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ɍȾɄ621.791 
 
 

ɁȺɄɈɇɈɆȿɊɇɈɋɌɂ ɋɌɊɍɄɌɍɊɈɈȻɊȺɁɈȼȺɇɂə ɁɈɇɕ ɌȿɊɆɂɑȿɋɄɈȽɈ 
ȼɅɂəɇɂə ɉɊɂ ɌȿɊɆɂɑȿɋɄɈɃ ɊȿɁɄȿ ɆȿɌȺɅɅɈȼ 

 
Ⱥ.ȼ. ɋɭɦɟɰ, ɚɫɩ., ȼ.Ⱦ. Ʉɚɫɫɨɜ, ɩɪɨɮ., ɞ.ɬ.ɧ., 

Ⱦɨɧɛɚɫɫɤɚя ɝɨɫɭɞɚɪɫɬɜɟɧɧɚя ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɚя ɚɤɚɞɟɦɢя, ɝ. Ʉɪɚɦɚɬɨɪɫɤ 
 

Аɧɧɨɬаɰиɹ. Иɫɫɥɟɞɨɜɚɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɮɚɡɧɵɯ ɢ ɫɬɪɭɤɬɭɪɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɣ 
ɪɟɡɤɟ ɫɬɚɥɟɣ. ɉɪɢɜɟɞɟɧɨ ɜɥɢɹɧɢɟ ɫɩɨɫɨɛɚ ɪɟɡɤɢ ɧɚ ɝɥɭɛɢɧɭ ɨɩɥɚɜɥɟɧɧɨɝɨ ɢ ɩɟɪɟɯɨɞɧɨɝɨ ɭɱɚɫɬ-
ɤɨɜ. Ɉɩɢɫɚɧɵ ɹɜɥɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɰɟɫɫɨɦ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɩɨɫɥɟ ɪɟɡɤɢ. Ⱦɟɬɚɥɶɧɨ ɪɚɫɫɦɨɬ-
ɪɟɧɨ ɜɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɧɚ ɫɬɪɭɤɬɭɪɭ ɦɟɬɚɥɥɨɜ ɜ ɡɨɧɟ ɪɟɡɤɢ.  
 
Клɸɱевые ɫлɨва: ɬɟɪɦɢɱɟɫɤɚɹ ɪɟɡɤɚ, ɡɨɧɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ, ɫɤɨɪɨɫɬɶ ɪɟɡɤɢ, ɫɬɪɭɤɬɭɪɚ. 

 
ɁȺɄɈɇɈɆȱɊɇɈɋɌȱ ɋɌɊɍɄɌɍɊɈɍɌȼɈɊȿɇɇə ɁɈɇɂ ɌȿɊɆȱɑɇɈȽɈ ȼɉɅɂȼɍ 

ɉȱȾ ɑȺɋ ɌȿɊɆȱɑɇɈȽɈ ɊȱɁȺɇɇə ɆȿɌȺɅȱȼ 
 

Ⱥ.ȼ. ɋɭɦɟɰ, ɚɫɩ., ȼ.Ⱦ. Ʉɚɫɫɨɜ, ɩɪɨɮ., ɞ.ɬ.ɧ., 
Ⱦɨɧɛɚɫɶɤɚ ɞɟɪɠɚɜɧɚ ɦɚɲɢɧɨɛɭɞɿɜɧɚ ɚɤɚɞɟɦɿя, ɦ. Ʉɪɚɦɚɬɨɪɫɶɤ 

 
Аɧɨɬаɰіɹ. Ⱦɨɫɥɿɞɠɟɧɨ ɨɫɨɛɥɢɜɨɫɬɿ ɮɚɡɧɢɯ ɿ ɫɬɪɭɤɬɭɪɧɢɯ ɩɟɪɟɬɜɨɪɟɧɶ ɭ ɩɪɨɰɟɫɿ ɬɟɪɦɿɱɧɨɝɨ 
ɪɿɡɚɧɧɹ ɫɬɚɥɟɣ. ɇɚɜɟɞɟɧɨ ɜɩɥɢɜ ɫɩɨɫɨɛɭ ɪɿɡɚɧɧɹ  ɧɚ ɝɥɢɛɢɧɭ ɨɩɥɚɜɥɟɧɨʀ ɬɚ ɩɟɪɟɯɿɞɧɨʀ ɞɿɥɹɧɨɤ. 
Ɉɩɢɫɚɧɨ ɹɜɢɳɚ, ɳɨ ɩɨɜ’ɹɡɚɧɿ ɡ ɩɪɨɰɟɫɨɦ ɡɚɬɜɟɪɞɿɧɧɹ ɩɿɫɥɹ ɪɿɡɚɧɧɹ. Ⱦɟɬɚɥɶɧɨ ɪɨɡɝɥɹɧɭɬɨ ɜɩɥɢɜ 
ɲɜɢɞɤɨɫɬɿ ɨɯɨɥɨɞɠɟɧɧɹ ɧɚ ɫɬɪɭɤɬɭɪɭ ɦɟɬɚɥɿɜ ɭ ɡɨɧɿ ɪɿɡɚɧɧɹ. 
 
Клɸɱɨві ɫлɨва: ɬɟɪɦɿɱɧɟ ɪɿɡɚɧɧɹ, ɡɨɧɚ ɬɟɪɦɿɱɧɨɝɨ ɜɩɥɢɜɭ, ɲɜɢɞɤɿɫɬɶ ɪɿɡɚɧɧɹ, ɫɬɪɭɤɬɭɪɚ. 
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Abstract. TСО ПОaturОs oП pСasО anН struМturaХ transПormatТons НurТnР tСОrmaХ МuttТnР oП stООХ arО Тn-
vОstТРatОН. TСО ТnПХuОnМО oП tСО МuttТnР mОtСoН on tСО НОptС oП tСО mОХtОН anН transТtТon sОМtТons Тs 
РТvОn. TСО pСОnomОna МonnОМtОН аТtС tСО proМОss oП soХТНТПТМatТon aПtОr МuttТnР arО НОsМrТbОН. TСО 
ТnПХuОnМО oП tСО МooХТnР ratО on tСО struМturО oП mОtaХ Тn tСО МuttТnР гonО Тs МonsТНОrОН. 
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ȼɜɟɞɟɧɢɟ 
 
ɋɬɪɭɤɬɭɪɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɬɟɪɦɢ-
ɱɟɫɤɨɣ ɪɟɡɤɢ ɦɟɬɚɥɥɚ (ɚɪɝɨɧɨ-ɩɥɚɡɦɟɧɧɨɣ, 
ɜɨɡɞɭɲɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɢ ɤɢɫɥɨɪɨɞɧɨ-ɮɥɸɫɨ-
ɜɨɣ) ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɩɪɟɜɪɚɳɟɧɢɣ 
ɩɪɢ ɨɛɵɱɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ Д1, 2Ж. 
Ⱦɚɧɧɵɟ ɨɬɥɢɱɢɹ ɨɛɴɹɫɧɹɸɬɫɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ, 
ɫɩɟɰɢɮɢɤɨɣ ɬɟɪɦɨɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɰɢɤɥɚ 
ɪɟɡɤɢ Д3Ж. ȼ ɭɫɥɨɜɢɹɯ ɬɟɪɦɢɱɟɫɤɨɣ ɪɟɡɤɢ ɪɚɫ-
ɩɚɞ ɬɜёɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɜ ɡɨɧɟ ɪɟɡɤɢ ɩɪɨɬɟɤɚɟɬ 

ɜ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɢ ɧɟɩɪɟɪɵɜɧɨ ɢɡɦɟɧɹɸɳɟɣɫɹ 
ɨɛɫɬɚɧɨɜɤɟ, ɚ ɧɚɥɢɱɢɟ ɯɢɦɢɱɟɫɤɨɣ ɧɟɨɞɧɨ-
ɪɨɞɧɨɫɬɢ ɜ ɡɨɧɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɜɨ ɦɧɨ-
ɝɢɯ ɫɥɭɱɚɹɯ ɤɨɪɟɧɧɵɦ ɨɛɪɚɡɨɦ ɢɡɦɟɧɹɟɬ ɤɢ-
ɧɟɬɢɤɭ ɪɚɫɩɚɞɚ ɬɜёɪɞɵɯ ɪɚɫɬɜɨɪɨɜ Д4, 5Ж. 
ɉɨɷɬɨɦɭ ɩɪɨɰɟɫɫɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɟɬɚɥɥɚ ɢ 
ɫɬɪɭɤɬɭɪɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɜ ɡɨɧɟ ɪɟɡɤɢ ɜ 
ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɪɟɞɨɩɪɟɞɟɥɹɸɬ ɞɚɥɶ-
ɧɟɣɲɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧ-
ɧɵɟ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɚ. 
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Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 

ɋ ɩɪɨɰɟɫɫɨɦ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɦɟɬɚɥɥɚ ɩɨɫɥɟ 
ɪɟɡɤɢ ɫɜɹɡɚɧɵ ɦɧɨɝɢɟ ɧɟɠɟɥɚɬɟɥɶɧɵɟ ɹɜɥɟ-
ɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɯɢɦɢɱɟɫɤɨɣ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ Д1, 6–9Ж. Ɇɢɤɪɨɫɤɨɩɢɱɟɫɤɚɹ 
ɯɢɦɢɱɟɫɤɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ, ɢɦɟɸɳɚɹ ɦɟɫɬɨ 
ɜ ɡɨɧɟ ɬɟɪɦɢɱɟɫɤɨɣ ɪɟɡɤɢ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɨɦ ɩɟɪɜɢɱɧɨɣ ɤɪɢ-
ɫɬɚɥɥɢɡɚɰɢɢ ɫɬɚɥɢ ɢ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɢ 
ɩɪɢɪɨɞɵ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɩɪɢɦɟɫɟɣ ɢ 
ɭɫɥɨɜɢɣ ɨɯɥɚɠɞɟɧɢɹ Д7-12Ж. 
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɫɨ-
ɛɟɧɧɨɫɬɟɣ ɮɚɡɨɜɵɯ ɢ ɫɬɪɭɤɬɭɪɧɵɯ ɩɪɟɜɪɚ-
ɳɟɧɢɣ ɜ ɦɟɬɚɥɥɟ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɣ ɪɟɡɤɟ.  
 
 
 

Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɣ 
 
ɉɪɢ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɢɮɮɭɡɢɹ 
ɧɟ ɛɭɞɟɬ ɭɫɩɟɜɚɬɶ ɜɵɪɚɜɧɢɜɚɬɶ ɫɨɫɬɚɜ ɜɧɭɬ-
ɪɟɧɧɢɯ ɢ ɧɚɪɭɠɧɵɯ ɫɥɨɟɜ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɩɨɞɜɟɪɝɧɭ-
ɬɚɹ ɪɟɡɤɟ ɫɬɚɥɶ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɛɭɞɟɬ ɢɦɟɬɶ ɧɟ-
ɨɞɧɨɪɨɞɧɵɣ ɢɥɢ ɫɥɨɢɫɬɵɣ ɫɨɫɬɚɜ. ȼ ɬɚɤɢɯ 
ɭɫɥɨɜɢɹɯ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɟɫɥɢ ɥɟɝɢɪɭɸɳɢɣ 
ɷɥɟɦɟɧɬ ɢɥɢ ɩɪɢɦɟɫɶ ɢɦɟɟɬ ɜ ɠɢɞɤɨɣ ɮɚɡɟ 
ɛɨɥɶɲɭɸ ɪɚɫɬɜɨɪɢɦɨɫɬɶ, ɱɟɦ ɜ ɬɜёɪɞɨɣ, ɛɭɞɟɬ 
ɢɦɟɬɶ ɦɟɫɬɨ ɨɛɨɝɚɳɟɧɢɟ ɦɟɠɞɭɨɫɧɨɝɨ ɢ ɦɟɠ-
ɞɟɧɞɪɢɞɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. Ⱦɟɧɞɪɢɬɧɚɹ ɧɟɨɞ-
ɧɨɪɨɞɧɨɫɬɶ ɯɨɪɨɲɨ ɜɵɹɜɥɹɟɬɫɹ ɧɚ ɦɢɤɪɨ-
ɫɬɪɭɤɬɭɪɟ ɦɟɬɚɥɥɚ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɪɟɡɤɢ ɜ 
ɜɢɞɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɪɟɥɶɟɮɚ. ɉɪɢ ɨɱɟɧɶ 
ɛɨɥɶɲɨɦ ɨɛɨɝɚɳɟɧɢɢ ɜ ɦɟɠɞɭɨɫɧɵɯ ɢ ɦɟɠ-
ɞɟɧɞɪɢɬɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜɚɯ ɧɚ ɩɨɫɥɟɞɧɢɯ ɫɬɚ-
ɞɢɹɯ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɚɛɥɸɞɚɸɬɫɹ ɧɟɪɚɜɧɨ-
ɜɟɫɧɵɟ ɫɬɪɭɤɬɭɪɵ (ɪɢɫ. 1). 

 
 ɚ ɛ ɜ 
Ɋɢɫ. 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɨɩɥɚɜɥɟɧɧɨɝɨ ɭɱɚɫɬɤɚ ɫɬɚɥɢ ɍ10 (×250) ɩɨɫɥɟ ɚɪɝɨɧɨ-ɩɥɚɡɦɟɧɧɨɣ (ɚ), 

ɜɨɡɞɭɲɧɨ-ɩɥɚɡɦɟɧɧɨɣ (ɛ) ɢ ɤɢɫɥɨɪɨɞɧɨ-ɮɥɸɫɨɜɨɣ ɪɟɡɤɢ (ɜ) 
 
ɋɩɨɫɨɛɧɨɫɬɶ ɷɥɟɦɟɧɬɚ ɨɛɨɝɚɳɚɬɶ ɦɟɠɞɭɨɫ-
ɧɵɟ ɢ ɦɟɠɞɟɧɞɪɢɬɧɵɟ ɩɪɨɦɟɠɭɬɤɢ ɯɚɪɚɤɬɟ-
ɪɢɡɭɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ʉ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɦ ɫɨɛɨɣ ɨɬɧɨɲɟɧɢɟ ɪɚɫɬɜɨ-
ɪɢɦɨɫɬɟɣ ɷɥɟɦɟɧɬɚ ɜ ɬɜёɪɞɨɣ ɢ ɠɢɞɤɨɣ ɮɚ-
ɡɚɯ: ɋɌȼ/ɋɀ.  
 
ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɫɨɛɵɣ ɢɧɬɟ-
ɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɩɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ 
ɡɨɧɟ ɪɟɡɤɢ (ɬɟɪɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ/ɩɥɚɜ-
ɥɟɧɢɹ), ɨɬ ɫɬɪɭɤɬɭɪɵ ɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 
ɤɨɬɨɪɨɣ ɡɚɜɢɫɹɬ ɫɜɨɣɫɬɜɚ ɡɨɧɵ ɬɟɪɦɢɱɟɫɤɨɣ 
ɪɟɡɤɢ. Ⱥɧɚɥɢɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ ɩɪɨɰɟɫɫɚ 
ɞɢɮɮɭɡɢɢ ɧɚ ɝɪɚɧɢɰɟ ɫɩɥɚɜɥɟɧɢɹ ɞɥɹ ɨɰɟɧɤɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ɧɟɣ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ 
ɢ ɩɪɢɦɟɫɟɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɞɢɮɮɭɡɢɢ ɜ ɬɜёɪɞɨɣ Ȼɬ ɢ ɠɢɞɤɨɣ Ȼɠ ɮɚɡɚɯ, 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ Б ɢ ɤɨɷɮɮɢɰɢ-
ɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ʉ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɢɦɟɸɬ 
ɫɥɟɞɭɸɳɢɣ ɜɢɞ:  
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ɝɞɟ ɋɌ0 ɢ ɋɠ0 – ɧɚɱɚɥɶɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟ-
ɦɟɧɬɨɜ ɜ ɬɜёɪɞɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡɚɯ; ɭ –
ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ 
ɜɝɥɭɛɶ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɩɪɨɰɟɫɫɟ ɪɟɡɤɢ. 
 
ɇɟɪɚɜɧɨɜɟɫɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɬɨɦɨɜ ɩɪɢɦɟ-
ɫɟɣ ɢ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɹɜɥɹɸɳɚɹɫɹ 
ɫɥɟɞɫɬɜɢɟɦ ɩɨɜɵɲɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟ-
ɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɡɤɢ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɡɧɚɱɢ-
ɬɟɥɶɧɨɦɭ ɭɩɪɨɱɧɟɧɢɸ ɦɟɬɚɥɥɚ (ɬɚɛɥ. 1, 2).  
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Ɍɚɛɥɢɰɚ 1 ȼɥɢɹɧɢɹ ɫɩɨɫɨɛɚ ɪɟɡɤɢ ɧɚ ɝɥɭɛɢɧɭ ɬɟɪɦɢɱɟɫɤɢ ɨɛɪɚɛɨɬɚɧɧɵɯ ɫɥɨɟɜ 
 

Ƚɥɭɛɢɧɚ ɬɟɪɦɢɱɟɫɤɢ 
ɨɛɪɚɛɨɬɚɧɧɵɯ ɫɥɨɟɜ, 

ɦɦ 
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Ⱥɪɝɨɧɨ-
ɩɥɚɡɦɟɧɧɚɹ 

Ɉɍ 0,08 0,45 0,10 0,08 0,04 0,15 0,40 0,20 0,13 0,35 0,90 
ɉɍ 2,00 3,00 2,50 1,70 2,30 1,05 0,40 0,70 1,10 2,10 1,60 
Σ 2,08 3,45 2,60 1,78 2,034 1,20 0,80 0,90 1,23 2,45 2,50 

ȼɨɡɞɭɲɧɨ-
ɩɥɚɡɦɟɧɧɚɹ 

Ɉɍ 0,18 0,80 0,10 0,15 0,15 0,08 0,35 0,15 0,13 0,14 0,40 
ɉɍ 1,50 0,60 1,80 0,60 1,50 0,13 0,15 0,10 1,60 1,03 1,04 
Σ 1,68 1,40 1,90 0,75 1,65 0,21 0,50 0,25 1,73 1,17 1,44 

Ʉɢɫɥɨɪɨɞɧɨ-
ɮɥɸɫɨɜɚɹ 

Ɉɍ 0,10 0,25 0,05 0,50 0,40 0,13 0,58 0,15 0,18 0,43 2,72 
ɉɍ 1,50 7,00 1,40 2,00 1,70 2,15 1,70 3,20 1,70 4,30 3,30 
Σ 1,60 7,025 1,45 2,50 2,10 2,28 2,28 3,35 1,88 4,73 6,02 

 

ɉɪɢɦɟɱɚɧɢɟ: Ɉɍ – ɝɥɭɛɢɧɚ ɨɩɥɚɜɥɟɧɧɨɝɨ ɭɱɚɫɬɤɚ, ɦɦ; ɉɍ – ɝɥɭɛɢɧɚ ɩɟɪɟɯɨɞɧɨɝɨ ɭɱɚɫɬɤɚ, ɦɦ; Σ – ɫɭɦɦɚ 
Ɉɍ ɢ ɉɍ. 

 

Ɍɚɛɥɢɰɚ 2 ȼɥɢɹɧɢɟ ɫɩɨɫɨɛɚ ɪɟɡɤɢ ɧɚ ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ 
 

Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ, 
ɤɝ/ɦɦ2 

Ɇɚɪɤɢ ɫɬɚɥɢ 
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Ⱥɪɝɨɧɨ-
ɩɥɚɡɦɟɧɧɚɹ 

Ɉɍ 420 572 900 383 514 724 724 385 350 383 380 
ɉɍ 290 350 510 270 260 640 642 350 240 236 297 
ɈɆ 180 263 330 210 226 270 350 227 232 220 254 

ȼɨɡɞɭɲɧɨ-
ɩɥɚɡɦɟɧɧɚɹ 

Ɉɍ 170 572 420 193 420 824 950 383 350 272 254 
ɉɍ 220 322 380 200 380 640 642 383 237 274 254 
ɈɆ 180 263 330 210 226 270 350 227 232 220 254 

Ʉɢɫɥɨɪɨɞɧɨ-
ɮɥɸɫɨɜɚɹ 

Ɉɍ 193 322 824 181 464 642 724 383 420 383 274 
ɉɍ 210 275 500 160 350 724 946 350 382 279 274 
ɈɆ 180 263 330 210 226 270 350 227 232 220 254 

 

ɉɪɢɦɟɱɚɧɢɟ: Ɉɍ – ɝɥɭɛɢɧɚ ɨɩɥɚɜɥɟɧɧɨɝɨ ɭɱɚɫɬɤɚ, ɦɦ; ɉɍ – ɝɥɭɛɢɧɚ ɩɟɪɟɯɨɞɧɨɝɨ ɭɱɚɫɬɤɚ, ɦɦ; ɈɆ – ɨɫ-
ɧɨɜɧɨɣ ɦɟɬɚɥɥ.  
 
ɍɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜ ɢɧɬɟɪɜɚ-
ɥɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɡɦɟɥɶɱɟ-
ɧɢɸ ɩɟɪɜɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɦɟɬɚɥɥɚ ɜ ɡɨɧɟ 
ɪɟɡɤɢ, ɨɫɨɛɟɧɧɨ ɞɥɹ ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ. 
Ɇɟɬɚɥɥ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɪɦɢ-
ɱɟɫɤɨɣ ɪɟɡɤɢ ɧɚ ɫɪɟɞɧɟɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɹɯ, 
ɨɯɥɚɠɞёɧɧɵɯ ɫ ɩɨɜɵɲɟɧɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ, 
ɩɨ ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɡɧɚɱɢɬɟɥɶɧɨ 
ɩɪɟɜɨɫɯɨɞɢɬ ɨɫɧɨɜɧɨɣ ɦɟɬɚɥɥ. ɉɨ-ɜɢɞɢɦɨɦɭ, 
ɢɡɦɟɧɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɨɢɫɯɨɞɢɬ 
ɧɟ ɬɨɥɶɤɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɥɶɱɟɧɢɹ ɩɟɪɜɢɱ-
ɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɧɨ ɬɚɤɠɟ ɨɫɥɚɛɥɟɧɢɹ ɫɬɟɩɟɧɢ 
ɯɢɦɢɱɟɫɤɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ 
ɫɨɨɬɧɨɲɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɥɟɦɟɧɬɨɜ ɜ 
ɥɢɤɜɚɰɢɨɧɧɨɣ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɨɣ ɩɪɨɫɥɨɣɤɟ 
ɢ ɜ ɬɟɥɟ ɫɬɨɥɛɱɚɬɨɝɨ ɤɪɢɫɬɚɥɥɢɬɚ. Ɍɚɤɢɦ ɨɛ-
ɪɚɡɨɦ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ 

ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɚ ɜ ɡɨɧɟ ɬɟɪɦɢɱɟɫɤɨɣ ɪɟɡɤɢ ɨɬ 
ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡɦɟɧɟ-
ɧɢɹɦɢ ɧɟ ɫɬɟɩɟɧɢ ɥɢɤɜɚɰɢɢ, ɚ ɝɥɚɜɧɵɦ ɨɛɪɚ-
ɡɨɦ, ɪɚɡɦɟɪɨɜ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɢɬɨɜ ɢ 
ɲɢɪɢɧɵ ɨɛɨɝɚɳёɧɧɵɯ ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɵɯ 
ɝɪɚɧɢɰ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɟɪɦɢɱɟɫɤɨɣ ɪɟɡɤɢ 
ɭɫɬɚɧɨɜɥɟɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɭɫɥɨɜɧɵɯ ɭɱɚɫɬɤɨɜ, 
ɧɚɱɢɧɚɹ ɨɬ ɡɨɧɵ ɩɥɚɜɥɟɧɢɹ ɞɨ ɨɫɧɨɜɧɨɝɨ ɦɟ-
ɬɚɥɥɚ. Ɇɟɬɚɥɥ ɡɨɧɵ ɭɱɚɫɬɤɚ ɩɥɚɜɥɟɧɢɹ (ɩɟɪ-
ɜɵɣ ɭɱɚɫɬɨɤ) ɢɦɟɟɬ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɭɸ 
ɲɢɪɢɧɭ (0,04–0,40 ɦɦ) ɢ ɡɚɦɟɬɧɨ ɨɬɥɢɱɚɟɬɫɹ 
ɨɬ ɫɨɫɟɞɧɢɯ ɭɱɚɫɬɤɨɜ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ. ɗɬɢ 
ɢɡɦɟɧɟɧɢɹ ɜɵɡɜɚɧɵ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɞɢɮɮɭɡɢ-
ɨɧɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɩɪɨɬɟɤɚɸɳɢɦɢ ɜ ɩɪɨ-
ɰɟɫɫɟ ɪɟɡɤɢ ɜ ɡɨɧɟ ɩɥɚɜɥɟɧɢɹ. ɇɚɩɪɚɜɥɟɧɢɟ 
ɞɢɮɮɭɡɢɢ ɷɥɟɦɟɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢ-
ɟɧɬɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ɬɜёɪɞɨɣ ɢ ɠɢɞɤɢɯ 
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ɮɚɡɚɯ, ɚ ɬɚɤɠɟ ɫɨɞɟɪɠɚɧɢɟɦ ɷɥɟɦɟɧɬɚ ɜ ɨɫ-
ɧɨɜɧɨɦ ɦɟɬɚɥɥɟ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨ-
ɲɟɧɢɹ ɷɬɢɯ ɜɟɥɢɱɢɧ ɞɢɮɮɭɡɢɹ ɷɥɟɦɟɧɬɚ ɦɨ-
ɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɢɡ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɜ 
ɡɨɧɭ ɩɥɚɜɥɟɧɢɹ ɢɥɢ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ 
ɜ ɨɫɧɨɜɧɨɣ ɦɟɬɚɥɥ. ȼɬɨɪɨɣ ɭɱɚɫɬɨɤ ɫɨɞɟɪɠɢɬ 
ɤɪɭɩɧɵɟ ɡёɪɧɚ. ȼ ɧɟɝɨ ɜɯɨɞɢɬ ɦɟɬɚɥɥ, ɤɨɬɨ-
ɪɵɣ ɧɚɝɪɟɜɚɥɫɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɨɥɨ 
1200 °ɋ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɨɫɧɨɜɧɨ-
ɝɨ ɦɟɬɚɥɥɚ. ɒɢɪɢɧɚ ɟɝɨ ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɟɞɟ-
ɥɚɯ 0,6–4,3 ɦɦ. ɉɪɢ ɧɚɝɪɟɜɟ ɦɟɬɚɥɥ ɩɪɟɬɟɪ-
ɩɟɜɚɟɬ α→γ-ɩɪɟɜɪɚɳɟɧɢɟ. ɉɨ ɦɟɪɟ ɩɟɪɟɝɪɟɜɚ 
ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ Ⱥɫ3 ɚɭɫɬɟɧɢɬɧɨɟ ɡɟɪɧɨ 
ɪɚɫɬёɬ ɢ ɞɚɠɟ ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɩɪɨɞɨɥ-
ɠɢɬɟɥɶɧɨɫɬɢ ɩɪɟɛɵɜɚɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨ-
ɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɭɫɩɟɜɚɟɬ ɜɵɪɚɫɬɢ ɞɨ ɡɧɚɱɢ-
ɬɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ. Ɍɢɩ ɫɬɪɭɤɬɭɪɵ, 
ɨɛɪɚɡɭɸɳɟɣɫɹ ɜ ɭɱɚɫɬɤɟ ɩɟɪɟɝɪɟɜɚ, ɡɚɜɢɫɢɬ 
ɨɬ ɯɚɪɚɤɬɟɪɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɪɟɡɤɢ ɢ 
ɫɨɫɬɚɜɚ ɦɟɬɚɥɥɚ. Ɍɚɤ, ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɜ 
ɷɬɨɦ ɭɱɚɫɬɤɟ ɮɨɪɦɢɪɭɟɬɫɹ ɜɢɞɦɚɧɲɬɟɬɬɨɜɚ 
ɫɬɪɭɤɬɭɪɚ. ȼ ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɹɯ ɭɱɚɫɬɤɢ 
ɦɟɬɚɥɥɚ, ɧɚɝɪɟɜɚɸɳɢɟɫɹ ɩɪɢ ɪɟɡɤɟ ɜɵɲɟ 
ɬɟɦɩɟɪɚɬɭɪɵ Ⱥɫ3, ɜ ɪɟɡɭɥɶɬɚɬɟ ɛɵɫɬɪɨɝɨ 
ɨɯɥɚɠɞɟɧɢɹ ɩɪɢɨɛɪɟɬɚɸɬ ɫɬɪɭɤɬɭɪɵ ɡɚɤɚɥɤɢ. 
Ɉɞɧɚɤɨ ɫɬɪɭɤɬɭɪɚ ɡɨɧɵ ɩɨ ɲɢɪɢɧɟ ɨɬ ɭɱɚɫɬ-
ɤɚ ɫɩɥɚɜɥɟɧɢɹ ɞɨ ɭɱɚɫɬɤɚ, ɢɦɟɜɲɟɝɨ ɩɪɢ ɪɟɡ-
ɤɟ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɬɨɥɶɤɨ ɧɟ-
ɫɤɨɥɶɤɨ ɜɵɲɟ Ⱥɫ3, ɛɭɞɟɬ ɨɞɢɧɚɤɨɜɨɣ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɩɚɞɚ ɤɪɭɩɧɵɯ ɚɭɫɬɟɧɢɬɧɵɯ 
ɡёɪɟɧ ɜ ɭɱɚɫɬɤɚɯ, ɩɪɢɥɟɝɚɸɳɢɯ ɤ ɝɪɚɧɢɰɟ 
ɫɩɥɚɜɥɟɧɢɹ ɢ ɧɚɝɪɟɜɚɸɳɢɯɫɹ ɩɪɢ ɪɟɡɤɟ ɜɵɲɟ 
1200 °ɋ, ɨɛɪɚɡɭɟɬɫɹ ɛɨɥɟɟ ɤɪɭɩɧɨɩɥɚɫɬɢɧɱɚ-
ɬɵɣ ɦɚɪɬɟɧɫɢɬ, ɱɟɦ ɜ ɭɱɚɫɬɤɚɯ ɦɟɬɚɥɥɚ, 
ɧɚɝɪɟɜɚɸɳɢɯɫɹ ɩɪɢ ɪɟɡɤɟ ɜɵɲɟ Ⱥɫ3. ɋɬɪɭɤ-
ɬɭɪɚ ɡɨɧɵ ɫɩɥɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɱɬɢ ɬɚɤɨɣ 
ɠɟ, ɤɚɤ ɢ ɫɬɪɭɤɬɭɪɚ ɭɱɚɫɬɤɚ ɩɟɪɟɝɪɟɜɚ. 
 
ɋɥɟɞɭɸɳɢɣ ɭɱɚɫɬɨɤ – ɭɱɚɫɬɨɤ ɩɟɪɟɤɪɢɫɬɚɥ-
ɥɢɡɚɰɢɢ. Ɉɧ ɜɤɥɸɱɚɟɬ ɦɟɬɚɥɥ, ɧɚɝɪɟɬɵɣ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɧɟɫɤɨɥɶɤɨ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ 
α→γ-ɩɪɟɜɪɚɳɟɧɢɹ, ɞɨ 1100–1150 °ɋ. ɒɢɪɢɧɚ 
ɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ 0,7–1,0 ɦɦ. ȼ ɧɢɡɤɨɭɝɥɟɪɨ-
ɞɢɫɬɵɯ ɢ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɹɯ ɜ ɭɱɚɫɬ-
ɤɟ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɛɵɱɧɨ ɨɛɪɚɡɭɟɬɫɹ 
ɦɟɥɤɨɞɢɫɩɟɪɫɧɚɹ (ɡɟɪɧɢɫɬɚɹ) ɫɬɪɭɤɬɭɪɚ, ɯɚ-
ɪɚɤɬɟɪɢɡɭɸɳɚɹɫɹ ɜ ɰɟɥɨɦ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨ-
ɤɢɦ ɤɨɦɩɥɟɤɫɨɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. ȼ 
ɫɪɟɞɧɟ- ɢ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɹɯ ɜ  
ɦɟɬɚɥɥɟ ɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ ɱɚɫɬɨ ɨɛɪɚɡɭɟɬɫɹ 
ɦɟɥɤɨɩɥɚɫɬɢɧɱɚɬɵɣ ɦɚɪɬɟɧɫɢɬ ɢɥɢ ɫɦɟɫɶ 
ɦɚɪɬɟɧɫɢɬɚ ɢ ɩɪɨɞɭɤɬɨɜ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ 
ɩɪɟɜɪɚɳɟɧɢɹ, ɬ.ɟ. ɬɟ ɠɟ ɫɬɪɭɤɬɭɪɵ, ɱɬɨ ɢ ɜ 
ɭɱɚɫɬɤɟ ɩɟɪɟɝɪɟɜɚ, ɧɨ ɛɨɥɟɟ ɞɢɫɩɟɪɫɧɵɟ. ɋɥɟ-
ɞɭɸɳɢɣ, ɱɟɬɜёɪɬɵɣ, ɭɱɚɫɬɨɤ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 
ɦɟɬɚɥɥ, ɧɚɝɪɟɬɵɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪ Ⱥɫ1 ɞɨ ɬɟɦ-

ɩɟɪɚɬɭɪɵ Ⱥɫ3. Ɇɟɬɚɥɥ ɭɱɚɫɬɤɚ ɩɨɞɜɟɪɝɚɟɬɫɹ 
ɬɨɥɶɤɨ ɱɚɫɬɢɱɧɨɣ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɢ ɩɨ-
ɷɬɨɦɭ ɟɝɨ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɭɱɚɫɬɤɨɦ ɧɟɩɨɥɧɨɣ 
ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ɇɟɬɚɥɥ ɷɬɨɝɨ ɭɱɚɫɬɤɚ ɜ 
ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɵɯ ɢ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɵɯ 
ɫɬɚɥɹɯ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɨɱɬɢ ɧɟɢɡɦɟɧɹɸ-
ɳɢɦɫɹ ɮɟɪɪɢɬɧɵɦ ɡɟɪɧɨɦ, ɢ ɧɟɤɨɬɨɪɵɦ 
ɞɪɨɛɥɟɧɢɟɦ ɢ ɫɮɟɪɨɢɞɢɡɚɰɢɟɣ ɩɟɪɥɢɬɧɵɯ 
ɭɱɚɫɬɤɨɜ. ȼ ɫɪɟɞɧɟ- ɢ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɯ 
ɫɬɚɥɹɯ ɩɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɮɨɪɦɢɪɭɟɬɫɹ 
ɫɬɪɭɤɬɭɪɚ ɱɚɫɬɢɱɧɨɣ ɡɚɤɚɥɤɢ. 
 
ɋɥɟɞɭɸɳɢɣ ɭɱɚɫɬɨɤ – ɩɹɬɵɣ – ɦɨɠɧɨ ɧɚɡ-
ɜɚɬɶ ɭɱɚɫɬɤɨɦ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ɉɧ ɜɤɥɸ-
ɱɚɟɬ ɦɟɬɚɥɥ, ɤɨɬɨɪɵɣ ɧɚɝɪɟɜɚɥɫɹ ɨɬ 500 °ɋ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪ ɧɟɫɤɨɥɶɤɨ ɧɢɠɟ Ⱥɫ1. Ɉɬɞɟɥɶɧɵɟ 
ɭɱɚɫɬɤɢ ɞɚɧɧɨɣ ɡɨɧɵ, ɧɚɝɪɟɜɚɜɲɢɟɫɹ ɧɢɠɟ 
Ⱥɫ1, ɩɨ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ ɢ ɫɜɨɣɫɬɜɚɦ ɦɨɝɭɬ 
ɛɵɬɶ ɪɚɡɥɢɱɧɵɦɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɫɯɨɞɧɨ-
ɝɨ ɫɨɫɬɨɹɧɢɹ ɦɟɬɚɥɥɚ ɩɟɪɟɞ ɬɟɪɦɢɱɟɫɤɨɣ 
ɪɟɡɤɨɣ. ȿɫɥɢ ɦɟɬɚɥɥ ɩɟɪɟɞ ɪɟɡɤɨɣ ɩɨɞɜɟɪɝɚɥ-
ɫɹ ɯɨɥɨɞɧɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɬɨ 
ɩɪɢ ɧɚɝɪɟɜɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪ ɧɢɠɟ Ⱥɫ1 ɩɪɨɢɫ-
ɯɨɞɢɬ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɹ, ɩɪɢɜɨɞɹɳɚɹ ɤ ɡɧɚ-
ɱɢɬɟɥɶɧɨɦɭ ɪɨɫɬɭ ɡɟɪɧɚ. 
 
ɒɟɫɬɨɣ ɭɱɚɫɬɨɤ ɜɤɥɸɱɚɟɬ ɦɟɬɚɥɥ, ɤɨɬɨɪɵɣ 
ɧɚɝɪɟɜɚɥɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 100–
500 °ɋ. ɗɬɨɬ ɭɱɚɫɬɨɤ ɜ ɩɪɨɰɟɫɫɟ ɪɟɡɤɢ ɧɟ ɩɪɟ-
ɬɟɪɩɟɜɚɟɬ ɜɢɞɢɦɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɣ. 
 
ȼɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɟ ɚɭɫɬɟɧɢɬɧɵɟ ɫɬɚɥɢ ɧɟ 
ɩɪɟɬɟɪɩɟɜɚɸɬ ɜɢɞɢɦɵɯ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟ-
ɧɢɣ ɜ ɭɫɥɨɜɢɹɯ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɧɢɯ ɩɪɢ ɪɟɡɤɟ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɡɨɧɚ ɬɟɪɦɢ-
ɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɷɬɢɯ ɫɬɚɥɟɣ ɢɦɟɟɬ ɦɟɧɟɟ 
ɫɥɨɠɧɨɟ ɫɬɪɨɟɧɢɟ, ɱɟɦ ɡɨɧɚ ɩɪɢ ɪɟɡɤɟ ɨɛɵɱ-
ɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɫɬɚɥɟɣ. Ɋɚɡɦɟɪ ɡɨɧɵ 
ɫɩɥɚɜɥɟɧɢɹ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ 
ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɜɟɥɢɤ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦɩɟ-
ɪɚɬɭɪɧɵɦ ɝɪɚɞɢɟɧɬɨɦ ɢ ɢɧɬɟɪɜɚɥɨɦ ɤɪɢɫɬɚɥ-
ɥɢɡɚɰɢɢ. ȿɫɥɢ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɞɢɟɧɬ ɦɚɥ, 
ɚ ɢɧɬɟɪɜɚɥ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɜɟ-
ɥɢɤ, ɬɨ ɲɢɪɢɧɚ ɡɨɧɵ ɫɩɥɚɜɥɟɧɢɹ ɜɨɡɪɚɫɬɚɟɬ. 
ɋɜɨɣɫɬɜɚ ɡɨɧɵ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɩɪɢ ɪɟɡɤɟ ɧɟɪɚɡɪɵɜɧɨ ɫɜɹɡɚɧɵ ɫ ɫɨɫɬɨɹɧɢɟɦ 
ɝɪɚɧɢɰ ɡёɪɟɧ ɜ ɧɟɣ. ȼ ɡɨɧɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɨɡ-
ɞɟɣɫɬɜɢɹ ɩɨɞ ɜɥɢɹɧɢɟɦ ɬɟɪɦɢɱɟɫɤɨɝɨ ɰɢɤɥɚ 
ɪɟɡɤɢ ɩɪɨɢɫɯɨɞɢɬ ɷɧɟɪɝɢɱɧɵɣ ɪɨɫɬ ɡёɪɟɧ, ɚ 
ɬɚɤɠɟ ɩɨɞɩɥɚɜɥɟɧɢɟ ɝɪɚɧɢɰ ɜ ɡɨɧɟ ɫɩɥɚɜɥɟ-
ɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɪɚɡɜɢɬɢɟ ɜ ɧɟɣ ɯɢɦɢɱɟ-
ɫɤɨɣ ɦɢɤɪɨɧɟɨɞɧɨɪɨɞɧɨɫɬɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɩɨ ɝɪɚɧɢɰɚɦ ɡёɪɟɧ ɥɨɤɚɥɢɡɭɸɬɫɹ ɪɚɡɥɢɱɧɨɝɨ 
ɪɨɞɚ ɪɚɡɪɭɲɟɧɢɹ, ɱɬɨ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɫɭɳɟ-
ɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɢɯ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣ-
ɫɬɜɚ. ȼ ɡɨɧɟ ɫɩɥɚɜɥɟɧɢɹ ɨɛɪɚɡɭɸɬɫɹ ɝɪɚɧɢɰɵ 
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ɞɜɭɯ ɬɢɩɨɜ – ɩɟɪɜɢɱɧɵɟ ɢ ɜɬɨɪɢɱɧɵɟ. ɉɟɪ-
ɜɢɱɧɵɟ ɝɪɚɧɢɰɵ ɮɨɪɦɢɪɭɸɬ ɛɨɥɟɟ ɦɟɥɤɢɟ 
ɡёɪɧɚ, ɜɬɨɪɢɱɧɵɟ (ɬɨɧɤɢɟ) ɤɪɭɩɧɵɟ ɡёɪɧɚ. 
ɉɟɪɜɢɱɧɵɟ ɢ ɜɬɨɪɢɱɧɵɟ ɝɪɚɧɢɰɵ, ɤɚɤ ɩɪɚɜɢ-
ɥɨ, ɪɚɫɩɨɥɨɠɟɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɞɪɭɝ ɤ ɞɪɭɝɭ 
ɩɪɨɢɡɜɨɥɶɧɨ. ɉɟɪɜɢɱɧɵɟ ɝɪɚɧɢɰɵ ɫɨɞɟɪɠɚɬ 
ɩɨɜɵɲɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟ-
ɦɟɧɬɨɜ Д13-16Ж, ɩɪɢɱёɦ ɭɪɨɜɟɧɶ ɯɢɦɢɱɟɫɤɨɣ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɫɨɩɨɫɬɚɜɢɦ ɫ ɞɟɧɞɪɢɬɧɨɣ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ, ɪɚɡɜɢɜɚɸɳɟɣɫɹ ɩɪɢ ɤɪɢ-
ɫɬɚɥɥɢɡɚɰɢɢ ɡɨɧɵ ɫɩɥɚɜɥɟɧɢɹ. ɗɬɨ ɞɚёɬ ɨɫ-
ɧɨɜɚɧɢɟ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɩɟɪɜɢɱɧɵɟ ɝɪɚɧɢɰɵ 
ɜɨɡɧɢɤɚɸɬ ɜɫɥɟɞɫɬɜɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɩɨɫɥɟ-
ɞɭɸɳɟɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɠɢɞɤɨɣ ɮɚɡɵ.  

 
ȼɵɜɨɞɵ 

 
ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɨɛɟɧɧɨɫɬɟɣ 
ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɡɨɧɵ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɜɥɢɹɧɢɹ, ɨɛɪɚɡɭɸɳɟɣɫɹ ɩɪɢ ɚɪɝɨɧɨ-ɩɥɚɡ-
ɦɟɧɧɨɣ, ɜɨɡɞɭɲɧɨ-ɩɥɚɡɦɟɧɧɨɣ ɢ ɤɢɫɥɨɪɨɞ-
ɧɨ-ɮɥɸɫɨɜɨɣ ɪɟɡɤɢ ɦɟɬɚɥɥɨɜ 11 ɦɚɪɨɤ ɫɬɚɥɢ, 
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɢ ɰɟɥɟ-
ɫɨɨɛɪɚɡɧɵɦ ɹɜɥɹɟɬɫɹ ɜɨɡɞɭɲɧɨ-ɩɥɚɡɦɟɧɧɚɹ 
ɪɟɡɤɚ. 
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