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§ I.1.1.  
       

       . “ ” 
    ( )        

    .    
,        

“  ”      .    
     .     

  , ,  ,  , 
   .    
  ,    
 . 

 
1 . 

          
    .     (   
)        .   

 3 2 ,    - 4 2   .    
  1700 2     .  

     - 12   ,       - 30 
     .    160 
   . 

         - 2$,     
    - 4$ .       
    ( )     ? 
     : 1 -  

     ,  2   
     .    

 ( ) 1  2      
.  ,     ,   
    ( )  .    
 . 

 = 2 1 + 4 2                        (I.1.1) 
,        

    . 
     , 

        
,     .  
   ,   

2
1

   4
2

. 
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  1,  2       
. 

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

  . 
 1  2  ,     

     ,  
 1>0, 2>0                                                            (I.1.2) 

         
     . 

3 1 + 4 2<=1700  (  ) 
       12 =0,2  

 30 =0,5 .  0,2 1+0,5 2<=160   
     2 1+5 2<=1600 (   ) 
    3 1+4 2<=1700 (  )                       (I.1.3) 

,   : 
 = 2 1 + 4 2     1  2 

   .  1  2     
  (I.1.2)     (I.1.3)  

 (  ),      
 . 

        : 
     ,  

        
 .      

 (  I.1.1-  ).    
   (I.1.2)  1, 2 0  

   ,    . 
    . 

3 1 + 4 2 = 1700 
2 1 + 5 2 = 1600 
I.1.1-     ,  

      . 
   , (I.1.2)  (I.1.3)  

 ( )      
.         

      . 
    .    
      ( )   

      . 
I.1.1-     2 1+4 2=0, 2 1+4 2=800  

 a  b   .   -  
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,   0  800   .  

       
0        . 

 

 
                                  I.1.1  - . 

 , 
1

, 
2
   ,  (

4
2 )  

     .    
        

 . 
          
  .    ( )   
     .     .  

    1400     1 = 300,  2 = 200 
   .      

  ,     
: 

3 1 + 4 2 = 1700 
2 1 + 5 2 = 1600 

   ( )    : 
2*300 + 4*200 = 1400 

      ,  
   ( )     

  . 
         

  .    
  ,     
,         
 . . . .      , 
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     .  

,       
( ) . 

     : 
n  1, 2  ...,   
z = c1x1 + c2x2 + ... + cnxn                                  (I.1.4) 

   (  )  . 
  ,     

  
 1  0, 2  0,  ...,    0                                   (I.1.5) 

  m   
a11x1 + a12x2 + ..., + a1nxn  (=,  ) b1, 
a21x1 + a22x2 + ..., + a2nxn   (=,  ) b2, 
...........................................................               (I.1.6) 
am1x1 + am2x2 + ..., + amnxn  (=, ) bn, 

  . 
     , =       . 

    ( )   
.  b ,cj  a j     . 

    (1  )   
. 

     : 
  ( ) : 

z=CT x0                      (I.1.7) 
 

x0 0                           (I.1.8)* 

A0 x0   ( =,  ) b         (I.1.9) 

 1
2

1

n

x

x
x

x

n

 , -  

 
T=( 1, 2, ....., n)  –   1 n   -  

        
    (  ). 

 1
2

1

m

b

b
b

b

m

  -  
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A0=(a j) -   m  n  
0  -   0  0   

 ( )    .   1.3 
  .  

 
§ I.1.2.      . 

      
         

 ,    .    
        

   (    )  
        

. 
 
1- . 

  : 
Z= -3x1  -4x2 

   x1, x2  0 
  x1+x2   20, 
-x1+4x2  20, 
  x1            10, 
        x2  5.       . 
I.1.2-     ,  PQRS 

 .        
   . Z     
. 

4
3

2

1

dx
dz
dx
dz

 
 
 
 
 
 
 
 
 
 
 
 
 
 

I.1.2 - . 
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   z=-68     R  
(12,8) . 1.1     

 .    1=12, x2=8  , 
    z=-68  . 

      . 
 
2 - . 
z= -6x1 -2x2   .   

:  x1, x2  0 
2x1+4x2  9 
3x1+  x2  6 
I.1.3-        

1

z
=-6, 

2

z
=-2,  

2
6

     

( )  .  
 
 

 
 
 
 
 
 
 
 
 
 
 
                          I.1.3 -  
 

12
2
112

2
126  

 
         

.   = 2
11,

2
11   =(2,0) 

        z = -12. 
         

. 

,
2
11,

2
120,21

2
11,

2
11  

 
 0    1. 

    z    
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12
2
112

2
126   z    

  . 
     . 

 
3- . 

 x1 0,  x2 0,  x1-x2 1,  x2 2   z=x1+x2  
 . I.1.4-     . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                      I.1.4-c . 
 

z   ,     
,      .  

   z     
,    .    
          

.  z’=x2     
  ,    .  

    z=x1+x2   
,       .   z(m n)=1 

         
 x1=1, x2=0. 
     ,    
    . 

 
4- . 

      
 x1,  x2  0,    x1+x2 10,  3x1+5x2  15  z=2x1+3x3  

 . 
   ,    

  (I.1.5 - ). 
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                           I.1.5-c  
 

   ,  
        

 . ,      
 ,        . , 
        
. 2-           

. 
      . 
       
  . 

 
§ I.1.3.       . 

 
       

. ,       
.        

   ,    
         

.  
      ,   
  : 

) z=  c1x1+c2x2+... +cnxn   ,  
 (-1) ,  z’= -c1x1 -c2x2 -... -cnxn  
    . 

)     ,  3x1+2x2 -x3  6,  
    3x1+2x2 -x3+x4=6,  

       4 . 
 x1-x2+3x3  10     x1-

x2+3x3-x5=10,        5 .  
)   k    ,   
   ,     . 
xk=xk’ -xk’’,   xk’  0  xk’’ 0. 
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,       
     (    ). 

  (I.1.7), (I.1.8), (I.1.9)    
      : 

z= T          (I.1.10) 
   0                                                       (I.1.11) 

 
=b,    b >0                                               (I.1.12) 

,      
   ,      
 (     ). 

 
I.1.2  1-      
  : 

z= -3x1-4x2      
: 

x1         -x3=10, 
     x2         -x4=5, 
x2+x2                +x5=20, 
-x1+4x2                 +x6=20 

 x 0, =1,2, ...,6. 
I.1.1  1-      

 : 
 z=-2x1-4x2     : 
3x1+4x2+x3=1700 
2x1+5x2         +x4=1600 

 x 0, =1, ...,4. 
      : 

1600
1700

1052
0143

4

3

2

1

x
x
x
x

 

      .   
      -    

 . 
      ,     

,       , 
       .   
        . 
,      (   )   

    .       
 ,       . 

n          
   m   (m<n),   
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  (n-m)   ,  m 
  m    .   

   ( )    .  
     .  

        . 
       

    .    
  . 

 
1 2 3 4  

0 0 1700 1600 0 
0 425 0 -525  
0 320 420 0  
566 2/3 0 0 466 2/3  
800 0 -700 0  
300 200 0 0  

 
        

( 1, 2),( 1, 3),( 1, 4),( 2, 3),( 2, 4),( 3, 4).  1.1-    
 ,        

   . 
         

. ,       
 .        
   .  

      . n 
   m    
      

.    (    ), 
    ,    

   . 
 
 
§ I.1.4.     n   .  
 

      ,  
      

.  
I.1.2          
    .  n    

 ,    . ,   
    ,  ,  

 . 
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    ,   
 . n        
 : 

nx

x
x

x 2

1

 

PQ  ( ),    Q -     q 
  . Q    
   . 

p+(1- )q;   0    1. 
S     ,     

   Q   Q  ( )  S  
  .  

   (   )  , 
        ( ) 

 ,  . 
1, 2, ...,  k     1, 2, ...,  k  
     ( ) .  

 : 
1 p1+ 2 p2+ ... k pk 

 0, ( =1,2, ...,k)  
k

i
i

1
1  

 
 
 
 
 
 
 
 
                       I.1.6 - . 

I.1.6      . I.1.6   
    ,  , VW  

( )      . 
1 2 3 4 5    .  1 2  
      .  1 2 3  

   - , 1 2 3 4    - ,   
1 2 3 4 5   -  ,   ( ) 
  . 
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§ I.1.5.     . 

 
      

  : 
z=c1x1 + c2x2 + ... + cnxn   

 x1, x2,  ..., xn=0  
a11x1+a12x2+ ... +a1nxn=b1 
a21x1+a22x2+ ... +a2nxn=b2 
………………………….. 
am1x1+am2x2+ ... +amnxn=bm 

 ? 
     : 

Ax=b, x=0 
    m  (m<n). 

     . 
 

 1.       
,      ( )  

 . 
       . 

  n-r   ,     
 .     . 

xj=0, j=r+1, ...,n, 
r

j
jj bax

1
,  xj >0 (j=1,2, ...,r)         (I.1.13) 

 aj-    . 
 aj  -    ,  r<=m -  

 ,       
 ((m-r)    ). 

 a1, a2, ...,ar -   ,  
r

j
jja

1
0              (I.1.14) 

,  j        (    
 (-1)  ). 

k >0   
r

j k

jj
k

a
a

1
                   (I.1.15) 

 

ba j

r

kj k

kj
j

x
x  

 k    
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k

kx
m n  ( 0; j

j

jx
) 

   

k

k
jjj

x
xX , (j=1,2,...,r (j#k)), 

Xj=0,     j=k, r+1, ...,n)                    (I.1.16) 
  ,        

.     (r-1)     

. ,         
 .       

 r<=m   ,     
 . 

 
 2.      

 .    y    
  ,  =b, Ay=b  0, y 0 ,   

w= x+(1- )y,  0    1  w  0 
 

Aw=A (x+(1- )y)= Ax +(1- )Ay = b+(1- )b=b 
 w       

,        
   . 

 
 3.      

   . 

0

0
0

2

1

0 mx

x
x

x
   -       

, 0  =b     , 
 0,  (n -m)       

. 
, 0    , ,  u   v    

  .   0= u+ (1- )v  0< <1,  
Au=b, Av=b, u,v 0. 

,   (n-m)     
 : 
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um+1 +(1- )vm+1=0, 
………………… 

un +(1- )vn=0, 
 , (1- ), uj  vj 0 (j=1,2, …, n)   

uj+(1- )vj=0,   (j=m+1, … , n) 
 uj=vj=0    ,  j=m+1, …, n. 

, , u,v-   ,   
   0 -     . 

, 0 -    , x0=u=v,  
  u  v    . 

,         - 
  . 

   ,    
     . 

 0-       0 
 r      .   r  

m    (r<=m) ,  0-   
   . 

 1
0, 2

0, ..,   r
0 (r>m)     . 

  a1,a2, …,  ar -    ,   
 -     . 

1-    ,     aj 
,    : 

r

j jaj1
0  

  ,  0   <  <m n  
j

j

a

x0

  aj#0   

 . 
x1=x0+  , x2=x0-   

 

0

0
0

2

1

r
 

x1 0,  x2 0   .   =0,  
Ax1=A(x0+  )=Ax0+  A  =b. 

  2=b. 
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C , 1  2  -       
x=(1/2)(x1+x2).  0-   ,     

 0   ,  r<=m   .  
 n  -   m   ,   

  m
n

     (  

)         
  . 

 
 4.      

,        .  
,     1, 2, …, k  

1, 2, …,  k        
   z1,z2, …, zk  . 

 z=c1x1+c2x2+ … +cnxn=CTx,   
z=cTp      (  = 1,2,... ,k   ). 

     : 

x= 1p1+ 2p2+…+ kpk,      0, 
k

i
i

1
1 

    Z  
z=cTx= 1cTp1+ 2cTp2+…+ kcTpk= 
= 1z1+ 2z2+…+ kzk. 

,      
  1, 2, …,  k       0 

      .   
k

i
i

1
1 

    z     . 
z1,z2, …, zk       . (    
   ).  zj   ,  zj<=z   , =1,2, 

…, k . 
z1,z2, …,  zk      ii z   . 

  1, 2, …,  k   , j=1   =0, (  # j) 
   .  

 z   j    . 
    :   

        
      .  
   -     
        

  . 
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§ I.1.6.   . 

 
1.          

.   , ,     .    
       

 : 
                         

       0,5   0,4    0,2 
      0,25  0,3     ,4 
  , ,       

40, 36  36 .         
 5  3  .     , 

       .  
           

. 
2.    w= 1+2 2  ,    
x1 0,   x2 0 
-x1+3x2<=10, 
  x1+x2<=6, 
   x1-x2<=3, 
  x1+4x2 4. 
3. 2-      .  15 

      5    
. 

4. z= -2 1- 2    
x1 0,   x2 0 
x1+x2<=11, 
x1+x2<=6, 
x1-x2<=2, 
2x1-4x2<=3   . 
5. z= -3 1- 2      

: 
x1 0,  x2 0 
x1+x2 1, 
x1-x2<=1, 
2x1+x2<=3, 
2x1-(x2<=6. 

 : 
) =  =1;   )  =2,  = 2/3;     )  =6,  = -6. 

6. z= - 1-5 2     
x1 0,  x2 0;  x1+x2  6;  3x1+4x2<=12.   . 
7. 3 1+6 2+2 3                           
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x1, x2, x3 0;  3x1+4x2+x3<=2; x1+3x2+2x3<=1  .  
          
      . 
8.      0,03%   
      3,25%  .   
   (1 .)       : 

 
 
  

 

 
  

 % 

1 . 
  
 

 0,06 2,0 30 
 0,04 4,0 30 
 0,02 3,0 45 

 
       

       ( )  
 ?         

       ? 
9.    ( )   : ) 
 , )   , )     
.        0-  100-  

   . 
     (  ). 
   60-       60-   
    .       
     . 

         
    ,   

 . 
 

 
 

  

  
  
 

 
  

 
   

 
 90 30 70 
 65 85 50 
 45 70 10 

 
  ,    

       . 
   ,    ,   

 . 
10.          .  

      -8    -15  .   
     .    - 1  ,  



21 
 

  - 2-   .     , 
    . 

 
1      6  ;  1-   1   5000     

,  10%  ( ) ; 2-   1  4000  
 ,  20%   . 1-    6 
   ,  1    288 . 2-  

 1  5    ,  1   
 336 .       - 1/4 ,    

   - 1/3 .    10    , 
 360    . 1    
 12000         - 

8000    .      
  1  2     (   

),       .  
        

     ? 
11. 1.2       

,         
       
. 

12.            
 .    5 ,     - 7  
 . G1,G2   G3  3, 4  5    
 .  

        
 : 

 
   

 
   

G1 3 4 
G2 1 3 
G3 4 2 

 
     

         
 . 
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13.         
  .     550 

   . 
     - 2 2 ,       - 3 2 
    .   1200 2 
  .        

12 ,      - 30       
.    160     . 
         3 ,   
   - 4   .    

  ,      
    ? 

14.       “ ”  
( ) “ ”  .     
800      1000   ,  

  40   . “ ” 
      50   

   30    
 ; “ ”  20    
   40     . 

“ ”          500 
,  “ ”    1500   . 
   900000   .  
         

 210     . 
“ ”     1000   ,  

“ ”   500   .    
    ?    

  ? 
15.        

 .   ,    
   .    

  (       
). 

 
     

 40 110 190 
 170 100 150 

   
)     800    ,  

  -500 .     
400 ,   -600 ,   -300  

.     ,   
  ? 
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)   -      
 ,       .  
    ? 

 
2  - . 

 - . 
§ I.2.1.         

  - . 
 

I.1.2       . 
        .  

   ,     
    . .    
   -     

    .    
    ,  

: 
  ( )   

c1x1+c2x2+ … +cnxn=cTx=z.                         (I.2.1) 
  

x1, x2, …, xn 0,  x 0                            (I.2.2) 
 a11x1+a12x2+ … +a1nxn=b1, 

a21x1+a22x2+ … +a2nxn=b2,                           (I.2.3) 
…………………………………. 
am1x1+am2x2+ … +amnxn=bm 

, Ax=b; b>(0, 
      

    . 
      

,    m    ,   
(m*n)    . ,   m -x1,  
x2, …,  xm   ,      

  (b    ). 
x1+  …  +a’1m+1xm+1+ a’1m+2xm+2+ … + a’1nxn=b’1. 
x2+ … +a’2m+1xm+1+ a’2m+2xm+2+ … + a’2nxn=b’2.               (I.2.4) 
……………………………………………………... 
xm+ … +a’mm+1xm+1+ a’mm+2xm+2+… + a’mnxn=b’m. 
 

  (I.2.4)  1, 2, …, m   Z  
 ,  x1,x2, …,  xm  Z  ,  
  : 
c’m+1xm+1+c’m+2xm+2+… +cnxn=z-z0                                                        (I.2.5) 

,        
m

i
iibcz

1
0 ' . 
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    , (I.2.4)  (I.2.3)  
   ,  (I.2.5)  (I.2.1)   

  . (I.2.4)  (I.2.5)  x1,x2, ,  xm 
     .  xm+1,xm+2, , xn  

  ,    
x1=b1’, x2=b2’, …  , xm=bm’, xm+1=0, …, xn=0  

  .   b ’ 0,   
   .    
   .     

       
 .      
    .  
       : 

 = (BR), 
, -  x1,x2, …, xn   ,  

R- m*(n-m)   (   ). 
(I.2.3)  -1   (I.2.4)   

.      -1   
. 
(I.2.3)      
(BR)X = b                                                              (I.2.6) 

   
-1 (BR)X = -1b 

, m(B-1R)X=b’ (   - (I.2.4) )        (I.2.7) 
, b = -1b                                  (I.2.8) 

a’j=B-1aj   j                  (I.2.9) 
   

c’j=cj-
m

i
ijia

1
' , 

c’j=cj-cB
Ta’j=cj-cB

TB-1aj ,                                        (I.2.10) 
, cB

T=(c1,c2, …,  cm)- -  z   
    (I.2.1  

). 
         

.      ,  I.1.1 
 1-    -    . 

    . 
 
1 . z= -2x1-4x2    1 0, 2 0, 
3x1+4x2<=1700 
2x1+5x2<=1600 

 ? 
 ,    (  ) 3  4 

       
  : 
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3x1+4x2+x3=1700 
2x1+5x2+x4=1600                                              (I.2.11) 
-2x1-4x2=z 

  b    ,   
  +1  ,   x1=x2=0, 

x3=1700, x4=1600  ( )   
. 

(I.2.11)    . z    
  ,    1  2  

,    .   z   
   ? 

1  2    (   ) , 
       . z  

   1  2   
  ,   z    

  . 
     ,   
  . z  2  

    ,    2  
 .  

2    3  4  , 
  (I.2.11)    ,   

     .   2   
  . 
   2=1700/4=425    3 2+4 2+ 3=1700 
 0-   .   2=1600/5=320    

2 1+5 2+ 4=1600  0-   .  
  2-   320     (  

  ). 4    (  ) 
 . 

      . 
2/5 1 + 2 + 1/5 4 = 320 

,   4-   (I.2.11)   
 (  )  (4-  2  

),      (-4)-   (I.2.11) 
 ,   z    

. 2     (   ) 
  .   2  
 +1  . 
        

 
7/5 x1               + x3-4/5x4=420, 
2/5x2+x2                  +1/5x4=320,                                (I.2.12) 
-2/3x1                 +4/5x4=z+1280 
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    2, 3     
   . 

1  4     .  
z       1   

 . 
2  3    (   )   

 1     ? 

2=
5/7

420 =300   7/5x1+x3 -4/5x4=420     

. 
 x1= 

5/2
320 =800     2/5x1+x2+1/5x4=320   

 . 
  1   300-   

  (     ( ) ). 
    7/5   ( 1 
 )    

x1+5/7x3-4/7x4=300. 
   1   

      1  . 
    2/5      
   (-2/5)      
 .  1, 2     
 .    : 
x1       +5/7x3-4/7x4=300 
     x2-2/7x3+3/7x4=200                                         (I.2.13) 
          2/7x3+4/7x4=Z+1400   

 ,   3,  4   
 ,   z  ,  

 (    z    
   ). 

, z    ( ) , 
      .  

   1=300, 2=200, 3= 4=0;    z=-1440 
 . 

, I.1.1      
,  ,   -  0 

   ,        -  
    .   

 - ,  (I.2.11)   1 
 ,    0   

     . 
    -    
 .   (I.2.11) - (I.2.13)  , 
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. 

-z-2x1-4x2=0; -Z-2/5x1+4/5x4=1280; 
-z+2/7x3+4/7x4=1400. 

   . 
 0-    (*)    5- 2 

 .  2    
   ,     

.  (1- )    7/5.  
, ,      

  ,   ( )   ,  
        

     . 
   1  2 3 4 

 
0 

3 
4 

1700 
1600 

3 
2 

4 
5 

1  
1 

 - Z 0 -2 -4   
 

 
1 
 

3 
2 

420 
320 

7/5 
2/5 

 
1 

1  

 - Z 1280 -2/5   4/5 
 

 
2 
 

1 
2 

300 
200 

1  
1 

5/7 
-2/7 

-4/7 
3/7 

 - Z 1400   2/7 4/7 
    -   

 . 
     k   

    .  (I.2.4)  (I.2.5)  
      . 

 
-

 
 
-  1 

2  r  m m+1  S  n 

 
 

k 

1 

2 
. 
r 

. 
m 

b'1 
b’2 
. 

b’r 
. 

b’m 

1 
. 
. 
. 
. 
. 

. 
1 
. 
. 
. 
. 

. 

. 

. 

. 

. 

. 

. 

. 

. 
1 
. 
. 

 . 
. 
. 
. 
. 
1 

a'1m+1 
a'2m+1 

. 
a'rm+1 

. 
a'mm+1 

 a'1s 
a'2s 
. 

a'rs* 
. 

a'ms 

 a'1n 
a'2n 

. 
a'rn 
. 

a'mn 
 - Z - Z0 . . . .  . c'm+1  c's  c'n 

    . 
 



28 
 

1.     . 
 m+1, … ,  n    , c’m+1, …, c’S, 

…, c’n        . , 
  c’S .  c’S     

, S   z    
( ).   ,   ,  ’j    

     ,   
     .   , 

       
,       ’j   

 .  ’s 0    , 
     ,   

     . 
 
2.     . 

      (   
)    S   

  . ,   a’ s>0 (  
 ),  S       b’ /a’ s 

,         . 
(  a’ s<=0,  S      

   ).  S    
    . 

max xs=m n (b’ /a’ s),  ( =1,2,..,m  a’ s>0 )      (I.2.14) 
   r   ,  r   

   S  b’r/a’rs   .   
     . a’rs  -  

( )  , r    -  ( )  ,  s 
  -  ( )   . 

 
3.    . 

   r    S  
 .        S 

     ,    
  a’rs  ( )      

. 
       

  S  .     
, (   )  a’ s , -     

,  a’ s  -   S   . 
    , (   )  ’s 

,      ,   ’s(<0)  
 S   . 

       
: 
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-
 

 -
 

1 2  xr  m m+1  S  n 

 
 

k+1 

1 

2 

 

s 
 

m 

b1
+ 

b2
+ 

. 
br

+ 

. 
bm

+ 

1 
. 
. 
. 
. 
. 

. 
1 
. 
. 
. 
. 

. 

. 

. 

. 

. 

. 

a1r
+ 

a2r
+ 

. 
arr

+ 

. 
amr

+ 

 . 
. 
. 
. 
. 
1 

a1m+1
+ 

a2m+1
+ 

. 
arm+1

+ 

. 
amm+1

+ 

 . 
. 
. 
1 
. 
. 

 a1n
+ 

a2n
+ 

. 
arn

+ 

. 
amn

+ 

 - Z - Z0
+    cr

+   cm+1
+    cn

+ 

 
 

br
+=b’r /a’rs;                          (I.2.15) 

arj
+=a’rj /a’rs;                        (I.2.16) 

b +=b’   - a’ sbr*,  #r;            (I.2.17) 
a j

+=a’ j - a’ s arj
+;                  (I.2.18) 

cj
+=c’j - c’s arj

+;                     (I.2.19) 
z0

+=z’0 - c’sbr                                      (I.2,20) 
(I.2.15) - ( I.2.20)     ;  

       .   
     . 
         

 cj
+  ,      . 
       ;  

 z       -
   . 

 
2 . 
z = -6x1-2x2     
x1, x2, x3, x4 0, 
2x1+4x2+x3        =9, 
3x1+ x2         +x4=6. 

 . 
  I.1.2  2-  ,   

. 
-    .   

   .     
 . 

1-       
   (  ). 
I.1.3     0   

 .    ,   x1=x2, 
x3=5, x2=x4=0, Z    12  . 

z   x2    
  - x2-    . 
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  z       . 
      . 

   1  2 3 4 
 

0 
3 
4 

9 
6 

2 
3* 

4 
1 

1 
. 

. 
1 

 - Z 0 -6 -2 . . 
 

1 
 

3 
1 

5 
2 

. 
1 

10/3
* 

1/3 

1 
. 

-2/3 
1/3 

 - Z 12 . 0 . 2 
       (  

   )  . 
 

 
2 

2 
1 

3/2 
3/2 

. 
1 

1 
. 

3/10 
-1/10 

-2/10 
4/10 

 - Z 12 . . 0 2 
 

    I.1.3    . 
     , z 

       
   . 

 
3 . 

  x1,x2,x3,x4 = 0, 
                                         x1-x2-x3  =1, 
                                             x2+x4=2 
z= -x1-x2   . , x1=1, 

x4=2,  x2=x3= 0        
  ,   . 
  I.1.2  3-  . I.1.4    

   . 
 

   1  2 3 4 
 

0 
1 
4 

1 
2 

1 
. 

-1 
1* 

-1 
0 

. 
1 

 - Z 1 . -2 -1 . 
 

 
1 
 

1 
2 

3 
2 

1 
. 

. 
1 

-1 
0 

1 
1 

 - Z 5 . . -1 2 
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     .  I.1.4 
     . 

, z      
 3   .   

   . 3  ,  
       

. , 3    ( ),  
     .  , 1   

,  2 - .   (I.1.4  )   
.       -  

 a’ s<=0    .  
 

§ I.2.2.       
 

 -      . 
          
      .  

        
(    ),        

 .  -    .  
      

 ( )      .  
       . 

      
    ,  . 

     . , 
    , m n CJ

’=CS
’(<0),  . 

      ,  
   .  

                    '

'

'

'

0
...1

min
'

max
rs

r

is

i

a
mi

s a
b

a
bx

is

     (I.2.21) 

   (I.2.14)  .   
  (I.2.15) – (I.2.20)    

  . 
       

  .     
 (Z0     b )   0-      

.         
  . 4000-4030   21 

 1   . 
 

10 REM    -    
15 REM      
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20 REM      
 

30 READ M,N 
40 M1=M+1 
50 D M A(M1,N), BS(M), NB(N), V(M1) 
60 PR NT «  » 
100 REM       
105 REM   
110 FOR =1 TO M1:FOR J=1 TO N 
120 READ A( ,J) 
130 NEXT J:NEXT  
150 REM       
155 REM     A( ,0) 
160 FOR =1 TO M1:READ A( ,0):NEXT  
200 REM   ; BS –   
205 REM     
210 FOR =1 TO M:READ BS( ):NEXT  
250 REM   ;  J – 
255 REM  ,  NB(J)=0 
260 FOR =1 TO M:NB(BS( ))=1:NEXT  
290   
300 PR NT «  » : PR NT « »  
310 GOSUB 3000:STOP 
400 ZERO=1E-08 
490 REM      Z ( . . 
495 REM  1) 
500 M N=-ZERO:S=0:PV=0 
510 FOR J=1 TO N 
520 F NB(J)=1 THEN GOTO 550 
530 F A(M1,J)>=M N THEN GOTO 550 
540 M N=A(M1,J):S=J 
550 NEXT J 
560 REM  S=0,      
565 REM   
570 F S=0 THEN GOTO 2000 
740 REM   ,   
745 REM       B /A( S) 
750 M N = 1E20:R=0 
760 FOR =1 TO M 
770 F A( ,S)<= ZERO THEN GOTO 810 
780 RT=A( ,0)/A( ,S) 
790 F RT>=M N THEN GOTO 810 
800 R= :M N=A( ,0)/A( ,S) 
810 NEXT  
890 REM  R=0,       
900 F R=0 THEN GOTO 1800 
910 PR NT «     »;R;« »;S 
920 PR NT « « 
990 REM       
1000 PV=A(R,S) 
1010 FOR J=0 TO N:A(R,J)/PV:NEXT J 
1040 REM    ,  
1045 REM      
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1050 FOR =1 TO M1:V( )=A( ,S):NEXT  
1070 FOR =1 TO M1 
1080 F =R THEN GOTO 1120 
1090 FOR J=0 TO N 
1100 A( ,J)=A( ,J)-V( )*A(R,J) 
1110 NEXT J 
1120 NEXT  
1150 REM      
1155 REM    
1160 NB(BS(R))=0:NB(S)=1:BS(R)=S 
1170 REM   
1180 K=K+1 
1190 REM    
1200 PR NT « »K 
1210 GOSUB 3000:STOP 
1240 REM    
1250 GOTO 500 
1800 PR NT «  «S»   » 
1810 GOSUB 3000 
1820 GOTO 2500 
2000 PR NT «  » 
2010 PR NT «       » 
2020 PB=144 
2030 FOR =1 TO M 
2040 PR NT « ; ;»        «;BS( ); 
2050 PA=A( ,0):GOSUB 9000:PR NT « « 
2060 NEXT  
2090 PR NT «   Z  «;-A(M1,0) 
2100 GOSUB 3000 
2500 END 
3000 PR NT «   »; 
3010 FOR J=1 TO N:PR NT «  X«J»  «;:NEXT J 
3020 PR NT « « 
3030 PB=122 
3040 FOR =1 TO M1 
3050 F =M1 THEN PR NT «-Z»;:GOTO 3080 
3060 PR NT BS( ); 
3080 FOR J=0 TO N 
3090 PA=A( ,J):GOSUB 9000 
3100 NEXT J 
3110 PR NT « « 
3120 NEXT :PR NT « « 
3200 RETURN 
4000 DATA 2,4 
4010 DATA 3,4,1,0,2,5,0,1,-2,-4,0,0 
4020 DATA 1700,1600,0 
4030 DATA 3,4 
9000 PC= NT(PB/100) 
9010 P$=« 
9020 F PC=0 THEN PR NT « «:GOTO 9040 
9030 PR NT LEFT$(P$,PC); 
9040 PC=PB-100*PC 
9050 PD= NT(PC/10):PC=PC-10*PD 
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9060 F PD=0 THEN PD=1 
9070 F PA<0 THEN P$=P$+«-» 
9080 PE=ABS(PA) 
9090 PE=PE+5*10^(-1-PC) 
9100 F PE>=10^PD THEN PR NT PA;:RETURN 
9110 P$=P$+M D$(STR$( NT(PE)),2,PD) 
9120 PR NT R GHT$(P$,PD+1) 
9130 F PC=0 THEN RETURN 
9140 PR NT «.»; 
9150 PE= NT((PE- NT(PE))*10^PC) 
9160 P$=«000000000» 
9170 P$=P$+M D$(STR$(PE),2,PC) 
9180 PR NT R GHT$(P$,PC);:RETURN 

 
        
. 500  550   CJ

’    , 
   .  M N=-10-8    
    ,    

   .        
  ,      . 
       - 1,23947*10-29  

 .        . 
       

        
(750-880 ).  

a’
s     .  

,    (  b’ /a’
s 

   )  0 ( )   
      ,  
 . 

       
 300, 310, 1200, 1210, 1810, 2100 .   

(1210 )    .  
        

.  910      
,        . 

 3000    ( ) 
.  ,   , n-   
       , 

  . ,   ,  
     . ,   

   (10-    )   
,     . 

 9000      
.    .   2020 

 =144  3030  =122,   
      . 
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      I.2.1 
 1-   .    

  ,     -   
. 

,       
,  .  -    

   . 
 
 

  
  

 0 
    1   2   3   4 

  3  1700  3.00  4.00  1.00  0.00 
  4  1600  2.00  5.00  0.00  1.00 
 -Z  0.00 -2.00 -4.00  0.00  0.00 
 

     2  2 
 

 1 
    1   2   3   4 

  3  420  1.40  0.00  1.00 -0.80 
  2  320  0.40  1.00  0.00  0.20 
 -Z 1280 -0.40  0.00  0.00  0.80 
 

     1  1 
 

 2 
    1   2   3   4 

  1  300  1.00  0.00  0.71 -0.57 
  2  200  0.00  1.00 -0.29  0.43 
 -Z 1400  0.00  0.00  0.29  0.57 
 

  
       

  1            1      300.0000 
  2            2      200.0000 

  Z  –1400 
    1   2   3   4 

  1  300  1.00  0.00  0.71 -0.57 
  2  200  0.00  1.00 -0.29  0.43 
 -Z 1400  0.00  0.00  0.29  0.57 
 

 
§ I.2.3        

 
        

 -1.2  .     
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   3-      
 . 
    . 

1  
 z =-3x1-4x2     1,  2 0, 
  x1        >=10, 
          x2>=5, 
  x1  + x2<=20, 
               -x1  +4x2<=20 

 . 
 I.1.2  1-  .     

 . 
        

    . 
  x1         -x3                 =10, 
       x2          -x4           =5, 
  x1+x2              +x5      =20,     (I.2.22) 
  -x1+4x2                  +x6=20. 

       . 
     ,   

       
   ,     . 

   x1=x2=0, x3=-10, x4=-5, x5=20, x6=20  , 
 x3  x4      ,  

      .  
      

.       . 
        

        
. 

      (    
 ),       x7  x8 

 (   ) . 
     : 

 x1        -x3            +x7       =10, 
        x2    -x4               +x8 =5, 
 x1 + x2        +x5                =20,                         (I.2.23) 
      -x1 + 4x2            +x6       =20, 
      -3x1- 4x2                                           =Z.    

            .   
    1= 2= 3= 4=0  (   ), 

7=10,  8=5,  5=20,  6=20  
 

    
w = 7+ 8       (I.2.24) 
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  .  
 
w      .  

   -   w     
.  
  (I.2.24)    ,   
 . (       

).        W  
 0-    ,   7  8  
    .  7  8     

 (I.2.23)     (I.2.22)  
  . w    

   ( - ) z   
      -  

 .    7  8  
   .  

  w       
   ,      

 7  8  (I.2.23)    
 . w  7  8    

  . 
 -      : 

 
   1 2 3 4 5 6 7 8 

0 7 10 1* 0 -1 0 .   .   1 .   
 8 5 0 1 0 -1 .   .   .   1 
 5 20 1 1 0 0 1 .   .   .   
 6 20 -1 4 0 0 .   1 .   .   
 -z 0 -3 -4 0 0 .   .   .   .   
 -w -15 -1 -1 1 1 .   .   .   .   

 
1 1 10 1 0 -1 0 .   .   1 .   
 8 5 .   1* 0 -1 .   .   0 1 
 5 10 .   1 1 0 1 .   -1 .   
 6 30 .   4 -1 0 .   1 1 .   
 -z 30 .   -4 -3 0 .   .   3 .   
 -w -5 .   -1 0 1 .   .   1 .   

 
2 1 10 1 .   -1 0 .   .   1 0 
 2 5 .   1 0 -1 .   .   0 1 
 5 5 .   .   1 1 1 .   -1 -1 
 6 10 .   .   -1 4 .   1 1 -4 
 -z 

-w 
50 
0 

.   

.   
.   
.   

-3 
0 

-4 
0 

.   

.   
.   
.   

3 
1 

4 
1 
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w         
 .      . ,   

: 
- 1- 2 + 3 + 4 = w- 15            (I.2.25) 

  -      z 
   . , -    

   z   . w   
   7  8   w  
     -  .   

 w   , 7  8  
 ,     .  

  , 7  1-   
   .    7  8 

   . 7   
, w      7  8 

  1-      ,  
 w      (-w= 7+ 8=0). 

z       
,   z     

. 
     (I.1.2 )  . 

 -          
      -     
 .  
-      : 

 
   1 2 3 4 5 6 

2 1 10 1 . -1 0 . . 
 2 5 . 1 0 -1 . . 
 5 5 . . -1 1 1 . 
 6 10 . . -1 4* . 1 
 -z 50 . . -3 -4 . . 

3 1 10 1 . -1 . . 0 
 2 15/2 . 1 -1/4 . . 1/4 
 5 5/2 . . 5/4* . 1 -1/4 
 4 5/2 . . -1/4 1 . 1/4 
 -z 60 . . -4 . . 1 
         

4 1 12 1 . . . 4/5 -1/5 
 2 8 . 1 . . 1/5 1/5 
 3 2 . . 1 . 4/5 -1/5 
 4 3 . . . 1 1/5 1/5 
 -z 68 . . . . 16/5 1/5 

 
  2,3,4 5  P, Q, R 8   .  
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(I.1.2- ) 
    ,   

  68 ,   1=12, 2=8, 3=2, 4=3  
.  3  4  ,  

   ,      
  ,  1>10  2 >5.  

 
2 . (I.1.2  4-  )  
z=2 1+3 2      1, 2 0; 

1+ 2 10; 3 1+5 2 15   .  
   . 

1 + 2 - 3         =10 
3 1+5 2      + 4 =15                                   (I.2.26) 
2 1+3 2                = z  

   .    5  
  w= 5   .  
 , - 1- 2+ 3 = w-10 . 

-    :  

   1 2 3 4 5 
0 5 10 1 1 -1 . 1 
 4 15 3* 5 0 1 . 

 -z 0 2 3 0 . . 
 -w -10 -1 -1 1 . . 

1 5 5 . -2/3 -1 -1/3 1 
 1 5 1 5/3 0 1/3 . 

 -z -10 . -1/3 0 -2/3 . 
 -w -5 . 2/3 1 1/3 . 

  w   .  w 
        .   w 

 0-   ,   5  5-   .  
 (I.2.26)      

 ,  I.1.5-  .  -   
,  -   ,  ,   

    . 
 
3 .  

     0,03 %    
  3,25 %   .    , ,  , 

 1       .  
     ,   

         
 (  I.1.6  8- ,      
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  ).    ,   
   . 
 

 
  
, % 

  
, % 

,  
$ 

 0,06 2,0 30 
 0,04 4,0 30 
 0,02 3,0 45 

 
     ,   

         
 (  I.1.6  8- ,      

  ).    ,   
   .  

 1     1, 2, 3   ,    
  ,  1 0,  2 0,  3 0     

:  
1               + 2          + 3 = 1, 

0,06 1+0,04 2 +0,02 3 0,03, 
2 1           +4 2       +3 3 3,25 

    z =30 1+30 2+45 3    
  .  
         4 

 5  (   100-   )   
 .  
  ,  ( =1,2,....., 5)  z=30 1+30 2+45 3   

     . 
 1+ 2+ 3                 + 6 = 1, 
6 1+ 4 2 + 2 3  + 4              = 3, 
2 1+4 2+3 3        + 5         = 3(1/4), 
30 1+30 2+45 3                       = z. 

    1+ 2+ 3=0;  6=1,  4=3,  5=3*(1/4) 
.  w       

6     .     ( 6 
   ; 1-    ) w  

  .  
- 1- 2- 3 = w -1. 

    : 
 -     ,  w  1 

   . z   
38*(3/4)  ,      : 

1=1/12, 2=1/3, 3=7/12 
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-
 

  1 2 3 4 5 6 

0 6 1 1 1 1* . . 1 
 4 3 6 4 2 1 . . 
 5 3*(1/4) 2 4 3 . 1 . 
 -z 0 30 30 45 . . . 
 -w -1 -1 -1 -1 . . . 
1 3 1 1 1 1 . . 1 
 4 2 4 2 . 1 . -2 
 5 1/4 -1 1* . . 1 -3 
 -z -45 -15 -15 . . . -45 
 -w 0 0 0 . . . 1 
2 3 3/4 2 . 1 . -1  
 4 1/2 6* . . 1 -2  
 2 1/4 -1 1 . . 0  
 -z -41*(1/4) -30 . . . 15  
3 3 7/12 . . 1 -1/3 -1/3                                                                                                                              
 1 1/12 1 . . 1/6 -1/3  
 2 1/3 . 1 . 1/6 2/3  
 -z -38*(3/4) . . . 5 5  

 
 

§ I.2.4.      
 

 ,     
     . , 

       
        
   .  

,      N ( )   
  .   GC   ( 

, EC –  =   LC  <= 
        

 .      
    .      

  .  
    : 

     0, ( =1,2,..., N) 
 GC   xn+1,..., xn+GC  (-1) 

 .  LC   xn+GC+1,..., 
xn+GC+LC   (+1)  . 

 xn+MK+1,..., xn+MK+GC+EC  (MK=GC+LC–  
 )  (+1   (GC+LC)  

. 
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LC
bxaxa

b

EC
b
b

GC
b

bxaxa

MNMNM

ECGC

ECGC

GC

GC

NN

.....

.....

11

1

11111

 

     LC   
    .     

    .  
   w   

  .      
   :  

d1x1+...+dnxn+...+dn+MKxn+MK = w+w0, , dj  
   ,     

,  (GC+LC)   j –  
   . w0    

  ,   , w0  d 
  ( +2)    .  

 
  :  
    0 (  = 1,2,3),  

                       2 1+3 2+ 3  6, 
                       1+5 2+6 3 9, 
                          1+ 2+ 3= 4 
                         - 1+...+ 3 2 
                        z=- 1-2 2+3 3    . 

   GC=2, EC=1, LC=1 (  =4, MK=3)  N=3  
.  

  .  
 

-
 

  1 2 3 4 5 6 7 8 9 

0 7 6 2 3 1 -1 0 . 1 . . 
 8 9 1 5 6 0 -1 . . 1 . 
 9 4 1 1 1 0 0 . . . 1 
 6 2 -1 0 1 0 0 1 . . . 
 -z 0 -1 -2 -3 0 0 . . . . 
 -w -19 -4 -9 -8 1 1 . . . . 

 
     (500-   1180-

 )  .     
  (   )      
. 
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 -  L=1-  ;  z ? 
 ( +2)  ,     

     . -  
L=0-    ;  z   ( +1) 

 ,      
  . -    w 
  ,     

  , 0 ( )      
. 0-    , L=0  ,   -

 .  
   .  

 
10 PR NT «     

- » 
15 READ ZZ 
18 REM  ZZ=+1     
19 REM ;  ZZ=-1   
20 REM       
22 REM  
25 READ GC,EC,LC,N 
30 MM=GC+EC:M=MM+LC:MK=GC+LC:N1=MK+N 
40 P=N1+MM:M1=M+1:M2=M+2:N0=N1 
50 D M A(M2,P),BS(M),V(M2),NB(P),SL(P) 
55 REM       

 
60 FOR =1 TO M1:FOR J=1 TO N:READ A( ,J):NEXT J:NEXT  
90 REM  ,  , 
95 REM        
98 REM  
100 F GC=0 THEN GOTO 150 
110 FOR =1 TO GC 
120 A( ,N+ )=-1:A( ,N1+ )=1 
130 BS( )=N1+ :READ A( ,0) 
140 NEXT  
150 F EC=0 THEN GOTO 200 
160 FOR =GC+1 TO MM 
170 A( ,N1+ )=1:BS( )=N1+ :READ A( ,0) 
180 NEXT  
200 F LC=0 THEN GOTO 240 
210 FOR =MM+1 TO M 
220 A( ,N+ -EC)=1:BS( )=N+ -EC:READ A( ,0) 
230 NEXT  
240 F MM=0 THEN PR NT «   1  » 
250 REM      1 
260 L=1:N0=P:REM N0     
270 FOR =1 TO MM:FOR J=0 TO N1 
280 A(M2,J)=A(M2,J)-A( ,J) 
290 NEXT J:NEXT  
300 ML=M1+L:REM ML=M+2   1; ML=M+1   2 
320 F ZZ>=0 THEN PR NT «  » 
325 GOSUB 3000:STOP 
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330 REM   ; NB(J)=0,  
335 REM J-   
350 FOR =1 TO M:NB(BS( ))=1:NEXT  
400 ZERO=1E-08 
490 REM       
495 REM , . .  ML 
500 M N=-ZERO:S=0:PV=0:ML=M1+L 
510 FOR J=1 TO N0 
520 F NB(J)=1 THEN GOTO 550 
530 F A(ML,J)>=M N THEN GOTO 550 
540 M N=A(ML,J):S=J 
550 NEXT J 
560 REM  S=0,      
565 REM   
570 F S=0 THEN GOTO 1900 
740 REM   ,   
745 REM       B /A( S) 
750 M N=1E20:R=0 
760 FOR =1 TO M 
770 F A( ,S)<=ZERO THEN GOTO 810 
780 RT=A( ,0)/A( ,S) 
790 F RT>=M N THEN GOTO 810 
800 R= :M N=A( ,0)/A( ,S) 
810 NEXT  
890 REM  R=0,       
900 F R=0 THEN GOTO 1800 
910 PR NT «     

»;R;« »;S:PR NT»  
990 REM       
1000 PV=A(R,S) 
1010 FOR J=0 TO N0:A(R,J)=A(R,J)/PV:NEXT J 
1040 REM    ,  
1045 REM      
1050 FOR =1 TO ML:V( )=A( ,S):NEXT  
1070 FOR =1 TO ML 
1080 F =R THEN GOTO 1120 
1090 FOR J=0 TO N0 
1100 A( ,J)=A( ,J)-V( )*A(R,J) 
1110 NEXT J 
1120 NEXT  
1150 REM      
1155 REM    
1160 NB(BS(R))=0:NB(S)=1:BS(R)=S 
1170 REM   
1180 K=K+1 
1190 REM    
1200 F ZZ>=0 THEN PR NT « »K:GOSUB 3000:STOP 
1240 REM    
1250 GOTO 500 
1800 PR NT «  «S»   » 
1810 GOSUB 3000:STOP 
1820 GOTO 2500 
1900 F L=0 THEN GOTO 2000 
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1905 REM   2    ,  
1908 REM     1,     2 
1910 REM ,  W   0 
1920 F ABS(A(ML,0))>=1E-08 THEN GOTO 1960 
1930 PR NT «  1  » 
1940 L=0:N0=N1:REM  L      2 
1950 GOTO 500 
1960 PR NT «     » 
1970 PR NT «    »;:PR NT –

A(ML,0) 
1980 GOSUB 3000:STOP 
2000 PR NT «  » 
2010 PR NT «        » 
2020 PB=144 
2030 FOR =1 TO M:SL(BS( ))=A( ,0) 
2040 PR NT « «; ;»         «;BS( ); 
2050 PA=A( ,0):GOSUB 9000:PR NT « « 
2060 NEXT  
2090 PR NT «   Z  «;-A(M1,0) 
2100 PR NT «        

» 
2120 FOR =1 TO M 
2130 PR NT « «; ;»   «; 
2140 F <=GC OR >MM THEN GOTO 2160 
2150 PR NT «   »:GOTO 2180 
2160 F NB(N+ )=1 THEN PR NT « . .»; 
2165 PA=SL(N+ ):GOSUB 9000:PR NT « «:GOTO 2180 
2170 PR NT «      0» 
2180 NEXT  
2300 GOSUB 3000 
2500 END 
3000 PR NT «   » 
3010 FOR J=1 TO N:PR NT «  X«J»  «;:NEXT J 
3020 PR NT « « 
3030 PB=122 
3040 FOR =1 TO M1 
3050 F =M1 THEN PR NT «-Z»;:GOTO 3080 
3060 PR NT BS( ); 
3080 FOR J=0 TO N 
3090 PA=A( ,J):GOSUB 9000 
3100 NEXT J 
3110 PR NT « « 
3120 NEXT :PR NT « « 
3200 RETURN 
4000 DATA 1 
4010 DATA 2,0,2,2 
4020 DATA 1,0,0,1,1,1,-1,4,-3,-4 
4030 DATA 10,5,20,20 
9000 PC= NT(PB/100) 
9010 P$=« 
9020 F PC=0 THEN PR NT « «:GOTO 9040 
9030 PR NT LEFT$(P$,PC); 
9040 PC=PB-100*PC 
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9050 PD= NT(PC/10):PC=PC-10*PD 
9060 F PD=0 THEN PD=1 
9070 F PA<0 THEN P$=P$+«-» 
9080 PE=ABS(PA) 
9090 PE=PE+5*10^(-1-PC) 
9100 F PE>=10^PD THEN PR NT PA;:RETURN 
9110 P$=P$+M D$(STR$( NT(PE)),2,PD) 
9120 PR NT R GHT$(P$,PD+1) 
9130 F PC=0 THEN RETURN 
9140 PR NT «.»; 
9150 PE= NT((PE- NT(PE))*10^PC) 
9160 P$=«000000000» 
9170 P$=P$+M D$(STR$(PE),2,PC) 
9180 PR NT R GHT$(P$,PC);:RETURN 

   ( )   
 ,      

   (100-230 );    
   (250-290 )  .  

-         
   ,      

   .    
    ;      

  ,     
   .    -  L 

  1-  0-    .  
 500-   ML  ( +2)  ,  ( +1)  N0  

( ,       ) 
-  N1-  (      ) 

     .  
  0-   ,  .  
   (2000-2030 )  
         

    .  , 
   ,    

,     . 
     9000-  (  

) .    (2020-3030 
) .  

    ,    
,   (3000 )   .   
    –   ZZ 

 1 ( )  .  
1 . (I.2.3  1-  ) 

    
1                       10, 

      2            5, 
1+ 2             20, 
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- 1+4 2     20. 
 z  =  -3 1-4 2       

 1; 2  .  
  GC=2- , EC=0, LC=2, N=2 .    

 4000-4030 .  
   ,    . 

 
    -  

  
     1   2   3   4   5   6   7   8 

  7  10.00  1.00  0.00 -1.00  0.00  0.00  0.00  1.00   0.00 
  8   5.00  0.00  1.00  0.00 -1.00  0.00  0.00  0.00  1.00 
  5  20.00  1.00  0.00  0.00  0.00  1.00  0.00  0.00  0.00 
  6  20.00 -1.00  4.00  0.00  0.00  0.00  1.00   0.00  0.00 
 -Z   0.00 -3.00 -4.00  0.00  0.00  0.00  0.00  0.00  0.00 
 -W -15.00 -1.00 -1.00  1.00  1.00  0.00  0.00  0.00  0.00 
 

     1  1 
 

 1 
     1   2   3   4   5   6   7   8 

  1  10.00  1.00   0.00 -1.00  0.00  0.00  0.00  1.00   0.00 
  8   5.00  0.00  1.00  0.00 -1.00  0.00  0.00  0.00  1.00 
  5  10.00  0.00  1.00  1.00  0.00  1.00  0.00 -1.00  0.00 
  6  30.00  0.00  4.00 -1.00  0.00  0.00  1.00   1.00  0.00 
 -Z  30.00  0.00 -4.00 -3.00  0.00  0.00  0.00  3.00  0.00 
 -W  -5.00  0.00 -1.00  0.00  1.00  0.00  0.00  1.00  0.00 
 

     2  2 
 

 2 
 

     1   2   3   4   5   6   7   8 
  1  10.00  1.00   0.00 -1.00  0.00  0.00  0.00  1.00   0.00 
  2   5.00  0.00  1.00  0.00 -1.00  0.00  0.00  0.00  1.00 
  5   5.00  0.00  0.00  1.00  1.00  1.00  0.00 -1.00 -1.00 
  6  10.00  0.00  0.00 -1.00  4.00  0.00  1.00   1.00 -4.00 
 -Z  50.00  0.00  0.00 -3.00 -4.00  0.00  0.00  3.00  4.00 
 -W   0.00  0.00  0.00  0.00  0.00  0.00  0.00  1.00  1.00 
 

 1   
     4  4 

 
 3 

     1   2   3   4   5   6 
  1  10.00  1.00   0.00 -1.00  0.00  0.00  0.00 
  2   7.50  0.00  1.00 -0.25  0.00  0.00  0.25 
  5   2.50  0.00  0.00  1.25  0.00  1.00 -0.25 
  4   2.50  0.00  0.00 -0.25  1.00   0.00  0.25  
 -Z  60.00  0.00  0.00 -4.00  0.00  0.00  1.00 
 

     3  3 
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 4 

     1   2   3   4   5   6 
  1  12.00  1.00   0.00  0.00  0.00  0.80 -0.20 
  2   8.00  0.00  1.00  0.00  0.00  0.20  0.20 
  3   2.00  0.00  0.00  1.00  0.00  0.80 -0.20 
  4   3.00  0.00  0.00  0.00  1.00   0.20  0.20  
 -Z  68.00  0.00  0.00  0.00  0.00  3.20  0.20 
 

  
      

  1            1     12.0000 
  2            2      8.0000 
  3            3      2.0000 
  4            4      3.0000 

   –68 
         

  1         . .   2.0000 
  2         . .   3.0000 
  3                0 
  4                0 

 
     1   2   3   4   5   6 

  1  12.00  1.00   0.00  0.00  0.00  0.80 -0.20 
  2   8.00  0.00  1.00  0.00  0.00  0.20  0.20 
  3   2.00  0.00  0.00  1.00  0.00  0.80 -0.20 
  4   3.00  0.00  0.00  0.00  1.00   0.20  0.20  
 -Z  68.00  0.00  0.00  0.00  0.00  3.20  0.20 

 
 

§ I.2.5.    
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     ,   -
          

 z     (  ).  
 1.     1, 2  0 .  

2 1- 2 <=4, 
1-2 2 <=2, 
1+ 2  <=5. 

z = -3 1+ 2   .  
 
 
 
 
 
 
 
 
 
 
 

                            I.2.2- . 
   , (I.2.2- )  

  (3,2);    z= -7.  
      

       
(2,0)   .     

       (   
). 

  (2,0)  ( )    . 
       

.  
   1 2 3 4 5 

0 3 4 2* -1 1 . . 
 4 2 1* -2 . 1 . 
 5 5 1 1 . . 1 
 -z 0 -3 1 . . . 

1      . 0  0   
 5  0 : 3 -   4- ?   
  4/2=2/1 .  (     

 ).   ,  
    .  
 3   .   

  . 
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   1 2 3 4 5 
1 1 2 1 -1/2 1/2 . . 
 4 0 . -3/2 -1/2. 1 . 
 5 3 . 3/2* -1/2. . 1 
 -z 6 . -1/2 3/2. . . 
2 1 3 1 . -1/3 . 1/3. 
    4 3 . . -1 1 1 
 2 2 . 1 -1/3 . 1/3 
 -z 7 . . 4/3 . 1/3. 

,  z    z=-7    1=3,  2=2  
 ,  (3,2) . 

   1 2 3 4 5 
1 3 0 . 3* 1 -2 . 
 1 2 1 -2 . 1 . 
 5 3 . 3 . -1 1 
 -z 6 . -5 . 3 . 
2 2 0 . 1 1/3 -2/3 . 
 1 2 1 . 2/3 -1/3 . 
 5 3 . . -1 1* 1 
 -z 6 . . 5/3 -1/3 . 
3 2 2 . 1 -1/3 . 2/3 
 1 3 1 . 1/3 . 1/3 
 4 3 . . -1 1 1 
 -z 7 . . 4/3 . 1/3 

 
  4       

.      .   
  . 

        
  . z   .   

    , z   z=7-   
.  

  (  )   , 
         

,     . ,  
        

:  
2 1- 2 <= 4+ , 

1-2 2 <= 2+ 2 
   –  . ,    , 

 ,     ( )   
 .    I.2.3-   
.  
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1/4 1  -8 2      - 3 +9 4   0, 
1/2 1-12 2 -1/2 3 +3 4  0, 
                             3        1 
z =3/4 2-20 3+1/2 3 +6 4      
 .  

    ,   -  
 ( )   .    

    ,   ,  
      .  
       

 ( , , 5  6  ) 5  
,    2   1 . 

  4   3 .  
     .   

   z     .  
      

 .     
.  

   ,      
 ,       

.      , 
     :  

1/2 1-12 2 -1/2 3 +3 4 0, 
1/4 1   -8 2     - 3 +9 4 0, 
  3   1 

  z=-1,25  , 1=1,  3=1,  6=0,7  2= 
1= 5=0  .  

 
    -

 
  1   

  
   1  2  3  4  5  6  7 

  5  0.000 0.250 -8.000 -1.000 9.000 1.000 0.000 0.000 
  6  0.000 0.500 -12.000 -0.500 3.000 0.000 1.000 0.000 
  7  1.000 0.000 0.000 1.000 0.000 0.000 0.000 1.000 
 -Z  0.000 -0.750 20.000 -0.500 6.000 0.000 0.000 0.000 
 

     1  1 
 

 1 
   1  2  3  4  5  6  7 

  1  0.000 1.000 -32.000 -4.000 36.000 4.000 0.000 0.000 
  6  0.000 0.000 4.000 1.500 -15.000 -2.000 1.000 0.000 
  7  1.000 0.000 0.000 1.000 0.000 0.000 0.000 1.000 
 -Z  0.000 0.000 -4.000 -3.500 33.000 3.000 0.000 0.000 
 

     2  2 
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 2 

   1  2  3  4  5  6  7 
  1  0.000 1.000 0.000 8.000 -84.000 -12.000 8.000 0.000 
  2  0.000 0.000 1.000 0.375 -3.375 -0.500 0.250 0.000 
  7  1.000 0.000 0.000 1.000 0.000 0.000 0.000 1.000 
 -Z  0.000 0.000 0.000 -2.000 18.000 1.000 1.000 0.000 
 

     1  3 
 

 3 
   1  2  3  4  5  6  7 

  3  0.000 0.125 0.000 1.000 -10.500 -1.500 1.000 0.000 
  2  0.000 -0.047 1.000 0.000 0.188 0.063 -0.125 0.000 
  7  1.000 -0.125 0.000 0.000 10.500 1.500 -1.000 1.000 
 -Z  0.000 0.250 0.000 0.000 -3.000 -2.000 3.000 0.000 
 

     2  4 
 

 4 
   1  2  3  4  5  6  7 

  3  0.000 -2.500 56.000 1.000 0.000 2.000 -6.000 0.000 
  4  0.000 -0.250 5.333 0.000 1.000 0.333 -0.667 0.000 
  7  1.000 2.500 -56.000 0.000 0.000 -2.000 6.000 1.000 
 -Z  0.000 -0.500 16.000 0.000 0.000 -1.000 1.000 0.000 
 

     1  5 
 5 

   1  2  3  4  5  6  7 
  5  0.000 -1.250 28.000 0.500 0.000 1.000 -3.000 0.000 
  4  0.000 0.167 -4.000 -0.167 1.000 0.000 0.333 0.000 
  7  1.000 0.000 0.000 1.000 0.000 0.000 0.000 1.000 
 -Z  0.000 -1.750 44.000 0.500 0.000 0.000 -2.000 0.000 
 

     2  6 
 6 

   1  2  3  4  5  6  7 
  5  0.000 0.250 -8.000 -1.000 9.000 1.000 0.000 0.000 
  6  0.000 0.500 -12.000 -0.500 3.000 0.000 1.000 0.000 
  7  1.000 0.000 0.000 1.000 0.000 0.000 0.000 1.000 
 -Z  0.000 -0.750 20.000 -0.500 6.000 0.000 0.000 0.000 
 

    -
 

  1   
  

   1  2  3  4  5  6  7 
  5  0.000 0.500 -12.000 -0.500 3.000 1.000 0.000 0.000 
  6  0.000 0.250 -8.000 -1.000 9.000 0.000 1.000 0.000 
  7  1.000 0.000 0.000 1.000 0.000 0.000 0.000 1.000 
 -Z  0.000 -0.750 20.000 -0.500 6.000 0.000 0.000 0.000 
 

     1  1 
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 1 

 
   1  2  3  4  5  6  7 

  1  0.000 1.000 -24.000 -1.000 6.000 2.000 0.000 0.000 
  6  0.000 0.000 -2.000 -0.750 7.500 -0.500 1.000 0.000 
  7  1.000 0.000 0.000 1.000 0.000 0.000 0.000 1.000 
 -Z  0.000 0.000 2.000 -1.250 10.500 1.500 0.000 0.000 
 

     3  2 
 

 2 
   1  2  3  4  5  6  7 

  1  1.000 1.000 -24.000 0.000 6.000 2.000 0.000 1.000 
  6  0.750 0.000 -2.000 0.000 7.500 -0.500 1.000 0.750 
  3  1.000 0.000 0.000 1.000 0.000 0.000 0.000 1.000 
 -Z  1.250 0.000 2.000 0.000 10.500 1.500 0.000 1.250 
 

  
       

  1            1      1.0000 
  2            6      0.7500 
  3            3      1.0000 

  Z  –1.25 
         

  1                0 
  2         . .   0.7500 
  3                0 
   1  2  3  4  5  6  7 

  1  1.000 1.000 -24.000 0.000 6.000 2.000 0.000 1.000 
  6  0.750 0.000 -2.000 0.000 7.500 -0.500 1.000 0.750 
  3  1.000 0.000 0.000 1.000 0.000 0.000 0.000 1.000 
 -Z  1.250 0.000 2.000 0.000 10.500 1.500 0.000 1.250 

 
§ I.2.6.    

 
1)   , 3 1-6 2-2 3   
   1, 2, 3  0; 

 3 1+4 2- 3  2 
 1-3 2+2 3  1 

 . 
2)    1, 2, 3  0   
z=2 1-2 2+4 3      

  
     - 2 +4 3   1, 
- 1+5 2         1, 
- 1+2 2+3 3   9. 

   . 
3)    ( , , )  ,    , 
   , , , V      . 
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 , 
 

   
, 
 

    V  
 
 
 

1 
6 
3 

3 
1 
3 

1 
3 
2 

2 
3 
4 

3 
6 
4 

     - 84, 42, 21  42  
 . (    ( )   , 

           
 -  ;   ( )  

    ).  
4)            

 ,     .   
  ,        

 ,       
 . ,     

        
. 

 
  1      

   
 

   

 
 

50 
40 

20 
30 

       6  
  .       4 , 

    10  .    
 50000   .    

  44000     30000   
.  

       
    .    

        
. 

5) z=50 1+25 2      
.  

1  0, 2  0, 
 1 - 3 2     8, 
3 1 + 4 2 19, 
3 1 +  2  7. 
6) w=8 1+19 2+7 3     

 . 1, 2, 3 0, 
1+3 2+3 3 50, 
3 1+4 2+3 3  25. 
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7)        . 
         

  ,     
. 

       
      .  
 

     D 

   , 
 -  

 
0,5 

 
1,5 

 
2 

 
1,5 

   , 
2 

 
4 

 
2 

 
6 

 
8 

    
 ,  

 
5 

 
5 

 
12,5 

 
10 

 
8)          . 
      ,  , 

 ( )     . 
      .  
  -   ,    

   .     
        

.    . 
 
 
 
 
 

 
 

  ,    

  
 

 
 

 

 
 
 

  
 

  
,  

 
 

0,01 
0,02 

0,02 
0,01 

0,04 
0,01 

80 
125 

 
  

( ) 
,  

 
160 

 
120 

 
150 

 

 
9) z=-4 1-5 2-9 3-11 4      

 . 1, 2, 3   0, 
  1    + 2  + 3      + 4     15, 
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7 1+5 2 +3 3   +2 4  120, 
3 1+5 2+10 3+15 4 100. 
10)          

: , ,   .    
   :   1  
         
 10, 3, 7  4   

       
 : 

)     500 000   
; 

 40%    20%    
; 
)      , 

      . 
         

      -  . 
11)  1  0, 2  0        
2 1- 2  <= 4 

1-2 2 <= 2 
1+ 2  <= 5 

 z= - 1+ 2     .  
12)      ,    20 

 , 30  , 10    40  
  .       

  .  1  (  1 )   
 . 

 
 

    
 

  

 2 12 10 1 2 
 12 0 0 4 3 

 1 8 3 0 4 
 2 2 4 6 2 

 12 36 32 18 10 
13)     ( )  W, X, Y 
 Z   , ,   ,       

 .      ( ) 
 ( )  : 
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 ,    , 
,  

 10 (W)   
25 (Z)   

90 000 

 15 (W)   
 

100 000 

 20 (X)   
50 (Y)   

120 000 

1    (  )    
 : 

 
  

X Y Z W A B C 
72 60 67 75 90 87 84 

     ,   
     ,  
      . 

14)       24   
 . 

  
 , 

 
2 - 6 6 - 10 10 - 14 14 - 18 18 - 22 22 - 02 

  
 

 
  

 
4 

 
8 

 
10 

 
7 

 
12 

 
4 

    8    .  
  ,    

 .       
,     : 

1                   + 6- 7   = 4 
1+ 2    - 8           = 8 

     2+ 3      - 9  = 10 
          3+ 4                 - 10           = 7 
               4+ 5    - 11 = 12 
                    5+ 6                 - 12 = 4 

 
      1, 2, 3, 4, 5, 6, 

7,  8,  9,  10,  11  12     
.  
       

   -   .  
 
15) z= -3 1-4 2-5 3      .  

1  0, 2  0, 3  0, 
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 1   + 2    + 3   4, 
2 1+3 2+4 3  6. 
 
16)        
       

,   .    
 .     ,  

       .  
 
 

3 -  
   

 
§ I.3.1.     -  

 
 , (I.2.17)   , 

    ,    
   .     
   . 

n      m    ? 
      :  

                                                  = b,                    (I.3.1) 
 ,      , 
  ,  

                                                  = (BR)                  (I.3.2) 
 –  (m*m)  ,   
  m   ,  R–  

    (n-m)   m*(n-m) 
  . 
     

                                         (BR) x = b                       (I.3.3) 
 -1    . ,  

 : 
                                ( m B-1 R) x = B-1 b = b1            (I.3.4) 

      . 
      .  

   .      
        

       .  
, j'       

 j    , 
  
                                 j' = B-1 j                                (I.3.5) 

       j  
     .  
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,  j  –   <=    
  ,   

       0 
       . 
       0 

j' = 1 
       0 
       . 
       0 

 1 (  ) p –    ,  j'  -  B-1 

 p-   .  
, j  –   (    

  ,  
          0 
          . 
          . 
          0 

L' =   -1 
          0 
          . 
          0  

 1 (  ) q –    ,  j'  -  B-1 

 q -   .  
    ,  I.2.1  1 
     : 
  : 

 
-

 
  1 2 3 4 

0 3 1700 3 4 1 0 
 4 1600 2 5 0 1 
 -z 0 -2 -4 . . 

 
 

   : 
-

 
  1 2 3 4 

2 1 300 1 . 5/7 -4/7 
 2 200 . 1 -2/7 3/7 
 -z 1400 . . 2/7 4/7 

  – ( 1, 2). 
0-       

    : 
        3     4 

 =  2 5 



61 
 

   3,  4   
 : 

       1     0 
2 =  0 1 

     : 
               5/7    -4/7 

-1 2 = -1 =   2/7 3/7 
 -1        .  
 .  

 
  I.2.3  1      

.   3, 4, 5, 6    
  ,  

-1   0    0    0 
0 -1    0    0 
0  0    1    0 
0  0    0   1 

 ( 1, 2, 3, 4)      
  ,   

         1 0    -1    0 
  =   0 1     0   1 

         1 1     0    0  
    -1 4     0    0 

  3, 4, 5, 6     
: 

     0        0       4/5     -1/5 
    0 0       1/5      1/5 
   1 0       4/5     -1/5 
   0 1       1/5      1/5 
 

 (      , ) -

1     :  
     0        0       4/5     -1/5 
    0 0       1/5      1/5 
   -1 0       4/5     -1/5 
   0        -1       1/5      1/5 
 

   .  
     ,   

 .  
    b' =  B-1 b   

,     .  
       
    .   

   , ,      
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   .      
 : 

z= 1 1+ 2 2+  ...  +  n n      
 : 

11 1+ 12 2+ ... + 1n n= b1, 
21 1+ 22 2+ ... + 2n n= b2,                (I.3.6) 

............................................... 
m1 1+ m2 2+ ... + mn n= bm 

 
  1,  2, ...,  m , z   

,    : 

ii

m

i
iinnn

m

i
ii

m

i
ii bzacxacxacx

11
222

1
111  (I.3.7) 

 
 (I.3.7)        

        . 
    -   .  1, 

2, ..., m     (    
  ),       

( ) : 
11 1+ 21 2+ ... + m1 m= -c1, 
21 1+ 22 2+ ... + m2 m= -c2,       

............................................... 
m1 1+ m2 2+ ... + mn n= -cm, 
   

 = -                                                                                                           (I.3.8) 
 

  –     ,  
- =( 1,  2, ..., m),  z ?    

 . 
  

        1 
 =  2 

       . 
       . 
       . 
      m 

 ,  : 
 = -( -4)                                                                                                (I.3.9) 
i       

    .  
       

– xj  .   xj   <=     
 p-      ,  

  (+1)   (     
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). xj      . , 
    z   xj 

   -    .  , 
 xk –   <=     q 
  , z     q 

 .  
  I.2.1  1   

.   z    x3  4 
   2/7  4/7  ; 

    -   .  
       : 

3 1+ 4 2 + 3 =  1700  1 (= 2/7), 
2 1+ 5 2 + 4 =  1600  2 (= 4/7), 
-2 1- 4 2 =  z. 

 (  ) 1  2    
z  ,   : 

x1(-2+3*(2/7)+2*(4/7)) + x2(-4+4*(2/7)+5*(4/7)) +(2/7)*x3 +(4/7)x4= 
 z + 1700(2/7) +1600(4/7), 

 
(2/7)*x3 +(4/7)x4= z+1400                                        (I.3.10) 

 z     .  
 (I.3.7)  , z    
      

     ,    
    .   

(      ) (I.3.7)  
       ;   

   . , z   
    : 

z opt + b   = 0, 
                   

z opt = - b                                                          (I.3.11) 
     ((I.3.10)  )  

I.2.3-  2  ,   3, 4, 5, 6 
  (0, 0, 16/5, 1/5) ,  -

 (-0, -0, 16/5, 1/5)    (    
  ;      

).  
  (I.2.22)    (0, 0, 16/5, 1/5) 

,  z   , (I.2.22)  
,  z     

 . 
 ((-0) * 10 + (-0) * 5 + (16/5) * 20 + (1/5) * 20) = -68 

       . 
        .  
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     . -

    ,   
  ,       
  .  

 
§ I.3.2.       

 
      

     .  
,       

       . 
   ? , 

      
 .    

      . 
       
    .   

    ,     
   . 

,    ,    
   ;    ,  
   ;      

     , . . .  
    .  

    – ,     
    ( ) ,  
    .      

;   ,       
   .  

 -    :  
1) b    (    ); 
2)    (   ); 
3)   ; 
4)    . 
 
1. b    

     : =b  z=cTx 
    .  

    , z=cTx   
 .  

Ax=b+ b,     
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mb

b
b

b 2

1

 

   z=cTx  
 

    .     
      -1 

  .  
, 1, 2, ..., m – -  ,    

     , 
 = -1 b = b'  0     (I.3.12) 

 (I.3.7)        
.  

zopt = -  b                             (I.3.13)    
    

cj +  a j   0                      (I.3.14) 
(    0 ,    

  0).  
,   b     (I.3.14)  

    .  
          

,           . 
        
: 

xB
* = B-1(b + b) = b’ + B-1 b              (I.3.15)  

 * > 0,         , 
  (I.3.14)    .  
z       : 
z * = -  (b  + b ) ,                                  (I.3.16)    

, (3.13)    : 

,i
i

opt

b
z

                                         (I.3.17) 

 zopt    b1,  b2, ..., bm    
 .  b      ,  

(I.3.15)    *   ,  
       .  

 
1 .  
I.1.1-  1   (   , 
 ):  

           . 
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   .     
  3 3,     4 3   .   

     1700 3    .   
   , 12 ,       , 

30     .   160  
  .      2 ,     

 4    . 
            

  .  
     :   1, 

   2 .     ,  
   1,  2 0  ,      

  .  
  3 1+     4 2 <= 1700 
1/5 1+ 1/2 2 <= 160 

 
3 1+ 4 2 <= 1700 
2 1+ 5 2 <= 1600 
z= -2 1-4 2    . (   

  ).  
   ( )    

: 
   1 2 3 4 

 3 1700 3 4 1 . 
 4 1600 2 5 . 1 
 -z 0 -2 -4 . . 
 

   1 2 3 4 
 1 300 1 . 5/7 -4/7 
 2 200 . 1 -2/7 3/7 
 -z 1400 . . 2/7 4/7 

    :  
5/7     -4/7 
-2/7     3/7 
 -  2/7, 4/7  .  

 
)     ,    1 3  

    .   1 3   
  ? 

   1700-  1701  . 
b    1701   .  
 1600 

    (3.15)   
  : 
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1
*     5/7    -4/7    1701    300   5/7   -4/7    1    300 + 5/7  

2
*    -2/7    3/7     1600    200  -2/7   3/7     0    200 - 2/7  

z     (-  b  ) ,   -
((2/7)* 1701 + (4/7)*1600) = -1400 - 2/7.  

,   2/7  ,   1 3   
   .     
  .  1 3      .  

 
)  1      

 . , 1     7  
,     ? 

    b   1701 1600 
 .       

: 
1
*     5/7    -4/7    1701    300  - 40/7  

2
*    -2/7    3/7     1610    200  + 30/7  

z      : 
 -((2/7)*1700 + (4/7)*1610) = -1400 - 40/7 . 

,   40/7  .   1  
   7  ,   . 
          
,    .     
  .      . 

,   z    
 -2*(300+5/7)- 4*(200-3/7)  ,    
 -2*(300-40/7) - 4*(200-30/7)  . 
 
2. j    
2 . 

 1-            1 
 ,      2  , 1  2 

      ?  
      :  

- 1 1 - 2 2 = z+0 
    ,    
   ,   ,   

1 + 5/7 2 - 4/7 3 = 300, 
2 - 2/7 3 + 3/7 4 = 200 

z      , z  
 1  2    .  

  (  )    1 , 
 2 ,  z    ; 

    :  
 ((5/7)* 1 - (2/7)* 2) 3 + ((-4/7)* 1 + (3/7)* 2) 4 = Z+300* 1 + 200* 2 
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     .  
    ,     

:  
(5/7)* 1 - (2/7)* 2 0  (-4/7)* 1 + (3/7)* 2  0,   

1/ 2  2/5   1/ 2  3/4 
 I.1.1   ,    ,   

  z         
       

.  
  j       

   .     
    ,   . 

 z        
   ,    .   

 (  )   ,     
  . 

       
      . 

 
 
3.    
3 .  

         .    
   4 3    20     . 

          , 
        ,   ?  

      5  ,  
   : 
      , 

   1, 2, 3, 4, 5 .  
   3 1      + 4 2 + 3           + 4 5 = 1700, 
1/5 1 + 1/2 2 +    + 4 + 1/3 5 = 160, 
-2 1 -4 2                         - 5 = z, 

 
3 1  + 4 2 + 3           + 4 5 = 1700, 
2 1 + 5 2      + 4 + 10/3 5 = 1600, 
-2 1  -4 2                   - 5 = z  -  . 

  5      
 (3.5)  ,   : 

-1    4   =  5/7     -4/7     4       =  20/21 
   10/3     -2/7      3/7     10/3       6/21 
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-  
7/4
7/2

2

1   , (I.3.7) 

 , 5  z   
   

-  + (2/7)*x4 + (4/7)*(10/3) = -p + (64/21) 
 

     (    5  
):  

 
   1 2 3 4 5 

 1 300 1 . 5/7 -4/7 20/21 
 2 200 . 1 -2/7 3/7 6/21 
 -z 1400 . . 2/7 4/7 - +64/21 

 
 (- +64/21)  0 ,     ; 

5           
   .  

 (- +64/21) 0,  >64/21,  5   
  .        
  .  

 
 
 
4.    
4 .  

    ,   
 ,    550     .  
     ? 

   ,   1+ 2 550 
   .  
       
 ,   .     
    .  ,   

1=300  2=200  ,  1+ 2=500<550   
  ( ). 

     ,   
450    ,     .  

   .  
 

 
§ I.3.3.    . 

1 . 
  ( )   450    

.      . 
1+ 2<=450. 



70 
 

     . 
1+ 2+ 5=450, 

, 5 0 -   . 
       

 ( 1=300, 2=200),   ,  . 
         

  ?       , 
      ,  
     : 

1+5/7 3-4/7 4=300, 
2-2/7 3+3/7 4=200. 

  

1+ 2+ 5=450 
1  2        
 . 

-3/7 3+1/7 4+ 5=-50. 
     (      

): 

   1 2 3 4 5 

2 1 300 1 . 5/7 -4/7 . 
 2 200 . 1 -2/7 3/7 . 
 5 -50 . . -3/7 1/7 1 
 -Z 1400 . . 2/7 4/7 . 

   .  1,  2,  5   
 ,      

    ,     
,  5  .  ,  

        
  ? ,          

      . 
       

      (   
 )    (    
)  ,     

    (    ). 
    ;    

        , 
        
  ,     . 

   ,    
        
.         

 (       
 ). 
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    5     
      . 

       . 
 5        
 ,      ((I.2.15)-( I.2.20) 
  )     

   .    ,    
   . 

5          
   3   (-3/7)  . 

    (-3/7) ,    3  
 1-    ,    , 

3 -1/3 4 -7/3 5=350/3 
 3     .  
  3       
  ( ,   ). 
       

;      .  
 (-3/7   ) * -  . 
   1 2 3 4 5 

2 1 300 1 . 5/7 -4/7 . 
 2 200 . 1 -2/7 3/7 . 
 5 -50 . . -3/7* 1/7 1 
 -Z 1400 . . 2/7 4/7 . 

3 1 650/3 1 . . -1/3 5/3 
 2 700/3 . 1 . 1/3 -2/3 
 3 350/3 . . 1 -1/3 -7/3 
 -Z 4100/3 . . . 2/3 2/3 
 

      : 
1=650/3, 2=700/3, 3=350/3   Z=-4100/3. 

  3-   ,   
  ,      
 . 
     .  

      , 
      : 

1)        . 
        

;        ,   
   . 

     r    
. 
2)  r     arj’  . 

   ,     
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.        
  

m n |cj’/arj’|. 
j 

   ,   s ,  5 
   ( )  . 

3)    arj’ ,    
 ( ) . (I.2.19)  ,  
   

cj
+= cj’ - cs’ arj’/ars’, 

   ars’   ,  cj’   
,       ,   s  

  
m n |cj’/arj’| = |cs’/ars’| 
j 

  -       
      

  . 
   ,  -   

     , 
  -   1-   
  . 

       
,     . 

      
.  ,       

  ,    
      -  

  .    1 
 2    . 

    ,    
      .   

        
,        (  

). 
 
10 REM   -    
15 REM - ,      
20 REM      

 
30 READ M,N 
40 M1=M+1 
50 D M A(M1,N), BS(M), NB(N), V(M1) 
60 PR NT «  » 
100 REM       
105 REM   
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110 FOR =1 TO M1:FOR J=1 TO N 
120 READ A( ,J) 
130 NEXT J:NEXT  
150 REM       
155 REM     A( ,0) 
160 FOR =1 TO M1:READ A( ,0):NEXT  
200 REM   ; BS    
205 REM     
210 FOR =1 TO M:READ BS( ):NEXT  
250 REM   ;  J  
255 REM  ,  NB(J)=0 
260 FOR =1 TO M:NB(BS( ))=1:NEXT  
290   
300 PR NT «  »: PR NT « »  
310 GOSUB 3000:STOP 
400 ZERO=1E-08 
490 REM      Z ( . . 
495 REM  1) 
500 M N=-ZERO:S=0:PV=0 
510 FOR J=1 TO N 
520 F NB(J)=1 THEN GOTO 550 
530 F A(M1,J)>=M N THEN GOTO 550 
540 M N=A(M1,J):S=J 
550 NEXT J 
560 REM  S=0,      
565 REM   
570 F S=0 THEN GOTO 2000 
740 REM   ,   
745 REM       B /A( S) 
750 M N = 1E20:R=0 
760 FOR =1 TO M 
770 F A( ,S)<= ZERO THEN GOTO 810 
780 RT=A( ,0)/A( ,S) 
790 F RT>=M N THEN GOTO 810 
800 R= :M N=A( ,0)/A( ,S) 
810 NEXT  
890 REM  R=0,       
900 F R=0 THEN GOTO 1900 
910 PR NT «     »;R;« »;S 
920 PR NT «« 
990 REM       
1000 PV=A(R,S) 
1010 FOR J=0 TO N:A(R,J)/PV:NEXT J 
1040 REM    ,  
1045 REM      
1050 FOR =1 TO M1:V( )=A( ,S):NEXT  
1070 FOR =1 TO M1 
1080 F =R THEN GOTO 1120 
1090 FOR J=0 TO N 
1100 A( ,J)=A( ,J)-V( )*A(R,J) 
1110 NEXT J 
1120 NEXT  
1150 REM      
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1155 REM    
1160 NB(BS(R))=0:NB(S)=1:BS(R)=S 
1170 REM   
1180 K=K+1 
1190 REM    
1200 PR NT « »K 
1210 GOSUB 3000:STOP 
1240 REM    
1250 GOTO 500 
1490 REM  - ;   
1495 REM      
1500 M N=-ZERO:R=0 
1510 FOR =1 TO M 
1530 F A( ,0)>M N THEN GOTO 1550 
1540 M N=A( ,0):R=  
1550 NEXT  
1560 REM  R=0,      
1570 F R=0 THEN GOTO 2000 
1600 REM  ,      
1610 M N=1E20:S=0 
1620 FOR J=1 TO N 
1630 F NB(J)=1 THEN GOTO 1680 
1640 F A(R,J)>-ZERO THEN GOTO 1680 
1650 RT=ABS(A(M1,J)/A(R,J)) 
1660 F RT>=M N THEN GOTO 1680 
1670 S=J:M N=ABS(A(M1,J)/A(R,J)) 
1680 NEXT J 
1760 REM  S=0,     
1770 F S=0 THEN GOTO 1800 
1780 GOTO 910 
1790 REM   1780    
1795 REM      
1800 PR NT «   » 
1810 GOSUB 3000 
1820 GOTO 2500 
1900 PR NT «  «S»   » 
1910 GOSUB 3000 
1920 GOTO 2500 
2000 PR NT «  » 
2010 PR NT «       » 
2020 PB=144 
2030 FOR =1 TO M 
2040 PR NT « «; ;»        «;BS( ); 
2050 PA=A( ,0):GOSUB 9000:PR NT «« 
2060 NEXT  
2090 PR NT «   Z  «;-A(M1,0) 
2100 GOSUB 3000 
2500 END 
3000 PR NT «   »; 
3010 FOR J=1 TO N:PR NT «  X«J»  «;:NEXT J 
3020 PR NT «« 
3030 PB=122 
3040 FOR =1 TO M1 
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3050 F =M1 THEN PR NT «-Z»;:GOTO 3080 
3060 PR NT BS( ); 
3080 FOR J=0 TO N 
3090 PA=A( ,J):GOSUB 9000 
3100 NEXT J 
3110 PR NT «« 
3120 NEXT :PR NT «« 
3200 RETURN 
4000 DATA 3,5 
4010 DATA 1,-2,1,0,0 
4020 DATA 2,-1,0,1,0 
4030 DATA 7,8,0,0,1 
4040 DATA 1,1,6,0,0 
4050 DATA 6,-6,56,0 
4060 DATA 3,4,5 
9000 PC= NT(PB/100) 
9010 P$=« 
9020 F PC=0 THEN PR NT ««:GOTO 9040 
9030 PR NT LEFT$(P$,PC); 
9040 PC=PB-100*PC 
9050 PD= NT(PC/10):PC=PC-10*PD 
9060 F PD=0 THEN PD=1 
9070 F PA<0 THEN P$=P$+«-» 
9080 PE=ABS(PA) 
9090 PE=PE+5*10^(-1-PC) 
9100 F PE>=10^PD THEN PR NT PA;:RETURN 
9110 P$=P$+M D$(STR$( NT(PE)),2,PD) 
9120 PR NT R GHT$(P$,PD+1) 
9130 F PC=0 THEN RETURN 
9140 PR NT «.»; 
9150 PE= NT((PE- NT(PE))*10^PC) 
9160 P$=«000000000» 
9170 P$=P$+M D$(STR$(PE),2,PC) 
9180 PR NT R GHT$(P$,PC);:RETURN 

 -      
   .     

 ,      . 
 

2-  . 
   1, 2        

 : 
1+2 2 6, 
2 1+ 2 6, 
7 1+8 2 56. 

 Z=x1+x2    . 
      : 

   0,   
1+2 2- 3           =6, 
2 1+ 2      - 4     =6, 
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7 1+8 2        + 5=56. 
    Z= 1+ 2   . 

    3, 4  5  (  
   1  2 ),    
 .      3=-6   4=-6 

  .     (-1)  (  
   )    : 

- 1-2 2+ 3           =-6, 
-2 1- 2      + 4     =-6, 
7 1+8 2        + 5=56. 

1+ 2              =Z. 
       

   .   
       

 ,      

   1 2 3 4 5 
0 3 -6 -1 -2 1 . . 
 4 -6 -2* -1 . 1 . 
 5 56 7 8 . . 1 
 -Z 0 1 1 . . . 
1 3 -3 . -3/2* 1 -1/2 . 
 1 3 1 1/2 . -1/2 . 
 5 35 . 9/2 . 7/2 1 
 -Z -3 . 1/2 . 1/2 . 
2 2 2 . 1 -2/3 1/3 . 

 1 2 1 . 1/3 -2/3 . 
 5 26 . . 3 2 1 
 -Z -4 . . 1/3 1/3 . 
 

  . Z     
      .  Z 

   4    1=2  2=2  
.     . 

     4000-4060  . 
    . 

 
  

  
 0 

    1   2   3   4   5 
  3 -6.00 -1.00 -2.00  1.00  0.00  0.00 
  4 -6.00 -2.00 -1.00  0.00  1.00  0.00 
  5 56.00  7.00  8.00  0.00  0.00  1.00 
 -Z  0.00  1.00  1.00  0.00  0.00  0.00 
 

     2  1 
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 1 

    1   2   3   4   5 
  3 -3.00  0.00 -1.50  1.00 -0.50  0.00 
  1  3.00  1.00  0.50  0.00 -0.50  0.00 
  5 35.00  0.00  4.50  0.00  3.50  1.00 
 -Z -3.00  0.00  0.50  0.00  0.50  0.00 
 

     1  2 
 

 2 
    1   2   3   4   5 

  2  2.00  0.00  1.00 -0.67  0.33  0.00 
  1  2.00  1.00  0.00  0.33 -0.67  0.00 
  5 26.00  0.00  0.00  3.00  2.00  1.00 
 -Z -4.00  0.00  0.00  0.33  0.33  0.00 
 

  
       

  1            1      2.0000 
  2            1      2.0000 
  3            5     26.0000 

  Z  4 
    1   2   3   4   5 

  2  2.00  0.00  1.00 -0.67  0.33  0.00 
  1  2.00  1.00  0.00  0.33 -0.67  0.00 
  5 26.00  0.00  0.00  3.00  2.00  1.00 
 -Z -4.00  0.00  0.00  0.33  0.33  0.00 
 

 
§ I.4.4 . 

 
1.      :    1  2000 

,  Q  1  1000   . 
        :   
 1   600      1  

 900  .    100  30    
50  Q   ,     100  60 

   10  Q   .     
  y     ,    

      . 
(500 +400 ) 

   10000     
 . 

       6000   
  8000     . 

   5000     3200  Q 
    . 
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)           
          4500000 

   . 
        
 . 

)       (  
   ) ? 

2.     
- 1+10 2+ 3       =40, 

1+ 2+        4=20, 
 f=10 1-111 2      

? 
   3+ 4 5   ,  

  ,    ,   
  . 

3. j  0     
n

j
jjij xa

1
,  mi ,...,2,1  

m n Z=
n

j
jj xc

1
 ? 

  (      
)     -  , 
   : 

) j+
m

j
iija

1

,0  ;,...,2,1 nj  

) ,0i  .,...,2,1 mi  
 

  -Z    n+  
    ,  , 

   ioptZ /    . 
4.       . -   

     3( )      1( )   
   ,      3( )  
  . -    4( )      

3( )      ,      
6( )   . -        
1( )      2( )      ,  

    2( )   .  20( ) 
     10( )        
   ? 
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  1( )     (     
    ,       
  . 

5.   , ,      3, 4, 5   
 .          

        -  12  
 -  15     :        

 3  2  3 
 4  1  2 

     ? 
 -  (  - )      

. 
5.      .   

 , ,   .      
,        : 

 
   , -  

    
   1 2 4 

  2 4 2 
  1 1 2 

 
     360 - .  

 ,    520 - .   
  220 - .  , ,    

     9, 11  15  .  
        

 . 
1+2 2+4 3+ 4           =360, 
2 1+4 2+2 3     + 5       =520, 

1+ 2+2 3                    + 6=220, 
     w=9 1+11 2+15 3 
   x1 0    .  
     -  

   
x1=180, x2=40, x3=0 

  ? 
    ,    

-       
. 
     -    

10           
  .       

  ? 
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7.     500  
  .    4000  

   ,      
  . 

     440  .  
 12     10    1( )  

 . 
  40%     80% 
  2800      

 .      
  2000  ,      

3000     . 
    ( )   ,   

        
   ?     

11850000    . 
      ,  

   10000   .    
  ? 

8.       .  
       

    .   
   90  ,     

 80   . 
 

    
 1 2 3 4 

  , . 1 3 8 4 
   2 2 1 3 

 ,  20 25 40 55 
  ,  30 45 80 85 

 
j     j    : 
z=- 1-2 2-4 3-3 4     

? 
1+3 2+8 3+4 4 0, 
2 1+2 2+ 3+3 4 80, 

j 0,  j=1,2,3,4. 
   ? 

      
. 
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  1 2 3 4 5 6 

1 10 1 -1/5 -4 . -3/5 4/5 
4 20 . 4/5 3 1 2/5 -1/5 

-Z 70 . 1/5 1 . 3/5 1/5 
 

1)   . 
2)   . 
3)       10   

,        
,     40  .    ? 
  ,      ?  . 

4)           
 . : 1-   3-      

  10     80  . 1-    

  
4
11     ,  3-      

2
12     .       

   . 
         

   ?  ? 
5)       

 4-     15     
 .       -  

? 
9.   x1 0, x2 0  ,    : 

x1 +3x2   8,     
 3x1  +4x2  19, 
3x1 +x2   7. 

 50 1+25 2    ,  
  . 

10.  x1 0, x2 0 ,     
  7x1 +8x2  56,     

 x1  +2x2 6. 

 z= 1+ 2     . 
11.    ,  xj  b  

  ,      

.               
m

i

n

j
jjii xc

1 1
 

(    -   ,   
  ) 
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12.        
  1  ( )  2   
   .   

 .  -     
      . 
   

  x1 +x2   6,     
4x1  +11x2  44. 

 z= -2 1 -5 2    ,  
  1, 2     . 

      . 
        

  .      
  

1+2 2  8 
 . 

    .   
-        

     . 
 

: 
   ,        
 . 

 
4- . 

   . 
§ I.4.1    . 

 
  ,    , 

   .     
    ( )    . 
       ,  

    ,    
  . 

  . 
    : 

  xj  0, (j=1,2, ...,n)       
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n

j
ijij xa

1
 mi ,...,2,1       (I.4.1) 

   
n

j
jj Zxc

1
    

. 
      .   yj (0, ( =1,2, ...,n) 
    . 

m

i
jiij cya

1
 nj ,...,2,1      (I.4.2)     

   
m

i
ii wy

1
    

. 
        

.  2  5, 6   6  3, 4 
. 

  : 
  x1  0, x2  0       

         x1 +3x2   8,     
      3x1  +4x2   19, 

     x1 +x2    7. 
   Z=50x1+25x2   . 

   : 
  y1  0, y2  0, y3  0      

y1 +3y2 +3y3  50, 
3y1 +4y2 +y3  25. 

 18y1 +19y2 +7y3 =w    . 
     (  ,  

  - ( )  .    
       ( ) 

. 
      

         
,  . 

      : 
  

AX  b                (I.4.3) 
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 CTX =Z     X   0 
  . 

   : 
  

ATy  c                (I.4.4) 
 bTy=w     y 0 
  . 

     ,  
  ,    (  (  

     ) . 
    .    

      . 
 
1- . 

    . :  
  

3x1 +4x2 +x3  7,     
 x1  +2x2 +x3 = 6, 

              x3  4. 
 Z’=x1-4x2-3x3     

 x1  0, x2  0, x3  0   . 
         

 . Z’     -Z’=Z 
     . 

 x3  4   (-1)   -x3  -4   
  . 

 x1+2x2+x3=6        
 

x1  +2x2 +x3  6, 
x1  +2x2 +x3  6 

  
x1  +2x2 +x3  6, 
-x1  -2x2 -x3  -6, 

      : 
     

3x1 +4x2 +x3  7,     
 x1  +2x2 +x3  6, 
-x1  -2x2 -x3   -6, 
             - x3  - 4. 
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 z=-x1+4x2+3x3      
 x1  0,  x2  0,  x3  0    ?    

 . 
      : 
     

3y1+y2
’
  -y2

’’+0y3   -1, 
4y1+2y2

’
  -2y2

’’+0y3   4, 
y1+y2

’
  -y2

’’-y3  3. 
 w=7y1+6y2

’-6y2
’’-4y3    

 y1  0,  y2
’  0,  y2

’’  0,  y3  0   ? (   
 ) 
    :   

   y2=y2
’-y2

’’  ,    
   (      

)      : 
   

3y1+y2   -1, 
4y1+2y2

   4, 
y1+y2  -y3   3. 

 w=7y1+6y2-4y3     
y1 0, y2 

 (y2  ), y3  0   . 
 

2- . 
   ? 
   

5x1 +3x2  10,     
x1 -x2  4. 

 Z=6x1+10x2     
x1 0  x2      . 

  x2= x2
’ -x2

’’  ,  x2
’  x2

’’  0    
,      , :       

x1 0,  x2
’ 0  x2

’’  0       
  

5x1 +3x2
’
 -3x2

‘’ 10,     
-x1 +x2

’
  -x2

‘’  4. 
 Z=6x1+10x2

’
 -10x2

‘’    
 . 

     : y1  0,  y2  0   
     

5y1 -y2     6, 
3y1 +y2     10, 
-3y1 -y2     -10. 

 w=10y1-4y2      
  . 
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    .    
  

3y1 +y2     10 
3y1 +y2     10 

   ,      

 : 

  y1  0,  y2  0    
  

5y1 -y2     6, 
3y1 +y2    = 10, 

 w=10y1-4y2     
? 

,      
      ,  
        

. 
,       

 ,         
 (      )  . (1- );  
     ,    
     . (2- ). 

 
§ I.4.2.  . 

 
1- .     -    
 . (7.4)     (   

 )    : 
 y =0    

-ATy   -c 
 w’=-bTy     

.       : 
  x 0     

-Ax   -b 
 Z’=-cTx     . 
    : 
  x  0       

Ax  b 
 Z=cTx      

,       . 
 
2-  . 

  Z      
  w      

 . 
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 X  Y       
   .   
  : 

Z=cTX        W=bTY. 
(I.4.3)   AX b. 
Y  0 ,  . 

YTAx  YTb = bTY = W. 
 (I.4.4)  ATY  c  X  0 ,  

XTATY  XTc= cTX = Z 
  XTATY  -   ,   

    YTAX,   
Z = cTX  YTATX  bTY = W. 

 
Z  W             (I.4.5) 

  ,  Z    
,    W      ,  

 Z    W    
.      . 

 
3-   

      z=zm n,   
   w=wmax= zm n.     
       

   . 
       

,     : 
  xj  0 (j=1,2,3, ..,n,n+1, ..,n+m)   
   

a11x1+a12x2+...+a1nxn -xn+1              =b1,  
a21x1+a22x2+...+a2nxn       -xn+2         =b2,  
------------------------------------------------, 
am1x1+am2x2+...+amnxn            -xn+m   =bm.  

 z=c1x1+c2x2+ .. +cnxn    
 . 

     -   1, 2,..., m 
,        z 

      : (I.4.6) 

m

i
iimmnnn

m

i
iinnn

m

i
ii

m

i
ii

zxxx

aCxaCxa

1
2211

11
222

1
111 ...

                  
(I.4.6) 

 (7.6)   z   
        

, , 



88 
 

0i  ,,...,1 mi  
m

i
iijj aC

1

0  nj ,...,1            (I.4.7) 

       
01  ,,...,2,1 mi  

jiija  nj ,...,1 ,         (I.4. 8) 

         
  . 

(I.4.6)       
,       ,  
     ,  

m

i

m

i
iiii

1 1
min         (I.4.9) 

 , 
m

i
ii

1
min .      

       w 
   ,    y = -  

. 
(I.4.5)        w 

     ,  
wmax’ = zm n              (I.4.10) 

 
4 . 

     w = wmax ,   
    zm n= wmax. 
  1-   2-     

,        
    .  3-    

 . 
        

   : 
w=bTy       

  
ATy +ys = c, 

 

01

nm

m
S y

y
y  

    . 

,      
 T= ( 1, 2, .., n,) ,  
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TATy + Tys = Tc = cT , 

 
(bT + TAT)y + Tys = w + cT            (I.4.11) 
w    (I.4.11) (   
 )    y  ys  

    ,  

0,...,0,0
,0,...,0,0

                (I.4.12) 

 
-   0, 
b + A   0. 

      
                     -   0,   
                  A(- )  b.                       (I.4.13) 

 (- )      
. 

   , 
wmax = cT(- ) = zm n.                          (I.4.14) 

3  4-      - 
     ,   
 ,        

 . 
3  4-        

. 
  

2x1 +3x2  10,     
 3x1  +4x2  19, 
x1+2x2  9. 

 z=7x1+10x2      
 x1  0, x2  0   . 

      : 
  

2y1+3y2+y3  7, 
3y1+4y2+2y3  10. 

w=10y1+19y2+9y3     
 . 

       
x1=1,  x2=4,  1=0,  2=-2,  3=-1,  zm n=47 .   

    y1=0,  y2=2,  y3=1,   1=-1,  2=-4  
 wmax=47. 

  -     
.   -    
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   ,   
     . 
      .   
    ,   
   , . 

w’= -10y1 -19y2 -9y3 
(     -  

 ). 
 

    
 -  

  
   1  2  3  4  5  6  7  8 

  1  10.00 2.00 3.00 -1.00  0.00  0.00 1.00 0.00 0.00 
  2  19.00 3.00 4.00  0.00 -1.00  0.00 0.00 1.00 0.00 
  3   9.00 1.00 2.00  0.00  0.00 -1.00 0.00 0.00 1.00 

  7.00 10.00  0.00  0.00  0.00 0.00 0.00  
.  0.00 0.00  0.00  0.00  0.00 1.00 1.00  

 
     

   1     2     3     4     5     6     7     8 
  -6.00  -9.00   1.00   1.00   1.00   0.00   0.00   0.00 

 2  ,  6   1    
       A’IS 

  6   10.00    1.00   0.00   0.00  3.00 
  7   19.00    0.00   1.00   0.00  4.00 
  8    9.00    0.00   0.00   1.00  2.00 

       0.00  0.00   0.00   0.00  10.00 
  .   -38.00 -1.00  -1.00  -1.00  -9.00 

 
     

   1     2     3     4     5     6     7     8 
   0.00   0.00  -2.00   1.00   1.00   3.00   0.00   0.00 

 3  ,  8   3    
        A’IS 

  2    3.33    0.33   0.00   0.00  -0.33 
  7    5.67   -1.33   1.00   0.00   1.33 
  8    2.33   -0.67   0.00   1.00   0.67 

     -33.33 -3.33   0.00   0.00   3.33 
  .    -8.00  2.00  -1.00  -1.00  -2.00 

 
     

   1     2     3     4     5     6     7     8 
  -1.00   0.00   0.00   1.00  -2.00   1.00   0.00   3.00 

 5  ,  7   2    
        A’IS 

  2    4.50    0.00   0.00   0.50  -0.50 
  7    1.00    0.00   1.00  -2.00   2.00 
  3    3.50   -1.00   0.00   1.50  -1.50 

     -45.00  0.00   0.00  -5.00   5.00 
  .    -1.00  0.00  -1.00   2.00  -2.00 



91 
 

 
 1   

   1     2     3     4     5 
  -0.50  0.00   0.00   2.50   0.00 

        A’IS 
  2    4.75    0.00   0.25   0.00   0.75 
  5    0.50    0.00   0.50  -1.00   0.50 
  3    4.25   -1.00   0.75   0.00   0.25 

      -47.50  0.00  -2.50   0.00  -0.50 
 

  
       

  1            2      4.0000 
  2            1      1.0000 
  3            3      4.0000 

  Z  47 
         

  1         . .   4.0000 
  2                0 
  3                0 
   1     2     3     4     5 
   0.00   0.00   0.00   2.00   1.00 

    
  2    4.00    0.00  -0.50   1.50  
  1    1.00    0.00   1.00  -2.00  
  4   10.00   -1.00   0.50   0.50  

      -47.00  0.00 -2.00 -1.00 
 
 
 

    
 -  

  1   
  

   1  2  3  4  5 
  1   7.00 2.00 3.00 1.00 1.00 0.00 
  2  10.00 3.00 4.00 2.00 0.00 1.00 

  -10.00 -19.00 -9.00 0.00 0.00 
 

   1     2     3     4     5 
 -10.00 -19.00  -9.00   0.00   0.00 

 2  ,  4   1    
    

  4    7.00    1.00   0.00   3.00  
  5   10.00    0.00   1.00   4.00  

      0.00  0.00  0.00 -19.00 
 
   1     2     3     4     5 
   2.67   0.00  -2.67   6.33   0.00 

 3  ,  5   2    
    

  2    2.33    0.33   0.00   0.33  
  5    0.67   -1.33   1.00   0.67  
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     44.33  6.33  0.00  -2.67 
 

  
       

  1            2      2.0000 
  2            3      1.0000 

  Z  -47 
         

  2                0 
  3                0 
   1     2     3     4     5 
   4.00   0.00   0.00   1.00   4.00 

    
  2    2.00    1.00  -0.50  
  3    1.00   -2.00   1.50  

      47.00  1.00  4.00 
 

 
   . (I.4.6)  , 

    
 xn+  =0   ( =1,2, ..., m)         (I.4.15) 
(I.4.11)  ,    

 

j ym+j =0   (j=1,2, ..., n)          (I.4.16) 
      xn+     . 

 j  ym+j      .   
  ,   . 
,     k  

  (xn+k >0)   ,  
  yk   (- k)    

  . 
,   k     

  ,    k     
  .     

      
( ). 

 
§ I.4.3.    

  . 
      

      
. 

 -   (I.3.3 )  
    .    
      . 

  : 
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   x1 0,  x2 0,  x3 0   
 

x1        +3x3 3,     
       x2 +2x3 5, 

 Z=4x1+6x2+18x3      
 . 

  Z      
,   ,   

-    . 
  : 

   1 2 3 4 5 
0 4 -3 -1 0 -3 1 . 
 5 -5 0 -1* -2 . 1 

 -Z 0 4 6 18 . . 

1 4 -3 -1 . -3* 1 0 
 2 5 0 1 2 . -1 
 -Z -30 4 . 6 . 6 

2 3 1 1/3 . 1 -1/3 0 
 2 3 -2/3 1 . 2/3 -1 

 -Z -36  . . 2 6 
 

      x1=0, x2=3, x3=1   
zm n=36. 

  (z    x4  x5 
  )  1=2  2=6. 

  : 
   y1 0, y2 0    

 
y1                 4,         
      y2      6, 
3y1+2y2     8. 

 w=3y1+5y2     
. 

      
,     

w’= -3y1 -5y2 
      . 
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   1 2 3 4 5 
0 3 4 1 0 1 . . 
 y4 6 0 1* . 1 . 
 5 18 3 2 . . 1 
 - /w  0 -3 -5 . . . 
        
1 3 4 1 . 1 0 . 
 2 6 0 1 . 1 . 
 5 6 3* . . -2 1 
 - /w  30 -3 . . 5 . 
2 3 2 . . 1 2/3 -1/3 
 2 6 . 1 . 1 0 
 1 2 1 . . -2/3 1/3 
 - /w  36 . . . 3 1 

 
-  (w’   )  1=0, 2=3, 

3=1 (   y3,  y4  y5 ).   
    . y1=2   y2=6   

   -   . 
  -     

        
. 

 
 

§ I.4.4. . 
 

1)     ? 
  x1 0,  x2 0    

  
3x1 +5x2   18,     
 x1  +9x2  30, 
2x1+4x2  27. 

 z=11x1+4x2     
? 

2)     ? 
  x1 0,  x2 0  x3    
   

2x1 +x2 +4x3  22,     
 x1  +x2 +x3 = 9, 
x1+2x2 +3x3  18. 

 z=5x1+7x2+13x3       
  . 
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3)  k      
,  k -        

? 
4)  k -        
,  k      

 ? 
5)   x1 0,  x2 0,  x3 0     

  
3x1 +3x2 +x3  7,     
 x1  +2x2 +5x3  9, 
3x1+x2 +2x3  14. 

 z=11x1+14x2+15x3    
 ? 

         3 
 4-     . 

6)    x1 0,  x2 0    
  

x1  -x2   1, 
-x2   -2. 

 z  =  -x1 -x2     
 (I.1, 2  3 ),     

,      (  ) 
? 

7)   ( )  z(w)    
   ,   ( )  
   ? 

8) 7-      
   ?    

  ? 
9) 3-   4-      ?   

x1  0, x2  0, x3  0      
x1 +5x2 +x3   7,     
 2x1  +x2 +3x3  9, 
3x1+2x2 +5x3  14. 

  z=7x1+4x2+11x3    
  . 

10)        ,  
    . 

    ,  p0=1/8, p1=1/8, p2=1/4, 
p3=1/2  ,  pj-  , j   

.  j    j - ,   -  
.          

,        
   . 
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§ I.4.5.    
 

1.6   
1) x1=A; x2=B; x1  0, x2  0 
z=5x1+3x2      

0,5x1 +0,25x2  40,     
 0,4x1  +0,3x2  36, 
0,2x1+0,4x2  36. 

  x1 =60, x2 =40     z=420 
. 

2)   10-  , x1 =2, x2 =4   . 
4) x1 =4, x2 =2     -10 . 

 
5) ) x1 =3(1/2), x2 =2(1/2)     -13  

. 

) .10;
10

3915,
10

1325
21   ,  

 -9  . 
)   

 
6)         

. 
      7) x1 =2/5, x2 =1/5, x3 =0      12/5 

 . 
    8) x1 =1/12, x2 =4/12, x3 =7/12, C=38(3/4)  1  
      9)  ,  ,    - x1,  x2,  x3, 

z=70x1+50x2+10x3      
90x1 +65x2 +45x3  60,     
 30x1  +85x2 +70x3  60, 
x1   +x2   +x3  = 1. 

. 

  x1 =17/59, x2 =6/59, x3 =36/59  . 
      10) z=12(26x1+40x2)/5    

 . 
0  x1  30; 0  x2  20; 3x1 +3x2  100 

? 

  x1 =40/3, x2 =20  . 
      12) G1,G2,G3 -     1,  4,  0  
 ;   G1,G2,G3  2,  0,  5   

.   25  . 
       13) xA =450, xB =100. 
       14) 367  « « , 683  « « . 
       15)  x     y  
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    )   x=400, y=400  . 
    ) x=400, y=100. 
 

2.6   
 

1) 2,4: x1 =0,4; x2 =0,2; x3 =0. 
2) 0,8: x1 =0; x2 =0,2; x3 =0,3. 
3) xA =13,125; xB =2,625  ( ) 55,125  . 
4) 40000 -   20000     

 ,   10000    
 . 
5)  =150; x1 =1; x2 =4. 
6) w =150; y1 =0; y2 =25/9, y3 =125/9. 

7) xj  -    , xA =400; xB =0;  xC =150; xD =0 
 3875  . 

8) xA =2000; xB =7000;   10350  . 
9) x1 =50/7; x2 =0; x3 =55/7; Z= -695/17. 
10) 200000$- , 100000$- , 100000$- , 

100000$- . 
11) z= -2; x1 =2; x2 =0.   
12)   150 (   ); 5/6 -  

, 5 - , 3
13  - . 

13) W-  -  9000 ; -  -  81000 ; 
     W-  -  15000 ; -  -  85000 ; 
     -  -  24000 ; -  -  60000 ; 
     Z-  -  36000 . 

14)    - 26: 4-   1-   
; 10-   ; 8   ; 4-

    ,  4-    
; 4   ; 6   ; 1   
 ; 11     . 

15)     . 
 

3.4  . 
1) ) 5500  -    ; 4500  -   . 

) 100 . 
2) x1 =160/11; x2 =60/11; x3 = x4 =0; Z= -460. 
3) x1 =10; x2 =5; x3 = x4 =0; z= -455. 
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4) x1 =4;  x2 =2;  x3 =0; P=24     , 0,6 (  
)  ,   - 1,2 (  ) 

5) xA =18/5; xB =3/5;  xC =0;    P=19(4/5)  .  
 ,      1:7/5; 11:1/5. 

6)   -0$;  -1$;  -7$; x1=150; x2 
=50; x3 =10. 

7)   2700 ,  -2500 .   
. 

8)    ) 3/5, 1/5;    ) ;
5/15/2

5/45/3    ) , x1=4; x4 =24; 

      ) ,100
3
266   -   ; 

      ) x1=11(1/4); x2 =6(1/4); x3=15; 
9) x1=1; x2 =4; Z=150. 
10)   . 
12) x1=22/7; x2 =20/7; Z=-144/7. x1=0; x2 =4; Z=-20. 
14) x1=x2 =0; Z=4. 
15) ,  -        

  . 
 

4.4   . 
1) 18y1+30y2+27y3     

  
3y1+y2 +2y3  11, 
5y1+9y2 +7y3  44. 

  y1 0,  y2 0,  y3 0  
. 

2) 22y1+9y2-18y3     
  

2y1+y2 +y3  5, 
y1+y2 +2y3  7, 
4y1+y2 +3y3 =13. 

  y1,  y2,  y3  ?  y1 0, 
y2 0,   y3   . 

5) x1=1, x2=2, x3=3   zm n=84; 1= -3,  2= -2,  3= -1.   
  : y1 0,  y2 0,  y3 0    
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2y1+y2 +3y3  11, 
3y1+2y2 +y3  14, 
y1+5y2 +2y3  15. 

  w=11y1+20y2+11y3  
   ?  y1 =3,  y2 =2,  y3=1    

wmax=84; 1= -1,      2= -2,  3= -3. 
6)  : y1 0, y2 0     
y1       -1, 
-y1 -y2   -1. 

 y1 -2y2      
? 

 ( )  . 
8)   :   x1 0,  x2 0   

   
-5x1  +5x2  -4, 
x1  -x2  2. 

 z=-7x1 +3x2     
 . 

  . 
  :   y1 0,  y2 0   

  
-5y1 +y2  -7, 
5y1 -y2  3. 

 w= -4y1 +2y2     
 . 

  . 
9) x1=4, x2=1, x3=0   zm n=32; 1= 0,  2= -2,  3= -1. 
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I  -  
 

   
 

 
 

       
     ,  

    ,  . 
       , 

       . 
  n-      
     .  

     , 
  ,      

. 
        

 ,      
,      ,  

  ,    . 
  n-   f( 1, 2,..., n)  
       
. 

       f  
 ,    .  

     ,  
  .     , 

    ,   f 
  (-f)    .  

   . 
         

. ,       ( ), 
   ,   ( )  ( ) 

  , . . .  .  
       .  
        
    ,    
  . 
    (   )  
       

( )      . 
   ( )   , 

      ,  
       

.      
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   ,   
   . 

        
 .      

  ,     
   .     

        
. 

    ,  
,    ,     

   .    
   ,    

       . 
      , 

  (   )    
 . 
     -   
   ,  -
 . 

 
1 -   K   

§ I .1.1      
 

f( )  0     , 
    ,  0       

  f( )   f( 0)   ( )  ,  
|x x |<   f( )   f( 0).        f( )   f( *) 

 , f( )  *  (   )  
 . 

*     0   
( )    f( )    -1 

 . 
  0  *      

  f( )      
    . -1    f( ) 
    ,  0  *   f'( ) 

  (  )  . , 0  * 
     . 

                              0' xf                                     ( .1.1) 
C         

       f'( )=0    
.  ( .1.1)       
 ,      . 
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, 0  *     
 f'( )    .    

  ,        . 
,     -  

,  f'( )     f''( )  , 
     f''( 0)>0   f''( *)>0,     

 
f ''( )<0.  

     ,    . 
 
 

 
                                 -1  

 
     ,   f( ) 

    0  (  x*‚  )  
  ,  f( )    

   . 

         ...
!2

"
2

'
oooo xfhxhfxfhxf          ( .1.2) 

 0   ,  ( .1.2)   
 h-  (|h|< ) -     . 

,  f'( 0)       
,      ( ( .1.1)  ). 
    ,  h-      ( .1.2) 

   ,     ,    h-    
      . 
(1.2)      h²>0, ,  

                        0"
oxf                                   ( .1.3) 

0   .   f''( ) = 0    f  ''( ) < 0, 
     .  

          
f( 0)    f( *)    . 
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1M  

12 23 xxxxf   -     
: 

0143 2' xxxf , -     0113 xx ,  
=1/3  =1. 

=1/3   f'( )    ,  =1 
    . , =1/3  
 ,  =1  . 

   c   f''( ) = 6 -4,  
  . 

 f''(1/3)= -2  ,  =1/3  ; 
f''(1)=2  ,  =1   . 

    ,   f''( ) = 0  
 

   , T    
: 

...''''
!4

'''
!3

''
!2

'
432

ooooo xfhxfhxfhxhfxfhxf  

    : 
:  f( )      ,  

0  ( )       n-  
    .  n    0 

     .  fn( 0)<0, 
 0   ,   fn( 0)<0,  0   

 . 
 
2  
f( ) = ( -1)6    : 

=1 ,  f'( ) = 6( -1)5 = 0.  
=1   ,      

f6(1)=6!  .   
   = 1 ,  f( )   . 

 
 

§ II.1.2   n-    

 
n-     : 

                                          f( 1, 2, 3, ..., n)= f( ). 
n-      1,  2,  3,..., n -   

 X - -   .  ,  
,/,....,/,/ 21 nxfxfxf    Xf   ,   g( ) 

 . f( )   ( )   G( ) 
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    n x n    
  : 

                                                
ji

ij xx
fG

2

. 

    n  f( )  0 
    ,      | -

0|< ,  0      f( )  f( 0)  
   f( ) f( 0).     f( ) f( *)  

 f( )     (  )  
. 

       
    ( )  ( .1.2)  
  ,    .  

                                                ...)(
2
1)(

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

00

1
1

2

1
1

1
00

hXGhXfh

xx
xx
fhhxx

x
fhXfhXf

TT

n

n

i ji
j

n

j
in

n

i i
i

   (II.1.4)

 

E  f( )  0     
,    

ix
f  ( =1,...,n)  0 

    .     h -  
( =1,...,n)      f( 0+h) - f( 0)  0   

   . 

,  0    ,    
   

                                              0)X(f 0                                       (II.1.5) 

                                       ,0
x

)x(f

i

0

   (i=1,…,n)             (II.1.6) 

   f( 0+h) - f( 0)      
 

                                           
h)X(Gh

2
1

0
T                                        (II.1.7) 

 G( 0)    ,     h 
  .  

,       
 , : 
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       0)X(f 0 ;       G( 0) -    .         (II.1.8) 

M      : 

        0)X(f 0 ;       G( 0)  -   .                (II.1.9) 

 

 
1 M    
 f( ) = 1

2 +  2 
2 +  3

2 + 4 1  - 8 2  - 12 3  + 100     
  : 

                

0
12x2
8x2
4x2

)X(f

3

2

1

         .6,4,2 321 xxx  

                   200
020
002

)X(G          

  .      2-  .  
  (2;4;6)  f( )   . 

 
§ .1.3   

 
  , x   f(x)  

  ,    ,    
: 

                                      f '(x) = 0 
      . ,  

 ,     .  = f'(x) 
    ( )    

 . ,   f '(x)      b 
  (f '( )  f '(b)<0),  f '(x)  

   ,  -      
 ,    < <b  (II.1.2- ). 

 ( )   0x     
.       

(II.1.3 )  . 
  0( 0,f( 0))  f( )   c , 

 ,   ,   . 
 - 0 = tg((x-x0) 

  : 
  - 0 = f '( 0)( - 0),  0 = f( 0) 
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       1    .  
 =0  = 1   . 

   : 
                        0-f( 0)= f '( 0)( 1- 0)             

                                    
;

)('f
)(f

0

0
01

 
     1( 1,f( 1))   

.  
2  . 

                                     
;

)('f
)(f

1

1
12  

 

  
 

  II.1.2-                                                     II.1.3-  
 

   ,   
 : 

                                      
;

)('f
)(f

i

i
i1i

 
     ,  

                                       00001.01 ii x  
  10-5   

+1   f '( 0) = 0     . 
     . 
    f( )=0      

   ,      
.     = f( )   1000     

 ,  D  =  f'( )   2000    
 .    50       

. 
FF = f(x)[f'(x) = f( )]  3000      

. 
 
10  PR NT «      F( )” 
20  REM  F( )    3000 
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30  REM    F'( )    1000 
40  REM    F''( )    2000 
50  PR NT “   ”: NPUT  E 
60  PR NT “  ”: NPUT  Z 
70  PR NT '''': PR NT''   '' 
80  X=Z 
90  GOSUB 1000:GOSUB 2000 
100  Z=X-F/D 
110  PR NT X, Z 
120  F ABS(Z-X)>E  THEN GOTO 80 
130  PR NT '' '' 
140  X=Z : GOSUB 1000:GOSUB 2000 : GOSUB 3000 
150  F D>0 THEN PR NT  ''  ''FF''   '' :GOTO 200 
160  F D<0 THEN PR NT ''  ''FF''   '' :GOTO 200 
200  END 
1000  F=X-COS(X) 
1010  RETURN 
2000  D=1+S N(X) 
2010  RETURN 
3000  FF=X*X/2-S N(X) 
3010  RETURN 
 
 
1  

xsin
2
1 2    . 

       
.                                                                                                                                                                                                                                                  

xsin
2
1)x(f 2

 
     : 

 
( )=f'( ) = x – cosx = 0,      = 0,7391. 
'( )=1 + s nx     = 0,7391. 

,    = - 0,4005     = 0,7391  
,          . 

 
     F(x) 
  

.00001 
  

.5 
  

.5                       .7552225 

.7552225        .7391416 

.73911416         .7390851 

.7390851           .7390851 
  -.4004886       .7390851 

 



108 
 

§ .1.4   
 

1) f(x) = x(x-1)2     ? 
2) f(x) = x/(x2-1)     ? 
3) sinbcosa     22 ba ,  

.  ,  , ?  
4)   ,   2 -    , 

 r   .    
     ,   , 

    ? 
5) f(x)  =  x2/3-1  .  . =0  

   . f'( )  =0  
 .   , 0    f'( )  

?  
6) f(x)=| |  .  .  

f '( )         
? 

7)  - sh(x/2) = f(x)   ? 
8)   K      – z  -    

.    .     
     - zS –   .  

  (X/R)     – R    
,          

   

                                2
Sx

x
KR . 

     
S
KR2x

 
     

? 
9) f( ) = 4-14 3+ 60 2-70     ? 

{      ,    
.  f'( )=0    .    

  ,    . 
   ,   ,  

   .  ( )=[f'( )]2  
  . ( )    , 

  f '( )=0     }. 
10)  f( ) = 1

2+4 1 2+5 2
2      ? 

11)  f( ) = - 1
2-6 2

2-23 3
2-4 1 2+6 1 3+20 2 3    

? 
12)  f( )     :   f( )=  + bT  + 1/2 Gx,  

  –  ; bT – , x-  ;  G -  
     -   ; 

 *= - G -1b   ? 
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13)  f( )=( 1- )2+( 2-b)2+( 3- )2   ( ;b; )  
  . 

14)  f( ) = f( 1, 2)   ( 1
*, 2

*)  .  
 (1.8)       :  

;0,
x
f   ;0,

x
f *

2
*
1

2

*
2

*
1

1

xxxx
 

,0, *
2

*
12

1

2

xx
x

f
 

.0x,x
xx
fx,x

x
fx,x

x
f

2

*
2

*
1

21

2
*
2

*
12

2

2
*
2

*
12

1

2

 
15)      1  2    .  

   q  ( =1,2),     -  ,  q  - 
 ( )  .  ( 1  2)   
 .   ( )  , 

    : 

           
.PbPaq
,PbPaq

22122

11211

 
: 1,  2,  b1,  b2 -   , 1  2 ,   

      . 
     1   2  
    . 

,        4b1b2 >(a1+a2)2
 

 ,      . 
16)  -  - cos x  -   . 

 
 

2 -  
       

 
§ . 2.1  

 
1-   1.4  9-  .  

    . 
f( )= 4-14 3+ 60 2-70  -     , 
f'( )= 4 3+42 2+120 -70=0     .  

     ,    
  .  f( )     

     .  
    f( )     

a<x<b  .      
,       

  .     
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     .   
   -      

    .   ( ) 
    ,    ,  

    .      
   .    
         

 .   (  ) 
 ,      
. 

  ,       
  

1    10   .    
  , ,     

     .   b  
    ,     

  *      , 
  (2.1 )    . 

        
< 1< 2< 3<b,  f( 2)<f( 1)  f( 2)<f( 3)    
1< *< 3   .  *  ( 1; 3)  

 ( ,b)    .  
 

 
                                                                  .2.1-  

 
§ . 2.2     

 
     ,    

    .   , n-  . 
   n       

,      .  
   ,    
 ,  .    

       ,  
     . 
 ( 1, 3)   f( 2)      
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(II.2.1  ).   ( 1, 3)      
     4   , 4    

  ?  
2- 1=L    3- 2=R    ,  2.1    

L> R      ,  1, 2  3    
.    4    ( 1, 3)   ,   

 : 
1)  f( 4)<f( 2),     ( 1, 2)  

    2- 1=L   . 
2)  f( 4)>f( 2),     ( 4, 3)  

    3- 4   .    
   ,  4     

 3- 4   2- 1     
.        
 ,  4 -     2-  
    . 4   

     L -    
. 4  2     

     . 
,      ,   

 4   ( 1,  2)   2  
 ( 4, 3)      .  
       

,    .     
  ,  . 

n -     n-   ( n-1 )-   
 .    . 

     ,   
 . 

  n    n-1    .    
   . 

  n-1   n     , 
n       .   Ln-1 

    /2  ;  
    -   . 

(  ,    ( ) 1       
,  =1   ). 

   - Ln ,   

nn LL 21  
(2.2     ).  

   n-1    n-2    Ln-2      
Ln-1     ,    

Ln-2 = Ln-1 + Ln  
(2.2   ). 

.    ,     
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 n-2       . 
     
                          Ln-3 = Ln-2+Ln-1                (2.2   ) 

 ,  
                             Lj-1 = Lj + Lj+1,      1<j<n                  (2.1) 
 

  , 
,21 nn LL  

,312 nnnn LLLL  
25123 nnnn LLLL  

38234 nnnn LLLL        . . . 
        :  

,...,3,2;;1,1 2110 kFFFFF kkk           
                      .1,...,2,1;11 njFLFL jnjjn                              (II.2.2) 
 

 
 
 
 
 
 
 
 
                               
 

 
 
 
 

II.2.2-  
 

  ( ,b)    L1 = (b- )  ,  

         21 nnn FLFL                    .
F

F
F
LL

n

2n

n
n                     (II.2.3) 

n-    ,       1/ n-  
 (  )        . 

  ,        
    .  

,        L2 -
    : 

.1
1

13211
1312

n

n

n

n

n

nnnn

n
nnnn F

L
F

F
F

FFFF
F
L

FFLFL   (II.2.4) 
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    f( 2) = f2    f( 4) = f4   ,     
 (2.3 ). 

 
II.2.3-  

 
        

     .  (      
 .  L1/  Fn+1     ,     
    . (II.2.8  3 
 ). 
    ,    

,     .  
   2     
  4 ,    : 

3- 4 = 2- 1      4- 1 = 3- 2 ,         4 = 1- 2+ 3                 (II.2.5)  
 

  ,     
, .  

    40-   -
 .  

          f( ) = 4-14 3+60 2-70   
   (  1000 ). 

 
20 PRINT "    " H:PRINT "" 

) 4< 2 
    f4< f2 

4-    
  ( 1, 2) 

 330  
 

) 4> 2 
    f4< f2 

4-    
  ( 2, 3) 

 360  

) 4< 2 
    f4> f2 

2-    
  ( 4, 3)  

 420  
 
) 4> 2 

    f4> f2 

2-    
  ( 1, 4) 

 460  
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30 REM      (A,B), 
40 REM      
50 REM  F(x),  N  .  F(x) 
60 REM    1000   Z=F(x). 
70 REM     
80 REM     
90 REM 
100 DIM F(40) 
110 PRINT "  N ":INPUT N 
120 F(0)=1:F(1)=1 
130 FOR I=2 TO N  
140 F(I)=F(I-1)+F(I-2) 
150 NEXT I 
160 PRINT "  EPSILON":INPUT E 
200 PRINT "   (A,B) " 
210 INPUT A,B 
250 X1=A:X2=A+(B-A)*F(N-1)+E*(-1)^N)/F(N):X3=B 
260 X=X2:GOSUB 1000:F2=Z 
270 PRINT "                            " 
280 K=1:PRINT X1,X3 
290 X4=X1-X2+X3 
300 X=X4:GOSUB 1000:F4=Z 
310 IF F4>F2 THEN GOTO 400 
320 IF X2<X4 THEN GOTO 360 
330 X3=X2:X2=X4:F2=F4:PRINT X1,X3 
340 GOTO 500 
360 X1=X2:X2=X4:F2=F4:PRINT X1,X3 
370 GOTO 500 
400 IF X2<X4 THEN GOTO 460 
420 X1=X4:PRINT X1,X3 
430 GOTO 500 
460 X3=X4:PRINT X1,X3 
500 K=K+1 
510 IF K<=N THEN GOTO 290 
600 PRINT  "  ":PRINT X1,X3 
610 PRINT "    ",F2 
650 END 
1000 Z=X*X*X*X-14*X*X*X+60*X*X-70*X 
1010 RETURN 
 

1  
 10-   (0,1)  f( )=2 3-   

     .  1000  
   . 
      =0  

  . 
     

0,359550563 - 0,348314606=0,01123957 
10F
1

89
1

. 
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  * = 0,357403        
         f( *) = - 1,174138   

. 
   

 N 
10 

 EPSILON 
0 

  (A,B) 
0 1 

                
0 1 
0 .6179775 

     .235955             .6179775 
     .235955             .47191 
     .3258425           .47191 
     .3258425           .41573 
     .3258425           .3820225 
     .348315             .3820225 
     .348315             .3707875 
     .35955               .3707875 
     .35955               .370785 

   
     .35955               .370785 

              - 1.174132 
 
 
2  
f( )= 4-14 3+60 2-70    (0,2)  

.  20-   . 
(1.4  9  ). 

 Z = f( )   1000  ,  N=20  =0  
.       . 

 
   

 N 
20 

 EPSILON 
0 

  (A,B) 
0                  2 
                

0 2 
0 1.236068 

.472136       1.236068 

.472136       .9442721 

.6524761     .9442721 

.6524761     .8328161 

.7213602     .8328131 

.763932       .8328161 

.763932       .8065038 
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.763932       .7902443 

.773985       .7902443 

.773985       .7840378 

.7778313     .7840378 

.7778313     .7816778 

.7793176     .7816778 

.7801915     .7816778 

.7801915     .7810653 

.7804528     .7810653 

.7807141     .7810653 

.780804       .7810653 

.780804       .7810653 
 

   
     .780804       .7810653 

             - 24.3696 
 

§ . 2.3 ‘‘   ’’     
 

       .  
   L2    ,    

. (II.2.4  ). 
   ‘‘  ’’    

,         n 
   . 

  J     ,  
  (II.2.1  ) . 

                                       Lj-1= Lj+Lj+1.                                (II.2.6) 
 n       Ln-1 = 2L-   

.         
,  

                                    
,...

L
L

L
L

L
L

2j

1j

1j

j

j

1j                     (II.2.7) 

  (II.2.6)   : 

                                    
,

L
L

1
L
L

j

1j

j

1j
 

            

                                    
11 . 

  2-  -1 = 0,      

                                    ,518033989,1
2

51      

  

                                    3

1j

1j2

1j

1j

L
L

   ,
L
L         . .  
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,  

                                    ,
L
L 1n

n

1                   

                                    
.LL 1n

1
n                              (II.2.8) 

 
    ,   

      .   
       
 .      L1/   
,       . 

II.2.8  2-    
n
1

F
F

n

1n

n
lim   , 

(II.2.4)   ''  ''   
      . ''  '' 

   (II.2.7)   . , Lj-1 
  .      
        
  ,      

''  ''  . 
   ( 0, 3)  ,  1  2  

  f1  f2  ,    
 (II.2.4 ). 

 
) f1<f2 

   
( 0, 2) . 
  190 . 

 
) f1>f2 

   
( 1, 3) . 

 250 . 
 
 

                                   
                                               
                                                II.2.4-  

 
  ‘  ’     . 
    300   . 
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 f( ) = - - ln( )     
.  (0,2)  . 

 1,76322211  ,   
-0,0972601313 . 
 
5 DEFDBL A-Z 
10 PRINT "              ":PRINT  "":PRINT    "" 
20 REM      
30 REM (A, B),      
40 REM   F(x). 
50 REM   x    4D 
60 REM F(x)    1000   Z=.. 
90 PRINT  "   (A, B) ":INPUT A, B 
100 T1=.3819660113#:T2=1-T1 
110 X0=A:X1=A+T1*(B-A):X2=A+T2*(B-A):X3=B 
120 X=X1:GOSUB 1000:F1=Z 
140 X=X2:GOSUB 1000:F2=Z 
150 PRINT "   " 
170 PRINT X0, X3 
180 IF F2<F1 THEN GOTO 250 
190 I=X2\X0:X3=X2:X2=X1:X1=X0+T1*I 
200 F2=F1:X=X1:GOSUB 1000 
210 F1=Z:GOTO 300 
250 I=X3-X1:X0=X1:X1=X2:X2=X0+T2*I 
260 F1=F2:X=X2:GOSUB 1000:F2=Z 
300 IF I>.00005 THEN GOTO 170 
450 PRINT 
470 PRINT "X="X1, "F(x)= "F1 
500 END 
1000 Z=-EXP(-x)*LOG(x) 
1010 RETURN 
 
             
 
              (A, B) 

0 2  
 
       

0 2 
.7639320226        2 
1.2360679774    2 
1.527864044976863   2 
1.708203932423137   2 
1.7082039324233137   1.88854381995464 
1.708203932423137   1.819660112468496 
1.708203932423137   1.777087639941836 
1.73451516742761   1.777087639941836 
1.750776404949797   1.777087639941836 
1.750776404949797   1.76703764245955 
1.756987644980199   1.76703764245955 
1.760826402424398   1.76703764245955 
1.760826402424398   1.764665159878096 
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1.762292677297335   1.764665159878096 
1.762292677297335   1.763758952169844 
1.762292677297335   1.763198885008787 
1.762638817842288   1.763198885008787 
1.762638817842288   1.762984958387139 
1.762771031765554   1.762984958387139 
1.762771031765554   1.762903245688782 
1.762821532990448   1.762903245688782 
1.762821532990448   1.762872034215326 
 

  x=1.762852744461857                F(x)= -9.726013243198395D-02 
 
 

§ . 2.4   
 

        
   .     
   . 

       
.       

(  , )     
.  

,  ,   (  
 );   (   ), . . . 

   ,   
 ( )    .  

      , 
 . 

 
§ . 2.5   

 
 f( )   f ,  f ,  f ,  ,,,     

,  f( )      -
  

                           ( ) = 2 +  + ,                          (II.2.9) 
 ,     ,    

                           
f

f
f

2

2

2

                         (II.2.10) 

   ,     

,/
,/

,/
222222

fffC
fff

fff

a

a

a

      (II.2.11) 
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, .  ( )    
,   >0  ,    =  -  /2  

  . , f( )  
     . 

.
fff

fff
2
1 222222

            (II.2.12) 

      . 4-   
         

.    f( )       
 0 + d    ,   0 -   ;  d 

  . f( 0 + d)       
   -      

. 
                                  .0 dxf                     (II.2.13)       

     ,    
    . 

 ( )   ,  
        

. -   ( )  *   
  . 
    : 

1. f( )  f( + ) . 
2.  f( ) < f( + )  ,    ( - ) 

 ,  f( - ) .      ( +2 ) 
 ,  f( +2 )  (II.2.5 ). 

3.    , (II.2.12)      
  f( ) . 

4.         
           

.     . 
5.    4-    , 

        .  
    ,  3-    (II.2.6 

). 

 
                    II.2.5   
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                                            II.2.6  

: ,  E      ,,  
-   f ,   f  ,  f          ,  

((II.2.12)  )        
   . 

 ,    ,  (II.2.12) ,   
     . 

fff

ff
2
1

)(
2
1 .            (II.2.14) 

      . 
 
10  PRINT  "  " 
20  REM     
25  REM       
30  REM      F(x) 
40  REM      Z=F(x)     1000 
100  PRINT "    ":INPUT A 
110  PRINT "    H":INPUT H 
150  PRINT "    E":INPUT E 
190  REM        
200  DIM X(4),F(4) 
210  X(1)=A:X(1):GOSUB  1000:F(1)=Z 
220  X(2)=A+H:X=X(2):GOSUB  1000:F(2)=Z 
230  IF F(1)<F(2)  THEN X(3)=A-H:X=X(3):GOSUB 1000:F(3)=Z:GOTO 250 
240  X(3)=A+2*H:X(3):GOSUB  1000:F(3)=Z 
250  PRINT"                       " 
260  PRINT"                  X(I)                          F(I)" 
270  REM    
275  REM   300-350 
300  DN=(X(2)-X(3))*F(1) 
310  DN=DN+(X(3)-X(1))*F(2)+(X(1)-X(2))*F(3) 
320  NM=(X(2)*X(2)-X(3)*X(3))*F(1) 
330  NM=NM+(X(3)*X(3)-X(1)*X(1))*F(2) 
340  NM=NM+(X(1)*X(1)-X(2)*X(2))*F(3) 
350  X(4)=NM/(2*DN):X=X(4):GOSUB 1000:F(4)=Z 
380  REM       400-600 
400  FOR J=1 TO 3 
410  FOR K=J+1 TO 4 
420  IF F(J)<=F(K) THEN GOTO 460 
430  X=X(J):X(J)=X(K):X(K)=X 
440  F=F(J):F(J)=F(K):F(K)=F 
450  REM   F(J)  F(K),   X(J)  X(K), 
455  REM     
460  NEXT K:NEXT J 
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470  FOR I=1 TO 4:PRINT X(I),F(I):NEXT I 
480  PRINT  "":PRINT   "" 
490  REM  ,      
500  IF ABS(X(1)-X(2))<E THEN GOTO 800 
510  REM      
520  S1=SGN(X(2)-X(1)):S2=SGN (X(3)-X(1)) 
530  S3=SGN(X(4)-X(1)) 
540  IF S1=S2 AND S1=-S3 THEN X(3)=X(4):F(3)=F(4) 
550  REM    
560  DN=(X(2)-X(3))*F(1)=(X(3)-X(1))*F(2)=(X(1)-X(2))*F(3) 
570  F=(F(1)-F(2))/(2*DN) 
580  F=F*(X(2)-X(3))*(X(3)-X(1)) 
590  X(4)=(X(1)+X(2))/2+F 
600  X=X(4):GOSUB 1000:F(4)=Z 
610  REM     
620  GOTO 400 
800  PRINT "   " 
810  PRINT "X="X(1) ,"F="F(1) 
850  END  
1000  Z=2*X*X-EXP(X) 
1010  RETURN 
 

 
1  
 
Z  =  2 2-    0,001 ,  

  .     = 1  
   = 0,5   . 

    . 
 

   
   1 
    .5 
      .0005 

               
      X(1)                            F(1) 
  
     .5   -1.148721 
 .0470197  -1.043721 
 1   -.7182818 

1.5 1.831102E-02 
 
.3745917  -1.17376 
.5   -1.148721 
.0470197  -1.043721 

      1                            -.7182818 
 

          .3615043  -1.174117 
          .3745917            -1.17376 
          .5    -1.148721 
          .0470197            -1.043721 
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           .357937   -1.174138 
           .3615043   -1.174117 
           .3745917   -1.17376 
           .0470197   -1.043721 
 
           .3575219   -1.174138 
           .357937  -1.174138 
           .3615043  -1.174117 
           .0470197  -1.043721 
 
 
X= .3575219    F=-1.174138 
 
 

§ . 2.6    
 

      (  ) 
 ,     

.        
        . 

  4-      
    ,     

 . 
f( )   0 + hd      

  
          ( ) = f( 0 + hd) = f( 01 + hd1, 02 + hd2, …, 0n + hdn);       (II.2.15) 
 

          
.dhdx

x
f...dhdx

x
fdhdx

x
f

dh
d

n0
n

20
2

10
1  

 
  

                  dhdxgdhdxf
dh
d

0
T

0 .                         (II.2.16) 

     . 
                           ( ) = ,    (q) = q, 

                         
.Gq

dh
d        ,Gp

dh
d

qp                         (II.2.17) 

       , 
                          a+ bh + h2 + dh3,                                         (II.2.18) 
    . 

   =  0     , b, , d    
,   : 
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.Gdq3cq2b

,Gb
,dqcqbq

,

q
2

p

q
32

                                 (II.2.19) 

   : 

           
,

q3
z2GG

d   ,
q

zG
c   ,Gb   ,

2
qpp

p         (II.2.20) 

          

                                .GG
q

3
z qp

qp

 
   (  )  ,  
   

                         
.0

q
hz2GG

q
hzG2G

2

qppp

 
,  r      

 ,  

       
,

z2GG
wzG

z2GG
z2GGGzGzG

q
r

qp

p

qp

2
1

qpp
2

pp     (II.2.21) 

 
  

                             2
1

qp
2 GGzw .                                       (II.2.22) 

(2.21)       .  
   

                                                 2 +6d                                       (II.2.23) 
,       h/q     
. 

                              
.

z2GG
wzG

q
h

qp

p

 
     

                            
.0

q
w2w2z2G2z2G2

q
1

z2GG
wzGq

q
z2GG2

q
zG2

pp

qp

p

2

qpp

 

                              
.

z2GG
wzG

q
r

qp

p                                         (II.2.24) 

  ( )      
  : 
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                              w2GG
Gwz

w2GG
zwG

1
q
r

pq

p

pq

q     (II.2.25) 

(II.2.24) , (II.2.25)  ( )   , 
    . 

q      ,  G <0,  
q-     ,    

   ,   q-    
 . 

q  , ( , q)     
 .  

 ,   q >   (II.2.7  )    Gq > 0    
(II.2.7  )  . 

,    ,  q     
  ,    

. 
      (h)     ,  

 -     2  1-    . 
       

:  
1.  = f( 0)    Gp = [g( 0)] d. . 
2. Gp<0   .   (-d) -  
    -  '' ''.  (II.2.26)  q  .  

3. q = f( 0 + qd)    Gq = [g(x0 + qd)]Td   . 
 
 
   
 
 
 
 
 
 
 

II.2.7  
 

4.  Gq>0  q>       
 .   q    2q    (3) 

 . 
5. (2.25)  (0,q)  r-    

   . 
6.  |d /dh| = |[g(x0 + rd)|]Td| = |Gr|  <  ,   -    

   . 
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7.   Gr >  0         ( , r)  
 Gr  0 ,    (0, q)  5-   

. 
6-     .    

  ,       
.        

    .     
 . 

      : 
 
20 PRINT "   " 
30 REM      F(X+LAM*D) 
40 REM   X=LAM*D.   F(X1,X2,…XN) 
50 REM    5000,  Z=F(X1,X2,..XN) 
60 REM -   F(X)     
65 REM 6000   G(1),G(2),…G(N) 
100 PRINT "    ":INPUT N 
120 DIM X(N),P(N),Q(N),D(N),G(N) 
130 CC=O:TT=O 
150 PRINT "   " 
160 FOR I=1 TO N:INPUT X(I):NEXT I 
200 PRINT "  D" 
220 FOR I=1 TO N:INPUT D(I):NEXT I 
300 PRINT "   E" 
310 INPUT E  
350 PRINT "    ":INPUT FM  
400 PRINT "                               " 
410 FOR I=1 TO N:P(I)=X(I):PRINT "X";I,X(I):NEXT I 
500 REM   P 
510 GOSUB 5000 
520 PRINT "     ";CC;"            ";Z 
530 FP=Z:GOSUB 6000:G1=GO 
600 GP=0 
610 FOR I=1 TO N:GP=GP+G(I)*D(I):NEXT I  
620 IF GP<=0 THEN GOTO 680 
625 REM    ,   
626 REM       
630 QX=ABS(2*(FP-FM)/GP):IF QX>1 THEN QX=1 
640 FOR I=1 TO N 
650 X(I)=P(IO-QX*D(I):P(I)=X(I):NEXT I 
660 GOSUB 5000:FP=Z:PRINT "   ? " 
670 GOSUB 6000:G1-G0:GOTO 600 
680 QX=ABS(2*(FP-FM)/GP):IF QX>1 THEN QX=1 
690 HH=QX 
700 REM    Q 
710 BB=HH 
720 FOR I-1 TO N  
730 Q(I)=P(I)+BB*D(I):X(I)=Q(I) 
740 NEXT I 
750 GOSUB 5000:FQ=Z 
760 GOSUB 6000:G2=G0 
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770 GQ=0 
780 FOR I=1 TO N 
790 GQ=GQ+G(I)*D(I)   
800 NEXT I 
810 IF  GQ > 0 OR  FQ>FP  THEN GOTO 830  
815 REM      
816 REM   ,   
817 REM      
820 HH=2*HH:GOTO 700 
830 ZZ=3*(FP-FQ)/HH:ZZ=ZZ+GP+GQ 
840 WW=ZZ*ZZ-GP*GQ:IF WW<0 THEN WW=0 
850 W=SQR(WW) 
860 DD=HH*(1-(GQ+W-ZZ)/(GQ-GP+2*W)) 
870 FOR I=1 TO N:X(I)=P(I)+DD*D(I):NEXT I 
880 GOSUB 5000:FR=Z 
890 GOSUB 6000:G3=G0 
895 REM       
900 GR=0 
910 FOR I=1 TO N:GR=GR+G(I)*D(I):NEXT I 
920 IF GR>0 THEN GOTO 1000 
925 REM       
927 REM      
930 IF ABS(GR)<E THEN GOTO 1300 
940 HH=BB-DD 
950 FOR I=1 TO N:P(I)=X(I):PRINT "X";I,X(I):NEXT I 
960 CC=CC+1:PRINT "   ";CC; "          ";Z 
970 FP=Z:GP=GR:G1=G0:GOTO 830 
1000 IF ABS(GR)<E THEN GOTO 1300 
1005 REM   .  
1006 REM   BB-DD (  940)  
1007 REM DD (  1010) 
1010 HH=DD 
1020 FOR I=1 TO N:Q(I)=X(I):PRINT "X";I,X(I):NEXT I 
1030 CC=CC+1:PRINT "   ";CC; "     ";Z 
1040 FQ=Z:GQ=GR:G2=G0:GOTO 830 
1300 PRINT "  " 
1310 PRINT "   ="CC"  ="Z 
1320 FOR I=1 TO N  
1330 PRINT "X";I,X(I) 
1340 NEXT I 
1350 END 
5000 Z=0 
5010 Z=100*(X(2)-X(1)*X(1))^2 
5020 Z=Z+(1-X(1))^2 
5100 TT=TT+1 
5200 RETURN  
6000 G0=0 
6100 G(1)=-400*X(1)*X(2)-X(1)*X(1))                     
6200 G(2)=200*(X(2)-X(1)*X(1)) 
7000 FOR I=1 TO N:G0=G0+G(I)*G(I):NEXT I 
7010 G0=SQR(G0) 
7500 RETURN 
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1  

f( 1, 2) = 100( 2 -  1
2)2 +  (1  -  1)2  (-1, 0)   (5, 1) 

 ,          
? 

  5000    6000   .  = 0,0001  
  = 0   .       

: 
 

  
             2 

   
-1 
0 

 D 
5 
1 

   
.0001 

      0 
                  
X 1    -1 
X 2    0 

 0   104 
X 1    -.3994247 
X 2    .1201151 

 1   2.113823 
X 1    -.3365114 
X 2    .1326977 

 2   1.824123 
X 1    -.3413863 
X 2    .1317227 

 3   1.822355 
X 1    .2422956 
X 2    .2484591 

 4   4.174696 
X 1    .5813206 
X 2    .3162641 

 5   .2222494 
X 1    .5611688 
X 2    .3122338 

 6   .1932893 
X 1    .9545786 
X 2    .3909157 

 7   27.07376 
X 1    .5638282 
X 2    .3127656 

 8   .1928843 
  

   8    .1928658 
X 1    .5633697 
X 2    .3126739 
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§ . 2.7   
 

1)  F0  = 1   F1 = 1,    Fn = Fn-1 + Fn-2,  n  2 ,  

                                   
,

5

11 nn

nF   

      618033989,1
2

51

      
   . 

       F2 =2, F3 =3, F4 = 5, F5 = 
8, F6 = 13, …, F10 = 89,…, F19 = 6765, F20  = 10946    . 

          2)      . 
) Fn-1 Fn-2  - Fn Fn-3 = (-1)n     ((II.2.4)  ); 
) Fn   n+1/ 5       n-   . 
)  Fn-1  / Fn  1/       n-   . 

 
3)           -    

,       2    
. , Ln 2     n     

.        <L1 /  Fn+1   
. 

 4)      1%   
  11-    .   

 ,        
  ?  (     ). 

 5)  10     (0;1)  2 2 + 3 -  
      . 

 6) 0,01   (5;7)   4-14 3+60 2-70   
       .  

      ?  
 7)      (0;1),        

  . 2 2+3 -       
«  »  .      

? 5-   . 
8) =0, =t,  =2t    , (II.2.12)     

 : 

                                           
t

f2f2f4
ff3f4

 
  f  + f  > 2f        
.  

9) - ln(x)     0,001  
(1,3)   ,   . ( -

      ,    
     ). 
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10) f ( 1,  2)  =  1
2 + 3 2

2 + 2 1 2    + d      
        . 

 =(1/1)  d=(2/3),  (         
.) 

11) (II.2.11), (II.2.12)  (II.2.14)   . 
12) (II.2.20)   . 
13) (II.2.24)  (II.2.25)   . 
14)  = 2   ( ', ')      '/2 

   .  
(II.2.26)  q      

?  
15) s nx  =  1  . f( ) = (1 - s nx)2  

  . 
 
 

3 -  
n –       

 
§ II 3.1    

 
 

n -        
    .      
     .    
  .       
  . 
   .    

1 II.3.1-  ,   ( 1
*, 2

*)  
         

 .   1       
 .          

 1   .       2  
       ,    
 . . .    . 

 

 
II.3.1  
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    ( 1

*, 2
*) .   

 -     ,    
  .    n    

    . 
 ,      
   .    

        . , 
  ,   ,  

  .     (  
)  ,     

 .     : 
         
.       . 

f( 1, 2)     . 
 

 : 
                         f( 1, 2) = 100( 2- 1

2)2 + (1- 1)2;      *=(1,1)                 (II.3.1) 
 

 : 
f( ) = ( 1+10 2)2 + 5( 3- 4)2 + ( 2-2 3)4 + 10( 1- 4)2;      *=(0;0;0;0)    (II.3.2) 
 

   :  

                       f( 1, 2 ) = 
21021 ,                

(II.3.3) 
      =0,1(0,1)1*;        *=(1,10). 

 
     (II.3.1),  (II.3.2),  (II.3.3)   
       . 

 
 

§ II. 3.2  -   
 

  1961    ,     
     .     

,        
.  

   ,     . 
     : 

)   b1    j  
   hj   .    

   h   ,     j-
        . 
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)  f( )      ,  f( ) 
   b1    .  

        ,   
        

.  
  b1     : 

1)  b1    f(b1)   . 
2)       

.   f(b1+h e1)   , e1  1  
    .      

,  b1    b1+h e  -  .   f(b1 -  h1e1) 
  ,     b1  b1-h1e1       

-  .    ( )     
 b1  .  2    

,  f(b1-h2e )       
 j (j=1,2,...,n) . n-   

 ,    b2  . 
3)  b2=b1,     ,   

  b1   ,   
  .    ( ) 
      . 

4)  b1 # b2,        
. 

)          
        

  . 
 

      : 
1)    b2  b2 -b1   , 
        . 

,     : 
                                   1 = b1 + 2(b2 - b1)                                     (II.3.4) 

 : 
                                   = b  + 2(b +1 - b ). (II.3.5) 
2)    1(   )    . 
3)  B, 2        b2 

(   b +1)    ,    b3 
(b +2)  . ,  B, 1  .  

    b2 (b +1)  ,    
b2 (b +1)  . 

  )           
  . 
  : 
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10 PRINT "  - " 
20 REM     Z=F(X1,X2,…,XN)   2000 
30 PRINT "    ":INPUT N 
40 DIM X(N),B(N),Y(N),P(N) 
50 PRINT"    X1,X2,…,XN" 
60 FOR I=1 TO N:INPUT X(I):NEXT I 
70 PRINT "   ":INPUT H 
80 K=H:FE=0 
90 FOR I=1 TO N 
100 Y(I)=X(I):P(I)=X(I):B(I)=X(I):NEXT I 
110 GOSUB 2000:FI=Z 
120 PRINT "    " Z 
130 FOR I=1 TO N:PRINT X(I); "          ";:NEXT I:PRINT    "" 
140 PS=0:BS=1 
150 REM     
180 J=1:FB=FI 
200 X(J)=Y(J)+K 
210 GOSUB 2000 
220 IF Z<FI THEN GOTO 280 
230 X(J)=Y(J)-K    
240 GOSUB 2000 
250 IF Z<F1 THEN GOTO 280 
260 X(J)=Y(J) 
270 GOTO 290 
280 Y(J)=X(J) 
290 GOSUB 2000 
300 FI=Z 
310 PRINT "  "Z 
320 FOR I=1 TO N:PRINT X(I); "      ";:NEXT I:PRINT   "" 
330 IF J=N THEN GOTO 360 
340 J=J+1 
350 GOTO 200 
360 IF FI<FB-1E-08 THEN GOTO 540 
370 REM   360,   , 
                     
380 IF PS=1 AND BS=0 THEN GOTO 420 
390 REM        , 
395 REM       ,     
                    420 
400 REM         490 
410 GOTO 490 
420 FOR I=1 TO N:P(I)=B(I):Y(I)=B(I):X(I)=B(I):NEXT I 
430 GOSUB 2000:BS=1:PS=0 
440 FI=Z:FB=Z 
450 PRINT "   "Z 
460 FOR I=1 TO N:PRINT X(I); "          ";:NEXT I:PRINT     "" 
470 REM (      395) 
                       
480 J=1:GOTO 200 
490 K=K/10 
500 PRINT "   " 
510 IF K< 1E-08 THEN GOTO 700 
520 REM    ,    
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525 REM     
530 J=1:GOTO 200 
535 REM    
540 FOR I=1 TO N:P(I)=2*Y(I)-B(I) 
550 B(I)=Y(I):X(I)=P(I):Y(I)=X(I) 
560 NEXT I 
570 GOSUB 2000:FB=FI:BS=0:FI=Z 
580 PRINT "   "Z 
590 FOR I=1 TO N:PRINT X(I); "      ";:NEXT I:PRINT  "" 
600 REM       

   
60 J=1:GOTO 200 
700 PRINT"            " 
710 FOR I=1 TO N:PRINT "X"I"="P(I):NEXT I:PRINT  "" 
750 PRINT "    "FB 
760 PRINT "     "FE 
790 END 
2000 Z=(X(1)-2)^2+(X(2)-5)^2+(X(3)+2)^4 
2010 FE=FE+1 
2020 REM      
2030 RETURN 

 
          

.       .  
    ,    

        .  
    '' ''   

 (      ).  
 360 ,     , 

  ,     
 ,   10-8   . ,  

 (BS=1, PS=0)     (BS=0, PS=1)   
   . 

        10-8  ,  
   (510  ). 

     ,  
    . 

2000         
  : 

                                    f( 1, 2, 3)=( 1-2)2+( 2-5)2+( 3+2)4 
 (2; 5; -2)  . 
  (4; -2; 3)      1-    

       
 .   ,      

   .     
   .      

  .      
       . 
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   : 

  –  
      3 
    X1,X2,…,XN       4  -2  3 
       1 
       678 

4  -2  3 
  675 

3  -2  3 
  662 

3  -1  3 
  293 

3  -1  2 
  106 

2  0  1 
  106 

2  0  1 
  97 

2  1  1 
  32 

2  1  0 
  5 

1  3  -2 
  4 

2  3  -2 
  1 

2  4  -2 
  1 

2  4  -2 
  20 

2  7  -4 
  20 

2  7  -4 
  17 

2  6  -4 
  2 

2  6  -3 
    1 

2  4  -2 
  1 

2  4  -2 
  0 

2  5  -2 
  0 

2  5  -2 
    1 

2  6  -2 
  1 

2  6  -2 
  0 

2  5  -2 
  0 
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2  5  -2 
    0 

2  5  -2 
  0 

2  5  -2 
  0 

2  5  -2 
  0 

2  5  -2 
    

  0 
  0 

2  5  -2 
  0 

2  5  -2 
  0 

2  5  -2 
   

   
X  1  =  2 
X  2  =  5 
X  3  =  -2 

   0 
        127              
 

§ II. 3.3 -   
 

-   ,      
,   .  
      ,   

   . 
n   (n+1) -     

     .    
,     .   
        ,  

   -  .     
(n+1)       

        
    ( ) .    
,        

.  
          ,   

   -   (  )  -
  .   ,  ,  
    . ,  n 6   ,    

      . 
,        

  : ,   .   
    . 
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)       

      f1 = f(x1),  f2 = f(x2), ... , fn+1 = f(xn+1)      
 

)      fh,       fg, 
   ft      xh,  xg   xt  

. 
 

) xh       
.       : 

                             
hi

ix
n
1

0

                     
            (II.3.6) 

     f(x0) = f0  . 
 

)     xh  . xr  x0 
  xh        f(xr) = fr  
. 

        II.3.4-  .   
  >0   ,  xr   
  : 

 
xr - x0  = (x0 - xh),         

 
                xr = (1+ )x0  - xh                      (II.3.7) 

:   = lxr - x0 l / l x0 - xh l. 
 

 
II.3.4-  

 
)  fr  ft,   :  

1)    fr<ft          . x0 
  xr           

 . ,       xe  
 fe = f(xe)   . II.3.5-    
 .   >1   

 : 
 
                                     xe - x0 = (xr - x0),             
                                     xe = xr + (1 - )x0                         (II.3.8) 
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                                       II.3.5-  

 
 

:   = l xe - x0 l / l xr - x0 l. 
)  fe < ft ,  xh -   xe-    (n+1)-
       

 (  ).       
,         

. 
)  fe   ft  ,  xe -    .    x0 

  xr -       
. ,  xh -    xr -  ,   

( ,  1 )     .   
 -   (  ). 

2).   fr >  ft ,     fr  f g  ,     
  xr -   ,   xh -  xr -
 ,      
 (  ).      , 

   1,   . 
3).   fr > ft    fr > fg,   ,   . 
 

)  fr    fh    .  
1)   fr>fh ,   ,2    .  fr < fh 

, xh -    xr -   fh   fr  
  ,2    . 

2) fr > fh   , xh -  x0 -  
    .    

 ,     xc -  (  fc )   
(II.3.6-  )  . 

                     
                                  II.3.6-  

 fr  > fh ,     xc -   
 : 

                                               xc - x0 = ( xh - x0 ), 
:  

                                               (0 <  < 1) -  . 
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:  
                                               xc = xh+(1- )x0                     (II.3.9)   

  fr < fh  ,  xh -   xr -   , 
  .   xc      (II.3.7- 
). 

                                          xc - x0 = ( xr - x0 ),              
                                          xc= xr + ( 1-  )x0,                      (II.3.10)  
 

 
II.3.7-  

 
 )  fc    fh   .  
 1)    fc < fh   ,   xh -   xc -  , 
      ,  

. 
 2)   fc > fh ,    fh          

   ,      
 . 

       
)      xt -   

  ,     
. xt  -         . 

, x  –   x  + 1/2(x  -  xt)  -  ,  x  
  

                                1/2(x  + xt)                      (II.3.11) 
, if    = 1,2,...,(n+1) ,   

          
  . 

 
)        - 

 (n+1)-      - ( )  
    .    -  .  

                            1/)( 2
1

1

2 nff
n

i
i            (II.3.12) 

 
                                1/ nff i     

 <  ,   -     
,      xt -  
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  .      
     . 
      . ,    

   ,    
  .     

  =1, =0,5  =2    .      
   ( )   . 
            
    . 

    .   x1 
    ,    
 : 

                                               x2 = x1 + ke1 
                                               x3 = x1 + ke2                        (II.3.13)          
                                               xn+1 = x1 + ken 

               k - -   , 
                         ej  -   .  

  ,     
 ,       FE  fe ,   

XC   xc   . . .   S    
. 

  S( ,J)    -  J - , 
  

                                                S ( , J )  x j                   (II.3.14) 
 5000      ((II.3.2) 

 )     . 

     (   2060

2180 )    

      
                        

1

1

1

1

222
,1

n

i

n

i
ii fnfff

                    (II.3.15) 
    . 

 
20 PRINT "      - " 
40 PRINT "" 
60 PRINT "  Z=F(X1,X2,…,XN)    5000" 
80 PRINT "":TEV=0 
100 PRINT "    " 
120 INPUT N 
140 PRINT "   " 
160 DIM S(N+1,N) 
180 FOR J=1 TO N        
200 INPUT S(1,J) 
220 NEXT J 
240 PRINT "   " 
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260 INPUT K 
270 REM       " 
280 FOR I=2 TO N+1 
300 FOR J=1 TO N 
320 IF J=I-1 THEN S(I,J)=S(1,J)+K:GOTO 360 
340 S(I,J)=S(1,J) 
360 NEXT J 
380 NEXT I 
400 PRINT "  ALFA, BETA, GAMMA" 
420 INPUT AL, BE, GA 
440 DIM X(N), XH(N), XG(N), XL(N), X0(N) 
460 DIM XR(N), XC(N), XE(N), F(N+1) 
470 REM     
480 FOR I=1 TO N+1 
500 FOR J=1 TO N 
520 X(J)=S(I,J) 
540 NEXT J 
560 GOSUB 5000 
580 F(I)=Z 
600 NEXT I 
610 REM       
615 REM      
620 FH=-1E+20:FL=1E+20 
640 FOR I=1 TO N+1 
660 IF F(I)>FH THEN FH=F(I):H=I 
680 IF F(I)< FL THEN FL=F(I):L=I 
700 NEXT I 
710 REM      
715 REM    
720 FG=-1E+20 
740 FOR I=1 TO N+1 
760 IF I=H THEN GOTO 800 
780 IF F(I)>FG THEN FG=F(I):G=I 
800 NEXT I 
820 FOR J=1 TO N 
840 X0(J)=0 
860 FOR I=1 TO N+1 
880 IF I=H THEN GOTO 910 
900 X0(J)=X0(J)+S(I,J) 
910 NEXT I 
920 REM    X0, XH, XJ, XL                
940 X0(J)=X0(J)/N 
960 XH(J)=S(H,J) 
980 XG(J)=S(G,J) 
1000 XL(J)=S(L,J) 
1020 NEXT J 
1040 FOR J=1 TO N 
1060 X(J)=X0(J) 
1080 NEXT J 
1100 GOSUB 5000 
1120 F0=Z:PRINT  "      1120" 
1130 REM     
1140 FOR J=1 TO N 
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1160 XR(J)=X0(J)+AL*(X0(J)-XH(J)) 
1180 X(J)=XR(J) 
1200 NEXT J 
1220 GOSUB 5000:FR=Z:PRINT "     1120  ";Z 
1230 REM  FR<FL,    
1240 IF FR<FL THEN GOTO 1300 
1250 REM  FR>FL  FR>FG,   FR  FH 
1255 REM    ,  XH  XR 
1260 IF FR>FG THEN GOTO 1600 
1280 GOTO 1520 
1290 REM     
1300 FOR J=1 TO N 
1320 XE(J)=GA*XR(J)+(1-GA)*X0(J) 
1340 X(J)=XE(J) 
1360 NEXT J 
1380 GOSUB 5000:FE=Z 
1400 IF FE<FL THEN GOTO 1440 
1420 GOTO 1520 
1440 FOR J=1 TO N 
1460 S(H,J)=XE(J) 
1480 NEXT J:F(H)=FE:PRINT  "     1480    ";Z 
1490 REM     2060 
1500 GOTO 2060 
1520 FOR J=1 TO N 
1540 S(H,J)=XR(J) 
1560 NEXT J:F(H)=FR:PRINT  "     1560" 
1580 GOTO 2060  
1600 IF FR>FH THEN GOTO 1700 
1620 FOR J=1 TO N 
1640 XH(J)=XR(J) 
1660 NEXT J 
1680 F(H)=FR 
1690 REM    
1700 FOR J=1 TO N 
1720 XC(J)=BE*XH(J)+(1-BE)*X0(J) 
1740 X(J)=XC(J) 
1760 NEXT J 
1780 GOSUB 5000:FC=Z 
1800 IF FC>FH THEN GOTO 1920 
1820 FOR J=1 TO N 
1840 S(H,J)=XC(J) 
1860 NEXT J 
1880 F(H)=FC:PRINT  "     1880  ";Z 
1900 GOTO 2060 
1910 REM     
1920 FOR I=1 TO N+1 
1940 FOR J=1 TO N 
1960 S(I,J)=(S(I,J)+XL(J))/2 
1980 X(J)=S(I,J) 
2000 NEXT J 
2020 GOSUB 5000:F(I)=Z 
2040 NEXT I:PRINT "     2040" 
2050 REM     
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2060 S1=0:S2=0 
2080 FOR I=1 TO N+1 
2100 S1=S1+F(I) 
2120 S2=S2+F(I)*F(I) 
2140 NEXT I 
2160 SIG=S2-S1*S1/(N+1):SIG = SIG/(N+1) 
2180 IF SIG<1E-10 THEN GOTO 2220 
2200 GOTO 620 
2220 PRINT "    " 
2240 FOR J=1 TO N 
2260 PRINT "X";J; "  =";XL(J) 
2280 NEXT J:PRINT  "" 
2300 PRINT "   ="F(L) 
2320 PRINT "   ="TEV 
2340 END 
5000 Z=(X(1)+10*X(2))^2+5*(X(3)-X(4))^2 
5020 Z=Z*(X(2)-2*X(3))^4 
5040 Z=Z+10*(X(1)-X(4))^4 
5060 TEV=TEV+1 
5100 RETURN 
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 ALFA, BETA, GAMMA 1 .5   2 
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    122051.29157 
    1880  .2411101 
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     1120 
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n = 4       6        8      10      12  
 
Q = 650   1740   3640   6360   9790 
 

: 
  Q  =  ahn     ln(Q) = ln(a) + n ln(h) . , 

      , 
   ln(Q)    ln(h)  .   
      ,  
  : 

1)    S1 =  [ ln(Q ) - ln(a) - n ln(h ) ]2 , 
2)   S2 =  (Q   - ah n)2 , 

a  n    .  -   
  ? 

 
4 -  

  
 

§ II. 4.1    
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 . 
 ,      ,   

 h   d  xf    g(x)    . 
     

                                 xf               - g(x)                 (II.4.7) 
 . 
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:   - xf   dx    .   dx 
  df   , =1800   

,   dx   - f(x)    . 
:        

  ,  ,     
 . ,  (d1,d2,...,dn)   -    
  ,  

:  
                           f(x1 + d1,x2 + d2, ..., xn +dn) = f(x1, x2, ..., xn)   

, , 

                                0
1

dxfd
x
fdf

Tn

j
j

j

              (II.4.8) 

      
                                                                                                                                                                                                                           
 
 
                   
 
           
                                      II.4.1-  

 
       

 .  
,      x   

,     - f(x)   
 .  

   .    x   
. 

   : 
                                            ,1 iiii xfxx                (II.4.9) 

, i  - -    

ii xfxf                     (II.4.10) 
i -  2-         

 .  
   : 

 
20 PR NT «     » 
40 PR NT «  Z=F(X1,X2,...,XN)    2000» 

60 PR NT «    G(1),G(2),...,G(N) 
  

                       3000» 
80 PR NT «          
                      » 
100 PR NT «     »: NPUT   N 
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120 D M  X (N), Y(N), G(N), L(4), FF(4) 
140 REM    L(4)    FF(4)     
                      
160 PR NT «     » 
180 FOR -1 TO N: NPUT :NEXT  
200 PR NT «   : NPUT L 
250 PR NT «  » 
260 REM     
300 FOR  =1 TO N:Y( )=X( ):NEXT  
320 GOSUB 2000:GOSUB 3000: F GO<.000001 THEN GOTO 1200 
340 FOR =1 TO N:D( )=-G( )/G0:NET  
360 REM      
                   Y( ) 
370 REM [    X( )] 
380 L(1)=0:FF(1)=Z:ZZ=Z 
400 L(3)=L 

410 FOR =1 TO N:X( )=Y( )+L(3)*D( ):NEXT  
430 GOSUB 2000:FF(3)=Z 
440 GOSUB 3000 
450 G2=0 
460 FOR =1 TO N:G2+G( ):NEXT  
470 F FF(3)>=FF(1) OR G2>=0 THEN GOTO 500 
480 L=2*L:GOTO 400 
500 REM   480   , 
510 REM  «   
520 L(2)=L/2 
540 FOR =1 TO N:X( )=Y( )+L(2)*D( ):NEXT  
560 GOSUB 2000:FF(2)=Z 
580 REM     
600 L(4)=L*(FF(2)-.75*FF(1)-.25*FF(3))/2*FF(2)-FF(1)-FF(3)) 
620 F L(4)<0 THEN PR NT «  
640 FOR =1 TO N:X( )=Y( )+L(4)*D( ):NEXT  
660 GOSUB 2000:FF(4)=Z 
680 REM  4  LAMBDA  4  , 
690 REM      
700 FOR J=1 TO 3 
710 FOR K=J+1 TO 4 
720 F FF(J)<=FF(K) THEN GOTO 760 
730 LL=L(J):L(J)=L(K):L(K)=LL 
740 FO=FF(J):FF(J)=FF(K):FF(K)=F0 
750 REM     FF(J)  FF(K),      

               
760 NEXT K:NEXT J 
790 REM           , 
795 REM      800 
800 F ABS(L(1)-L(2))<.00005 THEN GOTO 1000 
810 REM     
820 S1=SGN(L(2)-l(1)):S2=SGN(L(3)-L(1)) 
830 S3=SGN(L(4)-L(1)) 
840 F S1=S2 AND S1=-S3 THEN L(3)=L(4):FF(3)=FF(4) 
850 REM     
860 DN=(L(2)-L(3))*FF(1)+(L(3)-L(1))*FF(2)+(L(1)-L(2))*FF(3) 
870 F=F*(L(2)-L(3))/(2*DN) 
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880 F=F*(L(2)-L(3))*(L(3)-L(1)) 
890 L(4)=(L(1)+L(2))/2+F 
900 FOR =1 TO N:X( )=Y( )+L(4)*D( ):NEXT  
910 GOSUB 2000:FF(4)=Z 
920 REM    
930 GOTO 700 
1000 FOR =1 TO N:X( )=Y( )+L(1)*D( ) 
1002 Y( ):PR NT «X»; ; «=»; X( ) 
1005 NEXT  
1010 PR NT «» 
1020 GOSUB 2000:GOSUB  3000 
1040 PR NT «F=»Z:PR NT «» 
1080 L=L/2 
1100 F GO>.00001 THEN GOTO 340 
1150 REM           

                    
1200 PR NT «»:PR NT 
1220 FOR =1 TO N:PR NT «X»; ; «=»;X( ):NEXT  
1240 PR NT «   F(X1, X2, ...,XN)=«Z 
1300 END 
2000 Z=(X(1)-1)^2+(X(2)-3)^2=4*(X(3)+5)^2 
2090 FE=FE+1 
2100 RETURN 
3000 GO=0 
3100 G(1)=2*(X(1)-1) 
3200 G(2)=2*(X(2)-3) 
3300 G(3)=8*(X(3)+5) 
3800 FOR =1 TO N:GO=GO+G( )*G( ):NEXT  
3810 GO=SQR(G0) 
4000 RETURN 

 

 L     .  
340      . 

  : 
                                                      ii dxf                (II.4.11) 
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. 
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 460  (II.2.16)  ,  G2   
. 

470    ,    
.   , : 

                                ( )  (0),      d ( ) / d (=G2)  0 
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II.4.3-  

 
:   d (0) / d  = -g( x  )Tg( x   ) < 0   (II.4.3    ). 

  (0, )  ,     
        

  , , 
( )  (0),      d ( ) / d (=G2)  0  . 

 (0, )     ,  
  /2  .   

    (II.2.12)   
    t  =   /  2     .   

 600  .       
    II.2.4   

 ,    300-  . 800  
   . 

1000  x +1 = x         
l g(x +1)  l     ,   (   
  1100  ).   
  1080 .     

 ,      
   .    2  

       
. 

 
1  

    
f(x1, x2, x3) = (x1 - 1)2 + (x2 - 3)2 + 4(x3 + 5)2 

  . 
       

.   x1=1,  x2=3,  x3=-5       
.     ,     

(4; -1; 2)   ,    4-     
  11    .   

   : 
 

       
   Z=F(X1, X2, ..., XN)        2000 
   G(1), G(2), ..., G(N)    
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  3000 
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X 1 = 3.232205 
X 2 = .02372677 
X 3 = -5.166087 
 
F = 13.95128 
 
X 1 = 1.189384 
X 2 = 2.747488 
X 3 = -4.558105 
 
F = .880715 
X 1 = 1.140915 
X 2 = 2.812114 
X 3 = -5.010485 
 
F = .0555979 
 
X 1 = 1.011955 
X 2 = 2.98406 
X 3 = -4.972104 
 
F = 3.50976E-03 
 
X 1 = 1.008896 
X 2 = 2.988139 
X 3 = -5.000662 
 
F = 2.215617E-04 
 
X 1 = 1.000754 
X 2 = 2.998995 
X 3 = -4.99824 
 
F = 1.396853E-05 
 
X 1 = 1.00561 
X 2 = 2.999252 
X 3 = -5.000042 
 
 
F = 8.804964E-07 
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X 1 = 1.000047 
X 2 = 2.999937 
X 3 = -4.99989 
 
F = 5.51017E-08 
 
X 1 = 1.000035 
X 2 = 2.999954 
X 3 =-5.000003 
 
F = 3.422542E-09 
 
X 1 = 1.000004 
X 2 = 2.999995 
X 3 = -4.999993 
 
F = 2.683578E-10 
 
X 1 = 1.000003 
X 2 = 2.999997 
X 3 = -5 
 
F = 1.966782E-11 
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X 2 = 2.999997 
X 3 = -5 

    F(X1, X2, ..., XN)= 1.966782E-11 
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800  IF FF (1) < ZZ  THEN  GOTO  1000  
 
2  
                        f(x1,x2,x3) = (x1 - 1)4 + (x2 - 3)2 + 4(x3 + 5)4  

   . 
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F= 33.29327 
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§ II.4.2    
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                                            00
1

0 xfxGxx m  
 

                     xm = x0 - G-1(x0) g(x0),                       (II.4.16) 
  

,  (II.4.9)     x   
    :    

                                          x +1 = x  - G-1(x ) g(x ),                  (II.4.17) 
,   

                                          x +1 = x  - G-1(x ) g(x ),                (II.4.18) 
   -  . G-1(x ) g(x )     
  . 

-     .   - , 
    . (4.17)  (4.18)   
 ,       
  ,         

. , x    x*      
    ,   (x)   

 f(x)     .  
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 ,     . 
 ,     , 
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 . - -      
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0GqP                           (II.4.19) 
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  0, 1,…, n-1     ,  
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x1  P0  11 xFxg      
       

           g(x1)TP0=0                                           (II.4.22) 
 ((II.2.16)  (II.4.12)   ). 

         
,   x   P     . 

              x +1 = X  +  P                                    (II.4.23) 
, F(X)       : 

                          g(x +1)Tp  = 0                           (II.4.24) 
                         g(x ) =  G(x  - x*)                      (II.4.25) 

 (II.4.23)      n -      
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T
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,   P0, P1, ... , Pn-1  -    
 

                   P TGPj = 0                                                           (II.4.30) 
 j   .      

II. (4.24)    . 
    g(xn)TPj = 0                                                           (II.4.31) 

 j=0,1, ... ,n-1    
  P0, P1, ... , Pn-1      

,   ,  
 

                           g( xn ) = 0                                      (II.4.32) 
 

                         G(xn-x*) = 0                                     (II.4.33) 
 

     xn = x* 

,   -    , n 
    n   
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§ II.4.3 - -   

 
- -  ( )  (II.4.16)  (II.4.18)  
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  . 

2.       
     d  = - H g                          (II.4.34) 
3. f(x + i d )     i    

,     x + i d     . 
4. V      
      V  = i d                               (II.4.35) 
5.   
           x +1=x +v                           (II.4.36) 
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           01 i
T
i vg                    (II.4.37) 

7.    
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H +1 = H  + A  +B                        (II.4.39) 

  

)/( i
T
i

T
iii uvvvA                       (II.4.40) 

                      )/( ii
T
ii

T
iiii uHuHuuHB               (II.4.41) 

9.  -    ,  2-   . 
      

. 



160 
 

)  v      i     , 
  .   g         

, v          
   
                            ii

T
iii

T
ii

T
i gHgvggv            (II.4.42) 

   ,   M    -  
-      .  0   

   . (II.4.39)-(II.4.41) 
       
 .   ,     

     .    
 ,     

                                    i
T
iii

T
i HCCCC                (II.4.43) 

                                          P = c     q = c u                  (II.4.44) 
  ,  - -  . 

 

ii
T
i

i
T
iii

T

i
T
i

T
ii

T

i
T

i
T

uHu
HuuH

uv
vvHH 1  

i
T
i

i
TT

uv
v

q
qpp

2

2

2
2 )()(

 

i
T
i

i
T

i
T
i

i
TT

uv
v

uv
v

q
qpqp 22

2

222 )()()(
,                   (II.4.45) 
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    01i
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i qv    (4.37)  . 

, 
                              0ii

T
iii

T
i gHguv ,               (II.4.46) 

  0i   H     . 

, 01i
T H , H +1     

 . 
)    G     

   ((II.4.13)  ) , 
 n     Hn=G-1    .  

 , v0,  v1, ..., vk - , Hk+1G       
,       

.   HnG      . 
(II.4.38)     , 



161 
 

                       U  = g +1 - g  = Gx +1 - Gx  = Gv                  (II.4.47) 
 

   , 
       H +1Gv  = H +1u  = H u  + A u  + B u  = H u  + v   - H u , 

 (II.4.39)-(II.4.41)   i
T

i uV    ii
T

i uV   
 . 

 
                              H +1Gv  = v                                                (II.4.48) 

  k      ,   k=2, 3, ..., n  
     . 
                   0j

T
i GvV ,   kji0                           (II.4.49) 

                 HkGv  = v ,    ki0                                 (II.4.50) 
   (4.48)   =  0    H1Gv0 =  v0 
 .   (II.4.50)   k=1  

  k=2    (II.4.50)  : 
                                   H2Gv0  = v0            H2Gv1 =  v1. 

  (II.4.48)   =  1    
  . 

  2 ,  (II.4.39)    
  

111

01111

11

01
10102 uHu

GvHuuH
uV

GvvvGvHGvH T

T

T

T

. 

      0-  ,   
0)( 011011111101001 vgGvHggHGvGvvGvv TTTTT  

   = 0  (II.4.48)    = 0  (II.4.37) 
 .   , u1 = Gv1 

  01011 GvvGvHu TT  .  (II.4.50)   
k=2      .    

,   .  
010 Gvv T

, 
 (II.4.39)  , k=2    . 

 (II.4.49)  (II.4.50)  k   ,  
 k+1    ,   . 

  
                      Gk = b + Gxk = b + G(xk-1 + vk-1) = b + G(xk-2 + vk-2 + vk-1) = 
                            = g +1 + G(v +1 + v +2 + ... + vk-1)                              (II.4.51) 
 (II.4.49) , <k-1    

01i
T
ik

T
i gvgv , 

 (II.4.37)    . 
01 k

T
k gv  



162 
 

 

        0k
T
i gv ,  ki0                   (II.4.52) 

 (II.4.50)   
                  0kk

T
i gGHv ,     ki0          

  
0k

T
i Gdv  

  
                        0k

T
i Gyv ,            kkk dv . 

  
                             0k

T
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                      0j

T
i Gvv ,      10 ki               (II.4.54) 

 (4.47)  (4.50)    
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T
k GvvvuGvHu ,   )1(0 kki        (II.4.55) 

 (II.4.39), (II.4.50)   
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=k    

kkkkk
kk

T
k

kk
T
kkk

k
T
k

k
T
kk

kkkk uHvuH
uHu

GvHuuH
uv
GvvvGvHGvH 1

 
  

                  k
T
kk

T
k uvGvv             kk

T
kkk

T
k uHuGvHu . 

,   kkk vGvH 1      (II.4.56)   
           iik vGvH 1         10 ki                   (II.4.57) 

 (II.4.54)  (II.4.57)   k    
(II.4.49)  (II.4.50)   .  

    . 
(II.4.49)  , v0,  v1, ..., vn-1   

  .  G     
. (II.4.50)   v0,  v1, ..., vn-1 
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,   HnG      
.  HnG      
                                               Hn = G-1                                (II.4.58) 
 (II.4.52)   ,  n 

  .  v0,  v1, ..., vn-1   
 gn   ( )  . 
 

                                             gn = 0                                       (II.4.59) 
) (II.4.39)      : 
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0
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iAG    . (II.4.49)  
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 (II.4.48)   , H +1GV  =V ,     
 

V  = H GV   + A GV  + B GV  
 

 . 
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                               B Gv   = - H Gv   = - H u                     (II.4.61) 

  B  -  . 
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  . n -   
    , n-  -  

   .     
  .     

  ,       
 . 

    .  
       
    .    

   .    
    ,    
  ,       
 .      

     .  
    600-1010  2.6   

 .    930  , 
   . 

 
1-  
(3; -1; 0; 1)       

,     . 
  F(x1, x2, x3, x4) = (x1 + 10x2)2 + 5(x3 - x4)2 + (x2 - 2x3)4 + 10(x1 - x4)4  

      . 
        

.  
 (0; 0; 0; 0)   .  

100 PR NT «   » 
120 REM      
                  
150 REM  F(X1, X2, ..., XN)    5000 
155 REM  G(1), G(2), ..., G(N)    6000 
200 PR NT «   »: NPUT   N 
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220 D M X(N), P(N), Q(N), R(N), D(N), G(N), U(N), V(N), Y(N), M(N) 
240 D M H(N, N) 
300 REM   H   
320 =0:FOR =1  TO  N:FOR J=1  TO  N:H( , J)=0:NEXT  J:H( , J)=1:NEXT  :TT=0 
330 PR NT «   » 
340 FOR =1 TO N: NPUT «X»: :: NPUT   X( ):NEXT   :PR NT   "" 
360 REM   
380 PR NT «   »  
400 FOR =1 TO N:P( )=X( ):PR NT   "X"; ,X( ):NEXT  
410 GOSUB 5000 
420 PR NT " ";CC;"   ";Z 
430 FP=Z:GOSUB  6000:G1=G0 
440 REM    U    

 D 
450 FOR =1 TO N 
460 U( )=G( ):D( )=0 
470 FOR J=1 TO N 
480 D( )=D( )-H( , J)*G(J) 
490 NEXT J 
500 NEXT  
600 GP=0 
610 FOR =1 TO N;GP=GP+G( )*D( ):NEXT  
620 F GP < 0 THEN GOTO 680 
625 REM    ,  , 
627 REM      
630 QX=ABS(2*FP/GP): F QX>1 THEN QX=1 
640 FOR =1 TO N 
650 X( )=P( )-QX*D( ):P( )=X( ):NEXT  
660 GOSUB  5000:FP=Z:PR NT  « ?» 
670 GOSUB 6000:G1=GO:GOTO 600 
680 QX=ABS(2*FP/GP): F QX>1 THEN QX=1 
690 HH=QX 
700 REM    Q 
710 BB=HH 
720 FOR =1 TO N 
730 Q( )=P( )+BB*D( ):X( )=Q( ) 
740 NEXT  
750 GOSUB 5000:FQ=Z 
760 GOSUB 6000:G2=G0 
770 GQ=0 
710 BB=HH 
720 FOR =1 TO N 
730 Q( )=P( )+BB*D( ):X( )=Q( ) 
740 NEXT  
750 GOSUB 5000:FQ=Z 
760 GOSUB 6000:G2=G0 
770 GQ=0 
780 FOR =1 TO N 
790 GQ=GQ+G( )*D( ) 
800 NEXT  
810 F GQ>0 OR FQ>FP THEN GOTO 830 
815 REM    
817 REM   ,  « »    
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820 HH=2*HH:GOTO 700 
830 ZZ=3*(FP-FQ)/HH:ZZ=ZZ+GP+GQ 
840 WW=ZZ*ZZ-GP*GQ: F WW<0 THEN WW=0 
850 W=SQR(WW) 
860 DD=HH*(1-(GQ+W-ZZ)/(GQ-GP+2*W)) 
870 FOR =1 TO N:X( )=P( )+DD*D( ):NEXT  
880 GOSUB 5000:FR=Z 
890 GOSUB 6000:G3=G0 
895 REM      
900 GR=0 
910 FOR =1 TO N:GR=GR+G( )*D( ):NEXT  
920 F Z<=FP AND Z<=FQ THEN GOTO 1100 
930 F GR>0 THEN GOTO 990 
960 HH=HH-DD 
970 FOR =1 TO N:P( )=X( ):NEXT  
980 FP=Z:GP=GP:G1=G0:GOTO 830 
990 HH=DD 
1000 FOR =1 TO N:Q( )=X( ):NEXT  

1050 REM   H 
1100 KK=0:WK=0:DK=0 
1110 FOR =1 TO N 
1120 U( )=G( )-U( ):V( )=X( )-Y( ) 
1130 NEXT  
1140 FOR =1 TO N:M( )=0 
1150 FOR J=1 TO N 
1160 M( )=M( )+H( , J)*U(J) 
1170 NEXT J 
1180 KK=KK+M( )*U( ):WK=WK+V( )*U( ) 
1190 DK=DK+V( )*V( ) 
1200 NEXT  
1205 F KK=0 OR WK=0 THEN GOTO 1260 
1210 FOR =1 TO N 
1220 FOR J=1 TO N 
1230 H( , J0=H( , J)-M( )*M(J)/KK+V( )*V(J)/WK 
1240 NEXT J 
1250 NEXT  
1260 CC=CC+1 
1265 REM    
1270 F SQR<.00005 OR G3<.00001 THEN GOTO 1300 
1275 REM     
1280 GOTO 400 
1300 PR NT «  » 
1310 PR NT "  ="; CC;"   =  "; Z 
1320 FOR =1  TO N 
1330 PR NT  "X"; , X( ) 
1340 NEXT  
1350 END 
5000 Z=O 
5010 Z=(X(1)+10*X(2))^2+5(X(3)-X(4))^2 
5020 Z=Z+(X(2)-2*X(3))^4+10(X(1)-X(4))^4 
5100 TT=TT+1 
5200 RETURN 
6000 G0=0 



167 
 

6100 G(1)=2*(X(1)+10*X(2))+40*(X(1)-X(4))^3 
6200 G(2)=20*(X(1)+10*X(2))+4*(X(2)-2*X(3))^3 
6300 G(3)=10*(X(3)-X(4))-8*(X(2)-2*X(3))^3 
6400 G(4)=-10*(X(3)-X(4))-40*(X(1)-X(4))^3 
7000 FOR =1 TO N:G0=G0+G( )*G( ):NEXT  
7010 G0=SQR(G0) 
7500 RETURN 
 
 

   
   

4 
   

X 1   3 
X 2  -1 
X 3   0 
X 4   1 
 
   
X 1  3 
X 2  -1 
X 3  0 
X 4  1 

 0  215 
X 1  1.949874 
X 2  -.5058231 
X 3  6.683568E-03 
X 4  2.063853 

 2  30.89246 
X 1  1.952094 
X 2  -.1460427 
X 3  .1139128 
X 4  1.983205 

 2  17.73255 
X 1  1.672088 
X 2  -.1326144 
X 3  .6173387 
X 4  1.740239 

 3  9.919396 
X 1  .1212769 
X 2  -9.131193E-03 
X 3  .23143347 
X 4  .2154706 

 4  5.259228E-02 
X 1  .1124414 
X 2  -1.592427E-02 
X 3  .1754911 
X 4  .2051925 

 5  2.546394E-02 
X 1  1.728326E-02 
X 2  -1.335926E-04 
X 3  .1186576 
X 4  1068345 



168 
 

 
X 1  1.669752E-03 
X 2  -1.673108E-04 
X 3  1.655202E-03 
X 4  1.653915E-03 

 23  1.658259E-10 
X 1  5.41309E-04 
X 2  -5.39442E-05 
X 3  9.644107E-04 
X 4  9.654203E-04 

 24  2.436223E-11 
  

   25    
7.528931 -12 

X 1  1.960656E-04 
X 2  -1.964616E-05 
X 3  7.700225E-04 
X 4  7.697501E-04 
 

§ II. 4.4 -   
 

-     -    n- 
   . 

(II.4.13)   ,  
f(x) = a + bTx + ½ xTGx 

  , G   -    
, . 

 x1 ,         
,  

                                           d1 = -g1                     (II.4.63) 
    1          

f(x1 + d1) 
x2   a  
x2 = x1 + 1d1                                                      (II.4.64) 

   d2    .  
d2    d1     d2    g2    d1 

    ( )   
).  

  
                                    x3 = x2 + 2d2                (II.4.65) 

     f (x2 + 2 d2)      
. 

  x3      d3     d1  d2    
   . (k+1)-     dk+1     



169 
 

 -gk+1, d1 , d2, ..., dk      
d1,d2,...,dk       

. 

,                ,
1

11

k

r
rrkk dgd       k=1,2,…, 

, k -    r-    
,  

       dk+1  =  -gk+1 + k dk                          (II.4.66) 
 

                                 k =  -g2
k+1  / g2

k                        (II.4.67) 
  , k=1  (II.4.66)  (II.4.67) 

   .  

f (x2 ) = f (x1 + 1d1)     f (x1 + d1)    
    

   g 2d1 = - g 2g1 =0                                  (II.4.68) 
          

((II.4.37), (II.4.22), (II.4,24)  ).   
   . 

                              g2 = b + Gx2,   g1 = b + Gx1     
,   d1    d2  = -g2 + 1d1    

                         dT
2 Gd1 =0, 

  
- g 2 Gd1 + 1d 1 Gd1 = 0 

C  

                               ,0
1

12112 xxGgg TT

 

  
                                     .012112 gggg TT  

 
                                           .02

11
2
2 gg  

 (II.4.68)    ,  

      2
1

2
2

1 g
g

 

  .  k = 1   (II.4.67)  
. 

,   (II.4.66)  (II.4.67)  d1,  d2, … , 
dk      -   

  ,   k    
. 

xk+1 =  xk + kdk     xk + kdk    
     . 
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                                          01 k
T
k dg                        (II.4.69) 

  
               xk+1 = xk + k dk =  xk-1 + k-1 dk-1 + k dk                   . . . 
C , 

               
k

ji
iijk dxx

1
11 ;    1 j k-1                  (II.4.70)  

, 

                           i

k

ji
ijk GdGxGx

1
11  , 
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Co              

                                  j
T
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ji
ij

T
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T
k Gdddgg

1
11  . 

   01 j
T
j dg  ((II.4.68)  (II.4.69)  

 )   -   

  0j
T
i Gdd ,    j <    . 

         

. 

,  

                               gT
k+1 dj  = 0,       j=1,2,...,k-1                (II.4.71) 

 (II.4.69)    

                               gT
k+1 dj  = 0,       j=1,2,...,k-1                (II.4.72)        

  gk+1    d1,d2,...,dk      
 . 
  1kg      g1,  g2, ..., gk     
  ,  (II.4.72)   : 

01 j
T
k dg ,     j = 1,2,...,k-1        
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dj  = - gj  + j-1 dj-1 
    

01111 djggg T
kjj

T
k  

,  -gk+1 dj-1=0,    (II.4.72)    - gT
k+1 dj-1 = 

0, . 
,  

                        ,01 j
T
k dg          j = 1,2,...,k                     (II.4.73) 

 
           , , 

(II.4.66)     dk+1     d1,  d2, ..., dk     
   . 

j = 1,2,...,k-1    
dT

k+1 G dj = - gT
k+1 G dj + k dT

k dj  = - gT
k+1 G dj 

-    .  
 

01
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1
11
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jjT
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kj

T
k

gg
g
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 (II.4.73)   . 
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  . 
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1
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        (II.4.72)  
(II.4.73)  . 

,  dk+1    dk    ,    
k  = g2

k+1 / g2
k    ,    . 

, -      -  
     n    
    n-     .   

     ,    
    ( ). 
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   ,     
     .    
  ,      

,      ,  
   ,  n  ,   

        
     . 

         
.        ,   
  . 

 
 

100 PR NT «   - » 
120 REM      
         
150 REM  F(X1, X2, ..., XN)    5000 
155 REM  G(1), G(2), ..., G(N) 
200 PR NT «   »: NPUT N 
220 D M X(N), Y(N), Q(N), D(N), G(N) 
300 PR NT «   » 
320 FOR =1 OT N; NPUT «X»; ;; NPUT X( ):NEXT:PR NT «» 
340 REM     
350 SV=1:TV=0 
360 REM   
380 PR NT «   » 
550 FOR =1 TO N;P( )=X( ):PR NT "X"; ;"=";X( ):NEXT  
560 GOSUB 5000:FP=Z:PR NT "Z="Z 
570 GOSUB 6000:G1=G0:GK=G0 
575 REM      
577 REM    
580 FOR =1 TO N:D( ):NEXT  
585 REM K  -     
590 K=1 
600 GP=0 
610 FOR =1 TO N:GP=GP+G( )*D( ):NEXT  
620 F GP<=0 THEN GOTO 680 
625 REM    , 
627 REM    ,       
          
630 QX=ABS(2*FP/GP): F QX>1 THEN QX=1 
640 FOR =1 TO N 
650 X( )=P( )-QX*D( ):P( )=X( ):NEXT  
660 GOSUB 5000:FP=Z:PR NT « » 
670 GOSUB 6000:G1=G0:GOTO 600 
680 QX=ABS(2*FP/GP): F QX>1 THEN QX=1 
690 HH=QX 
700 REM    
710 BB=HH 
720 FOR 1 TO N 
790 GQ=GQ+G(1)*D( ) 
800 NEXT  
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810 F GQ>0 OR FQ>FP THEN GOTO 860 
815 REM  , 
817 REM       Q 
818 REM       ,     « »    
820 HH=2*HH 
830 FOR =1 TO N:P( )=Q( ):NEXT  
840 FP=FQ:GP=GQ:G1=G2 
850 GOTO 710 
860 ZZ=3*(FP-FQ)/HH:ZZ=ZZ+GP+GQ 
870 WW=ZZ*ZZ-GP*GQ: F WW<0 THEN WW=0 
880 W=SQR(WW) 
890 DD=HH*(1-(GQ+W-ZZ)/(GQ-GP+2*W)) 
900 FOR =1 TO N:X( )=P( )+DD*D( ):NEXT  
910 GOSUB 5000:FR=Z 
920 GOSUB 6000:G3=G0 
925 REM      
930 GR=0 
940 FOR -1 TO N:GR=GR+G( )*D( ):NEXT  
950 F Z<=FP AND Z<=FQ THEN GOTO 1100 
960 F GR>0 THEN GOTO 1020 
990 HH=HH-DD 
1000 FOR =1 TO N:Q( )=X( ):NEXT  
1010 FP=Z:GP=GR:GOTO 860 
1020 HH=DD 
1030 FOR =1 TO N:Q( )=X( ):NEXT  
1040 FQ=Z:GQ=GR:GOTO 860 
1100 REM    
1110 F G3<.000001 THEN GOTO 1300 
1120 F K=N THEN GOTO 1250 
1130 REM     
1140 K=K+1 
1150 REM    
1160 AK=G3*G3/(GK*GK) 
1170 FOR =1 TO N:D( )=-G( )+AK*D( ):P( )=X( ):NEXT  
1200 PR NT «   »;:DV=DV+1:PR NT  
          «   »;DV 
1210 FP=Z:G1=G0:GK=G0 
1220 FOR =1 TO N:PR NT "X"; ;"=";X( ):NEXT    :PR NT     "Z=";Z 
1230 GOTO 600 
1250 PR NT « ;:SV=SV+1:DV=DV+1 
1260 PR NT "  "; SV;"    "; DV 
1270 PR NT "" 
1280 GOTO 550 
1300 PR NT   "  " 
1320 FOR =1 TO N:PR NT   "X"; ;"=";X( ):NEXT     
1340 PR NT   "        "Z 
1350 PR NT  "      ";TV 
1400 END 
5000 Z=100*(X(2)-X(1)*X(1))^2 
5010 Z=Z+1(1-X(1))^2 
5020 TV=TV+1 
5200 RETURN 
6000 G0=0 
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6100 G(1)=-400*X(1)*(X(2)-X(1)) 
6110 G(1)=G(1)-2*(1-X(1)) 
7000 FOR =1 TO N:G0=G0+G( )*G( ):NEXT  
7010 G0=SQR(G0) 

7500 RETURN 
 
1-  

 
  -      

 (-1,2; 1)     . 
       (-1,2; 1) 

  .   (1;1)  
  . 
   . 

 
  -  

   
2 

   
X 1  -1.2 
X 2   1 
    
X 1 = -1.2 
X 2 = 1 
Z= 24.20001 

    1 
X 1 = -1.0302 
X 2 = 1.069306 
Z = 4,128102 

   2  2 
X 1 =-.7342701 
X 2 = .4632753 
Z = 3.583429 

     3 
X 1 = -.6921596 
X 2 = .4880884 
Z = 2.871511 

   3   4 
 
X 1 = -.5967852 
X 2 = .3241929 
Z = 2.65865 

     5 
X 1 = -.5726343 
X 2 = .3384563 
Z = 2.484301 

   45   88 
 
X 1 = .9999818 
X 2 = .9999634 
Z = 3.34083E-10 
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     89 
X 1 = .9999818 
X 2 = .9999634 
Z = 3.330172E-10 

   46   90 
 
X 1 = .9999821 
X 2 = .9999643 
Z = 3.250769E-10 

     91 
X 1 = .9999822 
X 2 = .9999642 
Z = 3.190373E-10 

   47   92 
 
X 1 = .9999822 
X 2 = .9999643 
Z = 3.179714E-10 

     93 
X 1 = .9999823 
X 2 = .9999644 
Z = 3.165788E-10 

  
X 1 = 1 
X 2 = 1 

   0 
    250 

 
 

2 . 
f (x1, x2, x3) = 3(x1-1)2 + 2(x2-2)2 +(x3-3)2 

  . 
1-      .     

(9;-7;11)  .    , 
-    (  )    

 . 
 
 

   -  
   

3 
   

X 1  9 
X 2  -7 
X 3  11 
 
   
X 1 = 9 
X 2 = -7 
X 3 = 11 

    1 



176 
 

X 1 = -.481967 
X 2 = .1114755 
X 3 = 7.839344 
Z= 37.14098 

    2 
X 1 = 1.206897 
X 2 = 2.827586 
X 3 = 4.862069 
Z= 4.965516 

  
X 1 = .999999 
X 2 = 2 
X 3 = 3 

   4.263257E-14 
    7 

 
 
 

§ II. 4.5  
 
1) II.4.1        

   , «  » ,  
   .   

   .   
  . 

2)  II.4.1  1-   2-      
   .   
? 

3)     -     0,  1 
 2     .    
,   0, 2      

.    ,   
     .  

 4.1     . 
4) ,       -  f( ) . 

   (0; 0)  ,    0, 1   2 -   
         . 0  

 2    ,    
   . (3-     
  ). 

5)    f( , ) = 2/a2 +  2/b2 ,  a 
 b  -  .       
  . 

2
2

2

2

2

c
ba

x
 

 2 -  .       
  (0; 0)  .    
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222 bmacmx  
      

222

2

222

2

,
bma

cb
bma

cma
 

     . 
,         

        .  
  ,      (  
 )   ,    m’   .  

mm’  = - b2 / a2    . 

00
/1

/1
0 2

2

qp b
aT

 
  pT = (cos ; s n );  qT = (cos , s n )    m = tg , m’ = tg .    

C ,    q         
p  ,  q   , 

    . 
6)    f(x) = 3(x1 - 4)2 + 5(x2 + 3)2 + 7(2x3 + 1)2 

    -    
.       

      ,   
      . 

7)   : 
 f (x1, x2) = 1-x1  - 2x2  - 4x1x2  + 10x1

2 + 2x2
2  

8)   : 
x1

4 + x2
4 + 2x1

2 x2
2 - 4x + 3 

9)   : 
 (x1

2 + x2 +11)2 + (x1 + x2
2 - 7)2 

10)    : 
f (x1, x2) = x1

3 + x2
2 - 3x1 - 2x2 + 2 
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5 -  
      

  
 

§ II. 5.1       
 

      : 
                                   z = f (x, y), 

      -         
                                  g(x, y) = 0                          (II.5.1) 

 ,  g(x, y) = 0       
  ,    = h( ).  ,  ,   

      h( )      
 . 

     h( ) 
 : 

        y
g

x
gxh

dx
d

dx
d

                       (II.5.2)               

  
                              z = f (x,y) = f [x, h(x)]                         (II.5.3) 

       .  
 z        

 . 

                                   ,0
dx
dy

y
f

x
f

dx
dz

 

  

                               0
x
g

y
g

y
f

x
f

 

 (II.5.1)  (II.5.2)      *, *  
  . 

      .     
: 

                    yx
y
gyx

y
f ,,         (II.5.5)   

    = *,  = *        
  : 

                                                    g ( , ) = 0, 
 0,, yx

x
gyx

x
f  

 0,, yx
y
gyx

y
f  
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  (II.5.5)     . 
  ,      
 . 

                                       F(x,y, ) = f(x,y) + (g(x,y)                (II.5.6) 
       

       
. 

  f(  ,   )      
        

  : 
 

 
                           (II.5.7) 
 
 
 
 
 

       *,  *   
* -    . 

 
 
1-  
                                 F ( , ) = 2 + 2    

 ,     +  = 4 ,  
.     : 

                        F(x, y, ) = 2 + 2 + (4 – x - y) 
      : 

,02x
x
F

 

,02 y
y
F

 

.04 yxF
 

       =  = 2,  =4 
  8-   .     
  ,     

,   -       
: 

                        z = x2 + (4 - x)2 

  (II.5.7) , n -   , 
   m          

   . 
     : 

0,,,

0,,,,

0,,,,

yxgyx
x
F

yx
y
gyx

y
fyx

y
F

yx
x
gyx

x
fyx

x
F
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                       z = f (x) = f (x1, x2, ..., xn), 

,      
            g1 (x) = 0,  g2 = 0,  ...,  gm (x) = 0                    (II.5.8) 

  , m   
  (      

 ,  1,  2, ..., m  ).   (n  -  m) 
      , 

      . 
  ,    f (x + h) – f (x)  0          
,  =  1,  2,  ...,  m   ,  g  (x  +  h)  =  g  (x) = 0  

   h  . 
  hj     : 

,0
1 j

n

j
j x

fh  

 

0
1 j

i
n

j
j x

gh  ,          i = 1, 2, …, m       

 
      : 

0
11 j

i
m

i
i

j

n

j
j x

g
x
fh ,                           (II.5.9) 

,  m,...,, 21  -  . 
hm+1,  hm+2,  …,  hn     (n-m)   

 ,       , 
 

0
1 j

i
m

i
i

j x
g

x
f

      j = m+1, m+2, …, n    

h1,  h2, ..., hm    m  -   , 
   (II.5.9)     
 . 

   1, 2 , …, m         
  . 

         ,0
1 j

i
m

i
i

j x
g

x
f

         j = 1,2, ... ,m          

    . 

0
1 j

i
m

i
i

j x
g

x
f

,    j = 1,2, ... ,n           (II.5.10) 

,         
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xgxfxF i

m

i
i

1

, ,                                     (II.5.11) 

,    ,  f( )   
      :  

0
1 j

i
m

i
i

jj x
g

x
f

x
F

,     j = 1, 2, ... , n                 (II.5.12) 

0xgF
i

i
,       i = 1, 2, …, m                                (II.5.13) 

,    x   (   
)     : 

xfxgxfxF i

m

i
i

1
,  

   ,   *   
 ,   g   (x*+ h) = 0    ,         

h -   
f(x* + h)  -  f(x*)  0 

  . 
,  

,0...
2
1 2

1 11
j

ji

n

i

n

j
ij

n

j j

h
xx

Fhh
x
FxFhxF  

,  *  = *    .  
(II.5.12)    ,   

   h -   

.0
2
1 2

1 1
j

ji

n

i

n

j
i h

xx
Fh  

    ,  (II.5.12)  (II.5.13) 
   ,       
    .  

        j
ji

n

i

n

j
i h

xx
Fh

2

1 12
1

              (II.5.14) 

 
. 

          
 . 

 
2  

F(x) = x1
2 + x2

2 
  (2;2)   , 

    x1 + x2 = 4    
  
                           F(x, ) = x1

2 + x2
2 + (4 - x1  - x2)  
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   . 

,0
1x

F
 ,0

2x
F

 0F
       221 xx         4  

F -       
0
2

2
0    

      (2; 2)   
 . 

 
 

§ II. 5.2       
 

    ,    
   .   

( )    . 
f ( ) -        

  g  (x)  b  ,  ( =1, 2, ..., m)     . 
,        

. (   cx       (-1)   
cx     ). 

         
   .        

 . 
       
  , ,      
  u2    . (  u2

    
   ): 

iii bux 2
                  02

iii buxg        (II.5.15)  
 

,   f ( ) -  ,   m   
g  (x)  +  u2

  -  b  =  0       
 . 

    ,   
  

iii

m

i
i buxgxfuxF 2

1
,,                       (II.5.16) 

       
 : 

j

i
m

i
i

jj x
g

x
f

x
F

1
0 ,         j=1,2,…,n,         (II.5.17) 

iii
i

buxgF 20 ,        = 1, 2, ..., m,         (II.5.18) 
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ii
i

u
u
F 20 ,                     = 1, 2, ..., m,      (II.5.19) 

 
  u 

  / 2 ,   : 
                                                     u2

  = 0,  
 

                       [b   -  g  (x)] = 0,           =1, 2, ..., m           (II.5.20) 
  ,   *  

     (II.5.17), (II.5.18)  (II.5.20) 
 . (II.5.18)   g (x )  0   

  .  
(II.5.20)      = 0,      b   - g  (x*) = 0     . 

,   0,   g  (x*)  =  b         
( )          

.  
    ,      
  g  (x*) < b   ,       

 = 0  .  , , g  (x*) < b    
  ,       . 
    -    ,     

 =  0     . ,   
   . 

      ,  
   0      .  

,  (x*, *,  u*)    (II.5.17), (II.5.18)  (II.5.20)  
   . ,    

, z = f (x*)    ,  z 
 b       

. , b    ,     z 
   .  
    : 

,i
ib

z
  

,
1 i

j
n

j ji b
x

x
f

b
z

                                  (II.5.21) 

,   *  . 
   gk (x) + u2

k  = bk ,  
ki

ki
i

j
n

j j

k

i

k

b
x

x
g

b
g ,0

,1
1
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i

j
n

j

m

k j

k
k

j
i

ii

k
m

k
k

i b
x

x
g

x
f

b
z

b
g

b
z

1 11
 

   (II.5.17)      . 
 

                   i
ib

z  

b  -  ,    ,    f( )  -   
z    ,   

,      . , 

                                     ,0
ib

z
 

 

                                         0j                        (II.5.22) 
F ( )  ,   g  (x)  b             

 (  = 1,2,...,m)   ,         
 ,      

 . 
(       -

   ). 

0
1 j

i
m

i
i

j x
g

x
f

          j = 1,…, n 

               ii bxg )(           i = 1,2,…, m;      (II.5.23) 
0iii bxg                i =  1,2,…,m,   

                  0i             I = 1,…,m. 
  (II.5.23)  -    . 

 
1- :  
 

 0,0 2xxi   421 xx    
                           f (x) = 3x1

2 + 4x1x2 + 5x2
2   

    -   . 
     : 

                          f (x) = 3x1
2 + 4x1x2 + 5x2

2 

  ,     
  

                            ,01x     ,02x     .421 xx  
F(x, u, )      
F = 3x1

2+4x1x2 + 5x2 
2 + (1 (u1 

2  - x1) + (2 (u2 
2  - x2) + (3 (u3 

2  - x1  - x2+4) 
    : 
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6x1 + 4x2 - 1 - 3  = 0,  
4x1 + 10x2 - 2  - 3 = 0,  
- x1  0,   - x2   0,  - x1 - x2    - 4, 

1 x1 = 0,  2 x2 = 0,  3 (4 - x1 - x2 ) = 0,  
1 , 2 , 3   0,  
    ,   .  

, x1=3, x2=1, 1=0 , 2=0, 3=22,  , (3;1)   
       z = 44  

.    (II.5.1- ). 
                              

 
II.5.1-  

 
f( )      . 

3x1
2 + 4x1x2 + 5x2

2 = C 
,      

   ,     .  
       

 II.5.1-  .  
 

§ II. 5.3     
 

   ,   ( , 
)   ,       

   .    
   . II.5.2-  

      .  
   ,    

*    -    . II.5.2-
  g  (x)  =  b       

( )  ,    .  
II.5.2.  -   ,    

,       .  
      ,    

 ,   - ,    
  -     .  
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                                              II.5.2 -  
 
II.5.2.  -        

g2(x) = b2   ,      
 .    , g1  g3  

         
 g2(x) = b2      .  

        
       . 

                                       xgxf 2  
  xf       

     ( )    
 . ((II.5.17)   ). 

   ,   ( ) 
    .  ,  

 ,       
.    II.5.3-  .  

 
 
 
 
 
 
 
 
 
 
                   
                                         II.5.3-  
 

      .  
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 ( )    .    

          
    . 

,        
   ( )    

 ( )      
 .  
       

.  
   ,       

   ,    . , 
   1    2     ,     

2 +  (1-  ) 2     ,   0<   <1   
. II.5.4.  -     ,  II.5.4.  -  

   .  
 
 
 
 
                         
 
 

 
 
 

                                          II.5.4 –  
 
f( )      ,   

  1, 2        .  
f [ x2 + (1- )x1]  f(x2) + (1- )f(x1),  0<  <1 <0              (II.5.24) 

       -    
  ,   .   

II.5.5- .  
 
 
 
 
 
 
 
                        
 

II.5.5 -  
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  ,      
  ,      

   . 
              f [ x2 + (1- )x1]  f(x2) + (1- ) f(x1)               (II.5.25) 

,         
  .  

 (II.5.24)  (II.5.25)     
  ,  f( )     

  .  
 ( )      , 

 (II.5.24)  (II.5.25)   .  
,        1, 2    

 . 

                      11212 xfxxxfxf T
                   (II.5.26) 

       
.  

f( )   ,    0< <1    
  .  

   f [ x2 + (1- ) x1]  f(x2) + (1- ) f(x1), 
, 

f [x1 + (x2 - x1)]  - f(x1)  [ f (x2) – f (x1) ] 
 

1121
12

xfxxxfxfxf  

      

121121121 xxxfxxxfxxxf T  
, 0 <  < 1,    , 1  1 + ( 2 - 1) 
   .  
, 

1211212 xxxfxxxfxf T  
 0   (II.5.26)  . 

(II.5.26)  ,  ( )   
,       ( ) 

  (II.5.5-  ). 
  ,    

ji xx
f2

 

   . 
     

,
2
1

11111 xxHxxxfxxxfxf TT
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   x1+ (x -x1 )  0< <1  . 
,     (1/2)x Hx    

   .    . 
x1  2  -           

12 1 xxx  
   0<  <1  . 

 
112211

2
1222

2
12 1112 xxxxxxxxxxxxxx TTTTTTT  

.1 1212 xxxx T  
0< <1    (1- ) > 0     ,    
  ,    -  (1- )  0    .  

, 
 [ x2 + (1- )x1]TH[ x2 + (1- )x1]  x2

THx2 + (1- )x1
TH x1                    (II.5.27) 

    ,    
     ,    

     .     
    . ,   

   .  
 
1- : 
 , g ( ) ( =1,2,…,m)      

 ,     0,    g  (x)   
  . 

                                      xgxh i

m

i
i

1
    .  

 1, 2    , , 

12
1

12
1

12 111 xgxgxxgxxh i

m

i
ii

m

i
i  

,11 121
1

2
1

xhxhxgxg i

m

i
ii

m

i
i  

 h( )    .  
 
2- : 

    g ( )  b  ,   ( =1,2,...,m)   
   g ( ) -        

   . 
x1  2     ,  

  
                            g (x1)  b           (  =1,2,...,m)    , 
                           g (x2) b             ( =1,2,...,m)     . 

 
                    0< <1,       =1,2,...,m          
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g [ x2 - (1- )x1] = g (x2) + (1- )g (x1 )  b  + (1- )b  = b    
, 2 + (1- ) 1      

,       
.  

       
. 
, g ( ) -   , g (X)b   

    f( )   ,   
 f( )      
 .  

x*     ,  0  -  
     ,  f(x*)<f(x0).  

     ,     
 f( )   ,   . 

f [ x*- (1- ) x0]   f (x*) + (1- ) f(x0)   f(x0) + (1- ) f(x0)  f(x0) 
0< <1  . 

,      ,  x*- (1- )x0 ( )  
0 -    -  .  0   

     f( *)  f( 0)     
,    ,  *   0 
 -    .  

 
3 –  

  -   .  ,   0,   +  2  3 
  , f ( , ) = - 2 - 2     
. 
    . 

F(x, , ,u) = - 2 –  2 + 1 (-  + u2 
 ) + 2  (-  + u2 

2 ) + 3  (  + 2  + u2 
3 - 3) 

 
       . 

-2  - 1 + 3  =  0; 
-2  - 2  + 2 3  =  0; 

           1   = 0,  2   = 0, 3 (  + 2  - 3) = 0 
 + 2   3 

         1 ,  2 , 3    0 
       

: 
) ,  x > 0,   > 0,    1 = 2 = 0 ; 
)   3 = 0,    =y=0    . 
)   1 = 2 = 0,  3 > 0,    2x = 3=y     +2  – 3 = 0, 

     , =3/5, 3 =6/5,  = 6/5,    
          f = - 45/25. 

) ,  1 > 0, 2 = 0, 3 > 0      = 0,   = 0,   + 2  = 3   
     =3/2, 3=3/2,  1=3/2,      f = - 9/4. 
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) , 1=0, 2>0, 3>0   x>0, y=0, x +2y =3 ,  x=3, 3=6, 2=12 

           f = -9. 
 

,    ( )     
.      f  =  -9    

(3;0)  .    II.5.6 -  
.   

3-       , 
   f( )       

. 
 f( )      g ( )  b   

   f( )  g ( 1)  -   ,  
-   ((II.5.23)  )   . 

 
 
 
 
 
 
 
 
 
 
 
 
                              II.5.6-  

    ((II.5.16)  ) 

iii

m

i
i buxgxfuxF 2

1
,,  

   ,    
 ,      0. , F 

       
           -  

. ,      . 
3-      . g (x)-   

  f(x,y)=-(x2+y2)   ,   
  . 

 
 

§ II. 5.4  
 

1) f (x1,x2) = 2
2

2
1 xx  , (x1+x2) = 4  ,  

8-   (x1,x2) = )2;2(     . 
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2)  x – y = 5  , f (x, y) = x2 + y2   
  x = 2.5,  y = -2.5   . 

3) ,  a, b, c, k -      ,  
k  =  x  +  y  +  z     w  =  ax2 + by2 + cz2   

 x, y, z      . 
4)   a, b, c -     x1 + x2 + x3 =1  

f(x1,x2,x3) = ax2x3 + bx3x1 + cx1x2   -   ,  
bc  /  [2(ab  +  bc   +  ca)  -  a2 +  b2 +  c2] -     

  ,     . 
5)   x + y + z = 6  f(x,  y,  z)  = xy2z3  

  ( ) . 
6)         

  y          
  .         

d (  )  ,  y     2d   
.     , x = 2y = 

4z      ( )  . 
7) -       .  0x , 

0y , 5yx   f(x,y) = x2 +  y2    
. 

8) -       .   
x2 - 2y 1  , 2x - 2y 1    f(x,y) = x2 + 6xy - 4x - 2y  

  . 
9) ,   f(x)   ,  g(x) = - af(x), a>0 

   ,   g(x)    
 . 

10) g (x)  =1, 2, ..., m    . 
{x:g (x) k }      ,  

k -   . 
11) h(x) -      bxa    

 . g(x)=1/h(x)     
 .     , , 

   h(x)      . 
g(x) =1/h(x)        

. 
12)  g (x) 0    (1, 2, ..., m) -  

   .     
, f(x)   x*     

g1(x*)  >  0,   g2(x*)  >  0,   g3(x*) > 0    . ,  
     0  ,  
  g1(x0),  g2(x0), g3(x0)       

.    . 
13) f(x,y) = x2 +  y2     

,   3x2 + 4xy + 6y2 =140  . 
  . 
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14)       

f(x1, x2) = )( 21
21

xx
xx  ,  )0,( 21 xx  

    . 
        ,  

 -       (1.4) 
 8  . 

    1x ,   2x   

   . 
  ,  1  2  Sxx 21 , 

 s -  ,    . 
  -       

 . 
15)        , 
  1,  2,  3  .     
  x1 20, x2 11, x3  42   x1 + 2x2 + 2x3  72  

.       ( ) 
  . (       
 .   ). 

16)        
,      : 

x3  42    = 1, 2, 3    x1+2x2+2x3  72 
  -       . 
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6 -  

  

§ II.6.1  -   

     ( ) 
   ,      

.   -      

.  ,      
  . 

       
 .  ,    

 ,        
      ,   

    .  
        

 .        
 ( ) -    . 
        
,       

. 
 -    ,    

  . (II.5.2  1-   .) 
    :  

 f(x1,x2)  = 2
221

2
1 543 xxxx   -           

01x , 02x , 421 xx     ? 

   -  II.3.2  
 ,   2000    , 

 ,   . 
  44 ,    (3; 1), 1+ 2=4 

 . 
 

10 PR NT «  -    » 
20 REM  Z=F(X1, X2, --, XN)    2000 
30 PR NT «   »: NPUT N 
40 D M X(N), B(N), Y(N), P(N) 
50 PR NT «    X1, X2, --, XN» 
60 FOR =1 TO N; NPUT X( ):NEXT  
70 PR NT «   »: NPUT H 
80 K=H:FE=0 
90 FOR =1 TO N 
100 Y( )=X( ):P( )=X( ):B( )=X( ):NEXT  
110 GOSUB 2000:F =Z 
120 PR NT «   »Z 
130 FOR =1 TO N:PR NT X( );«   «;:NEXT :PR NT »» 
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140 PS=0:BS=1 
150 REM     
180 J=1:FB=F  
200 X(J)=Y(J)+K 
210 GOSUB 2000 
220 F Z<F  THEN GOTO 280 
230 X(J)=Y(J)-K 
240 GOSUB 2000 
250 F Z<F  THEN GOTO 280 
260 X(J)=Y(J) 
270 GOTO 290 
280 Y(J)=X(J) 
290 GOSUB 2000 
300 F =Z 
310 PR NT «  »Z 
320 FOR =1 TO N:PR NT X( ); «  «;:PR NT »» 
330 F J=N THEN GOTO 360 
340 J=J+1 
350 GOTO 200 
 

 (4; 3)         
     .  

   . 
 

 -    
   

2 
   X1, X2, --, XN 

4 
3 

   
1 

   141 
4     3 

   108 
3     3 

   71 
3     2 

   1 +30 
2     1 

   44 
3     1 

   44 
3     1 

   1 +30 
3     0 

   48 
4     0 

   48 
4 0 

   44 
3 1 
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   44 
3     1 

   44 
3 1 

   
   44 

3     1 
   44 

3 1 
   

   44 
3     1 

   44 
3  1 

   
   44 

3     1 
   44 

3  1 
   

   44 
3     1 

   44 
3  1 

   
   44 

3     1 
   44 

3  1 
   

   44 
3     1 

   44 
3  1 

   
   44 

3     1 
   44 

3  1 
   

   
X 1 = 3 
X 2 = 1 
 

   44 
    68 

 
         (3; 4) 

      . 
   (5; 6)      

  ,    ,    
  .    (1; 3)  
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,    ,     
. 

     
 
 

 -     
   

2 
   X1, X2, --, XN 

5 
6 

   
1 

   375 
5     6 

  324 
4     6 

  253 
4  5 

   155 
3 4 

  124 
2 4 

  81 
2 4 

   1 +30 
0 1 

  1 +30 
0 1 

  1 +30 
0  1 

   81 
2      3 

  60 
1      3 

  60 
1      3 

   1 +30 
0 3 

  60 
1      3 

  60 
1 3 

   60 
  60 

1      3 
  60 

1   3 
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,  f(x)    g (x)  
  ,      . lj  uj  

     . ,   
    ,   

" "  ,      
        . 
     . ((II.6.1)  (II.6.2) 
 ).      1 

  n, m, lj, uj     . 
 

    k   
 .       k 
  .      . 

    -    
 (n+1)  k    ,   k 

= 2n   . 



200 
 

     1   
 . (6.1)       

   : 
                             jjjij lurlx                         (II.6.3) 
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 ,  =1     
    . EC( ), =1, 2, ..., 2N  

C(L), L=1, ...,   (  )    
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       ,    
      ).  

   5000   
 . ,      

  . 
 

1*- . 
     . 

   (20; 10; 10)  .  
  7199   y=RND(x)   

,        
 .      

    .   (20; 11; 15) 
 .        

.    231 ,  (    
)   ,      

   .     , 
     . 

 
20 PR NT «  »:PR NT «» 
40 REM    Z=F(X1, X2, ..., XN)        5000 
60 REM       G1, G2, ...,GN       
65 REM          6000 
80 PR NT «   »: NPUT  M 
100 PR NT «   »: NPUT  N 
120 D M  X(N), Y(N), L(N), U(N), XC(N), XO(N), XR(N), XH(N) 
160 K=2*N:PP=0 
180 D M C(K, N), F(K), G(M), C(M), EC(2*N) 
200 PR NT «    
220 FOR J=1 TO N: NPUT X(J):C(1, J)=X(J):XC(J)=X(J):NEXT J 
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240 REM        
260 FOR  J=1  TO N:READ    L(J), LK(J):NEXT J 
280 REM         
290 PR NT «    X»: NPUT   X 
500 =1 
520 GOSUB 5000;F(1)=Z 
600 = +1 
620 FOR   J=1  TO    N:C( , J)=L(J)+RND(X)*(U(J)-L(J)):X(J)=C( , J):NEXT    J 
640 M=1:GOSUB    6000 
660 F   C=1 THEN   GOTO   720 
670 REM       «  » 
680 FOR  J=1  TO  N:XC(J)=(( -1)*XC(J)+C(J))/ :NEXT   J 
700 GOTO   760 
720 FOR   J=1 TO N:C( , J)=(C( , J)+XC(J))/2:X(J)=C( , J):NEXT     J 
740 GOTO   640 
760 GOSUB    5000:F( )=Z 
780 F   <K   THEN   GOTO   600 
790 REM          , 
795 REM          
800 FOR  J=1  TO  K-1 
820 FOR   =J+1  TO  K 
840 F   F(J)<=F( )   THEN   GOTO   900 
860 F=F(J):F(J)F( ):F( )=F 
880 FOR  L=1 TO N:Y(L)=C(J, L):C(J, L)=C( , L): C( , L)=Y(L):NEXT   L 
900 NEXT :NEXT J 
910 REM     
920 FM=F(1) 
1000 PR NT «  » 
1020 PR NT «     = »F(1) 
1040 PR NT «  » 
1060 FOR L=1 TO N:PR NT «X»;L,C(1,L):NEXT L 
1080 PR NT «» 
1100 REM    
1120 A=1.3 
1190 REM   «  »      ( -1)    
1195 REM             
1200 FOR  L=1  TO  N:XH(L)=C(K,L):X0(L)=(K*XC(L)-XC(L)-XH(L))/(K-1):NEXT L 
1390 REM       
1400 FOR L=1 TO N:XR(L)=(1+A)*X0(L)-A*XH(L):X(L)=XR(L):NEXT L 
1490 REM ,     
1500 M=0 
1520 GOSUB 6000 
1540 F EC=0 AND C=0 THEN GOTO 2000 
1550 REM    ,     

2000 
1555 REM     
1600 F EC=0 THEN GOTO 1800 
1610 REM    ,  
1615 REM     
1620 FOR J=1 TO N 
1640 F EC(J)=1 THEN XR(J)=L(J)+.00001:X(J)=XR(J) 
1660 F EC(J+N)=1 THEN XR(J)=U(J)-.00001:X(J)=XR(J) 
1680 NEXT J 
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1800 F C=0 THEN GOTO 2000 
1810 REM    ,  
1815 REM      «  

» 
1820 FOR L=1 TO N:XR(L)=(XR(L)+X0(L))/2:X(L)=XR(L):NEXT L 
1840 GOTO 1490 
2000 GOSUB 5000:FR=Z 
2010 REM    -- , 
2015 REM        X0 
2018 REM      
2020 F FR<F(K) THEN GOTO 2400 
2040 FOR L=1 TO N:XR(L)=(XR(L)+XO(L))/2:X(L)=XR(L):NEXT L 
2060 GOTO 1490 
2400 REM  XC      

 
2410 F(K)=FR 
2420 FOR L=1 TO N 
2440 XC(L)=K*XC(L)-C(K,L)+XR(L) 
2460 XC(L)=XC(L)/K:C(K,L)=XR(L) 
2480 NEXT L 
2490 REM     , 
2495 REM     
2500 FOR J=1 TO K-1 
2520 FOR =J+1 TO K 
2540 F F(J)<=F( ) THEN GOTO 2600 
2560 F=F(J):F(J)=F( ):F( )=F 
2580 FOR L=1 TO N:Y(L)=C(J, L):C(J,L)=C( ,L):C( ,L)=Y(L):NEXT L 
2600 NEXT  :NEXT   J 
2610 REM     , 
2615 REM    
2620 F  F(1)<FM  THEN  PP=1 
2630 REM          , 
2635 REM           

  
2640 F PP=0 THEN GOTO 1190 
2990 REM     
3000 S1=0:S2=0 
3020 FOR  =1  TO  K:S1=S1+F( ):S2=S2+F( )*F( ):NEXT   
3040 SD=S2-S1*S1/K:SD=SD/K 
3090 REM     
3095 REM    
3100 DM=0 
3120 FOR  =1  TO  K-1:FOR  J= +1  O  K 
3140 D=0 
3160 FOR   L=1  TO  N:D=D+(C( ,L))^2:NEXT   L 
3180 D=SQR(D) 
3200 F D>DM   THEN   DM=0 
3220 NEXT  J:NEXT   
3400 F PP=0 THEN GOTO 3790 
3500 PR NT «         3500» 
3520 PR NT «   =»F(1) 
3520 PR NT «   » 
3560 FOR  L=1  TO  N:PR NT   «X»;L,C(1,L):NEXT   L 
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3580 PR NT «» 
3600 FM=F(1):PP=0 
3790 REM     
3800 F SD>.000001 AND DM>.0001 THEN GOTO 1190 
4000 PR NT «  » 
4020 PR NT «  » 
4040 FOR L=1 TO N:PR NT  «X»L,C(1,L):NEXT L 
4060 PR NT «  =»F(1) 
4080 PR NT «  =»FE 
4100 END 
5000 Z= -X(1)*X(2)*X(3)+3300 
5050 FE=FE+1 
5100 RETURN 
6000 FOR =1 TO 2*N:EC( )=0:NEXT :EC=0 
6020 FOR =1 TO M: C( )=0:NEXT : C=0 
6050 F M=1 THEN GOTO 7100 
6090 REM      
6095 REM  G (X)<=B  
6100 FOR =1 TO N 
6120 F X( )<L( ) THEN EC( )=1:EC=1 
6140 F X( )>U( ) THEN EC(N+ )=1:EC=1 
6160 NEXT  
7100 G(1)=X(1)+2*X(2)+2*X(3) 
7110 F G(1)>72 THEN C(1)=1: C=1 
8000 RETURN 
9000 DATA 0,20,0,11,0,42 
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X 1               19.0307 
X 2               9.734394 
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§ II. 6.3   

1)  ,0x  0y , 5yx   
f(x, y)=x2+y2      

? 
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f(x, y) = x2 + 6xy - 4x - 2y     
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3)  01x , 02x   421 xx   
f(x, y) = 2

221
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§ II.7.1   

      
       ,  
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                  z = f(x)                           (II.7.1) 
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§ II. 7.2       SUMT  
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   ( 26 )    ( 2;2;0 ) 
 .  

       
  . r-      , 
 r-        
     . 

 
20 PR NT «      » 
40 REM  Z=F(X1,X2,--,XN)    5000 
60 REM  G(1),G(2),--,C(M)    6000 
80 REM  (1),C(2),--,C(M)    8000 
100 PR NT «   »: NPUT N 
120 PR NT «   »: NPUT M 
140 D M X(N),P(N),Y(N),U(N),G(N),CG(N),D(N) 
145 D M V(N),R(N),Q(N),M(N) 
150 D M H(N,N) 
160 D M C(M), C(M) 
180 PR NT «    X1,X2,--XN» 
190 FOR =1 TO N: NPUT X( ):NEXT  
200 REM    
205 REM C(J)=0 --  J  
207 REM C(J)=1 --  J  
210 S=0 
220 FOR =1 TO M:GOSUB 8000 
230 F C( )<0 THEN S=S+1: C( )=1 
240 NEXT  
250 F S>0 THEN PR NT «     

:STOP 
270 REM    R 
290 T=0:B=0:R=0:CC=0 
300 GOSUB 6000 
310 FOR =1 TO N 
320 T=T-G( )*CG( ):B=B+CG( )*CG( ):NEXT  
350 R=T/B 
360 F R<0 THEN R=1 
410 PR NT «R= R 
420 REM      
425 REM   H    
430 FOR =1 TO N:FOR J=1 TO N 
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440 H( ,J)=0:NEXT J 
450 H( ,J)=1:NEXT  
460 REM   
480 PR NT «  » 
500 FOR =1 TO N;P( )=X( ):Y( )=X( ):PR NT «X»; ,X( ):NEXT  
510 FOR =1 TO M:GOSUB 8000:NEXT :GOSUB 5000 
520 PR NT « »;CC; « »;Z 
530 FP=Z:GOSUB 6000:G1=G0;FF=Z 
540 REM     U    

  
550 FOR =1 TO N 
560 U( )=G( ):D( )=0 
570 FOR J=1 TO N 
580 D( )=D( )-H( ,J)*G(J) 
590 NEXT J:NEXT  
595 REM        
600 GP=0 
610 FOR =1 TO N:GP=GP+G( )*D( ):NEXT  
620 F GP>0 THEN PR NT «   (  620)» 
625 REM   LAMBDA, , 
627 REM      
630 L=2 
640 FOR =1 TO N:X( )=P( )+L*D( ):NEXT  
650 S=0 
660 FOR =1 TO M 
670 C( )=0:GOSUB 8000 
680 F C( )>=0 THEN GOTO 730 
690 C( )=1:S=S+1 
700 L=L/1.05 
710 FOR =1 TO N:X( )=P( )+L*D( ):NEXT  
720 GOTO 670 
730 NEXT  
750 F S>0 THEN GOTO 650 
1000 REM    Q 
1010 HH=L 
1020 FOR =1 TO N 
1030 Q( )=P( )+HH*D( ):X( )=Q( ) 
1040 NEXT  
1050 FOR =1 TO M:GOSUB 8000:NEXT :GOSUB 5000:FQ=Z 
1060 GOSUB 6000:G2=G0 
1080 GQ=0 
1090 FOR =1 TO N:GQ=GQ+G( ):NEXT  
1095 REM       P  Q, 
1096 REM  P  Q 
1097 REM  H     
1100 FOR =1 TO N:FOR J=1 TO N:H( ,J)-D( )*D(J)/GP:NEXT J 
1115 P( )=Q( ):X( )=P( ):Y( )=X( ):NEXT  
1120 FF=Z:FP=Z:G1=G0:GOTO 540 
1125 REM     
1130 ZZ=3*(FP-FQ)/HH:ZZ=ZZ+GP+GQ 
1150 W=SQR(WW) 
1160 DD=HH*(1-(GQ+W-ZZ)/(GQ-GP+2*W)) 
1170 FOR =1 TO N:X( )=P( )+DD*D( ):NEXT  
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1180 FOR =1 TO M:GOSUB 8000:NEXT :GOSUB 5000:FR=Z:GOSUB 6000 
1195 REM      
1200 GR=0 
1210 FOR =1 TO N:GR=GR+G( )*D( ):NEXT  
1215 REM      
1216 REM (  1260  1290),   
1220 F Z<=FP AND Z<=FQ THEN GOTO 1400 
1230 F GR>0 THEN GOTO 1290 
1260 HH=HH-DD 
1270 FOR =1 TO N:Q( )=X( ):NEXT  
1280 FP=Z:GP=GR:G1=G0:GOTO 1130 
1290 HH=DD 
1300 FOR =1 TO N:Q( )=X( ):NEXT  
1310 FQ=Z:GQ=GR:G2=G0:GOTO 1130 
1350 REM   H 
1400 KK=0:WK=0:DK=0 
1410 FOR =1 TO N 
1420 U( )=G( )-U( ):V( )=X( )-Y( ) 
1430 NEXT  
1440 FOR =1 TO N:M( )=0 
1450 FOR J=1 TO N 
1460 M( )=M( )+H( ,J)*U(J) 
1470 NEXT J 
1480 KK=KK+M( )*U( ):WK=WK+V( )*U( ) 
1500 NEXT  
1505 F KK=0 OR WK=0 THEN GOTO 1560 
1510 FOR =1 TO N 
1520 FOR J=1 TO N 
1530 H( ,J)=H( ,J)-M( )*M(J)/KK+V( )*V(J)/WK 
1540 NEXT J 
1550 NEXT  
1560 CC=CC+1 
1565 REM     PH (X.R) 
1570 F ABS((FF-Z)/FF)<.00001 THEN GOTO 1600 
1575 REM    , 
1577 REM        

 
1580 FF=Z:GOTO 500 
1590 REM   ; 
1595 REM    , 
1597 REM   R     

PH (X,R) 
1600 F R*Z2<.00001 THEN GOTO 1800 
1610 R=R/10 
1620 GOTO 410 
1800 PR NT « « 
1820 FOR =1 TO N 
1830 PR NT «X»; ; «=»;X( ) 
1840 NEXT  
1850 PR NT «F(X)=»;Z1 
2000 END 
5000 REM  F(X)     Z1, A P(X) KAK 

  Z2 
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5010 Z1=(X(1)-1)*(X(1)-2)*(X(1)-3)+X(3) 
5100 Z2=0 
5110 FOR JJ=1 TO M:Z2=Z2+1/C(JJ):NEXT JJ 
5200 RETURN 
6000 REM     F(X) 

   G(1)--G(N) 
6005 REM     P(X) 

   CG(1)--CG(N) 
6010 REM      G(1)--G(N) 
6050 KA=X(1)-1:KB=X(1)-2:KC=X(1)-3 
6100 G(1)=KA*KB+KB*KC+KC*KA 
6150 CG(1)=-(-2*X(1)/(C(1)*C(1))+2*X(1)/(C(2)*C(2))+1/(C(4)*C(4))) 
6190 G(1)=G(1)+R*CG(1) 
6200 G(2)=0 
6350 CG(2)=-(-2*X(1)/(C(1)*C(1))+2*X(1)/(C(2)*C(2))+1/(C(5)*C(5))) 
6290 G(2)=G(2)+R*CG(2) 
6300 G(3)=1 
6350 CG(3)=-(2*X(3)/(C(1)*C(1))+2*X(3)/(C(2)*C(2))-1/(C(3)*C(3)) 
6360 CG(3)=CG(3)-1/(C(6)*C(6)) 
6390 G(3)=G(3)+R*CG(3) 
6900 G0=0 
6910 FOR JJ=1 TO N:G0=G0+G(JJ)*G(JJ):NEXT JJ 
6920 G0=SQR(G0) 
6990 RETURN 
8000 REM      

 (1), (2)-- ( ) 
8005 ON  GOTO 8010, 8020, 8030, 8040, 8050, 8060 
8010 C(1)=X(3)*X(3)-X(1)*X(1)-X(2)*X(2):GOTO 8500 
8020 C(2)=X(1)*X(1)+X(2)*X(2)+X(3)*X(3)-4:GOTO 8500 
8030 C(3)=5-X(3):GOTO 8500 
8040 C(4)=X(1):GOTO 8500 
8050 C(5)=X(2):GOTO 8500 
8060 C(6)=X(3):GOTO 8500 
8500 RETURN 
 
     

   
3 

   
6 

   X1,X2,--,XN 
-1 
2 
2.1 
R= .0901618 
   
X 1    -1 
X 2    2 
X 3    2.1 

 0    -1.592473 
X 1    7.556441E-02 
X 2    1.941576 
X 3    2.13685 
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 1    -1.617675 
X 1    .9553003 
X 2    1.893447 
X 3    2.162587 

 2    -1.671175 
X 1    9.550905E-02 
X 2    1.502009 
X 3    1.773026 

 3    -1.980767 
X 1    9.558208E-02 
X 2    1.360921 
X 3    1.633317 

 4    -1.995453 
X 1    9.520754E-02 
X 2    1.420405 
X 3    11.686592 

 5    -2.014785 
R= 9.016181E-03 
   
X 1    9,552066E-02 
X 2    1.418278 
X 3    1.66902 

 6    -3.202302 
X 1    3.626825E-02 
X 2    1.418279 
X 3    1.663025 

 7    -3.659234 
X 1    .0286065 
X 2    1.418742 
X 3    1.502301 

 8    -3.787412 
X 1    2.960457E-02 
X 2    1.40907 
X 3    1.492017 

 9    -3.78796 
X 1    2.972558E-02 
X 2    1.41197 
X 3    1.490826 

 10    -3.788081 
X 1    2.896714E-02 
X 2    1.4137 
X 3    1.49338 

 11    -3.78841 
R= 9.01618E-04 
   
X 1    2.9094472E-02 
X 2    1.413903 
X 3    1.494199 

 12    -4.150575 
 
R= 9.016181E-09 
   
X 1    1.084033E-04 
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X 2    1.414218 
X 3    1.414491 

 35    -4.58421 
X 1    3.620311E-05 
X 2    1.414218 
X 3    1.414484 

 36    -4.584845 
X 1    3.630842E-05 
X 2    1.414217 
X 3    1.414308 

 37    -4.584977 
R= 9.016181E-10 
   
X 1    3.63019E-05 
X 2    1.414206 
X 3    1.414307 

 38    -4.585262 
X 1    1.296428E-05 
X 2    1.414206 
X 3    1.414305 

 39    -4.585476 
R= 9.016181E-11 
   
X 1    1.30049E-05 
X 2    1.414207 
X 3    1.41425 

 40    -4.585598 
X 1    4.401657E-06 
X 2    1.414207 
X 3    1.414249 

 41    -4.58568 
R= 9.016181E-12 
   
X 1    4.414079E-06 
X 2    1.414208 
X 3    1.41423 

 42    -4.585719 
  

X 1 = 1.619098 -06 
X 2 = 1.414208 
X 3 = 1.41423 
F(X)=-4.585752 

 

§ II. 7.3     

1)    2
221

2
121 543),( xxxxxxf   

  01x , 02x  421 xx    
 ? 
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2)  01x , 02x  32 21 xx   
2
2

2
121 ),( xxxxf

      
3)     SUMT   

:  420 ix   =1, 2, 3  
7222 321 xxx   v=-x1x2x3   

? 
4) SUMT     

)(94),( 21
21

21 xx
xx

xxf      01x , 02x  

Sxx 21     
) S=6 ) S=4     

5)  3321 xxx , 3321 xxx , 0,, 321 xxx   
2
3

2
2

2
1)( xxxxf

     
6) SUMT    :  r 
  (360 ), -    (700 ), r-   

 (1610 ). 
7) SUMT    :  

    (1570  1600 ).  
    F (R< E-12)  

8) (7.18)    ( )  ,  
)()( **

1 kk xfxf  
9) (x1-1)4+(x2-3)2   ,  0, 21 xx  

 2123 2
2

2
1 xx , 4x1+5x2 20  

10) 2
2

2
121 ),( xxxxf   ,  21x , 

12
2

2
1 xx    

 

§ II. 7.4     

II.1.4 -  
1)   4/27  =1/13 ;   =1 
   . 
2) x=1 ,  1/2 ; x = -1 ,  --1/2  . 

3)  , )cos()(sincos 22 baba ,  
  abtg /  

4) )2cos1(2sin2rA   
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5)  f1(x)   "-"-  "+"-  ,  f1(0) 
  . 

6) =0  ,    .  f1(x) 
 "-"-  "+"-  ,  f1(x)    

 . 

7)   33/1    
9)   0,7808  --24,3696 ;  

 3,7619  40,7245 ;   5,9572 
 11,9676 ; 

10) (0; 0)   0  
11) (0; 0; 0)   0  
15) 1  2      . 
-2b1p1+(a1+a2)p2+c1b1-c2a2=0 

(a1+a2)p1-2b2p2+c2b2-c1a1=0 

16) =0,5885    - -0,2766 . 
 

II.2.8 -  

4)     198  
5)   =0,47  . 
6) 12     5,96  
7) 11    =0,47   

  2,32  
9) =1,763    --0,973  
10) (0,2558; -0,1163)    0,0465  
15)   =0,5885  
 

II.3.5 -  

2) 1) (1; 2; 3)    0  
    2) (1; 1)    0  
6) 1) (1; 1)    0  
   2) (0; 0; 0)    0  
   3) (1; 10)    0  
10) (1; 0)    0  
11) (3; 2)    0  
12) 1,  2     : (3; 2), (3,5844; -

1,8481), (-3,7793; -3,2832), (-2,8011; -3,1313). 
13)    : x=1, y=2, z=3   

 -   
14) a=31.87, b=1.79 
15) 1) ln(a)=3.0296, a=2.68, n=2.48 
      2) a=22.3, n=2.45 
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II.4.6 -  
6) (4; -3; -0,5)   0  
7) (0,25; 0,75)   0  
8) (1; 0)   0  
9) (3; 2)   0  (12  ) 
10) (1; 1)   -1  
 
 
II.5.5-  

3) ,,,
A

kz
A

ky
A

kx abacbc
  A=ab+bc+ca 

5) (1; 2; 3)   108  
7) x=y=2.5    12,5  
8) x=9/14, y=1/17    --371/196  
13)  70 ,  20  
14) , S    /,/ 21 xx  

; )/(1 Sx  )/(2 Sx .   
x1=20, x2=11, x3=15    3300 3. 

16)  : x1=24, x2=12, x3=12     3456 
3  

II.6.4 -  
1) x=y=2.5    12,5 
2) x=9/14, y=1/7    --371/196  

3) x1=3, x2=1    44  
5)    x1=2,  x2=3,   

x1=8/5, x2=12/5 
6) x1=3, x2= 3     1  
7) x1=1.7818, x2=4.4898     30,24  
8) x1=x2=x3=1.4422    6,2403  
9) x1=3, x2=4    0  
10) x1=2.9155, x2=4.1231, x3=2.3805     --

28,6153 . 
 

II.7.4 -  
1) x1=3, x2=-1     44 .  

2) x1=3, x2=0     -9 . 
3) x1=24, x2=12, x3=12     -3456 . 
4) ) x1=2, x2=3     10 . 
    ) x1=8/5, x2=12/5    41/4 . 
5) x1=x2=x3=1.4422    6,2403 . 
9) x1=1, x2=3    0 . 

10) x1=2, x3= 3     7 . 
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