
ɋɌɈ 36554501-013-2008. Ɇɟɬɨɞɵ ɪɚɫɱɟɬɚ 
ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɢɡ ɤɢɪɩɢɱɧɨɣ ɤɥɚɞɤɢ 
ɧɚɪɭɠɧɵɯ ɨɛɥɟɝɱɟɧɧɵɯ ɫɬɟɧ ɫ ɭɱɟɬɨɦ 
ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɞɨɤɭɦɟɧɬɚ: ɋɌɈ 36554501-013-2008 

Ɍɢɩ ɞɨɤɭɦɟɧɬɚ: ɋɌɈ 

ɋɬɚɬɭɫ ɞɨɤɭɦɟɧɬɚ: ɞɟɣɫɬɜɭɸɳɢɣ 

ɇɚɡɜɚɧɢɟ ɪɭɫ.: Ɇɟɬɨɞɵ ɪɚɫɱɟɬɚ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɢɡ ɤɢɪɩɢɱɧɨɣ ɤɥɚɞɤɢ ɧɚɪɭɠɧɵɯ 
ɨɛɥɟɝɱɟɧɧɵɯ ɫɬɟɧ ɫ ɭɱɟɬɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ 

Ɉɛɥɚɫɬɶ 
ɩɪɢɦɟɧɟɧɢɹ: 

ɇɚɫɬɨɹɳɢɣ ɫɬɚɧɞɚɪɬ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɧɚɪɭɠɧɵɟ ɫɬɟɧɵ ɡɞɚɧɢɣ ɫ 
ɥɢɰɟɜɵɦ ɫɥɨɟɦ ɢɡ ɤɢɪɩɢɱɧɨɣ ɤɥɚɞɤɢ ɫ ɫɨɟɞɢɧɟɧɢɟɦ ɫɥɨɟɜ ɝɢɛɤɢɦɢ 
ɫɜɹɡɹɦɢ. 

Ʉɪɚɬɤɨɟ 
ɫɨɞɟɪɠɚɧɢɟ: 

1 Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ 
2 ɉɪɨɜɟɪɤɚ ɩɪɨɱɧɨɫɬɢ ɤɥɚɞɤɢ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɧɚ ɞɟɣɫɬɜɢɟ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ 
3 ɉɪɨɜɟɪɤɚ ɩɪɨɱɧɨɫɬɢ ɝɢɛɤɢɯ ɫɜɹɡɟɣ ɧɚ ɞɟɣɫɬɜɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ 
ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ 
4 ɇɚɡɧɚɱɟɧɢɟ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦɢ 
ɲɜɚɦɢ ɜ ɥɢɰɟɜɨɦ ɫɥɨɟ ɤɥɚɞɤɢ ɢ ɦɟɫɬ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ 
η ɇɚɡɧɚɱɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɵɯ ɫɬɟɧ ɫ ɥɢɰɟɜɵɦ 
ɫɥɨɟɦ ɢɡ ɤɢɪɩɢɱɧɨɣ ɤɥɚɞɤɢ 
θ ɉɪɢɦɟɪɵ ɨɩɪɟɞɟɥɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 
ɧɚɩɪɹɠɟɧɢɣ ɜ ɤɥɚɞɤɟ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ ɜ 
ɝɢɛɤɢɯ ɫɜɹɡɹɯ. ɇɚɡɧɚɱɟɧɢɟ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɜɟɪɬɢɤɚɥɶɧɵɦɢ 
ɞɟɮɨɪɦɚɰɢɨɧɧɵɦɢ ɲɜɚɦɢ ɜ ɥɢɰɟɜɨɦ ɫɥɨɟ ɤɥɚɞɤɢ 
θ.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ 
ɤɥɚɞɤɟ ɥɢɰɟɜɨɝɨ ɫɥɨɹ. ɉɪɨɜɟɪɤɚ ɩɪɨɱɧɨɫɬɢ ɤɥɚɞɤɢ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɧɚ 
ɪɚɫɬɹɠɟɧɢɟ 
θ.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ ɜ ɝɢɛɤɢɯ ɫɜɹɡɹɯ 
ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: 
ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɤɥɚɞɤɚ ɥɢɰɟɜɨɝɨ ɫɥɨɹ 
ɝɢɛɤɢɟ ɫɜɹɡɢ ɜɟɪɬɢɤɚɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɲɜɵ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ 
ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ 

Ⱦɚɬɚ ɚɤɬɭɚɥɢɡɚɰɢɢ 
ɬɟɤɫɬɚ: 01.01.2009 

Ⱦɚɬɚ ɜɜɟɞɟɧɢɹ: 15.06.2008 

Ⱦɚɬɚ ɞɨɛɚɜɥɟɧɢɹ ɜ 
ɛɚɡɭ: 10.11.2009 

Ⱦɨɫɬɭɩɧɨ ɫɟɣɱɚɫ 
ɞɥɹ ɩɪɨɫɦɨɬɪɚ: 100% ɬɟɤɫɬɚ. ɉɨɥɧɚɹ ɜɟɪɫɢɹ ɞɨɤɭɦɟɧɬɚ. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ 
ɢɧɮɨɪɦɚɰɢɹ: ȼɜɟɞɟɧ ɜɩɟɪɜɵɟ 

Ɉɩɭɛɥɢɤɨɜɚɧ: ɈȺɈ "ɐɉɉ" № 2008 



Ⱦɨɤɭɦɟɧɬ 
ɭɬɜɟɪɠɞɟɧ: ɎȽɍɉ "ɇɂɐ "ɋɬɪɨɢɬɟɥɶɫɬɜɨ" ɨɬ 2008-06-05 

Ⱦɨɤɭɦɟɧɬ 
ɪɚɡɪɚɛɨɬɚɧ: 

ɐɇɂɂɋɄ ɢɦ. ȼ.Ⱥ. Ʉɭɱɟɪɟɧɤɨ - ɮɢɥɢɚɥ ɎȽɍɉ "ɇɂɐ 
"ɋɬɪɨɢɬɟɥɶɫɬɜɨ" 109389, Ɇɨɫɤɜɚ, 2-ɹ ɂɧɫɬɢɬɭɬɫɤɚɹ ɭɥ., ɞ. θ 

 

 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ɇɚɭɱɧɨ-
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɰɟɧɬɪ «ɋɬɪɨɢɬɟɥɶɫɬɜɨ» 

ɎȽɍɉ «ɇɂɐ «ɋɬɪɨɢɬɟɥɶɫɬɜɨ» 

  

ɋɌȺɇȾȺɊɌ ɈɊȽȺɇɂɁȺɐɂɂ 

ɆȿɌɈȾЫ ɊȺɋɑȿɌȺ ɅɂɐȿȼɈȽɈ ɋɅɈə ɂɁ ɄɂɊɉɂɑɇɈɃ ɄɅȺȾɄɂ 
ɇȺɊɍɀɇЫɏ ɈȻɅȿȽɑȿɇɇЫɏ ɋɌȿɇ ɋ ɍɑȿɌɈɆ 
ɌȿɆɉȿɊȺɌɍɊɇɈ-ȼɅȺɀɇɈɋɌɇЫɏ ȼɈɁȾȿɃɋɌȼɂɃ 

ɋɌɈ 36554501-013-2008 

Ɇɨɫɤɜɚ 
2008 

ɉɪɟɞɢɫɥɨɜɢɟ 

ɐɟɥɢ ɢ ɡɚɞɚɱɢ ɪɚɡɪɚɛɨɬɤɢ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɬɚɧɞɚɪɬɨɜ ɨɪɝɚɧɢɡɚɰɢɣ ɜ ɊɎ 
ɭɫɬɚɧɨɜɥɟɧɵ Ɏɟɞɟɪɚɥɶɧɵɦ ɡɚɤɨɧɨɦ ɨɬ 27 ɞɟɤɚɛɪɹ 2002 ɝ. № 184-ɎɁ «Ɉ ɬɟɯɧɢɱɟɫɤɨɦ 
ɪɟɝɭɥɢɪɨɜɚɧɢɢ», ɚ ɩɪɚɜɢɥɚ ɪɚɡɪɚɛɨɬɤɢ ɢ ɨɮɨɪɦɥɟɧɢɹ - ȽɈɋɌ Ɋ 1.0-2004 «ɋɬɚɧɞɚɪɬɢɡɚɰɢɹ 
ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ» ɢ ȽɈɋɌ Ɋ 1.4-2004 «ɋɬɚɧɞɚɪɬɢɡɚɰɢɹ ɜ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. ɋɬɚɧɞɚɪɬɵ ɨɪɝɚɧɢɡɚɰɢɣ. Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ». 

ɋɜɟɞɟɧɢɹ ɨ ɫɬɚɧɞɚɪɬɟ: 

1 ɊȺɁɊȺȻɈɌȺɇ ɂ ȼɇȿɋȿɇ ɥɚɛɨɪɚɬɨɪɢɟɣ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɭɧɢɤɚɥɶɧɵɯ ɤɚɦɟɧɧɵɯ ɡɞɚɧɢɣ 
ɢ ɫɨɨɪɭɠɟɧɢɣ ɐɇɂɂɋɄ ɢɦ. ȼ.Ⱥ. Ʉɭɱɟɪɟɧɤɨ - ɮɢɥɢɚɥɨɦ ɎȽɍɉ «ɇɂɐ «ɋɬɪɨɢɬɟɥɶɫɬɜɨ» 
(ɪɭɤɨɜɨɞɢɬɟɥɶ ɬɟɦɵ - ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ М.К. Ищɭɤ). 

1 ɊȿɄɈɆȿɇȾɈȼȺɇ Ʉ ɉɊɂɇəɌɂɘ ɫɟɤɰɢɟɣ ɇɌɋ ɤɢɪɩɢɱɧɵɯ, ɛɥɨɱɧɵɯ ɢ ɩɚɧɟɥɶɧɵɯ 
ɡɞɚɧɢɣ ɐɇɂɂɋɄ ɢɦ. ȼ.Ⱥ. Ʉɭɱɟɪɟɧɤɨ 8 ɚɩɪɟɥɹ 2008 ɝ. 

3 ɍɌȼȿɊɀȾȿɇ ɂ ȼȼȿȾȿɇ ȼ ȾȿɃɋɌȼɂȿ ɩɪɢɤɚɡɨɦ ɢ.ɨ. ɝɟɧɟɪɚɥɶɧɨɝɨ ɞɢɪɟɤɬɨɪɚ ɎȽɍɉ 
«ɇɂɐ «ɋɬɪɨɢɬɟɥɶɫɬɜɨ» ɨɬ η ɢɸɧɹ 2008 ɝ. № 140. 

4 ȼȼȿȾȿɇ ȼɉȿɊȼЫȿ 

ɋɨɞɟɪɠɚɧɢɟ 

1 Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ 

2 ɉɪɨɜɟɪɤɚ ɩɪɨɱɧɨɫɬɢ ɤɥɚɞɤɢ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɧɚ ɞɟɣɫɬɜɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 

http://snipov.net/c_4596_snip_103003.html
http://snipov.net/c_4775_snip_108929.html
http://snipov.net/c_4775_snip_108837.html
http://snipov.net/c_4745_snip_114744.html#i18576
http://snipov.net/c_4745_snip_114744.html#i26934


ɭɫɢɥɢɣ 

3 ɉɪɨɜɟɪɤɚ ɩɪɨɱɧɨɫɬɢ ɝɢɛɤɢɯ ɫɜɹɡɟɣ ɧɚ ɞɟɣɫɬɜɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ 

4 ɇɚɡɧɚɱɟɧɢɟ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦɢ ɲɜɚɦɢ ɜ ɥɢɰɟɜɨɦ 
ɫɥɨɟ ɤɥɚɞɤɢ ɢ ɦɟɫɬ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ 

η ɇɚɡɧɚɱɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɵɯ ɫɬɟɧ ɫ ɥɢɰɟɜɵɦ ɫɥɨɟɦ ɢɡ ɤɢɪɩɢɱɧɨɣ 
ɤɥɚɞɤɢ 

6 ɉɪɢɦɟɪɵ ɨɩɪɟɞɟɥɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɤɥɚɞɤɟ ɥɢɰɟɜɨɝɨ 
ɫɥɨɹ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ ɜ ɝɢɛɤɢɯ ɫɜɹɡɹɯ. ɇɚɡɧɚɱɟɧɢɟ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ 
ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦɢ ɲɜɚɦɢ ɜ ɥɢɰɟɜɨɦ ɫɥɨɟ ɤɥɚɞɤɢ 

6.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɪɚɫɬɹɝɢɜɚɸщɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɤɥɚɞɤɟ ɥɢɰɟɜɨɝɨ ɫɥɨɹ. 
ɉɪɨɜɟɪɤɚ ɩɪɨɱɧɨɫɬɢ ɤɥɚɞɤɢ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɧɚ ɪɚɫɬɹɠɟɧɢɟ 

6.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɬɹɝɢɜɚɸщɢɯ ɭɫɢɥɢɣ ɜ ɝɢɛɤɢɯ ɫɜɹɡɹɯ 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

ɋɌȺɇȾȺɊɌ ɈɊȽȺɇɂɁȺɐɂɂ 

ɆȿɌɈȾЫ ɊȺɋɑȿɌȺ ɅɂɐȿȼɈȽɈ ɋɅɈə ɂɁ ɄɂɊɉɂɑɇɈɃ ɄɅȺȾɄɂ ɇȺɊɍɀɇЫɏ 
ɈȻɅȿȽɑȿɇɇЫɏ ɋɌȿɇ ɋ ɍɑȿɌɈɆ ɌȿɆɉȿɊȺɌɍɊɇɈ-ȼɅȺɀɇɈɋɌɇЫɏ 
ȼɈɁȾȿɃɋɌȼɂɃ 

Method of calculation of termal expansion of brick veneer 

Ⱦɚɬɚ ɜɜɟɞɟɧɢɹ 2008-06-15 

1 Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ 
1.1 ɇɚɫɬɨɹɳɢɣ ɫɬɚɧɞɚɪɬ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɧɚɪɭɠɧɵɟ ɫɬɟɧɵ ɡɞɚɧɢɣ ɫ ɥɢɰɟɜɵɦ ɫɥɨɟɦ ɢɡ 
ɤɢɪɩɢɱɧɨɣ ɤɥɚɞɤɢ ɫ ɫɨɟɞɢɧɟɧɢɟɦ ɫɥɨɟɜ ɝɢɛɤɢɦɢ ɫɜɹɡɹɦɢ. 

1.2 ȼɫɥɟɞɫɬɜɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɤɥɚɞɤɢ ɥɢɰɟɜɨɝɨ ɫɥɨɹ, 
ɜɧɭɬɪɟɧɧɟɝɨ ɫɥɨɹ ɢɡ ɤɢɪɩɢɱɧɨɣ ɢɥɢ ɤɚɦɟɧɧɨɣ ɤɥɚɞɤɢ, ɦɨɧɨɥɢɬɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɚ ɢ ɬ.ɞ., 
ɤɚɪɤɚɫɚ ɡɞɚɧɢɹ ɜ ɤɥɚɞɤɟ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɜɨɡɦɨɠɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɢ ɧɚɤɥɨɧɧɵɯ 
ɬɪɟɳɢɧ (ɪɢɫ. 1, 2). 
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Ɋɢɫ. 1 - ȼɟɪɬɢɤɚɥɶɧɚɹ ɬɪɟɳɢɧɚ ɧɚ ɭɝɥɭ 
ɫɬɟɧɵ ɦɟɠɞɭ 3-ɦ ɢ 4-ɦ ɷɬɚɠɚɦɢ 

 

Ɋɢɫ. 2 - ȼɵɩɭɱɢɜɚɧɢɟ ɤɥɚɞɤɢ ɥɢɰɟɜɨɝɨ 
ɫɥɨɹ ɧɚ ɭɝɥɭ ɫɬɟɧɵ ɧɚ ɜɵɫɨɬɟ 4-ɝɨ ɷɬɚɠɚ 

1.3 Ɉɛɪɚɡɨɜɚɧɢɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɢ ɧɚɤɥɨɧɧɵɯ ɬɪɟɳɢɧ ɜ ɤɥɚɞɤɟ ɧɚɪɭɠɧɨɝɨ ɫɥɨɹ ɜɨɡɦɨɠɧɨ 
ɤɚɤ ɜ ɥɟɬɧɟɟ, ɬɚɤ ɢ ɜ ɡɢɦɧɟɟ ɜɪɟɦɹ ɝɨɞɚ ɢ ɡɚɜɢɫɢɬ ɨɬ ɩɟɪɢɨɞɚ ɟɝɨ ɜɨɡɜɟɞɟɧɢɹ. 

1.4 Ƚɨɪɢɡɨɧɬɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɥɢɰɟɜɨɦ ɫɥɨɟ ɜɛɥɢɡɢ ɭɝɥɨɜ, ɜɵɡɜɚɧɧɵɟ 
ɟɝɨ ɢɡɝɢɛɨɦ ɢɡ ɩɥɨɫɤɨɫɬɢ, ɫɨɩɨɫɬɚɜɢɦɵ ɩɨ ɜɟɥɢɱɢɧɟ ɫ ɧɚɩɪɹɠɟɧɢɹɦɢ ɨɬ ɨɫɟɜɵɯ ɭɫɢɥɢɣ. 

1.η Ɉɫɟɜɵɟ ɭɫɢɥɢɹ ɜɨɡɧɢɤɚɸɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɨɬ ɫɞɟɪɠɢɜɚɧɢɹ ɫɜɨɛɨɞɧɵɯ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɤɥɚɞɤɢ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɨɩɨɪɧɵɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ ɢ 
ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɜ ɨɫɧɨɜɧɨɦ ɧɚ ɨɩɨɪɟ. 

1.θ Ɇɨɦɟɧɬɵ, ɜɵɡɵɜɚɸɳɢɟ ɢɡɝɢɛ ɤɥɚɞɤɢ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɢɡ ɟɝɨ ɩɥɨɫɤɨɫɬɢ, ɫɨɫɪɟɞɨɬɨɱɟɧɵ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜɛɥɢɡɢ ɭɝɥɨɜ ɮɪɚɝɦɟɧɬɨɜ ɢ ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ ɜɵɫɨɬɟ ɫɬɟɧɵ ɞɨɫɬɚɬɨɱɧɨ 
ɪɚɜɧɨɦɟɪɧɨ. 

1.7 ȼ Г- ɢ ɉ-ɨɛɪɚɡɧɵɯ ɮɪɚɝɦɟɧɬɚɯ ɜɨɡɪɚɫɬɚɟɬ ɜɥɢɹɧɢɟ ɢɡɝɢɛɚ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɢɡ ɟɝɨ 
ɩɥɨɫɤɨɫɬɢ. Ɉɫɨɛɟɧɧɨ ɷɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ Г-ɨɛɪɚɡɧɵɯ ɮɪɚɝɦɟɧɬɚɯ ɜɫɥɟɞɫɬɜɢɟ ɫɞɜɢɝɚ ɞɜɭɯ 
ɤɪɚɣɧɢɯ ɫɬɟɧ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ (ɪɢɫ. 7-10). 

1.8 ȼɫɥɟɞɫɬɜɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɜ ɝɢɛɤɢɯ ɫɜɹɡɹɯ ɜɨɡɧɢɤɚɸɬ 
ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɭɫɢɥɢɹ. ɍɫɢɥɢɹ ɜɨɡɧɢɤɚɸɬ ɜ ɨɫɧɨɜɧɨɦ ɜ ɫɜɹɡɹɯ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜɛɥɢɡɢ 
ɭɝɥɚ. 

1.9 ɍɫɢɥɢɹ ɜ ɭɝɥɨɜɵɯ ɫɜɹɡɹɯ ɦɨɝɭɬ ɞɨɫɬɢɝɚɬɶ ɩɪɟɞɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɤɚɤ ɜ ɬɟɩɥɵɣ, ɬɚɤ ɢ ɜ 
ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞɵ ɝɨɞɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɫɥɨɹ ɜ ɦɨɦɟɧɬ ɟɝɨ 
ɜɨɡɜɟɞɟɧɢɹ. 

1.10 ȼɟɪɬɢɤɚɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ ɲɜɵ ɜ ɤɥɚɞɤɟ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɫɩɨɫɨɛɫɬɜɭɸɬ 
ɫɧɢɠɟɧɢɸ ɭɪɨɜɧɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɤɥɚɞɤɟ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 
ɭɫɢɥɢɣ ɜ ɝɢɛɤɢɯ ɫɜɹɡɹɯ. 
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1.11 ɋ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɤɥɚɞɤɢ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɪɚɫɬɹɠɟɧɢɸ ɜɵɩɨɥɧɹɟɬɫɹ ɟɟ 
ɚɪɦɢɪɨɜɚɧɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɫɟɬɤɚɦɢ. 

1.12 Ⱥɪɦɢɪɨɜɚɧɢɟ ɤɥɚɞɤɢ ɥɢɰɟɜɨɝɨ ɫɥɨɹ, ɤɨɧɫɬɪɭɤɰɢɹ ɢ ɲɚɝ ɝɢɛɤɢɯ ɫɜɹɡɟɣ, ɪɚɫɫɬɨɹɧɢɹ 
ɦɟɠɞɭ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦɢ ɲɜɚɦɢ ɜ ɥɢɰɟɜɨɦ ɫɥɨɟ ɧɚɡɧɚɱɚɸɬɫɹ ɢɫɯɨɞɹ ɢɡ 
ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɮɪɚɝɦɟɧɬɨɜ ɡɞɚɧɢɹ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɢ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɬɪɟɛɨɜɚɧɢɣ. ɉɪɢ ɛɨɥɶɲɢɯ ɜɟɬɪɨɜɵɯ ɧɚɝɪɭɡɤɚɯ ɭɫɢɥɢɹ ɜ ɫɜɹɡɹɯ ɢ ɤɥɚɞɤɟ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɚɤɠɟ ɫ ɢɯ ɭɱɟɬɨɦ. 

2 ɉɪɨɜɟɪɤɚ ɩɪɨɱɧɨɫɬɢ ɤɥɚɞɤɢ ɥɢɰɟɜɨɝɨ 
ɫɥɨɹ ɧɚ ɞɟɣɫɬɜɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ 
ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ 
2.1 ɉɪɨɱɧɨɫɬɶ ɤɥɚɞɤɢ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɧɚɪɭɠɧɵɯ ɫɬɟɧ ɫ ɝɢɛɤɢɦɢ ɫɜɹɡɹɦɢ ɩɪɨɜɟɪɹɟɬɫɹ ɧɚ 
ɪɚɫɬɹɠɟɧɢɟ ɩɨ ɮɨɪɦɭɥɚɦ: 

- ɞɥɹ ɧɟɚɪɦɢɪɨɜɚɧɧɨɣ ɤɥɚɞɤɢ: 

Nt = RtAnt ≥ m1N;                                                                   (2.1) 

- ɞɥɹ ɚɪɦɢɪɨɜɚɧɧɨɣ ɤɥɚɞɤɢ: 

Nt = γcs RsAs ≥ m1N;                                                               (2.2) 

ɝɞɟ Rt - ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɥɚɞɤɢ ɪɚɫɬɹɠɟɧɢɸ ɩɨ ɩɟɪɟɜɹɡɚɧɧɨɦɭ ɫɟɱɟɧɢɸ, 
ɩɪɢɧɢɦɚɟɦɨɟ ɩɨ ɬɚɛɥɢɰɟ 11 Д1]; 

Rs - ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ; 

Ant - ɩɥɨɳɚɞɶ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɤɥɚɞɤɢ ɩɨ ɤɢɪɩɢɱɭ ɧɟɬɬɨ (ɡɚ ɜɵɱɟɬɨɦ ɩɥɨɳɚɞɢ 
ɫɟɱɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɲɜɨɜ); 

As - ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ; 

γcs - ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɬɚɛɥɢɰɟ 13 Д1Ж. ɉɪɢ ɚɪɦɢɪɨɜɚɧɢɢ 
ɫɟɬɤɚɦɢ γcs = 0,75; 

Nt - ɧɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɥɚɞɤɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ; 

N - ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɪɚɫɬɹɝɢɜɚɸɳɟɟ ɭɫɢɥɢɟ, ɹɜɥɹɸɳɟɟɫɹ ɫɭɦɦɨɣ ɭɫɢɥɢɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨ-
ɜɥɚɠɧɨɫɬɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɢ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ: 

N = N(t) + N(w),                                                                   (2.3) 

ɝɞɟ N(t) - ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɪɚɫɬɹɝɢɜɚɸɳɟɟ ɭɫɢɥɢɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɯ 
ɜɨɡɞɟɣɫɬɜɢɣ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɢɡ ɪɚɫɱɟɬɚ ɩɨ ɩɪɨɝɪɚɦɦɚɦ, ɪɟɚɥɢɡɭɸɳɢɦ ɦɟɬɨɞ ɤɨɧɟɱɧɨɝɨ 
ɷɥɟɦɟɧɬɚ ɢ ɬ.ɩ., ɥɢɛɨ ɩɨ ɩɪɢɛɥɢɠɟɧɧɨɣ ɮɨɪɦɭɥɟ (3.1); 

N(w) - ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɪɚɫɬɹɝɢɜɚɸɳɟɟ ɭɫɢɥɢɟ ɨɬ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ Д3]; 

http://snipov.net/c_4745_snip_114744.html#i298746
http://snipov.net/c_4745_snip_114744.html#i298746
http://snipov.net/c_4745_snip_114744.html#i166359
http://snipov.net/c_4745_snip_114744.html#i313673


m1 - ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɤɥɚɞɤɢ ɥɢɰɟɜɨɝɨ ɫɥɨɹ, ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ 1,0 ɩɪɢ 
ɪɚɫɫɬɨɹɧɢɢ ɦɟɠɞɭ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɲɜɚɦɢ ɧɟ ɛɨɥɟɟ 3,η ɦ ɢ 2,0 ɩɪɢ 
ɛɨɥɶɲɟɦ ɡɧɚɱɟɧɢɢ. 

2.2 Ƚɨɪɢɡɨɧɬɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɭɫɢɥɢɹ ɜ ɥɢɰɟɜɨɦ ɫɥɨɟ ɤɥɚɞɤɢ, ɜɨɡɧɢɤɚɸɳɢɟ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ N(t) (ɪɢɫ. 3, 4), ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɪɚɫɱɟɬɚ ɩɨ 
ɩɪɨɝɪɚɦɦɚɦ, ɪɟɚɥɢɡɭɸɳɢɦ ɦɟɬɨɞ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢ ɬ.ɩ., ɥɢɛɨ ɩɨ ɫɥɟɞɭɸɳɢɦ 
ɩɪɢɛɥɢɠɟɧɧɵɦ ɮɨɪɦɭɥɚɦ: 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɭɫɢɥɢɟ, ɜɨɡɧɢɤɚɸɳɟɟ ɜ ɤɥɚɞɤɟ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨ-
ɜɥɚɠɧɨɫɬɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ ɩɨ ɮɨɪɦɭɥɟ: 

N(t) = σA                                                                               (2.4) 

ɝɞɟ А - ɩɥɨɳɚɞɶ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɤɥɚɞɤɢ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɛɪɭɬɬɨ (ɫ ɭɱɟɬɨɦ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɲɜɨɜ) ɜɵɫɨɬɨɣ 1 ɦ; 

σ - ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɥɢɰɟɜɨɦ ɫɥɨɟ ɤɥɚɞɤɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɨ ɮɨɪɦɭɥɟ: 

σ = (0,θ7 + 0,0088 L)·EɤatΔt ДɆɉɚЖ;                                    (2.5) 

    

Ɋɢɫ. 3 - ɋɯɟɦɚ ɞɟɮɨɪɦɚɰɢɣ ɥɢɰɟɜɨɝɨ ɫɥɨɹ 
ɧɚ ɩɪɹɦɨɥɢɧɟɣɧɨɦ ɭɱɚɫɬɤɟ ɥɟɬɨɦ ɩɪɢ 
ɟɝɨ ɜɨɡɜɟɞɟɧɢɢ ɡɢɦɨɣ 

Ɋɢɫ. 4 - ɋɯɟɦɚ ɞɟɮɨɪɦɚɰɢɣ ɥɢɰɟɜɨɝɨ ɫɥɨɹ 
ɧɚ ɩɪɹɦɨɥɢɧɟɣɧɨɦ ɭɱɚɫɬɤɟ ɡɢɦɨɣ ɩɪɢ ɟɝɨ 
ɜɨɡɜɟɞɟɧɢɢ ɜ ɦɟɠɫɟɡɨɧɶɟ ɩɪɢ t = 0°ɋ 

Еɤ- ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɰɢɣ ɤɥɚɞɤɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɫ ɭɱɟɬɨɦ ɞɥɢɬɟɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɩɨ 
ɮɨɪɦɭɥɟ: 

Еɤ = E0/Ș                                                                                (2.6) 

E0 - ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɤɥɚɞɤɢ; 

Ș - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɩɨɥɡɭɱɟɫɬɢ ɤɥɚɞɤɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ Д1]; 

http://snipov.net/c_4745_snip_114744.html#i78346
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http://snipov.net/c_4745_snip_114744.html#i298746


at - ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɤɥɚɞɤɢ; 

L - ɪɚɫɱɟɬɧɚɹ ɫɭɦɦɚɪɧɚɹ ɞɥɢɧɚ ɫɬɟɧ ɮɪɚɝɦɟɧɬɨɜ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɩ. 2.3; 

Δt - ɪɚɫɱɟɬɧɵɣ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɪɚɡɞɟɥɭ 5. 

2.3 ɇɚɡɧɚɱɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɫɭɦɦɚɪɧɨɣ ɞɥɢɧɵ ɫɬɟɧ ɮɪɚɝɦɟɧɬɨɜ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɥɢɰɟɜɨɦ ɫɥɨɟ ɤɥɚɞɤɢ ɩɨ ɮɨɪɦɭɥɟ (2.5) 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ: 

ɞɥɹ Ƚ-ɨɛɪɚɡɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɫ ɞɜɭɦɹ ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɲɜɚɦɢ (ɪɢɫ. η, θ): 

 

 

Ɋɢɫ. 5 - ɋɯɟɦɵ ɞɟɮɨɪɦɚɰɢɣ ɧɚɪɭɠɧɨɝɨ 
ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɧɚ Ƚ-ɨɛɪɚɡɧɨɦ ɭɱɚɫɬɤɟ ɫ 
ɜɧɟɲɧɢɦ ɭɝɥɨɦ ɡɢɦɨɣ ɩɪɢ ɟɝɨ 
ɜɨɡɜɟɞɟɧɢɢ ɜ ɦɟɠɫɟɡɨɧɶɟ 

ɩɪɢ t = 0°ɋ 

Ɋɢɫ. 6 - ɋɯɟɦɵ ɞɟɮɨɪɦɚɰɢɣ ɧɚɪɭɠɧɨɝɨ 
ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɧɚ Ƚ-ɨɛɪɚɡɧɨɦ ɭɱɚɫɬɤɟ ɥɟɬɨɦ 
ɩɪɢ ɟɝɨ ɜɨɡɜɟɞɟɧɢɢ ɡɢɦɨɣ 

L = Lx + Ly                                                                             (2.7) 

ɝɞɟ Lб ɢ Ly - ɞɥɢɧɚ ɫɬɟɧɵ ɨɬ ɭɝɥɚ ɞɨ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɲɜɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ ɨɫɹɦ Х ɢ Y; 
ɞɥɹ ɉ-ɨɛɪɚɡɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɢ Г-ɨɛɪɚɡɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɫ ɞɜɭɦɹ ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɲɜɚɦɢ 
(ɪɢɫ. 7-10): 

http://snipov.net/c_4745_snip_114744.html#i222778
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Ɋɢɫ. 7 - ɋɯɟɦɵ ɞɟɮɨɪɦɚɰɢɣ ɧɚɪɭɠɧɨɝɨ 
ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɧɚ Г-ɨɛɪɚɡɧɨɦ ɭɱɚɫɬɤɟ 
ɡɢɦɨɣ ɩɪɢ ɜɨɡɜɟɞɟɧɢɢ ɟɝɨ ɜ ɦɟɠɫɟɡɨɧɶɟ 
ɩɪɢ t = 0°ɋ 

Ɋɢɫ. 8 - ɋɯɟɦɵ ɞɟɮɨɪɦɚɰɢɣ ɧɚɪɭɠɧɨɝɨ 
ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɧɚ Г-ɨɛɪɚɡɧɨɦ ɭɱɚɫɬɤɟ ɥɟɬɨɦ 
ɩɪɢ ɟɝɨ ɜɨɡɜɟɞɟɧɢɢ ɡɢɦɨɣ 

  

 

 

Ɋɢɫ. 9 - ɋɯɟɦɵ ɞɟɮɨɪɦɚɰɢɣ ɧɚɪɭɠɧɨɝɨ 
ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɧɚ ɉ-ɨɛɪɚɡɧɨɦ ɭɱɚɫɬɤɟ 
ɡɢɦɨɣ ɩɪɢ ɟɝɨ ɜɨɡɜɟɞɟɧɢɢ ɜ ɦɟɠɫɟɡɨɧɶɟ 
ɩɪɢ t = 0°ɋ 

Ɋɢɫ. 10 - ɋɯɟɦɵ ɞɟɮɨɪɦɚɰɢɣ ɧɚɪɭɠɧɨɝɨ 
ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɧɚ Г-ɨɛɪɚɡɧɨɦ ɭɱɚɫɬɤɟ ɥɟɬɨɦ 
ɩɪɢ ɟɝɨ ɜɨɡɜɟɞɟɧɢɢ ɡɢɦɨɣ 

L = Lx1 + Ly+ Lx2                                                                  (2.8) 

ɞɥɹ - ɨɛɪɚɡɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɛɟɡ ɜɟɪɬɢɤɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɲɜɨɜ: 



L = 2(Lx + Ly);                                                                      (2.9) 

ɞɥɹ Ƚ-ɨɛɪɚɡɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɫ ɨɞɧɢɦ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɲɜɨɦ: 

L = 2(Lx + Ly);                                                                      (2.10) 

ɞɥɹ Ƚ-ɨɛɪɚɡɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɛɟɡ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɲɜɨɜ: 

L = 4(Lx + Ly).                                                                      (2.11) 

3 ɉɪɨɜɟɪɤɚ ɩɪɨɱɧɨɫɬɢ ɝɢɛɤɢɯ ɫɜɹɡɟɣ ɧɚ 
ɞɟɣɫɬɜɢɟ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ 
3.1 ɉɪɨɱɧɨɫɬɶ ɫɜɹɡɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ Nt,s ɩɪɨɜɟɪɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

Nt,s ≥ m1m2NS.                                                                        (3.1) 

ɉɪɨɱɧɨɫɬɶ ɭɡɥɚ ɚɧɤɟɪɨɜɤɢ ɫɜɹɡɢ Nt,a ɩɪɨɜɟɪɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

Nt,a ≥ m1m2NS,                                                                        (3.2) 

ȼ ɮɨɪɦɭɥɚɯ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: 

Ns - ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɪɚɫɬɹɝɢɜɚɸɳɟɟ ɭɫɢɥɢɟ ɜ ɫɜɹɡɢ, ɹɜɥɹɸɳɟɟɫɹ ɫɭɦɦɨɣ ɭɫɢɥɢɣ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɢ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ: 

Ns = Ns(t) + Ns(w);                                                                (3.3) 

Ns(t) - ɪɚɫɬɹɝɢɜɚɸɳɟɟ ɭɫɢɥɢɟ ɜ ɫɜɹɡɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ, 
ɨɩɪɟɞɟɥɹɟɦɨɟ ɢɡ ɪɚɫɱɟɬɚ ɩɨ ɩɪɨɝɪɚɦɦɚɦ, ɪɟɚɥɢɡɭɸɳɢɦ ɦɟɬɨɞ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢ ɬ.ɩ., 
ɥɢɛɨ ɩɨ ɩɪɢɛɥɢɠɟɧɧɵɦ ɮɨɪɦɭɥɚɦ (3.4) ɢ (3.η); 

Ns(w)- ɪɚɫɬɹɝɢɜɚɸɳɟɟ ɭɫɢɥɢɟ ɜ ɫɜɹɡɢ ɨɬ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ Д3]; 

m1 - ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɤɥɚɞɤɢ ɥɢɰɟɜɨɝɨ ɫɥɨɹ, ɩɪɢɧɢɦɚɟɦɵɣ ɪɚɜɧɵɦ 1,0 ɩɪɢ 
ɪɚɫɫɬɨɹɧɢɢ ɦɟɠɞɭ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɲɜɚɦɢ ɧɟ ɛɨɥɟɟ 3,η ɦ ɢ 2,0 - ɩɪɢ 
ɛɨɥɶɲɟɦ ɡɧɚɱɟɧɢɢ. 

m2 - ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɫɜɹɡɟɣ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɜɤɥɸɱɟɧɢɹ ɜ 
ɪɚɛɨɬɭ ɨɬɞɟɥɶɧɵɯ ɫɜɹɡɟɣ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ ɫɜɹɡɢ, ɧɚɥɢɱɢɹ ɢɥɢ ɨɬɫɭɬɫɬɜɢɹ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɜɹɡɟɣ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɞɚɧɧɵɯ ɩɪɢɧɢɦɚɟɬɫɹ m2 = 2. 

3.2 Ɋɚɫɬɹɝɢɜɚɸɳɟɟ ɭɫɢɥɢɟ ɜ ɫɜɹɡɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɪɚɫɱɟɬɚ ɩɨ ɩɪɨɝɪɚɦɦɚɦ, ɪɟɚɥɢɡɭɸɳɢɦ ɦɟɬɨɞ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢ ɬ.ɩ., 
ɥɢɛɨ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɪɢɛɥɢɠɟɧɧɵɦ ɮɨɪɦɭɥɚɦ: 

Ns(t) = 2,21[α ln (L - b) + c] EɤαtΔt, ɤɇ, ɩɪɢ L > 8,5;           (3.4) 

http://snipov.net/c_4745_snip_114744.html#i313673


Ns(t) = 1,65[dL2 + e] EɤαЭΔt, ɤɇ, ɩɪɢ L ≤ 8,η.                      (3.5) 

Ɂɞɟɫɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɧɢɦɚɸɬ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: 

α = 0,73; b = 8; ɫ = 3,3; d = 0,05; e = 0,15; 

ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɡɚɞɚɟɬɫɹ ɜ Ɇɉɚ, ɬɟɦɩɟɪɚɬɭɪɚ - ɜ °ɋ; 

Е; αt - ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɰɢɣ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɤɥɚɞɤɢ; 

Δt - ɪɚɫɱɟɬɧɵɣ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɪɚɡɞɟɥɭ 5. 

3.3 ɇɚɡɧɚɱɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɫɭɦɦɚɪɧɨɣ ɞɥɢɧɵ L ɫɬɟɧ ɮɪɚɝɦɟɧɬɨɜ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨ 
ɮɨɪɦɭɥɚɦ (3.4) ɢ (3.η) ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ ɜ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɭɝɥɭ 
ɫɜɹɡɹɯ, ɜɨɡɧɢɤɚɸɳɢɯ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ: 

ɞɥɹ Ƚ-ɨɛɪɚɡɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɫ ɜɧɟɲɧɢɦ ɭɝɥɨɦ ɫ ɞɜɭɦɹ ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɲɜɚɦɢ 
ɩɪɢɧɢɦɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɢɡ ɞɜɭɯ ɡɧɚɱɟɧɢɣ (ɪɢɫ. 5, 6): 

L = Lx + 0,25Ly/Lx;                                                                (3.6) 

L = Ly+0,25Lx/Ly,                                                                  (3.7) 

ɝɞɟ Lб ɢ Ly - ɞɥɢɧɚ ɫɬɟɧɵ ɨɬ ɭɝɥɚ ɞɨ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɲɜɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ ɨɫɹɦ X ɢ Y; 

ɞɥɹ Ƚ-ɨɛɪɚɡɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɫ ɜɧɟɲɧɢɦ ɭɝɥɨɦ ɫ ɨɞɧɢɦ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɲɜɨɦ: 

L = 2Lx + 0,75y/Lx.                                                                 (3.8) 

4 ɇɚɡɧɚɱɟɧɢɟ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ 
ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦɢ 
ɲɜɚɦɢ ɜ ɥɢɰɟɜɨɦ ɫɥɨɟ ɤɥɚɞɤɢ ɢ ɦɟɫɬ ɢɯ 
ɪɚɫɩɨɥɨɠɟɧɢɹ 
4.1 Ɋɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦɢ ɲɜɚɦɢ ɦɨɝɭɬ ɧɚɡɧɚɱɚɬɶɫɹ ɢɡ 
ɫɨɛɥɸɞɟɧɢɹ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 

- ɧɟ ɩɪɟɜɵɲɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɤɥɚɞɤɢ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɪɚɡɞɟɥɨɦ 2; 

- ɧɟ ɩɪɟɜɵɲɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɫɜɹɡɟɣ ɢ ɚɧɤɟɪɧɵɯ ɭɡɥɨɜ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɪɚɡɞɟɥɨɦ 3. 

ȼ ɥɸɛɨɦ ɫɥɭɱɚɟ, ɩɪɢ ɧɚɡɧɚɱɟɧɢɢ ɦɟɫɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɲɜɨɜ 
ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɞɟɪɠɢɜɚɬɶɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ Д1], [2]. 
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5 ɇɚɡɧɚɱɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɚɪɭɠɧɵɯ ɫɬɟɧ 
ɫ ɥɢɰɟɜɵɦ ɫɥɨɟɦ ɢɡ ɤɢɪɩɢɱɧɨɣ ɤɥɚɞɤɢ 
η.1 Ʌɢɰɟɜɨɣ ɫɥɨɣ ɤɥɚɞɤɢ, ɜɵɩɨɥɧɟɧɧɵɣ ɬɨɥɳɢɧɨɣ 12 ɫɦ, ɩɨ ɫɜɨɟɣ ɫɭɬɢ ɹɜɥɹɟɬɫɹ 
ɬɨɧɤɨɫɬɟɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ. ɗɬɨɬ ɫɥɨɣ ɨɬɞɟɥɟɧ ɨɬ ɨɫɧɨɜɧɨɝɨ ɫɥɨɹ ɫɬɟɧɵ ɭɬɟɩɥɢɬɟɥɟɦ, ɚ 
ɜɞɨɛɚɜɨɤ ɱɚɫɬɨ ɢ ɜɟɧɬɢɥɢɪɭɟɦɨɣ ɜɨɡɞɭɲɧɨɣ ɩɪɨɫɥɨɣɤɨɣ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɬɟɦɩɟɪɚɬɭɪɚ ɤɥɚɞɤɢ 
ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɧɚ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ. ɉɪɢ ɩɪɹɦɨɦ 
ɜɨɡɞɟɣɫɬɜɢɢ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɜ ɞɧɟɜɧɨɟ ɜɪɟɦɹ ɥɢɰɟɜɨɣ ɫɥɨɣ ɦɨɠɟɬ ɢɦɟɬɶ ɬɟɦɩɟɪɚɬɭɪɭ 
ɢ ɛɨɥɟɟ ɜɵɫɨɤɭɸ, ɱɟɦ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ. 

ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɬɚɛɥɢɰɟ 
15 [3Ж ɤɚɤ ɞɥɹ ɨɞɧɨɫɥɨɣɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɧɟɨɬɚɩɥɢɜɚɟɦɨɝɨ ɡɞɚɧɢɹ. 

η.2 ɇɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɢɯ ɩɨ ɫɟɱɟɧɢɸ ɥɢɰɟɜɨɝɨ (ɧɚɪɭɠɧɨɝɨ) ɫɥɨɹ ɬɟɦɩɟɪɚɬɭɪ 
tw,ɧɫ ɢ tc,ɧɫ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɬɟɩɥɨɟ ɢ ɯɨɥɨɞɧɨɟ ɜɪɟɦɹ ɝɨɞɚ ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɩɨ 
ɬɚɛɥɢɰɟ 1η Д3Ж ɤɚɤ ɞɥɹ ɧɟɨɬɚɩɥɢɜɚɟɦɵɯ ɡɞɚɧɢɣ: 

tw,ɧɫ = tew + ș1 + ș4;                                                           (5.1) 

tɫ,ɧɫ = teɫ - 0,ηș1,                                                                 (5.2) 

ɝɞɟ ș1 - ɩɪɢɪɚɳɟɧɢɟ ɫɪɟɞɧɟɣ ɩɨ ɫɟɱɟɧɢɸ ɨɛɥɢɰɨɜɤɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ 
ɨɬ ɫɭɬɨɱɧɵɯ ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ ɬɚɛɥɢɰɟ 1θ Д3]. 
Ⱦɥɹ ɤɢɪɩɢɱɧɨɣ ɨɛɥɢɰɨɜɤɢ ɬɨɥɳɢɧɨɣ ɞɨ 1η ɫɦ ș1 = 8°ɋ; 

ș4 - ɩɪɢɪɚɳɟɧɢɟ ɫɪɟɞɧɟɣ ɩɨ ɫɟɱɟɧɢɸ ɨɛɥɢɰɨɜɤɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 
ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ, ɩɪɢɧɢɦɚɟɦɨɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩ. 8.η Д3]: 

ș4 = 0,0ηρSmaxkk1,                                                             (5.3) 

ɝɞɟ ρ - ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɦɚɬɟɪɢɚɥɨɦ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɬɟɧɵ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ Д4]; 

Smax - ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ (ɩɪɹɦɨɣ ɢ ɪɚɫɫɟɹɧɧɨɣ), ȼɬ/ɦ2, 
ɩɪɢɧɢɦɚɟɦɨɟ ɩɨ Д5]; 

k - ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɬɚɛɥ. 17 Д3]; 

k1 - ɤɨɷɮɮɢɰɢɟɧɬ, ɪɚɜɧɵɣ 0,θ ɞɥɹ ɤɥɚɞɤɢ ɬɨɥɳɢɧɨɣ ɞɨ 1η ɫɦ; 

tew, tec - ɫɪɟɞɧɢɟ ɫɭɬɨɱɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɬɟɩɥɨɟ ɢ 
ɯɨɥɨɞɧɨɟ ɜɪɟɦɹ ɝɨɞɚ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɨ ɮɨɪɦɭɥɚɦ: 

tew = tVII + 6;                                                                      (5.4) 

tec = tI – ΔI,                                                                        (5.5) 
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tI, tVII - ɦɧɨɝɨɥɟɬɧɢɟ ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɜ ɹɧɜɚɪɟ ɢ ɢɸɥɟ, 
ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɨ ɤɚɪɬɚɦ η ɢ θ ɨɛɹɡɚɬɟɥɶɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ η ɤ Д3]; 

ΔI - ɨɬɤɥɨɧɟɧɢɟ ɫɪɟɞɧɢɯ ɫɭɬɨɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɨɬ ɫɪɟɞɧɢɯ ɦɟɫɹɱɧɵɯ, ɩɪɢɧɢɦɚɟɦɨɟ ɩɨ 
ɤɚɪɬɟ 7 ɨɛɹɡɚɬɟɥɶɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ Д3]. 

η.3 Ɋɚɫɱɟɬ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɜɪɟɦɟɧɢ ɝɨɞɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ 
ɬɟɦɩɟɪɚɬɭɪɭ, ɪɚɜɧɭɸ ɪɚɡɧɨɫɬɢ ɡɢɦɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tc ɢ ɧɚɱɚɥɶɧɨɣ ɥɟɬɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ 
tow: 

Δtc = tc - tow                                                                       (5.6) 

Ⱥɧɚɥɨɝɢɱɧɨ, ɪɚɫɱɟɬ ɞɥɹ ɬɟɩɥɨɝɨ ɜɪɟɦɟɧɢ ɝɨɞɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ, ɪɚɜɧɭɸ 
ɪɚɡɧɨɫɬɢ ɥɟɬɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tw ɢ ɧɚɱɚɥɶɧɨɣ ɡɢɦɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ toc: 

Δtw = tw - toc                                                                      (5.7) 

η.4 ɇɚɱɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɚɦɵɤɚɧɢɸ ɤɨɧɫɬɪɭɤɰɢɢ, ɜ ɥɟɬɧɟɟ ɢ 
ɡɢɦɧɟɟ ɜɪɟɦɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ ɋɇɢɉ Д3]: 

tow = 0,8 tVII + 0,2 tI;                                                          (5.8) 

toc = 0,2 tVII + 0,8 tI.                                                          (5.9) 

ɇɚɱɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɚɦɵɤɚɧɢɸ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɡɚɤɨɧɱɟɧɧɭɸ 
ɫɢɫɬɟɦɭ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɋɇɢɉ 2.01.07-85* ɞɨɩɭɫɤɚɟɬɫɹ ɭɬɨɱɧɹɬɶ ɞɥɹ ɤɚɠɞɨɝɨ 
ɤɨɧɤɪɟɬɧɨɝɨ ɫɥɭɱɚɹ. 

ɉɪɢ ɪɚɛɨɬɟ ɜ ɬɟɩɥɹɤɚɯ ɧɚɱɚɥɶɧɵɟ ɡɢɦɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɥɢɰɟɜɨɝɨ ɢ ɨɫɧɨɜɧɨɝɨ ɫɥɨɟɜ 
ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɧɢɦɚɬɶ: 

toc = +η°ɋ.                                                                         (5.10) 

η.η ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɫɱɟɬɚ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɫ ɭɱɟɬɨɦ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɫ ɜɧɭɬɪɟɧɧɢɦ 
ɫɥɨɟɦ ɫɬɟɧɵ, ɜɵɩɨɥɧɟɧɧɵɦ ɢɡ ɤɚɦɟɧɧɨɣ ɤɥɚɞɤɢ, ɦɨɧɨɥɢɬɧɨɝɨ ɛɟɬɨɧɚ ɢ ɬ.ɩ., ɧɟɨɛɯɨɞɢɦɨ 
ɤɪɨɦɟ ɬɟɦɩɟɪɚɬɭɪɵ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɡɧɚɬɶ ɬɚɤɠɟ ɢ ɬɟɦɩɟɪɚɬɭɪɭ ɜɧɭɬɪɟɧɧɟɝɨ ɫɥɨɹ ɫɬɟɧɵ. ȼ 
ɫɥɭɱɚɟ ɤɨɝɞɚ ɜɧɭɬɪɟɧɧɢɣ ɫɥɨɣ ɨɬɞɟɥɟɧ ɨɬ ɫɥɨɹ ɨɛɥɢɰɨɜɤɢ ɫɥɨɟɦ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɭɬɟɩɥɢɬɟɥɹ, ɫɭɬɨɱɧɵɟ ɤɨɥɟɛɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɨɥɧɟɱɧɚɹ ɪɚɞɢɚɰɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 
ɫɤɚɡɵɜɚɸɬɫɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɪɟɞɧɢɟ ɩɨ ɫɟɱɟɧɢɸ ɫɥɨɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɫɥɨɹ 
ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɩɨ ɮɨɪɦɭɥɚɦ Д3Ж ɤɚɤ ɞɥɹ ɡɚɳɢɳɟɧɧɵɯ ɨɬ ɞɟɣɫɬɜɢɹ ɫɨɥɧɟɱɧɨɣ 
ɪɚɞɢɚɰɢɢ ɤɨɧɫɬɪɭɤɰɢɣ: 

tw,ɜɫ = tew;                                                                           (5.11) 

tɫ,ɜɫ = tic.                                                                            (5.12) 

Ʉɨɝɞɚ ɦɟɠɞɭ ɥɢɰɟɜɵɦ ɢ ɨɫɧɨɜɧɵɦ ɫɥɨɹɦɢ ɫɬɟɧɵ ɭɬɟɩɥɢɬɟɥɶ ɨɬɫɭɬɫɬɜɭɟɬ, ɫɪɟɞɧɹɹ ɩɨ 
ɫɟɱɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɚ ɨɫɧɨɜɧɨɝɨ ɫɥɨɹ ɦɨɠɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ (5.1) ɞɥɹ ɬɟɩɥɨɝɨ 
ɜɪɟɦɟɧɢ ɝɨɞɚ ɢ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɜɪɟɦɟɧɢ ɝɨɞɚ ɩɨ ɮɨɪɦɭɥɟ: 

tc = tic + 0,6 (tec - tic) - 0,5 ș2.                                            (5.13) 
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η.θ Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɜɵɱɢɫɥɹɸɬ ɩɭɬɟɦ ɭɦɧɨɠɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ 
ɧɨɪɦɚɬɢɜɧɵɯ ɡɧɚɱɟɧɢɣ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ, ɪɚɜɧɵɣ 1,1. 

η.7 ȼɨ ɦɧɨɝɢɯ ɦɚɬɟɪɢɚɥɚɯ ɧɚɪɹɞɭ ɫ ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɦɨɝɭɬ ɪɚɡɜɢɜɚɬɶɫɹ ɞɟɮɨɪɦɚɰɢɢ 
ɭɫɚɞɤɢ ɢɥɢ ɧɚɛɭɯɚɧɢɹ. ɇɚɩɪɢɦɟɪ, ɞɟɮɨɪɦɚɰɢɹɦ ɭɫɚɞɤɢ ɢɥɢ ɧɚɛɭɯɚɧɢɹ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɥɚɠɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ) ɩɨɞɜɟɪɠɟɧɵ ɬɚɤɢɟ ɦɚɬɟɪɢɚɥɵ, ɤɚɤ ɤɥɚɞɤɢ ɢɡ ɫɢɥɢɤɚɬɧɨɝɨ ɤɢɪɩɢɱɚ, 
ɛɟɬɨɧɧɵɯ ɤɚɦɧɟɣ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɤɥɚɞɤɚ ɢɡ ɤɟɪɚɦɢɱɟɫɤɢɯ ɤɚɦɧɟɣ ɢ ɤɢɪɩɢɱɚ ɩɪɚɤɬɢɱɟɫɤɢ 
ɧɟ ɢɫɩɵɬɵɜɚɟɬ ɷɬɢɯ ɞɟɮɨɪɦɚɰɢɣ. ȼɟɥɢɱɢɧɵ ɜɥɚɠɧɨɫɬɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɦɨɝɭɬ ɛɵɬɶ 
ɫɨɩɨɫɬɚɜɢɦɵ ɫ ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ. ȼ ɪɚɫɱɟɬɚɯ ɜɥɚɠɧɨɫɬɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ξ(sh) ɦɨɝɭɬ 
ɡɚɞɚɜɚɬɶɫɹ ɫ ɩɨɦɨɳɶɸ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ T(sh)ɷɤɜ: 

T(sh)ɷɤɜ = ξ(sh)/αt,                                                             (5.14) 

ɝɞɟ αt - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. 

ɇɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ ɞɟɮɨɪɦɚɰɢɢ ɭɫɚɞɤɢ ɩɪɨɬɟɤɚɸɬ ɜ ɩɟɪɜɵɟ ɦɟɫɹɰɵ ɫ ɦɨɦɟɧɬɚ 
ɜɨɡɜɟɞɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ. ɉɨɫɤɨɥɶɤɭ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɜɪɟɦɹ ɜɨɡɜɟɞɟɧɢɹ ɪɚɡɥɢɱɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɧɟ ɜɫɟɝɞɚ ɦɨɠɟɬ ɛɵɬɶ ɡɚɪɚɧɟɟ ɫɩɥɚɧɢɪɨɜɚɧɨ, ɪɚɫɱɟɬ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 
ɩɪɨɢɡɜɨɞɢɬɶ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɨɱɟɬɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ. 

ɉɪɢɦɟɪ ɨɩɪɟɞɟɥɟɧɢя ɪаɡɧɨɫɬɢ ɬɟɦɩɟɪаɬɭɪ 

Ɇɟɫɬɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɝ. Ɇɨɫɤɜɚ. 

Ʉɨɧɫɬɪɭɤɰɢɹ ɧɚɪɭɠɧɨɣ ɫɬɟɧɵ: ɥɢɰɟɜɨɣ ɫɥɨɣ ɬɨɥɳɢɧɨɣ 12 ɫɦ ɢɡ ɤɪɚɫɧɨɝɨ ɝɥɢɧɹɧɨɝɨ 
ɤɢɪɩɢɱɚ, ɨɫɧɨɜɧɨɣ ɫɥɨɣ ɬɨɥɳɢɧɨɣ 20 ɫɦ ɢɡ ɛɟɬɨɧɧɵɯ ɤɚɦɧɟɣ, ɦɟɠɞɭ ɧɢɦɢ ɫɥɨɣ 
ɩɟɧɨɩɨɥɢɫɬɢɪɨɥɚ. 

ɋɪɟɞɧɢɟ ɫɭɬɨɱɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɪɚɜɧɵ: ɜ ɥɟɬɧɟɟ ɜɪɟɦɹ: 

tew = tVII + 6 = 20 + θ = 2θ°ɋ; 

ɜ ɡɢɦɧɟɟ ɜɪɟɦɹ: 

tec = tI- ΔI = -10 - 20 = -30°ɋ. 

ɜ ɦɟɠɫɟɡɨɧɶɟ: 

te ɨɫɟɧɶ = 0°ɋ. 

ɇɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɥɢɰɟɜɨɝɨ ɫɥɨɹ, ɩɨɞɫɱɢɬɚɧɧɵɟ ɩɨ ɮɨɪɦɭɥɚɦ (5.1) ɢ 
(5.2) ɤɚɤ ɞɥɹ ɧɟɨɬɚɩɥɢɜɚɟɦɨɝɨ ɡɞɚɧɢɹ, ɪɚɜɧɵ: 

ɧɚ ɫɨɥɧɟɱɧɨɣ ɫɬɨɪɨɧɟ: 

tw,ɧɫ = tew + ș1 + ș4 = 2θ + 8 + 12,7 = 4θ,7°ɋ, 

ɝɞɟ 

ș4 = 0,0ηρSmaxkk1 = 0,0η·0,7·θ03·1,0·0,θ = 12,7°ɋ. 

tc,ɧɫ = tec – 0,η ș1 = -30° - 0,5·8 = -34°ɋ. 
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ɜ ɬɟɧɢ 

tw,ɧɫ = tew + ș1 + ș4 = 2θ + 8 = 34°ɋ. 

ɇɚɱɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɚɦɵɤɚɧɢɸ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɡɚɤɨɧɱɟɧɧɭɸ 
ɫɢɫɬɟɦɭ, ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɚɦ (23), (24) Д3Ж: ɜ ɥɟɬɧɟɟ ɜɪɟɦɹ: 

tow = 0,8 tVII + 0,2 tI = 0,8·20 + 0,2(-10) = 14°ɋ. 

ɜ ɡɢɦɧɟɟ ɜɪɟɦɹ: 

toc = 0,2 tVII + 0,8 tI = 0,2·20 + 0,8(-10) = -4°ɋ. 

ɜ ɦɟɠɫɟɡɨɧɶɟ: 

tШɨɫɟɧɶ = 0°ɋ. 

ȼɵɱɢɫɥɢɦ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɩɟɪɢɨɞɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɡɚɦɵɤɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ. 

1. Ɋɚɡɧɨɫɬɶ ɥɟɬɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tw,ɧɫ ɢ ɧɚɱɚɥɶɧɨɣ ɡɢɦɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ toc ɞɥɹ ɥɢɰɟɜɨɝɨ 
ɫɥɨɹ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɧɚ ɫɨɥɧɟɱɧɨɣ ɫɬɨɪɨɧɟ, ɪɚɜɧɚ: 

Δtw,ɧɫ = tw,ɧɫ - toc = 46,7 - (-4) = η0,7°ɋ. 

Ɋɚɡɧɨɫɬɶ ɥɟɬɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tw,ɜɫ ɢ ɧɚɱɚɥɶɧɨɣ ɡɢɦɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ toc ɞɥɹ ɜɧɭɬɪɟɧɧɟɝɨ 
ɫɥɨɹ, ɨɬɞɟɥɟɧɧɨɝɨ ɨɬ ɧɚɪɭɠɧɨɝɨ ɫɥɨɟɦ ɭɬɟɩɥɢɬɟɥɹ, ɚ ɬɚɤɠɟ ɩɥɢɬ ɩɟɪɟɤɪɵɬɢɣ, ɜɧɭɬɪɟɧɧɢɯ 
ɫɬɟɧ ɢ ɬ.ɩ.: 

Δtw,ɜɫ = Δtw,ɩɟɪ = tw,ɜɫ - toc = 26 - (-4) = 30°ɋ. 

2. Ɋɚɡɧɨɫɬɶ ɥɟɬɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tw,ɧɫ ɢ ɧɚɱɚɥɶɧɨɣ ɡɢɦɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ toc ɞɥɹ ɥɢɰɟɜɨɝɨ 
ɫɥɨɹ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɬɟɧɢ, ɪɚɜɧɚ: 

Δtw,ɧɫ = tw,ɧɫ - toc = 34 - (-4) = 38°ɋ. 

Ɋɚɡɧɨɫɬɶ ɥɟɬɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tа,ɜɫ ɢ ɧɚɱɚɥɶɧɨɣ ɡɢɦɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ toc ɞɥɹ ɜɧɭɬɪɟɧɧɟɝɨ 
ɫɥɨɹ, ɨɬɞɟɥɟɧɧɨɝɨ ɨɬ ɧɚɪɭɠɧɨɝɨ ɫɥɨɟɦ ɭɬɟɩɥɢɬɟɥɹ, ɚ ɬɚɤɠɟ ɩɥɢɬ ɩɟɪɟɤɪɵɬɢɣ, ɜɧɭɬɪɟɧɧɢɯ 
ɫɬɟɧ ɢ ɬ.ɩ.: 

Δtw,ɜɫ = Δtw,ɩɟɪ = tw,ɜɫ - tШМ = 30°ɋ. 

3. Ɋɚɡɧɨɫɬɶ ɥɟɬɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tw,ɧɫ ɢ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɦɟɠɫɟɡɨɧɶɟ tШɨɫɟɧɶ ɞɥɹ 
ɥɢɰɟɜɨɝɨ ɫɥɨɹ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɧɚ ɫɨɥɧɟɱɧɨɣ ɫɬɨɪɨɧɟ, ɪɚɜɧɚ: 

Δtw,ɧɫ = tw,ɧɫ - tШɨɫɟɧɶ = 46,7 - 0 = 4θ,7°ɋ. 

Ɋɚɡɧɨɫɬɶ ɥɟɬɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tw,ɜɫ ɢ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɦɟɠɫɟɡɨɧɶɟ toc ɞɥɹ 
ɜɧɭɬɪɟɧɧɟɝɨ ɫɥɨɹ, ɨɬɞɟɥɟɧɧɨɝɨ ɨɬ ɧɚɪɭɠɧɨɝɨ ɫɥɨɟɦ ɭɬɟɩɥɢɬɟɥɹ, ɚ ɬɚɤɠɟ ɩɥɢɬ ɩɟɪɟɤɪɵɬɢɣ, 
ɜɧɭɬɪɟɧɧɢɯ ɫɬɟɧ ɢ ɬ.ɩ. ɪɚɜɧɚ: 

Δtw,ɜɫ = Δtw,ɩɟɪ = tw,ɩɟɪ - tШɨɫɟɧɶ = 2θ – 0 = 2θ°ɋ. 
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4. Ɋɚɡɧɨɫɬɶ ɥɟɬɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tw,ɧɫ ɢ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɦɟɠɫɟɡɨɧɶɟ tШɨɫɟɧɶ ɞɥɹ 
ɥɢɰɟɜɨɝɨ ɫɥɨɹ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɬɟɧɢ, ɪɚɜɧɚ: 

Δtw,ɧɫ = tw,ɧɫ - tШɨɫɟɧɶ = 34 - 0 = 34°ɋ. 

Ɋɚɡɧɨɫɬɶ ɥɟɬɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tw,ɜɫ ɢ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɦɟɠɫɟɡɨɧɶɟ tШɨɫɟɧɶ ɞɥɹ 
ɜɧɭɬɪɟɧɧɟɝɨ ɫɥɨɹ, ɨɬɞɟɥɟɧɧɨɝɨ ɨɬ ɧɚɪɭɠɧɨɝɨ ɫɥɨɟɦ ɭɬɟɩɥɢɬɟɥɹ, ɚ ɬɚɤɠɟ ɩɥɢɬ ɩɟɪɟɤɪɵɬɢɣ, 
ɜɧɭɬɪɟɧɧɢɯ ɫɬɟɧ ɢ ɬ.ɩ. ɪɚɜɧɚ: 

Δtw,ɜɫ = Δtw,ɩɟɪ = tw,ɩɟɪ - tШɨɫɟɧɶ = 2θ°ɋ. 

η. Ɋɚɡɧɨɫɬɶ ɡɢɦɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tw,ɧɫ ɢ ɧɚɱɚɥɶɧɨɣ ɥɟɬɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ toc ɞɥɹ ɥɢɰɟɜɨɝɨ 
ɫɥɨɹ ɪɚɜɧɚ: 

Δtc,ɧɫ = tc,ɧɫ - tow = -34 - 14 = -48°ɋ. 

Ɋɚɡɧɨɫɬɶ ɡɢɦɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tc,ɜɫ ɩɪɢ ɧɟɩɨɥɧɨɦ ɨɬɨɩɥɟɧɢɢ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ 
ɧɚɱɚɥɶɧɨɣ ɥɟɬɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ toМ ɞɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɥɨɹ, ɨɬɞɟɥɟɧɧɨɝɨ ɨɬ ɧɚɪɭɠɧɨɝɨ ɫɥɨɟɦ 
ɭɬɟɩɥɢɬɟɥɹ, ɚ ɬɚɤɠɟ ɩɥɢɬ ɩɟɪɟɤɪɵɬɢɣ, ɜɧɭɬɪɟɧɧɢɯ ɫɬɟɧ ɢ ɬ.ɩ. ɪɚɜɧɚ: 

Δtɫ,ɩɟɪ = tɫ,ɩɟɪ, ɫɬɪɨɣɤɚ - tow = 10 - 14 = -4°ɋ. 

θ. Ɋɚɡɧɨɫɬɶ ɡɢɦɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tc,ɧɫ ɢ ɧɚɱɚɥɶɧɨɣ ɥɟɬɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ toc ɞɥɹ ɥɢɰɟɜɨɝɨ 
ɫɥɨɹ ɪɚɜɧɚ: 

Δtc,ɧɫ = tc,ɧɫ - tow = -48°ɋ. 

Ɋɚɡɧɨɫɬɶ ɡɢɦɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tc,ɧɫ ɜ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɧɚɱɚɥɶɧɨɣ ɥɟɬɧɟɣ 
ɬɟɦɩɟɪɚɬɭɪɵ tow ɞɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɥɨɹ, ɨɬɞɟɥɟɧɧɨɝɨ ɨɬ ɧɚɪɭɠɧɨɝɨ ɫɥɨɟɦ ɭɬɟɩɥɢɬɟɥɹ, ɚ 
ɬɚɤɠɟ ɩɥɢɬ ɩɟɪɟɤɪɵɬɢɣ, ɜɧɭɬɪɟɧɧɢɯ ɫɬɟɧ ɢ ɬ.ɩ. ɪɚɜɧɚ: 

Δtɫ,ɩɟɪ = tɫ,ɩɟɪ - tow = 20 – 14 = θ°ɋ. 

7. Ɋɚɡɧɨɫɬɶ ɡɢɦɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tc,ɧɫ ɜ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 
ɦɟɠɫɟɡɨɧɶɟ tШɨɫɟɧɶ ɞɥɹ ɧɚɪɭɠɧɨɝɨ ɫɥɨɹ ɪɚɜɧɚ: 

Δtc,ɧɫ = tc,ɧɫ - tШɨɫɟɧɶ = -34 – 0 = -34°ɋ. 

Ɋɚɡɧɨɫɬɶ ɡɢɦɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tc,ɧɫ ɜ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 
ɦɟɠɫɟɡɨɧɶɟ tШɨɫɟɧɶ ɞɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɥɨɹ, ɨɬɞɟɥɟɧɧɨɝɨ ɨɬ ɧɚɪɭɠɧɨɝɨ ɫɥɨɟɦ ɭɬɟɩɥɢɬɟɥɹ, ɚ 
ɬɚɤɠɟ ɩɥɢɬ ɩɟɪɟɤɪɵɬɢɣ, ɜɧɭɬɪɟɧɧɢɯ ɫɬɟɧ ɢ ɬ.ɩ. ɪɚɜɧɚ: 

Δtɫ,ɩɟɪ = tɫ,ɩɟɪ - tШɨɫɟɧɶ = 20 – 0 = 20°ɋ. 

8. Ɋɚɡɧɨɫɬɶ ɡɢɦɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tw,ɧɫ ɢ ɧɚɱɚɥɶɧɨɣ ɥɟɬɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ toc ɞɥɹ ɥɢɰɟɜɨɝɨ 
ɫɥɨɹ ɪɚɜɧɚ: 

Δtc,ɧɫ = tc,ɧɫ - tow = -34 – 14 = -48°ɋ. 

Ɋɚɡɧɨɫɬɶ ɡɢɦɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ tc,ɜɫ ɩɪɢ ɧɟɩɨɥɧɨɦ ɨɬɨɩɥɟɧɢɢ ɜ ɩɟɪɢɨɞ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ 
ɧɚɱɚɥɶɧɨɣ ɥɟɬɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ toМ ɞɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɥɨɹ, ɨɬɞɟɥɟɧɧɨɝɨ ɨɬ ɧɚɪɭɠɧɨɝɨ ɫɥɨɟɦ 
ɭɬɟɩɥɢɬɟɥɹ, ɚ ɬɚɤɠɟ ɩɥɢɬ ɩɟɪɟɤɪɵɬɢɣ, ɜɧɭɬɪɟɧɧɢɯ ɫɬɟɧ ɢ ɬ.ɩ., ɪɚɜɧɚ: 



Δtɫ,ɩɟɪ = tɫ,ɩɟɪ, ɫɬɪɨɣɤɚ - tow = 14 - 14 = 0°ɋ. 

6 ɉɪɢɦɟɪɵ ɨɩɪɟɞɟɥɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ 
ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɤɥɚɞɤɟ 
ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ ɜ 
ɝɢɛɤɢɯ ɫɜɹɡɹɯ. ɇɚɡɧɚɱɟɧɢɟ ɪɚɫɫɬɨɹɧɢɣ 
ɦɟɠɞɭ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦɢ 
ɲɜɚɦɢ ɜ ɥɢɰɟɜɨɦ ɫɥɨɟ ɤɥɚɞɤɢ 
6.ͷ ʝ˒˓ˈˇˈˎˈːˋˈ ˆˑ˓ˋˊˑː˕˃ˎ˟ː˞˘ ˓˃˔˕ˢˆˋ˅˃ˡщˋ˘ ː˃˒˓ˢˉˈːˋˌ ˅ ˍˎ˃ˇˍˈ 
ˎˋ˙ˈ˅ˑˆˑ ˔ˎˑˢ. ʞ˓ˑ˅ˈ˓ˍ˃ ˒˓ˑ˚ːˑ˔˕ˋ ˍˎ˃ˇˍˋ ˎˋ˙ˈ˅ˑˆˑ ˔ˎˑˢ ː˃ ˓˃˔˕ˢˉˈːˋˈ 

Ɋɚɫɫɦɨɬɪɢɦ Ƚ-ɨɛɪɚɡɧɵɣ ɮɪɚɝɦɟɧɬ (ɫɦ. ɪɢɫ. 5) ɫ ɞɥɢɧɨɣ ɩɨ 3 ɢ θ ɦ ɫ ɞɜɭɦɹ ɜɟɪɬɢɤɚɥɶɧɵɦɢ 
ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɲɜɚɦɢ. Ʉɥɚɞɤɚ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɜɵɩɨɥɧɟɧɚ ɢɡ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɤɢɪɩɢɱɚ 
ɦɚɪɤɢ 100 ɧɚ ɪɚɫɬɜɨɪɟ ɦɚɪɤɢ η0. 

Ɍɨɥɳɢɧɚ ɫɥɨɹ ɨɛɥɢɰɨɜɤɢ ɪɚɜɧɹɥɚɫɶ 12 ɫɦ. Ʉɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɤɥɚɞɤɢ 
ɨɫ, ɢɡ ɝɥɢɧɹɧɨɝɨ ɤɢɪɩɢɱɚ ɩɪɢɧɹɬ 0,00000η. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɤɥɚɞɤɟ ɩɪɨɢɡɜɨɞɢɦ ɩɪɢ ɪɚɫɱɟɬɧɨɦ ɩɟɪɟɩɚɞɟ 
ɬɟɦɩɟɪɚɬɭɪɵ Δt = η0°ɋ. Ʌɢɰɟɜɨɣ ɫɥɨɣ ɡɚɤɪɟɩɥɟɧ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɝɢɛɤɢɦɢ 
ɫɬɚɥɶɧɵɦɢ ɫɜɹɡɹɦɢ. 

Ʉɪɚɣɧɢɟ ɫɜɹɡɢ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 2η ɫɦ ɨɬ ɭɝɥɚ. ɋɥɟɞɭɸɳɢɣ ɪɹɞ ɫɜɹɡɟɣ ɨɬɫɬɨɢɬ 
ɨɬ ɧɢɯ ɧɚ 2η ɫɦ. ɒɚɝ ɨɫɬɚɥɶɧɵɯ ɫɜɹɡɟɣ ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ η0 ɫɦ. ɒɚɝ ɫɜɹɡɟɣ ɩɨ ɜɵɫɨɬɟ η0 ɫɦ. 
ɋɟɱɟɧɢɟ ɫɜɹɡɟɣ ØθȺ240. Ɉɩɢɪɚɧɢɟ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɩɪɨɢɡɜɟɞɟɧɨ ɧɚ ɤɟɪɚɦɡɢɬɨɛɟɬɨɧɧɭɸ 
ɛɚɥɤɭ ɫɟɱɟɧɢɟɦ, ɫɨɟɞɢɧɟɧɧɵɦ ɫ ɩɥɢɬɨɣ ɩɟɪɟɤɪɵɬɢɹ ɤɨɧɫɨɥɶɧɵɦɢ ɪɟɛɪɚɦɢ. 

Ɋɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɥɚɞɤɢ ɫɠɚɬɢɸ R ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 2 Д1Ж ɪɚɜɧɨ 1,η 
Ɇɉɚ. Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ЕШ ɨɩɪɟɞɟɥɹɥɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

ЕШ = αRu = 1000×3,0 = 3000 Ɇɉɚ, 

ɝɞɟ α - ɭɩɪɭɝɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɥɚɞɤɢ, ɩɪɢɧɢɦɚɟɦɚɹ ɩɨ ɬɚɛɥɢɰɟ 1η Д1Ж ɞɥɹ ɤɥɚɞɤɢ ɢɡ 
ɝɥɢɧɹɧɨɝɨ ɤɢɪɩɢɱɚ ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ɪɚɜɧɨɣ 1000; 

Ru - ɜɪɟɦɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɥɚɞɤɢ ɫɠɚɬɢɸ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ ɮɨɪɦɭɥɟ (3) Д1]: 

Ru = kR = 2×1,η = 3 Ɇɉɚ; 

k - ɤɨɷɮɮɢɰɢɟɧɬ, ɩɪɢɧɢɦɚɟɦɵɣ ɩɨ ɬɚɛɥɢɰɟ 14 Д1Ж ɞɥɹ ɤɥɚɞɤɢ ɢɡ ɤɢɪɩɢɱɚ ɪɚɜɧɵɦ 2,0. 
Ɇɨɞɭɥɶ ɞɟɮɨɪɦɚɰɢɣ ɤɥɚɞɤɢ Еɤ ɨɩɪɟɞɟɥɹɥɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

Еɤ = ЕШ/Ș = 3000/2,2 = 13θ4 Ɇɉɚ; 
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Ș - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɩɨɥɡɭɱɟɫɬɢ ɤɥɚɞɤɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ Д1Ж ɢ 
ɪɚɜɧɵɣ ɞɥɹ ɤɥɚɞɤɢ ɢɡ ɝɥɢɧɹɧɨɝɨ ɤɢɪɩɢɱɚ 2,2. 

Ɋɚɫɱɟɬɧɭɸ ɫɭɦɦɚɪɧɭɸ ɞɥɢɧɭ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.7): 

L = Lx+ Lв= θ + 3 = 9 ɦ. 

Ɇɚɤɫɢɦɚɥɶɧɭɸ ɜɟɥɢɱɢɧɭ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɤɥɚɞɤɟ ɥɢɰɟɜɨɝɨ 
ɫɥɨɹ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.5): 

σ = (0,θ7 + 0,0088 L)EɤαtΔt = (0,θ7 + 0,0088 × 9) 13θ4 × 0,00000η × η0 = 0,2θ Ɇɉɚ. 

Ƚɨɪɢɡɨɧɬɚɥɶɧɨɟ ɭɫɢɥɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɜ ɤɥɚɞɤɟ ɥɢɰɟɜɨɝɨ ɫɥɨɹ, ɪɚɜɧɨ: 

N = σА = 0,2θ × 0,12 = 0,03 Ɇɇ. 

ɝɞɟ А - ɩɥɨɳɚɞɶ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɤɥɚɞɤɢ ɥɢɰɟɜɨɝɨ ɫɥɨɹ ɛɪɭɬɬɨ (ɫ ɭɱɟɬɨɦ ɩɥɨɳɚɞɢ 
ɫɟɱɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɲɜɨɜ) ɜɵɫɨɬɨɣ 1 ɦ, ɪɚɜɧɚɹ: 

А = 0,12 × 1,0 = 0,12 ɦ2. 

ɉɪɨɱɧɨɫɬɶ ɧɟɚɪɦɢɪɨɜɚɧɧɨɣ ɤɥɚɞɤɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɩɪɨɜɟɪɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (2.1): 

Nt = RtAnt = 0,18 × 0,06 =0,011 Ɇɇ < m1N = 1 × 0,03 Ɇɇ; 

ɝɞɟ Ant - ɩɥɨɳɚɞɶ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɫɟɱɟɧɢɹ ɤɥɚɞɤɢ ɩɨ ɤɢɪɩɢɱɭ ɧɟɬɬɨ (ɡɚ ɜɵɱɟɬɨɦ ɩɥɨɳɚɞɢ 
ɫɟɱɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɲɜɨɜ), ɪɚɜɧɚɹ: 

Ant = А/2 = 0,12/2 = 0,0θ ɦ2; 

Rt - ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɥɚɞɤɢ ɪɚɫɬɹɠɟɧɢɸ ɩɨ ɩɟɪɟɜɹɡɚɧɧɨɦɭ ɫɟɱɟɧɢɸ, 
ɩɪɢɧɢɦɚɟɦɨɟ ɩɨ ɬɚɛɥɢɰɟ 11 Д1Ж ɢ ɪɚɜɧɨɟ 0,18 Ɇɉɚ ɞɥɹ ɤɥɚɞɤɢ ɢɡ ɤɢɪɩɢɱɚ ɦɚɪɤɢ ɩɨ 
ɩɪɨɱɧɨɫɬɢ 100. 

ɉɨɫɤɨɥɶɤɭ ɩɪɨɱɧɨɫɬɶ ɤɥɚɞɤɢ ɧɟ ɨɛɟɫɩɟɱɟɧɚ, ɜɵɩɨɥɧɢɦ ɟɟ ɚɪɦɢɪɨɜɚɧɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ 
ɫɬɚɥɶɧɵɦɢ ɫɟɬɤɚɦɢ. 

ɉɪɨɱɧɨɫɬɶ ɚɪɦɢɪɨɜɚɧɧɨɣ ɤɥɚɞɤɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɩɪɨɜɟɪɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (2.2): 

Nt = γcsRsAs ≥ 0,7η × 21ηAs ≥ m1N = 1 × 0,03 = 0,03 Ɇɇ, 

ɝɞɟ Rs - ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ ɫɟɬɤɢ, ɩɪɢɧɢɦɚɟɦɨɟ ɩɨ Д6Ж ɞɥɹ 
ɚɪɦɚɬɭɪɵ ɤɥɚɫɫɚ Ⱥ240 ɪɚɜɧɵɦ 21η Ɇɉɚ; 

γcs - ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɬɚɛɥɢɰɟ 13 Д1Ж. ɉɪɢ ɚɪɦɢɪɨɜɚɧɢɢ 

ɫɟɬɤɚɦɢ γcs = 0,75; 

As - ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ. Ɉɬɫɸɞɚ ɬɪɟɛɭɟɦɨɟ ɫɟɱɟɧɢɟ ɩɪɨɞɨɥɶɧɨɣ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɚɪɦɚɬɭɪɵ ɜ ɥɢɰɟɜɨɦ ɫɥɨɟ ɤɥɚɞɤɢ ɜɵɫɨɬɨɣ 1,0 ɦ ɪɚɜɧɨ: 

As = m1N/(γcsRs) = 0,03/(0,75 × 215) = 0,000186 ɦ2 = 1,86 ɫɦ2. 
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ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɛɵɥɨ ɛɵ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɫɟɬɤɢ ɫ ɩɪɨɞɨɥɶɧɨɣ 
ɚɪɦɚɬɭɪɨɣ ɧɚɢɦɟɧɶɲɟɝɨ ɞɢɚɦɟɬɪɚ (3 ɦɦ) ɢ ɪɚɫɩɨɥɚɝɚɬɶ ɢɯ ɱɚɳɟ. ɉɪɢɦɟɧɟɧɢɟ ɫɟɬɨɤ ɢɡ 
ɚɪɦɚɬɭɪɵ ɞɢɚɦɟɬɪɨɦ ɛɨɥɶɲɟ η ɦɦ ɩɪɢɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɬɨɥɳɢɧɵ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ 
ɪɚɫɬɜɨɪɧɵɯ ɲɜɨɜ ɜ ɦɟɫɬɚɯ ɩɟɪɟɯɥɟɫɬɚ ɫɟɬɨɤ. 

ɉɪɢɧɢɦɚɟɦ ɚɪɦɢɪɨɜɚɧɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɫɟɬɤɚɦɢ ɫ ɬɪɟɦɹ ɩɪɨɞɨɥɶɧɵɦɢ ɫɬɟɪɠɧɹɦɢ 
ɱɟɪɟɡ ɱɟɬɵɪɟ ɪɹɞɚ ɤɥɚɞɤɢ (з31 ɫɦ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɟɛɭɟɦɚɹ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɨɞɧɨɝɨ 
ɩɪɨɞɨɥɶɧɨɝɨ ɫɬɟɪɠɧɹ ɪɚɜɧɚ: 

Аs = 1,8θ/Д3(100/31)Ж = 0,192 ɫɦ2. 

ɉɪɢɧɢɦɚɟɦ ɞɢɚɦɟɬɪ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ η ɦɦ (Аs = 0,19θ ɫɦ2). 

ɉɨɩɟɪɟɱɧɭɸ ɚɪɦɚɬɭɪɭ ɧɚɡɧɚɱɚɟɦ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɢɡ ɚɪɦɚɬɭɪɵ ɞɢɚɦɟɬɪɨɦ 3 ɦɦ ɫ ɲɚɝɨɦ 
200 ɦɦ. 

ɇɚɢɛɨɥɶɲɚɹ ɜɟɥɢɱɢɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɞɟɣɫɬɜɭɟɬ ɜ ɧɢɠɧɟɣ 
ɬɪɟɬɢ ɫɬɟɧɵ, ɬ.ɟ. ɧɚ ɜɵɫɨɬɟ ɨɬ ɨɩɨɪɵ ɨɤɨɥɨ 1 ɦ. ȼɵɲɟ ɚɪɦɢɪɨɜɚɧɢɟ ɜɵɩɨɥɧɹɟɬɫɹ 
ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɬɟɦɢ ɠɟ ɫɟɬɤɚɦɢ ɫ ɲɚɝɨɦ ɱɟɪɟɡ ɞɟɫɹɬɶ ɪɹɞɨɜ ɤɥɚɞɤɢ (з77 ɫɦ). 

ɇɚ ɭɝɥɚɯ ɢɡɝɢɛɚɸɳɢɟ ɦɨɦɟɧɬɵ ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ ɜɵɫɨɬɟ ɫɬɟɧɵ ɞɨɜɨɥɶɧɨ ɪɚɜɧɨɦɟɪɧɨ. 
ɉɨɷɬɨɦɭ ɚɪɦɢɪɨɜɚɧɢɟ ɬɚɦ ɜɵɩɨɥɧɹɟɬɫɹ ɫɟɬɤɚɦɢ ɱɟɪɟɡ ɞɜɚ ɪɹɞɚ ɧɚ ɜɫɸ ɜɵɫɨɬɭ ɫɬɟɧɵ. 

ɋɨɟɞɢɧɟɧɢɟ ɩɟɪɟɫɟɤɚɸɳɢɯɫɹ ɫɟɬɨɤ ɧɚ ɭɝɥɚɯ ɫɬɟɧ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ Ƚ-ɨɛɪɚɡɧɵɦɢ 
ɫɜɚɪɧɵɦɢ ɫɟɬɤɚɦɢ. ɇɚ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɭɱɚɫɬɤɚɯ ɞɨɩɭɫɤɚɟɬɫɹ ɭɤɥɚɞɵɜɚɬɶ ɫɟɬɤɢ ɜɧɚɯɥɟɫɬ. 
ɉɨɞɪɨɛɧɟɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɚɪɦɢɪɨɜɚɧɢɸ ɩɪɢɜɟɞɟɧɵ ɜ Д1], [2]. 

6.͸ ʝ˒˓ˈˇˈˎˈːˋˈ ˓˃˔˕ˢˆˋ˅˃ˡщˋ˘ ˖˔ˋˎˋˌ ˅ ˆˋ˄ˍˋ˘ ˔˅ˢˊˢ˘ 

Ⱦɥɹ Ƚ-ɨɛɪɚɡɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɫ ɝɚɛɚɪɢɬɚɦɢ θ × 3ɦ ɨɩɪɟɞɟɥɢɦ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɭɫɢɥɢɹ ɜ 
ɝɢɛɤɢɯ ɫɜɹɡɹɯ. 

Ⱦɥɹ Ƚ-ɨɛɪɚɡɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɫ ɞɜɭɦɹ ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɲɜɚɦɢ ɧɚɡɧɚɱɟɧɢɟ ɪɚɫɱɟɬɧɨɣ 
ɫɭɦɦɚɪɧɨɣ ɞɥɢɧɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (3.6) ɢ (3.7) ɢ ɩɪɢɧɢɦɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɢɡ 
ɞɜɭɯ ɡɧɚɱɟɧɢɣ: 

L = Lx + 0,25Ly/Lб = θ + 0,2η × 3/θ = θ,12 ɦ; 

L = Ly + 0,25 Lб/Lв = 3 + 0,2η × θ/3 = 3,η ɦ. 

ɉɨɫɤɨɥɶɤɭ L = θ,12 ɦ < 8,η ɦ, ɦɚɤɫɢɦɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɭɫɢɥɢɹ ɜ ɝɢɛɤɢɯ ɫɜɹɡɹɯ 
ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (3.5): 

N = l,65 [dL2 + e] EɤαЭΔt = 1,θη (0,0η × θ,122 + 0,1η) 3000/2,2 × 0,00000η × η0,7 = 1,1η ɤɇ. 

ɉɪɨɜɟɪɤɚ ɩɪɨɱɧɨɫɬɢ ɫɜɹɡɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (3.1): 

Nt,s = AsRs = 28 × 215 = 5992 H = 5,9 ɤɇ > m1m2N = 1 × 2 × 1,15 = 3,3 ɤɇ. 

As - ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ ɫɜɹɡɢ ɞɢɚɦɟɬɪɨɦ θ ɦɦ, ɪɚɜɧɚɹ 28 ɦɦ2; 
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Rs - ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɞɨɥɶɧɨɣ ɚɪɦɚɬɭɪɵ, ɩɪɢɧɢɦɚɟɦɨɟ ɩɨ Д6Ж ɞɥɹ ɚɪɦɚɬɭɪɵ 
ɤɥɚɫɫɚ Ⱥ240 ɪɚɜɧɵɦ 21η Ɇɉɚ. 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
1. ɋɇɢɉ II 22-81*. Ʉɚɦɟɧɧɵɟ ɢ ɚɪɦɨɤɚɦɟɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ. 

2. ɉɨɫɨɛɢɟ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɤɚɦɟɧɧɵɯ ɢ ɚɪɦɨɤɚɦɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. 

3. ɋɇɢɉ 2.01.07-85*. ɇɚɝɪɭɡɤɢ ɢ ɜɨɡɞɟɣɫɬɜɢɹ. 

4. ɋɇɢɉ II-3-79*. ɋɬɪɨɢɬɟɥɶɧɚɹ ɬɟɩɥɨɬɟɯɧɢɤɚ (ɫɩɪɚɜɨɱɧɨ, ɨɬɦɟɧɟɧ 01.10.2003 ɝ.). 

5. ɋɇɢɉ 23-01-99*. ɋɬɪɨɢɬɟɥɶɧɚɹ ɤɥɢɦɚɬɨɥɨɝɢɹ. 

6. ɋɇɢɉ η2-01-2003. Ȼɟɬɨɧɧɵɟ ɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɥɚɞɤɚ ɥɢɰɟɜɨɝɨ ɫɥɨɹ, ɝɢɛɤɢɟ ɫɜɹɡɢ, ɜɟɪɬɢɤɚɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ 
ɲɜɵ, ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɟ 
ɜɨɡɞɟɣɫɬɜɢɹ 
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