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ȼɕȻɈɊ ɆȿɌɈȾɂɄɂ ɊȺɋɑȬɌȺ ɉɊɈɐȿɋɋȺ ɌȿɉɅɈɈɌȾȺɑɂ  

ȼ ȽȺɁɈȼɈɆ ȾȼɂȽȺɌȿɅȿ ɋ ɂɋɄɊɈȼɕɆ ɁȺɀɂȽȺɇɂȿɆ 

 

Ⱥ.ɇ. Ʉɚɛɚɧɨɜ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ., ɏɇȺȾɍ 

 

Ⱥɧɧɨɬɚɰɢɹ. ȼɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɪɚɫɱɺɬɚ ɩɪɨɰɟɫɫɚ ɬɟɩɥɨɨɬɞɚɱɢ 
ɜ Ⱦȼɋ. ɉɪɟɞɥɨɠɟɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɪɚɫɱɺɬɭ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɝɚɡɨɜɨɦ ɞɜɢɝɚɬɟɥɟ ɫ ɢɫɤɪɨ-
ɜɵɦ ɡɚɠɢɝɚɧɢɟɦ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɟɩɥɨɨɬɞɚɱɚ, ɝɚɡɨɜɵɣ ɞɜɢɝɚɬɟɥɶ, ɩɪɨɰɟɫɫ ɫɝɨɪɚɧɢɹ. 
 

ȼɂȻȱɊ ɆȿɌɈȾɂɄɂ ɊɈɁɊȺɏɍɇɄɍ ɉɊɈɐȿɋɍ ɌȿɉɅɈȼȱȾȾȺɑȱ ȼ ȽȺɁɈȼɈɆɍ 

ȾȼɂȽɍɇȱ Ɂ ȱɋɄɊɈȼɂɆ ɁȺɉȺɅɘȼȺɇɇəɆ 

 

Ɉ.Ɇ. Ʉɚɛɚɧɨɜ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ., ɏɇȺȾɍ 
 

Ⱥɧɨɬɚɰɿɹ. ȼɢɤɨɧɚɧɨ ɚɧɚɥɿɡ ɡɚɥɟɠɧɨɫɬɟɣ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɩɪɨɰɟɫɭ ɬɟɩ-
ɥɨɜɿɞɞɚɱɿ ɭ ȾȼɁ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɪɟɤɨɦɟɧɞɚɰɿʀ ɡ ɪɨɡɪɚɯɭɧɤɭ ɞɚɧɨɝɨ ɩɪɨɰɟɫɭ ɜ ɝɚɡɨɜɨɦɭ ɞɜɢɝɭɧɿ ɡ 
ɿɫɤɪɨɜɢɦ ɡɚɩɚɥɸɜɚɧɧɹɦ. 

 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɬɟɩɥɨɜɿɞɞɚɱɚ, ɝɚɡɨɜɢɣ ɞɜɢɝɭɧ, ɩɪɨɰɟɫ ɡɝɨɪɹɧɧɹ. 
 

CHOOSING OF CALCULATION METHOD FOR HEAT TRANSFER PROCESS IN 

GAS ENGINE WITH SPARK IGNITION 

 

O. Kabanov, Assosiate Professor, Candidate of Technical Science, KhNAHU 

 

Annotation. Analysis of dependences which are used for heat transfer process calculation in ICE has 

been performed. Recommendations for this process calculation in gas engine with spark ignition has 

been proposed. 
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ȼɜɟɞɟɧɢɟ 
 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɤɚɡɚ-
ɬɟɥɟɣ ɩɪɨɰɟɫɫɚ ɫɝɨɪɚɧɢɹ ɥɸɛɨɝɨ Ⱦȼɋ ɫɢɥɶɧɨ 

ɡɚɜɢɫɢɬ ɨɬ ɬɨɱɧɨɫɬɢ ɪɚɫɱɺɬɚ ɩɪɨɰɟɫɫɚ ɬɟɩɥɨ-
ɨɬɞɚɱɢ ɜ ɫɬɟɧɤɢ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, ɬɨɱɧɟɟ – 

ɨɬ ɬɨɝɨ, ɫ ɤɚɤɨɣ ɬɨɱɧɨɫɬɶɸ ɦɵ ɧɚɣɞɺɦ ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ . 

 

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɭɱɺɬ ɜɫɟɯ ɮɢɡɢɱɟɫɤɢɯ ɮɚɤ-
ɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɜɟɥɢɱɢɧɭ ɞɚɧɧɨɝɨ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɟɧ, ɞɥɹ ɟɝɨ 
ɪɚɫɱɺɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɟ ɬɚɤ 
ɧɚɡɵɜɚɟɦɵɟ -ɮɨɪɦɭɥɵ. 

 

Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɧɚɤɨɩɥɟɧ ɛɨɥɶɲɨɣ 

ɦɚɬɟɪɢɚɥ ɩɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɷɬɢɯ ɮɨɪɦɭɥ ɜ 

ɞɢɡɟɥɶɧɵɯ ɢ ɛɟɧɡɢɧɨɜɵɯ Ⱦȼɋ. Ɉɞɧɚɤɨ ɩɪɢ-

ɦɟɧɢɦɨɫɬɶ ɞɚɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɤɨ ɜɫɟɦɭ 

ɞɢɚɩɚɡɨɧɭ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɝɚɡɨɜɵɯ ɞɜɢɝɚɬɟ-
ɥɟɣ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ ɧɟɞɨɫɬɚɬɨɱɧɨ. 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

Ⱦɥɹ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɝɚɡɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫ 
ɢɫɤɪɨɜɵɦ ɡɚɠɢɝɚɧɢɟɦ ɜ ɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 

ɜɵɩɨɥɧɟɧ ɪɹɞ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

 

ȼ 1 ɜɵɩɨɥɧɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɝɚɡɨɜɨɝɨ ɞɜɢ-

ɝɚɬɟɥɹ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ, ɞɥɹ ɪɚɫɱɺɬɚ ɩɪɨ-
ɰɟɫɫɚ ɬɟɩɥɨɨɬɞɚɱɢ ɪɟɤɨɦɟɧɞɨɜɚɧɚ ɡɚɜɢɫɢ-

ɦɨɫɬɶ Ƚ. ɏɨɯɟɧɛɟɪɝɚ. ȼ 2 ɞɥɹ ɝɚɡɨɜɵɯ 

ɞɜɢɝɚɬɟɥɟɣ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ ɪɟɤɨɦɟɧɞɨ-
ɜɚɧɚ ɮɨɪɦɭɥɚ, ɩɪɟɞɥɨɠɟɧɧɚɹ Ɋ.Ɂ. Ʉɚɜɬɚɪɚɞɡɟ 
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ɜ 3. Ɉɞɧɚɤɨ ɩɪɢɦɟɧɢɦɨɫɬɶ ɷɬɢɯ ɮɨɪɦɭɥ ɤ 
ɦɚɥɨɥɢɬɪɚɠɧɵɦ ɞɜɢɝɚɬɟɥɹɦ ɩɪɨɚɧɚɥɢɡɢɪɨ-
ɜɚɧɚ ɧɟ ɛɵɥɚ. 
 

ȼ 4 ɜɵɩɨɥɧɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɥɹ ɦɚɥɨɥɢɬ-
ɪɚɠɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɫɦɟɫɢ 

ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɢ ɜɨɞɨɪɨɞɚ; ɞɥɹ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ ɬɚɤɨɝɨ ɬɢɩɚ ɞɜɢɝɚɬɟɥɟɣ ɩɪɟɞɥɨɠɟɧɨ 
ɭɪɚɜɧɟɧɢɟ Ƚ. ȼɨɲɧɢ. Ɉɞɧɚɤɨ ɩɪɢɦɟɧɢɦɨɫɬɶ 
ɞɚɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɝɚɡɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ 

ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ ɧɟ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ. 
 

ɉɨ ɞɚɧɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ  
Ƚ.Ȼ. Ɋɨɡɟɧɛɥɢɬɨɦ 6, ɧɚ ɬɟɩɥɨɨɬɞɚɱɭ ɢɡɥɭɱɟ-
ɧɢɟɦ ɩɪɢɯɨɞɢɬɫɹ ɞɨ 30 % ɬɟɩɥɨɬɵ, ɨɬɞɚɜɚɟ-
ɦɨɣ ɜ ɫɬɟɧɤɢ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ. ȼ ɮɨɪɦɭɥɚɯ 
Ƚ. ɏɨɯɟɧɛɟɪɝɚ, Ƚ. ȼɨɲɧɢ ɢ Ɋ.Ɂ. Ʉɚɜɬɚɪɚɞɡɟ 
ɬɟɩɥɨɨɬɞɚɱɚ ɢɡɥɭɱɟɧɢɟɦ ɨɬɞɟɥɶɧɨ ɧɟ ɪɚɫɫɱɢ-

ɬɵɜɚɟɬɫɹ. Ɉɧɚ ɤɨɫɜɟɧɧɨ ɭɱɬɟɧɚ ɜ ɷɦɩɢɪɢɱɟ-
ɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɚɯ, ɯɨɬɹ ɜ 6 ɬɚɤɨɣ ɩɨɞɯɨɞ 
ɤ ɪɚɫɱɺɬɭ ɬɟɩɥɨɨɬɞɚɱɢ ɧɟ ɨɞɨɛɪɹɟɬɫɹ. 
 

Ʉɪɨɦɟ ɬɨɝɨ, ɜ 1–4 ɧɟ ɩɪɢɜɟɞɟɧɚ ɢɧɮɨɪɦɚ-
ɰɢɹ ɨ ɩɨɝɪɟɲɧɨɫɬɹɯ ɪɚɫɱɺɬɚ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩ-

ɥɨɬɵ, ɩɟɪɟɞɚɧɧɨɣ ɜ ɫɬɟɧɤɢ ɰɢɥɢɧɞɪɚ. ɗɬɨ ɧɟ 
ɩɨɡɜɨɥɹɟɬ ɜɵɩɨɥɧɢɬɶ ɫɪɚɜɧɢɬɟɥɶɧɭɸ ɨɰɟɧɤɭ 
-ɮɨɪɦɭɥ ɩɨ ɞɚɧɧɨɦɭ ɩɚɪɚɦɟɬɪɭ, ɨɩɢɪɚɹɫɶ 
ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɞɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ, ɰɟɥɶɸ ɞɚɧɧɨɝɨ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ ɩɪɢɦɟɧɢɦɨɫɬɢ 

ɪɚɡɥɢɱɧɵɯ -ɮɨɪɦɭɥ ɞɥɹ ɪɚɫɱɺɬɚ ɩɪɨɰɟɫɫɚ 
ɫɝɨɪɚɧɢɹ ɝɚɡɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫ ɢɫɤɪɨɜɵɦ ɡɚ-
ɠɢɝɚɧɢɟɦ, ɫ ɰɟɥɶɸ ɜɵɛɨɪɚ ɦɟɬɨɞɢɤɢ ɪɚɫɱɺɬɚ 
ɩɪɨɰɟɫɫɚ ɬɟɩɥɨɨɬɞɚɱɢ, ɩɨɡɜɨɥɹɸɳɟɣ ɜɵɩɨɥ-
ɧɢɬɶ ɞɚɧɧɵɣ ɪɚɫɱɺɬ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɨɬɤɥɨ-
ɧɟɧɢɟɦ ɨɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ. 

 

ȼɵɛɨɪ ɦɟɬɨɞɢɤɢ ɪɚɫɱɺɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ 

 

Ⱦɥɹ ɪɚɫɱɺɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜ ɞɜɢɝɚɬɟɥɟ ɫ ɢɫ-
ɤɪɨɜɵɦ ɡɚɠɢɝɚɧɢɟɦ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶ-
ɡɨɜɚɬɶ -ɮɨɪɦɭɥɵ, ɩɪɟɞɥɨɠɟɧɧɵɟ ɫɥɟɞɭɸ-

ɳɢɦɢ ɭɱɺɧɵɦɢ: Ƚ. ȼɨɲɧɢ, ȼ. Ⱥɧɧɚɧɞɚ,  
Ƚ. ɏɨɯɟɧɛɟɪɝɨɦ, Ƚ. ɗɣɯɟɥɶɛɟɪɝɨɦ, ɏ. ɐɚɩɮɚ, 
ɂ.Ɇ. Ʌɟɧɢɧɵɦ-Ⱥ.ȼ. Ʉɨɫɬɪɨɜɵɦ, Ɋ.Ɂ. Ʉɚɜɬɚ-
ɪɚɞɡɟ. 
 

Ɏɨɪɦɭɥɚ Ƚ. ȼɨɲɧɢ 
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,                  (1) 

ɝɞɟ p – ɞɚɜɥɟɧɢɟ ɜ ɰɢɥɢɧɞɪɟ, ɉɚ; Ɍ – ɬɟɦɩɟ-
ɪɚɬɭɪɚ ɜ ɰɢɥɢɧɞɪɟ, Ʉ; D – ɞɢɚɦɟɬɪ ɰɢɥɢɧɞɪɚ, 
ɦ;  – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɝɚɡɨɜ ɜ ɰɢɥɢɧɞɪɟ, 
ɦ/ɫ; ɜ ɩɟɪɢɨɞ ɝɚɡɨɨɛɦɟɧɚ ɢ ɫɠɚɬɢɹ 

2,28 mC   , ɜ ɩɟɪɢɨɞ ɫɝɨɪɚɧɢɹ ɢ ɪɚɫɲɢɪɟ-
ɧɢɹ 
 

2,28 mC                                  (2) 

 8... 3,34 10 c
c

V T
p p

p V

 
    


, 

 

ɝɞɟ Vc – ɨɛɴɺɦ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, ɦ3; pc – ɞɚɜ-
ɥɟɧɢɟ ɝɚɡɨɜ ɜ ɰɢɥɢɧɞɪɟ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɫɝɨ-
ɪɚɧɢɹ, ɉɚ; Cm – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɩɨɪɲɧɹ, 
ɦ/ɫ. 
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 ,                         (3) 

 

ɝɞɟ S – ɯɨɞ ɩɨɪɲɧɹ, ɦ; n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 
ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ, ɦɢɧ-1. 

 

Ɏɨɪɦɭɥɚ ȼ. Ⱥɧɧɚɧɞɚ 
 

0,7 0,7

0,7 0,3

ȡĮ 0,26 Ȝ ...
ȝ

sm m
t sm

dinsm

C

D


   


       (4) 
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ɝɞɟ sm – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɫɦɟɫɢ ɜ ɰɢɥɢɧ-

ɞɪɟ, ȼɬ/(ɦɄ); sm – ɩɥɨɬɧɨɫɬɶ ɫɦɟɫɢ, ɤɝ/ɦ3; 

Cm – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɩɨɪɲɧɹ, ɦ/ɫ; dinsm – 

ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɫɦɟɫɢ, ɉɚɫ; D – ɞɢɚ-
ɦɟɬɪ ɰɢɥɢɧɞɪɚ, ɦ. 

 

ȼɟɥɢɱɢɧɵ, ɜɯɨɞɹɳɢɟ ɜ ɭɪɚɜɧɟɧɢɟ (4), ɪɚɫ-
ɫɱɢɬɵɜɚɸɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɥɟɞɭɸɳɢɯ 
ɡɚɜɢɫɢɦɨɫɬɟɣ 

 
0,750,000361sm T   ;            (5) 

 

33,49 10 sm
sm

p

T

    ;        (6) 

 
6 0,620,56 10dinsm T    ,   (7) 

 

ɝɞɟ psm – ɞɚɜɥɟɧɢɟ ɫɦɟɫɢ, ɉɚ; T – ɬɟɦɩɟɪɚɬɭɪɚ 
ɫɦɟɫɢ, Ʉ. 

 

Ɏɨɪɦɭɥɚ ɂ.Ɇ. Ʌɟɧɢɧɚ – Ⱥ.ȼ. Ʉɨɫɬɪɨɜɚ 
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 23
ɫɪĮ 1,163 Ȧ ...t C p T A B         (8) 

4
4

100 100
... 0,421

w

TT w

T T

            


, 

 

ɝɞɟ Ⱥ = 1; B = 0,055; C = 0,99 – ɤɨɷɮɮɢɰɢɟɧ-

ɬɵ, ɩɪɟɞɥɨɠɟɧɧɵɟ ɂ.Ɇ. Ʌɟɧɢɧɵɦ ɢ Ⱥ.ɇ. Ʉɨ-
ɫɬɪɨɜɵɦ. 

 

ȼ ɭɪɚɜɧɟɧɢɢ (8) ɜɟɥɢɱɢɧɚ ɫɪ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 

 

ɫɪ (30 )r h sV n f       ,           (9) 

 

ɝɞɟ r – ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɬɚɬɨɱɧɵɯ ɝɚɡɨɜ; Vh – 

ɪɚɛɨɱɢɣ ɨɛɴɺɦ ɰɢɥɢɧɞɪɚ; n – ɱɚɫɬɨɬɚ ɜɪɚɳɟ-
ɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ, ɦɢɧ-1; fs – 

ɩɥɨɳɚɞɶ ɩɪɨɯɨɞɧɵɯ ɫɟɱɟɧɢɣ ɜɩɭɫɤɧɵɯ ɤɥɚ-
ɩɚɧɨɜ. 
 

Ɏɨɪɦɭɥɚ Ƚ. ɏɨɯɟɧɛɟɪɝɚ 
 

0,8 0,4Į 3,26 ...t p T     .           (10) 

 0,80,06... 1,4mV C   . 

 

Ɏɨɪɦɭɥɚ Ƚ. ɗɣɯɟɥɶɛɟɪɝɚ 
 

2 1 3Į 0,779 10t mC p T     .     (11) 

 

Ɏɨɪɦɭɥɚ ɏ. ɐɚɩɮɚ 
 

0,78 0,78 0,22 0,52Į 3,227t mC p D T      . (12) 

 

Ɏɨɪɦɭɥɚ Ɋ.Ɂ. Ʉɚɜɬɚɪɚɞɡɟ 
 

 1 2Į
Ĳ

u
t

p w

H xb
C C

C T T

 
  

   
,     (13) 

 

ɝɞɟ C1 = 0,27 ɢ C2 = 0,177 – ɷɦɩɢɪɢɱɟɫɤɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɵ; Hu – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚ-
ɧɢɹ ɬɨɩɥɢɜɚ; ǻĲ – ɪɚɫɱɺɬɧɵɣ ɢɧɬɟɪɜɚɥ ɜɪɟ-
ɦɟɧɢ; ǻx – ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɡɚ ɪɚɫɱɺɬɧɵɣ ɢɧ-

ɬɟɪɜɚɥ ǻĲ; Cp – ɭɞɟɥɶɧɚɹ ɦɚɫɫɨɜɚɹ ɢɡɨɛɚɪɧɚɹ 
ɬɟɩɥɨɺɦɤɨɫɬɶ;Tw – ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɧɤɢ ɰɢ-

ɥɢɧɞɪɚ; b – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɧɢɤɧɨɜɟɧɢɹ 
ɬɟɩɥɨɬɵ 

 

pb C   .                   (14) 

 

ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɜɫɟ ɩɪɢɜɟɞɟɧɧɵɟ ɮɨɪ-
ɦɭɥɵ ɪɚɡɪɚɛɚɬɵɜɚɥɢɫɶ ɷɦɩɢɪɢɱɟɫɤɢ ɛɟɡ ɭɱɺ-
ɬɚ ɪɚɡɞɟɥɟɧɢɹ ɰɢɥɢɧɞɪɚ ɞɜɢɝɚɬɟɥɹ ɧɚ ɡɨɧɵ ɫ 
ɪɚɡɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɬɟɩɥɨɩɟɪɟɞɚɱɚ ɢɡɥɭɱɟɧɢɟɦ ɤɨɫɜɟɧɧɨ (ɩɪɢ 

ɩɨɦɨɳɢ ɷɦɩɢɪɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ) ɭɱɢ-

ɬɵɜɚɟɬɫɹ ɜɨ ɜɫɟ ɮɨɪɦɭɥɚɯ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ 

ɮɨɪɦɭɥ ȼ. Ⱥɧɧɚɧɞɚ ɢ ɂ.Ɇ. Ʌɟɧɢɧɚ –  

Ⱥ.ȼ. Ʉɨɫɬɪɨɜɚ, ɝɞɟ ɨɧɚ ɭɱɢɬɵɜɚɟɬɫɹ ɤɚɤ ɨɬ-
ɞɟɥɶɧɵɣ ɱɥɟɧ. 

 

ɍɱɺɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɦɟɧɢ 

 

ȼ ɞɜɭɯɡɨɧɧɨɣ ɦɨɞɟɥɢ, ɟɫɥɢ ɬɟɩɥɨɩɟɪɟɞɚɱɚ ɜ 
ɫɬɟɧɤɢ ɰɢɥɢɧɞɪɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɨɬɞɟɥɶɧɨ ɩɨ 

ɡɨɧɚɦ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɪɚɡɞɟɥɟɧɢɟ 
ɢɫɬɨɱɧɢɤɨɜ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɢ 

ɬɟɩɥɨɨɛɦɟɧɚ ɢɡɥɭɱɟɧɢɟɦ. 

 

ɉɨ ɞɚɧɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ  
Ƚ.Ȼ. Ɋɨɡɟɧɛɥɢɬɨɦ 6, ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɹ ɬɟɩɥɨ-
ɬɚ, ɢɡɥɭɱɚɟɦɚɹ ɜ ɩɪɨɰɟɫɫɟ ɫɝɨɪɚɧɢɹ, ɩɪɢɯɨ-
ɞɢɬɫɹ ɧɚ ɩɥɚɦɹ. Ɍɚɤɠɟ Ƚ.Ȼ. Ɋɨɡɟɧɛɥɢɬ ɫ ɩɨ-
ɦɨɳɶɸ ɩɪɹɦɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ 
ɝɚɡɨɜɵɯ ɞɜɢɝɚɬɟɥɹɯ ɫ ɢɫɤɪɨɜɵɦ ɡɚɠɢɝɚɧɢɟɦ 

ɧɚ ɬɟɩɥɨɨɛɦɟɧ ɢɡɥɭɱɟɧɢɟɦ ɦɨɠɟɬ ɩɪɢɯɨ-
ɞɢɬɶɫɹ ɞɨ 30 % ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɜɚɟɦɨɣ ɜ 
ɫɬɟɧɤɢ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɜɨ ɜɪɟɦɹ ɩɪɨɰɟɫɫɚ 
ɫɝɨɪɚɧɢɹ 6. 
 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɦɟɧɢ ɜ ɰɢɥɢɧ-

ɞɪɟ ɝɚɡɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫ ɢɫɤɪɨɜɵɦ ɡɚɠɢɝɚ-
ɧɢɟɦ ɩɪɟɜɵɲɚɟɬ ɫɪɟɞɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɰɢ-

ɥɢɧɞɪɟ ɧɚ 1000–3000 Ʉ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ 

ɜɥɢɹɟɬ ɧɚ ɪɚɫɱɺɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟ-
ɪɟɞɚɜɚɟɦɨɟ ɢɡɥɭɱɟɧɢɟɦ. ɉɪɢɱɟɦ ɩɥɚɦɹ ɪɟɤɨ-
ɦɟɧɞɭɟɬɫɹ ɫɱɢɬɚɬɶ ɚɞɢɚɛɚɬɧɵɦ 6, ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢ ɡɚɞɚɧɧɨɦ 

ɪɚɫɱɟɬɧɨɦ ɲɚɝɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

ɜ ɬ
ɩɥ ɮ ɮ ɞɢɫ

ɩɥ
vb

Q Q Q Q
T

C m x

   


 
,           (15) 

 

ɝɞɟ ǻQɩɥ – ɬɟɩɥɨɬɚ, ɤɨɬɨɪɚɹ ɜɵɞɟɥɢɥɚɫɶ ɜ 
ɩɥɚɦɟɧɢ ɩɪɢ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ ɧɚ ɞɚɧɧɨɦ 

ɪɚɫɱɟɬɧɨɦ ɲɚɝɟ, ɤȾɠ; ɜ
ɮQ , ɬ

ɮQ  – ɜɧɭɬɪɟɧɧɹɹ 
ɷɧɟɪɝɢɹ ɜɨɡɞɭɯɚ ɢ ɬɨɩɥɢɜɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɤȾɠ; Qɞɢɫ – ɬɟɩɥɨɬɚ ɞɢɫɫɨɰɢɚɰɢɢ ɩɪɨɞɭɤɬɨɜ 
ɫɝɨɪɚɧɢɹ, ɤȾɠ; Cvb – ɢɡɨɯɨɪɧɚɹ ɬɟɩɥɨɺɦɤɨɫɬɶ 
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɤȾɠ/(ɤɝɄ); m – ɦɚɫɫɚ 
ɬɨɩɥɢɜɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɜ ɰɢɥɢɧɞɪɟ, ɤɝ;  
ǻx – ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɬɨɩɥɢɜɚ, ɜɵɝɨɪɟɜɲɟɝɨ ɧɚ 
ɞɚɧɧɨɦ ɪɚɫɱɺɬɧɨɦ ɲɚɝɟ. 
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ȼ ɫɜɹɡɢ ɫ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɵɦ ɨɬɫɭɬɫɬɜɢɟɦ 

ɫɚɠɢ ɩɪɢ «ɛɟɞɧɨɦ ɝɨɪɟɧɢɢ» ɝɚɡɨɜɨɝɨ ɬɨɩɥɢ-

ɜɚ, ɝɚɡɵ ɜ ɰɢɥɢɧɞɪɟ ɞɜɢɝɚɬɟɥɹ ɜ ɨɛɟɢɯ ɡɨɧɚɯ 
ɫɱɢɬɚɸɬɫɹ ɩɨɥɧɨɫɬɶɸ ɩɪɨɡɪɚɱɧɵɦɢ ɫɪɟɞɚɦɢ, 

ɬ.ɟ. ɜɫɹ ɬɟɩɥɨɬɚ, ɢɡɥɭɱɚɟɦɚɹ ɩɥɚɦɟɧɟɦ, ɩɨ-
ɝɥɨɳɚɟɬɫɹ ɫɬɟɧɤɚɦɢ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ. ȼ ɫɨ-
ɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɮɚɤɬɨɦ ɢɡɥɭɱɟɧɢɟɦ ɝɚɡɨɜ ɜ 
ɫɝɨɪɟɜɲɟɣ ɡɨɧɟ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. 
 

Ɋɚɫɱɺɬɧɵɣ ɚɧɚɥɢɡ ɬɟɩɥɨɨɛɦɟɧɚ ɦɟɠɞɭ ɡɨɧɚ-
ɦɢ ɜɵɩɨɥɧɹɥɫɹ ɩɭɬɺɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨ-
ɜɨɝɨ ɩɨɬɨɤɚ ɦɟɠɞɭ ɫɝɨɪɟɜɲɟɣ ɢ ɧɟɫɝɨɪɟɜɲɟɣ 

ɡɨɧɚɦɢ; ɩɪɢ ɷɬɨɦ, ɜɫɥɟɞɫɬɜɢɟ ɜɵɲɟɫɤɚɡɚɧɧɨ-
ɝɨ, ɩɪɢɧɹɬɨ ɞɨɩɭɳɟɧɢɟ, ɱɬɨ ɬɟɩɥɨɬɚ ɦɟɠɞɭ 
ɡɨɧɚɦɢ ɩɟɪɟɞɚɺɬɫɹ ɬɨɥɶɤɨ ɡɚ ɫɱɺɬ ɬɟɩɥɨɩɪɨ-
ɜɨɞɧɨɫɬɢ. ɉɨɜɟɪɯɧɨɫɬɶ ɩɥɚɦɟɧɢ, ɹɜɥɹɸɳɚɹɫɹ 
ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɨɜɟɪɯɧɨɫɬɶɸ ɬɟɩɥɨɩɟɪɟɞɚ-
ɱɢ, ɭɫɥɨɜɧɨ ɩɪɢɧɢɦɚɥɚɫɶ ɩɨɥɭɫɮɟɪɢɱɟɫɤɨɣ, 

ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɥɚɦɟɧɢ – ɩɪɢɧɢ-

ɦɚɥɚɫɶ ɫɪɟɞɧɟɣ ɭɫɥɨɜɧɨ-ɩɨɫɬɨɹɧɧɨɣ, ɚ ɟɝɨ 
ɩɥɨɳɚɞɶ ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɝɟɨɦɟɬ-
ɪɢɱɟɫɤɨɝɨ ɬɪɺɯɦɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɪɚɫɱɟɬɧɵɣ ɚɧɚɥɢɡ ɬɟɩɥɨ-
ɨɛɦɟɧɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɦɟɠɞɭ ɫɝɨɪɟɜ-
ɲɟɣ ɢ ɧɟɫɝɨɪɟɜɲɟɣ ɡɨɧɚɦɢ ɩɨɤɚɡɚɥ, ɱɬɨ ɬɟɩ-

ɥɨɨɬɞɚɱɚ ɨɬ ɫɝɨɪɟɜɲɟɣ ɡɨɧɵ ɜ ɧɟɫɝɨɪɟɜɲɭɸ 

ɜ ɬɟɱɟɧɢɟ ɩɪɨɰɟɫɫɚ ɫɝɨɪɚɧɢɹ ɧɚ 3–5 ɩɨɪɹɞɤɨɜ 
ɦɟɧɶɲɟ ɨɛɳɟɣ ɬɟɩɥɨɨɬɞɚɱɢ ɜ ɫɬɟɧɤɢ ɤɚɦɟɪɵ 

ɫɝɨɪɚɧɢɹ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɭɱɢɬɵɜɚɬɶ 
ɬɟɩɥɨɩɟɪɟɞɚɱɭ ɦɟɠɞɭ ɡɨɧɚɦɢ ɩɪɢ ɪɚɫɱɟɬɟ 
ɩɪɨɰɟɫɫɚ ɫɝɨɪɚɧɢɹ ɜ ɝɚɡɨɜɨɦ ɞɜɢɝɚɬɟɥɟ ɧɟɰɟ-
ɥɟɫɨɨɛɪɚɡɧɨ. 
 

Ɋɚɫɱɺɬɧɵɣ ɚɧɚɥɢɡ -ɮɨɪɦɭɥ ȼ. Ⱥɧɧɚɧɞɚ ɢ 

ɂ.Ɇ. Ʌɟɧɢɧɚ – Ⱥ.ȼ. Ʉɨɫɬɪɨɜɚ ɛɟɡ ɭɱɺɬɚ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɩɥɚɦɟɧɢ ɢ ɫ ɭɱɺɬɨɦ ɷɬɨɣ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɩɨɤɚɡɚɥ, ɱɬɨ ɬɟɩɥɨɬɚ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ 
ɞɨɥɸ ɢɡɥɭɱɟɧɢɹ, ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɫɨ-
ɫɬɚɜɥɹɬɶ 3–10 % (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɝɪɭɡɤɢ 

ɧɚ ɞɜɢɝɚɬɟɥɶ) ɨɬ ɨɛɳɟɣ ɬɟɩɥɨɨɬɞɚɱɢ ɜ ɫɬɟɧɤɢ 

ɰɢɥɢɧɞɪɚ, ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ – 15–30 %, ɱɬɨ 

ɩɨɥɧɨɫɬɶɸ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɫ-
ɫɥɟɞɨɜɚɧɢɣ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ 5. 
 

ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ, ɜ ɮɨɪɦɭɥɚɯ  
ȼ. Ⱥɧɧɚɧɞɚ ɢ ɂ.Ɇ. Ʌɟɧɢɧɚ – Ⱥ.ȼ. Ʉɨɫɬɪɨɜɚ 
ɜɨ ɜɬɨɪɨɦ ɫɥɚɝɚɟɦɨɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɥɭ-

ɱɢɫɬɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɟɩɥɨɨɛɦɟɧɚ, ɩɪɢɧɢ-

ɦɚɟɬɫɹ T = Tɩɥ, ɚ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɟɪɜɨɝɨ ɫɥɚ-
ɝɚɟɦɨɝɨ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɨɧɜɟɤɬɢɜɧɨɣ 

ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɟɩɥɨɨɬɞɚɱɢ, ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɡɨɧɵ, ɞɥɹ 
ɤɨɬɨɪɨɣ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɟɩɥɨɨɬɞɚɱɚ. ȼ 

ɨɫɬɚɥɶɧɵɯ -ɮɨɪɦɭɥɚɯ ɞɥɹ ɪɚɫɱɺɬɨɜ ɬɚɤɠɟ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɚɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɩɪɨɜɟɪɤɚ ɦɨɞɟɥɟɣ 

ɬɟɩɥɨɨɬɞɚɱɢ 

 

ɉɪɨɜɟɪɤɚ ɩɪɢɜɟɞɟɧɧɵɯ -ɮɨɪɦɭɥ ɜɵɩɨɥɧɹ-
ɟɬɫɹ ɫɪɚɜɧɟɧɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɺɬɚ ɤɨɥɢɱɟ-
ɫɬɜɚ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɧɧɨɣ ɜ ɫɬɟɧɤɢ ɰɢɥɢɧɞɪɚ 
ɩɨ -ɮɨɪɦɭɥɟ, ɫ ɪɟɡɭɥɶɬɚɬɨɦ ɪɚɫɱɺɬɚ ɷɬɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ ɦɟɬɨɞɨɦ ɜɧɭɬɪɟɧɧɟɝɨ 

ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ. ɗɬɨɬ ɪɚɫɱɺɬ ɨɫɧɨɜɵɜɚɟɬɫɹ 
ɧɚ ɬɨɦ, ɱɬɨ ɬɟɩɥɨɬɚ Qɬ, Ⱦɠ, ɩɨɩɚɜɲɚɹ ɜ ɰɢ-

ɥɢɧɞɪ ɫ ɬɨɩɥɢɜɨɦ, ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɬɪɢ ɜɢɞɚ 
ɷɧɟɪɝɢɢ 
 

ɬ ɝi wQ Q Q Q   ,                (16) 

 

ɝɞɟ Qi – ɬɟɩɥɨɬɚ, ɩɪɟɜɪɚɳɺɧɧɚɹ ɜ ɢɧɞɢɤɚɬɨɪ-
ɧɭɸ ɪɚɛɨɬɭ, Ⱦɠ; Qɝ – ɬɟɩɥɨɬɚ, ɩɪɟɜɪɚɳɺɧɧɚɹ 
ɜɨ ɜɧɭɬɪɟɧɧɸɸ ɷɧɟɪɝɢɸ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ, 
Ⱦɠ; Qw – ɬɟɩɥɨɬɚ, ɩɟɪɟɞɚɧɧɚɹ ɜ ɫɬɟɧɤɢ ɤɚɦɟ-
ɪɵ ɫɝɨɪɚɧɢɹ, Ⱦɠ. 

 

Ɍɟɩɥɨɬɚ Qɬ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚ-
ɡɨɦ 
 

ɬ ɬuQ H m  ,                   (17) 

 

ɝɞɟ Hu – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, 
ɤȾɠ/ɤɝ; mɬ – ɦɚɫɫɚ ɬɨɩɥɢɜɚ, ɩɨɫɬɭɩɢɜɲɟɝɨ ɜ 
ɰɢɥɢɧɞɪ ɡɚ ɨɞɢɧ ɰɢɤɥ, ɤɝ. 
 

Ɍɟɩɥɨɬɚ Qi ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚ-
ɡɨɦ 
 

i i hQ p V  ,                      (18) 

 

ɝɞɟ pi – ɫɪɟɞɧɟɟ ɢɧɞɢɤɚɬɨɪɧɨɟ ɞɚɜɥɟɧɢɟ, ɉɚ; 
Vh – ɪɚɛɨɱɢɣ ɨɛɴɺɦ, ɦ3. 

 

Ɍɟɩɥɨɬɚ Qɝ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ 
 

 ɝ ɫɦ 0 0pe e pQ m C T C T    ,          (19) 

 

ɝɞɟ mɫɦ – ɦɚɫɫɚ ɪɚɛɨɱɟɣ ɫɦɟɫɢ ɜ ɧɚɞɩɨɪɲɧɟ-
ɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɤɝ; Cp – ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨ-
ɺɦɤɨɫɬɶ ɫɦɟɫɢ, Ⱦɠ/(ɤɝɄ); T – ɬɟɦɩɟɪɚɬɭɪɚ 
ɫɦɟɫɢ ɜ ɰɢɥɢɧɞɪɟ, Ʉ; 0 – ɢɧɞɟɤɫ, ɨɛɨɡɧɚɱɚɸ-

ɳɢɣ ɩɚɪɚɦɟɬɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ; e – ɢɧ-

ɞɟɤɫ, ɨɛɨɡɧɚɱɚɸɳɢɣ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɱɟɣ ɫɦɟ-
ɫɢ ɜ ɦɨɦɟɧɬ ɨɬɤɪɵɬɢɹ ɜɵɩɭɫɤɧɨɝɨ ɤɥɚɩɚɧɚ. 
 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɧɧɨɣ ɜ ɫɬɟɧɤɢ 

ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ Qw, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɮɨɪɦɭɥɵ ɇɶɸɬɨɧɚ–Ɋɢɯɦɚɧɚ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɬɟɧɨɤ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɜ ɮɨɪ-
ɦɭɥɟ ɇɶɸɬɨɧɚ–Ɋɢɯɦɚɧɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɪɢ 

ɩɨɦɨɳɢ ɫɥɟɞɭɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɢ 
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,  (20) 

 

ɝɞɟ Tɨɯ – ɬɟɦɩɟɪɚɬɭɪɚ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨ-
ɫɬɢ, Ʉ; įɫɬ – ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɰɢɥɢɧɞɪɚ, ɦ;  

Ȝɫɬ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟ-
ɪɢɚɥɚ ɫɬɟɧɤɢ ɰɢɥɢɧɞɪɚ, ȼɬ/(ɦɄ); Įɨɯ – ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɫɬɟɧɤɢ ɤ ɨɯɥɚɠɞɚ-
ɸɳɟɣ ɠɢɞɤɨɫɬɢ, ȼɬ/(ɦ2Ʉ); q – ɩɥɨɬɧɨɫɬɶ 
ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɤɨɬɨɪɵɣ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ 
ɫɬɟɧɤɭ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, ȼɬ/ɦ2. 

 

Ʉɨɥɟɛɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɚɦɟɪɵ 

ɫɝɨɪɚɧɢɹ ɜ ɬɟɱɟɧɢɟ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ ɫɨɫɬɚɜ-
ɥɹɸɬ ɧɟ ɛɨɥɟɟ 5 Ʉ, ɬ.ɟ. ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹ-
ɸɬ ɧɚ ɬɨɱɧɨɫɬɶ ɪɚɫɱɟɬɨɜ. 
 

ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɺɬɚ ɤɨ-
ɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɟɝɨ 
ɡɧɚɱɟɧɢɟɦ, ɩɨɥɭɱɟɧɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 

(ɩɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ 
4Ƚɑ7,5/7,35:  = 12;  = 1,1;  = 34 ɉɄȼ ɞɨ 
ȼɆɌ; v = 0,68; n = 3600 ɦɢɧ–1). 

 

 

Ɋɢɫ. 1. ɂɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚ-
ɱɢ ɜ ɩɪɨɰɟɫɫɟ ɫɝɨɪɚɧɢɹ ɜ ɝɚɡɨɜɨɦ ɞɜɢ-

ɝɚɬɟɥɟ 4Ƚɑ7,5/7,35 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ  
-ɮɨɪɦɭɥɚɦɢ ɛɟɡ ɭɱɺɬɚ ɪɚɡɞɟɥɟɧɢɹ ɰɢ-

ɥɢɧɞɪɚ ɧɚ ɡɨɧɵ: 1 – ɏ. ɐɚɩɮɚ; 2 –  

Ƚ. ɗɣɯɟɥɶɛɟɪɝɚ; 3 – Ƚ. ɏɨɯɟɧɛɟɪɝɚ; 4 – 

ȼ. Ⱥɧɧɚɧɞɚ; 5 – Ƚ. ȼɨɲɧɢ; 6 – ɂ.Ɇ. Ʌɟ-
ɧɢɧɚ – Ⱥ.ȼ. Ʉɨɫɬɪɨɜɚ; 7 – Ɋ.Ɂ. Ʉɚɜɬɚ-
ɪɚɞɡɟ; 8 – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɚ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ -

ɮɨɪɦɭɥ, ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫ. 1, ɩɨɥɭɱɟɧɵ 

ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɰɢɥɢɧɞɪ ɧɟ ɪɚɡɞɟɥɺɧ ɧɚ 
ɡɨɧɵ ɫɝɨɪɟɜɲɟɣ ɢ ɧɟɫɝɨɪɟɜɲɟɣ ɫɦɟɫɢ. ȼ 

ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜ -ɮɨɪɦɭɥɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɫɪɟɞɧɹɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ 
ɰɢɥɢɧɞɪɟ. 

ȼ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɜɭɯɡɨɧɧɨɣ ɦɨɞɟɥɢ 

ɞɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɪɚɫɱɺɬɚ ɬɟɦɩɟɪɚɬɭɪ ɫɝɨ-
ɪɟɜɲɟɣ ɢ ɧɟɫɝɨɪɟɜɲɟɣ ɡɨɧ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɨɫɭɳɟɫɬɜɢɬɶ ɜɵɛɨɪ -ɮɨɪɦɭɥɵ ɨɬɞɟɥɶɧɨ ɞɥɹ 
ɤɚɠɞɨɣ ɡɨɧɵ. ɉɪɚɜɢɥɶɧɨɫɬɶ ɜɵɛɨɪɚ ɩɨɞ-

ɬɜɟɪɠɞɚɟɬɫɹ ɫɪɚɜɧɟɧɢɟɦ ɪɚɫɱɺɬɧɨɝɨ ɤɨɥɢɱɟ-
ɫɬɜɚ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɧɧɨɝɨ ɜ ɫɬɟɧɤɢ ɰɢɥɢɧ-

ɞɪɚ, ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɫɱɺɬɚ ɜɧɭɬɪɟɧɧɟɝɨ 

ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ. 
 

ɇɚ ɪɢɫ. 2 ɢ 3 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɢ-

ɬɟɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ -ɮɨɪɦɭɥ ɞɥɹ ɫɝɨ-
ɪɟɜɲɟɣ ɢ ɧɟɫɝɨɪɟɜɲɟɣ ɡɨɧ. ɉɚɪɚɦɟɬɪɵ ɢɫɩɵ-

ɬɚɬɟɥɶɧɨɝɨ ɪɟɠɢɦɚ ɬɟ ɠɟ, ɱɬɨ ɢ ɞɥɹ  
ɪɢɫ. 1.  

 

Ⱦɥɹ ɚɧɚɥɢɡɚ -ɮɨɪɦɭɥ ɛɵɥɨ ɜɵɛɪɚɧɨ ɩɨ 20 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɞɜɢɝɚɬɟɥɟɣ 

6Ƚɑɇ13/14 ɢ 4Ƚɑ7,5/7,35. ȼ ɞɜɢɝɚɬɟɥɟ 
4Ƚɑ7,5/7,35 ɛɵɥɢ ɫɧɹɬɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 10 

ɪɟɠɢɦɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɞɨɛɚɜɤɚɦɢ ɜɨɞɨɪɨɞɚ. 
Ɋɟɠɢɦɵ ɜɵɛɢɪɚɥɢɫɶ ɩɪɨɢɡɜɨɥɶɧɵɦ ɨɛɪɚɡɨɦ 

ɢɡ ɜɫɟɝɨ ɞɢɚɩɚɡɨɧɚ ɪɚɛɨɱɢɯ ɪɟɠɢɦɨɜ ɤɚɠɞɨ-
ɝɨ ɞɜɢɝɚɬɟɥɹ. ȼɨ ɜɫɟɯ ɮɨɪɦɭɥɚɯ ɷɦɩɢɪɢɱɟ-
ɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɞɛɢɪɚɥɢɫɶ ɬɚɤɢɦ ɨɛ-

ɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɧɚɢɥɭɱɲɟɟ 
ɫɨɜɩɚɞɟɧɢɟ ɪɚɫɱɺɬɧɵɯ ɞɚɧɧɵɯ ɫ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɦɢ. Ⱦɥɹ ɮɨɪɦɭɥ Ⱥɧɧɚɧɞɚ ɢ Ʌɟɧɢɧɚ–
Ʉɨɫɬɪɨɜɚ ɜ ɱɥɟɧɚɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɪɚɫɱɺ-
ɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɢɡɥɭɱɟɧɢɟɦ, ɢɫɩɨɥɶɡɨɜɚ-
ɥɚɫɶ ɚɞɢɚɛɚɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɦɟɧɢ. 
 

 
 

Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚ-
ɱɢ ɧɟɫɝɨɪɟɜɲɟɣ ɡɨɧɵ ɜ ɩɪɨɰɟɫɫɟ ɫɝɨɪɚ-
ɧɢɹ ɜ ɝɚɡɨɜɨɦ ɞɜɢɝɚɬɟɥɟ 4Ƚɑ7,5/7,35 ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ -ɮɨɪɦɭɥɚɦɢ: 1 –  

ɏ. ɐɚɩɮɚ; 2 – Ƚ. ɗɣɯɟɥɶɛɟɪɝɚ; 3 –  

Ƚ. ɏɨɯɟɧɛɟɪɝɚ; 4 – ȼ. Ⱥɧɧɚɧɞɚ; 5 –  

Ƚ. ȼɨɲɧɢ; 6 – ɂ.Ɇ. Ʌɟɧɢɧɚ–Ⱥ.ȼ. Ʉɨɫɬ-
ɪɨɜɚ; 7 – Ɋ.Ɂ. Ʉɚɜɬɚɪɚɞɡɟ; 8 – ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 
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Ɋɢɫ. 3. ɂɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚ-
ɱɢ ɫɝɨɪɟɜɲɟɣ ɡɨɧɵ ɜ ɩɪɨɰɟɫɫɟ ɫɝɨɪɚɧɢɹ 
ɜ ɝɚɡɨɜɨɦ ɞɜɢɝɚɬɟɥɟ 4Ƚɑ7,5/7,35 ɜ ɫɨɨɬ-
ɜɟɬɫɬɜɢɢ ɫ -ɮɨɪɦɭɥɚɦɢ: 1 – ɏ. ɐɚɩɮɚ; 
2 – Ƚ. ɗɣɯɟɥɶɛɟɪɝɚ; 3 – Ƚ. ɏɨɯɟɧɛɟɪɝɚ;  
4 – ȼ. Ⱥɧɧɚɧɞɚ; 5 – Ƚ. ȼɨɲɧɢ; 6 – 

ɂ.Ɇ. Ʌɟɧɢɧɚ – Ⱥ.ȼ. Ʉɨɫɬɪɨɜɚ; 7 – Ɋ.Ɂ. 
Ʉɚɜɬɚɪɚɞɡɟ; 8 – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɚ 

 

ȼ ɬɚɛɥ. 1 ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɛɚɡɨɜɵɯ (ɋɛɚɡ) 
ɢ ɢɡɦɟɧɺɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ -ɮɨɪɦɭɥ. 
ɉɨɞɛɨɪ ɷɦɩɢɪɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɫ ɰɟ-
ɥɶɸ ɦɢɧɢɦɢɡɚɰɢɢ ɩɨɝɪɟɲɧɨɫɬɢ ɪɚɫɱɺɬɚ, 
ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɞɥɹ ɬɪɺɯ ɫɥɭɱɚɟɜ: ɬɨɥɶɤɨ ɞɥɹ 
ɦɚɥɨɥɢɬɪɚɠɧɨɝɨ ɝɚɡɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ (ɋɦɚɥ), 
ɬɨɥɶɤɨ ɞɥɹ ɝɚɡɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɛɨɥɶɲɨɣ 

ɦɨɳɧɨɫɬɢ (ɋɛɨɥ) ɢ ɨɛɳɢɣ ɞɥɹ ɨɛɨɢɯ ɬɢɩɨɜ 
ɞɜɢɝɚɬɟɥɟɣ (ɋɨɛɳ).  

 

ɂɡ ɬɚɛɥ. 1 ɜɢɞɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢ-

ɟɧɬɨɜ ɧɟ ɩɨɬɪɟɛɨɜɚɥɨɫɶ ɞɥɹ ɮɨɪɦɭɥ ȼ. Ⱥɧ-

ɧɚɧɞɚ ɢ Ɋ.Ɂ. Ʉɚɜɬɚɪɚɞɡɟ. 
 
Ɍɚɛɥɢɰɚ 1 Ʉɨɷɮɮɢɰɢɟɧɬɵ -ɮɨɪɦɭɥ ɞɥɹ ɪɚɫɱɺɬɚ 
ɩɪɨɰɟɫɫɚ ɬɟɩɥɨɨɬɞɚɱɢ ɜ ɝɚɡɨɜɨɦ ɞɜɢɝɚɬɟɥɟ  

ɫ ɢɫɤɪɨɜɵɦ ɡɚɠɢɝɚɧɢɟɦ 

 

-ɮɨɪɦɭɥɚ ɋɛɚɡ ɋɦɚɥ ɋɛɨɥ ɋɨɛɳ 

Ƚ. ȼɨɲɧɢ 130 142 165 153,5 

ȼ. Ⱥɧɧɚɧɞɚ 0,26 0,26 0,26 0,26 

Ƚ. ɏɨɯɟɧɛɟɪɝɚ 3,26 2,32 2,86 2,59 

Ƚ. ɗɣɯɟɥɶɛɟɪɝɚ 0,779 0,586 0,692 0,639 

ɏ. ɐɚɩɮɚ 3,227 1,724 2,034 1,879 

ɂ.Ɇ. Ʌɟɧɢɧɚ–
Ⱥ.ȼ. Ʉɨɫɬɪɨɜɚ 1,163 1,788 1,922 1,855 

Ɋ.Ɂ. Ʉɚɜɬɚɪɚɞɡɟ 0,27; 

0,177 

0,27; 

0,177 

0,27; 

0,177 

0,27; 

0,177 

 

ȼ ɬɚɛɥ. 2 ɩɪɢɜɟɞɟɧɵ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɩɨɝɪɟɲ-

ɧɨɫɬɢ ɪɚɫɱɺɬɚ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɧ-

ɧɨɣ ɜ ɫɬɟɧɤɢ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɜ ɩɪɨɰɟɫɫɟ 
ɫɝɨɪɚɧɢɹ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵ-

ɦɢ ɞɚɧɧɵɦɢ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ  

-ɮɨɪɦɭɥ. Ɋɚɫɱɺɬ ɜɵɩɨɥɧɹɥɫɹ ɧɚ ɤɚɠɞɨɦ 

ɪɚɫɱɺɬɧɨɦ ɲɚɝɟ ɨɬɞɟɥɶɧɨ ɞɥɹ ɫɝɨɪɟɜɲɟɣ ɢ 

ɧɟɫɝɨɪɟɜɲɟɣ ɡɨɧɵ, ɡɚɬɟɦ ɤɨɥɢɱɟɫɬɜɨ ɨɬɞɚɧ-

ɧɨɣ ɬɟɩɥɨɬɵ ɩɨ ɡɨɧɚɦ ɫɭɦɦɢɪɨɜɚɥɨɫɶ. Ɉɛ-

ɳɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɹɜɥɹɟɬɫɹ ɫɪɟɞɧɢɦ ɚɪɢɮɦɟ-
ɬɢɱɟɫɤɢɦ ɩɨɝɪɟɲɧɨɫɬɟɣ ɧɚ ɨɬɞɟɥɶɧɵɯ 
ɪɟɠɢɦɚɯ. 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɺɬɨɜ ɩɨɥɭɱɟɧɵ ɩɨɝɪɟɲɧɨ-
ɫɬɢ ɪɚɫɱɺɬɚ ɨɬɞɟɥɶɧɨ ɞɥɹ ɦɚɥɨɥɢɬɪɚɠɧɨɝɨ 
ɝɚɡɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ Qwɦɚɥ, ɞɥɹ ɝɚɡɨɜɨɝɨ ɞɜɢ-

ɝɚɬɟɥɹ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ Qwɛɨɥ ɢ ɨɛɳɚɹ 
ɩɨɝɪɟɲɧɨɫɬɶ ɞɥɹ ɝɚɡɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ ɨɛɨɢɯ 
ɬɢɩɨɜ Qwɨɛɳ. 

 

ɂɡ ɬɚɛɥ. 2 ɜɢɞɧɨ, ɱɬɨ ɧɚɢɦɟɧɶɲɭɸ ɩɨɝɪɟɲ-

ɧɨɫɬɶ ɪɚɫɱɺɬɚ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ, ɨɬɞɚɧɧɨɝɨ 

ɜ ɫɬɟɧɤɢ ɰɢɥɢɧɞɪɚ ɜ ɩɪɨɰɟɫɫɟ ɫɝɨɪɚɧɢɹ, ɩɨ-
ɤɚɡɚɥɚ ɮɨɪɦɭɥɚ ȼ. Ⱥɧɧɚɧɞɚ. 
 
Ɍɚɛɥɢɰɚ 2 Ɂɧɚɱɟɧɢɹ Qw ɞɥɹ ɪɚɡɧɵɯ -ɮɨɪɦɭɥ 

 

-ɮɨɪɦɭɥɚ Qwɦɚɥ, 

% 

Qwɛɨɥ, 

% 

Qwɨɛɳ, 

% 

Ƚ. ȼɨɲɧɢ 12,2 13,5 14,8 

ȼ. Ⱥɧɧɚɧɞɚ 7,1 8,8 9,6 

Ƚ. ɏɨɯɟɧɛɟɪɝɚ 22,2 20,8 25,6 

Ƚ. ɗɣɯɟɥɶɛɟɪɝɚ 33,1 29,6 40,5 

ɏ. ɐɚɩɮɚ 16,2 11,8 19,1 

ɂ.Ɇ. Ʌɟɧɢɧɚ–
Ⱥ.ȼ. Ʉɨɫɬɪɨɜɚ 28,9 

22,6 35,8 

Ɋ.Ɂ. Ʉɚɜɬɚɪɚɞɡɟ 12,8 7,1 14,2 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɩɪɨɜɟɪɤɚ ɞɚɧɧɵɯ ɪɟɡɭɥɶ-
ɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɹɥɚɫɶ ɫɪɚɜɧɟɧɢɟɦ 

ɪɚɫɱɺɬɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɥɢɱɟɫɬɜɚ ɩɟɪɟɞɚɧɧɨɣ 

ɬɟɩɥɨɬɵ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɮɨɪɦɭɥɵ ȼ. Ⱥɧɧɚɧɞɚ, ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚ. ȼ ɤɚɱɟɫɬɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟ-
ɠɢɦɨɜ ɛɵɥɢ ɜɵɛɪɚɧɵ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ  

5 ɪɟɠɢɦɨɜ ɞɜɢɝɚɬɟɥɹ 6Ƚɑɇ13/14, 5 ɪɟɠɢɦɨɜ 
ɞɜɢɝɚɬɟɥɹ 4Ƚɑ7,5/7,35, ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɩɪɢ-

ɪɨɞɧɨɦ ɝɚɡɟ, ɢ 5 ɪɟɠɢɦɨɜ ɞɜɢɝɚɬɟɥɹ 
4Ƚɑ7,5/7,35, ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɫɦɟɫɟɜɨɦ ɬɨɩ-

ɥɢɜɟ. Ⱦɨɛɚɜɤɚ ɜɨɞɨɪɨɞɚ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɵ-

ɛɢɪɚɥɚɫɶ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɜ ɩɪɟɞɟɥɚɯ  
 = 5–80 % ɩɨ ɨɛɴɺɦɭ. 
 

Ɋɟɡɭɥɶɬɚɬɵ ɞɚɧɧɨɣ ɩɪɨɜɟɪɤɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ 

Qw, ɩɨɥɭɱɟɧɧɨɟ ɪɚɫɱɺɬɧɵɦ ɩɭɬɺɦ ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɮɨɪɦɭɥɵ ȼ. Ⱥɧɧɚɧɞɚ, ɧɟ ɜɵɯɨɞɢɬ 
ɡɚ ɩɪɟɞɟɥɵ ɡɧɚɱɟɧɢɣ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥ. 2. 
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ȼɵɜɨɞɵ 

 

1. ȼɵɩɨɥɧɟɧ ɪɚɫɱɺɬɧɨ-ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ 

ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɯ -

ɮɨɪɦɭɥ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɩɪɟɞɥɨɠɟɧɵ 

ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɜɵɛɨɪɭ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ 
ɪɚɫɱɺɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɜ ɰɢɥɢɧɞɪɟ ɝɚɡɨɜɵɯ 
ɞɜɢɝɚɬɟɥɟɣ ɫ ɢɫɤɪɨɜɵɦ ɡɚɠɢɝɚɧɢɟɦ. 

 

2. Ⱦɚɧɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ ɪɚɫɱɺɬɚ 
ɬɟɩɥɨɨɬɞɚɱɢ ɜ ɝɚɡɨɜɵɯ ɞɜɢɝɚɬɟɥɹɯ ɫ ɢɫɤɪɨ-
ɜɵɦ ɡɚɠɢɝɚɧɢɟɦ ɥɭɱɲɟ ɜɫɟɝɨ ɩɨɞɯɨɞɢɬ ɮɨɪ-
ɦɭɥɚ ȼ. Ⱥɧɧɚɧɞɚ. Ⱦɚɧɧɚɹ ɮɨɪɦɭɥɚ ɪɟɤɨɦɟɧ-

ɞɭɟɬɫɹ ɞɥɹ ɪɚɫɱɺɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɤɚɤ ɨɬ 
ɫɝɨɪɟɜɲɟɣ, ɬɚɤ ɢ ɨɬ ɧɟɫɝɨɪɟɜɲɟɣ ɡɨɧɵ. 

 

3. ɉɪɟɞɥɨɠɟɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɪɚɫɱɺɬɭ 

ɪɚɡɞɟɥɶɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɨɬ ɫɝɨɪɟɜɲɟɣ ɢ ɧɟ-
ɫɝɨɪɟɜɲɟɣ ɡɨɧ, ɫ ɭɱɺɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɤɨɧ-

ɜɟɤɬɢɜɧɨɝɨ ɢ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ. 
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