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CopaeprkaHue

1. OCHOBHBIE TEOPETUUECKUE CBEICHUSA: TIEPBBI U BTOPOH
3akoHbl Kupxroda, 0aiaHc MOIIHOCTEH.

2. ITpakTHUECKOE 3aJaHUE: PACUET CIOXKHOU JTUHEMHON
[ENU TOCTOSIHHOTO TOKA.

3. Maremaruyeckas NnogaepKKa: peeHue CUCTeEM
YPaBHECHUU.

4. 3amaum It CaMOCTOSTEIbHOTO PEIICHUS.
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" A
OCHOBHBIE TCOPETUYECCKHUE CBEICHMS

B JjieKmpuueckoil uenvio Ha3bIBalOT COBOKYITHOCTh TE€JI U CPEI,
o0Opa3yromux  3aMKHYTbIE  IIYTH  JJI9  IPOTEKaHMS

SJICKTPHUYCCKOI'O TOKA.

m OObI4HO (pHU3NYECKUE OOBEKTHI U CPEAY, B KOTOPOH MPOTEKAECT
AJICKTPUYECKUH TOK, YIIPOINAIOT A0 YCIOBHBIX 3JIEMECHTOB U
CBA3EU MEXAY HUMHU. Torga ONpPEACICHUE LENU MOXKHO
c(OOpMYJIMPOBATh KaK COBOKYITHOCTb Pa3IUYHBIX 3JIEMEHTOB,
00BECIMHEHHBIX APYTr C APYIOM COCAMHECHHUSIMH WIIN CBS3SIMH,

110 KOTOPBIM MOXET MPOTEKATH IJIECKTPUUECKUHN TOK.

IIpoaomxuTe



B DJIEMCHTAMH 3JICKTPUYECKOM 1€MW SBJIAIOTCS HCTOYHUKH

BHGKTPHQCCKOﬁ OHCPI'UH, dKTHUBHBIC n PCAKTHUBHBIC

COIPOTHUBJICHUS.

CBs3M B 2JICKTPUUYECKON 1IENH M300paKaOTCS JIMHUSAMU U 110
CMBICTy  COOTBETCTBYIOT MICAIbHBIM  NPOBOJHUKAM C

HYJICBBIM COIIPOTHBJICHHUCM.

CBs3M  DJIEMEHTOB  DJIGKTPUYECKOM  Lemu  00JajaroT
TOIIOJIOTUYECKUMH CBOMCTBAMU, T.€. OHU HE M3MCHSIOTCS IPHU
T00BIX MPEoOpa3OBaHUAX, IIPOM3BOJMMBIX 0€3 pa3pbIBa

CBs3€EH.
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m J[a OIMCAHMUS TOINOJIOTUYECKUX CBOMCTB
3JICKTPUYECKOM 11 (007 HUCIOJIb3YIOTCS
TOIIOJIOTUYECKUE IIOHATHS, OCHOBHBIMHU M3 KOTOPBIX
SABIISIIOTCSL y3€JI, BETBb M KOHTYp. IIpumep Takoro
peoOpa3oBaHus I0Ka3aH Ha puc. 1.

0)
Prc. 1
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Y3n0m snexkmpuueckoii yenu nazviearom mecmo (mouxy)
coeOuHeHUst mpex u 0ojiee 31eMeHmos.

['padryecku Takoe COCTMHEHUE MOKET N300pakaThCs
Pa3IMYHBIMU CIIOCOOAMH.

OOpaTruTe BHUMaHUE HA TOYKY B MECTE NEPECCUCHUS JIMHUM
cxeMbl. Eciii oHa OTCYTCTBYET, TO 3TO 03HAYAET OTCYTCTBHUE
COCIMHEHHA. TOYKa MOKET HE CTABUTHLCS TaM, TE MPHU
MIEPECCUYCHUH JIMHUS 3aKaHYMBAETCS (PUCYHOK a)).

D At = ="'
a) 0) B)
Puc. 2
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B Bemevio nazvigaom CO60KYNHOCNb C6A3UAHHbBIX
dJNeMernmoe QﬂeKmpMQBCKOﬁ uenu M@chay 66)/]\4}1

V3NaAMU.

B BerBb 110 ONpEeaeIeHU0 COAEPKUT DIIEMEHTHI,
IIO3TOMY BE€PTHKAIbHBIE CBA3HU PUC.2 a) U 0) BETBSAMU
He ABJAIOTCA. He sSBIsieTCsl BETBBIO M AUaroHaJIbHAs

CBS3b pHucC.la).
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m Konmypom (3aMKHYmMbIM KOHMYPOM) HA3bIBAIOM
COBOKYNHOCMb 8emeell, 00pa3yiowux nymos, npu
nepemewieHur  800j1b  KOMOPO2O  Mbl  MOANCEM
BEPHYMbCS 8 UCXOOHYIO MOYK)Y, He Npoxooss Oojee
00HO20 PA3a NO KAXCOOU 8eMBU U NO KANCOOMY V3V .

m |lo OIPEAECTIECHUIO pa3JInyHbIC KOHTYPBI
AJIEKTPUUYECKOU I1IEMU JTOJDKHBI OTJIUYATHCS JPYr OT
Ipyra 1o KpamHeu Mepe OJJHON BETBBIO.

m KoaudecTBO KOHTYpPOB, KOTOphIE MOIYT OBbITh
0oOpa3oBaHbl i1 JAHHOM DJICKTPUYECKOM IEIH
OTPAaHUYCHO U OMPEICIICHO.
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m 3akonvt Kupxzoga siBnsarorcs oqHon u3 GpopM 3aKOHa

COXPAHECHUA DHEPrUd U TOTOMY OTHOCIATCA K
(G yHIaMEHTAUTEHBIM 3aKOHAM IIPUPO/IBI.

m [lepeviit 3axon Kupxzogha sBngeTCs CIeACTBUEM

IPUHIMIOA HEIPEPHIBHOCTU IJICKTPUUYECKOr0 TOKa, B
COOTBETCTBUM C KOTOPHIM CYMMAapHBIM MOTOK
3apsAJ0B  4Yepe3 JII00yI0 3aMKHYTYHO ITIOBEPXHOCTH
paBE€H HYIJIIO, T.€. KOJIUYECTBO 3apsJI0B BBLIXOSIINX
yepe3 ATy MOBEPXHOCTh JOJDKHO OBITh PaBHO
KOJIMYECTBY BXOJAIUX 3apsaaoB. OCHOBaHHE 3TOTO
OpUHIMIOA OYEBUIHO, T.K. HOPH HAPYUIEHUH €TI0
IICKTPUYCCKUE  3apsaAbl  BHYTPH  IIOBEPXHOCTHU
TOJDKHBI ObLIM OBI JTMOO McYe3aThb, JUOO0 BO3HUKATH
0€3 BUAUMBIX IIPUYHH.
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IIepBoiit 3akoH Kupxroda
AnreOpanyeckas CymMMa TOKOB B y3Jie
AIEKTPUUECCKOU IIEIIA PaBHA HYIIIO!

3 1, =0
=1

IIpu 3TOM TOKH, HalpaBIICHHBIE K Y3IIY,
3alMCHIBAIOTCS CO 3HAKOM «ILIFOCY», a
TOKH, HaMpapBJI€HHBIE OT y3Ja, - CO

-l+ L+ 15-1,=0
3HAKOM «MHUHYC).
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Bropoii 3akoH Kupxrogda

|1R1+ |2R2'|3R3'|4R4:
=Eq1-E,

AnreOpanyeckass CcymMMa IaJCHUM
HaOpsOKEHUH B BETBAX  JIHOOOTO
3aMKHYTOT'O KOHTYpa paBHa
anreopamyeckon  cymme  OJIC,
JEHCTBYIOIIMX B 3TOM KOHTYpE, .

Zn:RiIi :Zn:Ei
i=1 i=1

HanpaBneHnue 00xoza KOHTYpa
BBEIOMpAEM IIPOU3BOJIBLHO (B IIpUMeEpE
MPOTHUB YaCOBOW CTPEJIKH).

Ilpumeuanue: 3Hak + i DJ[C BbIOMpaeTcss B TOM clly4yae, €CJIM HAalpaBJICHUE €€
JICUCTBUS COBIAJIACT C HallpaBiIeHHEM 00X0ja KOHTYpa, a JIJid HaNPsHKEHUM Ha pe3ucTopax
3HaK + BBIOMpAECTCA, €CJIM B HUX COBIAJAIOT HaIpaBJICHUE TMPOTECKAHUS TOKa U

HarpaBjieHue 00xoAa.
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AHaJIN3 CI0KHOM LN ¢ IPUMEHEHUEM 3aKOHOB
Kupxroda

CnoscHou 6yoem nasviéamv pazeemeneHuylo  21eKmpuyecKyio
Uenb, Coo0epAHcauyro HeCKOIbKO UCMOYHUKOB  INeKMPUUECKOU
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bynem cuuTare 3aJaHHBIMH ITapaMeTpbl HUCTOYHUKOB JJIC,
MCTOYHUKOB TOKA M COMPOTHUBIICHUS MPUEMHUKOB. Hen3BeCTHRIMU
ABJIIFOTCA TOKHU BETBEU, HE COAEPKAIUX UICTOUYHUKOB TOKA.

Y CIIOBHBIMU TIOJIO)KUTEJIBHBIMU HAITPABJICHUSIMU TOKOB 3a4aeMCs
IPOU3BOJIBHO.
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Bsenem 0003HaueHUS:

|
/s ij’" K — 91CII0 y3710B CXEMBI
}Rj @ 2 (1)J M — YKUCIIO BETBEW, HE COIEPXKAIIUX HUCTOYHUKOB
;—%‘ R I 4E2 R I Toxa _ _
C——(————=—C7*1° B paccmarpuBacmom npumepe K =4, m =25,
. 2@ E, Pacuet 1 aHaJIn3 CJI0’KHOM
S - AJICKTPUYECKOM IIEMM OCHOBAaH Ha YpPaBHEHMUSIX,

coctraBisieMblx Mo 1 u 2 3akonam Kupxroda, B
KOJIMYECTBE, JOCTATOUHOM JIJIsl PEIICHUS CHUCTEMBI.
Bce ypaBHeHHMsS B CHUCTEME JOKHBI OBITh
HE3aBUCHUMBIMU.

Yucno HE3aBUCUMBIX YPaBHEHUM,
cocraBisieMblx 1o 1 3akony Kupxroda, Ha
€IMHUILY MEHBIIIE YKCIia Y3JI0B:

=k-1

yp no 13. -
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Yncno He3aBUCUMBIX YpaBHEHUN,
COCTaBnseMbIX N0 BTOPOMY 3aKOHY
Knpxroda:

=m-—N =m-—(k-1)

yp no 23. o yp no 13.

He3zaBucuMOCTh, ypaBHEHUN II0 BTOPOMY 3aKOHY
Kupxroda Oymer oOecreueHa, €cCiId KOHTYPBI
BBIOMpATh TaKUM O00pa3oM, 4YTOOBI KaXKJbli
MIOCJIEAY FOLIM I KOHTY] OTIINYAICS OT
MPEBITYIIEro XOTs1 Obl OJHON HOBOM BETBBIO.

Jl1g KOHTypa, COAEpIKAILEro BETBb C HCTOUHUKOM
TOKA, YPABHEHHUE HE COCTABJISIETCS.

Hanpasienue 00xona — IpoOU3BOJILHOE.

IIpoaomxuTe




Takum oOpa3oM, noOpsa0OK aHaIU3A CAOHCHOU Uenu
c npumenenuem 3akonoe Kupxzogha cnenyromui:

1)  BBIOMpAIOT  MPOM3BOJBHO  IOJOXKUTCIHHBIC
YCIOBHBIC HAIPaBICHUS TOKOB B BETBIX;

2) cocrtaBimsor (K-1) He3aBHCHMMBIX ypaBHEGHHH IIO
nepBomy 3akoHy Kupxroda.

3) BBIOMpAIOT IPOM3BOJILHO HAIpaBICHUS 00X0ja
HE3aBHCHUMbBIX KOHTYPOB,

4) coctaBnsaroT M-(K-1) He3aBHCHUMEBIX YpaBHEHHH IO
BTOpOMY 3akoHY Kupxroda,

5) pemamT COBMECTHO TOJIYYCHHYIO CHCTEMY
YpaBHEHUU.
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MeToa KOHTYPHBIX TOKOB

BBenem HOBBIE YCIOBHBIEC ((DPUKTUBHBIEC) HEU3BECTHBHIE,
Ha3bIBACMbIC KKOHHLYPHBIMU HOKAMU.

«KonmypHnuouir» TOK 3aMbIKACTCS 1o
COOTBETCTBYIOILLIEMY KOHTYPY.

CocTaBisIOTCS YpaBHEHUS 110 2-My 3akoHYy Kupxroda.
JImss Toro, 4rtoObl ypaBHEHHS OBLUIM HE3aBHCHMBIMH,
KQXJbIM IOCICAYIOIMUA KOHTYP HOJKEH OTJIMYAThbCAd OT
OpEeAbIAYIIUX XOTS Obl OJJHOM HOBOM BETBBIO.

JIIe KOHTypa, COAECPKAIIEr0 BETBb C HMCTOYHUKOM
TOKA, YPABHEHUE HE COCTABIIACTCH.

IIpoaomxuTe




" JE
[Ipumep BBIOOpA KOHTYPHBIX TOKOB TMOKa3aH Ha PHCYHKE.

HamnpaBiieHHsI KOHTYPHBIX TOKOB BBIOHMPAIOTCSI MPOU3BOJIBHO. TOK
MCTOYHHKA TOKA J CYUTAECTCS N3BECTHBIM KOHTYPHBIM TOKOM.
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[Ipy MCHONBb30BaHMKM AAHHOTO METOAA YPABHEHUS COCTABIISFOTCS
TOJIBKO 10 BTOpOMY 3akoHy Kupxroda.

MeTon KOHTYpPHBIX TOKOB IIO3BOJISIET COKPATUTH YHCJIIO
COBMECTHO PENIAEMBIX B CUCTEME YPABHEHUM JI0

N ~ N —m—(k-1)

yp no MKT - yp no 23.

HpI/I 9TOM YHHUTBIBACTC, YTO IMAJCHUC HAIIPAKCHNA Ha OTAC/IbHBIX
ydaCTKax OCIin CO3ar0TCA COBMCCTHBIM I[CflCTBI/IGM KOHTYPHBIX
TOKOB, ITPOXOIAIINX YCPC3 NAHHBIC YHACTKH.
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"
YpaBHeHue w1 K-ro KOHTypa JrO00H CXEMBI 110 METOIY
KOHTYPHBIX TOKOB 3aITMCHIBAECTCA KaK:

EW:RMH+&JQ+N+RI +RMW+”+&mI

kp * pp

31eCh |11, |22, Ipp’ Ikk’ |||, . . . - KOHTYpHBIEC TOKH 1-TO, 2-T0, p-TO, K-TO, |-TO
KOHTYPOB,

Ekk - anreOpandeckas cymma JJIC Bcex BETBEH, COCTABIISIFOIIMX K-bIid KOHTYD,
Rkk - apudmMeTnyeckass CyMMa COINPOTUBICHUW BETBEH, COCTaBJISIONIUX
paccMaTpUBACMbIN K-bIi KOHTYpP. 3HAYCHUS Rkk BCEIJIA MOJOKUTEIbHBI.

Rkl’ sz, ey Rkp1 Rkl - COIIPOTUBIICHUSA BETBEH, CMEKHBIX MEKIY

COOTBETCTBEHHO K-BIM M TIEPBBIM, K-bIM M BTOpPBIM, K-bIM U |-bIM u T..
KOHTYPaMHU,

Rkp>0’ €CJI HaIpPaBJICHUS TOKOB Ipp’ Ikk 4epe3 pacCMaTpuBAEMylO0 BETBb

COBIIAJIAOT. B MpOTUBHOM Ciiyyae Rkp<o'

[ [pOIOIIKHUTE




Cuctema ypaBHEHMW MO METOAY KOHTYPHbIX TOKOB
CpaBHUTENbHO NEerko pellaeTcs C NOMOLLbIO
onpegenuTenen.

[locne pelnieHnst CUCTEMBI U OMPEJICIICHUS] KOHTYPHBIX TOKOB |4y,
l,,, |33 mEpexoauM K OmpeIeICHUIO TOKOB OTACIBHBIX BETBEH.

Tok kakou-1100 BETBU OIPEACIICTCS KaK ajJreopandyeckasi CyMma
KOHTYPHBIX TOKOB 4Y€pe3 JAaHHYI BETBb. CO 3HAKOM «ILJIKOCH
OyJleM 3alMuChiBaTh KOHTYPHBIM TOK, COBHAJAIOIIMA MO
HAIIPABJICHUIO C TOKOM JIAaHHOMW BETBH.

IIpoaomxuTe




bananc monmaocren

YpaBHEHHE PHEPreTUUYECKOro OagaHca:

Y RI°=X El

[Ipon3BeeHNE 3aMCBHIBAIOTCS ¢ «+», ecnu HampasiieHus JC u
TOKa COBHAJIAIOT, M C «-», €CJIM HAIIPABIICHUS IPOTUBOIIOJIOXKHBI.
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IIpakTueckoe 3a1anue
Jano: R;=1 OM,

s =

(P

R,=0,5 Owm,

R,=0,4 Owm,
R,=R.=R=3 Owm,
E,=120 B,

E,=60 B, E,=140 B

1. CocTaBuTh YpaBHEHUS I10

3akoHaMm Kupxroda;

2. [TpoBeputh OanaHc
MOIIIHOCTEU 1IEIH.

I IpoaomKuTh




1. CocTraBnenue ypaBHEeHHUM 110 3akoHaM Kupxroda

[Ipon3BOJIEHO BEIOMPAEM IMOJIOKUTEILHBIC YCIIOBHBIC HAIIPABIICHHUS
TOKOB B BETBSIX U 00XOJl KOHTYpa:

B paccmarpuBaemMoM npuMepe:
9HUCJI0 y3710B K = 4,
YHUCJIO BETBEU M = 6;

YHUCJIO YPABHEHUH 10 TIEPBOMY
3akoHy Kupxroda:

4-1=3,
YHUCJIO YPABHEHU M 10 BTOPOMY
3akoHy Kupxroda:

6-(4-1)=3.
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YpaBHEHHUS IO IEPBOMY 3aKOHY

Kupxroda numMeroT cieayrommun

BUJ:

I y3na 1: -|1-|2-|3:O
s y3na 2: l,+1,+1:=0
s y3na 3: l,-1,+15=0

YpaBHEHMS IO BTOpOoMY 3akoHy Kupxroda uMeroT BU:

IJII KOHTYPpa I: IlRl- |2R2+ |4R4: El- E2
T KOHTyp2122 - |2R2+ |3R3+ |5R5: - E2+ E3
ISl KOHTYpa 3: - 1R, + IR - [gRg = 0

[ [pOIOIIKHUTE




Pelias nojiy4eHHyH CUCTEMY U3
@ X 6 ypaBHECHHUH ([IOBTOPUTH
R L4
. ?\ Ey 3 ' PECIICHUE CUCTEM YPABHCHHH ),
1 1
By R4 MOJIy4aeM 3HaYeHus 6
I, 2 R,
= @ =3y, D Rg HEHU3BCCTHBIX TOKOB:
- ;=63 A ,=-309 A
I3¢ - Ry /P 1 > 2
O I
. ° 1;=24,6 A ,=12,6 A
3
R
N 2 . =183 A ;=63 A
N

B pe3yabrare pemieHus 3HAYECHHME BTOPOIO TOKA OKa3aloCh
OTpHULIATENIbHBIM, 3HAYUT JCHCTBUTEIILHOE HAIPaBICHUE 3TOrO

TOKa IIPOTUBOIIOJIOKHO BBIOPAHHOMY YCIIOBHOMY
MOJIOKUTEIIbHOMY HAIPABJICHUIO.

[ [pOIOIIKHUTE




2. IIpoBepka OaaHca MOIITHOCTEM

2 2 2 2 2 2—
R 1, 24+R,1,24R,1,24R, 1,24+ Ro | 2+R | 2=

= E 1Bl +E;lS

[locraBisgem 3HaUCHUA U OIIPCACISICM.

2365,56 = 2360,4
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" A
3aja4M Aj1si CaMOCTOSTEILHOIO PEILICHUS

AHaJIN3 JIMHEMHOU YJICKTPUYECKON HEeNU MOCTOSTHHOTO TOKA
1. CocraButh ypaBHEHHM: 10 3akoHaM Kupxroda.
2. OnpenenuTh TOKK BO BCEX BETBIX LIEMH METOJIOM KOHTYPHBIX TOKOB.
3. IIpoBepuTh OaaHC MOIIHOCTEH IICIIH.
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Tadauia s HaYeHu

No R, R,, R, R, R, R, | E,B| E,B | E;,B
Bapuad | Owm OMm OMm OMm OMm OMm

Ta
1 2 1 8 4 10 6 22 24 10
2 8 3 1 4 2 2 o4 27 3
3 2 S 3 1 8 5 30 16 10
4 1.5 6 1 I 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 4
I 3.5 S 6 6 3 1 10 6 24
8 6 4 3 2 S 3 S 16 30
9 2.5 6 6 S 10 5 16 8

10 9 8 1 6 10 4 4 24
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.
No R, R,, R, R, R, Re, | E;,B|E,,B| E;B
Bapua | Om Om | OM | Om | Om OMm

HTa

21 4 8 3 1 2 I 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 3) I 2 8 1 1 21 4 10
26 2.7 10 4 8 10 2 4 9 18
27 3.5 S 1 S 6 9 12 36 12
28 3) 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

3aKOHYUTH PadoTy




o
Pemenue cucteM ypaBHEHHUM CO MHOTUMM

HCU3BCCTHBIMH

B ganHO#l 3amadye HEOOXOOWMO pEIINTh CHCTEMY M3 IIECTH
YPaBHEHUM C HIECTHHO HEU3BECTHBIMU.

[IpruHIOUI peIeHUsI CUCTEMBI - BBIPAXaTh U3 KAKJIOIO0 YPaBHECHUS
KaKyr0-JIM0O IIEPEMEHHYK) M TMOCTABISATH OTO BBIPAXKCHHUE B

MOCIIEAYIOIUE YPABHEHUS.

[ TaBHOE— MOCIEA0BATEILHOCTh U AKKYPATHOCTh MPHU PEIICHUM.

IIpoaomxuTe




CHauana TOJICTaBUM B CHUCTEMY M3BECTHbIE 3HaueHua IC wu
CONPOTHUBIICHUM.

14-1-1,=0
|, +1,+1.=0
l,-1,+1,=0
I, - 0,51, +3l, = 120 — 60
-0,51,+0,4 I, + 3l = - 60 +140
-31,+3l:-31,=0

U3 nepBoro ypaBHeHus BeipaxkaeM nepemMennyro: |_-l,-1,
M mnoxcraBiseM NPaByK YacTh JAHHOIO BBIPAKEHUS BO BCE
IMOCJIEAYIOLINE YPABHEHMSI.
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[,=-1,-15
l,+1,+1:=0
(-15-13) -14+16=0
(-1,-1;) - 0,51, + 31, =120 — 60
-051,+0,41;+ 3l =-60+140
-3l,+ 3l -3l =0
U3 Broporo ypaBHeHus BbipakaeM nepemernyro: |,--1,-1c
l,=-1,-15

[,=-15-1¢

(-15-13) —(-15-15)+16=0

(-1,-13) — 0,51, + 3(-1,-15) = 120 — 60
-051,+0,41;+ 3l =-60 +140

- 3(-1,-15) + 3l - 31 =0

1 IpOIOIIKHUTE




PaccMoTpuM OTIIENBEHO TPEThE YpaBHEHHUE, PACKPOEM CKOOKH,
IIPUBEJEM IIOAOOHBIC ClaraeMble U BEIpa3uM OHHO U3
HEU3BECTHBIX:

(-15-13) —(-15-15)+16=0
L+l +le+1=0
g+l +1,=0

lg= 13- 15

Taxke OTIEeIbHO PACCMOTPHUM YETBEPTOE YPABHEHUE:
“1,-13— 0,51, + 3(-1,-15) = 60

-1,-15— 0,51, - 31,-315 = 60

-45l,- 15 -3I; = 60

l,=- 4,5, -3l - 60

IIpoaomxuTe




[Tpeo6pasyeM MsToe ypaBHEHHE:
-0,51,+0,4 I, + 3l = - 60 +140

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

.= (104 +231,)/1,8

. =57,8+1.281,

IIpoaomxuTe




[TpeoOpasyeM 11eCTOE yPABHEHUE:

- 3(-12-ls) + 3l —3(13- I5) = 0

31, + 3l + 3l — 31, + 31, = 0

31, 3l,+ 9. = 0

31, — 3(- 4,51, -3l - 60) + 9l = 0

31, + 135 |, + 9l + 180 + 9l = 0
16,5 1,+ 18 I + 180 = 0

16,51, + 18 (57,8 + 1,28 1,) + 180 = 0
16,51, + 1040,4 + 23,041, + 180 =0
39,54 |, +1220,4 = 0

|, =-30,0

IIpoaomxuTe




"
Takum oOpazom, onpenenuaach nepBas HEU3BECTHAS

Besmunna: |, = - 30,9 A.
Tenephb uaeM B 0OpATHOM IIOPSJIKE U ONPEAEIAEM OCTAIbHBIE
BEJINYNHBL:

. =57,8+12812=183 A
l,=- 4,512 -315—60=24,6 A
,=13-15=6,3 A
,=-12-15=12,6 A
1,=-12-13=6,3 A

BepHyThCA B 3a/1a4y
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