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ȼɢɫɧɨɜɤɢ. Ɏɟɪɦɟɧɬɢ, ɜɢɞɿɥɟɧɿ� ɲɥɹɯɨɦ� ɟɤɫɬɪɚ-
ɝɭɜɚɧɧɹ� ɬɚ� ɨɫɚɞɠɟɧɧɹ� ɿɡ� ɪɨɫɥɢɧɧɨʀ� ɫɢɪɨɜɢɧɢ� ɡɞɚɬɧɿ 
ɡɦɿɧɸɜɚɬɢ� ɚɪɨɦɚɬ� ɜɚɪɟɧɨʀ� ɤɚɩɭɫɬɢ. Ⱦɨɫɥɿɞɠɟɧɚ� ɞɿɹ 
ɪɨɫɥɢɧɧɢɯ� ɮɟɪɦɟɧɬɿɜ� ɜɢɞɿɥɟɧɢɯ� ɡ� ɨɝɿɪɤɚ, ɤɚɛɚɱɤɚ, 
ɫɬɜɨɪɨɦ�ɝɨɪɨɯɭ�ɧɚ�ɡɦɿɧɭ�ɚɪɨɦɚɬɭ. ȼɢɡɧɚɱɢɥɢ, ɳɨ�ɞɥɹ 
ɮɟɪɦɟɧɬɚɬɢɜɧɢɯ�ɪɟɚɤɰɿɣ� ɫɭɛɫɬɪɚɬɨɦ�ɦɨɠɭɬɶ�ɛɭɬɢ�ɪɿ-
ɡɧɿ�ɫɩɨɥɭɤɢ,  ɹɤɿ�ɦɿɫɬɹɬɶɫɹ�ɜ� ɟɤɫɬɪɚɤɬɿ�ɚɛɨ�ɩɸɪɟ�ɡ�ɤɚ-
ɩɭɫɬɢ. Ⱦɿɹ�ɪɨɫɥɢɧɧɢɯ�ɮɟɪɦɟɧɬɿɜ�ɫɬɚɛɿɥɶɧɚ�ɩɪɢ�ɪɿɡɧɢɯ 
ɪɇ. Ɏɟɪɦɟɧɬɢ�ɨɝɿɪɤɚ�ɬɚ�ɝɨɪɨɯɭ�ɧɚɞɚɸɬɶ�ɩɸɪɟɩɨɞɿɛɧɿɣ 
ɜɚɪɟɧɿɣ�ɤɚɩɭɫɬɿ�ɫɜɿɠɨɝɨ�ɚɪɨɦɚɬɭ�ɩɪɢ�ɪɇ�ɛɥɢɡɶɤɨɦɭ�ɞɨ 
ɫɥɚɛɨ�ɥɭɠɧɨɝɨ. ɉɨɩɟɪɟɞɧɢɤɢ�ɚɪɨɦɚɬɢɱɧɢɯ�ɫɩɨɥɭɤ, ɹɤɿ 
ɦɿɫɬɹɬɶɫɹ�ɭ�ɤɚɩɭɫɬɿ�ɩɪɢ�ɜɢɤɨɪɢɫɬɚɧɧɿ�ɪɨɫɥɢɧɧɢɯ�ɮɟɪ-
ɦɟɧɬɿɜ�ɩɨɤɪɚɳɭɸɬɶ�ɚɪɨɦɚɬ�ɝɨɬɨɜɨɝɨ�ɩɪɨɞɭɤɬɭ. 
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ɊȺɁȼɂɌɂȿ�ɇȺɍɑɇɕɏ�ɈɋɇɈȼ�ɁȺɆɈɊȺɀɂȼȺɇɂə�ɄȺɅɂɇɕ 
ɈȻɕɄɇɈȼȿɇɇɈɃ�ɄȺɄ�ɉȿɊɋɉȿɄɌɂȼɇɈȽɈ�ɋɕɊɖə�ȾɅə 

ɉɊɈɂɁȼɈȾɋɌȼȺ�ɉɈɅɍɎȺȻɊɂɄȺɌɈȼ 
ȼ�ɫɬɚɬɶɟ�ɩɪɢɜɟɞɟɧɵ�ɪɟɡɭɥɶɬɚɬɵ�ɨɰɟɧɤɢ�ɤɚɱɟɫɬɜɚ�ɹɝɨɞ�ɤɚɥɢɧɵ 

ɨɛɵɤɧɨɜɟɧɧɨɣ� ɩɨ� ɨɪɝɚɧɨɥɟɩɬɢɱɟɫɤɢɦ� ɢ� ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɢɦ� ɩɨɤɚ-
ɡɚɬɟɥɹɦ. Ɉɛɨɫɧɨɜɚɧɵ�ɩɪɟɢɦɭɳɟɫɬɜɚ� ɩɪɨɰɟɫɫɚ� ɡɚɦɨɪɚɠɢɜɚɧɢɹ� ɩɥɨ-
ɞɨɜ�ɤɚɥɢɧɵ� ɨɛɵɤɧɨɜɟɧɧɨɣ�ɤɚɤ�ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ�ɞɢɤɨɪɚɫɬɭɳɟɝɨ� ɫɵ-
ɪɶɹ� ɞɥɹ� ɩɪɨɢɡɜɨɞɫɬɜɚ� ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ. ɂɫɩɨɥɶɡɭɹ� ɧɢɡɤɨɬɟɦɩɟɪɚ-
ɬɭɪɧɵɣ�ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɣ�ɦɟɬɨɞ�ɢɡɦɟɪɟɧɢɹ, ɨɩɪɟɞɟɥɟɧɵ�ɞɢɚɩɚɡɨ-
ɧɵ� ɬɟɦɩɟɪɚɬɭɪ� ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ� ɢ� ɩɥɚɜɥɟɧɢɹ� ɜɥɚɝɢ� ɜ� ɢɫɫɥɟɞɭɟɦɵɯ 
ɨɛɪɚɡɰɚɯ� ɹɝɨɞ. ɍɫɬɚɧɨɜɥɟɧɨ� ɜɥɢɹɧɢɟ� ɩɪɨɰɟɫɫɚ� ɡɚɦɨɪɚɠɢɜɚɧɢɹ� ɧɚ 
ɩɨɤɚɡɚɬɟɥɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ�ɬɨɜɚɪɧɨɟ�ɤɚɱɟɫɬɜɨ�ɩɪɨɞɭɤɰɢɢ – ɦɢɤ-
ɪɨɫɬɪɭɤɬɭɪɭ�ɪɚɫɬɢɬɟɥɶɧɵɯ�ɬɤɚɧɟɣ�ɹɝɨɞ�ɤɚɥɢɧɵ�ɨɛɵɤɧɨɜɟɧɧɨɣ. 

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ:� ɤɚɥɢɧɚ� ɨɛɵɤɧɨɜɟɧɧɚɹ, ɞɢɤɨɪɚɫɬɭɳɟɟ� ɫɵ-
ɪɶɟ, ɡɚɦɨɪɚɠɢɜɚɧɢɟ, ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ. 

To the article the results of estimation of quality of berries vibur-
num usual are driven on organoleptic and physical-chemical indicators. 
Advantages of process of freezing of viburnum usual are reasonable as 
perspective raw material for the production of ready-to-cook foods. Us-
ing low-temperature calorimetric measurement method defined tempera-
ture ranges of crystallization and melting of water in the samples of ber-
ries. Influence of process of freezing is set on indicators characterizing 
commodity quality of products – microstructure of vegetable fabrics of 
berries viburnum usual. 

Keywords: viburnum usual, raw material, freezing, microstruc-
ture. 

ɋɨɜɪɟɦɟɧɧɵɟ� ɬɟɧɞɟɧɰɢɢ� ɮɨɪɦɢɪɨɜɚɧɢɹ� ɡɞɨɪɨ-
ɜɨɝɨ�ɪɚɰɢɨɧɚ�ɩɢɬɚɧɢɹ�ɞɢɤɬɭɸɬ�ɧɟɨɛɯɨɞɢɦɨɫɬɶ�ɫɨɡɞɚ-
ɧɢɹ�ɧɨɜɵɯ�ɩɪɨɞɭɤɬɨɜ�ɫ�ɩɨɜɵɲɟɧɧɨɣ�ɛɢɨɥɨɝɢɱɟɫɤɨɣ�ɢ 
ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɣ� ɰɟɧɧɨɫɬɶɸ. ȼ� ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ 
ɧɚɢɛɨɥɟɟ�ɚɤɬɭɚɥɶɧɵɦ�ɹɜɥɹɟɬɫɹ�ɫɨɡɞɚɧɢɟ�ɧɚɬɭɪɚɥɶɧɵɯ, 
ɷɤɨɥɨɝɢɱɟɫɤɢ� ɛɟɡɨɩɚɫɧɵɯ� ɩɢɳɟɜɵɯ� ɩɪɨɞɭɤɬɨɜ� ɧɚ� ɨɫ-
ɧɨɜɟ� ɫɵɪɶɟɜɵɯ� ɤɨɦɩɨɧɟɧɬɨɜ, ɜɵɪɚɳɟɧɧɵɯ� ɛɟɡ� ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ� ɩɪɢɟɦɨɜ� ɚɝɪɨɯɢɦɢɢ, ɜ� ɪɟɰɟɩɬɭɪɟ� ɤɨɬɨ-

ɪɵɯ�ɨɬɫɭɬɫɬɜɭɸɬ� ɫɢɧɬɟɬɢɱɟɫɤɢɟ� ɤɨɧɫɟɪɜɚɧɬɵ, ɚɪɨɦɚ-
ɬɢɡɚɬɨɪɵ, ɤɪɚɫɢɬɟɥɢ. Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɦ� ɢɫɬɨɱɧɢɤɨɦ 
ɦɧɨɝɢɯ� ɤɨɦɩɨɧɟɧɬɨɜ�ɩɢɬɚɧɢɹ� ɹɜɥɹɟɬɫɹ� ɞɢɤɨɪɚɫɬɭɳɟɟ 
ɫɵɪɶɟ. Ʉ�ɬɚɤɢɦ�ɞɢɤɨɪɚɫɬɭɳɢɦ�ɜɢɞɚɦ�ɫɵɪɶɹ�ɨɬɧɨɫɹɬɫɹ: 
ɤɥɸɤɜɚ�ɢ�ɤɚɥɢɧɚ, ɤɨɬɨɪɵɟ�ɹɜɥɹɸɬɫɹ�ɢɫɬɨɱɧɢɤɚɦɢ�ɜɢ-
ɬɚɦɢɧɨɜ, ɦɢɧɟɪɚɥɶɧɵɯ� ɜɟɳɟɫɬɜ, ɩɢɳɟɜɵɯ� ɜɨɥɨɤɨɧ� ɢ 
ɞɪɭɝɢɯ, ɠɢɡɧɟɧɧɨɜɚɠɧɵɯ� ɧɭɬɪɢɟɧɬɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ 
ɞɥɹ�ɧɨɪɦɚɥɶɧɨɝɨ�ɨɛɟɫɩɟɱɟɧɢɹ�ɨɛɦɟɧɧɵɯ�ɩɪɨɰɟɫɫɨɜ. 

ȼ�ɩɥɨɞɚɯ�ɤɚɥɢɧɵ�ɫɨɞɟɪɠɢɬɫɹ 6,5…8,0% ɫɚɯɚɪɨɜ, 
ɝɥɚɜɧɵɦ�ɨɛɪɚɡɨɦ�ɝɥɸɤɨɡɚ�ɢ�ɮɪɭɤɬɨɡɚ; 0,4…0,6% ɩɟɤ-
ɬɢɧɨɜɵɯ� ɜɟɳɟɫɬɜ; 1,9% ɨɪɝɚɧɢɱɟɫɤɢɯ� ɤɢɫɥɨɬ (ɹɛɥɨɱ-
ɧɚɹ, ɜɚɥɟɪɢɚɧɨɜɚɹ, ɦɭɪɚɜɶɢɧɚɹ, ɭɤɫɭɫɧɚɹ, ɤɚɩɪɢɥɨɜɚɹ 
ɢ� ɞɪ. ); 1,4…2,5 ɦɝ% ɤɚɪɨɬɢɧɚ; 6,0…30,0 ɦɝ% ɜɢɬɚ-
ɦɢɧɚ�ɋ; 156,0…245,0 ɦɝ% ɛɢɨɮɥɚɜɨɧɨɢɞɨɜ [2]. 

ɍɱɢɬɵɜɚɹ� ɯɢɦɢɱɟɫɤɢɣ� ɫɨɫɬɚɜ� ɢ� ɥɟɱɟɛɧɨ-
ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɨɟ� ɞɟɣɫɬɜɢɟ� ɹɝɨɞ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ� ɢɯ 
ɩɪɢ�ɩɪɨɢɡɜɨɞɫɬɜɟ�ɩɪɨɞɭɤɬɨɜ�ɩɢɬɚɧɢɹ�ɩɨɡɜɨɥɢɬ�ɨɛɨɝɚ-
ɬɢɬɶ�ɩɨɫɥɟɞɧɢɟ�ɛɢɨɥɨɝɢɱɟɫɤɢ�ɚɤɬɢɜɧɵɦɢ�ɜɟɳɟɫɬɜɚɦɢ 
ɢ�ɩɪɢɞɚɬɶ�ɢɦ�ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ�ɫɜɨɣɫɬɜ. ɋɨɜɪɟɦɟɧɧɵɟ 
ɬɟɯɧɨɥɨɝɢɢ, ɯɨɬɹ� ɢ� ɩɨɡɜɨɥɹɸɬ� ɩɪɨɢɡɜɨɞɢɬɶ� ɩɢɳɟɜɵɟ 
ɩɪɨɞɭɤɬɵ�ɢɡ�ɞɢɤɨɪɚɫɬɭɳɢɯ�ɩɥɨɞɨɜ�ɢ�ɹɝɨɞ, ɨɞɧɚɤɨ�ɨɧɢ 
ɧɟɞɨɫɬɚɬɨɱɧɨ� ɢɫɩɨɥɶɡɭɸɬ� ɦɧɨɝɨɝɪɚɧɧɵɣ� ɢ� ɩɨɥɟɡɧɵɣ 
ɢɯ�ɯɢɦɢɱɟɫɤɢɣ�ɫɨɫɬɚɜ. 

ȼ�ɨɬɟɱɟɫɬɜɟɧɧɨɣ� ɢ� ɡɚɪɭɛɟɠɧɨɣ� ɩɪɚɤɬɢɤɟ�ɧɚɤɨɩ-
ɥɟɧ�ɨɩɵɬ�ɢ� ɟɫɬɶ� ɫɪɟɞɫɬɜɚ� ɞɥɹ�ɩɪɨɞɥɟɧɢɹ� ɫɪɨɤɨɜ� ɯɪɚ-
ɧɟɧɢɹ�ɩɪɨɞɭɤɬɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ�ɦɢɧɢɦɚɥɶɧɵɟ  

 

Ɋɢɫ. 3. ɍɡɚɝɚɥɶɧɟɧɚ�ɫɯɟɦɚ�ɜɢɪɨɛɧɢɰɬɜɚ�ɚɪɨɦɚɬɢɡɚɬɨɪɿɜ 
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ɢɡɦɟɧɟɧɢɹ� ɢɯ� ɤɚɱɟɫɬɜɟɧɧɵɯ�ɩɨɤɚɡɚɬɟɥɟɣ. Ʉ�ɧɚɢɛɨɥɟɟ 
ɩɪɨɝɪɟɫɫɢɜɧɵɦ�ɨɬɧɨɫɢɬɫɹ�ɡɚɦɨɪɚɠɢɜɚɧɢɟ. ɇɚ�ɫɟɝɨɞɧɹ 
ɫɚɦɵɦ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ� ɫɩɨɫɨɛɨɦ� ɡɚɦɨɪɚɠɢɜɚɧɢɹ 
ɹɜɥɹɟɬɫɹ� ɤɨɧɜɟɤɬɢɜɧɵɣ, ɬ�ɟ. ɜ� ɢɧɬɟɧɫɢɜɧɨɦ� ɩɨɬɨɤɟ 
ɯɨɥɨɞɧɨɝɨ� ɜɨɡɞɭɯɚ. ȼɵɛɨɪ� ɫɩɨɫɨɛɚ� ɡɚɦɨɪɚɠɢɜɚɧɢɹ 
ɧɚɩɪɚɜɥɟɧ� ɩɪɟɠɞɟ� ɜɫɟɝɨ�ɧɚ� ɨɛɟɫɩɟɱɟɧɢɟ� ɭɫɥɨɜɢɣ� ɞɥɹ 
ɫɧɢɠɟɧɢɹ� ɩɨɜɪɟɠɞɚɸɳɟɝɨ� ɞɟɣɫɬɜɢɹ� ɨɫɦɨɬɢɱɟɫɤɨɝɨ 
ɞɚɜɥɟɧɢɹ� ɜɨɞɵ, ɭɦɟɧɶɲɟɧɢɹ� ɞɟɮɨɪɦɚɰɢɢ� ɛɢɨɥɨɝɢɱɟ-
ɫɤɨɝɨ�ɨɛɴɟɤɬɚ�ɤɪɢɫɬɚɥɥɚɦɢ�ɥɶɞɚ�ɢ�ɬ�ɞ. [3]. 

ɐɟɥɶ� ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɧɢɟ� ɩɪɨɰɟɫɫɚ� ɡɚɦɨɪɚ-
ɠɢɜɚɧɢɹ� ɩɥɨɞɨɜ� ɤɚɥɢɧɵ� ɨɛɵɤɧɨɜɟɧɧɨɣ, ɨɩɪɟɞɟɥɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪ, ɩɪɢ�ɤɨɬɨɪɵɯ�ɩɪɨɢɫɯɨɞɢɬ�ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ 
ɜɥɚɝɢ, ɚ� ɬɚɤɠɟ� ɢɡɭɱɟɧɢɟ� ɜɥɢɹɧɢɹ� ɧɢɡɤɢɯ� ɬɟɦɩɟɪɚɬɭɪ 
ɧɚ�ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ�ɩɥɨɞɨɜ. ɉɪɟɞɦɟɬɨɦ�ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɛɵɥɢ�ɩɥɨɞɵ�ɤɚɥɢɧɵ�ɨɛɵɤɧɨɜɟɧɧɨɣ. 

ɇɚ�ɩɟɪɜɨɦ�ɷɬɚɩɟ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɛɵɥɨ�ɨɩɪɟɞɟɥɟɧɨ 
ɤɚɱɟɫɬɜɨ�ɹɝɨɞ, ɫɨɛɪɚɧɧɵɯ�ɧɚ�ɬɟɪɪɢɬɨɪɢɢ�ɏɚɪɶɤɨɜɫɤɨɣ 
ɨɛɥɚɫɬɢ. Ʉɨɧɬɪɨɥɶ� ɤɚɱɟɫɬɜɚ� ɞɢɤɨɪɚɫɬɭɳɟɝɨ� ɫɵɪɶɹ 
ɩɪɨɜɨɞɢɥɢ� ɩɨ� ɨɪɝɚɧɨɥɟɩɬɢɱɟɫɤɢɦ� ɢ� ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɦ� ɩɨɤɚɡɚɬɟɥɹɦ. ɋɵɪɶɟ� ɚɧɚɥɢɡɢɪɨɜɚɥɢ� ɜ 
ɫɬɚɞɢɢ� ɩɨɬɪɟɛɢɬɟɥɶɫɤɨɣ� ɡɪɟɥɨɫɬɢ. ɉɪɢ� ɷɬɨɦ� ɤɨɧɬɪɨ-
ɥɢɪɨɜɚɥɢ� ɫɨɞɟɪɠɚɧɢɟ� ɚɫɤɨɪɛɢɧɨɜɨɣ� ɤɢɫɥɨɬɵ, ɩɟɤɬɢ-
ɧɨɜɵɯ� ɜɟɳɟɫɬɜ, ɬɢɬɪɭɟɦɨɣ� ɤɢɫɥɨɬɧɨɫɬɢ (ɜ� ɩɟɪɟɫɱɟɬɟ 
ɧɚ�ɹɛɥɨɱɧɭɸ�ɤɢɫɥɨɬɭ), ɫɨɞɟɪɠɚɧɢɟ�ɫɚɯɚɪɨɜ, ɦɚɫɫɨɜɭɸ 
ɞɨɥɸ� ɜɥɚɝɢ, ɚ� ɬɚɤɠɟ� ɨɰɟɧɢɜɚɥɢ� ɨɪɝɚɧɨɥɟɩɬɢɱɟɫɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ. ɉɥɨɞɵ� ɤɚɥɢɧɵ� ɨɛɵɤɧɨɜɟɧɧɨɣ� ɛɵɥɢ� ɲɚ-
ɪɨɜɢɞɧɨɣ, ɩɪɨɞɨɥɶɧɨ�ɷɥɥɢɩɫɨɜɢɞɧɨɣ� ɮɨɪɦɵ, ɢɦɟɥɢ 
ɹɪɤɨ�ɨɪɚɧɠɟɜɭɸ� ɨɤɪɚɫɤɭ, ɫɥɚɞɤɨ�ɤɢɫɥɵɣ� ɜɤɭɫ, ɫ� ɥɟɝ-
ɤɢɦ� ɩɪɢɜɤɭɫɨɦ� ɝɨɪɟɱɢ. ɉɨɥɭɱɟɧɧɵɟ� ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɟ�ɩɨɤɚɡɚɬɟɥɢ�ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥ. 1. 

ɂɡ�ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɢɯ�ɩɨɤɚɡɚɬɟɥɟɣ�ɹɝɨɞ�ɤɚɥɢɧɵ 
ɨɛɵɤɧɨɜɟɧɧɨɣ� ɫɥɟɞɭɟɬ� ɨɬɦɟɬɢɬɶ� ɞɨɫɬɚɬɨɱɧɨ� ɜɵɫɨɤɨɟ 
ɫɨɞɟɪɠɚɧɢɟ� ɜɥɚɝɢ� ɢ� ɩɟɤɬɢɧɨɜɵɯ� ɜɟɳɟɫɬɜ. ɋɚɯɚɪɚ� ɜ 
ɹɝɨɞɚɯ, ɜ�ɨɫɧɨɜɧɨɦ, ɩɪɟɞɫɬɚɜɥɟɧɵ�ɦɨɧɨɫɚɯɚɪɢɞɚɦɢ�ɢ 
ɢɯ�ɫɨɞɟɪɠɚɧɢɟ�ɫɨɫɬɚɜɥɹɟɬ 8,7%. 

ɋɨɜɪɟɦɟɧɧɵɟ�ɬɟɯɧɨɥɨɝɢɢ�ɡɚɦɨɪɚɠɢɜɚɧɢɹ�ɪɚɫɬɢ-
ɬɟɥɶɧɨɝɨ� ɫɵɪɶɹ� ɧɚɩɪɚɜɥɟɧɵ� ɧɚ� ɫɨɡɞɚɧɢɟ� ɬɚɤɢɯ� ɭɫɥɨ-
ɜɢɣ�ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ�ɨɛɪɚɛɨɬɤɢ�ɢ�ɯɪɚɧɟɧɢɹ, ɩɪɢ 
ɤɨɬɨɪɵɯ� ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɟ� ɫɜɨɣɫɬɜɚ� ɷɬɢɯ� ɩɪɨɞɭɤɬɨɜ 
ɛɭɞɭɬ� ɦɚɤɫɢɦɚɥɶɧɨ� ɩɪɢɛɥɢɠɟɧɧɵɦɢ� ɤ� ɫɜɟɠɢɦ� ɢ� ɧɟ 
ɛɭɞɭɬ� ɦɟɧɹɬɶɫɹ� ɜ� ɬɟɱɟɧɢɟ� ɞɥɢɬɟɥɶɧɨɝɨ� ɫɪɨɤɚ� ɯɨɥɨ-
ɞɢɥɶɧɨɝɨ�ɯɪɚɧɟɧɢɹ. Ɏɢɡɢɱɟɫɤɨɣ�ɫɭɳɧɨɫɬɶɸ�ɩɪɨɰɟɫɫɚ 
ɡɚɦɨɪɚɠɢɜɚɧɢɹ, ɤɚɤ� ɫɩɨɫɨɛɚ� ɤɨɧɫɟɪɜɢɪɨɜɚɧɢɹ� ɪɚɫɬɢ-
ɬɟɥɶɧɨɝɨ�ɫɵɪɶɹ, ɹɜɥɹɟɬɫɹ�ɮɚɡɨɜɨɟ�ɩɪɟɜɪɚɳɟɧɢɟ�ɜɥɚɝɢ 
ɹɝɨɞ�ɢɡ�ɠɢɞɤɨɝɨ�ɫɨɫɬɨɹɧɢɹ�ɜ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ. ɂɦɟɧ-
ɧɨ� ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ� ɠɢɞɤɨɣ� ɮɪɚɤɰɢɢ� ɨɛɭɫɥɨɜɥɟɧɚ 
ɫɩɨɫɨɛɧɨɫɬɶ� ɛɵɫɬɪɨɡɚɦɨɪɨɠɟɧɧɵɯ� ɹɝɨɞ� ɤ� ɞɥɢɬɟɥɶɧɨ-
ɦɭ� ɯɪɚɧɟɧɢɸ, ɩɨɫɤɨɥɶɤɭ� ɩɪɟɜɪɚɳɟɧɢɟ� ɜɥɚɝɢ� ɜ� ɥɟɞ 
ɩɪɟɩɹɬɫɬɜɭɟɬ� ɩɢɬɚɧɢɸ� ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɫɨɡɞɚɜɚɹ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɟ�ɨɫɦɨɬɢɱɟɫɤɢɟ�ɭɫɥɨɜɢɹ, ɪɟɡɤɨ�ɡɚɦɟɞ-
ɥɹɟɬ� ɫɤɨɪɨɫɬɶ� ɩɪɨɬɟɤɚɧɢɹ� ɯɢɦɢɱɟɫɤɢɯ� ɢ� ɛɢɨɯɢɦɢɱɟ-
ɫɤɢɯ�ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ�ɜɥɢɹɸɬ�ɧɚ�ɢɡɦɟɧɟɧɢɟ�ɰɜɟɬɚ, 
ɩɨɬɟɪɸ�ɚɪɨɦɚɬɚ, ɩɨɹɜɥɟɧɢɟ�ɧɟɠɟɥɚɬɟɥɶɧɵɯ�ɜɤɭɫɨɜɵɯ 

ɨɬɬɟɧɤɨɜ, ɭɦɟɧɶɲɟɧɢɹ� ɫɨɞɟɪɠɚɧɢɹ� ɜɢɬɚɦɢɧɨɜ� ɢ� ɬ�ɞ. 
[3]. ɇɚɢɛɨɥɟɟ� ɜɟɫɨɦɵɟ� ɮɚɤɬɨɪɵ, ɨɛɭɫɥɨɜɥɢɜɚɸɳɢɟ 
ɩɨɜɪɟɠɞɟɧɢɹ� ɩɪɢ� ɡɚɦɨɪɚɠɢɜɚɧɢɢ� ɩɪɨɞɭɤɬɚ, ɫɜɹɡɚɧ-
ɧɵɟ� ɫ� ɮɚɡɨɜɵɦɢ� ɢ� ɮɚɡɨɜɨ�ɫɬɪɭɤɬɭɪɧɵɦɢ� ɩɪɟɨɛɪɚɡɨ-
ɜɚɧɢɹɦɢ�ɜ�ɧɟɦ. ɋɬɟɩɟɧɶ�ɩɨɜɪɟɠɞɟɧɢɹ� ɡɚɜɢɫɢɬ� ɨɬ� ɤɢ-
ɧɟɬɢɤɢ�ɤɪɢɫɬɚɥɥɨɨɛɪɚɡɨɜɚɧɢɹ�ɢ�ɪɨɫɬɚ�ɤɪɢɫɬɚɥɥɨɜ, ɢɯ 
ɮɨɪɦɵ�ɢ�ɪɚɡɦɟɪɚ, ɯɚɪɚɤɬɟɪɚ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɠɢɞɤɨɫɬɢ 
ɜ� ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ� ɦɚɬɪɢɰɟ, ɢɧɬɟɧɫɢɜɧɨɫɬɢ� ɪɟɤɪɢ-
ɫɬɚɥɥɢɡɚɰɢɨɧɧɨɝɨ� ɩɪɨɰɟɫɫɚ. ɉɪɢ� ɷɬɨɦ� ɜɫɥɟɞɫɬɜɢɟ 
ɞɜɢɠɟɧɢɹ� ɝɪɚɧɢɰ� ɪɚɡɞɟɥɚ� ɦɟɠɞɭ� ɬɜɟɪɞɨɣ� ɢ� ɠɢɞɤɨɣ 
ɮɚɡɚɦɢ�ɤɥɟɬɤɢ�ɩɨɞɜɟɪɝɚɸɬɫɹ�ɦɟɯɚɧɢɱɟɫɤɢɦ�ɧɚɝɪɭɡɤɚɦ 
ɢ�ɩɨɜɵɲɟɧɧɨɦɭ�ɞɚɜɥɟɧɢɸ [4, 5]. ɇɚɢɛɨɥɟɟ�ɜɟɪɨɹɬɧɵɦ 
ɩɟɪɜɢɱɧɵɦ� ɩɪɨɰɟɫɫɨɦ� ɩɪɢ� ɤɪɢɨɩɨɜɪɟɠɞɟɧɢɢ� ɤɥɟɬɨɤ 
ɹɜɥɹɸɬɫɹ�ɢɡɦɟɧɟɧɢɹ�ɫɬɪɭɤɬɭɪɧɨ�ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ�ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ� ɦɟɦɛɪɚɧ (ɩɪɨɧɢɰɚɬɟɥɶɧɨɫɬɢ, ɮɭɧɤɰɢɨ-
ɧɚɥɶɧɨɣ� ɚɤɬɢɜɧɨɫɬɢ). Ɇɚɫɫɨɜɚɹ� ɞɨɥɹ� ɜɵɦɨɪɨɠɟɧɧɨɣ 
ɜɥɚɝɢ� ɜ� ɩɪɨɞɭɤɬɟ, ɡɚɜɢɫɢɬ� ɨɬ� ɟɟ� ɨɛɳɟɝɨ� ɫɨɞɟɪɠɚɧɢɹ, 
ɮɨɪɦɵ� ɢ� ɩɪɨɱɧɨɫɬɢ� ɫɜɹɡɢ� ɫɨ� ɫɬɪɭɤɬɭɪɧɵɦɢ� ɷɥɟɦɟɧ-
ɬɚɦɢ, ɬɟɦɩɟɪɚɬɭɪɵ�ɡɚɦɨɪɚɠɢɜɚɧɢɹ�ɬ�ɞ. 

ɉɪɢ�ɮɚɡɨɜɨɦ�ɩɟɪɟɯɨɞɟ�ɜɥɚɝɢ�ɜ�ɥɟɞ�ɤɚɠɞɚɹ�ɦɨɥɟ-
ɤɭɥɚ� ɜɨɞɵ� ɫɨɟɞɢɧɹɟɬɫɹ� ɫ� ɱɟɬɵɪɶɦɹ� ɫɨɫɟɞɧɢɦɢ� ɞɢɩɨ-
ɥɹɦɢ, ɨɛɪɚɡɭɹ�ɪɟɝɭɥɹɪɧɭɸ�ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ�ɪɟɲɟɬɤɭ. 
ɋɟɣɱɚɫ�ɟɫɬɶ�ɞɨɫɬɚɬɨɱɧɨ�ɱɟɬɤɢɟ�ɩɪɟɞɫɬɚɜɥɟɧɢɹ�ɨɛ�ɨɫɨ-
ɛɟɧɧɨɫɬɹɯ� ɜɡɚɢɦɨɪɚɫɩɨɥɨɠɟɧɢɹ� ɦɨɥɟɤɭɥ� ɜɨɞɵ� ɜ 
ɫɬɪɭɤɬɭɪɟ�ɥɶɞɚ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ�ɧɚɥɢɱɢɟɦ�ɜɨɞɨɪɨɞɧɵɯ 
ɫɜɹɡɟɣ. Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ�ɜɥɚɝɢ�ɩɪɢɜɨɞɢɬ�ɤ�ɢɡɦɟɧɟɧɢɸ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ, ɫɬɪɭɤɬɭɪɧɨ�ɦɟɯɚɧɢɱɟɫɤɢɯ�ɢ�ɞɪɭɝɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɩɪɨɞɭɤɬɚ [4]. Ⱦɢɚɩɚɡɨɧɵ� ɬɟɦɩɟɪɚɬɭɪ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ� ɢ� ɦɚɫɫɨɜɭɸ� ɞɨɥɸ� ɜɵɦɨɪɨɠɟɧɧɨɣ 
ɜɥɚɝɢ�ɨɩɪɟɞɟɥɹɥɢ�ɩɨ�ɦɟɬɨɞɢɤɟ, ɤɨɬɨɪɚɹ�ɛɵɥɚ�ɪɚɡɪɚɛɨ-

ɬɚɧɚ� ɧɚ� ɛɚɡɟ� ɏɚɪɶɤɨɜɫɤɨɝɨ� ɝɨɫɭɞɚɪ-
ɫɬɜɟɧɧɨɝɨ� ɭɧɢɜɟɪɫɢɬɟɬɚ� ɩɢɬɚɧɢɹ� ɢ 
ɬɨɪɝɨɜɥɢ. Ɇɟɬɨɞɢɤɚ� ɢɡɦɟɪɟɧɢɹ� ɨɫɧɨ-
ɜɚɧɚ� ɧɚ� ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ� ɤɚɥɨɪɢ-
ɦɟɬɪɢɱɟɫɤɨɦ� ɦɟɬɨɞɟ� ɢɡɦɟɪɟɧɢɹ� ɤɨɥɢ-
ɱɟɫɬɜɚ� ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɸɳɟɣɫɹ� ɩɪɢ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ� ɫɜɨɛɨɞɧɨɣ� ɜɥɚɝɢ� ɜ 
ɩɢɳɟɜɨɦ�ɫɵɪɶɟ. ɋɭɬɶ�ɦɟɬɨɞɚ�ɡɚɤɥɸɱɚ-
ɟɬɫɹ� ɜ� ɢɡɦɟɪɟɧɢɢ� ɫɢɝɧɚɥɚ� ɞɢɮɮɟɪɟɧ-
ɰɢɚɥɶɧɨɣ� ɬɟɪɦɨɩɚɪɵ, ɤɨɬɨɪɚɹ� ɪɟɝɢ-

ɫɬɪɢɪɭɟɬ� ɢɡɦɟɧɟɧɢɟ� ɬɟɦɩɟɪɚɬɭɪɵ� ɩɨɬɨɤɚ� ɯɨɥɨɞɧɨɝɨ 
ɜɨɡɞɭɯɚ, ɨɦɵɜɚɸɳɟɝɨ�ɢɫɫɥɟɞɭɟɦɵɣ�ɨɛɪɚɡɟɰ [4, 6]. 

Ɂɚɦɨɪɚɠɢɜɚɧɢɸ� ɩɨɞɥɟɠɚɥɢ� ɢɫɫɥɟɞɭɟɦɵɟ� ɨɛɪɚɡ-
ɰɵ� ɫɜɟɠɢɯ� ɹɝɨɞ� ɤɚɥɢɧɵ� ɨɛɵɤɧɨɜɟɧɧɨɣ� ɦɚɫɫɨɣ 15  ɝ,  
ɤɨɬɨɪɵɟ� ɩɨɦɟɳɚɥɢ� ɜ� ɩɥɚɫɬɦɚɫɫɨɜɭɸ� ɟɦɤɨɫɬɶ� ɢ� ɩɨ-
ɝɪɭɠɚɥɢ� ɜ� ɢɡɦɟɪɢɬɟɥɶɧɭɸ� ɤɚɦɟɪɭ� ɤɚɥɨɪɢɦɟɬɪɚ� ɫ� ɡɚ-
ɞɚɧɧɨɣ� ɨɬɪɢɰɚɬɟɥɶɧɨɣ� ɬɟɦɩɟɪɚɬɭɪɨɣ� ɫɪɟɞɵ. ɉɪɨɰɟɫɫ 
ɡɚɦɨɪɚɠɢɜɚɧɢɹ� ɫɱɢɬɚɥɫɹ� ɡɚɤɨɧɱɟɧɧɵɦ� ɩɨɫɥɟ� ɞɨɫɬɢ-
ɠɟɧɢɹ� ɜɧɭɬɪɢ� ɢɫɫɥɟɞɭɟɦɨɝɨ� ɨɛɪɚɡɰɚ� ɬɟɦɩɟɪɚɬɭɪɵ, 
ɪɚɜɧɨɣ�ɬɟɦɩɟɪɚɬɭɪɟ�ɫɪɟɞɵ. ɉɨɫɥɟ�ɷɬɨɝɨ�ɦɨɦɟɧɬɚ�ɨɫɭ-
ɳɟɫɬɜɥɹɥɢ�ɩɪɨɰɟɫɫ�ɪɚɡɦɨɪɚɠɢɜɚɧɢɹ�ɢɫɫɥɟɞɭɟɦɵɯ�ɨɛ-
ɪɚɡɰɨɜ� ɩɭɬɟɦ� ɭɫɬɚɧɨɜɥɟɧɢɹ� ɜ� ɤɚɦɟɪɟ� ɤɚɥɨɪɢɦɟɬɪɚ 
ɬɟɦɩɟɪɚɬɭɪɵ� ɨɤɪɭɠɚɸɳɟɣ� ɫɪɟɞɵ. ɉɪɨɰɟɫɫ� ɫɱɢɬɚɥɫɹ 
ɡɚɜɟɪɲɟɧɧɵɦ�ɩɨɫɥɟ� ɞɨɫɬɢɠɟɧɢɹ� ɬɟɦɩɟɪɚɬɭɪɵ�ɜɧɭɬɪɢ 
ɢɫɫɥɟɞɭɟɦɨɝɨ� ɨɛɪɚɡɰɚ 20  ±  2°  ɋ.  ȼ�ɩɪɨɰɟɫɫɟ� ɡɚɦɨɪɚ-
ɠɢɜɚɧɢɹ�ɪɚɡɦɨɪɚɠɢɜɚɧɢɹ, ɮɢɤɫɢɪɨɜɚɥɢ� ɬɟɦɩɟɪɚɬɭɪɭ 
ɜɧɭɬɪɢ�ɨɛɪɚɡɰɚ�ɢ�ɬɟɦɩɟɪɚɬɭɪɭ� ɫɦɟɫɢ�ɜɨɡɞɭɯɚ�ɢ�ɚɡɨɬɚ 
ɧɚ� ɜɯɨɞɟ�ɜɵɯɨɞɟ� ɢɡ� ɤɚɦɟɪɵ� ɤɚɥɨɪɢɦɟɬɪɚ. Ɉɛɪɚɛɨɬɤɭ 
ɩɨɥɭɱɟɧɧɨɝɨ� ɦɚɫɫɢɜɚ� ɞɚɧɧɵɯ� ɨɫɭɳɟɫɬɜɥɹɥɢ� ɫ� ɩɨɦɨ-
ɳɶɸ� ɩɪɨɝɪɚɦɦɧɨɝɨ� ɫɪɟɞɫɬɜɚ Mathcad 14. Ɋɟɡɭɥɶɬɚɬɵ 
ɩɪɨɜɟɞɟɧɧɵɯ�ɢɫɫɥɟɞɨɜɚɧɢɣ�ɩɪɢɜɟɞɟɧɵ�ɜ�ɬɚɛɥ. 2. 

Ⱥɧɚɥɢɡɢɪɭɹ�ɪɟɡɭɥɶɬɚɬɵ�ɡɚɦɨɪɚɠɢɜɚɧɢɹ�ɨɛɪɚɡɰɨɜ 

Ɍɚɛɥɢɰɚ 1 
Ɏɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɢɟ�ɩɨɤɚɡɚɬɟɥɢ�ɫɜɟɠɢɯ�ɩɥɨɞɨɜ�ɤɚɥɢɧɵ�ɨɛɵɤɧɨɜɟɧɧɨɣ 

ɇɚɡɜɚɧɢɟ�ɩɨɤɚɡɚɬɟɥɹ 

Ɇɚɫɫɨɜɚɹ 
ɞɨɥɹ�ɜɥɚ-
ɝɢ,% 

ɋɨɞɟɪɠɚɧɢɟ 
ɫɚɯɚɪɨɜ, % 

Ɍɢɬɪɭɟɦɚɹ 
ɤɢɫɥɨɬɧɨɫɬɶ�ɜ 
ɩɟɪɟɫɱɟɬɟ�ɧɚ 
ɹɛɥɨɱɧɭɸ�ɤɢɫ-

ɥɨɬɭ, % 

Ɇɚɫɫɨɜɚɹ 
ɞɨɥɹ�ɩɟɤɬɢ-
ɧɨɜɵɯ�ɜɟ-
ɳɟɫɬɜ, % 

ɋɨɞɟɪɠɚɧɢɟ 
ɜɢɬɚɦɢɧɚ�ɋ, 

ɦɝ% 

81,51±8,1 8,7±0,87 1,2±0,12 0,47±0,047 10,8±1,08 
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ɤɚɥɢɧɵ�ɨɛɵɤɧɨɜɟɧɧɨɣ, ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ�ɩɪɢ�ɡɚɦɨɪɚɠɢɜɚɧɢɢ 
ɢɫɫɥɟɞɭɟɦɵɯ�ɨɛɪɚɡɰɨɜ�ɧɚɛɥɸɞɚɟɬɫɹ�ɨɛɪɚɡɨɜɚɧɢɟ�ɞɜɭɯ�ɞɢɚ-
ɩɚɡɨɧɨɜ� ɬɟɦɩɟɪɚɬɭɪ� ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ� ɜɥɚɝɢ. ɇɟɡɚɜɢɫɢɦɨ� ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ�ɡɚɦɨɪɚɠɢɜɚɧɢɹ�ɩɪɨɰɟɫɫ�ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ�ɜɥɚɝɢ 
ɜ�ɢɫɫɥɟɞɭɟɦɵɯ�ɨɛɪɚɡɰɚɯ�ɧɚɱɢɧɚɟɬɫɹ�ɩɪɢ�ɫɭɛɧɭɥɟɜɵɯ�ɬɟɦɩɟ-
ɪɚɬɭɪɚɯ.  Ɉɞɧɚɤɨ�ɩɪɢ� ɡɚɦɨɪɚɠɢɜɚɧɢɢ� ɹɝɨɞ� ɤɚɥɢɧɵ�ɞɨ t  =  -
70 °C ɩɪɨɢɫɯɨɞɢɬ� ɫɦɟɳɟɧɢɟ� ɤɪɢɬɢɱɟɫɤɢɯ� ɬɨɱɟɤ� ɜ� ɨɛɥɚɫɬɶ 
ɛɨɥɟɟ�ɧɢɡɤɢɯ�ɬɟɦɩɟɪɚɬɭɪ, ɷɬɨ�ɨɛɭɫɥɨɜɥɟɧɨ�ɬɟɦ, ɱɬɨ�ɩɨ�ɦɟɪɟ 
ɜɵɦɨɪɚɠɢɜɚɧɢɹ� ɜɥɚɝɢ� ɤɨɧɰɟɧɬɪɚɰɢɹ� ɧɟɡɚɦɟɪɡɚɸɳɟɝɨ� ɪɚɫ-
ɬɜɨɪɚ�ɜɨɡɪɚɫɬɚɟɬ, ɢ�ɬɟɦɩɟɪɚɬɭɪɚ�ɡɚɦɟɪɡɚɧɢɹ�ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɫɧɢɠɚɟɬɫɹ.  

ɉɪɢ�ɡɚɦɨɪɚɠɢɜɚɧɢɢ�ɜ�ɤɥɟɬɨɱɧɨɦ�ɫɨɤɟ (ɩɨɫɥɟ�ɩɟɪɟɯɨɞɚ 
ɤɪɢɨɫɤɨɩɢɱɟɫɤɨɣ�ɬɨɱɤɢ) ɧɚɱɢɧɚɟɬɫɹ�ɜɵɦɨɪɚɠɢɜɚɧɢɟ�ɜɥɚɝɢ. 
Ȼɨɥɟɟ� ɧɢɡɤɢɟ� ɬɟɦɩɟɪɚɬɭɪɵ� ɡɚɦɨɪɚɠɢɜɚɧɢɹ� ɫɩɨɫɨɛɫɬɜɭɸɬ 
ɜɵɦɨɪɚɠɢɜɚɧɢɸ�ɤɚɤ�ɫɜɨɛɨɞɧɨɣ, ɬɚɤ�ɢ�ɫɜɹɡɚɧɧɨɣ�ɜɥɚɝɢ [3]. 
Ɍɚɤ� ɩɪɢ� ɡɚɦɨɪɚɠɢɜɚɧɢɢ� ɞɨ� ɬɟɦɩɟɪɚɬɭɪɵ t = -70 °C ɦɚɫɫɚ 
ɜɵɦɨɪɨɠɟɧɧɨɣ�ɜɥɚɝɢ�ɜ 1,07% ɛɨɥɶɲɟ, ɱɟɦ�ɩɪɢ�ɡɚɦɨɪɚɠɢɜɚ-
ɧɢɢ�ɞɨ�ɬɟɦɩɟɪɚɬɭɪɵ -20 °C. ȼɨ�ɦɧɨɝɢɯ�ɨɬɟɱɟɫɬɜɟɧɧɵɯ�ɢ�ɡɚ-
ɪɭɛɟɠɧɵɯ�ɪɚɛɨɬɚɯ�ɨɩɢɫɵɜɚɟɬɫɹ�ɜɥɢɹɧɢɟ�ɧɢɡɤɢɯ�ɬɟɦɩɟɪɚɬɭɪ 
ɧɚ�ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ�ɹɝɨɞ, ɨɞɧɚɤɨ�ɷɬɨɬ�ɜɨɩɪɨɫ�ɢɡɭɱɟɧ�ɧɟɞɨɫɬɚ-
ɬɨɱɧɨ. ɑɬɨɛɵ�ɨɩɪɟɞɟɥɢɬɶ�ɨɫɨɛɟɧɧɨɫɬɢ�ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ�ɪɚɫ-
ɬɢɬɟɥɶɧɨɣ�ɬɤɚɧɢ�ɹɝɨɞ�ɤɚɥɢɧɵ�ɨɛɵɤɧɨɜɟɧɧɨɣ�ɛɵɥɢ�ɫɪɚɜɧɟɧɵ 
ɮɢɤɫɢɪɨɜɚɧɧɵɟ� ɝɢɫɬɨɥɨɝɢɱɟɫɤɢɟ� ɫɪɟɡɵ� ɞɨ�ɢ�ɩɨɫɥɟ� ɡɚɦɨɪɚ-

ɠɢɜɚɧɢɹ� ɞɨ� ɬɟɦɩɟɪɚɬɭɪ -20 ɢ -70 °C. 
Ɇɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ� ɮɨɬɨɝɪɚɮɢɪɨɜɚɧɢɟ 
ɜɵɩɨɥɧɹɥɢ� ɧɚ� ɦɢɤɪɨɫɤɨɩɟ� ɞɥɹ� ɦɨɪɮɨ-
ɥɨɝɢɱɟɫɤɢɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɫɟɪɢɢ 
«Granum». 

Ɋɚɫɬɢɬɟɥɶɧɚɹ� ɬɤɚɧɶ� ɫɜɟɠɢɯ� ɹɝɨɞ 
ɤɚɥɢɧɵ (ɪɢɫ. 1 ɚ) ɫɨɫɬɨɢɬ�ɢɡ�ɤɥɟɬɨɤ�ɩɹ-
ɬɢ- ɢ�ɲɟɫɬɢɭɝɨɥɶɧɨɣ�ɮɨɪɦɵ, ɨɛɨɥɨɱɤɢ 
ɤɥɟɬɨɤ�ɞɟɮɨɪɦɢɪɨɜɚɧɵ. ȼ�ɢɫɫɥɟɞɭɟɦɵɯ 
ɨɛɪɚɡɰɚɯ� ɹɝɨɞ,  ɡɚɦɨɪɨɠɟɧɧɵɯ� ɞɨ t  =  -

20 °C (ɪɢɫ. 1 ɛ), ɮɨɪɦɚ� ɪɚɫɬɢɬɟɥɶɧɵɯ� ɤɥɟɬɨɤ� ɫɬɚɥɚ� ɧɟɩɪɚ-
ɜɢɥɶɧɨɣ, ɜɢɞɧɵ� ɹɜɧɵɟ� ɪɚɡɪɵɜɵ� ɬɤɚɧɢ, ɨɱɟɜɢɞɧɨ� ɜ� ɦɟɫɬɚɯ 
ɢɧɬɟɧɫɢɜɧɨɝɨ� ɜɵɦɟɪɡɚɧɢɹ� ɜɥɚɝɢ. Ɍɤɚɧɟɜɚɹ� ɫɬɪɭɤɬɭɪɚ� ɹɝɨɞ, 
ɡɚɦɨɪɨɠɟɧɧɵɯ�ɞɨ t = -70 °C (ɪɢɫ. 1 ɜ) ɢɦɟɟɬ�ɱɟɬɤɨ�ɜɵɪɚɠɟɧ-
ɧɭɸ�ɮɨɪɦɭ�ɤɥɟɬɨɤ. Ɋɚɫɬɢɬɟɥɶɧɵɟ�ɤɥɟɬɤɢ�ɜ�ɨɫɧɨɜɧɨɦ�ɫɨɯɪɚ-
ɧɢɥɢ�ɫɜɨɸ�ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ� ɫɬɪɭɤɬɭɪɭ, ɨɞɧɚɤɨ�ɢɯ�ɪɚɡɦɟɪɵ 
ɫɬɚɥɢ�ɦɟɧɶɲɟ. Ɂɚɦɨɪɚɠɢɜɚɧɢɟ�ɞɨ�ɛɨɥɟɟ�ɧɢɡɤɢɯ�ɬɟɦɩɟɪɚɬɭɪ 
ɧɟ�ɫɭɳɟɫɬɜɟɧɧɨ�ɜɥɢɹɟɬ�ɧɚ�ɞɟɮɨɪɦɚɰɢɸ�ɤɥɟɬɨɤ�ɢ�ɧɚ�ɪɚɡɪɵɜ 
ɢɯ�ɨɛɨɥɨɱɟɤ. ɗɬɨ�ɨɱɟɜɢɞɧɨ�ɫɜɹɡɚɧɨ�ɫ�ɬɟɦ, ɱɬɨ�ɜɥɚɝɚ�ɤɪɢɫɬɚɥ-
ɥɢɡɭɟɬɫɹ� ɜ� ɜɢɞɟ� ɦɟɥɤɢɯ� ɤɪɢɫɬɚɥɥɨɜ� ɨɞɧɨɜɪɟɦɟɧɧɨ� ɤɚɤ� ɜ 
ɤɥɟɬɤɚɯ, ɬɚɤ�ɢ�ɜ�ɦɟɠɤɥɟɬɨɱɧɨɦ�ɩɪɨɫɬɪɚɧɫɬɜɟ�ɢ�ɩɨɥɨɠɢɬɟɥɶ-

ɧɨ�ɜɥɢɹɟɬ�ɧɚ�ɫɨɯɪɚɧɟɧɢɟ�ɫɬɪɭɤɬɭɪɵ�ɪɚɫɬɢ-
ɬɟɥɶɧɨɝɨ�ɫɵɪɶɹ. 

Ɋɟɡɭɥɶɬɚɬɵ� ɮɢɡɢɤɨ�ɯɢɦɢɱɟɫɤɢɯ� ɢɫ-
ɫɥɟɞɨɜɚɧɢɣ� ɩɨɤɚɡɚɥɢ, ɱɬɨ� ɩɥɨɞɵ� ɤɚɥɢɧɵ 
ɨɛɵɤɧɨɜɟɧɧɨɣ� ɹɜɥɹɸɬɫɹ� ɧɟɩɨɫɪɟɞɫɬɜɟɧ-
ɧɵɦ� ɢɫɬɨɱɧɢɤɨɦ� ɛɢɨɥɨɝɢɱɟɫɤɢ� ɚɤɬɢɜɧɵɯ 
ɜɟɳɟɫɬɜ� ɞɥɹ� ɩɢɳɟɜɵɯ� ɩɪɨɞɭɤɬɨɜ. ɉɪɨɜɟ-
ɞɟɧɧɵɟ�ɤɪɢɨɫɤɨɩɢɱɟɫɤɢɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɩɨ-
ɤɚɡɚɥɢ, ɱɬɨ� ɬɟɦɩɟɪɚɬɭɪɚ� ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɜɵɦɨɪɨɠɟɧɧɨɣ� ɜɥɚɝɢ� ɜ� ɢɫɫɥɟɞɭɟɦɵɯ� ɨɛ-
ɪɚɡɰɚɯ�ɤɚɥɢɧɵ�ɨɛɵɤɧɨɜɟɧɧɨɣ�ɫɦɟɳɚɟɬɫɹ�ɜ 
ɩɪɹɦɨɣ�ɡɚɜɢɫɢɦɨɫɬɢ�ɨɬ�ɬɟɦɩɟɪɚɬɭɪɵ�ɡɚɦɨ-
ɪɚɠɢɜɚɧɢɹ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ�ɛɵɥɢ�ɨɩɪɟ-
ɞɟɥɟɧɵ�ɬɨɱɤɢ�ɧɚɱɚɥɚ�ɢ�ɤɨɧɰɚ�ɩɪɨɰɟɫɫɚ�ɤɪɢ-

ɫɬɚɥɥɢɡɚɰɢɢ - ɩɥɚɜɥɟɧɢɹ�ɜɵɦɨɪɨɠɟɧɧɨɣ�ɜɥɚɝɢ, ɚ�ɬɚɤɠɟ�ɪɚɫ-
ɫɱɢɬɚɧɨ�ɟɟ�ɮɚɤɬɢɱɟɫɤɨɟ�ɤɨɥɢɱɟɫɬɜɨ�ɜ�ɨɛɪɚɡɰɚɯ. ɂɫɫɥɟɞɨɜɚ-
ɧɢɹ�ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ�ɪɚɫɬɢɬɟɥɶɧɨɣ�ɬɤɚɧɢ�ɩɨɤɚɡɚɥɢ, ɱɬɨ� ɡɚ-
ɦɨɪɚɠɢɜɚɧɢɟ�ɞɨ�ɛɨɥɟɟ�ɧɢɡɤɢɯ�ɬɟɦɩɟɪɚɬɭɪ (-70 °C) ɧɟ�ɜɵɡɵ-
ɜɚɟɬ�ɜɢɞɢɦɵɯ�ɢɡɦɟɧɟɧɢɣ�ɤɥɟɬɨɤ, ɩɨɡɜɨɥɹɹ�ɦɚɤɫɢɦɚɥɶɧɨ�ɫɨ-
ɯɪɚɧɢɬɶ�ɢɫɯɨɞɧɵɟ�ɫɜɨɣɫɬɜɚ�ɹɝɨɞ. 

ɉɨɥɭɱɟɧɧɵɟ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɞɚɧɧɵɟ� ɦɨɝɭɬ� ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɵ�ɞɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ�ɪɚɰɢɨɧɚɥɶɧɵɯ�ɪɟɠɢɦɨɜ�ɡɚ-
ɦɨɪɚɠɢɜɚɧɢɹ�ɢ�ɪɚɡɦɨɪɚɠɢɜɚɧɢɹ�ɹɝɨɞ�ɫ�ɰɟɥɶɸ�ɨɛɟɫɩɟɱɟɧɢɹ 
ɩɨɜɵɲɟɧɢɹ� ɩɢɬɚɬɟɥɶɧɵɯ� ɫɜɨɣɫɬɜ� ɡɚɦɨɪɨɠɟɧɧɵɯ� ɩɨɥɭɮɚɛ-
ɪɢɤɚɬɨɜ�ɧɚ�ɢɯ�ɨɫɧɨɜɟ. 
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ɉɈɌȺɉɈȼ�ȼ�Ɉ., ɞ�ɪ�ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮɟɫɨɪ, ȯɎɊȿɆɈȼ�ɘ�ȱ., ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɆɂɏȺɃɅɈȼȺ�ɋ�ȼ., ɚɫɢɫɬɟɧɬ 
ɏɚɪɤɿɜɫɶɤɢɣ�ɞɟɪɠɚɜɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ�ɯɚɪɱɭɜɚɧɧɹ�ɬɚ�ɬɨɪɝɿɜɥɿ 

ɌȿɉɅɈɎȱɁɂɑɇȱ�ȼɅȺɋɌɂȼɈɋɌȱ�ɋɍɆȱɒȱ�ɉɈȾɊȱȻɇȿɇɂɏ�ɄɈɊȿɇȱȼ�ɉɊəɇɂɏ�ɈȼɈɑȱȼ 
ɋɬɚɬɬɹ�ɩɪɢɫɜɹɱɟɧɚ�ɜɢɡɧɚɱɟɧɧɸ�ɜɩɥɢɜɭ�ɬɟɦɩɟɪɚɬɭɪɢ, ɜɨɥɨɝɨ-

ɜɦɿɫɬɭ� ɬɚ� ɧɚɫɢɩɧɨʀ� ɳɿɥɶɧɨɫɬɿ� ɧɚ� ɬɟɩɥɨɮɿɡɢɱɧɿ� ɜɥɚɫɬɢɜɨɫɬɿ� ɫɭɦɿɲɿ 
ɩɨɞɪɿɛɧɟɧɢɯ�ɤɨɪɟɧɿɜ�ɩɪɹɧɢɯ�ɨɜɨɱɿɜ (ɩɟɬɪɭɲɤɢ, ɩɚɫɬɟɪɧɚɤɭ, ɫɟɥɟɪɢ, 
ɤɪɨɩɭ), ɬɚ�ɨɬɪɢɦɚɧɧɸ�ɜɢɯɿɞɧɢɯ�ɞɚɧɢɯ�ɞɥɹ�ɩɪɨɝɧɨɡɭɜɚɧɧɹ�ɤɿɧɟɬɢɤɢ 

ɬɟɩɥɨ- ɿ�ɦɚɫɨɨɛɦɿɧɧɨʀ�ɨɛɪɨɛɤɢ�ɫɭɦɿɲɿ�ɜ�ɇȼɑ�ɩɨɥɿ�ɲɥɹɯɨɦ�ɪɨɡɪɚɯɭ-
ɧɤɭ�ɤɨɟɮɿɰɿɽɧɬɭ�ɲɜɢɞɤɨɫɬɿ�ɞɿɟɥɟɤɬɪɢɱɧɨɝɨ�ɧɚɝɪɿɜɚɧɧɹ.  

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ:�ɧɚɫɢɩɧɚ�ɳɿɥɶɧɿɫɬɶ, ɩɪɹɧɿ�ɨɜɨɱɿ, ɬɟɩɥɨ- ɿ�ɦɚ-
ɫɨɨɛɦɿɧɧɹ�ɨɛɪɨɛɤɚ, ɇȼɑ�ɩɨɥɟ, ɬɟɩɥɨɮɿɡɢɱɧɿ�ɜɥɚɫɬɢɜɨɫɬɿ. 

Ɍɚɛɥɢɰɚ 2 
Ɋɟɡɭɥɶɬɚɬɵ�ɚɧɚɥɢɡɚ�ɤɪɢɜɵɯ�ɡɚɦɨɪɚɠɢɜɚɧɢɟ�ɨɛɪɚɡɰɨɜ�ɤɚɥɢɧɵ�ɨɛɵɤɧɨɜɟɧɧɨɣ 

t ɡɚɦɨɪɚ-
ɠɢɜɚɧɢɹ, 

�ɋ 

1-ɣ�ɞɢɚɩɚɡɨɧ 
t ɤɪɢɫɬɚɥɥɢ-
ɡɚɰɢɢ�ɜɵɦɨ-
ɪɨɠɟɧ�ɧɨɣ 
ɜɥɚɝɢ, °ɋ 

2-ɣ�ɞɢɚɩɚɡɨɧ 
t ɤɪɢɫɬɚɥɥɢ-
ɡɚɰɢɢ�ɜɵɦɨ-
ɪɨɠɟɧɧɨɣ 
ɜɥɚɝɢ, °ɋ 

1-ɣ�ɞɢɚɩɚɡɨɧ t 
ɩɥɚɜɥɟɧɢɹ�ɜɵ-
ɦɨɪɨɠɟɧɧɨɣ 
ɜɥɚɝɢ, °ɋ 

2�ɣ�ɞɢɚɩɚɡɨɧ t 
ɩɥɚɜɥɟɧɢɹ 
ɜɵɦɨɪɨɠɟɧ-
ɧɨɣ�ɜɚɝɢ, °ɋ 

Ɇɚɫɫɨɜɚɹ�ɞɨ-
ɥɹ�ɜɵɦɨɪɨ-
ɠɟɧɧɨɣ�ɜɥɚ-

ɝɢ, % 

-20 -1,8…-5,0 -16,9…-18,1 -6,4…-5,2 -3,8…-2,2 74,6 
-70 -3,3…-10,3 -63,2…-68,2 -16,3…-8,7 -2,0…-0,5 80,0 

 

   

ɚ ɛ ɜ 
Ɋɢɫ 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ�ɪɚɫɬɢɬɟɥɶɧɵɯ�ɤɥɟɬɨɤ�ɹɝɨɞ�ɤɚɥɢɧɵ�ɨɛɵɤɧɨɜɟɧɧɨɣ: 
ɚ – ɫɜɟɠɢɯ; ɛ – ɡɚɦɨɪɨɠɟɧɧɵɯ�ɞɨ�ɬɟɦɩɟɪɚɬɭɪɵ -20 °C; ɜ – ɡɚɦɨɪɨɠɟɧɧɵɯ  

ɞɨ�ɬɟɦɩɟɪɚɬɭɪɵ -70 °C 
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