OcHOBHBIC 3aKOHDBI
IEKTPOTEXHUKHU



Cxema — 310 rpapuyeckoe U300pasKeHue
ICKTPUYCCKOU IICIH.

BeTBb — 3T0 Y4aCTOK CXeMbl, BA0JIb
KOTOPOI'0 Te4YeT OAUH U TOT JKe TOK.

Y3esq —3T0 MeCTO COeANHEHUA TPeX UIH
00JIbIIIEr0 YHCJIa BeTBeH

KoHTYp — 3T0 3aMKHYTBIN NYTh,
IPOXOAAIIMHA 110 HECKOJIbKHAM BeTBAM

He3zaBucuMBbIN KOHTYP — 3TO KOHTYP, Y
KOTOPOI'0 XOTHA ObI 0IHA BETBb HE
NPUHALJIECKUT IPYTUM KOHTYypam



IIpu nocienoBareIbHOM COCMHEHUN Yepes
BCE 3JIEMEHTHI IPOTEKAET OJIUH TOK
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BeTBU, NpUCOECINHEHHBIE
K OJTHOH I1ape y3JIOB

HA3bIBAIOT I1APAJIJICJIbHBIMUA.
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[TapaniaenbHbIC BETBU HAXOAATCS MO OOIINM

HaHpH}KCHI/IeM
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N=4 — yucj10 y3Jj10B CxeMa

M=6 — 9ucJI0 BeTBeHn




OcCHOBHBbIE 3aKOHBI )JIEKTPOTEXHUKH

1. 3akon Oma
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3akonbl Kupxroga

Kupxro¢ (Kirchhoff) I'yctas PoGept
1824-1887r.
HeMelKuU Gpusuk, yieH bepaunckoin AH,

wieH-koppecnoHaeHT IleTepOoyprckoin AH.

B Bo3pacTe ABaANaTH 0JAHOI0 rojaa, cGopMyJIHPOBaJ OCHOBHbIE
3aKOHBI JIJI51 PacUeTa TOKOB M HANIPSIKEHHUI B 3JIeKTPHYECKHX
Iensix



Ilepewiii 3axon Kupxzogha:

ajredopamyeckasi CymMa TOKOB B y3Jie pABHSAETCSH
HYJI0 (TOKH, BbITEKAKWIIUE U3 y3J1a, CYUTATCSH
MOJIOKMTEJIbHBIMH, A  BTeKawImue —
OTPUIATEIbHBIMH):

2 (£ix)=0

DU3NMYECKUN CMBICJI 3TOI0 3AKOHA MPOCT: eCJIU ObI OH
He BBINOJHAJICH, B y3JI¢ HENMPEPHIBHO HAKANJIUBAJICS
ObI JJIEKTPUUYECKUH 3apsi/l, 2 3TOI0 HUKOIIA He
IPOUCXOIUT.
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Hanpuwmep:

y3eq a:

—Il-l-lz -I-[3 =0
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Bmopou 3axkon Kupxzoga:

B KOHTYpe ajreOpanyeckas CyMMa najJeHuu
HAIIPSKEHUS HA MACCUBHBIX 3JIEMEHTAX PaBHA
ajreopanyeckoi cymme IJ{C u HanpsiZKEHUH HA

3aKUMaX HCTOYHHUKOB TOKA.

c “+” OepyTcs BCe cliaraeMble, IOJ0KUTEIBHOE
HaIlpaBJICHUE KOTOPBIX COBMAIAECT C BLIOpaHHBIM
00X0JIOM KOHTYpa:
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Hanpuwmep:

—]1R1+]2R2—U=E—UJ

13



IR=Upgp =IR—(¢q —p) =E

(PaJ.r_ R /

Pp- o R

C «1t» YUHUTBIBACTCA IIOTCHIMAI y3JIa U3 KOTOPOTO
TOK BBITEKAET; C «-» - B KOTOPbIA TOK BTECKACT;

nepen IJ1C cTaBUM «+», €CIIM CTPEIKA UCTOYHHUKA
HAIpaBJIEHA I10 TOKY, U «-», €CJIU B

IIPOTUBOIIOJI0XKHYIO CTOPOHY
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1. MeTona 3akoHoB Kupxroga

Pelenne cuctemMbl ypaBHEHUU, COCTABIIEHHBIX 10
3akoHaM Kupxroda, mo3BojisieT onpeaeanTh BCe
TOKHM U HAIPSKEHUA B pacCMaTpUBaEMOU
(S04
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IHIo13K:N—1=3
IIo23K: M —N+1=3
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a. 11_14_J=0 Ix: R111+R3I3+R4I4=E1
b: _I3+I4+IS=0 2k: ~RyI; “R3I3 " Rs5l5 =~E,
C: IZ_IS+J=0 3K _R4I4+R515=UJ
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B Mmarpu4dHoi popme

I,-1,~J=0

L L LI LU

10 0 -1 0 0] J LTI =0

0 0 -1 1 1 0 0 L-I+J=0
a0 1000 T R+ Rl R By
IR, 0 R; R, 0 0 E,

0 R, R, 0 -R, 0 -E,| ~R2l2 ~R3l3 =Rsl5 =~E>
0 0 0 -R; Ry -1} |0 —Ry4l4 TR5l5=U;

A — Marpuna Ko3(p(QUIMEHTOB NIepPe] HEU3BECTHBIMU
BEJIMYMHAMMU;

B — wmarpuma ncrounnkos
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B Mmarpu4dHoi popme
A-1=B

Permrenue cucreMsr:

I=A".B
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Teopema Teanexxena:

J11 1:000ro MOMEHTa BpEMEHH CyMMa
BbIpA0aThIBAEMBIX MOIITHOCTEH HCTOYHUKOB PaBHA
CyMME IOTPEOIIEMbIX MOILIHOCTEHM BO BCEX
MIACCUBHBIX dJIEMEHTaX

paccMaTpuBacMou 1IEHU
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P =Eq{l1+E5l2+U;J=...BT

PI1 =I$R1+I§R2+I§R3+|§R4+I§R5 =...BT
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5. -PoPn

-100< 3%
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IIpaBuiio pacnpeneenus (pa3dopoca) Toka B
mapajjieJbHbIX BeTBSIX

R
Il=I. 2

R, +R,
. o
I, =1 1

'R, +R,
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2. MeTo1 KOHTYPHbIX TOKOB

OCHOBaH Ha PEIICHUH YPaBHECHUM, COCTABICHHBIX
10 BTopomy 3akoHy Kupxroda u mo3Boisiet
YMEHBIINUTh HOPSAA0K CUCTEMbI YPaBHECHUIM

KOHTYPHBIA TOK — 3TO TOK, TeKYIIIHH
B HE3aBHCHUMOM KOHTYpeE.

YHYucino ypaBHEHUHU paBHO YHUCITY
HE3aBUCUMBIX KOHTYpOB: M-N+1
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Oo01as popma 3anucu

R +>+R 1 =E_

RK KK Km " mim

R« — cyMmapHOe conpoTuBieHHE K-KOHTYPa

1. — KOHTYpHEIA TOK K-KOHTYpa

R, —o0IIee CONPOTHBICHUE MEX]Y K-KOHTYPOM H /7 -
KOHTYPOM

mm . COCCIHHNHN KOHTYPHBIN TOK 71-KOHTYPA

E . — cymmapnas DJIC k-koHTypa
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AJITOPUTM COCTABJICHUS YPABHEHUH

1. KOHTYpHBIM TOK pacCMaTpuBaAEMOr0 KOHTYpa
YMHOAETCSA HA CYMMY COIIPOTHUBIIEHUU 3TOTO KOHTYPA.

2. K 3TOMYy IIpOU3BENCHUIO JOMKMCHIBAIOTCS IIPOU3BEACHUS
BCEX COCEIHMX KOHTYPHBIX TOKOB Ha OOIIHE
COIIPOTUBICHUS (C ““+”” €CJIM KOHTYPHBIE TOKH OOTEKAIOT
00111e€ COMPOTUBIICHUE B OJJHOM HAIIPpABJICHUN ).

3. B npaBou 4acTH ypaBHEHHUS 3alIMCHIBACTCS
anreopandeckas cymma JJIC koHTYypa (¢ “+”, ecnu
HarpasyieHue J/1C coBmagaeT ¢ HaIpaBICHUEM
KOHTYPHOI'O TOKA.
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Baxxuo!!!

J1J1s1 KOHTYypa ¢ UICTOYHUKOM TOKa

ypaBHCHI/Ie HC COCTABJISICTCA, TAK KAdK KOHTypHBIﬁ TOK
OyZeT paBEH TOKY HCTOYHHKA TOKA, YEPE3 UCTOUYHHUK TOKA
JTOJIZKCH HpOXOI[I/ITI) TOJIBKO OJIHNH KOHTypHBIﬁ TOK.
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Iopsaaok pacuera

O003Ha"aroTCsI TOKU BETBEN

Bb101paroTcsi KOHTYPHBIE TOKHU

CocTaBiseTcsl CUCTeMa YpaBHEHUM 10 aJITOPUTMY
HaxoaaTcst KOHTypHBIE TOKHU

Yepes KOHTYPHBIE TOKU HAXOIATCS peaJIbHbIE TOKH
CXEMBI
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d [Tpumep 1: N=4
e g, A, M=6
11 22
b

E4 " E2 HyxHO BBIOpATH
N AT Y 3 é,T,c 6—-4+1=3
S ° KOHTYPHBIX TOKa
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Peuiaem cucremy,
HAXOJIMM KOHTYPHbIE

d
ﬂ ﬁ |5
11 22 TOKH, 3aT€M HaxXOIUM
b

R
E, > E2 peanbHble ToKH
I3 R i:
N Rs | 5 . BCTBCHU
I Il =Ill
3 Iy =—12
O I3 =—12 +1Iyy
J
14 - Ill _133 UJ = —R4I4 + RSIS
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3. MeToa ABYX Yy3J10B

IPUMEHSETCS JJIs LIEIeH, MMEIOIIUX TOJILKO JBa
y35a (Harpumep, y3ea 1 u yzen 2).
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Ilopsagok pacuera

1. Beruucnsercst MeXy3JI0BO€ HAIPSHKEHKE, HATPABIEHHOE OT y3J1a

1 x y3ny 2: B
= T s o
n Rp k
3 1
m Rm
Z + IE—n — anreOpanyeckast cymma otHomeHui JJ1C BeTBel K
n

n COIIPOTHBIICHUSM ATHX BETBEH (C «+», ecinu cTpenka I C
He conagaer ¢ U ));

Uiy =

Zi Jk — anre6pamueckas cyMMa TOKOB HCTOYHHKOB TOKA (C «+»,
k €CJu ero HarpasieHue He coBnangaet ¢ U, );
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1

Z— — CyMMa INPOBOJIMMOCTEN BCEX BETBEU, COCIUHSAIOIINX
Rm y35bl 1 1 2.

2. BBIUHCISI0TCA TOKH BETBEM 1O 3aKOHY OMma:

+U,, tE,
Lo=="%
k

«+», €CIIK HaMPaBJICHUE TOKA Ik B k-0l BETBU COBMAJIACT C

m

HaIlpaBJICHUCM U12 151 Ek,

Rk — CONPOTHUBIJICHUE k-Oil BETBH.
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Hanpumep:
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