ПОСТОЯННЫЙ ЭЛЕКТРИЧЕСКИЙ ТОК. ЗАКОН ОМА ДЛЯ УЧАСТКА ЦЕПИ. СОЕДИНЕНИЯ ПРОВОДНИКОВ
Тип занятия: лекция.
Основные вопросы:
1. Понятие электрического тока. Условия длительного существования тока.
1. Сила тока и его плотность.
1. Электрическое сопротивление. Зависимость сопротивления от температуры. Понятие о сверхпроводимости.
1. Соединение проводников.
1. Закон Ома для участка цепи.
Литература:
Мякишев Г.Я., Буховцев Б.Б. «Физика. Учебник для 10 класса общеобразовательной средней школы», 2014.
Домашнее задание:
1. Изучить материал лекции, приведенный ниже.
1. Изучить §100 – 103 учебника. Составить по данным двум источникам конспект.



















[image: ]
[image: ] [image: ] [image: ] [image: ] [image: ] [image: ] [image: ] [image: ] [image: ] [image: ] [image: ] [image: ] [image: ] [image: ]
image6.png
TOK. CT&6HHH3prETCﬂ U 3JIEKTpUYeCKoe I10J1e, co3JaBaeMoe JABUZKYIIUMUCA 3apsiiaMU.

Cmayuonaproe anexmpuieckoe nose — 3mo noae c60600HbT 3apaAd06 NPOBOOHUKA, COBEPUAIOULUT
HANPABAEHHOE JBUINCEHUE.

CT&LU/IOHB,DHOE DJIEKTPHUYIECKOE II0JIe He MEHAETCA CO BpeMeHeM IIOTOMY, 9TO IIPU IIOCTOAHHOM TO-
Ke He MeHfAeTCdA KapTUHa paclpe/eseHust 3apsA/0B B IIPOBOJHHUKE: Ha MECTO 3aps/a, IIOKHUHYBIIEro
JIaHHBII y4acToK HpPOBOJAHUKA, B cne,:(y}ou_um MOMEHT BPEMEHH IIOCTyHaeT TOYHO TaKoil Ke 3apan.
ITo sToit IIpUYvuHe CTallMOHapHOEe I10JIe BO MHOTOM (HO HE BO BCéM) AHAJIOTUYIHO II0JIIO 3JIEKTPOCTaTH-
9EeCKOMY.

A UMEHHO, CIIpaBe/JIUBbBI CJIeAYIONNe JIBa YTBEePXKACHUA, KOTOPbIe HOHa,E[O6ﬂTCﬂ HaM B JlaJIbHeli-
nieMm (HX JI0Ka3aTeJIbCTBO }_'laéTCﬂ B BY30BCKOM Kypce CbI/I3I/IKH)<

1. Kaku JIEKTPOCTATUYIECKOe I10J1e, CTallHOHAPHOE 3JIEKTPUIECKOoe I10JIe NOMeHYUUAAbHO. 10 103-
BOJIgIeT 'OBOPUTH O Pa3HOCTHU IOTEHIUAJIOB <T< e. HaHpﬂ)KeHHI/I) Ha JII000M ydacTke L[el'IH144

HOTeHLlHBJH;HOCTb, HaIlOMHUM, O3Ha4daeT, 9TO pa60Ta CTaIlUOHAPHOI'O MOJIs 110 IepeMeleHuo
3apsd/jia He 3aBUCUT OT CbOprI TPaeKTOpUU. Nwmenno II03TOMY IPHU IapaJLIe/IbHOM COeUHEHUN
IIPOBOJIHUKOB HalIps?KeHNe Ha KazK/IOM U3 HUX OJMHAKOBO: OHO PaBHO Pa3sHOCTU MNOTEHIHAJIOB
CTallHOHAPHOTO IIOJISI MEZKAYy TeMH ABYMs TOYKaMHU, K KOTOPBIM IIOJAKJ/IIOY€HbI IIPOBOJTHUKH.

2. B ommmume or 91€KTPOCTATHIECKOrO OIS, CTAIMOHAPHOE HOJIe JBUZKYIINXCSI 3aPsAI0B IPOHI-
KaeT BHYTPb IIPOBOJHIKA. DTO OObSICHSIETCS TEM, YTO CBOOOJHBIE 3aPs/Ibl, YIACTBYs B HALPAB-
JIEHHOM [IBIKEHHI, HE YCIIEBAIOT JOJIKHBIM 0OPA30M HEPECTPANBATHCS H IPHHIMATD <«JJIEK-
TPOCTATHIECKHE» KOH(MUIYPAIIIH.

JIMHIM HANPSKEHHOCTU CTAIOHAPHOIO IOJIS BHYTPH HPOBOJHUKA MapaJlIe/IbHbI €0 MOBEePX-
HOCTH, KaK Obl HI H3rubaJjics mpoBOAHUK. 1109TOMy, KaK U B OJHOPOJHOM 3JIEKTPOCTATHIECKOM
noste, cupasequBa dopmyna U = El, tne U — HanpsukeHHe Ha KOHIAX IPOBOAHNKA, F —
HANPSKEHHOCTD CTAIOHAPHOIO MOJISI B IIPOBOJHIKE, | — JJIMHA IPOBOJHIKA.
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3.9 3akon Oma

PaccMOTpHM HEKOTODBL JIEMEHT 3JIEKTPUYECKOI IIEMH MOCTOSHHOIO TOKA. JTO MOXKET ObITH 4TO
YTOIHO — HAIpUMep, MeTaJUINYeCKUil MPOBOJHMUK, PACTBOP JIEKTPOJINTA, JTAMIIOYKa HAKAIHMBAHUS
WK rasopaspsijiHast TpyOKa.

Byznem mensarh Hanpsikenne U, MOJaHHOe Ha HAII JIEMEHT, H H3MePATh CUIIy TOKa I, mpoTeKalo-
miero yepes Hero. [Tosyunm dynkimonanbhyio saucumocts [ = I(U). Dra 3aBUCHMOCTD HA3BIBACTCSI
60AbM-AMNEPHOT TAPAKMEPUCMUKOT STIEMEHTa U SBJIAeTCs BaXKHEHIINM [0Ka3aTeJleM ero 3JIeKTPU-
YECKHX CBOUCTB.

Bosbr-aMnepable XapaKTEPHCTUKH PA3IHYHBIX JIEMEHTOB IEMI MOIYT BBIIVISIETH [HO-DA3HOMY.
OueHb IPOCTOI BIJT HMEET BOJIbT-aMIIEPHAsT XapaKTEPHCTUKA METAUIHIECKOrO IPOBOAHHEKA. JTY 3a-
BUCHMOCTb 3KCIIEPUMEHTAIBHO ycTaHoBII eopr Om.

3.9.1 3akon Oma Jyuisi yyacTka Ienu

Oxasaioch, ITO CHJIA TOKa B METAUIMIECKOM IIPOBOJHHKE IPSIMO IIPOHOPIHOHAIBHA HAIPSZKEHHIO
Ha ero konnax: I ~ U. Koadduupent nponopriuoHaibHOCTH IPHHATO 3allChBaTh B Biie 1/R:

I==. (3.46)

Besmunna R HA3BIBACTCS CONPOMUGACHUEM IPOBOAHIKA. VI3MepsieTcsi CONPOTHBIICHHE B OMAL
(Om). Kax By, Om=B/A.
Jamm criosectyio GpopMy/HpoBKY 3akona OMa.

3akon Oma AJid ydacTKa Ienu. Cuta ToKa Ha ydacTKe Iend MpsAMO IPOIIOpIUOHaIbHa HallpA-
ZKEHHUIO Ha 3TOM y4dacTKe 1 O6paTHO npornopnuoHa/JibHa COIIPOTUBJICHUIO yYacTKa.

3axon Oma oKa3aJicsl CpaBe//INBBIM He TOJIBKO JUIsl METAJLIOB, HO H JUIS PACTBOPOB 3JIEKTPOJIH-
TOB.

CdopMymmpoBaHHBIil 3aKOH MMEET MeCTO JUI TaK Ha3bIBAEMOrO 00HO0PO0H020 yIacTKa Hemn —
YYACTKA, HE COIEPKAIIEro HCTOYHMKOB TOKa. 3akoH OMa [l HEOJHOPOIHOIO y4ACTKa (Ha KOTOPOM
MMeeTCsl HCTOYHHK TOKA) MBI OOCY/IHM IHO3ZKeE.

Bousbr-amnepras xapakrepucruka (3.46) sisistiercs uneiinoil dynxipeii. Eé rpadukoM cyxur
npsimast mEust (puc. 3.35).

-
U
Puc. 3.35. Bosbr-aMiepHast XapaKTepUCTHKA METAIMIECKOrO IPOBOIHUKA

Ilo sroii npudnHe MeTAJINYECKIE IPOBOJHUKU (I JIEKTPOJINTH) HA3BIBAIOTCS AUHETHOLMU dNe-
Mmenmamu. A BOT rasopaspsianast TpyOKa, HAIPHMED, SIBJISIETCS HEIMHETHBIM 9JIEMEHTOM — €€ BOJIBT-
aMIepHasl XapaKTepUCTUKa yKe He Oyaer auneinoil dynxuueii. Ho 06 9T0M MbI IOroBopuM HO3/HEE.




image8.png
3.9.2 DJleKTpUYECKOEe CONPOTHUBJIEHNE

A ceituac JlaBaiiTe noaymMaeMm BOT O 9EM. HyCTb K KOHIIaM IIPOBO/IHUKA MMPUJIOZKEHO IMOCTOAHHOE Ha-
npsizKeHne U. TOI‘,EL& Ha CBO60,ELH]:IE 3apga/abl IPOBO/HUKA ,EleﬁCTByeT CHJIa CO CTOPOHBI CTAIlTHOHAPDHOI'O
JIEKTPUIECKOIr'O I10JIA. Pas ectb cuta — SHaYUT, 3TU 3apsAbl JOJ/IZKHBI JIBUIaThCA C YCKOPEHUEM; CKO-
POCTHb UX HAIIPaBJIEHHOI'O JIBUZKEHUST 6y;(eT YBEJINYHUBATHCHA, a BMECTe C Hell 6y;(eT BO3pacTaTh U CHJIa
Toka. Ho 3akon Oma IJIACHUT, 4YTO CHJIa TOKa 6y;(eT nocrosinHoil. Kak e Tak?

J:[EJ'IO B TOM, 4TO CHJIa CO CTOPOHBI CTAIlTHOHAPHOI'O M0JIsI — He e/IMHCTBeHHasl CUJla, ,ELeﬁCTByIOH.laﬂ
Ha CBO60,ELH]:IE 3apga/bl IIPOBO/IHUKA.

Hanpnmep, CBO60,E[HI)IE JIEKTPOHBI MeTaJl1a, coBepliias HallpaBJIeHHOe JIBUZKeHUe, CTAJIKUBAaIOTCsA
€ MOHAMH KpI/ICTBﬂJ'IH‘IeCKOﬁ peH_[éTKH. Bosaukaer cBoero po/ia cujia COIPOTUBJICHUS, ,ELeﬁCTBy]OH_laﬂ
CO CTOPOHBI IIPOBO/ITHUKA Ha CBO60/‘_'[HI>I€ 3apsa/abl. Dra cuta YPaBHOBEIIUBAET 3JIEKTPUIECKYIO CUILY, C
KOTOpOﬁ Ha CBO60,E[HI)I€ 3apsA/abl ,ELeﬁCTByeT CTalliOHapHoe IoJIe. B pesyJibraTe CKOpOCTh HallpaBJIeH-
HOI'O JABUZKEHUs 3apAZKEeHHBbIX YaCTHUIl He MeHsAeTCd 110 MO}_'[yJI]Ols; BMecTe C Heil 0CTaéTcsl TOCTOSTHHOIT
" CUJia TOKa.

Tak gro Bemunna R HaszBaHa COIIPOTUBJIEHNEM He CHy‘Ii‘LﬁHOA Ona u B caMmoMm JieJie IoKas3bIBaeT,
B Kakoil creneHn MPOBOJHUK «COIIPOTHUBJIAETCA» IIPOXOZKJICHUIO TOKa.

3.9.3 VYzaeabHOE COIPOTHUBIIEHUE

BosbMéM 1Ba IPOBOJHIKA U3 OJUHAKOBOIO MaTepHaa ¢ PABHLIMHU IIOINEPETHBIME CEUCHUSIMIL; yCTh
OTJIMYAIOTCS TOJIBKO HX JIMHBL $IcHO, uro comporusienne Gyger Goble y TOrO IPOBOJHIKA, y
Koroporo Gosblue ammHa. B camom fere, mpu Gosibleil UiiHe IPOBOAHHKA CBOOOJHBIM 3apsiiaM
Tpy/Hee IPOITH CKBO3b HErO: KayK (bl CBOGOMHBLIT 9JIEKTPOH BCTPETHT Ha CBOEM IIyTH GOJIbIIE HOHOB
KPUCTAJUINIECKON PeméTKN. AHAJIOTHs Takas: YeM JJUIHHHee 3alOJHEHHAs! MAIIHHAMI YJIHIA, TeM
TpyAHee Gyier Yepes Heé IPOeXarh.

IIycTs Tenephb MPOBOJHIKE OTJIHYAIOTCS TOJIBKO ILIONIA/IBIO IIOIEPEYHOro cedeHnst. fIcHo, 9To yem
6oJIbIIIe TIIOMA/ b, TeM MEHbIIE COIPOTHBIICHHE IPOoBOAHIKA. CHOBA AHAJIOIUS: YeM MIHPE LIOCCE, TEM
6oJIbIIIe €ro MPOILyCKHAs! CLIOCOGHOCTD, T.€. T€M MEHBIIIE €r0 «COMPOTHBIICHNE» [BUKEHHIO MAIINH.

OnblT NOATBEPKAAET ITH COOOPAZKEHHs H IOKA3BIBAET, UTO CONPOTHBJICHUE IIPOBOAHUKA MIPSIMO
TPOIOPIHOHAIBHO €ro JyIiHe | 1 06paTHO HPOMOPIIOHAILHO ILUIOMAIN IIOIEPETHOrO CeUeHHsT S

R=p L . (3.47)
S
KoaddunpenT nponopiuoHaIbHOCTH p y7Ke He 3aBUCHT OT F€OMETPUN [POBOJHUKA; OH SBJISETCS
XapaKTePUCTUKOIl BEleCTBa [POBOJIHNKA 1 HA3BIBAETCS YOCALHbIM CONPOMUEAEHUEM JAHHOTO Bellle-
cTBa. BemunHbI y/e/IbHBIX CONPOTUBIIEHNH PA3/IMYHBIX BEIIECTB MOKHO HAWTH B COOTBETCTBY Ol
Tabsuie.

B Kakux ejuHuUIAX H3MepsieTcs yjeabHoe conporusienne? Jlapaiite BepasuM ero u3 dopmy-
el (3.47):

Tomyamm:
Om - M2

M

=0m- M.

(]

O,ELH&KO TaKasg «TeopeTH4YecKasd» eJIUHHIla U3MEepeHUs He Bcerja y,ELO6Ha. Omna BBIHY2KJaeT Ipu
pacqéTax NepeBOJNTH IJIONA/(b IIOIEPEeYHOro cevYeHnsd B KBa/[paTHbIe MeTPhI, TOr/la KaK Ha IIPpaKTHKe
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gale BCero pedb WIET 0 KBaJpaTHBIX MIJLUIMMeTpax (Jyist IpoBojioB, Haupumep). Ha takoit ciy4aii
TIPeJyCMOTPEHa «IIPAaKTHYeCKasl» eMHUIA:

Om - mn?
Mo

B Ta6.7'll/ILle 3a/la9HUKa ProivkeBuya YAeJIbHOe COIIPOTHUBJIEHUE ,ElaéTCﬂ KaK B «Te€OpeTUIeCKuXx» eJIuHUu-
nax, Tak U B «IIPAKTHYECKUX».
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3.10 CoenuneHusi MPOBOIHUKOB

EcTb /1Ba OCHOBHBIX C1I0CO6a COEMHEHNs] IPOBOJHUKOB JPYT C JPYTOM — 9TO NOCAEJ06AMENLHOE W
napaaseavroe coeuHenns. PasinaHble KOMOMHAIMN [I0C/IEI0BATEILHOIO U APAJLIEJLHOTO COeIiHe-
HU{l IPUBOJAT K CMEULAHHOMY COEMHEHHIO IIPOBOJHIKOB.

MBb1 6y1eM 13y9aTh CBORCTBA ITHX COEMHEHNIT, HO CHAYa/Ia HaM [IOHAI00UTCsl HEKOTOPast BBO/IHAST
unbopMaIus.

3.10.1 Pesuctopsl U MOABOJISAINNE TPOBOAA

[IposoaHuK, obma aommuii conpoTuBIeHneM R, Mbl HasblBaeM Pe3ucmopom U M300parzkaeM CJIeLyro-
muM obpasom (puc. 3.36):

R

Puc. 3.36. Pesucrop

Hanpastcenue na pesucmope — TO PA3HOCTD TOTEHIIHAJIOB CTAIIHOHADPHOTO JIEKTPHIECKOTO 0~
JIs MeKTy KOHIAMH pesucTopa. Mesx Ty Kakuvu mMenHo Konmamu? B obmem-To, 9T0 HeBayKHO, HO
OBBLITHO yI06HO COTJIACOBBIBATL PA3HOCTh MOTEHIHAIOB C HAIPABICHHEM TOKA.

ToK B IIenu Te9éT OT «ILTIOCAa» MCTOYHHUKA K «MHHYCY». B 3TOM HANDABJICHHH MOTEHIHA CTAIH-
OHApHOTO MO/Ts Y6bIBaeT. HamoMumM eImg pas, moduemy 9To Tak.

IlycTh MOOKUTEBHBII 3apsijl ¢ TIePeMeNaeTcs Mo el W3 TOYKH @ B TOUKY b, IPOXO/s depes
pesucrop R (puc. 3.37):

R

Puc. 337. U =¢,— ¢

CraruonapHoe 10jie COBEpIIaeT LPU TOM IOIoKUTeNbiyIo padory A = q(¢, — ¢p). Tak kak
g>0uA>0,T0u ¢, —pp >0, T.€ Pg > Py

ITosTOMY HANPSZKEHHE HA PE3HCTOPE MbI BBIYHCIISIEM KAK PA3HOCTH HOTEHINAIOB B HAIPABJICHII
ToKa: U = 9 — ©p.

ConpoTuBIIeHHe IOABOSIIIX IPOBOJOB 0OBIMHO HPEHEGPEKIMO MaJIO; Ha 3JIEKTPUYECKUX CXeMax
OHO CUHTAETCsl paBHBIM Hy/mo. 13 3akona OMa ciieflyeT TOrja, 4To HOTEHIUAN He MEHsIeTCsl BJIOJIb
npoBoa: BEIb el @, — ¢, = IR 1 R =0, 10 ¢, = ¢, (puc. 3.38):

Puc. 3.38. pa = ¢

Takum o6pa30M, opu pacCMOTPEHUH 3JIEKTPUICCKUX 1iereit Mbl IIOJIb3yeMCHA I/I,ElEBJ'lI/I3aLu/IeI71, KO-
TOpasl CHJIbHO YIPOIIaeT UX HU3ydeHHe. A HUMEHHO, MbI CYATaeM, 9TO NOMEHUUAA CMAUUOHAPHO20
NOAA USMEHAEMNCA AUWD NPU nepezot)e uepes omadeavHvle INEMEHMbL uenu, a 6doav kascdozo coedu-
HUMEABHO20 npoem?a ocmaémes Heudmernbvim. B PpeaJIbHbIX IelsdX IOTeHI[Hal MOHOTOHHO y6HBaET
npu ABUZKEHUHN OT TIOJIOZKUTE/IbHOI KJIEMMbI UCTOYHUKA K OTPHL[B,TGJI];HOﬁA
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3.10.2 IlocaemoBaTeibHOE COEIMHEHUNE

IIpu nocaedosamenviiom coedurernuu TPOBOJHIKOB KOHEI KayKOIO IIPOBOJHUKA COEIHHSIETC C Ha-
YaJIOM CJIEJIYIOIIEro 3a HIM IPOBOJHUKA.

Paccmorpum apa pesucropa Ry n Ry, cOeJUHEHHBIX IIOC/IEIOBATEILHO U MOIKIIOYEHHBIX K HCTOY-
HUKY 10CTOsIHHOTO Hanpsizkenust U (puc. 3.39). HanmoMHuM, 9T0 HOI0KUTE/IbHAS KJIEMMa HCTOYHUKA
obo3Havaercst Goslee JUIMHHOI 9epTOil, TAK YTO TOK B JAHHOI CXeMe TEYET IO JacoBOil CTpEJIKe.

Ry Ry

‘ L
‘ I
2
Puc. 3.39. [TocienoBarensuoe coeunenne

C(IbOpMyJII/IpyEM OCHOBHBIE CBOJCTBa I0C/IeJ0BaTe/IbHOIO COeJIMHeHNs 1 HIPOWLIIOCTPUPYEM HUX Ha
3TOM IIPOCTOM IIpUMeEpe.

1. Hpu N0CAC006AMENHOM COCOUHEHUU ﬂpOBOI)HUKJOS cuaa moka 6 HUT 00UHAK06A.

B camom Jejie, gyepes J060e nonepevHoe cedeHune 1106010 IIPOBO/IHUKA 3a OJHY CEKYHIY 6y,ELeT
IIPOXO/TUTH OJIUH ¥ TOT 2Ke 3aps/l. Be,:u; 3apsAbl HUT/IEC He HaKallJIMBAIOTCs, U3 Il HapyzXKy He
YXOIAT U He IIOCTYNaloT B IEIb U3BHE.

2. Hanpssicenue na yuacmre, COCMOAULEM U3 NOCACI0BAMENDHO COCOUHENHBIT NPOBOOHUKOS, PAGHO
CyMMe HanpAACENUT Ha KaHCIOM NPOBOOHUKE.

HeitcrBurensuo, Hanpsikenne Uy, Ha ydacTke ab — 910 paboTa OIS 110 IEPEHOCY €JHHIIHOrO
3apsijia U3 TOYKU a B TOUKy b; Hanpsukenue Uy, Ha ydacTke bc — 910 pabora HOJIs 10 IEPEHOCY
€IHIYHOrO 3apsiia U3 To4UKH b B TouKy c. CKiaibBasich, 3TH JBe paboThl AajiyT paboTy IOst
110 IEPEHOCY eJMHIYHOTrO 3apsijia U3 TOUKHU @ B TOUKY €, TO eCTh HalpsKenne U Ha BCEM ydacTKe:
U = U + Upe.

MozkHo u 60siee hopMasibHO, Ge3 BCSIKUX CJIOBECHBIX O0bsICHEHUIA:

U ="Us = ¢a—¥c=(va—¢) + (0o = ¢c) = Uap + Upe-

3. Conpomusaenue y4acmxa, COCMOoAULE20 U3 NoCA006AMEALHO COCOUHENHBLE NPOBOOHUKOS, PAG-
HO CYMME CONPOMUBAEHUT KaAHCO020 NPOGOOHUKA.

HyCT]; R — COIIPOTHUBJIEHHUE y4IacTKa ac. Ilo 3aKOHY Oma umeeM:

U Up+Use Unp U ‘
R=7 Ji 7 TRt

4q9TO U Tpe60B3JIOCI>,

MoKHO JaTh HHTYHTHBHO MOHSITHOE OO'bSCHEHIE IPABIIIA CJIOKEHUS COMPOTHBIICHUIT Ha OIHOM
4gacTHOM IpuMepe. [IycThs mocieioBaTeIbHO COEMHEHBI JBa IPOBOJHUKA U3 OJINHAKOBOIO Be-
MIECTBA U C OJUHAKOBOI ILIOMABIO MONEPEYHOr0 CeYeHHs S, HO ¢ Pa3sHBIMU JUIHHAMH [y U lo.
CompoTuBiIeHsl IPOBOJHIKOB PABHBL:

Iy ly

Rl=/05.7 Rz=P§~
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TH 1Ba IPOBOAHHKA 00PA3YIOT €AUHBIT IPOBOAHUK JUIHHOIL [y + ly ¥ compoTHBICHIEM

L+l L I
R=p potp Ry + R,.
S s'"s
Ho 3TO, IIOBTOPsAEM, JIUIIb YaCTHBIIT npumep. COHPOTHBJIEHI/IH 6y,ZlyT CKJIa/IbIBAThCA U B CAMOM
06].l.leM cliydae — eC/Id pa3/IMYHbl TaKzKe BelleCTBa IIPOBOJHUKOB U UX IIOIIEpEYHbIe CEeYeHUdA.

/I[OKZS&TEHI)CTBO ITOro ,Elﬁ,éTCﬂ C IIOMOIIBIO 3aKOHa& OM&7 Kak IMOKa3aHO BBbIIIIe.

Hammm JloKa3aTeJIbCTBa CBONCTB I10C/Ie/10BaTE/IbHOTO COeINHeHUsd HpI/IBe,ELéHHI)Ie JUIst ABYX IIPOBO/-
HUKOB, IIEPEHOCATCA 6e3 CYHIECTBEHHBIX U3MeHeHUl Ha cnyqaﬁ MPOU3BOJIBHOI'O YHCJIa IPOBOJIHUKOB.

3.10.3 IlapajuienbHOe coegUHEHHE

IIpu napasreavrom coedunernuu TPOBOAHUKOB MX HAYANa MOJCOEAMHSIOTC K OIHOI TOYKE IIEIH, a
KOHI[BI — K JIPYTOif TOYKe.
CHoBa paccMaTpHBaeM J[Ba PE3UCTOpa, Ha ceil pa3 coeJuHEHHble napasiensho (puc. 3.40).

R’y
I
1> Ry
a¢ = tb
I
U

Puc. 3.40. ITapaitensHoe coennnenne

PE3I/ICTOpH IIOACOETUHEHBI K IBYM TOYKaM: @ 1 b. DTH TOYKN HA3BIBAIOTCSI Yy3aamu LI MOYKAMU
paszeemenenui Uenu. HapﬁﬂﬂeﬂbeIe Y4acTKH Ha3bIBaIOTCA TaKXKe 6€meAmU; yIaCTOK OT bxa (HO
HallpaB/ICHUIO TOK&) Ha3bIBaeTCsA Hepas&emﬁ/zénnou" Hacmuvro 1erm.

Tenepb cd)opMynupyeM cBolicTBa napaJjuie/JIbHOrO COe/IMHEeHUs U JIOKazKeM UX JIJIst H306pa)KéHHOI‘O
BBIIIIE cIydad IBYX Pe3UCTOPOB.

1. Hanpasicenue na xasncdoti 6emeu 00unaxoso u pasHo HANPANCEHUIO HA HEPA3EEMBAEHHOT wa-
cmu yenu.

caMOM JieJie, 0ba HanpszKeHud Uy U U Ha pe3ucTopax fi; U fta paBHBI Pa3HOCTH IIOTEHIIUAJIOB
B , 00 Uy n U RiuR,
MeZKAy TOYKaMU IIOJAKJ/IIOYEHUS:

Ui=Uc=pa—pp=U.

Dror Cba}(T CJIyZKHUT HanboJIee OTIETIIMBBIM MposiBJIEHUEeM [NOTEeHIUAJIbHOCTH CTallMOHAPHOI'O
DJIEKTPUIECKOr0 MOJISI ABUZKYIIUXCS 3apPAI0B.

2. Cuaa moka 6 HEpaSSEmB./LEHHOl’Z Hacmu yenu pasHa cCymme cun mokoe 6 xaotcdoti 6emeu.

ITycrs, Hanpumep, B TOUKY a 3a BpeMst ¢ U3 HEPa3BETBJICHHOIO YYACTKa OCTYIAeT 3apsy ¢. 3a
9TO Ke BpeMs { U3 TOUKU @ K pe3ucTopy IRy yXOmuT 3apsj ¢, a K pe3ucropy Ry — 3apsai go.
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fcno, uro ¢ = ¢y + ¢». B mporuBHOM CiIydae B TOUKe @ HAKAIIMBAJICS ObI 3apsif, MEHsIS [O-
TeHImaJx ,E[B,HHOﬁ TOYKH, YTO HEBO3MOXKHO (BE}_U) TOK HOCTOﬂHHbIﬁ, oJie JBUZKYIUXCA 3apA/10B
CTallMOHapHO, U NOTEeHInaJI Ka)K,ELOﬁ TOYKHU e He MeHAEeTCd CO BpeI\IeHEM)A TOI‘}_I& nMeeM:

9 _G+t@_a ¢

= I+ I
n i t+t 1+ 12,

9T0 U TPeGOBATIOCh.
3. Beauwuna, o6pamnas conpomueeHuI0 YHacmKka napaiieasshoz0 coeOUHEHUA, PABHA CYMME Ge-
AUNUN, 0BPAMHBLT CONPOMUBAEHUAM 6EMEBET.

ITycts R — comporuBieHne pa3seTBaéHHOro yaacrka ab. Hanpsikenne na ywacrke ab pasuo U;
TOK, TeKyIIHil 9epe3 3T0T y4acTok, paseH I. [Tosromy:

U U U
I=5L+1I .
R 1 2 I + I
Cokpamast na U, momyanm:
1 1 1
===+, 4
E R + R (3.48)

4q9TO U Tpe60132m0c1;,

Kak u B cjIydae II0CJIeI0OBaTe/JIbHOTO COeJUHEHNA, MOXKHO JaTh 0b6bsICHeHIE JAaHHOI'O IIpaBujia
Ha 9aCTHOM IpuMepe, He 06pamaﬂc1> K 3aKOHY Owma.

ITycTs napaJutesbHO COeIMHEHB! IPOBOJHIKH U3 OJHOIO BEIIECTBA C OJHHAKOBBIME JUIHHAMY [,
HO Pa3HBIMH [ONEPEYHBIMI cedeHusME Sy 1 Ss. Toraa 9o coeuHeHne MOXKHO PacCMaTpUBAThL
KaK IIPOBOJHUK TOIf ke JUIMHBI [, HO ¢ mromapio cedenus S = Sy + Sp. Nmeen:

1L_S_S+% _ S S _1 1
R~ pl pl ol " pl R Ry

IpuBeASHHbIE JOKA3ATEILCTBA CBOICTB IAPAJLIEBHONO COSMHEHNs 663 CYIECTBEHHBIX H3MEHe-
HILil [IePeHOCATCs Ha CIIyail 106010 4ic/Ia IPOBOAHHKOB.
U3 coorromenust (3.48) MoxkHO HaiiTh R:

RiRy
R=——-. 3.49
Ri+ Ry ( )

K coxanennio, B ofieM ciydae n MapajIe/bHO COeJIHHEHHBIX IPOBOJHIKOB KOMIAKTHOIO AHA-
Jstora popmysist (3.49) He HOIYy9YAETCsI, U IPUXOAUTCS JOBOILCTBOBATCS COOTHOIICHIEM

= b (3.50)
Tem He MeHee, OJMH IOJIE3HBIH BbIBoA 13 opmyist (3.50) caenars moxHO. VIMeHHO, 1ycTh co-

MPOTUBJIEHUS BCEX 1 PE3UCTOPOB OJAINHAKOBBI U DaBHbI RlA TOI‘}_I&Z

1_1. 1. 1 .
R R R R R’

7 caraeMeIx
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3.10.4 CwMemaHHOe coeJuHEHNE

Cmewannoe cedunernue IIPOBO/THUKOB, KaK CJIeAyeT U3 Ha3BaHWsI, MOZXKET SBJIATHCS COBOKYIHOCTBIO
JTIOBBIX KOM6HH&L[I/II71 ocjieI0BaTeJIbHOTO U IapaJuie/IbHOroO COE}_‘[I/IHGHHﬁ, HpH‘IéM B COCTaB 3THUX CO-
eJINHeHu it MOr'yT BXOAUTH KaK OTJE/IbHbIe PE3UCTOPBI, TaK 1 6oJ1ee CJIOXKHBIE COCTABHBIE Y9aCTKH.
Pacuér cmemannoro COeINHEHUS OIHpaeTCd Ha YzKe U3BECTHbIe CBOIiCTBa II0CJIE/I0BATEJIbHOTO U
napaJjiieJIbHOro CO€eJIMHEHHNI. Huuero HoBOro TYT yzKe HeT: HYyZKHO TOJIbKO aKKypaTHO PaCY/JIeHUTb
JlaHHYIO CXeMy Ha 6oitee IIPOCThIE y4aCTKH, COE}_‘[I/IHéHHHe Tocjie10BaTe/IbHO W ITapaJuIe/IbHO.

PaccMOTpHM IIpUMeED CMEIIAHHOIO COeIMHEHUs! IPOBOHUKOB (puc. 3.41).
R Rs Ry
— f
1
a b c
Ry Rs
I
U

Puc. 3.41. Cmemannoe coe/uHeHne

ITycts U = 14 B, Ry =2 Om, Ry = 3 OM, Ry = 3 Om, Ry = 5 Om, R5; = 2 Owm. Haiiném cumy
TOK& B IIEIU U B KaXKJIOM U3 PE3UCTOPOB.
Hama nens cocTonT U3 ABYX HOCJIEI0BATEILHO COEUHEHHBIX yIacTKoB ab u be. Conporusienue

yaacTtka ab:
RiRy 2-3
Rpy=——=—-=120m
Ri+Ry, 2+3
Vuactok be siBIIsieTCsl HapallebHBIM COeJIMHEHHeM: JIBa I0C/Ie0BATe/IbHO BKIIOYEHHBIX Pe3l-

cropa R3 n R, moaKIIodeHsl napajlielbHo K pesucropy Rs. Torna:

(R3 + R4)Rs (3+5)-2
(R3+Ry)+Rs  (3+5)+2

Ry = 1,6 Om.

COHPOTHBHEHI/IG nenu:

R=Ruy+Re=12+16=28Om
Tenepb HaXo/IuM CI/IJ'ly TOKa B IIeIn:

U_ 14
R 28
L[J'Iﬂ HaX0XK/IeHUsl TOKa B KazK/IOM PE3UCTOPEe BbIYUC/INM HaIlIPAZKeHUs! Ha 06OI/IX yJacTKax:
Up=1IRy=5-12=6B;
Upe=1IRy,=5-1,6 =8 B.

5A.

(3amernM IOIYTHO, YTO CyMMa STHX HalpsiKeHHil paBHa 14 B, T.e. HaNpsUKeHUIO B IeNH, KaK U
JIOJI2KHO OBITh IIPH T0C/IE0BATEILHOM CO€JMHEHNI. )
O6a pesucropa Ry u Ry HaxopsTcs nof HampskeHneM Uy, Mo9ToMYy:

Uy 6
L=-2=2=3A;
1 R 3 3
Uy 6
L=-2%=2=2A.
"R, 3
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(B cymme nmeem 5 A, Kak 1 JI0JIZKHO GBITH IPHU HAPAJIIEILHOM COEJUHEHNUN. )
Cuta Toka B pesucropax Rs u Ry ouHAKOBa, TaK KaK OHI COE/JMHEHBI I0C/IeI0BATe/IbHO:
Use 8

L=1I 1A
Rs+Ry 345

Craiio 6bITh, depe3 pe3sucTop Rs; Teuér Tok I =1 — I3 =5—-1=4 A.
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3.8 IlocTosiHHBI 3jIeKTpUYECKHil TOK

SHEKTPH‘IGCKI/Iﬁ TOK obecreunBaer KOMClJOpTOM ZKU3Hb COBPEMEHHOI'0 YeJIOBeKa. Texnosiornueckue
JOCTHZKeHUs [MUBUIN3AallUN — 3HepreTuKa, TPaHCIOPT, pa/(uo, TeJIeBU/ieHne, KOMIbIOTePhI, MOOUITb-
Hag CBA3b — OCHOBaHbI Ha UCIOJIb30BaHUN 3JIEKTPUIECKOI'O TOKa.

Daexmpuueckuil mok — Mo HANPABAEHHOE 0BUIHCENUE 3APANCEHNBIT HACTIUY, NPU KOMOPOM PO~
uczodum nepenoc 3apada u3 odnux obaacmel npocmpancmea 6 opyaue.

DJIEKTPIYECKHil TOK MOMKET BO3HHKATH B CAMBIX PA3/IMYHBIX CPEJAX: TBEPABIX TeslaX, KHUIKO-
crax, razax. Iopoit u cpesbl HIKAKOIl He Hy’KHO — TOK MOKET CyIeCTBOBATH jJazke B BakyyMme! Mol
TOrOBOPUM 06 3TOM B CBOE BpeMsI, a IIOKa IPUBEIEM JIHIIb HEKOTOPBIE IPHMEPHL.

o 3aMKHEM M0JII0Cca 63Tapeﬁ}<u MeTa/UIH9eCKUM IIPOBO/IOM. CBO60,ELH]:I€ JIEKTPOHBI [IPOBO/1a HAY-
HYT HallpaBJIEHHOE JBUZKEHHE OT «MHHYyCa» 63Tapeﬁ}<u K «ILIIOCY ».

D10 — npuMep TOKa B MeTaJjllax.

e Bpocum B crakan BoApl menorky nosapenHoii comu NaCl. Moseky/sl coim JCColuupyor
Ha HOHBI, TAK YTO B PACTBOPE HOSBATCS CBOOOJHDBIE 3apsi/bl: HOJIOKUTeIbHbIe HoHbI Nat n
orpunarenbable Houbl Cl™. Teneps 3acyHeM B BOJLy JiBa 9/1€KTPOJIA, COETHHEHHbIE C HOJIOCAMI
Garapeiiku. Moust Nat HaunyT HalpaB/IeHHOE JABUZKEHHE K OTPHIATEILHOMY 3JIEKTPOJLY, & HOHbI
Cl™ — K HOJIOKHTETBHOMY.

DT0 — mpuMep IPOXOXKAEHHsS TOKa Yepe3 PaCTBOP SJIEKTPOJIATA.

. Fp03OBbIe TYy9H CO3J4al0T CTOJIb MOIIHBIE JIEKTPUYIECKHE IIOJIfA, ITO OKa3bIBa€TCsI BO3MOZKHBIM
Hp060ﬁ BO3IYIITHOI'O IIPOMEZXKYTKa JUIMHOI B HECKOJIBKO KHJIOMEeTPOB. B pesyJibTaTre CKBO3b BO3-
AYX IPOXOAUT TUTaHTCKHIT paspga — MOJIHHAA.

D10 — npuMep 3JIEKTPUYIeCKOro TOKa B rase.

Bo Becex TpéX PacCMOTpPEHHBIX IIpUMepax SHeKTpI/I‘{eCKI/Iﬁ TOK o6ycn013neH JABUZKEHUEM 3apszKeH-
HBIX 9aCTHUI[ BHYTPH TeJjla U Ha3bIBA€TCA 1MOKOM nposadumocmu,

o BoT HECKOJIBLKO UHOM npumep. By,ELGM nepemeniaTb B IIPOCTPAHCTBE 3aps?KeHHOe TeJIo. Takas
CHTyallis COIVIacyeTCsd C Olpe/iesIeHHueM ToKa! HanpaBneHHoe JBUZKEHNe 3apsA/10B — eCTh, I1epe-
HOC 3apsi/ia B IPOCTPAHCTBE — MPUCYTCTBYET. TOK, CO3/IaHHBII JBUKEeHUEM MaKpPOCKOITU1IeCKOro
3apsAKEeHHOr0 TeJia, Ha3bIBaeTCA KOHEEKUUOHHDIM.

3ﬁ,MeTI/IM, YTO HE BCAKOe JIBUZKEeHUEe 3apsAKeHHbBIX JYacTUIl o6p23yeT TOK. Hanpumep, XaoTU4eckoe
TeIUIOBOe JIBUKeHHe 3aps/J10B IIPOBOJHUKA — HE HallpaBJIeHHOe <0HO coBepmaeTcss B KakKUX YTOJIHO
HaHpaBﬂeHHﬂX), U IIOTOMY TOKOM He ﬂBHﬂeTCﬂQ,

He 6y;(eT TOKOM H IIOCTYIIaTe/IbHOE JABUZKEHHUE 3JICKTPUICCKU HeﬁTpBﬂbHOI‘O TeJla: XOTs 3apAZKeH-
HbIe YaCTHUIIbI B €0 aTOMaX U COBeplIalT HallpaB/IEHHOE J[BUZKeHUEe, He [IPOUCXO/IUT IIepeHoca 3apsaa
M3 OHUX Y9IaCTKOB IIPOCTPaHCTBa B Jpyrue.

3.8.1 HampaBJiieHue 3JI€KTPUIECKOIO TOKa

HanpaBneHHe JBUZKEeHUs 3apsAKeHHbIX YaCTHIL, 06pa3ylou.mx TOK, 3aBUCHUT OT 3HaKa UX 3apsd/a. Ilo-
JIOZKUTEJIbHO 3aps’KeHHble YaCTUIbl 6y,[lyT JABUTATBCSA OT «ILIIOCa» K «MHHYCY», a OTpHIATE/IbHO
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3apsi2KEeHHble — HA00OPOT, OT «MHHYyCa» K <«IUIOCY». B 3jIeKTposnTax I rasax, HapHMep, OPHCYT-
CTBYIOT KaK [OJIOKUTEJIbHBIE, TAK I OTPHIATEIbHbIE CBOOOIHBIE 3apsIbl, H TOK CO3AAETCs HX BCTPEd-
HBIM JBIZKEHHEM B 000X HampasieHisx. Kakoe e U3 9THX HAIPABICHIH IPHHATH 32 HAIPABJICHHE
IJIEKTPHIECKOrO TOKA?

Hanpasaenuem moka npuHaAmo CHUMAMb HANPABACHUE OBUNHCEHUA NONOAHCUMENLHHT 3aAPAJ0S.
TTonpocTy roBopst, 110 COMVIAIICHHIO MOK TEYEm 0m «na0ca» & «munycy» (puc. 3.33; HOI0KUTeIbHAS
KJIEMMa HCTOYHHKA TOKa H300pazkeHa [UIMHHON 4epToi, oTpHIaTe/bHas KJIeMMa — KOPOTKO).

Puc. 3.33. Hanpasnenne Toka

JlaHHOe coryalienie BCTyIaeT B HEKOTOPOe IIPOTHBOPEeUHe ¢ HanbosIee PACIPOCTPAHEHHBIM CIIyda-
€M MeTaJ/INYeCKHX IIPOBOJHIKOB. B Merasie HocHTe sIME 3apsiia SIBIISIIOTCST CBOGO/IHBIE SIEKTPOHBI,
U JIBHTAIOTCS OHU OT «MHUHYyCa» K «ILUocy». Ho B COOTBETCTBHE C COIVIAIIIEHHEM MBI BBIHYKICHBI CUl-
TaTh, YTO HAIIPABJICHHE TOKA B METAUITIECKOM IPOBOAHUKE IPOTHBOLIOJIOKHO [BUKEHIIO CBOOOIHBIX
3JIEKTPOHOB. JTO, KOHEUHO, HE OYEHb YIO0HO.

Tyr, oxHAKO, HHYEro He HOJeNaellb — IPHAETC IPUHATH ITY CATYAIIIO KaK JaHHOCTh. Tak yxK
HCTOPHYECKH CIIOXKIIIOCH. BEI6Op Hampaniennst Toka 661 pejiozken Avmepom '’ B mepBoit mosiosume
XIX Beka, 3a 70 jter 10 OTKpBITHS 31eKTpoHa. K 9TOMYy BBIGOPY BCe IpHUBBIKIIN, I Koraa B 1916 roxy
BBISICHIUIOCH, ITO TOK B METa/I/IaX BBI3BAH JBIZKEHHEM CBOOOIHBIX SJIEKTPOHOB, HHYIETO MEHATH yiKe
HE CTaJIlL.

3.8.2 leiicTBUe 3J1€KTPUIECKOI'O TOKA

Kaxk Mbr Moxkem onpesenThb, IIpoTeKaeT SHeKTpI/I'{eCKI/Iﬁ 10K win Her? O BOSHUKHOBEHUH JIEKTPU-
9EeCKOI'0 TOKa MOZKHO CYJAUTbH IIO CJIEAYIOIIUM €ro IPOABJICHUAM.

1. Tenaosoe deticmeue moxa. SHGKTquECKI/Iﬁ TOK BbI3bIBaeT HarpeBaHue BellecTsa, B KOTOPOM OH
IIpoTeKaeT. Hmenno Tak HarpesarwTCsd CIIUpaJii HarpeBaTeJIbHbIX HpH60p0B " JlaMII HaKaJInBa-
Husi. Imenno IO9TOMY MbI BHIUM MOJIHHIO. B ocnose J1eliCTBUS TEIJIOBBIX aMIlepMeTpPOB JIeZKUT
TeIlIOBOe pacllupeHue IPOBO/IHUKA C TOKOM, IPUBOJAMINEe K IIepeMelleHU0 CTPeJIKN npn6opa,

2. Maznummoe deticmeue moxka. SHGKTqueCKI/Iﬁ TOK C03}_'laéT Mar"fuTHOE I10JIe: CTpeJIKa KoMIlaca,
PacIoJIoZKeHHasl pAIOM C IIPOBOJIOM, IIPH BKJ/IIOYEHUH TOKa IIOBOPaYUBaETCs IEPIIECHIUKYIAPHO
IIPOBOJY. MarauTHoe 10JIe TOKa MOYXKHO MHOI'OKpPaTHO YCHWJIHTD, €CJI obMoTaTh IIPOBOJ] BOKPYT
ZKEeJIE3HOI'O CTepzKHSA — IIOJIYYIUTCS JIEeKTPOMAartuuT. Ha srom HOpUHIAIIE OCHOBAHO JlelicTBue
aMIepMeTpos MBI‘HI/ITOSJIGKTPI/I'{GCKOﬁ CHUCTEeMBbI: 3JIEBKTPOMArHuT IIOBOpavduBaeTcd B II0JIe I10-
CTOAHHOI'O MarHuTa, B pe3yjbTaTe 4ero CTpejka npn6opa nepemeraeTcsd 1o nrkaJie.

3. Xumuueckoe deticmeue moxa. le/l MPOXOZK/IEHNH TOKa 1epes 3JIEKTPOJINThI MOZKHO H36JIIO}_IHTI>
U3MEeHeHHe XUMHUYeCKOro cocTaBa BellecTBa. ’I‘E‘LK7 B pacTBOpe CUSO4 MOJIOZKUTEeJIbHbIE MOHBI
CH2+ JABUTAIOTCs K OTPUNATEIBHOMY 3JIEKTPO/Y, U 3TOT 3JIEKTPOJ IIOKPLIBaE€TCs MEIbIO.
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3.8.3 Cwia u IUIOTHOCTb TOKa

SHEKTPH‘IGCKI/Iﬁ TOK Ha3bIBACTCA NOCMOAHHbIM, €CJIH 38 PaBHbIE IIPOMEXKYTKU BPEMEHU Yepes3 Iolle-
pevdHoe cevdeHne IPOBO/IHUKA ITPOXO/UT OJIMTHAKOBBIIT 3apsam. IlocTosiHHBII TOK Haunbosee IpocT I
HM3y9eHUA. C HEro Mbl U HAYHHAEM.

Kommaecrsennoit Xapﬁ,}(TepHCTI/IKOﬁ IJIEKTPUIECKOI'O TOKaA ABJIACTCA CUAQ TMOKA. B cjy4dae IocTro-
SIHHOT'O TOKa abCOJIIOTHAsl BeJIMYMHA CHJIbI TOKA €CTh OTHOLIeHHEe abCOTIOTHON BeJIMINHBI 3apdana q,
npomre/irero vepes IolepevHoe cedeHue IIPOBO/IHUKa 3a BpeMs t, K 9TOMY CaMOMY BpEMEHH:

I= (3.41)

q
e

Usmepsiercst cunta Toka B amnepazr (A)''. Ipn cue Toka B 1 A 4epes nomnepednoe cedenue mpo-
BojHUKa 3a 1 ¢ npoxomut 3apsa B 1 Kot

Toxuepkuém, uro dopmysa (3.41) onpezensier abCOMIOTHYIO BEJITUIHY, WIH MOJLY/Ib CHIIbI TOKA.
Crta ToKa MOMKET HMeTh emé H 3Hak! DTOT 3HAK He CBsI3aH CO 3HAKOM 3apsiI0B, 0OPA3yIOIIIX TOK,
M BBIOMpPAeTCsl U3 MHBIX COOOparkKeHWil. A MMEHHO, B psijie CUTyaluii (HapuMep, eciu 3apaHee He
SICHO, KyJia II0TeY8T TOK) yA00HO 3adbHKCHPOBATh HEKOTOPOe HAIpaBJICHHe 00X0Ja Ien (CKaxKeM,
NPOTUB YACOBOI CTPEJIKH) I CYMTATH CHILY TOKA IOJIOKHTEIBHOM, €C/I HAIPABJICHIE TOKA COBIIAAET
¢ HanpaBJieHueM 06Xo/1a, I OTPHIATENIBHOIl, €C/IM TOK Te4sT NPOTHB HAlpaBjeHus obxoa'?.

B cirydae mOCTOSIHHOrO TOKa CHJIA TOKA €CTh BeamdnHa IocrosiHHas. OHa MOKa3bIBaeT, KAKOil
3apsijl IPOXOAUT Yepe3 MOIepedHoe CedeHHe IPOBOAHNKA 3a 1 c.

Yacro GbIBaeT ym0OHO He CBSI3BIBATHCS C ILIOMAJBIO IIONEPEYHOrO CEeYCHUS] W BBECTH BEJIHIUHY
NAOMHOCTIU TOKA:

j= 35 (3.42)

e I — cuna Toka, S — IUIOMA/b NONEPEYHOro CeYeHus IPOBOAHNKA (PasyMeeTcs, 3T0 cedeHne
HepHeHUKyJISPHO Hanpasiernio Toka). C yuaérom dopmyust (3.41) nmeem Takzxe:

4
St”

IInoTHOCTE TOKA NOKA3bIBaET, KAKOIl 3apsijl MPOXOINUT 3a €JINHUILY BPEMEHN Yepe3 eUHMUILY [LTOMAH
nonepedHoro cedenns nposoaunka. Corsacto dopmyste (3.42), WIOTHOCT TOKa u3Mepsercs B A /M2,

3.8.4 CkKOpOCTh HAIIPABJIEHHOTO JIBHMXKEHUsI 3aPsi/I0B

Kora MbI BK/IIO9aeM B KOMHATE CBET, HAM KazKeTCsl, YTO JIAMIIOUKA 3aropaeTcst MrHoBeHHO. CKOpPOCTh
PacIpocTpaHeHNsl TOKa 110 IIPOBojaM OveHb Besnka: oHa 6imska K 300000 kM/c (ckopocTn csera B
BakyyMme). Ecin Gbl tamnouka Haxoguiach Ha JIyHe, OHa 3a:KIv1ach Obl 4epe3 CeKyHly ¢ HeGOJIbIINM.

OxHako He ClIeZyeT JyMaTb, 9YTO C TAKOH IPAH/HO3HOIl CKOPOCTBIO ABUIAIOTCS CBOOOIHBIE 3apsi-
16, obpasyiomue ToK. OKa3bIBAeTCs, HX CKOPOCTH COCTABJISIET BCErO-HABCENO JOJIM MIULIHIMETpPa B
CEeKYHJLY.

ITouemy ke TOK pacIpocTpaHsieTcs o IpoBoAaM Tak 6uictpo? [leso B ToM, 4T0 cBOGOgHBIE 3apsi-
JIBI B3AHMOZEHCTBYIOT JPYT C APYrOM H, HAXOASCH MOJ JCHCTBHEM 3JIEKTPUYECKOrO OISl HCTOYHIKA
TOKA, IIPU 3aMbIKAHNH IEMH IPUXOAAT B JBUKEHIE IOYTH OJHOBPEMEHHO BJOJIb BCEIO IIPOBOJAHUKA.
CKOpPOCTb pacIpoCTPaHeHHsI TOKA eCTh CKOPOCTh HepPeIadl 3JIEKTPUIECKOr0 B3aUMO/IEIICTBIST MEXK LY
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CBOGOHBIMH 3apsiJaMH, I OHA OJIH3Ka K CKOPOCTH cBeTa B BakyyMe. CKOpPOCTB ke, ¢ KOTOPOIl caMi
3apsiIbl HEPEMEIAIOTCs] BHYTPU IIPOBOHIKA, MOXKET ObITh HA MHOIO IOPSIAKOB MEHBIIIE.
Hrak, noquepkHEM eImg pas, 4To MBI Pa3/IMdaeM JBe CKOPOCTH.

1. Cropocmo pacnpocmpanenus moka. IT0 — CKOPOCTH MEPeJadi SJIEKTPHIECKOrO CUTHAJA IO
ner. Bimska k 300000 kwm/c.

2. Ckopocmb Hanpasaernnozo 06udtCeHus c60000HbIT 3aPAJ0E. DTO — CPEIHSs CKOPOCTDH IIepeMe-
ieHnsT 3apsi0B, obpa3yomux Tok. HaseiBaercs emé ckopocmuio dpetida.

Mser ceituac BbiBeseM (hOPMYILy, BBIPAXKAIONIYIO CHIIy TOKa I Wepe3 CKOPOCTH U HAIPABJICHHOIO
JIBIZKEHUS 3apsiIoB IPOBOJIHHKA.

ITycTh NPOBOAHUK MMeET IUIOMa/ b norepednoro cedenus S (puc. 3.34). CBOGOHbIE 3apsiibl IPO-
BOJIHHKA Gy/IeM CUMTATD II0JIOKUTEILHBIMU; BeJIMUIHY CBOOOHOTO 3apsi/ia 0603HadnM e (B Hanboiee
BasKHOM JIsl IPAKTHKH CJIydasi MeTaJlJINIecKOro POBOJHAKA 3TO eCTh 3apsi/| JeKTpoHa). KoHien-
Tpauyst CBOGOHBIX 3apsAIoB (T.e. X YHC/IO B efuHAIe 00bEMa) paBHa n.

- B ot C
e o o |® ® o o
S [ ] ° [ ]
o © o ®° © 0 4 | °
A D

Puc. 3.34. K BoiBosy dopmynsr [ = envsS

Kaxoit 3apsi| ¢ MpoiiIéT Yepes monepedroe cedenne AB HaIero mpoBOHIKA 3a Bpems 7
C OJIHOIL CTOPOHBI, pa3yMeeTcs,
q=1It. (3.43)

C apyroit cToponsl, cedenne AB mepecekyT Bce Te CBOGOAHBIE 3apsiibl, KOTOPBIE CILYCTs BpeMsI ¢
okaxyrcst BHyTpu mmaapa ABCD c Beicoroit vt. Ix auciio paBHO:

N = nVagecp = nSvt.
CieoBarenbHO, UX obmuil 3apsiy GygeT paBeH:
q=eN = enSut. (3.44)
IIpupasrusas npassie dactu dopmys (3.43) u (3.44) u cokpamast Ha ¢, TIOTYIHM:
I =envS. (3.45)
COOTBETCTBEHHO, IJIOTHOCTH TOKA OKA3bIBAETCsl PABHA:
j =enuv.

JlaBaiiTe B KadecTBe IpUMepa HOCYHTAEM, KAKOBA CKOPOCTH [JBUZKEHIsI CBOOOJHBIX 3JIEKTPOHOB B
MEJIHOM IIPOBOJE IIpH cuile ToKa 1 A.

3apsi1 asexTpona ussecten: e = 1,6 - 1071 Ko,

Yemy paBHA KOHIEHTpAIs CBOOOIHBIX 3j1eKTpoHoB? OHa COBHAJAET ¢ KOHIEHTpaIueil aToMoB
MeJIHl, IOCKOJIbKY OT KasKJOr0 aToMa OTIIEIUISeTCS [0 OZHOMY BaJIeHTHOMY 3JeKTpoHy. Hy a xom-
LEHTPAINIO ATOMOB MBI HAXOIUTH yMEEM:

N vNa mNs pNs  8900-6,02-10%

~8,5-10% M3
"TVTV Tw T g 0,0635 M
Honoxum S = 1 mm2. Uz opayast (3.45) nosmytmm:
1 1 M
) ~T4-107° —.
VS oS T 16107985 105 10~ A0

Sro nops/iKa OJHOI JecaToil MHILIIMEeTPa B CEKYHJLY.
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3.8.5 CranuoHapHOe 3JIEKTPUYECKOE 0JIe

MbI Beé BpeMsl POBOPUM O HAIIPABJIEHHOM JBUZKEHUN 3apsi/IOB, HO el§ He KACaJUCh BOIIPOCa O TOM,
nouemy cBOGOJIHBIE 3apsi/Ibl COBEPIIAIOT TaKoe JBUzKeHue. [oueMy, COGCTBEHHO, BO3HUKAET 3JIEKTPH-
gecKuit TOK?

J17151 yHOpsiIO9eHHOTO [IepeMeleHns] 3apsi/ioB BHYTPH IIPOBOJHIKA HEOOXOANMa CUIa, JeliCTBYyI0-
mast Ha 3apsiIbl B onpeeséHHoM Hanpasiennn. Orkyna 6epércs sra cuaa? Co CTOPOHbI JIeKTpude-
cKoro moJst!

YmobwL 6 nposodHuKe NPOMEKAN NOCMOANKYIT MOK, 6HYMPU NPOGOIHUKA JOANHCHO CYUELCNE06ATNL
cmayuonaproe™® anexkmpureckoe noae. Hnvimu cao6amu, Mescoy KOHUaMU NPpoGoOHUKA HYHCHO N00-
deporcusams NOCMOANKYIO PA3HOCTL NOMEHYUAN0E.

CranpoHapHOe 3/IeKTPUYECKoe I10JIe JOJDKHO CO3/IaBaThCsl 3apsilaMil MPOBOJHUKOB, BXOJAMINX
B 9JIeKTPHYecKyIo Iienb. OJIHAKO 3apsiZKeHHbIe IIPOBOJHUKHI CaMH 110 cebe He CMOryT OOecHeduTh
TIPOTEKaHNe IOCTOSHHOTO TOKA.

Paccmorpu, K npuMepy, /[Ba IPOBOJISIIHX ITapa, 3apsKeHHbIX PasHOMMEHHO. CoeIMHIM HX IIPO-
BOZIOM. MezK Iy KOHIIaMH IIPOBO/Ia BOSHUKHET PAa3HOCTD NOTEHINATIOB, a BHYTPH IPOBOJIa — JIeKTPH-
geckoe mojte. Ilo mposomy moreuér Tok. Ho mo mepe mpoxokieHHs TOKa Pa3sHOCTh MOTEHINATIOB
MezK/ly MapaMu Oy/leT yMeHbIIATECs, BC/Ie]| 3a Hejl craHeT yObIBaTh M HAIIPSXKEHHOCTH II0JIsI B IIPO-
BOJle. B KOHIle KOHIIOB IIOTEHIHAJIBI [IAPOB CTAHYT PABHEI JAPYT JAPYTY, HOJE€ B IIPOBOje 0OPATHTCS B
HYJIb, ¥ TOK HCYe3HeT. Mbl OKa3a/lich B 9JIEKTPOCTATHKE: IaPhI IUTIOC IIPOBOJ 06pas3yioT e IUHbII IIpo-
BOJIHUK, B KasK/I0if TOYKe KOTOPOT'0O IIOTEHIHA IIPHUHIMAET OJHO I TO YKe 3HaYeHHe; HAIPKEHHOCTD
TI0J1s1 BHYTPHU IIPOBOJHIKA PABHA HYJIIO, HIKAKOIO TOKa HET.

To, 4o 9/1eKTPOCTATHYECKOE TI0JIe CaMO 110 cebe He FOIUTC Ha POJIb CTAIMOHAPHOIO HOJIsl, CO3/1a-
OIIEro TOK, sICHO U 13 Gollee 06muX coobparKkenuii. Be/p s/ieKkTpocTaTiyeckoe mojie MOTeHIATIBHO,
ero pabora IIpH IepeMeNeHnH 3apsijia [0 3aMKHYTOMY IIyTH paBHa Hyo. Cile/loBaTelbHO, OHO He
MOZKeT BBEI3BIBATH IUPKY/JIHPOBAHHE 3apsAI0B II0 3aMKHYTOIl 9IeKTPHIECKO el — I 9TOro Tpe-
GyeTcst coBepIIAThH HEHYJIEBYIO PaboTy.

Kro ke Gyzer cosepiiath 3Ty HeHy/eByio paGory? Kro OymeT moiiepKuaTh B €N PasHOCTH
NOTEHINATIOB U 00ECIIeYHBATh CTAIMOHAPHOE 3JIEKTPUYECKOE I10JIe, CO3/A0NIee TOK B IPOBOJHMKAX?
OTBeT — HCTOYHHK TOKA, BAaKHEHIIMIl 3/IEMEHT 3/IeKTPIYECKOil [erH.

Ymobw. 6 nposodnuke NPomekas NOCMOARHYLY TMOK, KON, NPOGOOHUKA J0AHCHYL ObiMb NPUCO-
COUHENDL K KAEMMAM UCMOWHUKE ToKa (bamapeliku, axkymyasmopa u m. 0.).

KiteMMbl ncrounuka — 310 3apsKeHHbIe IIPOBO/IHUKHA. Ecmm nenb 3aMKHYTa, TO 3apA/Ibl C KJIEMM
nepeMeInarTcsd 10 Ien — KakK B paCCMOTPEHHOM BhIIIe IIpUMepe ¢ IMapaMu. Ho Ternepb pasHOCTh
MOTEeHIHAJIOB MeXK/Jy KJIeMMaMi He yMEeHbIIaeTCA: HCTOYHUK TOKa HEIPEPBIBHO BOCIIOJIHSIET 3aps/ibl
Ha KJIeMMaX, IIOJJepzKHUBasl Pa3HOCTh IIOTEHINAIOB MeXK/ly KOHIIaMU Ield Ha HEeU3MEHHOM YpPOBHE.

B arom u cocrout npejJHa3sHauYeHNe NCTOYHUKA I[TOCTOAHHOI'O TOKa. BHyTpI/I Hero nporexkaroT Ipo-
[eCChbl He3JIEKTPU1IECKOro (qame BCEero — XHMH‘IGCKOI‘O) IIPOUCXOXK/IeHUS, KOTOpbIe obecreunBaT
HeIlpepbIBHOE pa3J/ie/iIeHue 3aps/i0B. D1u 3apgAabl IIOCTABJIAOTCA Ha KJIeMMbl HCTOYHUKA B HEO6X0,EU/I—
MOM KOJIM49eCcTBe.

KOJIH‘IGCTBGHHyIO XapaKTePUCTUKY HEJIEKTPUIECKUX IIPOIECCOB pa3/ie/IeHUsI 3apA10B BHYTPH UC-
TOYHHKa — TaK Ha3bIBaeMYIO 9/10 — MbI U3Y4HM II032Ke, B COOTBETCTBYIOIIEM JIUCTKE.

A ceituac BepHéMCﬂ K CTallHOHaApHOMY JIEKTPUYIECKOMY IIOJIO. Kaknwm ke 06p3.30M OHO BO3HHUKaeT
B IIPOBO/IHUKAX IEeNu IIPU HAJIMYUU UCTOTHUKA ToKa?

3apﬂ)KeHHbIe KJIEMMbI HCTOYHHUKA CO3/1al0T Ha KOHIIaX ITPOBOJAHUKA JIEKTPUIECKOe I10J1e. CBO60,EL—
HbIe 3apsA/bl IIPOBO/ITHUKA, HAXO/AIHEeC s BOIM3H KJIeMM, NPpUXOJAT B JIBUZKeHUEe U }_'leﬁCTByIOT CBOUM
JIEKTPUYIECKUM I10JIeM Ha COocCe/ITHHhe 3aps/ibl. Co CKOPOCTBIO, 6ut3Koit K CKOPOCTH CBeTa, 3TO B3au-
MoJieiicTBue Hepe,[lﬁ,éTCﬂ BJIOJIb BCeil neny, 1 B el yCTaHaB/INBaeTCA TIOCTOSTHHBIN SHeKTpI/I‘{eCKI/Iﬁ




