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« _____»   ________  20 ___ ɝ. 

 
 
 
 

  
ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 

 

     09.03.04 «ɉɪɨɝɪɚɦɦɧɚɹ ɢɧɠɟɧɟɪɢɹ» 
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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

  
ɂɧɫɬɢɬɭɬ Ʉɨɫɦɢɱɟɫɤɢɯ ɢ ɂɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

Ʉɚɮɟɞɪɚ «ɂɧɮɨɪɦɚɬɢɤɚ» 
 

 
 

    
ɍɌȼȿɊɀȾȺɘ                      
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
______  Ⱥ. ɋ. Ʉɭɡɧɟɰɨɜ     
 ɩɨɞɩɢɫɶ      ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  
« _____»   ________  20 ___ ɝ. 
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ɋɬɭɞɟɧɬɭ  Ʌɭɝɨɜɨɣ ɇɢɧɟ Ɇɢɯɚɣɥɨɜɧɟ_ 
                                           

Ƚɪɭɩɩɚ Ʉɂ15-16Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ)  09.03.04 _ 
ɉɪɨɝɪɚɦɦɧɚɹ ɢɧɠɟɧɟɪɢɹ  
 
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɢɫɬɟɦ 
ɭɩɪɚɜɥɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ 
 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № _______ ɨɬ _________________ 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ Ⱥ. ɋ. Ɇɢɯɚɥɟɜ, ɫɬɚɪɲɢɣ ɩɪɟɩɨɞɚɜɚɬɟɥɶ ɤɚɮɟɞɪɵ 
«ɂɧɮɨɪɦɚɬɢɤɚ» 
 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ, Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɢɫɬɟɦ 
ɭɩɪɚɜɥɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ  

 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ  ȼɜɟɞɟɧɢɟ, Ⱥɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ 
ɚɪɯɢɬɟɤɬɭɪɵ, Ɉɩɢɫɚɧɢɟ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɚɥɢɡɚɰɢɢ, Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ, 
Ɂɚɤɥɸɱɟɧɢɟ, ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 
 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ  ɉɪɟɡɟɧɬɚɰɢɨɧɧɵɟ ɫɥɚɣɞɵ PowerPoint 
 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                   _________________     ________________________ 
                                                                                   ɩɨɞɩɢɫɶ                                  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 
 
 

Ʉɨɧɫɭɥɶɬɚɧɬ                              _________________     ________________________ 
                                                                                   ɩɨɞɩɢɫɶ                                  ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 
 
 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ         _______________________________________ 
                                                                                     ɩɨɞɩɢɫɶ, ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 
 

                                                                                  « ___ » __________ 20__ ɝ. 
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ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɢɫɬɟɦ 

ɭɩɪɚɜɥɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ» ɫɨɞɟɪɠɢɬ 66 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 

ɞɨɤɭɦɟɧɬɚ, 28 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 31 ɬɚɛɥɢɰɭ, 40 ɢɥɥɸɫɬɪɚɰɢɣ. 

ɉɊɈȽɊȺɆɆɇɈȿ ɈȻȿɋɉȿɑȿɇɂȿ, ɂȾȿɇɌɂɎɂɄȺɐɂə, ɆȿɌɈȾɕ 

ɂȾȿɇɌɂɎɂɄȺɐɂɂ, ɋɌȺɌɂɑȿɋɄɂȿ ɂ ȾɂɇȺɆɂɑȿɋɄɂȿ ɈȻɔȿɄɌɕ, 

ɉɈɋɌɊɈȿɇɂȿ ɆɈȾȿɅɂ, ɉȺɊȺɆȿɌɊɕ, ɂɋɋɅȿȾɈȼȺɇɂȿ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ 

ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  

 ɢɡɭɱɢɬɶ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɪɟɞɦɟɬɧɭɸ ɨɛɥɚɫɬɶ; 

 ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɚɪɯɢɬɟɤɬɭɪɭ; 

 ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɢɞɟɧɬɢɮɢɤɚɰɢɢ; 

Ɍɚɤɠɟ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɨɞɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɥɢɧɟɚɪɢɡɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɚɥɨɝɨɜ ɮɭɧɤɰɢɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɩɪɨɝɪɚɦɦɧɨɟ 

ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɢɞɟɧɬɢɮɢɤɚɰɢɢ. 
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ȼȼȿȾȿɇɂȿ 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɧɹɬɢɟ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ 

ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ, ɡɚɧɢɦɚɸɳɢɯɫɹ ɪɟɲɟɧɢɟɦ ɫɥɨɠɧɵɯ ɡɚɞɚɱ ɬɟɯɧɨɥɨɝɢɢ, 

ɷɤɨɧɨɦɢɤɢ, ɫɨɰɢɨɥɨɝɢɢ, ɠɢɜɨɣ ɩɪɢɪɨɞɵ ɢ ɩɪɨɱɢɯ. ɗɬɢ ɡɚɞɚɱɢ ɜɨɡɧɢɤɚɸɬ ɩɪɢ 

ɢɡɭɱɟɧɢɢ ɫɜɨɣɫɬɜ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɨɛɴɟɤɬɨɜ ɫ ɰɟɥɶɸ ɩɨɫɥɟɞɭɸɳɟɝɨ ɭɩɪɚɜɥɟɧɢɹ, 

ɩɪɢ ɫɨɡɞɚɧɢɢ ɚɞɚɩɬɢɜɧɵɯ ɫɢɫɬɟɦ, ɜ ɤɨɬɨɪɵɯ ɧɚ ɨɫɧɨɜɟ ɩɨɫɬɪɨɟɧɧɨɣ ɦɨɞɟɥɢ 

ɨɛɴɟɤɬɚ ɜɵɪɚɛɚɬɵɜɚɸɬɫɹ ɨɩɬɢɦɚɥɶɧɵɟ ɭɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ [1].  

Ɉɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɧɚɭɤɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɨɫɬɚɜɥɹɟɬ ɩɨɫɬɪɨɟɧɢɟ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɬɢɩɚ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ 

ɡɚ ɩɨɜɟɞɟɧɢɟɦ ɨɛɴɟɤɬɨɜ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɯ ɫɜɨɣɫɬɜ [2]. 

Ɋɚɡɥɢɱɧɵɟ ɬɢɩɵ ɦɨɞɟɥɟɣ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɨɛɴɟɤɬɨɜ, ɫɢɫɬɟɦ ɢɥɢ 

ɩɪɨɰɟɫɫɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚ ɫɬɚɞɢɢ ɫɨɡɞɚɧɢɹ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɷɬɢɦɢ 

ɨɛɴɟɤɬɚɦɢ ɢ ɧɚ ɫɬɚɞɢɢ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɗɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɚɤɬɭɚɥɶɧɨɫɬɶ 

ɩɪɨɛɥɟɦɵ ɩɨɫɬɪɨɟɧɢɹ ɷɮɮɟɤɬɢɜɧɵɯ ɦɨɞɟɥɟɣ ɨɛɴɟɤɬɨɜ ɬɟɯɧɢɱɟɫɤɢɯ, 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ, ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢɥɢ ɫɨɰɢɚɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ.  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ 

ɡɚɞɚɱɢ:  

 ɢɡɭɱɢɬɶ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɪɟɞɦɟɬɧɭɸ ɨɛɥɚɫɬɶ; 

 ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɚɪɯɢɬɟɤɬɭɪɭ; 

 ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱ ɢɞɟɧɬɢɮɢɤɚɰɢɢ. 

Ɍɚɤɠɟ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɨɞɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɥɢɧɟɚɪɢɡɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɚɥɨɝɨɜ ɮɭɧɤɰɢɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. 
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1 Ⱥɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 
 

1.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 
 

ɉɪɨɰɟɫɫ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɞɜɭɯ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɷɬɚɩɨɜ: 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɬɪɭɤɬɭɪɵ ɦɨɞɟɥɟɣ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɜ ɦɨɞɟɥɹɯ 

ɜɵɛɪɚɧɧɨɣ ɫɬɪɭɤɬɭɪɵ. ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɬɪɭɤɬɭɪɵ ɦɨɞɟɥɢ (ɢɥɢ ɧɚɛɨɪɚ 

ɤɨɧɤɭɪɢɪɭɸɳɢɯ ɥɢɛɨ ɜɡɚɢɦɨɞɨɩɨɥɧɹɸɳɢɯ ɫɬɪɭɤɬɭɪ) ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɩɪɢɨɪɧɚɹ 

ɢɧɮɨɪɦɚɰɢɹ ɨɛ ɨɛɴɟɤɬɟ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɤɥɚɫɫɚ ɨɛɴɟɤɬɨɜ ɮɨɪɦɢɪɭɸɬɫɹ ɛɚɧɤɢ 

ɫɬɪɭɤɬɭɪ ɫ ɫɨɩɭɬɫɬɜɭɸɳɟɣ ɢɧɮɨɪɦɚɰɢɟɣ [1]. 

Ɂɚɞɚɱɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɜɨɞɢɬɫɹ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɤ ɨɩɪɟɞɟɥɟɧɢɸ 

ɨɩɟɪɚɬɨɪɚ ɦɨɞɟɥɢ, ɩɪɟɨɛɪɚɡɭɸɳɟɝɨ ɜɯɨɞɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɨɛɴɟɤɬɚ ɜ ɜɵɯɨɞɧɵɟ 

ɜɟɥɢɱɢɧɵ. Ɉɩɟɪɚɬɨɪ ɨɛɴɟɤɬɚ ɹɜɥɹɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɨɛɴɟɤɬɚ, ɢ 

ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɨɫɬɪɚɧɫɬɜɚɯ ɮɭɧɤɰɢɣ. Ɂɚɞɚɱɚ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɚ ɦɨɠɟɬ ɢɦɟɬɶ ɪɚɡɥɢɱɧɵɟ ɩɨɫɬɚɧɨɜɤɢ, ɩɨɫɤɨɥɶɤɭ 

ɨɩɟɪɚɬɨɪɵ ɦɨɝɭɬ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶɫɹ ɪɚɡɧɵɦɢ ɫɬɪɭɤɬɭɪɨɣ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 

[2]. 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɪɟɚɥɶɧɵɯ ɫɢɬɭɚɰɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɨɛɴɟɤɬɚ ɫ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɨɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɥɟɞɭɸɳɟɣ ɫɬɚɧɞɚɪɬɧɨɣ ɫɯɟɦɟ (ɪɢɫɭɧɨɤ 1), ɝɞɟ: 

 

 
Ɋɢɫɭɧɨɤ 1 – Ɍɢɩɨɜɚɹ ɫɯɟɦɚ ɧɚɛɥɸɞɟɧɢɹ ɩɪɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɚ 
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 ݑሺݐሻ – ɜɯɨɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ;  

 ݁ ሺݐሻ – ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɟ ɫɥɭɱɚɣɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ;  

 ∗ሺݐሻ – ɜɵɯɨɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɨɛɴɟɤɬɚ; 

 ሺݐሻ – ɜɵɯɨɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɦɨɞɟɥɢ;  

 ∗ሺݐሻ − ሺݐሻ – ɪɚɡɧɨɫɬɶ (ɧɟɜɹɡɤɚ) ɦɟɠɞɭ ɜɵɯɨɞɚɦɢ ɨɛɴɟɤɬɚ ɢ ɦɨɞɟɥɢ;  

 ܾ  – ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɚ;  

 ߚ – ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ.  

 

1.2 Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɫɢɫɬɟɦ 

 
ɋɭɳɟɫɬɜɭɟɬ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɢɩɨɜ ɢ ɤɥɚɫɫɨɜ ɦɨɞɟɥɟɣ. Ɉɞɧɚɤɨ ɧɢ 

ɨɞɢɧ ɢɡ ɫɩɨɫɨɛɨɜ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɧɟ ɨɬɪɚɠɚɟɬ ɜɫɟɯ ɫɜɨɣɫɬɜ ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɦɨɞɟɥɟɣ, ɬ. ɤ. ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɬɨɥɶɤɨ ɟɟ ɨɬɞɟɥɶɧɵɟ ɩɪɢɡɧɚɤɢ. 

Ɉɫɧɨɜɧɵɦɢ ɬɢɩɚɦɢ ɦɨɞɟɥɟɣ, ɪɚɡɞɟɥɹɸɳɢɦɢɫɹ ɩɨ ɨɫɧɨɜɧɵɦ ɫɢɫɬɟɦɧɵɦ 

ɩɪɢɡɧɚɤɚɦ, ɹɜɥɹɸɬɫɹ: 

 ɮɢɡɢɱɟɫɤɢɟ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ; 

 ɨɞɧɨɦɟɪɧɵɟ ɢ ɦɧɨɝɨɦɟɪɧɵɟ;  

 ɫɬɚɬɢɱɟɫɤɢɟ ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ; 

 ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ ɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ; 

 ɥɢɧɟɣɧɵɟ ɢ ɧɟɥɢɧɟɣɧɵɟ; 

 ɞɢɫɤɪɟɬɧɵɟ ɢ ɧɟɩɪɟɪɵɜɧɵɟ; 

 ɫɬɚɰɢɨɧɚɪɧɵɟ ɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɟ; 

 ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɟ ɢ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ; 

 ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɢɩɚ «ɜɯɨɞ-ɜɵɯɨɞ» ɢ ɨɩɢɫɚɧɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɫɨɫɬɨɹɧɢɣ; 

 ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ ɢ ɚɝɪɟɝɢɪɨɜɚɧɧɵɟ; 

 ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ ɢ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ [3]. 

Ɏɢɡɢɱɟɫɤɢɦɢ ɹɜɥɹɸɬɫɹ ɦɨɞɟɥɢ, ɜ ɤɨɬɨɪɵɯ ɫɜɨɣɫɬɜɚ ɪɟɚɥɶɧɨɝɨ ɨɛɴɟɤɬɚ 

ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɜɟɳɟɫɬɜɟɧɧɨɝɨ ɨɛɴɟɤɬɚ ɬɨɣ ɠɟ ɢɥɢ 
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ɚɧɚɥɨɝɢɱɧɨɣ ɩɪɢɪɨɞɵ. Ʉ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɦɨɞɟɥɹɦ ɨɬɧɨɫɹɬɫɹ ɬɟ, ɜ ɤɨɬɨɪɵɯ ɞɥɹ 

ɨɩɢɫɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɛɴɟɤɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɤɨɧɫɬɪɭɤɰɢɢ. ȼ 

ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɨɥɶɤɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ. 

Ɉɞɧɨɦɟɪɧɵɦɢ ɧɚɡɵɜɚɸɬ ɦɨɞɟɥɢ, ɢɦɟɸɳɢɟ ɨɞɢɧ ɜɯɨɞ ɢ ɨɞɢɧ ɜɵɯɨɞ, 

ɦɧɨɝɨɦɟɪɧɵɟ (ɦɧɨɝɨɫɜɹɡɧɵɟ) ɦɨɞɟɥɢ ɢɦɟɸɬ ɧɟɫɤɨɥɶɤɨ ɜɯɨɞɨɜ ɢ ɧɟɫɤɨɥɶɤɨ 

ɜɵɯɨɞɨɜ. 

Ɇɨɞɟɥɶ ɧɚɡɵɜɚɟɬɫɹ ɥɢɧɟɣɧɵɦ, ɟɫɥɢ ɞɥɹ ɧɟɝɨ ɫɩɪɚɜɟɞɥɢɜ ɩɪɢɧɰɢɩ 

ɫɭɩɟɪɩɨɡɢɰɢɢ, ɬ.ɟ. ɪɟɚɤɰɢɹ ɨɛɴɟɤɬɚ ɧɚ ɥɢɧɟɣɧɭɸ ɤɨɦɛɢɧɚɰɢɸ (ɫɭɩɟɪɩɨɡɢɰɢɸ) 

ɞɜɭɯ ɜɯɨɞɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɪɚɜɧɚ ɬɨɣ ɠɟ ɫɚɦɨɣ ɤɨɦɛɢɧɚɰɢɢ ɪɟɚɤɰɢɣ ɞɚɧɧɨɝɨ 

ɨɛɴɟɤɬɚ ɧɚ ɤɚɠɞɨɟ ɢɡ ɜɨɡɞɟɣɫɬɜɢɣ: 

ሻݐଵሺݑߙ)݂  + (ሻݐଶሺݑߚ = (ሻݐଵሺݑ)݂ߙ +  ሻሻ,                                              (1.1)ݐଶሺݑሺ݂ߚ

 

 ɝɞɟ ݑଵሺݐሻ ɢ ݑଶሺݐሻ – ɜɯɨɞɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ; 

  .ɩɪɨɢɡɜɨɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ – ߚ ɢ ߙ        

ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɦɨɞɟɥɶ ɫɱɢɬɚɟɬɫɹ ɧɟɥɢɧɟɣɧɵɦ. 

ɉɚɪɚɦɟɬɪɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɨɩɢɫɵɜɚɸɬɫɹ ɡɚɞɚɧɧɵɦɢ ɜ ɹɜɧɨɣ ɮɨɪɦɟ 

ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɩɚɪɚɦɟɬɪɵ, ɩɨɞɥɟɠɚɳɢɟ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ. ɉɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɫɹ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ, 

ɨɩɪɟɞɟɥɹɸɳɢɯ ɜɵɯɨɞ ɦɨɞɟɥɢ (ɧɚɩɪɢɦɟɪ, ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɡɧɨɫɬɧɵɯ 

ɭɪɚɜɧɟɧɢɣ). ɇɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɫɜɨɞɹɬɫɹ ɤ ɨɩɢɫɚɧɢɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 

ɫɢɝɧɚɥɨɜ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜɯɨɞɨɜ ɜ ɷɥɟɦɟɧɬɵ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜɵɯɨɞɨɜ [2].  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ ɬɨɥɶɤɨ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ ɦɨɞɟɥɢ. 

Ɇɨɞɟɥɢ ɞɟɥɹɬɫɹ ɧɚ ɫɬɚɬɢɱɟɫɤɢɟ ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ. ɉɟɪɜɵɟ ɢɡ ɧɢɯ ɨɩɢɫɵɜɚɸɬ 

ɨɛɴɟɤɬɵ ɜ ɫɬɚɰɢɨɧɚɪɧɵɯ ɪɟɠɢɦɚɯ ɢɯ ɪɚɛɨɬɵ [1].  

Ⱥɧɚɥɢɬɢɱɟɫɤɢ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɭɪɚɜɧɟɧɢɟ ɦɨɞɟɥɢ ɫɬɚɬɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ 

ɢɦɟɟɬ ɜɢɞ ɧɟɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɢ ɦɧɨɝɢɯ ɩɟɪɟɦɟɧɧɵɯ. ȼɨ ɦɧɨɝɢɯ ɩɪɚɤɬɢɱɟɫɤɢɯ 

ɫɥɭɱɚɹɯ ɨɛɳɭɸ ɧɟɥɢɧɟɣɧɭɸ ɮɭɧɤɰɢɸ ɭɞɚɟɬɫɹ ɩɚɪɚɦɟɬɪɢɡɨɜɚɬɶ ɧɟɤɨɬɨɪɵɦ 

ɜɟɤɬɨɪɨɦ ܽ, ɬɨɝɞɚ ɷɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɢɧɢɦɚɟɬ ɜɢɞ   
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= ݕ  ݂ ሺݑ, ܽሻ,                                                                                                               (1.2) 

 

ɝɞɟ  ݑ − ɜɟɤɬɨɪ ɜɯɨɞɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ; 

       ܽ – ɜɟɤɬɨɪ ɧɟɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

ȼ ɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɡɚɞɚɱɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ 

ɧɟɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ܽ. ɑɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ 

ɹɜɥɹɸɬɫɹ ɦɨɞɟɥɢ, ɥɢɧɟɣɧɵɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɰɟɧɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ: 

ݕ  = ܽ଴ + ∑ ܽ௜ ௜݂ሺݑሻ௜ ,                                                                                                                 (1.3) 

 

ɝɞɟ ௜݂ሺݑሻ = ௜݂ሺݑଵ, ,ଶݑ … ,  ௡ሻ – ɡɚɞɚɧɧɚɹ ɫɢɫɬɟɦɚ ɜɟɤɬɨɪɧɵɯ ɥɢɧɟɣɧɨ ɧɟɡɚɜɢɫɢɦɵɯݑ

ɮɭɧɤɰɢɣ.  

Ɇɨɞɟɥɶɸ ɫɬɚɬɢɱɟɫɤɨɝɨ ɥɢɧɟɣɧɨɝɨ ɦɧɨɝɨɦɟɪɧɨɝɨ ɨɛɴɟɤɬɚ ɫ ݊ ɜɯɨɞɚɦɢ ɢ ݉ 

ɜɵɯɨɞɚɦɢ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ 

 

{ ଵݕ = ܽଵ଴ + ܽଵଵݑଵ + ܽଵଶݑଶ +⋯+ ܽଵ௡ݑ௡…     ݕ௠ = ܽ௠଴ + ܽ௠ଵݑଵ + ܽ௠ଶݑଶ +⋯+ ܽ௠௡ݑ௡,                                                (1.4)               

 

ɝɞɟ ܽ௜௝ – ɧɟɢɡɜɟɫɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ, ɩɨɞɥɟɠɚɳɢɟ ɨɩɪɟɞɟɥɟɧɢɸ.  

Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɨɩɢɫɵɜɚɸɬ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɨɛɴɟɤɬɚɯ, 

ɧɚɩɪɢɦɟɪ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɩɟɪɟɯɨɞɟ ɫ ɨɞɧɨɝɨ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 

ɨɛɴɟɤɬɚ ɧɚ ɞɪɭɝɨɣ [1].  

Ʌɢɧɟɣɧɵɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɦɨɝɭɬ ɩɪɢɧɢɦɚɬɶ ɫɥɟɞɭɸɳɢɣ ɜɢɞ:  

1) Ɋɚɡɧɨɫɬɧɵɟ ɭɪɚɜɧɟɧɢɹ   

ɍɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɞɥɹ ɞɢɫɤɪɟɬɧɵɯ ɦɨɞɟɥɟɣ ɹɜɥɹɟɬɫɹ 

ɪɚɡɧɨɫɬɧɨɟ ɭɪɚɜɧɟɧɢɟ ݊-ɝɨ ɩɨɪɹɞɤɚ, ɝɞɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɧɹɬɢɟ ɪɚɡɧɨɫɬɢ ɤɚɤ 

ɚɧɚɥɨɝɚ ɩɨɧɹɬɢɸ ɩɪɨɢɡɜɨɞɧɨɣ ɞɥɹ ɧɟɩɪɟɪɵɜɧɵɯ ɦɨɞɟɥɟɣ: 
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ܽ଴ݕሺ݇ሻ + ܽଵݕሺ݇ − ͳሻ +⋯+ ܽ௡ݕሺ݇ − ݊ሻ = ܾ଴ݑሺ݇ሻ + ܾଵݑሺ݇ − ͳሻ + ⋯+           +ܾ௠ݑሺ݇ −݉ሻ,                                                                                                         (1.5) 

 

ɝɞɟ ݕሺ݇ሻ,  ሺ݇ሻ – ɡɧɚɱɟɧɢɹ ɜɵɯɨɞɧɨɣ ɢ ɜɯɨɞɧɨɣ ɜɟɥɢɱɢɧ ɜ ݇-ɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢݑ

ɩɪɢ ݇ = ͳ,ʹ. ..  
ɜ) ɍɪɚɜɧɟɧɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ   

ɂɫɩɨɥɶɡɭɹ ɞɥɹ ɨɩɢɫɚɧɢɹ ɞɢɧɚɦɢɤɢ ɞɢɫɤɪɟɬɧɨɝɨ ɦɨɞɟɥɢ ɞɢɫɤɪɟɬɧɵɟ 

ɩɟɪɟɦɟɧɧɵɟ ɫɨɫɬɨɹɧɢɹ, ɨɛɪɚɡɭɸɳɢɟ ݊-ɦɟɪɧɵɣ ɜɟɤɬɨɪ ɫɨɫɬɨɹɧɢɹ ݔሺ݇ሻ ,ଵሺ݇ሻݔ] =  ,ଶሺ݇ሻݔ . . . ,  ௡ሺ݇ሻ]𝑇, ɩɨɥɭɱɚɸɬ ɨɩɢɫɚɧɢɟ ɨɛɴɟɤɬɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣݔ

ɜ ɫɥɟɞɭɸɳɟɣ ɜɟɤɬɨɪɧɨ-ɦɚɬɪɢɱɧɨɣ ɮɨɪɦɟ:  

ሺ݇ሻݔ   = ,ଵሺ݇ሻݔ]  ,ଶሺ݇ሻݔ . . . , ݇]ݔ  ,௡ሺ݇ሻ]𝑇ݔ + ͳ] = [݇]ݔ[݇]ܣ + [଴݇]ݔ  ,[݇]ݑ[݇]ܤ = ,଴ݔ ݇ ൒ ݇଴,  ݕ[݇] = [݇]ݔ[݇]ܥ +              (1.6)                                       ,[݇]ݑ[݇]ܦ

 

ɝɞɟ ݑ[݇] ∈  𝑅௠, ݕ[݇] ∈  𝑅𝑝.  

Ɇɚɬɪɢɰɵ ܣ[݇], ,[݇]ܤ ,[݇]ܥ ݊] ɢɦɟɸɬ ɪɚɡɦɟɪɧɨɫɬɢ [݇]ܦ × ݊], [݊ × ݉], ݌] ×݊] и [݌ × ݉] ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɛ) Ⱥɜɬɨɪɟɝɪɟɫɫɢɨɧɧɵɟ ɦɨɞɟɥɢ ɫɨ ɫɤɨɥɶɡɹɳɢɦ ɫɪɟɞɧɢɦ   

ɉɪɢ ɚɧɚɥɢɡɟ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɹɜɥɹɸɬɫɹ 

ɪɟɡɭɥɶɬɚɬɨɦ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɨɬɞɟɥɶɧɵɯ ɪɟɚɥɢɡɚɰɢɣ ɫɥɭɱɚɣɧɨɝɨ ɩɪɨɰɟɫɫɚ. ȼ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ, ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɨɪɢɢ ɰɢɮɪɨɜɵɯ ɫɢɫɬɟɦ ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɰɢɮɪɨɜɵɟ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ 

ɚɜɬɨɪɟɝɪɟɫɫɢɢ ɢ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ (ȺɊɋɋ-ɦɨɞɟɥɢ). ɗɬɢ ɦɨɞɟɥɢ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɢɡɭɱɟɧɢɹ ɜɪɟɦɟɧɧɵɯ ɪɹɞɨɜ, ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɬɢɯ ɪɹɞɨɜ ɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɭɩɪɚɜɥɟɧɢɢ, ɷɤɨɧɨɦɢɤɟ, ɩɪɢ 

ɨɛɪɚɛɨɬɤɟ ɡɜɭɤɨɜɵɯ ɫɢɝɧɚɥɨɜ. Ɉɧɢ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɵ, ɭɞɨɛɧɵ ɜ ɩɪɢɦɟɧɟɧɢɢ ɢ 

ɨɛɵɱɧɨ ɫɨɞɟɪɠɚɬ ɧɟɛɨɥɶɲɨɟ ɱɢɫɥɨ ɩɚɪɚɦɟɬɪɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɪɨɰɟɞɭɪɵ 

ɨɰɟɧɢɜɚɧɢɹ.  

ɜ) Ɉɛɵɤɧɨɜɟɧɧɵɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ݊-ɝɨ ɩɨɪɹɞɤɚ  
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 ܽ௡ 𝑑೙௬ሺ௧ሻ𝑑௧೙ + ܽ௡−ଵ 𝑑೙−భ௬ሺ௧ሻ𝑑௧೙−భ +⋯+ ܽ଴ݕሺݐሻ = ܾ௠ 𝑑೘௨ሺ௧ሻ𝑑௧೘ +⋯+ ܾ଴ݑሺݐሻ,       (1.7) 

 

ɝɞɟ ܽ௜, ௝ܾ, ݅ =  Ͳ,ͳ, . . . ݊;  ݆ =  Ͳ,ͳ, . . . ݉ – ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ, ɩɨɞɥɟɠɚɳɢɟ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ.  

Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɪɟɚɥɶɧɵɯ ɮɢɡɢɱɟɫɤɢ ɪɟɚɥɢɡɭɟɦɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ݉ ൑  ݊.  

ɛ) ɉɟɪɟɞɚɬɨɱɧɵɟ ɮɭɧɤɰɢɢ  

ȿɫɥɢ ɤ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦɭ ɭɪɚɜɧɟɧɢɸ (1.7) ɡɚɞɚɬɶ ɧɭɥɟɜɵɟ ɧɚɱɚɥɶɧɵɟ 

ɭɫɥɨɜɢɹ, ɬɨ, ɩɪɢɦɟɧɹɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ, ɩɨɥɭɱɚɸɬ ɩɟɪɟɞɚɬɨɱɧɭɸ 

ɮɭɧɤɰɢɸ ɥɢɧɟɣɧɨɝɨ ɨɛɴɟɤɬɚ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ:  

 ܹሺ݌ሻ = ௬ሺ𝑝ሻ௨ሺ𝑝ሻ = ∑ ௕೔𝑝೔೘೔=బ∑ ௔೔𝑝೔೙೔=బ ,                                                                                   (1.8) 

 

ɝɞɟ ݌ – ɤɨɦɩɥɟɤɫɧɚɹ ɩɟɪɟɦɟɧɧɚɹ (ɩɚɪɚɦɟɬɪ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ).   

ȼ ɧɟɥɢɧɟɣɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɩɪɨɬɟɤɚɸɬ ɦɧɨɝɨɨɛɪɚɡɧɵɟ ɹɜɥɟɧɢɹ 

ɢ ɩɪɨɰɟɫɫɵ, ɩɨɷɬɨɦɭ ɞɚɧɧɵɣ ɤɥɚɫɫ ɫɢɫɬɟɦ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɥɢɧɟɣɧɵɦɢ, 

ɡɧɚɱɢɬɟɥɶɧɨ ɲɢɪɟ.  

ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɤɚɤ ɫɭɳɟɫɬɜɟɧɧɨ 

ɧɟɥɢɧɟɣɧɭɸ, ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɜɢɞɚɦɢ ɦɨɞɟɥɟɣ ɹɜɥɹɸɬɫɹ 

ɫɥɟɞɭɸɳɢɟ:  

ɚ) ɇɟɥɢɧɟɣɧɵɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ.  

Ⱦɥɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɨɞɧɨɦɟɪɧɨɝɨ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɫɜɹɡɶ ɦɟɠɞɭ ɜɯɨɞɧɵɦ 

ɢ ɜɵɯɨɞɧɵɦ ɫɢɝɧɚɥɚɦɢ ɡɚɩɢɫɵɜɚɟɬɫɹ, ɜ ɨɛɳɟɦ ɜɢɞɟ, ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ:  

,ݕ)ܨ  ሶݕ , ሷݕ , … ,ሺ௡ሻݕ ,ݑ ሶݑ , ሷݑ , … (ሺ௠ሻݑ = Ͳ,                                                            (1.9) 
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ɝɞɟ ܨ – ɧɟɤɨɬɨɪɵɣ ɧɟɥɢɧɟɣɧɵɣ ɨɩɟɪɚɬɨɪ ሺ݊ +  ݉ + ͳሻ ɚɪɝɭɦɟɧɬɚ, ɤɨɬɨɪɵɣ 

ɬɪɟɛɭɟɬɫɹ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ.  

ȿɫɥɢ ɜɨɡɦɨɠɧɨ, ɬɨ ɩɪɨɜɨɞɢɬɫɹ ɩɚɪɚɦɟɬɪɢɡɚɰɢɹ ɧɟɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ (1.9) 

ɧɚ ɨɫɧɨɜɟ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɹ ܨ ɫ ɜɜɟɞɟɧɢɟɦ ɧɟɤɨɬɨɪɨɝɨ ɜɟɤɬɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ߚ௜ :  
,ݕ)ܨ  ሶݕ , ሷݕ , … ,ሺ௡ሻݕ ,ݑ ሶݑ , ሷݑ , … , ,ሺ௠ሻݑ ,ଵߚ ,ଶߚ … (௟ߚ = Ͳ,                                           (1.10) 

 

ɝɞɟ ߚ௜ , ݅ = ͳ. . . ݈ – ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ.  

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɡɚɞɚɱɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɨɩɟɪɚɬɨɪɚ ܨ 

ɢ ɤ ɨɰɟɧɢɜɚɧɢɸ ɟɝɨ ɜɟɤɬɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ߚ௜ , ݅ = ͳ. . . ݈.  
Ⱦɥɹ ɧɟɥɢɧɟɣɧɨɝɨ ɞɢɫɤɪɟɬɧɨɝɨ ɨɛɴɟɤɬɚ ɫɬɪɨɹɬɫɹ ɚɧɚɥɨɝɢɱɧɵɟ ɧɟɥɢɧɟɣɧɵɟ 

ɪɚɡɧɨɫɬɧɵɟ ɭɪɚɜɧɟɧɢɹ.  

ɛ) Ɇɨɞɟɥɢ Ƚɚɦɦɟɪɲɬɟɣɧɚ.  

 Ɍɚɤɢɟ ɦɨɞɟɥɢ ɧɟɥɢɧɟɣɧɵɯ ɢɧɟɪɰɢɨɧɧɵɯ ɨɛɴɟɤɬɨɜ ɫɬɪɨɹɬɫɹ ɜ 

ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɧɟɥɢɧɟɣɧɨɫɬɶ ɢ ɢɧɟɪɰɢɨɧɧɨɫɬɶ ɨɛɴɟɤɬɚ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɢ 

ɩɪɟɞɫɬɚɜɢɬɶ ɨɛɴɟɤɬ ɜ ɜɢɞɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɤɨɦɛɢɧɚɰɢɢ ɞɜɭɯ ɡɜɟɧɶɟɜ: 

ɧɟɥɢɧɟɣɧɨɝɨ ɛɟɡɵɧɟɪɰɢɨɧɧɨɝɨ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɥɢɧɟɣɧɨɝɨ. Ɇɨɞɟɥɢ «ɜɯɨɞ-

ɜɵɯɨɞ» ɞɥɹ ɬɚɤɢɯ ɨɛɴɟɤɬɨɜ ɜ ɨɞɧɨɦɟɪɧɨɦ ɫɬɚɰɢɨɧɚɪɧɨɦ ɫɥɭɱɚɟ:   

ሻݐሺݕ  = ∫ ݐሺݑ]ܨሺ𝜏ሻݓ − 𝜏ሻ]݀𝜏∞଴ ,                                                                  (1.11) 

 

ɝɞɟ ݓሺݐሻ – ɢɦɩɭɥɶɫɧɚɹ ɩɟɪɟɯɨɞɧɚɹ ɮɭɧɤɰɢɹ ɥɢɧɟɣɧɨɝɨ ɡɜɟɧɚ;  

  .ሻ – ɫɬɚɬɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɧɟɥɢɧɟɣɧɨɝɨ ɡɜɟɧɚݑሺܨ      

ɜ) Ɋɚɡɥɨɠɟɧɢɟ ȼɨɥɶɬɟɪɪɚ.  

ɉɪɢ ɞɚɧɧɨɦ ɫɩɨɫɨɛɟ ɨɩɢɫɚɧɢɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɜɯɨɞɨɦ ݑሺݐሻ ɢ ɜɵɯɨɞɨɦ ݕሺݐሻ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɪɹɞɨɦ  
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ሻݐሺݕ = ݐሺݑଵሺ𝜏ሻݓ∫ − 𝜏ሻ݀𝜏 + ,ଶሺ𝜏ଵݓ∫∫ 𝜏ଶሻݑሺݐ − 𝜏ଵሻݑሺݐ − 𝜏ଶሻ݀𝜏ଵ݀𝜏ଶ +⋯ ,௧
଴

௧
଴

௧
଴  

 (1.12)  

 

ɝɞɟ ݓଵሺ𝜏ሻ, ,ଶሺ𝜏ଵݓ 𝜏ଶሻ, ,ଷሺ𝜏ଵݓ 𝜏ଶ, 𝜏ଷሻ – ɨɛɨɛɳɟɧɧɵɟ ɜɟɫɨɜɵɟ ɮɭɧɤɰɢɢ (ɹɞɪɚ) ݅-ɝɨ 

ɩɨɪɹɞɤɚ.  

Ɍɚɤɨɣ ɪɹɞ (1.12) ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɪɹɞɚ ȼɨɥɶɬɟɪɪɚ. Ɋɚɡɥɨɠɟɧɢɟ ɜ ɪɹɞ 

ȼɨɥɶɬɟɪɪɚ ɹɜɥɹɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɨɛɨɛɳɟɧɢɟɦ ɥɢɧɟɣɧɨɣ ɦɨɞɟɥɢ ɜ ɮɨɪɦɟ 

ɢɧɬɟɝɪɚɥɚ ɫɜɟɪɬɤɢ ɧɚ ɧɟɥɢɧɟɣɧɵɟ ɨɛɴɟɤɬɵ. Ɂɚɞɚɱɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɢ ɷɬɨɦ 

ɫɨɫɬɨɢɬ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɨɛɨɛɳɟɧɧɵɯ ɜɟɫɨɜɵɯ ɮɭɧɤɰɢɣ ݓ௜ሺ𝜏ଵ, 𝜏ଶ, … , 𝜏௜ሻ, ݅ =ͳ,ʹ, . . .. Ⱦɥɹ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɨɛɴɟɤɬɚ ɹɞɪɚ ɛɭɞɭɬ ɡɚɜɢɫɟɬɶ ɨɬ ݐ.   
ɝ) Ɉɩɢɫɚɧɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ.  

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɤɨɧɟɱɧɨɦɟɪɧɵɯ ɧɟɩɪɟɪɵɜɧɵɯ 

ɫɢɫɬɟɦ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ:  

 𝑑௫𝑑௧ = ݂ሺݔሺݐሻ, ,ሻݐሺݑ ;ሻݐ ଴ሻݐሺݔ = ;଴ݔ ݐ ൒ ሻݐሺݕ ;଴ݐ = ݃ሺݔሺݐሻ, ,ሻݐሺݑ  ሻ.              (1.13)ݐ

 

ɉɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ – ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ – ɨɩɢɫɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ 

ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ɜɨ ɜɪɟɦɟɧɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɭɫɥɨɜɢɹ ɜ ɦɨɦɟɧɬ 

ɜɪɟɦɟɧɢ ݐ଴ ɢ ɜɯɨɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ݑሺݐ). ȼɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ – ɭɪɚɜɧɟɧɢɟ ɜɵɯɨɞɚ 

– ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɫɜɹɡɶ ɦɟɠɞɭ ɬɟɤɭɳɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɫɨɫɬɨɹɧɢɹ ɢ ɜɯɨɞɚ, ɫ ɨɞɧɨɣ 

ɫɬɨɪɨɧɵ – ɢ ɜɵɯɨɞɚ ݕሺݐሻ – ɫ ɞɪɭɝɨɣ [2].  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɥɢɧɟɣɧɵɟ ɢ ɧɟɥɢɧɟɣɧɵɟ ɫɬɚɬɢɱɟɫɤɢɟ ɢ 

ɞɢɧɚɦɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɷɬɢɯ ɨɛɴɟɤɬɨɜ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɪɚɡɧɨɫɬɧɵɟ ɭɪɚɜɧɟɧɢɹ. ɋɬɨɢɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɚɧɧɵɣ ɬɢɩ ɡɚɩɢɫɢ ɛɵɥ 

ɜɵɛɪɚɧ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɞɥɹ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɚɥɢɡɚɰɢɢ, ɩɨɫɤɨɥɶɤɭ ɟɝɨ 

ɩɪɟɢɦɭɳɟɫɬɜɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɨɫɬɨɬɟ ɫɬɪɭɤɬɭɪɵ ɭɪɚɜɧɟɧɢɣ. 
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1.3 Ɉɩɢɫɚɧɢɟ ɪɟɚɥɢɡɭɟɦɵɯ ɚɥɝɨɪɢɬɦɨɜ 
 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɛɵɥɨ ɪɟɚɥɢɡɨɜɚɧɨ 

ɱɟɬɵɪɟ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ. Ɋɚɫɫɦɨɬɪɢɦ ɤɚɠɞɵɣ ɢɡ ɧɢɯ. 

1) Ɇɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɩɪɢ ɥɢɧɟɣɧɨɣ ɩɚɪɚɦɟɬɪɢɡɚɰɢɢ ɦɨɞɟɥɢ. 

Ɇɨɞɟɥɶ ɨɛɴɟɤɬɚ ɡɚɞɚɧɚ ɜ ɜɢɞɟ ɥɢɧɟɣɧɨɣ ɤɨɦɛɢɧɚɰɢɢ ɢɡɜɟɫɬɧɵɯ (ɛɚɡɢɫɧɵɯ) 

ɮɭɧɤɰɢɣ 𝜑ଵሺݑሺݐሻሻ, … , 𝜑௠ሺݑሺݐሻሻ. 
 

ሺݑሺݐሻ, αሻ = ∑ 𝜑௝ሺݑሺݐሻሻ௠௝=ଵ ௝ߙ = 𝜑𝑇ሺݑሺݐሻሻߙ =  ሻሻ,                         (1.14)ݐሺݑ𝑇𝜑ሺߙ

 

ɝɞɟ ߙ – ɦɚɬɪɢɰɚ  ɧɟɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ (ߙଵ…ߙ௝), 

       𝜑ሺݑሻ – ɦɚɬɪɢɰɚ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ ቌ𝜑ଵሺݑሺݐሻሻ…𝜑௝ሺݑሺݐሻሻቍ. 

ȼɟɤɬɨɪ-ɫɬɨɥɛɟɰ ɡɧɚɱɟɧɢɣ ɜɵɯɨɞɚ ɦɨɞɟɥɢ (ɜ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ ݅ =  ͳ, . . , ݊) 

ɢɦɟɟɬ ɜɢɞ 

 

ሻߙሺܪ = ቌ𝜑𝑇ሺݑଵሺݐሻሻߙ…𝜑𝑇ሺݑ௡ሺݐሻሻߙቍ = ቌ𝜑
𝑇ሺݑଵሺݐሻሻ…𝜑𝑇ሺݑ௡ሺݐሻሻቍߙ =           

= (𝜑ଵሺݑଵሺݐሻሻ 𝜑ଶሺݑଵሻ …𝜑ଵሺݑ௡ሺݐሻሻ 𝜑ଶሺݑ௡ሺݐሻሻ    … 𝜑௠ሺݑଵሺݐሻሻ  … 𝜑௠ሺݑ௡ሺݐሻሻ)ߙ = Ф(1.15)                                   .ߙ 

 

ɉɚɪɚɦɟɬɪɵ ߙ ɧɚɯɨɞɢɦ ɩɨ ɤɪɢɬɟɪɢɸ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ: 

ሻߙሺܫ    =  ሺܪ∗ −𝛷ߙሻ−𝑇 ∗ܪଵሺ−ܭ  −𝛷ߙሻ  =  min𝛼 ,                                           (1.16) 

 

ɝɞɟ ܭ−ଵ – ɦɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɢ. 
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ɇɟɨɛɯɨɞɢɦɨɟ ɭɫɥɨɜɢɟ ɦɢɧɢɦɭɦɚ ܫߘ =  Ͳ (ɝɞɟ ܫߘ – ɝɪɚɞɢɟɧɬ ɨɬ ܫሺߙሻ ɩɨ ߙ) 

ɩɪɢɜɨɞɢɬ ɤ ɫɢɫɬɟɦɟ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ 

 Ф𝑇 ߙଵФ−ܭ  = Ф𝑇  (1.17)                                                                            .∗ܪଵ−ܭ 

 

ɋɢɫɬɟɦɚ ɢɦɟɟɬ ɟɞɢɧɫɬɜɟɧɧɨɟ ɪɟɲɟɧɢɟ, ɟɫɥɢ ɦɚɬɪɢɰɚ Ф𝑇  ଵФ−ܭ 

ɧɟɜɵɪɨɠɞɟɧɚ [4].  

Ɂɚɩɢɲɟɦ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ: 

ߙ  = ሺФ𝑇 ∗ܪଵ−ܭଵФሻ−ଵ Ф𝑇−ܭ  = 𝑁଴(1.18)                                                       .∗ܪ 

 

Ⱦɥɹ ɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɩɨɦɟɯɚ 𝜉 ɧɟɤɨɪɪɟɥɢɪɨɜɚɧɚ ɢ ɢɡɦɟɪɟɧɢɹ 

ɪɚɜɧɨɬɨɱɧɵɟ: ܭ =  𝜎ଶܧ (ɝɞɟ ܧ – ɟɞɢɧɢɱɧɚɹ ɦɚɬɪɢɰɚ), ܭ−ଵ = 𝜎−ଶܧ – ɫɢɫɬɟɦɚ 

ɭɪɚɜɧɟɧɢɣ (1.17) ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞ 

 𝜎−ଶФ𝑇Фߙ = 𝜎−ଶФ(1.19)                                                                                  ,∗ܪ 

 

ɝɞɟ 𝜎−ଶ – ɦɚɬɪɢɰɚ ɞɢɫɩɟɪɫɢɣ. 

2) ɉɪɨɫɬɟɣɲɢɣ ɚɞɚɩɬɢɜɧɵɣ ɚɥɝɨɪɢɬɦ. 

Ⱦɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɨɬɧɨɫɢɬɫɹ ɤ ɫɚɦɵɦ ɩɟɪɜɵɦ ɩɪɢɦɟɧɹɟɦɵɦ ɜ ɚɞɚɩɬɚɰɢɢ 

ɚɥɝɨɪɢɬɦɚɦ [5]. ȼ ɫɢɥɭ ɟɝɨ ɩɪɟɞɟɥɶɧɨɣ ɩɪɨɫɬɨɬɵ ɢ ɱɚɫɬɨ ɧɟɩɥɨɯɢɯ ɫɜɨɣɫɬɜ ɟɝɨ 

ɩɪɢɦɟɧɹɸɬ ɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɥɢɛɨ ɜ ɩɟɪɜɨɡɞɚɧɧɨɦ ɜɢɞɟ, ɥɢɛɨ ɫ ɧɟɛɨɥɶɲɢɦɢ 

ɦɨɞɢɮɢɤɚɰɢɹɦɢ. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɨɫɬɚɧɨɜɢɦɫɹ ɧɚ ɩɨɞɫɬɪɨɣɤɟ ɩɚɪɚɦɟɬɪɨɜ 

ɥɢɧɟɣɧɵɯ ɢ ɧɟɥɢɧɟɣɧɵɯ ɦɨɞɟɥɟɣ. 

Ⱦɥɹ ɥɢɧɟɣɧɨɣ ɩɚɪɚɦɟɬɪɢɡɚɰɢɢ ɦɨɞɟɥɢ ሺݑሺݐሻ,  ,ሻ ɧɚ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢߙ

ɧɚɩɪɢɦɟɪ, ݊ ɢ ݊ − ͳ, ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɧɚɯɨɞɢɦ ɢɡ ɭɫɥɨɜɢɹ ɪɚɜɟɧɫɬɜɚ ɜɵɯɨɞɨɜ 

ɦɨɞɟɥɢ ɢ ɨɛɴɟɤɬɚ: 

 

௡∗ = 𝜑𝑇ሺݑ௡ሺݐሻሻߙ௡,௡−ଵ∗ = 𝜑𝑇ሺݑ௡−ଵሺݐሻሻߙ௡−ଵ.                                                    (1.20) 
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Ⱥɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ߙ௡: 

௡ߙ   = ௡−ଵߙ + (೙∗−𝜑𝑇ሺ௨೙ሺ௧ሻሻ𝛼೙−భ)𝜑𝑇ሺ௨೙ሺ௧ሻሻ𝛼೙ 𝜑ሺݑ௡ሺݐሻሻ = ௡−ଵߙ + (௡∗ −           − 𝜑𝑇ሺݑ௡ሺݐሻሻߙ௡−ଵ)(𝜑𝑇ሺݑ௡ሺݐሻሻ)+.                                                                          (1.21) 

 

Ɂɞɟɫɶ ɡɧɚɤ «+» – ɩɫɟɜɞɨɨɛɪɚɳɟɧɢɹ (ɨɛɨɛɳɟɧɧɨɝɨ ɨɛɪɚɳɟɧɢɹ) ɦɚɬɪɢɰɵ [8].  

ȿɫɥɢ ɟɫɬɶ ɩɨɦɟɯɚ, ɬɨ ɢɡ ɮɨɪɦɭɥɵ (1.21) ɩɨɥɭɱɚɟɦ, ɱɬɨ 

௡ߙ  ௡→∞→   ܽ + 𝜉೙𝜑𝑇ሺ௨೙ሻ𝜑ሺݑ௡ሺݐሻሻ,                                                                              (1.22) 

 

ɝɞɟ 𝜉௡ – ɩɨɦɟɯɚ. 

ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɩɨɦɟɯɚɦ ɦɨɠɧɨ ɭɦɟɧɶɲɢɬɶ, ɜɜɨɞɹ ɜ ɚɥɝɨɪɢɬɦ (1.21) 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɩɚɪɚɦɟɬɪ [5]. ȿɝɨ ɜɜɨɞɹɬ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ. 

ɉɟɪɜɵɣ ɫɩɨɫɨɛ: 

௡ߙ                                                                                 = ௡−ଵߙ + ߛ ሺ೙∗ −𝜑𝑇ሺ௨೙ሺ௧ሻሻ𝛼೙−భሻ𝜑𝑇ሺ௨೙ሺ௧ሻሻ𝛼೙ 𝜑ሺݑ௡ሺݐሻሻ, ߛ > Ͳ, ݊ = ͳ, ʹ,…,                     (1.23) 

 

ɝɞɟ ߛ – ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɩɚɪɚɦɟɬɪ. 

ȼɬɨɪɨɣ ɫɩɨɫɨɛ: 

௡ߙ  = ௡−ଵߙ + ሺ೙∗ −𝜑𝑇ሺ௨೙ሺ௧ሻሻ𝛼೙−భሻ𝛾+𝜑𝑇ሺ௨೙ሺ௧ሻሻ𝛼೙ 𝜑ሺݑ௡ሺݐሻሻ, ߛ > Ͳ, ݊ = ͳ, ʹ,….                         (1.24) 

 

ȼɬɨɪɨɣ ɫɩɨɫɨɛ ɱɚɫɬɨ ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ, ɢɛɨ ɩɚɪɚɦɟɬɪ ߛ ɨɫɭɳɟɫɬɜɥɹɟɬ ɪɟɝɭɥɹɪɢɡɚɰɢɸ ɚɥɝɨɪɢɬɦɚ, ɤɨɝɞɚ 𝜑𝑇𝜑 ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɧɭɥɸ. 

3) Ɇɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɥɢɧɟɚɪɢɡɚɰɢɢ (ɆɉɅ). 

ɗɬɨɬ ɦɟɬɨɞ (ɦɟɬɨɞ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɚ) ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɧɚ ɤɚɠɞɨɣ 

ɢɬɟɪɚɰɢɢ ɞɜɟ ɫɬɚɞɢɢ [6]. ɇɚ ɩɟɪɜɨɣ ɢɡ ɧɢɯ ɫɬɪɨɢɦ ɤɜɚɞɪɚɬɢɱɧɭɸ ɚɩɩɪɨɤɫɢɦɚɰɢɸ 
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(ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɪɚɟɤɬɨɪɢɢ) ɦɢɧɢɦɢɡɢɪɭɟɦɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ. ɇɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɜ 

ɤɜɚɞɪɚɬɢɱɧɭɸ ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɮɭɧɤɰɢɨɧɚɥɚ (ɥɢɛɨ ɜ ɫɚɦ ɮɭɧɤɰɢɨɧɚɥ, ɟɫɥɢ ɨɧ 

ɹɜɥɹɟɬɫɹ ɤɜɚɞɪɚɬɢɱɧɵɦ, ɧɚɩɪɢɦɟɪ, ܫሺߙሻ ɜ ɤɪɢɬɟɪɢɢ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ) 

ɩɨɞɫɬɚɜɥɹɟɦ ɥɢɧɟɣɧɭɸ ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɜɵɯɨɞɚ ɦɨɞɟɥɢ ɩɨ ɢɫɤɨɦɵɦ ɩɚɪɚɦɟɬɪɚɦ 

(ɥɢɛɨ ɩɨ ɢɯ ɩɪɢɪɚɳɟɧɢɹɦ). ɉɨɫɥɟ ɷɬɢɯ ɞɜɭɯ ɷɬɚɩɨɜ ɧɚ ɤɚɠɞɨɣ ɢɡ ɢɬɟɪɚɰɢɣ ɜ 

ɹɜɧɨɦ ɜɢɞɟ ɜɵɱɢɫɥɹɟɦ ɩɪɢɪɚɳɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ. Ɂɚɬɟɦ ɩɨ ɧɢɦ ɧɚɯɨɞɢɦ 

ɩɚɪɚɦɟɬɪɵ ɧɚ ɫɥɟɞɭɸɳɟɣ ɢɬɟɪɚɰɢɢ ɢɡ ɭɫɥɨɜɢɹ ɦɨɧɨɬɨɧɧɨɣ ɫɯɨɞɢɦɨɫɬɢ 

ɦɢɧɢɦɢɡɢɪɭɟɦɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ. ɗɬɢ ɢɬɟɪɚɰɢɢ ɩɨɜɬɨɪɹɸɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ 

ɩɨɥɭɱɚɟɦɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɚɪɚɦɟɬɪɨɜ ɫɯɨɞɢɬɫɹ ɤ ɢɫɤɨɦɨɦɭ ɪɟɲɟɧɢɸ. 

ɉɨɫɬɪɨɢɦ ɢɬɟɪɚɰɢɨɧɧɭɸ ɩɪɨɰɟɞɭɪɭ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ α ɦɨɞɟɥɢ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɪɢɬɟɪɢɟɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ [1]. 

ȼɵɯɨɞ ɦɨɞɟɥɢ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ ߙ௟  ɧɚ  ݈-ɨɣ ɢɬɟɪɚɰɢɢ ɨɛɨɡɧɚɱɚɟɦ 

ɱɟɪɟɡ ௟ሺݐሻ. Ʉɜɚɞɪɚɬɢɱɧɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɮɭɧɤɰɢɨɧɚɥɚ ɪɚɜɧɚ 

ሻߙሺܫ  ≈ ∑ ܨ] ቀ݁௟ሺݐሻቁ |݁௟ሺݐሻ|−ଶ] ቀ݁௟ሺݐሻቁଶ௧∈𝑇 ≡ ∑ ݇௟ሺݐሻ(݁ሺݐሻ)ଶ௧∈𝑇 ,   
݇௟ሺݐሻ = { ͳ, |݁௟ሺݐሻ| < ∆ |݁௟ሺݐሻ|−ଵ∆, ∆൑ |݁௟ሺݐሻ| ,                                                                        (1.25) 

 

ɝɞɟ ݁௟ሺݐሻ – ɪɚɡɧɨɫɬɶ ɜɵɯɨɞɚ ɨɛɴɟɤɬɚ ɢ ɜɵɯɨɞɚ ɦɨɞɟɥɢ (∗ሺݐሻ − ௟); 
       ∆ – ɡɚɞɚɧɧɨɟ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɨɟ ɱɢɫɥɨ.                                                                    

ɉɨɞɫɬɚɜɥɹɟɦ ɥɢɧɟɣɧɭɸ ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɜɵɯɨɞɚ ɦɨɞɟɥɢ ɜ ɩɪɚɜɭɸ ɱɚɫɬɶ 

ɭɪɚɜɧɟɧɢɹ ɜ ɤɜɚɞɪɚɬɢɱɧɵɣ ɮɭɧɤɰɢɨɧɚɥ:  

 

ሺtሻ ≈ ௟ሺݐሻ +W௟ሺݐሻ∆ߙ௟+ଵ = ௟ሺݐሻ + ሺ𝜕೗𝜕௬ ܸ௟ሺݐሻ + 𝜕೗𝜕𝛼 ሻ∆ߙ௟+ଵ,                   (1.26) 

                                       

ɝɞɟ W௟ሺݐሻ – ɜɟɤɬɨɪ-ɫɬɪɨɤɚ ɮɭɧɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ (Ɏɑ) ɞɥɹ ɫɤɚɥɹɪɧɨɝɨ 

ɜɵɯɨɞɚ ɦɨɞɟɥɢ   ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɚɪɚɦɟɬɪɨɜ ߙ; 

        V௟ሺݐሻ – ɦɚɬɪɢɰɚ Ɏɑ ɞɥɹ ɜɟɤɬɨɪɚ ݕሺݐሻ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɤɬɨɪɚ ɩɚɪɚɦɟɬɪɨɜ. 
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Ⱦɚɥɟɟ ɪɟɲɚɟɦ ɨɛɵɱɧɭɸ ɡɚɞɚɱɭ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ: 

ሻߙሺܫ                                     ≈ ௟+ଵሻߙ∆ሺ̅ܫ =∑݇௟ሺݐሻ ቀW௟ሺݐሻቁ𝑇 ሺ∗ሺݐሻ − ௟ሺݐሻ −W௟ሺݐሻ∆ߙ௟+ଵሻଶ௧∈𝑇 = 

= min∆𝛼೗+భ                                                                                                             (1.27) 

 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɢɪɚɳɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ  ∆ߙ௟+ଵ: 

 (∑ ݇௟ሺݐሻ ቀW௟ሺݐሻቁ𝑇W௟ሺݐሻ௧∈𝑇 ௟+ଵߙ∆( = ∑ ݇௟ሺݐሻ ቀW௟ሺݐሻቁ𝑇 ݁௟ሺݐሻ௧∈𝑇 .             (1.28) 

 

ȿɫɥɢ ɜɵɯɨɞ ɦɨɞɟɥɢ ሺݐሻ ɜɟɤɬɨɪɧɵɣ, ɬɨ ɷɬɨ W௟ሺݐሻ ɦɚɬɪɢɰɚ Ɏɑ.  

ɉɨ ɩɪɢɪɚɳɟɧɢɹɦ ∆ߙ௟+ଵ ɧɚɯɨɞɢɦ ɫɥɟɞɭɸɳɟɟ ɩɪɢɛɥɢɠɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɨ 

ɮɨɪɦɭɥɟ: 

 

௟+ଵߙ  ௟ߙ = + ,௟+ଵߙ௟ߛ ݈ = Ͳ,ͳ,ʹ,… , ௟ߛ > Ͳ,                                                  (1.29) 

 

ɝɞɟ ߛ௟ – ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɹɜɥɹɸɳɢɣɫɹ ɱɥɟɧɨɦ ɭɛɵɜɚɸɳɟɝɨ ɪɹɞɚ.  

ȼɵɛɨɪɨɦ ɫɤɚɥɹɪɧɨɣ ɜɟɥɢɱɢɧɵ ߛ௟ ɞɨɛɢɜɚɟɦɫɹ ɦɨɧɨɬɨɧɧɨɣ ɫɯɨɞɢɦɨɫɬɢ ɩɨ 

ɮɭɧɤɰɢɨɧɚɥɭ ɤɚɱɟɫɬɜɚ (2):  ܫ௟+ଵ ൑   .௟ܫ
4) Ɇɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɥɢɧɟɚɪɢɡɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɚɥɨɝɨɜ 

ɮɭɧɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. 

Ɍɪɭɞɧɨɫɬɢ, ɫ ɤɨɬɨɪɵɦɢ ɫɬɚɥɤɢɜɚɸɬɫɹ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɆɉɅ, ɫɨɫɬɨɹɬ ɜ 

ɫɥɟɞɭɸɳɟɦ:  

1. ɉɪɢ ɛɨɥɶɲɨɦ ɱɢɫɥɟ ɩɨɞɫɬɪɚɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɫɥɨɠɧɨɣ ɫɬɪɭɤɬɭɪɟ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɨɛɴɟɤɬɨɜ ɡɚɬɪɭɞɧɟɧɨ ɚɧɚɥɢɬɢɱɟɫɤɨɟ 

ɩɨɥɭɱɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ (ɍɑ) ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɧɚɱɚɥɶɧɵɦɢ 

ɭɫɥɨɜɢɹɦɢ ɢ ɦɨɞɟɥɹɦɢ ɩɟɪɟɤɥɸɱɟɧɢɹ ɞɥɹ ɮɭɧɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ (Ɏɑ), ɚ 

ɬɚɤɠɟ ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɍɑ.  
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2. Ⱥɥɝɨɪɢɬɦɵ ɆɉɅ ɨɛɟɫɩɟɱɢɜɚɸɬ ɬɨɥɶɤɨ ɥɨɤɚɥɶɧɵɣ ɫɩɭɫɤ ɜ ɦɢɧɢɦɭɦ 

ɮɭɧɤɰɢɨɧɚɥɚ ɤɚɱɟɫɬɜɚ.  

3. ɉɪɨɛɥɟɦɵ ɫɨɫɬɨɹɬ ɢ ɜ ɜɵɛɨɪɟ ɢɫɯɨɞɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, ɢɛɨ 

ɨɧɨ ɞɨɥɠɧɨ ɧɚɯɨɞɢɬɶɫɹ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɝɥɨɛɚɥɶɧɨɝɨ ɷɤɫɬɪɟɦɭɦɚ ɮɭɧɤɰɢɨɧɚɥɚ 

ɤɚɱɟɫɬɜɚ.  

Ⱦɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɬɪɭɞɧɨɫɬɟɣ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɱɢɫɥɟɧɧɵɟ ɨɰɟɧɤɢ Ɏɑ, ɩɨɥɭɱɚɟɦɵɟ ɨɛɪɚɛɨɬɤɨɣ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɢɫɤɨɜɵɯ 

ɞɜɢɠɟɧɢɣ ɩɨ ɢɫɤɨɦɵɦ ɩɚɪɚɦɟɬɪɚɦ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɟɤɬɨɪ – ɫɬɪɨɤɭ W௟ሺݐሻ (ɥɢɛɨ ɦɚɬɪɢɰɭ) Ɏɑ ɛɭɞɟɦ 

ɞɨɨɩɪɟɞɟɥɹɬɶ ɢɡ ɭɫɥɨɜɢɹ ɧɚɢɥɭɱɲɟɣ ɥɢɧɟɣɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ (1.26) ɡɚ ɫɱɟɬ 

ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɛɧɵɯ ɞɜɢɠɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ߙ௟ . 
ɉɪɢ ɷɬɨɦ ɧɟ ɧɚɞɨ ɚɧɚɥɢɬɢɱɟɫɤɢ ɫɨɫɬɚɜɥɹɬɶ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɍɑ ɞɥɹ V௟ሺݐሻ  ɢ ɢɯ 

ɱɢɫɥɟɧɧɨ ɪɟɲɚɬɶ. Ɂɚ ɫɱɟɬ ɷɬɨɝɨ ɦɟɧɶɲɟ ɜɧɨɫɢɬɫɹ ɨɲɢɛɨɤ ɜ ɚɥɝɨɪɢɬɦɵ, ɚ 

ɩɪɨɰɟɞɭɪɵ ɪɚɫɱɟɬɚ ɫɬɚɧɨɜɹɬɫɹ ɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ.  ɉɪɢ ɦɚɥɵɯ ɚɦɩɥɢɬɭɞɚɯ 

ɩɪɨɛɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɩɨ ߙ  ɦɚɬɪɢɰɚ  W௟ሺݐሻ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɨɣ ɦɚɬɪɢɰɵ Ɏɑ; ɩɪɢ 

ɛɨɥɶɲɢɯ ɨɬɤɥɨɧɟɧɢɹɯ ɨɧɚ ɭɠɟ ɧɟ ɹɜɥɹɟɬɫɹ ɬɚɤɨɜɨɣ ɢ ɫɥɭɠɢɬ ɬɨɥɶɤɨ ɮɨɪɦɚɥɶɧɵɦ 

ɚɧɚɥɨɝɨɦ ɟɟ. ɉɪɢɦɟɧɟɧɢɟ ɥɢɧɟɣɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ (1.26) (ɩɪɢ ɦɚɥɵɯ ɢ ɛɨɥɶɲɢɯ 

ɩɪɨɛɧɵɯ ɨɬɤɥɨɧɟɧɢɹɯ, ɬ. ɟ., ɝɨɜɨɪɹ ɫɨɤɪɚɳɟɧɧɨ, ɜ ɦɚɥɨɦ ɢ ɜ ɛɨɥɶɲɨɦ) ɫɧɢɦɚɟɬ 

ɩɪɨɛɥɟɦɭ ɤɨɪɪɟɤɬɧɨɫɬɢ ɥɢɧɟɣɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɜ ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ [7], ɢɛɨ 

ɜɫɟɝɞɚ ɥɢɧɟɣɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɛɭɞɟɬ ɤɨɪɪɟɤɬɧɵɦ. 

 ȼ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ݐ ɢɡ ɦɧɨɠɟɫɬɜɚ 𝑇  ɜ ɝɢɩɟɪɩɪɹɦɨɭɝɨɥɶɧɨɣ 

ɨɛɥɚɫɬɢ ߙ௩௟ − ௩௟ߙߜ ൑ ௩ߙ ൑ ௩௟ߙ + ௩௟ߙߜ , ɫ ɰɟɧɬɪɨɦ ɜ ɬɨɱɤɟ ߙ௟ ɪɚɜɧɨɦɟɪɧɨ (ɩɨ 

ɫɥɭɱɚɣɧɨɦɭ ɦɟɯɚɧɢɡɦɭ, ɫ ɩɨɦɨɳɶɸ ɨɩɬɢɦɚɥɶɧɨɣ  Ʌɉ 𝜏-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɩɨ 

ɨɪɬɨɝɨɧɚɥɶɧɨɦɭ ɩɥɚɧɭ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɢ ɞɪ.) ɪɚɫɩɪɟɞɟɥɹɟɦ ݊  ɩɪɨɛɧɵɯ ɬɨɱɟɤ: 

௩ሺ௜ሻߙ    = ௩௟ߙ + ,௩ሺ௜ሻݑ௩௟ߙߜ ݒ = ͳ,݉̅̅ ̅̅ ̅̅ , ݅ = ͳ, ݊̅̅ ̅̅ ̅,                                                        (1.30) 

 

ɝɞɟ ݑ௩ሺ௜ሻ – ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ (ɩɨ ɜɵɛɪɚɧɧɨɦɭ ɡɚɤɨɧɭ) ɜ ɢɧɬɟɪɜɚɥɟ [-1; 1] ɱɢɫɥɚ; 

       ݉ – ɤɨɥɢɱɟɫɬɜɨ ɞɢɮɮɟɪɟɧɰɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ.  



21 
 

ȼ ɩɪɨɛɧɵɯ ɬɨɱɤɚɯ ɜɵɱɢɫɥɹɟɦ ɜɵɯɨɞɵ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ  ሺ௜ሻሺݐሻ ɢ ɢɯ 

ɭɤɥɨɧɟɧɢɹ ɨɬ  ௟ሺݐሻ: 
 

ሻݐ ሺ௜ሻሺߜ  =  ሺ௜ሻሺݐሻ −  ௟ሺݐሻ .                                                                         (1.32) 

 

ɇɚ ɨɫɧɨɜɟ ɧɢɯ ɫɬɪɨɢɦ ݊ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ: 

 

  ∑ ௩ሺ௜ሻݑ௩௟ߙߜ ௩ܹ௟௠௩=ଵ ሺݐሻ = ,ሻݐ ሺ௜ሻሺߜ ݅ = ͳ, ݊̅̅ ̅̅ ̅.                                                    (1.33) 

 

ȼ ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ ɮɨɪɦɭɥɚ (1.33) ɜɵɝɥɹɞɢɬ ɤɚɤ: 

 ܹ௟ሺݐሻܣ =  ሻ.                                                                                           (1.34)ݐሺߜ

 

ɋɢɫɬɟɦɚ (1.33) ɫɥɭɠɢɬ ɞɥɹ ɪɚɫɱɟɬɚ ɜɟɤɬɨɪ ɫɬɪɨɤɢ Ɏɑ ܹ௟ሺݐሻ ɥɢɧɟɣɧɨɣ 

ɚɩɩɪɨɤɫɢɦɚɰɢɢ (1.26). ȼ (1.34) ߜሺݐሻ ɷɬɨ ɜɟɤɬɨɪ ɫɬɪɨɤɚ, ɜɤɥɸɱɚɸɳɚɹ ɡɧɚɱɟɧɢɹ  . 

ɉɪɢ ɜɟɤɬɨɪɧɨɦ ɜɵɯɨɞɟ ɦɨɞɟɥɢ   ɜ ɫɢɫɬɟɦɟ ɭɪɚɜɧɟɧɢɣ (1.34) ߜሺݐሻ ɢ ܹ௟ሺݐሻ 
ɫɬɚɧɨɜɹɬɫɹ ɦɚɬɪɢɰɚɦɢ. Ɋɟɲɟɧɢɟ ɩɟɪɟɨɩɪɟɞɟɥɟɧɧɨɣ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ 

ɭɪɚɜɧɟɧɢɣ ɧɚɯɨɞɢɦ ɩɨ ɦɟɬɨɞɭ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ 

 

 ܹ௟ሺݐሻ =  (1.35)                                                                                         ,+ܣሻݐሺݖߜ

 

ɝɞɟ ܣ+ – ɩɫɟɜɞɨɨɛɪɚɬɧɚɹ ɦɚɬɪɢɰɚ [8] ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ܣ.  

Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ ɩɨɞɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɢɡɚɰɢɹ 

ɤɜɚɞɪɚɬɢɱɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ, ɩɨɷɬɨɦɭ ɩɨɲɚɝɨɜɭɸ ɩɟɪɟɫɬɪɨɣɤɭ ɢɧɬɟɪɜɚɥɨɜ 

ɜɚɪɶɢɪɨɜɚɧɢɹ ߙߜ௩, ݒ = ͳ,݉̅̅ ̅̅ ̅̅ , ɩɪɨɜɨɞɢɦ ɬɚɤ ɠɟ, ɤɚɤ ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɡɚɞɚɱɚɯ [9] ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɫɝɥɚɠɢɜɚɧɢɹ. 

Ⱦɥɹ ɤɚɠɞɨɝɨ ݐ ɝɟɧɟɪɢɪɨɜɚɧɢɟ ɩɪɨɛɧɵɯ ɞɜɢɠɟɧɢɣ (ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ 

ɪɚɫɱɟɬɟ ܹ)  ɩɪɨɜɨɞɢɦ ɩɨ ɨɞɧɨɦɭ ɢ ɬɨɦɭ ɠɟ ɚɥɝɨɪɢɬɦɭ, ɬ. ɟ. ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ݑ௩ሺ௜ሻ, ݅ = ͳ, ݊̅̅ ̅̅ ̅, ݒ = ͳ,݉̅̅ ̅̅ ̅̅    ɞɥɹ ɤɚɠɞɨɝɨ ݐ ɨɞɧɚ ɢ ɬɚ ɠɟ. ɉɪɢ ɷɬɨɦ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ 
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ɡɚɬɪɚɬɵ ɛɭɞɭɬ ɦɢɧɢɦɚɥɶɧɵ, ɢɛɨ ɡɧɚɱɟɧɢɹ ɜɵɯɨɞɨɜ  ሺ௜ሻሺݐሻ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ 

ɪɚɫɱɟɬɟ ܹሺݐሻ ɢ ɩɨ ɧɢɦ ɮɨɪɦɢɪɭɸɬɫɹ ݊ ɡɧɚɱɟɧɢɣ ɰɟɥɟɜɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ:  ܫሺ௜ሻ,   ݅ = ͳ, ݊̅̅ ̅̅ ̅. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɦɟɟɦ [9, 10], ɱɬɨ 

௩௟+ଵߙߜ                  = ௩௟ߙߜ ௩ݑ̅ ,௩|𝑝ݑ̅|𝑝ߛ = ∑ ሺ௜ሻ௡௜=ଵܭ̅ ݒ ,௩ሺ௜ሻݑ = ͳ,݉̅̅ ̅̅ ̅̅ 𝑝ߛ , > ͳ, ݌ = ͳ,ʹ,… ̅ܭሺ௜ሻ = 𝐾ሺ೔ሻ∑ 𝐾ሺೕሻ೙ೕ=భ ሺ௜ሻܭ , = ∗ܫሺሺܭ − ௠௔௫ܫሺ௜ሻሻ/ሺܫ −  ௠௜௡ሻሻ,                                   (1.36)ܫ

                      

ɝɞɟ ܭሺ∙ሻ – ɤɨɥɨɤɨɥɨɨɛɪɚɡɧɵɟ,  ɫɢɦɦɟɬɪɢɱɧɵɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɭɥɹ,  

ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɟ ɹɞɪɚ; 

௠௔௫ܫ           = max {ܫሺ௜ሻ, ݅ = ͳ, ݊̅̅ ̅̅ ̅}; 
௠௜௡ܫ           = min {ܫሺ௜ሻ, ݅ = ͳ, ݊̅̅ ̅̅ ̅}; 
∗ܫ           =  ;௠௜௡ܫ

 ;ɮɢɤɫɢɪɨɜɚɧɧɚɹ ɰɟɥɨɱɢɫɥɟɧɧɚɹ ɜɟɥɢɱɢɧɚ – ݌          

݌  𝑝 – ɜɟɥɢɱɢɧɚ, ɥɟɠɚɳɚɹ ɜ ɞɢɚɩɚɡɨɧɟ [1; 3] ɞɥɹߛ           = ͳ,ʹ.  

Ɂɚɦɟɬɢɦ, ɱɬɨ ɪɚɛɨɱɟɟ ɞɜɢɠɟɧɢɟ ɤ ɷɤɫɬɪɟɦɭɦɭ, ɨɫɨɛɟɧɧɨ ɧɚ ɩɟɪɜɵɯ ɲɚɝɚɯ, 

ɫ ɰɟɥɶɸ ɜɵɯɨɞɚ ɜ ɨɤɪɟɫɬɧɨɫɬɶ ɝɥɨɛɚɥɶɧɨɝɨ ɷɤɫɬɪɟɦɭɦɚ, ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɧɚ 

ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɨɰɟɧɨɤ ɪɟɝɪɟɫɫɢɢ [9] ɦɟɠɞɭ ߙ ɢ ܫ: 
௩௟+ଵߙ  = ௩௟ߙ + ௩௟ߙߜ , ,௩ݑ̅ ݒ = ͳ,݉̅̅ ̅̅ ̅̅ .                                                                     (1.37) 

 

ɂɫɯɨɞɧɚɹ ɨɛɥɚɫɬɶ ɜɚɪɶɢɪɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ (ɩɪɢ  ݈ = Ͳ) ɞɨɥɠɧɚ ɜɤɥɸɱɚɬɶ 

ɜ ɫɟɛɹ ɜɫɸ ɨɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ ɢɡɦɟɧɟɧɢɣ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ.  

ɉɪɢ ɜɵɛɨɪɟ ɢɧɬɟɪɜɚɥɨɜ ɜɚɪɶɢɪɨɜɚɧɢɹ ɦɨɠɧɨ ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɧɚ 

ɜɟɥɢɱɢɧɵ ɪɚɛɨɱɢɯ ɲɚɝɨɜ  ߛ௟∆ߙ ௟+ଵ, ɩɨɥɭɱɚɟɦɵɯ ɩɨ ɆɉɅ. 

                                                                             

2 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɚɪɯɢɬɟɤɬɭɪɵ  
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2.1 ɂɫɩɨɥɶɡɭɟɦɵɟ ɢɧɫɬɪɭɦɟɧɬɵ ɪɚɡɪɚɛɨɬɤɢ 

 

ȼɵɛɨɪ ɫɪɟɞɫɬɜ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ 

ɷɬɚɩɨɦ ɪɚɛɨɬɵ ɧɚɞ ɩɪɨɟɤɬɨɦ, ɬɚɤ ɤɚɤ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯ ɢɥɢ ɢɧɵɯ ɹɡɵɤɨɜ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ ɫɪɟɞɫɬɜ ɪɚɡɪɚɛɨɬɤɢ, ɚ ɬɚɤɠɟ ɝɨɬɨɜɵɯ 

ɛɢɛɥɢɨɬɟɤ ɦɨɠɟɬ ɨɤɚɡɚɬɶ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɚɡɜɢɬɢɟ ɩɪɨɟɤɬɚ. 

Ƚɪɚɦɨɬɧɵɣ ɜɵɛɨɪ ɢɧɫɬɪɭɦɟɧɬɨɜ ɪɚɡɪɚɛɨɬɤɢ ɩɨɡɜɨɥɢɬ ɢɡɛɟɠɚɬɶ ɩɪɨɛɥɟɦ ɜ 

ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ɛɭɞɟɬ 

ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɜɵɛɪɚɧɧɚɹ ɛɢɛɥɢɨɬɟɤɚ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɬɨɥɶɤɨ ɱɚɫɬɶ 

ɧɟɨɛɯɨɞɢɦɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ, ɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɪɭɝɢɯ ɛɢɛɥɢɨɬɟɤ ɧɟ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɨɧɢ ɧɟ ɩɨɞɞɟɪɠɢɜɚɸɬɫɹ 

ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɹɡɵɤɚɦɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɪɢɞɟɬɫɹ ɥɢɛɨ 

ɪɟɚɥɢɡɨɜɚɬɶ ɧɟɞɨɫɬɚɸɳɢɣ ɮɭɧɤɰɢɨɧɚɥ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ, ɱɟɦɭ ɛɭɞɭɬ 

ɫɨɩɭɬɫɬɜɨɜɚɬɶ ɜɪɟɦɟɧɧɵɟ ɡɚɬɪɚɬɵ, ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɧɚɤɥɚɞɤɢ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɧɟɩɪɟɞɜɢɞɟɧɧɵɟ ɨɲɢɛɤɢ, ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɬɟɫɬɢɪɨɜɚɧɢɟ, 

ɥɢɛɨ ɡɚɧɨɜɨ ɩɪɨɢɡɜɨɞɢɬɶ ɜɵɛɨɪ ɫɪɟɞɫɬɜ ɪɚɡɪɚɛɨɬɤɢ ɢ ɧɚɱɢɧɚɬɶ ɫ ɱɢɫɬɨɝɨ ɥɢɫɬɚ. 

Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɛɵɥ ɜɵɛɪɚɧ ɹɡɵɤ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ C#, ɩɨɫɤɨɥɶɤɭ ɨɧ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ: 

  ɇɢɡɤɚɹ ɫɥɨɠɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɢ ɫɨɩɪɨɜɨɠɞɟɧɢɹ.  

  ɇɚɥɢɱɢɟ ɩɨɞɪɨɛɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɹɡɵɤɚ; 

  Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɬɤɪɵɬɵɯ ɛɢɛɥɢɨɬɟɤ, ɢɫɩɨɥɧɹɟɦɵɯ ɩɪɨɝɪɚɦɦ, 

ɥɢɬɟɪɚɬɭɪɵ ɢ ɬɟɯɧɢɱɟɫɤɨɣ ɩɨɦɨɳɢ (MSDN [11] ɢ ɞɪɭɝɢɟ ɢɫɬɨɱɧɢɤɢ); 

  ȼɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ ɩɪɢ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɪɨɰɟɫɫɨɜ; 

  ȼɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ ɫ ɞɚɧɧɵɦɢ; 

  Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɨɫɬɭɩɧɵɯ ɫɪɟɞ ɪɚɡɪɚɛɨɬɤɢ. 

Ɍɚɤ ɤɚɤ ɛɵɥɨ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ Desktop-ɩɪɢɥɨɠɟɧɢɟ, ɜ ɤɚɱɟɫɬɜɟ 

ɩɥɚɬɮɨɪɦɵ ɪɚɡɪɚɛɨɬɤɢ ɛɵɥɚ ɜɵɛɪɚɧɚ WPF. Windows Presentation Foundation 

(WPF) – ɷɬɨ ɩɥɚɬɮɨɪɦɚ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɥɢɟɧɬɫɤɢɯ 

ɩɪɢɥɨɠɟɧɢɣ ɞɥɹ ɧɚɫɬɨɥɶɧɵɯ ɫɢɫɬɟɦ. ɉɥɚɬɮɨɪɦɚ ɪɚɡɪɚɛɨɬɤɢ WPF ɩɨɞɞɟɪɠɢɜɚɟɬ 
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ɲɢɪɨɤɢɣ ɧɚɛɨɪ ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɪɢɥɨɠɟɧɢɣ, ɜɤɥɸɱɚɹ ɦɨɞɟɥɶ 

ɩɪɢɥɨɠɟɧɢɹ, ɪɟɫɭɪɫɵ, ɷɥɟɦɟɧɬɵ ɭɩɪɚɜɥɟɧɢɹ, ɝɪɚɮɢɤɭ, ɦɚɤɟɬ, ɩɪɢɜɹɡɤɢ ɞɚɧɧɵɯ, 

ɞɨɤɭɦɟɧɬɵ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ [12]. 

ɉɨɫɤɨɥɶɤɭ ɪɚɡɪɚɛɚɬɵɜɚɟɦɚɹ ɩɪɨɝɪɚɦɦɧɚɹ ɫɢɫɬɟɦɚ ɞɨɥɠɧɚ ɭɱɢɬɵɜɚɬɶ 

ɞɨɛɚɜɥɟɧɢɟ ɧɨɜɵɯ ɦɨɞɭɥɟɣ ɢ ɚɥɝɨɪɢɬɦɨɜ, ɨɫɧɨɜɧɨɣ ɱɟɪɬɨɣ ɚɪɯɢɬɟɤɬɭɪɵ 

ɹɜɥɹɟɬɫɹ ɝɢɛɤɨɫɬɶ. Ɍɚɤ ɤɚɤ ɩɪɟɢɦɭɳɟɫɬɜɨ ɦɨɞɭɥɶɧɨɣ ɚɪɯɢɬɟɤɬɭɪɵ ɡɚɤɥɸɱɚɟɬɫɹ 

ɜ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɧɨɜɥɟɧɢɹ (ɡɚɦɟɧɵ) ɦɨɞɭɥɹ, ɛɟɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ 

ɨɫɬɚɥɶɧɨɣ ɫɢɫɬɟɦɵ, ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɛɵɥɨ ɜɵɛɪɚɧɨ ɦɨɞɭɥɶɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɥɚɬɮɨɪɦɵ Prism.   

Prism – ɷɬɨ ɩɥɚɬɮɨɪɦɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɫɥɚɛɨɫɜɹɡɚɧɧɵɯ, ɩɨɞɞɟɪɠɢɜɚɟɦɵɯ ɢ 

ɬɟɫɬɢɪɭɟɦɵɯ ɩɪɢɥɨɠɟɧɢɣ XAML ɜ WPF, Windows 10, UWP ɢ Xamarin Forms 

[13]. Prism ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɪɟɚɥɢɡɚɰɢɸ ɧɚɛɨɪɚ ɲɚɛɥɨɧɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, 

ɤɨɬɨɪɵɟ ɩɨɥɟɡɧɵ ɩɪɢ ɧɚɩɢɫɚɧɢɢ ɯɨɪɨɲɨ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɢ ɩɨɞɞɟɪɠɢɜɚɟɦɵɯ 

ɩɪɢɥɨɠɟɧɢɣ XAML, ɜɤɥɸɱɚɹ MVVM, ɜɧɟɞɪɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɤɨɦɚɧɞɵ ɢ 

ɩɪɨɱɟɟ. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɨɞɭɥɹ ɦɟɬɨɞɨɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɛɵɥɚ ɜɵɛɪɚɧɚ ɛɢɛɥɢɨɬɟɤɚ 

Math.NET Numerics [14]. ɐɟɥɶɸ Math.NET Numerics ɹɜɥɹɟɬɫɹ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ 

ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɜ ɧɚɭɤɟ, ɬɟɯɧɢɤɟ ɢ ɩɨɜɫɟɞɧɟɜɧɨɦ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ. Ⱦɚɧɧɚɹ ɛɢɛɥɢɨɬɟɤɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɨɩɟɪɚɰɢɣ ɫ 

ɦɚɬɪɢɰɚɦɢ. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɚɪɫɟɪɚ ɜɜɟɞɟɧɧɵɯ ɜɵɪɚɠɟɧɢɣ ɨɛɴɟɤɬɚ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ 

ɛɢɛɥɢɨɬɟɤɚ mXparser [15]. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɛɢɛɥɢɨɬɟɤɚ 

Material Design In XAML[16] 

ȼ ɤɚɱɟɫɬɜɟ ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɣ ɫɪɟɞɵ ɪɚɡɪɚɛɨɬɤɢ ɞɥɹ ɹɡɵɤɚ C# ɛɵɥɚ ɜɵɛɪɚɧɚ 

ɛɟɫɩɥɚɬɧɚɹ ɜɟɪɫɢɹ Visual Studio Community 2017 [17]. Ⱦɚɧɧɚɹ IDE ɫɨɞɟɪɠɢɬ ɜɟɫɶ 

ɧɟɨɛɯɨɞɢɦɵɣ ɮɭɧɤɰɢɨɧɚɥ: ɫɪɟɞɫɬɜɚ ɚɧɚɥɢɡɚ ɤɨɞɚ, ɝɪɚɮɢɱɟɫɤɢɣ ɨɬɥɚɞɱɢɤ, 

ɩɨɞɫɜɟɬɤɭ ɫɢɧɬɚɤɫɢɫɚ ɢ ɨɲɢɛɨɤ, ɪɟɮɚɤɬɨɪɢɧɝ, ɭɞɨɛɧɭɸ ɧɚɜɢɝɚɰɢɸ ɩɨ ɩɪɨɟɤɬɭ. 

ȼ ɬɨɠɟ ɜɪɟɦɹ Visual Studio ɨɛɥɚɞɚɟɬ ɩɪɨɫɬɵɦ ɝɪɚɮɢɱɟɫɤɢɦ ɢɧɬɟɪɮɟɣɫɨɦ ɢ ɧɟ 

ɡɚɧɢɦɚɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɩɩɚɪɚɬɧɵɯ ɪɟɫɭɪɫɨɜ ɤɨɦɩɶɸɬɟɪɚ. 
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2.2 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɦɨɞɭɥɶɧɨɣ ɚɪɯɢɬɟɤɬɭɪɵ 

 
Ɇɨɞɭɥɶɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɦ ɩɪɨɝɪɚɦɦɧɨɦ ɨɛɟɫɩɟɱɟɧɢɢ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɥɟɞɭɸɳɢɦɢ ɦɨɞɭɥɹɦɢ: 

 ExportAndInport; 

 IdentificationMethods; 

 INavigationModule; 

 NavigationModule; 

 ObjectStructure; 

 Core; 

 CreateComponentsWindow; 

 InputObject; 

 StartResearchWindow; 

 StartWindow; 

 TaskResearchWindow; 

 TaskSolutionWindow; 

 NotifyPropertyChange. 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɫɟɯ ɜɵɲɟɨɩɢɫɚɧɧɵɯ ɦɨɞɭɥɟɣ 

(ɪɢɫɭɧɨɤ 2). 

Ɇɨɞɭɥɢ Core, InputObject, StartResearchWindow, StartSolutionWindow, 

TaskResearchWindow, TaskSolutionWindow ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ 

ɫɬɪɚɧɢɰ ɩɪɢɥɨɠɟɧɢɹ ɢ ɹɜɥɹɸɬɫɹ ɛɢɛɥɢɨɬɟɤɚɦɢ ɤɥɚɫɫɨɜ. ȼɫɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ 

ɦɨɞɭɥɢ, ɤɪɨɦɟ Core, ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɲɚɛɥɨɧɭ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ MVVM ((Model-

View-ViewModel) [18]. 

Ɇɨɞɭɥɶ Core ɹɜɥɹɟɬɫɹ ɫɜɹɡɭɸɳɢɦ ɢ ɪɟɚɥɢɡɭɟɬ ɛɚɡɨɜɭɸ ɦɨɞɟɥɶ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ.  
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Ɋɢɫɭɧɨɤ 2 – ɋɯɟɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨɞɭɥɟɣ 
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Ɇɨɞɭɥɶ StartWindow ɪɟɚɥɢɡɭɟɬ ɩɟɪɜɭɸ ɫɬɪɚɧɢɰɭ ɩɪɢɥɨɠɟɧɢɹ. Ɉɧ ɨɬɜɟɱɚɟɬ 

ɡɚ ɫɨɡɞɚɧɢɟ, ɨɬɤɪɵɬɢɟ ɢ ɫɨɯɪɚɧɟɧɢɟ ɡɚɞɚɱɢ, ɜɵɛɨɪ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɨɛɴɟɤɬɚ. 

Ɇɨɞɭɥɶ InputObject ɨɬɜɟɱɚɟɬ ɡɚ ɩɚɪɫɢɧɝ ɜɜɟɞɟɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ ɢ ɫɨɡɞɚɧɢɹ 

ɨɛɴɟɤɬɚ. 

Ɇɨɞɭɥɶ CreateComponentsWindow ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɜɚɬɶ 

ɤɨɦɩɨɧɟɧɬɵ ɢ ɤɨɦɩɨɧɨɜɚɬɶ ɢɯ ɜ ɧɭɠɧɨɦ ɩɨɪɹɞɤɟ. 

Ɇɨɞɭɥɶ TaskSolutionWindow ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ UserControl, ɨɬɜɟɱɚɸɳɢɣ 

ɡɚ ɜɜɨɞ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɚ, ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ, 

ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɨɞɚ, ɚ ɬɚɤɠɟ ɜɵɜɨɞ ɩɨɥɭɱɟɧɧɨɝɨ ɪɟɲɟɧɢɹ, ɤɚɤ ɜ ɬɚɛɥɢɱɧɨɦ, ɬɚɤ ɢ 

ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɜɢɞɟ. 

Ɇɨɞɭɥɢ StartResearchWindow ɢ TaskResearchWindow ɨɬɜɟɱɚɸɬ ɡɚ 

ɨɬɨɛɪɚɠɟɧɢɟ ɢɧɬɟɪɮɟɣɫɚ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɱɚɫɬɢ ɉɈ. ɉɨ ɫɜɨɟɣ ɪɟɚɥɢɡɚɰɢɢ ɨɧɢ 

ɩɨɯɨɠɢ ɧɚ ɦɨɞɭɥɢ StartWindow ɢ TaskSolutionWindow. ɂɯ ɨɬɥɢɱɢɟ ɡɚɤɥɸɱɚɟɬɫɹ 

ɜ ɬɨɦ, ɱɬɨ ɞɚɧɧɵɟ ɦɨɞɭɥɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɫɪɚɜɧɟɧɢɹ 

ɧɟɫɤɨɥɶɤɢɯ ɜɵɛɪɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ, ɚ ɧɟ ɢɡɭɱɟɧɢɹ ɨɞɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɜ ɯɨɞɟ 

ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. 

Ɇɨɞɭɥɢ ExportAndInport, IdentificationMethods, INavigationModule, 

NavigationModule, ObjectStructure ɹɜɥɹɸɬɫɹ ɛɢɛɥɢɨɬɟɤɚɦɢ ɤɥɚɫɫɨɜ ɢ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɚɤ ɫɟɪɜɢɫɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɯɪɚɧɟɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɞɚɧɧɵɯ, 

ɪɚɛɨɬɵ ɫ ɮɚɣɥɚɦɢ, ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɨɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ ɩɪɨɱɟɟ. 

Ɇɨɞɭɥɶ NavigationModule ɪɟɚɥɢɡɭɟɬ ɢɧɬɟɪɮɟɣɫ ɢɡ INavigationModule ɢ 

ɨɬɜɟɱɚɟɬ ɡɚ ɧɚɜɢɝɚɰɢɸ (ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɢɧɢɰɢɚɥɢɡɚɰɢɸ UserControls, 

ɞɨɛɚɜɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɪɟɝɢɨɧ, ɦɟɬɨɞ NavigateTo ɢ ɩɪ.). 

Ɇɨɞɭɥɶ ObjectStructure ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɨɛɴɟɤɬɧɭɸ ɫɬɪɭɤɬɭɪɭ ɡɚɞɚɱɢ ɢ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ ɤɥɚɫɫɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜɨ ɜɫɟɯ ɨɫɧɨɜɧɵɯ ɦɨɞɭɥɹɯ. 

ɉɨɞɪɨɛɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɫɬɪɭɤɬɭɪɟ ɞɚɧɧɨɝɨ ɦɨɞɭɥɹ ɧɚɯɨɞɢɬɫɹ ɜ ɩɭɧɤɬɟ 2.3. 

Ɇɨɞɭɥɶ ExportAndInport ɨɬɜɟɱɚɟɬ ɢɦɩɨɪɬ ɢ ɷɤɫɩɨɪɬ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɢ ɜ 

ɮɨɪɦɚɬɟ .xml. 
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Ɇɨɞɭɥɶ IdentificationMethods ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɦɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, 

ɭɧɚɫɥɟɞɨɜɚɧɧɵɟ ɨɬ ɤɥɚɫɫɚ Method, ɚ ɬɚɤɠɟ ɩɚɪɚɦɟɬɪɵ ɦɟɬɨɞɨɜ, ɪɨɞɢɬɟɥɟɦ 

ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɤɥɚɫɫ MethodParameters. 

Ɇɨɞɭɥɶ NotifyPropertyChange ɹɜɥɹɟɬɫɹ ɪɟɫɭɪɫɨɦ ɢ ɪɟɚɥɢɡɭɟɬ ɢɧɬɟɪɮɟɣɫ 

INotifyPropertyChange, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɭɜɟɞɨɦɥɟɧɢɹ ɤɥɢɟɧɬɚ ɨɛ ɢɡɦɟɧɟɧɢɢ 

ɡɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜɚ. 

 
2.3 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɨɛɴɟɤɬɧɨɣ ɚɪɯɢɬɟɤɬɭɪɵ 
 
 
Ʉɥɚɫɫ Task ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɨɛɪɚɠɟɧɢɟ 

ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɜ ɫɢɫɬɟɦɟ. Ⱦɚɧɧɵɣ ɤɥɚɫɫ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɬɚɤɢɟ ɤɚɤ 

ɫɜɨɣɫɬɜɚ ɤɚɤ Object (ɨɛɴɟɤɬ ɬɢɩɚ ɤɥɚɫɫɚ Object), Model (ɨɛɴɟɤɬ ɬɢɩɚ ɤɥɚɫɫɚ 

Model) ɢ Method (ɨɛɴɟɤɬ ɬɢɩɚ ɤɥɚɫɫɚ Method). Ɍɚɤɚɹ ɫɬɪɭɤɬɭɪɚ ɨɛɨɡɧɚɱɚɟɬ, ɱɬɨ ɭ 

ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɢɦɟɟɬɫɹ ɨɛɴɟɤɬ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ 

ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɜɵɛɪɚɧɧɵɦ ɦɟɬɨɞɨɦ ɢɞɟɧɬɢɮɢɤɚɰɢɢ. Ʉɥɚɫɫɵ Object ɢ Model 

ɧɚɫɥɟɞɭɸɬɫɹ ɨɬ ɤɥɚɫɫɚ Equation, ɬɚɤ ɦɵ ɧɚɩɪɹɦɭɸ ɧɚɫɥɟɞɭɟɦ ɫɬɪɭɤɬɭɪɭ ɨɛɴɟɤɬɚ 

ɭ ɦɨɞɟɥɢ. Ⱦɚɧɧɵɣ ɤɥɚɫɫ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɤɚɤ ɫɬɪɨɤɨɜɨɟ, ɬɚɤ ɢ ɤɨɦɩɨɧɟɧɬɧɨɟ 

ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɭɪɚɜɧɟɧɢɹ. Ⱦɥɹ ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɭɪɚɜɧɟɧɢɹ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɥɚɫɫɚ ComponentParameter, ComponentInput, ComponentOutput. 

Ɉɛɴɟɤɬ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɫɜɨɣɫɬɜɨ ɤɥɚɫɫɚ Hindrance. Ⱦɚɧɧɵɣ ɤɥɚɫɫ ɨɬɜɟɱɚɟɬ 

ɡɚ ɝɟɧɟɪɚɰɢɸ ɩɨɦɟɯɢ ɢ ɫɨɞɟɪɠɢɬ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɫɜɨɣɫɬɜɚ ɢ ɩɨɥɹ ɞɥɹ ɞɚɧɧɨɝɨ 

ɦɟɬɨɞɚ. Ɇɨɦɟɧɬɵ ɜɪɟɦɟɧɢ ɹɜɥɹɸɬɫɹ ɨɛɳɢɦ ɫɜɨɣɫɬɜɨɦ ɤɚɤ ɞɥɹ ɨɛɴɟɤɬɚ, ɬɚɤ ɢ ɞɥɹ 

ɦɨɞɟɥɢ. ȼ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɝɟɧɟɪɢɪɭɸɬɫɹ ɜɯɨɞɵ ɨɛɴɟɤɬɚ ɢ ɦɨɞɟɥɢ, 

ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɜɵɯɨɞɵ, ɦɟɧɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ. 

Ʉɥɚɫɫ Method ɹɜɥɹɟɬɫɹ ɪɨɞɢɬɟɥɶɫɤɢɦ ɞɥɹ ɜɫɟɯ ɦɟɬɨɞɨɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, ɚ 

ɤɥɚɫɫ MethodParameters – ɪɨɞɢɬɟɥɶɫɤɢɦ ɞɥɹ ɜɫɟɯ ɤɥɚɫɫɨɜ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɦɟɬɨɞɚ. 

Ʉɥɚɫɫ TaskForReseach ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɫɩɢɫɨɤ ɦɨɞɟɥɟɣ, ɨɛɴɟɤɬ ɢ ɫɩɢɫɨɤ 

ɦɟɬɨɞɨɜ, ɜɵɛɪɚɧɧɵɯ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɢ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ⱦɚɧɧɵɣ ɤɥɚɫɫ ɩɪɟɞɧɚɡɧɚɱɟɧ 

ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɦɟɬɨɞɨɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ.  

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɚ UML ɞɢɚɝɪɚɦɦɚ ɤɥɚɫɫɨɜ [19].
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Ɋɢɫɭɧɨɤ 3 – UML-ɞɢɚɝɪɚɦɦɚ ɤɥɚɫɫɨɜ 
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3 Ɉɩɢɫɚɧɢɟ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɚɥɢɡɚɰɢɢ 

 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɥɨɝɢɱɟɫɤɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ 

ɱɚɫɬɢ. ɉɟɪɜɚɹ ɱɚɫɬɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, ɜɬɨɪɚɹ – 

ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɚɥɝɨɪɢɬɦɨɜ.  

ȼ ɨɛɨɢɯ ɪɟɠɢɦɚɯ ɩɨɥɶɡɨɜɚɬɟɥɸ ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɜɚɬɶ 

ɧɨɜɭɸ ɡɚɞɚɱɭ, ɨɬɤɪɵɜɚɬɶ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɭɸ ɡɚɞɚɱɭ, ɫɨɯɪɚɧɹɬɶ ɨɬɤɪɵɬɭɸ ɢɥɢ 

ɧɨɜɭɸ ɡɚɞɚɱɭ (ɪɢɫɭɧɨɤ 4). 

 

 
Ɋɢɫɭɧɨɤ 4 – Ɉɩɟɪɚɰɢɢ ɪɚɛɨɬɵ ɫ ɡɚɞɚɱɟɣ 

 

Ⱦɚɧɧɵɟ ɨɩɟɪɚɰɢɢ ɯɪɚɧɹɬɫɹ ɜ ɝɥɚɜɧɨɦ ɩɪɨɟɤɬɟ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ 

ɦɟɬɨɞɚɦɢ ɦɨɞɭɥɹ ExportAndImport. Ɇɨɞɭɥɶ ɫ ɩɨɦɨɳɶɸ ɤɥɚɫɫɨɜ OpeningTask ɢ 

SavingTask ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɬɤɪɵɜɚɬɶ ɢ ɫɨɯɪɚɧɹɬɶ ɡɚɞɚɱɢ ɜ ɮɨɪɦɚɬɟ 

.xml (ɪɢɫɭɧɨɤ 5). 

Ɉɩɟɪɚɰɢɹ «ɇɨɜɚɹ ɡɚɞɚɱɚ» ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɡɚɞɚɱɢ ɜɵɛɪɚɧɧɨɝɨ 

ɬɢɩɚ. ɉɪɢ ɜɵɛɨɪɟ ɨɞɧɨɝɨ ɢɡ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 6, 

ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɛɭɞɟɬ ɜɵɛɪɚɧ ɧɭɠɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ. 

ȿɫɥɢ ɩɨɥɶɡɨɜɚɬɟɥɶ ɪɟɲɢɬ ɡɚɤɪɵɬɶ ɩɪɨɝɪɚɦɦɭ, ɧɟ ɫɨɯɪɚɧɢɜ ɡɚɞɚɱɭ, 

ɩɨɹɜɢɬɫɹ ɫɨɨɛɳɟɧɢɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ ɪɢɫɭɧɤɟ 7. 

 



31 
 

 
Ɋɢɫɭɧɨɤ 5 – Ɏɪɚɝɦɟɧɬ ɮɚɣɥɚ ɫɨɯɪɚɧɟɧɧɨɣ ɡɚɞɚɱɢ ɜ ɮɨɪɦɚɬɟ .xml 

 

 
Ɋɢɫɭɧɨɤ 6 – ȼɵɛɨɪ ɬɢɩɚ ɡɚɞɚɱɢ 
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Ɋɢɫɭɧɨɤ 7 – ɉɪɟɞɥɨɠɟɧɢɟ ɫɨɯɪɚɧɢɬɶ ɡɚɞɚɱɭ ɩɟɪɟɞ ɡɚɤɪɵɬɢɟɦ 

 

ȿɫɥɢ ɩɪɢ ɨɬɤɪɵɬɢɢ ɡɚɞɚɱɢ ɩɨɥɶɡɨɜɚɬɟɥɶ ɩɨ ɨɲɢɛɤɟ ɜɵɛɟɪɟɬ ɮɚɣɥ 

ɧɟɩɨɞɯɨɞɹɳɟɝɨ ɮɨɪɦɚɬɚ ɢɥɢ ɠɟ ɮɚɣɥ ɧɭɠɧɨɝɨ ɮɨɪɦɚɬɚ, ɧɨ ɧɟ ɫɨɞɟɪɠɚɳɟɝɨ 

ɡɚɞɚɱɭ, ɩɨɹɜɹɬɫɹ ɫɨɨɛɳɟɧɢɹ ɨɛ ɨɲɢɛɤɟ (ɪɢɫɭɧɤɢ 8 ɢ 9). 

 

 
Ɋɢɫɭɧɨɤ 8 – ɋɨɨɛɳɟɧɢɟ ɜɵɛɨɪɟ ɮɚɣɥɚ ɧɟɩɨɞɯɨɞɹɳɟɝɨ ɮɨɪɦɚɬɚ 

 

 
Ɋɢɫɭɧɨɤ 9 – ɋɨɨɛɳɟɧɢɟ ɨ ɜɵɛɨɪɟ ɮɚɣɥɚ, ɧɟ ɫɨɞɟɪɠɚɳɟɝɨ ɡɚɞɚɱɭ 
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ȿɫɥɢ ɡɚɞɚɱɚ ɛɵɥɚ ɪɚɧɟɟ ɨɬɤɪɵɬɚ, ɬɨ ɨɩɟɪɚɰɢɹ «ɋɨɯɪɚɧɢɬɶ ɡɚɞɚɱɭ» ɫɨɯɪɚɧɢɬ 

ɜɫɟ ɜɧɟɫɟɧɧɵɟ ɢɡɦɟɧɟɧɢɟɦ, ɢɧɚɱɟ ɩɨɥɶɡɨɜɚɬɟɥɸ ɛɭɞɟɬ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ 

ɦɟɫɬɨ ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ (ɪɢɫɭɧɨɤ 10). 

 

 
Ɋɢɫɭɧɨɤ 10 – ȼɵɛɨɪ ɦɟɫɬɚ ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɡɚɞɚɱɢ 

 

Ɂɚɞɚɱɚ ɜ ɮɨɪɦɚɬɟ ɮɚɣɥɚ ɹɜɥɹɟɬɫɹ ɨɬɪɚɠɟɧɢɟɦ ɤɥɚɫɫɚ Task ɢ ɬɚɤɠɟ ɯɪɚɧɢɬ 

ɜ ɫɟɛɟ ɨɛɴɟɤɬ, ɦɨɞɟɥɶ ɢ ɦɟɬɨɞ. 

ɍɞɨɛɫɬɜɨ ɞɚɧɧɵɯ ɨɩɟɪɚɰɢɣ ɨɱɟɜɢɞɧɨ, ɩɨɫɤɨɥɶɤɭ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɟɬ 

ɛɵɬɶ ɜɵɛɪɚɧ ɨɛɴɟɤɬ, ɫɨɞɟɪɠɚɳɢɣ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɦɟɬɪɨɜ. 

ɉɨɥɶɡɨɜɚɬɟɥɸ ɧɟ ɩɪɢɞɟɬɫɹ ɜɜɨɞɢɬɶ ɢɯ ɡɧɚɱɟɧɢɹ ɤɚɠɞɵɣ ɪɚɡ ɩɪɢ ɡɚɩɭɫɤɟ 

ɩɪɨɝɪɚɦɦɵ. 

ɉɪɢ ɡɚɩɭɫɤɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɨɬɤɪɵɜɚɟɬɫɹ ɧɨɜɚɹ ɡɚɞɚɱɚ Task1. ɉɨ 

ɭɦɨɥɱɚɧɢɸ ɛɭɞɟɬ ɡɚɩɭɳɟɧ ɪɟɠɢɦ ɧɚɯɨɠɞɟɧɢɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ. 

ȼ ɧɚɫɬɪɨɣɤɚɯ (ɪɢɫɭɧɤɢ 11 ɢ 12) ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ, ɤɚɤɨɣ ɢɡ ɪɟɠɢɦɨɜ ɛɭɞɟɬ 

ɡɚɩɭɫɤɚɬɶɫɹ ɩɨ ɭɦɨɥɱɚɧɢɸ.  
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Ɋɢɫɭɧɨɤ 11 – ɇɚɫɬɪɨɣɤɢ 

 

 
Ɋɢɫɭɧɨɤ 12 – ȼɵɛɨɪ ɪɟɠɢɦɚ 

 

ɉɪɨɫɦɨɬɪ ɫɩɪɚɜɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɧɚɠɚɬɢɢ ɧɚ «ɋɩɪɚɜɤɚ», ɞɚɥɟɟ 

«ɉɪɨɫɦɨɬɪɟɬɶ ɫɩɪɚɜɤɭ» (ɪɢɫɭɧɨɤ 13). Ȼɭɞɟɬ ɨɬɤɪɵɬ ɞɨɤɭɦɟɧɬ ɫ 

ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɟɣ ɜ ɛɪɚɭɡɟɪɟ (ɪɢɫɭɧɨɤ 14).  

Ⱦɥɹ ɩɪɨɫɦɨɬɪɚ ɫɜɟɞɟɧɢɣ ɨ ɩɪɨɝɪɚɦɦɟ ɧɟɨɛɯɨɞɢɦɨ ɧɚɠɚɬɶ ɧɚ «ɋɩɪɚɜɤɚ», 

ɞɚɥɟɟ «Ɉ ɩɪɨɝɪɚɦɦɟ» (ɪɢɫɭɧɨɤ 15). 

 

 
Ɋɢɫɭɧɨɤ 13 – ɉɪɨɫɦɨɬɪ ɫɩɪɚɜɤɢ 
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Ɋɢɫɭɧɨɤ 14 – ɉɪɨɫɦɨɬɪ ɫɩɪɚɜɤɢ 

 

 
Ɋɢɫɭɧɨɤ 15 – «Ɉ ɩɪɨɝɪɚɦɦɟ» 

 

Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ ɪɟɠɢɦ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, 

ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɜɵɛɪɚɧɧɵɦ ɦɟɬɨɞɨɦ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ. 

ɉɪɢ ɡɚɩɭɫɤɟ ɩɪɨɝɪɚɦɦɵ ɨɬɤɪɵɜɚɟɬɫɹ ɨɤɧɨ, ɜ ɤɨɬɨɪɨɦ ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ 

ɭɪɚɜɧɟɧɢɟ ɨɛɴɟɤɬɚ (ɪɢɫɭɧɨɤ 16) ɢ ɜɵɛɪɚɬɶ ɦɟɬɨɞ ɢɞɟɧɬɢɮɢɤɚɰɢɢ (ɪɢɫɭɧɨɤ 17). 

ȼɤɥɚɞɤɚ ɨɛɴɟɤɬ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ UserControl ɢɡ ɩɪɨɟɤɬɚ InputObject. 
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Ɋɢɫɭɧɨɤ 16 – ȼɤɥɚɞɤɚ ɞɥɹ ɜɜɨɞɚ ɭɪɚɜɧɟɧɢɹ ɨɛɴɟɤɬɚ 

 

 
Ɋɢɫɭɧɨɤ 17 – ȼɤɥɚɞɤɚ ɜɵɛɨɪɚ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 
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ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɢɦɹ ɢ ɨɩɢɫɚɧɢɟ ɨɛɴɟɤɬɚ ɜ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɬɟɤɫɬɨɜɵɟ ɩɨɥɹ (ɪɢɫɭɧɨɤ ɝ). 

Ⱦɚɥɟɟ ɧɭɠɧɨ ɜɵɛɪɚɬɶ ɬɢɩ ɨɛɴɟɤɬɚ – ɫɬɚɬɢɱɟɫɤɢɣ ɢɥɢ ɞɢɧɚɦɢɱɟɫɤɢɣ, ɬɚɤ 

ɤɚɤ ɷɬɨ ɩɨɜɥɢɹɟɬ ɧɚ ɜɜɨɞ ɭɪɚɜɧɟɧɢɹ. ɉɪɢ ɜɜɨɞɟ ɭɪɚɜɧɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ 

ɧɟ ɧɭɠɧɨ ɭɤɚɡɵɜɚɬɶ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ, ɧɚɩɪɢɦɟɪ: 

ݕ  = ܽ + ܾ ∙ sinሺݏ ∙ ሻݑ + ܿ ∙ cos ሺ݀ ∙  ሻ.                                                          (3.1)ݑ

 

Ɉɞɧɚɤɨ ɩɪɢ ɜɜɨɞɟ ɭɪɚɜɧɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ ɩɨɥɶɡɨɜɚɬɟɥɶ ɨɛɹɡɚɧ 

ɭɤɚɡɚɬɶ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ ɭ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ: 

ሻݐሺݕ  = ܽ + ܾ ∙ sin(ݏ ∙ (ሻݐሺݑ + ܿ ∙ cos ሺ݀ ∙ ݐሺݑ − ͳሻሻ.                                      (3.2) 

 

ɉɨ ɭɦɨɥɱɚɧɢɸ ɛɭɞɟɬ ɜɵɛɪɚɧ ɫɬɚɬɢɱɟɫɤɢɣ ɬɢɩ. 

Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɱɟɪɟɡ ɡɚɩɹɬɭɸ ɭɤɚɡɚɬɶ, ɤɚɤɢɦɢ ɛɭɤɜɚɦɢ ɥɚɬɢɧɫɤɨɝɨ 

ɚɥɮɚɜɢɬɚ ɛɭɞɭɬ ɨɛɨɡɧɚɱɟɧɵ ɭɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ. ɉɨ ɭɦɨɥɱɚɧɢɸ «u». 

Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɭɪɚɜɧɟɧɢɟ ɨɛɴɟɤɬɚ ɜ ɩɪɟɞɥɨɠɟɧɧɨɟ ɩɨɥɟ ɜɜɨɞɚ 

(ɪɢɫɭɧɨɤ 18).  

 

 
Ɋɢɫɭɧɨɤ 18 – Ɍɟɤɫɬɨɜɨɟ ɩɨɥɟ ɞɥɹ ɜɜɨɞɚ ɭɪɚɜɧɟɧɢɹ ɨɛɴɟɤɬɚ 

 

Ɍɚɤɠɟ ɞɥɹ ɜɜɨɞɚ ɭɪɚɜɧɟɧɢɹ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɚɧɟɥɶɸ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 19. 
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Ɋɢɫɭɧɨɤ 19 – ɉɚɧɟɥɶ ɞɥɹ ɜɜɨɞɚ ɭɪɚɜɧɟɧɢɹ 

 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɫɢɧɬɚɤɫɢɫɚ ɜɜɟɞɟɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɧɚɠɚɬɶ 

ɤɧɨɩɤɭ «ɉɪɨɜɟɪɢɬɶ». ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚɠɚɬɢɹ ɧɚ ɷɤɪɚɧɟ ɩɨɹɜɢɬɫɹ ɨɞɧɨ ɢɡ ɬɪɟɯ 

ɨɤɨɧ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɚɯ 20, 21, 22. 

 

 
Ɋɢɫɭɧɨɤ 20 – ɋɨɨɛɳɟɧɢɹ ɨ ɧɟɤɨɪɪɟɤɬɧɨɦ ɜɜɨɞɟ 

 

 
Ɋɢɫɭɧɨɤ 21 – ɋɨɨɛɳɟɧɢɹ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɜɯɨɞɨɜ ɜ ɭɪɚɜɧɟɧɢɢ 
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Ɋɢɫɭɧɨɤ 22 – ɋɨɨɛɳɟɧɢɹ ɨɛ ɭɫɩɟɲɧɨɦ ɜɜɨɞɟ 

 

ȿɫɥɢ ɨɲɢɛɨɤ ɧɟ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɛɭɞɟɬ ɡɚɩɨɥɧɟɧ ɫɩɢɫɨɤ ɤɨɦɩɨɧɟɧɬɨɜ 

(ɪɢɫɭɧɨɤ 23). 

 

 
Ɋɢɫɭɧɨɤ 23 – ɋɩɢɫɨɤ ɤɨɦɩɨɧɟɧɬɨɜ 

 

ɉɪɢ ɧɚɠɚɬɢɢ ɧɚ ɤɧɨɩɤɭ «ɍɞɚɥɢɬɶ» ɧɚɩɪɨɬɢɜ ɧɭɠɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɫɩɢɫɤɟ, 

ɜɵɛɪɚɧɧɵɣ ɤɨɦɩɨɧɟɧɬ ɛɭɞɟɬ ɭɞɚɥɟɧ, ɚ ɭɪɚɜɧɟɧɢɟ ɨɛɴɟɤɬɚ ɢɡɦɟɧɟɧɨ. 
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Ⱦɥɹ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɫɩɢɫɤɚ ɤɨɦɩɨɧɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɧɚɠɚɬɶ ɧɚ ɤɧɨɩɤɭ 

«Ɋɟɞɚɤɬɢɪɨɜɚɬɶ», ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɧɚɞ ɫɩɢɫɤɨɦ. 

ȼ ɩɨɹɜɢɜɲɟɦɫɹ ɨɤɧɟ (ɪɢɫɭɧɨɤ 24), ɩɨɥɶɡɨɜɚɬɟɥɸ ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ 

ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɜɚɬɶ ɩɪɨɫɬɵɟ ɤɨɦɩɨɧɟɧɬɵ, ɫɨɜɟɪɲɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 

ɨɩɟɪɚɰɢɢ ɧɚɞ ɞɜɭɦɹ ɜɵɛɪɚɧɧɵɦ ɤɨɦɩɨɧɟɧɬɚɦɢ ɢ ɞɨɛɚɜɥɹɬɶ ɫɨɫɬɚɜɧɵɟ 

ɤɨɦɩɨɧɟɧɬɵ ɜ ɝɨɬɨɜɨɟ ɭɪɚɜɧɟɧɢɟ.  

 

 

Ɋɢɫɭɧɨɤ 24 – ɋɩɢɫɨɤ ɤɨɦɩɨɧɟɧɬɨɜ 

 

ȼ ɩɚɧɟɥɢ ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɥɟɜɨɦ ɜɟɪɯɧɟɦ ɭɝɥɭ ɦɨɠɧɨ ɞɨɛɚɜɢɬɶ ɩɪɨɫɬɵɟ 

ɤɨɦɩɨɧɟɧɬɵ: 

 ɩɚɪɚɦɟɬɪ; 

 ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ; 

 ɜɵɯɨɞ ɜ ɩɪɟɞɵɞɭɳɢɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ (ɟɫɥɢ ɨɛɴɟɤɬ ɞɢɧɚɦɢɱɟɫɤɢɣ). 

Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɬɢɩ ɤɨɦɩɨɧɟɧɬɚ ɜ ɜɵɩɚɞɚɸɳɟɦ ɫɩɢɫɤɟ ɢ 

ɜɜɟɫɬɢ ɢɦɹ ɤɨɦɩɨɧɟɧɬɚ (ɪɢɫɭɧɨɤ 25). 
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Ɋɢɫɭɧɨɤ 25 – ɉɚɧɟɥɶ ɞɨɛɚɜɥɟɧɢɹ ɩɪɨɫɬɟɣɲɢɯ ɤɨɦɩɨɧɟɧɬɨɜ 

 

ȼɫɟ ɫɨɡɞɚɧɧɵɟ ɩɪɨɫɬɟɣɲɢɟ ɤɨɦɩɨɧɟɧɬɵ ɛɭɞɭɬ ɨɬɨɛɪɚɠɟɧɵ ɜ ɫɩɢɫɤɟ, 

ɩɨɤɚɡɚɧɧɨɦ ɧɚ ɪɢɫɭɧɤɟ 26. 

 

 
Ɋɢɫɭɧɨɤ 26 – ɋɩɢɫɨɤ ɩɪɨɫɬɟɣɲɢɯ ɤɨɦɩɨɧɟɧɬɨɜ 

 

Ⱦɥɹ ɞɨɛɚɜɥɟɧɢɹ ɫɨɫɬɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɝɚɥɨɱɤɨɣ ɜɵɛɪɚɬɶ ɞɜɚ 

ɤɨɦɩɨɧɟɧɬɚ ɢɡ ɫɩɢɫɤɨɜ ɫ ɩɪɨɫɬɟɣɲɢɦɢ ɢ ɫɨɫɬɚɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ, ɡɚɬɟɦ ɜ 
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ɩɚɧɟɥɢ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɜɟɪɯɧɟɦ ɩɪɚɜɨɦ ɭɝɥɭ ɜɵɛɪɚɬɶ ɧɭɠɧɭɸ ɨɩɟɪɚɰɢɸ ɢ 

ɧɚɠɚɬɶ ɤɧɨɩɤɭ «Ⱦɨɛɚɜɢɬɶ» (ɪɢɫɭɧɨɤ 27). ȼɫɟ ɫɨɡɞɚɧɧɵɟ ɫɨɫɬɚɜɧɵɟ ɤɨɦɩɨɧɟɧɬɵ 

ɛɭɞɭɬ ɨɬɨɛɪɚɠɟɧɵ ɜ ɫɩɢɫɤɟ, ɩɨɤɚɡɚɧɧɨɦ ɧɚ ɪɢɫɭɧɤɟ 28. 

 

 
Ɋɢɫɭɧɨɤ 27 – Ⱦɨɛɚɜɥɟɧɢɟ ɫɨɫɬɚɜɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 

 

 
Ɋɢɫɭɧɨɤ 28 – ɋɩɢɫɨɤ ɫɨɫɬɚɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 
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Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɞɨɛɚɜɢɬɶ ɤɨɦɩɨɧɟɧɬ ɜ ɫɩɢɫɨɤ ɢɬɨɝɨɜɵɯ ɷɥɟɦɟɧɬɨɜ, 

ɜɯɨɞɹɳɢɯ ɜ ɭɪɚɜɧɟɧɢɟ, ɤɨɬɨɪɨɟ ɨɬɨɛɪɚɠɟɧɨ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɨɤɧɚ, ɧɟɨɛɯɨɞɢɦɨ 

ɧɚɠɚɬɶ ɧɚ ɤɧɨɩɤɭ «ɉɟɪɟɦɟɫɬɢɬɶ» ɧɚɩɪɨɬɢɜ ɧɭɠɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɢɬɨɝɨɜɨɦ ɫɩɢɫɤɟ 

(ɪɢɫɭɧɨɤ 29). ɍɪɚɜɧɟɧɢɟ ɨɛɴɟɤɬɚ ɛɭɞɟɬ ɨɛɧɨɜɥɟɧɨ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɧɨɜɵɯ 

ɷɥɟɦɟɧɬɨɜ. 

 

 

Ɋɢɫɭɧɨɤ 29 – ɉɟɪɟɦɟɳɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɫɩɢɫɨɤ ɢɬɨɝɨɜɵɯ 

 

Ɍɚɤɠɟ ɩɪɟɞɨɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɭɞɚɥɹɬɶ ɷɥɟɦɟɧɬɚ ɢɡ ɬɪɟɯ ɜɵɲɟ 

ɨɩɢɫɚɧɧɵɯ ɫɩɢɫɤɨɜ. ɉɪɢ ɭɞɚɥɟɧɢɢ ɷɥɟɦɟɧɬɨɜ ɢɡ ɫɩɢɫɤɚ ɫ ɢɬɨɝɨɜɵɦɢ 

ɤɨɦɩɨɧɟɧɬɚɦɢ, ɭɪɚɜɧɟɧɢɟ ɨɛɴɟɤɬɚ ɛɭɞɟɬ ɨɛɧɨɜɥɟɧɨ. 

ȼɫɟ ɢɡɦɟɧɟɧɢɹ ɜ ɭɪɚɜɧɟɧɢɢ ɨɛɴɟɤɬɚ ɛɭɞɭɬ ɫɨɯɪɚɧɟɧɵ ɩɪɢ ɧɚɠɚɬɢɢ ɧɚ 

ɤɧɨɩɤɭ «ɋɨɯɪɚɧɢɬɶ». 

Ⱦɥɹ ɜɵɛɨɪɚ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɧɭɠɧɵɣ ɦɟɬɨɞɚ ɜ 

ɜɵɩɚɞɚɸɳɟɦ ɫɩɢɫɤɟ ɜɨ ɜɤɥɚɞɤɟ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 17. ɉɪɢ ɢɡɦɟɧɟɧɢɢ 

ɜɵɛɨɪɚ, ɨɩɢɫɚɧɢɟ ɦɟɬɨɞɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɟ ɧɢɠɟ ɬɚɤɠɟ ɛɭɞɟɬ ɦɟɧɹɬɶɫɹ (ɪɢɫɭɧɨɤ 

30). 
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Ɋɢɫɭɧɨɤ 30 – Ɉɩɢɫɚɧɢɟ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ 

 

Ⱦɥɹ ɨɬɤɪɵɬɢɹ ɨɤɧɚ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ (ɪɢɫɭɧɨɤ 31) ɦɨɞɟɥɢ ɧɟɨɛɯɨɞɢɦɨ 

ɧɚɠɚɬɶ ɧɚ ɤɧɨɩɤɭ «Ⱦɚɥɟɟ». 

Ʉɧɨɩɤɚ, ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɜ ɜɟɪɯɧɟɦ ɩɪɚɜɨɦ ɭɝɥɭ ɩɨɹɜɢɜɲɟɝɨɫɹ ɨɤɧɚ, 

ɩɨɡɜɨɥɹɟɬ ɜɟɪɧɭɬɶɫɹ ɤ ɩɟɪɜɨɦɭ ɨɤɧɭ. 

Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɚ ɢ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɦɨɠɧɨ 

ɜɜɟɫɬɢ ɜ ɩɚɧɟɥɹɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 32. Ƚɚɥɨɱɤɨɣ ɭ ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɚ 

ɧɭɠɧɨ ɨɬɦɟɬɢɬɶ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɧɟ 

ɹɜɥɹɟɬɫɹ ɮɢɤɫɢɪɨɜɚɧɧɵɦ ɢ ɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ. ȿɫɥɢ ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɦɟɬɪɨɜ 

ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɟ, ɤɚɠɞɵɣ ɢɡ ɩɚɪɚɦɟɬɪɨɜ ɦɨɠɧɨ «ɫɜɟɪɧɭɬɶ», ɧɚɠɚɜ ɧɚ 

ɫɬɪɟɥɨɱɤɭ ɪɹɞɨɦ ɫ ɢɦɟɧɟɦ ɩɚɪɚɦɟɬɪɚ. 
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Ɋɢɫɭɧɨɤ 31 – Ɉɤɧɨ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ 

 

 
Ɋɢɫɭɧɨɤ 32 – ɉɚɧɟɥɢ ɞɥɹ ɜɜɨɞɚ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɚ ɢ ɧɚɱɚɥɶɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ 
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Ⱦɥɹ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɧɭɠɧɨ ɧɚɠɚɬɶ ɧɚ ɤɧɨɩɤɭ «Ɋɚɫɫɱɢɬɚɬɶ» ɢ ɩɨɥɹ ɜ 

ɩɚɧɟɥɢ (ɪɢɫɭɧɨɤ 33) ɛɭɞɭɬ ɡɚɩɨɥɧɟɧɵ ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɨɞɟɥɢ. 

 

 
Ɋɢɫɭɧɨɤ 33 – ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ 

 

ɉɚɪɚɦɟɬɪɵ ɦɟɬɨɞɚ ɪɚɡɧɵɟ ɞɥɹ ɤɚɠɞɨɝɨ, ɢɯ ɦɨɠɧɨ ɜɜɟɫɬɢ ɜ ɩɚɧɟɥɢ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 34. 

 

 
Ɋɢɫɭɧɨɤ 34 – ɉɚɪɚɦɟɬɪɵ ɦɟɬɨɞɚ 

 

Ʉ ɜɵɯɨɞɭ ɨɛɴɟɤɬɚ ɬɚɤɠɟ ɦɨɠɧɨ ɞɨɛɚɜɢɬɶ ɩɨɦɟɯɭ, ɪɚɫɩɪɟɞɟɥɟɧɧɭɸ ɩɨ 

ɪɚɜɧɨɦɟɪɧɨɦɭ ɡɚɤɨɧɭ (ɪɢɫɭɧɨɤ 35).  
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Ɋɢɫɭɧɨɤ 35 – ɉɚɪɚɦɟɬɪɵ ɩɨɦɟɯɢ 

 

ɉɪɢ ɪɚɫɱɟɬɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɚ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 36. 

 

 
Ɋɢɫɭɧɨɤ 36 – Ƚɪɚɮɢɤ ɡɧɚɱɟɧɢɣ ɜɵɯɨɞɨɜ ɦɨɞɟɥɢ ɢ ɨɛɴɟɤɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɜɯɨɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 

 

Ⱦɚɧɧɵɣ ɝɪɚɮɢɤ ɩɨɤɚɡɵɜɚɟɬ ɡɧɚɱɟɧɢɹ ɜɵɯɨɞɨɜ ɦɨɞɟɥɢ ɢ ɨɛɴɟɤɬɚ ɜ ɤɚɠɞɵɣ 

ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ (ɟɫɥɢ ɨɛɴɟɤɬ ɞɢɧɚɦɢɱɟɫɤɢɣ) ɢɥɢ ɡɚ ɤɚɠɞɭɸ ɢɬɟɪɚɰɢɸ (ɟɫɥɢ 

ɨɛɴɟɤɬ ɫɬɚɬɢɱɟɫɤɢɣ). 
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Ɍɚɤɠɟ ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɜɵɛɪɚɬɶ ɩɨɫɬɪɨɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 

ɝɪɚɮɢɤɨɜ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɧɚɠɚɬɶ ɤɧɨɩɤɭ «ɇɚɫɬɪɨɣɤɚ ɨɬɨɛɪɚɠɚɟɦɵɯ 

ɝɪɚɮɢɤɨɜ» ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɜ ɜɟɪɯɧɟɣ ɩɪɚɜɨɣ ɱɚɫɬɢ ɨɤɧɚ. 

ȼ ɩɨɹɜɢɜɲɟɦɫɹ ɨɤɧɟ (ɪɢɫɭɧɨɤ 37) ɨɬɦɟɬɢɬɶ ɝɚɥɨɱɤɨɣ ɧɟɨɛɯɨɞɢɦɵɟ 

ɝɪɚɮɢɤɢ. Ƚɪɚɮɢɤ «ܫ» ɩɨɤɚɡɵɜɚɟɬ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ ܫ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 

(ɟɫɥɢ ɨɛɴɟɤɬ ɞɢɧɚɦɢɱɟɫɤɢɣ) ɢɥɢ ɡɚ ɤɚɠɞɭɸ ɢɬɟɪɚɰɢɸ (ɟɫɥɢ ɨɛɴɟɤɬ ɫɬɚɬɢɱɟɫɤɢɣ). 

Ⱦɥɹ ɝɪɚɮɢɤɚ «ɋɪɟɡɵ» ɧɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɜɵɛɪɚɬɶ ɩɟɪɟɦɟɧɧɵɟ, ɩɨ ɤɨɬɨɪɵɦ 

ɛɭɞɭɬ ɨɬɨɛɪɚɠɟɧɵ ɫɪɟɡɵ [20].  

 

 
Ɋɢɫɭɧɨɤ 37 – Ɉɤɧɨ ɜɵɛɨɪɚ ɝɪɚɮɢɤɨɜ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 

 

ȼɨ ɜɬɨɪɨɦ ɪɟɠɢɦɟ ɩɪɨɝɪɚɦɦɵ ɭɪɚɜɧɟɧɢɟ ɨɛɴɟɤɬɚ ɜɜɨɞɢɬɫɹ ɬɚɤɠɟ, ɤɚɤ ɢ ɜ 

ɩɟɪɜɨɦ, ɨɞɧɚɤɨ ɜɤɥɚɞɤɚ «Ɇɟɬɨɞ» ɡɚɦɟɧɹɟɬɫɹ ɧɚ «Ɇɟɬɨɞɵ» (ɪɢɫɭɧɨɤ 38). 

ɉɨɥɶɡɨɜɚɬɟɥɶ ɞɨɥɠɟɧ ɨɬɦɟɬɢɬɶ ɝɚɥɨɱɤɨɣ ɞɜɚ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢɡ 

ɫɩɢɫɤɚ, ɤɨɬɨɪɵɟ ɩɨɥɶɡɨɜɚɬɟɥɶ ɯɨɬɟɥ ɛɵ ɫɪɚɜɧɢɬɶ ɢ ɢɫɫɥɟɞɨɜɚɬɶ. 

ȿɫɥɢ ɩɪɢ ɧɚɠɚɬɢɢ ɧɚ ɤɧɨɩɤɭ «Ⱦɚɥɟɟ» ɛɭɞɟɬ ɜɵɛɪɚɧ ɬɨɥɶɤɨ ɨɞɢɧ ɦɟɬɨɞ, 

ɛɭɞɟɬ ɜɵɜɟɞɟɧɨ ɫɨɨɛɳɟɧɢɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ ɪɢɫɭɧɤɟ 39. 

 

 



49 
 

 
Ɋɢɫɭɧɨɤ 38 – ȼɵɛɨɪ ɦɟɬɨɞɨɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

 

 
Ɋɢɫɭɧɨɤ 39 – ɋɨɨɛɳɟɧɢɟ ɨ ɧɟɩɪɚɜɢɥɶɧɨɦ ɜɵɛɨɪɟ ɦɟɬɨɞɨɜ 

 

ȼɬɨɪɨɟ ɨɤɧɨ ɛɨɥɶɲɨɣ ɱɚɫɬɶɸ ɮɭɧɤɰɢɨɧɚɥɚ ɫɨɜɩɚɞɚɟɬ ɫ ɨɤɧɨɦ ɢɡ ɩɟɪɜɨɝɨ 

ɪɟɠɢɦɚ, ɨɞɧɚɤɨ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɢɞɟɬ ɫ ɩɨɦɨɳɶɸ ɤɚɠɞɨɝɨ ɜɵɛɪɚɧɧɨɝɨ ɪɚɧɟɟ 

ɦɟɬɨɞɚ. Ⱦɥɹ ɜɜɨɞɚ ɩɚɪɚɦɟɬɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɧɭɠɧɵɣ ɦɟɬɨɞ ɢɡ 

ɜɵɩɚɞɚɸɳɟɝɨ ɫɩɢɫɤɚ (ɪɢɫɭɧɨɤ 40).  

 

 

Ɋɢɫɭɧɨɤ 40 – ȼɵɛɨɪ ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɞɥɹ ɜɜɨɞɚ ɩɚɪɚɦɟɬɪɨɜ 
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4 Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɧɟɫɤɨɥɶɤɨ ɫɥɭɱɚɟɜ ɩɨɞɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɞɢɫɤɪɟɬɧɵɯ 

ɦɨɞɟɥɟɣ. ȼ ɤɚɠɞɨɦ ɢɡ ɧɢɯ ɦɨɞɟɥɶ ɢɦɟɟɬ ɬɭ ɠɟ ɫɬɪɭɤɬɭɪɭ, ɱɬɨ ɢ ɨɛɴɟɤɬ, ɜɯɨɞɧɵɦ 

ɩɪɨɰɟɫɫɨɦ ɹɜɥɹɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɥɭɱɚɣɧɵɯ 

ɱɢɫɟɥ, ɢɦɟɸɳɢɯ ɧɭɥɟɜɨɟ ɫɪɟɞɧɟɟ ɢ ɥɟɠɚɳɢɯ ɜ ɩɪɟɞɟɥɚɯ ɨɬ -1 ɞɨ +1. Ɉɛɴɟɦ 

ɜɵɛɨɪɤɢ 𝑁 =  ͳͲͲ. 

ɉɭɫɬɶ ɭɪɚɜɧɟɧɢɟ ɦɨɞɟɥɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɤɚɤ: 

ሻݐሺݕ  = ଴ߙ + ଵߙ ∙ ሻݐሺݑ + ଶߙ ∙  ሻ                                                                                   (4.1)ݐଶሺݑ

 

ɝɞɟ ܽ, ܾ, ܿ – ɢɫɤɨɦɵɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ; 

 .ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ – ݑ   

Ɉɛɴɟɦ ɜɵɛɨɪɤɢ ɞɥɹ ɪɚɫɱɟɬɚ ɨɰɟɧɨɤ ɮɭɧɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ݊ ɜɡɹɬ ɤɚɤ ݉, ݉ + ͳͲ, ݉ + ͵Ͳ. 

ȼ ɬɚɛɥɢɰɚɯ 2–7 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɩɩɪɨɤɫɢɦɚɰɢɣ Ɏɑ ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ݊ ɢ ߙߜ଴. 

Ɍɚɛɥɢɰɚ 1 ɫɨɞɟɪɠɢɬ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ.   

 

Ɍɚɛɥɢɰɚ 1 – ɆɉɅ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 1,205 1,789 1,992 1,999 2 2 ߙଵ 1 0,529 0,096 0,0505 0,05 0,05 0,05 ߙଶ 1 0,0447 -0,916 -1,383 -1,399 -1,4 -1,4 3,729 0,0029 42,426 ܬe-08 4,575e-15 6,078e-24 3,25e-27  

 

Ɍɚɛɥɢɰɚ 2 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = Ͳ.ͳ, ݊ = ݉ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 1,99962 1,999 1,999 2 2 2 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2 ߙଵ 1 0,05003 0,04999 0,04999 0,05 0,05 0,05 ߙଶ 1 -1,39911 -1,3999 -1,3999 -1,3999 -1,4 -1,4 7,792 ܬe-06 1,104e-14 1,678e-25 3,52e-27 8,678e-28 4,946e-28  

 

Ɍɚɛɥɢɰɚ 3 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = Ͳ.ͳ, ݊ = ݉ + ͳͲ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 1,9996 1,999 1,999 2 2 2 ߙଵ 1 0,05003 0,04999 0,04999 0,04999 0,04999 0,05 ߙଶ 1 -1,39918 -1,3999 -1,3999 -1,4 -1,4 -1,4 7,701 ܬe-06 9,687e-15 1,318e-25 3,423e-27 7,911e-28 5,99e-28  

 

Ɍɚɛɥɢɰɚ 4 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = Ͳ.ͳ, ݊ = ݉ + ͵Ͳ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 1,9996 1,999 1,999 2 2 2 ߙଵ 1 0,05006 0,04999 0,04999 0,05 0,05 0,05 ߙଶ 1 -1,39906 -1,3999 -1,3999 -1,3999 -1,4 -1,4 9,365 ܬe-06 1,533e-14 2,64e-25 3,235e-27 1,129e-27 2,986e-28  

 

Ɍɚɛɥɢɰɚ 5 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = ͳ.ͳ, ݊ = ݉ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 1,99963 1,999 1,999 2 2 2 ߙଵ 1 0,050013 0,05 0,05 0,05 0,05 0,05 ߙଶ 1 -1,39911 -1,3999 -1,3999 -1,3999 -1,4 -1,4 7,548 ܬe-06 1,104e-15 3,316e-25 2,782e-27 6,66e-27 7,581e-27  

 

Ɍɚɛɥɢɰɚ 6 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = ͳ.ͳ, ݊ = ݉ + ͳͲ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 1,9996 1,999 1,999 2 2 2 ߙଵ 1 0,05001 0,05 0,05 0,05 0,05 0,05 ߙଶ 1 -1,3991 -1,3999 -1,3999 -1,4 -1,4 -1,4 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6 7,986 ܬe-06 4,499e-15 3,282e-25 3,423e-27 4,867e-28 3,858e-28  

 

Ɍɚɛɥɢɰɚ 7 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = ͳ.ͳ, ݊ = ݉ + ͵Ͳ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 1,9995 1,999 1,999 2 2 2 ߙଵ 1 0,05006 0,04999 0,04999 0,05 0,05 0,05 ߙଶ 1 -1,39906 -1,3999 -1,3999 -1,3999 -1,4 -1,4 7,712 ܬe-06 9,472e-14 1,122e-25 3,641e-27 5,738e-27 2,99e-28  

 

Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ ݊ =  ݉ + ͷͲ ɢ ݊ =  ݉ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ ߙߜ଴ = ሺͳ.ͳ,… . , ͳ.ͳሻ ɢ ߙߜ଴ = ሺͳͲ.ͳ,… . , ͳͲ.ͳሻ. ɍɪɚɜɧɟɧɢɟ ɦɨɞɟɥɢ ɡɚɩɢɫɵɜɚɟɬɫɹ 

ɤɚɤ: 

ሻݐሺݕ  = ଴ߙ +  ଵ௨ሺ௧ሻ                                                                                                   (4.2)ߙ

 

ɝɞɟ ܽ, ܾ – ɢɫɤɨɦɵɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ; 

 .ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ – ݑ 

ɂɫɯɨɞɹ ɢɡ ɡɧɚɱɟɧɢɣ ɤɪɢɬɟɪɢɹ ܬ ɜ ɬɚɛɥɢɰɚɯ 8–10  ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɭɥɭɱɲɢɬɶ ɫɤɨɪɨɫɬɶ ɫɯɨɠɞɟɧɢɹ ɚɥɝɨɪɢɬɦɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɩɚɪɚɦɟɬɪɚ ߙߜ଴ ɭɜɟɥɢɱɢɜɚɬɶ ɩɚɪɚɦɟɬɪ ݊ . ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɱɟɦ 

ɛɨɥɶɲɟ ߙߜ଴, ɬɟɦ ɛɨɥɶɲɟ ɪɚɡɦɟɪɵ ɝɢɩɟɪɩɪɹɦɨɭɝɨɥɶɧɨɣ ɨɛɥɚɫɬɢ, ɩɨ ɬɨɱɤɚɦ 

ɤɨɬɨɪɨɣ ɦɵ ɨɰɟɧɢɜɚɟɦ ɦɚɬɪɢɰɭ ɮɭɧɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ   ɧɚ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ ݈. 
 

Ɍɚɛɥɢɰɚ 8 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = ͳͲ.ͳ, ݊ = ݉ + ͳͲ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 5,6314 5,0251 5,00003 4,9999 5 5 ߙଵ 1 3,4285 5,8003 5,9994 6 6 6 1,991 0,213 34,637 ܬe-06 3,26e-13 1,511e-19 9,037e-27  
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Ɍɚɛɥɢɰɚ 9 – ɆɉɅ Ⱥɋ, ߙߜ଴ = ͳͲ.ͳ, ݊ = ݉ + ͷͲ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 5,527 5,0315 5,0001 5 5 5 ߙଵ 1 3,246 5,6918 5,9979 6 6 6 9,812 258?0 25,025 ܬ e-06 7,931e-12 1,629e-17 3,624 e-27  

 

Ɍɚɛɥɢɰɚ 10 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = Ͳ.ͳ, ݊ = ݉ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 5,7048 5,025 5,00002 5 5 5 ߙଵ 1 3,3709 5,812 5,999 6 6 6 1,461 0,262 40,14 ܬe-06 2,689e-12 1,839e-19 4,506e-26  

 

Ɋɚɫɫɦɨɬɪɢɦ ɦɨɞɟɥɶ, ɨɩɢɫɵɜɚɟɦɭɸ ɭɪɚɜɧɟɧɢɟɦ: 

ሻݐሺݕ  = ଴ߙ + ଵߙ ∙ sinሺݓ ∙ ሻሻݐሺݑ + ଶߙ ∙ cos ሺݍ ∙  ሻሻ                                              (4.3)ݐሺݑ

 

ɝɞɟ ܽ, ܾ, ܿ – ɢɫɤɨɦɵɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ; ݍ ,ݓ – ɮɢɤɫɢɪɨɜɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ; ݑ – ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ. 

ɂɫɬɢɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ܽ = −ͷ, ܾ = Ͳ,ͲͲͳ, ܿ = Ͷ.ʹ, ݓ = −ͳ, ݍ =Ͳ.ͷ. ȼ ɬɚɛɥɢɰɚɯ 11–12 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɩɩɪɨɤɫɢɦɚɰɢɣ Ɏɑ ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ݊ ɢ ߙߜ଴. 

Ɍɚɛɥɢɰɚ 11 ɫɨɞɟɪɠɢɬ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. ɂɫɯɨɞɹ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ 

ɪɚɫɱɟɬɚ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɚɥɝɨɪɢɬɦ ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɚɩɩɪɨɤɫɢɦɚɰɢɣ Ɏɑ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɫɤɨɪɨɫɬɶ ɫɯɨɞɢɦɨɫɬɢ. 

 

Ɍɚɛɥɢɰɚ 11 – ɆɉɅ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 2,6692 3,482 3,4871 3,0305 3 3 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 11 ߙଵ 1 0,0918 0,0066 0,0075 0,0099 0,001 0,001 ߙଶ 1 3,6049 3,6911 3,9161 4,1681 4,19999 4.2 2,295 0,00017 0,0117 0,0376 293,6 ܬe-08 3,655e-14  

 

Ɍɚɛɥɢɰɚ 12 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = Ͳ.ͳ, ݊ = ݉+10 ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 3,0631 3,00084 3 3 3 3 ߙଵ 1 0,00941 0,00998 0,0099 0,001 0,001 0,001 ߙଶ 1 4,1338 4,19911 4,19999 4,19999 4.2 4.2 1,055 0,0006 ܬe-07 1,936e-13 3,56e-21 3,81e-27 2,146e-27  

 

Ɍɚɛɥɢɰɚ 13 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = Ͳ.ͳ, ݊ = ݉ + ͵Ͳ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 3,058 3,0007 1,999 3 3 3 ߙଵ 1 0,00991 0,009997 0,00999 0,001 0,001 0,001 ߙଶ 1 4,139 4,1993 4,1999 4.2 4.2 4.2 8,155 0,0006 ܬe-08 1,24e-13 1,899e-21 3,837e-27 3,301e-27  

 

Ɍɚɛɥɢɰɚ 14 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = Ͳ.ͳ, ݊ = ݉ + ͷͲ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 3,0748 3,0011 3 3 3 3 ߙଵ 1 0,0098 0,009995 0,0099 0,0099 0,001 0,001 ߙଶ 1 4,1219 4,1988 4,1999 4,199 4,199 4.2 1,761 0,0006 ܬe-07 4,607e-13 1,209e-20 3,842e-27 3,284e-27  

 

Ɍɚɛɥɢɰɚ 15 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = ͵.ͳ, ݊ = ݉ + ͵Ͳ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 3,0575 3,0007 3 3 3 3 ߙଵ 1 0,01008 0,00999 0,0099 0,001 0,001 0,001 ߙଶ 1 4,199 4,199 4.2 4.2 4.2 4.2 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 15 7,939 0,0006 ܬe-08 1,181e-13 1,622e-21 3,992e-27 3,741e-27  

 

Ɍɚɛɥɢɰɚ 16 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = ͵.ͳ, ݊ = ݉ + 7Ͳ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 3,058 3,0007 3 3 3 3 ߙଵ 1 0,01024 0,01 0,01 0,01 0,01 0,01 ߙଶ 1 4,138 4,1992 4.2 4.2 4.2 4.2 8,255 0,0006 ܬe-08 1,251e-13 1,9e-21 3,67e-27 7,205e-28  

 

Ɋɚɫɫɦɨɬɪɢɦ ɦɨɞɟɥɶ, ɢɦɟɸɳɭɸ ɧɟɫɤɨɥɶɤɨ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ: 

ሻݐሺݕ  = ଴ߙ + ଵߙ ∙ ሻݐଵሺݑ + ଶߙ ∙ ݁௨మሺ௧ሻ                                                                                (4.4) 

 

ɝɞɟ ܽ, ܾ, ܿ – ɢɫɤɨɦɵɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ; 

,ଵݑ   .ଶ – ɭɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹݑ

Ⱦɚɠɟ ɩɪɢ ɧɟɛɨɥɶɲɨɦ ɡɧɚɱɟɧɢɢ ɩɚɪɚɦɟɬɪɚ ߙߜ଴ = Ͳ.ͳ ɚɥɝɨɪɢɬɦ ɩɨɤɚɡɵɜɚɟɬ 

ɜɵɫɨɤɭɸ ɫɤɨɪɨɫɬɶ ɫɯɨɞɢɦɨɫɬɢ (ɬɚɛɥɢɰɵ 17–20). 

 

Ɍɚɛɥɢɰɚ 17 – ɆɉɅ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 0,1529 0,2814 0,0413 0,338 0,3999 0,4 ߙଵ 1 1,0725 1,3684 1,6675 2,039 2,0999 2,1 ߙଶ 1 0,4228 0,1095 -0,1304 -0,448 -0,4999 -0,5 1,524 0,005 0,299 1,019 73,67 ܬe-06 1,079e-19  

 

Ɍɚɛɥɢɰɚ 18 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = Ͳ.ͳ, ݊ = ݉ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 0,3929 0,3999 0,3999 0,3999 0,3999 0,4 ߙଵ 1 2,093 2,0999 2,0999 2,0999 2,1 2,1 ߙଶ 1 -0,4938 -0,4999 -0,4999 -0,4999 -0,5 -0,5 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 18 1,226 0,00014 ܬe-10 1,079e-18 2,144e-27 1,888e-27 1,733e-27  

 

Ɍɚɛɥɢɰɚ 19 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = Ͳ.ͳ, ݊ = ݉ + ͳͲ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 0,39595 0,3999 0,3999 0,4 0,4 0,4 ߙଵ 1 2,0958 2,0999 2,0999 2,1 2,1 2,1 ߙଶ 1 -0,4962 -0,4999 -0,4999 -0,4999 -0,5 -0,5 7,95 ܬe-05 2,254e-11 8,345e-20 1,592e-27 1,124e-27 5,186e-28  

 

Ɍɚɛɥɢɰɚ 20 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = Ͳ.ͳ, ݊ = ݉ + ͵Ͳ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 0,3951 0,3999 0,3999 0,4 0,4 0,4 ߙଵ 1 2,0951 2,099 2,099 2,1 2,1 2,1 ߙଶ 1 -0,4955 -0,4999 -0,4999 -0,5 -0,5 -0,5 9,365 ܬe-06 1,533e-14 2,64e-25 3,235e-27 1,129e-27 2,986e-28  

 

ɋɪɚɜɧɢɦ ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɥɢɧɟɚɪɢɡɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɨɱɧɵɯ 

ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɢɯ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɧɚ ɩɪɢɦɟɪɟ 

ɩɨɞɫɬɪɨɣɤɢ ɧɟɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɞɧɨɦɟɪɧɨɣ ɦɨɞɟɥɢ Ƚɚɦɦɟɪɲɬɟɣɧɚ: 

ሻݐሺݕ  = ∑ ݐሺݕ௜ߙ − ݅ሻ௠ഀ௜=ଵ + ∑ ݐሺݖ௜ߚ − ݅ሻ,௠ഁ௜=଴ ଴ߚ = ͳ, ݐ ∈ Ͳ,𝑁̅̅ ̅̅ ሻݐሺݖ  ,̅ = ∑ ௠𝑣௝=ଵ(ሻݐሺݑ)௝𝜑௝ݒ ,                                                                                       (4.5) 

 

ɝɞɟ ߙ௜, ߚ௜, ݒ௝ – ɢɫɤɨɦɵɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ; 

ݐሺݕ       − ݅ሻ – ɡɧɚɱɟɧɢɟ ɜɵɯɨɞɚ ɦɨɞɟɥɢ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ݐ − ݅; 
      {𝜑௝ሺ∙ሻ} – ɫɢɫɬɟɦɚ ɢɡɜɟɫɬɧɵɯ ɮɭɧɤɰɢɣ. 

 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ: 
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𝜑௝ሺݑሻ =  ௝.                                                                                                      (4.6)ݑ

 

ȼ ɬɚɛɥɢɰɚɯ 22–30 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ 

ɦɨɞɟɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɩɩɪɨɤɫɢɦɚɰɢɣ Ɏɑ ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ݊ ɢ ߙߜ଴. Ɍɚɛɥɢɰɚ 21 ɫɨɞɟɪɠɢɬ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. ɂɫɯɨɞɹ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ 

ɪɚɫɱɟɬɚ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɚɥɝɨɪɢɬɦ ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɚɩɩɪɨɤɫɢɦɚɰɢɣ Ɏɑ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɫɤɨɪɨɫɬɶ ɫɯɨɞɢɦɨɫɬɢ ɜɧɟ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɥɨɠɧɨɫɬɢ ɫɬɪɭɤɬɭɪɵ ɦɨɞɟɥɢ. 

 

Ɍɚɛɥɢɰɚ 21 – ɆɉɅ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 -0.5505 -0.5123 -0.4983 -0.5000 -0.5000 -0,5 ߙଵ 1 -0.3473 -0.3647 -0.3495 -0.3500 -0.3500 -0,35 ߙଶ 1 0.6097 0.5857 0.6003 0.6000 0.6000 0,6 ߙଷ 1 0.0572 0.0019 -0.0009 0.0010 0.0010 0,001 ߚଵ 1 2,9260 2,9875 2,7991 2,7995 2,80000 2,8 ߚଶ 1 0,68033 1,6957 1,4931 1,4996 1,5000 1,5 ߚଷ 1 1,1364 -0,1519 -0,5458 -0,4996 -0,5000 -0,5 ݒଵ 1 -2,0377 -0,9921 -1,0121 -0,9999 -1 -1 ݒଶ 1 0,2452 -0,0303 0,07825 0,1003 0,09999 0,1 ݒଷ 1 0,3216 0,24903 0,2136 0,1997 0,20000 0,2 ݒସ 1 1,6060 2,2127 2,487 2,5003 2,5000 2,5 7,50 0,0001 0,902 8,5307 ܬ e-07 5,698e-15 5,034e-25  

 

Ɍɚɛɥɢɰɚ 22 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = Ͳ.ͳ, ݊ = ݉ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 -0.5591 -0.5288 -0.4938 -0.4996 -0.4999 -0,5 ߙଵ 1 -0.3631 -0.3734 -0.3509 -0.3502 -0.3502 -0,35 ߙଶ 1 0.5951 0.5765 0.5982 0.5997 0.5997 0,6 ߙଷ 1 0.0516 0.0107 0.0073 0.0002 0.0006 0,001 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 22 ߚଵ 1 2,7896 2,832 2,7952 2,799 2,799 2,8 ߚଶ 1 1,393 1,476 1,492 1,498 1,499 1,5 ߚଷ 1 -0,667 -0,571 -0,515 -0,505 -0,501 -0,5 ݒଵ 1 -1,0846 -1,0068 -1,0046 -1,0012 -1,0004 -1 ݒଶ 1 0,2968 0,1074 0,1001 0,1002 0,1000 0,1 ݒଷ 1 0,0781  0,2009 0,1992 0,1998 0,2 ݒସ 1 2,6640 2,5111 2,5074 2,5016 2,5006 2,5 3,677 0,0004 8,5307 ܬe-05 2,846e-06 1,892e-07 3,708e-09  

 

Ɍɚɛɥɢɰɚ 23 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = Ͳ.ͳ, ݊ = ݉ + ͳͲ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 -0.5574 -0.5136 -0.4977 -0.5000 -0.5000 -0,5 ߙଵ 1 -0.3531 -0.3638 -0.3495 -0.3500 -0.3500 -0,35 ߙଶ 1 0.6050 0.5871 0.6003 0.6000 0.6000 0,6 ߙଷ 1 0.0592 0.0040 0.0014 0.0010 0.0010 0,001 ߚଵ 1 2,9438 2,7937 2,8001 2,7999 2,8000 2,8 ߚଶ 1 1,5656 1,4955 1,5002 1,4999 1,500 1,5 ߚଷ 1 -0,4724 -0,5054 -0,49992 -0,4999 -0,500 -0,5 ݒଵ 1 1,1564 -1,0008 -1,0003 -0,999 -1,000 -1 ݒଶ 1 0,1807 0,0977 0,1005 0,0999 0,1000 0,1 ݒଷ 1 0,1462 0,1959 0,1999 0,1999 0,2000 0,2 ݒସ 1 2,3584 2,5028 2,4997 2,4999 2,5000 2,5 2,678 0,0238 ܬe-06 5,627e-08 1,743e-11 7,743e-14 1,347e-17  

 

Ɍɚɛɥɢɰɚ 24 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = Ͳ.ͳ, ݊ = ݉ + ͵Ͳ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 1 -0.5671 -0.5136 -0.4978 -0.5000 -0,5 ߙଵ 1 1 -0.4541 -0.3638 -0.3495 -0.3500 -0,35 ߙଶ 1 1 0.7180 0.5871 0.6005 0.6000 0,6 ߙଷ 1 1 0.0683 0.0052 0.0013 0.0010 0,001 ߚଵ 1 2,6814 2,7625 2,7986 2,7999 2,7999 2,8 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 24 ߚଶ 1 1,3099 1,4665 1,5049 1,5003 1,5000 1,5 ߚଷ 1 -1,1223 -0,4387 -0,4989 -0,4999 -0,4999 -0,5 ݒଵ 1 -1,0473 -0,9847 -1,0003 -1 -1 -1 ݒଶ 1 -0,1609 0,1245 0,1004 0,1 0,1 0,1 ݒଷ 1 0,1727 0,1885 0,2005 0,2 0,2 0,2 ݒସ 1 2,5046 2,5054 2,5003 2,5 2,5 2,5 2,124 0,0015 0,0543 ܬe-07 1,921e-10 5,605e-13 1,058e-15  

 

Ɍɚɛɥɢɰɚ 25 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = ͳ.ͳ, ݊ = ݉ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 -0.5407 -0.5462 -0.5299 -0.5338 -0.5286 -0,5 ߙଵ 1 -0.3423 -0.3759 -0.3791 -0.3645 -0.3601 -0,35 ߙଶ 1 0.6177 0.5878 0.5804 0.5931 0.5961 0,6 ߙଷ 1 0.0559 0.0279 0.0049 0.0245 0.0224 0,001 ߚଵ 1 2,4310 2,8027 2,8334 2,8213 2,8249 2,8 ߚଶ 1 1,2753 1,3969 1,5140 1,5125 1,5124 1,5 ߚଷ 1 -0,4263 -0,4734 -0,4874 -0,4868 -0,4868 -0,5 ݒଵ 1 -1,2464 -0,9995 -1,0065 -0,9896 -0,9899 -1 ݒଶ 1 0,2669 0,1594 0,1168 0,1004 0,1044 0,1 ݒଷ 1 0,2035 0,2106 0,1855 0,1854 0,1846 0,2 ݒସ 1 2,5513 2,4647 2,4647 2,4756 2,4732 2,5 0,0003 0,0003 0,0003 0,0005 0,0032 0,0287 ܬ  

 

Ɍɚɛɥɢɰɚ 26 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = ͳ.ͳ, ݊ = ݉ + ͳͲ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 -0.5622 -0.5143 -0.4981 -0.4999 -0.4999 -0,5 ߙଵ 1 -0.3620 -0.3529 -0.3501 -0.3500 -0.3500 -0,35 ߙଶ 1 0.6008 0.5982 0.5999 0.5999 0.6000 0,6 ߙଷ 1 0.0606 0.0125 -0.0007 0.0008 0.0009 0,001 ߚଵ 1 2,7190 2,6573 2,7833 2,7990 2,8 2,8 ߚଶ 1 1,4390 1,4893 1,5100 1,5030 1,4998 1,5 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 26 ߚଷ 1 -0,1316 -0,4026 -0,4969 -0,5 -0,5 -0,5 ݒଵ 1 -0,8162 -0,9798 -1,0069 -1 -1 -1 ݒଶ 1 -0,0278 0,1437 0,0997 0,0996 0,1 0,1 ݒଷ 1 0,4727 0,3321 0,2320 0,2018 0,2 0,2 ݒସ 1 2,6048 2,5049 2,5049 2,5006 2,4999 2,5 4,984 0,0015 0,0221 0,2081 ܬe-06 8,688e-09 3,126e-08  

 

Ɍɚɛɥɢɰɚ 27 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = ͳ.ͳ, ݊ = ݉ + ͵Ͳ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 -0.5923 -0.6422 -0.5720 -0.5246 -0.5484 -0,5 ߙଵ 1 -0.3386 -0.3396 -0.3932 -0.3872 -0.3854 -0,35 ߙଶ 1 0.6340 0.6296 0.5725 0.5694 0.5743 0,6 ߙଷ 1 0.1196 0.1625 0.0401 -0.0118 0.0166 0,001 ߚଵ 1 2,2722 2,3651 2,4017 2,6488 2,6706 2,8 ߚଶ 1 1,2837 1,3518 1,2555 1,3653 1,3908 1,5 ߚଷ 1 -0,2760 -0,4611 -0,4269 -0,4269 -0,4286 -0,5 ݒଵ 1 -1,4581 -1,0984 -1,1389 -1,0270 -1,0273 -1 ݒଶ 1 -0,0729 0,2286 0,1088 0,1286 0,1063 0,1 ݒଷ 1 0,1640 0,2266 0,2291 0,2388 0,2125 0,2 ݒସ 1 2,4591 2,8219 2,8233 2,5686 2,5762 2,5 0,0076 0,0076 0,0073 0,0151 0,0294 0,5872 ܬ  

 

Ɍɚɛɥɢɰɚ 28 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = ͵.ͳ, ݊ = ݉ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 -0.5035 -0.5072 -0.5000 -0.4999 -0.4999 -0,5 ߙଵ 1 -0.3386 -0.3549 -0.3500 -0.3499 -0.3500 -0,35 ߙଶ 1 0.6121 0.5969 0.6000 0.6000 0.6000 0,6 ߙଷ 1 0.0186 0.0041 0.0010 0.0009 0.0009 0,001 ߚଵ 1 3,3003 3,1719 2,7662 2,7967 2,8063 2,8 ߚଶ 1 3,4290 2,6667 2,0089 1,0790 1,4954 1,5 ߚଷ 1 -0,3149 -0,4278 -0,4922 -0,4998 -0,4996 -0,5 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 28 ݒଵ 1 -2,0792 -0,9778 -0,9635 -0,9956 -1,0004 -1 ݒଶ 1 0,0607 0,1165 0,1201 0,1062 0,0990 0,1 ݒଷ 1 0,1212 0,1739 0,1864 0,2008 0,1995 0,2 ݒସ 1 2,9350 2,2141 2,4599 2,4950 2,5007 2,5 1,962 0,0010 0,0064 0,2113 ܬe-06 1,661e-07 1,712e-07  

 

Ɍɚɛɥɢɰɚ 29 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = ͵.ͳ, ݊ = ݉ + ͳͲ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 -0.6015 -0.5923 -0.5084 -0.5034 -0.5034 -0,5 ߙଵ 1 -0.3900 -0.3561 -0.3488 -0.3496 -0.3498 -0,35 ߙଶ 1 0.5639 0.6136 0.6037 0.6013 0.6011 0,6 ߙଷ 1 0.0674 0.1020 0.0127 0.0055 0.0054 0,001 ߚଵ 1 3,2770 2,2375 2,7408 2,7774 2,7813 2,8 ߚଶ 1 0,9776 1,2941 1,4792 1,5237 1,5049 1,5 ߚଷ 1 -0,7512 -0,5375 -0,5489 -0,5054 -0,4944 -0,5 ݒଵ 1 -1,0896 -1,1254 -1,0013 -0,9821 -0,9969 -1 ݒଶ 1 -0,0844 -0,1216 0,0704 0,0953 0,10608 0,1 ݒଷ 1 -0,0614 0,3492 0,1752 0,1868 0,2013 0,2 ݒସ 1 3,0404 2,9034 2,5268 2,4861 2,4869 2,5 6,277 0,0064 0,0746 ܬe-05 7,793e-05 7,961e-06 1,345e-05  

 

Ɍɚɛɥɢɰɚ 30 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ߙߜ଴ = ͵.ͳ, ݊ = ݉ + ͵Ͳ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 -0.5406 -0.5035 -0.5072 -0.5000 -0.4999 -0,5 ߙଵ 1 -0.2802 -0.3386 -0.3549 -0.3500 -0.3499 -0,35 ߙଶ 1 0.6816 0.6121 0.5969 0.6000 0.6000 0,6 ߙଷ 1 0.1168 0.0186 0.0041 0.0010 0.0009 0,001 ߚଵ 1 3,5780 3,0084 2,8134 2,8017 2,8130 2,8 ߚଶ 1 1,7317 1,3789 1,4148 1,4971 1,5011 1,5 ߚଷ 1 -0,6243 -0,4752 -0,5017 -0,5016 -0,5011 -0,5 ݒଵ 1 -0,2545 -0,7762 -0,9628 -0,9941 -0,9991 -1 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 30 ݒଶ 1 1,0229 0,2725 0,1186 0,0932 0,1006 0,1 ݒଷ 1 -0,1030 0,0241 0,1687 0,2068 0,2 0,2 ݒସ 1 2,0415 2,2883 2,4793 2,5054 2,4990 2,5 1,65 0,0001 0,0068 0,3887 ܬe-05 4,289e-07 2,938e-08  

 

Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɤ ɜɵɯɨɞɭ ɨɛɴɟɤɬɚ ɩɪɢɥɨɠɟɧɚ ɩɨɦɟɯɚ. 

ɉɨɦɟɯɚ ɹɜɥɹɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦ ɫɥɭɱɚɣɧɵɦ ɱɢɫɥɨɦ, 

ɢɦɟɸɳɟɟ ɧɭɥɟɜɨɟ ɫɪɟɞɧɟɟ ɢ ɥɟɠɚɳɟɟ ɜ ɩɪɟɞɟɥɚɯ ɨɬ -1 ɞɨ +1.  

ɂɡ ɬɚɛɥɢɰ 22–30 ɛɵɥɢ ɜɵɛɪɚɧɵ ɩɚɪɚɦɟɬɪɵ, ɩɪɢ ɤɨɬɨɪɵɯ ɩɨɤɚɡɚɧɵ 

ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ (ߙߜ଴ = ͳ.ͳ, ݊ = ݉ + ͳͲ).  

Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 31. 

 

Ɍɚɛɥɢɰɚ 31 – ɆɉɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɰɟɧɨɤ Ɏɑ, ɤ ɜɵɯɨɞɭ ɩɪɢɥɨɠɟɧɚ ɩɨɦɟɯɚ ݈ 0 1 2 3 4 5 ɂɫɬɢɧɧɵɟ ߙ଴ 1 -1.5707 -0.5462 -0.5299 -0.5338 -0.5286 -0,5 ߙଵ 1 -0.3423 -0.3759 -0.3791 -0.3645 -0.3821 -0,35 ߙଶ 1 0.6277 0.5078 0.5804 0.5931 0.5971 0,6 ߙଷ 1 0.1279 0.0559 0.0149 0.0245 0.0254 0,001 ߚଵ 1 0,698 2,668 2,8247 2,841 2,8797 2,8 ߚଶ 1 2,026 1,639 1,6338 1,6146 1,600 1,5 ߚଷ 1 -1,166 -0,975 -0,649 --0,46 0,490 -0,5 ݒଵ 1 -0,888 -0,9487 -0,958 -0,966 -0,99 -1 ݒଶ 1 0,3204 0,1158 0,1002 0,082 0,0926 0,1 ݒଷ 1 0,1995 0,1926 0,19495 0,2048 0,2203 0,2 ݒସ 1 2,56380 2,4237 2,44464 2,4327 2,4176 2,5 0,3410 0,3421 0,3432 0,3442 0,372 1,127 ܬ  
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ɁȺɄɅɘɑȿɇɂȿ 
 

Ɋɟɡɭɥɶɬɚɬɨɦ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

ɫɬɚɥɨ ɪɚɡɪɚɛɨɬɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ. 

Ȼɵɥɢ ɭɫɩɟɲɧɨ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  

 ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ ɩɪɟɞɦɟɬɧɚɹ ɨɛɥɚɫɬɶ ɫ ɰɟɥɶɸ ɩɨɧɢɦɚɧɢɹ ɪɟɲɚɟɦɨɣ 

ɩɪɨɛɥɟɦɵ. ɂɡɭɱɟɧɵ ɚɥɝɨɪɢɬɦɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ: ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ, 

ɩɪɨɫɬɟɣɲɢɣ ɚɞɚɩɬɢɜɧɵɣ ɚɥɝɨɪɢɬɦ, ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɥɢɧɟɚɪɢɡɚɰɢɢ, 

ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɥɢɧɟɚɪɢɡɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɩɩɪɨɤɫɢɦɚɰɢɣ 

ɮɭɧɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ; 

 ɜɵɛɪɚɧɵ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɟ ɫɪɟɞɫɬɜɚ ɪɚɡɪɚɛɨɬɤɢ ɢ ɹɡɵɤɢ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ; 

 ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɚɪɯɢɬɟɤɬɭɪɚ; 

 ɪɚɡɪɚɛɨɬɚɧ ɢɧɬɟɪɮɟɣɫ ɞɥɹ ɫɨɡɞɚɧɢɹ, ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɢ ɩɪɨɫɦɨɬɪɚ 

ɨɛɴɟɤɬɨɜ, ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɩɚɪɚɦɟɬɪɨɜ, ɫɪɚɜɧɟɧɢɹ ɚɥɝɨɪɢɬɦɨɜ; 

 ɪɚɡɪɚɛɨɬɚɧɵ ɦɨɞɭɥɢ ɫɨɝɥɚɫɧɨ ɩɪɨɝɪɚɦɦɧɨɣ ɚɪɯɢɬɟɤɬɭɪɟ; 

 ɩɪɨɜɟɞɟɧɨ ɬɟɫɬɢɪɨɜɚɧɢɟ; 

 ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɨɞɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɥɢɧɟɚɪɢɡɚɰɢɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɚɥɨɝɨɜ ɮɭɧɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. 

ɂɫɯɨɞɹ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɟɬɨɞɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ 

ɥɢɧɟɚɪɢɡɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɚɥɨɝɨɜ ɮɭɧɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɥɹ 

ɨɞɧɨɦɟɪɧɨɣ ɦɨɞɟɥɢ Ƚɚɦɦɟɪɲɬɟɣɧɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɪɨɫɬɵɯ ɨɛɴɟɤɬɨɜ, 

ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɞɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɱɬɢ ɬɚɤɭɸ ɠɟ ɜɵɫɨɤɭɸ 

ɫɤɨɪɨɫɬɶ ɫɯɨɞɢɦɨɫɬɢ, ɤɚɤ ɢ ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɥɢɧɟɚɪɢɡɚɰɢɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɥɚɧɢɪɭɟɬɫɹ ɪɚɫɲɢɪɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɚ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ. ȼ ɫɥɟɞɭɸɳɟɣ ɜɟɪɫɢɢ ɩɨɹɜɢɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɛɢɪɚɬɶ ɰɜɟɬ ɲɭɦɚ, 

ɤɪɢɬɟɪɢɣ ɦɢɧɢɦɭɦɚ, ɬɚɤɠɟ ɛɭɞɭɬ ɜɧɟɞɪɟɧɵ ɦɟɬɨɞɵ ɚɞɚɩɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ.  
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