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ȼ ɪɚɛɨɬɚɯ [1-2] ɛɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɧɚɢɥɭɱɲɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɧɚɢɦɟɧɶɲɟɟ 
ɜɥɢɹɧɢɟ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɩɪɢ ɫɜɚɪɤɟ ɜ ɭɝɥɟɤɢ-

ɫɥɨɦ ɝɚɡɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɡɚɳɢɬɧɵɯ ɩɪɨɬɢɜɨɩɪɢɝɚɪɧɵɯ ɩɨɤɪɵɬɢɣ, ɨɤɚɡɵɜɚɸɬ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ 
ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫɭɥɶɮɢɬɧɨ-ɫɩɢɪɬɨɜɨɣ ɛɚɪɞɵ (ɄȻɀ).  

Ɉɞɧɚɤɨ ɧɟ ɜɫɟ ɷɬɢ ɩɨɤɪɵɬɢɹ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜ ɞɨɫɬɚɬɨɱɧɨɣ ɫɬɟɩɟɧɢ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴ-

ɹɜɥɹɟɦɵɦ ɤ ɡɚɳɢɬɧɵɦ ɩɨɤɪɵɬɢɹɦ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɬɶ ɬɚɤɨɣ ɫɨɫɬɚɜ ɡɚɳɢɬɧɨɝɨ 
ɩɨɤɪɵɬɢɹ, ɤɨɬɨɪɵɣ ɛɵ ɭɞɨɜɥɟɬɜɨɪɹɥ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɡɚɳɢɬɧɵɦ ɩɨɤɪɵɬɢɹɦ. 

Ɉɞɧɨɣ ɢɡ ɡɚɞɚɱ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɚɫɶ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɩɨ ɜɵɛɨɪɭ ɫɨɫɬɚɜɚ ɡɚ-
ɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɫ ɭɱɟɬɨɦ ɟɝɨ ɜɥɢɹɧɢɹ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. Ɉɛɵɱɧɨ ɤɪɢɬɟ-
ɪɢɣ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦ ɢ ɫɨɞɟɪɠɢɬ ɬɪɟɛɨɜɚɧɢɹ ɤ ɪɚɡɥɢɱɧɵɦ ɫɜɨɣɫɬɜɚɦ ɫɜɚɪɧɨɝɨ 
ɫɨɟɞɢɧɟɧɢɹ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɡɚ ɤɪɢɬɟɪɢɣ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɜɵɛɪɚɧ ɦɢɧɢɦɭɦ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, 

ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɤɨɦɩɥɟɤɫɨɦ ɞɨɩɭɫɬɢɦɵɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 
ɂɡɭɱɟɧɢɟ ɩɪɢɦɟɧɹɟɦɵɯ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɩɨɤɚɡɚɥɨ [3], ɱɬɨ ɧɚɢɥɭɱɲɢɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ 

ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɨɛɥɚɞɚɸɬ ɩɨɤɪɵɬɢɹ ȼ12 ɢ ȼ15. ɇɟɞɨɫɬɚɬɤɨɦ ɢɡɜɟɫɬɧɵɯ 
ɩɨɤɪɵɬɢɣ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɟɝɨ ɤɨɦɩɨɧɟɧɬɨɜ, ɱɬɨ ɩɪɢ ɛɨɥɶɲɢɯ ɨɛɴɟɦɚɯ ɩɪɢɦɟɧɟɧɢɹ ɫɤɚ-
ɠɟɬɫɹ ɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɞɭɤɰɢɢ. ɉɨɷɬɨɦɭ ɡɚɞɚɱɟɣ ɹɜɥɹɥɨɫɶ ɪɚɡɪɚɛɨɬɚɬɶ ɫɨɫɬɚɜ ɩɨɤɪɵɬɢɹ, ɢɦɟɸ-

ɳɟɝɨ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɡɚɳɢɬɧɵɟ ɫɜɨɣɫɬɜɚ, ɧɨ ɛɨɥɟɟ ɞɟɲɟɜɵɣ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɩɨɤɪɵɬɢɹɦɢ ȼ12 ɢ ȼ15.  

ɉɨɫɬɚɜɥɟɧɧɚɹ ɡɚɞɚɱɚ ɞɨɫɬɢɝɚɥɚɫɶ ɬɟɦ, ɱɬɨ ɜ ɩɨɤɪɵɬɢɟ ɞɥɹ ɡɚɳɢɬɵ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬ ɛɪɵɡɝ ɪɚɫ-
ɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɫɭɥɶɮɢɞɧɨ-ɫɩɢɪɬɨɜɭɸ ɛɚɪɞɭ, ɤɚɥɶɰɢɧɢɪɨɜɚɧɧɭɸ ɫɨɞɭ ɜɜɟɞɟɧ 

ɬɟɪɦɨɫɬɨɣɤɢɣ ɧɚɩɨɥɧɢɬɟɥɶ – ɫɚɩɪɨɩɟɥɶ. ɋɚɩɪɨɩɟɥɶ ɫɨɫɬɨɢɬ ɢɡ ɫɨɥɟɣ ɤɚɥɶɰɢɹ, ɦɚɝɧɢɹ, ɠɟɥɟɡɚ, ɰɢɧɤɚ, 
ɫɟɥɟɧɚ, ɦɚɪɝɚɧɰɚ, ɤɨɥɥɨɢɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɚɥɸɦɢɧɢɹ, ɤɪɟɦɧɢɹ, ɥɢɝɧɢɧɚ, ɰɟɥɥɸɥɨɡɵ ɢ ɞɪ. ɤɨɦɩɨ-
ɧɟɧɬɨɜ. 

Ʉɨɦɩɨɧɟɧɬɵ ɩɨɤɪɵɬɢɹ ɜɵɩɨɥɧɹɸɬ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ: ɫɜɹɡɭɸɳɟɝɨ – ɫɭɥɶɮɢɬɧɨ – ɫɩɢɪɬɨɜɚɹ 
ɛɚɪɞɚ, ɤɨɬɨɪɚɹ ɜɜɨɞɢɬɫɹ ɜ ɫɨɫɬɚɜ ɩɨɤɪɵɬɢɹ ɜ ɜɢɞɟ ɪɚɫɬɜɨɪɚ; ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɨɝɨ – ɤɚɥɶɰɢɧɢɪɨ-
ɜɚɧɧɚɹ ɫɨɞɚ, ɤɨɬɨɪɚɹ ɜɜɨɞɢɬɫɹ ɜ ɜɢɞɟ ɩɨɪɨɲɤɚ; ɬɟɪɦɨɫɬɨɣɤɨɝɨ ɧɚɩɨɥɧɢɬɟɥɹ – ɫɚɩɪɨɩɟɥɶ, ɤɨɬɨɪɵɣ 

ɜɜɨɞɢɬɫɹ ɜ ɫɨɫɬɚɜ ɩɨɤɪɵɬɢɹ ɜ ɜɢɞɟ ɩɨɪɨɲɤɚ. 
ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɧɨɜɨɝɨ ɫɨɫɬɚɜɚ ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ ɛɵɥɨ ɭɫɬɚɧɨɜ-

ɥɟɧɨ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɜ ɭɝɥɟɤɢɫɥɨɦ ɝɚɡɟ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɬɪɭɞɧɨɭɞɚɥɢɦɵɯ ɛɪɵɡɝ. 
Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɫɰɟɩɥɟɧɢɟ ɛɪɵɡɝ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢɡɞɟɥɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ 

ɫɢɥɟ ɬɨɤɚ 300 Ⱥ ɢ ɧɚɩɪɹɠɟɧɢɢ ɞɭɝɢ 28 ȼ. ɇɚ ɞɚɧɧɵɯ ɪɟɠɢɦɚɯ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɜɵɛɨɪɭ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɡɚɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ.  

ɋɨɨɬɧɨɲɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɩɨɞɛɢɪɚɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɩɨ-
ɫɬɪɨɟɧɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɡɧɚɱɟɧɢɟ ɧɚɛɪɵɡɝɢɜɚɧɢɹ (ɨɬɧɨɲɟɧɢɹ ɜɟɫɚ 
ɩɪɢɥɢɩɲɢɯ ɤɚɩɟɥɶ ɤ ɨɛɳɟɦɭ ɜɟɫɭ ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ ɜɤɥɸɱɟɧ-

ɧɵɯ ɜ ɦɨɞɟɥɶ ɩɚɪɚɦɟɬɪɨɜ: ɏ – ɄȻɀ, Y – ɤɚɥɶɰɢɧɢɪɨɜɚɧɧɚɹ ɫɨɞɚ, Z - ɫɚɩɪɨɩɟɥɶ). ȼ ɨɛɳɟɦ ɜɢɞɟ ɞɚɧ-

ɧɚɹ ɡɚɞɚɱɚ ɛɵɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ ɦɢɧɢɦɢɡɚɰɢɹ ɮɭɧɤɰɢɢ ɰɟɥɢ ȕ (x,y,z) [4-6]. ɉɪɟɠɞɟ ɱɟɦ ɩɟɪɟɣɬɢ ɤ 
ɢɡɥɨɠɟɧɢɸ ɦɟɬɨɞɢɤɢ ɨɩɬɢɦɢɡɚɰɢɢ, ɩɨɹɫɧɢɦ ɧɟɤɨɬɨɪɵɟ ɦɨɦɟɧɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɜɵɛɨɪɨɦ ɜɟɥɢɱɢɧ, 

ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ ɢɧɬɟɪɜɚɥɵ ɢɡɦɟɧɟɧɢɣ ɏ, Y, Z. 

ɉɨ ɩɟɪɟɦɟɧɧɨɣ ɏ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ 3 ɡɧɚɱɟɧɢɹ, ɩɨ ɩɟɪɟɦɟɧɧɵɦ Y, Z – 6 ɡɧɚɱɟɧɢɣ (ɬɚɛɥ. 1). 

Ɉɛɨɡɧɚɱɢɦ ɜɚɪɢɚɧɬɵ ɮɚɤɬɨɪɨɜ (ɩɟɪɟɦɟɧɧɵɯ) ɢɧɞɟɤɫɚɦɢ 1, 2, 3….. (ɏ1, ɏ2 ,ɏ3, Y1,Y2, …Y6, Z1, Z2 ….Z6). 
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Ɍɚɛɥɢɰɚ 1 

ȼɚɪɶɢɪɨɜɚɧɢɟ ɮɚɤɬɨɪɨɜ 
 Y1 Y2 Y3 Y4 Y5 Y6 

Z1 X1 X2 X3 X1 X2 X3 

Z2 X3 X1 X2 X3 X1 X3 

Z3 X2 X3 X1 X2 X3 X1 

Z4 X1 X2 X3 X1 X2 X3 

Z5 X3 X1 X2 X3 X1 X2 

Z6 X2 X3 X1 X2 X3 X1 

 
ɋ ɰɟɥɶɸ ɢɫɤɥɸɱɟɧɢɹ ɜɥɢɹɧɢɹ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɨɲɢɛɨɤ, ɜɵɡɜɚɧɧɵɯ ɜɧɟɲɧɢɦɢ ɭɫɥɨɜɢɹɦɢ, 

ɨɩɵɬɵ ɪɚɧɞɨɦɢɡɢɪɨɜɚɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɚɛɥɢɰɵ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ. 
Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɥɢ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨ ɜɥɢɹɧɢɸ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚ-
ɳɢɬɧɨɝɨ ɩɨɤɪɵɬɢɹ. 

ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɫɥɟɞɭɸɳɚɹ ɚɧɚɥɢɬɢɱɟɫɤɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ: 
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ɝɞɟ ɋ0, ɋ1, ɋ2, ɋ3, ɋ4 – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɩɨɞɥɟɠɚɳɢɟ ɨɩɪɟɞɟɥɟɧɢɸ. 

Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ ȕi ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɚɛɪɵɡɝɢɜɚɧɢɹ, ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ, ɚ 
ɱɟɪɟɡ ȕ (xi , yi , zi ) – ɜɵɱɢɫɥɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ. ɉɭɫɬɶ  
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Ɍɪɟɛɨɜɚɧɢɟ ɦɢɧɢɦɢɡɚɰɢɢ ɡɧɚɱɟɧɢɹ İ ɩɨ ɦɟɬɨɞɭ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɩɪɢɜɨɞɢɬ ɤ ɫɢɫɬɟɦɟ 
ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ ɋɤ (ɤ=0,1…4) 
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Ɋɟɲɟɧɢɟ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɞɚɟɬ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ: 
ɋ0=96; ɋ1=4·10-5; ɋ2=3·10-4; ɋ3=1·10-4; ɋ4=87; ɯ0=140; ɭ0=50; z0=210 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɵɦ ɫɨɫɬɚɜɨɦ 

ɩɨɤɪɵɬɢɹ ɛɭɞɟɬ ɫɥɟɞɭɸɳɢɣ: ɄȻɀ≈140 ɝ; ɤɚɥɶɰɢɧɢɪɨɜɚɧɧɚɹ ɫɨɞɚ ≈ 50 ɝ; ɫɚɩɪɨɩɟɥɶ ≈210 ɝ ɧɚ ɥɢɬɪ 
ɜɨɞɵ, ɩɪɢ ɷɬɨɦ ɬɨɥɳɢɧɚ ɫɥɨɹ ɩɨɤɪɵɬɢɹ ɫɨɫɬɚɜɢɬ 30 ɦɤɦ, ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɚɟɬɫɹ ɫɰɟ-
ɩɥɟɧɢɟ ɛɪɵɡɝ ɫ ɦɟɬɚɥɥɨɦ, ɚ ɨɫɬɚɸɬɫɹ ɬɨɥɶɤɨ ɫɥɟɞɵ ɨɠɨɝɨɜ ɩɨɤɪɵɬɢɹ.  
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