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Аɧɨɬаɰіɹ. Зɚɩɪɨɩɨɧɨɜɚɧɨ ɤɨɧɫɬɪɭɤɰɿɸ ɩɪɢɫɬɪɨɸ ɞɥɹ ɧɚɞɿɣɧɨɝɨ ɤɪɿɩɥɟɧɧɹ ɞɪɨɬɭ ɜ ɡɚɬɢ-ɫɤɚɱɚɯ 
ɪɨɡɪɢɜɧɨʀ ɦɚɲɢɧɢ. Ɉɬɪɢɦɚɧɨ ɚɧɚɥɿɬɢɱɧɿ ɡɚɥɟɠɧɨɫɬɿ ɡɦɿɧɟɧɧɹ ɦɨɞɭɥɹ ɩɪɭɠɧɨɫɬɿ ɤɚɧɚɬɧɨɝɨ 
ɞɪɨɬɭ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɬɢɦɱɚɫɨɜɨɝɨ ɨɩɨɪɭ ɬɚ ɪɹɞɭ ɮɚɤɬɨɪɿɜ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɯɚɪɚɤɬɟɪɭ. 
 

Клɸɱɨві ɫлɨва: ɧɚɞɿɣɧɿɫɬɶ ɦɚɲɢɧ, ɩɪɭɠɧɨɩɥɚɫɬɢɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ, ɡɜɢɬɢɣ ɜɢɪɿɛ, ɦɨɞɭɥɶ ɩɪɭɠ-

ɧɨɫɬɿ, ɬɢɦɱɚɫɨɜɢɣ ɨɩɿɪ ɪɨɡɪɢɜɭ, ɯɿɦɿɱɧɢɣ ɫɤɥɚɞ ɫɬɚɥɿ, ɬɟɯɧɨɥɨɝɿɱɧɢɣ ɩɪɨɰɟɫ. 
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Аɧɧɨɬаɰиɹ. ɉɪɟɞɥɨɠɟɧɚ ɤɨɧɫɬɪɭɤɰɢɹ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɞɥɹ ɧɚɞɟɠɧɨɝɨ ɤɪɟɩɥɟɧɢɹ ɩɪɨɜɨɥɨɤɢ ɜ 
ɡɚɠɢɦɚɯ ɪɚɡɪɵɜɧɨɣ ɦɚɲɢɧɵ. ɉɨɥɭɱɟɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɦɨɞɭɥɹ ɭɩɪɭɝɨ-

ɫɬɢ ɤɚɧɚɬɧɨɣ ɩɪɨɜɨɥɨɤɢ ɫ ɭɱɟɬɨɦ ɜɪɟɦɟɧɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɪɹɞɚ ɮɚɤɬɨɪɨɜ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɨɝɨ ɯɚɪɚɤɬɟɪɚ.  
 

Клɸɱевые ɫлɨва: ɧɚɞɟɠɧɨɫɬɶ ɦɚɲɢɧ, ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɜɢɬɨɟ ɢɡɞɟɥɢɟ, ɦɨɞɭɥɶ 
ɭɩɪɭɝɨɫɬɢ, ɜɪɟɦɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɡɪɵɜɭ, ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 
ɩɪɨɰɟɫɫ.  
 

INCREASING THE RELIABILITY OF LOAD-LIFTING AND ROAD-

CONSTRUCTION MACHINES 

 

I. Mirenskiy, Prof., Dr., Eng. Sc.,  

Kharkiv National Automobile and Highway University 

 
Abstract. A design of an attachment for reliable fastening the wire in the clamps of the breaking ma-

chine has been proposed. Analytical dependencies of variations of the rope-wire elasticity module with 

the account of temporary resistance and a number of technological factors have been obtained. 

 

Key words: reliability of machines, elastic and ductile properties, spiral product, module of elasticity, 

temporary resistance to breaking, chemical composition of steel, technological process. 

 

 

 

 

ɇɚɞɿɣɧɿɫɬɶ ɪɨɛɨɬɢ ɛɿɥɶɲɨɫɬɿ ɬɢɩɿɜ ɜɚɧɬɚɠɨ-
ɩɿɞɿɣɦɚɥɶɧɢɯ ɿ ɛɭɞɿɜɟɥɶɧɨ-ɞɨɪɨɠɧɿɯ ɦɚɲɢɧ 

ɡɚ-ɥɟɠɢɬɶ ɜɿɞ ɬɟɯɧɿɱɧɨɝɨ ɫɬɚɧɭ ʀɯ ɦɟɯɚɧɿɡɦɿɜ 
ɿ ɞɟɬɚɥɟɣ, ɫɟɪɟɞ ɹɤɢɯ ɹɤɿɫɬɶ ɫɬɚɥɟɜɢɯ ɤɚɧɚɬɿɜ 
ɦɚє ɜɟɥɢɤɟ ɡɧɚɱɟɧɧɹ. 
 

ɉɪɢ ɤɨɧɫɬɪɭɸɜɚɧɧɿ ɡɜɢɬɢɯ ɜɢɪɨɛɿɜ, ɜɢɛɨɪɿ ɬɚ 
ɨɛґɪɭɧɬɭɜɚɧɧɿ ɫɢɥɨɜɢɯ ɿ ɠɨɪɫɬɤɿɫɧɢɯ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ, ɚ ɬɚɤɨɠ  ɜɢɡɧɚɱɟɧɧɿ ɪɚɰɿɨɧɚɥɶɧɢɯ 

ɩɚɪɚɦɟɬɪɿɜ ɩɨɩɟɪɟɞɧɶɨʀ ɞɟɮɨɪɦɚɰɿʀ ɝɧɭɱɤɢɯ 
ɟɥɟɦɟɧɬɿɜ ɭ ɩɪɨɰɟɫɿ ɡɜɢɜɚɧɧɹ ɞɨɫɬɨɜɿɪɧɿɫɬɶ 
ɱɢɫɟɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ  ɦɨɞɭɥɹ  ɩɪɭɠɧɨɫɬɿ E  

ɬɚ ɭɦɨɜɧɨʀ ɝɪɚɧɢɰɿ ɬɟɤɭɱɨɫɬɿ s  ɤɚɧɚɬɧɨɝɨ 
ɞɪɨɬɭ ɡɚɫɥɭɝɨɜɭє ɧɚ ɨɫɨɛɥɢɜɭ ɭɜɚɝɭ.  
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Ɍɚɤɢɦ ɱɢɧɨɦ, ɞɚɧɚ ɡɚɞɚɱɚ є ɚɤɬɭɚɥɶɧɨɸ ɬɚ 
ɫɜɨєɱɚɫɧɨɸ, ʀʀ ɜɢɪɿɲɟɧɧɹ ɫɩɪɢɹɬɢɦɟ ɜɞɨɫɤɨ-
ɧɚɥɟɧɧɸ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɨɰɟɫɭ ɜɢɝɨɬɨɜ-
ɥɟɧɧɹ ɡɜɢɬɨɝɨ ɜɢɪɨɛɭ ɿɡ ɡɚɞɚɧɢɦɢ ɩɪɭɠɧɢɦɢ 

ɜɥɚɫɬɢɜɨɫɬɹɦɢ. 

 

  

 

ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɩɪɨɜɟɞɟɧɿ ɞɨɫɥɿɞɠɟɧɧɹ [1],  

ɩɪɢɫɜɹɱɟɧɿ ɜɢɡɧɚɱɟɧɧɸ ɦɨɞɭɥɹ ɩɪɭɠɧɨɫɬɿ 
ɞɪɨɬɭ ɪɿɡɧɢɯ ɦɚɪɨɤ ɫɬɚɥɟɣ, ɬɚ ɩɪɢɩɭɳɟɧɧɹ 
ɩɪɨ ɧɚɹɜɧɿɫɬɶ ɩɟɜɧɨʀ ɡɚɥɟɠɧɨɫɬɿ ɦɿɠ ɩɪɭɠɧɨ-
ɩɥɚɫɬɢɱɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɬɚ ɣɨɝɨ ɦɟɠɟɸ 

ɦɿɰɧɨɫɬɿ [2], ɞɨ ɫɶɨɝɨɞɧɿ ɞɚɧɚ ɡɚɞɚɱɚ ɧɟ 
ɨɬɪɢɦɚɥɚ ɧɚɥɟɠɧɨɝɨ ɜɢɪɿɲɟɧɧɹ ɱɟɪɟɡ ɜɿɞɫɭɬ-
ɧɿɫɬɶ ɨɛ’єɤɬɢɜɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ. 
Ⱥɧɚɥɿɡ ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɠɟɪɟɥ ɫɜɿɞɱɢɬɶ, ɳɨ 
ɛɿɥɶɲɿɫɬɶ ɜɱɟɧɢɯ ɩɪɢ ɜɢɪɿɲɟɧɧɿ ɡɚɞɚɱ ɭ ɝɚɥɭ-

ɡɿ ɤɨɧɫɬɪɭɸɜɚɧɧɹ ɬɚ ɬɟɯɧɨɥɨɝɿʀ ɜɢɝɨɬɨɜɥɟɧɧɹ 
ɡɜɢɬɢɯ ɜɢɪɨɛɿɜ ɪɨɡɝɥɹɞɚɸɬɶ ɦɨɞɭɥɶ ɩɪɭɠɧɨ-
ɫɬɿ ɞɪɨɬɭ 200000E   Ɇɉɚ ɛɟɡ ɭɪɚɯɭɜɚɧɧɹ 
ɣɨɝɨ ɬɟɯɧɨɥɨɝɿʀ ɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɿɰɧɨɫɬɿ 
ɜɢɯɿɞɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. Ɍɚɤɢɣ ɩɿɞɯɿɞ ɜɢɤɥɢɤɚє 
ɧɟɨɛɯɿɞɧɿɫɬɶ ɜɜɟɞɟɧɧɹ ɩɨɩɪɚɜɧɢɯ ɤɨɟɮɿɰɿєɧ-

ɬɿɜ, ɳɨ ɡɧɚɱɧɨ ɭɫɤɥɚɞɧɸє ɜɢɤɨɧɚɧɧɹ ɪɨɡɪɚ-
ɯɭɧɤɿɜ.  
 

    

 

Ɇɟɬɨɸ ɪɨɛɨɬɢ є ɭɞɨɫɤɨɧɚɥɟɧɧɹ ɬɟɯɧɨɥɨɝɿɱ-
ɧɨɝɨ ɩɪɨɰɟɫɭ ɜɢɝɨɬɨɜɥɟɧɧɹ ɜɢɯɿɞɧɨɝɨ ɟɥɟ-
ɦɟɧɬɚ ɫɬɚɥɟɜɢɯ ɤɚɧɚɬɿɜ ɿɡ ɡɚɞɚɧɢɦɢ ɩɪɭɠɧɢ-

ɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɧɚ ɩɿɞɫɬɚɜɿ ɜɢɤɨɧɚɧɢɯ ɞɨ-
ɫɥɿɞɠɟɧɶ ɩɪɢ ɨɞɧɨɨɫɶɨɜɨɦɭ ɪɨɡɬɹɝɭ. 

Ⱦɥɹ ɪɟɚɥɿɡɚɰɿʀ ɜɤɚɡɚɧɨʀ ɦɟɬɢ ɩɨɬɪɿɛɧɨ ɜɢɪɿ-
ɲɢɬɢ ɬɚɤɿ ɡɚɞɚɱɿ: 
– ɪɨɡɝɥɹɧɭɬɢ ɡɦɿɧɟɧɧɹ ɝɪɚɧɢɰɿ ɬɟɤɭɱɨɫɬɿ ɬɚ 
ɦɨɞɭɥɹ ɩɪɭɠɧɨɫɬɿ ɞɪɨɬɭ ɡɚɥɟɠɧɨ ɜɿɞ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɦɿɰɧɨɫɬɿ; 
– ɨɬɪɢɦɚɬɢ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ, ɳɨ ɭɪɚɯɨ-
ɜɭє ɜɩɥɢɜ ɯɿɦɿɱɧɨɝɨ ɫɤɥɚɞɭ ɫɬɚɥɿ ɬɚ ɬɟɯɧɨɥɨ-
ɝɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɜɢɝɨɬɨɜɥɟɧɧɹ ɧɚ ɩɪɭɠɧɭ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɞɪɨɬɭ; 
– ɜɢɤɨɧɚɬɢ ɹɤɿɫɧɭ ɨɰɿɧɤɭ ɩɪɭɠɧɨ-ɩɥɚɫɬɢɱɧɢɯ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɤɨɠɧɨɝɨ ɡ ɮɚɤ-
ɬɨɪɿɜ, ɳɨ ɪɨɡɝɥɹɞɚєɬɶɫɹ. 
 

     

     

  

 

Ɂɚɡɧɚɱɟɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɢ 

ɨɞɧɨɨɫɶɨɜɨɦɭ ɪɨɡɬɹɝɭ ɡɞɿɣɫɧɸɜɚɥɢ ɧɚ ɡɪɚɡ-
ɤɚɯ ɫɬɚɥɟɜɨɝɨ ɞɪɨɬɭ ɧɚɣɛɿɥɶɲ ɪɨɡɩɨɜɫɸɞɠɟ-
ɧɢɯ ɬɢɩɨɪɨɡɦɿɪɿɜ ɭ ɤɚɧɚɬɧɨɦɭ ɜɢɪɨɛɧɢɰɬɜɿ  0,15 2,6 ɦɦ  ɡ ɦɟɠɟɸ ɦɿɰɧɨɫɬɿ ɜ ɞɿɚɩɚɡɨɧɿ 

1330–2850 Ɇɉɚ. Ɂɪɚɡɤɢ ɞɪɨɬɭ ɛɭɥɢ ɜɢɝɨɬɨɜ-
ɥɟɧɿ ɡɚ ɬɚɤɢɦɢ ɬɟɯɧɨɥɨɝɿɱɧɢɦɢ ɫɯɟɦɚɦɢ, ɡɨɤ-
ɪɟɦɚ: «ɡɚɝɚɪɬɭɜɚɧɧɹ+ɟɥɟɤɬɪɢɱɧɢɣ ɜɿɞɩɭɫɤ», 

ɛɟɣɧɿɬɭɜɚɧɧɹ ɬɚ ɩɚɬɟɧɬɭɜɚɧɧɹ.  
 

Ɍɟɯɧɨɥɨɝɿɸ «ɡɚɝɚɪɬɭɜɚɧɧɹ+ɟɥɟɤɬɪɢɱɧɢɣ  ɜɿ-
ɞɩɭɫɤ» ɪɨɡɪɨɛɥɟɧɨ ȱɧɫɬɢɬɭɬɨɦ ɦɟɬɚɥɨɮɿɡɢɤɢ 

Ⱥɇ ɍɤɪɚʀɧɢ. ɋɭɬɧɿɫɬɶ ɰɶɨɝɨ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ 
ɩɪɨɰɟɫɭ ɩɨɥɹɝɚє ɭ ɜɢɤɨɪɢɫɬɚɧɧɿ ɲɜɢɞɤɿɫɧɨʀ 
ɟɥɟɤɬɪɨɬɟɪɦɿɱɧɨʀ ɨɛɪɨɛɤɢ ɡɜɢɱɚɣɧɢɯ  ɜɭɝɥɟ-
ɰɟɜɢɯ ɫɬɚɥɟɣ, ɩɪɢ ɹɤɿɣ ɜɿɞɛɭɜɚєɬɶɫɹ ɧɚɝɪɿ-
ɜɚɧɧɹ ɞɪɨɬɭ, ɳɨ ɪɭɯɚєɬɶɫɹ, ɟɥɟɤɬɪɢɱɧɢɦ 

ɫɬɪɭɦɨɦ ɧɚ ɞɜɨɯ ɞɿɥɹɧɤɚɯ. ɇɚ ɩɟɪɲɿɣ ɞɿɥɹɧɰɿ 
ɡɚɝɨɬɿɜɤɚ ɧɚɝɪɿɜɚєɬɶɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɢ  

1000 ɋ, ɬɨɛɬɨ ɜɢɳɟ ɤɪɢɬɢɱɧɨʀ ɬɨɱɤɢ 
3ɫ

A , ɬɚ 
ɡɚɝɚɪɬɨɜɭєɬɶɫɹ ɜ ɦɚɫɥɿ ɡ ɨɬɪɢɦɚɧɧɹɦ ɫɬɪɭɤ-
ɬɭɪɢ ɦɚɪɬɟɧɫɢɬɭ. ɇɚ ɞɪɭɝɿɣ ɞɿɥɹɧɰɿ ɡɞɿɣɫɧɸ-

єɬɶɫɹ ɧɚɝɪɿɜ ɞɨ ɬɟɦɩɟɪɚɬɭɪɢ 520–570 ɋ ɞɥɹ 
ɜɿɞɩɭɫɤɭ ɦɚɪɬɟɧɫɢɬɭ ɬɚ ɮɨɪɦɭɜɚɧɧɹ ɞɪɿɛɧɨ-
ɞɢɫɩɟɪɫɧɨʀ ɫɬɪɭɤɬɭɪɢ ɬɨɧɤɨɩɥɚɫɬɢɧɱɚɫɬɨɝɨ 
ɩɟɪɥɿɬɭ, ɹɤɢɣ ɫɩɪɢɹє ɜɢɝɨɬɨɜɥɟɧɧɸ ɤɚɧɚɬɧɨ-
ɝɨ ɞɪɨɬɭ ɜɢɫɨɤɨʀ ɦɿɰɧɨɫɬɿ. Ɂɚ ɜɤɚɡɚɧɨɸ ɬɟɯ-
ɧɨɥɨɝɿєɸ ɛɭɥɢ ɜɢɝɨɬɨɜɥɟɧɿ ɡɪɚɡɤɢ ɞɪɨɬɭ ɡ 
ɝɪɚɧɢɰɟɸ ɦɿɰɧɨɫɬɿ ɬɢɦ  1990–2180 Ɇɉɚ. 
 

ɒɥɹɯɨɦ ɛɟɣɧɿɬɭɜɚɧɧɹ ɛɭɥɢ ɜɢɝɨɬɨɜɥɟɧɿ ɡɪɚ-
ɡɤɢ ɤɚɧɚɬɧɨɝɨ ɞɪɨɬɭ ɪɿɡɧɨɝɨ ɬɢɩɨɪɨɡɦɿɪɭ ɡ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɸ ɦɿɰɧɨɫɬɿ ɬɢɦ  1900– 

2410 Ɇɉɚ. ɐɟɣ ɩɪɨɰɟɫ є ɧɨɜɢɦ ɪɿɡɧɨɜɢɞɨɦ 

ɬɟɪɦɨɦɟɯɚɧɿɱɧɨɝɨ ɡɦɿɰɧɟɧɧɹ ɞɪɨɬɭ. ɋɭɬɧɿɫɬɶ 
ɛɟɣɧɿɬɭɜɚɧɧɹ ɩɨɥɹɝɚє ɜ ɧɚɝɪɿɜɚɧɧɿ ɡɚɝɨɬɿɜɤɢ 

ɞɨ ɬɟɦɩɟɪɚɬɭɪɢ ɚɭɫɬɟɧɿɡɚɰɿʀ, ɨɯɨɥɨɞɠɟɧɧɿ ɡ 
ɩɨɞɚɥɶɲɨɸ ɿɡɨɬɟɪɦɿɱɧɨɸ ɜɢɬɪɢɦɤɨɸ ɜɿɞ 5 ɞɨ 
60 ɯɜ ɜ ɧɚɞɦɚɪɬɟɧɫɢɬɧɨɦɭ ɿɧɬɟɪɜɚɥɿ ɬɟɦɩɟɪɚ-
ɬɭɪ 280–380 ɋ ɡ ɦɟɬɨɸ ɨɬɪɢɦɚɧɧɹ ɫɬɪɭɤɬɭɪɢ 

ɧɢɠɧɶɨɝɨ ɛɟɣɧɿɬɭ. 
 

Ʉɪɿɦ ɬɨɝɨ, ɡɚ ɧɚɣɛɿɥɶɲ ɩɨɲɢɪɟɧɢɦ ɭ ɫɬɚɥɟ- 
ɞɪɨɬɨɜɨɦɭ ɜɢɪɨɛɧɢɰɬɜɿ ɲɥɹɯɨɦ ɩɚɬɟɧɬɭɜɚɧ-

ɧɹ ɜɢɝɨɬɨɜɥɟɧɿ ɡɪɚɡɤɢ ɞɪɨɬɭ ɡ ɬɢɦɱɚɫɨɜɢɦ 

ɨɩɨɪɨɦ ɧɚ ɪɨɡɪɢɜ ɬɢɦ  1330–2410 Ɇɉɚ. 
ɐɟɣ ɩɪɨɰɟɫ ɩɨɥɹɝɚє ɜ ɧɚɝɪɿɜɚɧɧɿ ɡɚɝɨɬɿɜɤɢ 

ɜɢɳɟ ɬɟɦɩɟɪɚɬɭɪɢ 
3ɫ

A ɬɚ ɩɨɫɥɿɞɨɜɧɨɦɭ ɨɯɨ- 
ɥɨɞɠɟɧɧɿ ɭ ɪɨɡɩɥɚɜɿ ɫɜɢɧɰɸ ɱɢ ɫɨɥɿ ɡɚ ɬɟɦ-

ɩɟɪɚɬɭɪɢ 450–550 ɋ. ɍ ɪɟɡɭɥɶɬɚɬɿ ɬɚɤɨʀ ɬɟɪ-
ɦɿɱɧɨʀ ɨɛɪɨɛɤɢ ɜ ɡɚɝɨɬɿɜɰɿ ɮɨɪɦɭєɬɶɫɹ ɬɪɨɫ-
ɬɨ-ɫɨɪɛɿɬɧɚ ɫɬɪɭɤɬɭɪɚ, ɹɤɚ ɜɨɥɨɞɿє ɜɟɥɢɤɢɦ 

ɡɚɩɚɫɨɦ ɩɥɚɫɬɢɱɧɨɫɬɿ ɬɚ ɦɨɠɟ ɡɚɡɧɚɜɚɬɢ ɞɭ-
ɠɟ ɜɢɫɨɤɢɯ ɩɿɞɫɭɦɤɨɜɢɯ ɞɟɮɨɪɦɚɰɿɣ ɛɟɡ ɡɚ-
ɫɬɨɫɭɜɚɧɧɹ ɩɪɨɦɿɠɧɢɯ ɬɟɩɥɨɜɢɯ ɨɛɪɨɛɨɤ. 
 

Ⱦɨɫɥɿɞɠɟɧɧɹɦ ɞɪɨɬɭ ɧɚ ɪɨɡɬɹɝ ɩɪɢɬɚɦɚɧɧɿ 
ɫɜɨʀ ɨɫɨɛɥɢɜɨɫɬɿ, ɡɨɤɪɟɦɚ ɜɿɞɫɭɬɧɿɫɬɶ ɧɚɞɿɣ-

ɧɨɝɨ ɤɪɿɩɥɟɧɧɹ ɡɪɚɡɤɚ, ɳɨ ɞɨɫɥɿɞɠɭєɬɶɫɹ, ɜ 
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ɡɚɬɢɫɤɚɱɚɯ ɪɨɡɪɢɜɧɨʀ ɦɚɲɢɧɢ ɱɟɪɟɡ ɧɟɦɨɠ-

ɥɢɜɿɫɬɶ ɜɢɝɨɬɨɜɥɟɧɧɹ ɤɪɿɩɢɥɶɧɢɯ ɝɨɥɨɜɨɤ ɬɿєʀ 
ɱɢ ɿɧɲɨʀ ɮɨɪɦɢ. ɇɚɹɜɧɿɫɬɶ ɰɶɨɝɨ ɧɟɞɨɥɿɤɭ 
ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɜɢɬɹɝɭɜɚɧɧɹ ɡɪɚɡɤɿɜ ɞɪɨɬɭ ɿɡ 
ɡɚɬɢɫɤɚɱɚ ɬɚ ɜɢɤɪɢɜɥɟɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɞɨɫɥɿ-
ɞɠɟɧɶ. Ɍɪɟɛɚ ɜɿɞɡɧɚɱɢɬɢ, ɳɨ ɡɚɩɪɨɩɨɧɨ-ɜɚɧɨ 
ɪɹɞ ɤɨɧɫɬɪɭɤɰɿɣ ɡɚɬɢɫɤɚɱɿɜ ɞɥɹ ɜɢɩɪɨɛɭɜɚɧ-

ɧɹ ɞɪɨɬɭ ɪɿɡɧɨɝɨ ɬɢɦɱɚɫɨɜɨɝɨ ɨɩɨɪɭ, ɚɥɟ ɜɨ-
ɧɢ ɧɟ ɭɫɭɜɚɸɬɶ ɡɚɡɧɚɱɟɧɨɝɨ ɧɟɞɨɥɿɤɭ [3]. Ɂ 
ɦɟɬɨɸ ɡɚɛɟɡɩɟɱɟɧɧɹ ɧɚɞɿɣɧɨɝɨ ɡɜ’ɹɡɤɭ ɫɢɫ-
ɬɟɦɢ «ɡɚɬɢɫɤɚɱ – ɡɪɚɡɨɤ ɤɚɧɚɬɧɨɝɨ  ɞɪɨɬɭ» 

ɪɨɡɪɨɛɥɟɧɨ ɧɨɜɭ ɤɨɧɫɬɪɭɤɰɿɸ ɩɪɢɫɬɪɨɸ ɞɥɹ 
ɤɪɿɩɥɟɧɧɹ ɭ ɩɪɨɰɟɫɿ ɩɪɨɜɟɞɟɧɧɹ ɜɢɩɪɨɛɭɜɚɧɶ 
ɩɪɢ ɨɞɧɨɨɫɶɨɜɨɦɭ ɪɨɡɬɹɝɭ (ɪɢɫ.1). 

 

Ɂɪɚɡɨɤ ɞɪɨɬɭ 1, ɳɨ ɜɢɩɪɨɛɨɜɭєɬɶɫɹ, ɡɚɤɪɿɩ-

ɥɸєɬɶɫɹ ɭ ɫɬɚɤɚɧɿ 2 ɲɥɹɯɨɦ ɡɚɥɢɜɤɢ ɣɨɝɨ 
ɛɚɛɿɬɨɦ. ɉɪɢ ɰɶɨɦɭ ɤɨɧɫɬɪɭɤɬɢɜɧɿ ɪɨɡɦɿɪɢ 

ɫɬɚɤɚɧɭ ɨɛɪɚɧɿ ɡ ɦɿɪɤɭɜɚɧɶ, ɳɨɛ ɬɟɦɩɟɪɚɬɭɪɚ 
ɪɨɡɩɥɚɜɥɟɧɨɝɨ ɛɚɛɿɬɭ ɧɟ ɫɩɪɚɜɥɹɥɚ ɜɩɥɢɜɭ ɧɚ  
ɜɥɚɫɬɢɜɨɫɬɿ ɞɪɨɬɭ, ɹɤɢɣ ɜɢɩɪɨɛɨɜɭɸɬɶ, ɬɚ 
ɡɚɛɟɡɩɟɱɭɜɚɥɨɫɹ ɣɨɝɨ ɧɚɞɿɣɧɟ ɤɪɿɩɥɟɧɧɹ ɜ 
ɡɚɬɢɫɤɚɱɚɯ ɪɨɡɪɢɜɧɨʀ ɦɚɲɢɧɢ. Ɂɚ ɞɨɩɨɦɨɝɨɸ 

ɪɨɡɪɿɡɧɨɝɨ ɤɿɥɶɰɹ 3 ɬɚ ɝɚɣɤɢ 4 ɫɬɚɤɚɧ ɡ ɨɞɧɢɦ 

ɤɿɧɰɟɦ ɡɚɥɢɬɨɝɨ ɡɪɚɡɤɚ ɡɚɤɪɿɩɥɸєɬɶɫɹ ɞɨ ɩɟ-
ɪɟɯɿɞɧɢɤɚ 5, ɹɤɢɣ, ɭ ɫɜɨɸ ɱɟɪɝɭ, ɩɨєɞɧɚɧɢɣ ɿɡ 
ɯɜɨɫɬɨɜɢɤɨɦ 6 ɿ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɩɚɡɚɯ ɡɚɬɢɫɤɚ-
ɱɚ ɜɢɩɪɨɛɭɜɚɥɶɧɨʀ ɦɚɲɢɧɢ. ɉɟɪɟɜɚɝɨɸ ɡɚ-
ɩɪɨɩɨɧɨɜɚɧɨɝɨ ɬɟɯɧɿɱɧɨɝɨ ɪɿɲɟɧɧɹ є ɦɨɠɥɢ-

ɜɿɫɬɶ ɞɨɫɥɿɞɠɟɧɧɹ ɧɟɨɛɦɟɠɟɧɨʀ ɤɿɥɶɤɨɫɬɿ 
ɡɪɚɡɤɿɜ. 
 

 
 

Ɋɢɫ. 1. Ʉɨɧɫɬɪɭɤɰɿɹ ɩɪɢɫɬɪɨɸ ɞɥɹ ɤɪɿɩɥɟɧɧɹ 
ɡɪɚɡɤɿɜ ɞɪɨɬɭ ɩɪɢ ɜɢɩɪɨɛɭɜɚɧɧɿ ɧɚ ɪɨɡ-
ɬɹɝ 

ɍ ɪɟɡɭɥɶɬɚɬɿ ɨɛɪɨɛɤɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ 
ɞɚɧɢɯ ɨɬɪɢɦɚɧɨ ɟɦɩɿɪɢɱɧɿ ɡɚɥɟɠɧɨɫɬɿ ɜɢɡɧɚ-
ɱɟɧɧɹ ɝɪɚɧɢɰɿ ɬɟɤɭɱɨɫɬɿ ɞɪɨɬɭ ɪɿɡɧɢɯ ɦɚɪɨɤ 
ɫɬɚɥɟɣ ɬɚ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɫɯɟɦ ɜɢɝɨɬɨɜɥɟɧɧɹ: 
ɲɥɹɯɨɦ ɩɚɬɟɧɬɭɜɚɧɧɹ  
 

s ɬɢɦ239,0 1,01        (ɦɚɪɤɚ 60); 

s ɬɢɦ1,8 0,909      (ɦɚɪɤɚ 70);                 (1) 

s ɬɢɦ173,8 0,9795     (ɦɚɪɨɤ 60 ɿ 70); 

 

ɲɥɹɯɨɦ ɛɟɣɧɿɬɭɜɚɧɧɹ 
 

s ɬɢɦ313,87 0,8171     (ɦɚɪɤɚ 60); 

s ɬɢɦ619,5 1,183       (ɦɚɪɤɚ 80); 

s ɬɢɦ93,84 0,9798      (ɦɚɪɨɤ 60 ɿ 80).   (2) 

 

ɉɪɨɜɟɞɟɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɭɠɧɨ-ɩɥɚɫɬɢɱɧɢɯ 

ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɚɧɚɬɧɨɝɨ ɞɪɨɬɭ ɜ ɞɿɚɩɚɡɨɧɿ 
ɡɦɿɧɟɧɧɹ ɝɪɚɧɢɰɿ ɦɿɰɧɨɫɬɿ 1330–2850 Ɇɉɚ 
ɞɨɡɜɨɥɢɥɢ ɪɨɡɝɥɹɧɭɬɢ ɮɭɧɤɰɿɨɧɚɥɶɧɭ ɡɚɥɟɠ-

ɧɿɫɬɶ  ɬɢɦE f  . Ⱦɥɹ ɜɫɬɚɧɨɜɥɟɧɧɹ ɬɟɨɪɟ-
ɬɢɱɧɨʀ ɮɭɧɤɰɿʀ, ɹɤɚ є ɛɥɢɠɱɨɸ ɞɨ ɟɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɨʀ, ɛɭɥɨ ɜɢɤɨɧɚɧɨ ɤɿɥɶɤɿɫɧɟ ɩɨɝɨɞ-
ɠɟɧɧɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɤɪɢɬɟɪɿɸ u -ɤɜɚɞɪɚɬ. 
Ɂɚɫɬɨɫɨɜɭɸɱɢ ɦɟɬɨɞɢ ɫɬɚɬɢɫɬɢɱɧɨʀ ɨɛɪɨɛɤɢ 

ɞɚɧɢɯ ɬɚ ɩɪɨɦɚɫɲɬɚɛɭɜɚɜɲɢ ɭ ɛɿɤ ɡɦɟɧɲɟɧ-

ɧɹ (1000 ɪɚɡɿɜ) ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɡɧɚɱɟɧɧɹ 
ɬɢɦɱɚɫɨɜɨɝɨ ɨɩɨɪɭ ɪɨɡɪɢɜɭ, ɨɬɪɢɦɚɧɨ ɚɧɚɥɿ-
ɬɢɱɧɭ ɡɚɥɟɠɧɿɫɬɶ ɜɢɞɭ 
 

         2
ɬɢɦ ɬɢɦexp 0,1527 0,7767E        

                          50,2838 10 .                    (3) 

 

ɇɚɜɟɞɟɧɚ ɡɚɥɟɠɧɿɫɬɶ ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɭɡɝɨɞɢ-

ɬɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɬɚ ɪɨɡɪɚɯɭɧɤɨɜɿ ɡɧɚɱɟɧ-

ɧɹ ɦɨɞɭɥɹ ɩɪɭɠɧɨɫɬɿ ɞɪɨɬɭ, ɩɪɢ ɰɶɨɦɭ ɫɟɪɟ-
ɞɧɹ ɩɨɯɢɛɤɚ ɫɤɥɚɥɚ 3,2 %. Ʉɪɿɦ ɬɨɝɨ, ɬɿɫɧɢɣ 

ɡɜ’ɹɡɨɤ, ɳɨ ɪɨɡɝɥɹɞɚєɬɶɫɹ, ɩɿɞɬɜɟɪɞɠɭє ɤɨɪɟ-
ɥɹɰɿɣɧɟ ɜɿɞɧɨɲɟɧɧɹ, ɹɤɟ ɞɨɪɿɜɧɸє 0,82321. 

ȼɢɤɨɧɚɧɢɣ ɚɧɚɥɿɡ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɫɜɿ-
ɞɱɢɬɶ, ɳɨ ɡɚ ɦɿɧɿɦɚɥɶɧɨʀ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɿ-
ɰɧɨɫɬɿ ( ɬɢɦ 1330   Ɇɉɚ) ɦɨɞɭɥɶ ɩɪɭɠɧɨɫɬɿ 
ɞɨɪɿɜɧɸє 163000E  Ɇɉɚ ɡ ɩɨɞɚɥɶɲɢɦ ɣɨɝɨ 
ɡɪɨɫɬɚɧɧɹɦ (E=200000 Ɇɉɚ) ɩɪɢ ɬɢɦ  2200–

2300 Ɇɉɚ, ɚ ɩɨɬɿɦ ɚɫɢɦɩɬɨɬɢɱɧɨ ɧɚɛɥɢɠɚ-
єɬɶɫɹ ɞɨ ɜɟɥɢɱɢɧɢ E = 210000 Ɇɉɚ ɡ ɩɨɞɚ-
ɥɶɲɢɦ ɡɪɨɫɬɚɧɧɹɦ ɬɢɦɱɚɫɨɜɨɝɨ ɨɩɨɪɭ ɪɨɡ-
ɪɢɜɭ. 

 

ȼɿɞɨɦɨ, ɳɨ ɨɬɪɢɦɚɬɢ ɤɚɧɚɬɧɢɣ ɞɪɿɬ ɿɡ ɩɟɜ-
ɧɢɦ ɪɿɜɧɟɦ ɦɿɰɧɨɫɬɿ ɦɨɠɧɚ ɲɥɹɯɨɦ ɡɚɫɬɨɫɭ-
ɜɚɧɧɹ ɪɿɡɧɢɯ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɫɯɟɦ ɜɢɝɨɬɨɜ-
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ɥɟɧɧɹ, ɚ ɫɚɦɟ ɜɚɪɿɸɜɚɧɧɹɦ ɜɟɥɢɱɢɧ ɡɚ-
ɝɚɥɶɧɢɯ ɿ ɱɚɫɬɤɨɜɢɯ ɨɛɬɢɫɧɟɧɶ, ɬɟɦɩɟɪɚɬɭɪ-
ɧɢɯ ɪɟɠɢɦɿɜ, ɚ ɬɚɤɨɠ ɯɿɦɿɱɧɨɝɨ ɫɤɥɚɞɭ ɫɬɚɥɿ. 
Ɉɞɧɚɤ  ɩɪɢɜɟɞɟɧɚ ɜɢɳɟ ɡɚɥɟɠɧɿɫɬɶ (3) ɧɟ 
ɭɪɚɯɨɜɭє ɜɩɥɢɜɭ ɬɨɝɨ ɱɢ ɿɧɲɨɝɨ ɬɟɯɧɨɥɨ-
ɝɿɱɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɜɢɝɨɬɨɜɥɟɧɧɹ ɜɢɯɿɞɧɨɝɨ 
ɦɚɬɟɪɿɚɥɭ ɡɜɢɬɨɝɨ ɜɢɪɨɛɭ. ɍ ɡɜ’ɹɡɤɭ ɡ ɰɢɦ 

ɛɭɥɨ ɪɨɡɜ’ɹɡɚɧɨ ɡɚɞɚɱɭ ɡɧɚɯɨɞɠɟɧɧɹ ɪɿɜɧɹɧ-

ɧɹ, ɳɨ ɞɨɡɜɨɥɹє ɜɫɬɚɧɨɜɢɬɢ ɡɚɥɟɠɧɿɫɬɶ ɦɨ-
ɞɭɥɹ ɩɪɭɠɧɨɫɬɿ ɜɿɞ ɪɹɞɭ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɮɚɤ-
ɬɨɪɿɜ 
 

      ɚɭɫɬ ɿɡɨɬ ɿɡɨɬ, , , , , , , , ,E f C Mn S Q q T t        (4) 

 

ɞɟ , ,C Mn S  ɜɦɿɫɬ ɜɭɝɥɟɰɸ, ɦɚɪɝɚɧɰɸ ɬɚ ɫɿ-
ɪɤɢ ɭ ɫɬɚɥɿ ɜɿɞɩɨɜɿɞɧɨ,%; Q  ɿ q   ɜɟɥɢɱɢɧɢ 

ɡɚɝɚɥɶɧɢɯ ɿ ɱɚɫɬɤɨɜɢɯ ɨɛɬɢɫɧɟɧɶ ɜɿɞɩɨɜɿɞɧɨ, 
%; ɚɭɫɬT  ɬɟɦɩɟɪɚɬɭɪɚ ɚɭɫɬɟɧɿɡɚɰɿʀ, ɝɪɚɞ; 
ɿɡɨɬt   ɬɟɦɩɟɪɚɬɭɪɚ ɿɡɨɬɟɪɦɿɱɧɨɝɨ ɪɨɡɩɚɞɭ, 

ɝɪɚɞ; ɿɡɨɬ  ɬɪɢɜɚɥɿɫɬɶ ɿɡɨɬɟɪɦɿɱɧɨɝɨ ɪɨɡɩɚ-
ɞɭ, ɯɜ;   ɬɢɩɨɪɨɡɦɿɪ ɡɪɚɡɤɚ ɞɪɨɬɭ, ɳɨ ɞɨɫ-
ɥɿɞɠɭєɬɶɫɹ, ɦɦ. 

 

Ɍɚɛɥɢɰɹ 1 Ɉɞɧɨɮɚɤɬɨɪɧɢɣ ɞɢɫɩɟɪɫɿɣɧɢɣ ɚɧɚɥɿɡ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɡɚɥɟɠɧɨɫɬɿ  ɚɭɫɬ ɿɡɨɬ ɿɡɨɬ, , , , , , , ,E f C Mn S Q q T t    

 

ɉɚɪɚɦɟɬɪ Ɏɨɪɦɚ ɡɜ’ɹɡɤɭ Ʉɨɟɮɿɰɿєɧɬɢ Ʉɨɪɟɥɹɰɿɣɧɟ 
ɜɿɞɧɨɲɟɧɧɹ   

0a  1a  2a  

C  23
0 1 2y a a x a x    

–22,9973 84,139 –56,8946 0,50499 

Mn    1
2

0 1 2y a a x a x
    

1,4186 –3,2711 2,9163 0,55045 

S  23
0 1 2y a a x a x    

10,0503 454,56 12505,58 0,29623 

Q    1
2

0 1 2y a a x a x
    

0,3885 0,0477 –0,0039 0,41613 

q   2
0 1 2lny a a x a x    9,1022 –1,7052 0,279 0,38300 

ɚɭɫɬT  0 1
a a

y e x  1,6957 –0,4666 - 0,21425 

ɿɡɨɬt  23
0 1 2y a a x a x    

20,6674 –6,2054 0,6880 0,39953 

ɿɡɨɬ  2
0 1 2a a x a x

y e
   

0,6387 0,0329 –0,0059 0,35904 

  23
0 1 2y a a x a x    

4,7868 6,3916 –3,2792 0,5286 

 

ɉɪɢ ɜɢɪɿɲɟɧɧɿ ɩɨɫɬɚɜɥɟɧɨʀ ɡɚɞɚɱɿ ɞɟɹɤɿ ɩɚ-
ɪɚɦɟɬɪɢ ɦɚɫɲɬɚɛɭɜɚɥɢ, ɡɨɤɪɟɦɚ ɜɟɥɢɱɢɧɭ 

ɡɚɝɚɥɶɧɢɯ ɨɛɬɢɫɧɟɧɶ ɛɭɥɨ ɡɦɟɧɲɟɧɨ ɜ 10 ɪɚ-
ɡɿɜ, ɚ ɜɟɥɢɱɢɧɭ ɱɚɫɬɤɨɜɢɯ ɨɛɬɢɫɧɟɧɶ, ɬɟɦɩɟ-
ɪɚɬɭɪɢ ɚɭɫɬɟɧɿɡɚɰɿʀ ɬɚ ɿɡɨɬɟɪɦɿɱɧɨɝɨ ɪɨɡɩɚɞɭ 
– ɭ 100 ɪɚɡɿɜ. ȼɢɛɿɪ ɧɚɣɤɪɚɳɨʀ ɮɨɪɦɢ ɡɜ’ɹɡɤɭ 
ɡɚ ɤɨɠɧɢɦ ɮɚɤɬɨɪɨɦ ɡɞɿɣɫɧɸɜɚɜɫɹ ɧɚ ɨɫɧɨɜɿ 
ɨɞɧɨɮɚɤɬɨɪɧɨɝɨ ɞɢɫɩɟɪɫɿɣɧɨɝɨ ɚɧɚɥɿɡɭ, ɩɪɢ 

ɰɶɨɦɭ ɤɪɢɬɟɪɿєɦ ɜɢɛɨɪɭ ɫɥɭɠɢɥɚ ɜɟɥɢɱɢɧɚ 
ɡɚɥɢɲɤɨɜɨʀ ɞɢɫɩɟɪɫɿʀ. 
 

Ɂɧɚɣɞɟɧɟ ɤɨɪɟɥɹɰɿɣɧɟ ɜɿɞɧɨɲɟɧɧɹ ɞɨɡɜɨɥɹє 
ɜɢɡɧɚɱɚɬɢ ɝɨɥɨɜɧɢɣ ɮɚɤɬɨɪ, ɹɤɢɣ ɫɩɪɚɜɥɹє 
ɧɚɣɛɿɥɶɲɢɣ ɜɩɥɢɜ ɧɚ ɩɪɭɠɧɭ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ 
ɤɚɧɚɬɧɨɝɨ ɜɢɪɨɛɭ. Ɉɞɧɨɮɚɤɬɨɪɧɢɣ ɞɢɫɩɟɪ-
ɫɿɣɧɢɣ ɚɧɚɥɿɡ (ɬɚɛɥ. 1) ɩɨɤɚɡɚɜ, ɳɨ ɜɦɿɫɬ ɦɚɪ-
ɝɚɧɰɸ ɭ ɫɬɚɥɿ є ɨɫɧɨɜɧɢɦ ɮɚɤɬɨɪɨɦ.  

 

Ȼɟɪɭɱɿ ɡɚ ɨɫɧɨɜɭ ɪɿɜɧɹɧɧɹ, ɳɨ ɜɿɞɨɛɪɚɠɚє 
ɡɚɥɟɠɧɿɫɬɶ  E f Mn , ɿ ɡɚɫɬɨɫɨɜɭɸɱɢ 

ɦɟɬɨɞ Ȼɪɚɧɞɨɧɚ [4], ɡɧɚɣɞɟɧɨ ɫɤɥɚɞɨɜɿ ɭɡɚ-
ɝɚɥɶɧɟɧɨɝɨ ɪɿɜɧɹɧɧɹ ɞɥɹ ɭɫɿɯ ɿɧɲɢɯ ɬɟɯɧɨɥɨ-
ɝɿɱɧɢɯ ɮɚɤɬɨɪɿɜ (ɬɚɛɥ. 2). 

 

ɇɚ ɩɿɞɫɬɚɜɿ ɨɬɪɢɦɚɧɨʀ ɡɚɥɟɠɧɨɫɬɿ ɪɨɡɝɥɹɧɭɬɨ 
ɜɩɥɢɜ ɤɨɠɧɨɝɨ ɡ ɜɿɞɡɧɚɱɟɧɢɯ ɬɟɯɧɨɥɨɝɿɱɧɢɯ 

ɮɚɤɬɨɪɿɜ ɧɚ ɩɪɭɠɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɞɪɨɬɭ ɡɜɢɬɨ-
ɝɨ ɜɢɪɨɛɭ. Ɂ ɰɿєɸ ɦɟɬɨɸ ɛɭɥɨ ɜɢɡɧɚɱɟɧɨ ɱɢ-

ɫɟɥɶɧɿ ɡɧɚɱɟɧɧɹ ɫɤɥɚɞɨɜɨʀ ɦɨɞɭɥɹ ɩɪɭɠɧɨɫɬɿ 
ɞɥɹ ɤɨɠɧɨɝɨ ɮɚɤɬɨɪɚ ɱɟɪɟɡ ɩɟɜɧɢɣ ɿɧɬɟɪɜɚɥ, 
ɹɤɢɣ ɫɬɚɧɨɜɢɜ ɞɥɹ ɜɦɿɫɬɭ ɜɭɝɥɟɰɸ ɬɚ ɦɚɪɝɚɧ-

ɰɸ 0,02 %, ɜɦɿɫɬɭ ɫɿɪɤɢ – 0,001 %, ɜɟɥɢɱɢɧɢ 

ɡɚɝɚɥɶɧɢɯ ɿ  ɱɚɫɬɤɨɜɢɯ ɨɛɬɢɫɧɟɧɶ – ɜɿɞɩɨɜɿɞ-

ɧɨ 4,0 ɿ 1,68 %, ɬɟɦɩɟɪɚɬɭɪɢ ɚɭɫɬɟɧɿɡɚɰɿʀ ɬɚ 
ɿɡɨɬɟɪɦɿɱɧɨɝɨ ɪɨɡɩɚɞɭ ɜɿɞɩɨɜɿɞɧɨ 9,0 ɿ 5,0 C, 

ɬɪɢɜɚɥɨɫɬɿ ɿɡɨɬɟɪɦɿɱɧɨɝɨ ɪɨɡɩɚɞɭ – 0,49 ɯɜ, 
ɬɢɩɨɪɨɡɦɿɪɭ ɞɪɨɬɭ – 0,10 ɦɦ. ɉɪɢ ɪɨɡɝɥɹɞɿ 
ɯɚɪɚɤɬɟɪɭ ɜɩɥɢɜɭ ɨɞɧɨɝɨ ɮɚɤɬɨɪɚ ɭɫɿ ɿɧɲɿ 
ɮɿɤɫɭɜɚɥɢɫɹ ɡɚ ɫɟɪɟɞɧɿɦɢ ɡɧɚɱɟɧɧɹɦɢ ʀɯ ɞɿɚ-
ɩɚɡɨɧɿɜ ɡɦɿɧɟɧɧɹ. 
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Ɍɚɛɥɢɰɹ 2 ɍɡɚɝɚɥɶɧɟɧɟ ɦɧɨɠɢɧɧɟ ɪɿɜɧɹɧɧɹ ɦɨɞɭɥɹ ɩɪɭɠɧɨɫɬɿ ɤɚɧɚɬɧɨɝɨ ɞɪɨɬɭ 
ɡɚɥɟɠɧɨ ɜɿɞ ɪɹɞɭ ɮɚɤɬɨɪɿɜ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɯɚɪɚɤɬɟɪɭ 

 

ɉɚɪɚɦɟɬɪ ȼɢɞ ɡɚɥɟɠɧɨɫɬɿ 

Ʉɨɟɮɿɰɿєɧɬɢ Ʉɨɪɟɥɹ-
ɰɿɣɧɟ ɜɿɞ-

ɧɨɲɟɧɧɹ   

ɉɨɦɢɥɤɚ 
ɚɩɪɨɤɫɢ-

ɦɚɰɿʀ, % 0a  1a  2a  

C  2
0 1 2y a a x a x    -0,19050 0,33489 -0,06551  

 

 

 

 

 

 

0,86876 

 

 

 

 

 

 

 

 

 

 

 

3,475 

 

 

 

 

   

Mn  

2
0 1 2

1
y

a a x a x
    

1,41859 -3,27111 2,91652 

S  2
0 1 2y a a x a x    2,35173 -192,455 3840,79 

Q  2
0 1 2y a a x a x    0,39123 -0,16462 0,01435 

q  2
0 1 2y a a x a x    0,01064 0,00553 -0,00584 

ɚɭɫɬT   max 0 1siny y a a x   -0,01312 0,14301 - 

ɿɡɨɬt  2

0 1 2y a a x a x    0,58133 -0,30252 0,03763 

ɿɡɨɬ  2
0 1 2y a a x a x    0,01231 -0,01691 0,00048 

   2
0 1 2lny a a x a x    

0,66851 0,63395 -0,27686 

 

ɉɨɬɿɦ ɛɭɥɨ ɡɧɚɣɞɟɧɨ ʀɯ ɫɭɦɭ ɡɿ ɡɧɚɱɟɧɧɹɦɢ  

ɮɚɤɬɨɪɚ, ɳɨ ɪɨɡɝɥɹɞɚєɬɶɫɹ. Ɉɬɪɢɦɚɧɿ ɝɪɚɮɿɱ-
ɧɿ ɡɚɥɟɠɧɨɫɬɿ ɞɨɡɜɨɥɢɥɢ ɹɤɿɫɧɨ ɨɰɿɧɢɬɢ 

ɜɩɥɢɜ ɪɹɞɭ ɮɚɤɬɨɪɿɜ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɯɚɪɚɤɬɟɪɭ 
ɧɚ ɩɪɭɠɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɦɚɬɟɪɿɚɥɭ (ɪɢɫ. 2–4). 

 

 
Ɋɢɫ. 2. ȼɩɥɢɜ ɟɥɟɦɟɧɬɿɜ ɯɿɦɿɱɧɨɝɨ ɫɤɥɚɞɭ 

ɫɬɚɥɿ ɧɚ ɩɪɭɠɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɞɪɨɬɭ 
 

ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɡɪɨɫɬɚɧɧɹ ɜɦɿɫɬɭ ɜɭɝɥɟɰɸ ɭ 
ɫɬɚɥɿ, ɬɟɦɩɟɪɚɬɭɪɢ ɚɭɫɬɟɧɿɡɚɰɿʀ ɬɚ, ɦɟɧɲɨɸ 

ɦɿɪɨɸ, ɜɟɥɢɱɢɧɢ ɱɚɫɬɤɨɜɢɯ ɨɛɬɢɫɧɟɧɶ ɫɩɪɢ-

ɹє ɩɿɞɜɢɳɟɧɧɸ ɩɪɭɠɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɤɚɧɚɬ-
ɧɨɝɨ ɞɪɨɬɭ.  
 

ȼɟɥɢɱɢɧɚ ɦɨɞɭɥɹ ɩɪɭɠɧɨɫɬɿ ɞɪɨɬɭ ɡɪɨɫɬɚє ɡ 
ɩɿɞɜɢɳɟɧɧɹɦ ɜɦɿɫɬɭ ɦɚɪɝɚɧɰɸ ɞɨ 0,56 %, ɚ 
ɧɚɞɚɥɿ ɜɩɥɢɜɚє ɧɟɝɚɬɢɜɧɨ. ȼɩɥɢɜ ɜɦɿɫɬɭ ɫɿɪ-

ɤɢ ɭ ɫɬɚɥɿ, ɜɟɥɢɱɢɧɢ ɡɚɝɚɥɶɧɢɯ ɨɛɬɢɫɧɟɧɶ, 
ɪɟɠɢɦɭ ɿɡɨɬɟɪɦɿɱɧɨɝɨ ɪɨɡɩɚɞɭ ɧɚ ɩɪɭɠɧɭ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɦɚɬɟɪɿɚɥɭ є ɚɞɟɤɜɚɬɧɢɦ: ɫɩɨ-
ɱɚɬɤɭ ɡɪɨɫɬɚɧɧɹ ɡɚɡɧɚɱɟɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɫɩɪɢ-

ɹє ɡɧɢɠɟɧɧɸ, ɚ ɩɨɬɿɦ ɡɪɨɫɬɚɧɧɸ ɡɧɚɱɟɧɧɹ 
ɦɨɞɭɥɹ ɩɪɭɠɧɨɫɬɿ. 
 

 
Ɋɢɫ. 3. ȼɩɥɢɜ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɜɢ-

ɝɨɬɨɜɥɟɧɧɹ ɧɚ ɦɨɞɭɥɶ ɩɪɭɠɧɨɫɬɿ  
 

 

Ɂɪɨɫɬɚɧɧɹ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɡɚ ɜɦɿɫɬɭ ɫɿɪɤɢ ɭ 

ɫɬɚɥɿ ɜɢɳɟ 0,025 % ɿ ɜ ɤɚɧɚɬɧɨɦɭ ɞɪɨɬɿ, ɜɢɝɨ-
ɬɨɜɥɟɧɨɦɭ ɿɡ ɡɚɝɚɥɶɧɢɦɢ ɨɛɬɢɫɧɟɧɧɹɦɢ, ɜɢ-

ɳɟ 56,89 %.  ɉɪɨɰɟɫ ɿɡɨɬɟɪɦɿɱɧɨɝɨ ɪɨɡɩɚɞɭ, 

ɡɨɤɪɟɦɚ ɬɟɦɩɟɪɚɬɭɪɚ ɬɚ ɬɪɢɜɚɥɿɫɬɶ, ɫɩɪɚɜɥɹє 
ɫɭɬɬєɜɢɣ ɜɩɥɢɜ, ɩɪɢ ɰɶɨɦɭ ɞɪɿɬ ɦɚє ɧɚɣɛɿɥɶɲ 

ɜɢɫɨɤɿ ɡɧɚɱɟɧɧɹ ɫɤɥɚɞɨɜɨʀ ɦɨɞɭɥɹ ɩɪɭɠɧɨɫɬɿ 
ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɿɧɬɟɪɜɚɥɿ 530–560 ɋ. ȼɿɞ-
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ɧɨɫɧɨ ɬɪɢɜɚɥɨɫɬɿ ɿɡɨɬɟɪɦɿɱɧɨɝɨ ɪɨɡɩɚɞɭ ɫɥɿɞ 

ɜɿɞɡɧɚɱɢɬɢ, ɳɨ ɦɚɤɫɢɦɚɥɶɧɿ ɡɧɚɱɟɧɧɹ ɫɩɨ-
ɫɬɟɪɿɝɚєɦɨ ɩɪɢ 0,25 1,0    ɯɜ ɿ   31,0–

35,0 ɯɜ. Ɂɿ ɡɪɨɫɬɚɧɧɹɦ ɞɿɚɦɟɬɪɚ ɞɪɨɬɭ ɞɨ  
1,10 ɦɦ ɩɪɭɠɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɦɚɣɠɟ ɧɟ 
ɡɪɨɫɬɚє, ɚ ɩɨɞɚɥɶɲɟ ɩɿɞɜɢɳɟɧɧɹ ɬɢɩɨɪɨɡɦɿɪɭ 
ɞɿє ɧɟɝɚɬɢɜɧɨ.  
 

 
Ɋɢɫ. 4. ȼɩɥɢɜ ɪɟɠɢɦɭ ɿɡɨɬɟɪɦɿɱɧɨɝɨ ɪɨɡɩɚɞɭ 

ɬɚ ɬɢɩɨɪɨɡɦɿɪɭ ɧɚ ɩɪɭɠɧɭ ɯɚɪɚɤɬɟɪɢɫ-
ɬɢɤɭ ɟɥɟɦɟɧɬɚ ɡɜɢɬɨɝɨ ɜɢɪɨɛɭ 

 

ȼ ɰɿɥɨɦɭ ɜɢɤɨɧɚɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɢ ɨɞɧɨ-
ɨɫɶɨɜɨɦɭ ɪɨɡɬɹɝɭ ɞɨɡɜɨɥɢɥɢ ɨɬɪɢɦɚɬɢ ɡɚ-
ɥɟɠɧɨɫɬɿ ɡɦɿɧɟɧɧɹ ɝɪɚɧɢɰɿ ɬɟɤɭɱɨɫɬɿ ɬɚ ɦɨ-
ɞɭɥɹ ɩɪɭɠɧɨɫɬɿ ɤɚɧɚɬɧɨɝɨ ɞɪɨɬɭ ɪɿɡɧɢɯ ɬɟɯ-
ɧɨɥɨɝɿɱɧɢɯ ɫɯɟɦ ɜɢɝɨɬɨɜɥɟɧɧɹ ɜ  ɲɢɪɨɤɨɦɭ 
ɞɿɚɩɚɡɨɧɿ ɡɦɿɧɟɧɧɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɿɰɧɨɫɬɿ, 
ɪɟɚɥɿɡɚɰɿɹ ɹɤɢɯ ɫɩɪɹɦɨɜɚɧɚ ɧɚ ɭɞɨɫɤɨɧɚɥɟɧ-

ɧɹ ɧɚɭɤɨɜɢɯ ɨɫɧɨɜ ɭ ɝɚɥɭɡɿ ɬɟɯɧɨɥɨɝɿʀ ɜɢɝɨ-
ɬɨɜɥɟɧɧɹ ɫɬɚɥɟɜɢɯ ɤɚɧɚɬɿɜ ɞɥɹ ɬɪɚɧɫɩɨɪɬɧɢɯ 
ɡɚɫɨɛɿɜ ɪɿɡɧɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ. 
 

 

 

Ɋɨɡɝɥɹɧɭɬɨ ɧɚɫɬɭɩɧɿ ɬɟɯɧɨɥɨɝɿɱɧɿ ɫɯɟɦɢ (ɩɚ-
ɬɟɧɬɭɜɚɧɧɹ, ɛɟɣɧɿɬɭɜɚɧɧɹ ɬɚ «ɡɚɝɚɪɬɭɜɚɧɧɹ + 

ɟɥɟɤɬɪɢɱɧɢɣ ɜɿɞɩɭɫɤ»), ɡɚ ɹɤɢɦɢ ɜɢɝɨɬɨɜɥɟ-
ɧɨ ɤɚɧɚɬɧɢɣ ɞɪɿɬ ɪɿɡɧɨɝɨ ɞɿɚɦɟɬɪɚ ɬɚ ɝɪɚɧɢɰɿ 
ɦɿɰɧɨɫɬɿ. ȼɿɞɦɿɬɧɨɸ ɨɫɨɛɥɢɜɿɫɬɸ ɡɚɡɧɚɱɟɧɢɯ 

ɜɢɳɟ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɩɪɨɰɟɫɿɜ є ɬɟɦɩɟɪɚɬɭɪ-
ɧɢɣ ɪɟɠɢɦ ɿɡɨɬɟɪɦɿɱɧɨɝɨ ɪɨɡɩɚɞɭ, ɳɨ ɡɚɛɟɡ-
ɩɟɱɭє ɨɬɪɢɦɚɧɧɹ ɧɟɨɛɯɿɞɧɨʀ ɫɬɪɭɤɬɭɪɢ ɜɢ-

ɯɿɞɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ɞɥɹ ɣɨɝɨ ɯɨɥɨɞɧɨʀ ɞɟɮɨɪ-
ɦɚɰɿʀ. 
 

Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɡɚɥɟɠɧɨɫɬɿ, ɳɨ ɜɿɞɨɛɪɚɠɚɸɬɶ 
ɜɩɥɢɜ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɿɰɧɨɫɬɿ ɜ ɞɿɚɩɚɡɨɧɿ 
ɡɦɿɧɟɧɧɹ 1330–2850 Ɇɉɚ ɧɚ ɝɪɚɧɢɰɸ ɬɟɤɭ-
ɱɨɫɬɿ ɬɚ ɦɨɞɭɥɶ ɩɪɭɠɧɨɫɬɿ ɜɢɯɿɞɧɨɝɨ ɦɚɬɟɪɿ-
ɚɥɭ ɡɜɢɬɨɝɨ ɜɢɪɨɛɭ. 

 

ȼɫɬɚɧɨɜɥɟɧɨ ɮɭɧɤɰɿɨɧɚɥɶɧɭ ɡɚɥɟɠɧɿɫɬɶ, ɳɨ 

ɭɪɚɯɨɜɭє ɜɩɥɢɜ ɯɿɦɿɱɧɨɝɨ ɫɤɥɚɞɭ ɫɬɚɥɿ ɬɚ ɪɹ-
ɞɭ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɧɚ ɩɪɭɠɧɭ  
ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɤɚɧɚɬɧɨɝɨ ɞɪɨɬɭ ɿ ɞɨɡɜɨɥɹє 
ɧɚɞɚɬɢ ɹɤɿɫɧɭ ɨɰɿɧɤɭ ɤɨɠɧɨɝɨ ɡ ɪɨɡɝɥɹɧɭɬɢɯ 
ɮɚɤɬɨɪɿɜ. 
 

Ɉɬɪɢɦɚɧɿ ɡɚɥɟɠɧɨɫɬɿ ɧɚ ɨɫɧɨɜɿ ɞɨɫɥɿɞɠɟɧɶ 
ɩɪɢ ɨɞɧɨɨɫɶɨɜɨɦɭ ɪɨɡɬɹɝɭ ɫɩɪɢɹɸɬɶ ɩɿɞɜɢ-

ɳɟɧɧɸ ɹɤɿɫɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɿ ɜɢɪɿɲɟɧɧɸ ɜɚɠ-

ɥɢɜɨʀ ɩɪɨɛɥɟɦɢ ɜɢɝɨɬɨɜɥɟɧɧɹ ɫɬɚɥɟɜɢɯ ɤɚɧɚ-
ɬɿɜ ɿɡ ɡɚɞɚɧɢɦɢ ɩɪɭɠɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ. 
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