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JuctuminHa — «OJIEKTPOTEXHUKA»  M3ydaeTcs CTYACHTaMHU  HampaBlIeHUS
09.03.01 HMudopmaTnka 1 BEIUUCIUTEIbHAS TEXHUKA.

Lenpto ocBoeHHS yueOHOW UCHUIUIMHBI «DNEKTPOTEXHHUKA»  SIBISICTCS
M3yYCeHHE OCHOBHBIX TIOHSATHI W 3aKOHOB TEOPHH JIICKTPUYECKUX IeNeil, METOJ0B
aHaM3a JIMHEWHBIX W HEJIMHEWHBIX IIeNel B TEPEeXOJHOM M yCTaHOBUBIIEMCS
peXMMax, TPUHIMIOB [EHCTBUS W XapaKTePUCTUK KOMIIOHEHTOB H  Y3JIOB

AJIEKTPOHHOM arapaTrypsl, METOIOB UX pacyeTa.

I[TPAKTUYECKOE 3AHATHUE Nel

IMpumenenue 3akoHoB Kupxroga B dj1ekTpuyeckoi nenu

(MeTo/ HeTIOCPEICTBEHHOTO MPUMEHEHH s 3aKoHOB Kupxroga)

AaHo
Ri=16 Owm;
R,=31 Owm;
R3=24 Owm;
R4=13 Owm;
Rs5=33 Owm;
Re=40 Owm;
R;=22 Owm;
Rg=7 Owm;
E1=30 B;
E,=24 B;
E;=16 B;
Es=11 B.

Hantm
ToKM B LIENN HEMNOCPEACTBEHHbIM NpUMeHEHMEM 3aKOHOB Kupxroda.



CocTaBnsieM ypaBHeHUs No 3akoHaM Kupxroda. NepsBbiit 3akoH Kupxroda
FOBOPUT O TOM, YTO CyMMa BTEKAOLWMNX N BbITEKAKOLWNX TOKOB B N11060M y3ne
CXeMbl paBHa Hy/lo. Bropoi 3akoH Kupxroda rnacut, uyto anrebpandeckas
CyMMa NaeHui Hanpsi>XeHU Nno 3aMKHYTOMY KOHTYpy paBHa cymme 3[C B 3TOM
KOHType. B npuBeaeHHol cxeme m=7 BeTBel U n=4 y3na. CnegoBaTesibHO, MO
nepBoMy 3akoHy Kunpxroda A0/KHO 6biTb COCTaB/IEHO N-1=3 ypaBHEHUS, a MO
BTOPOMY 3akoHy Kupxrogda m-(n-1)=4 ypaBHeHus1. PaaMeyaeM nNponsBoIbHO
Bbl6paHHble HaNpaBleHNsA TOKOB, KOHTYPbl 06X010B, Y3/bl CXEMBbI.




A

A

(I = I5 + I, (nepeslit 3akoH Kupxroda gas ysna"0")

I = I; + I; + I3 (neperlii 3akoH Kupxroda gasa ysnaa)

I; + I, = I; (nepewl#i 3akoH Kupxroda ansyzna "b")

E, —E, = IRy — LR, + I5R;5 (BTOpOIii 3akoH Kupxroda gi1a koHTypa I)
E, = LR, + I3(R3; + Ry) + IgR; (BTOpO¥ 3ak0oH Kupxroda ansa koutypa )
—E; = —I;R; — IsR5 — IgR¢ (BTOpOI#i 3akoH Kupxroda ans koutypa IlI)
\E; — Eg = I;R; — IgRg (BTOpOIi 3aKkoH Kupxroda ans koutypa V)

(16=15+12
15=]1+I7+]8
11+12=I3

30 — 24 = 161, — 311, + 33,
24 = 311, + (24 + 13)15 + 40,
—16 = —22I, — 331 — 40I,
(16 — 11 = 221, — 7Ig

f16=15+12
15=11+I7+18
11+12=I3

6 = 1611 - 31[2 + 3315
24 =311, + 3715 + 401,
\5 = 221, — 7I,

(L +Is4+1=0
Il+15+17+18=0
L+L+I=0

161, — 311, +33I; =6
311, + 371 + 40l = 24
331 + 40l + 22I, = 16
L2217 = 718 — 5




33 40 22
0 22

0

33 40 22 0
0 22

0

OTBerT:

0,082 A; 13=0,347 A; 1s=0,131 A; 16=0,214 A; 1;=0,140 A;

11=O,265 A; I,
Is=-0,273 A.



[TPAKTUYECKOE 3AHATHUE Ne2

Metoa kouTypHbIX TOKOB (MKT)

AaHo
Ri=16 Owm;
R>=31 Owm;
R3=24 Owm;
R4=13 Owm;
R5=33 Owm;
Re=40 Owm;
R;=22 Owm;
Rg=7 Owm;
E1=30 B;
E>=24 B;
E;=16 B;
Es=11 B.

Hauntun
ToKM B LLeN MEeTOAOM KOHTYPHbIX TOKOB.

PeweHue

PasMeyaeM Npou3BOJIbHO BbiGpaHHbIE HAMpaB/EHUS TOKOB, KOHTYpPbl 06X0A0B,
Y3/1bl CXEMBbI.



CocTtaBMM MaTpUYHOE ypaBHEHME KOHTYPHbIX TOKOB.
(Z2)(I)=(U),rne

(Z) — maTpuua KOHTYPHbIX COMPOTUBIEHUN;

(I) — mMaTpuua HEU3BECTHbIX KOHTYPHbIX TOKOB;
(V) — matpuua 34C KOHTYpOB.



Ry+ R, +Rs —R, —Rs 0
5 _ -R, R, +Rs + Ry + Rg —Rq 0
@) = —R; —ffs Be+-RoiBy —Hy
0 0 -R, R, + Rg,
16+ 31+ 33 -31 -33 0
@) = -31 31+24+13+40 —40 0
—Rs —40 33+40+22 -22
0 0 -22 22 +7
80 —-31 —-33 0
_[-31 108 —40 0
@D=\_33 240 95 -22
0 0 -22 29

I;
Iy
1 —
0 (Im
II‘J‘

E,—E, 30 — 24 6
[ B2 Y[ 24 | _|[ 24
W=\ g, |=| Z16 || =16
E,—Es/ \16-11 5
80 -31 —33 0\ '/ 6 0,265
-1 _ | =31 108 —40 0O 24 | _ (0,347
D=@"W =\ 33 _40 95 -22] |-16)"{0133
0o 0 -22 29 5/ \0,273
I;=0,265 A,

IH=0,347 A;
IIII=0,133 A;
Iy=0,273 A.

OﬂpEﬂ,eﬂMB BCE€ KOHTYPHbIE€ TOKM, Bbipa3nM 4Hepe3 HUX TOKN B BETBAX:
11=II=0,265 A;

I,=I1;-1;=0,347-0,265=0,082 A;

I3=III=0,347 A;

15=II-IHI=0,265-0,133=0,132 A;

162111'1111201347'0,133:0/214 A,

I;=I1v-1i1=0,273-0,133=0,140 A;

Is=-IIV=-0,273 A.

HalieHHble TOKM COBMaAaloT C TOKaMu, BbIYUCIIEHHBIMU C UCMOSIb30BAHUEM
3akoHOB Kupxroda, 4to noaTBepxaaeT NpaBUbHOCTb PELLEHUS.
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[TPAKTUYECKOE 3AHATHUE Ne3

Metoa y3/710BbIX HANIPSIAKEHU I
(Meton y3noBeix noteHimaioB (MVII))

AaHo
E:=9 B;
E,=13 B;
E;=15 B;
J=1,4 A;
R;i=12 Om;
R,=16 Owm;
R3=9 Owm;
R4=5 Owm;
R5=10 Oom

Hantun
ToKkM B BETBSAX METOAOM Y3J/10BbIX NOTEHLUNaNoB (Y3/10BbiX HaNpsiXKeHUn):

Pemenne

b — = |3 C

—d
E1 R3 E3

Al l<A®
R2 R4

R 1Y il ] [41 RS

CoctaBMM MaTpU4yHOE ypaBHEHME Y3/10BbIX NOTEHLUMANOB.
(Y)(U)=(1), rae:

(Y) — MmaTpuua NnpoBOANMOCTEN BETBEN;

(U) — MaTpuua HEN3BECTHbIX MOTEHLMANOB;

(I) — mMaTpMua BTeKaLWMX UIN BblTEKAKOLWMX U3 Y3/10B TOKOB.
3aMeTuM, YTO M3BECTHOW MaTpuuen BNseTcs MaTpuua TOKOB, NO3TOMY
ncTtoyHmkm DC BKAOYEHHbIE NOCNeAoBaTeNlbHO C pe3ncTtopamm Heobxoammo
3aMeHUTb NCTOYHWKaMWN TOKa HOMUHaNoM E/R , coeanHeHHbIMK C pe3ncTopamm
napannenbHo. NoTeHunan ToO4KN a MOXHO 3anuncaTtb cpasy U,=E>=13 B:
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0 0 0
(1 1) 1 1 1 1
0 1 1 1 1
R, R: R, Rs
E;
@-(v)
Ue
0
E,
(nH= R,
e
0 0 0 0
1 1 1 1 1 1 E E,
—(—+—) —+—+— -—— 2 =
R, R, R, R, R, R, u,)=| R
1 1 1 1 E
0 - A
0 0 0 0
(1+1) 1,11 1 13 9
12 16/ 12 16 9 9 (Ub)= 12
. 1 1,1 1 \e/ |15,
9 9 5 10 10

0 0 13 0
—0,146 0O, 257 —0,111) (Ub) = (0,75)
0 -0,111 0,411 /\U, 0,1

—0,146- 13 + 0,257U, — 0,111U, = 0,75
—0,111U, + 0,411U, = 0,1

U, = 3,703U,.— 0,901

0,257(3,703U, — 0,901) — 0,111U, = 2,648
U, = 3,703U, — 0,901

0,841U.= 2,88

{ —1,898 + 0,257U, — 0,111U, = 0,75
{Ub = 3,703U.— 0,901

Ub—1178 B

11



3Ha“ noTeHuunarsbl y3710B, NCMNOJIb3YyEM 3aKOH OmMma un HaVI,D,eM TOKU B BETBAX:
U,-(U,—E,) 13—-(11,78-9)

I =
. R = 0,852 A
; _U,-U, 11,78-13 0,076 A
R, 16 7
, U,—U. 11,78—3,42 0929 A
* Ry 9 -

U
I,==—=—=10,684A
* R, 5

—(U.—E;) —(342-15
Is = i) ) _ 11584

R, 10

[ns wecTol BETBM MOXHO 3anucaTb NepBblii 3akoH Kupxroda:
Ig=]+1,—15=14+0,684—1,158= 0,926 A

OtBerT: 1;,=0,852 A; 1,=-0,076 A; 15=0,929 A; 1,=0,684 A; Is=1,158 A;
[6=0,926 A.
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[TPAKTUYECKOE 3AHATHE Ne4

YcTaHOBUBIIMICH CHHYCOMAANBHBIN pexkuM B RL -nemnsix

1.Mo KaKOMY 3aKOHY U3MEHAETCA TOK iB uenun nocne KOMmyTaunun:

s D 4D
éR o f )

0—{—}—0—:3—
+
i ‘?\/ ¢

I’

0 L

2. OnpegennTte NONHOe conpoTuBAeHWe Z , eCNn WUHAOYKTUBHOE CONpPOTUBEHUE
npusegeHHon uenn X, = 30 Om wm yron casura ¢a3  mexay MNPUNOKEHHBIM
HanpsaXeHnem u Tokom ¢p=37°.
4’[_ R
o VYA T}

3. Onpeaenute yron casura a3 mexay NPUAOKEHHbIM HanpAXKeHUEM U TOKOM,
eciIMR=60mun X, =8 Om.
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[TPAKTUYECKOE 3AHATHUE Ne5

YcraHoBUBIIMICS CHHYCOUAAJIBHBIN pe:xkuM B RC -nensix

1. OI'IpE[I,EJ'IMTb yCTaHOBMBLIEECA 3Ha4YeHNE TOKa B LEeNU Nocsie KoMMyTalunn:
> _”7

] R=100xm

2. Kak ¢ yBe/In4yeHnem ‘-IaCTOTbe npn HEU3IMEHHOM AEI\;ICTBVIOLLI,MM 3Ha4YeHUHn
NPUNOKEHHOIO HanpAXeHnm U n3ameHsneTca ﬂ,el\;ICTBYIOLLI,ee 3Ha4yeHue ToKa | ?

(& R

|
C
I

!

O

3. OnpepenuTte peakTMBHOE COMPOTUBIEHNE LUenu X NPU YyMeHbLIeHMN B 2 pasa
4acToThl.

Xi=8 OM R=40OM

Tl

Xe=2 OM

4. Onpepenvte KOMNAEKCHOE OENCTBYlOLEEe 3HAYEHWE TOKa AenCcTByloLee
3Ha4YeHne TOoKa, ecnn HanpsaxeHue U = 100 B, a nonHoe conpoTMBaeHUe

uenu Z = 100e ™% Om.
I

—

|
| I— |
1N

u
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[MPAKTUYECKOE 3AHATUE Ne6

BekTopnbie tuarpammel Aas1 RLC-neneit

TpéxdasHblie uenu

AaHo

Uy = 100B;
Ug =100- 779 B;

U; = 150-¢/135° B;
Zp =8—j60Mm;
Haiitn

Zp, Zc (NpY yCNOBUM CUMMETPUYHOCTM TOKOB) — ?

UABIUBCIUCA =7
MocTpounTb TonorpadunYeckyro AMarpammy HanpsaxKeHum — ?
MocTpoUTb BEKTOPHYIO AMArpaMmmy TOKOB — ?

PeweHue

3anuuwem conportusneHune ¢a3bl B B nokasaTtenbHOM (I)OpMe:
) Im(Zg) ) Im(Zg)
ZB _ 8 _ ]6 _ J[RQ(ZB)]z + [Im(ZB)]ze]-arCtg(Re(zs)) — \".'82 + (—6)2 . e]-arct’g(ms")') —

=10-¢/37° Om

Haxoaum Tok B paze B:
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M3 ycnoBna CUMMETPUM TOKOB C/ieayeT, 4To ToKu B ¢pa3ax A n C coBnagatoT No Moy to C TOKOM B
daze B u otimuatotca ot Hero dpasoii Ha 120°%:

- o _....o
Iy=15-e/120" =10-e777" A;

—i. 0 — 72470 : 0

ceTJ1207 = 10.¢7J%47 = 10- /1137

b~

Ir =

3HaA TOKU U HanpAaxXeHnAa s ¢asax, HaxoaMm conpoTuBIEeHUA ¢a3:

Uy 100
L=—=ﬁ=10'€]'i Om;

I, 10-e7J7

Us 150 /135 .
_C=_—C———15 el 22 Om;

3anuwem dasHble HaNpAXKEeHUA CMCTeMbI B anrebpanyeckoi popme:

U, = 100 B;

Uz =100-e779°° = 100 - (cos(—=90°) + j - sin(—90°)) = —j100 B;

Uy =150-¢/135° = 150 - (cos(135°) + j - sin(135%)) = —106,1 + j106,1 B;

JInHeliHble HanpPsAXeHUs CUCTEMBI:

Ugp = Uy — Ug = 100 +j100 B;
Ugpc = Ug — Uy = —j100 + 106,1 — j106,1 = 106,1 — j206,1 B;
Ups=Ug — Us = —106,1 +j106,1 — 100 = —206,1 + j106,1 B.
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Tonorpaduyeckas guarpamma HanpsaxKeHuun:

ImU, B
+200
\ Uca
Re U, B
0 Ua
Usc
Ue Uag
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BeKTOpHaﬂ Anarpamma TOKOB:

Ic

Mm, A
10
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