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(eonbm-amnepHas xapakmepucmuka) NpeAcTaBneHa Ha criedyoLeM PUCYHKE.
Ha yuactke OA BbinonHsetcs sakoH Oma.  ja E
3atem (yuactok AB) pocT cunbl  ToKa "
sameansercd, a satem (yyactok BC) 13
npekpaiyaetca coBcem. B aTom cnyyae uucno D!
MOHOB W 3NEeKTPOHOB, CO34ABAeMbIX BHeWHAM Ly B_CL>
MOHU3ATOPOM PABHO 4YMCIy WOHOB W 3NIEKTPOHOB A 2
JOCTUraloWmx 3NeKTPoAoB (U HENTPanNU3yloLuXcs

Ha anektpogax). Tok [, , COOTBETCTBYIOLUMIA U
yyactky BC HasbiBaeTcs mokom HaceiujeHus n = O »
ero  BeNnuMYMHa  onpeaensieTc  MOLLHOCTbIO H i G

paspan papan

noHu3aropa.

MpM  yBENnUYEHWM HamNpSXKEHWsl, MEepPBUYHbIE  SMNEKTPOHbI  (CO3AaHHbIE
MOHWU3aTOPOM), YCKOPEHHbIE 3NEKTPMYECKUM MOMeM, B CBOK OYepeAb HauuHaloT
YAapHO WMOHW30BaTb MONeEKynbl rasa, ofpasysi BTOPUYHbIE 3NEKTPOHbI WU WOHHI.
O6Lee KONMMYECTBO SNEKTPOHOB M MOHOB ByaeT Bo3pacTaTb MO Mepe NpubnmkeHus
3NEKTPOHOB K aHoAYy NaBMHOOGpasHo. 3To SBNAETCA NPUUYMHON YBENWYEHNS TOKa Ha
yyactke CD . OnucaHHbIN NpoLece Ha3biBaeTcs ydapHoU uoHu3ayued.

W, HakoHel, Npu 3HaYMTENIbHLIX HANPSHKEHWUSX Mexay SNeKTPoAamMu ra3oBoro
NPOMEXYTKa MOMOXMUTENbHbIE WOHBI, YCKOPEHHbIE JMEKTPUYECKUM MOMNEM, Takke
npuoBpeTaloT 3HePruto, AOCTAaTOUHYIO AN NOHU3ALMN MOMEKyYN rasa, YTo nopoxaaeT
MOHHbIe NaBuHbI. Koraa BO3HUKAIOT KPOME 3/IEKTPOHHbIX NIaBUH €LLe W OHHbIe, cuna
TOKa pacTeT yXe npakTuyecku 6e3 ysenuueHus HanpsixkeHus (yuyactok DE ).

NaBvHoOGpa3sHoe pa3MHOXEHWE 3NEKTPOHOB W WOHOB NMPUBOAUT K TOMY, YTO
pa3spsa CTAHOBUTCA CaMOCTOSITENbHBLIM, T.e. COXPaHAeTCA Nocne npekpalieHus
[JENCTBASA  BHELUHEro WoHM3aTopa. HarnpsbkeHue, npu KOTOPOM  BO3HUKaeT
CaMOCTOSITeNbHbIN ra3oBblil pa3psi Has3biBaeTCA HanpsKeHUeM npo6os.

B 3aBMCMMOCTM OT AaBneHusi rasa, KOHcUrypaLun 3neKkTpoAoBs, napameTpos
BHELUHEN Lieny MOXHO roBOPUTL O YEThIPEX TUMAaX CaMOCTOATENbHOIO pa3paaa:

1. Tnerowul pa3psd — BO3HWKaET NpU HU3KOM AaBMNEHNN.

2. Uckposoli pa3psid — BO3HMKAET npu GOMbLLOA  HAMNPSHKEHHOCTU
aneKTpuMyeckoro nons B rase, HaxoAslWMMCA Moa AaBrieHnem nopsaka
aTMocdepHoro.

3. Qyeoeoii pa3psd — BO3HMKAET: a) €CNU MNocne 3aXuraHus MCKPOBOTO
paspsfa OT MOLYHOro WCTOYHWKA MNOCTENEHHO YMEHbLUATb PacCTosHWE
MeXZy JnekTpojamu; 6) MWHYA CTaguio WCKpbl, ecnn 3neKTpoAabl
(Hanpumep, yronbHbie) CONU3NTL [0 CONPUKOCHOBEHUSI, @ NOTOM Pa3BECTU.

4. KopoHHbIli pa3psid — BO3HMKAET MPU BbICOKOM AaBMNEHWM B pPesko
HEOAHOPOAHOM rnone BOGNU3M aMeKkTPoaoB ¢ GOMbLOW  KPUBU3HOM
NOBEpPXHOCTM.

Ans BO3HWKHOBEHWA CaMOCTOSITENIBHOrO ra30BOro paspsiga Heobxodumo,
yToBbl KOHYUeHmMpayusi W1 3HepPausi BTOPWYHLIX WOHOB U  3MEKTPOHOB,
06pa3oBaBLUMXCS MOA, AeVCTBUEM WMOHMU3aTOpa, ObiIM AOCTAaTOMHbI ANS JJa8UHHO20
PasMHOXeHuUs HocuTenei (YUCNO BTOPUYHBIX HOCUTENEN AOMMKHO NpeBbiaThb
ymcno HocuTenewn, NOKUAALWNX ra3oBbli Paspsg BCEACTBME PeKoMBUHaLMU unu
HeWTpanusaLummu Ha NOBEPXHOCTAX, OKPYXKaIOLMX ra3oBbIi pas3psa).

A.H.Orypuos. flekyuu no ¢husuke.

0g103hndiN3ue

A.H.Orypuos
NEKUUAU NO ®PUIUKE

ANEKTPUYECTBO

http://www.ilt.kharkov.ua/bvi/ogurtsov/ogurtsov.htm
http://kart.edu.ua/books/1ln/index.html

5" ed., 2004
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Anekmpocmamuka

dnekmpocmamuka — pasfen ydvyeHuss 06 SNEKTPUYecTBe, W3yvaroLLui
B3aMMOLENCTBME HEMOABWKHbLIX 3MEKTPUYECKUX 3apsaoB M CBOMCTBA MOCTOSHHOMO
3MeKTPUYECKOro Monsi.

1. SnekTpuyeckuii 3apsaa.

OnekTpuyeckuii 3apsii — 9TO BHYTPEHHEE CBOWCTBO Ten WM  YacTul,
XapaKTepuaytoLLiee UX CnocoBHOCTb K 3NeKTPOMarHUTHbIM B3avMOAENCTBUAM.

EavHnua anekTpuyeckoro 3apsaa — KynoH (Kn) — anektpuyeckun 3apsag,
NPOXOAALMIA Yepe3 NomnepeyHoe CeYeHne MPOBOAHMKA MpU cune Toka 1 amnep 3a
BpeMsa 1cekyHaa.

CyulectByeT asneMeHmapHbill (MUHUMabHbIU) 3slekmpuyeckuli 3apsio

e=1,6-10"°Kn.

HocuTenb anemeHTapHOro oTpvuaTenbHOro 3apsiga — asekmpoH. Ero macca

m, =9,11 107" kr. HocuTernb aneMeHTapHOro MOMOXUTENBHOTO 3apsiAa — MPOMOH.

Ero macca m, =1 67107 «r.

dJpr,ameHTaanble CBOWCTBA ANeKTpu4eckoro 3apapga YCTaHOBJIEHHble
OMNbITHBIM NyTEM:!
- CyLLl,eCTByeT B [AByX Buaax: nosioumesibHbil 1 ompuuameanan.
OAHOUMEHHbIE 3apabl OTTarnkmBaloTCcA, pa3HOMMEHHbIE — MPUTATMBaAOTCA.
— DOneKTpUYEeCcKUn 3apsii UHeapuaHmMeH — €ro BenvMuMHa He 3aBuUCUT OT
CUCTEMbI OTCYeTa, T.€. OT TOro, ABUXXETCA OH UITN NOKOUTCA.

— OnekTpuyeckuii 3apsig OuckpemeH — 3apsig NobOro Tena cocTaenseT
Lierioe KpaTHOE OT 3IEMEHTAPHOTO SNEKTPUYECKOTo 3apaaa €.

— OnekTpuyeckuii 3apsg addumueeH — 3apsaf Nobon cucteMbl Ten (Yactuu)
paBeH Cymme 3apsaoB Ten (4acTuu), BXOASLLMX B CUCTEMY.

— OneKTpuyecknii  3apsif,  MOAYMHSIETCS 3aKOHY COXpaHeHus 3apsga:
Aneebpaudyeckasi cymMma anekmpuyeckux 3apsoos sobol  3aMKHymou
cucmemMbl ocmaemcsi HeuUsMeHHoU, Kakue b6bl Mpouecchl HU rpoucxoounu
8Hympu O0aHHOU cucmembi.

Moa 3amMKHyTOW CMCTEMOW B JAHHOM crlydae MOHUMAalT CUCTEMY, KOTopasd He
obMmeHuBaeTcs 3apsgamMu C BHELLUHUMUW Tenamu.

B anektpocTtaTvke ucnonb3yetcs uandeckas MoAenb — MmMoOYeYHbIU
anekmpuyeckuli 3apsi0 — 3apshkeHHoe Teno, dopma M pa3mepbl KOTOPOro
HeCyLLeCTBEHHbI B JAaHHOW 3afave.

2. 3akoH KynoHna

3aKkoH B3aMMOOENCTBUS TOYEYHbIX 3apsgoB — 3akoH Kymowa: cuna
B3aumodencTeus £ mexagy [ABYMSi HEMnoABWXKHbIMU TOYEYHbIMM  3apsigamiu,
Haxo0AwWuUMUCs 8 6aKyyme, NpornopuuoHanbHa 3apsgam g, U ¢,, W obpartHo
nponopumMoHarnbHa KBagpaTty PacCTOSHUS 7 MEXAY HAMM:

F= 1 99,

dre, r*

Cuna F HanpaBneHa no npsiMoil, COedMHSIOWEN B3auMoAencTByioLme
3apsgbl, T.e. SIBMSIETCA LEHTpanbHoW, M cooTBeTCcTBYeT npuTskeHuio (£ <0) B
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41. OMUCCUOHHLIE ABMIEHUS.

Paboma ebixoda anekmpoHoe u3 Memasusia — paboTa, KOTOPYI HYXHO
3aTpaTuTb ANS yaaneHus anekTpoHa U3 meTtanna B BaKyyMm.

PaboTa BbIxo4a 3aBUCUT OT XMMWUYECKON NPMPOAbLI METANIOB U OT YACTOTbI UX
nosepxHocTu. MNMogobpae onpeaeneHHbIM 06pa3oM MOKPLITUE MOBEPXHOCTU, MOXHO
3HaUNTENBHO U3MEHNUTL paboTy BbIxoAa.

PaboTa Bbixoga BblpaxaeTcs B 9MeKTpoH-BonbTax (3B): 13B paBeH paboTe,
KOTOPYIO ~ COBEpLUAT  CWUMbl  MOMs  NpU  NEPEMELLEHUN  SNEMEHTapHOro
3MEeKTPUYECKOro 3apsiaa Mexay To4YKaMu pasHOCTb MOTEHLUMAanoB MeXxay KOTopbiMU
paBHa 1B. Tak kak e =1,6-10""°Kn, To 1aB=1,6-10"° [x.

AnekmpoHHasi aMuccusi — sIBNEHVE WCMYCKaHWUS 3MIEKTPOHOB U3 MeTarnsoB
npv cooBLLEHNM SNEKTPOHAM 3HEPIN, paBHOM Mnu Gonbluen paboTbl Bbixoaa.

1. TepMoOsneKmpoHHas 3Muccusi — WCNyCKaHWe 3NEeKTPOHOB HarpeTbiMu

meTannamu. MNprumep MCNonNb3oBaHUsi — NEKTPOHHbIE NaMIbl.

2. ®omosnekmpoHHasi 3Muccusi — 3MWUCCUS 3NEKTPOHOB W3 MeTanna nopj
OeNCcTBMEM 3MEeKTPOMarHUTHOrO uanydexusi. Mpumep Mcnonb3oBaHns —
doToaaTUmKm.

3. BmopuyYHas 3neKkmpoHHas _3Muccuss —  WUCNycKaHue  3MeKTPOHOB
NOBEPXHOCTbIO METanmnoB, MOMYNPOBOAHWKOB WU AUSMEKTPUKOB  MpU
6ombapaMpoBKe UX My4YKOM INEKTPOHOB. OTHOLLIEHME uMCMa BTOPUYHbIX
3MEKTPOHOB 71, K YMCMY MEPBUYHBIX 71, BLI3BABLUMX 3MUCCUIO, Ha3bIBAETCA

KO3(hhULUUEHMOM 8MOPUYHOL 37IEKMPOHHOU 3MUcCcUU: 6 = n, / n, . Npumep

ncnonb3oBaHNA — CbOTOSﬂeKTpOHHbIe YMHOXUTENN.
4. AemoanekmpoHHas 3Muccus — 3MUCCUS ONIEKTPOHOB C MOBEPXHOCTU
MEeTanmnoB nog 4eNCTBUEM CUITbHOIO BHELLHETO ANEeKTPUYECKOro non4.

42.[a30Bble pa3pagbl.

Mop pencTBMeM uoHu3zamopa (CUnbHbIA HarpeB, XECTKOE M3Ny4eHune, NoTOoKN
yacTuy) HenTpanbHble MoMeKkynbl (aToMbl) rasa pacwennsalTcsa Ha WOHbI ©
cBODOOAHbIE 3NEKTPOHbI — MPOUCXOAUT UOHU3ayusl rasa.

OHepeusi uoOHU3ayUU — 3Heprusi, KOTOPYK Hado 3aTpaTuTb, 4YTOGbl M3
MOIneKynbl (aToMa) BbIOUTb OAUH 3NEKTPOH.
PekombuHayueli —  Ha3blBaeTCs  npouecc OOpaTHbIi  MOHMU3ALMUK:

MOMOXWTENbHbIE N OTpULATENbHbIE WOHbI, MONIOXUTENbHbIE WMOHbI U 3MEKTPOHbI,
BCTPeYasiCb, BOCCOEAMHSIIOTCA Mexay coboin ¢ obpa3oBaHneM HenTpanbHbIX aTOMOB
1 MOReKyrn.

MpoxoxaeHne aNeKTpU4eckoro Toka 4Yepes MOHU3MPOBAHHBIV ra3 Ha3blBaeTcs
2a308bIM pa3psiOoMm.

Paspsg, cywecTBylOWMn  TOMbKO NOA  AEWCTBUEM '//
BHELUHMX WOHM3aTOpOB, Ha3blBaeTCA HecamMocmosimesb- /
HbIM 2a308bIM pa3psiOoM.

Paspsg B rase, COXpaHslOLLMINCA Nocre npekpalleHns ”

OeNcTBMS BHELUHEro MoHW3aTopa, HasblBaeTCs caMocmosi-

e/IbHbIM 2a308bIM Pa3psidom. —W
PaccmoTpum uenb, coaepxallyto ra3oBbii NPOMEXYTOK

(cM. pucyHOK), noaseprarowuncs HenpepbIBHOMY, MOCTOSH- _:5

HOMY MO UHTEHCUBHOCTM BO3AENCTBMIO MOHU3aTopa. R
B pesynbTate gencteus MoHu3aTopa ras npuobpetaeT

HEKOTOPYI0 3MEKTPONPOBOSHOCTL M B LEnu noTeuveT TOK, _‘l___'l__
3aBMCHUMOCTb  KOTOPOTO OT  MPUIIOXKEHHONO  HampshKeHus

A.H.Orypuos. flekyuu no ¢u3suke.

OnekTpnyecTBo
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Cpeﬂ,Hﬂﬂ CKOPOCTb HanpaBneHHOro ABM>XXeHNA 3N1IEKTPOHOB!
(v)= U 10 _ eE(r) _ eE(l)
2 2m 2m<u>

MnoTHOCTL TOKa

2
j=ne<v>=ze<l>E=’)/E,

miu)

ne’ <l>
—— — yaenbHas NPOBOAMMOCTbL MeTarna.
2m<u>
3akoH [Dkoynsi-JleHua.
K koHUuy cBobogHoro npobera anekTpoH nog AencTevem nons npuobpetaet
[OMNOSTHUTENbHYK KUHETUYECKYIO SHEPTUID
2 2/7\2
<E >_mvmax _ € <l> E2
K/~ - 2
2 2m<u>

KOTOpaa npu coygapeHnn anekTpoHa ¢ MOHOM NOJTHOCTbIO NepefaeTca peLleTKke.
Ecrm n— KOHUEeHTpauna 3NeKTpoHOB, TO B eAUMHWUUY BpeMeHU B eaunHuue

(u)

obbema npoucxognt n——— CTONKHOBEHWUI 1 pelleTke nepenaeTcd aHeprua:

0

roe Y=

)

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

OTHOLEHNe TennonpoBoaHocTM A K yAenbHOM MPOBOAMMOCTM Y ARs BCeX
MeTanmnoB npuM OOHOW M TOW Xe TemnepaType OAMHAKOBO M YBeENWYMBaeTCst
nponopuMoHanbHO TemnepaType

2
A k
~=JT, rae B=3—
Y e

TpydHocmu Knaccu4yeckol meopuu.

1. TemnepaTypHas 3aBWCHMOCTb COMPOTMBMEHUS: <u>~ﬁ, R~1/y,

cnefoBaTenbHO, R~ﬁ, YTO NPOTUBOPEYUT OMbITHLIM  [AaHHbIM,
cornacHo kotopbiM R~ T .

2. OueHka cpefHero npobera 3neKTPOHOB. YTOObI MONy4nTb BENUYUHBI
YAEnbHOW NPOBOAMMOCTM Y, cOBMajawowme C OMbITHBIMU AaHHLIMU,

cnenyet npuHMMaTb <l> B COTHM pa3 fornblue MeXaTOMHbIX paCCTOFIHI/II7I B

KpucTanne.

3. TennoemkocTb meTanna cKknagbliBaeTca VK] TEeNnoeMKoCTn
KpUCTann4eckon peLueTkn U TenIoeMKOCTM 3NEKTPOHHOro rasa. MNoatomy
yaenbHas (paccumtaHHas Ha oaMH MOMb) TENNOEeMKOCTb MeTanna AOIMKHA
ObITb CYLLECTBEHHO BblllE TEMMOEMKOCTU AMIMEKTPUKOB, Y KOTOPbIX HET
CcBODOOAHbIX 3NEKTPOHOB, YTO NPOTUBOPEYNT IKCMEPUMEHTY.

Bce 3T TpyQHOCTM CHUMAIOTCS KBAaHTOBOW TEOpUEN.

A.H.Orypuos. flekyuu no ¢u3suke.
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crnyyae pasHOMMEHHbIX 3apsaoB U oTTankvueanuio (F >0) B cnyvae 0gHOMMEHHbIX
3apsagoB. B BekTtopHoW bopme, cuna, OeiCTBylollas Ha 3apad ¢, CO CTOPOHbI
3apsaga q,:
F.= 1 g9, o
12— 2
dre, r= 1
Ha 3apsin g, co ctopoHbl 3apsifa g, AeiicteyeT cuna F,, =—F,.
£,— 2/IeKmpuYeckas nocmosHHasl, OTHOCALLAsACS K Yncny dyHaameHTanbHbIX
PU3NYECKMX MOCTOSAHHDBIX:

4, Ki? @ 1
€,=885-10"" —— um £, =885-10"> —. Torga: ——=9-10"—
H-™m M 4re, D
rae dapaa (P) — eanHuLa anekTpuyeckon emkoctu (n.21).
Ecnn B3avmopencTsylolme 3apagbl HaxXoAsaTcA B WU3OTPOMNHOWM cpepe, TO
KynoHOBCKkas cuna

1 g9,

dre, er’
roe € — OQuanekmpuyveckasi npoHuyaeMocms cpedbi — 6GespasmepHast
BENnuUMHa, MOKasbiBaloWasi BO CKOMbKO pa3 cuna B3aumopenctsusi F - mexay
3apsiaamu B aHHOW CPefie MeHbLUE WX Cuilbl B3aumopencTsns F, B Bakyyme:
F
e==2
F
[uanekTpudeckas NpoHULAEMOCTb Bakyyma €, = 1. MoapobHee AnanekTpukm

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

Bcsikoe 3apspkeHHOe Teno MOXHO paccMaTpyBaTh Kak COBOKYMHOCMb TOYEYHbIX
3apsAfgoB, aHanorMyHoO TOMY, Kak B MeXaHuKe BCSKOe Teno MOXHO cuuTaTtb
COBOKYMHOCTbIO MaTepuanbHbix Toyek. [loaTomy anekTpoctatvyeckas cuna, ©
KOTOpPON OfHO 3apsbkeHHOe Teno AeWCTBYeT Ha [pyroe, paBHa [eomeTpu4eckoWn
CYMMe Cuil, NPUMNOXEHHBIX KO BCEM TOYEYHbIM 3apsiAam BTOPOrO Tena CO CTOPOHbI
KaXxg4oro ToOYeYHOro 3apsifa nepBoro Tena.

YacTo 6biBaeT 3HauMTENLHO yAobHee cunTaThb, YTO 3apsabl pacnpedesieHbl 8
3apsKeHHOM meJie Herpepbi8HO — BAOMb HEKOTOPOW IMHUK (Hanpumep, B cryyae
3apSHKEHHOr0 TOHKOTO CTEPKHS), MOBEPXHOCTU (Hanpumep, B Cryyae 3apsikeHHON
nnactuHel) unu obbema. COOTBETCTBEHHO MOMb3YIOTCH MOHATUAMU JIUHEUHOU,
rnosepxHocmHouU u o6bemMHol niomHocmel 3apsi0os.

dgq
O6bemHas n1omHocme 51eKmpuvyecKux 3aps6os p = W ,
roe dq — 3apsif Manoro anemMeHTa 3apsikeHHoro Tena obbemom dV .
dq
lMoeepxHocmHas NIOMHOCMb 35IEKMPUYECKUX 3apsido8 O = 5
roe dq — 3apsif Marnoro ydacTka 3apskeHHON NOBEPXHOCTU nyowwaabio ds .

. d
JluHeliHasi nIoMHOCMb 3/1eKMPUYecKUX 3apsidoe T = ﬁ

roe dq — 3apsif Manoro yyacTka 3apskeHHON NuUHUK AnuHoi dl .

OnekTpnyYecTBo
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3. HanpshkeHHOCTb 3/1IeKTPOCTaTUYEeCKOro nonsi

AnekTpocTaTuyecknm nonem HasbiBaeTcsl nore, co3naBaemMoe HeMoABWKHBIMMU
ANEKTPUYECKMMM 3apsaamu.

OnekTpocTaTnyeckoe Mone OnucbiBaeTcs ABYMS BENMUYUMHAMWU: MOMeHyUuasiom
(aHepeemuyeckas ckansapHas XxapakTepuctuka nons) W HanpsXXeHHOCMbIO
(cunosasi BEKTOpHas XxapakTepucTUKa nonsi).

HanpsikeHHOCcmb 351eKmpocmamu4ecKo20 MoJisi — 8eKmMopHasi . F
dusmdeckas BenuuuHa, onpegenseMas Curown, OEencTBylolWen Ha E=—
©ANHUYHBINA NONOXUTENbHBLIN 3apsan ¢, NOMELEeHHbIN B OaHHYI TOYKY 90

nons:
EQvHMua HanpsikeHHOCTU 3MeKTPOCTaTMYeCKOro Monsi — HbITOH Ha
kynoH (H/Kn): 1H/Kn=1B/m, roe B (BonbT) — eguHuMua noTteHuuana
3NEeKTPOCTaTUYECKOrO Nons.
HanpsixeHHOocmb nossi mo4e4yHo20 3apsida B BakyyMe (M B OUSNEKTPUKE)

= 1 r ~ 1 7
ey ror dreercr
rAe 7 — paguyc-BeKTOp, COeAUHSIOLLMIA JaHHYIO TOUKY NOMsi C 3apsidoM (¢ .
1 1
B ckansipHon opme: = —% E= 7%
4re, r 4me e r

HanpaeneHue eeKkmopa E coenagaeTt ¢ HanpaBneHWeM Cusbl, ,D,eVICTByFOU.leVI
Ha NONOXWUTENbHbIV 3apsag.

Ecnu none cosgaeTcs nosioxumersibHbIM 3apsiaoM, To BekTop £ Hanpaened
BAONb pagumyca-BekTopa OT 3apsiia BO BHELIHEE NPOCTPaHCTBO (OTTankuBaHue
npoGHOro nonoXxutensHoro 3apsifa). Ecnv none cospgaetca ompuyamenbHbIM

3apsiiom, To BekTop E HanpaBneH k 3apany (MpUTshkeHue).

- a) padmnyeckn anekTpoctaTnyeckoe nosne mnsobpa-
E XalT C MOMOLLbIO MIUHUN HaNPSXXEHHOCTU — NWHUINA,
KacaTenbHble K KOTOPbIM B KaXJ0W TOYKE COBMaAatoT C

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

XXEeHHOCTM npunucbiBaeTcda HanpaelieHue, coBna-
pawuiee C HanpasleHueM BeKTopa HanpAaXXeHHOCTWU.
S Tak kak B [JOaHHOM TOYKe NPOCTPaHCTBa BEKTOP
HanNpAaXXeHHOCTU MMeeT Nuilb OAHO HanpasleHue, To

%) JIMHUN HanpPsHKeHHOCTWM HWKOrda He nepecekarTcs.
Onsa o0HopodHO20 nons (Korga BeEKTOp Hanpsi-
)KEHHOCTU B NOGON TOYKE MOCTOSIHEH MO MOAynio U
HanpaBneHuo) IMHUM HanpPsHKEHHOCTU NaparnnenbHbl
BEKTOPY HanpshkeHHOCTU.

Ecnu none cosgaetcs TOYeYHbIM 3apsiAoM, TO JIMHWMM HaMpshKEHHOCTU —
pagvanbHble nNpsiMble, BbixoAswiMe U3 3apsifa, eClv OH MOMOXWTENeH, U Bxoasaiine
B Hero, ecnu 3apsag otpuuarenet (puc.(6)).

4. MoTok BekTOopa F.

YT06bl C NOMOLLBIO NUHWI HAMNPSXKEHHOCTM MOXHO 6bINO XapakTepusosaTb He
TOMbKO HamnpaBfeHue, HO U 3HaYeHUe HaMPSXKEHHOCTU BMEeKTPOCTaTUYECKOro nons,
MX MPOBOOAT C ONPEAeNeHHOW T[YCTOTOW: YWCIIO  JIMHUIA  HamnpshKeHHOCTM,

3-29

3nekmpuquKue MOKU e MemaJsuiax, eaKyymMe U 2a3ax.

A.H.Orypuos. flekyuu no ¢u3suke.

39. OneKkTpuyeckme TOKM B MeTanaax.

Hocutensmu anektpuyeckoro Toka B MeTanne sBnswTcs cBo6oAHble
3MEKTPOHBI.

Mpy 06pa3oBaHUN KPUCTANNUYECKOW PELLETKM SNEKTPOHbI BHELLHUX 060MoYek
aTOMOB (BaneHTHbIE 3NEKTPOHbLI) 0606wecmeasisiromess v KpUcTann npeacrasnset
coboii pelleTky HenoABWXHbLIX WMOHOB MeTanna, Mexay KOTOPbIMU XaoTU4ecKu
OBWXKYTCA CBOOOAHbIE 9MEKTPOHbl, 0Opasyst a/IeKmpOHHbIU 2a3, obnagatolunii
CBoOWCTBaMM MaeanbHOro rasa.

CornacHo meopuu [pyde—JlopeHya, 3nekTpoHbl 06ragatT Tol e aHepruen
TEeNnoBOro ABMXKEHWUS,, YTO U MONEKynbl OAHOATOMHOro ra3a. CpefHsisi CKOpOCTb
TENNOBOrO ABWXEHNS 3NEKTPOHOB

="

roe k =1,38-102% Ox/K — nocmosiHHas Bonbymana,
m, =9,11-10"" kr — macca anekTpoHa,

e

T — abcontoTHas (Mnv TepmMoamHaMmyeckas) Temnepatypa (B KenbsuHax).

Mpn komHaTHon Temnepatype (7 =300 K) cpeaHsis ckopocTb TemnnoBoro
OBWKEHNST 3reKTPOHOB paBHa <u>=1,1-105 m/c. XaoTu4eckoe TENoBOe ABMXKEHUE
ANEKTPOHOB HE MOXET NPUBECTU K BO3HUKHOBEHMIO TOKA.

Mpn HanoOXeHUW BHELUHEro JNEeKTPUYECKOro MONs Ha  MeTanfmM4yeckun
NPOBOAHUK B [OOMOfIHEHWE K XaoMmMu4ecKoMYy TENnroBOMY [ABWXEHUIO BO3HMKaeT
ynopsi00YeHHOoe [IBKEHNE 3NEKTPOHOB (3MEKTPUYECKMIA TOK).

Oaxe npu npegenbHO AONYCTUMbIX 3HAYEHWAX MNMAOTHOCTU TOKa, CPeaHss

CKOPOCTb <‘l)> ynopAaao4YeHHOro  OBWMXKEHUA  3NIEKTPOHOB, OﬁyCJ’IaBJ’IMBaIOU.I,eFO

ANEKTPUYECKUIA TOK, 3HAYMTENBHO MEHbLLE UX CKOPOCTU TEMMOBOro ABWXEHUS <u>

(V) <<(u).

40.0CHOBHbI€ _3aKOHbl _3MEKTPUYECKOro TOKa B KIacCUYECKOW _Teopuu
371eKTPONPOBOAHOCTU METanoB.

3akoH Oma.

MycTb B MeTannuMyeckoM nNpoBOAHWMKe pAeucTByeT none FE =const. Topa
nenctemeM cunbl F'=eE 3apan e [BUKETCA PaBHOYCKOPEHHO C YCKOpPEHWeM

ek ek <t>
a =— W K KOHLly cBo6oaHOro npobera npmobperaeTt CkopocTb V... = .
m m
{)
CpepHee Bpems cBOGOAHOrO npobera aneKTPOHOB (f)= onpepenseTcs

cpegHen anvHow cBobogHoro npobera <l> N cpedHen CKOPOCTbI ABWXEHUS

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

OnekTpnyYecTBo
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4) B cnyyae KOopomko20 3aMblKaHUsI COMPOTMBMEHWE BHELUHEeN Luenu

R =0 ncunatoka [ =

BHCIIIH

B 3TOM CJly4ae orpaHU4MBaeTCsl TONbKO
Touyrp

BEMMNYMHOWM BHYTPEHHEro conpoTuBiieHNna UCTOYHUKA TOKa.

38.MpaBuna Kupxroda ans pa3BeTBMNEHHbIX Lienewn.

Y3nom anekTpuieckon uenu HasbiBaeTcs Ntobas Touka pas3BeTBEHMS Lenu,
B KOTOPOW CXOAUTCA HE MeHee Tpex NPOBOAHMKOB C TOKOM. TOK, BXOOALMIA B y3er,
cYnTaeTCs NoNOXMUTENBHBIM, @ TOK, BbIXOASALMIA U3 y3rna — oTpuUaTeNbHbIM.

MepBoe npasuno Kvpxroda — anreGpanyeckasi Cymma TOKOB, CXOASILLMXCS B

yarne, paBHa Hynio:
>1,=0
k

Hanpumep, ona ysna A4 Ha pucyHKe NepBOe NpaBuno
Kupxroda:

I -1,-1,+1,+1;,-1;=0
Btopoe npaBuno Kwpxroda — B Nt0GOM 3aMKHYTOM KOHTYpe, MPOU3BONbLHO
BblOpaHHOM B pa3BETBIIEHHOW 3rieKTpUYEeckon Lenu, anrebpauyeckass cymma
, npousBedeHuin cun TokoB/; Ha conpoTuenexve R,
A R I; B COOTBETCTBYIOLUMX Y4aCTKOB 3TOM0 KOHTypa paBHa
+Al2 anre6panyeckoit cymme 3AC O, , BCTpevawolymxcs B
~T @ OTOM KOHType:

Ry p: ;IiRi =zk:®k

Hanpumep, ans obxoga no 4acoBoW CTperke

1 ¢  3amkHytoro koHTypa ABCDA BTOpoe npaBuno
D+ o R Iz Kupxrocha nmeet Bua;
3 LR -I,R,+ LR, +I,R, =0, -0, + 0O,

Mpu pacyeTe cnoxHbix Lenern ¢ npuMeHeHnem npasun Kupxroda Heo6xoamMmo:

1. Bblbpamb NpoOV3BOMbHOE HarpasrieHUe MOKO8 Ha BCeX y4yacTkax Lenw;
AecTBUTENbHOE HamnpaBfieHWe TOKOB onpeaensieTcsl Npu pelleHnn 3agayu:
€CIMN UCKOMBIN TOK MOMYy4MTCSt MONOXUTENBbHBIM, TO €ro HanpasneHue 6bino
BbIBpaHO npaBuNMbHO, a ecnu — oTpuuaTerlbHbiIM — €ero MWCTUHHOEe
HanpasreHue NPOTUBOMONOXHO BbiGpaHHOMY.

2. Bbibpamb HanpasneHue obxoda KOHTypa W CTPOro ero npuaepxumBaTbCs;
npov3seneHne IR NonoxuTenbHO, eCnu TOK Ha AaHHOM yyacTke coBrnajaeT
C HanpaeneHnem obxopga. OMOC, pencreywowme Mo BbibpaHHOMY
HanpaeneHnio obxoda, CYMTAKTCA  MOMOXWUTENbHbIMK, MNPOTUB —
oTpuLaTENbHBIMU.

3. Cocmasumb cmonbKO ypasHeHul, 4TOObl UX 4YMCMO ObINO paBHO 4ucny
WUCKOMbIX BenUYMH (B CUCTEMY YpaBHEHWIA [OIKHbI BXOAWTb BCEe
COMpPOTMBIEHUS n icile] paccmaTpvBaemon uenm); KaXkablii
paccmaTpvBaeMbIil KOHTYP AOMMKEH codepxaTb XOTs Obl OOWMH 3NeMeHT, He
cogepxawminca B npedblaylinx  KOHTypax, 4Tobbl He nosnyyanucb
ypaBHEHUS, KOTOPbIE SIBMAOTCS MNPOCTON KOMOBMHaUWER yKe COCTaBNEHHbIX
YpaBHEHWN.

A.H.Orypuos. flekyuu no ¢u3suke.

NPOHU3bIBAOLLNX eanHuuy nnowagn NOBEPXHOCTH,
nepneHgnKynapHy JNMHUAM HanpsXeHHOCTU, OOJIKHO ObITb

paBHO Moyt BekTopa F .
Torga 4nicno NUHWUIA HaNPSXKEHHOCTH, NPOHM3bIBAOLLMX

anemeHTapHytlo nnowaaky dS, pasHo E-dScosa=FE,dS,
rae E, — npoekuys BekTopa E Ha HopMmanb 7i K nnolyake

dS . (Bektop 7i — €OMHWYHBINA BEKTOP, NeprneHaMKyNsapHbINi
nnowagke dS ). BennuuHa

d®, =E-dS, =E-dScosa = E,dS = EdS
Ha3bIBae€TCA [10MOKOM 8EeKmopa HalpsaXeHHocmu 4epes3

nnowagky dS . 3aeck dS = dS i — BekTop, MOAyMb KOTOPO-
ro paseH dS', a HanpaBsreHve BeKTopa COBMNaaaeT C HanpasrieHneM 7 K NnoLuazke.
MNoTok BeKTopa E CKBO3b NPON3BOJIbHYH 3aMKHYTYIO NOBEPXHOCTb SZ

@, ={E,dS=§EdS
N N

5. MpuHUMN cynepno3uumum 3N1IeKTPOCTaTUYECKUX NOJIEN.

K KynoHOBCKMM CUNam NPUMEHWM PaCCMOTPEHHbLI B MeXaHwKke MpuHuyumN
He3asucumocmu delicmeusi cusi — pe3ynbmupyowas cuna, AencTeyloLas co
CTOPOHbI MONsi HA NPOGHLIN 3apsiA paBHa 8EKMOPHOU CyMMe CWUM, NMPUMNOXEHHbIX K
HeMy CO CTOPOHbI KaXK4oro U3 3apsiAoB, CO3AatLLMX SMEKTPOCTAaTUYECKOe MNone.

HanpskeHHOCTb pe3ynbTupylowero mossi, co3aaBaemMoro CUCTEMON 3apsiAoB,
Takke paBHa 2eomMempuyecKol CyMMe HanpshKeHHOCTEN Monewn, n
co3aBaeMbix B JaHHOM TOUKe KaXabIM U3 3apsA0B B oTAenbHocTn. |E =S E. .

Ota copmyna BblpaxaeT mApuHYUN  cyneprno3uyuu a
(HanoxeHusi)) anekmpocmamuyeckux mnoneld. OH no3sonset
paccuuTaTtb anekTpocTaTuyeckme nonst nboi cUcTEMbl HEMOABMXHbLIX 3apsiaoB,
npeancrtasmB ee B BUAE COBOKYNMHOCTU TOYEYHbIX 3apAaoB.

HanomHum npasuno onpeaeneHna BenndnHbl BEKTOpa c

CyMMbI ABYX BEKTOpOB d 1 b :
€| =a* + b + 2abcosa =\/a2 +b* —2abcos B .

6. Teopema laycca.

Bbluncnenue HanpaXXeHHOCTNU nona CUCTEeMbl 3NEeKTPpUYeCKUX 3apanoB C
NOMOLLbIO npuHUnna cynepno3uummn ANEKTPOCTATUHECKUX nonen MOXXHO
3Ha4MTENbHO YNPOCTUTbL, WUCMONb3ys Teopemy [aycca, onpefensowyo noToK
BEKTOpa HanpsAXXeHHOCTU 3NEeKTPUYECKOro nona CKeOo3b IMpou380JIbHYHO 3aMKHymyr
rnogsepxHoCmeb.

PaccmoTpum noTok BekTopa HanpsXXeHHOCTU Yepes3 chepmuyeckyto NoBEPXHOCTb
paguyca r, oxBaTblBatOLLYyO TOYEYHbIN 3apsi ¢ , HAXOOALMNCS B ee LieHTpe

dreyr’ &

3O70T pesynbTar cnpaeegnuB Ons sobol  3aMKHymol  rnogepxHocmu
rpou38osibHOU (hopMbI, OXBaTbIBalOLLEN 3aps.

D, ::fEndS:LM‘rz =4
S
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Ecnu 3amkHyTasi MOBEPXHOCTb He OXBaTblBaeT 3apsaa, TO [1OMOK CK803b Hee
paseH Hymo, Tak KakK 4MCrO TMHWIA HanpshKEHHOCTM, BXOASLUMX B MOBEPXHOCTb,
paBHO YMCHY NIUHWIA HANPSXKEHHOCTU, BbIXOASLLMX U3 Hee.

PaccmoTpum 06wl criyqali npou3eosibHOU 108epPXHOCMU, OKpyXaruwel n

3apsdos. CormacHo NPUHUWMNY  CyneprosuuuyM  HampsbkeHHocTb nons  FE,
co3aaBaemMoro BCeMu 3apsifaMu, paBHa CyMMe HanpsbkeHHocTeit £, cosanaBaembix
n

KaXXablM 3apA0oM B OTAENIbHOCTU. nOSTOMy
noo_ . I n g 1 <&
O, =EdS={| Y E [dS=Y {Eds=YT =g,
S SUim i1 i-1 €0 €0 im
Teopema aycca Ona anekmpocmamu4ecko20 rosisi 8 eaKyyMe. omoK
8eKmopa Harnps)XeHHocmu 3/lekKmpocmamu4ecKko2o T10/11 8 8aKyyMe CK803b
MPOU3BOSILHYIO  3aMKHYmMyto  [108epXHOCMb paeeH anzebpaudeckoil cymme

3aK/II0YEHHbIX 8HymMpuU 3moti N08epxHOCMU 3aps008, 0eNeHHbIX Ha & .
Ecnu 3apsg pacnpegeneH B MpoOCTpaHCTBE C OOBEMHOM MNOTHOCTLIO
p =dq/dV , 10 Teopema [aycca:

@, ={E,dS =8ijpdV
N 0y

7. LUvpkynsaumsa BeKTopa HanpsXXeHHOCTMU.

Ecnu B anekTpoctaTM4eckoM rnone To4Ye4HOro 3apsaa ¢
M3 TOYKM 1 B TOYKYy 2 BAONMb MNPOU3BOMLHOW TpPAEKTOpUM
nepemMeLlaeTca [Apyrod ToYeuHbl 3apsa ¢,, TO cuna,
NpuNoXeHHas K 3apsiay, coBepluaeT paboty. PaboTta cunbl Ha

1
3NeMeHTapHOM NepeMeLleHnn dl paBHa:
—— 1 1
dA=Fdi = Fdlcosa = —— 110 gicosor = —— 490 g
drne, r drey r
Pab6oTa npu nepemelleHnn 3apaaa g, 13 Touku 1 B TOUKy 2:

2

p =]2‘dA=C]% ’jﬂz 1 (49 4%
2 ! 4”50r,r ey | n 7

Pa6ota A12 He 3aBUCUT OT TpaeKkTopun nepemMelleHud, a onpenendaercda TOJIbKO

NONOXEHNAMW HaYaNbHOW U KOHEYHOM ToYek. CnegoBaTenbHO, AneKTpocTtaTnyeckoe
none To4Ye4Horo 3apsapga ABnAeTCcA nomeHyuasibHbIM, a 3NEeKTpocTaTu4eckmne Cunbl
— KOHcepgeamueHbIMU.

Takum o6pa30M, pa60Ta nepemMelleHnda 3apaga B 3NeKTpocTtaTu4yeckomMm none

__» 10 t06OMy 3aMKHYTOMY KOHTYPY L pasHa Hynto:

pE— E_ § dA=0

L KT L

\ \ > Ecnu_nepeHocuMbll_3apsia eQUHUYHbIU, TO 3NeMeH-
L TapHas pabota cun nona Ha nytv dl pasHa Edl=E,dl,

roe E, = Ecoso — npoekuuns Bektopa E Ha HanpaBneHue

3riemMeHTapHoro nepemellexmns dil .

A.H.Orypuos. flekyuu no ¢u3suke.
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Wcnonbays avddepeHumansHyto opmy 3akoHa Oma j=7YE u onpeaeneHve

1
p =—, nony4um 3akoH [xoyns—JleHya e dughghepeHyuanbHoli ghopme:
14

w= JE =yE*

TennoBoe AeNCTBME SMEKTPUHECKOTO TOKa WMCMONb3yeTcs B OCBETUTENbHbIX,
namnax HakanvBaHusi, 3NIeKTpoCcBapke, arieKTpoHarpeBaTenbHbIX Npubopax u T.4.
37.3akoH Oma Ans HeOAHOPOAHOIO y4acTKa Lenu.

PaccmoTpumM HeoOHOPOOHbIL y4acTok Lenn 1—2 Ha KOTOPOM MpPUCYTCTBYIOT
CUITbl HE3NEKTPUYECKOTO NMPOUCXOXKAEHUS (CIMOPOHHUE Cusbl).

O6osHauum uepes: ©,, — O[AC Ha yuactke 1—2; AQ=¢, —¢@, —
MPUMOXEHHYIO Ha KOHLAX y4YacTka pasHOCTb NOTEHLMAanoB.

Ecnu yyactok uenn 1—2 HenodeuxkeH, TO (MO 3aKOHY COXPaHEHWUsI 3HEPruu)
ob6was paboma A;, CTOPOHHUX W INEKTPOCTATUYECKUX CWM, coBepluaeMas Hapj

HOCUTENAMU TOKA, paBHa TennoTe Q , BblaensioLencs Ha y4acTKe.

Pabota cun, coeepluaemas npy nepemeLLeHnmn sapaaa ¢, :
A3 =400, +q0A@
3AC ©,,, kak n cuna Toka [, — BenuumHa ckanspHas. Ecrm 3C

CNOCOGCTBYET [ABWKEHWIO MONOXMUTENbHBIX 3apsiioB B BbIGPAHHOM HarnpasneHuu, To
0,, >0, ecnu npensitctayeT, TO0 O, <0.

3a Bpewms ¢ B NPOBOAHMKE BbiaenuTcs Tennota: O = I°Rt = IR(It) = IRq,

OTtctopa cnegyet 3akoH Oma Onss  HeOOHOPOOHO20 ydYacmka uenu 8
UHmMeeparsbHol chopme KOTopbIN ABnseTcs 0606weHHbIM 3akoHOM Oma:

IR=¢, -0, +0,
]:w
R

nnm

YacTtHble cnyyau.
1) Ecnn Ha paHHOM yvacTke Lenu MCTOYHWK ToKa omcymcmeyem, TO Mbl
nonyyaem 3akoH Oma 0s11 00HOPOOHO20 yYyacmka uenu:

=Y
R

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

;0. e
R BHYTp + Rsnem

roe © — O[C, peiicTeyolas B Lenu,
R — cymmapHoe conpoTuBneHue Bcei Lenu,

R,ers — COMPOTUBIEHME BHELLHEN Lienu,
Vynyrp — BHYTPEHHEE COMPOTUBIIEHNE UCTOYHMKA TOKa.

3) Ecrm uenb pasomkHyma, 1o [=0 wu O, =¢,—-¢,, Te. 3/[C,

delicmeyrouwjasi 8 pa3oMKHymoUl uenu pasHa pasHOCMU MOMeHUUanoe Ha
€e KoHLax.

OnekTpnyYecTBo
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PaccMOTpUM  OOQHOPOAHbIA MPOBOAHWK C COMPOTUBIIEHMEM R K KOHU@m
KoTOporo mpunoxeHo Hanpspkenne U. 3a Bpemsi dtf yepes ceueHue MpOBOAHMKA
nepeHocutcst 3apsin dg = Idt . PaBota no nepemelleHuio sapsga g, Mexay ABymsl
TOYKaMW Mors paBHa:

U2
A, =q9,Ap, oTkyna dA=Udq =Uldt = I*Rdt = ?dt .

MowHocmb moka:

2
p=_y=pr=Y"
dt R
Ecnu pasmepHocTu [I]ZA, [U]:B, [R]:OM, TO [A]:,IJ)K n [P]:BT.
BHecucmemHbie eduHuybl pabombl moka: BatT-yac (BT-4) n kunosatT-yac
(kBT'4). 1 BTy — paborta Toka MowHocTblo 1 BT B Teuenun 1 4: 1 B14=3600
BT:c=3,6-10° . AHanornuHo: 1 kBT-4=1000 BT1-4=3,6:10° [Ox.

36.3akoH [xxoyns—JleHua.

Mpn npoxoxaeHun Toka MO MNPOBOAHWKY MPOUCXOAUT paccesiHue 3SHeprum
BCNEeACTBNE CTONKHOBEHUI HOCUTENen Toka mexay cobon u ¢ nobbimu ApyruMu
YactTuuammn cpeppbl. Ecnn Tok npoxoauT No HernodsuXHOMY NPOBOAHUKY, TO BCS
pa6oTa Toka dA woeT Ha HarpeBaHve NPOBOAHMKA (BblaeneHue TennoTbl dQ).

Mo 3akoHy coxpaHeHust aHepruv: dA = dQ

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

KonunyectBo TennoTtsl Q, BblaenstoLleecs 3a KOHeYHbIN NPOMEXYTOK BpEMEHU

ot 0 po ¢ nmocTosiHHBEIM TokOM [ BO BCEM OGLEME MPOBOAHMKA, SNEKTPUYECKOE
COMPOTMBMNEHUE KOTOPOrO paBHO R, nonyyaem, WHTerpupys npegbiayliee
BblpaXeHue:

t
0= leRdt =I’R¢
0

3akon [xoynsi-JleHya (8 uHmezpasbHOU ¢hopMe): KONu4ecmeo mernsiomsl,
6b10eN1IeMOe  [TOCMOSHHBIM  3[IEKMPUYECKUM MOKOM Ha ydYacmke uernu, pasHo
npouseedeHuro Kkeadpama CUMbl MOKa Ha 6PeMs 20 [POXOXOeHUs U
S7IeKMPUYECKOE CONPOMUEBNIEHUE 3Moa0 ydacmka uenu.

Bblgenum B NpoBofdHWKe LMnuHapuyeckuin obbem dV = dSdL (ocb umnuHgpa

dl
coBnafaeT C HanpaBneHuem Toka). ConpoTuBneHve aToro obbema R = pﬁ. Mo

3akoHy [xoyns—fleHua, 3a Bpemsa df B 3TOM 06beMe BblAENUTCS TennoTa

dl , . .
szlszt:Z—S( jdSY dt = pj*dvt
YoensHoli mennoeoli MOWHOCMbLIO MOKa W Ha3blBAeTCA KONMMYECTBO
TEeNnnoThbl, BblAENAOLLEECs 3a eAUHULY BPEMEHU B eAnHNLE obbema:
do

_ _ 52
Y= ava =P

3-7

WHTerpan § E Zi = :f Edl Ha3sblBaeTcH yupkynsyueu eekmopa
L L

HanpsHkeHHOCMU No 3a4aHHOMY 3aMKHYTOMY KOHTYpY L .

Teopema o uMpKynsiuum BekTopa £ ':
Hupkynayusi eekmopa HarnpshkeHHOCMU 3lekmpocmamuyecko2o nonsi 8907k
11106020 3aMKHYmMOo20 KOHMypa pasHa HyJiko

{Edi={E,di=0
L L

CwunoBoe none, obnapawuee Takum CBOWCTBOM, Ha3blBaeTcs
nomeHyuanbHbIM. JTa OpMyna cnpaBedAnuBa MOJILKO Ol 3NeKTPUYECcKoro
nonsi HernoAeUXXHbIX 3apSA0B (/IeKMPOCMamu4YyecKoz0).

8. MNoTeHunanbHasa aHeprus 3apsaga.

B noteHumansHoM none Tena obradatoT NoTeHUManbHOW 3Hepruen u pabota
KOHCEpBaTMBHbIX CUIT COBEpPLLAETCS 3a CYET YObINM NOTEHUMANBHOW SHEPTUN.

Moatomy paboTy A, MOXHO NMPeAcTaBWTb, Kak Pas3HOCTb MOTEHLMAnbHbLIX

3Hepruin 3apaga g, B Ha4YanbHON N KOHEYHOW TOYKax Nons 3apsana ¢ :
1 990 1 99, _

12 — - 2

MoTeHumansHas 9Heprusa 3apafa ¢,, Haxoaslleroca B nomne 3apafa ¢ Ha
pacCTodaHUM » OT HEero paBHa

1
99 + const

e, r

CunTas, 4To NpW yganeHwn 3apsiga Ha GECKOHEYHOCTb, MOoTeHuMasnbHasl
3Heprvs obpaluaeTcs B Hyrb, nonyvaem: const =0.

[Onsi 0OHOUMEHHbIX 3apsfOB MOTEHUMarnbHas 3HepPrUst WX B3aWMOLEWCTBUS
(ommarnkusaHusi) NONOXUTENbHA, AN Pa3HOUMEHHbLIX 3apsHoB MOTeHUManbHas
3Heprvis U3 B3aMMOAENCTBUS (MPUMSKeHUsT) OTpULaTENbHA.

Ecnu none cosgaetcsi cUCTEMOW 71 TOYEYHbIX 3apsiAoB, TO MOTeHLManbHas
3Heprvis 3apsifa g, , HaxoasLerocs B 3TOM Nosie, paBHa CyMME ero NoTeHUMasbHbIX

SHepFMIZ, co3aBaeMbIX KaXxabiM U3 3apAaaoB B OTAENbHOCTU!

W= ’lei = ‘]oii
i=1

i 4T

9. MNoTeHUMan 3NeKTPOCTaTUYECKOro nons.

w
OTHOWweHne — He 3aBuUCuT OT I'IpO6HOI'O 3apaga ¢, W fABNAETCH,

qo
aHepaemuyeckoll xapakmepucmukoli rosisi, Ha3blBaeMol MomeHuUasIoM:
_w
(p [ jp—
90

MomeHyuan @ B KakoW-MMOO TOYKE JNEKTPOCTaTMYECKOro Mnomns ecTb

CKaJsisipHas CbVISI/IHeCKaFl Benn4ynHa, onpependemas noTeHumanbHoON 3Hep|’|/|el7I
€ANHUYHOro NOJIOXUTENBbHOIO 3apsaaa, NOMELLEeHHOro B 3Ty TOYKY.

A.H.Orypuos. flekyuu no ¢u3suke.
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Hanpmmep, noteHuman nongd, co3gaBaemMoro To4e4YHbIM 3apsaaoM ¢, paBeH

10.Pa3HOCTbL NoTeHUnanoB
PaboTa, coBepluaemas cunamu anekTpocTaTYeckoro nons Npy nepemMeLLeHmm
3apaga g, U3 Todkm 1 B TOUKY 2, MOXET BbITb NpefcTaBreHa Kak
A, =W, =W, =q,(@, —9,) = q,A@
TO eCTb paBHa NPOU3BEAEHMIO MNepemeLlaemMoro 3apsga Ha pasHOCTb
NOTEeHLUMarnoB B Ha4anbHOM U KOHEYHOW TOYKaX.
PaszHocmb nomeHyuanoe AByX Todek 1 U 2 B 3nekTpocTaTU4ECKOM norne

onpegendaetca pa60T0171, cosepu.laeMOM cunamMm  nonda, npu nepemMmeLlieHnn
€OVNHUYHOIo NOJNTOXUTENTbHOIO 3apaga 13 TO4YKKU 1B TOYKY 2

A
A A2
O -0, =Ap=
qo
Monb3ysch OnNpedeneHMeM HanpsKeHHOCTW SMeKTPOCTaTUYecKoro  Mons,

MOXeM 3anucaTb paboty A4, B BUAe

2 2 2
A, = [Fdi=[q,Edl=q,[Edl
1 1 1
OTcropa

A 2 . 2
¢ — ¢, =Ap="2=[Edl = [E,dl
90 1 1
raoe MHTerpupoBaHne MOXXHO Npon3BoauUTb BOOJb nobon NINHUN, COGLI,VIHSHOLU,GVI
HavarnbHYylO U KOHEYHYK TOYKU, TaK Kak pa60Ta CuUn 3anekTpocTaTnu4yeckoro nona He
3aBUCUT OT TPaEKToOpun nepemMmeLleHuns.
Ecnu nepemellath 3apag g, U3 Mpou3eosibHOU MOYKu 3a npedesbl nosis
(Ha GeckOHEeYHOCTb), rae MoTeHuMarnbHas SHeprusl, a 3HauyuT U NoTeHuMar, paBHbI
Hyn, TO pa60Ta cun aneKkTpocTtaTn4yeckoro nona Aw = q0§0 , OTKyAa

A,
p=—
90
Takum 06pas3om, elle OAHO onpeferneHve noTeHuuana: nomeHuyuan —
¢usuyeckas eenuduHa, onpedesnissemasi pabomodl Mo nepemeweHuU0 edOUHUYHO20
rosIoXKumesibHo20 3apsida rnpu ydaneHuu e2o u3 0aHHOU MOYKU 8 6ECKOHEYHOCMb.
EduHuya nomeHyuana — BonbT (B): 1B ecTb noTeHUMan Takon TOYku nonsi, B
koTopow 3apsg B 1Kn o6nagaeTt noteHuuansHow aHepruen 10x (1B=10x/1Kn).
lMpuHyun cynepno3uyuu NomeHUUaa08 3JieKmpocmamuyecKux noJel:
Ecnn none cospaetcs HeCKONMbKMMMK 3apsigamu, TO MOTeHumMan fonsi CUCTEMbI
3apsoB paBeH asieebpauyeckoli cymMme NoTeHUManoB nonel Bcex aTux 3apsaos.

11.CBsA3b MeXAy HanpsSXXeHHOCTbLI0 U NOTEHLMANIOM.

[na noTeHumanbHOro Nonsi, Mexay NoTeHumnanbHON (KOHCEPBATUBHOWM) CUION U
NnoTeHUManbLHON 3HepPruen CcyLecTByeT CBA3b:

F =—gradW =-VW

A.H.Orypuos. flekyuu no ¢u3suke.
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U /A |
B npoBogHuke — = E — HanpshkeHHOCTb 3fiekTpuyeckoro nons, R=p—, j=—.
I S S
1U .
M3 3akoHa OMa nony4nm cooTHolleHne: —=——, oTkyda j="7YE.
S pl
B BekTOpHOW (hopMe COOTHOLLEHne
J=YE
HasblBaeTcsi 3akoHOM Oma e dughghepeHyuanbHol chopme. ITOT 3aKOH
CBA3bIBAET [M/IOMHOCMbL MoKa 6 Jiobol moyYyke 6Hympu [MpPoBoOHUKA C

HarpsaXeHHOCMbIo 31eKmpu4eCcKoeo o e mou e mouke.

33.ConpoTtuBneHue coeguHeHUs NPOBOAHUKOB:
(1).NocnenoBatenbHoe coeAuHeHuWe 71 MpoO-

BogHukoB: [, =1,=...=1 =1 (1) 3 ) As
]R:UZZUiZZIiRi:IZRi L% 4%
i=1 ni:l i=1 ALY
R=YR, '
i=1 (2) R;,],,U/-
hd
(2).NapannenbHoe coeauHeHWe 7 NpPOBOA- P
HUKOB: U=U,=..=U,=U o— 2:4 o
U n n Ul n ] L
T YW Rl
R i=1 i=l1 Ri i=1 Ri N e
1 &1 RIU
R ; R, '

34.TemnepaTtypHas 3aBUCUMOCTb COMPOTUBIIEHUS.

OnbITHEIM NyTeM ObINO  yCTaHOBMEHO, 4TO Ans OonblMHCTBA CcryyYaeB
U3MeHeHne yaenbHOro COMpoTMBMEHMA (@ 3Ha4YMT UM COMpOTMBREHMS) C
TemnepaTypow onncbiBaeTcs NMHENHLIM 3aKOHOM:

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

rae p n pg, R n RO — COOTBETCTBEHHO Yy[ellbHble COMpOTUBNIEHUA ©

COMNPOTUBIEHUS MPOBOAHMKA Npu Temnepatypax ¢ n 0°C (wkana Lenbcus), o0 —
memmnepamypHbIl Ko3ghghuyueHm conpomuesieHusl.

Ha 3aBMCUMOCTM 3MeKTpUYECKOro CONpOTMBIIEHNST METanmoB OT TemMnepaTypbl
OCHOBaHO AENCTBNE MEePMOMEMpPO8 COMPOMUSJIEHUS.

ConpoTuBneHne MHOMMX MeTanIoB NP o4eHb HU3KkuX Temnepatypax 7, (0,14—
20 K (wkana KenbBurHa)), Ha3biBaeMbIX KpUMUYECKUMU, XapaKTEPHbIX AN KaXKO0ro
BellecTBa, CKaykoobOpasHO YMeEHbLUAeTCsl [0 Hynsa M MeTans  CTaHOBUTCSA
abCconoTHBIM NPOBOAHUKOM. DTO SIBNEHNE HA3bIBAETCSH C8EPXMPO80OUMOCMAbIO.

35.PaboTa n MOLHOCTb TOKa.
KynoHoBckne u CTOPOHHME CwMbl MPW MEepeMelleHnn 3apsiga ¢  BOOSb
3MeKTPUYECKON Lenn cosepLuatoT paboTy A.

OnekTpnyYecTBo
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Ecnu Ha 3apsp ¢, AeWCTBYIOT Kak CTOPOHHWE CUMbl, Tak W  Cumbl
ANEeKTPOCTaTNUYEeCKOro nosnsd, To pe3ynbTupyroliasa cuna
F=F., +F=q(E., +E)

cTop cTop

PaGoTa pe3ynbTupyioLLel cunbl Mo NepemeLLeHnio 3apsiaa g, Ha ydactke 1—2

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

Ons 3amkHyTOI Leny paboTa anekTpoCTaTUYECKUX CUI paBHa HyIo, NO3TOMY
A=¢q,0.
HanpsikeHuem U Ha yyacTke 1—2 HasbiBaeTcsl husmyeckasl BenuumHa,
UYMCMNEHHO paBHas CyMMapHOi paboTe COBepLUaeMOi 3MNeKTPOCTaTUYECKUMU U

CTOPOHHMUMU CUNnaMKn No nepemMeLlleHNo eOUHUYHOIo MOJIOXKUTENbHOro 3apsana Ha
OAaHHOM y4acTKe uenu:

A
U12 :iz(pl — 0, +®12
90
MoHsiTne  HanpsokeHust sBnsieTcs  0606LEHVEM  MOHSATUS  pa3HOCTU
NOTEHUMAroB: HanpspkeHUe Ha KOHYyax ydacmka uenu paeHo pasHocmu
romeHyuaros, ecsu y4acmoK He coOepXum UCMOYHUKa moka (T.e. Ha y4YacTke He
pevicteyet SC; CTOPOHHUE CUMbl OTCYTCTBYIOT).

32.3akoH Oma. dneKkTpu4ecKkoe CONpPoTUBIIEHME.
3akoH OmMa ans OAQHOPOAHOro yyacTka uenu (He copepallero U

WUCTOMHMKA TOKa): cujla moka, meKyw,eeo 1o OOHOPOOHOMY :E
Memannu4eckomMy rnpoeoOHUKY, NMPOMOPUUOHasIbHa HanpsKeHUIo Ha
KOHUe npoeodHuKa (WHTerpanbHas popma 3akoHa Oma).

KoadhpumumeHT nponopumoHansHOCTM R HasblBaeTCsl 3MEKTPUYECKUM COMpo-
TMBMEHWEM NPOBOAHMKA.

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

1
BenuunHa G = E Ha3blBaeTCs ANEKTPUYECKON NPOBOAUMOCTbLIO npoBoOAHUKA.

EduHuuya anekmpuveckoli npoeodumocmu — cumeHc (Cm): 1 Cm —
NPOBOAMMOCTb y4acTka 3MeKTpMYecKon Lenu conpotusneHmem 1 Om.

ConpoTvBneHve NPOBOAHMKA 3aBUCUT OT ero pasmepoB U hOpMbl, a Takke OT
matepuana w3 KOTOPOro MPOBOAHWK W3roToBneH. Harnpumep, Ons
00HOPOOHO20 nuHeliHo2o nposodHuka OdnuHol | u nmowadsro | R = pi
ronepeyHo2o cevyeHusi S CONPOTUBMEHNE paccUMTLIBAETCA Mo hopmyne: N

roe KosaMUUMEHT MPONoOpLMOHANbHOCTA O, XapakTepusylowmnin maTepuarn

NPOBOAHMWKA, Ha3blBAETCS yaeNbHbIM 3M1eKTPUYECKUM CONPOTUBNEHNEM.
EduHuya yOdenbHO20 3/1eKMPUYECKO20 COMNPOMuUSsIeHUsI — OM-MeTp
(Omm).
BennumHa 06paTHaﬂ yoenbHOMY CONpPOTUBIIEHUIO Ha3blBaeTCA
yaernbHOW 3NeKTPUYECKON NPOBOAMMOCTbLIO BeLecTBa NPOBOAHMKA!
EduHuya ydenbHoli anekmpuyeckoli IpoeoduMocmu — CUMEHC
Ha meTp (Cm/m).

1
p
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roe V ("Habna") — onepamop MamunsmoHa: V = 83; + i]— + il;
X

dy~ oz
Mockonbky F =qE w W =q@, 1o
E=-gradp=-Vo

3HaKk MUWHYC Moka3blBaeT, YTO BekTop FE HanpaBneH B CTOPOHYy yOblBaHUA
noTeHumana.

12. 3KBMNOTEHUMANbHbIE MOBEPXHOCTHU.

Ona Fpad)VI‘-IeCKOFO I/I306pa)KeHVIF| pacnpegeneHna notTeHunana Ucnosb3yrTcAa
dKeurnomeHyuasibHble NMoeepxHocmu — MNOBEPXHOCTN BO BCEX TOYKaX KOTOPbIX
noTteHunan nmeet OgHO U TO XXe 3Ha4yeHune.

!

FOYnY § \

8) &)

OKBMMNOTEHUMAnbHbIE MOBEPXHOCTM OObLIMHO MPOBOAAT Tak, YTOObI pas3HOCTM
noTeHUmManoB Mexagy ABYMS COCEeOHVWMW SKBUMOTEHUMAanNbHbIMW MOBEPXHOCTAMU
6bIMnM oguHakoBbl. Torga ryctota 9KBUMNOTEHUMAnbHbIX MOBEPXHOCTEN HAarnsagHoO
XapakTepusyeT HanpspkeHHOCTb MOMSA B pasHbIX TOYKax. Tam, rae 3Tv NOBEPXHOCTU
pacnonoXeHbl rylle, HanpsXKeHHoCTb nons 6Gonbwe. Ha pucyHke MyHKTUPOM
n306paxeHbl  CUMOBblE  fIMHWM,  CMMOWHBLIMA  JIMHUSIMU  —  CEYeHUs
3KBMMNOTEHLUMAnNbHbIX NOBEPXHOCTEW ANSA: MOMOXMTENbHOrO TOYEYHOro 3apsga (a),
aunonsa  (6), AByX OAHOMMEHHbIX 3apsgoB (8), 3apsXKEHHOro MeTannmyeckoro
NPOBOAHMUKA CIOXHON KOHdUrypauum (2).

[lnsa ToyeyHoro 3apsaa noteHuman @ = Lﬂ, No3TOMY 9KBUMOTEHLMANbHbIE
4re, v
NMOBEPXHOCTU —  KOHUEHTpuyeckne cdgepbl. C  Opyron  CTOPOHbl,  JIMHWK
Hanps»KeHHOCTN — paamanbHele npsMble. CnegoBaTenbHO, NIMHUM HaMPSHKEHHOCTU
nepneHAnKYNspHbl 3KBUNOTEHUMANbHbIM NMOBEPXHOCTSAM.
Mo>kHO nokasaTb, YTO BO BCEX cryvasax

1) BekTOp E nepneHOUKynspeH 3KBUNOTEHLMANbHBIM MOBEPXHOCTSM 1
2) Bcerga HarnpassieH 8 CMopoHy ybbigaHUs momeHyuarna.

13.MpuMepbl pacyeTa Hanbornee BakHbIX CUMMETPUYHbIX 3NIEKTPOCTAaTU4ECKUX
noneii B Bakyyme.
1. 3nekmpocmamuyeckoe nosie anekmpu4eckKo2o Aurnorsi 8 eaKyyme.
Anekmpuyeckum OunoneMm (MW [OBOWHBLIM  3MEKTPUYECKUM  MOMOCOM)
Ha3blBAEeTCs cMCTEMA ABYX PaBHbIX MO MOAYMIO Pa3HOMMEHHbLIX TOMEYHbIX 3apsaoB
(+g,—q), pacctosiime [ Mexay KOTOPbIMW 3HAYUTENIbHO MEHbLUE PACCTOSIHUS [0

paccmaTpuBaeMbix Todek nons (I <<r).

Mneyo AQunonssi [ — BekTOp, HanpaeneHHblii MO ocuM Aunons  oT
oTpMULaTENbLHOrO 3apsiAa K NONOXUTENBHOMY Y PaBHBIN PACCTOSIHUIO MeXAY HUMW.

A.H.Orypuos. flekyuu no ¢u3suke.
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dnekmpuyeckuii momeHm dunons p, — BeKTOp, cosnaga- ~
IOLLMA MO HarnpaBneHuo C NIeYOM AWMONS M paBHbIA NPOU3BEOEHMIO ﬁe =‘Q‘l

Moayna 3apaga ‘q‘ Ha nre4yo ZI

1) HanpsbkeHHOCTb Nonsa AMNONsS Ha NPOAOKEHUN
ocu aunons B Toyke A:

EA:E+_E—3 =0, +0¢_
MycTb r — paccTogHMe OO0 To4YkM A OT cepeauHbl
ocu gunons. Toraa, yuutsiBas uto » >>/,
_ 1 g 1 g __1 29 _
1 4me, 1Y 4ne, 1Y 4ng,
y—— r+—
\E 2
1 2
A =— lz"'
N 4re, r
E oo L (9 4 \__1l4_1p
E, Y ame \r=1/2 r+1/2) 4me, r* 4me, i’

2) HanpspkeHHOCTb nons B Touke B Ha nepneHaunkynspe, BOCCTaHOBIIEHHOM K
OCM OMMONS U3 ero cepeauHbl npu r'>>1 .

1 q 1 ¢ Eg |
E.=F = = , ——=—, N03TOMYy
’ ame, (7Y +(1/2Y  4me, (7Y E,
l 1 { 1 .
Ey=(B) == Lo @ i
r' Amey (')’ 4me, (1) '_}@;”
;=0 /é’/ E

Touka B paBHoynaneHa oT 3apsgos +g U —gq 7 2:;}
2

aunons, noaToMy noTeHuMan nonsi B Touke B paseH
Hynto. Bektop FE, HanpaeneH npoTWBOMOMNOXHO

= (b)
BekTopy [ .

3) Bo BHelLHEM 3neKTpU4EeCcKoM Nosie Ha KOHLbI ______,T__..._—————*
avnonst AeWcTByeT napa Cun, kotopasi CTpemuTcs ~ 7 +7 g
NMOBEPHYTb  AMMNOMb  Takum  obpa3oM,  YTOObI
3MNEKTPUYECKNA MOMEHT P, AWMONS pa3sBepHyIcs \\
BAONb HanpasneHus nons £ (puc.(a)). \

Bo BHelWwHeM 0GHOPOGHOM norne MOMEHT Mnapbl
cun paseH M =qElsina vim M =[p,,E]. Bo BHelulHeM HEOOHOPOOHOM rore

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

pes3ynbTupyloLas CTpeMUTCS MNepefBuHYTb Aunonb B obnacTb nons ¢ Gonbluen
HanpPsHKeHHOCTbIO — AMMONb BTAMMBaeTCs B 06nacTb 6onee CUMbHOro Noss.
2. lMone pasHOMepHO 3apsixkeHHOl 6ecKOHeYHOoU niockocmu.

BeckoHeuyHas NNOCKOCTb 3apsikeHa C NMOCTOSIHHOW NMOBEPXHOCTHOM MIIOTHOCTbIO
+0 =dq/dS. TNuHuA HanPsSKEHHOCTM NepneHAMKYNApHLI  PaccMaTpUBAEMOil

NNOCKOCTU N HanpaBleHbl OT Hee B obe CTOPOHBbI.
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Lenu BblpaBHUBAOTCS U 3NIEKTPOCTaTUYeCKoe nose ncyesaer.

[ns cywecTBoBaHMA MOCTOSIHHOrO TOKa Heobxodumo Hanuyue 8 uenu
ycmpoticmea, crocobHo2o co3dasamb U rnoddep)kusamp pasHOCMb MOMEHUUanos
3a CYET CUIT He 3JTIeKMPOCMamu4yecKo20 NPONCXOXOEHWS.

Takne ycTponcTBa Ha3bIBalOTCA UCMOYHUKaMU MOKa.

Cwunbl He 9MeKTPOCTaTUYECKOro NPOUCXOXAEHUS, AENCTBYOLME HA 3apsgbl CO
CTOPOHbI UICTOYHMKOB TOKA, Ha3bIBAOTCA CTOPOHHVUMMU.

KonuyecmeeHHast xapakmepucmuka CMOPOHHUX CUST — MOne CTOPOHHUX CUN U

ero HanpsKeHHOCTb Emp, onpegensiemMas CTOPOHHEW CWMown, AENCTBYIOLWEN Ha

€AVHVYHBIN MONOXNTENbHLIV 3apsa.

lMpupoda cmopoHHUX cun MOXeT OblTb pasnuyHoil. Hanpumep, B
ranbBaHUYECKUX 3NIEMEHTAX OHW BO3HMKAKOT 32 CHET SHEPTUU XUMUYECKUX peakumin
MeXay 9NeKTpogamy U 3NeKTponuTamu; B reHepatope — 3a CYET MexaHW4ecKon
3Heprum BpaLleHns poTopa reHepaTopa, B COMHeYHbIX 6aTapesx — 3a cYeT aHeprum
(POTOHOB M T.M. Pomnb UCTOYHMKA TOKa B SMEKTPMYECKON LIeNM Takasl Xe Kak posb
Hacoca, KOTopbIi HEOOX0AMM ANs NoAAepXaHUs TOKa >XUAKOCTU B ruapaBnmM4eckon
cucTteme.

Moa mencTBMEM CO30aBaeMOro Mosisi CTOPOHHUX CWUM SNEKTpUYEcKMe 3apsgbl
OBWXKYTCA 8HYmMpU UCMOYHUKa MmoKa [pomug cusl 3/1eKmpocmamuy4yecKoeo ofis,
6narogaps YeMy Ha KoHUax Lenu noaaepxvBaeTcs pasHOCTb NOTEHLMANoB 1 B Lienu
TEYEeT NOCTOSIHHbINA SMEKTPUYECKMIN TOK.

31.3neKkTpoaBMXYyLLIAaA cuna U HanpshkeHue.

dusmyeckaa BenuuuHa, onpegensemass paboTonl, KOTOpyl CcoBepLualoT
CTOPOHHWE CuNnbl MpU  NepeMeLleHnn eauHUYHOTO MONOXUTENbHOro  3apsaa,
HasblBaeTcs aiekmpodsuxyuwiel cunol (34C) neicTByroLEN B Lienu:

o="

9o

Orta paboTa coBepLIaeTcs 3a CHET IHepruu, 3aTpaumBaeMomn B UCTOYHUKE TOKa,
NoaToMy BenuuuHy O, MOXHO Ha3BaTb ANEKTPOABUXYLLENH CUMON UCTOYHMKA TOKa,
BKMIOYEHHOrO B Lenb. 3JC, Kak U NOTEHLMan BbipaXaeTcs B €0/1bMmax.

Y4yacToK uenu, Ha KOTOPOM He [eNCTBYIOT CTOPOHHME CWIlbl, HasblBaeTcs
OZHOPOAHbIM. YYacToK, Ha KOTOPOM Ha HOCUTENMW TOKa AEUCTBYIOT CTOPOHHME CUMbI,
Ha3bIBAETCA HEOAHOPOAHBIM.

PaGoTa CTOPOHHUX CUI MO MepeMelleHnio 3apsga ¢, Ha 3aMKHymom

y4yacmkKe Uenu

A= §chp dl = q0§ECTOp dl

Otctoga, OC pencTBytolas B 3aMKHYTOW LEENU — 3MO YUPKYASIYUst gekmopa

Harnpsi>XeHHoCMU 10J151 CMOPOHHUX CUJT:
O={E,,d

CnepoBatenbHO, A1t MO CTOPOHHUX CUM LMPKYMALKS ero HanpsikeHHOCTU Mo
3aMKHYTOMY KOHTYpy He paeHa Hymr. [loaToMy rose CMOPOHHUX Ccul —
HenomeHyuasbHO.

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

2
®12 = _[Ecmp dl
1

A.H.Orypuos. flekyuu no ¢u3suke.
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ckansipHas uanyeckas BenuymMHa, paBHasi OTHOLIEHUIO 3apsaa dqg , NepeHOCUMOro
CKBO3b paccmMmaTpuBaemMmyro MNOBEPXHOCTb 3a Marbin NPOMEXYTOK BpeMeHUn, K
BenuuMHe di 3TOro NPOMEXyTKa:
d
=4
di

SJ'IeKTpVI‘-leCKI/IVI TOK Ha3blBaeTCA MNOCTOAHHbIM, €Clikh Cuna TOKa WU ero
HanpasrieHne He N3MEeHAKTCA C TeHeHUeM BpeMeHU.

[lns nocTosiHHOrO ToOKa: =4
t

rOe ¢ — ONeKTPUYECKWii 3apsf, NPOXOAsALMIA 3a BpeMsi [ Yepes nonepeyHoe

ceyeHne NPoBOAHMKA.

EduHnuuya cunbl moka — amnep (A) (cm. "MexaHuka" cTp. 1-2).

[N xapakTepucTuKW HanpaBneHWs 3MEeKTPUYECKOro ToKa B PasHbIX TOYKax
paccMaTpuBaemMoli MOBEPXHOCTU U pacrnpefeneHunsi CUrbl Toka Mo 3TOW NMOBEPXHOCTU

CNyXnUT eeKmop ImjomHocmu moka j . Cuna TOKa CKBO3b NPON3BOJIbHYIO
NOBEPXHOCTb S onpegendeTcd Kak NOTOK BEeKTopa NJIOTHOCTU TOKa

1={jas
S

rae dS =ndS (7 — eavHnYHbIN BEKTOp HopMmanu (opT) K nrowagke ds').
lnomHocmbI0 3M1EKMPUYECKO20 MOKa Ha3biBAETCS BEKTOp j, COBMa-

JalolWUA C HanpaeneHWeM 3MeKTPUYEcKoro ToKa B pPaccMaTpvMBaeMoil TOYKe W
YMCNEHHO paBHbIN OTHOLLEHWIO CUMbl ToKa dI CKBO3b Marblii 3NEMEHT NOBEPXHOCTY,
0PMO20HabLHOU HaNpPaBIIEHNIO TOKa, K Mrolaaun dS, 3Toro anemeHTa:

jodl
ds,

,D,J'Iﬂ NMOCTOAHHOIO TOKa 1, TeKywero nepneHaukynapHo cCcedYeHuro S
I
NpoBOAHUKA: J= E

Ecnu 3a Bpemsi df Yepes nonepeyHoe ceueHne S NpOBOAHMKA NepeHoCUTCs
3apsg dq:ne<v>Sdt (roe n, e wn <v> — KOHLUEHTpauusa, 3apag U cpeaHss

CKOPOCTb YNOPSA0HMEHHOTO ABWXEeHUS 3apsiaoB), To cuna Toka [ = d%t = ne<v>S, a
MAOTHOCTb TOKa:

j= ne<6 >
EduHuuya nnomHocmu moka — AIm2.

30.CTOpOHHME cUMbI.
[Ins BO3HUKHOBEHWS U CYLLIECTBOBaHMS 351EKTPUYECKOro Toka Heobxoanmo:
1) Hanunumne cBObOOAHbIX HOcumesiell MoKa — 3apsPKEHHbIX YacTul, Cnocob-
HbIX NepeMeLLaTbCs YNOPSA0YEHHO;
2) HanuuvMe 3MeKmMpuUYeCcKo20 [0/, SHEPrUsi KOTOPOro AOSPKHA KakUM-TO
06pa3omM eocnosIHAMbCSI.
Ecnu B uenu [JEeNCTBYOT TOMbKO CWUMbl 3MEKTPOCTATUYECKOro Mons, TO
NPOVNCXOaNT NepeMelLieHe HocuTenel TakuMm obpasom, YTo NoTeHUMarnbl BCeX To4ek

A.H.Orypuos. flekyuu no ¢u3suke.

B kayectBe [NayccoBov NoBEepXHOCTM MpuMem
NOBEPXHOCTb LUMNMHApa, obpasyilolime KoTOporo
NepneHauKynsapHbl  3apsbKeHHOW  mrockocTw, a
OCHOBaHUSA napannesibHbl 3apsHKEHHOW MIIOCKOCTM U
nexar Mo pasHble CTOPOHbI OT HEE Ha OUHAKOBbLIX
paccTosHUSIX.

Tak kak obpasyroLme UMnMHapa napansensHbl
NUHWUSIM  HanpsPkeHHOCTM, TO  MOTOK  BekTopa
HanpshKeHHOCTM  4Yepe3 BGOKOBYID  MOBEPXHOCTb
LUMNUHApa paBeH HyIto, a MOSHbIA NOTOK CKBO3b LMIIMHAP PABEH CyMMe
NOTOKOB CKBO3b €ro ocHoBaHuus 2ES. 3apsin, 3aknoueHHbId BHYTpY E=—o0
uMnvHapa, paseH oS . Mo Teopeme Maycca 2ES = 0S/¢, , oTkyaa: 2g,

E He 3zaBucut ot ANWHBL UnWnNnHapa, T.e. HanpAaXXeHHOCTb Nnona Ha noodbIx
PacCTOSHUAX OAMHAKOBA N0 MOAYM. Takoe none HasbiBaeTcs OaHOpOOHbIM.
PasHocTb noTteHunanos Mexay Todkamu, nexawinMu Ha pacCcTosaHuAX x; U X,

OT NJIOCKOCTW, paBHa

Xz X2 ()' O'
01—, = [ Edx= [ =—dx=—"(x, - x)
2¢g, 2¢,
X X
3. Mone 0deyx 6ecKOHeYHbIX napansefibHbIX Pa3HOUMEHHO 3apsiKeHHbIX
nnockocmel ¢ pasHbIMU M0 abco/sIrOMHOMY 3Ha4€HUK M08EPXHOCMHbLIMU
nnomHocmsamu 3apsidoe ¢ >0 u —o.

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

ZK] npeabigyuiero npuMmepa cnegyet, YTo BEKTOPbl HANpPAXeHHOCTU El VIEZ

nepsorM W BTOPOWN MMNOCKOCTEN paBHbl MO MOAYMO W BCOOY HanpasfeHbl
nepneHanKynapHO nrnockocTaM. [oaToMy B NPOCTPaHCTBE BHE MNIIOCKOCTEW OHU
KOMMEHCUPYIT ApYyr Apyra, a B NPOCTPaHCTBE MexAy MNNOCKOCTAMU CyMMapHas

HanpsbkeHHocTb £ =2F,| . MoaToMy mMexzay nnockocTsmMu

o o
E=— (B AnanekTpuke £ =—)
& €€,
Mone wMexay niockocTsMM OfHOpoAHoe. PasHocTb noTeHuManoB Mexay
NIOCKOCTAMM
d d
o od od
o -0, =J.de=J.—dx=— (B AnanekTpuke AQp =——=Fd)
0 o €0 & g,
4. [lonne pagHOMEPHO 3apsiKeHHoU cghepuyecKol MosepxHocmu.
Cdbepuyeckasi noBepxHoCTb paguyca R C obWMM 3apsgoM ¢ 3apsbkeHa

paBHOMEPHO C MOBEPXHOCTHOW NMAOTHOCTLIO O = AnRe
TR

OnekTpnyecTBo
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MockonbKky cucTema 3apsiioB U, cCrieqoBaTesibHo,
camo norse LeHTpanbHO-CUMMETPUYHO OTHOCUTENBHO
LeHTpa cdepbl, TO IMHUN HANPSHXXEHHOCTN HanpaBeHbl
paauvarnsHo.

B kayectBe [ayccoBoi MOBEPXHOCTU Bblbepem cdepy

paguyca r, VMewLy OOWKIA LEeHTP C 3apshKeHHOMN

chepoir. Ecnm >R, TO BHyTpb MOBEPXHOCTM
nonagaert Becb 3apsa ¢ . [1o Teopeme Maycca
2

4717’2E:i, oTKyda E:L%: GR2

g drmey r= gy

Mpu r < R 3aMKHyTas MOBEPXHOCTb HE COAEPXKUT
BHYTPU 3apsgoB, MNO3TOMy BHYTPU  pPaBHOMEPHO
3apskeHHoit cchepbl £ =0.

PasHoCcTb nmoTeHUuanoB mexagy OBYMsSI TOYKaMu,
nexalMMmn Ha paccTosHUAX 7} U F, OT LEHTpa cdepsbl

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

R (rZR)

n n

1 1 1

o=y = Bdr= L Lo O [L_1

! . 4re, r dreg\ . ny

Ecnn NPUHATb I"l=l" n 1”2 =oo, TO NoTeHuuan nona BHe Cd)epVI‘-IeCKOVI

1 ¢
MOBEPXHOCTN p =——.
4me, ¥

BHe 3apshkeHHOM cdepbl Mosfie Takoe Xe Kak nosnie ToveyHoro 3apsija ¢,

HaxoasLerocst B LUeHTpe cdepbl. BHyTpU 3apskeHHOM cepbl nons HeT, No3aTomy
noTeHUMan BCloAY OAMHAKOB U TaKoW e, KaK Ha MOBEepXHOCTU

q OR
(p = =
4re,R g,
5. lMone 06beMHO 3apsixKeHHO20 wapa.
E 3apsp g paBHOMEpPHO pacnpefernieH B Bakyyme no
obbemy wWwapa paguyca R C 0OOBEMHON MNIOTHOCTLIO
q q
p=—=——. UeHTp wapa sBnsercs LeHTPOM
vV  4nR’

CUMMETPUM Mons.
1) Ona nons BHe wapa (> R) nonyyaem TOT e

pesynbTart, YTo U B Cry4Yae cdepryeckoin NoBepXHOCTU

" 1 ¢ q qg (1 1

E=p 5 0= =

Ey T 4me,r Are,\n 1
1 R R’
ZUE S eyt el iy
0 0 0 0

4
3) BHyTpw wapa cchepa pagmycom » < R oxsaTbiBaeT 3apsig g = 57173/) .
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WHTerpupoBaHue NpoBOAMTCS MO BCEM 3apsKEHHbIM MOBEPXHOCTAM S U Mo BCemy
3apskeHHOMyY o6beMy V' Ten cuctemsl.

Ha npvmepe noss Niockoro koHAeHcaTopa BbipasuM SHEPUIO MOSIA Yepes ero
HanpsbkeHHocTb. [ns konaeHcatopa C =¢€€,S/d n Ap = Ed . Otciona

W= %ssoEzSd = %SSOEZV

B 00HOpOodHOM rore KoHOEHcaTopa ero sHeprus pacnpegeneHa paBHOMEPHO
no scemy o6bemy nonsa V' =Sd .

Ob6bemHas  MaomHocmb  9Hepauu  ANeKTPOCTAaTMYECKOro MOMs  MIIOCKOro
KOHAeHcaTopa w:

wzlzleeOEz ~Lep
Vo2 2
rae D = g E — anekTpuyeckoe cMeLLEeHve.
OTta dopmyna aBnsieTcs oTpaXKeHnem Toro dakTa, YTo SrekTpocTaTuyeckas
3HeprMsi CocpefoTOveHa B SMEeKTpocTaTMYeckoM nofe. 3TO0  BblpaXeHue
cripasednueo makxe u 05151 HEOOHOPOOHbIX nosned.

28.MoHAEpPOMOTOpPHbLIE CUNbI.

MexaHunyeckme cunbl, AENCTBYIOLUME HA 3apsXeHHble Tena, NoMelleHHble B
3NEKTPOMarHUTHoe Morne, HasblBalTCA NOHAEPOMOTOPHBIMU CUMaMK (OT NATUHCKUX
CNoB ponderis — TKECTb U MOtor — ABWKYLLUN).

Hanpvmep, B nNNOCKOM KOHOEHCAToOpe cwuna, C KOTOPOW  NNacTWHbI
KOHZeHcaTopa NpuUTArMBaloT Apyr Apyra, coBepliaeT paboTy 3a cYeT YMEHbLUEHUS

. q c
noTeHUunanbHOMN 3HepPrun CUCTeMbI. C y4eTom O =— " E= —, nNony4yaem
S €€,
aw ’ o’S 1
F=-_-_ 1 ———=——gg,E’S

dx 2eg,S 2¢eg, 2

rae 3Hak MUHYC yKasblBaeT Ha TO, YTO 3Ta cuia ABndeTcAa cunon NPUTAXEHUA.
|_|OJJ, /J,el7ICTBVIeM 3TON  cuUnbl OﬁKHa/J,KVI KOHAOEeHCcaTopa CXUMarKT nnacTtuHy
AN3NEKTpuKa, noMmeLleHHoro Memp,y HUMWU, N B AN3ANEKTPUKE BO3HUKAET JaBreHne

2
F o 1
=—=——=—¢gg E’

S 2eg, 2

lMocmosiHHbI 3neKmpuYyecKuli mok

A.H.Orypuos. flekyuu no ¢u3suke.

29.MOCTOAHHLIN 3NEKTPUYECKUNA TOK, CUJa U MIIOTHOCTbL TOKa.

AnekmpoduHaMuka — pasgen yyeHuss ob anekTpuvecTBe, B KOTOPOM
paccmaTpuBalTCs  SIBMEHUSs M MpoLecChl, OBYCMNOBMEHHbIE  OBWXEHUEM
3MeKTPUYEeCcKnX 3apsaoB.

dnekmpu4eckuM  MOKOM  Ha3blBaeTCsl  YNOPSAOYEHHOE  [ABWXEHWe
3MeKTPUYECKNX 3apsiaoB.

3a HanpaesieHue Toka NPUHUMAIOT HanpaBneHue ABWKEHUS NMOMOXUTENbHbIX
3apsiaoB.

KonumuecTBeHHON MepOoI SMNEKTPUYECKOro Toka CNyXWUT cusla moka [ —

OnekTpnyecTBo
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HenoABMXHbIX TOYEYHbIX 3apAa0B paBHa

1 n
W= EZQ;“P:‘
i=1
rae @;— noTeHuman, co3jasaembll B TOW TOYKe, e HaxoauTcs 3apsag ¢;,
BCEMW 3apsiiaMu, Kpome i -ro.
25.3Heprusi 3apsiKeHHOro yeANHEHHOro NPOBOAHMKA.

PaccMoTpuM yeauHeHHbIN NPOBOAHVK, 3apsi, EMKOCTb M NOTEHUMan KoToporo
paeHbl ¢,C,@ . OnemeHTapHas pabota dA, coBeplwaemasi BHELUHUMW CUMamu Mo

NPEOAONIEHNIO KYNOHOBCKUX CUIT OTTallKMBaHUSI NMpW nepeHeceHun 3apsiga dq w3
BeckoHeYHOCTM Ha npoBoAHWK, paBHa dA=@dg=Cedp. YTtobbl 3apsouTb
NPOBOAHMWK OT HYNEBOrO NOTeHUMana ao (), Heo6xoauMO COBEPLUNTL paBoTy

2

®
C
A=J.C(pd(p=—2(p
0

OHepaus 3apseHHO20 yeduHeHHO20 NpPoeodHuKa (1cnonbays C = q ):

2 2
2 2C 2

26.3Heprusa 3apseHHOro KoHgeHcaTopa.
OnemeHTapHas paboTa BHELHUX CUM MO NepeHeceHuMio Manoro 3apsga dq ¢
obknagku 2 kongeHcaTopa Ha obknagky 1:

dA=A@dq =

qdq
C
PaboTa BHeLHWX cvn Npy yBenuyeHnn 3apsiaa koHaeHcatopa ot 0 oo g

jqdq q

OHepaus 3apsikeHHO20 KoHOeHcamopa (ucronb3ys C = Ai ):

2 2
w=4 :C((P1 -9,) _qAp
2C 2 2
27.3Heprus aneKkTpocTaTU4ecKoro nons.
B obwem cnyvyae anekmpu4qeckyro 3Hepauro 1060l cucmembl
3apsKeHHbIX HernoO8UWXHbIX meJsl — MNPOBOAHWKOB M HEMPOBOAHWMKOB — MOXHO
HanTu no dopmyne:

/4 =;‘S[g0c7dS + ;_V[(ppdV

rae O U P — NOBepXHOCTHas N 06beMHas MNOTHOCTU C80600HLIX 3apsaoB; @ —

noTeHUMan pesynbTUPYIOLEro Mofs BCeX CBOBOAHBLIX U CBA3AHHLIX 3apsiaoB B
TOYKax Marnbix aneMeHToB dS wn dV 3apsikeHHbIX MOBEepXHOCTEN U O6BLEMOB.

A.H.Orypuos. flekyuu no ¢u3suke.

4
Mo Teopeme aycca amr2E=9 = P
g 3¢,
OTctoga, Ansa ToYeK, Nexalumx BHyTpu wapa (r, <R,r, < R), C yyeTom p :ﬁ1
4T

n

r s

:q73:p7’ (P1_‘P2:'[Ed”:%(”zz_’”12)

dre,R° 3¢, ; 8me R

6. lMone pasHOMepHO 3apsiKeHHO20 6€CKOHeYHo20 YunuHopa (Humu).

BeckoHeuHbI uMnuHap paguyca R 3apsikeH

! N _dq

pPaBHOMEPHO C FMHENHOW MMOTHOCTbLIO T_E'

JIMHMM  HanpskeHHOCTM OyayT HanpasfeHbl Mo

paguycam  KpyroBbIX —CEYEHU uunuMHapa C

O[IMHaKOBON ryctoTon BO BCE&  CTOPOHbI

OTHOCUTENbHO OCY LMnuHApa.

— B kavectBe [ayccoBo  MOBEPXHOCTU
BbiGepemM uuMnMHOP paguyca r U BbicoTon [
KOaKcuarbHbIV C 3apsKeHHOW HUTBLIO.

Topubl 3TOr0  UMNMHAPa  napannernbHbl

= NNHUSM HaMpPsHKEHHOCTK, MO3TOMY MOTOK 4Yepes
HUX PaBEH HyIHO.

! MoTok 4epe3 GOKOBYHO MOBEPXHOCTb paBeH

W/

|
A[,\ 7
x;/ \;gg;f )( 5

E2mrl .
1
Mo Teopeme Maycca (npu » > R) 2nrlE = T—, oTkyaa npu 1, > R,r, > R:
&
n ]
Eziz, Ag():(pl—(p2=.|.Edr=L ﬂ=ilnr—2
2mey v 2mey Y v 2mE,
n n

Ecrm r< R, TO 3amMkHyTasi MOBEPXHOCTb 3apsiAOB BHYTPU HE COAEPXKMT,
noatomy E =0.

14.3neKkTpocTaTuyeckoe nose B AU3NIEKTPUYECKON cpede

JAuanekmpukamu Ha3bIBaOTCA BELLECTBA, KOTOPble MPU OObIYHBIX YCIOBUSIX
NpaKkTUYeCcKn He NPOBOAAT NEKTPUHECKUNA TOK.

[nanekTpuk, Kak n BCSKoe ApYroe BeLecTBO, COCTOUT U3 aTOMOB UMM MOJSEKyr,
Kakgas 13 KOTOpbIX B LIENOM 3M1EKTPUYECKN HENTPpanbHa.

Ecnu 3ameHnTb NnonoxutenbHble 3apsiabl s4ep MOMeKyn CyMMapHbIM 3apsaoM
+ ¢, HaxogAWMMCS B, TaK cKa3aTb, "LEHTpe TSXeCTU" NONOXMTENbHLIX 3apsaos, a
3apsg BCEX 3M1EKTPOHOB — CyMMapHbIM OTpuuaTterbHbiM 3apsaoM — ¢, Haxoas-
wmmMmest B "UeHTpe TskecTn" oTpuuaTtenbHbIX 3apsigoB, TO  MOSEKynbl  MOXHO
paccmaTpuBaTb Kak asiekmpuveckue Qurnosu ¢ 3/1eKmpu4ecKUM MOMEHMOM.

PasnuyatoT Tpu TMna AManeKkTpuKoB.

1) Auanekmpuku ¢ HenonsipHbIMU MOJIEKy/1aMu, CAMMETPUYHbIE MOMEKynbl
KOTOpPbIX B OTCYTCTBME BHELUHEro Mons WMET HyneBoW AWMNOMbHBIN MOMEHT
(Hanpumep, N, H,, O,, COy).

OnekTpnyecTBo
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2) Quanekmpuku C MONAPHbIMU MOJIeKy/1lamMu, MOSEKYmbl KOTOPbIX
BCNEeACTBME acUMMETPUN UMEKT HEHYNEBOW OUMONbHbLIM MOMEHT (Hanpumep, HyO,
NHj3, SO,, CO).

3) UoHHble Ouanekmpuku (Hanpumep NaCl, KCl). WoHHble KpucTanmbl
npeacTaBnsaloT coboM NPOCTPAHCTBEHHBIE PELLETKM C MPaBUSIbHbIM YepeaoBaHEM
MOHOB pa3HbIX 3HaKOB.

BHeceHne [OManNeKkTpUkoB BO BHELIHEE JMEeKTpUYecKoe mnone npuBOAMT K
BO3HUKHOBEHUIO OTIIMYHOTO OT HYNs Pe3ynbTUPYIOLLEro 3NEKTPUYECKOTO MOMEHTA
OManeKkTpuka.

[Nonspusayueld AnanNeKTpuka Ha3blBAeTCA MPOLIECC OPUEHTauMK OUNonen unm
NosiBNEeHUst nop, BO3AENCTBUEM INEKTPUYECKOTO MOMs OPUEHTMPOBAHHBLIX MO MOM0
avnonen.

CoOTBETCTBEHHO Tpem BMAaM [UINEKTPUKOB pasnuyaloT Tpu  Buaa
nonspusaunu.

1) OnekTpoHHas, v gedopmaunoHHasi, NONApU3auUa OUSINEKTPUKa C
HenonspHbIMM MOMNeKynaMmm — 3a c4eT gedopmaLm dNeKTPOHHbIX OpOUT BO3HMKaET

E WHAYUMPOBAHHBIN OUNOSbHbLIA MOMEHT Y aTOMOB UNn
MOMeKyn ANaneKkTpuka.
E + 60’0‘;6 0.0 bo'ii- 2) OpueHTauuoHHas, WM guvnonbHas, no-
-+ 00000 000 Ooo- nAapusauna AWSNEeKTpUka C MOMSAPHbIMU - MOJEKy-
+1070 O 0 0 © ©|- namm — opwueHTa-
ums MMeroLLnXcs 40 0O 10
AMNOMbHLIX MOMEHTOB MoOMeKkyn no nonw (sta f, 1O &0 (Capss
OpVeHTauusi TeM CunbHee, YeM Oonblle Hanps- == 10 @—O 1T
XXEHHOCTb 3NEeKTPUYECKOro Mons U Y4eM Huxe 1o &0 (CauC]
Temnepartypa). @10 @O 10
3) WoHHaa nonapusauma OuSneKTpuka c
WOHHBIMW  KPUCTanfMYeCcKUMM  pelletkamMum —  CMelleHne  MnoapeLueTku

MOMOXWTENbHBLIX WMOHOB BAOSb MOMSl, a OTpuuaTeslbHbIX WMOHOB MPOTMB MNOSS
NPVBOAUT K BO3HUKHOBEHWUIO AMMNOSIbHBIX MOMEHTOB.
15.MonApu3oBaHHOCTb.

MomecTum  nnacTvHy M3  OOHOPOAHOINO  AU3NEKTpUKa BO  BHELUHee
aneKkTpuyeckoe nofie  co3gaHHoe AByMsi  GeckOHeYHbIMM  mapannenbHbIMU
pPa3HOVMMEHHO 3apPsHKEHHLIMM MITOCKOCTAMMU.

Bo BHelUHEM 3MEKTPUYECKOM Mone AM3nekTpuk obbemoMm V' nonspusyemcs,

T.€. NpuobpeTaeT ANMONbHLIN MOMEHT P, ZZf’ir rAe p; — AVMOMbHbIA MOMEHT
i

ofHoM MOneKynbl.
[na Konn4ecTBEHHOro ONMCaHWUA nonapusaunn OunanekTpuka uncnonb3yeTca

BEKTOpHas BenMyMHa — MONAPU30BAHHOCTL — KOTOpasi OnpeaenserTcs Kak
JAMNOSbHBLIN MOMEHT eanHULbI 0Gbema AUaNeKTpuKa.
p= Py _ Zi bi
V

B cnyyae M30TPOMHOro AM3MeKTpMKa Monsipu3oBaHHOCTL (Ans GonbLUMHCTBA
OVSNEKTPUKOB 3@ WUCKIIOYEHMEM  CErHETO3MEKTPUKOB) [IMHEMHO 3aBUCWUT  OT
HanpsPKEHHOCTU BHELLHETO MNOss.

P= xsoE

A.H.Orypuos. flekyuu no ¢u3suke.

3-19

1. EMkocmb _niocko2o koHOeHcamopa (oBe napannenbHble MeTannyeckue
nnacTuHbl nnowaapio S Kaxaas, pacronoXeHHble Ha paccTosHun d  apyr ot

apyra (o =)y 4 _ 4 &S
S “Ap od 4
£,€

2. Emkocmb yunuHOpu4yecko2o KoHOeHcamopa (ABa KoakcuarnbHbIX UuMAMHApa
pnvHoit [ ¢ paguycamn 1 n 1, (T=¢q/1)):

C= q _ 2me €l
LA L B e 3
2nepel 1 n

3. EMkocmb _cghepuyeckoeo KoHOeHcamopa (ABe KOHLEHTPUYECKnx cdepbl ¢
paguycamu 1, U 1, ):

Co 4 e
q l_i rn—=n

Aree\n ny

23.CoeguHeHNs1 KOHOEHCATOPOB.

Y napannensHo _coeduHeHHbix koHdeHcamopos C,,C,...C, pasHOCTb
noTeHLManoB Ha obknagkax KoHAeHcaTopoB oavnHakoBa A . MonHas eMKocTb

G N CA
;‘T“L'I . q_Zq,_g,lfp

ZZC

Lo, | Ap Ap A9
o— -0
+ HI.:_‘ ) Y nocrnedoeamesnbHO  COEQUHEHHBIX _ KOH-
_“C_’_ OdeHcamopos C,,C,...C, 3apsagbl g Bcex
+- o6Knafok paBHbl MO MOAynw, a CymMmapHas
29 Pa3HOCTb NOTEHLMANoB

e > A A N9 _4

l.“_’iﬁ"_’i.f-’ﬁ} :ﬁf”»i ?= 21 =L Te
oTkyaa

SR MR RS Do

24.3Heprusa cucTeMbl HENOABUXHbIX TOYEYHbIX 3apAAO0B.

[ns cucTeMbl ABYX 3apSN0B ¢, W ¢, , HAXOOALMXCS Ha PACCTOSHAN F Apyr OT
[pyra, Kaxablii 3 HUX B Nore Apyroro obnagaeTt NoTeHLManLHOM sHepruen
1 q, 1 ¢
Wi=q@n=q———=4¢,——— =00, =W,
4me, r 4me, 1

Moatomy W =q,0,, = 4,0, = % (q91, + 4,0,,). Lobasnas nocnenosa-
TENbHO MO OJHOMY 3apsAy, MOMYYMM, YTO IHEPrUsi B3AaUMOLEWCTBUS CUCTEMBI 71

OnekTpnyecTBo
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E =i, roe O — MNOBEPXHOCTHas MMOTHOCTb 3apsiaoB, U € — AMANEKTpUYeckas

EyE
NPOHNLL@EMOCTb Cpefbl, OKpYXXatoLLen NPOBOAHUK.

HenTpanbHbli  NPOBOAHMK, BHECEHHbIM B  3NeKTpocTaTuyeckoe none,
paspbigaem 4acTb NUHUIN HaNPsHKEHHOCTU; OHW 3aKaHYMBAIOTCHA Ha OTpUUATENbHbLIX
WHAYUMPOBAHHbIX 3apsfaax ¥ BHOBb HAYMHAKTCS HAa MOMOXUTENbHbIX.

MHOoyuupoBaHHble 3apsifbl  pacnpefensioTcss Ha eHewHel NOBEPXHOCTU
npoBOAHMKA. fiBneHve nepepacnpefeneHnss MOBEPXHOCTHbIX  3apsgoB  Ha
NPOBOAHMUKE BO BHELLHEM ANEeKTPOCTaTUYECKOM none Ha3biBaeTCs
anekmpocmamu4veckol uHAykyueu.

21.39N€eKTPOEeMKOCTb.

PaccmoTpuM yeOuHeHHbIl npo80OHUK — MPOBOAHWK, yAaNeHHbIN OT Apyrnx
Ten u 3apsgoB. M3 onbita cnegyeT, UTO pasHble NPOBOAHWKM, Oyoyyn OAMHaKOBO
3apsKEHHbIMU, UMEKT pasHble NoTeHLnanbl.

dusmnyeckas senuunHa C, paBHasi OTHOLLEHMIO 3apsiia MPOBOAHMKA ¢ K €ro

noteHuuany ¢, HasblBaeTcs 3/1eKmMpPUYeCcKoU EMKOCMbIO 3TOFO NpoBOAHUKA.

c=4
%

Anekmpoemkocmb  yeOUHEHHO20 POBOOHUKA YUCIIEHHO paseHa 3apsidy,
KOMOPbIU HYXHO coobwumsb 3momy rnpo8ooHUKY Oris1 moe2o, Ymobbl U3MEHUMb €20
rnomexyuarn Ha eOUHULY.

OHa 3aBuCUT OT OPMbl U pasMepoB MPOBOAHWKA W OT AWINEKTPUHECKUX
CBOWCTB OKpyxatolei cpegbl. EMKocTM reomeTpuyecks nogoGHbIX NPOBOAHMKOB
NpONOpLMOHarnbHbl MX NIMHERHBIM pasmepam.

Mpumep: eMkocmb yeQuHeHHO20 nposodsiujezo wapa: C = q_ 4me,R

EduHuya anekmpoemkocmu — apag (P): 1® — emKOCTb Takoro
yeaVHeHHOro NpPoBOAHUKA, NOTEHUMan KOToporo naMmeHsieTcst Ha 1B npu cooblieHun

emy 3apsaga 1Kn. Emkoctblo 1d o6nagaet wap ¢ pagnycom R=9- 10°km. EmkocTb
3emnn 0,7md.

22.KoHpgeHcaTopbl.

Ecnu k npoBogHuKy C 3apsgoM ¢ npubnusutb Apyre Tena, TO Ha WX
MOBEPXHOCTUN BO3HMKHYT WMHOYLMPOBAHHblE (Ha MPOBOAHMKE) UMW CBSi3aHHble (Ha
AVaneKkTpuke) 3apadbl. ATV 3apsiabl ociabnsom none, cosgaBaemMoe 3apsiaoMm ¢,
TeM caMbIM, MOHUXXas nomeHyuarsl NPOBOAHUKA U M08bILIAsT €F0 3/IEKMPOEMKOCMEb.

KoHdeHcamop — 370 cuctema W3 [ABYyX NpoBOAHMKOB (06KMagok) c
OOMHAKOBbLIMM MO MOAYI0, HO NPOTUBOMONOXHBLIMK MO 3HaKy 3apsigamu, dopma u
pacnonoXeHne KOTOPbIX TaKOBbI, YTO MOSie COCPeAOTOYEHO B Y3KOM 3a30pe Mexay
obknagkamu.

EMKkocmb KoHOeHcamopa — dusnyeckass BenvuMHa, paBHasi OTHOLUEHMIO
3apsiAa g, HaKoMMEeHHOro B KOHAEHCATOpe, K Pa3HOCTY NOTEHLMANoB @) — @, Mexay

ero obknagkamu:

A.H.Orypuos. flekyuu no ¢u3suke.
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roe Y — 6u3nekmpuquKaﬂ eocrnpuum4ueocmb sewjecmea, Xxapakrepusyowaa
CBOWCTBa ON3NEKTPUKa (nonoxwutensHas 6e3pasmepHas BeJ'II/I‘-II/IHa).

16. QuaneKkTpuyeckas NPOHMLAEMOCTb cpefbl.

+6 -o’ +t6' -&

Bcnegcteve  nonsipusauuu Ha  MOBEPXHOCTM n
OMarneKkTpuka nosiBnsitoTCS HECKOMMNEHCUPOBaHHbIE : -
3apsifibl, KOTOPbIE HA3bIBAIOTCS CEA3aHHLIMU (B OTM4Me - : -
OT €80600HbLIX 3apsif0B, KOTOPblE CO3AAKT BHELHee -
none). ~ - - + -
Mone E' BHyTpM [OuanekTpuka, co3gaBaemMoe  + - + -
CBSI3aHHbIMW 3apsidaMu, HanpaBlieHO MNPOTUB BHELLHero  + -
= + - + -
nona E,, cospasaemoro cBoboaHbIMM  3apsgamu. _ . -
PesynbTupytoLlee none BHYTPY OU3NEKTPUKa + -
E=E,-F + - + -
AR
B HaweMm npumepe none, co3gaBaemMoe [ABYMSsi 2 -2
6GECKOHEYHO 3apsKEHHBLIMU NIIOCKOCTSIMU C MOBEPXHOCTHOM & - G| &
MMNoTHocTbo 3apsipoB 0': E'=0'/ g, . Moatomy _é{i - &
— ' L=
E=E,-o'g, S d S

MoNHbIM  OUNONBHBLIN  MOMEHT  OUANIEKTPUYECKON
NNacTWHKW ¢ TonwwmHol d u nnowapbio rpanm S: p, =PV =PSd, c ppyroi

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

o' p ()
E=E -2 =E - =E -%0%_F B
0 € €
OTKyAa HanpshkeHHOCTb Pe3ynbTUPYIOLLEro MOMs BHYTPU AN3MNEKTpUKa paBHa:
EO EO

:1+)(_ £

E
EeapasmepHaﬂ Benn4ynHa e=1+ X= EO Ha3blBaeTcd duanekmpu'-lecxou

npoHuyaemMocmbto cpedbl. OHa xapakTepuayeT CrnoCOOHOCTL [AWM3MEKTPUKOB
nonsipu3oBaTbCs B 3MEKTPUYECKOM Mofle M MNokasblBaeT BO CKONMbKO pa3 rfone
ocnabnsieTcs AUANEKTPUKOM.
17.3neKTprMyeckoe CMeLlueHme.

HanpsikeHHOCTb  3MEeKTPOCTaTUYeCKOro MoJisi 3aBUCUT OT CBOMWCTB cpefbl

(oT £). Kpome TOro, BEKTOp HarpsbkeHHOCTM F, nepexogst 4epe3 rpaHuLy
[OV3NEKTPUKOB, NPeTeprneBaeT cKaykoobpasHoe U3MEHeHUE, NO3TOMY Ans onMcaHus
(HenpepbIBHOrO)  3NEKTPUYEecKoro  Mofisl  CUCTEMbl  3apsigoB  C  y4YeToM
NONSIPU3aLMOHHBIX CBOWCTB OMSNEKTPUKOB BBOAWTCS BEKTOP 3MEKTPUYECcKoro
CMellleHNs  (SNEeKTPUYEeCKOW  WMHAYKUUK), KOTOPbIA Ans  M3OTPOMHOM  cpenpl
3anuncbLIBaeTcs kak

D=gyE=¢,(1+ y)E=€,E + P
EduHuua anekmpuyeckoz0 cmeweHust — Kn/m>.

BekTop D onucbiBaeT anekTpocTaTMyeckoe nore, co3naBaemMoe c80600HbIMU
3apsiaamu (T.e. B Bakyyme), HO NPpU TakoM UX pacrpeaeneHnm B NpoCTpaHCTBe, Kakoe
UMeeTCS NMpY HanmuyMm QUaneKkTpuka.

OnekTpnyecTBo
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AHANoOrMYHO NUHUSIM HaNPSPKEHHOCTU, MOXHO BBECTU JTUHUU 3/IEKMPUYECKO20
cmeuwjeHusi. Yepe3 obnactv nonsi, roe HaxoAsATCs CBsi3aHHble 3apsidbl, NUHUK
BekTopa D npoxoasT He NpepblBasiCh.

[insi npon3BonbHOM 3amMkHymoUl NoBepxHocTn S noTok Bektopa D ckBO3b 3Ty
NOBEPXHOCTb

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

rae D, — npoekuusi BekTopa D wa HopMarnb 4 K nnowaake dsS .

Teopema laycca AnNsA 3NeKTPOCTaTUYECKOro NOMsl B ANINEKTPUKE: MMOMOK
eekmopa CMelWeHUsT 31eKmpocmamuyecko2o rnons 8 Ou3NIeKmpPUKe CKeOo3b
MPOU3BOSILHYIO  3aMKHYmyl0  08ePXHOCMb  paseH anzebpauyeckoli  cymme
3aK/IIOYEHHBIX 8HYymMpPU 3moli No8epxHOCMuU c80600HbIX IEKMPUYECKUX 3apsdos.

{DdS ={D,ds = q,
S S i=1
[lna HenpepblBHOTrO pacnpedeneHust 3apsiga B MPOCTPaHCTBE C 06beMHoM
nnoTHocTslo P = dg/dV
§Dds = [ pav
s v
lpyras dopma 3anuMcu 9TOr0 COOTHOLIEHWA C Y4eTOM OnpeaeneHus
aviBepreHumn Bektopa (cTp.1-31):

divD=p
18.YcnoBus Ha rpaHuue pasgena ABYX AVUINEKTPUYECKUX cpes
lpu OTCYTCTBUM Ha epaHuuye 08yx Ou3NeKmpuKko8 Cc80600HbIX 3apsi0os,

LMPKYNSiLmst BekTopa E Mo KOHTYpY: §E$ =0, otkyna E,,/ - E,,/ =0. Noatomy:

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

& " 8 1 Drl — &

“2D - c2r D, &
- T Mo Teopeme [aycca noTok BekTOpa D yepes
> LMINMHAP HUYTOXHO Marion BbICOTbl pPaBeH Hymo (HeT

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

le N—— Dnl - DnZ

S=—F I Ey_&

-~ = ﬁ, T— EnZ 8l

Takum o6pasom, npu nepexode Yepe3 rpaHuuy
pasgena AByX AMANEKTPUYECKMX cpef TaHreHumarbHasi CoCTaBnsoLwWwas Bektopa E
(E;) n HopmanbHasi cocTaBnsowas BekTopa D (D,) w3meHsiloTCA HenpepbIBHO (He
npeTtepneBaloT Ckayka), a HopManbHas COCTaBMsioWas BeKTopa E (E,) m
TaHreHuuanbHasi CoOCTaBnsoLLLasa BekTopa D (D;) npeTepneBatoT CKayok.

19. CerHeToaneKTpPUKMU.

CerHeToaneKkTpmMkaMm HasblBalOTCA KpUCTannnyeckne OuaneKkTpukn, y KOTopbix
B OTCYTCTBME BHELUHEro 3eKTPUYECKOro Mons BO3HWKaeT Camornpou3BosibHast
opueHTauuns ANMOorbHbIX ANEKTPUYECKMX MOMEHTOB COCTaBNAOLLMX €ro YacTul,.

lMpumepsbi: cerHetoBa conb NaKC4H;064H0;
TuTaHat 6apus BaTiOs

D/ / / / CerHeToanekTpuku CoCTosT ©n3 AdoMeHoe —
obnacreii c pasnuyHbIMU HanpaseHnaAMM
O
1 ‘\‘_ ® lole NonsipU3oBaHHOCTY. )
Temnepatypa, Bbllle  KOTOpPOM  uUcyesalT

CerHeToaneKkTpu4eckne csonctsa — moyka Kropu.

[ns cerHeToanekTpukoB CBsA3b Mexay BekTopamu E u P HenuHeiiHas u
HabnogaeTcs sBreHVe OU3JIGKMPUYECKO20 2ucmepe3uca — COXpaHeHusi
ocmamo4HoU nosisipu308aHHOCMU MPU CHATUM BHELLHEro Mnons.

lMbe30351eKMpPuUKU — KPUCTanNnM4eckne OUINEKTPUKK, B KOTOPbIX NPK CxXaTum
WITN PacTSKEHUN BO3HUKAET 3MEKTpMYECKasi Nonsipmnsaumsi — NpsiMor Nbe3oadhdekT.

O6paTtHbii _Nbe303dhdekT — nosiBNeHne MmexaHudeckon pedopmaumm nog
OEeNCcTBUEM 3NEKTPUYECKOrO Moss.

20.MMpoBOAHUKU B INEKTPOCTAaTUYECKOM none.

Ecnu nomecTtuTb NPOBOAHUK BO BHELUHEE 3NEKTPOCTaTU4ecKoe More unu ero
3apsanTb, TO Ha 3apsiabl NpoBoAHMKA OyaoeT AenCcTBOBaTb 3NeKTpocTaTUyeckoe
none, B pes3ynbTaTe Yero OHM HaYyHyT nepemeliatbcs O TeX Mop, Noka He
yCTaHOBMUTCA paBHOBECHOE pacnpegerneHue 3apsaos, npu KOTOpPOM

3MeKTpocTaTUYecKoe nosie BHyTpY NpoBoaHUKa obpallaeTcs B Hynb £ =0.

WHaye, ecnn Obl nomne He ObINO PaBHO HyMO, TO B NPOBOAHMKE BO3HWKIO Obl
ynopsigodeHHoe ABukeHue 3apsgos 6e3 3aTpaTtbl 3HEPTUM OT BHELLHEr0 UCTOYHMKA,
YTO MPOTUBOPEUMUT 3aKOHY COXPAHEHWUSI SHEPTUN.

Cnencteua atoro (E=—-gradp=0 = ¢ =const):
=— MoTeHUWan Bo BCEX TOYKaxX NMPOBOAHVKA 0GUHAKOE;
= MOBEPXHOCTb MPOBOAHVKA SIBMSIETCS IK8UMOMEHUUANLHOU;
— BekTop E HanpasneH no HOPMastu K Kaxoil TOUKE NOBEPXHOCTY;

— [1p1 MoOMeLLeHUN HenTpanbHOro MPOBOAHMKA BO BHElLLHee none ceBoboaHble
3apsiabl (3MEKTPOHbI Y MOHBI) HAYHYT NEpPEMELLATLCS: NOMOXUTENbHbIE — MO MO, a
a) P oTpuuaternbHble — MPOTMB Nons
T~ (puc.(a)). Ha opHOM KoHUe
npoBogHMKa OygeT  u36bimok

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

uHOyyuposaHHbIMuU. [lpouecc
6ygeT npopomkaTtbCA OO Tex
nop, noka HanpsPKeHHOCTb Mons
8Hympu npoeodHUKa He CTaHeT pasHOoU HYs/, @ NUHWN HanNPsHKEHHOCTW BHe
NpoBOAHWKA — rMeprneHOUKYIsIPHbIMU €ro NoBepxXHOCTH (puc.(6)).

= eCIMN NPOBOAHUKY coooLWnTL HeKoTopbIN 3apsn {q , TO HecCKoMrieHcuposaHHble

3ap;16b/ pacnonararnTca moJibKO Ha noeepxHocmu nNpoBoAHUKaA, npunyem D=on

A.H.Orypuos. flekyuu no ¢u3suke.

OnekTpnyecTBo



