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YmoBa 3aBaanus
B enxrpuanomy kodi fie mxepeno curycoinnoi €PC:
Heo0xinno:

1. JJ19 EJEKTPUYHOI'O KOJIA BE3 B3AEMHOI IHYKIIII:

1.1. Po3paxyBatu CTpyMH BITOK CHMBOJIIYHHM METOJIOM CKJIACTH OaaHC aKTHBHUX 1 pEaKTUBHHIX
IIOTYKHOCTEHU KOJIa,;

1.2. TToOGynyBaTtu miarpaMy CTpyMiB i Tonorpadiuny giarpamy Harpyr, HOKa3aTH KyT 3cyBY (}a3;

1.3. IlpuitHsaBim akTUBHUH omip R2 3a HynTbOBHIl 1 BBaXKar0un PeaKTUBHUH OIIIp ITi€l BITKH
HEBIIOMHIA, pO3paxyBaTu HOTO 32 YMOBH PE30HAHCY CTPYMIB;

1.4. Po3paxyBatu CTpyMy JJIsl pE€30HAHCHOTO CTaHy KOJia; BU3HAYUTH MTOKa3U BOJIBTMETPA,

1.5. IlepeBipuTH NPaBMIBHICTD PO3PAaXyHKIB 32 OaJTAHCOM MOTYXHOCTEH;

1.6. Po3paxyBaru (3HalTH HYIII 1 IOJFOCH) 1 TOOYIyBaTH 4aCTOTHY XapaKTEPUCTUKY BXIJTHOTO
OTIOPY YaCTHHU KOJIa, pO3MIIIEeHO1 cripaBa Bij nepepizy A-A. s onepKaHHS peaKTUBHOTO
JIBOTIOJTFOCHUKA aKTUBHI ONIOPH 3aKOPOTHTH.

2. TP HASIBHOCTI MATHITHOT'O 3B"A3KY MIX IHAYKTUBHUMU EJIEMEHTAMMU L1 T+
L2 (OJTHOMMEHHI TIOYATKHU I[TO3HAUYEHI HA CXEMI TOUKAMM):

2.1. [lepeTBOPUBIIH CXEMY JI0 TBOX HE3aJIC)KHUX KOHTYPIB, pO3paxyBaTH CTPYMH Y BCIX BITKax
CXEMH METOJIOM KOHTYPHHX CTPYMIB, BU3HAYUTH MTOKA3U BOJIBTMETPA,

2.2. IlepeBipuTH MPaBUIBHICTH PO3PAXYHKIB 32 OalaHCOM MOTYKHOCTEH, BA3HAUYUTH aKTHBHY 1
PEaKTUBHY MOTYKHOCT1 MarHiTHOTO 3B" 3Ky,

2.3. IloOynyBaTu CyMiCHY BEKTOPHY Jiiarpamy CTpyMIB i Toniorpadiuny miarpamy Hampyr (Ha
Jiarpami oka3aTH Halpyrd B3a€MHOT 1HIYKIIII).

3. BIIKMHYBIIIHN BITKY MIX 3ATUCKAUAMU 2-2", BUKOHATU EKBIBAJIEHTYBAHHSA
B3AEMOIHAYKTHUBHMX 3B"A3KIB BITOK. OJEP)KAHY CXEMY PO3I'IALATH SAK
YOTUPUITIOJIIOCHUK 3 BATUCKAUYAMMU 1-1" TA 2-2":

3.1 PospaxyBatu koeimientu gotupunomocauka A,B,C,D;

3.2 Po3paxysatu nmapamerpu R,L,C Birok cxemu ("T" um "I1") 3amirneHHs.

Ei=120 y :=-30 Ry:==7 Ryp:=9 R3:=11 Ry:=13 X 1:=37 X 5:=27 X 3:=20

XCl =13 XC2 =10 XCS =6 Xp:=15 f:=50
p

¥ XE
U:= Exe U = 103.923 - 60i F(U) = (120 -30)




s enekmpuunozo Kona 0e3 63acMHOl IHOVKUIL:

Po3paxysamu eéci cmpymu cumeoniunum memooom

z
lg
Zy= Ry +1X(X 1 - Xgg) ® 7+ 24X Zy:=Rg® 11
Zy= Ry +1X(X| 5) ® 9+ 27xi Zg=Ry- i xX3® 13- 6xi
Zg1= 1 XX cp® - 10 Zg:= i XX 3® 20
el X2y o]
¢ 57 T43t%ei*%2
Ze = +Z Ze = 11.037 + 30.792i
E e 1 E
5%£4
Zy+——+ 23 + 26
Z5+2,
U .
= 7 l1 = -0.655 - 36l F(17) = (3669 -100.28)
aels X2
I x§25+ . +Zg+ Zg=
= —F g l,=-0391 - 0.941i F(p) = (1019 -112571)
25 %24
Zy+ + 23 + 26
Z5+2,
B2
3= I3 =-0.264 - 2.669i F(Is) = (2,682 -95.644)
& Ig5*XL o]
C + ZS + 26—
é 25 + Z4 a
Z5
lpi= lg % |, =-0.438 - 1.489i F(1,) = (1552 -106.383
4 Z5+ 2,4 4 (12) = ¢ )
Zy
g = lq % Iz = 0.174 - 1.18i F(I=) = (1.193 -81.607
571877 2 5 (15) = ¢ )
lNepesipka 3a nepuwium 3akoHom Kipeogha: l1-1o-13=0 I3-14-15=0 lo+lg+lg-17=0

lNepesipka 3a Opyeim 3akoHOM Kipaogha:

15 15

<17 %gRq +i ><(x|_1 - XCl)i: +U- Iy x(R2 + XXLZ) =-7105" 10 ~°+7.105 ~ 10

. . . _ .- 15
Iy X(Ry + XX o) - Ig*Rg - Igx(-i XX+ XX| g) = 26651~ 10

. _ ., .- 15
Iy *Rg - 15 X(Ryq - i XX cg) = 35831~ 10



MepeBipka 3a 6anaHCOM NOTY>XHOCTEN

7
Sl::UXIl

P:= (|1g] )Ry + (|12])<Ro + (|1a])* *Ra * (18] )* *Ra

Q= (1)) (X XL) * (12]) %2 * (1a]) X(- X2+ XLg) * (|'s]) X(- ¥y

Bydyemo cymicHy eekmopHy OiazpaMy cmpymMie ma monozpagpiyHy diazpamy Hanpya

fa=0

fp=fat I1><(-i XXC1)
foi=fpy+ 11 xR
fg=fc+1oxRy
foi=fg+loxixX o
fri=fatlpxixX ¢
fp=f1-U
fei=fo+IgxixX 3
fni=fs+lgxR3
fm="fs +I5><(-i><XC3)
fh=fm+IgxRy

f|p = -46.925 + 8.511i
fo=-51508 - 16.7561
f 4= -55.026 - 25.221]
fo=-29.633 - 35776
f1=103.923 - 60

fp=14210" 10 ¥

f=1874- 22.031i

f,=-2942 - 38414
f y = -5.205- 23.076i
f,=-2942 - 38414

50T

- 7.105i

S) = 148.539 + 414.405i

P = 148.539

Q = 414.405

F(f b) = (47.691 169.72)
Ff ) = (54.165 -161.98)
F(f o) = (60531 -155.376)
Ff¢) = (46.455 -129.635)
F(f4) = (120 -30)

10 15

3
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MpudHnamu onip Ry, = 0 i, eeaxaro4u peakmueHuli onip yiei eimku HeeidomMum, eusHa4umu

i020 3a yMOB0OI pe3oHaHCy cmpyMmie.

X
L1
X
C2
H R3| |R,
Q[
T X
X C3
C1 R, X3
Rg*(Rq - 1 Xy
£= , - iX(Xco+ X g) Zp = 6.255 - 31.186i
Rg+ Ry +ix(-Xcg)
Zg=Rg- j *Xg Rg = Re{Zg) Rg=6.255 Xg=1mZg)  Xg=-3L186
3a yMOBOI pe30oHaHcCy: -Xg
Bap=Bn+Bg Bp=-Bp= ———
Xg~+Rg
- XE
By=————  B,=0031 S 1
n 2 2 n PeaktnBHuWi onip BiTkM: X 1= — X =32441
Xg + Rg Bp
Pospaxyeamu cmpymu 01551 pe30HaHCHO20 CmaHy Kona,
X
L1 . . .
=Rp- Xy ¥+ X X Z9=7+ 24
Zy=11
Zg=13- 6

Z345 X1 XXy

BxigHun onip kona: ZVX(XN) = +2Z1

Z345*+ 13Xy

complex 275516 xXN t+ 8112 ><XN2 + 500395 + 330397 xi XX + 20082 xi ><XN2 + 1715640 Xig
Zyx(XN) | gryin®
simplify

871485 + 10788 Xy + 612 XX 0

complex .
« im(z . )) e X e8.2262 + 4.2144 xi
= m solve, c =
N ( VX( N N® @-8.2262 - 4.2144 xi g
float,5

OTXe pe3oHaHC kona HEMOXITUBUIA



PospaxyBaTu (3HanTy Hyni i nomocu) i nobyayBaTy YaCTOTHY XapakTePUCTUKY BXIQHOTO ONOpy YacTuHM
Kona, po3millleHoi cnpasa Bifg nepepidy A-A. AKTUBHI ONopu 3aKOpOTUTH

Il X3
i vl Lgi=— @ Lg = 0.064
o w 5xp
1 1 .
*L2 == Co:= 500 c,=3183" 10 *
T c2*w P
C3
1 1 .
Cy:= C3=5305" 10 *
> L3 wxXc3 600 %p
X
L2 27
Ly=——® L, = 0.086
w 100 xp
x-1 1 fo) s
(:C » - C » + L3 Xp_: XLZ xp ?1600 xB + 1 xp_o
z(|o)::eZID 3P 2 2l .8 P 5% g, P
- 1 100 5
2P e Gy 3P i ge(;;? - 160059
2 3 €100 xp Pg
3Haxognmo Hyni: ? 19
C40x5" xp + a280.993 g §'OO 380.993 5
p'= Z(p) solve,p ® § 1 T p=Co09e37 p=§ 7 p=FTT0
¢ N ¢ : P55 é 0 g
2 3 0 € 29
G-40%x5° xp = € g
e o0 a
3Haxogumo nontocu:
Fp
1 ¢ %0 a1’ xp = 2183299
p':=—— solve,p ® & Toop=f 9 o= P, P"= 183299
Z(p) 1 e-183.29 g
C. U
a0 20
e 47
300T
240T
1807
1207
60T
Z(p) f f U — f f f f f
—_— 0 100 2 300 400 500 600 700 800 900 1000
_60_—
—120T1
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lMpu HasseHOCMIi Ma2HiMHO20 38" AA3KY MiX iIHOyKmueHUMU eJieMeHmamu

1) MNepeTBOPUTU CXEMY 0 ABOX HE3ANEXHMX KOHTYPIB, pO3paxyBaTu CTPYMM Y BCiX BiTKax
METOLOM KOHTYPHUX CTPYMIB, BU3HAYMTU NOKa3u BONbTMETPA;

2) NepeBipuTn NpaBiNbHICTL po3paxyHKiB 3a GanaHCoOM NOTY>KHOCTEW, BU3HAUYNTM aKTUBHY |
peakTUBHY MOTYXHOCTi MarHiTHOro 3B"A3Ky;

3) NobyanyeaTn cymicHY BEKTOPHY Aiarpamy CTPpyMiB Ta TonorpadidHy giarpamy Hanpyr

_ (Ra- 1™Xcg) xR
TRyt Ryt - Xcg)

Z =6.255- 1.186i

Z11:= Ry + Ry +ix(X 1 - X+ X 2- 2XX)y) ® 16+ 21x

Z1p= Ry +iX(X[ 2- Xpy) ® 9+ 12

, 778 3653
222:R2+IX(XL2_XC2+XL3)+Z® H"‘Exl
Given
lk1 %211~ lk2*412=U k1 X212+ Ikp *Zp2 =0

eéa.q'g , ae.36439770185553 - 5.75210790655294 xi ¢
L= Flnd(lKl, IKZ) float,15 ® C =
@& 392276754986932 - 2.18600596733748 xi g

e'k2g

k1 = 0.364 - 5.752i ko = -0.392 - 2.186i
= Ikq 1 = 0.364 - 5.752i F(l7) = (5.764 -86.375)
lo:= Ik - Ik2 lp = 0.757 - 3.566i F(lp) = (3645 -78.02)
I3:= Ik I3=-0.392 - 2.186i F(l3) = (2221 -100.173)

Ry - i xX

= 13 i S Iy =-0.459 - 1.201i F(l4) = (1285 -110.912)

Rg+ Rg+ix(-Xcg)
l5:= 13- Iy 5 = 0.067 - 0.985i Fl5) = (0.988 -86.137)
lNepesipka 3a nepuwum 3akoHom Kipeogha: l{-1o-13=0 I3-14-15=0 lo+lg+lg-17=0

lNepesipka 3a Opyeim 3akoHOM Kipaogha:

oy . . . . Lo 13 oL 13
-1y XgRy + i X(X 1 - Xep- Xm){ + U - IaxgRo+ i x(X o~ Xpy){ =-2061" 10 +4.121i " 10

o L . . . . _ . Lo 13 oo 13
Iy %gRy + i X(X - Xp){ - la¥Rg - IgX(-i XX + 1 XXy +1i %X 3) =2629” 10° - 4761i" 10

|4 XR3 - |5 X(R4 - XXCB) =0

S\p = - 1p Xl i XXy Su1 = -45.795 - 311.825i F(Sw1) = (315.17 -98.355)
7

Sm2 = -1 Xlp Xi XX Suip = 45.795 - 311.825i F(Sw2) = (315.17 -81645)



MepeBipka 3a 6anaHCOM NOTY>XHOCTEN

7
Sl::UXIl

P= ([1n] ) <Ry + (|12] ) xRe + (|1a])*Ra + (|15])* Ra

Sy = 382,996 + 575.913

P = 382.996

Q= (1) (- X+ Xug) * (1] XLz + ([13]) (- X o + X1a ) * (|1s]) (- X ca )

Q= Q+ Sy1 + Suz

Bydyemo cymicHy eekmopHy OiazpaMy cmpymMie ma monozpagpiyHy diazpamy Hanpya

fa=0

fp="Ffat I1><(-i XXC1)
fo=fp+ 11 xRy
fg=fct1oxRy
fg=~fg+laxixXX o
fe=fg- 11X XX\
fa=Tg- loxixXy
fp=Ffg+IgxixXX 1
fp=fq-U
fei=fo+lgxixX| 3
fn="ff+lIg3%Rg
fe=fp+ I3><(-i><XC2)
fm="f¢ +I5><(-i><XC3)
fn=fm+IgxRy

Q = 575.913i

fpp = - 74777 - 4737
fo=-72227 - 45002
f = -65.417 - 77.097
f 4 = 30.868 - 56.667i
fo=-55.413 - 62133
fo = -108.905 - 73.483i
f1 = 103.923 - 60i
1

13

fp=2132" 10 - 2121i° 10°
ff=-28506- 52847
f,= -33553 - 66.055i
fo=-55413- 62.133i
f = -34.418 - 53.247i
f,= -33553 - 66.055i

50T

F(f b) = (74.927 -176.375)
F(f C) = (85.009 -148.074)
H(fg) = (0111 -130.315)
F(f d-) = (64529 -61.421)
F(f = (83.253 -131.728)
F(f e.) = (131.377 -145.991)
Ff1) = (120 -30)

Q£

F(ff) = (60.046 -118.343)
F(f n) = (74.089 -116.929)
Hf¢) = (83253 -131.728)
F(f m) = (63.402 -122.878)
(

H(f n) = (74.089 -116.929)

|
—150

~100T

—150—

150



3. BiokuHyewu KpaliHto 8imKy Mix nonbcamu 2,2", 3pobumu po3e" 3Ky
Maz2HimHoz20 38" s13Ky. OdepiKaHy cxeMmy po3asisi0amu sIK YOMUPUINOJIFOCHUK 3
nonrocamu 1,1" ma 2,2":

1) Po3paxyeamu koegpiyieHmu yomupunosrocHuka A,B,C,D

XL XM XM Uy =AxU,y+Bxl,

D_/'W\_I Il :
I—_TZKW\ XII:I;E I = CxUy + D X,
I

Zy =Ry +ix(X 1 Xy - Xgg) ® 7+9x

Zy =Ry +ix(X 5 Xy)® 9+ 12x

Zg:= R3+ix(x|_3- Xco + xM)® 11+ 25

ZyXZg Zy1 %2y
Z10:= +Z)  Zyp=12194+17.24i Zyy:= +Z5  Zyp=14.938 + 30.143i
Zy+Zg Zy+2Zy
i _ . _
0= —— l19= 0.522 - 5.659 F(l10) = (5683 -84.727)
10
22
l30:= 119 I3 = -0.113 - 2.023 F(130) = (2.027 -93.204
0= 1077 7 30 (130) = ( )
Upg:= I3p*Rg Uyg = - 1.246 - 22.258i F(Ugg) = (22.293 -93.204)
Y10 .
A= — A = 2.427 + 4.805i F(A) = (5.383 63.204)
U20
10 .
Ci=— C = 0.252 + 0.038; F(C) = (0.255 8.477)



UK:U Ulszlz |1:Dx|2

Zl:

Ry +iX(X 1~ Xy - Xcg)® 7+9x

Zy =Ry +ix(X 5 Xy) ® 9+ 12x

Z3=ix(X 3~ Xgo+ X)) ® 25%

ZyXxZqg
K= +2, Zy = 10.879 + 18,052
Z,+2
2% 43
Uk .
l1k = 2 l1 = 0.107 - 5.693i F(l1k) = (5.694 -88.924)
22 .
13K = 11K 557 lgk = -0.845 - 2.078; F(lgk) = (2243 -112122)
2% 43
Uk
B:= B = 7.333 + 53 F(B) = (53505 82.122)
3K
1K .
D= = D=2333+i F(D) = (2,539 23.199)
3K

[lepeBipka AxD- BxC=1

F(A) = (5.383 63.204) F(B) = (53.505 82.122)

F(C) = (0.255 8477)  F(D) = (2539 23.199)



Po3paxyeamu napamempu R,L,C eimok cxemu "IT' 3aMiwjeHHs,

Zq
L=, 01
E'1
22
& 0
Zy:=B Zo=17.333 + 53 F(zo) = (53505 82.122)
. — D B 1 —_— 1 —_—
Y= Y4 =0.022- 0.022i F(Yq) = (0031 -45.252)
. — A B 1 —_— 1 —_—
Ypi= Y5 =0.093 - 0.014i F(Y5) = (0.094 -8.66)
Ro:=ReZg) Rp=7.333 Xpo=1m(Zg) X =53
. — 1 —_— 1 - — —_— - — —_—
Zy= v, Zy =226+ 228i Rp:=ReZ)) Ry=226 X q:=1m(z;) X q=228
1 H - — —_— - — —_—
Zy:= <, Zy=10553+ 1607i Ry:=Re(Zp) Rp=10553 X p:=Im(Zy) X 5=1607
X
L1
Ly = —> Ly = 0.073 Eg Ly
w
X ) E
Ly:= “Le L,=5.116" 10 3 Eq :
w
Ly Lz
X
LO
LO - LO = 0.169 o




