
237 
 
 

 

 

Ɋɢɫ. 1: Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ ),( txu  ɜ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ 50=t  ɩɪɢ 1.5=  ( a ), 2 (d ). 

 
ɇɚ ɪɢɫ. 1 ɢɡɨɛɪɚɠɟɧɚ ɷɜɨɥɸɰɢɹ ɩɥɨɬɧɨɫɬɢ ),( txu  ɩɪɢ 1=a , 1=0b , 1= , 0.2= , 0.01=D , 

5=l , 10=T  
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɨɜ, ɩɨɪɹɞɨɤ ɩɪɨɢɡɜɨɞɧɨɣ ɜɥɢɹɟɬ ɧɚ ɫɦɟɳɟɧɢɟ ɰɟɧɬɪɚ ɜɨɡɦɭɳɟɧɢɣ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɯ ɫɬɪɭɤɬɭɪ. ɑɟɦ ɧɢɠɟ ɩɨɪɹɞɨɤ ɞɪɨɛɧɨɣ ɩɪɨɢɡɜɨɞɧɨɣ, ɬɟɦ ɛɨɥɶɲɟ 
ɫɦɟɳɟɧɢɟ ɝɪɚɮɢɤ ɢ ɫɢɥɶɧɟɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ.  
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ȼ ɪɚɛɨɬɟ ɩɪɢɜɨɞɢɬɫɹ ɨɰɟɧɤɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɥɨɠɧɨɫɬɢ ɤɪɢɩɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 

ɩɪɨɬɨɤɨɥɚ ɪɚɡɞɟɥɟɧɢɹ ɤɥɸɱɚ Ɇɟɝɪɟɥɢɲɜɢɥɢ ɢ Ⱦɠɢɧɞɠɢɯɚɞɡɟ. 
 
ゑçñÑñÖóñ 
Ⱦɥɹ ɨɰɟɧɤɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɥɨɠɧɨɫɬɢ ɤɪɢɩɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɫɢɫɬɟɦɵ Ɇɟɝɪɟɥɢɲɜɢɥɢ 

ɢ Ⱦɠɢɧɞɠɢɯɚɞɡɟ, ɪɚɫɫɦɨɬɪɢɦ ɫɥɟɞɭɸɳɢɣ ɩɪɨɬɨɤɨɥ ɪɚɡɞɟɥɟɧɢɹ ɤɥɸɱɚ. 
ɉɪɨɬɨɤɨɥ ɪɚɡɞɟɥɟɧɢɹ ɤɥɸɱɚ Ɇɟɝɪɟɥɢɲɜɢɥɢ ɢ Ⱦɠɢɧɞɠɢɯɚɞɡɟ 
 
ばïöíÖÜç¡í 
Ʉɨɪɪɟɫɩɨɧɞɟɧɬɵ Ⱥ ɢ Ȼ ɞɨɝɨɜɚɪɢɜɚɸɬɫɹ ɨ ɜɵɛɨɪɟ ɜɟɤɬɨɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 2

nV F

ɪɚɡɦɟɪɧɨɫɬɢ n   ɧɚɞ ɩɨɥɟɦ 2F . Ⱦɚɥɟɟ ɮɢɤɫɢɪɭɟɬɫɹ ɤɜɚɞɪɚɬɧɚɹ ɦɚɬɪɢɰɚ A  ɪɚɡɦɟɪɚ n n ɢ ɜɟɤɬɨɪ

v V . ɗɬɢ ɞɚɧɧɵɟ ɨɬɤɪɵɬɵ. 
 
ゎñÖñëíîó　 ¡¿0ôñú. 
Ʉɨɪɪɟɫɩɨɧɞɟɧɬ Ⱥ ɜɵɛɢɪɚɟɬ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɧɚɬɭɪɚɥɶɧɨɟ ɱɢɫɥɨ k , ɜɵɱɢɫɥɹɟɬ ɢ ɩɟɪɟɫɵɥɚɟɬ 

ɤɨɪɪɟɫɩɨɧɞɟɧɬɭ Ȼ ɜɟɤɬɨɪ ku vA . ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɤɨɪɪɟɫɩɨɧɞɟɧɬ Ȼ ɜɵɛɢɪɚɟɬ ɱɢɫɥɨ l , ɜɵɱɢɫɥɹɟɬ ɢ 
ɩɟɪɟɫɵɥɚɟɬ Ⱥ ɜɟɤɬɨɪ .lw vA   
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 づí£Ññ¿ñÖóñ ¡¿0ôí. 
Ɂɚɬɟɦ ɤɚɠɞɵɣ ɢɡ ɤɨɪɪɟɫɩɨɧɞɟɧɬɨɜ ɜɵɱɢɫɥɹɟɬ ɪɚɡɞɟɥɹɟɦɵɣ ɤɥɸɱ 
 l k k lK uA wA vA      (1) 
Ⱦɚɥɟɟ ɩɪɢɜɨɞɢɦ ɢɞɟɸ ȼ.Ⱥ. Ɋɨɦɚɧɶɤɨɜ ɚɧɚɥɢɡɚ ɫɢɫɬɟɦɵ Ɇɟɝɪɟɥɢɲɜɢɥɢ ɢ Ⱦɠɢɧɞɠɢɯɚɞɡɟ. 
Ʉɪɢɩɬɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɫɢɫɬɟɦɵ Ɇɟɝɪɟɥɢɲɜɢɥɢ ɢ Ⱦɠɢɧɞɠɢɯɚɞɡɟ. 
ȼɵɩɢɲɟɦ ɜɟɤɬɨɪɵ 0, ,..., mv vA vA vA ɞɨ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɫɬɟɩɟɧɢ m ɫ ɭɫɥɨɜɢɟɦ 

ɥɢɧɟɣɧɨɣ ɧɟɡɚɜɢɫɢɦɨɫɬɢ ɷɬɨɝɨ ɧɚɛɨɪɚ. əɫɧɨ, ɱɬɨm n , ɩɨɷɬɨɦɭ ɩɪɨɰɟɫɫ ɷɮɮɟɤɬɢɜɟɧ. Ⱦɚɧɧɵɣ 
ɧɚɛɨɪ ɹɜɥɹɟɬɫɹ ɛɚɡɢɫɨɦ ɥɢɧɟɣɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ

2
( , )k

Flin vA k , ɩɨɪɨɠɞɟɧɧɨɝɨ ɜɫɟɦɢ ɜɟɤɬɨɪɚɦɢ 

ɜɢɞɚ ,kvA k . Ⱦɥɹ ɷɬɨɝɨ ɞɨɫɬɚɬɨɱɧɨ ɞɨɤɚɡɚɬɶ, ɱɬɨ ɥɸɛɨɣ ɜɟɤɬɨɪ , 1kvA k m  , ɥɢɧɟɣɧɨ 

ɜɵɪɚɠɚɟɬɫɹ ɱɟɪɟɡ ɞɚɧɧɵɣ ɧɚɛɨɪ. ɉɨɫɤɨɥɶɤɭ ɧɚɛɨɪ , ,..., mv vA vA ɹɜɥɹɟɬɫɹ ɩɟɪɜɵɦ ɥɢɧɟɣɧɨ 

ɡɚɜɢɫɢɦɵɦ ɧɚɛɨɪɨɦ, ɜɟɤɬɨɪ 1mvA    ɞɨɩɭɫɤɚɟɬ ɪɚɡɥɨɠɟɧɢɹ ɜɢɞɚ 
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    (2) 

ɉɭɫɬɶ ɭɠɟ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɜɟɤɬɨɪ , 1kvA K m  , ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ 
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0

, .
m

k i
i i

i

vA vA F 


    (3) 

ɍɦɧɨɠɢɦ ɨɛɟ ɱɚɫɬɢ (3) ɫɩɪɚɜɚ ɧɚ ɦɚɬɪɢɰɭ Ⱥ ɢ ɩɪɨɜɟɞɟɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɪɚɜɟɧɫɬɜɚ (3): 

 
1

1 1 1
0 1

0 0 0 0

· · ( · ) .
m m m m

k i i i i
i i m i m i m i

i i i i

vA vA vA vA v vA        


  


   

           (4) 

ɍɬɜɟɪɠɞɟɧɢɟ ɨ ɛɚɡɢɫɟ , ,..., kv vA vA ɩɪɨɫɬɪɚɧɫɬɜɚ 
2
( , )k

Flin vA k ɫɥɟɞɭɟɬ ɩɨ ɢɧɞɭɤɰɢɢ. 
Ɍɟɩɟɪɶ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɪɚɡɥɨɠɟɧɢɟ 
 0 1 2... ,k m

m iu vA v vA vA F           (5) 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɚɡɥɨɠɟɧɢɹ (5) ɧɟ ɧɭɠɧɨ ɡɧɚɬɶ k , ɚ ɬɨɥɶɤɨu . 
ɉɨɫɥɟ ɷɬɨɝɨ ɩɨɞɫɬɚɜɢɦ ɜ ɩɪɚɜɭɸ ɱɚɫɬɶ ɩɨɥɭɱɟɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ (5), ɝɞɟ ɜɫɟ ɤɨɦɩɨɧɟɧɬɵ 

ɢɡɜɟɫɬɧɵ, ɜɟɤɬɨɪ w ɜɦɟɫɬɨ v ɢ ɩɨɥɭɱɢɦ 

 0 1 0 1... ( ... ) .m m l l k
m mw wA wA v vA vA A vA K                 (6) 

 
だîñÖ¡í ç▲ôóï¿óöñ¿áÖÜú ï¿Ü¢ÖÜïöó 
Ɉɰɟɧɢɦ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɫɥɨɠɧɨɫɬɶ ɧɚɯɨɠɞɟɧɢɹ ɤɥɸɱɚ ɩɪɢ ɚɬɚɤɟ Ɋɨɦɚɧɶɤɨɜɚ ɧɚ ɫɢɫɬɟɦɭ 

Ɇɟɝɪɟɥɢɲɜɢɥɢ ɢ Ⱦɠɢɧɞɠɢɯɚɞɡɟ [1]. ɇɚɯɨɠɞɟɧɢɟ ɤɥɸɱɚ ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 
ɷɬɚɩɨɜ: ɜɵɱɢɫɥɟɧɢɟ ɜɟɤɬɨɪɨɜ ivA , ɩɪɨɜɟɪɤɚ ɧɚ ɥɢɧɟɣɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɫɢɫɬɟɦɵ ivA , ɧɚɯɨɠɞɟɧɢɟ 
ɪɚɡɥɨɠɟɧɢɹ 0 ... n

nu v vA    ɢ ɧɚɯɨɠɞɟɧɢɟ ɤɥɸɱɚ .k lk vA    

Ɉɰɟɧɢɦ ɫɥɨɠɧɨɫɬɶ ɷɬɚɩɨɜ: 
ȼɵɱɢɫɥɟɧɢɟ ɜɟɤɬɨɪɚ vA , ɝɞɟ: 

 1 2 nv v v v   

11 12 1

21 22 2

1 2

n

n

n n nn

a a a

a a a
A

a a a

 
  
 
 

 

   
 

ɉɭɫɬɶ ɧɚɢɛɨɥɶɲɟɟ ɫɪɟɞɢ ɱɢɫɟɥ ,i ijv a   ɢɦɟɟɬ k ɪɚɡɪɹɞɨɜ ɞɜɨɢɱɧɵɯ ɰɢɮɪ. 
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ɍɦɧɨɠɟɧɢɹ 1 1 1[ ] [ ]i n i nv a    ɫɨɞɟɪɠɢɬ n ɨɩɟɪɚɰɢɣ ɭɦɧɨɠɟɧɢɹ k ɪɚɡɪɹɞɧɵɯ ɞɜɨɢɱɧɵɯ ɱɢɫɟɥ ɢ 

1n    ɨɩɟɪɚɰɢɣ ɫɥɨɠɟɧɢɹ: 
Time (ɭɦɧɨɠɟɧɢɟ 1 1 1[ ] [ ]i n i nv a   ) < 2 ( 1)k n k n  ɞɥɹ 1,i n . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

Time 2( ) [ ( 1)]vA k n k n n    . 

ȼɵɱɢɫɥɟɧɢɟ ɜɟɤɬɨɪɨɜ 2 3 2( )· ; ( )·vA vA A vA vA A  ; ...; 1( )·n nvA vA A ɚɧɚɥɨɝɢɱɧɨ 
ɜɵɱɢɫɥɟɧɢɸ vA . ɉɨɷɬɨɦɭ 

Time 2( ) [ ( 1)]jvA k n k n n    . 

Ɍ.ɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɧɚɛɨɪɚ 2 3; ; ;...; nvA vA vA vA : 

Time (ȼɵɱɢɫɥɟɧɢɟ ɧɚɛɨɪɚ, 2, ,..., nvA vA vA )< 2 2 2[ ( 1)] · [ ( 1)]k n k n n n k n k n n      

ɉɪɨɜɟɪɤɚ ɧɚ ɥɢɧɟɣɧɭɸ ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɧɚɛɨɪɚ ɜɟɤɬɨɪɨɜ 
 1 2 ,nv v v v   

 11 12 1 ,nvA b b b   

.... 

 1 2 .m
m m mnvA b b b   

ɂɫɩɨɥɶɡɭɹ ɦɟɬɨɞ Ƚɚɭɫɫɚ ɧɚɣɞɟɦ ɪɚɧɝ ɦɚɬɪɢɰɵ 

1 2

11 12 1

21 22 2

1 2

1 2

.

n

n

n

m m mn

n

v v v

b b b

b b b
B

b b b

u u u

 
  
 

  
 
 
   

   
 

ɑɢɫɥɨ ɪɚɡɪɹɞɨɜ ɞɜɨɢɱɧɵɯ ɱɢɫɟɥ [ ] 2 1ijmax b k   

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɪɚɧɝɚ ɧɟɨɛɯɨɞɢɦɨ ɛɭɞɟɬ ɜɵɩɨɥɧɢɬɶ ɭɦɧɨɠɟɧɢɹ 1 11 1 21· ; · ; ; ·i miv b v b v b   

ɍɦɧɨɠɟɧɢɟ 1 11 21 1· · nv b b b : 

Time 2
1 11 1( ... ) (2 1) · .nv b b k m   

ɗɬɨ ɨɩɟɪɚɰɢɹ ɩɨɜɬɨɪɹɟɬɫɹ ( 1)·m n ɪɚɡ ɞɥɹ 1m  ɫɬɪɨɤ ɢ n ɫɬɨɥɛɰɨɜ. 
Ⱦɚɥɟɟ ɜɵɱɢɬɚɧɢɹ 2-ɹ; 3-ɹ; ... ɫɬɪɨɤɚ ɦɢɧɭɫ ɩɟɪɜɚɹ ɫɬɪɨɤɚ ɢ ɫɪɚɜɧɟɧɢɹ ɫ ɧɭɥɟɦ, ɨɩɟɪɚɰɢɹ 

ɩɨɜɬɨɪɹɟɬɫɹ m ɪɚɡ ɞɥɹ m ɫɬɪɨɤ: 
Time [(2 1) (2 1) ]·k n k n m     

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɥɢɧɟɣɧɨɣ ɧɟɡɚɜɢɫɢɦɨɫɬɢ ɫɬɪɨɤ ɢɡɦɟɧɟɧɧɨɣ ɦɚɬɪɢɰɵ ɩɪɢ 1,m n   

Time
 

2

2 1 1

  (2 1) ( 1) 2(2 1) ( 1)
i m j nn

m i j n m

k i ij k j i
 

    

        

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɧɚɛɨɪɚ ɜɟɤɬɨɪ ; ;...; nv vA vA ɢ ɩɪɨɜɟɪɤɚ ɟɝɨ ɥɢɧɟɣɧɚɹ 
ɧɟɡɚɜɢɫɢɦɨɫɬɶ: 

Time
 

2 2 2 2 5

2 1 1

[ ( 1)]   ( 1) 2 ( 1) 5
i m j nn

m i j n m

k n k n n k i ij kj i k n
 

    

         ; 

Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɪɚɡɥɨɠɟɧɢɟ: 
1

0 1 2... ,k n
n iu vA v vA vA F          
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Ⱦɥɹ ɷɬɨɝɨ ɧɚɞɨ ɪɟɲɢɬɶ ɫɢɫɬɟɦɭ XB U ɢɥɢ XC U , ɝɞɟ ɋ-ɦɚɬɪɢɰɚ ɩɨɥɟɱɟɧɧɚɹ ɢɡ ȼ ɩɨɫɥɟ 
ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞ Ƚɚɭɫɫɚ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɪɚɧɝɚ. Ɇɚɬɪɢɰɚ ɋ ɹɜɥɹɟɬɫɹ ɬɪɟɭɝɨɥɶɧɨɣ ɩɨɷɬɨɦɭ ɧɭɠɧɨ 
ɪɟɲɢɬɶ ɫɢɫɬɟɦɭ: 

X B U   , ɝɞɟ: 

1 2

11 12 1

21 22 2

1 2

n

n

n
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Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɧɚɣɬɢ , 1,i i n  , ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɭɦɧɨɠɟɧɢɹ n i ɪɚɡ, ɢ ɜɵɱɢɬɚɧɢɹ 
n i ɪɚɡ. 

2( ) ( 1)k n i k n    

ɇɚɯɨɠɞɟɧɢɹ 0 1; ;...; n   . 
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( 1) ( 1)
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ɉɨɫɥɟ ɷɬɨɝɨ ɧɚɣɞɟɦ ɜɟɤɬɨɪ k lvA  ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

1. ɍɦɧɨɠɟɧɢɹ 0 1; ;...; n
nv vA vA    

2 2Time n k  

2. ɇɚɯɨɠɞɟɧɢɟ ɫɭɦɦɭ 0 1 ... n
nv vA A       

( 1)Time kn n   

3. ɍɦɧɨɠɟɧɢɟ  0 1( ... )·n l
nv vA A A K        

2[ ( 1)]Time k n k n n    

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɛɳɟɟ ɜɪɟɦɹ ɚɬɚɤɢ Ɋɨɦɚɧɶɤɨɜɚ: 
2 5 2 2 2 2 2 5 25 ( 1) ( 1) [ ( 1)] ( ).Time k n k n n k kn n k n k n n O n k           
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 ɂɬɚɤ, ɜ ɪɚɛɨɬɟ ɨɰɟɧɟɧɚ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɥɨɠɧɨɫɬɶ ɤɪɢɩɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɪɨɬɨɤɨɥɚ 

ɪɚɡɞɟɥɟɧɢɹ ɤɥɸɱɚ Ɇɟɝɪɟɥɢɲɜɢɥɢ ɢ Ⱦɠɢɧɞɠɢɯɚɞɡɟ. Ɋɟɡɭɥɶɬɚɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨ ɢɞɟɟ ȼ.Ⱥ. 
Ɋɨɦɚɧɶɤɨɜɚ ɚɥɝɨɪɢɬɦ ɧɚɯɨɠɞɟɧɢɹ ɤɥɸɱɚ ɩɪɨɬɨɤɨɥɚ Ɇɟɝɪɟɥɢɲɜɢɥɢ ɢ Ⱦɠɢɧɞɠɢɯɚɞɡɟ ɡɚɧɢɦɚɟɬ ɜɪɟɦɹ 
ɩɨɪɹɞɤɚ 2 5( )O k n   ɢ ɡɚɞɚɱɚ ɚɧɚɥɢɡɚ ɫɢɫɬɟɦɵ Ɇɟɝɪɟɥɢɲɜɢɥɢ ɢ Ⱦɠɢɧɞɠɢɯɚɞɡɟ ɪɟɲɟɧɚ ɷɮɮɟɤɬɢɜɧɨ. 
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