKOTO CTEPXKHS1), MOBEPXHOCTW (Hampumep, B CriyyYae 3apsikeHHON
nnactTuHel) unm obbema. COOTBETCTBEHHO MOMb3YIOTCH MOHATUSAMU JTUHEUHOU,
rnosepxHocmHol u ob6bemMHoUl nnomHocmel 3apsi00s.

dq
O6bemHas n1omHoCcMe 3/1IeKmMpuUYeckux 3apsdoe p = ——,

dv
roe dq — 3apsa4 Manoro anemMeHTa 3apAXXeHHOoro tena obbemom dV .

d
lMoeepxHOCMHasi NIOMHOCMb 3/IeKMPUYECKUX 3apsidoe O = ﬁ
roe dq — 3apsih Marnoro y4acTka 3apskeHHON NMOBEpXHOCTY nnowaasio ds .
y dq
JluHeliHass nToMHOCMb 3/1IeKMPUYecKux 3apsidoe T = E

roe dq — 3apsih Marnoro y4acTka 3apskeHHON NIMHWK AnuHon di .

OneKkTpnyecTBo
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3. HanpsihkeHHOCTb 3/1eKTPOCTaTU4eCKOro nonsi

AnekTpocTaTU4ecknM NonemM HasbiBaeTCsi Morie, co3naBaemMoe HeMnoaBMKHBIMM
ANEKTPUYECKMMM 3apsagamu.

OnekTpocTaTnyeckoe none onucbiBaeTca ABYMS BENUYMHAMU: MOMeHyUuasiom
(aHepeemuyeckas cKkansapHas XapakTepucTuka nons) W HanpsXXeHHOCMbIo
(cunosas BEKTOpHasA xapaKkTepucTuka nons).

HanpsikeHHOCcmb 351eKMPOCMamu4yecKko20 MoJisi — 8eKmMopHasi . F
dusmdeckas BenuuuHa, onpegensiemas CWMOW, [OEWCTBYHOLWEN Ha E=—
€ANHUYHBINA NONOXUTENbHLIN 3apAd ¢, MOMELLUEHHbIN B OaHHY0 TOYKY 90

nons:
EQvHMua HanpspkeHHOCTU 3MeKTPOCTaTMUYeCKOro Monsi — HbKTOH Ha
kynoH (H/Kn): 1H/Kn=1B/m, roe B (BonbT) — eguHuMua noteHumana
3NEeKTPOCTATUYECKOrO NOss.
HanpsixeHHOocmb nossi mo4e4yHo20 3apsida B BakyyMe (M B OUSNEKTPUKE)

= 1 7 — 1 r
dre, ror dnege re r
rAe 7 — paguyc-BeKTOp, COeAUHSIOLWMIA AaHHYIO TOUKY NOMs C 3apsiAoM ¢ .
1 1
B ckanspHown copme: = —% E= 7%
4ne, r 4me e r

HanpaeneHue eekmopa E coBnafgaeT ¢ HanpaBneHWeM Cuilbl, AENACTBYOLWEN
Ha NONOXWTENbHbIV 3apsag.

Ecnu none cosgaeTcs noJsioxumersibHbIM 3apsaoM, To BekTop £ HanpaeneH
BOONMb paauyca-BeKTopa OT 3apsiaa BO BHEWHee MpOCTPaHCTBO (OTTankuBaHue
npoGHOro nonoxutensHoro 3apsiga). Ecnv none cosgaetca ompuyamenbHbIM

3apsiiom, To BekTop £ HanpasneH k 3apsaay (MpUTsBKeHuE).

- a) [padmnyeckn anekTpoctaTnyeckoe nosne nsobpa-
E XKalT C NOMOLLbLIO NMUHUA HaNpPsHKEHHOCTU — NWHUNA,
KacaTenbHble K KOTOPbIM B KaX/J0W TOYKe COBMaatoT C

E HanpaeneHveM Bektopa E (puc.(a)). JiuHusam Hanps-

XXEeHHOCTM npunucbiBaeTcA HanpaefieHue, coBna-
pawuiee C HanpasleHueM BeKTOopa HanpAaXXeHHOCTWU.
S Tak Kak B [AaHHOM TOYKe NPOCTpPpaHCTBa BEKTOP
HanpaXXeHHOCTU MMeeT Nnulb OAHO HanpasleHue, To

%) JIMHUN  HanpPsHKeHHOCTVM HWKOrJa He MepecekarTcs.
Onsa o0HopodHO20 nons (Korga BEKTOp Hanpsi-
)KEHHOCTV B NOGON TOYKe MOCTOSIHEH MO MOAyno U
HanpaBneHuo) IMHUM HanpPsHKEHHOCTU NaparnnenbHbl
BEKTOPY HanpshKeHHOCTU.

Ecnu none cosgaetcsl TOUEYHbIM 3apsSiAOM, TO JIMHWUWM HaMpsbKeHHOCTU —
pagvanbHble NpsiMble, Bbixodslne U3 3apsiAa, ECV OH MOMOXWTENeH, U Bxoasaimne
B Hero, ecnu 3apag otpuuareneH (puc.(6)).

4. Notok BekTOpa £ .

YT06bl C NOMOLLBIO NIVHWI HAMNPSXXEHHOCTM MOXHO BbINO XapakTepusosaTb He
TOMbKO HamnpaBfeHWe, HO U 3HaYeHUe HaMPSXKEHHOCTU SMEeKTPOCTaTUYECKoro nons,
MX MPOBOOAT C ONPEAeNneHHOW T[YCTOTOW: YWCIO TNUHUIA  HanpsKeHHOCTY,
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3.nekmputlec1(ue MOKU e MemaJsijiax, eakyyme U 2a3ax.

A.H.Orypuos. flekyuu no gusuke.

39. dneKkTpuyeckme TOKU B MeTanax.

Hocutensmmu anektpuyeckoro Toka B MeTanne saBnstoTcs cBo6OAHblE
3MEKTPOHBI.

Mpy 06pa3oBaHUM KPUCTaNNIMYECKON PELUETKN SNEKTPOHbI BHELLHUX 060MnoYek
aTOMOB (BaneHTHbIE 3NIEKTPOHbLI) 0606wecmessIromcsi v KpUctann npeacrasnset
coboii pelleTky HEeMnoABWXKHbIX WMOHOB MeTanna, mexgy KOTOPbIMU XaoTU4ecku
OBWXKYTCA CBOOOAHbIE 9MEKTPOHbl, 00pasys 3asiekmpoHHbIU 2a3, obnagatoliunii
CBOWCTBaMM MaeanbLHOro rasa.

CornacHo meopuu [pyde—JlopeHya, 3nekTpoHbl 06rnagatT Tol e 3Hepruen
TEeNnoBOro ABMXKEHWUS,, YTO U MOJEKyNbl OAHOATOMHOro ra3a. CpegHsis CKOpOCTb
TEMNOBOrO ABWXEHNS 3NEKTPOHOB

="

roe k =1,38-1072% Ox/K — nocmosiHHas BonbumaHna,
m, =9,11-10"" kr — macca anekTpoHa,

e

T — abcontoTHas (Mnm TepmoamMHaMmmnyeckast) Temnepatypa (B KernbBuHax).

Mpu komHaTHOW Temnepatype (7T =300 K) cpegHss CKOpOCTb TEMNOBOro
OBWKEHNST 3reKTPOHOB paBHa <u>=1,1-105 Mm/c. XaoTudeckoe TENNoBOE ABMXKEHUE
3MEKTPOHOB HE MOXET NPUBECTU K BO3HVKHOBEHMIO TOKa.

Mpy HanoXeHWM BHELUHEro 3NeKTPUYEcKoro MoMns Ha MeTannMyeckun
NPOBOAHUK B [OMOfIHEHWE K Xaomu4ecKOMYy TENrOBOMY [ABWXEHUIO BO3HMKaeT
ynopsi00YeHHOoe [ABXEHNE INIEKTPOHOB (3MEKTPUYECKUI TOK).

Oaxe npu npegenbHO AOMNYCTUMbIX 3HAYEHWUSX MNMAOTHOCTU TOKa, CPeaHss
CKOpOCTb <v> yNopsilo4EHHOTO  ABWXKEHWS  3NEeKTPOHOB, 0bycraBnvBaloLLero

3NEKTPUYECKUIA TOK, 3HAYMTENBHO MEHbLLE UX CKOPOCTU TEMNOBOro ABWXEHUS <u>
(V) <<(u).
40.0CHOBHbIE _3aKOHbl _ 3MIEKTPUYECKOro TOKa B K/NIAaCCUYECKOW Teopuu
3NEeKTPONpPOBOAHOCTU METanNJoB.
3akoH Oma.
MycTb B MeTannuMyeckoM nNpoBogHuke pAeincteyeT none FE =const. Topa
nenctemeM cunbl F=eE 3apag e [OBUKETCA PaBHOYCKOPEHHO C YCKOpeHuem
eE eE<t>
a =— WK KOHLy cBo6oaHOro npobera npmobpetaet ckopoCTb U, =——.
m m

CpepHee Bpems cBoGoaHOrO npobera anekTpoHoB (f)=--- onpepensietcs

cpegHen anvHowm cBobogHoro npobera <l> N cpegHen CKOPOCTbI ABUXEHUSA

ANEKTPOHOB OTHOCUTESIbHO KpVICTaJ'IJ'IVI‘-IeCKOVI peLweTkn <u> + <U> = <u> .

OneKkTpnyecTBo
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4) B cny4yae KOPOMKO20 3aMbiKaHusi CONnpoTuBIieHune BHELLUHEN uUenu NPOHU3bIBAOLLNX eanHnLy nnowaann NOBEPXHOCTH,
nepneHanKynapHy JNMHUAM Hanps>XXeHHOCTU, OOJIKHO ObITb

paBHO Moayrnto BekTopa E.
Torga 4nicno NUHWUIA HaNPSYKEHHOCTW, MPOHM3bLIBAOLLMX

anemeHTapHylo nnowaaky dS, pasHo E-dScosa=FE,dS,

R =0 uncunatoka [ =

BHCIIH

B 3TOM Cly4ae orpaHun4mnBaeTca TOJ1IbKO
rBHyTp

BEMMNYMHOWM BHYTPEHHEro conpoTuBieHNA NCTOYHUKA TOKa.

38.MpaBuna Kupxroda ans pa3BeTBNeHHbIX Lieneun.

Y3rnom anekTpuyeckow Lenu HasbiBaeTcs Ntobas Touka pasBeTBEHUS Lenu,

B KOTOPOW CXOAMTCSA HE MeHee TpeX NPOBOAHUKOB C TOKOM. TOK, BXOASALMA B y3er,
= _ nnowagke dS ). BennuuHa

cYMTaeTCs NONOXUTENbHBIM, @ TOK, BbIXOASLUMIA U3 y3na — oTpuUaTeNnbHbIM. .

MepBoe npaBuno Kupxroda — anrebpanyeckass CymMa TOKOB, CXOASALLMXCS B d®, =E-dS, =E-dScoso=E,dS = EdS

y3ne, paBHa Hyrto:

rae E, — npoekums Bektopa E Ha Hopmanb 7 Kk nnowaake
dS . (Bektop 7i — €AVHWYHBIN BEKTOP, NeprneHOMKyNsapHbIi

Ha3bIBae€TCA [10MOKOM 8€eKmopa HalnpsaXeHHocmu 4epes

;]k =0 nnowagky dS . 3gecb ds =dSi— BEKTOP, MOAYJ1b KOTOPO-
Hanpuvep, ans yana A Ha pucyHke MepBoe Npasuro ro paseH dS , a HanpaBreHne BEKTOpa COBNaAaeT C HanpasneH1em 7i K nroLagke.
Kupxroda: MoTok BekTopa E CKBO3b MPOW3BOMBHYO 3aMKHYTYIO NMOBEPXHOCTb S':
L=L=L+1,+15-1,=0 (I>E=§EndS=§E$
BTODOG npaBuIio KI/IDXFOCba — B nobom 3aMKHYTOM KOHTYype, NMpOu3BOJIbHO S S

BbIOpAHHOM B pPa3BETBMEHHON 3MneKkTpuyeckon Lenu, anrebpauyeckast cymma
, npousBedeHUn cun TokoBI; Ha conpoTuBneHve R,
A R Iy B COOTBETCTBYIOLUMX Y4aCTKOB 3TOTO KOHTypa paBHa

5. MpuHUMN cynepnosvumum 3aNeKTpocTaTuyecKnx nosen.

K KyfOHOBCKMM CufiaM MPUMEHUM PACCMOTPEHHbI B MexaHuke MpuHYUn
Hezaeucumocmu Qelicmeusi cunm — pesynbMupyrwas cuna, AeicTByIoLWas co

+Al; anrebpanueckoit cymme S[IC O, sCTpevatoumxes B CTOPOHbI MOMS Ha NPOGHLIN 3apsg paBHa 8€KMOPHOU CyMMe CUM, MPUMNOXKEHHBIX K
-T6, STOM KOHTYype: HEMY CO CTOPOHbI KaXXOoro 13 3apsioB, CO3AaloLLMX 3MeKTPoCcTaTUYecKoe none.

Ry P ZI[R; :sz HanpspkeHHOCTE pe3ynbTupyiolero nonsi, CO3AaBaeMoro CUCTEMOIA 3apsifios,
2 i X Takke paBHa 2eoMempuyeckol CyMMe HanpshKeHHOCTeW Mone, "

Hanpumep, ans ofxoga MO 4acoBOW CTPErke cO3aBaeMblx B JaHHOM TOUKe KaXKabiM U3 3apsioB B OTAENbHOCTU. | F = E’, .
1 ¢  3amkHytoro koHTypa ABCDA BTOpoe npaBuno Ota  ¢opmyna  BbipaxaeT npuxyun  cynepnosuyuu i=1
D +8_ R A Kupxroca umeeT BUA: (HanoxeHus)) 3nekmpocmamu4yecKux nosned. OH nossonset
3 IR —L,R,+,R,+I,R, =0, -0, +0, paccudTaTh 3neKkTpocTaTUYeckue nonst NoGON CUCTEMbI HEMOABWKHLIX 3apsgoB,

npeancrtasmB €e B BUAE COBOKYMHOCTU TOYEYHbIX 3apAn0B.

[Mpu pacyeTe cnoXxHbIX Llener ¢ npuMeHeHem npasun Kupxroda Heobxoammo: -
HanomHum npasuno onpeaeneHna BenndynHbl BEKTopa ¢

1. Bb/6pamb NPOn3BOJSIbHOE HaripaesieHue MmMOKOo8 Ha BCeX y4dacTKax uenu;
OencTBuTenbLHoe HanpaslieHne TOKOB onpeaendeTcda npn peleHnn 3agadn:
€CIMN UCKOMBbIN TOK NONy4YnUTCA NONOXUTENIbHBbIM, TO €ro HanpaslieHne ObIno

CYMMb! IBYX BEKTOPOB d W b :
€| =a* + b + 2abcosa =\/a2 +b* —2abcos B .

BLIGPAHO MPaBUMbHO, @ €ClM — OTpULATENbHLIM — €ro WCTUHHOE
HanpaBneH1e NpoTUBONOMOXHO BbIGpPaHHOMY. 6. Teopema laycca.

2. Bbibpamb HanpaeieHue 06xo0a KOHTYpa W CTPOTO €ro MPUAEPXMBaTLCS; BbluMCriEHNe HANPSKEHHOCTW MONSi CUCTEMbl 3NEKTPUYECKNX 3apsifoB ©
npousseaeHre IR NONOXWUTENbHO, €CAM TOK Ha AGHHOM y4acTke coBnapfaet MOMOWbIO  MPUHLMANG  CYMEprioauUMN  BNEKTPOCTATMYECKMX  MONeil  MOXHO
¢ HanpasneHuem obxopa. SMC, peiicteylowme no  BbibpaHHoMy 3HAUNTENBHO YMPOCTUTL, MCMOMb3yss TeopeMy [aycca, OMpeaensiollyio MoToK
HanpaBsnieHio  06X0Aa,  CYMTATCS  MOMOKMTENbHBIMU,  NMPOTMB  — BEKTOpa HaMPSPKEHHOCTU 3MEKTPUYECKOTO MOMS CK803b MPOU3BOJIbHYI0 3aMKHYMYHO
OTpULATENBHBIMA. F0BEPXHOCT.

3. Cocmasumb cmosibKO ypasHeHul, YTobbl UX YUCMO ObINO paBHO 4ucny

. PaccmoTpuM MOTOK BEKTOPa HAMPSXKEHHOCTU Yepes Chepryeckyto NoOBEPXHOCTb
MCKOMbIX BenuuuMH (B CUCTEMY YpaBHEHWA [OOSDKHbI BXOOWUTb BCe

paguyca 1, OXBaTbIBaIOLLYHO TOYEYHbIV 3apsif ¢ , HAXOASLMIACS B ee LieHTpe

COMpPOTMBIEHUS n icile] paccmaTprBaeMon uenm); KaXkablii
paccmaTpuBaeMmblil KOHTYP OOMKeH coaepxaTb XO0Tsi Obl OAMH 3NeMEHT, He d =§E ds = q A’ _49
cogepxawminca B Npedblaylmx  KOHTypax, 4ToObl He nosnyyanucb £ ‘ " 4ﬂ£0r2 £,

ypaBHEHUS, KOTOPbIE SABMSOTCS NPOCTON KOMBUHALMEN yxXe COCTaBNEHHbIX

_ O70T pesynbTaT cnpaBegnmB  Onig  10b6old  3aMKHymoU  rnogepxHocmu
ypaBHEHUN.

rpou380sibHOU (hopMbI, OXBaTbIBaKOLLEN 3apsaa.

A.H.Orypuos. flekyuu no gusuke. OnekTpnyecTso
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Ecnu 3amkHyTasi MOBEPXHOCTb He OXBaTblBaeT 3apsiga, TO 10MOK CK803b Hee
paseH Hymoo, Tak Kak YUCMO NMUHUA HampsPKEHHOCTW, BXOASLLUX B MOBEPXHOCTb,
paBHO YMCHY NUHWIN HANPSKEHHOCTU, BbIXOASLLMX U3 Hee.

PaccmoTpuMm obwjuli criyyali npou3eosibHOU 108epXHOCMU, OKpyXaruwel n

3apsdos. CormacHo NpUHUWMNY  CyneprnosuuuyM  HanpsbkeHHocTb nons  E,
co3aaBaemMoro Bcemu 3apagamuy, paBHa cymme Hal'lpﬂ)KeHHOCTeIZ Ei’ co3gaBaeMblX
KaXXablM 3apAaoM B OTAENTbHOCTH. |_|03TOMy
noo_ . n I n g 1 &
— — — — i
O, =fEdS=§| Y E [dS=Y {Eds=)Y == g,

S s\ i=1 i=l g i=1 80 80 i=1

Teopema Maycca Ona anekmpocmamu4ecKo20 MoJsisd 8 eaKyyMe:. omoK

eekmopa HanpsikeHHOCMU  371eKMPOCMamu4ecko2o rofsi 8 eakyyme CKeo3b
MPOU3BOSILHYIO  3aMKHYmyK — [08epXHOCMb paeeH anzebpauyveckoli cymme

3aKIOYeHHbIX 8HYmpu amou nosepxHocmu 3apsi008, OefleHHbIX Ha €.
Ecnu 3apsg pacnpegeneH B MpPOCTPaHCTBE C  OOBEMHOM MIOTHOCTBLIO
p =dq/dV , 1o Teopema laycca:

@, =§E,dS= {%jpdV
K oy

7. Livpkynsauus BeKTOpa HanpsixXeHHOCTW.

Ecnu B anekTpocTaTM4eckoMm rofie To4YevHoro 3apsga ¢
M3 TOoYkM 1 B TOYKY 2 BAOOMb MPOU3BOMBHON TpPaeKkTopum
nepemMellaeTca [Opyrod TOueYHbl 3apsag  ¢,, TO cuna,
NpUNoXeHHas K 3apsigy, coBepluaeT paboty. Pabota cunbl Ha [

arnemeHTapHoOM nepemelleHnn dl pasHa:

dA = Fdl = Fdl cosa = L@dlcosoz :L@dr
drey r dre, r

Pab6oTa npu nepemelleHun 3apsga ¢, U3 Toukn 1 B TOUKy 2:

2

p =]2‘dA=C]% ’jﬂz 1 (49 4%
2 ! 4”50r,r 4re, | r,

Pa6ota A12 HEe 3aBUCUT OT TpPaeKkTopun nepemMelleHud, a onpenenaeTca TOJNbKo

NONOXEHNAMW HaYanbHOW N KOHeYHoW Tovek. CriegoBaTernbHO, AneKTpocTaTnyeckoe
none To4Ye4vHoro 3apsaga ABnAeTCA mnomeHuyuasJibHbIM, a 3NEeKTpoCTaTu4eCkme CUnbl
— KOHcepgeamueHbIMU.

Takum o6pa30M, pa60Ta nepemMelleHna 3apdaga B 3N1EKTPOCTaTUYECKOM none

__» 110 Mt06OMy 3aMKHYTOMY KOHTYPY L paBHa Hynto:

pE— E_ § dA=0

L KT L

\ \ > Ecnu_nepeHocumblvi 3apsn eQUHUYHbIU, TO 3NeMeH-
L TapHas pa6ota cun nons Ha nytM dl pasHa Edl=E,dl,

roe E, = Ecoso — npoekuuns Bektopa £ Ha HanpaBneHue

anemeHTapHoro nepemetienus di.

A.H.Orypuos. flekyuu no gusuke.
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Wcnonbays anddepeHumansHyto dopmy 3akoHa Oma j=7YE u onpefeneHve

1
p =—, nonyuum 3akoH [xoyns—JleHya e dughghepeHyuanbHolU ghopme:
Y

w=9yE = jE*

TennoBoe AeNCTBME SMEKTPUYECKOrO TOKa WCMONb3yeTCs B OCBETUTENbHbIX,
namnax HakanvBaHusi, a1IeKTpocBapke, SnekTpoHarpeBaTenbHbIX Npubopax u T.4.
37.3akoH Oma Ans HeOAHOPOAHOIO y4yacTKa Lenu.

PaccmoTpuM HEoOHOPOOHbIl ydacTok Lenu 1—2 Ha KOTOPOM MpPUCYTCTBYIOT
CUITbl HE3MEKTPUYECKOTO MPOUCXOXKAEHUA (CMOPOHHUE CUTIbI).

O6o3Hauum uepe3: ©,, — OAC Ha yyactke 1—2; Ap=¢, —¢, —
MPUMNOXEHHYIO Ha KOHLAX y4YacTka pasHOCTb NOTEHLMaros.

Ecnu yyactok uenn 1—2 HernodewxkeH, TO (MO 3aKOHY COXPaHEHWUsi 3Heprum)
ob6was paboma A, CTOPOHHUX W IMEKTPOCTATWYECKUX CWI, coBepluaemasi Haj

HOCUTENAMU TOKa, paBHa Tensiote Q, BblgenswLlencs Ha y4yacTKe.

Pabota cun, coBepLuaemas npu nepemeLleHnn 3apsaa ¢, :
A3 =400, +q0A@
3AC ©,,, kak n cuna Toka [, — BenuuuHa ckanspHas. Ecrm 3OC

CNOCOGCTBYET [ABVWXEHWIO MONOXMUTENbHBIX 3apsiioB B BbIGPAHHOM HarnpasneHuu, To
0,, >0, ecnu npensitctayeT, T0 O, <0.

3a Bpewms ¢ B NPOBOAHMKE BbinenuTcs Tennota: O = >Rt = IR(It) = IRq,

OTtctopa cnegyet 3akoH Owma 0ns  HeoOHOPOOHO20 yyacmka uenu 8
UHmMeezpa’sbHol chopme KOTOpbI ABNseTc 0606uwieHHbIM 3aKoHOM OMa:

IR=¢, -, +0,,
]:m
R

nnm

YacTHble cnyvaum.
1) Ecnn Ha AaHHOM yyacTke Lenu UCTOYHUK Toka omcymcmeyem, TO Mbl
nony4yaem 3akoH Oma 0551 0OHOPOOHO20 y4acmkKa yenu:

=Y
R

2) Ecnn uenb 3amkHyma (A@=0), To nony4yaem 3akoH Oma Odns
3aMKHymou yenu:

P T I
R BHYTp + RBHeLLI

roe © — JMC, peiicTeytolas B Lenu,
R — cymmapHoe conpoTuBneHue Bcen Lenu,

R, ers — COMPOTUBEHME BHELLHEN Lienu,
Vonyrp — BHYTPEHHEE COMPOTUBIEHNE NCTOUHMKA TOKA.

3) Ecnu uenb pasomkHyma, 1o I=0 un O, =¢,—¢,, Te. 34C,
delicmeyrowasi 8 pasoMkHymoli Uenu pasHa pasHoCmu NnomeHUuasnos Ha
ee KOoHLax.

OneKkTpnyecTBo
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PaccMoTpuM OJHOPOAHbI MPOBOAHWK C COMPOTMBREHMEM R K KOHLUam
koToporo npuroxeHo HanpsbkeHue U. 3a Bpems df uepes cedeHve NpoBoAHUKA
nepeHocutcst 3apsig dq = Idt . PaboTa no nepemelleHunio 3apsiga ¢, Mexay AByMs
TOYKamu Mons paBHa:

U2
A,=q,Ap, otkyna  dA=Udg=Uldt=1"Rdt= ?dt :
MowHocmb moka:
2
P=M_uyr=-rr=""
dt R

Ecnu pasmepHocTu [I]ZA, [U]:B, [R]:OM, TO [A]:,EI,»( " [P]:BT.

BuecucmemHbie eduHuybl pabomsl moka: BaTT-4ac (BT-4) n kunosatT-yac
(kBT'4). 1 BTy — paboTta Toka MowHOCTb0 1 BT B TeyeHun 1 4: 1 B1-4=3600
BT:c=3,6-10° [Ix. AHanormuHo: 1 kBT-4u=1000 BT-4=3,6-10° [Ix.
36.3akoH hxoynsa—JleHua.

Mpn npoxoXaeHun ToKa MO MPOBOAHUKY MPOUCXOAUT paccesiHue 3SHeprum
BCNEeACTBME CTONKHOBEHUI HOCUTEnen Toka Mexay cobow u ¢ nobbiMy ApYruMu
YactTuuammn cpefpl. Ecnv Tok NpoxoauT Mo HernoOs8UXHOMY MPOBOAHWUKY, TO BCS
pa6oTa Toka dA waeT Ha HarpeBaHue NpoBoAHMKa (BblaeneHve TennoTsl dQ).

Mo 3akoHy coxpaHeHwusi aHeprun: dA =dQ

2
dQ=1Udt=1*Rdt = %dt

KonunyectBo TennoTtsl Q, BblaensoLieecsi 3@ KOHEYHbIN NPOMEXYTOK BpEMEHN

ot 0 po ¢t nocTosiHHbIM TokoM [ BO BCEM OGbeEME MPOBOAHMKA, 3NEKTPUYECKOe
COMPOTMBMNEHUE KOTOPOro paBHO R, nonyyaem, WHTerpupys npegbiayliee
BblpaxeHue:

t
0= leRdt =I’R¢
0

3akoH [xoynsi—JleHya (8 uHmMezpanbHol ¢hopMe): KONU4ecmso mernsiomsl,
6b10eNIIeMOe  [IOCMOSIHHBIM  3IEKMPUYECKUM MOKOM Ha y4Yacmke uernu, pasHo
npouseedeHuro Keadpama CuUMbl MOKa Ha 6peMs 20 [POXOXOeHUs U
37IeKMpUYEeCKoe ConpomuesieHue 3moao ydJacmka uenu.

Bblgenum B NpoBoAHWKE UMNUHapuYecknin obbem dV = dSdL (ocb umnuHgpa

dl
coBnafaeT C HanpasneHueMm Toka). ConpoTueneHue atoro obvema R =pE. Mo

3akoHy [xoyns—JleHua, 3a Bpems df B 9TOM 06bEME BbIAENUTCS TENMOTA

dl | .
dO=I*Rdt = ’;—S( jdSY dt = pj*dvt
YoenbHoli mennoeoli MOWHOCMBIKO mMOKa W Ha3blBaeTCA KONn4ecTtBoO
TennoThbl, Bblaendtouieecsd 3a eanHuuy BpemMeHun B eanHuLie Oﬁ'beMa:
do

_ _ 52
Y= ava =P
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WHterpan § Edl = 55 E,dl HasblBaeTCs  Yupkynsyuel — eekmopa
L L

HanpsHkeHHOCMU No 3a4aHHOMY 3aMKHYTOMY KOHTYpY L .

Teopema o uMpKkynsiumm Bektopa F:
Hupkynayusi eekmopa HarnpspkeHHoCMU  3/1ekmpocmamuyecko2o nonsi 8907k
11106020 3aMKHYmMo20 KOHMypa pasHa HyJsio

{Edi={E,di=0
L L

CwunoBoe none, obnapatolee Takum CBOWCTBOM, Ha3sblBaeTcs
nomeHyuanbHbIM. JTa OpMyna cnpaBedAnuBa MOJILKO Ol 3NeKTPUYECcKoro
nonsi HernoAeUWXXHbIX 3apPSA0B (/IeKMPOCMamu4YecKoz20).

8. MoTteHuuanbHasa aHeprusa 3apsaga.

B noteHumansHoM none Tena obradatoT noTeHUMansHoW aHeprueln u pabota
KOHCEpBaTMBHbIX CUIT COBEpPLLAETCSH 3a CYET YObINM NOTEHUMANLHON SHEPTUN.

Moatomy paboTy A, MOXHO MPeACTaBUTb, Kak PasHOCTb MOTEHLMAnbHbLIX

SHepI'VIVI 3apaga qo B Ha4yalibHOM WU KOHEYHOM To4Kax nons 3apsdfa g
1 g9, 1 qq, _

12 — - 2

MoTeHuymansHas 9Heprusa 3apafa ¢, Haxofsllerocd B nomne 3apsAfa ¢ Ha
pacCTodaHUM » OT HEero paBHa

1
99 + const

e, r

CunTas, 4TO Mpu yganeHun 3apsiga Ha GECKOHEeYHOCTb, MOTEHUMasnbHasl
3Heprvs obpaluaeTcs B Hyrb, nonyvaem: const=0.

Onsi 0OHOUMEHHbIX 3apsHoB MOTEHUMArnbHasi SHeprUst WX B3aUMOLENCTBUS
(ommarikueaHusi) NONOXMTENbHA, AN Pa3HOUMEHHbLIX 3apsHoB MOTeHUManbHas
3Heprvs U3 B3aMMOAENCTBUS (MPUMSKeHUsT) OTpULaTenbHa.

Ecnu none cosgaetcs cuCTeMON 71 TOYEUHbIX 3apsiAoB, TO MOTeHLManbHas
3Heprvs 3apsifia ¢, , HaxoAsLLerocsi B 3TOM Mosie, paBHa CyMME ero NoTeHUMasbHbIX

SHepFMIZ, co3aaBaeMbIX KaxablM N3 3apAanoB B OTAENTbHOCTU:

W= ’lei = ‘]oii
i=1

i 4T

9. MNoTeHuUMan anNeKTpocTaTM4eCckoro nons.

w
OTHOWweHMe — He 3aBUCUT OT I'Ip06HOF0 3apdoa g, W fABNAETCH,

99
aHepaemuyeckoll xapakmepucmukoli rosisl, Ha3bIBaeMo MomMeHyuasiom:
_w
(p [ jp—
90

MomeHyuan @ B KakoW-NMOO TOYKE JMIEKTPOCTATUYECKOTO MNONs ecTb

CKaJsisipHas CbVISVIquKaFl Benn4ynHa, onpependemas noTeHumansHon SHepFMeVI
€ANHUYHOro NOJIOXUTENBbHOIO 3apsaaa, NOMeLEeHHOro B 3Ty TOYKY.

A.H.Orypuos. flekyuu no gusuke.

OneKkTpnyecTBo
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Hanpmmep, noTeHuman nonsd, co3gaBaemMoro To4YeYHbiM 3apsaaomM ¢, paBeH

10.Pa3HOCTbL NoTeHLUManos
PaboTa, coBepluaemas cunamm 3f1EKTPOCTATUHECKOrO MO NpU NepemMeLLeHm
3apaga ¢, U3 To4kM 1 B TOUKY 2, MOXET ObITb NpeAcTaBneHa kak
A, =W, =W, =q,(@, —9,) = q,A@
TO eCTb paBHa MPOM3BEAEHWIO MNepemeLlaemMoro 3apsfa Ha pasHOCTb
NOTeHLUMarnoB B Ha4anbHON N KOHEYHOWN TOYKaX.
PaszHocmb nomeHyuanoe AByX Todek 1 M 2 B 3neKTpocTaTU4ecKoOM norne

onpegendaetca pa60T017|, cosepLuaeMOM cunamMm  nond, npu nepemMmelieHun
€OVNHUYHOIo NOJTIOXUTENTbHOIO 3apana 13 TOYKU 1B TOYKY 2

A
A A2
O -0, =Ap=
qo
Monb3yscb ONpedeneHMeM HamnpshKeHHOCTW SNeKTPOCTaTUYECcKoro  Mons,

MOXeM 3anucaTb paboTy A4, B BUAE

2 2 2
A, = [Fdl=[q,Edl=q,[Edl
1 1 1
OTciopa

A 2 . 2
¢ — ¢, =Ap="2=[Edl = [E,dl
90 1 1
raoe MHTerpupoBaHne MOXXHO Npon3BoanTb BOOJb nodon NINHUN, COGLI,VIHSHOLU,GVI
HavanbHy0 U KOHEYHYH TOYKU, TaK Kak paGOTa CUnN anekTpocTtaTtn4yeckoro nona He
3aBUCUT OT TPaeKTopumn nepemMeLleHns.
Ecnu nepemellats 3apsg g, U3 nNpouseosibHOU MOYKU 3a npedesbl nosis
(Ha 6eCKOHe‘4HOCTb), rae noteHuuarnbHaa 3Heprud, a 3Ha4YnuT U NoTeHuuan, paBHbI
Hynto, To paBoTa cun anekTpocTaTnyeckoro nons A, = q,¢ , oTkyaa

A,
p=—
90
Takum o6pasom, elle OOHO onpefenieHne noTeHumana: nomeHyuan —
¢usuyeckas eesniuduHa, onpedesnisiemass pabomol Mo nepemeweHu0 eoOUHUYHO20
rosIoXKumebHo20 3apsida rnpu ydaneHuu e2o u3 daHHOU MOYKU 8 6eCKOHEYHOCMb.
EduHuya nomeHnyuana — BonbT (B): 1B ecTb noTeHUman Takoi TO4YkM nonsi, B
koTopow 3apsia B 1Kn obnagaet noteHumansHomn aHeprmei 10k (1B=10x/1Kn).
lMpuHyun cynepno3uuuu NomeHUUasa08 3JieKmpocmamuyecKux noJel:
Ecnn none cospaetcs HeCKOMbKMMM 3apsidiamu, TO MOTEHUMan rfons CUCTEMbI
3apsoB paBeH aneebpaudeckoll CyMme NoTEeHLManoB rnorei Bcex aTUxX 3apsiaoB.

11.CBsA3b MeXxAy HanpskeHHOCTbLI U MOTEeHLMaNoM.

[ns noTeHumanbHOro Nons, Mexay NoTeHumnanbHON (KOHCEPBATUBHOWM) CUINON U
noTeHUManbLHON 3Hepruen cyLecTByeT CBA3b:

F =—gradW =-VW
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U I |
B npoBogHuke — = E — HanpsikeHHOCTb afekTpuyeckoro nons, R=p—, j=—.
/ S S
1U .
M3 3akoHa Oma nosyynm cooTHOLLeHne: — =——, oTkyda j=7E.
S pl
B BekTOpHOW (hopMe COOTHOLLEHNE
J=YE
HasblBaeTcs 3akoHOM Oma e dughghepeHyuansHol chopme. ITOT 3aKOH
CBA3bIBAET [JIOMHOCMbL MoOKa 8 Jitobol moyke 6Hympu [POBOOHUKA C

HarpsaXeHHOCMbIo 31eKmpu4eCcKoeo o e modu e mouke.

33.ConpoTmBneHne coeauHeHUsi NPOBOOHUKOB:

A.H.Orypuos. flekyuu no gusuke.

(1).NocnenoBatenbHoe coenuHeHue 71 Mpo-

BogHukoB: [, =[,=...=1 =1 (1) ) A A
IR:U:ZUi:Z[iRi:IZRi L% 4%
i=1 ni:l i=1 ALY
R=YR, '
i=1 (2) R;,],,U/-
hd
(2).NapannenbHoe coeauHeHMe 7 NpoOBOA- P
HUKOB: Uu=U,=..=U,=U o— 2:4 o
U n n Ul n ] L
TR YNl Vs B
R i=1 i=1 Ri i=1 Ri N e
1 -1 RIU

34.TemnepaTtypHasi 3aBUCUMOCTb CONPOTUBJIEHUS.

OnbITHEIM NyTeM ObINO  yCTaHOBMEHO, 4TO Ana  OonblMHCTBA CryyYaeB
U3MeHeHne yaenbHOro COMpoOTMBAEHUA (@ 3Ha4YMT W COMPOTMBMEHMS) C
TemnepaTypo OnNncbiBaeTCs NIMHENHbLIM 3aKOHOM:

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

rae p n pg, R n RO — COOTBETCTBEHHO YyaelibHble CONpPOTUBIEHUA U

COMNPOTUBIEHUS NMPOBOAHMKA Npu Temnepatypax ¢ u 0°C (wkana Llenbcus), oo —
memnepamypHbIl ko3ghghuyueHm conpomuesieHusl.

Ha 3aBMCUMMOCTM 31MEeKTpUYECKOro CONPOTMBIIEHNS METanmoB OT TemnepaTypbl
OCHOBaHO AENCTBME MEePMOMEeMPOo8 COMNpPOoMuUeIIeHUsI.

ConpoTuBneHne MHOMMX MeTansoB NPy oveHb HKU3Kk1X Temnepatypax 7, (0,14—

20 K (wkana KenbBuHA)) Ha3blBaeMbIX KPUMUYECKUMU, XapakTePHbIX ANS KaKO0ro
BellecTBa, CKaykoobOpa3HO yMeHblUaeTcsas [0 Hyns WM MeTann  CTaHOBUTCSA
abCcontoTHBIM NPOBOAHNKOM. DTO ABMEHNE HA3bIBAETCS C8epPXMTPO80OUMOCMbIO.

35.PaboTa n MOLWHOCTbL TOKA.
KynoHoBckue ¥ CTOPOHHME Ccwnbl MpU MepemelleHnn 3apsiga ¢  BOOSb
3neKTpuYecKkon uenu cosepLuaoT paboty A.

OneKkTpnyecTBo
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Ecnu Ha 3apsa ¢, AENCTBYIOT Kak CTOPOHHWE CWUMbl, Tak W  Cunbl
ANEeKTpPOoCTaTn4eCcKoro nond, To pes3ynbTupytowlaa cmna
F=F., +F=q(E., +E)

cTop cTop

PaGoTa pe3ynbTupyioLLei cunbl Mo NepemeLLieHnto 3apsaa g, Ha ydactke 1—2

2 2
Ay, :%_[Ecmpdl +90jEdl: 901, +4o(0, - 9,)
1 |

[ns 3amkHyTON Leny paboTa 3nekTpoCTaTUYECKUX CUI PaBHA HymMo, MO3TOMY
A=¢q,0.
HanpsikeHuem U Ha yyacTke 1—2 HasblBaeTcsl husmyeckass BenuyvHa,
UYMCMNEHHO paBHas CyMMapHoOi paboTe COBEpPLUAEMON 3SMEKTPOCTAaTUYECKUMU W

CTOPOHHMUMU CuUnaMn no nepemMeLlleHno egUHUYHONo MNOJIOXKUTENbHOro 3apdna Ha
OaHHOM y4acTKe uenu:

A
U12 :iz(pl — 0, +®12
90
MoHsiTne  HanpsikeHust siBNsieTcst  0006LIEHWEM  MOHSATUS  Pa3HOCTU
MOTEHUMArNoB: HanpspkeHUe Ha KOHUax yyacmka Uuenu paeHo pasHocmu
romeHyuaros, ecru y4acmok He co0epXum UCMOYHUKa moka (T.e. Ha y4YacTke He
pevicreyeT C; CTOPOHHME CUIbl OTCYTCTBYIOT).

32.3akoH OmMa. AneKkTpuyeckoe CONpPoOTUBIIEHME.
3akoH Oma Ans OOHOPOAHOro yyactka uenu (He copepallero U

WUCTOMHMKA TOKa): cu/la moka, meKyujeeco Mo OOHOPOOGHOMY :E
Memannu4eckomy rnpoe8odHUKY, NPONOPUUOHaIbHa HanpsKeHUro Ha
KOHUe npoeodHukKa (WHTerpanbHasi popma 3akoHa Oma).

KoadhpmumeHT nponopumoHansHocTu R HasblBaeTCsl SNEKTPUYECKUM COMpo-
TMBMEHWEM NPOBOAHNWKA.

EduHuya anekmpuyeckoz2o conpomuesieHuss — om (Om): 1 Om — conpo-
TUBMEHME TaKoro NpPOBOAHWUKA, B KOTOPOM MNpuW HanpsbkeHun 1B TeyeT NOCTOSIHHbIN
ToK 1A.

1
BenuunHa G = E Ha3blBaeTCH 3MEKTPUYECKON MPOBOANMOCTLIO npoBOAHUKA.

EduHuuya anekmpuyveckoli npoeodumocmu — cumeHc (Cm): 1 Cm —
NPOBOAMMOCTb y4acTka 3MEeKTPUYECKON Lienu conpoTtuaneHnem 1 Om.

ConpoTvBneHve NPOBOAHMKA 3aBUCUT OT €ro pa3mepoB U POpMbl, a Takke OT
matepvana wu3 KOTOpPOro MNPOBOAHWMK W3roToBneH. Hanpumep, Ons
00HOPOOHO20 fUHelHo20 npogodHuKka OnuHod [ u nnowadso | R = pi
ronepe4yHo2o ceyeHus S CONPOTUBIIEHME pacCcuMTLIBAETCS NO hopmyrne: N

roe KoaMUUMEHT MNPOMOPLMOHANbHOCTA O, XapakTepusylowmnin maTtepuarn

NPOBOAHMKA, Ha3blBaeTCs yAerbHbIM 3MEKTPUHECKMM CONPOTUBIIEHNEM.
EduHuya ydenbHO20 3/1IeKMPUYECKO20 COMPOMuUBsIeHUsI — OM-MeTp
(Om"m).
BennumHa 06paTHaﬂ yaenbHOMY CONPOTUBIIEHUIO Ha3bliBaeTCHd
yaernbHOW 3NeKTPUYECKON NPOBOAMMOCTbIO BELLECTBA NPOBOAHMKA:
EduHuya ydenbHol anekmpuyeckoli IpogoduMoCcmu — CUMEHC
Ha meTp (Cm/m).

1
p

roe V ("Habna") — onepamop MamunsmoHa: V = Ef + i] + il;
ox dy oz

Mockonbky F' =qE w W =q@, 10
E=-gradp=-Vo

3Hak MUWHYC MOKa3blBaeT, YTO BEKTOpP E HanpaelieH B CTOPOHY y6bIBaHVI$I
noTteHuwnana.

12. 3KkBMNOTeHUManbLHble NOBEPXHOCTW.

Ona rpacbmquKoro M306pa)KeHVIF| pacnpepeneHna noteHumnana Ucnonb3yrTca
dKeurnomeHyuasibHble NMoeepxHocmu — MOBEPXHOCTN BO BCEX TOYKaX KOTOPbIX
noTeHunan nMmeeT ogHO N TO Xe 3Ha4YeHue.

!

FOYnY § \

8) &)

OKBMMNOTEHUMAnbHbIE MOBEPXHOCTU OObLIYHO MPOBOAAT Tak, 4YTOObI pa3HOCTM
noTeHUmManoB Mexay ABYMS COCEOHUMW SKBUMOTEHUMAaNbHbIMW MOBEPXHOCTAMM
6bIMM oauHakoBbl. Torga ryctota 9KBMNOTEHLUMAmNbHbLIX MOBEPXHOCTEN HAarnsagHo
XapakTepusyeT HanpsPKeHHOCTb MONsA B pasHbIX TOYKax. Tam, rge 3T NnoBepXHOCTU
pacnonoXeHbl rylle, HanpsXXeHHOCTb nond Gonbwe. Ha pucyHke MyHKTUPOM
n306paxeHbl  CUMOBblE  fIMHWKM,  CAMOWHBLIMKM  JIMHUSIMU  —  CEYeHus
3KBMMNOTEHUMAnNbHbIX NOBEPXHOCTEN ANS: MOMOXUTENbHOro TOYe4Horo 3apsga (a),
aunonsa  (6), AByX OAHOMMEHHbIX 3apsgoB (8), 3apsXXEHHOro MeTannyeckoro
NPOBOAHMUKA CINOXHON KOHUrypaumm (2).

[lna ToueyHoro 3apsiga noteHuman @ :Lﬂ1 No3TOMY 9KBUMOTEHLMANbHbIE
4me, ¥
NOBEPXHOCTU —  KOHUeHTpuyeckne cdepbl. C  Opyron  CTOPOHbl,  JIMHWMK
Hanps»KeHHOCTN — pagmanbHble npsMble. CnefoBaTenbHO, NIMHUM HaNPSKEHHOCTU
nepneHAnKYNspHbl 3KBUNOTEHUMANbHbIM NMOBEPXHOCTSAM.
Mo>kHO nokasaTb, 4TO BO BCex cnyyasx

1) BekTOp E nepneHOUKynspeH SKBUNOTEHLMANbHBIM NOBEPXHOCTAM U
2) Bcerga HarnpassieH 8 CMopoHy ybbigaHUs momeHyuarna.

13.MpuMepbl pacyeTa Haubornee BaXHbIX CUMMETPUYHbIX 3NEKTPOCTaTU4ECKUX
nonei B Bakyyme.
1. 3nekmpocmamuyeckoe nose 3feKMpuU4YecKko20 OUNosis 8 8akyyme.
Anekmpuyeckum OunosieM (N [OBOWHBIM  3NEKTPUYECKMM  MOMOCOM)
Ha3bIBAETCs CMCTEMa ABYX PaBHbIX MO MOZYIO PAa3HOMMEHHbLIX TOYEYHbIX 3apsiaoB
(+g,—q), pacctosiime [ Mexay KOTOPbIMM 3HAYUTENIbHO MEHbLUE PAacCTOSHUS [0

paccmaTpuBaeMbix Tovek nonst (/ <<r).

Mneyo AQunonssi [ — BeKkTOp, HanpaBreHHblii MO OCcuM Aunons  oT
oTpULATENBHOrO 3apsiAa K NONOXUTENbHOMY M PaBHbIA PACCTOSIHUIO MEXAY HUMMU.

A.H.Orypuos. flekyuu no gusuke.

OneKkTpnyecTBo



3-10

dnekmpuyeckuil momeHm dunonsi p, — BeKTOp, cosnaja- .
IOLLMA MO HanpaeBneHuo C NIe4YOM AMMNOSNA M paBHbIN Npou3BedeHno | P, =‘(I‘l

Moayna 3apaga ‘q‘ Ha nre4yo ZZ

1) HanpspkeHHOCTb Nonsa AUNOons Ha NPOAOKEHUN
ocu aunons B Toyke A:

E,=E, -E., ¢o=0,+0¢_
MycTb ¥ — paccTosiHMe 0o TouYkn A OT cepeavHbl
ocu gunons. Toraa, yuuTbiBas yto » >>/,
_ 1 qg 1 g _ 1 2q_
1 4me, 1Y 4ne, 1Y 4ng,
y—— r+—
\E 2
1 2
A =— lz"'
N 4re, r
E oo L (9 4 \__1l4_1p
E, Y ame \r=1/2 r+1/2) 4me, r? 4me, i

2) HanpsikeHHOCTb nons B Touke B Ha nepneHauvkynspe, BOCCTAaHOBIIEHHOM K
OCM OMMONS U3 ero cepeauHbl npu r'>> 1.

1 q 1 ¢ Eg |
E.=F = = , ——=—, N03TOMYy
’ dre, (7Y +(1/2Y  4me, (Y E, 7
/ 1 / 1 .
By =B = e e @ v
r' Arme, (') 4re, (r') ———————i£i>f
;=0 /é’/ E

Touka B paBHoyganeHa oT 3apagos + g U —g 7 2:;}
2

aunons, no3ToMy noTeHuuan nons B Touke B paseH
Hyno. Bektop FE, HanpaeneH npoTUBOMONOXHO

= (b)
BekTopy [ .

3) Bo BHelLHEM 3neKTpU4ecKoM Mnorsie Ha KOHLbI """’T"/-—’
avnonst AeWcTByeT napa Cun, KoTopasi CTpemuTcs ~ 7 +7 g
NMOBEPHYTb  AMMOMb  TakMM  06pa3oM,  YTOObI
3MEKTPUYECKUA MOMEHT p, [OMMONs pas3BepHymncs \\
BAONb HanpasneHus nons £ (puc.(a)). \

Bo BHelWwHeM 0GHOPOGHOM norne MOMEHT Mnapbl
cun paseH M =qElsinoe unn M =[p,,E]. Bo BHellHEM HEOOHOPOOHOM rore

(puc.(B)) cunbl, AENCTBYOLIME HA KOHLbI AWUMONSA, HEOAMHAKOBbI QFZ‘ >‘FI‘) n ux

pes3ynbTupyloLas CTPeMUTCs NepeaBuHyTb Aunonb B obnactb nonsi ¢ Gonbluein
HanpPsHKEHHOCTbIO — AMMONb BTArMBaeTCs B 06nactb 6o5ee CUnbHOro nossi.
2. lMone pasHOMepHO 3apsiKeHHOU 6ecKOHeYyHOoU niockocmu.

BeckoHeuyHas NnockoCTb 3apsikeHa C NMOCTOSIHHOW NMOBEPXHOCTHOW MIIOTHOCTbIO
+0 =dq/dS. TNnHUA HanpAXEHHOCTU NEepneHAMKYNApHBI  PaccMaTpUBaeMoil

NNOCKOCTU N HanpaBleHbl OT Hee B obe CTOPOHHbI.

A.H.Orypuos. flekyuu no gusuke.

3-23

Lenu BblpaBHMBAIOTCS U ANEKTpocTaTU4Yeckoe nomne ncyesaert.

[Ons cywecTBoBaHMA MOCTOSIHHOrO TOKa Heobxodumo Hanuyue 6 uenu
ycmpoticmea, crnocobHo2o co3dasampe U rnoddep)xusams pasHOCMb MOMEHUUanos
3a CYET CUN He 3JIeKmpPocMmamu4yecko20 NPoUCXoXAeHMS.

Takve ycTponcTBa Ha3bIBalOTCA UCMOYHUKaMU MokKa.

Cwunbl He 9MeKTPOCTaTUYECKOro NPOUCXOXKAEHWS, AEACTBYOLWMNE Ha 3apsabl CO
CTOPOHbI UICTOYHMKOB TOKA, HA3bIBAKOTCSH CTOPOHHUMU.

KonuyecmeeHHasi xapakmepucmuka CMOPOHHUX CUJT — MNONe CTOPOHHUX CUM U

ero HanpskeHHocTb £ onpegensiemas CTOPOHHEW CUMOW, OEWCTBYOLLEN Ha

CcTOp
€AVHVYHBIN MONOXUTENbHLIV 3aps.

lMpupoda cmopoHHUX cun MOXeT OblTb pasnuyHoil. Hanpumep, B
ranbBaHUYECKUX 3NIEMEHTAX OHW BO3HMKAKOT 3@ CHET SHEPTUM XUMUYECKUX peakumin
MeXay 9NeKTpogaMy U INeKTponuTamu; B reHepatope — 3a CYeT MeXaHW4ecKon
3Heprum BpaLleHns poTopa reHepartopa, B CONHeYHbIX baTtapesx — 3a cyeT aHeprum
(POTOHOB M T.NM. Ponb UCTOYHMKA TOKA B SMEKTPUYECKON LIEMU Takas Xe Kak posb
Hacoca, KOTopbIi HeobxoauM Ans noaaepXkaHus ToKa XWAKOCTU B rMapaBnM4eckon
cucTteme.

Moa mewcTBMeM CO34aBaeMOro Nomnsi CTOPOHHMX CWM SNEKTPUYECKMe 3apsabl
OBWXYTCA 8HYmMpU UCMOYHUKa mMoKa M[pomue Cuil 371eKmpocmamuy4yecKoao oris,
6narogaps YeMy Ha KoHUax Lenu noaaepXxvBaeTcsi pasHOCTb NOTEHLMANoB 1 B Lienu
TeYeT NOCTOSIHHBIN SNEKTPUYECKUIA TOK.

31.3neKkTpoaBMXYyLLAA cua U HanpsikeHue.

dusmyeckaa BenuuuHa, onpegensemasi paboTow, KOTOPYH CcoBepLialoT
CTOPOHHME CUNbl MpPU NepeMeLeHnn eauHUYHOTO MONOXUTENBHOIO  3apaaa,
HasblBaeTcs aslekmpodewxyujel cunol (34C) nencTBytoLlen B Lenn:

o="

9o

Orta paboTa coBepluaeTcs 3a CHET IHepPruu, 3aTpaunmBaeMon B UCTOUHUKE TOKa,
noaToMy BenuuuHy ©, MOXHO Ha3BaTb ANIEKTPOABUXYLLEH CUMOM UCTOYHMKA TOKa,
BKMIOYEHHOrO B Lenb. [C, Kak v NoTeHuuan BbIpaXaeTcs B 601bMax.

Y4yacToK uenu, Ha KOTOPOM He [eWCTBYIOT CTOPOHHME CuWIlbl, HasblBaeTCs
OZHOPOAHBIM. YYacTOK, Ha KOTOPOM Ha HOCUTENW TOKa AeNCTBYOT CTOPOHHUE CUbl,
Ha3bIBAETCH HEOAHOPOAHbLIM.

PaGoTa CTOPOHHMX CUM MO MepeMeLLeHuIo 3apsiga ¢, Ha 3aMKHYTOM yvacTke

uenu

A= §FCTOP dl = q0§ECT0p dl

Otctoga, BAC pevicTByloLasi B 3aMKHYTON LEENW — 3MO YUPKYsauus eekmopa
HarnpsikeHHoCMU 10J151 CMOPOHHUX CUJT:

O={E,,d

CnepoBatenbHO, A5si MO CTOPOHHUX CUM LUMPKYNSLMS ero HanpskeHHOCTU Mo
3aMKHYTOMY KOHTYpy He paeHa Hynr. [loaToMy r1osie CMOPOHHUX cuil —
HenomeHyuasbHO.

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

2
812 = J-Ecmpdl
1

OneKkTpnyecTBo
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ckansipHas uanyeckas BeudyMHa, paBHas OTHOWEHUIO 3apsaa dq , NepeHoCUMOoro
CKBO3b paccmaTpuBaeMyrd MOBEPXHOCTb 3a manbin NPOMEXYTOK BpeMeHu, K
BeNnn4vnHe dt 9TOro NpoMeXxyTKa:
d
=Y
dt

SJ'IeKTpVI‘-leCKI/IVI TOK Ha3blBaeTCA NOCTOAHHbIM, e€Ccnn cuna TOKa WU ero
HanpasreHne He N3MEeHAKTCA C Te4eHNeM BpeMEeHN.

[lns nocTosiHHOrO ToOKa: =1
t

rOe ¢ — ONeKTPUYECKWit 3apsf, NPOXOAsALMIA 32 BpeMsi ¢ Yepe3 nornepeyHoe

ceyeHne NPoBOAHMKA.

EduHnuuya cunbl moka — amnep (A) (cM. "Mexanuka" ctp. 1-2).

[N xapakTepucTVKW HanpaBneHWs 3MeKTPUYECKoro Toka B pasHbIX TOYKax
paccMaTpuBaeMol MOBEPXHOCTY U pacnpeaerieHns Cuslbl Toka No 3ToW NMOBEPXHOCTU

CNyXUT eeKmop ImJIomHocmu moka j . Cuna TOKa CKBO3b Npon3BOSIbHYHO
NOBEPXHOCTb S onpegendeTca Kak NOTOK BEKTOpa NiIOTHOCTU TOKa

1={jas
S

raoe dS =#ndS (7 — eAMHNYHBIN BEKTOP HOpManu (opT) K nnowaake dS ).
lnomHocmblo 3MEKMPUYECKO20 MOKa Ha3biBAETC BEKTOp j, COBMa-

Jawowui ¢ HanpasJieHNeM 3NeKTpU4eckoro Toka B paCCManMBaeMOﬁ TO4YKe U”
YUCITEHHO PaBHbIN OTHOLUEHUIO CUSIbI TOKA dl cKkBO3b Manblii arieMeHT NOBEPXHOCTH,
OpmonHaﬂbHOﬂ HanpasJieHUo TOKa, K nnowagn dSJ_ 9TOro anemMeHTa:

jodl
ds,

,D,J'Iﬂ NMOCTOAHHOIO TOKa I, TeKywiero nepneHgukynapHo ce4vyeHuro S
I
NpoBOAHUKA: J :E

Ecnu 3a Bpemsi df 4epes nonepeyHoe ceyeHne S NPOBOAHMKA NEepeHOCUTCS
3apsg dq:ne<v>Sdt (rne n, e u <v> — KOHLEHTpauusa, 3apag U cpeaHss

CKOPOCTb YNOpsA0YEeHHOTO OBUXEHUS 3apsdoB), To cuna Toka [ = “%t = ne<v>S ,a
MS0THOCTL TOKa:
j= ne<6 >
EduHuuya nnomHocmu moka — AM2.

30.CTOpOHHME CUNbI.

[ns BO3HWKHOBEHWSA U CYLLIECTBOBAHMS 351EKTPUYECKOrO Toka HeoGXoaAMMO:
1) Hanunumne cBobOOHbIX HOcumesieli moKa — 3apshKeHHbIX 4acTul, cnocob-
HbIX NepeMeLLaTbCs YNOPSA0YEHHO;
2) HanuuvMe 31eKmpUYecKo20 o, SHEPrUsi KOTOPOro AOSPKHA KakUM-TO
06pa3oM eocnosTHAMbCS.
Ecnu B uenu [JEeNCTBYOT TOMbKO CWUSbl 3MEKTPOCTATUYECKOro Mons, TO
NpoOVMCXoaUT NepeMelLieHe HocuTeneln Takum obpasom, YTo NoTeHumanbl BCexX To4ek

A.H.Orypuos. flekyuu no gusuke.
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B kayectBe NayccoBoW NOBEPXHOCTM NpUMeEM
NOBEPXHOCTb LUMNMHApa, obpasylolme KOTOporo
NepneHauKynspHbl  3apsbKeHHOW  mrockocTw, a
OCHOBaHUSA naparsnnesbHbl 3apsHKEHHOW MIIOCKOCTU U
nexar Mo pasHble CTOPOHbI OT HEE Ha OAMHAKOBbLIX
paccTosHUSIX.

Tak kak obpasytoLume LunMHapa napansensHbl
NUHWUSM  HanpspkeHHOCTM, TO  MOTOK  BekTopa
HanpshKeHHOCTM  4Yepe3 BGOKOBYID  MOBEPXHOCTb
LUMNUHApa paBeH Hyrmto, a NOMHbIA NOTOK CKBO3b LIMIMHAP PaBeH CyMMe
NMOTOKOB CKkBO3b e€ro ocHoBaHus 2ES. 3apsa, 3akmoueHHbI BHYTpY E=—o0
uMrvHAapa, paseH OS . Mo Teopeme Maycca 2ES = 0S/g, , oTkyaa: 2g,

E ne 3zaBucut ot ONWHBL UnnuHapa, T.e. HanpaXXeHHOCTb Mnond Ha noodbIx
PacCTosAHUAX OAMHAKOBA N0 MOAYN. Takoe none HasbiBaeTcst OaHOpOdeIM.
PasHocTb noteHumanos Mexay Todkamu, nexawinMm Ha paccTosaHuax x; N x,

OT NJIOCKOCTWU, paBHa

Xy X ()' O'
01—, = [ Edx= [ =—dx=—"(x, - x)
2¢g, 2¢,
Rl X
3. lMone Oeyx 6ecKOHe4YHbIX MapannefbHbIX Pa3HOUMEHHO 3apsiKeHHbIX
nnockocmel ¢ pagHbIMU M0 abco/IOMHOMY 3Ha4Ye€HUI M08EPXHOCMHbLIMU
nnomHocmsamu 3apsidoe ¢ >0 u — 0.

6>0 -é
E E; . -
b I b3 E; Exh A
= ¥
E, /6, 1
- |
a
o‘ X IL B
% %2 0 d x 0 a  x

M3 npenbloyllero npuMepa criedyert, YTO BeKTOpbl HanpsbkeHHocTn E, nE,

nepsonM W BTOPOW MfIOCKOCTEM paBHbl MO MOAYMK W BCOAY HanpasfeHbl
nepneHanKynapHO nrnockocTaM. [oaToMy B NPOCTPaHCTBE BHE MNIIOCKOCTEW OHU
KOMMEHCUPYIOT ApYyr Apyra, a B NPOCTPaHCTBE MexAQy MNNOCKOCTAMU CyMMapHas

HanpsbkeHHocTb £ = 2F| . [oaToMy Mexay nnocKocTsmMm

E= g (8 ananekTpuke E = i)
& €€,
Mone Mexay NMOCKOCTAMU OJHOpOAHOe. PasHOCTb MoTeHUManoB Mexay
NMoCKOCTAMU

ﬂ od

d d
0=, = jde = Jgdx = (B AmanexTpuke AQ = —)
0 0 €0 & &€,

4. [lonne pagHOMEPHO 3apsiKeHHOU cghepuyeckol NoeepxHoOcmu.
Cdpepuyeckasi noBepxHocTb pagumyca R ¢ obwum 3apsgom ¢ 3apsbkeHa
q

paBHOMEPHO C MOBEPXHOCTHOW MIIOTHOCTbLIO O = AnRe
TR

OneKkTpnyecTBo
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Mockonbky cucTtema 3apsiioB U, CriefoBaTesibHo,
caMo nofe UeHTPanbHO-CUMMETPUYHO OTHOCUTENbHO
LeHTpa cdepbl, TO MMHUN HANPSXEHHOCTW HanpaBneHbl
paauvarnsHo.

B kavectBe [ayccoBoil MOBepxHOCTU Bblbepem cdepy

paguyca 7, MMEeKLyl OOLWMA LEeHTP C 3apshKeHHOMn

chepoir. Ecnm >R, TO BHyTpb MOBEPXHOCTM
nonagaert Becb 3apsif ¢q . o Teopeme aycca
2

A’ E :i, oTKyda :L% = GR2

g drmey r= gy

Mpu r < R 3aMkHyTasi NOBEPXHOCTb HE COAEPXKUT
BHYTPM 3apsAoB, MO3TOMY BHYTPU  paBHOMEPHO
3apsikeHHol cdpepbl £ =0.

PasHocTb noTeHumanoB Mexay ABYMS TOYKamu,
NexXalymMn Ha pacCTOsHWSX 7 U F, OT LeHTpa cdepsl

(1 >R,r, >R), paBHa
S g (1 1

- =-Edr= —dr=—""———
¢ — 0, 7|,. ) dre, 1 dme,\ n 1

R (rZR)

Ecru NPUHATL 1" =r W 1, =c°, TO NOTeHUuan nons BHE Cd)epVI‘-leCKOVI

1 g
NMOBEPXHOCTN () = ————.
4re, r
BHe 3apsbkeHHOM cdepbl none Takoe Xe Kak Mofe To4YeyHoro 3apsga ¢,
HaxopfslLuerocs B LeHTpe cdepbl. BHYTpM 3apspkeHHON cdepbl NONs HET, No3TOMy
noTeHuman Bcogy OAMHAKOB M TAaKoW Xe, Kak Ha MOBEPXHOCTH

q OR
(P = =
4re,R g,

5. lMone 06beMHO 3apsixKeHHO20 wWapa.

E 3apag g paBHOMEpHO pacnpefenieH B Bakyyme no
obbemy wapa paguyca R ¢ 0GBLEMHOI NNOTHOCTLIO
pziz%. LleHTp wapa sBnseTcA LEHTPOM

V. 4aR

CUMMETPUM Mons.
1) Ona nonsa BHe wapa (» > R) nonyy4aem TOT e

pesynbTart, YTo 1 B Criydae cqepuyeckoin NoBepXHOCTU

SR R AR A R 1

dme, >’ " dmeg’ TN T dmeg\ ko
2
2)Mpn r=R: E=L%=p—R, -4 _PR°
- e, R=  3g, dre,r  3g,

4
3) BHyTpw wapa ccepa pagmycom » < R oxBaTbiBaeT 3apsg g = gﬂ}’}p .
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WHTerpupoBaHue NpoBOAMTCS MO BCEM 3apsiKEHHbIM MOBEPXHOCTAM S © No Bcemy
3apshkeHHOMY o6bemy V' Ten cuctemsl.

Ha npumMepe nons nnockoro KoHAeHcaTopa BbipasuM aHepruio Nons Yepes ero
HanpsxeHHocTb. [ns koHgeHcatopa C =¢£€,S/d v Ag = Ed . Otciopa

W= %seoEzSd = %SSOEZV

B 00HOpodHOM More KoHAeHcaTopa ero aHeprvsi pacnpeaesneHa paBHOMepHO
no scemy obbemy nonsa V' =Sd .

Ob6bemHas  MIomHoOCMb _9Hepauu  ANeKTPOCTaTUYECKOro Momist  MIIOCKOro
KoHaeHcaTopa w:

wzlzl&soEz ~Lep
Vo2 2
rae D = g E — anekTpuyeckoe cMeLleHue.
OTta dopmyna siBnsieTcs oTpaKeHWem Toro pakTa, YTo 3neKTpocTaTuyeckasi
3HeprMsi CocpefoToOveHa B SMEKTpocTaTUYeckoM nore. 3T0  BblpaXeHue
cripasednueo makxe u 05151 HEOOHOPOOHbIX nosned.

28.MoHAepOMOTOpPHbLIE CUJIbI.

MexaHunyeckme cunbl, AENCTBYIOLUME HA 3apsiKeHHble Tena, NoMelleHHble B
3NEKTPOMArHMTHOE More, HasbIBalOTCS NMOHAEPOMOTOPHBLIMU cunamm (0T NaTUHCKUX
CnoB ponderis — TSHKECTb U MOtOr — ABUXKYLLMIA).

Hanpvmep, B nNnocCKkOM KOHAEHCATope cwuna, C KOTOPOW  NNacTWHbI
KOHZeHcaTopa NpuUTSArvBalT Apyr Apyra, coBepllaeT paboTy 3a cYeT YMEHbLUEHUS

. q o
noTeHUnanbHON 3Heprun CUCTeMsbI. C y4eTom O =— U E= —, nony4vyaem
S €€,
aw ’ o’S 1
F=-_-_ 1 ———=——gg,E’S

dx 2eg,S 2¢eg, 2
rae 3Hak MUHYC yKasblBaeT Ha TO, YTO 3Ta chna ABndAeTcA cunon NPUTAXEHUA.

Mon penctBuem 3Ton cunbl  OGKNagku KOHOEeHcaTopa CXMMaKT nnacTtuHy
AN3NEeKTpUukKa, NoOMeLLeHHOro Mmexay HUMK, U B OUANEeKTpuke BO3HMKaeT AaBleHne

F_ o> 1

MocmosiHHbIU 351ekmpuYecKkull mok

A.H.Orypuos. flekyuu no gusuke.

29.MOoCTOAHHbLIN 3NEKTPUYECKUNA TOK, CUI1a U NJIOTHOCTb TOKa.

AnekmpoduHaMuka — pasfgen yyeHuss ob 3nekTpu4ecTBe, B KOTOPOM
paccmaTpuBalTCs  SIBMEHUSt U MpOUECChl,  OBYCMOBMEHHblE  OBWXEHUEM
3MeKTpUYEecKkMX 3apsaoB.

dnekmpu4eckuM  MOKOM  Ha3blBaeTCsl  YNOPSAOYEHHOE  ABWXEHWe
3MeKTPUYECKMX 3apaaoB.

3a HanpaesieHue Toka NPUHUMAIOT HanpaBneHue ABWKEHUS MOMOXUTENbHbIX
3apsiaoB.

KonuuecTBeHHON MEpOW 3MEKTPUYECKOro Toka CIyXKUT cuslia moka | —

OneKkTpnyecTBo
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HenoABMXHbIX TOYEYHbIX 3apAa0B paBHa

1 n
W—Eg,qi%

roe @,— noTeHuuan, co3gaBaeMblii B TOW TOuYKe, A€ HaxoauTcs 3apsa ¢;,
BCEMW 3apsifiaMu, KpOMe i -To.
25.3Heprusa 3apsKeHHOro yegUuHEeHHOro NPoBoAHMKA.

PaccMoTpuM yeMHEHHbIN NPOBOAHMK, 3apsia, EMKOCTb M NOTeHUMan KoToporo
paBHbl ¢,C,(p . OnemeHTapHas pabota dA, coBepliaemasl BHELIHWMW CUMaMu Mo

npeononeHnto KyJIOHOBCKUX CUIT OTTalnkMBaHUA Npu nepeHeceHun 3apsdana d(] n3

GecKkoHe4YHOCTM Ha npoBofdHuK, paBHa dA=@dg=C@de. YTobbl 3apaauTb
NPOBOAHWK OT HyNeBOro noteHuuana oo @, HeO6X0,D,VIMO coBepwinTb pa60Ty

® C 2

A= IC(pd(p -9

0

2
OHepaus 3apseHHO20 yeduHeHHO20 NpoeodHuKa (1cnonbays C = 9 ):

2 2
2 2C 2

26.3Heprus 3apseHHOro KoHgeHcaTopa.
OnemeHTapHas paboTa BHELUHWX CWUM N0 NepeHeceHwo Maroro 3apsaa dq ¢
obknagku 2 konaeHcaTopa Ha obknapky 1:

dA:Aq;dq:‘qu.

PaboTa BHeLLHVX cyn npu yBenuyeHnn 3apsga koHaeHcatopa ot 0 oo g

A:jﬂzi
‘¢ 2

OHepaus 3apsikeHHO20 KoHOeHcamopa (1cronb3ys C = Ai ):

Wzizc(%_(l)z)z _qAp

2C 2 2
27.3Heprus aneKkTpocTaTM4ecKoro nons.
B obwem cnyyae anekmpuyYeckyro 3Hepaurw J1oboli cucmembl

3apsKeHHbIX HernoO8WXHbIX mMeJsl — MNPOBOAHUKOB M HENPOBOAHWMKOB — MOXHO
HanTu No dopmyrne:

/4 =;‘S|‘g0c7dS + ;_V[(ppdV

rae O U P — NoBepxHOCTHas M o6beMHas MNOTHOCTU C80600HLIX 3apsaoB; ¢ —

noTeHUMan pesynbTUPYIOLLEro Mnons Bcex CBOBOAHLIX WM CBA3AHHbLIX 3apsidoB B
TOYKax Masblx aneMeHToB dS u dV 3apsikeHHbIX MOBepxHOCTEN U 06BLEMOB.

A.H.Orypuos. flekyuu no gusuke.
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4’
Mo Teopeme aycca amrE=4 TP
& 3¢
__ 49
OTclopa, Ans Touek, nexawux HyTpu wapa (1; < R, 7, < R), ¢ yueTom p —W,
4T
qr pr r q
=—=—, (p —(p = Edr: (FZ_FZ)
dre R 3, e ;!. 32 7h

8me,R

6. lMone pasHOMepHO 3apsiKeHHO20 6€CKOHe4YHo20 YunnuHopa (Humu).
BeckoHeuHbIN UMnuHap paguyca R 3apsikeH

d
‘\\ l » PaBHOMEPHO C JMHENHOW MIOTHOCTLIO r:ﬁ.
E
/7|\~ JIMHUM  HanpsbkeHHOCTM OyayT HanpaeneHbl Mo
! N paguycam  KpyroBblX —CEYEHWW uunuHapa C
! O[MHaKOBON ryctotom BO BCE  CTOPOHbI
5 P ] [ > OTHOCUTENbHO OCK LMnMHApa.
} — B  kavectBe [ayccoBo  MOBEPXHOCTU
ATIN BbiGepemM uuMnuHAP paguyca r U BbicoTon [
N 4—% KOaKCuanbHbIV C 3apPSHKEHHON HUTBIO.
e — : [ Topubl 3TOr0  UMNMHAPA  napannernbHbl
L = JWHUSAM HaMpPsHKEHHOCTK, MO3TOMY MOTOK 4Yepes
‘/}__g\\* HUX PaBEH HyIHO.
I [MoTok 4Yepe3 GOKOBYHD MOBEPXHOCTb paBeH
: E2mrl.
Tl
o Teopeme aycca (npu r =—, OTKydanpu r NZ :
n p laycca (npu r > R) 2nrlE yonanpu 1, > R,r, >R
&
1 7 f T tdr ot r
E=——— ¢1—¢2=JEdr=— —=——In>2%
2mey r ) 2mey s v 2mE, 1
i i

Ecim r <R, To 3aMkHyTas MOBEPXHOCTb 3apsiAOB BHYTPU HE COAEPXKMT,
noatomy E =0.

14.9neKkTpocTaTuyeckoe none B AN3NeKTPUYECKON cpeae

JAuanekmpukamu Ha3bIBAOTCA BELLECTBA, KOTOpPble MpU OObIYHBLIX YCMOBUAX
NpaKkTUYeCcKn He NPOBOASAT ANEKTPUYECKNI TOK.

[naneKkTpuk, Kak 1 BCAKOE Apyroe BELLeCcTBO, COCTOUT U3 aTOMOB UMM MOEKYI,
Kakgas 13 KOTOpbIX B LIESTOM 3MEeKTPUYECKM HenTparnbHa.

Ecnu 3ameHnTb NonoxutensHble 3apagbl s4ep Mofiekyn CyMMapHbIM 3apsgoM
+ ¢, HaxogAWMMCA B, TaK cKasaTb, "LEHTpe TSXecTU" MONOoXUTENbHbIX 3apsaos, a
3apsi4 BCEX 3MEKTPOHOB — CyMMapHbIM OTpuLaTenbHbIM 3apsaoM — g, Haxoas-
wmmMmest B "UeHTpe TsKecTu" oTpuuaTenbHbiX 3apsgoB, TO MOMEKyNbl MOXHO
paccmMaTpuBaTh Kak asiekmpudyeckue Ourosnu ¢ 351IeKMpUYeCKUM MOMEHMOM.

PasnnyaloT Tpu TMna An3NeKTPUKOB.

1) Auanekmpuku ¢ HenosnsipHbIMU MOJIEKy/1aMu, CAMMETPUYHbIE MOMEKynbl
KOTOpbIX B OTCYTCTBME BHELUHEro MOMns MMEKT HYNEeBOW AUMOSbHBIA MOMEHT
(Hanpumep, Ny, H,, Oz, COy).

OneKkTpnyecTBo
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2) Quanekmpuku ¢ MOAAPHbLIMU MOJIeKy/lamMu, MOJEKYmbl KOTOPbIX
BCNEeACTBME acUMMETPUN UMEKT HEHYNEeBOW AMMONbHbIA MOMEHT (Hanpumep, HyO,
NHj3, SO,, CO).

3) UoHHblie Jduanekmpuku (Hanpumep NaCl, KCIl). WoHHble Kpuctanmbl
npeacTaBnsaloT coboi NPOCTPAHCTBEHHbIE PELUETKN C NPaBUSIbHBIM YepeaoBaHWEM
WMOHOB pa3HbIX 3HAKOB.

BHeceHne [OManNeKTpMKOB BO BHELUHEE 3reKTpuyeckoe none npuBoauT K
BO3HUKHOBEHUIO OTIIMYHOTO OT HYNS Pe3ynbTUPYIOLLErO 3MEKTPUYECKOrO MOMEHTA
OMnanekTpuka.

[Nonspusayueld AMaNeKTpyKa HasbiBaeTCH MPOLECC OpUeHTaUMU AUNnonen unm
NosiBNEeHUst nop, BO3AENCTBMEM INIEKTPUYECKOTO MOMNS OPUEHTUPOBAHHBIX MO MOMO
avnonen.

COoOTBETCTBEHHO TpeM BMOaM [OUINEKTPUKOB  pas3nuyaloT Tpu  Buaa
nonspusauuu.

1) OnekTpoHHas, unn gedopMaunoHHasi, NONAPU3aUUA OUINEKTPUKA C
HenonspHbIMM MONeKynaMm — 3a cyeT AedopmMaLn ANEeKTPOHHbIX OpOUT BO3HMKaeT

E WHAYUMPOBAHHbBIN OUNOSbHbLIA MOMEHT Y aTOMOB UNn
MOMeKyn ANanekTpuka.
E * o'o’oo’d 0.0 'i)o'is- 2) OpueHTaUMOHHasA, MY AWUNosfbHas, no-
-+ 00000 000 Ooo- nAapusauna AWSNEeKTpUka C MOMSAPHbIMA - MOJEKy-
+1070 O 0 0 © ©|- namm — opwueHTa-
ums MMeEIoLLNXCA 40 0O 10O
AMNOMbHLIX MOMEHTOB MOMeKkyn no nonwo (sta f, 1O &0 (Capss
OpveHTauMsi TeM cuilbHee, Yem Oornblue Hanps- == &0 @—O 1T
XEHHOCTb 3MNEeKTPUYECKOro Momns U Y4eM Huxe 1o &0 (CauC]
Temnepartypa). @10 @O 10
3) WoHHaa nonspusauusa OuaneKkTpuka ¢
WOHHBIMW  KPUCTannuyeckumy  pelleTkamm —  CMelleHWe  noapeLueTku

NoNoOXUTenbHbIX MOHOB BAOONb Nond, a oTpuuaTesibHbIX MOHOB MpPOTMB NonA
npnBoaAnUT K BOSHMKHOBEHUIO ANNOJIbHbIX MOMEHTOB.

15.MonApu3oBaHHOCTb.

MomecTum nnacTvHy U3  OLHOPOAHOIO  OWSMEKTPUKA BO  BHELLHee
aneKkTpuyeckoe nofie  co3gaHHoe  ABYMsi  6eckoHeYHbIMU  napannenbHbIMU
pPa3HOVMMEHHO 3apSHKEHHBIMU NIIOCKOCTAMM.

Bo BHeLHEM 3NEKTPUYECKOM Mofe AManekTpuk obbemom V' nonspusyemcs,

T.€. NprobpeTaeT AUMNOMbHBIA MOMEHT D), =zf9i, rae p; — AWMOIbHbIA MOMEHT
i

ofHoM MOneKynbl.
[na Konn4ecTBEHHOro onucaHus nonapusaunnm OU3arnekTpuka ucnonb3yeTcA

BEKTOpHasi BenuYMHa — MOMNAPU30BAHHOCTL — KOTOpas Onpeaensercs Kak
AMNOSbHBLIA MOMEHT eanHULLI 0Gbema ANUaNeKTpuKa.
p= Py _ Zi bi
V

B cnyyae M30TPOMHOro AM3MeKTpMKa MonsipU3oBaHHOCTL (Anst GonbLUMHCTBA
OVSNEKTPUKOB 33  WCKMIOYEHWEM  CErHeTOSNMEKTPUKOB) JIMHEMHO 3aBUCUT  OT
HanpsPKEHHOCTU BHELLUHETO NOss.

P= xsoE

A.H.Orypuos. flekyuu no gusuke.
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1. EMKkocmb _niocko2o koHOeHcamopa (oBe napannenbHble  MeTanmyeckue
nnacTuHbl Nnowaabio S Kaxnas, pacronoXeHHble Ha pacctosaHun d apyr ot

_4q,\. 4 _ 9 _&fS
apyra (0 =—)):
pyra ( S)) A(p O'd d
£)E

2. EmMKoCcmb yunuHOpu4Yecko2o koHOeHcamopa (OBa KoakcualnbHbIX UunuHapa
pnvHoit [ ¢ paguycamn 1 m r, (T=g/l)):

C= q _ 2me €l
LA L B e 3
2nepel 1 n

3. EmMkocmb _cghepudecko2o KoHOeHcamopa (OBE KOHLEHTpUYECKMX cdepbl ¢
paguycamu K U 1, ):

Co 4 e
q l_i rn—=n

Aree\n ny

23.CoegnHeHUs1 KOHOEHCATOPOB.

Y napannensHo _coeduHeHHblx koHAeHcamopog C,,C,...C, pasHOCTb

noTeHumanoB Ha obknagkax KOHAEeHCaTopoB OAMHaKoBa Ag[) . MonHas emkocTb

G N CA
FﬂHH . q_Z%_glw

ZZC

Lo, | Ap Ap A9
o— -0
+ HI.:_‘ ) Y nocrnedoeamesnbHO  COEQUHEHHBIX _ KOH-
_“C_’_ deHcamopos C,,C,...C, 3apsgbl ¢  Bcex
+- o6Knafok paBHbl MO MOAyMO, a CymMapHas
29 Pa3HOCTb NOTEHLINAoB

g o

24.3Heprusa cucTeMbl HENOABWKHbIX TOYEUHbIX 3apPAAO0B.

[nsi cucTembl ABYX 3apSAOB ¢ W ¢, , HAXOOSALUMXCS HA PACCTOSIHAM 7 ApPYr OT
[pyra, Kaxablii 3 HUX B Nofe Apyroro obnagaeTt NoTeHUManLHOR aHepren
9 1 g

1
Wi=aq9,=q 47*=Q2 —=q,0, =W,
ey T 4me, 1

Moatomy W =q,0,, = 4,05, = (4@, + 4,0,,). [Lobasnss nocnenosa-
TENbHO MO OJHOMY 3apsifly, MOMYYUM, YTO BHEPrst B3aUMOAECTBUS CUCTEMBI 71

OneKkTpnyecTBo
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E =i, roe O — MNOBEPXHOCTHas MMOTHOCTb 3apsfoB, U € — OMANEKTpuyeckas

EyE
NPOHNLIAEMOCTb Cpeapbl, OKPYXatoLLen NPOBOAHMUK.

HenTpanbHbli  NPOBOAHMK, BHECEHHbIM B  3feKTpocTatuyeckoe none,
paspbigaem 4acTb NMHUIA HanNPsHKEHHOCTU; OHW 3aKaHYMBAalOTCHA Ha OTpMLUATENbHbLIX
WHAYLMPOBAHHbIX 3apsiaax ¥ BHOBb HAYMHAKOTCS Ha MOMOXUTENbHbIX.

MHOoyumpoBaHHble 3apsgbl  pacnpefensioTca Ha eHewHel NOBEPXHOCTU
npoBOAHMKA. fiBneHve nepepacnpeaeneHnss MNOBEPXHOCTHbIX  3apsaoB  Ha
NPOBOAHMUKE BO BHELLHEM 3ANEKTPOCTaTUYECKOM none Ha3blBaeTCcs
anekmpocmamud4eckol UHOykyuedl.

21.3neKTPOEeMKOCTb.

PaccmoTpum yeduHeHHbIl npo8odHUK — NPOBOAHVK, YAANEHHbIA OT ApYyrnx
Ten u 3apsgoB. V3 onbiTa criegyeT, YTO pasHble NPOBOAHWUKM, Oyayyn OAMHaKOBO
3apsKEHHbIMU, UMEKT pasHble NMoTeHumansb.

dusnyeckas senuunHa C, paBHas OTHOLLEHMIO 3apsifa NPOBOAHWUKA ¢ K €ro

noteHuuany ¢, HasblBaeTcs 3/1eKmpuYecKkol eMKOCMbI0 3TOro npoBoOAHUKA.

c=1
¢
Onekmpoemkocmb  yeOUHEHHO20 POBOOHUKa YUCIIEHHO paseHa 3apsidy,
KOMOopbIU HYXHO coobwumbs 3moMy rpo8oOHUKY Onsi moa2o, Ymobbl U3MEeHUMb €20
nomexyuarn Ha eOuUHULY.
OHa 3aBuCUT OT (POPMblI U pasMepPoB MPOBOAHMKA W OT AMINEKTPUHECKMX
CBOWCTB OkKpyxatolleir cpegbl. EMKoCTM reomeTpuyeckn nodoGHbIX NPOBOAHMKOB
NpONOpLMOHarnbHbl X NMUHEWHBIM pasmepam.

Mpumep: eMkocmb yeOuHeHHO20 nposodsiujezo wapa: C = q_ 4me R

EduHuya anekmpoemkocmu — dapag (P): 1® — eMKoCTb Takoro
yeOVHeHHOro NpPoBOAHUKA, NOTEHLUMan KOToporo naMeHsieTcs Ha 1B npu coobueHun

emy 3apsaga 1Kn. Emkoctblo 1® obnagaert wap ¢ paguycom R=9- 10°km. EmkocTb
3emnun 0,7md.

22.KoHgeHcaTtopbl.

Ecru k npoBogHuky C 3apsgom ¢ npubnuanTe Apyrve Tena, TO Ha WX
MOBEPXHOCTU BO3HWUKHYT WMHAOYLMPOBaHHbIE (HA MPOBOAHWMKE) UMW CBsiI3aHHble (Ha
OVanekTpuke) 3apsagabl. ATW 3apsigbl ocrabnsom none, cosgaBaeMoe 3apsifoMm ¢,
TEM CaMbIM, MOHUXKasi MOMeHYUaJsl NPOBOAHUKA U M108bIWAsT €70 3/1EKMPOEMKOCMb.

KoHOeHcamop — 370 cuctema U3 [BYX MpOBOAHMKOB (0OKnmadok) ¢
OOMHAKOBbLIMM MO MOZAYS0, HO MPOTMBOMOMOXHBLIMK MO 3HaKy 3apsgamu, dopma 1
pacnonoXeHne KOTOPbIX TAKOBbl, YTO MOSIe COCPEAOTOYEHO B Y3KOM 3a30pe Mexay
obknagkamu.

Emkocmb koHOeHcamopa — U3Myeckass BeNuYMHa, paBHasi OTHOLLEHUIO
3apsiAa ¢, HaKOMMEHHOro B KOHAEHCATope, K Pa3HOCTW NOTEHLUMANOB @) — (0, MEXay
ero obknagkamu:

A.H.Orypuos. flekyuu no gusuke.
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roe Y — 6u3nekmpuqeckaﬂ eocripuumMm4yueocmsb eseuwjecmea, Xxapakrepusyruaa
CBOWCTBa ON3NEKTPpUKa (nonoxurensHas 6e3pa3mepHast BeJ'IVNVIHa).

16.dnanekTpuyeckas NPOHULIAeMOCTb cpeAbl.
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Bcnencmme nonapunsaunun Ha NoOBEPXHOCTU }
OMarneKkTpuka nosiBnsitoTCs HECKOMMNEHCUPOBaHHbIE : -
3apAanbl, KOTOPble Ha3blBAKTCA Cess3aHHbIMU (B oTnnyne + - I -
OT €80600HbLIX 3apsifOB, KOTOPblE CO3[AIOT BHELHEE -
none). ~ . - . _
Mone E' BHyTpM [OuanekTpuka, co3gaBaemMoe  + - + -
CBA3aHHbIMKN 3apagamMu, HanpasieHO NpPOTUB BHELUHEero + -
= + - + -
nona [E,, cosgaBaemoro cBOGOAHLIMM  3apsaaMu. . - . -
PesynbTupytoLlee none BHYTPY OU3NEKTPUKa +
E=E,-F + - + -
AR
B Hawem npumepe none, cosgaBaemoe [ABYMSsi 2 -2
6ECKOHEYHO 3apsKEHHBIMM MIIOCKOCTSMU C MOBEPXHOCTHOM & - G| &
MnoTHocTbto 3apsigoB 0': E'=0'/¢g, . MoaTtomy _E<2<_ &
_ ' L=
E=E,-0o'lg, S d S

MoNHbIM  OUNONBbHBLIN  MOMEHT  [OM3NEKTPUYECKON
MNacTWHKW ¢ TonwmHoi du nnowadeto rpan S: p, =PV =PSd, c ppyroi

cTopoHbl p, =qd =0'Sd . Otcloga 0'=P.

o' P 9
E=E,-2 =g - =g, - %% g _4E.
0 € &
OTKyAa HanpshKeHHOCTb Pe3ynbTUPYIOLLEro NOMA BHYTPU AMSMNEKTPUKa pasHa:
— EO _ EO
I+y €

E
BespasmepHas  BenuumHa £=I+X=EO HasblBaeTcs  Quasiekmpuyeckol
npoHuyaemocmbto cpedbl. OHa XxapaKTepusyeT CrnocoGHOCTb [AMINEKTPUKOB
nonsipu3oBaTbCs B 3MEKTPMYECKOM Mofie U MokasbiBaeT BO CKOJSIbKO pas mnone
ocnabnseTcs AM3NEKTPUKOM.

17.3neKTprMyeckoe CMelleHme.
HanpsikeHHOCTb  3MEKTPOCTaTUYECKOro MoMnsi 3aBUCUT OT CBOWCTB cpegbl

(ot £). Kpome TOro, BekTOp HampsbkeHHocT FE, nepexodss 4epes rpaHuLy
[OV3NEKTPUKOB, NpeTeprneBaeT ckaykoobpasHoe u3MeHeHuUe, NO3TOMY ANs onMcaHus
(HenpepbIBHOrO)  3NEKTPUYECKOro  MOfsl  CUCTEMbl  3apsigoB  C  y4YeToM
NONSIPU3aLMOHHBIX CBOWCTB [OMSNEKTPUKOB BBOAWUTCS BEKTOP SMEKTPUYECKOro
CMellleHNs  (SNEKTPUYECKON  MHAYKUMM), KOTOPbIA AN M3OTPOMHOW  cpenpl
3anucbIBaeTcs kak

D=gyeE=¢,(1+ y)E=€,E + P
EduHuua anekmpuyecko2o cmeujeHust — Kn/m2.

Bektop D onucbiBaeT aneKkTpocTaTMYECKoe Morie, co3naBaemMoe c80600HbIMU
3apsifiamu (T.e. B BakyyMe), HO Npu TakoM MX pacnpefernieHnn B NpOCTPaHCTBe, kakoe
VMeeTCsl MPY HanuuUM ANaneKTpuka.

OneKkTpnyecTBo
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AHANoOrMYHO NUHUSIM HaNPSPKEHHOCTU, MOXHO BBECTW JIUHUU 3/IEKMPUYECKO20
cmeweHusi. Yepes obnactu nonsl, roe HaxogsiTCs CBsi3aHHble 3apsigbl, NNHWUK
BekTopa [ NpoxoasT He NpepbIBasch.

[lnsi npon3BonbHOM 3aMkHymoUl NoBepxHocTn S noTok Bektopa D CkBO3b 3Ty
NOBEPXHOCTb

@, ={DdS ={D,ds,
S S

rae D, — npoekuus BekTopa D na HopMmanb 7 K nnowaake ds .

Teopema laycca ANs 3NeKTPOCTATMYECKOro Nossi B AUINEKTPUKE: MMOMOK
8ekmopa CMeWeHUsT 3/IeKmpocmamu4yeckoeo nons 8 OusNeKmpuKe CKeo3b
MPOU3BOSILHYIO  3aMKHYmyl0  M08ePXHOCMb  paseH  aneebpaudyeckoli  cymme
3aK/IIOYEHHBIX 8HymMpU 3moli Mo8epxHOCcmMu c80600HbIX A1EKMPUYECKUX 3apsdos.

{DdS ={D,ds = q,
S S i=1
[na HenpepblBHOTO pacnpefeneHust 3apsga B MPOCTPaHCTBE C 06beMHoN
nnoTHocTslo P = dg/dV
§Dds = [ pav
s v
[lpyras dopma 3amuMcum 3TOr0 COOTHOLIEHWS C Y4eTOM onpeaeneHvs
AviBepreHumn Bektopa (ctp.1-31):

divD=p
18.YcnoBus Ha rpaHuue pasgena ABYX AWINEKTPUYECKUX cpen
lpu OTCYTCTBUM Ha epaHuuye 08yx Ou3NeKmpuKo8 Cc80600HbIX 3apsi00s,

LMPKYNsiLmst BekTopa E Mo KOHTYpY: §Eﬁ =0, otkyna E,,/ - E,,/ =0. Moatomy:

ABCDA
L > E‘rl = Erz
Yuutbiag D =€,eE,

& " 8 1 Drl — &

“2D - c2r D, &
- T Mo Teopeme [aycca noTok BekTOpa D yepes
> LMNMHAP HWYTOXHO Manol BbICOTbl paBeH Hymnio (HeT

AS cBoboaHbix 3apsipos) D,AS — D, AS =0, noatomy
< l >3 1 _

le N— Dnl - Dn2

N Ey_&

-~ = ﬁ, T— EnZ 8l

Takum obpasom, npu nepexoge uYepes rpaHuly
pasgena OBYyX OVSMeKTPUYecknx cpef TaHreHumanbHas cocTaBnsolias BekTopa E
(E;) n HopmarnbHas cocTaBnsioLlas BEKToOpa D (D,) vameHs0TCA HENpepbIBHO (He
npeTteprneBalT CKayka), a HOpMmanbHasi COCTaBnswoWas BekTopa E (E,) wn
TaHreHunanbHas coCTaBfsioLLasa BekTopa D (D;) npeTepneBatoT CKa4OK.
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19. CerHeToa1eKTPUKMU.

CerHeToaneKkTpmMKkaMmn HasbIBalOTCA KpUCTannnyeckne ANdMEKTPUKU, ¥ KOTOPbIX
B OTCYTCTBME BHELLUHEro 3MEKTPUYECKOrO MOMs BO3HUKAET CamMONpou3BosibHast
opueHTauns AnMoribHbIX ANEKTPUYECKMX MOMEHTOB COCTAaBMAOLMNX €ro YacTuL.

lMpumepsr: cerHeToBa comnb NaKC4H4064H,0;
TuTaHat 6apus BaTiOs

D/ / / / CerHeToanekTpmMkn CcoctosT 3 JdoMeHoe —
obnacreii c pasnuYHbIMK HanpaeneHusMn
O
1 ‘\‘_ ® lole NonsipU3oBaHHOCTY. )
Temnepatypa, Bbille  KOTOpPOW  ucyesaoT

CerHeToaneKkTpuyeckne ceonctea — moyka Kropu.

[ns cerHeToaneKkTpuKkoB CBsA3b Mexay Bektopamu E u P HenuHelHas u
HabnogaeTcs sBreHWe Ou3JIeKMPUYecKo20 2ucmepe3uca — COXpPaHeHUsi
ocmamo4HoU nosisipu308aHHOCMU MPU CHATUM BHELUHEro Mnons.

lMbe303/1eKMpPUKU — KPUCTannM4eckne OUINEeKTPUKK, B KOTOPbIX MPK CXaTum
UITN PacTSKEHUN BO3HWUKAET 3reKTpUYeckas nonsipmsaunsa — npamomn nbe3oadhdekT.

O6paTtHbii _Nbe303dhdekT — MNOsIBIEHNE MexaHudeckon pecdopmaumm non
OEeVCTBUEM 3NEKTPUYECKOrO Mons.

20.MpoBOAHUKM B 3N1EKTPOCTAaTUYECKOM NoJe.

Ecnu nomecTtuTb NPOBOAHUK BO BHELUHEE 3feKTpocTaTuyeckoe none unm ero
3apsanTb, TO Ha 3apsdbl NpoBOAHMKA OyaeT OeWCTBOBaTb 3neKTpocTaTUyeckoe
none, B pe3ynbTaTe 4Yero OHW Ha4yHyT nNepemMellatbcs [0 TexX Mop, Noka He
yCTaHOBMUTCA paBHOBECHOE pacnpegenenune 3apsaos, npwm KOTOPOM

3MEeKTpOCTaTUYECKOE Nore BHYTPM NPoBoAHMKa obpalyaetcs B Hynb £ =0.

WHaye, ecnn Obl none He GbINO PaBHO HymM, TO B NPOBOAHWKE BO3HWKIO Obl
ynopsigodeHHoe ABukeHue 3apsgoB 6e3 3aTpaTtbl 3HEPTMM OT BHELIHErO UCTOYHMKA,
YTO MPOTUBOPEUUT 3aKOHY COXPAHEHUS IHEPTUN.

Cneacteua atoro (E=—-gradp=0 = ¢ =const):
=— MoTeHUWan Bo BCEX TOYKax NMPOBOAHWKA 0OUHAKOe;
— MOBEPXHOCTb NPOBOAHMKA SBMSIETCA IK8UNOmMeHyuanbLHOU;
— BekTop £ HanpaBmneH no HOPMAsU K KaXaoM TOUKE MOBEPXHOCTH;

= [1p1 MNoOMeLleHUN HeWTpanbHOro MpPoBOAHMKA BO BHELWIHee nofie cBoboaHble
3apsiabl (3MEKTPOHbI Y UOHBI) HAYHYT NepeMeLLaTbCsl: NONOXUTENbHbIE — MO MOTHo, a
a) P oTpuuatesbHbie — MPOTUB Nons
T~ (puc.(a)). Ha opHOM KoHUe
npoBogHMKa Oygetr  u36bimok

MOMOXWTENbHbLIX  3apsdoB, Ha
o <o\ ApYyroMm — oTpuuaresibHbiX. ITn
\© o=/ 3apagbl Ha3sblBaloTCA

uHdyyupoeaHHbIMu. [lpouecc
6yneT npogjomkatbCca [0 Tex
nop, Moka HanpsKeHHOCTb Mons
8HYmMpu NpoeodHUKa He CTaHeT paeHOoU HY/It0, a NUHUW HanpsHKeHHOCTU BHE
NpoBOAHUKA — rMeprneHOUKYISIPHbIMU €70 NOBepxXHOCTU (puc.(6)).

= eCIMN NPOBOAHUKY coobWmnTL HEeKOTOpbIN 3apsag {q , TO HeCKoMrieHcupoeaHHble

3ap;16b/ pacnonararnTCa moJibKO Ha noeepxHocmu nNpoBoAHUKA, nNpuyem D=on

A.H.Orypuos. flekyuu no gusuke.

OneKkTpnyecTBo



