
 

 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 

 
Ʉɚɮɟɞɪɚ: «Ʉɨɧɫɬɪɭɤɬɨɪɫɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 

ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ» 
 
 
 

ɍɌȼȿɊɀȾȺɘ                      
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
______  Ɇ.ɉ. Ƚɨɥɨɜɢɧ 
 ɩɨɞɩɢɫɶ       
« _____»   ________  2016 ɝ. 

 
ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 

 
 

15.03.05 - Ʉɨɧɫɬɪɭɤɬɨɪɫɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 
ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ  

 
 
 

Ɍɟɦɚ: «Ɋɚɡɪɚɛɨɬɤɚ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɟɰɢɡɢɨɧɧɨɝɨ 
ɩɥɚɧɟɬɚɪɧɨɝɨ ɦɨɬɨɪ-ɪɟɞɭɤɬɨɪɚ ɫɩɟɰɢɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ» 

 
 
 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ: ____________  ɫɬɚɪɲɢɣ ɩɪɟɩɨɞɚɜɚɬɟɥɶ Ɋ.ɋ. Ʌɭɤɢɧ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
ȼɵɩɭɫɤɧɢɤ: ____________          ȼ.Ⱥ. Ƚɧɚɬɵɲɢɧ 

ɩɨɞɩɢɫɶ, ɞɚɬɚ 
 
 

 
 
 
 

Ʉɪɚɫɧɨɹɪɫɤ 2017



 

 
 

И
зм.

Л
ист

№ документа Подпись Ⱦ
ɚɬɚ Лист 

2 

БР-151900.62 071314009 00.000 ПЗ 

Разраб. Гнатышин В.А. 
Провер. Лукин Р.С. 
Реценз.  
Н.контр 
Контр.

 
Утв. Головин М.П. 

Ɋɚɡɪɚɛɨɬɤɚ ɤɨɧɫɬɪɭɤцɢɢ 
ɩɥɚɧɟɬɚɪɧɨɝɨ  

ɦɨɬɨɪ-ɪɟɞɭɤɬɨɪɚ 

. 
Листов  

Лиɫ
49 

КТОМСП 

ɋɨɞɟɪɠɚɧɢɟ 

ȼȼȿȾȿɇɂȿ .............................................................................................................. 3 

1. ɂɧɮɨɪɦɚɰɢɨɧɧɵɣ ɨɛɡɨɪ ..................................................................................... 4 

1.1 ɂɧɮɨɪɦɚɰɢɨɧɧɵɣ ɨɛɡɨɪ ɫɩɨɫɨɛɨɜ ɞɨɫɬɢɠɟɧɢɹ ɛɟɡɡɚɡɨɪɧɨɫɬɢ ........... 4 

1.2 Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɦɟɠɰɟɧɬɪɨɜɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɜ ɩɟɪɟɞɚɱɟ ........................ 4 

1.3 ɉɪɢɦɟɧɟɧɢɟ ɤɨɥɟɫ ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ....................................... 5 

1.4 ȼɡɚɢɦɧɵɣ ɪɚɡɜɨɪɨɬ ɜɟɬɜɟɣ ....................................................................... 6 

1.5 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɝɢɛɤɨɝɨ ɤɨɪɨɧɱɚɬɨɝɨ ɤɨɥɟɫɚ ......................................... 7 

2 ɉɪɨɟɤɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɱɚɫɬɶ .................................................................. 9 

2.1 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɪɢɜɨɞɚ ......................................................................... 9 

2.1.1 ɉɨɢɫɤ ɞɜɢɝɚɬɟɥɹ .................................................................................. 9 

2.2 ȼɵɛɨɪ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɯɟɦɵ ɦɨɬɨɪ-ɪɟɞɭɤɬɨɪɚ ................................ 11 

2.2.1 Ʉɢɧɟɦɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɥɚɧɟɬɚɪɧɨɝɨ ɪɟɞɭɤɬɨɪɚ ......................... 14 

2.2.2 Ƚɟɨɦɟɬɪɢɹ ɩɥɚɧɟɬɚɪɧɨɝɨ ɪɟɞɭɤɬɨɪɚ ................................................ 14 

2.2.3 ɉɪɨɟɤɬɧɵɣ ɪɚɫɱɟɬ ɩɥɚɧɟɬɚɪɧɨɣ ɩɟɪɟɞɚɱɢ ...................................... 16 

2.2.4 ɋɢɥɨɜɨɣ ɪɚɫɱɟɬ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ ................................... 17 

2.2.5 ɉɪɨɜɟɪɨɱɧɵɟ ɪɚɫɱɟɬɵ ....................................................................... 21 

2.2.6 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ ............................................. 22 

2.2.7 ȼɵɛɨɪ ɩɨɞɲɢɩɧɢɤɚ ɧɚ ɜɵɯɨɞɧɨɣ ɜɚɥ ............................................. 23 

2.2.8 Ʉɨɧɫɬɪɭɤɰɢɹ ɤɨɪɨɧɱɚɬɨɝɨ ɤɨɥɟɫɚ .................................................... 28 

2.2.9 Ɉɮɨɪɦɥɟɧɢɟ ɱɟɪɬɟɠɟɣ ...................................................................... 29 

2.2.10 Ɋɚɫɱɟɬ ɪɚɡɦɟɪɧɨɣ ɰɟɩɢ .................................................................. 29 

2.2.11 Ɋɚɫɱɟɬ ɥɸɮɬɚ................................................................................... 31 

2.2.12 ɋɦɚɡɵɜɚɧɢɟ ɩɥɚɧɟɬɚɪɧɨɣ ɩɟɪɟɞɚɱɢ ............................................. 32 

2.2.13 Ɂɚɤɥɸɱɟɧɢɟ ɩɨ ɪɚɡɞɟɥɭ .................................................................. 33 

3 Ɋɚɫɱɟɬ ɷɥɟɦɟɧɬɨɜ ɪɟɞɭɤɬɨɪɚ ɧɚ ɤɪɭɬɢɥɶɧɭɸ ɠɟɫɬɤɨɫɬɶ ........................... 34 

3.1 Ɋɚɫɱɟɬ  ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɜ CAE-ɫɪɟɞɟ ANSYS ............................... 34 

3.1.1 Ɋɚɫɱɟɬ ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɜɯɨɞɧɨɝɨ ɜɚɥɚ ................................ 35 

3.1.2 Ɋɚɫɱɟɬ ɠɟɫɬɤɨɫɬɢ ɩɨɞɲɢɩɧɢɤɨɜ ɫɚɬɟɥɥɢɬɚ .................................... 35 

3.1.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɠɟɫɬɤɨɫɬɢ ɡɚɰɟɩɥɟɧɢɹ ɦɟɠɞɭ ɫɨɥɧɟɱɧɨɣ ɲɟɫɬɟɪɧɟɣ 
ɢ ɫɚɬɟɥɥɢɬɨɦ .................................................................................................. 37 

3.1.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɠɟɫɬɤɨɫɬɢ ɡɚɰɟɩɥɟɧɢɹ ɦɟɠɞɭ ɫɚɬɟɥɥɢɬɨɦ ɢ 
ɤɨɪɨɧɱɚɬɵɦ ɤɨɥɟɫɨɦ ..................................................................................... 39 

3.1.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɤɨɪɨɧɱɚɬɨɝɨ ɤɨɥɟɫɚ ............ 42 

3.2 Ɋɚɫɱɟɬ ɫɭɦɦɚɪɧɨɣ ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ........................................... 43 

ɁȺɄɅɘɑȿɇɂȿ ..................................................................................................... 47 

ɋɉɂɋɈɄ  ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ ...................................... 48 

ɉɪɢɥɨɠɟɧɢɟ Ⱥ (ɨɛɹɡɚɬɟɥɶɧɨɟ)  Ʉɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ .................... 49 

 



 

 

 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

3 
БР-151900.62 416141.00.000 ПЗ 

ȼȼȿȾȿɇɂȿ 

ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɧɚɢɛɨɥɶɲɟɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɸɬ ɢɦɟɧɧɨ ɬɨɱɧɨɫɬɢ, 
ɢɞɹ ɧɚ ɠɟɪɬɜɵ ɜ ɜɢɞɟ ɭɜɟɥɢɱɟɧɢɹ ɫɬɨɢɦɨɫɬɢ ɢɡɞɟɥɢɹ, ɭɦɟɧɶɲɟɧɢɹ ɟɝɨ 
ɞɨɥɝɨɜɟɱɧɨɫɬɢ, ɭɜɟɥɢɱɟɧɢɟ ɦɚɫɫɵ ɢ ɬ.ɞ. ȼɵɫɨɤɨɬɨɱɧɵɟ ɩɪɢɜɨɞɵ ɬɪɟɛɭɸɬɫɹ ɜ 
ɦɟɞɢɰɢɧɟ, ɚ ɬɚɤɠɟ ɜ ɜɨɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɞɚɧɧɨɣ ɬɟɦɵ 
ɨɛɭɫɥɨɜɥɟɧɚ ɩɨɹɜɢɜɲɢɦɫɹ ɧɨɜɵɦ ɫɩɟɤɬɪɨɦ ɩɪɢɦɟɧɟɧɢɹ ɡɭɛɱɚɬɵɯ ɤɨɥɟɫ, 
ɪɚɡɜɢɬɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɚ ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɦɟɬɨɞɨɜ 
ɪɚɫɱɟɬɨɜ. Ɍɚɤɠɟ ɪɚɡɪɚɛɨɬɚɧɵ ɧɨɜɵɟ ɫɩɨɫɨɛɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ 
ɞɟɬɚɥɟɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɠɟ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ 
ɪɟɲɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɟ ɧɚɲɥɢ ɫɟɛɟ ɩɪɢɦɟɧɟɧɢɟ ɢɡ-ɡɚ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɪɚɡɜɢɬɨɫɬɢ 
ɬɟɯɧɨɥɨɝɢɣ. Ɉɫɧɨɜɧɵɦ ɬɪɟɛɭɟɦɵɦ ɩɚɪɚɦɟɬɪɨɦ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɪɢɜɨɞɨɜ, 
ɤɚɤ ɩɪɚɜɢɥɨ, ɹɜɥɹɟɬɫɹ ɟɝɨ ɞɨɥɝɨɜɟɱɧɨɫɬɶ, ɧɨ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɬɪɟɛɭɟɬɫɹ  
ɜɵɩɨɥɧɟɧɢɟ ɪɚɛɨɬ ɨɬɜɟɱɚɸɳɢɦɢ ɬɟɯɧɢɱɟɫɤɨɦɭ ɡɚɞɚɧɢɸ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ: 
ɥɸɮɬ, ɲɭɦ, ɜɢɛɪɚɰɢɢ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ, ɭɝɥɨɜɚɹ ɬɨɱɧɨɫɬɶ, ɭɝɥɨɜɚɹ 
ɠɟɫɬɤɨɫɬɶ ɢ ɬ.ɞ. ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɝɨ ɫɩɨɫɨɛɨɜ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ.  

 
ɐɟɥɶ: 
ȼ ɪɚɦɤɚɯ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ 

ɜɵɩɨɥɧɢɬɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɜɵɫɨɤɨɬɨɱɧɨɝɨ ɩɪɢɜɨɞɚ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ 
ɜɯɨɞɢɬ ɩɥɚɧɟɬɚɪɧɵɣ ɪɟɞɭɤɬɨɪ. ɉɪɢɜɨɞ ɩɥɚɧɢɪɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɫɩɭɬɧɢɤɨɜɨɣ ɚɧɬɟɧɧɵ, ɧɚɯɨɞɹɳɟɣɫɹ ɧɚ ɤɪɵɲɟ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 

Ɂɚɞɚɱɢ: 
1. ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɢɦɟɸɳɢɯɫɹ ɜɵɫɨɤɨɬɨɱɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɨɛɥɚɞɚɸɳɢɯ 

ɬɪɟɛɭɟɦɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
2. Ɋɚɫɫɦɨɬɪɟɬɶ ɜɨɡɦɨɠɧɵɟ ɜɚɪɢɚɧɬɵ ɩɨɧɢɠɟɧɢɹ ɱɢɫɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ  

ɥɸɮɬɚ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɜ ɩɪɨɟɤɬɢɪɭɟɦɨɦ ɩɥɚɧɟɬɚɪɧɨɦ 
ɪɟɞɭɤɬɨɪɟ 

3. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɥɚɧɟɬɚɪɧɨɝɨ ɪɟɞɭɤɬɨɪɚ ɜɯɨɞɹɳɟɝɨ ɜ ɩɪɢɜɨɞ ɩɨɜɨɪɨɬɚ 
ɚɧɬɟɧɧɵ 

4. Ɋɚɡɪɚɛɨɬɚɬɶ ɦɨɞɟɥɶ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɭɬɢɥɶɧɨɣ 
ɠɟɫɬɤɨɫɬɢ ɪɟɞɭɤɬɨɪɚ 
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1. ɂɧɮɨɪɦɚɰɢɨɧɧɵɣ ɨɛɡɨɪ 

 

1.1 ɂɧɮɨɪɦɚɰɢɨɧɧɵɣ ɨɛɡɨɪ ɫɩɨɫɨɛɨɜ ɞɨɫɬɢɠɟɧɢɹ ɛɟɡɡɚɡɨɪɧɨɫɬɢ 

ȼ ɪɟɜɟɪɫɢɜɧɵɯ ɩɟɪɟɞɚɱɚɯ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɛɟɡɭɞɚɪɧɨɟ 
ɡɚɰɟɩɥɟɧɢɟ. ɗɬɨ ɝɚɪɚɧɬɢɪɭɟɬ ɩɥɚɜɧɨɫɬɶ ɢ ɛɟɫɲɭɦɧɨɫɬɶ ɪɚɛɨɬɵ ɡɭɛɱɚɬɵɯ 
ɩɟɪɟɞɚɱ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢ ɞɢɧɚɦɢɱɟɫɤɭɸ ɬɨɱɧɨɫɬɶ ɜɫɟɣ ɫɢɫɬɟɦɵ. ɇɨ ɬɚɤ ɤɚɤ 
ȽɈɋɌ 9178-59 ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɧɨɪɦɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɬɨɱɧɨɫɬɢ ɡɭɛɱɚɬɨɣ 
ɩɚɪɵ ɩɪɢ ɪɚɛɨɬɟ ɟɟ ɬɨɥɶɤɨ ɜ ɨɞɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɬɨ ɜɟɥɢɱɢɧɚ ɛɨɤɨɜɨɝɨ ɡɚɡɨɪɚ 
ɞɥɹ ɪɟɜɟɪɫɢɜɧɨɣ ɩɟɪɟɞɚɱɢ ɨɤɚɡɵɜɚɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɤɚɱɟɫɬɜɚ ɩɟɪɟɞɚɱɢ. Ɉɫɨɛɨɟ ɡɧɚɱɟɧɢɟ ɷɬɨ ɢɦɟɟɬ ɞɥɹ 
ɩɟɪɟɞɚɱ ɫ ɩɥɚɫɬɦɚɫɫɨɜɵɦɢ ɤɨɥɟɫɚɦɢ, ɝɞɟ ɜɨɡɦɨɠɧɨ ɧɚɥɢɱɢɟ ɡɧɚɱɢɬɟɥɶɧɵɯ 
ɛɨɤɨɜɵɯ ɡɚɡɨɪɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɪɚɫɫɦɨɬɪɢɦ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ 
ɞɨɫɬɢɠɟɧɢɹ ɛɟɡɡɚɡɨɪɧɨɝɨ ɡɚɰɟɩɥɟɧɢɹ ɜ ɩɟɪɟɞɚɱɟ. 

 
1.2 Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɦɟɠɰɟɧɬɪɨɜɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɜ ɩɟɪɟɞɚɱɟ 

ɗɬɨɬ ɫɩɨɫɨɛ ɞɥɹ ɷɜɨɥɶɜɟɧɬɧɨɝɨ ɡɚɰɟɩɥɟɧɢɹ ɜɨɡɦɨɠɟɧ, ɬɚɤ ɤɚɤ 
ɢɡɦɟɧɟɧɢɟ ɦɟɠɰɟɧɬɪɨɜɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɧɟ ɧɚɪɭɲɚɟɬ ɩɪɚɜɢɥɶɧɨɫɬɢ ɡɚɰɟɩɥɟɧɢɹ. 

 

 
Ɋɢɫɭɧɨɤ 1 – Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɦɟɠɰɟɧɬɪɨɜɨɝɨ ɪɚɫɫɬɨɹɧɢɹ 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɦɟɠɰɟɧɬɪɨɜɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɢɨɞɢɱɟɫɤɢɦ, 
ɧɚɩɪɢɦɟɪ, ɩɪɢ ɩɨɦɨɳɢ ɷɤɫɰɟɧɬɪɢɱɧɨɣ ɜɬɭɥɤɢ ɢɥɢ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫ 
ɩɨɦɨɳɶɸ ɧɟɩɪɟɪɵɜɧɨɝɨ ɩɨɞɠɚɬɢɹ ɨɞɧɨɝɨ ɢɡ ɤɨɥɟɫ ɤ ɞɪɭɝɨɦɭ ɫ ɩɨɦɨɳɶɸ 
ɩɪɭɠɢɧ, ɢɧɵɦɢ ɫɥɨɜɚɦɢ ɫɚɦɨɪɟɝɭɥɢɪɨɜɚɧɢɟ. 
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Ɋɢɫɭɧɨɤ 2 – ɗɤɫɰɟɧɬɪɢɱɧɚɹ ɜɬɭɥɤɚ 

 
 ɗɤɫɰɟɧɬɪɢɱɧɵɟ ɜɬɭɥɤɢ ɜ ɭɫɥɨɜɢɹɯ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɨɛɪɚɛɚɬɵɜɚɸɬ ɜ ɬɪɟɯ-ɤɭɥɚɱɤɨɜɨɦ ɩɚɬɪɨɧɟ, ɩɨɞ ɨɞɢɧ ɢɡ ɤɭɥɚɱɤɨɜ ɤɨɬɨɪɨɝɨ 
ɩɨɦɟɳɚɸɬ ɩɨɞɤɥɚɞɤɭ ɬɨɥɳɢɧɨɣ s; ɩɪɢ ɷɬɨɦ ɰɟɧɬɪ ɨɤɪɭɠɧɨɫɬɢ ɩɨɩɟɪɟɱɧɨɝɨ 
ɫɟɱɟɧɢɹ ɞɟɬɚɥɢ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜ ɞɢɚɦɟɬɪɚɥɶɧɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ ɧɚ ɜɟɥɢɱɢɧɭ ɷɤɫɰɟɧɬɪɢɰɢɬɟɬɚ. 

 
1.3 ɉɪɢɦɟɧɟɧɢɟ ɤɨɥɟɫ ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 

Ʉɨɧɫɬɪɭɤɰɢɹ ɫɩɟɰɢɚɥɶɧɨɝɨ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɪɢ ɪɚɛɨɬɟ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɪɟɝɭɥɢɪɨɜɚɬɶ ɦɟɠɰɟɧɬɪɨɜɨɟ ɪɚɫɫɬɨɹɧɢɟ, ɩɪɢɜɟɞɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 4. Ʉɨɥɟɫɨ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ, ɫɨɟɞɢɧɟɧɧɵɯ  ɩɪɢ ɩɨɦɨɳɢ 
ɫɩɟɰɢɚɥɶɧɵɯ ɜɢɧɬɨɜ, ɞɨɩɭɫɤɚɸɳɢɯ ɜɡɚɢɦɧɨɟ ɜɪɚɳɚɬɟɥɶɧɨɟ ɫɦɟɳɟɧɢɟ ɤɨɥɟɫ 
ɜɨɤɪɭɝ ɰɟɧɬɪɚ ɜ ɩɪɟɞɟɥɚɯ ɨɜɚɥɶɧɵɯ ɨɬɜɟɪɫɬɢɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɪɭɠɢɧ. 
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Ɋɢɫɭɧɨɤ 1 - ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ȼɍɌɗ 

Ɉɞɧɨ ɤɨɥɟɫɨ ɠɟɫɬɤɨ ɡɚɤɪɟɩɥɟɧɨ ɧɚ ɜɚɥɭ, ɞɪɭɝɨɟ ɧɚɞɟɜɚɟɬɫɹ ɫɜɨɛɨɞɧɨ ɧɚ 
ɫɬɭɩɢɰɭ ɩɟɪɜɨɝɨ ɤɨɥɟɫɚ. ȼɡɚɢɦɧɨɟ ɫɦɟɳɟɧɢɟ ɡɭɛɱɚɬɵɯ ɜɟɧɰɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
ɩɪɭɠɢɧ ɩɪɢ ɫɨɟɞɢɧɟɧɢɢ ɬɚɤɨɝɨ ɤɨɥɟɫɚ ɫ ɩɚɪɧɵɦ ɜɵɛɢɪɚɟɬ ɛɨɤɨɜɨɣ ɡɚɡɨɪ ɢ 
ɩɪɢɜɨɞɢɬ ɤ ɞɜɭɯɩɪɨɮɢɥɶɧɨɦɭ ɡɚɰɟɩɥɟɧɢɸ. ȼɪɚɳɚɬɟɥɶɧɵɣ ɦɨɦɟɧɬ, 
ɫɨɡɞɚɜɚɟɦɵɣ ɧɚɬɹɠɟɧɢɟɦ ɩɪɭɠɢɧ, ɞɨɥɠɟɧ ɛɵɬɶ ɛɨɥɶɲɟ, ɱɟɦ ɤɪɭɬɹɳɢɣ 
ɦɨɦɟɧɬ, ɩɟɪɟɞɚɜɚɟɦɵɣ ɫɨɫɬɚɜɧɵɦ (ɢɧɨɝɞɚ ɟɝɨ ɧɚɡɵɜɚɸɬ «ɪɚɡɪɟɡɧɵɦ») 
ɤɨɥɟɫɨɦ. ɋɭɳɟɫɬɜɭɸɬ ɢ ɞɪɭɝɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɦɟɯɚɧɢɡɦɨɜ ɪɚɡɜɨɪɨɬɚ ɡɭɛɱɚɬɵɯ 
ɜɟɧɰɨɜ ɪɚɡɪɟɡɧɨɝɨ ɤɨɥɟɫɚ. Ʉ ɧɟɞɨɫɬɚɬɤɭ ɷɬɨɝɨ ɦɟɬɨɞɚ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɟɝɨ 
ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɫɥɨɠɧɨɫɬɶ, ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ, ɭɦɟɧɶɲɟɧɢɟ 
ɄɉȾ ɩɟɪɟɞɚɱɢ, ɩɨɜɵɲɟɧɧɵɣ ɢɡɧɨɫ.  

 
1.4 ȼɡɚɢɦɧɵɣ ɪɚɡɜɨɪɨɬ ɜɟɬɜɟɣ 

Ȼɨɥɶɲɢɧɫɬɜɨ ɤɨɧɫɬɪɭɤɰɢɣ  ɛɟɡɡɚɡɨɪɧɵɯ ɪɟɞɭɤɬɨɪɨɜ ɩɨɫɬɪɨɟɧɨ ɧɚ 
ɫɥɟɞɭɸɳɟɦ ɩɪɢɧɰɢɩɟ: ɪɟɞɭɤɬɨɪ ɫɨɫɬɚɜɥɹɟɬɫɹ ɢɡ ɞɜɭɯ ɤɢɧɟɦɚɬɢɱɟɫɤɢ 
ɢɞɟɧɬɢɱɧɵɯ ɜɟɬɜɟɣ, ɨɛɪɚɡɭɸɳɢɯ ɡɚɦɤɧɭɬɵɣ ɤɢɧɟɦɚɬɢɱɟɫɤɢɣ ɤɨɧɬɭɪ. 
 ɍɫɬɪɚɧɟɧɢɟ ɡɚɡɨɪɨɜ ɢ ɫɨɡɞɚɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɬɹɝɚ ɞɨɫɬɢɝɚɟɬɫɹ 
ɜɡɚɢɦɧɵɦ ɪɚɡɜɨɪɨɬɨɦ ɜɟɬɜɟɣ ɫɩɟɰɢɚɥɶɧɵɦ ɧɚɝɪɭɠɚɸɳɢɦ ɭɫɬɪɨɣɫɬɜɨɦ ɜ 
ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɰɟɩɢ, ɩɪɢ ɱɟɦ ɜ ɤɚɠɞɨɣ ɜɟɬɜɢ ɩɨɥɭɱɚɟɬɫɹ ɨɞɧɨɩɪɨɮɢɥɶɧɨɟ 
ɡɚɰɟɩɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɧɟ ɧɚɪɭɲɚɟɬɫɹ ɩɪɢ ɪɟɜɟɪɫɢɪɨɜɚɧɢɢ.  

Ɇɟɪɨɣ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɬɹɝɚ ɫɥɭɠɢɬ ɩɟɪɟɞɚɜɚɟɦɵɣ ɤɪɭɬɹɳɢɣ 
ɦɨɦɟɧɬ. ɇɚɝɪɭɡɤɚ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɚɳɟ ɜɫɟɝɨ 
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ɡɚɤɪɭɱɢɜɚɧɢɟɦ ɬɨɪɫɢɨɧɧɵɯ ɜɚɥɨɜ ɢ ɡɚ ɫɱɟɬ ɨɫɟɜɨɝɨ ɫɦɟɳɟɧɢɹ ɤɨɫɨɡɭɛɵɯ 
ɤɨɥɟɫ. 

 
Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɚ ɜɡɚɢɦɧɨɝɨ ɩɨɜɨɪɨɬɚ ɜɟɬɜɟɣ 

 
ɋɨɡɞɚɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɬɹɝɚ ɜ ɡɭɛɱɚɬɵɯ ɪɟɞɭɤɬɨɪɚɯ ɩɨɡɜɨɥɹɟɬ 

ɭɫɬɪɚɧɢɬɶ ɜɫɟ ɜɢɞɵ ɡɚɡɨɪɨɜ ɢ ɭɜɟɥɢɱɢɬɶ ɩɪɢɜɟɞɟɧɧɭɸ ɠɟɫɬɤɨɫɬɶ ɪɟɞɭɤɬɨɪɚ. 
 ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ 
ɪɟɞɭɤɬɨɪɚ, ɬɚɤ ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ ɞɟɬɚɥɟɣ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɨɛɵɱɧɵɦɢ ɪɟɞɭɤɬɨɪɚɦɢ 
ɩɪɢɦɟɪɧɨ ɭɞɜɚɢɜɚɟɬɫɹ. ɋɨɡɞɚɧɢɟ ɠɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɬɹɝɚ ɜ 
ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɰɟɩɢ ɜɟɞɟɬ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɩɨɬɟɪɹɦ ɧɚ ɬɪɟɧɢɟ ɢ ɤ ɢɡɧɨɫɭ 
ɡɭɛɱɚɬɵɯ ɩɟɪɟɞɚɱ. ɄɉȾ ɭɦɟɧɶɲɢɬɫɹ ɨɬ ɬɪɟɯ ɞɨ ɞɟɫɹɬɢ ɩɪɨɰɟɧɬɨɜ. 

 
1.5 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɝɢɛɤɨɝɨ ɤɨɪɨɧɱɚɬɨɝɨ ɤɨɥɟɫɚ 

ɉɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɫɪɟɞɢ ɫɚɬɟɥɥɢɬɨɜ 
ɩɪɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ z ɦɨɠɟɬ ɨɤɚɡɚɬɶ ɢ ɩɨɞɚɬɥɢɜɨɫɬɶ ɨɛɨɞɚ ɰɟɧɬɪɚɥɶɧɨɝɨ 
ɤɨɥɟɫɚ a ɫ ɜɧɟɲɧɢɦɢ ɡɭɛɶɹɦɢ, ɟɫɥɢ ɭɞɚɟɬɫɹ ɨɫɭɳɟɫɬɜɢɬɶ ɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɦɚɥɨɣ ɬɨɥɳɢɧɵ.   

Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɪɢɧɹɬɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɦɟɥɤɨɦɨɞɭɥɶɧɵɯ ɩɟɪɟɞɚɱ, ɬɚɤ ɤɚɤ ɧɚɝɪɭɡɤɚ ɩɪɢ ɬɚɤɨɣ ɫɯɟɦɟ ɛɭɞɟɬ 
ɪɚɫɩɪɟɞɟɥɹɬɶ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɨ 
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Ɋɢɫɭɧɨɤ 2 – ɍɫɬɚɧɨɜɤɚ ɝɢɛɤɨɝɨ ɤɨɪɨɧɱɚɬɨɝɨ ɤɨɥɟɫɚ 
 
 
Ⱦɚɧɧɚɹ ɫɯɟɦɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɤɪɚɣɧɟ ɪɟɞɤɨ ɢɡ-ɡɚ ɫɥɨɠɧɨɫɬɢ 

ɢɡɝɨɬɨɜɥɟɧɢɹ, ɬɚɤ ɤɚɤ ɞɚɧɧɵɣ ɦɟɬɨɞ ɬɪɟɛɭɟɬ ɫɟɞɶɦɨɣ ɦɟɬɨɞ ɬɨɱɧɨɫɬɢ ɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ ɩɨɥɧɨɣ ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɨɫɬɢ ɩɪɢ ɫɨɫɬɚɜɥɟɧɢɢ 
ɪɚɡɦɟɪɧɨɣ ɰɟɩɢ. 
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2 ɉɪɨɟɤɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɱɚɫɬɶ  

2.1 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɪɢɜɨɞɚ 

Ɂɚɞɚɧɢɟɦ ɧɚ ɞɢɩɥɨɦɧɵɣ ɩɪɨɟɤɬ ɛɵɥɨ ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɩɥɚɧɟɬɚɪɧɵɣ 
ɦɨɬɨɪ-ɪɟɞɭɤɬɨɪ ɨɫɨɛɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɜɯɨɞɹɳɢɣ ɜ ɩɪɢɜɨɞ ɩɨɜɨɪɨɬɚ ɚɧɬɟɧɧɵ 
ɧɚ ɤɪɵɲɟ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. ɉɪɢɜɨɞ ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɜɵɫɨɤɨɣ 
ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɶɸ ɢ ɦɚɥɵɦ ɜɵɯɨɞɧɵɦ ɥɸɮɬɨɦ. Ɋɟɫɭɪɫ ɪɟɞɭɤɬɨɪɚ ɧɟ 
ɦɟɧɟɟ 10000 ɱɚɫɨɜ. 

U = 6.3 
n1 = 0.1 ɨɛ/ɦɢɧ  
n2 = 15 ɨɛ/ɦɢɧ  
T1 = 24 ɇ*ɦ 
T2 = 96 ɇ*ɦ 
Ɇɨɦɟɧɬɧɚɹ ɠɟɫɬɤɨɫɬɶ – 9300 ɇ*ɦ/ɪɚɞ  
 

2.1.1 ɉɨɢɫɤ ɞɜɢɝɚɬɟɥɹ 

ɇɚɱɚɜ ɩɨɢɫɤ ɞɜɢɝɚɬɟɥɹ, ɹ ɧɟ ɨɝɪɚɧɢɱɢɥɫɹ ɫɬɚɧɞɚɪɬɧɵɦɢ ɜɚɪɢɚɧɬɚɦɢ 
ȺɂɊ, ɤɨɬɨɪɵɟ ɧɚɦ ɩɪɟɞɥɚɝɚɥɢɫɶ ɜ ɩɪɨɰɟɫɫɟ ɨɛɭɱɟɧɢɹ. ɋɚɦɵɦ 
ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɦ ɞɜɢɝɚɬɟɥɟɦ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɨɤɚɡɚɥɫɹ ɞɜɢɝɚɬɟɥɶ 
ɤɨɦɩɚɧɢɢ «Harmonic Drive Systems Inc»,  ɩɨɤɚɡɚɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 6.  

 
 

 
 

Ɋɢɫɭɧɨɤ 3 – Ⱦɜɢɝɚɬɟɥɶ Direct Drive  ɤɨɦɩɚɧɢɢ «Harmonic Drive Systems Inc» 

 
Ⱦɜɢɝɚɬɟɥɶ ɩɪɹɦɨɝɨ ɩɪɢɜɨɞɚ KDU ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ, ɤɨɬɨɪɵɣ 

ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɫɟɪɜɨɩɪɢɜɨɞɨɦ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ HA-770. 
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Ɋɢɫɭɧɨɤ 7 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɹ Direct Drive  ɤɨɦɩɚɧɢɢ «Harmonic Drive 
Systems Inc» 

ɂɡ ɤɚɬɚɥɨɝɚ ɤɨɦɩɚɧɢɢ ɛɵɥɚ ɜɵɞɟɥɟɧɚ ɫɟɪɢɹ KDU, ɤɨɬɨɪɚɹ ɨɬɥɢɱɚɥɚɫɶ 
ɦɚɥɵɦɢ ɝɚɛɚɪɢɬɚɦɢ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɦɨɝɥɚ ɪɟɚɥɢɡɨɜɚɬɶ ɩɨɫɬɚɜɥɟɧɧɭɸ ɡɚɞɚɱɭ. 
ȼɵɛɨɪ ɩɚɥ ɦɟɠɞɭ ɞɜɭɦɹ ɞɜɢɝɚɬɟɥɹɦɢ ɷɬɨɣ ɫɟɪɢɢ, ɚ ɢɦɟɧɧɨ KDU-13SB ɢ 
KDU-13WB. ɉɟɪɜɵɣ ɜɚɪɢɚɧɬ ɧɟ ɭɫɬɪɚɢɜɚɥ ɦɟɧɹ ɩɨ ɩɪɢɱɢɧɟ ɦɚɥɨɝɨ 
ɪɚɡɜɢɜɚɟɦɨɝɨ ɦɨɦɟɧɬɚ, ɩɨɷɬɨɦɭ ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɜɵɛɨɪ ɩɚɥ ɧɚ ɞɜɢɝɚɬɟɥɶ  
KDU-13WB. ȿɝɨ ɨɫɧɨɜɧɵɟ, ɢɧɬɟɪɟɫɭɸɳɢɟ ɦɟɧɹ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ ɧɢɠɟ. 

 
Ɍɨɱɧɨɫɬɶ ɚɛɫɨɥɸɬɧɨɝɨ ɩɨɥɨɠɟɧɢɹ 10 ɫɟɤɭɧɞ = 0,00278° 
ɋɬɚɛɢɥɶɧɨɫɬɶ ɩɪɢ ɩɨɜɬɨɪɹɟɦɨɫɬɢ   ±0,5 ɫɟɤɭɧɞ = 0,0001389° 
ɍɫɬɚɧɨɜɥɟɧɢɟ ɫɬɚɛɢɥɶɧɨɫɬɢ ɜɨ ɜɪɟɦɹ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɫɟɪɜɨɥɨɤɚ 

±0,22 ɫɟɤɭɧɞ = 0,000061° 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ 15 ɇ*ɦ 
Ɇɢɧɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 1 ɨɛ/ɦɢɧ 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 127 ɨɛ/ɦɢɧ 
Ɇɨɦɟɧɬ ɢɧɟɪɰɢɢ 0,0065 ɤɝ*ɦ2 

Ɇɨɦɟɧɬɧɚɹ ɠɟɫɬɤɨɫɬɶ 2,4*105 

Ɇɚɫɫɚ  5 ɤɝ 
Ⱦɥɢɧɧɚ ɦɨɬɨɪɚ 94ɦɦ 
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ɉɪɨɜɟɪɤɚ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɪɟɞɵ  «Harmonic Drive Systems Inc» ɢɡɦɟɪɹɟɬ 

ɬɨɱɧɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 23 ± 0.3,  ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ  ɜɥɚɠɧɨɫɬɶɸ 50%. ɉɪɢ 
ɪɚɛɨɬɟ ɜ ɫɢɫɬɟɦɟ, ɬɪɟɛɭɸɳɟɣ ɜɵɫɨɤɨɣ ɩɨɜɬɨɪɹɟɦɨɫɬɢ, ɫɥɟɞɭɟɬ ɞɟɣɫɬɜɨɜɚɬɶ  
ɩɨɫɥɟ ɬɳɚɬɟɥɶɧɨɝɨ ɢɡɭɱɟɧɢɹ ɠɟɫɬɤɨɫɬɢ ɦɟɯɚɧɢɡɦɚ, ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɪɚɫɲɢɪɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ, ɜɧɟɲɧɢɯ ɜɢɛɪɚɰɢɣ ɢ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ ɩɪɢ 
ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɞɢɚɩɚɡɨɧɟ ± 3 ° C. 

Ⱦɜɢɝɚɬɟɥɶ ɩɪɹɦɨɝɨ ɩɪɢɜɨɞɚ KDU ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ, ɤɨɬɨɪɵɣ 
ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɫɟɪɜɨɩɪɢɜɨɞɨɦ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ HA-770. 

ɇɚ ɫɚɣɬɟ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɛɵɥ ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ 
ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɨɬ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ. 

 

Ɋɢɫɭɧɨɤ 9 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɨɬ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 

 
 
2.2 ȼɵɛɨɪ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɯɟɦɵ ɦɨɬɨɪ-ɪɟɞɭɤɬɨɪɚ  

ȼɵɛɪɚɜ ɞɜɢɝɚɬɟɥɶ ɦɨɠɧɨ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɤɢɧɟɦɚɬɢɱɟɫɤɭɸ ɫɯɟɦɭ ɦɨɬɨɪ-
ɪɟɞɭɤɬɨɪɚ. ɇɚ ɫɚɣɬɟ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɞɜɢɝɚɬɟɥɹ ɩɨɥɭɱɢɥɨɫɶ ɭɡɧɚɬɶ 
ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɯɟɦɟ ɭɫɬɚɧɨɜɤɢ ɢ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ. 
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Ɋɢɫɭɧɨɤ 10 – ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ 

ɂɡ ɪɢɫɭɧɤɚ 10 ɜɢɞɧɨ ɤɨɧɫɬɪɭɤɬɢɜɧɭɸ ɨɫɨɛɟɧɧɨɫɬɶ ɦɨɬɨɪɚ, ɤɨɬɨɪɚɹ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɥɨɝɨ ɜɚɥɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɩɭɫɤɚɬɶ ɱɟɪɟɡ 
ɧɟɝɨ ɪɚɡɧɨɝɨ ɪɨɞɚ ɤɚɛɟɥɢ, ɩɪɨɜɨɞɚ, ɞɪɭɝɢɟ ɜɚɥɵ, ɤɚɤ ɫɨɛɫɬɜɟɧɧɨ ɹ ɢ 
ɩɨɫɬɭɩɢɥ. ɇɚ ɪɢɫɭɧɤɟ  

 

Ɋɢɫɭɧɨɤ 11 – Ƚɚɛɚɪɢɬɧɵɟ ɢ ɩɪɢɫɨɟɞɢɧɢɬɟɥɶɧɵɟ ɪɚɡɦɟɪɵ  ɞɜɢɝɚɬɟɥɹ 

Ɉɩɢɪɚɹɫɶ ɧɚ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ, ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɩɪɢɦɟɪɧɵɟ 
ɝɚɛɚɪɢɬɵ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɩɥɚɧɟɬɚɪɧɨɝɨ ɪɟɞɭɤɬɨɪɚ.  
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Ɂɧɚɹ ɭɫɬɪɨɣɫɬɜɨ ɞɜɢɝɚɬɟɥɹ, ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɞɜɚ ɜɚɪɢɚɧɬɚ 
ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɫɯɟɦ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 12 ɢ ɪɢɫɭɧɤɟ 13.  

 

 

Ɋɢɫɭɧɨɤ 12 – Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɨɬɨɪ-ɪɟɞɭɤɬɨɪɚ 

 

 

Ɋɢɫɭɧɨɤ 13 – Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɨɬɨɪ-ɪɟɞɭɤɬɨɪɚ 
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2.2.1 Ʉɢɧɟɦɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɥɚɧɟɬɚɪɧɨɝɨ ɪɟɞɭɤɬɨɪɚ  

ɇɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɩɥɚɧɟɬɚɪɧɵɣ ɪɟɞɭɤɬɨɪ  
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɧɚ ɬɢɯɨɯɨɞɧɨɦ ɜɚɥɭ ɪɟɞɭɤɬɨɪɚ 𝑇 = ʹͶ Н ∙ ˏ, ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɧɚ ɜɵɯɨɞɧɨɦ ɜɚɥɭ  𝑛ଶ = ͳͷ ˑ˄/ˏиː, 

ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ ɪɟɞɭɤɬɨɪɚ u=6,3, ɪɟɫɭɪɫ ɪɚɛɨɬɵ ɩɟɪɟɞɚɱɢ 𝐿ℎ =  ͳͲସ ч , 
ɧɚɝɪɭɡɤɚ ɧɟ ɩɨɫɬɨɹɧɧɚɹ. 

ɑɢɫɥɨ ɡɚɯɨɞɨɜ ɱɟɪɜɹɤɚ ɩɪɢɧɢɦɚɟɦ n = ͵. 
ɑɚɫɬɨɬɚ ɧɚ ɜɯɨɞɧɨɦ ɜɚɥɭ 

 nଵ = nଶ ∙ 𝑢 = ͳͷ ˑ˄/ˏиː 
 

ɑɚɫɬɨɬɚ ɧɚ ɜɯɨɞɧɨɦ ɜɚɥɭ 
 ωଵ = 𝜋 ∙ nଵ͵Ͳ = ͻ,ͺ͸ ˓˃д/˔ 

 
Ɇɨɳɧɨɫɬɶ ɧɚ ɜɵɯɨɞɧɨɦ ɜɚɥɭ 

 Pଶ = 𝑇 ∙ ωଶ = Ͳ,ͳͺͻ кВ˕ 
 

Ɇɨɳɧɨɫɬɶ ɧɚ ɜɯɨɞɧɨɦ ɜɚɥɭ 
 Pଵ = 𝑃ଶ𝜂 = Ͳ,ʹ кВ˕ 

 
Ɇɨɦɟɧɬ ɧɚ ɜɯɨɞɧɨɦ ɜɚɥɭ 

 𝑇ͳ = 𝑃1ω1 = ͵,ͺ Н ∙ ˏ  

 

2.2.2 Ƚɟɨɦɟɬɪɢɹ ɩɥɚɧɟɬɚɪɧɨɝɨ ɪɟɞɭɤɬɨɪɚ 

ɉɨɫɥɟ ɩɪɨɢɡɜɟɞɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɹ ɩɪɨɟɤɬɢɪɨɜɚɬɶ 
ɪɟɞɭɤɬɨɪ ɫ m=0,7, ɬɨ ɟɫɬɶ ɦɟɥɤɨɦɨɞɭɥɶɧɭɸ ɩɟɪɟɞɚɱɭ. 
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Ɋɢɫɭɧɨɤ 14 – Ɉɫɧɨɜɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɥɚɧɟɬɚɪɧɨɝɨ ɪɟɞɭɤɬɨɪɚ 

 
Ɉɫɨɛɟɧɧɨɫɬɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɥɚɧɟɬɚɪɧɵɯ ɩɟɪɟɞɚɱ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɪɤɚ 

ɭɫɥɨɜɢɣ ɡɚɰɟɩɥɟɧɢɹ ɩɨ ɬɪɟɦ ɭɫɥɨɜɢɹɦ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 15. 
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Ɋɢɫɭɧɨɤ 14 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɡɚɰɟɩɥɟɧɢɹ 

 

2.2.3 ɉɪɨɟɤɬɧɵɣ ɪɚɫɱɟɬ ɩɥɚɧɟɬɚɪɧɨɣ ɩɟɪɟɞɚɱɢ 

ɋɥɟɞɭɸɳɢɦ ɩɭɧɤɬɨɦ ɢɞɟɬ ɪɚɫɱɟɬ ɞɢɚɦɟɬɪɨɜ, ɧɨ ɞɥɹ ɟɝɨ ɧɚɯɨɠɞɟɧɢɹ 
ɬɪɟɛɭɟɬɫɹ ɧɚɣɬɢ ɪɹɞ ɞɪɭɝɢɯ ɜɟɥɢɱɢɧ, ɜ ɬɨɦ ɱɢɫɥɟ ɦɟɠɨɫɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ. 

 
 

 
Ɋɢɫɭɧɨɤ 15 – Ɋɚɫɱɟɬ ɦɟɠɨɫɟɜɨɝɨ ɪɚɫɫɬɨɹɧɢɹ 

 
Ⱦɚɥɟɟ ɪɚɫɫɱɢɬɵɜɚɟɦ ɞɢɚɦɟɬɪɵ, ɚ ɢɦɟɧɧɨ ɞɢɚɦɟɬɪɵ ɞɟɥɢɬɟɥɶɧɵɯ 

ɨɤɪɭɠɧɨɫɬɟɣ, ɞɢɚɦɟɬɪɵ ɜɩɚɞɢɧ ɡɭɛɶɟɜ ɢ ɞɢɚɦɟɬɪɵ ɜɟɪɲɢɧ ɡɭɛɶɟɜ. 
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Ɋɢɫɭɧɨɤ 16 – Ⱦɢɚɦɟɬɪɵ ɫɨɥɧɟɱɧɨɝɨ ɤɨɥɟɫɚ, ɤɨɪɨɧɱɚɬɨɝɨ ɢ ɫɚɬɟɥɥɢɬɚ 

 
 

2.2.4 ɋɢɥɨɜɨɣ ɪɚɫɱɟɬ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ 

ȼɵɛɨɪ ɦɚɬɟɪɢɚɥɨɜ ɩɪɨɢɡɜɨɞɢɥɫɹ ɩɭɬɟɦ ɩɨɞɛɨɪɚ, ɨɩɢɪɚɹɫɶ ɧɚ ɞɚɧɧɵɟ 
ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɟ ɜ ɤɧɢɝɟ Ⱥ.Ʉ.ɑɟɪɧɚɜɫɤɨɝɨ (ɪɢɫɭɧɨɤ 17) 

 

 

Ɋɢɫɭɧɨɤ 17 – Ɍɚɛɥɢɰɚ ɦɚɬɟɪɢɚɥɨɜ 

ɑɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ ɹɜɥɹɟɬɫɹ ɫɬɚɥɶ 40X, ɫɥɟɞɭɸɳɢɦ 
ɩɭɧɤɬɨɦ ɧɭɠɧɨ ɩɪɨɜɟɪɢɬɶ ɧɚ ɫɤɨɥɶɤɨ ɨɧɚ ɩɪɢɝɨɞɧɚ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ. 
Ɍɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɢ ɟɟ ɩɚɪɚɦɟɬɪɵ ɜɵɛɢɪɚɥɢɫɶ ɢɡ ɬɚɛɥɢɰɵ, 
ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 17. 



 

 

 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

18 
БР-151900.62 416141.00.000 ПЗ 

 

Ɋɢɫɭɧɨɤ 18 – Ɍɚɛɥɢɰɚ ɦɚɬɟɪɢɚɥɨɜ 

Ɉɩɪɟɞɟɥɹɟɦ ɩɨɥɭɱɢɜɲɢɟɫɹ ɡɧɚɱɟɧɢɹ ɞɨɩɭɫɤɚɟɦɵɯ ɤɨɧɬɚɤɬɧɵɯ ɢ 
ɢɡɝɢɛɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. 

 

 

Ɋɢɫɭɧɨɤ 19 – Ɉɩɪɟɞɟɥɟɧɢɟ ɞɨɩɭɫɤɚɟɦɵɯ ɤɨɧɬɚɤɬɧɵɯ ɢ ɢɡɝɢɛɧɵɯ ɧɚɩɪɹɠɟɧɢɣ 

 
 Ɉɩɪɟɞɟɥɹɟɦ ɲɢɪɢɧɭ ɤɨɥɟɫɚ ɢɫɯɨɞɹ ɢɡ ɨɛɟɫɩɟɱɟɧɢɹ ɤɨɧɬɚɤɬɧɨɣ ɢ 

ɢɡɝɢɛɧɨɣ ɩɪɨɱɧɨɫɬɢ. 
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Ɋɢɫɭɧɨɤ 20 – Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɤɨɥɟɫɚ ɩɨ ɤɨɧɬɚɤɬɧɨɣ ɩɪɨɱɧɨɫɬɢ 

 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɲɢɪɢɧɵ ɤɨɥɟɫɚ, ɢɫɯɨɞɹ ɢɡ ɢɡɝɢɛɧɨɣ ɩɪɨɱɧɨɫɬɢ, 

ɬɪɟɛɭɟɬɫɹ ɜɵɛɪɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬ Yf, ɬɚɛɥɢɰɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 21. 
Ⱦɚɥɟɟ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɡɧɚɱɟɧɢɟ ɲɢɪɢɧɵ ɤɨɥɟɫɚ ɢɫɯɨɞɹ ɢɯ ɡɧɚɱɟɧɢɣ 
ɢɡɝɢɛɧɨɣ ɩɪɨɱɧɨɫɬɢ. 
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Ɋɢɫɭɧɨɤ 21 – Ɉɩɪɟɞɟɥɟɧɢɟ ɲɢɪɢɧɵ ɤɨɥɟɫɚ ɩɨ ɢɡɝɢɛɧɨɣ ɩɪɨɱɧɨɫɬɢ 

 
ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, ɦɨɠɟɦ ɜɵɛɪɚɬɶ ɩɨɞɲɢɩɧɢɤ. ɂɡ 

ɬɚɛɥɢɰɵ ɫɬɚɧɞɚɪɬɧɵɯ ɩɨɞɲɢɩɧɢɤɨɜ ɩɪɨɝɪɚɦɦɵ  «KOMPAS»,  ɞɥɹ ɭɫɬɚɧɨɜɤɢ 
ɜ ɫɚɬɟɥɥɢɬɵ ɛɵɥɢ ɜɵɛɪɚɧɵ ɨɞɧɨɪɹɞɧɵɟ ɲɚɪɢɤɨɜɵɟ ɩɨɞɲɢɩɧɢɤɢ, 
ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 22. 
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Ɋɢɫɭɧɨɤ 22 – Ɉɛɨɡɧɚɱɟɧɢɟ ɢ ɫɯɟɦɚ ɩɨɞɲɢɩɧɢɤɚ 

 
ɇɚ ɪɢɫɭɧɤɟ ɧɢɠɟ ɩɪɢɜɟɞɟɧɵ ɟɝɨ ɯɚɪɚɤɬɟɪɧɵɟ ɪɚɡɦɟɪɵ, ɝɥɚɜɧɵɦ ɢɡ 

ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɟɝɨ ɲɢɪɢɧɚ b, ɩɨɱɟɦɭ ɨɧ ɫɨɛɫɬɜɟɧɧɨ ɢ ɜɵɢɝɪɵɜɚɟɬ ɭ 
ɢɦɟɸɳɢɯɫɹ ɪɨɥɢɤɨɜɵɯ ɩɨɞɲɢɩɧɢɤɨɜ.  

 

 

Ɋɢɫɭɧɨɤ 22 – Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɩɨɞɲɢɩɧɢɤɚ 

 

2.2.5 ɉɪɨɜɟɪɨɱɧɵɟ ɪɚɫɱɟɬɵ 

ȼ ɩɪɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɜɯɨɞɢɬ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɧɬɚɤɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɧɚ 
ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɭɛɶɟɜ, ɞɚɥɟɟ ɧɚɯɨɞɢɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɧɬɚɤɬɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɭɛɶɟɜ, ɤɨɬɨɪɵɟ ɢɫɩɵɬɵɜɚɟɬ ɡɚɰɟɩɥɟɧɢɟ ɩɪɢ 
ɫɬɚɪɬɨɜɨɣ ɧɚɝɪɭɡɤɟ, ɷɬɨ ɡɚɜɢɫɢɬ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɟɪɟɝɪɭɡɤɢ ɯ=4. Ⱦɚɥɟɟ 
ɚɧɚɥɨɝɢɱɧɵɣ ɪɚɫɱɟɬ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɡɝɢɛɧɵɦ ɧɚɩɪɹɠɟɧɢɹɦ. 
 ɂɫɯɨɞɹ ɢɡ ɜɵɛɪɚɧɧɨɝɨ ɪɚɧɟɟ ɦɚɬɟɪɢɚɥɚ, ɩɪɨɜɟɪɹɟɦ, ɫɦɨɝɭɬ ɥɢ ɤɨɥɟɫɚ ɢɡ 
ɩɪɟɞɥɨɠɟɧɧɨɣ ɧɚɦɢ ɫɬɚɥɢ ɜɵɞɟɪɠɚɬɶ ɜɨɡɧɢɤɚɸɳɢɟ ɧɚɝɪɭɡɤɢ. 
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Ɋɢɫɭɧɨɤ 22 – Ɋɚɫɱɟɬ ɞɨɩɭɫɤɚɟɦɵɯ ɢɡɝɢɛɧɵɯ ɢ ɤɨɧɬɚɤɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ 

 
ɉɪɨɜɟɪɹɟɦ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɧɚ ɭɫɥɨɜɢɟ ɩɪɨɱɧɨɫɬɢ. Ɍɪɟɛɭɟɬɫɹ, 

ɱɬɨɛɵ ɦɚɤɫɢɦɚɥɶɧɵɟ ɤɨɧɬɚɤɬɧɵɟ ɢ ɢɡɝɢɛɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɥɢ 
ɞɨɩɭɫɤɚɟɦɵɟ ɤɨɧɬɚɤɬɧɵɟ ɢ ɢɡɝɢɛɧɵɟ ɧɚɩɪɹɠɟɧɢɹ. 

 

 
Ɋɢɫɭɧɨɤ 22 – Ɋɚɫɱɟɬ ɞɨɩɭɫɤɚɟɦɵɯ ɢɡɝɢɛɧɵɯ ɢ ɤɨɧɬɚɤɬɧɵɯ ɧɚɩɪɹɠɟɧɢɣ 

 
ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɭɫɥɨɜɢɹ ɩɪɨɱɧɨɫɬɢ ɜɵɩɨɥɧɹɸɬɫɹ, ɢ ɩɟɪɟɞɚɱɚ 

ɛɭɞɟɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɡɚɞɚɧɧɵɣ ɧɚɦɢ ɫɪɨɤ. 

2.2.6 Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɤɨɪɩɭɫɚ ɪɟɞɭɤɬɨɪɚ 

Ʉɨɪɩɭɫ ɪɟɞɭɤɬɨɪɚ ɜɵɩɨɥɧɹɟɬ ɨɫɧɨɜɧɭɸ ɧɟɫɭɳɭɸ ɮɭɧɤɰɢɸ. ɇɚ ɜɢɧɬɚɯ 
ɤ ɧɟɦɭ ɤɪɟɩɢɬɫɹ ɤɨɪɨɧɱɚɬɨɟ ɤɨɥɟɫɨ ɢ ɜɧɟɲɧɟɟ ɤɨɥɟɫɨ ɩɨɞɲɢɩɧɢɤɚ ɫ ɨɞɧɨɣ 
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ɫɬɨɪɨɧɵ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɨɧ ɤɪɟɩɢɬɫɹ ɧɚ ɜɢɧɬɵ ɤ ɞɜɢɝɚɬɟɥɸ ɢ ɤɨɠɭɯɭ. 
Ⱦɥɢɧɧɚ ɤɨɪɩɭɫɚ ɨɩɪɟɞɟɥɹɥɚɫɶ ɞɥɢɧɧɨɣ ɤɨɪɨɧɱɚɬɨɝɨ ɤɨɥɟɫɚ. ɇɚ ɪɢɫɭɧɤɟ 22 
ɢɡɨɛɪɚɠɟɧ ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɵɣ ɤɨɪɩɭɫ ɪɟɞɭɤɬɨɪɚ. 

 

 
Ɋɢɫɭɧɨɤ 22 – Ʉɨɪɩɭɫ ɪɟɞɭɤɬɨɪɚ 

 
ȼɨ ɜɧɭɬɪɟɧɧɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɤɚɧɚɜɤɚ ɞɥɹ ɪɟɡɢɧɨɜɨɣ 

ɩɪɨɤɥɚɞɤɢ. ɉɨɞɲɢɩɧɢɤ ɤɪɟɩɢɬɫɹ ɤ ɤɨɪɩɭɫɭ ɧɚ 8 ɜɢɧɬɚɯ Ɇ5×20. 
ɇɚ ɮɥɚɧɰɟ ɩɪɟɞɭɫɦɨɬɪɟɧɵ 12 ɨɬɜɟɪɫɬɢɣ, ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɤɪɟɩɥɟɧɢɹ 

ɤ ɢɫɩɨɥɧɢɬɟɥɶɧɨɦɭ ɦɟɯɚɧɢɡɦɭ, ɧɚɩɪɢɦɟɪ ɪɭɤɚ ɪɨɛɨɬɚ, ɢɥɢ ɤɚɤ ɜ ɦɨɟɦ ɫɥɭɱɚɟ 
ɤɨɪɩɭɫ ɩɨɜɨɪɨɬɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɚɧɬɟɧɧɵ.  

 

2.2.7 ȼɵɛɨɪ ɩɨɞɲɢɩɧɢɤɚ ɧɚ ɜɵɯɨɞɧɨɣ ɜɚɥ  

Ɉɞɧɢɦ ɢɡ ɧɟɦɚɥɨɜɚɠɧɵɯ ɤɪɢɬɟɪɢɟɜ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɪɟɞɭɤɬɨɪɚ 
ɹɜɥɹɟɬɫɹ ɤɨɦɩɚɤɬɧɨɫɬɶ, ɨɧɚ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 
ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɢɡɞɟɥɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɹɜɢɥɚɫɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɭɦɟɧɶɲɢɬɶ ɫɭɳɟɫɬɜɭɸɳɢɟ ɝɚɛɚɪɢɬɵ. ɇɚ ɪɢɫɭɧɤɟ 22 ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɫɬɚɧɞɚɪɬɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɲɚɪɢɤɨɜɵɯ ɩɨɞɲɢɩɧɢɤɨɜ ɧɚ ɜɵɯɨɞɧɨɣ ɜɚɥ. 
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Ɋɢɫɭɧɨɤ 23 – ɍɫɬɚɧɨɜɤɚ ɞɜɭɯ ɲɚɪɢɤɨɜɵɯ ɩɨɞɲɢɩɧɢɤɨɜ ɧɚ ɜɵɯɨɞɧɨɣ ɜɚɥ 

 
ɉɨɹɜɢɥɚɫɶ ɩɨɬɪɟɛɧɨɫɬɶ ɪɟɲɢɬɶ ɞɚɧɧɭɸ ɩɪɨɛɥɟɦɭ, ɫ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ 

ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɦɨɬɨɪ-ɪɟɞɭɤɬɨɪɚ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ 
ɫɨɜɪɟɦɟɧɧɵɣ ɪɵɧɨɤ, ɛɵɥɨ ɧɚɣɞɟɧɨ ɪɟɲɟɧɢɟ ɜ ɜɢɞɟ ɭɫɬɚɧɨɜɤɢ ɨɞɧɨɝɨ 
ɪɨɥɢɤɨɜɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɫɨ ɫɤɪɟɳɢɜɚɸɳɢɦɢɫɹ ɪɨɥɢɤɚɦɢ. 

 

 

Ɋɢɫɭɧɨɤ 23 – ȼɨɫɩɪɢɧɢɦɚɟɦɵ ɧɚɝɪɭɡɤɢ 

 
ȼ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɞɲɢɩɧɢɤɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɭɫɬɚɧɨɜɨɱɧɵɟ ɨɬɜɟɪɫɬɢɹ. 

ȼɡɚɢɦɧɨ-ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɪɨɥɢɤɨɜ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ 
ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɧɚɝɪɭɠɟɧɢɟ ɫɨ ɜɫɟɯ ɫɬɨɪɨɧ, ɤɨɬɨɪɨɟ ɜɵɞɟɪɠɢɜɚɟɬɫɹ  ɨɞɧɢɦ 
ɩɨɞɲɢɩɧɢɤɨɦ. Ⱦɚɧɧɵɣ ɩɨɞɲɢɩɧɢɤ ɡɚɦɟɧɹɟɬ ɪɨɥɢɤɨɜɵɣ ɢɥɢ ɲɚɪɢɤɨɜɵɣ 
ɩɨɞɲɢɩɧɢɤ, ɝɚɛɚɪɢɬɵ ɦɨɝɭɬ ɛɵɬɶ ɭɦɟɧɶɲɟɧɵ, ɬɟɦ ɫɚɦɵɦ ɫɩɨɫɨɛɫɬɜɭɹ 
Ʉɨɦɩɚɤɬɧɨɫɬɢ ɢ ɤɨɦɩɚɤɬɧɨɫɬɢ  ɜɫɟɣ ɫɛɨɪɤɢ.  

ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɤɚɬɚɥɨɝɚ ɛɵɥ ɜɵɛɪɚɧ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɣ ɩɨ 
ɝɚɛɚɪɢɬɧɵɦ ɪɚɡɦɟɪɚɦ ɩɨɞɲɢɩɧɢɤ. 
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Ɋɢɫɭɧɨɤ 23 – Ʉɚɬɚɥɨɝ ɩɨɞɲɢɩɧɢɤɨɜ ɫ ɭɤɚɡɚɧɢɟɦ ɝɚɛɚɪɢɬɧɵɯ ɢ ɩɪɢɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ 

 
Ɇɨɧɬɚɠɧɵɟ ɨɬɜɟɪɫɬɢɹ ɩɨɞɲɢɩɧɢɤɚ ɫɨ ɫɤɪɟɳɢɜɚɸɳɢɦɢɫɹ ɪɨɥɢɤɚɦɢ 

ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɠɟɫɬɤɨɫɬɶɸ, ɱɬɨɛɵ ɤɪɟɩɥɟɧɢɟ ɤ ɦɨɧɬɚɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɬɚɤɚɧɚ ɢɥɢ ɧɚɠɢɦɧɨɣ ɩɥɚɫɬɢɧɵ, ɤɚɤ ɷɬɨ 
ɨɛɵɱɧɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɛɵɱɧɵɯ ɪɨɥɢɤɨɜɵɯ ɢɥɢ ɲɚɪɢɤɨɜɵɯ 
ɩɨɞɲɢɩɧɢɤɨɜ. Ⱦɥɹ ɨɩɨɪɵ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɪɩɭɫ, ɞɥɹ 
ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɥɨɠɟɧɢɹ ɛɨɥɶɲɢɯ ɧɚɝɪɭɡɨɤ ɢɥɢ ɦɨɦɟɧɬɨɜ. 

ɉɨɞɲɢɩɧɢɤɢ ɫɨ ɫɤɪɟɳɢɜɚɸɳɢɦɢɫɹ ɪɨɥɢɤɚɦɢ ɭɠɟ ɧɚɲɥɢ ɩɪɢɦɟɧɟɧɢɟ 
ɜɨ ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ, ɧɚɩɪɢɦɟɪ ɦɨɪɫɤɢɟ ɚɧɬɟɧɧɵ ɩɨɫɬɨɹɧɧɨ ɢɫɩɵɬɵɜɚɸɬ 
ɛɨɥɶɲɢɟ ɧɚɝɪɭɡɤɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɟɬɪɚ. ɉɨɞɞɟɪɠɤɚ ɷɬɢɯ ɚɧɬɟɧɧ ɬɪɟɛɭɟɬ 
ɩɨɜɵɲɟɧɧɨɣ ɠɟɫɬɤɨɫɬɢ, ɱɬɨɛɵ ɜɵɞɟɪɠɢɜɚɬɶ ɷɬɢ ɜɟɬɪɵ. ȼɵɫɨɤɨɩɪɨɱɧɵɣ 
ɩɨɞɲɢɩɧɢɤɢ ɫɨ ɫɤɪɟɳɢɜɚɸɳɢɦɢɫɹ ɪɨɥɢɤɚɦɢ ɢɞɟɚɥɶɧɨ ɩɨɞɯɨɞɹɬ ɞɥɹ 
ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ. 

 
 

 

Ɋɢɫɭɧɨɤ 24 – ɍɫɬɚɧɨɜɤɚ ɩɨɞɲɢɩɧɢɤɚ ɜ ɩɪɢɜɨɞ ɩɨɜɨɪɨɬɚ ɚɧɬɟɧɧɵ 

 
ɇɢɠɟ ɩɪɢɜɟɞɟɧ ɝɪɚɮɢɤ, ɩɨɤɚɡɵɜɚɸɳɢɣ ɨɛɴɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɞɚɧɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɜ ɩɪɨɟɤɬɢɪɭɟɦɨɦ ɪɟɞɭɤɬɨɪɟ. 
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Ɋɢɫɭɧɨɤ 24 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɞɟɣɫɬɜɭɸɳɟɝɨ ɨɩɪɨɤɢɞɵɜɚɸɳɟɝɨ ɦɨɦɟɧɬɚ 

 
Ⱦɚɧɧɵɟ ɩɨɞɲɢɩɧɢɤɢ ɨɛɵɱɧɨ ɫɦɚɡɵɜɚɸɬɫɹ ɫɦɚɡɤɨɣ. ɋɦɚɡɤɚ 
ɧɚɧɨɫɢɬɫɹ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɩɢɫɬɨɥɟɬɚ-ɪɚɫɩɵɥɢɬɟɥɹ ɜ ɪɚɡɥɢɱɧɵɯ 

ɦɟɫɬɚɯ ɧɚ ɩɟɪɢɮɟɪɢɢ ɡɚɡɨɪɚ ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɢɦ ɤɨɥɶɰɨɦ ɢ ɧɚɪɭɠɧɵɦ 
ɤɨɥɶɰɚɦɢ. ɋɦɚɡɤɚ ɭɩɚɤɨɜɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɜ ɝɟɪɦɟɬɢɱɧɵɟ ɬɢɩɵ (UU). 

Ⱦɥɹ ɩɨɞɲɢɩɧɢɤɨɜ ɛɟɡ ɪɚɫɮɚɫɨɜɚɧɧɨɣ ɫɦɚɡɤɢ ɩɨɫɬɚɜɶɬɟ ɫɦɚɡɤɭ ɢɥɢ 
ɦɚɫɥɨ ɞɨ ɧɚɱɚɥɚ ɢɫɩɨɥɶɡɨɜɚɬɶ. ɗɤɫɩɥɭɚɬɚɰɢɹ ɛɟɡ ɫɦɚɡɤɢ ɭɜɟɥɢɱɢɬ ɢɡɧɨɫ, ɚ 
ɬɚɤɠɟ ɩɪɢɜɟɞɟɬ ɤ ɤɨɪɨɬɤɨɦɭ ɫɪɨɤɭ ɫɥɭɠɛɵ ɩɨɞɲɢɩɧɢɤɨɜ. Ⱦɥɹ ɝɟɪɦɟɬɢɱɧɨɝɨ 
ɬɢɩɚ, ɫɥɟɞɭɟɬ ɛɵɬɶ ɨɫɬɨɪɨɠɧɵɦ ɫ ɞɚɜɥɟɧɢɟɦ ɩɪɢ ɧɚɧɟɫɟɧɢɢ ɫɦɚɡɤɢ. ɉɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɩɟɰɢɚɥɶɧɨɣ ɫɦɚɡɤɢ ɬɳɚɬɟɥɶɧɨ ɩɪɨɜɟɪɶɬɟ ɠɢɪɨɜɵɟ ɫɜɨɣɫɬɜɚ 
ɢ ɫɨɞɟɪɠɢɦɨɟ, ɬɚɤɢɟ ɤɚɤ ɛɚɡɨɜɵɣ  ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ ɢ, ɩɪɢɫɚɞɤɢ, 
ɩɪɢɦɟɧɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɫ ɷɤɫɬɪɟɦɚɥɶɧɵɦ ɞɚɜɥɟɧɢɟɦ. 

Ɉɩɢɪɚɹɫɶ ɧɚ ɬɚɛɥɢɱɧɵɟ ɞɚɧɧɵɟ ɛɵɥ ɫɩɪɨɟɤɬɢɪɨɜɚɧ ɢ ɭɫɬɚɧɨɜɥɟɧ 
ɩɨɞɲɢɩɧɢɤ №55. 
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Ɋɢɫɭɧɨɤ 24 – ɉɨɞɲɢɩɧɢɤ №55 

Ɂɚɬɟɦ ɞɚɧɧɵɣ ɩɨɞɲɢɩɧɢɤ ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ ɜ ɫɩɨɪɤɭ, ɤɚɤ ɷɤɜɢɜɚɥɟɧɬɧɵɣ 
ɞɜɭɦ ɲɚɪɢɤɨɜɵɦ ɩɨɞɲɢɩɧɢɤɚɦ. 

 
 

 

Ɋɢɫɭɧɨɤ 25 – ɍɫɬɚɧɨɜɥɟɧɧɵɣ ɩɨɞɲɢɩɧɢɤ ɫɨ ɫɤɪɟɳɢɜɚɸɳɢɦɢɫɹ ɪɨɥɢɤɚɦɢ 
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2.2.8 Ʉɨɧɫɬɪɭɤɰɢɹ ɤɨɪɨɧɱɚɬɨɝɨ ɤɨɥɟɫɚ 

 

 

Ɋɢɫɭɧɨɤ 26 – Ʉɨɪɨɧɱɚɬɨɟ ɤɨɥɟɫɨ ɫ ɜɧɟɲɧɢɦ ɮɥɚɧɰɟɦ 

 

 

Ɋɢɫɭɧɨɤ 27 – Ʉɨɪɨɧɱɚɬɨɟ ɤɨɥɟɫɨ ɫ ɜɧɭɬɪɟɧɧɢɦ ɡɚɰɟɩɥɟɧɢɟɦ. 
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2.2.9 Ɉɮɨɪɦɥɟɧɢɟ ɱɟɪɬɟɠɟɣ 

 

Ɋɢɫɭɧɨɤ 27 – ɑɟɪɬɟɠ ɦɨɬɨɪ-ɪɟɞɭɤɬɨɪɚ. 

 

2.2.10  Ɋɚɫɱɟɬ ɪɚɡɦɟɪɧɨɣ ɰɟɩɢ 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɪɚɞɢɚɥɶɧɨɣ 
ɪɚɡɦɟɪɧɨɣ ɰɟɩɢ, ɝɞɟ ɡɚɦɵɤɚɸɳɢɦ ɹɜɥɹɟɬɫɹ ɛɨɤɨɜɨɣ ɡɚɡɨɪ ɦɟɠɞɭ ɫɚɬɟɥɥɢɬɨɦ 
ɢ ɜɧɟɲɧɢɦ ɤɨɪɨɧɱɚɬɵɦ ɤɨɥɟɫɨɦ. 

 



 

 

 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

30 
БР-151900.62 416141.00.000 ПЗ 

 

Ɋɢɫɭɧɨɤ 28 – Ɋɚɡɦɟɪɧɚɹ ɰɟɩɶ Ⱥ ɝɞɟ ɡɚɦɵɤɚɸɳɢɦ ɡɜɟɧɨɦ ɹɜɥɹɟɬɫɹ ɛɨɤɨɜɨɣ ɡɚɡɨɪ 

 
A∆=0.072 [ɦɦ]  
x=AΔ/(m×cosα)  

 

Ɋɢɫɭɧɨɤ 29 – ɋɪɚɜɧɟɧɢɟ ɩɪɨɮɢɥɹ ɡɭɛɶɟɜ  

 
ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɦɟɳɟɧɢɹ ɨɛɟɫɩɟɱɢɬ ɛɟɡɡɚɡɨɪɧɨɟ 

ɡɚɰɟɩɥɟɧɢɟ ɦɟɠɞɭ ɫɚɬɟɥɥɢɬɨɦ ɢ ɜɧɟɲɧɢɦ ɤɨɪɨɧɱɚɬɵɦ ɤɨɥɟɫɨɦ. 
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2.2.11 Ɋɚɫɱɟɬ ɥɸɮɬɚ 

ɋɥɟɞɭɸɳɢɦ ɩɭɧɤɬɨɦ ɦɨɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ ɫɭɦɦɚɪɧɨɝɨ 
ɜɵɯɨɞɧɨɝɨ ɥɸɮɬɚ, ɤɨɬɨɪɵɣ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɨɫɬɨɢɬ ɢɡ ɥɸɮɬɚ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɛɨɤɨɜɨɝɨ ɡɚɡɨɪɚ ɦɟɠɞɭ ɫɨɥɧɟɱɧɨɣ ɲɟɫɬɟɪɧɟɣ ɢ ɫɚɬɟɥɥɢɬɨɦ, ɢ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɪɚɞɢɚɥɶɧɨɝɨ ɛɢɟɧɢɹ ɩɨɞɲɢɩɧɢɤɚ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɜ ɫɚɬɟɥɥɢɬɟ. 

ɇɚ ɪɢɫɭɧɤɟ 30 ɢɡɨɛɪɚɠɟɧɚ ɷɩɸɪɚ ɩɟɪɟɦɟɳɟɧɢɹ ɨɫɢ ɫɚɬɟɥɥɢɬɚ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɥɸɮɬɚ, ɜɨɡɧɢɤɚɟɦɨɝɨ ɜ ɡɚɰɟɩɥɟɧɢɢ Z1 ɢ Z2. 

 

 
Ɋɢɫɭɧɨɤ 31 – Ɋɚɫɱɟɬ ɫɭɦɦɚɪɧɨɝɨ ɥɸɮɬɚ  

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɥɸɮɬ ɜ ɡɚɰɟɩɥɟɧɢɢ Z2 ɢ Z3 ɨɬɫɭɬɫɬɜɭɟɬ ɡɚ ɫɱɟɬ 
ɡɚɰɟɩɥɟɧɢɹ ɜ ɧɚɬɹɝ, ɤɨɬɨɪɨɟ ɛɵɥɨ ɪɟɚɥɢɡɨɜɚɧɨ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɢɫɯɨɞɧɨɝɨ 
ɤɨɧɬɭɪɚ ɜɩɚɞɢɧɵ ɡɭɛɚ ɤɨɪɨɧɱɚɬɨɝɨ ɤɨɥɟɫɚ.  
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Ɋɢɫɭɧɨɤ 31 – Ɋɚɫɱɟɬ ɫɭɦɦɚɪɧɨɝɨ ɥɸɮɬɚ  

 
Ɂɧɚɱɟɧɢɟ ɥɸɮɬɚ ɩɨɥɭɱɢɥɨɫɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɦ, ɧɨ ɜ 

ɞɚɥɶɧɟɣɲɟɦ ɫɥɟɞɭɟɬ ɩɨɦɟɧɹɬɶ ɩɨɞɲɢɩɧɢɤ ɧɚ ɞɨɩɭɫɬɢɦ ɪɨɥɢɤɨɜɵɟ ɫ 
ɦɟɧɶɲɢɦ ɪɚɞɢɚɥɶɧɵɦ ɛɢɟɧɢɟɦ.  

 

 
Ɋɢɫɭɧɨɤ 31 – Ɋɚɫɱɟɬ ɫɭɦɦɚɪɧɨɝɨ ɥɸɮɬɚ  

 
ɇɚ ɪɢɫɭɧɤɟ 32 ɩɪɟɞɫɬɚɜɥɟɧɚ ɝɢɫɬɨɝɪɚɦɦɚ ɨɬɨɛɪɚɠɚɸɳɚɹ ɨɬɧɨɲɟɧɢɟ 

ɫɨɫɬɚɜɥɹɸɳɢɯ ɥɸɮɬɚ, ɜ ɫɥɟɞɫɬɜɢɢ ɱɟɝɨ ɦɵ ɜɢɞɢɦ ɫɥɚɛɨɟ ɡɜɟɧɨ, ɬɪɟɛɭɸɳɟɟ 
ɛɨɥɶɲɟɣ ɩɪɨɪɚɛɨɬɤɢ. 

 

2.2.12 ɋɦɚɡɵɜɚɧɢɟ ɩɥɚɧɟɬɚɪɧɨɣ ɩɟɪɟɞɚɱɢ 

Ⱦɥɹ ɫɦɚɡɵɜɚɧɢɹ ɩɟɪɟɞɚɱ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬ ɤɨɧɫɢɫɬɟɧɬɧɭɸ ɫɦɚɡɤɭ. ȼ 
ɤɨɪɩɭɫ ɪɟɞɭɤɬɨɪɚ ɡɚɤɥɚɞɵɜɚɸɬ ɦɚɫɥɨ, ɬɚɤ ɱɬɨɛɵ ɜɟɧɰɵ ɤɨɥɟɫ ɛɵɥɢ ɱɚɫɬɢɱɧɨ 
ɫɦɚɡɚɧɵ.  
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ɉɥɚɫɬɢɱɧɵɟ ɫɦɚɡɵɜɚɧɢɟ ɩɪɢɦɟɧɹɸɬ ɩɪɢ ɨɤɪɭɠɧɨɣ ɫɤɨɪɨɫɬɢ ɡɭɛɱɚɬɵɯ 
ɤɨɥɟɫ ɨɬ 0,3 ɞɨ 12,5 ɦ/ɫ. ɇɨ ɩɨɫɤɨɥɶɤɭ ɜ ɦɨɟɦ ɪɟɞɭɤɬɨɪɟ ɨɱɟɧɶ ɦɚɥɟɧɶɤɚɹ 
ɫɤɨɪɨɫɬɶ, ɬɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɰɟɥɟɫɨɨɛɪɚɡɧɟɣ ɩɪɢɦɟɧɹɬɶ ɤɨɧɫɢɫɬɟɧɬɧɭɸ 
ɫɦɚɡɤɭ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɫɦɚɡɤɚ ɡɚɤɥɚɞɵɜɚɟɬɫɹ ɩɪɢ ɫɛɨɪɤɟ ɪɟɞɭɤɬɨɪɚ ɢ ɟɟ 
ɯɜɚɬɢɬ ɧɚ ɜɟɫɶ ɫɪɨɤ ɫɥɭɠɛɵ. 

ȼ ɩɨɞɲɢɩɧɢɤɢ ɪɟɞɭɤɬɨɪɚ ɬɚɤ ɠɟ ɡɚɤɥɚɞɵɜɚɟɬɫɹ ɤɨɧɫɢɫɬɟɧɬɧɚɹ ɫɦɚɡɤɚ. 
 

2.2.13  Ɂɚɤɥɸɱɟɧɢɟ ɩɨ ɪɚɡɞɟɥɭ 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɫɱɟɬ ɪɚɛɨɱɢɯ ɭɫɢɥɢɣ ɧɚ ɪɟɞɭɤɬɨɪɟ ɢ 
ɷɬɚɩɵ ɪɚɫɱɟɬɚ ɪɟɞɭɤɬɨɪɚ ɢ ɩɪɢɜɨɞɚ ɭɫɬɚɧɨɜɤɢ.  

ȼ ɫɜɹɡɢ ɫ ɧɢɡɤɨɣ ɫɤɨɪɨɫɬɶɸ ɜɪɚɳɟɧɢɹ ɢ ɜɵɫɨɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤ 
ɬɨɱɧɨɫɬɢ, ɩɟɪɟɞɚɱɚ 6-ɨɣ ɫɬɟɩɟɧɢ ɬɨɱɧɨɫɬɢ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɝɚɛɚɪɢɬɨɜ ɛɵɥ 
ɢɫɩɨɥɶɡɨɜɚɧ ɩɨɞɲɢɩɧɢɤ ɫɨ ɫɤɪɟɳɢɜɚɸɳɢɦɢɫɹ ɪɨɥɢɤɚɦɢ. Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ 
ɦɨɟɝɨ ɪɟɞɭɤɬɨɪɚ ɹɜɥɹɸɬɫɹ: 

 Ɇɢɧɢɦɚɥɶɧɵɟ ɝɚɛɚɪɢɬɵ ɩɪɢ ɬɚɤɨɦ ɦɟɠɨɫɟɜɨɦ ɪɚɫɫɬɨɹɧɢɢ 
 Ɋɚɫɫɱɢɬɚɧ ɧɚ ɧɢɡɤɭɸ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɜɯɨɞɧɨɝɨ/ɜɵɯɨɞɧɨɝɨ 

ɜɚɥɚ, ɱɬɨ ɬɪɟɛɭɟɬɫɹ ɩɨ ɡɚɞɚɧɢɸ 
 ɉɪɢɦɟɧɟɧɢɟ ɞɨɫɬɭɩɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (40ɏ, ɧɟɥɟɝɢɪɨɜɚɧɧɚɹ ɫɬɚɥɶ) 
 Ʉɨɧɫɢɫɬɟɧɬɧɚɹ ɫɦɚɡɤɚ ɩɟɪɟɞɚɱɢ 

Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɨɬɧɨɫɹɬɫɹ: 
 ɋɥɨɠɧɨɫɬɶ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ  
 ɇɟɞɨɫɬɚɬɨɱɧɚɹ ɠɟɫɬɤɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɫɚɬɟɥɥɢɬɚ 
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3 Ɋɚɫɱɟɬ ɷɥɟɦɟɧɬɨɜ ɪɟɞɭɤɬɨɪɚ ɧɚ ɤɪɭɬɢɥɶɧɭɸ ɠɟɫɬɤɨɫɬɶ 

Ɉɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɩɪɨɟɤɬɢɪɭɟɦɨɦɭ ɪɟɞɭɤɬɨɪɭ ɹɜɥɹɟɬɫɹ 
ɨɛɟɫɩɟɱɟɧɢɟ ɜɵɫɨɤɨɣ ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ, ɫɪɚɜɧɢɦɨɣ ɫ ɚɧɚɥɨɝɚɦɢ, 
ɢɦɟɸɳɢɦɢɫɹ ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ ɪɵɧɤɟ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɞɚɧɧɨɣ ɰɟɥɢ ɫɥɟɞɭɟɬ 
ɩɨɫɱɢɬɚɬɶ ɤɚɠɞɭɸ ɠɟɫɬɤɨɫɬɶ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ, ɧɚɣɬɢ ɫɥɚɛɨɟ ɡɜɟɧɨ ɢ 
ɩɪɟɞɥɨɠɢɬɶ ɜɚɪɢɚɧɬ ɭɥɭɱɲɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɪɟɞɭɤɬɨɪɚ 

 
3.1 Ɋɚɫɱɟɬ  ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɜ CAE-ɫɪɟɞɟ ANSYS 

ɐɟɥɶɸ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɪɤɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɥɚɧɟɬɚɪɧɨɝɨ 
ɪɟɞɭɤɬɨɪɚ.  

Ⱦɚɧɧɵɦɢ ɞɥɹ ɪɚɫɱɟɬɚ ɹɜɥɹɸɬɫɹ ɦɨɞɟɥɢ ɡɚɰɟɩɥɟɧɢɣ, ɤɨɪɨɧɱɚɬɨɝɨ 
ɤɨɥɟɫɚ, ɡɧɚɱɟɧɢɟ ɫɢɥ ɜ ɡɚɰɟɩɥɟɧɢɟ, ɪɚɫɩɨɥɨɠɟɧɢɟ ɢ ɠɟɫɬɤɨɫɬɶ ɩɨɞɲɢɩɧɢɤɨɜ. 

Ɋɚɫɱɟɬ ɪɚɡɞɟɥɹɟɦ ɧɚ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ: 
1) ɋɨɫɬɚɜɥɹɟɬɫɹ ɫɯɟɦɚ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɤɪɭɬɢɥɶɧɭɸ ɠɟɫɬɤɨɫɬɶ 
2) Ɉɩɪɟɞɟɥɟɧɢɟ ɜɫɟɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɯɟɦɵ 
3) Ɉɩɪɟɞɟɥɟɧɢɟ ɫɥɚɛɨɝɨ ɡɜɟɧɚ 
4) ɉɪɟɞɥɨɠɟɧɢɟ ɪɟɲɟɧɢɹ  

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɪɟɞɭɤɬɨɪɚ (Ɋɢɫɭɧɨɤ 32). 
 

 

 

Ɋɢɫɭɧɨɤ 32 – Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɞɥɹ ɧɚɯɨɠɞɟɧɢɟ ɩɨɥɧɨɣ ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ  

 
ȼ ɪɚɫɱɟɬɟ ɩɨɞɲɢɩɧɢɤɨɜ ɛɭɞɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɩɪɨɝɪɚɦɦɚ CPOD, 

ɩɪɨɝɪɚɦɦɚ ɫɩɨɫɨɛɧɚ ɪɚɫɫɱɢɬɚɬɶ ɠɟɫɬɤɨɫɬɶ, ɨɩɢɪɚɹɫɶ ɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ 
ɞɚɧɧɵɟ ɩɨɞɲɢɩɧɢɤɚ, ɟɝɨ ɫɬɚɬɢɱɟɫɤɭɸ ɢ ɞɢɧɚɦɢɱɟɫɤɭɸ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ. 
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3.1.1 Ɋɚɫɱɟɬ ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɜɯɨɞɧɨɝɨ ɜɚɥɚ 

Ɋɚɫɱɟɬ ɧɚɱɧɟɬɫɹ ɫ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɜɚɥɚ.  
 Ȼɵɥ ɩɪɨɢɡɜɟɞɟɧ ɚɧɚɥɢɬɢɱɟɫɤɢɣ  ɪɚɫɱɟɬ (Ɋɢɫɭɧɨɤ 33), ɚ ɬɚɤ ɠɟ 

ɩɪɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ ɜ ɫɪɟɞɟ ANSYS. ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɫɨɫɬɚɜɢɥɚ 
6,5%.  

  

 
Ɋɢɫɭɧɨɤ 33 – Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɜɯɨɞɧɨɝɨ ɜɚɥɚ  

 

3.1.2 Ɋɚɫɱɟɬ ɠɟɫɬɤɨɫɬɢ ɩɨɞɲɢɩɧɢɤɨɜ ɫɚɬɟɥɥɢɬɚ 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɠɟɫɬɤɨɫɬɢ ɩɨɞɲɢɩɧɢɤɚ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɝɨ ɜ ɫɚɬɟɥɥɢɬ ɛɵɥɚ 
ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɨɝɪɚɦɦɚ CPOD. Ɋɚɡɦɟɪɵ ɩɨɞɲɢɩɧɢɤɚ ɩɨɤɚɡɚɧɵ ɧɢɠɟ. 

 

 
Ɋɢɫɭɧɨɤ 33 – Ⱦɚɧɧɵɟ ɩɨɞɲɢɩɧɢɤɚ  
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Ɋɢɫɭɧɨɤ 33 – Ⱦɚɧɧɵɟ ɩɨɞɲɢɩɧɢɤɚ  

ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɛɵɥɚ ɧɚɣɞɟɧɚ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɩɨɞɲɢɩɧɢɤɚ ɢ 
ɢɫɯɨɞɹ ɢɡ ɪɚɞɢɚɥɶɧɵɯ ɜɨɫɩɪɢɧɢɦɚɟɦɵɯ ɭɫɢɥɢɣ ɛɵɥɚ ɧɚɣɞɟɧɚ ɪɚɞɢɚɥɶɧɚɹ 
ɠɟɫɬɤɨɫɬɶ. 

 

 
 

Ɋɢɫɭɧɨɤ 33 – Ɋɚɫɱɟɬ ɜ ɩɪɨɝɪɚɦɦɟ «CPOD»  

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ Cɩɨɞш = 21468 ɇ/ɦɦ. 



 

 

 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

37 
БР-151900.62 416141.00.000 ПЗ 

3.1.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɠɟɫɬɤɨɫɬɢ ɡɚɰɟɩɥɟɧɢɹ ɦɟɠɞɭ ɫɨɥɧɟɱɧɨɣ 
ɲɟɫɬɟɪɧɟɣ ɢ ɫɚɬɟɥɥɢɬɨɦ 

ɀɟɫɬɤɨɫɬɶ ɡɚɰɟɩɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɪɟɚɥɶɧɨɣ ɝɟɨɦɟɬɪɢɢ 
ɡɭɛɶɟɜ. ɇɢɠɟ ɩɨɤɚɡɚɧɨ ɪɚɡɛɢɟɧɢɟ ɫɟɬɤɢ ɞɥɹ ɬɪɟɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɢ 
ɩɪɢɥɨɠɟɧɢɟ ɧɚɝɪɭɡɨɤ.  

Ɋɚɫɱɟɬ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɷɬɚɩɨɜ: 
1. ɋɨɡɞɚɟɦ ɤɨɧɬɚɤɬ ɦɟɠɞɭ ɡɭɛɶɹɦɢ, ɩɭɬɟɦ ɩɟɪɟɦɟɳɟɧɢɹ ɝɪɚɧɢ ɡɭɛɚ 

ɤɨɥɟɫɚ, ɞɥɹ ɡɚɤɪɵɬɢɹ ɧɚɱɚɥɶɧɨɝɨ ɡɚɡɨɪɚ ɢ ɧɟɛɨɥɶɲɨɣ 
ɢɧɬɟɪɮɟɪɟɧɰɢɢ; 

2. Ɉɬɤɥɸɱɚɟɦ ɩɟɪɟɦɟɳɟɧɢɟ ɢ ɩɪɢɤɥɚɞɵɜɚɟɦ ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ ɫɢɥɭ 
F=0,01 Н. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɜɢɞɟɬɶ, ɱɬɨ ɜɥɢɹɧɢɟ ɫɢɥɵ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɦɨɠɧɨ ɩɪɨɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɧɚɩɪɹɠɟɧɢɹ ɜ ɡɨɧɟ 
ɤɨɧɬɚɤɬɚ. 

3. ɍɜɟɥɢɱɢɜɚɟɦ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɞɨ F=100 Н, ɩɨ ɤɨɬɨɪɨɣ 
ɪɚɫɫɱɢɬɵɜɚɟɦ ɠɟɫɬɤɨɫɬɶ ɡɚɰɟɩɥɟɧɢɹ.  
 

 

Ɋɢɫɭɧɨɤ 34 – ɉɨɫɬɪɨɟɧɢɟ ɫɟɬɤɢ  
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Ɋɢɫɭɧɨɤ 35 – Ɋɚɫɫɬɚɧɨɜɤɚ ɫɢɥ  

 

 
Ɋɢɫɭɧɨɤ 36 – Ɋɟɡɭɥɶɬɚɬ ɩɟɪɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ  
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Ɋɢɫɭɧɨɤ 37 – Ɋɟɡɭɥɶɬɚɬ ɜɬɨɪɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 

ɇɚɯɨɞɢɦ ɠɟɫɬɤɨɫɬɶ ɩɨ ɮɨɪɦɭɥɟ  
 𝐽 = 𝐹𝛿ଷ−ଶ ,  

 
ɝɞɟ 𝐹 = ͳͲͲ Н - ɫɢɥɚ; 𝛿ଷ−ଶ = Ͳ,ͲͶʹͻ͹͹ − Ͳ,ͲͶͳʹͻ͸ = Ͳ.ͲͲͳ͸ͺͳ ˏˏ - ɪɚɡɧɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɣ 3 

ɢ 2 ɲɚɝɨɜ. 𝐽 = ͳͲͲͲ.ͲͲͳ͸ͺͳ = ͸ʹͷͲͲ Н/ሺˏˏሻ  
 
ɉɪɢɧɢɦɚɟɦ ɋɡɚц12 = J. 
 

3.1.4 Ɉɩɪɟɞɟɥɟɧɢɟ ɠɟɫɬɤɨɫɬɢ ɡɚɰɟɩɥɟɧɢɹ ɦɟɠɞɭ ɫɚɬɟɥɥɢɬɨɦ ɢ 
ɤɨɪɨɧɱɚɬɵɦ ɤɨɥɟɫɨɦ 

Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɠɟɫɬɤɨɫɬɢ ɡɭɛɶɟɜ ɫɚɬɟɥɥɢɬɚ ɢ ɜɧɟɲɧɟɝɨ 
ɤɨɪɨɧɱɚɬɨɝɨ ɤɨɥɟɫɚ ɚɧɚɥɨɝɢɱɧɚ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜɵɲɟ. 
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Ɋɢɫɭɧɨɤ 38 – ɂɦɩɨɪɬ ɦɨɞɟɥɢ  

 

 

Ɋɢɫɭɧɨɤ 39 – ɉɨɫɬɪɨɟɧɢɟ ɫɟɬɤɢ  

 



 

 

 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

41 
БР-151900.62 416141.00.000 ПЗ 

 

Ɋɢɫɭɧɨɤ 40 – Ɋɚɫɫɬɚɧɨɜɤɚ ɫɢɥ  

 

 

Ɋɢɫɭɧɨɤ 41 – Ɋɟɡɭɥɶɬɢɪɭɸɳɚɹ ɞɟɮɨɪɦɚɰɢɹ  

ɇɚɯɨɞɢɦ ɠɟɫɬɤɨɫɬɶ ɩɨ ɮɨɪɦɭɥɟ  
 𝐽 = 𝐹𝛿ଷ−ଶ , (1) 

 
ɝɞɟ 𝐹 = ͳͲͲ Н - ɫɢɥɚ; 𝛿ଷ−ଶ = Ͳ,Ͳ͵͸͹͵ͻ − Ͳ,Ͳ͵ͷ͸ͳͶ = Ͳ,ͲͲͳͳʹͷ ˏˏ - ɪɚɡɧɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɣ 3 

ɢ 2 ɲɚɝɨɜ. 
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𝐽 = ͳͲͲͲ,ͲͲͳͳʹͷ = ͺͺͺͺͺ Н/ሺˏˏሻ  
 
ɉɪɢɧɢɦɚɟɦ ɋɡɚц23 = J. 

3.1.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɤɨɪɨɧɱɚɬɨɝɨ ɤɨɥɟɫɚ 

ɀɟɫɬɤɨɫɬɶ ɧɚ ɤɪɭɱɟɧɢɟ ɨɩɪɟɞɟɥɹɟɦ ɩɭɬɟɦ ɩɪɢɥɨɠɟɧɢɹ ɧɨɪɦɚɥɶɧɨɣ 
ɫɢɥɵ ɜ ɡɚɰɟɩɥɟɧɢɢ ɦɟɠɞɭ ɫɚɬɟɥɥɢɬɨɦ ɢ ɜɧɟɲɧɢɦ ɤɨɪɨɧɱɚɬɵɦ ɤɨɥɟɫɨɦ. 
ɋɯɟɦɚ ɩɪɢɥɨɠɟɧɢɹ ɫɢɥ ɢ ɢɯ ɜɟɥɢɱɢɧɚ ɩɨɤɚɡɚɧɵ ɧɢɠɟ. 

 

 
Ɋɢɫɭɧɨɤ 42 – Ɋɚɫɫɬɚɧɨɜɤɚ ɫɢɥ, ɢɦɢɬɢɪɭɸɳɚɹ ɪɚɛɨɬɭ ɪɟɞɭɤɬɨɪɚ ɜ ɩɭɫɤɨɜɨɣ ɦɨɦɟɧɬ  
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Ɋɢɫɭɧɨɤ 43 – ȼɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɧɚɩɪɹɠɟɧɢɹ  

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɡɧɚɱɟɧɢɣ ɚɛɫɨɥɸɬɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɧɚɯɨɞɢɦ ɭɝɨɥ 
ɡɚɤɪɭɱɢɜɚɧɢɹ, ɜ ɞɚɥɶɧɟɣɲɟɦ ɨɩɪɟɞɟɥɹɟɦ ɭɝɥɨɜɭɸ ɠɟɫɬɤɨɫɬɶ Cφ3 

 
3.2 Ɋɚɫɱɟɬ ɫɭɦɦɚɪɧɨɣ ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɩɨɤɚɡɚɧɵ ɜ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ. 
ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ 
ɩɪɢɜɟɞɟɧɧɵɯ ɠɟɫɬɤɨɫɬɟɣ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɩɥɚɧɟɬɚɪɧɨɣ ɩɟɪɟɞɚɱɢ. 

 
Ⱦɥɹ ɫɨɫɬɚɜɥɟɧɢɹ ɞɢɚɝɪɚɦɦɵ ɛɚɥɚɧɫɚ ɩɨɞɚɬɥɢɜɨɫɬɟɣ ɧɟɨɛɯɨɞɢɦɨ 

ɤɚɠɞɵɣ ɷɥɟɦɟɧɬ ɩɪɢɜɟɞɟɧɧɨɣ ɠɟɫɬɤɨɫɬɢ ɫɞɟɥɚɬɶ ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɢɦ, ɤɚɤ 
ɩɨɤɚɡɚɧɨ ɧɢɠɟ. 
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ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢɜɟɞɟɧɧɨɣ ɩɨɞɚɬɥɢɜɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɨɬɧɟɫɬɢ 

ɤ «ɢɡɧɚɱɚɥɶɧɨɣ» ɩɨɞɚɬɥɢɜɨɫɬɢ. ɋɜɨɞɧɚɹ ɞɢɚɝɪɚɦɦɚ ɩɨɞɚɬɥɢɜɨɫɬɟɣ ɩɪɢɜɟɞɟɧɚ 
ɜ ɤɨɧɰɟ ɪɚɡɞɟɥɚ 
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Ɋɢɫɭɧɨɤ 44 - Ƚɢɫɬɨɝɪɚɦɦɚ, ɨɬɨɛɪɚɠɚɸɳɚɹ ɨɬɧɨɲɟɧɢɹ ɩɨɞɚɬɥɢɜɨɫɬɟɣ ɤɚɠɞɨɝɨ ɢɡ, 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɨɥɧɭɸ ɤɪɭɬɢɥɶɧɭɸ ɩɨɞɚɬɥɢɜɨɫɬɶ, ɡɜɟɧɶɟɜ 

 
ɉɨ ɞɚɧɧɵɦ ɨɬɨɛɪɚɠɚɟɦɵɦ ɧɚ ɝɢɫɬɨɝɪɚɦɦɟ ɛɚɥɚɧɫɚ ɤɪɭɬɢɥɶɧɵɯ 

ɩɨɞɚɬɥɢɜɨɫɬɟɣ ɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɭɸ ɞɨɥɸ ɜɧɨɫɢɬ ɩɨɞɚɬɥɢɜɨɫɬɶ 
ɩɨɞɲɢɩɧɢɤɨɜ. Ʉɚɤ ɜɚɪɢɚɧɬ - ɡɚɦɟɧɢɬɶ ɟɝɨ ɧɚ ɩɨɞɲɢɩɧɢɤ ɫ ɛɨɥɶɲɟɣ 
ɠɟɫɬɤɨɫɬɶɸ, ɧɚɩɪɢɦɟɪ ɪɨɥɢɤɨɜɵɣ.  

Ɍɚɤɠɟ ɫɥɟɞɭɟɬ ɭɜɟɥɢɱɢɬɶ ɞɢɚɦɟɬɪ ɜɯɨɞɧɨɝɨ ɜɚɥɚ 
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Ɋɢɫɭɧɨɤ 45 - ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɫɚɬɟɥɥɢɬɚ ɧɚ ɞɜɚ ɪɨɥɢɤɨɜɵɯ ɩɨɞɲɢɩɧɢɤɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ 
ɛɨɥɶɲɭɸ ɪɚɞɢɚɥɶɧɭɸ ɠɟɫɬɤɨɫɬɶ 
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ɁȺɄɅɘЧȿɇɂȿ 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥ 
ɫɩɪɨɟɤɬɢɪɨɜɚɧ ɩɪɢɜɨɞ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɩɨɜɨɪɨɬɚ ɚɧɬɟɧɧɵ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɣ 
ɬɪɟɛɨɜɚɧɢɹɦ. ɋɭɦɦɚɪɧɨɟ ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ u=6,3, 𝑛˅х = ͳʹ͹ ˏиː−ଵ, 𝑛˅ых =ͳͷ ˏиː−ଵ, 𝑇 ых = ʹͶНˏ. 

Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɧɨɣ ɪɟɞɭɤɬɨɪɚ ɹɜɥɹɸɬɫɹ: ɫɦɚɡɤɚ 
ɡɚɰɟɩɥɟɧɢɹ ɤɨɧɫɢɫɬɟɧɬɧɨɣ ɫɦɚɡɤɨɣ, ɦɢɧɢɦɚɥɶɧɵɟ ɝɚɛɚɪɢɬɵ ɢ ɦɚɫɫɚ, 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɟɝɤɨɞɨɫɬɭɩɧɵɯ ɢ ɞɟɲɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɜɵɲɟɧɧɚɹ 
ɬɨɱɧɨɫɬɶ.  

ɇɟɞɨɫɬɚɬɤɢ ɪɟɞɭɤɬɨɪɚ: ɧɢɡɤɨɟ ɄɉȾ, ɧɟɞɨɫɬɚɬɨɱɧɚɹ ɠɟɫɬɤɨɫɬɶ 
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ɋɉɂɋɈɄ  ɂɋɉɈɅɖɁɈȼȺɇɇɕХ ɂɋɌɈЧɇɂɄɈȼ 

1. ɂɜɚɧɨɜ Ɇ.ɇ. Ⱦɟɬɚɥɢ ɦɚɲɢɧ.-Ɇ.: ȼɵɫɲɚɹ ɲɤɨɥɚ, 2008, ɋ.521 
2. Ⱦɭɧɚɟɜ ɉ.Ɏ. Ʌɟɥɢɤɨɜ Ɉ.ɉ. Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɭɡɥɨɜ ɢ ɞɟɬɚɥɟɣ 

ɦɚɲɢɧ.-Ɇ. : ȺɋȺȾȿɆȺ, 2007, ɋ.436 
3. ɑɟɪɧɚɜɫɤɢɣ,ɋ.Ⱥ.. Ʉɭɪɫɨɜɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɞɟɬɚɥɟɣ ɦɚɲɢɧ: ɍɱɟɛɧ. 

ɩɨɫɨɛɢɟ / ɋ.Ⱥ.ɑɟɪɧɚɜɫɤɢɣ, Ʉ.ɇ.Ȼɨɤɨɜ, ɂ.Ɇ.ɑɟɪɧɢɧ ɢ ɞɪ.; – Ɇ.: 
Ⱥɥɶɹɧɫ, 2005. - 416 ɫ. 

4. ɋɨɥɨɧɢɧ ɂ.ɋ. Ɋɚɫɱёɬ ɫɛɨɪɨɱɧɵɣ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɡɦɟɪɧɵɣ 
ɰɟɩɟɣ. 1980. 

5. Ƚɭɫɟɜ, Ⱥ.Ⱥ. Ɍɟɯɧɨɥɨɝɢɹ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ (ɫɩɟɰ. ɱɚɫɬɶ) 1986ȽɈɋɌ 
3675-81. ɉɟɪɟɞɚɱɢ ɱɟɪɜɹɱɧɵɟ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ. Ɉɫɧɨɜɧɵɟ ɧɨɪɦɵ 
ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɨɫɬɢ. Ⱦɨɩɭɫɤɢ. 

6. Ⱥɜɪɚɦɟɧɤɨ ȼ.ȿ. Ɍɟɯɧɨɥɨɝɢɹ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ. ɇɨɪɦɢɪɨɜɚɧɢɟ 
ɫɛɨɪɨɱɧɵɯ ɨɩɟɪɚɰɢɣ. - Ʉɪɚɫɧɨɹɪɫɤ, Ʉɪɉɂ. 1988. 

7. ɉ.ɂ. Ɉɪɥɨɜ. Ɉɫɧɨɜɵ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ. ɋɩɪɚɜɨɱɧɨ – ɦɟɬɨɞɢɱɟɫɤɨɟ 
ɩɨɫɨɛɢɟ. Ɍɨɦ 3. – Ɇɨɫɤɜɚ ɝ.1977 
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ɉɪɢɥɨɠɟɧɢɟ Ⱥ 
(ɨɛɹɡɚɬɟɥɶɧɨɟ) 

 
Ʉɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ 




