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JucnuimHa —«OJIEKTPOTEXHUKAY HW3Y4aeTCs CTYJISHTAMH HarpaBICHHUS
10.03.01 HNudopmarmorHas 6€30mMacHOCTb.

[lenpto OCBOEHHWs y4YEOHOW IUCHUIUIMHBI «DJIEKTPOTEXHHUKA» SBIISACTCS
U3yYCHUE OCHOBHBIX IMOHATHA M 3aKOHOB TEOPHH IJICKTPUUYCCKUX IICTIel, METOIOB
aHaM3a JMHCWHBIX W HEJIWHEWHBIX IIENedl B TEPEXOJHOM W YCTAHOBHUBIIEMCS
peKMMax, TPHUHIMAIOB JCHCTBUSA M XapaKTCPUCTUK KOMIIOHCHTOB U  Y3JIOB

AIIEKTPOHHOM anmnaparypbl, METOIOB UX pacyeTa.

[NPAKTHUYECKOE 3AHATHUE Nel

IlaccuBHBIE M AKTHBHBIE YJIeMeHTbl. OCHOBHBIE MOHATHSA TOMOJOT AN
cxeM. CoennHeHHe DJIEMEHTOB.
3anaua 1.1

[Io 3amaHHOM BOJNBT-aMIIEPHOM  XapaKTEPUCTUKE MPUEMHUKA  OIPEHACIIUTE
HaIpsOKEHUE Ha HEM MPU TOKE 5 A.
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3anaua 1.2

[lo 3agaHHOIl  BOJBT-aMIIEPHON  XapakTEPUCTHKE PE3UCTOpa  OINPEACNIUTE  €ro
COINPOTHUBIICHUE
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3agava 1.3

Kak n3menurcs Tok [ npu nepexosie oT CXeMbl a K cxeme O ?
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3anaua 1.4

3agaHa cxema:

20 Om

E 20 Om D DZO Om

20 Om
L T

Onpenenure YKBUBAJIEHTHOE CONPOTUBIIEHUE LIETIH OTHOCUTENbHO ucTouHuKka J/1C.

3amaua 1.5

3agaHa cxema:

gl e
Joo [

R3

Onpenenure Tok /1, ecnu R =5 Om, R,=10 Om, R3=10 Om, L =5 A.



[TPAKTUYECKOE 3AHATUE Ne2

IIpumenenue 3akoHoB Kupxroga n Oma B 3j1eKTpUYECKUX HensixX

3agaua 2.1

3agaHa cxema

R1 R3

o ] . :
T T ( . .
Qe <0 -l
—_ —
. [ 1 L1
. 6 i 2
JlaHo:
=037 A R4=1,85 Om

R1=4,03 Om Rs =2,75 Om

R2=3,78 Om Rs = 3,10 Om

Rs=5,20 Om R7=4,59 Om
Tpebyercs:

1. OHpG]lCJ'[I/ITB TOKHU B OCTAJIbHBIX BETBAX U BXOJHOC HAITPSKCHHUC.

2. I/ICHOHBSyﬂ HaliJICHHBIC 3HAYECHMSI BXOJHOIO TOKAa U BXOJHOTO HaIpsKCHUSA, paCCUUTATDh
BXOIHOC CONIPOTUBJICHUC.

3. Paccuurath BXOAHOC COIIPOTUBJICHUEC, UCIIOJIB3Y OKBUBAJICHTHBIC Hp606pa3OBaHI/I$I CXCMBI,
CpaBHHUTH C pC3YJIbTATOM, IMOJIYYCHHBIM B ITYHKTC 2.

Pemenue.

3Hast ToK |4 , MOXxkHO HaliTh HanpsikeHne Us = ls- Ry,

Us=0,37A - 1,85 Om = 0,68 B.

Us = U4, Tak kak compoTuBieHus R4 n Rs BKITIOUEHBI TapauieabHo.
U. , 0,68

=5 Is= 2 —=025A
R, 2,75

Is =
I3 = l4+ Is (o mepBomy 3akony Kupxroda mis yzna 6),
I13=0,37+0,25=0,62 A.

Us=1I3R3, U3=0,62A-520mM=3,22B

Us=1I3Rs, Us=0,62A-3,10m=192B



Uw=Us+Us+Us; Uip=322+0,68+1,92=582B.
5,82

(@

UZ:UaB y IZ:

2 .
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—2 = 1,54A.
R2

I,

w
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I1 = I2+ I3 (mo mepBomy 3akony Kupxroda as y3ia a),

1 =1,54+0,62=2,16 A.

MOHO HaWTu Hanpspkenue Up = 11- Ry, Ui =2,16A - 4,03 Om=8,7 B

u Hanpsokenue U7 = I1- Rz, U7= 2,16A -4,59 Om =991 B.

Usx = U1 + U + Uy

Ui =38,7 + 5,82 +9,91 =24,43 B.

Rex = Y., Rex = 24,438
2,164

Il

= 11,31 OM — BXOAHOE CONPOTHUBIICHUE.

MoXHO HaMTH o6mee COIIPOTUBJICHHUC. COIIPOTUBJICHHA R4 n Rs BrIIOUeHBI mapaujiCjibHoO,

pacCcuynuTacM 3KBUBAJICHTHOC COIIPOTHUBJIICHUC!

RR o _ 185275

Rys = = - -
®7 R +R, 1,85+2,75

=1,11 Om.

Ecnu 3amenuts pesuctopsl R4 u Rs omuum, To pesuctopsl Rz, Rss u Rs, OyayT BKIIOUEHBI
MOCJICIOBATEIFHO. DKBUBAICHTHOE COMPOTUBIICHUE PABHO:

Ra456 = R3 + Ras + Re

Raas6 =5,2+ 1,11 +3,1 =9,41 Om.
Pesuctop R2 BkiTtodueH napaiensHo ¢ Rasse , 5KBUBaJIEHTHOE cOnpoTHBIeHNE R23456 paBHO:

R, Ryus  3,78-9,41
R,+R, 3,78+9,41

Ro3s6 = 2,7 Om.

Pesucropst R, Rozsse 1 R7 BKITIOYeHBI TOCTIE10BATENBHO:
Ros = R1 + Roassg + R7 =4,03 + 2,7 + 4,59 =11,32 Om.

Rex = Ros . BxogHoe conpoTuBiieHre TPUMEPHO paBHO 00IIeMYy.



3agaua 2.2

3agaHa cxema

R1 a R3 a
o] '
l1 I3 " 5
R? l Iz R4 l RS l
I7 ls
- -+
» 1 1
R7 d R6 ?
Tpebyercs:

1. OHpe,I[eJ'II/ITb TOKH B OCTAJIbHBIX BCTBAX U BXOAHOC HAIIPSKCHHUC.

2. I/ICHOHBSYSI HaﬁﬂCHHLIe 3HAYCHHA BXOAHOI'O TOKA U BXOJHOI'O HAIIPAKCHUSA, PaCCUUTATD
BXOOHOC COIIPOTHUBIICHHUC.

3. PaccunrtaTh BXOJJHOE CONPOTUBIIEHUE, UCIIONb3Ysl SKBUBAJIEHTHBIE IPEOOPA30BAHUS CXEMBIL;

CPaBHUTH C PE3YJIbTATOM, MTOJIYYCHHBIM B ITYHKTE 2.

BapuanT 3aganus onpeaensercs o JByM IMOCIeTHUM ¢ paM HoMepa CTYJICHIeCKOTro OmieTa:
nocienuss mudpa mpudta — No ; npeanocnenuss — Ni.

Tabnuua 1.1
N1 Comnpotusienus, (Om)
Rl Rz R3 R4 Rs Re R7
0 3,58 1,67 2,29 3,46 1,82 5,10 2,16
1 512 4,39 1,74 3,29 2,15 1,56 3,50
2 4,62 5,81 3,79 2,81 1,71 3,42 4,03
3 4,03 3,78 5,20 1,85 2,75 3,10 4,59
4 4,99 4,17 3,52 2,28 1,68 4,17 3,25
5 3,18 1,75 5,63 1,84 2,39 3,40 2,85
6 3,55 2,17 1,75 5,13 4,44 3,45 1,79
7 5,82 2,45 3,20 4,20 1,75 3,75 2,57
8 1,80 3,45 4,32 5,07 1,86 2,28 3,45
9 3,28 1,64 3,50 2,26 3,89 5,19 4,20
Ta6muma 1.2
No 0 1 2 3 4 5 6 7 8 9

Toxk,(A) 11=1,5 11=1,3 | 1=0,83 | 1.=0,75 | 1s=0,65 | 15=0,88 | 1,=0,48 | 1,=0,37 | 1s=0,52 | 15=0,33




3agava 2.3

Jlana cxema, 1 I3BECTHBI CONPOTHBIICHUS pe3ucTopoB U IJ1C uctounukon. TpeOyeTcs HAWTH TOKH
B BETBSX, HCIIOJIb3YsI 3aKOHBI Kupxroda.

m
N

I
| I |
Ri1

ORI

-

Mt ©

m (.

I
Hano:
Ri =100 Om
R2 =150 Om
R3 =150 Om
Ei=75B
E>»=100B
Onpenenutsb
Il) 129 I3 - ?
Pernienue

Hcnonb3ys nepBelii 3akoH Kupxroda, MoxHo 3anucath n-1 ypaBHeHui A uenu. B Hamem
Cllydae KOJIMYECTBO Y3JI0B N=2, a 3HAYUT HYKHO COCTaBUTh TOJIKO OJHO YPaBHEHHUE.
HanmomuuMm, 4To0 10 nepBoMy 3aKOHY, CyMMa TOKOB, CXOSIIMXCS B y3j€ paBHa HyJt0. [Ipu aTOM,
YCIIOBHO MPUHSATO CYUTATH BXOJSAIINE TOKU B y3€Jl OJOKUTEIbHBIMH, a BHIXOSAIIUMU
OTPHLIATEJIbHBIMU. 3HAUUT JUIs HaIlIeH 3a/1a4u

I,—1, —1,=0

3areM UCTONB3YS BTOPO 3aKOH (CyMMa MaJieHUi HaMPsHKeHHs B HE3aBUCMOM KOHTYpE paBHA
cymme D/IC B HEM) cOCTaBUM ypaBHEHHUsI JIJIsl IEPBOTO U BTOPOT0 KOHTYPOB 1ienu. HampasneHus
00x0/1a BEIOpaHbI POU3BOJIBLHBIMY, TIPU 3TOM €CITU HAMpPaBICHHE TOKA YepPe3 PE3UCTOP
COBIAJIaeT C HallpaBJeHHEM 00x0/1a, 0epeM co 3HAKOM IUTIOC, U HA00OPOT €CJIM HE COBMAIaeT, TO
CO 3HAaKOM MHUHYC. AHaIoru4yHo ¢ ucrounukamu JJ(C.

Ha npumepe nepBoro koHtypa — Tok I1 u I3 coBnaaarot ¢ HanpasieHueM 00xoja KOHTypa
(mpotus yacoBoi ctpenku), IJIC El taxxke coBnamaer, modTomy 6epemM BX CO 3HAKOM ILITIOC.
VYpaBHEHHsI 7151 IEPBOTO M BTOPOT'O KOHTYPOB 10 BTOPOMY 3aKOHY OYyTyT:

Rllrl + Rglrg = E1
R, L+ R =E,
Bce 91 Tpu ypaBHEHHs1 00pa3yOT CUCTEMY

RIL+R,L=E,



[ToncTaBuB U3BECTHBIE 3HAUYCHUS U PEIIUB JIAHHYIO JIMHEUHYIO CUCTEMY YPaBHEHUH, HAlIEM
TOKH B BETBAX (CHOCOO peIIeHUs] MOXKET OBbITh JTI0OBIM).

I, = 0,143
I, =0,262
I, = 0,405

[TpoBepky npaBUIIBHOCTH PELIEHUS MOXKHO OCYIIECTBUTh Pa3HBIMHU CIIOCOOAMHU, HO CAMBIM
HaJIC)KHBIM SBIISIETCS MTPOBEpKa OaTaHCOM MOIIHOCTEH.

3agaua 2.4

3uass conpoTtusneHuns pesuctopo U IJC Tpex uctounukoB Haitu DJ[C yeTBEpTOro M TOKHU B
BETBSIX.
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Es Ia

Jano:

R =130 Om E;=30B
R> =100 Om E>=60B
R3 =150 Om E;=80B
R4 =200 Om
Rs=280 Om

Onpenenutb

Ii, I, I3, 14-7?
E4-?

Pemenne

Kak u B npeapiayIie 3a1ade HAYHEM PELIEHHUE C COCTABJICHHS YPAaBHEHUIM Ha OCHOBAaHUU
nepBoro 3akoHa Kupxroda. KomndectBo ypaBHeHHii n-1= 2

9



I,—I,—I,=0
L+, —L=0

3aTeM COCTaBIIIEM YPaBHEHHUsI 10 BTOPOMY 3aKOHY JUIsl TPEX KOHTYPOB. Y UHTHIBAEM
HarpaBjeHus1 00X0/1a, KaK U B NIPEABIYIICH 3a/1a4e.

R,I, +R;I; =E,

Ha OCHOBAHHUHU DTUX ypaBHCHI/Iﬁ COCTaBJIsIEM CI/ICTeMy C IIXIThXO HCU3BCCTHBIMU
R,I,+ Ry, — R.I. = E, + E,
R,L, + Rsls = E,
R, +R,I, =E, +E,

L—I,—1,=0
L+I,—1,=0
Pemus 9Ty CUCTEMY J'IIO6BIM y,I[O6HBIM CHOCO6OM, HaﬁﬂeM HCHU3BCCTHBIC BCIIMYNHBI
I, = 0,229
I, = 0,435
I, = 0,645
I, =0,416
E, =100

I[J'IH 3TOU 3ala4y BBIIOJHUM IIPOBEPKY € ITIOMOLIBIO 68.J'I&HC& MOH.IHOCTGfI, IIpu 5TOM CyMMa
MOHIHOCTefI, OTAJaHHasi ICTOYHUKaAMU, JOJI?KHaA paBH?[TI)Cﬂ CyMMe MOHIHOCTCﬁ, HOJIyLICHHI)IX
IMPpUCMHUKAMU.
2 2 2 2 2 _
I2R, + I2R, + I2Ry + I2R, + IR, = E,I, + E, I, + E; I, + E, I,

126.2 ~ 126.2 Bt
bananc momHocTei comencs, a 3HauuT Toku U DJ1C HaliieHbl BEpHO.

[MPAKTUYECKOE 3AHATUE Ne3

10



IIpuMeHeHre MeTOAa KOHTYPHBIX TOKOB. IIpuMeHeHne MeToAa y310BbIX
HaNPSZKEeHUH.

3agaua 3.1

OnpeneJmTe TOKH B BE€TBAX CXCMbI MECTOAOM KOHTYPHBIX TOKOB

Rz
R1 [] I‘I‘ Rg 12-2
A T I,
Iy Iy
E1 .'”{}) |‘ * I5 (f EE
_'|: | I—
R, ]33 R5
e s
L |
| I |
R
JlaHo:
Ri=10wm R¢=5B
R,=2Om Ei=100B
R3=3 Om E>=80B
Rs=50mM
Rs =5 OM

B nccnenyemoii nenu — mects BeTBEN U TPU HE3aBUCUMBIX KOHTYpA (TUIA SUEEK).
ITpon3BosibHO BBIOMpPaeM HaIpaBlIeHHUs] TOKOB. Y paBHEHHS METO/la KOHTYPHBIX TOKOB
IIPU TPEX HEU3BECTHBIX UMEIOT BUJIL:

R‘H "f11 +R12 "fzz + R13 ’-’33 = E11;
R21 "'-11 +R22 "‘22 +R23 "‘33 = Ezz;
Rm "'-11 +R32 "'22 +RJJ "'3:1 = ESJ‘

IloacraBinsas 4uCIOBEIE 3HA4YCHUA, HAXOAHUM!

1. CoOcTBeHHBIE CONPOTUBICHNS KOHTYPOB:
R11=R1+R3+R4='QOM;
R =R+ R+ R =10 Om;
R33=R4+R5+R5=15 Om.

2. COBMECTHBIE COTPOTUBJIEHHS KOHTYPOB:
Ri2 = Rz =—R3=-3 Om;
Riz=R31=—-Rs=-50m;

Rys = Ry = —Rs = —5 Om.

11



CoBMmecTHOE COIMPOTUBJICHHUEC ABYX KOHTYPOB BXOJUT B YPaBHCHHUEC CO 3HAKOM MHUHYC, €CJIN
HaIlpaBJICHHUA KOHTYPHBIX TOKOB, ITPOXOAANIUX 1O 3TOMY COIMPOTHUBJICHUIO, ITPOTHUBOIIOJIOXKHBI, U

CO 3HAaKOM ILIIOC, €CJIM HAIIPaBJICHUA 3TUX TOKOB COBIIaJarOT.

3. Kontypusie S/1C:

E11=E1=100B;
E; =-E;=-80B;
Ex=0.

C yueToM HaliJIeHHbIX 3HAUEHUI CUCTEMA YPaBHEHUN UMEET BUL:

9l,, — 31, — 51y, =100;
~31,, +10l,, — 51, = —80;
~51,, — 51,, + 151, = 0.

"5 1

9 -3 -5
A= |-3 10 -5/ =(9:10:15 + (-3)-(-5)-(-5) + (-3)-(-5)-(-5)) -
-5 -5 15
— ((-5)-(10)-(-5) + (~3)-(-3)-(15) + (-5)-(-5)-(9)) = 590;
A= 10 7 21015 (5)(-5) = 125:
1= | g gl = 1015-(8)(-5)=125;
A= ‘_3 _:‘ = (-3)-15 — (5)-(-5) = -70;

Avs = “3 12‘ - (-3)(-5) - (-5)10 = 65;

f12:%-E11+ﬁ-E22+ﬁ-E12:
2125 400+ 72 . (—80)+ =20 =116 A:
590 590 590
Aor=| - | =(=3)15 - (-5)-(-5) = —70:
21 ‘_5 15‘ (-3) (-5)-(-5)

g -5
Ay = =9-15 - (-5)-(-5) = 110;
2 ‘_5 15‘ (-5)(-5)

9 -5
A= ‘_5 _5‘ = 9/(-5) - (-6)/(-5) = ~60:

12



A A A
l,, = :1 ‘E, + f E,+ j"’-Eﬂ_
70 400+119 . (_g0)+ ﬂ 0=-3,05A;
590 590

Ag=[10 -5 = (—3)-{—5) - (-5)-10 = 65;

9 5
f332=‘_3 _5‘ 9-(-5) - (-3)(-5) = -60;

9 -3
Agy = =910 - (-3)(-3) =
. ‘_3 m‘ (-3)(-3)
3+1 3+2 2+3
IS R C P L A
65 60 81
=—— 100+ ——(-80)+—-0=2,88 A
(=80)+ 580

590 590
HaliieHHbIE KOHTYpPHBIE TOKHU MO3BOJISIIOT HAWTH MCKOMBIE TOKH B BETBSIX

Li=li=116A; b=y =-3,05 A;
ls= I3 = 2,88 A:
ls=l11 — b = 11,6 — (-3,05) = 14,65 A;
ly=1ly — =116 —2,88 =872 A;
Is = I3 — lop = 2,88 — (-3,05) = 5,93 A.

Tok |2 MMOJIYIUJICA OTPULATCIIbHBIM. 910 03Ha4acT, 4TO €Iro ACHUCTBUTCIIbHOC HAIIPABJICHHUC

B BCTBU IPOTUBOIIOJIOXKHO BI)I6paHHOMy

3agaua 3.2
MeT0/10M KOHTYPHBIX TOKOB OIIPE/ICIIUTH TOKU B BETBSIX CXEMBI
IJ —_— R3
1
| S|
I
-
Ry Rs Rg
1' 1 2 | | ,3 1 -4
"4 B ‘!’} "6
R R I
r 1? L4 I,s; r
h N ey 1)
— L - —
/ 5 5 _/
Hano:
Ei=145B R4 =10 Om

E>=140B Rs=4 Om
13



Ri=Ri=Ri=1Om R7=8 Om
R3=10,5 Om Rg=50m

Pemenue
OrnpenernsieM KOJIMYECTBO YPABHEHUIN CUCTEMBI:
K=B-(V-1)=8-(5-1)=4

BriOupaeM KOHTYpBI U 3aIIUCBIBAEM ISl KaXKJIOTO YpaBHEHHs 110 BTOpoMy 3akoHy Kupxroga:

1-4-3-2-1 Iy (Ry+ Ry +Rs +Rg)— 15, -Ry — 133 -Rs — 144 - R =0;
1-2-5-2 ~1y Ry + 1y (Ry+ Ry + Ry )= I35 Ry — 4y - 0=Ey;
2-3-5-2 —1) Ry =1 Ry + 133 (R + Ry + Ry )— 1, - Ry =0,
3-4-5-3 1" Rg—15-0—13;-Ry + 1, - (R, + Rg + Ry )=-E,

Pemup CUCTCMY OJHUM U3 YUCIICHHBIX METOJOB, IIOJTYYUM 3HAYCHHUA KOHTYPHBIX TOKOB:

f|[=1ﬂ .f"!.; f11=|5 f\; f33=5 }"L; f_|4=-]5ﬂ,
3aTem BbIpaXa€M TOKH BETBEU U3 KOHTYPHBIX TOKOB!:

f1=f:3=15 A f}:fll:]ﬁ A f5=a"||~f_1_1,=5 A f7=.|’::~.’33=1ﬂ A
}'1:_‘."”:]5 A, I.|=.Ir33'.|’|[=5 A, fﬁ=f||-f44=25 Pi, Ig=f33'.|’4.|=20 A.

[IpoBepsiem G6anaHC MOITHOCTEH:

Pow=E I, +Ey-1, =145.15+140-15 = 4275Br;
Py =T R +13Ry + I3 Ry + I7Ry + IZRs + IZRg + 17 R, + Ig Ry = 4275 Br.

nomp

3agaua 3.3

Z[J'DI KaKI0Tr0 HEMICPCKPBIBAOIICTOCHA KOHTYPa COCTAaBbTC YPAaBHCHUC 110 METOAY
KOHTYPHBIX TOKOB.

14



3agava 3.4

PacueT cl1o’KHBIX pa3BETBICHHBIX AJIEKTPUUYECKHX LIeTel ¢ HECKOIbKMMH UCTOYHUKAMU U
JIBYMsI y3J1aM, MOXHO OCYIIECTBUTH METO/IOM Y3JIOBOT'O HAIIPSIKEHMUS.

A
— | -
1, 2
R, E,
T + f } Rs
Er R;
B

HanpspkeHne Mexay y3inaMu Ha3blBaeTcsl y310BbIM Uag — y3110Bo€e HanpsikeHue nenu. s
Pa3IUYHbBIX BETBEH 3TO y3J10BOE HANPSKEHUE MOXKHO ONPEAEIUTH CIEAYIOIUM 00pa3oM.

1. TlockosbKy aJisi IEPBOM BETBU UCTOYHUK PabOTAET B PEIKUME TEHEPATOP
U= E = L(R; + Ry).
Benuuraa ToKa onpenenseTcs Kak

E, -Uy;
f = " (E,=-U
L R, + Ro (E, an) €1,

rae gi - IpOBOAUMOCTD 1-i BETBU.

|

A -

2. Z[J'ISI BTOpOfI BCTBU UCTOYHHUK pa60TaeT B PCIKHUME HOTpe6I/ITeJ'I$I, CJI€I10BaTCIIbHO,

Upp=—Upy=—[E+ L(Ry + Ryn)].

:El + U_‘B
Ry + R

I

=—(E, + Up)g:.

3. Inst TpeTbeii BETBU

UAH__' - UBA = _JrsRL

(ITorenmman Touku B st TpeTheit BETBU O0JIbINe, YeM MOTEHIINH, TOUYKH A, TaK KaK TOK
HATPAaBIIeH U3 TOYKU C OOJIBIINM MOTEHIIUATIOB B TOUYKY C MEHBIITUM MOTEHIIUAIOM. )

BCJ'II/I‘{I/IHy TOoKa |3 MOXKHO OIIPCACIIUTD 10 3aKOHY Owma

[To nepBomy 3akony Kupxroda s y3nosoit Touku A (unu B):

15
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HOIICTaBI/IB B OTO YPAaBHCHUC 3HAYCHUA TOKOB, MOKHO 3aIllMCaThb

Eg —Uppgi— Exgn— Uipga — Upga = 0.

Pemmp st10 YPaBHCHUC OTHOCHUTCJIIBHO Y3JIOBOI'O HAIIPAKCHHA UAB, MOXXHO OHNpCACINUTb Cro
3HA4YCHUC

CrnenoBaTenbHO, BEJIMYMHA Y3J0BOTO  HAIPSIKEHUS  OIMPENENSICTCS  OTHOIICHUEM
anredpandeckoii cymmsbl npoussenenuii 3/1C 1 npoBOJUMOCTH BETBEH C HICTOYHUKAMHU K CyMMeE
MIPOBOJUMOCTEH BCEX BETBEH.

Jlnst onpezienieHus 3HaKa ajareOpanyuecKoil CyMMBbI HAlpaBJICHUE TOKOB BO BCEX BETBSX
BBIOMPAIOT OJIMHAKOBBIM, T. €. OT OJHOTO y31a K apyromy. Torga 3C ucrounnka, paboTaroniero
B pPEKUME TeHepaTopa, OepeTcsi CO 3HAKOM «ILIIOC», a MCTOYHHKA, PadOTAIOMIEr0 B PEXHUME
MOTPEOUTENS, CO 3HAKOM «MUHYCY.

Takum O6p2130M, AJIL OpeaCJICHUA TOKOB B CIIOJKHOH LETu C AByMs y3JIaMH BbIYHCIIACTCA
CHadalia y3JI0BOC HAlIPS’KCHUE, a 3aTCM 3HAYCHUA TOKOB.

V3noBoe HAIIPS’KCHUEC Uag MOXKeET MOJIYYHUTBHCA IOJOXUTCIIbHBIM WM OTPULATCIIbHBIM,
Kak M TOK B JII0OOH BeTBU. 3HAK «MHUHYC» B BBIYHUCJIICHHOM 3HAYCHHU TOKA YKaA3bIBACT, YTO
pCaJIbHOC HAIIpaBJICHUEC TOKA B JTaHHOH BETBU IMPOTHUBOIIOJIOKHO YCIIOBHO BBI6paHHOMy.

3agaua 3.5

B BeTBsIX cXeMbI TpeOyeTCs ONPEAEeTUTh TOKH, €CITH:
E1=35B; E2=70B; R1=1,7 Om; Ro1 = 0,3 Om; R2=0,9 Om; Ro2=0,1 Om; R3 =4 Om.
Pemenwue.

V3noBoe Hanpsukerue Uyp

Eg +FE
UH:_]gs 181

g1 +82 +8&

16



1 1

= = =[I SC .
gl RI-I'-RN l!?+{)13 ] M}
grm—t— =1 _yow g=t=Llog250u
Ry +Rpn 0,9+0,1 R: 4 7 j
UAJ=351055+?0.1=5[}B

0,5+1+0,25

Toku B BEeTBSIX OYAYT COOTBETCTBEHHO PAaBHBI:

1r1 = {E] - UAB}S] :-{35 = SG)G,S ="_?,5 A,
L=(E~ Upg=(70-50)-1=20 A;
f}z‘"UAng :"-“5{]'3,25 =_12,5 A

Kak BUIHO M3 MOJY4YEHHBIX PE3y/bTAaTOB, HAMpaBiIeHHE TOKOB |1 u |2 MPOTHBOMOIOKHO
BbIOpanHOMy. Clie1oBaTeNnbHO, HCTOUHUK paboTaeT B peskuMe moTpeduTess.
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[TPAKTUYECKOE 3AHATHUE Ned

YcraHoBuBIIMIiCS CHHYCOMAANbHBIN pesxkuM B RL-mensix

3apaua 4.1

Omnpenenure nonaHoe conporusiieHue Z npu X, =120 Om u R = 160 Om.

Ay K
oYY [ o

3anaua 4.2

Onpenennure TONHOE CONPOTHBICHHWE 7, €CIIM WHAYKTUBHOE COTPOTHBIICHUE
npuBeneHHou ey Xz =30 OM u yron capura (a3 MeKIy MPHIOKEHHBIM HAIPSDKEHUEM U
TOKOM (p=37°.

Xt R
[ 4 T ol ¥ k—| l—(]

3apaua 4.3

OHpe,I[CJ'II/ITC yroJj caBura (1)213 MCKAY NPUITOKCHHBIM HAIIPAKECHUEM U TOKOM, €CJIN

R=60mulX; =8 Owm.

3agaua 4.4

OnpeﬂenHTe YCTAaHOBUBIICCCA 3HAYCHUEC TOKA ITOCJIC 3aMbIKaAHH BBIKJITFOUATCIIA.

Ry L=05Txn

G e

CDEsz D R=2 O

18



[TIPAKTUYECKOE 3AHATUE Neb
YcranoBuBIIMiics: CHHYcOnAANbHBIN pexxuMm B RC-uensix

3agaua 5.1

Kak mensercs HeﬁCTBYIOHICC 3HAUYeHHE TOKa / ¢ YBCIUMYCHUEM I‘IEICTOTBI]F P HCU3MEHHOM
HeﬁCTBYIOIHHM SHAQUYCHHUH IIPHUIIOKECHHOI'0 HAIMPSXKCHUN U?

I & R
=]

3agaua 5.2

Uemy paseH Tok B nienu mpu f= 0?

3agaua 5.3
Onpenennute yCTaHOBUBIIEECS 3HAYCHUE TOKA B IIETTH TTOCTIE KOMMYTAITHH.

Ry C=40 aged

A
C>E=gog D R=10Om

3apaua 5.4

Omnpenenure KOMIUIEKCHOE CONPOTHBIEHHWE Z LENW, NPUBEIACHHOW Ha pHUCYHKE, B
anreOpanyeckoi 1 nokazareabHoi gpopme, eciu Xc = 60 Om, 1 R = 80 Om?

Xo R

A

19



3amauya 5.5

CocraBbte qudpdepeHunanb-Hoe ypaBHeHHE 1Ienu nmociie komMmyTanuu (t > 0), onpenenure
Beipakenue Uo(t) u Hapucyiite kauecTBeHHO ero rpaduk, ceqn Ci= 5 Mk®, R1= R= 10 kOm,
E1= 5 MB.

3agaua 5.6

CocraBbte quddepeHnnaibHoe ypaBHeHUE 1ienu mocie kommytarmu (t > 0), naiinure Uc(t) u
n300pasute kadecTBeHHO rpaduk. C1= 4 Mx®, R1= 5 kOm, Ry= 7 kOm, E;= 15 MB.

B ool

20



[TPAKTUYECKOE 3AHATUE Ne6

BexTopubie nuarpammsbl 1t RLC-neneit

3agaua 6.1
Hano:

U, =100B;
Ug =100-e /99" B;
U, = 150-e/135° B;
Zp=8—j6 0

Haittu

Zp, Zc (pu yCIIOBUM CUMMETPUYHOCTH TOKOB),
Uag,Usc,Uca,

ITocTpONTh BEKTOPHYIO IUarpamMmy HaIpsKEHUN.
[TocTpouTh BEKTOPHYIO JUarpaMmy TOKOB.

Pemenne
Ia Za-7
0 — —
——
Da
2 Zz=8-j6
0 [+
—_—
Ue
Ic Zc-?
° [
——-
Uc

3anuiuem conpotusieHue (as3pl B B mokazarenbHoOU hopme:

3 Imi{Zg) ) Im(Zg)
Zp=8—j6= J [.Ize(gﬁ.)]2 + [fm(gB)]ZeJ"“"“g(nefzﬁ:») =87+ (—6)2- ei'ﬂ’““ﬁ(—me 7o ) _

=10-&/37° Om

Haxonum Tok B daze B:
Up 100-e77°

_=5__---""=" _ . e—j127°
Iz Zs 10 -/ 37° 10-e A

N3 ycnoBust CHMMETpUHN TOKOB CIIEYET, 4TO TOKH B (pazax A u C coBnajaroT M0 MOJYIIO €

ToKOM B (hase B 1 omiimuarorcs ot Hero dazoii Ha 120°:
21



- el120% = 10 . 777 A;
e o i o : o
e 7J120° =10 . e7I247" = 10 /1174

Rl
b b

3Hasi TOKH U HaINpsDKEHUS B (Da3ax, HaXOAUM COIIPOTHBIICHUS (a3:

U 100 -
ZAZ—_AZ—_W:;[.;].EJ-? Om;
I, 10-eJ
U. 150-¢/135° s
L _—E=W= 15'6"}-22 GM;
I 10-e

3anuiem ¢a3HbIe HAPSHKCHUS CUCTEMBI B aredpandeckoii popme:

U, =100B;

Ug =100-e77%9° = 100 - (cos(—90°) + j - sin(—909)) = —j100 B;

Us =150- e/135% — 150 - (cos(1359) +j-sin(135%)) = —106,1 + j106,1 B;

JIuHeiiHbIe HaIlIpsAXKCHUA CUCTCMBI:

Uup = Uy — Uz = 100 +j100 B;
Uge = Uz — Uz = —j100 + 106,1 — j106,1 = 106,1 — j206,1 B;
Upy =Uz — Uy = —106,1+j106,1 — 100 = —206,1 + j106,1 B.
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Tonorpaduyeckas quarpamMma HampsHKCHUH

ImU, B
+200

Re U, B

Us

Bekropnas nuarpamma TOKOB:

ImlI, A

T10

Ua

Usg

200
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3agaua 6.2

ITo 3amanHO# BEeTMYMHE HAUTH BCE TOKH B BETBAX W HampsukeHus Uas, Uab, UGB.

Uss= 14,5 B
Z,=j7,10m
Z,=89 Om
Z,=-j9,5 Om
U,, =14,5B
AN
I :Uzi :%: j1,53A=1,53-e1" A

I, = |‘2_+ I, o mepBomy 3akony Kupxroda ms ysna 6.
I, =1,63+ j1,53=2,24-e1 A

U, =1,-Z, =(1,63+j1,53)-j7,1=-10,9+ j11,6 =15,9-"*B
u,=U_+U,

U,=-10,9+ j11,6+14,5=3,6+ j11,6 =12,1.¢/*B

Ha pucynke npuBeneHa BEKTOpHas JuarpaMma.

[Topsimok e€ mocTpoeHus CIeAYIONTUN:

Ilo pe3yabTaTamM pacd&ToB OTI0XKEHBI BeKTOphl TokoB |y, 15, 5.
3aTeM neprneHuKy/IApHO HarpaBnenuio |; B cropony onepexenns (T.k. X1> 0) oT10%keH

sekTop |, - X,, koTopslii coorBeTcTBYET Hanpskenuto U, .
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3atem no HanpasineHuto I, orioxeH BekTop |, -R, KOTOpBIA COOTBETCTBYET HANPSKEHHIO
U,, . DTOT e BEKTOpP MOKHO TIOJNY4UTh, ECIU TIEPIEHAMKYIAPHO HAMPABIEHUIO |, B CTOPOHY

orcraBanus (T.K. X3< 0) oToxuTh Bektop |, X, .

Cymma Bextopos U, u U, naer Bextop npunoskennoro nanpsoxenus U .

Uss

U'E'.B

-
o
m

=]
1]
a
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