II. Постоянный электрический ток
Лекция 4.
4.1. Электрический ток, условия для его возникновения и существования
[image: image1.png]JNeKTpHUECKU TOK

JIr06oe ynopsijoueHHoe (HampaBlieHHoe) JBUKEHIE dJIEKTPUUIECKUX 3aPALOB.

3a HampaBleHHNe TOKAa YCJ08HO MPMHNMAIOT HaIpaBleHNe ABMIKEHHSA NOJO-
JUMENbHBLX 3apAT0E.

Tok nmpoBoauMoOCTH

VropagoueHHOE NBUIKEHNUE B Bell[ecTBe UM BaKyyme CBOOOJHBIX 3apAKeH-
HEBIX YACTHI[ — HOCHUTENEH TOKA.

fipumepsbl: TOKK B MeTallax, 3JeKTPOJIUTAX, HYYKH SJIEKTPOHOB B BAKYyMe H T. 4.

KoHBexUMOHHBIN TOK

YHopﬁAOtIeHHOG ABHKEHUE JIEKTPNUECKNX 3apPAf0B, OCYyIECTBIAAEMOe Tiepe-
MelmeHneM B IIDOCTPaHCTBe 3aPAMEHHOTr0 MaKPOCKOIINYECKOTo TeNa.




[image: image2.png]YcnoBusa A BOSHHKHOBEHHST U CYILE€CTBOBAHHU A JINEKTPHUYECKOIO TOK2

Heo6xonumo, ¢ 04HOHN CTOPOHBI, HaJW4YNe CBOOOZHLIX Hocumeneli moxka —
3apAKEHHBIX YACTHI, CIIOCOOHBIX TTIEPeMENIATECA YIIOPALOUEHHO, & C APYTroi —
Haauyle INeKmMpuUYecKozo noJi, SHEPTUA KOTOPOro, KaKuM-To o0pasoM BocC-
MOJMHAACE, PACXOOBANACH GBI HA UX YIIOPAAOUYEHHOE ABHIKEHHE.

Hocroauuslit Tox

TOK, CnJia TOKa 1 HallpaBJIeHHEe KOTOPOTO He N3MeHAITCA CO BpeMeHEeM.




4.2 Сила тока, плотность тока
[image: image3.png]Cuna Toxa

CranapHada (u3nUecKas BeNMYMHAa, olpejgensdeMas 5JeKTPUUYECKHM 3apd-
IOM, IPOXOAAIMM Yepes MOIMepedYHoe ceueHNe MPOBOJHIKA B eJUHHULY Bpe-
MEHH.

EauHHIA CHIB TOKA

_ 1 A (amuep)

OCHOG6HAA
edunuya

HNnorHOoCTs TOKA

dusnueckad BelWYMHa, oupeXelsieMad CHUJIOH TOKa, MPOXOAALIETO uUepe3
eMHULY ILTOINAAY MOIIEPEeUHOTO CeUeHUA IPOBOJHUKA, MEePHEHIUKYIAPHOIC
HaIpaBJIEeHUIO TOKA.

EaNHUIIA ODAOTHOCTH TOKA

1 A/M2 (aMmep HA KBaAPaTHEIA MeTpP) — IJIOTHOCTH 3JIEKTPUYECKOTO TOKA,
IpHU KOTOPOI CHUJIa TOKA, PABHOMEPHO pPaclpeZesleHHOrO 10 MONePeYHOMY Ce-
YeHMIO IPOBOAHMKS naoniazbo 1 M2, pasra 1 A.

CBA3b NAOTHOCTH TOKA

€0 CKODPOCTHIO YHODPAJNOYEHHOIr0 JBUNKEHHUA 3aPAXOB B IPOBOJHUKE

Ecan KOHIEHTpauuA HOCHUTeJNeH TOKa N, 9JeMeHTADHEBIN 3apa] HOCUTEIs &,
To 3a BpeMsa dt uepes momepeuHOe ceUeHUe S IPOBOSHMKA TEPEHOCHTCH 3a-

pag d@ = ne <v> Sdt. Cuna rToka I = %‘% = ne <v> S, MJIOTHOCTH TOKA
j=ne <v>.

IInorHOCTE TOKA — BeKMOp, €r0 HaIpaslieHUe COBIAJaeT C HANPAaBICHUEM
> .
cKopocTH <U> yIOPsAZOUYeHHOTO ABHU)KEHNA HOCHUTE e TOKa.
>

Cuna Toxa — HOTOK BeKTOpa |

HWHTerpupoBaHue MPOU3BOTUTCS IO TIPOU3BOJIBHOH TIOBEPXHOCTH S.

[dS = 7 dS (7 — eAMEMUHBIE BeKTOp HODMAX K miomazxke dS, cocrapsiomelt ¢ Bek-
TopoM j yroa )]




[image: image4.png]



4.3. Сторонние силы
[image: image5.png]Herouuur IAC (ucrounux Hanpsa:KeHHT)

Verpoiiersa, cioco0HEIE CO30ABATE U MOLEPIKUBATE B IeIH Pa3HOCTh [OTEH-
LMANOB 34 cYeT PaGOTHI CHUIL HeaaeKmpocmamuyeckoz0 nPoucxoxdenus.

Ecnu B menu Ha HOCHTENU TOKA AEHCTBYIOT TOIBKO CUJIBI 3JICKTPOCTATUYUECKO-
T'O IOJIsI, TO MPOUCXOAUT TIepeMelrieHe HocuTeael (OHU MpeanoaaraTe mo-




[image: image6.png]JOHUTENLHLIMI) OT TOYEK ¢ GOJBIINM HOTEHIIMAJIOM K TOYKAM C MEHBIINM
TOTEHIMANOM. JTo IIpUBeseT K BEIPABHUBAHMIO MMOTEHIIMAJOB BO BCEX TOUKAX
LeNH U K MCUe3HOBEHHUIO SJIEKTPOCTATHYECKOTO Noas. IloaroMy ans cymiect-
BOBaHHA IOCTOSHHOTO TOKa HeoOXoAnMOo Hannune B nenn ucrounuxa 3MC.

CropoHHUE CHIBL

Cunvl HeanexMpocmamuiLecKozo npoucxorlenus, nefcTByonye Ha 3apaghl
€0 CTOpPOHEI ACTOYHIKOB IIIC.

[Ipupoxa cTOPOHHUX CHJ

Moocem 6bimoe pasauunoii. HanpruMep, B TaJbBaHUYECKUX dJIeMeHTaX OHU
BO3BHHUKAIOT 32 CUET SHEPTMU XUMHUUYECKMX peaKIuil MekIy SJIEeKTPOAaMHU U
JJIEKTPOINTAMY; B T'€HEPATOPEe — 34 CUeT MeXaHMYeCKOH 9HePIHH BpalleHus
poropa reHeparopa #u T. 1. Poap nerounuxa 3JIC B asexkrpudeckoil nenu, 06-
pPas3HO rosBopsi, TaKad JKe, KaK POJb Hacoca, KOTOPHI HeoOXoquM AN IepeKa-
YMBAHUA JKUIKOCTH B THAPaBANYeCKol cucTeMe.

o Ilop peficTBHeM CO3LaBAEMOrO [IOJIA CTODOHHUX CHJ 9JIeKTPHUYECKHe 3aps-
ZABL ABUKYTCA 8Hympu ucmoynukxa 34C npomue cun anexmpocmamuiecko-
20 noas, Grarogapd 4eMy HA KOHLAX Lenn TOAepKIBAETCA DA3HOCTH TOTEeH-
IMaJIOB ¥ B LEIN TeueT MOCTOSHHBIH 8IeKTPUUYECKUH TOK.




4.4. Электродвижущая сила (ЭДС), напряжение 
[image: image7.png]IAC, nelicTeylomasa B menu

dusnyecKas BeIUYMHA, onpegensemasn paboroil, cosepiiaemMoil CTOPOHHIMH
CHJIAMU IIPHU IIepeMelleHuY efUHNYHOTO TOJ0KNTeNbHOTO 3apAza.




[image: image8.png]Hanpaxkenue Ha yU4acCTKe

dusnueckas BeJIUUYNHA, onpejeadeMas paboroil, coBepiiaeMoi cyMMapHbIM
OJIeM 3JIEKTPOCTATHUYECKUX (KYJNOHOBCKUX) M CTOPOHHUX CHJ TIPHU TIepeme-
HIeHAY eJMHUYHOTO MOJIOMKNUTEeIBHOTO 3apsA/ia Ha JaHHOM yYacCTKe Iellu.

Hanpsuxkenne Ha yuactre [—2, colilepKalieM HCTOUHHK
311C, paBuo cymme 3[IC mMCTOYHMKA U PA3HOCTH NOTEHILHA-
JIOB Ha 5TOM y4acTKe.

Hanpsiskenne — 0606UjeHHOe nOHAMUE PA3HOCMU NOMEHYUAL08: HaIpIiKe-

HIE Ha KOHLAX yYacTKa Lellll paBHO PaA3HOCTH IIOTEeHLajioB, eCJM YUYaCTOK HE
COLEPHHUT UCTOUYHHUKA TOKA.




4.5. Сопротивление и удельное сопротивление проводников

[image: image9.png]Couporusiaenune nposogaura (R)

Bennunua, XapaKTepHU3YION[asd COPOTHBJIEHHE IIPOBOJHHKA JJIEKTpHUYe-
CKOMY TOKY.

Enununa conpoTuBIEeHUA

- 1 Om (OM) — CONpPOTHBIEHNE TAKOTO IPOBOLHUKA, B KOTOPOM [IPH HAIIPSKeE-
Hun 1 B TeueT noCcTOAHHEIH TOK 1 A.

ConporuBnenue OJHOPOAHOTO JHHEHHOro MPOBOJHUKA

ConpoTusieHre 3aBUCUT OT Pa3MepoB, hOpPMbI I MATEPHNAJIA IPOBOJHUKA.

[p — ynennHOe aneKTpHYeCcKOe CONMPOTHBAEHWE; | — AJTHMHA TPOBOAHKKA; S — MO
a6 €70 MOIePeYHOr0 CedYe s |

YaxensHoe QJAEKTPHYECKOEe CONPOTHBIICHUE IIPOBOXHHKA

Pusnueckas BeJHUMHA, OnpejesdeMas SIEKTPHYECKMM COMNPOTUBJICHIEM
O HOPOJHOI'O JIMHEHNHOTO OPOBOAHNKA €IUHUIHON NJINHE M € IMHUYHOH ILIO-
HIAZY TOTIEPEYHOI'0 CeUeHNd.
Chy:KUT XapaKTepUCTUKOH BelecTBa, N3 KOTOPOI'0 N3TOTOBJIEH IPOBOAHUK.
EauHyLa yAieAbHOTO CONPOTHBAEHUST
- 1 Om * M (oM-MeTp) — yAenbHoe 9IeKTPHUECKOe CONPOTHRIHNEe IPOBOTHIKA
ILIOIIAABIO TIOTIePEeYHoTo cedenus 1 m? u JuuHo# 1 M, MMeLIero ConpoTHB-
neunue 1 Om.
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[image: image11.png]DIeRTpHUYECcKasa NPOBOJUMOCTD
- DusnyecKkas BeJNYUHA, XapaKTepU3yONad cIoco0HOCTh YYaCTKa DIEKTPH-

4eCKOH Lieny IPOoBOAUTD TOK.
Exmauna npoBoAUMOCTH

- 1 CM (cMMeHC) — TPOBOAMMOCTE YUACTKA 3JIEKTPUUECKON meny COIpOoTHBIE-
uueMm 1 Om.
Vaeasuas 3MeKTPHUIECKAS MPOBOXHMOCTE

- dusnyeckas BeJIMYUHA, OlpefeligeMas TPOBOJMMOCTBI) OJHOPOJHOTO JHU-

HEWHOTO IPOBOAHNMKAE eAMHAYHOM JJINHE! U efUHNYHOH MIOMIALY TONePeUHO-
TO Ce4eHus.

Eaunuua yxeapHoii IpOBOAUMOCTH

_ 1 Cm/M (cuMeHC Ha MeTp) — yJelAbHas SJIeKTPUUYeCKad MPOBOAMMOCTD HpO-
BOJHMKA, KOTOPEIH IpH MAOIIAAM IollepedHOro ceueHud 1 M2 m pamue 1M
HMeeT 3JIeKTPHUECKYI0 IpoBoanMocTh 1 CM.





[image: image12.png]3asucumoctu p(t) u R(t) ,
[p 1 py, R 1 Ry — COOTBETCTBEHHO yAeiabHbIE COMPOTHBJIEHNA U CONPOTHBIEHHS
nposogHuKa npu t K 0 °C; o — memnepamypnuiil xo3dduyuenm conpomuéne-

_ HUA: 1Jif YUCTHIX METAJIOB (IPH He OYEeHb HU3KUX TeMIlepaTypax) a = 2—,17—3; K]

3aBucumocts R(f)

- KauecTBeHHBIH XOf, TeMIEPATYDHOII 3aBICHMOCTH CO-
TIPOTHUBICHHUS MeTajjia TPeACTABIeH Ha PHCYHKe

(xpusasg 1).
[T — repMoguHaMuUUecKas TeMIepaTypa]
CBepXnpoBOZUMOCTH

CBOMCTBO HEKOTOPBIX TIPOBOJHUKOB, 3aKJIIOUAIOIEECT B TOM, YTO UX IJIEKT-
pUYecKoe CONMPOTHBIIEHNE CKAYKOM TajaeT N0 Hynd (KpuBad 2 Ha PHUCYHKe)
IpH OXJaKAeHMM HUXKe OolpeAelleHHOH kpumuueckod memnepamypui T,
XapakTePHOH IJIA ZaHHOTO MPOoBOAHNKa. MaTepras CTAaHOBUTCA a6CONMIOTHRIM
IpoBOAHUKOM, CBEPXIIPOBOAMMOCTE HAGNIOAaeTCSA IIPK OYeHb HU3KHUX TeMIie-
patypax. Hanpumep, ana Al — T, =1,19K; Hg — 4,15 K; Nb — 9,2 K; V —
5,8K; Vs8i — 17K.





4.6. Закон Ома для однородного участка цепи

[image: image13.png]Oxsopomusntiti yuacTor Hmenmu

Yuacrok uenwu, He copepkamuil nucrounura IAC.
3axou OMa DA OXHOPOXHOrO YUYaCTKA HENH

- Cuna Toxa B MPOBOJHHUKE MPAMO IPOIOPLUMOHAIBHA IPUIOKEHHOMY HAIPA-

KeHHIO ¥ 06paTHO NPONOPLUHUOHATBHA COTPOTUBIIEHNIO TPDOBOAHIKA,
3axoun Oma B gudrdepenuuansuoii popme

=E, z =}

U U _
T &

IToncrtasuB R = p-— B 3axo" OmMma, nonyan é = 52 ,

al~
O I

Torpa j = yE unn B BEeKTODHOM BHJE ] = yE

[E — HanmpsisKeHHOCTH 9JIEKTPUYECKOTO IIOJIs B IPOBOAHUKE; j — IJIOTHOCTH TOKA; ¥ —
yAenbHas NIPOBOANMOCTS]




[image: image14.png]1~























