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ȺɇɇɈɌȺЦɂə 

 

ȼ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɟɲɚɟɬɫɹ ɩɪɨɛɥɟɦɚ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɦɟɬɨɞɢɤ ɞɥɹ ɫɢɧɬɟɡɚ ɪɟɝɭɥɹɬɨɪɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ 

ɭɫɬɚɧɨɜɢɜɲɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. 

ɑɚɫɬɨɬɧɨɭɩɪɚɜɥɹɟɦɵɣ ɚɫɢɧɯɪɨɧɧɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɡɚɧɹɥ 

ɞɨɦɢɧɢɪɭɸɳɟɟ ɩɨɥɨɠɟɧɢɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ɉɞɧɚɤɨ ɞɨɫɬɭɩɧɨɟ 

ɢɡɥɨɠɟɧɢɟ ɦɟɬɨɞɢɤ ɢɯ ɫɢɧɬɟɡɚ ɢ ɚɧɚɥɢɡɚ ɨɬɫɬɚɟɬ ɨɬ ɩɨɬɪɟɛɧɨɫɬɟɣ. 

ɍɫɬɪɚɧɟɧɢɸ ɷɬɨɝɨ ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ ɢ ɩɨɫɜɹɳɟɧɚ ɧɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ 

Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɧɹɬɵɯ ɩɪɢ ɫɢɧɬɟɡɟ ɪɟɲɟɧɢɣ 

ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɪɟɚɥɢɡɨɜɚɧɵ ɜ ɩɚɤɟɬɟ Matlab ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ 

ɫɢɫɬɟɦɵ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ ɛɵɥɚ ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɣ ɧɚɫɬɪɨɣɤɟ ɪɟɝɭɥɹɬɨɪɚ ɬɨɤɚ, 

ɚ ɞɪɭɝɚɹ ɜ ɫɢɫɬɟɦɟ ɫ ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɹ ɷ.ɞ.ɫ. 

ɜɪɚɳɟɧɢɹ.  

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ: ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɨɛɥɚɞɚɟɬ 

ɜɵɫɨɤɢɦ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟɦ, ɤɚɱɟɫɬɜɟɧɧɵɦɢ ɩɟɪɟɯɨɞɧɵɦɢ ɢ 

ɭɫɬɚɧɨɜɢɜɲɢɦɢɫɹ ɩɪɨɰɟɫɫɚɦɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɷɬɚɥɨɧɧɵɦ ɞɥɹ ɫɢɫɬɟɦ 

ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ȺɋɂɇɏɊɈɇɇɕɃ ɗɅȿɄɌɊɈɉɊɂȼɈȾ, ɋȺɍ 

ɗɅȿɄɌɊɈɉɊɂȼɈȾȺ, ȼȿɄɌɈɊɇɈȿ ɂ ɑȺɋɌɈɌɇɈȿ ɍɉɊȺȼɅȿɇɂȿ, 

ɉɈȾɑɂɇȿɇɇɈȿ ɊȿȽɍɅɂɊɈȼȺɇɂȿ, ɊȿȽɍɅəɌɈɊ ɌɈɄȺ, ɊȿȽɍɅəɌɈɊ 

ɉɈɌɈɄɈɋɐȿɉɅȿɇɂə, ɊȿȽɍɅəɌɈɊ ɆɈɆȿɇɌȺ ɂ ɋɄɈɊɈɋɌɂ, 

ɇȿɉɈȾȼɂɀɇȺə ɋɂɋɌȿɆȺ ɄɈɈɊȾɂɇȺɌ, ɈɊɂȿɇɌɂɊɈȼȺɇɇȺə 

ɋɂɋɌȿɆȺ ɄɈɈɊȾɂɇȺɌ, ɆɈȾȿɅɂɊɈȼȺɇɂȿ, SIMULINK. 

  



3 

 

ɈȽɅȺȼɅȿɇɂȿ 

ȺɇɇɈɌȺɐɂə ........................................................................................... 2 

ȼȼȿȾȿɇɂȿ ................................................................................................ 5 

1 ɋɨɫɬɨɹɧɢɟ ɜɨɩɪɨɫɚ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱ ɢɫɫɥɟɞɨɜɚɧɢɹ ....................... 7 

1.1 Ʉɪɚɬɤɢɣ ɨɛɡɨɪ ɫɨɫɬɨɹɧɢɹ ɪɚɡɪɚɛɨɬɨɤ ɢ ɩɪɢɦɟɧɟɧɢɹ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ ɞɥɹ ɚɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ................. 7 

1.2 Ɉɛɡɨɪ ɪɚɛɨɬ ɩɨ ɫɢɫɬɟɦɚɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɱɚɫɬɨɬɧɨ-

ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɚɫɢɧɯɪɨɧɧɵɦɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ................................... 10 

1.3 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱ ɢɫɫɥɟɞɨɜɚɧɢɹ .................. 15 

2 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. Ɉɛɨɛɳɟɧɧɚɹ 

ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ............................................. 17 

2.1 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɫ Ⱥɂɇ ɫ 

ɒɂɆ ............................................................................................................... 17 

2.2 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ............................................... 19 

2.3 Ɉɛɨɛɳɟɧɧɚɹ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ....................................................................... 23 

2.4 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ ............................................................................ 27 

3 ɋɢɧɬɟɡ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ c ɚɜɬɨɧɨɦɧɵɦ ɢɧɜɟɪɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɹ c ɒɂɆ ............ 28 

3.1 ɂɫɯɨɞɧɵɟ ɡɚɦɟɱɚɧɢɹ ..................................................................... 28 

3.2 ɋɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɤɚ ɫɬɚɬɨɪɚ .......................................... 29 

3.3 ɋɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɢ ɫɤɨɪɨɫɬɢ ............. 35 

3.4 Ȼɥɨɤ ɨɪɢɟɧɬɚɰɢɢ ............................................................................ 39 

3.5 Ɋɚɡɜɟɪɧɭɬɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ .............. 46 



4 

 

3.6 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ ............................................................................ 49 

4 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɚɧɚɥɢɡ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ............................ 51 

4.1 Ɉɩɢɫɚɧɢɟ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɦɨɞɟɥɢ ɋȺɍ ............................... 51 

4.2 Ɋɚɫɱɟɬ ɱɢɫɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɦɨɞɟɥɢ ɋȺɍ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ............................................................................................ 54 

4.3 Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ............................................ 57 

4.4 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ ............................................................................ 76 

Ɂɚɤɥɸɱɟɧɢɟ .............................................................................................. 78 

ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ........................................................ 79 

ɉɪɢɥɨɠɟɧɢɟ Ⱥ ......................................................................................... 83 

 



5 

ȼȼȿȾȿɇɂȿ 

 

ȼ ɩɨɫɥɟɞɧɢɟ ɞɜɚ ɞɟɫɹɬɢɥɟɬɢɹ, ɤɨɝɞɚ ɩɪɨɛɥɟɦɚ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɫɬɚɥɚ 

ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɚ, ɩɪɨɹɜɢɥɚɫɶ ɨɫɨɛɚɹ ɪɨɥɶ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. 

Ɋɟɝɭɥɢɪɭɟɦɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ, ɨɛɟɫɩɟɱɢɜɚɹ ɬɪɟɛɭɟɦɨɟ ɤɚɱɟɫɬɜɨ ɫɬɚɬɢɱɟɫɤɢɯ ɢ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 

ɦɚɤɫɢɦɚɥɶɧɨ ɨɩɬɢɦɚɥɶɧɵɦ ɨɛɪɚɡɨɦ. ȼ ɫɢɥɭ ɫɜɨɢɯ ɩɪɟɢɦɭɳɟɫɬɜ ɨɫɧɨɜɧɵɦ 

ɬɢɩɨɦ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫɬɚɧɨɜɢɬɫɹ ɱɚɫɬɨɬɧɨ-ɭɩɪɚɜɥɹɟɦɵɣ 

ɚɫɢɧɯɪɨɧɧɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ. ɉɪɢ ɱɟɦ ɨɧ ɫɬɚɥ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɬɶɫɹ ɢ ɜ ɬɟɯ 

ɫɮɟɪɚɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɝɞɟ ɪɚɧɟɟ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɧɟ 

ɪɟɝɭɥɢɪɭɟɦɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ, ɨɛɟɫɩɟɱɢɜɚɹ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɭɪɨɜɟɧɶ ɢ ɤɚɱɟɫɬɜɨ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ.     

Ɉɫɧɨɜɧɵɦɢ ɮɭɧɤɰɢɹɦɢ, ɤɨɬɨɪɵɦɢ ɨɛɥɚɞɚɸɬ ɫɨɜɪɟɦɟɧɧɵɟ ɫɟɪɢɣɧɵɟ 

ɱɚɫɬɨɬɧɨ-ɭɩɪɚɜɥɹɟɦɵɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɹɜɥɹɟɬɫɹ: 

 ɨɛɟɫɩɟɱɟɧɢɟ ɩɥɚɜɧɨɝɨ ɩɭɫɤɚ, ɱɬɨ ɭɫɬɪɚɧɹɟɬ ɪɵɜɤɢ ɜ ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɱɚɫɬɢ ɩɪɢɜɨɞɚ ɢ ɭɦɟɧɶɲɚɟɬ ɟɟ ɢɡɧɨɫ; 

 ɨɛɟɫɩɟɱɟɧɢɟ ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ; 

 ɨɛɟɫɩɟɱɟɧɢɟ ɲɢɪɨɤɨɝɨ ɞɢɚɩɚɡɨɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ; 

 ɩɨɡɜɨɥɹɟɬ ɭɩɪɚɜɥɹɬɶ ɬɨɪɦɨɠɟɧɢɟɦ ɢ ɩɪɨɢɡɜɨɞɢɬ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ 

ɩɟɪɟɡɚɩɭɫɤ ɩɪɢ ɩɪɨɩɚɞɚɧɢɢ ɫɟɬɟɜɨɝɨ ɧɚɩɪɹɠɟɧɢɹ; 

 ɨɛɟɫɩɟɱɢɜɚɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɡɚɳɢɬɭ ɨɬ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɨɜ, 

ɤɨɧɬɪɨɥɶ ɢ ɫɢɝɧɚɥɢɡɚɰɢɸ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ. 

Ɉɫɧɨɜɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɩɨ ɫɢɫɬɟɦɟ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ – ɚɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ (ɉɑ-ȺȾ) ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɞɪɭɝɢɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɹɜɥɹɟɬɫɹ: 

 ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɜ ɫɜɹɡɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɞɟɠɧɨɝɨ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɩɪɨɫɬɨɝɨ ɢ ɞɟɲɟɜɨɝɨ ɚɫɢɧɯɪɨɧɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ ɪɨɬɨɪɨɦ; 
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 ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɤɥɸɱɟɧɢɹ ɧɚ ɪɚɛɨɬɭ ɨɬ ɫɟɬɢ, ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɫɬɪɨɹ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ; 

 ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜ ɫɜɹɡɢ ɫ ɫɭɳɟɫɬɜɟɧɧɨ 

ɦɟɧɶɲɢɦɢ ɦɚɯɨɜɵɦɢ ɦɚɫɫɚɦɢ ɪɨɬɨɪɚ; 

 ɨɛɟɫɩɟɱɟɧɢɟ, ɧɟ ɭɫɬɭɩɚɸɳɢɯ ɥɭɱɲɢɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦ ɩɨɫɬɨɹɧɧɨɝɨ 

ɬɨɤɚ, ɫɬɚɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɢɧɰɢɩɨɜ 

ɩɨɫɬɪɨɟɧɢɹ ɢɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ. 

ɋɟɝɨɞɧɹ ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɱɚɫɬɨɬɧɨ-

ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɞɥɹ ɤɚɠɞɨɝɨ ɤɨɧɤɪɟɬɧɨɝɨ 

ɫɥɭɱɚɹ ɬɪɟɛɭɟɦɨɟ ɤɚɱɟɫɬɜɨ ɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɫɬɚɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦɢ ɢ ɧɚɢɦɟɧɟɟ ɬɨɱɧɵɦɢ ɢɡ ɧɢɯ ɹɜɥɹɸɬɫɹ ɫɤɚɥɹɪɧɵɟ ɫɢɫɬɟɦɵ 

ɱɚɫɬɨɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɦɢ ɢ ɬɨɱɧɵɦɢ – ɫɢɫɬɟɦɵ ɜɟɤɬɨɪɧɨɝɨ 

ɢ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɧɚ ɨɫɧɨɜɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ 

ɜ ɞɟɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬɚɯ, ɨɛɨɫɧɨɜɚɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɢ ɩɪɨɜɟɞɟɧ ɫɢɧɬɟɡ 

ɜɟɤɬɨɪɧɨɣ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɫ 

ɩɨɞɱɢɧɟɧɧɵɦ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɩɟɪɟɦɟɧɧɵɯ. Ɋɟɲɟɧɵ ɜɨɩɪɨɫɵ ɭɱɟɬɚ 

ɨɫɨɛɟɧɧɨɫɬɟɣ ɤɨɦɩɟɧɫɚɰɢɢ ɜɧɭɬɪɟɧɧɢɯ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ 

ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɥɢɧɟɣɧɵɯ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ 

ɫɜɹɡɟɣ, ɚ ɬɚɤɠɟ ɨɪɢɟɧɬɚɰɢɢ ɤɨɨɪɞɢɧɚɬɧɨɣ ɫɢɫɬɟɦɵ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɤɨɦɩɥɟɤɫɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɫɬɪɨɟɧɧɵɯ ɜ ɞɜɢɝɚɬɟɥɶ ɞɚɬɱɢɤɨɜ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. 

Ɋɚɡɪɚɛɨɬɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɢ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɪɟɝɭɥɹɬɨɪɨɜ ɋȺɍ, 

ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜ 

ɩɚɤɟɬɟ Simulink ɩɪɨɝɪɚɦɦɵ Matlab 11.0.  
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1 ɋɨɫɬɨɹɧɢɟ ɜɨɩɪɨɫɚ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

1.1 Ʉɪɚɬɤɢɣ ɨɛɡɨɪ ɫɨɫɬɨɹɧɢɹ ɪɚɡɪɚɛɨɬɨɤ ɢ ɩɪɢɦɟɧɟɧɢɹ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ ɞɥɹ ɚɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɱɚɫɬɨɬɧɨ - ɭɩɪɚɜɥɹɟɦɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɩɪɢɦɟɧɹɟɬɫɹ ɜɨ 

ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɠɢɥɢɳɧɨ-ɤɨɦɦɭɧɚɥɶɧɨɝɨ ɯɨɡɹɣɫɬɜɚ, 

ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɞɪ., ɩɨɫɬɟɩɟɧɧɨ ɜɵɬɟɫɧɹɹ ɩɪɢɜɨɞ ɧɚ ɞɜɢɝɚɬɟɥɹɯ ɩɨɫɬɨɹɧɧɨɝɨ 

ɬɨɤɚ. ɗɬɨ ɫɜɹɡɚɧɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɧɚɞɟɠɧɨɫɬɶɸ ɚɫɢɧɯɪɨɧɧɵɯ 

ɞɜɢɝɚɬɟɥɟɣ, ɬ.ɤ. ɜ ɧɢɯ ɧɟɬ ɳɟɬɨɱɧɵɯ ɤɨɧɬɚɤɬɨɜ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ 

ɧɟɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɜɵɝɨɞɨɣ, ɢɡ-ɡɚ 

ɦɟɧɶɲɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɢ 

ɚɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ ɪɨɬɨɪɨɦ.  

Ⱦɨɥɝɨɟ ɜɪɟɦɹ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɱɚɫɬɨɬɧɨ-ɭɩɪɚɜɥɹɟɦɵɯ ɚɫɢɧɯɪɨɧɧɵɯ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɫɞɟɪɠɢɜɚɥɨɫɶ ɨɬɫɭɬɫɬɜɢɟɦ ɧɚɞɟɠɧɵɯ ɉɑ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɷɬɚ ɡɚɞɚɱɚ ɩɪɚɤɬɢɱɟɫɤɢ ɪɟɲɟɧɚ.  

ɑɚɫɬɨɬɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɫɟɪɢɢ SJ300-055HF, ɜɵɩɭɫɤɚɟɦɵɟ ɮɢɪɦɨɣ 

HITACHI [1] , ɫɧɚɛɠɟɧɵ, ɤɚɤ ɢ ɦɧɨɝɢɟ ɫɨɜɪɟɦɟɧɧɵɟ ɱɚɫɬɨɬɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ, 

ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɫɢɫɬɟɦɨɣ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɩɪɨɝɪɚɦɦɢɪɨɜɚɬɶ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ. ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɤɚɥɹɪɧɨɟ ɢ ɜɟɤɬɨɪɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɦɨɦɟɧɬɚ ɢ ɫɤɨɪɨɫɬɢ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. ɉɨɝɪɟɲɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɫɤɨɪɨɫɬɢ ɩɪɢ ɰɢɮɪɨɜɨɦ ɢ 

ɚɧɚɥɨɝɨɜɨɦ ɩɨɞɤɥɸɱɟɧɢɢ ɫɨɫɬɚɜɥɹɟɬ 0,01% ɢ 0,02% ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.   

ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɫɟɪɢɢ SJ300-055HF ɢɦɟɟɬ ɡɚɳɢɬɭ ɨɬ ɩɟɪɟɝɪɭɡɤɢ 

ɩɨ ɬɨɤɭ, ɧɚɩɪɹɠɟɧɢɸ, ɨɬ ɩɨɧɢɠɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɷɥɟɤɬɪɨɧɧɭɸ ɬɟɪɦɨɡɚɳɢɬɭ 

ɞɜɢɝɚɬɟɥɹ, ɨɬ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɨɬ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɩɪɨɩɚɞɚɧɢɹ 

ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ, ɡɚɳɢɬɭ ɨɬ ɧɟɩɨɥɧɨɮɚɡɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ, ɡɚɳɢɬɭ ɨɬ 

ɩɟɪɟɝɪɭɡɤɢ ɭɫɬɪɨɣɫɬɜɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɬɨɪɦɨɠɟɧɢɹ. 
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ȼɵɩɭɫɤɚɸɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɜɵɯɨɞɧɨɣ ɦɨɳɧɨɫɬɶɸ 5,5 

ɤȼɬ., ɜɵɯɨɞɧɚɹ ɱɚɫɬɨɬɚ ɪɟɝɭɥɢɪɭɟɬɫɹ ɨɬ 0,1 ɞɨ 400 Ƚɰ. ɫ ɞɢɫɤɪɟɬɧɨɫɬɶɸ 0,01 Ƚɰ. 

ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɢɯ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɭɸ ɫɬɚɧɰɢɸ ɭɩɪɚɜɥɟɧɢɹ 

ɫɬɚɧɤɚɦɢ. 

Ɏɢɪɦɚ ABB ɜɵɩɭɫɤɚɟɬ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ ɫɟɪɢɢ ACS550 ɫ 

ɜɟɤɬɨɪɧɵɦ ɩɪɢɧɰɢɩɨɦ ɭɩɪɚɜɥɟɧɢɹ, ɞɢɚɩɚɡɨɧɨɦ ɜɵɯɨɞɧɨɣ ɦɨɳɧɨɫɬɢ ɨɬ 1,1 ɞɨ 

355 ɤȼɬ, ɜɵɯɨɞɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ ɨɬ 0 ɞɨ 480 ɜɨɥɶɬ ɢ ɜɵɯɨɞɧɵɦ ɞɢɚɩɚɡɨɧɨɦ 

ɱɚɫɬɨɬ ɨɬ 0 ɞɨ 500 Ƚɰ [2]. 

Ȼɥɚɝɨɞɚɪɹ ɩɪɨɫɬɨɬɟ ɧɚɫɬɪɨɣɤɢ ɢ ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɝɚɛɚɪɢɬɨɜ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ ɫɟɪɢɢ ACS550, ɩɨɡɜɨɥɹɸɬ ɦɚɤɫɢɦɚɥɶɧɨ ɛɵɫɬɪɨ 

ɧɚɫɬɪɚɢɜɚɬɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɥɢɧɢɢ ɢ ɭɦɟɧɶɲɚɬɶ ɫɪɨɤɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɩɪɨɞɭɤɰɢɢ. 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɞɚɧɧɨɣ ɫɟɪɢɢ ɧɚɯɨɞɹɬ ɫɚɦɨɟ ɪɚɡɥɢɱɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɢ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ, ɯɢɦɢɱɟɫɤɨɣ, ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɟɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜ ɦɟɬɚɥɥɭɪɝɢɢ, ɠɢɥɢɳɧɨ-ɤɨɦɦɭɧɚɥɶɧɨɦ ɯɨɡɹɣɫɬɜɟ 

Ɏɢɪɦɚ Siemens, ɹɜɥɹɹɫɶ ɨɞɧɨɣ ɢɡ ɜɟɞɭɳɢɯ ɮɢɪɦ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ ɜ ɦɢɪɟ, ɜɵɩɭɫɤɚɟɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 

Sinamics (ɦɨɳɧɨɫɬɶ ɨɬ 0.12 ɞɨ 1500 ɤȼɬ ɫ ɜɵɯɨɞɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 380 ȼ) ɢ 

Sinamics GM150/SM150/GL150 (ɦɨɳɧɨɫɬɶɸ ɨɬ 0.8 ɞɨ 120 Ɇȼɬ). ȼɵɩɭɫɤɚɸɬɫɹ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɤɚɤ ɜ ɜɢɞɟ ɩɨɞɜɟɫɧɵɯ ɦɨɞɭɥɟɣ ɧɚɫɬɟɧɧɨɝɨ ɤɪɟɩɥɟɧɢɹ, ɬɚɤ ɢ ɜ 

ɜɢɞɟ ɲɤɚɮɨɜ [3].  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɷɥɟɤɬɪɨɩɪɢɜɨɞɭ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɦɨɝɭɬ ɩɨɫɬɚɜɥɹɬɶɫɹ ɜ ɬɪɟɯ ɢɫɩɨɥɧɟɧɢɹɯ:  

- ɫɨ ɫɤɚɥɹɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ (FC – ɜɟɪɫɢɹ) ɞɥɹ ɩɪɨɫɬɵɯ ɩɪɢɦɟɧɟɧɢɣ ɉɑ; 

- ɫɨ ɫɤɚɥɹɪɧɵɦ ɢ ɜɟɤɬɨɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɫ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɦɨɦɟɧɬɚ ɢ 

ɫɤɨɪɨɫɬɢ ɚɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ (VC – ɜɟɪɫɢɹ); 

- ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ, ɫɟɪɜɨɩɪɢɜɨɞɨɜ (SC – 

ɜɟɪɫɢɹ). 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɨɬɥɢɱɚɸɬɫɹ ɪɚɡɧɨɨɛɪɚɡɢɟɦ ɫɬɪɭɤɬɭɪ ɭɩɪɚɜɥɟɧɢɹ, 

ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɜɚɪɢɚɧɬɨɜ ɧɚɫɬɪɨɣɤɢ ɪɟɝɭɥɹɬɨɪɨɜ ɞɜɢɝɚɬɟɥɹ, ɤɚɤ ɜ 
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ɧɟɩɨɞɜɢɠɧɨɦ, ɬɚɤ ɢ ɜ ɪɚɛɨɱɟɦ ɫɨɫɬɨɹɧɢɢ, ɬɟɫɬɢɪɨɜɚɧɢɟɦ ɞɚɬɱɢɤɨɜ ɫɤɨɪɨɫɬɢ, 

ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɞɚɩɬɚɰɢɢ, ɞɟɦɩɮɢɪɨɜɚɧɢɟɦ ɤɨɥɟɛɚɧɢɣ ɩɟɪɟɦɟɧɧɵɯ ɩɪɢɜɨɞɚ, 

ɢɫɤɥɸɱɟɧɢɟɦ ɡɚɞɚɧɢɹ ɜɵɯɨɞɧɵɯ ɱɚɫɬɨɬ, ɧɚ ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɵ ɪɟɡɨɧɚɧɫɧɵɟ 

ɹɜɥɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ.  

ȼ 2008 ɝɨɞɭ ɤɨɦɩɚɧɢɟɣ Mitsubishi ɛɵɥ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɱɚɫɬɨɬɧɵɣ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɫ ɮɭɧɤɰɢɟɣ ɪɟɤɭɩɟɪɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ɇɨɳɧɨɫɬɧɨɣ 

ɞɢɚɩɚɡɨɧ ɫɟɪɢɢ FR-A741 ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤ. Ⱦɨɫɬɭɩɧɵ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ 

ɦɨɳɧɨɫɬɶɸ ɨɬ 5,5 ɞɨ 55 ɤȼɬ. [4] 

ɋɪɟɞɢ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ 

ɤɨɪɩɨɪɚɰɢɢ Ɍɪɢɨɥ, ɜɵɩɭɫɤɚɸɳɟɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɫɟɪɢɢ ȺɌ ɦɨɳɧɨɫɬɶɸ ɨɬ 5.5 

ɞɨ 5500 ɤȼɬ, ɫ ɜɵɯɨɞɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ ɨɬ 380 ɞɨ 6000 ȼ ɢ ɜɵɯɨɞɧɨɣ ɱɚɫɬɨɬɨɣ ɨɬ 

0 ɞɨ 400 Ƚɰ [3]. ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɢɦɟɸɬ ɪɚɡɨɦɤɧɭɬɭɸ ɢ ɡɚɦɤɧɭɬɭɸ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɯɨɞɧɨɣ ɦɨɳɧɨɫɬɢ ɢɦɟɸɬ ɤɨɪɩɭɫɚ ɧɚɫɬɟɧɧɨɝɨ 

ɤɪɟɩɥɟɧɢɹ ɢ ɲɤɚɮɵ-ɫɟɤɰɢɢ. 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ ɢ ɫ ɜɵɫɨɤɢɦ ɜɵɯɨɞɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ 

ɢɦɟɸɬ ɩɨɧɢɠɚɸɳɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚ ɜɯɨɞɟ ɚɜɬɨɧɨɦɧɨɝɨ ɢɧɜɟɪɬɨɪɚ ɢ 

ɩɨɜɵɲɚɸɳɢɣ ɧɚ ɟɝɨ ɜɵɯɨɞɟ.  

ɂɧɫɬɢɬɭɬ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɹ ɊȺɇ ɩɨɫɬɚɜɥɹɟɬ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ «ɍɧɢɜɟɪɫɚɥ» ɦɨɳɧɨɫɬɶɸ ɨɬ 15 ɞɨ 320 ɤȼɬ, ɜɵɯɨɞɧɵɦ 

ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 380 ȼ ɢ ɞɢɚɩɚɡɨɧɨɦ ɜɵɯɨɞɧɵɯ ɱɚɫɬɨɬ ɨɬ 0.5 ɞɨ 512 Ƚɰ. Ɉɧɢ 

ɢɦɟɸɬ ɤɚɤ ɚɧɚɥɨɝɨɜɨɟ ɭɩɪɚɜɥɟɧɢɟ, ɬɚɤ ɢ ɰɢɮɪɨɜɨɟ, ɨɫɭɳɟɫɬɜɥɹɟɦɨɟ ɱɟɪɟɡ ɤɚɧɚɥ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɫɜɹɡɢ RS-232 [3]. Ɉɬɥɢɱɚɸɬɫɹ ɪɚɫɲɢɪɟɧɧɵɦɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɮɭɧɤɰɢɹɦɢ: ɫɨɝɥɚɫɨɜɚɧɢɟɦ ɫ ɫɢɫɬɟɦɚɦɢ ɩɪɨɦɵɲɥɟɧɧɨɣ 

ɚɜɬɨɦɚɬɢɤɢ, ɩɥɚɜɧɵɦ ɩɟɪɟɯɨɞɨɦ ɩɢɬɚɧɢɹ ɞɜɢɝɚɬɟɥɹ ɫ ɫɟɬɢ ɧɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɢ 

ɨɛɪɚɬɧɨ. ɂɦɟɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɴɟɞɢɧɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜ ɥɨɤɚɥɶɧɭɸ 

ɩɪɨɦɵɲɥɟɧɧɭɸ ɫɟɬɶ ɫɬɚɧɞɚɪɬɚ RS-485 ɫ ɞɜɭɯɩɪɨɜɨɞɧɨɣ ɥɢɧɢɟɣ ɫɜɹɡɢ. 

ɋɟɪɜɢɫɧɵɟ ɢ ɡɚɳɢɬɧɵɟ ɮɭɧɤɰɢɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɩɨɥɧɨɫɬɶɸ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɨɜɪɟɦɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦ. 

ɈȺɈ «ȼɇɂɂɊ» ɩɪɟɞɥɚɝɚɟɬ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ ɫɟɪɢɢ ABS-Drive ɞɥɹ 

ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ [5]. ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɢ 
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ɱɚɫɬɨɬɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɨɜɪɟɦɟɧɧɵɣ ɚɜɬɨɧɨɦɧɵɣ ɢɧɜɟɪɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɩɨ 

ɦɧɨɝɨɭɪɨɜɧɟɜɨɣ ɫɯɟɦɟ ɫ ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɦ ɦɧɨɝɨɨɛɦɨɬɨɱɧɵɦ ɫɢɥɨɜɵɦ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ. 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ ɫɟɪɢɢ ABS-Drive-A ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɚɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɫ ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ 

ɪɨɬɨɪɨɦ, ɫɟɪɢɢ ABS-Drive-S ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 

ɧɚɩɪɹɠɟɧɢɹ (6, 10 ɤȼ.) ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɜɨɞɨɜ ɦɟɯɚɧɢɡɦɨɜ ɫ 

ɜɟɧɬɢɥɹɬɨɪɧɨɣ ɧɚɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ (ɧɚɫɨɫɵ, ɞɵɦɨɫɨɫɵ, ɜɟɧɬɢɥɹɬɨɪɵ, 

ɤɨɦɩɪɟɫɫɨɪɵ ɢ ɬ.ɞ.), ɚ ɬɚɤɠɟ ɞɥɹ ɦɟɯɚɧɢɡɦɨɜ ɫ ɞɪɭɝɢɦ ɜɢɞɨɦ ɧɚɝɪɭɡɨɱɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɟ, ɧɟɮɬɟɝɚɡɨɜɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ, ɰɟɦɟɧɬɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɦɟɬɚɥɥɭɪɝɢɢ 

ɢ ɜ ɞɪ. ɨɬɪɚɫɥɹɯ. 

 

1.2 Ɉɛɡɨɪ ɪɚɛɨɬ ɩɨ ɫɢɫɬɟɦɚɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɱɚɫɬɨɬɧɨ-

ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɚɫɢɧɯɪɨɧɧɵɦɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ 

 

ɉɪɢɜɟɞɟɧɧɵɟ ɞɚɧɧɵɟ ɨ ɜɵɩɭɫɤɚɟɦɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɯ ɱɚɫɬɨɬɵ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɡɚɞɚɱɚ ɫɨɡɞɚɧɢɹ ɷɤɨɧɨɦɢɱɧɵɯ ɢ ɧɚɞɟɠɧɵɯ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɱɚɫɬɨɬɵ ɞɥɹ ɚɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɧɚ ɨɫɧɨɜɟ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɷɥɟɦɟɧɬɨɜ ɭɫɩɟɲɧɨ ɪɟɲɟɧɚ. Ɉɞɧɚɤɨ, ɞɥɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɚɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ, ɧɟɨɛɯɨɞɢɦɵ ɧɟ ɬɨɥɶɤɨ 

ɧɚɞɟɠɧɵɟ ɢ ɷɤɨɧɨɦɢɱɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ, ɧɨ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɪɚɡɪɚɛɨɬɤɚ ɪɚɰɢɨɧɚɥɶɧɵɯ ɩɪɢɧɰɢɩɨɜ ɩɨɫɬɪɨɟɧɢɹ 

ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟ ɦɟɧɟɟ ɜɚɠɧɭɸ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɢ ɩɪɚɤɬɢɱɟɫɤɭɸ 

ɡɚɞɚɱɭ. 

ɂɫɬɨɪɢɱɟɫɤɢ ɨɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɬɟɨɪɢɢ ɱɚɫɬɨɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɡɚɤɥɸɱɚɥɚɫɶ 

ɜ ɩɨɢɫɤɟ ɪɚɰɢɨɧɚɥɶɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɱɚɫɬɨɬɨɣ ɢ ɚɦɩɥɢɬɭɞɨɣ ɩɢɬɚɸɳɟɝɨ 

ɚɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ɧɚɩɪɹɠɟɧɢɹ. 
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ȼɩɟɪɜɵɟ ɞɚɧɧɚɹ ɡɚɞɚɱɚ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ Ɇ.ɉ. Ʉɨɫɬɟɧɤɨ [6]. Ɉɧ 

ɫɮɨɪɦɭɥɢɪɨɜɚɥ ɡɚɤɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ( , )u f M  ɧɚ ɡɚɠɢɦɚɯ 

ɫɬɚɬɨɪɚ ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜ ɫɬɚɬɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ ɩɪɢ 

ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɫɤɨɪɨɫɬɢ ɪɨɬɨɪɚ ɢɡɦɟɧɟɧɢɟɦ ɱɚɫɬɨɬɵ, ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ 

ɫɨɯɪɚɧɟɧɢɹ ɧɟɢɡɦɟɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɬɚɬɢɱɟɫɤɨɣ ɩɟɪɟɝɪɭɠɚɟɦɨɫɬɢ. 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɜɨɩɪɨɫɵ ɪɚɰɢɨɧɚɥɶɧɵɯ ɡɚɤɨɧɨɜ ɱɚɫɬɨɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɚɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ ɩɨɥɭɱɢɥɢ ɪɚɡɜɢɬɢɟ ɜ ɪɚɛɨɬɚɯ ɦɧɨɝɢɯ ɜɢɞɧɵɯ ɭɱɟɧɵɯ ɢ 

ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɧɵ ɜ ɬɪɭɞɚɯ Ⱥ.Ⱥ. Ȼɭɥɝɚɤɨɜɚ [7].  

ɇɚɱɚɥɶɧɵɣ ɷɬɚɩ ɪɚɡɜɢɬɢɹ ɬɟɨɪɢɢ ɱɚɫɬɨɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɫɬɪɟɦɥɟɧɢɟɦ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɨɛɟɫɩɟɱɢɬɶ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɬɪɟɛɭɟɦɨɟ ɤɚɱɟɫɬɜɨ 

ɫɬɚɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɭɬɟɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɮɭɧɤɰɢɢ ɱɚɫɬɨɬɵ 

ɢ ɦɨɦɟɧɬɚ ɧɚɝɪɭɡɤɢ.  

ɇɚ ɷɬɨɣ ɨɫɧɨɜɟ ɜ ɩɪɚɤɬɢɤɟ ɱɚɫɬɨɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫɥɨɠɢɥɫɹ ɨɩɪɟɞɟɥɟɧɧɵɣ 

ɩɨɞɯɨɞ ɤ ɫɨɡɞɚɧɢɸ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦɢ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɡɚɤɨɧɨɜ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɮɭɧɤɰɢɢ ɱɚɫɬɨɬɵ ( )u f , ɥɢɛɨ ɱɚɫɬɨɬɵ ɢ 

ɦɨɦɟɧɬɚ ɧɚɝɪɭɡɤɢ ( , )u f M . 

 Ȼɨɥɶɲɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɫɢɫɬɟɦɵ, ɪɟɚɥɢɡɭɸɳɢɟ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɡɚɤɨɧ ɭɩɪɚɜɥɟɧɢɹ  ɜɢɞɚ /u f const . Ɋɟɝɭɥɢɪɨɜɚɧɢɟ 

ɚɦɩɥɢɬɭɞɵ ɢ ɱɚɫɬɨɬɵ ɜ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɪɚɡɨɦɤɧɭɬɵɦ ɰɢɤɥɚɦ. 

 ɂɧɨɝɞɚ, ɱɬɨɛɵ ɛɨɥɟɟ ɬɨɱɧɨ ɩɨɞɞɟɪɠɚɬɶ ɫɨɨɬɧɨɲɟɧɢɟ ɢɫɩɨɥɶɡɭɸɬ 

ɡɚɦɤɧɭɬɭɸ ɫɢɫɬɟɦɭ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ [8].  

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ [9], ɫɢɫɬɟɦɵ, ɪɟɚɥɢɡɭɸɳɢɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɡɚɤɨɧ 

ɱɚɫɬɨɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɧɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɤɚɱɟɫɬɜɟɧɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɜɵɫɨɤɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɜ 

ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

ɢ ɦɨɦɟɧɬɚ ɧɚɝɪɭɡɤɢ. 

 Ɋɚɫɲɢɪɟɧɢɟ ɞɢɚɩɚɡɨɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 

ɬɪɟɛɨɜɚɧɢɣ ɤ ɫɬɚɬɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɜɨɡɦɨɠɧɨ ɡɚ ɫɱɟɬ 
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ɧɟɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɮɭɧɤɰɢɢ ɱɚɫɬɨɬɵ. ɉɪɢ ɷɬɨɦ 

ɡɚɤɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚɯɨɞɢɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɩɨɫɬɨɹɧɫɬɜɚ 

ɤɪɢɬɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ ɜ ɡɚɞɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ [9]. 

ɉɨɥɭɱɟɧɧɵɣ ɡɚɤɨɧ ɪɟɚɥɢɡɭɟɬɫɹ ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɜ ɤɚɧɚɥ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɧɚɩɪɹɠɟɧɢɹ ɛɥɨɤɚ ɧɟɥɢɧɟɣɧɨɫɬɢ. ȼ ɧɟɤɨɬɨɪɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɢɫɬɟɦɚɯ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɩɪɨɳɟɧɧɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɡɚɤɨɧɚ ɧɟɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ /u f const  ɩɪɢ ɜɵɫɨɤɢɯ ɱɚɫɬɨɬɚɯ ɢ ɪɟɠɢɦ 

u const ɩɪɢ ɦɚɥɵɯ [10]. 

 Ⱦɚɥɶɧɟɣɲɟɟ ɭɥɭɱɲɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢɜɨɞɚ ɜɨɡɦɨɠɧɨ ɜ ɞɪɭɝɨɦ ɤɥɚɫɫɟ 

ɡɚɤɨɧɨɜ ɭɩɪɚɜɥɟɧɢɹ ɜɢɞɚ ( , )u f M , ɬɨ ɟɫɬɶ ɩɪɢ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɧɚɩɪɹɠɟɧɢɹ 

ɧɟ ɬɨɥɶɤɨ ɜ ɮɭɧɤɰɢɢ ɱɚɫɬɨɬɵ, ɧɨ ɢ ɧɚɝɪɭɡɤɢ. ɋɦɵɫɥ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 

ɜ ɮɭɧɤɰɢɢ ɧɚɝɪɭɡɤɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɤɨɦɩɟɧɫɚɰɢɢ ɩɚɞɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɜ 

ɷɥɟɦɟɧɬɚɯ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɜ ɭɩɨɦɹɧɭɬɨɦ ɩɨɞɯɨɞɟ 

ɦɨɝɭɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɵ ɪɟɠɢɦɵ ɱɚɫɬɨɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫ ɩɨɫɬɨɹɧɫɬɜɨɦ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ, ɜɡɚɢɦɧɨɝɨ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ, ɥɢɛɨ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ [9].  

ȼ ɪɹɞɟ ɪɚɛɨɬ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɩɪɢɜɨɞɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢɧɰɢɩ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɚɝɧɢɬɧɵɦ 

ɩɨɬɨɤɨɦ. ɇɚɩɪɢɦɟɪ ɮɢɪɦɨɣ «Siemens» ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɯɟɦɚ, ɜ ɤɨɬɨɪɨɣ ɱɚɫɬɨɬɚ 

ɩɢɬɚɧɢɹ ȺȾ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɭɩɪɚɜɥɹɸɳɟɦɭ ɧɚɩɪɹɠɟɧɢɸ fu  ɧɚ ɜɯɨɞɟ 

ɪɟɝɭɥɹɬɨɪɚ. Ɇɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɢ ɪɚɜɧɵɦ 

ɧɨɦɢɧɚɥɶɧɨɦɭ. Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɚɬɱɢɤɢ ɏɨɥɥɚ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɢɧɚɦɢɱɟɫɤɢɟ ɪɟɠɢɦɵ ɫɢɫɬɟɦ, ɪɟɚɥɢɡɭɸɳɢɯ ɡɚɤɨɧ 

( , )u f M ɫɤɥɨɧɧɵ ɤ ɤɨɥɟɛɚɧɢɹɦ ɢ ɧɭɠɞɚɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɤɨɪɪɟɤɬɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜɚɯ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɥɢ ɛɵ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ 

ɬɪɟɛɭɟɦɨɟ ɤɚɱɟɫɬɜɨ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ [11]. 

ɋɬɪɟɦɥɟɧɢɟ ɭɱɟɫɬɶ ɜɥɢɹɧɢɟ ɧɚɝɪɭɡɤɢ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɨɞɚ ɩɪɢɜɟɥɨ 

ɤ ɪɚɡɪɚɛɨɬɤɟ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɚɛɫɨɥɸɬɧɵɦ ɫɤɨɥɶɠɟɧɢɟɦ [11]. 
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Ⱦɨɫɬɨɢɧɫɬɜɨ ɬɚɤɢɯ ɫɢɫɬɟɦ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɧɢ ɩɨɡɜɨɥɹɸɬ ɫ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɨɱɧɨɫɬɶɸ ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɡɚɤɨɧɵ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, 

ɭɥɭɱɲɢɬɶ ɠɟɫɬɤɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɪɚɫɲɢɪɢɬɶ ɞɢɚɩɚɡɨɧ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɢɯ ɫɢɫɬɟɦ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɨɛɨɣɬɢ ɬɪɭɞɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɚɫɱɟɬɨɦ ɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɟɦ 

ɡɚɤɨɧɨɜ ɭɩɪɚɜɥɟɧɢɹ ɜɢɞɚ ( , )u f M . 

ȼɨɡɦɨɠɧɵ ɜɚɪɢɚɧɬɵ ɩɨɫɬɪɨɟɧɢɹ ɬɚɤɢɯ ɫɢɫɬɟɦ ɫ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ 

ɚɛɫɨɥɸɬɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ ɩɨ ɨɬɤɥɨɧɟɧɢɸ ɢ ɫ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɩɨ ɜɨɡɦɭɳɟɧɢɸ. 

ɋɢɫɬɟɦɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɚɛɫɨɥɸɬɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ ɩɨ 

ɨɬɤɥɨɧɟɧɢɸ ɫ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɞɜɢɝɚɬɟɥɹ ɨɛɥɚɞɚɸɬ ɧɟɜɵɫɨɤɢɦɢ 

ɞɢɧɚɦɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦɢ [11]. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɩɪɟɠɞɟ ɜɫɟɝɨ ɬɟɦ, ɱɬɨ ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɣ ɱɚɫɬɨɬɟ ɢɡɦɟɧɟɧɢɟ ɫɤɨɥɶɠɟɧɢɹ ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ 

ɫɤɨɪɨɫɬɢ, ɜ ɩɪɨɰɟɫɫɟ ɤɨɬɨɪɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɨɞɨɥɟɜɚɬɶ ɢɧɟɪɬɧɨɫɬɶ ɦɚɯɨɜɵɯ 

ɦɚɫɫ ɩɪɢɜɨɞɚ. 

Ȼɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɫ ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɹɜɥɹɸɬɫɹ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɪɟɚɥɢɡɭɸɳɢɟ ɩɪɢɧɰɢɩ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɚɛɫɨɥɸɬɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ ɩɨ ɜɨɡɦɭɳɟɧɢɸ ɫ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɱɚɫɬɨɬɭ ɜɵɯɨɞɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ɢɧɜɟɪɬɨɪɚ [12]. 

ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɫɢɫɬɟɦ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦ ɚɛɫɨɥɸɬɧɵɦ ɫɤɨɥɶɠɟɧɢɟɦ 

ɜɨɡɧɢɤɚɸɬ ɬɪɭɞɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɣ 

ɬɨɱɧɨɫɬɢ ɢ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ 

ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɥɶɠɟɧɢɹ. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦɢ ɜ ɷɬɨɦ ɚɫɩɟɤɬɟ 

ɹɜɥɹɸɬɫɹ ɞɢɫɤɪɟɬɧɵɟ ɩɪɢɧɰɢɩɵ ɭɩɪɚɜɥɟɧɢɹ. 

ɉɪɢɜɟɞɟɧɧɵɣ ɨɛɡɨɪ ɪɚɛɨɬ, ɨɬɪɚɠɚɸɳɢɯ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɬɪɚɞɢɰɢɨɧɧɵɣ 

ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱ ɱɚɫɬɨɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ, 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɞɨɜɨɥɶɧɨ ɩɨɥɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ 

ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɬɚɬɢɱɟɫɤɢɯ ɡɚɤɨɧɚɯ ɭɩɪɚɜɥɟɧɢɹ. 

Ɉɞɧɚɤɨ, ɩɪɢ ɫɨɡɞɚɧɢɢ ɪɟɚɥɶɧɵɯ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɧɟɢɡɛɟɠɧɨ 

ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɨɛɟɫɩɟɱɟɧɢɹ ɢɯ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ 

ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɇɚ ɪɟɚɥɶɧɨɟ ɩɨɜɟɞɟɧɢɟ ɚɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ 
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ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɟɪɟɯɨɞɧɵɟ ɹɜɥɟɧɢɹ ɜ 

ɞɜɢɝɚɬɟɥɟ ɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟ ɱɚɫɬɨɬɵ, ɧɟ ɭɱёɬ ɤɨɬɨɪɵɯ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 

ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɢɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɤ 

ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦ ɞɢɧɚɦɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ, ɚ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ, ɤ 

ɧɟɭɫɬɨɣɱɢɜɨɣ ɫɢɫɬɟɦɟ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɟɧ ɪɹɞ ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ ɚɧɚɥɢɡɭ ɞɢɧɚɦɢɤɢ 

ɱɚɫɬɨɬɧɨ-ɪɟɝɭɥɢɪɭɟɦɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ. ȼ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɢɧɬɟɪɟɫɧɵɯ 

ɪɚɛɨɬ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ [13] ɨɬɦɟɱɟɧɧɵɟ ɜɨɩɪɨɫɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɧɚ ɨɫɧɨɜɟ 

ɨɩɢɫɚɧɢɹ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɥɢɧɟɚɪɢɡɨɜɚɧɧɵɦɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ 

ɭɪɚɜɧɟɧɢɹɦɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɯɨɪɨɲɨ ɪɚɡɜɢɬɵɯ ɜ ɬɟɨɪɢɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɱɚɫɬɨɬɧɵɯ ɦɟɬɨɞɨɜ. 

Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɤɨɦɩɥɟɤɫɧɨɟ ɪɟɲɟɧɢɟ ɜɨɩɪɨɫɨɜ ɫɬɚɬɢɤɢ ɢ ɞɢɧɚɦɢɤɢ, ɢ 

ɩɪɟɠɞɟ, ɜɫɟɝɨ, ɡɚɞɚɱ ɫɢɧɬɟɡɚ ɱɚɫɬɨɬɧɨ-ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɜ ɪɚɦɤɚɯ 

ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɩɨɞɯɨɞɚ ɢ ɜɵɬɟɤɚɸɳɢɯ ɢɡ ɧɟɝɨ ɫɬɪɭɤɬɭɪ, ɜɫɥɟɞɫɬɜɢɟ ɫɥɨɠɧɨɫɬɢ 

ɢ ɫɭɳɟɫɬɜɟɧɧɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, ɨɤɚɡɚɥɨɫɶ ɧɚɫɬɨɥɶɤɨ 

ɬɪɭɞɨɟɦɤɢɦ ɢ ɦɚɥɨɷɮɮɟɤɬɢɜɧɵɦ, ɱɬɨ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ ɷɬɚɩɟ ɜɨɡɧɢɤɥɚ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɧɚ ɤɚɱɟɫɬɜɟɧɧɨ ɧɨɜɨɣ ɨɫɧɨɜɟ, ɞɚɸɳɟɣ ɩɪɢɦɟɧɢɦɵɟ ɜ 

ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ ɦɟɬɨɞɵ ɢɯ ɪɚɫɱɟɬɚ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 

Ɉɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɜ ɪɚɛɨɬɚɯ ȼɟɣɧɝɟɪ 

Ⱥ.Ɇ ɢ ɒɪɟɣɧɟɪɚ Ɋ.Ɍ. ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ [14, 15]:  

1. ɋɢɧɬɟɡ ɫɢɫɬɟɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚ ɛɚɡɟ ɛɨɥɟɟ ɩɨɥɧɨɝɨ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɱɟɫɬɶ ɜɥɢɹɧɢɟ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɹɜɥɟɧɢɣ ɧɚ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɚɫɢɧɯɪɨɧɧɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. 

2. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɤɨɦɩɥɟɤɫɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜ 

ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɜ ɤɨɬɨɪɨɣ ɷɬɢ ɩɟɪɟɦɟɧɧɵɟ ɜ 

ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɪɟɠɢɦɚɯ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ. 

3. Ɋɚɰɢɨɧɚɥɶɧɵɣ ɜɵɛɨɪ ɪɟɝɭɥɢɪɭɟɦɵɯ ɩɟɪɟɦɟɧɧɵɯ, ɜ ɱɚɫɬɧɨɫɬɢ, ɬɨɤɚ 

ɫɬɚɬɨɪɚ, ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ ɢ ɞɪ. 
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4. Ʉɨɦɩɟɧɫɚɰɢɹ ɜɧɭɬɪɟɧɧɢɯ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, 

ɤɨɬɨɪɵɟ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɫɜɟɞɟɧɵ ɤ ɫɥɚɛɵɦ ɩɭɬɟɦ ɜɵɛɨɪɚ ɩɟɪɟɦɟɧɧɵɯ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, 

ɜɜɟɞɟɧɢɟɦ ɫɨɜɟɬɭɸɳɢɯ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ ɜ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɩɪɢɧɰɢɩɨɜ ɢɧɜɚɪɢɚɧɬɧɨɫɬɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

5. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɧɰɢɩɨɜ ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɤɨɪɪɟɤɰɢɟɣ, ɯɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɢɯ ɫɟɛɹ ɜ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɯ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. 

6. ȼɜɟɞɟɧɢɟ ɜ ɫɢɫɬɟɦɭ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 

ɦɨɞɟɥɟɣ ɷɥɟɦɟɧɬɨɜ ɨɛɴɟɤɬɚ, ɩɨɡɜɨɥɹɸɳɢɯ ɜɨɫɩɪɨɢɡɜɟɫɬɢ ɡɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɵɯ, 

ɬɪɭɞɧɨ ɩɨɞɞɚɸɳɢɯɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦɭ ɢɡɦɟɪɟɧɢɸ. Ɋɚɡɜɢɬɢɟ ɷɬɨɝɨ 

ɧɚɩɪɚɜɥɟɧɢɹ ɬɪɟɛɭɟɬ ɲɢɪɨɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɪɟɞɫɬɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ 

ɢ ɫɜɹɡɚɧɨ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɭɫɥɨɠɧɟɧɢɟɦ ɫɢɫɬɟɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. Ɉɞɧɚɤɨ, ɩɪɢ 

ɷɬɨɦ ɨɬɤɪɵɜɚɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɢ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɜɪɚɳɚɸɳɢɯɫɹ ɢ 

ɝɚɥɶɜɚɧɨɦɟɬɪɢɱɟɫɤɢɯ ɞɚɬɱɢɤɨɜ, ɱɬɨ ɜɟɫɶɦɚ ɜɚɠɧɨ ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɢ ɭɞɨɛɫɬɜɚ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɞɥɹ ɪɚɫɲɢɪɟɧɢɹ ɨɛɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ ɱɚɫɬɨɬɧɨ-ɪɟɝɭɥɢɪɭɟɦɵɯ 

ɚɫɢɧɯɪɨɧɧɵɯ ɩɪɢɜɨɞɨɜ. 

ɉɪɢɦɟɧɟɧɢɟ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ ɩɪɢɜɟɥɨ ɤ ɫɨɡɞɚɧɢɸ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ 

ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ 

“Transvekror” [16] ɢ ɫɢɫɬɟɦ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ [17]. Ɉɞɧɚɤɨ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɩɪɨɞɨɥɠɚɸɬɫɹ ɤɚɤ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ 

ɫɬɪɭɤɬɭɪ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ, ɬɚɤ ɢ ɦɟɬɨɞɢɤ ɢɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ.  

 

1.3 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɲɟɢɡɥɨɠɟɧɧɵɦ - ɰɟɥɶɸ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 

ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɜɟɤɬɨɪɧɨɣ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɚɫɢɧɯɪɨɧɧɵɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɫ Ⱥɂɇ ɫ ɒɂɆ, ɫɢɧɬɟɡ ɫɬɪɭɤɬɭɪɵ ɢ ɪɚɫɱɟɬ 

ɩɚɪɚɦɟɬɪɨɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 
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1. ȼɵɛɨɪ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɢ 

ɪɚɡɪɚɛɨɬɤɚ ɨɛɨɛɳɟɧɧɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɵ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. 

2. Ɉɛɨɫɧɨɜɚɧɢɟ ɪɚɰɢɨɧɚɥɶɧɵɯ ɩɭɬɟɣ ɤɨɦɩɟɧɫɚɰɢɢ (ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ) 

ɜɧɭɬɪɟɧɧɢɯ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

ɢ ɪɟɲɟɧɢɟ ɜɨɩɪɨɫɨɜ ɨɪɢɟɧɬɚɰɢɢ ɤɨɨɪɞɢɧɚɬɧɨɣ ɫɢɫɬɟɦɵ ɞɥɹ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɩɟɪɟɦɟɧɧɵɯ 

3. Ɋɚɡɪɚɛɨɬɤɚ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɢ ɫɢɧɬɟɡ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

4. ɍɬɨɱɧɟɧɧɵɣ ɚɧɚɥɢɡ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ, ɭɬɨɱɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ 

ɧɚ ɯɚɪɚɤɬɟɪ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɦɟɬɨɞɚɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
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2 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. Ɉɛɨɛɳɟɧɧɚɹ 

ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ 

 

2.1 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɫ Ⱥɂɇ ɫ 
ШɂɆ 

 

ɂɫɯɨɞɧɵɦ ɷɬɚɩɨɦ ɩɨɫɬɪɨɟɧɢɹ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɚɫɢɧɯɪɨɧɧɵɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɹɜɥɹɟɬɫɹ ɭɞɨɛɧɨɟ ɞɥɹ ɚɧɚɥɢɡɚ ɢ ɫɢɧɬɟɡɚ ɋȺɍ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. 

Ɉɫɧɨɜɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɝɥɚɜɧɨɣ 

ɰɟɩɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɩɪɢɜɟɞɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 2.1.  

 

ȼ Ⱥɂɇ ɫ 
ɒɂɆ ȺȾ

50 ɝɰ

380 ȼ
du ciLi

yu *
ɧ

au
bu
cu

Ф
ʿЧ

' ',g gl r
s
su

ui
uu

 

 

Ʉɚɤ ɜɢɞɧɨ, ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɫɨɫɬɨɢɬ ɢɡ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ (ɉɑ) ɢ 

ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ (ȺȾ). ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɟ ɬɪɟɯɮɚɡɧɵɣ ɧɟɭɩɪɚɜɥɹɟɦɵɣ 

ɜɵɩɪɹɦɢɬɟɥɶ ȼ, ɫɢɥɨɜɨɣ LC – ɮɢɥɶɬɪ (Ɏ) ɢ ɚɜɬɨɧɨɦɧɵɣ ɢɧɜɟɪɬɨɪ ɧɚɩɪɹɠɟɧɢɹ 

(Ⱥɂɇ ɫ ɒɂɆ). ɉɨɫɤɨɥɶɤɭ ɜ ɉɑ ɫ Ⱥɂɇ ɫ ɒɂɆ ɭɩɪɚɜɥɟɧɢɟ ɚɦɩɥɢɬɭɞɨɣ ɢ 

ɱɚɫɬɨɬɨɣ ɜɵɯɨɞɧɵɯ ɧɚɩɪɹɠɟɧɢɣ 
s
su  ( au , bu , cu ) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɜɬɨɧɨɦɧɵɦ 

ɢɧɜɟɪɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɹ (Ⱥɂɇ) ɩɨɫɪɟɞɫɬɜɨɦ ɲɢɪɨɬɧɨ ɢɦɩɭɥɶɧɨɣ ɦɨɞɭɥɹɰɢɢ 

(ɒɂɆ), ɜɵɩɪɹɦɢɬɟɥɶ ɮɨɪɦɢɪɭɟɬ ɢɡ ɬɪɟɯɮɚɡɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɟɬɢ 

Ɋɢɫɭɧɨɤ 2.1 - Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɝɥɚɜɧɨɣ ɰɟɩɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 
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ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ du , ɤɨɬɨɪɨɟ ɩɨɫɥɟ ɮɢɥɶɬɪɚɰɢɢ ɮɢɥɶɬɪɨɦ Ɏ ɩɨɫɬɭɩɚɟɬ 

ɧɚ ɜɯɨɞ ɩɢɬɚɧɢɹ Ⱥɂɇ ɜ ɜɢɞɟ ɫɢɝɧɚɥɚ uu . ȿɫɥɢ ɩɪɟɧɟɛɪɟɱɶ ɢɡɦɟɧɟɧɢɟɦ ɩɚɞɟɧɢɹ 

ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɷɥɟɦɟɧɬɚɯ ɜɵɩɪɹɦɢɬɟɥɹ ɢ ɮɢɥɶɬɪɚ ɜɫɥɟɞɫɬɜɢɟ ɢɡɦɟɧɟɧɢɹ 

ɜɯɨɞɧɨɝɨ ɬɨɤɚ ɢɧɜɟɪɬɨɪɚ ui , ɬɨ ɦɨɠɧɨ ɩɪɢɧɹɬɶ uu const . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɩɨɫɤɨɥɶɤɭ ɱɚɫɬɨɬɚ ɒɂɆ ɧɚ 2-3 ɩɨɪɹɞɤɚ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɱɚɫɬɨɬɵ ɝɥɚɞɤɨɣ 

ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ Ⱥɂɇ, ɬɨ Ⱥɂɇ ɫ ɒɂɆ ɧɚ ɭɪɨɜɧɟ ɝɥɚɞɤɨɣ 

ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɛɟɡɵɧɟɪɰɢɨɧɧɵɦ ɡɜɟɧɨɦ, 

ɤɚɤ ɩɨ ɤɚɧɚɥɭ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɬɚɤ ɢ ɩɨ ɤɚɧɚɥɭ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɱɚɫɬɨɬɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɉɑ ɫ Ⱥɂɇ ɫ ɒɂɆ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ 

ɭɪɚɜɧɟɧɢɹɦɢ: 

 

s ɭu K u   , (2.1) 

*
s ɧ   , (2.2) 

*

0

t

ɧ sdt   , 
(2.3) 

 

ɝɞɟ ɭu - ɫɢɝɧɚɥ ɭɩɪɚɜɥɟɧɢɹ Ⱥɂɇ ɩɨ ɤɚɧɚɥɭ ɡɚɞɚɧɢɹ ɚɦɩɥɢɬɭɞɵ ɜɵɯɨɞɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ; 

su - ɚɦɩɥɢɬɭɞɚ ɝɥɚɞɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ; 

s , 
*
ɧ - ɫɢɝɧɚɥ ɡɚɞɚɧɢɹ ɚɪɝɭɦɟɧɬɚ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɚɪɝɭɦɟɧɬ 

ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɜɟɤɬɨɪɚ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ Ⱥɂɇ; 

s - ɱɚɫɬɨɬɚ ɝɥɚɞɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ Ⱥɂɇ; 

K - ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ Ⱥɂɇ ɩɨ ɤɚɧɚɥɭ ɮɨɪɦɢɪɨɜɚɧɢɹ ɚɦɩɥɢɬɭɞɵ 

ɧɚɩɪɹɠɟɧɢɹ (ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ 1K  ). 
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2.2 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ 

 

ɂɡ ɢɡɜɟɫɬɧɵɯ ɜɚɪɢɚɧɬɨɜ ɡɚɩɢɫɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, 

ɨɩɢɫɵɜɚɸɳɢɯ ɩɨɜɟɞɟɧɢɟ ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ȺȾ [18], ɧɚɢɛɨɥɟɟ ɭɞɨɛɧɨɣ 

ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ, ɜ ɤɨɬɨɪɨɣ ɫɜɹɡɶ ɦɟɠɞɭ ɜɯɨɞɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ-

ɧɚɩɪɹɠɟɧɢɟɦ 
s
su , ɩɨɞɜɟɞɟɧɧɵɦ ɤ ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ ɢ ɜɵɯɨɞɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ - 

ɦɨɦɟɧɬɨɦ   ɢ ɫɤɨɪɨɫɬɶɸ ɜɪɚɳɟɧɢɹ   ɪɨɬɨɪɚ ȺȾ ɜɵɪɚɠɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɩɟɪɟɦɟɧɧɵɯ – ɬɨɤɚ ɫɬɚɬɨɪɚ 
s
si ɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ 

s

r  

ɞɜɢɝɚɬɟɥɹ. Ɂɞɟɫɶ, 
s
su , 

s
si , 

s

s  - ɩɨɫɬɚɜɥɟɧɧɵɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɮɚɡɧɵɦ ɜɟɥɢɱɢɧɚɦ 

ɪɟɡɭɥɶɬɢɪɭɸɳɢɟ ɜɟɤɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ, ɬɨɤɚ, ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ.  

ɉɪɢ ɩɪɨɢɡɜɨɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ k  ɤɨɨɪɞɢɧɚɬɧɨɣ ɫɢɫɬɟɦɵ, ɜ 

ɤɨɬɨɪɨɣ ɪɟɡɭɥɶɬɢɪɭɸɳɢɟ ɜɟɤɬɨɪɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɨɦɩɥɟɤɫɧɵɦɢ ɩɟɪɟɦɟɧɧɵɦɢ 

u
su , 

u
si , 

u

r ɷɬɚ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɢɦɟɟɬ ɜɢɞ: 

 

( ) r
s s s s r rэ э э э k r

r

k
u r T Di i jr T i jk

T
        , 

(2.4) 

1
[ ( ) ]s r r rr r k

r r

i T D jT
k rT

         , 
(2.5) 

ˆIm[ ]sr rk i    , (2.6) 

cHD     , (2.7) 

 

ɝɞɟ su , si , r  - ɤɨɦɩɥɟɤɫɧɵɟ ɩɟɪɟɦɟɧɧɵɟ, ɨɬɨɛɪɚɠɚɸɳɢɟ ɪɟɡɭɥɶɬɢɪɭɸɳɢɟ 

ɜɟɤɬɨɪɵ ɧɚɩɪɹɠɟɧɢɹ ɫɬɚɬɨɪɚ, ɬɨɤɚ ɫɬɚɬɨɪɚ ɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ; 
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m

m

   , c
c

m

m

   - ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɞɜɢɝɚɬɟɥɹ ɢ ɦɨɦɟɧɬ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; 

  , k  - ɭɝɥɨɜɵɟ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ ɤɨɨɪɞɢɧɚɬɧɨɣ ɫɢɫɬɟɦɵ; 

J
H

J

  - ɫɭɦɦɚɪɧɵɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɫɢɫɬɟɦɵ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɜɚɥɭ 

ɞɜɢɝɚɬɟɥɹ; 

ml  , sl  , rl  , sr  , rr  - ɩɚɪɚɦɟɬɪɵ ɰɟɩɟɣ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɩɪɢɜɟɞɟɧɧɵɟ ɤ 

ɨɛɦɨɬɤɟ ɫɬɚɬɨɪɚ; 

( ) ( )э s m r r ml l l K l l     - ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɮɚɡɵ 

ɞɜɢɝɚɬɟɥɹ; 

2
э s r rr r K r   - - ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɮɚɡɵ ɞɜɢɝɚɬɟɥɹ; 

r
r

r

l
T

r
  - ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɰɟɩɢ ɪɨɬɨɪɚ; 

э
э

э

l
T

r
  - ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɝɥɚɜɧɨɣ ɰɟɩɢ ɞɜɢɝɚɬɟɥɹ; 

m
r

r

l
K

l
  - ɤɨɷɮɮɢɰɢɟɧɬ ɫɜɹɡɢ ɪɨɬɨɪɚ. 

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɚɧɚɥɢɡɚ ɭɪɚɜɧɟɧɢɹ ɚɫɢɧɯɪɨɧɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ, ɬɚɤɠɟ ɤɚɤ ɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ, ɡɚɩɢɫɚɧɵ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ 

ɟɞɢɧɢɰɚɯ. ȼ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɵɯ ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɣ, ɬɨɤɨɜ ɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɣ 

ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɜɟɥɢɱɢɧɵ [19]: 

smɧu u   - ɚɦɩɥɢɬɭɞɧɨɟ ɡɧɚɱɟɧɢɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɮɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

ɫɬɚɬɨɪɚ; 

smɧi i   - ɚɦɩɥɢɬɭɞɧɨɟ ɡɧɚɱɟɧɢɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɮɚɡɧɨɝɨ ɬɨɤɚ ɫɬɚɬɨɪɚ; 

u







  - ɚɦɩɥɢɬɭɞɧɨɟ ɡɧɚɱɟɧɢɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɮɚɡɧɨɝɨ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ 

ɫɬɚɬɨɪɚ; 
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ɝɞɟ 2 ɇf   - ɧɨɦɢɧɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɭɝɥɨɜɨɣ ɱɚɫɬɨɬɵ ɧɚɩɪɹɠɟɧɢɹ ɫɬɚɬɨɪɚ 

ɞɜɢɝɚɬɟɥɹ. 

ɍɤɚɡɚɧɧɨɟ ɡɧɚɱɟɧɢɟ  ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɚɤɠɟ ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɣ ɜɟɥɢɱɢɧɵ 

ɭɝɥɨɜɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɤɨɨɪɞɢɧɚɬɧɨɣ ɫɢɫɬɟɦɵ ɢ ɨɛɨɛɳёɧɧɵɯ ɜɟɤɬɨɪɨɜ su , 

si , r . 

Ȼɚɡɨɜɨɟ ɡɧɚɱɟɧɢɟ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɪɨɬ
pz




   , ɝɞɟ 

pz - ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ ɞɜɢɝɚɬɟɥɹ. Ȼɚɡɨɜɵɟ ɜɟɥɢɱɢɧɵ ɦɨɳɧɨɫɬɢ, ɜɪɟɦɟɧɢ, 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɞɜɢɝɚɬɟɥɹ, ɦɨɦɟɧɬɚ ɢɧɟɪɰɢɢ ɫɢɫɬɟɦɵ ɢ ɭɝɥɚ 

ɩɨɜɨɪɨɬɚ: 

 

3

2
P U i     , 

1
t


 , 

pz
m P 


 , 

2

3

pP z
J  







 , 1   ɪɚɞ. 

 

ȼ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɦɚɝɧɢɬɧɵɯ 

ɰɟɩɟɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɢ ɞɜɢɝɚɬɟɥɹ ɢɫɩɨɥɶɡɭɸɬɫɹ: 

 

u
r

i





  , 
u

l
i



 

  , 
i

c
u



 

  . 

 

ɍɪɚɜɧɟɧɢɹɦ (2.1)  (2.6) ɩɪɢ 0k   ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ 

ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, ɢɡɨɛɪɚɠɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ. 2.2. ɂɧɞɟɤɫ S  ɩɪɢ ɤɨɦɩɥɟɤɫɧɵɯ 

ɩɟɪɟɦɟɧɧɵɯ 
s
ɭu , 

s
su ,

s
si ,

s

r  ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɨɛɨɡɧɚɱɚɟɬ, ɱɬɨ ɨɧɢ ɜɵɪɚɠɟɧɵ ɜ 

ɧɟɩɨɞɜɢɠɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɬɨɪɚ, ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. 

ɇɚ ɷɬɨɣ ɫɯɟɦɟ ɫɢɫɬɟɦɚ ɉɑ-ȺȾ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 

ɫɨɟɞɢɧɟɧɧɵɯ ɡɜɟɧɶɟɜ: ɡɜɟɧɚ ɧɚɩɪɹɠɟɧɢɹ Ɂɇ, ɬɨɤɚ ɁɌ, ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ Ɂɉɋ, 

ɦɨɦɟɧɬɚ ɁɆ ɢ ɫɤɨɪɨɫɬɢ Ɂɋ. 



2
2 

 

Ɋɢɫɭɧɨɤ 2.2 - Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢ  
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Ʉɪɨɦɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɡɜɟɧɶɟɜ ɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɟ 

ɜɢɞɟɧ ɩɚɪɚɥɥɟɥɶɧɵɣ ɩɪɹɦɨɣ ɤɚɧɚɥ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɚ ɨɬ ɡɜɟɧɚ ɁɌ ɤ ɡɜɟɧɭ ɁɆ, 

ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɫɬɪɭɤɬɭɪɨɣ ɭɪɚɜɧɟɧɢɹ (2.6). Ɂɚɦɟɬɢɦ [15], ɱɬɨ ɷɬɨɬ ɤɚɧɚɥ ɦɨɠɟɬ 

ɛɵɬɶ ɢɫɤɥɸɱɟɧ ɢɡ ɫɯɟɦɵ ɩɭɬɟɦ ɩɨɞɫɬɚɧɨɜɤɢ ɜ ɭɪɚɜɧɟɧɢɟ (2.6) si ɢɡ ɭɪɚɜɧɟɧɢɹ 

(2.5).  

Ɉɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɚɤɠɟ ɧɚɥɢɱɢɟɦ ɜɧɭɬɪɟɧɧɢɯ ɨɛɪɚɬɧɵɯ 

ɫɜɹɡɟɣ ɩɨ ɬɨɤɭ ɫɬɚɬɨɪɚ 
s
si , ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɸ 

s

r  ɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ  

 , ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɛɵɬɶ ɭɱɬɟɧɵ ɩɪɢ ɫɢɧɬɟɡɟ ɋȺɍ. ɋɬɪɭɤɬɭɪɧɵɟ ɫɯɟɦɵ 

ɜɵɞɟɥɟɧɧɵɯ ɡɜɟɧɶɟɜ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ ɜ ɩɪɨɰɟɫɫɟ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɢɫɬɟɦɚ ɉɑ-ȺȾ, ɤɚɤ ɷɬɨ ɫɥɟɞɭɟɬ ɢɡ ɭɪɚɜɧɟɧɢɣ  (2.1)  (2.7) 

ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɵ ɪɢɫɭɧɤɟ. 2.2, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɵɣ 

ɧɟɥɢɧɟɣɧɵɣ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɫ ɜɧɭɬɪɟɧɧɢɦɢ ɨɛɪɚɬɧɵɦɢ ɫɜɹɡɹɦɢ ɦɟɠɞɭ 

ɩɟɪɟɦɟɧɧɵɦɢ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɫɦɨɬɪɟɧɢɹ ɟɝɨ ɜ ɜɢɞɟ ɰɟɩɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧёɧɧɵɯ ɡɜɟɧɶɟɜ ɫɨɡɞɚɟɬ ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɟɞɩɨɫɵɥɤɢ ɞɥɹ 

ɫɢɧɬɟɡɚ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɩɨɷɬɚɩɧɨɝɨ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɰɢɩɚɦɢ ɩɨɞɱɢɧёɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ.  

 

2.3 Ɉɛɨɛɳɟɧɧɚɹ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ 

 

ɉɨɫɬɪɨɟɧɢɟ ɢ ɪɚɫɱɟɬ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɫ ɚɜɬɨɧɨɦɧɵɦ ɢɧɜɟɪɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɹ ɫ ɒɂɆ, ɤɚɤ ɛɵɥɨ 

ɨɬɦɟɱɟɧɨ, ɦɨɝɭɬ ɛɵɬɶ ɩɪɨɢɡɜɟɞɟɧɵ ɧɚ ɛɚɡɟ ɨɛɳɟɣ ɦɟɬɨɞɢɤɢ ɫɢɧɬɟɡɚ ɫɢɫɬɟɦ 

ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɩɨɥɭɱɢɜɲɟɣ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢ ɯɨɪɨɲɨ 

ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɟɣ ɫɟɛɹ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɩɨɫɬɨɹɧɧɨɝɨ 

ɬɨɤɚ. 

ȼɦɟɫɬɟ ɫ ɬɟɦ, ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɢɦɟɟɬ ɪɹɞ ɫɭɳɟɫɬɜɟɧɧɵɯ 

ɨɫɨɛɟɧɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɛɵɬɶ ɭɱɬɟɧɵ ɩɪɢ ɪɚɫɱɟɬɟ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ 



24 

ɋȺɍ. Ɉɞɧɨɣ ɢɡ ɬɚɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɟɪɟɦɟɧɧɵɟ 
s
su , 

s
si , 

s

r

ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɢɦɟɸɬ ɤɨɦɩɥɟɤɫɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜ ɥɸɛɨɟ 

ɦɝɧɨɜɟɧɢɟ ɜɪɟɦɟɧɢ, ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɮɚɡɧɵɯ ɜɟɥɢɱɢɧ au  , bu , cu ɢ ɬ.ɞ. Ʉɪɨɦɟ ɬɨɝɨ, ɭɫɬɚɧɨɜɢɜɲɢɟɫɹ ɪɟɠɢɦɵ ɪɚɛɨɬɵ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɟ ɩɨɫɬɨɹɧɧɵɦɢ, ɚ ɩɟɪɢɨɞɢɱɟɫɤɢ 

ɢɡɦɟɧɹɸɳɢɦɢɫɹ ɜɨ ɜɪɟɦɟɧɢ ɡɧɚɱɟɧɢɹɦɢ ɷɬɢɯ ɜɟɥɢɱɢɧ. 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɩɟɪɟɦɟɧɧɵɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨ ɢɯ ɦɝɧɨɜɟɧɧɵɦ 

ɡɧɚɱɟɧɢɹɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɛɨɥɶɲɢɟ ɬɪɭɞɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɜ ɧɚɢɛɨɥɟɟ 

ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ [14, 20], 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤɨɦɩɥɟɤɫɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɢɯ 

ɧɟ ɜ ɧɟɩɨɞɜɢɠɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɬɨɪɚ ȺȾ, ɚ ɜɨ ɜɪɚɳɚɸɳɟɣɫɹ, 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɨɩɪɟɞɟɥɟɧɧɵɦ ɨɛɪɚɡɨɦ, ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. ɉɪɢ ɷɬɨɦ 

ɤɨɦɩɥɟɤɫɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɩɨɫɬɨɹɧɧɵɟ ɩɨ 

ɩɨɥɟɡɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɜɟɥɢɱɢɧɵ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ 

ɨɛɥɟɝɱɚɟɬ ɡɚɞɚɱɭ ɫɢɧɬɟɡɚ ɢ ɭɩɪɨɳɚɟɬ ɫɬɪɭɤɬɭɪɵ ɪɟɝɭɥɹɬɨɪɨɜ ɋȺɍ. 

 Ɉɪɢɟɧɬɚɰɢɸ ɤɨɨɪɞɢɧɚɬɧɨɣ ɫɢɫɬɟɦɵ ɫɥɟɞɭɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɱɬɨɛɵ ɤɨɥɢɱɟɫɬɜɨ ɜɧɭɬɪɟɧɧɢɯ ɩɟɪɟɤɪёɫɬɧɵɯ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ ɨɛɴɟɤɬɚ 

ɭɩɪɚɜɥɟɧɢɹ ɛɵɥɨ ɦɢɧɢɦɚɥɶɧɵɦ ɢ ɨɧɢ, ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ, ɛɵɥɢ ɧɚɢɛɨɥɟɟ ɫɥɚɛɵɦɢ.  

Ɍɚɤ, ɜ ɪɚɛɨɬɚɯ [16, 21] ɩɨɤɚɡɚɧɨ, ɱɬɨ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɭɞɨɛɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɦɨɦɟɧɬɚ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɨɪɢɟɧɬɚɰɢɸ ɤɨɨɪɞɢɧɚɬɧɨɣ ɫɢɫɬɟɦɵ ɧɚɢɛɨɥɟɟ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɜɟɤɬɨɪɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ. 

Ⱥɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɤɚɤ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ, ɩɪɢɨɛɪɟɬɚɟɬ 

ɫɜɨɣɫɬɜɚ ɛɥɢɡɤɢɟ ɤ ɫɜɨɣɫɬɜɚɦ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. 

 ɇɚ ɪɢɫɭɧɤɟ. 2.3. ɩɨɤɚɡɚɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ, 

ɩɨɫɬɪɨɟɧɧɚɹ ɫ ɭɱɟɬɨɦ ɫɬɪɭɤɬɭɪɵ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢ ɪɟɝɭɥɢɪɨɜɚɧɢɢ 

ɤɨɦɩɥɟɤɫɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɨ ɜɟɤɬɨɪɭ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ. ɗɬɚ ɫɢɫɬɟɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɜɨɤɭɩɧɨɫɬɶ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɞɱɢɧɟɧɧɵɯ ɫɢɫɬɟɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɤɚ ɫɬɚɬɨɪɚ 
s
si , 



2
5 

 

Ɋɢɫɭɧɨɤ 2.3 - ɂɫɯɨɞɧɚɹ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɋȺɍ ɚɫɢɧɯɪɨɧɧɵɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ 
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ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ 
s

r , ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ   ɢ ɫɤɨɪɨɫɬɢ   

ɞɜɢɝɚɬɟɥɹ. ȼɧɭɬɪɟɧɧɟɣ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɤɚ 
s
si , ɜɵɩɨɥɧɟɧɚ 

ɡɚɦɤɧɭɬɨɣ ɫ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɩɨ ɨɬɤɥɨɧɟɧɢɸ. ɋɬɪɭɤɬɭɪɚ ɪɟɝɭɥɹɬɨɪɚ ɊɌ, 

ɮɨɪɦɢɪɭɸɳɟɝɨ ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɭu  ɧɚ ɡɜɟɧɨ ɧɚɩɪɹɠɟɧɢɹ, ɞɨɥɠɧɚ 

ɜɵɛɢɪɚɬɶɫɹ ɫ ɭɱɟɬɨɦ ɫɬɪɭɤɬɭɪɵ ɡɜɟɧɚ ɬɨɤɚ ȺȾ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɩɪɨɰɟɫɫɨɜ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɚ ɫɬɚɬɨɪɚ ɜ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɟ ɪɟɝɭɥɹɬɨɪɚ ɊɌ 

ɞɨɥɠɧɚ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɩɪɹɦɚɹ, ɥɢɛɨ ɤɨɫɜɟɧɧɚɹ, ɤɨɦɩɟɧɫɚɰɢɹ ɜɧɭɬɪɟɧɧɢɯ 

ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɦɩɟɧɫɢɪɭɸɳɢɟ ɫɜɹɡɢ 

ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.3. ɲɬɪɢɯɨɜɵɦɢ ɥɢɧɢɹɦɢ. 

ɋɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɧɟ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɨɣ, ɢ 

ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɞɥɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ, ɬɪɟɛɭɸɳɢɯ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ 

ɞɜɢɝɚɬɟɥɹ ɩɭɬɟɦ ɨɫɥɚɛɥɟɧɢɹ ɩɨɥɹ. Ɉɧɚ ɬɚɤɠɟ ɜɵɩɨɥɧɹɟɬɫɹ ɡɚɦɤɧɭɬɨɣ ɫ 

ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɩɨ ɨɬɤɥɨɧɟɧɢɸ. Ɋɟɝɭɥɹɬɨɪ Ɋɉɋ ɜɵɪɚɛɚɬɵɜɚɟɬ ɭɩɪɚɜɥɹɸɳɟɟ 

ɜɨɡɞɟɣɫɬɜɢɟ *
si , ɩɨɞɞɟɪɠɢɜɚɸɳɟɟ ɡɚɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ. 

ɋɢɫɬɟɦɭ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɦɟɧɬɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɩɨɥɧɹɬɶ ɪɚɡɨɦɤɧɭɬɨɣ. 

Ɋɟɝɭɥɹɬɨɪ ɦɨɦɟɧɬɚ ɮɨɪɦɢɪɭɟɬ ɫɢɝɧɚɥ ɡɚɞɚɧɢɹ *
r  ɜ ɮɭɧɤɰɢɢ ɫɤɨɪɨɫɬɢ (ɞɨ 

ɨɫɧɨɜɧɨɣ ɫɤɨɪɨɫɬɢ ɡɚɞɚɧɢɟ ɩɨɫɬɨɹɧɧɨ, ɜɵɲɟ ɨɫɧɨɜɧɨɣ ɭɦɟɧɶɲɚɟɬɫɹ) ɢ ɫɢɝɧɚɥ 

ɡɚɞɚɧɢɹ ɩɪɨɟɤɰɢɢ ɬɨɤɚ ɫɬɚɬɨɪɚ *
si , ɨɩɪɟɞɟɥɹɸɳɟɣ ɩɪɢ ɡɚɞɚɧɧɨɦ r  

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɞɜɢɝɚɬɟɥɹ. 

ȼɧɟɲɧɟɣ (ɝɥɚɜɧɨɣ) ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ, ɤɨɬɨɪɭɸ 

ɧɚɢɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɩɨɥɧɹɬɶ ɡɚɦɤɧɭɬɨɣ ɫ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɩɨ ɨɬɤɥɨɧɟɧɢɸ. 

ɇɚ ɜɵɯɨɞɟ ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ ɮɨɪɦɢɪɭɟɬɫɹ ɫɢɝɧɚɥ ɡɚɞɚɧɢɹ ɦɨɦɟɧɬɚ *  ɜ 

ɮɭɧɤɰɢɢ ɫɢɝɧɚɥɚ ɨɲɢɛɤɢ *     .  
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2.4 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

 

1. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬ 

ɫɢɫɬɟɦɭ «ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ɫ Ⱥɂɇ ɫ ɒɂɆ – ɚɫɢɧɯɪɨɧɧɵɣ 

ɞɜɢɝɚɬɟɥɶ» ɤɚɤ ɫɥɨɠɧɵɣ ɧɟɥɢɧɟɣɧɵɣ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ. 

2. ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɪɹɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ 

ɡɜɟɧɶɟɜ ɫɨɡɞɚɟɬ ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɟɞɩɨɫɵɥɤɢ ɞɥɹ ɫɢɧɬɟɡɚ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɩɨɷɬɚɩɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɰɢɩɚɦɢ ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

3. Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɢ 

ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɩɨɡɜɨɥɹɸɬ ɨɫɭɳɟɫɬɜɢɬɶ 

ɫɢɧɬɟɡ ɪɟɝɭɥɹɬɨɪɨɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɛɚɡɟ 

ɨɛɳɟɣ ɦɟɬɨɞɢɤɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɩɟɪɟɦɟɧɧɵɯ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɤɨɪɪɟɤɰɢɟɣ. 
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3 ɋɢɧɬɟɡ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ c ɚɜɬɨɧɨɦɧɵɦ ɢɧɜɟɪɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɹ c ШɂɆ 

 

3.1 ɂɫɯɨɞɧɵɟ ɡɚɦɟɱɚɧɢɹ 

 

ȼɚɠɧɵɦ ɷɬɚɩɨɦ ɪɚɡɪɚɛɨɬɤɢ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɹɜɥɹɟɬɫɹ 

ɩɪɢɛɥɢɠɟɧɧɵɣ ɫɢɧɬɟɡ ɪɟɝɭɥɹɬɨɪɨɜ, ɨɫɭɳɟɫɬɜɥɹɟɦɵɣ ɧɚ ɨɫɧɨɜɟ ɨɩɪɟɞɟɥɟɧɧɨɣ 

ɢɞɟɚɥɢɡɚɰɢɢ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ, ɩɨɥɭɱɟɧɧɚɹ ɧɚ ɷɬɨɦ ɷɬɚɩɟ, ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɟɫɬɢ ɭɬɨɱɧɟɧɧɵɣ ɚɧɚɥɢɡ 

ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɧɚɣɞɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɦɟɬɨɞɚɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɢɥɢ 

ɮɢɡɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɚɫɱɟɬɨɜ ɢ ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɋȺɍ. 

ɉɪɢ ɜɵɛɨɪɟ ɫɬɪɭɤɬɭɪɵ ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ 

ɤɨɪɪɟɤɰɢɟɣ ɧɚ ɷɬɚɩɟ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɫɢɧɬɟɡɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɟɲɚɸɬɫɹ ɡɚɞɚɱɢ 

ɫɢɧɬɟɡɚ ɪɟɝɭɥɹɬɨɪɨɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

ȼ ɩɪɟɞɵɞɭɳɟɣ ɝɥɚɜɟ ɩɪɢɜɟɞɟɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɨɛɴɟɤɬɚ 

ɭɩɪɚɜɥɟɧɢɹ ɜ ɧɚɢɛɨɥɟɟ ɨɛɳɟɦ ɜɢɞɟ.  

ɉɪɟɠɞɟ ɱɟɦ ɩɪɢɫɬɭɩɚɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɫɢɧɬɟɡɭ ɪɟɝɭɥɹɬɨɪɨɜ 

ɧɟɨɛɯɨɞɢɦɨ ɤɨɧɤɪɟɬɢɡɢɪɨɜɚɬɶ ɷɬɨ ɨɩɢɫɚɧɢɟ ɫ ɭɱёɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ 

ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɵ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ. 

ɍɪɚɜɧɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ (2.1) - (2.3) ɜ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ 

ɤɨɨɪɞɢɧɚɬ ɢɦɟɟɬ ɜɢɞ:  

 

s yu u  , 

s yu u  . 

(3.1) 

(3.2) 

 

Ⱥɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ɜ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɩɨ ɜɟɤɬɨɪɭ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ ( r r  , 0)r 
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ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɟɣ ɫɢɫɬɟɦɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 

ɭɪɚɜɧɟɧɢɣ: 

 

( ) r
s э э s s э э k s r

r

K
u r T Di i r T i

T        , 

(3.3) 

( )s э э s s э э k s r ru r T Di i r T i K        , (3.4) 

1
[ ]s r r r

r r r

i T D
K r T     , 

(3.5) 

1
[ ( ) ]s r k r

r r r

i T
K r T     , 

(3.6) 

[ ]r r sK i    , (3.7) 

cHD    . (3.8) 

 

ɂɧɞɟɤɫɵ  ,   ɩɪɢ ɩɟɪɟɦɟɧɧɵɯ ɩɨɹɫɧɹɸɬ,  ɱɬɨ ɩɨɫɥɟɞɧɢɟ ɹɜɥɹɸɬɫɹ 

ɩɪɨɟɤɰɢɹɦɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɟɤɬɨɪɨɜ ɧɚ ɦɧɢɦɭɸ   ɢ ɞɟɣɫɬɜɢɬɟɥɶɧɭɸ   ɨɫɢ 

ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. 

 

3.2 ɋɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɤɚ ɫɬɚɬɨɪɚ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɵ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɧɚ ɪɢɫɭɧɤɟ 

2.3, ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɟɤɬɨɪɚ ɬɨɤɚ ɫɨɫɬɨɢɬ ɢɡ ɡɜɟɧɚ 

ɧɚɩɪɹɠɟɧɢɹ ɢ ɡɜɟɧɚ ɬɨɤɚ. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɤɚ 

ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.1.  
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/ ( )PTW p

/ ( )PTW p

1

( 1)э эr T p 

1

( 1)э эr T p 




э эr T

r

r

K

T

 rK

*
si

*
si

si

si

k



r

r

ˀТ ЗТ

*
su

*
su

1

1
su

suyu

yu1

1T p 

1

1T p 

Зʻ  

 

Ɂɜɟɧɨ ɧɚɩɪɹɠɟɧɢɹ ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɹɦ (3.1), (3.2) ɜ ɤɚɠɞɨɦ ɤɚɧɚɥɟ ɡɞɟɫɶ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɛɟɡɵɧɟɪɰɢɨɧɧɵɦ ɞɢɧɚɦɢɱɟɫɤɢɦ ɡɜɟɧɨɦ. 

ɋ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɦɟɯɨɡɚɳɢɳɟɧɧɨɫɬɢ ɫɢɫɬɟɦɵ ɧɚ ɜɯɨɞɚɯ ɷɬɢɯ 

ɡɜɟɧɶɟɜ ɜɤɥɸɱɟɧɵ ɚɩɟɪɢɨɞɢɱɟɫɤɢɟ ɡɜɟɧɶɹ ɫ ɦɚɥɨɣ ɧɟɤɨɦɩɟɧɫɢɪɭɟɦɨɣ 

ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ  . 

Ɂɜɟɧɨ ɬɨɤɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɭɪɚɜɧɟɧɢɣ (3.3), (3.4) ɩɪɟɞɫɬɚɜɥɟɧɨ ɤɚɤ 

ɧɟɥɢɧɟɣɧɚɹ ɞɜɭɯɦɟɪɧɚɹ ɫɢɫɬɟɦɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɞɜɭɯ ɨɞɧɨɬɢɩɧɵɯ ɥɢɧɟɣɧɵɯ 

ɢɧɟɪɰɢɨɧɧɵɯ ɡɜɟɧɶɟɜ ɫ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ  

 

1
( )

( 1)э
э э

W p
r T p


 , 

(3.9) 

 

ɨɯɜɚɱɟɧɧɵɯ ɧɟɥɢɧɟɣɧɵɦɢ ɩɟɪɟɤɪɟɫɬɧɵɦɢ ɫɜɹɡɹɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɛɥɨɤɢ 

ɩɟɪɟɦɧɨɠɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ. ɉɨɦɢɦɨ ɩɟɪɟɤɪёɫɬɧɵɯ ɫɜɹɡɟɣ ɩɨ ɩɪɨɟɤɰɢɹɦ ɜɟɤɬɨɪɚ 

ɬɨɤɚ, ɜ ɤɚɧɚɥɟ " "  ɧɚ ɜɯɨɞɟ ɡɜɟɧɚ (3.9) ɞɟɣɫɬɜɭɟɬ ɜɧɭɬɪɟɧɧɹɹ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ 

Ɋɢɫɭɧɨɤ 3.1 - ɂɫɯɨɞɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɤɚ 

ɫɬɚɬɨɪɚ.
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ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨ r , ɚ ɜ ɤɚɧɚɥɟ " "  ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ ɩɨ ɗȾɋ ɜɪɚɳɟɧɢɹ 

ɞɜɢɝɚɬɟɥɹ.  

ȼ ɪɚɛɨɬɚɯ [20, 22, 23] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɨɬɥɢɱɢɟ ɨɬ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ 

ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɝɞɟ ɜɥɢɹɧɢɟɦ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɗȾɋ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ 

ɫɨɨɬɧɨɲɟɧɢɹɯ ɩɨɫɬɨɹɧɧɵɯ ɜɪɟɦɟɧɢ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ [24], 

ɜ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɯ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɟɨɛɯɨɞɢɦ ɭɱɟɬ ɷɬɨɝɨ 

ɮɚɤɬɨɪɚ ɩɪɢ ɫɢɧɬɟɡɟ ɪɟɝɭɥɹɬɨɪɚ ɬɨɤɚ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɋȺɍ ɚɫɢɧɯɪɨɧɧɵɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ, ɩɨɞɬɜɟɪɞɢɥɨ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɱɟɬɚ ɜɥɢɹɧɢɹ ɗȾɋ ɢ ɜɵɹɜɢɥɨ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ 

ɩɟɪɟɤɪёɫɬɧɵɯ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ ɡɜɟɧɚ ɬɨɤɚ ɧɚ ɩɪɨɰɟɫɫɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɩɟɪɟɦɟɧɧɵɯ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. ȼɥɢɹɧɢɟ ɷɬɢɯ ɫɜɹɡɟɣ ɬɟɦ ɛɨɥɶɲɟ, ɱɟɦ ɜɵɲɟ 

ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ.  

ȼ ɪɚɛɨɬɚɯ [16, 20, 21] ɪɚɫɫɦɨɬɪɟɧɵ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɤɚ, ɜ ɤɨɬɨɪɵɯ 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɢɝɧɚɥɚ ɤɨɦɩɟɧɫɢɪɭɸɳɟɝɨ ɜɥɢɹɧɢɹ ɗȾɋ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡ ɫɢɝɧɚɥɨɜ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɯ ɦɨɞɭɥɸ ɜɟɤɬɨɪɚ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ ɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ. Ɏɨɪɦɢɪɨɜɚɧɢɟ 

ɫɢɝɧɚɥɨɜ ɤɨɦɩɟɧɫɚɰɢɢ ɩɟɪɟɤɪɟɫɬɧɵɯ ɫɜɹɡɟɣ ɩɨ ɬɨɤɭ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɥɢɛɨ ɢɡ 

ɜɵɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ ɢ ɫɤɨɪɨɫɬɢ, ɥɢɛɨ ɢɡ ɩɪɨɟɤɰɢɣ ɜɟɤɬɨɪɚ ɬɨɤɚ 

ɢ ɫɤɨɪɨɫɬɢ.  

ɋɢɧɬɟɡ ɪɟɝɭɥɹɬɨɪɨɜ ɩɪɨɟɤɰɢɣ ɜɟɤɬɨɪɚ ɬɨɤɚ, ɩɪɢ ɭɫɥɨɜɢɢ ɤɨɦɩɟɧɫɚɰɢɢ 

ɜɥɢɹɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɫɜɹɡɟɣ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, ɧɟ ɜɵɡɵɜɚɟɬ ɡɚɬɪɭɞɧɟɧɢɣ ɢ 

ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɬɢɩɨɜɨɣ ɦɟɬɨɞɢɤɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɩɨɞɱɢɧɟɧɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ [24, 25, 26]. 

Ɍɚɤ, ɞɥɹ ɫɥɭɱɚɹ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨ ɦɨɞɭɥɶɧɨɦɭ ɨɩɬɢɦɭɦɭ ɩɟɪɟɞɚɬɨɱɧɵɟ 

ɮɭɧɤɰɢɢ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ ɢɦɟɸɬ ɜɢɞ: 
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(3.10) 



32 

*

*

( ) ( 1)
( )

( ) 2
s э э

ɊɌ
s

u p r T p
W p

i p T p



 


  . 

(3.11) 

 

ɉɟɪɟɞɚɬɨɱɧɵɟ ɮɭɧɤɰɢɢ ɡɚɦɤɧɭɬɵɯ ɫɢɫɬɟɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɟɤɰɢɣ 

ɜɟɤɬɨɪɚ ɬɨɤɚ ɫɬɚɬɨɪɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɪɚɠɟɧɢɹɦɢ: 
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(3.13) 

 

ɉɪɟɧɟɛɪɟɝɚɹ ɜ (3.12), (3.13) ɱɥɟɧɨɦ, ɫɨɞɟɪɠɚɳɢɦ 2p , ɜ ɩɪɨɰɟɫɫɟ 

ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ ɢ ɫɢɧɬɟɡɚ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢɛɥɢɠɟɧɧɨɟ ɜɵɪɚɠɟɧɢɟ: 

  

1
( ) ( ) ( )

1Ɍ Ɍ Ɍ
T

G p G p G p
T p   

 . 
(3.14) 

 

ɝɞɟ 2TT T   

 ȼɨɡɦɨɠɧɵ ɜɚɪɢɚɧɬɵ ɩɨɫɬɪɨɟɧɢɹ ɫɢɫɬɟɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɤɚ, ɧɟ 

ɬɪɟɛɭɸɳɢɯ ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɜɥɢɹɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɨɛɪɚɬɧɵɯ 

ɞɚɬɱɢɤɨɜ, ɜɫɬɪɨɟɧɧɵɯ ɜ ɞɜɢɝɚɬɟɥɶ ɢ ɭɫɬɪɨɣɫɬɜ ɩɟɪɟɦɧɨɠɟɧɢɹ. Ɉɞɢɧ ɢɡ ɬɚɤɢɯ 

ɜɚɪɢɚɧɬɨɜ ɪɚɫɫɦɨɬɪɟɧ ɜ [27]. ɉɪɟɞɫɬɚɜɥɹɟɬ ɬɚɤɠɟ ɢɧɬɟɪɟɫ ɞɪɭɝɨɣ ɜɚɪɢɚɧɬ 

ɩɨɫɬɪɨɟɧɢɹ ɋȺɊ ɬɨɤɚ, ɧɟ ɬɪɟɛɭɸɳɢɣ ɩɪɢɦɟɧɟɧɢɹ ɞɚɬɱɢɤɨɜ, ɜɫɬɪɨɟɧɧɵɯ ɜ 

ɞɜɢɝɚɬɟɥɶ ɢ ɛɥɨɤɨɜ ɩɟɪɟɦɧɨɠɟɧɢɹ [28, 29]. ɗɬɨɬ ɜɚɪɢɚɧɬ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɧɰɢɩɚ ɤɨɦɩɟɧɫɚɰɢɢ ɜɨɡɦɭɳɟɧɢɣ ɞɥɹ ɫɢɧɬɟɡɚ ɫɢɫɬɟɦɵ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɟɤɰɢɣ ɜɟɤɬɨɪɚ ɬɨɤɚ. 
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 Ʉɚɠɞɵɣ ɢɡ ɤɚɧɚɥɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɟɤɰɢɣ ɜɟɤɬɨɪɚ ɬɨɤɚ ɩɪɟɞɫɬɚɜɥɹɟɦ 

ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɨɣ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 3.2ɚ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɫɭɦɦɚɪɧɵɣ 

ɫɢɝɧɚɥ ɜɧɭɬɪɟɧɧɢɯ ɫɜɹɡɟɣ ɧɚ ɜɯɨɞɚɯ ɡɜɟɧɚ (3.9), ɤɚɤ ɜɨɡɦɭɳɚɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ.  

 ɉɭɬɟɦ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɩɨɹɫɧɟɧɧɵɯ 

ɪɢɫɭɧɤɚɦɢ 3.2ɛ, ɜ ɷɬɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɢɜɨɞɢɬɫɹ ɤ ɜɢɞɭ, ɩɨɤɚɡɚɧɧɨɦɭ ɧɚ 

ɪɢɫɭɧɤɟ 3.2ɝ.  
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ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɪɟɝɭɥɹɬɨɪɚ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪɚ ɬɨɤɚ: 

 

1

( 1)э э
ɊɌ

r T p
W

K T p
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 , 
(3.15) 

 

ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɧɟɲɧɟɝɨ ɤɨɧɬɭɪɚ: 

 

2 2ɊɌ
K

W
T p

 . 
(3.16) 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɟɧɚ ɞɜɭɯɤɚɧɚɥɶɧɚɹ ɞɜɭɯɤɨɧɬɭɪɧɚɹ ɫɢɫɬɟɦɚ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɟɤɬɨɪɚ ɬɨɤɚ ȺȾ, ɧɟ ɫɨɞɟɪɠɚɳɚɹ ɜ ɹɜɧɨɦ ɜɢɞɟ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ 

ɫɜɹɡɟɣ ɫ ɩɪɨɫɬɵɦɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɬɪɭɤɬɭɪɚɦɢ ɜɧɟɲɧɟɝɨ ɢ ɜɧɭɬɪɟɧɧɟɝɨ 

ɪɟɝɭɥɹɬɨɪɨɜ (ɪɢɫɭɧɨɤ 3.3). 

Ɋɢɫɭɧɨɤ 3.2 - ɗɬɚɩɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɫɢɫɬɟɦɵ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɬɨɤɚ ɫɬɚɬɨɪɚ 
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3.3 ɋɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɢ ɫɤɨɪɨɫɬɢ 

 

ɗɥɟɦɟɧɬɚɦɢ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɋȺɊ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɹɜɥɹɟɬɫɹ 

ɫɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɤɚ ɢ ɡɜɟɧɨ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ Ɂɉɋ. ɇɚ ɪɢɫɭɧɤɟ 3.4 

ɩɨɤɚɡɚɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɨ s
r  ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ.  

ɇɚ ɷɬɨɣ ɫɯɟɦɟ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɡɜɟɧɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫ ɭɱɟɬɨɦ (3.5) 

ɢɦɟɟɬ ɜɢɞ: 
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(3.17) 

 

Ɋɢɫɭɧɨɤ 3.3 - ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɋȺɊ ɜɟɤɬɨɪɚ ɬɨɤɚ. 
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ɚ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɤɨɧɬɭɪɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɤɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (3.14): 
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(3.18) 

 

ȼɵɛɢɪɚɹ ɠɟɥɚɟɦɭɸ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɨɞɭɥɶɧɨɦɭ ɨɩɬɢɦɭɦɭ 
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(3.19) 

 

ɧɚɯɨɞɢɦ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɪɟɝɭɥɹɬɨɪɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ 
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(3.20) 

 

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫ ɭɱɟɬɨɦ (3.17) ɢɦɟɟɬ ɜɢɞ: 

Ɋɢɫɭɧɨɤ 3.4 - ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ 

ɪɨɬɨɪɚ. 
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(3.21) 

  

ɉɪɟɧɟɛɪɟɝɚɹ ɜ ɷɬɨɦ ɜɵɪɚɠɟɧɢɢ ɱɥɟɧɨɦ ɫ 2p ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɨɥɭɱɚɟɦ 
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(3.22) 

 

ɋɢɧɬɟɡ ɫɢɫɬɟɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɦɟɧɬɚ ɢ ɫɤɨɪɨɫɬɢ ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɦɟɬɨɞɢɤɟ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ ɩɨɞɱɢɧɟɧɧɵɦ ɪɟɝɭɥɢɪɨɜɚɧɢɟ 

ɩɟɪɟɦɟɧɧɵɯ. ɇɚ ɪɢɫɭɧɤɟ 3.5 ɩɪɢɜɟɞɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ, ɫɨɫɬɚɜɥɟɧɧɚɹ ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɜɵɪɚɠɟɧɢɣ (3.14), (3.19), ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɬɨɤɚ ɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɫ ɭɱɟɬɨɦ ɭɪɚɜɧɟɧɢɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ 

ɦɨɦɟɧɬɚ ȺȾ (3.7) ɢ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ (3.8).  
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ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɡɜɟɧɚ ɫɤɨɪɨɫɬɢ, ɩɨɤɚɡɚɧɧɨɝɨ ɧɚ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɟ 

ɪɢɫɭɧɤɟ 3.5, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (3.8) ɩɪɢ 0ɫ   ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

Ɋɢɫɭɧɨɤ 3.5 - ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ. 
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(3.23) 

 

Ɋɟɝɭɥɹɬɨɪ ɦɨɦɟɧɬɚ ɫɨɫɬɨɢɬ ɢɡ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɛɥɨɤɚ ɎȻ1, ɫ ɩɨɦɨɳɶɸ 

ɤɨɬɨɪɨɝɨ ɮɨɪɦɢɪɭɟɬɫɹ ɫɢɝɧɚɥ ɡɚɞɚɧɢɹ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ *
r ɜ ɮɭɧɤɰɢɢ ɫɤɨɪɨɫɬɢ 

 . 

 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɛɥɨɤɚ ɎȻ1 ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɜɵɪɚɠɟɧɢɹɦɢ: 

 

*

,

,

rɇ ɇ

r ɇ rɇ
ɇ

const ɩɪɢ

ɩɪɢ

  
    



  
 




, 

 

(3.24) 

 

ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɜɭɡɨɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɫɤɨɪɨɫɬɢ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɢɧɜɚɪɢɚɧɬɧɨɫɬɢ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɤ 

ɢɡɦɟɧɟɧɢɸ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɜ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɟ ɪɟɝɭɥɹɬɨɪɚ ɦɨɦɟɧɬɚ 

ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɪɟɚɥɢɡɭɸɳɟɟ ɫɥɟɞɭɸɳɭɸ ɜɡɚɢɦɨɫɜɹɡɶ 

ɦɟɠɞɭ ɫɢɝɧɚɥɨɦ ɡɚɞɚɧɢɹ ɦɨɦɟɧɬɚ 
*  ɢ ɫɢɝɧɚɥɨɦ ɡɚɞɚɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɬɨɤɚ 

*
si : 

 

*
*

*s
r r

i
K



 , 

 

 

 

 ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɡɥɨɠɟɧɧɵɦ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɫɢɫɬɟɦɵ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɦɟɧɬɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

 

*

( )
( ) ( )

( ) T

p
G p G p

p



  , 
(3.25) 
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ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɟɪɟɞɚɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɦɟɧɬɚ 

(3.21) ɢ ɡɜɟɧɚ ɫɤɨɪɨɫɬɢ (3.20), ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ 

ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ. 

 Ⱦɥɹ ɫɥɭɱɚɹ ɦɨɞɭɥɶɧɨɝɨ ɨɩɬɢɦɭɦɚ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɪɟɝɭɥɹɬɨɪɚ 

ɫɤɨɪɨɫɬɢ ɢɦɟɟɬ ɜɢɞ: 

 

( )
( )

( ) ( ) 2
ɠ

pc
T

W p H
W p

G p W p T 

  , 

(3.26) 

 

ɝɞɟ ɠɟɥɚɟɦɚɹ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɪɚɡɨɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɫɤɨɪɨɫɬɢ 

 

1
( )

2 ( 1)ɠ
T T

W p
T p T


 . 

 

  

ȼ ɡɚɤɥɸɱɟɧɢɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɫɫɦɨɬɪɟɧɧɚɹ ɋȺɍ ɦɨɠɟɬ 

ɩɪɢɦɟɧɹɬɶɫɹ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ, ɧɨ ɢ ɜ ɩɨɡɢɰɢɨɧɧɵɯ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɯ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɞɨɩɨɥɧɟɧɢɢ ɟё ɤɨɧɬɭɪɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɩɨɥɨɠɟɧɢɹ. 

 

3.4 Ȼɥɨɤ ɨɪɢɟɧɬɚɰɢɢ 

 

Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɟɞɩɨɫɵɥɨɤ ɤ ɩɪɨɜɨɞɢɦɨɦɭ ɫɢɧɬɟɡɭ ɋȺɍ 

ɚɫɢɧɯɪɨɧɧɵɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ c Ⱥɂɇ ɹɜɥɹɟɬɫɹ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛɴɟɤɬɚ 

ɭɩɪɚɜɥɟɧɢɹ ɜ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɨ ɜɟɤɬɨɪɭ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ ɫɢɫɬɟɦɟ 

ɤɨɨɪɞɢɧɚɬ. ɗɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 2.3, ɜɤɥɸɱɟɧɢɟɦ ɧɚ ɟɝɨ 

ɜɯɨɞ ɢ ɤɚɧɚɥɵ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɭɫɬɪɨɣɫɬɜ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɨɪɞɢɧɚɬ ɉɄ1-ɉɄ4.  
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ɉɄ1 ɩɪɟɨɛɪɚɡɭɟɬ ɜɟɤɬɨɪ ɭɩɪɚɜɥɟɧɢɹ ɢɧɜɟɪɬɨɪɨɦ 
*
su  ɢɡ ɤɨɨɪɞɢɧɚɬɧɨɣ 

ɫɢɫɬɟɦɵ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɨ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɸ ɪɨɬɨɪɚ (ɫɢɝɧɚɥɵ 
*
xsu , 

*
ysu ) ɜ 

ɧɟɩɨɞɜɢɠɧɭɸ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɬɨɪɚ ȺȾ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ ( ɫɢɝɧɚɥɵ 
*

su ,      

*
su ): 

 

* * *cos sins xs k ys ku u u    , (3.27) 

* * *sin coss xs k ys ku u u    . (3.28) 

 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɷɬɢ ɫɢɝɧɚɥɵ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ Ⱥɂɇ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ  

 

*
a su u , (3.29) 

* * *1
( 3 )

2b s su u u     , 
(3.30) 

* * *1
( 3 )

2c s su u u     , 
(3.31) 

 

ɮɨɪɦɢɪɭɸɳɢɯ ɮɚɡɧɵɟ ɜɵɯɨɞɧɵɟ ɧɚɩɪɹɠɟɧɢɹ au , bu , cu  ɚɜɬɨɧɨɦɧɨɝɨ 

ɢɧɜɟɪɬɨɪɚ. 

 ɉɄ2 ɬɪɚɧɫɮɨɪɦɢɪɭɟɬ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɜɟɤɬɨɪ ɬɨɤɚ ɫɬɚɬɨɪɚ ȺȾ si  ɢɡ 

ɧɟɩɨɞɜɢɠɧɨɣ ɞɟɤɚɪɬɨɜɨɣ, ɜ ɨɪɢɟɧɬɢɪɨɜɚɧɧɭɸ ɩɨ r ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ: 

 

cos sinxs s k s ki i i    , (3.32) 

sin cosys s k s ki i i    . (3.33) 
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 ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɉɄ3 ɢ ɉɄ4 ɬɪɚɧɫɮɨɪɦɢɪɭɸɬ ɢɡ ɧɚɬɭɪɚɥɶɧɨɣ ɬɪɟɯɮɚɡɧɨɣ 

ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɜ ɧɟɩɨɞɜɢɠɧɭɸ ɞɟɤɚɪɬɨɜɭ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ 

ɜɟɤɬɨɪ ɬɨɤɚ ɫɬɚɬɨɪɚ   si : 

 

s ai i  , (3.34) 

1
( )

3
s c bi i i   , 

(3.35) 

  

ɢ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɜɟɤɬɨɪ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɜ ɜɨɡɞɭɲɧɨɦ ɡɚɡɨɪɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɦɚɲɢɧɵ rs : 

 

rs ars  , (3.36) 

1
( )

3
rs crs brs    . 

(3.37) 

 

 Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ ɩɨ ɭɫɥɨɜɢɹɦ ɨɪɢɟɧɬɚɰɢɢ ( r r  , 0r  ) 

ɫɢɝɧɚɥɨɜ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ ɤɨɨɪɞɢɧɚɬ sin , cos  ɢ ɦɨɞɭɥɹ r  

ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɜɟɤɬɨɪɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɥɨɤɨɦ 

ɨɪɢɟɧɬɚɰɢɢ (ȻɈ). ȼɵɛɨɪ ɪɚɰɢɨɧɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɛɥɨɤɚ ɨɪɢɟɧɬɚɰɢɢ ɹɜɥɹɟɬɫɹ 

ɜɚɠɧɵɦ ɷɬɚɩɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɋȺɍ ɚɫɢɧɯɪɨɧɧɵɦ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ, ɬɚɤ ɤɚɤ ɨɬ ɷɬɨɝɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɡɚɜɢɫɢɬ ɫɥɨɠɧɨɫɬɶ, 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɧɟɨɛɯɨɞɢɦɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɞɚɬɱɢɤɨɜ. 

 Ɉɞɢɧ ɢɡ ɜɨɡɦɨɠɧɵɯ ɫɩɨɫɨɛɨɜ ɨɪɢɟɧɬɚɰɢɢ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɩɨ ɜɟɤɬɨɪɭ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ ɪɚɫɫɦɨɬɪɟɧ ɜ ɪɚɛɨɬɚɯ [16, 21]. ɋɭɳɧɨɫɬɶ ɩɨɞɯɨɞɚ, 

ɢɡɥɨɠɟɧɧɨɝɨ ɜ ɷɬɢɯ ɪɚɛɨɬɚɯ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɡɦɟɪɟɧɢɢ ɭɝɥɚ ɩɨɜɨɪɨɬɚ 

ɨɛɨɛɳёɧɧɨɝɨ ɜɟɤɬɨɪɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɜ ɡɚɡɨɪɟ ɦɚɲɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɬɨɪɚ ɫ 
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ɩɨɦɨɳɶɸ ɞɚɬɱɢɤɨɜ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ. Ȼɥɨɤ ɨɪɢɟɧɬɚɰɢɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɜɫɬɪɨɟɧɧɵɯ ɜ ɞɜɢɝɚɬɟɥɶ ɞɚɬɱɢɤɨɜ 

ɩɨɬɨɤɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɢɡɦɟɪɹɸɬɫɹ ɦɝɧɨɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɮɚɡɧɵɯ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɣ ɜ ɜɨɡɞɭɲɧɨɦ ɡɚɡɨɪɟ ȺȾ, ɤɨɨɪɞɢɧɚɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

ɩɨɬɨɤɚ, ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ ɜɵɱɢɫɥɢɬɟɥɶ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ, ɢ ɜɟɤɬɨɪɧɨɝɨ 

ɮɢɥɶɬɪɚ(ȼɎ). ɇɚ ɜɵɯɨɞɚɯ ɜɟɤɬɨɪɧɨɝɨ ɮɢɥɶɬɪɚ ɮɨɪɦɢɪɭɸɬɫɹ ɫɢɧɭɫɨɢɞɚɥɶɧɵɟ 

ɮɭɧɤɰɢɢ sin r ,  cos r , ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɜɟɤɬɨɪɚ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɬɨɪɚ, ɢ ɫɢɝɧɚɥ r , ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ 

ɦɨɞɭɥɸ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ. 

 ɋɜɹɡɶ ɭɤɚɡɚɧɧɨɝɨ ɛɥɨɤɚ ɨɪɢɟɧɬɚɰɢɢ ɫ ɷɥɟɦɟɧɬɚɦɢ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ 

ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.6. 

 

2ɉК

si si

3ɉК

ȺȾ

ai bi ci

au bu cu

4ɉК

r r



cos

sin

1ɉК
xsu

ysu

xsi

ysi

su

su

ȼФ

ars
brs
crs

ȻɈ

r

 

 

Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɨɪɢɟɧɬɚɰɢɢ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɟɟ ɫɥɨɠɧɨɫɬɶ ɢ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɜɫɬɪɨɟɧɧɵɯ ɜ ɞɜɢɝɚɬɟɥɶ ɞɚɬɱɢɤɨɜ ɩɨɬɨɤɚ.  

Ɋɢɫɭɧɨɤ 3.6 - Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɭɡɥɚ ɋȺɍ ɫ ɛɥɨɤɨɦ ɨɪɢɟɧɬɚɰɢɢ. 
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ȼ ɪɚɛɨɬɚɯ [21, 30] ɢɡɥɨɠɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɩɪɟɞɩɨɫɵɥɤɢ, ɚ ɜ ɪɚɛɨɬɟ [31] 

ɩɪɟɞɥɨɠɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɪɟɚɥɢɡɚɰɢɹ, ɞɪɭɝɨɝɨ ɩɨɞɯɨɞɚ ɤ ɩɨɫɬɪɨɟɧɢɸ ɛɥɨɤɚ 

ɨɪɢɟɧɬɚɰɢɢ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦ, ɡɚɞɚɱɚ ɨɪɢɟɧɬɚɰɢɢ ɤɨɨɪɞɢɧɚɬɧɨɣ 

ɫɢɫɬɟɦɵ ɪɟɲɚɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 

ɡɜɟɧɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ȺȾ. ɉɪɢ ɷɬɨɦ ɢɫɤɥɸɱɚɸɬɫɹ ɜɫɬɪɨɟɧɧɵɟ ɜ ɞɜɢɝɚɬɟɥɶ 

ɞɚɬɱɢɤɢ ɩɨɬɨɤɚ. Ɉɞɧɚɤɨ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɭɫɬɚɧɨɜɤɟ ɧɚ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ 

ɜɵɫɨɤɨɬɨɱɧɨɝɨ ɞɚɬɱɢɤɚ ɫɤɨɪɨɫɬɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɵɫɨɤɨɬɨɱɧɨɝɨ ɜɵɱɢɫɥɢɬɟɥɹ. 

Ʉɚɱɟɫɬɜɨ ɨɪɢɟɧɬɚɰɢɢ ɩɨ r  ɩɪɢ ɷɬɨɦ ɨɛɭɫɥɨɜɥɟɧɨ ɬɨɱɧɨɫɬɶɸ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɡɜɟɧɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ. 

ɋ ɭɱёɬɨɦ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɧɚɦɢ ɩɪɢɧɹɬ ɜɚɪɢɚɧɬ ɩɨɫɬɪɨɟɧɢɹ ɛɥɨɤɚ 

ɨɪɢɟɧɬɚɰɢɢ ɩɪɟɞɥɨɠɟɧɧɵɣ ɜ [16, 21]. 

Ʉɚɤ ɨɬɦɟɱɚɥɨɫɶ ɪɚɧɟɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɉɄ4 ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟ ɬɨɥɶɤɨ 

ɪɟɚɥɢɡɭɟɬ ɫɨɨɬɧɨɲɟɧɢɹ (3.36), (3.37), ɧɨ ɢ ɜɵɱɢɫɥɹɟɬ ɤɨɨɪɞɢɧɚɬɵ r , r  

ɜɟɤɬɨɪɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ r  ɜ ɧɟɩɨɞɜɢɠɧɨɣ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ 

ɤɨɨɪɞɢɧɚɬ. 

ȼ ɨɫɧɨɜɭ ɩɨɫɬɪɨɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɹ r , r  ɩɨɥɨɠɟɧɨ ɜɟɤɬɨɪɧɨɟ 

ɭɪɚɜɧɟɧɢɟ ɫɜɹɡɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ ɫ ɬɨɤɚɦɢ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ: 

 

r sr r mL i L i   , 
(3.38) 

 

Ɉɩɪɟɞɟɥɹɟɦɨɟ Ɍ – ɨɛɪɚɡɧɨɣ ɫɯɟɦɨɣ ɡɚɦɟɳɟɧɢɹ ȺȾ, ɭɪɚɜɧɟɧɢɟ ɫɜɹɡɢ ɦɟɠɞɭ 

ɬɨɤɚɦɢ ɫɬɚɬɨɪɚ, ɪɨɬɨɪɚ ɢ ɬɨɤɨɦ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ: 

 

r s mi i i  , 
(3.39) 

 

ɋɜɹɡɶ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɜ ɜɨɡɞɭɲɧɨɦ ɡɚɡɨɪɟ ɫ ɬɨɤɨɦ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ: 
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mɜɡ m mL i   . 
(3.40) 

 

ȼɵɱɢɫɥɢɜ, ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɹ (3.40), ɬɨɤ mi , ɩɨɞɫɬɚɜɢɦ ɟɝɨ ɜ ɭɪɚɜɧɟɧɢɟ 

(3.39). ɉɨɥɭɱɟɧɧɨɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɬɨɤɚ ri  ɩɨɞɫɬɚɜɢɦ ɜ ɭɪɚɜɧɟɧɢɟ 

(3.38). 

ɉɨɦɧɹ, ɱɬɨ s m rL L L  , ɩɨɫɥɟ ɧɟɫɥɨɠɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɥɭɱɢɦ 

ɜɟɤɬɨɪɧɨɟ ɭɪɚɜɧɟɧɢɟ ɜɵɱɢɫɥɢɬɟɥɹ r : 

 

r
sr m r

m

L
L i

L    . 
(3.41) 

 

 ȼ ɫɤɚɥɹɪɧɨɣ ɮɨɪɦɟ ɭɪɚɜɧɟɧɢɹ ɜɵɱɢɫɥɟɧɢɹ ɞɟɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬ r , 

r  ɷɬɨɝɨ ɜɟɤɬɨɪɚ ɢɦɟɸɬ ɜɢɞ: 

 

r
r ɜɡ r s

m

L
L i

L      , 
(3.42) 

r
r ɜɡ r s

m

L
L i

L      . 
(3.43) 

 

 Ⱦɥɹ ɩɨɹɫɧɟɧɢɹ ɩɪɢɧɰɢɩɚ ɩɨɫɬɪɨɟɧɢɹ ɜɟɤɬɨɪɧɨɝɨ ɮɢɥɶɬɪɚ, ɩɪɟɞɫɬɚɜɢɦ 

ɞɟɤɚɪɬɨɜɵ ɤɨɨɪɞɢɧɚɬɵ ɜɟɤɬɨɪɚ r  ɜ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɟ: 

 

cosr r   , (3.44) 

cosr r   . (3.45) 
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ɝɞɟ r ,   - ɦɨɞɭɥɶ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɚɪɝɭɦɟɧɬ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɜɟɤɬɨɪɚ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ. 

 Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɤɨɦɩɥɟɤɫɧɚɹ ɮɨɪɦɚ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɷɬɨɝɨ ɜɟɤɬɨɪɚ ɢɦɟɟɬ ɜɢɞ: 

 

cos sinr r rj      . 
(3.46) 

 

ȼɜɟɞɟɦ ɜ ɪɚɫɫɦɨɬɪɟɧɢɟ ɧɟɤɢɣ ɟɞɢɧɢɱɧɵɣ ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɤɨɦɩɥɟɤɫɧɨɣ 

ɮɨɪɦɟ ɜɟɤɬɨɪ: 

 

' '1 cos sinj   . (3.46) 

 

 ɉɟɪɟɦɧɨɠɢɦ ɷɬɢ ɜɟɤɬɨɪɵ: 

 

' '

' ' ' '

1 ( cos sin ) (cos sin )

(cos cos sin sin ) (cos sin sin cos ).

r r r

r r

j j

j

      

         

     

   
 

 

  

 ɋ ɭɱɟɬɨɦ ɫɨɨɬɧɨɲɟɧɢɣ (3.44), (3.45) ɜɟɳɟɫɬɜɟɧɧɭɸ ɢ ɦɧɢɦɭɸ ɱɚɫɬɶ 

ɩɨɫɥɟɞɧɟɝɨ ɜɵɪɚɠɟɧɢɹ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɫɥɟɞɭɸɳɟɣ ɷɤɜɢɜɚɥɟɧɬɧɨɣ 

ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɟ: 

 

' ' ' ' '(cos cos sin sin ) cos sin cos( ),r r r r                   

' ' ' ' '(cos sin sin cos ) cos sin sin( ).r r r r                   

 

 Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɡɧɚɱɟɧɢɢ 
' ɫɬɪɟɦɹɳɟɣɫɹ ɤ  , ɡɧɚɱɟɧɢɟ ɜɟɪɯɧɟɝɨ 

ɭɪɚɜɧɟɧɢɹ ɛɭɞɟɬ ɫɬɪɟɦɢɬɶɫɹ ɤ r , ɚ ɧɢɠɧɟɝɨ ɤ ɧɭɥɸ. 
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 ɋɥɟɞɨɜɚɬɟɥɶɧɨ ɜɟɤɬɨɪɧɵɣ ɮɢɥɶɬɪ (ȼɎ) ɧɟɨɛɯɨɞɢɦɨ ɫɬɪɨɢɬɶ ɤɚɤ 

ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 3.7 ɫɥɟɞɹɳɭɸ ɫɢɫɬɟɦɭ ɫ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ – 

ɢɧɬɟɝɪɚɥɶɧɵɦ ɪɟɝɭɥɹɬɨɪɨɦ ɧɚ ɜɯɨɞ ɤɨɬɨɪɨɝɨ ɩɨɫɬɭɩɚɟɬ ɫɢɝɧɚɥ 
'sin( )r     , ɚ ɧɚ ɜɵɯɨɞɟ ɮɨɪɦɢɪɭɟɬɫɹ ɧɟɩɪɟɪɵɜɧɨ ɢɡɦɟɧɹɸɳɢɣɫɹ, ɞɨ 

ɬɟɯ ɩɨɪ ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɨɛɟɫɩɟɱɟɧɨ ɭɫɥɨɜɢɟ 0  , ɫɢɝɧɚɥ 
' ɩɪɢ ɷɬɨɦ ɛɭɞɟɬ ɢɦɟɬɶ 

'cos( )r r     . 

1T p

T p






cos

sin

r 

r

r

'
s

'sin s

'cos s

 

Ɋɢɫɭɧɨɤ 3.7 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɜɟɤɬɨɪɧɨɝɨ ɮɢɥɶɬɪɚ. 

 

3.5 Ɋɚɡɜɟɪɧɭɬɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 

 

Ɋɚɡɜɟɪɧɭɬɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɧɚ 

ɨɫɧɨɜɟ ɜɵɲɟɢɡɥɨɠɟɧɧɵɯ ɩɨɥɨɠɟɧɢɣ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɵ ɪɢɫɭɧɤɟ 2.3, 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.8. ɇɚ ɷɬɨɣ ɫɯɟɦɟ ɜɵɞɟɥɟɧɵ ɲɬɪɢɯɨɜɵɦɢ ɥɢɧɢɹɦɢ 

ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɢ ɷɥɟɦɟɧɬɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, 

ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɫɢɫɬɟɦɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɤɚ, ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ, ɦɨɦɟɧɬɚ ɢ 

ɫɤɨɪɨɫɬɢ. 

 ȼɵɯɨɞɧɵɦ ɫɢɝɧɚɥɨɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɹɜɥɹɟɬɫɹ 

ɨɛɨɛɳɟɧɧɵɣ ɭɩɪɚɜɥɹɸɳɢɣ ɜɟɤɬɨɪ *
yu , ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣɫɹ ɤɨɨɪɞɢɧɚɬɚɦɢ *

xsu  ɢ 

*
ysu  ɩɨɫɬɭɩɚɸɳɢɦɢ ɧɚ ɉɄ1 ɢ ɞɚɥɟɟ ɧɚ ɜɯɨɞ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ. ɍɤɚɡɚɧɧɵɣ 

ɜɟɤɬɨɪ ɮɨɪɦɢɪɭɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɭɩɪɚɜɥɹɸɳɢɦ ɭɫɬɪɨɣɫɬɜɨɦ ɧɚ ɨɫɧɨɜɟ  



4
7 

 

Ɋɢɫɭɧɨɤ 3.8 - Ɋɚɡɜɟɪɧɭɬɚɹ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɋȺɍ ɚɫɢɧɯɪɨɧɧɵɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ. 
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ɩɟɪɟɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɨ ɡɚɞɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɝɥɚɜɧɨɣ ɪɟɝɭɥɢɪɭɟɦɨɣ 

ɤɨɨɪɞɢɧɚɬɵ (ɫɤɨɪɨɫɬɢ * ) ɢ ɨ ɫɨɫɬɨɹɧɢɢ ɭɩɪɚɜɥɹɟɦɨɝɨ ɨɛɴɟɤɬɚ, ɩɨɫɬɭɩɚɸɳɟɣ 

ɩɨ ɤɚɧɚɥɚɦ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ. ɋɢɝɧɚɥɚɦɢ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ ɹɜɥɹɸɬɫɹ ɩɪɨɟɤɰɢɢ 

ɬɨɤɚ   
s

si  ɧɚ ɨɫɢ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɨ s
r  ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɢ ɫɤɨɪɨɫɬɶ 

ɞɜɢɝɚɬɟɥɹ  . Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɷɬɢɯ ɫɢɝɧɚɥɨɜ ɧɭɠɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɞɚɬɱɢɤɢ. 

 Ⱦɚɬɱɢɤɨɦ ɩɪɨɟɤɰɢɣ ɜɟɤɬɨɪɚ ɬɨɤɚ ɹɜɥɹɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɤɨɨɪɞɢɧɚɬ 

ɉɄ2, ɧɚ ɜɯɨɞ ɤɨɬɨɪɨɝɨ ɩɨɫɬɭɩɚɸɬ ɫɢɝɧɚɥɵ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɟ ɦɝɧɨɜɟɧɧɵɦ 

ɡɧɚɱɟɧɢɹɦ ɮɚɡɧɵɯ ɬɨɤɨɜ ɫɬɚɬɨɪɚ ȺȾ. 

 Ⱦɚɬɱɢɤ ɫɤɨɪɨɫɬɢ ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɜɵɫɨɤɨɣ ɥɢɧɟɣɧɨɫɬɶɸ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶɸ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

 Ɉɝɪɚɧɢɱɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɢ ɬɨɤɚ ɫɬɚɬɨɪɚ ȺȾ ɜ ɩɪɨɰɟɫɫɟ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɞɨɫɬɢɝɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɨɝɪɚɧɢɱɟɧɢɹ ɫɢɝɧɚɥɚ ɡɚɞɚɧɢɹ 

ɦɨɦɟɧɬɚ   * , ɮɨɪɦɢɪɭɟɦɨɝɨ ɧɚ ɜɵɯɨɞɟ ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɜ ɰɟɩɶ 

ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ ɜɤɥɸɱɚɟɬɫɹ ɧɟɥɢɧɟɣɧɵɣ ɛɥɨɤ ɎȻ, 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɨɬɨɪɨɝɨ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.8. ɋ ɩɨɦɨɳɶɸ ɷɬɨɝɨ ɛɥɨɤɚ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ «ɷɤɫɤɚɜɚɬɨɪɧɚɹ» ɫɬɚɬɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, 

ɚɧɚɥɨɝɢɱɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɜɟɧɬɢɥɶɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ 

ɫɢɫɬɟɦɨɣ ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ɀɟɫɬɤɨɫɬɶ ɪɚɛɨɱɟɝɨ ɭɱɚɫɬɤɚ 

ɫɬɚɬɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ ɤɚɱɟɫɬɜɚ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɫɤɨɪɨɫɬɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɚɯ ɟɟ ɧɚɫɬɪɨɣɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɹɦɢ 

ɩɪɢɜɟɞёɧɧɵɦɢ ɜ [24, 25, 26, 32]. Ɋɟɝɭɥɹɬɨɪɵ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɢ ɦɨɦɟɧɬɚ 

ɜɵɩɨɥɧɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɪɭɤɬɭɪɧɵɦɢ ɫɯɟɦɚɦɢ ɪɢɫɭɧɨɤ 3.4 ɢ 3.5 ɢ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɫɬɨɹɧɫɬɜɨ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ ɞɜɢɝɚɬɟɥɹ ɧɚ ɫɤɨɪɨɫɬɹɯ 

ɧɢɠɟ ɝɪɚɧɢɱɧɨɣ ɢ ɩɨɫɬɨɹɧɫɬɜɨ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ, ɩɪɢ ɢɧɜɚɪɢɚɧɬɧɨɫɬɢ ɫɢɫɬɟɦɵ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɤ ɢɡɦɟɧɟɧɢɹɦ r , ɧɚ ɫɤɨɪɨɫɬɹɯ ɜɵɲɟ ɝɪɚɧɢɱɧɨɣ. ɗɬɨ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɥɨɤɨɦ ɎȻ1, ɩɨɫɬɪɨɟɧɧɵɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɜɵɪɚɠɟɧɢɟɦ (3.25) ɢ ɭɫɬɪɨɣɫɬɜɨɦ ɞɟɥɟɧɢɹ. ɇɚ ɜɵɯɨɞɚɯ ɪɟɝɭɥɹɬɨɪɨɜ 
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ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɢ ɦɨɦɟɧɬɚ ɮɨɪɦɢɪɭɸɬɫɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɢɝɧɚɥɵ ɡɚɞɚɧɢɹ 

ɩɪɨɟɤɰɢɢ *
xsi  ɢ *

ysi  ɜɟɤɬɨɪɚ ɬɨɤɚ ɫɬɚɬɨɪɚ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ 

ɩɨ  r . 

 Ɏɨɪɦɢɪɨɜɚɧɢɟ ɤɨɨɪɞɢɧɚɬɧɵɯ ɮɭɧɤɰɢɣ cos , sin  ɨɫɭɳɟɫɬɜɥɹɟɦɨɟ 

ɛɥɨɤɨɦ ɨɪɢɟɧɬɚɰɢɢ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜɟɤɬɨɪɚ ɬɨɤɚ ɫɬɚɬɨɪɚ ɢ ɜɟɤɬɨɪɚ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ ɜ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɨ s
r ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. 

 ɇɚ ɪɢɫɭɧɤɟ 3.8 ɩɨɤɚɡɚɧ ɜɚɪɢɚɧɬ ɪɟɝɭɥɹɬɨɪɚ ɬɨɤɚ ɊɌ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 

ɫɬɚɧɞɚɪɬɧɨɣ ɦɟɬɨɞɢɤɟ ɟɝɨ ɪɚɫɱɟɬɚ. 

 ȼ ɡɚɤɥɸɱɟɧɢɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɬɪɭɤɬɭɪɵ ɪɟɝɭɥɹɬɨɪɨɜ ɩɨɥɭɱɟɧɵ ɞɥɹ 

ɫɥɭɱɚɹ ɟɞɢɧɢɱɧɵɯ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ ɩɨ ɩɟɪɟɦɟɧɧɵɦ. ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 

ɪɟɚɥɶɧɨɣ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɜ ɩɟɪɟɞɚɬɨɱɧɵɯ ɮɭɧɤɰɢɹɯ ɪɟɝɭɥɹɬɨɪɨɜ ɞɨɥɠɧɵ 

ɛɵɬɶ ɭɱɬɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɞɚɱɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɚɬɱɢɤɨɜ. 

 

3.6 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

 

1. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɛɳɟɣ ɦɟɬɨɞɢɫɬɤɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ 

ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɤɨɪɪɟɤɰɢɟɣ ɫ ɭɱɟɬɨɦ 

ɨɫɨɛɟɧɧɨɫɬɟɣ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɦɧɨɝɨɤɨɧɬɭɪɧɨɣ ɫɢɫɬɟɦɟ, 

ɫɨɞɟɪɠɚɳɟɣ ɤɨɧɬɭɪɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɟɤɰɢɣ ɜɟɤɬɨɪɚ ɬɨɤɚ ɫɬɚɬɨɪɚ, 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɢ ɫɤɨɪɨɫɬɢ ɞɜɢɝɚɬɟɥɹ. 

2. Ɋɚɫɫɦɨɬɪɟɧɧɵɣ ɜ ɪɚɛɨɬɟ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɩɪɨɫɬɵɟ ɩɨ 

ɫɬɪɭɤɬɭɪɟ ɢ ɪɟɚɥɢɡɚɰɢɢ ɪɟɝɭɥɹɬɨɪɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, 

ɧɟ ɬɪɟɛɭɸɳɢɟ ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɜɧɭɬɪɟɧɧɢɯ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ 

ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɦɧɨɠɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ 

ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɫɜɹɡɟɣ. 

3. ɉɪɢɦɟɧɟɧɧɚɹ ɫɢɫɬɟɦɚ ɨɪɢɟɧɬɚɰɢɢ ɩɨɡɜɨɥɹɟɬ ɩɪɢ ɫɨɡɞɚɧɢɢ ɋȺɍ 

ɚɫɢɧɯɪɨɧɧɵɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɨɛɟɫɩɟɱɢɬɶ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɫɤɨɪɨɫɬɢ ɩɪɢ ɜɵɫɨɤɨɦ ɤɚɱɟɫɬɜɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ.   
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4. ɋɢɧɬɟɡ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɨɫɭɳɟɫɬɜɥёɧ ɩɪɢ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɉɑ, 

ɥɢɧɟɣɧɵɦ ɛɟɡ ɢɧɟɪɰɢɨɧɧɵɦ ɡɜɟɧɨɦ. 

5. ɉɨɥɭɱɟɧɧɵɟ ɜ ɝɥɚɜɟ ɪɟɡɭɥɶɬɚɬɵ ɨɫɧɨɜɚɧɵ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɣ 

ɢɞɟɚɥɢɡɚɰɢɢ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɪɹɞɟ ɞɨɩɭɳɟɧɢɣ, ɩɪɢɧɹɬɵɯ ɜ ɩɪɨɰɟɞɭɪɟ 

ɫɢɧɬɟɡɚ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɩɪɨɜɟɞɟɧɢɟ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɪɨɜɟɪɤɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɣ 

ɫɢɫɬɟɦɵ ɦɟɬɨɞɚɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ.  
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4 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɚɧɚɥɢɡ ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ 

 

4.1 Ɉɩɢɫɚɧɢɟ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɦɨɞɟɥɢ ɋȺɍ 

 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɋȺɍ ɱɚɫɬɨɬɧɨɭɩɪɚɜɥɹɟɦɨɦ ɚɫɢɧɯɪɨɧɧɨɦ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɜɵɩɨɥɧɟɧɚ ɜ ɞɜɭɯ ɜɚɪɢɚɧɬɚɯ ɪɢɫɭɧɨɤ 4.1 ɢ ɪɢɫɭɧɨɤ 4.2. 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɪɢɫɭɧɨɤ 4.1 ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɟɦ, ɱɬɨ ɤɨɧɬɭɪɵ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɬɨɤɚ ɪɚɫɫɱɢɬɚɧɵ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɦɟɬɨɞɢɤɟ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɛɟɡ ɭɱɟɬɚ ɜɥɢɹɧɢɹ 

ɩɟɪɟɤɪɟɫɬɧɵɯ ɫɜɹɡɟɣ ɢ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ. 

ȼɨ ɜɬɨɪɨɦ ɜɚɪɢɚɧɬɟ (ɪɢɫɭɧɨɤ 4.2) ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɫɬɪɭɤɬɭɪ ɪɟɝɭɥɹɬɨɪɨɜ 

ɬɨɤɚ ɭɱɬɟɧɨ ɢ ɤɨɦɩɟɧɫɢɪɨɜɚɧɨ ɜɥɢɹɧɢɟ ɜɧɭɬɪɟɧɧɢɯ ɩɟɪɟɤɪёɫɬɧɵɯ ɨɛɪɚɬɧɵɯ 

ɫɜɹɡɟɣ ɡɜɟɧɚ ɬɨɤɚ ɢ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɫɨɝɥɚɫɧɨ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɜ ɪɚɡɞɟɥɟ 

3.2 ɦɟɬɨɞɢɤɢ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɫɬɪɭɤɬɭɪɧɵɯ ɫɯɟɦ ɦɨɞɟɥɟɣ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɦɨɞɟɥɶ 

ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɡɞɟɫɶ ɜɵɩɨɥɧɟɧɚ ɜ ɧɟɩɨɞɜɢɠɧɨɣ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ 

ɤɨɨɪɞɢɧɚɬ (ɫɢɫɬɟɦɚ   ,  ). ɗɬɨ ɩɨɡɜɨɥɢɥɨ ɢɫɤɥɸɱɢɬɶ ɜ ɧɢɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ 

ɤɨɨɪɞɢɧɚɬ ɉɄ3 ɢ ɉɄ4 ɜɟɤɬɨɪɧɵɯ ɩɟɪɟɦɟɧɧɵɯ r  ɢ si  ɢɡ ɧɚɬɭɪɚɥɶɧɨɣ 

ɧɟɩɨɞɜɢɠɧɨɣ ɬɪёɯɮɚɡɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɜ ɧɟɩɨɞɜɢɠɧɭɸ ɞɟɤɚɪɬɨɜɭ. 

ȼɫɥɟɞɫɬɜɢɟ ɬɨɝɨ ɱɬɨ ɩɪɨɰɟɫɫɵ ɜ ɨɛɴɟɤɬɟ ɭɩɪɚɜɥɟɧɢɹ ɨɩɢɫɚɧɵ ɧɚ ɭɪɨɜɧɟ 

ɝɥɚɞɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ ɢ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜ ɦɨɞɟɥɢ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚɛɥɸɞɚɬɶ ɤɨɨɪɞɢɧɚɬɵ r , r  ɜɟɤɬɨɪɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ 

ɪɨɬɨɪɚ  r , ɛɥɨɤ ɨɪɢɟɧɬɚɰɢɢ ɡɞɟɫɶ ɪɟɚɥɢɡɨɜɚɧ ɜ ɭɩɪɨɳɟɧɧɨɦ ɜɚɪɢɚɧɬɟ ɫɨɝɥɚɫɧɨ 

ɭɪɚɜɧɟɧɢɹɦ: 

 

2 2
r r r     , 

 

  



5
2 

 
 

Ɋɢɫɭɧɨɤ 4.1 - ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɜɟɤɬɨɪɧɨɣ ɋȺɍ ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɣ ɩɨɫɬɪɨɣɤɟ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ 



5
3 

 

Ɋɢɫɭɧɨɤ 4.2 - ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɜɟɤɬɨɪɧɨɣ ɋȺɍ ɫ ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɧɭɬɪɟɧɧɢɟ 

ɨɛɪɚɬɧɵɟ ɫɜɹɡɢ ɞɜɢɝɚɬɟɥɹ 
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cos r

r




 , 
 

sin r

r





 . 

 

 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ (ɡɜɟɧɨ ɧɚɩɪɹɠɟɧɢɹ) ɩɪɟɞɫɬɚɜɥɟɧɨ ɡɞɟɫɶ ɧɚ 

ɭɪɨɜɧɟ ɝɥɚɞɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɛɟɡɢɧɟɪɰɢɨɧɧɵɦ ɡɜɟɧɨɦ 

ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɟɪɟɞɚɱɢ Ʉ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɪɚɜɧɵɦ 1 ɢ ɧɟ 

ɜɧɨɫɹɳɢɦ ɚɦɩɥɢɬɭɞɧɵɯ ɢ ɮɚɡɨɜɵɯ ɢɫɤɚɠɟɧɢɣ ɜ ɞɢɚɩɚɡɨɧɟ ɪɚɛɨɱɢɯ ɱɚɫɬɨɬ. 

Ɇɨɞɟɥɢɪɭɸɬɫɹ ɪɟɠɢɦɵ ɛɟɡ ɨɫɥɚɛɥɟɧɢɹ ɩɨɥɹ ɞɜɢɝɚɬɟɥɹ. 

ȼ ɨɫɬɚɥɶɧɨɦ ɫɬɪɭɤɬɭɪɧɵɟ ɫɯɟɦɵ ɦɨɞɟɥɟɣ ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɟ ɧɚ ɪɢɫɭɧɤɟ 3.8. 

 

4.2 Ɋɚɫɱɟɬ ɱɢɫɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɦɨɞɟɥɢ ɋȺɍ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ 

 

ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɞɥɹ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɱɚɫɬɨɬɧɨɭɩɪɚɜɥɹɟɦɨɝɨ ɚɫɢɧɯɪɨɧɧɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɜɡɹɬ 

ɞɜɢɝɚɬɟɥɶ 4Ⱥ160Ɇ4ɍ3. ɇɟɨɛɯɨɞɢɦɵɟ ɫɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ ɞɜɢɝɚɬɟɥɹ ɜɡɹɬɵ ɢɡ 

[33] ɢ ɩɪɨɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 4.1, 4.2, 4.3. 

 

Ɍɚɛɥɢɰɚ 4.1 – ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ 

ȼɟɥɢɱɢɧɚ 

Ⱦɜɢɝɚɬɟɥɶ 

𝑃ଶːˑˏ, 
ɤȼɬ 

ܷф ːˑˏ, 
ȼ 

ZP ݏː, % ߟː, ɨ.ɟ. cos 𝜑ː 

4Ⱥ160Ɇ4ɍɁ 18,5 220 2 2,2 89,5 0,88 
 

Ɍɚɛɥɢɰɚ 4.2 – ɉɚɪɚɦɟɬɪɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɨ.ɟ. 
ȼɟɥɢɱɢɧɚ 

Ⱦɜɢɝɚɬɟɥɶ 

𝑋𝑚 𝑅′ଵ 𝑋′ଵ 𝑅′′ଶ 𝑋′′ଶ 𝑅′′ଶʞ 𝑅Кʞ 𝑋Кʞ 

4Ⱥ160Ɇ4ɍɁ 4,3 0,042 0,085 0,024 0,13 0,037 0,079 0,14 
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Ɍɚɛɥɢɰɚ 4.3 – ɉɭɫɤɨɜɵɟ ɫɜɨɣɫɬɜɚ 

ȼɟɥɢɱɢɧɚ 

Ⱦɜɢɝɚɬɟɥɶ 

mɉ mɆ mɄ sɄ, % JȾɊ, ɤɝ·ɦ2 

4Ⱥ160Ɇ4ɍɁ 1,4 1 2,3 16 0,13 
 

ȼɫɟ ɪɚɫɱɟɬɵ ɜɵɩɨɥɧɟɧɵ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ. ɂɫɩɨɥɶɡɨɜɚɧɚ ɫɢɫɬɟɦɚ 

ɛɚɡɢɫɧɵɯ ɜɟɥɢɱɢɧ ɩɪɢɜɟɞɟɧɧɚɹ ɢ ɨɛɨɫɧɨɜɚɧɧɚɹ ɜ [34]. Ɉɫɧɨɜɧɵɟ ɢ ɪɚɫɱёɬɧɵɟ 

ɛɚɡɢɫɧɵɟ ɜɟɥɢɱɢɧɵ ɫɜɟɞɟɧɵ ɬɚɛɥɢɰɟ 4.4. Ɍɚɦ ɠɟ ɞɚɧɵ ɢɯ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 

ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ.    

 

Ɍɚɛɥɢɰɚ 4.4 – ɩɭɫɤɨɜɵɟ ɫɜɨɣɫɬɜɚ 

ȼɟɥɢɱɢɧɚ Ɉɛɨɡɧɚɱɟɧɢɟ Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ ɑɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ 

4Ⱥ160Ɇ4ɍɁ 
Ȼɚɡɢɫɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ 

бܷ = = ܷф ːˑˏ.𝑚𝑎𝑥 
√ʹܷф ːˑˏ 311,127 ȼ 

Ȼɚɡɢɫɧɵɣ ɬɨɤ ܫб = =  ф ːˑˏ.𝑚𝑎𝑥ܫ
√ʹ𝑃ଶ ːˑˏ ∙ ͳͲଷ͵ߟː ∙ cos 𝜑ːܷф ːˑˏ 

50,33 Ⱥ 

Ȼɚɡɢɫɧɚɹ ɭɝɥɨɜɚɹ 
ɱɚɫɬɨɬɚ 

Ωб = = Ωс ːˑˏ 
ʹ𝜋𝑓 ˑˏ 314,159 ɪɚɞ/ɫ 

Ȼɚɡɢɫɧɵɣ ɭɝɨɥ 
ɩɨɜɨɪɨɬɚ 

 б ___ 1 ɷɥ. ɪɚɞߠ

Ȼɚɡɢɫɧɨɟ ɜɪɟɦɹ бܶ ߠб Ωб⁄  0,0032 ɫ 
Ȼɚɡɢɫɧɨɟ 
ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɟ 

𝜓б ܷб ∙ бܶ 0,9903 ȼɛ 

Ȼɚɡɢɫɧɚɹ 
ɢɧɞɭɤɬɢɜɧɨɫɬɶ 

б 𝜓бܮ ⁄бܫ  0,0193 Ƚɧ 

Ȼɚɡɢɫɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

𝑅б, 𝑧б ܷб ⁄бܫ  6,1816 Ɉɦ 

Ȼɚɡɢɫɧɚɹ ɦɨɳɧɨɫɬɶ 𝑃б ͵ܷб ∙ ʹбܫ  
23489,1 ȼɬ 

Ȼɚɡɢɫɧɚɹ ɭɝɥɨɜɚɹ 
ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 
ɪɨɬɨɪɚ 

Ωб ௥ Ωб 𝑧𝑝⁄  157,08 ɪɚɞ/ɫ 

Ȼɚɡɢɫɧɵɣ ɭɝɨɥ 
ɩɨɜɨɪɨɬɚ ɪɨɬɨɪɚ 

б ௥ θбߠ 𝑧𝑝⁄  0,5 ɪɚɞ 

Ȼɚɡɢɫɧɵɣ ɦɨɦɟɧɬ ܯб 𝑃б Ωб ௥⁄  149,536 ɇ·ɦ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4.4. 

ȼɟɥɢɱɢɧɚ Ɉɛɨɡɧɚɱɟɧɢɟ Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ ɑɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ 

4Ⱥ160Ɇ4ɍɁ 
Ȼɚɡɢɫɧɵɣ ɦɨɦɟɧɬ 
ɢɧɟɪɰɢɢ 

бܯ бܬ ∙ бܶ ∙ 𝑧𝑝 Ωб⁄  0,003 ɤɝ·ɦ2 

 

ɑɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ 

ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.5.   

 

Ɍɚɛɥɢɰɚ 4.5. Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɉɚɪɚɦɟɬɪ Ɉɛɨɡɧɚɱɟɧɢɟ Ɋɚɫɱɟɬɧɵɟ 
ɫɨɨɬɧɨɲɟɧɢɹ 

Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ 
4Ⱥ160Ɇ4ɍɁ 

Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɮɚɡɵ ɫɬɚɬɨɪɧɨɣ ɰɟɩɢ 

 ௦ 𝑅′ଵ 0,042ݎ

Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɮɚɡɵ ɪɨɬɨɪɧɨɣ ɰɟɩɢ 

 ௥ 𝑅′′ଶ 0,024ݎ

ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ 
ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 

݈௦𝜎 𝑋′ଵ 0,085 

ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ 
ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 

݈௥𝜎 𝑋′′ଶ 0,13 

ȼɡɚɢɦɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ 
ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ 

݈𝑚 𝑋𝑚 4,3 

ɉɨɥɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ 
ɮɚɡɵ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ 

݈௦ ݈௦𝜎 + ݈𝑚 4,385 

ɉɨɥɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ 
ɮɚɡɵ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ 

݈௥ ݈௥𝜎 + ݈𝑚 4,43 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɜɹɡɢ 
ɫɬɚɬɨɪɚ 

݇௦ ݈𝑚 ݈௦⁄  0,9806 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɜɹɡɢ 
ɪɨɬɨɪɚ 

݇௥ ݈𝑚 ݈௥⁄  0,9707 

ɉɨɥɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɪɚɫɫɟɹɧɢɹ ɦɚɲɢɧɵ 

𝜎 ͳ − ݇௦ ∙ ݇௥ 0,0482 

ɗɤɜɢɜɚɥɟɧɬɧɚɹ 
ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɮɚɡɵ 
ɫɬɚɬɨɪɚ 

݈′௦ = ݈э 𝜎 ∙  0,2112 ݏ݈

ɗɤɜɢɜɚɥɟɧɬɧɚɹ 
ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɮɚɡɵ 
ɪɨɬɨɪɚ 

݈′௥ 𝜎 ∙  0,2134 ݎ݈

ɗɤɜɢɜɚɥɟɧɬɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɮɚɡɵ 
ɫɬɚɬɨɪɚ 

௦ݎ эݎ + ݇௥ଶ ∙  ௥ 0,0646ݎ



57 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4.5. 

ɉɚɪɚɦɟɬɪ Ɉɛɨɡɧɚɱɟɧɢɟ Ɋɚɫɱɟɬɧɵɟ 
ɫɨɨɬɧɨɲɟɧɢɹ 

Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ 
4Ⱥ160Ɇ4ɍɁ 

ɗɤɜɢɜɚɥɟɧɬɧɚɹ 
ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ 

эܶ ݈э ⁄эݎ  3,2685 

ɉɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ 
ɪɨɬɨɪɧɨɣ ɰɟɩɢ 

௥ܶ ݈௥ ⁄௥ݎ  184,583 

Ɇɨɦɟɧɬ ɢɧɟɪɰɢɢ ɪɨɬɨɪɚ ܬ ܬДʟ ⁄бܬ  42,901 
 

4.3 Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

 

ɋɬɪɭɤɬɭɪɧɵɟ ɫɯɟɦɵ ɨɛɟɢɯ ɜɚɪɢɚɧɬɨɜ ɦɨɞɟɥɟɣ (ɪɢɫɭɧɨɤ 4.1 ɢ ɪɢɫɭɧɨɤ 4.2) 

ɋȺɍ ɱɚɫɬɨɬɧɨɭɩɪɚɜɥɹɟɦɵɦ ɚɫɢɧɯɪɨɧɧɵɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɞɥɹ ɢɯ ɪɟɚɥɢɡɚɰɢɢ ɜ 

Mathlab ɫ ɭɱɟɬɨɦ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 4.3 ɢ 

4.4. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɜɚɪɢɚɧɬɨɜ ɫɢɫɬɟɦɵ 

ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɟɞɢɧɵɦ ɰɢɤɥɨɦ ɩɭɬёɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɫɥɟɞɭɸɳɢɯ ɪɟɠɢɦɨɜ: 

1. Ɋɟɠɢɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɨɦɢɧɚɥɶɧɨɝɨ ( 0,72 ɛɚɡɨɜɨɝɨ ɡɧɚɱɟɧɢɹ) 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ r ; 

2. ɉɭɫɤ ɞɜɢɝɚɬɟɥɹ ɧɚ ɛɚɡɨɜɭɸ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɜ ɯɨɥɨɫɬɭɸ ɫ 

ɡɚɞɚɧɢɟɦ ɩɭɫɤɨɜɨɝɨ ɦɨɦɟɧɬɚ 1,4 ɛɚɡɨɜɨɝɨ ɦɨɦɟɧɬɚ; 

3. Ɋɚɛɨɬɚ ɞɜɢɝɚɬɟɥɹ ɜ ɯɨɥɨɫɬɭɸ ɧɚ ɛɚɡɨɜɨɣ ɫɤɨɪɨɫɬɢ; 

4. ɋɬɭɩɟɧɱɚɬɵɣ ɧɚɛɪɨɫ ɧɨɦɢɧɚɥɶɧɨɝɨ ɫɬɚɬɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ ( 0,805 

ɦɨɦɟɧɬɚ ɛɚɡɨɜɨɝɨ); 

5. Ɋɚɛɨɬɚ ɞɜɢɝɚɬɟɥɹ ɩɪɢ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɩɪɢ ɡɚɞɚɧɧɨɦ ɡɧɚɱɟɧɢɢ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ; 

Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɨɫɧɨɜɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ɜ ɷɬɢɯ 

ɪɟɠɢɦɚɯ ɞɥɹ ɫɢɫɬɟɦɵ ɫɨ ɫɬɚɧɞɚɪɬɧɨɣ ɧɚɫɬɪɨɣɤɨɣ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ ɩɪɨɜɢɞɟɧɵ 

ɧɚ ɪɢɫɭɧɤɚɯ 4.3, 4.5, 4.6, 4.9, 4.10, 4.13, 4.14, 4.17, 4.18, 4.21, 4.22, 4.25, 4.27, 4.28, 

4.31. 
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Ⱥɧɚɥɨɝɢɱɧɵɟ ɝɪɚɮɢɤɢ ɞɥɹ ɫɢɫɬɟɦɵ ɫ ɧɚɫɬɪɨɣɤɨɣ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ ɧɚ 

ɤɨɦɩɟɧɫɚɰɢɸ ɜɧɭɬɪɟɧɧɢɯ ɩɟɪɟɤɪɟɫɬɧɵɯ ɫɜɹɡɟɣ ɞɜɢɝɚɬɟɥɹ ɢ ɟɝɨ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ 

ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 4.4, 4.7, 4.8, 4.11, 4.12, 4.15, 4.16, 4.19, 4.20, 4.23, 4.24, 4.26, 

4.29, 4.30, 4.32, 4.34. 

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɝɪɚɮɢɤɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɩɟɪɟɦɟɧɧɵɯ 

ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ 

ɧɟɩɨɞɜɢɠɧɨɣ ɢ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɨ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɸ ɪɨɬɨɪɚ ɞɟɤɚɪɬɨɜɵɯ 

ɫɢɫɬɟɦɚɯ ɤɨɨɪɞɢɧɚɬ ɜ ɬɟɤɫɬɟ ɫɤɨɦɩɨɧɨɜɚɧɵ ɤɚɤ ɦɨɠɧɨ ɛɥɢɠɟ ɞɪɭɝ ɤ ɞɪɭɝɭ. 

ɇɚ ɨɫɰɢɥɥɨɝɪɚɦɦɚɯ ɩɟɪɢɨɞ ɨɬ  0t   ɞɨ 33t   ɨ.ɟ. ɷɬɨ ɪɟɠɢɦ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ; ɨɬ 33t   ɨ.ɟ. ɞɨ ɩɪɢɦɟɪɧɨ 75t   ɨ.ɟ. – ɪɟɠɢɦ 

ɩɭɫɤɚ; ɞɚɥɟɟ ɞɨ 200t   ɨ.ɟ. – ɪɟɠɢɦ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ; ɫ 200t   

ɞɨ ɩɪɢɦɟɪɧɨ 210t   ɨ.ɟ. – ɪɟɠɢɦ ɧɚɛɪɨɫɚ ɧɚɝɪɭɡɤɢ ɢ ɞɚɥɟɟ ɭɫɬɚɧɨɜɢɜɲɢɣɫɹ 

ɪɟɠɢɦ ɪɚɛɨɬɵ ɩɨɞ ɧɚɝɪɭɡɤɨɣ. 

Ⱥɧɚɥɢɡ ɨɫɰɢɥɥɨɝɪɚɦɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ, ɱɬɨ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨɣ ɮɨɪɫɢɪɨɜɤɨɣ 

ɩɨɞɜɨɞɢɦɨɝɨ ɤ ɞɜɢɝɚɬɟɥɸ ɧɚɩɪɹɠɟɧɢɹ su ( xsu ) (ɛɨɥɟɟ 5-ɬɢ ɛɚɡɨɜɵɯ ɜɟɥɢɱɢɧ) ɢ 

ɬɨɤɚ si ( xsi ) ɞɨ 19,2 ɨ.ɟ. ɉɨɷɬɨɦɭ, ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɉɑ 

ɪɟɚɥɶɧɨ ɨɝɪɚɧɢɱɟɧɨ ɧɨɦɢɧɚɥɶɧɵɦ ɭɪɨɜɧɟɦ, ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɛɭɞɟɬ ɛɨɥɟɟ ɡɚɬɹɧɭɬɵɦ. 



5
9 

 
 

Ɋɢɫɭɧɨɤ 4.3 - ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɜɟɤɬɨɪɧɨɣ ɋȺɍ ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɣ ɧɚɫɬɪɨɣɤɟ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ 
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0 

 

 

Ɋɢɫɭɧɨɤ 4.4 - ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɜɟɤɬɨɪɧɨɣ ɋȺɍ ɫ ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɧɭɬɪɟɧɧɢɟ 

ɨɛɪɚɬɧɵɟ ɫɜɹɡɢ ɞɜɢɝɚɬɟɥɹ 



61 

 

Ɋɢɫɭɧɨɤ 4.5 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɬɨɤɚ si  ɩɪɢ 

ɫɬɚɧɞɚɪɬɧɨɣ ɧɚɫɬɪɨɣɤɟ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ 

 

 

Ɋɢɫɭɧɨɤ 4.6 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɬɨɤɚ si  ɩɪɢ 

ɫɬɚɧɞɚɪɬɧɨɣ ɧɚɫɬɪɨɣɤɟ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ 
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Ɋɢɫɭɧɨɤ 4.7 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɬɨɤɚ si  ɜ ɫɢɫɬɟɦɟ ɫ 

ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɹ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ 

 

 

Ɋɢɫɭɧɨɤ 4.8 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɬɨɤɚ si  ɜ ɫɢɫɬɟɦɟ ɫ 

ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɹ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ 



63 

 

Ɋɢɫɭɧɨɤ 4.9 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɬɨɤɚ xsi  ɩɪɢ 

ɫɬɚɧɞɚɪɬɧɨɣ ɧɚɫɬɪɨɣɤɟ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ 

 

 

Ɋɢɫɭɧɨɤ 4.10 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɬɨɤɚ ysi  ɩɪɢ 

ɫɬɚɧɞɚɪɬɧɨɣ ɧɚɫɬɪɨɣɤɟ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ 



64 

 

Ɋɢɫɭɧɨɤ 4.11 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɬɨɤɚ xsi  ɜ ɫɢɫɬɟɦɟ ɫ 

ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɹ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ 

 

 

Ɋɢɫɭɧɨɤ 4.12 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɬɨɤɚ ysi  ɜ ɫɢɫɬɟɦɟ ɫ 

ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɹ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ 



65 

 

Ɋɢɫɭɧɨɤ 4.13 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ su  ɩɪɢ 

ɫɬɚɧɞɚɪɬɧɨɣ ɧɚɫɬɪɨɣɤɟ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ 

 

 

Ɋɢɫɭɧɨɤ 4.14 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ su  ɩɪɢ 

ɫɬɚɧɞɚɪɬɧɨɣ ɧɚɫɬɪɨɣɤɟ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ 
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Ɋɢɫɭɧɨɤ 4.15 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ su  ɜ ɫɢɫɬɟɦɟ 

ɫ ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɹ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ 

 

 

Ɋɢɫɭɧɨɤ 4.16 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ su  ɜ ɫɢɫɬɟɦɟ 

ɫ ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɹ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ 
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Ɋɢɫɭɧɨɤ 4.17 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
*
xsu  ɩɪɢ 

ɫɬɚɧɞɚɪɬɧɨɣ ɧɚɫɬɪɨɣɤɟ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ 

 

 

Ɋɢɫɭɧɨɤ 4.18 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
*
ysu  ɩɪɢ 

ɫɬɚɧɞɚɪɬɧɨɣ ɧɚɫɬɪɨɣɤɟ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ 
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Ɋɢɫɭɧɨɤ 4.19 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
*
xsu  ɜ ɫɢɫɬɟɦɟ 

ɫ ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɹ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ 

 

 

Ɋɢɫɭɧɨɤ 4.20 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
*
ysu  ɜ ɫɢɫɬɟɦɟ 

ɫ ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɹ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ 



69 

 

Ɋɢɫɭɧɨɤ 4.21 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ s  ɩɪɢ 

ɫɬɚɧɞɚɪɬɧɨɣ ɧɚɫɬɪɨɣɤɟ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ 

 

 

Ɋɢɫɭɧɨɤ 4.22 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ s  ɩɪɢ 

ɫɬɚɧɞɚɪɬɧɨɣ ɧɚɫɬɪɨɣɤɟ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ 
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Ɋɢɫɭɧɨɤ 4.23 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ s  ɜ 

ɫɢɫɬɟɦɟ ɫ ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɹ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ 

 

 

Ɋɢɫɭɧɨɤ 4.24 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ s  ɜ 

ɫɢɫɬɟɦɟ ɫ ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɹ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ 
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Ɋɢɫɭɧɨɤ 4.25 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɦɨɞɭɥɹ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ r  ɩɪɢ 

ɫɬɚɧɞɚɪɬɧɨɣ ɧɚɫɬɪɨɣɤɟ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ 

 

 

Ɋɢɫɭɧɨɤ 4.26 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɦɨɞɭɥɹ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ r  ɜ 

ɫɢɫɬɟɦɟ ɫ ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɹ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ 
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Ɋɢɫɭɧɨɤ 4.27 - Ƚɪɚɮɢɤ ɤɨɨɪɞɢɧɚɬɧɨɣ ɮɭɧɤɰɢɢ cos  ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɣ ɧɚɫɬɪɨɣɤɟ 

ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ 

 

 

Ɋɢɫɭɧɨɤ 4.28 - Ƚɪɚɮɢɤ ɤɨɨɪɞɢɧɚɬɧɨɣ ɮɭɧɤɰɢɢ sin  ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɣ ɧɚɫɬɪɨɣɤɟ 

ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ 
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Ɋɢɫɭɧɨɤ 4.29 - Ƚɪɚɮɢɤ ɤɨɨɪɞɢɧɚɬɧɨɣ ɮɭɧɤɰɢɢ cos  ɜ ɫɢɫɬɟɦɟ ɫ ɪɟɝɭɥɹɬɨɪɚɦɢ 

ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɹ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ 

 

 

Ɋɢɫɭɧɨɤ 4.30 - Ƚɪɚɮɢɤ ɤɨɨɪɞɢɧɚɬɧɨɣ ɮɭɧɤɰɢɢ sin  ɜ ɫɢɫɬɟɦɟ ɫ ɪɟɝɭɥɹɬɨɪɚɦɢ 

ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɹ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ 
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Ɋɢɫɭɧɨɤ 4.31 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɣ 

ɧɚɫɬɪɨɣɤɟ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ 

 

 

Ɋɢɫɭɧɨɤ 4.32 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɜ ɫɢɫɬɟɦɟ ɫ 

ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɹ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ 
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Ɋɢɫɭɧɨɤ 4.33 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɣ 

ɧɚɫɬɪɨɣɤɟ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ 

 

 

Ɋɢɫɭɧɨɤ 4.34 - Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɜ ɫɢɫɬɟɦɟ ɫ 

ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɥɢɹɧɢɹ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ 
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ȼ ɫɢɫɬɟɦɟ ɫɨ ɫɬɚɧɞɚɪɬɧɨɣ ɩɨɫɬɪɨɣɤɨɣ ɪɟɝɭɥɹɬɨɪɨɜ ɬɨɤɚ ɩɪɢ ɩɭɫɤɟ 

ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɬɨɤɚ ysi  ɫɨɫɬɚɜɥɹɟɬ 

 

max 2,02 1,785σ 100% 100% 13,165%
0,785

ɭɫɬ
iys ɭɫɬ

i i

i

 
      

  

ȼɪɟɦɹ ɩɟɪɜɨɝɨ ɞɨɫɬɢɠɟɧɢɹ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ: t1=3,78, ɨ.ɟ. 

ɍɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɚɞɚɧɧɨɦɭ ɱɬɨ 

ɨɛɭɫɥɨɜɥɟɧɨ ɜɥɢɹɧɢɟɦ ɜɧɭɬɪɟɧɧɢɯ ɩɟɪɟɤɪɟɫɬɧɵɯ ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ ɢ ɷ.ɞ.ɫ. 

ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ. ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɷɬɢɯ ɮɚɤɬɨɪɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɨɬɥɢɱɢɹ 

ɩɪɨɰɟɫɫɨɜ ɨɬ ɷɬɚɥɨɧɧɵɯ ɢ ɩɪɢ ɜɵɯɨɞɟ ɧɚ ɭɫɬɚɧɨɜɢɜɲɟɸɫɹ ɫɤɨɪɨɫɬɶ ɩɪɢ ɩɭɫɤɟ, ɚ 

ɬɚɤɠɟ ɩɪɢ ɧɚɛɪɨɫɟ ɧɚɝɪɭɡɤɢ 

 ȼ ɫɢɫɬɟɦɟ ɫ ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɩɨɫɬɪɨɟɧɧɵɦɢ ɧɚ ɤɨɦɩɟɧɫɚɰɢɸ ɜɥɢɹɧɢɹ 

ɩɟɪɟɤɪɟɫɬɧɵɯ ɫɜɹɡɟɣ ɢ ɷ.ɞ.ɫ. ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɩɪɢ ɩɭɫɤɟ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ 

ɬɨɤɚ ysi  ɫɨɫɬɚɜɥɹɟɬ 

 

max 2,06 2σ 100% 100% 3%
2

ɭɫɬ
iys ɭɫɬ

i i

i

 
      

  

ȼɪɟɦɹ ɩɟɪɜɨɝɨ ɞɨɫɬɢɠɟɧɢɹ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ: t1=1,3, ɨ.ɟ. 

 ɍɫɬɚɧɨɜɢɜɲɟɟɫɹ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɚɞɚɧɧɨɦɭ. Ɍɚɤ ɠɟ 

ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɜɥɢɹɧɢɟ ɭɤɚɡɚɧɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɞɪɭɝɢɟ 

ɪɟɝɭɥɢɪɨɜɨɱɧɵɟ ɩɟɪɟɦɟɧɧɵɟ. 

 

4.4 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

 

1. ɋɢɫɬɟɦɚ ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɣ ɧɚɫɬɪɨɣɤɟ ɪɟɝɭɥɹɬɨɪɚ ɬɨɤɚ ɨɛɥɚɞɚɟɬ 

ɫɭɳɟɫɬɜɟɧɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ ɨɲɢɛɤɨɣ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɩɨɫɬɨɹɧɧɨɝɨ ɡɚɞɚɧɢɹ ɩɨ ɬɨɤɭ. 
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2.  ȼ ɋȺɍ ɫ ɪɟɝɭɥɹɬɨɪɚɦɢ ɬɨɤɚ ɤɨɦɩɟɧɫɢɪɭɸɳɢɦɢ ɜɧɭɬɪɟɧɧɢɟ 

ɨɛɪɚɬɧɵɟ ɫɜɹɡɢ ɞɜɢɝɚɬɟɥɹ ɫɬɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ ɨɬɫɭɬɫɬɜɭɟɬ ɢ ɤɚɱɟɫɬɜɨ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɷɬɨɦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɬɚɥɨɧɧɨɦɭ 

ɞɥɹ ɫɢɫɬɟɦ ɩɨɞɱɢɧёɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

3. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɝɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɢ ɤɚɱɟɫɬɜɚ ɩɪɨɰɟɫɫɨɜ 

ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɛɨɥɶɲɢɦ ɡɚɩɚɫɨɦ ɩɨ 

ɚɦɩɥɢɬɭɞɟ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ.   
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Ɂɚɤɥɸɱɟɧɢɟ 

 

ȼ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɚ ɫɢɫɬɟɦɚ ɜɟɤɬɨɪɧɨɝɨ ɢ 

ɱɚɫɬɨɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ, ɫɤɨɪɨɫɬɶ ɜ ɤɨɬɨɪɨɣ 

ɪɟɝɭɥɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɧɨɝɨɤɨɧɬɭɪɧɨɣ ɫɢɫɬɟɦɵ, ɩɨɫɬɪɨɟɧɧɨɣ ɩɨ ɩɪɢɧɰɢɩɭ 

ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɟɪɟɦɟɧɧɵɯ. Ɉɧɚ ɫɨɞɟɪɠɢɬ ɤɨɧɬɭɪɵ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɟɤɰɢɣ ɜɟɤɬɨɪɚ ɬɨɤɚ ɫɬɚɬɨɪɚ, ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ ɢ 

ɫɤɨɪɨɫɬɢ ɞɜɢɝɚɬɟɥɹ. ɋɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɦɟɧɬɚ ɜɵɩɨɥɧɟɧɚ ɪɚɡɨɦɤɧɭɬɨɣ. 

ɋȺɍ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɫ ɉɑ ɢ ȺȾ, ɪɟɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ, 

ɪɟɝɭɥɹɬɨɪ ɦɨɦɟɧɬɚ, ɪɟɝɭɥɹɬɨɪ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ, ɪɟɝɭɥɹɬɨɪ ɬɨɤɚ ɢ ɛɥɨɤ 

ɨɪɢɟɧɬɚɰɢɢ  ɮɨɪɦɢɪɭɸɳɢɣ ɤɨɨɪɞɢɧɚɬɧɵɟ ɮɭɧɤɰɢɢ cos , sin , ɤɨɬɨɪɵɟ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜɟɤɬɨɪɚ ɬɨɤɚ ɫɬɚɬɨɪɚ ɢ ɜɟɤɬɨɪɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ 

ɪɨɬɨɪɚ ɜ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɨ  s
r ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. Ⱦɥɹ ɫɨɝɥɚɫɨɜɚɧɢɹ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɫ ɨɛɴɟɤɬɨɦ ɭɩɪɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɤɨɨɪɞɢɧɚɬ. 

Ɉɫɧɨɜɨɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɋȺɍ ɩɨɫɥɭɠɢɥɚ ɦɨɞɟɥɶ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɜ ɩɟɪɟɦɟɧɧɵɯ s ri  .  

ȼ ɪɚɛɨɬɟ ɨɛɨɫɧɨɜɚɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɢ ɩɪɨɜɟɞɟɧ ɫɢɧɬɟɡ ɜɟɤɬɨɪɧɨɣ 

ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫ ɩɨɞɱɢɧɟɧɧɵɦ 

ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɩɟɪɟɦɟɧɧɵɯ, ɨɫɭɳɟɫɬɜɥɹɟɦɵɣ ɧɚ ɨɫɧɨɜɟ ɨɩɪɟɞɟɥɟɧɧɨɣ 

ɢɞɟɚɥɢɡɚɰɢɢ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. ɋɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɨɨɪɞɢɧɚɬ 

ɪɟɡɭɥɶɬɢɪɭɸɳɢɯ ɜɟɤɬɨɪɨɜ ɢ ɫɤɨɪɨɫɬɢ ɩɨɫɬɪɨɟɧɵ ɩɨ ɩɪɢɧɰɢɩɭ ɩɨɞɱɢɧɟɧɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɧɚɫɬɪɨɣɤɨɣ ɧɚ ɦɨɞɭɥɶɧɵɣ ɨɩɬɢɦɭɦ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɧɹɬɵɯ ɩɪɢ ɫɢɧɬɟɡɟ ɪɟɲɟɧɢɣ ɪɚɡɪɚɛɨɬɚɧɚ ɢ 

ɪɟɚɥɢɡɨɜɚɧɚ ɜ ɩɚɤɟɬɟ Matlab ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɢ ɜɵɩɨɥɧɟɧɵ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɟё ɪɚɛɨɬɵ. ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɨɤɚɡɚɥɢ: ɋȺɍ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɢɦ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟɦ, 

ɤɚɱɟɫɬɜɟɧɧɵɦɢ ɩɟɪɟɯɨɞɧɵɦɢ ɢ ɭɫɬɚɧɨɜɢɜɲɢɦɢɫɹ ɩɪɨɰɟɫɫɚɦɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɷɬɚɥɨɧɧɵɦ ɞɥɹ ɫɢɫɬɟɦ ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 
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ɉɪɢɥɨɠɟɧɢɟ Ⱥ 

 

ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɢ ɢɧɞɟɤɫɵ 

 

Ɍɚɛɥɢɰɚ Ⱥ.1. ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ 

 
 

ȼɟɥɢɱɢɧɚ 

ȿɞɢɧɢɰɵ Ɋɚɡɦɟɪ-
ɧɨɫɬɶ ɚɛ-
ɫɨɥɸɬ-

ɧɵɯ ɟɞɢ-
ɧɢɰ 

 
Ɉɬɧɨɫɢ-
ɬɟɥɶɧɵɟ 

 
Ⱥɛɫɨɥɸɬ-

ɧɵɟ 

Ɋɟɡɭɥɶɬɢɪɭɸɳɢɟ ɜɟɤɬɨɪɵ u , i ,   U , I ,    
Ʉɨɦɩɥɟɤɫɧɵɟ ɩɟɪɟɦɟɧɧɵɟ  u , i ,   U , I ,    

ɋɨɩɪɹɠɟɧɧɵɟ ɤɨɦɩɥɟɤɫɧɵɟ ɩɟɪɟɦɟɧɧɵɟ u , i ,   U , I , 

  

 

ɇɚɩɪɹɠɟɧɢɟ u  U  ȼ  
Ɍɨɤ i  I  Ф  
ɗɥɟɤɬɪɨɞɜɢɠɭɳɚɹ ɫɢɥɚ, ɗȾɋ e  E  ȼ  
ɉɨɬɨɤɨɫɰɟɩɥɟɧɢɟ, ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ     ȼɛ  
Ɇɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ ɜ ɜɨɡɞɭɲɧɨɦ ɡɚɡɨɪɟ 

mb  mB  Ɍɥ  
ɉɨɥɧɚɹ ɦɨɳɧɨɫɬɶ s  S  ȼ Ⱥ  
Ⱥɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ p  P  ȼɚɪ  
Ɋɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ 

Эq  ЭQ  ɇ ɦ  

ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ 
Эm  ЭM  ɇ ɦ  

Ɇɨɦɟɧɬ ɫɬɚɬɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
cm  cM  

1ɫ  
ɍɝɥɨɜɚɹ ɱɚɫɬɨɬɚ (ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ)     1ɫ  
Ⱥɛɫɨɥɸɬɧɨɟ ɫɤɨɥɶɠɟɧɢɟ   B  ɪɚɞ  
ɍɝɨɥ ɩɨɜɨɪɨɬɚ   Ф  ɪɚɞ  

    
Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ r  R  Ɉɦ  
ɂɧɞɭɤɬɢɜɧɨɫɬɶ l  L  Ƚɧ  
Ɋɟɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ x  X  Ɉɦ  
Ɇɨɦɟɧɬ ɢɧɟɪɰɢɢ J  J  2ɤɝ ɦ  
ȼɪɟɦɹ t  t  ɫ  
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ Ⱥ.1. 

 
 

ȼɟɥɢɱɢɧɚ 

ȿɞɢɧɢɰɵ Ɋɚɡɦɟɪ-
ɧɨɫɬɶ ɚɛ-
ɫɨɥɸɬ-

ɧɵɯ ɟɞɢ-
ɧɢɰ 

 
Ɉɬɧɨɫɢ-
ɬɟɥɶɧɵɟ 

 
Ⱥɛɫɨɥɸɬ-

ɧɵɟ 

ɉɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ T  T  ɫ  
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ (ɭɫɢɥɟɧɢɹ) k  K    
Ɇɚɬɪɢɰɚ ɨɩɟɪɚɬɨɪɚ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ, 
ɨɩɟɪɚɬɨɪ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ 

,D p  ,D p    

 

Ɍɚɛɥɢɰɚ Ⱥ.2. ɂɧɞɟɤɫɵ 

Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 
a  Ɏɚɡɵ Ⱥ 
b  Ɏɚɡɵ Ȼ 
c  Ɏɚɡɵ ɋ 
s  ɋɬɚɬɨɪɚ 
r  Ɋɨɬɨɪɚ 
1 ɉɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɢɥɢ ɧɨɦɟɪ 

2  ȼɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɢɥɢ ɧɨɦɟɪ 
m  ɇɚɦɚɝɧɢɱɢɜɚɧɢɹ 
max Ⱥɦɩɥɢɬɭɞɧɨɟ ɡɧɚɱɟɧɢɟ 
  Ɋɚɫɫɟɹɧɢɹ 

 ,   Ɉɫɢ ɧɟɩɨɞɜɢɠɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɬɨɪɚ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ 

x , y  Ɉɫɢ ɩɪɨɢɡɜɨɥɶɧɨ ɜɪɚɳɚɸɳɟɣɫɹ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ 
ɧ , ɧɨɦ  ɇɨɦɢɧɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ 
ɛ  Ȼɚɡɢɫɧɚɹ ɜɟɥɢɱɢɧɚ 

0  ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 

k  Ʉɨɨɪɞɢɧɚɬ 
э  ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ 

 

 

 




