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T T 2T T T
-  - T -
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T
⋅
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1. ( )
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δ . 
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. 

2.

δ

. 
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, 
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, 

. 

4. j bj, 

5-6

, 

, 

, . 

5. , , 

, , 

, 

(

5-10%). 

. 

6. , 

, 

, 30

. 

7. , , 

, 

, 

, 

, 

.   

. 

8.

LG VCE280E02 , 

2

. , 
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, 

: - 13,5, 

- 7,8; , 

- 6,5;

- 5,9; - 6,6. , 

1,6

. 
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2. 

2.1.  , ( )

, 

, 

, 

, 

. 

, 

. 

, 

. 

,  

   

, 

, , 

, .  

- 100 , 
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. 

  -

, 

[6-10, 17, 18, 30, 31, 

58], .  

. , 

, :

, , 

[78]. , 

, (

) . 

. 

. 

, , 

. . [66, 75, 80, 110, 111]. 

- . 

, 

. , . . [69, 

70] :

a

T

L
h k

P
⋅= ⋅ ,                                      (2.1)

  h – ;

k – ;

L – ;

Pa – ;

PT – . 
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[68] , 

: I ∼ q/H. 

[109], [89]

:

S
W Z

H
⋅= ⋅ ,                           (2.2)

  W – S;

Z – ;

S – ;

– ;

P – S. 

[69-70, 109, 73, 74]

, -

. [110, 111]

:

m nI k v= ⋅ ⋅ ,                                    (2.3)

  I – ;

k – ;

v – ;

– ;

m, n – . 

[110, 111] , 

, P
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. , 

P

. , 

P (2.3)

. 

, 

:

6
. .10 v /H t−= ⋅ ⋅ ⋅ ⋅ ⋅ ,                        (2.4)

  Δ . – δt, ;

μ – - ;

v – , /c;

–

;

– , / 2;

P . – δt, / 2;

δt – , . 

, 

: 6C 10 v /H−= ⋅ ⋅ ⋅ . (2.4)

:

. . t= ⋅ ⋅ .                                         (2.5)

. 

, 

( )
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- - , [109-111]. 

, [109] :

0 1
I

W S W +W
10

= ⋅ ⋅ ⋅ ,                                   (2.6)

  W – ;

S – ;

P –  S;

W0 – , ;

W1 – , ;

I – . 

[109], I/10 I , 

W0 W1, 

, I 10 . , W0 W1

. , 

(2.6)

:

3 1/2
1W 10 v W I t−= ⋅ ⋅ ⋅ ⋅ ⋅ ,                                    (2.7)

  v – . 

, 

, , , (

)

. , 

, , - , 
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, 

. , 

, 

.   [78, 89, 109]. 

, (2.7)

, , 

- : , 

. (2.7)

, . 

, , 

( ) , 

:

( ) ( )1/41/24 3/4 1/2 1/2 1/2
.I a I .10 v I /p K /(H K ) t−= ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ,  (2.8)

Δ .I – ( )

δt, ;

μ – - ;

v – , /c;

ρ – , ⋅ ;

Ia – , ;

– ;

I –

;

– , / 2;

– , /( ⋅ ⋅ );

– , /( ⋅ );

γ – , / 3;
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P . – δt, / 2;

δt – , . 

, 

( )

: ( ) ( )1/41/23 3/4 1/2 1/2
I a I10 v I /p K /(H K )−= ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ . 

(2.8) :

0,5
.I I . t= ⋅ ⋅ .                                        (2.9)

. 1.4 , 

. 

, , , 

, .           

, -

. 

, 

. 

, , 

. 

[78]. 

: - , 

; - , 

, . 

Wa, ,   
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Q, 

[109]:

aW Q= ⋅ ,                                              (2.10)

  Wa – , ;

Q – ;

γ – . 

[89]. 

[78] :

1 2
2 2

2V 1/ 6 k (3/4 k k ) W= ⋅ ⋅ ⋅ ⋅ + ⋅ ,                          (2.11)

  V – ;

k1 – , ;

k2 – , ;

W – . 

, , 

. 

, , 

:
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( )( )1/26
. 10 n / 60 U b l K C W t−= ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ,    (2.12)

  Δ . – δt, ;

n – , / ;

ρ – , ⋅ ;

–

;

U – , ;

b – , ;

l – , ;

– , /( ⋅ ⋅ );

– , /( ⋅ );

γ – , / 3;

W –

, ;

δt – , . 

, 

:    

( )( )1/2610 n / 60 U b l K C−= ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ . 

(2.12) :

. W t= ⋅ ⋅ .                                         (2.13)

, 

:
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( )0,5
. .I . . I . W t= + + = ⋅ + ⋅ + ⋅ ⋅ .  (2.14)

, 

. 

, I

. 

, , 

. , 

. , 

. 

, , 

, , , 

. [78]

, 

:

. 

,  . 

, 

     . 

, 

, . 

, , 

, 

, , , 

. 

, , 

(2.14), 

, 
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, , . , 

[110, 111],  

13 / 3, . 

, ( 1 3 / 3). 

, 

[109]. , 

, 

, 

- 3-6 -

.   , 

, 

( , I, )

, 

.  

, , 

. 

. 
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. .
min

k

F m m g
F =

1 + 1 + 2
z

− ⋅ − ⋅

⋅ ⋅ ⋅

. .
max

k

F m m g
F =

1  1 + 2
z

+ ⋅ + ⋅

− ⋅ ⋅ ⋅

2.2. 

  

- . 

, , :

, , 

, , 

[6-10, 17, 40, 41, 57, 58]. 

, 

, 

. 

(Fmin)

(Fmax) , 

:

  
;                  ,      (2.15)

  F –

, ; –

, / 2; m . –

, ;  g – , / 2; μ –

- ; ν –

; Δk – ; z

– ,  . 

, , (2.15), 

Fmin Fmax



73

, 

. 

, 

, 

( )

, 

, 

.  

, 

. 

, , 

, 

. , 

- , 

, , 

. . 2.1 U-

, 

[73, 74].. 

. 2.1.
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W F , , 

W F Fmin Fmax. 

, 

:

.k
2

U U s p
k

k=1 k=1

L i G
W = W =

2

⋅ ⋅
 ,      (2.16)

   W – ; Wk –

   k-       ;   Ls –     ;

i .k – k- ; Gp –

( , , 

, ). 

, Fmin Fmax n

W

, . 2.2.  

. 2.2.

W , S Fmin

Fmax . 
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- W

= f(F), . 2.2, S n

(S1..Sn):

n-1

0 i nn-1 i=1
m

m=0

W + 2W +W F
S S

2

⋅
= =  ,        (2.17)

Wi – i- ;

ΔF = Fi – Fi-1 – . 

, 

W Fmin Fmax:

n-1

0 i n
i=1

cp

W + 2W +W
S

W
n F 2 n

= =
⋅ ⋅

 .             (2.18)

W , 

F W F ( . 2.3). , 

W F

W , F (

, ). 

. 2.3.   
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F , 

, 2.4

:

– n, Fmin

Fmax;

– a , 

, 

;

– Fmin Fmax;

–

Fmin Fmax

;

– n (S1..Sn) , 

.2.2;

–

W ;

– Fmin , 

W W F;

– F . 
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a = . + max.

. .
min

k

F m m g
F =

1 + 1 + 2
z

− ⋅ − ⋅

⋅ ⋅ ⋅

. .
max

k

F m m g
F =

1  1 + 2
z

+ ⋅ + ⋅

− ⋅ ⋅ ⋅

1

n = 10;    m = 0

m minF =F + m F⋅

      Fm

           Fm+1

+1

2U

m i
i=U

W W=

+1

2U

m+1 i
i=U

W W=

( )m m+1
m

W +W F
S =

2

⋅ Δ

m = (n-1)

m = m + 1

max minF F
F =

n
−Δ

. 2.4. 
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. 2.4. ( )
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,  

, Fmin Fmax

, , 

. 

: , 

3.4 , , W F

, 

F , . 

F

, 

. 

, , 

W

F . 

2.3. 

. 

( ), , 

, 

, 

( , . .), 

, 
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, 

[6-10,  37, 57, 58, 107]. 

- , 

. 

, 

, 

( )

[57]. 

[57] , , 

, 

, 

( ). 

, 

. 

[57]

, 

1 < β ≤ 2. 

. 2.5

1 – 74, 

Δt=50 , [57]. 

« ». 
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–

( . 2.5). 

. 

, , 

2.5, 

:

196%, 390% ( . 2.7). 

, 

[57], , 
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. 

, 

. 

(r ( )), (r ( )) (r ( ))

. 

:

7 8 9
c ( )

7 8 8 9 7 9

R R R
r =

R R +R R +R R
⋅ ⋅

⋅ ⋅ ⋅
,                   (2.19)

  22 y .
7

.

K h
R =

l b

⋅ ⋅
⋅

–         ,  

;

K2i – , 

( ,    

   .   , K23 –

P3);  

ρx – ;

ρy –    

;  

h –       ;

l – ;

b – ;

b – ;

δ – ;

0.50.5
22 12 x y . . 12 x

8
. y

K (K ) 0,5 b 0,5 K
R = cth

l h

⋅ + ⋅
⋅ ⋅ – -

;
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K1i – , 

(

,    .   

,  K12 –   P2);

0.50.5
22 12 x y . . . 12 x

9
. y

K (K ) 0,5 b 0,5 b K
R = cth

l h

⋅ − ⋅ −
⋅ ⋅ – -

. 

. 

, 

. 

:  

( )k

r

T t

r = A + B e

−
−

⋅ ,          (2.20)

  ( )A = r   B− , ;  

( )2
( ) ( )

( ) ( ) ( )

r   r
B =

r + r   2 r

−
− ⋅

, ;  

Tk – , ;

  t – ( 0 ), ;

  
τ

k

( ) ( )

T
r =

r   r + B
ln

B

−
−

, . 

:

r

t

r = A + B e
−

⋅ ,           (2.21)

  r – , ;
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( )A = r   B− , ;

( )2
( ) ( )

( ) ( ) ( )

r   r
B =

r + r   2 r

−
− ⋅

, ;  

τ
k

( ) ( )

T
r =

r   r + B
ln

B

−
−

, . 

( , 

)
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, 

. 

3.

, 

, 

, 6

, 

, , 

, . 

4.

, 

, , 

. 
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3. 

3.1. 

, 

, , 

[26, 35, 36], , , 

. , 

LG VCE280E02 ( 1.4), 2-

. 

, 2

, , 

, 

, , - , 

          

, . 

, , . 

, , 

, . 

( ) , 

. 

. 
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, 

. , 

3.1 0

1. 

., 

( 1-2, . 3.1). 

, 

, - . , 

, 

, 

. 

, 

( ), 

, 

, . 

. 3.1. 

. 

, 

: ( )

, . 
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, 

, 

, :

                                    W =
K S

j, ,g
j 1g 1

W
= =

,           (3.1)

   j – ;

– ;

g – ;

S – ;

γ – . 

, 

, 

, , , 

-

. 

, , 2.1 , 

F , 

P . 1

. 

, 3.2

.1   P . 1

δt:

=.1 (C ⋅ . 1 + C I⋅ . 1
0,5 + ⋅

K S

j,1,g
j 1g 1

W
= =

/S)⋅ δt,       (3.2)

  . 1 – ;

C – , 

;
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C I – , 

;

– , 

;

δt – . 

, 

:

. . .1h =  h - .     (3.3)

. 

3.1

, 

. 

, 

, (3.4)

(3.5) :

f = ⋅
K S

j,1,g
j 1g 1

W
= =

,      (3.4)

n = ( ⋅
K S

j,2,g
j 1g 1

W
= =

- ⋅
K S

j,1,g
j 1g 1

W
= =

)/δt.   (3.5)

, 

:

(d /dt)m = C ⋅ . 1,         

(d I /dt)m = C I ⋅ . 1
0,5,                 (3.6)

(d /dt)m = f + n ⋅ δt .      
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, 

, 

:

      = δt ⋅ (d /dt)m ,     

         I = δt ⋅ (d I /dt)m ,              (3.7)

      =  δt ⋅ (d /dt)m .     

:

= + I + .               (3.8)

, 

:

. .h =  h - .               (3.9)

, . 

, 

-

( ) , 

, -

. 

, (δt)

. 
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3.2. 

2

. 

. 

( , 

). 

, 

, , 

, 

, I, 

. 

, . 

. 

-

;

;
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–

[3, 4, 12, 38, 76, 77, 97, 98]. 

, , 

I, . 

. 

. , 

, 

: = 0,9±0,18; I = 0,113±0,022;, =

0,45±0,09. 

, I

(2.4, 2.8 2.12)

, 

. 

: , I

:

i. k0 k1 1 k2 2 k3 3 k12 1 2 k13 1 3 k23 2 3 k123 1 2 3y = b +b x +b x +b x +b x x +b x x +b x x +b x x x ,  (3.10)

  yi – i-

, i = 1, 2,.., N, N – ;

k – ;

bk(…) – k- ;

x1 –

;

x2 – I

;

x3 –

. 



94

, [3, 4]

(xi) , 

(3.11). 

. 

LG VCE280E02

709 . 

: I - 140 , II - 420 III - 700 ( , 

):

I I0 I1 1 I2 2 I3 3 I12 1 2 I13 1 3 I23 2 3 I123 1 2 3y = b +b x +b x +b x +b x x +b x x +b x x +b x x x ;      (3.11)

II II0 II1 1 II2 2 II3 3 II12 1 2 II13 1 3 II23 2 3 II123 1 2 3y = b +b x +b x +b x +b x x +b x x +b x x +b x x x ;

III III0 III1 1 III2 2 III3 3 III12 1 2 III13 1 3 III23 2 3 III123 1 2 3y = b +b x +b x +b x +b x x +b x x +b x x +b x x x .

(3.10). 

, 

, 

8 (3 , 2 , 

N = 23). 

3.1. 

3.1
x1 x2 x3 x1x2 x1x3 x2x3 x1x2x3 y

1 -1 -1 +1 +1 -1 -1 +1 y1

2 +1 -1 -1 -1 -1 +1 +1 y2

3 -1 +1 -1 -1 +1 -1 +1 y3

4 +1 +1 +1 +1 +1 +1 +1 y4

5 -1 -1 -1 +1 +1 +1 -1 y5

6 +1 -1 +1 -1 +1 -1 -1 y6

7 -1 +1 +1 -1 -1 +1 -1 y7

8 +1 +1 -1 +1 -1 -1 -1 y8
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, 3.4 . 

, , 

. , 

2 3.1

: = 1,08 ( );

I = 0,091 ( ); = 0,36 ( ). , 

y2

. 

:

( 3.3). 

6 (0,12 ), 

70 . 

, 

t = 140 (I- ), 

, :

y1 = 7,371962491; y2 = 6,213241026; y3 = 7,26371441; y4 = 9,416798711;

y5 = 5,898893279; y6 = 7,90403498; y7 = 9,062550061; y8 = 7,583694386

yI = 6,01 . 

(3.10). 

:

bI0 = (y1+y2+y3+y4+y5+y6+y7+y8)/8 = 7,589361168105

bI1 = (-y1+y2-y3+y4-y5+y6-y7+y8)/8 = 0,190081107643

bI2 = (-y1-y2+y3+y4-y5-y6+y7+y8)/8 = 0,742328223980

bI3 = (y1-y2-y3+y4-y5+y6+y7-y8)/8 = 0,849475392795

bI12 = (y1-y2-y3+y4+y5-y6-y7+y8)/8 = -0,021523951175

bI13 = (-y1-y2+y3+y4+y5+y6-y7-y8)/8 = 0,031499177083
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bI23 = (-y1+y2-y3+y4+y5-y6+y7-y8)/8 = 0,058509601469

bI123 = (y1+y2+y3+y4-y5-y6-y7-y8)/8 = -0,022932008402

yi

(3.10) t = 140 , 

420 700 . 

, 

(yI = 6,01 , yII = 16,12 , yIII = 28,11 ), 

(3.11).   

:

x1 = 4,226, x2 = 2,186 x3 = -4,247. 

. 

, [3, 4], 

. 

LG VCE280E02:  

-         

(2.4) = 1,6607;

-

(2.8) I = 0,1624;

-     

(2.12) = 0,6778. 

( , I )

2%, 
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. 

, 

. 

. , 

  

  LG VCE280E02. 

3.3. 

1.1-1.3 , 

, 

, 

, 

ja , jb

(1.14). , 

:

j j j j jy = a sin( t) + b cos( t)⋅ ⋅ ⋅ ⋅ ,                         (3.12)

  j – ;

j – j – ( j = ·j; =2· ·n /60  -

);  
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       ja , jb – j- . 

, ja jb

, 

, 

1.4. , 

. 

. 3.2 jb

, 

, 

LG VCE280E02 . 

. 3.2.  bj

LG VCE280E02
, 

bj

, 

ja jb

. 
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, . 

, 

. , 

, 

– . . 

. 

, , 

,  :

2y(t) = c + d t + f t⋅ ⋅ ,                                    (3.13)

  c, d, f – . 

Table Curve

: = -0,043674521; d = 6,8673549⋅10-5; f = 8,1182385⋅10-7. 

jb

Table

Curve, . 3.2. 

, c, d, f -

t, 

ja jb

.  

, 

c, d, f ja jb . . 

3.3 , 

c, d, f 22 , 

  . 
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. 3.3. , c, d, f  
22 ,   

:

1. ja , jb   

;

2. ja (t) , jb (t) ;

3. ja (t) jb (t)

( ). 

, 

:

c, d, f ja jb

c, d, f ja jb

. 

, 

, :
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1. t

ja , jb

c, d, f :

  jt a a a
2a = c + d t + f t⋅ ⋅ ;

       jt b b b
2b = c + d t + f t⋅ ⋅ ,                (3.14)

  j – ;

       jta , jtb –       j-     

t;

ca, da, fa – jta ;

cb, db, fb – jtb . 

2. , 

N-

t :

N

it jt j i jt j i
j=1

y = (a sin( t ) + b cos( t ))⋅ ⋅ ⋅ ⋅ ,                (3.15)

  yit  –  i-       t,   

    i-   ;

        i = 1 ÷ K,  – ;

  j – ;

N –

;

        it =T(i-1)/K ;

          T = 2 / . 

, 

, c, d, f , 

3.14 ja , jb t. 
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, , 

c, d, f

, 

10-20%. 

, 

. 

, . 

3.4. 

[19, 58]. 

, 

. 

Visual ++. 

:

-  

;

-  

( , 

, );

-  , 

;  
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-  

, , 

- , 

. 

:

-         

;

- ;

- ;

- ;

- ;

-             

- ;

- . 

, 3.4. 

: (

), , 

, , , 

. 
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. 3.4. 

, . 3.5, 

:

( , , 

). , 

, 

U = 1 – 3. 
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. 3.5.

, , 

. : , 

, 

, , 

. 

, . 3.6. 
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. 3.6. -

, 

, 

, 

. 

, 

, 

, 3.3. 

, . 3.7, 

: , 

, , , 

, , 
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, 

. 

. 3.7. 

, 

. , 

. 

3.8. 
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( OX –
, ; OY – , )

( OX –
, ; OY – , )

( OX – , 
; OY –

, )

( OX –
, ; OY –

, )

( OX – , 
; OY – , )

( OX – , ;
OY – , 

)

. 3.8.  
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, 

, , 

  , :

, , 

. 

. 

, . 

3.5. 

, 

, 

LG VCE280E02 1800 . 

3.12

, 

. , 

, 

1.4, 3.12.  
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0

5

10

15

20

25

30

140 280 420 560 700

, .

, 

. 3.12.
LG VCE280E02

2%, 

. 

, 

: , ( )

. . 3.13 , 

LG VCE280E02. 

, 

. 

. 
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0,0

3,0

6,0

9,0

12,0

15,0

18,0

140 280 420 560 700

, 

, 

. 3.13.

LG VCE280E02

HG25

LG VCE280E02

3.1. 

, 140 . 

(140 ). 
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3.1   
, 

  , , 

/

, 

, 

/

, 

, 

/

, , 
/

                            

0-140 0,76 5,43 3,53 25,21 1,77 12,65 6,06 43,30
140-
280 0,70 4,98 3,38 24,13 1,13 8,08 5,21 37,19

280-
420 0,64 4,55 3,23 23,08 1,21 8,63 5,08 36,27

420-
560 0,55 3,96 3,01 21,53 1,51 10,78 5,08 36,27

560-
700 0,50 3,55 2,85 20,37 2,26 16,12 5,61 40,04

, 3.1 , 

LG VCE280E02

, 

34,2% . 

, 

.  

19,3% . - , 

« »:

, 

, 

- - , 

[78, 89, 109]. 
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27,7%

( 3.1). 

( . 3.13)

, ,  

. 

, 

. 

, 

. 

3.14 , 

. 

0,0

10,0

20,0

30,0

40,0

50,0

60,0

70,0

140 280 420 560 700

, 

, %

. 3.14. , 

LG VCE280E02
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3.14 , 

420

13%. (

)

, , 

9% . 

53 65% , , 

51%. 

140

29% . 

22-23%, 420

, 

, 40% .  

LG VCE280E02 - 682 , 

709 . , 

4%.  

2%. 

, 

LG VCE280E02, 

, 

. 

. 
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1.

, 

, 

. 

2.

, 

( )

, 

. 

LG VCE280E02

20-30%  

2-4%. 

3.

, 

, 

, 

. 

, , 

, , 

, 10-20%. 

4. , 

, 
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, 

, 

, 

    

, 

. 

5.   

LG VCE280E02

: , 

. , 

: - 13%

9% ; -

53 65%, , 

, 51%; -

29% (

)), 22-23%, 

, , 40%

( ). 

34,2% (

) 19,3% ( ) , 

27,7% (

). 
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4. 

4.1. 

–

. 

, 

-

[78, 89]. , 

: , 

. 

, , 

, . . [59, 115]. [89]

, 

U-

, . 4.1.  

. 4.1.
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, , 

[73, 74] , 

, - . , , 

, 

, , 

, , , 

. 

. 4.2

. 

LG VCE280E02 . 

, , 

U =1. 

      
. 4.2.

LG VCE280E02 ( - )
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, 

. . 4.2

. , , 

, 

[58]. 

. 

, 

3,5 1,5 ( 525-225 / 2), 

10 ! , . 4.2, 

, 

, 

, 

.  

, C = 55 / . 

( 37 ) 3,7 ( 555

/ 2), ( 8 ) – 2,1

( 315 / 2), . 4.3. 

1,5

2,0

2,5

3,0

3,5

4,0

0 5 10 15 20 25 30

, 

, 

. 4.3.
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, . 4.2, 

, 

. 

, 4.3

3.1, , 

( ) . 

, 

, 

. 

. I (0-420 )

, 

, 

. II (420-560 ) , 

, 

.  III (560-709 )

, 

, , 

, . 

( 1.4). 

. 

, 4.3 3.1, 
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. , 

(

37 ) , 

. 

. 

. 

LG VCE280E02

. 

(709 .)

. (

, 

) , . 4.4. 

2 3,5 (

300-525 / 2)

.  

-30

-25

-20

-15

-10

-5

0

5

10

15

2 2,6 2,8 3 3,1 3,3 3,5

, 

, %

. 4.4.
LG VCE280E02
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, . 4.4, , 

, 

2,8 – 3,3 ( 420-

495 / 2), 

10,8%

. , , 

. 4.4, 

:

0,6 (90 / 2) 2,6 2

22%!

4.5 4.6 ( )

, 

LG VCE280E02

  

3,3 . 

24

26

28

30

32

140 280 420 560 700
, 

  
, 

/

. 4.5.
LG VCE280E02
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0

2

4

6

8

10

140 280 420 560 700
, 

, 
/

. 4.6.
LG VCE280E02

, , , 

LG

VCE280E02 . 

, . 

. 

4.2. 

, 

, , 

. ., . 

. 

, 
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, 

. 

, 

, 

,  

[15, 16, 60, 61, 

63, 65]. 

, 

2277282 [83]. 

, , , 

, 

, 

, 

. :

      2 < N ≤ 1+ Z⋅(1 - ξ)/(2⋅p) ,       (4.1)

  N – , ;

Z – ; ξ = α⋅ /π –

; α -

, ; – . 

, - , 

. 

,   

. 

,   

.  
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. 4.7   

, 

. 

. 4.7.

. 

, 

23, 24 ( . 4.7)

1, 2, 3, 4. 24, 25 (

)

5, 6, 7, 8. 23

1, 2, 3, 4. 

5, 6, 7, 8, 

. 
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LG VCE280E02 ( , 

U =1)

. , 

, . 

, 

. , 

. 

, 

. 

4.8 4.9

.  

. 4.8.
LG VCE280E02
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. 4.9.
LG VCE280E02

, , 

, 

(0,412 0,421

), , 

, 

41% (

2,419⋅10-4 1,424⋅10-4 ). 

–

46%. 

, 

, 

, 

, 

. 
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, 

, .  

LG VCE280E02

. 

  . 

9,54%

. 

58.03-01 , , (U =2), 

4.10 4.11. 

. 4.10.
58.03-01
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. 4.11.
58.03-01

, 

, 

– 91% ( 1,197⋅10-3 0,106⋅10-

3 ). 

58.03-01

. 

58.03-01

. 

U =2  32,9%

. 

, 

, 

, , 
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. 

, , 

(U >1), 

, , 

.   , 

58.03-01 U =2. 

58.03-

01 32,9% , , .  

, 

( U >1), . 

4.3. 

, 

. 

.  

, , 

, 

. 

. 
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, , , , 

. 4.12. 

. 4.12. , 

1

2 3

1. 3 2

δ1 . 3 2

4 5,   δ . 

2 h, 

b . 6, 7

1 .1h .2h . 

, 1, 

Dc , D 8. 

3 2 1

. . ( )
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2 '
. .

''
. . , 

4 5 2. 

2 '
. .

''
. .

6, 7

1, 

2 . 

, .

. , 

, , 

.  

, 

, 

, , 

. 

, 

. 

. 

.  

, 

2313879 [84]

( . 4.13). 

. 

, 

, , 
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:

( )
2,5

c c

.
*
c

1

S 5512,8 D0,02657
0,8988 e

S 0,02955.

−
⋅

≤ − ⋅
+

,  (4.2)

  Sc –               

, 2;

S . . –

, 2;

*
c.max= / –

;  

c – , ;

( )c.max .= b - 2 h⋅ –

, ;  

b – , ;  

.h – , ;

Dc – . , , . 

  60 2000 . 

, 

, 

. 
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. 4.13.
, 

. 

1

2 10 1. 

10 2

δ1 . 

, 

( )

, 

. 

, 

, 

, [58]. 
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4.14 4.15

. 

. 4.14.
( OX – , ;

OY – , )

. 4.15.
( OX – , ;

OY – , )



136

LG VCE280E02. 

, . 4.13. 

. 

4.16. 

. 4.16.
LG VCE280E02

, 4.8 4.16 , 

80,5% ( 2,419⋅10-4

0,4706⋅10-4 ). 

LG VCE280E02

, 

. 

, 

(
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4.1 4.2), 4.1. 

709

. 

4.1

LG VCE280E02
, %

1 (3,1 ) 10,79
2 9,54
3   + 26,98
4 26,35
5 + 37,61
6 + 36,08

7 +
+

41,59

, 

, 

5-7

40%. 

, 

, 

, . 

, , 

,   , 

. 

9. LG

VCE280E02

, 
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10%

. 

. 

10. , 

LG VCE280E02 (U =1) 41%, 

9% . 

11.

, 

U >1, 

, , . 

  , 

58.03-01 (U =2)

, 

91%. 

12. LG

VCE280E02 , 

26%

. 

13.

LG VCE280E02 , 

  ( , 

3,1 )

40%. 
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, , 

, 

, 

. 

2. 

, 

, 

, 

. 

3. 

, 

, 

2-4%. 
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4. 

, 

  , 

, 

. 

5.   

, 

, 

. 

LG VCE280E02

40 %

. 

6. 

, 

, 

, , 

( )

. 

7. 11000 , 

LG VCE280E02, 

, 

1,6

, , 

, , 



141

6

, 

. 

. 



142

1. , . . 

/ . . //

: . . . / -

. – . 1982. – . 60-68. 

2. , . . 

/ . . . – .: , 1995. – 237 . 

3. , . . 

/ . . , . . , . . . – .: , 

1976. – 278 . 

4. , . . . – .:

, 1969. – 155 . 

5. ,  . . 

/ . . 

, . . //

: . . . /

- . – . 1982. 

– . 113-122. 

6. , . . -

/ . . , 

. . , . . // -

“

”.– , , 1995.– . 25. 

7. , . . 

/ . . 

, . . // V -

“

”. – . 1988. – .2, . 117.

8. , . . 

/ . . , . . //



143

. -   

“

”. – , 1988, . 94-95. 

9. , . . -

/ . . , . . 

// . . - . . 

9 1986, 405- . – 13 . 

10. . . 1228174 ( ).   

./ . ., . ., 

. . . . . 16, 1986. 

11. , . . 

/ . 

. // . – 1985. – 3. – . 21-23.  

12. , . . -

/ . . 

, . . , . . // V -

. .1. , 1976. – .12.

13. , . . 

/ . . , 

. . // -

. « :

». – , 2006. – . 143–145. 

14. , . . 

-

/ . . , . . , 

. . // -

« - ». –

, 2007. – . 43–46. 

15. , . . 

/ . . , 

. . , . . // -

( ) “ ”. .:



144

, 1991, . 172. 

16. , . . 

/ . . , . . , 

. . // XV -

“

”. , “ ”, 1996, . 118-119. 

17. , . . 

. . . . 

. . . , , 1969. 197 . 

18. , . ., , . . 

. –

. -

. , 1984, . 109-114. 

19. , . . -

:

:

. 05.09.01 / . . ;

; . . . –

26.12.2003. – , 2003. — 158 . : . 

20. , . . / . . . – .:

, 1978. – 239 . 

21. , . . /

. . . – .: , 1984. – 312 . 

22. , . . /

. . , . . . – .: , 1978, 176 . 

23. , . . / . . . 

– .: , 1961. 272 . 

24. , . . 

// . . , 1966, 4, . 400-409. 

25. , . . 

/ . . . – .: , 1983. - 272 . 

26. , . . / . . . – .:



145

, 1969. – 272 . 

27. , . . / . . . – .:

, 2000. – 344 . 

28. , . . . , ,   / . . 

, . . // . – 2003. – 4. – . 46–51. 

29. , . 

:

/ . . – .: , 1978, – . 100. –

2. – . 23-31.  

30. , . . 

. . . . . . . , 1981

( ).. — 218 . : . 

31. , . . -

/ . . , . . 

//

. , 1994, . 15. 

32. , . . 

/ . . , . . 

// . – 1971. – 5. – . 29–32. 

33. , . . 

/ . . , . . //

. – 1984. – 8. – . 11–13. 

34. , . . 

/ . . , . . , . . //

. – 1983. – 1. – . 164–166. 

35. , . . . .: , 1975. 296 .

36. , . . / . . , 

. . . – .: , 1976. – 248 . 

37. , . . -

/ . . , . . -

, . . // . – 1968. – . 190. – . 247–256. 



146

38. , . . / . 

. , . . , . . . – .: , 1975. 

184 . 

39. , . . 

: . ... . . . . . . - , 

, 2004. 18 . 

40. ,  . . 

/ . .  , . . , . . //

: . . / - . .- . . 

, 1970. . 112. 1. . 5-12. 

41. , . . 

/ . . , . . //

V /

- . . . . , 1976 . . 5-8. 

42. , . . /

. . , . . , . . // -

( ): . . /

- . .- . . , 1972. . 133. . 123-127. 

43. , . . 

/ . . , . . 

, . . // . .88. , 1968, 

.2, .54-64. 

44. , . . 

- . 

/ . . , . . , . . . //

. .112. , 1970, .2, .53-56. 

45. , . . / . . . – .: , 

2000. 607 . 

46. , . . : . 1 / . . , . .  

. – .: , 1972. 544 . 

47. , . . -



147

/ . . // -

. – 2007. – . 311. – 4. – . 118–122. 

48. , . .

/ . . 

// . – 2008. –

. 312. – 2. – . 349–352. 

49. , . . -

/ . . //

.- . . « :

». – , 2007. – . 33. 

50. , . . -

/

. . // .- . . « -

». – , 2007. – . 46–49. 

51. , . . -

/ . . // XVII .- . . 

« », 

« ». –  , 2006. – . 158–160. 

52. , . . -

, 

, , 

// XIV .- . . 

« ». – , 2008. – . 373–375. 

53. , . . -

-

/ . . // XIII

.- . . «

». – , 2007. – . 1. – . 430–432. 

54. , . .



148

/ . . , . . , . . //

. . – 2005. – 2 (10). – . 16–17. 

55. , . .

/ . . , . . // VI

.- . . « , 

». – : , 2007. – . 228 - 229. 

56. , . . 

/ . . , . . // XIII

.- . . «

». – , 2007. – . 1. – . 428–430. 

57. , . . 

:

: 05.09.01 / . . ;

; . . . . . –

03.06.2002. – , 2002. – 430 . 

58. , . . 

:

:

. 05.09.01. / . . ; ;

. .: . . . – : . ., 1982. – 214 . : . 

59. , . ., . ., . . -

/ . . , . . , . . // . . -

. – 2006. – 3 – . 8–13. 

60. , . . 

/ . . , 

. . , . . , . . //

. – 2005. – . 308. – 5. – . 136–140. 

61. , . . -

/ . . , 

. . , . . , . . , . . //



149

. – 2005. – .308. –

7. – .41-44. 

62. , . . 

/ . 

. , . . , . . , . . , . . 

// .- . . « -

». – , 2005. – . 78–81. 

63. , . . 

/ . . , . . , . . 

, . . , . . //

. – 2006. – . 309. – 2. – . 195–200. 

64. , . . 

/ . . , . . // .-

. . « ». – , 

2005. – . 74–77. 

65. , . . 

/ . . , . . , . . // XI

.- . . « , -

, ». , 

, 2006. – . 285–286. 

66. , . . / . . , 

. . , . . . – : , 1986. – 256 . 

67. . . :

/ . . . — 3- ., . . — . :

, 2001. — 327 . 

68. , . . . – .: , 1968. – 480 . 

69. , . . / . . 

, . . , . . . – .: , 

1977. – 526 . 

70. , . . . .:



150

. .- .: ,1958, .7-24. 

71. , . . 

// . – 1989. – 8. – . 30-39. 

72. ,  .          / . . 

– .: , 1961. – 524 . 

73. , . . / . . 

. – : , 1974. – 271 . 

74. , . . -

/ . . //   

,  1958, 2, . 43-46. 

75. , . . / . . 

, . . // . . – M. –

2003. – 9. – . 53-61. 

76. , . . . – .: , 1971. 207 . 

77. , . . 

/ . . , . . . – .: , 1965. 340 . 

78. , . . / . . . – .:

, 1978. – 456 . 

79. , . . / . . . – .:

, 1966. – 126 . 

80. , . .        / . . . 

– , , 1979. 129 . 

81. . 2234054 , 7 G01B 7/14. 

( ) / . . , . . , . . , . . . 

17.07.2003; . 10.08.2004, . 22. – 13 .: . 

82. . 2269192 , H02K 3/12. 

/ . . , . . , . . . 

05.05.2004; . 27.01.2006, . 03.–8 .: . 

83. . 2277282 , H02K 3/12. 

/ . . , . . , . . . 

16.03.2005; . 27.05.2006, . 15. – 10 .: . 



151

84. . 2313879 , H02K 1/14. 

/ . . , . . , . . . 

29.08.2006; . 27.12.2007, . 36. – 15 .: . 

85. . 2327104 , G01B 7/14. 

/ . . , . . . 09.01.2007;

. 20.06.2008, . 17. – 12 .: . 

86. . 2331043 , G01B 7/34. 

/ . . 

, . . . 26.03.2007; . 10.08.2008, . 22. 

– 10 .: . 

87. 2007117290/28. 

» / . . , . . . 08.05.2007. 

88. : / . . . 

; . . ; . . . – .: , 

1981. – 351 . 

89. , . . / . . , . . . – .:

, 1971. – 160 . 

90. , . . . – : 1996. – 173 . 

91. 

- / . . , . . , . . , . . 

//

2006610773 26.02.2006. 

92. -

/ . . , . . , . . 

, . . //

2007610892 22.02.2007. 

93. /  . . 

, . . , . . , . . //

2007610891

22.02.2007. 



152

94. , . . 

// . . , 1959,  2,  . 73-75. 

95. , . . 

/

. . , . . , . . // . – 1968. 

– . 190. – . 292–294. 

96. , . . -

/ . . 

. . , . . // . . – 1970. 

– 9. – . 983–987. 

97. , . . 

. – .: , 1981. – 184 . 

98. , B. C. 

-

. . . . . . . , 

1972 ( ). 

99. , . . 

. – .: , 1986. – . 102. – 2. – . 1-8.  

100 , . . 

/ . .  . – .: , 1979. – 224 . 

101. , . . 

/ . . , . . , . . //

:

. 1976. 1. 116. . 3-6. 

102. , . . 

. – .: , 1979. – 224 . 

103. , . . / . . 

, . . , . . , . . . – .: -

, 1963. – 192 . 

104. , . . / . . . –  .: , 1965. –  156 . 

105. , . . 



153

- / . . , . . 

, . . // -

: . . . . . /

- . .- . . , 1988. . 42-48. 

106. , . . -

/ . .  , . .  , . .  

// -

: . . . . . / - . .- . 

. , 1985. . 44-47. 

107. , . . 

/ . . 

, . . , . . , . . // -

. –

: - , 2006. – . 28–34. 

108. , . . 

-

. – : , 2002. 

– 233 . 

109. , . / . . – .:

, 1961. – 464 . 

110. , . . , ( ) /

. . . – .: , 2003. – 575 . 

111. , . . . . 2. , 

.: / . . , . . ;

. . . , . . . – .: , 

1979. – . 334-350. 

112. Hall, S. Product quality monitoring in a process industry / S. Hall, D. F. 

Pearce // 4th International Conference on Advanced Factory Automation, 

York, UK, 1994, pp. 79–84. 

113. Hudson, B. HV motor condition monitoring - the end user's view // IEE

Colloquium Design, Operation and Maintenance of High Voltage (3.3kV to

11kV) Electric Motors for Process Plant, Glasgow, UK, 1999, pp. 7. 



154

114. Kachin, O. S. Elaboration of mathematical models and calculation methods

of estimation of resource characteristics of electromechanical collector

converters // XI International Scientific and Practical Conference «Modern

Techniques and Technologies». – Tomsk, 2005. – P. 85–87. 

115. Kachin, O. S. Non-contact inspection of rotating machine parts / O. S. 

Kachin, S. I. Kachin // European Journal Of Natural History. – 2008. – 2. 

– P. 85. 

116. Ramasamy, P. Finite-element modeling of eddy current nondestructive

testing phenomena: Dissertation Abstracts International. – 1981. 

117. Ross, W. H. Condition monitoring of electrical machines in ScottishPower //

IEE Colloquium on Condition, London, UK, 1995, pp. 3. 

118. Samuels, U. Automated surface measurement via laser tomography / U. 

Samuels, R. Parkin, and H. Kreitlow // IEE Colloquium on `Innovations in

Manufacturing Control Through Mechatronics, Newport, UK, 1995, pp. 8. 

119. Sikora, R. A new probe for eddy current testing of low conductivity materials

/ Ryszard Sikora, Mieczyslaw Komorowski, Tomasz Chady // The

International Journal for Computation and Mathematics in Electrical and

Electronic Engineering. – 1998. – 3. – P. 393–397. 

120. Stegemann, D. Monitoring and vibrational diagnostic of rotating machinery

in power plants / D. Stegemann, W. Reimche, U. Sudmersen, O. Pietsch //

First IEE/IMechE International Conference on Power Station Maintenance -

Profitability Through Reliability, Edinburgh, UK, 1998, pp. 39–44

121. Swinnerton, B. R. Phenomena  encoutered in graphite-copper sliding systems

/ B. R. Swinnerton // 4th Internat. Research Sympisium on Electrical Contact

Phenomena. (Swansea, 1968), p. 67-70. 

122. Thorsen, O. Condition monitoring methods, failure identification and

analysis for high voltage motors in petrochemical industry / O. Thorsen, M. 

Dalva // Eighth International Conference on Electrical Machines and Drives, 

Cambridge, UK, 1997, pp. 109–113

123. Mamkhegov, M. A. Electrodynamic Wear-out in Electromechanical Systems

/ M. A. Mamkhegov, A. V. Chichinadze // World International Congress on

Tribology «Worldtrib – 2001». – Wienna: 2001. – Vol. 2. P. – 214-218. 



155





Покупайте Ваши книги быстро и без посредников он-лайн – в 

одном из самых быстрорастущих книжных он-лайн магазинов!  

окружающей среде благодаря технологии Печати-на-Заказ.

Покупайте Ваши книги на

www.more-books.ru

Buy your books fast and straightforward online - at one of world’s 

fastest growing online book stores! Environmentally sound due to 

Print-on-Demand technologies.

Buy your books online at

www.get-morebooks.com

VDM Verlagsservicegesellschaft mbH

Heinrich-Böcking-Str. 6-8 Telefon: +49 681 3720 174 info@vdm-vsg.de
D - 66121 Saarbrücken Telefax: +49 681 3720 1749 www.vdm-vsg.de








