Tema 1.1

IneKkTpuyeckasa uensb.
3aKOHb
ANEKTPUYECKUX Lienewn



HA3bIBAOT
COBOKYITHOCTb YCTPOUCTB, IPEAHA3HAYCHHBIX
IJTSL IPOXOXKIEHUS AJIEKTPUUECKOTO TOKA.

AJICKTPUYECKOM LCIH SIBJISIOTCS: HCTOYHHUK,
NPUEMHUK U COCIMHUTEIILHBIC IIPOBOAA.

Kpome 3Toro nemnb MOKET CONEPKATh:
M3MEPUTEIBHYIO, ITYCKOPETYIUPYIOLIYIO U
3AIIUTHYIO armaparypy.

Ha3bIBAIOT
rpauueckoe N300pAKECHUE DIEKTPUYECKOM
[IeH, MOKAa3bIBAIOIIEE MOPIAOK U XapaKTEP
COCJIMHEHUS DJIEMEHTOB.

h [pUHLMNMaNbHAs cxema Cxema 3ameLLeHus



DJIEKTPUYECKYIO 1IE€Ib, YCIOBHO, pa30MBAIOT Ha BHYTPCHHIOK U
BHEIIHIOIO YacCTh.
- 4aCTh LIEIH, COJIEpKaAIIAd TOJIBKO UCTOUYHHUK
[TUTAHUS.
— 4acCTh [EIIH, OXBATHIBAKOIIASA BCE DJIEMEHTHI LIEIIH,
KPOME MCTOYHHUKA ITUTAHMS.
— 9acTh LENH MEXKIY ABYMS JHOOBIMU TOYKAMHM.
- TOYKA 1IEMNH, B KOTOPOHU COECIUHEHBDI
TpHU U 00J1€€ MPOBOAHMKA.
- YYACTOK LEIIM MEXAY ABYMS Y3JIaMH,
10 KOTOPOMY HPOXOJAUT OJYH U TOT K€ TOK.
- 3aMKHYTas 4acCTh 1ICIIHN.




SINNIEKTPUHECKAA LIENb U CXEMA 3NEKTPUYECKOWM LIEMNA

| ANEKTPUYECKASA LIENG

VICTOUHUKU
MNorpe6uteny BcnomMorarensHas

3NEeKTPONUTaHUA annaparypa

3 i
epBuiHbie | _BropuuHbie ]

3NeKTpPOMalUUHHbIe | BbINPAMUTEN
reHepaTopbi

nposBoaa
KOMMYTaUWMoOHHA
A annaparypa
n3aMepurTenbHble
npubopsbi
annaparypa
aKKyMYInSATOpbI TpaHcgopmartop 3aWUThI

ranbBaHU4YeCckKkune MHBEPTOPHLI
ANNEMEHTDI
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Yenosnbie 0003HAYCHUA, IPHMERASMLIC HA CXEMAX:
| — raJIbBAHHYECKHH 3JIeMEHT HIM AKKYMYJAATOP; 2 — DAaTapes 31eMEeHTOB H AKKYMYJIATO-
PoB; 3 — K04 4 - JJeKTPHYECKAA JaMNA; & — SJeKTPHYECKHH 3BOHOK; 6 — pe3ucTop
(NPOBOAHMK, HMCIOWIUHM OUpeseIeHHOe CONPOTHBIACHKE)
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namna 3BOHOK peaucrop . Ecpxapeam:'r e, PEOCTaT
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ranbBaHUYECKNI ANEMEHT, BUNKa W KN & MM b KHOMNKa,
faTapea ANeMEHTOB PO3eTKa BbIKNKOYATEND
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aMmnepmMmeTp BONBTMETD  3NSKTPOMArHWUT  ABUrarenb reHeparop




CTOYHUKN 3NeKTpUYeCKon
SHeprum

UCTOYHUKM INEKTPUUECKOW 3HEPrUM: @ — rasibBaHUUECKHHK 3NeMet
6 — Gatapes ranbBaHUYECKUX I1EMEHTOB, B8 — aKKyMyNaTop,

2 _=— 3NIleKTporeHeparop RET(on ReASGEN QIR oSl

I C ncTtoyHUKa YNCIEHHO
paBHa paborTe,
COBEpLUaeMOU
SNIEKTPUYECKUM MNOsrieM npu
nepemMeLleHnn eauHUYHOro
NONoXMNTENbHOIo 3apsiaa

B notpeburene
TOK HanpasrneH

ot (+) K (-

HanpskeHue Ha 3axumax notpeburens
bonbue ero 31C Ha BeNnUYNHY BHYTPEHHETO

nageHus HanpsXxeHus I-r




ANEKTPUYECKUN TOK — 3TO yrnopsijoueHHoe
ABWKEeHNe 3apsKeHHbIX YacTUL.

ycnoBusa Ansa cos3gaHus
ANNIEKTPUYHECKOIo TOoKa.
Ha/IMyne CBO60£I,HbIX

HocuTenen 3apsiga
(3NEKTPOHOB, NOHOB);

Ha/Inyne
NIEKTPUYHECKOIO MNOJIA,

3aMKHYTOCTb LIEeNw.




ANeKTPUYeCKUmn 3apsaa, Nnpoxoasimm yepes nonepevyHoe
ce4yeHue nposo.quuxa B 1 c, onpepensieT cus1y moka B LUenu.

-

=
/, ./

———— /|

- —

Cuna ToKa - pusuvyeckan eeqU4YUHd, pdeHaAN
OMHOWEHUK 3dpsadd, npoweowezo Yepes
nonepe4yHoe ceyeHue npo8OOHUKd, KO 8peMeHU
€20 NPOXOMOEeHUsA:







N3MEPEHWME CHJTIBL TOKA
B YHACTKE LETTA

+ [na unsmepenus

1

CUIILI TOKA
cywecrteyer * Tlpm BKJTFOYEHUU amnepmeTpa B
HIMeEpUTE 1EHEIY 3NEeKTpUYeCcKyro uenb Heobxoanmo
npuoop - 3HATH :
amnepmerp. '

YcnoeHoe 0603HauYeHue amnepmeTpa 1 AMI'ICPN\ZTP BKNFOYAETCA B 3NEKTPUYECKYHO Uenb

Ha SJ'IeKTpI/I‘-leCKOlZ cxeme: noCcCnNenoeaTesibHO C TEM 3NTEMEHTOM UeENU,

@ cUny TOKa B KOTOpOM Heobxoanmo U3IMepUTb.

=L *
1]

®

(S
p 74

2. TTpn noaknroueHun Hago cobnroaatsb

nonapHocTs: "+" amnepmeTtpa noaknrovaetcs K "+" MCcTouHMKa TOK
a "munyc" amnepmeTpa - K "MuHycy" NCTouHMKa ToKa.




+ [na usmepeHus HanpaxeHus
CYLECTBYHOT CNeLUasbHbIN
N3mepuTenbHbIA Npubop —
BOSIbTMETP.

YcnoeHoe o6o3HaqeHne BonbTMeTpa
HA 3NEKTPUUECKON cxeme:

O

TTpy BKMKOYEHUUM BOSNIBTMETPA B
3M1eKTPUYeCcKyo Lenb Heobxoammo

cobnroaath ABA Npaeua:

1. BonbtmeTp noaknrovaeTcs
napansesibHo y4acTKy uenu, Ha
KOTOpom byaeTt namepatbces
HanpsxeHue;




DJIIEKTPUUECKOE COIPOTUBIICHUE

ConporuBneHue CNOCOBHOCTL nNpOBOAHMKA OKas3biBaThb
NpoTUBOAEMNCTBME HanpaBsneHHOMY OBWWKEHUIO 3reKTPUYeCKnX 3apsaaos. '
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| YpenbHOe CONpoTUBIIEHUEe
NMPOBOOgHUKA -

mo ¢u3uuecxax 6e/ludina, nokasslearwuian,
KaKo60 conpomiuejienue npoaoouuka us3

0aHH020 Schicenian onunou 1 m u VebHOe CONPOTHRIICHHE H TeMIIePATYPHLII
n.rzou(aObro RONEPEYHO020 CeUYCHUA Imm? ROYPPIMeHT CONMPOTHBIICHIA HEKOTOPBIX Belle CTE

TenmepaTypHBIR
VYaempHoe conpoTHRIeHHe, || Ko03d dmprenT
One Mo/ € OXTP O THE JI€HIA,
10'3rp am !

Bemecte0

0,028
0,055
0,098
0,023
0,44-0,52
0,025-0,06
0,42-0,48
0,0175
0,057
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OM M ETP— npunoop Ansa

N3MEPEHNS 3NEKTPUYECKOTO
COMPOTUBIEHNSA, MO3BOMAOLLMNA
NPOU3BOAUTL OTCHET
N3MEPAEMOro COMPOTUBNEHNSA
HEeMnocpeaCcTBEHHO MO LWKane.

B coBpeMeHHbIX npudopax anda
N3MEPEHNSA COMPOTUBIIEHUA 1
OPYTUX SreKTPUYECKNX
BEMWUYUH UCMOSb3YIOTCH ApYrne
NPUHLMMNBI U BblAaKTCH
pesyneraTthl B LLMPOBOM BUAE.

JaBYCUMOCTL CONPOTHBEBHKS
0T TeMneparypb
a- TeMneparypHbii

KOSQMLIMEHT CONPOTUBNEHHS
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[TfpoBOOAMMOCTbL — 3TO BENMU4YMHa, obpaTHas
COMPOTUBIIEHMIO:

BennuunHa, obpaTtHaga yoenbHOMY COMNPOTUBIEHNUIO,
Ha3bliBaeTCHa yaenibHOU NPOBOAUMOCTLIO.



! leneparop) MMyTaL
{PyOunbHUK)

= Harpyska !
= MpremMHrK (3NeKTPUHECKOi IHeprm)

:(namna HaKanuaauua) i nepeknw4arens

namnoYka

nse barapenkun AA

amnepmeTp
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TIpoBepKa BbINO/IHEHVS 3aaHNs




3akoH Oma

3akoH OMa Juist TaCCMBHOTO Y4acTKa [IETH.

Up=Ir wvnmn |] = U _ PP
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BHyTpeHHee
CONpPOTUBIEHue
UCTOYHUKA

3akoH OMa ans aKkTUBHOMO y4acTka

U +E B ucroyHuke
= —4¢_ | TOK HanpasneH
L or{) ki)

[
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OM TEOP CHMO ® (1787-1854)— HemeUKUA PU3KK.
¢ OH OTKpbIN TEopeTU4eCcKn u

NOATBEPANUN Ha OMbITE 3aKOH,
BblpaXkaloLLMii CBA3b MEXAY
CUMOV TOKa B LIEMK, HaNpPshXeHUeM
U COMPOTUBIEHUEM.




JaKxoH OmMma 0ast
NOTHOIL uenu

cuina Toka B uenmm (Amnep)
DJ1C ncrTtovvHnka Toka (BonobrT)
BHy TpeHHee conpormseJsyieHme
MCTo4YHYHM KA TOKaE (Om)

R— obLLlee akTMBHOE conpoTmBJsieHume

uernm (Om)

MCcTO“ 1 HNMK NMOCTOASHHOINo Ttoka
(2]1C), KkoTOoOpbiW MMeeT
BHy TpeHHee cornpormseJsieHme r
(Bl XOoOHOWM MMIMNegaHc).

Hanpumep, 310 Mmo>xeT BT
akKkymMynaTopHas barapesn

BHyTpeHHee conpormvBrsieHMme ;

McrTtoHiHMKa Toka (2J1C). Hem a

ny4iuie MmcrToHHMK ToKa, Tem 3aBMCMHMT OT CTOPOHHMX
MeHbLLIE €ero sHyTpeHHee cUul co3garwuimx 23J0C

coripormeJsiermme r. 3aBuvcCcumT OT B MCTOYHMKe
AdenncTBenMAa CTOPOHHMX CJl

AKTMBHaAaAs oMMmHHeckas Harpyska R.
B Henm npomcxoaunT npeobpasosaHme
INeKTprnYHYecKom Heprvm B Apyromnm ‘
B sHeprmm. OB -HHO 3TO Ternsfno. ;




3akoHbl Knpxroda

lNepebin 3akoH Kupxroda

$1 -0
k=1

J

. N - 4YNCJO0 TOKOB B Yya3rie

Anrebpavyeckas cymMmma TOKOB B y3ne
SrEeKTpU4HeCcKoOun Lenu paBHa Hyrwo

CyMMa TOKOB noAaTeKarLwmx K
y351y paBHa CyMmMe TOKOB




Bropow 3akoH Kupxroda a-p-c-d-a - samkryThIi KOHTYp B
pas3BeTBNeHHON Lenu

H

k=1

N - yncno 3MC B KOHTYype

M - YUCO CONPOTUBMNEHUN
B KOHType

Ey—E,—Ey=1-n—1,-n,=1,-r,—1I;-r

B 3aMKHYTOM KOHTYpe anrebpanyeckas cymma
3.[.C. paBHa anrebpanyeckon cymme nageHum
Hanpsih>XeHuum




- INEKTPUYECKas MOLUHOCTb
(CeKyHHbIN pacXog 3Heprum)

MowHOCTbL 3TO paboTa B eANHNLY
BpemMmeHu: P=A/t
MOLWHOCTb — 3TO CKOPOCTb

npeobpasoBaHuda aHeprun: P=W/t
EavnHnua namepeHunsa mowHoctu — Batt (BT)

INEKTPUYECKan SHEPIUS -

V
I

P
R

- HANPAXEHWE
-CUJIA TOKA

- MOWHOCTb
-CONPOTUBNEHMUE
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2
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dunanyecknun AUKTaHT (3agaHus)

. 3aKOH4YUTE ppasy: «INeKTpU4YecKknm TokK -
. HanunwwuTe eagnHULUbLI NU3MEpeHns:
CUnNbl TOKa
CONPOTUBNIEHUS
yAenbHOro conpotueneHuns 8 CU
Hanps>XXeHus
yAENbHOro CONpoOTUBMAEHUSA Ha NPaKTUKe
. Hanuwute dpopmynbl Ans onpeaeneHuns:
CUNbl TOKa
Hanps>XXeHus
CONpPOTUBNEHUS
hbopmyny 3akoHa OMa Anga yyactka uenu




[1poBOAHUKIN B LU€N MOXHO COEANHSATh
nocne[0o0BarTes/ibHO.

JIeMEeHTbI Uernu CoOeaqnHSKTCS 04NH 3a ApYyrvm.

[100BOOHUKU MOXHO COeOUHUMb naparnnerbHO

1 ATALM NacapAaTRnaaT Al
STOM DAa33IBETRNA&TO S

1 F
1
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A) ITocnenopaTebHOE COENMHEHIE COMPOTHBIEHHMIT 31‘0 Korga kK KQHuy
npeabiayliero npucoeanHsIeTcs
Ha4dano nocrieayruero 3JyieMeHTa
N MeXxay HAMU HeT y3na

0—‘—0—4'—0

JTO Koraa conpoTuBrieHus
npucoeauHAKOTCA K O4HOU
nape y3snoB




CoeduHeHue pe3ucmopos

V V

[NocnedosamenbHoOe COeOUHEeHUEe lMapannensHoe coeOuUHEeHue

R1 R2 R3 R4 R1 R2 R3 R4
4 +—{ +{ +{ +

V

CmewaHHoe coeduHeHue
R2

R3

R4




[Ipyu NOCnefoBaTenbHOM

COEAUHEHNN NPOBOAHNKOB: [locnedosamenbHoe cOeUHEHUe ~

_ B coeduHeHue, Mpu Komopom KoHey npo8ooHUKa
1.Cuna Toxa 8 niobos Touke - coeduHAemcA ¢ Ha4a10M MO/bKO 00H020
LHeny HeM3IMeHMHa: dpyeoeo npOBOOHUKa

2 ' 0‘1"? .-"J'.) F’ ;“,1‘3 "[ ‘_"_tj 'D (Q. ("‘:é “.3

CYMMC HANPAKECHKN Ma
YYACTKAX UENM,
3.CONPOTHEBNCHKE PABHE
CYMME CONPOTHBNCHMI =R [ =] 1= 12

HNCMENRTOE UCn!

U=1U 1+ [ ) Eow MPOBOOHUKU OOUHAKOBbIE:
Ri=Ry=-=R,

IR = IRl il IRZ
R = Rl () RZ R ~ nR@MyShared




IapannenbHoe coeuHenue notpebuTened Mapau1e1bHOE COCTIHERTIE POBOTHIIKOB -

luapasnuqeckasy oeimeHie, I KOTOPOM BCe POBOTHIIKII
aHanorus U o
TOTRTHYAIOTCA K OTHOI 1T TOI ¢ Tape TOE.,

- 0bwmm Tok

~TOKM
norpeburenen

; 95,=0,+0,+0;=).0,;




NocnedoecamensHoe
coOaduHeHUR

MNapanneneHoe

" |

o)

COoSoUuHaHUR

1

I=1, =1,

U=U, +U,

R:Rl +R2

R =nR,




HavyepTuTe NPUHIUNIHAJIBHYIO CXEMY 3TOU IEIH.




HavyepTure NpMHIUINIHAAIBHYIO CXeMY 3TOH
emnu







HayepTute npuHUMNManbHYIO CXeMy 3TOU
uenu.




dPusanyecknn OUKTaHT

1.ONeKTpUYECKUM TOKOM Ha3biBaeTCs. ..
2.EQVHULA 3NeKTPpUYECKOro ConpoTUBNEHUS. ..
3.®opmyna 3akoHa OmMa Ang y4YyacTKa uenu. ..
4 [1eACTBUA 3NEKTPUYECKOro TOKa. ..
9.MOLLHOCTb TOKa paBHa...

6.3aK0oH O TENNOBOM AEUCTBUN TOKA OTKPbIN. ..

7 Yemy paBHO obLLee CONPOTUBNEHNE NPU NOCNEA0BATENBHOM
COeaVHEHUMN. ..

8.ITpUUNHON CONPOTUBNEHUSA ABNAETCA. ..

9.0neKTpuyeckoe ConpoTUBNEHNE 3aBUCUT OT...

10.Bce noTpedbutenn HaxogaTca nog OAHUM U TEM Ke HanpPsKeHUU npu. ..
11.2ONeKTpuYecKoe HanpsKeHue nsmepaeTcA..

12.PaboTa ToKa paBHa..

13.AMNepMeTP BKIMKOYaETCAB Lenb...

14.3akoH [xoyna- JleHua..

15.®opmyna conpoTUBNEHUA NPOBOAHUKA. ..




3amMeHa AaHHOM Uenu Ha 3KBUBaNeHTHYIO en ons
pacyeTa NOSIHOro CONPOTUBIIEHUA Lienu




PucyHoK 20 PHCyHOK 21
3apgava 1.2.1 (pucyHok 20), 3apada 1.2.2 [1na uenu (pUCyHOK

onpegennTb 21), HAUTU 3KBUBASIEHTHOE
SKBMBAreHTHoe COMNPOTUBIIEHME.
COMNPOTUBIIEHME. HaHo: R .=7(Om), R,=10 (Om),
J[1aHo: R.=3 (Om), R,=5 (Om), R.=2(Om),
R,=10 (Om), R =8(Om),R_=6(Om)

R =R =R =20(0OmMm).



