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Ɋɚɛɨɬɵ ɩɨ ɬɟɨɪɟɬɢɱɟɫɤɨɦɭ ɢɡɭɱɟɧɢɸ ɜɥɢɹɧɢɹ 
ɨɬɞɟɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢɡɦɟɥɶɱɢɬɟɥɟɣ ɧɚ ɫɬɟɩɟɧɶ ɢɡ-
ɦɟɥɶɱɟɧɢɹ ɤɨɪɦɨɜ ɩɪɨɜɨɞɢɥɢɫɶ ɦɧɨɝɢɦɢ ɭɱɟɧɵɦɢ [1-3]. 
Ɉɧɢ ɛɵɥɢ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɱɢɫɥɚ 
ɪɟɠɭɳɢɯ ɩɚɪ ɧɚ ɫɪɟɞɧɸɸ ɞɥɢɧɭ ɪɟɡɤɢ. ɉɨɥɭɱɟɧɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɤɨɧɫɬɚɬɢɪɭɸɬ ɭɦɟɧɶɲɟɧɢɟ ɫɪɟɞɧɟɣ ɞɥɢɧɵ 
ɪɟɡɤɢ ɫɬɟɛɟɥɶɱɚɬɵɯ ɤɨɪɦɨɜ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ ɩɪɨ-
ɬɢɜɨɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. Ɉɞɧɚɤɨ, ɤɚɤ ɨɬɦɟɱɚɸɬ ɫɚɦɢ 
ɚɜɬɨɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ ɧɟ ɜ 
ɩɨɥɧɨɣ ɦɟɪɟ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ 
ɞɚɧɧɵɦɢ. ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɮɢɡɢɱɟɫɤɢɟ 
ɩɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɢɡɦɟɥɶɱɢɬɟɥɹɯ, ɢɡɭɱɟɧɵ 
ɧɟɞɨɫɬɚɬɨɱɧɨ, ɢ ɬɪɟɛɭɸɬ ɩɨɢɫɤɚ ɧɨɜɵɯ ɤɨɧɫɬɪɭɤɬɢɜ-
ɧɵɯ ɪɟɲɟɧɢɣ, ɨɫɨɛɟɧɧɨ ɞɥɹ ɢɡɦɟɥɶɱɢɬɟɥɟɣ ɫ ɜɟɪɬɢ-
ɤɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɪɚɛɨɱɟɣ ɤɚɦɟɪɨɣ. 

  

Ⱥɤɬɢɜɧɵɟ ɢɡɦɟɥɶɱɚɸɳɢɟ ɨɪɝɚɧɵ ɢɡɦɟɥɶɱɢɬɟɥɹ 
ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɫɢɫɬɟɦɭ ɦɚɫɫɨɜɨɝɨ ɨɛɫɥɭ-
ɠɢɜɚɧɢɹ ɫ ɨɬɤɚɡɚɦɢ, ɭɩɨɪɹɞɨɱɟɧɧɵɦ ɨɛɫɥɭɠɢɜɚɧɢɟɦ 
ɢ ɨɝɪɚɧɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɡɚɹɜɤɢ ɧɚ ɨɛ-
ɫɥɭɠɢɜɚɧɢɢ. ɋɭɬɶ ɨɬɤɚɡɚ ɜ ɬɨɦ, ɱɬɨ ɱɚɫɬɢɰɵ ɩɪɨɯɨɞɹɬ 
ɧɟɪɚɡɪɭɲɟɧɧɵɦɢ, ɢɥɢ ɮɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɚ 
ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. ɍɩɨɪɹ-
ɞɨɱɟɧɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɟɫɥɢ ɱɚɫ-
ɬɢɰɚ ɧɟ ɨɛɫɥɭɠɟɧɚ (ɧɟ ɪɚɡɪɭɲɟɧɚ) ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ 
ɜɪɚɳɟɧɢɹ ɧɨɠɟɣ, ɬɨ ɷɬɨɬ ɩɪɨɰɟɫɫ ɩɪɨɢɡɨɣɞɟɬ ɜ ɩɨ-
ɫɥɟɞɭɸɳɟɣ. Ɉɝɪɚɧɢɱɟɧɢɟ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɱɚɫ-
ɬɢɰɵ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɨɧɚ 
ɩɨɤɢɞɚɟɬ ɩɪɟɞɟɥɵ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɢɡɦɟɥɶɱɢɬɟɥɹ ɧɟ-
ɡɚɜɢɫɢɦɨ ɨɬ ɟɟ ɪɚɡɪɭɲɟɧɢɹ. ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɩɪɟɞ-
ɩɨɫɵɥɨɤ ɢ ɮɢɡɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɪɚɛɨɬɵ ɢɡɦɟɥɶɱɚɸ-
ɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɜɟɪɨɹɬɧɨɫɬɶ ɢɡɦɟɥɶɱɟɧɢɹ ɱɚɫɬɢɰɵ 
ɤɨɪɦɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ [1]: 

Pu=1-e-μt 
          (1) 

ɝɞɟ μ – ɩɚɪɚɦɟɬɪ ɩɪɨɰɟɫɫɚ ɢɥɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 
ɢɡɦɟɥɶɱɟɧɢɹ; 

t – ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɱɚɫɬɢɰɵ ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ, ɫ. 
ɉɪɢ ɷɬɨɦ ɩɪɨɰɟɫɫ ɢɡɦɟɥɶɱɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 

ɤɚɤ ɧɟɩɪɟɪɵɜɧɵɣ ɢ ɫɥɭɱɚɣɧɵɣ, ɚ ɜɯɨɞɹɳɢɣ ɜ ɧɟɝɨ 

ɩɨɬɨɤ – ɤɚɤ ɩɪɨɫɬɟɣɲɢɣ, ɫɬɚɰɢɨɧɚɪɧɵɣ ɩɨ ɦɚɬɟɦɚɬɢ-
ɱɟɫɤɨɦɭ ɨɠɢɞɚɧɢɸ ɢ ɞɢɫɩɟɪɫɢɢ.  

ɉɚɪɚɦɟɬɪ ɩɪɨɰɟɫɫɚ ɢɥɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɦɟɥɶ-
ɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɤɢɧɟɦɚɬɢɱɟɫɤɢɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ ɭɫɬɪɨɣɫɬɜ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɜɫɬɪɟɱɢ ɢ ɪɚɡɪɭɲɟɧɢɹ. ɉɨ-
ɷɬɨɦɭ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɦɟɥɶɱɟɧɢɹ ɜ ɨɛɳɟɦ ɜɢɞɟ ɨɩ-
ɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

μ=q1 q2 ,         (2) 
ɝɞɟ q1 – ɜɟɪɨɹɬɧɨɫɬɶ ɜɫɬɪɟɱɢ ɱɚɫɬɢɰɵ ɤɨɪɦɚ ɫ 

ɧɨɠɨɦ; 
q2 – ɜɟɪɨɹɬɧɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɱɚɫɬɢɰɵ ɤɨɪɦɚ ɧɨɠɨɦ. 
ɉɨɫɤɨɥɶɤɭ ɱɚɫɬɢɰɵ ɤɨɪɦɚ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɫɨ-

ɪɢɟɧɬɢɪɨɜɚɧɵ ɧɟɨɞɢɧɚɤɨɜɨ, ɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɜɫɬɪɟɱɢ 
ɢɯ ɫ ɚɤɬɢɜɧɵɦɢ ɪɚɛɨɱɢɦɢ ɨɪɝɚɧɚɦɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ [2]: 

1
2arctg(l /a)q ,      (3) 

ɝɞɟ lɧ – ɞɥɢɧɚ ɱɚɫɬɢ ɧɨɠɚ, ɰɢɪɤɭɥɢɪɭɸɳɚɹ ɜ 
ɤɨɪɦɨɜɨɦ ɫɥɨɟ, ɦ; 

ɚ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɜɟɪɬɢɤɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɵ-
ɦɢ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫɦɟɠɧɵɦɢ ɝɪɚɧɹɦɢ ɧɨɠɟɣ, ɦ. 

ȼɟɪɨɹɬɧɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɱɚɫɬɢɰ ɤɨɪɦɚ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

2

( - )
,

V V
q

V
        (4) 

ɝɞɟ Vɇ – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɧɨɠɟɣ, ɦ/ɫ; 
Vɋ – ɫɤɨɪɨɫɬɶ ɩɪɨɯɨɠɞɟɧɢɹ ɱɚɫɬɢɰɵ ɤɨɪɦɚ ɱɟɪɟɡ 

ɪɚɛɨɱɭɸ ɤɚɦɟɪɭ, ɦ/ɫ. 
Ɍɨɝɞɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɦɟɥɶɱɟɧɢɹ ɦɨɠɧɨ ɨɩɪɟ-

ɞɟɥɢɬɶ, ɩɨɞɫɬɚɜɢɜ ɡɧɚɱɟɧɢɹ (3) ɢ (4) ɜ ɭɪɚɜɧɟɧɢɟ (2) 

2 ( / )( )arctg l a V V

V .    (5) 

ɂɡ ɮɨɪɦɭɥɵ (1) ɜɢɞɧɨ, ɱɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɢɡɦɟɥɶ-
ɱɟɧɢɹ ɱɚɫɬɢɰɵ ɤɨɪɦɚ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ ɧɚɯɨɠɞɟɧɢɹ 
ɟɟ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ. ɗɬɨ ɡɧɚɱɟɧɢɟ ɜ ɨɛɳɟɦ ɜɢɞɟ 
ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ: 
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V ,       (6) 

ɝɞɟ lɪ – ɜɵɫɨɬɚ ɚɤɬɢɜɧɨɣ ɡɨɧɵ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ, ɦ. 
ɉɪɢ ɢɡɦɟɥɶɱɟɧɢɢ ɤɨɪɦɨɜ ɜɧɭɬɪɢ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ 

ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɪɨɬɢɜɨɪɟɠɭɳɢɟ ɷɥɟɦɟɧɬɵ. ɗɬɢ 
ɩɚɫɫɢɜɧɵɟ ɪɚɛɨɱɢɟ ɨɪɝɚɧɵ ɢɡɦɟɧɹɸɬ ɧɚɩɪɚɜɥɟɧɢɟ 
ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ. Ɍɨɝɞɚ ɫɩɪɚɜɟɞɥɢɜɨ ɭɪɚɜɧɟɧɢɟ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɩɪɨɯɨɠɞɟɧɢɹ ɱɚɫɬɢɰɚɦɢ ɤɨɪɦɚ 
ɱɟɪɟɡ ɪɚɛɨɱɭɸ ɤɚɦɟɪɭ: 

1k
t t t ,             (7) 
ɝɞɟ t1 – ɜɪɟɦɹ ɩɟɪɟɦɟɳɟɧɢɹ ɱɚɫɬɢɰɵ 

ɩɨ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɩɪɨɬɢɜɨɪɟɠɭɳɢɯ ɷɥɟ-
ɦɟɧɬɨɜ, ɫ. 

1

np

np

l
t

V ,              (8) 

ɝɞɟ lɩɪ– ɞɥɢɧɚ ɩɭɬɢ ɱɚɫɬɢɰɵ, ɩɟɪɟ-
ɦɟɳɚɸɳɟɣɫɹ ɩɨ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɩɪɨɬɢɜɨ-
ɪɟɠɭɳɟɝɨ ɷɥɟɦɟɧɬɚ, ɦ; 

vɩɪ – ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɱɚɫɬɢɰ 
ɤɨɪɦɚ ɩɨ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɩɪɨɬɢɜɨɪɟɠɭɳɟ-
ɝɨ ɷɥɟɦɟɧɬɚ, ɦ/ɫ. 

Ⱦɥɢɧɭ ɩɭɬɢ ɱɚɫɬɢɰɵ, ɩɟɪɟɦɟɳɚɸ-
ɳɟɣɫɹ ɩɨ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɩɪɨɬɢɜɨɪɟɠɭɳɟ-
ɝɨ ɷɥɟɦɟɧɬɚ, ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 

2 cosl R zl ,                              (9) 
ɝɞɟ Rk – ɪɚɞɢɭɫ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ, ɦ; 
z – ɱɢɫɥɨ ɩɪɨɬɢɜɨɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ;  
lɩɪ – ɞɥɢɧɚ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɬɚɤɨɝɨ ɩɪɨɬɢɜɨɪɟɠɭɳɟ-

ɝɨ ɷɥɟɦɟɧɬɚ, ɦ; 
ɩɪ – ɭɝɨɥ ɧɚɤɥɨɧɚ ɩɪɨɬɢɜɨɪɟɡɚ ɤ ɜɧɭɬɪɟɧɧɟɣ ɩɨ-

ɜɟɪɯɧɨɫɬɢ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ. 

ɉɨɞɫɬɚɜɢɜ ɜ ɮɨɪɦɭɥɭ (7) ɡɧɚɱɟɧɢɹ (6), (8) ɢ (9), 
ɩɨɥɭɱɢɦ 

ɤ ɩɪ ɩɪ

ɤ

ɩɪ

2 - cosp

c

l R zl
t

V V
.    (10)

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɢɡɦɟɥɶɱɟɧɢɹ 
ɱɚɫɬɢɰɵ ɩɨɞɫɬɚɜɢɦ ɜ ɭɪɚɜɧɟɧɢɟ (1) ɡɧɚɱɟɧɢɟ ɮɨɪ-
ɦɭɥ (5) ɢ (10) 

ɂɡɭɱɢɜ ɜɫɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɭɪɚɜɧɟɧɢɹ (11), ɛɵɥɨ 
ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɭɜɟɥɢɱɢɬɶ Ɋu ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɱɢɫ-
ɥɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɜɵɞɜɢɧɭɬɨɣ ɝɢ-
ɩɨɬɟɡɵ ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ ɪɨɬɨɪ (ɪɢɫ. 1), ɪɟɠɭɳɢɟ ɷɥɟ-
ɦɟɧɬɵ ɜ ɤɨɬɨɪɨɦ ɤɪɟɩɢɥɢɫɶ ɜ ɞɟɪɠɚɜɤɚɯ, ɭɫɬɚɧɨɜɥɟɧ-
ɧɵɯ ɦɟɠɞɭ ɞɜɭɦɹ ɞɢɫɤɚɦɢ. Ⱦɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɨ-
ɡɜɨɥɢɥɚ ɜɚɪɶɢɪɨɜɚɬɶ ɱɢɫɥɨ ɧɨɠɟɣ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ. 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫ ɭɜɟ-
ɥɢɱɟɧɢɟɦ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɱɢɫɥɚ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ 
ɞɨɥɹ ɦɟɥɤɨɣ ɮɪɚɤɰɢɢ ɱɚɫɬɢɰ ɭɜɟɥɢɱɢɜɚɟɬɫɹ (ɪɢɫ. 2). 
ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɱɚɫɬɢɰɵ ɤɨɪɦɚ ɱɚɳɟ ɩɨɩɚɞɚɸɬ ɜ ɪɚɛɨ-
ɱɭɸ ɡɨɧɭ ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ. Ⱦɚɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɢ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɢɡɦɟɥɶɱɢɬɟɥɹ-
ɫɦɟɫɢɬɟɥɹ ɂɋ-20 [4]. Ɉɞɧɚɤɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ 
ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨɹɜɥɹɸɬɫɹ ɧɟɝɚɬɢɜɧɵɟ ɮɚɤɬɨɪɵ. 

ɂɡ ɝɪɚɮɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚ ɪɢɫ. 3 ɜɢɞɧɨ, ɱɬɨ 
ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ ɧɨɠɟɣ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɭɦɟɧɶ-
ɲɚɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢɡɦɟɥɶɱɢɬɟɥɹ. ȼɬɨɪɵɦ 
ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɦɨɦɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɪɨɫɬ ɭɞɟɥɶɧɨɣ 
ɷɧɟɪɝɨɟɦɤɨɫɬɢ ɩɪɨɰɟɫɫɚ ɢɡɦɟɥɶɱɟɧɢɹ. 

ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ ɧɨ-
ɠɟɣ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ ɧɢɦɢ, ɜɨɡɪɚɫɬɚɟɬ 
ɩɟɪɟɧɨɫɧɚɹ ɫɤɨɪɨɫɬɶ ɦɚɫɫɵ ɢ ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɱɚɫɬɢɰ 
ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ ɧɨɠɟɣ ɢ ɩɪɨɬɢɜɨɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɩɨɥɨɠɢɬɟɥɶɧɨɦ ɪɟɡɭɥɶɬɚɬɟ, 
ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɧɨɠɟɣ ɧɚ ɪɨɬɨɪɟ ɢɡɦɟɥɶɱɢɬɟɥɹ ɫɧɢ-
ɠɚɟɬ ɞɪɭɝɢɟ, ɧɟ ɦɟɧɟɟ ɜɚɠɧɵɟ ɩɨɤɚɡɚɬɟɥɢ. ȼɦɟɫɬɟ ɫ ɬɟɦ, 
ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɢɥɢ ɧɚɱɚɬɶ ɩɨɢɫɤ ɪɚɰɢɨ-
ɧɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ. Ȼɵɥ ɢɡɝɨɬɨɜɥɟɧ 
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ɪɚɛɨɱɢɣ ɨɪɝɚɧ (ɪɢɫ. 4), ɫɨɫɬɨɹɳɢɣ ɢɡ ɩɪɹɦɨɭɝɨɥɶɧɨɣ 
ɞɟɪɠɚɜɤɢ, ɜ ɩɚɡɭ ɤɨɬɨɪɨɣ ɤɪɟɩɢɥɢɫɶ ɞɜɚ ɧɨɠɚ, ɨɛɪɚ-
ɳɟɧɧɵɟ ɧɚɜɫɬɪɟɱɭ ɞɪɭɝ ɞɪɭɝɭ ɦɟɧɶɲɢɦɢ ɝɪɚɧɹɦɢ.  

Ʉɚɤ ɩɨɤɚɡɚɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɬɚɤɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɪɚ-
ɛɨɬɨɫɩɨɫɨɛɧɚ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɜɧɭɬɪɢ ɪɚɛɨɱɟɣ ɤɚɦɟ-
ɪɵ ɩɪɨɬɢɜɨɪɟɠɭɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ. Ɉɞɧɚɤɨ ɞɚɥɶɧɟɣɲɢɣ 
ɩɨɢɫɤ ɩɨɡɜɨɥɢɥ ɩɪɟɞɥɨɠɢɬɶ ɛɨɥɟɟ ɩɪɨɫɬɭɸ ɢ ɩɪɢɝɨɞ-
ɧɭɸ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɡɟɪɧɨɮɭɪɚɠɚ ɤɨɧɫɬɪɭɤɰɢɸ ɪɚɛɨ-
ɱɟɝɨ ɨɪɝɚɧɚ (ɪɢɫ. 5), ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɞɜɚ ɩɚɪɚɥɥɟɥɶ-
ɧɵɯ ɪɟɠɭɳɢɯ ɧɨɠɚ, ɡɚɤɪɟɩɥɟɧɧɵɯ ɧɚ ɧɚɪɭɠɧɵɯ ɝɪɚɧɹɯ 
ɞɟɪɠɚɜɤɢ. Ʉɨɪɨɬɤɢɟ ɨɫɧɨɜɚɧɢɹ ɷɬɢɯ ɪɟɠɭɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɨɛɪɚɳɟɧɵ ɞɪɭɝ ɤ ɞɪɭɝɭ. ȼ ɪɟɡɭɥɶɬɚɬɟ, ɧɚ ɤɚ-
ɠɞɨɦ ɧɨɠɟ ɜɵɩɨɥɧɟɧɵ ɞɜɚ ɪɟɠɭɳɢɯ ɥɟɡɜɢɹ, ɚ, ɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨ, ɱɢɫɥɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɱɚɫɬɢɰɭ ɭɜɟɥɢɱɟɧɨ ɜɞɜɨɟ. 

Ⱦɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɨɡɜɨɥɢɥɚ ɭɜɟɥɢɱɢɬɶ ɧɚ 
50% ɜɟɪɨɹɬɧɨɫɬɶ ɜɫɬɪɟɱɢ ɱɚɫɬɢɰ ɤɨɪɦɚ ɫ ɪɟɠɭɳɢɦ 
ɷɥɟɦɟɧɬɨɦ. ɇɨɜɢɡɧɚ ɤɨɧɫɬɪɭɤɰɢɢ ɧɨɠɚ ɫ ɞɜɭɦɹ ɪɟ-
ɠɭɳɢɦɢ ɥɟɡɜɢɹɦɢ ɡɚɳɢɳɟɧɚ ɩɚɬɟɧɬɨɦ ɊȻ [5]. 

 

1. ȼɟɪɨɹɬɧɨɫɬɶ ɢɡɦɟɥɶɱɟɧɢɹ ɱɚɫɬɢɰɵ ɡɚɜɢɫɢɬ ɨɬ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ ɢ ɢɯ 
ɱɢɫɥɚ. ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɱɢɫɥɚ ɪɟɠɭɳɢɯ ɷɥɟ-
ɦɟɧɬɨɜ ɞɨɥɹ ɦɟɥɤɨɣ ɮɪɚɤɰɢɢ ɱɚɫɬɢɰ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, 
ɨɞɧɚɤɨ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢɡɦɟɥɶɱɢ-
ɬɟɥɹ ɢ ɜɨɡɪɚɫɬɚɟɬ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ. 

2. ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɥɨɠɟɧ ɪɚɛɨɱɢɣ 
ɨɪɝɚɧ, ɫɨɞɟɪɠɚɳɢɣ ɞɜɚ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɟɠɭɳɢɯ ɧɨɠɚ, 
ɡɚɤɪɟɩɥɟɧɧɵɯ ɧɚ ɞɟɪɠɚɜɤɟ. Ʉɨɪɨɬɤɢɟ ɨɫɧɨɜɚɧɢɹ ɷɬɢɯ 
ɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɨɛɪɚɳɟɧɵ ɞɪɭɝ ɤ ɞɪɭɝɭ. ɇɚ ɤɚɠɞɨɦ 
ɧɨɠɟ ɜɵɩɨɥɧɟɧɵ ɞɜɚ ɪɟɠɭɳɢɯ ɥɟɡɜɢɹ, ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɱɢɫɥɨ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ ɱɚɫɬɢɰɭ ɭɜɟɥɢɱɟɧɨ ɜɞɜɨɟ. 

3. Ɋɚɫɱɟɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɪɨɬɢ-
ɜɨɪɟɠɭɳɢɯ ɷɥɟɦɟɧɬɨɜ ɫ ɱɟɬɵɪɟɯ ɞɨ ɜɨɫɶɦɢ, ɜɟɪɨɹɬɧɨɫɬɶ 
ɢɡɦɟɥɶɱɟɧɢɹ ɱɚɫɬɢɰɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɬ 0,89 ɞɨ 0,92. 
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ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜ ɩɬɢɰɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜɫɟɝɨ ɦɢɪɚ ɨɬɦɟɱɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ 
ɝɥɭɛɨɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɦɹɫɚ ɩɬɢɰɵ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ, 
ɩɪɟɠɞɟ ɜɫɟɝɨ, ɢɡɦɟɧɟɧɢɟɦ ɫɩɪɨɫɚ ɫɨ ɫɬɨɪɨɧɵ ɩɨɬɪɟ-
ɛɢɬɟɥɹ ɧɚ ɩɪɨɞɭɤɬɵ ɢɡ ɦɹɫɚ ɩɬɢɰɵ ɢ ɟɝɨ ɫɬɪɟɦɥɟɧɢɟɦ 
ɤɭɩɢɬɶ ɩɪɨɞɭɤɬ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɨɬɯɨ-
ɞɨɜ, ɤɚɤɢɦ ɹɜɥɹɟɬɫɹ ɛɟɫɤɨɫɬɧɨɟ ɦɹɫɨ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɩɬɢɰɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɣ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɪɚɡɧɵɯ ɫɬɪɚɧ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜ Ɋɟɫɩɭɛ-
ɥɢɤɟ Ȼɟɥɚɪɭɫɶ, ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɦɹɫɨɤɨɫɬɧɨɝɨ ɫɵɪɶɹ ɩɬɢ-
ɰɵ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɨɰɟɫɫ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɟɩɚɪɚ-
ɰɢɢ, ɤɨɬɨɪɵɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɡɦɟɥɶɱɟɧɢɢ ɢɫɯɨɞɧɨɝɨ 
ɫɵɪɶɹ ɢ ɩɨɫɥɟɞɭɸɳɟɦ ɨɬɞɟɥɟɧɢɢ ɤɨɫɬɢ, ɫɨɟɞɢɧɢɬɟɥɶ-
ɧɨɣ ɬɤɚɧɢ ɢ ɫɭɯɨɠɢɥɢɣ ɩɭɬɟɦ ɩɪɨɩɭɫɤɚɧɢɹ ɪɚɡɦɟɥɶɱɟɧ-
ɧɨɝɨ ɫɵɪɶɹ ɱɟɪɟɡ «ɫɢɬɨ» ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɭɫɬɪɨɣɫɬɜ ɪɚɡɥɢɱ-
ɧɵɯ ɬɢɩɨɜ, ɩɪɨɰɟɫɫ ɨɬɞɟɥɟɧɢɹ ɦɹɫɚ ɨɬ ɤɨɫɬɢ ɧɟ ɹɜɥɹ-
ɟɬɫɹ ɫɨɜɟɪɲɟɧɧɵɦ, ɤɪɨɦɟ ɬɨɝɨ, ɢɦɟɸɬ ɦɟɫɬɨ ɜɵɫɨɤɢɟ 
ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɧɚ ɜɵɪɚɛɨɬɤɭ ɩɪɨɞɭɤɰɢɢ ɢ ɦɟɬɚɥɥɨɟɦ-
ɤɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

  
    

      -
  

ɇɚ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ ɦɹ-
ɫɨɤɨɫɬɧɨɝɨ ɫɵɪɶɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɚɡɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, 

ɤɨɬɨɪɨɟ ɩɨ ɩɪɢɧɰɢɩɭ ɞɟɣɫɬɜɢɹ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ 
ɬɢɩɚ, ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɨɬɥɢɱɚɸɳɢɯɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ: 

– ɭɫɬɚɧɨɜɤɢ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ (ɝɢɞɪɚɜ-
ɥɢɱɟɫɤɢɟ); 

– ɭɫɬɚɧɨɜɤɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ (ɲɧɟɤɨɜɵɟ ɢ 
ɫ ɝɢɛɤɨɣ ɷɥɚɫɬɢɱɧɨɣ ɥɟɧɬɨɣ). 

ɍɫɬɪɨɣɫɬɜɚ ɞɥɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɜɚɥɤɢ ɬɭɲɟɤ ɢ 
ɱɚɫɬɟɣ ɬɭɲɟɤ ɩɨ ɬɢɩɭ ɨɛɜɚɥɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɪɚɡɞɟ-
ɥɹɸɬ ɧɚ ɩɨɪɲɧɟɜɵɟ (ɨɬɞɟɥɟɧɢɟ ɦɹɫɚ ɨɬ ɤɨɫɬɟɣ ɩɪɨɢɡ-
ɜɨɞɢɬɫɹ ɩɪɢ ɫɠɚɬɢɢ ɜ ɤɚɦɟɪɟ ɩɨɫɬɨɹɧɧɨɝɨ ɨɛɴɟɦɚ ɩɨɞ 
ɞɚɜɥɟɧɢɟɦ ɞɨ 35 Ɇɉɚ), ɲɧɟɤɨɜɵɟ (ɪɚɡɞɟɥɟɧɢɟ ɩɪɨɢɫ-
ɯɨɞɢɬ ɩɪɢ ɫɞɚɜɥɢɜɚɧɢɢ ɦɹɫɨɤɨɫɬɧɨɣ ɮɪɚɤɰɢɢ ɦɟɠɞɭ 
ɲɧɟɤɨɦ ɢ ɤɨɪɩɭɫɨɦ, ɤɨɬɨɪɵɣ ɧɚɡɵɜɚɸɬ ɫɟɩɚɪɢɪɭɸ-
ɳɟɣ ɜɬɭɥɤɨɣ ɢɥɢ ɫɟɩɚɪɚɬɨɪɨɦ) ɢ ɭɫɬɚɧɨɜɤɢ ɫ ɝɢɛɤɨɣ 
ɷɥɚɫɬɢɱɧɨɣ ɥɟɧɬɨɣ (ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɟɠɞɭ ɥɟɧɬɨɣ ɢ 
ɛɚɪɚɛɚɧɨɦ ɧɚ ɫɵɪɶɟ ɜɨɡɞɟɣɫɬɜɭɟɬ ɨɩɪɟɞɟɥɟɧɧɨɟ ɞɚɜ-
ɥɟɧɢɟ, ɩɪɢ ɷɬɨɦ ɦɹɝɤɢɟ ɱɚɫɬɢ ɩɪɨɧɢɤɚɸɬ ɱɟɪɟɡ ɨɬɜɟɪ-
ɫɬɢɹ ɛɚɪɚɛɚɧɚ ɜ ɟɝɨ ɜɧɭɬɪɟɧɧɸɸ ɩɨɥɨɫɬɶ) [1]. 

ȼɵɞɟɥɹɸɬ ɞɜɚ ɬɢɩɚ ɭɫɬɪɨɣɫɬɜ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ 
ɞɜɢɠɟɧɢɹ ɩɪɨɞɭɤɬɚ. ȼ ɩɟɪɜɨɦ ɢɡ ɧɢɯ ɦɹɫɧɚɹ ɮɪɚɤɰɢɹ 
ɩɪɨɞɚɜɥɢɜɚɟɬɫɹ ɱɟɪɟɡ ɹɱɟɣɤɢ ɩɟɪɮɨɪɢɪɨɜɚɧɧɨɝɨ ɛɚ-
ɪɚɛɚɧɚ ɫ ɟɝɨ ɜɧɟɲɧɟɣ ɫɬɨɪɨɧɵ, ɩɪɢ ɷɬɨɦ ɤɨɫɬɧɵɟ ɬɤɚ-
ɧɢ ɡɚɞɟɪɠɢɜɚɸɬɫɹ ɢ ɨɫɬɚɸɬɫɹ ɜɧɟ ɛɚɪɚɛɚɧɚ. ȼ ɭɫɬ-
ɪɨɣɫɬɜɚɯ ɞɪɭɝɨɝɨ ɬɢɩɚ ɦɹɫɧɚɹ ɮɪɚɤɰɢɹ ɩɪɨɞɚɜɥɢɜɚɟɬ-
ɫɹ ɢɡɧɭɬɪɢ ɩɟɪɮɨɪɢɪɨɜɚɧɧɨɣ ɜɬɭɥɤɢ, ɚ ɤɨɫɬɧɚɹ ɱɚɫɬɶ 
ɨɫɬɚɟɬɫɹ ɜɧɭɬɪɢ ɷɬɨɣ ɜɬɭɥɤɢ [2]. 

ɉɨ ɩɪɢɧɰɢɩɭ ɩɨɞɝɨɬɨɜɤɢ ɫɵɪɶɹ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ 
ɪɚɡɞɟɥɹɸɬ ɭɫɬɚɧɨɜɤɢ ɫ ɞɪɨɛɢɥɤɨɣ ɢ ɛɟɡ ɞɪɨɛɢɥɤɢ, 
ɧɚɡɧɚɱɟɧɢɟ ɤɨɬɨɪɵɯ – ɢɡɦɟɥɶɱɢɬɶ ɫɵɪɶɟ ɧɚ ɱɚɫɬɢ ɡɚ-
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