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Ⱦɪɭɤɭєɬɶɫɹ ɡɚ ɪɿɲɟɧɧɹɦ ȼɱɟɧɨʀ ɪɚɞɢ ȼɿɧɧɢɰɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɬɟɯɧɿɱɧɨɝɨ 
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ɍȾɈɋɄɈɇȺɅȿɇɂɃ ɉɈɌȿɇɐȱɈɆȿɌɊɂɑɇɂɃ ɆȿɌɈȾ ɄɈɇɌɊɈɅɘ 
ȺɄɌɂȼɇɈɋɌȱ ȱɈɇȱȼ ɋɄɅȺȾɈȼɂɏ ȿɅȿɆȿɇɌȱȼ ȽɍɆɍɋɍ ȼ ҐɊɍɇɌȱ 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɚɤɬɢɜɧɿɫɬɶ ɿɨɧɿɜ, ɩɨɬɟɧɰɿɨɦɟɬɪɢɱɧɢɣ ɦɟɬɨɞ, ɫɤɥɚɞɨɜɿ ɟɥɟɦɟɧɬɢ ɝɭɦɭɫɭ, 
ɪɿɜɧɹɧɧɹ ɩɟɪɟɬɜɨɪɟɧɧɹ. 

ɉɪɨɚɧɚɥɿɡɭɜɚɜɲɢ ɜɿɞɨɦɿ ɦɟɬɨɞɢ ɜɢɦɿɪɸɜɚɧɧɹ ɚɤɬɢɜɧɨɫɬɿ ɿɨɧɿɜ, ɡɚɫɨɛɢ ɤɨɧɬɪɨɥɸ ɬɚ 
ɨɫɨɛɥɢɜɨɫɬɿ ɨɛ’єɤɬɚ ɤɨɧɬɪɨɥɸ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɧɚɣɩɟɪɫɩɟɤɬɢɜɧɿɲɢɦ 
ɧɚɩɪɹɦɤɨɦ є ɪɨɡɪɨɛɤɚ ɧɨɜɨɝɨ ɦɟɬɨɞɭ ɤɨɧɬɪɨɥɸ ɚɬɢɜɧɨɫɬɿ ɿɨɧɿɜ, ɹɤɢɣ ɭɞɨɫɤɨɧɚɥɸє ɦɟɬɨɞ ɩɪɹɦɨʀ 
ɩɨɬɟɧɰɿɨɦɟɬɪɿʀ ɬɚ ɩɨɛɭɞɨɜɚ ɧɚ ɣɨɝɨ ɨɫɧɨɜɿ ɧɨɜɢɯ ɡɚɫɨɛɿɜ ɤɨɧɬɪɨɥɸ ɫɤɥɚɞɨɜɢɯ ɟɥɟɦɟɧɬɿɜ ɝɭɦɭɫɭ ɜ 
ʉɪɭɧɬɿ ɡ ɩɿɞɜɢɳɟɧɨɸ ɜɿɪɨɝɿɞɧɿɫɬɸ ɤɨɧɬɪɨɥɸ. 
  Ɂɚɝɚɥɶɧɨɩɪɢɣɧɹɬɟ ɪɿɜɧɹɧɧɹ ɩɟɪɟɬɜɨɪɟɧɧɹ, ɳɨ ɞɨɡɜɨɥɹє ɨɬɪɢɦɭɜɚɬɢ ɡɧɚɱɟɧɧɹ 
ɟɥɟɤɬɪɨɯɿɦɿɱɧɢɯ ɩɨɬɟɧɰɿɚɥɿɜ ɿ ɩɨɜ’ɹɡɭє ɪɿɡɧɢɰɸ ɩɨɬɟɧɰɿɚɥɿɜ, ɳɨ ɜɫɬɚɧɨɜɥɸєɬɶɫɹ ɩɨ ɨɛɢɞɜɿ ɫɬɨɪɨɧɢ 
ɦɟɠ ɪɨɡɞɿɥɭ, ɡ ɚɤɬɢɜɧɿɫɬɸ ɿɨɧɿɜ ɩɟɜɧɨɝɨ ɬɢɩɭ ɜ ɞɨɫɥɿɞɠɭɜɚɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ, ɦɚє ɜɢɝɥɹɞ 
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0  ,           (1) 

ɞɟ U  - ɪɿɡɧɢɰɹ ɩɨɬɟɧɰɿɚɥɿɜ ɦɿɠ ɿɨɧ-ɫɟɥɟɤɬɢɜɧɢɦ ɿ ɞɨɩɨɦɿɠɧɢɦ ɟɥɟɤɬɪɨɞɚɦɢ (ɦȼ)ν 
0U  - ɡɧɚɱɟɧɧɹ 

ɩɨɬɟɧɰɿɚɥɭ ɜ ɩɨɱɚɬɤɨɜɿɣ ɬɨɱɰɿ ɞɿɚɩɚɡɨɧɭ ɜɢɦɿɪɸɜɚɧɧɹ (ɦȼ)ν R – ɭɧɿɜɟɪɫɚɥɶɧɚ ɝɚɡɨɜɚ ɫɬɚɥɚν Ɍ – 

ɚɛɫɨɥɸɬɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚν nɿ – ɡɚɪɹɞ -ɬɨɝɨ ɿɨɧɭν F – ɩɨɫɬɿɣɧɚ Ɏɚɪɚɞɟɹν ɚɿ 

– ɚɤɬɢɜɧɿɫɬɶ -ɬɨɝɨ ɿɨɧɚ ɜ ɞɨɫɥɿɞɠɭɜɚɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ.   
ɍ ɜɢɪɚɡɿ (1) ɜɿɞɧɨɲɟɧɧɹ ɞɪɭɝɨɝɨ ɞɨɞɚɧɤɭ 
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3,2  ɧɚɡɢɜɚɸɬɶ ɤɭɬɨɜɢɦ ɤɨɟɮɿɰɿєɧɬɨɦ ɧɚɯɢɥɭ 

ɟɥɟɤɬɪɨɞɧɨʀ ɮɭɧɤɰɿʀ (ɤɪɭɬɢɡɧɨɸ S), ɜɟɥɢɱɢɧɚ ɹɤɨɝɨ ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ ɫɟɪɟɞɨɜɢɳɚ ɜ ɹɤɨɦɭ 
ɡɞɿɣɫɧɸɸɬɶ ɜɢɦɿɪɸɜɚɧɧɹ. ɍ ɦɟɬɨɞɿ ɩɪɹɦɨʀ ɩɨɬɟɧɰɿɨɦɟɬɪɿʀ ɞɥɹ ɟɥɟɤɬɪɨɞɭ ɭ ɜɢɩɚɞɤɭ ɩɨɡɢɬɢɜɧɨɝɨ 
ɨɞɧɨɜɚɥɟɧɬɧɨɝɨ ɿɨɧɭ ɤɪɭɬɢɡɧɭ S ɩɪɢɣɦɚɸɬɶ ɪɿɜɧɨɸ +η9,1θ ɦȼ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɿ βη °ɋ. Ⱥɥɟ ɩɪɢ 
ɜɢɦɿɪɸɜɚɧɧɿ ɚɤɬɢɜɧɨɫɬɿ ɿɨɧɿɜ ɬɟɦɩɟɪɚɬɭɪɚ ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɧɟ ɡɚɜɠɞɢ ɫɤɥɚɞɚє βη °ɋ.  

ȼ ɪɟɡɭɥɶɬɚɬɿ ɞɨɫɥɿɞɠɟɧɶ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɩɪɢ ɜɿɞɯɢɥɟɧɿ ɬɟɦɩɟɪɚɬɭɪɢ ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ 
ɫɟɪɟɞɨɜɢɳɚ ɯɨɱɚ ɛ ɧɚ 1 °ɋ ɜɿɞ ɫɬɚɧɞɚɪɬɧɢɯ βη °ɋ ɩɨɯɢɛɤɚ ɡɛɿɥɶɲɭєɬɶɫɹ ɞɨ 0,γη %/ C  (ɪɢɫ. 1). 

 
Ɋɢɫ. 1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɡɦɿɧɢ ɜɿɞɧɨɫɧɨʀ ɩɨɯɢɛɤɢ ɩɪɢ ɜɿɞɯɢɥɟɧɧɿ ɬɟɦɩɟɪɚɬɭɪɢ ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ 

ɫɟɪɟɞɨɜɢɳɚ ɧɚ 1 C   

 

Ⱦɥɹ ɡɦɟɧɲɟɧɧɹ ɰɿєʀ ɩɨɯɢɛɤɢ ɩɪɨɩɨɧɭєɬɶɫɹ ɭɞɨɫɤɨɧɚɥɢɬɢ ɦɟɬɨɞ ɩɪɹɦɨʀ ɩɨɬɟɧɰɿɨɦɟɬɪɿʀ 
ɲɥɹɯɨɦ ɜɜɟɞɟɧɧɹ ɭ ɪɿɜɧɹɧɧɹ ɩɟɪɟɬɜɨɪɟɧɧɹ ɳɟ ɨɞɧɿєʀ ɜɢɦɿɪɸɜɚɧɨʀ ɮɿɡɢɱɧɨʀ ɜɟɥɢɱɢɧɢ (ɬɟɦɩɟɪɚɬɭɪɢ) 
ɬɚ ɩɪɟɞɫɬɚɜɥɟɧɧɹ ɪɿɜɧɹɧɧɹ (1) ɭ ɜɢɝɥɹɞɿ 
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16,273
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
,                                                  (2) 

ɞɟ   - ɬɟɦɩɟɪɚɬɭɪɧɢɣ ɤɨɟɮɿɰɿєɧɬ, ɳɨ ɞɨɪɿɜɧɸє 198,4·10-3/ C ;  t – ɬɟɦɩɟɪɚɬɭɪɚ ɫɟɪɟɞɨɜɢɳɚ, ɳɨ ɚɧɚɥɿɡɭєɬɶɫɹ 
( C ); ii

apX lg - ɤɨɧɰɟɧɬɪɚɰɿɹ ɿɨɧɿɜ, ɳɨ ɜɢɦɿɪɸєɬɶɫɹ. 


