
ǽȞȜȤȓȟȖ, ȜȏșȎȒțȎțțȭ, ȎȐȠȜȚȎȠȖȕȎȤȳȭ, ȡȝȞȎȐșȳțțȭ�ȳ�ȓȘȜțȜȚȳȘȎ  

91 
ɏɚɪɱɨɜɚ�ɧɚɭɤɚ�ɿ�ɬɟɯɧɨɥɨɝɿɹ  ʋ 4(17)*2011 

ɍȾɄ 533.1+546.1 

ɅȺɉȺɊȾɂɇ�ɇ�ɂ., ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ 
Ɉɞɟɫɫɤɚɹ�ɧɚɰɢɨɧɚɥɶɧɚɹ�ɚɤɚɞɟɦɢɹ�ɩɢɳɟɜɵɯ�ɬɟɯɧɨɥɨɝɢɣ 

ɂɋɉɈɅɖɁɈȼȺɇɂȿ�ɍɊȺȼɇȿɇɂə�ɋɈɋɌɈəɇɂə�ɊɄɋ�ȾɅə�ɊȺɋɑȿɌȺ 
ɎȺɁɈȼɕɏ�ɊȺȼɇɈȼȿɋɂɃ�ɂ�ɉȺɊȺɆȿɌɊɈȼ�ɐɂɄɅȺ�ȾɆɄɋ 

ɉɨɥɭɱɟɧɨ�ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɟ�ɭɪɚɜɧɟɧɢɟ�ɫɨɫɬɨɹɧɢɹ�Ɋɟɞɥɢɯɚ-
Ʉɜɨɧɝɚ�ɋɨɚɜɟ, ɢɫɩɨɥɶɡɨɜɚɧɧɨɟ� ɞɥɹ� ɨɩɬɢɦɢɡɚɰɢɢ� ɩɚɪɚɦɟɬɪɨɜ� ɞɪɨɫ-
ɫɟɥɶɧɨɝɨ� ɰɢɤɥɚ� ɫ� ɬɟɦɩɟɪɚɬɭɪɨɣ� ɨɯɥɚɠɞɟɧɢɹ 120Ʉ�ɧɚ�ɦɧɨɝɨɤɨɦɩɨ-
ɧɟɧɬɧɨɦ� ɤɪɢɨɚɝɟɧɬɟ Ar-R14-R218, ɧɚ� ɨɫɧɨɜɟ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ�ɩɨ�ɪɚɜɧɨɜɟɫɢɸ�ɠɢɞɤɨɫɬɶ�ɤɪɢɫɬɚɥɥ�ɢ�ɠɢɞɤɨɫɬɶ�ɩɚɪ�ɜ�ɫɢɫɬɟ-
ɦɚɯ Ar-R14, Ar-R218 ɢ R14-R218. 

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ:� ɭɪɚɜɧɟɧɢɟ� ɫɨɫɬɨɹɧɢɹ, ɪɚɜɧɨɜɟɫɢɟ� ɠɢɞ-
ɤɨɫɬɶ�ɤɪɢɫɬɚɥɥ, ɪɚɜɧɨɜɟɫɢɟ�ɠɢɞɤɨɫɬɶ�ɩɚɪ, ɫɦɟɫɢ. 

Modified Soave-Redlich-Kwong equation of state has been de-
veloped on the basis of experimental data of solid-fluid and vapour-
liquid equilibria for the systems Ar-R14, Ar-R218, and R14-R218 sys-
tems. This equation of state was used for optimization throttle cycle pa-
rameters  at  low  temperature  able  to  cool  down  to  120K  with  using  
mixed working fluid consisted of Ar, R14, and R218. 

Keywords: equation of condition, equilibrium fluid-crystal, an 
equilibrium is fluid-steam, blends. 

ɉɟɪɫɩɟɤɬɢɜɧɵɦɢ�ɪɚɛɨɱɢɦɢ�ɬɟɥɚɦɢ�ɞɪɨɫɫɟɥɶɧɵɯ 
ɦɢɤɪɨɤɪɢɨɝɟɧɧɵɯ� ɫɢɫɬɟɦ (ȾɆɄɋ) ɨɯɥɚɠɞɟɧɢɹ� ɞɨ 
ɭɪɨɜɧɹ� ɤɪɢɨɫɬɚɬɢɪɨɜɚɧɢɹ 120Ʉ� ɹɜɥɹɸɬɫɹ� ɬɪɟɯɤɨɦɩɨ-
ɧɟɧɬɧɵɟ�ɫɦɟɫɢ�ɚɪɝɨɧɚ (Ar) ɫ�ɯɥɚɞɨɧɚɦɢ (R14 ɢ R218). 
Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ� ɷɮɮɟɤɬɢɜɧɨɫɬɶ� ɰɢɤɥɚ� ɧɚ� ɫɦɟɫɹɯ 
ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫ�ɱɢɫɬɵɦ�ɚɪɝɨɧɨɦ�ɦɨɠɟɬ�ɛɵɬɶ�ɩɨɜɵɲɟ-
ɧɚ�ɜ�ɪɚɡɵ�ɜɫɥɟɞɫɬɜɢɟ�ɭɦɟɧɶɲɟɧɢɹ�ɬɟɦɩɟɪɚɬɭɪɵ�ɩɟɪɟɞ 
ɞɪɨɫɫɟɥɟɦ� ɢ� ɜɵɪɚɜɧɢɜɚɧɢɹ� ɬɟɩɥɨɜɵɯ� ɷɤɜɢɜɚɥɟɧɬɨɜ 
ɩɪɹɦɨɝɨ�ɢ�ɨɛɪɚɬɧɨɝɨ�ɩɨɬɨɤɨɜ.  

Ɉɩɪɟɞɟɥɟɧɢɟ� ɨɩɬɢɦɚɥɶɧɵɯ� ɩɚɪɚɦɟɬɪɨɜ� ɞɪɨɫ-
ɫɟɥɶɧɨɣ� ɫɢɫɬɟɦɵ� ɞɥɹ� ɡɚɞɚɧɧɨɝɨ� ɭɪɨɜɧɹ� ɤɪɢɨɫɬɚɬɢɪɨ-
ɜɚɧɢɹ�ɢ�ɜɵɛɪɚɧɧɨɝɨ�ɤɚɱɟɫɬɜɟɧɧɨɝɨ�ɫɨɫɬɚɜɚ�ɫɦɟɫɢ�ɫɜɨ-
ɞɢɬɫɹ� ɤ� ɨɩɪɟɞɟɥɟɧɢɸ�ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ�ɫɨɫɬɚɜɚ� ɫɦɟɫɢ 
ɢ�ɞɚɜɥɟɧɢɹ�ɨɛɪɚɬɧɨɝɨ�ɩɨɬɨɤɚ�ɫ�ɭɱɟɬɨɦ�ɜɫɟɯ�ɨɝɪɚɧɢɱɟ-
ɧɢɣ. Ⱦɥɹ� ɜɵɩɨɥɧɟɧɢɹ� ɨɞɧɨɝɨ� ɢɡ� ɨɫɧɨɜɧɵɯ� ɨɝɪɚɧɢɱɟ-
ɧɢɣ�ɩɨ�ɬɟɦɩɟɪɚɬɭɪɟ�ɤɪɢɨɫɬɚɬɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɚɹ�ɞɨɥɠ-
ɧɚ� ɛɵɬɶ� ɜɵɲɟ� ɬɟɦɩɟɪɚɬɭɪɵ� ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ� ɪɚɫɬɜɨ-
ɪɨɜ, ɨɫɨɛɨ� ɜɚɠɧɨɟ� ɡɧɚɱɟɧɢɟ� ɢɦɟɸɬ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɟ� ɞɚɧɧɵɟ� ɩɨ� ɮɚɡɨɜɨɦɭ� ɪɚɜɧɨɜɟɫɢɸ� ɠɢɞɤɨɫɬɶ-
ɤɪɢɫɬɚɥɥ. Ɉɛɟɫɩɟɱɟɧɢɟ�ɦɢɧɢɦɚɥɶɧɨɣ�ɪɚɡɧɨɫɬɢ�ɬɟɦɩɟ-
ɪɚɬɭɪ� ɩɪɹɦɨɝɨ� ɢ� ɨɛɪɚɬɧɨɝɨ� ɩɨɬɨɤɚ� ɜɨ� ɜɫɟɯ� ɫɟɱɟɧɢɹɯ 
ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ�ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ�ɫɜɹɡɚɧɨ�ɫ�ɮɚɡɨɜɵɦɢ 
ɩɟɪɟɯɨɞɚɦɢ, ɚ� ɞɚɧɧɵɟ� ɨ� ɪɚɜɧɨɜɟɫɢɢ� ɠɢɞɤɨɫɬɶ�ɩɚɪ 
ɞɨɥɠɧɵ� ɨɬɥɢɱɚɬɶɫɹ� ɬɨɱɧɨɫɬɶɸ� ɢ� ɧɚɞɟɠɧɨɫɬɶɸ. ɉɪɨ-
ɜɟɞɟɧɢɟ�ɪɚɫɱɟɬɚ�ɰɢɤɥɚ�ɢ�ɨɩɬɢɦɢɡɚɰɢɢ�ɟɝɨ�ɩɚɪɚɦɟɬɪɨɜ 
ɬɪɟɛɭɟɬ� ɩɨɫɬɪɨɟɧɢɹ� ɦɨɞɟɥɢ� ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ�ɫɦɟɫɢ. ȼ�ɷɬɨɦ�ɤɚɱɟɫɬɜɟ�ɦɨɠɟɬ�ɛɵɬɶ�ɢɫɩɨɥɶɡɨ-
ɜɚɧɨ� ɤɭɛɢɱɟɫɤɨɟ� ɟɞɢɧɨɟ� ɭɪɚɜɧɟɧɢɟ� ɫɨɫɬɨɹɧɢɹ, ɩɨɥɭ-
ɱɟɧɧɨɟ� ɧɚ� ɨɫɧɨɜɟ� ɨɩɵɬɧɵɯ� ɞɚɧɧɵɯ� ɢ� ɩɨɡɜɨɥɹɸɳɟɟ 
ɨɩɢɫɚɬɶ�ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ� ɫɜɨɣɫɬɜɚ�ɠɢɞɤɨɣ�ɢ� ɝɚɡɨ-
ɨɛɪɚɡɧɨɣ�ɮɚɡ�ɫɦɟɫɢ. ɉɨɫɬɪɨɟɧɢɟ�ɭɪɚɜɧɟɧɢɹ�ɫɨɫɬɨɹɧɢɹ 
Ɋɟɞɥɢɯɚ�Ʉɜɨɧɝɚ� ɜ�ɦɨɞɢɮɢɤɚɰɢɢ�ɋɨɚɜɟ (ɊɄɋ) ɢ�ɹɜɥɹ-
ɟɬɫɹ� ɰɟɥɶɸ� ɧɚɫɬɨɹɳɟɣ� ɪɚɛɨɬɵ. ȼ� ɫɜɹɡɢ� ɫ� ɷɬɢɦ� ɪɚɧɟɟ 
ɧɚɦɢ [1] ɛɵɥɨ�ɩɪɨɜɟɞɟɧɨ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ�ɢɫɫɥɟɞɨ-
ɜɚɧɢɟ�ɮɚɡɨɜɨɝɨ�ɪɚɜɧɨɜɟɫɢɹ�ɠɢɞɤɨɫɬɶ�ɤɪɢɫɬɚɥɥ�ɢ�ɠɢɞ-
ɤɨɫɬɶ�ɩɚɪ� ɛɢɧɚɪɧɵɯ� ɫɦɟɫɟɣ Ar-R14, Ar-R218, R14-
R218.  

ɊȺȼɇɈȼȿɋɂȿ� ɀɂȾɄɈɋɌɖ�ɉȺɊ ȼ 
ȻɂɇȺɊɇɕɏ�ɋɆȿɋəɏ 

Ⱦɥɹ� ɨɩɢɫɚɧɢɹ� ɮɚɡɨɜɨɝɨ� ɪɚɜɧɨɜɟɫɢɹ� ɜ� ɲɢɪɨɤɨɦ 
ɞɢɚɩɚɡɨɧɟ� ɬɟɦɩɟɪɚɬɭɪ� ɢ� ɞɚɜɥɟɧɢɣ� ɯɨɪɨɲɨ� ɫɟɛɹ� ɡɚɪɟ-
ɤɨɦɟɧɞɨɜɚɥɨ�ɭɪɚɜɧɟɧɢɟ�ɫɨɫɬɨɹɧɢɹ�ɊɄɋ [2] 

P = RT/(ȣ - b) – a/ ȣ /(ȣ +b),    (1) 

ɝɞɟ P– ɞɚɜɥɟɧɢɟ, Ɇɉɚ; 
T –ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ; 
ȣ – ɦɨɥɶɧɵɣ�ɨɛɴɟɦ; ɦ3�ɤɦɨɥɶ; 
R=0,008314 – ɭɧɢɜɟɪɫɚɥɶɧɚɹ�ɝɚɡɨɜɚɹ�ɩɨɫɬɨɹɧɧɚɹ, 

ɆɉɚÂɦ3/(ɤɦɨɥɶÂɄ). 
ȼ� ɫɨɨɬɜɟɬɫɬɜɢɢ� ɫ� ɬɪɟɛɨɜɚɧɢɹɦɢ� ɤ� ɭɪɚɜɧɟɧɢɹɦ 

ɫɨɫɬɨɹɧɢɹ� ɩɚɪɚɦɟɬɪɵ a� ɢ b� ɞɨɥɠɧɵ� ɭɞɨɜɥɟɬɜɨɪɹɬɶ 
ɤɪɢɬɢɱɟɫɤɢɦ�ɭɫɥɨɜɢɹɦ 
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ɨɬɨɛɪɚɠɚɸɳɢɦ� ɩɟɪɟɝɢɛ� ɢɡɨɬɟɪɦɵ� ɜ P-  ȣ  ɞɢɚ-

ɝɪɚɦɦɟ�ɜ�ɤɪɢɬɢɱɟɫɤɨɣ�ɬɨɱɤɟ. ȼɵɛɪɚɧɧɚɹ�ɮɨɪɦɚ�ɭɪɚɜ-
ɧɟɧɢɹ (1) ɞɚɟɬ� ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ� ɤɪɢɬɢɱɟɫɤɢɦ� ɭɫɥɨ-
ɜɢɹɦ�ɡɧɚɱɟɧɢɹ�ɩɚɪɚɦɟɬɪɨɜ 

а=R2Tɫ
2/(Pɫ(21/3-1)9)F;  b=(RTɫ/Pɫ)(21/3-1)/3, (3) 

ɝɞɟ�Ɍɫ, Ɋɫ – ɤɪɢɬɢɱɟɫɤɢɟ�ɬɟɦɩɟɪɚɬɭɪɚ�ɢ�ɞɚɜɥɟɧɢɟ.  
Ɇɨɞɢɮɢɤɚɰɢɹ� ɋɨɚɜɟ� ɨɫɧɨɜɚɧɚ� ɧɚ� ɜɜɟɞɟɧɢɢ 

ɨɛɨɛɳɟɧɧɨɣ� ɬɟɦɩɟɪɚɬɭɪɧɨɣ� ɡɚɜɢɫɢɦɨɫɬɢ� ɜ� ɬɟɪɦɢɧɚɯ 
ɩɪɢɜɟɞɟɧɧɨɣ� ɬɟɦɩɟɪɚɬɭɪɵ Tr=T/Tc � ɞɥɹ� ɩɚɪɚɦɟɬɪɚ а, 
ɩɪɢɱɟɦ� ɬɚɤɢɦ� ɨɛɪɚɡɨɦ, ɱɬɨ� ɩɪɢ Tr=1 ɮɭɧɤɰɢɹ F=1. 
Ⱦɥɹ�ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ�ɫɢɫɬɟɦɵ�ɧɚɦɢ�ɜɦɟɫɬɨ�ɨɛɨɛɳɟɧ-
ɧɨɣ�ɡɚɜɢɫɢɦɨɫɬɢ F ɞɥɹ�ɩɨɜɵɲɟɧɢɹ�ɬɨɱɧɨɫɬɢ�ɨɩɢɫɚɧɢɹ 
ɮɚɡɨɜɵɯ�ɪɚɜɧɨɜɟɫɢɣ, ɫ�ɭɱɟɬɨɦ�ɭɪɨɜɧɹ�ɤɪɢɨɫɬɚɬɢɪɨɜɚ-
ɧɢɹ 120Ʉ, ɛɵɥɚ�ɩɪɟɞɥɨɠɟɧɚ�ɞɥɹ�ɱɢɫɬɵɯ�ɜɟɳɟɫɬɜ�ɡɚɜɢ-
ɫɢɦɨɫɬɶ�ɩɚɪɚɦɟɬɪɚ, а�ɨɬ�ɬɟɦɩɟɪɚɬɭɪɵ�ɜ�ɮɨɪɦɟ 

a= a0+a1 T1/3, .  (4) 
Ʉɨɧɫɬɚɧɬɵ а0�ɢ а1�ɨɩɪɟɞɟɥɹɥɢɫɶ�ɩɨ�ɞɚɧɧɵɦ�ɨ�ɮɚ-

ɡɨɜɨɦ�ɪɚɜɧɨɜɟɫɢɢ�ɠɢɞɤɨɫɬɶ�ɩɚɪ�ɱɢɫɬɵɯ�ɤɨɦɩɨɧɟɧɬɨɜ 
ɧɚ�ɥɢɧɢɢ�ɧɚɫɵɳɟɧɢɹ, ɭɞɨɜɥɟɬɜɨɪɹɹ�ɩɪɚɜɢɥɭ�Ɇɚɤɫɜɟɥ-
ɥɚ 

)ȣ' "(SP
"ȣ

'ȣ
GȣSP -ò = ȣ ,     (5) 

Ɍɚɤ� ɤɚɤ� ɭɪɚɜɧɟɧɢɟ (1) ɹɜɥɹɟɬɫɹ� ɤɭɛɢɱɟɫɤɢɦ 
ɭɪɚɜɧɟɧɢɟɦ�ɨɬɧɨɫɢɬɟɥɶɧɨ�ȣ, ɬɨ�ɢɡ�ɬɪɟɯ�ɤɨɪɧɟɣ�ɬɨɥɶɤɨ 
ɞɜɚ�ɢɦɟɸɬ�ɮɢɡɢɱɟɫɤɢɣ�ɫɦɵɫɥ�ɦɨɥɶɧɵɯ�ɨɛɴɟɦɨɜ: ȣǯ – 
ɤɢɩɹɳɟɣ�ɠɢɞɤɨɫɬɢ� ɢ� ȣÝ - ɫɭɯɨɝɨ� ɧɚɫɵɳɟɧɧɨɝɨ� ɩɚɪɚ. 
ɉɨɢɫɤ�ɩɚɪɚɦɟɬɪɚ а�ɞɥɹ�ɤɚɠɞɨɣ�ɢɡɨɬɟɪɦɵ�ɜ�ɷɬɨɦ�ɫɥɭ-
ɱɚɟ� ɫɜɨɞɢɥɫɹ� ɤ� ɭɞɨɜɥɟɬɜɨɪɟɧɢɸ� ɩɪɚɜɢɥɚ� Ɇɚɤɫɜɟɥɥɚ 
(5), ɚ�ɬɚɤɠɟ�ɭɫɥɨɜɢɣ�ɮɚɡɨɜɨɝɨ�ɪɚɜɧɨɜɟɫɢɹ 

TL=TV ;  PL=PV ; ln f L= ln f V ,   (6) 
ɝɞɟ f  –  ɮɭɝɢɬɢɜɧɨɫɬɶ,  ɚ� ɜɟɪɯɧɢɟ� ɢɧɞɟɤɫɵ� ɨɬɧɨ-

ɫɹɬɫɹ�ɤ�ɠɢɞɤɨɣ�ɢ�ɝɚɡɨɜɨɣ�ɮɚɡɚɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ⱦɥɹ�ɭɪɚɜɧɟɧɢɹ�ɊɄɋ (1) ɛɵɥɚ�ɩɨɥɭɱɟɧɚ�ɚɧɚɥɢɬɢ-

ɱɟɫɤɚɹ�ɮɨɪɦɚ�ɪɚɫɱɟɬɚ�ɮɭɝɢɬɢɜɧɨɫɬɢ 
lnf=ln(RT/(ȣ-b)+b/(ȣ-b)–a[ln(ȣ+b�ȣ)/ȣ-b/((ȣ+b)]/(RTb) (7) 

ȼɵɱɢɫɥɟɧɢɹ� ɩɪɨɜɨɞɢɥɢɫɶ� ɦɟɬɨɞɨɦ� ɢɬɟɪɚɰɢɢ� ɞɨ 
ɜɵɩɨɥɧɟɧɢɹ�ɧɟɪɚɜɟɧɫɬɜɚ |f L - f V| <0,001. ȼ�ɤɚɱɟɫɬɜɟ 
ɩɪɢɦɟɪɚ�ɧɚ� ɞɜɭɯ� ɢɡɨɬɟɪɦɚɯ� ɩɨɤɚɡɚɧ�ɩɨɢɫɤ� ɜɡɚɢɦɨɫɨ-
ɝɥɚɫɨɜɚɧɧɵɯ� ɡɧɚɱɟɧɢɣ a,  ȣǯ, ȣÝ, PS, T ɢ� ɝɪɚɮɢɱɟɫɤɚɹ 
ɢɥɥɸɫɬɪɚɰɢɹ (ɪɢɫ.1) ɩɪɚɜɢɥɚ�Ɇɚɤɫɜɟɥɥɚ�ɞɥɹ�Ⱥr. Ɍɟɦ-
ɩɟɪɚɬɭɪɧɚɹ� ɡɚɜɢɫɢɦɨɫɬɶ (4), ɧɚɣɞɟɧɧɵɯ� ɬɚɤɢɦ� ɨɛɪɚ-
ɡɨɦ� ɡɧɚɱɟɧɢɣ� ɩɚɪɚɦɟɬɪɚ а,� ɛɵɥɚ� ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɚ 
ɦɟɬɨɞɨɦ�ɧɚɢɦɟɧɶɲɢɯ�ɤɜɚɞɪɚɬɨɜ�ɫ�ɭɱɟɬɨɦ�ɤɪɢɬɢɱɟɫ- 
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ɤɢɯ�ɭɫɥɨɜɢɣ (3). 
ȼ� ɤɚɱɟɫɬɜɟ� ɢɥɥɸɫɬɪɚɰɢɢ� ɜ� ɬɚɛɥ.  1,  ɧɚ� ɩɪɢɦɟɪɟ 

ɨɞɧɨɝɨ�ɢɡ�ɤɨɦɩɨɧɟɧɬɨɜ – Ar, ɩɪɢɜɟɞɟɧɨ�ɫɪɚɜɧɟɧɢɟ�ɥɢ-
ɬɟɪɚɬɭɪɧɵɯ� ɞɚɧɧɵɯ [3] ɩɪɢ� ɡɚɞɚɧɧɨɣ� ɬɟɦɩɟɪɚɬɭɪɟ� Ɍ, 
ɞɚɜɥɟɧɢɢ�ɧɚɫɵɳɟɧɢɹ�ɊS�ɢ�ɭɞɟɥɶɧɵɯ�ɨɛɴɟɦɨɜ�ɠɢɞɤɨɣ 
ɢ�ɩɚɪɨɜɨɣ�ɮɚɡ�ɫ�ɪɚɫɱɟɬɨɦ�ɩɨ�ɭɪɚɜɧɟɧɢɸ�ɊɄɋ (1). Ⱦɥɹ 
ɞɪɭɝɢɯ� ɤɨɦɩɨɧɟɧɬɨɜ� ɫɜɟɞɟɧɢɹ� ɨ� ɥɢɧɢɢ� ɧɚɫɵɳɟɧɢɹ 
ɩɨɱɟɪɩɧɭɬɵ�ɢɡ�ɢɫɬɨɱɧɢɤɨɜ [4, 5]. Ʉɚɤ�ɜɢɞɧɨ�ɢɡ�ɬɚɛɥɢ-
ɰɵ, ɞɚɜɥɟɧɢɟ� ɧɚɫɵɳɟɧɢɹ� ɨɬɨɛɪɚɠɚɟɬɫɹ� ɜɩɨɥɧɟ� ɭɞɨ-
ɜɥɟɬɜɨɪɢɬɟɥɶɧɨ PL, ɨɫɨɛɟɧɧɨ�ɯɨɪɨɲɨ�ɩɨ�ɩɚɪɨɜɨɣ�ɮɚɡɟ 
PV. Ɉɬɤɥɨɧɟɧɢɹ� ɩɨ� ɭɞɟɥɶɧɨɦɭ� ɨɛɴɟɦɭ� ɩɚɪɨɜɨɣ� ɮɚɡɵ 
ɧɟ�ɩɪɟɜɵɲɚɸɬ -1,5%, ɢ� ɬɨɥɶɤɨ� ɜ� ɨɤɪɟɫɬɧɨɫɬɢ� ɤɪɢɬɢ-
ɱɟɫɤɨɣ�ɬɨɱɤɢ (Tr = 0,996)  ɞɨɯɨɞɹɬ�ɞɨ -3%. Ɂɧɚɱɢɬɟɥɶ-
ɧɨ�ɯɭɠɟ�ɨɩɢɫɵɜɚɟɬɫɹ�ɩɥɨɬɧɨɫɬɶ�ɠɢɞɤɨɣ�ɮɚɡɵ, ɨɬɤɥɨ-
ɧɟɧɢɹ�ɪɚɫɬɭɬ�ɫ�ɩɪɢɛɥɢɠɟɧɢɟɦ�ɤ�ɤɪɢɬɢɱɟɫɤɨɣ�ɬɟɦɩɟɪɚ-
ɬɭɪɟ�ɞɨ 10%, ɢ�ɜ�ɟɺ�ɨɤɪɟɫɬɧɨɫɬɢ (Tr = 0,996) ɞɨɫɬɢɝɚ-
ɸɬ -22%. ɗɬɨ� ɯɚɪɚɤɬɟɪɧɚɹ� ɨɫɨɛɟɧɧɨɫɬɶ� ɤɭɛɢɱɟɫɤɢɯ 
ɭɪɚɜɧɟɧɢɣ�ɫɨɫɬɨɹɧɢɹ, ɫ�ɤɨɬɨɪɨɣ�ɫɥɟɞɭɟɬ�ɫɱɢɬɚɬɶɫɹ. 

ɋɥɟɞɭɸɳɚɹ� ɡɚɞɚɱɚ�ɫɨɫɬɨɹɥɚ�ɜ�ɩɨɫɬɪɨɟɧɢɢ� ɭɪɚɜ-
ɧɟɧɢɹ� ɫɨɫɬɨɹɧɢɹ� ɞɥɹ� ɨɩɢɫɚɧɢɹ� ɫɜɨɣɫɬɜ� ɫɢɫɬɟɦɵ� ɧɚ 
ɨɫɧɨɜɟ� ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ� ɭɪɚɜɧɟɧɢɣ� ɫɨɫɬɨɹɧɢɹ. ɉɪɢ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ� ɬɨɣ� ɠɟ� ɮɨɪɦɵ� ɟɞɢɧɨɝɨ� ɭɪɚɜɧɟɧɢɹ 
(1) ɧɚ�ɫɦɟɫɢ�ɧɚɦɢ�ɢɫɩɨɥɶɡɨɜɚɧɵ�ɷɦɩɢɪɢɱɟɫɤɢɟ�ɩɪɚɜɢ-
ɥɚ�ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ [6] 

a =å
i
å

j
xi xj aij ; aij = (1-kij)(ai aj)1/2 ;  

b =å
i

xi bi ,   (8) 

ɝɞɟ аi�ɢ bi – ɩɚɪɚɦɟɬɪɵ а�ɢ b�ɞɥɹ i-ɝɨ�ɤɨɦɩɨɧɟɧɬɚ 
ɫɦɟɫɢ; 

kij – ɩɚɪɚɦɟɬɪ� ɩɟɪɟɤɪɟɫɬɧɨɝɨ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɦɟɠɞɭ i ɢ j ɤɨɦɩɨɧɟɧɬɚɦɢ. 

ɉɪɢɧɹɬɵɟ�ɩɪɚɜɢɥɚ� ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ� ɨɩɪɟɞɟɥɹɸɬ 
ɷɧɟɪɝɢɸ�Ƚɟɥɶɦɝɨɥɶɰɚ�ɫɦɟɫɢ�ɢ�ɞɚɸɬ�ɩɨɫɥɟ�ɞɢɮɮɟɪɟɧ-
ɰɢɪɨɜɚɧɢɹ� ɭɪɚɜɧɟɧɢɹ (1) ɩɨ� ɫɨɫɬɚɜɭ� ɚɧɚɥɢɬɢɱɟɫɤɭɸ 
ɮɨɪɦɭ� ɞɥɹ� ɪɚɫɱɟɬɚ� ɮɭɝɢɬɢɜɧɨɫɬɢ i-ɝɨ� ɤɨɦɩɨɧɟɧɬɚ 
ɫɦɟɫɢ 

lnfiL=ln(RTxi/(ȣ-b)+bi/(ȣ-b)–2ln((ȣ+b)/ȣ) /(RTb) å
j

 (ai aj)1/2 ɯ 

ɯ (1-kij)xj + abi[ln(ȣ+b�ȣ)/ȣ-b/((ȣ+b)]/[RT(b)2] (9) 
Ɉɬɦɟɬɢɦ, ɱɬɨ� ɜɵɪɚɠɟɧɢɟ (9) ɫɩɪɚɜɟɞɥɢɜɨ� ɤɚɤ 

ɞɥɹ�ɮɭɝɢɬɢɜɧɨɫɬɢ fi
L�ɬɚɤ�ɢ fi

V�ɫ�ɡɚɦɟɧɨɣ�ɦɨɥɶɧɨɝɨ�ɫɨ-
ɫɬɚɜɚ�ɠɢɞɤɨɫɬɢ�ɯi�ɧɚ�ɫɨɫɬɚɜ�ɩɚɪɨɜɨɣ�ɮɚɡɵ yi  ɢ�ɩɨɞɫɬɚ-
ɧɨɜɤɢ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ�ɦɨɥɶɧɨɝɨ�ɨɛɴɟɦɚ�ȣ. 

ɉɨ� ɩɨɥɭɱɟɧɧɵɦ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ� ɞɚɧɧɵɦ� ɨ 
ɮɚɡɨɜɨɦ�ɪɚɜɧɨɜɟɫɢɢ�ɠɢɞɤɨɫɬɶ�ɩɚɪ�ɜ�ɛɢɧɚɪɧɵɯ�ɫɦɟɫɹɯ 

Ar-R14, Ar-R218 ɢ R14-R218 ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɭɫɥɨ-
ɜɢɣ�ɮɚɡɨɜɨɝɨ�ɪɚɜɧɨɜɟɫɢɹ  

TL=TV ;  PL(TL,  ȣL, x,  kij ) = PV (TV, ȣV, x,  kij ); 
       ln f L(TL,  ȣL, x,  kij ) = ln f V (TV,  ȣV, x,  kij ) (10) 

ɛɵɥɢ� ɜɵɞɟɥɟɧɵ� ɩɚɪɚɦɟɬɪɵ� ɩɟɪɟɤɪɟɫɬɧɨɝɨ� ɜɡɚɢ-
ɦɨɞɟɣɫɬɜɢɹ kij, ɧɚɢɥɭɱɲɢɦ� ɨɛɪɚɡɨɦ� ɨɩɢɫɵɜɚɸɳɢɟ 
ɷɤɫɩɟɪɢɦɟɧɬ�ɦɢɧɢɦɢɡɚɰɢɟɣ�ɮɭɧɤɰɢɨɧɚɥɚ 

ĭ =å
=

N

i 1

[(xi – xi
P)2 + (yi – yi

P)2] ,  (11) 

  

ɚ) Ɍ=90Ʉ ɛ) Ɍ=130Ʉ 
Ɋɢɫ. 1. Ⱦɢɚɝɪɚɦɦɚ�Ɋ�ȣ (ɞɚɜɥɟɧɢɟ�ɧɚɫɵɳɟɧɢɹ PS – ɩɭɧɤɬɢɪɧɚɹ�ɥɢɧɢɹ) 

Ɍɚɛɥɢɰɚ 1  
Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ�ɫɜɨɣɫɬɜɚ Ar ɧɚ�ɥɢɧɢɢ�ɧɚɫɵɳɟɧɢɹ 

Ⱦɚɧɧɵɟ [3] Ɋɚɫɱɟɬ�ɩɨ�ɭɪɚɜɧɟɧɢɸ�ɊɄɋ (1) * 
T Ps , Ɇɉɚ ȣǯ, 10-3 ɦ3�ɤɝ� ȣÝ,10-3 ɦ3�ɤɝ� ȣǯ,10-3 ɦ3�ɤɝ ȣÝ,10-3 ɦ3�ɤɝ PL, Ɇɉɚ PV, Ɇɉɚ Tr 

90 0,1338 0,72690 132,70 0,72196 
0,68 

134,73 
-1,53 

0,1399 
-4,56 

0,1338 
0 0,60 

100 0,3247 0,76281 58,751 0,76327 
-0,06 

59,460 
-1,21 

0,3289 
-1,31 

0,3247 
0 0,66 

110 0,6665 0,80635 29,860 0,81647 
-1,26 

30,169 
-1,03 

0,6697 
-0,48 

0,6665 
0 0,73 

120 1,2131 0,86178 16,566 0,88838 
-3,09 

16,734 
-1,01 

1,2152 
-0,17 

1,2131 
0 0,80 

130 2,0233 0,93822 9,6197 0,99402 
-5,95 

9,7318 
-1,17 

2,0247 
-0,07 

2,0233 
0 0,86 

140 3,1675 1,0614 5,5706 1,1773 
-10,92 

5,6372 
-1,20 

3,1682 
-0,02 

3,1675 
0 0,93 

150 4,7388 1,4687 2,5500 1,7949 
-22,21 

2,6299 
-3,13 

4,7391 
-0,01 

4,7389 
0 0,99 

* - ɜ�ɡɧɚɦɟɧɚɬɟɥɟ�ɩɪɢɜɟɞɟɧɵ�ɨɬɤɥɨɧɟɧɢɹ�ɜ % ɪɚɫɱɟɬɧɵɯ�ɡɧɚɱɟɧɢɣ�ɨɬ�ɥɢɬɟɪɚɬɭɪɧɵɯ�ɞɚɧɧɵɯ  
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ɝɞɟ xi ,  yi ,  xi
P ,  yi

P – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɢ�ɪɚɫ-
ɱɟɬɧɵɟ�ɦɨɥɶɧɵɟ�ɞɨɥɢ�ɩɟɪɜɨɝɨ�ɤɨɦɩɨɧɟɧɬɚ�ɜ�ɠɢɞɤɨɣ�ɢ 
ɝɚɡɨɜɨɣ�ɮɚɡɚɯ; 

N – ɱɢɫɥɨ�ɨɩɵɬɧɵɯ�ɬɨɱɟɤ. 

Ɉɩɬɢɦɚɥɶɧɵɟ�ɡɧɚɱɟɧɢɹ�ɩɚɪɚɦɟɬɪɚ�ɩɟɪɟɤɪɟɫɬɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ kij ɞɥɹ� ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ� ɛɢɧɚɪɧɵɯ 
ɫɢɫɬɟɦ�ɩɪɢɜɟɞɟɧɵ  ɜ�ɬɚɛɥ. 2. Ɍɚɦ�ɠɟ�ɩɪɨɜɟɞɟɧɨ�ɫɪɚɜ-
ɧɟɧɢɟ� ɪɚɫɱɟɬɧɵɯ� ɢ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ p,  T,  x,  y  -

ɞɚɧɧɵɯ�ɩɨ�ɮɚɡɨɜɨɦɭ�ɪɚɜɧɨɜɟɫɢɸ�ɠɢɞɤɨɫɬɶ�ɩɚɪ�ɢ�ɭɤɚ-
ɡɚɧɵ�ɨɬɤɥɨɧɟɧɢɹ�ɩɨ�ɫɨɫɬɚɜɚɦ�ɠɢɞɤɨɣ dx ɢ�ɩɚɪɨɜɨɣ dy 
ɮɚɡ�ɜ�ɦɨɥɶɧɵɯ�ɞɨɥɹɯ.

ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɢɟ� ɨɬɤɥɨɧɟɧɢɹ� ɩɨ� ɫɨɫɬɚɜɭ 
ɠɢɞɤɨɣ�ɢ�ɩɚɪɨɜɨɣ�ɮɚɡ�ɞɥɹ�ɜɫɟɯ�ɫɢɫɬɟɦ 
ɥɟɠɚɬ�ɜ�ɞɢɚɩɚɡɨɧɟ 1-2%. Ʉɚɤ�ɜɢɞɧɨ�ɢɡ 
ɬɚɛɥ. 2 ɦɚɤɫɢɦɚɥɶɧɵɟ� ɨɬɤɥɨɧɟɧɢɹ� ɜ 
ɩɚɪɨɜɨɣ� ɮɚɡɟ� ɞɥɹ� ɫɦɟɫɢ AR-R14  ɜ 
ɨɤɪɟɫɬɧɨɫɬɹɯ� ɤɪɢɬɢɱɟɫɤɨɣ� ɤɪɢɜɨɣ� ɢ 
ɞɥɹ�ɫɦɟɫɢ R14-R218 ɩɪɢ�ɦɢɧɢɦɚɥɶɧɨɦ 
ɞɚɜɥɟɧɢɢ�ɢ�ɦɚɤɫɢɦɚɥɶɧɨɣ�ɬɟɦɩɟɪɚɬɭɪɟ 
ɫɨɫɬɚɜɥɹɸɬ�ɨɤɨɥɨ 5% ɜ�ɨɛɨɢɯ�ɫɥɭɱɚɹɯ. 

Ɏɚɡɨɜɨɟ� ɩɨɜɟɞɟɧɢɟ� ɢɫɫɥɟɞɭɟɦɵɯ 
ɫɢɫɬɟɦ�ɩɪɟɞɫɬɚɜɥɟɧɨ�ɧɚ�ɪɢɫ. 2, 3, 4, ɝɞɟ 
ɧɚɝɥɹɞɧɨ� ɩɨɤɚɡɚɧɨ� ɫɪɚɜɧɟɧɢɟ� ɪɚɫɫɱɢ-
ɬɚɧɧɵɯ� ɩɨ� ɭɪɚɜɧɟɧɢɸ (1) ɡɧɚɱɟɧɢɣ 
�ɫɩɥɨɲɧɚɹ� ɥɢɧɢɹ) ɫ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɦɢ�ɬɨɱɤɚɦɢ. 

ɊȺȼɇɈȼȿɋɂȿ� ɀɂȾɄɈɋɌɖ-
ɄɊɂɋɌȺɅɅ ȼ�ȻɂɇȺɊɇɕɏ�ɋɆȿɋəɏ 

Ɇɟɬɨɞɢɱɟɫɤɢ� ɜɟɪɧɵɦ� ɢ� ɥɨɝɢɱɟ-
ɫɤɢ�ɨɩɪɚɜɞɚɧɧɵɦ�ɲɚɝɨɦ�ɛɵɥɨ�ɩɪɢɜɥɟ-
ɱɟɧɢɟ� ɞɚɧɧɵɯ� ɨ� ɮɚɡɨɜɨɦ� ɪɚɜɧɨɜɟɫɢɢ 
ɠɢɞɤɨɫɬɶ�ɤɪɢɫɬɚɥɥ� ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ 
ɛɢɧɚɪɧɵɯ� ɫɦɟɫɟɣ�ɞɥɹ� ɭɬɨɱɧɟɧɢɹ�ɩɚɪɚ-
ɦɟɬɪɚ� ɩɟɪɟɤɪɟɫɬɧɨɝɨ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
kij�ɢ�ɞɢɚɩɚɡɨɧɚ�ɟɝɨ�ɩɪɢɦɟɧɟɧɢɹ. ɋ�ɷɬɨɣ 
ɰɟɥɶɸ� ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ� ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɟ�ɞɚɧɧɵɟ [1], ɩɨɥɭɱɟɧɧɵɟ  ɬɟɪ-
ɦɢɱɟɫɤɢɦ�ɦɟɬɨɞɨɦ. 

ɉɪɢɦɟɧɢɬɟɥɶɧɨ� ɤ� ɛɢɧɚɪɧɵɦ� ɫɢ-
ɫɬɟɦɚɦ Ar-R14 ɢ Ar-R218 ɚɤɬɢɜɧɨɫɬɶ  
i-ɝɨ� ɤɨɦɩɨɧɟɧɬɚ� ɜ� ɠɢɞɤɨɣ�ɮɚɡɟ Ãi� ɦɨ-
ɠɟɬ�ɛɵɬɶ�ɧɚɣɞɟɧɚ�ɩɨ�ɭɪɚɜɧɟɧɢɸ�ɒɪɟ-
ɞɟɪɚ�ɜɚɧ�Ʌɚɚɪɚ  

Ãi=exp[ǻhɩɥi(1/Tɩɥi – 1/T)/R + 
ǻhɮɩi(1/Tɮɩi – 1/T)/R] (12) 

ɝɞɟ�ǻhɩɥi�ɬɟɩɥɨɬɚ�ɩɥɚɜɥɟɧɢɹ; 
Tɩɥi� ɧɨɪɦɚɥɶɧɚɹ� ɬɟɦɩɟɪɚɬɭɪɚ 

ɩɥɚɜɥɟɧɢɹ; 
ǻhɮɩi� ɬɟɩɥɨɬɚ� ɮɚɡɨɜɨɝɨ� ɩɟɪɟɯɨɞɚ 

ɜ�ɤɪɢɫɬɚɥɥɟ ; 
Tɮɩi� ɬɟɦɩɟɪɚɬɭɪɚ� ɮɚɡɨɜɨɝɨ� ɩɟɪɟ-

ɯɨɞɚ. 
ɉɪɢ� ɪɚɫɱɟɬɚɯ� ɩɪɢɧɢɦɚɥɢɫɶ� ɡɧɚ-

ɱɟɧɢɹ� ǻhɩɥi,  Tɩɥi, ǻhɮɩi,  Tɮɩi� ɩɪɢɜɟɞɟɧ-
ɧɵɟ�ɜ [1, 7]. 

ɋ� ɞɪɭɝɨɣ� ɫɬɨɪɨɧɵ, ɚɤɬɢɜɧɨɫɬɶ 
ɪɚɜɧɚ 

Ai=fi
L/fi

0L.   (13) 
ɉɪɢ� ɢɫɩɨɥɶɡɨɜɚɧɢɢ� ɭɪɚɜɧɟɧɢɹ 

ɊɄɋ (1) ɮɭɝɢɬɢɜɧɨɫɬɶ�ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ 
ɩɨ�ɮɨɪɦɭɥɚɦ (9) ɢ (7), ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɇɚɢɥɭɱɲɢɟ� ɡɧɚɱɟɧɢɹ kij, ɩɨɥɭɱɟɧɧɵɟ 
ɦɢɧɢɦɢɡɚɰɢɟɣ�ɮɭɧɤɰɢɨɧɚɥɚ 

F(kij)=å
=

N

n 1
[A2(kij)- Ã2]n

2 (14) 

ɫɨɫɬɚɥɹɸɬ: 0,0483 ɢ 0,0525 ɞɥɹ 
ɫɢɫɬɟɦ Ar-R14 ɢ Ar-R218, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ȼ�ɬɚɛɥ. 3, 4 ɩɪɟɞɫɬɚɜɥɟɧɵ�ɩɨɥɭɱɟɧɧɵɟ� ɷɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɵɟ�ɞɚɧɧɵɟ� ɨ�ɮɚɡɨɜɨɦ�ɪɚɜɧɨɜɟɫɢɢ�ɠɢɞɤɨɫɬɶ-
ɤɪɢɫɬɚɥɥ�ɞɥɹ�ɛɢɧɚɪɧɵɯ�ɫɦɟɫɟɣ Ar-R14 ɢ Ar-R218. Ɍɚɦ 

Ɍɚɛɥɢɰɚ 2  
Ɏɚɡɨɜɨɟ�ɪɚɜɧɨɜɟɫɢɟ�ɠɢɞɤɨɫɬɶ�ɩɚɪ�ɜ�ɛɢɧɚɪɧɵɯ�ɫɢɫɬɟɦɚɯ 

Ar-R14    (kij = 0,0483) 
p, Ɇɉɚ ɯɊ x dx yɊ  y dy 

Ɍ=181,80K 
2,959 0,2741 0,2708 0,0033 0,6951 0,7017 -0,0066 
3,648 0,3585 0,3532 0,0053 0,7387 0,7413 -0,0026 
4,299 0,4384 0,4385 -0,0001 0,7650 0,7667 -0,0017 
4,874 0,5095 0,4988 0,0107 0,7799 0,7811 -0,0012 
5,401 0,5761 0,5652 0,0109 0,7875 0,7832 0,0043 
5,761 0,6236 0,6191 0,0045 0,7887 0,7862 0,0025 
5,959 0,6500 0,6487 0,0013 0,7881 0,7895 -0,0014 

Ɍ=203,68K 
2,092 0,0334 0,0298 0,0036 0,1267 0,1255 0,0012 
3,640 0,1916 0,1789 0,0127 0,4217 0,4314 -0,0097 
5,202 0,3606 0,3376 0,0230 0,5221 0,5736 -0,0515 

Ɍ=220,47K 
3,497 0,0426 0,0391 0,0035 0,0777 0,0827 -0,0050 
4,302 0,1370 0,1140 0,0230 0,1835 0,1696 0,0139 

Ar-R218    (kij = 0,0475) 
Ɍ=186,57K 

0,359 0,0342 0,0308 0,0034 0,9858 0,9885 -0,0027 
0,720 0,0681 0,0584 0,0097 0,9922 0,9928 -0,0006 
1,716 0,1576 0,1870 -0,0294 0,9957 0,9988 -0,0031 
4,630 0,3884 0,3808 0,0076 0,9960 0,9990 -0,0030 
5,896 0,4765 0,4773 -0,0008 0,9951 0,9970 -0,0019 

Ɍ=241,08K  
0,249 0,0080 0,0102 -0,0022 0,5148 0,4795 0,0353 
0,764 0,0386 0,0339 0,0047 0,8275 0,8200 0,0075 
2,510 0,1377 0,1267 0,0110 0,9319 0,9476 -0,0157 
4,431 0,2392 0,2370 0,0022 0,9484 0,9726 -0,0242 

Ɍ=270,15K  
0,438 0,0042 0,0033 0,0009 0,1565 0,1252 0,0313 
1,259 0,0490 0,0401 0,0089 0,6645 0,6498 0,0147 
2,698 0,1246 0,1108 0,0138 0,8131 0,8057 0,0074 
3,404 0,1606 0,1447 0,0159 0,8388 0,8357 0,0031 
3,979 0,1893 0,1557 0,0336 0,8522 0,8508 0,0014 

R14-R218    (kij = 0,0151) 
Ɍ=196,32K 

0,068 0,0445 0,0201 0,0244 0,8605 0,9088 -0,0483 
0,344 0,2546 0,2545 0,0001 0,9746 0,9795 -0,0049 
0,557 0,4178 0,4189 -0,0011 0,9857 0,9891 -0,0034 
0,718 0,5424 0,5423 0,0001 0,9901 0,9928 -0,0027 
1,115 0,8472 0,8436 0,0036 0,9966 0,9995 -0,0029 
1,260 0,9456 0,9379 0,0077 0,9986 0,9999 -0,0013 

Ɍ=220,85K  
0,134 0,0356 0,0174 0,0182 0,6726 0,6424 0,0302 
0,673 0,2434 0,2465 -0,0031 0,9765 0,9452 0,0313 
2,185 0,8040 0,7952 0,0088 0,9883 0,9882 0,0001 
2,746 0,9389 0,9435 -0,0046 0,9925 0,9958 -0,0033 

Ɍ=233,60K  
0,153 0,0211 0,0171 0,0040 0,4523 0,4026 0,0497 
0,376 0,0876 0,0804 0,0072 0,7732 0,7524 0,0208 
0,967 0,2453 0,2607 -0,0154 0,9149 0,9055 0,0094 
2,309 0,6512 0,6377 0,0135 0,9626 0,9635 -0,0009 
2,929 0,7653 0,7751 -0,0098 0,9687 0,9775 -0,0088 
3,195 0,8249 0,8404 -0,0155 0,9719 0,9791 -0,0072 
3,430 0,8738 0,8911 -0,0173 0,9746 0,9795 -0,0049 
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ɠɟ� ɩɨɤɚɡɚɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɪɚɫɱɟɬɚ� ɚɤɬɢɜɧɨɫɬɢ� ɜɬɨɪɨɝɨ 
ɤɨɦɩɨɧɟɧɬɚ, ɪɚɫɫɱɢɬɚɧɧɵɟ� ɩɨ� ɭɪɚɜɧɟɧɢɸ (12) Ã2 ɢ� ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɭɪɚɜɧɟɧɢɹ� ɫɨɫɬɨɹɧɢɹ� ɊɄɋ (13) A2. 
ɋɨɜɦɟɫɬɧɨɟ�ɢɫɩɨɥɶɡɨɜɚɧɢɟ�ɷɬɢɯ�ɭɪɚɜɧɟɧɢɣ�ɩɨɡɜɨɥɢɥɨ 
ɨɩɪɟɞɟɥɢɬɶ�ɬɟɦɩɟɪɚɬɭɪɭ�ɢ�ɫɨɫɬɚɜ�ɠɢɞɤɨɣ�ɮɚɡɵ (ɥɢɧɢɹ 
ɥɢɤɜɢɞɭɫ), ɚ� ɬɚɤɠɟ� ɤɨɷɮɮɢɰɢɟɧɬ� ɚɤɬɢɜɧɨɫɬɢ� Ȗ2. ɋɥɟ-
ɞɭɟɬ� ɨɬɦɟɬɢɬɶ, ɱɬɨ� ɞɥɹ� ɫɢɫɬɟɦɵ Ar-R14 ɜ� ɪɚɫɱɟɬɚɯ 

ɛɵɥɨ�ɢɫɩɨɥɶɡɨɜɚɧɨ�ɡɧɚɱɟɧɢɟ kij = 0,0483, ɩɨɥɭɱɟɧɧɨɟ  
ɩɨ� ɞɚɧɧɵɦ� ɪɚɜɧɨɜɟɫɢɹ� ɠɢɞɤɨɫɬɶ�ɩɚɪ� ɢ� ɩɨɡɜɨɥɢɜɲɟɟ 
ɩɨɥɭɱɢɬɶ� ɭɫɩɟɲɧɵɣ�ɪɟɡɭɥɶɬɚɬ. Ⱦɥɹ�ɫɢɫɬɟɦɵ Ar-R218 
ɞɥɹ�ɢɡɭɱɚɟɦɨɝɨ�ɞɢɚɩɚɡɨɧɚ�ɬɟɦɩɟɪɚɬɭɪ 84 – 108Ʉ�ɛɵɥɨ 
ɜɵɞɟɥɟɧɨ�ɨɩɬɢɦɚɥɶɧɨɟ� ɡɧɚɱɟɧɢɟ kij = 0,0525, ɨɬɥɢɱɚ-

ɸɳɟɟɫɹ�ɨɬ�ɩɨɥɭɱɟɧɧɨɣ�ɪɚɧɟɟ�ɜɟɥɢɱɢɧɵ 0,0475. Ʉɪɨɦɟ  
ɬɨɝɨ, ɨɛɪɚɳɚɸɬ�ɧɚ�ɫɟɛɹ�ɜɧɢɦɚɧɢɟ�ɪɚɫɱɟɬɧɵɟ�ɡɧɚɱɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪ� ɞɥɹ� ɦɨɥɶɧɨɣ� ɞɨɥɢ� ɯ2<0,49, ɤɨɬɨɪɵɟ� ɫɨ-

ɫɬɚɜɥɹɸɬ 87,5Ʉ. ɉɪɨɜɟɞɟɧɧɵɣ� ɪɚɫɱɟɬ� ɢ� ɩɨɫɬɪɨɟɧɢɟ 
ɞɢɚɝɪɚɦɦɵ� ɚɤɬɢɜɧɨɫɬɶ�ɫɨɫɬɚɜ� ɩɨɞɬɜɟɪɞɢɥ� ɧɚɥɢɱɢɟ 
ɨɛɥɚɫɬɢ� ɧɟ� ɫɦɟɫɢɦɨɫɬɢ� ɤɨɦɩɨɧɟɧɬɨɜ� ɜ� ɠɢɞɤɨɣ� ɮɚɡɟ 
�ɪɢɫ. 5) ɢ� ɩɨɥɨɠɢɬɟɥɶɧɨɟ� ɨɬɤɥɨɧɟɧɢɟ� ɨɬ� ɢɞɟɚɥɶɧɨɣ 
ɫɦɟɫɢ (ɩɭɧɤɬɢɪɧɵɟ�ɥɢɧɢɢ). ɉɨɷɬɨɦɭ�ɩɪɢ�ɦɨɥɶɧɨɣ�ɞɨ-
ɥɟ R218 ɯ2<0,3 ɩɪɨɢɫɯɨɞɢɬ� ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ� ɩɪɢ� ɭɤɚ-
ɡɚɧɧɨɣ� ɜɵɲɟ� ɬɟɦɩɟɪɚɬɭɪɟ. ɉɨɜɟɞɟɧɢɟ� ɷɬɨɣ� ɫɢɫɬɟɦɵ 
ɩɨɤɚɡɚɧɨ�ɧɚ�ɞɢɚɝɪɚɦɦɟ�Ɍ�ɯ (ɪɢɫ. 6), ɝɞɟ�ɨɬɦɟɱɟɧ�ɬɚɤ-
ɠɟ�ɩɟɪɟɯɨɞ�ɢɡ�Į�ɜ�ȕ±ɦɨɞɢɮɢɤɚɰɢɸ R218 ɩɪɢ�ɯ2>0,88 ɢ 
ɬɟɦɩɟɪɚɬɭɪɟ� Ɍ=99,4Ʉ. Ⱦɥɹ� ɛɢɧɚɪɧɨɣ� ɫɦɟɫɢ Ar-R14 
�ɪɢɫ. 7) ɬɚɤɠɟ�ɧɚɛɥɸɞɚɟɬɫɹ�Į±ȕ�ɩɟɪɟɯɨɞ�ɩɪɢ�ɬɟɦɩɟɪɚ-
ɬɭɪɟ 75,8Ʉ�ɢ�ɯ2>0,84. ɏɚɪɚɤɬɟɪɧɨɣ�ɨɫɨɛɟɧɧɨɫɬɶɸ�ɭɤɚ-
ɡɚɧɧɨɣ� ɫɦɟɫɢ� ɹɜɥɹɟɬɫɹ� ɧɚɥɢɱɢɟ� ɬɨɱɤɢ� ɷɜɬɟɤɬɢɤɢ 
�Ɍ=70,9Ʉ� ɢ� ɯ2=0,53) ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɥɟɜɨɣ� ɢ� ɩɪɚ-
ɜɨɣ�ɜɟɬɜɢ�ɥɢɧɢɢ�ɥɢɤɜɢɞɭɫ. 

Ʉɚɤ�ɜɢɞɧɨ, ɞɥɹ�ɫɢɫɬɟɦɵ Ar-R14 ɧɚɢɛɨɥɶɲɢɟ�ɨɬ-
ɤɥɨɧɟɧɢɹ� ɩɨ� ɬɟɦɩɟɪɚɬɭɪɟ� ɢ� ɫɨɫɬɚɜɭ� ɧɚɛɥɸɞɚɸɬɫɹ 
ɜɛɥɢɡɢ�ɷɜɬɟɤɬɢɤɢ, ɚ�ɞɥɹ�ɫɢɫɬɟɦɵ Ar-R218 ɜɛɥɢɡɢ�ɬɨɱ-
ɤɢ�ɩɥɚɜɥɟɧɢɹ�ɱɢɫɬɨɝɨ�ɯɥɚɞɨɧɚ, ɝɞɟ�ɩɪɨɢɡɜɨɞɧɚɹ dT/dx 
ɢɦɟɟɬ�ɧɚɢɛɨɥɶɲɟɟ�ɡɧɚɱɟɧɢɟ. 

ɋɥɟɞɭɸɳɢɦ�ɲɚɝɨɦ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɷɬɢɯ�ɛɢɧɚɪɧɵɯ 
ɫɢɫɬɟɦ� ɛɵɥɨ� ɢɫɩɨɥɶɡɨɜɚɧɢɟ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɞɚɧ-

ɧɵɯ�ɩɨ�ɞɚɜɥɟɧɢɸ�ɤɢɩɟɧɢɹ�ɩɪɢ� ɬɟɦɩɟɪɚɬɭɪɟ� ɪɚɫɬɜɨɪɚ 
Ɍ=90,5Ʉ. Ʉɚɤ� ɜɢɞɧɨ� ɢɡ� ɞɢɚɝɪɚɦɦɵ� ɞɚɜɥɟɧɢɟ�ɫɨɫɬɚɜ 
�ɪɢɫ. 8, ɚ) ɢ�ɜ�ɷɬɨɦ�ɫɥɭɱɚɟ�ɞɥɹ�ɫɢɫɬɟɦɵ Ar-R14 ɭɫɩɟɲ-
ɧɨ� ɪɚɛɨɬɚɟɬ� ɩɚɪɚɦɟɬɪ� ɩɟɪɟɤɪɟɫɬɧɨɝɨ� ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
kij = 0,0483. Ⱦɥɹ�ɫɢɫɬɟɦɵ Ar-R218 ɡɨɧɚ�ɨɝɪɚɧɢɱɟɧɧɨɣ 

ɜɡɚɢɦɧɨɣ� ɪɚɫɬɜɨɪɢɦɨɫɬɢ (ɪɢɫ. 8, ɛ) 
ɧɚɛɥɸɞɚɟɬɫɹ�ɩɪɢ�ɯ1<0,51. ɏɚɪɚɤɬɟɪɧɨ, 
ɱɬɨ�ɩɨɥɭɱɟɧɧɵɟ�ɞɥɹ� ɷɬɨɝɨ� ɫɥɭɱɚɹ� ɡɧɚ-
ɱɟɧɢɹ kij = 0,0520 ɜɩɨɥɧɟ� ɫɨɝɥɚɫɭɸɬɫɹ 
ɫ� ɧɚɣɞɟɧɧɨɣ� ɪɚɧɟɟ� ɜɟɥɢɱɢɧɨɣ 0,0525 
ɢɡ� ɞɚɧɧɵɯ� ɩɨ� ɪɚɜɧɨɜɟɫɢɸ� ɠɢɞɤɨɫɬɶ-
ɤɪɢɫɬɚɥɥ. 

Ɇɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɣ� ɤɪɢɨɚɝɟɧɬ 
ɞɪɨɫɫɟɥɶɧɵɯ�ɫɢɫɬɟɦ. 

ȼ� ɤɚɱɟɫɬɜɟ� ɪɚɛɨɱɟɝɨ� ɬɟɥɚ� ɞɪɨɫ-
ɫɟɥɶɧɵɯ� ɦɢɤɪɨɤɪɢɨɝɟɧɧɵɯ� ɫɢɫɬɟɦ� ɫ 
ɬɟɦɩɟɪɚɬɭɪɨɣ� ɨɯɥɚɠɞɟɧɢɹ 120Ʉ� ɜɵ-
ɛɪɚɧɚ� ɬɪɨɣɧɚɹ� ɫɦɟɫɶ Ar-R14-R218. ɋ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɫɨɨɬɧɨɲɟɧɢɣ�ɩɨɥɭɱɟɧɵ�ɚɧɚɥɢɬɢɱɟɫɤɢɟ 
ɜɵɪɚɠɟɧɢɹ� ɞɥɹ� ɷɧɬɚɥɶɩɢɢ, ɷɧɬɪɨɩɢɢ, 
ɢɡɨɛɚɪɧɨɣ�ɬɟɩɥɨɟɦɤɨɫɬɢ  

H=å
i

xi ɇ0
i + RT{b/(ȣ-b) – 

a/(RT(ȣ+b)) – [a/RTb – (1/Rb)(da/dT)]ln((ȣ + b)/ȣ)};(15) 

 

Ɋɢɫ. 2. Ɋɚɜɧɨɜɟɫɢɟ�ɠɢɞɤɨɫɬɶ�ɩɚɪ�ɜ�ɛɢɧɚɪɧɨɣ�ɫɦɟɫɢ Ar-R14 

  

Ɋɢɫ. 3. Ɋɚɜɧɨɜɟɫɢɟ�ɠɢɞɤɨɫɬɶ�ɩɚɪ�ɜ�ɛɢɧɚɪɧɨɣ�ɫɦɟɫɢ Ar-R218 Ɋɢɫ. 4. Ɋɚɜɧɨɜɟɫɢɟ�ɠɢɞɤɨɫɬɶ�ɩɚɪ�ɜ�ɛɢɧɚɪɧɨɣ�ɫɦɟɫɢ R14-R218 

Ɍɚɛɥɢɰɚ 3  
Ɋɚɜɧɨɜɟɫɢɟ�ɠɢɞɤɨɫɬɶ�ɤɪɢɫɬɚɥɥ�ɞɥɹ�ɫɢɫɬɟɦɵ Ar-R14 (ɥɢɧɢɹ�ɥɢɤɜɢɞɭɫ) 

ɗɤɫɩɟɪɢɦɟɧɬ [1] Ɋɚɫɱɟɬ�ɩɨ�ɭɪɚɜɧɟɧɢɹɦ (12) ɢ (13) 
Ɍ, Ʉ ɯ2 Ⱥ2  ȺѺ2 Ɍ, Ʉ ɯ2 Ȗ2 

ɉɪɚɜɚɹ�ɜɟɬɜɶ 
87,65 0,979 0,9792 0,9799 87,58 0,978 1,001 
83,84 0,934 0,9358 0,9384 83,61 0,931 1,005 
78,70 0,876 0,8827 0,8793 78,99 0,879 1,004 
75,40 0,822 0,8365 0,8291 75,59 0,829 1,009 
73,25 0,711 0,7500 0,7492 73,27 0,712 1,054 
71,65 0,612 0,6834 0,6920 71,40 0,604 1,131 
71,01 0,558 0,6509 0,6698 70,46 0,542 1,200 

Ʌɟɜɚɹ�ɜɟɬɜɶ 
71,48 0,474 0,7541 0,7473 71,83 0,469 1,421 
73,93 0,344 0,8122 0,7981 74,63 0,322 1,217 
75,67 0,260 0,8446 0,8341 76,19 0,251 1,127 
78,32 0,151 0,8922 0,8887 78,40 0,148 1,047 
81,61 0,050 0,9557 0,9560 81,60 0,050 1,006 

 

Ar-R14

Pc1=4.86 Ɇɉɚ
Tc1=150.65 K

Pc2=3.75 Ɇɉɚ
Tc2=227.5 K
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ɉ
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Ɍ=181.80 Ʉ
Ɍ=203.68 Ʉ
Ɍ=220.47 Ʉ
Ar
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S=å
i

xi S0
i – R lnxi + R [ln(ȣ – b)/ȣ0 + (1/Rb)(da/dT) 

ln((ȣ + b)/ȣ)];    (16) 
ɋɪ=å

i
(xi ɋɪ

0
i–

xiR)+T(d2a/dT2)ln((ȣ+b)/(ȣ+bȣ�ȣ0))/b+R[ȣ/(ȣ-b)–
(da/dT)/R/(ȣ+b)]2/[(ȣ/(ȣ-b))2–a(2ȣ+b)/RT/(ȣ+b)2], (17)

ɝɞɟ�ɩɟɪɜɚɹ�ɢ�ɜɬɨɪɚɹ�ɩɪɨɢɡɜɨɞɧɚɹ�ɩɚɪɚɦɟɬɪɚ а�ɩɨ 
ɬɟɦɩɟɪɚɬɭɪɟ�ɨɩɪɟɞɟɥɹɥɚɫɶ�ɜ�ɫɨɨɬɜɟɬɫɬɜɢɢ�ɫ�ɡɚɜɢɫɢɦɨ-
ɫɬɶɸ (4) ɢ�ɩɪɢɧɹɬɵɦɢ�ɩɪɚɜɢɥɚɦɢ�ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ (8) 

(da/dT) = å
i
å

j
xi xj (1-kij)(ai aj)1/2 [(dai/dT)/ai + 

+  (daj/dT)/aj];    (18) 
(d2a/dT2) = (1-kij)(ai aj)1/2 [(d2ai/dT2)/ai +  

+(d2aj/dT2)/aj –[(dai/dT)/ai + (daj/dT)/aj]2/2]/2; (19) 
 

(dai/dT) = (a1i/3) T-2/3 ;     (20) 
 

(d2ai/dT2) = (-2a1i/9) T-5/3 .   (21) 
ȼ�ɬɚɛɥ. 5 ɩɪɢɜɟɞɟɧɵ�ɤɪɢɬɢɱɟɫɤɢɟ�ɩɚɪɚɦɟɬɪɵ�ɢɧ-

ɞɢɜɢɞɭɚɥɶɧɵɯ� ɜɟɳɟɫɬɜ, ɢ� ɫɜɟɞɟɧɢɹ� ɨ� ɤɨɧɫɬɚɧɬɚɯ 
ɭɪɚɜɧɟɧɢɹ� ɫɨɫɬɨɹɧɢɹ� ɊɄɋ. ȼ� ɭɪɚɜɧɟɧɢɢ (4) ɪɚɡɦɟɪ-
ɧɨɫɬɶ�ɩɚɪɚɦɟɬɪɚ [a] = Ɇɉɚ (ɦ3�ɤɦɨɥɶ)2.. 

ɂɞɟɚɥɶɧɨ�ɝɚɡɨɜɵɟ� ɫɨɫɬɚɜɥɹɸɳɢɟ 
ɷɧɬɚɥɶɩɢɢ�ɇ0, ɬɟɩɥɨɟɦɤɨɫɬɢ�ɋɪ

0=dH/dT 
ɢ�ɷɧɬɪɨɩɢɢ S0 ��ɋɪ

0/T)dT ɨɩɪɟɞɟɥɹɥɢɫɶ 
ɩɨ� ɫɥɟɞɭɸɳɢɦ� ɡɚɜɢɫɢɦɨɫɬɹɦ (ɤɨɷɮ-
ɮɢɰɢɟɧɬɵ ci�ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥ. 6) 

ɇ0 = å
5

1

 ci (Ɍ/100)i ;  (22) 

S0 = [c1 ln (Ɍ/100) +å
5

2

 (i/(i+1)) ci 

�Ɍ/100)i-1 ]/100+320;   (23) 

ɋɪ
0 =[å

5

1

 i ci (Ɍ/100)i-1 ]/100 .   (24) 

ɉɪɨɜɟɪɤɚ�ɞɥɹ�ɱɢɫɬɵɯ�ɤɨɦɩɨɧɟɧɬɨɜ�ɯi = 1 ɩɨɤɚɡɚ-
ɥɚ, ɱɬɨ�ɞɥɹ�ɚɪɝɨɧɚ�ɜ�ɞɢɚɩɚɡɨɧɟ�ɩɪɢɜɟɞɟɧɧɵɯ�ɞɚɜɥɟɧɢɣ 
Pr=P/Pc < 4 ɢ�ɢɧɬɟɪɜɚɥɟ�ɩɪɢɜɟɞɟɧɧɵɯ�ɬɟɦɩɟɪɚɬɭɪ Tr = 
T/Tr�ɨɬ 0,8 ɞɨ 2 ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ� ɨɬɤɥɨɧɟɧɢɟ�ɨɬ 
ɪɟɤɨɦɟɧɞɭɟɦɵɯ� ɫɩɪɚɜɨɱɧɵɯ� ɞɚɧɧɵɯ� ɞɥɹ� ɦɚɫɫɢɜɚ� ɢɡ 
40 ɬɨɱɟɤ� ɞɥɹ� ɩɥɨɬɧɨɫɬɢ� ɫɨɫɬɚɜɥɹɥɚ 1,6%, ɷɧɬɚɥɶɩɢɢ 
0,7 ɤȾɠ�ɤɝ, ɷɧɬɪɨɩɢɢ 8,6%, ɢɡɨɛɚɪɧɨɣ� ɬɟɩɥɨɟɦɤɨɫɬɢ 
4,7%. ȼ�ɞɢɚɩɚɡɨɧɟ�Ɍr < 1,7 ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ�ɨɬɤɥɨɧɟ-
ɧɢɹ� ɞɥɹ R14  ɫɨɫɬɚɜɢɥɢ:  2,5%,  0,7  ɤȾɠ�ɤɝ,  5,4%;  ɞɥɹ 
R218 ɫɨɫɬɚɜɢɥɢ: 3,0%, 1,4 ɤȾɠ�ɤɝ, 3,9%. Ɍɚɤɢɦ�ɨɛɪɚ-
ɡɨɦ, ɪɚɫɱɟɬɧɵɟ� ɡɧɚɱɟɧɢɹ� ɷɧɬɚɥɶɩɢɢ� ɤɨɥɢɱɟɫɬɜɟɧɧɨ, ɚ 
ɷɧɬɪɨɩɢɢ�ɢ� ɬɟɩɥɨɟɦɤɨɫɬɢ� ɤɚɱɟɫɬɜɟɧɧɨ� ɫɨɝɥɚɫɭɸɬɫɹ� ɫ 
ɥɢɬɟɪɚɬɭɪɧɵɦɢ�ɞɚɧɧɵɦɢ. Ɉɬɦɟɬɢɦ�ɨɫɨɛɨ, ɱɬɨ�ɨɬɤɥɨ-
ɧɟɧɢɹ�ɨɤɨɥɨ 1 ɤȾɠ�ɤɝ�ɩɨ�ɷɧɬɚɥɶɩɢɢ�ɜɩɨɥɧɟ�ɩɪɢɟɦɥɟ-
ɦɵ�ɩɪɢ�ɪɚɫɱɟɬɟ�ɰɢɤɥɚ�ɞɪɨɫɫɟɥɶɧɵɯ�ɦɢɤɪɨɤɪɢɨɝɟɧɧɵɯ 
ɫɢɫɬɟɦ. 

ɉɪɨɜɟɞɟɧɵ� ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɟ� ɪɚɫɱɟɬɵ� ɫɨɫɬɚɜɚ 
ɤɪɢɨɚɝɟɧɬɚ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ�ɭɪɚɜɧɟ-
ɧɢɹ�ɫɨɫɬɨɹɧɢɹ�ɊɄɋ (1) ɜ�ɞɪɨɫɫɟɥɶɧɵɯ�ɫɢɫɬɟɦɚɯ�ɫ�ɨɞ-
ɧɨɫɬɭɩɟɧɱɚɬɵɦ� ɧɟɫɦɚɡɵɜɚɟɦɵɦ� ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟ-
ɫɤɢɦ� ɤɨɦɩɪɟɫɫɨɪɨɦ� ɫ� ɜɨɡɜɪɚɬɧɨ�ɩɨɫɬɭɩɚɬɟɥɶɧɵɦ 
ɩɪɢɜɨɞɨɦ [8]. ȼ�ɪɚɫɱɟɬɚɯ�ɩɪɢɧɢɦɚɥɢɫɶ�ɜɟɥɢɱɢɧɵ�ɫɬɟ-
ɩɟɧɢ�ɫɠɚɬɢɹ 5, ɬɟɦɩɟɪɚɬɭɪɚ�ɨɤɪɭɠɚɸɳɟɣ�ɫɪɟɞɵ 300Ʉ, 
ɧɟɞɨɪɟɤɭɩɟɪɚɰɢɹ 5Ʉ, ɨɬɧɨɲɟɧɢɟ� ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ 
ɬɟɩɥɨɩɪɢɬɨɤɨɜ�ɤ�ɯɨɥɨɞɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ�ɧɚ  

Ɍɚɛɥɢɰɚ 4 
Ɋɚɜɧɨɜɟɫɢɟ�ɠɢɞɤɨɫɬɶ�ɤɪɢɫɬɚɥɥ�ɞɥɹ�ɫɢɫɬɟɦɵ Ar-R218 (ɥɢɧɢɹ�ɥɢɤɜɢɞɭɫ) 

ɗɤɫɩɟɪɢɦɟɧɬ [1] Ɋɚɫɱɟɬ�ɩɨ�ɭɪɚɜɧɟɧɢɹɦ (12) ɢ (13) 
Ɍ, Ʉ ɯ2 Ⱥ2  ȺѺ2 Ɍ, Ʉ ɯ2 Ȗ2 

108,40 0,918 0,9193 0,9305 105,98 0,907 1,014 
90,50 0,490 0,5620 0,5495 90,89 0,501 1,121 
86,95 0,204 0,4496 0,4415 87,24 0,208 2,164 
86,17 0,132 0,4580 0,4197 87,53 0,144 3,179 
86,00 0,125 0,4602 0,4150 87,61 0,139 3,320 
85,02 0,079 0,4683 0,3889 87,88 0,095 4,923 
84,02 0,058 0,4627 0,3634 87,69 0,074 6,265 

 

  

Ɋɢɫ. 5. Ɂɚɜɢɫɢɦɨɫɬɶ�ɚɤɬɢɜɧɨɫɬɟɣ�ɤɨɦɩɨɧɟɧɬɨɜ�ɨɬ�ɫɨɫɬɚ-
ɜɚ�ɛɢɧɚɪɧɨɣ�ɫɦɟɫɢ Ar-R218 

Ɋɢɫ. 6. Ɋɚɜɧɨɜɟɫɢɟ�ɠɢɞɤɨɫɬɶ�ɤɪɢɫɬɚɥɥ�ɜ�ɛɢɧɚɪɧɨɣ  
ɫɦɟɫɢ Ar-R218 

 

Ɋɢɫ. 7. Ɋɚɜɧɨɜɟɫɢɟ�ɠɢɞɤɨɫɬɶ�ɤɪɢɫɬɚɥɥ�ɜ�ɛɢɧɚɪɧɨɣ�ɫɦɟɫɢ Ar-R14 

Ɍɚɛɥɢɰɚ 5  
Ɉɫɧɨɜɧɵɟ�ɫɜɟɞɟɧɢɹ�ɨ�ɤɨɦɩɨɧɟɧɬɚɯ�ɤɪɢɨɚɝɟɧɬɚ 

Ɂɧɚɱɟɧɢɹ�ɤɪɢɬɢɱɟɫɤɢɯ�ɩɚɪɚɦɟɬɪɨɜ (3) ɢ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ (4)  

ȼɟɳɟɫɬɜɨ Tc,  
K 

Pc, 
Ɇɉɚ 

а0 
 

а1 b, 
ɦ3�ɤɦɨɥɶ 

Ar 150,65 4,864 0,333630 0,036719 0,223103 
R14 227,50 3,745 1,370275 0,157402 0,437582 
R218 345,05 2,662 5,503035 0,597416 0,933693 
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ɭɪɨɜɧɟ�ɤɪɢɨɫɬɚɬɢɪɨɜɚɧɢɹ 0,3. ȼ�ɪɟɡɭɥɶɬɚɬɟ�ɨɩɪɟɞɟɥɟɧ 
ɨɩɬɢɦɚɥɶɧɵɣ� ɫɨɫɬɚɜ� ɤɪɢɨɚɝɟɧɬɚ (ɜ� ɦɨɥɶɧɵɯ� ɞɨɥɹɯ 
ɯ1=0,577; ɯ2=0,082; ɯ3= 0,341), ɞɚɜɥɟɧɢɟ� ɩɪɹɦɨɝɨ� ɩɨ-
ɬɨɤɚ 3,07 Ɇɉɚ� ɢ� ɨɛɪɚɬɧɨɝɨ� ɩɨɬɨɤɚ 0.61 Ɇɉɚ, ɄɉȾ 
ɰɢɤɥɚ 29,2% ɢ� ɯɨɥɨɞɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ� ɧɚ� ɭɪɨɜɧɟ 
ɤɪɢɨɫɬɚɬɢɪɨɜɚɧɢɹ 714 ɤȾɠ�ɤɦɨɥɶ. 

ȼɕȼɈȾɕ 
ȿɞɢɧɨɟ� ɭɪɚɜɧɟɧɢɟ� ɫɨɫɬɨɹɧɢɹ� ɊɄɋ (1) ɜɩɨɥɧɟ 

ɭɫɩɟɲɧɨ�ɦɨɠɟɬ�ɛɵɬɶ�ɢɫɩɨɥɶɡɨɜɚɧɨ�ɞɥɹ�ɨɩɢɫɚɧɢɹ�ɮɚ-
ɡɨɜɨɝɨ�ɪɚɜɧɨɜɟɫɢɹ�ɠɢɞɤɨɫɬɶ�ɩɚɪ�ɱɢɫɬɵɯ�ɤɨɦɩɨɧɟɧɬɨɜ, 
ɛɢɧɚɪɧɵɯ� ɫɦɟɫɟɣ, ɚ� ɬɚɤɠɟ� ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ� ɫɦɟ-
ɫɟɣ. ɍɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ�ɨɩɢɫɵɜɚɹ�ɦɨɥɶɧɵɣ�ɨɛɴɟɦ�ɩɚ-
ɪɨɜɨɣ�ɮɚɡɵ, ɨɧɨ�ɞɚɟɬ�ɡɧɚɱɢɬɟɥɶɧɨ�ɯɭɞɲɢɟ�ɪɟɡɭɥɶɬɚɬɵ 
ɞɥɹ�ɩɥɨɬɧɨɫɬɢ�ɠɢɞɤɨɣ�ɮɚɡɵ. ɉɪɟɞɥɨɠɟɧɧɵɟ� ɩɪɚɜɢɥɚ 
ɫɦɟɲɟɧɢɹ� ɩɨɡɜɨɥɹɸɬ� ɩɪɨɜɨɞɢɬɶ� ɪɚɫɱɟɬɵ� ɞɥɹ� ɛɢɧɚɪ-
ɧɵɯ� ɫɦɟɫɟɣ, ɚ� ɩɨɥɭɱɟɧɧɵɟ� ɧɚ� ɨɫɧɨɜɟ� ɷɤɫɩɟɪɢɦɟɧɬɚ 
ɩɚɪɚɦɟɬɪɵ�ɩɟɪɟɤɪɟɫɬɧɨɝɨ�ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ�ɦɨɝɭɬ�ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɵ� ɞɥɹ� ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ� ɫɢɫɬɟɦɵ Ar-
R14-R218. 

ɋɥɟɞɭɟɬ�ɫɨɛɥɸɞɚɬɶ�ɨɫɬɨɪɨɠɧɨɫɬɶ�ɩɪɢ�ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɢ�ɪɚɡɥɢɱɧɵɯ�ɡɧɚɱɟɧɢɣ�ɩɚɪɚɦɟɬɪɚ�ɤij, ɩɨɥɭɱɟɧɧɵɯ 
ɢɡ�ɪɚɡɥɢɱɧɵɯ�ɫɟɪɢɣ�ɷɤɫɩɟɪɢɦɟɧɬɚ. ɂ�ɟɫɥɢ�ɞɥɹ� ɫɢɫɬɟ-
ɦɵ Ar-R14  ɨɞɧɨ� ɢ� ɬɨɠɟ� ɡɧɚɱɟɧɢɟ kij� ɦɨɠɟɬ� ɛɵɬɶ� ɢɫ-
ɩɨɥɶɡɨɜɚɧɨ�ɜ�ɲɢɪɨɤɨɦ�ɞɢɚɩɚɡɨɧɟ�ɬɟɦɩɟɪɚɬɭɪ�ɢ�ɮɚɡɨ-
ɜɨɝɨ�ɩɨɜɟɞɟɧɢɹ, ɬɨ�ɞɥɹ�ɫɢɫɬɟɦɵ Ar-R218 ɫɥɟɞɭɟɬ�ɤɚɠ-
ɞɵɣ� ɪɚɡ� ɢɫɩɨɥɶɡɨɜɚɬɶ� ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɟ� ɞɥɹ� ɷɬɨɝɨ 
ɫɥɭɱɚɹ� ɡɧɚɱɟɧɢɟ. Ɉɬɦɟɬɢɦ�ɜ�ɰɟɥɨɦ� ɭɫɩɟɲɧɨɟ� ɩɪɢɦɟ-
ɧɟɧɢɟ� ɭɪɚɜɧɟɧɢɹ� ɫɨɫɬɨɹɧɢɹ� ɊɄɋ (1) ɜ� ɩɨɫɬɪɨɟɧɢɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ� ɦɨɞɟɥɢ� ɞɥɹ� ɫɢɫɬɟɦɵ Ar-R14-
R218. 

 

ɉɨɤɚɡɚɧɨ� ɫ� ɩɨɦɨɳɶɸ� ɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɬɟɪɦɨɞɢ-
ɧɚɦɢɱɟɫɤɢɯ� ɫɜɨɣɫɬɜ�ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ� ɤɪɢɨɚɝɟɧɬɚ 
Ar-R14-R218 ɧɚ�ɛɚɡɟ�ɭɪɚɜɧɟɧɢɹ� ɫɨɫɬɨɹɧɢɹ�ɊɄɋ�ɢ�ɨɩ-
ɬɢɦɢɡɚɰɢɢ�ɰɢɤɥɚ�ɜɨɡɦɨɠɧɨɫɬɶ�ɫɨɡɞɚɧɢɹ�ɷɤɨɧɨɦɢɱɧɨɣ 
ɞɪɨɫɫɟɥɶɧɨɣ� ɦɢɤɪɨɤɪɢɨɝɟɧɧɨɣ� ɫɢɫɬɟɦɵ� ɫ� ɬɟɦɩɟɪɚɬɭ-
ɪɨɣ�ɤɪɢɨɫɬɚɬɢɪɨɜɚɧɢɹ 120Ʉ�ɧɚ�ɛɚɡɟ�ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ 
ɤɨɦɩɪɟɫɫɨɪɚ. Ʉɚɤ� ɩɨɤɚɡɚɥɨ� ɫɪɚɜɧɟɧɢɟ� ɷɤɫɟɪɝɟɬɢɱɟ-
ɫɤɢɣ�ɄɉȾ�ɰɢɤɥɚ�ɧɚ�ɫɦɟɫɹɯ�ɧɚɦɧɨɝɨ�ɩɪɟɜɵɲɚɟɬ�ɄɉȾ 
ɰɢɤɥɚ� ɧɚ� ɱɢɫɬɨɦ Ar, ɜɟɥɢɱɢɧɚ� ɤɨɬɨɪɨɝɨ� ɩɪɢ� ɪɚɜɧɵɯ 
ɭɫɥɨɜɢɹɯ�ɫɨɫɬɚɜɥɹɟɬ 6,3%. 
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Ɉɞɟɫɶɤɚ�ɧɚɰɿɨɧɚɥɶɧɚ�ɚɤɚɞɟɦɿɹ�ɯɚɪɱɨɜɢɯ�ɬɟɯɧɨɥɨɝɿɣ 

ɄȱɇȿɌɂɄȺ�ȱɑ�ɋɍɒȱɇɇə�ɒɅȺɆɍ�ɄȺȼɂ 
Ɉɩɢɫɚɧɨ� ɤɿɧɟɬɢɤɭ� ɩɪɨɰɟɫɭ� ɫɭɲɿɧɧɹ� ɲɥɚɦɭ� ɩɿɞ� ɞɿɽɸ� ȱɑ-

ɜɢɩɪɨɦɿɧɟɧɧɹ�ɭ�ɡɚɥɟɠɧɨɫɬɿ�ɜɿɞ�ɬɨɜɳɢɧɢ�ɲɚɪɭ�ɩɪɨɞɭɤɬɭ�ɿ�ɤɿɥɶɤɨɫɬɿ 
ɩɿɞɜɟɞɟɧɨʀ�ɟɧɟɪɝɿʀ. 

Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ:� ɲɥɚɦ� ɤɚɜɢ, ɿɧɮɪɚɱɟɪɜɨɧɟ� ɜɢɩɪɨɦɿɧɟɧɧɹ, 
ɫɭɲɿɧɧɹ. 

Kinetics of waste process of drying of product is described under 
the action of ȱɑ�ɜɢɩɪɨɦɿɧɟɧɧɹ in dependence on the thickness of layer 
of waste product and amount of the brought energy. 

Keywords: waste product of coffee, infrared, drying. 

ȼɢɪɿɲɟɧɧɹ�ɡɚɞɚɱ�ɤɨɦɩɥɟɤɫɧɨʀ�ɩɟɪɟɪɨɛɤɢ�ɿ�ɭɬɢɥɿ-
ɡɚɰɿʀ� ɩɪɨɦɢɫɥɨɜɢɯ� ɜɿɞɯɨɞɿɜ� ɞɨɡɜɨɥɢɬɶ� ɫɭɬɬɽɜɨ� ɡɛɿɥɶ-
ɲɢɬɢ� ɟɮɟɤɬɢɜɧɿɫɬɶ� ɯɚɪɱɨɤɨɧɰɟɧɬɪɚɬɧɨɝɨ� ɜɢɪɨɛɧɢɰɬ-
ɜɚ, ɡɦɟɧɲɢɬɢ� ɜɢɬɪɚɬɢ� ɟɧɟɪɝɿʀ, ɡɧɢɡɢɬɢ� ɧɚɜɚɧɬɚɠɟɧɧɹ 
ɧɚ�ɧɚɜɤɨɥɢɲɧɽ�ɫɟɪɟɞɨɜɢɳɟ�ɿ�ɨɬɪɢɦɚɬɢ�ɧɨɜɭ�ɝɚɦɭ�ɩɪɨ-
ɞɭɤɬɿɜ�ɿ�ɦɚɬɟɪɿɚɥɿɜ, ɜ�ɬɨɦɭ�ɱɢɫɥɿ�ɿ�ɞɥɹ�ɤɨɦɛɿɤɨɪɦɨɜɨɝɨ  
ɜɢɪɨɛɧɢɰɬɜɚ. 

Ɍɚɛɥɢɰɚ 6 
Ʉɨɷɮɮɢɰɢɟɧɬɵ�ɩɨɥɢɧɨɦɨɜ (22-24)ɞɥɹ�ɱɢɫɬɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ 

Ɂɧɚɱɟɧɢɹ�ɤɨɷɮɮɢɰɢɟɧɬɨɜ ci  
 c1 c2 c3 c4 c5 

Ar 2069,26 3,92 1,02 -0,42 0 
R14 2711,85 134,88 195,75 -30,239 1,438 
R218 5354,49 1886,02 -64,851 0 0 

 

  

Ɋɢɫ. 8. Ⱦɢɚɝɪɚɦɦɚ�Ɋ�ɯ�ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɟ�Ɍ=90,5Ʉ�ɜ�ɛɢɧɚɪɧɨɣ�ɫɦɟɫɢ: ɚ) Ar-R14; ɛ) Ar-R218 

0
20
40
60
80

100
120
140

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1ɏ, ɦɨɥ. ɞɨɥɢ

Ɋ, ɤɉɚ

Ar-R14 ɷɤɫɩɟɪɢɦɟɧɬ

  ɭɪɚɜɧɟɧɢɟ�ɊɄɋ

100

120

140

0,5 0,6 0,7 0,8 0,9 1ɏ, ɦɨɥ. ɞɨɥɢ

Ɋ, ɤɉɚ

Ar-R218 ɷɤɫɩɟɪɢɦɟɧɬ

  ɭɪɚɜɧɟɧɢɟ�ɊɄɋ


	УДК 664:001.891
	УДК 664:001.891
	ISSN 2073-8684
	ISSN 2073-8684
	Головний редактор


	Харчова наука і технологія
	Пищевая наука и технология
	FOOD SCIENCE AND TECHNOLOGY
	FOOD SCIENCE AND TECHNOLOGY
	FOOD SCIENCE AND TECHNOLOGY
	З М І С Т
	С О Д Е Р Ж А Н И Е





	Свр. № 12-К
	Свр. № 12-К
	Свр. № 12-К
	Свр. № 12-К
	Свр. № 3-Р



	Таблиця 2
	Таблиця 2
	Таблиця 2Фізико-хімічний склад кукурудзяного екстракту

	Найменування показника
	Значення

	(СПИСОК ЛИТЕРАТУРЫ
	(СПИСОК ЛИТЕРАТУРЫ
	(СПИСОК ЛІТЕРАТУРИ
	(СПИСОК ЛИТЕРАТУРЫ
	(СПИСОК ЛІТЕРАТУРИ

	N
	N
	( СПИСОК ЛИТЕРАТУРЫ
	( СПИСОК ЛИТЕРАТУРЫ


