
ǽȞȜȤȓȟȖ, ȜȏșȎȒțȎțțȭ, ȎȐȠȜȚȎȠȖȕȎȤȳȭ, ȡȝȞȎȐșȳțțȭ�ȳ�ȓȘȜțȜȚȳȘȎ  

107 
ɏɚɪɱɨɜɚ�ɧɚɭɤɚ�ɿ�ɬɟɯɧɨɥɨɝɿɹ  ʋ 2(15)*2011 

7. ɒɬɟɩɚ, ȯ�ɉ. ɋɩɨɫɿɛ� ɚɤɬɢɜɚɰɿʀ� ɦɿɧɟɪɚɥɶɧɢɯ� ɜɨɞ. [Ɍɟɤɫɬ] / ȯ�ɉ. ɒɬɟɩɚ, Ʉ�Ⱥ. ɇɭɪɭɞɿɧɨɜɚ (Ɇɢɯɚɣɥɨɜɚ) // ɉɚɬɟɧɬ� ɍɤɪɚʀɧɢ� ʋ 40206 ɜɿɞ 
25.03.09. 
8. ȽɈɋɌ 10444.11 – 89. ɉɪɨɞɭɤɬɵ�ɩɢɳɟɜɵɟ. Ɇɟɬɨɞɵ�ɨɩɪɟɞɟɥɟɧɢɹ�ɦɨɥɨɱɧɨɤɢɫɥɵɯ�ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. 
ɍȾɄ 664.035:678:532.72 

ɋȿɊȽȯȯȼȺ�Ɉ�ȯ., ɞ�ɪ�ɮɿɡ.-ɦɚɬ. ɧɚɭɤ, ɩɪɨɮɟɫɨɪ, ɎȿȾɈɋɈȼ�ɋ�ɇ., ɞ�ɪ�ɮɿɡ.-ɦɚɬ. ɧɚɭɤ, ɩɪɨɮɟɫɨɪ 
Ɉɞɟɫɶɤɚ�ɧɚɰɿɨɧɚɥɶɧɚ�ɚɤɚɞɟɦɿɹ�ɯɚɪɱɨɜɢɯ�ɬɟɯɧɨɥɨɝɿɣ 

ȺɇȺɅȱɁ�əȼɂɓ�ȾɂɎɍɁȱȲ�ȱ�ɄɈɇȼȿɄɐȱȲ�ȼ�ɊȺɁȱ�ɊȱȾɄɈȽɈ�ɏȺɊɑɈȼɈȽɈ 
ɉɊɈȾɍɄɌɍ�ȼ�ɈȾɇɈɒȺɊɈȼȱɃ�ɉɅȺɋɌɂɄɈȼȱɃ�ɍɉȺɄɈȼɐȱ 

ɉɪɨɚɧɚɥɿɡɨɜɚɧɿ� ɹɜɢɳɚ� ɞɢɮɭɡɿʀ� ɿ� ɤɨɧɜɟɤɰɿʀ� ɞɨɦɿɲɨɤ� ɡ 
ɩɨɥɿɦɟɪɧɨʀ� ɨɞɧɨɲɚɪɨɜɨʀ� ɭɩɚɤɨɜɤɢ� ɜ� ɪɿɞɤɢɣ� ɯɚɪɱɨɜɢɣ� ɩɪɨɞɭɤɬ. ɇɚ 
ɨɫɧɨɜɿ� ɪɨɡɜ¶ɹɡɚɧɧɹ� ɪɿɜɧɹɧɧɹ� ɞɢɮɭɡɿʀ� ɞɥɹ� ɰɶɨɝɨ� ɜɢɩɚɞɤɭ� ɨɬɪɢɦɚɧɿ 
ɩɪɨɮɿɥɿ� ɤɨɧɰɟɧɬɪɚɰɿʀ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ� ɩɿɫɥɹ� ɪɿɡɧɨʀ� ɬɪɢɜɚ-
ɥɨɫɬɿ�ɤɨɧɬɚɤɬɭ�ɭɩɚɤɨɜɤɢ�ɡ�ɯɚɪɱɨɜɢɦ�ɩɪɨɞɭɤɬɨɦ. 

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ:�ɯɚɪɱɨɜɚ�ɭɩɚɤɨɜɤɚ, ɞɢɮɭɡɿɹ, ɤɨɧɜɟɤɰɿɹ. 
Diffusion and convection of impurities are analyzed from one 

layer plastic packaging into a liquid food. On the basis of solving the 
diffusion equation for this case, the concentration profiles of diffusing 
substance are obtained after different duration of contact with the food 
packaging.  

Keywords: food packaging, diffusion, convection. 

Ɇɨɠɥɢɜɿɫɬɶ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɩɨɥɿɦɟɪɧɨɝɨ� ɦɚ-
ɬɟɪɿɚɥɭ� ɜ� ɤɨɧɬɚɤɬɿ� ɡ� ɯɚɪɱɨɜɢɦɢ� ɩɪɨɞɭɤɬɚɦɢ� ɜɢɡɧɚ-
ɱɚɽɬɶɫɹ� ɜ� ɨɫɧɨɜɧɨɦɭ� ɞɜɨɦɚ� ɮɚɤɬɨɪɚɦɢ: ɬɨɤɫɢɱɧɿɫɬɸ 
ɦɿɝɪɨɜɚɧɢɯ�ɭ�ɩɪɨɞɭɤɬ�ɪɟɱɨɜɢɧ� ɬɚ� ʀɯ�ɤɨɧɰɟɧɬɪɚɰɿɽɸ�ɜ 
ɩɪɨɞɭɤɬɿ. ȼɦɿɫɬ� ɧɚɜɿɬɶ� ɛɿɨɥɨɝɿɱɧɨ� ɧɟɲɤɿɞɥɢɜɢɯ� ɪɟ-
ɱɨɜɢɧ�ɭ�ɩɪɨɞɭɤɬɚɯ�ɯɚɪɱɭɜɚɧɧɹ�ɩɨɜɢɧɟɧ�ɛɭɬɢ�ɱɿɬɤɨ�ɪɟ-
ɝɥɚɦɟɧɬɨɜɚɧɢɣ. ɏɨɱɚ�ɬɚɤɿ�ɪɟɱɨɜɢɧɢ�ɿ�ɧɟ�ɲɤɿɞɥɢɜɿ�ɞɥɹ 
ɡɞɨɪɨɜ¶ɹ, ɚɥɟ�ɩɿɞɜɢɳɟɧɢɣ�ɜɦɿɫɬ�ʀɯ�ɦɨɠɟ�ɩɪɢɡɜɟɫɬɢ�ɞɨ 
ɡɧɢɠɟɧɧɹ� ɯɚɪɱɨɜɨʀ� ɰɿɧɧɨɫɬɿ� ɩɪɨɞɭɤɬɿɜ [1]. ɉɪɨɛɥɟɦɚ 
ɧɚɹɜɧɨɫɬɿ� ɜ� ɯɚɪɱɨɜɨɦɭ� ɩɪɨɞɭɤɬɿ� ɞɨɦɿɲɨɤ� ɩɨɥɿɦɟɪɭ, ɡ 
ɹɤɨɝɨ� ɜɢɪɨɛɥɟɧɚ� ɭɩɚɤɨɜɤɚ, ɽ� ɞɭɠɟ� ɜɚɠɥɢɜɨɸ. Ɍɨɦɭ 
ɚɧɚɥɿɡ� ɹɜɢɳ� ɞɢɮɭɡɿʀ� ɿ� ɤɨɧɜɟɤɰɿʀ� ɪɟɱɨɜɢɧɢ� ɜ� ɩɥɚɫɬɢ-
ɤɨɜɿɣ�ɭɩɚɤɨɜɰɿ�ɩɪɟɞɫɬɚɜɥɹɽ�ɡɧɚɱɧɢɣ�ɿɧɬɟɪɟɫ. 

ɉɟɪɟɧɟɫɟɧɧɹ� ɪɟɱɨɜɢɧɢ, ɹɤɟ� ɜɿɞɛɭɜɚɽɬɶɫɹ� ɦɿɠ 
ɩɨɥɿɦɟɪɧɨɸ�ɭɩɚɤɨɜɤɨɸ�ɿ�ɪɿɞɤɢɦ�ɯɚɪɱɨɜɢɦ�ɩɪɨɞɭɤɬɨɦ, 
ɤɨɧɬɪɨɥɸɽɬɶɫɹ� ɚɛɨ� ɲɥɹɯɨɦ� ɤɨɧɜɟɤɰɿʀ� ɧɚ� ɝɪɚɧɢɰɿ 
ɪɿɞɢɧɚ�ɬɜɟɪɞɟ�ɬɿɥɨ, ɚɛɨ�ɲɥɹɯɨɦ�ɞɢɮɭɡɿʀ�ɱɟɪɟɡ�ɩɨɥɿɦɟɪ. 
Ʉɨɧɜɟɤɰɿɹ� ɡɚɜɞɹɤɢ� ɪɭɯɭ� ɪɿɞɢɧɢ� ɦɨɠɟ� ɛɭɬɢ� ɪɟɡɭɥɶɬɚ-
ɬɨɦ�ɜɿɞɦɿɧɧɨɫɬɟɣ�ɜ�ɝɭɫɬɢɧɿ�ɚɛɨ�ɤɨɧɰɟɧɬɪɚɰɿʀ, ɹɤ�ɭ�ɪɚɡɿ 
ɩɪɢɪɨɞɧɨʀ� ɤɨɧɜɟɤɰɿʀ, ɚɛɨ�ɰɟɣ�ɪɭɯ�ɦɨɠɟ�ɛɭɬɢ� ɿɧɿɰɿɣɨ-
ɜɚɧɢɣ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɦɟɯɚɧɿɱɧɢɯ� ɡɚɫɨɛɿɜ,  ɹɤ� ɭ� ɪɚɡɿ 
ɩɪɢɦɭɫɨɜɨʀ�ɤɨɧɜɟɤɰɿʀ.  

Ɇɚɬɟɦɚɬɢɱɧɚ� ɬɟɨɪɿɹ� ɞɢɮɭɡɿʀ� ɜ� ɿɡɨɬɪɨɩɧɢɯ� ɦɚ-
ɬɟɪɿɚɥɚɯ� ɡɚɫɧɨɜɚɧɚ�ɧɚ�ɩɪɢɩɭɳɟɧɧɿ, ɳɨ�ɲɜɢɞɤɿɫɬɶ� ɩɟ-
ɪɟɧɟɫɟɧɧɹ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ� ɱɟɪɟɡ� ɨɞɢɧɢɰɸ 
ɩɥɨɳɿ�ɩɟɪɟɪɿɡɭ�ɦɚɬɟɪɿɚɥɭ�ɩɪɨɩɨɪɰɿɣɧɚ�ɝɪɚɞɿɽɧɬɭ�ɤɨɧ-
ɰɟɧɬɪɚɰɿʀ, ɹɤ�ɩɨɤɚɡɚɧɨ�ɜ�ɪɿɜɧɹɧɧɿ   

x
C

DF
¶
¶

-= ,                                                  (1.1) 

ɞɟ F – ɲɜɢɞɤɿɫɬɶ� ɩɟɪɟɧɟɫɟɧɧɹ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟ-
ɱɨɜɢɧɢ�ɱɟɪɟɡ�ɨɞɢɧɢɰɸ�ɩɥɨɳɿ�ɩɟɪɟɪɿɡɭ,  

ɋ – ɤɨɧɰɟɧɬɪɚɰɿɹ�ɞɢɮɭɧɞɭɸɱɨʀ�ɪɟɱɨɜɢɧɢ,  
ɯ – ɤɨɨɪɞɢɧɚɬɚ, ɧɨɪɦɚɥɶɧɚ� ɞɨ� ɩɟɪɟɪɿɡɭ, ɭɡɞɨɜɠ 

ɹɤɨʀ�ɜɿɞɛɭɜɚɽɬɶɫɹ�ɞɢɮɭɡɿɹ,  
D – ɤɨɟɮɿɰɿɽɧɬ�ɞɢɮɭɡɿʀ.  
ɇɚ� ɝɪɚɧɢɰɿ� ɭɩɚɤɨɜɤɚ�ɪɿɞɤɚ� ɯɚɪɱɨɜɚ� ɪɟɱɨɜɢɧɚ 

�ɧɚɩɪɢɤɥɚɞ,  ɜɨɞɚ� ɚɛɨ� ɦɨɥɨɤɨ)  ɲɜɢɞɤɿɫɬɶ,  ɡ� ɹɤɨɸ� ɪɟ-
ɱɨɜɢɧɚ� ɭɩɚɤɨɜɤɢ (ɧɚɩɪɢɤɥɚɞ, ɞɨɦɿɲɤɚ� ɞɨ� ɩɨɥɿɦɟɪɭ) 
ɩɟɪɟɯɨɞɢɬɶ� ɭ� ɪɿɞɢɧɭ� ɞɨɪɿɜɧɸɽ�ɲɜɢɞɤɨɫɬɿ, ɡ� ɹɤɨɸ� ɰɹ 
ɞɨɦɿɲɤɚ� ɩɪɢɯɨɞɢɬɶ� ɞɨ� ɩɨɜɟɪɯɧɿ� ɡɚɜɞɹɤɢ� ɜɧɭɬɪɿɲɧɿɣ 
ɞɢɮɭɡɿʀ�ɱɟɪɟɡ�ɩɨɥɿɦɟɪɧɭ�ɭɩɚɤɨɜɤɭ, ɳɨ�ɩɪɢɡɜɨɞɢɬɶ�ɞɨ 
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ:  
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- ,                        (1.3) 

ɞɟ h – ɤɨɟɮɿɰɿɽɧɬ�ɩɟɪɟɞɚɱɿ�ɡɚ�ɪɚɯɭɧɨɤ�ɤɨɧɜɟɤɰɿʀ�ɜ 
ɪɿɞɢɧɿ�ɩɨɪɹɞ�ɡ�ɩɨɜɟɪɯɧɟɸ,  

CL,t – ɤɨɧɰɟɧɬɪɚɰɿɹ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ� ɧɚ 
ɩɨɜɟɪɯɧɿ�ɬɜɟɪɞɨɝɨ�ɬɿɥɚ,   

Ceq – ɤɨɧɰɟɧɬɪɚɰɿɹ�ɞɢɮɭɧɞɭɸɱɨʀ�ɪɟɱɨɜɢɧɢ�ɧɚ�ɰɿɣ 
ɩɨɜɟɪɯɧɿ, ɹɤɚ� ɧɟɨɛɯɿɞɧɚ� ɞɥɹ� ɩɿɞɬɪɢɦɤɢ� ɪɿɜɧɨɜɚɝɢ� ɡ 
ɤɨɧɰɟɧɬɪɚɰɿɽɸ�ɰɿɽʀ�ɠ�ɪɟɱɨɜɢɧɢ�ɜ�ɪɿɞɢɧɿ, ɜ�ɦɨɦɟɧɬ�ɱɚ-
ɫɭ t.  

Ɉɫɤɿɥɶɤɢ� ɩɟɪɟɞɚɱɚ� ɲɥɹɯɨɦ� ɤɨɧɜɟɤɰɿʀ� ɜ� ɪɿɞɢɧɿ 
ɩɪɨɯɨɞɢɬɶ�ɧɚɛɚɝɚɬɨ�ɲɜɢɞɲɟ, ɧɿɠ�ɩɟɪɟɞɚɱɚ�ɡɚ�ɪɚɯɭɧɨɤ 
ɞɢɮɭɡɿʀ� ɱɟɪɟɡ� ɬɜɟɪɞɢɣ� ɩɨɥɿɦɟɪ, ɬɨ� ɤɨɧɰɟɧɬɪɚɰɿɸ 
ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ� ɜ� ɪɿɞɢɧɿ� ɦɨɠɧɚ� ɜɜɚɠɚɬɢ 
ɩɨɫɬɿɣɧɨɸ�ɿ�ɪɿɜɧɨɦɿɪɧɨɸ.  

Ʉɨɟɮɿɰɿɽɧɬ� ɤɨɧɜɟɤɰɿʀ� ɞɨɫɢɬɶ� ɧɢɡɶɤɢɣ� ɜ� ɧɟɪɭ-
ɯɨɦɿɣ� ɪɿɞɢɧɿ, ɚɥɟ� ɜɿɧ� ɡɛɿɥɶɲɭɽɬɶɫɹ� ɿɡ� ɡɪɨɫɬɚɧɧɹɦ 
ɲɜɢɞɤɨɫɬɿ� ɩɟɪɟɦɿɲɭɜɚɧɧɹ� ɪɿɞɢɧɢ� ɞɨ� ɞɭɠɟ� ɜɟɥɢɤɢɯ 
ɡɧɚɱɟɧɶ. Ʉɨɥɢ�ɤɨɟɮɿɰɿɽɧɬ�ɤɨɧɜɟɤɰɿʀ h ɽ�ɧɟɫɤɿɧɱɟɧɧɨɸ 
ɜɟɥɢɱɢɧɨɸ, ɬɨ� ɤɨɧɰɟɧɬɪɚɰɿɹ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ 
ɧɚ�ɩɨɜɟɪɯɧɿ�ɬɜɟɪɞɨɝɨ�ɬɿɥɚ�ɦɢɬɬɽɜɨ�ɞɨɫɹɝɚɽ�ɜɿɞɩɨɜɿɞɧɨ-
ɝɨ� ɡɧɚɱɟɧɧɹ� ɜ� ɪɿɜɧɨɜɚɡɿ� ɡ� ɤɨɧɰɟɧɬɪɚɰɿɽɸ� ɜ� ɪɿɞɢɧɿ, ɹɤ 
ɬɿɥɶɤɢ� ɩɨɱɧɟɬɶɫɹ� ɩɪɨɰɟɫ. ɐɟɣ� ɮɚɤɬ� ɜɢɪɚɠɚɽɬɶɫɹ 
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ:  

¥®== heqCLCt ,0,,0 .          (1.4) 
Ɂɧɚɱɟɧɧɹ� ɩɨɬɨɤɭ� ɞɭɠɟ� ɜɢɫɨɤɟ, ɳɨ� ɩɨɹɫɧɸɽ� ɧɚ-

ɹɜɧɿɫɬɶ� ɜɟɪɬɢɤɚɥɶɧɨʀ� ɞɨɬɢɱɧɨʀ� ɧɚ� ɩɨɱɚɬɤɭ� ɤɿɧɟɬɢɤɢ 
ɩɟɪɟɧɨɫɭ�ɞɢɮɭɧɞɭɸɱɨʀ�ɪɟɱɨɜɢɧɢ  

¥®= 0,,0 LFt .            (1.5) 
ȼɿɞɛɭɜɚɽɬɶɫɹ� ɬɚɤɨɠ� ɩɪɨɰɟɫ� ɩɨɝɥɢɧɚɧɧɹ� ɚɛɨ� ɜɢ-

ɯɨɞɭ. Ɋɿɜɧɹɧɧɹ (1.3) ɜɿɞɩɨɜɿɞɚɽ� ɹɤ� ɜɢɯɨɞɭ� ɞɨɛɚɜɤɢ� ɡ 
ɩɨɥɿɦɟɪɭ� ɜ� ɪɿɞɢɧɭ, ɬɚɤ� ɿ� ɩɨɝɥɢɧɚɧɧɸ� ɪɿɞɢɧɢ� ɩɨɥɿɦɟ-
ɪɨɦ. ȼɿɞɧɨɫɧɿ� ɡɧɚɱɟɧɧɹ� ɞɜɨɯ� ɤɨɧɰɟɧɬɪɚɰɿɣ� ɜɬɪɭɱɚ-
ɸɬɶɫɹ� ɜ� ɩɪɨɰɟɫ� ɜɿɞɩɨɜɿɞɧɨ� ɞɨ� ɧɚɫɬɭɩɧɢɯ� ɫɩɿɜɜɿɞɧɨ-
ɲɟɧɶ:  

eqCtLC >,  – ɜɢɯɿɞ�ɞɨɛɚɜɨɤ�ɜ�ɪɿɞɢɧɭ.  (1.6') 

eqCtLC <,  – ɩɨɝɥɢɧɚɧɧɹ�ɪɿɞɢɧɢ�ɩɨɥɿɦɟɪɨɦ. (1.6") 
Ɍɪɟɛɚ�ɫɤɚɡɚɬɢ, ɳɨ�ɩɪɢɩɭɳɟɧɧɹ� ɩɪɨ�ɧɟɫɤɿɧɱɟɧɧɟ 

ɡɧɚɱɟɧɧɹ� ɤɨɟɮɿɰɿɽɧɬɚ� ɤɨɧɜɟɤɰɿʀ� ɡɚɧɚɞɬɨ� ɱɚɫɬɨ 
ɡɭɫɬɪɿɱɚɽɬɶɫɹ� ɜ� ɧɚɭɤɨɜɢɯ� ɩɪɚɰɹɯ� ɛɟɡ� ɛɭɞɶ�ɹɤɢɯ 
ɜɿɞɩɨɜɿɞɧɢɯ�ɞɨɤɚɡɿɜ.  

Ɂ� ɪɿɡɧɢɯ� ɩɪɢɱɢɧ, ɩɨ� ɫɭɬɿ� ɯɿɦɿɱɧɢɯ, ɭ� ɡɜ
ɹɡɤɭ� ɡ 
ɬɢɦ, ɳɨ�ɪɨɡɱɢɧɧɿɫɬɶ�ɞɨɛɚɜɨɤ�ɡɧɚɱɧɨ�ɛɿɥɶɲɚ�ɜ�ɨɞɧɨɦɭ 
ɡ�ɞɜɨɯ�ɫɟɪɟɞɨɜɢɳ «ɩɨɥɿɦɟɪ�ɪɿɞɢɧɚ», ɤɨɧɰɟɧɬɪɚɰɿʀ�ɞɨ-
ɛɚɜɤɢ�ɧɟ�ɨɞɧɚɤɨɜɿ�ɜ�ɩɨɥɿɦɟɪɿ�ɿ�ɪɿɞɢɧɿ�ɜ�ɫɬɚɧɿ�ɪɿɜɧɨɜɚ-
ɝɢ. ɐɟɣ�ɮɚɤɬ�ɦɨɠɧɚ�ɡɚɩɢɫɚɬɢ�ɭ�ɜɢɝɥɹɞɿ�ɫɩɿɜɜɿɞɧɨɲɟɧ-
ɧɹ�ɤɨɧɰɟɧɬɪɚɰɿɣ:  

¥

¥=
,
,

pC
LC

K ,                                  (1.7) 



ǽȞȜȤȓȟȖ, ȜȏșȎȒțȎțțȭ, ȎȐȠȜȚȎȠȖȕȎȤȳȭ, ȡȝȞȎȐșȳțțȭ�ȳ�ȓȘȜțȜȚȳȘȎ  
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ɞɟ K– ɤɨɟɮɿɰɿɽɧɬ�ɪɨɡɩɨɞɿɥɭ,  
CL,� – ɤɨɧɰɟɧɬɪɚɰɿɹ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ� ɧɚ 

ɩɨɜɟɪɯɧɿ� ɩɨɥɿɦɟɪɭ� ɜ� ɪɿɜɧɨɜɚɡɿ, ɹɤɚ� ɞɨɫɹɝɚɽɬɶɫɹ� ɩɿɫɥɹ 
ɧɟɫɤɿɧɱɟɧɧɨɝɨ�ɱɚɫɭ,  

Cp,� – ɤɨɧɰɟɧɬɪɚɰɿɹ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ� ɜ 
ɪɿɞɢɧɿ�ɭ�ɪɿɜɧɨɜɚɡɿ. 

Ɂɚɭɜɚɠɢɦɨ,  ɳɨ�ɜ�ɰɿɥɨɦɭ,  ɿ�ɧɚ�ɳɚɫɬɹ�ɞɥɹ� ɫɩɨɠɢ-
ɜɚɱɿɜ, ɤɨɧɰɟɧɬɪɚɰɿɹ�ɞɨɛɚɜɨɤ�ɜ�ɩɨɥɿɦɟɪɚɯ, ɹɤɿ�ɜɢɤɨɪɢɫ-
ɬɨɜɭɸɬɶɫɹ� ɜ� ɹɤɨɫɬɿ� ɭɩɚɤɨɜɤɢ,  ɞɭɠɟ�ɧɢɡɶɤɚ,  ɬɚɤ�ɳɨ� ʀɯ 
ɤɨɧɰɟɧɬɪɚɰɿɹ�ɜ�ɪɿɞɢɧɿ�ɧɟ�ɩɟɪɟɜɢɳɭɽ� ʀɯ�ɪɨɡɱɢɧɧɨɫɬɿ�ɜ 
ɯɚɪɱɨɜɿɣ�ɪɿɞɢɧɿ [2]. Ɍɚɤɟ�ɠ�ɫɚɦɟ�ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ, ɤɨɥɢ 
ɭɩɚɤɨɜɤɚ�ɫɤɥɚɞɚɽɬɶɫɹ�ɡ�ɞɜɨɯ�ɲɚɪɿɜ,  ɡ�ɹɤɢɯ�ɨɞɢɧ�ɡɪɨɛ-
ɥɟɧɢɣ�ɡ�ɩɟɪɟɪɨɛɥɟɧɨɝɨ�ɩɨɥɿɦɟɪɭ, ɚ�ɞɪɭɝɢɣ – ɡ�ɩɟɪɜɢɧ-
ɧɨɝɨ�ɩɨɥɿɦɟɪɭ.  Ɉɱɟɜɢɞɧɨ,  ɳɨ�ɤɨɟɮɿɰɿɽɧɬ�ɪɨɡɩɨɞɿɥɭ�Ʉ 
ɞɨɪɿɜɧɸɽ 1,  ɤɨɥɢ�ɰɿ�ɞɜɚ�ɲɚɪɢ�ɡɧɚɯɨɞɹɬɶɫɹ�ɜ�ɩɨɜɧɨɦɭ 
ɤɨɧɬɚɤɬɿ�ɜ�ɭɩɚɤɨɜɰɿ�ɿ�ɡɪɨɛɥɟɧɿ�ɡ�ɬɨɝɨ�ɠ�ɫɚɦɨɝɨ�ɩɨɥɿɦɟ-
ɪɭ. 

Ɋɨɡɝɥɹɧɟɦɨ� ɹɜɢɳɟ�ɞɢɮɭɡɿʀ� ɛɿɥɶɲ�ɞɨɤɥɚɞɧɨ. Ⱦɥɹ 
ɰɶɨɝɨ� ɪɨɡɝɥɹɧɟɦɨ� ɟɥɟɦɟɧɬ� ɨɛ
ɽɦɭ� ɭ� ɜɢɝɥɹɞɿ� ɬɨɧɤɨɝɨ 
ɲɚɪɭ� ɬɨɜɳɢɧɨɸ� �ɯ, ɫɬɨɪɨɧɢ� ɹɤɨɝɨ� ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɿ 
ɞɨ�ɧɚɩɪɹɦɤɭ�ɞɢɮɭɡɿʀ (ɪɢɫ. 1). 

ɒɜɢɞɤɿɫɬɶ� ɡɪɨɫɬɚɧɧɹ (ɚɛɨ� ɡɧɢɠɟɧɧɹ) ɤɿɥɶɤɨɫɬɿ 
ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ� ɜ� ɟɥɟɦɟɧɬɿ� ɨɛ
ɽɦɭ S�ɯ� ɪɨɡɪɚ-
ɯɨɜɭɽɬɶɫɹ�ɲɥɹɯɨɦ�ɪɨɡɝɥɹɞɭ�ɲɜɢɞɤɨɫɬɿ�ɩɟɪɟɞɚɱɿ�ɪɟɱɨ-
ɜɢɧɢ, ɳɨ�ɧɚɞɯɨɞɢɬɶ�ɱɟɪɟɡ�ɩɥɨɳɭ S ɡ�ɤɨɨɪɞɢɧɚɬɨɸ�ɯ�ɿ 
ɡɚɥɢɲɚɽ�ɰɸ�ɨɛɥɚɫɬɶ�ɜ�ɩɥɨɳɢɧɿ�ɯ +  �ɯ�ɡɚ�ɱɚɫ��t,  ɩɪɢ-
ɱɨɦɭ�ɿɧɤɪɟɦɟɧɬɢ�ɱɚɫɭ��t ɿ�ɤɨɨɪɞɢɧɚɬɢ��ɯ�ɽ�ɧɟɫɤɿɧɱɟɧ-
ɧɨ�ɦɚɥɢɦɢ:  

dx
x
F

SdxxFxFS
¶
¶

-=+- )( .                         (1.8) 

ɒɜɢɞɤɿɫɬɶ, ɡ�ɹɤɨɸ�ɤɿɥɶɤɿɫɬɶ�ɞɢɮɭɧɞɭɸɱɨʀ�ɪɟɱɨ-
ɜɢɧɢ�ɡɛɿɥɶɲɭɽɬɶɫɹ�ɬɚɤɨɠ�ɜɢɡɧɚɱɚɽɬɶɫɹ�ɡɚ�ɜɢɪɚɡɨɦ  

dx
t

CS
¶

¶ .                                                  (1.9) 

ɉɪɢɪɿɜɧɹɽɦɨ� ɜɢɪɚɡɢ� ɞɥɹ�ɲɜɢɞɤɨɫɬɿ (1.8) ɿ (1.9), 
ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ�ɡɧɚɱɟɧɧɹ�ɩɨɬɨɤɭ F ɡ�ɪɿɜɧɹɧɧɹ (1.1)  
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¶
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C .                                     (1.10) 

əɤɳɨ� ɤɨɟɮɿɰɿɽɧɬ� ɞɢɮɭɡɿʀ D  ɽ� ɫɬɚɥɢɦ� ɿ� ɧɟ� ɡɚɥɟ-
ɠɢɬɶ� ɜɿɞ� ɤɨɧɰɟɧɬɪɚɰɿʀ, ɬɨ� ɰɟ� ɪɿɜɧɹɧɧɹ� ɡɜɨɞɢɬɶɫɹ� ɞɨ 
ɧɚɫɬɭɩɧɨɝɨ:  

2
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x
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¶
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¶
¶ .                                             (1.11) 

ɇɚɪɟɲɬɿ, ɪɿɜɧɹɧɧɹ (1.1), ɹɤɟ� ɜɢɪɚɠɚɽ� ɩɨɬɿɤ 
ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ, ɿ� ɪɿɜɧɹɧɧɹ (1.10) ɚɛɨ (1.11), 
ɹɤɿ�ɜɢɪɚɠɚɸɬɶ�ɡɦɿɧɭ�ɤɨɧɰɟɧɬɪɚɰɿʀ�ɭ�ɱɚɫɿ�ɿ�ɩɪɨɫɬɨɪɿ,  ɽ 
ɨɫɧɨɜɧɢɦɢ�ɪɿɜɧɹɧɧɹɦɢ�ɞɢɮɭɡɿʀ�ɱɟɪɟɡ�ɲɚɪ�ɿɡɨɬɪɨɩɧɨɝɨ 
ɦɚɬɟɪɿɚɥɭ. Ɋɿɜɧɹɧɧɹ (1.10) ɿ (1.11) ɽ�ɪɿɜɧɹɧɧɹɦɢ�ɜ�ɱɚɫ-
ɬɤɨɜɢɯ� ɩɨɯɿɞɧɢɯ, ɬɨɦɭ� ɳɨ� ɤɨɧɰɟɧɬɪɚɰɿɹ ɋ� ɡɚɥɟɠɢɬɶ 
ɜɿɞ�ɞɜɨɯ�ɩɚɪɚɦɟɬɪɿɜ – ɱɚɫɭ�ɿ�ɤɨɨɪɞɢɧɚɬɢ. 

Ɂɧɚɯɨɞɢɦɨ� ɪɿɲɟɧɧɹ� ɞɢɮɟɪɟɧɰɿɚɥɶɧɨɝɨ� ɪɿɜɧɹɧɧɹ 
ɞɢɮɭɡɿʀ�ɜɜɨɞɹɱɢ�ɜ (1.11) 

tCxCtxC ×=, ,                                            (1.12) 
ɞɟ Cx�ɿ Ct�ɽ�ɮɭɧɤɰɿɹɦɢ�ɬɿɥɶɤɢ�ɤɨɨɪɞɢɧɚɬɢ x�ɿ�ɱɚɫɭ 

t. ȼɿɞɩɨɜɿɞɧɨ, ɡɚɝɚɥɶɧɟ�ɪɿɜɧɹɧɧɹ� ɞɢɮɭɡɿʀ (1.11)  ɩɿɫɥɹ 
ɪɨɡɩɨɞɿɥɭ�ɡɦɿɧɧɢɯ�ɩɪɢɣɦɚɽ�ɜɢɝɥɹɞ 
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¶
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,                                (1.13) 

ɞɟ�ɥɿɜɚ�ɱɚɫɬɢɧɚ�ɡɚɥɟɠɢɬɶ�ɬɿɥɶɤɢ�ɜɿɞ�ɱɚɫɭ t, ɚ�ɩɪɚ-
ɜɚ�ɱɚɫɬɢɧɚ – ɬɿɥɶɤɢ�ɜɿɞ�ɤɨɨɪɞɢɧɚɬɢ ɯ. Ɉɛɢɞɜɿ�ɱɚɫɬɢɧɢ 
ɞɨɪɿɜɧɸɸɬɶ� ɨɞɧɚɤɨɜɿɣ�ɧɟɝɚɬɢɜɧɿɣ�ɤɨɧɫɬɚɧɬɿ, ɹɤɭ�ɡɪɭ-
ɱɧɨ�ɡɚɩɢɫɚɬɢ�ɹɤ -Ȝ2D 

Ɍɚɤɢɦ�ɱɢɧɨɦ, ɨɬɪɢɦɭɽɦɨ�ɞɜɚ�ɡɜɢɱɚɣɧɿ�ɞɢɮɟɪɟɧ-
ɰɿɚɥɶɧɿ�ɪɿɜɧɹɧɧɹ: 

D
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tC
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l-= .                                    (1.14) 
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l-= .                                   (1.15) 

Ɋɿɲɟɧɧɹ� ɰɢɯ� ɞɜɨɯ� ɪɿɜɧɹɧɶ� ɽ� ɚɛɨ� ɨɱɟɜɢɞɧɢɦɢ 
(1.14) 

)2exp( DtconsttC l-×= ,                                  (1.16) 
ɚɛɨ�ɜɿɞɨɦɢɦɢ (1.15) 

xBxAxC ll cossin ×+×= .                          (1.17) 
ɇɚɪɟɲɬɿ, ɱɚɫɬɤɨɜɟ�ɪɿɲɟɧɧɹ�ɪɿɜɧɹɧɧɹ�ɞɢɮɭɡɿʀ�ɞɥɹ 

ɲɚɪɭ�ɡ�ɩɨɫɬɿɣɧɢɦ�ɤɨɟɮɿɰɿɽɧɬɨɦ�ɞɢɮɭɡɿʀ D�ɦɚɽ�ɜɢɝɥɹɞ: 
)2exp(]cossin[, DtxBxAtCxCtxC lll -××+×=×= ,(1.18) 

ɞɟ�ɩɨɫɬɿɣɧɿ Ⱥ�ɿ ȼ�ɩɨɜɢɧɧɿ�ɛɭɬɢ�ɡɧɚɣɞɟɧɿ�ɞɥɹ�ɤɨɠ-
ɧɨʀ�ɤɨɧɤɪɟɬɧɨʀ� ɡɚɞɚɱɿ. Ɋɿɜɧɹɧɧɹ (1.18) ɽ�ɥɿɧɿɣɧɢɦ. Ɂɚ-
ɝɚɥɶɧɟ� ɪɿɲɟɧɧɹ� ɨɬɪɢɦɭɽɦɨ� ɲɥɹɯɨɦ� ɩɿɞɫɭɦɨɜɭɜɚɧɧɹ 
ɫɟɪɿʀ�ɱɚɫɬɤɨɜɢɯ�ɪɿɲɟɧɶ�ɡɨɤɪɟɦɚ, ɧɚɫɬɭɩɧɢɦ�ɱɢɧɨɦ: 
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nxnnBxnnAtxC å
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-×+= lll ,  (1.19) 

ɞɟ�ɤɨɧɫɬɚɧɬɢ, ȼn� ɿ Ⱥn� ɽ� ɧɟɜɿɞɨɦɢɦɢ, ɹɤɿ� ɩɨɜɢɧɧɿ 
ɛɭɬɢ� ɜɢɡɧɚɱɟɧɿ� ɞɥɹ� ɤɨɠɧɨʀ� ɤɨɧɤɪɟɬɧɨʀ� ɡɚɞɚɱɿ, ɜɪɚɯɨ-
ɜɭɸɱɢ�ɝɪɚɧɢɱɧɿ�ɬɚ�ɩɨɱɚɬɤɨɜɿ�ɭɦɨɜɢ�ɡɚɞɚɱɿ.  

Ɋɨɡɝɥɹɧɟɦɨ�ɪɿɲɟɧɧɹ�ɪɿɜɧɹɧɧɹ�ɞɢɮɭɡɿʀ�ɞɥɹ�ɜɢɩɚɞ-
ɤɭ, ɤɨɥɢ�ɩɨɥɿɦɟɪ�ɬɨɜɳɢɧɨɸ 2L�ɡɚɧɭɪɟɧɢɣ�ɜ�ɪɿɞɢɧɭ�ɧɟ-
ɫɤɿɧɱɟɧɧɨɝɨ� ɨɛ¶ɽɦɭ�ɡ�ɧɟɫɤɿɧɱɟɧɧɢɦ�ɡɧɚɱɟɧɧɹɦ�ɤɨɟɮɿ-
ɰɿɽɧɬɚ�ɤɨɧɜɟɤɰɿʀ. 

ɉɨɥɿɦɟɪ�ɜ�ɨɛɥɚɫɬɿ -L <ɯ <+ L�ɫɩɨɱɚɬɤɭ�ɦɚɽ�ɪɿɜ-
ɧɨɦɿɪɧɭ� ɩɨɱɚɬɤɨɜɭ� ɤɨɧɰɟɧɬɪɚɰɿɸ Cin, ɚ� ɧɚ� ɩɨɜɟɪɯɧɿ 
ɩɿɞɬɪɢɦɭɽɬɶɫɹ� ɩɨɫɬɿɣɧɚ� ɤɨɧɰɟɧɬɪɚɰɿɹ C�.  ɐɟɣ� ɮɚɤɬ 
ɜɿɞɩɨɜɿɞɚɽ�ɭɦɨɜɿ, ɤɨɥɢ�ɪɿɞɢɧɭ�ɫɢɥɶɧɨ�ɩɟɪɟɦɿɲɭɸɬɶ. 

ɉɨɱɚɬɤɨɜɿ�ɿ�ɝɪɚɧɢɱɧɿ�ɭɦɨɜɢ�ɞɥɹ�ɜɢɩɚɞɤɭ, ɩɨɤɚɡɚ-
ɧɨɝɨ�ɧɚ�ɪɢɫ. 2, ɬɚɤɿ: 

inCCLxLt =+<<-= ,,0 .                  (1.20) 

¥=±=> CCLxt ,,0 .                     (1.21) 
Ɉɫɤɿɥɶɤɢ� ɫɟɪɟɞɢɧɚ� ɩɨɥɿɦɟɪɭ� ɩɪɢ ɯ=0 ɽ� ɩɥɨɳɢ-

ɧɨɸ� ɫɢɦɟɬɪɿʀ, ɬɨ� ɜ� ɛɭɞɶ�ɹɤɢɣ� ɱɚɫ� ɜɢɤɨɧɭɽɬɶɫɹ� ɬɚɤɚ 
ɭɦɨɜɚ: 
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t .                                 (1.22) 

Ɋɿɲɟɧɧɹɦ�ɰɿɽʀ� ɡɚɞɚɱɿ� ɽ� ɡɚɝɚɥɶɧɟ�ɪɿɜɧɹɧɧɹ (1.23), 
ɹɤɟ� ɨɬɪɢɦɚɧɟ� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɦɟɬɨɞɭ� ɜɿɞɨɤɪɟɦɥɟɧɧɹ 
ɡɦɿɧɧɢɯ, ɞɟ� ɤɨɧɫɬɚɧɬɢ� ɩɨɜɢɧɧɿ� ɛɭɬɢ� ɜɢɡɧɚɱɟɧɿ. ȼɨɧɨ 
ɦɚɽ�ɜɢɝɥɹɞ 

 

 

Ɋɢɫ. 1. ɋɯɟɦɚ�ɩɟɪɟɧɨɫɭ�ɞɢɮɭɧɞɭɸɱɨʀ�ɪɟɱɨɜɢɧɢ�ɤɪɿɡɶ 
ɲɚɪ�ɬɨɜɳɢɧɨɸ dx�ɜ�ɬɨɣ�ɱɚɫ, ɤɨɥɢ�ɤɨɧɰɟɧɬɪɚɰɿɹ ɋx,t�ɽ 
ɮɭɧɤɰɿɽɸ�ɤɨɨɪɞɢɧɚɬɢ ɯ�ɿ�ɱɚɫɭ t, a Fx – ɰɟ�ɩɨɬɿɤ�ɪɟɱɨɜɢ-

ɧɢ  
ɜ�ɤɨɨɪɞɢɧɚɬɿ ɯ�ɜ�ɦɨɦɟɧɬ�ɱɚɫɭ t 
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ɍɦɨɜɚ� ɜ� ɫɟɪɟɞɧɿɣ� ɩɥɨɳɢɧɿ� ɡɚɩɢɫɭɽɬɶɫɹ� ɬɚɤɢɦ 
ɱɢɧɨɦ: 

0, =
¶

¶

x
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.                                               (1.24') 

ɿ�ɜɢɦɚɝɚɽ, ɳɨɛ�ɱɥɟɧɢ�ɜ�ɤɨɫɢɧɭɫɚɯ�ɭ�ɨɬɪɢɦɚɧɨɦɭ 
ɪɿɜɧɹɧɧɹ (1.23) ɞɨɪɿɜɧɸɜɚɥɢ�ɧɭɥɸ, ɳɨ�ɩɪɢɡɜɨɞɢɬɶ�ɞɨ 

0=nA .                                                   (1.25) 
Ƚɪɚɧɢɱɧɚ�ɭɦɨɜɚ (1.22), ɧɚɩɪɢɤɥɚɞ ɯ=L�ɿ CL,t - C� 

= 0, t> 0, ɜɢɤɨɧɭɽɬɶɫɹ, ɤɨɥɢ 
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ɇɚɪɟɲɬɿ, ɩɪɨɮɿɥɶ�ɤɨɧɰɟɧɬɪɚɰɿʀ�ɞɢɮɭɧɞɭɸɱɨʀ�ɪɟ-
ɱɨɜɢɧ�ɜ�ɩɨɥɿɦɟɪɿ�ɬɨɜɳɢɧɨɸ 2L, ɤɨɥɢ -L <ɯ <+L, ɦɨɠɟ 
ɛɭɬɢ�ɜɢɪɚɠɟɧɢɣ�ɜ�ɬɟɪɦɿɧɚɯ�ɤɨɨɪɞɢɧɚɬɢ ɯ� ɿ�ɱɚɫɭ t�ɧɚ-
ɫɬɭɩɧɢɦ�ɪɹɞɨɦ: 
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Ʉɿɥɶɤɿɫɬɶ�ɞɢɮɭɧɞɭɸɱɨʀ�ɪɟɱɨɜɢɧɢ, ɹɤɚ�ɩɟɪɟɞɚɽɬɶ-
ɫɹ�ɜ�ɩɨɥɿɦɟɪ�ɚɛɨ�ɜɢɯɨɞɢɬɶ�ɿɡ�ɩɨɥɿɦɟɪɭ�ɜ�ɦɨɦɟɧɬ�ɱɚɫɭ t 
ɨɬɪɢɦɭɽɬɶɫɹ� ɲɥɹɯɨɦ� ɿɧɬɟɝɪɭɜɚɧɧɹ� ɩɨɬɨɤɭ� ɪɟɱɨɜɢɧɢ 
ɱɟɪɟɡ�ɩɨɜɟɪɯɧɸ�ɩɨ�ɱɚɫɭ: 
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Ɉɫɤɿɥɶɤɢ�ɝɪɚɞɿɽɧɬ�ɤɨɧɰɟɧɬɪɚɰɿʀ�ɫɬɚɽ�ɪɿɜɧɢɦ 
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ɧɚɪɟɲɬɿ, ɤɿɥɶɤɿɫɬɶ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ, ɹɤɚ 
ɩɟɪɟɞɚɽɬɶɫɹ�ɜ�ɦɨɦɟɧɬ t, ɜɢɡɧɚɱɚɽɬɶɫɹ�ɡɚ�ɮɨɪɦɭɥɨɸ 
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Ɉɫɤɿɥɶɤɢ� ɤɿɥɶɤɿɫɬɶ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ, ɹɤɚ 
ɡɚɥɢɲɢɥɚ�ɩɨɥɿɦɟɪ�ɚɛɨ�ɭɜɿɣɲɥɚ�ɞɨ�ɩɨɥɿɦɟɪɭ�ɩɿɫɥɹ�ɧɟ-
ɫɤɿɧɱɟɧɧɨɝɨ�ɱɚɫɭ�ɜɢɡɧɚɱɚɽɬɶɫɹ�ɡɚ�ɮɨɪɦɭɥɨɸ 

LCinCM )(2 ¥-=¥ ,                               (1.32) 

ɬɨ� ɤɿɧɟɬɢɤɚ� ɬɪɚɧɫɩɨɪɬɭ� ɪɟɱɨɜɢɧɢ� ɜ�ɩɨɥɿɦɟɪ� ɚɛɨ 
ɿɡ�ɧɶɨɝɨ�ɩɪɢ�ɣɨɝɨ�ɬɨɜɳɢɧɿ 2L�ɜɢɪɚɠɚɽɬɶɫɹ�ɧɚɫɬɭɩɧɢɦ 
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ: 
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Ɉɛɢɞɜɚ� ɪɿɜɧɹɧɧɹ� ɞɥɹ� ɩɪɨɮɿɥɿɜ� ɤɨɧɰɟɧɬɪɚɰɿʀ 
(1.29) ɬɚ�ɤɿɧɟɬɢɤɢ�ɩɟɪɟɧɨɫɭ (1.33) ɦɨɠɭɬɶ�ɛɭɬɢ�ɜɢɤɨ-
ɪɢɫɬɚɧɿ�ɞɥɹ�ɩɨɥɿɦɟɪɧɨʀ�ɭɩɚɤɨɜɤɢ�ɬɨɜɳɢɧɨɸ L, ɹɤɳɨ: 0 
<ɯ <L,  ɤɨɥɢ�ɜɨɧɚ�ɡɧɚɯɨɞɢɬɶɫɹ�ɜ�ɤɨɧɬɚɤɬɿ�ɬɿɥɶɤɢ�ɡ�ɨɞ-
ɧɨɝɨ�ɛɨɤɭ�ɡ�ɪɿɞɢɧɨɸ (ɩɪɢ ɯ = L), ɩɨɤɢ�ɧɟɦɚɽ�ɩɟɪɟɧɨɫɭ 
ɧɚ� ɿɧɲɭ�ɫɬɨɪɨɧɭ (ɩɪɢ ɯ =  0).  ɐɟɣ�ɮɚɤɬ�ɽ�ɪɟɡɭɥɶɬɚɬɨɦ 
ɩɪɹɦɨɝɨ� ɡɚɫɬɨɫɭɜɚɧɧɹ� ɫɢɦɟɬɪɿʀ� ɩɥɚɫɬɢɧɢ� ɩɨ� ɜɿɞɧɨ-
ɲɟɧɧɸ�ɞɨ�ɩɥɨɳɢɧɢ�ɫɢɦɟɬɪɿʀ�ɩɪɢ�ɯ = 0, ɹɤ�ɩɨɤɚɡɚɧɨ�ɧɚ 
ɪɢɫ. 3. 

Ⱦɥɹ�ɭɩɚɤɨɜɤɢ�ɬɨɜɳɢɧɨɸ L�ɜ�ɤɨɧɬɚɤɬɿ�ɡ�ɪɿɞɢɧɨɸ 
ɧɚ�ɞɜɨɯ�ɫɬɨɪɨɧɚɯ�ɦɨɠɭɬɶ�ɛɭɬɢ�ɡɚɫɬɨɫɨɜɚɧɿ�ɨɛɢɞɜɚ�ɪɿ-
ɜɧɹɧɧɹ (1.29) ɿ (1.33). Ɉɱɟɜɢɞɧɨ� ɬɿɥɶɤɢ, ɳɨ�ɮɚɤɬɢɱɧɚ 
ɬɨɜɳɢɧɚ L'�ɩɨɜɢɧɧɚ�ɛɭɬɢ�ɪɿɜɧɨɸ 2L�ɜ�ɰɢɯ�ɪɿɜɧɹɧɧɹɯ: 
ɬɨɛɬɨ L' = 2L 

Ɂɧɚɱɟɧɧɹ� ɤɨɧɰɟɧɬɪɚɰɿʀ� ɧɚ� ɩɨɜɟɪɯɧɿ S� ɡɚ� ɧɟɫɤɿɧ-
ɱɟɧɧɢɣ�ɱɚɫ,  ɚɛɨ�ɜ�ɪɿɜɧɨɜɚɡɿ�ɡ�ɪɿɞɢɧɨɸ�ɞɨɪɿɜɧɸɽ�ɧɭɥɸ 
ɞɥɹ�ɪɿɞɢɧɢ�ɧɟɫɤɿɧɱɟɧɧɨɝɨ�ɨɛ¶ɽɦɭ�ɡ�ɧɟɫɤɿɧɱɟɧɧɢɦ�ɡɧɚ-
ɱɟɧɧɹɦ�ɤɨɟɮɿɰɿɽɧɬɚ�ɤɨɧɜɟɤɰɿʀ�ɩɨɛɥɢɡɭ�ɩɨɜɟɪɯɧɿ, ɤɨɥɢ 
ɜ� ɰɿɣ� ɪɿɞɢɧɿ� ɧɟɦɚɽ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ: C�=0 ɧɟ-
ɫɤɿɧɱɟɧɧɢɣ�ɨɛ¶ɽɦ�ɱɢɫɬɨʀ�ɪɿɞɢɧɢ�ɩɪɢ Kĺ�. 

ɇɚɫɩɪɚɜɞɿ, ɰɹ� ɤɨɧɰɟɧɬɪɚɰɿɹ C�� ɽ� ɩɨɱɚɬɤɨɜɨɸ� ɿ 
ɩɨɫɬɿɣɧɨɸ� ɤɨɧɰɟɧɬɪɚɰɿɽɸ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ� ɜ 
ɪɿɞɢɧɿ. 

Ɋɿɜɧɹɧɧɹ (1.29) ɿ (1.33) ɦɨɠɭɬɶ�ɛɭɬɢ�ɡɚɫɬɨɫɨɜɚɧɿ 
ɭ� ɪɚɡɿ� ɜɢɯɨɞɭ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ� ɜ� ɪɿɞɢɧɭ� ɚɛɨ� ɜ 
ɩɪɨɬɢɥɟɠɧɨɦɭ� ɜɢɩɚɞɤɭ, ɤɨɥɢ� ɞɢɮɭɧɞɭɸɱɚ� ɪɟɱɨɜɢɧɚ 
ɩɨɝɥɢɧɚɽɬɶɫɹ�ɩɨɥɿɦɟɪɨɦ, ɜ�ɡɚɥɟɠɧɨɫɬɿ�ɜɿɞ�ɜɿɞɩɨɜɿɞɧɢɯ 
ɡɧɚɱɟɧɶ� ɤɨɧɰɟɧɬɪɚɰɿʀ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨɜɢɧɢ� ɜ� ɩɨɥɿ-
ɦɟɪɿ�ɿ�ɜ�ɪɿɞɢɧɿ�ɡɝɿɞɧɨ�ɪɿɜɧɹɧɶ (1.6) ɿ (1.6’) 

Ȼɟɡɪɨɡɦɿɪɧɟ� ɱɢɫɥɨ� ɡ
ɹɜɥɹɽɬɶɫɹ� ɜ� ɨɛɨɯ� ɪɿɜɧɹɧɧɹɯ 
(1.29) ɿ (1.33), ɚɛɨ�ɞɥɹ�ɩɪɨɮɿɥɸ�ɤɨɧɰɟɧɬɪɚɰɿʀ, ɹɤɢɣ�ɜɢ-
ɧɢɤɚɽ�ɜɡɞɨɜɠ�ɬɨɜɳɢɧɢ�ɩɨɥɿɦɟɪɭ�ɚɛɨ�ɞɥɹ�ɤɿɧɟɬɢɤɢ�ɩɟ-
ɪɟɧɨɫɭ�ɞɢɮɭɧɞɭɸɱɨʀ�ɪɟɱɨɜɢɧɢ: 
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ɇɚɫɩɪɚɜɞɿ, ɦɨɠɧɚ� ɫɤɚɡɚɬɢ, ɳɨ� ɽɞɢɧɨɸ� ɩɪɢɱɢ-
ɧɨɸ, ɳɨɛ�ɜɧɟɫɬɢ C��ɜ�ɪɿɜɧɹɧɧɹ (1.29) ɽ�ɧɟɨɛɯɿɞɧɿɫɬɶ 
ɜɢɪɚɠɟɧɧɹ�ɡɧɚɱɟɧɧɹ�ɤɨɧɰɟɧɬɪɚɰɿʀ�ɧɚ�ɩɨɜɟɪɯɧɿ CL,t, ɚ 
ɬɚɤɨɠ�ɤɨɧɰɟɧɬɪɚɰɿʀ Cx,t�ɭ�ɧɟɫɤɿɧɱɟɧɧɢɣ�ɱɚɫ.  

Ɋɿɜɧɹɧɧɹ (1.29) ɿ (1.33) ɦɨɠɭɬɶ�ɛɭɬɢ�ɡɚɫɬɨɫɨɜɚɧɿ 
ɭ�ɛɭɞɶ�ɹɤɢɣ�ɱɚɫ, ɚ�ɬɨɱɧɿɲɟ, ɞɥɹ�ɛɭɞɶ�ɹɤɨɝɨ�ɡɧɚɱɟɧɧɹ  

 

Ɋɢɫ. 2. Cɯɟɦɚ�ɩɥɚɫɬɢɧɢ�ɬɨɜɳɢɧɨɸ 2L, ɡ –L<x<+L. ɋin – 
ɪɿɜɧɨɦɿɪɧɚ�ɤɨɧɰɟɧɬɪɚɰɿɹ�ɪɟɱɨɜɢɧɢ, ɹɤɚ�ɞɢɮɭɧɞɭɽ�ɜ 

ɩɥɚɫɬɢɧɭ. ɋ¥ -- ɤɨɧɰɟɧɬɪɚɰɿɹ�ɪɟɱɨɜɢɧɢ, ɹɤɚ�ɞɢɮɭɧɞɭɽ�ɡ 
ɩɥɚɫɬɢɧɢ�ɧɚ�ɩɨɱɚɬɤɭ�ɩɪɨɰɟɫɭ�ɩɪɢ h®¥ 

 

Ɋɢɫ. 3. ɋɯɟɦɚ�ɩɨɥɨɜɢɧɢ�ɩɥɚɫɬɢɧɢ�ɬɨɜɳɢɧɨɸ 2L�ɡ -L 
�ɯ <+ L, ɹɤɚ�ɩɨɤɚɡɭɽ�ɫɢɦɟɬɪɿɸ�ɩɨ�ɜɿɞɧɨɲɟɧɧɸ�ɞɨ�ɫɟ-
ɪɟɞɧɶɨʀ�ɩɥɨɳɢɧɢ�ɡ�ɚɛɫɰɢɫɨɸ ɯ = 0. Ɂɚɜɞɹɤɢ�ɰɿɣ�ɫɢ-
ɦɟɬɪɿʀ, ɧɟɦɚɽ�ɩɟɪɟɧɨɫɭ�ɪɟɱɨɜɢɧɢ�ɱɟɪɟɡ�ɰɸ�ɫɟɪɟɞɧɸ 

ɩɥɨɳɢɧɭ 
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Ɋɢɫ. 4 ɉɪɨɮɿɥɿ�ɤɨɧɰɟɧɬɪɚɰɿʀ�ɪɟɱɨɜɢɧɢ, ɹɤɿ�ɪɨɡɪɚɯɨɜɚ-
ɧɿ�ɜɡɞɨɜɠ�ɬɨɜɳɢɧɢ�ɩɨɥɿɦɟɪɭ�ɡɚ�ɪɿɡɧɢɣ�ɱɚɫ�ɤɨɧɬɚɤɬɭ: 
1 -0; 2 – 0,01; 3 – 0,05; 4 – 0,1; 5 – 0,2. ɑɚɫ�ɜɢɪɚɠɚɽɬɶɫɹ 
ɜ�ɛɟɡɪɨɡɦɿɪɧɢɯ�ɨɞɢɧɢɰɹɯ Dt/L2, ɩɪɢ h	®	��ɬɚ�ɧɟɫɤɿɧ-

ɱɟɧɨɦɭ�ɨɛ¶ɽɦɿ�ɪɿɞɢɧɢ 

ɤɿɥɶɤɨɫɬɿ�ɞɢɮɭɧɞɭɸɱɨʀ�ɪɟɱɨɜɢɧɢ, ɹɤɚ�ɩɟɪɟɯɨɞɢɬɶ�ɦɿɠ 
ɩɨɥɿɦɟɪɧɨɸ�ɭɩɚɤɨɜɤɨɸ�ɿ�ɪɿɞɢɧɨɸ. 

Ʉɨɥɢ� ɡɧɚɱɟɧɧɹ� ɜɿɞɧɨɲɟɧɧɹ, ɩɨɤɚɡɚɧɨɝɨ� ɜ� ɪɿɜ-
ɧɹɧɧɿ (1.35) ɛɿɥɶɲɟ, ɧɿɠ 0,5…0,6, ɬɨ� ɫɟɪɿʀ� ɜ� ɪɿɜɧɹɧɧɿ 
(1.33) ɫɢɥɶɧɨ� ɫɯɨɞɹɬɶɫɹ� ɿ� ɦɨɠɭɬɶ� ɛɭɬɢ� ɡɜɟɞɟɧɿ� ɞɨ 
ɩɟɪɲɨɝɨ�ɱɥɟɧɚ. Ɍɚɤɢɦ�ɱɢɧɨɦ, ɫɬɚɽ: 
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Ⱦɟɹɤɿ� ɩɪɨɮɿɥɿ� ɤɨɧɰɟɧɬɪɚɰɿʀ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨ-
ɜɢɧɢ, ɹɤɿ� ɭɬɜɨɪɸɸɬɶɫɹ� ɜɡɞɨɜɠ� ɬɨɜɳɢɧɢ� ɩɨɥɿɦɟɪɧɨʀ 
ɭɩɚɤɨɜɤɢ�ɬɨɜɳɢɧɨɸ 2L, ɡ -L <ɯ <+ L, ɩɨɤɚɡɚɧɿ�ɧɚ�ɪɢɫ. 
4 ɿɡ�ɧɟɫɤɿɧɱɟɧɧɢɦ�ɨɛ¶ɽɦɨɦ�ɪɿɞɢɧɢ�ɿ�ɧɟɫɤɿɧɱɟɧɧɢɦ�ɡɧɚ-
ɱɟɧɧɹɦ�ɤɨɟɮɿɰɿɽɧɬɚ�ɤɨɧɜɟɤɰɿʀ, ɉɨɤɚɡɚɧɨ�ɬɚɤɨɠ�ɫɢɦɟɬ-
ɪɿɸ�ɪɨɡɩɨɞɿɥɭ�ɜɿɞɧɨɫɧɨ�ɩɥɨɳɢɧɢ ɯ = 0. 

ȼɿɞɨɦɟ�ɬɚɤɨɠ�ɿɧɲɟ�ɪɿɲɟɧɧɹ�ɞɥɹ�ɰɿɽʀ�ɡɚɞɚɱɿ�ɡ�ɜɢ-
ɤɨɪɢɫɬɚɧɧɹɦ�ɮɭɧɤɰɿʀ�ɩɨɦɢɥɨɤ [3-5]. Ɍɨɞɿ�ɤɿɧɟɬɢɤɚ�ɩɟ-
ɪɟɧɨɫɭ�ɞɢɮɭɧɞɭɸɱɨʀ�ɪɟɱɨɜɢɧɢ�ɦɿɠ�ɩɨɥɿɦɟɪɨɦ�ɬɨɜɳɢ-
ɧɨɸ 2L�ɿ�ɪɿɞɢɧɨɸ�ɧɟɫɤɿɧɱɟɧɧɨɝɨ�ɨɛ¶ɽɦɭ, ɹɤɭ�ɧɚɫɬɿɥɶɤɢ 
ɫɢɥɶɧɨ� ɩɟɪɟɦɿɲɭɸɬɶ, ɳɨ� ɤɨɟɮɿɰɿɽɧɬ� ɤɨɧɜɟɤɰɿʀ� ɽ� ɧɟ-
ɫɤɿɧɱɟɧɧɢɦ, ɜɿɞɩɨɜɿɞɚɽ�ɬɚɤɨɦɭ�ɜɢɪɚɡɭ: 
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, 

ɞɟ ierfc(ɯ) – ɰɟ�ɿɧɬɟɝɪɚɥ�ɜɿɞ�ɮɭɧɤɰɿʀ�ɩɨɦɢɥɨɤ. 
ɇɚɣɰɿɤɚɜɿɲɢɦ� ɜ� ɪɿɜɧɹɧɧɿ (1.37)  ɽ� ɬɟ,  ɳɨ� ɜɨɧɨ 

ɫɩɪɚɜɟɞɥɢɜɟ�ɞɥɹ�ɦɚɥɢɯ�ɱɚɫɿɜ, ɞɥɹ�ɹɤɢɯ�ɫɟɪɿɽɸ�ɦɨɠɧɚ 
ɡɧɟɯɬɭɜɚɬɢ. Ɍɚɤɢɦ�ɱɢɧɨɦ, ɩɪɢ�ɦɚɥɢɯ�ɬɪɢɜɚɥɨɫɬɹɯ�ɦɚ-
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Ɋɿɜɧɹɧɧɹ (1.38) ɩɨɤɚɡɭɽ, ɳɨ�ɩɪɢ�ɩɨɛɭɞɨɜɿ�ɜɿɞɧɨ-
ɲɟɧɧɹ Mt/M�� ɜɿɞ� ɤɜɚɞɪɚɬɧɨɝɨ� ɤɨɪɟɧɸ� ɿɡ� ɱɚɫɭ� ɜɢɯɨ-
ɞɢɬɶ� ɩɪɹɦɚ� ɥɿɧɿɹ. Ⱥɥɟ� ɧɟɨɛɯɿɞɧɨ� ɩɪɢɞɿɥɹɬɢ� ɜɟɥɢɤɭ 
ɭɜɚɝɭ� ɬɨɦɭ, ɳɨ� ɰɟ� ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ� ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ 
ɬɿɥɶɤɢ�ɬɨɞɿ, ɤɨɥɢ�ɤɨɟɮɿɰɿɽɧɬ�ɤɨɧɜɟɤɰɿʀ�ɽ�ɧɟɫɤɿɧɱɟɧɧɢɦ. 
ɍ� ɪɚɡɿ,  ɤɨɥɢ� ɪɿɞɢɧɭ� ɫɢɥɶɧɨ� ɩɟɪɟɦɿɲɭɸɬɶ,  ɰɟɣ� ɮɚɤɬ 
ɡɦɟɧɲɭɽ�ɰɿɧɧɿɫɬɶ�ɰɶɨɝɨ�ɪɿɜɧɹɧɧɹ�ɞɥɹ�ɪɨɡɪɚɯɭɧɤɭ�ɤɨɟ-
ɮɿɰɿɽɧɬɚ�ɞɢɮɭɡɿʀ. 

Ɉɬɪɢɦɚɧɟ�ɪɿɜɧɹɧɧɹ (1.36) ɞɭɠɟ�ɤɨɪɢɫɧɟ�ɞɥɹ� ɜɢ-
ɡɧɚɱɟɧɧɹ�ɤɨɟɮɿɰɿɽɧɬɚ�ɞɢɮɭɡɿʀ D�ɩɪɨɬɹɝɨɦ�ɞɨɜɝɨɝɨ�ɱɚ-
ɫɭ, ɹɤɳɨ� ɪɨɡɝɥɹɞɚɽɬɶɫɹ� ɤɿɥɶɤɿɫɬɶ� ɞɢɮɭɧɞɭɸɱɨʀ� ɪɟɱɨ-
ɜɢɧɢ, ɹɤɚ�ɩɟɪɟɧɨɫɢɬɶɫɹ. 

ȼɢɫɧɨɜɤɢ 
Ɋɟɡɭɥɶɬɚɬɢ� ɞɨɫɥɿɞɠɟɧɶ� ɩɨɤɚɡɚɥɢ, ɳɨ� ɭ� ɜɢɩɚɞɤɭ 

ɜɢɯɨɞɭ�ɞɨɦɿɲɨɤ�ɡ�ɩɥɚɫɬɢɤɨɜɨʀ�ɭɩɚɤɨɜɤɢ�ɜ�ɪɿɞɢɧɭ�ɤɿɧ-
ɰɟɜɨɝɨ�ɨɛ¶ɽɦɭ�ɞɥɹ�ɜɢɡɧɚɱɟɧɧɹ�ɤɨɧɰɟɧɬɪɚɰɿʀ�ɞɢɮɭɧɞɭ-
ɸɱɨʀ�ɪɟɱɨɜɢɧɢ�ɜ�ɪɿɜɧɨɜɚɡɿ�ɡ�ɪɿɞɢɧɨɸ�ɜ�ɨɛɨɯ�ɪɿɜɧɹɧɧɹɯ 
(1.29) ɿ (1.33) ɬɪɟɛɚ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ� ɤɪɚɳɟ� ɤɨɟɮɿɰɿ-
ɽɧɬ Ceq, ɧɿɠ C�. ɇɚɫɩɪɚɜɞɿ, ɧɟɡɚɥɟɠɧɨ� ɜɿɞ� ɡɧɚɱɟɧɧɹ 
ɤɨɟɮɿɰɿɽɧɬɭ� ɪɨɡɩɨɞɿɥɭ� Ʉ, ɤɨɧɰɟɧɬɪɚɰɿɹ� ɞɢɮɭɧɞɭɸɱɨʀ 
ɪɟɱɨɜɢɧɢ�ɧɚ�ɩɨɜɟɪɯɧɿ�ɭɩɚɤɨɜɤɢ CL,t�ɡɧɚɯɨɞɢɬɶɫɹ�ɜ�ɪɿɜ-
ɧɨɜɚɡɿ�ɜ�ɛɭɞɶ�ɹɤɢɣ�ɱɚɫ�ɡ�ɜɿɞɩɨɜɿɞɧɢɦ�ɡɧɚɱɟɧɧɹɦ�ɜ�ɪɿ-
ɞɢɧɿ. ȱɡ�ɡɚ� ɤɿɧɰɟɜɨɝɨ� ɨɛ¶ɽɦɭ� ɪɿɞɢɧɢ, ɤɨɧɰɟɧɬɪɚɰɿɹ� ɜ 
ɪɿɞɢɧɿ�ɡɛɿɥɶɲɭɽɬɶɫɹ�ɡ�ɱɚɫɨɦ�ɞɨ�ʀʀ�ɤɿɧɰɟɜɨɝɨ�ɡɧɚɱɟɧɧɹ,  
ɹɤɟ� ɞɨɫɹɝɚɽɬɶɫɹ� ɩɪɢ� ɧɟɫɤɿɧɱɟɧɧɨɦɭ� ɱɚɫɿ (ɩɪɢɧɚɣɦɧɿ 
ɬɟɨɪɟɬɢɱɧɨ). Ⱦɥɹ� ɜɢɪɿɲɟɧɧɹ� ɰɿɽʀ� ɰɿɤɚɜɨʀ� ɬɚ� ɜɚɠɥɢɜɨʀ 
ɩɪɨɛɥɟɦɢ�ɧɟɨɛɯɿɞɧɨ�ɪɨɡɝɥɹɧɭɬɢ�ɱɢɫɟɥɶɧɭ�ɦɨɞɟɥɶ. 

ɉɨɫɬɭɩɢɥɚ 06.2011 

	ɋɉɂɋɈɄ�ɅȱɌȿɊȺɌɍɊɂ 
1. ɋɢɪɨɯɦɚɧ, ȱ. ȼ. Ɍɨɜɚɪɨɡɧɚɜɫɬɜɨ�ɩɚɤɭɜɚɥɶɧɢɯ�ɬɨɜɚɪɿɜ�ɿ�ɬɚɪɢ: ɩɿɞɪɭɱɧɢɤ [ɞɥɹ�ɫɬɭɞ. ɜɢɳ. ɧɚɜɱ. ɡɚɤɥ.] / ȱ. ȼ. ɋɢɪɨɯɦɚɧ, ȼ. Ɇ. Ɂɚɜɝɨɪɨɞɧɹ. — 
Ʉ.: ɐɟɧɬɪ�ɭɱɛɨɜɨʀ�ɥɿɬɟɪɚɬɭɪɢ, 2009. – 616 ɫ. 
2. ɍɩɚɤɨɜɤɚ�ɩɢɳɟɜɵɯ�ɩɪɨɞɭɤɬɨɜ /ɩɨɞ. ɪɟɞ. Ɋ�Ʉɨɭɥɡɚ. – ɋ.-ɉɟɪɟɪɛɭɪɝ�ɉɪɨɮɟɫɫɢɹ, 2008. – 420 ɫ. 
3. Crank, J. The Mathematics of Diffusion, 2nd Edition. – Oxford: Clarendon Press, 1975. – 326 ɪ. 
4. Vergnaud J-M. Controlled Drug Release of Oral Dosage Forms. – New York: Ellis Horwood, 1993. – 263 ɪ. 
5. Vergnaud J-M. Liquid Transport Processes in Polymeric Materials: Modelling and Industrial Applications. - Englewood Cliffs, NJ, USA: Prentice 
Hall, 2005. – Chapters 1 and 13. – 652 ɪ. 
ɍȾɄ: 637.1:053 

ɋɄȺɊȻɈȼȱɃɑɍɄ�Ɉ�Ɇ., ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ,  
ɇɚɰɿɨɧɚɥɶɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ�ɯɚɪɱɨɜɢɯ�ɬɟɯɧɨɥɨɝɿɣ, ɦ. Ʉɢʀɜ 

ɎȿȾɈɊɈȼ�ȼ. Ƚ., ɞ�ɪ�ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮɟɫɨɪ 
ɍɦɚɧɫɶɤɢɣ�ɧɚɰɿɨɧɚɥɶɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ�ɫɚɞɿɜɧɢɰɬɜɚ 
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Ɂɚ� ɪɟɡɭɥɶɬɚɬɚɦɢ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ� ɞɨɫɥɿɞɠɟɧɶ� ɦɟɬɨɞɚɦɢ� ɿ 
ɡɚɫɨɛɚɦɢ� ɬɟɩɥɨɦɟɬɪɿʀ� ɬɟɩɥɨɮɿɡɢɱɧɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɡɧɟɠɢɪɟɧɨɝɨ 
ɦɨɥɨɤɚ�ɧɚ�ɿɧɬɟɪɜɚɥɿ�ɬɟɦɩɟɪɚɬɭɪɢ�ɜɿɞ 0 ɞɨ 90 ºɋ�ɿ�ɦɚɫɨɜɨʀ�ɱɚɫɬɤɢ�ɫɭ-
ɯɨɝɨ� ɡɧɟɠɢɪɟɧɨɝɨ� ɦɨɥɨɱɧɨɝɨ� ɡɚɥɢɲɤɭ (ɋɁɆɁ) ɜɿɞ 0,092 ɞɨ 0,5 
ɜɢɡɧɚɱɟɧɿ� ɟɦɩɿɪɢɱɧɿ� ɡɚɥɟɠɧɨɫɬɿ� ɜɢɦɿɪɸɜɚɧɢɯ� ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɜɿɞ 
ɬɟɦɩɟɪɚɬɭɪɢ�ɿ�ɤɨɧɰɟɧɬɪɚɰɿʀ�ɋɁɆɁ�ɜ�ɞɨɫɥɿɞɠɭɜɚɧɿɣ�ɫɢɪɨɜɢɧɿ. 

Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ:�ɡɧɟɠɢɪɟɧɟ�ɦɨɥɨɤɨ, ɬɟɩɥɨɮɿɡɢɱɧɿ�ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ, ɬɟɩɥɨɦɟɬɪɿɹ, ɟɦɩɿɪɢɱɧɿ�ɡɚɥɟɠɧɨɫɬɿ. 

The empirical functions of thermophysical characteristics of 
defatted milk were estimated on the basis of heatflowmetric researches. 
As independent variables stand duty temperature (interval 0 – 90  ºC) 
and concentration of dry milk residuum (0,092 – 0,5). 

Keywords: milk, thermophysical descriptions, is fat free, 
teplometriya, empiric dependences. 
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