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( )0 0

U
l

Z I k I
=

+
, ( )

l – , ; ( )0 0k Z Z Z= − ;

( ).Z r j0, 45 lg D ρ= + ⋅  – -

; ( )0Z r 0, 5 j0,435 lg D ρ= + + ⋅  – -

; 3
AB BC ACD D D D= ⋅ ⋅  – 

,  ; 

23
. Dρ ρ= ⋅  – -

.

-

 ( )

0I ′  ( -

, ) [4]: 

( )0 0 M 0

U
l

Z I k I k I
=

′+ ⋅ + ⋅
, (2)

( )M Mk Z Z= ; ( )MZ 0, 5 j0,435 lg D D= + ⋅  – -

-

; 9
M Aa Ab Ac Ba Bb Bc Ca Cb CcD D D D D D D D D D= ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅  – -
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 (3) D  = 000 :

•  330  2 × –300/39, d = 8,4 :

4, 82 2,076 2,076

2,076 4, 82 ,775

2,076 ,775 4, 82

X j0, 45= ⋅ ; (5)

•  500  3 × –330/43, d = 2 :

3,903 ,92 ,92

,92 3,903 ,620

,92 ,620 3,903

X j0, 45= ⋅ ; (6)
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•  750  5 × –300/39, d = 4,6 :
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∑

∑
   ( )

∆ t  – , k – , n
– , M – , ak , bk – -

,  sin (ωt) cos (ωt) k ∆ t .
ak bk . ,

2 ak

 30 , :

ak = 0; 0,5; 0,866; ; 0,866; 0,5; 0; -0,5; -0,866; - ; -0,866; -0,5. 
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ak = 0, 4, 7, 8, 7, 4, 0, -4, -7, -8, -7, -4. 

 60 
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.

bk
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M , -

ak , bk n:

M = m ⋅ mk/n,
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( )
t

i 4 ,4 cos 3 4t e τ
− 

= − − 
  

.

2 0 ,

00 .

.

 (%) ττττ ,

 2 3 4 5 6 7 8 9 0

0,02 3,85  0,3 0,  0 0 0 0 0 0 
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.

 (%) ττττ ,
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0,3 0,53 0,5 0,46 0,4 0,4 0,4 0,35 0,3 0,3 0,3 

0,4 0,4 0,4 0,4 0,35 0,33 0,3  0,3 0,28 0,27 0,25 
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:

( ) ( )u t 4 ,4 sin 6 ,2832 48 t ,309= ⋅ ⋅ + , ( ) ( )i t 4, 42 sin 6 ,2832 48 t= ⋅ ⋅ ,
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,
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~

Z
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Z 0
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I/ I//

arg ( , 2)
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2
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 ( ).

 (4  5), -

 2-3 %.  [2, 3] -

.
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, . . , -

.
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.
 [4] 
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.

.

-
.

. . -
Z , Z 2, Z 0, Z2 , Z22, Z20, E , E2, arg(E , E2), R .

-

A A A= + ,    ( )

A  - ; A  - 

.

A  ( -

), A , . . { }M A A= .
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A A

. -

A  ( ). , -

.

A -

 ( , TKZ-3000) -

. , -

. , A -

 ( 2) 

.

( . ), -

2. , -

 ( )  TKZ-3000 

, . .

.

, .
, -

,
Z2, Z0 ( . 2, 3). 0  220 -

: 60-70 0 00  220 . -
(Zi  = Zi2, Zi0). -

Z
. Z Zmin Zmax -

,

 ( A ). , Zi ≅ Zi2, ,
, , Zi0. -

-
, . -

. . -
-

.
 (2): 

( )( )i x i y
i n

XY

x y

x m y m

p
n σ σ

≤ ≤
− −

=
⋅ ⋅

∑
,   (2) 

mx, my – , x, y – -

x y; n – . .
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-

.

.

kZ0 Z2 k 0 2 kZ2 2 kZ0 0 kR2 X2 kR0 X0

 0,796 0,333 0,856 0, 97 0,856 0,487 

2  0,8 4 0,337 0,00  -0,52 0,39 0,69 

+2  0,9 5 0,39  0,866 0,825 0,866 0,825 

 2. 

mZ2 mZ0 DZ2 DZ0 m 2 m 0 D 2 D 0

0,6 6,83 32,23 2,  77,7 80,8 2 ,  46,

0,6 8,08 32,23 ,76 73,8 77,  23,5 48,9 

- -

2. -

Z2, Z0

Z0 Z 2m 0,796 m= ⋅ ,    (3) 

 (0,796), 

. . -

. 2. 

-

.  [5], -

D -

 (4), Z2:

( ) ( )2 2

2 max 2 min 2 max Z 2
Z 2

Z Z 4 Z m
D

2 2

− −
= = ,         (4) 

Z2max, Z2min – -

Z2, mZ2 – Z2.

 (4) -

Z2, Z0:
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~ ~

2 2Z 2Z m Z∆= ± ,
~ ~

0 0Z0Z m Z∆= ±  ,  (5, 6) 

2 2 max Z 2 Z 2Z Z m 3D∆ = − = , 0 0 max Z0 Z 0Z Z m 3D∆ = − = . (7, 8) 

ϕ2, ϕ0.

, ϕ2 ϕ0

. -

~ ~

2 0 0k m C Dϕϕ ∆ϕ = + + 
 

,     (9) 

k 0∆ϕ - ,

D - .

0ϕ , 0∆ϕ ,

 (4)-(8). 

 ( 0), ( ) -

ϕ2, ϕ0 (k 0 2 = 0,32 , k 0 2 = 0,333 

. ) Z2, Z0, :

0 69,0 ,4 ,76 rndϕ = + ⋅ ⋅ ,     ( 0)

( )( )2 0 0,7 0,6rnd 70,0 / 2ϕ ϕ= + + ,    ( )

rnd – ,  0÷
.

. -

: -

0  70 .

(l  / l ),

. .  (l ), -

l = 60  ( . 4, ).  2 . 4 

Z2, Z0 ,

, 2. 

,

.

-

EC ,EC2.

(± 0 %)  (-5%÷+ 0 %) -
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l l

. 4. L

 ( )  (2) 
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arg(E , E2). , , -
.  « » .

arg(E , E2) .
-

. , -
. , -

.
, R ,

. R  0-30 
 0-50 .  0-30 .

R -

( )l / lρ  ( . 5, )  ( .

5, ) .

)

(R )

)

(R )

R ,R , 0 3000 30

70%

30%

. 5. ,

:  – ,  – 



37

-

R  ( . 5) ( )l / lρ ,
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0.7

0.8

0.9

1

1

2

(l  / l )

ll

. 6. L :

 -  (R = 0-30 ); 

2 -  0,7 (R  = 0- 0 )  0,3 (R = 20-30 )

.

 ( ) Zi , Zi2, Zi0

.

2. Ei -

.

3. arg(E , E2). -

-

.

4. -

(l  / l ). -

R

-

(R ). 
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-

 0÷ .

. -

 (mx = 0,5)  (Dx = / 2). -

-

 0÷ , mx= (a+b)/2
Dx = (b-a)2/ 2 ( . ).

. .  ( )  ( )

,

. -

y = ϕ(x),
g(y).

,

y = ϕ(x),  - -

, y . -

 [ ]. y = ϕ(x) -

f(x) , , F(x).

g(y). (a, 

b), , , -

,

)( =<< bXaP .          ( )

ba
x

f(x)

0

/(b-a)

x

F(x)

0 a b

)

)
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y = ϕ(x). -

, y  ( . 2). 

. 2. y = ϕ(x)

 (x,y) -

ϕ(x). g(y) -

G(y):

)()( yYPyG <= ,     (2) 

P(Y < y) – , y .

. ,

∫=<<=<=
x
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; Di ik ,b  - 

.

,

 (24) - (4 ), -

 (28) -

 (43)  (44), -

.  (34) 

.

iuµ  (43) – (44) -

 (3 ) - (40). 

 ( ),

iuµ :

( )

( )( )

t

i Pi i i s i

Di i i i0

t

i i s i i i s i T i T i

i 0

V V
u k 2 T b T 2 dt

k 0,5 T s s

d V
T b T 2 T b T P ( t ) 3 P ( t )dt.

dt s

µ µ

µ µ µ µ∆ ∆

    ∂ ∂ = − ⋅ + + +    
⋅ ⋅ ∂ ∂     

 ∂
+ ⋅ ⋅ ⋅ + − ⋅ − − 

∂ 

∫

∫
(45)

Pik  (45) -

i i s i

i ki

Di i i Di i

t
i i s i

i Di i i0

2(T b T ) V 2
U sign

k 0,5 T s k 0,5 T

T b TV d V
dt .

s k 0,5 T dt s

µ
µ

µ

ρ
 ⋅ +  ∂= − ⋅ ⋅ + × 

⋅ ⋅ ∂ ⋅ ⋅ 
⋅ ⋅   ∂ ∂ × + ⋅   ∂ ⋅ ⋅ ∂    

∫
(46)

 (45)  (46), 

( )iV s∂ ∂ - -

, - -

, -

V( x ) .

. 3 -

, -

.
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. 3. 

iV s∂ ∂

ij i j
i j

V V x x=∑ ∑ ( )i ij j
j

V s V x∂ ∂ =∑

2 2
i i i i i Ti i

i 0

V s s P d
2

∆δ

γ ∆δ ∆δ ∆ δ = + + + 
 

∑ ∫ ( )i i i iV s sγ ∆δ∂ ∂ = +

2
2i Ti
i i i Ti

i

P
V s s P

2 2

β ∆
α ∆

 
= + +  

 
∑ ( ) ( )i i i i Ti Ti i iV s s P P P sβ α ∆ ∆∂ ∂ = + + ∂ ∂

2
i

i

V s
2

=∑ ( )i iV s s∂ ∂ =

 (46) 

2
i

i

V s
2

= ∑ :

( )i i s i

i ki i i

Di i Di i

i i s i i

Di i

2 T b T2
U sign ( t ) s ( t )

k 0 ,5 T k 0,5 T

T b T ds ( t )
.

k 0 ,5 T dt

µ
µ

µ

ρ δ
 ⋅ += − ⋅ ⋅ + ⋅ + ⋅ ⋅ ⋅ ⋅

⋅ ⋅ + ⋅ 
⋅ ⋅ 

(47)

,  (46) -

V( x ) , -

,  (47). 

,

(45) , -

- -

,

. , -

-

- ,

.

, ,

 (45), -

, .

.
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, -

.  “ ”

,

.

,

.

, ,

-

.

, -

, ,

. -

,

,

. -

.

-

.

, , ,

, , . -

-

.

. -

 ( - -

) ,  - 

.

-

. -

-

, -

.

( )

.



45

-

 [7-9]. 
 - -

 ( )  ( ).
 2 - -

.
. -

( t )α

TP ( t )α∆ ( t )Ψ .

TP ( t ) ( ( t ))α∆ Ψ α= . (48)

, *
TP∆  (42) 

TP α∆ TP µ∆ , . .

*
Ti T TP P Pµ α∆ ∆ ∆ ε= + + , (48, )

ε  - - .

i i s i

i i

Di i i Di i

t
i i s i

i Di i i0

2( T b T ) V 2
U sign ( t )

k 0,5 T s k 0,5 T

T b TV d V
( t ) dt ( t ) .

s k 0,5 T dt s

µ
µ µ

µ

ρ Ψ

Ψ Ψ

 ⋅ +  ∂= − ⋅ ⋅ + + ×  ⋅ ⋅ ∂ ⋅ ⋅ 
⋅ ⋅   ∂ ∂ × + + ⋅ +   

∂ ⋅ ⋅ ∂    
∫

(49)

( t )Ψ  - -

.
 (49) ( t )Ψ

( )iV s∂ ∂ . .  [4], 

,  “ ε ” - .

-
 [7-9] 

T i i
i i T i i i i i i

i
s i i i

d P ( t ) d ( t )
T B P ( t ) C ( t ) C T A ;

dt dt

d ( t )
T ( t ) U ( t ) ,

dt

α
α

α α

∆ α
∆ α

α
α

 + = ⋅ − ⋅ ⋅ ⋅

 = − +


(50)

(5 )
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A, B C - .

t

i 2i 2i a
i i 2

i

tt
2i ia

i i0

2( b b ) 2( 2a b )V
U sign e

a s a

b bV d V
e dt .

s a dt s

α αρ
−  + −∂= − ⋅ ⋅ + × 

∂ 
   ⋅∂ ∂ × + ⋅   ∂ ∂   

∫
(52)

-

 (46)  (52) 

t

i 2i 2i a
i i T i 2

i

tt
2i ia

T i T i

i i0

2( b b ) 2( 2a b )V
U sign P e

a s a

b bV d V
P e dt P ;

s a dt s

α α µ

µ µ

ρ ∆

∆ ∆

−  + −∂= − ⋅ ⋅ + + ⋅ 
∂ 

   ⋅∂ ∂ ⋅ + + ⋅ +   ∂ ∂   
∫

(53)

i i s i

i i T i

Di i i Di i

t
i i s i

T i T i

i Di i i0

2(T b T ) V 2
U sign P

k 0,5 T s k 0,5 T

T b TV d V
P dt P .

s k 0,5 T dt s

µ
µ µ α

µ
α α

ρ ∆

∆ ∆

 ⋅ +  ∂= − ⋅ ⋅ + + ×  ⋅ ⋅ ∂ ⋅ ⋅ 
⋅ ⋅   ∂ ∂ × + + ⋅ +   ∂ ⋅ ⋅ ∂    

∫
(54)

,  (53)  (54) -

T iP µ∆ T iP α∆ .

, ,

-

( t )α ( t )µ . T iP µ∆

T iP α∆ , ( t )µ ( t )α , ,

.

 (53)  (54). 

-

.
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 (49) 

, -

.

,

,  (48, ) -

*
Ti T TP P P Pµ α∆ ∆ ∆ ∆ ε= + + + . (55)

 (4 ), . .

i

i

V
P sign

s
∆ ρ

 ∂ = − ⋅  
∂  

. (56)

V ( x )

2
i

i

V s
2

= ∑ ,  (56) 

:

• sign s 0>  - ;

• sign s 0≤  - .

.

.

-

-

.

2. -

-

-

.

3. ,

, -

, , .
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