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ɍȾɄ 681.5 

 

ɋɂɋɌȿɆȺ ɌȿɏɇɂɑȿɋɄɈȽɈ ɁɊȿɇɂə ȾɅə ɇȺȼɂȽȺɐɂɂ  

ɌɊȺɇɋɉɈɊɌɇɕɏ ɋɊȿȾɋɌȼ 

 

Ɉ.ɘ. ɋɟɪɝɢɟɧɤɨ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ, 

ɂɧɫɬɢɬɭɬ ɂɧɠɟɧɟɪɢɢ Ⱥɜɬɨɧɨɦɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ  
ɇɢɠɧɟɣ Ʉɚɥɢɮɨɪɧɢɢ, Ɇɟɤɫɢɤɚ 

 
Ⱥɧɧɨɬɚɰɢɹ. ɉɪɟɞɥɨɠɟɧɚ ɧɨɜɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɞɥɹ ɚɜɬɨɦɨɛɢɥɹ. Ɋɚɫ-
ɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɩɪɨɫɵ ɫɨɡɞɚɧɢɹ, ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ ɢ 
ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ. Ɋɚɡɪɚɛɨɬɚɧ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɰɢɮɪɨɜɨɣ ɢɧɮɨɪ-
ɦɚɰɢɢ ɜɧɭɬɪɢ ɫɢɫɬɟɦɵ ɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɫɬɨɹɧɢɣ ɢ ɭɝɥɨɜɵɯ ɦɟɪ ɜ ɩɪɟɞɥɨɠɟɧɧɨɣ ɫɢɫɬɟɦɟ. 
Ɉɩɪɟɞɟɥɟɧɵ ɩɪɟɞɩɨɥɚɝɚɟɦɚɹ ɬɨɱɧɨɫɬɶ, ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ, ɞɢɚɩɚɡɨɧ ɞɟɣɫɬɜɢɹ, ɩɨɬɪɟɛɥɟɧɢɟ 
ɷɧɟɪɝɢɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɢɫɬɟɦɵ. ɉɪɢɜɟɞɟɧɵ ɜɨɡɦɨɠɧɵɟ ɫɮɟɪɵ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɧɚ ɩɪɚɤɬɢɤɟ. 
 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɧɚɜɢɝɚɰɢɹ, ɫɢɫɬɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ, ɦɨɛɢɥɶɧɵɣ ɪɨɛɨɬ, ɮɨɬɨɩɪɢɟɦɧɢɤ. 

 

ɋɂɋɌȿɆȺ ɌȿɏɇȱɑɇɈȽɈ ɁɈɊɍ ȾɅə ɇȺȼȱȽȺɐȱȲ ɌɊȺɇɋɉɈɊɌɇɂɏ ɁȺɋɈȻȱȼ  

 

Ɉ.ɘ. ɋɟɪɝɿɽɧɤɨ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ, 

ȱɧɫɬɢɬɭɬ ȱɧɠɟɧɟɪɿʀ Ⱥɜɬɨɧɨɦɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ  
ɇɢɠɧɶɨʀ Ʉɚɥɿɮɨɪɧɿʀ, Ɇɟɤɫɢɤɚ 

 
Ⱥɧɨɬɚɰɿɹ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɧɨɜɭ ɦɨɞɟɥɶ ɫɢɫɬɟɦɢ ɬɟɯɧɿɱɧɨɝɨ ɡɨɪɭ ɞɥɹ ɚɜɬɨɦɨɛɿɥɹ. Ɋɨɡɝɥɹɞɚɸɬɶ-
ɫɹ ɩɢɬɚɧɧɹ ɫɬɜɨɪɟɧɧɹ, ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɬɚ ɜɡɚɽɦɨɞɿʀ ɫɤɥɚɞɨɜɢɯ ɱɚɫɬɢɧ ɿ ɟɥɟɦɟɧɬɿɜ ɫɢɫɬɟɦɢ. 
Ɋɨɡɪɨɛɥɟɧɨ ɦɚɬɟɦɚɬɢɱɧɢɣ ɚɩɚɪɚɬ ɞɥɹ ɨɛɪɨɛɤɢ ɰɢɮɪɨɜɨʀ ɿɧɮɨɪɦɚɰɿʀ ɜɫɟɪɟɞɢɧɿ ɫɢɫɬɟɦɢ ɿ ɞɥɹ 
ɜɢɡɧɚɱɟɧɧɹ ɜɿɞɫɬɚɧɟɣ ɬɚ ɤɭɬɨɜɢɯ ɜɢɦɿɪɿɜ ɭ ɡɚɩɪɨɩɨɧɨɜɚɧɿɣ ɫɢɫɬɟɦɿ. ȼɢɡɧɚɱɟɧɨ ɨɱɿɤɭɜɚɧɭ ɬɨɱ-
ɧɿɫɬɶ, ɲɜɢɞɤɿɫɬɶ ɪɨɛɨɬɢ, ɞɿɚɩɚɡɨɧ ɞɿʀ, ɫɩɨɠɢɜɚɧɧɹ ɟɧɟɪɝɿʀ ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɫɢɫɬɟɦɢ. ɇɚɜɟɞɟ-
ɧɨ ɦɨɠɥɢɜɿ ɫɮɟɪɢ ɡɚɫɬɨɫɭɜɚɧɧɹ ɪɨɡɪɨɛɥɟɧɨʀ ɚɜɬɨɦɚɬɢɱɧɨʀ ɧɚɜɿɝɚɰɿɣɧɨʀ ɫɢɫɬɟɦɢ ɧɚ ɩɪɚɤɬɢɰɿ. 
 
Ʉɥɸɱɟɜɿ ɫɥɨɜɚ: ɧɚɜɿɝɚɰɿɹ, ɫɢɫɬɟɦɚ ɬɟɯɧɿɱɧɨɝɨ ɡɨɪɭ, ɦɨɛɿɥɶɧɢɣ ɪɨɛɨɬ, ɮɨɬɨɩɪɢɣɦɚɱ. 
 

SCANNING VISION SYSTEM FOR VEHICLE NAVIGATION 
 

O. Sergiyenko, Associate Professor, Candidate of Technical Science, 

Engineering Institute of Autonomous University of Baja California, Mexico 

 
Abstract. The new model of the scanning vision system  for vehicles is offered. The questions of crea-

tion, functioning and interaction of the system units and elements are considered. The mathematical 

apparatus for processing digital information inside the system and for determining distances and an-

gle standard in the offered system is worked out.  Expected accuracy, functioning speed, range of ac-

tion, energy consumption when using the system are determined. The possible areas of the developed 

automatic navigation system use are offered. 

 
Key words: navigation, technical vision system, mobile robot, photoreceiver. 
 

 
ȼɜɟɞɟɧɢɟ 

 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɚɜ-
ɬɨɦɚɬɢɱɟɫɤɨɣ ɧɚɜɢɝɚɰɢɢ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ 
(ɆɊ) ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɟ ɹɜɥɹɸɬɫɹ ɜɟɫɶɦɚ 
ɚɤɬɭɚɥɶɧɵɦɢ, ɨɫɨɛɟɧɧɨ ɜ ɨɛɥɚɫɬɹɯ ɚɜɬɨɦɚɬɢ-

ɤɢ ɢ ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɢ. ɇɚɩɪɢɦɟɪ, ȾȺɊɉȺ 
(Ⱥɝɟɧɬɫɬɜɨ ɩɟɪɟɞɨɜɵɯ ɨɛɨɪɨɧɧɵɯ ɢɫɫɥɟɞɨɜɚ-
ɬɟɥɶɫɤɢɯ ɩɪɨɟɤɬɨɜ) [1] ɜ ɋɒȺ ɩɪɨɜɨɞɢɥɨ 
ɤɨɧɤɭɪɫɧɨɟ ɢɫɩɵɬɚɧɢɟ «ɪɨɛɨɦɨɛɢɥɟɣ», ɧɨ 
ɩɪɢɟɦɥɟɦɨɟ ɪɟɲɟɧɢɟ ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɧɚɣɞɟɧɨ. 
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Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɩɨɞɯɨɞɨɜ ɤ ɪɟɲɟɧɢɸ 

ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ (ɫɦ. ɞɟɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɜ 
[10]), ɧɚɩɪɢɦɟɪ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɧɬɚɤɬɚ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɫ ɡɚɛɥɚɝɨɜɪɟɦɟɧɧɨ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɥɢɧɢɟɣ, ɭɤɚɡɵɜɚɸɳɟɣ ɧɚ-
ɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ (ɞɢɫɤɪɟɬɧɚɹ ɥɢɧɢɹ ɢɡ 
ɦɚɝɧɢɬɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɧɟɩɪɟɪɵɜɧɚɹ ɢɧɞɭɤ-
ɰɢɹ, ɢɥɢ ɩɪɨɫɬɨ ɜɢɞɢɦɚɹ ɥɢɧɢɹ); ɚɞɚɩɬɚɰɢɹ 
CCD (ɭɫɬɪɨɣɫɬɜɨ ɫ ɡɚɪɹɞɨɜɨɣ ɫɜɹɡɶɸ) ɤɚɦɟɪ 
ɞɥɹ ɢɦɢɬɚɰɢɢ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɛɢɧɨɤɭɥɹɪɧɨɝɨ 
ɡɪɟɧɢɹ ɢ ɬ.ɞ. Ʌɸɛɚɹ ɢɡ ɷɬɢɯ ɫɢɫɬɟɦ ɧɟ ɢɦɟɟɬ 
ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɯɚɪɚɤɬɟɪɚ, ɚ ɷɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ 
ɟɺ ɩɪɢɦɟɧɢɬɶ ɧɚ ɥɸɛɨɦ ɦɨɛɢɥɶɧɨɦ ɨɛɴɟɤɬɟ, 
ɚ ɬɚɤɠɟ ɜ ɥɸɛɨɣ ɧɟɢɡɜɟɫɬɧɨɣ ɫɪɟɞɟ ɛɟɡ ɩɪɟɞ-

ɜɚɪɢɬɟɥɶɧɨɣ «ɩɨɞɝɨɬɨɜɤɢ». ɇɟɨɛɯɨɞɢɦɨɫɬɶ 
ɨɤɨɧɱɚɬɟɥɶɧɵɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɩɨ-
ɹɜɢɥɚɫɶ ɫ ɦɨɦɟɧɬɚ ɜɵɫɚɞɤɢ ɆɊ ɧɚ Ʌɭɧɭ, ɢ ɫ 
ɬɨɝɨ ɜɪɟɦɟɧɢ ɧɚɱɚɥɢ ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɬɶ ɨɫ-
ɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɫɨɡɞɚɧɢɹ ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ 

[2–9]. ȼɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɵɦ 

ɨɛɴɟɤɬɨɦ ɛɟɡ ɭɱɚɫɬɢɹ ɱɟɥɨɜɟɤɚ ɜ ɩɨɥɧɨɫɬɶɸ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɚɤɬɭɚɥɶɧɚ ɞɥɹ ɪɟɲɟ-
ɧɢɹ ɛɨɥɶɲɢɧɫɬɜɚ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ: ɩɪɢ 

ɜɨɠɞɟɧɢɢ ɚɜɬɨɦɨɛɢɥɹ ɜ ɫɥɨɠɧɵɯ ɭɫɥɨɜɢɹɯ 
ɞɨɪɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ, ɬɪɚɧɫɩɨɪɬɧɵɯ ɬɟɥɟɠɟɤ 
ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ, ɩɪɢ ɢɫɫɥɟ-
ɞɨɜɚɧɢɢ ɩɥɚɧɟɬ ɫɨɥɧɟɱɧɨɣ ɫɢɫɬɟɦɵ ɫ ɩɨɦɨ-
ɳɶɸ ɦɨɛɢɥɶɧɵɯ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬ-
ɪɨɣɫɬɜ, ɤɨɬɨɪɵɟ ɞɨɫɬɚɜɥɹɸɬɫɹ ɧɚ ɷɬɢ ɩɥɚ-
ɧɟɬɵ ɩɨɫɪɟɞɫɬɜɨɦ ɪɚɤɟɬ ɢ ɤɨɫɦɢɱɟɫɤɢɯ 
ɤɨɪɚɛɥɟɣ. Ʉɪɨɦɟ ɷɬɨɣ ɩɟɪɟɞɨɜɨɣ ɨɬɪɚɫɥɢ 

ɧɚɭɤɢ, ɩɪɟɞɥɚɝɚɟɦɚɹ ɫɢɫɬɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɡɪɟɧɢɹ ɩɪɢɦɟɧɢɦɚ ɢ ɜ ɞɪɭɝɢɯ, ɧɟ ɦɟɧɟɟ ɜɚɠ-

ɧɵɯ ɫɮɟɪɚɯ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɧɚɜɢɝɚɰɢɢ ɞɨ-
ɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɲɢɧ, ɤɚɤ ɱɚɫɬɶ ɬɪɚɧɫ-
ɩɨɪɬɧɨɣ ɫɢɫɬɟɦɵ «ɤɪɭɢɡ-ɤɨɧɬɪɨɥɶ». 

 

ɉɪɟɞɥɚɝɚɟɦɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟ-
ɫɤɨɝɨ ɡɪɟɧɢɹ ɪɚɞɢɤɚɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɩɨ ɜɨɡ-
ɦɨɠɧɨɫɬɹɦ ɨɬ ɞɪɭɝɢɯ ɢɡɜɟɫɬɧɵɯ ɩɨɞɯɨɞɨɜ [2, 

5, 7] ɢ ɹɜɥɹɟɬɫɹ ɞɚɥɶɧɟɣɲɢɦ ɪɚɡɜɢɬɢɟɦ ɪɚɧ-

ɧɢɯ ɩɭɛɥɢɤɚɰɢɣ ɚɜɬɨɪɚ [8, 9]. 

 

ɐɟɥɶ ɪɚɛɨɬɵ 

 
ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 
ɫɬɪɭɤɬɭɪɵ (ɦɨɞɟɥɢ) ɨɩɬɨɷɥɟɤɬɪɨɧɧɨɣ ɫɢɫɬɟ-
ɦɵ, ɜɵɩɨɥɧɹɸɳɟɣ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ: ɩɨ-
ɥɭɱɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨ ɤɨ-
ɬɨɪɨɣ ɞɜɢɠɟɬɫɹ ɆɊ; ɨɛɧɚɪɭɠɟɧɢɟ ɩɪɟɩɹɬ-
ɫɬɜɢɣ ɢ ɢɯ ɤɥɚɫɫɢɮɢɤɚɰɢɹ (ɩɨ ɷɥɟɦɟɧɬɚɪɧɨɦɭ 
ɬɢɩɭ – ɜɵɫɬɭɩ ɢɥɢ ɜɩɚɞɢɧɚ); ɢɡɦɟɪɟɧɢɟ ɪɚɫ-
ɫɬɨɹɧɢɹ ɞɨ ɧɢɯ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɢɯ ɪɚɡɦɟɪɨɜ. 
ȼɵɩɨɥɧɟɧɢɟ ɭɤɚɡɚɧɧɵɯ ɮɭɧɤɰɢɣ ɧɟɨɛɯɨɞɢɦɨ 

ɞɥɹ ɭɫɩɟɲɧɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɧɚɜɢɝɚɰɢɢ 
ɦɨɛɢɥɶɧɨɝɨ ɨɛɴɟɤɬɚ. 
 

Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɧɚɜɢɝɚɰɢɹ ɆɊ 

 
ɉɪɟɞɥɚɝɚɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨɫɬɶ ɞɟɣɫɬɜɢɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɧɚɜɢɝɚɰɢɢ 
ɆɊ. ɉɨɫɥɟ ɭɫɬɚɧɨɜɤɢ ɜ ɡɚɞɚɧɧɨɦ ɩɨɥɨɠɟɧɢɢ 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɢɡɜɟɫɬɧɨɝɨ ɥɚɧɞɲɚɮɬɚ ɢ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ 
ɩɪɢɝɨɞɧɨɫɬɢ ɜɫɟɯ ɫɢɫɬɟɦ ɆɊ ɞɨɥɠɟɧ 
«ɨɫɦɨɬɪɟɬɶ» ɦɟɫɬɧɨɫɬɶ ɩɨɛɥɢɡɨɫɬɢ ɫ ɩɨɦɨ-
ɳɶɸ ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ (ɋɌɁ) ɢ 
ɧɚɱɚɬɶ ɞɜɢɠɟɧɢɟ ɜ ɞɨɩɭɫɬɢɦɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 
ɨɬ ɧɚɱɚɥɶɧɨɣ ɩɨɡɢɰɢɢ. ɉɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ 
ɧɟɛɨɥɶɲɨɝɨ ɨɬɪɟɡɤɚ ɩɭɬɢ ɆɊ ɞɨɥɠɟɧ ɫɧɨɜɚ 
«ɢɫɤɚɬɶ» ɧɚɩɪɚɜɥɟɧɢɟ ɩɨ ɫɜɨɟɦɭ ɦɚɪɲɪɭɬɭ 
ɧɚ ɞɨɩɭɫɬɢɦɨɦ ɪɚɫɫɬɨɹɧɢɢ. ȿɫɥɢ ɆɊ ɧɚɫɬɪɨ-
ɟɧ ɧɚ ɜɨɡɜɪɚɳɟɧɢɟ ɜ ɧɚɱɚɥɶɧɭɸ ɬɨɱɤɭ, ɬɨ 
ɩɨɫɥɟ ɡɚɬɪɚɬ (< 50 %) ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɨɧ 
ɞɨɥɠɟɧ ɨɩɪɟɞɟɥɢɬɶ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ ɢ ɞɜɢɝɚɬɶɫɹ ɜ ɷɬɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ, ɢɫɩɨɥɶɡɭɹ ɋɌɁ. 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɜɵɩɨɥɧɢɬɶ ɧɚɜɢɝɚɰɢɸ 
ɆɊ, ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɟɧɢɟ ɞɜɭɯ ɬɟɯɧɢɱɟɫɤɢɯ 
ɡɚɞɚɱ: 1) ɬɟɯɧɢɱɟɫɤɚɹ ɪɚɡɪɚɛɨɬɤɚ (ɪɢɫ. 1–3)  ɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɋɌɁ ɢ 2) ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩ-
ɩɚɪɚɬ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ (ɮɨɪɦɭɥɵ (1)–
(5)). Ɍɨɱɧɟɟ ɛɭɞɟɬ ɧɚɡɜɚɬɶ ɷɬɨ ɞɜɭɟɞɢɧɨɣ 
ɬɟɯɧɢɱɟɫɤɨɣ ɡɚɞɚɱɟɣ: ɩɨɥɭɱɟɧɢɟ ɢ ɨɛɪɚɛɨɬɤɚ 
ɞɚɧɧɵɯ ɫ ɰɟɥɶɸ ɜɵɪɚɛɨɬɤɢ ɨɩɬɢɦɚɥɶɧɨɣ ɬɪɚ-
ɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɪɨɛɨɬɚ ɢɡ ɡɚɞɚɧɧɨɣ 
ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ ɜ ɠɟɥɚɟɦɭɸ ɤɨɧɟɱɧɭɸ ɫ 
ɭɱɺɬɨɦ ɫɥɭɱɚɣɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɩɨɹɜɥɟɧɢɹ ɩɪɟ-
ɩɹɬɫɬɜɢɣ ɜ ɡɚɞɚɧɧɨɦ ɫɟɤɬɨɪɟ ɞɨɥɠɧɵ ɩɪɨɢɡ-
ɜɨɞɢɬɶɫɹ ɩɚɪɚɥɥɟɥɶɧɨ, ɜ ɪɟɚɥɶɧɨɦ ɦɚɫɲɬɚɛɟ 
ɜɪɟɦɟɧɢ ɢ, ɠɟɥɚɬɟɥɶɧɨ, ɦɚɤɫɢɦɚɥɶɧɨ ɛɵɫɬɪɨ. 
 
Ʌɢɱɧɵɦ ɜɤɥɚɞɨɦ ɚɜɬɨɪɚ, ɨɬɪɚɠɚɸɳɢɦ ɧɚɭɱ-
ɧɭɸ ɧɨɜɢɡɧɭ ɪɚɛɨɬɵ, ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɧɨ-
ɜɨɝɨ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɩɪɢɧɰɢɩɚ ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɬɪɢɚɧɝɭɥɹɰɢɢ, ɩɨɡɜɨɥɹɸɳɟɣ ɨɫɭɳɟɫɬɜɥɹɬɶ 
ɛɵɫɬɪɨɟ ɢ ɬɨɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɨɫɬɪɚɧ-
ɫɬɜɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ ɜ ɪɟɚɥɶɧɨɦ ɦɚɫɲɬɚɛɟ 
ɜɪɟɦɟɧɢ. Ƚɥɚɜɧɨɟ ɨɬɥɢɱɢɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɨɬ 
ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɯ [3, 7] – ɝɨɪɚɡɞɨ ɛɨɥɟɟ 
ɲɢɪɨɤɢɣ ɫɟɤɬɨɪ ɨɛɡɨɪɚ (ɬɚɤ, ɜ [10] ɧɚ 
ɫɬɪ. 401 ɩɨɤɚɡɚɧɨ, ɱɬɨ ɫɭɳɟɫɬɜɨɜɚɜɲɢɟ ɞɨ-
ɧɵɧɟ ɞɜɟ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɩɪɢɧɰɢɩɚ ɫɬɚɬɢɱɟ-
ɫɤɨɣ ɬɪɢɚɧɝɭɥɹɰɢɢ ɤɚɤ ɪɚɡ ɢ ɢɦɟɸɬ ɧɟɞɨ-
ɫɬɚɬɤɨɦ ɤɪɚɣɧɟ ɧɢɡɤɢɣ (ɞɨ 2–5) ɫɟɤɬɨɪ 
ɨɛɡɨɪɚ, ɱɬɨ ɞɟɥɚɟɬ ɢɯ ɜ ɩɪɢɧɰɢɩɟ ɧɟɩɪɢɦɟ-
ɧɢɦɵɦɢ ɞɥɹ ɡɚɞɚɱ ɧɚɜɢɝɚɰɢɢ). ɗɬɨɬ ɦɟɬɨɞ 
ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ ɪɚɫɫɦɨɬɪɟɧɧɭɸ ɧɢɠɟ 
ɨɪɢɝɢɧɚɥɶɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɩɚɫɫɢɜɧɨɣ ɫɤɚ-
ɧɢɪɭɸɳɟɣ ɚɩɟɪɬɭɪɵ. 
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Ɉɩɢɫɚɧɢɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ 
 

ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɵ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɢ ɩɨ-
ɥɨɠɟɧɢɟ ɋɌɁ ɧɚ ɆɊ. ɋɌɁ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɥɚɡɟɪɧɭɸ ɫɢɫɬɟɦɭ, ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɜ ɜɟɪɯɧɟɣ 

ɩɟɪɟɞɧɟɣ ɱɚɫɬɢ ɆɊ, ɤɨɬɨɪɚɹ ɢɫɩɨɥɶɡɭɟɬ ɢɡ-
ɦɟɪɟɧɢɟ ɭɝɥɨɜ ɢ ɪɚɫɫɬɨɹɧɢɹ. ɋɌɁ ɫɨɞɟɪɠɢɬ 
ɨɱɟɧɶ ɦɨɳɧɵɣ ɥɚɡɟɪ  ɫ ɤɨɥɥɢɦɚɬɨɪɨɦ. Ʌɚɡɟɪ 
ɢ ɤɨɥɥɢɦɚɬɨɪ ɭɫɬɚɧɨɜɥɟɧɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɜ ɫɢɫɬɟɦɟ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ (ɩɨɡɢɰɢɨɧɢɪɭ-

ɸɳɢɣ ɥɚɡɟɪ ɉɅ) (ɪɢɫ. 1, ɛ, ɪɢɫ. 2).  

 

 
 

Ɋɢɫ. 1. Ʉɨɧɫɬɪɭɤɰɢɹ ɢ ɩɪɢɦɟɧɟɧɢɟ ɋɌɁ 
 

ɇɚ ɞɪɭɝɨɦ ɤɨɧɰɟ ɩɥɚɧɤɢ ɧɚɯɨɞɢɬɫɹ ɫɤɚɧɢɪɭ-
ɸɳɚɹ ɚɩɟɪɬɭɪɚ (ɋȺ), ɤɨɬɨɪɚɹ ɩɨɤɚɡɚɧɚ ɨɬ-
ɞɟɥɶɧɨ ɧɚ ɪɢɫ. 3. ɍɝɨɥ ɋȺ – ɩɟɪɩɟɧɞɢɤɭɥɹɪ-
ɧɵɣ ɩɥɚɧɤɟ ɢ ɩɥɨɫɤɨɫɬɢ .XOY  ɉɥɚɧɤɚ b  

ɭɫɬɚɧɨɜɥɟɧɚ ɫɪɟɞɧɟɣ ɱɚɫɬɶɸ ɜ ɫɢɫɬɟɦɟ ɩɨɡɢ-

ɰɢɨɧɢɪɨɜɚɧɢɹ, ɜ ɤɨɬɨɪɨɣ ɟɫɬɶ ɝɨɪɢɡɨɧɬɚɥɶ-
ɧɵɣ (ɉȽ) ɢ ɜɟɪɬɢɤɚɥɶɧɵɣ (ɉȼ) ɲɚɝɨɜɵɟ ɩɪɢ-

ɜɨɞɵ (ɪɢɫ.1). 
 

 
 

Ɋɢɫ. 2. Ʉɨɧɫɬɪɭɤɰɢɹ ɉɅ 

ɋɌɁ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɨ ɤɨ-
ɦɚɧɞɟ ɨɬ ɤɨɦɩɶɸɬɟɪɚ ɩɥɚɧɤɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬ-
ɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɨɫɶ ɜɪɚɳɟɧɢɹ ɋȺ ɪɚɫ-
ɩɨɥɚɝɚɟɬɫɹ ɬɚɤ, ɱɬɨ ɭɝɨɥ ɟɺ ɜɪɚɳɟɧɢɹ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɟɧ ɩɥɨɫɤɨɫɬɢ ɏɈY ɋɌɁ ɫɢɫɬɟ-
ɦɵ ɤɨɨɪɞɢɧɚɬ. ɉɅ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɥɚɡɟɪ ɫ 
ɤɨɥɥɢɦɚɬɨɪɨɦ, ɧɚɩɪɢɦɟɪ, ɜ ɤɪɚɣɧɸɸ ɩɪɚɜɭɸ 

ɩɨɡɢɰɢɸ. Ɉɫɶ ɤɨɥɥɢɦɚɬɨɪɚ (ɫ ɩɨɦɨɳɶɸ ɉȼ-

ɲɚɝɨɜɨɝɨ ɩɪɢɜɨɞɚ) ɡɚɧɢɦɚɟɬ ɤɪɚɣɧɸɸ ɜɟɪɯ-
ɧɸɸ ɩɨɡɢɰɢɸ (ɧɚɞ ɝɨɪɢɡɨɧɬɨɦ). Ʌɚɡɟɪ ɢ ɋȺ 

ɜɤɥɸɱɟɧɵ. ɋȺ ɜɪɚɳɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤ-
ɬɪɨɦɨɬɨɪɚ ɗɆ. ɉɪɢ ɤɚɠɞɨɦ ɩɨɜɨɪɨɬɟ ɋȺ 

ɥɚɡɟɪɧɵɣ ɥɭɱ ɞɨɥɠɟɧ ɩɨɩɚɫɬɶ ɧɚ ɩɪɟɩɹɬ-
ɫɬɜɢɟ, ɤɨɬɨɪɨɟ ɨɬɪɚɠɚɟɬɫɹ ɨɬ ɧɟɝɨ (ɬɨɱɤɚ Sij) 

ɢ ɜɨɡɜɪɚɳɚɟɬɫɹ ɤ ɡɟɪɤɚɥɭ 3 (ɪɢɫ. 3). ȿɫɥɢ ɬɪɢ 

ɨɛɴɟɤɬɚ: ɬɨɱɤɚ ɨɬɪɚɠɟɧɢɹ  Sij, ɩɟɪɩɟɧɞɢɤɭɥɹɪ 
ɤ ɡɟɪɤɚɥɭ Ɂ ɢ ɜɟɪɬɢɤɚɥɶɧɚɹ ɨɫɶ ɋȺ ɩɨɩɚɞɚɸɬ 
ɜ ɨɞɧɭ ɩɥɨɫɤɨɫɬɶ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɩɥɨɫ-
ɤɨɫɬɢ XOY ɜɨ ɜɪɟɦɹ ɜɪɚɳɟɧɢɹ ɋȺ, ɬɨ ɨɩɬɢ-

ɱɟɫɤɢɣ ɫɢɝɧɚɥ, ɩɪɨɣɞɹ ɩɭɬɶ «Sij – ɡɟɪɤɚɥɨ Ɇ – 

ɨɛɴɟɤɬ Ɉ – ɨɩɬɢɱɟɫɤɢɣ ɤɚɧɚɥ ɈɄ – ɮɨɬɨɩɪɢ-

ɟɦɧɢɤ Ɏɉ», ɝɟɧɟɪɢɪɭɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɫɢɝ-
ɧɚɥ ɨɫɬɚɧɨɜɤɢ.  

 

 
 

Ɋɢɫ. 3. Ʉɨɧɫɬɪɭɤɰɢɹ ɋȺ 

 

ɋɢɝɧɚɥ ɡɚɩɭɫɤɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɮɨɪɦɢɪɭɟɬɫɹ 
ɋȺ ɩɨɫɪɟɞɫɬɜɨɦ ɞɚɬɱɢɤɚ ɧɭɥɟɜɨɝɨ ɩɨɥɨɠɟ-
ɧɢɹ (ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɩɥɚɧɤɟ a, ɨɫɶ b). Ɂɚ-
ɩɨɥɧɹɹ ɢɧɬɟɪɜɚɥ ɜɨ ɜɪɟɦɟɧɢ ,/11  BtB  (ɝɞɟ 
B1 – ɭɝɨɥ ɦɟɠɞɭ ɨɫɶɸ ɩɥɚɧɤɢ (ɧɚɩɪɚɜɥɟɧɢɟ 
ɞɚɬɱɢɤɚ ɧɚ ɧɭɥɟ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɋȺ – Sij

 
 (ɪɢ-

ɫɭɧɨɤ 3);   – ɭɪɨɜɟɧɶ ɜɪɚɳɟɧɢɹ ɋȺ) ɢɦ-

ɩɭɥɶɫɚɦɢ ɨɩɨɪɧɨɣ ɱɚɫɬɨɬɵ ,0f ɦɵ ɩɨɥɭɱɢɦ 

ɤɨɞ .011 ftN BB   ɐɢɤɥ ɜɪɚɳɟɧɢɹ ɋȺ ɨɞɧɨ-
ɜɪɟɦɟɧɧɨ ɡɚɩɨɥɧɹɟɬɫɹ ɬɟɦɢ ɠɟ ɢɦɩɭɥɶɫɚɦɢ 

ɱɚɫɬɨɬɵ .0f  ɉɪɢ ɷɬɨɦ ɩɨɥɭɱɟɧ ɤɨɞ 
.01212 fTN    ɍɝɨɥ 1211 /2  NNB B  ɨɫɬɚɥɫɹ 

ɩɪɟɠɧɢɦ. 

 

ɚ 

ɛ 

ɜ 
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Ʉɨɝɞɚ ɡɟɪɤɚɥɨ ɋȺ ɩɪɨɯɨɞɢɬ ɧɚɩɪɚɜɥɟɧɢɟ ɤ 
ɬɨɱɤɟ Sij, ɥɚɡɟɪ ɜɵɤɥɸɱɚɟɬɫɹ ɫ ɰɟɥɶɸ ɫɨɯɪɚ-
ɧɟɧɢɹ ɷɧɟɪɝɢɢ. ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɢɦɩɭɥɶɫ ɩɨ-
ɫɬɭɩɚɟɬ ɤ ɉɅ, ɚ ɲɚɝɨɜɵɣ ɩɪɢɜɨɞ ɩɟɪɟɦɟɳɚɟɬ 
ɥɚɡɟɪ ɫ ɤɨɥɥɢɦɚɬɨɪɨɦ ɧɚ ɭɝɨɥ 1  ɜɞɨɥɶ ɝɨ-
ɪɢɡɨɧɬɚ (ɪɢɫ. 1, ɛ). ɉɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɡɟɪɤɚɥɚ 
3 ɋȺ ɤ «ɩɪɨɫɦɚɬɪɢɜɚɟɦɨɦɭ ɫɟɤɬɨɪɭ» ɆɊ 

ɜɤɥɸɱɚɟɬɫɹ ɥɚɡɟɪ.  
 

ȿɫɥɢ ɥɚɡɟɪɧɵɣ ɥɭɱ ɧɚɯɨɞɢɬɫɹ ɜ ɧɨɜɨɦ ɩɨɥɨ-
ɠɟɧɢɢ ɢ ɨɧ ɨɛɧɚɪɭɠɢɜɚɟɬ ɩɪɟɩɹɬɫɬɜɢɟ, ɮɨɪ-
ɦɢɪɭɟɬɫɹ ɧɨɜɚɹ ɬɨɱɤɚ ɨɬɪɚɠɟɧɢɹ ɢ ɢɡɦɟɪɟɧɢɹ 
ɩɪɨɯɨɞɹɬ ɩɨɜɬɨɪɧɵɣ ɰɢɤɥ. ȿɫɥɢ ɥɚɡɟɪɧɵɣ 

ɥɭɱ ɧɟ ɨɛɧɚɪɭɠɢɜɚɟɬ ɩɪɟɩɹɬɫɬɜɢɹ, ɨɬɪɚɠɚɟ-
ɦɵɣ ɫɢɝɧɚɥ ɧɟ ɜɨɡɧɢɤɚɟɬ ɢ ɧɨɜɚɹ ɬɨɱɤɚ ɧɟ 
ɛɭɞɟɬ ɫɮɨɪɦɢɪɨɜɚɧɚ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ, ɤɚɤ ɢ ɜ 
ɫɥɭɱɚɟ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɬɨɱɤɢ ɨɬɪɚɠɟɧɢɹ, 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɨɞɚ 

2BN  ɧɚɱɢɧɚɟɬɫɹ ɫ ɫɢɝɧɚ-
ɥɚ ɧɭɥɟɜɨɝɨ ɞɚɬɱɢɤɚ. 
 
 

Ʉɚɤ ɬɨɥɶɤɨ ɷɬɨɬ ɤɨɞ ɧɚɛɟɪɟɬ ɨɩɪɟɞɟɥɟɧɧɨɟ 
ɡɧɚɱɟɧɢɟ, ɩɟɪɟɤɪɵɜɚɹ ɞɢɚɩɚɡɨɧ ɜɨɡɦɨɠɧɵɯ 
ɡɧɚɱɟɧɢɣ ɤɨɞɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɩɟɪɚɬɢɜ-
ɧɨɦɭ ɫɟɤɬɨɪɭ, ɫɱɟɬɱɢɤ, ɝɞɟ ɫɮɨɪɦɢɪɨɜɚɧɵ 

ɤɨɞɵ ,
iBN  ɜɵɫɬɚɜɥɹɟɬɫɹ ɜ ɧɨɥɶ ɢ ɥɚɡɟɪ ɜɵ-

ɤɥɸɱɚɟɬɫɹ. ɒɚɝɨɜɵɣ ɩɪɢɜɨɞ ɉɅ ɩɨɜɨɪɚɱɢɜɚ-
ɟɬ ɥɚɡɟɪ ɞɨ ɭɝɥɚ 2Į .  ɐɢɤɥɵ ɫ ɢɡɦɟɪɟɧɢɹɦɢ 

ɭɝɥɨɜ ɧɚ ɬɨɱɤɚɯ ɨɬɪɚɠɟɧɢɹ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɧɚ 
ɩɪɟɩɹɬɫɬɜɢɹɯ, ɢɥɢ ɟɞɢɧɢɱɧɵɟ ɰɢɤɥɵ ɫɤɚɧɢ-

ɪɨɜɚɧɢɹ ɛɟɡ ɩɪɟɩɹɬɫɬɜɢɹ, ɩɨɜɬɨɪɹɸɬɫɹ ɜ ɬɨɣ 

ɠɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ɂɧɚɱɟɧɢɹ ɭɝɥɨɜ iB ɜ 
ɰɢɤɥɟ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɨɬɪɚɠɟɧɢɟ ɬɨɱɟɤ, ɫɨ-
ɯɪɚɧɹɸɬɫɹ. Ʉɨɝɞɚ ɫɢɫɬɟɦɚ ɉɅ ɧɚɯɨɞɢɬɫɹ ɜ 
ɤɪɚɣɧɟɣ ɩɨɡɢɰɢɢ n, ɨɩɪɟɞɟɥɹɟɦɨɣ ɩɨ ɦɢɧɢ-

ɦɚɥɶɧɨɦɭ ɪɚɫɫɬɨɹɧɢɸ ɢ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɭɝɥɭ 
ɡɪɟɧɢɹ, ɲɚɝɨɜɵɣ ɩɪɢɜɨɞ ɩɥɚɧɤɢ ɫɢɫɬɟɦɵ ɩɨ-
ɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɜɨɪɚɱɢɜɚɟɬ ɟɟ ɜɨɤɪɭɝ ɝɨ-
ɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ ɭɝɥɚ 1  (ɪɢɫ. 1, a). ɐɢɤɥɵ ɫ 
ɢɡɦɟɪɟɧɢɹɦɢ ɭɝɥɨɜ iB  ɩɨɜɬɨɪɹɸɬɫɹ. ɍɝɥɵ 

«ɜɬɨɪɨɣ ɫɬɪɨɱɤɢ ɢɡɨɛɪɚɠɟɧɢɹ» IIĮ  ɛɵɥɢ 

ɩɪɨɣɞɟɧɵ ɜ ɨɛɪɚɬɧɨɦ ɩɨɪɹɞɤɟ ɨɬ ɩɨɡɢɰɢɢ  n 

ɞɨ ɩɨɡɢɰɢɢ 0. 

 

ɉɨɫɥɟ ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɥɚɧɤɢ ɜ ɢɫɯɨɞɧɭɸ 

(ɧɚɱɚɥɶɧɭɸ) ɩɨɡɢɰɢɸ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɩɟɪɟ-
ɦɟɳɟɧɢɹ ɥɭɱɚ ɥɚɡɟɪɚ ɫɩɪɚɜɚ ɧɚɥɟɜɨ ɢɥɢ 

ɧɚɨɛɨɪɨɬ ɜɫɟ ɥɚɡɟɪɧɵɟ ɥɭɱɢ ɩɨɩɚɞɚɸɬ ɧɚ ɢɫ-
ɫɥɟɞɭɟɦɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɫɨɡɞɚɜɚɹ ɬɨɱɤɢ ɨɬ-
ɪɚɠɟɧɢɹ ijS . ȿɫɥɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɳɧɨɫɬɶ 
ɢɡɥɭɱɟɧɢɹ ɥɚɡɟɪɚ ɢ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɬɨɱɟɤ ɨɬ-
ɪɚɠɟɧɢɹ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɮɨ-
ɬɨɩɪɢɟɦɧɢɤɚ, ɞɨɫɬɚɬɨɱɧɵ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ 

ɢɦɩɭɥɶɫɚ ɨɫɬɚɧɨɜɤɢ, ɬɨ ɛɟɡɢɧɮɨɪɦɚɬɢɜɧɵɟ 
ɰɢɤɥɵ ɫɤɚɧɢɪɨɜɚɧɢɹ ɋȺ ɧɟ ɜɨɡɧɢɤɧɭɬ. ɂɡɦɟ-
ɪɟɧɢɟ ɰɢɤɥɨɜ ɩɨɜɬɨɪɹɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ 
ɩɥɨɫɤɨɫɬɶ, ɨɛɪɚɡɨɜɚɜɲɚɹɫɹ ɫ ɩɨɦɨɳɶɸ ɝɨɪɢ-

ɡɨɧɬɚɥɶɧɨɣ ɨɫɢ ɩɥɚɧɤɢ b  ɢ ɩɨɫɥɟɞɧɟɣ ɬɨɱɤɢ 

ijS , ɧɚɯɨɞɢɬɫɹ ɨɬ ɩɥɨɫɤɨɫɬɢ XOY  ɩɨɞ ɭɝɥɨɦ 

.
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j




 

 

ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ, ɢɡɦɟɪɟɧɢɟ ɜɫɟɯ 
ɞɚɧɧɵɯ ɭɝɥɨɜ ijB ɛɭɞɟɬ ɫɨɯɪɚɧɹɬɶɫɹ ɜ ɩɚɦɹɬɢ 

ɤɨɦɩɶɸɬɟɪɚ. Ɉɞɢɧ ɢɡ ɷɬɢɯ ɭɝɥɨɜ ɩɨɤɚɡɚɧ ɧɚ 

ɪɢɫ. 4. ɍɝɨɥ ɩɪɢɜɟɞɟɧɢɹ 



i

i

iij CC
1

max ,  

ɝɞɟ maxC  – ɷɬɨ ɢɫɯɨɞɧɵɣ ɭɝɨɥ  ɩɨɡɢɰɢɢ ɉɅ. 

ɍɝɥɵ ,ijC  ɬɚɤ ɠɟ ɤɚɤ ɢ ɭɝɥɵ 



j

j

j

1

, ɜɧɟɫɟɧɵ ɜ 

ɩɚɦɹɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɢɡɦɟɪɟɧɢɹɦɢ ɭɝɥɨɜ 
ijB  ɜɨ ɜɪɟɦɹ ɤɚɠɞɨɝɨ ɰɢɤɥɚ. 
 

ɂɫɩɨɥɶɡɭɹ ɬɟɨɪɟɦɭ ɫɢɧɭɫɨɜ ɢ ɫɨɨɬɧɨɲɟɧɢɟ 
ɦɟɠɞɭ ɫɬɨɪɨɧɚɦɢ ɢ ɜɵɫɨɬɨɣ ɬɪɟɭɝɨɥɶɧɢɤɚ, 
ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ ɪɢɫ. 4, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɮɨɪɦɭɥɭ ɞɥɹ ɪɚɫɱɟɬɚ ɪɚɫɫɬɨɹɧɢɣ ɧɚɤɥɨɧɚ dij 

ɨɬ ɨɫɧɨɜɚɧɢɹ ɞɨ ɬɨɱɟɤ, ɩɨɞɫɜɟɱɟɧɧɵɯ ɥɚɡɟ-
ɪɨɦ.  

 

 
Ɋɢɫ. 4. Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɬɪɢɚɧɝɭɥɹɰɢɹ 
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ɝɞɟ a – ɛɚɡɨɜɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɶɸ ɜɪɚ-
ɳɟɧɢɹ ɉɅ ɢ ɋȺ. ɗɬɨ ɪɚɫɫɬɨɹɧɢɟ ɞɨɫɬɚɬɨɱɧɨ 
ɬɨɱɧɨ ɢɡɦɟɪɟɧɨ ɡɚɪɚɧɟɟ. Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɩɨ-
ɫɥɟɞɭɸɳɢɯ ɜɵɱɢɫɥɟɧɢɣ ɪɟɤɨɦɟɧɞɭɟɦɨɟ ɡɧɚ-
ɱɟɧɢɟ a = 1 ɦ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬ 
ɭɦɧɨɠɟɧɢɟ ɢ ɭɦɟɧɶɲɚɟɬ ɜɪɟɦɹ ɫɤɚɧɢɪɨɜɚ-

ɧɢɹ. ɂɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɭɝɥɨɜ 
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ɨɫɧɨɜɚɧɢɹ ,a  ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɤɚɠɞɭɸ ɜɵ-

ɞɟɥɟɧɧɭɸ ɥɚɡɟɪɨɦ ɬɨɱɤɭ ɜ ɩɪɹɦɨɭɝɨɥɶɧɨɣ 
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ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ OXYZ ɋɌɁ, ɢɫɩɨɥɶɡɭɹ 
ɫɥɟɞɭɸɳɢɟ ɮɨɪɦɭɥɵ 
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ɩɪɢ 90ijB    (ɜɪɚɳɟɧɢɟ ɜɩɪɚɜɨ) 
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ɩɪɢ 90ijB   (ɜɪɚɳɟɧɢɟ ɜɥɟɜɨ) 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɨɪɬɨɜɨɣ ɤɨɦɩɶɸɬɟɪ ɫ ɩɨ-
ɦɨɳɶɸ ɋɌɁ ɨɛɟɫɩɟɱɢɜɚɟɬ ɰɢɮɪɨɜɨɟ ɨɩɢɫɚ-
ɧɢɟ ɫɴɟɦɤɢ ɦɟɫɬɧɨɫɬɢ ɜ ɫɟɤɬɨɪɟ ɨɛɡɨɪɚ ɆɊ ɜ 
ɪɟɚɥɶɧɨɦ ɦɚɫɲɬɚɛɟ ɜɪɟɦɟɧɢ. ȿɫɥɢ ɜ ɧɚɩɪɚɜ-
ɥɟɧɢɢ ɧɚɛɥɸɞɟɧɢɹ ɩɨɹɜɥɹɟɬɫɹ ɤɚɤɨɟ-ɥɢɛɨ 
ɩɪɟɩɹɬɫɬɜɢɟ ɜ ɜɢɞɟ ɭɝɥɭɛɥɟɧɢɹ (ɜ ɷɬɢɯ ɦɟ-
ɫɬɚɯ ɬɨɱɤɢ ijS  «ɪɚɡɪɟɠɢɜɚɸɬɫɹ») ɢɥɢ ɜɵɫɬɭ-
ɩɚ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ (ɜ ɷɬɢɯ ɦɟɫɬɚɯ ɬɨɱɤɢ 

ijS  ɧɚɤɚɩɥɢɜɚɸɬɫɹ), ɆɊ ɫ ɩɨɦɨɳɶɸ  ɜɟɪɬɢ-

ɤɚɥɶɧɨɝɨ ɩɨɲɚɝɨɜɨɝɨ ɩɪɢɜɨɞɚ ɩɨɜɨɪɚɱɢɜɚɟɬ 

ɋɌɁ ɧɚ ɭɝɨɥ 


n

i

ia
1

 ɧɚɥɟɜɨ ɢɥɢ ɧɚɩɪɚɜɨ, ɜ  

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɩɪɟɩɹɬɫɬɜɢɣ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ,OX  ɢ «ɢɳɟɬ» ɧɨɜɵɣ ɫɟɤ-
ɬɨɪ. 

 

ɋɤɨɪɨɫɬɶ ɪɚɛɨɬɵ ɋɌɁ 

 

Ʉɨɥɢɱɟɫɬɜɨ ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɯ ɬɨɱɟɤ ɜ ɫɟɤɬɨ-
ɪɟ ɜɢɞɚ ɆɊ ,nmk   ɩɨɥɧɨɬɚ ɩɨɥɭɱɟɧɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ, ɚ ɬɚɤɠɟ ɫɤɨɪɨɫɬɶ ɋɌɁ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɋȺ ɢ ɤɨɦɩɶɸɬɟɪɚ 
ɡɚɜɢɫɹɬ ɨɬ ɫɥɟɞɭɸɳɢɯ ɮɚɤɬɨɪɨɜ.  
 

Ɂɟɪɤɚɥɨ ɋȺ ɜɪɚɳɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨ-
ɦɨɬɨɪɚ. Ɍɚɤ ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɢɡɦɟɪɟɧɢɹ ɭɝɥɚ 

ii
NNB Bi  2/2 ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɪɟɠɢɦɚ ɜɪɚ-

ɳɟɧɢɹ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɦɨɬɨɪɚ, ɬɨ ɜɨɡɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɞɜɢɝɚɬɟɥɶ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɢɥɢ ɚɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚ-
ɬɟɥɶ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɫ ɩɨɜɵɲɟɧɧɨɣ ɱɚɫɬɨ-
ɬɨɣ. 

 

ɇɚ ɪɢɫ. 3 ɨɞɧɨ ɢɡɦɟɪɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ  ɜɨ 
ɜɪɟɦɹ ɨɞɧɨɝɨ ɩɨɜɨɪɨɬɚ ɡɟɪɤɚɥɚ. ȿɫɥɢ ɞɜɢɝɚ-
ɬɟɥɶ ɜɪɚɳɚɟɬɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ  (ɫ–1), ɱɚɫɬɨɬɚ 
ɢɡɦɟɪɟɧɢɣ ɧɚɩɪɚɜɥɟɧɢɣ (ɭɝɥɨɜ) ɜɵɞɟɥɟɧɧɵɯ 
ɬɨɱɟɤ ɜ ɫɟɤɬɨɪɟ ɜɢɞɚ ɛɭɞɟɬ ɬɚɤɨɣ ɠɟ. ɑɚɫɬɨɬɚ 
ɦɨɠɟɬ ɛɵɬɶ ɭɜɟɥɢɱɟɧɚ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ  
10–12 ɪɚɡ, ɟɫɥɢ ɩɢɪɚɦɢɞɚ ɫ l = 10–12 ɨɬɪɚ-
ɠɚɸɳɢɦɢ ɝɪɚɧɹɦɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɦɟɫɬɨ ɡɟɪ-
ɤɚɥɚ. Ɍɨɝɞɚ ɱɚɫɬɨɬɚ ɢɡɦɟɪɟɧɢɹ ɭɝɥɨɜ ɜ ɭɤɚ-
ɡɚɧɧɵɯ ɬɨɱɤɚɯ ɛɭɞɟɬ fm = l. ȿɫɥɢ, ɧɚɩɪɢɦɟɪ, 
 = 100 ɫ–1, l = 10,  fm = 10100 = 103ɫ–1. 

 

Ⱦɥɹ 100 nmk  ɋɌɁ ɛɭɞɟɬ 
10102/103/  kFuW  ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɫɟ-

ɤɭɧɞɭ ɧɚ ɤɨɦɩɶɸɬɟɪɟ. ɉɪɢ 100 nmk  

ɋɌɁ ɫ ɡɟɪɤɚɥɶɧɨɣ ɩɢɪɚɦɢɞɨɣ ɩɪɨɢɡɜɨɞɢɬ ɨɞ-
ɧɨ ɢɡɨɛɪɚɠɟɧɢɟ ɜ ɫɟɤɭɧɞɭ. Ⱦɥɹ ɬɪɚɧɫɩɨɪɬɧɨ-
ɝɨ ɪɨɛɨɬɚ ɛɭɞɟɬ ɞɨɫɬɚɬɨɱɧɨ 10 ɢɡɨɛɪɚɠɟɧɢɣ 

ɜ ɫɟɤɭɧɞɭ. 
 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɱɚɫɬɨɬɚ ɭɝɥɨɜ ɧɚɤɥɨɧɚ 
ɜɫɟɯ ɲɚɝɨɜɵɯ ɩɪɢɜɨɞɨɜ ɋɌɁ ɢ ɫɤɨɪɨɫɬɶ ɛɨɪ-
ɬɨɜɨɝɨ ɤɨɦɩɶɸɬɟɪɚ ɩɪɟɜɵɲɚɸɬ ɱɚɫɬɨɬɭ ɭɝ-
ɥɨɜ ɢɡɦɟɪɟɧɢɹ ɜ ɋɌɁ. Ʉɨɦɩɶɸɬɟɪ ɪɚɫɩɨɡɧɚɟɬ 
ɦɟɫɬɧɨɫɬɶ  ɢ ɨɩɪɟɞɟɥɹɟɬ ɦɚɪɲɪɭɬ ɜ ɪɟɠɢɦɟ 
ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɩɨɫɪɟɞɫɬɜɨɦ ɢɡɦɟɪɟɧɢɹ 
ɭɝɥɨɜ .ijB  

 

Ⱥɧɚɥɢɡ ɬɨɱɧɨɫɬɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɤɚɪɬ 
 

ɗɬɨɬ ɤɪɢɬɟɪɢɣ ɦɵ ɩɨɧɢɦɚɟɦ ɤɚɤ ɨɩɪɟɞɟɥɟ-
ɧɢɟ ɢɫɤɚɠɟɧɢɣ ɞɥɹ ɤɨɨɪɞɢɧɚɬ ɬɨɱɟɤ  

XYX ,, ɧɚ ɢɫɫɥɟɞɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɋɥɟɞɭ-
ɟɬ ɩɪɢɧɹɬɶ ɜɨ ɜɧɢɦɚɧɢɟ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɢɫɤɚ-
ɠɟɧɢɹ ɜ ɢɡɦɟɪɟɧɢɹɯ ɭɝɥɨɜ – ɷɬɨ ɨɫɧɨɜɧɨɣ 

ɢɫɬɨɱɧɢɤ ɢɫɤɚɠɟɧɢɣ. ɉɪɟɞɩɨɥɚɝɚɟɦɵɣ ɤɜɚɞ-
ɪɚɬ ɨɲɢɛɤɢ (ɉɄɈ) ɨɞɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɭɝɥɚ 

ijB ɫ ɩɨɦɨɳɶɸ ɫɤɚɧɢɪɭɸɳɟɣ ɚɩɟɪɬɭɪɵ ɛɵɥ 
ɞɨɤɚɡɚɧ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢ ɪɚɜɟɧ 10–14 ɭɝ-
ɥɨɜɵɯ ɫɟɤɭɧɞ. ɍɝɨɥ ɧɟɫɨɨɫɧɨɫɬɢ ɲɚɝɨɜɨɝɨ 

ɩɪɢɜɨɞɚ ɞɚɺɬ ɢɫɤɚɠɟɧɢɹ, ɪɚɜɧɵɟ 3–5 ɭɝɥɨɜɵɯ 
ɫɟɤɭɧɞ.  
 

Ⱦɨɩɭɫɬɢɦ, ɱɬɨ ɉɄɈ ɭɝɥɨɜ 



j

j

jijij CB
1

,,  ɫɨ-

ɫɬɚɜɥɹɟɬ .51 ɜ  

 

ɑɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɉɄɈ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɬɨɱɟɤ 
ɨɬɪɚɠɟɧɢɹ ZYX ,, , ɢɫɩɨɥɶɡɭɟɦ ɦɟɬɨɞ ɦɨ-
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ɦɟɧɬɨɜ, ɤɨɬɨɪɵɣ ɨɫɧɨɜɚɧ ɧɚ ɬɨɦ, ɱɬɨ ɡɚɜɢɫɢ-

ɦɨɫɬɶ ɮɭɧɤɰɢɢ ɛɭɞɟɬ ɫɥɟɞɭɸɳɟɣ 
 

 ixxx ..., ,21 . 
 

Ⱥɪɝɭɦɟɧɬɵ xi, ɫɨɝɥɚɫɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦɭ 
ɨɠɢɞɚɧɢɸ ɮɭɧɤɰɢɢ, ɪɚɜɧɵ ɥɢɧɟɣɧɨɣ ɮɭɧɤ-
ɰɢɢ, ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɮɭɧɤɰɢɣ ɚɪɝɭɦɟɧɬɨɜ 
ɩɪɨɢɡɜɨɞɢɬɫɹ c ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɨɪɦɚɥɶɧɨɝɨ 
ɡɚɤɨɧɚ. Ɉɠɢɞɚɧɢɟ ɢ ɉɄɈ «ɩɨɱɬɢ ɥɢɧɟɣɧɵɯ» 

ɮɭɧɤɰɢɣ ɦɨɠɟɬ  ɜɵɪɚɠɚɬɶɫɹ ɮɨɪɦɭɥɚɦɢ 

 

   iMMMM ,..., 21 ,             (6) 

 

2

2

1

2

ix

M

i

i idx

d








 
 


 .               (7) 

 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɵɪɚɠɟɧɢɹ (2), (3), (4) ɢ (5) 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɮɨɪɦɭɥɟ (6). ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, 
ɱɬɨ ɪɚɫɱɟɬ ɞɥɹ ɤɚɠɞɨɣ ɤɨɨɪɞɢɧɚɬɵ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɮɨɪɦɭɥɚɦɢ (2), (3), (4), (5), ɪɚɫɱɺɬ ɉɄɈ 

ɩɨ ɮɨɪɦɭɥɟ (6) ɩɨɥɭɱɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɨɛɴ-

ɟɦɧɵɦ. Ɇɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ 
 

 /sin/ BBijddB .            (8) 

 

ɉɪɢ ɷɬɨɦ dB  – ɭɝɨɥ ɫɜɹɡɵɜɚɸɳɟɣ ɞɭɝɢ ,y  

ɜɵɪɚɠɟɧɧɵɣ ɜ ɪɚɞɢɚɧɚɯ, .520626   ɋ 

ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, 

 

ı / / .d ijd dB a                     (9) 

 

Ɂɞɟɫɶ a  – ɉɄɈ ɜ ɨɩɪɟɞɟɥɹɟɦɨɦ ɪɚɫɫɬɨɹɧɢɢ 

.ijd  Ɂɚɦɟɧɹɹ ɡɧɚɱɟɧɢɟ dB  ɢɡ (8) ɧɚ (9) ɢ ɩɪɢ-

ɧɢɦɚɹ ɜ ɪɚɫɱɟɬ ɉɄɈ ɭɝɥɚ ,C  ɩɨɥɭɱɢɦ 

 
22

.
ij

d B

d

a


  


                  (10) 

 

Ɂɚɜɢɫɢɦɨɫɬɶ d  ɨɬ ijd  ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥ. 1. 

 

Ɍɚɛɥɢɰɚ 1 Ʉɨɥɟɛɚɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɦɟɠɞɭ  
ɩɨɞɫɜɟɱɟɧɧɵɦɢ ɬɨɱɤɚɦɢ 

 

md ,  1 2 … 

… 

50 100 

mmd ,  0,10 0,41 257,11 1028,43 

 

ɂɡ ɜɵɪɚɠɟɧɢɣ (1), (2) ɢ (1), (5) ɜɢɞɧɨ, ɱɬɨ 
ɨɧɢ ɨɬɥɢɱɚɸɬɫɹ ɬɨɥɶɤɨ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ  





j

j

j

1

cos  ɢ 



j

j

j

1

.sin  ɗɬɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɟ 

ɩɪɟɜɵɲɚɸɬ 1. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɉɄɈ ɜ ɨɩɪɟ-
ɞɟɥɹɟɦɵɯ ɤɨɨɪɞɢɧɚɬɚɯ ɬɨɱɟɤ ɧɚ ɨɫɢ  X ɢ Z  

ɧɟ ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɣ ,d  ɬɨ ɟɫɬɶ 
.dzy   

 

ɉɄɈ ɜ ɨɩɪɟɞɟɥɹɟɦɵɯ ɤɨɨɪɞɢɧɚɬɚɯ ijY  ɦɨɠɧɨ 
ɪɚɫɫɱɢɬɚɬɶ ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ (8) 

 

  /22 Bijy ddB . 

 

Ɂɧɚɱɟɧɢɟ y ɢɡɦɟɧɹɟɬɫɹ ɥɢɧɟɣɧɨ ɨɬ 0,1 ɦɦ 

ɞɥɹ 1ɦijd  ɞɨ 10 ɦɦ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 100 ɦ ɨɬ 
ɰɟɧɬɪɚ ɤɨɨɪɞɢɧɚɬ. 

 

Ɋɟɠɢɦ ɪɚɛɨɬɵ ɋɌɁ 

 

ɉɚɪɚɦɟɬɪɵ ɋɌɁ ɨɛɭɫɥɨɜɥɟɧɵ ɦɨɳɧɨɫɬɶɸ 

ɥɚɡɟɪɚ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɮɨɬɨɩɪɢɟɦɧɢɤɚ 
ɋȺ (ɩɨɪɨɝ ɡɪɢɬɟɥɶɧɨɝɨ ɜɨɫɩɪɢɹɬɢɹ). 
 

ɉɨɬɨɤ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ LP  ɨɬɪɚɠɚɟɬɫɹ, 
ɞɨɫɬɢɝɚɹ ɩɪɟɩɹɬɫɬɜɢɹ. Ⱦɨɩɭɫɬɢɦ, ɱɬɨ ɨɧ 

ɞɢɮɮɭɡɧɨ ɪɚɫɫɟɢɜɚɟɬɫɹ ɫ ɩɨɫɬɨɹɧɧɨɣ ɩɥɨɬ-
ɧɨɫɬɶɸ I, ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɹɹɫɶ ɜɧɭɬɪɢ  

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɭɝɥɚ ,S ɬ. ɟ. 
 

SLP  / .                     (11) 

 

ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɭɝɨɥ ɬɨɱɤɢ ɪɚɫɫɟɢɜɚɧɢɹ 
 2/sin4 2

PS i  [5, 6]. ɉɪɢ ɷɬɨɦ 
180Pi ip 

 

–  ɷɬɨ ɩɥɨɫɤɢɣ ɭɝɨɥ ɪɚɫɫɟɢɜɚɧɢɹ. 
 

ɉɨɬɨɤ ɫɜɟɬɚ, ɨɬɪɚɠɚɹɫɶ ɜ ɡɟɪɤɚɥɟ ɋȺ ɢ ɩɨɩɚ-
ɞɚɹ ɧɚ ɮɨɬɨɩɪɢɟɦɧɢɤ, ɜɵɪɚɠɚɟɬɫɹ ɮɨɪɦɭɥɨɣ 

 

.mmP                      (12) 

 

ɂɡɜɟɫɬɧɨ [5, 6], ɱɬɨ 
 

2/ ijmm dS                      (13) 

 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɭɝɨɥ ɫ ɜɟɪɯɧɟɣ ɬɨɱɤɨɣ 

ɨɬɪɚɠɟɧɢɹ ɢ ɧɚɱɚɥɨɦ ɧɚ ɡɟɪɤɚɥɟ ɋȺ, ɨɛɳɚɹ 
ɩɥɨɳɚɞɶ ,mS

 ɩɪɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɟ ɤ ɡɟɪɤɚɥɭ, 
ɬɨɱɤɚ ɨɬɪɚɠɟɧɢɹ ɢ ɜɪɚɳɟɧɢɟ ɨɫɢ ɋȺ ɧɚɯɨɞɹɬ-
ɫɹ ɜ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

 
2 / .ij m md S                     (14) 

 

ɂɫɩɨɥɶɡɭɹ (11), (12), (13) ɢ (14), ɩɨɥɭɱɚɟɦ 
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ɝɞɟ k << 1 – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɱɟɬɚ ɩɨɬɟɪɢ ɜɵ-

ɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ ɧɚ ɨɬɪɚɠɟɧɢɟ ɢ ɩɟɪɟɯɨɞ 
ɫɢɝɧɚɥɚ ɱɟɪɟɡ ɨɩɬɢɱɟɫɤɢɣ ɤɚɧɚɥ ɋȺ. ɉɪɢ 

ɷɬɨɦ s/n – ɡɚɜɢɫɢɦɨɫɬɶ ɫɢɝɧɚɥ-ɲɭɦ, ɜɦɟɫɬɨ 
ɩɨɬɨɤɚ ɫɜɟɬɚ Pm ɡɧɚɱɟɧɢɹ ɩɨɪɨɝɚ ɡɪɢɬɟɥɶɧɨɝɨ 
ɜɨɫɩɪɢɹɬɢɹ ɮɨɬɨɩɪɢɟɦɧɢɤɚ ɡɚɦɟɧɹɟɦ:  

PP  Pm. ɉɪɢ k = 0,2; Sm = 510-4 ɦ2; 

S = 6,28ɫɪ;  s/p = 5; Pp = 10–8 ȼɬ ɢ dij = 20 ɦ. 

 

26,1
1052,0

1041028,65
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 



LP ȼɬ. 

 

Ⱦɥɹ dij = 100 ɦ ɡɧɚɱɟɧɢɟ ɉɅ = 31,5 ȼɬ. 
 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɡɚɞɚɱɢ 

 

Ⱦɥɹ ɩɟɪɜɨɣ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɬɨɬɢɩɚ ɦɵ ɦɨɠɟɦ 

ɞɨɩɭɫɬɢɬɶ ɪɚɡɦɟɪɵ ɫɟɤɬɨɪɚ ɩɪɨɫɦɨɬɪɚ 2 ɦ 

ɲɢɪɢɧɵ ɢ 1 ɦ ɜɵɫɨɬɵ, ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɪɚɫ-
ɫɬɨɹɧɢɟɦ 10 ɦ ɨɬ ɋɌɁ ɞɨ ɨɛɴɟɤɬɚ ɧɚ ɦɟɫɬ-
ɧɨɫɬɢ. 

 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɜɵɞɟɥɟɧɧɵɦɢ  

ɬɨɱɤɚɦɢ 

 

Ɇɵ ɨɩɪɟɞɟɥɢɥɢ ɡɧɚɱɟɧɢɟ ɤɨɧɬɭɪɚ ɩɪɢɛɥɢɡɢ-

ɬɟɥɶɧɨ ɦɟɠɞɭ ɬɨɱɤɚɦɢ 10 ɫɦ ɜ ɲɢɪɢɧɭ ɢ  

10 ɫɦ ɜ ɜɵɫɨɬɭ, ɫɩɪɨɟɰɢɪɨɜɚɧɧɵɦɢ ɧɚ ɩɥɨɫ-
ɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɞɨ 10 ɦ ɨɬ 
ɋɌɁ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɬɨɱɤɚɦɢ, ɫɩɪɨɟɰɢɪɨ-
ɜɚɧɧɵɦɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ, ɧɟ ɹɜɥɹɟɬɫɹ ɩɨɫɬɨ-
ɹɧɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɬɚɤ ɤɚɤ ɭɝɨɥ ɦɟɠɞɭ ɤɚɠɞɨɣ 

ɬɨɱɤɨɣ ɜɫɟɝɞɚ ɨɞɢɧɚɤɨɜɵɣ. ɉɨɷɬɨɦɭ ɩɪɢ ɢɡ-
ɦɟɪɟɧɢɢ, ɤɨɝɞɚ ɩɪɨɟɤɰɢɹ ɬɨɱɤɢ ɨɬɞɚɥɹɟɬɫɹ ɨɬ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɚ ɩɪɨɟɤɰɢɢ ɤ ɩɨɜɟɪɯɧɨɫɬɢ, 

ɪɚɫɫɬɨɹɧɢɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɗɬɚ ɡɚɜɢɫɢɦɨɫɬɶ 
ɩɨɤɚɡɚɧɚ ɜ ɬɚɛɥ. 2. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɪɚɫ-
ɫɬɨɹɧɢɟ ɨɬ ɢɫɯɨɞɧɨɣ ɬɨɱɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɞɨ 
ɋɌɁ – 10 ɦɟɬɪɨɜ. ɍɝɨɥ ɦɟɠɞɭ ɤɚɠɞɵɦɢ ɞɜɭ-
ɦɹ ɬɨɱɤɚɦɢ ɡɚɜɢɫɢɬ ɨɬ ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɝɥɚ 
ɲɚɝɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ. ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɭɱɢɬɵ-

ɜɚɬɶ, ɱɬɨ ɷɬɨɬ ɭɝɨɥ ɫɨɫɬɨɢɬ ɢɡ ɧɚɛɨɪɚ ɲɚɝɨɜ 
ɞɜɢɝɚɬɟɥɹ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɤɨɥɢɱɟɫɬɜɨ ɲɚ-
ɝɨɜ ɞɥɹ ɤɚɠɞɨɣ ɩɪɨɟɤɰɢɢ – 6 ɞɥɹ ɩɨɥɭɱɟɧɢɹ  
ɤɨɧɬɭɪɚ  ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 10 ɫɦ ɜɟɪɬɢɤɚɥɶɧɨ 

ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɡɦɟɪɵ 

ɤɨɧɬɭɪɚ ɬɨɱɟɤ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɞɨ 10 ɦ ɛɭɞɭɬ 
ɬɚɤɢɦɢ: ɲɢɪɢɧɚ – 1,895 ɦ ɢ ɜɵɫɨɬɚ – 0,9432 ɦ.  

Ɍɚɛɥ. 2 ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɪɢɫ. 5 ɩɨɤɚɡɵɜɚ-
ɸɬ ɢɡɦɟɧɟɧɢɹ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɤɚɠɞɨɣ ɭɤɚ-
ɡɚɧɧɨɣ ɬɨɱɤɨɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɲɚɝɚ ɜɟɪɬɢ-

ɤɚɥɶɧɨɝɨ ɲɚɝɨɜɨɝɨ ɩɪɢɜɨɞɚ, ɚ ɬɚɤɠɟ 
ɢɡɦɟɧɟɧɢɹ ɭɝɥɚ .i  

 
Ɍɚɛɥɢɰɚ 2 ɂɡɦɟɧɟɧɢɟ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ  

ɭɤɚɡɚɧɧɵɦɢ ɬɨɱɤɚɦɢ 

 
N , ɝɪɚɞ Wn (m) 

1 0,54 0,09425 

2 1,08 0,09427 

3 1,62 0,09430 

4 2,16 0,09435 

5 2,7 0,09442 

6 3,24 0,09450 

7 3,78 0,09460 

8 4,32 0,09472 

9 4,86 0,09486 

10 5,4 0,09501 

11 5,94 0,09518 

12 6,48 0,09536 

13 7,02 0,09557 

14 7,56 0,09579 

15 8,1 0,09603 

 

Wi (m) 

X=10

S 

a 

Wn (m)

L

P

Wn (m)< Wn-1 (m) 

 
 

Ɋɢɫ. 5. ɉɟɪɟɦɟɧɧɵɣ ɲɚɝ ɋȺ 
 

Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɦ ɚɫɩɟɤɬɨɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 
ɩɪɢ ɤɚɠɞɨɦ ɩɨɥɧɨɦ ɨɛɨɪɨɬɟ ɗȾ ɧɟɨɛɯɨɞɢɦɨ 
ɩɨɥɧɨɫɬɶɸ ɫɤɚɧɢɪɨɜɚɬɶ ɦɟɫɬɨ ɞɟɣɫɬɜɢɹ. Ⱦɥɹ 
ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɨɫɦɨɬɪɟɬɶ 21 ɬɨɱɤɭ 
ɜ ɲɢɪɢɧɭ ɢ 11 ɜ ɜɵɫɨɬɭ, ɜɫɟɝɨ 231 ɬɨɱɤɭ, ɢ 

ɟɫɥɢ ɩɨɬɪɟɛɭɟɬɫɹ, ɩɪɨɢɡɜɨɞɢɬɶ 1 ɢɡɨɛɪɚɠɟ-
ɧɢɟ ɦɟɫɬɚ ɡɚ ɫɟɤɭɧɞɭ; ɩɪɢ ɷɬɨɦ ɨɱɟɧɶ ɜɚɠɧɨ 
ɨɛɟɫɩɟɱɢɬɶ ɩɨɫɬɨɹɧɧɭɸ ɫɤɨɪɨɫɬɶ ɷɥɟɤɬɪɨ-
ɞɜɢɝɚɬɟɥɹ  231ɫ–1, ɫɢɧɯɪɨɧɧɨɝɨ ɫ ɦɟɯɚɧɢɡɦɨɦ 
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ɉɅ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɚɹ 
ɩɚɫɩɨɪɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɵɛɪɚɧɧɨɝɨ ɦɨɬɨɪɚ ɩɨ-
ɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 13860 ɦɢɧ–1. 

 

ȼɵɜɨɞɵ 
 

1. ɉɪɟɞɥɨɠɟɧɧɵɣ ɩɪɢɧɰɢɩ ɩɨɫɬɪɨɟɧɢɹ ɋɌɁ 
ɩɨɥɧɨɫɬɶɸ ɪɟɲɚɟɬ ɞɜɟ ɩɪɨɛɥɟɦɵ ɧɚɜɢɝɚɰɢɢ 

ɆɊ: ɨɧɚ ɩɨɡɜɨɥɹɟɬ ɨɛɫɥɟɞɨɜɚɬɶ ɦɟɫɬɧɨɫɬɶ 
ɩɟɪɟɞ ɪɨɛɨɬɨɦ ɢ ɨɩɪɟɞɟɥɹɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɤ 
ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɟ ɬɪɚɟɤɬɨɪɢɢ ɪɨɛɨɬɚ. ɋȺ 

ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɛɥɸɞɚɬɶ ɬɨɱ-
ɤɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚɞ ɢɥɢ ɩɨɞ ɭɪɨɜɧɟɦ ɝɨ-
ɪɢɡɨɧɬɚ ɜ ɩɪɟɞɟɥɚɯ  45 . 

 

2. ɉɪɟɞɥɨɠɟɧɧɚɹ ɋɌɁ ɧɟ ɬɪɟɛɭɟɬ ɧɨɜɵɯ ɷɥɟ-
ɦɟɧɬɨɜ ɢ ɭɫɬɪɨɣɫɬɜ ɢ ɦɨɠɟɬ ɛɵɬɶ ɫɨɡɞɚɧɚ ɧɚ 
ɛɚɡɟ ɩɪɢɛɨɪɨɜ, ɤɨɬɨɪɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɜɵɩɭɫɤɚɸɬɫɹ ɜ ɩɨɥɧɨɦ ɦɚɫɲɬɚɛɟ. 

 

3. ɋɌɁ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɟɚɥɢɡɚɰɢɸ ɢɞɟɢ ɤɨɦ-

ɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ ɜ ɜɢɞɟ ɚɧɚɥɨɝɨɜɨ-ɰɢɮ-

ɪɨɜɨɣ ɦɨɞɟɥɢ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɟɪɟɞ ɪɨɛɨɬɨɦ. 

ɗɬɚ ɦɨɞɟɥɶ ɥɟɝɤɨ ɦɨɠɟɬ ɛɵɬɶ ɬɪɚɧɫɮɨɪɦɢ-

ɪɨɜɚɧɚ ɤɨɦɩɶɸɬɟɪɨɦ ɜ ɢɡɨɛɪɚɠɟɧɢɟ, ɩɪɢɝɨɞ-
ɧɨɟ ɞɥɹ ɜɨɫɩɪɢɹɬɢɹ ɱɟɥɨɜɟɤɚ-ɨɩɟɪɚɬɨɪɚ.  

 

4. ɋɌɁ ɧɟ ɩɪɨɬɢɜɨɞɟɣɫɬɜɭɟɬ ɜɨɫɩɪɢɹɬɢɸ ɢɧ-

ɮɨɪɦɚɰɢɢ, ɨɬɧɨɫɹɳɟɣɫɹ ɤ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟ-
ɞɟ. ɇɚɨɛɨɪɨɬ, ɋɌɁ ɢ ɉɁɋ ɦɨɝɭɬ ɜɡɚɢɦɧɨ ɞɨ-
ɩɨɥɧɹɬɶ ɞɪɭɝ ɞɪɭɝɚ. ɂɧɬɟɪɟɫɧɨɣ ɡɚɞɚɱɟɣ ɞɥɹ 
ɛɭɞɭɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠɟɬ ɫɬɚɬɶ ɚɧɚɥɢɡ 
ɜɨɡɦɨɠɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ 

ɫɨɜɦɟɫɬɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɪɚɡɭ ɞɜɭɯ ɫɢ-

ɫɬɟɦ: ɨɪɢɝɢɧɚɥɶɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɤɚɧɟɪɚ ɫ 
ɨɩɬɨɷɥɟɤɬɪɨɧɧɵɦ ɫɤɚɧɢɪɨɜɚɧɢɟɦ ɢ ɋɌɁ, ɩɨ-
ɫɬɪɨɟɧɧɨɝɨ ɧɚ ɜɢɞɟɨɤɚɦɟɪɚɯ. 

 

5. Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɚɧɚɥɢɡ (ɬɚɛɥ. 1), ɪɚɛɨɬɚ 
ɫɢɫɬɟɦɵ ɜɟɫɶɦɚ ɩɨɞɨɛɧɚ ɥɨɝɢɤɟ ɨɛɵɱɧɨɝɨ 
ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɡɪɟɧɢɹ: ɧɚ ɛɨɥɶɲɢɯ ɞɢɫɬɚɧɰɢ-

ɹɯ ɋɌɁ ɩɨɡɜɨɥɹɟɬ ɬɨɥɶɤɨ ɨɛɧɚɪɭɠɢɬɶ ɨɛɴɟɤɬ-
ɩɪɟɩɹɬɫɬɜɢɟ ɢ ɩɪɢɦɟɪɧɨ (ɫ ɦɟɬɪɨɜɨɣ ɬɨɱɧɨ-
ɫɬɶɸ ɧɚ ɫɬɨɦɟɬɪɨɜɨɦ ɪɚɫɫɬɨɹɧɢɢ) ɨɩɪɟɞɟ-
ɥɢɬɶ ɟɝɨ ɩɨɥɨɠɟɧɢɟ ɜ ɫɟɤɬɨɪɟ. Ɂɚɬɟɦ, ɩɨ ɦɟɪɟ 
ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɩɪɟɩɹɬɫɬɜɢɸ, ɪɨɛɨɬ ɦɨɠɟɬ 
ɜɟɪɧɭɬɶɫɹ ɤ «ɪɚɫɫɦɨɬɪɟɧɢɸ» ɞɚɧɧɨɝɨ ɩɪɟ-
ɩɹɬɫɬɜɢɹ ɢ ɥɨɤɚɥɢɡɢɪɨɜɚɬɶ ɟɝɨ ɫ ɛɨɥɟɟ ɜɵɫɨ-
ɤɨɣ ɬɨɱɧɨɫɬɶɸ.  
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