BapuanT 3
PI'P3

|A Zn 3agaua 1

R =10

X = —10j

Z, = 0.1 +0.1j
U, = 380

HopmanbHelii pexxum
Pemenne
Hanpsixkenus nctouyHuka

Uy = Up=380 B

—1-12
Up = Upee ) 120008

—-190 — 329.09] B

j-120d
o 120deg _

Uc = Uy ~190 + 329.09] B

Uxp = Us— Ug = 380 — (—190 — 329.09j) = 570 + 329.09j

|Uas| = 658.18 B Z(Upp)=30
Ugc = Ug - Uc = =190 = 329.09j — (~190 + 329.09j) = ~658.18;
|Upc| = 658.18 B £(Upc)=-90
Uca = Uc— Uy = —190 + 329.09) — 380 = =570 + 329.09j
|Uca| = 658.18 B Z(Uca) =150
Toku nernn
Ua 380
I, = = - = 38.74 + 37.23j
R-X 10--10j .
+Z, ———+01+0.1j
R + X 10 + -10j
1| = 53.73 A £(1,) = 43.85
u ~190 — 329.09j
I, = B - . 1287 - 52.17]
R-X 10--10j .
+Z, ———+0.1+0.1j
R + X 10 + -10j
|1 =53.73 A £(1,) = -76.15
u ~190 + 329.09j
I, = < - hi 5161+ 14.94)
R-X 10--10j .
+Z, ———+01+0.1j
R + X 10 + -10j

1| = 53.73 A £(1,) = 163.85



Hanpsoxenust TMHEITHBIX TPOBOIOB

Upa = 1I5Z, = (0.1 + 0.1j)-(38.74 + 37.23)) = 0.15 + 7.6] B
|Und| =76 B Z(Uy,) = 88.85

Ugy = IyZ, = (0.1 + 0.1j)-(12.87 - 52.17j) = 6.5 — 3.93j B
|Ups| = 7.6 B Z(Ug)=-31.15

Uce = 1eZy = (0.1 + 0.1))-(=51.61 + 14.94)) = —6.66 — 3.67j B
|Ucd| =76 B Z(Ug)=-15115

Hanpsixenus Harpysku

R-X . 10-10j ,
U, = ly——— = (38.74 + 37.23))-————— = 379.85 - 7.6}
R + X 10 + —10j
|U,| =379.92 B «(U)=-115
R-X 10-—10j
Uy = Iy = (1287 - 52.17j)-———— = ~196.5 - 325.16j
R + X 10 + —10j
|Uy| = 379.92 B £(Uy)=-121.15
R-X . 10-10j ,
U, = le——— = (-51.61 + 14.94j)-————— = —183.34 + 332.76]
R + X 10 + —10j
|U| =379.92 B Z(U)=11885

Uy, = U, — Uy = 379.85 — 7.6j — (—196.5 — 325.16j) = 576.35 + 317.56]

|Uu| = 658.05 B £(Uy) = 28.85

Upe = Up — U, = —196.5 — 325.16j — (~183.34 + 332.76j) = —13.16 — 657.92;
|Upe| = 658.05 B £(Up) = -91.15

Ug = U.— U, = —183.34 + 332.76j — (379.85 — 7.6j) = —563.19 + 340.35j
|Uca| = 658.05 B £(U,,) = 148.85

Hanpspxenue Be B koMIuiekcHON G opme

Uge = Ugp + Uy = 6.5 -3.93j + —-13.16 — 657.92j = —6.66 — 661.85j B
|Up.| = 661.88 B Z(Ug)=-90.58

MrHOBEHHOE 3HaUEHIE NCKOMOTO HAIPSDKSHHS

upd(t) = /2+|Up|-sin(314t + arg(Up,)) = 936.04-sin(314-t - 1.58) B



BexropHast auarpamma
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ABapUHHBIN pexuM

B.—. L
Toku BeTBeH
—Uca —(=570 + 329.09j) .
I, = = = 45.18 + 11.14]
R-X , 10--10j
27, +2- 2:(0.1 + 0.1j) + 2. ————
10 + ~10j
1| = 4653 A (1) = 1385
I, = -1, = ~(45.18 + 11.14j) = —45.18 — 11.14j A
1| = 46.53 A (L) =-166.15

HaprI)KGHI/IH Ja(004

Upa = IeZy = (0.1 + 0.1))(45.18 + 11.14)) = 3.4 + 5.63]
|Una| =658 B £(Up,) =58.85

Uce = I¢Z, = (0.1 + 0.1j)-(—45.18 — 11.14j) = —3.4 — 5.63;

|Uc| = 6.58 B £(Ug)=-121.15
R-X . 10-10j ,
U, =1, = (45.18 + 11.14j)) ————— = 281.6 — 170.18;
R+ X 10 + ~10j
|U,| =329.02 B £(U,)=-3115
R-X 1010 ,
U, = I = (~45.18 — 11.14j)) ————— = -281.6 + 170.18;
R+ X 10 + ~10j

|u =329.02 B £(U.)=14885
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|1 3agauga 2

Ubwix

v ®

|2V |_2
v R: l v
C+A)—
Pemenmne
BXO)IHOC HanpsHKCHUC
2 2. —
T - =T _628x10°
Y x10
U,, =200 B
2U T
U(t) = |[—=t if0<t<—
2
2- T
—Z(t-T) if =<t<T
2
2U 3T
Z(t-T) if T<t<=—
T 2
2-U 3T
2. (t-2T) if == <t<2T
T 2

L, = 0.01

L, = 0.01875
C, = 16.67-10
C, = 333310
R] = 60

R2 = 60

R; = 40

w = 1000

6

6

I'n
I'n



2001

uBX(t)

1001

0 5%10°° 0.01

Pazoxum BXogHOE HaNpsDKeHUE B Pl G ypbe

ITocTosiHHAS COCTABISIOMIAS

T
1
Ag = —-J U, (1) dt = 100 B
T

AMIIIUTY bl TAPMOHUK

rT
2
Al =] ug(t)-cos(wt) dt = -81.06 B
T
0
2 (T
Ay = —-| ug(t)-cos(3w-t) dt = -9.01 B
T
0
2 (T
As = ? Ug(t)-cos(Sw-t) dt = -3.24 B
<0

BxomHoe HampsHKEeHNE B Pa3JioyKEHHOM BUIE
u'p(t) = Ag + Aj-cos(w-t) + As-cos(3w-t) + As-cos(Sw-t)

u'p(t) = 100 — 81.06-005(1 x 103-t) - 3.24-005(5 x 103-t) - 9.01-005(3 x 103-t)



20

15

u'p(t) 10

0 5%10°°

PaccunTaeM TOKM LIETTH IS IOCTOTHHOM COCTAaBIISIONIEH

Ugo = Ag = 100 B
Usxo 100
g = ——— = =0.83 A
R,+R, 60+ 60
Lo = Ijg= 0.83 A

PaccunTaeM TOKM LEIH IS TIEPBOI TaPMOHH Ki
T
A1 .
Up = —-¢ = -57.32j B

&

Xppy = jwly = j-1x10°-0.01 = 10]

Xia1 = jowly = j-1x 10°-0.02 = 18.75]

1 1
XC]] = = = —5999_]
FC 102 16.67-107
X ! ! 30
C21 _]'QJ'CZ

1% 10°3333.10° ¢

0.01



Upyi ~57.32j
I = = = d = -001-06

Ry Ry + X(o; + Xew (X + Xea) 60-[40 +18.75) + —2 2010 ¥ _301')}
2| R3 + Xp2) : - - -
Xen + X + Xea 60 + —59.99j + 10j + —30j

Ry + ~59.99j-(10j + —30j
Xen(Xein + Xea1) 60 + 40 + 18.75] + ———2 ( i J).
Ry + Ry + Xy + ~59.99j + 10j + —30j
Xen + Xen + Xeat
11| = 0.68 A £(1;) = -90.92
R, 60
I = L = (=0.01 — 0.68))- ; 3 N
e R Xen-(Xein + Xear) 60+ 40+ 18.75) + ~59.99j-(10j + —30j)
2T TR o+ X+ Xea ~59.99j + 10j + —30j
I3 = —0.02 — 0.41j A |151| =041 A Z(Ly) =-93.07
Ly =1, - I = —0.01 — 0.68j — (—0.02 — 0.41j) = 0.01 — 0.27] A
L] =027 A (L) =-8771
X + X1 10j + —=30j -
Ly = Iy— = (=0.02 — 0.41j)- 120 s47x10 2 -0 A
XC]] + XL]] + XCZ] _5999_] + 10_] + —30_]
1| = 0.1 A £(1y) = -93.07
Is; = Iy — Iy = —0.02 — 0.41j — (—5.47 x 1073 - O.lj) = -0.02 — 0.31; A
|151] = 031 A L(l5)=-93.07

HaprI)KGHI/IH TSI I HepBOfI TapMOHUKU COOTBCTCTBYIOIINEC BATBTMETPAM

Uy = Ly-Xepp = (—5.47 X107 - O.lj)-—59.99j = —6.12 + 0.33j B
Usp = Is;-Xcop = (=0.02 — 0.31j)-=30j = —9.19 + 0.49 B
Uy = Uy = -57.32j B

Paccunraem Toxkn TSI JJI TpCTBCﬁ TapMOHHKH

Y
A3 J._
Upz = —=-¢ 2 637 B
2
Xpi3 =j- 3wl =j-3-1x 10°-0.01 = 30j oM
Xz =j3wly =j-3-1x 10°.0.02 = 56.25j OMm
X 1 1 20j 0
Cl13 = 7 = = —<2V] M
139C s 1031667107 °
X 1 1 10j 0
= — - _ M
BT i3we, d

i31x 10%-33.33.107°



U

113 _ BX3 _ —6.37_] : . . - 1.19 x 10—5 _
. Xeia (Xeia + Xeas) 60-[40 4 56.25] + —20j-(30j + 40])}
T Xeis + Xus + Xen 60 + —20j + 30) + ~10)
Ry + —20j-(30j + —10j
XC13'(XL13 + Xczs) 60 + 40 + 56.25j + J (30 , J),
Ry + Ry + Xpaz + =205 + 30 + -10j
Xciz + Xpiz + Xeos
Ti3= 1.19x 107> = 0.05] A
|115] = 0.05 A (L) = -89.99
R, - 60
Iy = Iy T (119 107° - 0.05)) 0 G 10
Rt Rt X g 13 X1 + Xeas 60 + 40 + 5625 + ——A 2 * ~ )
2 3 L23 —20j + 30j + —-10j
Xci3 + Xpiz + Xeos I N !
|| =239 107° A (1) = -0.03

5 5

Iy =I3-1 = 1.19x 1077 - 0.05j — (2.39>< 10 ~ - 1.25)x 10 8) =-1.19x 10 ~ - 0.05j A

13| = 0.05 A Z(Ls) =-90.01
Xpi3 + X3 - - 30j + —10j -
Iz = Ly - (2.39>< 1077 = 1255 % 10 8)- ) _0.16-837jx 10 ° A
XC13 + XL13 + Xcz3 —20_] + 30_] + —10_]
|Ls| = 0.16 A (1) =-0.03
-5 -8 =5 =5
I3 = Iy3— Iy3 = 239x 10 = 1.25jx 10 © — (0.16— 8.37j x 10 ): ~0.16 + 8.37j x 10 A

13| = 0.16 A L(ls3) = 179.97

HaprI)KGHI/IH TSI I HepBOfI TapMOHUKU COOTBECTCTBYIOIIUEC BATBTMETPaAM

Uys = I3 Xep3 = (0.16 - 837jx 10 5)-—20j - 167x 10 - 3.19j

B
s 4 .

U33 = 153'Xcz3 = (—016 + 837_] x 10 )—10_] =8.37x 10 + 159_] B

Uy = Upyg = —6.37] B

Omnpeennum MoKa 3aHUsI IIP HOOPOB DIIEKTP OAMHAMUYECKONH CHCT EMBI

Iy = \/1102 i1y 212 =y 0.832 + 0.68% + 0,052 = 1.08 A

Iy = \/1202 iy 24 1y 2 = 0.832 + 0277 + 0,052 = 0.88 A
’ 2 2 2 -5 2

IA3 = I31A + I33A = 041 + (239)( 10 ) =041 A

Uy, = JUonz U 2 Ups 2 = 1002+ 57.32% 4 637 = 115.44 B

Uys :\/U21A2+U23A2 61324 3197 = 691 B



Uys = \/Um,z + Uy = \/9.22 +1.59% = 934

3anuireM MrHOBEHHOE 3HAUCHHE BXOOHOTO HaAIIpsKCHUSA

U'p(t) = Ap + Aj-cos(w-t) + Asz-cos(3w-t) = —9.01-005(3 X 103-t) + —81.06-005(1 X 103-t) + 100

AKTHUBHas MOIIHOCTB LICIIN

Py = I;g-Ups = 0.83-100 = 83.33  Br

Py = Re(I*);-Upy) = Re[(=57.32))-(=0.01 + 0.68)] = 39.07 Br
. -5 .
P; = Re(I*3Up) = Re|:(—6.37_|)-(1.19>< 107+ 0.051)] =034 Br
P =Py+ Py + P; = 83.33 + 39.07 + 0.34 = 122.75 Br
ITomHas MOITHOCTE LICTTH
S = I,4;-Uy; = 1.08-115.44 = 124.44 BA
Koad purmenT MonHocTH enu
P 122.75
cosp =— = —— =
S 124.44
3anauda 3
Z =
! /1 /3 Vi; l, :
——] 7, =
Z3 =
Us 7 L U, L Zy =
ZS =
e
U, =

COHpOTI/IBT[CHI/IH XOJIOCTOro xoga U KOpOTKOro 3aMbIKaHUSI YCTBIPCXITQTIOY HUKA

Zz'(Z3 + Z4) o (1+2)) ,
Zi =72+ ———— = 2j+ ——— = 0.75 + 2.25]
Zy+ 75+ 74 1+25+1

B



Z4Zs 5
Zy|Zs + 2j+ —2
Zy+ Zs 5 1+2j

Zlk = Z] + = 2]+ =0.8 + 227_] OMm
ZaZs 1+2j+ 2
Zz + Z3 + J 1 i
Zy+ Zs +2j
717, o
z4.(z3+ — ] (2j+ 1 Jz'j
1 2 +
Zow = Zs + —2jy ~—— 7 84207 Om
Zy-Z, . 2j
Z4 + Z3 + I+ 2.' + 1 i
Z] + Zz + 2]

Koad purmeHTsI 4eThIp eXImoo CHIKa

A ZixZix B (0.8 + 2.27j)-(0.75 + 2.25j) P
Zoe(Z1y— Zyy) (0.8 + 2.27j)-[0.75 + 2.25j — (0.8 + 2.27)] !

B = ZyA = (3 - 6))-(0.8 + 2.27)) = 16 + 2j Om
A — 6j
Zix 0.5+ 2.25j
Zyy 0.8 + 2.27j
D=A— =(@3-6)—=d_3_g
Zlk 08 + 227_]

[IpoBepuM cooTHOIIEHHE
A-D-B-C =3-6)-3-6)—(-2-2)(16+2j)=1
CoOTHOIIIEHNE BBITIQTHSIE TCS

XapaKTepHCTH‘{CCKOC COIIPOTUBJICHUC YCTHIPCXITOTHOCHHUKA

B 16 + 2]
Z.= |= = |—2 - 077+ 2260m
C -2-2j

IlocTostHHAS nepegayn

g = In(A +B-C) = In[3 - 6j + (=2 — 2))-(16 + 2j)] = 2.6 — L.11

Ipn xomocToM X0/1e Ha BTOMYHBIX 3a)KMMaX BTOp HIHBIX TOK PaBEH HYIIO CJEI0BAaTElb HO ypaBH eHIE JET bl eXITOMOCHIKA
HepeieT K clelyloIeMy BULy

U= AU,

Otkyna ko3 QUM eHT epenadn

Uy(w) 1 Zop(w)-(Z1x(w) — Z(w))
Uj(w)  A(w) Zixy(w)-Zy(w)
1 -3
Cl=——=-159%x10 > @
Z,j-314
L ysex107} @

Zyj-314



Z]X(W) = +
i-w-C 1
Jrwt Zz + + Z4
jw-Cy
1 Z4yZs
Zy| - +
1 JwC  Zy+Zs
Zlk(w) = -
J-w-Cy 1 ZyZs
2+ 7 +
PwCy  Zy+ Zs
1
- Zy
1 JrwCy
Z4' - C + )
J-w- 3 : + Zz
J'w'C]
sz(w) = ZS + )
- Zy
1 JrwCy
Z4 + - C )
J-w- 3 : + Zz
J'w'C]

AMHJ’II/ITYZIHO-‘{ aCTOTHAs XapaKrep HCTUKaA



®dazo-gacTor Hast XapaKTePUCTHUKA (Pa3MEPHOCTh PaJiv aHbI)

LA
0.
0.6
IK()
0.
0.
10 100 1x10° 1x10*

1x10°



10 1x|10

w

I[J'Iﬂ 3aJIaHHBIX TAapaMETPOB LCTN U 3aTAHHOI'O BXOAHOI'O HAIIP sSBKEHUSA OIP €1 EJIMM BXOJTHOM TOK M BEIXOMHBIE TOK 1 HaIp sKE HE

Z,=27, Tpustom 7, = Z =077 + 2.26] Om
Otkyna

U, 20j
[ =— = —=1  _ 7924272 A

Z, 077 + 2.26]

Ul = AU2 + B12
Il = CU2 + D12

U A
§=_U2+12
L ¢
—=—U,+1
b -p 2tk
U L



U L 20j 7.92 + 2.72j
B D 16+2 3 - 6]
U, = - . . _ 133+ 0.66]
A C 3-61  —2-2
B D 16+2j 3-6
|Uy| = 1.49 B £(U,) = 153.69

Uz —1.33 4 0.66]
L= — = 2T 20 084 0.62] A

Z 0.77 + 2.26]

Paccuuraecm HAMpsHKEC HAS AJIA IIOCTPOCHUS TOHOFpa(bH‘ICCKOﬁ AuarpaMmbl

Uy = 1,2, = (7.92 + 2.72))-2j = —5.44 + 15.85]
U,y = Uy — Uy = 20j — (=5.44 + 15.85)) = 5.44 + 4.15j

Uz 544 +4.15)

Iy, = = 2T 5444 405

Z, 1
Iy =1, -1, = 792+ 2.72j — (5.44 + 4.15j) = 2.49 — 144
Uy = Ip3Zy = (249 — 1.44)-2j = 2.87 + 4.97]
Uy = Ugy — Uyy = 5.44 + 4.15) — (2.87 + 4.97j) = 2.57 — 0.82]

Uys = Uy — Uy = 2.57 — 0.82) — (—1.33 + 0.66j) = 3.9 — 1.48;

o]

o]

o]

o]

|Uzi| = 1675
|Uz| = 6.84
|Uzs| =574
|Uz4| = 2.69
|Uzs| = 4.17

B £(Uy) = 108.94

B £(Uy,) =37.38

B £(Ugs) = 60
B £(Uy)=-17.69
B £(Uygs) = -20.75



Tomorpaduueckas tuarpaMma
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