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*Ⱦɧɟɩɪɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɉɥɟɫɹ Ƚɨɧɱɚɪɚ,  

**Ⱦɧɟɩɪɨɜɫɤɚɹ ɦɟɞɢɰɢɧɫɤɚɹ ɚɤɚɞɟɦɢɹ ɆɈЗ ɍɤɪɚɢɧɵ 

Ʉ ɉɊɈȻɅȿɆȿ ȼɕȻɈɊȺ ɂɆɉɅȺɇɌȺɌȺ  
ɌȺɁɈȻȿȾɊȿɇɇɈȽɈ ɋɍɋɌȺȼȺ 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɜɵɛɨɪɚ ɢɦɩɥɚɧɬɚɬɚ ɬɚɡɨɛɟɞɪɟɧɧɨɝɨ ɫɭɫɬɚɜɚ ɩɨ 
ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɥɝɨɪɢɬɦ, ɜɵɛɨɪɤɚ, ɪɟɝɪɟɫɫɢɹ, ɢɦɩɥɚɧɬɚɬ, ɬɚɡɨɛɟɞɪɟɧɧɵɣ 
ɫɭɫɬɚɜ, ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

 

ɍ ɪɨɛɨɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɚɥɝɨɪɢɬɦ ɜɢɛɨɪɭ ɿɦɩɥɚɧɬɚɬɭ ɤɭɥɶɲɨɜɨɝɨ ɫɭɝɥɨɛɚ ɡɚ 
ɤɿɥɶɤɿɫɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ȿɧɞɨɩɪɨɬɟɡɭɜɚɧɧɹ ɧɚɣɱɚɫɬɿɲɟ є єɞɢɧɢɦ ɜɢɯɨɞɨɦ 
ɞɥɹ ɩɚɰɿєɧɬɚ ɡ ɜɚɠɤɨɸ ɩɚɬɨɥɨɝɿєɸ ɤɭɥɶɲɨɜɨɝɨ ɫɭɝɥɨɛɚ. ȼɚɠɥɢɜɢɦ ɟɬɚɩɨɦ, ɹɤɢɣ 
ɛɚɝɚɬɨ ɜ ɱɨɦɭ ɡɚɛɟɡɩɟɱɭє ɜɞɚɥɟ ɟɧɞɨɩɪɨɬɟɡɭɜɚɧɧɹ, є ɩɪɚɜɢɥɶɧɢɣ ɜɢɛɿɪ ɿɦɩɥɚɧɬɚɬɭ. 

ɉɪɢ ɜɫɬɚɧɨɜɥɧɧɿ ɿɦɩɥɚɧɬɚɬɭ ɤɭɥɶɲɨɜɨɝɨ ɫɭɝɥɨɛɚ, ɣɨɝɨ ɨɞɧɿєɸ ɫɜɨєɸ ɱɚɫɬɢɧɨɸ – 

ɧɿɠɤɨɸ ɫɚɞɹɬɶ ɜ ɤɿɫɬɤɨɜɨɦɨɡɤɨɜɢɣ ɤɚɧɚɥ ɫɬɟɝɧɨɜɨʀ ɤɿɫɬɤɢ. ɉɪɢɱɨɦɭ ɰɟ ɧɟɨɛɯɿɞɧɨ 

ɡɪɨɛɢɬɢ ɬɚɤ, ɳɨɛ ɡ ɨɞɧɨɝɨ ɛɨɤɭ, ɧɿɠɤɚ ɳɿɥɶɧɨ ɩɪɢɥɹɝɚɥɚ ɞɨ ɫɬɿɧɨɤ ɤɚɧɚɥɭ, ɚ ɡ ɿɧɲɨɝɨ, 
ɜ ɤɚɧɚɥɿ ɧɟ ɩɨɜɢɧɧɨ ɜɢɧɢɤɚɬɢ ɤɪɢɬɢɱɧɢɯ ɧɚɩɪɭɠɟɧɶ. ɍ ɫɭɩɪɨɬɢɜɧɨɦɭ ɪɚɡɿ ɦɨɠɥɢɜɿ 
ɫɟɪɣɨɡɧɿ ɩɿɫɥɹɨɩɟɪɚɰɿɣɧɿ ɭɫɤɥɚɞɧɟɧɧɹ. ɇɚɥɟɠɧɟ ɩɪɢɥɹɝɚɧɧɹ ɿɦɩɥɚɧɬɚɬɭ ɞɨ ɫɬɿɧɨɤ 
ɤɚɧɚɥɭ ɡɚɛɟɡɩɟɱɭєɬɶɫɹ ɩɪɚɜɢɥɶɧɢɦ ɜɢɛɨɪɨɦ ɿɦɩɥɚɧɬɚɬɭ ɿɡ ɡɚɞɚɧɨɝɨ ɫɬɚɧɞɚɪɬɧɨɝɨ 
ɧɚɛɨɪɭ ɿɦɩɥɚɧɬɚɬɿɜ. ɇɚ ɫɶɨɝɨɞɧɿɲɧɿɣ ɞɟɧɶ ɜɢɛɿɪ ɿɦɩɥɚɧɬɚɬɭ ɪɟɚɥɿɡɭєɬɶɫɹ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɪɟɧɬɝɟɧɿɜɫɶɤɢɯ ɡɨɛɪɚɠɟɧɶ ɤɚɧɚɥɭ ɜ ɩɪɹɦɿɣ ɬɚ ɛɿɱɧɿɣ ɩɪɨɟɤɰɿɹɯ. ɇɚ 
ɡɧɿɦɤɢ ɤɭɥɶɲɨɜɨɝɨ ɫɭɝɥɨɛɚ ɬɚ ɫɬɟɝɧɨɜɨʀ ɤɿɫɬɤɢ ɜ ɩɪɹɦɿɣ ɬɚ ɛɿɱɧɿɣ ɩɪɨɟɤɰɿɹɯ 
ɩɨɫɥɿɞɨɜɧɨ ɧɚɤɥɚɞɚɸɬɶ ɤɪɟɫɥɟɧɧɹ ɿɦɩɥɚɧɬɚɬɭ, ɜɢɤɨɧɚɧɿ ɧɚ ɩɪɨɡɨɪɿɣ ɩɥɿɜɰɿ, ɿ ɬɚɤɢɦ 
ɱɢɧɨɦ ɨɛɢɪɚɸɬɶ ɿɦɩɥɚɧɬɚɬ. ɍ ɡɜ'ɹɡɤɭ ɡ ɰɢɦ ɜɢɧɢɤɚє ɡɚɞɚɱɚ  ɩɨɛɭɞɨɜɢ ɚɥɝɨɪɢɬɦɭ 
ɜɢɛɨɪɭ ɿɦɩɥɚɧɬɚɬɭ ɧɚ ɨɫɧɨɜɿ ɤɿɥɶɤɿɫɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

ɓɿɥɶɧɿɫɬɶ ɩɪɢɥɹɝɚɧɧɹ ɿɦɩɥɚɧɬɚɬɭ ɞɨ ɫɬɿɧɨɤ ɤɚɧɚɥɭ ɧɟɨɛɯɿɞɧɨ ɡɚɛɟɡɩɟɱɢɬɢ ɹɤ ɭ 
ɩɪɹɦɿɣ ɩɪɨɟɤɰɿʀ ɬɚɤ ɿ ɭ ɛɿɱɧɿɣ. ɍ ɩɪɹɦɿɣ ɩɪɨɟɤɰɿʀ ɳɿɥɶɧɿɫɬɶ ɩɪɢɥɹɝɚɧɧɹ ɿɦɩɥɚɧɬɚɬɭ 
ɞɨ ɫɬɿɧɨɤ ɤɚɧɚɥɭ ɦɨɠɧɚ ɨɩɢɫɭɜɚɬɢ ɪɿɡɧɢɦɢ ɱɢɫɥɨɜɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɡɨɤɪɟɦɚ 
ɪɿɡɧɢɰɟɸ ɩɥɨɳ ɨɫɶɨɜɨɝɨ ɩɟɪɟɪɿɡɭ ɤɚɧɚɥɭ ɬɚ ɿɦɩɥɚɧɬɚɬɭ (ɞɢɜ. [2]). 

ɍ ɛɿɱɧɿɣ ɩɪɨɟɤɰɿʀ ɤɚɧɚɥ ɜɢɤɪɢɜɥɟɧɢɣ. Ɍɨɦɭ ɨɩɬɢɦɚɥɶɧɨ ɜɢɛɪɚɧɢɣ ɞɥɹ ɞɚɧɨɝɨ 
ɤɚɧɚɥɭ ɿɦɩɥɚɧɬɚɬ ɭ ɛɿɱɧɿɣ ɩɪɨɟɤɰɿʀ ɦɚє ɬɨɪɤɚɬɢɫɹ ɫɬɿɧɨɤ ɤɚɧɚɥɭ ɩɪɢɧɚɣɦɧɿ ɭ ɬɪɶɨɯ 
ɬɨɱɤɚɯ, ɚ ɹɤɳɨ ɬɚɤɢɣ ɿɦɩɥɚɧɬɚɬ ɜɢɛɪɚɬɢ ɧɟɦɨɠɥɢɜɨ, ɬɨ ɜɿɞɫɬɚɧɶ ɜɿɞ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ 
ɿɦɩɥɚɧɬɚɬɭ ɞɨ ɩɟɪɟɞɧɶɨʀ ɫɬɿɧɤɢ ɤɚɧɚɥɭ ɦɚє ɛɭɬɢ ɦɿɧɿɦɚɥɶɧɨɸ.  

 Ɉɫɤɿɥɶɤɢ ɳɿɥɶɧɿɫɬɶ ɩɪɢɥɹɝɚɧɧɹ ɿɦɩɥɚɧɬɚɬɭ ɞɨ ɫɬɿɧɨɤ ɤɚɧɚɥɭ ɧɟɨɛɯɿɞɧɨ 
ɡɚɛɟɡɩɟɱɢɬɢ ɹɤ ɭ ɩɪɹɦɿɣ ɩɪɨɟɤɰɿʀ ɬɚɤ ɿ ɭ ɛɿɱɧɿɣ, ɬɨ, ɜɡɚɝɚɥɿ ɤɚɠɭɱɢ, ɞɥɹ ɞɚɧɨɝɨ ɤɚɧɚɥɭ 
ɜɢɛɿɪ ɿɦɩɥɚɧɬɚɬɭ ɡ ɡɚɞɚɧɨɝɨ ɧɚɛɨɪɭ ɿɦɩɥɚɧɬɚɬɿɜ ɧɟɨɞɧɨɡɧɚɱɧɢɣ. ɍ ɪɨɛɨɬɿ 
ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɚɥɝɨɪɢɬɦ ɜɢɛɨɪɭ ɨɩɬɢɦɚɥɶɧɨɝɨ ɿɦɩɥɚɧɬɚɬɭ ɭ ɛɿɱɧɿɣ ɩɪɨɟɤɰɿʀ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɚɥɝɨɪɢɬɦ, ɜɢɛɿɪɤɚ, ɪɟɝɪɟɫɿɹ, ɿɦɩɥɚɧɬɚɬ, ɤɭɥɶɲɨɜɢɣ ɫɭɝɥɨɛ, 
ɤɿɥɶɤɿɫɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

 

Endoprosthetics is often the only way out for a patient with severe hip joint pathology. 

An important step, in many ways ensuring successful replacement, is the correct choice of 

implant. 
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When installing the hip joint implant, one of its parts - the leg - is placed in the marrow 

canal of the femur. Moreover, the installation must be done in a way that ensures, that on 

one hand, the leg fits tightly against the walls of the channel and on the other hand, no crit-

ical stress appears in the channel. Otherwise, serious postoperative complications are pos-

sible. Proper fit of the prosthesis is ensured by the correct choice from a given standard set 

of implants. To date the choice of the implant is realized using x-ray images of the canal in 

the direct and lateral projections. The implant images on a transparent film are sequential-

ly applied to the hip and thighbone images in a straight and lateral projection, and thus a 

suitable implant is selected. In this regard, the problem of constructing an algorithm for 

choosing an implant based on quantitative characteristics arises. 
The method of optimal implant selection based on the quantitative characteristics of the 

implant and of the difference between the width of the channel in the direct projection and 

the width of the implant in a direct projection is a possible solution. The best for this chan-

nel in a direct projection is the implant for which the average distance between the upper 

wall of the canal and the implant is the smallest. The quantitative characteristic of the 

placement quality of the implant in the lateral projection is introduced in a similar way. 

The implants that fit in the channel are considered. It also must be taken into account that 

the implant should have contact with the channel in at least three points in the lateral pro-

jection. “The best for a given channel on the lateral projection is the implant for which the 

difference between the minimum distance from the anterior wall of the canal to the poste-

rior wall of the implant and the width of the implant in this section is minimal. 

In best case, the best implant is the one that fits best in both projections. However, this 

does not always happen. Finally, for a given channel the choice of an implant from a given 

set of implants, generally speaking, is ambiguous. In addition to the characteristics and 

quality of an implant placement proposed here, other methods are possible. 

Keywords: algorithm, sampling, regression, implant, hip joint, quantitative characteris-

tics. 

 

ȼɜɟɞɟɧɢɟ. ɗɧɞɨɩɪɨɬɟɡɢɪɨɜɚɧɢɟ ɱɚɳɟ ɜɫɟɝɨ ɹɜɥɹɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ 
ɜɵɯɨɞɨɦ ɞɥɹ ɛɨɥɶɧɨɝɨ ɫ ɬɹɠɟɥɨɣ ɩɚɬɨɥɨɝɢɟɣ ɬɚɡɨɛɟɞɪɟɧɧɨɝɨ ɫɭɫɬɚɜɚ. ɉɪɢ 
ɭɫɬɚɧɨɜɤɟ ɢɦɩɥɚɧɬɚɬɚ (ɫɦ. ɪɢɫ. 1 ɢ ɪɢɫ. 2) ɬɚɡɨɛɟɞɪɟɧɧɨɝɨ ɫɭɫɬɚɜɚ ɟɝɨ  ɨɞɧɨɣ 
ɫɜɨɟɣ ɱɚɫɬɶɸ – ɧɨɠɤɨɣ, ɫɚɞɹɬ ɜ ɤɨɫɬɧɨɦɨɡɝɨɜɨɣ ɤɚɧɚɥ ɛɟɞɪɟɧɧɨɣ ɤɨ-ɫɬɢ (ɫɦ. 
ɪɢɫ. 3 ɢ ɪɢɫ. 4). ɉɪɢɱёɦ ɷɬɨ ɧɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ ɬɚɤ, ɱɬɨɛɵ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, 
ɧɨɠɤɚ ɩɥɨɬɧɨ ɩɪɢɥɟɝɚɥɚ ɤ ɫɬɟɧɤɚɦ ɤɚɧɚɥɚ, ɚ ɫ ɞɪɭɝɨɣ, ɜ ɤɚɧɚɥɟ ɧɟ ɞɨɥɠɧɨ 
ɜɨɡɧɢɤɚɬɶ ɤɪɢɬɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɜɨɡɦɨɠɧɵ 
ɫɟɪɶёɡɧɵɟ ɩɨɫɥɟɨɩɟɪɚɰɢɨɧɧɵɟ ɨɫɥɨɠɧɟɧɢɹ. ɇɚɞɥɟɠɚɳɟɟ ɩɪɢɥɟɝɚɧɢɟ 
ɢɦɩɥɚɧɬɚɬɚ ɤ ɫɬɟɧɤɚɦ ɤɚɧɚɥɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɨɞɯɨɞɹɳɢɦ ɜɵɛɨɪɨɦ 
ɢɦɩɥɚɧɬɚɬɚ ɢɡ ɡɚɞɚɧɧɨɝɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɧɚɛɨɪɚ ɢɦɩɥɚɧɬɚɬɨɜ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ 
ɞɟɧɶ ɜɵɛɨɪ ɢɦɩɥɚɧɬɚɬɚ ɪɟɚɥɢɡɭɸɬ ɩɨ ɪɟɧɬɝɟɧɨɜɫɤɢɦ ɫɧɢɦɤɚɦ ɤɚɧɚɥɚ ɜ 
ɩɪɹɦɨɣ ɢ ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɹɯ: ɧɚ ɫɧɢɦɤɢ ɬɚɡɨɛɟɞɪɟɧɧɨɝɨ ɫɭɫɬɚɜɚ ɢ ɛɟɞɪɟɧɧɨɣ 
ɤɨɫɬɢ ɜ ɩɪɹɦɨɣ ɢ ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɹɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɧɚɤɥɚɞɵɜɚɸɬ ɱɟɪɬɟɠɢ 
ɢɦɩɥɚɧɬɚɬɨɜ, ɜɵɩɨɥɧɟɧɧɵɟ ɧɚ ɩɪɨɡɪɚɱɧɨɣ ɩɥɟɧɤɟ ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɜɵɛɢɪɚɸɬ 
ɩɨɞɯɨɞɹɳɢɣ ɢɦɩɥɚɧɬɚɬ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɩɨɫɬɪɨɟɧɢɹ ɚɥɝɨɪɢɬɦɚ ɜɵɛɨɪɚ ɢɦɩɥɚɧɬɚɬɚ, 
ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ. 
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Ɋɢɫ. 1. ɂɦɩɥɚɧɬɚɬ ɁɄ-6 ɜ ɩɪɹɦɨɣ ɢ 
ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɹɯ 

 

Ɋɢɫ. 2. ɂɦɩɥɚɧɬɚɬ ȾȾ-1 ɜ ɩɪɹɦɨɣ ɢ 
ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɹɯ 

 

 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɜɵɛɨɪɚ 
ɢɦɩɥɚɧɬɚɬɚ ɞɥɹ ɞɚɧɧɨɝɨ ɤɨɫɬɧɨɦɨɡɝɨɜɨɝɨ ɤɚɧɚɥɚ ɜ ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ. ȼɵɛɨɪ 
ɢɦɩɥɚɧɬɚɬɚ ɜ ɩɪɹɦɨɣ ɩɪɨɟɤɰɢɢ ɨɩɢɫɚɧ ɜ [2]. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɚɥɝɨɪɢɬɦɚ ɜɵɛɨɪɚ ɢɦɩɥɚɧɬɚɬɚ ɞɥɹ ɞɚɧɧɨɝɨ ɤɚɧɚɥɚ ɩɨ ɟɝɨ 
ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɫɧɚɱɚɥɚ ɪɟɧɬɝɟɧɨɜɫɤɢɟ ɫɧɢɦɤɢ ɛɟɞɪɟɧɧɨɣ 
ɤɨɫɬɢ ɨɰɢɮɪɨɜɵɜɚɸɬ: ɫ ɲɚɝɨɦ 5.11  ɦɦ ɜ 13 ɬɨɱɤɚɯ (ɭɡɥɚɯ) ɫɧɢɦɚɸɬ ɡɧɚɱɟɧɢɹ 

ja  ɲɢɪɢɧɵ ɤɚɧɚɥɚ ɜ ɩɪɹɦɨɣ ɩɪɨɟɤɰɢɢ ɢ ɡɧɚɱɟɧɢɟ ɲɢɪɢɧɵ ɤɚɧɚɥɚ jb  ɜ 
ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ, 12,...,2,1,0=j . ȼ ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ ɟɳɟ ɫɧɢɦɚɸɬ ɡɧɚɱɟɧɢɹ 
ɩɚɪɚɦɟɬɪɨɜ, ɨɩɢɫɵɜɚɸɳɢɯ ɢɫɤɪɢɜɥɟɧɢɟ ɤɚɧɚɥɚ, ɚ ɢɦɟɧɧɨ ɜɟɥɢɱɢɧɭ   ɭɝɥɚ 
ɢɫɤɪɢɜɥɟɧɢɹ ɤɚɧɚɥɚ ɢ ɪɚɫɫɬɨɹɧɢɟ l  ɨɬ ɧɚɱɚɥɚ ɤɚɧɚɥɚ (ɦɚɥɨɝɨ ɜɟɪɬɥɸɝɚ) ɞɨ 
ɜɟɪɲɢɧɵ ɭɝɥɚ ɢɫɤɪɢɜɥɟɧɢɹ (ɫɦ. ɪɢɫ. 5).  

Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɨ ɫɬɟɩɟɧɢ ɢɫɤɪɢɜɥɟɧɢɹ ɤɚɧɚɥɵ ɜ ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ ɦɨɠɧɨ 
ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ ɬɢɩɚ: ɤɚɧɚɥ ɬɢɩɚ 2 – ɡɚɦɟɬɧɵ ɹɜɧɵɟ ɢɫɤɪɢɜɥɟɧɢɹ ɩɟɪɟɞɧɟɣ ɢ 
ɡɚɞɧɟɣ ɫɬɟɧɤɢ ɤɚɧɚɥɚ (ɫɦ. ɪɢɫ. 6); ɤɚɧɚɥ ɬɢɩɚ 1 – ɡɚɦɟɬɧɵ ɢɫɤɪɢɜɥɟɧɢɹ 
ɩɟɪɟɞɧɟɣ ɫɬɟɧɤɢ ɤɚɧɚɥɚ, ɢɫɤɪɢɜɥɟɧɢɹ ɡɚɞɧɟɣ ɫɬɟɧɤɢ ɤɚɧɚɥɚ ɧɟɫɭɳɟɫɬɜɟɧɧɵɟ 
(ɫɦ. ɪɢɫ. 7), ɤɚɧɚɥ ɬɢɩɚ 0 – ɢɫɤɪɢɜɥɟɧɢɹ ɤɚɤ ɩɟɪɟɞɧɟɣ ɫɬɟɧɤɢ ɤɚɧɚɥɚ, ɬɚɤ ɢ 
ɡɚɞɧɟɣ ɹɜɧɨ ɧɟ ɩɪɨɫɦɚɬɪɢɜɚɸɬɫɹ (ɫɦ. ɪɢɫ. 8). 
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Ɋɢɫ. 3. Ɍɚɡɨɛɟɞɪɟɧɧɵɣ ɫɭɫɬɚɜ ɢ  
ɤɨɫɬɧɨɦɨɡɝɨɜɨɣ ɤɚɧɚɥ ɜ ɩɪɹɦɨɣ      

ɩɪɨɟɤɰɢɢ 

Ɋɢɫ. 4. Ɍɚɡɨɛɟɞɪɟɧɧɵɣ ɫɭɫɬɚɜ ɢ 

 ɤɨɫɬɧɨɦɨɡɝɨɜɨɣ ɤɚɧɚɥ ɜ ɛɨɤɨɜɨɣ     
ɩɪɨɟɤɰɢɢ 

 

 
Ɋɢɫ. 5. ɉɪɨɟɤɰɢɹ ɤɨɫɬɧɨɦɨɡɝɨɜɨɝɨ ɤɚɧɚɥɚ ɜ ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ 

 

 

 
Ɋɢɫ. 6. Ȼɨɤɨɜɚɹ ɩɪɨɟɤɰɢɹ ɤɚɧɚɥɚ ɬɢɩɚ 2 

 

 
Ɋɢɫ. 7. Ȼɨɤɨɜɚɹ ɩɪɨɟɤɰɢɹ ɤɚɧɚɥɚ ɬɢɩɚ 1 

 

 
Ɋɢɫ. 8. Ȼɨɤɨɜɚɹ ɩɪɨɟɤɰɢɹ ɤɚɧɚɥɚ ɬɢɩɚ 0 
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ɉɨɫɬɪɨɟɧɢɟ ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ ɤɚɧɚɥɚ ɩɨ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɤɚɧɚɥɚ. ȼ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ Oxy  ɧɚɧɟɫɟɦ 
ɬɨɱɤɢ ( ix , iy ), ɝɞɟ 5.11*ixi = , 2/ii by = , 12,...,2,1,0=i  ( −ib  ɲɢɪɢɧɚ ɤɚɧɚɥɚ ɜ 
ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ ɜ ɬɨɱɤɟ ix ). ɋɨɟɞɢɧɢɦ ɫɨɫɟɞɧɢɟ ɬɨɱɤɢ ( ix , iy ) ɢ ( 1+ix , 1+iy ), 

12,...,2,1,0=i , ɨɬɪɟɡɤɚɦɢ – ɩɨɥɭɱɢɦ ɥɨɦɚɧɭɸ. Ɉɬɨɛɪɚɡɢɜ ɟɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ 
Ox  – ɩɨɥɭɱɢɦ ɟɳɟ ɨɞɧɭ ɥɨɦɚɧɭɸ (ɫɦ. ɪɢɫ. 9). ɗɬɢ ɞɜɟ ɥɨɦɚɧɵɟ ɦɨɠɧɨ ɛɵɥɨ 
ɛɵ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɟɣ ɩɪɨɟɤɰɢɣ ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɫɬɟɧɤɢ 
ɤɚɧɚɥɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ, ɟɫɥɢ ɛɵ ɤɚɧɚɥ ɧɟ ɢɦɟɥ 
ɢɫɤɪɢɜɥɟɧɢɣ. 

ɉɨɫɬɪɨɟɧɢɟ ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ ɤɚɧɚɥɚ ɩɨ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɤɚɧɚɥɚ. ȼ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ Oxy  ɧɚɧɟɫɟɦ 
ɬɨɱɤɢ ( ix , iy ), ɝɞɟ 5.11*ixi = , 2/ii by = , 12,...,2,1,0=i  ( −ib  ɲɢɪɢɧɚ ɤɚɧɚɥɚ ɜ 
ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ ɜ ɬɨɱɤɟ ix ). ɋɨɟɞɢɧɢɦ ɫɨɫɟɞɧɢɟ ɬɨɱɤɢ ( ix , iy ) ɢ ( 1+ix , 1+iy ), 

12,...,2,1,0=i , ɨɬɪɟɡɤɚɦɢ – ɩɨɥɭɱɢɦ ɥɨɦɚɧɭɸ. Ɉɬɨɛɪɚɡɢɜ ɟɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ 
Ox  – ɩɨɥɭɱɢɦ ɟɳɟ ɨɞɧɭ ɥɨɦɚɧɭɸ (ɫɦ. ɪɢɫ. 9). ɗɬɢ ɞɜɟ ɥɨɦɚɧɵɟ ɦɨɠɧɨ ɛɵɥɨ 
ɛɵ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɟɣ ɩɪɨɟɤɰɢɣ ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɫɬɟɧɤɢ 
ɤɚɧɚɥɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ, ɟɫɥɢ ɛɵ ɤɚɧɚɥ ɧɟ ɢɦɟɥ 
ɢɫɤɪɢɜɥɟɧɢɣ. 

 

 
Ɋɢɫ. 9. Ȼɨɤɨɜɚɹ ɩɪɨɟɤɰɢɹ ɛɟɡ ɢɫɤɪɢɜɥɟɧɢɹ 

 

Ɇɨɞɟɥɶ ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ ɤɚɧɚɥɚ ɫ ɢɫɤɪɢɜɥɟɧɢɟɦ ɧɚ ɭɝɨɥ   ɜ ɬɨɱɤɟ (0, l ) 

ɩɨɥɭɱɢɦ ɩɨɜɨɪɨɬɨɦ ɧɚ ɭɝɨɥ   ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ ɨɤɨɥɨ ɬɨɱɤɢ (0, l ) 

ɱɚɫɬɢ ɩɥɨɫɤɨɫɬɢ  lxyx :),(  . ɗɬɨɬ ɩɨɜɨɪɨɬ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ: 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɦ ɦɨɞɟɥɶ ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ ɤɚɧɚɥɚ (ɫɦ. ɪɢɫ. 6). 
 

Ɉ ɜɟɥɢɱɢɧɟ . ɉɪɢ ɜɵɛɨɪɟ ɢɦɩɥɚɧɬɚɬɚ ɤɚɤ ɜ ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ, ɬɚɤ ɢ ɜ 
ɩɪɹɦɨɣ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɢɦɩɥɚɧɬɚɬ ɤɚɫɚɟɬɫɹ ɫɬɟɧɨɤ 
ɤɚɧɚɥɚ ɧɟ ɫɜɨɢɦɢ ɫɬɟɧɤɚɦɢ, ɚ ɪёɛɪɚɦɢ (ɫɦ. ɪɢɫ. 10). 

ɇɚ ɪɢɫ. 10 ɢɡɨɛɪɚɠɟɧɚ ɨɤɪɭɠɧɨɫɬɶ ɫ ɰɟɧɬɪɨɦ ɜ ɬɨɱɤɟ O  ɢ ɪɚɞɢɭɫɨɦ OC , 

ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ  ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɤɚɧɚɥɚ ɜ 13-ɦ (ɩɨɫɥɟɞɧɟɦ) 
ɭɡɥɟ. )(

12

i
aCE =  – ɲɢɪɢɧɚ ɢɦɩɥɚɧɬɚɬɚ ɜ ɩɪɹɦɨɣ ɩɪɨɟɤɰɢɢ ɜ 13-ɦ ɭɡɥɟ, 
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2/
)(

12

k
aOC = , ɝɞɟ )(

12

k
a  – ɲɢɪɢɧɚ ɤɚɧɚɥɚ ɜ 13-ɦ ɭɡɥɟ ɜ ɩɪɹɦɨɣ ɩɪɨɟɤɰɢɢ. Ⱦɥɹ 

ɞɚɧɧɨɝɨ ɤɚɧɚɥɚ ɢ ɞɚɧɧɨɝɨ ɢɦɩɥɚɧɬɚɬɚ ɢɦɟɟɦ (ɫɦ. ɪɢɫ. 10): 
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2)(
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ȼɵɱɢɫɥɢɜ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ 133 ɤɚɧɚɥɨɜ ɡɧɚɱɟɧɢɟ j , 133,...,2,1=j , ɩɨɥɭɱɢɦ 
ɜɵɛɨɪɤɭ ɨɛɴɟɦɨɦ 133 ɜɟɥɢɱɢɧɵ  . ɉɨ ɜɵɛɨɪɤɟ ɩɨɥɭɱɢɦ ɨɰɟɧɤɢ ɫɪɟɞɧɟɝɨ ɢ 
ɫɪɟɞɧɟɝɨ ɤɜɚɞɪɚɬɢɱɟɫɤɨɝɨ ɭɤɥɨɧɟɧɢɹ ɜɟɥɢɱɢɧɵ , ɤɨɬɨɪɵɟ ɨɤɚɡɚɥɢɫɶ ɪɚɜɧɵ 

89.0  ɢ 0.6 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

 
Ɋɢɫ. 10. ɉɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɤɚɧɚɥɚ ɢ ɢɦɩɥɚɧɬɚɬɚ 

 

ȼɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɢɦɩɥɚɧɬɚɬɚ. Ɋɚɫɫɦɨɬɪɢɦ ɦɟɬɨɞɢɤɭ ɜɵɛɨɪɚ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɢɦɩɥɚɧɬɚɬɚ ɢ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɚɤɨɦɭ ɢɦɩɥɚɧɬɚɬɭ. 

ɉɨɥɨɠɟɧɢɟ ɢɦɩɥɚɧɬɚɬɚ ɜ ɤɚɧɚɥɟ ɜ ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨɥɨɠɟɧɢɟɦ ɡɚɞɧɟɣ ɫɬɟɧɤɢ ɢɦɩɥɚɧɬɚɬɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɚɞɧɟɣ ɫɬɟɧɤɟ 
ɤɚɧɚɥɚ.  

ȼ ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ ɤɚɧɚɥ ɢ ɨɩɬɢɦɚɥɶɧɨ ɜɵɛɪɚɧɧɵɣ ɢɦɩɥɚɧɬɚɬ ɢɦɟɟɬ ɜɢɞ 
ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɪɢɫ. 11, ɝɞɟ −CBA ,,  ɩɪɨɟɤɰɢɢ ɬɨɱɟɤ ɤɚɫɚɧɢɹ ɢɦɩɥɚɧɬɚɬɨɦ 

ɤɚɧɚɥɚ.  

Ⱦɚɥɟɟ ɧɚɦ ɛɭɞɟɬ ɭɞɨɛɧɨ ɨɛɨɡɧɚɱɚɬɶ ɭɡɥɵ ɡɚɞɧɟɣ ɫɬɟɧɤɢ ɜ ɛɨɤɨɜɨɣ 
ɩɪɨɟɤɰɢɢ ɱɟɪɟɡ ( jx , j ), 12,...,2,1,0=j . 

ɉɨɫɬɪɨɢɦ ɩɪɨɫɬɭɸ ɥɢɧɟɣɧɭɸ ɪɟɝɪɟɫɫɢɸ   ɧɚ x  ɩɨ ɭɡɥɚɦ ( jx , j ) ɞɨ 
ɜɟɪɲɢɧɵ ɭɝɥɚ ɢɫɤɪɢɜɥɟɧɢɹ ɢ ɩɪɨɫɬɭɸ ɥɢɧɟɣɧɭɸ ɪɟɝɪɟɫɫɢɸ   ɧɚ x  ɩɨ ɭɡɥɚɦ 
( jx , j ) ɩɨɫɥɟ ɜɟɪɲɢɧɵ ɭɝɥɚ ɢɫɤɪɢɜɥɟɧɢɹ. 

 
Ɋɢɫ. 11. ɉɪɨɟɤɰɢɢ ɬɨɱɟɤ ɤɚɫɚɧɢɹ ɢɦɩɥɚɧɬɚɬɨɦ ɫɬɟɧɨɤ ɤɚɧɚɥɚ ɜ ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ 
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Ɂɚɦɟɬɢɦ, ɱɬɨ ɧɨɦɟɪ ɩɟɪɜɨɝɨ ɭɝɥɚ ɩɨɫɥɟ ɜɟɪɲɢɧɵ ɢɫɤɪɢɜɥɟɧɢɹ ɪɚɜɟɧ 
  15.11/ += lN , ɝɞɟ   – ɡɧɚɤ ɰɟɥɨɣ ɱɚɫɬɢ ɱɢɫɥɚ. ɍɪɚɜɧɟɧɢɟ ɥɢɧɟɣɧɨɣ 

ɪɟɝɪɟɫɫɢɢ ɢɦɟɟɬ ɜɢɞ: 

)( xxy −+=   

Ɉɰɟɧɤɢ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ δ, φ ɩɨɥɭɱɟɧɵ ɬɚɤ: 
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ɇɚ ɪɢɫ. 12 ɢɡɨɛɪɚɠɟɧɵ ɝɪɚɮɢɤɢ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ, ɩɨɫɬɪɨɟɧɧɵɟ ɩɨ ɭɡɥɚɦ ɞɨ 
ɜɟɪɲɢɧɵ ɭɝɥɚ ɢɫɤɪɢɜɥɟɧɢɹ ɢ ɩɨɫɥɟ ɜɟɪɲɢɧɵ ɭɝɥɚ ɢɫɤɪɢɜɥɟɧɢɹ ɞɥɹ ɤɚɧɚɥɚ 
№2. 

 

 
Ɋɢɫ. 12. Ƚɪɚɮɢɤɢ ɩɪɨɫɬɨɣ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ ɡɚɞɧɟɣ ɫɬɟɧɤɢ ɭɡɥɨɜ ɤɚɧɚɥɚ 

ɞɨ ɢ ɩɨɫɥɟ ɭɝɥɚ ɢɫɤɪɢɜɥɟɧɢɹ ɤɚɧɚɥɚ 

 

Ⱦɚɥɟɟ ɫɬɪɨɢɦ ɨɬɪɟɡɨɤ ɞɥɢɧɨɣ 138 ɦɦ (138 ɦɦ ɞɥɢɧɚ ɧɨɠɤɢ ɢɦɩɥɚɧɬɚɬɚ ɧɚ 
ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɫɧɢɦɤɟ) ɨɞɢɧ ɤɨɧɟɰ ( A ) ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɧɚ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ 
ɩɨɫɬɪɨɟɧɧɨɣ ɩɨ ɭɡɥɚɦ ɩɨɫɥɟ ɭɝɥɚ ɢɫɤɪɢɜɥɟɧɢɹ, ɜɬɨɪɨɣ ɤɨɧɟɰ ( B ) ɫɨɜɩɚɞɚɟɬ 
ɫ ɧɚɱɚɥɨɦ ɤɚɧɚɥɚ ɢ ɥɟɠɢɬ ɧɚ ɨɫɢ Oy , ɩɪɢɱёɦ ɜɫɟ ɭɡɥɵ ( jx , j ), 12,...,2,1,0=j , 

ɥɟɠɚɬ ɧɢɠɟ ɨɬɪɟɡɤɚ AB   (ɫɦ. ɪɢɫ. 13). 

 
Ɋɢɫ. 13. ɉɨɥɨɠɟɧɢɟ ɬɨɱɟɤ A  ɢ B  

 

ɉɭɫɬɶ −+= kxuy  ɭɪɚɜɧɟɧɢɟ ɩɪɹɦɨɣ, ɧɚ ɤɨɬɨɪɨɣ ɥɟɠɢɬ ɨɬɪɟɡɨɤ AB   (ɨɧ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɞɧɨɡɧɚɱɧɨ). Ɉɬɪɟɡɨɤ BA, ɨɩɪɟɞɟɥɹɸɳɢɣ ɩɨɥɨɠɟɧɢɟ ɡɚɞɧɟɣ 
ɫɬɟɧɤɢ ɢɦɩɥɚɧɬɚɬɚ (ɬɨɱɧɟɟ ɟё ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ), ɩɨɥɭɱɚɟɬɫɹ ɫɞɜɢɝɨɦ 
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ɨɬɪɟɡɤɚ AB   ɜɞɨɥɶ ɨɫɢ Oy  ɧɚ ɜɟɥɢɱɢɧɭ  cos/'= , ɝɞɟ   – ɭɝɨɥ ɧɚɤɥɨɧɚ 
ɨɬɪɟɡɤɚ AB   ɤ ɨɫɢ Ox . ɉɪɢ ɷɬɨɦ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɬɪɟɡɤɚ AB   ɞɨ ɨɬɪɟɡɤɚ BA 

ɪɚɜɧɨ  , ɚ ɭɪɚɜɧɟɧɢɟ ɩɪɹɦɨɣ ɧɚ ɤɨɬɨɪɨɣ ɥɟɠɢɬ ɨɬɪɟɡɨɤ BA ɢɦɟɟɬ ɜɢɞ: 
 ++= kxuy , 

ɢɥɢ ɜɢɞ: 
0=++ cbyax . 

Ⱦɚɥɟɟ ɧɚɣɞɟɦ ɭɡɟɥ, ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɤɨɬɨɪɨɝɨ ɞɨ ɨɬɪɟɡɤɚ BA ɦɢɧɢɦɚɥɶɧɨ, ɢ 
ɫɚɦɨ ɷɬɨ ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ. Ⱦɥɹ ɷɬɨɝɨ ɞɨɫɬɚɬɨɱɧɨ ɧɚɣɬɢ ɪɚɫɫɬɨɹɧɢɟ ɨɬ 
ɤɚɠɞɨɝɨ ɭɡɥɚ ( jx , j ), 12,...,2,1,0=j , ɞɨ ɨɬɪɟɡɤɚ BA: 

22
ba

cbyax jj

+

++
 

(ɫɦ. ɪɢɫ. 14) ɢ ɜɵɛɪɚɬɶ ɭɡɟɥ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɷɬɨ ɪɚɫɫɬɨɹɧɢɟ ɦɢɧɢɦɚɥɶɧɨ. 
Ɉɛɨɡɧɚɱɢɦ ɷɬɨɬ ɭɡɟɥ ɱɟɪɟɡ ( )yxC  , , ɚ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɟɝɨ ɞɨ BA ɨɛɨɡɧɚɱɢɦ 
ɱɟɪɟɡ l   (ɹɫɧɨ, ɱɬɨ ɞɥɹ ɭɡɥɚ ( )yxC  ,  ɡɧɚɱɟɧɢɟ   5.11*5.11/lx = ). Ɉɬɫɸɞɚ 
ɩɨɥɭɱɚɟɦ, ɱɬɨ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɲɢɪɢɧɚ d  ɢɦɩɥɚɧɬɚɬɚ ɫ ɩɪɹɦɨɣ ɧɨɠɤɨɣ ɜ 
ɛɨɤɨɜɨɣ ɩɪɨɟɤɰɢɢ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɛɨɥɶɲɟ ɜɟɥɢɱɢɧɵ −= llm  (ɜ ɩɪɨɬɢɜɧɨɦ 
ɫɥɭɱɚɟ ɢɦɩɥɚɧɬɚɬ ɧɟ ɜɨɣɞɟɬ ɜ ɤɚɧɚɥ). ȼ ɢɞɟɚɥɟ, ɲɢɪɢɧɚ ɢɦɩɥɚɧɬɚɬɚ d  

ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɚ ml : d = ml . ȼ ɷɬɨɣ ɫɢɬɭɚɰɢɢ ɢɦɩɥɚɧɬɚɬ ɤɚɫɚɟɬɫɹ ɤɚɤ 
ɡɚɞɧɟɣ ɫɬɟɧɤɢ ɤɚɧɚɥɚ, ɬɚɤ ɢ ɩɟɪɟɞɧɟɣ, ɩɪɨɟɤɰɢɹ C  ɬɨɱɤɢ ɤɚɫɚɧɢɹ ɩɟɪɟɞɧɟɣ 
ɫɬɟɧɤɟ ɢɦɩɥɚɧɬɚ ɧɚɯɨɞɢɬɫɹ ɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɟ, ɨɩɭɳɟɧɧɵɦ ɢɡ ɬɨɱɤɢ C   ɤ 
ɡɚɞɧɟɣ ɫɬɟɧɤɟ ɢɦɩɥɚɧɬɚɬɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ   ɨɬ ɩɟɪɟɞɧɟɣ ɫɬɟɧɤɢ ɤɚɧɚɥɚ. 

 

 
 

Ɋɢɫ. 14. Ɍɨɱɤɢ ɤɚɫɚɧɢɹ A′,B′,C′ ɢɦɩɥɚɧɬɚɬɚ ɫɬɟɧɨɤ ɤɚɧɚɥɚ 

 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɟɫɥɢ ml  ɨɤɚɡɚɥɚɫɶ ɦɟɧɶɲɟ ɧɟɤɨɬɨɪɨɝɨ ɤɪɢɬɢɱɟɫɤɨɝɨ 
ɡɧɚɱɟɧɢɹ 0d , ɬɨ ɜ ɬɚɤɨɣ ɤɚɧɚɥ ɭɫɬɚɧɨɜɢɬɶ ɢɦɩɥɚɧɬɚɬ ɞɥɢɧɨɣ 138 ɦɦ 
ɧɟɜɨɡɦɨɠɧɨ (ɢɦɩɥɚɧɬɚɬɵ ɲɢɪɢɧɨɣ ɦɟɧɶɲɟ 0d  ɧɟ ɜɵɞɟɪɠɢɜɚɸɬ ɧɚɝɪɭɡɤɢ ɢ 
ɧɟ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ). 

Ʉɨɝɞɚ ɦɵ ɝɨɜɨɪɢɦ ɨ ɜɵɛɨɪɟ ɢɦɩɥɚɧɬɚɬɚ ɫ ɤɨɧɢɱɟɫɤɨɣ ɧɨɠɤɨɣ, ɬɨ 
ɩɨɫɤɨɥɶɤɭ ɭɝɨɥ ɢɫɤɪɢɜɥɟɧɢɹ ɤɚɧɚɥɚ ɢ ɭɝɨɥ ɫɭɠɟɧɢɹ ɢɦɩɥɚɧɬɚɬɚ ɧɟɛɨɥɶɲɢɟ, 
ɦɨɠɧɨ ɩɨɫɬɭɩɚɬɶ ɬɚɤ, ɤɚɤ ɛɭɞɬɨ ɦɵ ɢɦɟɟɦ ɢɦɩɥɚɧɬɚɬ ɫ ɩɪɹɦɨɣ ɧɨɠɤɨɣ, 

ɲɢɪɢɧɚ ɤɨɬɨɪɨɝɨ ɫɨɜɩɚɞɚɟɬ ɫ ɲɢɪɢɧɨɣ ɤɨɧɢɱɟɫɤɨɣ ɧɨɠɤɢ ɜ ɬɨɱɤɟ x . 
ɂɫɩɨɥɶɡɭɟɦɵɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɚɧɧɵɟ – ɜɵɛɨɪɤɢ ɢɡ 149 ɨɰɢɮɪɨɜɚɧɧɵɯ 

ɤɚɧɚɥɨɜ, ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɤɚɮɟɞɪɨɣ ɬɪɚɜɦɚɬɨɥɨɝɢɢ ɢ ɨɪɬɨɩɟɞɢɢ Ⱦɧɟɩɪɨɜɫɤɨɣ 
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ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɦɟɞɢɰɢɧɫɤɨɣ ɚɤɚɞɟɦɢɢ. ɉɪɢ ɷɬɨɦ ɢɡ ɢɫɯɨɞɧɨɣ ɜɵɛɨɪɤɢ 
ɛɵɥɢ ɢɫɤɥɸɱɟɧɵ ɞɚɧɧɵɟ ɩɨ 16 ɤɚɧɚɥɚɦ. ȼ ɷɬɢɯ ɞɚɧɧɵɯ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ 
ɹɜɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɢ ɢɯ ɨɰɢɮɪɨɜɤɟ. ɉɨɷɬɨɦɭ ɮɚɤɬɢɱɟɫɤɢ ɦɵ ɢɦɟɟɦ ɞɟɥɨ ɫ 
ɜɵɛɨɪɤɨɣ ɨɛɴɟɦɨɦ 133. 

 

Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɟ cɫɵɥɤɢ 
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