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ɊȺɁɊȺȻɈɌɄȺ ɉɊɈȽɊȺɆɆɇɈȽɈ ɄɈɆɉɅȿɄɋȺ ɊȺɋɑȿɌȺ ɂ 
ɉɈɋɌɊɈȿɇɂə ɌɊȿɏɆȿɊɇɈɃ ɉɅɈɌɇɈɋɌɇɈɃ ɆɈȾȿɅɂ ɁȿɆɇɈɃ 

ɄɈɊɕ ɇȺ ɈɋɇɈȼȿɌȿɈɊȿɌɂɄɈ-

ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɕɏɊȿȽɊȿɋɋɂɈɇɇɕɏ ɆɈȾȿɅȿɃ 
 

Ⱥɧɧɨɬɚɰɢɹ: ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɝɪɟɫɫɢɨɧɧɨɣ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ Ⱥɥɟɣɧɢɤɨɜɚ, ɇɟɦɡɨɪɨɜɚ ɢ ɏɚɥɟɜɢɧɚɤ ɜ ɤɚɱɟɫɬɜɟ 
ɨɫɧɨɜɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ɩɨɫɬɪɨɟɧɢɹ ɬɪɟɯɦɟɪɧɨɣ ɩɥɨɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ 
ɡɟɦɧɨɣ ɤɨɪɵ. Ɍɚɤɠɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ɩɨɫɬɪɨɟɧɢɹ ɬɪɟɯɦɟɪɧɨɣ 

ɩɥɨɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɡɟɦɧɨɣ ɤɨɪɵ ɪɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɦɛɢɧɚɰɢɢ ɦɨɞɟɥɢ 

Ⱥɞɚɦɫɚ–ȼɢɥɶɹɦɫɨɧɚ ɢ ɦɨɞɟɥɢ Ⱥɥɟɣɧɢɤɨɜɚ, ɇɟɦɡɨɪɨɜɚ, ɏɚɥɟɜɢɧɚ. ɉɨɥɭɱɟɧɚ ɬɪɟɯɦɟɪɧɚɹ 
ɩɥɨɬɧɨɫɬɧɚɹ ɦɨɞɟɥɶ ɡɟɦɧɨɣ ɤɨɪɵ Ɍɹɧɶ-ɒɚɧɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɥɭɱɚɟɜ. ɉɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɩɥɨɬɧɨɫɬɧɵɯ ɪɚɡɪɟɡɨɜ ɧɟɤɨɬɨɪɵɯ ɯɚɪɚɤɬɟɪɧɵɯ ɩɪɨɮɢɥɟɣ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɉɥɨɬɧɨɫɬɧɚɹ ɦɨɞɟɥɶ, ɡɟɦɧɚɹ ɤɨɪɚ, ɪɟɝɪɟɫɫɢɨɧɧɚɹ ɦɨɞɟɥɶ, 
ɬɪɢɚɧɝɭɥɹɰɢɹ, ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ, ɬɪɟɯɦɟɪɧɚɹ ɫɤɨɪɨɫɬɧɚɹ ɦɨɞɟɥɶ, Ɍɹɧɶ-ɒɚɧɶ. 

 

ɌȿɈɊȿɌɂɄȺɅɕɄ-ɗɄɋɉȿɊɂɆȿɇɌȺɅȾɕɄ ɊȿȽɊȿɋɋɂɈɇȾɍɄ 
ɆɈȾȿɅȾȿɊȾɂɇ ɇȿȽɂɁɂɇȾȿ ɗɋȿɉɌԦԦ ɉɊɈȽɊȺɆɆȺɋɕɇɕɇ 

ɄɈɆɉɅȿɄɋɂɇ ɂɒɌȿɉ ɑɕȽɍɍ ɀȺɇȺ ɀȿɊ ɄɕɊɌɕɒɕɇɕɇ Ԛɑ 
ԦɅɑԦɆȾԚԚ ɌɕȽɕɁȾɕɄ ɆɈȾȿɅɂɇ ɌԚɁԚԚ 

 
Ʉɵɫɤɚɱɚ ɦɚɡɦɭɧɭ: Ɇɚɤɚɥɚɞɚ Ⱥɥɟɣɧɢɤɨɜɞɭɧ, ɇɟɦɡɨɪɨɜɞɭɧ ɠɚɧɚ ɏɚɥɟɜɢɧɚɤɬɵɧ 

ɪɟɝɪɟɫɫɢɹɥɵɤ ɦɚɬɟɦɚɬɢɤɚɥɵɤ ɬɵɝɵɡɞɵɤ ɦɨɞɟɥɢɧ ɠɟɪ ɤɵɪɬɵɲɵɧɵɧ үɱ ԧɥɱԧɦɞүү ɬɵɝɵɡɞɵɤ 
ɦɨɞɟɥɢɧ ɬɭɪɝɭɡɭɭɧɭɧ ɩɪɨɝɪɚɦɦɚɥɵɤ ɩɪɨɞɭɤɬɵɫɵɧ ɬүɡүү үɱүɧ ɤɨɥɞɨɧɭɭ ɦɚɫɟɥɟɥɟɪɢ 
ɤɚɪɚɥɝɚɧ. Ɉɲɨɧɞɨɣ ɷɥɟ ɠɟɪ ɤɵɪɬɵɲɵɧɵɧ үɱ ԧɥɱԧɦɞүү ɬɵɝɵɡɞɵɤ ɦɨɞɟɥɢɧ ɬүɡүүɱү 
ɩɪɨɝɪɚɦɦɚɥɵɤ ɩɪɨɞɭɤɬɬɭ ɬүɡүү үɱүɧ Ⱥɞɚɦɫ-ȼɢɥɶɹɦɫɨɧ ɦɨɞɟɥɢ ɦɟɧɟɧ ɛɢɪɝɟ Ⱥɥɟɣɧɢɤɨɜɞɭɧ, 
ɇɟɦɡɨɪɨɜɞɭɧ ɠɚɧɚ ɏɚɥɟɜɢɧɚɤɬɵɧ ɦɨɞɟɥɢɧ ɤɨɥɞɨɧɭɭɧɭɧ ɠɨɥɞɨɪɭ ɤɚɪɚɥɝɚɧ. Ɍɹɧɶ-ɒɚɧɞɵɧ 
ɠɟɪ ɤɵɪɬɵɲɵɧɵɧɵɧ үɱ ԧɥɱԧɦɞүү ɬɵɝɵɡɞɵɤ ɦɨɞɟɥɢ ɚɪ ɤɚɧɞɚɣ ɭɱɭɪɥɚɪ үɱүɧ ɚɥɵɧɝɚɧ. 
Ⱥɣɪɵɦ ɦүɧԧɡɞүү ɩɪɨɮɢɥɞɟɪɞɢɧ ɜɟɪɬɢɤɚɥɞɭɭ ɬɵɝɵɡɞɵɤ ɤɟɫɢɤɬɢɤɬɟɪɢɧɢɧ ɦɢɫɚɥɞɚɪɵ 
ɤɟɥɬɢɪɢɥɝɟɧ. 

ɇɟɝɢɡɝɢ ɫԧɡɞԧɪ: ɀɨɝɨɪɤɭ ɛɟɬ ɦɨɞɟɥɢ, ɠɟɪ ɤɵɪɬɵɲɵ, ɪɟɝɪɟɫɫɢɹɥɵɤ ɦɨɞɟɥɶ, 
ɬɪɢɚɧɝɭɥɹɰɢɹ, ɛɢɪ ɤɵɥɤɚ ɷɦɟɫɬɢɤ, үɱ ԧɥɱԧɦɞүү ɵɥɞɚɦɞɵɤ ɦɨɞɟɥɢ, Ɍɹɧɶ-ɒɚɧɶ. 

 

SOFTWARE DEVELOPMENT FOR CALCULATION AND 

CONSTRUCTION OF THE THREE-DIMENSIONAL DENSITY MODEL OF 

THE EARTH'S CRUST ON BASE OF THE THEORETICAL AND 

EXPERIMENTAL REGRESSION MODELS 
 

Abstract: In the paper the problems of adaptation of mathematical model of Aleynikov, 

Nemzorov, Khalevin for its use as a basis for creation of software product for construction of three-

dimensional model of earth crust density are considered. Also the problems of combination of 

models of Adams-Williamson  and Aleynikov et al. use are considered. 
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As a result this one for Tian Shan region was received. Examples of vertical density sections 

of some typical profiles are presented. 

 

Keywords: density model, the earth's crust, the regression model, triangulation, 

heterogeneity, three-dimensional velocity model, the Tien Shan. 

 

ɋɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɩɨɫɬɪɨɟɧɢɹ ɩɥɨɬɧɨɫɬɧɵɯ ɦɨɞɟɥɟɣ ɡɟɦɧɨɣ ɤɨɪɵ, ɫɪɟɞɢ 
ɤɨɬɨɪɵɯ ɜɵɞɟɥɹɸɬɫɹ: 

 ɭɩɪɨɳɟɧɧɵɟ – ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɭɩɪɨɳɟɧɧɵɯ ɨɞɧɨɪɨɞɧɵɯ ɦɨɞɟɥɟɣ 
ɝɥɭɛɢɧɧɨɝɨ ɫɬɪɨɟɧɢɹ ɡɟɦɥɢ [4, 5]; 

 ɦɨɞɟɥɢ, ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɨɛɪɚɛɨɬɤɢ ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɨ ɝɥɭɛɢɧɧɨɦ 
ɫɬɪɨɟɧɢɢ Ɂɟɦɥɢ ɤɨɧɤɪɟɬɧɵɯ ɝɟɨɝɪɚɮɢɱɟɫɤɢɯ ɨɛɥɚɫɬɟɣ [2, 6 – 8]; 

 ɪɟɚɥɶɧɵɟ ɦɨɞɟɥɢ ɜɧɭɬɪɟɧɧɟɝɨ ɫɬɪɨɟɧɢɹ Ɂɟɦɥɢ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɜɫɸ ɢɦɟɸɳɭɸɫɹ 
ɝɟɨɮɢɡɢɱɟɫɤɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɫɜɹɡɚɧɧɭɸ ɪɚɫɱɟɬɧɵɦɢ ɮɨɪɦɭɥɚɦɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɮɢɡɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ [3, 4]. 

ɋɪɟɞɢ ɪɟɚɥɶɧɵɯ ɦɨɞɟɥɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɫɬɪɨɟɧɢɹ Ɂɟɦɥɢ, ɧɚɢɛɨɥɟɟ ɨɛɳɟ-ɨɛɴɹɫɧɹɸɳɢɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɜɟɳɟɫɬɜɚ ɡɟɦɧɨɣ ɫɭɛɫɬɚɧɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɥɭɛɢɧɵ ɢ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɤɨɪɨɫɬɧɨɣ ɦɨɞɟɥɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɵɯ ɩɪɨɞɨɥɶɧɵɯɢ 
ɩɨɩɟɪɟɱɧɵɯɫɟɣɫɦɨɥɨɝɢɱɟɫɤɢɯ ɜɨɥɧ, ɹɜɥɹɟɬɫɹ ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɚɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɦɨɞɟɥɶ 
ɚɦɟɪɢɤɚɧɫɤɢɯ ɝɟɨɮɢɡɢɤɨɜ Ⱥɞɚɦɫɚ ɢ ȼɢɥɶɹɦɫɨɧɚ [1]. ȼ ɪɚɛɨɬɟ [2] ɞɚɧɧɚɹ ɦɨɞɟɥɶ ɛɵɥɚ 
ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ɩɨɫɬɪɨɟɧɢɹ 
ɬɪɟɯɦɟɪɧɨɣ ɩɥɨɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɡɟɦɧɨɣ ɤɨɪɵ. Ɉɞɧɚɤɨ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɜ [2] ɩɥɨɬɧɨɫɬɧɵɯ 
ɪɚɡɪɟɡɚɯ ɧɟɤɨɬɨɪɵɯ ɯɚɪɚɤɬɟɪɧɵɯ ɩɪɨɮɢɥɟɣ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɦɨɞɟɥɢ Ⱥɞɚɦɫɚ ɢ ȼɢɥɶɹɦɫɨɧɚ ɜɵɹɜɥɹɸɬ ɥɢɲɶ ɧɟɤɨɬɨɪɵɟ ɱɟɪɬɵ ɩɥɨɬɧɨɫɬɧɵɯ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɜ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ ɥɢɬɨɫɮɟɪɵ Ɍɹɧɶ-ɒɚɧɹ. Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɛɨɥɟɟ 
ɞɟɬɚɥɶɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɩɥɨɬɧɨɫɬɧɨɝɨ ɫɬɪɨɟɧɢɹ ɥɢɬɨɫɮɟɪɵ Ɍɹɧɶ-ɒɚɧɹ ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ 
ɩɪɟɞɥɚɝɚɟɬɫɹ  ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶ ɩɥɨɬɧɨɫɬɶ ɧɚ ɧɭɥɟɜɨɣ ɝɥɭɛɢɧɟ, ɢɫɩɨɥɶɡɭɹ ɪɟɝɪɟɫɫɢɨɧɧɭɸ 
ɩɥɨɬɧɨɫɬɧɭɸ ɦɨɞɟɥɶ ɫɨɫɬɚɜɚ ɡɟɦɧɨɣ ɤɨɪɵ[1], ɩɨɫɬɪɨɟɧɧɭɸ ɧɚ ɨɫɧɨɜɟ ɨɛɪɚɛɨɬɤɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɥɨɬɧɨɫɬɧɚɹ ɪɟɝɪɟɫɫɢɨɧɧɚɹ ɦɨɞɟɥɶ Ⱥɥɟɣɧɢɤɨɜɚ, 
ɇɟɦɡɨɪɨɜɚ ɢ ɏɚɥɟɜɢɧɚ [1]ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɞɥɹ 
ɫɨɡɞɚɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢɬɪɟɯɦɟɪɧɨɣ ɩɥɨɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɡɟɦɧɨɣ 
ɤɨɪɵɥɢɬɨɫɮɟɪɵ Ɍɹɧɶ-ɒɚɧɹ.ɇɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɪɟɯɦɟɪɧɚɹ ɦɨɞɟɥɶ 
ɫɤɨɪɨɫɬɧɵɯ ɩɨɥɟɣ ɩɪɨɞɨɥɶɧɵɯ P – ɜɨɥɧ ɢ ɩɨɩɟɪɟɱɧɵɯ S – ɜɨɥɧ ɛɵɥɚ ɩɨɥɭɱɟɧɚɧɚ ɛɚɡɟ 
ɬɪɟɯɦɟɪɧɨɣ ɬɪɢɚɧɝɭɥɹɰɢɢ ɫɤɨɪɨɫɬɧɨɣ ɦɨɞɟɥɢ ɥɢɬɨɫɮɟɪɵ Ɍɹɧɶ-ɒɚɧɹ [9]. Ʉɨɦɩɥɟɤɫ 
ɩɪɨɝɪɚɦɦ ɩɨɡɜɨɥɹɟɬ ɜɨɫɫɬɚɧɨɜɢɬɶ ɡɧɚɱɟɧɢɟ  ɫɤɨɪɨɫɬɟɣ ɩɪɨɞɨɥɶɧɵɯ P–ɜɨɥɧ ɢ ɩɨɩɟɪɟɱɧɵɯ S – 

ɜɨɥɧ ɜ ɥɸɛɨɣ ɡɚɞɚɧɧɨɣ ɬɨɱɤɟ ɬɪɟɯɦɟɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢɡɭɱɚɟɦɨɝɨ ɮɪɚɝɦɟɧɬɚ «ɦɚɫɫɢɜɚ 
ɡɟɦɧɨɣ ɤɨɪɵ». 

 

Рɟɝɪɟɫɫɢɨɧɧɚɹ ɦɨɞɟɥɶ Аɥɟɣɧɢɤɨɜɚ, Нɟɦɡɨɪɨɜɚ ɢ Хɚɥɟɜɢɧɚ 

ɇɚɪɹɞɭ ɫ ɩɥɨɬɧɨɫɬɧɵɦɢ ɦɨɞɟɥɹɦɢ ɜɧɭɬɪɟɧɧɟɝɨ ɫɬɪɨɟɧɢɹ ɡɟɦɥɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɧɚ 
ɨɫɧɨɜɟ ɮɢɡɢɱɟɫɤɢɯ ɡɚɤɨɧɨɜ, ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɬɟɨɪɟɬɢɤɨ–ɷɤɫɩɟɪɟɦɟɧɬɚɥɶɧɵɯ ɦɨɞɟɥɟɣ ɨɰɟɧɤɢ 
ɩɥɨɬɧɨɫɬɢ, ɩɨɪɢɫɬɨɫɬɢ ɢ ɫɨɫɬɚɜɚ ɩɨɪɨɞ. ɗɬɢ ɦɨɞɟɥɢ ɹɜɥɹɸɬɫɹ ɪɟɝɪɟɫɫɢɨɧɧɵɦɢ, 
ɩɨɫɬɪɨɟɧɧɵɦɢ ɩɨ ɫɤɨɪɨɫɬɹɦ ɩɪɨɞɨɥɶɧɵɯ 

P
v  ɢ ɩɨɩɟɪɟɱɧɵɯ 

S
v ɫɟɣɫɦɨɥɨɝɢɱɟɫɤɢɯ ɜɨɥɧ ɧɚ 

ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɩɪɨɜɟɞɟɧɨ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɬɟɨɪɟɬɢɱɟɫɤɢɯ, ɥɚɛɨɪɚɬɨɪɧɵɯ ɢ ɩɨɥɟɜɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɪɟɡɭɥɶɬɚɬɚɦɢ ɤɨɬɨɪɵɯ 
ɹɜɢɥɨɫɶ ɭɫɬɚɧɨɜɥɟɧɢɟ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɝɨɪɧɵɯ ɩɨɪɨɞ ɫ ɢɯ 
ɫɤɨɪɨɫɬɧɵɦɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɹɦɢ. Ɋɚɫɫɦɨɬɪɢɦ ɪɟɝɪɟɫɫɢɨɧɧɭɸ ɩɥɨɬɧɨɫɬɧɭɸ ɦɨɞɟɥɶ 
Ⱥɥɟɣɧɢɤɨɜɚ, ɇɟɦɡɨɪɨɜɚ ɢ ɏɚɥɟɜɢɧɚ [1]. 

Ⱥɜɬɨɪɚɦɢ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɭɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ ɧɚ ɨɫɧɨɜɟ 
ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɤɨɪɪɟɥɹɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɥɨɬɧɨɫɬɢ – ɢ ɜɟɥɢɱɢɧ 

P
v , 

S
v , ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɜ 

ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 
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v )-0.0537(
S

v )+0.0026(
P

v
S

v )+0.0463()+2.66,  (1) 

 

ɝɞɟ  – ɫɟɣɫɦɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɜɵɪɚɠɟɧɢɟɦ: 
 

 = 𝜈𝑝ଶ − ସଷ 𝜈௦ଶ    (2) 

 

ɉɪɢ ɷɬɨɦ ɫɬɚɧɞɚɪɬɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ  ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɩɨ ɷɬɨɣ ɮɨɪɦɭɥɟ ɫɨɫɬɚɜɢɥɚ 
0.032 ɝ/ɫɦ3, ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɦɧɨɠɟɫɬɜɟɧɧɨɣ ɤɨɪɪɟɥɹɰɢɢ 0.975R   [1]. 

ɉɪɨɜɟɪɤɚ ɡɚɜɢɫɢɦɨɫɬɢ (1)  ɨɫɭɳɟɫɬɜɥɟɧɚ ɧɚ ɨɫɧɨɜɟ ɥɚɛɨɪɚɬɨɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ 
ɝɨɪɧɵɦɢ ɩɨɪɨɞɚɦɢ ɍɪɚɥɚ ɢ ɐɟɧɬɪɚɥɶɧɨɝɨ Ʉɚɡɚɯɫɬɚɧɚ. ȼ ɨɛɳɟɣ ɫɥɨɠɧɨɫɬɢ ɚɜɬɨɪɚɦɢ ɦɨɞɟɥɢ 
ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 2000 ɧɟɡɚɜɢɫɢɦɵɯ ɨɩɪɟɞɟɥɟɧɢɣ ,

P
v , 

S
v  ɫ ɩɪɢɜɥɟɱɟɧɢɟɦ ɞɚɧɧɵɯ ɢɡ 

ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ [1, 6, 7]. ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ, ɷɬɚ ɦɨɞɟɥɶ (1) ɯɨɪɨɲɨ ɪɚɛɨɬɚɟɬ ɧɚ 
ɢɧɬɟɪɜɚɥɟ ɩɥɨɬɧɨɫɬɟɣ 2.6 – 2.7 ɝ/ɫɦ3

 ɞɥɹ ɤɢɫɥɵɯ ɢ ɫɪɟɞɧɢɯ ɩɨɪɨɞ. ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ 
ɩɥɨɬɧɨɫɬɢ ɨɫɧɨɜɧɵɯ ɢ ɭɥɶɬɪɚɨɫɧɨɜɧɵɯ ɥɢɬɨɥɨɝɢɱɟɫɤɢɯ ɩɨɪɨɞ, ɚɜɬɨɪɵ ɦɨɞɟɥɢ ɩɪɟɞɥɚɝɚɸɬ 
ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ ɫɥɟɞɭɸɳɟɣ ɚɞɞɢɬɢɜɧɨɣ ɩɨɩɪɚɜɤɨɣ: 

 

=0.01( 12)     (3) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɤɨɧɱɚɬɟɥɶɧɚɹ ɪɚɫɱɟɬɧɚɹ ɪɟɝɪɟɫɫɢɨɧɧɚɹ ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɩɥɨɬɧɨɫɬɢ t 

ɡɟɦɧɨɣ ɤɨɪɵ ɜ ɭɫɥɨɜɢɹɯ Ʉɵɪɝɵɡɫɤɨɝɨ Ɍɹɧɶ-ɒɚɧɹ, ɦɨɠɟɬ ɢɦɟɬɶ ɜɢɞ: 
 𝜌௧={𝜌,             есˎи  𝑙 ≤ ହ ˍˏ;𝜌+Δ𝜌,    есˎи 𝑙>ହ ˍˏ;    (4) 

 

Ɂɞɟɫɶ ɭɱɬɟɧ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɧɚ ɝɥɭɛɢɧɚɯ  𝑙 > 5 ˍˏ, ɜ ɨɫɧɨɜɧɨɦ, ɧɟ ɜɫɬɪɟɱɚɸɬɫɹ 
ɜɨɞɨɧɚɫɵɳɟɧɧɵɟ ɩɨɪɨɞɵ.  
 

ɉɨɫɬɪɨɟɧɢɟ ɩɥɨɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ ɡɟɦɧɨɣ ɤɨɪɵ 

 

Рɟɝɪɟɫɫɢɨɧɧɚɹ ɦɨɞɟɥɶ Аɥɟɣɧɢɤɨɜɚ, Нɟɦɡɨɪɨɜɚ ɢ Хɚɥɟɜɢɧɚ. Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɩɥɨɬɧɨɫɬɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɜɞɨɥɶ ɪɚɡɪɟɡɨɜ ɡɟɦɧɨɣ ɤɨɪɵ ɩɨ ɦɨɞɟɥɢ Ⱥɥɟɣɧɢɤɨɜɚ, 
ɇɟɦɡɨɪɨɜɚ ɢ ɏɚɥɟɜɢɧɚ, ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ (1 – 4). ȼ ɤɚɱɟɫɬɜɟ 
ɢɫɯɨɞɧɨɝɨ ɦɚɫɫɢɜɚ ɞɚɧɧɵɯ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɬɪɢɚɧɝɭɥɢɪɨɜɚɧɧɚɹ ɬɪёɯɦɟɪɧɚɹ ɦɚɬɪɢɰɚ 
ɩɪɨɞɨɥɶɧɵɯ ɢ ɩɨɩɟɪɟɱɧɵɯ ɫɤɨɪɨɫɬɟɣ ɫɟɣɫɦɢɱɟɫɤɢɯ ɜɨɥɧ 

P
v ɢ

S
v . Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ 

ɤɨɦɩɥɟɤɫɚ ɩɪɨɝɪɚɦɦ ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧɵ ɧɚ ɩɪɢɦɟɪɟ ɞɜɭɯ ɜɟɪɬɢɤɚɥɶɧɵɯ ɩɪɨɮɢɥɟɣ 1 ɢ 2, 

ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɤɨɬɨɪɵɯ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 1,  ɩɥɨɬɧɨɫɬɧɵɟ ɪɚɡɪɟɡɵ  ɩɪɢɜɟɞɟɧɵ ɧɚ 
ɪɢɫɭɧɤɚɯ 2 ɢ 3.  

 

ɚ                                                                              ɛ 
 

 

 

 

 

 

 

 

 
Ɋɢɫɭɧɨɤ 1. Ʌɨɤɚɥɢɡɚɰɢɹ ɩɪɨɮɢɥɟɣ 1 (ɚ) ɢ 2 (ɛ) ɜɟɪɬɢɤɚɥɶɧɵɯ ɩɥɨɬɧɨɫɬɧɵɯ ɪɚɡɪɟɡɨɜ. 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 2 (ɩɪɨɮɢɥɶ 1), ɢɡɨɥɢɧɢɢ ɡɧɚɱɟɧɢɣ ɩɥɨɬɧɨɫɬɢ ɧɨɫɹɬ ɦɨɧɨɬɨɧɧɵɣ 
ɯɚɪɚɤɬɟɪ ɞɨ ɝɥɭɛɢɧ 10 ɤɦ, ɞɚɥɟɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɡɨɥɢɧɢɣ ɡɧɚɱɟɧɢɣ ɩɥɨɬɧɨɫɬɟɣ ɧɨɫɢɬ 
ɫɥɨɠɧɵɣ ɯɚɪɚɤɬɟɪ (ɨɫɨɛɟɧɧɨ ɜ ɫɥɨɟ 10 – 45 ɤɦ). ɇɚ ɩɪɨɮɢɥɟ 2 (ɪɢɫɭɧɨɤ 3) ɪɚɫɩɪɟɞɟɥɟɧɢɟ  
ɩɥɨɬɧɨɫɬɢ ɬɚɤɠɟ ɢɡɦɟɧɹɟɬɫɹ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɪɚɡɪɟɡɚ, ɤɚɤ ɩɨ ɝɥɭɛɢɧɟ, ɬɚɤ ɢ ɜɞɨɥɶ ɟɝɨ 
ɩɪɨɫɬɢɪɚɧɢɹ. Ɉɬɦɟɱɚɸɬɫɹ ɢɧɜɟɪɫɢɨɧɧɵɟ ɡɨɧɵ ɧɚ ɪɚɡɥɢɱɧɵɯ ɝɥɭɛɢɧɧɵɯ ɭɪɨɜɧɹɯ. 

 
Ɋɢɫɭɧɨɤ 2. ɉɥɨɬɧɨɫɬɧɨɣ ɪɚɡɪɟɡ ɡɟɦɧɨɣ ɤɨɪɵ ɜɞɨɥɶ ɩɪɨɮɢɥɹ 1 (ɦɨɞɟɥɶ Ⱥɥɟɣɧɢɤɨɜɚ,  

            ɇɟɦɡɨɪɨɜɚ, ɏɚɥɟɜɢɧɚ). 
 

 
Ɋɢɫɭɧɨɤ 3. ɉɥɨɬɧɨɫɬɧɨɣ ɪɚɡɪɟɡ ɡɟɦɧɨɣ ɤɨɪɵ ɜɞɨɥɶ ɩɪɨɮɢɥɹ 2 (ɦɨɞɟɥɶ Ⱥɥɟɣɧɢɤɨɜɚ,  
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            ɇɟɦɡɨɪɨɜɚ, ɏɚɥɟɜɢɧɚ). 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɝɪɟɫɫɢɨɧɧɨɣ ɦɨɞɟɥɢ Ⱥɥɟɣɧɢɤɨɜɚ, ɇɟɦɡɨɪɨɜɚ, 

ɏɚɥɟɜɢɧɚ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ   ɜɵɹɜɥɟɧɢɹ  ɩɥɨɬɧɨɫɬɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɜ ɡɟɦɧɨɣ ɤɨɪɟ.  
 

Кɨɦɛɢɧɚɰɢɢ ɞɜɭɯ ɦɨɞɟɥɟɣ(Аɞɚɦɫɚ–Вɢɥɶɹɦɫɨɧɚ ɢ Аɥɟɣɧɢɤɨɜɚ, Нɟɦɡɨɪɨɜɚ, Хɚɥɟɜɢɧɚ) 

 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ  ɩɥɨɬɧɨɫɬɧɵɯ ɪɚɡɪɟɡɨɜ ɩɨ ɦɨɞɟɥɢ Ⱥɞɚɦɫɚ ɢ ȼɢɥɶɹɦɫɨɧɚ, ɜ ɤɚɱɟɫɬɜɟ 
ɧɚɱɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɧɚ ɝɥɭɛɢɧɟ 0 ɤɦ ɛɵɥɚ ɩɪɢɧɹɬɚ ɫɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ =2.8ɝ/ɫɦ3

[2]. 

Ɉɞɧɚɤɨ, ɷɬɨ ɨɛɨɛɳɟɧɢɟ ɜɧɨɫɢɬ ɢɫɤɚɠɟɧɢɟ ɜ ɩɥɨɬɧɨɫɬɧɭɸ ɤɚɪɬɢɧɭ ɪɚɡɪɟɡɨɜ [2], ɢɡɨɛɪɚɠɚɹ 
ɥɢɲɶ ɞɢɧɚɦɢɤɭ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɫɪɟɞɵ ɫ ɝɥɭɛɢɧɨɣ. 

Ⱦɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɤɚɪɬɢɧɵ ɩɥɨɬɧɨɫɬɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ, ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɧɭɥɟɜɨɣ ɭɪɨɜɟɧɶ (ɝɥɭɛɢɧɚ 0 ɤɦ) ɩɥɨɬɧɨɫɬɟɣ  ɩɪɨɫɱɢɬɵɜɚɬɶ ɩɨ ɦɨɞɟɥɢ Ⱥɥɟɣɧɢɤɨɜɚ, 
ɇɟɦɡɨɪɨɜɚ, ɏɚɥɟɜɢɧɚ (1 – 4), ɚ ɡɚɬɟɦ ɞɨɛɚɜɥɹɬɶ ɩɪɢɪɚɳɟɧɢɹ ɩɨ ɩɥɨɬɧɨɫɬɢ  ɩɨ ɦɨɞɟɥɢ 
Ⱥɞɚɦɫɚ ɢ ȼɢɥɶɹɦɫɨɧɚ [2]. 

ɇɚ ɪɢɫɭɧɤɚɯ  4, 5 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɩɟɪɟɱɧɵɟ ɪɚɡɪɟɡɵ (ɩɪɨɮɢɥɢ 1, 2) ɩɥɨɬɧɨɫɬɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɟɦɧɨɣ ɤɨɪɵ, ɩɨɫɬɪɨɟɧɧɵɯ ɩɨ ɤɨɦɛɢɧɚɰɢɢ ɞɜɭɯ ɦɨɞɟɥɟɣ: Ⱥɥɟɣɧɢɤɨɜɚ, 
ɇɟɦɡɨɪɨɜɚ, ɏɚɥɟɜɢɧɚ ɢ Ⱥɞɚɦɫɚ-ȼɢɥɶɹɦɫɨɧɚ.  

 
Ɋɢɫɭɧɨɤ 4. ɉɥɨɬɧɨɫɬɧɨɣ ɪɚɡɪɟɡ ɡɟɦɧɨɣ ɤɨɪɵ ɜɞɨɥɶ ɩɪɨɮɢɥɹ 1 (ɤɨɦɛɢɧɚɰɢɹ ɦɨɞɟɥɟɣ). 

 

 
Ɋɢɫɭɧɨɤ 5. ɉɥɨɬɧɨɫɬɧɨɣ ɪɚɡɪɟɡ ɡɟɦɧɨɣ ɤɨɪɵ ɜɞɨɥɶ ɩɪɨɮɢɥɹ 2 (ɤɨɦɛɢɧɚɰɢɹ ɦɨɞɟɥɟɣ). 
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Ɂɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɟɣ  ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɜɧɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɫ ɝɥɭɛɢɧɨɣ ɫ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ 
ɧɚɤɥɨɧɨɦ ɢɡɨɥɢɧɢɢ ɩɥɨɬɧɨɫɬɟɣ ɩɨ ɝɥɭɛɢɧɟ ɜ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɹɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɩɪɨɮɢɥɟɣ.  
 ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ ɩɥɨɬɧɨɫɬɢ ɩɨ ɪɟɝɪɟɫɫɢɨɧɧɨɣ  ɦɨɞɟɥɢ Ⱥɥɟɣɧɢɤɨɜɚ, 
ɇɟɦɡɨɪɨɜɚ, ɏɚɥɟɜɢɧɚ ɢ ɩɨ ɤɨɦɛɢɧɚɰɢɢ ɞɜɭɯ ɦɨɞɟɥɟɣ (Ⱥɥɟɣɧɢɤɨɜɚ, ɇɟɦɡɨɪɨɜɚ, ɏɚɥɟɜɢɧɚ ɢ 
Ⱥɞɚɦɫɚ-ȼɢɥɶɹɦɫɨɧɚ) ɩɨɤɚɡɚɥɨ, ɱɬɨ ɛɨɥɟɟ ɞɟɬɚɥɶɧɭɸ ɤɚɪɬɢɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɟɣ ɞɚɟɬ  
ɪɟɝɪɟɫɫɢɨɧɧɚɹ ɦɨɞɟɥɶ, ɩɨɡɜɨɥɹɸɳɚɹ ɜɵɹɜɥɹɬɶ ɩɥɨɬɧɨɫɬɧɵɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɫɪɟɞɵ. 
Ʉɨɦɛɢɧɚɰɢɹ ɞɜɭɯ ɦɨɞɟɥɟɣ ɞɚɟɬ ɛɨɥɟɟ ɫɝɥɚɠɟɧɧɭɸ ɤɚɪɬɢɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɟɣ, ɧɟ 
ɜɵɹɜɥɹɹ  ɩɪɢ ɷɬɨɦ ɨɩɪɟɞɟɥɟɧɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ (ɤ ɩɪɢɦɟɪɭ, ɡɨɧɵ ɫ ɢɧɜɟɪɫɢɟɣ ɩɥɨɬɧɨɫɬɢ ɧɟ 
ɨɬɦɟɱɚɸɬɫɹ). 
 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ  ɪɟɡɭɥɶɬɚɬɨɜ 
 

Ɉɰɟɧɤɚ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɨɞɢɥɚɫɶ ɩɭɬɟɦ ɢɯ ɫɨɩɨɫɬɚɜɥɟɧɢɹ 
ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɛɨɬ, ɜɵɩɨɥɧɟɧɧɵɯ ɜ ɬɨɦ ɠɟ ɪɚɣɨɧɟ ɞɪɭɝɢɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɝɟɨɮɢɡɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ. Ʉɚɠɞɵɣ ɢɡ ɝɟɨɮɢɡɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ 
ɢɦɟɟɬ ɨɝɪɚɧɢɱɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɬɨɱɧɨɫɬɶɸ, ɪɚɡɪɟɲɢɦɨɫɬɶɸ ɢ ɩɪɢɦɟɧɢɦɨɫɬɶɸ ɤ ɜɩɨɥɧɟ 
ɨɩɪɟɞɟɥɟɧɧɵɦ ɨɛɴɟɤɬɚɦ ɢ ɰɟɥɹɦ, ɱɬɨ ɭɱɢɬɵɜɚɥɨɫɶ ɩɪɢ ɢɯ ɚɧɚɥɢɡɟ. ɉɪɨɮɢɥɶ 1 ɩɪɨɜɟɞɟɧ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɨɮɢɥɟɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɪɚɛɨɬɟ [10] (ɪɢɫɭɧɨɤ 6). ɋɪɚɜɧɟɧɢɟ ɩɪɢɜɟɞɟɧɧɨɣ 
ɝɟɨɥɨɝɨ-ɝɟɨɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɬɪɨɟɧɢɹ ɡɟɦɧɨɣ ɤɨɪɵ (ɪɢɫɭɧɨɤ 6) ɫ ɩɥɨɬɧɨɫɬɧɵɦ ɪɚɡɪɟɡɨɦ, 
ɩɨɥɭɱɟɧɧɵɦ ɩɨ ɪɟɝɪɟɫɫɢɨɧɧɨɣ ɩɥɨɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ (ɪɢɫɭɧɨɤ 2), ɩɨɤɚɡɵɜɚɟɬ ɩɪɢɟɦɥɟɦɨɟ 
ɫɯɨɞɫɬɜɨ ɜ ɩɥɨɬɧɨɫɬɧɨɣ ɫɬɪɭɤɬɭɪɟ ɩɪɢɜɟɞɟɧɧɨɝɨ ɩɪɨɮɢɥɹ. 
 

 
 
Ɋɢɫɭɧɨɤ 6.  Ƚɟɨɥɨɝɨ-ɝɟɨɮɢɡɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɬɪɨɟɧɢɹ ɡɟɦɧɨɣ ɤɨɪɵ ɱɟɪɟɡ ɝɢɩɨɰɟɧɬɪ 

Ȼɟɥɨɜɨɞɫɤɨɝɨ ɡɟɦɥɟɬɪɹɫɟɧɢɹ 1885 ɝ. ɉɨ [10]: 1 – ɪɚɡɥɨɦɵ, 2 – ɝɢɩɨɰɟɧɬɪ 
ɡɟɦɥɟɬɪɹɫɟɧɢɹ,  3 – ɢɡɨɬɟɪɦɵ, ɜ ºɋ, 4 – 9  – ɩɪɟɞɩɨɥɚɝɚɟɦɵɣ ɩɟɬɪɨɥɨɝɢɱɟɫɤɢɣ 
ɫɨɫɬɚɜ: 4 – ɝɪɚɧɢɬɨ-ɝɧɟɣɫɵ, 5 – ɩɥɚɝɢɨɝɧɟɣɫɵ ɢ ɝɪɚɧɭɥɢɬɵ, 6 – ɝɪɚɧɭɥɢɬɵ,  

                          7 – ɝɪɚɧɚɬɨɜɵɟ ɝɪɚɧɭɥɢɬɵ,  8 – ɷɤɥɨɝɢɬɵ, 9 – ɩɢɪɨɤɫɟɧɢɬɵ. 
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Ɋɢɫɭɧɨɤ 7. ɉɥɨɬɧɨɫɬɧɨɣ ɪɚɡɪɟɡ ɩɨ ɩɪɨɮɢɥɸ Ʉɚɪɚɫɚɣ-Ɍɚɥɝɚɪ ɩɨ [11]. 

 

ɉɪɨɮɢɥɶ 2 (ɫɦ. ɪɢɫɭɧɤɢ 1ɛ ɢ 7) ɩɪɨɜɟɞɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɨɮɢɥɟɦ Ʉɚɪɚɫɚɣ-Ɍɚɥɝɚɪ, 
ɨɩɢɫɚɧɧɵɦ ɜ ɪɚɛɨɬɟ [11], ɩɨ ɤɨɬɨɪɨɦɭ ɜɵɩɨɥɧɟɧɵ ɧɚɛɥɸɞɟɧɢɹ ɦɟɬɨɞɨɦ ɨɛɦɟɧɧɵɯ ɜɨɥɧ 
ɡɟɦɥɟɬɪɹɫɟɧɢɣ (ɆɈȼɁ), ɢɡɦɟɪɟɧɢɹ ɫɢɥɵ ɬɹɠɟɫɬɢ ɢ ɩɪɨɣɞɟɧɵ ɝɟɨɥɨɝɢɱɟɫɤɢɟ ɦɚɪɲɪɭɬɵ ɫ 
ɨɬɛɨɪɨɦ ɨɛɪɚɡɰɨɜ ɩɨɪɨɞ ɞɥɹ ɢɡɦɟɪɟɧɢɣ ɩɥɨɬɧɨɫɬɢ. 
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ɋɪɚɜɧɟɧɢɟ ɩɥɨɬɧɨɫɬɧɨɝɨ ɪɚɡɪɟɡɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɨ ɞɚɧɧɵɦ ɝɪɚɜɢɦɟɬɪɢɢ (ɪɢɫɭɧɨɤ 7)  ɫ 
ɩɥɨɬɧɨɫɬɧɵɦ ɪɚɡɪɟɡɨɦ, ɩɨɥɭɱɟɧɧɵɦ ɩɨ ɪɟɝɪɟɫɫɢɨɧɧɨɣ ɩɥɨɬɧɨɫɬɧɨɣ ɦɨɞɟɥɢ (ɪɢɫɭɧɨɤ 3), 

ɬɚɤɠɟ ɩɨɤɚɡɵɜɚɟɬ ɩɪɢɟɦɥɟɦɨɟ ɫɯɨɞɫɬɜɨ ɜ ɩɥɨɬɧɨɫɬɧɨɣ ɫɬɪɭɤɬɭɪɟ ɫɪɟɞɵ ɩɪɢɜɟɞɟɧɧɨɝɨ 
ɩɪɨɮɢɥɹ. 

ȼɵɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɟɣ ɩɨ ɫɤɨɪɨɫɬɹɦ ɩɪɨɞɨɥɶɧɵɯ ɢ ɩɨɩɟɪɟɱɧɵɯ ɜɨɥɧ ɧɟ 
ɹɜɥɹɸɬɫɹ ɩɥɨɬɧɨɫɬɶɸ ɤɨɧɤɪɟɬɧɵɯ ɝɨɪɧɵɯ ɩɨɪɨɞ, ɨɧɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɞɨɜɨɥɶɧɨ ɦɨɳɧɵɟ ɫɥɨɢ 
ɢ ɩɨɡɜɨɥɹɸɬ ɤɚɱɟɫɬɜɟɧɧɨ ɨɰɟɧɢɬɶ ɬɢɩ ɩɥɨɬɧɨɫɬɧɨɝɨ ɪɚɡɪɟɡɚ ɢ ɜɵɞɟɥɢɬɶ ɤɪɭɩɧɵɟ 
ɩɥɨɬɧɨɫɬɧɵɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɡɟɦɧɨɣ ɤɨɪɵ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɫɪɚɜɧɢɦ ɪɟɡɭɥɶɬɚɬɵ ɧɚɲɢɯ 
ɪɚɫɱɟɬɨɜ ɫ ɞɚɧɧɵɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɪɚɛɨɬɟ [12]  ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɝɨɪɧɵɯ ɩɨɪɨɞ. ɇɚ ɪɢɫɭɧɤɟ  8  ɩɨɤɚɡɚɧ  ɩɥɨɬɧɨɫɬɧɨɣ ɪɚɡɪɟɡ, ɧɚ ɤɨɬɨɪɵɣ ɧɚɧɟɫɟɧɵ ɤɨɧɤɪɟɬɧɵɟ 
ɡɧɚɱɟɧɢɹ ɢɡ [12] (ɜɟɪɬɢɤɚɥɶɧɚɹ ɥɢɧɢɹ ɫ ɭɤɚɡɚɧɢɟɦ ɡɧɚɱɟɧɢɣ ɩɥɨɬɧɨɫɬɢ ɩɨɪɨɞ ɧɚ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɝɥɭɛɢɧɚɯ ɫɤɜɚɠɢɧ ɎɈɋ-1, 2ɉ, 3, ɩɪɨɛɭɪɟɧɧɵɯ ɜ ɑɭɣɫɤɨɣ ɜɩɚɞɢɧɟ). Ɉɬɦɟɬɢɦ, 
ɱɬɨ ɪɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɟɣ ɧɟ ɩɪɨɬɢɜɨɪɟɱɚɬ ɡɧɚɱɟɧɢɹɦ ɩɥɨɬɧɨɫɬɢ ɝɨɪɧɵɯ ɩɨɪɨɞ, 
ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ ɨɛɪɚɡɰɚɦ. 

 
 

Ɋɢɫɭɧɨɤ 8.  ɉɥɨɬɧɨɫɬɧɨɣ ɪɚɡɪɟɡ ɭɱɚɫɬɤɚ ɑɭɣɫɤɨɣ ɜɩɚɞɢɧɵ 

 

ȼɵɜɨɞɵ 

 
Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɪɟɡɨɜ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ: 

 ȼɫɟ ɪɚɫɫɦɨɬɪɟɧɧɵɟ  ɫɩɨɫɨɛɵ ɩɨɫɬɪɨɟɧɢɹ ɤɚɪɬɢɧɵ ɩɥɨɬɧɨɫɬɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɡɟɦɧɨɣ 
ɤɨɪɵ ɜɵɹɜɥɹɸɬ ɯɚɪɚɤɬɟɪɧɵɟ ɱɟɪɬɵ ɩɥɨɬɧɨɫɬɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɜ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ 
ɡɟɦɧɨɣ ɤɨɪɵ Ɍɹɧɶ-ɒɚɧɹ.  

 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ, ɩɨɥɭɱɟɧɧɵɟ ɪɚɡɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɜɢɡɭɚɥɶɧɨ 
ɩɨɯɨɠɢ ɢ ɢɦɟɸɬ ɤɚɤ ɫɯɨɠɢɟ ɩɪɢɡɧɚɤɢ, ɬɚɤ ɢ ɪɚɡɥɢɱɢɹ ɜ ɩɪɨɹɜɥɟɧɢɢ ɩɥɨɬɧɨɫɬɧɵɯ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ. 

  ɇɚɢɛɨɥɟɟ ɞɟɬɚɥɶɧɭɸ ɦɨɞɟɥɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɟɣ (ɩɨ ɫɤɨɪɨɫɬɹɦ ɩɪɨɞɨɥɶɧɵɯ ɢ 
ɩɨɩɟɪɟɱɧɵɯ ɜɨɥɧ) ɞɚɟɬ ɪɟɝɪɟɫɫɢɨɧɧɚɹ ɦɨɞɟɥɶ (Ⱥɥɟɣɧɢɤɨɜɚ, ɇɟɦɡɨɪɨɜɚ, ɏɚɥɟɜɢɧɚ), 
ɩɨɡɜɨɥɹɸɳɚɹ ɜɵɹɜɥɹɬɶ ɩɥɨɬɧɨɫɬɧɵɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɡɟɦɧɨɣ ɤɨɪɵ.  
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  ɉɨɥɭɱɟɧɧɵɟ ɩɥɨɬɧɨɫɬɧɵɟ ɪɚɡɪɟɡɵ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɢɡɜɟɫɬɧɵɦɢ ɩɥɨɬɧɨɫɬɧɵɦɢ 
ɪɚɡɪɟɡɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ.  

 Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɤɨɦɩɥɟɤɫ ɩɪɨɝɪɚɦɦ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɥɨɬɧɨɫɬɧɵɯ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɡɟɦɧɨɣ ɤɨɪɵ Ɍɹɧɶ-ɒɚɧɹ. 
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