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CopaepxaHue

1. OCHOBHBIE TEOPETUUECKUE CBEACHUSA: TIEPBBIA U BTOPOU
3akoHbl Kupxroda, MeTo KOHTYpHBIX TOKOB, OaJIaHC
MOIIIHOCTEM.

2. IIpakTueckoe 3aaHue: PacueT CIO0KHOM JIMHEHHOM

OCIIN ITOCTOSHHOI'O TOKA.

3. Maremarnyeckas NoAACPKKA: PEIICHUE CUCTEM

ypPaBHEHUM.

4. 3agauun Ay CaMOCTOSTEIIBHOIO PEIICHUS.
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OCHOBHBIE TCOPETUUCCKHUE CBEACHUS

Y3nom anekmpuueckou yenu Hazvlearom mecmo (Mmoukxy)
coeOuHeHus mpex u Oojee 1eMeHmos.

Bemewvro nazviearom COB0KYNHOCMb C6A3AHHbBLX JIEMEHNO6

INEKMPUUECKOU Yenu Mexcoy 08yMs Y3NaAMU.

Konumypom (3amkHymvim KOHMYpPOM) HA3bIBAIOM COBOKYNHOCHIb
gemeell, 0opasyiowux nyms, npu nepemeuleHun 800/ib KOmopoz2o Mbl
MOJCEM BEPHYMBCS 8 UCXOOHYI0 MOUKY, He Npoxoosi boiee 00HO20

pasa no Kaxcoou 8emau u no Kaircoomy y3iy.
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IIepBr1ii 3akoH Kupxroda

Anredbpandeckasi CyMMa TOKOB B y3J1€
AJIEKTPUYECKOU 1IENHU PaBHA HYIIIO:

3 S, =0
i=1

4 [Ipy 3TOM TOKH, HAIIPABJICHHBIE K Y3IIY,
3aIIMCBIBAIOTCA CO 3HAKOM «ILIKOCY, a

TOKH, HaIlpaBJICHHBIC OT y3Jja, - CO
I+I1+1,-1,=0
"2 "3 4 3HAKOM «MHHYC.
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" JEE——
Bropoi 3akon Kupxroda

[R+LR-LR,-IR,=

_El Ez

AsireOpanyeckass cymMma MaJCHUHN
HaNpsOKEHUH B BETBAX  JIHOOOIO
3aMKHYTOT'O KOHTYypa paBHa
ajareopandyecKomn CyMMEe DJ1C,
JNEUCTBYIOIUX B 3TOM KOHTYPE,:

ZH:RZ.IZ. = ZE
i=1 i=1

HanpapneHnue 00x0/1a KOHTYpa
BBIOMpAeM IMPOM3BOILHO (B IIpHMeEpeE
IIPOTUB YaCOBOM CTPEJIKH ).

IIpumeuanue: 3Hak + mis 3C BbIOMpaeTcs B TOM cllyyae, €CJIM HaIpaBlICHUE €€
JEWCTBUS COBNAJAET C HAMPABIECHUEM 00X0/1a KOHTYpa, a IJIs HalPsSHKEHUA Ha pEe3UCTOpax
3HaK + BBIOUpPAETCA, €CIM B HUX COBIAJAIOT HANpPaBICHUE MPOTEKAHUS TOKa U

HalpaBJIieHUE 00X0/a.
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AHaJIM3 CI0KHOM LIEIH C MPUMEHEHUEM 3aKOHOB
Kupxrogda

CoscHOIL 6ydem Hazbiéamv pA36eMENEHHYIO  ANeKMPUYECK)IO

ueno, coéepofcamyio HEeCKOJ/IbKO UCMOYHUKO6 3Jzel<mpuqea<oz§i
IHEPUU.
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bynem cunTarh 3aJaHHBIMH NapamMeTpbl HCTOYHHUKOB IJ[C,
MCTOYHHUKOB TOKA U CONIPOTHBIICHUS IPUEMHUKOB. Hen3BeCcTHhIMU
SBJISIFOTCS] TOKU BETBEM, HE CONEPKAILINX UCTOYHUKOB TOKA.

YCI0BHBIMH MOJOKHUTEIBHBIMHM HaIIPaBJICHUSIMU TOKOB 3aaeMCs
IIPOM3BOJIBHO.
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BBeaem 0003HaueHMUS:
k — 9rCIIO Y3JI0B CXEMBI
M — YUCIIO BETBEH, HE COIAECPNAIIUX HUCTOUYHUKOB
TOKa
B paccmarpuBaemoM npumepe k=4, m = 5.
Pacuer u aHamu3 CIOXHOU DJIIEKTPUUECKON
€N OCHOBAaH HA YPABHECHUSX, COCTABISIEMBIX IO
1 m 2 3akonmam Kupxroda, B KOJIHYECTBE,
JOCTaTOYHOM JJId pPEIICHUS CUCTEMBI. Bce
YpaBHEHUSI B  CUCTEME  JIOJDKHBI  OBIThH
HE3aBUCUMBIMH.
YHucino HE3aBUCUMBIX YPaBHEHUN,
coctaBisieMblx 1o 1 3akony Kupxroda, Ha
€AUHUILY MEHBIIIE YHUCIIA Y3JIO0B:

=k —1

yp no 13.
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Yncrno He3aBUCUMBIX YpaBHEHUH,
COCTaBMAeMbIX MO BTOPOMY 3aKOHY
Kupxroda:
=m—(k—1)

=m-N

yp no 23. yp no 13.

He3aBUCHUMOCTh ypaBHEHUW IO BTOPOMY 3aKOHY
Kupxroda Oymer oOecnedeHa, €CIM KOHTYPBI
BBIOUpATh TaKuM 00pa3oM, YTOObI  KaXKIbId
MOCJIEAYOIIUN KOHTYD OTJIMYAJICA OT
MPEIbIIYIIETro XOTs Obl OAHOM HOBOM BETBBIO.

JI11 KOHTypa, COAEpIKaIIero BETBb C HCTOUHUKOM
TOKa, yPAaBHEHUE HE COCTABJISICTCH.

Hampapienue 00xoma — mpor3BOJIbHOE.
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Takum 00pazoM, HOPAOOK aHAIU3A CILOHCHOU UenuU
c npumenenuem 3akonoe Kupxzogha cienyrommiu:

1)  BBIOMpAIOT  IIPOM3BOJBHO  ITOJOKUTEIBHBIC
YCJIOBHBIE HAIIPABJICHUS TOKOB B BETBSX;

2) cocraBimsaOT (k-1) HE3aBHCHMBIX YpPaBHEHHMH IIO0
nepBomy 3akoHy Kupxroda.

3) BBIOHMpPAIOT NOPOMU3BOJBHO HampaBiICHUS 00xo0aa
HE3aBUCUMBIX KOHTYPOB,

4) coctaBsoT m-(k-1) HE3aBUCHUMBIX YpaBHEHHH I10
BTOpOMY 3akoHY Kupxroda,

5) pemarT COBMECTHO MOIYYECHHYIO CHCTEMY
YPaBHEHUM.
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MeToa KOHTYPHBIX TOKOB

BBeaemM HOBBIEC YCIOBHBIC ((DPUKTUBHBIC) HEU3BECTHBIE,
Ha3bIBACMBIC «KOHMYPHBIMU MOKAMIL).

«KonmypHutit» TOK 3aMBbIKAETCS 110
COOTBETCTBYIOIIEMY KOHTYDY.

CocCTaBiIsII0TCS ypaBHEHUS 10 2-My 3akoHY Kupxroda.
JIass Toro, 4troObl ypaBHEHHUS OBLIM HE3aBUCHUMBIMU,
KQKJIbIA ITOCICAYIOIIUN KOHTYP AOJKEH OTINYaThCS OT
IPEABIAYIIUX XOTS Obl OJHOM HOBOM BETBBIO.

JI1s1 KOHTypa, COACpKaIlero BETBb C HMCTOYHHUKOM
TOKa, YPABHCHHUE HE COCTABIISIETCHL.
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[Ipumep BBIOOpa KOHTYPHBIX TOKOB IIOKa3aH Ha PHUCYHKE.

HampaBieHnss KOHTYpHBIX TOKOB BBIOMPAIOTCS MPOU3BOIBHO. TOK
MCTOYHHMKA TOKA J CUMTAETCS N3BECTHBIM KOHTYPHBIM TOKOM.
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HpI/I 3TOM yIII/ITBIBaeTCH, YTO IIaACHUC HaHpH)KeHI/IH Ha OTACJIIbHbBIX
yqaCTKaX ICIIN CO3AAK0TCA COBMCCTHBIM HGﬁCTBHGM KOHTypHBIX
TOKOB, IIPOXOAAIINX YE€pe3 AaHHBIC YUACTKMU.
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VYpaBHenue i1 K-ro KOHTypa JIHOOOM CXEMbl II0 METOIY
KOHTYPHBIX TOKOB 3aIlTUCHIBAETCS KaK:

E,=R,[,+R,[,+..+ Rkplpp +R, 1, +..+ R,

31€ech Ill’ 122, Ipp’ Ikk’ I”, .« « - KOHTYpHBIE TOKH |-r10, 2-TO, p-TO, K-TO, [-TO
KOHTYPOB,

E e anreopanyeckas cymma JJ[C Bcex BeTBEU, COCTABIISAIONIUX K-bIid KOHTYP,

Rkk - apudmMeTruyeckass CyMMa COINPOTHUBJICHHUN BETBEH, COCTABISIONIUX

paccMaTpUBAEMBIN K-bI KOHTYP. 3HAYCHUS Rkk

Rk]’ RkZ’ cees Rkp’ Rkl - COIIPOTUBIICHUSI BETBEU, CMEKHBIX MEKIY
COOTBETCTBEHHO K-bIM W IIEPBBIM, K-bBIM W BTOPBIM, K-bIM U [-bIM U T.A.

KOHTypaMu,

BCCra ITOJIOKUTCIIbHBI.

Rkp>0’ eCIIM HAIpaBIeHHS TOKOB 1 . I wepes paccmarpuBaemyro BerBb

kk
COBIIAJAIOT. B MpOTHBHOM cliy4ae Rkp<0'
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llociie pemeHnst CUCTEMBI M ONIPE/ICICHUs] KOHTYPHBIX TOKOB [,
1,,, 1, ICPEXOTNM K ONPE/ICIICHNIO TOKOB OT/ICJIEHBIX BETBCH.

Tok Kakoi-1n00 BETBU OIpeIeNIsieTCs Kak ajlreOpandeckas cymma
KOHTYPHBIX TOKOB 4Y€pe3 JaHHYI0 BE€TBb. (CO 3HAKOM «ILIIOCH»
OyAeM 3anuchiBaTh KOHTYPHBIM TOK, COBHAJAIOIIMK IO
HAIIPABJICHUIO C TOKOM JIAHHOW BETBU.

bananc MoiHoOCTEN

YpaBHEHHUE SHEPTETUYECKOTO OaaHca:

> RI*’=X EI

[Ipon3BeieHNE 3aMUCHIBAKOTCA C «+», eciu HampasiieHusa JJC u
TOKa COBIIAAAIOT, U C «-», CCJIM HAIIPABJICHHUA IIPOTHUBOIIOJIOKHBI.
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I IpakTyeckoe 3aganue

(Y — Jlano: R =1 OM,
\El/ R, R2:O,5 OM,
R,=0,4 Owm,

Ey R, R4 R 4:R5:R6:3 OM,

- e E-120B
R E,=60 B, E,=140 B

/Ef’\ By 1. CocTaBUTh YpaBHEHMS I10
N - | 3akoHaM Kupxroda;

2. OnpenenanTh TOKH BO BCEX
BETBSIX IEMMN METOIOM
KOHTYPHBIX TOKOB;

3. IIpoBeputs OanaHc
MOII[HOCTEU LIETIH.
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1. CocraBienue ypaBHEHHUH 110 3akoHaM Kupxroda

[Ipon3BOIBLHO BEIOMpPAEM ITOJI0KHUTSIBHBIC YCIOBHBIC HAIIPABIICHUS
TOKOB B BETBSAX M 00XOJ KOHTYpa:

O [ 5 B paccmarpuBaeMoM npumepe:
By YUCJIO y3JI0B k = 4,
u = YHCIIO BETBEHN m = 6;
N ”
I E2
2
— - DR .
! N & 6 YHCJIO YPAaBHECHHUM I10 IIEPBOMY
- R) 3akoHy Kupxroda:
4 o e 4-1=3,
E v
/3\ R4 “HCIIO yPABHEHUH 110 BTOPOMY
=) ] 4 3akoHy Kupxroda:
6-(4-1)=3.
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YpaBHEHUSA 110 IEPBOMY 3aKOHY

@ =i ,  Kupxroda nmeror cieayrommii
E ) BUJI:
11’? : (gﬁ 1
1 /% 1S y3na 1: —11—12—1320
— Bs
. T &= D 86 i yama 2: Iz‘|‘I 4‘|‘15:O
13\L = Tls 1714 y31aa 3: II_I 4‘|'I 6:()
Ej 5
3
S
YpaBHeHus 110 BTOpoMy 3akoHY Kupxroga uMeroT BU;
11 KOHTypa 1: IlRl - Isz T I4R4 = E1 - E2
JJIg KOHTypa 2: - Isz T 13R3 T ISRS = - E2 - E3
IJ1d KOHTypa 3: - I4R4‘|‘ ISRS_ I6R6: 0
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Periast moay4eHHYO CUCTEMY U3

6 ypaBHEHUH ([IOBTOPUTbL
pelleHne cncrem

YpaBHEHWUN ), TTOTydaeMm

3HAUYCHUI 6 HEU3BECTHBIX TOKOB:

[[=63A L,=-309A
[,=24,6 A =126 A
=183 A =63 A

B pesynprare pemieHus 3HAYEHHME BTOPOIO TOKAa OKAa3aloCh
OTpPHULIATEIIbHBIM, 3HAUYUT JCUCTBUTEIBHOE HAIPaBICHUE HTOTO
TOKa POTUBOMOJIOKHO BBIOpAHHOMY YCIIOBHOMY
MOJI0KUTEIbHOMY HaIlPaBJICHUIO.
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2. OnpeneneHne TOKOB BO BCEX BETBAX LICIH
METOJIOM KOHTYPHBIX TOKOB

BBoa¥M HOBBIE HEU3BECTHBIE —
KoHTYpHBIC TOKM |, 1, 1,, 1
COCTaBJIIEM YPABHEHUSA ]IS
JTAHHBIX KOHTYPOB 10 BTOPOMY

3akoHy Kupxroda:

E,-E,=(R+R +R)[ +R,I R I

A if 21227033
L] 4 _
N T/ -E+E,=(R +R +R)L_+RI +R ..
0=(R,FRARHL-R, AR,
[Mpodomkut
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OnpenensieM TOKH BETBEH:
[ =1 =68A
[=1,=24,36 A
[=1,+[,,=18,62 A

[loncTasiss u3BECTHBIE
sHaueHus I/1C u
CONPOTUBJICHUM, PEIIAEM
CUCTEMY U3 TPEX YPABHEHUU.

Pesyibrar:

[, =68 A,
[,=24,30A,
L,=-574 A

L=-1 -1,=-31,1 A

I - =11~ 12,54 A

=-1,,=574 A
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3. IIpoBepka OaaHca MOIITHOCTEH

2 2 2 > 2 2
R IR LR IR, HR IR I 2=
=E 1 +E L +E 1,

IIocTaBiasieM 3HaYCHUS U OIIPpCACISICM.

2365,56 = 2360,4
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" A
3agauM 11l CaMOCTOSTEILHOIO PEIICHUS

AHAJIN3 JIMHEHHOW JJICKTPUUYECKON e MOCTOAHHOIO TOKA
1. CoctaBuTh ypaBHeHus 1o 3akoHaM Kupxroda.
2. OnpenenuTs TOKK BO BCEX BETBAX LIENMU METOJIOM KOHTYPHBIX TOKOB.
3. IIpoBepuTh OaaHC MOIITHOCTEMN LICIIH.
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Taoaua 3 HAYCHU N

No R, R, R,, R, R,, R, |E,B| E,B|E,B
BapuaH | Owm OMm OMm Om Owm 0)Y

Ta

1 2 1 8 4 10 6 22 24 10

2 3 1 4 2 2 54 27 3

3 2 5 3 1 8 5 30 16 10

4 1.5 6 1 7 1 5 10 32 10

5 2.5 1 4 15 2 2 12 48 6

6 8 4 3 2 4 4 55 18

7 3.5 5 6 6 3 1 10 6 24

8 6 4 3 2 5 3 5 16 30

9 2.5 6 6 5 10 5 16 8

10 9 8 1 6 10 4 4 24




No R, R, R,, R, R,, R, |E,B|E,B|E,B
Baprua | Om Om Om Om Om Om

HTa

11 3.5 2 3 3 1 3 12 30 9
12 2 3 8 5 7 8 12 6 8
13 3 2 1 6 8 5 8 6 36
14 5 2 8 2 2 6 14 25 28
15 3 4 2 1 5 1 36 9 24
16 1 4 2 2 7 3 3 66 9
17 3.5 2 3 3 1 3 12 30 9
18 5 3 3 3 1 2 8 40 10
19 1.2 6 3 2 2 2 5 10 36
20 3 3 2 4 3 2 40 25 3




M | R, |R,|R,|R,| R, | R, |E,BIE,B|E.,B
Bapua | Om | OmMm | Om | OM | Om | Om

HTa

21 4 8 3 1 2 7 36 10 25
22 3.5 2 9 3 1 3 12 30 9
23 4 6 4 4 3 3 6 20 4
24 4.2 4 2 12 6 2 48 12 6
25 5 7 2 8 1 1 21 4 10
26 2.7 10 4 8 10 2 4 9 18
27 3.5 5 1 5 6 9 12 36 12
28 5 3 1 2 12 3 15 63 6
29 6 11 10 4 4 12 72 12 4
30 4.5 2 8 13 4 3 9 6 27

3aKOHYUTb
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Pemenue cucreM ypaBHEHUM CO MHOTUMU

HCU3BCCTHBIMH

B naHHON 3ajmaye HEOOXOAUMMO PEHIUTh CHUCTEMY H3 IIECTH
YPABHEHHUM C MIECThIO HEN3BECTHBIMU.

[IpyHIUN pEMICHUSI CUCTEMBI - BBIPAXXKaTh M3 KaXKIOI0 YPABHCHUS
KaKyl-THO0O MEPEeMEHHYI0 M MOCTaBISATh 3TO BBIPAKCHHUE B

MOCJIEAYIOIINE YPAaBHECHUS.
[ maBHOE— MOCIIEA0BATEIBHOCTh U AKKYPATHOCTh IIPU PEIICHUH.
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CHayana IIOJACTaBUM B CUCTEMY W3BECTHbIE 3HaueHUs JJC wu
COIPOTUBJICHUM:

1 -1-1,=0
[+1,+1.=0
[-1,+1=0
[, 0,51, + 31, = 120 — 60
20,51, +0,4 L, + 31, =- 60 +140
- 31, +31,- 31, =0

13 nepsoro ypasHenns Beipaxaem nepemennyio: 1, -1 -1,
1 mopcraBiseM IMIPaByl0 4YacTh JAaHHOTO BBIPAKEHHS BO BCE

MOCIEAYIOIINE YPAaBHECHUS.
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=Lk

L+, +1.=0

(-12-13) -1,+1=0

(-12-13) — 0,51, + 31, =120 - 60

-0,51,+0,4 1, + 31, =- 60 +140

- 31, + 31, -3, =0

13 Broporo ypasHenus Boipakaem nepemennyto: I, -1,-1.

[, =-1-1,

=11,

(—12-13) —(-12-15)+I U

(—12-13) — 0,51, + 3(-12-15) =120 - 60

-0,51,+0,4 1, + 31, =- 60 +140

- 3(-12-15) + 31, -3[ =0
[TponomxunT
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PaccMoTpuM OTZIENIBHO TPETHE YPABHEHHUE, PACKPOEM CKOOKH,

IIPUBCACM HOI[OGHBIG CJIaraCMbIC U BbIPAa3M OIHO K3
HCHN3BCCTHBIX.

(-L-L) ~(-L L)+ =0
LA =0
T+ 41, =0

=15 -1

Tak»e OTAEITBPHO pAaCCMOTPUM YETBEPTOE YPABHECHUE:
-1, - 0,51, + 3(-L-1,) = 60

LI, - 0,5 - 31-31, = 60

- 4,51 -1, -31, = 60

I, =-4,51 -3I, - 60
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[TpeobpasyeM NATOE ypaBHEHHUE:

S0,51,+ 0,41, + 31 =-60+140

-0,5 1+ 0,4(- 4,51, -31 - 60) + 31, = 80
0,51, - 1,81 -1,21,-24+3 1 =80
2,30+ 1,81,=80+24

[ =(104+231)/18

[[=578+ 1281
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IIpeoOpa3yem 1ecToe ypaBHECHUE:
-3(-1-1) + 31 - 3(1,-1) =0

[+31 +31, -3, +3[.=0

[,—31,+9I,=0

[, —3(- 4,51, -31 - 60) + 91_ =0

[+ 13,51, +91_+ 180 +9I =0

16,51+ 181+ 180 =0

16,51, + 18 (57,8 + 1,28 1)+ 180 =0

16,51, + 1040,4 +23,04 1 + 180 =0

39,54 1+ 1220,4 = 0

I,=-309

UJUJUJUJ
TN
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" EEN———
Taxkum 0Opa3zoM, onpeaeaniiach nepBasi HEM3BECTHAS

penmumna: |, = - 30,9 A.

Terneps uaemM B 00paTHOM HOPSAKE U ONpEIEisieM OCTalbHbIC
BEJIMYMUHBI:

[[=578+12812=183 A
[,=-4,512 -315 - 60 = 24,6 A
[=13-15=63A
[,=I2-15=12,6 A
=12-13=6,3 A

BepHyTbCA B 3a4a4y




