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ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɜ ɬɪɺɯɦɟɪɧɨɦ ɟɜɤɥɢɞɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɞɟɪɠɢɬɫɹ ɮɪɚɤɬɚɥ x , ɤɨɬɨɪɵɣ 

ɜɞɨɥɶ ɨɫɢ x ɢɦɟɟɬ ɞɪɨɛɧɭɸ ɪɚɡɦɟɪɧɨɫɬɶ Į, ɞɥɹ ɤɨɬɨɪɨɣ ɫɩɪɚɜɟɞɥɢɜɵ ɧɟɪɚɜɟɧɫɬɜɚ 0 1  . Ɋɚɫɫɦɚɬ-
ɪɢɜɚɟɦɵɣ ɮɪɚɤɬɚɥ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɡɨɬɪɨɩɧɵɦ ɢ ɝɨɦɨɝɟɧɧɵɦ, ɬ. ɟ. ɟɝɨ ɪɚɡɦɟɪɧɨɫɬɶ ɩɨɫɬɨɹɧɧɚ 

const   ɢ ɧɟ ɡɚɜɢɫɢɬ ɤɚɤ ɨɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ, ɬɚɤ ɢ ɨɬ ɜɪɟɦɟɧɢ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɩɪɟɞɩɨ-
ɥɚɝɚɟɬɫɹ, ɱɬɨ ɬɨɩɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɮɪɚɤɬɚɥɚ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɨɬ ɜɪɟɦɟɧɢ. Ɍɨɱɤɢ 

ɮɪɚɤɬɚɥɚ x  
ɥɟɠɚɬ ɧɚ ɜɟɳɟɫɬɜɟɧɧɨɣ ɨɫɢ x. Ɍɨɱɤɢ ɨɫɢ x, ɧɟ ɩɪɢɧɚɞɥɟɠɚɳɢɟ ɮɪɚɤɬɚɥɭ, ɩɪɢɧɚɞɥɟɠɚɬ 

ɫɨɩɪɹɠɺɧɧɨɦɭ ɮɪɚɤɬɚɥɭ 1x  , ɪɚɡɦɟɪɧɨɫɬɢ 1 const  , 0 1 1   , ɤɨɬɨɪɵɣ ɬɨɠɟ ɹɜɥɹɟɬɫɹ ɝɨɦɨ-
ɝɟɧɧɵɦ ɮɪɚɤɬɚɥɨɦ. Ɏɪɚɤɬɚɥ x , ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɚɦ ɹɜɥɹɟɬɫɹ ɫɨɩɪɹɠɟɧɧɵɦ ɮɪɚɤɬɚɥɨɦ ɩɨ ɨɬɧɨɲɟ-
ɧɢɸ ɤ ɫɜɨɟɦɭ ɫɨɩɪɹɠɺɧɧɨɦɭ ɮɪɚɤɬɚɥɭ 1x  .  

ɇɚ ɤɨɨɪɞɢɧɚɬɟ x ɬɨɱɤɢ ɮɪɚɤɬɚɥɚ ɢ ɫɨɩɪɹɠɺɧɧɨɝɨ ɮɪɚɤɬɚɥɚ ɧɚɯɨɞɹɬɫɹ ɜ ɫɨɨɬɧɨɲɟɧɢɢ  

1 1;x x x x x          . 

ȼɬɨɪɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɫɜɨɣɫɬɜɨɦ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɮɪɚɤɬɚɥɨɜ, ɢɡ ɤɨɬɨɪɨɝɨ 
ɫɥɟɞɭɟɬ, ɱɬɨ ɦɧɨɝɢɟ ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɯɨɞɹɳɢɟ ɜɨ ɮɪɚɤɬɚɥɟ ɢ ɜ ɫɨɩɪɹɠɺɧɧɨɦ ɮɪɚɤɬɚɥɟ, ɦɨ-
ɝɭɬ ɩɪɨɯɨɞɢɬɶ ɧɟɡɚɜɢɫɢɦɨ, ɧɟ ɜɥɢɹɹ ɞɪɭɝ ɧɚ ɞɪɭɝɚ.  

ȼ ɱɚɫɬɧɨɫɬɢ ɤ ɬɚɤɢɦ ɩɪɨɰɟɫɫɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 
ɫ ɮɪɚɤɬɚɥɨɦ ɢ ɫ ɫɨɩɪɹɠɺɧɧɵɦ ɮɪɚɤɬɚɥɨɦ. 

ぢÜïöíÖÜç¡í £íÑíôó 

Ɂɚɬɭɯɚɧɢɟ ɩɭɱɤɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɫɩɥɨɲɧɨɣ ɫɪɟɞɟ ɨɩɢɫɵɜɚɟɬɫɹ ɞɢɮɮɟɪɟɧɰɢ-

ɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɟɦ, ɤɨɬɨɪɨɟ ɨɩɢɫɵɜɚɟɬ ɩɨɝɥɨɳɟɧɢɟ ɫɜɟɬɨɜɨɝɨ ɩɭɱɤɚ ɜ ɫɪɟɞɟ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɝɨɫɹ 
ɜɞɨɥɶ ɨɫɢ x [1]  

.dI kIdx   

Ɂɞɟɫɶ I - ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ ɜɞɨɥɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɤɨɨɪɞɢɧɚɬɵ ɯ; k – ɤɨɷɮɮɢɰɢɟɧɬ 
ɨɫɥɚɛɥɟɧɢɹ ɩɭɱɤɚ ɜ ɫɪɟɞɟ. 

ȿɫɥɢ ɫɩɥɨɲɧɚɹ ɫɪɟɞɚ ɫɨɫɬɨɢɬ ɢɡ ɨɛɴɟɞɢɧɟɧɢɹ ɮɪɚɤɬɚɥɚ ɢ ɫɨɩɪɹɠɺɧɧɨɝɨ ɮɪɚɤɬɚɥɚ, ɤɨɬɨɪɵɟ 
ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɬɨ ɩɪɨɰɟɫɫɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɮɨɬɨɧɨɜ ɜ ɧɢɯ ɛɭɞɭɬ 
ɨɬɥɢɱɚɬɶɫɹ, ɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɨɩɢɫɵɜɚɸɳɟɟ ɨɫɥɚɛɥɟɧɢɟ ɩɭɱɤɚ ɮɨɬɨ-
ɧɨɜ ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɜ ɜɢɞɟ ɫɨɨɬɧɨɲɟɧɢɹ  

1 1 1( ) ( ).dI k Idx k Idx                 (1) 

Ɂɞɟɫɶ dx  ɢ 1dx   - ɞɢɮɮɟɪɟɧɰɢɚɥɵ ɩɨ ɬɨɱɤɚɦ ɮɪɚɤɬɚɥɚ x , ɢ ɫɨɩɪɹɠɺɧɧɨɝɨ ɮɪɚɤɬɚɥɚ 1x   

ɤɨɬɨɪɵɟ ɥɟɠɚɬ ɧɚ ɨɫɢ x; k  - ɥɢɧɟɣɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ ɜɨ ɮɪɚɤɬɚɥɟ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ 
ɜɢɞɟ ɫɭɦɦɵ 

| | |( ) ( ) ( )A D Sk k k k          , | ( )Ak   - ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ 
ɞɥɢɧɵ ɜɨɥɧɵ ɮɨɬɨɧɨɜ Ȝ ɢ ɨɬ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ, | ( )Dk   - ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɣ ɞɢɮɪɚɤɰɢɢ, ɨɩɢ-

ɫɵɜɚɸɳɢɣ ɞɢɮɪɚɤɰɢɸ ɧɚ ɜɧɭɬɪɟɧɧɢɯ ɫɬɪɭɤɬɭɪɚɯ ɮɪɚɤɬɚɥɚ ɢ ɡɚɜɢɫɹɳɢɣ ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɢ ɬɨɩɨ-
ɥɨɝɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɪɚɤɬɚɥɚ, ɬ. ɟ. ɨɬ  , | ( )Sk   - ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ ɪɚɫɫɟɹɧɢɹ ɧɚ 
ɧɟɪɨɜɧɨɫɬɹɯ ɮɪɚɤɬɚɥɚ, ɤɨɬɨɪɵɣ ɬɨɠɟ ɡɚɜɢɫɢɬ ɨɬ  ;   – ɬɨɩɨɥɨɝɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɮɪɚɤɬɚɥɶɧɨ-
ɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɨɰɟɫɫɚ [2], 0 1  ; 1k   - ɥɢɧɟɣɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛ-

ɥɟɧɢɹ ɜ ɫɨɩɪɹɠɺɧɧɨɦ ɮɪɚɤɬɚɥɟ, ɤɨɬɨɪɵɣ, ɤɚɤ ɢ ɜɨ ɮɪɚɤɬɚɥɟ ɭɞɨɛɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ ɫɭɦɦɭ 
1 1 | 1 | 1 1 | 1( ) ( ) ( )A D Sk k k k               ; 1 | ( )Ak    - ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɜ ɫɨɩɪɹɠɺɧɧɨɦ ɮɪɚɤ-
ɬɚɥɟ, 1 | 1( )Dk     - ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɣ ɞɢɮɪɚɤɰɢɢ ɜ ɫɨɩɪɹɠɺɧɧɨɦ ɮɪɚɤɬɚɥɟ, 1 | 1( )Sk     - ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ ɪɚɫɫɟɹɧɢɹ ɧɚ ɧɟɪɨɜɧɨɫɬɹɯ ɫɨɩɪɹɠɺɧɧɨɝɨ ɮɪɚɤɬɚɥɚ; 1    – ɬɨɩɨɥɨɝɢɱɟɫɤɢɣ ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɫɨɩɪɹɠɺɧɧɨɝɨ ɮɪɚɤɬɚɥɚ, 10 1   . 

Ɍɨɩɨɥɨɝɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ  , ɢ 1    ɡɚɜɢɫɹɬ ɨɬ ɤɨɧɤɪɟɬɧɵɯ ɬɨɩɨɥɨɝɢɱɟɫɤɢɯ ɢ ɝɟɨɦɟɬɪɢ-

ɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɮɪɚɤɬɚɥɚ ɢ ɫɨɩɪɹɠɺɧɧɨɝɨ ɟɦɭ ɮɪɚɤɬɚɥɚ.  
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ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɩɪɨɰɟɫɫ ɧɟɜɨɡɦɨɠɟɧ ɢɡ-ɡɚ ɬɨɩɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɬɨ ɩɪɨ-
ɰɟɫɫ ɬɨɩɨɥɨɝɢɱɟɫɤɢ ɡɚɩɪɟɳɺɧ, ɬɨɝɞɚ 1 0     . Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɩɪɨɰɟɫɫ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɨɥɶɤɨ 
ɱɟɪɟɡ ɮɪɚɤɬɚɥɵ, ɭ ɤɨɬɨɪɵɯ ɬɨɩɨɥɨɝɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɬɥɢɱɧɵ ɨɬ ɧɭɥɹ. ɉɨɷɬɨɦɭ, ɟɫɥɢ ɬɨɩɨɥɨ-
ɝɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɯɨɬɹ ɛɵ ɨɞɧɨɝɨ ɮɪɚɤɬɚɥɚ ɨɬɥɢɱɟɧ ɨɬ ɧɭɥɹ, ɬɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɩɪɨɰɟɫɫ ɬɨ-
ɩɨɥɨɝɢɱɟɫɤɢ ɪɚɡɪɟɲɺɧ ɜ ɞɚɧɧɨɣ ɫɪɟɞɟ. 

Ⱦɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɧɭɬɪɟɧɧɟɣ ɞɢɮɪɚɤɰɢɢ ɮɪɚɤɬɚɥɚ ɢ ɫɨɩɪɹɠɺɧɧɨɝɨ ɮɪɚɤɬɚɥɚ ɜɫɟɝɞɚ ɞɨɥɠɧɨ 
ɜɵɩɨɥɧɹɬɶɫɹ ɪɚɜɟɧɫɬɜɨ  

| 1 | 1( ) ( )D Dk k      . 

Ⱦɚɧɧɨɟ ɪɚɜɟɧɫɬɜɨ ɜɵɩɨɥɧɹɟɬɫɹ ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɮɪɚɤɬɚɥ ɢ ɫɨɩɪɹɠɺɧɧɵɣ ɮɪɚɤɬɚɥ ɢɦɟɸɬ ɨɛɳɭɸ 

ɝɪɚɧɢɰɭ, ɧɚ ɤɨɬɨɪɨɣ ɢ ɩɪɨɢɫɯɨɞɢɬ ɜɧɭɬɪɟɧɧɹɹ ɞɢɮɪɚɤɰɢɹ. ɉɨɷɬɨɦɭ ɜ ɫɨɨɬɧɨɲɟɧɢɹɯ, ɜ ɤɨɬɨɪɵɯ ɮɢ-

ɝɭɪɢɪɭɸɬ ɷɬɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɦɨɠɧɨ ɨɫɬɚɜɢɬɶ ɥɸɛɨɣ ɢɡ ɷɬɢɯ ɞɜɭɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ.  
ɋɬɪɨɝɨ ɝɨɜɨɪɹ, ɫɬɚɜɢɬɶ ɡɧɚɤ ɪɚɜɟɧɫɬɜɚ ɜ ɫɨɨɬɧɨɲɟɧɢɢ (1) ɧɟɥɶɡɹ, ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɮɢɡɢɱɟɫɤɢɟ 

ɪɚɡɦɟɪɧɨɫɬɢ ɥɟɜɨɣ ɢ ɩɪɚɜɨɣ ɱɚɫɬɢ ɜ ɭɪɚɜɧɟɧɢɢ ɩɪɢ ɬɚɤɨɣ ɡɚɦɟɧɟ ɭɠɟ ɧɟ ɫɨɜɩɚɞɚɸɬ  
1

1
[ ] L ; ] L ; [ ] L.dx dx dx 

 


      

Ʉɪɨɦɟ ɷɬɨɝɨ ɧɟɥɶɡɹ ɫɤɥɚɞɵɜɚɬɶ ɡɧɚɱɟɧɢɹ ɫɥɚɝɚɟɦɵɯ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɩɨ ɬɨɣ ɠɟ ɩɪɢɱɢɧɟ. ɉɨɷɬɨ-
ɦɭ ɜɦɟɫɬɨ ɡɧɚɤɚ ɪɚɜɟɧɫɬɜɚ ɩɨɫɬɚɜɥɟɧ ɡɧɚɤ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ  , ɚ ɜɦɟɫɬɨ ɫɥɨɠɟɧɢɹ, ɡɧɚɤ ɨɛɴɟɞɢ-

ɧɟɧɢɹ  .  

Ⱦɥɹ ɞɢɮɮɟɪɟɧɰɢɚɥɨɜ ɧɚ ɮɪɚɤɬɚɥɚɯ ɛɭɞɟɬ ɫɩɪɚɜɟɞɥɢɜɨ  
1 .dx dx dx    

ȼ ɫɢɥɭ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɮɪɚɤɬɚɥɚ ɢ ɫɨɩɪɹɠɺɧɧɨɝɨ ɮɪɚɤɬɚɥɚ ɞɥɹ ɞɢɮɮɟɪɟɧɰɢɚɥɨɜ ɬɨɠɟ ɛɭɞɟɬ 
ɫɩɪɚɜɟɞɥɢɜɨ ɫɜɨɣɫɬɜɨ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ  

1 .dx dx     

ぢÜ¿ÜôñÖóñ ëñüñÖó　 

ȼɧɚɱɚɥɟ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɲɟɧɢɹ ɪɚɡɞɟɥɢɦ ɩɟɪɟɦɟɧɧɵɟ ɢ ɩɨɫɬɚɜɢɦ ɩɨɞ ɡɧɚɤ ɢɧɬɟɝɪɚɥɚ.  

1 1 1( ) ( ).
dI

k dx k dx
I

                   (1) 

ɉɪɟɨɛɪɚɡɭɟɦ ɩɪɚɜɭɸ ɱɚɫɬɶ ɬɚɤ, ɱɬɨɛɵ ɨɛɚ ɱɥɟɧɚ ɛɵɥɢ ɫɨɝɥɚɫɨɜɚɧɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɤɚɱɟɫɬɜɟɧɧɨ 
ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨ, ɚ ɬɚɤɠɟ ɛɵɥɢ ɛɵ ɫɨɝɥɚɫɨɜɚɧɵ ɫ ɥɟɜɨɣ ɱɚɫɬɶɸ.  

Ⱦɥɹ ɷɬɨɝɨ ɩɪɚɜɭɸ ɱɚɫɬɶ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɜɟɫɬɢ ɤ ɨɞɧɨɦɭ ɦɚɫɲɬɚɛɭ ɢ ɤ ɨɞɧɨɣ ɮɢɡɢɱɟɫɤɨɣ ɪɚɡ-
ɦɟɪɧɨɫɬɢ ɫ ɥɟɜɨɣ ɱɚɫɬɶɸ. Ⱦɥɹ ɷɬɨɝɨ ɩɟɪɜɵɣ ɱɥɟɧ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɧɚɞɨ ɭɦɧɨɠɢɬɶ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ 1x  , ɚ ɜɬɨɪɨɣ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ x , ɤɨ-
ɬɨɪɵɣ ɩɟɪɟɜɨɞɢɬ ɪɚɡɦɟɪɧɨɫɬɶ ɩɪɚɜɨɣ ɱɚɫɬɢ ɞɨ ɪɚɡɦɟɪɧɨɫɬɢ ɟɜɤɥɢɞɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɜ ɤɨɬɨɪɨɦ ɧɚɯɨ-

ɞɹɬɫɹ ɮɪɚɤɬɚɥ ɢ ɫɨɩɪɹɠɺɧɧɵɣ ɮɪɚɤɬɚɥ. Ɏɢɡɢɱɟɫɤɢ ɷɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɨɦɭ, ɱɬɨ ɭɱɢɬɵɜɚɟɬɫɹ ɩɪɨɯɨɠ-

ɞɟɧɢɟ ɩɭɱɤɚ ɮɨɬɨɧɨɜ ɩɨ ɜɫɟɦ ɬɨɱɤɚɦ ɧɚ ɨɫɢ x, ɱɚɫɬɶ ɢɡ ɤɨɬɨɪɵɯ ɩɪɢɧɚɞɥɟɠɢɬ ɮɪɚɤɬɚɥɭ, ɚ ɨɫɬɚɥɶ-
ɧɵɟ – ɩɨ ɫɨɩɪɹɠɺɧɧɨɦɭ ɮɪɚɤɬɚɥɭ.  

Ⱦɚɥɟɟ ɩɟɪɜɵɣ ɱɥɟɧ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɭɦɧɨɠɢɬɶ ɧɚ ɦɚɫɲɬɚɛɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɮɪɚɤɬɚɥɚ 2 ( )  , ɚ ɜɬɨɪɨɣ ɱɥɟɧ ɧɚ ɦɚɫɲɬɚɛɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɹɠɺɧɧɨɝɨ ɮɪɚɤɬɚɥɚ 
2(1 ) (1 )    . ɗɬɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɜɨɞɹɬ ɞɥɢɧɭ ɩɪɨɯɨɠɞɟɧɢɹ ɩɭɱɤɚ ɤ ɷɮɮɟɤɬɢɜɧɨɣ ɬɨɥɳɢɧɟ 

ɮɪɚɤɬɚɥɚ ɢ ɤ ɷɮɮɟɤɬɢɜɧɨɣ ɬɨɥɳɢɧɟ ɫɨɩɪɹɠɺɧɧɨɝɨ ɮɪɚɤɬɚɥɚ (1-Į)x ɤɨɬɨɪɵɟ ɜ ɨɞɧɨɦɟɪɧɨɦ ɫɥɭɱɚɟ 
ɫɨɫɬɚɜɥɹɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Įx ɢ (1-Į)x. 

ȼ ɪɟɡɭɥɶɬɚɬɟ, ɩɟɪɟɯɨɞ ɨɬ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨ ɮɪɚɤɬɚɥɭ ɪɚɡɦɟɪɧɨɫɬɢ Į ɤ ɢɧɬɟɝɪɚɥɭ ɞɪɨɛɧɨɝɨ 
ɩɨɪɹɞɤɚ Į ɧɚ ɨɫɧɨɜɟ d-ɨɩɟɪɚɬɨɪɚ ɫɜɨɞɢɬɫɹ ɤ ɡɚɦɟɧɟ  
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Ɂɞɟɫɶ d x  ɢ 1d x  - ɢɧɬɟɝɪɚɥɵ ɞɪɨɛɧɵɯ ɩɨɪɹɞɤɨɜ Į ɢ Į-1; Ƚ(...)  - ɝɚɦɦɚ-ɮɭɧɤɰɢɹ ɗɣɥɟɪɚ.  

ɉɨɫɥɟ ɩɪɨɜɟɞɺɧɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɨɛɚ ɱɥɟɧɚ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɦɨɠɧɨ ɫɥɨɠɢɬɶ ɢ ɩɪɢɪɚɜɧɹɬɶ ɢɯ 
ɫɭɦɦɭ ɫ ɥɟɜɭɸ ɱɚɫɬɶɸ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ ɜ ɤɨɬɨɪɨɦ ɩɟɪɟɦɟɧɧɵɟ ɪɚɡɞɟɥɟɧɵ  

2 1 2 1

1 1( ) (1 ) (1 ) .
dI

k x d x k x d x
I

   
         

           

ɂɧɬɟɝɪɢɪɭɹ ɥɟɜɭɸ ɱɚɫɬɶ, ɩɨɥɭɱɢɦ 



 

 

 

 

 

 

ɋɟɤɰɢɹ 3:  ɉɪɢɤɥɚɞɧɵɟ ɡɚɞɚɱɢ ɦɚɬɟɦɚɬɢɤɢ ɜ ɨɛɥɚɫɬɢ ɢɧɠɟɧɟɪɧɵɯ ɧɚɭɤ 
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ln( ) ln( ).
dI

I C
I
   

Ɂɞɟɫɶ C – ɤɨɧɫɬɚɧɬɚ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ.  
ɂɧɬɟɝɪɢɪɭɹ ɩɪɚɜɭɸ ɱɚɫɬɶ ɫ ɩɨɦɨɳɶɸ d-ɨɩɟɪɚɬɨɪɚ [3], ɩɨɥɭɱɢɦ ɞɥɹ ɩɟɪɜɨɝɨ ɫɥɚɝɚɟɦɨɝɨ  
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ɂɧɬɟɝɪɢɪɭɹ ɜɬɨɪɨɟ ɫɥɚɝɚɟɦɨɟ, ɩɨɥɭɱɢɦ  
2
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Ɂɞɟɫɶ ( )C x  ɢ 1 ( )C x  - ɩɨɥɢɧɨɦɵ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨɪɹɞɤɨɜ Į ɢ 1-Į, ɤɨɬɨɪɵɟ ɜ ɪɚɦɤɚɯ d-

ɚɧɚɥɢɡɚ ɹɜɥɹɸɬɫɹ ɨɛɨɛɳɟɧɢɟɦ ɤɨɧɫɬɚɧɬ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ [3]. 

ɉɪɢɪɚɜɧɹɟɦ ɤ ɧɭɥɸ ɜɬɨɪɵɟ ɫɥɚɝɚɟɦɵɟ, ɜɜɢɞɭ ɢɯ ɩɪɨɢɡɜɨɥɶɧɨɫɬɢ 
2 1

2
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( ) ( ) 0;
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Ɉɤɨɧɱɚɬɟɥɶɧɨ ɩɨɥɭɱɢɦ ɞɥɹ ɫɭɦɦɵ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ 
2 1
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ɉɪɢɪɚɜɧɹɜ ɨɛɟ ɱɚɫɬɢ, ɩɨɥɭɱɢɦ ɪɟɲɟɧɢɟ  
1 1ln( ) (1 ) ln( ).I k x k x C             

ɉɨɬɟɧɰɢɪɭɹ ɷɬɨ ɜɵɪɚɠɟɧɢɟ, ɩɨɥɭɱɢɦ ɨɛɳɟɟ ɪɟɲɟɧɢɟ ɜ ɹɜɧɨɦ ɜɢɞɟ  
1 1exp( { (1 )} ).I C k k x            

ɇɚɣɞɺɦ ɱɚɫɬɧɨɟ ɪɟɲɟɧɢɟ ɞɥɹ ɡɚɞɚɱɢ Ʉɨɲɢ ɫ ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ 
0x

 
ɢ 

0 0( )I I x . ȼɵɪɚɡɢɜ 
ɤɨɧɫɬɚɧɬɭ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɱɟɪɟɡ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ, ɩɨɥɭɱɢɦ: 

1 1 0 0exp( { (1 )} ln( )).C k k x I             ɉɨɞɫɬɚɜɢɜ ɡɧɚɱɟɧɢɟ C ɜ ɨɛɳɟɟ ɪɟɲɟɧɢɟ, ɧɚɣɞɺɦ ɱɚɫɬɧɨɟ 
ɪɟɲɟɧɢɟ ɞɥɹ ɡɚɞɚɧɧɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ, ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɨɛɨɛɳɟɧɢɟɦ ɡɚɤɨɧɚ ȻɅȻ ɧɚ ɫɥɭɱɚɣ ɪɚɫ-
ɩɪɨɫɬɪɚɧɟɧɢɹ ɫɜɟɬɨɜɨɝɨ ɩɭɱɤɚ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɪɟɞɟ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɨɛɴɟɞɢɧɟɧɢɟɦ ɮɪɚɤɬɚɥɚ ɢ 

ɫɨɩɪɹɠɺɧɧɨɝɨ ɮɪɚɤɬɚɥɚ  
0 1 1 0exp[ { (1 ) }( )].I I k k x x                (2) 

Ɂɞɟɫɶ 0 0x x   ɬɨɥɳɢɧɚ ɫɪɟɞɵ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɩɪɨɯɨɞɢɬ ɩɭɱɨɤ ɮɨɬɨɧɨɜ, ɚ 0( )x x   - ɷɮɮɟɤ-
ɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɮɪɚɤɬɚɥɚ, ɚ 0(1 )( )x x   - ɷɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɫɨɩɪɹɠɺɧɧɨɝɨ ɮɪɚɤɬɚɥɚ, ɞɥɹ 
ɤɨɬɨɪɵɯ ɜɫɟɝɞɚ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ  

0 0 0( ) ( ) (1 )( )x x x x x x       . 

ȼ ɱɚɫɬɧɨɫɬɢ, ɤɨɝɞɚ 1  , (ɢɥɢ 0  ), ɬɨɝɞɚ ɷɮɮɟɤɬɢɜɧɚɹ ɬɨɥɳɢɧɚ ɮɪɚɤɬɚɥɚ (ɢɥɢ ɫɨɩɪɹɠɺɧ-

ɧɨɝɨ ɮɪɚɤɬɚɥɚ) ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɵɦ ɧɭɥɸ ɢ ɬɨɩɨɥɨɝɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɛɭɞɟɬ 1   (ɢɥɢ 1 1   ), 

ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɬɫɭɬɫɬɜɢɸ ɮɪɚɤɬɚɥɚ (ɢɥɢ ɫɨɩɪɹɠɺɧɧɨɝɨ ɮɪɚɤɬɚɥɚ). ȼ ɷɬɢɯ ɩɪɟɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ 
ɫɪɟɞɚ ɫɬɚɧɨɜɢɬɫɹ ɫɩɥɨɲɧɨɣ ɢ ɫɨɨɬɧɨɲɟɧɢɟ (2) ɩɟɪɟɯɨɞɢɬ ɜ ɤɥɚɫɫɢɱɟɫɤɢɣ ɡɚɤɨɧ ȻɅȻ, 

0 0exp[ ( )]I I k x x    [1].  

ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ 1 1 (1 )k k          ɢɥɢ 1 1 (1 )k k         , ɬɨ ɨɫɥɚɛɥɟɧɢɟɦ ɩɭɱɤɚ ɦɨɠ-

ɧɨ ɩɪɟɧɟɛɪɟɱɶ ɜ ɫɨɩɪɹɠɺɧɧɨɦ ɮɪɚɤɬɚɥɟ, ɢɥɢ ɜɨ ɮɪɚɤɬɚɥɟ. Ɍɨɝɞɚ ɫɨɨɬɧɨɲɟɧɢɟ ɩɟɪɟɣɞɺɬ ɜ ɡɚɤɨɧ ȻɅȻ ɞɥɹ 
ɨɞɧɨɝɨ ɝɨɦɨɝɟɧɧɨɝɨ ɮɪɚɤɬɚɥɚ. Ɍɚɤɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɩɪɢɛɥɢɠɟɧɢɟɦ ɨɞɧɨɝɨ ɩɨɬɨɤɚ [4].  

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɮɪɚɤɬɚɥ ɫɨɫɬɨɢɬ ɢɡ ɚɬɨɦɨɜ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɚ ɫɨɩɪɹɠɺɧɧɵɣ ɮɪɚɤɬɚɥ ɢɯ ɢɡ 
ɚɬɨɦɨɜ ɞɪɭɝɨɝɨ ɷɥɟɦɟɧɬɚ. Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɱɟɪɟɡ ɫɪɟɞɭ ɩɪɨɯɨɞɢɬ ɩɭɱɨɤ ɠɺɫɬɤɨɝɨ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ ɦɟɧɟɟ ɨɞɧɨɝɨ ɚɧɝɫɬɪɟɦɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɜɧɭɬɪɟɧɧɟɣ 

ɞɢɮɪɚɤɰɢɟɣ. Ɍɨɝɞɚ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɫɥɚɛɥɟɧɢɹ ɞɥɹ ɩɪɨɯɨɠɞɟɧɢɹ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɱɟɪɟɡ 
ɮɪɚɤɬɚɥ ɢ ɫɨɩɪɹɠɺɧɧɵɣ ɮɪɚɤɬɚɥ ɛɭɞɭɬ [5]  
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Ɂɞɟɫɶ | ( )Ak   ɢ 1 | ( )Ak    ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɝɥɨɳɟɧɢɹ ɫɜɹɡɚɧɧɵɟ ɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɪɟɧɬɝɟɧɨɜ-
ɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɢ ɜɧɭɬɪɟɧɧɢɯ ɷɥɟɤɬɪɨɧɨɜ ɨɛɨɥɨɱɟɤ ɚɬɨɦɨɜ ɮɪɚɤɬɚɥɚ ɢ ɫɨɩɪɹɠɺɧɧɨɝɨ ɮɪɚɤɬɚɥɚ 
(ɜɧɭɬɪɟɧɧɢɣ ɮɨɬɨɷɮɮɟɤɬ); | ( )Sk   ɢ 1 | ( )Sk    ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɫɫɟɹɧɢɹ ɞɥɹ ɦɚɬɟɪɢɚɥɚ ɮɪɚɤɬɚɥɚ ɢ 

ɫɨɩɪɹɠɺɧɧɨɝɨ ɮɪɚɤɬɚɥɚ; B  ɢ 1B   ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ 

ɮɨɬɨɧɨɜ ɢ ɨɬ ɚɬɨɦɧɨɣ ɫɬɪɭɤɬɭɪɵ ɜɟɳɟɫɬɜɚ ɮɪɚɤɬɚɥɚ ɢ ɫɨɩɪɹɠɺɧɧɨɝɨ ɮɪɚɤɬɚɥɚ [3]; Z  ɢ 1Z   ɡɚɪɹɞɵ 

ɹɞɟɪ ɷɥɟɦɟɧɬɨɜ ɢɡ ɤɨɬɨɪɵɯ ɫɨɫɬɨɢɬ ɮɪɚɤɬɚɥ ɢ ɫɨɩɪɹɠɺɧɧɵɣ ɮɪɚɤɬɚɥ;   ɢ 1    ɩɥɨɬɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ 
ɮɪɚɤɬɚɥɚ ɢ ɫɨɩɪɹɠɺɧɧɨɝɨ ɮɪɚɤɬɚɥɚ; NA - ɱɢɫɥɨ Ⱥɜɨɝɚɞɪɨ; A  ɢ 1A   ɜɟɫɚ ɨɞɧɨɝɨ ɝɪɚɦɦ-ɚɬɨɦɚ 
(ɚɬɨɦɧɵɣ ɜɟɫ) ɜɟɳɟɫɬɜɚ ɮɪɚɤɬɚɥɚ ɢ ɫɨɩɪɹɠɺɧɧɨɝɨ ɮɪɚɤɬɚɥɚ; e - ɡɚɪɹɞ ɷɥɟɤɬɪɨɧɚ; m - ɦɚɫɫɚ ɷɥɟɤɬɪɨɧɚ; 
ɫ - ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ. 

ɉɨɞɫɬɚɜɢɜ ɩɨɥɭɱɟɧɧɵɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ k  ɢ 1k   ɜ (2) ɢ ɩɨɥɭɱɢɦ ɡɚɤɨɧ ȻɅȻ 

ɨɩɢɫɵɜɚɸɳɢɣ ɩɪɨɯɨɠɞɟɧɢɟ ɠɺɫɬɤɨɝɨ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɱɟɪɟɡ ɫɪɟɞɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɞɜɭɯ 
ɝɨɦɨɝɟɧɧɵɯ ɢ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɮɪɚɤɬɚɥɨɜ  
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Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ ɫ ɛɨɥɶɲɨɣ ɬɨɱɧɨɫɬɶɸ ɦɨɠɧɨ ɩɪɢɧɹɬɶ 1 1 1     .  
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ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ 
ɢɦɟɸɬ ɞɪɨɛɧɭɸ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟɰɟɥɨɱɢɫɥɟɧɧɭɸ ɪɚɡɦɟɪɧɨɫɬɶ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɧɚɡɜɚɧɵ ɮɪɚɤɬɚɥɚɦɢ [1].  

でÜäëÜöóç¿ñÖóñ äëÜçÜÑÖó¡Üç ï âëí¡öí¿áÖÜú ïöëÜ¡öÜëÜú  

Ɋɚɫɫɦɨɬɪɢɦ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɜ ɩɪɨɜɨɞɧɢɤɟ ɫ ɮɪɚɤɬɚɥɶɧɨɣ ɫɬɪɭɤ-
ɬɭɪɨɣ. ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɮɪɚɤɬɚɥ ɚɧɢɡɨɬɪɨɩɧɵɣ ɢ ɢɦɟɟɬ ɮɪɚɤɬɚɥɶɧɭɸ (ɞɪɨɛɧɭɸ) ɪɚɡɦɟɪɧɨɫɬɶ ɜɞɨɥɶ 
ɬɪɺɯ ɤɨɨɪɞɢɧɚɬ, 1 2 30 , , 1       ɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɮɪɚɤɬɚɥɶɧɵɟ ɪɚɡɦɟɪɧɨɫɬɢ ɜɟɳɟɫɬɜɟɧɧɵ ɢ 

ɩɨɫɬɨɹɧɧɵ 1 2 3, , const     . Ɏɪɚɤɬɚɥɶɧɚɹ ɪɚɡɦɟɪɧɨɫɬɶ ɜɞɨɥɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɨɤɚ 1 , ɚ ɪɚɡɦɟɪɧɨ-


