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Аɧɧɨɬаɰиɹ. Ɋɚɫɫɦɨɬɪɟɧ ɩɪɨɰɟɫɫ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ ɫ ɭɱɟɬɨɦ ɞɢɮɮɭɡɢɢ ɡɚ-
ɜɢɯɪɟɧɧɨɫɬɢ. Вɵɹɜɥɟɧɵ ɭɫɥɨɜɢɹ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɫɬɜɭɸɬ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ ɩɪɢɝɨɬɨɜ-
ɥɟɧɢɹ ɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ ɜɵɫɨɤɨɣ ɨɞɧɨɪɨɞɧɨɫɬɢ ɡɚ ɫɱɟɬ ɫɨɡɞɚɧɢɹ ɞɨɥɠɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɡɚ-
ɦɤɧɭɬɵɯ ɜɢɯɪɟɣ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ. 
 

Клɸɱевые ɫлɨва: ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɶ ɝɪɚɜɢɬɚɰɢɨɧɧɨ-ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɤɨɪɩɭɫ, ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɵɣ ɜɚɥ, ɥɨɩɚɬɤɢ. 
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Аɧɨɬаɰіɹ. Ɋɨɡɝɥɹɧɭɬɨ ɩɪɨɰɟɫ ɩɟɪɟɦɿɲɭɜɚɧɧɹ ɤɨɦɩɨɧɟɧɬɿɜ ɫɭɦɿɲɿ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɞɢɮɭɡɿʀ ɡɚɜɢɯ-
ɪɟɧɨɫɬɿ. Вɢɹɜɥɟɧɨ ɭɦɨɜɢ, ɹɤɿ ɫɩɪɢɹɸɬɶ ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ ɩɪɨɰɟɫɭ ɩɪɢɝɨɬɭɜɚɧɧɹ ɛɟɬɨɧɧɢɯ ɫɭɦɿ-
ɲɟɣ ɜɢɫɨɤɨʀ ɨɞɧɨɪɿɞɧɨɫɬɿ ɡɚ ɪɚɯɭɧɨɤ ɫɬɜɨɪɟɧɧɹ ɧɚɥɟɠɧɨʀ ɤɿɥɶɤɨɫɬɿ ɡɚɦɤɧɭɬɢɯ ɜɢɯɨɪɿɜ ɪɭɯɭ 
ɱɚɫɬɢɧɨɤ ɛɟɬɨɧɧɨʀ ɫɭɦɿɲɿ. 
 

Клɸɱɨві ɫлɨва: ɛɟɬɨɧɨɡɦɿɲɭɜɚɱ ɝɪɚɜɿɬɚɰɿɣɧɨ-ɩɪɢɦɭɫɨɜɨʀ ɞɿʀ, ɤɨɪɩɭɫ, ɝɨɪɢɡɨɧɬɚɥɶɧɢɣ ɜɚɥ, ɥɨ-
ɩɚɬɤɢ. 
 

DEFINING OPERATIONAL CONDITIONS OF CONCRETE MIXER WITH 

GRAVITATIONAL CONSTRAINED ACTION FOR PREPARING HOMOGENEOUS 

CONCRETE MIXTURES 

 

I. Emelyanovɚ, Prof., Doc. of Tech. Sc., A. Anischenko, Assist.,  

Cand. of Eng. Sc., Kharkiv National University of Construction and Architecture 
 

Abstract. The process of mixing blend components using the vorticity diffusion has been studied. The 

conditions enabled the intensification of preparing concrete mixtures with high homogeneity by  

creating the proper amount of closed vortex motion of concrete mixture particles have been defined. 
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ȼɜɟɞɟɧɢɟ 
 

Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɯɚɪɚɤɬɟɪɢ-

ɡɭɸɳɢɯ ɪɚɛɨɬɭ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɹ, ɹɜɥɹɟɬɫɹ 
ɫɬɟɩɟɧɶ ɨɞɧɨɪɨɞɧɨɫɬɢ ɩɪɢɝɨɬɚɜɥɢɜɚɟɦɵɯ 
ɫɦɟɫɟɣ, ɤɨɬɨɪɚɹ ɜ ɞɚɥɶɧɟɣɲɟɦ ɨɩɪɟɞɟɥɹɟɬ 
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɛɟɬɨɧɧɵɯ ɢ 

ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢɡɞɟɥɢɣ. ɂɡɜɟɫɬɧɵ ɪɟɡɭɥɶ-

ɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɬɟɩɟɧɢ ɨɞɧɨɪɨɞɧɨɫɬɢ, 

ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ. ȼ 

ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɨɤɚɡɚɧ ɩɭɬɶ, ɨɛɟɫɩɟɱɢɜɚɸ-

ɳɢɣ ɭɫɥɨɜɢɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɨɞɧɨɪɨɞɧɵɯ 
ɫɦɟɫɟɣ ɡɚ ɫɱɟɬ ɫɨɡɞɚɧɢɹ ɞɨɥɠɧɨɝɨ ɤɨɥɢɱɟ-
ɫɬɜɚ ɡɚɦɤɧɭɬɵɯ ɜɢɯɪɟɣ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ ɛɟ-
ɬɨɧɧɨɣ ɫɦɟɫɢ ɜ ɤɨɪɩɭɫɟ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɹ ɩɪɢ  

ɤɡɨ = 0,7–0,8. 
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Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ɋɭɳɟɫɬɜɭɸɳɢɟ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɢ ɰɢɤɥɢɱɟ-
ɫɤɨɝɨ ɞɟɣɫɬɜɢɹ, ɤɚɤ ɪɨɬɨɪɧɵɟ, ɬɚɤ ɢ ɫ ɝɨɪɢ-

ɡɨɧɬɚɥɶɧɵɦɢ ɥɨɩɚɫɬɧɵɦɢ ɜɚɥɚɦɢ, ɡɚɱɚɫɬɭɸ 

ɧɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɨɞɧɨɪɨɞ-
ɧɨɫɬɢ ɩɪɢɝɨɬɚɜɥɢɜɚɟɦɵɯ ɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ. ɋ 

ɬɚɤɨɣ ɡɚɞɚɱɟɣ ɭɫɩɟɲɧɨ ɫɩɪɚɜɥɹɸɬɫɹ ɛɟɬɨ-
ɧɨɫɦɟɫɢɬɟɥɢ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ, ɪɚɛɨɬɚɸɳɢɟ 
ɜ ɤɚɫɤɚɞɧɨɦ ɪɟɠɢɦɟ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɢɬɫɹ 
ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɶ ɝɪɚɜɢɬɚɰɢɨɧɧɨ-ɩɪɢɧɭɞɢ-

ɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ. 
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɫɬɪɨ-
ɢɬɟɥɶɧɵɯ (ɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ) ɫ ɜɵɫɨɤɨɣ ɫɬɟ-
ɩɟɧɶɸ ɨɞɧɨɪɨɞɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɶ 
ɭɫɥɨɜɢɹ ɩɨɜɟɞɟɧɢɹ ɱɚɫɬɢɰ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ 
ɪɚɛɨɱɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɹ ɝɪɚ-
ɜɢɬɚɰɢɨɧɧɨ-ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ ɞɥɹ 
ɫɨɡɞɚɧɢɹ ɡɚɦɤɧɭɬɵɯ ɜɢɯɪɟɣ ɞɜɢɠɟɧɢɹ ɟɟ 
ɤɨɦɩɨɧɟɧɬɨɜ; ɩɪɢ ɷɬɨɦ ɧɚɣɬɢ ɩɚɪɚɦɟɬɪɵ, 

ɤɨɬɨɪɵɟ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ 

ɹɜɥɹɸɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɞɥɹ ɩɪɨɰɟɫɫɚ ɩɪɢ-

ɝɨɬɨɜɥɟɧɢɹ ɨɞɧɨɪɨɞɧɵɯ ɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ. 

 

Ⱥɧɚɥɢɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɚ 

 

ȼ ɫɢɥɭ ɫɜɨɢɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ 1 ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɶ ɝɪɚɜɢɬɚɰɢɨɧɧɨ-ɩɪɢɧɭ-

ɞɢɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨɰɟɫɫ 
ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɜɨ ɜɫɟɦ ɩɨɥɟɡ-
ɧɨɦ ɨɛɴɟɦɟ ɦɚɲɢɧɵ (ɤɡɨ = 0,7–0,8).  

 

ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɤɚɫɤɚɞɧɨɝɨ ɪɟɠɢɦɚ 
ɪɚɛɨɬɵ ɫɦɟɫɢɬɟɥɹ, ɚ ɤɚɤ ɩɨɤɚɡɵɜɚɸɬ ɪɟɡɭɥɶ-
ɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɢɫɫɥɟɞɨ-
ɜɚɧɢɣ, ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɩɪɢɝɨɬɚɜɥɢɜɚɟɦɵɯ 
ɫɦɟɫɟɣ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɜ  ɪɚɫɫɦɚɬɪɢ-

ɜɚɟɦɨɦ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɟ ɧɟ ɩɪɟɜɵɲɚɟɬ 5–

6 % 1, 2. 
 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɡɜɟɫɬɧɵɦɢ ɢ ɞɟɣɫɬɜɭɸɳɢ-

ɦɢ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɹɦɢ, ɜ ɧɨɜɨɦ ɫɦɟɫɢɬɟɥɟ 
ɝɪɚɜɢɬɚɰɢɨɧɧɨ-ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ 
ɱɚɫɬɢɰɵ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɪɟɬɟɪɩɟɜɚɸɬ 
ɫɥɨɠɧɵɟ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ 3: ɜɪɚɳɚɟɬ-
ɫɹ ɤɨɪɩɭɫ ɦɚɲɢɧɵ, ɜɪɚɳɚɟɬɫɹ ɝɨɪɢɡɨɧɬɚɥɶ-
ɧɵɣ ɥɨɩɚɫɬɧɵɣ ɜɚɥ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, 
ɱɬɨ ɱɚɫɬɢɰɵ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɪɢ ɤɚɫɤɚɞɧɨɦ 

ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɹ ɫɨɫɬɚɜɥɹɸɬ 
ɡɚɦɤɧɭɬɵɟ ɜɢɯɪɢ. 

ɉɪɨɰɟɫɫ ɞɢɮɮɭɡɢɢ (ɩɟɪɟɦɟɲɢɜɚɧɢɹ) ɫɨɫɬɚɜ-
ɥɹɸɳɢɯ ɫɢɥ ɩɪɢɜɨɞɢɬ, ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ, ɤ 
ɫɨɡɞɚɧɢɸ ɨɞɧɨɪɨɞɧɨɣ ɫɪɟɞɵ. ɇɚɛɥɸɞɚɟɦɚɹ 

ɩɪɢ ɷɬɨɦ ɞɢɮɮɭɡɢɹ ɡɚɜɢɯɪɟɧɧɨɫɬɢ ɦɨɠɟɬ 
ɛɵɬɶ ɨɩɢɫɚɧɚ ɭɪɚɜɧɟɧɢɟɦ ɞɢɫɩɟɪɫɢɢ ɜ ɜɹɡ-
ɤɨɣ ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ, ɦɨɞɟɥɶɸ ɤɨɬɨ-
ɪɨɣ ɹɜɥɹɟɬɫɹ ɛɟɬɨɧɧɚɹ ɫɦɟɫɶ. ɍɪɚɜɧɟɧɢɟ 
ɢɦɟɟɬ ɜɢɞ 
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,  (1) 

 

ɝɞɟ V


 – ɜɟɤɬɨɪ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɛɟɬɨɧɧɨɣ 

ɫɦɟɫɢ;   – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɛɟɬɨɧ-

ɧɨɣ ɫɦɟɫɢ, ɦ2/ɫ;  
2 2 2

2

2 2 2
; ;

x y z

          – ɨɩɟɪɚɬɨɪ Ʌɚɩɥɚɫɚ;  

1
rot

2
V     

 – ɜɟɤɬɨɪ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ 

ɜɪɚɳɟɧɢɹ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ (
1

rot
2

V  
) – 

ɜɢɯɪɶ ɜɟɤɬɨɪɚ ɫɤɨɪɨɫɬɢ V


) 4; grad


 – ɝɪɚ-
ɞɢɟɧɬ ɜɟɤɬɨɪɚ (ɨɩɟɪɚɬɨɪ ɜɢɞɚ 

grad ; ;
x y z

        


;  

 

 grad x y zV V V V
x y z

          
  

; 

 grad x y z

V V V
V

x y z

            
    

 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɪɚɡɜɟɪɧɭɬɨɦ ɜɢɞɟ ɭɪɚɜɧɟ-
ɧɢɟ (1) ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ 
 

2 2 2

2 2 2
.

x y z

x y z

V V V
t x y z

V V V

x y z

x y z

            
           

            

   

  

  
   (2) 

 

ȼ ɫɥɭɱɚɟ ɩɥɨɫɤɨɝɨ ɩɨɬɨɤɚ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ 
ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɟ ɝɪɚɜɢɬɚɰɢɨɧɧɨ-ɩɪɢɧɭɞɢ-

ɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ ɜɟɤɬɨɪ   ɪɚɫɫɦɚɬɪɢɜɚɟɬ-
ɫɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦ ɤ ɩɥɨɫɤɨɫɬɢ ɬɟɱɟɧɢɹ 
ɫɦɟɫɢ, ɚ ɜɟɥɢɱɢɧɚ   grad V   

 ɜ ɭɪɚɜɧɟɧɢɹɯ 

(1) ɢ (2) ɩɪɢ ɷɬɨɦ ɛɭɞɟɬ ɪɚɜɧɚ ɧɭɥɸ. Ɍɨɝɞɚ 
ɭɪɚɜɧɟɧɢɹ (1) ɢ (2) ɩɪɢɧɢɦɚɸɬ ɜɢɞ 

 

  2gradV
t

      
   

      (3) 
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ɢɥɢ  
   2grad .V

t

      
  

     (4) 

 

Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɞɢɮɮɭɡɢɢ, 

ɨɬɪɚɠɚɸɳɟɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɞɨɩɭɫɬɢɦ, 

ɤɪɭɩɧɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ ɩɨ ɜɫɟɦɭ ɪɚɛɨɱɟɦɭ 
ɨɛɴɟɦɭ ɫɦɟɫɢɬɟɥɹ, ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ 
   2grad

C
V C D C

t

   


,      (5) 

 

ɝɞɟ D – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ, ɦ2/ɫ; ɋ – 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɪɭɩɧɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ ɜ ɩɪɢ-

ɝɨɬɚɜɥɢɜɚɟɦɨɣ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɩɨ ɜɫɟɦɭ  
ɨɛɴɟɦɭ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ. 
 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɫɥɟɞɭɟɬ ɪɚɫɫɦɨɬɪɟɬɶ 
ɭɪɚɜɧɟɧɢɟ ɇɚɜɶɟ–ɋɬɨɤɫɚ ɞɥɹ ɧɟɫɠɢɦɚɟɦɨɣ 

ɠɢɞɤɨɫɬɢ (ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ) ɢ ɭɪɚɜɧɟɧɢɟ ɧɟ-
ɪɚɡɪɵɜɧɨɫɬɢ 

 

  2

0

1
grand

V
V V p V

x

         
     

,   (6) 

 

ɝɞɟ 0  – ɫɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, 

ɤɝ/ɦ3; p – ɞɚɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɢɫɩɵɬɵɜɚɟɬ ɛɟ-
ɬɨɧɧɚɹ ɫɦɟɫɶ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɜ 
ɪɚɛɨɬɚɸɳɟɦ ɫɦɟɫɢɬɟɥɟ. 
 

ɉɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ const  , grand 0 
, 

ɭɪɚɜɧɟɧɢɟ (6) ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞ 
   2grand

V
V V V

x

     
   

.      (7) 

 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɭɪɚɜɧɟɧɢɹ (4), (5), (7), 

ɦɨɠɧɨ ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ, ɱɬɨ ɷɬɢ ɭɪɚɜɧɟɧɢɹ 
ɢɞɟɧɬɢɱɧɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɬɪɚɠɚɸɬ ɫɩɟɤɬɪ 

ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɤɚɤ ɪɚɡ ɢ ɹɜɥɹɸɬɫɹ 
ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɩɪɨɰɟɫɫ ɩɟɪɟɦɟɲɢɜɚɧɢɹ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ. 

 
 

2

2

2

;

;

.

i i i i
x y z

i

i i i i
x y z

i

x y z

V V V
t x y z

V V V V
V V V

t x y z

V

C C C C
V V V

t x y z

D C

                                                

 (8) 

ȿɫɥɢ ɛɪɚɬɶ ɬɨɥɶɤɨ ɨɬɞɟɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ 

ɜɟɤɬɨɪɚ  , ,x y zV V V V , ɜɟɤɬɨɪɚ 

 , ,x y z    
 ɢ ɋ, ɬɨ ɜɢɞɧɨ, ɱɬɨ ɭɪɚɜɧɟ-

ɧɢɹ ɫɢɫɬɟɦɵ (8) ɩɨɞɨɛɧɵ. ɍɪɚɜɧɟɧɢɹ ɫɢɫɬɟ-
ɦɵ (8) ɩɨɞɨɛɧɵ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɤɨɷɮɮɢɰɢɟɧ-

ɬɚ k. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɩɨɥɭɱɚɟɦɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɬɨɠɟ ɞɨɥɠɧɵ ɛɵɬɶ ɢɞɟɧɬɢɱɧɵ. 

 

1k D  ;   2i iV k  ;   3iV k C .    (9) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɧɟɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɢɞɟ-
ɬɟɥɶɫɬɜɭɸɬ, ɜɨ-ɩɟɪɜɵɯ, ɨ ɩɪɹɦɨɣ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨɣ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ 
ɩɪɨɰɟɫɫɚ; ɜɨ-ɜɬɨɪɵɯ, ɨɛ ɢɯ ɬɟɫɧɨɣ ɜɡɚɢɦɨ-
ɫɜɹɡɢ. 

 

Ɍɚɤɚɹ ɫɜɹɡɶ ɨɬɞɟɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ 
ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɢ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɨɞ-

ɧɨɪɨɞɧɨɫɬɶ ɩɪɢɝɨɬɨɜɥɹɟɦɨɣ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 

ɤɚɤ ɜ ɩɪɨɞɨɥɶɧɨɦ, ɬɚɤ ɢ ɜ ɩɨɩɟɪɟɱɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɹɯ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɦɟɫɢ-

ɬɟɥɹ. 
 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɢɡɜɟɫɬɧɵɯ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɟɣ, ɜ 
ɪɚɛɨɬɚɸɳɟɦ ɫɦɟɫɢɬɟɥɟ ɝɪɚɜɢɬɚɰɢɨɧɧɨ-
ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚɛɥɸɞɚɟɬɫɹ 
ɧɚɥɢɱɢɟ ɡɚɦɤɧɭɬɵɯ ɜɢɯɪɟɣ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ 

ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ. Ʉɨɧɟɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ (9) 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɬɶ ɤɨ-
ɥɢɱɟɫɬɜɨ ɬɚɤɢɯ ɜɢɯɪɟɣ ɜɨɡɦɨɠɧɨ ɡɚ ɫɱɟɬ ɭɜɟ-
ɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɢɯ ɞɜɢɠɟɧɢɹ ɜ ɫɦɟɫɢɬɟɥɟ, 
ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɸɬ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɤɨɪ-
ɩɭɫɚ ɦɚɲɢɧɵ ɢ ɟɟ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɥɨɩɚɫɬ-
ɧɨɝɨ ɜɚɥɚ. 
 

Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɛɟɬɨɧɨɫɦɟɫɢ-

ɬɟɥɹ ɫ ɝɪɚɜɢɬɚɰɢɨɧɧɨ-ɩɪɢɧɭɞɢɬɟɥɶɧɵɦ 

ɩɪɢɧɰɢɩɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɤɚɤ ɪɚɡ ɩɨɡɜɨɥɹ-
ɸɬ ɫɭɳɟɫɬɜɟɧɧɨ ɢɧɬɟɧɫɢɮɢɰɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ 
ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɡɚ ɫɱɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɫɨɡɞɚɬɶ 
ɭɜɟɥɢɱɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ  ɡɚɦɤɧɭɬɵɯ ɜɢɯɪɟɣ  

ɞɜɢɠɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɫ ɢɡɜɟɫɬɧɵɦɢ ɫɦɟɫɢɬɟɥɹɦɢ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ 
ɞɟɣɫɬɜɢɹ. ɉɪɢ ɤɚɫɤɚɞɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ 

ɫɦɟɫɢɬɟɥɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɫɤɨɪɹɟɬɫɹ ɩɪɨ-
ɰɟɫɫ ɞɢɮɮɭɡɢɢ (ɩɟɪɟɦɟɲɢɜɚɧɢɹ). Ɂɧɚɱɢɬ, ɞɥɹ 
ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜɵɫɨɤɨɣ ɨɞ-

ɧɨɪɨɞɧɨɫɬɢ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɦ ɡɧɚɱɟɧɢɢ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɪɭɩɧɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ ɋ ɜ ɥɸ-

ɛɨɦ ɫɟɱɟɧɢɢ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɧɨɜɨɝɨ 

ɫɦɟɫɢɬɟɥɹ ɩɨ ɜɫɟɣ ɟɝɨ ɞɥɢɧɟ ɫɨɡɞɚɧɵ ɢɞɟɧ-

ɬɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɤɨɦɩɨ-
ɧɟɧɬɨɜ ɫɦɟɫɢ. 
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ȼɵɜɨɞɵ 

 

ɉɪɨɰɟɫɫ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɫɨɫɬɚɜɥɹɸɳɢɯ ɛɟ-
ɬɨɧɧɨɣ ɫɦɟɫɢ ɜ ɛɟɬɨɧɨɫɦɟɫɢɬɟɥɟ ɝɪɚɜɢɬɚɰɢ-

ɨɧɧɨ-ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɞɟɣɫɬɜɢɹ ɪɚɫɫɦɨɬɪɟɧ 

ɫ ɭɱɟɬɨɦ ɞɢɮɮɭɡɢɢ ɡɚɜɢɯɪɟɧɧɨɫɬɢ. 

 

ɉɨɞɜɟɪɝɧɭɬɵ ɚɧɚɥɢɡɭ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɛɟɬɨ-
ɧɨɫɦɟɫɢɬɟɥɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨ-ɩɪɢɧɭɞɢɬɟɥɶ-
ɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɩɪɢɝɨɬɨ-
ɜɢɬɶ ɨɞɧɨɪɨɞɧɵɟ ɛɟɬɨɧɧɵɟ ɫɦɟɫɢ. 

 

ɇɚɣɞɟɧ ɪɹɞ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ 
ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɩɪɨɰɟɫɫɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 
ɨɞɧɨɪɨɞɧɵɯ ɛɟɬɨɧɧɵɯ ɫɦɟɫɟɣ ɢɫɯɨɞɹ ɢɡ 
ɧɚɥɢɱɢɹ ɡɚɦɤɧɭɬɵɯ ɜɢɯɪɟɣ ɞɜɢɠɟɧɢɹ ɤɨɦɩɨ-
ɧɟɧɬɨɜ ɫɦɟɫɢ. 
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