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Hacrosimee mnocobue mnpenHazHaye€HO IS CaMOCTOATENIbHOW pPaboThl
CTYJICHTOB MNpW u3ydYeHHu pasjaena «llemn TmOCTOSHHOTO TOKa» Kypca
TeopeTnueckue OCHOBBI AJIEKTPOTEXHUKHU. CojaepkaTcsa BapHaHThl TMEPBOIO
pacueTHO-TpauuecKoro 3aJaHus, TMPUBOIATCS MPUMEpPHl pEIICHUS 3ajad,

IMO3BOJIAIOIKUE OCBOUTb OCHOBHBIC MCTOABI PACUYCTA JICKTPUICCKUX ueneﬁ.



1. BBEJEHUE

BBenem 0003HaueHUs: BEJIMYMH W AJIEMEHTOB LIENIEH MOCTOSSHHOIO TOKa, a
TaK)Ke OIpEJEINM OCHOBHBIC TOHSTHS, HEOOXOAMMBbIC TpH PabOTE C JaHHBIM
pa3zie’oM IEKTPOTEXHUKH.

Onexmpuueckas yenb — COBOKYIHOCTb YCTPOMICTB, 00€CIeUnBAIOUIUX MYTh
JUISL TOKA, MPOLIECCH B KOTOPBIX MOJHOCTBEO OMNPEAENAIOTCA TMOHATHUSAMU TOK,
Hanpsbkenne u J/1C.

Onexmpuyeckuti mox (IPOBOAMMOCTH) — HAIPABICHHOE JIBUXKEHUE
3apsKEHHBIX YaCTHII.

Hanpsorcenue — pa3HOCTh NOTEHLIHUATIOB MEXIY ABYMS] TOUKAMH.

Ilomenyuan — pabota MO TMEPEHOCY €IUHUYHOTO, MOJIOKHUTEIBHOTO 3apsiaa
u3 0ECKOHEYHO YJaleHHOW TOUKHU (WM JII000H Apyroi TOUKH, HOTEHIIMAI KOTOPOU
MPUHUMAETCS] PABHBIM HYJII0) B JAHHYIO TOUKY IOJISI.

J/[C — pa3HOCTh MOTEHUHUAJIOB, OOYCJIOBJICHHAs CTOPOHHUMHU CHJIAMU
(HERJIEKTPUYECKON MPUPOJIbI).

DNEKTPUYECKON CXEMOM C COCPEIOTOYEHHBIMU MapaMeTpaMy Ha3bIBaeTCs
U300pKEHUE MOJENU PEabHOTO JJIEKTPUYECKOrO0  yCTPOMCTBA, CBOICTBa
KOTOPOT'O OMMUCBIBAKOTCS MTPU MOMOLIU HI€ATM3UPOBAHHBIX 3JIEMEHTOB.

DJIeMEHTaMU 3JIEKTPUUECKOMN LETH OCTOSIHHOTO TOKA SIBJIIFOTCS HCTOUYHHUKHU
AJIEKTpUYECKOM IHeprun: uctouyHuku noctositHHon DJIC (puc.l.1 a) u uCTOUHMKHU
NOCTOSSHHOTO TOoka (puc.1.10) W TpPUEMHUKH DIEKTPUUYECKON DHEPTUH,
o0o03Havarolrecs Ha CXeMax, Kak Pe3UCTUBHBIC AJIEMEHTHI (puc. 1.2).2meMeHTbl
LHENU COEIUHAIOTCA MEXAy CcOOOHM NPOBOJAMH, CONPOTHUBIEHUE KOTOPBIX

npeHeOpekMMO Majo, M O00pa3yloT TaKWe Yy4YacTKH MU, KaK BETBH, Y3JIbI,

KOHTYPHI.
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KonmuecTBeHHOW XapaKTEPUCTUKOW JJIEKTPUYECKOTO TOKa SIBIISETCS CHJIA
Toka (oOo3Hauaercss /), paBHAs AIIEKTPUUECKOMY 3apsay, MPOXOASIIEMYy dYepes
CEUYCHHE TPOBOJHUKA B €AMHUILy BpeMeHHU. Eciu 3Ta BelMunHa HE MEHSETCS C
TEYCHUEM BPEMEHH, Mbl TOBOPUM O IMTOCTOSTHHOM TOKE U IETISIX TIOCTOSTHHOTO TOKA.
3a HampaBIICHUE SJEKTPUICCKOTO TOKA MPUHUMACTCS JIBIKCHHUE TOJOKUTEITHHBIX
3apsaoB. [1o3TOMy TOK B 3JIEKTPUYECKOHW IIETM HAIPABJICH M3 TOYKH C OOJBIINM
MOTCHIIMAJIOM B TOYKY C MEHBIIUM IOTEHIManoM. llpu pemenun 3amad, B
KOTOPBIX HY)KHO HAaWTH TOKOpPACTIpPECICHUE, HAPABICHUE TOKA B BETBSX CXEMBbI
BbIOMpaeTcs TMpOW3BOJIBHO. M ecnu cuia TOKa MONyYHsiach OTPHUIIATEITHHOM,
3HAYUT, TIOJOXKUTEIbHBIC 3aps/bl JIBIKYTCS B HaNpaBJICHHH OOpaTHOM
BBIOpAHHOMY.

Hanpsxenne U, =¢, —¢, =-U,,. HanpaBnenueMm ero cuuraercs
HaIpaBJIE€HUE OT IEPBOr0 MHJAEKca KO BTOopoMmy (oT a k b). Ecom ¢, > ¢,, 1O
3HadyeHue HanpspkeHus U, OyAeT NOJ0KUTEIbHbBIM.

[Mpu pemieHuyn 3amad aHaM3a SJIEKTPUYCCKHX Iened (3a1ad, B KOTOPBIX
HY)KHO HaWTH 3HA4YCHHUs HANpPsDKEHUH WIM TOKOB TPU 3a/laHHBIX IHapameTpax
CXEMBI) WCIIOJIB3YIOTCS OCHOBHBIC 3aKOHBI, TakhMe Kak 3akoH Oma u 3aKOHBI
Kupxroda.

3akon Oma. Tok Ha ydacTKe LIENH MPSIMO IPOMOPIHOHANICH HANPSIKCHUIO,

NPUWIOKEHHOMY K y4acTKy M OOpaTHO MPONOPLUOHATEH COMPOTUBICHHUIO 3TOTO

y4acTKa.
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puc. 1.3

1-11 3axon Kupxeogha. Cymma TOKOB, BTEKAIOIIMX B Y3€]l paBHA CyMMeE CHJI

TOKOB, BBITCKAIOIIINUX M3 y3JId.



2-u 3axkon Kupxeoga. Cymma majeHUN HANpPSOKEHUW BJOJIb 3aMKHYTOIO
KOHTypa paBHa cymMme JJIC, Bxoasmmx B JOaHHbIA KOHTYyp. IIpm sTOoM ecnu
HanpasieHue JJC niau HanpspKeHHs Ha KaKOM-JIMOO 3JIeMEHTE HE COBIAJIAET C
HampaBlieHUEM 00X0/a KOHTypa, TO BKJIaJ] COOTBETCTBYIOLIUX ClaraeMbIx Oyjaer

OTPpHULIATCIIbHBIM.

2. BAPUAHTBI JJOMAIITHUX 3AJJAHUUI

2.1.3AJAHHE

Jist nenu, W300pakKeHHOM Ha PUCYHKE, B COOTBETCTBUM C HOMEPOM
BApHAHTA:
1. PaccunTtarh TOKM BO BCEX BETBAX METOJOM KOHTYPHBIX TOKOB.
2. PaccuuTarh TOKM BO BCEX BETBSIX METOJOM Y3JIOBBIX TOTEHIIMAJIOB.
3. Paccuurtate TOK B J1000i1 BeTBH, coaepxauieil ucrounuk I3/1C meromom
SKBUBAJICHTHOT'O T€HEPATOPA.
4. OnpenenuTs BEIMUMHY U MOJSPHOCTh HAIIPSKEHUS MEXAY TOYKAMHU M U N.
5. TlocTpouTh MNOTEHUHUAIBHYIO JIHATPAMMY HaIlpPsDKEHUW 1O  KOHTYDY,

comepxkamiemMy niBa ucrounnka J/C.



2.2. CXEMBI K BAPUAHTAM JOMAIIHEI'O 3AJAHUSA




puc.2.15 puc.2.16.



puc.2.17




puc.2.25

2.3.BAPUAHTHI JOMAIIHEI'O 3AJIAHUA

7@

puc.2.26

puc.2.28

BapUaHT | pHUC. R, R, R; R4 Rs R¢ E, E, E;
1 2.1 13 5 2 8 11 15 - 12 16
2 2.2 8 10 6 15 21 28 - 25 14
3 2.3 4 13 9 10 5 6 62 16 -
4 2.4 12 35 22 12 35 22 8 10 -
5 2.5 4 11 5 12 7 8 - 45 25
6 2.6 5 10 12 7 8 15 - 15 13
7 2.7 | 130 | 40 60 80 110 45 - 18 12




BapuaHT | pHUC. R, R, R; R4 Rs Rs E, E, E;
8 2.8 55 80 100 40 70 120 - 26 10
9 2.9 7 12 4 9 15 8 - 20 8
10 2.10 | 110 60 45 150 80 50 - 60 12
11 2.11 | 20 60 100 35 150 40 - 100 | 150
12 212 | 15 12 10 9 8 7 - 14 13
13 2.13 4 7 10 12 20 5.5 15 20 10
14 2.14 9 20 16 40 30 22 10 30 40
15 2.15| 13 5 9 7 10 4 15 10 21
16 2.16 4 8 6 10 13 10 12 30 9
17 217 10 18 5 10 8 6 10 20 30
18 2.18 | 30 40 22 10 14 50 15 23 9.5
19 2.19 5 7 10 4 15 20 15 20 -
20 2.20 6 5 8 14 7 8 20 - 14
21 221 20 20 | 20 50 30 - 20 45
22 222 10 5 6 50 20 30 60 - 100
23 2.23 5 10 3 30 20 50 - 315 | 210
24 224 | 20 2 4 10 30 60 180 | 170 -
25 2.25 2 10 5 10 30 60 170 80 -
26 2.26.| 10 20 16 20 30 50 200 - 330
27 2271 30 10 27 50 10 40 - 190 | 115
28 228 | 10 25 31 70 5 95 47 100 25
29 229 12 37 15 18 56 75 35 48 15
30 230 19 4 21 350 | 100 | 210 | 150 | 100 75
31 2.1 25 31 47 22 5 36 - 16 12
32 2.2 2 5 4 17 12 9 - 14 25
33 2.3 4 5 14 33 54 44 16 62 -
34 2.4 2 1 6 46 54 21 10 8 -
35 2.5 5 15 4 34 67 30 - 25 45
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BapuaHT | pHUC. R, R, R; R4 Rs Rs E, E, E;
36 2.6 4 2 5 12 15 40 - 13 15
37 2.7 21 44 31 10 20 30 - 12 18
38 2.8 13 15 6 12 50 43 - 10 26
39 2.9 3 2 6 10 10 20 - 8 20
40 2.10 | 15 13 5 40 7 50 - 12 60
41 2.11 | 10 30 25 100 | 250 | 150 - 150 | 100
42 2.12 7 13 2 15 10 45 - 13 14
43 2.13 2 5 7 31 45 20 18 10 20
44 2.14 | 34 45 50 100 | 120 60 30 10 30
45 2.15 | 31 27 6 5 130 25 51 15 21
46 2.16 2 5 7 14 50 43 30 12 18
47 2.17 | 10 15 5 110 15 45 30 25 10
48 2.18 | 16 12 7 30 45 20 9 24 15
49 2.19 5 10 | 14 25 30 20 15 -
50 2.20 4 2 7 30 20 11 14 - 20
51 2.21 5 6 9 21 44 25 - 45 20
52 222 | 23 4 46 100 | 210 50 100 - 60
53 2.23 | 30 20 45 100 | 350 20 - 210 | 315
54 224 | 20 35 10 350 70 145 | 170 | 180 -
55 225 | 25 6 17 35 210 44 80 170 -
56 226 | 40 30 15 170 | 345 | 150 | 330 - 200
57 227 | 35 10 20 155 | 430 75 - 115 | 190
58 228 | 54 32 6 105 50 60 45 25 100
59 2.29 5 10 8 100 50 35 48 35 25
60 230 | 30 4 6 35 70 150 | 100 | 150 57
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3. METOJbl PEIIEHHUS 3AJIAY AHAJIM3A DJIEKTPUYECKHX
IENEN HA IPUMEPE HENNEA TIOCTOSIHHOI'O TOKA

3.1. METO/I DKBUBAJIEHTHbBIX IPEOGPA3OBAHUM

MeToa SKBUBAJICHTHBIX MPE0OpPa30BaHMUIA 3aKIIOUACTCS B TOM, YTO YYaCTOK
CXEMBI 3aMEHSETCS IPYTUM y4aCTKOM, TAKUM 00pa30M, UTO HAMPSHKEHUS U TOKHU B
OCTaJIPHOM YaCTH CXEMbI OCTaIOTCS HEM3MEHHBIMU. PaccMOTpuM cliemyromue
THUIIBI COCTUHEHUI DIIEMEHTOB IICTIH

Ilocneoosamenvroe coeounerue.

Y4acTok 1enu, COJEpKallfuii HECKOJBKO COMPOTHBIICHWUH, COCIMHEHHBIX
MEXIy COOOM TMOCIeAOBATEIbHO, MOXKET OBITh 3aMEHEH JKBHBAJICHTHBIM

COIMPOTHUBJICHUCM, PABHBIM HX CYMMC.

R, R, R, R
U g U
a) 0)
puc.3.1
R=R +R, +..+R,
(3.1)

llapannenvroe coedunenue.
DOKBUBAJICHTHAsl TMPOBOJMMOCTh Yy4YacTKa IIEMH, BCE 3JIEMEHThI KOTOPOIO

COCIMHEHBI MEXAy CcOo00W TapayielbHO, paBHA CyMME IPOBOJUMOCTEH

DJICMECHTOB.
.
I
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puc. 3.2
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l:L+L+...+L. (3.2)
R R R, R,
DKBUBAJICHTHOE COIIPOTHUBJICHHC ABYX mapauiCJibHO COCIMHCHHBIX
PE3UCTOPOB:
__RiR,

— ) 3.3
R +R, (3-3)

Jns Tpex u Ooliee CONMPOTUBIECHUM 3Ta (PopMyra He crpaBeInBa, HEOOXOIUMO
10JIb30BaThCs hopmynoii (3.2).

Coeodunenue 36e300U u mpey2oibHUKOM.

VYyacTok 1enu, 3J€MEHThl B KOTOPOM COEIMHEHBI «3Be3a0u» (puc. 3.3 a),
MOXKET OBITb 3aMEHEH S3KBHUBAJICEHTHBIM €My Yy4YacTKOM, JJIEMEHThl B KOTOPOM
COCIMHEHBI «TpeyroabHuKoM» (puc. 3.3 6). [Ipu 3TOM 37IE€MEHTHI OJTHON U3 CXeM
CBSI3aHBI C AJIEMEHTaAMU APYTOW MPH MOMOIIH (GOopMyIT MpeoOpa3oBaHUsl.

@opMyIibl 1J1s MPe0OPa30BAHMS U3 «3BE3AbI» B «TPEYTOIBHUKY:

_R,R,+R,R.+R.R,

R ;

A Ra
o _ RaRy+RyR +R.R, 64)

B Rb >
o _ RaRy + RyR. +R.R,

C RC
DopMyIIbI TS IPE0OPaA30BAHMUS U3 «TPEYTOILHUKAY» B «3BE3IY»:

RyR RcR
BEC___ R, €24 g - Rl (3.5)

“ R,+Rg+R." " R,+Rz+Rs"° R,+R;+R:

3ameuanue: nanuble (GOPMYJIBI MOKHO NPUMEHATH TOJBKO €CJIIM B CXEME

MCKOY TOYKaMH A, B u C HET UCTOYHHMKOB.
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puc. 3.3.
3apava 3.1. Jing nenu n3o0pakeHHOW Ha puc. 3.4 BEIYUCIUTH TOKH BO BCEX
BETBSIX W HANPsDKECHUE MEXKy TOYKaMH a U 6. [lapaMeTpbl 3J1eMEHTOB CXeMbl: E=5

B, R1=10 Om, R,=200 Om, R3=80 Om, R4=160 Om.

puc. 3.4.
Pemienne. PaccmarpuBaemas nenb coaepkUT ofauH uctouHuk O/IC m
COCTOMT U3 TPEX BETBEW M JIBYX y3J0B. BriOepeM HampaBiieHUs TOKOB OT «+» K «—

» (puc. 3.5).

puc. 3.5.

HaitneM TOK B BeTBM MCTOYHHKA. JlJIsi 3TOr0 3amMEHUM COCAUMHEHUS
pPE3UCTOPOB HKBUBAJICHTHBIM CONPOTUBJICHUEM R. Y4YacTok, pacrosioKeHHbIN
MEXKJy TOYKAMH a U 6, COCAUHEH IIOCIEIOBATEIBHO C COIPOTUBICHUEM R;.
ComnpoTuBneHue R, COEAMHEHO MAPAJUIEIBHO C YYAaCTKOM LIEMH, COAEp KalluM

nocJyeaoBaTesibHOE coeuHeHue R; u R,. CrieioBaTenbHO, MOIy4YaeMm:

14



R — 1 _Rz(R3+R4)
S I R, +R,+R
. 2 3 4

+7
R, (R3 +R4)

=109 Om;

R,(R; +R,) .\ 200(80 +160)

Ry, + Ry + R, 200 +80+160
s a -
1 R 1

d ] e ][]

puc.3.6. DKBUBAJICHTHBIE CXEMBI

E
Haiinem toK [; :E:%:O,OM A. 3areM HaiiileM HalpsoKeHUE MEXITy

Toukamu a ¥ 6 (puc.3.6 0). Ilo 3akony Oma U, = Ry, -1, =109-0,042=4,57 B.

Uy 457
R, 200

Tokun  HaxomdaTcs — ciaeAylmuMm — oOpasom: [, = =0,023 A,

U, 457
Ry, +R, 80+160

15 =0,019A. Tenepp MOXE€M HAWTH HANPSIKEHUE MEKIY

TOYKaMU d U 0.
U, =1,-R;=0,019-80=152 B.
3agaua 3.2. /[ cxembl, n300paxkeHHOU Ha puc. 3.7, onpeneauTh CUIy TOKa

B BeTBM ucTo4yHuKa. [lapamerpsl anemeHToB cxembl: E=5 B, R;=10Owm,

R=200 Om, R,=80 Om, R3=80 Om, R,=80 Om, Rs=160 Om.

puc. 3.7.

Pemenue. CoeuHeHUE TaKOrO THUIA, KaK MOKa3aHO Ha puc 3.7, Ha3bIBaETCs
MOCTOBBIM coeluHeHrueM. OHO He MOXET ObITh PaCCMOTPEHO, KaK COBOKYITHOCTb

IIOCJIEIOBATENBHBIX M IAPAUICIBbHBIX  COeAMHEHMM. Uit CBeIeHHus ero K
15



MOCJIeI0BATEIbHBIM U HapaJUIeIbHBIM COCIMHEHUSIM HEOOXOIUMO HCMOJIb30BaTh
dbopMmybl  ayig TpeoOpa3oBaHUs «3BE3IA-TPEYTOJIBHUK» WU  «TPEYTOJIbHUK-

3BC3aa».

puc. 3.8.

[Ipeobpazyem TpeyronbHuK Mexay Toukamu A, B u C (puc. 3.8 a) B 3Be31y
(puc 3.8.6). Bocnonbzyemcsi hopmynamu nipeodbpazoBanus (3.5). [loacrasmsiem B

TH hopmyibl: Ra=R3, Rg=R|, Rc=R,. [loaydum 351eMeHTHI cXeMbI 3.8 0.

RR
L= 22 =44 4 Om,
R +Ry+ Ry
R,R
R, = 23 =17,8 Om,
Ri+Ry + Ry
R:R
.= 31 =44 4 Om.
R +Ry + Ry

Hanee, paccmatpuBaeM cxemy 3.8 6. DneMeHTHI Ry, U Ry, Tak ke Kak U R, H
Rs coemuHeHbpl MexAy coOOM TOCIENOBaTeIbHO, B TO K€ BpEMs, BETBb,
comepxamasa R, u R4, cCOeIMHEHA C BETBbIO, coJepkalmen R, U Rs mapajuielbHO.
[Tomyuum J1j1s1 SKBUBAJICHTHOTO CONIPOTHUBIICHUS (POPMYITY, U BBIUUCIUM €TO:
(R, + R4 R, +Rs)

R=Ry+R,+
Ry+Ry+R,. +Rs

=121 Om.

Torna Tok BeruucisieTcs mo popmyse [ = %20,041 A.
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3.2.METO/J HEINOCTPEACTBEHHOI'O IPUMEHEHMHMS 3AKOHOB
KUPXT'OPA

JIns1 BBIUKUCIIEHUS TOKOB BO BCEX BETBAX CXEMbl MOXHO COCTAaBUTH CUCTEMY
YPaBHEHUM, COCTOSIIIYI0O W3 BBIPAXKEHUW [JIi TEPBOTO U BTOPOrO 3aKOHOB
Kupxroda. 3tu BeIpakeHUs] TUHEHHBI OTHOCUTEIHLHO TOKOB, MIOATOMY IOTYYaETCs
anreOpanyeckas JMHEWHAs HEOJHOpOJHAas cuctemMa ypaBHeHud. [lopsmox
CUCTEMBI JJOJKEH ObITh PAaBEH UMCITy HEU3BECTHBIX TOKOB, a CJIE0BATEIbHO, YUCITY
BETBEU cXeMbl. IIlyCcTh MBI MMEeM LIElb, COEPKALLYIO p BETBEN U g y370B. Toraa
Uil g-1 y3JI0B MBI MOKEM HamucaTh -1 HE3aBUCHMBIX BBIPAXKEHUU JJISI IEPBOTO
3akoHa Kupxroda. Octanbabie ypaBHEHUS (MX n=p-(g-1)) MBI TOJDKHBI TOTYYUTh
u3 BTOporo 3akoHa Kwupxroda, chopMmynupoBaB ero mais 7 HE3aBUCHUMBIX
KOHTYpoB. He3aBuCUMBIE KOHTYpBhl BBIOMPAIOTCS MPOU3ZBOJIBHO, TaK, YTOOBI
Kbl MOCHEAYIONIUN OTJIMYAJICAd OT COYETAaHMM MPENbIAyIINX XOTs Obl OJHOMU
HOBOM BeTBbIO. CyILECTBYET APYroe yclOBUE: NPHU BHIOOPE JAHHOTO KOJUYECTBA
(n) HE3aBUCUMBIX KOHTYPOB HE JIOJDKHO OCTAThCSl BETBEM HE BXOJSIIMX HU B OJUH
KOHTYP.

3anaua 3.3. Haiitu TOKM BO BCEX BETBSX CXEMbI, H300pakeHHOU Ha puc 3.9.

[Tapametpsl cxembl: E1=15 B, E>,=25 B, R;=340 Om, R,=525 Om, R;=115 Om.

puc.3.9

Pemienne. BriOepeM HampaBlieHHs] TOKOB B BETBSX, KaK IMOKAa3aHO Ha PHUC
3.10. Cxema colepxuT TpH BETBU U JBa y3ia. Clie1oBaTelbHO, ISl HEE MOYKHO
chopMyIHpoOBaTh OJHO BBIpAXEHUE [JIs MepBoro 3akoHa Kupxroda u naBa
BBIpOKEHUST I BTOporo 3akoHa Kwupxroda. HesaBucumbie KOHTYpPHI U
HampaBjieHus: uX o0xona BbIOMpaeM B cooTBeTcTBUU ¢ puc. 3.10. [lomyuum

CUCTEMY U3 TPEX YPABHEHHH ISl TPEX HEU3BECTHBIX TOKOB.

17
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A
L R, I R, I,
3
A
Py Pa ™
| (i

puc. 3.10.

—I,R, — 3Ry =-FE,.

3HaK «—» B TOCJECIHEM ypaBHEHUU TOCTABJICH MOTOMY, YTO HalpaBIICHUS
TokoB U DJIC Ha coBmajgaroT ¢ HampaBieHHEM 00Xoaa KoHTypa. Pemum sty
CUCTEMY MeTOoJIoM TipeoOpazoBanuii. [IpeoOpa3ys mepBoe u3 ypaBHeHuil (3.6) u

TIO/ICTABIISISL BBIpAXKEHHE ISl /5 BO BTOPOE M TPEThE YPaBHEHUS, OITyIUM

El _12R3

I,(R, + Ry)+I,Ry = E|, uotcioma I, = Rk
1 3

HOI[CT&BJ'IHH IMOJIYUYCHHOC BBIPAKCHUC  JJIA 1 1 B TPCThC  YPABHCHHUC,

El _I2R3

L(Ry +R)+ IRy = E,, monyuum  1,(R, +R3 )+ R+ R)

R3 :Ez, nu

E, (R1 +R3)—E1R3
RIRy, + RyR; + R Ry

CJIEIOBATENBHO [, = =0,024 A.

AnanornuHeiM 00pa3oMm, BeIpaxkas U3 BTOPOrO ypaBHEHUs [, U MOJACTaBIIAA

cro B TpCTI)C ypaBHeHI/IC, HonyqaeM:
I = Ei(Ry + Ry)—E; R
" RR, + R,R; + RyR,

=0,035 A.

Tox /5, kak 3TO ciedyeT U3 NEPBOrO ypaBHEHHs, paBEH CyMMeE TOKOB /| U
I, , cnenoBaTenpHO:

[o= PRt B R sga
" RR,+R,R; + RyR,
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3.3. METOJ KOHTYPHBIX TOKOB

MeTOI[ KOHTYPHBIX TOKOB 3aKJIIO4acTCsad B CICAYIOLICM. I[J'Iﬂ nenu
BBIOMpaeTCs CcUCTEMa HE3aBUCHUMBIX KOHTYPOB. Kaxnmomy KOHTYPY
IIPUIIMCHIBAECTCA KOHTYPHBIM TOK, LUPKYJIUPYIOIIUHA B JaHHOM KOHTYDE.
BriOupaercst HanpaBiieHUe KOHTYPHBIX TOKOB. Eciii BETBb BXOJUT TOJIBKO B OJIMH
KOHTYp, TO TOK B 3TOM BETBU PABEH KOHTYPHOMY TOKY. ECIM BE€TBb BXOAUT B
HCCKOJIbBKO KOHTYPOB, TO TOK 9TOU BETBU paB€H CYMMC KOHTYPHBIX TOKOB,
MMpOXOoaAmuX 4€PeC3 JaHHYIO BCTBb C YUCTOM 3HAKOB U BI>I6paHHI>IX HaHpaBHeHHﬁ.
KOHTypHBIe TOKH BBIYUCIAKOTCA U3 CHCTEMBI ypaBHeHHﬁ, COCTaBJICHHON IIO
OIIPCACIICHHBIM IIPpaBHJIAM. Cucrema AJIs1 BBIYHUCJIICHHA KOHTYPHBIX TOKOB HMCCT
BHU/:

Ry Iy + Ry +..+ Ry,

Ry Iy +Rypls +. .+ Ry T

n

R I, +R,[,+..+R,, I, =F,.

3nech Ryy, Ry 1 T.1. — COOCTBEHHBIE COMPOTUBIICHUSI KOHTYpOB. OHM paBHBI
CyMM€ COMNpPOTHUBJIECHUN BXOJSALIMX B JaHHBIA KOHTYp. R,=R;; (Hampumep) —
B3aMMHBIEC CONPOTHUBIICHUS MEPBOTO U BTOPOTO KOHTYPOB. DTO CONPOTHUBIECHUS,
KOTOpBIC MPUHAJICKAT KaK IEPBOMY, TaK U BTOpoMy KOHTYpY. Ecnu HanpaBieHus
KOHTYPHBIX TOKOB 4€pe3 H3TH COINPOTUBICHHS COBNAJAIOT, TO B3aUMHOE
CONPOTHUBJIEHUE BXOJUT B CUCTEMY CO 3HAKOM «1», a €CJIM OHH MPOTUBOIIOIOKHBI
TO cO 3HakoM «». FE;, E, m T.0. paBuel cymme OJJIC, BXomsdmux B
COOTBETCTBYIOIIMI KOHTYp. Ecnu HanpaBieHue uctouHnka 3/IC M KOHTYpHOTO
TOKa HE COBIAAAIOT, TO BKJIAJl, cooTBeTcTBYIOMENH D[C, OyAeT OTpuIaTeIbHBIM.

B cayuae, xorma B cxeMe €CTh MCTOYHUKHM TOKA, KOHTYPHBIM TOK OyIeT
paBeH TOKY UCTOYHUKA. Henb3s BbIOMpaTh KOHTYPHI TakK, 4YTOOBI B OJHOM KOHTYpE
OBLJI0O HECKOJIBKO UCTOYHUKOB TOKA.

3apaua 3.4. MeTogoM KOHTYpPHBIX TOKOB OMPENEIUTh TOKH BO BCEX BETBAX

uenu, uzoopaxkenHoil Ha puc. 3.11. Ilapamerpsl smemeHToB cxembl: E1=15 B,

19



E,=25 B, E5=5 B, R1=40 Om, R,=25 OmMm, Rs=15 OmM, R4:=30 Om, Rs=70 OMm, Rs=10
Owm.

puc.3.11
Pemienue. JlanHasg Lenp COAECPKUT IIECTh BETBEM M 4YEThIpE Yy3Ia.
CrnenoBaresnbHO, Mbl MOKEM BBIOpaTh TPU HE3aBUCUMBIX KOHTypa. O003HaUMM

TOKM B BeTBSIX [;, I5, 15, 1,, Is, Is. KoutypHbie TOKM 0003HauuM 1I;, Iy, 1. Beibepem

VX HaIlpaBJICHHUs, KaK MOKa3aHo Ha puc. 3.12.

puc. 3.12
CocTaBMM CHCTEMY YPaBHEHMH JIJIS HAXOKIEHUS KOHTYPHBIX TOKOB.
Ry dp+Riplyy + Ryl yy = By
Ry Iy + Roplyp + Ry3lpyp = Epy;
Ry Iy +Ryplyp + Rzl = Eppy.
3neck R 1=R+R4tRs, Ry>=Ry+tRs+R¢, R33=R3+R4+Rs, R1»=R>= —Ry,
Ry3=R3»= —Rs, Ri3=R31= —Ry4, E=E,\, En=—E>, En= —Ej.

3anuiieM CUCTeMY YpaBHEHHUI B MaTPUUHOM BHUJIE U PEILIUM €€.

R31 R32 R33 11][ EHI -30 —-70 115 ]1][ -5
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EI R12 R13
EII R22 R23
Ji EIII R32 R33
;=
Rll R12 R13
R21 R22 R23
R31 R32 R33
Rll R12 EI
RZl R22 EI]
I = R31 R32 EII]
ar — R R R
11 12 13
R21 R22 R23
R3l R32 R33

EH R23
B Rl 4a0 A,
RIZ R13
R22 R23
R32 R33

Tenepb, Koraga HaﬁﬂeHBI KOHTYPHBIC TOKH, HaﬁﬂeM TOKH B BCTBIIX. HepBaﬂ,

BTOpasi U TPEThsl BETBb NPHUHAIICKAT TOJBKO NEPBOMY, BTOPOMY M TPETHEMY

KOHTYPY, COOTBETCTBEHHO. [lo3TOMYy TOKM B HUX OyAyT paBHBI KOHTYPHBIM, C

TOYHOCTBIO 710 3Haka. C yuyeToM BBIOpaHHBIX HampaBiieHui nonyuum I1;=1,=0,017,

12: —11120,442, [3:

—]]]]:0, 308, .

Toku B OCTalIbHBIX BETBIX SBJISIOTCS

CYTIEepIIO3ULIUEH KOHTYPHBIX TOKOB MPOTEKAIOIIMX Yepe3 BeTBU. [lomyunm:
1=Iy—I=-0,308-0,017=-0,325,
Is=Iy —I1=—-0,308+0,442=0,134,

Ie=I; —-I;=0,017+0,442=0,459.

3.4. METO/J Y3JIOBbIX IOTEHIIUAJIOB

[Ipu pacuere uenem METOIOM Y3JIOBBIX

IIOTCHIOHMAJIOB BbIYUCIIAKOTCA

MOTCHIOUAJIBI BCCX Y3JIOBBIX TOYCK HOCIIM OTHOCHUTCIBHO OAHOIO, ITPOU3BOJIBHO

BBIOpaHHOTO (0a30BOT0), y37a. 3aTeM Ipu oMo 3aKkoHa OMa 1 BTOPOTO 3aKOHA

Kupxroda mMoryt ObITh BBHIYHCIEHBI TOKH BO BCEX BETBSX. Y3JIOBBIE MOTCHITUAIIBI

BBIUUCIISIIOTCS. U3 CUCTEMbI YPaBHEHUN TOPSIKA m=q-1, TA€ ¢ — KOJTUYECTBO y3JIOB

B IICIIM. HeusBecTHBIMM B 3TOM CHCTEME SIBISIOTCS D1, Py ..., . [Torenmuan
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0a30BOro ysiga ¢, NPUHUMAETCS paBHBIM Hymro. CucTeMa ypaBHEHHH I

BBITHCJICHUSA Y3JIOBBIX ITOTCHIIUAIIOB UMCCT BHU:

Mo+ Y0, + o+ Y@, =J15
g+ Yo, +4 Y0, =J5;

legpl + Ym2¢2 +.t Ymmwm = Jm

3necy Yii, Y U T.A0. — cCOOCTBEHHBIE MPOBOAUMOCTH y370B 1, 2 W T.n.
COOTBETCTBEHHO. OHM paBHBI CyMME€ MPOBOAUMOCTEH BETBEH COCAMHEHHBIX C
COOTBETCTBYIOIIUMH Yy31aMu. B3auMHbIe MPOBOAMMOCTH Y1y, Y1 y370B 1 u 2
pPaBHBI CyMMe€ IIPOBOJIUMOCTEN BETBEM HEMOCPEACTBEHHO COCAUHSIOMINX y3JIbl 1 1
2, B3SITOM CO 3HAKOM «—». TO ecTh, BC€ HEAUArOHAIBHBIE SJIEMEHTHI MaTpHUIlbl Y
OyIyT oTpunateabHbIMH. Benuuunsl Ji, J, U T.1. Ha3bIBAIOTCS Y3JIOBBIMH TOKaMHU.
B ux dbopmupoBaHue BHOCAT BKJIaJl BETBH, COCAMHEHHBIE C y3i1aMu 1, 2 U T.1. U
coaepxaiue uctounnku JJ]C unm uctoyHUKM ToKa. Bkiian BeTBH, coneprxaunien
HMCTOYHUK TOKA, OYyJET paBeH TOKY 3TOr0 MCTOYHHMKA, €CJIM UCTOYHUK HAIpaBJieH K
y37y U TOKY UCTOYHHUKA, B3ATOr0 ¢ OOPATHBIM 3HAKOM, €CJIM UCTOYHUK HaIpaBJieH
oT y3ma. Bxian BeTBu, copepkamei uctounuk DJIC, OymeTr paBeH OTHOIICHHIO
OJIC kx compotuBieHuto 3Toil BeTBU, eciau JDJIC HampaBieHa K Y37y, U ITOU
BeMYMHE C 00paTtHBhIM 3HaKoMm, ecnu OJIC HampaBneHa ot y3na. Ecmu memns
coAepXuT uaeanbHbie ucTouyHUKU DJIC, T.e. BeTBU KOTOphIe coaepxkaTt D/C u He
COJIEpXKaT COMPOTUBJICHUHN, TO METOJ Y3JOBBIX IMOTEHIMAIOB HE MOXET OBITh
MPHUMEHEH.

3amaua 3.5. HailTu Toku BO BceXx BETBSIX cxeMbl 3.11 METOAOM y3II0BBIX

noTeHmanoB. [lapaMeTpel 371IEMEHTOB CXEMBI T€ KE, UTO U B 3a7a4e 3.4.

Puc. 3.13
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Pemenne. Ilycts ¢, =0. O603HaunM @, @, ,®; NOTEHIMANBI B y31ax 1, 2,

3 otHocuTenbHO HyJeBoro yzna (puc.3.13). CoctaBuM sl UX BBIYUCIICHUS
CUCTEMY YpPaBHEHUH.
Yo + Y0, + Y303 = Jy;

V0,01 + Yoo 00 + Vo005 = J 55
3101 + Y0, + Y3305 = J3.

1 1 1 1 1 1
B JTOU CHCTEME YW=—7+—+—, Yyp=—+—+—,
Ry Ry Ry Ry Ry Ry
1 1 1
Y;3=—+—+— — COOCTBEHHbIE MpOBOAMMOCTH Yy310B 1, 2, um 3,
Ry, Rs Rs
COOTBETCTBEHHO.
1 1
B3aumuble  mpoBomuMocTH  — Y, =Y, = rE Y=Y =——,
1 2
1 E E E, E
Y3=Y3;=——. VY310BBIE TOKM paBHBL J, =L 3 ) = B
R; Ry R R Ry
E, E
Ry R

[loncTaBUB  YHCIEHHBIE 3HAYEHUs, MOJYYUM CHCTEMY yPAaBHEHH,

3aIlIMCAHHYIO B MAaTpUIHOM BHU/JIC!:

0,125 0,025 0,066 ( ¢, —-0,708
0,025 0,165 0,040 |-| @, |=| L375
0,066 0,040 0,121/ { ¢4 - 0,666

PemuB CUCTEMY, IIOJIYYUM 3HAYCHHA IIOTCHIHAJIOB B Y3JadX. Beimmumem

cpasy pemenue @;=9,745 B, ¢,=4,586 B,p;=-9,366 B. 3Hai 3HaueHuUd

IMOTCHIOMAJIOB IMOJIYYUM 3HAYCHHA TOKOB B BCTBAX, ITOJIb3YsAChb 3aKOHOM Oma.

_Up+E _¢—pp+ £

U, 11
Rl Rl

=0,017 A;
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” Uy, + E -, +E
U, I = 32R 2 _P3 =Pt Ey —0,442 A:
2 2
e (» > [ 1 e
1 E, L, R, 3
” Us;+E -3+ E
U, 13 — 13R 3 _ O — P3 3 20,308 A,
3 3
——>—{ |—eo
1 I, R, 0
’ U —
U [4 =10 :—¢1 0 = il _—0,325 A,
Ry Ry 4

——»——{ |—eo
0 I, R, 3

Uss ]5 _%:—_¢3 =0,134 A,

RS 5

———»—{ |—eo
2 I, R, 0

Uy, 6 = % = &=O,459 A

R6 R6

3.5. METO/JI 9KBUBAJIEHTHOI'O TEHEPATOPA

MeTonoM 3KBHUBAJIEHTHOTO TEHEpaTopa MOJb3YIOTCS, KOTr/a HEOO0XOAMMO
BBIUMCJINTh TOK B KakoH-HMOynb OIHONW BETBHU, @ OCTAJbHBIE BETBH HAC HE
MHTEpecyroT. Torga cxema IpEeACTaBIsSETCS B BHJE HHTEPECYIOLIENM HAC BETBU
IIPUCOEIMHEHHOM K aKTUBHOMY JBYXIIOJIOCHHUKY, KOTOPBIM 3aMEHSETCS OCTAJIbHAs
qacTb cxeMbl (puc.3.14 a). [lapameTppl akTUBHOIO ABYXIOJIOCHUKA Ry, Eo
(puc.3.14 6). BEIYUCIAIOTCS CIEAYIOMUM 00pa3oM. MBICICHHO pa3MbIKaeM BETBb C
VCKOMBIM TOKOM M, pellias 3a1ady Uisl pa30MKHYTOHM LIETIH, HAXOAUM HAIpPSKEHNE
XOJIOCTOTO XO0/1a Ha Pa30MKHYTHIX 3akumax. Hampsbkenue xonoctoro xoaa Oyjaer
paBHO skBuBasieHTHOW DJIC. UYtoObl HalTH R, HYXHO 3aMKHYTh HMCTOYHUKH
OJIC n pa3sOMKHYTh MCTOYHUKHM TOKAa BO BCEH CXEME€ M HAWTU SKBUBAJICHTHOE

COIIPOTHUBJIICHUC OTHOCHUTCIBHO PA3OMKHYTBLIX 3aKHMMOB. Cxema 3aMCIICHUA C
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TaKMMH MapaMeTpamMu 3KBUBAJIEHTHA MCXOJHOW. [103TOMYy MOXHO HAWTH TOK B

HY»KHOW HaM BETBH, Kak [ = —%

a) 0)
puc. 3.14

3agaua 3.6. B cxeme, n3o0pakeHHOM Ha puc. 3.9 METOI0M IKBHBAJICHTHOTO

reHepaTopa HalTH TOK B TpeTheldl BeTBU [;. [lapamerpsl menu Takue ke, Kak U B

3agaue 3.3.

Pemienne. Pa3omMkHeM BETBb, B KOTOpPOW mpoTekaer TOkK /5. Haligem

HarnpsbkeHue xosoctoro xonaa (puc 3.15). IlockonabKky BETBb pa3oOMKHYTa, TOKA B
Hell HeT. CnenoBaTenbHO, B CXEME Yepe3 JIBE€ OCTAaBIIUECS BETBU IMPOXOJUT

E, —-F
ﬁ. 3Has 3TOT TOK, U3 BTOPOro 3akoHa Kupxroda mis
1 Ty

OJIWHAKOBBLIN TOK [ =

KOHTypa, NoKa3zaHHoOro Ha puc. 3.15 nHaiinem Uyy. lIpu 3TOM yumThIBacM, 4TO

NaJICHUE HANPSDKEHUs HA PE3UCTOPE R, PAaBHO HYJIIO, T.K. BETBb Pa30MKHYTA U TOK

B HEW PaBEH HYJIIO.

XX
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E~E, , _ERy+ER,

orctoma U =1-R+U__. =F, — , U CIe0OBaTeJILHO,
xx 1 xx 1 Rl N R2 1 Rl 4 R2
E\R, + E,R
E,=U,=—"1"2""2"1-180 B. Haiizem Temepb  5KBHBAJICHTHOE
Ry +R,

CONPOTUBJICHUE, MOJIb3YSCh cxeMou 3.16.

a) 6)
puc. 3.16

OTHOCUTENBHO 3a)KMMOB COIPOTHBIICHHE R; COEIUHEHO IOCIIEN0BATEIBLHO
C YYacCTKOM, COZAEpKAIlUM MapajlIeIbHOE COCIUHEHNE CONPOTUBICHUA R, U R;.

R1R2
R +R,

E
[Tostomy R,,, = R; + =321 Om. Otcroza HaiineM Tok /5 = R”“ =0,059 A.

JK6
3agaua 3.7. B cxeme, wuzoOpaxxeHHod Ha puc. 3.11 merogom

SKBHUBAJICHTHOIO T€HepaTopa HallTM TOK B mepBoil BerBu /. Ilapamerpsl nenu

TaKue JXe, KaK U B 3ajaue 3.4.

Pemienne. PazomkHeM mniepByr0 BeTBb. Haliiem HampspKeHHE XOJIOCTOrO
xona (puc. 3.17). HanpsbkeHne X0JI0CTOTO X0Ja MOXXHO HalTH, U3 BTOPOTO 3aKOHA
Kupxroda m1s koHTYpa, 0OTMEUEHHOTO MTyHKTUPOM Ha puc. 3.17. [Momyuum

U, =E —1,Rs—L3R,. (3.6)

Haiinem Toxku /, n I5. B cxeme ¢ pa3oMKHYTOH IIEpBOil BETBbIO OHU OYIyT
coBnaaathk ¢ Tokamu /4 u I,. Cxema ¢ pa30MKHYTOH IIEpBOil BETBbIO Oy/lEeT UMETH
JIBa HE3aBHUCUMBIX KOHTYpa, CI€A0BATEIIbHO, CUCTEMA YPABHEHUN JIJISI HAXOXKICHUS

KOHTYPHBIX TOKOB OyJI€T UMETh BTOPO MOPSIAOK.

26



puc.3.17

[Tomyunm 3Ty cucremy:

I,(Rg + Ry + Rs )~ I3Rs = E,;

—I3Rs +I;(R, + Ry + Rs) = E;.

HOI[CTaBJ'IHﬂ quciia, 3aIlIMicM B MaTPUIHOM BHUC.

105 —70Y1,) (25

~70 115 \1;) |5

[Tomyyum 3Ha4YeHHS TOKOB U1 pPAa3OMKHyTOM cxembl [,=0,449 A wu
13=0,317 A. 3arem HaliieM HaIpsHKEHUE XOJIOCTOIO XOJa, IOACTaBUB JOTHU
3Ha4yeHus B (3.6).

U, =E —-1,R; —1;R,=0,993 B. Bpluucium Ttenepp R,,, U3 CXEMBI,

NOKa3aHHOM Ha puc. 3.18 a).

puc.3.18

Cxema, noka3zanHas Ha puc 3.18 a) He MOXKeT ObITh CBeJleHa K KOMOMHAITUN
napauiesibHbIX M MOCIEA0BaTEIbHbIX coequHeHuil. [losToMy I BBIYMCIICHUS
HKBUBAJICHTHOTO COMPOTUBIICHUS HEOOXOAMMO TMpeoOpa3oBaTth TPEYTOJNbHUK,

KOTOPbIN 00pa3yroT conpoTuBiieHus Mexay Toukamu A, B u C B 3Be3ny (puc. 3.18
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0). Bocnonszyemes popmynamu (3.5). Ilpu s3tom yurem, uto R, = Rs, Rz = Rq,

RC :Rz.
R4R R,R
W= 622 =38 Om, R, = 25 =16,7 Om,
Ry + Ry +R, Rs + R + R,
RsR
.= 30 =6,67 Om.
Rs + Rs + R,

Tenepr mapamerpsl cxembl puc.3.18 0) WU3BECTHBI, © MOXHO BBIYUCIIHTH
(R, + Ry \Ry +R;)

R,.=R +R,+
we LT R YR+ Ry + Ry

=59,4 Om. Uckomblii TOK OyeT paBeH:

E
I, ==2.20,017 A.

JK6

4. BAJJAHC MOIIIHOCTEM

VYpaBuenue OajmaHca MOIIHOCTEW  SIBISIETCS  BBIPQKEHHEM  3aKOHA
COXpaHEHHS JHEpPruM B Teopuw I1ened. YciaoBue OanaHca MOUTHOCTEH
3aKJIFOYAETCs] B TOM, YTO CyMMa MOLIHOCTEH BCEX 3JIEMEHTOB LIENH paBHA HYJ0. B
LENHA MOCTOSSHHOTO TOKAa MOIIHOCTh Y4YacTKa LIEMW paBHA MPOW3BEICHUIO CHJIbI
TOKAa Ha HampsHKEHWEe Ha JTOM YyyacTke. Eciu HampaBieHHE CHIBI TOKa H
HaMpsHKEHUST Ha KaKOM-JIMOO y4acTKe HE COBIAJIAeT, Mepe]] COOTBETCTBYIOIIUM
claraéMbIM CTaBHUTCS 3HAaK «—». [lockonbky HampspkeHue Ha uctounuke IJ(C
paBHO 3HaueHuto OJ[C U TPOTUBOMOJIOKHO 1O HAMPABICHUIO, MOIIHOCTh
ucrounuka JJ[C paBHa:

P =-EI.

ucm

MoIHOCTh PE3UCTUBHOTO 3JICMCHTA paBHaA:

UZ
P, =Ul=—=I"R.
R
[TosTomy ypaBHeHHMEe OajlaHca MOITHOCTEH IS LIEMH, HE CojAepIKalen

HCTOYHHUKOB TOKAa.

S EI=YI"R.
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IIpumep 1. CoctraBuM ypaBHEHHE OajlaHCa MOIIHOCTEH ISl CXEMBbl U3

3agaud 3.4.
2 2 2 2 2 2
E L +E ], +E3ly=1"R +1,"Ry + 3" Ry + 1, Ry +15"Rs + 15 R .

[ToacTaBuM B HETO YMCIICHHBIE 3HaYeHUsI, noydum: 12,8 Br=12,8 Br.

5. HOTEHIUAJIBHASA IUATPAMMA

[lorenunanbpHasg auarpaMma COCTABISECTCS I Y4acTKa LENH MOCTOSHHOTO
TOKa, HaIlpuMep, 11 KOHTypa. [Ipu mocTpoeHnn NOTEHIMAIbHOM IHarpaMMbl BCe
AJIEMEHTHI JAaHHOTO KOHTYpa 00XOATCS MOCIEI0BATENIbHO, ITPU ATOM BBIYUCIISIETCS
MOTEHIIMAJI KaXJ0W TOYKM KOHTypa. Ha rpaduke 1o BepTUKaIbHON OCH
OTKJIQJbIBAETCS 3HAUYCHHE NOTEHIMAJIA B KAXKIOM TOYKE, a 0 TOPU30HTAILHON OCH
OTKJIAJbIBAETCA CyMMa CONPOTHUBJICHUN HaXOASAIIMXCS Ha MyTH 00XO0Ja KOHTypa
MEXTy HadaJloM 00X0J1a U TeKYyIIIeH TOUKOM.

IIpumep 2. IlocTporM NOTEHUHMAIBHYIO AuarpamMMmy JUisi KOHTYpa,

OTMEUYEHHOI'0 XUPHOU JuHueH (puc.5.1) B nuenu u3 3anauu 3.4.

puc. 4.1

Haunewm BbIuuciienue noreHnuana ¢ Touku a. @, =0. Tok B a1ekTpuieckoil
LENU TE€YET OT OOJBIIEro MOoTeHIMana K MeHblueMy. [I03ToMy B COOTBETCTBUM C
BbIOpaHHBIM HAIIpaBJICHUEM MOTEHIMAN B TOYKE D IOJKEH OBbITh OOJble, YeM B
TOYKE a, U CIENOBATEeIbHO @) =@, +1,R,. Ho mockonpKy BenuuuMHa TOKa [,
NOJIy4MJIach OTpULATENbHAsA, TO 3HaueHue ¢,= —9,745 B Toxe oTpULATEIBHO.
3HaueHue @, = @, + E£;=5,255 n1oToMy 4TO NOTEHIMAJI C TOW CTOPOHBI UCTOYHHUKA
OJC, kyna ykas3pIBaeT CTpenika, OoJibllle, YeM C APYrod CTOPOHBI Ha BEIUYHUHY

SJIC. IloreHuman B To4ke d BeIUMCIAETCA, Kak @, =@, —[1R;=4,586 B. 3Hak
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MHUHYC B 3TOM BBIP@XEHHUU MPHUCYTCTBYET, IOCKOJIbKY HallpaBlieHHe 00XxoAaa
KOHTypa COBIAJAET C TOKOM, a TaK KaK TOK Te€4eT OT OOJBIIETro MOTEHLHUaNa K
MEHbILIEMY, TO 3HAUY€HUE ¢; JODKHO OBITb MEHbIIE, YeM ¢,.. AHAJIOIMYHO
paccyxpasi, noiaydum: @, =@, +1,R,=1563 B; ¢, =¢,-E,=9366 B;
Po =Pg + R515=0 B.

PaccmoTpuM, kakue 3HaueHUs OyIyT COOTBETCTBOBATh abcLUccaM TOYEK Ha
noTeHUManbHOU auarpamme (puc.4.2). Touka a — Haganno o6xozna, mostomy 7, =0.
Touka b OTCTOUT OT TOYKM @ Ha CONPOTHBIECHHE R,, modtoMy 7, = R4=30 Om.
Me:x1y TOYKOM b 1 TOYKOH C HET CONPOTUBIIEHUH, I0TOMY 7, = 1;,=30 OM. Touka
d OTCTOMT OT C Ha CONPOTUBIICHUE R,, MO3TOMY F; =F, + R;=70 Om. Ilo ananorun
nonyunM r; =ry; + Ry =95 Owm; r, =r, =95 Om; r, =r, + Rs=165 B (B nanHOM
cillyyae 7, paccMaTpuBaeTcs, HE Kak HadajlpHas Todka o00xoga, a Kak
COIIPOTHUBIIEHUE BCero KoHTypa). IlosydnB Bce 3TH 3HaUYEHUS MOKHO IIOCTPOMTH

NOTEHIUATIbHYIO Auarpammy (puc.4.2).

O (B) |

10 b 50 100 150 R (Om)

puc. 4.2
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