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Meponpusitue 1.2. CoBepIiieHCTBOBaHHE 00pa30BaTEIbHBIX TEXHOJOTHH, yKperie-
HUE MaTepHATbHO-TEXHUUECKOHN 06a3bl yueOHOro mpoliecca.

HacTosiee yue6HOe mocoOue coCTaBIeHO Ha OCHOBE Kypca JIEKIUi 1o o01ei
(¢ur3uKe, YUTAEMOTO aBTOPOM I CTYIAEHTOB xumuyeckoro Qakynbrera HHIY
IHEBHOU (hopMbl 00yUEHHUS Ha IPOTSKEHUU HE OJHOTO JAecsTKa JeT. B nanHoe noco-
Oue BKJIIOUEHBI pa3zielibl «DIeKTpruuecTBO», «Marnetuzm» u «KosebaHust U BOJHbBDY.
Marepuan Jekiuuil npeacTaBisieT co00M aanTaiuio JIJs CTyJAeHTOB-XUMUKOB Kypca
oOmel (U3MKHM, U3JI0)KEHHOTO B Pa3IMYHbIX MHOTOYMCIICHHBIX yuyeOHMKaX. OCHOB-
HbIMU YYEOHUKaMHU, COIEPKAHUE KOTOPHIX OTOOPAKEHO B 3TOM MOCOOHH, SBIISIIOTCS
TpextoMubiii yueOHuk W.B.CaBenweBa «Kypc ob6mieit dusuku», M.: Hayka, 1982,
yueonuk C.I'.KanamnaukoBa «29nektpuyectBo», M.: Hayka, 1970 — 666 c., a Takxke
kaura I'.C.I'openuka «Konebanus v BoHB, M.: ®uszmarrus, 1959 - 572 c.

DnexkTpoHHOE y4eOHOe mocobue mpeaHazHaueHo s cryaentoB HHI'Y, o0y-
qaromuxcs 1o HampasiieHnto noArotoBku 020100 «Xumus» U cHenuaibHOCTAM
020101 «Xumus», 020801 «Oxomorus», 240306 «XuMuyeckas TEXHOJIOTHUS MOHO-
KPUCTAJJIOB, MATEPUAJIOB U U3IEIIUN JIEKTPOHHOU TEXHUKW.
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QJIEKTPUYECTBO

Ot0 paznen GU3NKU, U3y4aroluil sBIeHHs, 00YCIOBIEHHbBIE B3aUMOICUCTBUEM
AIEKTPUUECKU 3aPSKEHHBIX 00bEKTOB.

DneKTpUYeCcKUi 3apsijl, WK KOJIMYECTBO JEKTPUUYECTBA - 3TO Mepa CIIOCOOHO-
CTH TeJia K DJIEKTPUUECKOMY B3aUMOAECHCTBHIO.

B npupone cymecTByroT 3IEKTPUUYECKUE 3apsiAbl JBYX BHJIOB - MOJOXKHUTEIb-
HbIC M OTpHULATENbHbIC. B3anMonencTBuE 3apsAI0B OJHOIO 3HAKa - OTTAJIKHBAaHHUE,
Pa3HBIX 3HAKOB - MPUTSKECHUE.

HocureneM aneMeHTapHOrO OTPULATEIBHOIO 3apsifa SBISETCS JJIEKTPOH, dJe-
MEHTApHOTO MOJIOKUTEIBHOTO 3apsia - MPOTOH. 3apsAabl MIEKTPOHA U MPOTOHA PaB-
HBI IPYT APYTY 0 BEJIIUYUHE.

B npupoze He cymecTBYIOT 3apsifibl, MEHBIIIHNE 10 BEITUYUHE, YEM 3aps] IICK-
TpoHa. Bce 3apsapl SIBISIOTCS KPATHBIMU 3apsiy SJIEKTPOHA.

B 0OBIYHBIX YCIOBUSIX aTOM JII0OOT0 BELIECTBA COJECPKUT PAaBHOE KOJIUYECTBO
IIPOTOHOB U 3JIEKTPOHOB, T.€. SIBISETCS JJIEKTPUUYECKU HEUTpAIbHBIM. TeJo, COCTOsI-
1I€€ U3 TAaKHUX aTOMOB, TOXKE SIBJIAECTCS JIEKTPUUECKU HEUTPAIbHBIM, JIa)Ke €CIU aTo-
MBI, COCTaBJIIONINE 3TO TEJIO, MEPECTAaHYT ObITh HEHUTPAILHBIMU U TMPEBPATATCS B
MOJIOKUTENbHBIC WM OTpUIlATeNIbHbIe MOHBI. J[JI1 HEUTpaabHOCTH Tena Tpedyercs
TOJIBKO, YTOOBI TTOJIHOE KOJIMYECTBO 3JIEKTPOHOB B TeJi€ OBLIO PaBHO MOJHOMY KOJIHU-
YECTBY IPOTOHOB B HEM.

DJIEKTPUYECKH 3apsHDKEHHBIM TEJIO CTAHOBUTCS, €CJIM HA HEM MOSIBISETCS MO0
M30bITOYHOE KOJMYECTBO AJIEKTPOHOB, JIMOO W30BITOYHOE KOJUYECTBO IMPOTOHOB.
Ecnu U30BITOK 3JIEKTPOHOB - TEJO 3aPSKEHO OTPUIIATENIBHO, €CIIM HEAOCTATOK JJICK-
TPOHOB - MOJIOKUTEJBHO.

OnuH 13 croco0o0B 3apsSAUTh HEUTPATbHBIA OOBEKT - MPUBECTU B KOHTAKT JIBa
HEUTpaAIbHBIX TEJa ¢ PA3IMYHBIMU (U3MUECKUMU CBOMCTBaMU. B 3TOM ciyuae aiek-
TPOHBI OYAYT MEPEXOJUTh C OJHOIO Tejia Ha JAPYroe, T.K. YCIOBUS CYIECTBOBAHMUS
AJIIEKTPOHOB PA3NIMYHBI B PA3JIMYHBIX TeJaX. DJIEKTPOHBI OyAyT MEepexoauTh OTTya,
IJIe UX PHEprus OOJIbIIE, TyAa, IJe UX SHEPTUSI CTAHET MEHBIIIE.

B pe3synbrarte 0IHO W3 TEJ CTAHET 3aPSKEHHBIM MOJIOKUTEIBHO, APYroe - OT-
pHUILATEIBHO.

Jlnst Takoro mepexoaa KOHTAKT JIOJKEH ObITh OY€HBb XOPOIIHUM. J[0KHO OBITh
cOMM>KEHUE Ha PACCTOSHHUE, CPABHUMOE ¢ MEKAaTOMHBIM paccTosiHueM. Mukpoiiepo-
XOBAaTOCTH Ha COMPUKACAIOIIMXCS MMOBEPXHOCTAX 3aTPYIHSIIOT TAKOM KOHTAKT, JieJia-
IOT BO3MOXKHBIM €T0 TOJIbKO B HECKOJIbKMX OTAEIbHBIX Toukax. [loaTomy mpu mpo-
CTOM KOHTaKT€ HEUTpPaJIbHBIX 00BEKTOB AJIEKTPU3AIIMS TOJydaeTcs ciabdasi, MpaKkTH-
4yeCcKu He3HauuTelbHasd. C MOMONIBIO TPEHUSI COMPUKACAIOIIUXCSA TOBEPXHOCTEN 10-
OMBaIOTCS KOHTAKTa B OOJIBIIIEM YHCJIE TOYEK M 3aMETHOM DJICKTPU3AIUU - DJICKTPH-
3aIUsl TPEHUEM.

DnexTpusanusi HEUTPATBHOTO Tela MOXKET ObITh TOCTUTHYTA TAK)KE MPUKOCHO-
BEHHEM K HEMY YK€ 3apsHKEHHOTO OOBEKTa - AJIEKTpHU3alus MPUKOCHOBEHHEM. B
ATOM CJIydae 3aMEeTHas 4acTh 3apsijaa NeperiieT Ha HEUTpaJbHOE TeJIOo U 0€3 TPEHUs.

Bo03MOXHBI 1 Ipyrre criocoObI AIEKTPU3ALIIH.



TodeuHEbli 3apsi]l - BCIOMOTATEIbHOE a6CTpaKTHO€ IIOHATHC, O3HAYAIOIICC 3a-
PAKCHHOC TCJIO, pa3MEPbl KOTOPOT'O MAJIbI 110 CPABHCHHUIO CO BCCMHU APYIHMMH pa3Mce-
paMHi U paCCTOAHUAMU.

Bce QJICMCHTAPHLBIC 3apsAAbl MOKHO CUHUTATh TOYCUYHBIMU.

DJIeKTPOCTATHKA.

DTOT paszien paccMaTpUBAaeT B3aWMOJACHCTBHE HETOJBIDKHBIX 3apsKCHHBIX
00BEKTOB.

3akon KyJsiona.

3aKOH, KOTOPOMY MOJYUHSAETCS B3aUMOJICCTBUE ABYX TOUEUHBIX 3apsigOB, yC-
TaHOBJIEH 3KcriepuMeHTanbHO Kyinonom (1785 1.):

F= k.ql'—zq2 - 3akoH KyioHa.
r

JIBa TOYEYHBIX 3apsiga B3aUMOJECHUCTBYIOT C CUJIOM, MPSIMO ITPONOPLIMOHAIBHOM
BEJIMYMHAM JTHX 3apsSfoB (, U (, , ¥ 0OpaTHO IMPOIMOPIMOHATLHON KBaIpaTy pac-
CTOSHMSL r Mexay HUMU. Cuia UeHTpaibHad - IEMCTBYET MO JIMHUU, COCTUHSAIOIICH
ATHU 3aPAJIbL.

Oo—>---- <0
: 4,4, <0
v
F, = —F, (Bce cuibl B mpupoje noquuHs0Tcs 3-My 3akoHy HbroToHa).
I:12 = F21 =F

B BexkTopHOM BHjie 3akoH KylioHa BBITISIUT CAEAYIOIIUM 00pa3oMm:

F, = k'ql'agz'r'
r

—

3necb r - BEKTOp, MPOBEIEHHBIN K TOMY 3apsly, Ha KOTOPbIA NEHCTBYET
cuia.



roR,
»O—>
ql q2 QI'Q2>O

BennunHa cuibl B3aMMOJEHCTBUSL 3apS/IOB 3aBHUCUT OT CBOMCTB CPEZbI, B KO-
TOpoM HaxoAsTcs 3apsabl. Haubounbiel siBisieTcst cuiia B Bakyyme (mycrote). B ro-
0ol npyroii cpesie cuiia MeHble (MpU MPOYUX PABHBIX YCIOBUSX).

[Toxa Oynmem paccMaTpuBaTh B3aUMOJCHCTBUE TOJBKO B Bakyyme. [IpuBeneH-
HBIE BbIIIE (opMynHpoBKHU 3akoHa KynoHa cripaBeiMBbI TOJHKO B BAKyyMe.

Koaddumment nponopuronansHocTd k B 3akoHe KyioHa 3aBUCUT TOJBKO OT
BBIOOpA CUCTEMBI €JIMHULI.

Cuctema eqununy CI'C  (CGS) B 21€KTpOCTaTHKE HA3BIBAETCS CHUCTEMOMU
CIrcs (CGSE).

() 3 CJ—— > CICo.
MECXaHHKa MEXaHUuKa + QJICKTPOCTATUKA

KonnuecTBO OCHOBHBIX €IMHMI] OCTACTCS MPEKHUM - TPHU (CAHTHUMETP, TPaMM,
cekyHaa). Bce aliekTpocTaTudeckue €AUHUIIBI SABJISIOTCA MPOU3BOJHBIMU OT MeEXa-
HUYECKUX eIMHHUIl. Bce OoHM He MMEIOT OTAEAbHBIX Ha3BaHUM. Bce Ha3bIBaloTCS €11-
Hutlamu CI'CD, unm abCOMOTHBIMU AIEKTPOCTATUYECKUMU €TUHULIAMH.

B cucreme CI'CO koadpduuument k = 1. 3akon Kynona umeer npocreimmit
Buj B cucteme CI'CD:

F — ql '2q2

- 3akoH Kynona B Bakyyme B cucreme CI'CO.
;

Ortcrona ycranaBiuBaeTcs equanna 3apsaa B cucreme CI'CO.

Ecan =09, =q, F=1 nuH, r=1cM, TO u33akoHa Ky-
nona cnenyer, 4ro ¢ =1ex. CI'COy.

1 en. CI'COy - 570 Takow 3apsj, KOTOPBIA Ha PaBHBIA €My 3apsijl, YAaJCHHbIN
Ha paccTrosiHie | cM, B IyCTOTE AEUCTBYET ¢ cuioi 1 nuHa.

JInsi HEKOTOPBIX MPUMEHEHHUHN HCIOJB3YeTCs TaKkKe CUCTeMa €WHUII, Ha3bl-
BaeMas rayCcCoBOM cUCTeMOM eauHull. B anmekTpocraruke enuHunbl cucteMbl CI'CO n
rayCCOBOM CHCTEMBI MOJHOCTHIO COBMAAAlOT. B JaHHOM TEOPETHUYECKOM Kypce rayc-
COBa CHCTEeMa €IMHUI] MPUMEHATHCS He OyaeT - Tojbko cuctema CI'CD u cucrema
CH.

B cucreme CU npu paccMOTPEHUU HJIEKTPUUYECKUX U MArHUTHBIX SIBICHUM K
TPEM OCHOBHBIM €IWHHIIAM MEXaHUKH (METp, KWJIOTpaMM, CEKyH7a) M00aBIIsSeTCs
enle 0JiHa OCHOBHAs €IUHMIIA, €AMHUIA CUJIbI TOKa - AMmnep. OCTaabHbIE AIEKTpUYE-



CKHE (U MarHUTHbBIC) €AUHULIBI SBISIOTCA MPOU3BOJHBIMU OT MEXAHUYECKUX €IUHUIIL
u Amrepa.

3aKOH, Ha OCHOBAaHUHM KOTOPOTO YCTAHABJIMBAETCS €IMHUIIA CUJIBI TOKa - AM-
nep, OyJIeT paccCMaTpUBaThCsl 3HAUUTEIBHO TMO3KE, MPU U3YUYCHUH MarHUTHBIX SBJIE-
HUM.

B cucreme CU xosdpdunuent k B 3akoHe KynoHna mmeer HeyaOOHBIN pas-
MEPHBIN BU/I:

1 12 @
K= —— &= 8.8510 —.
4.-7-¢, M
Pa3MepHast kOHCTaHTa &, Ha3bIBaeTCsl a0COMIOTHON JMAJICKTPUYECKON MPO-
HULIAEMOCTBIO BaKyyMa, UJIN AIEKTPUYECKON OCTOSHHOM.

B cucteme CH 3akon KysnoHa 3anuchiBaeTCs CIEIYIOIIUM 00pa3oM:

F =L22 - 3akoH Kynona B Bakyyme B cucreme CIU.
A-7m-g,-T

3apsn B cucteMe CH wmsmepsiercs B KynoHax, HO yCTaHaBIMBAETCS dTa €AU-
HULa He U3 3akoHa KyioHa, a u3 onpezaeneHus cuiibl Toka. TOK - 3TO 3apsj, Mpoxo-
ISAUIMI yepe3 MONEepeYyHOe CEYeHHUE MPOBOJIHMKA B €IMHMILY BpeMeHu. Eciiu Tok pa-
BeH enuuuue ( 1 Amnep ), Bpems - Toxe enunuue (1 ¢ ), To u 3apsa OyAeT paBeH
eauHuLe - 3To ¥ ecth 1 Kyiom.

1 KyioH - 370 3aps, NpOXOAsIIANA yepe3 MONEPEYHOE CEUEHUE POBOAHMKA 3a
1 cexynny npu cuiie Toka B 1 Ammep.

CootHomienue Mexay enunuiamu 3apsaa B cuctemax CI'CO u CU (6e3 BbIBO-
na):

1Kn = 310° en. CI'CD,,

JuekTpuyeckoe nojae. HanpsxeHHOCTb.

O0603HaYMM OJIMH U3 B3aUMOJICUCTBYIOIIMX 3apsiioB Q, apyroi . Torna cu-
J1a B3aMMOJICHCTBUSA ITUX 3apsAI0B COIIACHO 3aKOHY KyiioHa paBHa:

q-Q
F,=Fo=F=k-—°.
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Ha nepBb1ii B3ris1 B3aMMOAECHUCTBHE 3apsiIOB MPOUCXOANUT Ha paccTosiHuu. Ho
COTJIACHO IPE/ICTABICHUSAM COBPEMEHHOM (PU3MKM AECHCTBHE HAa PAcCCTOSHUU (Jajlb-
HOJICHICTBUE) HEBO3MOXKHO. /[Ba 00bEeKTa MOTYT B3aUMOJIEHCTBOBATh, TOJIBKO Oy yun
[IPUBEACHHBIMHA B HEIIOCPEICTBEHHBIN KOHTAKT, HAXOASCh B OJHOM TOYKE MPOCTPAH-
CTBa.

[Toaromy /Ui OOBSCHEHUSI B3aMMOJECHCTBUS 3JIEKTPUUYECKUX 3apsA0B HEOOXO-
IUMO TPEIIOJIOKUTh HAIUYUE TPEThEro OOBEKTA, MEPEAAIOIIEIO B3aUMOCHCTBHE.
OTUM 0OBEKTOM SBJISIETCS AIEKTPHUUECKOE TTOJIE.

DNEKTPUYECKOE MOJIE - 3TO OCOOBIA BUJ MAaTEPUH, C MOMOIIBIO KOTOPOTO OCY-
LIECTBIIAETCS B3aUMOJEHCTBUE IEKTPUUECKHUX 3apsA0B.

OcoOBliif BUJT - 3TO 03HAYAET, YTO OH HEMOCPEJICTBEHHO HE BO3JCHCTBYET HU
Ha OJIMH U3 OPraHoOB YyBCTB uesioBeKka. Ho cyliecTByeT 0ObEKTUBHO, HE3aBUCUMO OT
HAaIIEro BOCHPUATHS, UMEET OOBEKTUBHBIE CBOKMCTBA, KOTOPBIE MOKHO OOHAPYKUTH,
U3MEPUTH, OIIUCATh.

KapTtuna B3auMonelcTBUA 3aps/ioB TakoBa: 3apsal Q cO3JaeT BOKPYT cels
AIIEKTPUYECKOE T0JIE BCIOAY, B TOM YHCIIE U B TOUKE, B KOTOPOM HAaxOAWUTCA 3apsia .
B 37Ol TOUKE B HEMOCPEICTBEHHOM KOHTAKTE HaXoAsTcs JBa O0ObEKTa - 3apsia q U
ANIEKTPUUYECKOE ToJIe 3apsiia Q. OTH Ba 00BEKTa U B3aUMOJIEUCTBYIOT.

Ha 3apso q oeiicmeyem cuna ne co cmoponwl 3apsada Q, a co CmMopomHwl
INEeKMpUYecKo2o noasa 3apsaoa Q.
AHanoruyHo cuia Ha 3apsin Q. U BooOie, cuiia Ha J1F000M 3apsi AEUCTBYET

CO CTOPOHBI 3JIEKTPUYECKOTO TOJISI, CO3/1aBAEMOT0 IPYTUMU 3apsIaMHU.
DIIEKTPUYECKOE TI0JIE CO3JAI0T BCE 3apsbl. JIF0O0M 3apsi SABISIETCS UCTOYHU-
KOM 3JIEKTPUYECKOTrO MOJISI.

- cuja Ha 3apsan q.

Cwta, nericTByronas Ha 3apsiji ¢, IPONOPLUHUOHAIBHA BEIUYMHE TOTO 3aps/Ia.
CrnenoBaTeslbHO, OTHOILLIEHUE CHJIbI, IEUCTBYIOIIEH Ha 3apsill, K 3TOMY 3apsy
HE 3aBUCHUT OT €r0 BEJINYUHBI:

Fa_ . Q

= 2

- HE 3aBHCHT OT (.
q r
DTO OTHOIICHUE SIBIISETCA, CJIEIOBATEIBHO, XapAKTEPUCTUKON TOJIBKO DJICK-
TPHUYECKOTO IO 3apsiga Q.
DTa XapaKTEePUCTHKA HA3bIBACTCS HAMPSHKEHHOCTHIO AIIEKTPHYECKOTO TTOJIS.
Hanpsiscennocmo 371eKkmpuuecko2o nojisa - 3mo OmHOUleHUue CUibl, 0elucmayio-
wetl Ha 3aps0, K 3momy 3apsoy.
Cuna - BEKTOpHAs BEJIMYHMHA, 3apsj - CKaJsApHas, IMOATOMY HAINPSIKEHHOCTh

-

TaKxe sBisieTcst BekTopoM. O003HaueHne HalpsHKeHHOCTH - E.

E= - HaIPAKCHHOCTD 3JICKTPUYCCKOTO IT0JIA.

o |7
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Dt0 ob111ee onpeesaeHre, He TOIbKO JUIS TOJIS TOUYEYHOTO 3apsijia.

Eme oauH BapuaHT omnpeeneHusl HampsHKEHHOCTH: HAMPsHKEHHOCTh - 3TO CH-
Ja, ICUCTBYIONIAS HA €AUHUYHBIN TOJIOKUTEIbHBIN 3apsij.

3Hast HaPsHKEHHOCTB TOJIS B JAHHOM TOYKE MPOCTPAHCTBA, MOKHO BBIYMCIIUTH
CUJTy, EUCTBYIOITYIO Ha 3apsijl, HIOMEIIECHHBIN B 3Ty TOUKY:

F=q-E.

OT10 o0mee BBIPAKEHUE Ul CUIIbI, JEHCTBYIOIIEH HA 3apsif ( CO CTOPOHBI
-
JH000T0 ANEKTPUYECKOro noyst E.

Ecrm q > 0, 1o F :
S
Ecom q < 0, 10 FITE.

HampaBnenue BekTOpa HANpsHKEHHOCTH COBMAACT C HAMPABICHUEM CHIIBI Ha
ITOJIOKUTENIBHBINA 3apsi.

Curna Ha OTpHIIATEIBHBINA 3apsj HampaBieHa MPOTHBOIIOIOXHO BEKTOPY Ha-
MPSHKEHHOCTH.

[TpoOHBIH 3apsii - BCIOMOTAaTeIbHOE MOHATHE, 0003HAYaloIee TOUCYHbIN 3a-
pSAI OYCHb MAJION BEMYUHBI, KOTOPBIA CBOMM MPHUCYTCTBHEM HE MOXKET M3MECHUTH
MPOCTPAHCTBEHHOTO PACIPEICTICHHS BCEX OCTATBHBIX 3apSIO0B.

[TpoOHBIit (0OBIYHO MOJOKUTENBHBIN) 3aps]] TOMEIIAIOT B MPOCTPAHCTBO JIJIs
TOTO, YTOOBI OMPENIETUTh HAMPABIECHUE U JPYTUE XAPAKTEPUCTUKH AIEKTPHUUECKOTO
TOJISI B 9TOM MIPOCTPAHCTBE.

Enununina u3aMepeHus HalpsKeHHOCTH AJIeKTpudeckoro noiig B cucteme CI'CO
BBOJIUTCS Ha OCHOBAHHMH OIPEAEIICHUS - 9TO OTHOIICHUE €IUHUIIBI CUJIbI K €IUHUIIC

3apsija:

len. CICDy = _ 1mma
1 en. CICO,

DTO moJie, IEUCTBYIOIIEE HA 3apsl B €AMHUILY 3apsia C CUjiol B 1 auny.
B
B cucreme CU eaununa Hanps>KeHHOCTH AIEKTPUYECKOTO MO 1M (BoasT

Ha METp). JTa eMHNIIA YCTAaHABIUBACTCA HE U3 OMPECIICHHS HAMPSHKEHHOCTH, a U3
JPYroro COOTHOIICHHS, KOTOpoe OyneT paccMoTpeHo no3xke. Ho u B cucteme CU Ha
3apsl B €AMHUILY 3apsia OyJeT CO CTOPOHBI €IMHUYHOTO TOJIs JEHCTBOBATH CIMHUY-
Has cuia. DTO TO3BOJISIET YCTAHOBUTH COOTHOIICHUE MEXIY €IUHUIIAMU HaIPsDKEeH-
HoctH B cuctemMax CI'CDO u CH:

5
B_IH_ 100am 154 cre, -
M 1Ko 3-107enCrcd, 3
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1B=;'10_4GI[.CFC9E, len.CICd. =3-10*
M

g |@

DNEeKTPUYECKOE TOJe MOAUYMHACTCS MPUHIMIY CYNEPHO3UINU (CIOKEHUS) -
HANPsHDKEHHOCTh MOJIsI, CO3/1aBaéMOT0 CHCTEMOW 3apsJioB, paBHAa BEKTOPHOU cymMMe
HaMPsHKEHHOCTEN TMOJIeH, CO3/IaBAEMbIX KaXIbIM 3apsJIOM B OT/IEITLHOCTH.

E=E:+Er+ - +Er=YE
i=1

[TpuHIMI CYNEepIIO3ULIUU MO3BOJISIET BHIYUCIUTD HAMPSKEHHOCTH MOJISI CUCTE-
MBI 3aps/I0B MPOU3BOJILHOM KOH(pUTrypanuu. JJis 3Toro cucremy 3apsoB pazoMBaoT
Ha MaJlble yYaCTKH, KXl U3 KOTOPBHIX MOXHO CUMTATh TOYEHHBIM 3apsiaoM. Ha-
MPSKEHHOCTD MOJI TOYEHYHOTO 3aps/ia JErKo onpenensercs u3 3akoHa KyioHa:

S
q r
B BekTOpHOM BHAE:

- HaIIPAKCHHOCTD I10JII TOYCUHOI'O 3apsida B BAKYYMC.

E=k- 2.7
r

[lone Bcel cUCTEMBI 3apsAA0B ONPEACISIETCS CYMMHPOBAHUEM II0 BCEM TOYECU-
HBIM 3apsiiam.

AHaOTUYHBIN TTPUEM MOXKET OBITh TPUMEHEH JIJIsl BHIYMCIICHUS CUJIbI B3aHMO-
JEUCTBUSA JBYX HETOUYEYHBIX 3apsAA0B WM B3aUMOJECUCTBUA TOUYEUHOIO 3apsa C Ipo-
M3BOJILHOW CUCTEMOM 3apsI0B.

[Ipocreimas mociie TO4EUHOro 3apsiga CUCTEMA 3apsAI0B - 3TO AUNOIb. Jlumomns
- 3TO JIBa pa3HOMMEHHBIX OJMHAKOBBIX 0 BEJIIMUYMHE TOUEYHBIX 3aps]ia Ha paccTos-

HUM | Jpyr OT apyra.

-q +q
O———>»0
%
- -
BCKTopHaH BCJIMUUHA P=q- | Ha3bIBaACTCA BHCKTpI/I‘ICCKI/IM MOMCHTOM JIU-

N

T10JI51, WJIA IUTIOJIBHBIM MOMEHTOM. BekTop | HampasieH OT MHUHYcA K IUTIOCY.

UtoOBI HalTH MOJE B KaKOW-IMOO TOYKE MPOCTPAHCTBA, CIEAYET MBICICHHO
MMOMECTHUTh B ATy TOUKY MPOOHBIN MOJIOKUTEIBHBIN 3apsijl, ONMPEACIUTh HAPaBICHUE
CWJIbI, ICMCTBYIOIIEA HA HETO CO CTOPOHBI 3apsAl0B +(q U - MO OTAEIbHOCTH. Ha-
MpaBJICHUE ATUX CUJI OYJIET COBIAJaTh C HAMpPaBICHUEM HaIPSHKEHHOCTEH 1oseit co-
OTBETCTBYIOIIUX 3apsA0B. DTU JBAa BEKTOpPA HANPSXKEHHOCTH B JAHHOW TOYKE MPO-
CTPAHCTBA CJIEAYET CIIOKUTh U MOJYUYUTh PE3YIBTUPYIOLINN BEKTOP HAINPSKEHHOCTH
B OTOU TOUKE.

13



HMmMeHHO TakuM crnocoOOM U OMpeAeNieHbl HAIMpaBICHUS HAIMPSHKEHHOCTH B
TpeX TOYKax BOJM3M JUMOJIA - ClIpaBa OT 3apsija +(, clieBa OT 3apsijia -q U Ha JUHUU
CUMMETPUH.

AHaNnOTrHYHBIM 06p2130M MOJXHO OIIPCACIUTL HAIIPABJICHUC H BCIINYUHY CYM-
MApHOTI'o II0JIAI 1 0oJiee CIIOKHBIX CHUCTEM 3apAa0B.

CuJjioBble JJUHUHU AIEKTPUIECCKOI'0 I10JI11.
CunoBas JIMHUA, WX JIMHUA HAIIPSAKCHHOCTH - 3TO Boo6pa>1<aeMa51 JJUHUA B

MIPOCTPAHCTBE, KacaTelabHasi K KOTOPOM B JIFOOOM €€ TOUKE COBMAIAET C BEKTOPOM Ha-
MPSDKEHHOCTH AJIEKTPUYECKOTO MO B 9TOM TOUKE.

&y

¥

Ha cunoBoii TMHUM CTaBUTCS CTPCIIKA, IMOKa3bIBAIOIIAA HAIIPABJICHHUC BCKTOpA
HaAIIPpsSXKCHHOCTH.

HaHpI/IMep, CHWJIOBBIC JIMHUHW IIOJIA ITOJIOKHUTCIIBHOI'O TOYCYHOI'O 3apsaga - 3TO
paarallbHBIC MMPAMBIC, HAYMHAIOINHUECA HAa O3TOM 3apsAaAc U KOHYAIOIMKUCECS B OeCKOHeu-
HOCTH.

14



CusioBble JTUHUH OTPULATCIIBHOI'O TOYCHYHOI'O 3apAaa - TOKC paaralIbHbIC ITPA-
MBIC, HO HAYMHAIOIUECA B OECKOHEUYHOCTH U OKaHYMBAIOIIHUECCA Ha 9TOM 3apsc.

o0

KapTuHka CUIIOBBIX JIMHUWA TOJST AUMOJS MOXKET ObITh MOJTy4YeHa C MOMOILBIO
MIPUHLININA CYTIEPIIO3ULIMNA U UMEET TAKOW BHUJ:

DNEeKTpUYECKOoe MoJie MOXKET ObITh B JIF00OW TOYKe MpocTpaHcTBa. [loaTomy
CWJIOBYIO JIMHUIO MOXKHO TMPOBECTU dYepe3 JIIoOyl TOYKY MHpocTpaHcTBa. [Ipuuem
TOJIBKO OJIHY (T.K. B OZJHOM TOYKE MOXKET ObITh TOJILKO OJIHA PE3YIbTUPYIOLIAs CHUIIA).
T.e. cuJIOBbIE JTMHUU HUTJIE HE TIEPECEKAIOTCS, T.K. TIEPECEUCHUE 03HAYAET, YTO Yepe3
OJIHY TOUYKY ITPOBE/ICHBI JABE JIMHUH.
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CuiioBble JIMHUM 3JEKTPOCTATUYECKOTO MOJS HE MOTYT HAUYMHAThCA HUTIE,
KpOME Kak Ha MOJIOKUTEIbHBIX 3apsaxX WM B OECKOHEYHOCTHU, M1 HE MOTYT OKaHYH-
BaTbCs HUTJE, KPOME KaK Ha OTPUIATEIBHBIX 3apsaax Wi B OECKOHEYHOCTH.

T.e. 00opBaThCs B MPOCTPAHCTBE HE HA 3apsiie CUIIOBAsk JIMHUS HE MOKET.

Enie o/1HO CBOMCTBO CUJIOBBIX JTUHUN PACCMOTPUM Ha TIPUMEPE MOJST TOUEUHO-
ro 3apsja.

OxpyskaeM (MBICIICHHO) TOUYEUYHBIN 3apa Q JBYMsI KOHLIEHTPUYECKUMHU Ce-
paMu C LIEHTPOM B 3apsie.

A

\ 4

Pamuycsl cpep r, U 1, (B CECUEHHH TUIOCKOCTBIO PUCYHKA - 3TO OKPYXHOCTH).
Bce cunoBble TMHUYM, HAUMHAIOIIKECS Ha 3apsiie Q, MPOHU3BIBAIOT 00e cepsl, T.K.

CUJIOBBIC JIMHUH HE MOTYT 000pPBaThCS MEKIY chepami.
[TycTh KOMMUECTBO ATUX CUJIOBBIX JIMHUK N (Ha pucynke N = 8).
Yepes enuHUIly TOBEPXHOCTH MEPBOM chepbl MPOXOIUT N, JIMHUIA:

N o o
n, = s I'yCTOTa CUJIOBBIX JIMHUM Ha 1-# cdepe.
1
AHaIOTUYHO:
n, = - TyCTOTa CUJIOBBIX JIMHUM Ha 2-i1 cdepe.

2
3nech S, =4-7-r° - miomans 1-i chepsl, S, =4-7-r,° - momane 2-i cde-

pHEI.
IToacraBnsis S, U S,, TONYYUM:

N N
, n,

n=— —— .
| .
4-7r-|’12 4-7-1,

OTHOHIeHI/Ie ITUX I[ByX BCJIIMYNH paBHO:
n, r 22

n, n

C npyroii CTOpOHBI:
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E,=k gz - HaANpsHKEHHOCTH MOJIs Ha 1epBoi cdepe.

=

E,=k % - HaIpsHKEHHOCTH IMOJISl Ha BTOPO# cdepe.
r‘2
OTHOIIICHUE HATPSHKCHHOCTEH:
2
El

o

Ezr1

N|

CpaBHUBAasE OTHOLIEHUE T'yCTOTHI CUJIOBBIX JJUHUW W OTHOLIEHUE HAIPSIKEHHO-
CTEH, BUJINM, YTO OHU PABHBI IPYT IPYTY:
El nl
E, N

DT0 03HAYAET, YTO HAMPSHKEHHOCTH IO MPOTIOPITHOHAIBHA TYCTOTE CHIIOBBIX
JUHUN 1 HA00O0POT, T.€. IT0 KAPTUHE CHJIOBBIX JJUHUN MOKHO CYIUTh HE TOJHKO O Ha-
MIpaBJICHUU TIOJIS, HO U O €T0 BEJTUYHHE.

OTO0 CBOMCTBO CHPABETUBO IS IIOOOTO 3IEKTPUUECKOTO MOJIsA, HE TOJIBKO MO-
JIs TOUEYHOT O 3apsiza (0e3 10Ka3aTesIbCTBA).

Ha ¢dparmenTe KapTUHKH CHJIOBBIX JIMHWH, M300pa)K€HHOM Ha PUCYHKE, Ha-
NPsSKEHHOCTh MOJIsl B o0actu 1 Oosiblile, yem B obsiactu 2, T.K. B obsactu 1 rycro-
Ta CHJIOBBIX JIMHUH OoJbIle, ueM B o0iactu 2 (E, > E,).

To4HOE KOJIMYECTBEHHOE OIPEICIICHUE BEIMYMHBI HANPSKEHHOCTH C IIOMO-
LIbI0 TYCTOTBHI CHJIOBBIX JINHUM HEBO3MOKHO, T.K. KOJWYECTBO JIMHHUNA MPOBOIUTCS
IIPOU3BOJIBHO. MOKHO TOBOPUTH JIMIIB O CPABHUTEIBHON BEJIMYMHE HANPSKEHHOCTH
IIOJISI B Pa3HBIX TOYKAX MIPOCTPAHCTBA.

[IpuMEHUTENBHO K JAaHHOMY PUCYHKY HEBO3MOYKHO CKa3aTb, YEMY paBHA Ha-
NPsSKEHHOCTh MOJsl B 00sactax 1 u 2. MoXHO Jullb yTBEpkKAaTh, 4TO B o0nacTu 1
OoHa 0oJbIIIe, YeM B 00JIacTH 2.

KapTuHa cuioBbIX JTMHHUI TOYEUHOTO 3apsiia HATJISAIHO MMOKA3bIBAET YObIBAHHE

HAIIpsHKCHHOCTH IMOJIA IO MEPE yAaJICHUA OT 3apsia. CunoBble JTMHUH Bce OOJIBIIE
pacxoaiaTcs, CTAaHOBATCA BCC ooiece PEAKUMMU.
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Hone, HaNpsKCHHOCTL KOTOPOTO0 HC 3aBUCHUT OT KOOPpAMHAT, HA3BIBACTCSA OX-
HOPOIHBIM. Ero cunoBeie 1uHUM - I[MPAMBIC, IAPAJIJICIIBHBIC, PAaBHOYIAJICHHBIC (3K-
BI/I,ZII/ICTaHTHBIe) JIMHHH.

N
E = const

OpHopogHoe none

YYVYYY

Nuaykuus (cMenieHue) 3J1eKTPUYeCcKOoro moJis.

JIns BakyyMma Mo OIpenesIeHUIO SJIEKTPUYECKUM CMEIICHUEM, WM JJIEKTpUYe-
CKOW MHIYKIIMEN Ha3bIBAETCSA BEKTODP:

D=¢,-E B cucreme CU
B BAKyyMC€.

B=E B cucteme CI'CO

IToTok BeKTOpa MHAYKIUM Yepe3 MOBEPXHOCTb.

BekTop MHAYKIMU, TaKKe KaK W BEKTOp HAIPSKEHHOCTH, MOKHO XapaKTepH-

30BaTh CUJIOBBIMU JINHUSAMHU.
[IycTh HEKOTOPYIO TIJIOCKYHO IOBEPXHOCTH S MPOHU3BIBAIOT CUJIOBBIC JIU-

N
HUAW OJTHOPOJHOTO 3JIEKTPUYECKOTO MOJIsA, MHAYKIHsS Kotoporo D. Ilycrts ennHunu-
-

5
HBIl BEKTOp HOPMaJIM N K TOBEPXHOCTH S o00pa3zyeT yroil « ¢ BEKTOpoM D.

Sl

o
v

.
Jlig aTOro ciydas 1o ONpEAENICHUI0 IOTOKOM BeKTopa D uepe3 moBepx-
HOCTb S Ha3bIBAETCS CKAJSIPHAs BEJIMYMHA!

®=DS=D-5-Cosa=D,-S.
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- - -
3necy S=S-n, D, = D- Cosa - HOpMaJibHas COCTaBIIAtOMIas BeKTopa D.

Ecau nmoxe HCOOAHOPOAHO, a IOBCPXHOCTb HC ININIOCKAA, TO €C paB6I/IBaI-OT Ha
OCCKOHEYHO MaJible Y4aCTKH, K&)KI[BII?I N3 KOTOPBIX MOKHO CUHUTATh IIJIOCKHM, a II0JIC
B IIpCACIIaX KaXKA0T0 U3 HUX MOKHO CHUTATb OAHOPOAHBIM.

IToTok qcpe3 OCCKOHEYHO MaJIbIi Y4aCTOK INIOITAAbIO dS OIIPCACIIACTCA KaK
ITOTOK YCPEC3 IIOCKYIO ITIOBEPXHOCTH B OAHOPOIAHOM II0JIC!

dd=D-dS.

- - -
3mech dS=dS-n, a n - eTMHUYHAS HOPMAJb K MOBepxHOCTH dS.
3aTeM MOTOK 4epe3 BCIO MOBEPXHOCTh S  ONpPENessieTcs CYMMUPOBAHUEM I10-
TOKOB Uepe3 Bce OECKOHEYHO MabIe YJaCcTKH:

®= [D-dS = [D-Cosa-dS = [D,-dS.
S S S
D710 o0l1Iee onpeeeHre NOTOKa MHAYKIMKM D Yepe3 MOBEpXHOCTh S B
IIPONU3BOJBHOM CJIy4ac.

Teopema Octporpaackoro - I'aycca.

Paccmotpum cHOBa mone TouewyHoro 3apsana. B cucreme CH HanpsiKeHHOCTh
MOJIsl TOUEYHOTrOo 3apsifja Q B BaKyyMe BBIUUCIAETCS MO GpopmyIie:
E —_ Q

T4z, 1’

Nuayknuys 3Toro moss:

N
Brruncnum nmotok Bektopa D uepes 3Ty chepruecKyro MOBEPXHOCTb.
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®=dD-dS = {D-Cosa-ds = {D-dS = D-{ds = D-S = D-4- 7.1,
S S S S

Kpyxok Ha wuHTErpame o3HayaeT, 4YTO HWHTETPUPOBAHUE BBINIOJIHACTCS 10
3aMKHYTOW NOBEPXHOCTH. IIpW BBIYKCIEHHHM YYTEHO, YTO BCIOJY HAa ITOBEPXHOCTH

cdepbl
a=0, Cosa=1, D=const.
Hrak:

®=D-4-7-r°.

HOI[CTaBJISI}I CI0J1a BBIPAXKCHUC TJIA D, IMOJIy4HuM:

®=D-4.7r2=— 3 _4zr?-0Q.
4-7-r
OKoOHYATENbHO:
- -
®=¢D-dS=Q

DTO BBIpaXCHHE TIOJYYCHO JIJIS TTOJISI TOUEYHOTO 3apsija, HO OHO CIPABEIINBO
JUTSL TIOJISE JIFOOOM CHCTEMBI 3apsioB (03 10Ka3aTebCTRA).

cf DdS = Q - Tteopema Octporpanckoro-I'aycca B cucreme CH.
S

B cucteme CI'CD noJsie TOYE€YHOTO 3apsjia BIUUCIAETCS 0 popmyIie:

D:EZF.

CooTBeTcTBEeHHO, Teopema Octporpajickoro-I'aycca uMeeT BUI:

ij D-dS = 4. z-Q - TeopeMa Octporpazackoro-I'aycca B cucteme CI'CO.
S

CrnoecHas hopmynupoBka TeopeMbl OcTporpajckoro-I'aycca:

IToTok BekTOpa AJAEKTPUUECKON MHAYKIIMU Yepe3 0yl 3aMKHYTYHO I10-
BEPXHOCTH paBeH B cucteme CU momHoMy 3apsiy, pacnosiokeHHOMY B oObeMe, Or-
pPaHUYEHHOM 3TOM MOBEepxXHOCThIO (4-7-Q B cucreme CI'CD).

Teopema Octporpajackoro-I'aycca mMmoka3bIBaeT, YTO MOJHOE KOJIUYECTBO CH-
JIOBBIX JIMHHUM, BBIXOIAILIUX M3 HEKOTOPOTOo 00bEMa uepe3 ero BHEUIHIO IOBEpX-
HOCTb, IPOMOPIIMOHATIEHO BEIMYMHE 3aps/a, 3aKII0YEHHOTO B 3TOM 00bEeMe.
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Wnu nHaye - KOJIMUYECTBO CUJIOBBIX HHHHﬁ, HaUYMHAOOUXCST Ha 3apsaac, mnmpo-
IMOPHUOHAJIBHO BCIIMYUHC 3TOI'O 3apsaa.

IIpumepsl npumenenus Teopembl Ocrporpaackoro-I'aycca.

Teopema Octporpanackoro-I'aycca mo3BOJISIET PaCCUMTHIBATH IOJII CUCTEM 3a-
PSI0B HEKOTOPBIX MPOCTHIX CUMMETPUYHBIX KOH(puryparuii. PaccMoTpuMm Bbruuncie-
HUE MOJIeH MI0CKOCTH, HUIUHAPA U Cephl.

1. Beruucnenue mosst 66CKOHEYHON OTHOPOHO 3apsHKCHHON TIIOCKOCTH.

[IycTh Kakablii KBaApPaTHBIA METP IJIOCKOCTH UMEET MOJOKUTEIbHBIA 3apsil
o (MMOBEPXHOCTHAS IJIOTHOCTH 3apsaaa). Ha aTux 3apsimax OyayT HaUMHATBCS M yXO-
JTUTh B OECKOHEUHOCTHb CHUJIOBBIC JIMHUHU 3JIEKTpUYecKoro mois. M3 coobpakeHwmii
CUMMETPHUH 3TH JIMHUHW MOTYT OBITh HANpPaBJICHBI TOJBKO MEPHEHIUKYJSIPHO 3aps-
’KEHHOM INIOCKOCTH.

5 O
< n >
> B A
n 4—; E—b n -
< > D
SII -------------- : SH
S,

Bo3bmMeEM 3aMKHYTYIO IOBEPXHOCTh S B BUJE LWIMHJPA, OCHOBAHHS KOTOPOrO
napajuieibHbl IWIOCKOCTH. Torma muomans S CKIAABIBACTCS M3 ABYX IUIOIIANEH
OCHOBAaHMH LUIMHAPA 2-S, M IUIOMAAU OOKOBOM MOBEPXHOCTH LIUIMHAPA S, !

S=2.5,+5, -

B sToMm ciiyuae uHTErpan no 3aMKHYTOM MOBEPXHOCTH S PAaBEH CyMME MHTE-
IPaJIOB MO MOBEPXHOCTSIM OCHOBaHUH U 10 OOKOBOI MOBEPXHOCTH:

{D-ds=2. [D.ds+ [D-ds-
S S,

S

WuTerpan mo 60KOBOI MOBEPXHOCTH MIJIMHAPA S, PaBEH HYJIO, T.K. Ha 3TON

MMOBEPXHOCTH BCIOAY BEKTOpPHl dS (T.e. n) U D MNEepHeHAUKYISIPHBI IPYT APYTY.

J'E)- ds=0, T.K. D1dS HaIOBEPXHOCTH S, .
Sy

OcTraeTcst yIBOGHHBIN MHTErpai Mo IUIoNaJAu OCHOBaHUs (MHTErpajsl Mo ode-
UM TUTOLIAASIM OCHOBAHHMM paBHBI APYT APYTY U3 COOOPAKEHUI CUMMETPUN).
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2. [DdS=2-[D-ds=2.D- [ds=2-D-S, .

Si Si S
3aech TNpU  BBIYMCIEHUM YYTEHO, YTO HAa OCHOBAaHUAX LUWIMHApPA
DT1TdS (¢=0, Cosa¢=1), @ TaKK€ BBHUAY PaBHOIPABUS BCEX TOYEK OCHOBAHUU

D = const.
Urak, nomyyaem:

D-ds=2.D-5,=Q .
S

3apsan Q BHYTpH 00beMa, OTPAaHUYEHHOTO BHIOPAHHOW IVMIIMHIPUYECKOM IMO-
BEPXHOCTH - 3TO 3apsJi Ha TOW YaCTH IJIOCKOCTH, KOTOpas OKa3zajlach BHYTPH ITOTO
HAJIMH]IpA:

Q= o0o-5.

B pesynbrare nosiyyaem:
2-D-S,=0-5, .

Y OKOHYATENBHO (IIOCIIE COKPAIIEHHS TUIOMWAIM Sy ):

g - HHOAYKOHWA 1 HAIIPSAKCHHOCTD 3JICKTPHUUYCCKOI'O ITOJIA
2 g 2-&

OECKOHEUHON PaBHOMEPHO 3apsiKeHHOM TiockocTH B cucteme CU.

3nece 0 =const - MOBEPXHOCTHASI MJIOTHOCTH 3aps/ia Ha MIOCKOCTH.

Takum oOpa3zoMm, OECKOHEUHAs] PABHOMEPHO 3apsKEHHAs TIOCKOCTh SBIISIETCS
HMCTOYHUKOM OJTHOPOJHOTO (HE 3aBUCAIIETO OT KOOPAMHAT) JIEKTPUIECKOTO TOJIS.

2. Ilone paBHOMEPHO 3apsHKEHHOTO O€CKOHEYHOTO ITUIHMHAPA.

[Tycth Ha OECKOHEYHO JJIMHHOM IUJIUHAPE PABHOMEPHO pacIpeuelsieH K-
TPUYECKUH 3apsi]] C TUHEWHOW IJIOTHOCThIO A (9TO 3aps]l HA €IMHUIY JUIMHBI). Pa-
UYyC MUJIMHIpA 0003HAYMNM a.

OxpyxaeM (MBICJICHHO) MPOW3BOJIBHBIN y4aCTOK 3TOTO IUIMHApPA IUIUHIPHU-
YECKOM 3aMKHYTON MOBEPXHOCTHIO S. OCh 3TOro BOOOpakaeMOTO IUJIMH/pA COBIA-
JaeT C OChIO 3apsHKEHHOrO IUJIMHIpA, ero JyIMHa h, paguyc 0003HA4YuM r. DTOT
paanyc JOJKEH ObITh OOJIbIIE WM PAaBEH a, YTOObl 3aMKHYTas MOBEPXHOCTh S CO-
Jiepkaia BHyTpH ce0sl y4acTOK 3apsHKeHHOTO HMUIMHAPA ITUHOM h.

r=a.
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N3 cooOpakeHUd CUMMETPHH CIIEAYET, YTO CHUJIOBBIE JMHHUM DJIEKTPHUUECKOTO
II0JISI B IaHHOM CJIy4ae - paJualbHbIe IIPSAMBIE, IEPIIEHIUKYISIPHBIE OCH LIWJIMHIPA.

[IpencraBisieM MOJHBIM MOTOK YE€pe3 3aMKHYTYIO LWJIMHIAPUYECKYIO MOBEPX-
HOCTb S B BHUJIE CyMMBI IIOTOKOB 4€pe3 OOKOBYIO IIOBEPXHOCTh LUIMHAPA S M JIBE

MTOBEPXHOCTH OCHOBAHUM MMJIMHApPA S, :

{D-ds=2. [D.dS + [D-ds.
s s,

Sy

- - -

Ha o0oux ocHOBaHHSIX HWIMHApa BeKTOp D m BekTop dS (T.e. BEKTOp n)
NEPHEHANKYJISAPHBI JIPYT IPYry, UX CKAIAPHOE MPOU3BEIECHUE PABHO HYJIO, MOTOK
yepes3 MOBEPXHOCTH 000MX OCHOBAHUM paBEH HYIIIO.

J‘B. dsS — 0, T.K. D1dS Ha 000HMX OCHOBaHHUSX S, .

S,

N
Ha G0koBOIf MOBEpXHOCTH HIMJIMHJIPA BO BCEX TOUKAaX BEKTOP D COBIMAJaET Mo

- -

HaIPaBJIEHUIO ¢ BEKTOpOM dS (T.e. C BEKTOPOM N ), CKaJISIPHOE MPOU3BEIECHUE ITUX
BEKTOPOB PAaBHO MPOU3BEACHUIO UX BEIUYUH (KOCUHYC YIJla MEXAY 3TUMHU BEKTOpa-
MU paBeH enunuiie). Kpome Toro, ux cooOpaxeHuil CUMMETPUU CJIEAYET, UTO BEJIU-

S
YyiHa BeKTOopa D 0JMHaKOBa BO BCEX TOUYKax OOKOBOM MmoBepxHOCTU. Torma moTok
yepe3 OOKOBYIO MOBEPXHOCTh PABEH:

D-dS= [D-ds=D- [dS=D-S, =D-2-7-r-h.
) ) | |

Sy Sy Sy
WTak, MoiHbIA NOTOK Yepe3 3aMKHYTYIO IOBEPXHOCTh S PaBEH:

{B-d§:D.2.n-r-h.
S
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Ha ocnoBanuu Teopembr OcTtporpanckoro-I'aycca 3TOT MOTOK JOKEH OBITh
pPaBEH MOJHOMY 3apsiy BHYTpU noBepXHOCTH S. IloiHbINM 3apsij paBeH 3apsay Tou
YacTH 3apsHKEHHOTO HWJIUHIPA, KOTOpask HaXOUTCSl BHYTPU MOBEPXHOCTH S:

Q=4-h.

[IpupaBHMBaeM MpaBble YaCTH IBYX ITOCIEAHUX PABEHCTB:

D-2-7-r-h=4-h.
COKpaHlaCM h u oxkoHYaTEIBEHO IMoJIydacm:
2 D 2

D= , E= =—" - BBIPAKCHUA JISI UHAYKIIMU U HAIPAKCHHOCTH
2-7-r & 2-m-r-g

OJIS
OECKOHEYHOI'0 PaBHOMEPHO 3apsKeHHOro unHapa B cucteme CU. Otu op-
MYJIbI IPUMEHUMBI TOJIBKO 111 r>a. A - JUHEHHas IUIOTHOCTh 3apsja.
HanpsxkeHHOCTh MOJIs HUIMHAPA YOBIBAET 0OPATHO MPOMOPIIMOHATIEHO NEPBOM
CTENEHU PACCTOSHUA OT OCHU LUJIUHIPA.

3. Ilone paBHOMEPHO 3apsKEHHOU chephl UK 11apa.

[TycTh Ha MOBEPXHOCTH cepbl UM B 00beMe Iapa paBHOMEPHO paclpeeicH
3apsin Q. Pammyc cdhepbl a. B mpoctpaHcTBe BHE cdepsl (Wiau mapa) OyaeT cyle-
CTBOBATbh JIEKTPUUECKOE I10JIe, CUIIOBBIE JTMHUU KOTOPOTO U3 COOOpaKEHU CUMMET-
PUHM MOTYT OBITh TOJIBKO paiiaibHBIMU IPSIMbBIMHU.

OxpyxaeM 3apsuKeHHYI0 chepy BOOOpakaeMoil 3aMKHYTOM MOBEPXHOCTBIO S
TOXe B BUAE chephl, paauyc KOTOPOM r>a, a IEHTP COBMAAAET C LEHTPOM 3aps-
AKEHHOU cepbl.

N
BriuncnuM moTok BekTOpa MHAYKIMU D 4Yepe3 3aMKHYTYI0 ChepUuYecKyro
nmoBepxHOCTh S. Ilpu BBIUMCIEHHHM YUYTEM, YTO BO BCEX TOYKAX ATON MOBEPXHOCTH

- - -

BEKTOp D cOBMmajaeT Mo HampapjieHUIO C BEKTOpoM dS (T.e. ¢ BEKTOPOM h ), CKa-
JSIPHOE TIPOM3BENIEHUE ITHUX BEKTOPOB PAaBHO MPOU3ZBEACHUIO MX BEIUYHH (KOCHHYC
yria MeXIy STUMHU BEKTOpaMu paBeH enuHuie). Kpome Toro, umx coobpaxeHwit
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.
CUMMETpPHHU CJIEIYEeT, YTO BeIMUYMHA BeKTopa D 0JMHAKOBa BO BCEX TOUKAaX CQepsbl.
C y4eToM BCEero 3Toro noJiy4um:

D-dS=dD-dS=D-{dS=D-S=D-4-7-r?.
S S S

Ha ocnoBanuu teopembl OcTporpajickoro-I'aycca nmpupaBHUBAaEM 3TOT MOTOK
MOJIHOMY 3apsily BHYTPH IMOBEPXHOCTH S, T.€. 3apsay Q:

D-4-7-r2 = Q.
Otcrona:
D:L E _b__Q . BBIPAXKEHUS JIJI1 UHIYKIIUU U
4-7-r%’ g 4-mogy-r?

HaANPsKEHHOCTHU MOJISE PABHOMEPHO 3apshKEHHOM cdepbl wiu 1mapa B cucteme CH.
OTHU BBIpaXXEHUSI CIIPABEJIUBBL I I > a.

Bue cdeps! (min mapa) noJie Takoe ke, Kak U MoJie TOYEUHOTo 3apsaa, IoMe-
HIEHHOTO B LIEHTp cepbl. HanpsskeHHOCTh yObIBaeT 00paTHO MPONOPIUOHAIBHO
KBaJpaTy pacCTOSHUA OT LIEHTpa cepsl.

Ecnu 3apsn paBHOMEpHO pacIpesiesieH MO MOBEPXHOCTH chepbl, TO BHYTPU
cheppl (r<a) 1moJie paBHO HYJIO, T.K. JitoOas 3aMKHYTasi MOBEPXHOCTb, B3sTas
BHYTPU Takoil ceprl, HE COACPKUT 3apsa.

Ecinn 3apsa paBHOMEPHO pacnpeieNieH o 00beMy 11apa, TO I0JIe BHYTPH LIapa
HE PaBHO HYJIIO, HO ¥ HE TAKOE, KaK y TOYEYHOI0 3apsja.

Pabora sexkrpuuyeckoro noJis. Ilorenumadn.

Ha 3apsn q, Haxomsuumicsa B DJIEKTPUYECKOM IIOJIE, IEMCTBYET CHJIA CO CTO-
POHBI 3TOT'O IOJIA:

Tl

Il
o]

mi

rae E - HaMpsH>KEHHOCTH TOJIS.

Ecnu 3apsn nepemeniaercs, TO NEPEMENIAETCA TOUKA MPUIIOKEHUS CUIIBL, CIe-
JIOBATEJIbHO, CHJIa COBEPIIIAeT padoTy.

PaGoTa cuibl 37€KTPOCTATHUECKOTO TOJI HE 3aBUCUT OT (OPMBI IyTH, T.€.
3JIEKTPOCTATUYECKOE TOJIE€ MOTEHIUAIBHO.

[Tokaxxem 3TO Ha IMpUMEPE MOJISI TOUEUHOTO 3apsaa. [IycTe HEKOTOpbIN TOUYEU-
HBIU 3apsii  MEpPEeMEIAEeTCsl U3 NPOU3BOJIBHON TOYKK | B MPOU3BOJIBHYIO TOUKY 2
M0 TIPOU3BOJIBHOW TPACKTOPUHU B TOJIE JPYyroro toueyHoro 3apsna Q. Ilycts o6a
3apsiia I ONPEAEIEHHOCTH MOJIOKUTEIbHBIC.

Boigenum Ha TpaekTOpuu 0€CKOHEUHO Majblil yyacTok dl ¥ BbIYMCIMM pabo-
Ty cuibl F Ha 3TOM yyacTke.
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Pa6ora dA cunbl F Ha yyactke dl paBHa:

N
I —

dA=F-dl=F-dl-Cose ,

- -
rie a - yroi Mexay BekTtopamu F u d | (HampaBieHUEM JIBUYKEHUS).

Cuna B3anMOJEHCTBUSA JABYX TOYEUHBIX 3apsAnoB F ompenensercs u3 3aKkoHa
Kynona:

F-k. 2 Q , K - koo puLMeHT, 3aBUCAIINI OT BHIOOpA CHCTEMBI ¢IUHUII.
r

[ToacTaBiisieM 3TO B BIpKEHUE JIsI paOOThI M MOJTy4aeM:

>

dA:k-qr'Q dl-Cosa -

N300pazum B Oosiee KpymHOM MaciiTade yyactok dl:

dr =dl- Coqoc

\ N
.
.
.
.
.

R
N3 sTroro pucyHka BugHO, yTo dl-Cosa =dr - mpoekuuss BekTtopa d | Ha Ha-

mpaBJeHUE I, coeAuHsIonee 00a 3apsna.
Jlnst pabotel dA moy4aeTcs TaKoe BhIpAKEHUE:

da=k- T2 gr.
r

[TonHas paboTa mpu MepeMEeIeHUH 3apsiia U3 TOYKH | B TOUKY 2 HaXOJIUTCS
CYMMHMPOBAHHEM BCEX padOT M0 BCEM MaJIbIM YYacTKaM:
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f

2 r.
Tdr 1
Ap = [dA=k-q-Q [Z=-ka-Q-
1 n

= _k.q.Q.(rl_rlj = k‘q-Q-(%—%j.

Takum oOpazom, paboTa pu NepeMeIIeHH TOYSYHOTO 3apsifa ( B IMOJe ApY-
roro TOYEYHOIo 3apsiia Q U3 MPOU3BOJBHON TOUKH 1 B MPOU3BOJIBHYIO TOUKY 2 TIO

IIPOU3BOJIBHOW TPAEKTOPHUH PaBHA:

i}

1 1
A :k. . ==,
12 QQ(rl rzj
31ech

Bcucteme CU

4.7,
k =
1 B cucteme CI'CO

[TomyueHHO€E BBIpa)KEHHE MOKA3bIBAET, UTO pabOTa OMpENeNsieTcs] TOJbKO B3a-
MMHBIM PacroyiokeHreM Touek 1 u 2, He 3aBucut ot hopMmel mytu. Hanmpumep, eciu
rL=r, , Topabora A,, =0 HE3aBUCUMO OT (POPMBI MYTH.

PaGoTa cuIbI AJIEKTPOCTATUYECKOTO TOJISI HE 3aBUCUT OT (HOPMBI MyTH. ITO
YTBEPXKJICHUE CIPaBEJIUBO JJIS TOJIS, CO3aBAEMOTO JIF0OOW CHCTEMOW HEMOJABUXK-
HBIX 3apsI/IOB, HE TOJILKO JIJISl TIOJISE TOYEUHOTO 3apsiia. OOG0CHOBATH 3TO YTBEPKICHUE
MOHO clIeAyromuM o0pa3oM. Ha ocHOBaHMM MpUHIUIIA CYTIEPIIO3UIIMH TI0JIE JTF000M
CHUCTEMBI 3apsiIOB MOKHO MPEACTABUTH B BUAE BEKTOPHOW CYMMBI IMOJIEA TOUYECUHBIX
3apsAz10B (BCe 3aps/ibl CKIAAbIBAIOTCS U3 3aPSA0B 3JIEKTPOHOB U MPOTOHOB). {1151 mosis
Ka)XJI0T0 TaKOr'0 TOYEYHOTO 3apsiia JaHHOE CBOMCTBO J0Ka3aHo. Ciie1oBaTebHo, s
CYMMAapHOTO IOJIS1 3TO CBOMCTBO TOXKE CIPABEIIUBO:

F=>F > A=)A"
A, He 3aBUCHUT OT (OPMBI TyTH, CIENAOBATEIHLHO, A HE 3aBUCUT OT (POPMHBI
MyTH.
B npousBosbHOM ciiyyae cuia, 1edCTBYIOIIas Ha 3apsij (, BBIYUCISIETCS HE 1O
3akoHy KyroHa, a Ha OCHOBaHUHU OOIIETO BBIPAXKEHUS JIJISI CHUJIBI:

- - -
F=q-E, TA¢ E - HanmpsoKEHHOCTH MOJIA.

Torna pabota Ha MajoMm y4yactke dl:

dA=F.dl=q-E-dl, amnoigHas paboTa Ha BCEM ITyTH:
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2 2 e -
A, = fdA: q- IE. d| - HE 3aBHUCHUT OT ()OPMBI MTyTH.
1 1

HezaBucuMocTh paboThl OT POPMBI IIyTH O3HAYAET, YTO padOTa MOJIS MPHU Ie-
pEMENIEHNH 110 JTI000MY 3aMKHYTOMY IyTH paBHA HyJ0. JleiicTBUTENBHO, IEpEMEC-
TUM 3apsijl 110 MPOU3BOJIILHOMY 3aMKHYTOMY Iyt la2bl.

a

o]

[Tonnas paboTta mo BceMy MyTH OYAET CKJIAIbIBATHCS U3 pabOT MO OTACIHHBIM
€ro yJacTKaMm:

A1a2b1 = Ala2 + AZbl-

Cuna co CTOPOHBI JJICKTPHUYCCKOTO IT0JIA Ha 3apsa 3aBUCUT TOJIBKO OT ITOJIOXKC-
HHA OTOI'O 3apsia U HC 3aBUCUT OT HAIIPABJICHUA €TI0 JIBHUKCHUA. 910 O3Ha4acT, 4To:

A2b1 = _Alb21

T.€. paboTa Ipu MEepEeMEIEHNU B OJIHY CTOPOHY paBHA paboTe MpH MepeMeIieHUH 1o
ATOMY k€ MYTH B APYTYIO0 CTOPOHY CO 3HAKOM MHUHYC, TaK KakK IPU CMEHE Halpaslie-
N
HUSI IBUKEHUS HA TPOTUBOMIOJIOKHOE MEHSIETCSl HalpaBjIeHUEe Kakaoro Bekrtopa d |,
-
a HalpaBJICHHE BeKTOopa F ocCTaeTcs HEM3MEHHBIM.

Takum 00pa3zom, MOXKHO 3aITUCATh:
Ao = Ao + Ay = Ay — Ay, = 0.
[Tocnennee paBeHCTBO O0YCIIOBIEHO HE3aBUCUMOCTHIO pa0OTHI OT (POPMBI ITyTH:
Ay = Ay

HezaBucumocTts paboThl OT (pOpMBI MyTH O3HAYAET, YTO padoTa Mo JHOOOMY
3aMKHYTOMY ITyTH paBHa HYJIIO U HA000POT, aHAIIOTUYHBIMU PACCYKICHUSIMH MOKHO
MOKa3aTh, YTO U3 YCJIOBUS PAaBEHCTBA HYJIO pabOTHI MO JIOOOMY 3aMKHYTOMY IyTH
MO>KHO MOJYYHUTh YCIOBUE HE3aBUCUMOCTH PabOThl OT (POPMBI ITyTH.

YTBepkIeHUsT 0 HE3aBUCUMOCTU pabOThl OT (OPMBI MyTH U PABEHCTBE HYJIIO
paboThl 1Mo TI000MY 3aMKHYTOMY IYTH MOJHOCTBHIO PaBHO3HAUHBI, SKBUBAJICHTHBI U
OTPAXKAIOT CaMO€ IJJaBHOE CBOMCTBO AJIEKTPOCTATUYECKOTO IOJISI - €ro MOTEHIUANb-
HOCTB.
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DJEKTPOCTATUUECKOE MOJI€ MOTEHIIMANBHO, T.€. pad0Ta B 3TOM IOJIe HE 3aBH-
CUT OT (hOPMBI ITyTH, padoTa M0 JIOOOMY 3aMKHYTOMY IyTH PaBHA HYIIIO.

PaboTa o nmpou3BOJILHOMY 3aMKHYTOMY MYTH | B MPOU3BOJIHLHOM AJIEKTPOCTA-
TUYECKOM T10JI€ BHIYUCIISIETCS CJIETYIOIIMM 00pa3oM:

A = qc_fEdT
|

Orta paboTa paBHa HYJIO, CJIE€I0BATEILHO:

JE-dT-=0.
|

pr)KOK Ha MUHTCrpaJiIC 03HA4YacT, YTO MHTCIPAJd BBIYHUCIIACTCA 110 3aMKHYTOMY

KOHTYDY.
HNHTerpan Takoro BuAa IO 3aMKHYTOMY KOHTYPY HAa3bIBA€TCS LUPKYJSALHUEN

BEKTOpA E 110 KOHTYpY |.

[Tocnennee BbIpaXkeHHE MPEACTABIAECT COOOM €Ie OJHY, MaTeMaTHYECKYIO
(OpMyJIMPOBKY OCHOBHOT'O CBOWCTBA AJIEKTPOCTATUYECKOTO TOJIS:

[upkynsiusi BEKTOpa HANPSXKEHHOCTH 3JIEKTPOCTATHYECKOro MOJIs MO JII000-
My 3aMKHYTOMY KOHTYPY paBHa HYJIIO.

ITycTh Tenepp B 2IEKTPOCTATHUECKOM I0JIE TPOU3BOJIBHOTO (HE 0053aTEIbHO
TOYEYHOTI0) 3apsfa Q MepeMelaeTcsl TOUCUHBIN 3apsii M3 MPOU3BOJIIBHON TOUKH |

B OCCKOHEYHOCTH I10 IIPOU3BOJIBHON TPACKTOPHH.
Q 1 Q
O '/\o\>/\'> oo
A4,

[Ipu »ToM moJie 3apsaa Q cosepwuT paboty A, , He 3aBHCALIYIO OT Qop-
MBI MYTH, a TOJBKO OT MOJIOKEHUS TOUYKHU | U OT BEJIMUMHBI 3apsija q.

YBouM 3apsifi U OTOT YABOEHHBIN 3aps/l OISATH IIEPEHECEM 110 TOU e Tpa-
€KTOpUH U3 TOM ke Touku 1 B Ty ke OeckoHeuHoCTh. Cuila, IeHCTBYIOIIAsl Ha 3apsi,
YABOUTCS BO BCEX TOUKax TpaekTopuu. CienoBaTesbHO, YABOUTCS paboTa 3TOM CHUIIBI
(T.K. cuJa yJIBOWJIACH, 4 TPACKTOPHST OCTAIIOCH MPEKHEN).

q—2-9, F>2-F (tx. F=q-E), A>2-A.

Ecnu BeramcuTh OTHOIIEHUE PAOOTHI K IEPEHOCHUMOMY 3apsiy, TO OHO Y)KE HE
OyIeT 3aBHCETh OT ATOTO 3apsja:

1o

- HC 3aBHCHUT OT (.

29



JleiicTBUTENBHO, 3apAl ( YJIBOWIH, paboTa TOXE yJIBOWIACH, & OTHOLICHHE,
CJIEI0BATEIIbHO, HE U3MEHUIIOCH.

DTO OTHOILIEHUE, TAKUM 00pa3oM, SIBISIETCS XapaKTEPUCTUKONW CaMOro IOJIsL.

OTa XapakTEepUCTHKAa Ha3bIBACTCS MOTCHIMAIOM IOJIA B TOuke 1, mnmm s
KpPaTKOCTH - IOTEHIIUAJIOM TOYKH 1.

Aloo

Q1= IIOTCHOHAJI TOYKH 1.

JlanHoe BbIpa)kKeHHE MpeACTaBisAeT co0o0il obIiee ompeneneHrue MOTeHIIMama,
CIpaBeIUBOE IS JIFOOOT0 ANEKTPOCTATUYECKOIO OIS B JIFDOOW CUCTEME EUHULL.

[ToTenmuan nmomnst B T.1 - 3TO OTHOIIEHHWE pabOTHI, COBEPIIAEMON MPH TepEHE-
CEHUU 3apsjia U3 STOM TOYKU B OECKOHEYHOCTD, K 3TOMY 3apsiay.

Wi yHave, moTeHIMaI TOYKH - 3TO paboTa Mo NePEeHECEHUI0 SAMHUYHOTO TM0-
JIO’KUTENLHOTO 3apsijia U3 JaHHOW TOYKU B OECKOHEYHOCTb.

Enunnna u3mepeHus: noTeHIana yCTaHaBINBAETCd HA OCHOBAHUM €r0 OIpe-
JICICHHs B 00EUX CHCTeMaxX €UHUII.

1spr
B cucreme CI'CO: 1 en. CI'CO, = Len.CICO,
B cucreme CU: 1 Bonbr = 1&
1 Kn
CooTHOILIEHHE MEXYy ITUMU €IUHULIAMU:
7
1B = 1Ax__ 10 opr ex.CICD, .

1Kn 3-10° en.CI'CD, 300

1B = % exr. CI'CD, wu obparno: 1exn CI'C3, = 300 B.

Pa3HocTh MOTEHIIUAIOB (HANIPSIKEHHE).

PaboTa anekTpocTaTH4ecKoro mnojisi He 3aBUCUT OT (opmbl myTu. [lepenocum
3apsAl q U3 TOUYKM | B OECKOHEYHOCTh U MPU ATOM 3aBEPHEM B TOUKY 2, T.K. BCE paB-
HO - TI0 KAKOMY ITyTH MIEPEHOCUTH 3apsia U3 T.1 B OECKOHEUHOCTb.

QO ! q .

1o onpenenenuto:
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A
¢, = —2 - IOTEHUHA] TOYKH I.
q

PaGora no BCEMY IIYTH paBHa CyMME pa60T I10 €ro0 OTACIBbHBIM Y4YaCTKaM:
Alw = A12 + A2w'

HOI[CT&BJ'I}IGM 9TO B BBIPAXKCHUC IJIA IIOTCHIHMAJIA U IT0JIYy4YaCM:

[TomyyaeM: o, =Br g OTKy/Ja:

[Tonyunnack pa3HOCTh MOTEHIIMATIOB TOoYeK | m 2. DTa BelIMYMHA TaK U HA3bl-
BAETCS - PA3HOCTh NOTEHIIMAJIOB TOYEK | U 2, MU HaNpSHKEHUE MEXKIy TouKaMu 1 u
2.

Pa3HoCTh MOTEHUMANIOB (HANPSKEHUE) MEXAY Toukamu | 1 2 paBHa OTHOIIIE-
HUIO PabOTHI IO MEPEHECEHUIO 3apsia u3 T.1 B T.2 K 3TOMY 3apsy.

Wnm - 310 paboTta 1o NepeHEeCeHU0 EAUHUYHOTO MOJOKUTEIBHOTO 3apsaia U3
T.1 BT.2.

Jlnst 0o003HaueHus: pa3HOCTU MOTEHUMATIOB MpUMEHsieTcs: 00biyHO OykBa U.
WNHorga (koraa 3To CyIIECTBEHHO) IpH 3TOM OyKBE CTaBSITCSI MHIEKCHI, YKa3bIBaO-
LI1E TOCJIEA0BATENBHOCTD IIEpEMELIEHUS MEXK Iy TouKaMH. [lepemena nHaekcoB mec-
TaMH JOJIKHA COMPOBOXKIATHCSI CMEHOM 3HaKa Pa3HOCTH MOTEHLIAAJIOB.

12,

Pr- 9, =U, = —=

U,=9,-9,=-(p,—9,)=-U, .

3Has pa3HOCTh MOTEHIINATIOB, MOYKHO BBIUMCIUTH PAOOTY MO EPEMEIICHUIO
3apsija:

A,=qU,=0(p,-9,)=-0-(p, —9,)=—-0-Ap - HE 3aBUCUT OT q)OpMI’I yTH.
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[IpakTryeckoe 3HaUeHHE UMEET HE caM MOTEHIMa, a €ro pasHocTb. [loaTromy
TOYKY HYJIEBOTO MOTEHI[MAIa MOKHO BbIOpATh MPOU3BOJIBLHO M OTCUUTHIBATH OT HEE
MOTEHIIMAJIBI BCEX OCTaJIbHBIX TOUECK.

Hampumep, 3anuche:

JIst MHOTHX (PU3MYECKUX TEOPETHUECKUX PAcueTOB TaKOW BHIOOP TOUKH HYyJIe-
BOT'O MOTEHIMaNa yA00€H, HO JIJIi TEXHUYECKUX - HEe O4eHb. {15 TeXHUUecKux pac-
YETOB TOUKY HYJIEBOTO MOTEHIIMANIa BEIOUPAIOT T/Ie-HUOY/Ib OOJIMIKE, HApUMeEp, Ha
MMOBEPXHOCTU 3€MIJIU, UM HAa KOPITyCE 3JIEKTPUUYECKOTO MpUdOpa.

IToTeHIUABLHAS JHEPTHUS 3aPsiia B JJIEKTPUYECKOM IOJIe.
DHeprus - 3To Mepa CIOCOOHOCTU CUCTEMBI COBEPIIIUTH PadOTYy.

Ecnu 3apsim q HaxoAuTCs B TOUKE C MOTEHIIUAIOM (9, TO DJIEKTPUUECKOE MOJIe
MOYET COBEPIIUTH Pa0OTY:

A = q . q) .
DTO M €CTh PHEPTUsI CUCTEMBI: JIEKTPUUECKOE MOJIE + 3apsiji, UIN dHEPrus 3a-

paga B 9JICKTPUICCKOM IIOJIC. OTta OHCPIUA O6YCJ'IOBJ'I€Ha OIIPCACIICHHBIM ITOJIOKCHH -
CM 3apsdaa B II0JIC, T.C. 9TO DQHCPIUs IIOJIOKCHUA, ITOTCHIHHAJIbHASA SHCPI'UA.

Wen =Qq-.

OTCIO)Ia MOKHO ITOJYYHUTHh €IIC OAHO OIMPCACIICHNC ITOTCHIIMAIA:

T.€. IOTEHIIMAJ B JAHHON TOYKE - 3TO MOTEHIMAIbHASL SHEPTUS €IUHUYHOTO MOJI0KHU-
TEJBHOTO 3apsiaa B aToi Touke (B yueOHuke M.B.CaBenbeBa 3T0 onpeneneHue sBs-
etcst nepBu4HBIM, B yueOHuke C.I'.KanamHukoBa - BTOpUYHBIM).

PaGoTa mo nepeHeceHuto 3apsaa u3 TOYKu 1 B TOUKY 2:

AlzZQ'(¢1_¢’2)ZQ'¢’1_Q'(P2:Wam _W3n2: _(WanZ_Wsn'I):_AWan '
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PaGoTa paBHa pa3HOCTH MOTEHIIUAIBLHBIX SHEPTHI C MUHYCOM, KaK 3TO | T0JI1a-
racTcs JIs MOTCHIIMAIBHBIX IMOJICH, KakK 3TO ObLIO W JIISi TPABUTAIIMOHHOTO IIOJIS
3eMIn.

BuecucremMHasi eIMHMIA JHEPIUHM - J3JIEKTPOHBOJIBT.
OTo 3Heprus, paBHas padOTe MO NPHU IEPEMELIEHUU 3JIEKTPOHA MEXKIY
TOYKAMH C PA3HOCTHIO NOTEHINMAIOB | BOibT.

A=q-U. q=1610" Ki, U=1B,

1o8 = 1.610™ Kn' 1B = 1.610™ JIx = 1.610™ opr.

CBs3b MEKAY HANIPAKECHHOCTBIO JICKTPOCTATHYIECCKOI'O II0JIH U TIOTCHIHAJIOM.

Bbruncnum paboTy, coBeplIaeMyro 3JI€KTPOCTATUUECKUM I10JIEM MPU MEepeMe-
IIEHUU 3apsa Ha HeOoJblIoe paccTosHue Al, AByMs crocoO0aMu U MpUpaBHSIEM

00a pe3ynbrara.

[To onpenenennto padbOTHI:
A,=F-Al-Cosax .

N
3neck F - cuiia, AeiCcTBYIOIIAs Ha 3aps]l CO CTOPOHBI AJIEKTPUIECKOTO MOJIA, «
- YTOJI MEX]1y HAIIPaBJICHUEM CHJIbI M HAPaBJICHUEM MEepEeMEIICHUS 3apsia.
Cuna BBIYHUCIIAETCS B OOIIEM Clydae TaKuM 00pa3oM:

F=q-E, rae E - HanpspKEeHHOCTH MOJIA.

Torna:
A,=0-E-Al-Cosa =q-E -Al,

rie E =E-Cosae - IPOEKIHS BEKTOPA HANPSIKEHHOCTU DJIIEKTPUUECKOTO IO Ha Ha-
[paBJICHUE IBWOKEHUA |.

Wtak, paboTta npu nepeMemeHny Mexay AByMs OJMM3KUMU TOUYKAMHU Ha pac-
crosHnu Al paBHa:

A,=0q-E-Al.
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C nmpyroit CTOpoHBI, 3Ta xKe paboTa MOXKET ObITh BBHIYHCIICHA Y€Pe3 Pa3HOCTh
MOTEHIIMAIOB MEXIY STUMU TOUKAMHU:

A,=0(p,-9,)=-0-(p,—9,)=-0q-Agp.

3,[[601) n - IIOTCHIIHXAJIbI HaanBHOI;'I n KOHeqHOﬁ TOYCK IICPECMCIIICHUA A -
(70 @, s 4
Pa3HOCTh 3THUX IMOTCHIINAJIOB.
HpI/IpaBHI/IBaCM o00a pe3yibpTara aJpyr apyry.

q-E-Al = -g-Agp.
Cokpaimraem q: E,-Al = ~Ap ¥ IIOJIyYaeM:

_Ae,
Al

=

OTO paBEHCTBO HE COBCEM TOYHOE, T.K. B OOLIEM Clyyae HaNpsKeHHOCTh E
pasiuyHa B pa3aM4HbIX TOUYKax ydacTka Al.UYem MeHbIIE 3TOT y4acTOK, TEM TOUHEE
paBeHcTBO. B mpenene, npu Al ---> (0 paBeHCTBO CTAHOBUTCS TOYHBIM:

__%9,
! ol

[Ipenen npaBoit 4acTH - 3TO MPOU3BOJAHAS, IPUYEM, B JAHHOM CIIy4Yae - 4acT-
Has MPOU3BOAHAs (Kpyrias MO HamMCaHWIo, a He mpsmasi). CMbICH NpUMEHEHHs Ya-
CTHOM IIPOM3BOJHOM 3aKJIIOYAETCSA B JAHHOM CIIy4yae B TOM, YTO IIOTEHIUAT ¢ 3aBU-
CUT B OOIIEM clTyyae OT BCEX HalpaBJIeHUI B NMPOCTPAHCTBE, a COCTABJISIONIAS MOJIS
E, omnpenensercs Npou3BOAHOMN TOJBKO M0 HANPABIECHUIO |.

Hampasnenue | - 3TO MpOM3BOJIBHOE HAIIPaBICHUE B IIPOCTPAHCTBE. B vact-
HOCTH, IIOJyYEHHOE BBIPA)KEHUE MOYKHO 3aIMCATh W JJIS HANPABICHUN, COOTBETCT-
BYIOIIIMX KOOPJAWHATHBIM OCAM X, Y, Z:

E__2¢ E__%¢ E__29.

g ox Y oy ! o1
DOTHU COOTHOUICHUS MPEACTABISAIOT COOOM MPOEKIMH BEKTOpa E Ha KOOP.HU-

>
HaTHBIC OCH, 4 3TO 03HAYaACT, YTO CaM BEKTOp E MOXKET OBITH 3alTMCaH TaKUM 06pa—
30M:

3mech i, j, k - CAMHIYHBIC BEKTOPHI BJONb KOOPAMHATHBIX OCeH X, Y, Z co-
OTBETCTBEHHO (OPTHI OCEH).

BekTop B CkOOKax Mo OMpeJesIeHHI0 Ha3bIBaeTCs IPATUCHTOM CKaJIIPHOW Be-
JUYUHBL ¢. ['paTueHT CKaJIspHON BEIMYUHBI ¢ 00O03HAYaeTCs TaKUM oOpazoMm: V¢

(V - rpedeckas OykBa HaOJIa).
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OKOH‘I&TCHLHO IMoJIy4dacM:
E=-Vgp.

OTO BBIpAKEHHUE U MPEACTABISAET COO0M CBA3b MEXAY BEKTOPOM HaNpPsKEHHO-
CTH 3JIEKTPUUYECKOTO TOJS U CKAJSIPHOM BEJIMYMHOW MoTeHuuana 3toro nois. Ha-
IPsKEHHOCTh paBHA MUHYC TPaJMEHTY MMOTEHIMATIA.

MaremaTuueckuil CMBICI TPaJAMEHTa - 3TO BEKTOp, HAIPABIECHUE KOTOPOIO
COBIAJAET C HANPABIECHUEM HAaMCKOPEHIIEro HapacTaHus (B MPOCTPAHCTBE) CKaJSp-
HOI BEJIMYMHBI ¢, 8 BEIMYMHA paBHA CKOPOCTH HApACTAHMS B 3TOM HaIlPaBJICHUU.

CBsi3p MEXly HAaNpPsLDKEHHOCTBIO M MOTEHLMAIOM MO3BOJISIET MO HU3BECTHOMY
IIPOCTPAHCTBEHHOMY PACIPENEICHUIO MOTEHIMAIA ONPEAEIUTh PaclpeesIieHue Ha-
NPSDKEHHOCTH U HA00OPOT.

OnpenenuM, HapuUMep, pacIpeesICHUe MOTEHIMaNa Ui MOoJs TOYEYHOro 3a-
psaa, MoJs QWIMHAPUIECKOTO 3apsAa U I OAHOPOIHOTO MOJIA (ITOJISI INTIOCKOCTH).

1. Pacnpez[eneHHe IMOTCHIMAJIA ITOJIA TOUYCUHOI'O 3apsaa.

HaHpH)KeHHOCTB moJisI TOYCHHOTI'O 3apsJa HallpaBJICHA BAOJIb paaraIbHOIO
HalpaBJICHUA U 3aBUCUT TOJBKO OT OI[HOﬁ KOOpAMHATBI I BAOJIb 3TOI0O KC HaIlpaB-
JICHH:, IIO3TOMY MOXHO 3aIlluCaTh:

E:Erzk.%.
.

FpaI[I/ICHT INOTCHOHAaJIa ¢ HMEET TOJIBKO OJHY COCTABJIAIOMIYIO - BIOJb I .

op
\Y =—r .
Vo), ar

Takum oOpazom:

do
E: E = — V == =,
=—Vo), ar ar

B sTOM BBIpakeHUM yacTHas (Kpyrjiasi) MpOM3BOAHAS 3aMEHEHa MOJHOW (TIPsIMOiN)
MIPOU3BOJIHOM, TaK KaK BBUAY CUMMETPHUH 3aJa4d MOTCHIIUAT MOXKET 3aBUCETh TOJb-
KO OT OJIHOM KOOPJIMHATHI I, a YaCTHAas MPOM3BOJHAS UMEET CMBICI TOJILKO B TOM
ciydae, eciii (DyHKIMS 3aBUCHUT OT JIBYX M 00Jiee apTryMEHTOB.

[Tomygaem:

E:_‘;i’ oTCIONIa dp =—E-dr.
r

HOI[CTaBJIHeM BBIPAXKCHUC [JIA I10JISI TOUCYHOIO 3apsjaad U IIOJIydacMm:
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dr
r
HNHuTerpupyem o0e 4acTu STOro paBeHCTBA:

d

r
2
r

fap = —x-0-

P

Brmmonnss HHTCTPUPOBAHUC, ITOJTYINUM:

r

4

=

)

%_%qup_ljsz_kQ.
) L

¢|¢: :—k-Q-(—

Sl

BrInosnHseM n0ACTaHOBKY:
L oh

B pesynbrare nosyyaercs:

«.Q , aBoOmem ciayuae:
I,

2

(01:k'r! (22}
1

o=k .Q - noTeHIMaN MO TOYEUHOTO 3apsAna Q B BAKyyMe.
r

Koaddumment k 3aBUCHUT TONBKO OT BEIOOpPA CUCTEMBI €TUHULL

B cucteme CU

1 B cucteme CICO.

BBIpa)KeHI/Ie I IMOTCHOHAJIA I10JIA TOYCYHOI'O 3apsAada CIIPpaBCIJIMBO U OJIA I10-

7S MapoBOro Wi ChEepUvecKoro 3apsjia 3a npeaenamu mapa  (cdepsl), T.e. s
r> a, rae a - paauyc mapa (cdepsl), T.K. BRIpaKEHUE TSI HAPSHDKEHHOCTH OIS
mapoBoro (chepuueckoro) 3apsijia 3a npeaeaamu mapa (chepsl) Takoe ke, Kak v ISl

ITOJIA TOYCYHOI'O 3apsAaaa.

2. ITone 0eCKOHEYHOTO MWJIMH/IPA B BaKyyMe.

HampsikeHHOCTh TI0JIsI OECKOHEYHOTO PAaBHOMEPHO 3apsiKEHHOTO NMUIUHApPA B
BakyyMme B cucteme CU Beraucisercs mo ¢hopmysie:

e l — ]
2.71-8,
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3nech A - 3aps] €IUHMIT JUIMHBI TWIUHIPA, I - PACCTOSIHUE OT OCH ITUJIUH-
npa. dopMyna cipaBeyIMBa MPY YCIOBUU I > a, TJe a - paJuyc IUIUHIpA.

N3 cooOpakeHUl CUMMETPUU CIIEIYEeT, YTO I0JIe MOXKET OBITh HANpaBJICHO
TOJBKO BJIOJb PAAUATIBLHOTO HAIMPABICHUS I W BCE BEJIMYMHBI, XapaKTEPU3YIOIIUE
0JI€, MOTYT 3aBUCETh TOJIBKO OT OJHOU KoopauHathl r. Clie10BaTeNIbHO:

E = Er :—@:—dﬁ,
or dr
T.€. E= _do OTKyJa dp=-E-dr.

dr

HOI[CTaBHHeM Cr0Zia BBIPAKCHUC JIJIA HAIIPSPKCHHOCTH I1O0JIA:

A dr
dp=-—"—.—.
2-7w-g, I
HuTerpupyem o0e 4acTu paBeHCTBA:
P2 r)
.[d(/’ ___ A qdr

2-7w-g, I

BrinonHsieM MHTETpUPOBAHUE:

A
p|” =-——"—-Inr|”
?1 272- 80 n
JlenaemM MOACTaHOBKHU:
A r
¢72_§01:_2 (Inr, —Inp) = -(Inr, —Inr,) = “In=
&, T & P A
OxoHYaTeIbHO:
A h
Py =Py = ‘In—= .

2.8, T,

DTO BBIPAXKEHUE MOKA3BIBAET, UTO MOTEHIIMAI TOJISI [MWIMHAPUUECKOTO 3apsiia
3aBUCHUT OT pauaibHON KOOPAMHATHI I IO JOTapU(PMUUECKOMY 3aKOHY.

3. OIHOPOAHOE TOJIe, B YACTHOCTH, 110JI¢ OECKOHESYHOM TIIOCKOCTH.

HampsixkeHHOCTh TI0JI1 OECKOHEYHON PAaBHOMEPHO 3apsiKEHHOW TUIOCKOCTH B

BakyyMe B cucteme CU onpenensieTcst BbIpa)KeHUEM:

E:O'

2-g,

3,Z[CCB o - 3apsad CAUWHUIBI ITOBEPXHOCTH. 210 BBIPAXKCHUC IMOKA3bIBACT, YTO
HAIpsHKCHHOCTD ITOJISA HE 3aBUCUT OT KOOPAHWHAT, T.C. 3TO OJHOPOJHOC II0JIC.

37



N3 coobpakeHnli CHMMETPUH CIIEYET, YTO 3TO IMOJIE MOXKET OBITh HAMPABIICHO

TOJBbKO BOOJIb KOOPAWHATHI X, HepHeHIIHKYHﬂpHOﬁ Bap}I}KCHHOﬁ IINTIOCKOCTH, a IIO-
TCHIIHAJI MOXCT 3aBHCCTH TOJIBKO OT OI[HOﬁ ATOM KOOpAHWHATHI X, T.C. MOJXHO 3alln-

caTh:
E-g-_2¢__do

X OX dx

[Tonyuaem:
E:_di” Wi dp=-E-dx .
dx
HNuTterpupyem nocienHee BhIpaXKeHUE C y4eToM Toro, uto E = const (oHO-
POHOE MOJe):
P2 X2
[dp = —E- [dx .

P1 1
Brmmonuasiem HHTCTPUPOBAHUC, ACJIACM ITOACTAHOBKH U IIOJIyYacM:

P, =9, =—E-(X, — %) W ¢, — ¢, =E-(X, = X).

Ot BBIPA’KCHHA IIOKA3bIBAKOT, YTO B OJHOPOJHOM IIOJIC, HAIIPABJICHHOM BAOJIb
KOOpAWHATBI X, IIOTCHIHAJ JIMHEHMHO 3aBUCHUT OT ATOH KOOPpAWHATEI.

O003HaYUM:

d =X, —X - PacCTOAHHE MEKIY ABYMs TOUKAMH BIOJIb CHIJIOBOM JIMHUH OJIHO-

poanoro nos. Toraa pa3sHOCTh OTEHIMAIOB MEKIY STUMU TOYKAMHU PABHA:
¢ —¢,=U,=E-d.

N3 sToro BBIPAKCHHA MOJXHO BBIYHCIUTDL HAIIPSKCHHOCTD OJHOPOAHOI'O ITOJIA,
CCJIM U3BCCTHA PA3HOCTH IMOTCHIOMUAJIOB MCKAY ABYMA TOYKAMHU BIOOJIb CUJIOBOHU JIH-

HHH ITO0JIA:

JIBe mocneanue (Gopmymsl CripaBeUIMBBI TOJIBKO JJIsi OJHOpOAHOTO Toisa. Ha
OCHOBAHUHU TOCJIEAHETO BBIPAXKECHUS YCTAHABIMBACTCA E€IMHULA HANPSKEHHOCTU

anekTpudeckoro noss B cucreme CH.

U,=1B, d=1M L e-B_1B  (BombT Ha MeTp).
IMm ™

OauH BOJIBT HA METP - ATO HANPSKEHHOCTh TAKOTO OJHOPOJHOrO MOJs, B KO-
TOPOM Pa3HOCTb ITOTEHLIHUAIOB MEXKAY ABYMs TOYKAMH, YIAJICHHBIMU IPYT OT Apyra

BJIOJIb CUJIOBOM iHUM Ha | M, paBHa 1 B.
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OI[HOpOI[HOG ITIOJIC MOJKHO TAKXKC IMOJIYYUTb MCKIY ABYMA OCCKOHEYHBIMM Ia-
PaJUICIIBHBIMU IINIOCKOCTAMHU, 3aPSZKCHHBIMHA PABHOMCPHO PA3HOUMMCHHBIMU 3apsaaMiu
C OIIHHaKOBOﬁ HOBCpXHOCTHOﬁ IINIOTHOCTBIO © .

Kaxcz[a;l 13 ATUX IUIOCKOCTEH Co31aCT OAHOPOIHOC IIOJIC. CYMMapHOG II0JIC B

COOTBETCTBUM C MPUHLMIIOM CYNEPIIO3UIIUM OINPEACIISIETCS KaK BEKTOpHAs CyMma
[10OJIeH KaKJI0M U3 IJIOCKOCTEN.

Benuuuna HaIps’KCHHOCTH I10JIA K&)KI[OIZ IIIOCKOCTH:

E-g =-2 - Bcucreme CH B BakyymMme.
T 2-g,
1 2 3
E, Y E. O E,
R B —~-----
= - _— -
= -
ST - —~ -
E_ E_ E_
= ~
3nece E. - moJie, co31aBaeMO€ IMOJIOKUTENIBHO 3apsiKEHHON IJIOCKOCTHIO
—
(ieBoit), E- - moje, co3aBaeMo€ OTPUIATEIBHO 3apsHKEHHOM TMIIOCKOCThIO (TIpa-
BOM).

CornacHo NpUHIUITY CYTIEPIIO3UIMN B KaXKJ0M TOUKE IPOCTPAHCTBA PE3YIIb-
THPYIOLIEE I10JIE PABHO:

E = E—:_ + E_ .
B obGmactu 1 cneBa ot neBO# TUIOCKOCTH WM B 00yiacTu 3 cmpaBa OT IMPaBoOit

- -
IJIOCKOCTH 101 E. W E- HampasieHbl B IPOTUBOIIOJIOXKHBIE CTOPOHBI U UX BEK-
TOpHAsi CyMMa paBHA HYJIIO, T.K. E, = E .

E:1=E,=0, T.K. E {1 E BoOmactax 1 u 3.

- -
B o6nactu 2 Mexay o0erMHu MIIOCKOCTSMU Toyist E. w1 E- HampaBJeHBI B OJI-

HY CTOPOHY MU BCJIIMYMHA HX CYMMbI paBHa YABOCHHOMY 3HAYCHHUIO JI000T0 M3 HHX,
T.K. OHU paBHEIL.

N

E:=E.+E =

2-5+ _2.E ,TK. E_l 1 E B obGmacta 2.

Takum o0pazom, MEXAy ABYMS MapajijieIbHBIMU O€CKOHEUHBIMH TUIOCKOCTSI-
Pa3HOMMEHHO 3apsKEHHBIMU C OJJMHAKOBOM ITOBEPXHOCTHOM IJIOTHOCTBIO, CY-
LIECTBYET OJHOPOIHOE JIEKTPUUECKOE I0JI€, HAMPSIKEHHOCTh KOTOPOI'O paBHA:

MH,
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E :g - II0JIC MC}K,IIy HapaJIJIeJIBHBIMI/I paSHOI/IMeHHO
&g

3apsKEHHBIMU TUIOCKOCTAMHU B cucteme CH B BakyyMme.

Bo BHemHUX 00yacTIX NPOCTpaHCTBA TaKOH CHCTEMbI CyMMapHOE I0Jie
PaBHO HYJIIO.

+0

|
Q

&y

I

(e
YVYVYVYYVYYY

o]

I

(=}

JKBHIIOTEHIIHAJIbHbIE TOBEPXHOCTH.
OKBUIOTEHIIMATbHAS TOBEPXHOCTh, WM IKBUIIOTEHIIMAJB - 3TO BOOOpakaemasi
MOBEPXHOCTh B MPOCTPAHCTBE, PA3HOCTh MOTECHIHMAIOB MEXIY JIIOOBIMU JIBYMs
TOYKaMH KOTOPOU paBHA HYIIIO.

Ny moBepXHOCTh, BCE TOYKH KOTOPOH UMEIOT OJJMHAKOBBIN IMOTEHIINAII.

@(X,y,z) = const - DKBHUIIOTEHLHAIbHAS IIOBEPXHOCTb.

¢ = const

D= 9P, »,— @, =0.

DTo o3Havaer, 4yro padoTa MO MEPEMEIICHHIO 3apsifa  MEXIy JTHOBIMU
JIBYMSI TOUKaMH 3KBUIIOTEHIIMAIBLHON MOBEPXHOCTH PaBHA HYJIIO.

A,=0d-(p, - 9,)=0.

MG)KI[y JFOOBIMU TOYKaMH, B TOM YHCJIC U IIPpU MCPEMCUICHUN MCKAY ABYM:
OECKOHEYHO OJM3KMMH TOYKAMU BIOJIb SKBHHOTCHHI/IaHBHOﬁ IMTOBCPXHOCTH.

dA=F-dl=F Cosa-dl=0

40



T.x. B JaHHOM clly4ae cuijia He paBHa HYJIO ( F = 0) U nepeMelleHre He PaBHO
HyJto (dl #0), TO IJsi paBEHCTBa HYJIO pabOThl MOKET OBITh TOJIBKO OJIHA BO3MOXK-

HOCTbB - JOJDKCH OBITH PaBCH HYJIO KOCMHYC yIJla o MCKAY CHJION U HaIpaBJICHUCM
ABUIKCHUS, T.C. HAIIPABJICHHUC CWJIbI WM HAIPABJIICHUC ABUKCHUS NOJIZKHBI OBITH B3a-

MMHO NEPIEHIUKYISPHBI (o = %)

HaHpaBHCHI/Ie CUJIbI COBIIAAACT C HAIIPABJICHHUCM BCKTOpPA HAIIPAKCHHOCTHU
I10JI41 (I/IJII/I IIPOTHUBOIIOJIOKHO GMY), CJIICOIOBATCIIbHO, BCKTOP HAIIPSKCHHOCTH IICP-
IICHAUKYJISAPCH Z)KBI/IHOTGHHI/IaJIBHOﬁ ITOBCPXHOCTH B JIF000H ee TOYKeE.

HaHpH)KCHHOCTB HaIIpaBJICHA BCCT A I10 KacaTeJbHOM K CUJIOBOM JTUHUMU.

CJIGI[OB&TGJIBHO, BO BCCX TOYKaAX IIPOCTPAHCTBA CHJIOBBIC JIMHHHU W 3KBHIIO-
TCHIUAJIBHBIC ITOBCPXHOCTHU MCPIICHANKYJIAPHBI APYT APYTY.

P17 Py F Py

0, > @, > @, . OTO caeayet u3 GopMyIibl:

E=-Vop.

['pagueHT noreHunana Ve 1O ONPENEICHUIO I'PAIUEHTa HANPABJIEH B CTOPO-
HY YBEJIWYEHHS TOTEHIMANa, a OH € CO 3HAKOM MUHYC - B CTOPOHY yObIBaHUSI.

CunoBbie JIMHUU 3IEKTPOCTATUYECKOIO TMOJISI BCEr/la UAYT B CTOPOHY YOBIBa-
HUSI IOTEHIMANA.

Ecnu 3KkBUNOTEHIMATIbHBIE TTOBEPXHOCTH PHCOBATh TaKUM 0Opa3oM, YTOObI
Ka)k/1asi mapa COCETHUX MOBEPXHOCTEN COOTBETCTBOBAJIA OAHOM M TOM K€ PA3HOCTH
MOTEHIMAJNIOB, TO 3TH TMOBEPXHOCTH OYIyT pacrojaratbcs Tylie Tam, IJie Hamps-

N
’KEHHOCTb T0JIs OoJibllie, T.K. E = —V¢, a rpaueHT noTeHiuaza OOoJbllIe TaMm, T/Ie
AKBUIIOTEHIIUAJIU TYIIIE.
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[IprMepbl SKBUNIOTEHIIMAIIBHBIX TOBEPXHOCTEN PA3JIUYHBIX MTOJIEH.

1. Toueunsrit 3apsiy (chepruyeckut, apoBOM 3apsi).

CunoBsie JIMHUM - paJiuajibHbIC NPSIMbIC, CIEI0BATENbHO, IKBUIIOTEHIINAIbHBIC
MOBEPXHOCTH - c(hephl C MIEHTPOM B 3apsijie (B IEHTpe 3apsHKCHHON cephl win mia-
pa).

P > @y

¢1:k'9’ (ﬂzzk'g
h I,

2. OnHOpOHOE T0J1€ (TT0JI€ TUIOCKOCTH WIIA JBYX IJIOCKOCTEH ).

CusioBble JIMHUH - PaBHOYAAJICHHBIC IMAPAIJICIIBHBIC IIPAMBIC, CICIO0BATCIBHO,

OKBUIIOTCHIOHAJIBHBIC IIOBCPXHOCTH - INNIOCKOCTH, IICPIICHAUKYJLAPHBIC CUJIOBLIM JIH-
HUAM.

?, D,
¢, — ¢, = E-d.

IIpoBOAHNKY B 3JIEKTPOCTATHYECKOM IOJI€.

N3ydeHne BIHSHUA Pa3IMYHBIX MATEPUAIBHBIX CPEll HA 3JEKTPUUYECKUE MOJIA
HA4YHEM C PACCMOTPEHUS NPOBOASAIINX CPE/I.

[TpoBomHUKamMu SIBISIOTCS Bee MeTalibl. CIIOCOOHOCTH BeIecTBa OBITH TPO-
BOJTHUKOM OOYCJIOBJIEHA OCOOCHHOCTSIMU CTPOCHUS €r0 aTOMOB.
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Bueninue (BaJieHTHbIE) 3JIEKTPOHBI aTOMOB BCEX METAJUIOB OYEHB CJIa00 CBSI-
3aHBI C SIIPOM CBOETO aTOMa, T.K. BHEIIIHUE JICKTPOHBI HAXOATCSI CPABHUTEILHO J1a-
JIEKO OT sAZipa U, KPOME TOTr0, SKpaHUPOBAHBI OT HETro 0oJiee OJU3KUMH TOJHOCTHIO
3aM0JITHCHHBIMU AJICKTPOHHBIMU 000JI0UKaMH. BHemHss 000J104Ka aTOMOB METaJlIOB
HE 3aroJIHeHa, Ha Hell 00bIYHO 1 - 2, HOTJa OOJIbIIIE AJIEKTPOHOB.

JlocTaTo4HO HEOOJBIIOTO BO3ACHCTBHS, YTOOBI BHEIIHUM AJIEKTPOH MOKHUHYII
cBoi aToM. Takoe BO3/ICMCTBUE BCEr/la UMEETCS B BUC TEIUIOBBIX KOJICOAHUN aTo-
MoB. [lo3ToMy B MeTamiax NpakTUYECKH BCE JIEKTPOHBI BHEITHEH OOOJIOUKH KaXK-
JIOTO aTOMa HaXOJATCS B CBOOOJHOM COCTOSHHUH, HE CBS3aHBI CO CBOMMH aTOMAaMH,
CBOOOJHO TEPEMENIAIOTCS BHYTPHU KPUCTAUIMUECKOW PEIIeTKH, OOpa30BaHHOU TIO-
JIOKUTEIBHBIMU HOHAMH, T.€. AaTOMaMH, JIMIITUBIIUMUCSA CBOMX BHEITHUX JICKTPOHOB.

Wtak, ABa riIaBHBIX OOCTOSITENBCTBA OMNPEACISIOT JICKTPUUYECKUE CBOMCTBA
MIPOBOJAHUKOB.

1. CBOOOIHBIX JIEKTPOHOB BHYTPH MPOBOJHUKA OYEHb MHOTO, KaK MUHHUMYM,
CTOJIBKO €, CKOJIBKO aTOMOB.

2. Her HUKakuX MOpPEMSITCTBUHN JUIsl TIEPENIBIKEHUSI CBOOOJTHBIX 3JIEKTPOHOB
BHYTpPHU METAJLJIA.

[TomecTuMm HGﬁTpEUIBHBIﬁ IMIPOBOJHHUK BO BHCIHIHCC JJICKTPOCTATUYICCKOC IIOJIC,
IJIs1 OIIPEACIICHHOCTH OAHOPOJHOC.
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TakoBa kapTMHa B TEpBbIil MOMEHT BpeMeHu t = 0, koraa mosne E TOJNBKO
YTO MTHOBEHHO BKJIFOUMIIH.

Ha xaxnap1ii ¢cBOOOHBIN 3JIEKTPOH HAYHET JACHCTBOBATh CHJIa E, HAIIPABJICH-
Has IPOTUB CWJIOBOW JIMHKM, T.K. DJIEKTPOH - YACTHLIA OTPULIATEIIbHAS.

Her HuKakux npensTCTBUM JUIsl ABMKEHHUS DJIEKTPOHOB BHYTpH Metaiia. [lo-
ATOMY 3JIEKTPOHBI MO IEUCTBUEM 3TOM CHJIbI OyIyT MepeMellaTbcs ClipaBa HajleBo,
II0Ka HE JOCTUTHYT IpaHulbl MeTaia. Jlanbine OHM ABUTaThCAd HE CMOTYT. EcTh
MPUYMHBI, YIEPKUBAIOLIUE 3JIEKTPOHBI BHYTPU MeTasla. DTU NPUYMHBI OyAyT pac-
CMaTpUBAaThCS MO3KE.

UroObl BBINTH W3 MeTajia, 3JEKTPOH JOJHKEH MOJIYyYUTh JOMOJHUTEIBHYIO
HHEPrulo, Ha3bIBaEMYI0 pabOTOl BbIXOAa. B OOBIUHBIX YCIOBUSX y 3JEKTPOHA 3TOU
DHEPIr'uM HET, MO3TOMY Ha I'PAHULIE METAJIJIA OH OCTAHOBUTCS.

B pesynbrare Ha eBO rpaHuie OyAyT HakKaljIMBaThCsl HE CKOMIIEHCHPOBAH-
HBbIE OTpULATENbHBIE 3apAabl. Ha mpaBoil rpaHuiie NOSABIATCS HE CKOMIICHCUPOBAHHBIE
ITOJIOKUTEINIBHBIE 3aPsAbl MOHOB KPUCTAJUIMYECKON PEIIETKH.

[TosyuuTcs Takas MpOMEKYTOYHAsI KAPTHHA:
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JIro0o¥ HEe CKOMITIEHCUPOBAHHBIN 3apsi]] SBIISIETCS UCTOYHUKOM 3JIEKTPUYECKO-
ro noJia. T.e. MOABSITCA CUJIOBBIC JIMHUM, HAUMHAIOIIUECS HA TMOJOKUTEIbHBIX 3apsi-
JaX ¥ OKaHYHMBAIOIIMECS Ha OTpUIATeNbHBIX. O0Opa3ytomeecss BHYTPEHHEE TOJIe Ha-
MIPaBJICHO MIPOTHUB BHEIIHETO MoJid. B pe3ynbTaTte cymmapHoe moJjie BHYTpU MeTallia
CTaHET MCHBIIIE.

UeM OoJibllie MepeMeCTUTCS AICKTPOHOB, TEM MEHBIIIE CTAHET CYMMAapHOE I10-
ne. A mepemernieHre OyJeT MPOUCXOJUTH JI0 TeX IOp, IMOKa HE MCUE3HET NMpUUYMHA
ATOr0 MEpPEeMENIEHHUs], T.€. IOKa CYMMAapHOE MO0JIE HE CTAHET PaBHBIM HYJIO. TOJBKO
TOTJa JBMXKEHUE DJICKTPOHOB MPEKPATUTCS U YCTAHOBUTCSI PABHOBECHE.

DIIEeKTPOHOB B METaJJIe OYeHbh MHOT'O, JIOCTATOYHO ISl TOTO, YTOOBI CBOUM I1e-
PEMEIICHHEM TTOJTHOCThIO CKOMIIEHCHPOBATh JIF0OOE BHEIIIHEE TTOJIE.

NTak, KOHEUHBIN UTOT ATOTO MpoIlecca - MOJTHAsT KOMIIEHCAIIMS BHEIIHETO MO
BHYTPHY METaJlIa TOJIEM TIepepacipeAeIUBIINXCS CBOOOIHBIX AJIEKTPOHOB. B pe3yib-
TaTe MOJHOE 0JIE€ BHYTPU METalJIa CTAHET PABHBIM HYJIIO.

[Iporecc 3TOT MPOUCXOIUT OYEHb OBICTPO, MOAITOMY MOXKHO CUMUTaTh, YTO B
AIIEKTPOCTATHKE T0JI€ BHYTPU METasllIa BCEr/1a paBHO HYJIIO.

E=0 BHYTpPHU MCTaJllIa B JJICKTPOCTATHUKC.

DTO OCHOBHOE CBOWMCTBO METajla B AJeKTpocTaTuyeckoM moJie. Ilepepacnpe-
JIeJICHUE CBOOOIHBIX 3apsI0B MPUBOAUT K IMOJHOMY MCUYE3HOBEHHIO AJICKTPHUYECKOTO
MOJIsI BHYTPHU METAJIIA.

Otcrona cieayeT, 4TO METaJI B JIEKTPOCTATUUECKOM M0JI€ SKBUIMOTEHIIUAJICH.
JleNCTBUTENBHO:

E =-V¢p =0 O9TO O3HA4YACT, YTO ¢ =const BO BCCX TOYKAX MCTAJLJIA.

Bce Toukn meTamia ¥ BHYTpHY, U Ha €ro NOBEPXHOCTH UMEIOT OJMHAKOBBIN IO-
TEHLHAIL.

Wtak, BHyTpH MeTajia He MOKET OBITh HU OJIHOM CUJIOBOM nuHuU. Bee cuio-
BbI€ JIMHUU BHEIIHETO ITOJIS TOJKHBI 3aKaHYMBATHCS WJIM HAYMHATHCSA HA ITOBEPXHO-
CTM MeTaula. A TOBEPXHOCTh MeETajla SKBUIIOTCHIMAIbHA. A CHJIOBBIE JIMHUU
JOJOKHBI OBITh MEPIEHANKYIISIPHBI SKBUNIOTEHIIMAIbHON TOBepXHOCTH. CreoBaTeb-
HO, K IIOBEPXHOCTH METaJlyla CUJIOBBIE JIMHUM DJIEKTPOCTATUYECKOTO IOJSA JOJIKHBI
MOAXOAUTH CTPOTO MEPIEHANKYIISIPHO.

B pesynbrare oKOHUaTenbHasA KapTUHA JOJDKHA UMETh TAKOW BHJIL:
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[To Mepe ynaneHus: OT MeTalljla CUJIOBBbIE JIMHUU BCE clabee MCKaKAIOTCA U Ha
JIOCTaTOYHO OOJIBIIIOM PACCTOSTHUM OHM HE YYBCTBYIOT MPUCYTCTBUS METalIa, T.K. B
LIEJIOM OH 3JIeKTpUYecKku HeirpaneH. Ho BOIM3M MeTaiia mose CylmecTBEHHO HCKa-
KAETCS, XOTSA METaJUI U HEUTPAJICH.

Hckaxkaercst MOTOMY, YTO CHJIOBBIE JIMHUW YE€PE3 METAUI IIPOWTH HE MOTYT,
OHHM JIOJDKHBI 000pPBAThCS HA MOBEPXHOCTH M 0043aTENBHO CTPOTO MEPIEHIUKYISIPHO
ATON OBEPXHOCTH.

Crnenytoliiee CBOMCTBO MeTajljla - BHYTPH METaJlJla HE MOXET ObITh HE CKOM-
MEHCUPOBAHHBIX 3aPSIO0B.

JleficTBUTENBHO, 3aps 0€3 CUJIOBBIX JIMHHMI HE OBIBAET - 3TO CIEAYET U3 TEO-
pembl Octporpajackoro-I'aycca. Eciu BHyTpu Metamia OyJeT HE CKOMIIEHCHPOBAH-
HBIM 3aps, TO Ha HEM OyIyT HAUMHAThCS (MM OKAHYMBATHCS) CHJIOBBIC JIMHUU. A
CWJIOBBIX JIMHUW BHYTPU MeETasla HE MOXET ObITh, HU OonHOU. [losTOMY HE MOXKeT
OBITh HE CKOMIIEHCUPOBAHHBIX 3aps10B BHYTPU METaILJIA.

B snektpocraTuke He CKOMIICHCUPOBAHHbBIE 3apsbl HA METaJie MOTYT OBITh
TOJIBKO Ha €r0 MOBEPXHOCTH.

[Tpumenum teopemy Octporpazackoro - I'aycca K HEOOJBIIOMY Y4YacTKy Me-
TaJUIMYECKON MMOBEPXHOCTH IUIOMIAABI0 AS.

{D-dS - . (cucrema CH)

[TnoTHOCTH 3apsifa Ha MOBEPXHOCTU MeTajlla 0003HAUUM G.

[TOTOK BEKTOpa SIEKTPHUECKON MHAYKIMU D Yepe3 IOy 3aMKHYTYIO I10-
BEPXHOCTh S pPaBEH MOJIHOMY 3apsily Q BHYTpU 00beMa, OTPAaHUUYEHHOTO 3TOU MO-
BEPXHOCTBIO.

Bo3bmeM B KauecTBE 3aMKHYTOM MOBEPXHOCTH S MMJIMHIPUYECKYIO MOBEPX-
HOCTb C OCHOBaHWSIMH, MMAPAJUICIbHBIMU YYaCTKy NOBEPXHOCTH MeTauia AS (yya-

CTOK MaJl M €ro MOXKHO CUMTaTh IJIOCKMM). OIHO M3 OCHOBaHWIl pacrosaraercs
BHYTPH MeTaJljia, IPyroe - BHE MeTala.
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3aMKHyTasl IOBEPXHOCTb S COCTOUT M3 TPEX YYACTKOB: S, - OCHOBAaHHUE LIU-
JUHApPA BHE METaJIa, S, - OCHOBAHHME UWIMHJApPA BHYTpU MeTaimia u S, - OOKo-
Basi NOBEPXHOCTh HuMHAPA. [I0aTOMY MOKHO 3anucars:

- - - - - - - -
q’D-d s = jD-d s + de s + jD-d s .
s s, S, S,

BHyTpu MeTaiia rnosie paBHO HYJIIO, IO3TOMY BTOPOUM MHTErpall paBeH HYJIIO:

- - -
ID-ds= 0, T.K. D=0 Ha 9,.
S2
Tpernbe caaraeMoe TOXe PaBHO HYJIIO, T.K. Ha OOKOBOM MOBEPXHOCTH S, MO0
TI0JIE PABHO HYJIIO (BHYTPU METAILIA), TMOO OHO MEPHEHAUKYIAPHO €IMHAYHOMY BEK-

-

- - -
TOPY HOPMaJId N K TOW MOBEPXHOCTH, T.¢. BekTopy ds (ds=ds-n).

| D.ds -0, T.K. TM60 D=0 Ha S, (BHYTpM MeTa/mia), mmbo D L ds HA S, (BHE
S3

MeTaia).
OcTaeTcst TOJIBKO TIEPBOE ClIaraéMoe - 10 BHEITHEMY OCHOBAHHIO ITUIUHApPA ;.

Ha 5T0if noBepXHOCTH TMOJI€ MapajIeIbHO HOPMaIN K TOBEPXHOCTH U MOCTOSIHHO Ha
BCE MOBEPXHOCTH (T.K. IJIOMIAb AS Maja | paBHas ei Iiomanas S, TOXKE Masa).
Torpa mosrydaem:

D-ds = [D-ds = [D-ds=D-[ds = D-S, = D-AS.
S S, S, Sy

3aps, HaXOAIIHMICS BHYTPU 00bEMa, OTPAHUYECHHOTO 3aMKHYTOU ITUIUHAPHU-
YECKOM MOBEPXHOCTBIO S, - 3TO 3apsiJ HAa MOBEPXHOCTH METallla AS U OH PaBEH:

Q=0-AS.
HpI/IpaBHI/IBaeM IMpaBbIC YaCTH JIBYX IMOCICIHUX PABCHCTB!

D-AS=0-AS.
CokpairaeM AS ¥ MoOJy4aeMm:
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OTH BBIpaXXCHUS ONPEIEISAIOT HHAYKINIO U HAPSKEHHOCTh JJIEKTPOCTaTHY e-
CKOro nojs B Bakyyme B cucteme CU BOIM3M MeTasmmmueckoil moBepxHoctu. [lone
BOJIM3M MOBEPXHOCTU METaslla MPONOPLUUOHAIBHO MOBEPXHOCTHOM IIOTHOCTH 3apsi-
J1a Ha HEu.

Ecnu moBepxHOCTh MeTajla B PAa3HbIX MECTax MMEET Pa3HYK KPUBH3HY, TO
3apsA]l IO TAKOM MOBEPXHOCTH paclpeaesieH HepaBHOMEPHO. KauecTBEHHO 3TO MOYKHO
MOKa3aTh Ha MPUMEpPE TUIOCKOW MOBEPXHOCTH, HA KOTOPO UMEETCSI BBICTYII.

. g .

nn

Pu @, P, ?s

[loBepXHOCTh MeTa/lla AKBUIOTEHIHAIbHA, O0O3HAUMM €€ MOTEHIHANl o, .
DOKBUIIOTEHIMATBHAS TOBEPXHOCTh BOJIM3U OT MOBEPXHOCTU MeTallia Oy1eT npuou-
3UTENILHO MOBTOPSTH €¢ (opMy, MOTEHITMAT ITOU MOBEpXHOCTH ¢,. Ha Gomnee nane-
KOM pPAacCTOSIHUM OT MeTaJljla SKBUIIOTCHIIMAIbHAS TTOBEPXHOCTh YXKe 0oyiee poBHas
(moTeHMan ¢,), Ha JAOCTaTOYHO OOJBIIOM PACCTOSHUU BJIMSTHUE HEOOJBIIOTO BbI-
CTyna Ha OOJBIION MIIOCKOCTH YK€ HEOUTyTUMO U SKBUIIOTEHIIMAIb UMEET BUJI TIJIOC-
KOCTH, MTapaJljICIbHOM MOBEPXHOCTH MeTajlia (MIOTSHIHAT ¢, ).

Pa3zHOCTh MOTEHLIMATIOB MEXKAY 3TOM JOCTATOYHO YAAJIECHHOW S3KBUIIOTCHIIMA-
JIBIO Y IOBEPXHOCTHIO METAJIA OJJIMHAKOBA JJIS1 BCEX TOUEK IMOBEPXHOCTU METALIA.

PaccrosiHMe Mexay 3TOM 3KBUNOTEHLMAIBIO U METAJUIOM HAIPOTUB OCTPUS
MEHBIIIE, YEM HAIIPOTUB IIJIOCKOCTH.

oCcT nn*

CrnenoBaTenbHO, HAIIPOTUB OCTPUS MOTEHIIMAT MEHSAETCS ObICTpee, YeM Hampo-
TUB ITIOCKOCTH:

T.e. rpanueHT nmoTeHIMaNa 00JIbIIe HATPOTUB OCTPHS, YEM HAMPOTHB TUIOCKOCTH:
‘Vq)‘OCT > ‘Vq)‘l'lﬂ.

Benuuuna HaIPs’KCHHOCTU 3JICKTPOCTATUYCCKOI'O II0JIA paBHA BCJIMYHUHE I'pa-
JUCHTA IIOTCHIIMAaJIa, CJICA0BATCIIbHO!:
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ocT nn*

BOam3u ocTpust mosie 60bIIe, 4eM BOJIH3H ITOCKOM MOBEPXHOCTH.

AHaJIOTUYHO MOYKHO YCTaHOBHTb, YTO BOJM3M BBIEMKH, BIIAJUHBI 0JIE, HA000-
pOT, OcnabiIeHo.

[Tone BONM3M MOBEPXHOCTH MeETaJia MPOMOPIHOHANIBHO TMOBEPXHOCTHOU
MJIOTHOCTH 3apsijia:

-2 (Bcucreme CH).

&y

CrnenoBaTenbHO, 3apsi/l Ha IOBEPXHOCTH METaJljla KOHLIECHTPUPYETCS Ha BBICTY-
MAOIINX, 320CTPEHHBIX YYacTKaXx.

o, > 0, > O,
E, > E, > E

Ecnu octpue oueHb octpoe, TO mosie BOJIM3U HEr0 MOXKET OKa3aThCsl OYEHb
CHWIIbHBIM. HacTONbKO CUIIBHBIM, YTO BBI30BET MOHU3ALMIO BO3AyXa BOJIU3U OCTPUSL.
OO0pa3oBaBiuecss HOHBI MO/ ACHCTBUEM 3TOIO e IMOJIsd MPUAYT B ABMKEeHHE. VOHbI
TOTO K€ 3HAKa, 4TO U 3apsij Ha MeTajule, OyAyT YXOIUTh OT OCTpPHsl, yBJIEKas 3a CO-
OOl U HEWTpalbHbIE aTOMBI BO3AyXa, 00Opa3ys Tak Ha3bIBAEMbI JEKTPUUYECKUN Be-
TEp.

HoHbl apyroro 3Haka IMomnajgarT Ha OCTPUE M YACTUYHO HEUTPAIHUIYIOT 3apsij
OCTpHS. 3apsA OCTPUS YMEHBILIAETCS, TOBOPAT - 3apsi/l CTEKAET C OCTPHSL.

I/ITaK, NnepeUnciinM BCC OCHOBHBIC CBOMCTBA MeTajljla B QJICKTPOCTAaTHICCKOM
II0J€C:

1. ITone BHyTpHU MeTalIa paBHO HYIIIO.

2. MeTan 5KBUIMOTEHIIUAJICH.

3. ITone Ha MOBEPXHOCTU METAJIJIa NEPIEHAUKYISIPHO ITOU MOBEPXHOCTH.

4. He ckoMmeHCHpOBaHHBIE 3apsifbl Ha METalie MOTYT OBITh TOJBKO Ha €ro
MMOBEPXHOCTH.

5. IImoTHOCTH 3apsiga Ha MOBEPXHOCTH METaJJIa M HAMPSHKEHHOCTH TMOJIsT BOIHU-
31 Hee 0O0JIbIlIe Ha BBICTYIAX, OCTPHUSX.

OTCYTCTBI/IC IIOJIs1 BHYTPHU METaJlJIa Aa€T BO3MOXKHOCTD 00ecrneynTh 3allUTy OT
BHEIIHUX IT0JIeH HEOOIBIINX IMPOCTPAHCTB - BJICKTPOCTATHUCCKAA 3alllHUTa.
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VianseM BHYTPEHHIOIO YacTh METaJUla. JTa 4YacTh IMOJHOCTBIO HEWTpaJbHA,
MO3TOMY €€ YJaJ€HHE HHKaK HE IMOBJUAET HA PACHPENEIICHHE B MIPOCTPAHCTBE BCEX
OCTAJIbHBIX TIOJIeH. B gacTHOCTH, TOJIe BHYTpH 0Opa30BaBIICHCS MOJIOCTA OCTAHETCS
PaBHBIM HYJIIO.

DTO U €CTh dJIeKTpocTaTUUecKas 3amuTa. CHapyXH M0JI€ €CTh U OHO MOYKET
OBITh OYEHb CHJIBHBIM. BHYTpH MOJIOCTH 10JI€ paBHO HYJIIO, HA BHYTPEHHEH TTOBEPX-
HOCTH TTOJIOCTH HE CKOMIICHCHPOBAHHBIX 3aps0B HeT. JIto00i 00bEeKT, TOMEIEHHBIN
B ATy IIOJIOCTh, OYACT MOJIHOCTHIO 3AIUIIECH OT BHEITHUX JIEKTPOCTATHUECKUX T10-
JIeH, Ja)ke OUYCHb CHUJILHBIX.

Mertannuyeckas CTEHKa MOXET ObITh M HE CIUIOIIHOMW, a B BUJIE HE OUYEHb PE/l-
KO ceTkH - 310 KiieTka Dapanes.

Emkocth YEANMHEHHOI'O ITPOBOJAHUKA.

PaccMmoTpum yenuHeHHBIN (1TOOJIM30CTH HET HUKAKUX JIPYTUX OOBEKTOB) MPO-
BOJIHUK - METAJUT TPOU3BOJIIBHON (DOPMBI.

\q

o0

[TomecTuM Ha 3TOT MeTail 3apsa Q. 3apsl pacupeneIuTcs N0 MOBEPXHOCTH,
Ha HeM OyayT HaumHaThcsl N CHIJIOBBIX JUHHM. B okpyXkaromiem npocTpaHCTBe Mosi-
BUTCS AJIEKTpUueckoe nosie. Ilepemectum B 3TOM noJie NpoOHbIN 3apsia q U3 JIH000H
TOYKHM MeTajllla B OECKOHEUHOCTh IO MPOU3BOJIbHON TpaekTropuu. [Ipu aToM nose 3a-
psga Q coBeplIUT padoTy, HE 3aBUCALIYIO OT (popmbl myTu. Pasnenum 3ty padoty
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Ha MEePEHOCUMBIN 3apsi] q U MOJIYyYHUM MOTEHIMAT TOYKH, U3 KOTOPOM MEPEHOCHIH
3apsan. MeTai S3KBUINOTEHIIUAIEH, TO3TOMY 3TO OyAeT MOTEHIIMAa BCEro MeTauia.

YnaBouMm Teneph 3apsag Q Ha MeTajule U CHOBA MEpPEHECeM TOT K€ MPOOHBIN
3apsAll q M3 TOM K€ TOYKHU IO TOM K€ TPAeKTOPHUH B Ty ke OecKoHeuHOCTh. Onpee-
JIUB TeNepb NOTEHI[MAT METajlia, MOJy4YrM, YTO OH yJIBOWJICS. J{eMCTBUTENIBHO:

Q — 2Q - 3apsaj yABOMIICH, B pe3yabTaTe:

N > 2N - yIBoMJIOCh KOJMYECTBO CHIJIOBBIX JMHHUHM, HAYMHAIONIUXCS HA
HEM, T.€.

N - 2N - yaBoWJach IyCTOTa CHUJIOBBIX JIMHUM BO BCEX TOYKAX MPOCTPAHCT-
Ba,

E > 2E - yaBowsiach Hanps»KEHHOCTH TOJISA, CIIEI0BATEIBHO

F > 2F - ynBounace cuna Ha3apsn q (T.x. F=qE), noatomy

A - 2 A - ynBounack pabota 3TO¥ CHIIbI (ITyTh OCTAJICS MPEKHUM) U, HAKO-
Hell,

¢® - 2 ¢ - yIBOWJICA HOTEHIHMAN MeTamna (T.K. ,-A).

q

Wtak, yaBoeHue 3apsaa Ha MPOBOIHUKE MIPUBOJUT K YIBOCHUIO €TI0 MTOTEHITHA-

na.

VYBenuuuB 3apsii NPOBOJIHUKA B TPOU3BOJIBLHOE KOJMYECTBO pa3, MOJIyYUM aHa-

JIOTUYHBIM 00pa30oM, YTO B TAKOE e KOJUYECTBO Pa3 YBEIUUYUTCA €r0 MOTCHIMAT.
[TomywaeTcsi, 4TO NOTEHLIMAN METaJlIa MPSAMO MPONOPLIMOHAJIEH 3apsAy HA HEM.
MartemaTH4eCKH 3TO MOXKHO 3alUCcaTh TAKUM 00Pa30M:

Q=C.p.

Koadpdunuent nponopuuonansHoctd C B 3TOM paBeHCTBE HA3bIBACTCA DJIEK-
TPOEMKOCTBIO WJIM MPOCTO €MKOCTBIO YEAWHEHHOro NMpoBoAHUKA. Emkxocte C He
3aBUCUT HU OT 3apsfa, HU OT IMOTECHLIMANA, ONPENEIAETCS TOIBKO I'€OMETpUEH Ipo-
BOJITHHMKA Y CBOKMCTBAaMU OKPYKAIOIIETr0 IPOCTPAHCTBA.

B kauecTBe OKpy»Karolero MpoCTPAHCTBA BHE METAJUIa paCCMaTPUBAEM IIOKa
TOJIBKO BAKYYM.

Hrak, eMKOCTb IPOBOJHUKA:

c.Q - 370 oblIee onpeaeacHe eMKOCTH IPOBOJHHKA.
9

EMKOCTh MPOBOJHUKA paBHA OTHOIICHHIO 3apsijia MPOBOAHKUKA K MOTCHIHATY,
COO0IIAeMOMY ITHM 3aPSIIOM.

Wnu wHave - eMKOCTh MPOBOJHHMKA YUCIICHHO paBHA 3apsiy, cOOOMIaronieMy
MIPOBOJHHKY EAMHUYHBIA TOTCHITHAI.

E,Z[I/IHI/IHa HN3MEPCHUA EMKOCTH BBOJUTCA Ha OCHOBAHHHU €€ OIIPCACICHH.
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c=2.
0

B cucreme CU: 10151 (Dapana).
1B
B cucreme CI'CDO 1en.crcaczw .
1en.CIC3,

DTy eIMHHUIy PacCMOTpUM NoapoOHee. I1onb3ysach KBagpaTHBIMH CKOOKAMH
JJI51 0003HaueHUS Pa3MCPHOCTH, 3aAITUIICM:
[C]=M= [al _ hZJ: [IZ:I
[] {A} [A] [F-r]
q

PasmepHoOCTB KBazpaTa 3apsna Hailnem u3 3akoHa Kynona B cucreme CI'CO:

Orcrona: )
S

CnenoBaTesbHO:

[C]=H=M[r] = CM.

[F-rl [Fr]

[Tonyuaercs, uro B cucreme CI'CD eMKOCTh N3MepseTCsl B CAHTUMETPAX.

EmkocTh YEANMHCHHOI'0O METAJUVIMYECCKOI0 1apa.

[ToTenmuan, co3gaBaeMblil MAPOBBIM WM CPEPUUECKUM 3apsiIOM, TaKOH Ke,
KaK ¥ JUIsI TOYEYHOT 0 3apsiaa:

i 2.
r

dopmyna CrpaBeyIMBa NPU YCIOBUU, YTO F>a, TA€ a - paauyc mapa.

PN
. ’/' '

Ha moBepxHocTu mrapa (r = a) ¢popmMyina emre mpuMeHuMa:
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@azk'

o O

DTO MOTEHIMaJ MOBEPXHOCTHU IIapa, OH >K€ MOTEHIMANl BCEro Iapa, T.K. Me-
TaJUl SKBUIMIOTCHIUAJICH.
EmkocTb mapa o o0miemy onpeneneHuto:

UTaK, EMKOCTh yEIMHEHHOTO METAILIMIECKOTO MIapa B BAKyyM€E PaBHa:
C =E . (a - pamuyc mapa).

Koaddumment k 3aBucut OT BEIOOpa CUCTEMBI €AMHUII:

1 B cucteme CI'CO

B cucteme CU

4.-7-¢,

CrnenoBaTelbHO, €MKOCTh YEAMHEHHOTO METAJIMYECKOTO Ilapa B BaKyyMme
paBHa:

a B cucteme CI'CO
C =

4.7-g,-a Bcucreme CU

[Tonyuaercs, uto B cucteMe CI'CD eMKOCTh METaJUIMYECKOro Iapa paBHA
ero paauycy. Panmyc B 3TOil cucTeMe U3MEpSIETCS B CAHTUMETPAX, MO3TOMY U €M-
KOCTh M3MEPSETCS] B CAHTUMETPAX, KaK 3TO U MOJIYYUIIOCh HECKOJIBKO PAaHbBIIE U3 CO-
OTHOLIEHHUU pa3MEPHOCTEN.

Hanpumep, eMkoCTh mapa paauycoM 5 CM paBHa S CM.

CooTHo1IeHNE MCIKIY CAMHUITaMU NU3MCPCHUA CMKOCTH.

1Kn 3-10°en.CICO,
=15 "

10 =9.10" cm.

1
L e IO
300 g

1®d = 9-10" cm.

Juia cnpaBku - paguyc 3emumn R = 64.10° kM = 64.10° M = 64-10° cMm.
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[Tonyuaercs, yto ogna dapana - 370 eMKOCTh 11apa, paauyc KOTOPOTO IOYTH
B 1500 pa3 (tounee, B 1400 pa3) OGombiie paauyca 3emnn. T.e. @apaga - CAUIIKOM
Oonpias eAuHUIA. B 3eMHBIX YCIOBHSIX MOTYYUTh TaKyl0 EMKOCTh HEBO3MOKHO.
[ToaTOMy €MKOCTh U3MEPAIOT MUKpodapaiax:

1 Mk = 10°° p = 9-10° cm
u B iuko(apagax:

lnp = 10°° M = 10 @ = 0.9 cm.

I np = 0.9 cwm.

Konpgencaropsl.

CuiioBble JTMHUHU, HAYMHAIOIIUECS HA YEAMHEHHOM MPOBOJAHUKE, OKAHUUBAIOT-
cs B OCCKOHEUHOCTU, T.K. UM OOJIBIIE HErJE OKAHUMBATHCS. DJIECKTPUUECKOE TOJIC
paccpenoTOUYCHO MO BCEMY MPOCTPAHCTRY.

[ToMecTrM BOJIM3M 3apsSKEHHOTO MPOBOJHUKA JAPYTOM MPOBOAHUK, TOXKE 3apsi-
YKECHHBIN 3apsIIOM TAKOM 7K€ BEJIMYMHBI, HO IPYrOTO 3HAKA.

Toraa cuoBbie JIUHUHU, HAUMHAIOIIMECS HA 3apsje +Q, MMEIOT BO3MOXKHOCTH

OKaHYMUBATLCA HaA 3apiaac - Q, um TCIICPb HC3a4YCM YXOJIHUTH B OECKOHEYHOCTb.

HekoTopoe KOJIMYECTBO CHIIOBBIX JIMHUI BCe K€ YHIET B OECKOHEYHOCTh, HO
OCHOBHAs MX 4acThb yXke He OyaeT pa3OpocaHa IO BCEMY IPOCTPAHCTBY, a COCPELO-
TOYMTCS MEXY 3TUMH JIBYMsI IPOBOJHUKAMU.

DnexTpuyeckoe mosie OyaeT CKOHIIEHTPUPOBAHO, CKOH/IEHCUPOBAHO B OTPaHU-
YEeHHOM 00J1aCTH MPOCTPAHCTBA MEXKY MPOBOIHUKAMH.

Takoe yCTpOMCTBO, COCTOSAIIEE U3 ABYX MPOBOJHUKOB, 3aPSKEHHBIX OJUHAKO-
BBIMH 110 BEJTUYMHE PA3HOMMEHHBIMU 3apsiIaMU U PACTIOJIO0KEHHBIX TOOIU30CTH APYT
OT Jpyra, Ha3bIBa€TCs KOHJAEHCATOPOM.

ITpoBoaHMKH, 00pa3yrolne KOHIEHCATOp, HA3bIBAIOTCA OOKJIaJKaMH KOHACH-
caTopa.

EMKOCTBIO KOHJIEHCATOpa HAa3bIBAETCA 110 ONPEICICHUIO BEINYMHA:

C:—:_



3nech U, =¢, -, - Pa3HOCTb IMOTCHIIMAIOB MEXKy OOKIagKaMH KOHJIEHcaTopa, Q
- BEJIMYMHA 3apsijia Ha OJHOM 13 00KIaaoK (Ha Jr000i).

[IpocTeiinias KOHCTPYKIIUS KOHJIEHCATOpa - TUIOCKUN KOHJIEHCATOP. OTO JIBE
MJIOCKUE TapaJlIeTbHBIC METATNYCCKUEC TIACTUHBI, TUIOMIAAb KaXI0W M3 KOTOPHIX
S. Ecmu paccrosane d Mexmay MIacTHHAMU Majo IO CPAaBHEHHUIO C UX pa3MepaMi,
TO TIJJACTUHBI MOKHO CUMTATh OCCKOHEUHBIMH, a IOJI€ MEXAY TUIACTUHAMH - OJHO-

poaHbIM. JIuis BOIM3M KpaeB OHO HCKaxaeTcs (KpaeBoit aQdeKT).
+0 -0

&[ )
V. XYVYVYYVYYY

BBIBCI[GM BBIPAKCHUC JJII CMKOCTH IIJIOCKOI'O KOHACHCATOpA. HaHpH)KeHHOCTL
IMOJIsI MEXKY €TO0 O6KJ'IEII[K3MI/I paBHa:

-2 -BBakyyme B cucreme CHU.

&o

Q

351ecy o= . 3aps]i € AMHUIBI [IOBEPXHOCTH.

Takum oOpazom:

C npyro#i CTOpOHBL, UIsl OTHOPOJAHOTO MOJIS CIPABEIIMBO BhIpaXKEHUE:

E =

v
d

rae U - pa3HOCTh MOTEHIIMATIOB MEXIY METANIMUECKUMU OOKJIaIKaMHU.
[IpupaBHHBaeM MpaBbIC YACTH JIBYX MOCJIETHUX PABEHCTB:

e _Y
&S d
Y [IOJIy4YaeM:
C:9:€0-S .
U d

Ota Qopmysa Mo3BOJSET BHIYUCIATH EMKOCTh MJIOCKOTO KOHAEHCATOpa B CHC-
teme CHU B Bakyyme (¥ ¢ OOJBIION CTENEHbIO TOYHOCTH B BO3/IyXE).
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Ecnu mnactunbl, 00pa3yronire KOHASHCATOP, PACIIOJIOKEHBI He CTPOTO HAIPO-
TUB JIpYT ApPYyTa, TO MOJ S clieyeT MOHUMATh IJIOMIAb B3aUMHO MEPEKPHIBAIOIINXCS
yacTe (0THOM U3 HUX).

TakuM crocoboM MOKET OBITh peann30BaH KOHAECHCATOpP NMEPEMEHHON €MKO-
cTi. MeHsis IUIouab B3aUMHO MMEPEKPHIBAIOIIMXCS YacTel OOKIal0K, MOKHO Me-
HATh €MKOCThb. VIMEHHO Ha 3TOM MPUHIUIE U OCHOBAHO YCTPOMCTBO NPAKTHUECKU
BCEX KOHJIEHCATOPOB MEPEMEHHON €MKOCTH. B yacTHOCTH, moBOpauuBasi pydky Ha-
CTPOMKHM paJuONpPUEMHUKA, MBI MEHSIEM €MKOCTh KOHJEHCATOpa B 3TOM NPHUEMHUKE
MMEHHO TaKUM CII0COOOM.

O0o03HaueHre KOHAEHCATOPA JII0OO0H KOHCTPYKIIMU Ha JIEKTPUUYECKHUX CXeMax
HAIIOMHMHAET CEYEHHUE TNIOCKOTO KOHIEHCATOpa:

C
CoennHeHne KOHAECHCATOPOB.

1. ITapannensHOE COEAMHEHNE.

Bce BepxHue oOKJIagKu COEAMHEHBI MPOBOIHUKOM, MTOATOMY BCE BEPXHHE 00-
KJIAKNA DKBUIIOTEHIIMAIbHBI. AHAJIOTUYHO BCE HIDKHME OOKJIAIKN DKBUIOTEHIIAAIb-
HbI. [l09TOMY pa3HOCTh MOTEHIIMAIOB MEKIY OOKJIaJKaMH BCEX KOHIAECHCATOPOB O/IH-
HaKoBa:
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3apsn Ha BCEX BEPXHHUX OOKIIAKaX PAaBEH CyMME 3apsioB Ha KaXKJIOW BepxHEH
oOKaake:

Q:Q1+Q2+"'+Qn:ZQi '

CornacnHo OIIPCACIICHUIO CMKOCTHU OJHOI'O KOHJACHCATOPA:
Q =C-U - Ui KaXI0ro KoHIacHcaropa.

Torna:
Q=>C-U=U->C .

EMKoCTh Beeit 0atapen KOHIEHCATOPOB MO OMPEACICHUIO paBHA!

C:S:ZQ:Q+Q+m+Q-

HpI/I mapaJuiCJIbHOM COCANMHCHUHN CMKOCTH KOHIACHCATOPOB CKIAAbIBAIOTCA.

2. IlocnemoBatebHOE COSTMHEHHUE.

+0 -0 +0 -0 +0 -0 +Q/
( ’_ -- . -
- ' G .||q:
: : >

Uﬂ

B nanHOM ciydae moiaHOe HampspKEeHUE Ha Beel OaTapee KOHACHCATOPOB paB-
HO CyMME HaNpsHKEHUH Ha Ka)KI0M KOHIEHCaTope:

U=U,+U, +--+U, =>U,

T.K. 9TO pa0doTa Mo MepeMeIICHUI0 SAMHUYHOTO 3apsijia, a paboTa paBHAa CyMMe paboT
Ha OTJIENIbHBIX y4acTKax.

Kpome Toro, mpu TakomM COeIMHEHUH 3apsibl Ha BCEX KOHAEHcAaTopax OAuHa-
KOBBI 10 BEJIMYUHE. DTO MOXKHO MOKa3aTh TakuM 00pa3oM. IlycTh cHayana Bce KOH-
JeHcaTophl He 3apsikeHbl. [loMecTM Ha caMmylo KpailHIOK JIEBYIO OOKIIAJKY 3apsij
+Q. Ha sTom 3apsiae OyayT HauMHATHCA CHIJIOBBIE JIMHUM JJIEKTPUYECKOrO MOJIS.
YtoObl OHM BCE MOTJIM OKaHYMBATHCS Ha APYroil OOKJIaaKe, HAa HEil MOSBUTCS 3apsia
—-Q (3apsn, MOSABISAIOIIMKCS MOJA ACHCTBUEM IMOJS, HAa3bIBAETCS HMHIYLUPOBAHHBIN

3apsin).
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[IpaBas oOkiagka MEPBOro KOHAEHCATOPA | JieBasi OOKIIaKa BTOPOTO B IIETIOM
HelTpasbHbl. ClenoBaTenbHO, Ha JIEBOM OOKIaJKe BTOPOTO KOHAEHCATOpa JIOJKEH
nosiBUThCA 3apsn  +Q. Torma Ha apyroit oOKiaKe 3TOTO KOHJIEHCATOpa MOSIBUTCS
3apsa -Q U T.O.

B pesynbraTe Ha BceX KOHACHCATOpaxX MOSIBATCA OJWHAKOBBIC IO BEIMYMHE
3apsAIbl - Ha JIEBBIX OOKJIagkax +Q, Ha mpaBbix —Q. Ha mpaBom cBOOOTHOM KOHIIE
Bcell OaTapeu MOSIBUTCS 3apsii +Q, KOTOPBIM MBI OTTyAa yoepeM KaKuM-HUOYIb
croco6oM, 4ToObI OH HE Memajl (IMMOKa3aHO CTPETIKOM).

Takum 00pa3om, Ha BceX KOHJEHCaTopax OyAyT OJMHAKOBBIC 3apsiIbl:

Q=-Q-=-+-0,-Q.

I[JBI KaXXI0ro KOHACHCATOpa MOJKHO 3aIllCaTh:

0,2
G

02 oy
2 n

CKJ’IaI[BIBaeM 9TH PAaBCHCTBA U IIOJIYHIACM!

1 1 1 1
U+U,+--+U, =Q| —+—++—|=Q- > —*
L ” Q(q C, q) 2

CyMMa HanpspKeHUH clieBa OT 3HAKa paBEHCTBA PaBHA CYMMApHOMY HamlpsikKe-
HUIO Ha Bcell 0aTapee KOHIAEHCATOPOB, T.€.:

1
Uu=Q->— -
e
Jlns1 Beeit Oatapen KOHACHCATOPOB IO OMPEACICHHUIO:

1 Y_s1,rae C - emKocTb Beeid batapen.
C Q 4¢
Takum oOpazom:
11

1 1 1
=Y s
C i Ci Cl CZ Cn
HpI/I MoCJICaA0OBATCIIBHOM COCAMHCHNHN KOHACHCATOPOB CKIAJABIBAIOTCA BCINYHU-
HBbI, O6paTHI>Ie X EMKOCTAM.
Harnpumep, IpH MOCIIEA0BATEILHOM COEANHEHUH JIBYX KOHIEHCATOPOB:

1
+— =
C,

Otcrona:
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EMKOCTB 3THX Xe KOHACHCATOPOB, COCAMHCHHBIX IMaPaJIJICJIbHO, PABHA!

C=C+C, -

JHePrus JIeKTPHUIECKOro MOoJsl.

DReKTpUYecKoe ToJie CITOCOOHO COBEpIIAaTh paboTy, a Mepa CIIOCOOHOCTH CO-
BEPIINTh PabOTy €CTh YHEPTHAI.

CrnenoBaTeNbHO, Y AIEKTPUIECKOTO TOJIS €CTh YHEPTUs. BEIYucInM 3Ty dHEp-
THIO JIJIS TIOJISl IPOM3BOJIBHOTO KOHAEHCATOPA.

[Ipeanonaraem, 4To MEpBOHAYAIHLHO KOHACHCATOP HE 3apsikeH, o0e ero o0-
KJIAJIKU HEUTPaIbHBI, TIOJISI HET, €r0 SHEPTUs paBHA HYIIIO.

byaem nepeHocuTh 3apsii ¢ OJHON OOKIIAIKU Ha JPYTYI0, IEPEHOCS KaXK[IbIi
pa3 manbiit 3apsia dq. [lpu 3ToM Kaxblid pa3 MbI JOJKHBI OYJIeM COBEPIIUTh pado-

Ty:
dA = Udq, rme U - pa3HOCTh NOTEHIIMAIOB MEXTy OOKJIaKaMH.

B cooTBeTCTBHM € 3aKOHOM COXPAHEHHsI SHEPTHHM POBHO HA CTOJBKO K€ KaK-
Il pa3 OylleT yBEIMYUBATHCS SHEPIUs KOHJIEHCATOPA:

dw = dA =Udq.
Jlns mroGoro KOoHIeH caTopa:

U , The q - 3apsan Ha oOkianke, C - eMKOCTh KOHJICHCATOpA.

_a
c
Torna:
1
dw = =.q-dg-

o a-dg

CxuanpiBaeM Bce pabOTHI IO MEpEeHEceHnI0 Beex 3apsanoB dq, T.e. 6epeM MH-
Terpajl OT 00EnX YacTei paBEHCTBA, YTOOBI OMPEACIUTh MOJHYIO YHEPTUIO KOHICH-
caropa:

fow - &
dw = —-|q-dq
0 C 0
BreimonHasiem naTErpupOBaHue:
o1
° C 2

0

JlenaeM MOACTaHOBKH U NOJIyYaeM:
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2
w=2" |, rme Q - 3apsn NOJHOCTHIO 3aPSKEHHOTO KOHJEHCATOPA.
2.C

Y4uThIBas, 4TO Q=C-U, MOYKHO 3alKCaTb HECKOJIBKO BAPUAHTOB (POPMYIIBI
IUIsL SHEPTUM KOHJEHCATopa:

wolQ _l.ye_ 1.o.u - JHEpPrus 3apsHKEHHOIO KOHIEHCATOPA.
2

= -2
Dta 3Heprusi 00yCIOBIeHA CIOCOOHOCTBIO MOJIS COBEPIIUTH padoTy. s momis
IUIOCKOTO KOHJIEHCATOPA 3TY YHEPTUI0 MOKHO BBIPA3UTh Yepe3 XapaKTePUCTUKU Ca-

MOTO II0JISI, & HE Yepe3 MapaMeTpbl KOHIEHCATOPA.
JI7s1 TIIOCKOTO KOHAEH CaTOpa:

c-%S - pcucreme CHU B BakyyMme.

3necb S - miuomanb 00kiIanku, d - paccTOSIHHE MEXy OOKIIaIKaMH.
Torna sHeprus moJis KOHJIEHCATOPA:

I[J'Iﬂ OJHOPOIHOTO ITIOJIA INNTOCKOI'O KOHACHCATOpA CIIPAaBCAJIIMBO COOTHOIICHUC!:

E-Y - HanpsKEHHOCTH MOJIA.
d

KpOMe TOr'0, JJIA INIOCKOI'0 KOHACHCATOpA:

V = dS - o0beM npocTpaHcTBa MEXTy OOKJIaAKaMU KOHJIEHCATOpa, T.¢. 00b-
€M, 3aHUMaeMBbIH MOJIEM.

C y4eToM 3TUX COOTHOUIEHUH MOJTydyaeM:

80-E2.
2

W = v .

DTO SHEPrusi BCETO MO MKy OOKIaJKaMu TUIOCKOTO KOHeHcaTopa. Pa3nenus ee
Ha 00beM, MOTYYUM SHEPTUIO TIOJIS B €IMHUIIE 00heMa - 00BEMHYIO TIJIOTHOCTD dHEP-
TUH;

W_gO-E2

\ 2
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B cucreme CHU B Bakyyme cMmeleHue (MHAyKLMs) D 3JI€KTpUYECKOro MOJIs
PaBHO:

D=g¢,-E.

B pe3ynbrare MOXKHO 3ammcaTh HECKOJBKO BapHAHTOB (HOPMYJIBI I OOBEM-

HOU IUIOTHOCTH SHEPTUU SIIEKTPUUECKOTO MOJISL:
&-E? D? E-D .

2 2.5, 2

Otu GopMyIbl BBIPAXKAIOT OOBEMHYIO IUIOTHOCTh SHEPTHUH DJIEKTPHUECKOTO
IIOJISL 4epe3 XapaKTEPUCTUKH CAMOTO MOJIA - HAIPSHKEHHOCTh W MHIAYKLIHIO. BBIBOJ
3TUX (opMyJs ObUT BBINOJHEH JUISl MOJS IJIOCKOTO KOHJAEHCATOpa, HO (OpMYJIbl 3TU
CHpPaBEUIMBBI ISl MPOU3BOJIBHOTO AJIEKTpUYECKOro mois (0e3 J0Ka3aTeiabCTBa).

Oco0eHHO yHUBEpCaJIeH TPETU BapUaHT:
E-D
w=—"
2
Ota opMyna npuroaHa Jjisi pacyeTa 0ObEMHON TUIOTHOCTU SHEPTUU MPOU3-
BOJIBHOTO 3JIEKTPHUYECKOTO TOJSI B MPOU3BONBHON cpesie (He TOIBKO B BaKyyMme).
[lepBbic nBa BapraHTa MPUTOHBI TOJIBKO JJIS TTOJISI B BAKYyMe.

JAM3IeKTPUKH B JIEKTPUYECKOM II0JIe.

PaccMOoTpuM BiMsIHHE HA DJIEKTPUUECKOE TIOJIE MATEPUAIIBHON HE TTPOBOISILIEH
TOK CPEJIbl - HUDJIEKTPUUECKON CPEIBI.

JIMDNEeKTPUKHU - 3TO BEIIECTBA, B KOTOPHIX CBOOOJHBIX 3apsi0B HET (IMIOATOMY
OHH U HE MIPOBOJIAT AMEKTPUUECKUHN TOK).

Bce 351eKTpOHBI BHYTPH aTOMOB CHJIBHO CBSI3aHBI C AIPAMH CBOMX ATOMOB.
Kaxnpiii atom HENTpaneH, Kax1ast MOJIEKYJla HEMTpajibHa, BCE BEUIECTBO B LIEJIOM
AIEKTPUYECKU HEUTPATIBHO.

B xaxx10M aTOME UMEIOTCA MOJIOKUTEIBHO 3apPSKEHHBIE S/Ipa U OTPULIATEIBHO
3apsHKEHHBIE DIEKTPOHBI. JTHU 3apsabl CO34AI0T CBOM I0JS, HO B MUKPOCKOIIMYECKUX,
BHYTPHUATOMHBIX, BHYTPUMOJICKYJISPHBIX MaciiTabax. Eciv HET BHEUTHUX DJIEKTPHU-
YECKHUX IMOJIEH, TO MOJIOKUTEIbHBIE U OTPULATENBHBIE 3apsAbl aTOMOB U MOJEKYJI
pacmoJiararoTcst OObIYHO TAKUM 00pPa30M, UTO UX MOJIS B OKPY’KAIOIIEM IMPOCTPAHCTBE
U B CaMOM JUAJIEKTPUUECKON Cpe/ie B MAKPOCKOMMMYECKOM MaciiTabe HUKAK HE MPo-
SIBJISTFOTCSL.

Ho ecnu quanekTpuk Monajgaer BO BHEIIHEE JIEKTPUYECKOE MOJIe, TO MO ACH-
CTBHEM 3TOTO TIOJIS PACIIOJIOKEHHE 3apsAOB B MOJIEKYJIaX MEHSIETCA, MOSBIACTCS
COOCTBEHHOE I0JIE ATUX MOJIEKYJ B MAaKPOCKONMMYECKMX MaciuTabax, B Pe3ysbTare
CyMMAapHO€ M0JI€ BHYTPU IHMAJIEKTPUKA U B €r0 OKPECTHOCTAX OTIMYAETCS OT TOTO
10JIs1, KOTOpOE OBLJIO ObI B OTCYTCTBUE AUDIIEKTPHUKA.
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B HEKOTOpBIX CiydasXx COOCTBEHHOE MaKPOCKOMHMYECKOE I0JE MOXKET MOs-
BUTBHCS B JUDJICKTPUKE W TIPH HAIMYUHM HE SJICKTPUUECKUX BHEUTHUX BO3ICHCTBHIA,
HampuMep, MexaHndeckux. [losBreHne COOCTBEHHOTO MaKPOCKOITMYECKOTO TIOJIS TIPU
HAJIMYUN MEXaHWYECKOTO BO3JICHCTBHUS HA3BIBACTCS MBE303JIEKTPUICCKIM 3 (HeKToM
(6omee kpaTko - mbe303(PheKTOM).

[Tee30nmekTpudeckuii dPQPEKT MPOSBISETCS HE B KAKIOM JHUAJICKTPUKE. A
BHEITHEE JIEKTPUUCCKOE MOJIC UCKAKACTCS KaXKIBIM TUAJICKTPUKOM.

HckaxkeHrne BHEITHETO TOJII 00YCIOBICHO B3aUMOJCHCTBHEM C BHEITHUM I10-
JIeM MOJIEKYJ IUAJICKTPUKA.

HOJISIpH])Ie H HEMMOJISIPHBIC MOJICKYJIbI.

Kaxmas Monekyna AMAIEKTPUKA B LEJIOM JJIEKTPUYECKH HeuTpanbHa. Ho
BHYTPHU MOJIEKYJIBI 3apsiapl “+” W 3apaabl ‘-7 MOTYT OKa3aThCsl PaCIOI0KEHHBIMU
HECUMMETPUYHO. T.€. eCliM ONpeaeanuTh MOJIOKEHHUE LIEHTPA MACC BCEX JIEKTPOHOB
B MOJIEKYJIE OT/IEJIbHO M BCEX MPOTOHOB OTAEIIBHO, TO 3THU MOJIOKEHUS MOTYT HE COB-
MaJaTh.

B yacTHOCTH, 3TO OYEBUAHO IJISI MOJIEKYJIbI C HOHHOM CBSI3bIO, HALIPUMED, JJIS
MosiekyJbl Bosibl HO.

H+

Quw

B 3TOM ¥ B Apyrux mogoOHBIX ClIydasX MOJIEKyJa SKBHBAJIEHTHA JJIEKTpUYE-
CKOMY JIHIIOJIO.

DIIEKTPUUECKUN MOMEHT JUIIOJS:

-

p=q-1.

3nech I - BEKTOp, IPOBEICHHBIN OT 3apsiAa -q K 3apsay +q. Bennuuna
ATOr0 BEKTOPA paBHA PACCTOSHUIO MEXIY 3apsIAaMU.

Monekyiibl, SKBUBAJECHTHBIE IHUIOJK B OTCYTCTBHE BHEIIHUX BO3JIEWCTBUM,
HA3bIBAIOTCS MOJISPHBIMHU.

Ecnu ke 1eHTpbl MacC OTPULIATEIBHBIX W TMOJOXUTEIBHBIX 3apsOB BHYTPU
MOJIEKYJIbl COBIAIA0T, MOJIEKYJIa HA3bIBAETCSI HETIOJISIPHOM.
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[Moasipu3zyeMoCcTb MOJIEKY.I.

[Tox neficTBHEM BHEIIHETO 3JIEKTPUUYECKOTO MOJISl HETIOJIsIpHAs MOJIeKyJIa Jie-
(dbopMupyeTCs U TOKE TPUOOPETAET CBOMCTBA JIUTIOJNS - MOJSIPU3YETCS.

HenosnsipHyto MOJIEKYTy MOXKHO MPEJACTABUTh B BUJIE HEKOTOPOUM YIPOILEHHOMN
CXEMbl, U300paxaroiel MojJoKUTEILHOE AP0 U BCIO COBOKYITHOCTH OKPY>KaIOIIMX
AJIPO OTPULIATENIBHBIX 3JIEKTPOHHBIX 000JIOYEK.

Tak BBINISIAUT YOPOLIEHHAs CXEMa HENOJSPHOW MOJEKYJIBI B OTCYTCTBHE
BHEILIHETO 3JIEKTPUUYECKOTO TOJIS.

Ecin 3Ta MoJsieKysa 1onasaer BO BHEIIHEE DJIEKTPUUECKOE I0JIe, TO MO ACH-
CTBUEM 3TOTO MOJIA MOJOXKUTEIBHOE SAPO CMENIAETCsl B CTOPOHY CHJIOBBIX JIMHUN
ATOrO MOJIsL, a OTPULIATENbHASL JIEKTPOHHAS 000JI0YKa - B IPOTUBOIIOJIOKHYIO CTOPO-
Hy. [Tosydaercs cnenyromas KapTuHa:

-+
P e

TN

D

F
E

/

R
3nech E - HaNpsHKEHHOCTh AJIEKTPUYECKOTO MOJISI B TOM MECTE, IJIe HAaXOAUT-

csl MOJIEKyJa, 0e3 y4yeTa MoJisi CaMO MOJIEKYJIbI. I% 17§ E_ - CWJIBbI, JEUCTBYIOLINE
CO CTOPOHBI I10JIS1 HA COBOKYITHOCTD IOJIOKUTEIBHBIX U OTPULATEIBHBIX 3apsA0B MO-
JIEKYJIbl COOTBETCTBEHHO. [loa AeiCTBUEM ITHUX CHJI IPOUCXOAUT CMEILEHUE IEHTPOB
MAacc MOJIOKUTETIbHBIX U OTPULIATENBHBIX 3apsI0OB U MOJIEKYJa MPHOOpeTaeT CBONCT-
Ba JIUIIOJIA - NOJSIPU3YETCA. JIUTTONBHBIIT MOMEHT MOJIEKYJIbL:

> >
p=q-1,

rae q - 3apsag, | - paccTosiHME, HA KOTOPOE CMECTATCS OTHOCHTEIBHO APYT Apyra
LIEHTPbI MACC MOJIOKUTEIIBHBIX U OTPUIATEIBHBIX 3aPS0B MOJICKYJIBI.

[Tonsipu3anust HENOJIAPHON MOJIEKYJIbI 00YCIOBJIEHA CMEIIEHUEM 3JIEKTPOHHBIX
000J104EK OTHOCUTEIILHO SIPa U HA3bIBACTCS SJIEKTPOHHOM MOIsIpU3aIuei.

Uewm Oouibliie ToJie, TeM OOJIbIIE CMEIIEHHUE 3apsA/I0B, TEM OOJIbIIE MOTy4YaeTCs
AIEKTPUYECKUHN AUMOIbHBIII MOMEHT MOJIEKYJIBI.
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Ecau nmone He oueHb BCIHUKO, TO I[I/IHOJ'IBHBII\/'I MOMCHT MOJICKYJIbI IIPAMO IIPO-
IMOPHHUOHAJICH ITIOJIXO. MartemMaTHYECKH 3TO 3alMCHIBACTCS TaAKUM 06p&30M2

- - o
p=p-g,-E - B cucreme CU AJI HCTIOJIAPHOUN MOJICKYIJIBI.

KoaddunmenT nponopuroHaibHOCTH g (Tpedeckas OykBa “03Ta”) Ha3bIBa-
€TCsI OJISIPU3YyEMOCTHIO MOJIEKYJIbl. DTa BEIMYMHA 3aBUCUT OT CBOMCTB caMOi MoJIe-
KYJIBI.

Ecnu BHemHee nosne yoparh, TO JIEKTPOHHAS MOJSpU3aIKs Ucue3HeT. B cBsa3u
C 3TUM JHIOJb, OJTYYAIOIIUNACS U3 HEMOISIPHON MOJIEKYJIbI, Ha3bIBACTCS YIIPYTUM.

JInrione noJsIpHONM MOJIEKYJIBI HA3bIBAETCS JKECTKUM. BHEIIHee Mmoje Ha Belu-
YUHY JAUIOIHHOTO MOMEHTA ATOTO JUMOJS MPAKTUYECKH HE BIHSIET, CTApascCh JHIIb
MOBEPHYTH €TO.

B mo0om ciydae, monsipHass MOJEKyJia WM HEMNOJspHas - C TOYKU 3PEHHUs
BHEUIHETO MOJIsl OHA MPEICTaBIseT COOOW TUIOJb, UTO U ONpPEEseT CBOMCTBA U~
AJIEKTPUKA B AJIEKTPUUECKOM IIOJIE.

J{MII0JIb B 3JIEKTPUYECKOM I10JI€.

1- #i ciyuaii - BHEIIIHEE M0JIe OJHOPOIHO.

—

N
[lycTh BEKTOp AMMOJLHOIO MOMEHTAa MOJIEKYJIBI p=(-| oOpa3zyerT yroi «

-
C HampaBJICHUEM JJICKTPUYECKOro moJisi E . Ha mosioxxurenbHbIN 3apsig TUNOIS ICH-

- -
CTBYET cujia F, , HampaBlICHHas BJIOJb MOJIsl, HA OTPUIIATENIbHBIN 3apsiy - cujia F_

+

HaIIpaBJICHHAA IIPOTHUB I10JIA.

\ 4

Tak Kak 1oje OJHOPOAHO, TO CHJIBI Ha 3apslbl IUIKOC W MUHYC PAaBHBI IPyT
IpYTY MO BEJIUYMHE, UX BEKTOPHAS CyMMa PaBHA HYJIIO, T.€. PaBHA HYJIIO CyMMapHas
CUJIa, ICUCTBYIOIIAS HA MOJIEKYIY.

- -
Cunel F, u F  paBHBI APYT APYrYy IO BEJIWYMHE, IPOTUBOIOJIOKHBI 110 Ha-
IIPABJICHUIO U JIEMCTBYIO HE 10 OJHOM NMpAMOMN. Takue IBE CHIIbl HAa3bIBAKOTCS MApON
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cun. [lapa cun co3gaeT MEXaHHMYECKHU MOMEHT, BEJIMUYMHA KOTOPOTO OTHOCHTEIIHHO
000l OCH paBHA:
M=F-d=F:-I-Sinz,
rae d - paccTosHUE MEXIy JMHUAMH JeHCcTBUA cuil. M3 pucyHka BHIHO, 4TO
d=1-Sina.
YuursiBasg, 4T0 F=q-E, a p=q-l, TOIy4Ynm:

M=qg-E-l-Sina=p-E-Sinex.
Urak, Ha 1UNIOIB B OTHOPOAHOM 3JIEKTPUUYECKOM IOJIE JEUCTBYET MEXAHUYECKUN

MOMEHT, BEJIMYMHA KOTOPOTO paBHA:

M=p-E-Sina.

HaHpaBHGHI/IG BCKTOpPa MOMCHTA CBA3aHO C HAIIPABJIICHHUCM Bpallaromicro IICI?I-
CTBHA CHUJI IIPAaBUJIOM IIPpaBOI'O BHHTA. B JaHHOM CJIy4aC BCKTOP MOMCHTA HAIIPaBJICH
3a YCPTCK MU B COOTBCTCTBHU C ITIOCICAHHUM PABCHCTBOM MOJKCT OBITH BBIPA’KCH 4CPC3
BCKTOPBI JUIIOJIBbHOI'O MOMCHTA U HAIIPAKCHHOCTH I10JIA CICAYIOIINM 06pa30M:

-

M = F.E} (BEKTOPHOE TIPOM3BE/ICHNE).

Takum 00pa3oM, B OJHOPOJIHOM II0JI€ HA JUIOIL JACHCTBYET MEXaHHUYCCKHMA

-

MOMEHT, CTPEMSIIUNCS TMOBEPHYTH JIUIOJb TaK, YTOOBI €ro JAUMOJIbHBII MOMEHT p
- -
YCTaHOBHJICS 110 HANIPABJICHUIO TMOJIA E (B 3TOM citydae yrodl =0 u M =0).

CyMMmapHasi cuja co CTOPOHBI OJJHOPOIHOTO MOJIS HA IUIOJIb PaBHA HYJIIO.

2 -# cimydail - JIWTOJIbH B HEOJHOPOTHOM IIOJIE.

B sTOM cnydae 3apsAabl IUTFOC U MUHYC HAaXOJATCS B TOYKAaxX C pa3HOW Hamps-
KEHHOCTBIO TOJISI, CJIEAOBATENIBHO, CHJIBI HA ATH 3apsA/ibl HE PaBHBI JIPYT JIPYry IO
BEJINYMHE, CyMMapHasi CuJjia Ha JUITOJIb HE pPaBHA HYJIIO.

\/

eyl

1y

-4

B nanHom ciydae F, > F (KpoMe TOro, 3TH CHUJIbI HE MapajuieibHbl), T.K. 3a-

pSA TUTEOC HaXOIUTCs B Oojiee CHIIBHOM TOJIE, TaM, TJ€ CUIoBbIe JuHUU Tyiie. [1o-
ATOMY B JIaHHOM CJy4yae CyMMapHasi CuUjia HalpaBlieHa B CTOPOHY 0oJiee CHUIIBHOTO
O0JIsA, AUTIOJb BTSITUBAETCS B 007aCTh 00Jiee CHIIBHOTO MOJIsl. DTO CiIy4aii, Korjaa yroi
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o MEXIy IUIOJIbBHBIM MOMEHTOM M IIOJIEM OCTpbIM. Ecnu yron o Tymowu, TO 3apsn
MHUHYC OyJeT B oOsiacTu 0osiee CHIIBHOIO IOJIS U JTUIOJIb OYAET BBITAIKUBATHCS U3
o0zactu 60J€€e CUIBHOTO IMOJIS.

Ecnu numnonp He 3aKpemsieH U MOKET BpallaTrbcs CBOOOAHO, TO Bpallaroliee
JENCTBUE TOJIA ITOBEPHET JUIOJb TAK, YTO YIOJl « CTaHET OCTPBIM, JAXe €CIIM OH
IEPBOHAYAJILHO ObUI TyHbIM. T.€. B KOHEYHOM HUTOr€ CBOOOJHO BpallarolIuiics Iu-
II0JIb B HEOJJHOPOJIHOM I10J1€ OYJET BTATUBATHCA B 00JaCTh 00JIe€ CUIIBHOTO MOJI.

Wrak, Ha TUIIONL B HEOJAHOPOJHOM IIOJIE IEUCTBYET, KaK U B OJTHOPOJHOM I10-
Jie, BpaIlaolni MOMEHT, BEIUMCIISIEMBIA TAKUM e 00pazom:

KA:[B.E}

HO, KpOMC TOTO, IIGﬁCTByeT PEIYIBTUPYIOIIAA CHJIA, HAIIPABJIICHUC U BCIIMYHMHA KOTO-
pOﬁ 3aBUCAT OT OPUCHTAIWMKU TUIIOJIA K OT CTCIICHU HCOJAHOPOAHOCTH ITIOJIA.

BexkTop moasipusanmu.

BCKTOpOM noJsIpru3aivn JUBJICKTPUKA HA3bIBACTCA BCIIMYHMHA!

LY
p=-
AV

>
3,Z[eCI> Z p, - BCKTOpHas CyMMa JNMIIOJIbHBIX MOMCHTOB BCCX MOJICKYJI, HAXOAMX~
i

Csl B IOCTaTOYHO MaJioM 00beMe AV . Pa3znenus 3Ty cymMmmy Ha 00beM AV, MOJyYa-
€M BEKTOP MOJIAPU3ALUU.

T.e. BEKTOp MOSAPU3AIUY - ITO DIEKTPUISCKUNA MOMEHT €AMHHIIBI O0BbeMa JTU-
AJIEKTPUKA.

OOBIYHO B OTCYTCTBHE BHEIIHETO TOJISI BEKTOP MOJSpU3AIUU paBeH HYIIO (32
MCKIIFOUEHUEM CETHETODJIEKTPUKOB).

Ecnu nusnextpuk 00pa3zoBaH HEMOJSIPHBIMU MOJIEKYJIAMU, TO JJICKTPUUECKHI
MOMEHT Ka)KJIOM MOJIEKYJIbl PABEH HYJIO B OTCYTCTBHE BHEIIHETO MOJIA, TOITOMY U
CyMMapHbIi MOMEHT JIF00OTO 00beMa BEIIECTBA PABEH HYIIO, T.€. BEKTOP MOJIsIpr3a-
UM PaBEH HYJIIO.

B nusniexTpuke M3 MOJSPHBIX MOJIEKYJ BEKTOP MOJSAPHU3ALMU B OTCYTCTBHE
BHEIIHETO MOJIS1 PABEH HYJIIO M3-3a XaOTUYHOCTH OPUEHTALIUM TUTIOJIEH.

XaoTHyHasi OpUEHTALMsI 00YCIOBIEHA TETIJIOBBIM JBHKEHUEM MOJIEKYIL.
[lon mercTBHEM BHELIHETO NOJISI KAXKIbIM AUIOJIb CTPEMHUTCSA IOBEPHYTHCS
BJIOJIb CHJIOBBIX JIMHHIA TTOJISI, HATPSDKEHHOCTh KOTOPOTr0 0003HAYHUM E, .
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TemnoBoe ABUKEHUE HE IMO3BOJISIET MOJIEKYJIAM BBICTPOUTHCS CTPOIrO BIOJb
T10JIs1, HO OPUEHTAIINS YK€ HE XaOTUYHAsl, @ BIIOJIHE YIIOPSAOYCHHAS.

AHayiornyHas KapTuHa OyJeT W JJI JUAJICKTPUKA M3 HETMOJSPHBIX MOJEKYII.
Pa3nuia B TOM, 4TO AUIIONN B 3TOM CIIy4a€ HE TOJIBKO OPUEHTUPYIOTCS BIOJIb BHEIII-
HETO I10JIsI, HO U IOSBJISIFOTCS MO/, JICUCTBUEM ATOI'O MOJIS.

CyllleCTBEHHO, YTO B TOM MU JPYrOoM cilly4a€ NPU HAJIMYUK BHEIIHErO MOJIS Y
JIASJIEKTPUKA TOSBIISICTCS OTJIMYHBIA OT HYJA BEKTOP IOJsApU3anuu. [ 0BOpST, 4TO
OUBJICKTPUK Toysipusyercs. Ha ero moBepXHOCTSIX, MPOHU3BIBAEMBIX MOJIEM, MOSIB-
JISIFOTCSL HE CKOMIIEHCUPOBAHHBIC 3apsifibl. DTH 3apsiibl HE SBISIOTCA CBOOOIHBIMU,
OHU IIPOYHO CBSA3aHBI CO CBOMMM MOJIEKYJIAMHU U TaK M Ha3bIBAIOTCS - CBSI3aHHBIC 3a-
PAJIBL.

¥

E
- — E,

\ 4

—

Ot 3apAabl CO3JA0T CBOC JJICKTPHUYICCKOC II0JIC E , HAITPaBJICHHOC IIPOTHUB
BHEIIHEro I1oJisi. B pPE3YIbTAaTC CYMMAPHOC IIOJIC B IUIJICKTPHUKES YMCHBLIIACTCA IIO
CPaBHCHHIO C BHCIITHUM IIOJICM.

-

- - :
E=E,+ E - CYMMAapHOC€ II0JIC B TUJJICKTPHKE.

E LT Eo , CIENOBaTeIbHO, E=E,- E < E,.

CBsi3aHHBIX 3apsiIOB OFPAHMYEHHOE KOJIMYECTBO, MOATOMY BHEIIHEE MOJIE HE
ocIadIsieTcs 10 HyJIs, KaK B METajuie, a JIMIIb YaCTUYHO YMEHBIIAETCSI.

CBsi3aHHBIE 3apsAJIbl MOTYT TIOSIBUTHCSA U BHYTPU 00beMa TUAJICKTPUKA, €CITU OH
HEOJHOPO/IEH I10 IIJIOTHOCTH.

JI71s1 KOJIM4ECTBEHHOTO OIKUCAHUS B3aUMOJCHUCTBUS TUAIEKTPUUYECKOU CPEIIbI C
AIEKTPUUYECKUM TI0JIEM OyJieM paccMaTpUBaTh CaMble MPOCThIC CIydau OJTHOPOIHBIX
JUAJICKTPUKOB TTPABUIILHOU (POPMBL.

CBs13b MeXK1y BEKTOPOM MOJISIPU3ALNH
U IOBEPXHOCTHBIMH CBA3AHHBIMH 3apsiAaMHU.

[TycTh anmekTpuyeckoe IMoJie TPOHU3BIBAET IJIOCKOMApaIeNbHyI0 OeCKOHEeY-
HYI0 B IONEPEYHOM HAIPaBICHUU OJHOPOJHYIO IUAIEKTPUYECKYIO IJIACTUHY MOJ
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IIPOU3BOJIBHBIM YIJIOM « K HOpMalX (MEpHEeHAUKYIAPY). MONEeKyIspHbIE ITUTIONH
BBICTPOSTCA BJIOJIb TOJISI, TURJICKTPUK TMOJIAPU3YETCS , BEKTOp MOJsSpU3aluud OyneT
OPUEHTUPOBAH TaKKe BIIOJb MOJsA. Ha rpaHnIax miiacTUHBI NOSBATCS HE CKOMIIEHCH-
POBaHHBIC CBS3aHHBIC 3aPsbl C TOBEPXHOCTHOM IJIOTHOCTBIO o, C OJIHOW CTOPOHBI
(B TaHHOM ciy4ae cIpaBa) CO 3HAKOM ILIIOC, C IPYrod CTOPOHBI (ClieBa) - MUHYC.

]_HTpI/IX IMPUMCHACTCA JIA 0003HaYCHHUS CBA3aHHBIX 3apsAa0B, YTOOBI OTJINYATh
Hux or CBO6OI[HI>IX.
BBIIIGJII/IM MBICIICHHO TOHKHMU OUWJINHAP BHYTPpU OHUSJICKTPHUKA, HapaJIHeJIBHBIﬁ

- -

NoJIt0 B AMdJEeKTpuke E U Bekropy P. ILlunmmuap nosyuyaercss HakioHHBIN. [1no-
njaab €ro ocHoBaHus AS, jumHa |. [lwimHap npennonaraercs TOHKUM, XOTs Ha
PUCYHKE OH M300pak€H HE OYE€Hb TOHKUM, YTOOBI MOXXHO OBLIO BCE XOpPOUIO pac-

CMOTpPETb.
Ha npaBoM OCHOBaHMM UWJIHMHAPA PACTONATAETCS MOJIOKUTEIBHBIA AJIEKTPHU-
YECKHUU 3apsl:
+AQ=+0 -AS.
Ha neBom oCHOBaHMY - TAKOM k€ MO BEIIMYUHE OTPULIATEIIbHBIN 3apsil:

~AQ=-0-AS.

B pPE3yabTaTC TOHKHWH MBICJICHHO BBI)IGJICHHBIfI MUJIMHAP CTAHOBUTCS TUITIOJICM
C SJICKTPUYICCKHUM MOMCHTOM:

Py = AQ-l1 = o -AS-I.
NHIekc AV 03HadaeT, 4TO ATO AJICKTPUUYSCKUI MOMEHT o0beMa AV 3TOro Ha-

KJIOHHOTO IuinHApa. O0beM HUIUHAPA paBeH MPOU3BEACHUIO IUIOIIAIM €T0 OCHOBA-
HUA AS Ha ero BbICOTY, KOTOpas paBHA TOJIIMHE AUDJIEKTPUUECKOMN TIacTUHbI d:

AV =AS-d.

N3 pucyHka BUIHO, 4TO d =1-Cosa, CIIEOBATENIBHO:

AV = AS-|-Cosc .
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DNeKTpuYecKuii MOMEHT 00beMa AV MOKHO BBIYUCIHUTH APYTHM CIIOCOOOM -
YMHOXUTh Ha 3TOT 00BEM SJEKTPUUYECKUNA MOMEHT €AUHUIBI 00beMa, T.€. BEKTOP
MOJIAPU3AIMY TUAJIEKTpUKA. JIJisl BEJIMUMHBI BEKTOPA 3aIUIIEM:

Py = P-AV = P-AS-1-Cosa .
HpI/IpaBHI/IBaeM 0621 SHAYCHUA SHGKTpI/I‘—IeCKOFO MOMCHTA HI/IJ'H/IHI[pa:
o -AS-1 = P-AS-1-Cosc -

CokpamraeM AS-l1 U moiy4aem:

o =P-Cosa= P,

n

31ech P = P-Cosq - HPOEKIUS BEKTOpAa P Ha HaIPaBIEHHE BHEIIHEN HOP-
-

MaJIX N K HOBEPXHOCTHU AUIJICKTPHKA.

B nanHOM cityyae Ha mpaBoi moBepxHOcTH P, > 0 wu 3apsiag Ha 3TOHU MO-
BEPXHOCTH IOJIOKUTENIECH, Ha JIEBOU MoBepxHocTH P, < 0 W 3apsn oTpuLaTENEH.

Takum 00pa3oM, NOBEPXHOCTHAS MJIOTHOCTh CBSI3AHHBIX 3apsiIOB B HEKOTOPOM
TOYKE OBEPXHOCTH AUAIEKTPUKA PABHA HOPMAJIbHOW COCTABIIIIOLIEN BEKTOPA IMOJIS-
pHU3anuy B 3TOM TOYKE.

CBsi3b MEKIY BEKTOPOM NOJIIpU3AlMUM U HAIIPHAKECHHOCTBIO 3JICKTPU4Y€CKOI0
IoJis. I[I/IC).]'IeKTpl/I‘IeCKaﬂ BOCIIPUMMYHNBOCTD.

[Ipu HE OYEHB CHUJIBHBIX JIEKTPUUECKHUX MOJISIX MOISPU3YIOIIEE AEUCTBUAE TOJIS
MPOMOPUHUOHAIBHO BEJIMUMHE HANPSHKEHHOCTH TOJIS, T.€. MOYKHO 3aIiCaTh:

—

P=«-g-E - Bcucreme CU.

3nech P - BEKTOP MOJSIPU3ALNH, T.€. DIEKTPUUECKUI MOMEHT €IMHULIBI 00beMa, E
- CyMMapHOE€ IoJjie B JUAJIEKTpUKe, « (rpedeckas OykBa ‘’kama”) - ko3(uimeHt
IPONOPLUUOHATIBHOCTH, 3aBUCSILMNA OT CBOMCTB BewlecTBa. ITOT KO3(PPUIMEHT Ha-
3BIBAETCS IUAJIEKTPUUECKON BOCIIPUMMUYNBOCTBIO AUDJIEKTPUKA.
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KoadppunueHT nponopuuoHaIbHOCTH MEXY BEKTOpamu PucE COJICPKUT
TaKXe KOHCTaHTy ¢&,. Pa3smepHoctu BenuuuH P u ¢, E coBmanmaror, ciemoBarens-
HO, AMRJIEKTPUUYECKas BOCIPUUMUYHUBOCTh x Oe3pa3MepHa.

(deticreurensro: p-_[P1_[a-1l_lal _Kn  —p o

| oo

®-B_Kn),

M M2 m?

Vi

z|le

DleKTpU4Yeckoe cMenenne (MHAYKIUA). {uinekTpudyeckas NpOHUIIAEMOCTb.

I[JISI OIMCaHMs IMOJIEH B AUIBJICKTPHUKE y,Z[06HO IMPUMCHATb HC BCKTOP ITOJIAPH-
3allu1 U HAIIPSKCHHOCTD ITI0JIA, 4 UX KOM6HHaHI/II-0:

D=¢-E+P - B cucreme CH.

N
BBeneHHbIl TakuM 00pa3oM BEKTOp D  Ha3bIBAeTCS AJICKTPHUECKUM CMEIIe-
HUEM, WJIU JIEKTPUUSCKON MHIYKITUCH.
(B cucreme CI'CD  B_E.4.,.p U Ha3bIBACTCS TOJBKO MHIYKITHUCH. )

N
3nech E - HampsHKEHHOCTh CYMMApHOTO MOJIA B JUAJIEKTPUKE (BHEIIHEE TO-
JIe TUTIOC TI0JIE CBS3aHHBIX 3apsJIOB).

—

P - BekTOp noJisipu3anuu. OH BRIPAXKAETCS YEPE3 HAMPSHKEHHOCThH CYMMapHO-
ro moJisi ¥ JUBJIEKTPUYECKYH) BOCIIPUUMYUBOCTD:

—

P=x-g-E - Bcucreme CH.

N
[ToxcraBnsem 3TO B BoIpakeHUE i1 D UM momydaem:

-

D=¢,-E+x-6,-E=(1+x)-&,-E-

be3pasmepHyro BenmMunHy B CKOOKaX 0003HAYMM TIpedecKor OyKBOM & (BII-
CUJICH):

c=1+«x.

OTa BeJIMYMHA HAa3bIBA€TCS OTHOCHUTEIIHLHOM ,Z[PIC)J'ICKTpPI‘IGCKOﬁ IMPpOHHULIACMO-

CTBIO CpEpl.
Takum oOpazom:

—

D=¢-¢,-E - Bcucreme CHU.

Benuuuna &g, - 3TO aOCOMIOTHAS MUAJICKTPUIECKAsI TPOHUIIAEMOCTD CPEJIBI.
s BceX NMANIEKTPUKOB BEKTOP IMOJSPU3ALMU HANIPABIICH B Ty K€ CTOPOHY,
YTO Y HANPSHKEHHOCTH MOJISA, T.€. JUISl BCEX NUAIEKTPUKOB « >0, £>1.

s Bakyyma « = 0, ¢ = 1.

D=¢,-E Aid Bakyyma B cucreme CU.
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OTO ompeneneHNe yKe BCTPeuajoch paHee, KOorja paccMaTpHUBallach TeopeMa
OcTtporpanckoro-I'aycca. DTa Teopema umerna Takoi BUI:

ga-dng - B cucreme CH.
S

Panee sTa Teopema Obu1a chopMyTUpOBaHa sl BAKYyMa, HO B TAKOM K€ BHJIE
OHa CTpaBeINBa I MPOU3BOJILHON Cpebl, HE TOJNBKO JiA Bakyyma (0e3 mokasa-
TenscTBa). Ho cnexyer moMHuTh, yTo Q B Teopeme Octporpajackoro-I'aycca - 310
MOJIHBIN CBOOOJHBIN 3apsii BHYTpH 00beMa, OrPaHMYEHHOTO 3aMKHYTOW MOBEPXHO-
cTteio S. B 3apsn Q He BXOJAT CBSI3AHHBIE 3apsijibl MOJISPU30BAHHOTO JUAJICKTPU-
Ka.

>
T.e. cunoBbIC TUHUHU BCKTOpa D MOI'YT HAUMHATbCA U OKaAaHYMBATLCA TOJIBKO
Ha CBO6OI[HBIX 3apsaaax Uin B OCCKOHEYHOCTH.

CusioBble TUHUU BCKTOpa E MOI'YT HAYMHATBCA U OKAHYHNBATHCA HaA JTFOOBIX
HC CKOMIICHCHUPOBAHHBIX 3apsiAdax - CBO6OI[HBIX " CBsJA3aHHBIX.

B stom (bHSI/ILICCKOG pas3induc MCXKAYy HAIIPSAKCHHOCTBIO U I/IHHYKHHGﬁ QJICK-
TPHUYICCKOI'O IT0JIA.

5
IIpu nepexone yepe3 rpaHmIly AUIJIEKTPUKA CUIIOBBIE JIMHUUA U BEKTOpa E, U

-
BEKTOpa D mepeceKkaroT CIoW CBA3AHHBIX 3apsAao0B. [Ipy 3TOM 4acTh CHIIOBBIX JIMHUI

- -
BekTOpa E 0OpbIBaeTcs Ha ATUX 3apsnax. Yucio CUJIOBBIX JMHMM BekTopa E
BHYTPH JUAJIEKTPUKA BCETJA MEHBIIIE, YEM BHE AUIICKTPHUKA.

5
CunoBsie TUHUU BEeKTOpa D MPOXOAAT Uepe3 IpaHUIly AMDIIEKTpUKa 0e3 IMo-

5
Tepb. [ OBOPAT, CUIIOBBIC JIMHUY BEKTOpa D HENpepbIBHBI HA IPAHULIE TUDIIEKTPHKA.
CKOJBKO MX CHapy’H, CTOJIBKO U BHYTPH.

3ﬂeKTpl/I‘IECKOC moJie B IN3JICEKTPHKE.

PaccMoTpuM TIpOXOXKIEHUE CHIIOBBIX JIMHUW OJHOPOJHOTO TIOJIS 4Yepe3 -
AJIEKTPUYECKUU CIIOU, IEPIIEHAUKYJISIPHBINA CHJIOBBIM JIMHUSM.

[TycTh BIEKTPUYECKOE TOJIE CO3AACTCS 3apSHKEHHBIMH METALTMYECKUMHU 00-
KJIaJIKaMH TUTOCKOTO KOHZAeHcaTopa. Paccrosinue Mex 1y oOKJIakaMil MHOTO MEHBIIIE
pa3MepoB OOKIIAIOK, TTOITOMY OOKJIAAKA MOXHO CUMTaTh OCCKOHEUHBIMH, a TOJIe
MEXy HUMH OJTHOPOHBIM.

Ha merammdaeckux oOKiIagKkax paBHOMEPHO pacIpeicieH CBOOOHBIN 3apsil
C TUIOTHOCTBIO +o Ha JIEBOW M —o Ha npaBoi oOknaakax. Ecmu mexmy oOkman-
KaMH HET JUDJICKTPHUKA, TO 3TH 3apsAabl CO3JAI0T MEXAY OOKIaAKaMHU OTHOPOIHOC

N
mone E,.
Benununna 31010 noss paBHa:
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E,=2 - B CHUCTEME CH.

CuJioBbI€ JIMHUHU 3TOTO IIOJIS NMCPIICHANKYJIAPHBI O6KJ'IaI[KaM KOHIOCHCATOpa.

+
Q
Ly
|
Q

+F R+

\AAAAAMAMAL

[TomecTrM Temeps Mexay OOKIaJAKaMH JAUAICKTPHUECKYIO TUIACTUHY, Mapali-
JenpHyto oOkmaakaM. TonmuHa MIacTHHBI MEHBIIE PACCTOSIHUS MEXTy OOKIIaKaMH.

[lon neiicTBHEM MoOJIsE KOHAEHCATOpA JUAJICKTPUK MOJSPUYETCS U Ha €ro T10-
BEPXHOCTSIX TOSBATCS CBSI3aHHBIC HE CKOMIICHCUPOBAHHBIE 3apsbl C IUIOTHOCTHIO
—o  Ha JICBOW MOBEPXHOCTU U +0  HA MPABOM.

Ha »tux 3apsimax OyayT HauWHATBCS W OKAHYHMBATHCS CHUIIOBBIC JIMHUHM COO-

N
CTBEHHOTO BHyTpeHHero monisi E . Ero BenmumHa paBHa:

=2 - B cucteme CI.
&o

+

qQ
|

o]

+

o]

|

Q

£

-

:Uu# T I +++ +++ T
IS A ¢.v. Y *. \2

E

OT0 1oJIe HANpPaBJIEHO IPOTUB BHELIHETO IOJISI M HA PUCYHKE YCIIOBHO MTOKa3a-
HO OJIHOW CHJIOBOM JIMHUEU BHU3Y.

PesynpTupyromiee mojge BHYTPpU TUAICKTPHKA CTAHET MEHbIE, YeM ObUIO B
KOHJIEHCATOpE 10 BHECEHUS AUDIICKTPUKA.
CymMapHoe 1osie B Jit000i TOUKEe BHYTPU KOHJEHCATOpa PaBHO:

E=E,+E.
BuyTtpu nuanexrtpuka g 1 EO (HampaBJIeHbI MPOTUBOIIOJIOKHO), TTO3TOMY Be-

5
JMYMHA PE3YJIbTUPYIOLIETO NOJIA E BHYTpH OMAJIEKTPHUKA PaBHA:
E=E,-E.
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3a mpejeaMy TUAICKTPUKA 3apsiibl ¢ TOJIS HE CO3al0T, aHAJIOTHYHO TOMY,
KaK HE CO3/Ial0T MOJIs 3a MpeesiaMu 00KIaJ0K KOHAeH caTopa 3apsiibl o .

>
3a mpcaciiaMu IUIJICKTPUKaA E=0mu CYMMApPHOC II0JIC OCTACTCA TAKHM KC,

N

Kak 4 paHblie - E;.
Hrak, B JaHHOM CiIy4ae I0Jy4aeTCs:

A

- E, BHE OVBJIEKTPUKA
E=4
E, + E B IVN3JIEKTPUKE .
J1J1s1 BEJIMYMHBI:
B E, BHE IOUBJIEKTPUKA
E,- E B IM3JIEKTPUKE.

B nmaHHOM cily4ae MOJIy4WJIOCh, YTO NPU BHECEHHWH IWDAJIEKTPUKA B MOJIE Ha-
NPSDKEHHOCTh IIOJIS1 BHE JMDJIEKTPUKA HE HM3MEHWIACh, a BHYTPHU JUAJIEKTPUKA
YMEHBIIWIACH.

Bpuuciaum - BO CKOJIBKO pa3 YMCHbBIIMJIACH HAIIPSKCHHOCTD IIOJISI BHYTPH
AUBJICKTPHKA.

E=E0—E'=EO—Z—-
0

[ToBepXHOCTHAS IJIOTHOCTh & CBSI3aHHBIX 3apsI0B paBHA HOPMAJILHOM CO-
CTaBJISIFOIIEN BEKTOPA MOJIIPU3ALINU:

B nanHOM ciyyae HOpMasbHas COCTABIIAIOIIAS PAaBHA CaMOM BEJIMYUHE BEK-
TOpa NMOJSIPU3alMM, T.K. 3TOT BEKTOpP B JAHHOM CIIydae NEPHEHAUKYISAPEH MOBEPX-
HOCTH JUIJIEKTPUKA!

C npyroit CTOpOHBI:
P=x-g,-E,

rie x - JUDJICKTpUUYECKas BOCTIPHMMYHUBOCTD JUAJICKTPHKA.
CraenoBaTeibHO:
o =x-g,E.
Orcrona:
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B pesynbrare nosnyyaem:

E=E,-E=E -2 =E,—«-E»

&y

E+x-E=E,, E-AQ+x)=E,,
_ By Eg
l+«x e

T.K. &£=1+x - OTHOCUTEIbHAS AMDIIEKTPUUCCKAS MPOHUIIAEMOCTh TUAJICKTPHUKA.

Takum 00pa3oM, HANMPSHKEHHOCTh JJICKTPUYECKOTO TOJS B JAMAJIEKTPUKE B
JTAHHOM CJIy4ae YMEHBbIIUJIAch B & pas.

Otcrona cienyeT GU3NUEeCKUil CMBICT BETUYUHBL & .

OTHOCHUTENbHAS JUAJIEKTpUUYECKas MPOHUIIAEMOCTh & - ATO Oe3pa3MepHOe
YHCJIO, MTOKa3bIBAIOIIEE - BO CKOJIBKO pa3 JaHHAs cpejia YMEHbBIIAET HaNpsHKEHHOCTD
AIIEKTPUUECKOTO TOJISl IO CPABHEHHIO C HAMPSXKEHHOCTHIO B BaKyyMe.

Wrak, nomyyaem:

BHe OIVSJIEKTPMKAa

mi
Il
o ‘omi Oml

B OVSJIEKTPUKE .

Ocranocs BBIICHUTBb, KaK B JJdAHHOM CJIy4da€ MCHACTCA MHAYKLUA OJICKTPHUYC-

N
CKOro moJis D  Mpu MOMEIICHUHN JUAJICKTPUKA B OTO MOJIe, a TakKe - KaK OTJIMYa-
STCSl MHIyKITUS TI0JIs1 BHYTPH JUAJICKTPUKA U BHE JAMAJICKTPHUKA.

B nro00oMm ciydae cripaBeyInBO COOTHOIICHHUE:

D=¢-g,-E - B cucrteme CH.

B JaHHOM CJIy4acC BHC NUIJICKTPHKA:

N

E=E, &=1, CIeHOBaTeIbHO D=¢g,-E, .
BryTtpu nusnekrpuka:

—

- -
E= , g=¢, CIENOBATEIBHO D = ¢-g,- =g, E, -

SHIUN
o [Imy

N

[lonyyaercs,, 4TO B JAHHOM Ciy4yae MHAYKIUS D oJMHAKOBAa BHYTPH IU-
AJIEKTPUKA U BHE €ro M BOOOIIE HE MEHSETCS TNPU BHECEHUHM AMPJIEKTpUKa B MPO-
CTPaHCTBO MEXIy OOKJIaJKaMU KOHAEHCATOPA.
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CBs13aHHEBIC 3apiaAabl HC ABJIAIOTCA HCTOYHHKOM HMHAYKIHUHU SJICKTPHUYICCKOI'O

N
royist. OHM He BIIMSIOT HA KOJIMYECTBO CHJIOBBIX JIMHUN D .

B nanHOM ciydae CHUJIOBBIE JMHUH BEKTOpa D IPOXOSAT CKBO3b IUIIEKTPUK,
B0OOI1Ie HE oOpaliasi BHUMaHUs Ha €ro MPUCYTCTBHE.

Tak Oynmer BO Bcex Ciydasx, KOTJla OJHOPOIHBIA TUAIIEKTPUK pacroaraercs
TaKUM 00pa30M, YTO €r0 MOBEPXHOCTU BCIOAY MEPHEHIUKYISIPHBI CHIIOBBIM JIMHUSAM
BHEUIHETO MOJIs, T.€. OJHOPOJHBIA TUANIEKTPUK MOJHOCTHIO 3aOJIHIET MPOCTPAHCT-
BO MEXYy JBYMsI 3KBUIIOTEHLNATbHBIMU TOBEPXHOCTSMHU.

Kpome paccMOTpeHHOTO ciiyyasi, TakoW pe3yJjbTaT MOJY4YHUTCS, €CIIU 3aroj-
HUTbh OJHOPOJIHBIM JTUAJIEKTPUKOM, HAlPUMEP, MPOCTPAHCTBO MEXKIY ABYMsI KOH-
LHEHTPUYECKUMHU SKBUIOTEHUHUAIbHBIMU CEpaMU B I0JIE€ TOUEYHOTO (WM IIapOBO-
ro) 3apsijia.

Ecnu aupnekTpuk nMMeeT Mpou3BOJIbHYIO (OPMY U HAXOAUTCS B TOJIE TIPOU3-
BOJIbHOM KOH(UTypaluu, TO KapTuHA OyneT cioxHee. bonee cinoxHbIM 00pazom Mo-
YT U3MEHUTHCA U TI0NIe E, M MONe D, KaK BHYTPH, TAK U BHE JUANIEKTPHKA.

Ho Bcerna cripaBeiMBo clieaylolee:

1. [lone BHYTpM HAMPIEKTPUKA 00s3aTENIBHO clladee, YeM OHO ObUIO B ATOM
e 00J1acTH MPOCTPAHCTBA /10 MMOMEILEHUS Tyla JTUAJIEKTPHKA.

2. KonuecTBO CHJIOBBIX IMHUM D MpPH MEPECEUECHUH NMPOU3BOJIIBHOW IPaHU-
LBl IUJIEKTPUKA HE MEHSETCS.

3. Bcerna Bo Bcex ToUKax MPOCTPaHCTBA CIIPABE/JIMBO COOTHOIIICHUE:

D=¢¢,-E - Bcucreme CH.

IIpoxoxkaeHne CUIOBBIX JUHUA IJIEKTPUUYECKOTO MOJIS
yepe3 rpaHMIy JABYX AUIJIEKTPUKOB.

PaCCMOTpI/IM ABC CJIIOKCHHBIC BMCCTC IINIOCKOIIAPAIJICIIbHBIC IIJIACTUHBI U3 AIBYX

Pa3IMYHBIX OUIJICKTPHUKOB. Buemnee noie E, HaIIpaBJCHO 1OA IMPONU3BOJIbHBIM YT-
JIOM K ITOBEPXHOCTAM IIJIACTHH.
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E, T -G,
£--JE, +Gl

€ E(lr : E2 * _62
2L, - ,
v=--E,

’ +6,

BHYTpH K&)I(I[Oﬁ INTaCTUHBI pAaCKJIaAblBa€M BCKTOp E, Ha ABC B3aMMHO IICpP-

N
NEHIUKYJISIPHBIE COCTABJISIONIME - HOPMaAJIbHYIO E,, (NMEepHNeHANKYJISPHYIO MOBEpPX-

HOCTH) M TaHT€HUUAIbHYIO E, (IapajUIeIbHYIO [IOBEPXHOCTH).

[Tox nercTBUEM INEKTPUUECKOTO MO KOKABIN AUAJICKTPUK MOISPU3YETCS, HA
ITIOBEPXHOCTAX JHUDJICKTPUKOB TMOSABISIOTCS CBSA3AaHHBIE 3apsbl C IOBEPXHOCTHOM
IUIOTHOCTBIO —0, U -0, Ha BEPXHUX MOBEPXHOCTAX, +0, U +0, HA HWKHUX

IMOBCPXHOCTAX I-ro u 2-ro JAUDJICKTPUKOB COOTBCTCTBCHHO.

OTH 3apAabl CO3IAI0T COOCTBEHHOE BHYTPEHHEE IOJI€ C HAMPSKEHHOCTBIO E,

U E, B IEPBOM M BTOPOM AUAIEKTPUKAX COOTBETCTBEHHO

. OTH MOJIA HanpaBJICHbI

MNECPICHANKYJIAPHO ITOBEPXHOCTU AUIJICKTPHUKA CHHU3Y BBCPX.

BenuunHbl 3THX MTOJIEN pABHBI:

E, = il , E, = iZ
€o €o
CymMapHoOe Mojie B JUANEKTPUKAX PaBHO:
E,=E,+E , E,=E,+E, .

-

YuuThIBasi, 4YTO BHYTPEHHUE IIOJISL E, W E, HAIpPaBIEHbI 110 HOPMAJIH K I10-

BEPXHOCTH (MX TaHTCHIIMAIbHBIC COCTABIISIFOIINE PABHBI HYJIO), [JIi HOPMaJbHOU U
TAHT€HUIUAIBHOM COCTABJISAIOIIMX CYMMAapPHOTO IOJIS MOJIYYUM:

' O"
ElanOn_EleOn_il

&9

o

E2n=EOn_Eé=EOn_7 '

[ToBepXHOCTHAs MJIOTHOCTH CBSI3aHHBIX 3aPS0B BBIPAXKAETCS Yepe3 HOPMaJb-
HYIO COCTaBIISIIONIYI0 BEKTOPA MOJISIpU3aIUU, KOTOpasi, B CBOIO OY€pe/ib, BEIpAKaeTCs

4Cpe3 HOPMAJIBHYIO COCTABJIIIOIIYIHO CYMMAPHOTO ITOJIA:

o,=R,=x,-5"F, -
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0, =k, =k,-&"-E,,.

3nech kK, U Kk, - AUDIIEKTPUYECKHE BOCIIPUMMYUBOCTHU IUDIIEKTPUKOB.
B pesynbrare noiyyaem:

K& Epp
E, =Ep - —>—" =E;, - x,-E, -
&y
E E
Eln'(1+K1) = EOn - Eln = o =
l+x, &

3nech &, =1+, - OUANEKTPUUYECKAsi MPOHUIIAEMOCTh 1-T0 TUAJIEKTPUKA.
Hrak:

AHaIOru4HO MOKHO IIOJIYUHUTh:

g, =1+x, - OUDJICKTPHUYCCKAs IIPOHULIACMOCTbH 2-T0 JAUBJICKTPHUKA.
I[J'ISI TAaHI'CHIUAJIBHBIX COCTABJIAIOMINX CYMMAPHOTO ITOJIA:

Elr = EZr: EOT '

Takum o0pa3om, MpU MPOXOKACHUHM IJICKTPUUECKOTO TMOJS 4Yepe3 TPaHUIly
JBYX JHUAJIEKTPUKOB HOpPMaJibHAsl COCTABJISIONIAS] HANPSKEHHOCTH TOJISI MEHSETCS

CKauyKOM, TEPIUT Pa3pbiB, TAHTCHIIUAJIbHAS COCTABIIAIONIAsl HENpephbIBHA (HE MEHS-
ercs).

N
Jnsg naaykuun D ycliOBUS HAa TPAHULE MOJYYUM C IIOMOIIBIO COOTHOIIEHUS:

D=¢-g,-E - Bcucreme CHU.
HopMmanbHbie cocTasstonue:

E
— _ on __
D,=¢&"&E,=¢"¢&-

1

E
— _ Oon __
D,y =6,-60-Eyy =6, 64" =& Ey
2

TanreHianbHbBIE COCTABIISIIOIINE:
D, =¢-8"E,=&"&"E,,

D,,=¢,&"E, =¢,-&"E
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OKOHYATENBHO:
Dy, =D,, =¢,-Ey, »

D, =¢&-&"E,;, .
D,, =¢,-&"E, -

Takum 00pa3om, MpHU MPOXOKACHUH DIICKTPUUYECKOTO IOJS Yepe3 TPaHUILy
paszena ABYX JMAJIEKTPUKOB HOpPMalbHAas COCTAaBISIONIAs BEKTOpa MHAYKIMU Ha
IpaHUIle HEMpephiBHA (HE MEHSETCs), a TaHIreHIHMAJIbHAsi COCTABISAIONIAs TEPIUT
pa3pbIB (MEHSIETCA CKAYKOM).

Jlns BeKTOpa HAMpSKEHHOCTU TOJIsi HA00OpOT - TaHreHIUAJIbHAsl COCTaB-
JISIOIIasl HEMIPEPhIBHA, @ HOpMaslbHasl TEPIIUT Pa3pPhbIB.

[Ipy mpou3BOJILHOM YIJI€ HAaKJIOHA BEKTOpA BHEIIHEro MOJisi K MOBEPXHOCTH
IJJACTUH CWJIOBBIE JIMHUM BEKTOpPAa MHAYKLIHMH YK€ HE MOTYT IMPOWTH Yepe3 MOBEpX-
HOCTh paszjiesia, COBCEM He oOpalias Ha Hee BHMUMaHHs, KaK 3TO ObLIO, KOTrJa IMoJie
OBLJIO TMEPIEHIUKYISIPHO MOBEPXHOCTH. [I0CKONBKY OJHA M3 COCTaBISIOIMIUX (TaH-
TEHIMAJIbHAS) BEKTOpPa UHAYKIMHA MEHSETCSl CKauKOM, a Jpyrasi HEmpepbIBHA, TO Me-

5

HSETCS CKAYKOM HaIlpaBJICHHE BEKTOpa D  mpu mpoxoxkaceHuu rpanunsl. Ho komu-
-

YECTBO CWJIOBBIX JINHUM D TIpHU MepecedyeHnH I'PAHULBI HE MEHSAETCSI U B 3TOM CIIy-

.
yae (1 B 000M Jipyrom). CHIIOBbIE TUHUU BEeKTOpa D He 0OpbhIBAIOTCS Ha CBS3aH-
HBIX 3apsjiax.

CuitoBBIC JIMHUHM BEKTOpPA E 4acTHYHO O0OpBHIBAIOTCS Ha CBSI3aHHBIX 3apsjax,
MMOATOMY HMX KOJIMYECTBO MEHSICTCS TPH IMEPEeXoJie Yepe3 TPaHuIly pasjesa JUdJICK-
TPUKOB (MEHSETCS TaK)Ke M WX HAKJIOH, €CJIM CUJIOBBIC JIMHUM HE TIEPIICHINKYJISPHBI
rpaHulle pa3jiena).

Cuiibl, geiicTBYIOLIHME HA 3aPS/l B IUIJIEKTPUKE.

B o6mem cnyuae Ha 3apsi  JACUCTBYET CO CTOPOHBI DIIEKTPUUYECKOTO TOJIS
cua:

F = q . E .
N
3mech E - HampspKEHHOCTH ITOJISE B TOM MECTE, I/Ie HaXOMMTCS 3apsaa ( Oe3
ydeTa IoJist caMoro 3apsiia (.
CHGHOB&TCHBHO, Ka3aJ10Ch 6BI, AJI1 BBIYUCIICHUA CUJIBI HA 3apAaAd B JUDJICKTPHUKE
HY>KHO IMPOCTO YMHOKHUTD 3TOT 3aps/1 Ha IIOJIC B TUIJICKTPUKE.

Ho B o6mieMm citydae 310 He Tak. JefcTBUTENbHO:

1. YtoOBl MOMECTUTD 3aps]l B TUAJIEKTPUK, HY>)KHO YacTh AUDIIEKTpUKA yOpaTh,
00pa3oBaTh MOJOCTh, B KOTOPYIO U OMENIAeTCs 3apsija (.
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A m071€ B TIOJIOCTH YK€ OyJleT He TaKhM, KaK B CIUIOITHOM JTUAJICKTPHUKE, T.K.
Ha TTOBEPXHOCTH MOJIOCTH MOSBSITCS CBA3aHHBIC 3aps]Ibl, U3MEHSIOIINE TOJIE.

2. Ilpu nossipu3alvuu AUDJIEKTPUK cierka aehopMupyercs, T.K. 1ehopMupy-
I0TCA, JINOO MTOBOPAYUBAIOTCS MOJIEKYJIBL. DTa AedopMaliis Mpu Moaspu3aniy Ha3bl-
BaETCA AJIEKTPOCTPUKIIMEH.

B pesynbrare nedopmainuu nosBIsSOTCS JTOMOJHUTEIbHBIE MEXaHUYECKUE CH-
JIbI, IEUCTBYIOUIUE HA 3aPSIKEHHOE TETIO.

[To 3TuM ABYM IpUUYMHAM MOJIHAS CUJA, IEVUCTBYIOIIAA HA 3apsi B AUAIICKTPHU-
Ke, B 00II[eM Cilydae HEe MOKET OBITh BBIUMCIICHA, KaK MPOM3BEACHUE 3apsia Ha Ha-
MPSKEHHOCTD MOJISE B CIUIOIIHOM JIUAJIEKTPUKE.

Brrancnenue 3Toi Cuiibl B TPOU3BOJIBHOM CIIy4ae - 3aJa4ya Hepa3peinmas.

PaccMoTpruM 03TOMY TOJIBKO HECKOJIBKO MTPOCTHIX YACTHBIX CIy4YacB.

1-# cnmydaii. B3auMopeiicTBre IBYX TOYEUHBIX 3aps/ioB @ U Q B Oe3rpaHuy-
HOM OJTHOPOJHOM >KHJKOM WJIM Ta3000pa3HOM JUAJIEKTPUKE C OTHOCUTEIHHOU H-

BHGKTPHHGCKOﬁ IMPOHUIACMOCTBIO ¢ .

B stoMm cirywae cnipaBennus 3akoH KyiioHa B ciieyromem BUe:

g-r?
3necb r - pPACCTOSHHUE MEXIY TOYEUHBIMHU 3apsiaamu, a KodhduuueHt k
3aBUCHUT OT BBIOOpPA CUCTEMBI €IUHHIL:
1 B cucreme CIC3
k= 1
S E— B cucrteme CU
4-m-g,

HOJ’Iy‘-IaeTCﬂ, YTO B JaHHOM CJIy4ac CHJIY MOXHO BBIYUCJIIATH IIO (bopMyne:

F=qE, Ile E-k.—2
e-r

2

Cuna B3auMOJICHCTBUS ABYX TOUCYHBIX 3apsAOB B & pa3 ociabeBaeT B JIH-
AJIEKTPUKE TI0 CPABHEHHIO C CHJION B BakyyMe. B ¢ pa3 ocnmabeBaeT W HampsHKeH-
HOCTB TOJISI TOUEYHOTO 3apsifia B 9TOM Clydae.

2-i ciiydaid. Cwuuta, AeCTBYIOIIAsl HA TOUEUHBIN 3apsij B y3KOU MONEPEUHON
LIEIU B TBEPAOM JUIIIEKTPUKE.

[TomecTuM TOUYEUHBIH 3apsii ( B Y3KYIO LIEIb B O€3rpaHUYHOM TBEPAOM JH-

anektpuke. lllenp opueHTHpOBaHA NMEPIIEHINKYJIPHO CUIIOBBIM JIUHUAM 3JIEKTpHAYE-
CKOI'O IOJIA.
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O06o3HaunMm E - HAIpsKCHHOCTD ITOJIA B CINIOITHOM OUDJICKTPHUKE

HOI[ I[GI/ICTBHQM QJICKTPUYCCKOI'O IIOJII Ha KpasdaX HICIIHU IMOABATCSA CBA3AHHBIC

3apAaabl € HOBGpXHOCTHOI/I IJIOTHOCTBIO +0 Ha JIEBOM IIOBCPXHOCTHU HICIIN U -o
Ha HpaBOI/I. Ot 3apsaabl CO3Jar0T CBOC, AOIIOJHUTCIIBHOC JJICKTPHYCCKOC IIOJIC
N

.
Exon, HAPABICHHOE B TY K€ CTOPOHY, YTO U noye E .
HanpskeHHOCTB 3TOTr0 JOMOIHUTEIBHOTO MOJIS:

E =

non

o
80

[ToBepXHOCTHAsI MIIOTHOCTH 3aps0B pPaBHA HOPMAaJbHOW COCTABIISIIOLIEH BEK-

TOpa MOJIAPU3ALUY, T.€. B JAHHOM CIIy4ae BEIMYHMHE DTOr0 BEKTOpA, T.K. OH IEPIECH-
IUKYJISIPEH TOBEPXHOCTH:

Bekrop nonsipuzanuu P BbIpa)kaeTCsl 4epe3 HANPSHKEHHOCTD MOJIA B AUDJICK-
-
TPUKE E W IUDIEKTPUUECKYIO BOCIPUMMYUBOCTD IUIJIEKTPUKA K !

P=x-g-E.
IloxacrapisieM 3TO U Ioaxy4dacm:

= (l+x)-E=¢-E-
Cuna, neiicTByroIIast Ha 3apsi (, MOMEUIEHHBIM BHYTpPb ILIE€JIU, pABHA!

F:q'EnonH = ng .
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.
HanpspkeHHOCTh MO BBIpa3uM CHaudaja yepe3 MHAyKUuu. T.K. D=g-g,-E
(B cuctreme CH), ToO:

D

&o

c-E=

Tenepb BOCIIOJIB3YEMCSI COOTHOICHUCM

6.0,
&g
rae Eo - HAIPSDKEHHOCTD IIONS B BaKyyMe (B BAKyyMe &=1).
YuureiBas ABa IIOCIICAHUX PAaBCHCTBA, IIOJIYYUM OKOHYATCIIbHO BBIPAKCHHUC
JJIs1 CHIIBI, I[eﬁCTBYIOHIeﬁ Ha TOYCYHBIN 3apAana B HOHepequf/I mecjn B TBECPpAOM OdH-
QJICKTPHKC!

F:q.g.E:q. :q'EO'

N
- - D -
&g

HOHY‘—IaeTCH, 4YTO B OTOM CJIydac CHJia TaKasd )KC, KaK B OTCYTCTBHUC NHUIJICKTPU-
Ka.

3-ii ciyuait. Cuna, IelcTBYIOIIAs Ha TOYEUHBIN 3apsij] B Y3KOH IPO0JIbHOMN
LIEJIM B TBEPJAOM JIUDIICKTPHUKE.

[IycTh TOUEUHBIN 3apsAa ( IOMEMIAETCS BHYTPb Y3KOM IIEIU, OPUEHTUPOBAH-
HOW BJIOJIb CHJIOBBIX JIMHUHM 3JIEKTPUYECKOTO MMOJIsl. HanpssKeHHOCTH TT0JIsT B IUAJIEK-

TpUKe E.

Ha 7eBOM ¥ TIpaBOM TOpIIAX IIEJIH TOSBATCS CBSI3aHHBIC 3aps/Ibl C TIOBEPXHO-
CTHOMH IJIOTHOCTBIO +0 CJeBa U —o CIpaBa. Eciu miens 0YeHb y3Kasi, TO IMOJIHBINA
3apsi1 Ha KaXXJI0M TOpIIE MPEHEOPEKMMO MaJ, T.K. IUIOIIAAH TOPIIOB MPEeHEOPEKUMO
maubl. [ToaTomMy npeHeOpe kMO MasibIM OyeT JOMOIHUTEIBHOE TOJIE ATHX 3apsIIOB.

N
CrnenoBatesibHO, MOJHOE T0JI€ B TAKOU 17U OyAeT paBHO MOJII0 E B CIUIONTHOM JH-
AIIEKTPHUKE.



Takum o0pazom, cuia, IEUCTBYIONIAsE HA TOYEUHBIN 3apsi B Y3KOU MpPOAOIb-
HOM 11U B CIUIOITHOM JIUAJIEKTPUKE, paBHA!

-

F:q'Ey

N
rame E - 1oJi€ B CILIONTHOM AUDJICKTPHKE.

4-i1 cmywait. Cuita, eHCTBYIOIAsl Ha TOYCYHBIN 3apsi/l, TOMEIIEHHBIN B LICHTP
MOJIOCTH cheprudecKoi (POPMBI B TBEPJIOM JUIICKTPHUKE.

B aTOM citydae BHyTpH MOJIOCTH MOSIBISICTCS TIOMOJHUTEIBHOE T10JIe, 00YCII0B-
JIEHHOE CBSI3aHHBIMM 3apsilaMH Ha €€ MOBEPXHOCTHU. BennumHa 3TOro JOMOJHUTEIb-
HOT'O MOJIsI TOJKHA UMETh HEKOTOPOE MPOMEKYTOUHOE 3HAYECHHUE MEXKAY BEJIHMYHHA-
MH T0JIEN B MONEPEYHON U ITPOAOJIBHON IEIAX.

TouHBI pacyeT MOKa3bIBAET, UYTO HAMPSHKEHHOCTH MOJIHOTO MOJS B IIEHTPE
chepuueckoil moyiocTy paBHa (0€3 BBIBOAA):

E. _g+L1. P (Bcucreme CH).
3 &
- -
3meck P - BEKTOp MONSApU3alMU, E - HANPSKEHHOCTb MOJIS B CIUIOIIHOM

JADJICKTPHUKE.
CnenoBaTenbHO, cuiia, AEHCTBYIONIAS HA TOYCYHBIA 3apsAl (, TOMEIICHHBIN B
LEHTp chepruuecKkolt MoJIOCTU B TBEPIOM JUDIEKTPUKE, PaBHA:

E:q'EnonH :q'[E +1'P] b
3 &
EmMKkocThb KOHACHCATOpa ¢ TUIJICKTPHYCCKUM 3alI0JTHCHUECM.
3arnoaHeHNue IMPOCTpaHCTBA MCKIAY O6KH3}1K3MI/I KOHACHCATOpa AUIJICKTPHUKOM
YBCIIMYMNBACT CMKOCTHL KOHICHCATOpA. Ecmu O}IHOPOI[HBH\/’I AUDJICKTPHUK C OTHOCH-
TEeIbHOHU )1H3H€KTqueCKOﬁ MNPOHNIACMOCTEIO ¢ 3allOJIHACT BCC MPOCTPAHCTBO MC-
Ky OOKJIaJJKaMH, TO EMKOCTb KOHJeHcaTopa C YBEIIMYUBACTCA B £ Pas.

C=¢-C, .

3nech C, - €MKOCTh KOHJEHcaTopa 0e3 3amoyiHeHus (B BaKyyMe).
B wacTHOCTH, JI7151 TJIOCKOT'O KOHJIEHCATOPA:
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c_t%°S (B cucreme CH).

d

VYBenuueHne eMKOCTH OOYCIIOBJIEHO TE€M, YTO MPH 3allOJIHEHUH KOHJEHCATOpa
TUDJICKTPUKOM B ¢ pa3 YMEHBINACTCS HAMPSHKEHHOCTD TTOJISI MEXTY OOKIaaKaMU, B
£ pa3 yMEHbIIAeTCs CUJia Ha MPOOHBINA 3apsj, TEPEHOCUMbIH C OOKIAIKU Ha 00-
KJIAJKy, B & pa3 yYMEHbIlIaeTca padoTa 3TOM CUJIbL, T.€. B & pa3 yMEHbIIAETCs pa3-
HOCTh oTeHnuanoB U Mexay oOKiIajKaMu, CIeA0BaTeNIbHO, B & pa3 yBEJIMYMBa-
€TCSl EMKOCTb, T.K. EMKOCTb paBHa:

c.Q.
U

HpI/I 3aIIOJIHCHUH KOHACHCATOPA AUIJICKTPHUKOM 3HAMCHATCIIb 3TOI'O BBIPAKCE-
HUA YMCHBHIMIICA B ¢ pa3, YHCIHUTCIIb (3ap5111 O6KJIaI[OK Q) HC N3MCHUIJICA, ITIO-
9TOMY CMKOCTH YBCIMYWIIACh B ¢ pas.

BBIpa)KeHI/IH AJIA QHCPIUU 3JICKTPHUYCCKOI'O ITOJIA JIF000T0 KOHICHCATOpa OCTa-
IOTCsA IMPCKHUMMU
1 Q°

1
.0O.U==.C.U?==.
Q 2

W = = .
2 C

N~

Tonbko Teneps CiaeayeT MOACTABIATh B 3TH (POPMYJIBI EMKOCTh C YYETOM JIU-
ANEKTPUYECKOTO 3aIOJTHEHHUS:

C=¢-C,.

Ecnu BBIYMCIUTH SHEPTUIO TIOJSI B €AMHUIIE 00BheMa MPOCTPAHCTBA MEXKIY
oOKJIaJIKaMH TJIOCKOTO KOHJEHCATOpa C JUAJIEKTPUUYECKUM 3arOJHEHUEM, TO TOJY-
4aTCsl CIEAYIOLINE BIPAXKEHHUS:

1 , 1 D?
‘E-D==-5-g,E?==- (B cucteme CH).
2 2 £-g,

W =

N |-

3neck E - HanpsyKEHHOCTh AJIEKTPUUYECKOTO MOJISl, D=¢-g,-E - HMHIYKIUS IO-

JISL.
Ot GopMyIIbI ISl 00bEMHON TUIOTHOCTH SHEPTHH AJICKTPHUECKOTO TTOJISI, BBI-

PaXXCHHOM Yepe3 XapaKTePUCTUKHA CAMOTO TIOJIS, CITPABEUIMBEI JIJIs JTFOOOTO AJICKTPH-

YECKOT0 TO0JIs, @ HE TOJBKO IMOJIs TFIOCKOro KOHAeHcaTopa (0e3 10Ka3aTeIbCTBRA).

Cernerosyexrpuxku. Ilbe3osnexrpuuecknii 3¢gdexr.

vy HCKOTOPBIX JUBJICKTPUKOB MMCCTCA OTJIMYHBLIA OT HYJII BCKTOpP IIOJIsIprU3a-
MU U B OTCYTCTBHUC BCAKNX BHCIITHHUX BOSHGﬁCTBHﬁ. Takue JAUDJICKTPHUKH HA3bIBAIOT-
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Csl CErHETOYJICKTPUKAMU, T.K. BIIEPBBIC SIBIIEHUE CaMOIIPOU3BOJILHOW, CIIOHTAHHOW
HOJISIpU3aIi OBLIIO OOHAPY)KEHO Y CETHETOBOM coNM (JBOWHAs KaJMeBO-HATpHEBas
COJIb BUHHOU KHUCJIOTHI).

OTIUYUTETEHON CIMOCOOHOCTHIO CETHETOSJICKTPUKOB SIBIIIOTCS OUYEHB OO0JIh-
IMe 3HAYCHHUST OTHOCUTEBHON JUAIEKTPUUECKON MTPOHUIIAEMOCTH ¢ - TOPsIIKa He-
CKOJIBKMX THICSY (B OOBIYHBIX JUDJICKTPUKAX - €AMHUILIBI, 171 BOABI ¢ = 81), a Tak-
K€ HeTTMHEHAasi U HEOTHO3HAYHAS 3aBUCHUMOCTh HHIYKIIMU D 0T HampsbKeHHOCTH
E.

[Tee3oanexTpudeckuii 3GdexT (mbe303PdeKT) - I3TO MmoaIpU3aIusi P Mexa-
HU4YeCcKo# nedopmarn. OOBICHIETCS CMEIICHHEM OTHOCUTEIIBHO JIPYT IpyTra HOHOB
KPHUCTAJUINYECKOMN PELIECTKU.

[The3091CKTPUKaMU SIBIISIIOTCS BCE CETHETOAICKTPUKU M HEKOTOPBIC APYTHE
BEIIECTBa, HAIIPUMeEP, KBapII.

[Monspuzanust npu nedopManvy Ha3bIBACTCS MPSIMBIM IbE30JIEKTPUYECKIM
apdexrom. [Ipsmoii mbe309h ekt npumMeHsieTcs 11 IpeoOpa3oBaHUs MEXaHHYECKUX
neopmaiuii B JIEKTPUUECKUE CUTHAJBI, HAIPUMEpP, B 3BYKOCHUMATEIISIX DIIEKTPO-
IPOUTPHIBATENEH.

OOpartHblii Tbe303PeKT - nedopMaryst Mo IeHCTBHEM JIEKTPUIESCKOTO OIS
NpUMEHSIETCS U1 MPeoOpa3oBaHMs SJICKTPUUECKUX KOoJeOaHUIl 3BYKOBOM YaCTOTHI
(MK B yJIBTPa3BYKOBOM JIMAIa30HE) B 3BYKOBBIC MEXaHUYECKHE KOIeOaH!Us 1 BOJIHBI,
HaTpUMEp, 3ByKOBBIC CUTHAJIBI B DJICKTPOHHBIX Yacax.

3JICKTpOHHble H HNOHHBbIC ABJICHUSA.

B »Tom paznmene paccMaTpuBAalOTCSl SBJICHUS, CBSI3aHHBIE C MPOXOXKJICHUEM
AIEKTPUUECKOTO TOKA uepe3 pa3iuuHble BemecTBa. [lo creneHu crnocoOHOCTH Tpo-
MyCKaTh AJEKTPUUECKUN TOK (IO AJIEKTPOMPOBOJIHOCTH) BCE BEIIECTBA JCNATCS Ha
MIPOBOJTHUKH (METAJIJIBI), TOTYIPOBOAHUKU U JUIJICKTPUKH.

Crporoe TEOpeTHYECKOE PACCMOTPEHHUE IPOLECCOB 3JIEKTPOIPOBOJIHOCTH B
TBEPJBIX TEJaX MOXKET ObITh BBIMOJHEHO TOJHKO C MOMOIIBIO armapaTa KBaHTOBOM
MEXaHUKH.

B pamkax kypca obmie pu3nku MOXKHO MPUBIIEKATh ATOT amnmapar JIMIIb B ca-
MOM IIPOCTOM BHJIE, B OCHOBHOM Ha YPOBHE Ka4€CTBEHHBIX pacCykjeHuil. imeHHo
Ha TaKOM ypOBHE W OYyIyT MPEJACTaBJICHBl BCE TMOCJICAYIOIINE TEOPETUUECKHUE TO-
CTPOEHHUS 3TOrO pasjena.

ITonsiTue 0 30HHOM Teopuu. MeTa/Ibl, AUITEKTPUKH, TOJTYIIPOBOIHUKH.
CoryiacHO KBaHTOBBIM MPEACTABJICHUSIM JHEPTUS JIEKTPOHA B aTOME JIHOOOTO

3JIEMEHTa MOYKET NPUHUMATh TOJIBKO OIpPENEJEHHbIE 3HAYEHHs, 00pa3yrolue auc-
KpETHBI HAOOP, HA3bIBAEMBIN SHEPTETHUECKUM CIIEKTPOM.
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N300paxaeTcst Takoil CHEKTp € MOMOIIBI0 IHEPreTHUUECKON Auarpammbl, Ha
KOTOPOM KaXKJIOMY pa3pelICHHOMY 3HA4€HUIO 3Hepruu W COOTBETCTBYET OIpeje-
JICHHBI! YHEPreTUYECKUN YPOBEHbD.

W
A A

BanpemeHHasa
30Ha

I O S— ]

BarnpeumeHHas
30Ha

N —

BanpemeHHas
30Ha

9H€pF€TI/I‘-I€CKa}I SHepFeTI/I‘{eCKaﬂ 3H€pF€TI/I‘-I€CKaSI
AuarpamMma AuarpaMma AuarpamMma
aToMa 2-X aTOMOB N aromoB

Ecnau nBa onmuHaKOBBIX aToMa COJM3UTH HA PACCTOSIHUE, COM3MEPHUMOE C pas3-
MepaMH DJIEKTPOHHBIX OPOUT, TO KaXKAbIM YHEPTreTUUECKUN YPOBEHBb pa3iBauBacTCs,
paciIerisieTcsl TeM CUjbHee, 4yeM 0oJiee JajleKoMy PacloioKEeHHUI0 OT spa OH COOT-
BETCTBYET.

Ecnu cOnu3uth Tpu aToma, TO Kbl YPOBEHb OYyJIeT pacileryieH Ha TPH IOo-
IyPOBHS.

Ecau cOmu3uts N aTOMOB, Kak 3TO UMEET MECTO B KPUCTAJUTMUYECKON pelieTKe
TBEPJIOTO TEJIa, TO Kbl ypOBEHb OJMHOYHOIO atroma OyaeT pacuieryieH Ha N
MIOYPOBHEH, KOTOphIE 00pa3yloT ISy 30HY, COCTOSAIIYI0 u3 N pa3penieHHbIX
3HAYEHHUM HSHEpPruu. IDTHU TMOAYPOBHM B Ipeleiax 30HbI PACHOJIOKEHBI HACTOJIBKO
OJIU3KO APYT K APYTY, YTO MOXKHO CUHUTATh, YTO B Mpeeax Ka)JIOW 30HbI IHEPTHUS
3JICKTPOHA B aTOME MOYKET MEHSThCS HENPEPBIBHO, KaK B KjilacCHYeCckor Teopuu. Ho
HU OJUH DJIEKTPOH HE MOXKET UMETh JHEPIUI0, HE MONAJAIOLIYI0 B JHEPIeTUYECKYIO
30HYy. [103TOMY ITPOMEKYTKH, pa3IeIIAIOIINE SHEPIETUUECKUE 30HbI, HA3bIBAKOTCS 3a-
MPEIIEHHBIMUA 30HAMHU.

C TOYKHM 3pEeHUs DJIEKTPONPOBOJHOCTH HHTEPEC MPEACTABIISIIOT TOJBKO IBE
DHEPreTUYECKUE 30HbI. [lepBasg U3 HUX COOTBETCTBYET CaMbIM JAJIbHUM OT sipa Ba-
JICHTHBIM DJIEKTPOHAM M HA3bIBACTCS BAJCHTHOW 30HOW. BTOopas 30Ha HaxoauTcA
BBIIIC BAJICHTHOW 30HBI. JTa 30HA COOTBETCTBYET 3JICKTPOHAM, OTOPBABIIMMCSI OT
aTOMOB U CIIOCOOHBIM CBOOOJHO MEPEABUTATHCA BHYTPH KPUCTAILIA, T.€. DJIEKTPOHAM
MIPOBOAMMOCTH. JTa 30Ha HA3BIBAETCSI 30HOM MTPOBOAUMOCTH.
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30Ha INIPOBOOVMMOCTHU

IIHO BOHEL MNPOBOOVIMOCTNU

3anpeuneHHasa BSOHa
AW AW — mmpuHa
3alnpeleHHOM 3OHBL

[OTOJIOK BaJIEHTHOM SBOHH

/  Bamenrsas 3oHa

Hu oavH 35€KTpOH HE MOKET HaXOAWUTHCS B 3alpEUICHHOW 30HE, HO NEPEUTH
CKauKOM M3 BAJICHTHOM 30HBI B 30HY IIPOBOJAMMOCTH JIEKTPOH MOXKET, U1 4YETO EMY
HEOOXOAMMO COOOIUTH TONOJHUTENBHYIO SHEPTHIO, HE MEHBIIYIO0, YEM LIMPHUHA 3a-
MPEIICHHON 30HBI AW .

Yem MeHbIIE MHUPHUHA 3aIPELICHHON 30HBI, TEM JIETYE MIEPEBECTU AIIEKTPOH U3
BAJICHTHOM 30HBI B 30HY IIPOBOJIMMOCTH.

B cooTBeTCTBHM C IIMPHUHON 3aIIPEIEHHON 30HBI BCE TBEPABIC TEJA AEATCA HA
TPU TPYIIIBI - METAJUIbL, JUAJIEKTPUKHU U ITOITYIIPOBOJHUKH.

Ecmmn

AW > 2+ 3 DB,

TO MEPEOPOCHUTH AIEKTPOH U3 BAJICHTHON 30HBI B 30HY IIPOBOJIMMOCTH HEBO3MOXKHO H
MaTepuall SBJSCTCS TUIICKTPUKOM. DIJICKTPUUYCCKHN TOK OH HE MPOBOJUT, KaXIbIH
AJICKTPOH CHUJILHO CBSI3aH CO CBOMM aTOMOM M OTOPBAaTh €ro, IPEBPaTUB TEM CaMbIM B
AJIEKTPOH MPOBOJAUMOCTH, OUECHb TPYIHO.

BemectBa, 1151 KOTOpBIX

AW <2 DB,
OTHOCSITCSI K MIOJTyITPOBOTHUKAM.

[Ipy HU3KHX TemmepaTypax OHHU SBISIOTCS AUAJICKTPUKAMU, a TPU Ooyiee BbI-
COKHX TeMIIepaTypax OHH MOTYT IPOBOIAUTH JJECKTPUUCCKUNU TOK, MIPUUYEM HX DJICK-
TPOIPOBOJIHOCTH PE3KO BO3PACTAET C MOBBILICHUEM TEMIIEPATypPhl, OCTABAsICh BCE JKE
CYIIECTBEHHO MEHBIIICH, YEM y METAJUIOB, T.€. MOJYIPOBOJHUKHU - 3TO IJIOXHUE IPO-
BOJHHUKH.

Hakomner, TpeThs rpynmna MaTepuaioB - 3TO METaJIbl. B MeTayiax 30Ha mpo-
BOJIMMOCTH TIEPEKPBHIBACTCSI C BAJICHTHOW 30HOM, 3allpelieHHas 30Ha MEXAYy HUMU
OTCYTCTBYET, JIEKTPOMPOBOJHOCTh CYIIECTBYET IpHU 000N TemmepaType, BIUIOTh
710 a0COJIFOTHOTO HYJISI.

JIeKTPOHBI U AbIPKU. COOCTBEHHAsI MPOBOAUMOCTD MOJYIPOBOJIHUKOB.

PaccMoTpum cBOMCTBA OTYNPOBOJHUKOB HA IPUMEPE KOHKPETHOT'O BELIECTBA
- repmanus (Ge). ['epmanuii - snement [V rpynmbel nepuoanyueckoil CUCTEMBI HJie-
meHTtoB JI.Ml.MenneneeBa. Ha BHemHel 37eKTPOHHON 00070YKe aTOMa T€pMaHUS
HaxoAUTCs 4 BaJICHTHBIX 3JIEKTPOHA.

ATOMBI TepMaHUs 00Pa3yIOT KPUCTALINIECKYIO PEIIETKY BEIIECTBA TepMaHus,
KOTOPYIO MOXHO H300pa3uTh rpa)udeCcKy ¢ TOMOIIBIO YCIOBHOM TBYMEPHOU CXEMBI.
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30Ha MPOBOIOMMOCTU
(ceobonHa)

]

31ech Kaxaas JMHUS CBSI3W M300pakaeT OJMH BaJICHTHBIA JICKTPOH, OOIIIMIA
JUISL IByX COCEIHHMX aTOMOB. BOKpYT KaXjoro aTomMa OKa3bIBaeTCs BOCEMb JIMHUM
CBSI3U, T.€. BOCEMb BAJICHTHBIX 3JICKTPOHOB. KaXXIplii M3 HUX CHIIBHO CBSI3aH CO
CBOMMHM JIByMSI COCEJTHUMU aTOMaMHU.

CBOOOIHBIX 3JIEKTPOHOB B 3TOM CJIy4ae HET, TOK IEPEHOCUTh HEKOMY.

Ha 30HHOW 3HEpPreTHYecKod auarpaMme 3TO COOTBETCTBYET IMOJHOCTBHIO 3a-
MOJTHEHHOM (3aHSATOMN) BAJICHTHOW 30HE M MOJHOCTHIO CBOOOJHOM 30HE MPOBOJUMO-
CTH.

Takyro CTpyKTypy UMEIOT KaK ITOJIYIIPOBOJHUKH, TaK U JUIIEKTPUKU. OTan-
yye B TOM, YTO B JMDJIEKTPUKAX MPAKTUYECKH HEBO3MOXKHO OTOPBATH AJIEKTPOH OT
aToMa M MPEBPATUTH €ro B cBOOOAHBIN. HeBO3MOXKHO NepeOpOoCUTh NEKTPOH U3 Ba-
JICHTHOU 30HBI B 30HY IIPOBOJAMMOCTH - CIIMIIKOM BEJIMKa LIMPHUHA 3alPEIICHHON 30-
Hbl AW . [I09TOMYy AMAIEKTPUKHU TOK HE IIPOBOJST.

B nonynpoBoaHMKaXx CBsI3b BaJICHTHBIX 3JIEKTPOHOB C aTOMaMH ciiabee (IUupu-
Ha 3alpernieHHol 30HbI AW MeHbIIe). M3-3a TeninoBbix KoJie0aHUN aTOMOB HEKOTO-
PBIE U3 3TUX AJIEKTPOHOB MOTYT OTOPBATHCS OT CBOMX ATOMOB JIa)K€ MPU KOMHATHOMN
TEeMIEpaType.

[TomyuuBIIMICS ANEKTPOH MPOBOJUMOCTH BEAET ce0s TaK ke, KaK B MeTaJlle,
Y4acTBYSl B IEPEHOCE IIEKTPUUECKOIO TOKA. B TOM mecTe, rae pa3opBajach BAJICHT-
Has CBs3b (OTOPBAJICS AJNEKTPOH), 00pa3yeTcsi M30bITOYHBIN MOJOKUTENbHBIN 3apsij,
PaBHBIN 110 BEJIMYHUHE 3apAAY dJIEKTPOHA U MMOJYYUBIINN Ha3BAHUE JIBIPKH.

Ha sHeprernueckoil nuarpaMMe 3TO MOXKHO M300pa3uTh Kak MEpexoi dJeK-
TPOHA U3 BAJICHTHOW 30HBI B 30HY MPOBOAMMOCTH M 0Opa30BaHMUE JIBIPKU B BAJICHT-
HOM 30HE.

30Ha NPOBOIMMOCTN

S5-H

©
x

AW

@ Herpra

BameHTHaa 30Ha

Jlplpka HapaBHE C SJEKTPOHOM MPOBOAMMOCTHU YYacTBYET B IEPEHOCE 3JIEK-
TpU4ecKkoro toka. [Iporcxoaut 3To Takum oOpazom. PaspbiBaercs CBsI3b y cOCeqHEM
C ABIPKOM mapbl aToMOB. [TosiBIsieTCS OTOPBABIIMIICS AJIEKTPOH, HO ATOT AJEKTPOH HE
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ycreBaeT cTaTb CBOOOAHBIM. OH MPHUBIEKACTCS AJIEKTPUUECKUM MOJIEM MOJIOKUTEIb-
HOTO 3apsjia CTapoi IBIPKH U TMOMAJAeT B 3TY JABIPKY, BOCCTAHABIMBAET Pa30pBaH-
Hy10 cBsi3b. CTapas AbIpKa MCYE3aeT, HO PSJIOM MOSBISIETCS HOBas. A 3TO HKBHBa-
JIEHTHO TEPEMEILECHUIO TTOJIOKHUTEIBHOIO 3apsiia C OJIHOIO MECTa Ha Jpyroe. 3aTem
ATOT 3apsi]i aHAJIOTUYHBIM 00pa3oM nepedepeTcs Ha IPYyroe MECTO U T.J.

Takum 00pa3oM, B YHCTBIX KPUCTAIJIAX, COCTOSAIIMX U3 aTOMOB OJIHOTO Belle-
cTBa (WM OJJHOPOJAHOTO XUMUUYECKOTO COEAUHEHNS ), TPOBOJUMOCTH 00ECIIeYnBaETCS
B PABHOM CTENEHU KaK 3JEKTPOHAMH MPOBOAUMOCTH, TaK U JbIPKaMHU.

Takue, TOTYNPOBOJHUKN HA3BIBAIOTCS COOCTBEHHBIMHU MOTYNPOBOJHUKAMU, a
MIPOBOAMMOCTH, oOecreurBaeMas IEKTPOHAMH M B PABHOW CTEMEHU JbIPKaMHU, Ha-
3BIBAETCA COOCTBEHHOM MPOBOJIUMOCTHIO.

[Ipouecc oOpa3zoBaHus 3JEKTPOHA TPOBOJUMOCTH U OJJHOBPEMEHHO JIBIPKH Ha-
3BIBACTCS TEHEPALIMEN 3JIEKTPOHHO-ABIPOYHOM MAPBHI.

OHOBPEMEHHO MPOUCXOJUT M OOpaTHBIM MpoIecC - PEeKOMOMHAIMS 3JIEK-
TPOHHO-ABIPOYHBIX Nap. B mponecce NBHKEHUS JIEKTPOH MOXKET OKa3aThCs CIIHILI-
KOM OJIM3KO OT JBIPKH, OyJIeT 3aXBau€H €€ MOJIEM U 3aIl0JHUT Pa30pBaHHYIO CBS3b.
DNEKTPOH MPOBOAMMOCTH HCUYE3HET, OJHOBPEMEHHO MCYE3HET U Ablpka. Ha sHepre-
TUYECKON JUarpaMMe 3JEKTPOH BO3BPATUTCS W3 30HBI MPOBOJAMMOCTH B BAJICHTHYIO
30HYy. OcBOOOIUBIIASICSI SHEPTUSI BBIJICIUTCA, HAIIPUMED, B BUJE AJIEKTPOMArHUTHOTO
U3JIy4YCHMUS.

B cranmoHapHOM COCTOSIHUM MPOLECCHl T€HEPAlUd U PEKOMOMHAIMU MPOUC-
XOJIAT C OIMHAKOBOM CpeAHEl CKOPOCTHIO (IMHAMUYECKOE PAaBHOBECHUE).

[Ipn HOpMaJIbHBIX KOMHATHBIX TEMIIEpaTypax JUIIb HEMHOTHMM 3JEKTPOHAM
yAaeTcsi OTOpBaTbcs OT aroMoB. [1oATOMY MPOBOAMMOCTH COOCTBEHHBIX MOJYIMPO-
BOJHUKOB OYEHb MaJla U COOCTBEHHBIC, YHUCTBHIE MOIYIMPOBOJHUKH MPAKTHUYECKOTO
MPUMEHEHUS B KAUE€CTBE MPOBOASAIICH TOK CPEAbl TOUYTH HE UMEIOT.

HpI/IMeCHaﬂ MNPpOBOAUMOCTD IIOJYIPOBOAHHUKOB.

DKCHEpPUMEHT IMOKA3BbIBAET, YTO BBEJAECHUE B MOJYINPOBOAHUK HEKOTOPBIX MPHU-
MECEM B HMYTOXXHOM KOJINYECTBE YBEIMYMBAET MPOBOAMMOCTH MOJYIIPOBOJAHUKA HA
HECKOJIBKO TTOPSIAKOB.

PaccMmoTpum mexanusm 3toro sisieHus. [lycth B kakoM-1100 MecTe KpucTauia
BMECTO aTOMa I'eépMaHusl HaXOJUTCS aTOM, HampuMep, cypbMbl (Sb) - snmementa V
IPyNbl NEPUOAUYECKON cucTeMbl dieMeHToB [[.M.Meunnemneesa.

ATOM CypbMbI UMEET Ha BHEIIHEH 000JI0OUKE MATh BAJICHTHBIX 3JEKTPOHOB, a
JUIsi 00pa30BaHUs BAJICHTHBIX CBS3€Ml C COCEIHUMM aTOMaMM repMaHusi Tpedyercs
TOJBKO 4eTbIpe. OJIMH 3JIEKTPOH OKAa3bIBAETCS, CIEI0BATENBHO, JIUIIHUM. OH HE y4a-
CTBYET B 00pa30BaHUM BAJICHTHBIX CBs3€d U MOATOMY CJ1ab0 CBS3aH CO CBOUM aTo-
MOM - HE TaK ciabo, Kak B MeTaJljlaX, HO 3HaYUTEJbHO cjabee BaJeHTHBIX AJIEKTPO-
HOB. [I03TOMYy IOCTaTOYHO HEOOBIIOTO BHEIIHETO BO3JEHCTBUS, YTOOBI OTOPBAThH
ATOT JIMIIHUM AJIEKTPOH OT aTOMa U MPEBPATUTH €r0 B CBOOOIHBIN 3JIEKTPOH MPOBO-
TUMOCTHU. Takoe BO3AEHCTBHE B KPUCTAJUIE BCErAa UMEETCA B BUJAE TEIUIOBBIX KOJIE-
0aHuii aTOMOB.
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C TOYKHM 3peHUsl 30HHOM IHEPreTUYECKON JuarpaMMbl OTPBIB AIEKTPOHA O3HA-
YaeT ero nepexo/i B 30Hy NpoBOAUMOCTH. [Ipruuem, Ayt 3Toro Tpedyercst TOMOJIHU-
TEJIbHAs DHEPTUsl, 3HAYUTEIbHO MEHBIIIAsl, YeM ILIUPUHA 3alpeIicHHON
30HBI AW. DTO 03HA4aeT, YTo 0 NEepexoJa B 30HYy IPOBOAUMOCTH JIMIIHHUNA DJICK-
TPOH HAXOAWICA HE B BaJCHTHOW 30He. OH HaXOWICS Ha CBOEM IIEPCOHAIBLHOM
DHEPreTUYECKOM YPOBHE, PACIIOJIOKEHHOM B 3alPEILCHHOW 30HE HENAJIeKO OT JHa
30HBI IPOBOAUMOCTH.

30Ha NPOBOIMMOCTU
SJI-H
! 2
n

T JIOHOPHEN! YPOBEHb

BamneHTHasa 30Ha

[IIuprHa nepCcOHAIBHOMN 3aPEIIEHHON 30HBI Uil 3TOr0 JJIEKTPOHA - OTO pac-
CTOSIHUE€ AW, OT €ro COOCTBEHHOI'O YpOBHS JO JHA 30HBI MpoBogUMOCTU. B pac-
CMAaTpUBAEMOM CJIy4ae 3Ta BEJIMYMHA MHOTO MEHBIIE IIHPUHBI 3ANPEIIEHHON 30HBI
AW i1 COOCTBEHHOT'O, YACTOTO MOJYIIPOBOJHUKA:

AW, << AW,

T.€. Ui MEPEeBO/Ia JUIIHETO 3JIEKTPOHA B 30HY MPOBOJAUMOCTH (T.€. IJI1 HOHU3AIUU
MpuUMecH) TpeOyeTcs 3HAYUTEIBHO MEHBIIIE YHEPTUU, YEeM JIJIS TIEPEBO/Ia BAJICHTHOTO
3JIEKTPOHA B 30HY IPOBOAMMOCTH U3 BAaJICHTHOU 30HBI.

TerioBou 3HEpPrur, COOTBETCTBYIOLIEH HOPMAJIbHOW KOMHATHON TEMIEpPaType,
J0CTaTOYHO, YTOOBI MOHU3UPOBATH MPAKTUYECKUA BCE ATOMBI MIPUMECU. ITUM U 00b-
SICHACTCSI 3HAYUTEIIBHOE YBEIWYECHHE MPOBOAUMOCTH MPU HATUYUU MPUMECH. XOTS
aTOMOB NPUMECU OTHOCUTEIIBHO HEMHOTO, HO OHU MPAKTHUYECKU BCE OTAAIOT CBOM
JUIITHUE AJIEKTPOHBI, KOTOPHIE CTAHOBSITCA CBOOOJAHBIMHU 3JIEKTPOHAMH MPOBOJAUMO-
CTH.

[IpoBoguMOCTh, OOEcrieunBaeMasi 3a C4eT aTOMOB IIPUMECH, HA3bIBACTCS MPU-
MECHOU ITPOBOJAUMOCTHIO.

OO6pazoBaHue ANEKTPOHOB MPOBOJAUMOCTH 3a CUET MPUMECHBIX aTOMOB HE CO-
MIPOBOK/IAETCS MOSIBJIEHUEM AbIPOK. Ha MecTe mpuMecHOro aroma, OTAAIOLIETO JIMII-
HUUN AJIEKTPOH, 00pa3yeTCsl HEMOABMKHBIN MOJIOKUTEIHHBIA HOH.

Takum 00pa3om, MpU HAIMYUU aTOMOB MPUMECH C JIMITHUM JJIEKTPOHOM Ha
BHEIIIHEH 000JI0UKE B TIOJYIIPOBOJHUKE MPE00IaIal0T HOCUTENM TOKA OJTHOTO THIIA -
3JEKTPOHBI. Takue MmoasynpoBOJHUKHA HA3BIBAKOTCS MOJIYIIPOBOJIHUKAMU C JIEKTPOH-
HOW BJIEKTPONPOBOAHOCTBIO, WJIM AJEKTPOHHBIMU MOJYIPOBOJHUKAMH, WIM TOJY-
NPOBOJHUKAMHM N - TUMa (OT JATHHCKOro negative - oTpuuarenbHblil). [Ipumecn,
OTJAIOLIME JIMIIHUI 3JEKTPOH, HA3bIBAIOTCS JOHOPHBIMU MPUMECSMH, WU JTOHOpa-
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MU. DHEPreTUYECKU YPOBEHD JUIIHUX 3JIEKTPOHOB JOHOPHBIX MPUMECEN HA3bIBAET-
Cs1 JOHOPHBIM YPOBHEM.

IIpenmnonoxum Tenepb, 4YTO B KPUCTAJUIMYECKON pELIETKE I'epMaHUsl HEKOTO-
pble aTOMBI 'eépMaHus 3aMeHeHbl aroMamu Il rpynmel neproOaUYEcKOW CUCTEMBI
anemeHToB /[ .M1.Menneneesa, HarpuMep, aTOMaMU Tajulvs.

w
A

30Ha NpPOBOAMMOCTN

BaneHTHaa 30Ha

Ha BHemiHel 3MeKTPOHHONW 000JIOUKE TaJTUsl BCETO TPU BAJICHTHBIX DJIEKTPO-
Ha, a 711 00pa30BaHUs BAJICHTHBIX CBSI3€M C COCETHMMH aTOMaMU T'e€pMaHUs Tpedy-
eTcs 4eThIpe 3JIeKTpoHa. [loydaeTcsi, YTO OJHA W3 BAJEHTHBIX CBSA3EH OKa3bIBACTCS
He3anoMHeHHoM. Ho 3T0 He npIpKa, T.K. aTOM rajulvs B LEJIOM HEUTPAJIEH.

J{nst 5IEeKTpOHOB, 00pa3yIOIIUX BAJICHTHBIC CBSI3U, HET OOJIBIIION Pa3HUIII, TJE
00pa30BBIBATH ATU CBSI3M - MEXKAY aTOMAaMU T'€pMaHUs WIA MEXIYy T'€pMaHUEM U
TaJUIAEM.

DTO 03HAa4yaeT, YTO M3-3a HEOONBIIUX TEIUIOBBIX (IYKTyallluid BaJICHTHBIN
ANEKTPOH COCENHENW C aTOMOM TaJUIUS CBS3M MEXKIY aTOMaMH T'€pMaHUS MOXKET I10-
KUHYTh 3Ty CBSI3b W 3alOJHUTH HEIOCTAIONIYIO CBSI3b y aToma ramus. [Ipu 3Tom B
MeCTe pa3pbiBa CTApOM CBsI3U OOpa3zyeTcsi M3OBITOYHBIM TMOJIOKUTEIBHBIA 3apsf -
IbIPKa, @ aTOM TaJIJIUs IPEBPAILAETCS B HEMOJBHKHBIM OTPUIATEIbHBIN HOH.

OOpazoBaBiasicsi JpIpKka CIIOCOOHA y4acTBOBATh B MEPEHOCE BJIEKTPUUECKOIO
TOKa, a DJIEKTPOH, 3aXBAYCHHBIM aTOMOM TaJlIvs, HE SIBJISIETCS CBOOOJIHBIM U MEPEHO-
CUTb TOK HE MOJKET.

Ha sHeprernueckoil auarpamMme 3J€KTPOH YXOJIWT U3 BaJICHTHOM 30HBI U OC-
TaBJSIET B HEW ABIPKY. HO 3TOT ANEKTPOH HE CTAHOBUTCS 3JIEKTPOHOM MPOBOJIMMO-
CTH, T.€. HE JOCTUIAET 30HBI NPOBOAUMOCTH. OH YXOIUT Ha AOMOJHUTEIbHBIA YHEP-
TETUYECKUI YPOBEHB, PACIIOJIOKEHHBIN B 3alPEIICHHON 30HE HENAJIEKO OT IOTOJIKA
BAJICHTHOM 30HBI. PaccTosiHME 3TOr0 TOMOIHUTEIBRHOIO YPOBHS OT IOTOJIKA BAJICHT-
HOU 30HbI AW, MHOI'O MEHBIIE LIUPUHBI 3alPEIICHHON 30HbI AW !

AW, << AW,

[To 3TOl MpUYMHE TPAKTUYECKU BCE aTOMBI MIPUMECU O00ECIIEUMBAIOT HATUYHE
JBIPOK B BaJIEHTHOW 30HE, O3TOMY KOHIIEHTPALMSI TIPUMECHBIX ABIPOK HAa HECKOJIBKO
MOPSIIKOB OOJIbIIE, YeM KOHUEHTPALMS 3JIEKTPOHHO-ABIPOYHBIX Map , obecrieunBae-
MBIX COOCTBEHHOH MPOBOAUMOCTBIO0. COOCTBEHHOM MPOBOJMMOCTBIO B JAHHOM CITy-
yae MOYKHO IIPEHEOpEYb U CUUTATh, YTO TOK 00pa3yrOT HOCUTEIN TOJIBKO OJJHOTO TH-
na - JbIPKHU.
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Takue noJiympOBOAHUKH HA3bIBAIOTCS JBIPOYHBIMU MOJTYNPOBOJHUKAMU, WU
MOJIYIIPOBOJHUKAMH P - TUMa (OT JJATUHCKOIO CJIOBa pOSitive - MOJIOKUTEIIbHBIN).
[Ipumecu, 3axBaThIBAIOIINE Y COCEACH HEAOCTAIOMIUNA SIIEKTPOH, U 00ECIIeYMBAIOIINE
HaJIM4YUE JBIPOK, HA3bIBAIOTCS aKLIEITOPHBIMU MPUMECSIMHU, UITU aKLIETITOPAMH.

CoOTBETCTBYIONIUI SHEPTETUUECKUI YPOBEHb B 3alPEIIEHHON 30HE Ha3bIBACT-
Csl aKIIEITOPHBIM YPOBHEM.

PaccMoTpeHHBIC BBITIIE 3aKOHOMEPHOCTH OTHOCHIIUCH K OJHOPOJHBIM OECKO-
HEUYHBIM 00pa3Iam.

[Tpu mpuBeeHUN B KOHTAKT JBYX Pa3IUYHBIX MaTepHaioB (MeTauI-MeTasll,
METaJUT-TIOTYTIPOBOIHUK, TOTYIPOBOAHUK-TIOTYITPOBOIHUK) BO3HUKAIOT CIICIH(H-
YECKUE SIBJICHHS, O0YCIIOBICHHBIC pa3ndueM (PU3UICCKUX CBOMCTB MaTEepHAIOB H
Ha3bIBAEMbIC KOHTAKTHBIMU SIBIICHUSIMH.

Jlaxke HanMM4Me MPOCTO TPAHUIIBI MaTepuasia MPUBOJUT K IMOSBICHUIO BOJIU3U
IPaHUIIBI SIBJICHUM, HE CBOMCTBEHHBIX OJHOPOIHBIM 00pasiiam.

PaccMOTprM HEKOTOpBIE M3 ATUX SBJICHUNA Ha MPUMEpPaX KOHTAKTOB METalI-
METaJul U MOJIYIPOBOIHUK-TIOTYTIPOBOIHHUK.

PaGora BbIXOJa 3JIEKTPOHA M3 MeETaJLIA.
KonTakTHasi pa3HOCTh NMOTEHUHMAJIOB JABYX METAJJIOB.

BryTpn Mertamia mr000# 3JEKTPOH MPOBOIUMOCTH MOXKET IEepEeMENIaThCs B
m000M HampaBiieHUH OecnpensiTcTBeHHO. HO MOKMHYTh MeTayljl, BBIUTH Ha €ro Mo-
BEPXHOCTh MOYKET HE KaKJIbIH AJICKTPOH. BOMM3M MOBEPXHOCTH CYIIECTBYIOT CHIIBI,
MPEMSATCTBYIONTUE BBIXOY JICKTPOHA. DTH CHIIBI O0YCIIOBIEHBI IBYMS TPUIMHAMHU.

[lepBas mpuunHa - IEKTPOCTATHUECKOE B3aMMOJICUCTBHE JJIEKTPOHA C 3apsi-
JIOM, UHAYIIUPOBAHHBIM (HABEJIEHHBIM) 3TUM DJIEKTPOHOM Ha TIOBEPXHOCTH METaslia.
NHaynpoBaHHbBIN 3apsij] MOSBISETCS HA IMOBEPXHOCTH METajlia TP BBIXOJIE DJICK-
TPOHA 3a MpeAeNbl METaJlJIa, MOSABISIETCS HE3aBUCUMO OT TOTO, 3apsHKeH METasll WK
HelTpasieH. [losBienue 3Toro 3apsijja 00yCIOBJICHO TEM, YTO CHUJIOBBIM JIMHUSM TIOJIS
AJIEKTPOHA HENB3s MPOHUKHYTh B MeTaiul. OHHM JOJKHBI 000PBATHCSA HAa €T0 MOBEPX-
HOCTH, JJI Y€TO HAa HEW M MOSBATCS (MHAYIUPYIOTCS, HABEAYTCS) MOJOKUTEIHHBIC
3apsIbl.

OJIEKTPOH BOIM3M IIOBEPXHOCTN

+  + 4+ + 0+
MeTasnn

DNEeKTpOH, MOKUAAKOUIMN METall, JOJDKEH MPEOAOJIETh NEHCTBHE CHIIBI CO
CTOPOHBI IIOJIsI HABEIEHHOTO 3apsi/a.

Bropas mpuunHa - 00pa3oBaHue AUIOJBHOTO CIIOST BOMM3U moBepxHOocTU. He-
KOTOpasi 4aCTh AJEKTPOHOB, UMEIOIINX JOCTATOUYHO OOJBIINE CKOPOCTH, BHIXOJUT U3
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MeTauta U 00pasyeT OTPHUIATENBHO 3apsiKEHHOE 00J1aKo BOJM3HM €ro MOBEPXHOCTH.
Cama MOBEpXHOCTb, JUIIMBIIMCH 3TUX AJIEKTPOHOB, MPUOOPETAET MOJOKUTEIHHBIN
3apsan. [1onoXKUTENbHO 3apsKeHHAsl MOBEPXHOCTh M OTPUIATENBHOE SJEKTPOHHOE
oOnako BONMM3M Hee 00pa3yloT AUMOJBHBIN CIOW, KOTOPBIA cXeMaTUyHO (YIpPOIlEH-
HO) MOHO M300pa3uTh B CIEAYIONIEM BHJIE:

OJIEKTPOHEl BOJM3M [NOBEPXHOCTN

FYETTEETY

+ + + + + + 4+ + +
MeTamnn

[losnie AMMONABLHOTO CJOSI MPEMSATCTBYET BBHIXOMY 3a MpEesbl MeTaljla OCTallb-
HBIX JJICKTPOHOB.

Taxkum 0Opa3oM, PJIEKTPOH MOXKET OKUHYTHh METaJII, JIUIIh MMPEOI0ICB JEHCT-
BHE CHJI, YICPKUBAIOIINX €T0 BHYTPH. [[7151 3TOTO AJIEKTPOH MOJKEH KaKUM-JTH00 00-
Pa3oM TMOJIYYHUTh JOTIOJHUTEIHHYIO YHEPTHIO.

JlomomHUTENBHAS PHEPTHSA, HEOOXOAMMAs AJIEKTPOHY IS BBIXOAA Ha MOBEPX-
HOCTb C HYJIEBOM CKOPOCTBIO, Ha3bIBa€TCsl pabOTOM BBIXO/IA.

[Tpu npuBeAeHNN B KOHTAKT JBYX Pa3IMYHBIX METAIUIOB AJIEKTPOHBI TIOJIYy4arOT
BO3MOKHOCTh MIEPEXOIUTh U3 TIEPBOTO BO BTOPO U 0OPATHO Uepe3 IPaHUILy pas3jena.

DneKkTpoHaM Jierye nepexouTh U3 MeTalljla C MEHbIIEeH padoToN BhIXO/AA, YEM
Hao0opoT. B pe3ynpTaTre Meraymu ¢ MEHbIIEeH paboTON BBIXOJA TEPSIET JIEKTPOHBI U
3apspKaeTCs MOJIOKUTENBHO, & METAJLT ¢ OoJbIlei paboToi BhIXOa MPUOOPETAET 13-
OBITOYHBIE DJICKTPOHBI, T.€. OTPUIIATEIHHBIN 3apsiI.

Paznenenve 3apsa0B MPUBOAUT K TIOSIBJICHHUIO DJIEKTPUUYECKOTO TIOJIS B 30HE
KOHTaKTa, T.€. K TOSBJICHHUIO PAa3HOCTH IMOTEHIIMATIOB MEXKIY MeTalylaMu. JTa pas-
HOCTh TTOTCHIMAJIOB HAa3bIBACTCSI KOHTAKTHOW Pa3HOCTHIO OTEHIMAIOB. bojee BbICO-
KW TTOTEHIMAI COOTBETCTBYET METAJLTY C TIOJIOKHTEIBHBIM 3apsiioM, T.€. METaJUTy C
MEHBIIIEH paboTol BbIXOA.

Ecnu mpuBecTH B KOHTAKT MOCIICIOBATEIHHO HECKOJIBKO Pa3TUYHBIX METAILIOB,
TO Pa3HOCTH MOTCHITMAIOB MEXIy KpaWHUMH U3 HUX OYJET Takas ke, KaKk U MpU UX
HETOCPEICTBEHHOM KOHTAKTE.

KoHTakTHas pa3HOCTh MOTEHIIMAJIOB 3aBUCUT OT PA3HOCTH padOT BbIXOJa, a
TaK)Xe OT TeMIEPaTypPhl KOHTAKTA.

dpdext 3eedeka.

Ecnau u3 nByX pa3iaudHbBIX NMPOBOJHUKOB OOpa3oBaTh 3aMKHYTYIO 1€, TO B
9TOM 1enu OyAeT IBa KOHTaKTa.
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[Ipn oguHAKOBBIX TeMIlepaTypax OOOMX KOHTAaKTOB OYIyT OJAMHAKOBBIMHU H
KOHTaKTHbIE PA3HOCTH MOTEHIIMAIOB 000X KOHTAaKTOB. TOK B 3aMKHYTOH lienu Oy-
JET OTCYTCTBOBAaTh, T.K. 00€ Pa3HOCTH IMOTEHIMAJIOB BKJIOUEHBI HABCTpedy ApPYT
ApYTy.

T,=T, > U =U, > 1=0.

Ecnn caciaTb TCMIICPATYPbl KOHTAKTOB PAa3JIMYHBIMH, TO KOHTAKTHBIC PA3HO-
CTHU IMOTCHIOUAJIOB 3TUX KOHTAKTOB TOKC CTAHYT pa3JIMYHbLIMH. B pE3ybTAaTC B 3aMK-
HYTOﬁ IOCIIHU U3 ABYX PA3JIMYHBIX MCTAJIJIOB ITOABUTCA BHCKTpI/ILIGCKI/Iﬁ TOK.

LT, - U =#U, —> 1=#0.

D10 sByeHUE Ha3bIBaeTCs dPpdexkTom (1 saBiaeHueM) 3eeOeka.

Hanuuue Toka B nenu o3Hauvaetr Hanuuue DJ[C B Heit. DJIC, oOycnoBiaeHHas
Pa3HOCTBIO TEMIIEPATYP KOHTAKTOB, HazbpiBaeTcs Tepmo-I/IC. Tepmo-3JJC u TOK B
LENU MPOMOPIUOHATBHBI PA3HOCTH TEMIIEPATYP KOHTAKTOB.

SABnenue 3eeOeka HAXOAMUT LIMPOKOE MPUMEHEHHE ISl U3MEPEHUsl TeMmIepa-
Typ. OIMH U3 KOHTAaKTOB MOJJAEPKUBACTCS MPU 3aJaHHON Temriepatype T, (Hampu-
mep, 0° C), a mpyroii moMeriaercst B TOUKY M3MepeHus. Takoe YCTPOHCTBO Ha3bIBa-
ercs tepmoniapoit. Ilo Bemnunne Tepmo-2/IC, uzmepsemoit mprudbopom, ¢ MOMOIIBIO
IpayupOBOYHON TAOIHIIBI OTIPEICTSETCS TEMIIepaTypa T B TOYKE U3MEPEHUSI.

Adpdexr IleabrThe.

Dddekr, 0OpatHbIil 0 OTHOIIEHUIO K 3DPexTy 3eedeka, HazpiBaeTcs dhdek-
toM IlenpThe. OH 3aKkir0o4aeTcs B M3MEHEHWH TEMIIEPAaTyp KOHTAKTOB B 3aMKHYTOM
[ENH U3 Pa3InIHBIX METAJUIOB TIPU MTPOXOKACHUH TOKA TI0 ATOM IIETH.

Ecnu no 3aMKHYTOHM LIenH, COAEp:Kalle 1Ba KOHTAKTa, MPONYCKAaTh TOK C I10-
MOIIBIO BHEIIHETO UCTOYHUKA, TO TEMIIEPATYPBl KOHTAKTOB, PABHBIE ITIEPBOHAYAJIBHO,
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HAa4YHYT HU3MCHATHLCSA B IIPOTUBOIIOJIOKHBIC CTOPOHBI. OI[I/IH KOHTAaKT 6YI[€T Harpe-
BaThbCA, ,I[perﬁ OXJIaXKAaTbC .

B momeHnT Bpemenu t= 0 (110 BKJIFOUECHHUS TOKA) TEMIIEpATyphl KOHTAKTOB
T = Tozs
B MOMEHT BpeMmeHHU t > 0 (mocie BKIIOYEHUS TOKA) TeMIepaTyphl KOHTAKTOB
T, <T, (oxmaxnaeHue), T, > T,, (HarpeBaHue).

[Tpu n3MeHeHNN HanpaBieHUs ToOKa cMeHUTCs 3Hak 3¢ dekra. HarpepaBmmiics
paHee KOHTaKT CTaHeT OXJIaXK/1aTbCs U HA00OpOT.

[Ipox0KIeHHE TOKa CONPOBOXKAAETCS, CIEAOBATENIBHO, BBIICICHUEM TEIlla B
OJIHOM KOHTAaKT€ W MOTJIOIIEHUEM Terulia B ApyroM. KonmnuecTBo BbIIEISIEMOTO U MO-
IJIONIAEMOro TeIula MPOMOPLHOHAIBFHO BEIUYMHE MPOILIEAIIEro 3apsaaa, T.€. IepBOM
creneHu Toka. [lo 3TomMy mpu3HaKy MOXHO OTIMYMTH BbLAEsOIIEECs B dddexre
[lenpThe TEMIIO OT JKOYJIEBA TEIUIA, KOTOPOE MPONOPIUOHAIBHO KBAAPATy TOKA U HE
3aBUCHUT OT HaIlPaBJIEHUS TOKA (BCEr/ia TOJBKO BBIIEISAETCS).

O¢pdexr [lenpThe MOKET HAXOAUTH PUMEHEHUE B XOJIOAWIBHBIX YCTAHOBKAX.

Teneps pacCMOTPUM HEKOTOPBIE 3aKOHOMEPHOCTH, UMEIOIIME MECTO MPU KOH-
TaKTe JIBYX MOJYIPOBOAHUKOB C PA3JIMYHBIM TUIIOM MPOBOJAUMOCTH.

P-n mnepexo.

KoHTakT Mexay ABYMs IOJIYIIPOBOJHUKAMU C PA3JIMYHBIM TUIIOM MPOBOJAUMO-
CTU P U N HAa3bIBAETCH P - N MEPEXOIOM.

N3-3a TEmmoBOro ABMKEHUS MPOUCXOIUT B3aUMHOE IMPOHUKHOBEHUE JJIEKTPO-
HOB B p 00J1aCTh U JBIPOK B N 00JIaCTh Yepe3 MOBEPXHOCTh KOHTAKTA.

o)

Tl

—>
>
—

4+
4]+ +

B pe3ynbrare BOJM3M KOHTAKTa CO CTOPOHBI N - MOJYIPOBOJHUKA 00pa3yeTcs
MOJIOKUTENbHBIA 0OBEMHBIN 3apsii HOHOB IOHOPHBIX MPUMECEH, a CO CTOPOHBI D -
MOJIyITPOBOJHUKA - OTPHIIATENIbHBIA OOBEMHBIN 3apsi] HOHOB aKIENTOPHBIX TPUMe-
CeHl.

BHyTpu cios 00beMHOro 3apsijja MOSIBUTCS 3JEKTPUUYECKOE T0JIe, HaNpaBIeH-
HOE OT IUIKOCA K MUHYCY.

OT0 1noJsie NpPensTCTBYET TEIUIOBOMY JIBH)KEHHIO HOCUTENEN TOKA Yepe3 rpaHu-
Iy ¥ OHO OyJIeT YBEJIMYUBATHCA 10 TEX MOP, OKA HE MPEKPATUT TEIJIOBOE JIBUIKEHHE
MOJIHOCTHIO. DTO OyAeT 03HauaTh YCTAHOBJICHUE PAaBHOBECUS MEXAY N U p MOdY-
[IPOBOJIHUKAMMU.
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Ecnu npwiokuTh K p - N NEPEXOAY BHEIIHEE HANPSHKEHUE, TO PABHOBECUE
Oyzaer HapylieHo. Pe3ynbTaT MOAKIIOUEHUS BHEIIHErO HAIpPsDKEHUS CYLIECTBEHHO
3aBHCHT OT IOJIIPHOCTU ATOIO HAIPSIKEHUS.

[TycTh cHayasa MIH0C BHEUTHETO UCTOYHMKA TOJKIIIOYEH K P - HOJIYIPOBOJHU-

KYy.

B »TOM cilydae BHemHee Iojie B p - N MEPEXOAE, CO3AABAEMOE UCTOYHHUKOM,
HaIpaBJICHO IPOTUB IOJS CaMoOro mnepexona. PesynpTupylomiee mosie B NEpexone
CTAHOBUTCS MEHbILIE U TENEPb OHO MEHBUIE MPEMSATCTBYET TEIUIOBOMY ABUKEHUIO
JIEKTPOHOB CJIEBA HAIIPABO, a ABIPOK CIIpaBa HaJe€BO. B pe3ynbTare NosBIAETCS TOK
4yepe3 p - N Mepexojl, HaMpaBiICHHbIA OT p MOJYINPOBOJHMKA K N MOJYNPOBOI-
HUKY, TeM OOJbIIMI, YeM OOJbIle MPUIOKEHHOE HAPSHKEHUE.

Ecny cMEHUTH NOJIIPHOCTh BHELIHETO HAIIPSDKEHUS, TO MOJIE HWCTOYHHUKA B P
- n nepexoje OyJeT HalpaBJIeHO B Ty XK€ CTOPOHY, UYTO U I0JIE CAMOT0 MEPEX0/a.

n E o

CymMMapHOe 1oJie B MEPEXO0J€ YBEIUUYUTCS U TEIEPh TOPMO3SILEE JIEUCTBUE
3TOrO IOJISI HE CMOKET MPEOA0JETh MPAKTUUECKU HU OJUH 3JIEKTPOH CJI€BA U HU O
Ha JbIpKa CIIpaBa.

Ecnu 6b1 cneBa He ObUIO JPYTUX HOCUTENEH , KpOME JIEKTPOHOB, a CIpaBa -
KpOME JBIPOK, TO TOK Yepe3 NMepexo ] NpHU TaKOM BKIIOYEHUH OTCYTCTBOBaJI Obl. Ho B
JH000M NPUMECHOM IOJYIPOBOJHUKE BCETa MMEIOTCA B HEOOJIBIIOM KOJUYECTBE
HOCHUTEIH, OOYCIIOBIEHHbIE COOCTBEHHOW IIPOBOAMMOCTBIO,  T.€. D3JIEKTPOHHO-
IpIpouHble napbl. CiegoBaTeNbHO, ClIeBa KPOME MPUMECHBIX 3JIEKTPOHOB UMEIOTCS B
HEOOJIBIIIOM KOJIMYECTBE COOCTBEHHBIE NIBIPKU. AHAJIOTMYHO CIIpaBa KpOME MpHUMEC-
HBIX JBIPOK MMEIOTCS B HEOOJBIIOM KOJIMYECTBE COOCTBEHHBbIE 3JIEKTPOHBI. COOCT-
BEHHBIE JIBIPKHM CJieBa U COOCTBEHHBIEC AJIEKTPOHBI CIipaBa OyAyT cO3/1aBaTh OYEHb
HEeOOJIBIION TOK Yepe3 Mmepexo, T.K. sl HUX CyMMapHOe IoJie B EPeXo/ie HEe SIBIs-
€TCSl TOPMO3SILUM.

B pe3ynbTaTte 3aBUCUMOCTh TOKa 1 4Yepe3 P - N MEepexoj] OT MPUIOKEHHOTO
BHelIHero HanpspkeHuss U OyAeT UMeTh CIIeAYIOIUN XapaKTepHbIN BU:
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[lpaMasa BeTBb

io6p i
— —

|0 [ e —
+ = —

losp = const ()
4 u

ObpaTHas BETBb

OTa 3aBUCUMOCTh Ha3bIBAa€TCA BOJBT - aMIEpHON xapaktepuctukoil (BAX)
p - n mepexona.

TeopeTndecknii BBIBOJ AAET CIECAYIOIIEE BBIPAXKEHUE ISl BOJIBT - aMIIEPHOM
XapaKTEPUCTHKHU P - N IIEPEX01a:

I= ey {eXp(iﬂ) - 1} :

3nech € - BeIMYMHA 3apsja JIEKTpoHa, K - moctostHHas boneumana, T -
TeMmreparypa 1o mkaine KenbBuHa.

[Ipsimas BetBb ( U > 0 ) COOTBETCTBYET MOAKIIOYEHHIO IJIIOCA BHEIIHETO
MCTOYHMKA K P - moiynpoBoaHuky. OOpatHas BetBb (U < 0) cooTBeTcTBYeT 00-
pPaTHOM MOJSIPHOCTH MOAKIIOYEHHUS.

OOpatHbIil TOK P - N TIepexoga HUYTOXKHO MaJl 10 CPABHEHUIO C MPSMBIM (Ha
puUCyHKe 0OpaTHBIM TOK M300paKEeH B CYIIECTBEHHO MHOM MaciiTabe, 4em mpsMon).
[TosToMy p - n mepexos ABISETCA AUOJIOM C MPAKTUYECKH OJHOCTOPOHHEW MPOBOIH-
MOCTbi0. OH TPOBOJIUT TOK B OJHOM HAINpPABJIICHUU U HE MPOBOAUT B IPOTUBOMIOJIO K-
HOM. briarogapst ?ToMy CBOMCTBY MOJIYITPOBOAHUKOBBIN TUOJ (T.€. IBYXAJICKTPOIHBIM
npuOOp, OCHOBHOW YACTBIO KOTOPOTO SIBJISIETCS P - N MEPEX0]]) HAXOIUT MIUPOKOE
MPUMEHEHUE B KaueCTBE BBIMPSMUTEIIS MEPEMEHHOTO TOKa U JAETEKTOpa PaJHOCHT-
HaJIOB.

Tpan3sucrop.

TpaH3ucTOp - 3TO TPEXDIESKTPOAHBIN MOITYITPOBOTHUKOBBIA MPUOOP, HIIU TO-
JTYIPOBOJIHUKOBBIN TPHUO/I.

TunuuHoe ycTpOHUCTBO U TUMUYHAS CXEMa BKIIFOUEHUS TPAH3UCTOPA BBITIISISIT
CJIeIYIONTUM 00pa3oM:

BMUTTEP Baza KOJIJIEKTOP

p n P

ix
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OTOo Tpu 007aCTH C TPOBOJAMMOCTBIO P THUIIA, N THIA U CHOBA P TUIA (TpaH-
3UCTOpP P-N-p THHA). MeXay HUMH JBa P - n nepexoaa. Kaxkmas u3 3tux Tpex oobiac-
Tell UIMEET CBOC Ha3BaHME - IMUTTEP, 0asza, KOJICKTOP. MEXIy KOJUIEKTOpOM U Oa-
301 BKJIIOYCH Yepe3 CONMPOTHUBJICHUE MCTOYHUK TOKA C OOJIBIIUM 3alMpaOIINM Ha-
PSDKCHUEM, BTOPOM P - N MEPEXO0J] MTO3TOMY 3aIlepT, TOKA B I[EMH KOJUICKTOpa MpaK-
TUYECKHU HEe ObLIO ObI, €ClIi ObI SMUTTEP HE OB HUKY/IA MTOAKIIOYCH.

Mexay sMuTTepOM M 02301 BKITIOYAIOT UCTOYHHUK TOKA C HEOOJBIIMM, HO OT-
MUApAIONUM HamnpsoKeHHeM. B pesynbrare depes MepBbId p - n Mepexoa UAET TOK.

[[Iupuna 6a3er 00BIYHO HeBenuka. [103TOMYy IOBIpKM W3 SMHUTTEpa, MOmaaas B
0a3y, mpoxoAsaT 0a3y HACKBO3b, JOCTUTAIOT BTOPOTO P - N Mepexoaa U CBOOOIHO
MIPOXOJISIT B KOJJIEKTOP, T.K. MOJIIPHOCTH KOJUIEKTOPHOTO MCTOYHWKA TOKA HE TIpe-
MATCTBYET WX MPOXOXKICHUIO CIIEBa HAIPABO Yepe3 BTOPOi mepexoa. B menu komiek-
TOpa MO3TOMY OYyJIET TOK M3-3a HAJIMYHS YMUTTEpA U U3-3a MAJIOH TOJIIIUHBI Oa3bl.

Ecau MeHATh HampspKeHHE B LIETIH AMUTTEPA, BKIIOUMB, HAIIPUMED, TOCIEI0-
BaTEJIbHO C SMUTTEPHBIM UCTOYHUKOM MOCTOSSHHOTO TOKA €I U UCTOYHMK IePEMEH-
HOT'O HalpsDKeHHS U, TO TOK udepe3 oba mepexoja OyaeT MEHSThCA, T.€. B IIETH

<}
KOJUICKTOpPA 6y,[[€T IMPOXOOHUTDH HGpGMGHHBIﬁ TOK i _, @ HA COIIPOTHBIICHUHA R mosiBuT-
Cs IEPEMCHHOC HAIPSDKEHUE u_ =i -R. Ecan HaIIPAKCHUC KOJIJICKTOPHOI'O UCTOY-

HUAKA ¥ BEJMYMHA CONMPOTUBIICHUS R m0m00paHbI MpaBUIBLHO, TO aMILIUTY/Ia TIEpe-
MEHHOTO HaIpsDKCHHS Ha CONMPOTHUBICHHMH R Oyner 6oibIne aMIuIATyAbl HampshKe-
HUA B 1enu smuTTepa (U, > U, ), T.€. TPAaH3UCTOP CIIOCOOCH yCUIIUBATh NIEPEMEH-
HOE HarpspkeHue. B 3Tom u 3akitouaercs OJJHO U3 OCHOBHBIX Ha3HAYEHUU TpaH3U-
ctopa. Jlpyroe ocHOBHOE Ha3HAUEHHUE - TEHEpaIusl He3aTyXalolUX AJIEKTPOMAarHuT-
HBIX KoJieOaHui. JIroOoH ycHIHMTENh MOXET OBITh U TEHEPATOPOM, €CIIM YacTh Iepe-
MEHHOTO HAIIPSPKEHUS C BBIXOJIa YCHIIMTENS IMOJaBaTh Ha €ro ke BXoj (oOpaTHas
CBSI3b).

‘Bo3MoXxHO apyroe coyetaHue p 1 n obsiacteil (n-p-n TpaH3UCTOP) U JApYyrue
CXEMBI BKIIFOUCHHS TPAaH3UCTOpa. PaccMOTpeHHas 3/eCh cXeMa BKIFOUCHHS Ha3bIBa-
€TCsI CXEMOU ¢ o01Iel 0a30M.

JJleKTPUYeCKUH pa3psja B ra3zax.

B 0OBIYHBIX YCTOBUSIX Ta3bl SBISIOTCS AUDJIEKTpUKaAMU. MOJIEKYJbl Ta30B
HEUTpaJIbHBI, CBOOOIHBIX HOCHTEJICH TOKa HET M TOK Yepe3 Ira3 He MpoXoauT. Ecim
MOJAKTIOYUTH K OOKJIaIKaM BO3IYIIHOTO KOHJEHCATOpAa UCTOYHUK TOCTOSIHHOTO TO-
Ka, TO MpUOOp, BKIFOUEHHBIN B 3TY II€TIh, TOKAXET OTCYTCTBHE TOKA - BO3yX TOK HE
MIPOBOJIUT.
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Ho B 3T0i1 Lenu TOK NOSBUTCS, €CIIHM BO3IyX MEXAY OOKJIaJKaMH MOJABEPTrHYTh,
HampuMep, yJIbTpapuoJETOBOMY OOJYyYEHHIO WJIM MPOCTO HArpeTh ¢ MOMOUIbIO
OOBIYHOrO TIaMEHU (Hampumep, cnupToBkH). CrenoBaTenbHO, TaKOE BHEIHEE
BO3/ECIICTBHE NMPUBOJIUT K MOSIBICHUIO HOCUTENEH Toka B raze. llog nmelictBueM 00-
JIy4EHHUs] WM HarpeBa HEUTPAJIbHBIA aTOM TEpsET IEKTPOH M MPEBPAILAETCS B I10-
JIOKUTENbHBIN NOH - HOHU3UpYyeTcs. g moHu3anuu Tpedyercst SHEPTus, HE MEHb-
asi OMPENEIICHHON BEJIMYUHBI - SHEPTUM MOHU3ALMNA. DHEPTHsl HOHU3ALHUH Pa3Jind-
Ha JUTA pa3ju4HbIX ra3oB. B pe3ynprare MOHM3AaLMKU MOJEKYJ I'a3a NOSBISIOTCA CBO-
OO0JIHBIE ANEKTPOHBI - HOCUTENN ToKa. OOpa30oBaBIIMECS OJHOBPEMEHHO C 3JIEKTPO-
HaMU TOJIOKUTEIbHBIE MOHBI TAKXKE SBISIOTCS CBOOOJHBIMM M TOXE y4aCTBYIOT B
nepeHoce Toka. Kpome Toro, cBOOOAHBIE 3JIEKTPOHBI MOTYT HPHCOEIUHATHCS,
"mpununare" K HEUTpaJbHBIM MOJIEKYJaM U O0Opa30BbIBAaTh OTPHULATEIbHBIE MOHBI,
KOTOpBIE TaKXKe SIBIISIOTCS HOCUTEISIMU TOKa. B pesynbTraTe B ra3ax TOK NEPEHOCAT
3apsSKEHHBIE YaCTULBI TPEX BUAOB - JJEKTPOHBI, MOJIOKUTEIBHBIE HOHBI U OTPHUIIA-
TEJIbHbIE HOHBI.

OnHOBpeMEHHO ¢ 0Opa30BaHHEM MOHOB WJET U OOpaTHBIN TMpoliecc - HeUTpa-
JAM3anus, WM PeKOMOUHAIINS HOHOB. DJIEKTPOH, BCTPEUasiCh MPU CBOEM JIBUKEHHUU
C MOJIOKHUTEIbHBIM HOHOM, MPHUCOEAUHSIETCA K HEMY, 00pa3ys HeHTpajbHBIA aToM.
OcBo0Ooaromascs Ipu 3TOM dHEPrusi MOHMU3ALUU BBIJIETSETCS Yalle BCEro B BU-
1€ U3JIyYEHUs, BbI3bIBAs CBEUEHUE HOHU3UPOBAHHOIO Ta3a.

[IpoxoxkaeHne 3IEKTPUIECKOTO TOKA B Ta3€ HA3bIBAETCA pa3psaaoM B raze. Ec-
JY paspsAl MPEKpaIaeTcsl Mocjae MCYE3HOBEHUs BHEIIHETO MOHU3ATOpa, TO Pa3psm
Ha3bIBAETCSI HECAMOCTOSATENbHBIM. Eciu pa3psn cymecTByeT U 0€3 BHEUIHErO0 MOHU-
3aTOpa, TO 3TO CAMOCTOSATENIBHBIA Pa3psi.

YHopsiio4eHHOE JBMKEHUE 3apsDKEHHBIX YACTHUIl B ra3e MPOMCXOAMUT HE TaK,
KakK B Bakyyme. B BakyyMme noj IEUCTBHEM 3JJIEKTPUYECKOIO IIOJISI CKOPOCTH 3apsi-
’KEHHOM 4YaCTULbl HEMPEPBHIBHO YBEIMUYMBAETCA. B rasze (Takke B TBEPAOM TEJE U B
AKUJKOCTH) W3-3a HENPEPBIBHBIX CTOJKHOBEHMI YacTUIBI C aTOMaMd U HMOHAMH
CpeaHssl CKOPOCTh €€ YIIOPSAOYECHHOIO IBUKEHUS B 3aJaHHOM I10JI€ €CTh BEJIMYMHA
ITOCTOSIHHAS!, IPONIOPLUOHAIbHAS HAPSHKEHHOCTH TOJIA:

v=b-E.

KoadduumeHT nponopiuoHaibHOCTH b MEXIy HaNpsKEHHOCTBIO TONS U
CpeaHel CKOPOCThIO YMOPSIIOUEHHOTO JBUKEHUS HA3bIBACTCS MOJBHXKHOCTBIO 3apsi-
KEHHOM yacTuubl. WMnu mHaye - MOABMKHOCTH 3apsKEHHOM YacTHUIbl paBHA CKOPO-
CTH, KOTOPYIO YacTHUIa MPUOOPETAET B MOJ€ SAMHUYHON HANpsKeHHOCTH. [loaBuxk-
HOCTb 3apsDKEHHBIX YaCTHUIl Pa3jMyHA B Pa3IMUHbIX Ta3aXx. B ogHOM U TOM *e rase
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IMOABUKHOCTD pa3jIMdHa IJIs1 3JICKTPOHOB, ITOJIOKHUTCIIBHBIX HOHOB U OTPUILATCIIbHBIX
HOHOB.

I[JISI OOCHKH IINIOTHOCTHU TOKA B I'a30BOM pa3pAAC I YIIPOLICHUSA 6y,ZIeM CUHn-
TaTb, 4YTO BCC CBO6OI[HI)IC QJICKTPOHBLI IIPHUIIAILIIN K HGﬁTpaHBHBIM aToMaM H 06pa—
30BAJIM OTPULATCIIbHBIC MOHBI. TOFI[a MOKHO 3aIIicaTthb AJIs1 BCIIMYHUHBI IINIOTHOCTH
TOKa, O6YCJIOBJI€HHOI‘O BHCIIHHUM ITIOJICM:

j = qmn-v,+qnv =qn-(v, +v.).

3nech q - BEIMYMHA 3aps/ia MOHA, N - YUCIO Map HOHOB B €IMHUIIE O0BEMA,
V., U V. - BEIIMYUHBI CKOPOCTEH YIMOPSJOUCHHOTO JIBHXKEHUSI TOJIOKUTEIbHBIX U
OTPULIATENBHBIX HOHOB. BENMUMHBI CKOPOCTEN BBIPAXKAKOTCS YE€pPE3 BEIUUYMHY Ha-
MPSHKEHHOCTH 1OJIE E M MOABUKHOCTH MOHOB:

B pesynbrare nosiyyaem:
j = qn-(b,+b)-E.

HaHpaBHGHI/IH QJICKTPUYCCKOTI'O ITOJIA, CKOpOCTGfI IMOJOKUTCIIbHBIX U OTpHUIIA-
TCJIbHBIX HOHOB U INIOTHOCTH TOKA IIOKAa3aHbl Ha PUCYHKC.

E
—
— v
> —
v —0
OKOHYATENBHO MOJTyYaeM:
j=o-E.

DTO BbIpaXK€HUE TMpeAcTaBiIsieT coboi 3akoH Owma B quddepeHunanbHoi
opme,
G = gq-n-(b. +b) - yAeJdbHas NPOBOJAUMOCTh HOHU3UPOBAHHOIO ra3a. Takum oOpa-
30M, IJIOTHOCTh TOKAa ra30BOI0 pa3psja NpONOpLHOHAIbHA HAIIPSKEHHOCTH BHEIIHE-
ro noyist E, T.e. BeIMYMHE NPUIOKEHHOTO BHEIIHETO HanpsokeHuss U. Takon xapak-
Tep 3aBUCHMOCTH IUIOTHOCTH TOKa OT IMOJIsl OYJET CIpaBeIMB TOJIBKO Ui HE OYCHb
CWIBbHBIX MoJiel. Ecniu BHeIIHee MmoJsie HaCTOJIbKO BEJIMKO, YTO BCE 00pa30BaBIIHECS
32 CYET BHEUIHEr0 MOHM3ATOpa MOHBI JOCTUTAKOT 3JIEKTPOJIOB, TO 3aKkoH OMa mnepe-
CTaeT BBINOJHATHCS, TOK JOCTUTaeT HACBHIIICHUS] M OCTAETCs MOCTOSHHBIM IPH yBe-
nuyeHnd nons. Ho ecny mosie MpeBBICUT HEKOTOPOE ONPEIEIIEHHOE 3HAYEHUE, TOK
paspsiia pe3Ko BO3paCTaeT.

Ecnu n300pa3uth 3aBUCUMOCTD IJIOTHOCTH TOKA OT HANPSXKEHHOCTH MOJISA, TO
OoHa Oy/IeT UMETh TaKOUW BU:
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j=06-E

Hacrunenme

0. 5 E
ObnacTb . OGjsacTsb
HEeCaMOCTOATEJIBHOT'O CaMoCT .
paspana praspdana

Takoit e Bua OyAeT UMETh M 3aBUCUMOCThH TOKa pa3psifia | OT HampsHKEHUS
U, nOpuwiokeHHOTO K Ppa3psIHOMY MPOMEXKYTKY (BOJbTaMIEpHas XapaKTEPHUCTHKA
paspsiaa).

HanpsoxkeHue, nmpu KOTOPOM NPOUCXOIUT PE3KOE YBEIMYEHHE TOKa paspsia,
Ha3bIBACTCS HAMPsHKEHUEM MPO00si, UM HANPSHKEHUEM 3akuraHus. ['oBopsT, mpouc-
XOJIUT MPoOOoI raza. Pa3psg Teneps MOKET NMOAACPKUBATHCS U O€3 BHEIIHETO MOHU-
3aTOpAa, T.€. CTAHOBUTCSI CAMOCTOSITEIbHBIM.

K camMocToaTenbHbIM ra30BbIM pas3psiilaM OTHOCATCS HCKPOBOM, KOPOHHBIM,
TICIOIIUA W TYyTOBOW pa3psibl.

Hckposoii paspsai.

OTOT pa3psa] HauboJiee YaCTO BCTPEUYACTCSI B €CTECTBEHHBIX M HCKYCCTBEHHBIX
YCIIOBUSIX B aTMOC(EPHOM BO3/AYXE.

[Ipu MOBBIIEHNH HAIPSHKEHHOCTH 3JIEKTPUYECKOIO TOJI B BO3AYXE BBILIE OII-
pEeNEIeHHOrO Ipeaena
(~310° B/M) mpockakuBaeT HCKpa, KOTOPYIO XOPOLIO BUIHO U CIIBIIIHO.

B ympoiiieHHOM BapuaHTe HaIU4KUe UCKPOBOIO MPO0OO0s B BO3AyXE OOBIACHIETCS
JABUHOOOPA3HBIM HAapaCTAaHUEM YKCIIa HOCUTENEH 3a CYET MOHU3ALUU AIIEKTPOHHbI-
MU 1 MOHHBIMU YIapaMHU.

[TosiBUBIIMIACS B pa3psIHOM MPOMEKYTKE MO KaKOW-IMOO MpUYMHE CBOOOI-
HBII 3JIEKTPOH Pa3rOHSETCS BHEIIHUM JJIEKTPUYECKUM ToseM. Eciu nose mpesbina-
eT po0oitHOe, TO 3a BpeMsi CBOOOJAHOIO Mpodera 3JIeKTPOHA OH YCIIEBAET YBEIUYUTh
CBOI0 KMHETHYECKYI0 JHEPIHIO 10 BEJIWYWHBI, JTOCTATOYHOW I MOHU3ALMM HEU-
TpabHOU MOJIeKyJbl. CTOJKHYBIIUCH C HEUTPATHHOW MOJIEKYJIOM B KOHIIE CBOOO/I-
HOTO Tmpobera, MeKTpoH noHu3upyeT ee. [losBisiercs eme oauH CBOOOIHBIN AJIEK-
TPOH U TEIEph YK€ JABa JIEKTPOHA (CTapblil U HOBBIN) pa3roHAOTca noyiem. B pe-
3yJbTaTE 3TH JIBa JJIEKTPOHA MOHU3UPYIOT YK€ JIB€ MOJEKYIbl. [losBistoTCS eme 1Ba
HOBBIX CBOOOJHBIX 3JIEKTPOHA, & BCETO BMECTE C JABYMsI CTApPbIMU - YEThIpE. JTH Ye-
TBIPE MOHU3UPYIOT YETHIPE MOJEKYJbI, 3aTEM aHAJOTWUYHO BOCEMb, IIECTHAALATh U
T.1. KoandecTBo CBOOOIHBIX AJIEKTPOHOB M TMOJOKUTEIBHBIX MOHOB B Pa3psiaHOM
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NPOMEXYTKe OyneT, TakuM 00pa3oM, JaBUHOOOPA3HO HApaCTaTh. ITOT MPOIECC CXe-
MaTHYHO TIOKa3aH Ha PUCYHKE.

e

SN

AHanOrnyHeIM 00pa3oM MPOUCXOJUT HAPACTAHHE MMOTOKA CBOOOJHBIX HOCUTE-
Jel 1 B 00paTHOM HalpaBJICHHH 32 CUET YAAPHON MOHU3ALMU MOJO0KUTEIbHBIMU UO-
HaMHU.

B pe3ynbrare n1aBUHOOOPAa3HOrO HapacTaHMs KOJIMYECTBA HOCHUTENEH B pas-
PAOHOM NPOMEXKYTKE MHPOXOJIUT AIEKTPUUECKUM TOK, KOTOPBIA MOXKET JIOCTUIaTh
3HAYUTEJIbHON BEJIMYMHBI U OOBIYHO COCPENOTOYEH B Y3KOM M3BWIMCTOM KaHaje, a
HE 10 BCEMY CEUYEHUIO Pa3PSIIHOrO MPOMEXyTKa. CHUIIbHBIN JIOKAJIBHBINA pa3orpes ra-
3a 0OJIBLIMM TOKOM OOYyCIIaBIMBAET PE3KUM MEpernajl AaBJICHUs, YTO BbI3bIBACT IMOSB-
JIeHUE yJapHON 3BYKOBOW BOJIHBI, BOCIIpUHUMAEMOW Ha CiIyX Ju0OO B BUJE Tpecka,
100 B BUJI€ TPOMA B 3aBUCHMOCTH OT MacluTada UCKPHI.

Koponnsbiii pazpsa.

KoponHblii pa3ps - 3TO YaCTUUHBIN MPOOOH ra30BOro MPOMEKyTKa, 00yCIOB-
JICHHBIN TEM, 4TO AJIEKTPUUECKOE I0JIE MPEBBIIIAET TPOOOHHOE 3HAUEHHE HE BO BCEM
POMEXYTKE, a JIUIIb B €ro HeOOoJbIIoN yacTu. [t 3TOro nosie JOMKHO OBITh Cyllle-
CTBEHHO HEOJHOPOJIHBIM. B CcBOIO ouepenb, Al 3TOr0 OJUH U3 DJIEKTPOJOB TOJIKEH
UMETh BUJ OCTpUs, TUOO LUIMHPA UK IIapuKa MaJoro paauyca.

Hanpumep, KOpOHHBIN pa3psii MOXKET HaOMIoAaTbcs BOJIU3M BHYTPEHHETO
ANEKTPOAA UUIUHIPUIECKOTO KOHAEHCATOPA, €CIIM ATOT DIIEKTPOJ UMEET TOCTATOYHO
Maibii paauyc. [1oagpHOCTh MOAKIFOYEHUS BHEIIHEIO MCTOYHMKA K JJIEKTPOAAM HE
MMEET NPUHIMITHAIIBHOTO 3HAYCHHS.

©

BBuny cuibHON HEOAHOPOAHOCTH TMOJISE OHO MPEBBIIIAET MPOOOITHOE 3HAUYECHNE
TG B HEOONbIIOM 00JacTu BONIM3M BHYTPEHHETO 3JeKkTpoaa. B atoi obGnactu pas-

100



BHBAETCA JIABUHOOOPa3HBIN IMpoliecc 00pa30BaHUs HOCUTENECH TOKa (Ha PUCYHKE 3Ta
o0JacTh 3alITPUXOBaHa). B ocTanbHON YacTH MPOMEXKYTKA MOJIE HUXKE MPOOOIHOTO
U pa3psij TaM UMEET HECAMOCTOATEIbHBIN XapaKTep.

KopoHHBIii pa3psii NposBIISETCS BHEUIHE B BUJE CBETSAIIEHCS KOPOHBI BOKPYT
TOHKOT'O MJIM OCTPOTO AJIEKTPO/Ia U COIIPOBOXKIAETCS IIUIIEHUEM U IOTPECKUBAHUEM.

Hanuuue BHEmIHEro anekTpoaa He 00s3arenbHO. Ero poias MOryT urpaTth OK-
pyxatouie npeameTsl. [103ToMy KOpOHHBIN paspsii MOXKET HaOII0aThCsl OKOJIO
MIPOBOJIOB BBICOKOBOJITHBIX JIMHUI TEpeiad, OKOJIO BEPIIUH JEPEBbEB U PA3TUUHBIX
MadT, B YaCTHOCTH, OTHH CBSITOrO DIibMa, T.€. CBEUCHHE MadT U peil Ha Kopabsx -
3TO TOXE KOPOHHBIN pa3ps.

Taeomui pa3psa.

Tneromuii pa3psig B €CTECTBEHHBIX IPUPOIHBIX YCIOBUAX HE BcTpevaeTcs. s
ero HaOJIIOICHUs HY)KHA CTEKJISTHHAs TpyOKa C JBYMS DJIEKTPOJaMU - aHOJIOM M Ka-
tonoM. Bo3ayx u3 aToit TpyOku HeoOxoaumo otkadaTh 110 gaBienus 0.01 + 0.1 mm
pT. cT. Ilpu 3THUX yCIIOBHUSAX HANPSKEHUE MEXKY aHOJOM U KaTOJOM BEJIMYMHOU OT
200 B no 300 B (B 3aBUCHMMOCTHM OT MaTepuajia KaTo/la) BbI3bIBAET OTYETIIUBO BH-
JMMOE CBEUEHHE Bo3ayxa B TpyOke. Ecnu TpyOka 3amonHeHa WHEPTHBIM I'a3oM, TO
CBeUeHUE HaOIo1aeTcs npyu MeHbluxX HanpsbkeHusx - 100 B u menee.

CBedeHne HepaBHOMEpPHOE M0 JuiMHe TpyOku. OHO pacnajgaercs Ha psii TeM-
HBIX U CBETJIbIX obisacTe. JloctaTouHo rpy0oe nejaeHnue Ha 00JacTu BBITISAUT MPH-
MEPHO TaKUM 00pa3zoM:

30 - 50 cm

2-e (papaneeso)
KaTOMHOE TeMH oe
NPOCTPaHCTBO

v

Karon Axon

AN
1 )

KaropHas l-e xarognHoe Tiepmee RHOTIHEDE MOJIOXMUTEJIb HEIL
nyeHKa TeMHoe cepedeHne cBeTAumMica cToNb
NPOCTPAHCTBO

T/

Tnerommm paspsa sSBISIETCS CAMOIIOIECPKUBAOIIMMCA 33 CUET ABYX TIJIABHBIX
MPOIIECCOB - YAAPHOW MOHU3AIMH JICKTPOHAMU U 3a CUET BHIOMBAHUS DJICKTPOHOB U3
KaTo/a IT0JIOKUTESILHBIMU HOHAMH.

DJIEKTPOHBI, BLIOUTHIC U3 KaTO/1a, Pa3TOHSIOTCS AIEKTPUUECKUM T0JIEM, COCpe-
JIOTOYCHHBIM TJIAaBHBIM 00pa3oM OKOJIO KaTojaa. Takoe pacrmpezeneHue noJis ooecme-
YUBACTCSA TEM PacTpe/eiCHNEM MOTEeHIIUANA BIOJb JUIMHBI TPYOKH (KOOPIWHATHI X),
KOTOPOE XapaKTEePHO JJIS TICIOMIETo paspsaa (M300pakeHo Ha pUCYHKe BHH3Y). [1o-
TEeHIUAJl OBICTPO YBEIMYMBACTCS BAOJIL KOOPAWMHATHI X BOJHM3M KaTroda W 3aTeM
O4YE€Hb MEJIEHHO HapacTaeT BO BCEM OCTAIBHOM IMPOCTPAHCTBE 10 CaMOro aHonaa. B

U

0
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pe3yabTare HaNpsSKEHHOCTh MOJsl, paBHAasi CKOPOCTH HapacTaHWs MOTeHHHana (rpa-
JMEHTY), 3aMETHO OTJIWYHA OT HYJISI TOJIBKO B HEOOJBIIONH 00JIaCTH MPOCTPaHCTBA
BOJIM3U KaTo/a.

[TepBoe KaToHOE TEMHOE MPOCTPAHCTBO COOTBETCTBYET KaK pa3 00JacTH pas-
rOHa B 3TOM I10JIe, KOTJa B3auMOJICHCTBUE AJICKTPOHOB C MOJICKYyJIaMH Ta3a €Ille He
IPOUCXOIUT. Pa3orHaBIIKCh, 3JEKTPOHBI HOHU3UPYIOT MOJIEKYJbI Taza. OOpa3oBaB-
IIMeCs TOJOKUTEIbHBIC MOHBI, MOMaiasi B MOJIE y KaToja, Pa3roHSAIOTCS B CTOPOHY
KaToJla ¥ BRIOMBAIOT M3 KaTOJa HOBBIE JIEKTPOHBI. TakuMm 00pa3oM paspsi MoIaep-
KUBaeT caMm ce0s1. BcrmomoraTenbHy0 poiib UTpaeT POTOAMUCCHUS IJICKTPOHOB U3 Ka-
TOJa, BEI3BaHHAs CBEUCHHEM rasa.

3a mpeaenaMy NEPBOTO TEMHOTO MPOCTPAHCTBA IO CAMOTO aHOJA HAMpPSHKEH-
HOCTb 3JICKTPUUYECKOTO TOJIsI OJIM3KA K HYJIIO.

[IpukaTonHas 00JacTh SIBISETCS TJIAaBHOW M HEOOXOAUMOM ISl CYIIECTBOBAHUS
TJIEIoINIero paspsiiaa. Haauuue aHOIHOTO CBETSIIErocs cToyida He 00s3aTeNlbHO. JTa
YacTh SBIISETCS MPOCTO MPOBOJTHUKOM MEXKY KaTOHOM 00JIaCThIO U aHOOM.

CBedeHre aHOJHOTO CTOJI0A 00YCIIOBIICHO MHTCHCHBHOM PEKOMOWHAIIMEH HO-
HOB B HEM.

Trneronuii pa3psaj HaXOAUT HIMPOKOE MPAKTUIECKOE MPUMEHEHHE B JIaMITIax
JTHEBHOT'O CBETA, B PEKJIAMHBIX M JICKOPATHUBHBIX CBETAIIUXCS ycTpoiicTBax. Heobxo-
JTUMBIN CIIEKTPaBHBIN COCTaB CBEUCHHS 00ecTieYrBaeTCs Mo 100POM KaK cocTaBa ra-
3a, TaK U CIIEHUAIIbHBIX MOKPBITHI TPYOKH - TFOMUHO(OPOB.

Hanpumep, HEOH JlaeT KpacHOE CBEUYEHHUE, aproH - roiayooe. Jlammna nHeBHOTO
CBETa 00ECIeUrBAECT HYXKHBIN CIEKTP 3a CUET MOKPHITUS TPYOKH JIFOMUHOPOPOM CO-
OTBETCTBYIOIIETO COCTaBA.

Jyrosoii paspsni.

JIlyroBo paspsia MosBiseTCA B TeX ClydasX, KOTrJa TeMIeparypa Karoaa Iio
KaKoW-1100 MpUYMHE BO3PACTACT HACTOJIBKO, YTO HAUMHAETCS MHTECHCUBHAS TEPMO-
AJIEKTPOHHAs YMUCCHS C KaToda. B manpHENIIeM BBICOKAs TEMIIEpaTypa Karoaa Mmoji-
NEPKUBAETCST TOKOM CaMOI'o IyrOBOTO paspsia, 3a CYET 4ero AYyroBOW paspsn U Cy-
LIECTBYET KaK CAMOCTOSITEIbHBIN pa3psl.

JlyroBoil pa3psi XapakTepHu3yeTcsi OY€Hb OOJBIIMM TOKOM - aMIepbl U JaxKe
JNECIATKU aMIIep U HU3KUM HAIIpsUKEHUEM - IECATKU BOJIBT. [ moauepxaHus ayro-
BOTI'O paspsja HEOOXOAMM MOIIHBIA HCTOYHHUK TOKA, CIIOCOOHBIN MOAJNEPKUBATH U
BBIJICP’KUBATH OOJIBIION TOK.

Bouib1110#1 TOK 1yroBOro paspsijia BbI3bIBA€T UHTCHCUBHBIN HAarpeB Kak ras3a, Tak
U DJIEKTPOJIOB J0 TEMIIEPATYPbl HECKOJIBKO ThICSAY I'PAaayCOB. SIpKOe CBEYEHUE AYro-
BOTO pa3psiza 00yCIOBIECHO 3TUM Pa30rPEBOM.

OnekTpuyeckas Ayra NpUMEHSETCS B KaY€CTBE MOIIHOIO MCTOYHMKA CBETA B
[IPOXKEKTOpaX, IPOCKLUHUOHHBIX YCTAHOBKAaX M B CIEKTPAIBHBIX U3MEPUTEIBHBIX
npulopax, Kak MUCTOYHUK YIbTPapUOJIETOBOTO M3IYyUYEHUS B MEIUIIMHCKUX LIETSX.
IIpumenseTca Takke I CBAPKM M PE3aHMS METAJUIA, B JYTOBBIX JJIEKTPUYECKUX
[IJIABUJIBHBIX [1€YaX B METAJLIYPIUU.
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