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. 2.3  

 ,  (2.18) 

 (2.1)-(2.3) ,  

 

. 

,  (2.1)-(2.3)  (2.3)-(2.5),  

 

 

. 

, ,  

 , . 

 

.  

, : 

1. xKxf ii )(  

2. )()( xarctgKxf ii  
 

1. xKxf ii )(                                     

 : 

x=1, i=0,A1=11,A2=12,A3=7, iK  = 1; r = 0.5,  t  = 0.1, T = 10, N = 3, ,1ij

  Mk = 10000, M=0;  = 0,1;  = 10-8;  
1

0 1

2)(
1,

2)(),(
q

k

n

k
k

q
kk AxM

n

ji
k
ijtMxI  

   

 )2( t  

Aij || njiii ,1,,0
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 T,  

 

: 

 
. 2.6.  tx1   

V2 X1(T) |A1- X1(T)|  Iopt X1 . 

1 10,99999 2,2455E-06 2,10244E-11 1326,631 
5 11,000001 1,1122E-06 2,81522E-12 400,9746 

10 10,99999 9,40602E-07 3,33994E-12 151,2506 

20 10,99996 2,52603E-07 1,56804E-13 40,88523 

25 11,000001 1,4365E-07 2,29828E-13 30,04821 

. 2.4.  Tx1 ,  Iopt  tx1  
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0 2 4 6 8 10

x1(t)

t

V2=1
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. 2.7.  tx2   

V2 X2(T) |A2- X2(T)|  Iopt X2 . 
1 12,000003 3,11012E-06 2,10244E-11 1326,631 
5 11,999998 1,25324E-06 2,81522E-12 400,9746 
10 12,000001 1,19317E-06 3,33994E-12 151,2506 
20 11,9999997 2,52336E-07 1,56804E-13 40,88523 
25 11,999999 3,30698E-07 2,29828E-13 30,04821 

. 2.5.  Tx2 ,  Iopt  tx2  
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8

10

12

14

16

0 2 4 6 8 10

x2(t)

t

V2=1
v2=5
v2=10
v2=20
v2=25
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. 2.8.  tx3   

V2 X3(T) |A3- X3(T)| Iopt X3 . 
1 6,99999 2,51182E-06 2,10244E-11 1326,631 
5 7,00000008 8,73167E-08 2,81522E-12 400,9746 
10 6,99999 1,01566E-06 3,33994E-12 151,2506 
20 6,99999 1,71238E-07 1,56804E-13 40,88523 
25 7,0000003 3,15961E-07 2,29828E-13 30,04821 

. 2.6.  Tx3 ,  Iopt  tx3  

  

 

, .  

. 

2. )()( xarctgKxf ii  

 : 

x=1, i=0,A1=11,A2=12,A3=7, iK  = 5; r = 0.5,  t  = 0.1, T = 10, N = 3, ,1ij

  Mk = 10000, M=1;  = 0,1;  = 10-8;  

Iopt = 
1

0 1,
2)(

q

k

n

ji
k
ijtM + 

n

k
k

q
kk AxM

1

2)(  

-6

-4

-2

0

2

4

6

8

0 2 4 6 8 10

x3(t)

t

V2=1
v2=5
v2=10
v2=20
v2=25
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 )2( t  

 T  

: 

 
. 2.9.  tx1  

  
. 2.10.  tx2    

-4

-2

0

2

4
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10

12

0 2 4 6 8 10

x1(t)

t

V2=1
v2=5
v2=10
v2=20
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14
16
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x2(t)

t

V2=1
v2=5
v2=10
v2=20
v2=25
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. 2.11.  tx3   

 

V1 |A1- X1(T)| |A2- X2(T)| |A3- X3(T)| I1opt I2opt Iopt 
1 2,01E-05 1,26E-05 4,20E-05 24,5436 2,3E-09 24,543555 
5 4,02E-05 2,5756E-05 7,44E-05 45,1937 7,8E-09 45,19367 
10 5,88E-05 3,0282E-05 8,2836E-05 27,2803 1,1E-08 27,280318 
20 1,64E-05 2,6648E-05 2,429E-06 6,49857 9,9E-10 6,4985722 
25 2,14E-05 3,3161E-05 3,6199E-06 5,75454 1,6E-09 5,7545357 

. 2.7.  Iopt   

  

 

 

, .  

 r : 

x=1,  i=0,A1=5,A2=3,A3=4, iK  =  1;   =  0.2,   t  =  0.1,  T  =  10,  N =  3,  ,1ij

  Mk = 10000, M=1;  = 0,1;  = 10-8;  

Iopt = 
1

0 1,
2)(

q

k

n

ji
k
ijtM + 

n

k
k

q
kk AxM

1

2)(  

   

 r (r = 1 t)  

 T  

: 

-6

-4

-2

0

2

4

6

8

0 2 4 6 8 10

x3(t)

t

V2=1
v2=5
v2=10
v2=20
v2=25
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. 2.12.  tx1  r 

 
. 2.13.  tx2  r 

 
. 2.14.  tx3  r 

V1 |A1- X1(T)| |A2- X2(T)| |A3- X3(T)| I1opt I2opt Iopt 

1 0,000389 2,128E-05 0,000144624 25,5237 0,001729 25,52543 
5 1,68E-05 1,175E-06 6,48506E-06 1,086759 3,26E-06 1,086763 
10 4,559E-06 3,918E-07 1,79002E-06 0,310785 2,41E-07 0,310785 

-2
-1
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1
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5
6

0 2 4 6 8 10

x1(t)

t
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v1=10
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15 6,267E-06 4,518E-07 8,39939E-06 1,39347 1,10E-06 1,393472 
20 1,019E-05 2,58E-06 1,17153E-05 4,265248 2,48E-06 4,26525 

. 2.8.  Iopt   

 r 

 Mk  

. 

 2.9  

: 

 Iopt I1 I2 

100 13,61725 13,57733 0,039922 

500 13,65019 13,64205 0,008138 

1000 13,67428 13,67019 0,004096 

5000 15,32398 15,32309 0,000883 

10000 18,79978 18,79933 0,000444 

. 2.9.  

 2.6 ,  

,  

 Mk ,  

. 

§3  

3.1.  

 (2.5)-(2.7)  

,  ij  

 [0; 1].  

 {0; 0,142857; 0,285714; 0,428571; 0,571428; 

0,714285; 0,857142; 1}.  

.  

 {000, 001, 010, 011, 100, 101, 110, 111} .  
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,  ij  

N*N*(q+1),   3* 

N*N*(q+1).  

1.    L  (  L –  

), . L .  

 
2. ,  

 L  d .  

 
3.  

 I(x, ).  

,  

 xk  (2.6)  I(x, )  (2.5).  
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4.  L  

I(x, ) ( ).  

 1 – 4  S ,  S – . 

3.2  

 

 Mk  

: 

x=1, i=0,A1=11,A2=12,5,A3=7, 1 = 2, 2= 1, t = 2, Ki = 10, q = 5, N = 3,  

1}, 0,857142; 0,714285; 0,571428; 0,428571; 0,285714; 0,142857; {0;k
ij  

 S= 100,  L= 300, M=0, Mk=100, 

Iopt = 
1

0 1,
2)(

q

k

n

ji
k
ijtM + 

n

k
k

q
kk AxM

1

2)(  

 2.10  

 Mk: 

Mk  |A1- X1(T)|  |A2- X2(T)|  |A3- X3(T)|  Iopt  
10  0,004378 0,000825 0,000416 10-5  
100  0,003224 0,003219 0,001583 2,326 10-7   
1000  0,00257 0,000513 8,06E-05 6,804 10-9    
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10000  0,002254 0,001415 0,001309 8,797 10-10     
. 2.10 

 Mk  

,  

.  

.  

 L  

 S. 

 

  : 

x=1,  i=0,A1=4,A2=2,5,A3=3, iK  =  1;   =  0.2,  i=0.1, t  =  0.1,  T  =  5,  N  =  3,  

0,1}, 0,0857142; 0,0714285; 0,0571428; 0,0428571; 0,0285714; 0,0142857; {0;k
ij

  Mk = 10000, M=0;  = 0,1;  = 10-8;  

Iopt = 
1

0 1,
2)(

q

k

n

ji
k
ijtM + 

n

k
k

q
kk AxM

1

2)(  

 2.11.  

  : 

 
 

500 600 700 800 900 1000 

200 0,028747 0,010964 0,00929 0,013543 0,007181 0,00758 
300 0,009305 0,006177 0,005885 0,005854 0,004956 0,004619 
400 0,005528 0,004685 0,003405 0,002725 0,003908 0,003505 
500 0,003949 0,003748 0,002026 0,001248 0,003022 0,001579 
600 0,003589 0,003197 0,001844 0,001029 0,00142 0,001263 
700 0,003564 0,003037 0,001049 0,001363 0,00122 0,001015 
800 0,003159 0,003074 0,000342 0,001742 0,001041 0,000343 
900 0,002151 0,001822 0,00024 0,000934 0,000478 0,000575 
1000 0,001529 0,001102 0,000254 0,000152 0,000148 0,000225 

. 2.11 

 2.15  

:  
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. 2.15.  

 

 

, ,  

 

 700,  500. 

 

§4.  

 

, ,  

 [0,0.1].   

[0,0.1]  23 – 1 ,  

: 

0 0,014285 0,028571 0,042857 0,057142 0,071428 0,085714 0,1 
000 001 010 011 100 101 110 111 

 

,  

,  

 

.  100 ,  

. 

0

0,005

0,01

0,015
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0,025

0,03

0,035

200 400 600 800 1000

Iopt
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: 

xi
0=1, i=0, A1=11, A2=12, A3=7, 1 = 2, 2= 1, t = 2, Ki = 10, q = 5, N = 3,  

 = 100,  = 300, M=1, Mk=100,  

I1 = ,
1,

2)(
1

0

q

k

n

ji
tM k

ij  I2 = ,)(
1

2n

k
k

q
kk AxM  Iopt = I1+ I2. 

 
. 2.16.  

 

 

 

: 

xi
0=1, i=0, A1=11, A2=12, A3=7, 1 = 2, 2= 1, t = 2, Ki = 10,  = 0.1,  = 0.0001, 

q = 5, N = 3, 0,1; M=1, Mk=100, I1 = ,
1,

2)(
1

0

q

k

n

ji
tM k

ij   

I2 = ,)(
1

2n

k
k

q
kk AxM Iopt = I1+ I2 
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. 2.17.  

 

 2.16, 2.17 ,  

,  

. 

 

   

: 

 
. 2.18.  tx1  

 
. 2.19.  tx2  
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. 2.20.  tx3  

i |Ai- Xi(T)| ( ) |Ai- Xi(T)| ( ) 
1 5,758E-08 0,00045433 
2 6,43269E-07 0,001067946 
3 4,11908E-08 0,002101344 

Iopt 4,18807E-13 5,76257E-06 

 – ; 

 – . 

,  

, ,  

, .  

,  

, . 

,  

, , ,  

.  

 

: }1,0{ .  

 {0, 0,0142857, 0,0285714, 

0,0428571, 0,0571428, 0,0714285, 0,0857142, 0,1}.  

,  

. 

 

0

2

4

6

8

0 5 10 t

x3(t)_(  
 
)

x3(t)_(
 

)
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§5.  

 

 (2.2)-(2.4)  

. 

: 

TTxdttuttxEuJ
T

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

   (2. 19) 

 

, ,    

. 

,  

,  (2.19)  

 

.  

 (2.2)-(2.4), (2.19)  

 

. : 

TTTtTt 000 )(],,0[,)( ,  ),(~))(( xtx  

),(~))((t  )(~))(( utu   

nizdzxzy
r

n

j
jjiji ,1,~)~(~)~(~)(~

1
, 

 (2.20)-

(2.23): 

)()(~)(~),(~),(~

))(),(~),(~),(~(

00
0

0
TtTxduxE

tuxJ
T   (2. 20) 

niuyfxx iiiiiii ,1),(~)(~)(~)(~    (2. 21) 

,,1)),(~)(~)(~)(~()(~
1

nirxrxy jjij
n

j
jjiji (2. 22) 
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)(t           (2. 23) 

  njiij ,1,),(~  - , niui ,1),(~  

- ,  -  

,   uxE ~,~,~    iu~ ,  

niui ,1),(~  (2.24):  

,
)(,

|)(|),(
)(,

)(~

iii

iii

iii

i

aa
a
aa

u  ,

~
~,~,~

)()(
0

i

ii
i

u
uxE

p
,,1 ni        (2. 24) 

    )(ip  

 (2.25): 

)),(~)(

)(~)(()()(
1

jjijj

n

j
jjijjiii

rr

rpp
    (2. 25) 

i

i
ii y

yfpr ~
)~()()( ,      0)(s , ni ,1             

 (2.26): 

,
)(~
)(~

)(
0

0
00 Tx

TxTp
i

i
i ,,0)( 0Tpi   

,0)( 0Tri  ,)( 00Ts ni ,1             (2. 26) 

 

.  

00 ,,/ TtkqT q
k , ),(~~

ki
k

i xx  ),(~~
ki

k
i yy  ),(~~

kij
k

ij  

),(~~
ki

k
i uu  1,0,,1, qknji ,  

,  (2.27): 

,~~,~,~),~,~,~,~,(
1

1

qqq

k

kkk txuxEuyxtI    (2. 27) 
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,~~~~~ 1 k
ii

k
ii

k
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k
i

k
i uyfxxx           (2. 28) 

,)~~~~(~~
1

1 n
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jvk
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ij
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ij
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k

i xxyy  

,1 kk tt 1,0,,1 qkni  

 

,0, k
iiij

k
ij a i

k
i au , 1,0,,1, qknji ,         (2. 29) 

 (2.27)-(2.29)  

,  p , 

r   s ,  

: 

)(

))~~~~(~~(

)~)~(~~~(

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

1

1
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0 1
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1
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1
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i
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uyfxxxp

txuxEspruyxtL
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1
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m
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mmm

m
l
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uxE
u
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    (2. 30) 

),~~(~
~,~,~

~
11

0
jm

j
vm
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jm

j
m
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lj

mmm

m
lj

xrxruxEL

 (2. 31) 
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1
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1

1
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1
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1
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(2. 32) 

 

,~~
1
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11
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l

rr

ppp
   (2. 33) 

qmp
x
x

p m
lq

l

q
lq

l ,0,~
~

0       (2. 34)  

,~
)~( 11 m

lm
l

m
llm

l
m

l r
y
yfpr  ,0q

lr     (2. 35) 

1mm ss , 0
qs         (2. 36) 

1,0,,,1, qmknjl  

   

.  

 (5.30)-(5.32)  

 p  r ,  2  

 )( 2 nnq .  
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 3.  

 

§1.  

 

  

.  

.  

 

, ,  

 

. ,  

 - ,  

, .  

"  

.  (1848 - 1923 .),  

. 

-

, , 

, ,  

,  
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.  

,  

.  

.             

    ,  

, , . 
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.  ( )  

,    

,    

.  

, .  

  .  

 

 mfff ,...,, 21 . 

 

. 

:  

 )(xf i  D, 

},1,0)(,,1,0)(:{ smixgkixgRxD ii
n .  D  

.  

 

.  

, .  

 

)  

. ,  

 ( ,  

)  
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 D  n . 

 X D  

, .  Y.  m  

 Em,   yi=fi(X),  

. ,  

.  
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,  Em,  Y,  

.  

 ( ). ,  

 f(X)  D  

G: 

}),(|{ DG m XXfYEY  

,  

. 

 G  

,  « » , , , 

. 
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,  

: 

1) ,  

; 

2)  ( ) ; 

3)  

. 

 

, ,  

  .  

,  

, ,  

.   

 

. 
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§2.  

 

2.1  

 

 

: 

 
)),(),(())(),((
))(),(())(),(()(),(

4433

2211

uxJLuxJL
uxJLuxJLuxJ

 (3. 1)  

 ,4,1,iLi    

.  

 (2.2)-(2.5)  

 L4. 

 3.1 , 

, =_opt I
0

2

1
1

T

i
iiiiii dtuxCxxl

2

1

2
4 )0,max( =_opt I

i
ii TxA ,   

 ,4L  10  

5000,  r :  

,0iR ,75.01e  ,011c  ,1.011d  ,75.01  05.011 , ,0375.011a  0375.011b , 

;13;4,7 21 AA  ;17;11 21 BB  ;5;5,6 21 CC  ;2,1,1.00 iui   032 LL ; 

T=20; q=2000;  :00000001,0  
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.3.1  _opt,I4 _optI1  

  4L  

 _optI1 ,  _optI4 , 

 

2,1, iATx ii . 

2.2  

 

, . , 

. 

   (2.2)-(2.5)  

: 

 minmax

min

1

))(),(())(),((
ii

ii
k

i
i JJ

JuxJuxJ  (3. 2)  

 

 i – . 

 3.1 , 

,)()()()( =_opt I
0

2

1
1

T

i
iiiiii dttutxCtxtxl  ,)0),(max( =_opt I

0

2

1

2
2

T

i
ii dttxC  

0

0,005

0,01

0,015

0,02

0,025

0,03

-184,51 -184,31 -184,11 -183,91 -183,71

I4

I1

 r=0,1
 r=0,2
 r=0,3
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 ,)0,)(max( =_opt I
0

22

1
3

T

i
ii dtBtx  

2

1

2
4 )0,max( =_opt I

i
ii TxA  

 4L  

:  

,0iR ,75.01e  ,011c  ,1.011d  ,75.01  05.011 , ,0375.011a  

0375.011b , ;9,12;7 21 AA  ;17;11 21 BB  ;1;2,6 21 CC ;2,1,1.00 iui  

;1.0r  T=20;  q=2000;  :00000001,0  

4L  _optI1  _optI 2  _optI3  _optI 4  
20 1,237784 0,556341 0,21715 0,013641 

40 1,333807 0,558513 0,217426 0,009429 

80 1,393755 0,56351 0,218095 0,007435 

160 1,428922 0,573354 0,219912 0,006157 

320 1,447056 0,58998 0,224552 0,005183 

640 1,454009 0,615677 0,235829 0,004382 

1280 1,451603 0,651913 0,259158 0,00374 

2560 1,431619 0,688178 0,289544 0,003374 

5120 1,395539 0,708748 0,321103 0,003244 

.3.1  

 4L  

 3.1 ,  4L  

 _optI1 , _optI2 , _optI3  13%, 42%  52% 

,  _optI4  77%,  

 2,1, iATx ii  

. 
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2.3.  

,  

 (3.2)-(3.4) : 

 .))(),((max),( max
i

i

i J
uxJuxJ  (3. 3)  

 3.2 , 

,)()()()( =_opt I
0

2

1
1

T

i
iiiiii dttutxCtxtxl  ,)0),(max( =_opt I

0

2

1

2
2

T

i
ii dttxC  

 ,)0,)(max( =_opt I
0

22

1
3

T

i
ii dtBtx  

2

1

2
4 )0,max( =_opt I

i
ii TxA  

 4L  

:  

T=10; m = 1, n = 1, ,0iR ,75.01e  ,011c ,1.011d ,75.01 05.011 , 

,0375.011a 0375.011b , ;13;4.7 21 AA  ;16;10 21 BB  ;5;5,6 21 CC  

;1.0r   ,2,1,1.00 iui  01.0t ,  :00000001,0  

 

4L  _optI1  _optI 2  _optI3  _optI 4  
100 -93,699 0,029 0,398 1,5205 

150 -93,72 0,03 0,405 1,502 

200 -93,736 0,031 0,41 1,492 

250 -93,749 0,031 0,414 1,485 

300 -93,76 0,032 0,418 1,48 

350 -93,769 0,032 0,421 1,477 

400 -93,776 0,033 0,424 1,473 

450 -93,784 0,033 0,428 1,47 

500 -93,791 0,034 0,431 1,468 

550 -93,796 0,034 0,433 1,467 
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600 -93,8 0,034 0,434 1,466 

650 -93,806 0,034 0,436 1,465 

700 -93,81 0,034 0,438 1,464 

750 -93,814 0,034 0,439 1,464 

800 -93,818 0,034 0,441 1,463 

850 -93,822 0,034 0,442 1,463 

900 -93,825 0,035 0,443 1,462 

950 -93,827 0,035 0,444 1,462 

1000 -93,83 0,035 0,445 1,462 

.3.2  

 4L  

 3.2 ,  4L  

 _optI4  

,  

2,1, iATx ii . 

,  

 

,  

,  (  1),  

 (  2),  

 (  3),  

 

.  3.3  

,  

  

,)()()()( =_opt I
0

2

1
1

T

i
iiiiii dttutxCtxtxl  ,)0),(max( =_opt I

0

2

1

2
2

T

i
ii dttxC   

,)0,)(max( =_opt I
0

22

1
3

T

i
ii dtBtx  

2

1

2
4 )0,max( =_opt I

i
ii TxA  
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:  

T=10;  m  =  1,  n  =  1,   ,0iR ,75.01e  ,011c ,1.011d ,75.01 05.011 , 

,0375.011a  0375.011b , ;13;4.7 21 AA  ;16;10 21 BB  ;5;5,6 21 CC  

;1.0r   ,2,1,1.00 iui  01.0t ,  :00000001,0  

 

1I  2I  3I  4I  
 

 
-93,3139 0,142375 1,08935 2,472991 

 

 
-94,3151 0,027103 0,38519 1,458864 

 

 
-92,7587 0,390153 1,914227 4,678318 

 

 1 
-93,7565 0,033461 0,420542 1,475194 

 

 2 
-93,7079 0,029925 0,401174 1,510724 

 

 3 
-93,6988 0,029469 0,39848 1,520453 

.3.3 ,  

 1I , 2I , 3I , 4I . 

 3.3 , ,  

 (  1)  

,  

 (  2)  (  3) 

,  

 212111 , ByCBxC ,  

. 
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, 

 

,  iL ,  

.  

 

 

, .  

§3. 

 

: 

1. . 

2. . 

3. . 

3.1  

 

,  

,  

:   ,  

.  

: OmniGraffle, Gui design studio, 

FlairBuilder .  

Balsamiq Mockups. Balsamiq Mockups -  

. ,  Balsamiq 

Mockups,  

(low-fidelity mockups). ,  

 Balsamiq Mockups. ,  

,  
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. Balsamiq Mockups  

 png  pdf,  xml (  

 

).  

.  

 4.1. 

 

 
 

. 4.1. . 

3.2. . 

 test-driven development 

(TDD), ,  

,  

.  —  

, . 



109 
 

 
 

: 

 - .  

, ,  

 ( ).  

, ,  

. 

- .  

 

 « »: , 

. 

- .  

» . , ,  

, . 

- .  

,  

.  

 

 

.  

, .  

 

. ,  

, ,  

.  

. 

 

. 
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3.3.  

,  

: ,  

. 

 

.  

, ,  

. 

 

 (  – ). 

 

 

 

. 

 

 

. : 

; 

; 

,  (  

). 

 

 3 : 

,  ( , SPSS, 

STATA, STATISTICA, S-PLUS, Stadia, STATGRAPHICS, SYSTAT, Minitab). 

 

.  

,  

.  
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.  

 

. 

 ( , SAS, BMDP). 

,  

,  

,  

.  

 

,  

. 

 ( , BioStat, MESOSAUR, 

DATASCOPE). 

 

,  

, , . 

 

 

,  

. ,  

,  

, . ,  BioStat 

 

.  MESOSAUR 

 

.  

DATASCOPE . 
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,  

, : 

 ( ,  

); 

; 

 ( , 

, ); 

; 

; 

; 

; 

; 

; 

 ( , , ). 

3.4.  

 Java. Java — 

,  

Sun Microsystems (  Oracle).  

,  Java -

,  Java (JVM) — , 

 

.  —  

,  

 Java- ,  

.  

 Java ,  

.  

,  
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,  

) . 

,  

 

,  Java.  

,  

 Java: 

 -  

 (JIT- )  

, 

-  (native- ) 

, 

- ,  

,  Jazelle,  

ARM). 

 

 jUnit  4. JUnit —  

 Java. , 

  

. 

: 

- .  

 Java,  

,  java-

.  

Swing,  

. 

- .  
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 Java. ,  

 

. 

- .  

 

 

.  

- .  

 

.  

  

, 

 

.    

.  

,  

, ,  

 

, ,   

,  

 

. 
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, -

.  

.  

 

.  

 

 (1.1)-(1.5).  

,  

. 

 

, , ,  

, . 

,  

, ,  

, .  

, ,  

,  

. ,  

, , ,  

.  

 

: }1.0,0{},1.0,0{ l
j

l
i
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, -

.  

 

. 



116 
 

 
 

 

 

. 

 

. 

 

.  

,     

.  

,  

. 

 

,  

, ,  

, .  

 



117 
 

 
 

 

1. ., .  

 //  

. ., 1986. .53-55. 

2. ., .  

. . . . . ., 1987. 25 . 

.  14.08.87. N 5989. 

3. ., .  

. : , 1989. 244 . 

4. ., ., .  

. .: , 1991. 280 . 

5. . ., . .  

 // . . 1989. . 1. . 121-139. 

6. . . . -

 //  X -

 " ", , 

, 2012, - .256-259 

7. . . . 

: , 1999. 

8. . . //  

: . . . : , 

1996. . 7-12. 

9. . ., . , 

, - 

, 2003. 

10. . ., , - : 2008. 

11. . ., . .  

. . 1.J.  

: . . . : , 2000. . 14-30. 



118 
 

 
 

12. . ., . .  

 //  

. 2002. . 42 9. .1436–

1444. 

13. .  

 //  

. , 1996. 

14. ., .  

 // 

: . . . – : . . , 2011,- 

.5-15. 

15. ., .  

 //  

.  

 – XXI”. – : .  

. , 2011. – . 9–10. 

16. ., .  

,  -

 //  -

 «  

». , 2012, - .461-468. 

17. ., .  

, -

//  

. 1989. 1. . 4-13. 

18. ., ., .  

. .: , 1992. 

19. ., .  

 //  



119 
 

 
 

 «  

».  , 2012. 

20. ., .  

 //  – 

 " , 

, ", , 2013, - . 20-25. 

21. ., .  

 // 

. 2005. . 45.  7. 

. 1133-1140. 

22. ., .  

. .: , 2006. 

23. ., . . .: , 

1968.- 764 . 

24. ., .,  A.A., . 

. .: , 1990. 320 . 

25. . : , ,  

 - .: , 2004. – 176 . 

26. .  

. — , 1954. 

27. ., ., .C.  

. // , 1956, .110,  1. . 7-10. 

28. ., ., .  

. . // . , ., 

1960, . 24,  1. - . 3-42. 

29. . . 

.: , 1969. 408  



120 
 

 
 

30. . ,  

 // : . 

. . – : . . , 2009, - .20-37. 

31. . ,  

 // : . 

. . – : . . , 2010, - .46-54. 

32. ., .  

 //   « » 

2, 2011, - .35-37. 

33. ., .  

. .: , 1975. 

34. .  

. .: , 1965. 474 . 

35. .  

. .: , 1975. 568 . 

36. .  

. .: , 1965. 474 . 

37. .  

 ( ) // . 1979. N 11. . 16-65. 

38. .  

, , 1957, 1-320 ( , 1959, 482 ). 

39. . . . .: , 1989. 

40. . ., . .  

,  //  

, 1981. 21,  6. 

41. . . 

.: , 1974. 374 . 

42. ., . : , 

, - , 1986. 



121 
 

 
 

43. . , -

, .: ,  

, 1982. - 304 . 

44. ., . .  

 ( ). . 1982. 47 . (  / . 

, N 30). 

45. ., . .  

. 

. 1982. 32 . ( . , N 31) 

46. ., . . 

.: , 1973. 256 . 

47. ,  

. // . , 1960, . 24,  3. . 315-356. 

48. . . //  

, 1958, . 123,  2. . 223-226. 

49. .  

. // , 1957, . 116,  1. . 9-11.133 

50. .  

. // , 1959, . 125,  3. . 475-478. 

51. .  

. // . , ., 1958, . 22,  4. - . 449-474. 

52. . ., . ., . . : 

. – : , 2006. 

53. . . .  

 

54. . . . .: .  

", 1990. 

55. ., .  

. 1989 . .: , 144 . 



122 
 

 
 

56. ., .  

,  

 // . . 1991. N 299. . 175-181. 

57. .,  A.A. . . 

". .: , 1981. .6-47. 

58. ., .  

. 1971 . .: , 112 

. 

59. . .   

. .: , 1982, 432 . 

60. .  

. , 2013.- 144 . 

61. .  

 // . , . . . 1972. N 3. 

.791-799. 

62. .  

 // . . 1984. .20. N 4. .95-100. 

63. .  

. .: , 1979. 464 . 

64. .  // . 

. . . . 1963. . N 5. .887-904. 

65. .  

 // . . 1964. .64(106). N 1. .79-101. 

66. ., . . .: , 

1974. 480 . 

67. . . // 

, 1948. 3,  6, c. 89–185. "1 

68. . .  //  

 / . .. - . : , 1965 



123 
 

 
 

69. .  

 

. . .  05.13.02. ., 1982. 383 . 

70.  A.A.  

, // . . 

. 1978. - 3.- . 310-320. 

71.  H. H. . : , 1968. 

72.  H.H. . //  

, 1957,  11. . 960-970. 

73. . . . — 

.: , 1959. 

74. . ., . ., .  

, — .:  - , 2001. — . 382.  

75. . ., o . .  

 //  

, 1962. 2,  6. 

76. . ., o . .  

 //  

, 1966. 6,  2. 

77. . . - .: , 2000. 

78. ., .  

: ( ).  

. – 1980. – .16, . 1. – . 127-145. 

79. . -

 //  I -

 «  ( -

2013)», , 2013 

80. .  

//  –  



124 
 

 
 

 " , ,  

", , 2013 

81. . ., . .  

, . , 2:11 

(1990), 64–76. 

82. . . . — .: , 1966. 

83. ., .  

 - , 1981. 

84.  A.C., .  

 // . . . 1978. .19. N 5. 

.1109-1140. 

85. .  

. – .: , 2001. – 304 . 

86.  H.H. . , 

, 1971. 

87. .  

. 1. ,  

 // . 

1964. . 4. 3. . 485-494. 

88. . . 

.: . 1988. 192 . 

89. . .  //  

, 1946. 10,  2. "1 

90. . ., . . , 

 // , 

1957. 15,  1a. "1 

91. .  

 

 // . . . . 1972. .36. N 3. .652-679. 



125 
 

 
 

92. .  

 // . 1971. .199. N 2. .275-278 . 

93. .  

 // . 1967. .175. N 6. .1238-1241. 

94. ., .  

 // . 1986. .22. N 2. 

.236-247. 

95. ., .  

 // . 

1976. . 10. .4. .95-96. 

96. ., ..  

. - .: , 1982. 

97. . . , - .: , 

1974 -376 . 

98. .  //  

. . . 2 / . ., 1974. . 147 – 148. 

99. .  

 // . ., 1979. . 19,  1. . 147 – 148. 

100. ., ., ., . 

. 4- ., . .: 

, 1983. - 393  

101. . , 

, , 1973. 

102. . .  

. , 1959,  10-12. . 1320-1334, 

1441- 1458, 1561-1578. 

103. ., ., . , 

. - .:  - , 

2006.  -  . 383. 



126 
 

 
 

104. . . .: , 

1960. 

105. .  

. .: , 1978. 488 . 

106. . . . — .: , 1955. 

107. . .  

 //  

, 1962,  2. "1 

108. . : ,  

. - .: , 1992. 

109. . .  

 // , 1968. 4,  4 

110. Courant R. Variational Methods for Solutions of Problems of Equlibrium and 

Vibrations // Bull. Amer. Math. Soc., 1943. 49, no. 1. 

111. D.B. Fogel, Evolutionary Computation: Toward a New Philosophy of 

Machine Intelligence, 3rd ed., IEEE Press, NY, 2006.  

112. De  Jong  K.A.  An  analysis  of  the  behavior  of  a  class  of  genetic  adaptive  

systems. Unpublished PhD thesis. University of Michigan, Ann Arbor, 1975. (Also 

University Microfilms No. 76-9381). 

113. De  Jong  K.A.,  Spears  W.M.  A  formal  analysis  of  the  role  of  multi-point  

crossover in genetic algorithms. // Annals of Mathematics and Artificial Intelligence, 

no. 5(1), 1992. 

114. De  Jong  K.A.,  Spears  W.M.  An  Analysis  of  the  Interacting  Roles  of  

Population Size and Crossover // Proceedings of the International Workshop «Parallel 

Problems Solving from Nature» (PPSN’90), 1990. 

115. E. Beretta, V. Capassa, F. Rinaldi Global stability results for a generalized 

Lotka_Volterra system with distributed delays. Journal of Math. Biology (1988) 26 



127 
 

 
 

116. Evtushenko Yu.G. Automatic differentiation viewed from optimal control 

theory // Automatic Different, of Algorithms. Theory, Implementation and Applic. 

Philadelphia: SIAM, 1991. P. 25-30.  

117. Evtushenko Yu.G. Computation of exact gradients in distributed dynamic 

systems // Optimizat. Meth. and Software. 1998. V. 9. P. 45-75. 

118. Goldberg D.E. Genetic Algorithms in Search, Optimization and Machine 

Learning. - Addison-Wesley, 1989 

119. Holland J. H. Adaptation in natural and artificial systems. University of 

Michigan Press, Ann Arbor, 1975. 

120. L.J. Fogel, “Autonomous automata,” Industrial Research, Vol. 4, pp. 14-19, 

1962.  

121. L.J. Fogel, “On the organization of intellect,” Ph.D. dissertation, UCLA, 

1964.  

122. L.J. Fogel, A.J. Owens, and M.J. Walsh, “Artificial intelligence through a 

simulation of evolution,” Biophysics and Cybernetic Systems: Proc. 2nd Cybern. 

Sciences Symp., M. Maxfield, A. Callahan, and L.J. Fogel (eds.), Spartan Books, 

Washington D.C., pp. 131-155, 1965.  

123. L.J. Fogel, A.J. Owens, and M.J. Walsh, “Intelligent decision making through 

a simulation of evolution,” Behavioral Science, Vol. 11:4, pp. 253-272, 1965.  

124. L.J. Fogel, A.J. Owens, and M.J. Walsh, “Intelligent decision making through 

a simulation of evolution,” IEEE Trans. Human Factors in Electronics, Vol. HFE-6:1, 

pp. 13-23, 1965.  

125. L.J.  Fogel,  A.J.  Owens,  and  M.J.  Walsh,  “On  the  evolution  of  artificial  

intelligence,” Proc. 5th National Symp. Human Factors in Engineering, IEEE, San 

Diego, CA, pp. 63-76, 1964.  

126. Mitchell M. An Introduction to Genetic Algorithms. MA: MIT Press., 1999 

127. N.A. Barricelli, “Numerical testing of evolution theories: I. Theoretical 

introduction and basic tests,” Acta Biotheoretica, Vol. 16:1-2, pp. 69-98, 1962.  


