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Ɋɟɡɢɦɟ: 

ɍ ɨɤɜɢɪɭ ɨɜɨɝ ɪɚɞɚ, ɢɡɜɪɲɟɧɨ ʁɟ ɩɪɢɤɭɩʂɚʃɟ, ɫɢɫɬɟɦɚɬɢɡɚɰɢʁɚ ɢ ɚɧɚɥɢɡɚ ɩɨɞɚɬɚɤɚ 
ɜɟɡɚɧɢɯ ɡɚ ɝɪɭɩɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ. Ɉɩɢɫɚɧɚ ʁɟ ʃɢɯɨɜɚ ɭɥɨɝɚ, ɤɚɪɚɤɬɟɪɢɫɬɢɤɟ ɢ ɩɨɞɟɥɟ 
ɡɚɜɪɬʃɟɜɚ, ɨɞɧɨɫɧɨ ɫɜɢ ɛɢɬɧɢ ɟɥɟɦɟɧɬɢ ɜɟɡɚɧɢ ɡɚ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ. Ɉɛʁɚɲʃɟɧɢ ɫɭ 
ɧɚɱɢɧɢ ɨɫɬɜɚɪɢɜɚʃɚ ɡɚɜɪɬɚʃɫɤɢɯ ɜɟɡɚ ɤɚɨ ɢ ɭɡɞɭɠɧɨ ɢ ɩɨɩɪɟɱɧɨ ɨɩɬɟɪɟʄɟɧɟ 
ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ.Ɍɚɤɨђɟ ɫɭ, ɧɚ ɤɨɧɤɪɟɬɧɢɦ ɩɪɢɦɟɪɢɦɚ, ɩɪɢɤɚɡɚɧɢ ɩɪɨɪɚɱɭɧɢ ɝɪɭɩɧɢɯ 
ɡɚɜɪɬɚʃɫɤɢɯ ɜɟɡɚ. 

 

Ʉʂɭɱɧɟ ɪɟɱɢ: ɇɚɜɨʁɧɢ ɫɩɨʁɟɜɢ, ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ, ɭɡɞɭɠɧɨ ɨɩɬɟɪɟʄɟɧɟ ɡɚɜɪɬɚʃɫɤɟ 
ɜɟɡɟ, ɩɨɩɪɟɱɧɨ ɨɩɬɟɪɟʄɟɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ, ɫɥɨɠɟɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ. 

 

 

 

 

ABSTRACT: 

 
In this work, there were collection, systematization and analysis of data related to the group 

bolted connections. The work described their development, characteristics and divisions of 

screws and all important elements related to bolted connections. There were described a 

methods of achieving bolted connection as both longitudinally and transversely loaded bolted 

connection. Also, in the specific examples, the present calculations of group bolted 

connection. 
 

Keywords: Threaded connections, bolted connections, longitudinally loaded bolted 

connections, cross-loaded bolted connections, complex bolted connections. 
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1. Увоɞ 

ɇɚɜɨʁɧɢ ɫɩɨʁ ɩɪɟɞɫɬɚɜʂɚ ɜɟɡɭ ɞɜɚ ɢɥɢ ɜɢɲɟ ɦɚɲɢɧɫɤɢɯ ɞɟɥɨɜɚ, ɤɨʁɚ ʁɟ ɨɫɬɜɚɪɟɧɚ 
ɩɨɫɪɟɞɫɬɜɨɦ ɧɚɜɨʁɚ. ɇɚɜɨʁɧɢɦ ɫɩɨʁɟɜɢɦɚ ɦɨɠɟ ɫɟ ɨɫɬɜɚɪɢɬɢ ɫɩɚʁɚʃɟ ɦɚɲɢɧɫɤɢɯ 
ɞɟɥɨɜɚ, ɫɩɚʁɚʃɟ ɟɥɟɦɟɧɚɬɚ ɦɚɲɢɧɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢʁɚ, ɩɪɟɬɜɚɪɚʃɟ ɨɛɪɬɧɨɝ ɤɪɟɬɚʃɚ ɭ 
ɬɪɚɧɫɥɚɬɨɪɧɨ ɤɪɟɬɚʃɟ, ɪɟɥɚɬɢɜɧɨ ɦɟђɭɫɨɛɧɨ ɤɪɟɬɚʃɟ ɦɚɲɢɧɫɤɢɯ ɞɟɥɨɜɚ, ɩɪɟɰɢɡɧɨ 
ɩɨɞɟɲɚɜɚʃɟ ɤɨɞ ɦɟɪɧɢɯ ɭɪɟђɚʁɚ ɢ ɞɪ. 

ɇɚɜɨʁɢ ɢɡɪɚђɟɧɢ ɧɟɩɨɫɪɟɞɧɨ ɧɚ ɞɟɥɨɜɢɦɚ ɤɨʁɢ ɫɟ ɫɩɚʁɚʁɭ, ɤɚɨ ɫɬɨ ɫɭ ɰɟɜɢ, ɜɟɧɬɢɥɢ ɢ 
ɞɪɭɝɢ ɱɢɧɟ ɧɟɩɨɫɪɟɞɧɢ ɱɜɪɫɬɢ ɧɚɜɨʁɧɢ ɫɩɨʁ, ɚ ɨɧɢ ɤɨʁɢ ɫɟ ɢɡɪɚђɭʁɭ ɧɚ ɩɨɫɟɛɧɢɦ 
ɧɚɜɨʁɧɢɦ ɞɟɥɨɜɢɦɚ ɤɚɨ ɲɬɨ ɫɭ ɡɚɜɪɬʃɢ ɢ ɧɚɜɪɬɤɟ ɱɢɧɟ ɩɨɫɪɟɞɧɢ ɱɜɪɫɬɢ ɧɚɜɨʁɧɢ ɫɩɨʁ. 
Ɍɚɤɨ ɨɫɬɜɚɪɟɧ ɱɜɪɫɬ ɧɟɩɨɤɪɟɬɚɧ ɧɚɜɨʁɧɢ ɫɩɨʁ ɫɟ ɧɚɡɢɜɚ ɡɚɜɪɬɚʃɫɤɚ ɜɟɡɚ. ɉɪɟɦɚ 
ɦɟђɭɫɨɛɧɨʁ ɩɨɤɪɟɬʂɢɜɨɫɬɢ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ, ɧɚɜɨʁɧɟ ɫɩɨʁɟɜɟ ɦɨɠɟɦɨ ɩɨɞɟɥɢɬɢ ɧɚ 1: 

 ɩɨɤɪɟɬɧɟ ɧɚɜɨʁɧɟ ɫɩɨʁɟɜɟ, 
 ɧɟɩɨɤɪɟɬɧɟ ɧɚɜɨʁɧɟ ɫɩɨʁɟɜɟ. 

ɇɚɜɨʁɧɢ ɫɩɨʁɟɜɢ ɫɩɚɞɚʁɭ ɭ ɝɪɭɩɭ ɪɚɡɞɜɨʁɢɜɢɯ ɜɟɡɚ. Ⱦɟɥɨɜɢ ɭ ɫɩɨʁɭ ɦɨɝɭ ɢɡɜɪɲɚɜɚɬɢ 
ɮɭɧɤɰɢʁɭ ɬɚɱɧɨ ɞɟɮɢɧɢɫɚɧɨɝ ɦɟђɭɫɨɛɧɨɝ ɤɪɟɬɚʃɚ ɢɥɢ ɮɭɧɤɰɢʁɭ ɨɛɟɡɛɟђɟʃɟɦ ɱɜɪɫɬɟ 
ɜɟɡɟ ɨɞɧɨɫɧɨ ɫɩɨʁɚ. 

ɉɨɤɪɟɬɧɢ ɧɚɜɨʁɧɢ ɫɩɨʁɟɜɢ ɨɫɢɦ ɡɚ ɬɪɚɧɫɮɨɪɦɚɰɢʁɭ ɤɪɟɬɚʃɚ ɦɨɝɭ ɫɟ ɤɨɪɢɫɬɢɬɢ ɢ ɡɚ 
ɬɪɚɧɫɮɨɪɦɚɰɢʁɭ ɦɟɯɚɧɢɱɤɟ ɟɧɟɪɝɢʁɟ ɢ ɩɪɟɞɫɬɚɜʂɚɬɢ ɧɚɜɨʁɧɟ ɩɪɟɧɨɫɧɢɤɟ. 

ɇɟɩɨɤɪɟɬɧɢ ɧɚɜɨʁɧɢ ɫɩɨʁɟɜɢ ɤɨʁɢ ɫɟ ɨɫɬɜɚɪɭʁɭ ɩɨɦɨʄɭ ɡɚɜɪɬʃɚ ɢ ɧɚɜɪɬɤɟ ɩɨɡɧɚɬɢ ɫɭ ɤɚɨ 
ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ. 

 

                                                              ɋɥɢɤɚ 1. ɇɚɜɨјɧɢ ɫɩɨј 6 
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ɋɥɢɤɚ 2. ɉɨɞɟɥɚ ɧɚɜɨјɧɢɯ ɫɩɨјɟɜɚ 4 
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2. Завɪɬањɫкɟ вɟзɟ 

Ɂɚɜɪɬɚʃɫɤɚ ɜɟɡɚ ʁɟ ɧɚɜɨʁɧɢ ɫɩɨʁ ɨɫɬɜɚɪɟɧ ɩɨɫɪɟɞɫɬɜɨɦ ɡɚɜɪɬʃɚ ɢ ɧɚɜɪɬɤɟ. ɂɡɭɡɟɬɧɨ, 
ɧɚɜɪɬɤɚ ɦɨɠɟ ɞɚ ɢɡɨɫɬɚɧɟ ɚɤɨ ɫɟ ɭɧɭɬɪɚɲʃɢ ɧɚɜɨʁ ɢɡɪɚɞɢ ɭ ʁɟɞɧɨɦ ɨɞ ɞɟɥɨɜɚ ɤɨʁɢ ɫɟ 
ɫɩɚʁɚʁɭ. Ɂɚɜɪɬɚʃɫɤɭ ɜɟɡɭ ɱɢɧɟ ɫɩɨʁɟɧɢ ɞɟɥɨɜɢ, ɡɚɜɪɬɚʃ, ɧɚɜɪɬɤɚ ɢ ɞɟɥɨɜɢ ɡɚ ɨɫɢɝɭɪɚʃɟ 
ɢɥɢ ɡɚɩɬɢɜɚʃɟ. Ɂɚɜɪɬɚʃɫɤɚ ɜɟɡɚ ɨɫɬɜɚɪɭʁɟ ɫɟ ɬɚɤɨ ɲɬɨ ɤɪɨɡ ɨɬɜɨɪɟ ɞɟɥɨɜɚ ɤɨʁɢ ɫɟ 
ɫɩɚʁɚʁɭ ɩɪɨɜɭɱɟ ɫɟ ɡɚɜɪɬɚʃ, ɢ ɧɚ ʃɟɝɨɜɨɦ ɤɪɚʁɭ ɫɟ ɩɨɫɬɚɜʂɚ ɧɚɜɪɬɤɚ ɱɢʁɢɦ ɫɟ 
ɩɪɢɬɟɡɚʃɟɦ ɨɫɬɜɚɪɭʁɟ ɜɟɡɚ. ɍ ɫɥɭɱɚʁɭ ɞɚ ɧɟɦɚ ɩɪɨɫɬɨɪɚ ɡɚ ɫɦɟɲɬɚʁ ɧɚɜɪɬɤɟ 
ɧɚʁɩɨɜɨʂɧɢʁɟ ʁɟ ɞɚ ɫɟ ɧɚɜɨʁ ɭɪɟɡɭʁɟ ɭ ɨɬɜɨɪ, ɚ ɬɟɤ ɡɚɬɢɦ ɭ ɪɭɩɭ (ɫɥɢɤɚ 3). ɉɪɢ 
ɞɟɮɢɧɢɫɚʃɭ ɨɛɥɢɤɚ ɫɩɚʁɚɧɢɯ ɞɟɥɨɜɚ ɬɪɟɛɚ ɜɨɞɢɬɢ ɪɚɱɭɧɚ ɞɚ ɨɧɢ ɛɭɞɭ ɲɬɨ 
ʁɟɞɧɨɫɬɚɜɧɢʁɢ ɡɚ ɢɡɪɚɞɭ ɢ ɞɚ ɫɟ ɧɟ ɤɨɪɢɫɬɟ ɨɬɜɨɪɢ, ɡɚ ɫɩɚʁɚʃɟ ɫɩɨʂɚɲʃɟɝ ɩɪɨɫɬɨɪɚ ɫɚ 
ɭɧɭɬɪɚɲʃɢɦ, ɜɟʄ ɪɭɩɟ. 

 

ɋɥɢɤɚ 3. Кɚɪɚɤɬɟɪɢɫɬɢɱɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ 7 

 

ɉɨɪɟɞ ɬɨɝɚ, ɩɨɬɪɟɛɧɨ ʁɟ ɜɨɞɢɬɢ ɪɚɱɭɧɚ ɞɚ ɫɟ ɡɚɜɪɬɚʃɫɤɨɦ ɜɟɡɨɦ ɞɨɞɚɬɧɨ ɧɟ ɨɩɬɟɪɟʄɭʁɟ 
ɤɨɧɫɬɪɭɤɰɢʁɚ (ɫɥɢɤɚ 4). Ⱥɤɨ ʁɟ ɤɨɧɫɬɪɭɤɰɢʁɚ ɞɨɞɚɬɧɨ ɨɩɬɟɪɟʄɟɧɚ ɭɫɥɟɞ ɩɪɢɬɟɡɚʃɚ 
ɡɚɜɪɬʃɚ, ɬɨ ɨɩɬɟɪɟʄɟʃɟ ɦɨɠɟ ɞɚ ɩɪɨɭɡɪɨɤɭʁɟ ɥɨɦ ɞɟɥɚ, ɩɚ ʁɟ ɭ ɬɢɦ ɫɥɭɱɚʁɟɜɢɦɚ 
ɩɨɬɪɟɛɧɨ, ɧɟ ɡɧɚɬɧɨɦ ɢɡɦɟɧɨɦ ɨɛɥɢɤɚ ɞɪɭɝɚɱɢʁɟ ɨɩɬɟɪɟɬɢɬɢ ɤɨɧɫɬɪɭɤɰɢʁɭ, ɧɚ ɩɪɢɦɟɪ, 
ɭɦɟɫɬɨ ɫɚɜɢʁɚʃɚ ɧɚ ɫɚɛɢʁɚʃɟ. 

Ⱦɚ ɛɢ ɫɟ ɩɪɢ ɬɨɦɟ ɦɨɝɥɚ ɨɛɟɡɛɟɞɢɬɢ ɯɟɪɦɟɬɢɱɧɨɫɬ, ɬɪɟɛɚ ɜɨɞɢɬɢ ɪɚɱɭɧɚ ɨ ɞɭɠɢɧɢ 
ɩɨʁɟɞɢɧɢɯ ɞɟɬɚʂɚ (ɤɨɬɚ-ܽ ɧɚ ɫɥ. 4). 

                        

ɋɥɢɤɚ 4. Кɚɪɚɤɬɟɪɢɫɬɢɱɧɨ ɪɟɲɟʃɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ 
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ɉɪɢ ɞɟɮɢɧɢɫɚʃɭ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ ɬɪɟɛɚ ɜɨɞɢɬɢ ɪɚɱɭɧɚ ɢ ɨ ɢɡɛɨɪɭ ɜɪɫɬɟ ɡɚɜɪɬʃɟɜɚ, ɩɪɟ 
ɫɜɟɝɚ ɨɛɥɢɤɭ ɝɥɚɜɟ, ɫɬɚɛɥɚ ɢ ɤɪɚʁɚ ɡɚɜɪɬʃɚ, ɨ ɢɡɛɨɪɭ ɧɚɜɪɬɤɟ, ɤɚɨ ɢ ɨ ɢɡɛɨɪɭ ɧɚɱɢɧɚ 
ɨɫɢɝɭɪɚʃɚ ɨɞ ɫɚɦɨɨɞɜɪɬɚʃɚ. ɂɡɛɨɪ ɨɛɥɢɤɚ ɝɥɚɜɟ ɡɚɜɢɫɢ ɨɞ ɜɟɥɢɱɢɧɟ ɫɢɥɟ ɩɪɢɬɟɡɚʃɚ, 
ɭɱɟɫɬɚɧɨɫɬɢ ɩɪɢɬɟɡɚʃɚ (ɦɨɧɬɚɠɟ ɢ ɞɟɦɨɧɬɚɠɟ) ɢ ɦɟɫɬɚ ʃɟɧɨɝ ɨɛɚɜʂɚʃɚ ɬʁ. ɩɨɫɟɞɨɜɚʃɚ 
ɨɞɝɨɜɚɪɚʁɭʄɢɯ ɚɥɚɬɚ ɡɚ ɩɪɢɬɟɡɚʃɟ ɢ ɨɩɭɲɬɚʃɟ ɡɚɜɪɬʃɚ (ɧɚɜɪɬɤɟ). ɂɡɛɨɪ ɨɛɥɢɤɚ ɬɟɥɚ 
ɡɚɜɢɫɢ ɨɞ ɜɪɫɬɟ ɢ ɜɟɥɢɱɢɧɟ ɨɩɬɟɪɟʄɟʃɚ. ɇɚʁɩɨɝɨɞɧɢʁɢ ɫɭ ɨɧɢ ɡɚɜɪɬʃɢ ɝɞɟ ɧɚ ɫɬɚɛɥɭ 
ɡɚɜɪɬʃɚ ɧɟɦɚ ɨɲɬɪɢɯ ɩɪɨɥɚɡɚ. 

          

                                  ɋɥɢɤɚ 5. Кɚɪɚɤɬɟɪɢɫɬɢɱɧɢ ɨɛɥɢɰɢ ɤɪɚјɚ ɡɚɜɪɬʃɚ 6 

ɉɨɫɟɛɧɨ ɫɭ ɢɧɬɟɪɟɫɚɧɬɧɚ ɪɟɲɟʃɚ ɤɪɚʁɟɜɚ ɡɚɜɪɬʃɚ ɫɚ ɤɨʁɢɦɚ ɫɟ ɫɩɪɟɱɚɜɚ ʃɢɯɨɜɨ 
ɫɚɦɨɨɞɪɜɪɬɚʃɟ. ɂɡɪɚɞɨɦ ɡɚɜɪɬʃɚ ɫɚ ɪɭɩɨɦ (ɩɨɫɬɢɠɭ ɫɟ ɪɚɡɥɢɱɢɬɟ ɞɟɮɨɪɦɚɰɢʁɟ), ɢɥɢ 
ɩɨɫɟɛɧɨɝ ɤɨɧɭɫɚ (ɤɨʁɢɦ ɫɟ ɜɪɲɢ ʃɟɝɨɜɚ ɞɟɮɨɪɦɚɰɢʁɚ), ɫɩɪɟɱɚɜɚ ɫɟ ɫɚɦɨɨɞɜɪɬɚʃɟ, ɦɚɞɚ 
ɫɟ ɨɧɨ ɦɨɠɟ ɫɩɪɟɱɢɬɢ ɢ ɭɝɪɚɞʃɨɦ ɝɭɦɟɧɨɝ ɩɪɫɬɟɧɚ (ɜɟʄɢ ɤɨɟɮɢɰɢʁɟɧɬ ɬɪɟʃɚ) ɢɥɢ 
ɞɟɮɨɪɦɚɰɢʁɨɦ “ɧɚɜɪɬɤɟ”. 

ɋɚɦɨɨɞɜɪɬɚʃɟ ɡɚɜɪɬʃɟɜɚ ɫɟ ɩɨɪɟɞ ɞɟɮɨɪɦɚɰɢʁɟ ɡɚɜɪɬʃɚ ɢ ɧɚɜɪɬɤɟ, ɢɥɢ ɥɟɩʂɟʃɚ ɢ 
ɡɚɜɚɪɢɜɚʃɚ ɡɚɜɪɬʃɚ, ɫɩɪɟɱɚɜɚ ɩɪɢɦɟɧɨɦ ɫɩɟɰɢʁɚɥɧɢɯ ɨɫɢɝɭɪɚɱɚ, ɤɚɨ ɢ ɩɪɨɦɟɧɨɦ 
ɩɨɫɟɛɧɢɯ ɩɨɞɥɨɲɤɢ ɢ ɠɢɰɚ ɡɚ ɨɫɢɝɭɪɚʃɟ 3. 

Ⱦɚɧɚɫ ɩɨɫɬɨʁɢ ɢɡɭɡɟɬɧɨ ɦɧɨɝɨ ɪɚɡɥɢɱɢɬɢɯ ɨɛɥɢɤɚ ɟɥɚɫɬɢɱɧɢɯ ɩɨɞɦɟɬɚɱɚ ɤɨʁɢɦɚ ɫɟ 
ɫɩɪɟɱɚɜɚ ɫɚɦɨɨɞɪɜɪɬɚʃɟ ɡɚɜɪɬʃɟɜɚ. ȿɥɚɫɬɢɱɧɢ ɩɨɞɦɟɬɚɱɢ (ɫɥɢɤɚ 6) ɫɟ ɩɨɫɬɚɜʂɚʁɭ 
ɢɡɦɟђɭ ɧɚɜɪɬɤɟ ɢ ɩɨɞɥɨɝɟ ɢ/ɢɥɢ ɝɥɚɜɟ ɡɚɜɪɬʃɚ ɢ ɩɨɞɥɨɝɟ. 

 

ɋɥɢɤɚ 6. Ɉɫɢɝɭɪɚʃɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ ɟɥɚɫɬɢɱɧɢɦ ɩɨɞɦɟɬɚɱɢɦɚ 7 

Ɇɨɝɭʄɟ ɥɨɤɚɥɧɟ ɩɥɚɫɬɢɱɧɟ ɢ ɩɨɜɪɲɢɧɫɤɟ ɞɟɮɨɪɦɚɰɢʁɟ ɡɚɜɪɬʃɚ ɢ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ 
ɚɩɫɨɪɛɭʁɭ ɫɟ ɟɥɚɫɬɢɱɧɢɦ ɞɟɮɨɪɦɚɰɢʁɚɦɚ ɟɥɚɫɬɢɱɧɢɯ ɩɨɞɦɟɬɚɱɚ. Ɇɟђɭɬɢɦ, ɨɧɢ ɫɜɟ 
ɜɢɲɟ ɛɢɜɚʁɭ ɩɨɬɢɫɤɢɜɚɧɢ ɩɪɢɦɟɧɨɦ ɥɟɩʂɟɧɢɯ ɫɩɨʁɟɜɚ, ɤɨʁɢɦɚ ɫɟ ɭʁɟɞɧɨ ɢ ɫɩɪɟɱɚɜɚ 

ɩɨʁɚɜɚ ɤɨɪɨɡɢʁɟ ɧɚ ɦɟɫɬɭ ɫɩɨʁɚ. ɍ ɫɥɭɱɚʁɭ ɩɪɢɦɟɧɟ ɧɚɜɪɬɤɟ, ɭ ɨɤɜɢɪɭ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ 
ɬɪɟɛɚ ɞɟɮɢɧɢɫɚɬɢ ɢ ʃɟɧ ɨɛɥɢɤ. ɍ ɫɥɭɱɚʁɭ ɞɚ ɧɟɦɚ ɧɟɤɢɯ ɩɨɫɟɛɧɢɯ ɡɚɯɬɟɜɚ, ɤɨɪɢɫɬɟ ɫɟ 
ɤɥɚɫɢɱɧɟ ɧɚɜɪɬɤɟ. Ɇɟђɭɬɢɦ, ɭ ɫɥɭɱɚʁɭ ɜɟʄɢɯ ɨɩɬɟɪɟʄɟʃɚ ɢ ɩɨɬɪɟɛɟ ɡɚ ɪɚɜɧɨɦɟɪɧɢɦ 
ɨɩɬɟɪɟʄɟʃɟɦ ɡɚɜɨʁɚɤɚ, ɤɨɪɢɫɬɟ ɫɟ ɫɩɟɰɢʁɚɥɧɟ ɧɚɜɪɬɤɟ. ɋɩɪɟɱɚɜɚʃɟ ɫɚɦɨɨɞɜɪɬɚʃɚ 
ɧɚɜɪɬɤɢ ɫɟ ɨɛɢɱɧɨ ɜɪɲɢ ɫɚ ɞɜɟ ɧɚɜɪɬɤɟ, ɫɚ ɬɤɡ. ɤɨɧɬɪɚ ɧɚɜɪɬɤɨɦ, ɢɥɢ ɡɚɜɚɪɢɜɚʃɟɦ, ɢɥɢ 
ɫɚ ɞɟɮɨɪɦɚɰɢʁɨɦ ɧɚɜɪɬɤɟ ɢ ɡɚɜɪɬʃɚ. 
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2.1 Ɇɚɬɟɪɢʁɚɥɢ ɡɚ ɡɚɜɪɬʃɟ ɢ ɧɚɜɪɬɤɟ  

Ɂɚ ɢɡɪɚɞɭ ɡɚɜɪɬʃɚ ɢ ɧɚɜɪɬɤɢ ɧɚʁɜɢɲɟ ɫɟ ɤɨɪɢɫɬɟ ɱɟɥɢɰɢ. ɋɬɚɧɞɚɪɞɢ ɧɟ ɩɪɨɩɢɫɭʁɭ ɜɪɫɬɭ 
ɱɟɥɢɤɚ ɡɚ ɢɡɪɚɞɭ ɡɚɜɪɬʃɚ ɢ ɧɚɜɪɬɤɢ, ɚɥɢ ɩɪɨɩɢɫɭʁɭ ɦɟɯɚɧɢɱɤɟ ɤɚɪɚɤɬɟɪɢɫɬɢɤɟ 
(ɫɬɚɬɢɱɤɭ ɱɜɪɫɬɨʄɭ ɢ ɧɚɩɨɧ ɬɟɱɟʃɚ) ɤɨʁɟ ɬɪɟɛɚ ɞɚ ɢɦɚʁɭ ɤɚɨ ɝɨɬɨɜɢ ɩɪɨɢɡɜɨɞɢ ɫɩɪɟɦɧɢ 
ɡɚ ɭɩɨɬɪɟɛɭ. ɉɪɨɩɢɫɚɧɟ ɦɟɯɚɧɢɱɤɟ ɤɚɪɚɤɬɟɪɢɫɬɢɤɟ (ɤɥɚɫɚ ɱɜɪɫɬɨʄɟ) ɫɭ ɨɛɢɱɧɨ ɧɚ ɝɥɚɜɢ 
ɡɚɜɪɬʃɚ (ɫɥɢɤɚ 7ɚ), ɭ ɜɢɞɭ ɛɪɨʁɱɚɧɢɯ ɨɡɧɚɤɚ. ɉɨɪɟɞ ɨɜɟ ɨɡɧɚɤɟ, ɩɪɨɢɡɜɨђɚɱɢ ɡɚɜɪɬʃɚ ɫɭ 
ɭ ɨɛɚɜɟɡɢ ɞɚ ɭɬɢɫɧɭ ɫɜɨʁ ɡɧɚɤ (ɫɥɢɤɚ 7ɛ). Ɉɡɧɚɤɚ ɤɜɚɥɢɬɟɬɚ ɦɚɬɟɪɢʁɚɥɚ ɝɨɬɨɜɢɯ ɡɚɜɪɬʃɚ 

ɫɚɫɬɨʁɢ ɫɟ ɨɞ ɞɜɚ ɛɪɨʁɚ, ɤɨʁɢ ɫɭ ɪɚɡɞɜɨʁɟɧɢ ɬɚɱɤɨɦ, ɧɩɪ. 4.6. ɉɪɜɢ ɛɪɨʁ ɩɨɦɧɨɠɟɧ ɫɚ ɫɬɨ, 

ʁɟ ɡɚɬɟɡɧɚ ɱɜɪɫɬɨʄɚ ɡɚɜɪɬʃɚ, 4 б 100 = 400 N/݉݉ଶ. ɉɪɨɢɡɜɨɞ ɩɪɜɨɝ ɢ ɞɪɭɝɨɝ ɛɪɨʁɚ 

ɩɨɦɧɨɠɟɧ ɫɚ ɞɟɫɟɬ ʁɟ ɧɚɩɨɧ ɬɟɱɟʃɚ, 4 б 6 x 10 = 240 N/݉݉ଶ. Ɉɡɧɚɤɚ ɨ ɤɜɚɥɢɬɟɬɭ 
ɦɚɬɟɪɢʁɚɥɚ ɝɨɬɨɜɟ ɧɚɜɪɬɤɟ ɫɚɫɬɨʁɢ ɫɟ ɨɞ ʁɟɞɧɨɝ ɛɪɨʁɚ, ɤɨʁɢ ɩɨɦɧɨɠɟɧ ɫɚ ɫɬɨ ɩɪɟɞɫɬɚɜʂɚ 

ɡɚɬɟɡɧɭ ɱɜɪɫɬɨʄɭ ɭ N/݉݉ଶ. Ɉɡɧɚɤɟ ɢ ɦɟɯɚɧɢɱɤɟ ɤɚɪɚɤɬɟɪɢɫɬɢɤɟ ɡɚɜɪɬʃɚ ɢ ɧɚɜɪɬɤɢ 
ɩɪɢɤɚɡɚɧɟ ɫɭ ɭ ɬɚɛɟɥɢ 1. Ɂɚ ɧɚɜɨʁɧɟ ɫɩɨʁɟɜɟ ɭ ɩɪɟɯɪɚɦɛɟɧɨʁ ɢ ɯɟɦɢʁɫɤɨʁ ɢɧɞɭɫɬɪɢʁɢ 
ɤɨɪɢɫɬɟ ɫɟ ɧɟɪђɚʁɭʄɢ ɱɟɥɢɰɢ, ɚ ɭ ɬɟɪɦɨɟɧɟɪɝɟɬɫɤɢɦ ɩɨɫɬɪɨʁɟʃɢɦɚ ɜɚɬɪɨɨɬɩɨɪɧɢ 
ɱɟɥɢɰɢ. Ɉɞ ɨɛɨʁɟɧɢɯ ɦɟɬɚɥɚ ɧɚʁɜɢɲɟ ɫɟ ɩɪɢɦɟʃɭʁɭ ɛɚɤɚɪ, ɦɟɫɢɧɝ, ɚɥɭɦɢɧɢʁɭɦ ɢ 

ɚɥɭɦɢɧɢʁɭɦɫɤɟ ɥɟɝɭɪɟ [3]. 

               

                    ɋɥɢɤɚ 7. Ɉɡɧɚɱɚɜɚʃɟ ɩɨɞɚɬɚɤɚ ɨ ɦɚɬɟɪɢјɚɥɭ ɢ ɩɪɨɢɡɜɨђɚɱɭ ɡɚɜɪɬʃɚ 
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 Ɍɚɛɟɥɚ 1. Кɚɪɚɤɬɟɪɢɫɬɢɤɟ ɦɚɬɟɪɢјɚɥɚ ɡɚɜɪɬʃɚ ɢ ɧɚɜɪɬɤɟ 

 

2.2 Ɉɛɥɢɰɢ ɡɚɜɪɬʃɚ  

Ɉɛɥɢɰɢ ɡɚɜɪɬʃɚ ɢ ɧɚɜɪɬɤɟ, ɭɤʂɭɱɭʁɭʄɢ ɞɢɦɟɧɡɢʁɟ, ɬɨɥɟɪɚɧɰɢʁɟ, ɦɚɬɟɪɢʁɚɥ ɢ ɞɪɭɝɨ ɫɭ 
ɫɬɚɧɞɚɪɞɢɡɨɜɚɧɢɢ ɭɫɥɨɜʂɟɧɢ ɧɚɦɟɧɨɦ ɢ ɭɫɥɨɜɢɦɚ ɪɚɞɚ. ɇɚʁɱɟɲʄɟ ʁɟ ɭɪɚђɟɧ ɧɚɜɨʁ ɫɚɦɨ 
ɧɚ ʁɟɞɧɨɦ ɞɟɥɭ ɫɬɚɛɥɚ ɡɚɜɪɬʃɚ ɢ ɦɟђɭɫɨɛɧɨ ɫɟ ɪɚɡɥɢɤɭʁɭ ɩɪɟɦɚ ɨɛɥɢɤɭ ɝɥɚɜɟ ɤɨʁɚ ɦɨɠɟ 
ɛɢɬɢ ɲɟɫɬɨɫɬɪɚɧɚ, ɱɟɬɜɨɪɨɫɬɪɚɧɚ, ɤɨɧɭɫɧɚ, ɨɤɪɭɝɥɚ ɢ ɞɪɭɝɨ. Ɂɚ ɫɜɚɤɢ ɨɛɥɢɤ ɡɚɜɪɬʃɚ, 
ɧɚɜɪɬɤɟ ɢɥɢ ɨɫɢɝɭɪɚɱɚ ɩɪɟɞɜɢђɟɧ ʁɟ ɨɞɝɨɜɚɪɚʁɭʄɢ ɩɨɫɟɛɚɧ ɫɬɚɧɞɚɪɞ ɤɨʁɢ ɨɫɢɦ ɨɛɥɢɤɚ 
ɩɪɨɩɢɫɭʁɟ ɞɢɦɟɧɡɢʁɟ, ɦɚɬɟɪɢʁɚɥ, ɤɥɚɫɭ ɱɜɪɫɬɨʄɟ ɢ ɤɥɚɫɭ ɤɜɚɥɢɬɟɬɚ. ɉɨɫɬɨʁɟ ɬɪɢ ɤɥɚɫɟ 
ɤɜɚɥɢɬɟɬɚ: Ⱥ-ɮɢɧɚ, Ȼ-ɫɪɟɞʃɚ ɢɥɢ Ц-ɝɪɭɛɚ. 

Ɂɚɜɪɬʃɟɜɢ ɫɚ ɲɟɫɬɨɭɝɚɨɧɨɦ ɝɥɚɜɨɦ ɫɟ ɧɚʁɱɟɲʄɟ ɩɪɢɦɟʃɭʁɭ ɭ ɩɪɚɤɫɢ ɢ ɞɟɮɢɧɢɫɚɧɢ ɫɭ 
ɫɬɚɧɞɚɪɞɢɦɚ SRPS Ɇ.B1.050-060, DIN 960, EN 24014. Ɉɧɢ ɫɟ ɢɡɪɚђɭʁɭ ɭ ɤɥɚɫɚɦɚ Ⱥ ɢ Ȼ 
(ɫɢɬɚɧ ɤɨɪɚɤ, ɦɚɬɟɪɢʁɚɥ 5.6, 8.8 ɢ 10.9) ɢ ɤɥɚɫɢ Ц (ɤɪɭɩɚɧ ɤɨɪɚɤ, ɦɚɬɟɪɢʁɚɥ 3.6 ɢ 4.6), 

1, [2],… 

               

ɋɥɢɤɚ 8.  Зɚɜɪɬʃɢ ɫɚ ɲɟɫɬɨɭɝɚɨɧɨɦ ɝɥɚɜɨɦ, ɫɚ ɞɟɥɢɦɢɱɧɢɦ ɧɚɜɨјɟɦ ɢ ɩɪɨɫɬɨɪɧɢ ɢɡɝɥɟɞ 
ɡɚɜɪɬʃɚ 
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Ɂɚɜɪɬʃɟɜɢ ɫɚ ɰɢɥɢɧɞɪɢɱɧɨɦ ɝɥɚɜɨɦ ɞɟɮɢɧɢɫɚɧɢ ɫɭ ɫɬɚɧɞɚɪɞɢɦɚ SRPS Ɇ.B1.120, DIN 

920 ɢ ɩɪɢɦɟʃɭʁɭ ɫɟ ɡɚ ɫɩɨʁɟɜɟ ɜɢɫɨɤɟ ɧɨɫɢɜɨɫɬɢ ɢ ɤɨɦɩɚɤɬɧɟ ɤɨɧɫɬɪɭɤɰɢʁɟ, ɲɬɨ ɡɧɚɱɢ 
ɞɚ ɫɟ ɢɡɪɚђɭʁɭ ɭ ɤɥɚɫɢ Ⱥ (ɦɚɬɟɪɢʁɚɥ 8.8, 10.9 ɢ 12.9). 

 
 

ɋɥɢɤɚ 9. Зɚɜɪɬʃɟɜɢ ɫɚ ɰɢɥɢɧɞɪɢɱɧɨɦ ɝɥɚɜɨɦ 

 

ɍɫɚɞɧɢ ɢɥɢ ɫɜɨɪɧɢ ɡɚɜɪɬʃɟɜɢ ɧɟɦɚʁɭ ɝɥɚɜɭ ɜɟʄ ɫɟ ɧɚ ɨɛɚ ɤɪɚʁɚ ɫɬɚɛɥɚ ɧɚɥɚɡɢ ɧɚɜɨʁ, 
ɬɚɤɨ ɞɚ ɫɟ ɩɪɢ ɭɩɨɬɪɟɛɢ ʁɟɞɚɧ ɧɚɜɨʁɧɢ ɞɟɨ ɭɜɪɧɟ ɭ ɦɚɬɟɪɢʁɚɥ ɞɟɥɚ ɤɨʁɢ ɫɟ ɜɟɡɭʁɟ, ɞɨɤ ʁɟ 
ɞɪɭɝɢ ɨɛɟɡɛɟђɟɧ ɧɚɜɪɬɤɨɦ. Ⱦɟɮɢɧɢɫɚɧɢ ɫɭ ɫɬɚɧɞɚɪɞɨɦ SRPS M.B1.260...262 ɢɥɢ DIN 

835 ɢ DIN 938...940. ɂɡɪɚђɭʁɭ ɫɟ ɭ ɤɥɚɫɢ Ⱥ (ɦɚɬɟɪɢʁɚɥ 5.6, 8.8 ɢ 10.9) ɢ ɩɪɢɦɟʃɭʁɭ ɫɟ 
ɤɨɞ ɬɭɪɛɢɧɚ, ɦɨɬɨɪɚ, ɥɟɠɚʁɚ ɢ ɤɭʄɢɲɬɚ ɩɪɟɧɨɫɧɢɤɚ 1. 

 

 

ɋɥɢɤɚ 10. ɍɫɚɞɧɢ (ɫɜɨɪɧɢ) ɡɚɜɪɬʃɟɜɢ 
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ɍɜɪɬɧɢ ɡɚɜɪɬʃɟɜɢ ɢɥɢ ɡɚɜɪɬʃɟɜɢ ɡɚ ɮɢɤɫɢɪɚʃɟ ɢɦɚʁɭ ɭɪɟɡ ɡɚ ɨɞɜɢʁɚɱ ɢɥɢ ɨɬɜɨɪ ɡɚ 
ɤʂɭɱ ɢɦ ɫɟ ɧɚɥɚɡɢ ɧɚ ɫɚɦɨɦ ɫɬɚɛɥɭ. Кɨɪɢɫɬɟ ɫɟ ɡɚ ɫɬɟɡɚʃɟ, ɮɢɤɫɢɪɚʃɟ ɦɟђɭɫɨɛɧɨɝ 
ɩɨɥɨɠɚʁɚ ɢ ɩɨɞɟɲɚɜɚʃɟ ɦɟђɭɫɨɛɧɟ ɭɞɚʂɟɧɨɫɬɢ ɞɜɚʁɭ ɞɟɥɨɜɚ. ɋɬɚɧɞɚɪɞɢɡɨɜɚɧɢ ɫɭ 
ɩɪɟɦɚ SRPS Ɇ.B1.270, 280, 290 ɢɥɢ DIN 417, 438, 551, 553. 

 

 

ɋɥɢɤɚ 11. ɍɜɪɬɧɢ ɡɚɜɪɬʃɟɜɢ 

 

Ɂɚɜɪɬʃɢ ɡɚ ɫɩɟɰɢʁɚɧɟ ɧɚɦɟɧɟ ɢɦɚʁɭ ɨɞɪɟђɟɧɭ ɩɪɢɦɟɧɭ ɢ ɭ ɬɭ ɝɪɭɩɭ ɫɩɚɞɚʁɭ ɡɚɜɪɬʃɟɜɢ 
ɡɚ ɞɪɜɨ, ɥɢɦ, ɮɭɧɞɚɦɟɧɬɚɥɧɢ (ɬɟɦɟʂɧɢ) ɡɚɜɪɬʃɢ, ɧɚɜɨʁɧɢ ɱɟɩɨɜɢ ɢ ɞɪɭɝɢ. 
Ɏɭɧɞɚɦɟɧɬɚɥɧɢ ɡɚɜɪɬʃɢ ɢɦɚʁɭ ɭɥɨɝɭ ɞɚ ɩɪɢɱɜɪɲʄɭʁɭ ɦɚɲɢɧɭ ɡɚ ɩɨɞɥɨɝɭ ɨɞɧɨɫɧɨ 
ɬɟɦɟʂɟ, ɚ ɫɬɚɛɥɨ ɡɚɜɪɬʃɚ ʁɟ ɧɚɩɪɚɜʂɟɧɨ ɬɚɤɨ ɞɚ ɧɟ ɦɨɠɟ ɞɨʄɢ ɞɨ ɢɡɜɥɚɱɟʃɚ ɢɡ 
ɩɨɞɥɨɝɟ1 [2]. 

                                      

ɋɥɢɤɚ 12. Ɉɛɥɢɰɢ ɫɩɟɰɢјɚɥɧɢɯ ɡɚɜɪɬʃɟɜɚ 
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2.3 ɇɚɜɪɬɤɟ 

ɇɚʁɩɨɝɨɞɧɢʁɢ ɨɛɥɢɤ ɧɚɜɪɬɤɟ ʁɟ ɲɟɫɬɨɫɬɪɚɧɚ ɩɪɢɡɦɚ, ʁɟɪ ʁɟ ʁɟɞɧɨɫɬɚɜɧɚ ɡɚ ɩɪɢɬɟɡɚʃɟ, 
ɨɞɜɪɬɚʃɟ ɢ ɡɚ ɢɡɪɚɞɭ. Ɉɫɢɦ ɫɚ ɧɨɪɦɚɥɧɨɦ ɜɢɫɢɧɨɦ, ɲɟɫɬɨɫɬɪɚɧɟ ɧɚɜɪɬɤɟ ɫɟ ɢɡɪɚђɭʁɭ ɢ 
ɤɚɨ ɧɢɫɤɟ ɢɥɢ ɤɚɨ ɜɢɫɨɤɟ ɩɪɢ ɱɟɦɭ ɫɟ ɧɢɫɤɟ ɩɪɢɦɟʃɭʁɭ ɡɚ ɦɚʃɚ ɚɤɫɢʁɚɥɧɚ ɨɩɬɟɪɟʄɟʃɚ ɚ 
ɜɢɫɨɤɟ ɡɚ ɜɟʄɚ ɚɤɫɢʁɚɥɧɚ ɨɩɬɟɪɟʄɟʃɚ ɢɥɢ ɤɚɞɚ ʁɟ ɧɚɜɪɬɤɚ ɨɞ ɫɥɚɛɢʁɟɝ ɦɚɬɟɪɢʁɚɥɚ (ɫɢɜɨɝ 
ɥɢɜɚ, ɛɪɨɧɡɟ ɢɥɢ ɦɟɫɢɧɝɚ). 

 

ɋɥɢɤɚ 13. Шɟɫɬɨɫɬɪɚɧɚ ɧɚɜɪɬɤɚ 

Кɪɭɧɚɫɬɟ ɧɚɜɪɬɤɟ ɢɦɚʁɭ ɡɧɚɱɚʁɧɭ ɩɪɢɦɟɧɭ ʁɟɪ ɩɨɦɨʄɭ ɪɚɫɰɟɩɤɟ ɟɮɢɤɚɫɧɨ ɨɫɢɝɭɪɚɜɚʁɭ 
ɧɚɜɨʁɧɢ ɫɩɨʁ ɨɞ ɨɞɜɪɬɚʃɚ. 

                                     

ɋɥɢɤɚ 14. Кɪɭɧɚɫɬɚ ɧɚɜɬɤɚ 8 
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ɇɚɜɪɬɤɟ ɫɚ ɭɪɟɡɨɦ ɧɚ ɨɛɨɞɭ ɢɦɚʁɭ ɪɟɥɚɬɢɜɧɨ ɦɚɥɭ ɜɢɫɢɧɭ ɢ ɫɥɭɠɟ ɡɚ ɨɫɢɝɭɪɚʃɟ ɢ 
ɩɪɢɱɜɪɲʄɢɜɚʃɟ ɦɚɲɢɧɫɤɢɯ ɞɟɥɨɜɚ, ɧɚ ɩɪɢɦɟɪ ɥɟɠɚʁɚ. 

                                          

                                              ɋɥɢɤɚ 15. ɇɚɜɪɬɤɚ ɫɚ ɭɪɟɡɨɦ[ 8] 

 

ɉɪɫɬɟɧɚɫɬɟ ɧɚɜɪɬɤɟ ɫɥɭɠɟ ɡɚ ɧɨɲɟʃɟ ɬɟɪɟɬɚ. ɍ ɬɟɯɧɢɱɤɨʁ ɞɨɤɭɦɟɧɬɚɰɢʁɢ ɢ ɩɪɢɥɢɤɨɦ 
ɩɨɪɭџɛɢɧɟ ɡɚ ɡɚɜɪɬɚʃ ɢɥɢ ɧɚɜɪɬɤɭ ɬɪɟɛɚ ɧɚɡɧɚɱɢɬɢ: ɨɡɧɚɤɭ ɜɪɫɬɟ ɢ ɜɟɥɢɱɢɧɟ ɧɚɜɨʁɚ, 
ɞɭɠɢɧɭ ɡɚɜɪɬʃɚ, ɦɚɬɟɪɢʁɚɥɚ ɢ ɛɪɨʁ ɫɬɚɧɞɚɪɞɚ. ɇɚ ɩɪɢɦɟɪ, ɡɚɜɪɬɚʃ M10x40-4.8-SRPS 

M.B1.600. 

                          

                                           ɋɥɢɤɚ 16. ɉɪɫɬɟɧɚɫɬɟ ɧɚɜɪɬɤɟ 9 
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2.4 ɉɨɞɥɨɠɧɟ ɩɥɨɱɢɰɟ 

ɉɨɞɥɨɠɧɟ ɩɥɨɱɢɰɟ ɫɭ ɫɬɚɧɞɚɪɞɧɢ ɦɚɲɢɧɫɤɢ ɞɟɥɨɜɢ ɤɨʁɢ ɫɟ ɩɨɫɬɚɜʂɚʁɭ ɢɡɦɟʄɭ ɧɚɜɪɬɤɟ 
ɢ ɩɨɞɥɨɝɟ (ɩɨɜɪɲɢɧɟ ɞɟɥɨɜɚ ɤɨʁɢ ɫɟ ɫɩɚʁɚʁɭ) ɢ ɝɥɚɜɟ ɡɚɜɪɬʃɚ ɢ ɩɨɞɥɨɝɟ ɭ ɰɢʂɭ: 

 ɫɩɪɟɱɚɜɚʃɚ ɥɚɛɚɜʂɟʃɚ ɢ ɪɚɡɞɜɚʁɚʃɚ ɧɚɜɨʁɧɨɝ ɫɩɨʁɚ, 
 ɫɩɪɟɱɚɜɚʃɚ ɨɲɬɟʄɟʃɚ ɭ ɜɢɞɭ ɯɚɛɚʃɚ ɢ ɩɥɚɫɬɢɱɧɢɯ ɞɟɮɨɪɦɚɰɢʁɚ ɩɨɞɥɨɝɟ, 

 ɫɩɪɟɱɚɜɚʃɚ ɫɚɜɢʁɚʃɚ ɬɟɥɚ ɡɚɜɪɬʃɚ (ɤɨɫɟ ɢ ɤɭɝɥɚɫɬɟ ɩɨɞɥɨɠɧɟ ɩɥɨɱɢɰɟ), 
 ɢɡɨɥɚɰɢʁɟ, 
 ɡɚɩɬɢɜɚʃɚ. 

ɋɬɚɧɞɚɪɞɧɟ ɩɥɨɱɢɰɟ ɦɨɝɭ ɛɢɬɢ ɪɚɡɧɢɯ ɤɨɧɫɬɪɭɤɰɢɨɧɢɯ ɨɛɥɢɤɚ. ɉɨɫɬɨʁɟ: ɪɚɜɧɟ, ɤɨɫɟ, 
ɤɭɝɥɚɫɬɟ, ɟɥɚɫɬɢɱɧɟ, ɡɭɩɱɚɫɬɟ ɢ ɥɟɩɟɡɚɫɬɟ. ɉɨɞɥɨɠɧɟ ɩɥɨɱɢɰɟ ɫɟ ɢɡɪɚђɭʁɭ ɨɞ ɱɟɥɢɤɚ, 
ɩɥɚɫɬɢɤɟ, ɛɚɤɪɚ ɢ ɝɭɦɟ, [3],[8]. 

 

 

                                   

                                                 ɋɥɢɤɚ 17. ɉɨɞɥɨɠɧɚ ɩɥɨɱɢɰɚ 
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3 ɍɡɞɭɠɧɨ ɢ ɩɨɩɪɟɱɧɨ ɨɩɬɟɪɟʄɟɧɟ ɜɟɡɟ 
 

3.1 ɍɡɞɭɠɧɨ ɨɩɬɟɪɟʄɟɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ 
 

Ɋɚɞɧɨ ɨɩɬɟɪɟʄɟʃɟ ɢɡɪɚɠɟɧɨ ɪɚɞɧɨɦ ɫɢɥɨɦ �௥ ɞɟɥɭʁɟ ɭ ɩɪɚɜɰɭ ɨɫɟ ɡɚɜɪɬʃɚ.Ɉɜɚ ɫɢɥɚ 
ɪɚɡɞɜɚʁɚ ɫɩɨʁɟɧɟ ɞɟɥɨɜɟ, ɚ ɫɢɥɚ ɩɪɢɬɟɡɚʃɚ ɬɨ ɫɩɪɟɱɚɜɚ (ɫɥɢɤɚ 18). ɉɪɢɬɟɡɚʃɟɦ ɫɟ 

ɡɚɜɪɬɚʃ ɢɫɬɟɠɟ ɡɚ ɜɟɥɢɱɢɧɭ ��=�௣/ܿ� , ɚ ɫɩɨʁɟɧɢ ɞɟɥɨɜɢ ɫɟ ɫɤɪɚʄɭʁɭ, ɨɞɧɨɫɧɨ ɫɚɛɢʁɚʁɭ 

ɡɚ �௕=�௣/ܿ௕, ɝɞɟ ɫɭ ܿ� ɢ ܿ௕ɤɪɭɬɨɫɬ ɡɚɜɪɬʃɚ ɢ ɤɪɭɬɨɫɬ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ. Ⱦɟʁɫɬɜɨ ɪɚɞɧɟ 
ɫɢɥɟ �௣(ɧɚ ɩɪɢɦɟɪ ɭɫɥɟɞ ɩɪɢɬɢɫɤɚ ݌ ɮɥɭɢɞɚ ɭ ɫɭɞɭ) ɞɨɜɨɞɢ ɞɨ ɞɚʂɟɝ ɩɨɜɟʄɚɜɚʃɚ 
ɞɟɮɨɪɦɚɰɢʁɟ ɡɚɜɪɬʃɚ ɢ ɞɨ ɨɫɥɨɛɚђɚʃɚ ɞɟɮɨɪɦɚɰɢʁɚ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ ɡɚ ɜɟɥɢɱɢɧɭ ∆�. 

Ɋɚɞɧɚ ɫɢɥɚ �௥ ɫɟ ɞɟɥɢ ɩɪɨɩɨɪɰɢɨɧɚɥɧɨ ɤɪɭɬɨɫɬɢɦɚ ɧɚ ɞɜɚ ɞɟɥɚ ∆�� ɢ ∆�௕ɨɞ ɤɨʁɢɯ ʁɟɞɚɧ 
ɞɨɜɨɞɢ ɞɨ ɩɨɜɟʄɚɜɚʃɚ ɫɢɥɟ ɭ ɡɚɜɪɬʃɭ ��, ɚ ɞɪɭɝɚ ɞɨ ɫɦɚʃɟʃɚ ɫɢɥɟ ɧɚ ɞɨɞɢɪɭ ɫɩɨʁɟɧɢɯ 
ɞɟɥɨɜɚ �௕ ɭ ɨɞɧɨɫɭ ɧɚ ɫɢɥɭ ɩɪɢɬɟɡɚʃɚ �௣ɬʁ. 
  �� =  �௣ +  ∆�� = �௣ + ௖�௖�+௖್ �௥;                       �� =  �௣ −  ∆�௕ = �௣ −  ௖್௖�+௖್ �௥               (3.1) 

 

Ⱥɤɨ ɫɟ ɩɨɜɟʄɚ ɪɚɞɧɚ ɫɢɥɚ �௥ , ɩɨɜɟʄɚɜɚ ɫɟ ɢ ɫɢɥɚ ɭ ɡɚɜɪɬʃɭ ɚ ɫɦɚʃɭʁɟ ɫɟ ɫɢɥɚ ɧɚ ɞɨɞɢɪɭ 
ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ. Кɚɞɚ ɫɢɥɚ �௕ ɛɭɞɟ ʁɟɞɧɚɤɚ ɧɭɥɢ ɞɨɥɚɡɢ ɞɨ ɪɚɡɞɜɚʁɚʃɚ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ, 
ɚ ɜɪɟɞɧɨɫɬ ɨɜɟ ɪɚɞɧɟ ɫɢɥɟ ʁɟɫɬɟ ɤɪɢɬɢɱɧɚ ɫɢɥɚ Д�௥]. �௕= �௣ −  ௖್௖�+௖್ �௥=0;[�௥]= �௣ ௖�+௖್௖್ = �௣ ቀͳ +  ௖�௖್ቁ                                                             (3.2) 

ɋɬɟɩɟɧ ɫɢɝɭɪɧɨɫɬɢ ɩɪɨɬɢɜ ɪɚɡɞɜɚʁɚʃɚ ɜɟɡɟ ʁɟ ܵ௥= 
[ிೝ]ிೝ . Ⱥɤɨ ɫɟ ɫɩɨʁɟɧɢ ɞɟɥɨɜɢ ɪɚɡɞɜɨʁɟ, 

ɩɪɢ ɞɚʂɟɦ ɩɨɪɚɫɬɭ ɫɢɥɟ �௥ ɩɨɜɟʄɚɜɚ ɫɟ ɡɚɡɨɪ ɢɡɦɟђɭ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ, ɚ ɫɢɥɚ ɭ ɡɚɜɪɬʃɭ 

ɩɨɜɟʄɚɜɚ ɫɟ ɩɪɨɩɨɪɰɢɨɧɚɥɧɨ ɩɨɪɚɫɬɭ ɫɢɥɟ �௥, ɨɞɧɨɫɧɨ ��=�௥. Ɋɚɡɞɜɚʁɚʃɟ ɜɟɡɟ ɦɨɠɟ ɫɟ 
ɫɩɪɟɱɢɬɢ ɩɨɜɟʄɚɜɚʃɟɦ ɤɪɭɬɨɫɬɢ ɡɚɜɪɬʃɚ ɭ ɨɞɧɨɫɭ ɧɚ ɤɪɭɬɨɫɬ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ ɢɥɢ ɫɢɥɟ 
ɩɪɢɬɟɡɚʃɚ [1]. 

               ɋɥɢɤɚ 18. ɋɢɥɟ ɢ ɞɟɮɨɪɦɚɰɢјɟ ɭ ɭɡɞɭɠɧɨ ɨɩɬɟɪɟʄɟɧɨј ɡɚɜɪɬɚʃɫɤɨј ɜɟɡɢ 



 

 

  
17 

 

  

Ɂɚɜɪɬɚʃ ɭɡɞɭɠɧɨ ɨɩɬɟɪɟʄɟɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ ɦɨɠɟ ɞɚ ɛɭɞɟ ɩɥɚɫɬɢɱɧɨ ɞɟɮɨɪɦɢɫɚɧ ɩɪɢ 
ɩɪɢɬɟɡɚʃɭ ɞɟʁɫɬɜɨɦ ɫɢɥɟ ɩɪɢɬɟɡɚʃɚ �௣ ɢ ɦɨɦɟɧɬɚ ௡ܶ. ɉɪɨɜɟɪɨɦ ɫɬɟɩɟɧɚ ɫɢɝɭɪɧɨɫɬɢ 
ɩɪɨɬɢɜ ɩɥɚɫɬɢɱɧɢɯ ɞɟɮɨɪɦɚɰɢʁɚ ɧɚ ɤɪɚʁɭ ɩɪɨɰɟɫɚ ɩɪɢɬɟɡɚʃɚ ɨɰɟʃɭʁɟ ɫɟ ɦɨɝɭʄɧɨɫɬ 
ɩɨʁɚɜɟ ɨɜɨɝ ɤɪɢɬɢɱɧɨɝ ɫɬɚʃɚ. Ⱦɚʂɟ ɫɟ ɩɪɨɜɟɪɚɜɚ ɫɬɟɩɟɧ ɫɢɝɭɪɧɨɫɬɢ ɡɚɜɪɬʃɚ ɭ ɪɚɞɭ. 
Ⱥɤɨ ʁɟ ɪɚɞɧɚ ɫɢɥɚ ɫɬɚɥɧɟ ɜɟɥɢɱɢɧɟ ɬʁ. ɚɤɨ ʁɟ ɩɪɢɛɥɢɠɧɨ ɤɨɧɫɬɚɧɬɧɚ, ɫɬɟɩɟɧ ɫɢɝɭɪɧɨɫɬɢ 
ɩɪɨɬɢɜ ɩɥɚɫɬɢɱɧɢɯ ɞɟɮɨɪɦɚɰɢʁɚ ɭ ɪɚɞɭ ɛɢʄɟ: 

                                          S= 
�೅��  ;               S= 

ி��೘�೙ = 
ி��ೄ                                                    (3.3) 

ɉɪɢ ɞɢɧɚɦɢɱɤɨʁ ɩɪɨɦɟɧɢ ɪɚɞɧɟ ɫɢɥɟ �௥, ɫɢɥɚ ɭ ɡɚɜɪɬʃɭ ɫɟ ɦɟʃɚ ɨɞ ɫɢɥɟ ɨɫɬɜɚɪɟɧɟ 

ɩɪɢɬɟɡɚʃɟɦ �௣ ɞɨ ɧɚʁɜɟʄɟ ɜɪɟɞɧɨɫɬɢ ɫɢɥɟ ��[1]. Ɂɛɨɝ ɬɨɝɚ ɫɟ ɧɚɩɨɧ ɦɟʃɚ ɨɞ �ௗ ɞɨ ��: �ௗ =  ி೛[�] = 
ி೛�య ;�� =  ி�[�] =ி��య;�௦௥ =  �� + �೏ଶ ; �௔ =  ��− �೏ଶ ;                                                    (3.4) 

ɋɢɥɚ ɩɪɢɬɟɡɚʃɚ ɡɚɜɪɬʃɚ ʁɟ ɫɬɚɥɧɟ ɜɟɥɢɱɢɧɟ ɩɚ ʁɟ ɢ ɞɨʃɚ ɜɪɟɞɧɨɫɬ ɧɚɩɨɧɚ ɤɨɧɫɬɚɧɬɧɚ 
ɬʁ. �ௗ=Мonst. ɉɪɢ ɩɪɨɜɟɪɢ ɞɢɧɚɦɢɱɤɨɝ ɫɬɟɩɟɧɚ ɫɢɝɭɪɧɨɫɬɢ ɦɟɪɨɞɚɜɚɧ ʁɟ ɤɪɢɬɢɱɧɢ 
ɩɪɟɫɟɤ ДȺ]. Ɍɨ ʁɟ ɧɚʁɦɚʃɢ ɩɪɟɫɟɤ ɫɚ ɧɚʁɜɟʄɨɦ ɤɨɧɰɟɧɬɪɚɰɢʁɨɦ ɧɚɩɨɧɚ. Ɉɧ ʁɟ ɩɪɟɫɟɤ ɧɚ 
ɦɟɫɬɭ ɞɨɞɢɪɚ ɡɚɜɪɬʃɚ ɫɚ ɩɪɜɢɦ ɧɚɜɨʁɤɨɦ ɧɚɜɪɬɤɟ. ȼɟɥɢɱɢɧɚ ɨɜɨɝ ɩɨɩɪɟɱɧɨɝ ɩɪɟɫɟɤɚ 
ɨɞɝɨɜɚɪɚ ɧɨɫɟʄɟɦ ɩɪɟɫɟɤɭ �ଷ. ɂɡɭɡɟɬɧɨ, ɥɨɦɨɜɢ ɦɨɝɭ ɧɚɫɬɚɬɢ ɧɚ ɦɟɫɬɭ ɩɪɟɥɚɡɚ ɫɬɚɛɥɚ ɢ 
ɝɥɚɜɟ ɡɚɜɪɬʃɚ ɢɥɢ ɧɚ ɫɬɚɛɥɭ ɝɞɟ ɫɟ ɡɚɜɪɲɚɜɚ ɧɚɜɨʁɧɢ ɞɟɨ. ɇɚ ɫɥɢɰɢ 19 ʁɟ ɩɪɢɤɚɡɚɧ 
ɨɞɧɨɫ ɪɚɞɧɨɝ ɢ ɤɪɢɬɢɱɧɨɝ ɧɚɩɨɧɚ ɞɢɧɚɦɢɱɤɢ ɧɚɩɪɟɝɧɭɬɨɝ ɡɚɜɪɬʃɚ ɤɨʁɢ ɢɦɚ ɫɬɟɩɟɧ 
ɫɢɝɭɪɧɨɫɬɢ ɭ ɪɚɞɭ: 

�ܵ =  σAMσa ;       σAM =  σAξβξଵξଶξଷ;     �௔ =  ∆ி�ଶ�య                                                                  (3.5) 

ɋɬɟɩɟɧ ɫɢɝɭɪɧɨɫɬɢ ɡɚɜɪɬʃɚ ɭ ɪɚɞɭ ɛɢ ɬɪɟɛɚɥɨ ɞɚ ɛɭɞɟ ɜɟʄɢ ɨɞ 1,25...2,5 ɭ ɡɚɜɢɫɧɨɫɬɢ ɨɞ 
ɩɨɭɡɞɚɧɨɫɬɢ ɩɨɞɚɬɚɤɚ ɧɚ ɨɫɧɨɜɭ ɤɨʁɢɯ ʁɟ ɨɞɪɟђɟɧ ɤɪɢɬɢɱɧɢ ɢ ɪɚɞɧɢ ɧɚɩɨɧ [3]. 

              ɋɥɢɤɚ 19. Ɉɞɧɨɫ ɪɚɞɧɨɝ ɢ ɤɪɢɬɢɱɧɨɝ ɧɚɩɨɧɚ ɞɢɧɚɦɢɱɤɢ ɧɚɩɪɟɝɧɭɬɨɝ ɡɚɜɪɬʃɚ 
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ɇɚʁʁɟɞɧɨɫɬɚɜɧɢʁɢ ɩɪɨɪɚɱɭɧɫɤɢ ɦɨɞɟɥ ʁɟ ɩɪɢɦɟɪ ɡɚɜɪɬʃɚ ɫɚ ɭɲɤɨɦ, ɤɨʁɢ ɫɟ ɤɨɪɢɫɬɢ ɡɚ 
ɧɨɲɟʃɟ ɬɟɪɟɬɚ. Кɨɞ ʃɟɝɚ ɫɟ ɩɨɞ ɞɟʁɫɬɜɨɦ ɫɢɥɟ ɬɟɪɟɬɚ F ʁɚɜʂɚ ɧɚɩɨɧ ɧɚ ɢɫɬɟɡɚʃɟ, ɧɚ 
ɨɫɧɨɜɭ ɤɨɝɚ ɫɟ ɪɚɱɭɧɚ ɦɢɧɢɦɚɥɧɢ ɩɪɟɱɧɢɤ ʁɟɡɝɪɚ ɡɚɜɪɬʃɚ. 

 

                                         

                        ɋɥɢɤɚ 20. Зɚɜɪɬɚʃ ɫɚ ɭɲɤɨɦ ɡɚ ɩɪɟɧɨɲɟʃɟ ɬɟɪɟɬɚ [11] 

ɍ ɞɪɭɝɨɦ ɩɪɢɦɟɪɭ (ɫɥɢɤɚ 21) ɧɚɜɨʁɧɨ ɜɪɟɬɟɧɨ ʁɟ ɨɩɬɟɪɟʄɟɧɨ ɫɬɚɥɧɨɦ ɭɡɞɭɠɧɨɦ ɫɢɥɨɦ 
F, ɤɚɨ ɢ ɭ ɩɪɜɨɦ ɫɥɭɱɚʁɭ, ɫ’ ɬɨɦ ɪɚɡɥɢɤɨɦ ɲɬɨ ɫɟ ɜɪɟɬɟɧɨ ɩɪɢɬɟɠɟ ɨɛɪɬɧɢɦ ɦɨɦɟɧɬɨɦ Ɍ 
ɩɨɞ ɨɩɬɟɪɟʄɟʃɟɦ. 
 

                  

                                         ɋɥɢɤɚ 21.  Дɢɡɚɥɢɰɚ ɫɚ ɜɪɟɬɟɧɨɦ 
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ɇɚ ɫɥɢɰɢ 21 ɞɟɫɧɨ ʁɟ ɩɪɢɤɚɡɚɧ ɞɢʁɚɝɪɚɦ ɚɤɫɢʁɚɥɧɢɯ ɫɢɥɚ F ɢ ɞɢʁɚɝɪɚɦ ɦɨɦɟɧɚɬɚ ௧ܶ௥ . �ܶ ʁɟ ɦɨɦɟɧɬ ɩɨɬɪɟɛɚɧ ɡɚ ɫɚɜɥɚɞɚɜɚʃɟ ɨɬɩɨɪɚ ɬɪɟʃɚ ɧɨɫɚɱɚ ɬɟɪɟɬɚ ɤɨʁɢ ɫɟ ɧɟ ɨɤɪɟʄɟ 
ɩɨ ɜɪɟɬɟɧɭ, ɤɨʁɟ ɫɟ ɨɤɪɟʄɟ,[3], [4]. 

 

ɍ ɬɪɟʄɟɦ ɫɥɭɱɚʁɭ ɨɩɬɟɪɟʄɟʃɚ ɡɚɜɪɬʃɚ ɭɡɞɭɠɧɨɦ ɫɢɥɨɦ (ɫɥɢɤɟ 22 ɢ 23), ɪɚɞɧɚ ɫɢɥɚ F 

ɢɦɚ ɩɪɨɦɟɧʂɢɜɢ ɤɚɪɚɤɬɟɪ. 
 

                            

ɋɥɢɤɚ 22. Вɟɡɚ ɰɢɥɢɧɞɪɚ ɢ ɩɨɤɥɨɩɰɚ ɡɚɜɪɬʃɚ           ɋɥɢɤɚ23. Вɟɡɚ ɰɟɜɢ ɡɚɜɪɬʃɢɦɚ ɩɨ ɨɛɨɞɭ [3] 

 

 

 

3.1.2 Ʉɪɭɬɨɫɬ ɡɚɜɪɬʃɚ ɢ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ 
 

Кɪɭɬɨɫɬ ɡɚɜɪɬʃɚ ɢ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ ɩɪɟɞɫɬɚɜʂɚ ɫɢɥɭ ɤɨʁɚ ʁɟ ɩɨɬɪɟɛɧɚ ɞɚ ɨɫɬɜɚɪɢ 

ʁɟɞɢɧɢɱɧɭ ɞɟɮɨɪɦɚɰɢʁɭ ɢɫɬɟɡɚʃɚ ɡɚɜɪɬʃɚ ɬʁ. ɫɚɛɢʁɚʃɚ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ. Ɉɜɚ ɤɪɭɬɨɫɬ ʁɟ 

ɩɪɨɩɨɪɰɢɨɧɚɥɧɚ ɜɟɥɢɱɢɧɢ ɩɨɩɪɟɱɧɨɝ ɩɪɟɫɟɤɚ Ⱥ ɢ ɦɨɞɭɥɭ ɟɥɚɫɬɢɱɧɨɫɬɢ ȿ, ɚ ɨɛɪɧɭɬɨ ʁɟ 
ɩɪɨɩɨɪɰɢɨɧɚɥɧɚ ɞɭɠɢɧɢ, ɬʁ. ɤɪɭɬɨɫɬ М=

�ா௟ . Кɪɭɬɨɫɬ ɫɟ ɦɨɠɟ ɦɟʃɚɬɢ ɩɪɨɦɟɧɨɦ 
ɞɭɠɢɧɟ ݈, ɚ ɜɟɥɢɱɢɧɚ ɩɨɩɪɟɱɧɨɝ ɩɪɟɫɟɤɚ Ⱥ ʁɟ ɨɞɪɟђɟɧɚ ɧɚ ɨɫɧɨɜɭ ɞɪɭɝɢɯ ɭɫɥɨɜɚ. 

Ɂɚɜɪɬʃɢ ɤɨʁɢ ɢɦɚʁɭ ɜɟʄɭ ɞɭɠɢɧɭ ɫɭ ɟɥɚɫɬɢɱɧɢʁɢ (ɦɚʃɟ ɫɭ ɤɪɭɬɨɫɬɢ) ɢ ɨɛɪɧɭɬɨ. ɇɚ 
ɫɥɢɰɢ 24 ɩɪɢɤɚɡɚɧ ʁɟ ɤɚɪɚɤɬɟɪ ɞɟɮɨɪɦɚɰɢʁɚ ɩɪɢ ɫɚɛɢʁɚʃɭ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ ɢ ɡɚɬɟɡɚʃɭ 

ɡɚɜɪɬʃɚ. Ɍɚɤɨђɟ ʁɟ ɩɪɢɤɚɡɚɧ ɢ ɭɬɢɰɚʁ ɩɪɨɦɟɧɟ ɨɞɧɨɫɚ ɤɪɭɬɨɫɬɢ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ ɢ 

ɡɚɜɪɬʃɚ ɧɚ ɨɞɧɨɫɟ ɫɢɥɚ ɭ ɡɚɜɪɬɚʃɫɤɨʁ ɜɟɡɢ. 

Ⱥɤɨ ʁɟ ɡɚɜɪɬɚʃ ɦɚɥɟ ɤɪɭɬɨɫɬɢ (ɟɥɚɫɬɢɱɚɧ) ɭ ɨɞɧɨɫɭ ɧɚ ɫɩɨʁɟɧɟ ɞɟɥɨɜɟ ܿ�<<ܿ௕ ɨɧɞɚ ʁɟ 
ɦɚɥɢ ɞɟɨ ɫɢɥɟ �௥ ɤɨʁɭ ɩɪɟɧɨɫɢ ɡɚɜɪɬɚʃ ɢ ɦɚɥɚ ʁɟ ɫɢɥɚ ɧɚ ɞɨɞɢɪɭ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ �௕. 

Ɉɜɚɤɜɨ ɫɬɚʃɟ ʁɟ ɩɨɝɨɞɧɨ ɭ ɫɥɭɱɚʁɭ ɤɚɞɚ ʁɟ ɧɟɨɩɯɨɞɧɨ ɡɚɲɬɢɬɢɬɢ ɡɚɜɪɬɚʃ ɨɞ 

ɞɢɧɚɦɢɱɤɢɯ ɫɢɥɚ ɤɨʁɟ ɦɨɝɭ ɞɨɜɟɫɬɢ ɞɨ ɡɚɦɨɪɚ. ɍ ɞɪɭɝɨɦ ɫɥɭɱɚʁɭ (ɫɥɢɤɚ 24ɛ), ɤɚɞɚ ʁɟ ܿ�>>ܿ௕, ɡɚɜɪɬɚʃ ɬɚɞɚ ɩɪɟɧɨɫɢ ɦɧɨɝɨ ɜɟʄɢ ɞɟɨ ɪɚɞɧɟ ɫɢɥɟ, ɝɞɟ ʁɟ ɫɢɥɚ ɧɚ ɞɨɞɢɪɭ 
ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ �௕ ɬɚɤɨђɟ ɜɟɥɢɤɚ. Ɉɜɚɤɜɨ ɫɬɚʃɟ ʁɟ ɩɨɝɨɞɧɨ ɤɚɞɚ ʁɟ ɩɨɬɪɟɛɧɚ ɜɟɥɢɤɚ 
ɫɢɥɚ �௕ ɡɚ ɡɚɩɬɢɜɚʃɟ, ɩɨɫɟɛɧɨ ɤɚɞɚ ɧɢʁɟ ɩɪɨɦɟɧʂɢɜɚ ɪɚɞɧɚ ɫɢɥɚ. 

Ɉɞɪɟђɢɜɚʃɟ ɤɪɭɬɨɫɬɢ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ ɢ ɡɚɜɪɬʃɚ ɡɚɫɧɢɜɚ ɫɟ ɧɚ ɩɪɢɦɟɧɢ ɨɫɧɨɜɧɨɝ 
ɨɛɪɚɫɰɚ ɡɚ ɚɤɫɢʁɚɥɧɭ ɤɪɭɬɨɫɬ c=

�ா௟ , ɤɨʁɢɦ ɫɟ ɨɛɭɯɜɚɬɚ ɡɚɩɪɟɦɢɧɚ ɦɚɬɟɪɢʁɚɥɚ ɤɨʁɚ ʁɟ 
ɢɡɥɨɠɟɧɚ ɟɥɚɫɬɢɱɧɢɦ ɞɟɮɨɪɦɚɰɢʁɚɦɚ. 
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ɋɥɢɤɚ 24. ɍɬɢɰɚј ɨɞɧɨɫɚ ɤɪɭɬɨɫɬɢ ɡɚɜɪɬʃɚ ɢ ɫɩɨјɟɧɢɯ ɞɟɥɨɜɚ ɧɚ ɪɚɫɩɨɞɟɥɭ ɫɢɥɚ ɭ 

ɡɚɜɪɬɚʃɫɤɨј ɜɟɡɢ 

 

 

Кɨɞ ɡɚɜɪɬʃɚ ɚɧɚɥɢɡɢɪɚ ɫɟ ɞɟɨ ɫɬɚɛɥɚ ɢɡɦɟђɭ ɝɥɚɜɟ ɢ ɧɚɜɪɬɤɟ. Кɨɞ ɦɚʃɢɯ ɞɭɠɢɧɚ ɬɪɟɛɚ 
ɪɚɱɭɧɚɬɢ ɢ ɭɬɢɰɚʁ ɟɥɚɫɬɢɱɧɢɯ ɞɟɮɨɪɦɚɰɢʁɚ ɭ ɧɚɜɪɬɰɢ ɢ ɝɥɚɜɟ ɡɚɜɪɬʃɚ. ɉɨɲɬɨ ɩɪɟɫɟɤ 
ɡɚɜɪɬʃɚ ɦɨɠɟ ɞɚ ɫɟ ɩɪɨɦɟɧɢ, ɨɞɪɟђɭʁɟ ɫɟ ɤɪɭɬɨɫɬ ɩɨɫɟɛɧɨ ɡɚ ɫɜɚɤɢ ɩɪɟɫɟɤ, ɚ ɭɤɭɩɧɚ ɫɟ 
ɞɨɛɢʁɚ ɫɚɛɢɪɚʃɟɦ ɪɟɰɢɩɪɨɱɧɢɯ ɜɪɟɞɧɨɫɬɢ. Кɨɞ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ ɩɨɞɪɭɱʁɟ ɤɨʁɟ ʁɟ 

ɡɚɯɜɚʄɟɧɨ ɞɟɮɨɪɦɚɰɢʁɚɦɚ ɫɟ ɲɢɪɢ ɭ ɜɢɞɭ ɤɨɧɭɫɚ ɫɚ ɭɝɥɨɦ α (tan �=0,4 ÷ 0,5). Ⱥɤɨ ʁɟ 
ɦɚɥɚ ɞɟɛʂɢɧɚ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ, ɨɜɚʁ ɤɨɧɭɫ ɫɟ ɦɨɠɟ ɚɩɪɨɤɫɢɦɢɪɚɬɢ ɰɢɥɢɧɞɪɨɦ. Кɨɞ 
ɜɟʄɢɯ ɞɟɛʂɢɧɚ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ ɦɨɪɚʁɭ ɫɟ ɤɨɪɢɫɬɢɬɢ ɨɞɝɨɜɚɪɚʁɭʄɢ ɦɨɞɟɥɢ ɡɚ 
ɨɞɪɟђɢɜɚʃɟ ɨɜɟ ɤɪɭɬɨɫɬɢ [1],[3]. Ⱥɤɨ ʁɟ ɞɟɮɨɪɦɚɰɢɨɧɨ ɫɬɚʃɟ ɫɥɨɠɟɧɨ, ɩɨɞɪɭɱʁɟ ɤɨʁɟ ʁɟ 
ɡɚɯɜɚʄɟɧɨ ɞɟɮɨɪɦɚɰɢʁɚɦɚ ɞɟɥɢ ɫɟ ɧɚ ɫɟɤɰɢʁɟ ɢ ɦɨɠɟ ɫɟ ɢɡɪɚɱɭɧɚɬɢ ɟɤɜɢɜɚɥɟɧɬɧɚ 
ɤɪɭɬɨɫɬ [3]. 
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3.2 ɉɨɩɪɟɱɧɨ ɨɩɬɟɪɟʄɟɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ 

Ɋɚɞɧɨ ɨɩɬɟɪɟʄɟʃɟ, ɨɞɧɨɫɧɨ ɫɢɥɚ �ௌ, ɞɟɥɭʁɟ ɩɨɩɪɟɱɧɨ ɧɚ ɨɫɭ ɡɚɜɪɬʃɚ. ɉɨɦɟɪɚʃɟ 
(ɤɥɢɡɚʃɟ) ɫɩɪɟɱɚɜɚ ɫɢɥɚ ɬɪɟʃɚ �µ ɤɨʁɚ ɫɟ ɞɨɛɢʁɚ ɩɪɢɬɟɡɚʃɟɦ ɡɚɜɪɬʃɚ ɢ ɨɫɬɜɚɪɢɜɚʃɟɦ 
ɫɢɥɟ �௕ ɧɚ ɞɨɞɢɪɭ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ. ɋɢɥɚ ɬɪɟʃɚ �µ ɦɨɪɚ ɛɢɬɢ ɜɟʄɚ ɨɞ ɩɨɩɪɟɱɧɟ ɫɢɥɟ �ௌ 

ɡɚ ɫɬɟɩɟɧ ɫɢɝɭɪɧɨɫɬɢ ɩɪɨɬɢɜ ɤɥɢɡɚʃɚ ܵµ = 1,2÷1,8. Ⱥɤɨ ʁɟ ɭ ɞɨɞɢɪɭ ɜɢɲɟ ɩɨɜɪɲɢɧɚ 
(ɫɥɢɤɚ 25 ɚ – Т=2), ɨɧɞɚ ɫɟ ɞɨɛɢʁɚ: ��௕µ= ܵµ�௦;           �௕= 

ௌµிೞ�µ ;            �௕= �௣�௕;                                                                      (3.6) 

ɋɚɦɨɨɞɜɪɬɚʃɟ ɢ ɥɚɛɚɜʂɟʃɟ ɫɟ ɦɟʃɚ ɭɜɟʄɚɜɚʃɟɦ ɫɢɥɟ ɩɪɢɬɟɡɚʃɚ, ɝɞɟ ʁɟ ɮɚɤɬɨɪ 
ɩɪɢɬɟɡɚʃɚ  �௣=1,5÷2 ɡɚ ɫɬɚɬɢɱɤɟ ɫɢɥɟ �ௌ, ɢ �௣=2÷4 ɡɚ ɞɢɧɚɦɢɱɤɟ ɫɢɥɟ ɤɚɨ ɢ ɡɚ ɜɟɡɟ ɤɨʁɟ 
ɫɭ ɢɡɥɨɠɟɧɟ ɜɢɛɪɚɰɢʁɚɦɚ. ɉɪɨɪɚɱɭɧ ɧɟɩɨɞɟɲɟɧɢɯ ɡɚɜɪɬɚʃɫɤɢɯ ɜɟɡɚ ɫɜɨɞɢ ɫɟ ɧɚ 
ɩɪɨɜɟɪɭ ɫɬɟɩɟɧɚ ɫɢɝɭɪɧɨɫɬɢ ɩɪɨɬɢɜ ɩɥɚɫɬɢɱɧɢɯ ɞɟɮɨɪɦɚɰɢʁɚ ɡɚɜɪɬʃɚ ɧɚ ɤɪɚʁɭ ɩɪɨɰɟɫɚ 
ɩɪɢɬɟɡɚʃɚ. Ɂɚ ɢɡɪɚɞɭ ɧɟɩɨɞɟɲɟɧɢɯ ɡɚɜɪɬɚʃɫɤɢɯ ɜɟɡɚ ɤɨɪɢɫɬɟ ɫɟ ɡɚɜɪɬʃɢ ɝɪɭɛɟ ɤɥɚɫɟ C 
ɢ ɨɧɢ ɫɟ ɭɝɪɚђɭʁɭ ɭ ɝɪɭɛɨ ɨɛɪɚђɟɧ ɨɬɜɨɪ ɫɚ ɜɟɥɢɤɢɦ ɡɚɡɨɪɨɦ [2]. 

 

ɋɥɢɤɚ 25. ɉɨɩɪɟɱɧɨ ɨɩɬɟɪɟʄɟɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ: ɚ) ɧɟɩɨɞɟɲɟɧɟ, ɛ) ɩɨɞɟɲɟɧɟ [7] 

 

ɉɨɞɟɲɟɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ (ɫɥɢɤɚ 25ɛ) ɨɫɬɜɚɪɭʁɭ ɫɟ ɤɨɪɢɲʄɟʃɟɦ ɡɚɜɪɬʃɚ ɡɚ ɬɚɱɧɨ 
ɧɚɥɟɝɚʃɟ. Ɉɬɜɨɪ ɢ ɡɚɜɪɬɚʃ ɩɪɟɰɢɡɧɨ ɫɟ ɨɛɪɚђɭʁɭ ɢ ɮɨɪɦɢɪɚʁɭ ɧɟɢɡɜɟɫɧɨ ɧɚɥɟɝɚʃɟ, ɲɬɨ 
ɢɯ ɱɢɧɢ ɫɤɭɩʂɢɦ ɨɞ ɧɟɩɨɞɟɲɟɧɢɯ. Ɉɩɬɟɪɟʄɟʃɟ ɫɟ ɩɪɟɧɨɫɢ ɫɦɢɰɚʃɟɦ ɫɬɚɛɥɚ ɡɚɜɪɬʃɚ ɢ 
ɩɪɢɬɢɫɤɨɦ ɧɚ ɞɨɞɢɪɧɟ ɩɨɜɪɲɢɧɟ ɫɬɚɛɥɚ. 

Ĳ = ிೞ� � =  ସிೞ�஽మమ�≤ �௦ௗ௢�;    ݌ଵ=
ிೞ௕భ ವమ ≤ ݌ௗ௢�;      ݌ଶ = 

ிೞଶ௕మ ವమ ≤ ݌ௗ௢�;                                          (3.7) 
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Ⱦɨɡɜɨʂɟɧɢ ɧɚɩɨɧ ɫɦɢɰɚʃɚ ɤɪɟʄɟ ɫɟ ɭ ɝɪɚɧɢɰɚɦɚ: 

 Ɂɚ ɫɬɚɬɢɱɤɨ ɨɩɬɟɪɟʄɟʃɟ �௦ௗ௢� =  ோ೐ௌ  = 
ோ೐ଵ,଻ = 0,6ܴ௘                                                                                           (3.8) 

 Ɂɚ ʁɟɞɧɨɫɦɟɪɧɨ ɩɪɨɦɟɧʂɢɜɨ ɞɢɧɚɦɢɱɤɨ ɨɩɬɟɪɟʄɟʃɟ �௦ௗ௢� =  ோ೐ௌ  = 
ோ೐ଶ  = 0,5ܴ௘                                                                                           (3.9) 

  

 Ɂɚ ɧɚɢɡɦɟɧɢɱɧɨ ɩɪɨɦɟɧʂɢɜɨ ɞɢɧɚɦɢɱɤɨ ɨɩɬɟɪɟʄɟʃɟ �௦ௗ௢� =  ோ೐ௌ  = 
ோ೐ଶ,ହ = 0,4ܴ௘                                                                                         (3.10) 

 

Ɂɚ ɩɪɨɪɚɱɭɧ ɫɟ ɦɨɠɟ ɤɨɪɢɫɬɢɬɢ ɢ ɫɬɟɩɟɧ ɫɢɝɭɪɧɨɫɬɢ ɩɪɨɬɢɜ ɪɚɡɚɪɚʃɚ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ 
ɭɫɥɟɞ ɫɦɢɰɚʃɚ: ܵ� =  [�]�  ≥ ܵ௠�௡ = 1,5÷2                                                                                                      (3.11) 

Кɪɢɬɢɱɧɢ ɧɚɩɨɧ ɡɚɜɪɬʃɚ ДĲ] ʁɟ ɧɚɩɨɧ ɬɟɱɟʃɚ �்=0,7ܴ௘ ɡɚ ɫɬɚɬɢɱɤɨ ɧɚɩɪɟɡɚʃɟ ɨɞɧɨɫɧɨ 
ɞɢɧɚɦɢɱɤɚ ɢɡɞɪɠʂɢɜɨɫɬ �௦஽ ɡɚ ɞɢɧɚɦɢɱɤɨ ɧɚɩɪɟɡɚʃɟ. 

Кɨɞ ɩɨɜɪɲɢɧɫɤɨɝ ɩɪɢɬɢɫɤɚ ɩɪɨɜɟɪɚɜɚ ɫɟ ɧɚʁɜɟʄɢ ɩɪɢɬɢɫɚɤ ݌ଵ, ݌ଶ ɢɥɢ ݌ଷ ɭ ɨɞɧɨɫɭ ɧɚ ݌ௗ௢� ɡɚ ɫɥɚɛɢʁɟ ɦɚɬɟɪɢʁɚɥɟ ɭ ɞɨɞɢɪɭ. Ⱦɨɡɜɨʂɟɧɢ ɩɨɜɪɲɢɧɫɤɢ ɩɪɢɬɢɫɚɤ ɞɟɥɨɜɚ ɭ ɞɨɞɢɪɭ 
ɤɪɟʄɟ ɫɟ ɭ ɝɪɚɧɢɰɚɦɚ: 

 Ɂɚ ɫɬɚɬɢɱɤɨ ɨɩɬɟɪɟʄɟʃɟ ݌ௗ௢� = 1,2ܴ௘ (ɢɥɢ 0,75 ·ܴ௠) 

 

 Ɂɚ ʁɟɞɧɨɫɦɟɪɧɨ ɢɥɢ ɧɚɢɡɦɟɧɢɱɧɨ ɩɪɨɦɟɧʂɢɜɨ ɞɢɧɚɦɢɱɤɨ ɨɩɬɟɪɟʄɟʃɟ ݌ௗ௢� = 0,9ܴ௘ (ɢɥɢ 0,6 ·ܴ௠) 

 

Ɇɟɪɨɞɚɜɧɚ ʁɟ ɝɪɚɧɢɰɚ ɬɟɱɟʃɚ ܴ௘, ɨɞɧɨɫɧɨ ɡɚɬɟɡɧɚ ɱɜɪɫɬɨʄɚ ܴ௠ ɡɚ ɫɥɚɛɢʁɢ ɦɚɬɟɪɢʁɚɥ ɭ 
ɞɨɞɢɪɭ. 

Ɂɚ ɞɟɥɨɜɟ ɨɞ ɤɪɬɢɯ ɦɚɬɟɪɢʁɚɥɚ (ɧɚ ɩɪɢɦɟɪ ɫɢɜɢ ɥɢɜ) ɭɡɢɦɚ ɫɟ ݌ௗ௢�= 1,5·ܴ௠ ɡɚ ɫɬɚɬɢɱɤɨ 
ɨɩɬɟɪɟʄɟʃɟ ɨɞɧɨɫɧɨ  ݌ௗ௢�= 1,2·ܴ௠ ɡɚ ɞɢɧɚɦɢɱɤɨ ɨɩɬɟɪɟʄɟʃɟ. 

ɋɦɢɰɚʁɧɨ ɨɩɬɟɪɟʄɟɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ ɫɟ ɦɚɥɨ ɩɪɢɬɟɠɭ, ɧɚʁɜɢɲɟ ɞɨ  �௣=0,2 �்�. 

ɍ ɡɚɜɢɫɧɨɫɬɢ ɨɞ ɜɟɡɚ ɫɚ ɧɟɩɨɞɟɲɟɧɢɦ ɢ ɩɨɞɟɲɟɧɢɦ ɡɚɜɪɬʃɢɦɚ, ɬɟɥɨ ɡɚɜɪɬʃɚ ɦɨɠɟ 
ɛɢɬɢ ɢɡɥɨɠɟɧɨ: 
 

 ɢɫɬɟɡɚʃɭ ɭɫɥɟɞ ɫɢɥɟ ɩɪɢɬɟɡɚʃɚ ɤɨʁɚ ɨɛɟɡɛɟђɭʁɟ ɧɟɦɨɝɭʄɧɨɫɬ ɦɟђɭɫɨɛɧɨɝ 
ɩɨɦɟɪɚʃɚ ɫɩɨʁɟɧɢɯ ɩɥɨɱɚ, 

 

 ɫɦɢɰɚʃɭ ɭɫɥɟɞ ɩɨɩɪɟɱɧɢɯ ɫɢɥa. 
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                          ɋɥɢɤɚ 26. ɇɟɩɨɞɟɲɟɧɢ ɢ ɩɨɞɟɲɟɧɢ ɡɚɜɪɬɚʃ ɢɡɥɨɠɟɧ ɫɢɥɚɦɚ 

 

 

                     ɋɥɢɤɚ 27. ɋɪɟɞɫɬɜɚ ɡɚ ɪɚɫɬɟɪɟʄɟʃɟ ɡɚɜɪɬʃɚ ɨɞ ɩɨɩɪɟɱɧɢɯ ɫɢɥɚ 

 

 

           ɋɥɢɤɚ 28. Зɚɜɪɬɚʃ ɞɟɮɨɪɦɢɫɚɧ ɩɨɞ ɭɬɢɰɚјɟɦ ɫɚɜɢјɚʃɚ ɭɫɥɟɞ ɬɡɜ.ɧɟɪɟɞɨɜɧɢɯ ɫɢɥɚ 
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4 Ƚɪɭɩɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ 
 

Ƚɪɭɩɧɭ ɡɚɜɪɬɚʃɫɤɭ ɜɟɡɭ ɱɢɧɢ ɜɢɲɟ ɡɚɜɪɬʃɚ ɨɞɧɨɫɧɨ ɝɪɭɩɚ ɡɚɜɪɬʃɚ ɡɚ ɩɪɟɧɨɲɟʃɟ 
ɢɫɬɨɝ ɨɩɬɟɪɟʄɟʃɚ. Кɨɞ ɝɪɭɩɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ, ɦɨɪɚʁɭ ɛɢɬɢ ɢɫɩɭʃɟɧɢ ɫɥɟɞɟʄɢ ɭɫɥɨɜɢ: 

 

 ɋɜɢ ɡɚɜɪɬʃɟɜɢ ɬɪɟɛɚɥɨ ɛɢ ɞɚ ɛɭɞɭ ɢɫɬɨɝ ɨɛɥɢɤɚ ɢ ɞɢɦɟɧɡɢʁɚ, 

 

 Ⱦɚ ɫɭ ɫɜɢ ɡɚɜɪɬʃɟɜɢ ɫɢɦɟɬɪɱɧɨ ɪɚɫɩɨɪɟђɟɧɢ (ɩɨ ɤɪɭɝɭ ɢ ɧɚ ɢɫɬɨɦ 
ɦɟђɭɫɨɛɧɨɦ ɪɚɫɬɨʁɚʃɭ, ɤɜɚɞɪɚɬɭ, ɩɨ ɩɪɚɜɨɭɝɚɨɧɢɤɭ ɢ ɞɪɭɝɨ), 

 

 Ⱦɢɦɟɧɡɢɨɧɢɫɚʃɟ ɡɚɜɪɬʃɟɜɚ ɢɡɜɨɞɢ ɫɟ ɩɪɟɦɚ ɧɚʁɨɩɬɟɪɟʄɟɧɢʁɟɦ ɡɚɜɪɬʃɭ, 

 

 Ⱦɚ ɫɭ ɫɜɢ ɡɚɜɪɬʃɟɜɢ ɩɪɢɬɟɝɧɭɬɢ ɢɫɬɨɦ ɫɢɥɨɦ, 

 

 ɉɪɢɬɟɡɚʃɟ ɡɚɜɪɬʃɟɜɚ ɩɪɢ ɦɨɧɬɚɠɢ ɜɪɲɢ ɫɟ ɩɨɫɬɟɩɟɧɨ ɢ ɩɨ ɬɚɱɧɨ 
ɨɞɪɟђɟɧɨɦ ɪɟɞɨɫɥɟɞɭ, 

 

 ɉɨɝɨɞɧɢʁɟ ʁɟ ɩɪɢɦɟɧɢɬɢ ɜɟʄɢ ɛɪɨʁ ɡɚɜɪɬʃɚ ɦɚʃɢɯ ɞɢɦɟɧɡɢʁɚ ɧɟɝɨ ɦɚʃɢ 
ɛɪɨʁ ɡɚɜɪɬʃɚ ɜɟʄɢɯ ɞɢɦɟɧɡɢʁɚ,[1],[2]. 

 

 

4.1 ɍɡɞɭɠɧɨ ɢ ɩɨɩɪɟɱɧɨ ɨɩɬɟɪɟʄɟɧɟ ɝɪɭɩɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ 
 

Кɨɞ ɭɡɞɭɠɧɨ ɨɩɬɟɪɟʄɟɧɢɯ ɜɟɡɚ ɫɢɥɚ ɫɟ ɧɚʁɱɟɲʄɟ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɨɪɟђɭʁɟ ɧɚ ɫɜɟ 
ɡɚɜɪɬʃɟ. ɇɚɩɚɞɧɚ ɥɢɧɢʁɚ, ɭɩɪɚɜɧɚ ɧɚ ɞɨɞɢɪɧɭ ɪɚɜɚɧ ɫɢɥɟ �ோ , ɩɪɨɥɚɡɢ ɤɪɨɡ ɬɟɠɢɲɬɟ 
ɩɪɟɫɟɤɚ ɝɪɭɩɧɟ ɜɟɡɟ. Кɨɞ ɧɟɩɨɞɟɲɟɧɢɯ ɩɨɩɪɟɱɧɨ ɨɩɬɟɪɟʄɟɧɢɯ ɡɚɜɪɬɚʃɫɤɢɯ ɜɟɡɚ 
ɪɚɫɩɨɞɟɥɚ ɧɚ ɫɜɟ ɡɚɜɪɬʃɟ ʁɟ ɬɚɤɨђɟ ɪɚɜɧɨɦɟɪɧɚ (�௥=1). Кɨɞ ɩɨɞɟɲɟɧɢɯ ɡɚɜɪɬɚʃɫɤɢɯ 
ɜɟɡɚ ɪɚɫɩɨɞɟɥɚ ʁɟ ɜɟɨɦɚ ɧɟɪɚɜɧɨɦɟɪɧɚ, �௦=(�ோ/z)�௥, ɚ ɮɚɤɬɨɪ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ 
ɪɚɫɩɨɞɟɥɟ ɨɩɬɟɪɟʄɟʃɚ �௥=1,3...1,5 ɩɚ ɢ ɜɢɲɟ, ɡɚɜɢɫɧɨ ɨɞ ɬɚɱɧɨɫɬɢ ɢɡɪɚɞɟ. ɉɨɬɪɟɛɚ ɡɚ 
ɜɢɫɨɤɨɦ ɩɪɟɰɢɡɧɨɲʄɭ ɢɡɪɚɞɟ ɢ ɧɟɪɚɜɧɨɦɟɪɧɚ ɪɚɫɩɨɞɟɥɚ ɨɩɬɟɪɟʄɟʃɚ ɫɭ ɪɚɡɥɨɡɢ ɡɛɨɝ 
ɤɨʁɢɯ ɫɟ ɩɨɞɟɲɟɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ ɭɝɥɚɜɧɨɦ ɧɟ ɤɨɪɢɫɬɟ ɤɨɞ ɝɪɭɩɧɢɯ ɜɟɡɚ. Кɚɨ 
ɩɨʁɟɞɢɧɚɱɧɟ, ɡɧɚɬɧɨ ɫɭ ɜɟʄɟ ɧɨɫɢɜɨɫɬɢ ɭ ɩɨɪɟђɟʃɭ ɫɚ ɧɟɩɨɞɟɲɟɧɢɦ. 

ȼɪɥɨ ɱɟɫɬ ɫɥɭɱɚʁ ɩɨɩɪɟɱɧɨ ɨɩɬɟɪɟʄɟɧɟ ɝɪɭɩɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ ʁɟ ɜɟɡɚ ɩɨɥɭɬɤɢ 

ɫɩɨʁɧɢɰɚ. Ⱥɤɨ ɫɩɨʁɧɢɰɚ ɩɪɟɧɨɫɢ ɨɛɪɬɧɢ ɦɨɦɟɧɬ Ɍ, ɚ ɡɚɜɪɬʃɢ ɫɭ ɪɚɫɩɨɪɟђɟɧɢ ɧɚ  
ɩɪɟɱɧɢɤɭ D, ɨɧɞɚ ɩɨɩɪɟɱɧɚ ɫɢɥɚ ɩɨ ɫɜɚɤɨɦ ɡɚɜɪɬʃɭ �௦ଵɢɡɧɨɫɢ: 

    �௦ଵ =  ଶ்� · ஽ ·  �௥                                                                                                        (4.1) 
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                         ɋɥɢɤɚ 29. Кɨɦɛɢɧɨɜɚɧɨ ɨɩɬɟɪɟʄɟʃɟ ɝɪɭɩɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ 

 

 

Кɨɦɛɢɧɨɜɚɧɨ ɨɩɬɟɪɟʄɟɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ ɦɨɝɭ ɛɢɬɢ ɢɡɥɨɠɟɧɟ ɞɟʁɫɬɜɭ ɜɢɲɟ ɭɡɞɭɠɧɢɯ 
ɢɥɢ ɜɢɲɟ ɩɨɩɪɟɱɧɢɯ ɫɢɥɚ, ɤɚɨ ɢ ɤɨɦɛɢɧɨɜɚɧɨɦ ɞɟʁɫɬɜɭ ɭɡɞɭɠɧɢɯ ɢ ɩɨɩɪɟɱɧɢɯ ɫɢɥɚ. ɇɚ 
ɥɟɜɨʁ ɫɥɢɰɢ ɩɪɢɤɚɡɚɧɚ ʁɟ ɩɨɩɪɟɱɧɨ ɨɩɬɟɪɟʄɟɧɚ ɡɚɜɪɬɚʃɫɤɚ ɜɟɡɚ ɤɨɞ ɤɨʁɟ ɫɟ ɫɢɥɚ F 

ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɨɞɟʂɭʁɟ ɭ ɜɟɪɬɢɤɚɥɧɨɦ ɩɪɚɜɰɭ ɧɚ ɫɜɢɯ г ɡɚɜɪɬʃɟɜɚ (�௏=�/г). Ɉɫɢɦ 
ɬɨɝɚ, ɨɜɚ ɫɢɥɚ ɨɫɬɜɚɪɭʁɟ ɢ ɦɨɦɟɧɚɬ ɤɨʁɢ ɫɬɜɚɪɚ ɢ ɞɪɭɝɭ ɤɨɦɩɨɧɟɧɬɭ �௧=2·F·a/� ∙ ��. 

ɉɨɲɬɨ ʁɟ ɪɟɡɭɥɬɭʁɭʄɚ ɩɨɩɪɟɱɧɚ ɫɢɥɚ �ௌ ɪɚɡɥɢɱɢɬɚ, ɩɪɨɜɟɪɚɜɚ ɫɟ ɧɚʁɨɩɬɟɪɟʄɟɧɢʁɢ 
ɡɚɜɪɬɚʃ. Ⱥɤɨ ʁɟ ɡɚɜɪɬɚʃɫɤɚ ɜɟɡɚ ɢɡɥɨɠɟɧɚ ɢ ɭɡɞɭɠɧɨʁ ɢ ɩɨɩɪɟɱɧɨʁ ɫɢɥɢ (ɫɥɢɤɚ ɞɟɫɧɨ), 
ɩɨɩɪɟɱɧɚ ɫɟ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɨɞɟʂɭʁɟ ɧɚ ɡɚɜɪɬʃɟ (�௦�=� �⁄ ), ɞɨɤ ʁɟ ɭɡɞɭɠɧɚ �௥� ɩɪɨɩɨɪɰɢɨɧɚɥɧɚ ɪɚɫɬɨʁɚʃɭ ɨɞ ɰɟɧɬɪɚ ɪɨɬɚɰɢʁɟ �௥ଵ:�௥ଶ= ܾଵ :ܾଶ, ɭɡ ɭɫɥɨɜ ɪɚɜɧɨɬɟɠɟ �௔= �௥ଵܾଵ+ �௥ଶܾଶ. Ɋɚɫɬɨʁɚʃɟ ɰɟɧɬɪɚ (ɨɫɟ) ɪɨɬɚɰɢʁɟ М ɨɞ ɤɪɚʁɚ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ ɡɚɜɢɫɢ ɨɞ 
ɤɪɭɬɨɫɬɢ ɧɚ ɫɚɜɢʁɚʃɟ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ. Ɂɚ ɚɩɫɨɥɭɬɧɨ ɤɪɭɬɟ ɫɩɨʁɟɧɟ ɞɟɥɨɜɟ ɨɜɨ 
ɪɚɫɬɨʁɚʃɟ ɛɢ ɛɢɥɨ М=0. ɇɚʁɧɟɩɨɜɨʂɧɢʁɟ ɫɬɚʃɟ ʁɟ ɡɚ М=ℎ Ͷ⁄  ɤɨʁɟ ɪɟɚɥɧɨ ɧɢʁɟ ɨɫɬɜɚɪɢɜɨ 
ʁɟɪ ɫɭ ɞɟɥɨɜɢ ɨɛɢɱɧɨ ɩɨɜɟʄɚɧɟ ɮɥɟɤɫɢɨɧɟ ɤɪɭɬɨɫɬɢ [3]. 

 

4.2 ɋɥɨɠɟɧɨ ɨɩɬɟɪɟʄɟɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ 
 

Кɨɞ ɫɥɨɠɟɧɨ ɨɩɬɟɪɟʄɟɧɢɯ ɡɚɜɪɬɚʃɫɤɢɯ ɜɟɡɚ ɨɛɢɱɧɨ ɫɟ ɤɨɪɢɫɬɟ ɡɚɜɪɬʃɢ  ɫɚ 
ɲɟɫɬɨɭɝɚɨɧɨɦ ɝɥɚɜɨɦ. ɋɥɨɠɟɧɟ ɩɨɩɪɟɱɧɨ ɨɩɬɟɪɟʄɟɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ ɢɡɥɨɠɟɧɟ ɫɭ ɭ 
ɢɫɬɨ ɜɪɟɦɟ ɢ ɭɡɞɭɠɧɢɦ ɢ ɩɨɩɪɟɱɧɢɦ ɫɢɥɚɦɚ. Ɂɚ ɞɚɬɭ ɡɚɜɪɬɚʃɫɤɭ ɜɟɡɭ ɤɨɧɡɨɥɟ ɡɚ ɧɨɫɟʄɭ 
ɤɨɧɫɬɪɭɤɰɢʁɭ ɩɨɩɪɟɱɧɚ ɫɢɥɚ �ோ ɧɚɥɚɡɢ ɫɟ ɧɚ ɪɚɫɬɨʁɚʃɭ ݈ோ ɨɞ ɧɨɫɟʄɟ ɤɨɧɫɬɪɭɤɰɢʁɟ. 
Ɂɚɜɪɬɚʃɫɤɚ ɜɟɡɚ ʁɟ ɬɚɤɨђɟ ɨɩɬɟɪɟʄɟɧɚ ɢ ɦɨɦɟɧɬɨɦ ɩɪɟɜɪɬɚʃɚ Ɇ= �ோ·  ݈ ɤɨʁɢ ɬɟɠɢ ɞɚ 
ɪɚɡɞɜɨʁɢ ɤɨɧɡɨɥɭ ɨɞ ɧɨɫɟʄɟ ɤɨɧɫɬɪɭɤɰɢʁɟ. 

ɍ ɞɨʃɟɦ ɞɟɥɭ ɤɨɧɡɨɥɟ ʁɚɜʂɚ ɫɟ ɩɪɢɬɢɫɚɤ ɭɫɥɟɞ ɦɨɦɟɧɬɚ Ɇ ɱɢʁɚ ɜɟɥɢɱɢɧɚ ɡɚɜɢɫɢ ɨɞ 
ɜɟɥɢɱɢɧɟ ɫɢɥɟ ɩɪɢɬɟɡɚʃɚ ɡɚɜɪɬʃɚ. ɉɨɩɪɟɱɧɚ ɫɢɥɚ �ோ ɫɟ ɪɚɜɧɨɦɟɪɧɨ ɨɩɬɟɪɟʄɭʁɟ ɧɚ ɫɜɟ 
ɡɚɜɪɬʃɟ. ɍ ɡɚɜɪɬʃɢɦɚ ɢɡɧɚɞ ɬɚɱɤɟ ɩɪɟɜɪɬɚʃɚ D ʁɚɜʂɚ ɫɟ ɨɩɬɟɪɟʄɟʃɟ ɭɡɞɭɠɧɢɦ ɫɢɥɚɦɚ, 
ɚ ɭ ɫɚɦɨʁ ɬɚɱɤɢ ɩɪɟɜɪɬɚʃɚ D ʁɚɜʂɚ ɫɟ ɩɪɢɬɢɫɧɚ ɫɢɥɚ �஽. Ɍɚɱɤɚ ɩɪɟɜɪɬɚʃɚ D ɧɚɥɚɡɢ ɫɟ 
ɩɪɢɛɥɢɠɧɨ ɧɚ ℎ Ͷ⁄  ɨɞ ɞɨʃɟ ɢɜɢɰɟ ɤɨɧɡɨɥɟ, ɝɞɟ ʁɟ ℎ ɜɢɫɢɧɚ ɤɨɧɡɨɥɟ.  
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ɋɥɢɤɚ 30. ɋɥɨɠɟɧɨ ɨɩɬɟɪɟʄɟɧɚ ɝɪɭɩɧɚ ɡɚɜɪɬɚʃɫɤɚ ɜɟɡɚ [2] 

 

 

ɇɚ ɨɫɧɨɜɭ ɨɞɧɨɫɚ ɦɨɦɟɧɬɧɟ ʁɟɞɧɚɱɢɧɟ ɡɚ ɬɚɱɤɭ D, ɫɚ ɫɥɢɤɟ 30, ɫɥɟɞɢ: 

 ிభிమ= 
௟భ௟మ ;  M= �ோ·݈ோ = �ଵ ·  ݈ଵ·�ଵ + �ଶ ·  ݈ଶ·�ଶ                                                                          (4.2) 

 

Ƚɞɟ ɫɭ �ଵ ɢ �ଶ ɛɪɨʁ ɡɚɜɪɬʃɚ ɭ ʁɟɞɧɨɦ ɪɟɞɭ (ɧɚ ɫɥɢɰɢ ʁɟ �ଵ = �ଶ = 2). 

 

 

 

ɋɢɥɟ ɨɩɬɟɪɟʄɟʃɚ ɡɚɜɪɬʃɟɜɚ ɢɡɧɨɫɟ: 
 �ଵ =  ிೃ·௟� ·  

௟భ௟భమ+௟మమ ;       �ଶ =  ிೃ·௟�  ·  
௟మ௟భమ+௟మమ                                                                             (4.3) 

 

Кɨɞ ɭɝɪɚɞʃɟ ݊ ɪɟɞɚ ɡɚɜɪɬʃɟɜɚ ɧɚ ɪɚɫɬɨʁɚʃɭ ݈ଵ, ݈ଶ,...݈௡ ɨɞ ɬɚɱɤɟ D, ɧɚʁɜɟʄɚ ɭɡɞɭɠɧɚ ɫɢɥɚ �௠௔� ɦɟɪɨɞɚɜɧɚ ɡɚ ɩɪɨɪɚɱɭɧ ɢɡɧɨɫɢ: 
 �௠௔� =  ி·௟� ·  

௟భ௟భమ+௟మమ+⋯+௟೙మ                                                                                                     (4.4) 

 

 

Ɂɚ ɨɫɬɜɚɪɢɜɚʃɟ ɨɜɟ ɜɟɡɟ ɤɨɪɢɫɬɟ ɫɟ ɡɚɜɪɬʃɟɜɢ ɡɚ ɬɚɱɧɨ ɧɚɥɟɝɚʃɟ (DIσ 7968) ɢ 
ɡɚɜɪɬʃɟɜɢ ɫɚ ɲɟɫɬɨɭɝɚɨɧɨɦ ɝɥɚɜɨɦ (DIσ 7990). Кɨɞ ɩɪɨɪɚɱɭɧɚ ɨɜɢɯ ɜɟɡɚ ɩɪɨɜɟɪɚɜɚ ɫɟ 
ɡɚɬɟɡɚʃɟ ɧɚʁɨɩɬɟɪɟʄɟɧɢʁɟɝ ɡɚɜɪɬʃɚ ɭɫɥɟɞ ɫɢɥɟ �௠௔� ɨɞɪɟђɟɧɟ ɩɪɟɦɚ (4.4), ɫɦɢɰɚʃɟ ɢ 
ɩɨɜɪɲɢɧɫɤɢ ɩɪɢɬɢɫɚɤ ɢɡɦɟђɭ ɫɬɚɛɥɚ ɡɚɜɪɬʃɚ ɢ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ. 
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5 ɉɪɢɦɟɪɢ ɩɪɨɪɚɱɭɧɚ ɝɪɭɩɧɢɯ ɡɚɜɪɬɚʃɫɤɢɯ ɜɟɡɚ 
 

1. ɁȺȾȺɌȺɄ 

Ɉɞɪɟɞɢɬɢ ɛɪɨʁ ɡɚɜɪɬʃɟɜɚ ɩɨɬɪɟɛɧɢɯ ɡɚ ɫɩɚʁɚʃɟ ɨɛɨɞɚ ɫɩɨʁɧɢɰɟ ɚɤɨ ɫɭ ɢɫɬɢ 
ɪɚɫɩɨɪɟђɟɧɢ ɩɨ ɤɪɭɝɭ ɩɪɟɱɧɢɤɚ330 mm. ɉɪɨɪɚɱɭɧ ɛɪɨʁɚ ɡɚɜɪɬʃɟɜɚ ɢɡɜɪɲɢɬɢ ɭ ɨɞɧɨɫɭ 
ɧɚ ɨɩɬɟɪɟʄɟʃɟ ɧɚ ɫɦɢɰɚʃɟ ɡɚɜɪɬʃɚ. Ɇɚɬɟɪɢʁɚɥ ɡɚɜɪɬʃɚ ʁɟ 4.6, ɮɚɤɬɨɪ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ 
ɪɚɫɩɨɞɟɥɟ ɨɩɬɟɪɟʄɟʃɚ ʁɟ 1,4, ɚ ɩɨɬɪɟɛɧɚ ɜɪɟɞɧɨɫɬ ɫɬɟɩɟɧɚ ɫɢɝɭɪɧɨɫɬɢ ɩɪɨɬɢɜ ɪɚɡɚɪɚʃɚ 
ɩɪɢ ɫɦɢɰɚʃɭ ɢɦɚ ɜɪɟɞɧɨɫɬ 2,5. Ɉɛɪɬɧɢ ɦɨɦɟɧɬ, ɤɨʁɢ ɩɪɟɧɨɫɢ ɫɩɨʁɧɢɰɚ, ɢɡɧɨɫɢ18500 

Nm. 
 

                            

 

Ɋɟɲɟʃɟ: 

ɉɨɞɚɰɢ: 

Ɂɚ ɧɚɜɨʁ Ɇ24, ɢɡ ɬɚɛɟɥɟ 1.2.21 ɧɚɥɚɡɟ ɫɟ ɦɟɪɟ ɧɚɜɨʁɚ:  

d=24 mm – ɧɚɡɢɜɧɢ ɩɪɟɱɧɢɤ, 

 P=3 mm – ɤɨɪɚɤ ɧɚɜɨʁɚ, ݀ଷ=20,320mm – ɩɪɟɱɧɢɤ ʁɟɡɝɪɚ, �ଵ=1,624 mm – ɞɭɛɢɧɚ ɧɨɲɟʃɚ, �ଷ=324 mmଶ - ɩɪɟɫɟɤ ʁɟɡɝɪɚ, �ௌ=353 mmଶ – ɟɮɟɤɬɢɜɧɢ ɩɪɟɫɟɤ, 

 φ=2,48º - ɭɝɚɨ ɧɚɝɢɛɚ. 
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1. Ɉɛɢɦɧɚ ɫɢɥɚ ɧɚ ɩɪɟɱɧɢɤɭ Dɨ ɩɨ ɤɨɦɟ ɫɭ ɪɚɫɩɨɪɟђɟɧɢ ɡɚɜɪɬʃɢ: �ݐ = ݋�ܶʹ = ʹ ∙ ͳͺͷͲͲ ∙ ͳͲଷ͵͵Ͳ = ͳͳʹͳʹͳ,ʹͳN = � 

2. ȼɪɟɞɧɨɫɬ ɤɪɢɬɢɱɧɨɝ ɧɚɩɨɧɚ: 

ДĲ]= �௧=150 MPa (ɬɚɛɟɥɚ 1.4.11) 

 3. Ⱦɨɡɜɨʂɟɧ ɧɚɩɨɧ: �ௗ௢�=
[�]ௌ�=

ଵହ଴ଶ,ହ =60 MPa 

4. ɇɚɩɨɧ ɧɚ ɫɦɢɰɚʃɟ: 

Ĳ ≤ �ௗ௢� 

Ĳ= ி௦�∙�௦௠=
ி௥ ∙ �௥�∙ � ∙ �௦௠≤ �ௗ௢� 

5. ɉɨɩɪɟɱɧɚ ɫɢɥɚ ɩɨ ʁɟɞɧɨɦ ɡɚɜɪɬʃɭ: 

Fs=
ி௥· �௥�  

6. ɉɨɜɪɲɢɧɚ ɢɡɥɨɠɟɧɚ ɫɦɢɰɚʃɭ: �ௌ�=
 �ௗೞ೘మସ  =

ଶହమ�ସ =490,87 mmଶ 

7. ɉɨɬɪɟɛɚɧ ɛɪɨʁ ɡɚɜɪɬʃɟɜɚ: 

z≥ ி௥ · �௥�· �௦௠ · �೏೚� = ଵଵଶଵଶଵ,ଶଵ · ଵ,ସଵ·ସଽ଴,଼଻·଺଴  

 

z>5,33  ɍɫɜɨʁɟɧɢ ɛɪɨʁ ɡɚɜɪɬɚʃɚ:  z=6 
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2. ɁȺȾȺɌȺɄ 

Кɨɧɡɨɥɚ ɨɩɬɟɪɟʄɟɧɚ ɫɢɥɨɦ F=5 kN ɩɪɟɦɚ ɫɥɢɰɢ, ɜɟɡɚɧɚ ʁɟ ɩɨɦɨʄɭ ɡɚɜɪɬʃɟɜɚ Ɇ16 ɡɚ 
ɩɨɞɥɨɝɭ. ɉɨɬɪɟɛɧɨ ʁɟ ɩɪɨɜɟɪɢɬɢ ɫɬɟɩɟɧɟ ɫɢɝɭɪɧɨɫɬɢ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ. Ⱦɚɬɢ ɤɨɦɟɧɬɚɪ 
ɪɟɡɭɥɬɚɬɚ. Ɇɚɬɟɪɢʁɚɥ ɡɚɜɪɬʃɟɜɚ ʁɟ 8.8. Кɨɟɮɢɰɢʁɟɧɬɢ ɬɪɟʃɚ ɫɭ: ɧɚ ɞɨɞɢɪɧɢɦ 
ɩɨɜɪɲɢɧɚɦɚ ɞɟɥɨɜɚ ɤɨʁɢ ɫɟ ɫɩɚʁɚʁɭ ɢ ɧɚ ɞɨɞɢɪɭ ɧɚɜɪɬɤɟ ɢ ɩɨɞɥɨɝɟ 0,2, ɚ ɭ ɧɚɜɨʁɢɦɚ 
0,14. Ɏɚɤɬɨɪ ɩɪɢɬɟɡɚʃɚ ʁɟ 2. ɋɬɟɩɟɧ ɫɢɝɭɪɧɨɫɬɢ ɩɪɨɬɢɜ ɤɥɢɡɚʃɚ ɭɫɜɨʁɢɬɢ 1,5. 
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Ɋɟɲɟʃɟ: 

ɉɨɞɚɰɢ: 

F=5 kN – ɫɢɥɚ, 

Ɂɚɜɪɬɚʃ Ɇ16; ɦɚɬɟɪɢʁɚɥ 8.8. 

µ=0,2 – ɤɨɟɮɢɰɢʁɟɧɬ ɬɪɟʃɚ ɧɚ ɞɨɞɢɪɭ ɧɚɜɪɬɤɟ ɢ ɩɨɞɥɨɝɟ, µо=0,14 – ɤɨɟɮɢɰɢʁɟɧɬ ɬɪɟʃɚ ɭ ɧɚɜɨʁɢɦɚ, 

௣=2 – ɮɚɤɬɨɪ ɩɪɢɬɟɡɚʃɚ, ܵµ=1,5 – ɫɬɟɩɟɧ ɫɢɝɭɪɧɨɫɬɢ ɩɪɨɬɢɜ ɤɥɢɡɚʃɚ 

1. ɉɪɨʁɟɤɰɢʁɟ ɫɢɥɟ F: ��=F· cos ͸Ͳ º = 5 · cos ͸Ͳº  =2,5 kN=2500 N �௏=Fs · inݏ ͸Ͳº = 5 · sin ͸Ͳº=4,33 kN=4330 N 

2. Ɇɨɦɟɧɬ ɡɚ ɬɟɠɢɲɬɟ ɜɟɡɟ: 
Ɇ=�� ·90+ �௏ · ͶͲͲ = ʹͷͲͲ · ͻͲ + Ͷ͵͵Ͳ · ͶͲͲ 

Ɇ=19570000 σmm=1957 σm 

3. ɋɢɥɟ ɩɨ ʁɟɞɧɨɦ ɡɚɜɪɬʃɭ ɭɫɥɟɞ ɫɢɥɟ F: �௏ ' =
ி�ଶ · ξr =  ସଷଷ଴ଵଵ ·1 = 393,64 N ��′ = ி�ଶ ·ξr =  ଶହ଴଴ଵଵ ·1 = 227,27 N 

4. ɋɢɥɟ ɭ ɡɚɜɪɬʃɢɦɚ ɤɨʁɟ ɩɨɬɢɱɭ ɨɞ ɦɨɦɟɧɬɚ  

 

ɚ. Ɋɚɫɬɨʁɚʃɚ ɡɚɜɪɬʃɚ ɨɞ ɬɟɠɢɲɬɚ ɜɟɡɟ: 
ଵ=√͹Ͳଶݎ   + ͸Ͳଶ= 92,195 mm ݎଶ= √ͶͲଶ + ͶͲଶ = 56,566 mm ݎଷ= 70 mm ∑ · ଷଶ = 4ݎଶଶ + 2ݎ ଵଶ + 4ݎ ଶ= 4�ݎ ͻʹ,ͳͻͷଶ + 4 · ͷ͸,ͷ͸͸ଶ + 2 · ͹Ͳଶ ∑ ଶ�ݎ = ͷ͸ͷͻͺ,ͷʹ mmଶ = 0,0566 mଶ 
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��= 
�∗௥�∑ ௥�మ �௥ 

�ଵ"=
�·௥భ∑ ௥�మ= 

ଵଽହ଻଴଴଴଴·ଽଶ,ଵଽହହ଺ହଽ଼,ହଶ = 3187,815 N 

�ଶ"=
�·௥మ∑ ௥�మ= 

ଵଽହ଻଴଴଴଴·ହ଺,ହ଺଺ହ଺ହଽ଼,ହଶ = 1955,876 N 

�ଷ"=
�·௥య∑ ௥�మ= 

ଵଽହ଻଴଴଴଴·଻଴ହ଺ହଽ଼,ହଶ = ʹͶʹͲ,͵ͺͳ N �"௠௔�= �ଵ" = 3187,815 N 

 tan � = ଺଴଻଴ = 0,8571 → α = 40,601º 

 

 �"ଵ�= �ଵ"· cos � = 3187,815 · cos ͶͲ,͸Ͳͳº = 2420,37 N �"ଵ௏= �ଵ" · sin � = 3187,815 · sin ͶͲ,͸Ͳͳº = 2074,59 N 

 

 

 

 

 

ɛ. Ɋɟɡɭɥɬɭʁɭʄɚ ɩɨɩɪɟɱɧɚ ɫɢɥɚ ɭ ɧɚʁɨɩɬɟɪɟʄɟɧɢʁɟɦ ɡɚɜɪɬʃɭ (ɡɚɜɪɬʃɭ 1): 

 �ଵ௏= �ଵ௏′+ �ଵ௏"= 393,64 + 2074,59 �ଵ௏ = ʹͶ͸ͺ,ʹ͵ N �ଵ�= �ଵ�′+ �ଵ�"= 227,27 + 2420,37 �ଵ�= 2647,64 N 

�ଵ௥௘� = √�ଵ௏ଶ + �ଵ�ଶ
 = √ʹͶ͸ͺ,ʹ͵ଶ + ʹ͸Ͷ͹,͸Ͷଶ = 

3619,69 N 

�௦ = �ଵ௥௘� = 3619,69 N 



 

 

  
32 

 

  

 

5. ɉɨɬɪɟɛɧɚ ɜɪɟɞɧɨɫɬ ɫɢɥɟ ɧɚ ɞɨɞɢɪɭ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ: 
 �௕ =  ௌµ ·ிೞ�· µబ  = 

ଵ,ହ·ଷ଺ଵଽ,଺ଽଵ·଴,ଶ  = 27147,68 N 

6. ɉɨɬɪɟɛɧɚ ɫɢɥɚ ɩɪɢɬɟɡɚʃɚ: 
 �௣= �௣ ·  �௕ = 2 · 27147,68 = 54295,35 N 

Ɂɚ ɧɚɜɨʁ Ɇ16, ɢɡ ɬɚɛɟɥɟ 1.2.2 1 ɧɚɥɚɡɟ ɫɟ ɦɟɪɟ ɧɚɜɨʁɚ: 

P= 2 mm – ɤɨɪɚɤ ɧɚɜɨʁɚ, ݀ଶ= 14,701 mm – ɫɪɟɞʃɢ ɩɪɟɱɧɢɤ, ݀ଷ= 13,546 mm – ɩɪɟɱɧɢɤ ʁɟɡɝɪɚ, �ௌ = ͳͷ͹ mmଶ – ɟɮɟɤɬɢɜɧɢ ɩɪɟɫɟɤ, 

φ=2,48º - ɭɝɚɨ ɧɚɝɢɛɚ. ݀௦=
ௗమ+ௗయଶ = 

ଵସ,଻଴ଵ+ଵଷ,ହସ଺ଶ  = 14,1235 mm 

�௣ = 
ௗೞయ �ଵ଺  = 

ଵସ,ଵଶଷହయ �ଵ଺  = 553,168 mmଷ 

Кɚɪɚɤɬɟɪɢɫɬɢɤɟ ɡɚɜɪɬʃɚ ɢɡ ɬɚɛɟɥɟ 1.4.1 1 ɡɚ ɦɚɬɟɪɢʁɚɥ 8.8: ܴா= 640 MPa – ɝɪɚɧɢɰɚ ɪɚɡɜɥɚɱɟʃɚ, �Т= 390 ɆPa – ɤɪɢɬɢɱɧɢ ɧɚɩɨɧ ɫɦɢɰɚʃɚ, ξТ=1,1 ; ξଵz= 0,982 ; ξଵ୲= 0,978 – ɮɚɤɬɨɪɢ. 

7. ȼɪɟɞɧɨɫɬɢ ɤɪɢɬɢɱɧɢɯ ɧɚɩɨɧɚ: 
 ܴா�= ܴா · �ଵ� · �Т = 640 · 0,982 · 1,1 = 691,328 MPa �Т�= �Т = 390·0,978·1,1 = 419,562 MPa 

8. Ɇɨɦɟɧɬ ɨɬɩɨɪɚ ɭ ɧɚɜɨʁɧɨɦ ɩɚɪɭ: 
 ௡ܶ= �௣ ௗమଶ  tanሺ� + �௡ሻ = 54295,35 · ଵସ,଻଴ଵଶ  tanሺʹ,Ͷͺ° + ͻ,ͳͺ͵ °ሻ 

௡ܶ = ͺʹ͵ͺͲ,Ͷ͹͵ N 

α= 60њ ɡɚ ɦɟɬɪɢɱɤɢ (Ɇ) ɧɚɜɨʁ. 
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�௡ = tan ܿݎܽ µcoୱሺ�/ଶሻ = ܽܿݎ tan ଴,ଵସcoୱሺ଺଴°/ଶሻ = 9,183°  

 

9. ȼɪɟɞɧɨɫɬɢ ɪɚɞɧɢɯ ɧɚɩɨɧɚ: 
 

ı= ி೛�ೄ = 
ହସଶଽହ,ଷହଵହ଻  = 345,830 MPa 

Ĳ= ೙்ௐ೛ = 
଼ଶଷ଼଴,ସ଻ଷହହଷ,ଵ଺଼  = 148,925 MPa 

10. ɉɚɪɰɢʁɚɥɧɢ ɫɬɟɩɟɧɢ ɫɢɝɭɪɧɨɫɬɢ: 
 ܵ�= 

ோಶ��  = 
଺ଽଵ,ଷଶ଼ଷସହ,଼ଷ଴ = 1,999 

ܵ�= 
�೅��  = 

ସଵଽ,ହ଺ଶଵସ଼,ଽଶହ = 2,817 

 11. ɍɤɭɩɧɢ ɫɬɟɩɟɧ ɫɢɝɭɪɧɨɫɬɢ: 

S= 
ௌ�· ௌ�√ௌ�మ+ௌ�మ = = 

ଵ,ଽଽଽ · ଶ,଼ଵ଻√ଵ,ଽଽଽమ+ଶ,଼ଵ଻మ = 1,63>ܵ௠�௡ = 1,25 – Ɂɚɞɨɜɨʂɚɜɚ! 
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3. ɁȺȾȺɌȺɄ 

ȼɟɡɚ ɩɪɨɮɢɥɚ ɨɫɬɜɚɪɟɧɚ ʁɟ ɩɨɦɨʄɭ ɩɨɞɟɲɟɧɢɯ ɡɚɜɪɬʃɟɜɚ Ɇ16 ɪɚɫɩɨɪɟђɟɧɢɯ ɩɪɟɦɚ 
ɫɥɢɰɢ. ɉɨɬɪɟɛɧɨ ʁɟ ɩɪɟɦɚ ɞɚɬɨɦ ɨɩɬɟɪɟʄɟʃɭ (F=140 Фσ) ɩɪɨɜɟɪɢɬɢ ɫɬɟɩɟɧ ɫɢɝɭɪɧɨɫɬɢ 
ɡɚɜɪɬʃɟɜɚ ɤɨʁɢɦɚ ɫɟ ɜɟɡɭʁɟ ɤɨɧɡɨɥɚ ɡɚ ɜɟɪɬɢɤɚɥɧɢ ɩɪɨɮɢɥ (ɛɪɨʁ ɡɚɜɪɬʃɟɜɚ г=8). 
ɚ) ɨɞɪɟɞɢɬɢ ɩɨɥɨɠɚʁ ɬɚɱɤɟ ɩɪɟɜɪɬɚʃɚ, 

ɛ) ɨɞɪɟɞɢɬɢ ɫɢɥɟ ɭ ɡɚɜɪɬʃɟɜɢɦɚ, 

ɜ) ɩɪɨɜɟɪɢɬɢ ɫɬɟɩɟɧ ɫɢɝɭɪɧɨɫɬɢ ɧɚʁɨɩɬɟɪɟʄɟɧɢʁɟɝ ɡɚɜɪɬʃɚ. 

Ɇɚɬɟɪɢʁɚɥ ɡɚɜɪɬʃɚ ʁɟ 6.9, ɧɚɜɨʁ ʁɟ ɢɡɪɚђɟɧ ɪɟɡɚʃɟɦ. Ɇɚɬɟɪɢʁɚɥ ɩɪɨɮɢɥɚ ʁɟ Č0370. 

           

ɋɤɢɰɚ ɡɚɜɪɬʃɚ ɭ ɜɟɡɢ: 
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Ɋɟɲɟʃɟ: 

ɉɨɞɚɰɢ: 

Ɂɚ ɧɚɜɨʁ Ɇ16, ɢɡ ɬɚɛɟɥɟ 1.2.2 1 ɧɚɥɚɡɟ ɫɟ ɦɟɪɟ ɧɚɜɨʁɚ: 

d= D = 16 mm – ɧɚɡɢɜɧɢ ɩɪɟɱɧɢɤ, 

P= 2 mm – ɤɨɪɚɤ ɧɚɜɨʁɚ, ݀ଶ= 14,701 mm – ɫɪɟɞʃɢ ɩɪɟɱɧɢɤ, ݀ଷ= 13,546 mm – ɩɪɟɱɧɢɤ ʁɟɡɝɪɚ, �ଷ = ͳͶͶ mmଶ - ɩɪɟɫɟɤ ʁɟɡɝɪɚ, �ௌ = ͳͷ͹ mmଶ – ɟɮɟɤɬɢɜɧɢ ɩɪɟɫɟɤ. 

ɉɪɟɱɧɢɤ ɫɬɚɛɥɚ ɡɚɜɪɬʃɚ ɦɟɪɨɞɨɜɚɧ ɡɚ ɩɪɨɪɚɱɭɧ: �ଶ = ͳ͹,ʹ  mm – ɩɪɟɱɧɢɤ ɧɟɧɚɜɨʁɧɨɝ ɞɟɥɚ ɫɬɚɛɥɚ (Tɚɛɟɥa 1.5.1, 1) ݀ௌ�= �ଶ −  ʹ ∙ Ͳ,ͳ = ͳ͹,ʹ − ʹ ∙ Ͳ,ͳ = ͳ͹ mm 

Кɚɪɚɤɬɟɪɢɫɬɢɤɟ ɡɚɜɪɬʃɚ ɢɡ ɬɚɛɟɥɟ 1.4.1,1 ɡɚ ɦɚɬɟɪɢʁɚɥ 6.9 : ܴе= 540 MPa – ɝɪɚɧɢɰɚ ɪɚɡɜɥɚɱɟʃɚ, �Т= 340 ɆPa – ɤɪɢɬɢɱɧɢ ɧɚɩɨɧ ɫɦɢɰɚʃɚ, ξТ=1,1 ; ξଵz= 0,982 – ɮɚɤɬɨɪɢ. 

 

1. ɉɨɥɨɠɚʁ ɬɚɱɤɟ ɩɪɟɜɪɬɚʃɚ: 

   l= 40 + 80 + 80 + 120 + 40 = 360 mm  

 

                               ܽ = ௟ସ = 
ଷ଺଴ସ  = 90 mm 
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1.1 Ɋɚɫɬɨʁɚʃɟ ɡɚɜɪɬʃɟɜɚ ɨɞ ɬɚɱɤɟ ɩɪɟɜɪɬɚʃɚ:   ݈ଷ =  ሺͶͲ + ͳʹͲሻ − ܽ = ͳ͸Ͳ − ͻͲ = ͹Ͳ mm   ݈ଶ =  ݈ଷ +  ͺͲ = ͹Ͳ + ͺͲ = ͳͷͲ mm ݈ଵ =  ݈ଶ +  ͺͲ = ͳͷͲ + ͺͲ = ʹ͵Ͳ mm 

2. ɋɢɥɟ ɭ ɡɚɜɪɬʃɢɦɚ: 

2.1 ɉɨɩɪɟɱɧɚ ɫɢɥɚ ɩɨ ʁɟɞɧɨɦ ɡɚɜɪɬʃɭ: �௦ =  ி ଶ  = 
ଵସ଴ଶ  = 17,5 kN 

 2.2 Ɇɨɦɟɧɬ ɩɪɟɜɪɬɚʃɚ: 

M = F · ݈ = 140 · 120 = 16800 Nmm 

2.3 ɍɡɞɭɠɧɟ ɫɢɥɟ ɭ ɡɚɜɪɬʃɟɜɢɦɚ: �ଵ= 2 (ɛɪɨʁ ɡɚɜɪɬʃɟɜɚ ɭ ʁɟɞɨɦ ɪɟɞɭ) �ଵ =  ி·௟ �భ · ௟భ௟భమ+௟మమ+௟యమ = 
ଵସ଴·ଵଶ଴ଶ · ଶଷ଴ଶଷ଴మ+ଵହ଴మ+଻଴మ �ଵ = ʹͶ,Ͳ͸ kN �ଶ =  ி·௟ �భ · ௟మ௟భమ+௟మమ+௟యమ = 
ଵସ଴·ଵଶ଴ଶ · ଵହ଴ଶଷ଴మ+ଵହ଴మ+଻଴మ �ଶ = ͳͷ,͸ͻ kN �ଷ =  ி·௟ �భ · ௟య௟భమ+௟మమ+௟యమ = 
ଵସ଴·ଵଶ଴ଶ · ଻଴ଶଷ଴మ+ଵହ଴మ+଻଴మ �ଷ = ͹,͵ʹ kN �௠௔� = �ଵ = ʹͶ,Ͳ͸ kN 

3. ɇɚɩɨɧɢ ɭ ɡɚɜɪɬʃɢɦɚ: 
 

 3.1 ɇɚɩɨɧ ɭɫɥɟɞ ɡɚɬɟɡɚʃɚ (ɭɫɥɟɞ ɩɪɟɬɯɨɞɧɨɝ ɩɪɢɬɟɡɚʃɚ ɢ ɭɫɥɟɞ ɪɚɞɧɟ ɫɢɥɟ) ܵ�=�௣ + ி೘ೌ��ೄ  

3.2 ɇɨɪɦɚɥɚɧ ɧɚɩɨɧ ɭɫɥɟɞ ɩɪɢɬɟɡɚʃɚ: �௣ ≈0,2· ܴ௘ = 0,2 · 540= 108 MPa 

 3.3 Ʉɪɢɬɢɱɧɢ ɧɚɩɨɧ: ܴாМ= ܴ௘ · �ଵ · �Т = 540 · 0,982 · 1,1 = 583,3 MPa 
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3.4 ɋɬɟɩɟɧ ɫɢɝɭɪɧɨɫɬɢ ܵ�=
ோЕМ��  = 

ହ଼ଷ,ଷଶ଺ଵ,ଶହ = 2,23> 1,5 

4. ɇɚɩɨɧ ɭɫɥɟɞ ɫɦɢɰɚʃɚ ɫɬɚɛɥɚ ɡɚɜɪɬʃɚ: 
 

 4.1 ɋɢɥɚ ɫɦɢɰɚʃɚ ɩɨ ʁɟɞɧɨɦ ɡɚɜɪɬʃɭ: �௦ =  ி ଶ  = 
ଵସ଴ଶ  = 17,5 kN 

4.2 ɉɨɜɪɲɢɧɚ ɩɨɩɪɟɱɧɨɝ ɩɪɟɫɟɤɚ ɡɚɜɪɬʃɚ ɢɡɥɨɠɟɧɨɝ ɫɦɢɰɚʃɭ: �ௌ� = � · ௗೄ�మସ  = 
� · ଵ଻మସ  = 227 mmଶ 

 4.3 ɇɚɩɨɧ ɭɫɥɟɞ ɫɦɢɰɚʃɚ: �ௌ = ிೄ�·�ೄ� = 
ଵ଻,ହ · ଵ଴యଵ·ଶଶ଻  = 77,09 MPa � = ͳ − ɛɪɨʁ ɩɪɟɫɟɤɚ ɡɚɜɪɬʃɚ ɢɡɥɨɠɟɧɢɯ ɫɦɢɰɚʃɭ 

4.4 Ʉɪɢɬɢɱɧɢ ɧɚɩɨɧ ɫɦɢɰɚʃɚ: [�]= �Т = 340 MPa 

4.5 ɋɬɟɩɟɧ ɫɢɝɭɪɧɨɫɬɢ ɭɫɥɟɞ ɫɦɢɰɚʃɚ: ܵ� = [�]�  = 
ଷସ଴଻଻,଴ଽ = 4,41> 1,5 

5. ɉɨɜɪɲɢɧɫɤɢ ɩɪɢɬɢɫɚɤ ɧɚ ɞɨɞɢɪɭ ɫɬɚɛɥɚ ɡɚɜɪɬʃɚ ɢ ɫɩɨʁɟɧɢɯ ɞɟɥɨɜɚ: 

p= 
ிೄ஽మ·್ = 

ଵ଻,ହ·ଵ଴యଵ଻·ଶ଴  = 51,47 MPa 

6. Ɇɢɧɢɦɚɥɧɚ ɜɪɟɞɧɨɫɬ ɝɪɚɧɢɰɟ ɪɚɡɜɥɚɱɟʃɚ: 
 ܴ௘௠�௡= ݉�݊ (230 MPa; 540 MPa) = 230 MPa 

Ƚɪɚɧɢɰɚ ɪɚɡɜɥɚɱɟʃɚ ɡɚ ɦɚɬɟɪɢʁɚɥ Č0370 ɢɡ ɬɚɛɟɥɟ 11.2.1 1: ܴ௘ = ʹ͵Ͳ MPa 

7. ȼɪɟɞɧɨɫɬ ɤɪɢɬɢɱɧɨɝ ɧɚɩɨɧɚ ɩɪɢ ɩɨɜɪɲɢɧɫɤɨɦ ɩɪɢɬɢɫɤɭ: 
 �т= 1,2· ܴе௠�௡ = ͳ,ʹ · ʹ͵Ͳ = ʹ͹͸ MPa 

8. ɋɬɟɩɟɧ ɫɢɝɭɪɧɨɫɬɢ ɩɪɢ ɩɨɜɪɲɢɧɫɤɨɦ ɩɪɢɬɢɫɤɭ: 
 ܵт =  �т�  = 

ଶ଻଺ହଵ,ସ଻ = 5,36 > ܵт௠�௡ = 2 
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6. ɁȺɄЉɍЧȺɄ 

 

Ƚɪɭɩɧɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ ɫɭ ɜɟʄ ɞɭɝɢ ɧɢɡ ɝɨɞɢɧɚ ɭ ɭɩɨɬɪɟɛɢ, ɩɚ ɢ ɭ ɞɚɧɚɲʃɨʁ ɢɧɞɭɫɬɪɢʁɢ 
ɢɦɚʁɭ ɜɟɨɦɚ ɲɢɪɨɤɭ ɩɪɢɦɟɧɭ. Ɇɨɝɥɨ ɛɢ ɫɟ ɪɟʄɢ ɞɚ ɫɟ ɡɚɜɪɬɚʃɫɤɟ ɜɟɡɟ ɤɨɪɢɫɬɟ ɭ 
ɦɧɨɝɢɦ ɞɟɥɚɬɧɨɫɬɢɦɚ ɢ ɞɚ ɫɭ ɡɚɫɬɭɩʂɟɧɟ ɩɪɚɤɬɢɱɧɨ ɤɨɞ ɫɜɚɤɟ ɦɚɲɢɧɟ ɢɥɢ ɦɚɲɢɧɫɤɟ 
ɤɨɧɫɬɪɭɤɰɢʁɟ, ɢ ɨɞ ʃɢɯ ɫɟ ɡɚɯɬɟɜɚ ɜɢɫɨɤ ɫɬɟɩɟɧ ɩɨɭɡɞɚɧɨɫɬɢ ɭ ɪɚɞɭ. Ɉɫɧɨɜɧɚ ɧɚɦɟɧɚ 
ɡɚɜɪɬɚʃɫɤɢɯ ɜɟɡɚ ʁɟ ɦɟђɭɫɨɛɧɨ ɩɨɜɟɡɢɜɚʃɟ ɞɜɚ ɢɥɢ ɜɢɲɟ ɦɚɲɢɧɫɤɢɯ ɞɟɥɚ, ɫɚ ɰɢʂɟɦ 
ɨɫɬɜɚɪɢɜɚʃɚ ɨɞɝɨɜɚɪɚʁɭʄɟɝ ɦɟђɭɫɨɛɧɨɝ ɨɞɧɨɫɚ ɦɟђɭ ɞɟɥɨɜɢɦɚ, ɨɫɬɜɚɪɢɜɚʃɟ ɩɨɬɪɟɛɧɟ 
ɫɢɥɟ ɦɟђɭ ɞɟɥɨɜɢɦɚ ɢ ɫɥɢɱɧɨ. Њɢɯɨɜɢɦ ɨɬɤɚɡɨɦ ɦɨɝɭ ɧɚɫɬɚɬɢ ɤɚɬɚɫɬɪɨɮɚɥɧɟ 
ɩɨɫɥɟɞɢɰɟ ɩɨ ɨɞɪɟђɟɧɢ ɫɤɥɨɩ ɢɥɢ ɰɟɥɭ ɦɚɲɢɧɫɤɭ ɤɨɧɫɬɪɭɤɰɢʁɭ.  
 

Кɨɞ ɝɪɭɩɧɢɯ ɡɚɜɪɬɚʃɫɤɢɯ ɜɟɡɚ, ɜɟɡɟ ɡɚɜɪɬʃɟɜɚ ɬɪɟɛɚ ɞɚ ɛɭɞɭ ɫɢɦɟɬɪɢɱɧɟ, ɞɚ ɫɟ ɤɨɪɢɫɬɟ 
ɡɚɜɪɬʃɟɜɢ ɢɫɬɨɝ ɩɪɟɱɧɢɤɚ ɢ ɨɛɥɢɤɚ, ɞɚ ɫɟ ɤɨɪɢɫɬɢ ɜɟʄɢ ɛɪɨʁ ɡɚɜɪɬʃɟɜɚ ɦɚʃɢɯ 
ɞɢɦɟɧɡɢʁɚ ɢ ɞɪɭɝɨ. ɉɪɚɜɢɥɧɢɦ ɢɡɛɨɪɨɦ ɩɪɟɱɧɢɤɚ ɡɚɜɪɬʃɚ ɝɪɭɩɧɢɯ ɜɟɡɚ ɞɨɛɢʁɚ ɫɟ 
ɭɪɚɜɧɨɬɟɠɟɧ ɨɞɧɨɫ ɧɨɫɢɜɨɫɬɢ ɧɚ ɫɦɢɰɚʃɟ ɢ ɩɪɢɬɢɫɚɤ ɨɞɪɟђɟɧɨɝ ɞɟɥɚ. ɉɪɚɤɬɢɱɧɢʁɟ ɫɭ 
ɨɞ ɩɨʁɟɞɢɧɚɱɧɢɯ ɡɚɜɪɬɚʃɫɤɢɯ ɜɟɡɚ ʁɟɪ ɨɩɬɟɪɟʄɟʃɟ ɢɫɬɨɜɪɟɦɟɧɨ ɩɪɟɧɨɫɢ ɜɟʄɢ ɛɪɨʁ 
ɡɚɜɪɬʃɟɜɚ ɩɚ ɫɟ ɫɢɥɚ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɨɪɟђɭʁɟ ɧɚ ɫɜɟ ɡɚɜɪɬʃɟ ɢ ɬɚɤɨ ɪɚɫɬɟɪɟʄɭʁɭ 
ɨɞɪɟђɟɧɢ ɦɚɲɢɧɫɤɢ ɞɟɨ ɢɥɢ ɤɨɧɫɬɪɭɤɰɢʁɭ. 
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