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1. Conepxanue MeToaa npeodpa3oBaHus CXeM.
IIpuHIMI 3KBUBAJIEHTHOCTH MPEe00OPa30BaAHUA

MeTox npeoOpa3oBaHMUS - OCHOBHOH METOJ| pacyera IMPOCTHIX dIEKTpHUe-
ckux 1ieneil. Kpome Toro, 3ToT METOA MPUMEHSIETCS U MPU pacueTe CIOXKHBIX IIeTei B
paMKax pemieHus 3a/1a9H.

CymecTBo MeTo1a CBOAUTCS K PEeoOpPa30BAHHUIO CXEMBI IIETH K MPOCTON TOCIIe-
JIOBATEIIbHOM cXxeMe, B KOTOPOM MOXKHO MPUMEHHUTH 3akoH OMa U ONpeNenTh OJIUH U3
TOKOB. 3aTeM, BO3BpaIlasiCh 0OPAaTHO K UCXOIAHON CXEME OT MOCIEA0BATEIbHON CXEMBI
MO>KHO Ha ocHOBe 3akoHa Oma u 3akoHOB Kupxroda onpenenuts ocTalbHbIE TOKH.

Merton nipearnonaraeT yueT yCIOBUi 9KBUBAJIEHTHOCTH MPeo0pa3oBaHus, KOTOPOE
MOJIpa3yMEBAET, YTO €CJIM KaKOW-TH00 y4acTOK CXEeMbI MpeoOpa3oBaH K SKBUBAJICHTHO-
My, TO TIPH TaKOM MTPeoOpa30BaHUM TOKU U HAMPSHKCHUS HA OCTATBHBIX YaCTIX CXEMHI ,
HE MOABEPIIIuXCcS MpeoOpa3oBaHUI0, HE TOJKHBI H3MEHHUTHCS.

HepasBeTBrneHnHas snekTpuueckasl Ielb XapaKTepU3yeTcsl TeM, YTO Ha BCEX ee
y4acTKax MIpOTEKaeT OJWH M TOT K€ TOK, a Pa3BETBIEHHAs COJEPKUT OJHY WU
HECKOJIBKO Y3JIOBBIX TOYEK, IIPU STOM Ha y4acTKaxX IEMH MPOTEKAIOT pa3HbIe TOKH.

[Ipn pacyerax HEpa3BETBICHHBIX W PA3BETBICHHBIX JWHEHHBIX JIIEKTPUUYCCKUX
Henei MOCTOSIHHOTO TOKa MOTYT OBITh HCIIONIB30BaHBI PA3IMYHBIE METOJbI, BHIOOD
KOTOPBIX 3aBHCHT OT BUA AIEKTPUIECCKOH IIETIH.

[Ipu pacdeTax CIOXKHBIX AIEKTPUUECKUX IEMEel BO MHOTHX CIydasx IesecooOpa3Ho
IIPOM3BO/IUTH WX YIPOIICHUE MTyTEM CBEPTHIBAHMS, 3aMEHSSI OT/ACTbHBIC YUACTKH IICTIH C
MOCIIEZIOBATENLHBIM, TAPAJUICIbHBIM U CMEIIAHHBIM COCIUHEHHUSIMHU COMPOTUBICHUIMA
OJTHUM OSKBHBAJICHTHBIM COMPOTHBICHHEM C TIOMOIIBIO METOJa DSKBHUBAICHTHBIX
npeoOpa3oBanmii (MeTo1a TpaHCHUTypalnii) SMEKTPUIECKUX Ienei.

CyTb MeTo/1a peoOpa3oBaHU paCCMOTPHUM Ha MPUMEpPE IENH MOCTOSHHOTO TOKa
(puc.1). IlycTh 3aaHbI COMTPOTUBICHUS BCEX PE3UCTUBHBIX AIIEMEHTOB IIETIH, BETHINHBI



EI[C W BHYTPCHHCTO COIMPOTHUBJICHHUA UCTOYHHKA. HCO6XOI[I/IMO OIIpCACIUTL BCIIMINHY
TOKa / B BETBU C HCTOUHHUKOM.
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Puc. 1. HpI/IHI_II/IHI/IaJIBHaSI cXeMma LICIIU ITIOCTOAHHOT'O TOKa

CXCMa 3aMCHICHUA LICIIN HpeI[CTaBJIeHa Ha pI/IC. 2
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Puc. 2. Cxema 3aMeltieHus 1LIEMU ITOCTOSIHHOTO TOKA

Copepxanue Meroaa npeoOpa3zoBaHUIl 3akKioyaeTcsl B MpeoOpa3oBaHUU HCXOJ-
HOM IIeNH K MpocTeimemMy Buay (puc. 3) v pacyeT ToKa B TaKOM IeMHu 1Mo 3akoHy OMa.

IO, [R5

Puc. 3. PesynbpTaT npeoObpa3zoBaHusi UCXOAHOU CXEMBI



[Tepexon ot ucxonHoM cxembl (puc. 2) K npocteiiei (puc.3) ocylecTBIseTcs B
JTAHHOM CJIy4yae Ha OCHOBE CBOMCTB IOCJIEIOBATENILHOTO U MapajljIeIbHOIO COETUHEHUS
PE3UCTOPOB.

HarmomHuMm, 4To €ciiy y4acTOK LHENU COJEPKUT nOC1e008amelbHO COETUHEHHBIE k
PE3UCTOPOB C COMPOTUBICHHAMH KR TO o0liee CONPOTHBICHHE ydacTka Rgy
Ri+Ry+.. . +R,.

Ecnu xe y4acTOK LeNu CONEP>KUT NapajulesIbHO COEAUMHEHHbIE &k Pe3HCTOPOB C
CONPOTHUBIICHUAMH R, TO 00Illee COMPOTUBICHNAE YUaCTKa MOYKHO OMPEICTUTh U3 COOT-
HOIICHUSI:

1/Rogw = 1/R1+1/Ry+.. . +1/R,.
Jl11s paccMaTpruBaeMoro mpuMepa CONpOTHBIICHUE YIacTKa a-0:
1/R.6 = 1/(Ry+R4) + 1/R;.
OO011ee (3KBUBAJICHTHOE) CONTPOTUBJICHUE BCEU 1IETIH:
Ry = Ri+ Rs + Rgi1t Ry
ITo 3akony Oma: [ = Egi/ Ry .

[Ipu pacuere 1eneil NOCTOSIHHOTO U MEPEMEHHOT0 TOKOB M, OCOOEHHO, MPH pac-
yere Tpex(asHbIX INEKTPUUECKUX IENel MpUMEHsSeTcs MpeoOpa3oBaHUE CXEMbI THIA
«3BE3/1a» B CXEMY THUIIA «TPEYTOJIBHUK.

2. Copep:xanue MeTOAa HEMOCPEACTBEHHOI 0 PUMEHEHU S
3axkoHOB Kupxrodga

Pemenne 3amau Ha pacyeT CIOXKHBIX IENIEH OCHOBBIBAECTCS Ha TPUMEHEHHUU TIEPBOTO
U BTOpOTO 3akOHOB Kupxroda, koTopsie Hapsay ¢ 3akoHOM OMma SBISIFOTCS OCHOBHBIMU
3aKOHAMHU AJIEKTPUUECKOM 1enu.

3akonsl Kupxroda ompenensior pacnpeneneHre TOKOB W HamlpshKeHUW B
ANMEKTPUUECKUX IETSAX JIF0O0U KOHPUTYpaIUH.

Ilepevui 3axkon Kupxzogha. PaccmaTpuBas pa3BETBICHHBIC DJICKTPUYECKHE IIEIH

(puc. 1), cocrosime H3 HECKOIBKHX KOHTYPOB, HaM HEOOXOAMMO YCTAaHOBHTH
COOTHOIICHUS MEXIy TOKaMH, MPUXOIAIIMMH K JTIO00OMY Y311y, H TOKaMH, YXOISIIIMH
ot Hero. Kak u3BecTHO, U3 (HpU3MUECKON CYIIHOCTH AIEKTPUUECKOTO TOKa CIEAYeT, U4TO
o0Imee KOJMMYECTBO HOCHUTENEW TOKa, MPHUTEKAroIee K y3IIy B TeUeHHE HEKOTOPOTO
IPOMEKYTKA BPEMEHH, paBHO KOJIMYECTBY HOCUTENEH, YTEKaIOMeMy OT y37a 3a TO XKe



Bpemsi. Ecnu mpeamnonokuTh, YTO 3TO TMOJIOXKEHUE HE BBIMONHSIETCS, TO B y3JI0BOM
TOYKE JOJDKHO MPOUCXOAUTH HAKOTUICHHE 3apsI0B WIIN YOBITh — yTeUKa 3apsiIoB.

Ha mpaktuke »5TH sBIeHHWS HE HAOMIOJAIOTCS, CIIEOBATEIBHO, MBI MOXEM
yTBEPXKJaTh, YTO CyMMA BeJHYUH TOKOB, NPUTEKAIOIIHUX K TOYKE pPa3BeTBJICHUS,
PaBHA CyMMe BeJIMYHH TOKOB, YTEKAIOIINX OT Hee.

3TO MONIOKEHUE U ABTSETCS (POPMYIHPOBKOW NMepBOro 3akoHa Kupxroda.

YcnoBuMCs TOKH, IPUTEKAIOIHE K TOYKE Pa3BETBICHUS, CIUTATh MTOJOKUTEITHHBIMH,
a TOKH, yTEKaloIue OT Hee, - OTPUIATEIBHBIMH H CHOPMYITHPYEM OKOHYATEITHHO
nepBbIil 3akoH Kupxroda:

AJredOpanyeckasi CyMMa BeJIMYMH TOKOB B TOUKe Pa3BeTBJICHUS PABHA HYJIIO.

> /=0, (2-68 1)
rae 2 (curma) - CUMBOJI aareOpandecKkoi CyMMBI.

Bropoii 3akon Kupxroga. Bropoii 3akon Kupxroda cBs3eiBaeT Mexmay co00i 3.
N. C., NEUCTBYIOIIME B JIIOOOM 3aMKHYTOM KOHType, W NaJCHUM HamnpsyKeHus Ha
COITPOTUBIICHUSX, BXOSIIMX B JaHHBIA KOHTYP.

Vcxonst 3 MpHUHIUIIA AIIEKTPUUECKOTO PABHOBECHS, MOYKHO CIENaTh JOTHYECKUN
BBIBOJI, UTO B YCTAHOBUBIIEMCS PEKUME, KOTJIa TOKH B KOHTYpe HE U3MEHSIOTCS, BCE 3.
1. C, YpaBHOBEIIMBAIOTCS TMAaJICHUSAMHU HampsbkeHus. B camom nene, ecnu
IPEIOI0KHUTh, 9YTO CyMMa 3. JI. C. TIPEBBIIIACT CYMMY TMaJCHUN HAINPSIKEHUS, TO TOK B
Ienu J0JDKeH Bo3pacTH. HaoOopoT, ecnw cymMma TaJeHWH HANpsDKEHUS TPEBBINIACT
CyMMY 3, JI. €., TOK JIOJDKEH YMEHBIIUTHCA.
oTCcro/1a

Takum o0Opa3om, ajredpamyeckasi cymma 3. A. C., JeHCTBYIOIIUX B JIIOOOM
3aMKHYTOM KOHTYpe, paBHa ajiredpamyeckoii cymMme mNajJeHHii HANPSKEHHS HA
BCeX Y4acTKaX ITOro KOHTypa.

OT10 U ecTh HopMyIUpOBKa BTOpOro 3akoHa Kupxroda,

Marematuuecku BTopoi 3akoH Kupxroda Beipaxaercs hopmyioi

SE=3IT. )

[Ipu cocraBneHun ypaBHeHHs BTOporo 3akoHa Kupxroda Heobxoanmo
YUYUTHIBaTh HANpaBICHUSI TOKOB M 3. A. c. Jliusg 3Toro BbIOMparOT Kakoe-Inbo
HarpaBJeHrue 00x0/1a KOHTYpa (OOBIYHO HampaBJICHUE JIBHKEHUSI YACOBOM CTPENKH) U
CUMTAIOT TMOJIOKUTEIBHBIMU 3. J. C., KOTOpPBIE CO3JAl0T TOKM B HAIPABIICHHH,
COBIIAJAIOIIEM C HampaBlI€HUEM 00XOAa M MaJEHUs HANPSIKEHUs, CO37aBacMble TOKa
MU, HalpaBJIeHUE KOTOPBIX COBIAJAET C HAllpaBIeHUEM 00X0/a.



Ilpumenenue 3axonoe Kupxzogpa ona pacuema cnosicnuix yeneil

JInst KakaoW CIIOXKHOM IeTH, TOJNb3YsCh 3akoHaMu Kupxroda, MOXKHO COCTaBUTh
CTPOTO OTPEJEICHHOE YNCI0 HE3aBUCUMBIX JIPYT OT Jipyra ypaBHeHui. Kak Oynert noka-
3aHO HUXKE, ITO YUCJIO BCETJa PAaBHO YHUCIY HEM3BECTHBIX TOKOB B LICTIH.

Uucno ypaBHEHU HAXOJMWTCS B 3aBUCUMOCTH OT 4YMcla BeTBeW (b) m yucia y3iioB
»)-

JIro0as BETBb LIETH XapaKTepu3yeTcs BeauduHou 3, 1. c¢. (E), melicTByroieil B Hew,
conpotuienueM (R) u Benumunnoit Toka (I).

Ecny B 1aHHOM BETBU NEUCTBYIOT HECKOJIBKO 3. 1. C, U UMEETCS HECKOJIBKO COIIPO-
TUBJICHUM, TO OHA XapaKTEPU3yeTCs alredpandeckol cyMMo# BceX 3, A. C. U CyMMOMU
BCEX COIMPOTHUBJIEHUH, T.€. OMATh-TAKHU ONPEEICHHOMN (0IHOM) 3. 1. C, U ONPEACICHHBIM
(OTHUM) COTIPOTHBIICHUEM.

CrnenoBaTenbHO, CIIOXKHAs LEMb, UMetoas b BeTBeil, OyaeT Xxapakrepu3oBaThcs b -
3. 1. C., b -conpoTUBNEHUSIMU U b -TOKaMH.

Hcnonw3ys nepsseiil 3akoH Kupxroda, MokHO cocTaBuTh (y - 1) ypaBHEeHH, CBsI-
3BIBAIOIIMUX MEXIY COOOM BEIMYMHBI TOKOB B BETBSIX. TakuM 00Opa3oM, YUCIO ypaBHE-
HUW HA OJHO MEHBIIIE, YEM YKCIIO BCEX Y3JI0B LIETH. ITO OOBICHAETCA TEM, YTO BCE TO-
KM, BXOJSIIIUE B ypaBHEHUE JJIS y3J1a y, YK€ BOLUUIM B IPEAbIAYIINE YPABHEHUS.

MaTtemaTH4eCcKH JOKa3aHO, YTO YMCIO HE3aBHCHMbl YpaBHEHUH, KOTOPOE MOMKHO
COCTaBHTH J1JIs1 JIIOOOM CJIOKHOM 1enu 110 BTopoMy 3akoHy Kupxroda Oyner paBHO

m=b—(y-), 3)

IJic M—4YUCIO HE3aBUCHMBIX YpaBHEHWM, COCTaBJIEHHBIX TII0 BTOPOMY 3aKOHY
Kupxroda;
b — 4ucno BeTBEH;
y —H9HCIIO Y3JIOB.

[Tpu BbIOOpE KOHTYPOB CTAparOTCA MO BO3ZMOXHOCTU MOAOOPATH TaKUE» KOTOPbIE
COJZIepKaT MEHBIIIEE YUCIIO BETBEH U 3. 1. C.

OO0uiee uKcnO ypaBHEHHUW, COCTAaBISIEMBIX IO MEPBOMY M BTOPOMY 3aKOHaM
Kupxroda mis cinoxHoi 1ienu, cocTosimeld W3 BETBEM M y3/0B, OyJeT paBHO YHUCIY
BETBEH.

CknanpiBasi 4MCIO ypaBHEHUW, COCTABICHHBIX HAa OCHOBAaHMHM MEPBOr0 3aKOHA
'Kupxroda (y-1), ¢ 4uClIOM ypaBHEHUMN, COCTABIIEHHBIX HA OCHOBAHUU BTOPOTO 3aKOHA
Kupxroda (m), momyuum

y-1+ m =y-1+ b — y+I= b, 4)
I/ITaK, €CJIN 3aJaHa LCIIb U3 b BETBEH M H3BECTHHI BCE 9.4.C. U COIIPOTHUBJICHUAI,
BCEraa MOXHO COCTaBUTh b ypaBHeHI/Iﬁ 110 Y CJIy HCU3BCCTHBIX TOKOB B BCTBAX.



JIs pellieHus 3a1a41 Ha pacyeT CJI0KHOM 11enr HEOOXOIUMO:

1, ITo cxeMe 1ienu yCTaHOBUTH YMCIIA bu ), Ul 4ero IIpOHYMEpOBaTh BCE BETBU U
y3JIbl IAHHOU CJIOKHOM 1ETIH.

2, [TokazaTe Ha cxeme HampaBlieHUs (TIPEANOTIOKUTEIbHBIE) TOKOB B KaXI0U U3
BETBEMN.

3, OnpenennTts, s Kakux (P — 1) y3710B HyHO COCTaBUTh ypaBHEHHE IEPBOIO
3akoHa Kupxroda u 175 Kakux KOHTYPOB HYKHO COCTaBUTh YPaBHEHHE BTOPOTO 3aKOHA
Kupxroda.

4, Jlns BBIOpaHHBIX Y3JIOBBIX TOYEK CXEMbl COCTaBUThH (P — 1) ypaBHEHMH IO
nepBomMy 3akoHy Kupxroda:

2I1=0.

CyMMHpOBaHNE TOKOB IPOU3BOAUTCS 00A3AMENbHO C yUemOoM 3HAKA.
5, JAng BBIOpaHHBIX 3aMKHYTHIX KOHTYPOB COCTAaBHUTH M yPaBHEHHUH MO BTOPOMY
3akony Kupxroda:

2E=2TT.

IIpu cocTaBjeHNH 3THX YPaBHEHHUIl 3. 1. €. CYMMHUPYIOTCH € Y4€TOM 3HaKa, a
NajeHnusl HANpPsSKeHUs1 OepyTrcss €O 3HAKOM ILIIOC, €CJIM HaNpaBJeHHe TOKa
COBIIa/IaeT ¢ HaNpaBJeHHeM 00X0/1a KOHTYpa, 1 HA000poT.

6, PemuTh cucTteMy NOJyYEHHBIX YpaBHEHUH, B pe3yJbTaTe YEro OMpenessioTcs
BEJIMYMHBI TOKOB BO BCEX BETBAX Lienu. Ec/iM mpu pemieHuy Ta UM MHAS BeJIMYMHA
TOKA MOJIy4aeTcsl CO 3HAKOM MHUHYC, TO 3TO 3HAYUT, 4TO (PaKTUYECKOE HampaBlIeHUE
TOKA B JIaHHOW BETBU OOPATHO TOMY, KOTOPOE ObLIO MPUHATO MPEABAPUTEIBHO.

Jlnst  3akperuieHuss paccMaTpMBaeMOro TOpsKa pacuera CIO0XKHOW Lenu C
UCIOJIb30BaHNEM 3aKk0oHOB Kupxroda pemmm npumep.

Ipumep. lana ciioxHas 1enb, u3oopaxennas Ha puc.4. 3uas B, E,, E3, 11, 1, 13
HEOOXO0MMO ONpEeIeTuTh TOKU B BeTBsX [, I u 1.

Pemienue,

1. Awuanusupys JaHHYIO CXEMY, YCTaHAaBJIMBAEM, YTO B Hel 4ymciio BeTBell b paBHO
TPeM, a YHCJIO Y3JI0B ) PaBHO ABYM.

2. O0603HauMM HamNpaBIICHUE TOKOB B BETBAX. DTO HE 3HAYUT, YTO HAIPABJICHHUS
OyIyT IMEHHO TaKMMH, KaK MbI TIPEINON0OKUIU. VICTHHHOE HamnpaBiIeHNE TOKOB
ONpEAENIUTCS B XOJIE pELIeHUs 3aJauH,

VYpaBHeHus nepBoro 3akoHa Kupxroda HeoOxoaumo coctaButh st (y - 1)
y3510B, win 2—1 = 1.
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Puc.4. Cnoxxnas anekTpudeckas enb

KonuuectBo ypaBHeHHH BTOporo 3akoHa Kupxroda, KOoTopoe HaJAO COCTaBUTH IS
perieHus 3a1a4u Oy1eT paBHO

m=b—@y—1)=3—02—D0D)=3—1=2.
3. CocrtaBuM OJHO YpaBHEHHUE 1O TIepBOMY 3akoHy Kupxroda nms y3na A:
2I=1-1,,+13=0. (5)

4, HpI/IHSIB HaIlpaBJICHHUC O6XOII3 KOHTYPOB IIPOTUB 4acoBOH CTPCIIKH, COCTAaBUM

m =2 ypaBHEHHH JIsl 3aMKHYTBIX KOHTYPOB 110 BTOpoMy 3akoHy Kupxroda:
5.

— wist Koatypa Ne 1: E; — Eo =11+ 1 1p; (6)
— st KoHTypa Ne 2: By — Es=— 1,1, — I5°13. (7)

6. Pemaem cucremy u3 Tpex ypaBHeHHi (5, 6, 7), HAXOIUM BEIMYUHBI TOKOB BO
BCEX BETBSX LIEMU.

3. Coaep:xxaHue MeT0/1a KOHTYPHBIX TOKOB

JIns pacuera CHOXKHBIX DJEKTPUYECKUX LEMNEeW I[MUPOKO HCHOIB3YIOT METON
KOHTYPHBIX TOKOB, B OCHOBY KOTOPOT'O MOJIO)KEHBI pacueTHbIE (yCIOBHbIE) KOHTYPHbIE
TOKH, 3aMBIKAIOIIUECS 110 CMEKHBIM KOHTYpPaM Pa3BETBICHHBIX SJIEKTPUUECKHUX LIETICH.



KoHTypHBIN TOK — TOK, HUPKYJIUPYIOLIUNA B TIPEeAeIaX OJHOTO KOHTYpA.

MeTtosi KOHTYPHBIX TOKOB IO3BOJISIET MPHU COCTABJICHWU CHUCTEMbl YpPaBHCHUH s
pacuera DJJIEKTPUUECKUX IIEMeM HE 3aluChbiBaTh YPaBHEHHUSI 10 TIEPBOMY 3aKOHY
Kupxrodga u TeM caMbIM yMEHBIIUTH OOIEe KOJUYECTBO YpaBHEHWN, HEOOXOIUMBIX
Ut pacdeta. VicTuHHBIE 3HAYeHHS] TOKOB B BETBSIX AJICKTPUYECKOM 1ETIH ONPEASISIOTCS
10 3HAYEHUSM KOHTYPHBIX TOKOB.

B mnponecce pacdyeta mo 3TOMY METOJy OMNPEACHSIOT HE3aBUCHMbBIE 3aMKHYTHIE
KOHTYpPBl W 33Jal0TCSl YCIOBHBIMHU TIOJIO)KUTEIBHBIMH HAMPABICHUSIMU KOHTYPHBIX
TokOB. [Ipu 3TOM BO BCeX 3aMKHYTBIX KOHTypax JUIsi YIIPOIIEHHUsS IpoIlecca pacuera
1enecooopa3Ho  3ajaBaTh  KOHTYPHBIM  TOKaM  OJMHAKOBBIE  IOJIOKUTEIbHbBIC
HampaslieHus. YHUCIIo ypaBHEHHMM TMPH pacuere MO0 METOAy KOHTYPHBIX TOKOB PaBHO
YUCITY KOHTYPHBIX TOKOB.

IIpu cocTaBneHWHM KOHTYPHBIX YpaBHEHHHM MO BTOpoMYy 3akoHy Kupxroda mis
3aMKHYThIX KOHTYpoB DJIC HCTOYHWKOB MHUTaHUS MPUHUMAIOTCS TOJIOKUTEIHLHBIMH,
€CIM WX HampaBJCHUS COBIMAJAIOT C HAMpaBICHUSMU KOHTYPHBIX TOKOB, TMpH
HECOBNAJIEHUH C KOHTYPHBIM TOKOM MX 3aIlUCHIBAIOT CO 3HAKOM «-». CO 3HAKOM «-»
3alMCHIBAIOT HAMPSDKCHUS, a TAKXKE IMaJICHUS HANpsOKCHUN, HaMpaBJICHHbIE TMPOTHUB
KOHTYPHOTO TOKa, a CO 3HAKOM «+», €CJTU OHHM COBMAIAIOT C HUM.

[Ipu >TOM BeNMYMUHBI KOHTYPHBIX TOKOB BO BHEITHUX (HE CMEXKHBIX) BETBSX
OKa3bIBAIOTCS PaBHBIMM 110 3HAYCHHIO TOKAaM B BETBAX, KOTOpbIE HAHECEHBI Ha
IMEKTPUIECKYI0 CXeMy. TOKM CMEXKHBIX BETBEM PaBHBI PA3HOCTH KOHTYPHBIX TOKOB
COCEMHMX KOHTYpoB. I[Ipu 3TOM CO 3HAKOM «+t» 3amUCHIBAETCA KOHTYPHBIM TOK,
COBITQ/IAIONIMIN C HAIPABJIECHUEM TOKa B CMEKHOM BETBHU.

IIpumep. 3angana 1enb W €€ pacueTHas cxema 3amerieHus: (puc. S5). M3BecTHbI
napamMeTpsl 3JIEMEHTOB, 3HAYEHHS 7.]1.C. UCTOYHUKOB. Tpedyercsi omnmpeneanTh TOKU B
BETBSX.

:R= 2
Ryt 1, []R2 D [] R;
ME,
R4 4 Rs
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Pucynok 5. CnoxHas 35eKTpru4ecKas Ueb
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AJITOPUTM pacyeTa

BrruepunBaem pacdetnyto cxemy 3ametnienus (PC3), HaHocum 0003HaYEHUS.
Br10MpaeM He3aBUCUMBIE KOHTYPBI U YCI08HbIE NONOJICUMENbHbIE HAIPABICHUS
KOHMYPHBIX MOKOB.

CocraBnsieM CUCTEMy KOHTYpPHBIX ypaBHEHUU 10 2-My 3akoHy Kupxroda,
VUUMDBIBAs U NAOEHUSI HANPANCEHUL HA CONPOMUBTIEHUSIX KOHMYPA 0N CMENHCHBIX
MOKO8.

JleBBIN KOHTYD: IA'(R01 + R1 + R2+ R4) — IB'RZ - IcR4 = El,

4.

ITpaBeiit kouTyp: Ig'(R; + R3+ Rs) — IR, —Ic'Rs=0;
Hwxanit koHTYp:  Ic'(Ro2+ R4+ Rs) —[4°Ry — Ig-Rs = Eg.

Pemaercs cucrema ypaBHEHHM W ONPENETAIOTCA HUX KOPHU, T.€ KOHTYpPHBIE
TOKH.

[ToBoguTcs mpoBepka MPAaBWIBHOCTH PELNICHUS CUCTEMBI ypaBHEHMU. Ecim
KOHTYPHBIA TOK IMOJIYYHJICSI CO 3HAKOM «-«, TO €ro HalpaBJIC€HUE W3MEHSETCS
Ha IPOTUBOIIOJIOKHOE.

L= BEIg I =1 =14 -1Ip; L=1s —Ic; Is=1Ig —Ic.

[TpoBepka MpaBUIIBHOCTH PEIICHHS 3a/Ia49H B I[EJIOM ITPOBOIUTCS:
— 1o 3akoHaMm Kupxroda;
— 10 OajaHcy MOIIHOCTEH.

4. Couepma}me METOAA Y3J10BbIX MNOTCHIHUAJIOB

Mertoa y370BbIX MOTEHUUANIOB (y3JOBBIX HAMpPsDKEHUM) MpeiokeH MakcBesiom.

Merton nenecoodpa3HO UCIOIB30BATh JUISl pacyeTa IEKTPUUECKUX LIETIEH, CONEepKAIINX
HECKOJIbKO TapaJUIeIbHBIX BETBEM, NMPUCOEAWHEHHBIX K Mape y3ioB. [IpemmymectBo
3TOr0 METOAa Nepea APYTMMHU BO3PACTAET C YBEIMYEHUEM YUCIa NTapaJUIEIbHbBIX BETBEU
ANeKTpuUecKux uenei. [Ipu sTom onpenensieTcs y3a0BO€ HANPSHKEHUE, YTO MO3BOJISAET
JOCTATOYHO NPOCTO OMNPENEATHh TOKH B IMApajUIEIbHBIX BETBAX U JIPYTME€ BEJIWYWHBI,
XapaKTepu3yIolue NoJ00HbIE TIEKTPUUECKHUE LIETIH.

Merton ocHOBaH Ha mepBoM 3akoHe Kupxroda u mpeamnonaraet CoCTaBIeHUE U pe-
IIEHHUE TaK Ha3bIBAEMBIX «Y3JIOBBIX» YPAaBHEHUH JIJI BCEX Y3JIOB CXEMBI, KDOME OJHOTO,
MIPUHUMAEMOTO 33 «OTOPHBII.

Onopublii y3ea — 110001 MPOU3BOJBHO BHIOPAHHBINA y3€J, MOTEHIMAT KOTOPOTo

paBeH HYJIIO.

KpOMe 3TOT'0 BBOIATCSA ITOHATHUA:

— MOTCHOHUAJ y3Jia,



— coOcTBeHHas MPOBOAUMOCTb y37Ia.

[ToTenmuan y3ma xapakTepu3yeT YMCICHHOE 3HaUeHUE MOTEHIMAIa B KOHKPETHOM
y3ne cxembl. CoOCTBEHHass TPOBOJAMMOCTH Yy3Jla TMPEACTaBIsAET COOOW CyMMy
MIPOBOJMMOCTEN BETBEH, CBA3AHHBIX C JAHHBIM y3JIOM.

VY370BbIE YpaBHEHUS COCTABIISIFOTCS MO OMPEACTICHHOMY MTPABHITY.
IIpaBuio cocTaB/ieHHs Y3JI0BbIX YPABHEHHMIi:

a) JeBasi 4YacTh: OepeTcs nomeHyuan y3ia, 1 KOTOPOTO COCTaBISIETCS
ypaBHEHUE, M YMHOXKAETCS HA COOCHBEHHYI0 RPOBOOUMOCH b IMO20 Y371a, T.€. Ha
CyMMYy TPOBOJIUMOCTEH 6cex BETBEH, MOJKIIOUEHHBIX K Imomy y3iy. Jlamee
BBIUMTACTCA MPOU3BEIEHUE TIOTEHIMada CIEAYIOLEro y3jia Ha CYMMapHYIO
MPOBOJUMOCTb BETBEU, COSAUHSIONINX ATOT HOGbLH Y3EI C PacCMaTpPUBACMbIM
y3inoM. Takue npousBefeHUS ébluumaromcs JJis BCEX OCTaIbHBIX y3JI0B, KPOME
ONnopHo20.

b) mpaBassi uyacTh — anreOpanWyeckass CyMMa TIPOWM3BEIAEHUN 3.1.C. BETBEH,
MOIXOASAIMUX K UCX0OHOMY Y37y ( JUIS KOTOPOTO COCTAaBISIETCS YpaBHEHHE) Ha
MIPOBOJMMOCTH ITHX BETBEH.
3HaK KaXJI0T0 CJIaraeéMoro OnpeeseTcss HalpaBiIeHUeM 3./1.C., 10 OTHOLIEHHIO K
HCXOJHOMY y3I11y. 3HaK «+» - 3.11.C. HAIpaBJlieHa K y37y; 3HaK «—» - HA000pOT.

Ilpumep. 3amana menb W e€ pacueTHas cxema 3amemnieHust (puc. 6). M3BecTHBI
napaMeTpbl 3JIEMEHTOB, 3HAYEHMs 3.]1.C. UCTOYHHMKOB. TpeOyeTcss ompeneiauT TOKU B
BETBAX CXEMBI.

AJTOPUTM pEelICHUS:

1. BrluepunBaeM pacueTHYIO CXeMy 3aMEUICHHUS LIETIH.
2. B mpou3BOJIBHOM TOpSJIKE HyYMepyeM y3ibel B cxeme: 1, 2, 3, 4 u BbIOHpaem
y3en1 4 B KauecTBE OMOPHOTO.

|&| 2 0->(Usa)
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Pucynok 6. CnoxHas 35eKTprU4ecKas IeMb



3. BeInuceiBaeM MOTEHITMABI Y3108 : 1,2.3:

— y3en 1- @q0;
— Y31 2- Q50;
— y3el 3- Q3.
4. BrImuckiBaeM COOCTBEHHBIE TTPOBOJUMOCTH Y3JI0B:
— y3en 1: Gy =Gy + Gy + Gg = —— + — + —;

Ro1+R; Ry Ros ’

1 1 1

Ro1+R; R, Ry’

- y3eﬂ2:620:Gl+Gz+G3:

1 1 1
- y3en3:630=G3+65+G6=R_3+ R_5_|_ —

5. CocraBnisieM y3J10Bbl€ YPaBHECHHUS:
JUIsl IePBOTO y3ia

®10 (G1 + Gy + Gg) — Y2061 — P30Gs = —E1 Gy + E¢Go;

715 BTOPOTO y371a
®20 (G1 + Gy + G3) — 106G — P39G3 = E;Gy;

715 TPEThero y3ia
@30 (G3 + G5 + Gg) — P10Gs — P20G3 = —E4G;

B 3Tux ypaBHEHUSX HEM3BECTHBIMH SIBJISIOTCS Y3J10Bble MOTEHLIMAJBI (HAMpPshKeE-
Hus). Ux Haxoaum pemieHrneM ypaBHeHui. [locne ompeneneHus y3a0BbIX TOTEHIIHATIOB
ONPEACIISIIOTCS TOKU B BETBSIX CXEMbI, HAITPUMED:

U3 _ $20-%30
R3 R,

Uzs P20
Iz = -, 13

6. /Ins onpenesieHrsl TOKAa B BETBH, COAEPIKAILEH 3.1.C. OHA BBIAEHSAETCS OTIEIBHO
(puc. 7). 3amaeMcsi YCIOBHBIM IOJIOKUTEIBHBIM HAIpaBJIE€HUEM TOKa [ U
YCIIOBHBIM TOJIOXKUTENBHBIM HampaBlIeHHEM o00X0Ja KOHTypa, 3aluChIBaeM
ypaBHEHHE 110 2-My 3akoHy Kupxroda

L03T)) Uss —> ¢ P30
E
Re — O E
06 @
— __/
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Pucynok 7. K onpenenenunio Toka B BETBH, COJAEpPIKAILEH 3.11.C.



U13 + 106 R6 - E6'

B Ui
° los

7. Jlanee mMpoBOAMTCS MPOBEPKA MPABUILHOCTH PEIICHUS 3a/a4d 10 OajaHCy MOIII-
HOCTEN.



