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ɗɇȿɊȽɈɉɈȾȼɈȾȿ�ɋ�ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ�ɋȼɑ�ɂɁɅɍɑȿɇɂə 
Ɋɚɡɪɚɛɨɬɚɧ� ɦɟɬɨɞ� ɪɚɫɱɟɬɚ� ɤɢɧɟɬɢɤɢ� ɩɪɨɰɟɫɫɚ� ɫɭɲɤɢ� ɪɚɫɬɢ-

ɬɟɥɶɧɨɝɨ� ɫɵɪɶɹ� ɧɚ� ɨɫɧɨɜɟ� ɨɛɨɛɳɟɧɧɨɝɨ� ɭɪɚɜɧɟɧɢɹ�ɦɚɫɫɨɩɟɪɟɞɚɱɢ. 
ɉɨɥɭɱɟɧɵ� ɡɚɜɢɫɢɦɨɫɬɢ� ɞɥɹ� ɪɚɫɱɟɬɚ� ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ� ɩɪɨɰɟɫɫɚ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɋȼɑ�ɫɭɲɤɢ�ɪɚɡɥɢɱɧɵɯ�ɦɚɬɟɪɢɚɥɨɜ�ɪɚɫɬɢɬɟɥɶɧɨ-
ɝɨ� ɩɪɨɢɫɯɨɠɞɟɧɢɹ. Ɋɚɡɪɚɛɨɬɚɧɚ� ɢ� ɢɡɝɨɬɨɜɥɟɧɚ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ 
ɭɫɬɚɧɨɜɤɚ�ɞɥɹ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ� ɫɭɲɤɢ�ɩɢɳɟɜɨɝɨ� ɫɵɪɶɹ� ɫ�ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ�ɋȼɑ- ɢɡɥɭɱɟɧɢɹ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ�ɢ�ɪɚɫɱɟɬɧɵɦ�ɩɭɬɟɦ 
ɩɨɥɭɱɟɧɵ�ɤɪɢɜɵɟ� ɫɭɲɤɢ� ɫɨɥɨɦɤɢ�ɤɚɪɬɨɮɟɥɹ , ɫɜɟɤɥɵ�ɢ�ɦɨɪɤɨɜɢ�ɢ 
ɞɚɧ�ɢɯ�ɚɧɚɥɢɡ. 

Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ:� ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ� ɋȼɑ- ɫɭɲɤɚ, ɪɚɫɬɢ-
ɬɟɥɶɧɨɟ�ɫɵɪɶɟ, ɤɪɢɜɵɟ�ɫɭɲɤɢ, ɦɟɬɨɞ�ɪɚɫɱɟɬɚ�ɤɢɧɟɬɢɤɢ�ɫɭɲɤɢ. 

Calculation method of raw material drying kinetics on the basis 
of generalized equation of mass transfer was developed. Dependences 
for calculation of process duration of combined microwave drying for 
different raw materials of vegetable origin were obtained. Experimental 
unit for combined microwave drying of different origin food raw materi-
als with the use of microwave radiation was designed and constructed. 
Drying curves of potatoes, beetroot, carrot cut in long thin strips were 
obtained with the use of experimental and calculated method. 

Keywords: combined microwave drying, vegetable origin, 
crooked dryings, method of calculation of kinetics of drying. 

Ɉɛɟɡɜɨɠɢɜɚɧɢɟ� ɦɚɬɟɪɢɚɥɨɜ� ɪɚɫɬɢɬɟɥɶɧɨɝɨ� ɩɪɨ-
ɢɫɯɨɠɞɟɧɢɹ� ɩɪɢ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ� ɷɧɟɪɝɨɩɨɞɜɨɞɟ� ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɋȼɑ�ɢɡɥɭɱɟɧɢɹ� ɹɜɥɹɟɬɫɹ� ɩɟɪɫɩɟɤ-
ɬɢɜɧɵɦ�ɫɩɨɫɨɛɨɦ� ɫɭɲɤɢ�ɩɢɳɟɜɨɝɨ� ɫɵɪɶɹ, ɩɨɡɜɨɥɹɸ-
ɳɢɦ� ɡɧɚɱɢɬɟɥɶɧɨ� ɭɜɟɥɢɱɢɬɶ� ɫɤɨɪɨɫɬɶ� ɩɪɨɰɟɫɫɚ� ɩɪɢ 
ɨɞɧɨɜɪɟɦɟɧɧɨɦ�ɫɧɢɠɟɧɢɢ�ɭɞɟɥɶɧɨɝɨ�ɷɧɟɪɝɨɩɨɬɪɟɛɥɟ-
ɧɢɹ [1, 2]. Ɉɞɧɚɤɨ, ɜ� ɬɟɯɧɢɱɟɫɤɨɣ� ɥɢɬɟɪɚɬɭɪɟ� ɦɚɥɨ 
ɫɜɟɞɟɧɢɣ� ɨ� ɦɟɬɨɞɚɯ� ɪɚɫɱɟɬɚ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ�ɋȼɑ-
ɫɭɲɢɥɨɤ� ɞɥɹ� ɦɚɬɟɪɢɚɥɨɜ� ɪɚɫɬɢɬɟɥɶɧɨɝɨ� ɩɪɨɢɫɯɨɠɞɟ-
ɧɢɹ. ȼ� ɞɚɧɧɨɣ� ɫɬɚɬɶɟ� ɩɪɟɞɥɨɠɟɧɚ� ɦɟɬɨɞɢɤɚ� ɪɚɫɱɟɬɚ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ�ɋȼɑ�ɫɭɲɢɥɨɤ�ɧɟɩɪɟɪɵɜɧɨɝɨ�ɩɪɢɧ-
ɰɢɩɚ�ɞɟɣɫɬɜɢɹ, ɜ�ɨɫɧɨɜɭ�ɤɨɬɨɪɨɣ�ɩɨɥɨɠɟɧɨ�ɨɛɨɛɳɟɧ-
ɧɨɟ�ɭɪɚɜɧɟɧɢɟ�ɦɚɫɫɨɩɟɪɟɞɚɱɢ.   

Ⱦɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ�ɨɫɧɨɜɧɵɯ�ɩɚɪɚɦɟɬɪɨɜ�ɭɫɬɚɧɨɜ-
ɤɢ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ� ɋȼɑ�ɫɭɲɤɢ� ɩɢɳɟɜɨɝɨ� ɫɵɪɶɹ 
ɧɟɨɛɯɨɞɢɦɨ� ɡɧɚɬɶ�ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ� ɩɪɨɰɟɫɫɚ� ɫɭɲ-
ɤɢ ɩɪɨɞɭɤɬɚ�ɨɬ�ɧɚɱɚɥɶɧɨɣ�ɞɨ�ɡɚɞɚɧɧɨɣ�ɜɥɚɠɧɨɫɬɢ, ɬ�ɟ. 
ɞɚɧɧɵɟ� ɩɨ� ɤɢɧɟɬɢɤɟ� ɫɭɲɤɢ� ɩɪɨɞɭɤɬɚ� ɩɪɢ� ɡɚɞɚɧɧɵɯ 
ɩɚɪɚɦɟɬɪɚɯ�ɩɪɨɰɟɫɫɚ.   

ɇɚ�ɩɪɚɤɬɢɤɟ� ɜɪɟɦɹ�ɫɭɲɤɢ�ɦɚɬɟɪɢɚɥɨɜ�ɞɨ� ɡɚɞɚɧ-
ɧɨɣ� ɜɥɚɠɧɨɫɬɢ� ɨɛɵɱɧɨ� ɨɩɪɟɞɟɥɹɸɬ, ɢɫɩɨɥɶɡɭɹ� ɪɟ-
ɡɭɥɶɬɚɬɵ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɩɨ� ɤɢɧɟ-
ɬɢɤɟ� ɫɭɲɤɢ, ɤɨɬɨɪɵɟ� ɩɪɟɞɫɬɚɜɥɹɸɬ� ɜ� ɜɢɞɟ� ɤɪɢɜɵɯ 
ɫɭɲɤɢ� ɢ� ɤɪɢɜɵɯ� ɫɤɨɪɨɫɬɢ� ɫɭɲɤɢ� ɞɥɹ� ɜɵɛɪɚɧɧɵɯ� ɪɟ-
ɠɢɦɨɜ�ɩɪɨɰɟɫɫɚ.  

Ɉɞɧɚɤɨ, ɜ� ɢɧɠɟɧɟɪɧɨɣ� ɩɪɚɤɬɢɤɟ� ɛɨɥɟɟ� ɭɞɨɛɧɵ 
ɚɧɚɥɢɬɢɱɟɫɤɢɟ� ɦɟɬɨɞɵ� ɪɚɫɱɟɬɚ� ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 
ɩɪɨɰɟɫɫɚ�ɫɭɲɤɢ. 

Ɋɚɡɪɚɛɨɬɚɧ� ɦɟɬɨɞ� ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ� ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ�ɩɪɨɰɟɫɫɚ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɋȼɑ-
ɫɭɲɤɢ, ɨɫɧɨɜɚɧɧɵɣ�ɧɚ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ�ɞɚɧɧɵɯ�ɩɨ 
ɫɭɲɤɟ� ɤɚɪɬɨɮɟɥɹ, ɫɜɟɤɥɵ� ɢ� ɦɨɪɤɨɜɢ, ɩɨɡɜɨɥɹɸɳɢɣ 
ɨɩɢɫɵɜɚɬɶ� ɜɟɫɶ� ɩɪɨɰɟɫɫ,  ɜɤɥɸɱɚɹ� ɩɟɪɜɵɣ� ɢ� ɜɬɨɪɨɣ 
ɩɟɪɢɨɞɵ�ɫɭɲɤɢ�ɭɤɚɡɚɧɧɵɯ�ɩɪɨɞɭɤɬɨɜ.  

ȼ� ɨɫɧɨɜɭ� ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ� ɦɟɬɨɞɚ� ɪɚɫɱɟɬɚ� ɩɨɥɨ-
ɠɟɧɨ�ɨɛɨɛɳɟɧɧɨɟ�ɭɪɚɜɧɟɧɢɟ�ɦɚɫɫɨɩɟɪɟɞɚɱɢ [3], ɤɨɬɨ-

ɪɨɟ�ɩɪɢɦɟɧɢɬɟɥɶɧɨ�ɤ�ɩɪɨɰɟɫɫɚɦ�ɫɭɲɤɢ�ɢɦɟɟɬ�ɜɢɞ:  
nBwmwAcKddw )()(/ -×-×-=t , ɦɢɧ                             (1) 

ɝɞɟ Ⱥ�ɢ�ȼ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ�ɧɚɱɚɥɶɧɚɹ�ɢ�ɤɨɧɟɱɧɚɹ 
ɜɥɚɠɧɨɫɬɶ�ɦɚɬɟɪɢɚɥɚ, %; 

w – ɬɟɤɭɳɟɟ�ɡɧɚɱɟɧɢɟ�ɜɥɚɠɧɨɫɬɢ�ɦɚɬɟɪɢɚɥɚ, %; 
Ʉɫ – ɤɨɷɮɮɢɰɢɟɧɬ�ɫɤɨɪɨɫɬɢ�ɫɭɲɤɢ; 
m�ɢ n – ɩɨɤɚɡɚɬɟɥɢ�ɫɬɟɩɟɧɢ. 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ� ɫɭɲɤɢ� ɦɨɠɧɨ� ɜɵɪɚɡɢɬɶ� ɢɡ 

ɭɪɚɜɧɟɧɢɹ (1) ɤɚɤ:  
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Ɋɟɲɟɧɢɟ�ɭɪɚɜɧɟɧɢɹ�ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ�ɜ�ɤɚɠɞɨɦ 
ɤɨɧɤɪɟɬɧɨɦ� ɫɥɭɱɚɟ� ɩɪɢ� ɨɩɢɫɚɧɢɢ� ɤɪɢɜɵɯ� ɫɭɲɤɢ� ɢɡ 
ɭɱɟɬɚ� ɦɢɧɢɦɚɥɶɧɨɣ� ɞɢɫɩɟɪɫɢɢ� ɩɨɞɛɢɪɚɟɬɫɹ� ɧɟɨɛɯɨ-
ɞɢɦɚɹ�ɤɨɦɛɢɧɚɰɢɹ�ɡɧɚɱɟɧɢɣ m�ɢ n.  

ɇɢɠɟ�ɩɪɢɜɟɞɟɧɵ�ɪɟɲɟɧɢɹ�ɭɪɚɜɧɟɧɢɹ (2) ɞɥɹ�ɧɟ-
ɤɨɬɨɪɵɯ�ɡɧɚɱɟɧɢɣ m�ɢ n: 

m=1 ɢ n=1 
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ɝɞɟ Wɇ –ɜɥɚɠɧɨɫɬɶ�ɢɫɯɨɞɧɨɝɨ�ɩɪɨɞɭɤɬɚ, %; 
w  - ɬɟɤɭɳɟɟ�ɡɧɚɱɟɧɢɟ�ɜɥɚɠɧɨɫɬɢ, %; 
Ⱥ – ɜɥɚɠɧɨɫɬɶ�ɩɪɨɞɭɤɬɚ�ɜ�ɧɚɱɚɥɟ�ɩɪɨɰɟɫɫɚ�ɫɭɲ-

ɤɢ, %; 
ȼ -  ɤɨɧɟɱɧɚɹ�ɜɥɚɠɧɨɫɬɶ�ɩɪɨɞɭɤɬɚ, %; 
Ʉɫ – ɤɨɷɮɮɢɰɢɟɧɬ�ɫɤɨɪɨɫɬɢ�ɫɭɲɤɢ. 
ɋɭɳɟɫɬɜɭɸɬ� ɬɚɤɠɟ� ɱɚɫɬɧɵɟ� ɪɟɲɟɧɢɹ� ɭɪɚɜɧɟɧɢɹ 

(2) ɞɥɹ�ɞɪɭɝɢɯ�ɡɧɚɱɟɧɢɣ�ɩɨɤɚɡɚɬɟɥɟɣ�ɫɬɟɩɟɧɢ m�ɢ n.  
ȼɟɥɢɱɢɧɚ� ɤɨɧɫɬɚɧɬɵ Ʉɫ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ� ɤɪɢ-

ɜɭɸ� ɫɭɲɤɢ� ɧɚ� ɜɫɟɦ� ɟɺ� ɞɢɚɩɚɡɨɧɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ� ɢɡ 
ɬɟɩɥɨɜɨɝɨ� ɛɚɥɚɧɫɚ� ɞɥɹ� ɱɚɫɬɢɰɵ� ɩɪɨɞɭɤɬɚ� ɜ� ɦɨɦɟɧɬ 
ɦɚɤɫɢɦɚɥɶɧɨɣ�ɫɤɨɪɨɫɬɢ�ɫɭɲɤɢ, ɤɨɝɞɚ�ɜɫɟ�ɩɨɞɜɨɞɢɦɨɟ 
ɤ� ɱɚɫɬɢɰɟ� ɬɟɩɥɨ� ɢɞɟɬ� ɧɚ� ɢɫɩɚɪɟɧɢɟ� ɜɥɚɝɢ. ɋɥɟɞɨɜɚ-
ɬɟɥɶɧɨ, ɜɟɥɢɱɢɧɚ Ʉɫ �ɨɩɪɟɞɟɥɹɟɬɫɹ�ɫɤɨɪɨɫɬɶɸ�ɢ�ɬɟɦ- 
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ɩɟɪɚɬɭɪɨɣ�ɫɭɲɢɥɶɧɨɝɨ�ɚɝɟɧɬɚ, ɚ�ɬɚɤɠɟ�ɭɞɟɥɶɧɨɣ�ɦɨɳ-
ɧɨɫɬɶɸ�ɋȼɑ�ɢɡɥɭɱɟɧɢɹ. 

nmBAnnmm

nmnmN
CK

+-××

++×
=

)(

)(
,                                    (7) 

ɝɞɟ N – ɦɚɤɫɢɦɚɥɶɧɚɹ�ɫɤɨɪɨɫɬɶ�ɫɭɲɤɢ�ɩɪɨɞɭɤɬɚ, 
%/ɦɢɧ. 

Ɋɚɡɪɚɛɨɬɚɧɚ� ɢ� ɢɡɝɨɬɨɜɥɟɧɚ� ɥɚɛɨɪɚɬɨɪɧɚɹ� ɭɫɬɚ-
ɧɨɜɤɚ�ɞɥɹ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɫɭɲɤɢ�ɩɢɳɟɜɨɝɨ�ɫɵɪɶɹ�ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ� ɋȼɑ – ɢɡɥɭɱɟɧɢɹ [4]. Ɉɛɳɢɣ� ɜɢɞ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ�ɭɫɬɚɧɨɜɤɢ�ɩɪɟɞɫɬɚɜɥɟɧ�ɧɚ�ɪɢɫ. 1. 

ɍɫɬɪɨɣɫɬɜɨ� ɢ� ɩɪɢɧɰɢɩ� ɞɟɣɫɬɜɢɹ� ɭɫɬɚɧɨɜɤɢ. 
Ɋɚɛɨɱɚɹ�ɤɚɦɟɪɚ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɋȼɑ�ɫɭɲɢɥɤɢ�ɨɛɨ-
ɪɭɞɨɜɚɧɚ�ɫɴɺɦɧɵɦ�ɛɚɪɚɛɚɧɨɦ 5, ɜ�ɤɨɬɨɪɵɣ�ɡɚɝɪɭɠɚɸɬ 
ɜɵɫɭɲɢɜɚɟɦɵɣ�ɩɪɨɞɭɤɬ. ȼ�ɩɪɨɰɟɫɫɟ�ɫɭɲɤɢ�ɢɫɯɨɞɧɵɣ 
ɜɨɡɞɭɯ�ɩɨɞɚɺɬɫɹ� ɫ� ɩɨɦɨɳɶɸ�ɰɟɧɬɪɨɛɟɠɧɨɝɨ� ɜɟɧɬɢɥɹ-
ɬɨɪɚ 1 ɜ� ɫɩɢɪɚɥɶɧɵɣ� ɬɟɩɥɨɨɛɦɟɧɧɢɤ 2, ɝɞɟ� ɩɪɨɢɫɯɨ-
ɞɢɬ� ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ� ɧɚɝɪɟɜ� ɢɫɯɨɞɧɨɝɨ� ɜɨɡɞɭɯɚ� ɡɚ 
ɫɱɟɬ� ɬɟɩɥɨɨɛɦɟɧɚ� ɫ� ɨɬɪɚɛɨɬɚɧɧɵɦ� ɫɭɲɢɥɶɧɵɦ� ɚɝɟɧ-
ɬɨɦ. Ɂɚɬɟɦ�ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ�ɧɚɝɪɟɬɵɣ�ɜɨɡɞɭɯ�ɩɨɩɚɞɚɟɬ 
ɜ� ɷɥɟɤɬɪɨɤɚɥɨɪɢɮɟɪ 3, ɝɞɟ� ɩɨɞɨɝɪɟɜɚɟɬɫɹ� ɢ� ɞɚɥɟɟ 
ɧɚɝɧɟɬɚɟɬɫɹ� ɜ� ɪɚɛɨɱɭɸ� ɤɚɦɟɪɭ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ 
ɋȼɑ�ɫɭɲɢɥɤɢ 4. ɋɵɪɶɺ, ɩɨɞɚɜɚɟɦɨɟ�ɜ�ɪɚɛɨɱɭɸ�ɤɚɦɟ-
ɪɭ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ� ɋȼɑ�ɫɭɲɢɥɤɢ, ɩɨɩɚɞɚɟɬ� ɩɨɞ 
ɞɟɣɫɬɜɢɟ� ɜɨɫɯɨɞɹɳɟɝɨ� ɩɨɬɨɤɚ� ɧɚɝɪɟɬɨɝɨ� ɜɨɡɞɭɯɚ� ɢ 
ɋȼɑ�ɢɡɥɭɱɟɧɢɹ. ȼ�ɩɪɨɰɟɫɫɟ�ɫɭɲɤɢ�ɛɚɪɚɛɚɧ�ɫ�ɩɪɨɞɭɤ-
ɬɨɦ� ɧɟɩɪɟɪɵɜɧɨ� ɜɪɚɳɚɟɬɫɹ� ɫ� ɩɨɦɨɳɶɸ� ɦɨɬɨɪ-
ɪɟɞɭɤɬɨɪɚ 6, ɱɬɨ�ɨɛɟɫɩɟɱɢɜɚɟɬ�ɪɚɜɧɨɦɟɪɧɭɸ�ɨɛɪɚɛɨɬ-
ɤɭ�ɦɚɬɟɪɢɚɥɚ�ɋȼɑ�ɜɨɥɧɚɦɢ, ɢɫɤɥɸɱɚɟɬ�ɫɥɟɠɢɜɚɧɢɟ�ɢ 
ɥɨɤɚɥɶɧɨɟ�ɩɨɞɝɨɪɚɧɢɟ�ɦɚɬɟɪɢɚɥɚ. ȼɥɚɝɚ, ɢɫɩɚɪɢɜɲɚɹ-
ɫɹ�ɢɡ�ɩɪɨɞɭɤɬɚ, ɭɧɨɫɢɬɫɹ�ɢɡ�ɪɚɛɨɱɟɣ�ɤɚɦɟɪɵ�ɫɭɲɢɥɤɢ 
ɫ� ɨɬɪɚɛɨɬɚɧɧɵɦ� ɫɭɲɢɥɶɧɵɦ� ɚɝɟɧɬɨɦ, ɤɨɬɨɪɵɣ 
ɧɚɩɪɚɜɥɹɟɬɫɹ� ɜ� ɫɩɢɪɚɥɶɧɵɣ� ɬɟɩɥɨɨɛɦɟɧɧɢɤ 2 ɞɥɹ 
ɧɚɝɪɟɜɚ�ɢɫɯɨɞɧɨɝɨ�ɜɨɡɞɭɯɚ�ɢ�ɞɚɥɟɟ�ɜ�ɚɬɦɨɫɮɟɪɭ. ȼɨɡ-
ɞɭɯ� ɩɟɪɟɦɟɳɚɟɬɫɹ� ɦɟɠɞɭ� ɨɬɞɟɥɶɧɵɦɢ� ɭɡɥɚɦɢ� ɭɫɬɚ-
ɧɨɜɤɢ�ɩɨ�ɫɢɫɬɟɦɟ�ɜɨɡɞɭɯɨɜɨɞɨɜ 7. ɉɨɬɪɟɛɥɟɧɢɟ�ɷɥɟɤ-
ɬɪɨɷɧɟɪɝɢɢ� ɷɥɟɤɬɪɨɤɚɥɨɪɢɮɟɪɨɦ� ɢɡɦɟɪɹɟɬɫɹ� ɫ� ɩɨɦɨ-
ɳɶɸ� ɫɱɟɬɱɢɤɚ� ɷɥɟɤɬɪɢɱɟɫɤɨɣ� ɷɧɟɪɝɢɢ 8, ɷɧɟɪɝɨɩɨ-
ɬɪɟɛɥɟɧɢɟ� ɋȼɑ- ɝɟɧɟɪɚɬɨɪɚ� ɮɢɤɫɢɪɭɟɬɫɹ� ɫɱɟɬɱɢɤɨɦ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 9. Ɋɚɫɯɨɞ� ɜɨɡɞɭɯɚ� ɱɟɪɟɡ� ɫɭɲɢɥɤɭ� ɢɡ-
ɦɟɧɹɟɬɫɹ�ɫ�ɩɨɦɨɳɶɸ�ɪɟɝɭɥɹɬɨɪɚ�ɱɚɫɬɨɬɵ�ɜɪɚɳɟɧɢɹ 10 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ�ɰɟɧɬɪɨɛɟɠɧɨɝɨ�ɜɟɧɬɢɥɹɬɨɪɚ 1. Ɍɟɦ-
ɩɟɪɚɬɭɪɚ� ɫɭɲɢɥɶɧɨɝɨ� ɚɝɟɧɬɚ, ɩɨɞɚɜɚɟɦɨɝɨ� ɜ� ɪɚɛɨɱɭɸ 
ɤɚɦɟɪɭ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ� ɫɭɲɢɥɤɢ, ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ 
ɢɡɦɟɪɢɬɟɥɟɦ�ɪɟɝɭɥɹɬɨɪɨɦ�ɬɟɦɩɟɪɚɬɭɪɵ 11. 

ɇɚ� ɪɚɡɪɚɛɨɬɚɧɧɨɣ� ɭɫɬɚɧɨɜɤɟ� ɩɪɨɜɟɞɟɧɵ� ɨɩɵɬɵ 
ɩɨ� ɫɭɲɤɟ� ɫɨɥɨɦɤɢ�ɤɚɪɬɨɮɟɥɹ, ɫɜɟɤɥɵ�ɢ�ɦɨɪɤɨɜɢ� ɩɪɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ� ɷɧɟɪɝɨɩɨɞɜɨɞɟ� ɫ� ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɋȼɑ�ɢɡɥɭɱɟɧɢɹ. ɍɫɬɚɧɨɜɥɟ-
ɧɨ, ɱɬɨ� ɩɪɨɰɟɫɫɭ� ɤɨɦɛɢɧɢ-
ɪɨɜɚɧɧɨɣ� ɋȼɑ�ɫɭɲɤɢ� ɭɤɚ-
ɡɚɧɧɵɯ� ɩɪɨɞɭɤɬɨɜ� ɩɪɢ� ɬɟɦ-
ɩɟɪɚɬɭɪɟ� ɫɭɲɢɥɶɧɨɝɨ� ɚɝɟɧɬɚ 
t=60°ɋ, ɪɚɫɯɨɞɭ� ɫɭɲɢɥɶɧɨɝɨ 
ɚɝɟɧɬɚ Q=250 ɦ3�ɱ� ɢ� ɭɞɟɥɶ-
ɧɨɣ� ɦɨɳɧɨɫɬɢ� ɋȼɑ-
ɢɡɥɭɱɟɧɢɹ� ɊɍȾ�ɋȼɑ=1 ɤȼɬ�ɤɝ 
ɜɥɚɝɢ�ɫɨɨɬɜɟɬɫɬɜɭɸɬ�ɩɨɤɚɡɚ-
ɬɟɥɢ�ɫɬɟɩɟɧɢ m=0,5 ɢ n=0,5.  

Ɇɟɬɨɞɢɤɚ� ɚɧɚɥɢɬɢɱɟ-
ɫɤɨɝɨ� ɪɚɫɱɟɬɚ� ɩɪɨɞɨɥɠɢ-
ɬɟɥɶɧɨɫɬɢ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ 
ɋȼɑ�ɫɭɲɤɢ [5] ɜ� ɞɚɧɧɨɦ 
ɫɥɭɱɚɟ� ɡɚɤɥɸɱɚɟɬɫɹ� ɜ� ɫɥɟ-
ɞɭɸɳɟɦ:  

1) ɉɨɞɫɬɚɜɥɹɟɦ� ɡɧɚɱɟ-
ɧɢɹ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ (A,  B,  N) ɜ�ɮɨɪɦɭɥɭ 
(7) ɢ�ɨɩɪɟɞɟɥɹɟɦ�ɤɨɷɮɮɢɰɢ-
ɟɧɬ� ɫɤɨɪɨɫɬɢ� ɫɭɲɤɢ Ʉɫ, ɤɨ-
ɬɨɪɵɣ� ɫɨɨɬɜɟɬɫɬɜɭɟɬ� ɜɵ-
ɛɪɚɧɧɨɦɭ�ɪɟɠɢɦɭ�ɩɪɨɰɟɫɫɚ; 

2) ɉɨ�ɮɨɪɦɭɥɟ (6), ɤɨɬɨɪɚɹ� ɫɨɨɬɜɟɬɫɬɜɭɟɬ�ɩɨɤɚ-
ɡɚɬɟɥɹɦ�ɫɬɟɩɟɧɢ m=0,5 ɢ n=0,5, ɚɧɚɥɢɬɢɱɟɫɤɢ  ɨɩɪɟɞɟ-
ɥɹɟɦ� ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ� ɩɪɨɰɟɫɫɚ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ 
ɋȼɑ- ɫɭɲɤɢ� ɩɪɨɞɭɤɬɚ� ɨɬ� ɧɚɱɚɥɶɧɨɣ� ɞɨ� ɡɚɞɚɧɧɨɣ 
ɜɥɚɠɧɨɫɬɢ.  

ɇɚ�ɪɢɫ. 2, 3, 4 ɩɪɟɞɫɬɚɜɥɟɧɵ�ɤɪɢɜɵɟ�ɤɨɦɛɢɧɢɪɨ-
ɜɚɧɧɨɣ� ɋȼɑ�ɫɭɲɤɢ� ɫɨɥɨɦɤɢ� ɤɚɪɬɨɮɟɥɹ,  ɫɜɟɤɥɵ� ɢ 
ɦɨɪɤɨɜɢ, ɩɨɫɬɪɨɟɧɧɵɟ� ɩɨ� ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ� ɞɚɧ-

ɧɵɦ (ɤɪɢɜɵɟ�ɫɭɲɤɢ 1) ɢ�ɞɚɧɧɵɦ�ɩɨɥɭɱɟɧɧɵɦ�ɪɚɫɱɟɬ-
ɧɵɦ�ɩɭɬɟɦ (ɤɪɢɜɵɟ�ɫɭɲɤɢ 2). 

ɂɡ� ɚɧɚɥɢɡɚ� ɩɨɥɭɱɟɧɧɵɯ� ɡɚɜɢɫɢɦɨɫɬɟɣ� ɫɥɟɞɭɟɬ, 
ɱɬɨ�ɤɪɢɜɵɟ�ɫɭɲɤɢ, ɩɨɥɭɱɟɧɧɵɟ�ɪɚɫɱɟɬɧɵɦ�ɩɭɬɟɦ�ɯɨ- 

 

Ɋɢɫ. 1. ɋɯɟɦɚ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ�ɭɫɬɚɧɨɜɤɢ�ɞɥɹ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɫɭɲɤɢ 
ɩɢɳɟɜɨɝɨ�ɫɵɪɶɹ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɋȼɑ – ɢɡɥɭɱɟɧɢɹ: 1 – ɰɟɧɬɪɨɛɟɠɧɵɣ�ɜɟɧɬɢɥɹ-
ɬɨɪ; 2 – ɫɩɢɪɚɥɶɧɵɣ�ɬɟɩɥɨɨɛɦɟɧɧɢɤ; 3 - ɷɥɟɤɬɪɨɤɚɥɨɪɢɮɟɪ; 4 – ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ 
ɋȼɑ- ɫɭɲɢɥɤɚ; 5 – ɛɚɪɚɛɚɧ; 6 – ɦɨɬɨɪ�ɪɟɞɭɤɬɨɪ; 7 – ɜɨɡɞɭɯɨɜɨɞɵ; 8 – ɫɱɟɬɱɢɤ�ɩɨ-
ɬɪɟɛɥɹɟɦɨɣ�ɷɥɟɤɬɪɢɱɟɫɤɨɣ�ɷɧɟɪɝɢɢ�ɷɥɟɤɬɪɨɤɚɥɨɪɢɮɟɪɚ; 9 – ɫɱɟɬɱɢɤ�ɩɨɬɪɟɛɥɹɟɦɨɣ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ�ɷɧɟɪɝɢɢ�ɋȼɑ�ɝɟɧɟɪɚɬɨɪɚ; 10 – ɪɟɝɭɥɹɬɨɪ�ɱɚɫɬɨɬɵ�ɜɪɚɳɟɧɢɹ; 
11 – ɢɡɦɟɪɢɬɟɥɶ�ɪɟɝɭɥɹɬɨɪ�ɬɟɦɩɟɪɚɬɭɪɵ�ɫɭɲɢɥɶɧɨɝɨ�ɜɨɡɞɭɯɚ 

 

Ɋɢɫ. 2. Ʉɪɢɜɵɟ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɋȼɑ�ɫɭɲɤɢ�ɫɨɥɨɦ-
ɤɢ�ɤɚɪɬɨɮɟɥɹ: 1- ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ  

ɤɪɢɜɚɹ; 2 – ɪɚɫɱɟɬɧɚɹ�ɤɪɢɜɚɹ 



ǽȞȜȤȓȟȖ, ȜȏșȎȒțȎțțȭ, ȎȐȠȜȚȎȠȖȕȎȤȳȭ, ȡȝȞȎȐșȳțțȭ�ȳ�ȓȘȜțȜȚȳȘȎ  
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ɪɨɲɨ�ɫɨɱɟɬɚɸɬɫɹ, ɫ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ. 
ɉɨɝɪɟɲɧɨɫɬɶ� ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ� ɦɟɬɨɞɚ� ɪɚɫɱɟɬɚ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ�ɩɪɨɰɟɫɫɚ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɋȼɑ-
ɫɭɲɤɢ� ɩɪɨɞɭɤɬɨɜ� ɨɬ� ɧɚɱɚɥɶɧɨɣ� ɞɨ� ɡɚɞɚɧɧɨɣ� ɜɥɚɠɧɨ-
ɫɬɢ�ɞɥɹ�ɜɫɟɯ�ɩɟɪɢɨɞɨɜ�ɫɭɲɤɢ�ɧɟ�ɩɪɟɜɵɲɚɟɬ 10%, ɱɬɨ 
ɜɩɨɥɧɟ� ɩɪɢɟɦɥɟɦɨ� ɞɥɹ� ɩɪɨɟɤɬɧɨɝɨ� ɢɧɠɟɧɟɪɧɨɝɨ� ɪɚɫ-
ɱɟɬɚ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ�ɋȼɑ�ɫɭɲɢɥɨɤ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ� ɋȼɑ-
ɫɭɲɢɥɤɢ�ɩɨ�ɜɵɫɭɲɟɧɧɨɦɭ�ɩɪɨɞɭɤɬɭ�ɨɩɪɟɞɟɥɹɟɬɫɹ�ɤɢ-
ɧɟɬɢɤɨɣ� ɟɝɨ� ɫɭɲɤɢ� ɤɨɧɤɪɟɬɧɨɝɨ� ɩɪɨɞɭɤɬɚ� ɩɪɢ� ɜɵ-
ɛɪɚɧɧɵɯ�ɩɚɪɚɦɟɬɪɚɯ�ɩɪɨɰɟɫɫɚ�ɨɛɟɡɜɨɠɢɜɚɧɢɹ, ɚ�ɬɚɤɠɟ 
ɜɥɚɠɧɨɫɬɶɸ�ɩɪɨɞɭɤɬɚ�ɞɨ�ɢ�ɩɨɫɥɟ�ɫɭɲɤɢ.    

t

)(60 WɩɪɆ
ɉ

D-×
= , ɤɝ�ɱɚɫ                                     (8) 

ɝɞɟ Mɩɪ – ɦɚɫɫɚ�ɡɚɝɪɭɠɟɧɧɨɝɨ�ɩɪɨɞɭɤɬɚ, ɤɝ; 
DW – ɦɚɫɫɚ�ɭɞɚɥɟɧɧɨɣ�ɜɥɚɝɢ�ɢɡ�ɩɪɨɞɭɤɬɚ�ɡɚ�ɜɪɟ-

ɦɹt, ɤɝ; 
t -  ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ�ɫɭɲɤɢ�ɩɪɨɞɭɤɬɚ�ɩɪɢ�ɜɵ-

ɛɪɚɧɧɵɯ�ɩɚɪɚɦɟɬɪɚɯ�ɩɪɨɰɟɫɫɚ�ɨɛɟɡɜɨɠɢɜɚɧɢɹ, ɦɢɧ. 
 
Ɉɫɧɨɜɧɵɦɢ� ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ� ɩɚɪɚɦɟɬɪɚɦɢ� ɪɚ-

ɛɨɱɟɣ� ɤɚɦɟɪɵ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ� ɋȼɑ�ɫɭɲɢɥɤɢ� ɧɟ-
ɩɪɟɪɵɜɧɨɝɨ� ɩɪɢɧɰɢɩɚ� ɞɟɣɫɬɜɢɹ� ɹɜɥɹɸɬɫɹ� ɞɥɢɧɚ� ɢ 

ɲɢɪɢɧɚ�ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ�ɪɟɲɟɬɤɢ.  
Ⱦɥɢɧɚ� ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ� ɪɟɲɺɬɤɢ� ɨɩɪɟɞɟ-

ɥɹɟɬɫɹ�ɩɨ�ɫɥɟɞɭɸɳɟɣ�ɡɚɜɢɫɢɦɨɫɬɢ: 
ut××=60L , ɦ                                                       (9) 

ɝɞɟ t - ɜɪɟɦɹ� ɫɭɲɤɢ�ɩɪɨɞɭɤɬɚ� ɨɬ� ɧɚɱɚɥɶɧɨɣ Wɇ 
ɞɨ�ɡɚɞɚɧɧɨɣ WɄ�ɜɥɚɠɧɨɫɬɢ, ɦɢɧ; 

u  - ɫɤɨɪɨɫɬɶ�ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ�ɩɪɨɞɭɤɬɚ�ɱɟɪɟɡ 
ɪɚɛɨɱɭɸ�ɤɚɦɟɪɭ�ɫɭɲɢɥɤɢ, ɦ�ɫ.     

ɒɢɪɢɧɭ�ɩɥɨɫɤɨɣ�ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ�ɪɟɲɺɬ-
ɤɢ�ɧɚɯɨɞɢɦ�ɩɨ�ɫɥɟɞɭɸɳɟɣ�ɡɚɜɢɫɢɦɨɫɬɢ: 

,
HLɩɪ

ɩɪM
S

××
=

r �ɦ                                                 (10) 

ɝɞɟ Mɩɪ – ɦɚɫɫɚ�ɡɚɝɪɭɠɟɧɧɨɝɨ�ɩɪɨɞɭɤɬɚ, ɤɝ;   
ɩɪr - ɧɚɫɵɩɧɚɹ�ɩɥɨɬɧɨɫɬɶ�ɩɪɨɞɭɤɬɚ, ɤɝ�ɦ3; 

L – ɞɥɢɧɚ�ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ�ɪɟɲɟɬɤɢ, ɦ; 
ɇ – ɜɵɫɨɬɚ� ɫɥɨɹ� ɩɪɨɞɭɤɬɚ� ɧɚɞ� ɝɚɡɨɪɚɫɩɪɟɞɟɥɢ-

ɬɟɥɶɧɨɣ�ɪɟɲɟɬɤɨɣ, ɦ. 
Ɋɚɡɪɚɛɨɬɚɧɧɵɣ�ɦɟɬɨɞ�ɪɚɫɱɟɬɚ�ɤɢɧɟɬɢɤɢ�ɩɪɨɰɟɫɫɚ 

ɫɭɲɤɢ� ɪɚɫɬɢɬɟɥɶɧɨɝɨ� ɫɵɪɶɹ� ɦɨɠɟɬ� ɛɵɬɶ� ɩɨɥɨɠɟɧ� ɜ 
ɨɫɧɨɜɭ� ɢɧɠɟɧɟɪɧɨɝɨ� ɪɚɫɱɟɬɚ� ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ� ɫɭ-
ɲɢɥɨɤ� ɫ� ɤɨɧɜɟɤɬɢɜɧɵɦ� ɷɧɟɪɝɨɩɨɞɜɨɞɨɦ� ɢ� ɋȼɑ-
ɢɡɥɭɱɟɧɢɟɦ.  
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ɍȾɄ 66.06 

ɉɈɇɈɆȺɊȿɇɄɈ�ȼ�ȼ., ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ. 
ɇɚɰɿɨɧɚɥɶɧɢɣ�ɭɧɿɜɟɪɫɢɬɟɬ�ɯɚɪɱɨɜɢɯ�ɬɟɯɧɨɥɨɝɿɣ, ɦ. Ʉɢʀɜ 

ȾɈɋɅȱȾɀȿɇɇə�ȿɎȿɄɌɂȼɇɈɋɌȱ�ȿɅȿɄɌɊɈɈȻɊɈȻɄɂ  
ɐɍɄɊɈȼɈȽɈ�ɊɈɁɑɂɇɍ�ȿɅȿɄɌɊɂɑɇɂɆ�ɉɈɅȿɆ 

ȼ�ɫɬɚɬɬɿ� ɪɨɡɝɥɹɧɭɬɨ� ɜɩɥɢɜ� ɡɦɿɧɧɨɝɨ, ɩɨɫɬɿɣɧɨɝɨ� ɬɚ� ɤɨɦɛɿɧɨ-
ɜɚɧɨɝɨ�ɟɥɟɤɬɪɢɱɧɨɝɨ�ɩɨɥɹ�ɧɚ�ɹɤɿɫɧɿ�ɩɨɤɚɡɧɢɤɢ�ɰɭɤɪɨɜɨɝɨ� ɪɨɡɱɢɧɭ. 
ȼ� ɪɟɡɭɥɶɬɚɬɿ� ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ� ɜɢɜɱɟɧɧɹ� ɰɶɨɝɨ� ɹɜɢɳɚ� ɡɚɩɪɨɩɨ-
ɧɨɜɚɧɚ� ɪɚɰɿɨɧɚɥɶɧɚ� ɩɨɫɥɿɞɨɜɧɿɫɬɶ� ɨɛɪɨɛɤɢ� ɰɭɤɪɨɜɨɝɨ� ɪɨɡɱɢɧɭ. 

ɋɩɨɫɿɛ�ɟɥɟɤɬɪɨɨɛɪɨɛɤɢ�ɡɚɯɢɳɟɧɢɣ�ɩɚɬɟɧɬɨɦ�ɍɤɪɚʀɧɢ�ɧɚ�ɜɢɧɚɯɿɞ�ɬɚ 
ɤɨɪɢɫɧɭ�ɦɨɞɟɥɶ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɰɭɤɪɨɜɢɣ�ɪɨɡɱɢɧ, ɟɥɟɤɬɪɢɱɧɟ�ɩɨɥɟ, ɟɥɟɤɬɪɨ-
ɫɬɚɬɢɱɧɢɣ�ɫɬɚɤɚɧ, ɱɢɫɬɨɬɚ. 

  

Ɋɢɫ. 3. Ʉɪɢɜɵɟ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɋȼɑ�ɫɭɲɤɢ�ɫɨɥɨɦɤɢ 
ɫɜɟɤɥɵ: 1- ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ�ɤɪɢɜɚɹ;  

2 –ɪɚɫɱɟɬɧɚɹ�ɤɪɢɜɚɹ 

Ɋɢɫ. 4. Ʉɪɢɜɵɟ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ�ɋȼɑ�ɫɭɲɤɢ�ɫɨɥɨɦɤɢ 
ɦɨɪɤɨɜɢ: 1- ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ�ɤɪɢɜɚɹ;  

2 – ɪɚɫɱɟɬɧɚɹ�ɤɪɢɜɚɹ 
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