
ɇАɍЧɇɂ ɌɊɍȾɈȼȿ ɇА 

ɍɇɂȼȿɊɋɂɌȿɌ ɉɈ ХɊАɇɂɌȿɅɇɂ 
ɌȿХɇɈɅɈȽɂɂ - ɉɅɈȼȾɂȼ 

ɌɈɆ LXI 

2014 ɝ. 

 SCIENTIFIC WORKS OF 

UNIVERSITY OF FOOD TECHNOLOGIES 

VOLUME LXI 

2014 
 

 

ȼɅɂəɇɂȿ ȾɂɋАХАɊɂȾА ɋАХАɊɈɁЫ ɂ ɆɈɇɈɋАХАɊɂȾА ɎɊɍɄɌɈɁЫ ɇА 
ɌɂɄɋɈɌɊɈɉɂɘ АȽАɊɈȼɈȽɈ ȽȿɅə 

 
Ⱦɨɪɨɯɨɜɢч А.ɇ. ɞ.ɬ.ɧ., ɩɪɨɮ., Ɇɭɪɡɢɧ А.ȼ. ɚɫɩ. 

ɇаɰиɨɧалɶɧɵɣ ɭɧиɜеɪɫиɬеɬ ɩиɳеɜɵх ɬехɧɨлɨɝиɣ 

 
THE INFLUENCE OF DISACCHARIDE SUCROSE AND FRUCTOSE ON 

TYKSOTROPYYA OF AGAR GEL 

 
A. Dorokhovych, PhD of Technical Sciences, Professor, A. Murzin, postgraduate student 

National University of Food Technologies 

 
Abstract 

Studied the thixotropic properties of agar gel and determined the effect of sucrose and fructose on them. It 
was established that the thixotropy index of 1% agar gel is 46%, agarian gel with 60% of sucrose - 67% 
,agarian gel with 60% of fructose - 96%. Was made a calculation of the kinetics of degradation according to 

the procedure of Rebinder P.A. and Mikhailov N.V. and the recovery of the structure according to the method 
proposed by the authors. Experiments have shown that the agarian gel with 1% of concentration has good 

thixotropic properties. It was established that destruction of the structure takes place more intensively in the 
first period of the impact of mechanical load. The thixotropic properties of the agar gel have a great 

importance in technology of confectionery gel structure where at various stages observed unwanted transition 
from a sol to a gel and, therefore, under the influence of mechanical loading, this process may be broken, and 
subsequently recovered. 
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ȼɜɟɞɟɧɢɟ  
Ɉɫɨɛɵɦ ɪɟɨɥɨɝɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɨɦ 

ɤɨɚɝɭɥɹɰɢɨɧɧɵɯ ɫɬɪɭɤɬɭɪ ɹɜɥɹɟɬɫɹ ɬɢɤɫɨɬɪɨɩɢɹ, 
ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɢɪɭɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɩɨɫɥɟ 
ɟɟ ɪɚɡɪɭɲɟɧɢɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ, ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶɫɹ ɜɨ 
ɜɪɟɦɟɧɢ. Ɍɢɤɫɨɬɪɨɩɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦɭ ɨɛɪɚɬɢɦɨɦɭ 
ɩɪɟɜɪɚɳɟɧɢɸ ɡɨɥɹ ɜ ɝɟɥɶ. ɋɭɳɧɨɫɬɶ ɬɢɤɫɨɬɪɨɩɢɢ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɫɜɹɡɢ, ɤɨɬɨɪɵɟ ɛɵɥɢ 
ɪɚɡɪɭɲɟɧɵ ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɦ ɜɨɡɞɟɣɫɬɜɢɢ 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɥɭɱɚɣɧɵɯ ɭɞɚɱɧɵɯ 
ɫɨɭɞɚɪɟɧɢɣ ɱɚɫɬɢɰ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ 
ɛɪɨɭɧɨɜɫɤɨɦ ɞɜɢɠɟɧɢɢ. Ɍɚɤɨɟ ɩɨɫɬɟɩɟɧɧɨɟ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɧɟ ɬɨɥɶɤɨ, ɤɨɝɞɚ 
ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɨɤɨɟ, ɚ ɢ ɤɨɝɞɚ ɫɢɫɬɟɦɚ 
ɩɨɞɜɟɪɝɚɟɬɫɹ ɦɟɯɚɧɢɱɟɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ, ɱɬɨ 
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɵ. ɉɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɨɞɧɨɝɨ 
ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ ɤ ɞɪɭɝɨɦɭ ɫ ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɶɸ 
ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɣ ɜɹɡɤɨɫɬɢ ɢ 
ɫɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɫɬɪɭɤɬɭɪɵ. ɉɪɢ ɩɟɪɟɯɨɞɟ ɨɬ 
ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ ɤ ɬɟɱɟɧɢɸ ɫ ɦɟɧɶɲɟɣ 

ɫɤɨɪɨɫɬɶɸ ɩɪɨɢɫɯɨɞɢɬ ɤɚɤ ɩɪɚɜɢɥɨ ɧɟɤɨɬɨɪɨɟ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɷɮɮɟɤɬɢɜɧɨɣ ɜɹɡɤɨɫɬɢ. ɉɪɨɱɧɨɫɬɶ ɫɢɫɬɟɦɵ ɩɪɢ ɷɬɨɦ 
ɜɨɡɪɚɫɬɚɟɬ. 

ɉɨɧɹɬɢɟ ɬɢɤɫɨɬɪɨɩɢɹ (ɨɬ ɝɪɟɱ. thixis – 
ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɢ trОpШ – ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ) ɛɵɥɨ 
ɩɪɟɞɥɨɠɟɧɨ ɜ 1923 ɝɨɞɭ Ƚɟɪɛɟɪɬɨɦ Ɏɪɟɧɞɥɢɱɟɦ 
(ɢɧɫɬɢɬɭɬ ȼɢɥɶɝɟɥɶɦɚ Кɚɣɡɟɪɚ, Ȼɟɪɥɢɧ). Ƚɟɪɛɟɪɬ 
Ɏɪɟɧɞɥɢɱ ɢ ɟɝɨ ɫɨɬɪɭɞɧɢɤɢ ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɝɟɥɢ, 
ɤɨɬɨɪɵɟ ɫɨɫɬɨɹɬ ɢɡ ɜɨɞɧɨɝɨ ɩɟɪɨɤɫɢɞɚ ɢ ɠɟɥɟɡɚ 2-
ɜɚɥɟɧɬɧɨɝɨ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɵ ɜ ɡɨɥɶ ɩɭɬɟɦ 
ɜɫɬɪɹɯɢɜɚɧɢɹ ɢ ɟɫɥɢ ɫɢɫɬɟɦɭ ɨɫɬɚɜɢɬɶ ɜ ɩɨɤɨɟ, ɬɨ 
ɫɧɨɜɚ ɨɛɪɚɡɭɟɬɫɹ ɝɟɥɶ ɢ ɬɚɤɚɹ ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɦɨɠɟɬ 
ɩɪɨɯɨɞɢɬɶ ɦɧɨɝɨ ɪɚɡ. Ɍɨɝɞɚ ɜɩɟɪɜɵɟ ɛɵɥɨ ɞɨɤɚɡɚɧɨ, 
ɱɬɨ ɩɟɪɟɯɨɞ ɝɟɥɹ ɜ ɡɨɥɶ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɧɟ ɬɨɥɶɤɨ 
ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ, ɚ ɢ ɩɭɬɟɦ ɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ [1]. 

ɋɩɨɫɨɛɧɨɫɬɶ ɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ ɩɪɨɹɜɥɹɬɶ 
ɬɢɤɫɨɬɪɨɩɢɸ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɬɟɯɧɢɤɟ. ɇɚɩɪɢɦɟɪ 
ɩɪɢ ɛɭɪɟɧɢɢ ɧɟɮɬɹɧɵɯ ɫɤɜɚɠɢɧ ɝɥɢɧɢɫɬɵɟ ɪɚɫɬɜɨɪɵ 
ɩɪɨɤɚɱɢɜɚɸɬ ɱɟɪɟɡ ɫɤɜɚɠɢɧɭ. Ȼɥɚɝɨɞɚɪɹ 
ɬɢɤɫɨɬɪɨɩɧɵɦ ɫɜɨɣɫɬɜɚɦ ɪɚɫɬɜɨɪɨɜ ɩɪɟɞɭɩɪɟɠɞɚɟɬɫɹ 
ɨɫɟɞɚɧɢɟ ɱɚɫɬɢɰ ɩɨɪɨɞɵ ɜ ɫɤɜɚɠɢɧɟ. 

Ɍɢɤɫɨɬɪɨɩɢɹ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɜ ɬɟɯɧɨɥɨɝɢɢ 
ɪɚɡɥɢɱɧɵɯ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, ɨɞɧɚɤɨ ɢɡɭɱɟɧɢɸ 
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ɬɢɤɫɨɬɪɨɩɧɵɯ ɫɜɨɣɫɬɜ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ 
ɭɞɟɥɹɥɨɫɶ ɞɨɥɠɧɨɝɨ ɜɧɢɦɚɧɢɹ. 

Ɍɢɤɫɨɬɪɨɩɧɵɟ ɫɜɨɣɫɬɜɚ ɹɪɤɨ ɩɪɨɹɜɥɹɸɬɫɹ ɜ 
ɚɝɚɪɨɜɵɯ ɤɨɧɞɢɬɟɪɫɤɢɯ ɫɢɫɬɟɦɚɯ. Ⱥɝɚɪɨɜɵɟ ɝɟɥɢ 
ɧɚɲɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ 
ɪɚɡɥɢɱɧɵɯ ɤɨɧɞɢɬɟɪɫɤɢɯ ɢɡɞɟɥɢɣ (ɤɚɪɚɦɟɥɶ, 
ɤɨɧɮɟɬɵ, ɡɟɮɢɪ, ɩɚɫɬɢɥɚ, ɞɪɚɠɟ, ɨɬɞɟɥɨɱɧɵɣ 
ɩɨɥɭɮɚɛɪɢɤɚɬ ɬɢɩɚ «ɫɭɮɥɟ» ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɬɨɪɬɨɜ ɢ ɩɢɪɨɠɧɵɯ, ɧɚɱɢɧɤɢ ɞɥɹ ɩɪɹɧɢɤɨɜ, 
ɤɟɤɫɨɜ, ɦɚɮɮɢɧɨɜ). 

Ⱥɝɚɪ – ɩɢɳɟɜɚɹ ɞɨɛɚɜɤɚ, ɤɨɬɨɪɚɹ ɲɢɪɨɤɨ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨ ɜɫɟɦ ɦɢɪɟ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ 
ɦɧɨɝɢɯ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ 
ɩɪɟɩɚɪɚɬɨɜ. 

Ⱥɝɚɪ Ɏɟɞɟɪɚɥɶɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɩɨ ɜɨɩɪɨɫɚɦ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɤɚɱɟɫɬɜɚ ɩɪɨɞɨɜɨɥɶɫɬɜɢɹ ɢ 
ɦɟɞɢɤɚɦɟɧɬɨɜ ɋɒȺ (FDA) ɤɥɚɫɫɢɮɢɰɢɪɭɟɬɫɹ 
ɤɚɤ ɫɨɜɟɪɲɟɧɧɨ ɛɟɡɨɩɚɫɧɵɣ ɩɪɨɞɭɤɬ. ȼ ȿɜɪɨɩɟ 
ɚɝɚɪ ɩɪɢɡɧɚɧ ɩɢɳɟɜɨɣ ɞɨɛɚɜɤɨɣ ȿ 406, ɟɝɨ ɧɨɦɟɪ 
ɜ Ɇɟɠɞɭɧɚɪɨɞɧɨɦ ɯɢɦɢɱɟɫɤɨɦ ɪɟɟɫɬɪɟ (GШs 
Chemical Abctracts Sarvices) – 9002-18-0. 

ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɨɧɞɢɬɟɪɫɤɢɯ ɢɡɞɟɥɢɣ ɝɟɥɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶ ɫɬɪɭɤɬɭɪɵ, ɚɝɚɪ ɫɥɟɞɭɟɬ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɧɟ ɤɚɤ ɩɢɳɟɜɭɸ ɞɨɛɚɜɤɭ, ɚ ɤɚɤ 
ɨɫɧɨɜɧɨɣ ɢɧɝɪɟɞɢɟɧɬ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɫɬɪɭɤɬɭɪɭ 
ɝɨɬɨɜɨɝɨ ɩɪɨɞɭɤɬɚ. 

Ⱥɝɚɪ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɚɦɢ ɧɚɬɭɪɚɥɶɧɨɝɨ 
ɜɨɥɨɤɧɚ, ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɩɟɪɟɜɟɫɬɢ ɜ ɪɚɫɬɜɨɪ [2]. 
ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɢɳɟɜɚɪɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ 
ɱɟɥɨɜɟɤɚ ɧɟ ɩɪɨɞɭɰɢɪɭɟɬ ɮɟɪɦɟɧɬ ɚɝɚɪɚɡɭ, ɚɝɚɪ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɭɫɜɚɢɜɚɟɬɫɹ ɠɟɥɭɞɨɱɧɨ-
ɤɢɲɟɱɧɵɦ ɬɪɚɤɬɨɦ ɱɟɥɨɜɟɤɚ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɚɝɚɪ ɜɤɥɸɱɟɧ ɜ Ⱥɦɟɪɢɤɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ 
ɫɩɪɚɜɨɱɧɢɤ (VS NatТШЧaХ FШrЦuХarв) ɜ ɤɚɱɟɫɬɜɟ 
ɢɧɝɪɟɞɢɟɧɬɚ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ 
ɩɪɨɥɨɧɝɢɪɨɜɚɧɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɤɨɬɨɪɵɣ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɟɞɥɟɧɧɨɟ ɜɫɚɫɵɜɚɧɢɟ ɨɪɝɚɧɢɡɦɨɦ 
ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɜɟɳɟɫɬɜ. 

ɉɪɢ ɚɧɚɥɢɡɟ ɥɢɬɟɪɚɬɭɪɵ ɧɟ ɧɚɣɞɟɧɨ ɛɵɥɨ ɪɚɛɨɬ, 
ɩɨɫɜɹɳɺɧɧɵɯ ɢɡɭɱɟɧɢɸ ɬɢɤɫɨɬɪɨɩɧɵɯ ɫɜɨɣɫɬɜ 
ɤɨɧɞɢɬɟɪɫɤɢɯ ɚɝɚɪɨɜɵɯ ɝɟɥɟɣ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɢɡɭɱɟɧɢɟ 
ɬɢɤɫɨɬɪɨɩɧɵɯ ɫɜɨɣɫɬɜ ɚɝɚɪɨɜɵɯ ɫɢɫɬɟɦ ɫ 
ɪɚɡɥɢɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɚɝɚɪɚ ɢ ɭɫɬɚɧɨɜɢɬɶ 
ɜɥɢɹɧɢɟ ɞɢɫɚɯɚɪɢɞɚ ɫɚɯɚɪɨɡɵ ɢ ɦɨɧɨɫɚɯɚɪɢɞɚ 
ɮɪɭɤɬɨɡɵ ɧɚ ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɢ ɬɢɤɫɨɬɪɨɩɧɵɟ 
ɫɜɨɣɫɬɜɚ ɫɢɫɬɟɦ ɝɟɥɶ-ɡɨɥɶ ɢ ɡɨɥɶ-ɝɟɥɶ. 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ  
ȼ ɪɚɛɨɬɟ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ ɫɵɪɶɟ: ɮɪɭɤɬɨɡɚ 

(ɋɒȺ, "ȺȾɆ Кɨɪɧ ɉɪɨɰɟɫɫɢɧɝ"), ɫɚɯɚɪ ɛɟɥɵɣ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ (ɍɤɪɚɢɧɚ, ȾɋɌɍ 4623:2006), 
ɚɝɚɪ ɩɢɳɟɜɨɣ (ɍɤɪɚɢɧɚ, ȽɈɋɌ 16280-88). 

Ȼɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵ. 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɬɢɤɫɨɬɪɨɩɧɵɯ 
ɫɜɨɣɫɬɜ ɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ 
ɪɨɬɚɰɢɨɧɧɨɦ ɜɢɫɤɨɡɢɦɟɬɪɟ «Ɋɟɨɬɟɫɬ-2» Д3,4]. 
ɋɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɢɫɬɟɪɟɡɢɫɚ 
ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɤɪɢɜɵɯ, ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ 
ɜ ɪɟɠɢɦɚɯ ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɚ (ɩɪɹɦɨɣ 
ɪɟɠɢɦ) ɢ ɜ ɪɟɠɢɦɟ ɭɦɟɧɶɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɚ 
(ɨɛɪɚɬɧɵɣ ɪɟɠɢɦ), ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɨɬɫɥɟɞɢɬɶ ɢɡɦɟɧɟɧɢɟ ɫɬɪɭɤɬɭɪɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɫɢɫɬɟɦɵ ɩɨɫɥɟ ɟɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ 
ɪɚɡɪɭɲɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɢɡɦɟɪɟɧɢɹ. Ɋɚɫɱɟɬ ɭɪɨɜɧɹ 
ɪɚɡɪɭɲɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɚɝɚɪɨɜɵɯ ɝɟɥɟɣ 
ɨɫɭɳɟɫɬɜɥɹɥɢ ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ Д5]. Ɋɚɫɱɟɬ 
ɭɪɨɜɧɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɫɨɝɥɚɫɧɨ 
ɦɟɬɨɞɢɤɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɚɜɬɨɪɚɦɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ  
ȼ ɪɟɰɟɩɬɭɪɵ ɤɨɧɞɢɬɟɪɫɤɢɯ ɢɡɞɟɥɢɣ 

ɫɬɭɞɧɟɨɛɪɚɡɧɨɣ ɫɬɪɭɤɬɭɪɵ ɜɯɨɞɢɬ ɚɝɚɪɨɜɵɣ ɝɟɥɶ 
ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɚɝɚɪɚ ɞɨ 1,0 %, ɩɨɷɬɨɦɭ ɦɵ 
ɝɨɬɨɜɢɥɢ ɝɟɥɢ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɚɝɚɪɚ 1,0 % ɢ 
ɨɩɪɟɞɟɥɹɥɢ ɟɝɨ ɫɜɨɣɫɬɜɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20°ɋ 
(293 К) ɢ ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɚ ɨɬ 0,33 ɞɨ 145,80 ɫ-1. ɇɚ 
ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɣ 
ɜɹɡɤɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɚ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0,33 
ɞɨ 145,80 ɫ-1 ɢ ɨɬ 145,80 ɞɨ 0,33 ɫ-1. 
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Рис. 1. Рɟɨлɨɝиɱɟсɤиɟ ɤɪиɜɵɟ ɝɟля с 

ɤɨɧɰɟɧɬɪɚɰиɟɣ ɚɝɚɪɚ 1,0 %. Кɪиɜɚя 1 – ɟɮ=f() 
– ɩɪяɦɚя ɡɚɜисиɦɨсɬɶ, 2 – ɟɮ=f() – ɨɛɪɚɬɧɚя 

ɡɚɜисиɦɨсɬɶ 
ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ 

ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ: 0 
– ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɹɡɤɨɫɬɶ ɧɟɪɚɡɪɭɲɟɧɧɨɣ 
ɫɬɪɭɤɬɭɪɵ, m – ɦɢɧɢɦɚɥɶɧɚɹ ɜɹɡɤɨɫɬɶ 
ɪɚɡɪɭɲɟɧɧɨɣ ɫɢɫɬɟɦɵ, 0-m – ɩɪɨɱɧɨɫɬɶ 
ɨɛɪɚɡɨɜɚɧɢɹ ɧɚɞɦɨɥɟɤɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɵ, 0

1 – 
ɜɹɡɤɨɫɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ, m – 
ɩɨɤɚɡɚɬɟɥɶ ɬɢɤɫɨɬɪɨɩɢɢ.  
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Ɍɚɛɥɢɰɚ 1 
Ɋɟɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ 

Ⱥɝɚɪɨɜɵɣ ɝɟɥɶ 0, 
Ɇɉɚ ɫ 

m, 
Ɇɉɚ ɫ 

0-m, 
Ɇɉɚ ɫ 

0
1, 

Ɇɉɚ ɫ 
m, 
% 

1,0 %-ɧɵɣ 38133,8 443,7 37690,1 17467,7 46 
1,0% ɚɝɚɪɚ, 60 % ɫɚɯɚɪɨɡɵ 15008,0 817,0 14191,0 10087,0 67 
1,0% ɚɝɚɪɚ, 60 % ɮɪɭɤɬɨɡɵ 12129,0 350,7 11778,0 11661,0 96 

 
Ɋɟɨɥɨɝɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɜɹɡɤɨɫɬɢ ɚɝɚɪɨɜɨɝɨ 

ɝɟɥɹ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɫ 
ɚɧɨɦɚɥɶɧɨɣ ɜɹɡɤɨɫɬɶɸ. Эɮɮɟɤɬɢɜɧɚɹ ɜɹɡɤɨɫɬɶ ɫ 
ɪɨɫɬɨɦ ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɚ ɩɥɚɜɧɨ ɭɦɟɧɶɲɚɟɬɫɹ. 
Ɂɧɚɱɟɧɢɟ ɜɹɡɤɨɫɬɢ ɪɚɡɪɭɲɟɧɧɨɣ ɢ 
ɧɟɪɚɡɪɭɲɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ ɡɚɜɢɫɢɬ 
ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɝɚɪɚ. Кɨɧɰɟɧɬɪɚɰɢɹ 
ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɜɥɢɹɟɬ ɧɚ ɫɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ 
ɝɟɥɹ ɢ ɟɝɨ ɩɪɨɱɧɨɫɬɶ, ɬɚɤ ɤɚɤ ɫ ɩɪɟɜɵɲɟɧɢɟɦ 
ɱɢɫɥɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɩɪɢɯɨɞɹɳɟɣɫɹ ɧɚ 
ɟɞɢɧɢɰɭ ɨɛɴɟɦɚ ɫɢɫɬɟɦɵ, ɫɤɨɪɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɢɹ 
ɤɨɧɬɚɤɬɚ ɜɨɡɪɚɫɬɚɟɬ. 

Ⱥɝɚɪɨɜɵɣ ɝɟɥɶ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ 
ɫɢɥɶɧɨɣ ɚɫɬɚɛɢɥɢɡɚɰɢɢ ɩɪɨɫɥɨɣɤɢ 
ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɵ. ɇɚɯɨɞɹɳɚɹɫɹ ɦɟɠɞɭ 
ɱɚɫɬɢɰɚɦɢ ɩɪɨɫɥɨɣɤɚ ɜɵɬɟɫɧɹɟɬɫɹ ɩɨɹɜɢɜɲɢɦɢɫɹ 
ɭɱɚɫɬɤɚɦɢ ɩɨɜɟɪɯɧɨɫɬɢ ɥɢɲɢɜɲɢɦɢɫɹ ɮɚɤɬɨɪɚ 
ɭɫɬɨɣɱɢɜɨɫɬɢ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɤɨɧɬɚɤɬ ɦɨɥɟɤɭɥ ɚɝɚɪɚ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɨɛɪɚɡɨɜɚɧɢɸ ɩɪɨɱɧɵɯ ɤɨɚɝɭɥɹɰɵɨɧɧɵɯ ɫɬɪɭɤɬɭɪ.  

ɋ ɩɨɜɵɲɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɝɚɪɚ ɜɹɡɤɨɫɬɶ 
ɝɟɥɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɜ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɚɝɚɪɨɜɵɯ ɝɟɥɟɣ ɩɪɨɹɜɥɹɟɬɫɹ 
ɯɪɭɩɤɨɫɬɶ ɤɨɚɝɭɥɹɰɵɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ. Ⱥɧɚɥɢɡ 
ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɚɝɚɪɨɜɵɣ 
ɝɟɥɶ ɨɛɥɚɞɚɟɬ ɬɢɤɫɨɬɪɨɩɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 
Кɨɷɮɮɢɰɢɟɧɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ, ɬ.ɟ. 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɢɤɫɨɬɪɨɩɢɢ (m) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ [4]: 

 %100
0

1
0 


ɬ                                                (1) 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
m ɚɝɚɪɨɜɨɣ ɫɢɫɬɟɦɵ 1 % ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɫɨɫɬɚɜɥɹɟɬ 46 %. 

ȼ ɪɟɰɟɩɬɭɪɚɯ ɤɨɧɞɢɬɟɪɫɤɢɯ ɝɟɥɟɣ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɚɯɚɪ ɛɟɥɵɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ 
(ɫɚɯɚɪɨɡɚ) ɪɚɡɥɢɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɱɚɳɟ ɜɫɟɝɨ 
60 %. ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɨɧɞɢɬɟɪɫɤɢɯ ɢɡɞɟɥɢɣ 
ɞɥɹ ɛɨɥɶɧɵɯ ɫɚɯɚɪɧɵɦ ɞɢɚɛɟɬɨɦ ɱɚɫɬɨ ɜɦɟɫɬɨ 
ɫɚɯɚɪɨɡɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɪɭɤɬɨɡɚ, ɩɨɷɬɨɦɭ ɰɟɥɶɸ 
ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɢɟ ɜɥɢɹɧɢɹ 
ɞɢɫɚɯɚɪɢɞɚ ɫɚɯɚɪɨɡɵ ɢ ɦɨɧɨɫɚɯɚɪɢɞɚ ɮɪɭɤɬɨɡɵ 
ɧɚ ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɢ ɬɢɤɫɨɬɪɨɩɧɵɟ ɫɜɨɣɫɬɜɚ 
ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ. Ⱦɥɹ ɷɬɨɝɨ ɝɨɬɨɜɢɥɢ ɞɜɟ 
ɦɨɞɟɥɶɧɵɟ ɫɢɫɬɟɦɵ: ɩɟɪɜɚɹ – ɫ ɫɨɞɟɪɠɚɧɢɟɦ 1 % 
ɚɝɚɪɚ ɢ 60 % ɫɚɯɚɪɨɡɵ (ɫɚɯɚɪ ɛɟɥɵɣ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ), ɜɬɨɪɚɹ – 1 % ɚɝɚɪɚ ɢ 60 % 
ɮɪɭɤɬɨɡɵ. Ɉɩɪɟɞɟɥɹɥɢ ɩɪɹɦɭɸ ɢ ɨɛɪɚɬɧɭɸ 
ɡɚɜɢɫɢɦɨɫɬɶ ɟɮ=f() (ɪɢɫ. 2 ɚ, ɛ). 
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Рис. 2. Ɂɚɜисиɦɨсɬɶ ɟɮ=f() 
ɚ – ɝɟлɶ ɚɝɚɪɚ с сɨɞɟɪɠɚɧиɟɦ сɚɯɚɪɨɡɵ 60 %, ɛ – 

ɝɟлɶ ɚɝɚɪɚ с сɨɞɟɪɠɚɧиɟɦ ɮɪɭɤɬɨɡɵ 60 % 
 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɞɢɫɚɯɚɪɢɞ ɫɚɯɚɪɨɡɚ ɢ 
ɦɨɧɨɫɚɯɚɪɢɞ ɮɪɭɤɬɨɡɚ ɫɧɢɠɚɸɬ ɜɹɡɤɨɫɬɶ 
ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ 2,5 ɢ 3,1 ɪɚɡɚ. 

ɉɪɨɱɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ 1 % ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ 
ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɜɵɫɨɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɝɚɪɚ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɢɥɶɧɨɣ ɚɫɬɚɛɢɥɢɡɚɰɢɢ ɩɪɨɫɥɨɣɤɢ 
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ɞɢɫɩɟɪɫɧɨɣ ɫɪɟɞɵ (ɜɨɞɚ), ɧɚɯɨɞɹɳɟɣɫɹ ɦɟɠɞɭ 
ɦɨɥɟɤɭɥɚɦɢ ɚɝɚɪɚ ɢ ɢɯ ɚɝɪɟɝɚɬɚɦɢ, ɢ ɛɥɚɝɨɞɚɪɹ 
ɷɬɨɦɭ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɣ ɤɨɧɬɚɤɬ 
ɱɚɫɬɢɰ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ, ɷɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɨɛɪɚɡɨɜɚɧɢɸ ɧɚɢɛɨɥɟɟ ɩɪɨɱɧɨɣ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɯɪɭɩɤɨɣ ɫɬɪɭɤɬɭɪɵ ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ 1 % 
ɤɨɧɰɟɧɶɪɚɰɢɢ. ɑɟɦ ɛɨɥɶɲɟ ɩɪɨɫɥɨɣɤɚ 
ɞɢɫɩɟɪɫɧɨɣ ɫɪɟɞɵ, ɬɟɦ ɦɟɧɶɲɟ ɱɢɫɥɨ ɤɨɧɬɚɤɬɨɜ 
ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ, ɬɟɦ ɦɟɧɶɲɟ ɫɤɚɡɵɜɚɟɬɫɹ 
ɞɟɣɫɬɜɢɟ ɦɨɥɟɤɭɥɹɪɧɵɯ ɫɢɥ, ɨɛɭɫɥɨɜɥɢɜɚɸɳɢɯ 
ɫɰɟɩɥɟɧɢɟ ɱɚɫɬɢɰ, ɬɟɦ ɦɟɧɟɟ ɩɪɨɱɧɚ ɫɬɪɭɤɬɭɪɚ. 

ȼ ɫɢɫɬɟɦɟ ɫ 60 % ɫɨɞɟɪɠɚɧɢɟɦ ɫɚɯɚɪɨɡɵ 
ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɨɣ ɛɭɞɟɬ ɪɚɫɬɜɨɪ ɫɚɯɚɪɨɜ ɢ 
ɫɢɥɚ ɤɨɧɬɚɤɬɨɜ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ (ɦɨɥɟɤɭɥ ɚɝɚɪɚ) 
ɨɫɥɚɛɟɜɚɟɬ, ɭɱɚɫɬɤɨɜ ɫɨɯɪɚɧɢɜɲɢɯ ɮɚɤɬɨɪ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɛɭɞɟɬ ɛɨɥɶɲɟ, ɚ ɭɱɚɫɬɤɨɜ 
ɩɨɜɟɪɯɧɨɫɬɢ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɮɚɡɵ, ɥɢɲɢɜɲɢɯɫɹ 
ɮɚɤɬɨɪɚ ɭɫɬɨɣɱɢɜɨɫɬɢ ɛɭɞɟɬ ɦɟɧɶɲɟ ɢ ɩɨɷɬɨɦɭ 
ɫɬɪɭɤɬɭɪɚ ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ ɫ ɫɚɯɚɪɨɡɨɣ ɨɫɥɚɛɟɜɚɟɬ. 
ɉɪɢ ɷɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬ ɬɢɤɫɨɬɪɨɩɢɢ ɭ ɬɚɤɢɯ 
ɫɢɫɬɟɦ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɭ ɚɝɚɪɨɜɨɝɨ 
ɝɟɥɹ 1% ɤɨɧɰɟɧɬɪɚɰɢɢ (m=46 %), ɭ ɝɟɥɹ ɫ 
ɫɚɯɚɪɨɡɨɣ ɪɚɜɟɧ 67 %. Кɨɷɮɮɢɰɢɟɧɬ ɬɢɤɫɨɬɪɨɩɢɢ 
ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 60 % ɮɪɭɤɬɨɡɵ 
ɫɨɫɬɚɜɥɹɟɬ 96%, ɱɬɨ ɧɚ 30 % ɛɨɥɶɲɟ, ɱɟɦ ɭ ɝɟɥɹ ɫ 
ɬɚɤɢɦ ɠɟ ɫɨɞɟɪɠɚɧɢɟ ɫɚɯɚɪɨɡɵ. Ɇɵ ɨɛɴɹɫɧɹɟɦ 
ɷɬɨ ɦɟɧɶɲɟɣ ɷɮɮɟɤɬɢɜɧɨɣ ɜɹɡɤɨɫɬɶɸ ɚɝɚɪɨɜɨɝɨ 
ɝɟɥɹ ɫ ɮɪɭɤɬɨɡɨɣ (ɬɚɛɥ. 1). Ȼɨɥɟɟ ɧɢɡɤɨɟ ɡɧɚɱɟɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɣ ɜɹɡɤɨɫɬɢ ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ ɧɚ 
ɮɪɭɤɬɨɡɟ, ɨɛɴɹɫɧɹɟɦ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɮɪɭɤɬɨɡɵ, 
ɤɨɬɨɪɚɹ ɧɚ 9 % ɛɨɥɶɲɟ ɱɟɦ ɭ ɫɚɯɚɪɨɡɵ, ɱɬɨ 
ɜɥɢɹɟɬ ɧɚ ɜɹɡɤɨɫɬɶ ɪɚɫɬɜɨɪɚ. Кɚɤ ɩɨɤɚɡɚɥɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹ [6] ɭ 60 % ɪɚɫɬɜɨɪɚ ɮɪɭɤɬɨɡɵ 
ɷɮɮɟɤɬɢɜɧɚɹ ɜɹɡɤɨɫɬɶ ɪɚɜɧɚ 5,3 ɉɚ·ɫ, ɭ ɪɚɫɬɜɨɪɚ 
ɫɚɯɚɪɨɡɵ ɬɚɤɨɣ ɠɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 7,0ɉɚ·ɫ.  

ɇɚɦɢ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ 
ɨɩɪɟɞɟɥɟɧɚ ɤɢɧɟɬɢɤɚ ɪɚɡɪɭɲɟɧɢɹ ɢ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɚɝɚɪɨɜɵɯ ɝɟɥɟɣ. 
ɋɬɟɩɟɧɶ ɪɚɡɪɭɲɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬ 
ɜɟɥɢɱɢɧɚ α1, %, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
[5]: 
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Ƚɞɟ: i  – ɤɨɧɤɪɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɣ 
ɜɹɡɤɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɥɢ 
ɪɚɡɪɭɲɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɜ ɨɩɪɟɞɟɥɟɧɧɵɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ. 

Ɍɚɤ ɤɚɤ ɜɪɟɦɹ ɪɚɡɪɭɲɟɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɫɬɪɭɤɬɭɪɵ ɱɢɫɬɨɝɨ ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ ɢ ɫ 
ɫɨɞɟɪɠɚɧɢɟɦ ɫɚɯɚɪɨɡɵ ɢɥɢ ɮɪɭɤɬɨɡɵ 
ɨɬɥɢɱɚɸɬɫɹ, ɬɨ ɤɢɧɟɬɢɤɭ ɪɚɡɪɭɲɟɧɢɹ ɢ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɨɩɪɟɞɟɥɹɥɢ ɩɨ 
ɛɟɡɪɚɡɦɟɪɧɨɦɭ ɜɪɟɦɟɧɢ – ȼɪɟɦɹ ɩɨɥɧɨɝɨ 
ɪɚɡɪɭɲɟɧɢɹ ɫɬɪɭɤɬɭɪɵ 1% ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ ɪɚɜɧɨ 
33 ɦɢɧ., ɫ ɫɨɞɟɪɠɚɧɢɟɦ 60% ɫɚɯɚɪɨɡɵ – 23 ɦɢɧ., 
ɫ ɫɨɞɟɪɠɚɧɢɟɦ 60 % ɮɪɭɤɬɨɡɵ – 26 ɦɢɧ., ɬɨɝɞɚ 
33=23=26=1,0ɋɬɟɩɟɧɶ ɪɚɡɪɭɲɟɧɢɹ ɢ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɥɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɱɟɪɟɡ 
ɬɚɤɢɟ ɢɧɬɟɪɜɚɥɵ 0,1; 0,2; 0,3; ɞɨ 1,0 (

Ⱦɥɹ ɚɧɚɥɢɡɚ ɤɢɧɟɬɢɤɢ ɩɪɨɰɟɫɫɨɜ ɪɚɡɪɭɲɟɧɢɹ ɢ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɝɟɥɹ, ɜɪɟɦɹ  ɭɫɥɨɜɧɨ 
ɪɚɡɞɟɥɢɥɢ ɧɚ ɱɟɬɵɪɟ ɡɨɧɵ, ɤɚɠɞɨɣ ɢɡ ɤɨɬɨɪɵɯ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɚ ( 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. 

Ɍɚɛɥɢɰɚ 2 
Кɢɧɟɬɢɤɚ ɪɚɡɪɭɲɟɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɝɟɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɜɪɟɦɟɧɢ  

Ⱥɝɚɪɨɜɵɟ ɝɟɥɢ ɫ ɪɚɡɥɢɱɧɵɦ 
ɫɨɞɟɪɠɚɧɢɟɦ ɚɝɚɪɚ ɢ ɫɚɯɚɪɨɜ 

ɍɪɨɜɟɧɶ ɪɚɡɪɭɲɟɧɢɹ (ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ) ɫɬɪɭɤɬɭɪɵ, % 
І ɡɨɧɚ 

0,00…0,25 
ІІ ɡɨɧɚ 

0,25…0,50 
ІІІ ɡɨɧɚ 

0,50…0,75 
ІV ɡɨɧɚ 

0,75…1,00 

1,0 % ɚɝɚɪɚ 
0,0…69,0 

(23,3…100) 
69,0…88,0 
(5,0…23,3) 

88,0…97,0 
(1,3…5,0) 

97,0…100 
(0,0…1,3) 

1,0 % ɚɝɚɪɚ, 60 % ɫɚɯɚɪɨɡɵ 
0,0…62,0 

(37,0…100) 
62,0…73,0 
(6,1…37,0) 

73,0…88,0 
(2,3…6,1) 

88,0…100 
(0,0…2,3) 

1,0 % ɚɝɚɪɚ, 60 % ɮɪɭɤɬɨɡɵ 
0,0…51,0 

(42,4…100) 
51,0…69,0 
(9,4…42,4) 

69,0…85,0 
(3,6…9,4) 

85,0…100 
(0,0…3,6) 

 
Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 

ɬɨɦ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɟ ɪɚɡɪɭɲɟɧɢɟ 
ɫɬɪɭɤɬɭɪɵ ɝɟɥɹ ɜ ɩɟɪɜɨɣ ɡɨɧɟ (0,00…0,25). ɍ 
ɱɢɫɬɨɝɨ 1 % ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ α1=69 %, ɭ ɝɟɥɹ ɫ 
ɫɨɞɟɪɠɚɧɢɟɦ ɫɚɯɚɪɨɡɵ α1=62 %, ɭ ɝɟɥɹ ɫ 

ɫɨɞɟɪɠɚɧɢɟɦ 60 % ɮɪɭɤɬɨɡɵ α1=51 %, ɬɚɤɨɟ 
ɪɚɡɪɭɲɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɫɤɨɪɨɫɬɢ 
ɫɞɜɢɝɚ 0,3…1,8ɫ-1. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɟ 
ɪɚɡɪɭɲɟɧɢɟ ɧɚɛɥɸɞɚɟɬɫɹ ɭ ɫɢɫɬɟɦɵ ɫ ɛɨɥɶɲɟɣ 
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ɜɹɡɤɨɫɬɶɸ ɧɟɪɚɡɪɭɲɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ. ɉɨ ɦɟɪɟ 
ɫɧɢɠɟɧɢɹ ɜɹɡɤɨɫɬɢ ɧɟɪɚɡɪɭɲɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ 0 
38,1; 15,0; 12,1 ɉɚ·ɫ ɫɬɟɩɟɧɶ ɪɚɡɪɭɲɟɧɢɹ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ 69>60>51 %. 
ɋɬɟɩɟɧɶ ɪɚɡɪɭɲɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɜɨ ІІ ɡɨɧɟ 
(0,25…0,50, 1,8…5,4ɫ-1) 1 % ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ 
ɫɨɫɬɚɜɥɹɟɬ 88 %, ɫ ɫɨɞɟɪɠɚɧɢɟɦ 60 % ɫɚɯɚɪɨɡɵ ɢ 
ɮɪɭɤɬɨɡɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 73 ɢ 69 %, ɬ.ɟ. ɚɝɚɪɨɜɵɟ 
ɫɢɫɬɟɦɵ ɪɚɡɪɭɲɚɸɬɫɹ ɦɟɧɟɟ ɢɧɬɟɧɫɢɜɧɨ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ 19, 13, 18 %. ȼ ІІІ ɡɨɧɟ 
(0,50…0,75, 5,4…27,0ɫ-1) ɫɬɟɩɟɧɶ 
ɪɚɡɪɭɲɟɧɢɹ 1 % ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ ɫɨɫɬɚɜɥɹɟɬ 97 %, 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɢ 
ɫɨɫɬɚɜɥɹɟɬ 9 %, ɫɬɟɩɟɧɶ ɪɚɡɪɭɲɟɧɢɹ ɚɝɚɪɨɜɨɝɨ 
ɝɟɥɹ ɫ ɫɚɯɚɪɨɡɨɣ ɢ ɮɪɭɤɬɨɡɨɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɫɨɫɬɚɜɥɹɟɬ 88 ɢ 85 %, ɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 
ɪɚɡɪɭɲɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɬɚɤɚɹ ɠɟ ɤɚɤ ɜ ɡɨɧɟ ІІ. ȼ 
ІV ɡɨɧɟ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɫɬɪɭɤɬɭɪɵ 1% 
ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ ɧɟ ɜɟɥɢɤɚ, ɫɨɫɬɚɜɥɹɟɬ ɜɫɟɝɨ 3 %, ɭ 
ɝɟɥɹ ɫ ɫɚɯɚɪɨɡɨɣ 12 %, ɭ ɝɟɥɹ ɫ ɮɪɭɤɬɨɡɨɣ 15 %. 
ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ 
ɫɢɫɬɟɦɚ ɫ ɛɨɥɶɲɟɣ m ɪɚɡɪɭɲɚɟɬɫɹ ɢɧɬɟɧɫɢɜɧɟɟ 
(1 % ɚɝɚɪɨɜɵɣ ɝɟɥɶ), ɱɟɦ ɫɢɫɬɟɦɵ ɫ ɦɟɧɶɲɟɣ m. 
ɇɚɢɦɟɧɟɟ ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɪɭɲɚɟɬɫɹ ɚɝɚɪɨɜɵɣ ɝɟɥɶ 
ɧɚ ɮɪɭɤɬɨɡɟ. 

Ⱥɧɚɥɢɡ ɤɢɧɟɬɢɤɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ 
ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ІV ɡɨɧɟ ɫ 
27,0…145,8ɫ-1 ɫɬɪɭɤɬɭɪɚ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɜ ɩɪɟɞɟɥɚɯ 1,3...3,6 %. Ɉɬɦɟɱɟɧɚ 
ɬɟɧɞɟɧɰɢɹ ɥɭɱɲɟɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɵ 
ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ ɫ ɮɪɭɤɬɨɡɨɣ, ɬɚɤɚɹ ɬɟɧɞɟɧɰɢɹ 
ɧɚɛɥɸɞɚɟɬɫɹ ɜ IV, III, II, I ɡɨɧɚɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. 
ȼ III ɡɨɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɧɨ ɧɟ 
ɡɧɚɱɢɬɟɥɶɧɨɟ. ɍ ɝɟɥɹ ɧɚ ɮɪɭɤɬɨɡɟ ɞɨ 9,4 %, ɧɚ 
ɫɚɯɚɪɨɡɟ ɞɨ 6,1 %, ɭ ɱɢɫɬɨɝɨ 1 % ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ 
ɞɨ 5 %. ȼɨ II ɡɨɧɟ ɫɬɪɭɤɬɭɪɚ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
ɢɧɬɟɧɫɢɜɧɟɟ, ɬɚɤ ɫɬɟɩɟɧɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɭ 
ɫɢɫɬɟɦɵ ɧɚ ɮɪɭɤɬɨɡɟ ɫɨɫɬɚɜɥɹɟɬ 42,4 %, ɧɚ 
ɫɚɯɚɪɨɡɟ – 37 %, ɱɢɫɬɨɝɨ ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ – 23,3 %. 
ȼ ɩɟɪɜɨɣ ɡɨɧɟ ɫɬɪɭɤɬɭɪɚ ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ ɫ 
ɮɪɭɤɬɨɡɨɣ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɬɨ 42,4 ɞɨ 100 %, 
ɝɟɥɹ ɫ ɫɚɯɚɪɨɡɨɣ ɫ 37,0 ɞɨ 100 %, ɱɢɫɬɨɝɨ ɫ 23,3 
ɞɨ 100 %. ɉɨɥɧɚɹ ɫɬɟɩɟɧɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɬ.ɟ. 

ɤɨɷɮɮɢɰɢɟɧɬ ɬɢɤɫɨɬɪɨɩɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɟɧ 
96, 67, 47 %. 

Ɂɚɤɥɸчɟɧɢɟ 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɚɝɚɪɨɜɵɣ ɝɟɥɶ ɨɛɥɚɞɚɟɬ 
ɫɜɨɣɫɬɜɚɦɢ ɬɢɤɫɨɬɪɨɩɢɢ, ɩɪɢ ɷɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɢɤɫɨɬɪɨɩɢɢ ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ 1 % ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɫɨɫɬɚɜɥɹɟɬ 46 %. Ɏɪɭɤɬɨɡɚ ɢ ɫɚɯɚɪɨɡɚ ɨɫɥɚɛɟɜɚɸɬ 
ɫɬɪɭɤɬɭɪɭ ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ. Кɨɷɮɮɢɰɢɟɧɬ 
ɬɢɤɫɨɬɪɨɩɢɢ ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ ɫ 60 % ɫɚɯɚɪɨɡɵ 
ɫɨɫɬɚɜɥɹɟɬ 67 %, ɚ ɫ 60 % ɮɪɭɤɬɨɡɵ – 96 %. 

ɋɬɟɩɟɧɶ ɪɚɡɪɭɲɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɡɚɜɢɫɢɬ ɨɬ 
ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɢ ɜɪɟɦɟɧɢ. Ɉɬɦɟɱɟɧɚ 
ɬɟɧɞɟɧɰɢɹ, ɱɬɨ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɪɭɲɚɟɬɫɹ 
ɫɬɪɭɤɬɭɪɚ ɱɢɫɬɨɝɨ 1 % ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ, ɭɠɟ ɜ ІІІ 
ɡɨɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɥɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɫɬɪɭɤɬɭɪɵ 
(α1=97 %), ɜ ɬɨ ɜɪɟɦɹ, ɤɚɤ ɭ ɚɝɚɪɨɜɨɝɨ ɝɟɥɹ ɫ 
ɫɚɯɚɪɨɡɨɣ – 88 %, ɫ ɮɪɭɤɬɨɡɨɣ – 85 %. 

ɉɪɢ ɢɡɭɱɟɧɢɢ ɤɢɧɟɬɢɤɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɫɬɪɭɤɬɭɪɵ ɡɨɥɹ ɜ ɝɟɥɶ ɨɬɦɟɱɟɧɨ ɨɛɪɚɬɧɭɸ 
ɬɟɧɞɟɧɰɢɸ. Ⱥɝɚɪɧɵɣ ɝɟɥɶ ɫ ɮɪɭɤɬɨɡɨɣ 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬ ɫɬɪɭɤɬɭɪɭ ɧɚ ɦɧɨɝɨ 
ɢɧɬɟɧɫɢɜɧɟɟ, ɢ ɬɚɤɚɹ ɬɟɧɞɟɧɰɢɹ ɨɬɦɟɱɟɧɚ ɜɨ ɜɫɟɯ 
ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɡɨɧɚɯ. 
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