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 (  II) 
 (  I),  2000 .

, .
:

- ;
- ;
- .

 « » 
:

- ,
- ,
- ,
- .

,  3-
. ,  1-  – . , 2-

– . , 4-  – 
. , 5-  – . , 6-

 – . .

. 
, .  - 

. , 
 (1, 2, 3  4-

) 
.
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1. 

.

. 
, 
.

, 

) . ,
u(t) = u  (t) + u  (t).

.
1.  ( ).

.
, 

.
, 

 ( . 1.1).

. 1.1

.
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: iL(0) 

uC(0).
, 
 (

) 
. 

, 
 iL(t)   uC(t)   t  =  0.

: iL(0)  uC(0).
2. .

.

.
, 
.

, 
.

. 
.

3. .
.

:

1=
CR

1 ;     (1.1)

1 =
L

R L .     (1.2)

 R  R L – 
.
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. (P)
.

 ( ).

 Z (P) = 0.
 Z (P), 

, 

LPL
CP

C 1 .

 Z (P) 
.  Z (P)  ,

.

, .
4.  ( ).

 [  iL(0) 
uC(0)]. 

.

.

.
 t = 0.

 t  =  0  
.

. 
, .
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. 
(t)  j(t) :

(0), j(0). . 
 iL(0), 

 –  uC(0) (  iL(0) 
0   uC(0)  0). , 

,  – .

.  t = 0 
, .

5. .

:
)   1 2  …  n  
, 

u  (t) =
tp

n

i
i

ieA
1

;
) 1,2 =  j ,

u  (t) = (A 1 cos  t + A 2 sin t) e- t .

, 
. ,

u (t) = u (t) + A1ept .    (1.3)
 (1.3)  t = 0:

u(0) = u (0) + 1,     (1.4)
 u(0) – .

 (1.4) u(0)  u  (0), 
1.

 (1.3) 
:

u(t) = u  (t) + A1 ep1t + A2ep2t .    (1.5)
 (1.5)  t:

u'(t) = u' (t) + A1p1ep1t + A2p2ep2t .   (1.6)
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 (1.5)  (1.6)  t = 0:

(1.7)

 (1.7), 1 2.
 u'(0)  1.4.

6. .

(1.3) (  1- )  (1.5) (
 2- ) i,  i

.

min/1 P .
 t = (3 5) .

, 
 5 .

  1.1.  ( .
1.2):

e(t) = sin (314t) ; R1 = R2 = 100 ;
L = 2 .

 i2(t) .

 ( . 1.3).
 R2 , 

, 

.)0(')0('

;)0()0(

2211

21

Puu
uu

. 1.2
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 1.4).

 imL.

.102,3
628,0100

1 40,03

1

Ae
jZR

E
I j

L

m
mL

iL(t) = 3,2 10-3 sin(314t – 0,4o) A.
, . iL(0),

 iL(t)  t=0:
iL(0) = 3,2 10-3 sin(0,40) = 2,23 10-5 A.

 i2(t) 

 ( .1.5). 

mI2 :

Ae
jZRR

EI j

L

m
m

2,03

21
2 105

628,0200
1

.

:
i (t) = 5 ·10-3 sin (314t – 0,2º) A;
i (0) = 5 ·10-3 sin (–0,2º) A.

 p1.
, 

L
RP L

1 . 

 R L
. 1.6:

R L = R1 + R2 = 200 ;
. 1.6

. 1.5

. 1.3

. 1.4
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P1 = 200/2 10-3 = 105
c

1 .

,  i2(t) 
:

i2(t) = i (t) + A1ep
1
t = 5 10-3 sin (314t – 0,2º) + A1 te

510  A.

i2(t) 

1

 ( . 1.7).
,   i2(0) =

iL(0). C 
1:

i2(0) = i (0) + 1, 
A1 = i2(0)  i (0) = 2,23 10-5 +1,7 10-5 = 0,53 10-5 .

,  i2(t) 
:

i2(t)=5 10-3 sin(314t– 0,20) – 0,53 10-5 te
510 A.

.5101 cp

.51055 c

1.2.  ( .1.8), :
I = 0,1 A, E = 20 B,
R1 = 100 ,
R2 = R3 = 200 ,

 = 10 .

 i1(t) 
.

. 1.7

. 1.8
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 uc(0)

 ( . 1.9).

, 
, 

 i1  R1
 I.

 II :
i1R1 – uc(0) = E; uc(0) = IR1 – E = 10 B.

 i1

. . 1.10

), 

.

, 
 I1 . 

:

.)11(

;0

32321 RR
EI

RRRa

: .
1

1 R
I a

,12a .12,01I
 I1

 i (t):
i (t) = 0,12 .

. 1.10

. 1.9
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 p1,

RP 1
1 . 

R . 1.11, 

;120
200200100
200200100)(

321

321
' RRR

RRRR

.13,833
1010120

1
61 cP

 i1(t) 
:

i1(t) = i (t)+A1 ep1t = 0,12 + Ae–833,3t A.
1

i1(t)  t = 0: i1(0) = i (0) + 1.
 i1(0) . 

 ( . 1.12), 
. )0(cue , )0(cu .

:

.)11(

;
);0()0(

;0

1221

I
RRRR

EE
uu

cb
a

ccd

cbcbd

d

.186,0
100

2043,1)0(
1

1 A
R

i ca

 i1(0), 1: 1 = i1(0)–i (0) = 0,186 – 0,12 = 0,0657
A.

 i1(0) :
i1(t) = 0,12 + 0,657e 833,3t A.

 i1(t) 

. 1.11

. 1.12
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.3102,11 c
p

, 
i1(t)  t = 5  = 6 10-3 c.

1.3.  ( . 1.13), : I = 0,01 A; E = 50 B;
1  =  0,1  ;  C2 =  0,2  ;  R1 =  R2 =  R3 =  150  .

 i2(t)  
.

 2-

 uC1(0)   uC2(0).

 ( . 1.14).

 I , 
 uC2(0) 

BRRIuC 3)()0( 222 .
uC1(0)

 II 
 ( . .

1.14):
EuRRI C )0(131 ,

)0(1Cu =  50  –  3  =  47  .

-
 ( . 1.15). 
, 

. 1.14

E

I
i2

R3

R1

R21

2

. 1.13
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 i = 0.

 p1 2.

 ( . 1.16) 

z(p)
:

.

11)(

2
21

21
2

2121

21
21

PCC
CCPPCCRR

PCPC
RRpZ

 p1 2
 z(p)=0:

021
2

2121 CCPPCCRR ;
0103106 7212 PP
0103106 712P ;

.1105;0 4
21 cPP

,
:

.,)(2i
4105

21 AeAAt t

:
.,)105('

41054
22 c

AeAi t

 i2(t)  i'2(t)  t = 0:

. 1.16

. 1.17

. 1.15
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.105)0('

;)0(

2
4

2

212

Ai
Ai

 i2(0)  i'2(t) 

 ( . 1.17). 
:

.)()()()(
;)()(

22112

21

EtuRtituRti
Ititi

CC

 t = 0:

.)0()0()0()0(
;)0()0(

22112

21

EuRiuRi
Iii

CC

, :
.305,0)0(;315,0)0( 12 AiAi

 i'2(0) 
:

.0)0(')0(')0(')0('
;0)0(')0('

221112

21

CC uRiuRi
ii

1'Cu (0) )0(' 2Cu , 
)0(1i )0(2i , 

)0()0( 11 cii , )0()0( 22 cii .

1

1
1

)0(
)0('

C
i

u C
2

2
2

)0()0('
C

iu C .

, 1 2:
1 = 0,01 ; 2 = 0,305 .

Aeti t4105
2 305,001,0)( .

 i2(t) 

.102,1
50000

11 5

2
c

p
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50 t .
1.4. a 

 ( . 1.18) 
:

 R1 .

. 
 – 

:
iRi(t) = iR1 (t) + iR1 (t).

, . 

 ( . 1.19).

. 1.19      . 1.20

E = 400 ;  = 314 ;

L = 0,5 ; R1 = 100 ;

R2 = 100 ; R3 = 200 . . 1.18
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, 

 ( . 1.20).
. 

:

Btte )314sin(400)( , BeE j
m

0400 .
 iL(0) 

i2L(0)  L  2L.

: 

, , 
.314,157 2 jZjZ LL

;15766,9672,123

)005,0(314
7,200

31400
157200
157200

52

38
38

3

3
1

ej

ej
e

j
j
j

RZ
RZZ

j

j
j

L

L

;4,188

)006,0(31400
2,167

31400
314100
314100

37

53
5353

22

22
2

e

ej
e

j
j
j

ZR
ZRZ

j

j
j

L

L

.4,4204,188157100 3,343752
211 eeeZZRZ jjj

:

.95,0
4,420

400 3,34
3,34

0

1
e
e

Z
EI j

j

j
m

mR

:

.95,0
7,200

20095,0 3,72
38

3,34

3

3
1 e

e
e

RZ
R

II j
j

j

L
mRmL

.57,0
2,167

10095,0 4,86
53

3,34

22

2
12 e

e
e

ZR
RII j

j
j

L
mRLm
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:
iL(t) = 0,95 sin (314t – 72,3 ) ;
i2L(t) = 0,57 sin (314t – 86,4 ) .

:
iL(0) = 0,95 sin ( – 72,3 ) = 0,9 ;
i2L(0) = 0,57 sin ( – 86,4  ) = 0,57 ;
iL(0)= 0,9 A;
i2L(0)= 0,57A.

. 
,

 ( . 1.21).
 ( . . 1.21) 

Z :

.1,124

4,558
3,37214,186

200314100157
)200314)(100157(

))((

5,57

5,57

5,575,57

322

322
1

e

e
ee

jj
jj

RZRZ
RZRZ

Z

j

j

jj

LL

LL

.2,1941,1021,165

1,124100
7,31

5,57
11

ej

eZRZ
j

j

:

.05,2
2,194

400 7,31
7,31

0

1 e
e
e

Z
E

I j
j

j
m

mR

:
iR1 (t)=2,05sin(314t 31,7o) A.

. 1.21
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)0(1Ri )0(' 1Ri :
i'R1 (t) =643,7 cos (314t – 31,7 ) ;
iR1 (0) = 2,05 sin ( 31,7 ) = – 1,08 A;
i'R1 (0) = 643,7 cos( 31,7 ) = 547,7 A/ .

.
 – , 

:  1 2. 
. 

, 
: 

,  – 
 ( . 1.22).

. 1.22      . 1.23

 R1 ( .1.23) 

LpRLpR
LpRLpRRpZ

23

23
1 2

))(2()( .

1 2  Z(p) = 0:
R1R3+R12Lp+R1R2+R1Lp+R3R2+R3Lp+2LpR2P+2L2p2=0;

0,5p2+350p+50000=0;
D = 3502 – 4  0,5  50000 = 22500;

;/1200
5,02
150350

1P
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./1500
5,02
150350

2P

, 
tt

R eAeAti 500
2

200
11 )( .

:
iR1(t)=2,05sin (314 t 31,7o) + A1e 200 t + A2e 500 t  , A. (1.7)

 (1.7):
./,500200)7,31314(cos7,643)( 500

2
200

1
o'

1 eAeAtti tt
R  (1.8)

1 2,
 (1.7)  (1.8) 

(t = 0):

.5002007,547)0(

;08,1)0(

21
/
1

211

AAi
AAi

R

R

    (1.9)

 (1.9) 
1 2  iR1(0)

 i'R1(0).

.
 ( . 1.24)

, 

(1.10)

 t = 0:

.0)(')()('2)(
);()()(')(

;0)()()(

2223

211

12

tiLRtitiLtiR
tetiRtiLtiR

tititi

LLLL

LR

RLL

. 1.24
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.0)0(')0()0('2)0(

);0()0()0(')0(
;0)0()0()0(

2223

211

12

LLLL

LLR

RLL

iLiRiLiR
eiRiLiR

iii

=>

:)0(),0(),0( eii 2LL

.0)0('5,09)0('114

;09)0('5,0)0(100

;0)0(57,09,0

2

1

1

LL

LR

R

ii
ii

i

=>

:)0('),0(i'),0( 21 LLR ii

./261)312(5,09114)0('

;/3125,0/))47,1(100192()0(

;47,1)0(

2

'

1

cAi

cAi

Ai

L

L

R

 i'R1(0)
 i'

L(0)  i'2L(0):

.A/c261(0)i'
;A/c312(0)i'

2L

L

 (1.10) 
t = 0:

.0)0(')0(')0(')0('
);0(')0(')0(')0('

;0)0(')0(')0('

2223

211

12

LLLL

LLR

RLL

uiRuiR
eiRuiR

iii

 (1.11)

 (1.11) 
iL  (0), i2L  (0)  iR1  (0) = 537 A/c.

 (1.9) 
)0(

1Ri )0(
1Ri . 

1 2.
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.5002003,25
;39,0

21

21

AA
AA

 =>

.17,056,0)7,31314sin(05,2)( 5002000
1 Aeetti tt

R

:

.005,0
200
11

min
c

P

,  5 , 
   0  0,02 .

1.5.  ( .1.25), :
E = 30 B; R1 = R2 = 100 O ; R3
= 50 O ; L = 100 .

1 
 t = 0, a  t1

=  0,5  c  2.

 i1(t) 
 t=0.

, 

.
 t = 0 

1 

. 1.25

. 1.26

.17,0

;56,0

2

1

AA
AA
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.1.26). 
 i1(t) .

, 
. : iL(0) = 0. 

 ( . 1.27).

,

 ( . 1.28) 
.

 ( . . 1.28)

.15,0
100100

30
21

1 A
RR

Ei

./1200021
1 c

L
RR

L
RP L

,  i1(t) 
.15,0)()()( 2000

1111 AeAtititi t

 i1(t)  t = 0: i1(0) = 0,15 + A1.
 i1(0) = iL(0) = 0 ( . . 1.27).

1=iL(0) – 0,15 =  0,15A.
 i1(t) 

i1(t) = 0,15 – 0,15e–2000t A.   (1.12)

.1.27

. 1.28
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 t = 0,5  K2 
 ( . 1.29).

 iL
 t1  ( . . 1.29)

iL(t)  =  i1(t),  iL(t1)  (1.12)
 i1(t): iL(t1) = i1(t1) =

= 0,15 – 0,15
3105,02000

e  = 0,095 A.

, 
. 1.30.

 i1(t) 

. 1.31):

R
Ei1 ,

;3,133
50100
50100100

32

32
1 RR

RRRR

i  =
3,133

30  0,255 .

R3R2

R1

E

i1

.1.31

L

R2
R1

E

i1

iL

i3

R3

. 1.29 . 1.30
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./1133032

32
2

1 c
L

RR
RRR

L
RP L

 t = t1,  i1(t) 
.255,0)( )(1330

1
)(

111
11 AeAAetii ttttp

 t = t1, 
i1(t1) = 0,225 + A1.

 i1(t1) 

, .1.30:

.)()()(
;)()(

;0)()()(

211

3311

31

EtutiRtiR
EtiRtiR

tititi

LL

L

 t = t1,  i1(t1):
i1(t1) = 0,232 A.

1 = i1(t1) – i (t1) = 0,007 A.
 i1(t) 

i1(t) = 0,225 + 0,07e-1330(t-t1) A.

:

.,,,

;,,,
)(

)(
1

1330

1
2000

1
10702250

0150150

ttAe

ttAe
ti

tt

t

1.6.  ( . 1.32),  j(t) = 0,1sin (103t – 30º)
A; R1 = R2 = R3 = 200 ; L = 10 .

 iR1(t) 
,  t = 0.

. 1.32
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1.7.  ( . 1.33), 
e(t) = 2sin (314t – 45º) ;
R1 = R3 = 100 ;  R2 = 150 ;   = 10

.

 i1(t) ,
 t = 0.

 1.8.  ( . 1.34), :
E= 10 B; R1 = R2 = R3 = 100 ;
L = 1 .

 iR2(t) ,
 t = 0.

 1.9.  ( .1.35),  
:

=100 ; I=2 A;R2 = R3 = 200 ; R1
= 100 ;  = 10 .

 iR2(t) 
, 

 t = 0.
1.10.  ( . 1.36), 

 e(t) = 3sin (103 t – 200)
B;  R1 =  R2 =  100  ;  R3 = 200

;
 = 10 .

iR3(t) ,

 t = 0.

e(t)

L iR3

R2

R1

R3

. 1.36

. 1.33

. 1.34

. 1.35
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1.11.  ( . 1.37), : E = 100 B; J = 1 A;
R1 = R3 = 200 ; R2 = 100 ;
L = 0,1 .

 iR1(t) 
, 

 t = 0.

1.12.  ( . 1.38), :  = 200 ; J = 2 A; R1
= =R2= 100 ; L = 0,2  ;  = 10

.

 i (t) ,

 t = 0.

1.13.  ( . 1.39),  = 100 ; R1 = R2 =R3
= = 200 ; R4 = R5 = R6 = 100 ;
L = 0,1 ;  = 20 .

 iR3(t) 
, 

 t = 0.

. 1.37

J

E
L

iC R2

R1

. 1.38

. 1.39
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1.14.  ( . 1.40),  j(t) = 0,1sin(100 t +
45 ) A;
R1 = R2 = R3 = 300 ;

 = 10 ; L = 0,2 .

 iR1(t) -
, 

 t = 0

1.15.  ( . 1.41),  = 100 ; R1 = R2 = R3
= = 200 ; L = 0,1 ; = 20

.

iR3(t) ,

 t = 0.

. 1.41

. 1.40
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2. 

.
1. .
2. . 

 (  1).
3.

. 

.
)(
)()(

pM
pNpU k

4.
:

)]([)( 1 pULtu kk .

 (  2) 
 MATHCAD,

MATHLAB, MAPLE. 
 ( )

 3).

2.1. )(
2

tuR
 ( . 2.1):

.10

;1

;5

21 RR
E

. 2.1
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1. . 

, 
. ,

0)0(cu .
2. . 

. 
 ( . 2.2, ). , 

 (
) ( . 2.2, ).

. 2.2

.  R1  C 
 R2, 

:

Z (p) = R2 +
CP

R
CP

R

1

1

1

1

.

 ( . 2.2, ) 
 ( . 2.2, ). 

 I(p) 
:
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Cp
R

Cp
R

Rp

E
pZ

pI

1

1)(
E)(

1

1

2

 R2
:

Cp
R

Cp
R

Rp

ERRpIpUR

1

1
)()(

1

1

2

2
22

p

pp

pU R

11
3

11
3

3

3

10
110

10
110

10

105)(
2

:

35

83

1 10210
)110(105

)(
)()(

2 pp
p

ppM
pNpU R .

, :

pp 1102,0 8
21 .

3. ,  

 (  3).
tp

R e
pMp

pN
M
Ntu 2

2 )(
)(

)0(
)0()(

2
'
12

2

1
,
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;10)(M;102)0(M;105)0( 5'

1
3

1
3 pN

.10)(M;1))10(2(10105)( 5
2

'
1

8-83
2 ppN

.5,25,2)(
8

2

102etu t
R

2.2.  ic(t) 
 ( . 2.3): J = 1A, R = 100 ,

C =1 .

R 2 R

R

C

J

i   (t)c

. 2.3

1. . 

. 2.4, ). , .
:

R  =
3

200
3

2
R

RR .

 ( . 2.4, ) 
 ( . 2.4, ). 

:

 Uc= uC(0) = J R =
3

200
3

2001  B.
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. 2.4

2. . 
,    ( . 2.5, ),

   
.

. 2.5
  

. 2.5, ). 
. 

:

.)(

;)0(2)()12)((

1

12

p
JpJ

p
URpJ

Cp
RRpJ

k

C
kk

:

ppp
pJk 3

2002001)
10

1100200)(( 62
.

:
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.
1039

4)( 42 p
pJk

, :

41039
4)()(

2 p
pJpI kc .

. 
:

01039 4p ,

c
110

3
1 4

1 .
,  

:
tp

C e
pM
pNti 1

)('
)()(
1

1 .

:
t

C eti
410

3
1

9
4)( .

2.3. )(
1

tuR  ( . 2.6)
:

.10;1;10 321 LRRRBE
1. . 

. 2.7), , 
.

. 2.6      . 2.7
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2. . 
,  ( . 2.8, ),

.
 ( . 2.8, ) 
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:
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;
P
E=(p)·RJ-)R+(R(p)J

L2K13K2

2K221K1

        
. 2.8

.

;

3-3-3
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3-3
K2

3
2

3
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p
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)(1 pIR , 
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.
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.)500sin50500cos50(100)( 500
1

Bttetu t
R

2.6.
 ( . 2.14) :

=20 =10 ; R3=2R2=4R1=200 .  uR3(t).

. 2.14      . 2.15

2.7.
 ( . 2.15) : =50 ;

L=0,1 ; R1=R2=R3=100  uR1(t).

2.8.
 ( . 2.16) 

: =15 ; R1 = R2 = R3 = 100 ; L=0,1 .
 uR3(t).

. 2.16      . 2.17
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2.9.

 ( . 2.17), : =2 ; R1 = R2
= R3 = 100 ; =2 .

 uR1(t).

2.10.
 ( . 2.18), : J=0,5 A,

R1=R2=R3=100 ; L=0,2 .  iR2(t).
2.11.  ( . 2.19),

: J = 0,1 A, R1 = R2 = R3 = 100 ;
=1,5 .  iR3(t).

J

R1 R2

R3

iR2(t)

J

R1 R2

R3CiR3(t)

. 2.18       . 2.19
2.12.  iC(t) 

 ( . 2.20), :
=200 ; J = 2 A, R1 = 200 , R2 = R3 = 100 ;  = 10 .

2.13.  uR2(t) 
 uR2(t)  ( . 2.21), 

:  J  =  1  A;  E  =  200  B;  R1 = R2= R3 =100
, L=0,1 .

. 2.20    . 2.21
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2.14.  i(t),  ( . 2.22) 

: =12. ;
L=1. ; =1. ; R1=50 O ; R2 =
100 .

. 2.22
2.15.  t = 0 

 1  2 ( . 2.23).  i(t), 
: R1=R2=100 ; L=10

; =10 ; 2=30 ; 1= 10 .
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E2
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3. 

1.  h(t) 
.

2.  ( . )

.
3. .

 h(t– ), h(t–t1), h(t–t2)  
. 

.
4. .

3.1.  ( . 3.1) . ,
 3.2.

: R=100 O , L=0,1 .

Li (t) 
.

. 3.1       . 3.2

1.  h(t), 
. 

, . Li (t).
 – , . 

e
R L

. 3.1
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, .e(t) = 1  = const,

, 
, . 0i (t)= 1A = const.
, 

 ( . . 3.1) 
h(t) = Li (t) , e(t) = 1B = const.

.
 – :

Li (t) = A1
tPe 1 + Li (t).    (3.1)

 ( )

Li (0) = 0, .
 ( ) ,

Li (t), 

Li (0) .
 P1

 ( . . 3.1).
z (p) = 0

, 
, . ,

. 3.3.
 L 

 Lp ( . 3.4). 
z ) 

 ( . 3.5),
:

z ) = R + Lp,

. 3.3     . 3.4     . 3.5
. 3.3

R L

. 3.4

R L

. 3.5

Z(p)pL
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.
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.

 ( ) uC (0)=0,
.

. 3.11.

R1

R2Ce

. 3.9

ci

1 2



55

uC(0)=0, . .)( 00
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1,018 1,012 1,007 1,004 1,001 1,000 0,999 0,999

uC,k,
B

48,524 49,260 49,735 50,005 50,132 50,169 50,157 50,125

.4.2
k 16 17 18 19 20
iL,k, A 0,999 0,999 1,000 1,000 1,000
uC,k,B 50,088 50,055 50,030 50,013 50,003

q -
i –q  (4.14),
q

q–1 i

i , .

.........................................
;...

;...
t

i

t
ii

i

i

et
te

2
32

3
2

21

62
32

. (
), 1 (t), .  .

F(t) = 1(t), , 

BAedBFetX At
t

At 1A- )1()(e)( .
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NBAeMtW At 1)1()( .
 x(t) w(t)

h(t).
, 

, , 
, 

.

4.4. 
,

(4.2), .
, 

, 
 – t=h. 

 ( ) 
tk= kh, k = 1, 2, ,... , 

t  =  
 ( ).

, , 
 – . 

tk
.

 –
:

)()()(1 tXhtXtX kkk ,    (4.15)
Xk+1(t) – 

(k+1)- ;
Xk(t) – k -  (  tk);

)t(X k –  ( , 
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) 

tk ( ).

,  (k+1)-

(4.15), 
.

 (4.3), k ,  (4.15)

)()()1()(1 thBFtXhAtX kkk .    (4.16)
 (4.16) – , 

. h, , 
. 

h2.
 (4.15) 

k  (k+1)- ,

)()()( tXhtXtX kkk 11 .    (4.17)

, 
 (4.17) ,

.
 (4.3), tk+1,  

(4.17) 
)()()()1( 11 thBFtXtXhA kkk ,

))()(()1()( 1
1

1 thBFtXhAtX kkk .    (4.18)

, 
.

), 
k  (k+1)
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:

)t(X
2
h)t(X

2
hX)t(X 1kkk1k .  (4.19)

 (4.3), 
tk tk+1,  (4.19), 

))()((
2

))()((
2

)( 111 tFtFBhtXtXAhXtX kkkkkk ,

))()((
2

)()(
2

1()
2

1()( 1
1

1 tFtFBhtXAhAhtX kkkk . (4.20)

h3.

, . . 
), 

, , , 
.

, . . 
, . 

,

. 
h.

h < 2 ,  – . 

h  < 2 min = 2/ min, min – 
, 

mm jp h
2

mm p/2 .
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. 

, , , 
,  

.  [2].

 4.2.  4.1 ( . . 4.3) 
   R3 = R4 = R5 = R6 = 100 ; L = 0,1 ; C =

=10 ; 1 = 3 =100 ; J7 =1A iL(t)
uC(t) . 

, 

-
, -

 4.1, 
h = 0,0005 .

-
 ( . 4.4). 

:
3
2)0(iL 3

2000 )( _Cu B.

, , 

).t(j10)t(e0)t(e0)t(u0)t(i10
dt

)t(du

);t(j500)t(e10)t(e5)t(u10)t(i1500
dt

)t(di

7
5

31CL
5C

731CL
L

)
)(

)(
tu
ti

tX
C

L

2

. 4.4
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3200
32

0
0

0
/
/

)(
)(

)(
C

L

u
i

X ,

010

101500
5A ; 51000

500105
B ;

1

100

100

F , 

510

2000
BF .

.
(4.16)

5
4

5
4

1

1

10
2000

105
010
101500

105
10
01

kC

kL

kC

kL

u
i

u
i

,

,

,

,

.
;.

,,,

,,,

50150
1105250

1

3
1

kCkLkC

kCkLkL

uiu
uii

. 4.3
. 4.3

k 0 1 2 3 4 5 6 7

kLi , , 0,667 0,833 0,958 1,031 1,060 1,059 1,044 1,026

kCu , , 66,667 50,000 41,667 39,583 41,146 44,141 47,103 49,308

. 4.3
k 8 9 10 11 12 13 14 15

kLi , , 1,010 1,000 0,995 0,993 0,994 0,996 0,998 1,000

kCu , , 50,584 51,076 51,053 50,778 50,446 50,169 49,988 49,900
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. 4.3

k 16 17 18 19 20 21
kLi , , 1,000 1,001 1,001 1,000 1,000 1,000

kCu , , 49,882 49,902 49,936 49,970 49,994 50,007

.
 (4.18) 1)hA1(

.
10
2000

0005,0
u
i

010
101500

0005,0
10
01

u
i

5
k,C

k,L
1

5
1k,C

1k,L

.50u875,0i25u
;1u105,2i5,0i

k,Ck,L1k,C

k,C
3

k,L1k,L

. 4.4
. 4.4

k 0 1 2 3 4 5 6 7

kLi , , 0,667 0,792 0,880 0,939 0,977 0,998 1,009 1,013

kCu , , 66,667 56,250 50,260 47,233 46,065 45,973 46,431 47,105

. 4.4
k 8 9 10 11 12 13 14 15

kLi , , 1,014 1,012 1,010 1,008 1,006 1,004 1,002 1,001

kCu , , 47,805 48,429 48,937 49,324 49,602 49,791 49,911 49,983

. 4.4
k 16 17 18 19 20 21

kLi , , 1,001 1,000 1,000 1,000 1,000 1,000

kCu , , 50,021 50,037 50,040 50,037 50,031 50,024

.

 (4.20) 
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;,,

,

,

,

,

,

5
2

5

1

5
12

1

10
2000

00050
010
101500

000250
10
01

010
101500

000250
10
01

kC

kL

kC

kL

u
i

u
i

.,,,
;,,,

,,,

,,,

43530913078334
78301047833910

1

3
1

kCkLkC

kCkLkL

uiu
uii

. 4.5

 4.5

k 0 1 2 3 4 5 6 7

kLi , , 0,667 0,812 0,914 0,978 1,012 1,026 1,029 1,025

kCu , , 66,667 53,623 46,755 44,034 43,771 44,728 46,103 47,438

. 4.5

k 8 9 10 11 12 13 14 15

kLi , , 1,019 1,012 1,007 1,004 1,001 1,000 0,999 0,999

kCu , , 48,522 49,298 49,791 50,063 50,182 50,208 50,184 50,140

. 4.5

k 16 17 18 19 20 21
kLi , , 0,999 0,999 1,000 1,000 1,000 1,000

kCu , , 50,095 50,057 50,029 50,010 50,000 49,995

: 4.2 – 4.5 
 ( . 4.5) 

 ( . 4.6).
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. 4.5

. 4.6
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iL(k),

 ( . . 4.2) 
 ( . 4.3–4.5), , , ,

. 4.2 
iL(k)  (

 0,8 %, k = 3 –  0,2%).

h,
,
.

: , 
, 

,  
.

4.5. 

, , 

)()()( tBFtAXtX ,

, )t(X
X(t)

t.

, 
 :

1)
;
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2) ;
3) ,

 [1].

, 
.

, 
,   
  , 

.

x(t) ( . 4.7)
0, 1, …, k, …, n

t0, t1, …, tk, …, tn ( . 4.8).
xk–x(tk)

tk
. 

,

t.

.  4.7       .  4.8
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.

x’(t)=f(x(t),t),    (4.21)
– t ; f – 

 x(t) t.
0,  1,  …,  k t0,  t1, …, tk ,
k+1 tk+1 = h tk ,

 (4.21):

x(tk+1) = x(tk) +
1k

k

t

t

dt)t),t(x(f .    (4.22)

,  (4.22) 
, 

.

(4.21)  (4.22).
 –

. ,  
h f(x(t),t)

 (4.22) 
x’(tk+1) ~ f(x(tk+1), tk+1) tk+1.
h x’(tk+1),

xk+1 = xk +
1

1

k

k

t

t
k dt)t(x  = xk +h 1kx  .   (4.23)

(4.21) 
xk+1.

xk+1 = xk + )xx(h
kk 112

 .  (4.24)

 R-, -, L-
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. :

)t(Ri)t(u RR ; )t(i
C

)t(u CC
1 ; )t(u

L
)t(i LL

1 .

 (4.23) 
:

11 k,Rk,R Riu ; 11 k,Ck,Ck,C uhuu ; 11 k,Lk,Lk,L ihii ,

11 k,Rk,R Riu ; 11 k,Ck,Ck,C i
C
huu ; 11 k,Lk,Lk,L u

L
hii . (4.25)

 (4.25) 
[1,

3]:

k,Rk,Rk,R eRiu 11 ; k,Ck,CCk,C eiRu 11 ; k,Lk,LLk,L juYi 11 ;

C
hRC ,

L
hYL , 0k,Re , k,Ck,C ue , k,Lk,L ij .

 R, L, C k-
. 4.6.

h RC
YL , 
( k,Ce , k,Lj ) 

. k,Lj

. k,LLk,L
L

k,L jRj
Y

e 1  ( .

4.6). . k,Ce

k,CCk,C
C

k,L eYe
R

j 1  ( . 4.6).
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. 4.6

 R, L, C, 
:

k,Rk,Rk,R eRiu 11 ; k,Ck,CCk,C eiRu 11 ; k,Lk,LLk,L juYi 11 ,
(4.26)

C
hRC 2

,
L

hYL 2
, 0k,Re , k,Ck,Ck,Ck,C iRue ,

k,LLk,Lk,L uYij .

k,Ce k,Lj .
, 

, tk+i
:

1)  ( ),
, 

 R,L,C;
2) , 

;
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.4.10

3) 
h)

.

t0 =  0, ,
.

 4.3. i4(t), i6(t), i7(t)
. 4.9) R2= R3 =R8= 100 ; L4= L6=

=L7=0,5 , 1 = 2=100 ; J5=2 .

: i4(0)=2 , i6(0)=
= – 4 , i7(0) = 1 .

, 
, .

.4.9
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 ( . 4.10). ,

.
 ( . . 4.10):

h
LRL

2 ; k,LLk,Lk,L iRue ; 514 JI k,K ; h=0,002;

,)(
)()(

;)(
)()()(

;)(
)()(

,7825

1,37831,2831,13

,683252

1,3831,268321,132

,432521

1,331,2321,1432

kL

kKLkKkK

kL

kKkKLkK

kL

kKkKkKL

eRRJ
IRRRIRRIR

eRRRJE
IRRIRRRRIRR

eRRJEE
IRIRRIRRR

,  (4.26), :

.IRI)RR(I)RR()RR(JRe
;I)RR(I)RRR(I)RR()RRR(JERe

;IRI)RR(I)RR()RR(JEERe

k,3K3k,2K38k,3K383857Lk,7L

k,3K83k,2K832k,1K32832526Lk,6L

k,3K3k,2K32k,1K32325214Lk,4L

  

:

.
I
I
I

300200100
200200200
100200300

800
1000
400

I
I
I

700200100
200800200
100200700

k,3K

k,2K

k,1K

1k,3K

1k,2K

1k,1K

. 4.7 
. 4.11.
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. 4.7

IK

30 31 32 33 34 35 36 37 38 39 40 41 42 43

2.077 2.072 2.067 2.063 2.058 2.055 2.051 2.048 2.044 2.041 2.039 2.036 2.034 2.032

-3.109 -3.102 -3.095 -3.089 -3.083 -3.077 -3.072 -3.067 -3.063 -3.059 -3.055 -3.051 -3.048 -3.045

0.077 0.072 0.067 0.063 0.058 0.055 0.051 0.048 0.044 0.041 0.039 0.036 0.034 0.032

IK1
IK2
IK3

k

IK

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

2.214 2.2 2.187 2.175 2.164 2.153 2.143 2.133 2.124 2.116 2.108 2.101 2.095 2.088 2.082

-3.305 -3.285 -3.266 -3.248 -3.232 -3.216 -3.202 -3.188 -3.176 -3.164 -3.153 -3.143 -3.134 -3.125 -3.117

0.217 0.202 0.188 0.176 0.164 0.153 0.143 0.133 0.124 0.116 0.108 0.101 0.095 0.088 0.082

IK1

IK2
IK3

k

IK

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

2 2.238 2.303 2.343 2.36 2.362 2.356 2.344 2.329 2.312 2.295 2.278 2.261 2.245 2.229

-4 -3.786 -3.745 -3.695 -3.649 -3.606 -3.565 -3.528 -3.493 -3.46 -3.43 -3.401 -3.374 -3.35 -3.326

1 0.905 0.748 0.639 0.557 0.494 0.444 0.403 0.368 0.338 0.312 0.289 0.269 0.25 0.233

IK1

IK2
IK3

k

, : i4(t)=IK1; i6(t) =IK2; i7(t) =IK3.

. 4.11
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4.6. 

 Mathcad 

4.4.  ( . 4.12) 
R3 = R4 = R5= R6= 100 ; L8 =
=0,15 ; C2 = C4 = 10 ; 1 =
= 3= 100 ; J7 = 1 A 

iL8(t), iR6(t)
uC2(t), uC4(t)

Mathcad Rkadapt h  =
=0,0002 .

:
108 )(Li ;

uC2 (0_) = 50 B; uC4(0_) = 0 .
:

).()(0)(1)(0)(0)()(

);(0)(1)(1)(1)(1)(1)(

);(1)(1)(1)(1)(1)(0)(

);(
)(

)(0)(
)(

)(1)(0)(
)(

)(

7
65

5
31

65
42

65

5
6

73
34

1
34

4
34

2
344

4

7
2

3
32

1
32

4
32

2
32

2

7
65

56
31

65

5
42

65

56

tj
RR

Rtete
RR

tututi
RR

Rti

tjte
RC

te
RC

tu
RC

tu
RC

ti
Cdt

tdu

tj
C

te
RC

te
RC

tu
RC

tu
RC

ti
dt

tdu

tj
RRL

RRtete
RRL

Rtu
L

tuti
RRL

RR
dt

tdi

CCL

CCL
C

CCL
C

CCL
L

:

1

2

0

4

3

e3(t)

R5

R3L8

R6
C2

e1(t)

C4

i1 (t)

i3 (t)i4 (t)

i5 (t)

i6 (t)
i2 (t)

i8 (t)

j7 (t)

. 4.12.
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dt
tdu

dt
tdu

dt
tdi

tX

C

C

L

)(

)(

)(

)(

4

2 ;
)t(u
)t(u

)t(i
)t(X

4C

2C

L

;
)(

)(

)(

)(

7

3

1

tj

te

te

tF ;

34344

3232

65

56

111

11
0

1
0

)(

RCRCC

RCRC

LRRL
RR

A ;

0
11

111
)(

0
)(

3434

23232

65

65

65

5

RCRC

CRCRC

RRL
RR

RRL
R

B ;

;00
65

5

RR
RM .

65

5

65

01
RR

R
RR

N

 Mathcad (p . 4.13) 
. . 4.14  4.15.

 Mathcad Rkadapt
. 4.14) .
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. 4.13
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. 4.14

 4.15
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4.7. 

 4.5 – 4.10 
.

, 
, 

t = h = =0,0002 .
 ( ) 

tk = kh, k = 0,  1,  2,  ,... ,99. , 
t0 =

0
[ –
iL(0-) uC(0-) ].

4.5.

 ( . 4.16), 

, 
:

R1 = R3 = R8 = 100 ; L4 = 0,1 ;
L6 = 0,05 ; 7 = 10 10-6 ;
 E1 = E2 = 100 B; J5 = 2 A.

4.6.
 ( . 4.16), 

, :
R1=R3=R8= 100 ; L4=0,1 ; L6 = 0,05 ; 7 = 15 10-6 ;

. 4.16
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E1=  100 B;  J5 = 2 A;  e2(t)=50 os(2500t) B.

 4.7.
 ( . . 4.16), 

, :
R1 = R3 = R8 = 100 ; L4 = 0,1 ; L6 = 0,05 ; 7= 15 10-6 ;
e1(t)=100 os(2500t)B; j5(t)= os(2500t) A; e2(t)=50 os(2500t)B.

4.8.
 ( . . 4.16), 

, :
R1 = R3 = R8 = 100 ; L4 = 0,1 ; L6 = 0,05 ; 7 = 15 10-6 ;
e1(t)=100 os(2500t) B; j5(t) = 2 os(2500t) A; E2 = 50 B .

4.9.
 ( . . 4.16), 

, :
R1 = R3 = R8 = 100 ; L4 = 0,1 ; L6 = 0,05 ; 7= 15 10-6 ;
e1(t)=100 os(2500t) B; j5(t) = 2 os(2500t) A;

50.k0,01t,)t2500(os50
50;k0,01t0,B50

)t(e2

4.10.
 ( . . 4.16.), 

, :
R1= R3= R8= 100 ; L4 = 0,1 ; L6 = 0,05 ; 7 = 15 10-6 ;
e1(t)=100 os(2500t) B; j5(t) = 2 os(2500t) A;

50.k0,01t,50
50;k0,01t0,50

)t(e2

4.11.
 ( . . 4.16.), 

, :
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R1= R3= R8= 100 ; L4= 0,1 ; L6 = 0,05 ; 7 = 15 10-6 ;
e1(t)=100 B; j5(t) = 5 A;

50.k0,01tt),2500(os50
50;k0,01,t0,50

)t(e2
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5. 

5.1.
, , . 5.1.

.
.

1. 
.

2.  (q–1).
3. 

, , 
,  « »,  –

 « » .
4. , 

.
5. 

, 
, , 

, 
 « ».

6. 
: 

. 
, 

. 
, 

.
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. 5.1. 
 a,b,c; 

. 5.1.

J     M

L2

C2

R3

L3C1

R1

R2
e

C3

1

2

a

c

bi5

i1

i2

i3

i4

. 5.1
,  i2  i1

,  ( . . 5.1).

:

.01

11

;01
;0

;0
;0

4
3

43

3
2

2325
1

53

535
1

32111

43

541

21

dti
C

iR

dti
C

i
dt
dMi

dt
dLdti

C
i

dt
dL

i
dt
dLdti

C
i

dt
dMi

dt
dLiR

Jii
iii

Jii

:
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.0

11

;

;0

;0
;0

4
3

43

3
2

2325
1

53

53
1

5
32111

4

541

21

I
C
jIR

I
C

IMjILjI
C

ILj

EILj
C
Ij

IMjILjIR

JII

III
JII

5.2.  ( . 5.2) 
.

1. 

. 
. 

. , ) 
. ,

, , 
, ., 

. 
.

2. 
, 

. 
, 

.
3. 

, 
.
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4. 

.
5. 

. 
, ,

 « », 
 –  « ».

. 5.2 ,

. 

 J,
.

 ZL2  ZL3
 (

 ZL3
: 

I k2 J , 
 ZL2). I k2,

 ZL2,
 ZL3,  ZL3, 

 ZL2.  I k2
 «ZL2»  ZL3, 

: 2kIMj .
 I, , 

 ZL2, 
 ZL3. J

 ZL2,  I k2  ZL3, 
 « »:

MjJ .
:

. 5.2
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: ;11 JII k 22 kII ; ;23 JII k

.; 25214 kkk IIIII

5.3.  Z
i  ( . 5.3). 

, 
:

u=10 2  cos 106t B;
R=5 ; =500 ;
L1=3 ; L2=5 ;

=2 .

 L1  L2 , 

 ( . .5.3) :

.105

1010105
1050010

1102210105

101031010512

33
126

363

6363
21

j

j
j

j

jj
cj

MjLjLjRZ

. 5.3

.0211

;11

32
2

12
2

11

211
2

122
2

211

MjJMjLjLj
C

jRI
C

jRI

EELjJ
C

jRIR
C

jRLjI

kk

kk
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I ,

:
.10)8,04,0(10894,0

10)105(
10 343,633

3 Aje
jZ

UI j

i
.)43,6310cos(894,02 6 ti

,  ( .
. 5.3), 

,10)84(10)8,04,0(10 33 BAjjIUS
I .

.AB10)8j4(
c

1M2LLjIRIS 3
21

22

S = S , – . .

5.4.
 ( . 5.4), 

505,1 j
H eZ , 

1U 1I , 
25

2 10 jeI .
 N1=2000, 

 N2 = 200.

:
N=N2/N1=0,1.

, HZ ,  
n2 :

Z = HZ / n2=150 j50º .

. 5.4

M



123

75
22 15 j

H eIZU .
,

:
.150,1;0,1, 75

121
25

121 BeUU
n

UAeIInI jj

5.5. .  5.5  ,  
 0,05, 

:

:

1f =
112

1
CL ;

11
1 2

1
Cf

L ;

:

;
2

1

11
2 CL

f ;
2

1

22
2 Cf

L

:

21 LL
Mk .      (5.1)

1L , 2L  (5.1), 
,4 2121

2 CCffMk

. 5.5
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CCff
kM 52,1

108570101210914,34
05,0

4 24662
2121

2 .

5.6. , . 5.6, 
, :

, 
:

,02

;2

2332223131231

.
.

2331123131211

ZZZIZZZZI

EZZZZIZZZI

kk

kk

 (5.2)

111 jXRZ ; 222 jXRZ ; cjXjXZ 33 ;

1212 MM jXZ ; 2323 MM jXZ ; 3131 MM jXZ .

 (5.2), 
:

. 5.6
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.2,3

;48,3

43,100
2

82,64
1

AeI

AeI

j
k

j
k

, :

.63,6

;2,3
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a
da K= - A,

34
2

2

)( app
dgpp A= ,2

2

a
da A1= ,
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.  3.2
F(p) ƒ(t) (t>0)
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.  3.2
F(p) ƒ(t) (t>0)
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.  3.2
F(p) ƒ(t) (t>0)
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.  3.2
F(p) ƒ(t) (t>0)
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222
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ap teat cos t
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. 
; 

,   f(t) – .
, : (s–a)2+ 2=[s– (a+i )][s– (a– i )]
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2
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1 KK sin ( t + a),  a=arctg(K2/K1).
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 1

1.6. )(107,8)1,8710sin(1,0)( 4000033
1 Aetti tO

R  .

1.7. )(1027,3)2,55314sin(102,1)( 140022
1 Aetti tO .

1.8. )(1067,1103,8)( 60000023
2 Aeti t

R .

1.9. )(25,075,0)( 500
2 Aeti t

R .

1.10. )(1053,31033,6)38,8310sin(104,5)( 7003300333
3 Aeetti ttO

R .

1.11. )(182,018,0)( 2200
1 Aeti t

R .

1.12. )()500sin4500cos4()( 5000 Aettti t .

1.13. )(109,81098,5167,0)( 2,2134643,1922
3 Aeeti tt

R .

1.14. )(102,61,0)7,63100sin(16,0)( 8,17723,933
1 Aeetti ttO

R .

 2

2.6.       uR3 (t) = 11,428 e-428, 57 t .

2.7. uR1 (t) = 33,3 – 8,33 e-1500t .

2.8. uR3 (t) = 5 – 0,8 e-600t .
2.9. uR1 (t) = 0,667+0,213 e-300t .
2.10. iR2 (t) = 0,167 – 0,167e-1500t .
2.11. iR3 (t) = 0,1+0,1e – 6666,67t .
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2.12. ic (t) = –0,667 e – 1333,3t .
2.13. uR2 (t) = –200+50 e – 1000t .
2.14. i (t) = 0,09+0,02 e-42500t cos h (28394,5 t) .

2.15. i (t) =0,1+4,005 te
8105 sin (9,987·109t) .

 3

3.6. 2,02,0)( 250t
lI eti  A, 310;0t  c;

t
lII eti 2500568,0)(  A, ;103t  c.

3.7.
t

CI eti 66705,005,0)(  A,
310;0t  c;

05,0182,0)( 667t
CII eti  A, 33 102;10t  c;

t
CIII eti 6671078,0)(  A, ;102 3t  c.

3.8.
t

LI etttu 1000265,21571cos265,21571sin558,3)( B,
3102;0t c;

t
LI etu 1000001,19)( B, ;102 3t c.

3.9. tetu t
CI 166655050)( 500  B, 310;0t  c;

tetu t
CII 1666544,32)( 500  B, 33 102;10t  c;

t
CIII etu 50086,12)(  B, ;102 3t  c.

3.10. teti t
LI 1,7511689,011689,0)( 5,642  A, 310;0t  c;

2671,01,753275,0)( 5,642 teti t
LII  A, 33 102;10t  c;

t
LIII eti 5,6420947,0)(  A, ;102 3t  c.

 4

4.4.
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k 99

0 k 99
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4.5.

4.6.

0 k 99
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0 k 99
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4.7.



173
4.8.



174
4.9.
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4.10.
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 5
5.3. P;tijZ 26,6310cos894,02;105 6

.1084 3 BAjP

5.4 . .150;0,1 75
1

25
1 BeUAeI jj

5.5. .52,1M

5.6. .63,6;2,3;48,3 87,71
3

43,100
2

48,64
1 AeIAeIAeI jjj

5.7. .31;22 21 XX cc

5.8. .10849,3 4
0 c

5.9. .10746,4 7C
5.10. .10768,6 4M
5.11. .91,304;668,2 08,136

1
45,179

1 BeUAI jj

5.12. .81,20;917,18 XjZ c

5.13. .892,13 62,123
2 BeU j

5.14. ) 1  3, 2  4; ) 1  3, 2  4; ) 1  3, 2  4; ) 1  4 , 3  6, 1  6.

5.15. )
..

2

...

1

.

1 EIRIjIMj2ILjIR .

)
.ECj/IIRIMjILj

;0IRIMjILj

;0III

1
.

3
.

2
.

1
.

1

3
.

1
.

2
.

2

3

.

2

.

1

.

5.16. .5,0k

5.17. .Ae10I;Be78U 5,36j
1

.
2,13j

12

. o

5.18. .A2j6I;A1j8I 2
.

1
.

5.19.  C=32,4 ; ;42,1I
.

;17,0j75,0I
.

1 .17,0j67,0jI2
.

5.20.  =1,1 ; ;6,17jI1
.

5.21. ;e24,1I
o4,71j

1
.

;e81,0I
o5,65j

2
.

.e44,0I
o2,82j

2
.
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5.22. ;e0,2I
o3,73j

1

.
;e89,0I

o3,63j
2

.
;e8,0I

o5,36j
3

.

.e13,1I
o82j

4

.

 6

6.2. ;
110j2,642107,547
j15010j0,14-0,611

]A[ 3-4-

;
j0,14-0,61110j2,642107,547

j150101
]B[ 3-4-

.
j229,655-68,81j0,355555,1

j0,3551,555-10j3,839-102,111
]G[

-3-3

6.3. ;
j0,4190,53710j3,994101,597
j1200011

]A[ -34-

;
10j4,483103,793j0,9031,159-

j0,9031,15948,69224,276
]H[ 3-3-

.
j130-110j250-01

j250-01j250-01
]Z[

6.4. ;
j0,584,4410j1,6101,2

10j1,884103,014j0,788-1,616
]A[

3-3-

33

;
10j3,89-102,195j0,0290,221-

j0,0290,221j330,1721,995
]H[ 4-4-

.
10j4,29-102,6810j1,491102,385-

10j1,491102,385-10j5,238101,146
]Y[ 4-4-4-1-

-4-1-4-3

6.6. ;
j0,216-0,29710j6,486101,081-
j140,541243,43j0,216-0,297

]A[ 3-3-
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Z 1 = 145,535+j34,356 , g  = 0,224-j1,277.

6.7. 222,110j4,444
j111,111222,1

]A[ 3- ;

ZC1 = j158,114 , g  = 0,655+j3,142.

6.8. ;
j0,80,610j5,333102,667-
j120240j0,80,6

]A[ 3-3-

ZC1 = 150-j150 ; g  = 0,805+j1,107.

6.9. 67,j519134,65ZC1 ;

043,j0092,0ZC2 ; .441,0g

6.10. 711,j70711,70ZC1 ; 711,70ZC2 ;
.393,0j22,0g

6.11. 374,j267222,102ZC1 ,

148,0j112,0ZC2 , .619,0j145,0g
6.13. 215,22IA .
6.14. 655,198IA .
6.15. 202,303IA .
6.17. L = 0,016 ; = 150  ( ), =
=159,155  ( ).
6.18. L1 =  0,318  ;  L2 =  0,08  ;  1 =  9,979  ,  2 = =15,915

.
6.19. L1 =  21  ;  L2 =  7,958  ;  1 =  39,789  ,  2 =
=106,103 .
6.20. L1 =  9,095  ;  L2 =  28  ;  1 = 139,261 , 2 =
=45,473 .
6.21. L = 2,122 ;  = 132,629 .
6.22. L1 =  2,812  ;  L2 =  11  ;  1 = 358,099 , 2 =
=88,419 .
6.23. L = 0,0021 ;  = 132,269 .
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6.24. L1 =  186  ;  L2 =  57  ;  1 = 11,368 ; 2 =
=37,136 .
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