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ɤɪɚɳɟ�ɡɚɫɜɨɸɽɬɶɫɹ�ɭ�ɨɪɝɚɧɿɡɦɿ�ɥɸɞɢɧɢ. 
ȼɢɫɧɨɜɤɢ: 
1. Ⱦɨɜɟɞɟɧɨ, ɳɨ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɩɨ-

ɩɟɪɟɞɧɶɨʀ� ɨɛɪɨɛɤɢ� ɫɨɱɟɜɢɰɿ� ɞɨɡɜɨɥɹɽ 
ɡɦɿɧɢɬɢ� ʀʀ� ɬɟɯɧɨɥɨɝɿɱɧɿ� ɜɥɚɫɬɢɜɨɫɬɿ� ɬɚ 
ɯɿɦɿɱɧɢɣ�ɫɤɥɚɞ. 

2. ɉɨɤɚɡɚɧɨ, ɳɨ�ɡɚɫɬɨɫɭɜɚɧɧɹ� ɤɨɦ-
ɩɨɡɢɰɿɣɧɨʀ� ɫɭɦɿɲɿ� ɩɪɨɪɨɳɟɧɨʀ� ɬɚ� ɟɤɫɬ-
ɪɭɞɨɜɚɧɨʀ� ɫɨɱɟɜɢɰɿ� ɭ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɿ 
70 : 30 ɧɚɞɚɽ�ɝɨɬɨɜɨɦɭ�ɤɭɥɿɧɚɪɧɨɦɭ�ɩɪɨ-
ɞɭɤɬɭ� ɤɪɚɳɿ� ɨɪɝɚɧɨɥɟɩɬɢɱɧɿ, ɪɟɨɥɨɝɿɱɧɿ 
ɜɥɚɫɬɢɜɨɫɬɿ� ɬɚ� ɩɨɤɪɚɳɭɽ�ɣɨɝɨ� ɡɚɫɜɨɽɧɧɹ 
ɜ�ɨɪɝɚɧɿɡɦɿ�ɥɸɞɢɧɢ. 

3. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ� ɤɭɥɿɧɚɪɧɚ� ɩɪɨ-
ɞɭɤɰɿɹ� ɜɢɪɨɛɥɟɧɚ� ɧɚ� ɨɫɧɨɜɿ� ɩɨɩɟɪɟɞɧɶɨ 
ɨɛɪɨɛɥɟɧɨʀ� ɫɨɱɟɜɢɰɿ� ɦɚɽ� ɛɚɝɚɬɲɢɣ� ɯɿɦɿ-
ɱɧɢɣ� ɫɤɥɚɞ� ɡɚɜɞɹɤɢ� ɛɿɨɬɪɚɧɫɮɨɪɦɚɰɿʀ 
ɤɨɦɩɨɧɟɧɬɿɜ� ɩɪɢ� ɩɪɨɪɨɳɭɜɚɧɧɿ� ɡɟɪɧɚ 
ɫɨɱɟɜɢɰɿ. 
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ɈɋȺȾɑɍɄ�ȿ�Ⱥ., ɚɫɫɢɫɬɟɧɬ, ɌɂɌɅɈȼ�Ⱥ�ɋ., ɞ�ɪ�ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ  
Ɉɞɟɫɫɤɚɹ�ɧɚɰɢɨɧɚɥɶɧɚɹ�ɚɤɚɞɟɦɢɹ�ɩɢɳɟɜɵɯ�ɬɟɯɧɨɥɨɝɢɣ 

ɉɈɂɋɄ�ɗɇȿɊȽȿɌɂɑȿɋɄɂ�ɗɎɎȿɄɌɂȼɇɕɏ�ɌȿɉɅɈȼɕɏ�ɊȿɀɂɆɈȼ 
ȼɈȾɈȺɆɆɂȺɑɇɈɃ�ȺȻɋɈɊȻɐɂɈɇɇɈɃ�ɏɈɅɈȾɂɅɖɇɈɃ�ɆȺɒɂɇɕ�ȼ 

ɒɂɊɈɄɈɆ�ȾɂȺɉȺɁɈɇȿ�ɗɄɋɉɅɍȺɌȺɐɂɈɇɇɕɏ�ɉȺɊȺɆȿɌɊɈȼ 
Ɉɩɪɟɞɟɥɟɧɵ� ɷɧɟɪɝɟɬɢɱɟɫɤɢ� ɷɮɮɟɤɬɢɜɧɵɟ� ɬɟɩɥɨɜɵɟ� ɪɟɠɢɦɵ 

ɚɛɫɨɪɛɰɢɨɧɧɨɣ�ɯɨɥɨɞɢɥɶɧɨɣ�ɦɚɲɢɧɵ�ɜ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɬɟɦɩɟɪɚɬɭ-
ɪɵ�ɨɯɥɚɠɞɚɸɳɟɣ�ɫɪɟɞɵ, ɬɟɦɩɟɪɚɬɭɪɵ�ɨɛɴɟɤɬɚ�ɨɯɥɚɠɞɟɧɢɹ, ɬɟɦɩɟ-
ɪɚɬɭɪɵ�ɝɪɟɸɳɟɝɨ�ɢɫɬɨɱɧɢɤɚ. ɂɫɫɥɟɞɨɜɚɧɚ�ɫɯɟɦɚ�ȺɏɆ� ɫ� ɪɟɝɟɧɟɪɚ-
ɬɢɜɧɵɦ�ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ  

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ:�ɚɛɫɨɪɛɰɢɨɧɧɚɹ�ɯɨɥɨɞɢɥɶɧɚɹ�ɦɚɲɢɧɚ, ɬɟɩ-
ɥɨɜɨɣ�ɤɨɷɮɮɢɰɢɟɧɬ, ɜɥɢɹɧɢɟ�ɭɫɥɨɜɢɣ�ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Energy effective heating rate are detected of absorption refriger-
ating machine (ARM) depending on ambient temperature the object of 
cooling, temperature heating source temperature. Scheme ARM with re-
generative heat exchanger is analyzed. 

Keywords: absorption chiller, heat efficiency, the effect of oper-
ating conditions. 

ȼɨɞɨɚɦɦɢɚɱɧɵɟ� ɚɛɫɨɪɛɰɢɨɧɧɵɟ� ɯɨɥɨɞɢɥɶɧɵɟ 
ɦɚɲɢɧɵ (ȺɏɆ) ɫɩɨɫɨɛɧɵ�ɪɟɲɢɬɶ�ɡɚɞɚɱɢ�ɨɯɥɚɠɞɟɧɢɹ 
ɜ�ɲɢɪɨɤɨɦ�ɞɢɚɩɚɡɨɧɟ�ɬɟɦɩɟɪɚɬɭɪ – ɨɬ�ɦɢɧɭɫ 50 ºɋ�ɞɨ 
ɩɥɸɫ 10 ºɋ [1]. ȺɏɆ� ɹɜɥɹɟɬɫɹ� ɭɧɢɜɟɪɫɚɥɶɧɨɣ� ɯɨɥɨ-
ɞɢɥɶɧɨɣ� ɭɫɬɚɧɨɜɤɨɣ, ɤɨɬɨɪɚɹ� ɢɫɩɨɥɶɡɭɟɬ� ɜ� ɤɚɱɟɫɬɜɟ 
ɪɚɛɨɱɟɝɨ� ɬɟɥɚ�ɩɪɢɪɨɞɧɭɸ� ɪɚɛɨɱɭɸ� ɫɦɟɫɶ (ɜɨɞɨɚɦɦɢ-
ɚɱɧɵɣ� ɪɚɫɬɜɨɪ - ȼȺɊ), ɚ� ɞɥɹ� ɪɚɛɨɬɵ – ɧɟɷɥɟɤɬɪɢɱɟ-
ɫɤɢɟ�ɢɫɬɨɱɧɢɤɢ�ɬɟɩɥɚ. 

ɂɡɜɟɫɬɧɨ [1], ɱɬɨ�ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ�ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ȺɏɆ� ɫ� ɛɢɧɚɪɧɨɣ� ɪɚɛɨɱɟɣ� ɫɦɟɫɶɸ� ɡɚɜɢɫɢɬ� ɨɬ� ɞɜɭɯ 

ɬɟɦɩɟɪɚɬɭɪ�ɢɡ� ɬɪɟɯ� ɜɨɡɦɨɠɧɵɯ� ɬɟɦɩɟɪɚɬɭɪ: ɬɟɦɩɟɪɚ-
ɬɭɪɵ�ɨɯɥɚɠɞɚɸɳɟɣ�ɫɪɟɞɵ ( Toc ); ɬɟɦɩɟɪɚɬɭɪɵ�ɨɛɴɟɤ-

ɬɚ� ɨɯɥɚɠɞɟɧɢɹ ( Tɨɛ ); ɬɟɦɩɟɪɚɬɭɪɵ� ɝɪɟɸɳɟɝɨ� ɢɫɬɨɱ-

ɧɢɤɚ ( ɝɪɌ ). 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ� ɡɚɜɢɫɢɦɨɫɬɶ� ɩɨɥɭɱɟɧɚ� ɞɥɹ� ɢɞɟ-
ɚɥɶɧɨɝɨ� ɰɢɤɥɚ� ȺɏɆ [1] ɢ� ɧɟ� ɭɱɢɬɵɜɚɟɬ� ɪɟɚɥɶɧɵɯ 
ɭɫɥɨɜɢɣ�ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ɐɟɥɶ� ɪɚɛɨɬɵ – ɬɪɟɛɭɟɬɫɹ� ɧɚɣɬɢ� ɬɟɦɩɟɪɚɬɭɪɭ 
ɝɪɟɸɳɟɝɨ� ɢɫɬɨɱɧɢɤɚ, ɩɪɢ� ɤɨɬɨɪɨɣ� ɰɢɤɥ� ȺɏɆ� ɛɭɞɟɬ 
ɢɦɟɬɶ� ɦɚɤɫɢɦɚɥɶɧɭɸ� ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ� ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɩɪɢ� ɡɚɞɚɧɧɵɯ� ɬɟɦɩɟɪɚɬɭɪɚɯ� ɨɛɴɟɤɬɚ� ɨɯɥɚɠɞɟɧɢɹ 
(Tɨɛ ) ɢ�ɨɯɥɚɠɞɚɸɳɟɣ�ɫɪɟɞɵ (Toc ), ɬ�ɟ. ɩɪɢ�ɡɚɞɚɧɧɵɯ 
ɭɫɥɨɜɢɹɯ�ɷɤɫɩɥɭɚɬɚɰɢɢ�ȺɏɆ. 

Ⱦɥɹ� ɚɧɚɥɢɡɚ� ɢɫɩɨɥɶɡɨɜɚɧɚ� ɬɪɚɞɢɰɢɨɧɧɚɹ� ɫɯɟɦɚ 
ȺɏɆ� ɫ� ɪɟɝɟɧɟɪɚɬɢɜɧɵɦ� ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ� ɪɚɫɬɜɨɪɨɜ 
[2] (ɪɢɫ. 1). 

Ⱦɥɹ� ɪɚɫɱɟɬɚ� ɰɢɤɥɚ� ȺɏɆ� ɛɵɥ� ɢɫɩɨɥɶɡɨɜɚɧ� ɢɡ-
ɜɟɫɬɧɵɣ�ɚɥɝɨɪɢɬɦ [1 – 3], ɜ�ɤɨɬɨɪɨɦ�ɬɟɪɦɨɞɢɧɚɦɢɱɟ- 

Ɍɚɛɥɢɰɹ 5 
Ɋɨɡɪɚɯɭɧɤɢ�ɲɜɢɞɤɨɫɬɿ�ɨɫɿɞɚɧɧɹ�ɱɚɫɬɨɤ�ɫɭɩɿɜ�ɩɸɪɟ 

ɉɨɤɚɡɧɢɤ 

ɋɭɩ�ɩɸɪɟ 
ɡ�ɫɭɯɨɝɨ 
ɡɟɪɧɚ (ɤɨ-
ɧɬɪɨɥɶ) 

ɋɭɩ�ɩɸɪɟ�ɡ 
ɩɪɨɪɨɳɟɧɨɝɨ 

ɡɟɪɧɚ 

ɋɭɩ�ɩɸɪɟ�ɡ�ɟɤ-
ɫɬɪɭɞɨɜɚɧɨɝɨ 

ɡɟɪɧɚ 

ɋɭɩ�ɩɸɪɟ 
©Ɂɞɨɪɨɜ¶ə» 

Ƚɭɫɬɢɧɚ  
ɫɟɪɟɞɨɜɢɳɚ, 
ɤɝ»ɦ3  

1030±10 1030±10 1030±10 1030±10 

Ⱦɢɧɚɦɿɱɧɚ 
ɜ¶ɹɡɤɿɫɬɶ  
ɫɟɪɟɞɨɜɢɳɚ, 
ɉɚÂɫ 

1,05±0,2 1,05±0,2 1,05±0,2 1,05±0,2 

Ƚɭɫɬɢɧɚ� ɱɚ-
ɫɬɨɤ, ɤɝ»ɦ3 1250 1130 1200 1160 

Ɋɚɞɿɭɫ� ɱɚɫ-
ɬɨɤ� ɧɚɣɛɿ-
ɥɶɲɨɝɨ� ɪɨɡ-
ɦɿɪɭ, ɦ·10-5  

45 39 27 30 

ɒɜɢɞɤɿɫɬɶ 
ɨɫɿɞɚɧɧɹ, 
ɦ»ɫ·10-6 

8,3 3,2 2,5 2,7 
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ɫɤɢɟ� ɩɚɪɚɦɟɬɪɵ (ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ, ɭɞɟɥɶɧɵɣ 
ɨɛɴɟɦ) ɢ�ɮɭɧɤɰɢɹ�ɫɨɫɬɨɹɧɢɹ (ɷɧɬɚɥɶɩɢɹ) ɨɩɪɟɞɟɥɹɸɬ-
ɫɹ�ɩɨ�ɨɪɢɝɢɧɚɥɶɧɵɦ�ɫɨɛɫɬɜɟɧɧɵɦ�ɚɧɚɥɢɬɢɱɟɫɤɢɦ�ɫɨ-
ɨɬɧɨɲɟɧɢɹɦ [4]. 

ɂɫɯɨɞɧɵɟ�ɞɚɧɧɵɟ�ɞɥɹ�ɪɚɫɱɟɬɚ�ɮɨɪɦɢɪɨɜɚɥɢɫɶ�ɫ 
ɭɱɟɬɨɦ� ɨɩɵɬɚ� ɷɤɫɩɥɭɚɬɚɰɢɢ� ȺɏɆ� ɫ� ɠɢɞɤɨɫɬɧɵɦ 
ɨɯɥɚɠɞɟɧɢɟɦ� ɬɟɩɥɨɪɚɫFɟɢɜɚɸɳɢɯ� ɷɥɟɦɟɧɬɨɜ� ɢ� ɪɚɫ-
ɫɨɥɶɧɵɦ – ɢɫɩɚɪɢɬɟɥɹ [1 – 2]. 

ɂɫɯɨɞɧɵɟ�ɞɚɧɧɵɟ: 
– ɬɟɦɩɟɪɚɬɭɪɚ�ɨɯɥɚɠɞɚɸɳɟɣ�ɫɪɟɞɵ Tɨɫ = 25..35 ºɋ; 

– ɬɟɦɩɟɪɚɬɭɪɚ� ɨɛɴɟɤɬɚ� ɨɯɥɚɠɞɟɧɢɹTɨɛ  = ɦɢɧɭɫ 
30..15 ºɋ; 
– ɬɟɦɩɟɪɚɬɭɪɚ�ɝɪɟɸɳɟɝɨ�ɢɫɬɨɱɧɢɤɚTɝɪ  = 80..185 ºɋ; 

– ɩɟɪɟɩɚɞɵ� ɬɟɦɩɟɪɚɬɭɪ� ɧɚ� ɪɚɛɨɱɢɯ� ɷɥɟɦɟɧɬɚɯ�ɧɚ� ɝɟ-
ɧɟɪɚɬɨɪɟ) Tɝɪ' = 10 ºɋ; 

– ɩɟɪɟɩɚɞ� ɬɟɦɩɟɪɚɬɭɪ� ɩɨ� ɜɵɫɨɬɟ� ɝɟɧɟɪɚɬɨɪɚ Ɍ ɝ ɟ ɧ' = 
10 ºɋ; 
– ɩɟɪɟɩɚɞ�ɬɟɦɩɟɪɚɬɭɪ�ɧɚ�ɬɟɩɥɨɪɚɫɫɟɢɜɚɸɳɢɯ�ɷɥɟɦɟɧ-
ɬɚɯ (ɤɨɧɞɟɧɫɚɬɨɪ, ɚɛɫɨɪɛɟɪ, ɞɟɮɥɟɝɦɚɬɨɪ) 

, ,Ɍ ɤ ɞ ɚ ɞ' = 

5 ºɋ; 
– ɩɟɪɟɩɚɞ�ɬɟɦɩɟɪɚɬɭɪ�ɧɚ�ɢɫɩɚɪɢɬɟɥɟ Ɍ ɨ' = 5 ºɋ; 
– ɩɟɪɟɩɚɞ�ɬɟɦɩɟɪɚɬɭɪ�ɧɚ�ɊɌɈ Ɍ ɪ ɬ ɨ' = 5 ºɋ. 

ɋ�ɭɱɟɬɨɦ�ɢɡɜɟɫɬɧɵɯ�ɦɟɬɨɞɢɤ [3,4] ɨɩɪɟɞɟɥɟɧɵ�ɬɟɦɩɟ-
ɪɚɬɭɪɵ: 
– ɤɨɧɞɟɧɫɚɰɢɢ T T Tɤ o c ɤ ɞ � ' ; 

– ɢɫɩɚɪɟɧɢɹ�ɚɦɦɢɚɤɚ T T Tɨ R ɛ ɨ � ' ; 
– ɜɵɫɲɚɹ� ɜɨɞɨɚɦɦɢɚɱɧɨɝɨ� ɪɚɫɬɜɨɪɚ (ȼȺɊ) 

m axT T Tɝɟɧ ɝɪ ɝɪ � ' ; 

– ɧɢɡɲɚɹ�ȼȺɊ m i nT T Tɝ ɟ ɧ o c a � ' ; 
– ɫɥɚɛɨɝɨ�ȼȺɊ�ɧɚ�ɜɵɯɨɞɟ�ɢɡ�ɊɌɈ T T Tɫɥ oc ɪɬ ɨcc  � ' . 

Ɉɩɪɟɞɟɥɟɧɨ�ɞɚɜɥɟɧɢɟ�ɤɨɧɞɟɧɫɚɰɢɢ ( )Ɋ Ɍɤ ɤ �ɢ�ɢɫɩɚɪɟ-

ɧɢɹ�ɚɦɦɢɚɤɚ (Ɇɉɚ) ( )Ɋ Ɍɨ ɨ . 
�Ɇɚɫɫɨɜɚɹ�ɞɨɥɹ�ɚɦɦɢɚɤɚ�ɜ: 
– ȼȺɊ� ɧɚ� ɜɵɯɨɞɟ� ɝɟɧɟɪɚɬɨɪɚ 

m a x( , )m in T Pɝ ɟ ɧ k[ c ; 

– ȼȺɊ�ɧɚ�ɜɯɨɞɟ�ɝɟɧɟɪɚɬɨɪɚ m in( , )m a x T Pɝ ɟ ɧ o[ c ; 
– ɩɚɪɟ�ɧɚ�ɜɵɯɨɞɟ�ɝɟɧɟɪɚɬɨɪɚ ( , )Ɍ Ɋɩ ɩ ɤ[ cc ; 
– ɫɬɟɤɚɸɳɟɣ�ɮɥɟɝɦɟ ( , )Ɍ Ɋɮ ɩ ɤ[ c ; 

Ɉɩɪɟɞɟɥɹɥɚɫɶ�ɤɪɚɬɧɨɫɬɶ�ɰɢɪɤɭɥɹɰɢɢ [3] ɪɚɫɬɜɨɪɚ f �ɢ 
ɮɥɟɝɦɵ R . 
ɇɚɣɞɟɧɵ�ɭɞɟɥɶɧɵɟ�ɷɧɬɚɥɶɩɢɢ: 
– ɫɥɚɛɨɝɨ�ȼȺɊ�ɧɚ�ɜɵɯɨɞɟ�ɝɟɧɟɪɚɬɨɪɚ m a x( , )i T Pc ɜ ɝ ɝ ɟ ɧ kc ; 
– ɫɥɚɛɨɝɨ�ȼȺɊ�ɧɚ�ɜɵɯɨɞɟ�ɊɌɈ ( , )i T Pcɜɪ ɫɥ ɨc cc ; 

– ɤɪɟɩɤɨɝɨ�ȼȺɊ�ɧɚ�ɜɯɨɞɟ�ɜ�ɝɟɧɟɪɚɬɨɪ iɤɜɝc ; 
– ɤɪɟɩɤɨɝɨ� ȼȺɊ� ɧɚ� ɜɵɯɨɞɟ� ɚɛɫɨɪɛɟ-
ɪɚ m in( , )m a xi Tɤ ɜ ɚ ɝ ɟ ɧ[c c ; 

– ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ�ɤɢɩɟɧɢɹ ( )i To oc ; 
– ɮɥɟɝɦɵ ( , )i T Pɮ ɩ kc ; 

– ɩɚɪɚ�ɧɚ�ɜɵɯɨɞɟ�ɝɟɧɟɪɚɬɨɪɚ ( , )i T Pɩɜ ɝ ɩ kcc ; 
– ɩɚɪɚ�ɱɢɫɬɨɝɨ�ɚɦɦɢɚɤɚ ( )i Ta kc . 

Ɉɩɪɟɞɟɥɟɧɵ� ɭɞɟɥɶɧɵɟ� ɬɟɩɥɨɜɵɟ� ɧɚɝɪɭɡɤɢ� ɚɩɩɚ-
ɪɚɬɚ�ɞɟɮɥɟɝɦɚɬɨɪ, ɝɟɧɟɪɚɬɨɪ, ɤɨɧɞɟɧɫɚɬɨɪ, ɢɫɩɚɪɢ-
ɬɟɥɶ, ɚɛɫɨɪɛɟɪ). 

ɇɚɣɞɟɧ�ɬɟɩɥɨɜɨɣ�ɤɨɷɮɮɢɰɢɟɧɬK  [2]. 
ɉɪɨɜɟɞɟɧɨ� ɚɧɚɥɢɬɢɱɟɫɤɨɟ� ɢɫɫɥɟɞɨɜɚɧɢɟ� ɰɢɤɥɚ 

ȺɏɆ�ɫ�ɪɟɝɟɧɟɪɚɬɢɜɧɵɦ�ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ�ɢ�ɩɨɫɬɪɨɟ-
ɧɵ�ɡɚɜɢɫɢɦɨɫɬɢ�ɬɟɩɥɨɜɨɝɨ�ɤɨɷɮɮɢɰɢɟɧɬɚ�ɨɬ�ɬɟɦɩɟɪɚ-
ɬɭɪɵ�ɝɪɟɸɳɟɝɨ�ɢɫɬɨɱɧɢɤɚ�ɩɪɢ�ɪɚɡɥɢɱɧɵɯ�ɬɟɦɩɟɪɚɬɭ-
ɪɚɯ� ɨɛɴɟɤɬɚ� ɨɯɥɚɠɞɟɧɢɹ� ɢ� ɨɯɥɚɠɞɚɸɳɟɣ� ɫɪɟɞɵ 
�ɪɢɫ. 2). 

ɉɨɫɬɪɨɟɧɚ� ɢ� ɨɩɪɟɞɟɥɟɧɚ� ɚɧɚɥɢɬɢɱɟɫɤɚɹ� ɡɚɜɢɫɢ-
ɦɨɫɬɶ� ɦɟɠɞɭ� ɬɟɦɩɟɪɚɬɭɪɨɣ� ɨɯɥɚɠɞɚɸɳɟɣ� ɫɪɟɞɵ 
(Toc ), ɬɟɦɩɟɪɚɬɭɪɨɣ� ɨɛɴɟɤɬɚ� ɨɯɥɚɠɞɟɧɢɹ (Tɨɛ ) ɢ 

ɬɟɦɩɟɪɚɬɭɪɨɣ� ɝɪɟɸɳɟɝɨ� ɢɫɬɨɱɧɢɤɚ (Ɍɝɪ ) ɩɪɢ� ɭɫɥɨ-

ɜɢɢ�ɦɚɤɫɢɦɚɥɶɧɨɝɨ� ɡɧɚɱɟɧɢɹ� ɬɟɩɥɨɜɨɝɨ�ɤɨɷɮɮɢɰɢɟɧ-
ɬɚ. 

Ɂɚɜɢɫɢɦɨɫɬɶ�ɢɦɟɟɬ�ɫɥɟɞɭɸɳɢɣ�ɜɢɞ: 

   

  
Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɢ�ɬɟɦɩɟɪɚɬɭɪɵ�ɝɪɟɸ-
ɳɟɝɨ�ɢɫɬɨɱɧɢɤɚ�ɨɬ�ɬɟɦɩɟɪɚɬɭɪɵ�ɨɯɥɚ-
ɠɞɚɸɳɟɣ�ɫɪɟɞɵ�ɩɪɢ�ɪɚɡɥɢɱɧɵɯ�ɡɧɚɱɟ-
ɧɢɹɯ�ɬɟɦɩɟɪɚɬɭɪɵ�ɨɛɴɟɤɬɚ�ɨɯɥɚɠɞɟɧɢɹ 
ɢ�ɩɪɢ�ɦɚɤɫɢɦɚɥɶɧɨɦ�ɡɧɚɱɟɧɢɢ�ɬɟɩɥɨɜɨ-

ɝɨ�ɤɨɷɮɮɢɰɢɟɧɬɚ 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ�ɦɟɠɞɭ�ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɨɯɥɚɠɞɚɸɳɟɣ�ɫɪɟɞɵ (Toc

), ɬɟɦɩɟɪɚɬɭ-

ɪɨɣ�ɨɛɴɟɤɬɚ�ɨɯɥɚɠɞɟɧɢɹ (Tɨɛ
) ɢ�ɬɟɦɩɟ-

ɪɚɬɭɪɨɣ�ɝɪɟɸɳɟɝɨ�ɢɫɬɨɱɧɢɤɚ (Ɍ ɝ ɪ ) ɩɪɢ 

ɭɫɥɨɜɢɢ�ɦɚɤɫɢɦɚɥɶɧɨɝɨ�ɡɧɚɱɟɧɢɹ�ɬɟɩ-
ɥɨɜɨɝɨ�ɤɨɷɮɮɢɰɢɟɧɬɚ 

Ɋɢɫ. 1. ɋɯɟɦɚ�ȺɏɆ�ɢɫɩɨɥɶɡɨɜɚɧɧɚɹ 
ɞɥɹ�ɚɧɚɥɢɡɚ (ȾɊ1, ȾɊ2 – ɞɪɨɫɫɟɥɶ 1 

ɢ 2; ɇ – ɧɚɫɨɫ) 

2 2 3

2 2
47,74648658 1,01853416 0,013464939 1,12675283 0,02319431 0,00017897

1 0,03803459 0,00049505 0,00750582 0,000151575
ɨF ɨF ɨɛ ɨɛ ɨɛ

ɝɪ
ɨF ɨF ɨɛ ɨɛ

Ɍ Ɍ Ɍ Ɍ ɌɌ
Ɍ Ɍ Ɍ Ɍ

� � � � �
 

� � � �  
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Ɍɚɛɥɢɰɚ 1  
Ɋɟɡɭɥɶɬɚɬɵ�ɪɚɫɱɟɬɚ 

Toc ,�ɋ ãðT ��ɋ Tɨɛ ��ɋ am , ɤɝ�ɫ hQ ,ɤȼɬ l , ɤɞɠ�ɤɝ íL , ɤȼɬ Șreal Șcalc İ, % 

15 106 -30 0,864041 1769,894 4,872033 4,209636 0,563665 0,565006 0,237282 

20 115 -30 0,882063 1908,888 6,924851 6,108155 0,522194 0,523865 0,318964 

25 125 -30 0,900784 2063,096 9,047333 8,149693 0,482801 0,484708 0,393468 

30 133 -30 0,920087 2237,009 11,10024 10,21318 0,444994 0,447025 0,45448 

35 139 -30 0,940039 2422,188 12,71643 11,95394 0,410822 0,41285 0,491094 

40 138 -30 0,961277 2658,114 14,82243 14,24846 0,374201 0,376207 0,533179 

43 139 -30 0,97535 2668,202 11,19393 10,918 0,373257 0,374784 0,407522 

15 91 -20 0,853048 1572,909 3,895023 3,322641 0,634425 0,635765 0,210797 

20 102 -20 0,87061 1686,072 5,27471 4,592215 0,591484 0,593094 0,271622 

25 112 -20 0,888842 1810,524 6,833523 6,073922 0,55048 0,552326 0,334357 

30 121 -20 0,907632 1942,95 8,229335 7,469208 0,51271 0,514681 0,382954 

35 127 -20 0,927042 2083,317 9,421436 8,734067 0,478 0,480004 0,417488 

40 129 -20 0,94769 2218,955 9,531484 9,032892 0,448835 0,450663 0,405428 

43 126 -20 0,961365 2275,914 8,716148 8,379399 0,437772 0,439384 0,366827 

15 76 -10 0,843437 1397,629 2,950374 2,488455 0,714226 0,715497 0,177732 

20 90 -10 0,8606 1494,034 3,731743 3,211538 0,667893 0,669329 0,214496 

25 100 -10 0,878412 1595,912 4,89526 4,300055 0,624917 0,626601 0,268718 

30 109 -10 0,896759 1704,473 5,945935 5,33207 0,584862 0,586692 0,311853 

35 115 -10 0,915702 1816,615 6,822436 6,247318 0,548588 0,550474 0,34272 

40 118 -10 0,935842 1921,968 6,667087 6,23934 0,518616 0,5203 0,323582 

43 115 -10 0,949175 1969,978 6,09881 5,788838 0,506133 0,50762 0,292992 

15 72 -5 0,83918 1323,685 2,218227 1,861492 0,754406 0,755467 0,140432 

20 83 -5 0,856169 1407,85 3,128409 2,678447 0,708954 0,710303 0,18989 

25 94 -5 0,873796 1501,419 4,03998 3,530118 0,664474 0,666037 0,234567 

30 102 -5 0,891948 1599,583 5,08647 4,536866 0,623395 0,625163 0,282826 

35 109 -5 0,910686 1701,103 5,684957 5,177211 0,58607 0,587854 0,303421 

40 112 -5 0,930604 1797,515 5,549907 5,164765 0,55473 0,556324 0,286505 

43 109 -5 0,943787 1842,418 5,060721 4,776242 0,541362 0,542765 0,258567 

15 65 0 0,835298 1253,244 1,747961 1,460068 0,797001 0,797929 0,116368 

20 77 0 0,852129 1330,686 2,471651 2,106165 0,750305 0,751492 0,158027 

25 87 0 0,869588 1413,472 3,339134 2,903671 0,706027 0,707478 0,205007 

30 96 0 0,887564 1503,184 4,130646 3,666213 0,663636 0,665255 0,243303 

35 102 0 0,906117 1595,117 4,774303 4,326077 0,625218 0,626913 0,270474 

40 105 0 0,925833 1684,247 4,649471 4,304634 0,592224 0,593737 0,254931 

43 103 0 0,93888 1726,2 4,089701 3,839738 0,578021 0,579307 0,221945 

15 58 5 0,831796 1190,061 1,294231 1,076536 0,839534 0,840293 0,090379 

20 70 5 0,848484 1259,336 1,919036 1,628271 0,793044 0,794069 0,129129 

25 80 5 0,865793 1333,21 2,664059 2,306524 0,748774 0,750069 0,172706 

30 89 5 0,883611 1414,174 3,348058 2,958381 0,70565 0,707127 0,208758 

35 96 5 0,901997 1498,545 3,787573 3,416379 0,665796 0,667314 0,227461 

40 99 5 0,921532 1580,087 3,665717 3,378076 0,631526 0,632877 0,213334 

43 97 5 0,934457 1620,26 3,188795 2,979792 0,616052 0,617185 0,183571 
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Ɇɚɤɫɢɦɚɥɶɧɚɹ�ɩɨɝɪɟɲɧɨɫɬɶ�ɚɧɚɥɢɬɢɱɟɫɤɨɣ�ɡɚɜɢɫɢɦɨ-
ɫɬɢ 5,3 %. ɋɪɟɞɧɹɹ�ɩɨɝɪɟɲɧɨɫɬɶ 1,1 % 

ȼɢɞ�ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨɫɬɪɨɟɧɧɨɣ�ɩɨ�ɚɧɚɥɢɬɢɱɟɫɤɢɦ�ɡɚ-
ɜɢɫɢɦɨɫɬɹɦ, ɩɪɢɜɟɞɟɧ�ɧɚ�ɪɢɫ. 3. 

ɉɨɥɭɱɟɧɧɵɟ�ɜɵɲɟ�ɡɚɜɢɫɢɦɨɫɬɢ�ɧɟ�ɭɱɢɬɵɜɚɸɬ�ɪɚɛɨɬɭ 
ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ�ɧɚɫɨɫɚ (ɇ) ɧɚ�ɪɢɫ. 1. Ⱦɥɹ�ɨɰɟɧɤɢ�ɬɚɤɨɝɨ 
ɜɥɢɹɧɢɹ�ɛɵɥɢ�ɩɪɨɜɟɞɟɧɵ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ�ɪɚɫɱɟɬɵ�ɪɟɚɥɶ-
ɧɨɝɨ�ɬɟɩɥɨɜɨɝɨ�ɤɨɷɮɮɢɰɢɟɧɬɚ�ɰɢɤɥɚ�ȺɏɆ. 
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ɝɞɟ oQ �ɯɨɥɨɞɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ (1000 ɤȼɬ); hQ -
ɬɟɩɥɨɜɚɹ�ɦɨɳɧɨɫɬɶ�ɝɟɧɟɪɚɬɨɪɚ�ȺɏɆ; 

íL  - ɦɨɳɧɨɫɬɶ�ɧɚɫɨɫɚ; 
Ɂɚɬɟɦ�ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ�ɨɬɤɥɨɧɟɧɢɹ�ɡɧɚɱɟɧɢɣ�ɪɟɚɥɶɧɨɝɨ 

ɢ�ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ (ɧɟ�ɭɱɢɬɵɜɚɸɳɟɝɨ�ɪɚɛɨɬɭ�ɧɚɫɨɫɚ) ɬɟɩɥɨɜɨ-
ɝɨ�ɤɨɷɮɮɢɰɢɟɧɬɚ�ȺɏɆ. Ɋɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɨɜ� ɩɪɢɜɟɞɟɧɵ� ɜ 
ɬɚɛɥɢɰɟ 1 ɢ�ɧɚ�ɪɢɫ. 4. 

ȼɵɜɨɞɵ 
ɋ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɢɡɜɟɫɬɧɵɯ�ɦɟɬɨɞɢɤ�ɪɚɫɱɟɬɚ�ɩɨɥɭɱɟ-

ɧɵ�ɪɟɡɭɥɶɬɚɬɵ, ɩɨɡɜɨɥɹɸɳɢɟ�ɩɪɨɜɨɞɢɬɶ�ɪɚɫɱɟɬ�ɬɟɦɩɟɪɚɬɭɪɵ 
ɢɫɬɨɱɧɢɤɚ� ɝɪɟɸɳɟɣ� ɫɪɟɞɵ�ȺɏɆ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ� ɦɚɤɫɢ-
ɦɚɥɶɧɭɸ�ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ�ɷɮɮɟɤɬɢɜɧɨɫɬɶ�ɩɪɢ�ɪɚɛɨɬɟ�ɜ�ɲɢ-

ɪɨɤɨɦ�ɞɢɚɩɚɡɨɧɟ�ɩɚɪɚɦɟɬɪɨɜ (Tɨ ɫ
 = 25..35 ºɋ; Tɨ ɛ

 = ɦɢɧɭɫ 

30..15 ºɋ; Tɝɪ  =80..185 ºɋ). 

ȼ�ɞɚɥɶɧɟɣɲɢɯ�ɢɫɫɥɟɞɨɜɚɧɢɹɯ�ɜ�ɪɚɦɤɚɯ�ɞɚɧɧɨɣ�ɬɟɦɚ-
ɬɢɤɢ�ɫɥɟɞɭɟɬ�ɪɚɫɫɦɚɬɪɢɜɚɬɶ�ɜɥɢɹɧɢɟ�ɫɨɫɬɚɜɚ�ȼȺɊ�ɧɚ�ɷɧɟɪɝɟ-
ɬɢɱɟɫɤɭɸ� ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɪɚɛɨɬɵ�ȺɏɆ� ɜ�ɲɢɪɨɤɨɦ� ɞɢɚɩɚ-
ɡɨɧɟ�ɩɚɪɚɦɟɬɪɨɜ�ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ɋɚɛɨɬɚ� ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ� ɧɚɫɨɫɚ� ɧɟ� ɩɪɟɜɵɲɚɟɬ 
0,533179 % ɨɬ�ɬɟɩɥɨɜɨɣ�ɦɨɳɧɨɫɬɢ�ɝɟɧɟɪɚɬɨɪɚ, ɢ�ɩɪɚɤɬɢɱɟ-
ɫɤɢ�ɧɟ�ɜɥɢɹɟɬ�ɧɚ�ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ�ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ�ȺɏɆ. 
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ȻɈɑȺɊɈȼȺ�Ɉ�ȼ., ɞ�ɪ�ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ, ɊȿɒɌȺ�ɋ�ɉ., ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ,  
ȽȿɊȿȽȺ�ȿ�Ɇ, ɫɬɭɞɟɧɬ, ɄȺɅȺəɇɈȼȺ�Ɉ�Ɇ, ɫɬɭɞɟɧɬ 

Ɉɞɟɫɫɤɚɹ�ɧɚɰɢɨɧɚɥɶɧɚɹ�ɚɤɚɞɟɦɢɹ�ɩɢɳɟɜɵɯ�ɬɟɯɧɨɥɨɝɢɣ 
ɎɈɊɆɂɊɈȼȺɇɂȿ�ɄȺɑȿɋɌȼȺ�ɂ�ȻȿɁɈɉȺɋɇɈɋɌɂ�ɋɈɄɈȼ, ɋɈȾȿɊɀȺɓɂɏ�ȻȿɇɁɈȺɌɕ 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ�ɞɟɣɫɬɜɢɟ�ɛɟɧɡɨɚɬɨɜ�ɧɚ�ɮɨɪɦɢɪɨɜɚ-
ɧɢɟ�ɩɨɬɪɟɛɢɬɟɥɶɧɵɯ�ɫɜɨɣɫɬɜ�ɫɨɤɨɜ. ɉɪɟɞɥɨɠɟɧɚ�ɢ�ɨɛɨɫɧɨ-
ɜɚɧɚ�ɫɯɟɦɚ�ɩɪɨɬɟɤɚɧɢɹ�ɪɟɚɤɰɢɣ, ɩɪɢɜɨɞɹɳɢɯ�ɤ�ɨɛɪɚɡɨɜɚɧɢɸ 

ɤɚɧɰɟɪɨɝɟɧɧɵɯ�ɜɟɳɟɫɬɜ�ɜ�ɩɥɨɞɨɜɵɯ�ɫɨɤɚɯ, ɫɨɞɟɪɠɚɳɢɯ�ɛɟɧ-
ɡɨɚɬɵ. 

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ: ɫɨɤɢ, ɛɟɧɡɨɚɬɵ, ɤɚɧɰɟɪɨɝɟɧɧɵɟ�ɜɟɳɟɫɬɜɚ. 

Ʉɨɧɟɰ�ɬɚɛɥɢɰɵ 1  

Toc ,�ɋ ãðT ��ɋ Tɨɛ ��ɋ am , ɤɝ�ɫ hQ ,ɤȼɬ l , ɤɞɠ�ɤɝ íL , ɤȼɬ Șreal Șcalc İ, % 

15 53 10 0,828673 1139,002 0,835416 0,692287 0,877428 0,877962 0,060743 

20 62 10 0,845235 1193,102 1,432304 1,210634 0,837302 0,838151 0,101367 

25 73 10 0,86241 1261,305 2,026979 1,748087 0,791732 0,79283 0,138402 

30 82 10 0,880087 1333,731 2,609222 2,296343 0,748488 0,749776 0,171878 

35 89 10 0,898325 1410,055 2,980042 2,677046 0,707848 0,709192 0,189494 

40 93 10 0,9177 1486,301 2,777967 2,54934 0,671659 0,672811 0,171229 

43 90 10 0,930518 1523,061 2,42979 2,260963 0,655599 0,656573 0,148229 

15 47 15 0,825928 1090,092 0,453141 0,374262 0,917039 0,917354 0,034321 

20 56 15 0,84238 1139,57 0,923063 0,77757 0,876926 0,877524 0,068187 

25 65 15 0,859438 1195,218 1,479168 1,271254 0,835779 0,836667 0,106249 

30 75 15 0,876993 1262,428 1,930624 1,693144 0,791063 0,792124 0,133938 

35 80 15 0,895101 1326,631 2,365065 2,116972 0,752588 0,753789 0,159321 

40 86 15 0,914336 1400,763 2,04388 1,868793 0,712945 0,713897 0,133235 

43 84 15 0,927059 1436,475 1,670359 1,548522 0,695399 0,696149 0,107684 
ɉɪɢɦɟɱɚɧɢɟ: ɝɞɟ am - ɦɚɫɫɚ�ɢɫɩɚɪɹɸɳɟɝɨɫɹ�ɚɦɦɢɚɤɚ, l - ɭɞɟɥɶɧɚɹ�ɦɨɳɧɨɫɬɶ�ɧɚɫɨɫɚ, İ- ɨɬɤɥɨɧɟɧɢɟ�Șreal ɨɬ�Șcalc 

 

Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ�ɦɟɠɞɭ�ɬɟɦɩɟɪɚɬɭɪɨɣ�ɨɯɥɚɠɞɚɸɳɟɣ�ɫɪɟɞɵ 
(Toc

), ɬɟɦɩɟɪɚɬɭɪɨɣ  ɝɪɟɸɳɟɝɨ�ɢɫɬɨɱɧɢɤɚ (Ɍ ɝɪ ) ɢ�ɦɨɳɧɨɫɬɶɸ 

ɧɚɫɨɫɚ ( L ) 


