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   ,        

    .     ,   

       .  

        ,  

,          . 

   .       

      .      

       ,     

    .       

 . 

            

   .      

        : 

(4.1) 

 jA   k -       , Ψ  -  

,  ⊥∆  -    , ( , )J f g  - , iα  -  

,   j=1…n   . 

 ( )jN A       :  

2 (1) *
2

=1 =1 =1 = 1

(2) * (3) *

( ) = | | D( )

D( ) D( ) .

n n n n

j j q q p m j jmqp m q p
q m q p q

q p m j jmqp m q p q p m j jmqp m q p

N A A A A A A

A A A A A A

α α

α α
+

+ + − −

+ − − + + − + − 

∑ ∑∑∑ k k k k

k k k k k k k k
(4.2)  

D( )x    D(0) = 1  D( ) = 0x   0x ≠ . 

       n  , 

   .         

 (4.1)    ,      

.        (4.2),   , 

      , , . 

         

 ETD (exponential time differencing)  .   

      MATLAB   ++    

2

2

21
0 32

2
2

2
1

2 2 2

€( ) i ( ) ( ) ( )

€( ) ( ) ( )

€ ( ) [( ) ( )] , ( ) ( ).

T j j aj X bj Y j j j j j j

n

T j j
j

j aj bj XY aj bj YY XX X Y Y X

A rA k k A A k G A J A N A
k

J G A
k

G f k k f k k f f k J f f f

α α α

πσ

⊥

⊥ ⊥ ⊥
=

∂ = + ∂ + ∂ − ∆ + Ψ + Ψ, + ,

 ∂ − ∆ ∆ Ψ = Ψ,∆ Ψ − | | .

 = − + − / Ψ, = Ψ −Ψ


∑
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    ,     

(  ),  (  )   

(  )  . 

    ,     

      ,   

 ,   ,     .    

  T=15-50    ,   

         ,  

  .  

    ,      

 ,    .    

       ,   

      . 

 

 4.1 –         25×25,  T=7.5, 

  ω=20000.  : A=B=C=2exp(-2(X2+Y2))   –   

   еA+B+Cе    ( )     ( ). 

 

4.2          
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   -  .     
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     - .   

        

. ,          (   

  )    (   ), 

       (   

)     .    , 

  ,     .   

  ,          

     . 

      ,   

  ,  ,   .   

 

2

02
( , ) ( , ) ( , ), ( ,0) ( ),t q t q t q q

t
κ∂ ∂ ∂ + = = ∂ ∂ ∂ 

U r r r r r
r r

 

  - .       

  

0( , ) ( , ) ( ) ( , ), ( ,0) ( ),t q t t q t q q
t

∂ ∂ ∂ + = − = ∂ ∂ ∂ 
U r r r r r

r r
    

 ( )t  - -     ,    

( , )tU r ,   

 ( ) , ( ) ( ) 2 ( ), , 1,2i j ijt t t t t i jα α κδ δ′ ′= = − =0 . 
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 ,        

      .   , 

,           

   .       .5.1. 

 

 

 

 

 

 5.1 –        k=10-2,   

.    ,         

 .   ,    . 

 

       

  (     )   

.      ,   

.            

       ,    

     . ,      

         

.          

.5.2. 
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 5.2 – a)   

  .   

   ,  

   . 

   0 0.02Ω = − ,   

0 0.01S = − .  : (a) 

1 21, 2µ µ= = , (b) 1 21, 2µ µ= − = − , (c) 1 21, 2µ µ= = − , 

(d) 1 21, 2µ µ= − = . 

 5.2 – )   

    

 ,  .5.2.a. 

    

     

     

 .    

   . 
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5.2     ,   

       

          

 ,    , 

 

( )

( )

3
3 2

3
3 2

2 ,

2

i

i

i

i

i i i
i i

x x
y y

i i i
i i

x x
y y

dx y y
y S

dt y r

dy x x
x S

dt x r

ψ µ

ψ µ

−
−

=
=

−
−

=
=

−∂
= − = −Ω +

∂

−∂
= = +Ω −
∂

 (5.2.1) 

 ( ) ( )2 2

1 2 1 2r x x y y= − + −  -   .   

   ,      ,   

        ,    

    1 1 2 2 1 1 2 20, 0x x y yµ µ µ µ+ = + = .     

    

 

( )

( )

1 2 1
1 2

1 2 1
1 2

2 ,

2 ,

dx y
y S

dt r
dy x

x S
dt r

µ

µ

= −Ω −

= +Ω +
 (5.2.2) 

  2 2
1 1r x y= + .  

   ( 0S S const= = , 0 constΩ = Ω = )   

    

 

( )
( )

( )
( )

0
0 02 1
1 0 0 120

0
0 02 1
1 0 0 120

2 0, 0;

2 0, 0.

y
y S x

r

x
x S y

r

µ

µ

−Ω − = =

+Ω + = =
 (5.2.3) 

  ,       .  

      ( ) ( )0 1 sinS t S tε ν= + , ( ) ( )0 1 sint tε νΩ = Ω +  

 (5.2.2)    , . .   .  , 

     .    (5.2.2) 

    

 
( ) ( )

( )
( )( )

0 2
1 0 0 0 0 20

1

0 0 0

2 sin 2 sin ,

2 2 sin ,

dx
y S t S t y

dt y

dy
x S S t

dt

µ
ε ν ε ν

ε ν

 
 = −Ω + −Ω +
 
 

= + +Ω

 (5.2.4) 
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 ,x y    .     

   

 
( )( )

( )( )

0 0 0 0

0 0 0

2 2 sin

2 2 si .

,

n

dx
y S S t

dt
dy

x S S t
dt

ε ν

ε ν

= −Ω + −Ω

= + +Ω
 (5.2.5) 

          

 ,   .5.3 

 

 5.3 –     0 0.01S = − , 0 0.02Ω = − .  

       

.        

 .  

 

 .5.4         

(5.2.5). 
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 5.4 –          (a) 

   0.08, 0.1ν ε= = ; (b)    

0.07, 0.1ν ε= = .  

 

 ,        ,    

      . 

    .5.5  

 

 5.5 –           2 1µ = . (a) 

  ,     

0.08, 0.1ν ε= = ; (b)   ,   

   0.07, 0.1ν ε= = . 

 

  ,      ,   

         .  

  ,           

,     .     

    .  .5.6    

.  .5.7   . .5.6   

      .  



 

 45 

 

 5.6 –      0.1ε =    : (a) – 

0.08ν =     ; (b) 0.075ν =  -    

. 

 

 

 5.7 –      ,     .  

 

    .5.8  .5.9,     

 . 
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 5.8 –      0.03ε =   : (a) 0.04ν =  - 

  ; (b) 0.036ν =  -    . 

 

 

 5.9. –      ,     . 

 

6         

     . 

 

6.1         

  . 

   ,      

     ρ    
µ ,   N -  

 ,     , 0,kZ k N=  ( . .6.1). . .  

        ,      
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,    NZ ,   0 NZ Z− ,  

   1NZ + ,       1D  

  2D  .  

 

 6.1 –    . 

 

       2D    

.  

 , , , 3,
( ) 0, 1,3i j j i i ii
u u p g iµ ρ δ + − − = =   (6.1) 

 g –   , iu –  , p – , ijδ –  . 

  (1)    : 

 , 0i iu =  (6.2) 

      2D     . 

        1D   

     (  ) :  

 ,1 1,33 ,2 2,33 ,3, , , 1, 1k k kp u p u p g k Nµ µ ρ= = = − = +  (6.3) 

 kρ   kµ  –       ,  1Nρ ρ+ =   1Nµ µ+ = . 

  (6.3)      (6.2).   

0z Z=      ;     

1,kz Z k N= =  -         

;      -   : 

  (6.3)    ,    

     , ( 1, 1)iZ i N= + : 
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 ( ) ( )( ) ( )
1

, 1 1,1 1 ,1 1 1 2 2 2 1 2
2 ,1

, , ,
N

i t i ik k k k N i N N
k

Z A Z A Z u x Z Z Z u x Zρ ρ
+

− + + +
=

  = + − − − +  
  

∑   (6.4) 

      
1 ! 1 1

( , , 1, 1),
1

N N N
k

ji ij i j
l i m j k j k ik ij

h
A A f h h i j i j N

µ δ δ

= + +

= = =

= = ≤ = +
+ +∑ ∑ ∑  1 ( 1, 1),i i ih Z Z i N+= − = +  

ijδ  —  . 

      2D     

 .        

      (6.2)    

  . 

    (6.4)    

: 

 ( ) ( )( )1 , 1 1 3 3,,
0, ,j j j i N i iii

A Z Z Z u u x Zγ +− − + = =  (6.5) 

  (6.5),         

         ,   

           .  

          

  ,  .6.2        

   2 0x =     100t = .    ,  

     ,    

   . 

  

 6.2 –       2 0x = ,  ( )  

    ( )    ,  

  100t = . 

 

       , . .    

 ,    .6.2. 

  



 

 49 

 .6.3         0z   

  100t = .     ,     

  ,      . 

 

  

 6.3 –      0Z ,  ( )  

    ( )    ,  

  100t = . 

 

6.2 Ч         

  

         

  ,      ,   

N    ( .6.4).   ,kZ   1, 1k N= + ,   . 

        .  

 

 6.4 –    :   –   , 

 –  ;        
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   ,        

     (6.1)-(6.2),      — 

  (6.3)-(6.2)   .    

 (6.4)   .     

   (6.5). 

      (6.4)   

  ,         

  « я   »,        

  ,   .   , ,  

  ,    « я   »  

,         ,    . 

   ,           

,   ,     .  

    ,      

    .         

 ,          

    .  

   ,     , 

        ,   

  .         

          

 .   

       (6.5).  

      ( 0 1 ...i i iZ z zε= + + )  

    11z   0, 2, 1iz i N= + : 

 

( )

( )( )

0 0

0 0

1

1 11,1 0,1 1 2 2,1
2 ,1

1

0, 1 11,1 0,1 1 0 2 2,1
2 ,1

0 .

.

i i i i

i i i i

N

i ik k k NZ z Z z
k

N

i i ik k k i NZ z Z z
k

A z A z U Z U

z A z A z U z Z Uτ

γ

γ

+

+= =
=

+

+= =
=

 
= + − − + 
 

 = + − − + 
 

∑

∑
 (6.6) 

 ( )1 1max /k kε ρ ρ ρ−= − , ( )1k k kγ ρ ρ ε−= − . 

  ,    (6.5)   

        

      : 
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–          

      .    

          

       ,  

    : 

–      (6.4)   ,   

          . 

       

(6.5),        (« я  

 »)         

        .  

,            

    0,005,    800 ,   

       0,2     20 .  

          

          .  

  .6.5.  

  

 6.5 –          

          

      t : 5 ( ); 10 ( );  

   –   ,   –  , 

  –     

 

            

,         1D .  5t =   

      1Z .    10t =    

   ,       
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.       ,   

 1Z   2Z .         

         2Z .     

        

 . 

 

7          

        

       . 

 

7.1         

    ,       

    2014 .  

          

,         .   

        – , 

   ,    . 

       , . . 

  ,    .    

      – ,      

 . 

 

 7.1 –  ,     ( )    

 (Л),   .      . 

  AB  L.     

     , ,   

   ,    , . 
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          – 

 .        

  ( ) . ,   

       ,  

         

     .   

     ,   

 .          

    –   ,    

             . 

         

  :       , 

           

;      ,   

      .    

            

     . 

 

 7.2 –         . 

            

.  –       .  –  

 .   –     

     . 
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     .      

     .   

        (   Ra  Rb,  

 h,    ).      

  .   ,   

    .    

      ,      

 .   ,   

         . 

 

 7.3 ––     Ω−,   

  (К).       

 Ra/h + Rb/h = 1.       .   

  .   ,    

 ,    (Л).     

    : Rb = Ra, Rb = 0.8Ra, Rb = 0.6Ra  Rb = 0.4Ra.  
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 7.4 –     Ω+,  

   (К).     

   Ra/h + Rb/h = 1.   ,   

  ,    (Л).    

     : 

 Rb = Ra, Rb = 0.8Ra, Rb = 0.6Ra  Rb = 0.4Ra.  

 

7.2 И         

 

       ,   

   20 , ,   ,  

  ,       .  

 ,    ,  

  ,      . 

          .  

    (  ),     

        

         

.  
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 7.5 –         

 .      : (1)  , 

    , (2)    ,  

 -  , (3)       

     , (4) -  , (5) 

 , (6)  .       

 L,      h/2.   

 

 

 7.6 –  (   )   

    .        

     L/c = 66.7 ,     

1200 ,  Q = 15,      T = 100  (L – 

     ,  –  ).  
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     ,  

   ,      

     -  .     

        

  ,       

   .      , 

       ,  ,  

 .      ,  

           

   .       

  « »       

   ,         

    .          

 .     « » ,    

    ,    .   

       ,   

    . 

  

 

 7.7 –   ,    -  

.        L,  

   – a.     (  30   

)       h (  3 ). 

   Hl          

. ,      Hs     . 

            

. 
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7.3      

        

         .  

      .  

      : ,   

     .     

  .  ,        

,         .    

 ,     ,    

  ,      .    

         ,  

         . 

 

 

 7.8 –    / HOMW W∗ ∗Ψ =  (  )   

   ϑ∗      x∗ .   

          
HOMW∗ .      x∗      

   .  ,  (◊),  

    τl = −4 × 10−12 / 2   , 

       Б* = 5 .   

         

.  
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      ,   

       .    

     .      

    –    ,    

 .           

      . 

 

8        

     

    ,       

    2015  2016 . 

 

8.1         

  

         

      ,      

  ,  , . ,   

        ,  

       . 

        

     ,    

     ,   . 

        -

       (   C++),   

    3D     . 

          

25       2.86˚ (    

),         

COUPLE 2 Way.  ,       

       ,    

    . 
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 8.1 –       (ASA аОНРО),  

      .    

 COUPLE 2 АКв (     – 0.3 )  

  . 

 

8.2         

       

 ,       .  

,   ,        

     (ray-centered) .    

       .   

            

 ,         

 . 

 ,          

           2.86˚ 

(    ).     

        ,    

.           

 ,             

 .       . ,   

          ,      

   .       

 ,    .  ,   
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   ,         12-  

. 

,         

   (    2000 )    

   . 

 

 

 8.2 –          25    

   12     (  ASA Wedge).  

      (7 )   

  (   – 1.5 ). 

 
9         

  

        

     ( )   .   

            

    ,   ,    

 ,    .    

       ,  

     , . .   

,   .       

         . 
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,         

 .        

    .    ,    

           

.  ,        

   Э-z-   .  , 

         

  .  , ,    

 ,   

 
2

2
0, 0,

G G

I I

∂ ∂
= >

∂ ∂
  (9.1) 

  

 
eddy0( ) 1 ,

Vc
G I

g z
ω

∂ 
= + ∂ 

  (9.2) 

ω  -      ,  I  -   , 0c  - 

    , 0.017g =  1− , eddy eddy 0/V c cδ= , eddycδ  -   

,  .  (9.1)  (9.2)    , 

   ,      

  .   ,       

    .  (9.1)  (9.2)     

  ,    : 
* *

0 1/ 2n k I= + ,       (9.3) 

 0k  -    ,    .  
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 9.1 –  Э-z-       

    (К)         1000  (Л), 1250  ( )  

1500  (Н). 

         

         . ,   

        ,   

       .  

  ,        

    .    

    ,         

,    ,   

. 

          

 ,       .   

         

,),,(),(),,,( 0

*

0 dzkzprzkrzpW ψ∫Ψ=                                                (9.4) 

 r —   , 

.
4

)(
)(exp)2(),,(

2

2

0
4/12

0 







∆
−′

−−′∆= −

z
z

zz
zzpkikzp πψ                                        (9.5) 

 (4)        

,      ,  

    z   КЫМЭР p.    W 

      ,     

        .  

     rzz =      r=R. 

      ,      

W, . .  
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,),,,()(),,,( ]2)([ 0 dfefRzpWfSRrzztpY tfRfki
rr

π−∫===                               (9.6) 

 S(f) —   .  

         

 ,     .   

       , 

,      4Δz  6Δz,     

          )/(0 pfcz =λ . 

 ,       

.            

    Y(p,t): 

,
1

1
∑
=

>=<
N

n
nJ

N
J   ,

1

1

22 ∑
=

>=<
N

n
nJ

N
J   ,*

nnn YYJ =                                        (9.7) 

  n  N     . 

 ,      , 

   ,   —   .  

   ,      , 

   .    ,   

,
),(

),(
),(
∫ ><

><
=

tpJdp

tpJ
tpρ                                                    (9.8) 

          

. 

   ρ(p,t)        

  .9.2.       

     100   . 

     240     120 .  

   , 200 ,       

 rz .  Δz,    ,   100 . 

       ,   

.9.2 .       ,   

    .     .   

   ,   — .   

     ,  

   ,       .   

,      .    
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  .  —        

.  —            

    —         

.   ,       ,  

      . 

 

 

 

 9.2 –     ρ(p,t)    ( )    

 ( ). 

 

         

     ,     

    ( . .9.2 ).      

  3-4    .       

    ,     .  

      ,    ,   
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   .   ,        

      . 

 

10 Ф      ,     

      

 

10.1 Э  -    

        5 M NКCХ  0,005 

  Na (SDS,  -   - )   

 20 . ,    Na      

   ,   , -     Na  

 .     ,    SDS. 

            

      ,   SDS   

K  LТ.        SDS  

  .     LТ       

.         LТ     

 ,    ,      ( . 

10.1).  

,    ,     (  

   0.26 )   . 

 

 10.1 –            

 -   

 

            

,       ,  ,   

    ,     .  

         

     .       
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,         ,  

       / .  

 

10.2 Э     

    0,005  SDS  2  NaCl    

   (1)        

   (2)   .       Na   

  Na      ,    

 Na.         :  

          ,    

 -   ,       ( .10.2).  

  

 10.2 –        Na    

  NaCl  SDS 

 

 .10.1       

,   .10.2.    nmin, nmax -    

 , d -     , z - ,    

      .  z>1-    

.  

 10.1       

 z nmin, *   nmax, * d, % 

NaCl, 20  1,21 33 300 2,0 

NaCl, 870  1,09 1 280 9,1 

SDS, 20  1,85 32 270 5,1 

SDS, 870  1,82 12 330 24,1 

 

  20        Na  

~ 30 – 300 .       SDS.  870    

   ,  ,      , 
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    SDS.        K 

   (Choi P.-K., Abe S., Hayashi Y. J. Phys. Chem. B. 2008).   

             2%  

28   30%  1 ,        Na.   z  

       ( .10.1), , , ,   

   . ,       

  (    -    )    

   .        

    . 

        . 

       .    

   ,       

,        .  

          

  "microdrop injection",       

    .  

          

  .  ,       

    .  Na  ,  ,  

« -  »,        

    (       ,   

  .10.3,        ).  

 

 

 10.3 –       5   NaCl.  

  20 ,  40 .  ,    

 з5    ,   -  

 Na 
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 , « » ,  , 

          . 

  « »    ,   

   . ,      

 ,      ,   « »  

   « »  Na.  

        NaCl  SDS   

.   SDS  z  ( .10.1),     

 .    ,     SDS   

         nmin,  

   NaCl.     SDS  ,    

    ,     . 

    ,   « »  Na   SDS  

:  

–   ; 

–     Na  ,       

 -      (   

); 

–   . 

,          

  (  ),   .  ,     

,        :   

     .  

 

10.3  Na      А     

  

     Na       

       CnH2n+1SO4Na (n=1, 12, 14, 

).    .10.4      

 (SMS, n=1),  (SDS, n=12),  (STS, n=14), NaCl 

    .   Na     STS,  SDS  

SMS.     NaCl .   STS   

  ,          

.  ,     ,  

   ,        ,  
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  .    "  "  

  .  

 

 10.4 –    Na         

   

 

 .10.2       .10.4. 

 10.2    Na 

 z nmin, Amg nmax, Amg d, % 

NaCl 5M 1.24 28 297 3.8 

SMS 0.1 M 1.43 27 227 2.1 

SDS 5 M 2.18 35 281 5.5 

STS 0.5 M 2.60 32 429 16.2 

 

 ,          

 d,       ,  

   z.   (SDS, STS)    

      ,      

 ,   .     

.          .  

 
11            

,         

            

   ,      

       .    

    , , ,     
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       –   

   ,       

.            

(  )          -  

    (      ) 

,       ,    

          .   

        

  (   ,   

,    )   .    

             

 . 

             

   .        

 ,    ,      

    ( ,   )  

   .         

        ,  

   : 

( ) ( ) ( )2
1 21 ,J P F

t

ω α ψ ω ω ω β ω ψ ω∗
∂  + + = − − + ∇ ⋅∇ + +Φ +Φ + ∂  ,                       (11.1) 

 ω – ,  ψ  –  , 2 2 2 2бω ψ ψ= ∂ ∂ + ∂ ∂ , u / y= −∂ ∂ψ , / x= ∂ ∂υ ψ  – 

        , ∇ -  ; 

J( , ) / x / y / y / x= ∂ ∂ ⋅∂ ∂ − ∂ ∂ ⋅∂ ∂ψ ω ψ ω ψ ω  –  ;  F –    

( ).     ( ) ( )1 1 1 2
2 2

,
g g

P J
H H

ωα µ ωβ µψ δ ψ δ
δ δδ δ

   = − + + + ∇ ⋅∇   
   

 

       δ.  

α, β, α1, β1, g1  g2 – ,       

  ,        δ    H 

      (  ), μ – , ( )1g Hω µ δ∗ =  - 

  .  (11.1)  1  2       

  ,  ,  1    

   ,     2    (11.1)    

  ,       δ.  
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,  (11.1),  ,    ,     

           

        .  

   ( )      

,          (  

   ),        

     ,       

   ,      

 ,             

      . 

          

      128  512 512 (1400 ×1400 )   

  ,      

-   .        

     FISHPACK.      

    :      

        .  

  -     .  

           

  ,   ,    

 .          

    : 

–         

   , . .  

–       ,    

. 

            

        ,    

       ,    

      ( .11.1). ,   , 

        ,    

      .   

      3-5 ,    

  .  
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 11.1 –    4-        

      (  )   

 (  )       (  )   

(  ). 

 

12           

 

12.1          

 

           

 (      z=H(r,θ))    

,   

 

 H0   ,   H1   
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            .12.1. 

             

  

 

  

 φj(z,x)      ( . .     

  z= H0): 

( )















∂
∂

=
∂
∂

=

=

=+

+=−=

∞→

=

,

,0

,0

,

00

0

2
2

2

hz

j

hz

j

zj

zj

jjzjz

zz

k
c

ϕ
γ

ϕ
γ

ϕ
ϕ

ϕγϕωγγϕ

 

 Aj(x,y)   .        

 

 12.1 –          

 . 

 

,      φj(z,x),    

    Aj(x,y):  

    (12.1) 

 (12.1)      .    



 

 75 

   (12.1)        

 ,      r     

 (     ).         

  ,   ,   .12.2. 

 

 12.2 –    TL(x,y) (dB)      z=zs. 

      . 

 

          

          

           , 

. .      x (        

).           

 ,       , . . 

  ,   .  ,    

     (   )    

  ,     , ,  

  .     ,    

 ,   .12.3.   ,    

   ,   ,   . 
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 12.3 –           

      ,       

( )   ,        ( ).  

 

12.2 И       

     

           

         

 .      , 

      .    

       

   .    ,    Ч-  

       1,2,…,Ч-1-  . 

        

(     ),  ,   

        

          

   (   ). ,    

       

    –   ( ., , . 

12.4).     ,      

      70  ,    

         .     

           

  . 
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 12.4 –      (  ,  

 )        

 (  , . ). 
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,          

     . 

 1 

           

         

 ,  ,    .  

          

-              

        .   

           . 

       , 

   .  

           

          . ,  

         

:           – .  

      .    

           . 

       

      .        

      .  

            

  -  . 

        

          

   . ,     

        

.          ,    , 

     .    , 

         .  

          

         

    .         
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. 

   ,    

         

    .     

  « »,     56   «  

»    2012 .       

       .    

     , , ,     

 « ».    CTD      

,     .       

      ,     

      . 

 2 

          

      ,  

     1948  2009 . ,    

 -       3, 4  5 ,   

          1948 

 1965 .,      2000      

. 

   -   , ,   

 .   -   -     

 ,   ,  

          .   

    . ,     

,      -  . 

 3 

            

  2012         

     ,     

       ,    

   . ,   , 

  ,  ё   1 2 2
0 1 0h c h cα α− −≈ , 

. .       (1)  .  
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    ,   

    ,     ё  

  , ,        

          

     -     

 ,    2012      .   

    ,  19 ,   , 

       . 

 : (i)       ; (ii )    

       ,      

 ё ; (ii i)   ,    (1)  

     .       

ё  .  

 4 

      ,  -

      .     

         

. ,    CGLE ,   

         

    .      

     ETD (EбЩШЧОЧЭТКХ TТЦО DТППОЫОЧМО)   

   .     

    .       

     .    

ABC ,     .  

       ,     

   ,    ,   , 

       . 

          

   .         

        .  

           

  ,      . 

           ,  
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 .       

   .         

         

 ,        . 

        

    . 

         

            

        ,  ,  

  ,       . 

       -   

  ,         

. 

 5 

          

 .         

         . 

           

 (   )  . ,   

        

 .    .  

         

    .  

         

       ( ) 

 ,      

.   ,         ,  

, ,            

.   ,        

,          

      .      ,   

 ,        

    ,      

.        .  
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  .       

         . 

 ,           

      ,  

     ,    . 

 ,  ,         

   .  

 6 

      

,        

   ,       , 

   .   ,   

             

.          

 .         

      - .  

     .   ,  

   ,         

    ,     

    .  

               

,    ,         

   -   .       

  ,      

   .        

        -   

 . 

           ,  

             ,      

              

.                 

            ,      

      .    ,   
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.  

 7 

       ,    

   ,       . 

         

   ,    

,     ,     

 –       -  . 

 8 

         

           

       .   

        , 

    ,      

 ,  ,      ,   

 .       

        .  

  : 1)      

  ; 2)    .  

     ASA,    

       . 

           

 .           

        

        . 

    (   MATLAB   C++)   

    ,   ,    

,       ,    

  ,      .     

         

      . 

 9 

             

. ,     ,  ,  
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      .  ,  

  ,   .    

      .   

         

. 

       .   

           

 ,    .   

    «   -  ».     

      .     

    ,    . ,  

            

  .  ,        

   .      ,  

    .     , 

  ,      

  .  ,     , 

          

.  

 10 

   ( )     

-         , 

    ,     

        . ,  

-          

   ,      .  ,  

,        -   

( ).  

       .   

     ,    

  ,     ,    

 -   .   ,  

          

             

,     .     Na   
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        .    

          . 

   «  » -     

.  «  »      

 «  -  »,       

 ,  ,   ,      

.     –     

    (     ,    

   )      

.        ,  

           

    . 

 

 11 

        

    ,        

    ,   

    ,      

 .  ,      

          

           . 

        

   -  .       

           

     .    

          

   ,      .   

 
 12 

         

      .     , 

    ,        

   .         

      , , ,  

      .     
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    .  

       . 

          

   .    ,  

          

      .     

        . 

     .    

      .  ,  

          

       .  
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