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 ( . 1.18, ) )(tP ,
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. (1.87)

 0 t .

t
dtteP

m
tu

0
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u  (1.90).

 (1.91)  (1.89), 
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4

2
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2
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(1.97)

,  ( . (1.17)             

. 1.3),  (1.96) 
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2
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 ( . (1.93)) uA .

 ( )  (1.103) A
(1.93) /  ( . 1.20) [8].

0  (1.93) 

 ( . .1.20): 

/ 0.25 0.5 0.75 0.875 1.25 2 1.5 1.75 2 2.5 

1.07 1.33 2.29 4.29 3.76 1 0.8 0.48 0.33 0.19 

/  0  1 

.

/  1. A  (1.93).  

. 1.20 

/  1 

A  0 ( ,



44

).

, ,

A / . ,

41.12/ ,

2/ ,

uA

u oP .

1 0/ 1 uA

2 1/ A

3 41.12/ 1 uA

4 / 0 0A

A .  1 

( 0 ) . , 0 , A
.

 [11], ,

1/ :

tt
m
Ptu sin

2
)( o . (1.104)

 (1.89), 

ttt sin5.0)( . (1.105)

)(t  (1.105), )(tu  (1.89), 

. 1.21. 

. 1.21 

, t
, ,

1/ ,

. ,

(1.104) t :



45

t 2/ 2/3 2/5 2/7

tutA 5.0)(  4/u  4/3 u  4/5 u  4/7 u

.

 [11, 15]. .

/ , /

A , .

 ( / ) ,

 ( ,

A ,

).

, ,   [9, 11].

t .

 2 ( 01 ).

( ) 1/

A
.  (1.106) 

.

2

1
;

1

m
PPuA oo

(1.106)

 ( . . 1.20),  (1.101) 

A , . . /

1/ .

, /  ( . 1.20) 

1/ ,

, , .

)(tP
, , , ,

0 , 0  (1.99). )(tP )(tu
tsin  .

1/ 0 2/ .

, tPtP sin)( o :

oP  ( ,  4/oTt ,



46

1)
4

2
sin(sin o

o

T
T

t )

0)
24

2
sin()( oT

T
Atu

o
;

 ( ,  2/oTt ,

0)
2

2
sin(sin oT

T
t

o
)

AT
T

Atu )
22

2
sin()( o

o

.

/2oT

.

1/  ( 1/ ) 0 2/  ( 2/ ).

/

0 . 1.22.

, .

( 0 1/ ) :

1/  ( . 1. 22). 

tPtP sin)( o

)
2

sin()(
o

t
T

Atu . , ,  4/oTt , . .

o
o

o

)
4

2
sin()( PT

T
PtP o AT

T
Atu

o
)

4

2
sin()( o .

. 1.22 

)(tS

 (1.92)  (1.86) 



47

tPtP o sin)(  (1.84), ,

)()()()( tRtJtPtS ,  (1.84) 

,

)sin()( o tStS , (1.107)
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 3  4 
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 3. 

1.  ( )
------------------------------------------------------------------
|        | 
------------------------------------------------------------------
|         1      2      3                                        | 
------------------------------------------------------------------
|   3 -      ( -1)                                           |
|  Z            3.9                                              | 
------------------------------------------------------------------

2.

------------------------------------------------------------------
| p :  N  :   CO CTB.  :  A C T O T          : EP O |
|     : /  :            :-----------------------------:---------| 
| :     : HA EH   :      1/C     :       :     C   | 
------------------------------------------------------------------
|  3     1     .0138734        72.08          11.48        .087  | 
------------------------------------------------------------------

3.

------------------------------------------------------------------
|                 | 
------------------------------------------------------------------
|         1      2      3                                        | 
------------------------------------------------------------------
|   3 -   1  ( -1)                                           | 
|  Z            1.
|-----------------------------------------------------------------
-

4.

------------------------------------------------------------------
|       | 
------------------------------------------------------------------
|         1      2      3                                        | 
------------------------------------------------------------------
|   3 -   1  ( -1)                                           | 
|  Z            .87                                              | 
|   3 -   2                                                      | 
|  Z           -.17                                              | 
------------------------------------------------------------------

 1, 2, 3 ,  « »

( .  4  1.1).

 SCAD 

SS )(tS .

,  SCAD [2, 24]. 
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------------------------------------------------------------------
| ,            | 
------------------------------------------------------------------
|           1        2        3                                  | 
------------------------------------------------------------------
|   1 -      ( - )                                             | 
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|   2 -      ( - )                                             | 
|  Z             -.73                                            | 
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------------------------------------------------------------------
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------------------------------------------------------------------
|  / / , *       | 
------------------------------------------------------------------
|   2_      1-1      1-2      2-1      2-2                       | 
------------------------------------------------------------------
|   1 -      ( - )                                             | 
|  M                4.8      4.8                                 | 
|   2 -      ( - )                                             | 
|  M                3.       3.                                  | 
|   3 -   1  ( -1)                                           | 
|  M              1.75       1.75                                | 
|   3 -   2                                                      | 
|  M             -.34        -.34                                | 
|   3 - S1                                                       | 
|  M              1.78       1.78                                | 
------------------------------------------------------------------
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------------------------------------------------------------------
| ,        | 
------------------------------------------------------------------
|         1      2      3                                        | 
------------------------------------------------------------------
|   5 -   1  ( 1- )                                   | 
|   5 -   2                                                      | 
|  Z           -4.67                                             | 
------------------------------------------------------------------
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------------------------------------------------------------------
| ,            | 
------------------------------------------------------------------
|           1        2        3                                  | 
------------------------------------------------------------------
|   5 -   1  ( 1- )                                   | 
|   5 -   2                                                      | 
|  Z              2.26                                           | 
------------------------------------------------------------------
------------------------------------------------------------------
|  / / , *        | 
------------------------------------------------------------------
|   2_      1-1      1-2      2-1      2-2                       | 
------------------------------------------------------------------
|   5 -   1  ( 1- )                                   | 
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|  M             -9.33    -9.33                                  | 
|   5 - S1                                                       | 
|  M             -9.33    -9.33                                  | 
------------------------------------------------------------------
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2
) = 23.544 , . 1.28   2 
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.
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------------------------------------------------------------------
| ,      | 
------------------------------------------------------------------
|         1      2      3                                        | 
------------------------------------------------------------------
|   1 -      ( -1)                                             | 
|  Z            2.4                                              | 
|   2 -      ( -1)                                         | 
|  Z            2.4                                              | 
------------------------------------------------------------------
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/1/2T , .

 2.



71

-------------------------------------------------------------------------------
| p :  N  :  CO CTB.  :  A C T O T          : EP O   | 
|     : /  :           :-----------------------------:----------- 
| :     : HA EH   :      1/C     :       :    C     | 
-------------------------------------------------------------------------------
| 1          .0108832        91.88433      14.63126     .0683467 | 
|                                                                | 
| 2          .0108832        91.88433      14.63126     .0683467 | 
------------------------------------------------------------------
------------------------------------------------------------------
|                  | 
------------------------------------------------------------------
|         1      2      3                                        | 
------------------------------------------------------------------
|   1        ( -1)                                             | 
|  Z            1.                                               | 
|   2        ( -1)                                         | 
|  Z            1.                                               | 
------------------------------------------------------------------
------------------------------------------------------------------
| ,        | 
------------------------------------------------------------------
|         1      2      3                                        | 
------------------------------------------------------------------
|  2         ( -1)                                         | 
|  Z           -2.8                                              | 
------------------------------------------------------------------
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.
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------------------------------------------------------------------
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------------------------------------------------------------------
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------------------------------------------------------------------
------------------------------------------------------------------
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------------------------------------------------------------------
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------------------------------------------------------------------
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------------------------------------------------------------------
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92.216133YEI ·
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; Vm = 4800  = 4.8 
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2
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------------------------------------------------------------------
| ,     | 
------------------------------------------------------------------
|         1      2      3
------------------------------------------------------------------
|   1 -      ( -1+)
|  Z            3.9
------------------------------------------------------------------
------------------------------------------------------------------
| p :  N  :   CO CTB.  :  A C T O T          : EP O  | 
|     : /  :            :-----------------------------:---------- 
| :     : HA EH   :      1/C     :       :       C
------------------------------------------------------------------
|   1    1     .0138734        72.08          11.4777      871254| 
------------------------------------------------------------------
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------------------------------------------------------------------
| ,          | 
------------------------------------------------------------------
|           1        2        3
------------------------------------------------------------------
|   1 -   1  ( -1+)
|  Z             -.003388
------------------------------------------------------------------
------------------------------------------------------------------
|  / / , *      | 
------------------------------------------------------------------
|   2_      1-1      1-2      2-1      2-2
------------------------------------------------------------------
|   1 -   1  ( -1+)
|  M              13.9997  13.9997
|   1 - S1   ( -1+)
|  M              13.9997  13.9997
------------------------------------------------------------------
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------------------------------------------------------------------
| ,      | 
------------------------------------------------------------------
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------------------------------------------------------------------
|   1 - - 1                                          | 
|  X     13.54                                                   | 
------------------------------------------------------------------
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------------------------------------------------------------------
| p :  N  :   CO CTB.  :  A C T O T        : EP O  | 
|     : /  :            :-----------------------------:---------- 
| :     : HA EH   :      1/C     :       :    C    | 
------------------------------------------------------------------
|  1     1     .1200985         8.33           1.3         0.75  | 
------------------------------------------------------------------

------------------------------------------------------------------
| ,                  | 
------------------------------------------------------------------
|       2                                                        | 
------------------------------------------------------------------
|   1 -   1 - 1                                          | 
|  X     1.                                                      | 
------------------------------------------------------------------

------------------------------------------------------------------
| ,            | 
------------------------------------------------------------------
|         2                                                      | 
------------------------------------------------------------------
|   1 -   1 - 1                                          | 
|  X     14.78                                                   | 
------------------------------------------------------------------

,M ,Q , :

------------------------------------------------------------------
|  / /               | 
------------------------------------------------------------------
|           1-1      1-2                                         | 
------------------------------------------------------------------
|   1 -   1 - 1                                          | 
   M    -428.824                                                 | 
|  Q     14.787   14.787                                         | 
|   1 - S1                                                       | 
|  M    -428.824                                                 | 
|  Q     14.787   14.787                                         | 
------------------------------------------------------------------
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 SCAD   « ».
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. 2.2 

,  SCAD 

 [1, 2, 3] ,

.

 « »

 SCAD 

 1  2.  1  2 ,

 [1, 2], 

 2 « ».

 3.  « ».

 « » ,

.

 SCAD. ,

.

 «

», . 1 « »  «

»  « »,  « ».

 « »  « -3».

 « » ,

 (  – 3).  

q

m4m3

54

2 2 22

G)

m2

321

)
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 « »,

 «

».  « ».  « ».

, ,  « ».

 1.5 ,  3 

:

.

 3 

 « » .

 3 

 ( . 2.3). 

 « »  ( : 0.6 ).

 « » ,

, « » (

).  1  « -3» 

, . 2.3, .

. 2.3 

 4. .

 « »  «

»  « » .

------------------------------------------------------------------
| ,    | 
------------------------------------------------------------------
|         1      2      3      4      5                          | 
------------------------------------------------------------------
|   1 -      ( -3)                                            | 
|  Z            1.2    2.7    1.2                                | 
------------------------------------------------------------------

D0.6 1 D0.6 D0.6 32 4 5D0.6 D1.5 
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 2, 3, 4 

 SCAD .

 ----------------------------------------------------------------- 
p :  N      CO CTB.:  A C T O T : EP O  | 

|     : /  :           :-----------------------------:---------- 
| :     : HA EH  :     1/C     :       :     C     | 
------------------------------------------------------------------
|   1    1     .0137914     72.50864      11.54596      .0866103 | 
|        2     .0027208     367.5373      58.52505      .0170867 | 
|        3     .0015063     663.8773      105.7129      .0094595 | 
------------------------------------------------------------------

------------------------------------------------------------------
| ,   ( . 2.4)      | 
------------------------------------------------------------------
|         1    2       3       4      5                          | 
------------------------------------------------------------------
|   1 -   1  ( -3)                                            | 
|  Z         0.6994    1.    0.6994                              | 
|   1 -   2                                                      | 
|  Z            1.     0      -1.                                | 
|   1 -   3                                                      | 
|  Z            1.  -0.6216    1.                                | 
------------------------------------------------------------------

.  SCAD  (2.15) 

 2, 3  4, 

iu , 4,3,2i . kiu  (2.26) 

k .

, iy  (2.26).

 « »,

 ( . 2.4). 

. 2.4 

1 2 3 4 5

1-

1 2 3 4 5

2-

1 2 3 4 5

3-
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.

 5 

 ( .  4  1.1).

,

, , ,

 (

  (1.14)). 

, , ,

.

 8 .

------------------------------------------------------------------
| ,     | 
------------------------------------------------------------------
|       1    2    3    4    5    6    7    8    9                | 
------------------------------------------------------------------
|   1 -      ( -7)                                             | 
|  Z        .6   .6   .6   2.1  .6   .6   .6                     | 
------------------------------------------------------------------
------------------------------------------------------------------

p :  N  :   CO CTB.  A C T O T      : EP O   |
: /  :            :-----------------------------:----------------
| :     : HA EH :       1/C     :       :     C    | 
------------------------------------------------------------------
| 1       1     .013788      72.52652      11.5488       .086589 | 
|         2     .0027018     370.1119      58.93501      .0169678| 
|         3     .0014249     701.7884      111.7497      .0089485| 
|         4     .0006802     1470.149      234.1002      .0042716| 
|         5     .0005024     1990.379      316.9394      .0031551| 
|         6     .0003203     3121.445      497.0455      .0020118| 
|         7     .0002825     3539.174      563.5627      .0017744| 
------------------------------------------------------------------
------------------------------------------------------------------
| ,                | 
------------------------------------------------------------------
|         1      2      3      4      5      6      7      8     | 
------------------------------------------------------------------
|   1 -   1  ( -7)                                            | 
|  Z            .3766  .6994  .92    1.     .92    .6994  .3766  | 
|   1 -   2                                                      | 
|  Z           -.7071 -1.    -.7071         .7071  1.     .7071  | 
|   1 -   3                                                      | 
|  Z            .827   .8046  .0207 -.5104  .0207  .8046  .827   | 
|   1 -   4                                                      | 
|  Z            .6666        -.6666         .6666        -.6666  | 
|   1 -   5                                                      | 
|  Z            .5785 -.3111 -.4655  .2446 -.4655 -.3111  .5785  | 
|   1 -   6                                                      | 
|  Z            .4309 -.6094  .4309        -.4309  .6094 -.4309  | 
|   1 -   7                                                      | 
|  Z            .388  -.6463  .7246 -.2061  .7246 -.6463  .388   | 
------------------------------------------------------------------
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:  ( . 2.5). 

.

.

. 2.5 

,

.

2.3.

,

,

:

ijij 0)( uMu . (2.29)

 (j - i – ),

( ij   ). 

 (2.16) 

)( 2
iii uMDu . (2.30)

D ,

, , 2
iii uMj

,

iu .

 (2.27)  (2.28). 
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j –  (2.28). 

 [21]: 

jiij ujuj )()( . (2.31)

,

MuuMj
22 )()()( jjjjj MuuMj

22 )()()( iiiii ,

jiiijj uMuuMu
22 )()(  .

ijji uMuuMu )()( , (2.32)

0))(( 22
ijij uMu .

,

0)( 22
ij ,  (2.29), .

 (2.33), 

 (2.29) K :

0)( ij uKu . (2.33)

 (2.15), - i -

,  ( ju ) . :

0)()( ijiij uMuuKu . (2.34)

 (2.34) 

 (2.29), :

,

.

. ,

(2.29) ju iu jy iy  ( .

 (2.15), M gMG .

,  (2.29) 

ju , iu g .

  1.  (2.29) 

,

.  (2.29) :
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;0

1

0

1

839.07.2839.0

1

0

1

2.1

7.2

2.1

699.01699.0

)()( 21 yGy

(2.35)

.0839.0678.1839.0

1

6216.0

1

2.1

7.2

2.1

839.07.2839.0

)()( 32 yGy

(2.36)

 2.  (2.29) 

 (2.17) 

 (2.7).  (2.17)  (2.10). 

 (2.37)  (2.38): 

)sincos( 21
1

tAtA iiii
n

i
iuu ; (2.37)

)cossin( 21
1

tAtA iiiiii
n

i
iuu . (2.38)

0t ,

o
1

1

uu i
n

i
i A ; oo

2
1

)( uu ii
n

i
i A . (2.39)

- Muj)( ,   (2.29), :

iii

i
i

ii

i
i AA

uMu

uMu

uMu

uMu oo

2

o

1
)(

)(
;

)(

)(
. (2.40)

2.4.

, n
( . . 2.1). 

n .

,

 ( .  (2.1)  (2.2)), 

 ( .  (1.60)  (1.61)):

0KuuCuM . (2.41)
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)( uCuMDu (2.42)

 (2.1)  (2.2) 

,

.

,

 [4] :

uCr . (2.43)

u  (2.43) 

u u

( . (2.3)); C .

(2.10)  (2.43) 

,

 (2.29)  (2.33) 

0)( ij uCu , ij . (2.44)

 (2.42) 

 (2.43) 

 (2.15), (2.16)  (2.45) 

)(ti i :

0)()(2)( 2 ttt iiiii , ni ...,3,2,1 , (2.45)

ii

ii
i

uMu

uCu

)(

)(
2 . (2.46)

 (2.45)  ( .  1.2): 

)sincos()( 21 tAtAet iDiiDi
t

i
i , ni ...,3,2,1 . (2.47)

, i
.

i ,

,

1.2 ( . (1.76): 

DiDiDii
242

,
(2.48)

iD  – , i

 (1.77).
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,  (1.77) 

1)()
2

()( 222 , iiD , , iiD TT .

i  (1.80) 

 (1.81). 

 (2.45) 

,

 (2.29), 

i
iii

i
i

ii

i
i AAA 1

oo

2

o

1
2)(

)(
;

)(

)(

uMu

uMu

uMu

uMu
. (2.49)

2.5.

, . 2.1. ,

, :

21 )(...)()( tPtPtP np . (2.50)

,

 (2.42)  (2.43), 

:

pKuuCuM ; (2.51)

)( puCuMDu . (2.52)

 0t .

 (2.51).  

.

1.  (2.51) 

 (2.10) 

.

2. -

)( ju  (2.29), (2.33) 

(2.44).  (2.51) n n
n  ( ni ...,,2,1 ):
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puuKuuCuuMu )()()()()()()( iiiiiiiiii ttt ,. (2.53)

- )( ju KCM ,,

- ,

.

3.  (2.53) ii uMu )( . 

 (2.46). 

,  (2.15) 

- )( iu

2

)(

)(
i

ii

ii

uMu

uKu
, ni ...,,2,1 .

, ,

ii uMu )(

)(
)(

)( tHi
ii

i

uMu

pu
, ni ...,,2,1 . (2.54)

)(tHi

p :

)(
1

tHii
n

i
uMp . (2.55)

 (2.55) - )( ju  ( . (2.53)), 

 (2.29)  (2.54). 

 (2.53) 

 (1.82)

)()()(2)( 2 tHttt iiiiii , ni ...,,2,1 , (2.56)

 (1.84): 

t

i
i

i
i

i dt
t

eHt
0

)(sin
)(

)(
1

)( . (2.57)

p  (2.50) . ,

,

, p

)(o tfpp . (2.58)
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op – ; )(tf – ,

.  (2.54) 

)()( tftH ii . (2.59)

i i :

ii

i
i

uMu

pu o

)(

)(
, ni ...,,2,1 . (2.60)

 (2.59)  (2.57) 

(2.61),  ( iiD ) )(ti  (2.62). 

)()(
2

tt
i

i
i , ni ...,,2,1 . (2.61)

t

ii dt
t

eft
i

i

0

)(sin
)(

)()( . (2.62)

 (2.61),  (2.10) :

)()( 2

111

tt ii
n

i
ii

n

i
i

n

i
i uuu , (2.63)

iii u (2.64)

i ,

.

 (2.30), iu i

iii uMj
2 (2.28).

,

ikM , ikQ , k

i , .

ikv , .

 (2.63) 

, , .

:

n

i
ii

n

i
iii

n

i
ii

n

i
i ttt

11

2

11

)()()( MuMjss , (2.65)

rjps ,

;

)()( tt iiiii Mjs (2.66)
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, i - .

)(tvv kk  ( )

kiv :

n

i
iiiki

n

i
iki

n

i
kik tvtvvtv

1

2

11

)()()( , (2.67)

 (2.10)  (2.55) 

iu

 (2.52). 

,

, .

1.  (2.23) 

i
i

iu

,

 SCAD  «

», , .

2.  (2.58) 

i , ni ...,,2,1 ,

(2.60) iii u (2.64).

3.  (2.28) 

iii uMj
2

k i  ( ni ...,,2,1 ).

4.   (2.62). 

5.  (2.63), (2.65)  (2.67) 

.

.

,

.4

:
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)(max
t

tii . (2.68)

 ( .  (2.63), (2.65)  (2.67): 

iiiii t 2

to )(max ua ; (2.69)

gt iiiiii /)(max
to GMss ; (2.70)

iiiiii vtvv 2

to )(max (2.71)

,

,

,

,

.

2.6.

, n
 (2.58). ,

.

, .

i
, ttf sin)( . 

 (2.62), ,

 (1.4), :

)sin()( iii tt (2.72)

 (1.95)  (1.99) 

2

2
22

2

2

2

2
22

2

2

4

2
22

2

2

)1(

1

4)1(

1

4)1(

1

iiiii
i

i

i .

(2.73)

2

2

2

2

2

2

2

1

tgarc

1

2

tgarc

1

2

tgarc

i

i

i

i

i

i
i

i . (2.74)
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 (2.63)  (2.65) 

:

)sin()()(
1

o
2

111
i

n

i
iii

n

i
ii

n

i
i

n

i
i ttt auuu ; (2.75)

n

i
ii

n

i
iii

n

i
ii

n

i
i ttt

1
o

1

2

11

)sin()()( suMjss , (2.76)

ii oo sa

,  (2.69), (2.70) 

.

iii ttt sincoscossin)sin( , (2.77)

 (2.76)  (2.77) :

ttt i
n

i
i cossin)sin(

1
o aaau ; (2.78)

ttt
n

i
ii cossin)sin(

1
o ssss , (2.79)

 (2.78)  (2.79). 

ssaa ,,, .

 (  1.4) 

:

n

i
i

1

aa , iiii a ua 2 , iiiia 2 ;

n

i
i

1

aa , iiii b ua 2 , 2
iiib ;

n

i
i

1

ss , iiiiiii a MuMaMs 22 ;

n

i
i

1

ss , iiiiii b MuMaMs 22 .

, ,  (1.97)*  (1.111), 

A A
S S .

 (2.60) i

i : oo )( puiiP ,

 (2.60) – iiim uMu )(

.
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 SCAD [23] 

 [11] (

).

(2.79), ss

, ,

kk MM k . ,

, k,M k ,

22
p, )()( kkk MMM . (2.80)

  1.  1  1.4 

,

.  (  1 

 « - »  2  « - »

)

tPtP o sin)(  (  3  « -1»)

 ( . . 1.24, ).

,

 2                  

( . . 2.2, , ).  3 

tPtP sin)( o ,

, . 2.6.

 1  2 

.

,

,

 ( .  1  1.4). 

. 2.6 

 3.  3 « -3»  «

». ,

 « »

2
G

3

2

q

2
1 5

2 2

4

)(tP
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 « » ( ).

 « »  « »

( , « -3»)  « ».

 « ».

, .

 (

)  1  1.5 

.

 « »,

 «

».  « ».

,

.

,  3, 

, .

 « »  « »  3 (

).

 « ».

  « ». ,

 2. 
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 « »

6.0)1()0.24()/2.5( 23q ).

 « » ,

, « »

 ( .  [1, 2, 23, 25]). 

 « -3» ,

 « » ( . . 2.3). 

.

 4. .

 « »

« »  « »

.

------------------------------------------------------------------------------------------------------------------------

| ,        | 
------------------------------------------------------------------
|         1      2      3      4      5                          | 
------------------------------------------------------------------
|   1 -      ( -3)                                           | 
|  Z            1.2    2.7    1.2                                | 
-------------------------------------------------------------------
-------------------------------------------------------------------
| p :  N  :   CO CTB.  :  A C T O T          : EP O |
|     : /  :            :-----------------------------:---------- 
| :     : HA EH   :      1/C     :       :      C  | 
------------------------------------------------------------------
|    1    1     .0137914     72.50864      11.54596      .0866103| 
|         2     .0027208     367.5373      58.52505      .0170867| 
|         3     .0015063     663.8773      105.7129      .0094595| 
------------------------------------------------------------------
------------------------------------------------------------------
| ,  ( . .2.4)       | 
------------------------------------------------------------------
|         1      2      3      4      5                          | 
------------------------------------------------------------------
|   1 -   1  ( -3)                                           | 
|  Z            .6994  1.     .6994                              | 
|   1 -   2                                                      | 
|  Z            1.           -1.                                 | 
|   1 -   3                                                      | 
|  Z            1.    -.6216  1.                                 | 
-------------------------------------------------------------------
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------------------------------------------------------------------
| ,  ( . 2.7, , )
------------------------------------------------------------------
|         1      2      3      4      5                          | 
------------------------------------------------------------------
|   1 -   1  ( -3-2)                                         | 
|  Z            .0964  .7295  .0964                              | 
|   1 -   2                                                      | 
|  Z           -.0277 -.1272 -.0277                              | 
------------------------------------------------------------------

2,1, kk SS ,

4,3,2k  –  ( . 2.7, , ), 1  2 –  

ss      ( )  ( . (2.79)). 

 (  « .-3»)

 ( . (2.78) . 2.7, , ):  

------------------------------------------------------------------
| ,             | 
------------------------------------------------------------------
|         1      2      3      4      5                          | 
------------------------------------------------------------------
|   1 -      ( - )                                             | 
|  Z           -1.034 -1.452 -1.034                              | 
|   2 -      ( - )                                             | 
|  Z           -.4992 -.7262 -.4992                              | 
|   3 -   1  ( -3  )                                         | 
|  Z           -.2895 -.4174 -.2895  ( . 2.7, )                | 
|   3 -   2                                                      | 
|  Z            .0557  .08    .0557  ( . 2.7, )                | 
------------------------------------------------------------------

 ( )

,

ss  ( )

( . . MM   2.7, , ).

------------------------------------------------------------------
|  / / , · |
------------------------------------------------------------------
|   2_      1-1    1-2    2-1    2-2    3-1    3-2    4-1    4-2 |
------------------------------------------------------------------
|   1 -      ( - ) |
|  M               3.6    3.6    4.8    4.8    3.6    3.6 |
|   2 -      ( - ) |
|  M               1.5    1.5    3.     3.     1.5    1.5 |
|   3 -   1  ( -3) |
|  M              .9224  .9224  1.652  1.652  .9224  .9224       | 
|   3 -   2 |
|  M             -.1827 -.1827 -.3099 -.3099 -.1827 -.1827 |
|   3 – S1 |
|  M              .9403  .9403  1.68   1.68   .9403  .9403       | 
------------------------------------------------------------------
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, k
ss  3 « -3»                  

( . 2.7, ).

. 2.7 

. . 2.7, 

M
MMM

.

1 2 3 4
50,06 0,060,08

)

1 2 3 4 5

6,04

9,48

6,12

6,04

7,8

4.46
4.46

5,15,1

)

)

1

4

5

-0,18
-0,31

-0,18

32
-0.0277-0.1272-0.0277

1 2 3 4 5

0,92 (0.94) 
1,65 (1.68)

0,92 (0.94) 

0,0964 0.7295 0,0964

)

1 2 3 4 5

-0,29 -0,42 -0,29

a)
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  2.

.

.

1.  (2.70).

(  2.3)  (2.60) 

)...,,2,1( nii ,  (2.64) – i

 (2.74) – 

i (  0 ).  ( 1i ) .

 (i = 1, 2, 3) . 2.1. 

31313111

o1

11

o1
1 108.0

7.0

1

7.0

2.1

7.2

2.1

7.017.0

0

42.0

0

7.017.0

)(

)(

)(

)(

u
g

u
g

u
g

yGy

py

uMu

pu
;

;

076.0

108.0

076.0

7.0

1

7.0

108.0 31

31

31111 gu
u
guii yu

11.2
)51.72/33.52(1

1

)/(1

1
22

1

1 ;

19.0

62.0

19.0

11.2

091.0

292.0

091.0

11.2

076.0

108.0

076.0

2.1

7.2

2.1
1

1,4

1,3

1,2

11111o g
g

S
S
S

g
G

Ms .

  2.1 

i 21/,i
2/,i ,iM i ,ois

1 0.108 

076.0

108.0

076.0

g

091.0

292.0

091.0

2.11

19.0

62.0

19.0

2 0 

0

0

0

0

0

0

1

0

0

0

3 -0.076 

076.0

047.0

076.0

091.0

127.0

091.0

1

091.0

127.0

091.0
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2. op .

, . 2.3. 

 (2.58)  (2.59) 

 (2.55), , op :

i
n

i

n

i
ii

n

i
ii

n

i g 1111
o

G
MMuMp . (2.81)

 (2.81) :

091.0

127.0

091.0

0

0

0

091.0

292.0

091.0

0

42.0

0

. (2.82)

3. k .

is (2.70) iu  (2.69) kiy

k ,  (2.71). 

 (2.69)  (2.71) 

 (  3 

) ( .2.2). 

4. ,

 (2.76)  (2.79).  (

0 )  (2.76) .

  2.2

i ,3iZ ,3iM

1 04.0
7.5257

228.0
11.2

)51.72(

108.0

231Z 62.1219.045.031M

2 0 0 

3 01
)664(

047.0
233Z 072.02091.040275.033M

 ( ) ios

,

:

1.0
75.0
1.0

091.0
127.0
091.0

0
0
0

19.0
62.0
19.03

1
4

3

2

i
oi

S
S
S

ss . (2.83)

 SCAD 

ois , s s  (2.79). s

 (2.84)  (1.112). 

1.0

74.0

1.0

028.0

127.0

028.0

096.0

73.0

096.0
22

4

3

2

sss

S
S
S

. (2.84)



116

 SCAD .

5. .

,

 (  3 )  ( . . 2.4), 

 ( )  (2.85) 

 (2.83):

69.1072.0062.1
3

1
33

i
iMM · . (2.85)

 SCAD  (2.80) ( .  S1 

.  SCAD): 

68.1)31.0()65.1( 22
3M . (2.86)

, ,  (

 SCAD ), .

2.7.

, . 2.1.

, , ,

)(taa oo  ( . . 1.32, ),

 [6, 16, 17] ( . 1.32, ).

 )(tao  (1.147), 

 ( . .1. 32, ).

,

( . . 2.1), 

)()( tamtP okk ,

 (2.50).  

M

(2.4) 1.......1)1(e

 )(tao :

)(taMep . (2.87)

, p  (2.58), 

eGMep )/( go ; )()( tatf o . (2.88)
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,  1.7 

 (2.58)  (2.87), .

2.8.

 « » ,

 ( )

,  [18]. 

 1.8 

.

 ( 1n )  ( . . 2.1). 

1.

n
n...321 iu  ( ni ...,,3,2,1 ).

2. , .

 (2.70).  (2.70) 

,

 [18]  ( .  1.8), 

:

iii KAK Gs 1o (2.89)

KAK i ,,,1 ,

iG :

gMG ; kiiiiii uyu . (2.90)

kiu  – k i ;

kiii

i

ii

i
i u

1

)(

)(

)(

)(

yGy

Gey

uMu

Meu
, ni ...,,2,1 . (2.91)

 (2.81)

eGMep )/( go  (2.88) i :

n

i
i

1

e . (2.92)

,

1)1,...,1,,1(e i

.

i  (2.89) 
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ioa ivo ,

i . ,

 (2.69), (2.71) :

iii KgAKa
2

1o ; (2.93)

iiii yKgAKv o
2

1o . (2.94)

3. pv

iv , .  [19] 

 (8), ,

 :

*

1

2
p

n

i
ivv . (2.95)

  1.  SCAD 

,  5 

 1.1 ( . . 1.12)  1  1.7, 

.

1n
2n . ,

 ( . . 1.12, )

 2. 

 SCAD 

.

.

,

 « » :

------------------------------------------------------------------
| ,    | 
------------------------------------------------------------------
|         2      3                                               | 
------------------------------------------------------------------
|   1 -      ( - -2 )
|  X     7.54   9.77                                             | 
------------------------------------------------------------------
------------------------------------------------------------------
| p :  N  :   CO CTB.:  A C T O T          : EP O   | 
|     : /  :            :-----------------------------:---------- 
| :     : HA EH   :        1/C     :         C     | 
------------------------------------------------------------------
|  1     1     .1058663      9.445874        1.50412    .6648404 | 
|        2     .014281      70.02274        11.15011    .0896851 |
------------------------------------------------------------------
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------------------------------------------------------------------
| ,  ( .2.8, , ) | 
------------------------------------------------------------------
|         2      3                                               | 
------------------------------------------------------------------
|   1 -   1  ( - -2 )                                    | 
|  X     .3187  1.                                               | 
|   1 -   2                                                      | 
|  X     1.    -.2459                                            | 
------------------------------------------------------------------
------------------------------------------------------------------
| ,  ( .2.8, , )
------------------------------------------------------------------
|         2      3                                               | 
------------------------------------------------------------------
|   1 -   1  ( - 2 )                                     | 
|  X     3.23   13.13                                            | 
|   1 -   2                                                      | 
|  X     6.704 -2.137                                            | 
------------------------------------------------------------------

. 2.8, , .

. 2.8 

QM
 1  2 .  SCAD 

.  X . 

. 2.8, , .  ( )

 ( )  ( ).

,

, pM pQ  (2.95). 

.
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------------------------------------------------------------------
| ,  ( . 2.8, , )   | 
------------------------------------------------------------------
|         2      3                                               | 
------------------------------------------------------------------
|   1 -   1  ( - -2000)                                   | 
|  X    -.047  -.1477                                            | 
|   1 -   2                                                      | 
|  X    -.0017  .0004                                            | 
------------------------------------------------------------------
------------------------------------------------------------------
| , * ,                  | 
------------------------------------------------------------------
|   2_      1-1      1-2      2-1      2-2                       | 
------------------------------------------------------------------
|   1 -   1  ( - 2 )                                     | 
|  M    -427.617 -190.391 -190.391                               | 
|  Q     16.3604  16.3604  13.1304  13.1304                      | 
|   1 -   2                                                      | 
|  M    -35.2414  30.9871  30.9871                               | 
|  Q     4.56748  4.56748 -2.13704 -2.13704                      | 
|   1 - S1                                                       | 
|  M    -429.066 -192.896 -192.896                               | 
|  Q     16.986   16.986   13.3032  13.3032                      | 
------------------------------------------------------------------

QM . 2.9.

. 2.9 

, . 2.9 :

1.  ( ) .

 2 .  3 



121

 ( .  1  1.7). 

2.

 ( ). ,

 2  3 .

3  4. , 1 )127.7753.1(s  (2.89), 

 « ». 

5  6. , 2 )004.2287.6(s  (2.89), 

 « ».

pp QM  3  4 

. 2.9. 

  2. .

, .

(2.89) :

1. KAK ,,1 ,

 ( .  1  1.7): 5.1,4.0,1 21 KAK .

2.  (3)  [18] ( .

 I  1.7) :

2.1. 4.0665.01T 939.1665.0/4.05.2)/4.0(5.2 T .

2.2. 1.0089.02T       335.2089.0151151 T .

3.  (2.91) )...,,2,1( nii  (2.90) i

. :

31313111

1

11

1
1

1
1554.1

1

1

3187.0

77.9

54.7
)13187.0(

1

1

77.9

54.7
)13187.0(

1

)(

)(

)(

)(

uuuyGy

Gey

uGu

Geu
.

1554.1

3682.0

1

3187.01554.1
31

31

3111111 u
u

uyu .

22222222

2

22

2
2

1
63.0

1

2459.0

1

77.9

54.7
)2459.01(

1

1

77.9

54.7
)2459.01(

1

)(

)(

)(

)(

uuuyGy

Gey

uGu

Geu
.

1549.0

63.0

2459.0

163.0
22

22

2222222 u
u

uyu .

 (2.92) i :
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1

1

1549.0

63.0

1554.1

3682.0

1

n

i
ie .

4.  (2.89) :

13.13

23.3

1554.1

3682.0

77.9

54.7
5.1939.14.011s .

12.2

65.6

1549.0

63.0

77.9

54.7
5.1335.24.012s .

,  1 

 SCAD.

 ( . . 2.9) 

.

 SCAD 

. ,

 ( . 2.10): 

07.429)24.35()62.427( 22
p · ;

99.16)57.4()36.16( 22
pQ .

. 2.10 

 SCAD 

 [23].  

,

.

 2 

.

 3, 4  5. 

 SCAD 

,

.

Q = 16.99 M = 429.07 ·



123

1. . ., . ., . . .

 SCAD: - . .: -

. - . 2008. 450 .

2. . ., . ., . . . .1.

 SCAD: . .

.: - . - . 2008. 260 .

3. . ., . ., . . .

 SCAD. . . - . - .

2007. 87 .

4. . ., . ., . . .

 SCAD . . . .: - . - , 2007. 124 .

5. . . . . 1. 

: . . : - , 1974. 

6. . . . . 2. 

: . . : - , 1976. 

7. . . : .

. : - , 1989. 

8. . . : .

. : - , 1992. 

9. . ., . ., . .

« - - »: . . .: - ,

1999. 49 .

10 . . :  (

). .: , 1980. 

11. . . /

. . , . . , . . , . . . . . – .: , 1984. 

416 .

12. . . . .: . ., 1982. 

13. . ., . . . .: . ., 1986. 

14. . . . .: , 1967. 

15. . ., . . . .: ,

1972. 

16 . . . .: . ., 1971. 

17. . . . – .: , 1998. 

18.  II-7-81*: . . .:

, 2000. 

19. . . . . .:

.1984.

20. . ., . ., . .

. .: - , 1984. 

21. . ., . ., . .

. .: - , 1988. 

22. . ., . .

. :  « », 2001. 448 .: .

23.  SCAD/ . . , . . ,. 

. , . . , . . . .: - , 2004. 592 .

24. . ., . ., . .

, . . . .: - ,

1999. 38 .

25. . ., . ., . . .

 SCAD: - .  2. 

.: - . - . 2009. 228 .

26.  2.01.07 85.  / .,1987. 
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2.

1.

1. ,  ( . 1.1) 

ABCD,

.

 1.1 

. 1.1. a  0.5 

33 34

35 36

37 38

39 40
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,  02, 10, 18, 26, 34, .

2. , :

25,

 SCAD , /
3
.

b , h ,

bhS . hb  ( . 1.2). 

 )( lSG , ,

lGq / , / , 2/81.9g –

.

 1.2 

.

.  ( . . 1.1) 

gqlm // , / .

gGm / , , – .

3. ,

m  ( . . 1), al , , .

gmG , , .

4.

tPtP o sin)( ,

2emPo , , : m  –  ( . 1.2 ).

gmG ; e – 

 ( .1.2 ); f2 , / , 1/ , – 

 (  2 ); 60/nf  , 1/ , – 

 1 . (  1 .); n –

1  (  60 .). . 1.2 n.

(

):

;

:

1) ; 2) , .

.
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2. ,

 ( )

 ( . 2.1),  1 

 ( ) 2,  3,  4 

 5, .

. 2.1 

l
= 7.85 /

3 d

t .

 ABCD, 

( . 2.1.). m  (

).

:
1.  ( ) .
2. , :

2.1. ,
 ( );

2.2. -  ( )
;

2.3.

l
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 2.1 

:
1.

-  ( . 2.1).

2. .

,  ( . . 2.1). 

3.  SCAD [23] ,

 1  [4].

4.  2 

.

 2.1:

:

1)  D , , e = 0.0025 D ,

 [24], 

;

2) , / ;

3) .  SCAD 

= /  (

).

 ( )  [26]:  = 0.15. 

 2.2:

« » [18]. ,

,  1  [4]. 

 (  MSK-64, ),

 9 .

 (  X  SCAD 

).

 2.3:
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 « » [26]. 

 [24],  SCAD –  [23]. 

5. ,

 ( . . 123).

3.

-

 ( . 3.1)  ( )

,

 (CD)  ( . 3.2). 

25,

:

– =2500 /
3
 = 2.5 /

3
;

– g = (2.5 )·(9.81 /
2
) = 24.525 /

3
;

–  E = 3.002 /
2
;

–  =0.2. 

b ·= 40 ; h ·= 40 .  F  = (0.4 )·(0.4 ) = 0.16 
2
.

 b ·= 40 ;

h ·= 60 .  F  = (0.4 )·(0.6 ) = 0.24 
2
.

,

 6 .

,

,

/ ,  16 .

 [18]  1.

 MSK-64  9 .

,
. -

 ( )  [18]. 
 [1]  [18] 

,

, M,Q,N .

.

1.  SCAD, 

-  ( )  [18]

2.  [4]  [18]
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31 32

33 34

35 36

37 38 

39 40
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 3.2 

CD 1l 2l 1h 2h CD 1l 2l 1h 2h CD 1l 2l 1h 2h

01 8 6 6 - 11 12 12 6 - 21 10 8 8 - 

02 6 8 6 4 12 8 6 6 6 22 10 6 6 4 

03 10 8 6 4 13 6 8 6 4 23 8 10 6 6 

04 6 8 6 4 14 8 10 6 6 24 10 12 8 6 

05 6 8 6 4 15 8 10 6 6 25 10 12 8 6 

06 10 12 8 6 16 10 12 8 6 26 6 8 6 4 

07 6 8 6 4 17 10 12 8 6 27 10 8 6 4 

08 10 8 6 4 18 10 12 8 6 28 8 10 6 6 

09 8 10 6 6 19 6 8 6 4 29 10 12 8 6 

10 10 - 4 4 20 8 - 6 6 30 12 - 5 5 

 1. 
1).  SCAD 

 ( ).

, . .  ( )

 ( ) .

2).  « »

 SCAD: 

–. ,

;

–..  ( ) (  ) 

 ( ) ;

–.

;

–.. ,

,

.

3).

 ( ).

4). ,  (8) 

 [18] ( , ).

 2 
.

1). .
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2) i  (i = 1, 2, 3)  [18] 

,  I- .

3) i

i  ( . [4]).  ( i = 1). i .

4)  (1), (2), (8) 

 [18] .

5) ,

,  (8)  [18] .

 2.
,  2, 

,  1 ( . 123).

3.

 SCAD 

 1, 

 SCAD, .

.

,

.

,  SCAD. 

 ( ,

 1  2) 

1 .

,

, ,

.

,

, , ,

.

.
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-

-

 1 

( )

-

2009
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 ( . 1, ) :

8l ;

4.0b 6.0h .

25

: 33 /5.2/2500 ;

525.24g /
3
 = 3/5.2 , 2/81.9g  – 

;. E  = 3.00186 10
7

/
2
 = 26 /1006.3 ;

2.0 .

V ,

A , m G
: hbA  = 0.4·0.6 =0.24 

2
; lAV =

= 0.24·8 = 1.92 
3
; Vm = 2500·1.92 = 4800  = 4.8 ; gmVG  =

= 4.8·9.81 = 47.088  = 4800  = 4.8 .;

. 1, ,
( )

/ lm  = A  = 0.6 /  (

) / lGq  = g =

= 0.6·9.81 = 5.886 /  = 0.6 / .

. 1 

. q  ( . . 1, , )

. ml

Glq l ,

1 1qq ,

 « »  « »

( , )  ( , ).
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m = 1500  ( . . 1, ),

81.91500gmG 14.715  = 1500  = 1.5 

( . . 1, ).

,

, .

m  = 300  = 0.3 n  = 500 / .

,

, tPtP o sin)(  ( . 2) 

emPo
2  ( . 3), 

.

. 2

, gGm / ,

5e  = 0.005 

. G  = (300 )·(9.81 /
2
) = 2940  = 300  = 

0.3 .

. 3 

emPo
2

 = 2  = 2 60/n  = 6.28·(500/60) =              

m

P(t)

m2= m +0.5m

P(t)
m1=m /4
1 2 3

m3=m /4

)

)

oP
t

e
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= 6.28·8.33 = 52.3 1/ .

emPo
2  = (52,3)

2
 ·0,3·0,005 = 4,108  = 0.42 . (1)

:

;

tPtP o sin)(

.

.

 SCAD, .

,

:

1. .

2. ,  ( ) .

, ,

 1  [4].  

1.

1.1.  SCAD 

1.
( . 4).

 2 

« » (

 SCAD) 

 ( . 4).

q

44 G

. 4 

1
2

3

P(t)
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, .

,

.

2.  SCAD  1  2 
,  [1, 2] 

« »
 2 « » ( . 5).

3.  3  1 
 2 .

4.  3  ( . [4] 
1 ).

.

.

,

,

« »  «

».  « »  « »

  ( , « -1»)  « ».

 « »

. ,

.

.

 « » ,

.

 « ».

1 2 31 2
1 12 2

. 5
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 « », ,

 –  2. .

 «

». 9.35.14.2222 GGG
 2:

,  2 

( . . 1, ),  ( tPtP o sin)( ). 

 « »  2 ,

,  (  2 

).

« » .

, ,  2 

 ( . 6): 

.

.  « », .

« -1» .

 « » .

 (  – 3). 

 « »

 2  ( . . 7) 

D3,9

. 6
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 1.5  ( , . 1): 

.

.

 « » .

 ( ):

, ,

 « »  (

)  « »

 « ».

, ,  2 

 ( . 5): 

.

,

 4  ( . [1, 2]). 

5. .
,

.

 « »,

 3 

,

 « ».

 « »

.

D1,5D0.6000 D0.6000

. 7 
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:

1.

------------------------------------------------------------------------
| ,         | 
------------------------------------------------------------------------

    |      1        2      3                                               | 
------------------------------------------------------------------------

    |     3 -1                                                  | 
    |     Z        3.9                                                     | 
     -----------------------------------------------------------------------

2.

------------------------------------------------------------------------
     | p :  N /  :   CO CTB.  :  A C T O T          : EP O
     | HA EH :-----   ---------------------:-------- - --| 

     | ,  1/C f ,       : T ,C    | 

------------------------------------------------------------------------
  |    3    1      .0138734        72.08       11.4777        .0871254 | 
------------------------------------------------------------------------

3.

------------------------------------------------------------------------
|                      | 
------------------------------------------------------------------------
|       1    2    3                                                    | 
------------------------------------------------------------------------
|   3 -   1 -1                                                     | 
|  Z          1.                                                       | 
------------------------------------------------------------------------

4.

------------------------------------------------------------------------
| ,             | 
------------------------------------------------------------------------
|       1    2    3                                                    | 
------------------------------------------------------------------------
|   3 -   1 -1                                                     | 

    |Z          .87                                                        | 
|   3 -   2                                                            | 

    |Z         -.17                                                        | 
    ------------------------------------------------------------------------

5. . , ,

,

.

,  2 ( . .2, ).

:  – 

,  2 

 3.9  3.9  ( . . 2, );  – 
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f2 ( / =1/ ),

f (1/ = ) T ( ).

 ( )

.

.

 Z 

, .

SS
S ,  2 

 ( .

1.4  1  [4]). oS S

 (1.112): 88.0)15.0()87.0( 22
oS .

 ( .  1.4  1  [4]), 

 3   « -1»

 2  ( . . 4), 

SS  : 
p p :

--------------------------------------------------------------------------------
|                        | 
--------------------------------------------------------------------------------
|         1      2      3                                                      | 
--------------------------------------------------------------------------------
|   1 -      ( - )                                                           | 
|  Z           -1.452                                                          | 
|   2 -      ( - )                                                           | 
|  Z           -.7262                                                          | 
|   3 -   1  ( -1)                                                         | 
|  Z           -.4238                                                          | 
|   3 -   2                                                                    | 
|  Z            .0825                                                          | 
--------------------------------------------------------------------------------

 2 

 ( .  (1.98)  1  [4]):  

42.0082.0)424.0( 222
2

2
1 ZZZ .

( oAZ ).

,  2 

( . . 8)  ( . 8, , )  ( . 8, , , )

, :
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--------------------------------------------------------------------------------
|  / / ,                  | 
--------------------------------------------------------------------------------
|   2_      1-1    1-2    2-1    2-2                                           | 
--------------------------------------------------------------------------------
|   1 -      ( - )                                                           | 
|  M              4.8    4.8                                                   | 
|   2 -      ( - )                                                           | 
|  M              3.     3.                                                    | 
|   3 -   1  ( -1)                                                         | 
|  M              1.75   1.75                                                  | 
|   3 -   2                                                                    | 
|  M             -.34   -.34                                                   | 
|   3 - S1                                                                     | 
|  M              1.78  1.78                                                   | 
--------------------------------------------------------------------------------

3-S1 -  3(  ( .
 (1.113)  1  [4]):

222
22

2
212 )34.0(75.1MMM = 1.78 ·

1.2.

1.
( . . 2, )  (1.14)  1  [4].  

, ,

)(Gu G

( )/)( GGu :

)(

g1

222 Gu
G

GG
g

m
=

0007262.0

5.1

9.3

81.9
 = 72.08  1/ .

9.35.14.222 GGG  –  2       

( . . 1, ).

2.
.

 1 ( 0):

1.2
)08.72/33.52(1

1

)/(1

1
22

.

2 ( 0):

09.2

)
08.72

33.52
()09.0())08.72/33.52(1(

1

)1(

1

2222

2

2
22

2

2
.
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. 8 

4.8 ·

0,6 /

)

– 1,4 

3,00 ·

)

1,5

– 0,7 

1,75 ·

)

0,87

– 0,42 

0,34 ·
)

0,17 0,08

1,78 ·

)

– 0,43 

0,431,78 ·
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,

. mp

/

. /

11.2  . 

3. .
3.1.  )()( oo PuA :

4.00004.0)11.20005.042.0(oA .

,

,

)(Gu , 5.1G .

3.2.  ( )

 1 ( 0): 89.011.242.0oo PS .

3.2.

 : 

77.111.2)4/842.0()4/( lPMM o

4.
,

 (1-  +)                 
(2-  –) :

1.7

5.2
4.01.2)()(2,1 oAGquu .

03.6
57.9

77.18.7)()(2,1 MGqMM .

,

 ( /2oT )

, . .  (  +), 

 (  ), .

,

.

,  SCAD 

.

 1, 2, 3 

. 8, , - .
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 ( )

( . 8, , ).

. . 8, 

 3, 

. 141 2M .

 SCAD , .

,

 ( 1/ ), ,

:

.1109.0/1/1 1.

3.20023.0)1.110005.042.0(oA .

33.91.11)4/842.0()4/( lPMM o

:

0.2

5.4
)3.2(1.2)()(2,1 oAGquu .

53.1

13.17
33.98.7)()(2,1 MGqMM .

.1109.0/1/1 1

. 8. .

. 8, .

,

 2 (SCAD). :

=  ( . . .)+  (q ). 

 ( . . .),

 2 ( . . 8, ).  (q )

,  [1, 2], 8/2ql  = 

0,6·(4)
2
/8 =1,2 · .
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 ( . 9).

. 9 

(G +q ) =  ( . . .)+  (q ).= 0,5·7,8 + 0,6·(4)
2
/8 = 3,9+1,2= 5,1 · .

2.

2.1.  SCAD

 1  1 

,

.

 2 (

 SCAD). 

 (  1 

 « - »  2  « - »

)

tPtP o sin)(  (  3 

« -1») .

,

 2 ( . . 1.2).  3 

tPtP o sin)(

,

, . 10.

 1  2 

.

,

7.8 ·

0,6 /1,54
2  2 

3.9 · 3.9 ·

1.2 · 1.2 ·
5.1 · 5.1 ·
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,

( .  1 ).

 3.  3 « -3»
« ».

,

 « »

« » ( ).

 « »  « »

( , « -3»)  « ».

 «

». ,

.

 (

)  1  1.5 

.

 « »,

 « ».

« ». ,

, .

,  3, 

2
G

3

2

q

2
1 5

2 2

4

. 10 

)(tP
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,

.

 « »  « »

 3 ( ).

 « ».

  « ». ,

 2.  «

»

( 6.0124.05.2q ).

 « »

, , « »

 ( .  [1]). 

 « -3» ,

 « »

( . . 11). .

. 11 

. 12 

m4m3

54

m2

321

D0.61 D0.6 D0.632 4 5D0.6 D1.5
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 4. .

 « »

 « »  « »

.
 ---------------------------------------------------------------------------------------------------------------------------------------------- 
| ,  ( . .12)
--------------------------------------------------------------------------------
|         1      2      3      4      5                                        | 
--------------------------------------------------------------------------------
|   1 -      ( -3)                                                         | 
|  Z            1.2    2.7    1.2                                              |
--------------------------------------------------------------------------------

------------------------------------------------------------------------
| p :  N  :   CO CTB.  :  A C T O T          : EP O      | 
|     : /  :            :-----------------------------:---------------| 
| :     : HA EH   :      1/C     :       :       C       | 
------------------------------------------------------------------------
|    1    1     .0137914     72.50864      11.54596       .0866103     | 
|         2     .0027208     367.5373      58.52505       .0170867     | 
|         3     .0015063     663.8773      105.7129       .0094595     | 
------------------------------------------------------------------------

--------------------------------------------------------------------------------
| ,  ( .13)            | 
--------------------------------------------------------------------------------
|         1      2      3      4      5                                        | 
--------------------------------------------------------------------------------
|   1 -   1  ( -3)                                                         | 
|  Z            .6994  1.     .6994                                            | 
|   1 -   2                                                                    | 
|  Z            1.           -1.                                               | 
|   1 -   3                                                                    | 
|  Z            1.    -.6216  1.                                               | 
--------------------------------------------------------------------------------

. 13 

2,1, kk SS , k = 2, 3, 4– 

 ( . 12),  1  2 –  

ss      ( )  ( . (2.79)  1  [4]).

1 2 3 4 5

1 2 3 4 5

2-

1 2 3 4 5

1-

3-
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--------------------------------------------------------------------------------
| ,  ( . 14)      | 
--------------------------------------------------------------------------------
|         1      2      3      4      5                                        | 
--------------------------------------------------------------------------------
|   1 -   1  ( -3-2)                                                       | 
|  Z            .0964  .7295  .0964                                            | 
|   1 -   2                                                                    | 
|  Z           -.0277 -.1272 -.0277                                            | 
--------------------------------------------------------------------------------

. 14 

1 2 3 4 5

-0,29 -0,42 -0,29

0,0964 0.7295 0,0964

a) u  ( . 2.78  1  [4]) 

1 2 3 4 5

6,04

9,48

6,12

6,04

7,8

4.46
4.46

5,15,1

) M

) M ( s ( . 2.79  1  [4])

1

4

5

0,18

0,31

0,18

32
-0.0277-0.1272-0.0277

1 2 3 4
50,06 0,060,08

) u  ( . 2.78  1  [4]) 

-0.0277-0.1272-0.0277

1 2 3 4 5

 0,92 (0.94) 
1,65 (1.68)

 0,92 (0.94) 

0,0964 0.7295 0,0964

) M ( s ( . 2.79  1  [4]) 



150

 (  « .-3»)

 ( . (2.78) . 2.7, ,  1 

 [4]):  

--------------------------------------------------------------------------------
| ,                    | 
--------------------------------------------------------------------------------
|         1      2      3      4      5                                        | 
--------------------------------------------------------------------------------
|   1 -      ( - )                                                           | 
|  Z           -1.034 -1.452 -1.034                                            | 
|   2 -      ( - )                                                           | 
|  Z           -.4992 -.7262 -.4992                                            | 
|   3 -   1  ( -3  )                                                       | 
|  Z           -.2895 -.4174 -.2895  ( . 14, )                              | 
|   3 -   2                                                                    | 
|  Z            .0557  .08    .0557  ( . 14, )                              | 
--------------------------------------------------------------------------------

 (

)

,

ss  ( )  ( . .

21 MM   14, , ).

------------------------------------------------------------------
| , · |
------------------------------------------------------------------
|   2_      1-1    1-2    2-1    2-2    3-1    3-2    4-1    4-2 |
------------------------------------------------------------------
|   1 -      ( - ) |
|  M               3.6    3.6    4.8    4.8    3.6    3.6 |
|   2 -      ( - ) |
|  M               1.5    1.5    3.     3.     1.5    1.5 |
|   3 -   1  ( -3) |
|  M              .9224  .9224  1.652  1.652  .9224  .9224       | 
|   3 -   2 |
|  M             -.1827 -.1827 -.3099 -.3099 -.1827 -.1827 |
|   3 – S1 |
|  M              .9403  .9403  1.68   1.68   .9403  .9403       | 
------------------------------------------------------------------

, k

,M  3 « -3»

( . 14, ).

. . 14, M
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 SCAD  5.0k , 1

,  (1.3). 
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1.
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1.5)/(81.9/ )(52.0 2gq / 1  = 5.1 

:

1 .

 (  ) 

:
D 58,86

D5.1000

.1.3

 « -1» .

, ,

 ( ) :
p :
p : *

--------------------------------------------------------------------------------
|                 | 
--------------------------------------------------------------------------------
|         2                                                                    | 
--------------------------------------------------------------------------------
|   1 -      ( -1 )                                       | 
|  X     132.8                                                                 | 
--------------------------------------------------------------------------------
------------------------------------------------------------------------
| p :  N  :   CO CTB.  :  A C T O T          : EP O      |
|     : /  :            :-----------------------------:---------------|
| :     : HA EH   :      1/C     :       :       C       |
------------------------------------------------------------------------
|    1    1     .1200906     8.327042      1.325962       .7541693     | 
------------------------------------------------------------------------
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--------------------------------------------------------------------------------
|                          | 
--------------------------------------------------------------------------------
|         2                                                                    | 
--------------------------------------------------------------------------------
|   1 -   1  ( -1 )                                       | 
|  X     1.                                                                    | 
--------------------------------------------------------------------------------

,

, , ,
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.
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. 1.3. 
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:
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--------------------------------------------------------------------------------
|                 | 
--------------------------------------------------------------------------------
|       2                                                                      | 
--------------------------------------------------------------------------------
|   1 -      ( 1- - )                                                 | 
|  X     133                                                                   | 
--------------------------------------------------------------------------------
------------------------------------------------------------------------
| p :  N  :   CO CTB.  :  A C T O T          : EP O      |
|     : /  :            :-----------------------------:---------------|
| :     : HA EH   :      1/C     :       :       C       |
------------------------------------------------------------------------
|    1    1     .1200906     8.327042      1.325962       .7541693     | 
------------------------------------------------------------------------
--------------------------------------------------------------------------------
|                          | 
--------------------------------------------------------------------------------
|       2                                                                      | 
--------------------------------------------------------------------------------
|   1 -   1  ( 1- - )                                                 | 
|  X     1.                                                                    | 
|  UY    .05                                                                   | 
--------------------------------------------------------------------------------
--------------------------------------------------------------------------------
|                     | 
--------------------------------------------------------------------------------
|       2                                                                      | 
--------------------------------------------------------------------------------
|   1 -   1  ( 1- - )                                                 | 
|  X    -23.                                                                   | 
|   1 -   2                                                                    | 
|  X    -2.                                                                    | 
--------------------------------------------------------------------------------

p p :
--------------------------------------------------------------------------------
|                        | 
--------------------------------------------------------------------------------
|         2                                                                    | 
--------------------------------------------------------------------------------
|   1 -   1  ( 1- - )                                                 | 
|  X     .0245                                                                 | 
|   1 -   2                                                                    | 
|  X     .0022                                                                 | 
--------------------------------------------------------------------------------

p :
p : *

S1,S2, ... - 
--------------------------------------------------------------------------------
|  / /                      | 
--------------------------------------------------------------------------------
|           1-1    1-2    1-3                                                  | 
--------------------------------------------------------------------------------
|   1 -   1  ( 1- - )                                                 | 
|  M     669.4  334.7                                                          | 
|  Q    -23.08 -23.08 -23.08                                                   | 
|   1 -   2                                                                    | 
|  M     59.91  29.95                                                          | 
|  Q    -2.066 -2.066 -2.066                                                   | 
|   1 - S1                                                                     | 
|  M     672.1  336.                                                           | 
|  Q    -23.17 -23.17 -23.17                                                   | 
--------------------------------------------------------------------------------
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,

 1.5 .

 « »,

,  « ».

 « »

:
p :
p : *

--------------------------------------------------------------------------------
|                 | 
--------------------------------------------------------------------------------
|         2                                                                    | 
--------------------------------------------------------------------------------
|   1 -      ( -1 )                                       | 
|  X     132.8                                                                 | 
|   2 -      ( -1)                                                         | 
|  X     132.8                                                                 | 
|   3 -      ( -2000)                                                     | 
|  X     132.8                                                                 | 
--------------------------------------------------------------------------------
------------------------------------------------------------------------
| p :  N  :   CO CTB.  :  A C T O T          : EP O      |
|     : /  :            :-----------------------------:---------------|
| :     : HA EH   :      1/C     :       :       C       |
------------------------------------------------------------------------
|    1    1     .1200906     8.327042      1.325962       .7541693     | 
|                                                                      | 
|    2    1     .1200906     8.327042      1.325962       .7541693     | 
|                                                                      | 
|    3    1     .1200906     8.327042      1.325962       .7541693     | 
------------------------------------------------------------------------
--------------------------------------------------------------------------------
|                          | 
--------------------------------------------------------------------------------
|         2                                                                    | 
--------------------------------------------------------------------------------
|   1 -   1  ( -1 )                                       | 
|  X     1.                                                                    | 
|   2 -   1  ( -1)                                                         | 
|  X     1.                                                                    | 
|   3 -   1  ( -2000)                                                     | 
|  X     1.                                                                    | 
--------------------------------------------------------------------------------
--------------------------------------------------------------------------------
|                     | 
--------------------------------------------------------------------------------
|         2                                                                    | 
--------------------------------------------------------------------------------
|   2 -   1  ( -1)                                                         | 
|  X    -23.08                                                                 | 
|   2 -   2                                                                    | 
|  X    -2.066                                                                 | 
|   3 -   1  ( -2000)                                                     | 
|  X     145.                                                                  | 
--------------------------------------------------------------------------------

Q,,,M , :
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p :
p : *

:
S1,S2, ... - 
--------------------------------------------------------------------------------
|  / /                      | 
--------------------------------------------------------------------------------
|           1-1      1-2                                                       | 
|           1        1                                                         | 
|           2        2                                                         | 
--------------------------------------------------------------------------------
|   3 -   1  ( -2000)                                                     | 
|  M    -4206.35                                                               | 
|  Q     145.046  145.046                                                      | 
|   3 - S1   ( -2000)                                                     | 
|  M    -4206.35                                                               | 
|  Q     145.046  145.046                                                      | 

-----------------------------------------------------------------------------
------ . « ».

1.

(  1  2). 

2.  3  « -2000»,

 ( . [4]). 

,

SCAD, .

4. ,

.

.

,
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3  5  [26].  
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« ». :
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.

:  ( .

);  « »,

z
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).
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 West.rtf. ,
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BETEP
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( )
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, .

 SCAD 

 [23]  SCAD 
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1
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 « »,

 « »

 2 ,

 1.  (

) ,

. 3.1. 

 5, .

.

p :
p : *

--------------------------------------------------------------------------------
|                 | 
--------------------------------------------------------------------------------
|         2                                                                    | 
--------------------------------------------------------------------------------
|   1 -      ( -1)                                                         | 
|  X     132.8                                                                 | 
|   3 -      ( - -1 )                                              | 
|  X     132.8                                                                 | 
--------------------------------------------------------------------------------
------------------------------------------------------------------------
| p :  N  :   CO CTB.  :  A C T O T          : EP O      |
|     : /  :            :-----------------------------:---------------|
| :     : HA EH   :      1/C     :       :       C       |
------------------------------------------------------------------------
|    1    1     .1200906     8.327042      1.325962       .7541693     | 
|                                                                      | 
|    3    1     .1200906     8.327042      1.325962       .7541693     | 
------------------------------------------------------------------------
--------------------------------------------------------------------------------
|                          | 
--------------------------------------------------------------------------------
|         2                                                                    | 
--------------------------------------------------------------------------------
|   1 -   1  ( -1)                                                         | 
|  X     1.                                                                    | 
|   3 -   1  ( - -1 )                                              | 
|  X     1.                                                                    | 
--------------------------------------------------------------------------------
--------------------------------------------------------------------------------
|                     | 
--------------------------------------------------------------------------------
|         2                                                                    | 
--------------------------------------------------------------------------------
|   1 -   1  ( -1)                                                         | 
|  X    -23.08                                                                 | 
|   1 -   2                                                                    | 
|  X    -2.066                                                                 | 
|   3 -   1  ( - -1 )                                              | 
|  X    -6.17                                                                  | 
|   3 -   2                                                                    | 
|  X    -5.165                                                                 | 
--------------------------------------------------------------------------------
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p p :
:

WND        - 
--------------------------------------------------------------------------------
|                        | 
--------------------------------------------------------------------------------
|           2                                                                  | 
--------------------------------------------------------------------------------
|   1 -   1  ( -1)                                                         | 
|  X     .024591                                                               | 
|   1 -   2                                                                    | 
|  X     .0022                                                                 | 
|   2 -      ( - )                                                     | 
|  X     .004194                                                               | 
|   3 -   1  ( - -1 )                                              | 
|  X     .006573                                                               | 
|   3 - WND                                                                    | 
|  X     .004194                                                               | 
--------------------------------------------------------------------------------

p :
p : *

:
S1,S2, ... - 
WND        - 
--------------------------------------------------------------------------------
|  / /                      | 
--------------------------------------------------------------------------------
|           1-1      1-2      1-3                                              | 
|           1        1        1                                                | 
|           2        2        2                                                | 
--------------------------------------------------------------------------------
|   1 -   1  ( -1)                                                         | 
|  M     669.454  334.727                                                      | 
|  Q    -23.0846 -23.0846 -23.0846                                             | 
|   1 -   2                                                                    | 
|  M     59.9149  29.9574                                                      | 
|  Q    -2.06603 -2.06603 -2.06603                                             | 
|   1 - S1                                                                     | 
|  M     672.129  336.064                                                      | 
|  Q    -23.1768 -23.1768 -23.1768                                             | 
|   2 -      ( - )                                                     | 
|  M     146.687  39.9283                                                      | 
|  Q    -9.0915  -5.3255                                                       | 
|   3 -   1  ( - -1 )                                              | 
|  M     178.947  89.4738                                                      | 
|  Q    -6.17061 -6.17061 -6.17061                                             | 
|   3 - WND                                                                    | 
|  M     146.687  39.9283                                                      | 
|  Q    -9.0915  -5.3255                                                       | 
|   3 - S1                                                                     | 
|  M     325.635  129.402                                                      | 
|  Q    -15.2621 -11.4961 -6.17061                                             | 
--------------------------------------------------------------------------------

,
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2
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2
)/

3
 = 24.525 /

3
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– E = 3.002 /
2
;

–  =0.2. 

                  

b ·= 40 ; h ·= 40 . F  = (0.4 )·(0.4 ) = 0.16 
2
.
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:: , )1()1( FFqqq  = (0.24 
2
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) = 5.886  + 23.544  = 29.43 .

.

 « »  « »

 « »

 « » ( . . 4). 

.

 « »  « / ».

 « » ( )



195

 « -2000»,

. ,

 « »  (1)  ( ,

, ).

 ( ) ,  1 

. ,  «- . ». 

 ( )  « ».

 « ».

 « ».

 4 
,

.

 SCAD 

. ,

, , ,
,

.
,

. ,

, .

 « »

 « ».

 ( ),

2  2. 

, .

.

  4. 

« »  «

».  « »,

« »

,  SCAD 

.  (« »)

 « »  –  « ».



196

,
 SCSD

 SCAD 

 [18]. ,

,  1 

 [4]. 

1). , ,  ( )

 ( )

(  –  SCAD 

( . . 2)). C  SCAD ,

,

:

0uMK ii )( . (1)

K

; M ; iu  – - ,

; i  – 

1
KMB ; 0 – - , .

 (1) 

.

.  ( . . 2) 

M K  (12·12), iu 0 – (1·12). 

, ,  SCAD, 

K M  (  –           

– ),  (1), :

– i
1

KMB ;

– ii  ( / , 1/ );  

– 2/iif  ( );

– iii fT /21/  ( ) ;

–

, iu

i - .

 (1) 2 nn

, n  –  2 (

 SCAD).  ( . .2) 

 (1)  12.

 (1) 



197

 1  [4]. 

 (1)  ( . . 2) 
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 7, 8, 9 A,  0.1; 0.2; 0.4. 

6).  (10) 

 SCAD 

 ( . .2),

( ).

iiii KAgK 2
1a . (11)

7)

,
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8).
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 (k)  ( . . 2).  (8) 

 [18] kM :

*

1

2
n

i
kik MM . (12)
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.

,  ( )

M. ,

 « » :

.

,

 « ».

 « »  «

»  4  « »:

 1 

------------------------------------------------------------------
| ,         | 
------------------------------------------------------------------
|         4      5      6      7      8      9
------------------------------------------------------------------
|   1 -      ( -2000- . )                   | 
|  X     192.2  192.2  15.69  184.4  361.   184.4                | 
------------------------------------------------------------------

 2 
------------------------------------------------------------------
| p :  N  :   CO CTB.  :  A C T O T          : EP O
|     : /  :            :-----------------------------:---------- 
| :     : HA EH   :      1/C     :       :       C
------------------------------------------------------------------
|    1    1     .1135605     8.805872      1.402209       .7131604 
|         2     .0293393     34.08395      5.427381       .1842509 
|         3     .0107959     92.62708      14.74953       .0677987 
|         4     .0083913     119.1697      18.97606       .0526979 
|         5     .006435      155.4         24.74523       .0404118 
|         6     .0056563     176.7923      28.15164       .0355219 
|         7     .0055773     179.2974      28.55055       .0350255 
|         8     .0040112     249.2958      39.69679       .0251909 
|         9     .0039302     254.4345      40.51506       .0246821 
|        10     .002663      375.51        59.79459       .0167239 
|        11     .0024821     402.8826      64.15328       .0155876 
|        12     .0008075     1238.363      197.1916       .0050712 
------------------------------------------------------------------
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 3 

------------------------------------------------------------------
| ,                | 
--------------------------------------------------------------------------------
|         4      5      6      7      8      9                   | 
--------------------------------------------------------------------------------
|   1 -   1  ( -2000- . )                   | 
|  X     .4724  .4724  .3153  .9961  .9981  1.                   | 
|   1 -   2                                                      |
|  X     1.     .9999 -.0932 -.2395 -.2486 -.2579                | 
|   1 -   3                                                      | 
|  X     .0005  .0005  1.    -.0107 -.0079 -.0011                | 
|   1 -   4                                                      | 
|  X    -.0046 -.0046 -.0025  .0006  .003   .0054                | 
|   1 -   5                                                      | 
|  X     .0026  .0025  .0012  .0035 -.0017 -.0072                | 
|   1 -   6                                                      | 
|   1 -   7                                                      | 
|  X    -.0014 -.0134  .1134  1.     .0029 -.9976                | 
|   1 -   8                                                      | 
|  X     1.    -.9999 -.0039  .0672 -.0749  .0794                | 
|   1 -   9
|  X     .1392 -.1393  .0466 -.9822  1.    -.9765
|   1 -  10                                                      | 
|  X     .0002  .0002         .0001  8.e-5 -2.e-5                | 
|   1 -  11                                                      | 
|  X    -.0003 -.0003        -1.e-5                              | 
|   1 -  12                                                      | 
------------------------------------------------------------------

 4 
------------------------------------------------------------------
| ,        | 
------------------------------------------------------------------
|         4      5      6      7      8      9                   | 
------------------------------------------------------------------
|   1 -   1  ( -2000- . )                   | 
|  X    34.76   34.76   1.894  70.31 137.9  70.59                | 
|   1 -   2                                                      | 
|  X   41.02  41.01   -.3122 -9.424 -19.15 -10.15                | 
|   1 -   3                                                      | 
|  X     .0273  .0282  3.972 -.5007 -.7285 -.0528                | 
|   1 -   4                                                      | 
|  X    -.0002 -.0002 -1.e-5  3.e-5  .0003  .0002                | 
|   1 -   5                                                      |        
|  X    -.0001 -.0001        -.0002  .0002  .0004                | 
|   1 -   6                                                      | 
|   1 -   7                                                      | 
|  X    -9.e-5 -.0008  .0005  .0605  .0003 -.0604                | 
|   1 -   8                                                      | 
|  X    -.0044  .0044        -.0002  .0006 -.0003                | 
|   1 -   9                                                      | 
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(  4) 

|  X     .004  -.004   .0001 -.0276  .055  -.0274                | 
|   1 -  10                                                      | 
|   1 -  11                                                      | 
|   1 -  12                                                      | 
------------------------------------------------------------------

. 1  ( )

( . . 2).  SCAD 

 (

, ). ,

 (  X). 

. 3  12-

 ( ) .

( ) ( . . 2).

 SCAD 

 12 .

. 2, 

 ( . 5, 6), 

 12- : 1 8.805872 1/ ;

2 34.08395 1/ .

. 4  SCAD 

 (10)  12- ,

,

.

. 4  ( )

,  12- .

.

. 5 

1 2 3

4 5 6

7 8 90.996 0.998 1.

0.472
0.472 0.3151-
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. 6 

,

 ( . . 2), ,

. . 7, 8. 

. 7 

. 8 

 « »

,  « », .

1 2 3

4 5

6

7 8 9

1-

34.76

137.970.31

1.894

79.59

34.76

1 2 3

4 5 6

7 8 9

1.1.

– 0.239 – 0.249 – 0.258

– 0.0932-

1 2 3

4 5
6

7
8 9

– 9.424 – 19.15 – 10.15

41.02 41.01 – 0.31 

2-
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,

« ». . 5.

 5 
------------------------------------------------------------------
| ,               | 
-----------------------------------------------------------------
|           4        5        6        7        8        9       | 
------------------------------------------------------------------
|   1 -   1  ( -2000- . )                   | 
|  X    -.022874 -.022875 -.015269 -.048233 -.048333 -.048421    | 
|   1 -   2                                                      | 
|  X    -.001801 -.001801  .000167  .000431  .000447  .000464    | 
|   1 -   3                                                      | 
|  X    -1.63e-7 -1.68e-7 -.000289  .000003  .000002  3.25e-7    | 
|   1 -   4                                                      | 
|   1 -   5                                                      | 
|   1 -   6                                                      | 
|   1 -   7                                                      | 
|  X                               -1.e-7                        | 
|   1 -   8                                                      | 
|   1 -   9                                                      | 
|   1 -  10                                                      | 
|   1 -  11                                                      | 
|   1 -  12                                                      | 
-----------------------------------------------------------------

. 5  SCAD 

 (11)  12- ,

( . . 2) .

. 5  ( . . 2) 

 (  X). 

. 5 ,

.

.  (8)  [18] (  (12) 

)  n* = 2. 

. 9 

1 2 3

4

5 6

7 8 9

 1-

– 0.023 

– 0.048 – 0.048 

– 0.023 

– 0.015 

– 0.048 
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. 10 

 ( . .2)

 ( )  ( . . 7  8) 

. 9, 10. 

 ( . . 2). 

.

. 6 .

. 6 

 12- .  ( )

 1  2.  6 

 ( ).

 6  (8)  [18] (

 (12) ) .

 (

«s1»).  12- .

,  ( . . 6), ,

 (8)  [18], .

 1  1  ( . . 2). 

 6 
--------------------------------------------------------------------------------
|  1  2  ( ), ·         | 
--------------------------------------------------------------------------------
| 002_      1-1      1-2      2-1      2-2      3-1      3-2      4-1          | 
|           1        1        4        4        2        2        5            | 
|           4        4        7        7        5        5        8            | 
--------------------------------------------------------------------------------
|   1 -   1  ( -2000- . )                                 | 
|  M    -403.798  258.266 -231.33   290.276 -403.471  257.598 -232.382         | 
|   1 -   2                                                                    | 
|  M    -43.3194  43.3752  43.5365 -33.6153 -43.3731  43.4848  43.7091         | 
|   1 -   3                                                                    | 
|  M    -.012551  .021186  .046994 -.041467 -.009962  .015878  .038628         | 
|   1 -   4                                                                    | 
|  M    -.000101  .000132 -.000559  .000731 -.000099  .000129 -.000564         | 
|   1 -   5                                                                    | 
|  M    -.000088  .000117 -.000379  .000488 -.000085  .000112 -.000386         | 

1 2 3

4

5 6

7
8 9

0.0004

– 0.002 

0.0004 0.0005

0.0002

– 0.002
 2-
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(  6) 
|   1 -   6                                                                    | 
|   1 -   7                                                                    | 
|  M     .000309 -.000616 -.001271  .001052 -.000002  .000037 -.000233         | 
|   1 -   8                                                                    | 
|  M     .00008  -.000073 -.000066  .000031 -.00008   .000073  .000066         | 
|   1 -   9                                                                    | 
|  M    -.000149  .000221  .000301 -.000196  .00015  -.000223 -.000307         | 
|   1 -  10                                                                    | 
|  M    -.000014  .000023 -.000015  8.29e-7 -.000014  .000023 -.000015         | 
|   1 -  11                                                                    | 
|  M    -.00001   .000016 -.000006 -.000006 -.00001   .000016 -.000006         | 
|   1 - S1                                                                     | 
|  M    -406.115  261.883 -235.391  292.216 -405.796  261.243 -236.457         | 
--------------------------------------------------------------------------------

(  6) 
--------------------------------------------------------------------------------
|  1  2  ( ), ·         | 
--------------------------------------------------------------------------------
| 002_      4-2      5-1      5-2      6-1      6-2      7-1      7-2          | 
|           5        3        3        6        6        4        4            | 
|           8        6        6        9        9        5        5            | 
--------------------------------------------------------------------------------
|   1 -   1  ( -2000- . )                                 | 
|  M     291.014 -148.196 -70.309  -70.309           -489.597  489.98          | 
|   1 -   2                                                                    | 
|  M    -33.7363  1.86318  .307102  .307102           .161287 -.224273         | 
|   1 -   3                                                                    | 
|  M    -.035599 -5.95768  4.96604  4.96604           .025807 -.022749         | 
|   1 -   4                                                                    | 
|  M     .000734 -.00003  -.000039 -.000039          -.000692  .000694         | 
|   1 -   5                                                                    | 
|  M     .000493 -.000024 -.000025 -.000025          -.000496  .000498         | 
|   1 -   6                                                                    | 
|   1 -   7                                                                    | 
|  M     .000321 -.000577  .00088   .00088           -.000654  .00027          | 
|   1 -   8                                                                    | 
|  M    -.000031 -.000001  .000002  .000002           .000007  .000007         | 
|   1 -   9                                                                    | 
|  M     .000202 -.000099  .000173  .000173           .000079  .000083         | 
|   1 -  10                                                                    | 
|  M     8.2e-7  -.000001 -7.07e-7 -7.07e-7          -.000038  .000038         | 
|   1 -  11                                                                    | 
|  M    -.000006 -6.74e-7 -3.37e-7 -3.37e-7          -.000023  .000023         | 
|   1 - S1                                                                     | 
|  M     292.963 -148.327 -70.4848 -70.4848          -489.597  489.981         | 
--------------------------------------------------------------------------------

(  6) 
--------------------------------------------------------------------------------
|  1  2  ( ), ·         | 
--------------------------------------------------------------------------------
|   2_      8-1      8-2      9-1      9-2                                     | 
|           7        7        8        8                                       | 
|           8        8        9        9                                       | 
--------------------------------------------------------------------------------
|   1 -   1  ( -2000- . )                                 | 
|  M    -290.276  291.014                                                      | 
|   1 -   2                                                                    | 
|  M     33.6153 -33.7363                                                      | 
|   1 -   3                                                                    | 
|  M     .041467 -.035599                                                      | 
|   1 -   4                                                                    | 
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(  6) 
|  M    -.000731  .000734                                                      | 
|   1 -   5                                                                    | 
|  M    -.000488  .000493                                                      | 
|   1 -   6                                                                    | 
|   1 -   7                                                                    | 
|  M    -.001052  .000321                                                      | 
|   1 -   8                                                                    | 
|  M    -.000031 -.000031                                                      | 
|   1 -   9                                                                    | 
|  M     .000196  .000202                                                      | 
|   1 -  10                                                                    | 
|  M    -8.29e-7  8.2e-7                                                       | 
|   1 -  11                                                                    | 
|  M     .000006 -.000006                                                      | 
|   1 -  12                                                                    | 
|   1 - S1                                                                     | 
|  M    -292.216  292.963                                                      | 
--------------------------------------------------------------------------------

, ,

:

2

1

2
11

i
iMM = 22 )3.43()8.403(  = 89.187444.163054  = 33.164929  = 406.115 ·

, , . 6. 

. 11  12 .

. 11 

. 12 
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.

.

.

2.

 1 ,  [4]  [18] 

,  SCAD 

, .

2.1.

 1  [4]  (2.29): 

ij uu )(  = ij uGu )(  = 0.

ju – j; iu –

ji .

 1-  2- ,

( . . 2): 

(0.4724 0.4724 0.3153 0.9961 0.9981 1)·

4.184

361

4.184

69.15

2.192

2.192

·

2579.0
2486.0
2395.0
0932.0
1
1

=

·.

= (90.795 90.795 4.947 183.681 360.314 184.4)· 

2579.0
2486.0
2395.0
0932.0
1
1

 = (90.785 90.795 - 0.461 - 43.992 -  

- 89.574 -47.557) = 181.59 – 181.58 = 0. 

 1-  2- .

2.2. i

e

 (2.92)  1  [4] (

(8) ). .

2.2.1.  (6) 

  1- :

11

1

11

1
1

)(

)(

)(

)(

uGu

eGu

uu

eu
.

,

 2.1.

:

(90.795 90.795 4.947 183.681 360.314 184.4)·(1  1  1  1  1  1)  = 90.795 + 90.795 + 4.947 +   

+183.681 + 360.314 +184.4)  = 914.932. 

:
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(90.795 90.795 4.947 183.681 360.314 184.4)· (0.4724 0.4724 0.3153 0.9961 0.9981 1)  =               

= 42.892 + 42.892 + 1.560 + 182.965 + 359.629 +184.4)  = 814.368. 

368.814

932.914
1  = 1.123. 

2.2.2.

22

2

22

2
2

)(

)(

)(

)(

uGu

eGu

uu

eu
.

:

(1   1   – 0.0932   – 0.2395   – 0.2496   – 0.2579)·

4.184

361

4.184

69.15

2.192

2.192

·

1
1
1
1
1
1

=

= (192.2   192.2   – 1.462   – 44.164   – 90.106   – 47.557)· 

1
1
1
1
1
1

 = (192.2 + 192.2 – 1.462 – 44.161 –  

– 90.106 – 47.557) = 201.114. 

:

(192.2   192.2   – 1.462   – 44.164   – 90.106   – 47.557)·(1   1   – 0.0932   – 0.2395   – 0.2496   –      

– 0.2579)  = 192.2 + 192.2 + 0.136 + 10.577 + 22.490 +12.265) = 429.868. 

868.429

114.201
2  =0.470. 

2.2.3.  (8) :

111 u  = 1.123·(0.4724   0.4724   0.3153   0.9961   0.9981   1)  = (0.530   0.530   0.354  

1.1190   1.1209   1.1230) .

222 u  = 0.470·(1   1   – 0.0932   – 0.2395   – 0.2496   – 0.2579)  = (0.470   0.470 

– 0.0438   – 0.1126   – 0.1170   – 0.121) .

2.2.4.  (9) 

2

1i
ie = (0.530   0.530   0.0438   1.1190   1.1209   1.1230)  + (0.470   0.470  

– 0.0438   – 0.1126   – 0.1170   – 0.1210)  = (1   1   0.3109   1.0064   1.0039   1.002) .

,  7, 8  9 ,

 1%.  6 

. ,

 ( . 13): 
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. 13 

:

33

3

33

3
3

)(

)(

)(

)(

uGu

eGu

uu

eu
.

:

(0.0005  0.0005  1 – 0.0107  – 0.0079  – 0.0011)·

4.184

361

4.184

69.15

2.192

2.192

·

1
1
1
1
1
1

=

= (0.096   0.096   15.69   – 1.973   – 2.852   – 0.203)·

1
1
1
1
1
1

 = (0.096 + 0.096 – 15.69 – 1.973 –  

–2.852 – 0.203) = – 20.526.

:

(0.096   0.096   15.69   – 1.973   – 2.852   – 0.203)· 

·(0.0005    0.0005    1   – 0.0107   – 0.0079    – 0.0011)  = 

= (0 + 0 + 15.69 + 0.0211 + 0.0225 +0) =15.734. 

734.15

526.20
3  = 1.304. 

333 u = 1.304·(0.0005  0.0005  1 – 0.0107  – 0.0079  – 0.0011)  = 

= (0    0    1.304   – 0.0139   – 0.0103   – 0.0014) .

 (9) :

333 u
= (1   1   0.3109   1.0064   1.0039   1.002)  + 

+(0    0    1.304    – 0.0139    – 0.0103    – 0.0014)  = 

= (1    1    0.993    0.9925    0.9936    1.0006) .

1 2 3

4 5 6

7 8 9

1.3-
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,

, .

2.3.  1- ,

 (10) :

111 Gs KAK
, .

K1, ,

 SCAD . 3*  [18]                   

« »: K1 = 0.35. 

A  9 

 [18]: A = 0.4. 

1

T1 = 0.713 c > 0.4 c ( . . 2.6*  [2] 713.0/4.05.21 = 1.872. 

K  SCAD . 6*  [18]  

: K  = 1.3. 

s1 = 0.35·0.4·1.872·1.3

4.184

361

4.184

69.15

2.192

2.192

1230.1
1209.1
1190.1
354.0
53.0
53.0

 =

= 0.3407 (101.886   101.886   5.554   206.344   404.645   207.081)  =

= (34.71   34.71   1.892   70.301   137.862   70.55) .

, ,

 SCAD ( . . 4). 

2.4.

 1-

 (11) :

11
2

111 KAgKa  = (0.35·0.4·9.81·1.872·1.3/(8.806)
2
 )· 

·(0.53   0.53   0.354   1.1190   1.1209   1.1230)  = 

= 0.0431 (0.53   0.53   0.354   1.1190   1.1209   1.1230)  = 

= (0.0228   0.0228   0.01526   0.0482   0.0483   0.04840) .

,  ( . . 2) 

 (11)  SCAD.  

.

,

 SCAD. 
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