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ɊȿɁɂɆȿ 

 
ɍ ɨɜɨɦ ɪɚɞɭ ʁɟ ɨɩɢɫɚɧɚ ɦɨɝɭʄɧɨɫɬ ɩɨɞɢɡɚʃɚ ɧɢɜɨɚ ɟɧɟɪɝɟɬɫɤɟ ɟɮɢɤɚɫɧɨɫɬɢ ɡɝɪɚɞɚ 

ɭɩɨɬɪɟɛɨɦ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ. Ɉɫɢɦ ɟɥɟɦɟɧɬɚɪɧɢɯ ɩɨʁɦɨɜɚ ɨ ɫɨɥɚɪɧɨʁ ɟɧɟɪɝɢʁɢ, ʃɟɧɨɦ 
ɢɧɬɟɧɡɢɬɟɬɭ ɢ ɩɪɢɦɟɧɢ ɭ ɫɬɚɦɛɟɧɢɦ ɨɛʁɟɤɬɢɦɚ, ɭ ɪɚɞɭ ʁɟ ɪɚɡɦɚɬɪɚɧɚ ɭɩɨɬɪɟɛɚ ɪɚɡɥɢɱɢɬɢɯ 

ɫɨɥɚɪɧɢɯ ɫɢɫɬɟɦɚ ɭ ɡɝɪɚɞɚɦɚ: ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɫɢɫɬɟɦɚ ɡɚ ɝɟɧɟɪɢɫɚʃɟ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ, 

ɫɢɫɬɟɦɚ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ ɡɚ ɝɪɟʁɚʃɟ ɫɚɧɢɬɚɪɧɟ ɬɨɩɥɟ ɜɨɞɟ, ɭɩɨɬɪɟɛɚ ɫɨɥɚɪɧɢɯ ɛɚɡɟɧɚ ɢ 

ɩɚɫɢɜɧɨ ɫɨɥɚɪɧɨ ɡɚɝɪɟɜɚʃɟ - Ɍɪɨɦɛɨɜ ɡɢɞ. 

 

 Ʉʂɭɱɧɟ ɪɟɱɢ: ɡɝɪɚɞɟ, ɟɧɟɪɝɟɬɫɤɚ ɟɮɢɤɚɫɧɨɫɬ, ɫɨɥɚɪɧɚ ɟɧɟɪɝɢʁɚ, ɮɨɬɨɧɚɩɨɧɫɤɢ 
ɫɢɫɬɟɦɢ, ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ. 

 

 Abstract 

 

This paper describes the possibility of increasing the level of energy efficiency in buildings 

using solar energy. In addition to presenting the basic concepts of solar energy, its potency and 

application of solar energy in residential buildings, this paper presents the use of various solar 

systems in buildings: photovoltaic systems to generate electricity systems of solar collectors for 

heating domestic hot water, the use of solar pools and passive solar heating - Tromb wall. 

 

 Keywords: building, energy efficiency, solar energy, photovoltaic systems, solar collectors. 
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1. ɍȼɈȾ 
 

Ʉɥɢɦɚ ʁɟ ɩɪɢɦɚɪɧɢ ɟɧɟɪɝɟɬɫɤɢ ɪɟɫɭɪɫ ɱɢʁɢɦ ɞɟʁɫɬɜɨɦ ɫɭ ɧɚɫɬɚɥɢ ɢ ɮɨɫɢɥɧɢ ɪɟɫɭɪɫɢ 

ɭɝɚʂ ɢ ɧɚɮɬɚ. Ⱦɚɧɚɲʃɟ ɱɨɜɟɱɚɧɫɬɜɨ ɭɝɥɚɜɧɨɦ ɟɧɟɪɝɢʁɭ ɩɪɨɢɡɜɨɞɢ ɫɚɝɨɪɟɜɚʃɟɦ ɭɝʂɚ, 

ɢɡɝɪɚɞʃɨɦ ɜɟɥɢɤɢɯ ɛɪɚɧɚ ɢɥɢ ɢɡ ɧɭɤɥɟɚɪɧɢɯ ɰɟɧɬɪɚɥɚ ɢ ɧɚ ɬɚʁ ɧɚɱɢɧ ɬɪɨɲɢ ɧɟɨɛɧɨɜʂɢɜɟ 

ɪɟɫɭɪɫɟ, ɡɚɝɚђɭʁɟ ɨɤɨɥɢɧɭ ɢ ɠɢɜɢ ɭ ɫɬɚɥɧɨɦ ɫɬɪɚɯɭ ɨɞ ɦɨɝɭʄɢɯ ɧɨɜɢɯ ɧɭɤɥɟɚɪɧɢɯ 

ɤɚɬɚɫɬɪɨɮɚ [1].  

 

ȿɧɟɪɝɢʁɚ ɋɭɧɰɚ ɩɪɟɞɫɬɚɜʂɚ ʁɟɞɚɧ ɨɞ ɧɚʁɡɧɚɱɚʁɧɢʁɢɯ ɨɛɧɨɜʂɢɜɢɯ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ, ɨɧɢɯ 
ɱɢʁɚ ɫɟ ɟɦɢɫɢʁɚ ɟɧɟɪɝɢʁɟ ɦɨɠɟ ɨɞɜɢʁɚɬɢ ɢɫɬɨɦ ɛɪɡɢɧɨɦ ɤɨʁɨɦ ɫɟ ɬɪɨɲɢ. ɍ ɝɪɭɩɭ 
ɨɛɧɨɜʂɢɜɢɯ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ ɫɩɚɞɚʁɭ: ɟɧɟɪɝɢʁɚ ɋɭɧɰɚ, ɜɟɬɪɚ, ɛɢɨɦɚɫɟ, ɯɢɞɪɨɟɧɟɪɝɢʁɚ, 

ɝɟɨɬɟɪɦɚɥɧɚ ɟɧɟɪɝɢʁɚ. ɉɨɫɬɨʁɟ ʁɨɲ ɧɟɤɢ ɜɢɞɨɜɢ ɨɛɧɨɜʂɢɜɢɯ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ, ɚɥɢ ɫɭ ɨɧɢ ɡɚ 
ɫɚɞɚ ɞɚɥɟɤɨ ɨɞ ɟɤɨɧɨɦɫɤɟ ɢɫɩɥɚɬɢɜɨɫɬɢ (ɟɧɟɪɝɢʁɚ ɩɥɢɦɟ ɢ ɨɫɟɤɟ, ɟɧɟɪɝɢʁɚ ɬɚɥɚɫɚ,...) [1]. 

  

Ʉɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɧɨɜʂɢɜɢɯ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ ʁɟ ɞɚ ɫɟ ɬɨɤɨɦ ɤɨɪɢɲʄɟʃɚ ʃɢɯɨɜɟ ɡɚɥɢɯɟ 
ɧɟ ɫɦɚʃɭʁɭ ɤɚɨ ɤɨɞ ɮɨɫɢɥɧɢɯ ɝɨɪɢɜɚ, ɢɦɚ ɢɯ ɭ ɨɝɪɨɦɧɢɦ ɤɨɥɢɱɢɧɚɦɚ ɢ ɲɬɨ ʁɟ ɜɟɨɦɚ 
ɜɚɠɧɨ, ɧɟ ɡɚɝɚђɭʁɭ ɨɤɨɥɢɧɭ. ȿɧɟɪɝɢʁɚ ɜɟɬɪɚ ɢ ɋɭɧɰɚ ɫɩɚɞɚʁɭ ɭ ɧɚʁɜɢɲɟ ɤɨɪɢɲʄɟɧɟ 
ɨɛɧɨɜʂɢɜɟ ɢɡɜɨɪɟ ɟɧɟɪɝɢʁɟ ɞɚɧɚɫ ɭ ɫɜɟɬɭ. ɉɨɪɟɞ ɬɨɝɚ ɲɬɨ ɫɟ ɪɚɞɢ ɨ ɟɤɨɥɨɲɤɢ ɱɢɫɬɢɦ ɢ 
ɩɪɢɯɜɚɬʂɢɜɢɦ ɨɛɥɢɰɢɦɚ ɟɧɟɪɝɢʁɟ, ɛɢɬɚɧ ɮɚɤɬɨɪ ɡɚ ɡɧɚɱɚʁɧɭ ɟɤɫɩɚɧɡɢʁɭ ʁɟ ɢ ɱɢʃɟɧɢɰɚ ɞɚ 
ʁɟ ɟɤɫɩɥɨɚɬɚɰɢʁɚ ɨɛɧɨɜʂɢɜɢɯ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ ɩɨɫɬɚɥɚ ɢ ɟɤɨɧɨɦɫɤɢ ɤɨɧɤɭɪɟɧɬɧɚ. 
ɉɨɫɥɟɞʃɢɯ ɝɨɞɢɧɚ ʁɟ ɭ ɱɢɬɚɜɨɦ ɫɜɟɬɭ, ɚ ɧɚɪɨɱɢɬɨ ɭ ȿɜɪɨɩɫɤɨʁ ɭɧɢʁɢ, ɞɨɲɥɨ ɞɨ ɧɚɝɥɨɝ 
ɩɨɪɚɫɬɚ ɩɪɢɦɟɧɟ ɫɜɢɯ ɨɛɥɢɤɚ ɨɛɧɨɜʂɢɜɟ ɟɧɟɪɝɢʁɟ. Ⱦɢɪɟɤɬɧɨ ɤɨɪɢɲʄɟʃɟ ɨɛɧɨɜʂɢɜɢɯ 
ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ ɧɟ ɩɪɟɞɫɬɚɜʂɚ ʁɟɞɢɧɢ ɧɚɱɢɧ ɩɨɛɨʂɲɚʃɚ ɟɧɟɪɝɟɬɫɤɟ ɫɢɬɭɚɰɢʁɟ. ɋɜɟ ɜɟʄɚ 
ɬɟɠʃɚ ɭ ɧɨɜɢʁɟ ɜɪɟɦɟ, ɭ ɰɢʂɭ ɩɨɫɬɢɡɚʃɚ ɟɧɟɪɝɟɬɫɤɟ ɟɮɢɤɚɫɧɨɫɬɢ, ɭɤʂɭɱɭʁɟ ɧɢɡ ɦɟɬɨɞɚ 
ɤɨʁɢ ɫɟ ɛɚɜɟ ɪɚɰɢɨɧɚɥɧɨɦ ɭɩɨɬɪɟɛɨɦ ɢ ɲɬɟɞʃɨɦ ɟɧɟɪɝɢʁɟ, ɨɞɧɨɫɧɨ, ɫɜɟ ɜɢɲɟ ɫɟ ɤɨɪɢɫɬɢ 
ɫɨɥɚɪɧɚ ɟɧɟɪɝɢʁɚ ɤɨʁɚ ɫɦɚʃɭʁɟ ɝɭɛɢɬɤɟ ɟɧɟɪɝɢʁɟ [1]. 

 

1.1 ȿɇȿɊȽɂȳȺ ɋɍɇɐȺ 
 

ɋɨɥɚɪɧɚ ɟɧɟɪɝɢʁɚ (ɟɧɟɪɝɢʁɚ ɋɭɧɰɚ) ʁɟ ɟɧɟɪɝɢʁɚ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɤɨʁɭ ɩɪɢɦɟʄɭʁɟɦɨ ɭ 

ɨɛɥɢɤɭ ɫɜɟɬɥɚ ɢ ɬɨɩɥɨɬɟ ɤɨʁɭ ɩɪɢɦɚɦɨ ɨɞ ɧɚʁɜɟʄɟɝ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ ɧɚ Ɂɟɦʂɢ, ɋɭɧɰɚ. 

ɋɭɧɱɟɜɨ ɡɪɚɱɟʃɟ ʁɟ ɨɞɝɨɜɨɪɧɨ ɢ ɡɚ ɫɬɚɥɧɨ ɨɛɧɚɜʂɚʃɟ ɟɧɟɪɝɢʁɟ ɜɟɬɪɚ, ɦɨɪɫɤɢɯ ɫɬɪɭʁɚ, 

ɬɚɥɚɫɚ, ɜɨɞɟɧɢɯ ɬɨɤɨɜɚ ɢ ɬɟɪɦɚɥɧɨɝ ɝɪɚɞɢʁɟɧɬɚ ɭ ɨɤɟɚɧɢɦɚ. ȼɟʄ ɞɟɰɟɧɢʁɚɦɚ ɫɟ ɫɨɥɚɪɧɚ 

ɟɧɟɪɝɢʁɚ ɤɨɪɢɫɬɢ ɡɚ ɝɟɧɟɪɢɫɚʃɟ ɬɨɩɥɨɬɟ, ɭ ɫɦɢɫɥɭ ɡɚɝɪɟɜɚʃɚ ɜɨɞɟ, ɠɢɜɨɬɧɨɝ ɩɪɨɫɬɨɪɚ, ɚ 

ɬɚɤɨђɟ ɢ ɡɚ ɯɥɚђɟʃɟ. ɍɩɨɬɪɟɛɚ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ ɢɦɚ ɜɢɲɟɫɬɪɭɤɟ ɩɪɟɞɧɨɫɬɢ. Ɍɨ ʁɟ ɬɢɯ, 

ɱɢɫɬ ɢ ɩɨɭɡɞɚɧ ɢɡɜɨɪ ɟɧɟɪɝɢʁɟ. Ɂɛɨɝ ɪɚɫɬɭʄɟ ɰɟɧɟ ɮɨɫɢɥɧɢɯ ɝɨɪɢɜɚ, ɤɚɨ ɢ ɡɛɨɝ ʁɚɱɚʃɚ 

ɫɜɟɫɬɢ ɨ ɩɨɬɪɟɛɢ ɨɱɭɜɚʃɚ ɠɢɜɨɬɧɟ ɫɪɟɞɢɧɟ, ɫɜɟ ɜɢɲɟ ɪɚɫɬɟ ɢɧɬɟɪɟɫ ɡɚ ɤɨɪɢɲʄɟʃɟ ɫɭɧɱɟɜɟ 

ɟɧɟɪɝɢʁɟ [1]. 

 

ɋɭɧɰɟ ɢɦɚ ɨɛɢɦ ɫɮɟɪɟ ɩɪɟɱɧɢɤɚ ɨɤɨ 1 400 000 km. Ɇɚɫɚ ɋɭɧɰɚ ʁɟ ɨɤɨ 330 000 ɩɭɬɚ ɜɟʄɚ 

ɨɞ ɦɚɫɟ Ɂɟɦʂɟ ɢ ɢɡɧɨɫɢ ɨɤɨ 99% ɦɚɫɟ ɧɚɲɟɝ ɩɥɚɧɟɬɚɪɧɨɝ ɫɢɫɬɟɦɚ. Ɉɤɨ 75% ɦɚɫɟ ɋɭɧɰɚ ʁɟ 

ɜɨɞɨɧɢɤ, 24% ɯɟɥɢʁɭɦ, ɚ ɨɫɬɚɬɚɤ ɱɢɧɟ ɨɫɬɚɥɢ ɩɨɡɧɚɬɢ ɟɥɟɦɟɧɬɢ. ɉɨɜɪɲɢɧɚ ɋɭɧɰɚ ɤɨʁɚ ɫɟ 

ɜɢɞɢ ɫɚ Ɂɟɦʂɟ ɧɚɡɢɜɚ ɫɟ ɮɨɬɨɫɮɟɪɚ ɢ ɢɦɚ ɩɪɨɫɟɱɧɭ ɬɟɦɩɟɪɚɬɭɪɭ 6 000°C ɢ ɩɪɢɬɢɫɚɤ ɨɞ 

0,01 bar, ɚ ɞɟɛʂɢɧɟ ʁɟ ɧɟɤɨɥɢɤɨ ɫɬɨɬɢɧɚ ɤɢɥɨɦɟɬɚɪɚ. ɋɚ ɫɩɨʂɧɟ ɫɬɪɚɧɟ ɮɨɬɨɫɮɟɪɟ ʁɟ 

ɯɪɨɦɨɫɮɟɪɚ, ɞɟɛʂɢɧɟ 3 000 ɞɨ 10 000 km, ɚ ɫɚɫɬɨʁɢ ɫɟ ɨɞ ɭɠɚɪɟɧɨɝ ɜɨɞɨɧɢɤɚ [1]. 
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ɂɡɧɚɞ ɯɪɨɦɨɫɮɟɪɟ ʁɟ ɤɨɪɨɧɚ, ɪɚɡɜɭɱɟɧ ɨɦɨɬɚɱ ɨɞ ɝɚɫɨɜɚ ɦɚɥɟ ɝɭɫɬɢɧɟ, ɱɢʁɢ ɫɥɨʁ ɜɚɪɢɪɚ 

ɨɞ ɜɢɲɟ ɫɬɨɬɢɧɚ ɯɢʂɚɞɚ ɞɨ ɩɪɟɤɨ ɦɢɥɢɨɧ ɤɢɥɨɦɟɬɚɪɚ. ɍ ɞɭɛɢɧɢ ɫɭɧɱɟɜɟ ɦɚɫɟ ɨɞɜɢʁɚʁɭ ɫɟ 

ɛɪɨʁɧɟ ɬɟɪɦɨɧɭɤɥɟɚɪɧɟ ɪɟɚɤɰɢʁɟ. Ɍɟɦɩɟɪɚɬɭɪɚ ɨɞ ͳͷ𝑥ͳͲ6 K, ɫɚ ɩɪɢɬɢɫɤɨɦ ɨɞ ͹Ͳ𝑥ͳͲଽ ɚɬɦɨɫɮɟɪɫɤɨɝ ɩɪɢɬɢɫɤɚ, ɨɦɨɝɭʄɚɜɚ ɮɭɡɢʁɭ ɥɚɤɢɯ ɱɟɫɬɢɰɚ (ʁɟɡɝɪɨ ɜɨɞɨɧɢɤɚ) ɢ 

ɫɬɜɚɪɚʃɟ ɬɟɱɧɢɯ ɱɟɫɬɢɰɚ (ʁɟɡɝɪɚ ɯɟɥɢʁɭɦɚ). Ɏɭɡɢʁɨɦ ɫɟ ɫɦɚɬɪɚ ɩɪɨɰɟɫ ɭ ɤɨɦɟ ɫɟ ɱɟɫɬɢɰɟ 

ɚɬɨɦɚ ɜɨɞɨɧɢɤɚ ɫɩɚʁɚʁɭ, ɮɨɪɦɢɪɚʁɭʄɢ ʁɟɞɚɧ ɚɬɨɦ ɯɟɥɢʁɭɦɚ, ɭɡ ɝɭɛɢɬɚɤ ɦɚʃɟ ɤɨɥɢɱɢɧɟ ɦɚɫɟ, 

ɤɨʁɚ ɫɟ ɩɨʁɚɜʂɭʁɟ ɭ ɞɪɭɝɨʁ ɮɨɪɦɢ ɩɪɟɦɚ Ⱥʁɧɲɬɚʁɧɨɜɨʁ ɪɟɥɚɰɢʁɢ ܧ = ݉ܿଶ [2]. 

 

 
ɋɥɢɤɚ 1. ɋɭɧɰɟ [2] 

 

ɋɭɧɰɟ ʁɟ ɡɚʁɟɞɧɢɱɤɢ ɢɡɜɨɪ ɫɜɢɯ ɨɛɧɨɜʂɢɜɢɯ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ, ɱɢʁɢ ɤɚɩɚɰɢɬɟɬ ɦɨɠɟɦɨ 
ɫɦɚɬɪɚɬɢ ɧɟɨɝɪɚɧɢɱɟɧɢɦ. ɋɭɧɱɟɜɚ ɟɧɟɪɝɢʁɚ ʁɟ ɪɟɫɭɪɫ ɤɨʁɢ ʁɟ, ɡɚɜɢɫɧɨ ɨɞ ɤɥɢɦɚɬɫɤɨɝ 

ɩɨɞɪɭɱʁɚ, ɭ ɜɟʄɨʁ ɢɥɢ ɦɚʃɨʁ ɦɟɪɢ ɞɨɫɬɭɩɚɧ ɫɜɢɦ ʂɭɞɢɦɚ. ɋɧɚɝɚ ɋɭɧɰɚ ɤɨʁɭ ɩɪɢɦɚ Ɂɟɦʂɚ 

ɢɡɧɨɫɢ ɨɤɨ ͳ,ͺ˘ͳͲଵଵ MW ɲɬɨ ɜɢɲɟɫɬɪɭɤɨ ɩɪɟɜɚɡɢɥɚɡɢ ɫɜɟ ɟɧɟɪɝɟɬɫɤɟ ɩɨɬɪɟɛɟ. Ɉɜɚ 
ɟɧɟɪɝɢʁɚ ɫɟ ɦɨɠɟ ɤɨɪɢɫɬɢɬɢ ɤɚɤɨ ɡɚ ɩɪɨɢɡɜɨɞʃɭ ɟɥɟɤɬɪɢɱɧɟ, ɬɚɤɨ ɢ ɬɨɩɥɨɬɧɟ ɟɧɟɪɝɢʁɟ. 

ȼɟʄɢɧɚ ɨɛɥɢɤɚ ɟɧɟɪɝɢʁɟ ɧɚ Ɂɟɦʂɢ ɧɚɫɬɚɥɚ ʁɟ ɢ ɧɚɫɬɚʁɟ ɞɟɥɨɜɚʃɟɦ ɋɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ. 

ɍɩɨɬɪɟɛɨɦ  ɋɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ ɫɦɚʃɭʁɟ ɫɟ ɩɨɬɪɟɛɚ ɡɚ ɮɨɫɢɥɧɢɦ ɝɨɪɢɜɢɦɚ, ɩɚ ɫɟ ɫɦɚʃɭʁɟ ɢ 

ɡɚɝɚђɟʃɟ ɨɤɨɥɢɧɟ, ɬʁ. ɫɨɥɚɪɧɚ ɟɧɟɪɝɢʁɚ ɧɟ ɢɡɚɡɢɜɚ ɝɥɨɛɚɥɧɨ ɡɚɝɪɟɜɚʃɟ ɢ ɧɟ ɫɬɜɚɪɚ 
ɪɚɞɢɨɚɤɬɢɜɧɢ ɨɬɩɚɞ [2]. 

 

ɋɭɧɱɟɜ ɫɩɟɤɬɚɪ ɫɚɞɪɠɢ ɡɪɚɱɟʃɚ ɬɚɥɚɫɧɢɯ ɞɭɠɢɧɚ ɦɚʃɢɯ ɨɞ 100 nm, ɩɚ ɫɜɟ ɞɨ 3 µm. 

Ɉɫɧɨɜɧɚ ɩɨɞɟɥɚ ɟɥɟɤɬɪɨɦɚɝɧɟɬɧɨɝ ɡɪɚɱɟʃɚ ʁɟ ɧɚ ʁɨɧɢɡɭʁɭʄɟ (Ȝ<100 nm, γ ɢ χ ɡɪɚɰɢ) ɢ 
ɧɟʁɨɧɢɡɭʁɭʄɟ ɡɪɚɱɟʃɟ (Ȝ>100 nm). ɇɚ ɫɪɟʄɭ, ɪɚɡɨɪɧɨ ʁɨɧɢɡɭʁɭʄɟ ɡɪɚɱɟʃɟ ɧɟ ɩɪɨɞɢɪɟ ɤɪɨɡ 
Ɂɟɦʂɢɧɭ ɚɬɦɨɫɮɟɪɭ [1]. 

 

ɋɪɟɞʃɢ ɬɨɩɥɨɬɧɢ ɮɥɭɤɫ ɋɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɧɚ ɩɨɜɪɲɢɧɢ Ɂɟɦʂɢɧɟ ɚɬɦɨɫɮɟɪɟ ɧɚɡɢɜɚ ɫɟ 
ɫɨɥɚɪɧɨɦ ɤɨɧɫɬɚɧɬɨɦ ɢ ɢɡɧɨɫɢ 𝐼𝑆 = 1367 W/m² [1]. 
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ɇɟʁɨɧɢɡɭʁɭʄɟ ɡɪɚɱɟʃɟ ɫɚ ɋɭɧɰɚ ɫɟ ɦɨɠɟ ɩɨɞɟɥɢɬɢ ɧɚ ɭɥɬɪɚɜɢɨɥɟɬɧɨ, ɜɢɞʂɢɜɨ ɢ 
ɢɧɮɪɚɰɪɜɟɧɨ ɡɪɚɱɟʃɟ. 

 

 
ɋɥɢɤɚ 2. ɋɩɟɤɬɚɪ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ [3] 

 

ɋɭɧɱɟɜɚ ɫɜɟɬɥɨɫɬ ɢɡɚɡɢɜɚ ɬɟɦɩɟɪɚɬɭɪɧɟ ɩɪɨɦɟɧɟ ɤɨʁɟ ɩɨɤɪɟʄɭ ɜɟɬɪɨɜɟ ɢ ɨɤɟɚɧɫɤɟ 
ɫɬɪɭʁɟ, ɨɩɫɬɚɧɚɤ ɛɢʂɧɨɝ ɢ ɠɢɜɨɬɢʃɫɤɨɝ ɫɜɟɬɚ ɢ ɧɟɨɩɯɨɞɧɚ ʁɟ ɡɚ ɨɞɪɠɚɜɚʃɟ ɜɨɞɟɧɨɝ 
ɰɢɤɥɭɫɚ ɪɟɤɚ ɢ ɦɨɪɚ. Ȼɟɡ ɋɭɧɰɚ, ɧɚɲɚ ɩɥɚɧɟɬɚ ɧɟ ɫɚɦɨ ɞɚ ɧɟ ɛɢ ɦɨɝɥɚ ɨɞɪɠɚɜɚɬɢ ɠɢɜɢ 

ɫɜɟɬ, ɜɟʄ ɧɟ ɛɢ ɧɢ ɛɢɥɚ ɞɨɜɨʂɧɨ ɬɨɩɥɚ ɞɚ ɨɞɪɠɚɜɚ ɝɟɨɬɟɪɦɚɥɧɟ ɢɡɜɨɪɟ ɩɨɞ ɡɟɦʂɨɦ. ɑɚɤ ɢ 

ɮɨɫɢɥɧɚ ɝɨɪɢɜɚ, ɤɨʁɚ ɟɤɨɥɨɡɢ ɧɟɤɚɞɚ ɡɨɜɭ ʁɨɲ ɢ "ɫɬɚɪɨɦ ɛɢɨɦɚɫɨɦ", ɚɤɭɦɭɥɢɪɚɥɚ ɫɭ 

ɟɧɟɪɝɢʁɭ ɋɭɧɰɚ. ȼɚɠɧɨɫɬ ɋɭɧɰɚ ɭ ɧɚɲɨʁ ɫɜɚɤɨɞɧɟɜɧɢɰɢ ʁɟ, ɬɚɤɨђɟ, ɜɪɥɨ ɡɧɚɱɚʁɧɚ. Ɂɛɨɝ 

ɋɭɧɰɚ ɧɚɦ ɧɢɫɭ ɩɨɬɪɟɛɧɟ ɛɚɬɟɪɢʁɫɤɟ ɥɚɦɩɟ ɩɨ ɰɟɥɢ ɞɚɧ, ɧɢɬɢ ɦɨɪɚɦɨ ɞɚ ɝɪɟʁɟɦɨ ɫɜɨʁɟ 

ɞɨɦɚʄɢɧɫɬɜɨ ɬɨɤɨɦ ɨɞɪɟђɟɧɢɯ ɝɨɞɢɲʃɢɯ ɞɨɛɚ, ɦɨɠɟɦɨ ɫɭɲɢɬɢ ɜɟɲ ɧɚɩɨʂɭ ɢɬɞ. [3]. 

 

1.1.1 ɁȿɆȴɂɇ ɋȳȺȳ - ɌȿɊɆɈȾɂɇȺɆɂɑɄȺ ɊȺȼɇɈɌȿɀȺ ɋɍɇɐȿ - ɁȿɆȴȺ 

 

ɋɜɭ ɟɧɟɪɝɢʁɭ ɤɨʁɭ Ɂɟɦʂɚ ɩɪɢɦɢ ɨɞ ɋɭɧɰɚ, ɦɨɪɚ ɞɚ ɜɪɚɬɢ ɧɚɡɚɞ ɭ ɜɚɫɢɨɧɭ. ȳɟɞɢɧɨ 
ɡɚɧɟɦɚɪʂɢɜɢ ɞɟɨ (ɨɤɨ 0,1%) ɋɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɨɫɬɚʁɟ ɜɟɡɚɧ ɧɚ ɡɟɦʂɢ ɩɪɨɰɟɫɨɦ 
ɮɨɬɨɫɢɧɬɟɡɟ. 

Ɇɚɤɫɢɦɭɦ Ɂɟɦʂɢɧɨɝ ɫʁɚʁɚ ɧɚɥɚɡɢ ɫɟ ɧɚ ɬɚɥɚɫɧɨʁ ɞɭɠɢɧɢ ɡɪɚɤɚ ɨɞ 18 µm. Ɉɞ ɭɤɭɩɧɨɝ 
ɝɨɞɢɲʃɟɝ ɋɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ, ɤɨʁɟ ɢɡɧɨɫɢ ɩɪɨɫɟɱɧɨ 343 W/m², 30% ɫɟ ɪɟɮɥɟɤɬɭʁɟ ɧɚɡɚɞ ɫɚ 
ɨɛɥɚɤɚ ɢ ɡɟɦʂɢɧɟ ɩɨɜɪɲɢɧɟ (Ɂɟɦʂɢɧ ɚɥɛɟɞɨ - α), 11,7% ɫɟ ɢɡɪɚɱɢ ɞɢɪɟɤɬɧɨ ɫɚ Ɂɟɦʂɢɧɟ 
ɩɨɜɪɲɢɧɟ, 10,2% ɢɡɪɚɱɟ ɨɛɥɚɰɢ, ɚ ɡɚ 48,1% Ɂɟɦʂɢɧɨɝ ɫʁɚʁɚ ɫɭ ɡɚɫɥɭɠɧɢ ɝɚɫɨɜɢ ɫɬɚɤɥɟɧɟ 
ɛɚɲɬɟ. Ɉɜɚʁ ɞɟɨ ɡɪɚɱɟʃɚ ɫɟ ɩɨɧɨɜɧɨ ɜɪɚʄɚ ɧɚ Ɂɟɦʂɭ ɢ ɩɨɫɥɟ ʃɟɧɨɝ ɡɚɝɪɟɜɚʃɚ ʁɟ ɧɚɩɭɲɬɚ 
[1]. 
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Ɉɞ ɫɬɪɚɧɟ ɋɭɧɰɚ, ɧɚ ɩɨɜɪɲɢɧɢ ɚɬɦɨɫɮɟɪɟ Ɂɟɦʂɚ ɩɪɢɦɢ ܧ௦ (W) [1]: 

௦ܧ  = 𝐼𝑆 𝜋 ܴ𝐸ଶ (1- α), 

ɝɞɟ ʁɟ: ܴ𝐸 =6 371 km - Ɂɟɦʂɢɧ ɩɨɥɭɩɪɟɱɧɢɤ. ɋɚ ɞɪɭɝɟ ɫɬɪɚɧɟ, ɭ ɫɬɚɰɢɨɧɚɪɧɨɦ ɫɬɚʃɭ, Ɂɟɦʂɚ 
ɦɨɪɚ ɞɚ ɢɡɪɚɱɢ ɭ ɜɚɫɢɨɧɭ ɢɫɬɭ ɤɨɥɢɱɢɧɭ ɟɧɟɪɝɢʁɟ [1]: 

௦ܧ  = Ͷ 𝜋 ܴ𝐸ଶσ ТЕସ,  

ɝɞɟ ɫɭ: 
σ = 5,67 x ͳͲ−଼(W/m²Кସ) - ɋɬɟɮɚɧ-Ȼɨɥɰɦɚɧɨɜɚ ɤɨɧɫɬɚɧɬɚ ɚɩɫɨɥɭɬɧɨ ɰɪɧɨɝ ɬɟɥɚ, ТЕ (K) - ɟɤɜɢɜɚɥɟɧɬɧɚ ɬɟɦɩɟɪɚɬɭɪɚ Ɂɟɦʂɟ ɤɚɨ ɚɩɫɨɥɭɬɧɨ ɰɪɧɨɝ ɬɟɥɚ. 
 

ɇɚɤɨɧ ɨɜɢɯ ɧɚɜɟɞɟɧɢɯ ɢɡɪɚɡɚ, ɦɨɠɟ ɞɚ ɫɟ ɢɡɪɚɱɭɧɚ ɧɟɨɩɯɨɞɧɚ ɬɟɦɩɟɪɚɬɭɪɚ Ɂɟɦʂɢɧɟ 
ɩɨɜɪɲɢɧɟ - Ɍȿ, ɞɚ ɛɢ ɨɧɚ ɜɪɚɬɢɥɚ ɭ Ʉɨɫɦɨɫ ɞɨɡɪɚɱɟɧɭ ɋɭɧɱɟɜɭ ɟɧɟɪɝɢʁɭ: 

 ТЕ = [𝐼𝑆ሺଵ− αሻସσ ]ଵ/ସ = ʹͷͷ 𝐾  ሺ−ͳͺ°𝐶ሻ. 

 

ɉɨɡɧɚɬɨ ʁɟ ɞɚ ʁɟ ɩɪɨɫɟɱɧɚ ɬɟɦɩɟɪɚɬɭɪɚ Ɂɟɦʂɢɧɟ ɩɨɜɪɲɢɧɟ 288 K (15°C). Ɉɜɚ ɪɚɡɥɢɤɚ ɫɟ 
ɨɛʁɚɲʃɚɜɚ ɩɪɢɫɭɫɬɜɨɦ ɝɚɫɨɜɚ ɫɬɚɤɥɟɧɟ ɛɚɲɬɟ ɭ Ɂɟɦʂɢɧɨʁ ɚɬɦɨɫɮɟɪɢ [1]. 

 

1.1.2 ȿɎȿɄȺɌ ɋɌȺɄɅȿɇȿ ȻȺɒɌȿ 

 

ȿɮɟɤɚɬ ɫɬɚɤɥɟɧɟ ɛɚɲɬɟ ɧɚɫɬɚʁɟ ɡɛɨɝ ɬɨɝɚ ɲɬɨ Ɂɟɦʂɚ ɢ ɦɨɥɟɤɭɥɢ ɭ ɚɬɦɨɫɮɟɪɢ ɚɩɫɨɪɛɭʁɭ 

ɋɭɧɱɟɜɭ ɬɨɩɥɨɬɭ. Ɍɨɩɥɨɬɚ ɤɨʁɚ ɫɬɢɠɟ ɫɚ ɋɭɧɰɚ ɩɚɞɚ ɧɚ Ɂɟɦʂɭ, ɨɞɚɬɥɟ ɫɟ ɨɞɛɢʁɚ ɢ ɧɚʁɜɟʄɢɦ 

ɞɟɥɨɦ ɨɞɥɚɡɢ ɞɚɥɟɤɨ ɨɞ Ɂɟɦʂɟ. Ʉɨɪɢɲʄɟʃɟɦ ɫɜɟ ɜɟʄɟɝ ɛɪɨʁɚ ɪɚɡɥɢɱɢɬɢɯ ɯɟɦɢʁɫɤɢɯ 

ʁɟɞɢʃɟʃɚ ɭ ɫɜɚɤɨɞɧɟɜɧɨɦ ɠɢɜɨɬɭ, ʂɭɞɢ ɫɭ ɩɪɨɦɟɧɢɥɢ ɫɚɫɬɚɜ ɝɚɫɨɜɚ ɭ ɚɬɦɨɫɮɟɪɢ ɧɚɲɟ 

ɩɥɚɧɟɬɟ. Ɉɜɚ ɩɪɨɦɟɧɚ ɯɟɦɢʁɫɤɨɝ ɫɚɫɬɚɜɚ ɚɬɦɨɫɮɟɪɟ ɞɨɜɟɥɚ ʁɟ ɞɨ ɬɨɝɚ ɞɚ, ɭɦɟɫɬɨ ɞɚ 

ɩɪɨɩɭɲɬɚ ɬɨɩɥɨɬɭ ɨɞɛɢʁɟɧɭ ɫɚ ɩɨɜɪɲɢɧɟ, ɚɬɦɨɫɮɟɪɚ ɡɚɞɪɠɚɜɚ ɨɞɛɢʁɟɧɭ ɬɨɩɥɨɬɭ. ɇɚ ɨɜɚʁ 
ɧɚɱɢɧ ɫɟ ɰɟɥɚ ɚɬɦɨɫɮɟɪɚ ɫɜɟ ɜɢɲɟ ɡɚɝɪɟɜɚ. Ɇɧɨɝɢ ɧɚɭɱɧɢɰɢ ɫɭ ɡɚɛɪɢɧɭɬɢ ɢ ɫɦɚɬɪɚʁɭ ɞɚ 

ɟɮɟɤɚɬ ɫɬɚɤɥɟɧɟ ɛɚɲɬɟ ɦɨɠɟ ɞɨɜɟɫɬɢ ɞɨ ɝɥɨɛɚɥɧɨɝ ɡɚɝɪɟɜɚʃɚ ɤɨʁɟ ɛɢ ɢɦɚɥɨ ɤɚɬɚɫɬɪɨɮɚɥɧɟ 

ɩɨɫɥɟɞɢɰɟ ɧɚ ɠɢɜɨɬ ɧɚ ɩɥɚɧɟɬɢ. Ⱥɧɚɥɢɡɟ ɫɭ ɩɨɤɚɡɚɥɟ ɞɚ ʁɟ ɨɞ 1800. ɝɨɞɢɧɟ ɩɪɨɫɟɱɧɚ 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɪɚɫɥɚ ɡɚ 0,7°C [4]. 

 

 
ɋɥɢɤɚ 3. ȿɮɟɤɚɬ ɫɬɚɤɥɟɧɟ ɛɚɲɬɟ 1 [4] 
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ɋɬɚɤɥɨ ʁɟ ɧɚʁɩɨɡɧɚɬɢʁɢ ɱɜɪɫɬ ɦɚɬɟɪɢʁɚɥ ɤɨʁɢ ɩɪɨɩɭɲɬɚ ɋɭɧɱɟɜɨ ɡɪɚɱɟʃɟ (ɬɚɥɚɫɧɟ 
ɞɭɠɢɧɟ ɨɞ 0,3 ɞɨ 3 µm) ɢ ɬɨ ɭ ɩɪɨɫɟɱɧɨɦ ɢɡɧɨɫɭ ɨɞ 90%. Ʉɚɤɨ ɫɟ ɩɨɜɪɲɢɧɚ ɢɡɚ ɫɬɚɤɥɟɧɟ 
ɩɥɨɱɟ ɡɚɝɪɟɜɚ, ɨɧɚ ɟɦɢɬɭʁɟ ɢɧɮɪɚɰɪɜɟɧɨ ɞɭɝɨɬɚɥɚɫɧɨ ɡɪɚɱɟʃɟ. Ɂɚ ɪɚɡɥɢɤɭ ɨɞ ɜɢɞʂɢɜɟ 
ɫɜɟɬɥɨɫɬɢ ɢ ɤɪɚɬɤɨɬɚɥɚɫɧɨɝ ɢɧɮɪɚɰɪɜɟɧɨɝ ɡɪɚɱɟʃɚ, ɨɜɨ ɡɪɚɱɟʃɟ ɫɬɚɤɥɨ ɚɩɫɨɪɛɭʁɟ ɢ ɡɚɬɢɦ 
ɟɦɢɬɭʁɟ ɧɚɡɚɞ ɧɚ ɩɨɜɪɲɢɧɭ, ɚ ɞɟɥɨɦ ɢ ɭ ɨɤɨɥɢɧɭ [1]. 

 

 
ɋɥɢɤɚ 4. ȿɮɟɤɚɬ ɫɬɚɤɥɟɧɟ ɛɚɲɬɟ 2 [5] 

 

ȿɮɟɤɬɨɦ ɫɬɚɤɥɟɧɟ ɛɚɲɬɟ ɦɨɠɟ ɫɟ ɡɧɚɱɚʁɧɨ ɭɜɟʄɚɬɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɪɲɢɧɟ ɧɚ ɤɨʁɨʁ ɫɟ 
ɭɫɩɨɫɬɚɜʂɚ ɬɟɪɦɢɱɤɚ ɪɚɜɧɨɬɟɠɚ - ɩɪɢɦʂɟɧɚ ɤɨɥɢɱɢɧɚ ɬɨɩɥɨɬɟ ʁɟɞɧɚɤɚ ɩɪɟɞɚɬɨʁ. ɇɚ ɬɚʁ 
ɧɚɱɢɧ, ɧɩɪ., ɬɚɦɧɚ ɦɟɬɚɥɧɚ ɩɨɜɪɲɢɧɚ ɧɚ ɦɢɪɧɨʁ ɚɬɦɨɫɮɟɪɢ, ɢɡɥɨɠɟɧɚ ɋɭɧɰɭ, ɦɨɠɟ ɫɟ 
ɡɚɝɪɟʁɚɬɢ ɢ ɨɞ 60 ɞɨ 80°C. Ʉɨɪɢɲʄɟʃɟɦ ɫɬɚɤɥɟɧɨɝ ɩɪɟɤɪɢɜɚɱɚ, ɢɚɤɨ ɫɟ ɝɭɛɢ 10% ɋɭɧɱɟɜɨɝ 
ɡɪɚɱɟʃɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɪɲɢɧɟ ɫɟ ɦɨɠɟ ɩɨɜɟʄɚɬɢ ɞɨ 90°C. ȿɮɟɤɚɬ ɫɬɚɤɥɟɧɟ ɛɚɲɬɟ ʁɟɞɚɧ ʁɟ 
ɨɞ ɨɫɧɨɜɧɢɯ ɟɮɟɤɚɬɚ ɤɨʁɢ ɫɟ ɩɪɢɦɟʃɭʁɟ ɡɚ ɤɨɧɫɬɪɭɤɰɢʁɭ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ [5]. 

 

1.1.3 ɂɇɋɈɅȺɐɂȳȺ 

 

ɉɪɨɫɟɱɧɨ ɋɭɧɱɟɜɨ ɡɪɚɱɟʃɟ, ɧɚ ɝɨɞɢɲʃɟɦ ɧɢɜɨɭ, ɧɚ ʁɟɞɢɧɢɱɧɭ ɯɨɪɢɡɨɧɬɚɥɧɭ 
ɩɨɜɪɲɢɧɭ, ɧɚɡɢɜɚ ɫɟ ɨɫɭɧɱɚɧɨɫɬ ɢɥɢ ɢɧɫɨɥɚɰɢʁɚ. Ɍɨ ɡɪɚɱɟʃɟ ɫɚɞɪɠɢ ɧɚʁɜɢɲɟ ɚɩɫɨɪɛɨɜɚɧɟ 
ɟɧɟɪɝɢʁɟ ɭ ɨɛɥɢɤɭ ɤɪɚɬɤɨɬɚɥɚɫɧɨɝ ɡɪɚɱɟʃɚ ɢ ɫɜɟɬɥɚ. ɋɚɦɨ ʁɟɞɚɧ ɞɟɨ ɤɪɚɬɤɨɬɚɥɚɫɧɨɝ 
ɡɪɚɱɟʃɚ ɞɨɫɩɟɜɚ ɞɨ ɡɟɦʂɢɧɟ ɩɨɜɪɲɢɧɟ, ɚ ɩɪɟɨɫɬɚɥɢ ɞɟɨ ɟɧɟɪɝɢʁɟ ɫɟ ɪɟɮɥɟɤɬɭʁɟ, ɪɚɫɢɩɚ 
ɢɥɢ ʁɟ ɭɩɢʁɚ ɚɬɦɨɫɮɟɪɚ.  

 

Ʉɨɥɢɱɢɧɚ ɋɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɧɚ ɩɨɜɪɲɢɧɢ Ɂɟɦʂɟ ɡɚɜɢɫɢ ɨɞ ɦɧɨɝɨ ɮɚɤɬɨɪɚ: ɝɟɨɝɪɚɮɫɤɟ 
ɲɢɪɢɧɟ ɦɟɫɬɚ, ɝɨɞɢɲʃɟɝ ɞɨɛɚ, ɞɨɛɚ ɞɚɧɚ, ɱɢɫɬɨʄɟ ɚɬɦɨɫɮɟɪɟ, ɨɛɥɚɱɧɨɫɬɢ, ɨɪɢʁɟɧɬɚɰɢʁɟ ɢ 
ɧɚɝɢɛɚ ɩɨɜɪɲɢɧɟ. 

 

ɉɪɨɫɟɱɧɚ ɝɨɞɢɲʃɚ ɢɧɫɨɥɚɰɢʁɚ ɭ ȿɜɪɨɩɢ ɢɡɧɨɫɢ 1096 kWh/m², ɚ ɭ ɋɪɛɢʁɢ ɨɤɨ 1400 
kWh/m², ɩɪɢ ɱɟɦɭ ɩɪɨɫɟɱɧɚ ɞɧɟɜɧɚ ɜɪɟɞɧɨɫɬ ɢɡɧɨɫɢ ɨɤɨ 3,8 kWh/m². ɍ ɋɪɛɢʁɢ, ɡɚ ɜɪɟɦɟ 
ɛɢɜɲɟ ɋɎɊȳ, ɭ ɨɤɜɢɪɭ ɋɏɆɁ ʁɟ ɞɨ 1987. ɝɨɞɢɧɟ ɪɚɞɢɨ Ɋɟɩɭɛɥɢɱɤɢ ɰɟɧɬɚɪ ɡɚ ɋɭɧɱɟɜɭ 
ɪɚɞɢʁɚɰɢʁɭ. Ɇɟђɭɬɢɦ, ɩɨɫɥɟ ʃɟɧɨɝ ɭɤɢɞɚʃɚ, ɭ ɋɪɛɢʁɢ ɧɟ ɩɨɫɬɨʁɟ ɩɨɭɡɞɚɧɢ, ɩɪɟɰɢɡɧɢ, 
ɫɢɫɬɟɦɚɬɫɤɢ ɫɪɟђɟɧɢ ɩɨɞɚɰɢ ɨ ɢɧɫɨɥɚɰɢʁɢ, ɬɚɤɨ ɞɚ ɦɟɪɨɞɚɜɧɢ ɩɨɞɚɰɢ ɫɭ ɨɧɢ ɦɟɪɟɧɢ ɞɨ 
1987. ɝɨɞɢɧɟ [1]. 
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2. ɋɂɋɌȿɆɂ ɂ ɌȿɏɇɈɅɈȽɂȳȿ ɁȺ ɄɈɊɂɒȶȿȵȿ 

ɋɈɅȺɊɇȿ ȿɇȿɊȽɂȳȿ 

 
ɋɚɜɪɟɦɟɧɚ ɧɚɭɱɧɚ ɞɨɫɬɢɝɧɭʄɚ ɢ ɫɬɟɱɟɧɚ ɢɫɤɭɫɬɜɚ, ɧɚ ɩɨʂɭ ɬɟɯɧɨɥɨɝɢʁɟ ɤɨɪɢɲʄɟʃɚ 

ɋɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ, ɩɨɤɚɡɚɥɚ ɫɭ ɞɚ ɫɟ ɫɨɥɚɪɧɚ ɟɧɟɪɝɢʁɚ ɦɨɠɟ ɤɨɪɢɫɬɢɬɢ ɭ ɬɪɚɧɫɮɨɪɦɢɫɚɧɨɦ 

ɨɛɥɢɤɭ ɤɨʁɢ ɦɨɠɟ ɭɫɩɟɲɧɨ ɡɚɦɟɧɢɬɢ ɩɪɢɦɟɧɭ ɤɥɚɫɢɱɧɢɯ ɨɛɥɢɤɚ ɟɧɟɪɝɢʁɟ. ɂɡ ɮɚɡɟ 

ɟɤɫɩɟɪɢɦɟɧɬɚɥɧɨɝ ɤɨɪɢɲʄɟʃɚ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ, ɦɧɨɝɟ ɩɪɢɜɪɟɞɧɨ ɪɚɡɜɢʁɟɧɟ ɡɟɦʂɟ ɭ ɫɜɟɬɭ  

ɩɪɟɲɥɟ ɫɭ ɧɚ ɦɚɫɨɜɧɨ ɤɨɪɢɲʄɟʃɟ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ (ɚɤɬɢɜɧɨ ɢ ɩɚɫɢɜɧɨ), ɧɚɪɨɱɢɬɨ ɭ 

ɡɚɞɨɜɨʂɟʃɭ ɩɨɬɪɟɛɚ ɫɬɚɧɨɜɧɢɲɬɜɚ ɢ ɩɪɢɜɪɟɞɟ ɤɨɞ ɡɚɝɪɟɜɚʃɚ, ɤɥɢɦɚɬɢɡɚɰɢʁɟ ɢ 

ɨɫɜɟɬʂɚɜɚʃɚ ɫɬɚɦɛɟɧɢɯ ɢ ɩɨɫɥɨɜɧɢɯ ɩɪɨɫɬɨɪɢʁɚ. ɉɨɪɟɞ ɬɨɝɚ, ɜɟɨɦɚ ʁɟ ɢɡɪɚɠɟɧ ɬɪɟɧɞ 

ɩɪɨʁɟɤɬɨɜɚʃɚ ɟɧɟɪɝɟɬɫɤɢ ɟɮɢɤɚɫɧɢɯ ɡɝɪɚɞɚ. 

 

Ʉɨɧɜɟɪɡɢʁɚ ɫɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ ɫɟ ɜɪɲɢ ɩɨɦɨʄɭ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ʄɟɥɢʁɚ, ɬɟɪɦɚɥɧɢɯ 

ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ ɢ ɯɢɛɪɢɞɧɢɯ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ. Ɍɟɪɦɚɥɧɢ ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɫɥɭɠɟ 

ɡɚ ɞɨɛɢʁɚʃɟ ɬɨɩɥɟ ɜɨɞɟ ɢ ɡɚɝɪɟɜɚʃɟ ɩɪɨɫɬɨɪɚ, ɚ ɮɨɬɨɧɚɩɨɧɫɤɟ ʄɟɥɢʁɟ ɫɟ ɤɨɪɢɫɬɟ ɡɚ 

ɞɢɪɟɤɬɧɨ ɞɨɛɢʁɚʃɟ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɢɡ ɫɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ. ȿɤɫɩɚɧɡɢʁɚ ɮɨɬɨɧɚɩɨɧɫɤɢɯ 

ʄɟɥɢʁɚ ɨɦɨɝɭʄɟɧɚ ʁɟ ɡɧɚɱɚʁɧɢɦ ɬɟɯɧɨɥɨɲɤɢɦ ɧɚɩɪɟɬɤɨɦ ɭ ɬɨɤɭ ɩɨɫɥɟɞʃɟ ɞɟɰɟɧɢʁɟ ɢ ʃɢɯɨɜ 

ɤɨɟɮɢɰɢʁɟɧɬ ɤɨɪɢɫɧɨɝ ɞɟʁɫɬɜɚ ʁɟ ɭɞɜɨɫɬɪɭɱɟɧ ɫɚ ɨɤɨ 7% ɧɚ 15%. 

 

ɉɈȾȿɅȺ ɉɊɂȳȿɆɇɂɄȺ ɋɈɅȺɊɇȿ ȿɇȿɊȽɂȳȿ 

 

ɉɨɞɟɥɚ ɩɪɢʁɟɦɧɢɤɚ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ ɫɟ ɩɪɟɦɚ ɧɚɱɢɧɭ ɬɪɚɧɫɮɨɪɦɚɰɢʁɟ ɦɨɠɟ ɢɡɜɪɲɢɬɢ 
ɧɚ [1]: 

 ɮɨɬɨɧɚɩɨɧɫɤɟ ʄɟɥɢʁɟ, 

 ɫɨɥɚɪɧɟ ɤɨɥɟɤɬɨɪɟ, 
 ɯɢɛɪɢɞɧɟ ɫɨɥɚɪɧɟ ɤɨɥɟɤɬɨɪɟ. 

 

ɉɪɟɦɚ ɜɪɫɬɢ ɪɚɞɧɨɝ ɮɥɭɢɞɚ ɤɨʁɢ ɫɟ ɤɨɪɢɫɬɢ, ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɫɟ ɞɟɥɟ ɧɚ [1]: 

 ɜɨɞɟɧɟ, 
 ɜɚɡɞɭɲɧɟ, 
 ɤɨʁɢ ɤɨɪɢɫɬɟ ɞɪɭɝɟ ɬɟɱɧɟ ɮɥɭɢɞɟ (ɬɟɪɦɢɱɤɚ ɭʂɚ).  
 

2.1 ɎɈɌɈɇȺɉɈɇɋɄȿ ɌȿɏɇɈɅɈȽɂȳȿ 

 
Ɏɨɬɨɧɚɩɨɧɫɤɢ ɫɢɫɬɟɦɢ (Ɏɇ ɫɢɫɬɟɦɢ) ɩɪɟɞɫɬɚɜʂɚʁɭ ɟɥɟɤɬɪɢɱɧɟ ɫɢɫɬɟɦɟ ɤɨʁɢ ɫɭɧɱɟɜɭ 

ɟɧɟɪɝɢʁɭ ɞɢɪɟɤɬɧɨ ɩɪɟɬɜɚɪɚʁɭ ɭ ɟɥɟɤɬɪɢɱɧɭ ɟɧɟɪɝɢʁɭ. ɇɚɝɥɢ ɪɚɡɜɨʁ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ʄɟɥɢʁɚ 
ɩɨɱɢʃɟ 1954. ɝɨɞɢɧɟ ɤɚɞɚ ɫɭ ɉɟɚɪɫɨɧ, Ɏɭɥɟɪ ɢ ɑɚɩɢɧ ɧɚɩɪɚɜɢɥɢ ɩɪɜɭ ɮɨɬɨɧɚɩɨɧɫɤɭ 
ʄɟɥɢʁɭ ɨɞ ɦɨɧɨɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ. ɉɨɱɟɜ ɨɞ ɥɚɧɫɢɪɚʃɚ ɩɪɜɨɝ ɫɚɬɟɥɢɬɚ 1958. ɝɨɞɢɧɟ, 

ɮɨɬɨɧɚɩɨɧɫɤɟ ʄɟɥɢʁɟ ɩɪɟɞɫɬɚɜʂɚʁɭ ɧɟɡɚɦɟɧʂɢɜ ɢɡɜɨɪ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɧɚ ɫɚɬɟɥɢɬɢɦɚ, 
ɤɨɫɦɢɱɤɢɦ ɛɪɨɞɨɜɢɦɚ ɢ ɫɜɟɦɢɪɫɤɢɦ ɫɬɚɧɢɰɚɦɚ. ɍ ɡɟɦɚʂɫɤɢɦ ɭɫɥɨɜɢɦɚ ɨɞ ɫɚɦɨɝ ɩɨɱɟɬɤɚ 
ɪɚɡɜɨʁɚ ɮɨɬɨɧɚɩɨɧɫɤɟ ʄɟɥɢʁɟ ɫɭ ɧɚɲɥɟ ɩɪɢɦɟɧɭ ɧɚ ɨɛʁɟɤɬɢɦɚ ɤɚɨ ɲɬɨ ɫɭ: ɫɜɟɬɢɨɧɢɰɢ, 
ɚɟɪɨɞɪɨɦɢ, ɢɫɬɪɚɠɢɜɚɱɤɟ ɩɥɚɬɮɨɪɦɟ ɧɚ ɦɨɪɭ, ɫɬɚɦɛɟɧɢ ɢ ɢɧɞɭɫɬɪɢʁɫɤɢ ɨɛʁɟɤɬɢ ɢ ɫɥ..  
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Ⱦɚɧɚɫ, Ɏɇ ɬɟɯɧɨɥɨɝɢʁɟ ɫɭ ʁɟɞɧɚ ɨɞ ɧɚʁɛɪɠɢɯ ɪɚɫɬɭʄɢɯ ɬɟɯɧɨɥɨɝɢʁɚ ɨɛɧɨɜʂɢɜɟ ɟɧɟɪɝɢʁɟ 
ɢ ɨɱɟɤɭʁɟ ɫɟ ɞɚ ʄɟ ɢɝɪɚɬɢ ɝɥɚɜɧɭ ɭɥɨɝɭ ɭ ɛɭɞɭʄɨʁ ɝɥɨɛɚɥɧɨʁ ɩɪɨɢɡɜɨɞʃɢ ɟɥɟɤɬɪɢɱɧɟ 
ɟɧɟɪɝɢʁɟ [6]. 

 

 

 ɋɥɢɤɚ 5. Ɏɨɬɨɧɚɩɨɧɫɤɢ ɩɚɧɟɥɢ [7]  

ɉɪɟɞɧɨɫɬɢ ɤɨɪɢɲʄɟʃɚ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɩɚɧɟɥɚ: 
 ɤɨɪɢɫɬɢ ɋɭɧɰɟ - ɨɛɧɨɜʂɢɜɢ ɢɡɜɨɪ ɟɧɟɪɝɢʁɟ, 

 ɧɟɨɝɪɚɧɢɱɟɧɢ ɩɨɬɟɧɰɢʁɚɥ,  
 ɩɪɢɦɟɧʂɢɜɨ ɧɚ ɫɜɚɤɨɦ ɦɟɫɬɭ,  
 ɞɨɩɪɢɧɨɫɢ ɫɦɚʃɟʃɭ 𝐶ܱଶ ɟɦɢɫɢʁɟ,  
 ɡɚ ɪɚɞ ɧɢɫɭ ɩɨɬɪɟɛɧɚ ɮɨɫɢɥɧɚ ɝɨɪɢɜɚ, 
 ɧɢɫɤɢ ɬɪɨɲɤɨɜɢ ɨɞɪɠɚɜɚʃɚ,  
 ɧɟɡɚɜɢɫɧɨɫɬ ɨɞ ɪɚɫɬɭʄɢɯ ɰɟɧɚ ɟɧɟɪɝɟɧɚɬɚ. 

 

Ɏɇ ɬɟɯɧɨɥɨɝɢʁɚ ɫɟ ɡɚɫɧɢɜɚ ɧɚ ɤɨɪɢɲʄɟʃɭ Ɏɇ ɢɥɢ ɫɨɥɚɪɧɢɯ ʄɟɥɢʁɚ. ɋɨɥɚɪɧɟ ʄɟɥɢʁɟ ɫɟ 
ɢɡɪɚђɭʁɭ ɢɡ ɜɢɲɟ ɫɥɨʁɟɜɚ. ɉɪɜɢ ɫɥɨʁ ʁɟ ɡɚɲɬɢɬɧɨ ɫɬɚɤɥɨ ɬʁ. SiO2, ɤɨʁɟ ɲɬɢɬɢ ʄɟɥɢʁɭ ɨɞ 
ɫɩɨʂɚɲʃɢɯ ɭɬɢɰɚʁɚ. ɂɫɩɨɞ ʁɟ  ɚɧɬɢɪɟɮɥɟɤɬɭʁɭʄɢ ɫɥɨʁ ɤɨʁɢ ɫɦɚʃɭʁɟ ɪɟɮɥɟɤɫɢʁɭ ɫɜɟɬɥɨɫɬɢ 
ɢ ɨɛɟɡɛɟђɭʁɟ ɞɚ ɲɬɨ ɜɢɲɟ ɟɧɟɪɝɢʁɟ ɞɨɫɩɟ ɞɨ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ  (ɩɨɜɟʄɚɜɚ ɫɟ ɢɫɤɨɪɢɲʄɟʃɟ 
ʄɟɥɢʁɟ). Ɂɚɬɢɦ ɫɟ ɧɚɥɚɡɢ ɫɢɫɬɟɦ ɬɪɚɧɫɩɚɪɟɧɬɧɢɯ ɟɥɟɤɬɪɨɞɚ. Ɍɚʁ ɫɢɫɬɟɦ ɤɨɧɬɪɨɥɢɲɟ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤ ɫɚ p-n ɫɩɨʁɟɦ ɭ ɤɨɦɟ ɫɟ ɜɪɲɢ ɡɚɯɜɚɬɚʃɟ ɮɨɬɨɧɚ ɋɭɧɱɟɜɟ ɫɜɟɬɥɨɫɬɢ. ɋɚ 
ɞɨʃɟ ɫɬɪɚɧɟ ʁɟ ɦɟɬɚɥɢɡɚɰɢʁɚ-ɡɚɞʃɢ ɤɨɧɬɚɤɬ. 

 

 
ɋɥɢɤɚ 6. ɉɨɩɪɟɱɧɢ ɩɪɟɫɟɤ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ [8] 
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Ɇɚɤɫɢɦɚɥɧɢ ɢɡɥɚɡɧɢ ɧɚɩɨɧ ɢɧɞɢɜɢɞɭɚɥɧɟ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɢɡɧɨɫɢ ɨɤɨ 600-700 mV, ɩɚ ɫɟ 
ʄɟɥɢʁɟ ɫɟɪɢʁɫɤɢ ɩɨɜɟɡɭʁɭ ɤɚɤɨ ɛɢ ɫɟ ɞɨɛɢɨ ɠɟʂɟɧɢ ɧɚɩɨɧ. ɇɚʁɱɟɲʄɟ ɫɟ ɨɤɨ 36 ʄɟɥɢʁɚ 
ɫɟɪɢʁɫɤɢ ɩɨɜɟɡɭʁɟ ɫɬɜɚɪɚʁɭʄɢ ɦɨɞɭɥɟ ɧɨɦɢɧɚɥɧɨɝ ɧɚɩɨɧɚ ɨɞ 12 V. ɋɧɚɝɚ ɤɨʁɭ ɩɪɨɢɡɜɨɞɢ 
ʁɟɞɧɚ ɮɨɬɨɧɚɩɨɧɫɤɚ ʄɟɥɢʁɚ ʁɟ ɪɟɥɚɬɢɜɧɨ ɦɚɥɚ, ɩɚ ɫɟ ɭ ɩɪɚɤɫɢ ɜɢɲɟ ʄɟɥɢʁɚ ɩɨɜɟɡɭʁɭ ɭ ɝɪɭɩɭ 
ɱɢɦɟ ɫɟ ɮɨɪɦɢɪɚ ɮɨɬɨɧɚɩɨɧɫɤɢ ɦɨɞɭɥ. ɉɪɟɦɚ ɩɪɨʁɟɤɬɨɜɚɧɨʁ ɫɧɚɡɢ ɦɨɞɭɥɢ ɫɟ ɫɩɚʁɚʁɭ ɪɟɞɧɨ 
ɢ/ɢɥɢ ɩɚɪɚɥɟɥɧɨ, ɱɢɦɟ ɫɟ ɮɨɪɦɢɪɚ ɮɨɬɨɧɚɩɨɧɫɤɢ ɩɚɧɟɥ ɤɨʁɢ ɩɪɨɢɡɜɨɞɢ ɫɬɪɭʁɭ, ɧɚɩɨɧ ɢ 
ɫɧɚɝɭ ɡɧɚɬɧɨ ɜɟʄɟɝ ɢɧɬɟɧɡɢɬɟɬɚ [8]. 

 

 
ɋɥɢɤɚ 7. ɚ) ɫɨɥɚɪɧɚ ʄɟɥɢʁɚ, ɛ) ɦɨɞɭɥ, ɜ) ɫɨɥɚɪɧɢ ɩɚɧɟɥ [8] 

 

Ʉɚɞɚ ɫɟ ɢɧɬɟɝɪɢɲɟ ɜɢɲɟ ɩɚɧɟɥɚ ɞɨɛɢʁɚ ɫɟ ɩɨʂɟ Ɏɇ ɦɨɞɭɥɚ ɢɥɢ ɫɨɥɚɪɧɚ ɟɥɟɤɬɪɚɧɚ. 

Ⱦɚɧɚɫ ɫɟ ɢɧɫɬɚɥɢɪɚʁɭ ɫɨɥɚɪɧɟ ɟɥɟɤɬɪɚɧɟ ɜɟɥɢɤɢɯ ɫɧɚɝɚ ɨɞ 1 MW, ɩɚ ɱɚɤ ɢ ɞɨ 790 MW. 

 

 
ɋɥɢɤɚ 8. ɋɨɥɚɪɧɚ ɟɥɟɤɬɪɚɧɚ [8] 
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2.1.1 ȼɊɋɌȿ ɂ ɆȺɌȿɊɂȳȺɅɂ Ɏɇ ɌȿɏɇɈɅɈȽɂȳȺ  

 

Ɏɨɬɨɧɚɩɨɧɫɤɟ ʄɟɥɢʁɟ ɦɨɝɭ ɛɢɬɢ ɢɡɪɚђɟɧɟ ɨɞ ɪɚɡɥɢɱɢɬɢɯ ɬɢɩɨɜɚ ɩɨɥɭɩɪɨɜɨɞɧɢɱɤɢɯ 

ɦɚɬɟɪɢʁɚɥɚ ɤɨʁɢ ɦɨɝɭ ɛɢɬɢ ɫɥɨɠɟɧɢ ɭ ɪɚɡɥɢɱɢɬɟ ɫɬɪɭɤɬɭɪɟ, ɡɛɨɝ ɩɨɫɬɢɡɚʃɚ ɲɬɨ ɛɨʂɟ 

ɟɮɢɤɚɫɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɰɢʁɟ ɟɧɟɪɝɢʁɟ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɭ ɟɥɟɤɬɪɢɱɧɭ ɟɧɟɪɝɢʁɭ. 

ɋɬɚɧɞɚɪɞɧɟ ɫɢɥɢɰɢʁɭɦɫɤɟ ɮɨɬɨɧɚɩɨɧɫɤɟ ʄɟɥɢʁɟ ɫɭ ɞɟɛʂɢɧɟ ɪɟɞɚ 200-500 ȝm. Ⱦɪɭɝɢ ɬɢɩ ɫɭ 
ɮɨɬɨɧɚɩɨɧɫɤɟ ʄɟɥɢʁɟ ɧɚɩɪɚɜʂɟɧɟ ɨɞ ɬɚɧɤɨɫɥɨʁɧɨɝ ɦɚɬɟɪɢʁɚɥɚ, ɮɢɥɦɨɜɚ, ɞɟɛʂɢɧɟ ɨɞ ɫɜɟɝɚ 
ɧɟɤɨɥɢɤɨ ɦɢɤɪɨɧɚ ɪɟɞɚ 1-10 ȝm. Ɉɜɚɤɜɟ ʄɟɥɢʁɟ ɡɚɯɬɟɜɚʁɭ ɦɚʃɟ ɩɨɥɭɩɪɨɜɨɞɧɨɝ ɦɚɬɟɪɢʁɚɥɚ 
ɢ ʁɟɞɧɨɫɬɚɜɧɢʁɟ ɫɭ ɡɚ ɩɪɨɢɡɜɨɞʃɭ. Ɂɚ ʃɢɯɨɜɭ ɢɡɪɚɞɭ ɧɚʁɱɟɲʄɟ ɫɟ ɤɨɪɢɫɬɟ ɚɦɨɪɮɧɢ 
ɫɢɥɢɰɢʁɭɦ, ɩɨɥɢɤɪɢɫɬɚɥɧɢ ɦɚɬɟɪɢʁɚɥɢ, ɤɚɞɦɢʁɭɦ-ɬɟɥɭɪɢɞ (CdTe) ɢ ɞɪɭɝɢ.  

 

Ɍɟɯɧɨɥɨɝɢʁɟ ɩɪɨɢɡɜɨɞʃɟ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ʄɟɥɢʁɚ ɢ ɦɨɞɭɥɚ ɦɨɝɭ ɫɟ, ɧɚ ɨɫɧɨɜɭ ɬɢɩɚ 
ɫɢɥɢɰɢʁɭɦɫɤɨɝ ɦɚɬɟɪɢʁɚɥɚ, ɤɥɚɫɢɮɢɤɨɜɚɬɢ ɤɚɨ ɦɨɧɨɤɪɢɫɬɚɥɧɟ, ɩɨɥɢɤɪɢɫɬɚɥɧɟ ɢ ɚɦɨɪɮɧɟ. 

 

 ɫɢɥɢɰɢʁɭɦ (Si) - ɭɤʂɭɱɭʁɭʄɢ ɦɨɧɨɤɪɢɫɬɚɥɧɢ ɫɢɥɢɰɢʁɭɦ (c-Si), ɩɨɥɢɤɪɢɫɬɚɥɧɢ 
ɫɢɥɢɰɢʁɭɦ (p-Si) ɢ ɚɦɨɪɮɧɢ ɫɢɥɢɰɢʁɭɦ (a-Si), 

 ɩɨɥɢɤɪɢɫɬɚɥɧɢ ɬɚɧɤɨɫɥɨʁɧɢ ɦɚɬɟɪɢʁɚɥɢ - (ɩɨɥɢɤɪɢɫɬɚɥɧɢ ɬɚɧɤɢ ɮɢɥɦ) - 

ɭɤʂɭɱɭʁɭʄɢ CIS ɫɩɨʁ ɩɨɥɭɩɪɨɜɨɞɧɢɱɤɢɯ ɦɚɬɟɪɢʁɚɥɚ (Bakar-Indijum-Diselenid), CdTe 

(Kadmijum-Telurid) ɢ ɬɚɧɤɨɫɥɨʁɧɢ ɫɢɥɢɰɢʁɭɦ (ɜɟʄɢɧɨɦ ɚɦɨɪɮɧɢ ɫɢɥɢɰɢʁɭɦ), 
 ɦɨɧɨɤɪɢɫɬɚɥɧɢ ɬɚɧɤɨɫɥɨʁɧɢ ɦɚɬɟɪɢʁɚɥɢ - (ɦɨɧɨɤɪɢɫɬɚɥɧɢ ɬɚɧɤɢ ɮɢɥɦ) ɜɟʄɢɧɨɦ 

ɢɡɜɟɞɟɧɢ ɨɞ ɝɚɥɢʁɭɦ-ɚɪɫɟɧɢɞa (Ga-As), 

 multijunction (ɜɢɲɟɫɥɨʁɧɚ) ɫɬɪɭɤɬɭɪɚ ɦɚɬɟɪɢʁɚɥɚ - ɤɨɦɛɢɧɚɰɢʁɟ ɪɚɡɧɢɯ 
ɩɨɥɭɩɪɨɜɨɞɧɢɱɤɢɯ ɦɚɬɟɪɢʁɚɥɚ. 

 

ɋɢɥɢɰɢʁɭɦɫɤɟ Ɏɇ ɬɟɯɧɨɥɨɝɢʁɟ ɫɭ ɜɪɥɨ ɞɨɦɢɧɚɧɬɧɟ ɡɚ ɩɪɨɢɡɜɨɞʃɭ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ. 
ɇɚʁɜɟʄɢ ɞɟɨ Ɏɇ ʄɟɥɢʁɚ ɡɚɫɧɢɜɚ ɫɟ ɧɚ ɦɨɧɨɤɪɢɫɬɚɥɧɨɦ ɢ ɩɨɥɢɤɪɢɫɬɚɥɧɨɦ ɫɢɥɢɰɢʁɭɦɭ. 
ȶɟɥɢʁɚ ɞɟɛʂɢɧɟ 0,20 ɞɨ 0,25 mm ɨɛɥɢɤɭʁɟ ɫɟ ɨɞ ɤɪɢɫɬɚɥɚ ɫɢɥɢɰɢʁɭɦɚ ɜɟɨɦɚ ɜɟɥɢɤɟ 
ɱɜɪɫɬɨʄɟ, ɬɚɤɨ ɞɚ ʁɨʁ ɫɟ ʁɟɞɧɚ ɫɬɪɚɧɚ ɨɛɨɝɚʄɭʁɟ ɚɬɨɦɢɦɚ ɛɨɪɚ, ɱɢɦɟ ɧɚɫɬɚʁɟ ɬɡɜ. p - ɫɬɪɚɧɚ, 
ɞɨɤ ɫɟ ɫɚ ɞɪɭɝɟ ɫɬɪɚɧɟ ɞɢɮɭɡɢʁɨɦ ɮɨɫɮɨɪɚ ɮɨɪɦɢɪɚ n - ɫɬɪɚɧɚ, ɩɚ ɫɟ ɬɚɤɜɟ ʄɟɥɢʁɟ ɧɚɡɢɜɚʁɭ 
n - p ɮɨɬɨɧɚɩɨɧɫɤɢɦ ʄɟɥɢʁɚɦɚ. 
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2.1.1.1 Ɏɨɬɨɧɚɩɨɧɫɤɟ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɦɨɧɨɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ  

 

ɋɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɦɨɧɨɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɫɚɫɬɨʁɟ ɫɟ ɨɞ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ p - ɬɢɩɚ, 

ɞɟɛʂɢɧɟ ɨɤɨ 300 µm, p - n ɫɩɨʁɚ ɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ n - ɬɢɩɚ, ɞɟɛʂɢɧɟ ɨɤɨ 0,2 µm, ɦɟɬɚɥɧɢɯ 

ɤɨɧɬɚɤɚɬɚ (ɟɥɟɤɬɪɨɞɚ) ɢ ɚɧɬɢɪɟɮɥɟɤɫɢɨɧɨɝ ɫɥɨʁɚ. 
 

 
ɋɥɢɤɚ 9. Шɟɦɚɬɫɤɢ ɩɪɢɤɚɡ ɩɨɩɪɟɱɧɨɝ ɩɪɟɫɟɤɚ ɦɨɧɨɤɪɢɫɬɚɥɧɟ Si ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ [9]. 

(1-ɫɬɚɤɥɨ, 2-ɚɧɬɢɪɟɮɥɟɤɫɢɨɧɢ ɫɥɨʁ, 3-ɩɪɟɞʃɚ ɟɥɟɤɬɪɨɞɚ, 4-n ɫɥɨʁ, 5-p-n ɫɩɨʁ, 6- p ɫɥɨʁ, 7- ɡɚɞʃɚ ɟɥɟɤɬɪɨɞɚ) 
  

ɉɨɫɬɭɩɚɤ ɢɡɪɚɞɟ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɦɨɧɨɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɫɚɫɬɨʁɢ ɫɟ ɭ ɩɪɢɩɪɟɦɢ 
ɩɥɨɱɢɰɟ ɨɞ ɦɨɧɨɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ, ɞɨɩɢɪɚʃɭ ɩɥɨɱɢɰɟ, ɩɪɢɩɪɟɦɢ ɡɚɞʃɟ ɫɬɪɚɧɟ 
ɩɥɨɱɢɰɟ, ɦɟɬɚɥɢɡɚɰɢʁɢ ɤɨɧɬɚɤɚɬɚ ɢ ɧɚɧɨɲɟʃɭ ɚɧɬɢɪɟɮɥɟɤɫɢɨɧɨɝ ɫɥɨʁɚ. Ɉɞ ɦɨɧɨɤɪɢɫɬɚɥɚ 
ɫɢɥɢɰɢʁɭɦɚ ɢɫɟɤɭ ɫɟ ɩɥɨɱɢɰɟ ɞɟɛʂɢɧɟ 200-300 mm. ɇɚɤɨɧ ɫɟɱɟʃɚ, ɩɥɨɱɢɰɟ ɫɟ ɩɨɥɢɪɚʁɭ ɢ 
ɱɢɫɬɟ ɭ ɪɚɡɛɥɚɠɟɧɨɦ ɪɚɫɬɜɨɪɭ ɯɥɨɪɨɜɨɞɨɧɢɱɧɟ ɢ ɚɡɨɬɧɟ ɤɢɫɟɥɢɧɟ. Ɂɚ ɞɨɛɢʁɚʃɟ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ n - ɬɢɩɚ ɞɨɩɢɪɚʃɟ ɫɢɰɢɥɢʁɭɦɚ ɫɟ ɜɪɲɢ ɮɨɫɮɨɪɨɦ, ɚ ɡɚ ɞɨɛɢʁɚʃɟ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ p - ɬɢɩɚ ɞɨɩɢɪɚʃɟ ɫɟ ɜɪɲɢ ɛɨɪɨɦ [9].  

 

Ɂɚ ɞɨɩɢɪɚʃɟ ɫɢɥɢɰɢʁɭɦɚ ɢ ɨɛɪɚɡɨɜɚʃɟ p - n ɫɩɨʁɚ ɤɨɪɢɫɬɟ ɫɟ ɫɥɟɞɟʄɟ ɦɟɬɨɞɟ: ɞɢɮɭɡɢʁɚ 
ɢɡ ɝɚɫɧɟ ɮɚɡɟ, ɞɢɮɭɡɢʁɚ ɢɡ ɱɜɪɫɬɨɝ ɫɬɚʃɚ, ɟɩɢɬɚɤɫɢʁɚɥɧɢ ɪɚɫɬ ɞɨɩɢɪɚʁɭʄɟɝ ɫɥɨʁɚ, ʁɨɧɫɤɚ 
ɢɧɩɥɚɧɬɚɰɢʁɚ, ɢɬɞ.. 

 

ɉɪɢɥɢɤɨɦ ɮɨɪɦɢɪɚʃɚ ɦɨɧɨɤɪɢɫɬɚɥɚ ɫɢɥɢɰɢʁɭɦɚ, ɩɨɫɬɭɩɤɨɦ ɞɢɮɭɡɢʁɟ ɢɡ ɝɚɫɧɟ ɮɚɡɟ, 
ɪɚɫɬɨɩɭ ɫɢɥɢɰɢʁɭɦɚ ɫɟ ɞɨɞɚʁɟ ɛɨɪ, ɬɚɤɨ ɞɚ ʁɟ ɭɧɭɬɪɚɲʃɢ ɞɟɨ ɩɥɨɱɢɰɟ ɨɞ ɦɨɧɨɤɪɢɫɬɚɥɧɨɝ 
ɫɢɥɢɰɢʁɭɦɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤ p ɬɢɩɚ. ɉɥɨɱɢɰɟ ɫɢɥɢɰɢʁɭɦɚ ɧɚɥɚɡɟ ɫɟ ɭ ɤɜɚɪɰɧɨʁ ɰɟɜɢ ɧɚ 
ɬɟɦɩɟɪɚɬɭɪɢ ɨɞ 800-900°C. ɉɨɞ ɞɟʁɫɬɜɨɦ ɝɚɫɚ, ɤɨʁɢ ɫɟ ɭɩɭɲɬɚ ɭ ɪɚɫɬɜɨɪ ܱܲ𝐶݈ଷ, ɞɨɥɚɡɢ ɞɨ 
ɢɫɩɚɪɚɜɚʃɚ ܱܲ𝐶݈ଷ ɢ ɩɪɟɥɚɫɤɚ ɮɨɫɮɨɪɚ ɭ ɤɜɚɪɰɧɭ ɰɟɜ, ɭ ɤɨʁɨʁ ɫɟ ɮɨɫɮɨɪ ɞɢɮɭɡɢʁɨɦ 

ɭɝɪɚђɭʁɟ ɭ ɩɨɜɪɲɢɧɫɤɟ ɞɟɥɨɜɟ ɩɥɨɱɢɰɚ ɫɢɥɢɰɢʁɭɦɚ. ɉɨɫɥɟ ɞɜɚɞɟɫɟɬ ɦɢɧɭɬɚ ɤɨɧɰɟɧɬɪɚɰɢʁɚ 

ɮɨɫɮɨɪɚ ɭ ɩɨɜɪɲɢɧɫɤɢɦ ɞɟɥɨɜɢɦɚ ɩɥɨɱɢɰɚ ɨɞ ɦɨɧɨɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɡɧɚɬɧɨ ʁɟ ɜɟʄɚ 

ɨɞ ɤɨɧɰɟɧɬɪɚɰɢʁɟ ɛɨɪɚ, ɬɚɤɨ ɞɚ ɫɟ ɧɚ ɩɨɜɪɲɢɧɢ ɩɥɨɱɢɰɚ ɮɨɪɦɢɪɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤ n - ɬɢɩɚ. 

ɍɤɥɚʃɚʃɟ n - ɫɥɨʁɚ ɫɚ ɡɚɞʃɟ ɫɬɪɚɧɟ ɢ ɛɨɱɧɢɯ ɫɬɪɚɧɚ ɩɥɨɱɢɰɟ ɜɪɲɢ ɫɟ ɯɟɦɢʁɫɤɢɦ ɢ 

ɦɟɯɚɧɢɱɤɢɦ ɩɭɬɟɦ [9]. 
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ɉɨɲɬɨ ʁɟ ɡɚɞʃɚ ɫɬɪɚɧɚ ɩɥɨɱɢɰɟ ɨɞ ɦɨɧɨɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɭɞɚʂɟɧɚ ɨɞ p - n ɫɩɨʁɚ, ɚ 
ɬɢɦɟ ɢ ɨɞ ɭɬɢɰɚʁɚ ɭɧɭɬɪɚɲʃɟɝ ɟɥɟɤɬɪɢɱɧɨɝ ɩɨʂɚ, ʁɚɜʂɚ ɫɟ ɩɪɨɛɥɟɦ ɩɪɢɤɭɩʂɚʃɚ 
ɧɚɟɥɟɤɬɪɢɫɚʃɚ ɧɚ ʃɨʁ. Ɉɜɨ ɫɟ ɪɟɲɚɜɚ ɬɚɤɨ ɲɬɨ ɫɟ ɡɚɞʃɚ ɫɬɪɚɧɚ ɩɥɨɱɢɰɟ ɨɞ 
ɦɨɧɨɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɞɨɩɢɪɚ ʁɚɱɟ ɨɞ ɩɪɟɞʃɟ ɫɬɪɚɧɟ. ɍɤɨɥɢɤɨ ʁɟ ɨɫɧɨɜɧɢ ɦɚɬɟɪɢʁɚɥ 
p - ɬɢɩɚ, ɡɚɞʃɚ ɫɬɪɚɧɚ ʄɟ ɛɢɬɢ ɛɨɝɚɬɢʁɟ ɞɨɩɢɪɚɧɚ (p+), ɬɚɤɨ ɞɚ ɫɟ ɞɨɛɢʁɟ ʄɟɥɢʁɚ ݊+𝑝𝑝+ ɬɢɩɚ, ɤɨʁɚ ʁɟ ɩɨɡɧɚɬɚ ɩɨɞ ɧɚɡɢɜɨɦ ȻɋɎ ʄɟɥɢʁɚ ɢɥɢ ʄɟɥɢʁɚ ɫɚ ɩɨʂɟɦ ɭɡ ɡɚɞʃɭ ɫɬɪɚɧɭ. 

 

Ɇɟɬɚɥɧɢ ɤɨɧɬɚɤɬɢ ɫɟ ɮɨɪɦɢɪɚʁɭ ɜɚɤɭɭɦɫɤɢɦ ɧɚɩɚɪɚɜɚʃɟɦ ɨɞɝɨɜɚɪɚʁɭʄɢɯ ɦɟɬɚɥɚ ɧɚ 
ɩɥɨɱɢɰɭ ɨɞ ɦɨɧɨɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ. Ɂɚ ɬɭ ɫɜɪɯɭ ɨɛɢɱɧɨ ɫɟ ɤɨɪɢɫɬɢ Ti/Pd/Ag ɩɪɟɜɥɚɤɚ. 
ɇɚ ɫɢɥɢɰɢʁɭɦ ɫɟ ɩɪɜɨ ɧɚɧɨɫɢ Ti ɫɥɨʁ ɤɨʁɢ ɢɦɚ ɞɨɛɪɭ ɚɞɯɟɡɢʁɭ ɫɚ ɫɢɥɢɰɢʁɭɦɨɦ, ɡɚɬɢɦ ɫɟ 
ɩɪɟɤɨ ʃɟɝɚ ɧɚɧɨɫɢ Pd ɫɥɨʁ, ɚ ɢɡɧɚɞ ɨɜɨɝɚ Ag ɫɥɨʁ. ɍ ɰɢʂɭ ɩɨɛɨʂɲɚʃɚ ɤɨɧɬɚɤɬɚ ɢɡɦɟђɭ 
ɩɥɨɱɢɰɟ ɨɞ ɦɨɧɨɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɢ Ti/Pd/Ag ɢ ɞɚ ɛɢ ɦɟɬɚɥɧɢ ɤɨɧɬɚɤɬ ɢɦɚɨ ɲɬɨ 
ɦɚʃɭ ɤɨɧɬɚɤɬɧɭ ɨɬɩɨɪɧɨɫɬ, ɩɥɨɱɢɰɚ ɫɚ ɦɟɬɚɥɧɢɦ ɤɨɧɬɚɤɬɨɦ ɢɡɜɟɫɧɨ ɜɪɟɦɟ ɫɟ ɢɡɥɚɠɟ 
ɬɟɦɩɟɪɚɬɭɪɢ ɨɞ 500-600°C [9]. 

 

Ⱥɧɬɢɪɟɮɥɟɤɫɢɨɧɢ ɫɥɨʁ ɫɟ ɤɨɪɢɫɬɢ ɡɚ ɫɦɚʃɟʃɟ ɪɟɮɥɟɤɫɢʁɟ ɢ ɛɪɡɢɧɟ ɩɨɜɪɲɢɧɫɤɟ 
ɪɟɤɨɦɛɢɧɚɰɢʁɟ ɧɚɟɥɟɤɬɪɢɫɚʃɚ. Ɂɛɨɝ ɜɢɫɨɤɨɝ ɢɧɞɟɤɫɚ ɩɪɟɥɚɦɚʃɚ ɫɢɥɢɰɢʁɭɦɚ, ɪɟɮɥɟɤɫɢʁɚ 
ɋɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɫɚ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɦɨɧɨɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɢɡɧɨɫɢ 30-60%. Ɂɚ 
ɚɧɬɢɪɟɮɥɟɤɫɢɨɧɢ ɫɥɨʁ ɦɨɝɭ ɫɟ ɤɨɪɢɫɬɢɬɢ ɦɚɬɟɪɢʁɚɥɢ ɫɚ ɢɧɞɟɤɫɨɦ ɩɪɟɥɚɦɚʃɚ ɨɞ 1,5 - 2. 

ɍ ɬɚɤɜɟ ɦɚɬɟɪɢʁɚɥɟ ɫɩɚɞɚʁɭ: SiO, 𝑖ܱܵଶ, TiO, 𝑖ܱܶଶ, ܶɚଶܱଷ, ɢɬɞ.. 
 

 
ɋɥɢɤɚ 10. ɋɨɥɚɪɧɢ ɦɨɞɭɥɢ ɨɞ ɦɨɧɨɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ [9]. 

 

ɋɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɦɨɧɨɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɨɫɟɬʂɢɜɟ ɫɭ ɭ ɨɛɥɚɫɬɢ ɬɚɥɚɫɧɢɯ ɞɭɠɢɧɚ 
ɨɞ 0,4-1,1 µm, ɚ ɦɚɤɫɢɦɭɦ ʃɢɯɨɜɟ ɨɫɟɬʂɢɜɨɫɬɢ ɧɚɥɚɡɢ ɫɟ ɧɚ ɬɚɥɚɫɧɢɦ ɞɭɠɢɧɚɦɚ ɢɡɦɟђɭ 
0,8-0,9 µm, ɤɨʁɢ ɫɟ ɧɟ ɩɨɤɥɚɩɚ ɫɚ ɦɚɤɫɢɦɭɦɨɦ ɫɩɟɤɬɪɚɥɧɟ ɞɢɫɬɪɢɛɭɰɢʁɟ ɋɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ. 
ɂɡ ɬɨɝ ɪɚɡɥɨɝɚ ɦɨɧɨɤɪɢɫɬɚɥɧɢ ɫɢɥɢɰɢʁɭɦ ɧɢʁɟ ɢɞɟɚɥɚɧ ɦɚɬɟɪɢʁɚɥ ɡɚ ɢɡɪɚɞɭ ɫɨɥɚɪɧɢɯ 
ʄɟɥɢʁɚ [9].  
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2.1.1.2 Ɏɨɬɨɧɚɩɨɧɫɤɟ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ 

 

ɋɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɫɚɫɬɨʁɟ ɫɟ ɨɞ ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ p - n ɫɩɨʁɚ, 
ɚɧɬɢɪɟɮɥɟɤɫɢɨɧɨɝ ɫɥɨʁɚ ɢ ɩɪɟɞʃɟ ɢ ɡɚɞʃɟ ɟɥɟɤɬɪɨɞɟ. ɂɡɪɚђɭʁɭ ɫɟ ɭ ɪɚɡɧɢɦ ɨɛɥɢɰɢɦɚ ɢ 
ɞɢɦɟɧɡɢʁɚɦɚ.  

 

ɋɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɫɟ ɩɪɨɢɡɜɨɞɟ ɨɞ ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ 
ɫɢɥɢɰɢʁɭɦɚ ɩɨɥɭɩɪɨɜɨɞɧɢɱɤɟ ɱɢɫɬɨʄɟ ɭ ɨɛɥɢɤɭ ɬɪɚɤɟ, ɤɨʁɟ ʁɟ ɦɨɝɭʄɟ ɞɨɛɢɬɢ ɧɚ ɜɢɲɟ 
ɪɚɡɥɢɱɢɬɢɯ ɧɚɱɢɧɚ: ɦɟɬɨɞɨɦ ɪɚɫɬɚ ɬɪɚɤɟ ɫɚ ɞɟɮɢɧɢɫɚɧɨɦ ɢɜɢɰɨɦ, ɦɟɬɨɞɨɦ ɞɟɧɞɪɢɬɧɨɝ 
ɭɦɪɟɠɚɜɚʃɚ, ɦɟɬɨɞɨɦ ɯɨɪɢɡɨɧɬɚɥɧɨɝ, ɜɟɪɬɢɤɚɥɧɨɝ ɢ ɤɨɫɨɝ ɢɡɜɥɚɱɟʃɚ ɬɪɚɤɟ, ɪɚɫɬɨɦ 
ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɤɟɪɚɦɢɰɢ, ɦɟɬɨɞɨɦ ɪɨɬɢɪɚʁɭʄɟɝ ɤɚɥɭɩɚ, ɢɬɞ.. 

 

 Ɇɟɬɨɞɚ ɪɚɫɬɚ ɬɪɚɤɟ ɫɚ ɞɟɮɢɧɢɫɚɧɨɦ ɢɜɢɰɨɦ ɡɚɫɧɢɜɚ ɫɟ ɧɚ ɟɮɟɤɬɭ ɩɨɜɪɲɢɧɫɤɨɝ ɧɚɩɨɧɚ 
ɪɚɫɬɨɩɚ ɤɨʁɢ ɩɨɞɢɠɟ ɪɚɫɬɨɩʂɟɧɢ ɫɢɥɢɰɢʁɭɦ ɭ ɚɥɚɬɭ ɭɪɟђɚʁɚ ɡɚ ɢɡɜɥɚɱɟʃɟ ɬɪɚɤɟ.  

  

ɉɪɢɥɢɤɨɦ ɭɧɨɲɟʃɚ ɦɨɧɨɤɪɢɫɬɚɥɧɟ ɤɥɢɰɟ ɫɢɥɢɰɢʁɭɦɚ ɭ ɪɚɫɬɨɩ, ɧɚ ɞɨɞɢɪɭ ɤɥɢɰɟ ɢ 
ɪɚɫɬɨɩɚ ɫɟ ɮɨɪɦɢɪɚ ɦɟɧɢɫɤɭɫ ɫɚ ʁɚɫɧɨ ɢɡɪɚɠɟɧɨɦ ɝɨɪʃɨɦ ɢ ɞɨʃɨɦ ɢɜɢɰɨɦ. Ɍɪɚɤɚ 
ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɫɟ ɮɨɪɦɢɪɚ ɩɨɦɟɪɚʃɟɦ ɤɪɢɫɬɚɥɧɟ ɤɥɢɰɟ ɭɜɢɫ ɤɨɧɫɬɚɧɬɧɨɦ 
ɛɪɡɢɧɨɦ ɨɞ 10 cm/min ɢ ɯɥɚђɟʃɟɦ ɬɪɚɤɟ ɞɟɛʂɢɧɟ 0,02 cm ɢ ɲɢɪɢɧɟ ɞɨ 10 cm. Ⱦɨɛɢʁɟɧɚ 
ɬɪɚɤɚ ɫɟ ɫɟɱɟ ɧɚ ɨɞɝɨɜɚɪɚʁɭʄɟ ɞɢɦɟɧɡɢʁɟ ɢ ɤɨɪɢɫɬɢ ɫɟ ɡɚ ɢɡɪɚɞɭ ɫɨɥɚɪɧɢɯ ʄɟɥɢʁɚ ɨɞ 
ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ [9]. 

 

ɉɪɢɩɪɟɦɚ ɩɨɥɢɤɪɢɫɬɚɥɧɟ ɬɪɚɤɟ ɡɚ ɞɨɛɢʁɚʃɟ ɫɨɥɚɪɧɢɯ ʄɟɥɢʁɚ ɜɪɲɢ ɫɟ ɯɟɦɢʁɫɤɢɦ 
ɧɚɝɪɢɡɚʃɟɦ ʃɟɧɟ ɩɨɜɪɲɢɧɟ, ɩɪɢ ɱɟɦɭ ɫɟ ɧɚ ɩɨɜɪɲɢɧɢ ɬɪɚɤɟ ɮɨɪɦɢɪɚ ɩɢɪɚɦɢɞɚɥɧɚ 
ɫɬɪɭɤɬɭɪɚ ɫɚ ɜɢɫɢɧɨɦ ɩɢɪɚɦɢɞɚ ɨɞ 10 mm. 

 

Ɂɚɯɜɚʂɭʁɭʄɢ ɩɢɪɚɦɢɞɚɥɧɨʁ ɫɬɪɭɤɬɭɪɢ ɩɨɜɪɲɢɧɟ ɬɪɚɤɟ ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ, 
ɭɩɚɞɧɚ ɫɜɟɬɥɨɫɬ ɫɟ ɜɢɲɟɫɬɪɭɤɨ ɪɟɮɥɟɤɬɭʁɟ ɢ ɚɩɫɨɪɛɭʁɟ ɧɚ ʃɨʁ. ɍɡ ɨɞɝɨɜɚɪɚʁɭʄɭ 
ɚɧɬɢɪɟɮɥɟɤɫɢɨɧɭ ɩɪɟɜɥɚɤɭ ɝɭɛɢɰɢ ɟɮɢɤɚɫɧɨɫɬɢ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ 
ɫɢɥɢɰɢʁɭɦɚ, ɭɫɥɟɞ ɪɟɮɥɟɤɫɢʁɟ ɫɚ ʃɟɧɟ ɩɨɜɪɲɢɧɟ, ɫɜɟɞɟɧɢ ɫɭ ɧɚ ɧɚʁɦɚʃɭ ɦɟɪɭ.  

 
ɋɥɢɤɚ 11. ɉɨɥɢɤɪɢɫɬɚɥɧɢ ɫɢɥɢɰɢʁɭɦ ɚ) ɡɪɧɚ ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ, ɛ) ɝɪɚɧɢɰɟ ɡɪɧɚ ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ 

ɫɢɥɢɰɢʁɭɦɚ, ɰ) ɩɨɩɪɟɱɧɢ ɩɪɟɫɟɤ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɧɚ ɛɚɡɢ ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ 

 

ȼɟɥɢɱɢɧɚ ɡɪɧɚ ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɢɡɧɨɫɢ ɧɟɤɨɥɢɤɨ ɦɢɤɪɨɦɟɬɚɪɚ ɞɨ ɧɟɤɨɥɢɤɨ 
ɦɢɥɢɦɟɬɚɪɚ. Ʉɨɞ ɩɨɥɢɤɪɢɫɬɚɥɧɢɯ ɫɨɥɚɪɧɢɯ ʄɟɥɢʁɚ ɜɟɨɦɚ ɫɭ ɡɧɚɱɚʁɧɚ ɝɪɚɧɢɱɧɚ ɩɨɞɪɭɱʁɚ 

ɢɡɦɟђɭ ɡɪɧɚ ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ ɦɚɬɟɪɢʁɚɥɚ. Ƚɪɚɧɢɰɚ ɢɡɦɟђɭ ɞɜɚ ɡɪɧɚ ɩɨɧɚɲɚ ɫɟ ɤɚɨ ɫɟɪɢʁɫɤɢ 

ɨɬɩɨɪ ɤɨʁɢ ɫɟ ɫɭɩɪɨɬɫɬɚɜʂɚ ɤɪɟɬɚʃɭ ɟɥɟɤɬɪɨɧɚ. ɇɚ ɝɪɚɧɢɰɢ ɢɡɦɟђɭ ɡɪɧɚ ʁɚɜʂɚ ɫɟ 

ɟɥɟɤɬɪɢɱɧɨ ɩɨʂɟ ɫɥɢɱɧɨ ɩɨʂɭ ɤɨʁɟ ɩɨɫɬɨʁɢ ɧɚ ɝɪɚɧɢɰɢ ɫɩɨʁɚ ɦɟɬɚɥ - ɩɨɥɭɩɪɨɜɨɞɧɢɤ [9].  
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Ɂɚ ɢɡɪɚɞɭ ɫɨɥɚɪɧɢɯ ʄɟɥɢʁɚ ɩɨɝɨɞɧɢʁɢ ʁɟ ɩɨɥɢɤɪɢɫɬɚɥɧɢ ɫɢɥɢɰɢʁɭɦ ɫɚ ɝɪɚɧɢɰɚɦɚ ɡɪɧɚ 

ɤɨʁɟ ɫɭ ɩɪɢɤɚɡɚɧɟ ɧɚ ɋɥɢɰɢ 11ɛ) ɨɞ ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɩɪɢɤɚɡɚɧɨɝ ɧɚ ɋɥɢɰɢ 11ɚ). 

Ƚɪɚɧɢɰɟ ɡɪɧɚ ɦɨɝɭ ɫɟ ɩɨɫɦɚɬɪɚɬɢ ɤɚɨ ɞɟɮɟɤɬɢ ɭ ɤɪɢɫɬɚɥɭ ɫɢɥɢɰɢʁɭɦɚ ɫɚ ɟɧɟɪɝɟɬɫɤɢɦ 

ɧɢɜɨɢɦɚ ɭ ɡɚɛɪɚʃɟɧɨʁ ɡɨɧɢ. Ɉɜɢ ɧɢɜɨɢ ɩɪɟɞɫɬɚɜʂɚʁɭ ɪɟɤɨɦɛɢɧɚɰɢɨɧɟ ɰɟɧɬɪɟ ɡɚ ɟɥɟɤɬɪɨɧɟ 

ɤɨʁɢ ɫɭ ɢɡɛɚɱɟɧɢ ɢɡ ɚɬɨɦɚ ɩɨɞ ɞɟʁɫɬɜɨɦ ɭɩɚɞɧɨɝ ɋɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ. Ⱦɨɩɢɪɚʃɟ 

ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ, ɮɨɪɦɢɪɚʃɟ ɫɩɨʁɚ, ɧɚɧɨɲɟʃɟ ɟɥɟɤɬɪɢɱɧɢɯ ɤɨɧɬɚɤɚɬɚ ɢ 

ɚɧɬɢɪɟɮɥɟɤɫɢɨɧɨɝ ɫɥɨʁɚ ɜɪɲɢ ɫɟ ɫɥɢɱɧɨ ɤɚɨ ɭ ɫɥɭɱɚʁɭ ɫɨɥɚɪɧɢɯ ʄɟɥɢʁɚ ɨɞ ɦɨɧɨɤɪɢɫɬɚɥɧɨɝ 

ɫɢɥɢɰɢʁɭɦɚ. 

 

ɍ ɰɢʂɭ ɡɧɚɱɚʁɧɢʁɟɝ ɫɦɚʃɟʃɚ ɝɭɛɢɬɚɤɚ ɫɬɪɭʁɟ, ɞɨ ɤɨʁɢɯ ɞɨɥɚɡɢ ɭɫɥɟɞ ɪɟɤɨɦɛɢɧɚɰɢʁɟ 
ɧɚɟɥɟɤɬɪɢɫɚʃɚ ɧɚ ɝɪɚɧɢɰɚɦɚ ɡɪɧɚ, ɡɪɧɚ ɛɢ ɬɪɟɛɚɥɨ ɞɚ ɛɭɞɭ ɞɭɝɚ ɧɟɤɨɥɢɤɨ ɦɢɥɢɦɟɬɚɪɚ. 
ɇɟɡɚɜɢɫɧɨ ɨɞ ɨɜɨɝɚ, ɞɟɛʂɢɧɚ ɤɨɦɟɪɰɢʁɚɥɧɢɯ ɫɨɥɚɪɧɢɯ ʄɟɥɢʁɚ ɨɞ ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ 
ɫɢɥɢɰɢʁɭɦɚ ʁɟ ɦɚʃɚ ɨɞ 1 mm.  

 

 
ɋɥɢɤɚ 12. ɋɨɥɚɪɧɢ ɦɨɞɭɥ ɨɞ ɩɨɥɢɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ 

 

Ɂɚ ɪɚɡɥɢɤɭ ɨɞ ɦɨɧɨɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ, ɤɨʁɢ ɢɦɚ ɤɪɢɫɬɚɥɧɭ ɫɬɪɭɤɬɭɪɭ, 
ɩɨɥɢɤɪɢɫɬɚɥɧɢ ɫɢɥɢɰɢʁɭɦ ɫɚɫɬɨʁɢ ɫɟ ɨɞ ɜɢɲɟ ɦɚɥɢɯ „ɤɪɢɫɬɚɥɢɬɚ“ - ɡɪɧɚ. Ƚɪɚɧɢɰɟ ɢɡɦɟђɭ 
ɡɪɧɚ ɫɩɪɟɱɚɜɚʁɭ ɤɪɟɬɚʃɟ ɟɥɟɤɬɪɨɧɚ ɲɬɨ ɞɨɜɨɞɢ ɞɨ ʃɢɯɨɜɟ ɪɟɤɨɦɛɢɧɚɰɢʁɟ ɫɚ ɲɭɩʂɢɧɚɦɚ ɢ 
ɞɨ ɫɦɚʃɟʃɚ ɢɡɥɚɡɧɟ ɫɧɚɝɟ ɨɜɨɝ ɬɢɩɚ ɫɨɥɚɪɧɢɯ ʄɟɥɢʁɚ [9].  
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2.1.1.3 ɋɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ 

 

ɋɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɦɨɝɭ ɞɚ ɫɟ ɮɨɪɦɢɪɚʁɭ ɧɚ ɫɬɚɤɥɭ, ɩɥɚɫɬɢɱɧɨʁ 
ɨɫɧɨɜɢ, ɱɟɥɢɱɧɨɦ ɥɢɦɭ ɢ ɚɥɭɦɢɧɢʁɭɦɭ. Ⱥɦɨɪɮɧɢ ɫɢɥɢɰɢʁɭɦ ɢɦɚ ɜɟʄɢ ɤɨɟɮɢɰɢʁɟɧɬ 
ɚɩɫɨɪɩɰɢʁɟ ɋɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɨɞ ɦɨɧɨɤɪɢɫɬɚɥɧɨɝ ɫɢɥɢɰɢʁɭɦɚ, ɬɚɤɨ ɞɚ ʁɟ ɡɚ ɢɡɪɚɞɭ 
ɫɨɥɚɪɧɢɯ ʄɟɥɢʁɚ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɩɨɬɪɟɛɧɚ ɡɧɚɬɧɨ ɦɚʃɚ ɤɨɥɢɱɢɧɚ ɦɚɬɟɪɢʁɚɥɚ. 
Ⱦɟɛʂɢɧɚ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɦɚʃɚ ʁɟ ɨɞ 1 ȝm. 

 

ɋɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɫɟ ɫɚɫɬɨʁɟ ɨɞ ɝɨɪʃɟɝ p - ɫɥɨʁɚ (0,008 ȝm), i - 
ɫɥɨʁɚ (ɧɟɭɬɪɚɥɧɢ ɫɥɨʁ ɞɟɛʂɢɧɟ 0,5-1 ȝm) ɢ ɞɨʃɟɝ n - ɫɥɨʁɚ (0,02 ȝm). Ɍɚɤɜɚ ɫɬɪɭɤɬɭɪɚ 
ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɧɚɡɢɜɚ ɫɟ p - i - n ɫɬɪɭɤɬɭɪɚ.  

 

ɋ ɨɛɡɢɪɨɦ ɧɚ ɬɨ ɞɚ ʁɟ ɝɨɪʃɢ p - ɫɥɨʁ ɬɚɧɚɤ ɢ ɪɟɥɚɬɢɜɧɨ ɬɪɚɧɫɩɚɪɟɧɬɚɧ, ʁɟɞɚɧ ɞɟɨ 
ɋɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ʄɟ ɞɢɪɟɤɬɧɨ ɩɪɨʄɢ ɤɪɨɡ ʃɟɝɚ ɢ ɭ i - ɫɥɨʁɭ ʄɟ ɫɬɜɨɪɢɬɢ ɫɥɨɛɨɞɧɟ 
ɟɥɟɤɬɪɨɧɟ. ɍ ɬɨɦ ɫɥɭɱɚʁɭ p ɢ n ɫɥɨʁ ɫɬɜɚɪɚʁɭ ɟɥɟɤɬɪɢɱɧɨ ɩɨʂɟ ɤɪɨɡ i - ɫɥɨʁ, ɲɬɨ ɞɨɜɨɞɢ ɞɨ 
ɤɪɟɬɚʃɚ ɟɥɟɤɬɪɨɧɚ ɤɪɨɡ ɬɚʁ ɫɥɨʁ [9]. 

 

ɋɨɥɚɪɧɟ ћɟɥијɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫиɥиɰијɭɦɚ ɧɚ ɫɬɚɤɥɭ 

 

ɋɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɫɬɚɤɥɭ ɦɨɝɭ ɛɢɬɢ ɧɟɬɪɚɧɫɩɚɪɟɧɬɧɟ ɢ 
ɫɟɦɢɬɪɚɧɫɩɚɪɟɧɬɧɟ. 

 

ɇɟɬɪɚɧɫɩɚɪɟɧɬɧɟ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɫɬɚɤɥɭ ɫɚɫɬɨʁɟ ɫɟ ɨɞ 
ɫɬɚɤɥɚ, ɬɪɚɧɫɩɚɪɟɧɬɧɟ ܵ௡ܱଶ ɟɥɟɤɬɪɨɞɟ, p - i - n ɫɥɨʁɟɜɚ ɢ Al ɟɥɟɤɬɪɨɞɟ. Ⱦɟɛʂɢɧɚ ɫɨɥɚɪɧɟ 
ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɫɬɚɤɥɭ ɢɡɧɨɫɢ ɨɞ 0,7-1,00 ȝm, ɚ ɞɟɛʂɢɧɚ p - i - n ɫɥɨʁɟɜɚ 
ɢɡɧɨɫɢ 0,5-0,7 mm. 

 

 
ɋɥɢɤɚ 13. Шɟɦɚɬɫɤɢ ɩɪɢɤɚɡ ɩɨɩɪɟɱɧɨɝ ɩɪɟɫɟɤɚ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɫɬɚɤɥɭ 

 

ɋɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɫɬɚɤɥɭ ɢɦɚʁɭ ɧɚʁɜɟʄɭ ɨɫɟɬʂɢɜɨɫɬ ɭ ɨɛɥɚɫɬɢ 
ɬɚɥɚɫɧɢɯ ɞɭɠɢɧɚ 400-600 nm, ɝɞɟ ʁɟ ɧɚʁɜɟʄɢ ɢɧɬɟɧɡɢɬɟɬ ɋɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ. Ɉɫɟɬʂɢɜɨɫɬ 
ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɫɬɚɤɥɭ ɧɚɝɥɨ ɫɟ ɫɦɚʃɭʁɟ ɫɚ ɩɨɜɟʄɚʃɟɦ ɬɚɥɚɫɧɟ 
ɞɭɠɢɧɟ ɢɡɧɚɞ 600 nm [9]. 
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ɋɟɦɢɬɪɚɧɫɩɚɪɟɧɬɧɟ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɫɬɚɤɥɭ ɩɨ ɫɜɨʁɨʁ 
ɫɬɪɭɤɬɭɪɢ ɫɭ ʁɟɞɧɚɤɟ ɧɟɬɪɚɧɫɩɚɪɟɧɬɧɢɦ ɫɨɥɚɪɧɢɦ ʄɟɥɢʁɚɦɚ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ 

ɫɬɚɤɥɭ. 

 
ɋɥɢɤɚ 14. Шɟɦɚɬɫɤɢ ɩɪɢɤɚɡ ɫɟɦɢɬɪɚɧɫɩɚɪɟɧɬɧɟ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɫɬɚɤɥɭ:  
1) ɋɭɧɱɟɜɨ ɡɪɚɱɟʃɟ, 2) ɫɬɚɤɥɨ, 3) ɬɪɚɧɫɩɚɪɟɧɬɧɚ ɟɥɟɤɬɪɨɞɚ 4) ɚ- 𝑖ܵ ɫɥɨʁɟɜɢ ɢ 5) ɦɟɬɚɥɧɚ ɟɥɟɤɬɪɨɞɚ 

 

ȳɚɩɚɧɫɤɚ ɤɨɦɩɚɧɢʁɚ Sanyo ɩɪɨɢɡɜɨɞɢ ɫɟɦɢɬɪɚɧɫɩɚɪɟɧɬɧɟ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ 

ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɫɬɚɤɥɭ ɤɨʁɟ ɩɪɨɩɭɲɬɚʁɭ 30% ɭɩɚɞɧɨɝ ɋɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ, ɚ ɨɫɬɚɥɢ ɞɟɨ 

ɋɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɫɟ ɤɨɪɢɫɬɢ ɡɚ ɤɨɧɜɟɪɡɢʁɭ ɭ ɟɥɟɤɬɪɢɱɧɭ ɟɧɟɪɝɢʁɭ [9]. 

 

ɋɨɥɚɪɧɟ ћɟɥијɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫиɥиɰијɭɦɚ ɧɚ ɩɥɚɫɬиɱɧɨј ɨɫɧɨɜи 

 

ɋɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɩɥɚɫɬɢɱɧɨʁ ɨɫɧɨɜɢ ɫɚɫɬɨʁɟ ɫɟ ɨɞ ɩɥɚɫɬɢɱɧɟ 

ɨɫɧɨɜɟ ɧɚ ɤɨʁɭ ʁɟ ɧɚɧɟɬɚ ɦɟɬɚɥɧɚ ɟɥɟɤɬɪɨɞɚ, ɢɡɧɚɞ ɤɨʁɟ ɫɟ ɧɚɥɚɡɟ ɫɥɨʁɟɜɢ ɨɞ ɚɦɨɪɮɧɨɝ 

ɫɢɥɢɰɢʁɭɦɚ, ɬɪɚɧɫɩɚɪɟɧɬɧɚ ɟɥɟɤɬɪɨɞɚ, ɦɟɬɚɥɧɚ ɟɥɟɤɬɪɨɞɚ ɢ ɝɨɪʃɢ ɡɚɲɬɢɬɧɢ ɫɥɨʁ. 
 

 
ɋɥɢɤɚ 15. Шɟɦɚɬɫɤɢ ɩɪɢɤɚɡ ɩɨɩɪɟɱɧɨɝ ɩɪɟɫɟɤɚ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɩɥɚɫɬɢɱɧɨʁ 

ɨɫɧɨɜɢ 
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ɋɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɩɥɚɫɬɢɱɧɨʁ ɨɫɧɨɜɢ ɫɭ ɮɥɟɤɫɢɛɢɥɧɟ, ɥɚɤɟ ɢ 

ɦɨɝɭ ɞɚ ɫɟ ɫɚɜɢʁɚʁɭ ɭ ɤɪɭɝ ɧɚʁɦɚʃɟɝ ɩɪɟɱɧɢɤɚ ɨɞ 5 cm. 

 

 
ɋɥɢɤɚ 16. ɂɡɝɥɟɞ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɩɥɚɫɬɢɱɧɨʁ ɨɫɧɨɜɢ 

 

ɋɨɥɚɪɧɟ ћɟɥијɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫиɥиɰијɭɦɚ ɧɚ ɱɟɥиɱɧɨɦ ɥиɦɭ 
 

ɋɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɱɟɥɢɱɧɨɦ ɥɢɦɭ ɫɚɫɬɨʁɟ ɫɟ ɨɞ ɱɟɥɢɱɧɟ 
ɨɫɧɨɜɟ ɧɚ ɤɨʁɨʁ ʁɟ ɧɚɧɟɲɟɧ ɩɨɥɢɦɟɪɧɢ ɢɡɨɥɚɬɨɪɫɤɢ ɫɥɨʁ, ɢɡɧɚɞ ɤɨɝɚ ɫɟ ɧɚɥɚɡɢ ɦɟɬɚɥɧɚ 
ɟɥɟɤɬɪɨɞɚ, p - i - n ɫɥɨʁɟɜɢ ɢ ɫɚ ɩɪɟɞʃɟ ɫɬɪɚɧɟ ɬɪɚɧɫɩɚɪɟɧɬɧɚ ܵ௡ܱଶ ɟɥɟɤɬɪɨɞɚ. 
 

ɋɨɥɚɪɧɟ ћɟɥијɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫиɥиɰијɭɦɚ ɧɚ ɚɥɭɦиɧијɭɦɭ 
 

ɉɪɜɚ ɫɨɥɚɪɧɚ ʄɟɥɢʁɚ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɯɟɦɢʁɫɤɢ ɨɛɪɚђɟɧɨɦ ɚɥɭɦɢɧɢʁɭɦɭ 
ɮɨɪɦɢɪɚɧɚ ʁɟ ɭ ȳɚɩɚɧɭ 1986. ɝɨɞɢɧɟ. ɉɪɜɭ ɫɨɥɚɪɧɭ ʄɟɥɢʁɭ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ 

ɚɧɨɞɧɨ ɨɤɫɢɞɨɜɚɧɨɦ ɚɥɭɦɢɧɢʁɭɦɭ ɮɨɪɦɢɪɚɥɢ ɫɭ Ȼ. Ʌɚɥɨɜɢʄ ɢ Ɍ. ɉɚɜɥɨɜɢʄ ɫɚ 

ɫɚɪɚɞɧɢɰɢɦɚ 1987. ɝɨɞɢɧɟ. 

 

ɋɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɚɥɭɦɢɧɢʁɭɦɭ ɫɚɫɬɨʁɟ ɫɟ ɨɞ Al ɨɫɧɨɜɟ, 𝐴݈ଶܱଷ ɢɡɨɥɚɬɨɪɫɤɨɝ ɫɥɨʁɚ, Al ɟɥɟɤɬɪɨɞɟ, p - i - n ɫɥɨʁɟɜɚ, ɬɪɚɧɫɩɚɪɟɧɬɧɢɯ ܵ௡ܱଶ ɟɥɟɤɬɪɨɞɚ ɢ 

ɬɪɚɧɫɩɚɪɟɧɬɧɨɝ ɡɚɲɬɢɬɧɨɝ ɫɥɨʁɚ. 

 
ɋɥɢɤɚ 17. Шɟɦɚɬɫɤɢ ɩɪɢɤɚɡ ɩɨɩɪɟɱɧɨɝ ɩɪɟɫɟɤɚ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɨɞ ɚɦɨɪɮɧɨɝ ɫɢɥɢɰɢʁɭɦɚ ɧɚ ɚɥɭɦɢɧɢʁɭɦɭ: 

1) 𝐴݈ଶܱଷ  ɢɡɨɥɚɬɨɪɫɤɢ ɫɥɨʁ, 2) Al ɟɥɟɤɬɪɨɞɚ, 3) a-Si ɫɥɨʁɟɜɢ, 4) ɬɪɚɧɫɩɚɪɟɧɬɧɚ ܵ௡ܱଶ ɟɥɟɤɬɪɨɞɚ, 

 5) ɬɪɚɧɫɩɚɪɟɧɬɧɢ ɡɚɲɬɢɬɧɢ ɫɥɨʁ 
 

ɉɨɪɟɞ ɫɢɥɢɰɢʁɭɦɚ, ɡɚ ɢɡɪɚɞɭ ɫɨɥɚɪɧɢɯ ʄɟɥɢʁɚ ɤɨɪɢɫɬɟ ɫɟ ɢ ɞɪɭɝɢ ɦɚɬɟɪɢʁɚɥɢ ɤɚɨ ɲɬɨ 
ɫɭ: ɝɚɥɢʁɭɦ-ɚɪɫɟɧɢɞ (Gа𝐴𝑆), ɤɚɞɦɢʁɭɦ-ɬɟɥɭɪɢɞ (Cௗ ௘ܶ), ɛɚɤɚɪɢɧɞɢʁɭɦ-ɞɢɫɟɥɟɧɢɞ CuInܵଶ ɢɥɢ 
CIS), ɛɚɤɚɪ ɫɭɥɮɢɞ/ɤɚɞɦɢʁɭɦ-ɫɭɥɮɢɞ (𝐶𝑢ଶܵ/𝐶݀ܵ) ɢɬɞ. [9]. 
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2.1.2 ɉɊɂɇɐɂɉ ɊȺȾȺ Ɏɇ ȶȿɅɂȳȿ (ɎɈɌɈɇȺɉɈɇɋɄɂ ȿɎȿɄȺɌ) 

 

Ɏɨɬɨɧɚɩɨɧɫɤɚ (Ɏɇ) ʄɟɥɢʁɚ ɬɟɦɟʂɧɢ ʁɟ ɛɥɨɤ ɮɨɬɨɧɚɩɨɧɫɤɨɝ ɫɢɫɬɟɦɚ. ɉɪɟɞɫɬɚɜʂɚ p-n 

ɫɩɨʁ ɤɨʁɢ ɩɨɦɨʄɭ ɮɨɬɨɧɚɩɨɧɫɤɨɝ ɟɮɟɤɬɚ ɫɭɧɱɟɜɨ ɡɪɚɱɟʃɟ ɩɪɟɬɜɚɪɚ ɭ ɟɥɟɤɬɪɢɱɧɭ ɟɧɟɪɝɢʁɭ.  
 

 
ɋɥɢɤɚ 18. ɉɪɢɧɰɢɩ ɪɚɞɚ ɮɨɬɨɧɚɩɨɧɫɤɟ ʄɟɥɢʁɟ [10] 

 

ɋɚɱɢʃɟɧɚ ʁɟ ɨɞ ɩɨɥɭɩɪɨɜɨɞɧɢɱɤɨɝ ɦɚɬɟɪɢʁɚɥɚ (ɧɚʁɱɟɲʄɟ ɫɢɥɢɰɢʁɭɦɚ). ɍɫɥɟɞ 
ɚɩɫɨɪɩɰɢʁɟ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ, ɭ p-n ɫɩɨʁɭ ɫɟ ʁɚɜʂɚʁɭ ɩɚɪɨɜɢ ɟɥɟɤɬɪɨɧ-ɲɭɩʂɢɧɚ. ɉɪɢɥɢɤɨɦ 
ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɭɧɭɬɚɪ ɢɥɢ ɭ ɛɥɢɡɢɧɢ p-n ɫɩɨʁɚ, ɭɧɭɬɪɚɲʃɟ ɟɥɟɤɬɪɢɱɧɨ ɩɨʂɟ ɪɚɡɞɜɚʁɚ 
ɟɥɟɤɬɪɨɧɟ ɢ ɲɭɩʂɢɧɟ. ɉɪɢ ɬɨɦɟ ɫɟ ɟɥɟɤɬɪɨɧɢ ɤɪɟʄɭ ɩɪɟɦɚ n ɫɬɪɚɧɢ, ɚ ɲɭɩʂɢɧɟ ɩɪɟɦɚ p 

ɫɬɪɚɧɢ p-n ɫɩɨʁɚ, ɢ ɤɚɨ ɩɨɫɥɟɞɢɰɚ ɬɨɝɚ ʁɚɜʂɚ ɫɟ ɩɨɬɟɧɰɢʁɚɥɧɚ ɪɚɡɥɢɤɚ, ɨɞɧɨɫɧɨ ɧɚɩɨɧ. 

Ʉɚɞɚ ɫɟ Ɏɇ ʄɟɥɢʁɚ ɩɨɜɟɠɟ ɭ ɫɬɪɭʁɧɨ ɤɨɥɨ, ɤɪɨɡ ɩɨɬɪɨɲɚɱ ʄɟ ɩɨɬɟʄɢ ɫɬɪɭʁɚ [10]. 

 

2.1.3 ɄɈɇɋɌɊɍɄɐɂȳȺ ɎɈɌɈɇȺɉɈɇɋɄɂɏ ɋɂɋɌȿɆȺ 

 

Ⱦɨɛɢʁɚʃɟ ɢ ɬɪɨɲɟʃɟ ɟɧɟɪɝɢʁɟ ɢɡ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɫɢɫɬɟɦɚ ɧɟ ɨɞɜɢʁɚ ɫɟ ɭɜɟɤ 
ɢɫɬɨɜɪɟɦɟɧɨ, ɡɛɨɝ ɬɨɝɚ ʁɟ ɜɚɠɧɨ ɫɤɥɚɞɢɲɬɢɬɢ ɟɥɟɤɬɪɢɱɧɭ ɟɧɟɪɝɢʁɭ, ɬʁ. ɨɛɟɡɛɟɞɢɬɢ 
ɩɨɭɡɞɚɧɨɫɬ ʃɟɧɨɝ ɫɧɚɛɞɟɜɚʃɚ. ɉɪɨɢɡɜɟɞɟɧɚ ɟɧɟɪɝɢʁɚ ɬɨɤɨɦ ɞɚɧɚ ʁɟ ɱɟɫɬɨ ɩɨɬɪɟɛɧɚ ɬɟɤ ɭ 
ɜɟɱɟɪʃɢɦ ɫɚɬɢɦɚ, ɧɩɪ. ɡɚ ɨɫɜɟɬʂɟʃɟ, ɬɚɤɨ ɞɚ ʁɟ ɧɟɨɩɯɨɞɧɨ ɫɤɥɚɞɢɲɬɟʃɟ (ɚɤɭɦɭɥɢɪɚʃɟ) 
ɟɧɟɪɝɢʁɟ. Ɂɚ ɬɨ ɫɟ ɧɚʁɱɟɲʄɟ ɩɨ ɩɪɚɜɢɥɭ ɤɨɪɢɫɬɟ ɨɥɨɜɧɢ ɚɤɭɦɭɥɚɬɨɪɢ, ɤɨʁɢ ɫɟ ɫɚɫɬɨʁɟ ɢɡ 
ɜɢɲɟ ʄɟɥɢʁɚ ɧɚɩɨɧɚ ɩɨ 2 V, ɤɨʁɟ ɫɭ ɫɦɟɲɬɟɧɟ ɭ ɡɚʁɟɞɧɢɱɤɨɦ ɤɭʄɢɲɬɭ ɞɨ ɧɚɩɨɧɚ 12 V ɢɥɢ 
24 V. ɋɟɪɢʁɫɤɢɦ ɫɩɚʁɚʃɟɦ ɞɜɚ ɫɨɥɚɪɧɚ ɚɤɭɦɭɥɚɬɨɪɚ ɧɚɩɨɧ ɫɟ ɭɞɜɨɫɬɪɭɱɭʁɟ (V), ɚ 

ɩɚɪɚɥɟɥɧɢɦ ɫɩɚʁɚʃɟɦ ɭɞɜɨɫɬɪɭɱɭʁɟ ɫɟ ɤɚɩɚɰɢɬɟɬ (A/h). 
 

ɉɪɢɦɟɪ: Ɂɚ ɟɧɟɪɝɟɬɫɤɟ ɩɨɬɪɟɛɟ ɨɞ 1200 W/h, ɭɡ ɧɚɩɨɧ ɚɤɭɦɭɥɚɬɨɪɚ ɨɞ 12 V, ɩɨɬɪɟɛɚɧ ʁɟ 
ɤɚɩɚɰɢɬɟɬ ɚɤɭɦɭɥɚɬɨɪɚ ɨɞ: 

1200 W/h : 12 V = 100 Ⱥ/h 

 

Ⱦɚ ɛɢ ɫɟ ɭ ɮɨɬɨɧɚɩɨɧɫɤɨɦ ɫɢɫɬɟɦɭ ɫɬɚɧɞɚɪɞɧɢ ɤɭʄɧɢ ɚɩɚɪɚɬɢ ɢ ɨɫɬɚɥɢ ɭɪɟђɚʁɢ ɦɨɝɥɢ 
ɫɧɚɛɞɟɜɚɬɢ ɟɧɟɪɝɢʁɨɦ, ɤɨɪɢɫɬɟ ɫɟ ɢɧɜɟɪɬɨɪɢ. ɂɧɜɟɪɬɨɪ ʁɟ ɟɥɟɤɬɪɨɧɫɤɢ ɭɪɟђɚʁ ɤɨʁɢ 
ʁɟɞɧɨɫɦɟɪɧɢ ɧɚɩɨɧ ɫɚ ɮɨɬɨɧɚɩɨɧɫɤɨɝ ɝɟɧɟɪɚɬɨɪɚ, ɚɤɨ ʁɟ ɫɩɨʁɟɧ ɞɢɪɟɤɬɧɨ ɧɚ ɩɚɧɟɥ, ɢɥɢ 
ɫɨɥɚɪɧɨɝ ɚɤɭɦɭɥɚɬɨɪɚ ɨɞ 12 V ɩɪɟɬɜɚɪɚ ɭ ɫɬɚɛɢɥɧɢ ɧɚɢɡɦɟɧɢɱɧɢ ɧɚɩɨɧ.  

 

ɂɡɥɚɡɧɚ ɫɧɚɝɚ ɢɧɜɟɪɬɨɪɚ ɬɪɟɛɚ ɞɚ ɨɞɝɨɜɚɪɚ ɧɚʁɦɚʃɨʁ ɩɨɬɪɟɛɧɨʁ ɫɧɚɡɢ ɫɜɢɯ ɭɪɟђɚʁɚ ɤɨʁɟ 
ɫɧɚɛɞɟɜɚ. Ɇɚɤɫɢɦɚɥɧɚ ɫɧɚɝɚ ɬɪɟɛɚ ɞɚ ʁɟ ɞɜɚ ɞɨ ɬɪɢ ɩɭɬɚ ɜɢɲɚ ɨɞ ɩɨɬɪɟɛɧɟ ɡɛɨɝ 
ɤɪɚɬɤɨɬɪɚʁɧɨɝ ɩɪɟɨɩɬɟɪɟʄɟʃɚ ɢ ɜɟɥɢɤɢɯ ɫɬɪɭʁɚ ɩɪɢ ɭɤʂɭɱɟʃɭ ɭɪɟђɚʁɚ ɫɚ ɟɥɟɤɬɪɨɦɨɬɨɪɨɦ 
(ɭɫɢɫɢɜɚɱ, ɮɪɢɠɢɞɟɪ). 
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2.1.4 ȿɎɂɄȺɋɇɈɋɌ Ɏɇ ȶȿɅɂȳȿ 

 

ȿɮɢɤɚɫɧɨɫɬ (ɫɬɟɩɟɧ ɤɨɪɢɫɧɨɝ ɞɟʁɫɬɜɚ) Ɏɇ ʄɟɥɢʁɟ ɩɪɟɞɫɬɚɜʂɚ ɨɞɧɨɫ ɢɫɤɨɪɢɲʄɟɧɟ ɢ 
ɭɤɭɩɧɟ ɟɧɟɪɝɢʁɟ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɤɨʁɚ ɩɚɞɧɟ ɧɚ Ɏɇ ʄɟɥɢʁɭ [11]: 

 

, 

ɝɞɟ ʁɟ: 

Im, Um – ɫɬɪɭʁɚ ɢ ɧɚɩɨɧ ɭ ɨɩɬɢɦɚɥɧɨʁ ɬɚɱɤɢ, 

G – ɢɧɬɟɧɡɢɬɟɬ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ, 

S – ɩɨɜɪɲɢɧɚ Ɏɇ ʄɟɥɢʁɟ, 

Uph – ɧɚɩɨɧ ɩɪɚɡɧɨɝ ɯɨɞɚ, 
Iks – ɫɬɪɭʁɚ ɤɪɚɬɤɨɝ ɫɩɨʁɚ, 

Rs – ɫɟɪɢʁɫɤɚ ɨɬɩɨɪɧɨɫɬ. 
ܨ  = 𝑈𝑚 𝐼𝑚𝑈𝑝ℎ 𝐼𝑘𝑠 - Ɉɜɚʁ ɨɞɧɨɫ ʁɟ ɩɨɡɧɚɬ ɤɚɨ ɮɚɤɬɨɪ ɢɫɩɭɧɟ ɢɥɢ ɮɢɥɢɧɝ ɮɚɤɬɨɪ Ɏɇ ʄɟɥɢʁɟ. 

 

Ⱦɚ ɛɢ ɟɮɢɤɚɫɧɨɫɬ Ɏɇ ʄɟɥɢʁɚ ɛɢɥɚ ɲɬɨ ɜɟʄɚ ɩɨɬɪɟɛɧɨ ʁɟ ɞɚ Uph ɢ Iks ɛɭɞɭ ɲɬɨ ɜɟʄɢ ɢ ɞɚ 

ɮɢɥɢɧɝ ɮɚɤɬɨɪ ɛɭɞɟ ɲɬɨ ɛɥɢɠɢ ʁɟɞɢɧɢɰɢ. Ɍɢɩɢɱɧɟ ɜɪɟɞɧɨɫɬɢ ɧɚɜɟɞɟɧɢɯ ɜɟɥɢɱɢɧɚ ɡɚ 

ɤɪɢɫɬɚɥɧɟ ɫɢɥɢɰɢʁɭɦɫɤɟ Ɏɇ ʄɟɥɢʁɟ ɫɭ [11]: 

 

 0,82;  0,96 ;  0,57 V; 12%s phF R U      . 

 
Ɍɚɛɟɥɚ 1. Ɋɚɡɥɢɱɢɬɟ ɜɪɫɬɟ Ɏɇ ɬɟɯɧɨɥɨɝɢʁɚ ɫɚ ɪɚɡɥɢɱɢɬɢɦ ɜɪɫɬɚɦɚ ɦɚɬɟɪɢʁɚɥɚ ɢ ɩɨɪɟђɟʃɟ ʃɢɯɨɜɢɯ 

ɝɥɚɜɧɢɯ ɤɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɭ ɩɨɝɥɟɞɭ ɟɮɢɤɚɫɧɨɫɬɢ, ɩɨɜɪɲɢɧɟ, ɰɟɧɟ, ɠɢɜɨɬɧɨɝ ɜɟɤɚ ɬɪɚʁɚʃɚ [12]. 

 

 

Ɍɟɯɧɨɥɨɝɢʁɚ 

Ɇɨɧɨɤɪɢɫɬɚɥɧɢ 

 

ɉɨɥɢɤɪɢɫɬɚɥɧɢ 

 

Ⱥɦɨɪɮɧɢ 

 

Ʉɚɞɦɢʁɭɦ
-Ɍɟɥɭɪɢɞ 

 

Ȼɚɤɚɪ-

ɂɧɞɢʁɭɦ-

Ⱦɢɫɟɥɟɧɢɞ 

 

ȿɮɢɤɚɫɧɨɫɬ ʄɟɥɢʁɟ 16-19 % 14-15 % 
4-8 % 8-11 % 7-11 % 

ȿɮɢɤɚɫɧɨɫɬ ɩɚɧɟɥɚ 13-15 % 12-14 % 

ɉɨɜɪɲɢɧɚ ɡɚ 1 kW 7 m² 8 m² 14 m² 11 m² 10 m² 

ɐɟɧɚ ɡɚ 1 kW   1300 € 800 € 3000 € 5500 € 

ɀɢɜɨɬɧɢ ɜɟɤ 25 ɝɨɞ. 20 ɝɨɞ. 15 ɝɨɞ. 5 ɝɨɞ. 
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2.2 ɋɈɅȺɊɇɂ ɄɈɅȿɄɌɈɊɂ 
 

ɋɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪ ʁɟ ɟɥɟɦɟɧɬ ɤɨʁɢ ɝɟɧɟɪɢɲɟ ɬɨɩɥɨɬɧɭ ɟɧɟɪɝɢʁɭ ɢɡ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ. 
Ɋɚɞɢ ɧɚ ɩɪɢɧɰɢɩɭ ɦɢɧɢʁɚɬɭɪɧɨɝ ɫɬɚɤɥɟɧɢɤɚ ɤɨʁɢ ʁɟ ɫɦɟɲɬɟɧ ɧɚ ɤɪɨɜɭ. Ɍɨɩɥɨɬɧɚ 
ɤɨɧɜɟɪɡɢʁɚ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ ɩɪɟɞɫɬɚɜʂɚ ɬɪɟɧɭɬɧɨ ɧɚʁɡɚɫɬɭɩʂɟɧɢʁɢ ɜɢɞ ɤɨɪɢɲʄɟʃɚ 
ɨɛɧɨɜʂɢɜɢɯ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ. ɋɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɤɨɪɢɫɬɟ ɫɟ ɡɚ ɡɚɝɪɟɜɚʃɟ ɫɚɧɢɬɚɪɧɟ ɜɨɞɟ 
ɢɥɢ ɤɚɨ ɢɫɩɨɦɨʄ ɝɪɟʁɚʃɭ. ɇɚ ɨɜɚʁ ɧɚɱɢɧ ɬɪɨɲɤɨɜɢ ɡɚ ɬɨɩɥɨɬɧɨɦ ɟɧɟɪɝɢʁɨɦ ɫɟ ɫɦɚʃɭʁɭ ɢ ɞɨ 
80%. ɑɟɬɜɨɪɨɱɥɚɧɨɦ ɞɨɦɚʄɢɧɫɬɜɭ ʁɟ, ɡɚ ɞɨɛɢʁɚʃɟ ɬɨɩɥɟ ɫɚɧɢɬɚɪɧɟ ɜɨɞɟ, ɩɨɬɪɟɛɧɨ 2 
ɫɨɥɚɪɧɚ ɤɨɥɟɤɬɨɪɚ ɢ ɛɨʁɥɟɪ ɨɞ 200 l ɜɨɞɟ. ɍɤɨɥɢɤɨ ɫɟ ɤɨɥɟɤɬɨɪɢ ɤɨɪɢɫɬɟ ɡɚ ɢɫɩɨɦɨʄ 
ɝɪɟʁɚʃɭ , ɫɢɫɬɟɦ ʁɟ ɩɨɬɪɟɛɧɨ ɞɢɦɟɧɡɢɨɧɢɫɚɬɢ ɬɚɤɨ ɞɚ ɩɨɜɪɲɢɧɚ ɤɨɥɟɤɬɨɪɚ ɛɭɞɟ ɨɤɨ 20% 
ɨɞ ɭɤɭɩɧɟ ɝɪɟʁɧɟ ɩɨɜɪɲɢɧɟ. Ɍɚɤɨ ɧɩɪ. ɡɚ ɝɪɟʁɧɭ ɩɨɜɪɲɢɧɭ 100 m² ɩɨɬɪɟɛɧɨ ʁɟ 10 ɫɨɥɚɪɧɢɯ 
ɤɨɥɟɤɬɨɪɚ. ɉɨɜɪɲɢɧɚ ʁɟɞɧɨɝ ɫɨɥɚɪɧɨɝ ɤɨɥɟɤɬɨɪɚ ʁɟ ɨɤɨ 2 m² [13]. 

 

Ɉɞɚɛɢɪ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ ɡɚɜɢɫɢ ɨɞ ɧɚɦɟɧɟ ɡɚ ɤɨʁɭ ɫɟ ɤɨɪɢɫɬɟ. Ɍɚɤɨђɟ, ɩɪɟɫɭɞɚɧ 

ɮɚɤɬɨɪ ɡɚ ɨɞɚɛɢɪ ɫɨɥɚɪɧɨɝ ɤɨɥɟɤɬɨɪɚ ɦɨɠɟ ɛɢɬɢ ɩɨɥɨɠɚʁ ɨɛʁɟɤɬɚ. ɇɚʁɛɨʂɚ ɨɪɢʁɟɧɬɚɰɢʁɚ ɡɚ 

ɩɨɫɬɚɜʂɚʃɟ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ ʁɟ ʁɭɝ, ɚ ɧɚɝɢɛ ɦɨɠɟ ɞɚ ɨɞɫɬɭɩɚ ɨɞ 20 ɞɨ 70 ɫɬɟɩɟɧɢ, ɭ 

ɡɚɜɢɫɧɨɫɬɢ ɨɞ ɬɨɝɚ ɭ ɤɨɦ ɝɨɞɢɲʃɟɦ ɞɨɛɭ ɫɟ ɠɟɥɢ ɞɨɛɢɬɢ ɧɚʁɜɢɲɟ ɟɧɟɪɝɢʁɟ. ɉɨɫɬɨʁɟ 

ɪɚɡɥɢɱɢɬɢ ɬɢɩɨɜɢ ɢ ɬɟɯɧɨɥɨɝɢʁɟ ɩɪɨɢɡɜɨɞʃɟ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ. ɋɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɤɨʁɢ 
ɫɟ ɧɚʁɜɢɲɟ ɤɨɪɢɫɬɟ ɫɭ:  

 ɪɚɜɧɢ (ɩɥɨɱɚɫɬɢ) ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ, 

 ɜɚɤɭɭɦɫɤɢ ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ. 

 

 
ɋɥɢɤɚ 19. ɋɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɭɝɪɚђɟɧɢ ɧɚ ɨɛʁɟɤɬɭ [14] 

 

2.2.1 ɊȺȼȺɇ ɁȺɋɌȺɄȴȿɇɂ ɋɈɅȺɊɇɂ ɄɈɅȿɄɌɈɊ 

 

Ƚɥɚɜɧɢ ɞɟɥɨɜɢ ɪɚɜɧɨɝ ɡɚɫɬɚɤʂɟɧɨɝ ɫɨɥɚɪɧɨɝ ɤɨɥɟɤɬɨɪɚ ɫɭ: ɚɩɫɨɪɛɟɪ, ɩɪɨɜɢɞɧɢ 

ɩɨɤɥɨɩɚɰ ɢ ɢɡɨɥɨɜɚɧɨ ɤɭʄɢɲɬɟ. Ⱥɩɫɨɪɛɟɪ ʁɟ ɨɛɢɱɧɨ ɫɥɨʁ ɜɢɫɨɤɨ ɬɨɩɥɨɬɧɨ ɩɪɨɜɨɞɧɨɝ 

ɦɟɬɚɥɚ ɫɚ ɢɧɬɟɝɪɢɫɚɧɢɦ ɢɥɢ ɞɨɞɚɬɢɦ ɤɚɧɚɥɢɦɚ ɢɥɢ ɰɟɜɢɦɚ. ɉɨɜɪɲɢɧɚ ɚɩɫɨɪɛɟɪɚ ʁɟ 

ɨɛɨʁɟɧɚ ɢɥɢ ɩɪɟɫɜɭɱɟɧɚ ɭ ɰɪɧɨ, ɤɚɤɨ ɛɢ ɫɟ ɩɨɜɟʄɚɥɚ ɚɩɫɨɪɛɰɢʁɚ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ. 

ɉɪɨɜɢɞɧɢ ɩɨɤɥɨɩɚɰ ɩɪɨɩɭɲɬɚ ɫɭɧɱɟɜɨ ɡɪɚɱɟʃɟ ɭɧɭɬɪɚ ɧɚ ɚɩɫɨɪɛɟɪ, ɚɥɢ ɢ ɢɡɨɥɭʁɟ ɩɪɨɫɬɨɪ 

ɢɡɧɚɞ ɚɩɫɨɪɛɟɪɚ, ɤɚɤɨ ɛɢ ɫɩɪɟɱɢɨ ɭɥɚɡɚɤ ɯɥɚɞɧɨɝ ɜɚɡɞɭɯɚ ɭ ɤɭʄɢɲɬɟ. ɂɡɨɥɨɜɚɧɨ ɤɭʄɢɲɬɟ 

ɩɪɟɞɫɬɚɜʂɚ ɨɫɥɨɧɚɰ ɡɚ ɤɨɦɩɥɟɬɚɧ ɩɥɨɱɚɫɬɢ ɤɨɥɟɤɬɨɪ ɢ ɫɦɚʃɭʁɟ ɬɨɩɥɨɬɧɟ ɝɭɛɢɬɤɟ ɢɡɚ ɢɥɢ 

ɫɚ ɫɬɪɚɧɟ. 
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ɋɥɢɤɚ 20. ɉɥɨɱɚɫɬɢ ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪ [14] 

 

ȺɉɋɈɊȻȿɊ 

 

Ƚɥɚɜɧɢ ɟɥɟɦɟɧɬ ɩɥɨɱɚɫɬɨɝ ɫɨɥɚɪɧɨɝ ɤɨɥɟɤɬɨɪɚ ʁɟ ɚɩɫɨɪɩɰɢɨɧɚ ɩɥɨɱɚ. Ⱥɩɫɨɪɩɰɢɨɧɚ 

ɩɥɨɱɚ ɩɨɤɪɢɜɚ ɤɨɦɩɥɟɬɧɭ ɨɫɧɨɜɭ ɤɨɥɟɤɬɨɪɚ ɢ ɢɫɩɭʃɚɜɚ ɬɪɢ ɮɭɧɤɰɢʁɟ: ɚɩɫɨɪɛɭʁɟ 

ɦɚɤɫɢɦɚɥɧɟ ɦɨɝɭʄɟ ɤɨɥɢɱɢɧɟ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ, ɩɪɟɧɨɫɢ ɫɚɤɭɩʂɟɧɭ ɬɨɩɥɨɬɭ ɧɚ ɬɟɱɧɨɫɬ ɡɚ 

ɬɪɚɧɫɮɟɪ ɬɨɩɥɨɬɟ ɢ ɫɦɚʃɭʁɟ ɬɨɩɥɨɬɧɟ ɝɭɛɢɬɤɟ ɧɚ ɦɢɧɢɦɭɦ. 

ɋɭɧɱɟɜɨ ɡɪɚɱɟʃɟ ɩɪɨɥɚɡɢ ɤɪɨɡ ɩɪɨɜɢɞɧɢ ɩɨɤɥɨɩɚɰ ɢ ɚɩɫɨɪɛɭʁɟ ɫɟ ɞɢɪɟɤɬɧɨ ɭ 

ɚɩɫɨɪɛɟɪɭ. Ɂɚ ɩɪɟɫɜɥɚɱɟʃɟ ɚɩɫɨɪɛɟɪɚ ɫɟ ɤɨɪɢɫɬɟ ɦɚɬɟɪɢʁɚɥɢ ɤɨʁɢ ɞɨɛɪɨ ɚɩɫɨɪɛɭʁɭ 

ɤɪɚɬɤɨɬɚɥɚɫɧɟ ɋɭɧɱɟɜɟ ɡɪɚɤɟ (ɜɢɞʂɢɜɭ ɫɜɟɬɥɨɫɬ). Ɉɛɢɱɧɨ ʁɟ ɚɩɫɨɪɛɟɪ ɪɚɜɚɧ, ɤɚɤɨ ɛɢ ɛɨʂɟ 

ɚɩɫɨɪɛɨɜɚɨ ɞɨɥɚɡɧɨ ɡɪɚɱɟʃɟ ɢɡ ɫɜɢɯ ɭɝɥɨɜɚ. Ⱥɩɫɨɪɩɰɢɨɧɚ ɩɥɨɱɚ ɫɟ ɮɚɪɛɚ ɢɥɢ ɩɪɟɫɜɥɚɱɢ ɭ 

ɰɪɧɨ, ɢ ɫɬɚɧɞɚɪɞɧɨ ɚɩɫɨɪɛɟɪ ɚɩɫɨɪɛɭʁɟ ɩɪɟɤɨ 95% ɋɭɧɱɟɜɟ ɪɚɞɢʁɚɰɢʁɟ ɤɨʁɚ ɞɨђɟ ɞɨ ʃɟɝɚ. 

 

ɉɊȿɇɈɋ ɌɈɉɅɈɌȿ 

 

ɇɚ ɚɩɫɨɪɩɰɢɨɧɨʁ ɩɥɨɱɢ ɫɟ ɧɚɥɚɡɟ ɰɟɜɢ ɤɪɨɡ ɤɨʁɟ ɫɬɪɭʁɢ ɪɚɞɧɢ ɮɥɭɢɞ ɢ ɨɞɜɢʁɚ 
ɚɤɭɦɭɥɚɰɢʁɚ ɬɨɩɥɨɬɟ. Ɍɟɱɧɨɫɬ ɡɚ ɬɪɚɧɫɮɟɪ ɬɨɩɥɨɬɟ ɦɨɠɟ ɛɢɬɢ ɬɟɱɧɨɫɬ (ɜɨɞɚ ɢɥɢ ɜɨɞɚ 

ɩɨɦɟɲɚɧɚ ɫɚ ɚɧɬɢɮɪɢɡɨɦ) ɢɥɢ ɝɚɫ (ɜɚɡɞɭɯ). Ȼɢɬɧɚ ɫɬɚɜɤɚ ɩɪɢ ɞɢɡɚʁɧɭ ɤɨɥɟɤɬɨɪɚ ʁɟ ɞɚ ɫɟ 

ɨɛɟɡɛɟɞɢ ɞɨɜɨʂɧɚ ɫɩɨɫɨɛɧɨɫɬ ɡɚ ɩɪɟɧɨɫ ɬɨɩɥɨɬɟ, ɭ ɫɭɩɪɨɬɧɨɦ ɬɨɩɥɨɬɧɢ ɝɭɛɢɰɢ ɧɚ 

ɚɩɫɨɪɩɰɢɨɧɨʁ ɩɥɨɱɢ ɛɢ ɛɢɥɢ ɜɢɫɨɤɢ. 

 

ɌɈɉɅɈɌɇɂ ȽɍȻɂɐɂ 

 

ɉɨɲɬɨ ʁɟ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɪɲɢɧɟ ɚɩɫɨɪɛɟɪɚ ɜɢɲɚ ɨɞ ɬɟɦɩɟɪɚɬɭɪɟ ɚɦɛɢʁɟɧɬɚ, ɩɨɜɪɲɢɧɚ 

ɚɩɫɨɪɛɟɪɚ ɢɫɩɭɲɬɚ ɞɟɨ ɚɩɫɨɪɛɨɜɚɧɟ ɬɨɩɥɨɬɟ ɧɚɡɚɞ ɭ ɨɤɪɭɠɟʃɟ. Ɉɞɚɛɢɪ ɦɚɬɟɪɢʁɚɥɚ ɨɞ 

ɤɨʁɟɝ ʄɟ ɫɟ ɚɩɫɨɪɛɟɪ ɧɚɩɪɚɜɢɬɢ, ɤɚɨ ɢ ɮɚɪɛɟ ɢɥɢ ɩɪɟɫɜɥɚɤɟ ɤɨʁɨɦ ɫɟ ɩɪɟɫɜɥɚɱɢ, ɦɨɠɟ 

ɭɬɢɰɚɬɢ ɧɚ ɫɦɚʃɟʃɟ ɬɨɩɥɨɬɧɢɯ ɝɭɛɢɬɚɤɚ. 

 

ɉɊɈȼɂȾɇɂ ɉɈɄɅɈɉȺɐ 

 

Ⱥɩɫɨɪɛɟɪ ʁɟ ɨɛɢɱɧɨ ɩɪɟɤɪɢɜɟɧ ɫɚ ʁɟɞɧɢɦ ɢɥɢ ɜɢɲɟ ɩɪɨɜɢɞɧɢɯ ɩɨɤɥɨɩɚɰɚ, ɤɚɤɨ ɛɢ ɫɟ 

ɫɦɚʃɢɥɢ ɬɨɩɥɨɬɧɢ ɝɭɛɢɰɢ. ɍɤɨɥɢɤɨ ɧɟɦɚ ɩɪɨɜɢɞɧɨɝ ɩɨɤɥɨɩɰɚ, ɬɨɩɥɨɬɚ ɫɟ ɝɭɛɢ ɤɚɨ 

ɪɟɡɭɥɬɚɬ ɧɟ ɫɚɦɨ ɞɭɜɚʃɚ ɜɟɬɪɚ, ɜɟʄ ɢ ɩɪɢɪɨɞɧɨɝ ɫɬɪɭʁɚʃɚ ɬɨɩɥɨɝ ɜɚɡɞɭɯɚ ɤɨʁɢ ɫɟ ɤɪɟʄɟ 
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ɜɟɪɬɢɤɚɥɧɨ ɧɚɜɢɲɟ. ɉɨɤɥɨɩɚɰ ɡɚɞɪɠɚɜɚ ɜɚɡɞɭɯ ɢɡɧɚɞ ɚɩɫɨɪɛɟɪɚ, ɡɧɚɱɚʁɧɨ ɫɦɚʃɭʁɭʄɢ 

ɬɨɩɥɨɬɧɟ ɝɭɛɢɬɤɟ. Ɇɟђɭɬɢɦ, ɝɭɛɢɰɢ ɬɨɩɥɨɬɟ ɭɫɥɟɞ ɩɪɢɪɨɞɧɨɝ ɫɬɪɭʁɚʃɚ ɬɨɩɥɨɝ ɜɚɡɞɭɯɚ 

ɧɢɫɭ ɤɨɦɩɥɟɬɧɨ ɟɥɢɦɢɧɢɫɚɧɢ ɭɝɪɚɞʃɨɦ ɩɨɤɥɨɩɰɚ, ʁɟɪ ɫɟ ɬɨɩɚɨ ɜɚɡɞɭɯ ɢ ɞɚʂɟ ɩɨɞɢɠɟ ɫɚ 

ɩɨɜɪɲɢɧɟ ɚɩɫɨɪɛɟɪɚ ɢ ɤɪɟʄɟ ɫɟ ɤɚ ɩɨɤɥɨɩɰɭ. ɉɥɨɱɚɫɬɢ ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɛɟɡ ɩɨɤɥɨɩɰɚ ɫɟ 

ɨɛɢɱɧɨ ɤɨɪɢɫɬɟ ɡɚ ɡɚɝɪɟɜɚʃɟ ɛɚɡɟɧɚ, ɝɞɟ ɫɟ ɡɚɯɬɟɜɚʁɭ ɦɚɥɟ ɬɟɦɩɟɪɚɬɭɪɧɟ ɪɚɡɥɢɤɟ ɭ ɨɞɧɨɫɭ 

ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɚɦɛɢʁɟɧɬɚ (ɨɛɢɱɧɨ 10°C). 

 

ɉɨɜɟʄɚɜɚʃɟɦ ɛɪɨʁɚ (ɫɥɨʁɟɜɚ) ɩɪɨɜɢɞɧɢɯ ɩɨɤɥɨɩɚɰɚ, ɩɨɜɟʄɚɜɚ ɫɟ ɪɚɞɧɚ ɬɟɦɩɟɪɚɬɭɪɚ 
ɤɨɥɟɤɬɨɪɚ. ȳɟɞɚɧ ɢɥɢ ɞɜɚ ɩɨɤɥɨɩɰɚ ɫɭ ɭɨɛɢɱɚʁɟɧɚ, ɞɨɤ ɫɭ ɤɨɥɟɤɬɨɪɢ ɫɚ ɬɪɢ ɩɨɤɥɨɩɰɚ 
ɩɪɟɞɜɢђɟɧɢ ɡɚ ɪɚɞ ɭ ɟɤɫɬɪɟɦɧɢɦ ɤɥɢɦɚɬɫɤɢɦ ɭɫɥɨɜɢɦɚ. ɋɜɚɤɢ ɞɨɞɚɬɧɢ ɩɨɤɥɨɩɚɰ, ɩɨɜɟʄɚɜɚ 
ɟɮɢɤɚɫɧɨɫɬ ɤɨɥɟɤɬɨɪɚ ɭ ɪɚɞɭ ɧɚ ɜɢɫɨɤɢɦ ɬɟɦɩɟɪɚɬɭɪɚɦɚ, ɩɨɲɬɨ ɫɦɚʃɭʁɟ ɬɨɩɥɨɬɧɟ 
ɝɭɛɢɬɤɟ, ɚɥɢ ɫɦɚʃɭʁɟ ɟɮɢɤɚɫɧɨɫɬ ɩɪɢ ɧɢɠɢɦ ɬɟɦɩɟɪɚɬɭɪɚɦɚ. ɍ ɪɚɞɭ ɧɚ ɧɢɠɢɦ 
ɬɟɦɩɟɪɚɬɭɪɚɦɚ ɦɧɨɝɨ ɫɭ ɟɮɢɤɚɫɧɢʁɢ ɜɚɤɭɭɦɫɤɢ ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ. Ʉɚɨ ɦɚɬɟɪɢʁɚɥ ɡɚ 
ɩɪɨɜɢɞɧɢ ɩɨɤɥɨɩɚɰ ɧɚʁɱɟɲʄɟ ɫɟ ɤɨɪɢɫɬɢ ɫɬɚɤɥɨ ɫɚ ɧɢɫɤɢɦ ɫɚɞɪɠɚʁɟɦ ɝɜɨɠђɚ, ɞɟɛʂɢɧɟ ɨɞ 
3,2 - 6,4 mm. Ɉɜɨ ɫɬɚɤɥɨ ɢɦɚ ɩɪɨɩɭɫɧɨɫɬ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɩɪɟɤɨ 90% [13]. 

 

ɉɊɂɇɐɂɉ ɊȺȾȺ 

 

    Ʉɪɨɡ ɰɟɜɢ ɩɥɨɱɚɫɬɢɯ ɤɨɥɟɤɬɨɪɚ ɩɪɨɬɢɱɟ ɬɟɱɧɨɫɬ ɡɚ ɬɪɚɧɫɮɟɪ ɬɨɩɥɨɬɟ (ɜɨɞɚ ɢɥɢ ɜɨɞɚ 

ɩɨɦɟɲɚɧɚ ɫɚ ɚɧɬɢɮɪɢɡɨɦ). ɋɭɧɱɟɜɨ ɡɪɚɱɟʃɟ ɤɨʁɟ ɩɚɞɚ ɧɚ ɤɨɥɟɤɬɨɪ ɩɪɨɥɚɡɢ ɤɪɨɡ ɩɪɨɜɢɞɧɢ 

ɩɨɤɥɨɩɚɰ ɤɨɥɟɤɬɨɪɚ ɢ ɚɩɫɨɪɛɭʁɟ ɫɟ ɧɚ ɚɩɫɨɪɩɰɢɨɧɨʁ ɩɥɨɱɢ. Ⱥɩɫɨɪɩɰɢɨɧɚ ɩɥɨɱɚ ʁɟ ɫɩɨʁɟɧɚ 

ɫɚ ɰɟɜɢɦɚ ɫɨɥɚɪɧɨɝ ɤɨɥɟɤɬɨɪɚ ɢ ɫɚɤɭɩʂɟɧɭ ɬɨɩɥɨɬɭ ɩɪɟɧɨɫɢ ɧɚ ɰɟɜɢ, ɤɨʁɚ ɫɟ ɞɚʂɟ ɩɪɟɧɨɫɢ 
ɧɚ ɪɚɞɧɢ ɮɥɭɢɞ ɤɨʁɢ ɰɢɪɤɭɥɢɲɟ ɭ ɫɢɫɬɟɦɭ.  

 

2.2.2 ȼȺɄɍɍɆɋɄɂ ɋɈɅȺɊɇɂ ɄɈɅȿɄɌɈɊɂ 

 

Ɍɪɠɢɲɬɟ ɫɨɥɚɪɧɟ ɬɟɯɧɨɥɨɝɢʁɟ ɡɚɯɬɟɜɚ ɩɪɨɧɚɥɚɠɟʃɟ ɲɬɨ ɢɞɟɚɥɧɢʁɢɯ ɪɟɲɟʃɚ ɫɨɥɚɪɧɢɯ 
ɤɨɥɟɤɬɨɪɚ ɭ ɫɦɢɫɥɭ ɟɧɟɪɝɟɬɫɤɟ ɟɮɢɤɚɫɧɨɫɬɢ ɢ ɤɨɞ ɦɚʃɟ ɩɨɜɨʂɧɢɯ ɭɫɥɨɜɚ. ɂɡ ɬɨɝ ɪɚɡɥɨɝɚ 
ʁɟ ɤɨɧɫɬɪɭɢɫɚɧ ɫɨɥɚɪɧɢ ɜɚɤɭɭɦɫɤɢ ɰɟɜɧɢ ɤɨɥɟɤɬɨɪ, ɩɨɤɚɡɭʁɭʄɢ ɫɜɨʁɭ ɧɚɞɦɨʄɧɢʁɭ ɫɧɚɝɭ ɭ 
ɫɟɝɦɟɧɬɢɦɚ ɝɞɟ ɞɨɫɚɞɚɲʃɢ ɩɥɨɱɚɫɬɢ ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɝɭɛɟ ɫɜɨʁɭ ɟɧɟɪɝɟɬɫɤɭ 
ɟɮɢɤɚɫɧɨɫɬ. Ⱦɚɤɥɟ, ɨɫɧɨɜɧɚ ɪɚɡɥɢɤɚ ɨɜɚ ɞɜɚ ɬɢɩɚ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ ɨɞɧɨɫɢ ɫɟ ɧɚ 
ɟɧɟɪɝɟɬɫɤɭ ɟɮɢɤɚɫɧɨɫɬ [13].  

 

 
ɋɥɢɤɚ 21. ȼɚɤɭɦɫɤɢ ɤɨɥɟɤɬɨɪ ɚ) ɫɚ ɨɛɥɢɤɨɦ ɫɧɨɩɚ ɰɟɜɢ    ɛ) ɭ ɨɛɥɢɤɭ ɰɟɜɧɟ ɡɦɢʁɟ [13] 
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ȼɚɤɭɭɦɫɤɟ ɰɟɜɢ ɫɟ ɩɪɚɜɟ ɨɞ ɧɢɫɤɨ ɟɦɢɫɢɨɧɨɝ ɛɨɪɨɫɢɥɢɤɚɬɧɨɝ ɫɬɚɤɥɚ (ɫɬɚɤɥɚ ɫɚ ɜɟɨɦɚ 
ɧɢɫɤɢɦ ɫɚɞɪɠɚʁɟɦ ɝɜɨɠђɚ ɤɨʁɟ ɢɦɚ ɫɭɩɟɪɢɨɪɧɭ ɞɭɝɨɜɟɱɧɨɫɬ ɢ ɨɬɩɨɪɧɨɫɬ ɧɚ ɬɨɩɥɨɬɭ) ɢ 
ɩɪɟɫɜɭɱɟɧɢ ɫɭ AL/N ɢɥɢ AL ɫɥɨʁɟɦ, ɤɨʁɢ ɨɦɨɝɭʄɚɜɚ ɢɫɤɨɪɢɲʄɟʃɟ ɤɨɦɩɥɟɬɧɨɝ ɫɩɟɤɬɪɚ 
ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɡɚ ɝɟɧɟɪɢɫɚʃɟ ɬɨɩɥɨɬɟ [13]. 

 

Ʉɨɞ ɩɥɨɱɚɫɬɢɯ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ ɞɨɛɚɪ ɞɟɨ ɟɧɟɪɝɢʁɟ ɪɟɮɥɟɤɬɭʁɟ ɫɟ ɨ ɩɨɜɪɲɢɧɭ 

ɤɨɥɟɤɬɨɪɚ, ɲɬɨ ɩɪɟɞɫɬɚɜʂɚ ɝɭɛɢɬɤɟ. ȼɚɤɭɭɦɫɤɢ ɤɨɥɟɤɬɨɪɢ, ɡɚɯɜɚʂɭʁɭʄɢ ɜɚɤɭɭɦɭ, ɞɪɠɟ 

ɟɧɟɪɝɢʁɭ ɡɚɪɨɛʂɟɧɭ ɭɧɭɬɚɪ ɰɟɜɢ, ɩɚ ɫɚɦɢɦ ɬɢɦ ɢɦɚʁɭ ɦɢɧɢɦɚɥɧɟ ɝɭɛɢɬɤɟ.  

 

ɍ ɧɨɜɢʁɟ ɜɪɟɦɟ, ɞɚ ɛɢ ɫɟ ɞɨɞɚɬɧɨ ɩɨɜɟʄɚɥɚ ɟɮɢɤɚɫɧɨɫɬ ɜɚɤɭɭɦɫɤɢɯ ɤɨɥɟɤɬɨɪɚ, 

ɩɪɨɢɡɜɨɞɟ ɫɟ ɐɉɐ ɜɚɤɭɭɦɫɤɢ ɤɨɥɟɤɬɨɪɢ, ɤɨʁɢ ɢɦɚʁɭ ɨɝɥɟɞɚɥɨ ɤɨʁɟ ɭɫɦɟɪɚɜɚ ɫɭɧɱɟɜɭ 

ɬɨɩɥɨɬɭ ɤɚ ɰɟɜɢ.  

 

ɐɉɐ ɤɨɥɟɤɬɨɪɢ ɨɦɨɝɭʄɚɜɚʁɭ ɟɮɢɤɚɫɧɢʁɟ ɤɨɪɢɲʄɟʃɟ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ, ɢ ɭ ɨɞɧɨɫɭ ɧɚ 

ɤɥɚɫɢɱɧɟ ɜɚɤɭɭɦɫɤɟ ɤɨɥɟɤɬɨɪɟ, ɢɦɚʁɭ ɢ ɞɨ 30% ɜɟʄɭ ɟɮɢɤɚɫɧɨɫɬ. Ɉɜɚʁ ɤɨɥɟɤɬɨɪ ɨɦɨɝɭʄɭʁɟ 

ɬɨɩɥɨɬɧɟ ɩɪɢɧɨɫɟ ɢ ɫɚ ɡɚɞʃɟ ɫɬɪɚɧɟ ɤɨɥɟɤɬɨɪɚ, ɚ ɢɫɬɨɜɪɟɦɟɧɨ ɢɦɚ ɦɚʃɟ ɝɭɛɢɬɤɟ ɟɧɟɪɝɢʁɟ. 

 

 
ɋɥɢɤɚ 22. ɉɪɢɤɚɡ ɩɥɨɱɚɫɬɨɝ ɢ ɜɚɤɭɭɦɫɤɨɝ ɫɨɥɚɪɧɨɝ ɤɨɥɟɤɬɨɪɚ [13] 

 

ȼɚɤɭɭɦɫɤɢ ɐɉɐ ɤɨɥɟɤɬɨɪɢ ɦɚʃɟ ɡɚɜɢɫɟ ɨɞ ɨɪɢʁɟɧɬɚɰɢʁɟ ɫɨɥɚɪɧɨɝ ɤɨɥɟɤɬɨɪɚ, ɩɨɲɬɨ 

ɩɪɟɤɨ ɰɟɜɢ ɢ ɐɉɐ ɨɝɥɟɞɚɥɚ ɭɫɦɟɪɚɜɚʁɭ ɫɭɧɱɟɜɭ ɟɧɟɪɝɢʁɭ ɞɢɪɟɤɬɧɨ ɧɚ ɚɩɫɨɪɛɟɪ. Ɍɚɤɨ ɚɤɨ 

ɧɩɪ. ɜɚɤɭɭɦɫɤɟ ɐɉɐ ɤɨɥɟɤɬɨɪɟ ɢɧɫɬɚɥɢɪɚɦɨ ɧɚ ɢɫɬɨɤ ɢɥɢ ɡɚɩɚɞ ɨɧɢ ʄɟ ɩɪɨɢɡɜɟɫɬɢ ɨɤɨ 

80% ɟɧɟɪɝɢʁɟ ɭ ɨɞɧɨɫɭ ɧɚ ʁɭɠɧɭ ɨɪɢʁɟɧɬɚɰɢʁɭ, ɞɨɤ ʄɟ ɩɥɨɱɚɫɬɢ ɤɨɥɟɤɬɨɪɢ ɩɪɨɢɡɜɟɫɬɢ ɨɤɨ 
60% ɟɧɟɪɝɢʁɟ [13]. 
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ɋɥɢɤɚ 23. ɉɪɢɤɚɡ ɩɪɨɢɡɜɨɞʃɟ ɬɨɩɥɨɬɧɟ ɟɧɟɪɝɢʁɟ ɩɥɨɱɚɫɬɢɯ ɢ ɜɚɤɭɭɦɫɤɢɯ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ [13] 

 

ɇɚ ɋɥɢɰɢ 23 ɫɟ ɜɢɞɢ ɨɞɧɨɫ ɩɪɨɢɡɜɨɞʃɟ ɬɨɩɥɨɬɧɟ ɟɧɟɪɝɢʁɟ ɩɥɨɱɚɫɬɢɯ ɢ ɜɚɤɭɭɦɫɤɢɯ 

ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ ɭ ɬɨɤɭ ɱɢɬɚɜɟ ɝɨɞɢɧɟ [13].  

 

ɋɨɥɚɪɧɢ ɜɚɤɭɭɦɫɤɢ ɤɨɥɟɤɬɨɪ ʄɟ ɩɨɤɪɢɬɢ ɩɨɬɪɟɛɟ ɡɚ ɬɨɩɥɨɬɧɨɦ ɟɧɟɪɝɢʁɨɦ ɭ ɜɟʄɟɦ ɞɟɥɭ 

ɝɨɞɢɧɟ. ɉɥɨɱɚɫɬɢ ɤɨɥɟɤɬɨɪ ʄɟ ɩɪɨɢɡɜɟɫɬɢ ɞɨɜɨʂɧɨ ɟɧɟɪɝɢʁɟ ɥɟɬɢ, ɞɨɤ ʄɟ ɩɪɨɢɡɜɨɞʃɚ ɭ 

ɩɪɨɥɟʄɟ, ʁɟɫɟɧ, ɚ ɧɚɪɨɱɢɬɨ ɡɢɦɢ, ɛɢɬɢ ɡɧɚɱɚʁɧɨ ɦɚʃɚ ɨɞ ɜɚɤɭɭɦɫɤɨɝ ɤɨɥɟɤɬɨɪɚ [13]. 

 

2.2.3 ɄɈɇɋɌɊɍɄɐɂȳȺ ɂ ɂɁɊȺȾȺ ɉɅɈɑȺɋɌɂɏ ɄɈɅȿɄɌɈɊȺ 

 

ɇɚɱɢɧ ɤɚɤɨ ʄɟ ɫɟ ɧɚɩɪɚɜɢɬɢ ɤɭʄɢɲɬɟ ɤɨɥɟɤɬɨɪɚ ɡɚɜɢɫɢ ɩɪɟ ɫɜɟɝɚ ɨɞ ɮɢɧɚɧɫɢʁɫɤɟ 
ɢɧɜɟɫɬɢɰɢʁɟ ɭ ɤɨɦɩɥɟɬɚɧ ɫɢɫɬɟɦ ɡɚ ɞɨɛɢʁɚʃɟ ɬɨɩɥɟ ɜɨɞɟ. Ʉɚɨ ɦɚɬɟɪɢʁɚɥ ɡɚ ɢɡɪɚɞɭ ɦɨɠɟ ɫɟ 
ɤɨɪɢɫɬɢɬɢ ɞɪɜɨ, ɤɚɨ ɢ ɚɥɭɦɢɧɢʁɭɦ, ɤɨʁɢ ʁɟ ɨɬɩɨɪɚɧ ɧɚ ɜɪɟɦɟɧɫɤɟ ɭɬɢɰɚʁɟ ɢ ɢɦɚ ɞɭɠɢ ɜɟɤ 
ɬɪɚʁɚʃɚ, ɜɟɨɦɚ ʁɟ ɥɚɤ ɢ ɜɪɥɨ ɡɚɯɜɚɥɚɧ ɡɚ ɭɩɨɬɪɟɛɭ. 

 

Ⱦɚ ɛɢ ɤɨɧɫɬɪɭɤɰɢʁɚ ɫɢɫɬɟɦɚ ɰɟɜɢ ɡɚ ɬɪɚɧɫɩɨɪɬ ɪɚɞɧɨɝ ɮɥɭɢɞɚ ɦɨɝɥɚ ɞɚ ɢɡɞɪɠɢ ɜɢɫɨɤɟ 
ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɩɪɢɬɢɫɤɟ, ɧɟɨɩɯɨɞɧɨ ʁɟ ɩɪɨɜɟɪɢɬɢ ɤɜɚɥɢɬɟɬ ɥɟɦʂɟʃɚ. ɇɚɤɨɧ ɩɪɨɜɟɪɟ 
ɤɜɚɥɢɬɟɬɚ ɥɟɦʂɟʃɚ ɤɨɦɩɥɟɬɧɭ ɤɨɧɫɬɪɭɤɰɢʁɭ ɫɚ ɰɟɜɢɦɚ ɬɪɟɛɚ ɩɨɫɬɚɜɢɬɢ ɭɧɭɬɚɪ ɤɭʄɢɲɬɚ 
ɩɥɨɱɚɫɬɨɝ ɤɨɥɟɤɬɨɪɚ. ɍ ɬɨɤɭ ɨɜɟ ɨɩɟɪɚɰɢʁɟ ɧɟ ɬɪɟɛɚ ɫɤɢɞɚɬɢ ɡɚɲɬɢɬɧɭ ɮɨɥɢʁɭ, ʁɟɪ ɫɟ 
ɭɦɚʃɭʁɟ ɟɮɢɤɚɫɧɨɫɬ ɩɪɢ ɪɚɞɭ, ɚ ɧɟɱɢɫɬɨʄɟ ɬɪɚʁɧɨ ɨɫɬɚʁɭ. ɋɜɚɤɚɤɨ, ɩɪɟ ɬɨɝɚ ɬɪɟɛɚ 
ɢɡɜɪɲɢɬɢ ɩɪɢɩɪɟɦɭ ɤɭʄɢɲɬɚ ɩɨɫɬɚɜʂɚʃɟɦ ɢɡɨɥɚɰɢʁɟ. Ⱦɚ ɛɢ ɢɡɨɥɚɰɢʁɚ ɛɢɥɚ ɨɬɩɨɪɧɚ ɧɚ 
ɞɢɪɟɤɬɧɢ ɞɨɞɢɪ ɫɚ ɜɪɟɥɨɦ ɤɨɧɫɬɪɭɤɰɢʁɨɦ ɫɢɫɬɟɦɚ ɰɟɜɢ ɡɚ ɬɪɚɧɫɩɨɪɬ ɪɚɞɧɨɝ ɮɥɭɢɞɚ ɢ 
ɚɩɫɨɪɩɰɢɨɧɨɦ ɩɥɨɱɨɦ, ɬɪɟɛɚ ɢɡɚɛɪɚɬɢ ɩɪɟɫɨɜɚɧɭ ɤɚɦɟɧɭ ɜɭɧɭ ɞɟɛʂɢɧɟ 5 cm. 
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2.2.4 ɌȿɊɆɈɋɂɎɈɇɋɄɂ ȿɎȿɄȺɌ 

 

ɇɚʁʁɟɮɬɢɧɢʁɢ ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɪɚɞɟ ɧɚ ɩɪɢɧɰɢɩɭ ɩɚɫɢɜɧɨɝ ɫɢɫɬɟɦɚ ɛɟɡ ɩɭɦɩɢ ɢɥɢ 
ɞɪɭɝɢɯ ɩɨɤɪɟɬɧɢɯ ɞɟɥɨɜɚ, ɤɨɪɢɫɬɟʄɢ ɬɡɜ. ɬɟɪɦɨɫɢɮɨɧɫɤɢ ɟɮɟɤɚɬ. Ɍɨɤ ɬɟɱɧɨɫɬɢ ɡɚ 
ɰɢɪɤɭɥɚɰɢʁɭ ɬɨɩɥɨɬɟ ɫɬɜɚɪɚ ɫɟ ɭɡ ɩɨɦɨʄ ɬɟɦɩɟɪɚɬɭɪɧɢɯ ɪɚɡɥɢɤɚ. 

 

ɍ ɫɢɫɬɟɦ ɫɟ ɭɜɨɞɢ ɯɥɚɞɧɚ ɜɨɞɚ ɤɨʁɚ ɩɭɧɢ ɰɟɜ ɢ ɪɟɡɟɪɜɨɚɪ ɞɨ ɜɪɯɚ. ɋɭɧɰɟ ɡɚɝɪɟɜɚ ɜɨɞɭ 
ɤɨʁɚ ʁɟ ɭɧɭɬɚɪ ɰɟɜɢ ɩɥɨɱɚɫɬɨɝ ɤɨɥɟɤɬɨɪɚ, ɚ ɤɚɤɨ ɫɟ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟʄɚɜɚ, ɬɨɩɥɚ ɜɨɞɚ ɫɟ  
ɩɪɢɪɨɞɧɨ ɤɪɟʄɟ ɤɚ ɜɪɯɭ, ɝɞɟ ɢɡɥɚɡɢ ɢɡ ɩɚɧɟɥɚ ɢ ɞɨɫɩɟɜɚ ɞɨ ɪɟɡɟɪɜɨɚɪɚ ɫɚ ɜɨɞɨɦ. 

 

 
ɋɥɢɤɚ 24. ɉɪɢɧɰɢɩ ɬɟɪɦɨɫɢɮɨɧɫɤɨɝ ɟɮɟɤɬɚ [15] 

 

ɋ ɨɛɡɢɪɨɦ ɧɚ ɬɨ ɞɚ ɜɚɤɭɭɦ ɧɟ ɦɨɠɟ ɞɚ ɧɚɫɬɚɧɟ ɭ ɰɟɜɢɦɚ, ɬɨɩɥɚ ɜɨɞɚ ɤɨʁɚ ʁɟ ɧɚɩɭɫɬɢɥɚ 
ɩɚɧɟɥ ɡɚɦɟʃɭʁɟ ɫɟ ɯɥɚɞɧɨɦ ɜɨɞɨɦ ɢɡ ɪɟɡɟɪɜɨɚɪɚ. ɐɟɥɨɤɭɩɧɢ ɩɪɨɰɟɫ ɫɬɜɚɪɚ ɩɪɢɥɢɱɧɨ ɛɪɡ 
ɜɨɞɟɧɢ ɬɨɤ, ɱɢʁɢ ɩɪɨɬɨɤ ɢɡɧɨɫɢ ɨɞ ɨɤɨ 60 l/h. Ɉɜɚʁ ɟɮɟɤɚɬ ɫɟ ɧɚɫɬɚɜʂɚ ɫɜɟ ɞɨɤ ʁɟ 
ɫɩɨʂɚɲʃɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜɟʄɚ ɨɞ ɨɧɟ ɭ ɪɟɡɟɪɜɨɚɪɭ ɢ ɩɚɧɟɥɭ [15]. 

 

ɉɨɪɟɞ ɝɭɛɢɬɚɤɚ, ɬɟɪɦɨɫɢɮɨɧɫɤɢ ɫɢɫɬɟɦ ɦɨɠɟ ɞɚ ɨɛɟɡɛɟɞɢ ɜɢɲɟ ɧɟɝɨ ɞɨɜɨʂɧɨ ɬɨɩɥɟ 
ɜɨɞɟ, ɩɪɢ ɨɞɝɨɜɚɪɚʁɭʄɢɦ ɭɫɥɨɜɢɦɚ, ɚ ɤɪɭɠɟʃɟ ɪɚɞɧɟ ɬɟɱɧɨɫɬɢ ɢɡɦɟђɭ ɫɨɥɚɪɧɨɝ ɤɨɥɟɤɬɨɪɚ 
ɢ ɪɟɡɟɪɜɨɚɪɚ (ɛɨʁɥɟɪɚ), ɨɛɚɜʂɚ ɫɟ ɭɡ ɩɪɢɪɨɞɧɭ ɰɢɪɤɭɥɚɰɢʁɭ, ɬʁ. ɧɟ ɩɨɫɬɨʁɟ ɩɭɦɩɟ, ɧɢɬɢ 
ɛɢɥɨ ɤɚɤɜɢ ɞɪɭɝɢ ɩɨɤɪɟɬɧɢ ɦɟɯɚɧɢɱɤɢ ɞɟɥɨɜɢ [15]. 

 

ɉɨɫɬɨʁɟ ɞɜɚ ɬɢɩɚ ɫɨɥɚɪɧɨɝ ɬɟɪɦɨɫɢɮɨɧɫɤɨɝ ɫɢɫɬɟɦɚ: 
 ɨɬɜɨɪɟɧɢ ɢɥɢ ɞɢɪɟɤɬɧɢ ɫɢɫɬɟɦ - ɭ ɤɨɦɟ ɫɟ ɧɚɥɚɡɢ ɫɚɦɨ ɜɨɞɚ, 

 ɡɚɬɜɨɪɟɧɢ ɢɥɢ ɢɧɞɢɪɟɤɬɧɢ ɫɢɫɬɟɦ - ɭ ɤɨɦɟ ɫɟ ɨɫɢɦ ɜɨɞɟ ɧɚɥɚɡɢ ɢ ɫɨɥɚɪɧɢ ɮɥɭɢɞ. 
 

ɉɪɟɞɧɨɫɬɢ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ ɫɭ: 

 ɩɨɝɨɞɧɢ ɡɚ ɪɚɞ ɧɚ ɜɢɫɨɤɢɦ ɬɟɦɩɟɪɚɬɭɪɚɦɚ, 
 ɜɢɫɨɤɚ ɟɮɢɤɚɫɧɨɫɬ. 
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2.2.5 ȿɎɂɄȺɋɇɈɋɌ ɋɈɅȺɊɇɈȽ ɄɈɅȿɄɌɈɊȺ 

 
ɋɬɟɩɟɧ ɤɨɪɢɫɧɨɫɬɢ ɫɨɥɚɪɧɨɝ ɤɨɥɟɤɬɨɪɚ ɩɪɟɞɫɬɚɜʂɚ ɦɟɪɭ ɫɩɨɫɨɛɧɨɫɬɢ ɤɨɥɟɤɬɨɪɚ (ɉɋȿ) 

ɞɚ ɚɩɫɨɪɛɭʁɟ ɲɬɨ ɜɟʄɭ ɤɨɥɢɱɢɧɭ ɟɧɟɪɝɢʁɟ ɡɪɚɱɟʃɚ ɋɭɧɰɚ ɤɨʁɚ ɞɨɫɩɟ ɧɚ ʃɟɝɨɜɭ ɩɨɜɪɲɢɧɭ ɢ 
ɭ ɲɬɨ ɜɟʄɨʁ ɦɟɪɢ ɩɪɟɬɜɨɪɢ ɭ ɬɨɩɥɨɬɧɭ ɟɧɟɪɝɢʁɭ ɤɨʁɨɦ ʄɟ ɡɚɝɪɟʁɚɬɢ ɝɪɟʁɚɧɢ ɮɥɭɢɞ. Ɉɬɭɞɚ ɫɟ 
ɫɬɟɩɟɧ ɤɨɪɢɫɧɨɫɬɢ ɉɋȿ1

 (𝜂𝑝௦௘) ɞɟɮɢɧɢɲɟ ɤɚɨ ɨɞɧɨɫ ɬɨɩɥɨɬɧɨɝ ɩɪɨɬɨɤɚ ɩɪɟɞɚɬɨɝ ɝɪɟʁɚɧɨɦ 
ɮɥɭɢɞɭ, ɬʁ. ɝɪɟʁɧɟ ɫɧɚɝɟ ɤɨɥɟɤɬɨɪɚ ሺɎ𝑔௥ ) ɢ ɢɧɫɨɥɚɰɢʁɟ, ɬʁ. ɢɪɚɞɢʁɚɧɰɢʁɟ ɡɪɚɱɟʃɚ ɋɭɧɰɚ ɧɚ 
ɩɨɜɪɲɢɧɢ Ɂɟɦʂɟ2

 Zܧ/ 𝜂𝑝௦௘= Ɏ𝑔௥ :[16] (Zܧ) 

 

ȿɧɟɪɝɟɬɫɤɢ ɝɭɛɢɰɢ ɉɋȿ ʁɟɞɧɢɦ ɞɟɥɨɦ ɧɚɫɬɚʁɭ ɤɚɨ ɩɨɫɥɟɞɢɰɚ ɪɟɮɥɟɤɫɢʁɟ (ɨɞɛɢʁɚʃɚ) 
ʁɟɞɧɨɝ ɞɟɥɚ ɟɧɟɪɝɢʁɟ ɡɪɚɱɟʃɚ, ɬɡɜ. ɨɩɬɢɱɤɢ ɝɭɛɢɰɢ. Ⱦɪɭɝɢ ɞɟɨ ɱɢɧɟ ɝɭɛɢɰɢ ɧɚɫɬɚɥɢ ɤɚɨ 
ɩɨɫɥɟɞɢɰɚ ɪɚɡɥɢɤɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨʁɟɞɢɧɢɯ ɟɥɟɦɟɧɚɬɚ ɉɋȿ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɨɥɢɧɟ, ɬɡɜ. 
ɬɨɩɥɨɬɧɢ ɝɭɛɢɰɢ. Ɉɩɬɢɱɤɢ ɝɭɛɢɰɢ ɡɚɜɢɫɟ ɫɚɦɨ ɨɞ ɜɪɟɞɧɨɫɬɢ ɢɧɫɨɥɚɰɢʁɟ, ɬʁ. ɧɢɫɭ ɡɚɜɢɫɧɢ 
ɨɞ ɡɚɝɪɟʁɚɧɨɫɬɢ ɉɋȿ. Ⱦɚ ɛɢ ɨɜɢ ɝɭɛɢɰɢ (ɩɪɜɟɧɫɬɜɟɧɨ ɪɟɮɥɟɤɫɢɜɧɨɫɬ) ɛɢɥɢ ɲɬɨ ɦɚʃɢ, 
ɩɪɢɦɟʃɭʁɭ ɫɟ ɪɚɡɥɢɱɢɬɢ ɩɨɫɬɭɩɰɢ ɤɨʁɢɦɚ ɫɟ ɫɦɚʃɭʁɟ ɪɟɮɥɟɤɫɢɜɧɨɫɬ ɩɨɤɪɢɜɧɢɯ ɫɬɚɤɚɥɚ 
ɉɋȿ, ɱɢɦɟ ɫɟ ɩɨɜɟʄɚɜɚ ɟɧɟɪɝɢʁɚ ɡɪɚɱɟʃɚ ɤɨʁɚ ɩɪɨɥɚɡɢ ɤɪɨɡ ɉɋȿ. ɋɦɚʃɟʃɟ 
ɪɟɮɥɟɤɫɢɜɧɨɫɬɢ ɩɨɫɬɢɠɟ ɫɟ ɧɚ ɪɚɡɥɢɱɢɬɟ ɧɚɱɢɧɟ. ɋɬɚɧɞɚɪɞɧɢ ɧɚɱɢɧ ʁɟ ɩɪɢɦɟɧɚ ɫɬɚɤɥɚ ɫɚ 
ɧɢɫɤɢɦ ɫɚɞɪɠɚʁɟɦ ɝɜɨɠђɚ ɢɥɢ ɩɪɢɦɟɧɚ ɫɬɚɤɥɚ ɫɚ ɧɚɝɪɢɡɟɧɨɦ ɩɨɜɪɲɢɧɨɦ, ɲɬɨ ɫɟ ɩɨɫɬɢɠɟ 
ɩɨɬɚɩɚʃɟɦ ɫɬɚɤɥɚ ɭ ɛɚɡɟɧ ɫɚ ɨɞɪɟђɟɧɢɦ ɯɟɦɢɤɚɥɢʁɚɦɚ (ɩɪɟ ɫɤɥɚɩɚʃɚ ɉɋȿ) ɢɥɢ 
ɧɚɧɨɲɟʃɟɦ ɨɞɝɨɜɚɪɚʁɭʄɢɯ ɩɪɟɦɚɡɚ, ɨɞɧɨɫɧɨ ɫɥɨʁɚ ɧɚ ɫɬɚɤɥɨ ɬɨɤɨɦ ɢɥɢ ɩɨ ɨɤɨɧɱɚʃɭ 
ɩɨɫɬɭɩɤɚ ɫɤɥɚɩɚʃɚ ɉɋȿ [16]. 

 

ɋɬɟɩɟɧ ɤɨɪɢɫɧɨɫɬɢ ɉɋȿ ɨɛɢɱɧɨ ɫɟ ɢɡɪɚɠɚɜɚ ɤɚɨ: 
 𝜂𝑝௦௘ = 𝜂଴ − 𝑎ଵሺ ௦ܶ௥ − ௔ܶ௠௕ ) ∕ ܧZ − 𝑎ଶ ሺ ௦ܶ௥ − ௔ܶ௠௕ )² ∕ ܧZ 

ɝɞɟ ʁɟ: 𝜂𝑝௦௘ − ɫɬɟɩɟɧ ɤɨɪɢɫɧɨɫɬɢ ɉɋȿ [−], 𝜂଴ − ɦɚɤɫɢɦɚɥɧɢ ɫɬɟɩɟɧ ɤɨɪɢɫɧɨɫɬɢ3
 [−], 𝑎ଵ −  ɤɨɟɮɢɰɢʁɟɧɬ ɝɭɛɢɬɚɤɚ ɬɨɩɥɨɬɟ  ͳ. ɫɬɟɩɟɧɚ [𝑊/ሺ𝐾 ݉ଶሻ], 𝑎ଶ −  ɤɨɟɮɢɰɢʁɟɧɬ ɝɭɛɢɬɚɤɚ ɬɨɩɥɨɬɟ  ʹ. ɫɬɟɩɟɧɚ [𝑊/ሺ𝐾 ݉ଶሻ], ܧZ −  ˔ˑˎа˓ːа ˋ˓аˇˋјаɧ˙ˋја ːа ˒ˑ˅˓шˋːˋ PSE [𝑊/݉ଶ], ௦ܶ௥ −  ɫɪɟɞʃɚ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɞɧɨɝ ɮɥɭɢɞɚ ɭ ɤɨɥɟɤɬɨɪɭ [𝐾], ௔ܶ௠௕ −   ˕ˈˏ˒ˈ˓а˕˖˓а ˔˒ˑ˯аш˰ˈˆ ˅аˊˇ˖˘а [𝐾]. 

 

ɍ ɫɤɥɚɞɭ ɫɚ ɞɟɮɢɧɢɰɢʁɨɦ ɫɬɟɩɟɧɚ ɤɨɪɢɫɧɨɫɬɢ ɉɋȿ, ɫɥɟɞɢ ɞɚ ɫɟ ɬɨɩɥɨɬɧɚ ɫɧɚɝɚ 
ɤɨɥɟɤɬɨɪɚ ɦɨɠɟ ɢɡɪɚɱɭɧɚɬɢ ɤɚɨ: 𝑝ܲ௦௘ = 𝐴𝑝௦௘   ܧZ  𝜂𝑝௦௘ 𝑝ܲ௦௘ −  ɝɪɟʁɧɚ ɫɧɚɝɚ ɉɋȿ [W], 𝐴𝑝௦௘  − ɩɨɜɪɲɢɧɚ ɉɋȿ [m²]. 
                                                 
1
 ɉɋȿ- ɩɪɢʁɟɦɧɢɰɢ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ 

2
 ɍ ɪɚɞɧɢɦ ɭɫɥɨɜɢɦɚ ɢɪɚɞɢʁɚɧɰɢʁɚ ɩɪɟɞɫɬɚɜʂɚ ɝɥɨɛɚɥɧɭ ɟɧɟɪɝɢʁɭ ɡɪɚɱɟʃɚ ɋɭɧɰɚ 

3
 Ɇɚɤɫɢɦɚɥɧɢ ɫɬɟɩɟɧ ɤɨɪɢɫɧɨɫɬɢ ɫɟ ɱɟɫɬɨ ɧɚɡɢɜɚ ɢ „ɨɩɬɢɱɤɢ ɫɬɟɩɟɧ ɤɨɪɢɫɧɨɫɬɢ“ ɢ ɩɪɟɞɫɬɚɜʂɚ ɫɬɟɩɟɧ 

ɤɨɪɢɫɧɨɫɬɢ ɢɞɟɚɥɧɨ ɬɨɩɥɨɬɧɨ ɢɡɨɥɨɜɚɧɨɝ ɉɋȿ 
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2.2.6 ɉɈɊȿЂȿȵȿ ȿɎɂɄȺɋɇɈɋɌɂ ɊȺɁɅɂɑɂɌɂɏ ɌɂɉɈȼȺ ɉɋȿ 

 

ɍɬɢɰɚʁ ɬɟɦɩɟɪɚɬɭɪɧɟ ɪɚɡɥɢɤɟ ɪɚɞɧɨɝ ɮɥɭɢɞɚ ɢ ɨɤɨɥɢɧɟ ɪɚɡɥɢɱɢɬɨ ɭɬɢɱɟ ɧɚ ɫɬɟɩɟɧ 
ɤɨɪɢɫɧɨɫɬɢ ɩɨʁɟɞɢɧɢɯ ɬɢɩɨɜɚ ɉɋȿ. ɍ ɬɚɛɟɥɢ 1. ɞɚɬɟ ɫɭ ɬɢɩɢɱɧɟ ɜɪɟɞɧɨɫɬɢ ɦɚɤɫɢɦɚɥɧɨɝ 
ɫɬɟɩɟɧɚ ɤɨɪɢɫɧɨɫɬɢ ɢ ɤɨɟɮɢɰɢʁɟɧɚɬɚ ɝɭɛɢɬɚɤɚ ɬɨɩɥɨɬɟ 1. ɢ 2. ɫɬɟɩɟɧɚ ɡɚ ɉɋȿ ɫɚ ɜɚɤɭɭɦ 
ɰɟɜɢɦɚ, ɪɚɜɧɨɝ ɩɥɨɱɚɫɬɨɝ ɜɢɫɨɤɨɟɮɢɤɚɫɧɨɝ ɉɋȿ ɢ ɨɛɢɱɧɨɝ ɪɚɜɧɨɝ ɩɥɨɱɚɫɬɨɝ ɉɋȿ [16]. 

 
Ɍɚɛɟɥɚ 2. ȼɪɟɞɧɨɫɬɢ ɦɚɤɫɢɦɚɥɧɨɝ ɫɬɟɩɟɧɚ ɤɨɪɢɫɧɨɫɬɢ ɢ ɤɨɟɮɢɰɢʁɟɧɚɬɚ ɝɭɛɢɬɚɤɚ ɬɨɩɥɨɬɟ 1. ɢ 2 

ɫɬɟɩɟɧɚ ɡɚ ɉɋȿ ɫɚ ɜɚɤɭɭɦ ɰɟɜɢɦɚ, ɜɢɫɨɤɨɟɮɢɤɚɫɧɨɝ (ɫɚ ɞɜɟ ɩɨɤɪɢɜɤɟ) ɪɚɜɧɨɝ ɩɥɨɱɚɫɬɨɝ ɉɋȿ ɢ ɨɛɢɱɧɨɝ (ɫɚ 
ʁɟɞɧɨɦ ɩɨɤɪɢɜɤɨɦ) ɪɚɜɧɨɝ ɩɥɨɱɚɫɬɨɝ ɉɋȿ [16]. 

 

ɈɁɇȺɄȺ ɉɋȿ Ɍɂɉ ɉɋȿ 𝜼૙ 𝒂૚[𝑾/ሺ𝑲 𝒎૛ሻ] 𝒂૛[𝑾/ሺ𝑲 𝒎૛ሻ] 
A ɉɋȿ ɫɚ ȼɐ 0,75 1,0 0,005 

Ȼ 
ȼɢɫɨɤɨɟɮɢɤɚɫɧɢ ɩɥɨɱɚɫɬɢ 

ɉɋȿ 
0,80 3,0 0,008 

ɐ 
Ɉɛɢɱɧɢ ɪɚɜɧɢ ɩɥɨɱɚɫɬɢ 

ɉɋȿ 
0,75 4,0 0,010 

 

ɍ ɫɤɥɚɞɭ ɫɚ ɩɨɞɚɰɢɦɚ ɢɡ ɬɚɛɟɥɟ 2., ɧɚ ɋɥɢɰɢ 25 ɩɪɢɤɚɡɚɧɚ ʁɟ ɨɞɝɨɜɚɪɚʁɭʄɚ ɩɪɨɦɟɧɚ 
ɫɬɟɩɟɧɚ ɤɨɪɢɫɧɨɫɬɢ ɨɜɚ ɬɪɢ ɬɢɩɚ ɉɋȿ ɭ ɮɭɧɤɰɢʁɢ ɪɚɡɥɢɤɟ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɞɧɨɝ ɮɥɭɢɞɚ ɢ 
ɨɤɨɥɢɧɟ. ɉɪɢ ɬɨɦɟ ʁɟ ɜɪɟɞɧɨɫɬ ɫɬɟɩɟɧɚ ɤɨɪɢɫɧɨɫɬɢ ɨɞɝɨɜɚɪɚʁɭʄɢɯ ɉɋȿ ɞɨɛɢʁɟɧɚ ɩɨɞ 
ɩɪɟɬɩɨɫɬɚɜɤɨɦ ɜɪɟɞɧɨɫɬɢ ɢɧɫɨɥɚɰɢʁɟ ɨɞ 1000 W/m² . ɋɚ ɫɥɢɤɟ ɫɟ ʁɚɫɧɨ ɦɨɠɟ ɭɨɱɢɬɢ ɞɚ ɫɟ 
ɜɪɟɞɧɨɫɬ ɫɬɟɩɟɧɚ ɤɨɪɢɫɧɨɫɬɢ ɉɋȿ ɫɚ ɜɚɤɭɭɦ ɰɟɜɢɦɚ ɦɚɥɨ ɦɟʃɚ ɫɚ ɪɚɡɥɢɤɨɦ ɬɟɦɩɟɪɚɬɭɪɟ, 
ɤɚɨ ɢ ɞɚ ɫɟ ʃɟɧɚ ɜɪɟɞɧɨɫɬ ɤɪɟʄɟ ɨɞ 75% ɞɨ 60% [16].  

 

Ɋɚɡɥɢɤɚ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚʁɜɢɲɟ ɫɦɚʃɭʁɟ ɫɬɟɩɟɧ ɤɨɪɢɫɧɨɫɬɢ ɨɛɢɱɧɢɯ ɩɥɨɱɚɫɬɢɯ ɉɋȿ (ɫɚ 
ʁɟɞɧɨɦ ɩɨɤɪɢɜɤɨɦ), ɤɨʁɚ ɭ ɫɥɭɱɚʁɭ ɪɚɡɥɢɤɟ ɨɞ 100ºC ɦɨɠɟ ɩɚɫɬɢ ɧɚ ɫɜɟɝɚ 25% [16]. 

 

 
ɋɥɢɤɚ 25. Ɍɢɩɢɱɧɚ ɩɪɨɦɟɧɚ ɫɬɟɩɟɧɚ ɤɨɪɢɫɧɨɫɬɢ ɉɋȿ ɭ ɮɭɧɤɰɢʁɢ ɪɚɡɥɢɤɟ ɬɟɦɩɟɪɚɬɭɪɟ ɢɡɦɟђɭ ɫɪɟɞʃɟ 

ɬɟɦɩɟɪɚɬɭɪɟ ɉɋȿ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɨɥɧɨɝ ɜɚɡɞɭɯɚ: ɡɚ ɉɋȿ ɫɚ ɜɚɤɭɭɦ ɰɟɜɢɦɚ, ɪɚɜɧɟ ɩɥɨɱɚɫɬɟ 

ɜɢɫɨɤɨɟɮɢɤɚɫɧɟ ɉɋȿ ɢ ɨɛɢɱɧɟ ɪɚɜɧɟ ɩɥɨɱaɫɬɟ ɉɋȿ, ɩɨɞ ɩɪɟɬɩɨɫɬɚɜɤɨɦ ɜɪɟɞɧɨɫɬ ɢɧɫɨɥɚɰɢʁɟ ɨɞ 1000 W/m². 
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2.3 ɏɂȻɊɂȾɇɂ ɋɈɅȺɊɇɂ ɄɈɅȿɄɌɈɊɂ 

 
Ⱦɨ ɫɚɞɚ ɫɭ ɩɨɫɬɨʁɚɥɢ ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɡɚ ɩɪɨɢɡɜɨɞʃɭ ɬɨɩɥɟ ɫɚɧɢɬɚɪɧɟ ɜɨɞɟ, ɬʁ. 

ɬɟɪɦɢɱɤɢ ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɤɨʁɢ ɫɭ ɩɪɟɬɜɚɪɚɥɢ ɫɭɧɱɟɜɭ ɟɧɟɪɝɢʁɭ ɭ ɬɨɩɥɭ ɜɨɞɭ ɢ ɫɨɥɚɪɧɢ 
ɮɨɬɨɟɥɟɤɬɪɢɱɧɢ ɩɚɧɟɥɢ ɤɨʁɢ ɫɭ ɩɪɟɬɜɚɪɚɥɢ ɬɭ ɢɫɬɭ ɟɧɟɪɝɢʁɭ ɞɢɪɟɤɬɧɨ ɭ ɟɥɟɤɬɪɢɱɧɭ 
ɟɧɟɪɝɢʁɭ. ɋɨɥɚɪɧɢ ɮɨɬɨɧɚɩɨɧɫɤɢ ɫɢɫɬɟɦɢ ɦɨɝɭ ɛɢɬɢ ɢɡɜɟɞɟɧɢ ɢ ɤɚɨ ɯɢɛɪɢɞɧɢ ɫɢɫɬɟɦɢ ɫ 

ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɨɦ, ɤɨɝɟɧɟɪɚɰɢʁɨɦ, ɚ ɧɚʁɱɟɲʄɟ ɫɚ ɝɟɧɟɪɚɬɨɪɨɦ ɧɚ ɞɢɡɟɥ ɢɥɢ ɛɢɨɞɢɡɟɥ 

ɝɨɪɢɜɨ.  

 

 
ɋɥɢɤɚ 26. ɉɪɢɤɚɡ ɤɭʄɟ ɫɚ ɢɧɫɬɚɥɚɰɢʁɨɦ ɫɨɥɚɪɧɢɯ ɫɢɫɬɟɦɚ [17] 

 

ɏɢɛɪɢɞɧɢ ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɢɫɬɨɜɪɟɦɟɧɨ ɩɪɨɢɡɜɨɞɟ ɬɨɩɥɨɬɭ ɧɟɨɩɯɨɞɧɭ ɡɚ ɝɪɟʁɚʃɟ 
ɭɧɭɬɪɚɲʃɟɝ ɩɪɨɫɬɨɪɚ ɢ ɟɥɟɤɬɪɢɱɧɭ ɟɧɟɪɝɢʁɭ. ɉɨ ɫɜɨʁɨʁ ɫɬɪɭɤɬɭɪɢ, ɨɜɢ ɤɨɥɟɤɬɨɪɢ 
ɩɪɟɞɫɬɚɜʂɚʁɭ ɮɭɡɢʁɭ, ɨɞɧɨɫɧɨ ɤɨɦɛɢɧɚɰɢʁɭ ɜɨɞɟɧɨɝ ɢɥɢ ɜɚɡɞɭɲɧɨɝ ɤɨɥɟɤɬɨɪɚ ɢ ɫɨɥɚɪɧɨɝ 

ɮɨɬɨɧɚɩɨɧɫɤɨɝ ɦɨɞɭɥɚ. Ɇɨɧɬɢɪɚʁɭ ɫɟ ɤɚɨ ɢɧɬɟɝɪɢɫɚɧɢ ɢɥɢ ɧɟɡɚɜɢɫɧɨ ɢɧɫɬɚɥɢɪɚɧɢ ɧɚ 
ɮɚɫɚɞɚɦɚ ɢɥɢ ɧɚ ɤɪɨɜɨɜɢɦɚ ɡɝɪɚɞɚ. ɍɝɪɚɞʃɚ ɨɜɢɯ ɫɢɫɬɟɦɚ ɡɚɯɬɟɜɚ ɦɧɨɝɨ ɦɚʃɭ ɩɨɜɪɲɢɧɭ 
ɤɪɨɜɚ, ɭ ɨɞɧɨɫɭ ɧɚ ɩɨɫɟɛɧɭ ɭɝɪɚɞʃɭ ɬɨɩɥɨɜɨɞɧɢɯ ɢ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɦɨɞɭɥɚ, ɩɚ ɫɭ ɭ ɬɨɦ 
ɫɥɭɱɚʁɭ ɢ ɬɪɨɲɤɨɜɢ ɫɚɦɟ ɭɝɪɚɞʃɟ ɧɢɠɢ. Ɂɚɯɬɟɜɢ ɭ ɩɨɝɥɟɞɭ ɧɚɝɢɛɚ, ɨɪɢʁɟɧɬɚɰɢʁɟ ɢ ɦɟɫɬɚ 
ɢɧɫɬɚɥɚɰɢʁɟ ɢɫɬɢ ɫɭ ɤɚɨ ɤɨɞ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɫɢɫɬɟɦɚ. 

 

 
ɋɥɢɤɚ 27. ɉɨɫɬɚɜʂɚʃɟ Ɏɇ ɫɢɫɬɟɦɚ[18] 
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Ɋɚɫɯɥɚɞɧɢ ɦɟɞɢʁɭɦ ɦɨɠɟ ɛɢɬɢ ɜɨɞɚ ɢɥɢ ɜɚɡɞɭɯ. ȿɥɟɤɬɪɢɱɧɚ ɟɧɟɪɝɢʁɚ ɢɡ 
ɮɨɬɨɟɥɟɤɬɪɢɱɧɨɝ ɞɟɥɚ ɤɨɥɟɤɬɨɪɚ ɩɪɢɤʂɭɱɭʁɟ ɫɟ ɧɚ ɟɥɟɤɬɪɢɱɧɭ ɦɪɟɠɭ ɩɪɟɤɨ ɨɞɝɨɜɚɪɚʁɭʄɢɯ 
ɭɪɟђɚʁɚ ɢɥɢ ɧɚ ɚɤɭɦɭɥɚɬɨɪɫɤɟ ɛɚɬɟɪɢʁɟ, ɤɚɤɨ ɛɢ ɫɟ ɩɨ ɩɨɬɪɟɛɢ ɤɨɪɢɫɬɢɥɚ ɤɚɫɧɢʁɟ. Ɍɨɩɥɨɬɧɚ 
ɟɧɟɪɝɢʁɚ ɨɞɜɨɞɢ ɫɟ ɭ ɫɨɥɚɪɧɢ ɛɨʁɥɟɪ, ɬɨɩɥɨɬɧɭ ɩɭɦɩɭ ɢ ɤɨɪɢɫɬɢ ɫɟ ɩɨ ɩɨɬɪɟɛɢ. 

 

ɍ ɫɥɭɱɚʁɭ ɞɚ ɧɟ ɩɨɫɬɨʁɟ ɡɚɯɬɟɜɢ ɡɚ ɩɪɨɢɡɜɨɞʃɭ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɫɨɥɚɪɧɢɦ ɦɨɞɭɥɢɦɚ 

ɢɥɢ ɜɟɬɪɨɝɟɧɟɪɚɬɨɪɨɦ, ɢɡɜɨɪ ɡɚ ɧɚɩɚʁɚʃɟ ɢɫɬɨɫɦɟɪɧɢɯ ɢɥɢ ɢɡɦɟɧɢɱɧɢɯ ɩɨɬɪɨɲɚɱɚ ʄɟ ɛɢɬɢ 

ɚɤɭɦɭɥɚɬɨɪ. ɍ ɫɥɭɱɚʁɭ ɞɚ ɧɢ ɚɤɭɦɭɥɚɬɨɪ ɜɢɲɟ ɧɟɦɚ ɟɧɟɪɝɢʁɟ ɡɚ ɧɚɩɚʁɚʃɟ ɩɨɬɪɨɲɚɱɚ, 

ɭɤʂɭɱɭʁɟ ɫɟ ɝɟɧɟɪɚɬɨɪ ɧɚ ɞɢɡɟɥ ɢɥɢ ɛɢɨɞɢɡɟɥ ɝɨɪɢɜɨ. 

 

ɇɚ ɫɥɢɰɢ 28. ɩɪɢɤɚɡɚɧɚ ʁɟ ɲɟɦɚ ɫɚɦɨɫɬɚɥɧɨɝ ɯɢɛɪɢɞɧɨɝ ɮɨɬɨɧɚɩɨɧɫɤɨɝ ɫɢɫɬɟɦɚ ɫ 

ɝɟɧɟɪɚɬɨɪɨɦ ɡɚ ɧɚɩɚʁɚʃɟ ɩɨɬɪɨɲɚɱɚ ɧɚ ɢɫɬɨɫɦɟɪɧɭ (DC) ɢɥɢ ɢɡɦɟɧɢɱɧɭ ɫɬɪɭʁɭ (AC). 

 

 
ɋɥɢɤɚ 28. Шɟɦɚ ɫɚɦɨɫɬɚɥɧɨɝ ɯɢɛɪɢɞɧɨɝ ɫɢɫɬɟɦɚ ɫɚ ɝɟɧɟɪɚɬɨɪɨɦ [19] 

 

ɋɭɧɰɟ ɲɚʂɟ ɲɢɪɨɤɢ ɫɩɟɤɬɚɪ ɟɥɟɤɬɪɨɦɚɝɧɟɬɧɢɯ ɬɚɥɚɫɚ ɪɚɡɥɢɱɢɬɢɯ ɬɚɥɚɫɧɢɯ ɞɭɠɢɧɚ. Ɂɚ 
ɞɨɛɢʁɚʃɟ ɬɟɪɦɢɱɤɟ ɢ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɜɟɨɦɚ ɫɭ ɡɧɚɱɚʁɧɚ ɞɜɚ ɬɚɥɚɫɧɚ ɨɩɫɟɝɚ ɬɨɝ 
ɡɪɚɱɟʃɚ: "ɜɢɞʂɢɜɢ" ɞɟɨ, ɬɚɥɚɫɧɟ ɞɭɠɢɧɟ 400-750 nm ɢ "ɧɟɜɢɞʂɢɜɢ" ɞɟɨ - "ɢɧɮɪɚɰɪɜɟɧɢ", 
ɬɚɥɚɫɧɟ ɞɭɠɢɧɟ 750 nm. ȼɢɞʂɢɜɢ ɞɟɨ ɫɩɟɤɬɪɚ ɩɪɨɢɡɜɨɞɢ ɟɥɟɤɪɢɱɧɭ ɟɧɟɪɝɢʁɭ, ɚ ɧɟɜɢɞʂɢɜɢ 
ɞɟɨ ɫɩɟɤɪɚ ɩɪɨɢɡɜɨɞɢ ɬɨɩɥɨɬɧɭ ɟɧɟɪɝɢʁɭ, ɨɞɧɨɫɧɨ ɬɨɩɥɭ ɜɨɞɭ ɢɥɢ ɬɨɩɥɢ ɜɚɡɞɭɯ. 
ɍɞɪɭɠɟɧɢ, ɨɜɚ ɞɜɚ ɟɧɟɪɝɟɧɬɚ ɩɨɜɟʄɚɜɚʁɭ ɫɬɟɩɟɧ ɢɫɤɨɪɢɲʄɟʃɚ ɯɢɛɪɢɞɧɨɝ ɫɨɥɚɪɧɨɝ 
ɤɨɥɟɤɬɨɪɚ ɧɚ 50-60%, ɲɬɨ ʁɟ ɡɧɚɬɧɨ ɜɢɲɟ ɨɞ ɱɢɫɬɨ ɬɟɪɦɢɱɤɨɝ ɢ ɱɢɫɬɨ ɮɨɬɨɟɥɟɤɬɪɢɱɧɨɝ 
ɤɨɥɟɤɬɨɪɚ [19]. 

 

ɏɢɛɪɢɞɧɢ ɤɨɥɟɤɬɨɪɢ ɫɭ ɡɚɩɪɚɜɨ ɮɨɬɨɧɚɩɨɧɫɤɢ-ɬɟɪɦɢɱɤɢ ɤɨɥɟɤɬɨɪɢ. Ɍɟɪɦɢɱɤɢ 
ɤɨɥɟɤɬɨɪ ɢɦɚ ɫɬɟɩɟɧ ɢɫɤɨɪɢɲʄɟʃɚ ɨɤɨ 45%, ɚ ɮɨɬɨɟɥɟɤɬɪɢɱɧɢ 15-18%. ɇɚ ɨɫɧɨɜɭ 
ɞɨɫɚɞɚɲʃɟɝ ɫɬɚʃɚ ɫɨɥɚɪɧɟ ɬɟɯɧɢɤɟ, ɧɨɜɢ ɯɢɛɪɢɞɧɢ ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɩɪɨɢɡɜɨɞɟ ɢɡɦɟђɭ 
300-400 W ɟɧɟɪɝɢʁɟ ɩɨ m² ɩɨɜɪɲɢɧɟ ɤɨɥɟɤɬɨɪɚ. Ɉɞ ɬɨɝɚ ɧɚ ɟɥɟɤɬɪɢɱɧɭ ɟɧɟɪɝɢʁɭ ɨɬɩɚɞɚ 
100-150 W, ɚ ɨɫɬɚɥɨ ʁɟ ɬɨɩɥɨɬɧɚ ɟɧɟɪɝɢʁɚ ɭ ɜɢɞɭ ɬɨɩɥɟ ɜɨɞɟ ɢɥɢ ɬɨɩɥɨɝ ɜɚɡɞɭɯɚ [20]. 
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Ɍɟɯɧɢɱɤɚ ɪɟɲɟʃɚ ɡɚ ɧɨɜɢ ɯɢɛɪɢɞɧɢ ɤɨɥɟɤɬɨɪ ɦɨɝɭ ɛɢɬɢ ɞɜɨʁɚɤɚ: 
 ɫɥɢɱɚɧ ɬɟɪɦɢɱɤɨɦ ɤɨɥɟɤɬɨɪɭ, ɬʁ. ɩɨɫɬɚɜʂɟɧ ɭ ɤɭʄɢɲɬɟ ɬɟɪɦɢɱɤɨɝ ɤɨɥɟɤɬɨɪɚ ɫɚ 

ɡɚɲɬɢɬɧɢɦ ɫɬɚɤɥɨɦ, ɞɨɛɪɨɦ ɬɟɪɦɢɱɤɨɦ ɢɡɨɥɚɰɢʁɨɦ ɢ ɮɨɬɨɟɥɟɤɬɪɢɱɧɢɦ ʄɟɥɢʁɚɦɚ ɢɫɩɨɞ 
ɡɚɲɬɢɬɧɨɝ ɫɬɚɤɥɚ, 

 ɢɡɜɟɞɛɚ ɫɥɢɱɧɚ ɮɨɬɨɟɥɟɤɬɪɢɱɧɨʁ ʄɟɥɢʁɢ, ɢɫɩɨɞ ɤɨʁɟ ɫɟ ɩɨɫɬɚɜʂɚ ɬɟɪɦɢɱɤɢ ɤɨɥɟɤɬɨɪ 
ɛɟɡ ɡɚɲɬɢɬɧɨɝ ɫɬɚɤɥɚ ɢ ɬɟɪɦɢɱɤɟ ɢɡɨɥɚɰɢʁɟ. 

 

ɉɪɜɚ ɦɨɝɭʄɧɨɫɬ ɫɟ ɡɚɫɧɢɜɚ ɧɚ ɞɨɛɢʁɚʃɭ ɫɚɧɢɬɚɪɧɟ ɬɨɩɥɟ ɜɨɞɟ, ɚ ɞɪɭɝɨ ɧɚ ɞɨɛɢʁɚʃɭ 
ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ. ɍ ɨɛɚ ɫɥɭɱɚʁɚ ɮɨɬɨɟɥɟɤɬɪɢɱɧɟ ʄɟɥɢʁɟ ɫɟ ɩɨɫɬɚɜʂɚʁɭ ɢɡɧɚɞ ɬɟɪɦɢɱɤɨɝ 
ɞɟɥɚ ɤɨɥɟɤɬɨɪɚ. 

 

 
 

ɋɥɢɤɚ 29. Ɉɫɧɨɜɧɟ ɤɨɦɩɨɧɟɧɬɟ ɢ ɩɪɢɧɰɢɩ ɮɭɧɤɰɢɨɧɢɫɚʃɚ ɯɢɛɪɢɞɧɨɝ ɫɨɥɚɪɧɨɝ ɤɨɥɟɤɬɨɪɚ [21] 

 

ɂɞɟʁɚ ɞɚ ɫɟ ɢɡɜɪɲɢ ɨɛʁɟɞɢʃɚɜɚʃɟ ɞɜɚ ɤɨɥɟɤɬɨɪɚ ɭ ʁɟɞɚɧ ɧɢʁɟ ɧɨɜɚ, ɚɥɢ ʁɟ ɫɚɞɚ 
ɢɡɜɨɞʂɢɜɚ ɡɚɯɜɚʂɭʁɭʄɢ ɧɚɩɪɟɬɤɭ ɬɟɯɧɨɥɨɝɢʁɟ ɢ ɩɪɢɦɟɧɢ ɛɨʂɢɯ ɢɡɨɥɚɰɢɨɧɢɯ ɦɚɬɟɪɢʁɚɥɚ. 
ɂɚɤɨ ɫɚɦɚ ɢɞɟʁɚ ɨɜɚɤɜɢɯ ɫɢɫɬɟɦɚ ɧɢʁɟ ɧɨɜɚ, ɨɜɚ ɬɟɯɧɨɥɨɝɢʁɚ ʁɟ ɪɟɥɚɬɢɜɧɨ ɧɟɩɨɡɧɚɬɚ ɢ 
ɧɟɞɨɜɨʂɧɨ ɢɫɬɪɚɠɟɧɚ. ɍ ɧɟɤɢɦ ȿɜɪɨɩɫɤɢɦ ɡɟɦʂɚɦɚ ɩɨɫɬɨʁɟ ɩɢɥɨɬ ɩɪɨʁɟɤɬɢ ɫ ɨɜɨɦ 
ɬɟɯɧɨɥɨɝɢʁɨɦ. ɉɪɜɢ ɯɢɛɪɢɞɧɢ ɤɨɥɟɤɬɨɪ ɭ Ɍɭɪɫɤɨʁ ɟɥɟɤɬɪɢɱɧɟ ɫɧɚɝɟ 3,55 kW, ɨɫɬɜɚɪɭʁɟ 
ɝɨɞɢɲʃɭ ɩɪɨɢɡɜɨɞʃɭ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɭ ɢɡɧɨɫɭ ɨɞ 3 808 kWh ɢ ɝɨɞɢɲʃɭ ɩɪɨɢɡɜɨɞʃɭ 
ɬɨɩɥɨɬɧɟ ɟɧɟɪɝɢʁɟ ɨɞ 14 064 kWh [22]. 
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ɋɥɢɤɚ 30. ɉɪɟɫɟɤ ɯɢɛɪɢɞɧɨɝ ɤɨɥɟɤɬɨɪɚ [22] 

 

 

ɉɊȿȾɇɈɋɌɂ ɏɂȻɊɂȾɇɂɏ ɋɈɅȺɊɇɂɏ ɄɈɅȿɄɌɈɊȺ: 

 10-15% ɜɟʄɢ ɫɬɟɩɟɧ ɢɫɤɨɪɢɲʄɟʃɚ ɭ ɩɪɨɢɡɜɨɞʃɢ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ, ɭ ɨɞɧɨɫɭ ɧɚ 
ɩɨɫɬɨʁɟʄɟ ɮɨɬɨɧɚɩɨɧɫɤɟ ɩɚɧɟɥɟ, 

 ɩɪɨɢɡɜɨɞʃɚ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɢ ɬɨɩɥɟ ɜɨɞɟ ɨɛɚɜʂɚ ɫɟ ɭ ʁɟɞɧɨʁ ɤɨɥɟɤɬɨɪɫɤɨʁ 
ʁɟɞɢɧɢɰɢ (ɤɭʄɢɲɬɭ), 

 ɧɢɠɚ ɰɟɧɚ - (ɰɟɧɚ ʁɟ ɜɟʄɚ 20-30% ɭ ɨɞɧɨɫɭ ɧɚ ɤɥɚɫɢɱɚɧ Ɏɇ ɩɚɧɟɥ, ɚɥɢ ʁɟ ɡɚɬɨ ɦɚʃɚ, 
ɤɚɞɚ ɛɢ ɫɟ ɪɚɱɭɧɚɥɚ ɰɟɧɚ ɩɨɫɟɛɧɨ ɮɨɬɨɟɥɟɤɬɪɢɱɧɨɝ ɩɚɧɟɥɚ ɢ ɬɟɪɦɢɱɤɨɝ ɤɨɥɟɤɬɨɪɚ), 

 ɢɫɤɨɪɢɲʄɟʃɟ ɤɪɨɜɧɟ ɩɨɜɪɲɢɧɟ ʁɟ ɟɮɢɤɚɫɧɢʁɟ, ɬʁ. ɦɚʃɚ ʁɟ ɡɚɭɡɟɬɨɫɬ ɤɪɨɜɧɢɯ 
ɩɨɜɪɲɢɧɚ [2]. 

 
 

   ɋɥɢɤɚ 31. ɏɢɛɪɢɞɧɢ ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ [22] 
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3. ɉɊɂɆȿɇȺ ɋɈɅȺɊɇɂɏ ɋɂɋɌȿɆȺ ɍ ɁȽɊȺȾȺɆȺ  

 
ɂɫɬɪɚɠɢɜɚʃɚ ɢ ɭɫɚɜɪɲɚɜɚʃɟ ɬɟɯɧɨɥɨɝɢʁɚ ɡɚ ɢɫɤɨɪɢɲʄɟʃɟ ɨɛɧɨɜʂɢɜɢɯ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ 

ɫɩɪɨɜɨɞɟ ɫɟ ɭ ɦɧɨɝɢɦ ɩɨɞɪɭɱʁɢɦɚ ʂɭɞɫɤɨɝ ɞɟɥɨɜɚʃɚ, ɩɚ ɬɚɤɨ ɢ ɭ ɡɝɪɚɞɚɪɫɬɜɭ. ɋ ɨɛɡɢɪɨɦ 

ɧɚ ɬɨ ɞɚ ɡɝɪɚɞɟ ɞɚɧɚɫ ɩɨɬɪɨɲɟ ɨɤɨ ɩɨɥɨɜɢɧɭ ɭɤɭɩɧɟ ɩɪɨɢɡɜɟɞɟɧɟ ɟɧɟɪɝɢʁɟ, ɞɨɥɚɡɢ ɜɪɟɦɟ 

ɤɚɞɚ ʄɟ ɫɟ ɤɭʄɟ ɫɜɟ ɜɢɲɟ ɩɨɫɦɚɬɪɚɬɢ ɤɚɨ ɬɟɪɦɨɞɢɧɚɦɢɱɤɢ, ɚ ɧɟ ɫɚɦɨ ɤɚɨ ɝɪɚђɟɜɢɧɫɤɢ 

ɨɛʁɟɤɬɢ. 

 

ɋɨɥɚɪɧɢ ɫɢɫɬɟɦɢ ɭ ɡɝɪɚɞɚɦɚ ɦɨɝɭ ɫɟ ɤɨɪɢɫɬɢɬɢ ɧɚ ɬɪɢ ɧɚɱɢɧɚ: 
 ɩɪɢɦɟɧɨɦ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɫɨɥɚɪɧɢɯ ʄɟɥɢʁɚ ɡɚ ɩɪɨɢɡɜɨɞʃɭ ɟɥ. ɟɧɟɪɝɢʁɟ, 
 ɚɤɢɜɧɨ - ɫɢɫɬɟɦ ɫɚ ɫɨɥɚɪɧɢɦ ɤɨɥɟɤɬɨɪɢɦɚ ɢ ɛɨʁɥɟɪɨɦ ɬɨɩɥɟ ɜɨɞɟ, 
 ɩɚɫɢɜɧɨ - ɡɚ ɝɪɟʁɚʃɟ ɢ ɨɫɜɟɬʂɚɜɚʃɟ ɩɪɨɫɬɨɪɚ. 
 

Ɋɚɰɢɨɧɚɥɧɨɦ ɩɨɬɪɨɲʃɨɦ ɟɧɟɪɝɢʁɟ ɢ ɩɨɫɬɢɡɚʃɟɦ ɡɚɞɨɜɨʂɚɜɚʁɭʄɟ ɟɧɟɪɝɟɬɫɤɟ 

ɟɮɢɤɚɫɧɨɫɬɢ ɡɝɪɚɞɚ, ɭɩɨɬɪɟɛɨɦ ɫɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ, ɡɧɚɱɚʁɧɨ ɛɢ ɫɟ ɞɨɩɪɢɧɟɥɨ ɩɪɢɜɪɟɞɧɨɦ ɢ 

ɩɪɨɫɬɨɪɧɨɦ ɪɚɡɜɨʁɭ, ɚ ɩɨɫɟɛɧɨ ɭɛɥɚɠɚɜɚʃɭ ɟɧɟɪɝɟɬɫɤɟ ɢ ɟɤɨɥɨɲɤɟ ɤɪɢɡɟ [16]. 

 

3.1 ɎɈɌɈɇȺɉɈɇɋɄɂ ɋɈɅȺɊɇɂ ɋɂɋɌȿɆɂ ɂ ɌȿɏɇɈɅɈȽɂȳȿ ɁȺ 
ȽȿɇȿɊɂɋȺȵȿ ɂ ɉɊɈɂɁȼɈȾȵɍ ȿɅȿɄɌɊɂɑɇȿ ȿɇȿɊȽɂȳȿ 

 

Ɏɨɬɨɧɚɩɨɧɫɤɢ ɫɢɫɬɟɦɢ ɫɟ ɝɟɧɟɪɚɥɧɨ ɦɨɝɭ ɩɨɞɟɥɢɬɢ ɭ ɞɜɟ ɨɫɧɨɜɧɟ ɝɪɭɩɟ: 
 ɦɪɟɠɧɨ ɫɩɨʁɟɧɢ Ɏɇ ɫɢɫɬɟɦɢ (Ɏɇ ɫɢɫɬɟɦɢ ɩɪɢɤʂɭɱɟɧɢ ɧɚ ʁɚɜɧɭ ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɭ 

ɦɪɟɠɭ, ɬɡɜ. On-Grid ɫɢɫɬɟɦɢ), 
 ɫɚɦɨɫɬɚɥɧɢ Ɏɇ ɫɢɫɬɟɦɢ (Ɏɇ ɫɢɫɬɟɦɢ ɤɨʁɢ ɧɢɫɭ ɩɪɢɤʂɭɱɟɧɢ ɧɚ ʁɚɜɧɭ 

ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɭ ɦɪɟɠɭ, ɬɡɜ. Off-Grid ɫɢɫɬɟɦɢ). 

 

3.1.1 ɆɊȿɀɇɈ ɋɉɈȳȿɇɂ Ɏɇ ɋɂɋɌȿɆɂ (ON-GRID) 

 

ɋɨɥɚɪɧɢ ɫɢɫɬɟɦɢ (On-Grid) ɤɨʁɢ ɫɟ ɦɨɝɭ ɩɪɢɤʂɭɱɢɬɢ ɧɚ ʁɚɜɧɭ ɟɥɟɤɬɪɢɱɧɭ ɦɪɟɠɭ ɜɪɥɨ 

ɫɭ ʁɟɞɧɨɫɬɚɜɧɢ ɢ ɟɮɢɤɚɫɧɢ ɨɛɧɨɜʂɢɜɢ ɟɧɟɪɝɟɬɫɤɢ ɫɢɫɬɟɦɢ. Ɍɨɤɨɦ ɞɚɧɚ, ɤɚɞɚ ɢɦɚ ɋɭɧɰɚ, 
ɫɢɫɬɟɦ ɝɟɧɟɪɢɲɟ ɟɥɟɤɬɪɢɱɧɭ ɟɧɟɪɝɢʁɭ. Ƚɟɧɟɪɢɫɚɧɚ ɟɧɟɪɝɢʁɚ ɦɨɠɟ ɨɞɦɚɯ ɞɚ ɫɟ ɤɨɪɢɫɬɢ ɭ 
ɞɨɦɚʄɢɧɫɬɜɭ. ɇɚ ɬɚʁ ɧɚɱɢɧ ʄɟ ɫɟ ɭɲɬɟɞɟɬɢ ɪɚɱɭɧ ɡɚ ɫɬɪɭʁɭ ɢɥɢ ɫɟ ɟɧɟɪɝɢʁɚ ɜɪɚʄɚ ɭ ʁɚɜɧɭ 
ɟɥɟɤɬɪɢɱɧɭ ɦɪɟɠɭ. ɍ ɨɜɨɦ ɫɥɭɱɚʁɭ ɪɟɝɟɧɟɪɢɫɚɧɚ ɟɧɟɪɝɢʁɚ ɫɟ ɢɡɦɟɪɢ ɢ ɤɚɫɧɢʁɟ ɫɟ ɨɛɪɚɱɭɧɚ 
ɢɡɦɟђɭ ɞɨɦɚʄɢɧɫɬɜɚ ɢ ɟɥɟɤɬɪɨɞɢɫɬɪɢɛɭɰɢʁɟ. 

Ⱦɨɦɚʄɢɧɫɬɜɚ ɧɚʁɦɚʃɟ ɬɪɨɲɟ ɟɧɟɪɝɢʁɭ ɭ ɬɨɤɭ ɞɚɧɚ, ɦɟђɭɬɢɦ, ɧɚ ɧɢɜɨɭ ɞɪɠɚɜɟ ɭɩɪɚɜɨ ɫɟ 
ɩɪɟɤɨ ɞɚɧɚ ɬɪɨɲɢ ɧɚʁɜɢɲɟ, ɢ ɫɨɥɚɪɧɢ ɫɢɫɬɟɦɢ ɩɨɦɚɠɭ ɞɚ ɫɟ ɩɨɬɪɚɠʃɚ ɡɚ ɟɧɟɪɝɢʁɨɦ 
ɡɚɞɨɜɨʂɢ. Ⱥɤɨ ɜɟʄ ɩɨɫɬɨʁɢ ɞɨɜɨʂɚɧ ɛɪɨʁ ɫɨɥɚɪɧɨɝ ɫɢɫɬɟɦɚ ɭ ɡɟɦʂɢ, ɨɧɞɚ ɬɚʁ ɫɢɫɬɟɦ ɦɨɠɟ 
ɞɚ ɪɟɞɭɤɭʁɟ ɪɚɞ ɡɚɝɚђɭʁɭʄɢɯ ɟɥɟɤɬɪɚɧɚ ɤɨʁɟ ɪɚɞɟ ɧɚ ɬɪɚɞɢɰɢɨɧɚɥɚɧ ɧɚɱɢɧ (ɧɚ ɩɪɢɦɟɪ: 
ɬɟɪɦɨɟɥɟɤɬɪɚɧɟ, ɧɭɤɥɟɚɪɧɟ ɟɥɟɤɬɪɚɧɟ, ɢɬɞ). 

ɍ ɨɞɧɨɫɭ ɧɚ ɞɚɧ, ɬɨɤɨɦ ɧɨʄɢ ʁɟ ɩɨɬɪɨɲʃɚ ɦɧɨɝɨ ɦɚʃɚ ɧɚ ɧɢɜɨɭ ɞɪɠɚɜɟ. ɍ ɬɨ ɞɨɛɚ 
ɫɨɥɚɪɧɢ ɫɢɫɬɟɦ ɧɟ ɩɪɨɢɡɜɨɞɢ ɟɧɟɪɝɢʁɭ, ɞɨɦɚʄɢɧɫɬɜɚ ɬɪɨɲɟ ɟɧɟɪɝɢʁɭ ɢɡ ɬɪɚɞɢɰɢɨɧɚɥɧɢɯ 
ɢɡɜɨɪɚ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ, ɤɨʁɭ ɧɚɪɚɜɧɨ ɦɟɪɢ ɫɬɪɭʁɨɦɟɪ. Ɍɨ ɡɧɚɱɢ ɞɚ ɩɨɫɬɨʁɢ 

ɪɟɝɟɧɟɪɢɫɚɧɚ ɢ ɩɨɬɪɨɲɟɧɚ ɤɨɥɢɱɢɧɚ ɟɧɟɪɝɢʁɟ ɢ ɬɪɟɛɚ ʁɟ ɫɚɦɨ ɨɛɪɚɱɭɧɚɬɢ ɩɨ ɜɪɟɦɟɧɫɤɢɦ 
ɩɟɪɢɨɞɢɦɚ. 
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Ɉɫɧɨɜɧɢ ɞɟɥɨɜɢ ɦɪɟɠɧɨ ɫɩɨʁɟɧɨɝ Ɏɇ ɫɢɫɬɟɦɚ ɫɭ: 

 ɮɨɬɨɧɚɩɨɧɫɤɢ ɦɨɞɭɥɢ, ɮɨɬɨɧɚɩɨɧɫɤɢ ɢɫɩɪɚɜʂɚɱ, ɦɨɧɬɚɠɧɚ ɩɨɞɤɨɧɫɬɪɭɤɰɢʁɚ, 

ɡɚɬɢɦ ɩɪɢɤʂɭɱɧɨ ɦɟɪɧɢ ɨɪɦɚɪ ɫɚ ɡɚɲɬɢɬɧɨɦ ɢ ɢɧɫɬɚɥɢɪɚɧɨɦ ɨɩɪɟɦɨɦ [23].  

 

 
ɋɥɢɤɚ 32.  Ⱦɟɥɨɜɢ on grɢd ɫɢɫɬɟɦɚ [23] 

 

Ɏɨɬɨɧɚɩɨɧɫɤɢ ɦɨɞɭɥɢ ɩɪɟɬɜɚɪɚʁɭ ɫɭɧɱɟɜɭ ɟɧɟɪɝɢʁɭ ɭ ʁɟɞɧɨɫɦɟɪɧɭ ɫɬɪɭʁɭ, ɚ 

ɮɨɬɨɧɚɩɨɧɫɤɢ ɢɫɩɪɚɜʂɚɱ ɩɪɢɥɚɝɨђɚɜɚ ɬɚɤɨ ɩɪɨɢɡɜɟɞɟɧɭ ɟɧɟɪɝɢʁɭ ɭ ɨɛɥɢɤ ɭ ɤɨʁɟɦ ɫɟ ɦɨɠɟ 
ɩɪɟɞɚɬɢ ɭ ʁɚɜɧɭ ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɭ ɦɪɟɠɭ [23].  

 

Ɏɨɬɨɧɚɩɨɧɫɤɢ ɢɫɩɪɚɜʂɚɱ ɫɟ ɧɚʁɱɟɲʄɟ ɧɚɥɚɡɢ ɭ ɡɝɪɚɞɢ ɭ ɡɚɬɜɨɪɟɧɨɦ ɩɪɨɫɬɨɪɭ, ɢɚɤɨ 
ɩɨɫɬɨʁɟ ɢ ɢɫɩɪɚɜʂɚɱɢ ɡɚ ɫɩɨʂɧɨ ɭɝɪɚђɢɜɚʃɟ, ɩɪɢ  ɱɟɦɭ ɬɪɟɛɚ ɩɚɡɢɬɢ ɞɚ ɧɢɫɭ ɞɢɪɟɤɬɧɨ 
ɢɡɥɨɠɟɧɢ ɫɭɧɱɟɜɨɦ ɡɪɚɱɟʃɭ. ɂɫɩɪɚɜʂɚɱɢ ɩɪɨɢɡɜɨɞɟ ɤɜɚɥɢɬɟɬɧɭ ɟɧɟɪɝɢʁɭ  ɨɞɝɨɜɚɪɚʁɭʄɟɝ 
ɧɚɩɨɧɚ ɢ  ɩɨɝɨɞɧɢ ɫɭ ɡɚ ɦɪɟɠɧɟ ɮɨɬɨɧɚɩɨɧɫɤɟ ɫɢɫɬɟɦɟ. Ɇɪɟɠɧɢ ɢɫɩɪɚɜʂɚɱɢ ɪɚɞɟ ɤɚɨ ɢ 
ɫɜɚɤɢ ɞɪɭɝɢ ɢɫɩɪɚɜʂɚɱɢ, ɫ ɬɨɦ ɪɚɡɥɢɤɨɦ ɞɚ ɦɪɟɠɧɢ ɢɫɩɪɚɜʂɚɱɢ ɦɨɪɚʁɭ ɞɚ ɨɛɟɡɛɟɞɟ ɧɚɩɨɧ 
ɤɨʁɢ ʁɟ ɭ ɮɚɡɢ ɞɚ ɧɚɩɨɧ ɤɨʁɢ ɢɫɩɨɪɭɱɭʁɭ ɛɭɞɟ ɭ ɮɚɡɢ ɫ ɦɪɟɠɧɢɦ ɧɚɩɨɧɨɦ [23].  

 

 Ʉɚɞɚ ɫɟ ɢɡɝɪɚɞɢ On-Grid ɫɨɥɚɪɧɢ ɫɢɫɬɟɦ ɩɨɬɪɟɛɧɨ ʁɟ ɭɝɪɚɞɢɬɢ ɧɟɤɨɥɢɤɨ ɞɨɞɚɬɧɢɯ 
ɭɪɟђɚʁɚ. ɇɟɨɩɯɨɞɚɧ ʁɟ ɩɪɟɤɢɞɚɱ ɢ ɤɨɧɬɪɨɥɟɪ ɫɢɫɬɟɦɚ ɤɨʁɢ ʄɟ ɭɫɥɟɞ ɧɟɫɬɚɧɤɚ ɫɬɪɭʁɟ ɧɚɲ 
ɫɢɫɬɟɦ ɭɤɢɧɭɬɢ ɫɚ ɦɪɟɠɟ ɛɟɡɛɟɞɧɨ ɢ ɩɪɟɦɚ ɩɪɚɜɢɥɢɦɚ. Ɍɚɤɨ ɫɟ ɧɟ ɭɝɪɨɠɚɜɚ ɠɢɜɨɬ 
ɪɚɞɧɢɤɚ ɧɚ ɟɥɟɤɬɪɢɱɧɨʁ ɦɪɟɠɢ. ɉɨɬɪɟɛɧɢ ɫɭ ɚɤɭɦɭɥɚɬɨɪɢ ɤɨʁɢ ʄɟ ɩɪɟɦɨɫɬɢɬɢ ɫɚɬɟ ɤɚɞɚ 

ɧɟɦɚ ɫɭɧɱɟɜɟ ɫɜɟɬɥɨɫɬɢ. ɉɨɬɪɟɛɚɧ ʁɟ ɦɧɨɝɨ ɦɚʃɢ ɛɪɨʁ ɚɤɭɦɭɥɚɬɨɪɚ ɧɟɝɨ ɭ ɫɢɫɬɟɦɭ ɤɨʁɢ ɧɟ 
ɦɨɠɟ ɞɚ ɫɚɪɚђɭʁɟ ɫɚ ɦɪɟɠɨɦ. Ɉɜɚ ɜɚɪɢʁɚɧɬɚ On-Grid ɫɢɫɬɟɦɚ ɡɨɜɟ ɫɟ ɯɢɛɪɢɞɧɚ ɫɨɥɚɪɧɚ 
ɟɥɟɤɬɪɚɧɚ. 

 

ɋɧɚɝɚ On-Grid ɫɢɫɬɟɦɚ ɤɪɟʄɟ ɫɟ ɨɞ ɧɟɤɨɥɢɤɨ ɫɬɨɬɢɧɚ W ɞɨ ɧɟɤɨɥɢɤɨ MW ɫɧɚɝɟ. Ɂɚ 
ɞɨɦɚʄɢɧɫɬɜɚ ɧɚʁɱɟɲʄɟ ɫɟ ɢɡɝɪɚђɭʁɭ On-Grid Ɏɇ ɫɢɫɬɟɦɢ ɨɞ 3 ɞɨ 8 kW ɫɧɚɝɟ. ɋɚ ɨɜɢɦ 
ɫɢɫɬɟɦɢɦɚ ɦɨɠɟ ɫɟ ɭ ɩɨɬɩɭɧɨɫɬɢ ɡɚɞɨɜɨʂɢɬɢ ɭɩɨɬɪɟɛɚ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɭ 
ɞɨɦɚʄɢɧɫɬɜɢɦɚ. Ɇɚɥɢɦ ɢ ɫɪɟɞʃɢɦ ɮɢɪɦɚɦɚ, ɩɪɟɞɭɡɟʄɢɦɚ ɩɪɟɩɨɪɭɱɭʁɭ ɫɟ On-Grid ɫɨɥɚɪɧɢ 
ɫɢɫɬɟɦɢ ɨɞ 10 ɞɨ 50 kW ɫɧɚɝɟ, ɚ ɜɟɥɢɤɢɦ ɩɨɬɪɨɲɚɱɢɦɚ, ɩɨɝɨɧɢɦɚ, ɜɟɥɢɤɢɦ ɪɨɛɧɢɦ ɤɭʄɚɦɚ 
ɫɨɥɚɪɧɢ ɫɢɫɬɟɦɢ ɤɚɩɚɰɢɬɟɬɚ ɜɟʄɢɯ ɨɞ 50 kW [24]. 
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ɍ ɫɜɚɤɨɦ ɫɥɭɱɚʁɭ ɫɧɚɝɭ ɫɨɥɚɪɧɨɝ ɫɢɫɬɟɦɚ ɬɪɟɛɚ ɩɪɢɥɚɝɨɞɢɬɢ ɦɟɫɟɱɧɨʁ ɢɥɢ ɝɨɞɢɲʃɨʁ 
ɩɨɬɪɨɲʃɢ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ. Ƚɨɞɢɲʃɚ ɢɥɢ ɦɟɫɟɱɧɚ ɩɨɬɪɨɲʃɚ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ 

ɥɚɤɨ ɦɨɠɟ ɞɚ ɫɟ ɨɞɪɟɞɢ ɢɡ ɪɚɱɭɧɚ ɡɚ ɟɥɟɤɬɪɢɱɧɭ ɟɧɟɪɝɢʁɭ. 

  

ɇɚ ɨɫɧɨɜɭ ɞɨɫɚɞɚɲʃɟɝ ɢɫɤɭɫɬɜɚ ɤɨɞ Ɉn-Grid ɫɨɥɚɪɧɢɯ ɫɢɫɬɟɦɚ ɧɚ ɩɨɞɪɭɱʁɭ ɋɪɛɢʁɟ ɢ 

ɨɤɨɥɧɢɯ ɡɟɦɚʂɚ 1 kW ɫɨɥɚɪɧɢ ɫɢɫɬɟɦ ɝɨɞɢɲʃɟ ɫɬɜɚɪɚ ɨɞ 1150 ɞɨ 1250 kWh ɟɥɟɤɬɪɢɱɧɟ 

ɟɧɟɪɝɢʁɟ [24]. 

 

3.1.2 ɋȺɆɈɋɌȺɅɇɂ Ɏɇ ɋɂɋɌȿɆɂ (OFF-GRID) 

 

Off-Grid ɫɢɫɬɟɦ ɩɨɞɪɚɡɭɦɟɜɚ ɫɢɫɬɟɦ ɤɨʁɢ ɪɚɞɢ ɫɚɦɨɫɬɚɥɧɨ, ɧɟɡɚɜɢɫɧɨ, ɭ ɩɨɪɟђɟʃɭ ɫɚ 
ɫɢɫɬɟɦɨɦ ɤɨʁɢ ɦɨɪɚ ɛɢɬɢ ɩɪɢɤʂɭɱɟɧ ɧɚ ʁɚɜɧɭ ɟɥɟɤɬɪɢɱɧɭ ɦɪɟɠɭ. ɍ ɪɭɪɚɥɧɢɦ ɩɨɞɪɭɱʁɢɦɚ, 
ɝɞɟ ɧɟ ɩɨɫɬɨʁɢ ɟɥɟɤɬɪɢɱɧɚ ɦɪɟɠɚ ɢ ɩɪɢɩɚɞɚʁɭʄɚ ɢɧɮɪɚɫɬɪɭɤɬɭɪɚ, ɤɨɪɢɫɬɟ ɫɟ ɨɜɚɤɜɢ 
ɫɢɫɬɟɦɢ. ɍ off-Grid ɫɢɫɬɟɦɭ ɩɪɢɫɭɬɧɨ ʁɟ ɫɚɦɨ ɨɧɨɥɢɤɨ ɟɧɟɪɝɢʁɟ ɤɨɥɢɤɨ ɦɢ ɫɚɦɢ 
ɩɪɨɢɡɜɟɞɟɦɨ, ɚ ɬɭ ɟɧɟɪɝɢʁɭ ɦɨɠɟɦɨ ɞɚ ɫɤɥɚɞɢɲɬɢɦɨ ɭ ɚɤɭɦɭɥɚɬɨɪɢɦɚ ɢ ɨɞɚɬɥɟ ɞɚ ʁɟ 
ɤɨɪɢɫɬɢɦɨ.  

Off-Grid ɫɢɫɬɟɦ ɮɭɧɤɰɢɨɧɢɲɟ ɬɚɤɨ ɲɬɨ ɫɭ ɩɨɬɪɨɲɚɱɢ ɫɩɨʁɟɧɢ ɧɚ ɫɩɪɟɦɧɢɤ ɟɧɟɪɝɢʁɟ, 
ɛɚɬɟɪɢʁɭ (ɚɤɭɦɭɥɚɬɨɪ), ɩɪɟɤɨ ɭɩɪɚɜʂɚɱɚ ɩɭʃɟʃɚ ɢ ɩɪɚɠʃɚʃɚ. ɂɫɩɪɚɜʂɚɱ ɫɟ ɬɚɤɨђɟ ɦɨɠɟ 
ɤɨɪɢɫɬɢɬɢ, ɤɚɤɨ ɛɢ ɫɟ ɨɛɟɡɛɟɞɢɥɚ ɢɡɦɟɧɢɱɧɚ ɫɬɪɭʁɚ ɡɚ ɩɨɬɪɟɛɟ ɫɬɚɧɞɚɪɞɧɢɯ ɟɥɟɤɬɪɢɱɧɢɯ 
ɭɪɟђɚʁɚ ɢ ɚɩɚɪɚɬɚ.                   

Ɍɢɩɢɱɧɟ ɫɚɦɨɫɬɚɥɧɟ  ɮɨɬɨɧɚɩɨɧɫɤɟ ɢɧɫɬɚɥɚɰɢʁɟ ɫɟ ɤɨɪɢɫɬɟ ɤɚɤɨ ɛɢ ɨɦɨɝɭʄɢɥɟ 
ɞɨɫɬɭɩɧɨɫɬ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɭ ɭɞɚʂɟɧɢɦ ɦɟɫɬɢɦɚ (ɩɥɚɧɢɧɫɤɚ ɦɟɫɬɚ, ɪɭɪɚɥɧɚ ɩɨɞɪɭɱʁɚ 
ɭ ɪɚɡɜɨʁɭ). Ɋɭɪɚɥɧɚ ɟɥɟɤɬɪɢɮɢɤɚɰɢʁɚ ɩɨɞɪɚɡɭɦɟɜɚ ɦɚɥɭ ɤɭʄɧɭ ɮɨɬɨɧɚɩɨɧɫɤɭ ɢɧɫɬɚɥɚɰɢʁɭ 
ɤɨʁɚ ɩɨɤɪɢɜɚ ɨɫɧɨɜɧɟ ɩɨɬɪɟɛɟ  ɡɚ ɟɥɟɤɬɪɢɱɧɨɦ ɟɧɟɪɝɢʁɨɦ ɭ ɞɨɦɚʄɢɧɫɬɜɭ ɢɥɢ ɜɟʄɭ 
ɮɨɬɨɧɚɩɨɧɫɤɭ ɢɧɫɬɚɥɚɰɢʁɭ ɤɨʁɚ ɨɛɟɡɛɟђɭʁɟ ɞɨɜɨʂɧɨ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɡɚ  ɧɟɤɨɥɢɤɨ 
ɞɨɦɚʄɢɧɫɬɚɜɚ [23]. 

 

Ɉɫɧɨɜɧɟ ɤɨɦɩɨɧɟɧɬɟ Ɉff - Grid ɫɢɫɬɟɦɚ ɫɭ [25]: 

 ɮɨɬɨɧɚɩɨɧɫɤɢ ɩɚɧɟɥɢ, 

 ɟɥɟɤɬɪɨɧɢɤɚ ɡɚ ɩɭʃɟʃɟ ɚɤɭɦɭɥɚɬɨɪɚ, 

 ɚɤɭɦɭɥɚɬɨɪ, 

 ɢɧɜɟɪɬɨɪ/ɢɫɩɪɚɜʂɚɱ 

 
ɋɥɢɤɚ 33. Кɨɦɩɨɧɟɧɬɟ off grɢd ɫɢɫɬɟɦɚ [25] 
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ɉɪɨɢɡɜɟɞɟɧɚ ɟɧɟɪɝɢʁɚ ɫɟ ɫɤɥɚɞɢɲɬɢ ɩɭɬɟɦ ɟɥɟɤɬɪɨɧɢɤɟ ɡɚ ɩɭʃɟʃɟ ɚɤɭɦɭɥɚɬɨɪɚ ɭ 
ɚɤɭɦɭɥɚɬɨɪɢɦɚ. ɂɡ ɚɤɭɦɭɥɚɬɨɪɚ ɦɨɠɟɦɨ ɬɪɨɲɢɬɢ ɟɧɟɪɝɢʁɭ ɧɚ ɜɢɲɟ ɧɚɱɢɧɚ. Ⱥɤɨ ɫɭ ɭ 
ɩɢɬɚʃɭ ɦɚʃɢ ɫɢɫɬɟɦɢ ɱɟɫɬɨ ɫɟ ɞɟɲɚɜɚ ɞɚ ɧɟ ɭɩɨɬɪɟɛʂɚɜɚɦɨ ɪɟɝɭɥɚɬɨɪ, ʁɟɪ ɫɟ ɪɚɞɢ ɨ 
ʁɟɞɧɨɫɬɚɜɧɨɦ ɢ ɦɚɥɨɦ ɩɨɬɪɨɲɚɱɭ. Ⱥɤɨ ɨɜɚɤɜɢ ɫɢɫɬɟɦɢ ɪɚɞɟ ɧɚ 12 ɢɥɢ 24 V ɧɚɩɨɧɚ, ɨɧɞɚ 
ʁɟɞɧɚ ɛɨʂɚ ɟɥɟɤɬɪɨɧɢɤɚ ɡɚ ɩɭʃɟʃɟ ɩɪɟɭɫɦɟɪɚɜɚ ɫɢɫɬɟɦ, ɲɬɢɬɟʄɢ ɩɨɬɪɨɲɚɱɟ, ɫɚɦɨɝ ɫɟɛɟ 
ɤɚɨ ɢ ɚɤɭɦɭɥɚɬɨɪɟ ɨɞ ɲɬɟɬɧɢɯ ɨɩɬɟɪɟʄɟʃɚ [25]. 

 

Ⱥɤɨ ɫɟ ɤɨɪɢɫɬɟ ɬɪɚɞɢɰɢɨɧɚɥɧɟ ɭɬɢɱɧɢɰɟ ɡɚ ɩɨɬɪɨɲʃɭ, ɨɧɞɚ ɦɨɪɚ ɞɚ ɫɟ ɨɛɟɡɛɟɞɢ ɧɚɩɨɧ 
ɨɞ 230 V. Ɂɚ ɨɜɨ ʁɟ ɜɟʄ ɩɨɬɪɟɛɚɧ ɩɪɟɬɜɚɪɚɱ/ɢɧɜɟɪɬɨɪ. ɉɨɫɬɨʁɟ ʁɟɮɬɢɧɢʁɢ ɢ ɫɤɭɩʂɢ ɚɩɚɪɚɬɢ. 
ɉɪɢ ɢɡɛɨɪɭ ɦɨɪɚɦɨ ɭɡɟɬɢ ɭ ɨɛɡɢɪ ɩɨɬɪɨɲʃɭ. Ɇɧɨɝɢ ɟɥɟɤɬɪɢɱɧɢ ɚɩɚɪɚɬɢ ɦɨɪɚʁɭ ɞɚ 
ɞɨɛɢʁɚʁɭ ɫɢɧɭɫɨɢɞɧɢ ɧɚɩɨɧ, ɢɧɚɱɟ ʄɟ ɫɟ ɩɨɤɜɚɪɢɬɢ. Ʉɨɞ ʁɚɤɨ ʁɟɮɬɢɧɢɯ ɪɟɝɭɥɚɬɨɪɚ ʃɢɯɨɜ 
ɡɧɚɤ ɱɟɫɬɨ ɭɨɩɲɬɟ ɧɢʁɟ ɫɢɧɭɫɨɢɞɚɧ, ɩɚ ɧɢʁɟ ɭɜɟɤ ɩɨɝɨɞɚɧ ɡɚ ɫɧɚɛɞɟɜɚʃɟ ɟɧɟɪɝɢʁɨɦ ɢ 
ɟɥɟɤɬɪɢɱɧɢ ɦɨɬɨɪɢ ɦɨɝɭ ɩɪɟɝɨɪɟɬɢ [25]. 

 

Ɂɚ ɤɨɪɢɲʄɟʃɟ ɫɚɦɨɫɬɚɥɧɢɯ ɫɢɫɬɟɦɚ ɬɨɤɨɦ ɰɟɥɟ ɝɨɞɢɧɟ ɧɟɨɩɯɨɞɧɨ ʁɟ ɢɧɫɬɚɥɢɪɚɬɢ ɢ 
ɞɨɞɚɬɧɢ ɢɡɜɨɪ ɟɧɟɪɝɢʁɟ - ɜɟɬɪɨɝɟɧɟɪɚɬɨɪ ɢɥɢ ɪɟɡɟɪɜɧɢ ɚɝɪɟɝɚɬ. ɋɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ 
(ɮɨɬɨɧɚɩɨɧɫɤɢ ɩɚɧɟɥɢ) ɭ ɤɨɦɛɢɧɚɰɢʁɢ ɫɚ ɜɟɬɪɨ - ɝɟɧɟɪɚɬɨɪɢɦɚ ɨɛɟɡɛɟђɭʁɭ ɞɨɜɨʂɧɭ 
ɫɢɝɭɪɧɨɫɬ ɧɚɩɚʁɚʃɚ ɟɥɟɤɬɪɢɱɧɨɦ ɟɧɟɪɝɢʁɨɦ ɧɚ ɦɟɫɬɢɦɚ ɤɨʁɚ ɧɟɦɚʁɭ ɦɨɝɭʄɧɨɫɬ ɧɚɩɚʁɚʃɚ ɢɡ 
ʁɚɜɧɟ ɦɪɟɠɟ.  

 

Ɍɚɤɨђɟ, ɩɨɬɪɟɛɧɨ ʁɟ ɡɧɚɬɧɨ ɭɦɚʃɢɬɢ ɢɧɫɬɚɥɢɪɚɧɭ ɫɧɚɝɭ ɧɩɪ. ɭ ɞɨɦɚʄɢɧɫɬɜɭ, ɞɚ ɛɢɫɦɨ 
ɭɫɩɟɲɧɨ ɦɨɝɥɢ ɞɚ ɫɟ ɫɧɚɛɞɟɜɚɦɨ ɟɥɟɤɬɪɢɱɧɨɦ ɟɧɟɪɝɢʁɨɦ ɢɡ ɨɜɢɯ ɫɢɫɬɟɦɚ. ɇɚ ɬɡɜ. ɞɨɛɪɢɦ 
ɥɨɤɚɰɢʁɚɦɚ ɢɧɜɟɫɬɢɰɢʁɚ ʁɟ ɢɫɩɥɚɬɢɜɚ ɪɟɥɚɬɢɜɧɨ ɛɪɡɨ, ɚɥɢ ɬɚɤɜɟ ɥɨɤɚɰɢʁɟ ɫɭ ɪɟɬɤɟ. ɉɨɪɟɞ 
ɧɚɜɟɞɟɧɨɝ ɚɝɪɟɝɚɬɚ, ɦɨɝɭ ɞɚ ɫɟ ɤɨɪɢɫɬɟ ɫɢɫɬɟɦɢ ɫɚ ɞɨɞɚɬɧɢɦ ɝɟɧɟɪɚɬɨɪɢɦɚ, ɩɨɝɨʃɟɧɢɦ 
ɦɨɬɨɪɨɦ ɫɚ ɭɧɭɬɪɚɲʃɢɦ ɫɚɝɨɪɟɜɚʃɟɦ [23]. 

 

 
ɋɥɢɤɚ 34. ɋɚɦɨɫɬɚɥɧɢ Ɏɇ ɫɢɫɬɟɦɢ [23] 

 

ɋɨɥɚɪɧɚ ɟɥɟɤɬɪɢɱɧɚ ɟɧɟɪɝɢʁɚ ɦɨɠɟ ɞɚ ɞɨɩɪɢɧɟɫɟ ɟɧɟɪɝɟɬɫɤɨʁ ɩɨɧɭɞɢ ɭɡ ɢɫɬɨɜɪɟɦɟɧɭ 
ɩɨɦɨʄ ɭ ɫɩɪɟɱɚɜɚʃɭ ɝɥɨɛɚɥɧɟ ɩɪɨɦɟɧɟ ɤɥɢɦɚɬɫɤɢɯ ɭɫɥɨɜɚ. ɉɪɢɛɥɢɠɧɨ 75% ɟɧɟɪɝɢʁɟ ɤɨʁɚ 
ɫɟ ɤɨɪɢɫɬɢ ɭ ɪɚɡɜɢʁɟɧɨɦ ɫɜɟɬɭ ɬɪɨɲɢ ɫɟ ɭ ɝɪɚɞɨɜɢɦɚ, ɨɞ ɱɟɝɚ ɫɟ ɨɤɨ 40% ɬɪɨɲɢ ɭ ɡɝɪɚɞɚɦɚ. 
Ɏɇ ɫɢɫɬɟɦɢ ɦɨɝɭ ɞɚ ɫɟ ɭɝɪɚɞɟ ɭ ɫɤɨɪɨ ɫɜɚɤɭ ɝɪɚђɟɜɢɧɫɤɭ ɫɬɪɭɤɬɭɪɭ, ɨɞ ɚɭɬɨɛɭɫɤɢɯ 
ɫɬɚɧɢɰɚ ɞɨ ɜɟɥɢɤɢɯ ɩɨɫɥɨɜɧɢɯ ɡɝɪɚɞɚ, ɩɚ ɱɚɤ ɢ ɭ ɛɚɲɬɟ, ɩɚɪɤɨɜɟ ɢɬɞ. [26].  
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ɂɚɤɨ ɬɚɱɧɚ ɩɪɨɝɧɨɡɚ ɮɨɬɨɧɚɩɨɧɫɤɨɝ ɭɱɢɧɤɚ ɭ ɡɝɪɚɞɚɦɚ ɡɚɯɬɟɜɚ ɩɚɠʂɢɜɭ ɚɧɚɥɢɡɭ 
ɮɚɤɬɨɪɚ, ɤɚɨ ɲɬɨ ɫɭ ɤɨɥɢɱɢɧɚ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɤɨʁɟ ɩɚɞɚ ɧɚ ɡɝɪɚɞɭ, ɟɥɟɤɬɪɢɱɧɟ 
ɫɬɚɛɢɥɧɨɫɬɢ ɟɥɟɤɬɪɨ-ɞɢɫɬɪɢɛɭɬɢɜɧɟ ɦɪɟɠɟ ɢɬɞ., ɥɚɤɨ ʁɟ ɫɯɜɚɬɢɬɢ ɞɚ ɨɜɚɤɜɚ ɬɟɯɧɨɥɨɝɢʁɚ 
ɢɦɚ ɜɟɥɢɤɟ ɦɨɝɭʄɧɨɫɬɢ ɢ ɜɟɥɢɤɢ ɛɪɨʁ ɤɚɤɚɬɟɪɢɫɬɢɤɚ [26]: 

 ɧɢɡɨɜɢ ɫɨɥɚɪɧɢɯ Ɏɇ ɩɚɧɟɥɚ ɫɟ ɧɚʁɱɟɲʄɟ ɧɚɤɧɚɞɧɨ ɭɝɪɚђɭʁɭ ɧɚ ɩɨɫɬɨʁɟʄɟ ɡɝɪɚɞɟ, 
ɨɛɢɱɧɨ ɫɟ ɦɨɧɬɢɪɚʁɭ ɧɚ ɜɪɯɭ ɩɨɫɬɨʁɟʄɟ ɤɪɨɜɧɟ ɤɨɧɫɬɪɭɤɰɢʁɟ ɢɥɢ ɧɚ ɩɨɫɬɨʁɟʄɢɦ ɡɢɞɨɜɢɦɚ, 

 ɚɥɬɟɪɧɚɬɢɜɧɨ, Ɏɇ ɩɚɧɟɥɢ ɦɨɝɭ ɛɢɬɢ ɫɦɟɲɬɟɧɢ ɨɞɜɨʁɟɧɨ ɨɞ ɨɛʁɟɤɬɚ, ɚɥɢ ɬɪɟɛɚ ɞɚ 
ɛɭɞɭ ɩɨɜɟɡɚɧɢ ɤɚɛɥɨɦ ɡɚ ɧɚɩɚʁɚʃɟ ɡɝɪɚɞɟ, 

 ɜɢɲɟ ɨɞ ɱɟɬɢɪɢ ɩɟɬɢɧɟ ɨɞ 9 000 ɆW ɢɧɫɬɚɥɢɪɚɧɢɯ Ɏɇ ɩɚɧɟɥɚ ɭ ɇɟɦɚɱɤɨʁ 2010., 
ɛɢɥɨ ʁɟ ɢɧɫɬɚɥɢɪɚɧɨ ɧɚ ɤɪɨɜɨɜɢɦɚ ɡɝɪɚɞɚ, 

 ɨɞ ɧɟɞɚɜɧɨ ɫɟ ɩɪɨɢɡɜɨɞɟ ɢ ɰɪɟɩɨɜɢ ɫɚ ɢɧɬɟɝɪɢɫɚɧɢɦ ɮɨɬɨɧɚɩɨɧɫɤɢɦ ʄɟɥɢʁɚɦɚ. 
 

ɋɚ ɚɪɯɢɬɟɤɬɨɧɫɤɨɝ, ɬɟɯɧɢɱɤɨɝ ɢ ɮɢɧɚɧɫɢʁɫɤɨɝ ɚɫɩɟɤɬɚ, Ɏɇ ɫɢɫɬɟɦɢ ɢɧɬɟɝɪɢɫɚɧɢ ɭ 
ɝɪɚђɟɜɢɧɫɤɟ ɟɥɟɦɟɧɬɟ ɢɦɚʁɭ ɫɥɟɞɟʄɟ ɨɫɨɛɢɧɟ [26]: 

 ɧɟ ɡɚɯɬɟɜɚʁɭ ɞɨɞɚɬɧɨ ɡɟɦʂɢɲɬɟ ɢ ɞɨɞɚɬɧɟ ɢɧɮɪɚɫɬɪɭɤɬɭɪɧɟ ɢɧɫɬɚɥɚɰɢʁɟ, ɢ ɦɨɝɭ ɫɟ 
ɤɨɪɢɫɬɢɬɢ ɭ ɝɭɫɬɨ ɧɚɫɟʂɟɧɢɦ ɭɪɛɚɧɢɦ ɫɪɟɞɢɧɚɦɚ,  

 ɨɛɟɡɛɟђɭʁɭ ɟɥɟɤɬɪɢɱɧɭ ɟɧɟɪɝɢʁɭ ɭ ɬɨɤɭ ɧɚʁɜɟʄɟ ɩɨɬɪɚɠʃɟ ɢ ɧɚ ɬɚʁ ɧɚɱɢɧ ɫɦɚʃɭʁɭ 
ɨɩɬɟɪɟʄɟʃɟ ɟɥɟɤɬɪɢɱɧɟ ɦɪɟɠɟ, 

 ɦɨɝɭ ɞɚ ɫɦɚʃɟ ɝɭɛɢɬɤɟ ɬɨɤɨɦ ɩɪɟɧɨɫɚ ɢ ɞɢɫɬɪɢɛɭɰɢʁɟ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ, 
 ɦɨɝɭ ɭ ɩɨɬɩɭɧɨɫɬɢ ɢɥɢ ɞɟɥɢɦɢɱɧɨ ɞɚ ɨɛɟɡɛɟɞɟ ɟɥɟɤɬɪɢɱɧɭ ɟɧɟɪɝɢʁɭ ɡɚ ɨɞɝɨɜɚɪɚʁɭʄɭ 

ɡɝɪɚɞɭ, 
 ɦɨɝɭ ɞɚ ɡɚɦɟɧɟ ɤɨɧɜɟɧɰɢɨɧɚɥɧɟ ɝɪɚђɟɜɢɧɫɤɟ ɦɚɬɟɪɢʁɚɥɟ ɢ ɧɚ ɬɚʁ ɧɚɱɢɧ ɨɛɟɡɛɟɞɟ 

ɞɜɨɫɬɪɭɤɭ ɭɥɨɝɭ ɤɨʁɚ ɦɨɠɟ ɜɢɲɟɫɬɪɭɤɨ ɞɚ ɫɟ ɢɫɩɥɚɬɢ, 
 ɩɪɭɠɚʁɭ ɧɨɜɟ ɟɫɬɟɬɫɤɟ ɦɨɝɭʄɧɨɫɬɢ ɧɚ ɢɧɨɜɚɬɢɜɚɧ ɧɚɱɢɧ, 
 ɦɨɝɭ ɫɟ ɩɨɜɟɡɚɬɢ ɫɚ ɨɞɪɠɚɜɚʃɟɦ, ɤɨɧɬɪɨɥɨɦ ɢ ɮɭɧɤɰɢɨɧɢɫɚʃɟɦ ɞɪɭɝɢɯ 

ɢɧɫɬɚɥɚɰɢʁɚ ɢ ɫɢɫɬɟɦɚ ɭ ɡɝɪɚɞɢ, 
 ɦɨɝɭ ɞɚ ɨɛɟɡɛɟɞɟ ɫɦɚʃɟʃɟ ɩɥɚɧɢɪɚɧɢɯ ɬɪɨɲɤɨɜɚ. 
 

ɉɨɲɬɨ ɮɚɫɚɞɧɢ ɮɨɬɨɧɚɩɨɧɫɤɢ ɦɨɞɭɥɢ ɦɨɝɭ ɞɚ ɡɚɦɟɧɟ ɤɥɚɫɢɱɧɟ ɝɪɚђɟɜɢɧɫɤɟ 
ɦɚɬɟɪɢʁɚɥɟ, ɪɚɡɥɢɤɚ ɭ ɰɟɧɢ ɢɡɦɟђɭ ɫɨɥɚɪɧɢɯ ɟɥɟɦɟɧɚɬɚ ɩɨ ʁɟɞɢɧɢɰɢ ɩɨɜɪɲɢɧɟ ɢ 
ɦɚɬɟɪɢʁɚɥɚ ɤɨʁɟ ɦɨɝɭ ɞɚ ɡɚɦɟɧɟ ʁɟ ɨɞ ɩɨɫɟɛɧɨɝ ɡɧɚɱɚʁɚ. Ɍɚɤɨ ʁɟ ɰɟɧɚ ɩɨ ʁɟɞɢɧɢɰɢ ɩɨɜɪɲɢɧɟ 
ɮɚɫɚɞɧɨɝ Ɏɇ ɫɢɫɬɟɦɚ, ɩɨɜɟɡɚɧɨɝ ɧɚ ɞɢɫɬɪɢɛɭɬɢɜɧɭ ɦɪɟɠɭ, ɫɤɨɪɨ ɢɫɬɚ ɤɚɨ ɢ ɰɟɧɚ 
ɧɚʁɤɜɚɥɢɬɟɬɧɢʁɢɯ ɮɚɫɚɞɧɢɯ ɦɚɬɟɪɢʁɚɥɚ, ɤɚɨ ɲɬɨ ɫɭ ɦɟɪɦɟɪ ɢɥɢ ɭɤɪɚɫɧɢ ɤɚɦɟɧ [26]. 

 

Ɉɞ 1990. ɝɨɞɢɧɟ ɢɧɞɭɫɬɪɢʁɚ ɮɨɬɨɧɚɩɨɧɫɤɟ ɤɨɧɜɟɪɡɢʁɟ ɩɨɤɚɡɭʁɟ ɤɨɧɫɬɚɧɬɚɧ ɝɨɞɢɲʃɢ 
ɩɪɢɜɪɟɞɧɢ ɪɚɫɬ ɨɞ ɩɪɟɤɨ 20%, ɚ ɩɨɱɟɜɲɢ ɨɞ 1997. ɝɨɞɢɧɟ ɢ ɩɪɟɤɨ 33% ɝɨɞɢɲʃɟ.Ɂɚ ɜɪɟɦɟ 
2000. ɝɨɞɢɧɟ, ɭɤɭɩɧɢ ɢɧɫɬɚɥɢɪɚɧɢ ɤɚɩɚɰɢɬɟɬɢ ɭ ɫɜɟɬɭ ɩɪɟɲɥɢ ɫɭ 1000 MW, ɚ ɭ ɡɟɦʂɚɦɚ ɭ 
ɪɚɡɜɨʁɭ ɜɢɲɟ ɨɞ ɦɢɥɢɨɧ ɞɨɦɚʄɢɧɫɬɚɜɚ ɤɨɪɢɫɬɢ ɟɥɟɤɬɪɢɱɧɭ ɟɧɟɪɝɢʁɭ ɩɪɨɢɡɜɟɞɟɧɭ ɩɨɦɨʄɭ 
ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɫɢɫɬɟɦɚ [26]. 
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3.2 ɋɈɅȺɊɇɂ ɋɂɋɌȿɆɂ ɁȺ ȽɊȿȳȺȵȿ ɌɈɉɅȿ ȼɈȾȿ 

 
ɍ ɡɝɪɚɞɚɦɚ ɧɚɦɟʃɟɧɢɦ ɛɨɪɚɜɤɭ ɢ ɪɚɞɭ ʂɭɞɢ ɧɟɨɩɯɨɞɚɧ ɬɟɯɧɢɱɤɢ ɫɢɫɬɟɦ, ɩɨɪɟɞ 

ɫɢɫɬɟɦɚ ɝɪɟʁɚʃɚ, ɯɥɚђɟʃɚ, ɜɟɧɬɢɥɚɰɢʁɟ ɢ ɤɥɢɦɚɬɢɡɚɰɢʁɟ, ʁɟɫɬɟ ɢ ɫɢɫɬɟɦ ɡɚ ɩɪɢɩɪɟɦɭ 
ɫɚɧɢɬɚɪɧɟ ɬɨɩɥɟ ɜɨɞɟ. ɍ ɡɚɜɢɫɧɨɫɬɢ ɨɞ ɧɚɦɟɧɟ ɡɝɪɚɞɟ ɪɚɡɥɢɤɭʁɟ ɫɟ ɢ ɩɨɬɪɟɛɚ ɡɚ 
ɩɨɬɪɨɲʃɨɦ ɬɨɩɥɟ ɜɨɞɟ, ɲɬɨ ɭɬɢɱɟ ɢ ɧɚ ɢɡɛɨɪ ɫɚɦɨɝ ɫɢɫɬɟɦɚ.  

 

Ɂɚ ɧɚɲɟ ɤɥɢɦɚɬɫɤɨ ɩɨɞɧɟɛʂɟ ɫɨɥɚɪɧɢ ɫɢɫɬɟɦɢ ɫɟ ɭɝɥɚɜɧɨɦ ɤɨɪɢɫɬɟ ɡɚ ɩɪɢɩɪɟɦɭ ɬɨɩɥɟ 
ɫɚɧɢɬɚɪɧɟ ɜɨɞɟ. Ʉɚɞɚ ɫɭ ɭ ɩɢɬɚʃɭ ɫɢɫɬɟɦɢ ɝɪɟʁɚʃɚ, ɜɟɨɦɚ ʁɟ ɬɟɲɤɨ ɢɡɜɟɫɬɢ ɫɨɥɚɪɧɢ ɫɢɫɬɟɦ 
ɤɨʁɢ ɦɨɠɟ ɞɚ ɩɨɤɪɢɜɚ ɝɭɛɢɬɤɟ ɬɨɩɥɨɬɟ ɬɨɤɨɦ ɰɟɥɟ ɝɪɟʁɧɟ ɫɟɡɨɧɟ ɛɟɡ ɧɟɤɨɝ ɞɨɩɭɧɫɤɨɝ 
ɢɡɜɨɪɚ ɬɨɩɥɨɬɟ. ɉɨɫɬɨʁɢ ɢ ɜɚɪɢʁɚɧɬɚ ɫɩɪɟɝɟ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ ɢ ɬɨɩɥɨɬɧɟ ɩɭɦɩɟ, ɤɚɞɚ ɫɟ 
ɦɨɝɭ ɞɨɛɢɬɢ ɧɟɲɬɨ ɜɢɲɟ ɬɟɦɩɟɪɚɬɭɪɟ ɝɪɟʁɧɨɝ ɮɥɭɢɞɚ, ɚɥɢ ʁɟ ɢ ɭ ɬɨɦ ɫɥɭɱɚʁɭ ɩɨɬɪɟɛɚɧ 
ɞɨɞɚɬɧɢ ɢɡɜɨɪ ɬɨɩɥɨɬɟ, ɭ ɩɟɪɢɨɞɢɦɚ ʁɚɤɨ ɦɚɥɢɯ ɢɧɬɟɧɡɢɬɟɬɚ ɡɪɚɱɟʃɚ ɋɭɧɰɚ ɢ ɜɟɨɦɚ 
ɧɢɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚ ɫɩɨʂɧɨɝ ɜɚɡɞɭɯɚ. 

 

ɍ 80% ɫɥɭɱɚʁɟɜɚ ɩɪɢɦɟɧɟ ɫɢɫɬɟɦɢ ɡɚ ɝɪɟʁɚʃɟ, ɤɨʁɢ ɤɚɨ ɩɪɢɦɚɪɧɭ ɟɧɟɪɝɢʁɭ ɤɨɪɢɫɬɟ 
ɟɧɟɪɝɢʁɭ ɡɪɚɱɟʃɚ ɋɭɧɰɚ, ɤɨɪɢɫɬɟ ɫɟ ɡɚ ɡɚɝɪɟɜɚʃɟ ɩɨɬɪɨɲɧɟ ɬɨɩɥɟ ɜɨɞɟ (ɉɌȼ) . Ɋɚɡɥɨɝ ɡɚ ɬɨ 

ʁɟ ɲɬɨ ʁɟ ɩɨɬɪɨɲɧɭ ɜɨɞɭ ɩɨɬɪɟɛɧɨ ɡɚɝɪɟʁɚɬɢ ɞɨ ɪɟɥɚɬɢɜɧɨ ɦɚɥɟ ɬɟɦɩɟɪɚɬɭɪɟ (40-60°C), ɤɚɨ 

ɢ ɲɬɨ ɫɭ ɩɨɬɪɟɛɟ ɡɚ ɩɨɬɪɨɲɧɨɦ ɬɨɩɥɨɦ ɜɨɞɨɦ ɫɬɚɥɧɟ ɬɨɤɨɦ ɰɟɥɟ ɝɨɞɢɧɟ, ɩɚ ɱɚɤ ɢ ɧɟɲɬɨ 

ɩɨɜɟʄɚɧɟ ɬɨɤɨɦ ɥɟɬʃɟɝ ɩɟɪɢɨɞɚ. Ɇɚɥɟ ɩɨɬɪɟɛɧɟ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɬɪɨɲɧɟ ɬɨɩɥɟ ɜɨɞɟ ɢ ɦɚɥɟ 

ɪɚɡɥɢɤɟ ɭ ɨɞɧɨɫɭ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɫɩɨʂɚɲʃɟɝ ɜɚɡɞɭɯɚ, ɨɛɟɡɛɟђɭʁɭ ɜɢɫɨɤ ɫɬɟɩɟɧ 
ɢɫɤɨɪɢɲʄɟʃɚ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ, ɧɚɪɨɱɢɬɨ ɥɟɬɢ ɤɚɞɚ ɨɜɟ ɟɧɟɪɝɢʁɟ ɢɦɚ ɧɚʁɜɢɲɟ. 

 

ɉɨɫɬɨʁɟ ɪɚɡɥɢɱɢɬɟ ɜɪɫɬɟ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ. ȳɟɞɧɢ ɨɞ ʃɢɯ ɫɭ ɧɟɡɚɫɬɚɤʂɟɧɢ ɜɨɞɟɧɢ 
ɤɨɥɟɤɬɨɪɢ. Ʉɨɞ ʃɢɯ ɫɟ ɜɨɞɚ ɩɭɦɩɚ ɤɪɨɡ ɰɪɧɟ ɩɥɚɫɬɢɱɧɟ ɩɨɤɪɢɜɚɱɟ ɢ ɨɛɢɱɧɨ ɫɟ ɤɨɪɢɫɬɢ ɡɚ 

ɝɪɟʁɚʃɟ ɛɚɡɟɧɚ. Ɉɜɨɦ ɦɟɬɨɞɨɦ ɩɨɫɬɢɠɟ ɫɟ ɬɟɦɩɟɪɚɬɭɪɚ ɨɞ 30ºC ɞɨ 50ºC [16]. 

 

ȼɟɨɦɚ ɱɟɫɬɢ ɭ ɭɩɨɬɪɟɛɢ ɫɭ ɡɚɫɬɚɤʂɟɧɢ ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɫɚ ɪɚɜɧɨɦ ɩɥɨɱɨɦ. Ʉɨɞ ʃɢɯ 

ɫɟ ɫɨɥɚɪɧɢ ɚɩɫɨɪɛɟɪ, ɤɨʁɢ ɤɨɧɜɟɪɬɭʁɟ ɫɨɥɚɪɧɨ ɡɪɚɱɟʃɟ ɭ ɬɨɩɥɨɬɧɭ ɟɧɟɪɝɢʁɭ, ɧɚɥɚɡɢ ɭ 
ɢɡɨɥɨɜɚɧɨɦ ɫɬɚɤɥɟɧɨɦ ɤɭʄɢɲɬɭ ɞɚ ɛɢ ɫɟ ɫɦɚʃɢɥɢ ɬɨɩɥɨɬɧɢ ɝɭɛɢɰɢ. Ɋɚɜɧɢ ɡɚɫɬɚɤʂɟɧɢ 
ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɭɝɥɚɜɧɨɦ ɩɨɫɬɢɠɭ ɬɟɦɩɟɪɚɬɭɪɭ ɢɡɦɟђɭ 60ºC ɢ 90ºC [16]. 

 

ɋɨɥɚɪɧɢ ɫɢɫɬɟɦɢ ɡɚ ɡɚɝɪɟɜɚʃɟ ɩɨɬɪɨɲɧɟ ɬɨɩɥɟ ɜɨɞɟ ɦɨɝɭ ɛɢɬɢ ɫɚ ɩɪɢɧɭɞɧɨɦ 
ɰɢɪɤɭɥɚɰɢʁɨɦ ɪɚɞɧɨɝ ɮɥɭɢɞɚ ɢ ɫɚ ɩɪɢɪɨɞɧɨɦ ɰɢɪɤɭɥɚɰɢʁɨɦ ɪɚɞɧɨɝ ɮɥɭɢɞɚ. ɉɨ ɩɪɚɜɢɥɭ, 
ɫɢɫɬɟɦ ɡɚ ɉɌȼ ɫɚ ɩɪɢɧɭɞɧɨɦ ɰɢɪɤɭɥɚɰɢʁɨɦ ɫɚɫɬɨʁɢ ɫɟ ɨɞ [16]: 

• ɩɪɢʁɟɦɧɢɤɚ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ (ɉɋȿ), 

• ɪɟɡɟɪɜɨɚɪɚ ɡɚ ɬɨɩɥɭ ɜɨɞɭ ɫɚ ɩɪɟɞɚʁɧɢɤɨɦ ɬɨɩɥɨɬɟ, 
• ɰɟɜɨɜɨɞɚ,   

• ɰɢɪɤɭɥɚɰɢɨɧɟ ɩɭɦɩɟ, 
• ɟɤɫɩɚɧɡɢɨɧɨɝ ɫɭɞɚ, 
• ɩɪɢɩɚɞɚʁɭʄɟ ɚɪɦɚɬɭɪɟ ɢ 

• ɪɟɝɭɥɚɰɢɨɧɨ-ɭɩɪɚɜʂɚɱɤɨɝ ɫɢɫɬɟɦɚ. 
 

Ɍɪɟɛɚ ɫɩɨɦɟɧɭɬɢ ɢ ɮɥɭɢɞ ɭ ɫɨɥɚɪɧɨɦ ɤɪɭɝɭ ɝɥɢɤɨɥ, ɨɞɧɨɫɧɨ ɚɧɬɢɮɪɢɡ, ʁɟɪ ɭ ɫɥɭɱɚʁɭ 
ɤɨɪɢɲʄɟʃɚ ɜɨɞɟ ɭ ɫɨɥɚɪɧɨɦ ɤɪɭɝɭ ɞɨɥɚɡɢ ɞɨ ʃɟɧɨɝ ɫɦɪɡɚɜɚʃɚ ɭ ɰɟɜɢɦɚ ɬɨɤɨɦ ɡɢɦɫɤɨɝ 
ɤɨɪɢɲʄɟʃɚ ɫɢɫɬɟɦɚ ɤɚɞɚ ʁɟ ɫɢɫɬɟɦ ɭ ɮɚɡɢ ɦɢɪɨɜɚʃɚ, ɚ ɫɜɟ ɬɨ ɡɛɨɝ ɬɨɬɚɥɧɟ ɨɛɥɚɱɧɨɫɬɢ 
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ɧɟɛɚ ɢ ɧɟɦɨɝɭʄɧɨɫɬɢ ɩɪɨɞɢɪɚʃɚ ɫɭɧɱɟɜɟ ɫɜɟɬɥɨɫɬɢ, ɱɚɤ ɢ ɭ ɦɢɧɢɦɚɥɧɨɦ ɨɛɢɦɭ. ɂɡ ɬɨɝ 
ɪɚɡɥɨɝɚ ɤɨɪɢɫɬɢ ɫɟ ɚɬɟɫɬɢɪɚɧɢ, ɧɟɨɬɪɨɜɧɢ ɝɥɢɤɨɥ, ɤɚɤɨ ɧɟ ɛɢ ɞɨɲɥɨ ɞɨ ɧɟɠɟʂɟɧɢɯ 
ɩɨɫɥɟɞɢɰɚ. 

 
ɋɥɢɤɚ 35. ɋɢɫɬɟɦ ɡɚ ɡɚɝɪɟɜɚʃɟ ɬɨɩɥɟ ɜɨɞɟ [16] 

 

ɇɚ ɋɥɢɰɢ 35 ɩɪɢɤɚɡɚɧɚ ʁɟ ɲɟɦɚ ɚɤɬɢɜɧɨɝ ɫɢɫɬɟɦɚ ɡɚ ɡɚɝɪɟɜɚʃɟ ɩɨɬɪɨɲɧɟ ɬɨɩɥɟ ɜɨɞɟ 

ɩɨɦɨʄɭ ɟɧɟɪɝɢʁɟ ɡɪɚɱɟʃɚ ɋɭɧɰɚ. ɋɨɥɚɪɧɨ ɬɨɩɥɨɬɧɢ ɟɧɟɪɝɟɬɫɤɢ ɫɢɫɬɟɦɢ ɡɚ ɡɚɝɪɟɜɚʃɟ ɜɨɞɟ 
ɫɭ ɞɢɡɚʁɧɢɪɚɧɢ ɬɚɤɨ ɞɚ ɫɭ ɭ ɬɨɩɥɢʁɨʁ ɩɨɥɨɜɢɧɢ ɝɨɞɢɧɟ ɤɨɦɩɥɟɬɧɨ ɨɞɝɨɜɨɪɧɢ ɡɚ ɡɚɝɪɟɜɚʃɟ 
ɜɨɞɟ.  

 

ɍ ɡɢɦɫɤɢɦ ɦɟɫɟɰɢɦɚ ɬɨɩɥɚ ɜɨɞɚ ɫɟ ɨɛɟɡɛɟђɭʁɟ ɛɨʁɥɟɪɢɦɚ ɤɨʁɢ ɪɚɞɟ ɧɚ ɧɚɮɬɭ, ɝɚɫ ɢɥɢ 
ɞɪɜɨ, ɚ ɫɭɧɱɚɧɢɦ ɞɚɧɢɦɚ ɩɨɞɪɠɚɜɚ ɝɚ ɫɨɥɚɪɧɨ ɬɨɩɥɨɬɧɢ ɟɧɟɪɝɟɬɫɤɢ ɫɢɫɬɟɦ. Ɍɨ ɡɧɚɱɢ ɞɚ ɫɟ 
ɫɜɚɤɟ ɝɨɞɢɧɟ ɨɤɨ 60% ɡɚɯɬɟɜɚɧɟ ɬɨɩɥɟ ɜɨɞɟ ɦɨɠɟ ɨɫɬɜɚɪɢɬɢ ɫɨɥɚɪɧɢɦ ɬɨɩɥɨɬɧɢɦ 
ɟɧɟɪɝɟɬɫɤɢɦ ɫɢɫɬɟɦɢɦɚ [16]. 

 
ɋɥɢɤɚ 36. ɋɨɥɚɪɧɨ ɬɨɩɥɨɬɧɢ ɟɧɟɪɝɟɬɫɤɢ ɫɢɫɬɟɦ [27] 
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Ɂɚ ɪɚɡɥɢɤɭ ɨɞ ɫɨɥɚɪɧɨɝ ɝɪɟʁɧɨɝ ɫɢɫɬɟɦɚ (ɋȽɋ) ɫɚ ɩɪɢɧɭɞɧɨɦ ɰɢɪɤɭɥɚɰɢʁɨɦ, ɫɢɫɬɟɦɢ ɫɚ 

ɩɪɢɪɨɞɧɨɦ ɰɢɪɤɭɥɚɰɢʁɨɦ ɪɚɞɧɨɝ ɮɥɭɢɞɚ ɧɟɦɚʁɭ ɰɢɪɤɭɥɚɰɢɨɧɭ ɩɭɦɩɭ. ɐɢɪɤɭɥɚɰɢʁɚ 

ɪɚɞɧɨɝ ɮɥɭɢɞɚ ɭ ɨɜɢɦ ɫɢɫɬɟɦɢɦɚ ɨɫɬɜɚɪɭʁɟ ɫɟ ɧɚ ɨɫɧɨɜɭ ɪɚɡɥɢɤɟ ɝɭɫɬɢɧɚ, ɤɨʁɚ ɧɚɫɬɚʁɟ ɤɚɨ 

ɩɨɫɥɟɞɢɰɚ ɪɚɡɥɢɤɟ ɢɡɦɟђɭ ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɝɪɟʁɚɧɨɝ ɢ ɯɥɚɞɧɨɝ ɮɥɭɢɞɚ. Ɋɟɥɚɬɢɜɧɨ ɬɟɲɤɨ 

ɪɟɝɭɥɢɫɚʃɟ ɢ ɭɩɪɚɜʂɚʃɟ ɨɜɢɦ ɫɢɫɬɟɦɢɦɚ ɝɥɚɜɧɢ ɫɭ ɪɚɡɥɨɡɢ ɞɚ ɫɟ ɨɧɢ ɩɨ ɩɪɚɜɢɥɭ 

ɩɪɢɦɟʃɭʁɭ ɤɚɨ ɭɧɚɩɪɟɞ ɫɤɥɨɩʂɟɧɟ ɤɨɦɩɚɤɬɧɟ ʁɟɞɢɧɢɰɟ ɫɚ ɫɚɦɨ ʁɟɞɧɢɦ ɢɥɢ ɞɜɚ ɉɋȿ. 

 

ɋȽɋ ɡɚ ɉɌȼ ʁɟ ɨɩɬɢɦɚɥɧɨ ɞɢɦɟɧɡɢɨɧɢɫɚɧ ɚɤɨ ɝɨɞɢɲʃɢ ɭɞɟɨ ɢɫɤɨɪɢɲʄɟɧɟ ɫɨɥɚɪɧɟ 

ɟɧɟɪɝɢʁɟ ɭ ɭɤɭɩɧɨ ɩɨɬɪɟɛɧɨʁ ɟɧɟɪɝɢʁɢ ɡɚ ɩɪɢɩɪɟɦɭ ɩɨɬɪɨɲɧɟ ɬɨɩɥɟ ɜɨɞɟ ɤɨɞ ɦɚʃɢɯ 

ɫɢɫɬɟɦɚ ɢɡɧɨɫɢ 55-65%, ɨɞɧɨɫɧɨ ɤɨɞ ɫɪɟɞʃɢɯ 35-45%. ɍ ɫɥɭɱɚʁɭ ɜɟʄɢɯ ɭɞɟɥɚ 

ɢɫɤɨɪɢɲʄɟʃɚ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ ɫɢɫɬɟɦ ɛɢ ɛɢɨ ɩɪɟɞɢɦɟɧɡɢɨɧɢɫɚɧ (ɧɚɪɨɱɢɬɨ ɥɟɬɢ), ɚ ɨɞɧɨɫ 

ɢɧɜɟɫɬɢɰɢɨɧɢɯ ɬɪɨɲɤɨɜɚ ɢ ɟɧɟɪɝɟɬɫɤɢɯ ɞɨɛɢɬɚɤɚ ɧɟɩɨɜɨʂɚɧ [16]. 

 

ɍ ɫɥɭɱɚʁɭ ɩɪɚɜɢɥɧɨ ɞɢɦɟɧɡɢɨɧɢɫɚɧɨɝ ɫɢɫɬɟɦɚ, ɤɨɥɢɱɢɧɚ ɬɨɩɥɨɬɟ ɤɨʁɭ ɨɛɟɡɛɟђɭʁɟ ɋȽɋ 

ɞɨɜɨʂɧɚ ʁɟ ɞɚ ɭ ɥɟɬʃɢɦ ɦɟɫɟɰɢɦɚ ɡɚɞɨɜɨʂɢ ɭɤɭɩɧɟ ɩɨɬɪɟɛɟ ɡɚ ɡɚɝɪɟɜɚʃɟɦ ɩɨɬɪɨɲɧɟ 

ɬɨɩɥɟ ɜɨɞɟ. ȼɚɠɧɨ ʁɟ ɡɧɚɬɢ ɞɚ ɫɟ ɩɨɦɨʄɭ ɋȽɋ ɟɧɟɪɝɢʁɚ ɋɭɧɰɚ ɦɨɠɟ ɩɪɢɤɭɩɢɬɢ ɢ 

ɩɪɟɬɜɨɪɢɬɢ ɭ ɬɨɩɥɨɬɧɭ ɫɚɦɨ ɡɚ ɜɪɟɦɟ ɫɭɧɱɚɧɢɯ ɞɚɧɚ, ɨɞɧɨɫɧɨ ɤɚɞɚ ɢɦɚ ɋɭɧɰɚ. ɍ ɫɥɭɱɚʁɭ 

ɨɛɥɚɱɧɨɝ ɜɪɟɦɟɧɚ ɢ ɤɢɲɧɢɯ ɞɚɧɚ ɋȽɋ ɧɟʄɟ ɦɨʄɢ ɞɚ ɨɛɟɡɛɟɞɢ ɞɨɜɨʂɧɭ ɤɨɥɢɱɢɧɭ ɟɧɟɪɝɢʁɟ 

ɡɚ ɝɪɟʁɚʃɟ. Ɂɚ ɜɟɥɢɤɟ ɩɪɟɤɢɞɟ ɞɨɡɪɚɱɢɜɚʃɚ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ, ɤɨʁɢ ɫɟ ɨɛɢɱɧɨ ɞɟɲɚɜɚʁɭ 

ɬɨɤɨɦ ɡɢɦɫɤɢɯ ɦɟɫɟɰɢ, ɧɟɨɩɯɨɞɧɨ ʁɟ ɞɚ ɫɜɚɤɢ ɋȽɋ ɡɚ ɡɚɝɪɟɜɚʃɟ ɉɌȼ ɛɭɞɟ ɨɩɪɟɦʂɟɧ ɢ 

ɤɨɧɜɟɧɰɢɨɧɚɥɧɢɦ ɫɢɫɬɟɦɨɦ ɡɚ ɡɚɝɪɟɜɚʃɟ ɜɨɞɟ (ɟɥɟɤɬɪɢɱɧɚ ɟɧɟɪɝɢʁɚ, ɩɪɢɪɨɞɧɢ ɝɚɫ ɢɬɞ.). 

Ⱦɚ ɛɢ ɫɟ ɩɪɟɦɨɫɬɢɥɢ ɤɪɚʄɢ ɧɨʄɧɢ ɩɪɟɤɢɞɢ ɢ ɟɜɟɧɬɭɚɥɧɢ ɞɧɟɜɧɢ ɩɪɟɤɢɞɢ ɭ ɫɧɚɛɞɟɜɚʃɭ 

ɫɨɥɚɪɧɨɦ ɟɧɟɪɝɢʁɨɦ, ɤɨʁɢ ɫɟ ʁɚɜʂɚʁɭ ɢ ɬɨɤɨɦ ɥɟɬʃɢɯ ɦɟɫɟɰɢ, ɤɚɨ ɧɟɡɚɨɛɢɥɚɡɚɧ ɟɥɟɦɟɧɬ ɭ 

ɫɜɚɤɢ ɋȽɋ ɭɝɪɚђɭʁɟ ɫɟ ɢ ɚɤɭɦɭɥɚɰɢɨɧɢ ɪɟɡɟɪɜɨɚɪ ɡɚ ɬɨɩɥɭ ɜɨɞɭ [16]. 

 

 Ⱦɚ ɛɢ ɋȽɋ ɡɚ ɡɚɝɪɟɜɚʃɟ ɉɌȼ ɦɨɝɚɨ ɩɨɭɡɞɚɧɨ ɢ ɤɜɚɥɢɬɟɬɧɨ ɞɚ ɪɚɞɢ, ɩɨɬɪɟɛɧɨ ʁɟ 

ɩɚɠʂɢɜɨ ɞɢɦɟɧɡɢɨɧɢɫɚɬɢ ɫɜɚɤɭ ʃɟɝɨɜɭ ɤɨɦɩɨɧɟɧɬɭ. ɉɪɟɞɢɦɟɧɡɢɨɧɢɫɚɧɢ ɫɢɫɬɟɦɢ, ɨɫɢɦ 

ɲɬɨ ɧɟ ɦɨɝɭ ɞɚ ɨɩɪɚɜɞɚʁɭ ɢɧɜɟɫɬɢɰɢɨɧɚ ɫɪɟɞɫɬɜɚ, ɦɨɝɭ ɫɬɜɨɪɢɬɢ ɢ ɨɞɪɟђɟɧɟ ɬɟɯɧɢɱɤɟ 

ɩɪɨɛɥɟɦɟ ɭ ɪɚɞɭ ɫɢɫɬɟɦɚ. ɇɚʁɱɟɲʄɟ ɫɭ ɬɨ ɩɪɨɛɥɟɦɢ ɜɟɡɚɧɢ ɡɚ ɩɪɟɝɪɟɜɚʃɟ ɪɚɞɧɨɝ ɮɥɭɢɞɚ, 

ɩɪɨɛɥɟɦ ʃɟɝɨɜɨɝ ɩɪɟɬɟɪɚɧɨɝ ɲɢɪɟʃɚ, ɭɝɪɨɠɚɜɚʃɟ ɪɚɞɚ ɫɢɝɭɪɧɨɫɧɨɝ ɜɟɧɬɢɥɚ ɢ ɬɪɚʁɧɨɫɬɢ 

ɪɚɞɧɨɝ ɮɥɭɢɞɚ [16]. 

 

ɉɨɫɬɨʁɢ ɧɢɡ ɢɧɫɬɚɥɚɰɢʁɫɤɢɯ, ɬɟɯɧɢɱɤɢɯ ɢ ɩɪɚɤɬɢɱɧɢɯ ɩɪɟɞɧɨɫɬɢ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ ɡɚ 
ɡɚɝɪɟɜɚʃɟ ɜɨɞɟ: 

 ɢɫɤɨɪɢɲʄɟʃɟɦ ɫɭɧɱɟɜɟ ɫɜɟɬɥɨɫɬɢ ɩɪɭɠɚʁɭ ʁɟɞɢɧɫɬɜɟɧ ɨɫɟʄɚʁ ɫɢɝɭɪɧɨɫɬɢ ɢ 
ɭɝɨɞɧɨɫɬɢ, ʁɟɪ ʁɟ ɬɨ ɧɟɢɫɰɪɩɚɧ ɟɧɟɪɝɟɧɬ ɧɚ ɪɚɫɩɨɥɚɝɚʃɭ ɫɜɚɤɨɦ ɤɨɪɢɫɧɢɤɭ, 

 ʃɢɯɨɜɢ ɬɪɨɲɤɨɜɢ ɨɞɪɠɚɜɚʃɚ ɫɭ ɛɟɡɧɚɱɚʁɧɢ ɭ ɨɞɧɨɫɭ ɧɚ ɜɟɤ ɟɤɫɩɥɨɚɬɚɰɢʁɟ ɢ ɫɚɦɨ 
ɫɟ ʁɟɞɧɨɦ ɩɥɚʄɚʁɭ ɤɨɞ ɭɝɪɚɞʃɟ ɫɢɫɬɟɦɚ, 

 ɟɧɟɪɝɢʁɚ ɫɭɧɰɚ ɲɬɟɞɢ ɞɪɭɝɟ ɟɧɟɪɝɟɧɬɟ ɤɨʁɢ ɫɟ ɩɥɚʄɚʁɭ, ɚ ɢɧɜɟɫɬɢɰɢʁɚ ɫɟ ɜɪɚʄɚ ɡɚ ɞɜɟ 
ɞɨ ɩɟɬ ɝɨɞɢɧɚ, 

 ɧɢʁɟ ɩɨɬɪɟɛɧɨ ɞɚ ʁɟ ɨɛʁɟɤɚɬ ɭɧɚɩɪɟɞ ɩɪɨʁɟɤɬɨɜɚɧ ɡɚ ɩɨɬɪɟɛɟ ɢɧɫɬɚɥɚɰɢʁɟ ɬɚɤɜɨɝ 
ɫɢɫɬɟɦɚ ɝɪɟʁɚʃɚ. ɋɨɥɚɪɧɟ ɤɨɥɟɤɬɨɪɟ ʁɟ ɥɚɤɨ ɢɧɬɟɝɪɢɫɚɬɢ ɭ ɛɢɥɨ ɤɨʁɢ ɜɟʄ ɩɨɫɬɨʁɟʄɢ ɫɢɫɬɟɦ 
ɝɪɟʁɚʃɚ ɭ ɛɢɥɨ ɤɨɦ ɨɛʁɟɤɬɭ. ɉɪɨɫɟɱɚɧ ɫɢɫɬɟɦ ɭ ɞɨɦɚʄɢɧɫɬɜɭ ɫɦɚʃɭʁɟ ɟɦɢɫɢʁɭ 𝐶ܱଶ ɡɚ ɨɤɨ 
350 kg ɝɨɞɢɲʃɟ. 
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3.3 ɋɈɅȺɊɇɂ ȻȺɁȿɇɂ 
 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɟ ɭ ɛɚɡɟɧɢɦɚ ɦɨɠɟ ɫɟ ɪɟɝɭɥɢɫɚɬɢ ɩɨɦɨʄɭ ɫɨɥɚɪɧɢɯ ɫɢɫɬɟɦɚ ɡɚ 
ɡɚɝɪɟɜɚʃɟ ɜɨɞɟ ɱɢɦɟ ɫɟ ɩɨɫɬɢɠɟ ɩɪɨɞɭɠɟɬɚɤ ɫɟɡɨɧɟ ɤɭɩɚʃɚ ɢ ɭɲɬɟɞe ɤɨɧɜɟɧɰɢɨɧɚɥɧɢɯ 
ɨɛɥɢɤɚ ɟɧɟɪɝɢʁɟ. ɋɢɫɬɟɦɢ ɡɚ ɡɚɝɪɟɜɚʃɟ ɜɨɞɟ ɦɨɝɭ ɫɟ ɩɪɢɦɟɧɢɬɢ ɭ ɞɨɦɚʄɢɧɫɬɜɢɦɚ ɢ 
ɬɭɪɢɫɬɢɱɤɢɦ ɨɛʁɟɤɬɢɦɚ ɡɚ ɡɚɝɪɟɜɚʃɟ ɩɪɨɫɬɨɪɚ, ɤɚɨ ɢ ɡɚ ɡɚɝɪɟɜɚʃɟ ɜɨɞɟ ɭ ɛɚɡɟɧɢɦɚ. 
Ʉɨɪɢɫɬɟ ɫɟ ɡɚ ɪɚɡɥɢɱɢɬɟ ɜɟɥɢɱɢɧɟ ɛɚɡɟɧɚ, ɨɞ ɨɬɜɨɪɟɧɢɯ ɤɨʁɢ ɫɭ ɭ ɮɭɧɤɰɢʁɢ ɫɚɦɨ ɭ ɥɟɬʃɢɦ 
ɦɟɫɟɰɢɦɚ, ɞɨ ɜɟɥɢɤɢɯ ɡɚɬɜɨɪɟɧɢɯ ɨɥɢɦɩɢʁɫɤɢɯ ɛɚɡɟɧɚ ɤɨʁɢ ɪɚɞɟ ɬɨɤɨɦ ɰɟɥɟ ɝɨɞɢɧɟ. 
ɉɪɢɧɰɢɩ ɡɚɝɪɟɜɚʃɚ ɜɨɞɟ ɭ ɛɚɡɟɧɢɦɚ ʁɟ ɢɫɬɢ ɤɚɨ ɢ ɤɨɞ ɫɢɫɬɟɦɚ ɡɚ ɡɚɝɪɟɜɚʃɟ ɜɨɞɟ ɭ 
ɞɨɦɚʄɢɧɫɬɜɭ, ɫ ɬɨɦ ɪɚɡɥɢɤɨɦ ɲɬɨ ɫɚɦ ɛɚɡɟɧ ɩɪɟɞɫɬɚɜʂɚ ɬɨɩɥɨɬɧɨ ɫɤɥɚɞɢɲɬɟ.  

 

 
ɋɥɢɤɚ 37. ɉɪɢɧɰɢɩ ɡɚɝɪɟɜɚʃɚ ɜɨɞɟ ɭ ɛɚɡɟɧɭ [28] 

 

ɋɨɥɚɪɧɢ ɫɢɫɬɟɦ ɨɛɚɜʂɚ ɬɪɢ ɮɭɧɤɰɢʁɟ, ɚ ɬɨ ɫɭ:   

 ɚɤɭɦɭɥɚɰɢʁɚ: ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɚɤɭɦɭɥɢɪɚʁɭ ɋɭɧɱɟɜɨ ɡɪɚɱɟʃɟ, 
 ɞɢɫɬɪɢɛɭɰɢʁɚ: ɰɢɪɤɭɥɚɰɢɨɧɢ ɩɪɟɧɨɫ ɟɧɟɪɝɢʁɟ ɪɚɞɧɨɝ ɮɥɭɢɞɚ ɞɨ ɪɟɡɟɪɜɨɚɪɚ; 

ɰɢɪɤɭɥɚɰɢʁɚ ɦɨɠɟ ɛɢɬɢ ɩɪɢɪɨɞɧɚ (ɬɟɪɦɨɫɢɮɨɧɫɤɢ ɫɢɫɬɟɦ ) ɢɥɢ ɩɪɢɧɭɞɧɚ ɩɨɦɨʄɭ ɩɭɦɩɟ,  
 ɫɤɥɚɞɢɲɬɟʃɟ: ɬɨɩɥɚ ɜɨɞɚ ɫɟ ɫɤɥɚɞɢɲɬɢ ɭ ɦɚɲɢɧɫɤɨʁ ɫɨɛɢ ɢɥɢ ɧɚ ɤɪɨɜɭ, ɭɤɨɥɢɤɨ ʁɟ 

ɭ ɩɢɬɚʃɭ ɬɟɪɦɨɫɢɮɨɧɫɤɢ ɫɢɫɬɟɦ, ɞɨɤ ɧɟ ɞɨђɟ ɜɪɟɦɟ ɡɚ ʃɟɧɨ ɤɚɫɧɢʁɟ ɤɨɪɢɲʄɟʃɟ. 
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ɋɨɥɚɪɧɢ ɫɢɫɬɟɦɢ ɡɚ ɝɪɟʁɚʃɟ ɜɨɞɟ ɭ ɛɚɡɟɧɭ ʄɟ ɭɲɬɟɞɟɬɢ ɧɨɜɚɰ ɧɚ ʁɟɞɧɨɫɬɚɜɚɧ ɧɚɱɢɧ. 
Ȼɚɡɟɧ ɫɟ ɦɨɠɟ ɧɚ ɨɜɚʁ ɧɚɱɢɧ ɡɚɝɪɟɜɚɬɢ ʁɟɮɬɢɧɨ ɢ ɟɮɢɤɚɫɧɨ, ɭɡ ɲɬɟɞʃɭ ɟɧɟɪɝɢʁɟ. ɋɢɫɬɟɦɢ 
ɫɭ ʁɟɞɧɨɫɬɚɜɧɢ ɢ ɪɟɥɚɬɢɜɧɨ ʁɟɮɬɢɧɢ, ɚ ɦɨɝɭ ɫɟ ɧɚɩɪɚɜɢɬɢ ɫɚɦɨɫɬɚɥɧɨ, ɭɡ ɦɚɥɨ ɜɨʂɟ ɢ 
ɭɩɨɪɧɨɫɬɢ. ɋɚɦ ɛɚɡɟɧ ʄɟ ɛɢɬɢ ɜɟɨɦɚ ɤɨɪɢɫɬɚɧ, ɚ ɩɭɦɩɚ ɡɚ ɮɢɥɬɪɢɪɚʃɟ ɛɚɡɟɧɫɤɟ ɜɨɞɟ ʄɟ 
ɨɦɨɝɭʄɢɬɢ ɢ ɨɞɪɠɚɜɚɬɢ ɜɨɞɭ ɱɢɫɬɨɦ. ȼɨɞɚ ʄɟ ɭɡ ɩɨɦɨʄ ɨɜɨɝ ɫɢɫɬɟɦɚ ɰɢɪɤɭɥɢɫɚɬɢ ɤɪɨɡ 
ɫɨɥɚɪɧɟ ɤɨɥɟɤɬɨɪɟ [29]. 

 

 
ɋɥɢɤɚ 38.  Ⱦɟɥɨɜɢ ɫɢɫɬɟɦɚ ɡɚ ɡɚɝɪɟɜɚʃɟ ɛɚɡɟɧɚ [30] 

1- ɩɭɦɩɚ ɤɨʁɚ ɨɞɜɨɞɢ ɜɨɞɭ ɞɨ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ, 2- ɯɥɚɞɧɚ ɜɨɞɚ ɤɨʁɚ ʁɟ ɭɫɦɟɪɟɧɚ ɤɚ ɫɨɥɚɪɧɨɦ ɤɨɥɟɤɬɨɪɭ, 
3- ɡɚɝɪɟɜɚʃɟ ɜɨɞɟ ɤɨʁɚ ɫɬɪɭʁɢ ɤɪɨɡ ɫɢɫɬɟɦ ɰɟɜɢ ɤɨɥɟɤɬɨɪɚ, 4- ɩɨɜɪɚɬɚɤ ɡɚɝɪɟʁɚɧɟ ɜɨɞɟ ɭ ɛɚɡɟɧ. 

 

ɉɪɟ ɭɝɪɚɞʃɟ ɫɨɥɚɪɧɨɝ ɫɢɫɬɟɦɚ, ɩɨɬɪɟɛɧɨ ʁɟ ɨɛɟɡɛɟɞɢɬɢ ɩɨɤɥɨɩɚɰ ɡɚ ɛɚɡɟɧ. Ɍɨ ʁɟ 

ɧɚʁɟɮɢɤɚɫɧɢʁɢ ɢ ɧɚʁɫɢɝɭɪɧɢʁɢ ɦɟɬɨɞ ɤɨʁɢɦ ɫɟ ɦɨɝɭ ɫɦɚʃɢɬɢ ɬɪɨɲɤɨɜɢ ɝɪɟʁɚʃɚ ɛɚɡɟɧɚ ɢ 

ɫɦɚʃɢɬɢ ɟɦɢɫɢʁɟ ɝɚɫɨɜɚ ɫɬɚɤɥɟɧɟ ɛɚɲɬɟ.  ɉɨɤɥɨɩɚɰ ɧɚ ɛɚɡɟɧɭ ʄɟ ɫɦɚʃɢɬɢ ɢɫɩɚɪɚɜɚʃɟ 

ɜɨɞɟ, ɲɬɨ ɱɢɧɢ ɨɤɨ 70% ɨɞ ɬɪɨɲɤɨɜɚ ɡɚ ɝɪɟʁɚʃɟ ɛɚɡɟɧɚ. Ɍɚɤɨђɟ, ɩɨɤɥɨɩɚɰ ʄɟ ɞɨɡɜɨɥɢɬɢ 

ɛɨʂɭ ɫɨɥɚɪɧɭ ɚɩɫɨɪɩɰɢʁɭ [29]. 

 

ɍ ɜɪɭʄɢɦ ɤɥɢɦɚɬɫɤɢɦ ɭɫɥɨɜɢɦɚ ɤɨɥɟɤɬɨɪ ɫɟ ɬɚɤɨђɟ ɦɨɠɟ ɤɨɪɢɫɬɢɬɢ ɡɚ ɯɥɚђɟʃɟ ɛɚɡɟɧɚ 

ɬɨɤɨɦ ɥɟɬʃɢɯ ɦɟɫɟɰɢ, ɰɢɪɤɭɥɢɲɭʄɢ ɜɨɞɭ ɤɪɨɡ ɤɨɥɟɤɬɨɪ ɧɨʄɭ. ɇɟɤɢ ɫɢɫɬɟɦɢ ɭɤʂɭɱɭʁɭ 

ɫɟɧɡɨɪɟ ɢ ɚɭɬɨɦɚɬɫɤɨ ɢɥɢ ɪɭɱɧɨ ɨɤɪɟʄɭ ɜɟɧɬɢɥ ɞɚ ɛɢ ɫɤɪɟɧɭɥɢ ɜɨɞɭ ɤɪɨɡ ɤɨɥɟɤɬɨɪ ɤɚɞɚ ʁɟ 

ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɥɟɤɬɨɪɚ ɜɟʄɚ ɨɞ ɬɟɦɩɟɪɚɬɭɪɟ ɛɚɡɟɧɚ. 

 

Ʉɚɞɚ ɫɭ ɬɟɦɩɟɪɚɬɭɪɟ ɢɡɧɚɞ ɧɭɥɟ, ɨɧɞɚ ʄɟ ɜɟɪɨɜɚɬɧɨ ɛɢɬɢ ɩɨɬɪɟɛɚɧ ɧɟɝɥɚɡɢɪɚɧɢ ɫɢɫɬɟɦ 
ɤɨɥɟɤɬɨɪɚ. ɇɟɝɥɚɡɢɪɚɧɢ ɤɨɥɟɤɬɨɪɢ ɧɟ ɭɤʂɭɱɭʁɭ ɡɚɫɬɚɤʂɢɜɚʃɟ, ɜɟʄ ɫɭ ɭɝɥɚɜɧɨɦ 
ɧɚɩɪɚɜʂɟɧɢ ɨɞ ɬɟɲɤɟ ɝɭɦɟ ɢɥɢ ɩɥɚɫɬɢɤɟ, ɬɪɟɬɢɪɚɧɟ ɫɚ ɭɥɬɪɚʂɭɛɢɱɚɫɬɨɦ ɡɚɲɬɢɬɨɦ, ɤɚɤɨ 
ɛɢ ɩɪɨɞɭɠɢɥɢ ɬɪɚʁɚʃɟ ɩɚɧɟɥɚ. Ɂɛɨɝ ɫɜɨʁɢɯ ʁɟɮɬɢɧɢɯ ɞɟɥɨɜɚ ɢ ʁɟɞɧɨɫɬɚɜɧɨɝ ɞɢɡɚʁɧɚ, 
ɧɟɝɥɚɡɢɪɚɧɢ ɤɨɥɟɤɬɨɪɢ ɫɭ ɨɛɢɱɧɨ ʁɟɮɬɢɧɢʁɢ ɨɞ ɝɥɚɡɢɪɚɧɢɯ ɤɨɥɟɤɬɨɪɚ. ɑɚɤ, ɢ ɚɤɨ ɦɨɪɚ ɞɚ 

ɫɟ ɭɝɚɫɢ ɫɢɫɬɟɦ ɬɨɤɨɦ ɯɥɚɞɧɨɝ ɜɪɟɦɟɧɚ, ɧɟɝɥɚɡɢɪɚɧɢ ɤɨɥɟɤɬɨɪɢ ɦɨɝɭ ɛɢɬɢ ɦɧɨɝɨ 
ɟɮɢɤɚɫɧɢʁɢ ɧɟɝɨ ɢɧɫɬɚɥɢɪɚʃɟ ɫɤɭɩʂɢɯ ɡɚɫɬɚɤʂɟɧɢɯ ɫɢɫɬɟɦɚ ɤɨɥɟɤɬɨɪɚ [29]. 
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ɋɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɡɚ ɝɪɟʁɚʃɟ ɛɚɡɟɧɚ ɬɪɟɛɚ ɞɚ ɛɭɞɭ ɨɪɢʁɟɧɬɢɫɚɧɢ ɝɟɨɝɪɚɮɫɤɢ ɢ 
ɩɨɫɬɚɜʂɟɧɢ ɬɚɤɨ ɞɚ ɦɚɤɫɢɦɢɡɢɪɚʁɭ ɤɨɥɢɱɢɧɭ ɞɧɟɜɧɟ ɢ ɫɟɡɨɧɫɤɟ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ ɤɨʁɚ ɫɟ 
ɩɪɢɦɚ. ɍ ɩɪɢɧɰɢɩɭ, ɨɩɬɢɦɚɥɧɚ ɨɪɢʁɟɧɬɚɰɢʁɚ ɡɚ ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪ ɧɚ ɫɟɜɟɪɧɨʁ ɯɟɦɢɫɮɟɪɢ ʁɟ 
ɤɚ ʁɭɝɭ.  

 

ɉɨɬɪɟɛɧɚ ɤɨɥɢɱɢɧɚ ɟɧɟɪɝɢʁɟ ɡɚ ɝɪɟʁɚʃɟ ɛɚɡɟɧɚ ɡɚɜɢɫɢ ɨɞ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɞɟ, ɩɨɥɨɠɚʁɚ, 

ɜɟɬɪɚ, ɜɪɟɦɟɧɚ, ɞɭɛɢɧɟ ɜɨɞɟ, ɛɨʁɟ ɛɚɡɟɧɚ ɢ ɩɨɬɪɟɛɧɟ ɤɨɥɢɱɢɧɟ ɫɜɟɠɟ ɜɨɞɟ ɩɨ ɫɟɡɨɧɢ, ɢ 
ɢɡɧɨɫɢ 150 kWh/m² ɢ 700 kWh/m² (ɨɞɧɨɫɢ ɫɟ ɧɚ ɩɨɜɪɲɢɧɭ ɛɚɡɟɧɚ) [31]. 

 

Ɍɨɩɥɨɬɧɢ ɝɭɛɢɰɢ ɜɟʄɢ ɫɭ [31]: 

 ɲɬɨ ʁɟ ɜɟʄɢ ɛɚɡɟɧ, ɚ ɩɨɫɟɛɧɨ ʃɟɝɨɜɚ ɩɨɜɪɲɢɧɚ, 

 ɲɬɨ ʁɟ ɜɢɲɚ ɠɟʂɟɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɟ (ɝɭɛɢɰɢ ɡɛɨɝ ɢɫɩɚɪɚɜɚʃɚ), 

 ɲɬɨ ʁɟ ɜɟʄɚ ɬɟɦɩɟɪɚɬɭɪɧɚ ɪɚɡɥɢɤɚ ɢɡɦɟђɭ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɞɟ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɚɡɞɭɯɚ, 

(ɭ ɡɚɬɜɨɪɟɧɢɦ ɛɚɡɟɧɢɦɚ ʁɟ ɬɟɦɩɟɪɚɬɭɪɚ ɜɚɡɞɭɯɚ ɩɨ ɩɪɚɜɢɥɭ ɞɨ 3 Ʉ ɜɢɲɚ ɨɞ ɬɟɦɩɟɪɚɬɭɪɟ 

ɜɨɞɟ), 

 ɲɬɨ ʁɟ ɧɢɠɚ ɪɟɥɚɬɢɜɧɚ ɜɥɚɠɧɨɫɬ ɜɚɡɞɭɯɚ, ɬɨ ʁɟ ɫɭɜʂɢ ɜɚɡɞɭɯ ɢɡɧɚɞ ɩɨɜɪɲɢɧɟ ɜɨɞɟ, 

ɢ ɜɟʄɢ ɫɭ ɝɭɛɢɰɢ ɢɫɩɚɪɚɜɚʃɟɦ. 

 

Ɍɢɩɢɱɧɢ ɝɭɛɢɰɢ ɬɨɩɥɨɬɟ ɭ ɨɬɜɨɪɟɧɨɦ ɛɚɡɟɧɭ [31]: 

 ɬɨɩɥɨɬɧɚ ɩɪɨɜɨɞʂɢɜɨɫɬ 5%, 

 ɤɨɧɜɟɤɰɢʁɚ 12%, 

 ɬɨɩɥɨɬɧɨ ɡɪɚɱɟʃɟ 17%, 

 ɢɫɩɚɪɚɜɚʃɟ 66%. 

 
ɋɥɢɤɚ 39. ɋɨɥɚɪɧɢ ɛɚɡɟɧ [31] 

 

ɍ ɡɚɬɜɨɪɟɧɢɦ ɛɚɡɟɧɢɦɚ ɩɨ ɩɪɚɜɢɥɭ ɫɟ ɤɨɧɬɪɨɥɢɲɟ ɤɜɚɥɢɬɟɬ ɜɚɡɞɭɯɚ ɭ ɩɪɨɫɬɨɪɭ, ɚ 

ɪɟɥɚɬɢɜɧɚ ɜɥɚɠɧɨɫɬ ɢɡɧɨɫɢ 55-65%. Ɋɚɫɯɥɚђɢɜɚʃɟ ɛɚɡɟɧɚ, ɡɛɨɝ ɞɨɜɨɞɚ ɫɜɟɠɟ ɜɨɞɟ, ɞɨɜɨɞɢ 

ɞɨ ɞɨɞɚɬɧɢɯ ɬɨɩɥɨɬɧɢɯ ɝɭɛɢɬɚɤɚ. 
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ɇɚʁɜɟʄɢ ɟɧɟɪɝɟɬɫɤɢ ɞɨɩɪɢɧɨɫ ɭ ɨɬɜɨɪɟɧɢɦ ɛɚɡɟɧɢɦɚ ɞɨɛɢʁɚ ɫɟ ɞɢɪɟɤɬɧɨ ɨɞ ɡɪɚɱɟʃɚ 

ɫɭɧɰɚ ɧɚ ɩɨɜɪɲɢɧɭ ɛɚɡɟɧɚ. ɉɪɨɫɟɱɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɭ ɛɚɡɟɧɭ, ɤɨʁɢ ɫɟ ɤɪɚʁɟɦ ɚɩɪɢɥɚ ɩɭɧɢ 

ɜɨɞɨɦ ɨɞ 12°C, ɭ ɦɚʁɭ ɨɤɨ 16°C ɢ ɭ ɚɜɝɭɫɬɭ 21°C, ɪɚɫɬɟ ɭ ɡɚɜɢɫɧɨɫɬɢ ɨɞ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ.  

ɍɡ ɩɨɦɨʄ ɫɨɥɚɪɧɨɝ ɫɢɫɬɟɦɚ ɩɪɨɫɟɱɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɛɚɡɟɧɚ ɦɨɠɟ ɫɟ ɩɨɜɟʄɚɬɢ ɩɪɟ ɫɟɡɨɧɟ 

ɤɭɩɚʃɚ ɢɥɢ ɞɭɛɨɤɨ ɭ ʁɟɫɟɧ, ɩɪɢ ɱɟɦɭ ɫɟ ɩɨɫɬɢɠɟ ɭɝɨɞɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɡɚ ɤɭɩɚʃɟ ɨɤɨ 22°C. 

Ⱦɨɤ ɬɪɚʁɭ ɞɭɠɢ ɩɟɪɢɨɞɢ ɥɟɩɨɝ ɜɪɟɦɟɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɟ ɦɨɠɟ ɞɨɫɬɢʄɢ ɢ 30°C [31]. 

 

 
ɋɥɢɤɚ 40. ɐɢɪɤɭɥɚɰɢʁɚ ɢ ɫɬɪɭʁɚʃɟ ɜɨɞɟ ɢɡ ɛɚɡɟɧɚ ɤɪɨɡ ɫɨɥɚɪɧɢ ɩɚɧɟɥ [32] 

 

Ɉɞɪɟђɢɜɚʃɟ ɟɮɢɤɚɫɧɨɫɬɢ ɫɨɥɚɪɧɢɯ ɫɢɫɬɟɦɚ ɡɚ ɝɪɟʁɚʃɟ ɛɚɡɟɧɚ ʁɟ ɢɡɭɡɟɬɧɨ ɜɚɠɧɨ. Ɇɨɠɟ 

ɫɟ ɨɞɪɟɞɢɬɢ ɟɮɢɤɚɫɧɨɫɬ ɫɨɥɚɪɧɨɝ ɫɢɫɬɟɦɚ ɡɚ ɝɪɟʁɚʃɟ ɛɚɡɟɧɚ ɧɚ ɨɫɧɨɜɭ ɬɟɪɦɚɥɧɟ 
ɩɟɪɮɨɪɦɚɧɫɟ ɪɟʁɬɢɧɝɚ ɤɨɥɟɤɬɨɪɚ ɭɤɨɥɢɤɨ ʁɟ ɞɨɫɬɭɩɚɧ. Ɉɰɟɧɚ ɬɟɪɦɚɥɧɟ ɩɟɪɮɨɪɦɚɧɫɟ 
ɫɨɥɚɪɧɨɝ ɤɨɥɟɤɬɨɪɚ ɫɟ ɦɟɪɢ ɭ ɛɪɢɬɚɧɫɤɢɦ ɬɨɩɥɨɬɧɢɦ ʁɟɞɢɧɢɰɚɦɚ ɩɨ ɤɜɚɞɪɚɬɧɨɦ ɦɟɬɪɭ 
ɞɧɟɜɧɨ [29]. Ɍɚɤɨђɟ, ɦɨɠɟ ɞɚ ɫɟ ɦɟɪɢ ɩɨ MJ/m² ɞɧɟɜɧɨ. ɒɬɨ ʁɟ ɜɟʄɢ ɛɪɨʁ, ɜɟʄɚ ʁɟ 
ɟɮɢɤɚɫɧɨɫɬ ɫɨɥɚɪɧɨɝ ɤɨɥɟɤɬɨɪɚ, ɦɟђɭɬɢɦ, ɩɨɲɬɨ ɜɪɟɦɟɧɫɤɢ ɭɫɥɨɜɢ ɦɨɝɭ ɛɢɬɢ 
ɜɚɪɢʁɚɛɢɥɧɢ, ɨɜɚ ɨɰɟɧɚ ɦɨɠɟ ɞɚ ɜɚɪɢɪɚ, ɬɟɪɦɚɥɧɟ ɩɟɪɮɨɪɦɚɧɫɟ ɨɞ ɛɢɥɨ ɤɨʁɟɝ ɤɨɥɟɤɬɨɪɚ 
ɬɪɟɛɚ ɭɡɟɬɢ ɫɚɦɨ ɩɪɢɛɥɢɠɧɨ. ȼɢɫɨɤɚ ɟɮɢɤɚɫɧɨɫɬ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ ɧɟ ɫɚɦɨ ɞɚ ʄɟ 
ɫɦɚʃɢɬɢ ɝɨɞɢɲʃɟ ɬɪɨɲɤɨɜɟ, ɜɟʄ ɦɨɠɟ ɞɚ ɡɚɯɬɟɜɚ ɦɚʃɟ ɤɜɚɞɪɚɬɧɢɯ ɦɟɬɚɪɚ ɡɚ ɡɚɝɪɟɜɚʃɟ 
ɛɚɡɟɧɚ [29]. 
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ɉɪɟ ɤɭɩɨɜɢɧɟ, ɤɨɪɢɫɧɨ ʁɟ ɭɪɚɞɢɬɢ ɞɟɬɚʂɧɨ ɩɨɪɟђɟʃɟ ɬɢɩɨɜɚ ɤɨɥɟɤɬɨɪɚ. ɉɨɬɪɟɛɧɨ ʁɟ 

ɩɪɨɰɟɧɢɬɢ ɢ ɭɩɨɪɟɞɢɬɢ ɬɪɨɲɤɨɜɟ ɤɨɪɢɲʄɟʃɟɦ ɪɚɡɥɢɱɢɬɢɯ ɦɨɞɟɥɚ ɫɨɥɚɪɧɨɝ ɤɨɥɟɤɬɨɪɚ. Ɍɨ 
ʄɟ ɩɨɦɨʄɢ ɞɚ ɫɟ ɭɬɜɪɞɢ ɩɨɬɟɧɰɢʁɚɥɧɚ ɭɲɬɟɞɚ ɭɥɚɝɚʃɚ ɭ ɟɮɢɤɚɫɧɢʁɢ ɬɢɩ ɤɨɥɟɤɬɨɪɚ ɤɨʁɢ 
ɦɨɠɟ ɞɚ ɡɚɯɬɟɜɚ ɦɚʃɟ ɩɚɧɟɥɚ ɡɚ ɩɨɞɪɭɱʁɟ ɤɨɥɟɤɬɨɪɚ ɩɨɬɪɟɛɧɨ ɡɚ ɡɚɝɪɟɜɚʃɟ ɛɚɡɟɧɚ. Ɍɟɤ 
ɧɚɤɨɧ ɨɜɟ ɚɧɚɥɢɡɟ, ɦɨɠɟ ɫɟ ɨɞɚɛɪɚɬɢ ɦɨɞɟɥ ɩɪɟɦɚ ɨɞɝɨɜɚɪɚʁɭʄɢɦ ɩɨɬɪɟɛɚɦɚ [29]. 

 

3.4 ȺɄɍɆɍɅȺɌɈɊɂ ɌɈɉɅɈɌȿ ɁȺ ȽɊȿȳȺȵȿ ɉɈɆɈȶɍ ɋɈɅȺɊɇɂɏ 

ɋɂɋɌȿɆȺ 
 

ȳɟɞɚɧ ɨɞ ɧɚʁɜɚɠɧɢʁɢɯ ɦɟɬɨɞɚ ʁɟɫɬɟ ɚɤɭɦɭɥɢɪɚʃɟ ɟɧɟɪɝɢʁɟ, ɨɞɧɨɫɧɨ, ɩɨɬɪɟɛɧɨ ʁɟ 
ɭɝɪɚɞɢɬɢ ɚɤɭɦɭɥɚɰɢʁɫɤɢ ɭɪɟђɚʁ ɭ ɤɨʁɟɦ ɫɟ ɫɤɭɩʂɚ ɟɧɟɪɝɢʁɚ ɡɚ ɜɪɟɦɟ ɫɭɧɱɚɧɨɝ ɩɟɪɢɨɞɚ ɢɡ 
ɤɨʁɟɝ ɫɟ ɟɧɟɪɝɢʁɚ ɰɪɩɢ ɡɚ ɜɪɟɦɟ ɤɚɞɚ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɧɟɦɚ ɭɨɩɲɬɟ ɢɥɢ ɝɚ ɧɟɦɚ ɭ 
ɞɨɜɨʂɧɨʁ ɤɨɥɢɱɢɧɢ.  

 

Ⱥɤɭɦɭɥɚɬɨɪɢ ɬɨɩɥɟ ɫɚɧɢɬɚɪɧɟ ɜɨɞɟ (ɫɨɥɚɪɧɢ ɛɨʁɥɟɪɢ) ɧɚɦɟʃɟɧɢ ɫɭ ɡɚ ɡɚɝɪɟɜɚʃɟ 
ɩɨɬɪɨɲɧɟ ɜɨɞɟ ɡɚ ɩɨɬɪɟɛɟ ɞɨɦɚʄɢɧɫɬɜɚ ɭɡ ɦɢɧɢɦɚɥɧɟ ɩɨɝɨɧɫɤɟ ɬɪɨɲɤɨɜɟ. 

 

Ɂɚɝɪɟɜɚʃɟ ɫɚɧɢɬɚɪɧɟ ɜɨɞɟ ɦɨɝɭʄɟ ʁɟ [33]: 

 ɫɩɢɪɚɥɧɢɦ ɫɨɥɚɪɧɢɦ ɝɪɟʁɚɱɟɦ ɤɨʁɢ ɫɟ ɩɨɜɟɡɭʁɟ ɧɚ ɢɧɫɬɚɥɚɰɢʁɭ ɫɨɥɚɪɧɨɝ ɫɢɫɬɟɦɚ, 
 ɫɩɢɪɚɥɧɢɦ ɬɨɩɥɨɜɨɞɧɢɦ ɝɪɟʁɚɱɟɦ ɤɨʁɢ ɫɟ ɩɨɜɟɡɭʁɟ ɧɚ ɫɢɫɬɟɦ ɰɟɧɬɪɚɥɧɨɝ ɝɪɟʁɚʃɚ, 

 ɟɥɟɤɬɪɢɱɧɢɦ ɝɪɟʁɚɱɟɦ ɡɚ ɟɜɟɧɬɭɚɥɧɨ ɞɨɩɭɧɫɤɨ ɡɚɝɪɟɜɚʃɟ. 

 

ɋɨɥɚɪɧɢ ɫɢɫɬɟɦ ɫɚɫɬɨʁɢ ɫɟ ɨɞ: ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ, ɚɤɭɦɭɥɚɰɢɨɧɨɝ ɪɟɡɟɪɜɨɚɪɚ 
(ɛɨʁɥɟɪɚ), ɤɨɧɬɪɨɥɧɟ ɰɟɧɬɪɚɥɟ ɫɚ ɩɭɦɩɨɦ ɢ ɟɤɫɩɚɧɡɢɨɧɨɦ ɩɨɫɭɞɨɦ, ɫɢɫɬɟɦɚ ɰɟɜɢ, ɪɚɡɧɢɯ 
ɜɟɧɬɢɥɚ, ɫɥɚɜɢɧɚ ɢ ɢɡɨɥɚɰɢɨɧɨɝ ɦɚɬɟɪɢʁɚɥɚ.  

 
ɋɥɢɤɚ 41. ɉɪɢɧɰɢɩ ɮɭɧɤɰɢɨɧɢɫɚʃɚ ɫɢɫɬɟɦɚ ɢ ɪɚɞ ɚɤɭɦɭɥɚɬɨɪɚ ɬɨɩɥɨɬɟ ɡɚ ɡɚɝɪɟɜɚʃɟ ɫɚɧɢɬɚɪɧɟ ɜɨɞɟ 

 

ɍ ɫɥɭɱɚʁɭ ɞɚ ɡɛɨɝ ɥɨɲɢɯ ɜɪɟɦɟɧɫɤɢɯ ɩɪɢɥɢɤɚ ɜɨɞɚ ɭ ɛɨʁɥɟɪɭ ɧɢʁɟ ɞɨɜɨʂɧɨ ɡɚɝɪɟʁɚɧɚ, 

ɛɨʁɥɟɪ ɢɦɚ ɭɝɪɚђɟɧ ɟɥɟɤɬɪɢɱɧɢ ɝɪɟʁɚɱ, ɤɨʁɢ ɜɨɞɭ ɞɨɝɪɟʁɟ ɧɚ ɩɨɞɟɲɟɧɭ ɬɟɦɩɟɪɚɬɭɪɭ. ɋɜɚɤɢ 

ɝɪɟʁɚɱ ɞɨɜɨʂɚɧ ʁɟ ɞɚ ɨɛɟɡɛɟɞɢ ɬɨɩɥɭ ɫɚɧɢɬɚɪɧɭ ɜɨɞɭ ɡɚ ɧɨɪɦɚɥɧɭ ɩɨɬɪɨɲʃɭ. Ⱥɤɭɦɭɥɚɬɨɪɢ 
ɫɟ ɢɡɪɚђɭʁɭ ɨɞ ɧɟɪђɚʁɭʄɟɝ ɱɟɥɢɱɧɨɝ ɥɢɦɚ ɫɚ ɝɪɟʁɚɱɢɦɚ ɨɞ ɛɚɤɚɪɧɢɯ ɢɥɢ ɧɟɪђɚʁɭʄɢɯ 

ɱɟɥɢɱɧɢɯ ɰɟɜɢ. Ʉɨɦɚɧɞɧɚ ɬɚɛɥɚ ɭ ɨɫɧɨɜɧɨʁ ɜɚɪɢʁɚɧɬɢ ɨɛɟɡɛɟђɭʁɟ ɚɭɬɨɦɚɬɫɤɢ ɪɚɞ ɢ 

ɪɟɝɭɥɚɰɢʁɭ ɬɟɦɩɟɪɚɬɭɪɟ ɤɨɞ ɤɨɪɢɲʄɟʃɚ ɟɥɟɤɬɪɢɱɧɨɝ ɝɪɟʁɚɱɚ. Ʉɨɞ ɤɨɪɢɲʄɟʃɚ ɬɨɩɥɨɬɟ ɢɡ 

https://sh.wikipedia.org/wiki/Energija
https://sh.wikipedia.org/wiki/Sun%C4%8Deva_svjetlost
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ɫɨɥɚɪɧɨɝ ɬɨɩɥɨɬɧɨɝ ɫɢɫɬɟɦɚ ɦɨɝɭʄɚ ʁɟ ɭɝɪɚɞʃɚ ɩɪɨɝɪɚɦɫɤɨɝ ɫɚɬɚ ɡɚ ɚɭɬɨɦɚɬɫɤɢ ɪɚɞ 

ɛɨʁɥɟɪɚ. Ʉɜɚɥɢɬɟɬɧɚ ɢɡɨɥɚɰɢʁɚ ɛɨʁɥɟɪɚ ɫɦɚʃɭʁɟ ɬɨɩɥɨɬɧɟ ɝɭɛɢɬɤɟ ɧɚ ɦɢɧɢɦɭɦ, ɚ 

ɫɩɨʂɚɲɧɨɫɬ ʁɟ ɫɚɜɪɟɦɟɧɨ ɞɢɡɚʁɧɢɪɚɧɚ.  

 

ɉɪɨʁɟɤɬɨɜɚʃɟ ɫɨɥɚɪɧɨɝ ɢɧɬɟɥɢɝɟɧɬɧɨɝ ɫɢɫɬɟɦɚ, ɜɪɲɢ ɫɟ ɩɪɟɰɢɡɧɨ ɞɟɮɢɧɢɫɚʃɟɦ 
ɫɬɪɭɤɬɭɪɟ ɫɢɫɬɟɦɚ ɨɞɚɛɢɪɨɦ ɩɨʁɟɞɢɧɢɯ ɤɨɦɩɨɧɟɧɚɬɚ ɫɢɫɬɟɦɚ, ɤɚɤɨ ɛɢ ɫɟ ɩɨɫɬɢɝɚɨ 
ɨɩɬɢɦɚɥɧɢ ɬɨɩɥɨɬɧɢ ɭɱɢɧɚɤ. Ʉɪɢɬɟɪɢʁɭɦɢ ɡɚ ɨɞɚɛɢɪ ɢɧɬɟɥɢɝɟɧɬɧɨɝ ɫɨɥɚɪɧɨɝ ɬɟɪɦɚɥɧɨɝ 
ɫɢɫɬɟɦɚ ɫɭ ɩɨɭɡɞɚɧ ɢ ɛɟɡɛɟɞɚɧ ɪɚɞ ɨɜɚɤɜɢɯ ɫɨɥɚɪɧɢɯ ɢɧɫɬɚɥɚɰɢʁɚ. ɍ ɧɚɲɢɦ ɭɫɥɨɜɢɦɚ, 
ɫɨɥɚɪɧɢ ɫɢɫɬɟɦ ɛɟɡ ɭɩɨɬɪɟɛɟ ɞɨɞɚɬɧɨɝ ɫɢɫɬɟɦɚ ɧɟ ɦɨɠɟ ɞɚ ɝɚɪɚɧɬɭʁɟ ɫɢɝɭɪɧɨɫɬ 
ɫɧɚɛɞɟɜɚʃɚ ɟɧɟɪɝɢʁɨɦ. ɂɡ ɬɨɝ ɪɚɡɥɨɝɚ ɫɟ ɜɪɲɢ ɞɢɦɟɧɡɢɨɧɢɫɚʃɟ ɤɨɧɜɟɧɰɢɨɧɚɥɧɨɝ ɫɢɫɬɟɦɚ 
ɧɟɡɚɜɢɫɧɨ ɨɞ ɫɨɥɚɪɧɨɝ. Ɇɟђɭɫɨɛɧɚ ɢɧɬɟɪɚɤɰɢʁɚ ɢɡɦɟђɭ ɩɨɫɬɨʁɟʄɢɯ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ ʁɟ ɨɞ 
ɩɪɟɫɭɞɧɨɝ ɡɧɚɱɚʁɚ ɡɚ ɩɨɫɬɢɡɚʃɟ ɧɚʁɜɟʄɟ ɭɤɭɩɧɟ ɟɮɢɤɚɫɧɨɫɬɢ ɫɢɫɟɬɦɚ, ɬʁ. ɡɚ ɧɚʁɜɟʄɭ ɭɲɬɟɞɭ 
ɟɧɟɪɝɢʁɟ.  

 

Ʉɨɞ ɢɧɬɟɥɢɝɟɧɬɧɢɯ ɫɨɥɚɪɧɢɯ ɬɨɩɥɨɬɧɢɯ ɫɢɫɬɟɦɚ, ɪɚɞ ɫɢɫɬɟɦɚ ɪɟɝɭɥɢɲɟ ɫɢɫɬɟɦ 
ɚɭɬɨɦɚɬɫɤɨɝ ɭɩɪɚɜʂɚʃɚ, ɤɨʁɢ ɞɨɛɢʁɚ ɢɧɮɨɪɦɚɰɢʁɟ ɨ ɩɪɨɦɟɧɢ ɩɚɪɚɦɟɬɚɪɚ ɫɢɫɬɟɦɚ ɭ 
ɪɟɚɥɧɨɦ ɜɪɟɦɟɧɭ. Ʉɨɧɬɪɨɥɚ ɜɟʄɢɧɟ ɫɨɥɚɪɧɢɯ ɫɢɫɬɟɦɚ ɡɚ ɬɨɩɥɨɬɧɭ ɤɨɧɜɟɪɡɢʁɭ ɜɪɲɢ ɫɟ ɩɨ 
ɩɪɢɧɰɢɩɭ ɬɟɦɩɟɪɚɬɭɪɧɟ ɪɚɡɥɢɤɟ ɢɡɦɟђɭ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɥɚɪɧɨɝ ɤɨɥɟɤɬɨɪɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɭ 
ɚɤɭɦɭɥɚɬɨɪɭ ɬɨɩɥɨɬɟ ɢɥɢ ɪɟɡɟɪɜɨɚɪɭ ɫɚ ɬɨɩɥɨɦ ɩɨɬɪɨɲɧɨɦ ɜɨɞɨɦ. Ʉɚɞɚ ʁɟ ɪɚɡɥɢɤɚ ɨɜɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚ ɜɟʄɚ ɨɞ ɦɢɧɢɦɚɥɧɟ ɡɚɞɚɬɟ, ɰɢɪɤɭɥɚɰɢɨɧɚ ɩɭɦɩɚ ɩɨɱɢʃɟ ɫɚ ɪɚɞɨɦ ɢ ɪɚɞɧɢ 
ɦɟɞɢʁɭɦ ɬɪɚɧɫɩɨɪɬɭʁɟ ɬɨɩɥɨɬɭ ɨɞ ɫɨɥɚɪɧɨɝ ɤɨɥɟɤɬɨɪɚ ɞɨ ɚɤɭɦɭɥɚɬɨɪɚ/ɪɟɡɟɪɜɨɚɪɚ ɬʁ. 
ɩɨɫɪɟɞɧɨ ɞɨ ɩɨɬɪɨɲɚɱɚ [35]. 

 

 
ɋɥɢɤɚ 42. Ⱥɤɭɦɭɥɚɬɨɪ ɬɨɩɥɨɬɟ ɫɚ ɫɢɫɬɟɦɨɦ ɰɢɪɤɭɥɚɰɢʁɟ ɪɚɞɧɨɝ ɮɥɭɢɞɚ [34]  

 

ɋɢɫɬɟɦ ɩɪɟɫɬɚʁɟ ɫɚ ɪɚɞɨɦ ɤɚɞɚ ʁɟ ɪɚɡɥɢɤɚ ɨɜɢɯ ɬɟɦɩɟɪɚɬɭɪɚ ɢɡɧɚɞ ɡɚɞɚɬɨɝ ɦɢɧɢɦɭɦɚ. 
Ʉɨɞ ɬɢɩɢɱɧɢɯ ɫɨɥɚɪɧɢɯ ɫɢɫɬɟɦɚ ɫɚ ɢɧɞɢɪɟɤɬɧɢɦ ɢɥɢ ɞɢɪɟɤɬɧɢɦ ɡɚɝɪɟɜɚʃɟɦ ɚɤɭɦɭɥɚɬɨɪɚ 
ɬɨɩɥɨɬɟ ɢɥɢ ɪɟɡɟɪɜɨɚɪɚ ɩɨɬɪɨɲɧɟ ɬɨɩɥɟ ɜɨɞɟ, ɜɪɟɞɧɨɫɬ ɪɚɡɥɢɤɟ ɬɟɦɩɟɪɚɬɭɪɚ ɤɚɞɚ ɫɢɫɬɟɦ 
ɩɨɱɢʃɟ ɫɚ ɪɚɞɨɦ ʁɟ ɢɡɦɟђɭ 8-10°C, ɚ ɜɪɟɞɧɨɫɬ ɩɪɟɫɬɟɧɤɚ ɫɚ ɪɚɞɨɦ 4-5°C [35]. 
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ɋɟɧɡɨɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɤɨʁɢ ɫɟ ɤɨɪɢɫɬɟ ɦɨɪɚʁɭ ɛɢɬɢ ɨɬɩɨɪɧɢ ɧɚ ɜɢɫɨɤɟ ɬɟɦɩɟɪɚɬɭɪɟ ɤɨʁɟ 
ɫɟ ɦɨɝɭ ʁɚɜɢɬɢ ɭ ɫɨɥɚɪɧɢɦ ɩɪɢʁɟɦɧɢɰɢɦɚ. Ʉɨɞ ɫɥɨɠɟɧɢʁɢɯ ɫɢɫɬɟɦɚ, ɩɨɬɪɟɛɧɚ ʁɟ ɪɟɝɭɥɚɰɢʁɚ 
ɢ ɚɧɚɥɢɡɚ ɜɟʄɟɝ ɛɪɨʁɚ ɩɚɪɚɦɟɬɚɪɚ ɢ ɪɟɝɭɥɚɰɢʁɚ ɩɪɢɨɪɢɬɟɬɚ. Ʉɨɞ ɨɜɚɤɜɢɯ ɫɢɫɬɟɦɚ, ɧɩɪ. 
ʁɟɞɚɧ ɪɟɡɟɪɜɨɚɪ ɬɨɩɥɟ ɜɨɞɟ ɞɨɛɢʁɚ ɩɪɢɨɪɢɬɟɬ ɡɚ ɡɚɝɪɟɜɚʃɟ ɫɨɥɚɪɧɨɦ ɟɧɟɪɝɢʁɨɦ. Ʉɚɞɚ 
ɩɨɫɬɨʁɢ ɝɪɟʁɚʃɟ ɞɜɚ ɩɨɬɪɨɲɚɱɚ, ɧɩɪ. ɪɟɡɟɪɜɨɚɪ ɩɨɬɪɨɲɧɟ ɬɨɩɥɟ ɜɨɞɟ ɢ ɛɚɡɟɧ ɛɟɡ 
ɤɨɧɜɟɧɰɢɨɧɚɥɧɨɝ ɞɨɝɪɟɜɚʃɚ, ɫɢɫɬɟɦ ʄɟ ɡɚɝɪɟɜɚɬɢ ɧɚʁɩɪɟ ɪɟɡɟɪɜɨɚɪ ɩɨɬɪɨɲɧɟ ɬɨɩɥɟ ɜɨɞɟ 
ɤɚɨ ɩɪɢɨɪɢɬɟɬɧɢʁɢ. Ʉɚɞɚ ɪɟɡɟɪɜɨɚɪ ɞɨɫɬɢɝɧɟ ɫɜɨʁɭ ɡɚɞɚɬɭ ɬɟɦɩɟɪɚɬɭɪɭ, ɩɨɱɢʃɟ 
ɫɧɚɛɞɟɜɚʃɟ ɫɨɥɚɪɧɨɦ ɬɨɩɥɨɬɧɨɦ ɟɧɟɪɝɢʁɨɦ ɩɨɬɪɨɲɚɱɚ ɫɟɤɭɧɞɚɪɧɨɝ ɩɪɢɨɪɢɬɟɬɚ (ɭ ɨɜɨɦ 
ɫɥɭɱɚʁɭ ɛɚɡɟɧɚ). ɍ ɨɜɨʁ ɚɧɚɥɢɡɢ, ɩɪɢɨɪɢɬɟɬ ʁɟ ɞɚɬ ɡɚɝɪɟɜɚʃɭ ɩɨɬɪɨɲɧɟ ɬɨɩɥɟ ɜɨɞɟ, ɦɟђɭɬɢɦ 
ɡɚ ɩɨɫɬɢɡɚʃɟ ɧɚʁɜɟʄɟ ɟɧɟɪɝɟɬɫɤɟ ɟɮɢɤɚɫɧɨɫɬɢ ɰɟɥɨɤɭɩɧɨɝ ɫɢɫɬɟɦɚ, ɩɨɬɪɟɛɧɨ ʁɟ ɜɪɲɢɬɢ 
ɞɟɬɚʂɧɢʁɟ ɚɧɚɥɢɡɟ ɩɨɧɚɲɚʃɚ ɫɢɫɬɟɦɚ. Ʉɨɞ ɧɟɤɢɯ ɩɪɨɢɡɜɨђɚɱɚ, ɦɨɝɭʄɟ ʁɟ ɩɨɞɟɫɢɬɢ ɫɢɫɬɟɦ 
ɭɩɪɚɜʂɚʃɚ ɡɚ ɩɨɫɬɢɡɚʃɟ ɧɚʁɜɟʄɟ ɦɨɝɭʄɟ ɟɮɢɤɚɫɧɨɫɬɢ ɫɢɫɬɟɦɚ. Ɂɚ ɫɢɫɬɟɦ ɫɚ ɞɜɚ ɪɟɡɟɪɜɨɚɪɚ 
ɩɨɬɪɨɲɧɟ ɬɨɩɥɟ ɜɨɞɟ, ɤɨʁɢ ɫɟ ɡɚɝɪɟɜɚʁɭ ɰɟɥɟ ɝɨɞɢɧɟ, ɪɟɡɟɪɜɨɚɪ ɫɚ ɧɚʁɦɚʃɨɦ ɬɟɦɩɟɪɚɬɭɪɨɦ 
ʄɟ ɫɟ ɭɜɟɤ ɡɚɝɪɟɜɚɬɢ ɫɨɥɚɪɧɨɦ ɟɧɟɪɝɢʁɨɦ [35].   

 

 
ɋɥɢɤɚ 43. ɉɪɢɧɰɢɩɢʁɚɥɧɚ ɲɟɦɚ ɭɩɪɚɜʂɚʃɚ ɫɨɥɚɪɧɢɦ ɫɢɫɬɟɦɨɦ [35]  

1 - ɝɪɟʁɚʃɟ ɤɨɥɟɤɬɨɪɚ, 2- ɝɪɟʁɚʃɟ ɪɟɡɟɪɜɨɚɪɚ ɬɨɩɥɟ ɜɨɞɟ, 3 - ɚɤɭɦɭɥɚɰɢʁɚ ɬɨɩɥɨɬɟ 

 

ȽɅȺȼɇȿ ɄȺɊȺɄɌȿɊɂɋɌɂɄȿ ȺɄɍɆɍɅȺɌɈɊȺ ɌɈɉɅɈɌȿ ɄɈȾ ɋɈɅȺɊɇɈȽ 
ɋɂɋɌȿɆȺ ȽɊȿȳȺȵȺ: 

 ɬɨɩɥɨɬɚ ɫɭɧɰɚ ɫɟ ɟɤɨɧɨɦɢɱɧɨ ɤɨɪɢɫɬɢ, ʁɟɪ ɪɟɡɟɪɜɨɚɪ ɢɦɚ ɞɨɛɪɭ ɢɡɨɥɚɰɢʁɭ ɢ ɬɚɤɨ ɫɟ 

ɬɨɩɥɨɬɚ  ɱɭɜɚ ɢ ɫɤɥɚɞɢɲɬɢ ɞɭɠɟ ɜɪɟɦɟ, 

 ɜɢɫɨɤɢ ɫɬɟɩɟɧ ɢɫɤɨɪɢɲʄɟʃɚ ɩɪɢ ɦɚɥɢɦ ɩɨɜɪɚɬɧɢɦ ɬɟɦɩɟɪɚɬɭɪɚɦɚ, 

 ɫɬɚɛɢɥɧɚ ɦɟɬɚɥɧɚ ɤɨɧɫɬɪɭɤɰɢʁɚ ɡɚ ɡɢɞɧɭ ɦɨɧɬɚɠɭ, 

 ʁɟɞɧɨɫɬɚɜɧɚ ɢɧɫɬɚɥɚɰɢʁɚ ɢ ɨɞɪɠɚɜɚʃɟ, 

 ɜɟɨɦɚ ɜɢɫɨɤ ɭɱɢɧɚɤ, 

 ɚɬɪɚɤɬɢɜɚɧ ɩɨɜɪɚʄɚʁ ɢɧɜɟɫɬɢɰɢʁɟ, 

 ɩɨɜɨʂɚɧ ɨɞɧɨɫ ɰɟɧɟ ɢ ɩɟɪɮɨɪɦɚɧɫɢ. 
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3.5 ɉȺɋɂȼɇɈ ɄɈɊɂɒȶȿȵȿ ɋɍɇɑȿȼȿ ȿɇȿɊȽɂȳȿ - ɌɊɈɆȻɈȼ ɁɂȾ 
 

ɉɚɫɢɜɧɢ ɫɢɫɬɟɦ ɭɩɨɬɪɟɛɟ ɋɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ ɨɫɧɨɜɧɢ ʁɟ ɢ ɧɚʁʁɟɮɬɢɧɢʁɢ ɧɚɱɢɧ 

ɤɨɪɢɲʄɟʃɚ ɟɧɟɪɝɢʁɟ ɢɡ ɨɤɨɥɢɧɟ. ȼɟʄ ɋɨɤɪɚɬɨɜ ɦɨɞɟɥ ɤɭʄɟ ɩɨɤɚɡɭʁɟ ɞɚ ɫɭ ʂɭɞɢ ɯɢʂɚɞɚɦɚ 

ɝɨɞɢɧɚ ɪɚɡɦɢɲʂɚɥɢ ɤɚɤɨ ɞɚ ɫɟ ɩɚɫɢɜɧɨɦ ɚɪɯɢɬɟɤɬɭɪɨɦ ɡɚɲɬɢɬɟ ɨɞ ɯɥɚɞɧɨʄɟ ɢ ɬɨɩɥɨɬɟ. 

 

ɉɪɚɜɢɥɚ ɩɚɫɢɜɧɢɯ ɫɨɥɚɪɧɢɯ ɫɢɫɬɟɦɚ [36]:  

 ɩɪɚɜɢɥɧɚ ɨɪɢʁɟɧɬɚɰɢʁɚ ɨɛʁɟɤɬɚ ɩɪɟɦɚ ɫɬɪɚɧɚɦɚ ɫɜɟɬɚ,  
 ɜɟɥɢɤɟ ɫɬɚɤɥɟɧɟ ɩɨɜɪɲɢɧɟ ɧɚ ɨɫɭɧɱɚɧɨʁ ɫɬɪɚɧɢ,  
 ɧɚɞɫɬɪɟɲɧɢɰɚ ɤɨʁɚ ɫɩɪɟɱɚɜɚ ɥɟɬɢ ɩɪɨɞɨɪ ɫɜɟɬɥɨɫɬɢ ɭ ɭɧɭɬɪɚɲʃɨɫɬ ɨɛʁɟɤɬɚ,  
 ɞɨɜɨʂɧɚ ɤɨɥɢɱɢɧɚ ɬɨɩɥɨɬɧɟ ɦɚɫɟ,  
 ɬɨɩɥɨɬɧɚ ɢɡɨɥɚɰɢʁɚ.  
 

ɇɚ ɩɚɫɢɜɧɟ ɫɨɥɚɪɧɟ ɫɢɫɬɟɦɟ ɭɬɢɱɭ [36]:  

 ɚɪɯɢɬɟɤɬɚ,  
 ɢɡɜɨђɚɱ ɪɚɞɨɜɚ,  

 ɩɪɨɫɬɨɪɧɨ-ɩɥɚɧɫɤɚ ɞɨɤɭɦɟɧɬɚɰɢʁɚ,  

 ɪɚɫɩɨɪɟɞ ɢ ɦɟђɭɫɨɛɧɨ ɪɚɫɬɨʁɚʃɟ ɫɭɫɟɞɧɢɯ ɡɝɪɚɞɚ,  

 ɤɨɧɮɢɝɭɪɚɰɢʁɚ ɡɟɦʂɢɲɬɚ,  

 ɤɥɢɦɚɬɫɤɨ-ɦɟɬɟɨɪɨɥɨɲɤɢ ɭɫɥɨɜɢ. 
 

 
ɋɥɢɤɚ 44. ɉɚɫɢɜɧɨ ɡɚɝɪɟɜɚʃɟ ɩɪɨɫɬɨɪɚ ɡɢɦɢ ɢ ɥɟɬɢ [36] 

 

Ⱦɨɛɚɪ ɩɚɫɢɜɧɢ ɫɢɫɬɟɦ ɡɚ ɡɚɝɪɟɜɚʃɟ, ɩɨɦɨʄɭ ɫɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ, ɦɨɠɟ ɫɟ ɧɚʁɥɚɤɲɟ 
ɭɤɥɨɩɢɬɢ ɭ ɡɝɪɚɞɭ ɩɪɢɥɢɤɨɦ ɩɪɨʁɟɤɬɨɜɚʃɚ, ɩɚ ʁɟ ɩɨɝɨɞɧɢʁɢ ɡɚ ɧɨɜɟ, ɚ ɥɨɲɢʁɢ ɡɚ ɩɨɫɬɨʁɟʄɟ 

ɡɝɪɚɞɟ.  

Ʉɨɞ ɩɪɨʁɟɤɬɨɜɚʃɚ ɩɚɫɢɜɧɟ ɫɨɥɚɪɧɟ ɝɪɚɞʃɟ, ɩɨɬɪɟɛɧɨ ʁɟ ɞɨɛɪɨ ɩɪɢɥɚɝɨɞɢɬɢ ɞɟɥɨɜɟ 

ɩɨɜɪɲɢɧɚ ʁɭɠɧɢɯ ɮɚɫɚɞɚ ɨɛʁɟɤɚɬɚ ɞɚ ɞɨɛɪɨ ɚɩɫɨɪɛɭʁɭ ɋɭɧɱɟɜɭ ɟɧɟɪɝɢʁɭ. Ɍɨ ɫɟ ɩɨɫɬɢɠɟ 

ɬɚɤɨ ɲɬɨ ɫɟ ɧɚɜɟɞɟɧɟ ɩɨɜɪɲɢɧɟ ɨɛɨʁɟ ɰɪɧɨɦ ɛɨʁɨɦ ɢ ɧɚ ɨɞɪɟђɟɧɨɦ ɪɚɫɬɨʁɚʃɭ ɨɞ ɡɢɞɚ 

ɡɚɬɜɨɪɟ ɫɬɚɤɥɟɧɨɦ ɢɥɢ ɩɥɚɫɬɢɱɧɨɦ ɩɥɨɱɨɦ. ɋɭɧɱɟɜɨ ɡɪɚɱɟʃɟ ɭɥɚɡɢ ɤɪɨɡ ɜɟɥɢɤɟ ɫɬɚɤɥɟɧɟ 

ɩɨɜɪɲɢɧɟ ɢ ɞɢɪɟɤɬɧɨ ɡɚɝɪɟɜɚ ɩɪɨɫɬɨɪɢʁɭ ɢ ɬɚɤɨ ɫɟ ɬɨɩɥɨɬɚ ɩɪɟɧɨɫɢ ɭ ɨɞɝɨɜɚɪɚʁɭʄɟ ɞɟɥɨɜɟ 
ɩɪɨɫɬɨɪɢʁɟ [36].  
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3.5.1 ɌɊɈɆȻɈȼ ɁɂȾ 

 

ɍɫɚɜɪɲɚɜɚʃɟ ɩɚɫɢɜɧɨɝ ɫɨɥɚɪɧɨɝ ɫɢɫɬɟɦɚ ɡɚ ɡɚɝɪɟɜɚʃɟ ɩɪɨɫɬɨɪɢʁɚ, ɤɨʁɢ ɫɟ ɛɚɡɢɪɚ ɧɚ 

ɬɟɦɟʂɭ ɞɢɪɟɤɬɧɨɝ ɚɩɫɨɪɛɨɜɚʃɚ ɫɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ, ɢɡɜɟɨ ʁɟ 1956. ɝɨɞɢɧɟ ɮɪɚɧɰɭɫɤɢ 

ɢɧɠɟʃɟɪ Ɏɟɥɢɤɫ Ɍɪɨɦɛ. Ɉɧ ʁɟ ɧɚ ɉɢɪɢɧɟʁɢɦɚ ɫɚɝɪɚɞɢɨ ɫɨɥɚɪɧɭ ɤɭʄɭ, ɤɨʁɚ ʁɟ ɧɚ ʁɭɠɧɨʁ 
ɫɬɪɚɧɢ ɢɦɚɥɚ ɦɚɫɢɜɚɧ ɡɢɞ, ɨɛɨʁɟɧ ɰɪɧɨɦ ɛɨʁɨɦ ɢ ɤɨʁɢ ʁɟ ɛɢɨ ɡɚɫɬɚɤʂɟɧ. Ɍɚɤɨђɟ ʁɟ ɛɢɨ 
ɩɪɢɫɭɬɚɧ ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪ, ɚɤɭɦɭɥɚɬɨɪ ɬɨɩɥɨɬɟ ɢ ɭɪɟђɚʁ ɡɚ ɝɪɟʁɚʃɟ. Ɉɜɚʁ ɤɨɧɰɟɩɬ ɪɚɞɢ ɧɚ 
ɩɪɢɧɰɢɩɭ ɚɤɭɦɭɥɚɰɢʁɟ ɫɭɧɱɟɜɟ ɬɨɩɥɨɬɟ ɢ ʃɟɧɨɝ ɟɦɢɬɨɜɚʃɚ ɭ ɭɧɭɬɪɚɲʃɨɫɬ ɨɛʁɟɤɬɚ ɭ 
ɬɨɤɭ ɧɨʄɢ. Ɇɚɬɟɦɚɬɢɱɤɨɦ ɚɧɚɥɢɡɨɦ ʁɟ ɭɬɜɪɞɢɨ ɞɚ ɬɚʁ ɡɢɞ ɦɨɪɚ ɞɚ ɛɭɞɟ ɦɚɫɢɜɚɧ, ɤɚɤɨ ɛɢ 

ɫɚɱɭɜɚɨ ɟɧɟɪɝɢʁɭ ɤɨʁɚ ɞɨɥɚɡɢ ɞɨ ʃɟɝɚ, ɩɚ ʁɟ ɩɨ ʃɟɦɭ ɢ ɞɨɛɢɨ ɢɦɟ Ɍɪɨɦɛɨɜ ɡɢɞ [36]. 

 

Ɍɪɨɦɛɨɜ ɡɢɞ ɢɡɪɚђɭʁɟ ɫɟ ɨɞ ɨɩɟɤɟ, ɛɟɬɨɧɚ ɢɥɢ ɤɚɦɟɧɚ, ɢ ɨɛɢɱɧɨ ʁɟ ɞɟɛʂɢɧɟ ɨɞ 20 ɞɨ 40 
cm, ɚ ɫɜɟ ɞɟɛʂɢɧɟ ɦɚʃɟ ɨɞ 20 cm ɞɨɜɨɞɟ ɞɨ ɛɪɡɨɝ ɡɚɝɪɟɜɚʃɚ ɢ ɩɪɟɝɪɟɜɚʃɚ ɩɪɨɫɬɨɪɢʁɚ. ɋ 
ɞɪɭɝɟ ɫɬɪɚɧɟ, ɚɤɨ ʁɟ ɡɢɞ ɞɟɛʂɢ ɨɞ 40 cm, ɧɟʄɟ ɬɨɤɨɦ ɧɨʄɢ ɡɚɝɪɟɜɚɬɢ ɭɧɭɬɪɚɲʃɭ ɫɬɪɚɧɭ 
ɩɪɨɫɬɨɪɢʁɟ. ɇɚ ɭɞɚʂɟɧɨɫɬɢ ɨɞ 2 ɞɨ 10 cm ɢɫɩɪɟɞ ɡɢɞɚ ɧɚɥɚɡɢ ɫɟ ɫɬɚɤɥɨ [36]. 

 

 
ɋɥɢɤɚ 45. Ɍɪɨɦɛɨɜ ɡɢɞ [36] 

 

ɍ ɩɪɚɤɬɢɱɧɨʁ ɩɪɢɦɟɧɢ ɡɚɫɬɭɩʂɟɧɟ ɫɭ ɞɜɟ ɜɚɪɢʁɚɧɬɟ Ɍɪɨɦɛɨɜɨɝ ɡɢɞɚ: 

 ɜɚɪɢʁɚɧɬɚ ɛɟɡ ɨɬɜɨɪɚ, 

 ɫɚ ɨɬɜɨɪɢɦɚ ɩɪɢ ɞɧɭ ɢ ɜɪɯɭ ɡɢɞɚ. 

  

ɋɭɧɱɟɜɢ ɡɪɚɰɢ ɩɪɨɥɚɡɟ ɤɨɫɨ ɤɪɨɡ ɡɚɫɬɚɤʂɟɧɭ ɩɨɜɪɲɢɧɭ ɢ ɩɚɞɚʁɭ ɧɚ Ɍɪɨɦɛɨɜ ɡɢɞ ɤɨʁɢ ɫɟ 
ɡɚɝɪɟɜɚ. Ɉɤɨ 50% ɨɜɟ ɬɨɩɥɨɬɟ ɚɤɭɦɭɥɢɪɚ ɡɢɞ, ɚ ɨɫɬɚɥɢɯ 50% ɡɚɝɪɟɜɚ ɩɪɨɫɬɨɪɢʁɭ. Ȼɪɡɢɧɚ 
ɩɪɟɧɨɲɟʃɚ ɬɨɩɥɨɬɟ ɫɚ ɫɩɨʂɚɲʃɟ ɧɚ ɭɧɭɬɪɚɲʃɭ ɫɬɪɚɧɭ ɡɢɞɚ ɡɚɜɢɫɢ ɨɞ ɦɚɬɟɪɢʁɚɥɚ ɡɢɞɚ ɢ 

ʃɟɝɨɜɟ ɞɟɛʂɢɧɟ [36]. 

 

ȼɚɡɞɭɯ ɤɪɨɡ ɞɨʃɢ ɨɬɜɨɪ ɡɢɞɚ ɞɨɫɩɟɜɚ ɭ ɩɪɨɫɬɨɪ ɢɡɦɟђɭ ɡɢɞɚ ɢ ɫɬɚɤɥɟɧɟ ɩɨɜɪɲɢɧɟ. ɍ 
ɦɟђɭɩɪɨɫɬɨɪɭ ɜɚɡɞɭɯ ɫɟ ɡɚɝɪɟɜɚ ɫɭɧɱɟɜɨɦ ɟɧɟɪɝɢʁɨɦ, ɩɨɫɬɚʁɟ ɥɚɤɲɢ ɢ ɩɨɱɢʃɟ ɞɚ ɫɬɪɭʁɢ 
ɩɪɟɦɚ ɝɨɪɟ. Ɂɚɝɪɟʁɚɧɢ ɜɚɡɞɭɯ ɩɪɨɥɚɡɢ ɤɪɨɡ ɝɨɪʃɢ ɨɬɜɨɪ Ɍɪɨɦɛɨɜɨɝ ɡɢɞɚ ɢ ɭɥɚɡɢ ɭ 
ɩɪɨɫɬɨɪɢʁɭ ɤɨʁɚ ɫɟ ɝɪɟʁɟ. Ɂɚɬɢɦ ɫɟ ɜɚɡɞɭɯ ɯɥɚɞɢ, ɩɨɫɬɚʁɟ ɬɟɠɢ, ɩɚɞɚ ɧɢɠɟ ɢ ɭɥɚɡɢ ɩɨɧɨɜɧɨ 
ɤɪɨɡ ɞɨʃɢ ɨɬɜɨɪ Ɍɪɨɦɛɨɜɨɝ ɡɢɞɚ ɭ ɩɪɨɫɬɨɪ ɢɡɦɟђɭ ɡɢɞɚ ɢ ɫɬɚɤɥɟɧɟ ɩɨɜɪɲɢɧɟ. Ɍɚɤɨ ɫɟ 
ɨɩɢɫɚɧɢ ɤɪɭɠɧɢ ɰɢɤɥɭɫ ɩɨɧɚɜʂɚ [36]. 
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Ɍɨɩɥɨɬɚ ɤɨʁɭ ʁɟ Ɍɪɨɦɛɨɜ ɡɢɞ ɚɤɭɦɭɥɢɪɚɨ ɩɪɟɧɨɫɢ ɫɟ ɤɪɨɡ ɡɢɞ ɢ ɬɨɤɨɦ ɧɨʄɢ ɡɪɚɱɟʃɟɦ 
ɡɚɝɪɟɜɚ ɩɪɨɫɬɨɪɢʁɭ. Ⱦɚ ɛɢ ɫɟ ɫɦɚʃɢɥɢ ɬɨɩɥɨɬɧɢ ɝɭɛɢɰɢ ɢ ɩɨɜɟʄɚɨ ɧɢɜɨ ɟɮɢɤɚɫɧɨɫɬɢ 

Ɍɪɨɦɛɨɜɨɝ ɡɢɞɚ, ɧɟɨɩɯɨɞɧɨ ʁɟ ɭ ɬɨɤɭ ɧɨʄɢ ɫɩɭɫɬɢɬɢ ɬɨɩɥɨɬɧɟ ɡɚɫɬɨɪɟ. ɍ ɥɟɬʃɟɦ ɩɟɪɢɨɞɭ 

ɩɨ ɞɚɧɭ ɫɟ ɡɚɫɬɨɪɢ ɫɩɭɲɬɚʁɭ ɤɚɤɨ ɛɢ ɫɟ ɫɩɪɟɱɢɥɨ ɩɪɟɝɪɟɜɚʃɟ, ɚ ɧɨʄɭ ɫɟ ɩɨɞɢɠɭ ɞɚ ɛɢ ɫɟ 

ɨɦɨɝɭʄɢɥɨ ɯɥɚђɟʃɟ ɡɢɞɚ ɡɪɚɱɟʃɟɦ. 

 

ɍ ɫɥɭɱɚʁɭ ɩɪɟɝɪɟɜɚʃɚ ɩɪɨɫɬɨɪɢʁɚ, ɜɢɲɚɤ ɬɨɩɥɨɬɟ ɫɟ ɤɪɨɡ ɝɨɪʃɢ ɨɬɜɨɪ ɭ ɡɚɫɬɚɤʂɟɧɨʁ 
ɩɨɜɪɲɢɧɢ ɢɡɛɚɰɭʁɟ ɭ ɚɬɦɨɫɮɟɪɭ, ɚ ɤɪɨɡ ɝɨɪʃɢ ɨɬɜɨɪ ɭ ɫɟɜɟɪɧɨɦ ɡɢɞɭ ɨɛʁɟɤɬɚ ɩɪɨɩɭɲɬɚ ɫɟ 

ɫɜɟɠ ɫɩɨʂɚɲʃɢ ɜɚɡɞɭɯ.  
 

ɉɪɟɞɧɨɫɬɢ ɩɚɫɢɜɧɢɯ ɫɨɥɚɪɧɢɯ ɫɢɫɬɟɦɚ ɨɝɥɟɞɚʁɭ ɫɟ ɭ ɫɥɟɞɟʄɟɦ [36]:  

 ʁɟɞɧɨɫɬɚɜɚɧ ɫɢɫɬɟɦ,  
 ɨɞɪɠɚɜɚʃɟ ʁɟ ɦɢɧɢɦɚɥɧɨ,  
 ɞɭɠɢ ɜɟɤ ɬɪɚʁɚʃɚ, 
 ɡɚɫɬɚɤʂɟɧɚ ɩɨɜɪɲɢɧɚ ɧɟ ɨɛɟɡɛɟђɭʁɟ ɫɚɦɨ ɚɤɭɦɭɥɚɰɢʁɭ ɬɨɩɥɨɬɟ, ɜɟʄ ʁɟ ɢ ɢɡɜɨɪ 

ɞɧɟɜɧɟ ɫɜɟɬɥɨɫɬɢ. 

 

ɇɟɞɨɫɬɚɰɢ ɩɚɫɢɜɧɢɯ ɫɨɥɚɪɧɢɯ ɫɢɫɬɟɦɚ [36]:  

 ɭɥɬɪɚʂɭɛɢɱɚɫɬɨ ɡɪɚɱɟʃɟ ɢɡɚɡɢɜɚ ɦɧɨɝɟ ɧɟɠɟʂɟɧɟ ɟɮɟɤɬɟ, 

 ɝɭɛɢɬɚɤ ɬɨɩɥɨɬɟ ɤɪɨɡ ɩɨɞ, ɚɤɨ ʁɟ ɭ ɞɨɞɢɪɭ ɫɚ ɬɥɨɦ.  

 

ɉɪɟɞɧɨɫɬɢ Ɍɪɨɦɛɨɜɨɝ ɡɢɞɚ ʁɟ ʁɟɞɧɨɫɬɚɜɧɨ ɭɝɪɚђɢɜɚʃɟ ɭ ɫɬɪɭɤɬɭɪɭ ɝɪɚɞʃɟ, ɤɚɨ 
ɫɩɨʂɚɲʃɢ ɢɥɢ ɭɧɭɬɪɚɲʃɢ ɡɢɞ, ɚ ɝɥɚɜɧɢ ɧɟɞɨɫɬɚɰɢ ɫɭ ɫɩɨʂɧɢ ɡɢɞɨɜɢ ɤɨʁɢ ɫɭ ɢɡɜɨɪ 
ɝɭɛɢɬɚɤɚ ɬɨɩɥɨɬɟ ɬɨɤɨɦ ɞɭɠɟɝ ɨɛɥɚɱɧɨɝ ɜɪɟɦɟɧɚ.  

 

ɋɬɚɧɞɚɪɞ ɩɚɫɢɜɧɟ ɝɪɚɞʃɟ ɩɨɞɪɚɡɭɦɟɜɚ ɩɨɤɭɲɚʁ ɫɦɚʃɟʃɚ ɩɨɬɪɨɲʃɟ ɟɧɟɪɝɢʁɟ ɢ 

ɭɞɨɜɨʂɚɜɚʃɟ ɝɥɨɛɚɥɧɢɦ ɡɚɯɬɟɜɢɦɚ: ɨɱɭɜɚʃɟ ɩɪɢɪɨɞɧɨɝ ɛɨɝɚɬɫɬɜɚ ɢ ɡɚɲɬɢɬɚ ɨɤɨɥɢɧɟ. 

ɂɫɤɭɫɬɜɚ ɩɪɢɦɟɧɟ ɫɭ ɩɨɤɚɡɚɥɚ ɞɚ ɫɟ ɩɚɫɢɜɧɢɦ ɤɨɪɢɲʄɟʃɟɦ ɫɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ ɞɨɩɪɢɧɨɫɢ ɢ 

ɞɨ ɞɟɫɟɬ ɩɭɬɚ ɦɚʃɢɦ ɭɤɭɩɧɢɦ ɟɧɟɪɝɟɬɫɤɢɦ ɩɨɬɪɟɛɚɦɚ ɡɝɪɚɞɚ  ɉɚɫɢɜɧɨ ɤɨɪɢɲʄɟʃɟ ɫɭɧɱɟɜɟ 

ɟɧɟɪɝɢʁɟ ɭ ɡɝɪɚɞɚɪɫɬɜɭ ɧɟ ɬɪɚɠɢ ɪɚɡɜɨʁ ɧɨɜɟ ɢ ɫɥɨɠɟɧɟ ɬɟɯɧɨɥɨɝɢʁɟ, ɜɟʄ ɫɢɫɬɟɦ 

ɮɭɧɤɰɢɨɧɢɲɟ ɬɚɤɨ ɞɚ ɫɭ ɟɥɟɦɟɧɬɢ ɡɝɪɚɞɟ (ɤɚɦɟɧ, ɛɟɬɨɧ, ɫɬɚɤɥɨ, ɞɪɜɨ, ɦɟɬɚɥ) ɧɨɫɢɨɰɢ 

ɬɨɩɥɨɬɟ, ɤɨʁɚ ɫɟ ɩɪɟɧɨɫɢ ɤɨɧɞɭɤɰɢʁɨɦ, ɤɨɧɜɟɤɰɢʁɨɦ ɢɥɢ ɡɪɚɱɟʃɟɦ. [37] 

 

Ɍɪɟɧɭɬɧɨ, ɧɚ ɫɜɟɬɭ ɢɦɚ ɜɪɥɨ ɦɚɥɨ ɟɧɟɪɝɟɬɫɤɢ ɟɮɢɤɚɫɧɢɯ ɨɛʁɟɤɚɬɚ. ɋɚ ɫɜɚɤɢɦ 

ɧɨɜɨɫɚɝɪɚђɟɧɢɦ ɫɬɚɦɛɟɧɢɦ ɨɛʁɟɤɬɨɦ ɨɫɬɜɚɪɢɥɚ ɛɢ ɫɟ ɧɟɨɩɯɨɞɧɚ ɢɫɤɭɫɬɜɚ, ɤɨʁɚ ɛɢ ɛɢɥɚ 

ɨɫɧɨɜɚ ɡɚ ɛɭɞɭʄɭ ɝɪɚɞʃɭ ʁɨɲ ɛɨʂɢɯ ɨɛʁɟɤɚɬɚ [37]. 
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4. ɂɇɌȿȽɊȺɐɂȳȺ ɋɈɅȺɊɇɂɏ ɋɂɋɌȿɆȺ ɍ ɈɆɈɌȺɑ 
ɁȽɊȺȾȿ 

 
Ɉɦɨɬɚɱ ɡɝɪɚɞɟ ɩɪɟɞɫɬɚɜʂɚ ɝɪɚɧɢɰɭ ɢɡɦɟђɭ ɭɧɭɬɪɚɲʃɨɫɬɢ ɡɝɪɚɞɟ ɢ ɫɩɨʂɚɲʃɟɝ ɫɜɟɬɚ. 

Ʉɨɦɩɨɧɟɧɬɟ ɨɦɨɬɚɱɚ ɡɝɪɚɞɟ ɫɭ ɫɩɨʂɧɢ ɡɢɞɨɜɢ, ɩɪɨɡɨɪɢ, ɤɪɨɜɨɜɢ, ɩɥɚɮɨɧɢ, ɩɨɞɨɜɢ ɢ 

ɜɪɚɬɚ, ɢ ɩɪɟɞɫɬɚɜʂɚʁɭ ɜɚɠɚɧ ɮɚɤɬɨɪ ɭ ɭɬɜɪђɢɜɚʃɭ ɨɩɬɟɪɟʄɟʃɚ ɝɪɟʁɚʃɚ ɢ ɯɥɚђɟʃɚ. 

ȿɧɟɪɝɢʁɚ ɤɨʁɭ ɬɪɨɲɟ ɤɨɦɩɨɧɟɧɬɟ ɨɦɨɬɚɱɚ ɡɝɪɚɞɟ ʁɟ ɜɪɥɨ ɜɚɪɢʁɚɛɢɥɧɚ, ʁɟɪ ɧɚ ʃɭ ɭɬɢɱɭ 

ɪɚɡɥɢɱɢɬɢ ɮɚɤɬɨɪɢ: ɬɢɩ ɡɝɪɚɞɟ, ɤɥɢɦɚ, ɩɪɢɧɰɢɩɢ ɢɡɝɪɚɞʃɟ, ɝɟɨɝɪɚɮɫɤɚ ɥɨɤɚɰɢʁɚ ɢ ɫɬɚɪɨɫɬ 

ɨɛʁɟɤɬɚ. ɋɜɚɤɚɤɨ, ɜɚɠɧɨɫɬ ɨɦɨɬɚɱɚ ɡɝɪɚɞɟ ɧɟ ɛɢ ɫɦɟɥɚ ɞɚ ɫɟ ɩɨɬɰɟɧɢ, ʁɟɪ ɝɥɨɛɚɥɧɨ ɝɥɟɞɚɧɨ 

ɝɪɟʁɚʃɟ ɢ ɯɥɚђɟʃɟ ɩɪɨɫɬɨɪɢʁɚ ɬɪɨɲɢ ɨɞ 30% ɩɚ ɞɨ ɩɪɟɤɨ 50% ɭɤɭɩɧɟ ɩɨɬɪɨɲʃɟ ɟɧɟɪɝɢʁɟ ɭ 

ɡɝɪɚɞɚɦɚ, ɭ ɡɚɜɢɫɧɨɫɬɢ ɨɞ ɤɥɢɦɚɬɫɤɢɯ ɭɫɥɨɜɚ. ɍ ɫɬɚɦɛɟɧɨɦ ɩɨɞ-ɫɟɤɬɨɪɭ ɨɜɚ ɩɨɬɪɨɲʃɚ 

ɢɡɧɨɫɢ ɢ ɩɪɟɤɨ 60% ɭɤɭɩɧɟ ɭɬɪɨɲɟɧɟ ɟɧɟɪɝɢʁɟ. Ⱦɚ ɛɢ ɫɟ ɫɦɚʃɢɥɚ ɩɨɬɪɨɲʃɚ ɟɧɟɪɝɢʁɟ ɡɚ 

ɝɪɟʁɚʃɟ ɢ ɯɥɚђɟʃɟ ɛɢʄɟ ɩɨɬɪɟɛɧɨ ɫɥɟɞɟʄɟ [38]: 

 ɜɢɫɨɤ ɫɬɟɩɟɧ ɢɡɨɥɚɰɢʁɟ ɭ ɡɢɞɨɜɢɦɚ, ɤɪɨɜɨɜɢɦɚ ɢ ɩɨɞɨɜɢɦɚ ɫɚ ɰɢʂɟɦ ɫɦɚʃɟʃɚ 

ɬɨɩɥɨɬɧɢɯ ɝɭɛɢɬɚɤɚ ɭ ɯɥɚɞɧɢɦ ɤɥɢɦɚɬɫɤɢɦ ɡɨɧɚɦɚ, 

 ɩɪɨɡɨɪɢ ɜɢɫɨɤɢɯ ɩɟɪɮɨɪɦɚɧɫɢ ɫɚ ɧɢɫɤɨɦ ɬɟɪɦɚɥɧɨɦ ɩɨɩɭɫɬʂɢɜɨɲʄɭ ɢ 

ɨɞɝɨɜɚɪɚʁɭʄɢɦ ɤɨɟɮɢɰɢʁɟɧɬɢɦɚ ɞɨɛɢɬɤɚ ɫɨɥɚɪɧɟ ɬɨɩɥɨɬɟ ɩɪɟɦɚ ɤɥɢɦɚɬɫɤɨʁ ɡɨɧɢ, 

 ɜɢɫɨɤɨ ɪɟɮɥɟɤɬɢɜɧɟ ɩɨɜɪɲɢɧɟ ɭ ɬɨɩɥɢɦ ɤɥɢɦɚɬɫɤɢɦ ɡɨɧɚɦɚ, ɤɨʁɟ ɭɤʂɭɱɭʁɭ ɤɪɨɜɨɜɟ 

ɢ ɡɢɞɨɜɟ ɭ ɛɟɥɨʁ ɢ ɫɥɢɱɧɢɦ ɛɨʁɚɦɚ,  

 ɩɪɚɜɢɥɧɨ ɡɚɬɜɨɪɟɧɟ ɫɬɪɭɤɬɭɪɟ ɤɚɤɨ ɛɢ ɫɟ ɨɫɢɝɭɪɚɥɚ ɧɢɫɤɚ ɫɬɨɩɚ ɢɧɮɢɥɬɪɚɰɢʁɟ 

ɜɚɡɞɭɯɚ ɫɚ ɤɨɧɬɪɨɥɢɫɚɧɨɦ ɜɟɧɬɢɥɚɰɢʁɨɦ ɡɚ ɫɜɟɠ ɜɚɡɞɭɯ, 

 ɫɦɚʃɟʃɟ ɬɨɩɥɨɬɧɢɯ ɦɨɫɬɨɜɚ (ɤɨɦɩɨɧɟɧɬɢ ɤɨʁɟ ɥɚɤɨ ɫɩɪɨɜɨɞɟ ɬɨɩɥɨ/ɯɥɚɞɧɨ), ɤɚɨ 

ɲɬɨ ɫɭ ɜɢɫɨɤɨ ɬɟɪɦɢɱɤɢ ɩɪɨɜɨɞɧɢ ɜɟɡɧɢ ɢ ɫɬɪɭɤɬɭɪɧɢ ɟɥɟɦɟɧɬɢ, 

 ɩɚɫɢɜɧɢ ɫɨɥɚɪɧɢ ɞɢɡɚʁɧ ɤɨʁɢ ɨɩɬɢɦɢɡɢɪɚ ɨɪɢʁɟɧɬɚɰɢʁɭ ɡɝɪɚɞɟ ɢ ɩɨɫɬɚɜʂɚʃɟ 

ɩɪɨɡɨɪɚ ɢ ɫɟɧɱɟʃɟ ɤɨʁɟ ɨɦɨɝɭʄɚɜɚ ɩɪɢɪɨɞɧɭ ɜɟɧɬɢɥɚɰɢʁɭ.  

 

ɋɦɚʃɟʃɟ ɩɨɬɪɟɛɚ ɡɚ ɝɪɟʁɚʃɟɦ ɢ ɯɥɚђɟʃɟɦ ɡɚɯɬɟɜɚ ɢɧɬɟɝɪɢɫɚɧ ɩɪɢɫɬɭɩ ɩɪɨʁɟɤɬɨɜɚʃɭ 

ɡɝɪɚɞɚ. Ʉɚɨ ɲɬɨ ʁɟ ɩɨɡɧɚɬɨ, ɫɭɧɱɟɜɚ ɟɧɟɪɝɢʁɚ ʁɟ ɛɟɫɩɥɚɬɧɚ, ɬɚɤɨ ɞɚ ɩɨɜɟʄɚʃɟ ɤɨɪɢɫɬɢ ɨɞ ʃɟ 

ɭ ɰɢʂɭ ɫɦɚʃɟʃɚ ɝɪɟʁɚʃɚ ɢ ɨɫɜɟɬʂɟʃɚ ɬɪɟɛɚ ɞɚ ɛɭɞɟ ɞɟɨ ɢɧɬɟɝɪɢɫɚɧɨɝ ɩɪɨʁɟɤɬɨɜɚʃɚ. 

Ɍɚɤɨђɟ, ɬɨɩɥɨɬɧɚ ɦɚɫɚ, ɢɡɨɥɚɰɢʁɚ, ɫɟɧɱɟʃɟ, ɪɟɮɥɟɤɬɢɜɧɟ ɩɨɜɪɲɢɧɟ ɢ ɩɪɢɪɨɞɧɚ 

ɜɟɧɬɢɥɚɰɢʁɚ ɦɨɝɭ ɞɚ ɞɨɩɪɢɧɟɫɭ ɫɦɚʃɟʃɭ ɬɨɩɥɨɬɧɢɯ ɞɨɛɢɬɚɤɚ ɭ ɥɟɬʃɟɦ ɩɟɪɢɨɞɭ ɢ ɬɢɦɟ 

ɫɦɚʃɟ ɩɨɬɪɟɛɟ ɡɚ ɯɥɚђɟʃɟɦ. ɋɤɨɪɟ ɢɧɨɜɚɰɢʁɟ ɭ ɩɨɝɥɟɞɭ ɧɨɜɢɯ ɞɢɧɚɦɢɱɤɢɯ ɩɪɨɡɨɪɚ 

ɨɛɟɡɛɟɞɢʄɟ ɢ ɩɚɫɢɜɧɨ ɝɪɟʁɚʃɟ ɡɢɦɢ ɢ ɫɟɧɱɟʃɟ ɥɟɬɢ, ɤɚɞɚ ɬɚ ɬɟɯɧɨɥɨɝɢʁɚ ɛɭɞɟ ɞɨɫɬɭɩɧɚ 

ɲɢɪɨʁ ʁɚɜɧɨɫɬɢ ɢ ɛɭɞɟ ɟɤɨɧɨɦɫɤɢ ɨɩɪɚɜɞɚɧɚ.  

  

Ⱦɚɧɚɫ ɫɟ ɭ ɩɪɨʁɟɤɬɨɜɚʃɭ ɡɝɪɚɞɚ ɫɜɟ ɜɢɲɟ ɤɨɪɢɫɬɟ ɬɡɜ. ɩɚɦɟɬɧɢ ɦɚɬɟɪɢʁɚɥɢ, ɫ ɨɛɡɢɪɨɦ ɞɚ 

ɫɭ ɟɤɨɧɨɦɫɤɢ ɨɩɪɚɜɞɚɧɢ ɢ ɢɦɚʁɭ ɤɪɚʄɢ ɩɟɪɢɨɞ ɨɬɩɥɚɬɟ. ɉɚɦɟɬɧɢ ɦɚɬɟɪɢʁɚɥɢ ɫɟ ɪɚɡɥɢɤɭʁɭ 

ɨɞ ɫɬɚɧɞɚɪɞɧɢɯ ɚɪɯɢɬɟɤɬɨɧɫɤɢɯ ɦɚɬɟɪɢʁɚɥɚ, ɢ ɩɨɞɟʂɟɧɢ ɫɭ, ɧɚ ɨɫɧɨɜɭ ɫɜɨɝ ɩɨɧɚɲɚʃɚ, ɭ 
ɞɜɟ ɝɪɭɩɟ [38]: 

 ɦɚɬɟɪɢʁɚɥɢ ɤɨʁɢ ɦɨɝɭ ɞɚ ɦɟʃɚʁɭ ʁɟɞɧɭ ɢɥɢ ɜɢɲɟ ɫɜɨʁɢɯ ɨɫɨɛɢɧɚ (ɦɚɝɧɟɬɧɟ, 

ɯɟɦɢʁɫɤɟ, ɟɥɟɤɬɪɢɱɧɟ, ɦɟɯɚɧɢɱɤɟ ɢɥɢ ɬɨɩɥɨɬɧɟ) ɤɚɨ ɧɟɩɨɫɪɟɞɚɧ ɨɞɝɨɜɨɪ ɧɚ ɧɨɜɨɧɚɫɬɚɥɟ 

ɩɪɨɦɟɧɟ ɭ ɨɤɪɭɠɟʃɭ, 
 ɦɚɬɟɪɢʁɚɥɢ ɤɨʁɢ ɢɦɚʁɭ ɫɩɨɫɨɛɧɨɫɬ ɞɚ ɬɪɚɧɫɮɨɪɦɢɲɭ ɟɧɟɪɝɢʁɭ ɢɡ ʁɟɞɧɨɝ ɨɛɥɢɤɚ ɭ 

ɞɪɭɝɢ, ɞɨɤ ɫɚɦ ɦɚɬɟɪɢʁɚɥ ɧɟ ɬɪɩɢ ɩɪɨɦɟɧɟ.  
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Ⱦɚɧɚɲʃɚ ɩɨɬɪɟɛɚ ɡɚ ɞɪɚɦɚɬɢɱɧɢɦ ɩɨɜɟʄɚʃɟɦ ɨɛɧɨɜʂɢɜɨɝ ɞɟɥɚ ɭ ɧɚɲɟɦ ɫɧɚɛɞɟɜɚʃɭ 
ɟɧɟɪɝɢʁɨɦ ɩɨɞɫɬɢɱɟ ɡɚɯɬɟɜɟ ɞɚ ɫɟ ɭ ɦɚɤɫɢɦɚɥɧɨʁ ɦɟɪɢ ɤɨɪɢɫɬɟ ɮɨɬɨɧɚɩɨɧɫɤɢ ɩɪɢʁɟɦɧɢɰɢ 
ɧɚ ɨɦɨɬɚɱɢɦɚ ɡɝɪɚɞɚ, ɱɢɦɟ ʃɢɯɨɜɚ ɢɧɬɟɝɪɚɰɢʁɚ ɭ ɚɪɯɢɬɟɤɬɨɧɫɤɨɦ ɢ ɝɪɚђɟɜɢɧɫɤɨɦ ɫɦɢɫɥɭ 
ɞɨɛɢʁɚ ɤʂɭɱɧɢ ɡɧɚɱɚʁ. Ɍɨ ʄɟ ɢɦɚɬɢ ɞɜɨɫɬɪɭɤɢ ɭɬɢɰɚʁ ɧɚ ɩɪɨʁɟɤɬɨɜɚʃɟ ɡɝɪɚɞɚ, ɭɦɚʃɭʁɭʄɢ 
ɩɨɬɪɟɛɭ ɡɚ ɟɧɟɪɝɢʁɨɦ ɫɚɦɟ ɡɝɪɚɞɟ, ɢ ɧɚ ɲɢɪɟʃɟ ɭɱɟɲʄɚ ɨɛɧɨɜɨʂɢɜɢɯ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ ɭ 
ɭɤɭɩɧɢɦ ɩɨɬɪɟɛɚɦɚ ɡɚ ɟɧɟɪɝɢʁɨɦ. Ɏɨɬɨɧɚɩɨɧɫɤɚ ɟɧɟɪɝɢʁɚ ʄɟ ɞɨɛɢʁɚɬɢ ɫɜɟ ɜɟʄɢ ɡɧɚɱɚʁ ɭ 
ɩɪɨʁɟɤɬɨɜɚʃɭ, ɡɚɯɜɚʂɭʁɭʄɢ ɫɜɨʁɢɦ ɤɚɪɚɤɬɟɪɢɫɬɢɤɚɦɚ ɢ ɩɨɬɟɧɰɢʁɚɥɢɦɚ. 

 

ɉɪɨɢɡɜɨђɚɱɢ ɞɚɧɚɫ ɦɨɝɭ ɞɚ ɩɨɧɭɞɟ ɝɪɚђɟɜɢɧɫɤɨɦ ɫɟɤɬɨɪɭ ɪɚɡɥɢɱɢɬɟ ɡɚɧɢɦʂɢɜɟ ɝɨɬɨɜɟ 

ɩɪɨɢɡɜɨɞɟ ɤɨʁɟ ɦɨɝɭ ɞɚ ɤɨɪɢɫɬɟ ɚɪɯɢɬɟɤɬɟ ɢ ɩɥɚɧɟɪɢ. Ɇɟђɭɬɢɦ, ɭ ɝɪɚђɟɜɢɧɫɤɨɦ ɫɟɤɬɨɪɭ 

Ɏɇ ɦɨɞɭɥɢ ɫɟ ɢ ɞɚʂɟ ɩɨɫɦɚɬɪɚʁɭ ɫɚ ɫɭɦʃɨɦ. Ɋɚɡɥɨɡɢ ɫɭ ɫɥɨɠɟɧɢ, ɚɥɢ ʁɟ ʁɟɞɧɨɫɬɚɜɧɨ 

ɩɪɟɥɢɦɢɧɚɪɧɨ ɨɛʁɚɲʃɟʃɟ ɬɨ ɲɬɨ, ɫɚ ʁɟɞɧɟ ɫɬɪɚɧɟ, ɩɪɨʁɟɤɬɚɧɬɢ ɧɢɫɭ ɞɨɜɨʂɧɨ ɭɩɨɡɧɚɬɢ ɫɚ 

ʃɢɯɨɜɢɦ ɩɨɬɟɧɰɢʁɚɥɢɦɚ ɢ ɲɬɨ, ɨɱɢɝɥɟɞɧɨ, ʃɢɯɨɜɚ ɞɨɫɬɭɩɧɨɫɬ ɧɢʁɟ ɞɨɜɨʂɧɚ. ɍɤɪɚɬɤɨ, Ɏɇ 

ɦɨɞɭɥ/ɤɨɦɩɨɧɟɧɬɚ, „ɢɧɬɟɝɪɚɥɧɢ ɦɚɬɟɪɢʁɚɥ”, ɢ ɞɚʂɟ ʁɟ ɡɚ ɩɪɨʁɟɤɬɚɧɬɚ ɤɨɦɩɥɢɤɨɜɚɧ ɡɚ 

ɭɩɨɬɪɟɛɭ, ɢɥɢ ɡɛɨɝ ɬɨɝɚ ɲɬɨ ɧɟɦɚ ɞɨɜɨʂɧɨ ɩɪɟɰɢɡɧɢɯ ɤɚɬɚɥɨɝɚ ɫɚ ɩɪɨʁɟɤɬɧɢɦ 
ɦɨɝɭʄɧɨɫɬɢɦɚ, ɢɥɢ ɲɬɨ ɧɟ ɩɨɫɬɨʁɟ ɬɟɯɧɢɱɤɟ ɫɩɟɰɢɮɢɤɚɰɢʁɟ ɤɨʁɟ ɫɟ ɦɨɝɭ ɭɩɨɪɟɞɢɬɢ ɫɚ 

ɩɨɞɚɰɢɦɚ ɨ ɝɪɚђɟɜɢɧɫɤɢɦ ɦɚɬɟɪɢʁɚɥɢɦɚ, ɢ ɧɚ ɤɪɚʁɭ, ɦɚɞɚ ɧɟ ɧɚʁɦɚʃɟ ɜɚɠɧɨ, ɡɚɬɨ ɲɬɨ ɧɟ 

ɩɨɫɬɨʁɟ ɪɟɥɟɜɚɧɬɧɢ ɩɪɨɩɢɫɢ, ɫɬɚɧɞɚɪɞɢ, ɬɟɯɧɢɱɤɢ ɢ ɡɚɤɨɧɫɤɢ ɭɫɥɨɜɢ. Ɂɛɨɝ ɬɨɝɚ ʁɟ 

ɧɟɨɩɯɨɞɧɨ ɩɨɛɨʂɲɚɬɢ ɞɟɥɨɬɜɨɪɧɨɫɬ ɢ ɞɨɫɬɭɩɧɨɫɬ Ɏɇ ɦɨɞɭɥɚ ɤɚɨ ɤɨɦɩɨɧɟɧɚɬɚ 

ɝɪɚђɟɜɢɧɫɤɨɝ ɦɚɬɟɪɢʁɚɥɚ. Ɍɨ ɩɨɞɪɚɡɭɦɟɜɚ ɩɨɬɪɟɛɭ ɞɚ ɫɟ ɭɬɜɪɞɟ ɧɨɜɟ ɤɚɪɚɤɬɟɪɢɫɬɢɤɟ ɡɚ 

ɪɚɡɜɨʁ Ɏɇ ɩɪɨɢɡɜɨɞɚ ɤɨʁɟ ɩɨɜɟʄɚɜɚʁɭ ɤɨɧɤɭɪɟɧɬɧɨɫɬ Ɏɇ ɭ ɨɞɧɨɫɭ ɧɚ ɞɪɭɝɟ 

ɤɨɧɜɟɧɰɢɨɧɚɥɧɟ ɝɪɚђɟɜɢɧɫɤɟ ɦɚɬɟɪɢʁɚɥɟ, ɢ ɞɚ ɫɟ ɩɨɩɭɧɢ ɩɪɚɡɧɢɧɚ ɧɚɫɬɚɥɚ ɡɛɨɝ 

ɧɟɩɨɫɬɨʁɚʃɚ ɭɫɤɥɚђɟɧɢɯ ɩɪɨɩɢɫɚ ɢ ɫɬɚɧɞɚɪɞɢɡɚɰɢʁɚ ɤɨʁɚ ɫɟ ɧɟɝɚɬɢɜɧɨ ɨɞɪɚɠɚɜɚ ɧɚ ʃɢɯɨɜɭ 
ɞɨɫɬɭɩɧɨɫɬ [39]. 

 

ȼɟʄ ɝɨɞɢɧɚɦɚ ɫɟ ɟɤɫɩɚɧɡɢɜɧɢ ɬɪɨɲɤɨɜɢ Ɏɇ ɦɚɬɟɪɢʁɚɥɚ ɩɪɨɰɟʃɭʁɭ ɤɚɨ ɝɥɚɜɧɚ ɩɪɟɩɪɟɤɚ 

ɭ ɲɢɪɟʃɭ ɩɪɢɦɟɧɟ Ɏɇ ɦɚɬɟɪɢʁɚɥɚ ɭ ɡɝɪɚɞɚɦɚ, ɬɚɤɨ ɞɚ ɛɢ ɫɟ ɫɦɚʃɟʃɟ ɬɪɨɲɤɨɜɚ ɦɨɝɥɨ 

ɫɯɜɚɬɢɬɢ ɤɚɨ ɦɨɝɭʄɢ ɩɨɤɪɟɬɚɱ ɩɪɨɦɟɧɟ. ɋɩɪɨɜɟɞɟɧɚ ʁɟ ʁɟɞɧɚ ɦɟђɭɧɚɪɨɞɧɚ ɚɧɤɟɬɚ ɭ ɨɤɜɢɪɭ 
ɂȿȺ „ɋɭɧɱɟɜɚ ɟɧɟɪɝɢʁɚ ɢ ɚɪɯɢɬɟɤɬɭɪɚ”, ɤɚɤɨ ɛɢ ɫɟ ɫɯɜɚɬɢɥɟ ɩɨɬɪɟɛɟ, ɩɪɟɩɪɟɤɟ ɢ 
ɫɬɪɚɬɟɝɢʁɟ ɡɚ ɢɧɬɟɝɪɚɰɢʁɭ ɫɨɥɚɪɧɢɯ ɬɟɯɧɨɥɨɝɢʁɚ. Ɋɟɡɭɥɬɚɬ ʁɟɞɧɟ ɚɧɤɟɬɟ ɩɨɬɜɪђɭʁɟ ɞɚ ɫɭ ɡɚ 
ɚɪɯɢɬɟɤɬɭɪɭ ɬɪɨɲɤɨɜɢ ɝɥɚɜɧɢ ɩɪɨɛɥɟɦ ɡɚ ɲɢɪɟʃɟ Ɏɇ ɦɨɞɭɥɚ, ɩɪɢ ɱɟɦɭ ɫɭ Ɏɇ ɦɨɞɭɥɢ ɡɚ 
ɚɪɯɢɬɟɤɬɭɪɭ ɢ ɞɚʂɟ ɫɤɭɩʂɢ ɨɞ ɤɨɧɜɟɧɰɢɨɧɚɥɧɢɯ [39]. 

 

 
ɋɥɢɤɚ 46. ɉɪɢɤɚɡ ɨɫɧɨɜɧɢɯ ɩɪɨɛɥɟɦɚ ɡɚ ɢɧɬɟɝɪɚɰɢʁɭ ɫɨɥɚɪɧɢɯ ɬɟɯɧɨɥɨɝɢʁɚ [39] 
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4.1 ɍȽɊȺȾȵȺ ɂ ɂɇɌȿȽɊȺɐɂȳȺ Ɏɇ ɉȺɇȿɅȺ 
 

Ɏɨɬɨɧɚɩɨɧɫɤɢ ɫɢɫɬɟɦɢ ɫɟ ɤɨɪɢɫɬɟ ɤɚɨ ɡɚɦɟɧɚ ɡɚ ɤɨɧɜɟɧɰɢɨɧɚɥɧɟ ɝɪɚђɟɜɢɧɫɤɟ 

ɦɚɬɟɪɢʁɚɥɟ ɭ ɞɟɥɨɜɢɦɚ ɨɦɨɬɚɱɚ ɡɝɪɚɞɟ. Ɉɧɢ ɫɟ ɭɝɥɚɜɧɨɦ ɭɝɪɚђɭʁɭ ɤɚɨ ɫɚɫɬɚɜɧɢ ɞɟɨ ɮɚɫɚɞɧɟ 

ɢ ɤɪɨɜɧɟ ɫɬɪɭɤɬɭɪɟ ɧɨɜɢɯ ɡɝɪɚɞɚ, ɚɥɢ ɢ ɩɨɫɬɨʁɟʄɢ ɨɛʁɟɤɬɢ ɦɨɝɭ ɛɢɬɢ ɨɛɥɨɠɟɧɢ ʃɢɦɚ. 

ɋɥɭɠɟ ɤɚɨ ɝɥɚɜɧɢ ɢɥɢ ɜɟʄɢɧɨɦ ɞɨɩɭɧɫɤɢ ɢɡɜɨɪ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ. ɉɨɜɟʄɚʃɟ ɡɚɯɬɟɜɚ ɡɚ 

ɨɫɨɛɢɧɚɦɚ ɮɚɫɚɞɚ ɞɨɜɟɥɨ ʁɟ ɞɨ ɬɨɝɚ ɞɚ ɨɦɨɬɚɱɢ ɦɨɪɚʁɭ ɛɢɬɢ ɤɨɦɩɥɟɤɫɧɢʁɢ ɢ 

ɦɭɥɬɢɮɭɧɤɰɢɨɧɚɥɧɢʁɢ ɟɥɟɦɟɧɬɢ ɡɝɪɚɞɟ. ɇɨɜɢ ɬɟɯɧɨɥɨɲɤɢ ɪɚɡɜɨʁ ɞɨɡɜɨʂɚɜɚ ɪɚɞɢɤɚɥɧɟ 

ɩɪɨɦɟɧɟ ɭ ɞɢɡɚʁɧɭ ɮɚɫɚɞɟ ɢɥɢ ɤɪɨɜɚ. ɉɪɨʁɟɤɬɭʁɭʄɢ ɫɩɨʂɚɲʃɨɫɬ ɡɝɪɚɞɟ, ɦɨɪɚɦɨ ɛɢɬɢ 

ɫɜɟɫɧɢ ɞɚ ʁɟ ɭɩɨɬɪɟɛɚ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɦɨɞɭɥɚ ɜɟɨɦɚ ɛɢɬɧɚ, ɚɥɢ ɬɨ ʁɟ ɫɚɦɨ ʁɟɞɚɧ ɨɞ ɦɧɨɝɢɯ 

ɚɫɩɟɤɚɬɚ ɤɨʁɟ ɨɦɨɬɚɱ ɡɝɪɚɞɟ ɦɨɪɚ ɞɚ ɡɚɞɨɜɨʂɢ. Ⱦɚ ɛɢ ɫɟ ɩɨɫɬɢɝɥɟ ɞɨɛɪɟ ɩɟɪɮɨɪɦɚɧɫɟ 

ɡɝɪɚɞɟ, ɮɨɬɨɧɚɩɨɧɫɤɢ ɩɪɨɢɡɜɨɞɢ ɧɟ ɬɪɟɛɚ ɫɚɦɨ ɞɚ ɩɪɨɢɡɜɨɞɟ ɟɧɟɪɝɢʁɭ, ɜɟʄ ɬɪɟɛɚ ɞɚ 

ɡɚɞɨɜɨʂɟ ɢ ɧɢɡ ɞɪɭɝɢɯ ɤɪɢɬɟɪɢʁɭɦɚ. ɋɢɫɬɟɦɢ ɤɨʁɢ ɫɟ ɞɚɧɚɫ ɤɨɪɢɫɬɟ ɭ ɨɦɨɬɚɱɭ ɡɝɪɚɞɟ 

ɦɨɪɚʁɭ ɞɚ ɨɛɟɡɛɟɞɟ ɬɟɪɦɨ ɢ ɯɢɞɪɨɢɡɨɥɚɰɢʁɭ, ɡɚɲɬɢɬɭ ɨɞ ɫɭɧɰɚ, ɛɭɤɟ ɢ ɫɜɟɬɥɨɫɬɢ, ɤɚɨ ɢ 

ɛɟɡɛɟɞɧɨɫɬ.  

 

Ɏɨɬɨɧɚɩɨɧɫɤɢ ɦɨɞɭɥɢ ɩɨɫɬɨʁɟ ɭ ɧɟɤɨɥɢɤɨ ɪɚɡɥɢɱɢɬɢɯ ɨɛɥɢɤɚ ɤɨʁɢ ɡɚɜɢɫɟ ɨɞ ɦɟɫɬɚ 

ɭɝɪɚɞʃɟ. ȵɢɯɨɜɚ ɭɩɨɬɪɟɛɚ ɭ ɨɦɨɬɚɱɭ ɡɝɪɚɞɟ ʁɟ ɪɚɡɧɨɜɪɫɧɚ ɢ ɨɬɜɚɪɚ ɦɧɨɝɟ ɤɪɟɚɬɢɜɧɟ 

ɦɨɝɭʄɧɨɫɬɢ ɩɪɨʁɟɤɬɚɧɬɢɦɚ. ɉɪɢɦɟɧɚ ʁɟ ɞɚɧɚɫ ɩɪɢɫɭɬɧɚ ɧɚ ɪɚɡɥɢɱɢɬɢɦ ɞɟɥɨɜɢɦɚ ɨɦɨɬɚɱɚ, 

ɤɚɨ ɲɬɨ ɫɭ: ɤɪɨɜɨɜɢ, ɫɩɨʂɚɲʃɢ ɡɢɞɨɜɢ, ɩɨɥɭ-ɬɪɚɧɫɩɚɪɟɧɬɧɟ ɮɚɫɚɞɟ, ɫɬɚɤɥɟɧɢ ɤɪɨɜɨɜɢ ɢ 

ɡɚɫɟɧɱɟʃɚ.  

 

4.1.1 ɄɊɈȼɈȼɂ 

 

Ʉɪɨɜɨɜɢ ɨɛɟɡɛɟђɭʁɭ ɜɟɥɢɤɭ ɩɨɜɪɲɢɧɭ ɤɨʁɚ ɫɟ ɭɝɥɚɜɧɨɦ ɧɟ ɤɨɪɢɫɬɢ ɢ ɩɪɟɦɚ ɬɨɦɟ ɫɭ 

ɢɞɟɚɥɧɢ ɡɚ ɩɨɫɬɚɜʂɚʃɟ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɫɢɫɬɟɦɚ. Ɉɛɢɱɧɨ ʁɟ ɬɭ ɛɨʂɚ ɨɫɜɟɬʂɟɧɨɫɬ, ɧɟɝɨ ɧɚ 

ɧɢɠɢɦ ɧɢɜɨɢɦɚ ɡɝɪɚɞɟ ɢɥɢ ɧɚ ɬɥɭ. Ɏɨɬɨɧɚɩɨɧɫɤɢ ɩɚɧɟɥɢ ɩɪɨɞɭɠɚɜɚʁɭ ɜɟɤ ɬɪɚʁɚʃɚ ɤɪɨɜɧɨɝ 

ɩɨɤɪɢɜɚɱɚ, ɲɬɢɬɟʄɢ ɝɚ ɨɞ ɭɥɬɪɚʂɭɛɢɱɚɫɬɢɯ ɡɪɚɤɚ ɢ ɭɬɢɰɚʁɚ ɜɨɞɟ. Ɇɟђɭɬɢɦ, ɦɨɪɚ ɫɟ 

ɧɚɩɪɚɜɢɬɢ ɪɚɡɥɢɤɚ ɢɡɦɟђɭ ɪɚɜɧɢɯ ɢ ɤɨɫɢɯ ɤɪɨɜɨɜɚ.  

 

 
ɋɥɢɤɚ 47. ɂɧɬɟɝɪɚɰɢʁɚ Ɏɇ ɮɢɥɦɚ ɧɚ ɤɪɨɜɭ ɨɛʁɟɤɬɚ [41]   
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Ɋɚɜɧɢ ɤɪɨɜɨɜɢ ɢɦɚʁɭ ɩɪɟɞɧɨɫɬ ɞɨɛɪɟ ɞɨɫɬɭɩɧɨɫɬɢ, ɥɚɤɟ ɢɧɫɬɚɥɚɰɢʁɟ ɢ ɨɛɟɡɛɟђɭʁɭ 

ɫɥɨɛɨɞɚɧ ɢɡɛɨɪ ɡɚ ɨɪʁɟɧɬɚɰɢʁɭ ɩɚɧɟɥɚ. Ɇɨɪɚ ɫɟ ɜɨɞɢɬɢ ɪɚɱɭɧɚ ɩɪɢɥɢɤɨɦ ɦɨɧɬɢɪɚʃɚ 

ɫɢɫɬɟɦɚ ɞɚ ɫɟ ɧɟ ɩɨɪɟɦɟɬɢ ɩɨɜɪɲɢɧɚ ɤɪɨɜɚ ɢ ɫɥɨʁɟɜɢ ɢɡɨɥɚɰɢʁɟ. Ɍɚɤɨђɟ ɫɟ ɦɨɪɚ ɭɡɟɬɢ ɭ 

ɨɛɡɢɪ ɬɟɠɢɧɚ ɢɧɫɬɚɥɢɪɚɧɢɯ ɩɚɧɟɥɚ, ɤɚɨ ɢ ɭɬɢɰɚʁ ɜɟɬɪɚ ɤɨʁɢ ɦɨɠɟ ɞɚ ɢɯ ɨɞɭɜɚ. Ʉɨɞ 
ɦɨɧɬɚɠɟ ɧɚ ɪɚɜɧɨ ɤɪɨɜɢɲɬɟ ɤɨɪɢɫɬɢɦɨ ɞɨɞɚɬɧɭ ɤɨɧɫɬɪɭɤɰɢʁɭ, ɤɨʁɭ ɩɨɫɬɚɜʂɚɦɨ ɧɚ 
ɩɨɫɬɨʁɟʄɟ ɪɚɜɧɨ ɤɪɨɜɢɲɬɟ. Ʉɨɧɫɬɪɭɤɰɢʁɭ ʁɟ ɩɨɬɪɟɛɧɨ ɞɨɛɪɨ ɩɪɢɱɜɪɫɬɢɬɢ, ɡɛɨɝ ɡɚɲɬɢɬɟ ɨɞ 
ɜɪɟɦɟɧɫɤɢɯ ɧɟɩɪɢɥɢɤɚ. Ʉɨɞ ɬɚɤɜɨɝ ɧɚɱɢɧɚ ɦɨɧɬɚɠɟ ɤɪɨɜɢɲɬɟ ɨɫɬɚʁɟ ɧɟɬɚɤɧɭɬɨ [40]. 

 

 
ɋɥɢɤɚ 48. ɉɨɫɬɚɜʂɚʃɟ Ɏɇ ɫɢɫɬɟɦɚ ɧɚ ɤɨɫɢ ɤɪɨɜ ɨɛʁɟɤɬɚ [42] 

 

Ʉɨɫɢ ɤɪɨɜɨɜɢ ɫɭ ɞɨɛɪɚ ɩɨɞɥɨɝɚ ɡɚ ɢɧɫɬɚɥɚɰɢʁɭ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɫɢɫɬɟɦɚ. ɑɟɫɬɨ ɫɟ ɤɨɞ 

ɩɨɪɨɞɢɱɧɢɯ ɤɭʄɚ ɨɧɢ ɭɝɪɚђɭʁɭ ɭ ɨɛɥɢɤɭ ɩɚɧɟɥɚ ɤɨʁɢ ɫɟ ɦɨɧɬɢɪɚʁɭ ɧɚ ɩɨɫɬɨʁɟʄɢ ɤɪɨɜɧɢ 

ɩɨɤɪɢɜɚɱ. ȿɥɟɝɚɧɬɧɢʁɟ ɪɟɲɟʃɟ ɩɨɞɪɚɡɭɦɟɜɚ ɭɩɨɬɪɟɛɭ ɮɨɬɨɧɚɩɨɧɫɤɟ ɲɢɧɞɪɟ ɢɥɢ 

ɰɪɟɩɚ/ɩɥɨɱɚ. ɒɢɧɞɪɚ ʁɟ ɦɨɞɭɥ ɞɢɡɚʁɧɢɪɚɧ ɬɚɤɨ ɞɚ ɢɡɝɥɟɞɚ ɢ ɩɨɧɚɲɚ ɫɟ ɤɚɨ ɨɛɢɱɧɚ ɤɪɨɜɧɚ 

ɲɢɧɞɪɚ, ɩɪɟɫɜɭɱɟɧɚ ɬɚɧɤɢɦ ɮɢɥɦɨɦ ʄɟɥɢʁɚ. Ɂɚ ɩɪɨɫɬɨɪɧɟ ɫɬɪɭɤɬɭɪɟ ɦɟɦɛɪɚɧɫɤɨɝ ɫɢɫɬɟɦɚ 

ɤɚɨ ɲɬɨ ɫɭ ɪɚɡɧɟ ɧɚɫɬɪɟɲɧɢɰɟ, ɪɚɡɜɢʁɟɧ ʁɟ ɬɚɧɚɤ ɮɢɥɦ ɫɨɥɚɪɧɢɯ ʄɟɥɢʁɚ ɢɧɬɟɝɪɢɫɚɧ ɭ 

ɮɥɟɤɫɢɛɢɥɧɭ ɤɪɨɜɧɭ ɦɟɦɛɪɚɧɭ ɨɞ ɩɨɥɢɦɟɪɚ [40]. 
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4.1.2 ɋɉɈȴȺɒȵɂ ɁɂȾɈȼɂ ɂ ɎȺɋȺȾȿ 

 

Ɏɨɬɨɧɚɩɨɧɫɤɢ ɦɨɞɭɥɢ ɫɟ ɦɨɝɭ ɞɨɞɚɬɢ ɧɚ ɩɨɫɬɨʁɟʄɟ ɫɩɨʂɚɲʃɟ ɡɢɞɨɜɟ ɞɚʁɭʄɢ ɢɦ 

ɩɨɬɩɭɧɨ ɧɨɜɢ ɢɡɝɥɟɞ ɢ ɬɚɤɨ ɭɱɢɧɢɬɢ ɮɚɫɚɞɭ ɚɬɪɚɤɬɢɜɧɢʁɨɦ. ɉɚɧɟɥɢ ɫɟ ɦɨɝɭ ɦɨɧɬɢɪɚɬɢ ɧɚ 

ɩɨɫɬɨʁɟʄɭ ɮɚɫɚɞɭ ɡɝɪɚɞɟ. ɍ ɨɜɨɦ ɫɥɭɱɚʁɭ ɧɟɦɚ ɩɨɬɪɟɛɟ ɡɚ ɜɨɞɨɧɟɩɪɨɩɭɫɧɢɦ ɫɩɨʁɧɢɰɚɦɚ, 

ʁɟɪ ʁɟ ɬɚ ɤɚɪɚɤɬɟɪɢɫɬɢɤɚ ɜɟʄ ɨɛɟɡɛɟђɟɧɚ ɩɪɟɬɯɨɞɧɨɦ ɮɚɫɚɞɨɦ ɢɫɩɨɞ ɩɚɧɟɥɚ. ȼɟɪɬɢɤɚɥɧɚ 
ɦɨɧɬɚɠɚ ɫɨɥɚɪɧɢɯ ɩɚɧɟɥɚ ɨɦɨɝɭʄɚɜɚ ɦɚɤɫɢɦɚɥɚɧ ɩɪɢʁɟɦ ɫɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ ɭ ɡɢɦɫɤɨɦ 
ɪɚɡɞɨɛʂɭ, ʁɟɪ ʁɟ ɭ ɬɨ ɜɪɟɦɟ ɫɭɧɰɟ ɜɪɥɨ ɧɢɫɤɨ. 

 

 
ɋɥɢɤɚ 49. Ɇɨɧɬɢɪɚʃɟ ɩɚɧɟɥɚ ɧɚ ɫɩɨʂɚɲʃɟ ɡɢɞɨɜɟ ɢ ɮɚɫɚɞɟ ɨɛʁɟɤɬɚ 1 [43] 

 

 Ɇɨɞɭɥɢ ɨɞ ɥɚɦɟɥɢɪɚɧɨɝ ɫɬɚɤɥɚ ɤɨʁɢ ɡɚɦɟʃɭʁɭ ɤɨɧɜɟɧɰɢɨɧɚɥɧɢ ɡɢɞ ɡɚɜɟɫɟ, ɩɪɚɤɬɢɱɧɨ 

ɫɭ ɢɫɬɢ ɤɚɨ ɢ ɡɚɬɚɦʃɟɧɨ ɫɬɚɤɥɨ. Ɉɧɢ ɩɪɭɠɚʁɭ ɞɭɝɨɪɨɱɧɭ ɡɚɲɬɢɬɭ ɨɞ ɜɪɟɦɟɧɫɤɢɯ ɭɬɢɰɚʁɚ ɢ 

ɦɨɝɭ ɛɢɬɢ ɩɪɨɢɡɜɟɞɟɧɢ ɭ ɪɚɡɧɢɦ ɜɟɥɢɱɢɧɚɦɚ, ɨɛɥɢɰɢɦɚ, ɲɚɪɢ ɢ ɛɨʁɢ [40]. 

  

 
ɋɥɢɤɚ 50. Ɇɨɧɬɢɪɚʃɟ ɩɚɧɟɥɚ ɧɚ ɫɩɨʂɚɲʃɟ ɡɢɞɨɜɟ ɢ ɮɚɫɚɞɟ ɨɛʁɟɤɬɚ 2 [44] 
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ȳɟɞɧɨ ɨɞ ɜɚɠɧɢʁɢɯ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɦɨɞɭɥɚ, ɨɫɢɦ ɲɬɨ ɫɟ ɩɨɫɬɢɠɟ 

ɟɧɟɪɝɟɬɫɤɢ ɟɮɢɤɚɫɧɚ ɚɪɯɢɬɟɤɬɭɪɚ, ɩɨɛɨʂɲɚɜɚ ɫɟ ɢ ɫɚɦɚ ɟɫɬɟɬɢɤɚ, ɨɞɧɨɫɧɨ ɞɢɡɚʁɧ ɭ 
ɚɪɯɢɬɟɤɬɭɪɢ, ɤɨʁɢ ɞɚʁɟ ɩɨɫɟɛɧɭ ɤɚɪɚɤɬɟɪɢɫɬɢɤɭ ɢɡɝɥɟɞɭ ɝɪɚђɟɜɢɧɚ. 

 

 
ɋɥɢɤɚ 51. ɉɪɢɤɚɡ Ɏɇ ɫɢɫɬɟɦɚ ɧɚ ɧɚɞɫɬɪɟɲɧɢɰɚɦɚ [42] 

 

ɉɨɡɧɚɬɨ ʁɟ ɞɚ ɩɪɟɬɜɚɪɚʃɟ ɫɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ ɭ ɟɥɟɤɬɪɢɱɧɭ ɟɧɟɪɝɢʁɭ, ɩɭɬɟɦ 
ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɫɢɫɬɟɦɚ, ɧɟ ɭɬɢɱɟ ɧɢ ɧɚ ɤɨʁɢ ɧɚɱɢɧ ɧɟɝɚɬɢɜɧɨ ɧɚ ɠɢɜɨɬɧɭ ɫɪɟɞɢɧɭ. 
ȿɧɟɪɝɢʁɚ ɞɨɛɢʁɟɧɚ ɨɞ ɫɭɧɰɚ ʁɟ ɛɟɫɩɥɚɬɧɚ, ɧɚ ɱɢɫɬ ɢ ɛɟɡɛɟɞɚɧ ɧɚɱɢɧ ɫɟ ɤɨɧɜɟɪɬɭʁɟ ɭ 
ɟɥɟɬɪɢɱɧɭ ɟɧɟɪɝɢʁɭ, ɚ ɭɜɟɥɢɤɨ ɫɟ ɪɚɞɢ ɧɚ ɢɫɩɥɚɬɢɜɨɫɬɢ ɭɝɪɚɞʃɟ ɮɨɬɨɧɚɩɨɧɫɤɢɯ 
ɫɢɫɬɟɦɚ. Ɍɚɤɨђɟ, ɝɪɚђɟɜɢɧɫɤɚ ɢɧɞɭɫɬɪɢʁɚ ɭɫɦɟɪɟɧɚ ʁɟ ɧɚ ɚɤɬɢɜɧɭ ɩɪɢɦɟɧɭ ɨɜɚɤɜɢɯ 
ɨɞɪɠɢɜɢɯ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ, ɨɞɧɨɫɧɨ ɦɚɬɟɪɢʁɚɥɚ. Ɋɚɡɜɨʁ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɫɢɫɬɟɦɚ ɪɟɡɭɥɬɢɪɚɨ 
ʁɟ ɩɪɨɢɡɜɨɞʃɭ ɩɚɧɟɥɚ ɪɚɡɥɢɱɢɬɢɯ ɨɛɥɢɤɚ, ɬɪɚɧɫɩɚɪɟɧɬɧɨɫɬɢ ɢ ɛɨʁɚ, ɟɧɟɪɝɟɬɫɤɢɯ ɢ ɨɫɬɚɥɢɯ 
ɤɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɨʁɟ ɫɟ ɦɨɝɭ ɩɪɢɦɟɧɢɬɢ ɭ ɨɛɥɚɝɚʃɭ ɨɛʁɟɤɚɬɚ [45]. 

 

 
ɋɥɢɤɚ 52. Ɉɛʁɟɤɚɬ ɫɚ ɢɧɫɬɚɥɢɪɚɧɢɦ ɫɨɥɚɪɧɢɦ ɫɢɫɬɟɦɨɦ [45] 

http://www.prozorivrata.com/prozori-od-fiberglasa-koji-svojom-lepotom-odolevaju-svakom-godisnjem-dobu/
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ɍ ɡɟɦʂɚɦɚ ɤɨʁɟ ɫɭ ɛɨɝɚɬɟ ɫɭɧɱɚɧɢɦ ɞɚɧɢɦɚ, ɜɟɥɢɤɭ ɭɥɨɝɭ ɧɚ ɮɚɫɚɞɚɦɚ ɢɝɪɚʁɭ ɡɚɫɬɨɪɢ ɢ 

ɛɪɢɫɨɥɟʁɢ. ɍɩɪɚɜɨ ɭ ɬɟ ɫɜɪɯɟ ɦɨɠɟ ɫɟ ɢɫɤɨɪɢɫɬɢɬɢ ɮɨɬɨɧɚɩɨɧɫɤɢ ɫɢɫɬɟɦ, ɢ ɢɫɬɨɜɪɟɦɟɧɨ 

ɫɟ ɡɚɲɬɢɬɢ ɨɞ ɫɭɧɰɚ ɢ ɤɨɪɢɫɬɢɬɢ ʃɟɝɨɜɭ ɟɧɟɪɝɢʁɭ. Ɏɨɬɨɧɚɩɨɧɫɤɢ ɦɨɞɭɥɢ ɤɨɪɢɫɬɟ ɫɟ 

ɤɚɨ ɟɥɟɦɟɧɬɢ ɡɚɫɟɧɟ ɢɡɧɚɞ ɩɪɨɡɨɪɚ ɢɥɢ ɤɚɨ ɝɨɪʃɢ ɞɟɨ ɡɚɫɬɚɤʂɟɧɟ ɫɬɪɭɤɬɭɪɟ. ɋɢɫɬɟɦɢ 

ɡɚɫɟɧɚ ɦɨɝɭ ɛɢɬɢ ɦɨɛɢɥɧɢ, ɬɚɤɨ ɞɚ ɫɟ ɧɚɝɢʃɭ ɩɪɟɦɚ ɫɭɧɰɭ ɢ ɩɪɚɬɟ ɝɚ, ɪɚɞɢ ɦɚɤɫɢɦɚɥɧɨɝ 

ɢɫɤɨɪɢɲʄɟʃɚ ɟɧɟɪɝɢʁɟ. 

 

ɉɨɥɭ-ɬɪɚɧɫɩɚɪɟɧɬɧɢ ɦɨɞɭɥɢ ɫɟ ɦɨɝɭ ɤɨɪɢɫɬɢɬɢ ɤɚɨ ɡɚɦɟɧɚ ɡɚ ɦɧɨɝɟ ɚɪɯɢɬɟɤɬɨɧɫɤɟ 

ɟɥɟɦɟɧɬɟ ɤɨʁɢ ɫɭ ɧɚɩɪɚɜʂɟɧɢ ɨɞ ɫɬɚɤɥɚ ɢɥɢ ɫɥɢɱɧɢɯ ɦɚɬɟɪɢʁɚɥɚ. Ɏɨɬɨɧɚɩɨɧɫɤɢ ɦɨɞɭɥɢ ɨɞ 

ɥɚɦɟɥɢɪɚɧɨɝ ɫɬɚɤɥɚ ɦɨɝɭ ɫɟ ɤɨɪɢɫɬɢɬɢ ɢ ɧɚ ɩɪɨɡɨɪɢɦɚ, ɮɨɪɦɢɪɚʁɭʄɢ ɩɨɥɭ-ɬɪɚɧɫɩɚɪɟɧɬɧɭ 

ɮɚɫɚɞɭ.  

 

Ɉɜɚ ɬɪɚɧɫɩɚɪɟɧɬɧɨɫɬ ɫɟ ɩɨɫɬɢɠɟ ʁɟɞɧɨɦ ɨɞ ɫɥɟɞɟʄɢɯ ɦɟɬɨɞɚ [40]:  

 ɮɨɬɨɧɚɩɨɧɫɤɟ ʄɟɥɢʁɟ ɦɨɝɭ ɛɢɬɢ ɬɨɥɢɤɨ ɬɚɧɤɟ ɞɚ ʁɟ ɦɨɝɭʄɟ ɜɢɞɟɬɢ ɤɪɨɡ ʃɢɯ. Ɉɜɨ 
ɫɬɜɚɪɚ ɮɢɥɬɪɢɪɚɧ ɩɨɝɥɟɞ ɤɚ ɫɩɨʂɚɲʃɨɫɬɢ, 

 ɤɪɢɫɬɚɥɧɟ ɫɨɥɚɪɧɟ ʄɟɥɢʁɟ ɫɭ ɪɚɫɩɨɪɟђɟɧɟ ɭ ɥɚɦɟɥɢɪɚɧɨɦ ɫɬɚɤɥɭ, ɬɚɤɨ ɞɚ ɫɜɟɬɥɨɫɬ 
ɞɟɥɢɦɢɱɧɨ ɩɪɨɥɚɡɢ ɢɡɦɟђɭ ʃɢɯ ɢ ɨɫɜɟɬʂɚɜɚ ɩɪɨɫɬɨɪɢʁɭ. ɋɜɟɬɥɨɫɧɢ ɟɮɟɤɬɢ ɭ ɨɜɨɦ ɫɥɭɱɚʁɭ 
ɞɨɜɨɞɟ ɞɨ ɭɡɛɭɞʂɢɜɢɯ ɲɚɪɚ ɨɞ ɫɟɧɤɢ ɤɨʁɟ ɫɟ ɫɬɚɥɧɨ ɦɟʃɚʁɭ ɭ ɩɪɨɫɬɨɪɭ.  

 

Ⱦɨɞɚɜɚʃɟ ɫɥɨʁɟɜɚ ɫɬɚɤɥɚ ɧɚ ɩɨɥɭ-ɬɪɚɧɫɩɚɪɟɧɬɧɢ ɫɬɚɤɥɟɧɢ ɦɨɞɭɥ ɦɨɠɟ ɞɚ ɩɨɛɨʂɲɚ 

ɬɨɩɥɨɬɧɭ ɢ ɡɜɭɱɧɭ ɢɡɨɥɚɰɢʁɭ. Ɍɚɤɨђɟ ɫɟ ɩɪɟɦɚ ɢɧɞɢɜɢɞɭɚɥɧɢɦ ɩɨɬɪɟɛɚɦɚ ɦɨɝɭ ɢɫɩɭɧɢɬɢ ɢ 

ɞɪɭɝɢ ɫɩɟɰɢʁɚɥɧɢ ɡɚɯɬɟɜɢ. Ɍɚɤɜɢ ɦɨɞɭɥɢ ɫɭ ɡɚɢɫɬɚ ɦɭɥɬɢɮɭɧɤɰɢɨɧɚɥɧɟ ɤɨɦɩɨɧɟɧɬɟ 

ɡɝɪɚɞɚ. 

 

 
ɋɥɢɤɚ 53. Ɉɛʁɟɤɚɬ ɫɚ ɢɧɬɟɝɪɢɫɚɧɢɦ Ɏɇ ɫɢɫɬɟɦɨɦ ɪɚɡɥɢɱɢɬɢɯ ɬɪɚɧɫɩɚɪɟɧɬɧɨɫɬɢ, ɨɛɥɢɤɚ ɢ ɛɨʁɚ [46] 

 

 

 

 

http://www.prozorivrata.com/sistemi-proizvodnje-biogasa-po-meri-investicija-za-buducnost-2/
http://www.prozorivrata.com/sistemi-proizvodnje-biogasa-po-meri-investicija-za-buducnost-2/
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4.1.3 ɋɌȺɄɅȿɇɂ ɄɊɈȼɈȼɂ 

 
ɋɬɚɤɥɟɧɢ ɤɪɨɜɨɜɢ ɫɭ ɢɡɭɡɟɬɧɨ ɡɚɯɜɚɥɧɢ ɡɚ ɭɝɪɚɞʃɭ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɫɢɫɬɟɦɚ. 

Ʉɨɧɫɬɪɭɤɰɢʁɟ ɫɬɚɤɥɟɧɢɯ ɤɪɨɜɨɜɚ ɫɭ ɨɛɢɱɧɨ ʁɟɞɧɨ ɨɞ ɧɚʁɢɧɬɟɪɟɫɚɧɬɧɢʁɢɯ ɦɟɫɬɚ ɡɚ ɩɪɢɦɟɧɭ 
ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɫɢɫɬɟɦɚ. Ɉɧɢ ɩɪɭɠɚʁɭ ɞɢɮɭɡɢʁɭ ɫɜɟɬɥɚ ɭ ɡɝɪɚɞɢ, ɞɨɤ ɨɛɟɡɛɟђɭʁɭ 
ɧɟɧɚɦɟɬʂɢɜɭ ɩɨɜɪɲɢɧɭ ɡɚ ɢɧɫɬɚɥɚɰɢʁɭ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɦɨɞɭɥɚ ɭ ɥɚɦɟɥɢɪɚɧɨɦ ɫɬɚɤɥɭ. 
Ɇɨɞɭɥɢ ɢ ɧɚɱɢɧ ɩɪɢɦɟɧɟ ɫɭ ɫɥɢɱɧɢ ɨɧɢɦɚ ɤɨʁɢ ɫɟ ɤɨɪɢɫɬɟ ɡɚ ɩɨɥɭ-ɬɪɚɧɫɩɚɪɟɧɬɧɟ ɮɚɫɚɞɟ. 
ɋɬɪɭɤɬɭɪɚ ɤɨʁɚ ɫɩɟɤɬɚɤɭɥɚɪɧɨ ɢɡɝɥɟɞɚ ɫɩɨʂɚ, ɭɧɭɬɪɚ ɩɪɨɢɡɜɨɞɢ ɮɚɫɰɢɧɚɧɬɧɟ ɫɜɟɬɥɨɫɧɟ 
ɯɨɥɨɜɟ ɢ ɯɨɞɧɢɤɟ ɢ ɩɪɭɠɚ ɫɬɢɦɭɥɚɬɢɜɚɧ ɚɪɯɢɬɟɤɬɨɧɫɤɢ ɞɨɠɢɜʂɚʁ ɫɜɟɬɥɨɫɬɢ ɢ ɫɟɧɤɟ. 

 

Ɇɨɝɭʄ ʁɟ ɨɞɚɛɢɪ ɫɬɚɤɚɥɚ ɬɪɚɧɫɩɚɪɟɧɬɧɨɫɬɢ ɨɞ 10%, 20% ɢɥɢ 30%. Ʉɚɨ ɢ ɤɨɞ 
ɫɬɚɧɞɚɪɞɧɢɯ ɫɬɚɤɥɟɧɢɯ ɤɪɨɜɨɜɚ, ɚɪɯɢɬɟɤɬɭɪɚ ɨɛʁɟɤɬɚ ɦɨɠɟ ɛɢɬɢ ɫɩɟɤɬɚɤɭɥɚɪɧɚ, ɭ 
ɡɚɜɢɫɧɨɫɬɢ ɨɞ ɩɪɢɦɟʃɟɧɢɯ ɫɢɫɬɟɦɚ ɤɨʁɢ ɧɨɫɟ ɫɢɫɬɟɦ ɩɚɧɟɥɚ. Ɍɚɤɨђɟ, ɭɩɨɬɪɟɛɚ 
ɮɨɬɨɜɨɥɬɚɢɱɧɢɯ ɫɬɚɤɚɥɚ ɨɛɟɡɛɟђɭʁɟ ɢ ɡɚɲɬɢɬɭ ɨɞ ɫɜɨɝ ɲɬɟɬɧɨɝ ɡɪɚɱɟʃɚ ɫɭɧɰɚ [40]. 

 

 
ɋɥɢɤɚ 54. ɋɬɚɤɥɟɧɢ ɤɪɨɜ [47] 

 

4.1.4 ɁȺɋȿɇɑȿȵȺ 

 

ɍɩɨɬɪɟɛɚ ɜɟɥɢɤɢɯ ɫɬɚɤɥɟɧɢɯ ɩɨɜɪɲɢɧɚ ɢ ɡɢɞ ɡɚɜɟɫɚ ɭ ɚɪɯɢɬɟɤɬɭɪɢ ɞɨɜɟɥɚ ʁɟ ɞɨ ɪɚɫɬɭʄɟ 
ɩɨɬɪɟɛɟ ɡɚ ɩɚɠʂɢɜɨ ɞɢɡɚʁɧɢɪɚɧɢɦ ɡɚɫɟɧɱɟʃɢɦɚ. Ɏɨɬɨɧɚɩɨɧɫɤɢ ɦɨɞɭɥɢ ɪɚɡɧɢɯ ɨɛɥɢɤɚ ɫɟ 
ɦɨɝɭ ɤɨɪɢɫɬɢɬɢ ɤɚɨ ɟɥɟɦɟɧɬɢ ɡɚɫɟɧɟ ɢɡɧɚɞ ɩɪɨɡɨɪɚ ɢɥɢ ɤɚɨ ɝɨɪʃɢ ɞɟɨ ɡɚɫɬɚɤʂɟɧɟ 
ɫɬɪɭɤɬɭɪɟ. ɉɨɲɬɨ ɦɧɨɝɟ ɡɝɪɚɞɟ ɜɟʄ ɢɦɚʁɭ ɧɟɤɭ ɜɪɫɬɭ ɫɬɪɭɤɬɭɪɟ ɡɚ ɡɚɫɟɧɭ ɩɪɨɡɨɪɚ, 
ɭɩɨɬɪɟɛɚ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɦɨɞɭɥɚ ɧɚ ʃɢɦɚ ɧɟ ɩɪɟɞɫɬɚɜʂɚ ɩɪɨɛɥɟɦ. ȿɤɫɩɥɨɚɬɚɰɢʁɚ ɟɮɟɤɚɬɚ 
ɫɢɧɟɪɝɢʁɟ ɫɦɚʃɭʁɟ ɭɤɭɩɧɟ ɬɪɨɲɤɨɜɟ ɬɚɤɜɟ ɢɧɫɬɚɥɚɰɢʁɟ ɢ ɩɪɭɠɚ ɜɟʄɭ ɜɪɟɞɧɨɫɬ ɤɚɤɨ 
ɦɨɞɭɥɢɦɚ, ɬɚɤɨ ɢ ɡɝɪɚɞɢ ɢ ʃɟɧɨɦ ɫɢɫɬɟɦɭ ɡɚɫɟɧɱɟʃɚ. Ɏɨɬɨɧɚɩɨɧɫɤɢ ɫɢɫɬɟɦ ɡɚɫɟɧɟ ɦɨɠɟ 
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ɬɚɤɨђɟ ɞɚ ɛɭɞɟ ɦɨɛɢɥɚɧ, ɬɚɤɨ ɞɚ ɫɟ ɧɚɝɢʃɟ ɩɪɟɦɚ ɫɭɧɰɭ ɡɚ ɦɚɤɫɢɦɚɥɧɨ ɢɫɤɨɪɢɲʄɚɜɚʃɟ 
ɟɧɟɪɝɢʁɟ, ɞɨɤ ɭ ɟɧɬɟɪɢʁɟɪɭ ɫɬɜɚɪɚ ɪɚɡɥɢɱɢɬ ɧɢɜɨ ɡɚɫɟɧɟ. 

 

ɇɚ ɋɥɢɤɚɦɚ 55 ɢ 56 ɫɭ ɞɚɬɢ ʁɨɲ ɧɟɤɢ ɩɪɢɦɟɪɢ ɢɧɬɟɝɪɚɰɢʁɟ Ɏɇ ɫɢɫɬɟɦɚ ɭ ɨɦɨɬɚɱ ɡɝɪɚɞɟ. 
 

 
ɋɥɢɤɚ 55. [48] 

 

 

 
ɋɥɢɤɚ 56. [49] 
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4.2 ɋɈɅȺɊɇɂ ɄɈɅȿɄɌɈɊɂ ɂɇɌȿȽɊɂɋȺɇɂ ɍ ɈɆɈɌȺɑ ɁȽɊȺȾȿ 
 

ɋɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɢɦɚʁɭ ɫɜɟ ɜɟʄɭ ɩɪɢɦɟɧɭ ɭ ɧɨɜɨɝɪɚɞʃɢ. ȿɫɬɟɬɫɤɢ ʁɟ ɩɪɢɯɜɚɬʂɢɜ ɤɚɤɨ 
ɧɚ ɤɪɨɜɧɨʁ ɩɨɜɪɲɢɧɢ, ɬɚɤɨ ɢ ɧɚ ɮɚɫɚɞɢ ɨɛʁɟɤɬɚ. ɉɨɫɬɨʁɟ ɛɪɨʁɧɢ ɮɚɤɬɨɪɢ ɤɨʁɢ ɭɬɢɱɭ ɧɚ 
ɞɨɛɪɨ ɢɫɤɨɪɢɲʄɚɜɚʃɟ ɫɢɫɬɟɦɚ, ɦɟђɭ ɤɨʁɢɦɚ ʁɟ ɫɜɚɤɚɤɨ ɧɚʁɜɚɠɧɢʁɢ ɦɚɤɫɢɦɚɥɧɚ ɢɡɥɨɠɟɧɨɫɬ 
ɫɭɧɱɟɜɢɦ ɡɪɚɰɢɦɚ. Ɂɛɨɝ ɬɨɝɚ ʁɟ ɛɢɬɧɨ ɞɚ ɫɟ ɤɨɥɟɤɬɨɪɢ ɩɨɫɬɚɜɟ ɲɬɨ ɛɥɢɠɟ ɩɨɬɪɨɲɚɱɭ, ɤɚɤɨ 
ɛɢ ɫɟ ɢɡɛɟɝɥɢ ɬɨɩɥɨɬɧɢ ɝɭɛɢɰɢ, ɤɨʁɢ ɧɚɫɬɚʁɭ ɩɪɢɥɢɤɨɦ ɬɪɚɧɫɩɨɪɬɚ ɬɟɱɧɨɫɬɢ ɤɪɨɡ ɰɟɜɢ. 

 

 
ɋɥɢɤɚ 57. Ɏɚɫɚɞɧɢ ɤɨɥɟɤɬɨɪɢ ɧɚ ɡɝɪɚɞɢ [50] 

 

ɋɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ, ɢɧɬɟɝɪɢɫɚɧɢ ɧɚ ɮɚɫɚɞɚɦɚ ɨɛʁɟɤɚɬɚ, ɝɟɧɟɪɢɲɭ ɬɨɩɥɨɬɧɭ ɟɧɟɪɝɢʁɭ ɧɚ 
ɜɢɫɨɤɨɦ ɧɢɜɨɭ ɢ ɨɛɟɡɛɟђɭʁɭ ɱɚɤ ɩɨɥɭɩɪɨɜɢɞɧɭ ɫɜɟɬɥɨɫɬ ɢ ɡɚɲɬɢɬɭ ɨɞ ɫɭɧɰɚ ɭ ɭɧɭɬɪɚɲʃɟɦ 
ɩɪɨɫɬɨɪɭ, ɛɟɡ ɧɚɪɭɲɚɜɚʃɚ ɨɫɬɚɥɢɯ ɤɚɪɚɤɬɟɪɢɫɬɢɤɚ. ɋɢɫɬɟɦ ʁɟ ɧɚɪɨɱɢɬɨ ɩɨɝɨɞɚɧ ɡɚ 
ɤɚɧɰɟɥɚɪɢʁɟ ɢ ɜɟɨɦɚ ʁɟ ɮɭɧɤɰɢɨɧɚɥɚɧ ɭ ɨɛʁɟɤɬɢɦɚ ɫɚ ɜɟɥɢɤɢɦ ɛɪɨʁɟɦ ɩɪɨɡɨɪɚ. ɇɚ ɨɜɚʁ 
ɧɚɱɢɧ ɫɟ ɩɨɫɬɢɠɟ ɢ ɭɧɚɩɪɟђɭʁɟ ɚɪɯɢɬɟɤɬɨɧɫɤɢ ɞɢɡɚʁɧ ɨɛʁɟɤɬɚ. 

 

 
ɋɥɢɤɚ 58. [51] 
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ɋɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ, ɢɧɬɟɝɪɢɫɚɧɢ ɧɚ ɮɚɫɚɞɢ ɨɛʁɟɤɬɚ, ɨɛɟɡɛɟђɭʁɭ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɟɤɨ 80°C 

ɬɨɤɨɦ ɰɟɥɟ ɝɨɞɢɧɟ ɢ ɤɨɪɢɫɬɟ ɫɟ ɡɚ ɝɪɟʁɚʃɟ, ɯɥɚђɟʃɟ ɢ ɞɨɛɢʁɚʃɟ ɬɨɩɥɟ ɜɨɞɟ. Ⱥɩɫɨɪɛɟɪ 
ɭɧɭɬɚɪ ɤɨɥɟɤɬɨɪɚ ɨɦɨɝɭʄɚɜɚ ɡɚɝɪɟɜɚʃɟ ɩɪɨɫɬɨɪɢʁɚ, ɱɚɤ ɢ ɤɨɞ ɬɟɦɩɟɪɚɬɭɪɚ ɢɫɩɨɞ ɧɭɥɟ, ɚ 
ɜɚɡɞɭɯ, ɤɨʁɢ ʁɟ ɭ ɨɜɨɦ ɫɥɭɱɚʁɭ ɦɟɞɢʁɭɦ, ʁɟ ɫɜɟɠ ɫɩɨʂɚɲʃɢ ɜɚɡɞɭɯ. 
 

ɇɚ ɋɥɢɰɢ 59 ɩɪɟɞɫɬɚɜʂɟɧ ʁɟ ɩɨɥɭɬɪɚɧɫɩɚɪɟɧɬɧɢ ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪ, ɤɨʁɢ ʁɟ ɢɧɬɟɝɪɢɫɚɧ ɭ 
ɨɦɨɬɚɱ ɡɝɪɚɞɟ. ɇɚ ɬɚʁ ɧɚɱɢɧ ɫɟ ɨɛɟɡɛɟђɭʁɟ ɫɢɝɭɪɧɨ ɫɧɚɛɞɟɜɚʃɟ ɬɨɩɥɨɬɧɨɦ ɟɧɟɪɝɢʁɨɦ, ɲɬɨ 
ɞɨɩɪɢɧɨɫɢ ɩɨɜɟʄɚʃɭ ɟɧɟɪɝɟɬɫɤɟ ɟɮɢɤɚɫɧɨɫɬɢ ɫɚɦɟ ɡɝɪɚɞɟ.  

 

 
ɋɥɢɤɚ 59. ɉɨɥɭɬɪɚɧɫɩɚɪɟɧɬɧɢ ɤɨɥɟɤɬɨɪɢ ɭɝɪɚђɟɧɢ ɭ ɞɜɨɫɬɪɭɤɢ ɨɦɨɬɚɱ ɡɝɪɚɞɟ 

  

ɂɞɟɚɥɧɨ ʁɟ ɪɟɲɟʃɟ ɡɚ ɜɢɤɟɧɞɢɰɟ ɢ ɫɥ., ʁɟɪ ɨɜɢɦ ɫɢɫɬɟɦɨɦ ɫɟ ɢ ɭ ɯɥɚɞɧɨɦ ɩɟɪɢɨɞɭ 
ɨɫɬɜɚɪɭʁɟ ɩɪɢʁɚɬɚɧ ɢ ɩɪɟɞɝɪɟʁɚɧ ɚɦɛɢʁɟɧɬ, ɨɛʁɟɤɚɬ ɫɟ ɨɫɥɨɛɚђɚ ɨɞ ɩɨɬɟɧɰɢʁɚɥɧɟ ɩɨʁɚɜɟ 
ɜɥɚɝɟ ɢ ɭɫɬɚʁɚɥɨɝ ɜɚɡɞɭɯɚ. Ɍɚɤɨђɟ, ɞɨɩɪɢɧɨɫɢ ɡɚɲɬɢɬɢ ɨɞ ɡɚɦɪɡɚɜɚʃɚ ɜɨɞɨɜɨɞɧɢɯ 
ɢɧɫɬɚɥɚɰɢʁɚ. 

 

 
ɋɥɢɤɚ 60. ɏɨɬɟɥ ɫɚ ɫɨɥɚɪɧɨɦ ɨɝɪɚɞɨɦ [50] 
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5. ȿɇȿɊȽȿɌɋɄȺ ȿɎɂɄȺɋɇɈɋɌ ȽɊȺЂȿȼɂɇɋɄɂɏ 
ɈȻȳȿɄȺɌȺ ɂ ȵɂɏɈȼȺ ɋɈɅȺɊɇȺ ȺɊɏɂɌȿɄɌɍɊȺ 

 
Ɉɞɧɨɫ ɱɨɜɟɤɚ ɩɪɟɦɚ ɨɤɨɥɢɧɢ ɩɪɟ ɢɧɞɭɫɬɪɢʁɫɤɟ ɢ ɬɟɯɧɨɥɨɲɤɟ ɪɟɜɨɥɭɰɢʁɟ ɢ ʃɟɧɨɝ ɞɚʂɟɝ 

ɩɪɨɫɩɟɪɢɬɟɬɚ ɛɢɨ ʁɟ ɭɫɦɟɪɟɧ ɩɪɢɥɚɝɨђɚɜɚʃɭ ɱɨɜɟɤɚ ɩɪɢɪɨɞɢ ɢ ɠɢɜɨɬɭ ɭ ɯɚɪɦɨɧɢʁɢ ɫɚ 

ʃɨɦ. Ɇɟђɭɬɢɦ, ɩɨɫɥɟɞɢɰɟ ɩɨɫɬ ɢɧɞɭɫɬɪɢʁɫɤɨɝ ɪɚɡɜɨʁɚ, ɫɚ ɧɟɦɢɥɨɫɪɞɧɢɦ ɢɫɰɪɩʂɢɜɚʃɟɦ 
ɩɪɢɪɨɞɧɢɯ ɪɟɫɭɪɫɚ, ɤɚɨ ɢ ɧɟɨɞɝɨɜɚɪɚʁɭʄɟɝ ɧɚɱɢɧɚ ɝɪɚɞʃɟ ɨɛʁɟɤɚɬɚ, ɞɨɩɪɢɧɟɥɟ ɫɭ 
ɚɥɚɪɦɚɧɬɧɨɦ ɟɩɢɥɨɝɭ. ɍ ɜɟɥɢɤɨʁ ɦɟɪɢ ɧɚɪɭɲɟɧɨ ʁɟ ɢ ɡɚɝɚђɟɧɨ ɩɪɢɪɨɞɧɨ ɨɤɪɭɠɟʃɟ ɢ 
ɞɨɜɨɞɢ ɫɟ ɱɚɤ ɭ ɩɢɬɚʃɟ ɢ ɨɩɫɬɚɧɚɤ ɱɨɜɟɤɚ ɧɚ Ɂɟɦʂɢ. Ⱦɚɧɚɫ ʁɟ ɢɡɜɟɫɧɨ ɞɚ ɱɨɜɟɤ, ɭɡ ɩɨɦɨʄ 
ɬɟɯɧɢɤɟ, ɦɨɠɟ ɫɚɦɨ ɭ ɩɟɪɢɨɞɭ ɨɞ ɧɟɤɨɥɢɤɨ ɜɟɤɨɜɚ, ɞɟɝɪɚɞɢɪɚɬɢ ɢ ɩɨɧɢɲɬɢɬɢ ɩɪɨɰɟɫɟ ɤɨʁɢ 
ɫɭ ɫɟ ɨɞɜɢʁɚɥɢ ɭ ɩɪɢɪɨɞɢ ɨɞ ʃɟɧɨɝ ɩɨɫɬɚɧɤɚ ɩɚ ɫɜɟ ɞɨ ɞɚɧɚɫ. Ⱦɚɤɥɟ, ɦɨɠɟ ɫɟ ɪɟʄɢ ɞɚ, 
ɢɦɚʁɭʄɢ ɫɚɡɧɚʃɟ ɨ ɜɟɥɢɱɢɧɢ ɩɪɨɛɥɟɦɚ ɤɨʁɢ ɧɚɫ ɫɚɞɚ ɜɟʄ ɨɤɪɭɠɭʁɟ, ɱɨɜɟɱɚɧɫɬɜɨ ɫɟ ɭɩɪɚɜɨ 
ɧɚɥɚɡɢ ɧɚ ɟɧɟɪɝɟɬɫɤɨʁ ɩɪɟɤɪɟɬɧɢɰɢ. ɋɜɟɬ ɦɨɪɚ ɞɚ ɩɪɟɫɬɚɧɟ ɧɟɪɚɰɢɨɧɚɥɧɨ ɞɚ ɤɨɪɢɫɬɢ 
ɟɧɟɪɝɢʁɭ ɢɡ ɢɫɰɪɩʂɢɜɢɯ ɝɨɪɢɜɚ ɢ ɞɚ ɩɨɱɧɟ ɞɚ ɫɟ ɨɫɥɚʃɚ ɧɚ ɨɛɧɨɜʂɢɜɟ ɢ ɱɢɫɬɟ ɢɡɜɨɪɟ ɢ ɞɚ 
ɪɚɰɢɨɧɚɥɧɨ ɩɪɨɢɡɜɨɞɢ ɢ ɬɪɨɲɢ ɟɧɟɪɝɢʁɭ ɭ ɫɜɢɦ ɞɨɦɟɧɢɦɚ. ȳɟɞɢɧɨ ɬɚɤɨ ɫɟ ɦɨɠɟ 

ɨɛɟɡɛɟɞɢɬɢ ɫɢɝɭɪɧɨɫɬ ɢ ɛɟɡɛɟɞɧɢʁɟ ɫɧɚɞɛɟɜɚʃɟ ɟɧɟɪɝɢʁɨɦ ɭ ɛɭɞɭʄɧɨɫɬɢ. 

 

ȿɜɪɨɩɚ ɞɚɧɚɫ ɭɜɨɡɢ 60% ɟɧɟɪɝɢʁɟ. Ʉɚɤɨ ɛɢ ɫɟ ɫɩɪɟɱɢɥɚ ɞɚʂɚ ɞɢɧɚɦɢɤɚ ɪɚɫɬɚ, ɧɭɠɧɨ ʁɟ 

ɩɪɨɦɟɧɢɬɢ ɫɬɪɚɬɟɲɤɟ ɫɦɟɪɧɢɰɟ ɢ ɪɟɝɭɥɚɬɢɜɟ ɟɧɟɪɝɟɬɫɤɟ ɩɨɥɢɬɢɤɟ ɭ ɫɦɟɪɭ ɟɧɟɪɝɟɬɫɤɢ 

ɨɞɪɠɢɜɨɝ ɪɚɡɜɨʁɚ ɢ ɟɧɟɪɝɟɬɫɤɟ ɧɟɡɚɜɢɫɧɨɫɬɢ. ȿɜɪɨɩɚ ʁɟ ɡɛɨɝ ɬɨɝɚ ɭɫɦɟɪɢɥɚ ɫɜɨʁɭ 

ɟɧɟɪɝɟɬɫɤɭ ɩɨɥɢɬɢɤɭ ɭ ɫɦɟɪɭ ɬɟɯɧɨɥɨɝɢʁɚ ɤɨʁɟ ɫɟ ɛɚɡɢɪɚʁɭ ɧɚ ɟɧɟɪɝɟɬɫɤɨɦ ɢɫɤɨɪɢɲʄɚɜɚʃɭ 

ɨɛɧɨɜʂɢɜɢɯ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ. Ⱦɚ ɛɢ ɨɫɬɜɚɪɢɥɚ ɬɟ ɰɢʂɟɜɟ, ȿɜɪɨɩɚ ʁɟ ɩɭɬɟɦ ɪɚɡɥɢɱɢɬɢɯ 

ɩɪɢɫɬɭɩɧɢɯ ɮɨɧɞɨɜɚ ɢ ɩɪɨɝɪɚɦɚ ɨɦɨɝɭʄɢɥɚ ɡɟɦʂɚɦɚ ɱɥɚɧɢɰɚɦɚ ȿɍ, ɤɚɨ ɢ ɡɟɦʂɚɦɚ ɤɨʁɟ ɫɭ 

ɩɨɬɩɢɫɚɥɟ ɦɟɦɨɪɚɧɞɭɦɟ ɨ ɡɚʁɟɞɧɢɱɤɨʁ ɟɧɟɪɝɟɬɫɤɨʁ ɩɨɥɢɬɢɰɢ ɢ ɫɚɪɚɞʃɢ, ɡɧɚɱɚʁɧɚ 

ɮɢɧɚɧɫɢʁɫɤɚ ɫɪɟɞɫɬɜɚ ɡɚ ɩɪɨʁɟɤɬɟ ɢɡ ɩɨɞɪɭɱʁɚ ɟɧɟɪɝɟɬɢɤɟ ɢ ɟɧɟɪɝɟɬɫɤɟ ɟɮɢɤɚɫɧɨɫɬɢ [52]. 

 

ȼɢɲɟ ɨɞ 80% ɡɝɪɚɞɚ ɭ ɋɪɛɢʁɢ ɧɟɦɚ ɨɞɝɨɜɚɪɚʁɭʄɭ ɬɨɩɥɨɬɧɭ ɡɚɲɬɢɬɭ, ɤɚɨ ɧɢ 

ɨɞɝɨɜɚɪɚʁɭʄɢ ɫɢɫɬɟɦ ɝɪɟʁɚʃɚ ɢ ɯɥɚђɟʃɚ. ȿɧɟɪɝɟɬɫɤɚ ɟɮɢɤɚɫɧɨɫɬ ɩɨɤɪɢɜɚ ɢɡɪɚɡɢɬɨ ɲɢɪɨɤɨ 

ɩɨɞɪɭɱʁɟ, ɨɞ ɝɪɚђɟɜɢɧɚɪɫɬɜɚ ɢ ɫɚɨɛɪɚʄɚʁɚ ɞɨ ɞɢɫɬɪɢɛɭɰɢʁɟ ɟɧɟɪɝɢʁɟ, ɨɞɧɨɫɧɨ ɨɞ 

ɞɨɦɚʄɢɧɫɬɜɚ ɞɨ ʁɚɜɧɢɯ ɡɝɪɚɞɚ ɢ ɢɧɞɭɫɬɪɢʁɟ. Ʉɚɤɨ ʁɟ ɬɨ ɩɨɞɪɭɱʁɟ ɢɡɪɚɡɢɬɨ ɤɨɦɩɥɟɤɫɧɨ ɢ 

ɡɚɯɬɟɜɧɨ, ɛɢɬɧɨ ʁɟ ɭɫɬɚɧɨɜɢɬɢ ɩɪɚɜɢɥɧɭ ɫɬɪɚɬɟɝɢʁɭ ɦɟɪɚ ɟɧɟɪɝɟɬɫɤɟ ɟɮɢɤɚɫɧɨɫɬɢ ɢ 

ɩɪɟɜɚɡɢʄɢ ɨɞɝɨɜɚɪɚʁɭʄɟ ɩɪɟɩɪɟɤɟ ɤɨʁɟ ɫɟ ɦɨɝɭ ʁɚɜɢɬɢ ɬɨɤɨɦ ɢɦɩɥɟɦɟɧɬɚɰɢʁɟ ɩɪɨʁɟɤɬɚ. 

ȳɟɞɧɚ ɨɞ ɨɫɧɨɜɧɢɯ ɛɚɪɢʁɟɪɚ ɢɦɩɥɟɦɟɧɬɚɰɢʁɢ ɦɟɪɚ ɟɧɟɪɝɟɬɫɤɟ ɟɮɢɤɚɫɧɨɫɬɢ ɢ ɤɨɪɢɲʄɟʃɚ 
ɨɛɧɨɜʂɢɜɢɯ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ ʁɟ ɧɟɢɧɮɨɪɦɢɫɚɧɨɫɬ, ɧɟɡɧɚʃɟ ɢ ɧɟɞɨɜɨʂɧɨ ɢɡɪɚɠɟɧɚ ɫɜɟɫɬ ɨ 
ɩɨɬɪɟɛɢ ɡɚɲɬɢɬɟ ɠɢɜɨɬɧɟ ɫɪɟɞɢɧɟ ɭ ɤɨʁɨʁ ɠɢɜɢɦɨ [52].  

 

ȿɧɟɪɝɟɬɫɤɚ ɟɮɢɤɚɫɧɨɫɬ ɭ ɡɝɪɚɞɚɪɫɬɜɭ ɭɬɢɱɟ ɧɚ ɫɦɚʃɟʃɟ ɩɨɬɪɨɲʃɟ ɫɜɢɯ ɨɛɥɢɤɚ 
ɟɧɟɪɝɢʁɟ, ɭɝɨɞɧɢʁɢ ɢ ɤɜɚɥɢɬɟɬɧɢʁɢ ɛɨɪɚɜɚɤ ɭ ɡɝɪɚɞɢ, ɭɡ ɞɭɠɢ ɠɢɜɨɬɧɢ ɜɟɤ ɡɝɪɚɞɟ, ɲɬɨ 
ɞɨɩɪɢɧɨɫɢ ɡɚɲɬɢɬɢ ɨɤɨɥɢɧɟ ɢ ɫɦɚʃɟʃɭ ɟɦɢɫɢʁɟ ɲɬɟɬɧɢɯ ɝɚɫɨɜɚ ɭ ɚɬɦɨɫɮɟɪɭ. ɇɚʁɜɟʄɚ ʁɟ 
ɤɨɪɢɫɬ ɭ ɫɦɚʃɟʃɭ ɪɚɱɭɧɚ ɡɚ ɝɪɟʁɚʃɟ, ɯɥɚђɟʃɟ ɢ ɟɥɟɤɬɪɢɱɧɭ ɟɧɟɪɝɢʁɭ. ɐɟɧɟ ɟɧɟɪɝɢʁɟ ɢ 
ɟɧɟɪɝɟɧɚɬɚ ʄɟ, ɡɛɨɝ ɝɥɨɛɚɥɧɢɯ ɢ ɥɨɤɚɥɧɢɯ ɪɚɡɥɨɝɚ, ɭ ɢɞɭʄɟɦ ɩɟɪɢɨɞɭ ɢ ɞɚʂɟ ɪɚɫɬɢ, ɲɬɨ ʄɟ 
ɭɬɢɰɚɬɢ ɧɚ ɩɨɪɚɫɬ ɬɪɨɲɤɨɜɚ ɠɢɜɨɬɚ ɢ ɫɬɚɧɨɜɚʃɚ. Ɂɛɨɝ ɬɨɝɚ ʁɟ ɩɨɬɪɟɛɧɨ ɞɨɛɪɨ ɩɨɡɧɚɜɚɬɢ 
ɜɥɚɫɬɢɬɭ ɟɧɟɪɝɟɬɢɤɭ, ɭ ɫɦɢɫɥɭ ɬɟɯɧɢɱɤɢɯ ɦɨɝɭʄɧɨɫɬɢ ɢ ɬɪɨɲɤɨɜɚ ɢ ɛɢɬɢ ɭ ɫɬɚʃɭ ʃɨɦɟ 
ɭɩɪɚɜʂɚɬɢ. ɋɚɜɪɟɦɟɧɚ ɚɪɯɢɬɟɤɬɭɪɚ ɢ ɝɪɚɞʃɚ ɞɚɧɚɫ ɭɤʂɭɱɭʁɟ ɦɟɪɟ ɟɧɟɪɝɟɬɫɤɟ ɟɮɢɤɚɫɧɨɫɬɢ 
ɢ ɪɚɡɦɚɬɪɚ ɦɨɝɭʄɧɨɫɬɢ ɭɩɨɬɪɟɛɟ ɨɛɧɨɜʂɢɜɢɯ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ ɭ ɡɝɪɚɞɚɦɚ [52]. 
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5.1 ȺɄɌɂȼɇɈ ɋɈɅȺɊɇɈ ȽɊȿȳȺȵȿ 
 

 ɋɨɥɚɪɧɚ ɚɪɯɢɬɟɤɬɭɪɚ ʁɟ ɡɚɫɧɨɜɚɧɚ ɧɚ ɢɞɟʁɢ ɨɤɪɟɬɚʃɚ, ɩɨɜɪɚɬɤɚ ɩɪɢɪɨɞɢ ɢ ɬɪɚɠɟʃɚ 

ɩɪɚɜɨɝ ɫɤɥɚɞɚ ɫɚ ʃɨɦ ɢ ʃɟɧɢɦ ɡɚɤɨɧɢɬɨɫɬɢɦɚ. ɋɨɥɚɪɧɚ ɚɪɯɢɬɟɤɬɭɪɚ ɩɪɢɦɟʃɭʁɟ ɫɭɧɱɟɜɭ 

ɟɧɟɪɝɢʁɭ ɭ ɮɭɧɤɰɢɨɧɢɫɚʃɭ ɫɚɦɨɝ ɨɛʁɟɤɬɚ ɢ ɟɤɨɥɨɲɤɢ ɢ ɟɤɨɧɨɦɫɤɢ ʁɟ ɩɨɞɪɠɚɧɚ ɢ 

ɨɩɪɚɜɞɚɧɚ. ɋɚɦɚ ɢɞɟʁɚ ɨ ɫɨɥɚɪɧɨʁ ɚɪɯɢɬɟɤɬɭɪɢ ɩɨɱɟɥɚ ʁɟ ɞɚ ɫɟ ɪɚɡɜɢʁɚ ɫɪɟɞɢɧɨɦ ɩɪɨɲɥɨɝ 

ɜɟɤɚ ɭ ɋʁɟɞɢʃɟɧɢɦ Ⱥɦɟɪɢɱɤɢɦ Ⱦɪɠɚɜɚɦɚ, ɚ ɫɧɚɠɧɭ ɟɤɫɩɚɧɡɢʁɭ, ɫɚ ɧɚʁɤɜɚɥɢɬɟɬɧɢʁɢɦ 

ɪɟɡɭɥɬɚɬɢɦɚ, ɞɨɠɢɜɟɥɚ ʁɟ ɧɚ ɟɜɪɨɩɫɤɨɦ ɬɥɭ. ɐɢʂ ɨɜɚɤɜɨɝ ɝɪɚђɟʃɚ ʁɟɫɬɟ ɞɚ ɫɟ ɨɛɟɡɛɟɞɢ 

ɦɚɤɫɢɦɚɥɧɚ ɚɩɫɨɪɩɰɢʁɚ ɫɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ, ɱɚɤ ɢ ɭ ɧɚʁɯɥɚɞɧɢʁɢɦ ɜɪɟɦɟɧɫɤɢɦ ɩɟɪɢɨɞɢɦɚ. 

Ɍɟɠɢ ɫɟ ɞɚ ɫɟ ɬɚɤɜɚ ɜɪɫɬɚ ɟɧɟɪɝɢʁɟ ɤɨɪɢɫɬɢ, ɬɪɚɧɫɮɨɪɦɢɲɟ ɢ ɚɤɭɦɭɥɢɪɚ, ɩɪɢɦɚɪɧɢ 

ɩɪɢɧɰɢɩɢ ɫɭ ɞɚ ɫɟ ʃɟɧɨ ɪɚɫɢɩɚʃɟ ɢ ɝɭɛɢɰɢ ɫɜɟɞɭ ɧɚ ɧɚʁɦɚʃɭ ɦɨɝɭʄɭ ɦɟɪɭ. ɋɯɨɞɧɨ ɬɨɦɟ, 

ɫɨɥɚɪɧɨɦ ɚɪɯɢɬɟɤɬɭɪɨɦ ɫɟ ɩɨɫɬɢɠɟ [52]: 

 ɮɢɧɚɧɫɢʁɫɤɚ ɭɲɬɟɞɚ ɫɚ ɫɦɚʃɟɧɢɦ ɪɚɱɭɧɢɦɚ ɡɚ ɝɪɟʁɚʃɟ, ɯɥɚђɟʃɟ ɢ ɟɥɟɤɬɪɢɱɧɭ 
ɟɧɟɪɝɢʁɭ, 

 ɭɝɨɞɧɢʁɟ ɢ ɤɜɚɥɢɬɟɬɧɢʁɟ ɫɬɚɧɨɜɚʃɟ, ɲɬɨ ɩɨɞɪɚɡɭɦɟɜɚ ɞɭɠɢ ɠɢɜɨɬɧɢ ɜɟɤ ɡɝɪɚɞɟ, 
 ɞɨɩɪɢɧɨɫ ɭ ɡɚɲɬɢɬɢ ɨɤɨɥɢɧɟ ɢ ɫɦɚʃɟʃɭ ɟɦɢɫɢʁe 𝐶ܱଶ ˋ ˑ˔˕аˎˋ˘ ɲɬɟɬɢɯ ɝɚɫɨɜɚ, ɤɚɨ 

ɢ ɪɟɞɭɤɰɢʁɚ ɤɥɢɦɚɬɫɤɢɯ ɩɪɨɦɟɧɚ ɧɚ ɝɥɨɛɚɥɧɨɦ ɧɢɜɨɭ. 

 

 
ɋɥɢɤɚ 61. ȿɮɢɤɚɫɧɨɫɬ ɝɪɚɞʃɟ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ [52] 

  

ɇɚ ɬɨ ɤɨɥɢɤɨ ʄɟ Ɏɇ ɩɚɧɟɥɢ ɩɪɨɢɡɜɟɫɬɢ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɧɚʁɜɟʄɢ ɭɬɢɰɚʁ ɢɦɚʁɭ 
ɜɪɟɦɟɧɫɤɢ ɭɫɥɨɜɢ. Ɍɪɨɩɫɤɟ ɤɥɢɦɟ ɫɭ ɢɞɟɚɥɧɟ ɡɚ Ɏɇ ɩɚɧɟɥɟ, ɢ ɨɧɢ ʄɟ ɩɪɨɢɡɜɨɞɢɬɢ ɜɢɲɟ 
ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɤɚɞɚ ɫɭ ɢɡɥɨɠɟɧɢ ɞɢɪɟɤɬɧɨɦ ɫɭɧɱɟɜɨɦ ɡɪɚɱɟʃɭ, ɧɟɝɨ ɤɚɞɚ ʁɟ ɨɛɥɚɱɧɨ 
ɜɪɟɦɟ. ɋɨɥɚɪɧɢ ɩɚɧɟɥɢ ɫɟ ɦɟђɭɬɢɦ ɦɨɝɭ ɤɨɪɢɫɬɢɬɢ ɭ ɫɜɢɦ ɤɥɢɦɚɬɫɤɢɦ ɡɨɧɚɦɚ, ɚ ɧɚɲɚ 
ɤɥɢɦɚ ʁɟ ʁɟɞɧɚ ɨɞ ɩɨɝɨɞɧɢʁɢɯ ɡɚ ɭɝɪɚɞʃɭ ɫɨɥɚɪɧɢɯ ɩɚɧɟɥɚ. Ⱦɚɤɥɟ, ɫɨɥɚɪɧɢɦ ɩɚɧɟɥɢɦɚ ʁɟ 
ɩɨɬɪɟɛɧɨ ɞɢɪɟɤɬɧɨ ɫɭɧɱɟɜɨ ɡɪɚɱɟʃɟ, ɲɬɨ ɫɭ ɜɢɲɟ ɢɡɥɨɠɟɧɢ ɞɢɪɟɤɬɧɨɦ ɫɭɧɱɟɜɨɦ ɡɪɚɱɟʃɭ 
ɜɢɲɟ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ʄɟ ɩɪɨɢɡɜɟɫɬɢ. 
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Ⱦɪɭɝɚ ɛɢɬɧɚ ɫɬɜɚɪ ɩɪɢ ɨɞɪɟђɢɜɚʃɭ ɤɨɥɢɤɨ ʄɟ Ɏɇ ɩɚɧɟɥɢ ɩɪɨɢɡɜɟɫɬɢ ɟɥɟɤɬɪɢɱɧɟ 
ɟɧɟɪɝɢʁɟ ʁɟ ɞɭɠɢɧɚ ɞɚɧɚ. Ʌɟɬɢ ʁɟ ɞɚɧ ɡɧɚɬɧɨ ɞɭɠɢ ɧɟɝɨ ɡɢɦɢ. Ɉɜɨ ʁɟ ɡɚɩɪɚɜɨ ɝɥɚɜɧɢ ɪɚɡɥɨɝ 
ɡɛɨɝ ɱɟɝɚ ɫɨɥɚɪɧɢ ɩɚɧɟɥɢ ɡɢɦɢ ɩɪɨɢɡɜɨɞɟ ɦɚʃɟ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɧɟɝɨ ɥɟɬɢ, ɢɚɤɨ ʁɟ 
ɱɟɫɬɚ ɡɚɛɥɭɞɚ ɞɚ ʁɟ ɬɨ ɡɛɨɝ ɬɨɩɥɨɬɟ. Ɏɇ ɩɚɧɟɥɢ ɧɟ ɪɚɞɟ ɧɚ ɬɨɩɥɨɬɭ, ɜɟʄ ɢɫɤʂɭɱɢɜɨ ɧɚ 
ɫɭɧɱɟɜɨ ɡɪɚɱɟʃɟ. 

  

5.2 ɉȺɋɂȼɇɈ ɋɈɅȺɊɇɈ ȽɊȿȳȺȵȿ 
 

ɉɨɞ ɩɨʁɦɨɦ ɩɚɫɢɜɧɨ ɫɨɥɚɪɧɨ ɝɪɟʁɚʃɟ ɩɨɞɪɚɡɭɦɟɜɚʁɭ ɫɟ ɬɟɯɧɨɥɨɝɢʁɟ ɡɚ ɢɫɤɨɪɢɲʄɟʃɟ 

ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɭ ɰɢʂɭ ɡɚɝɪɟɜɚʃɚ ɨɛʁɟɤɬɚ. ɉɚɫɢɜɧɨ ɫɨɥɚɪɧɨ ɝɪɟʁɚʃɟ ʁɟ ʁɟɞɚɧ ɨɞ 

ɟɥɟɦɟɧɚɬɚ ɬɡɜ. ɩɚɫɢɜɧɨɝ ɫɨɥɚɪɧɨɝ ɞɢɡɚʁɧɚ, ɤɨʁɢ ɫɟ ɛɚɡɢɪɚ ɧɚ ɭɩɨɬɪɟɛɢ ɫɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ ɡɚ 

ɩɪɨɢɡɜɨɞʃɭ ɞɪɭɝɢɯ ɨɛɥɢɤɚ ɟɧɟɪɝɢʁɟ ɢɥɢ ɬɪɚɧɫɩɨɪɬ ɬɨɩɥɨɬɧɟ ɟɧɟɪɝɢʁɟ, ɩɭɬɟɦ ɩɪɢɪɨɞɧɟ 

ɤɨɧɜɟɤɰɢʁɟ, ɤɨɧɞɭɤɰɢʁɟ ɢɥɢ ɡɪɚɱɟʃɚ. Ɂɚ ɪɚɡɥɢɤɭ ɨɞ ɚɤɬɢɜɧɨɝ ɫɨɥɚɪɧɨɝ ɞɢɡɚʁɧɚ, ɨɜɚ 

ɬɟɯɧɨɥɨɝɢʁɚ ɧɟ ɡɚɯɬɟɜɚ ɞɨɞɚɬɧɟ ɭɪɟђɚʁɟ, ɧɟ ɢɡɢɫɤɭʁɟ ɧɚɪɨɱɢɬɨ ɜɟɥɢɤɟ ɬɪɨɲɤɨɜɟ ɢ ɧɚʁɱɟɲʄɟ 

ʁɟ ɢɫɩɥɚɬɢɜɨɫɬ ɢɧɜɟɫɬɢɰɢʁɚ ɭ ɩɟɪɢɨɞɭ ɨɞ ɧɟɤɨɥɢɤɨ ɝɨɞɢɧɚ [53]. 

 

 
ɋɥɢɤɚ 62. ɉɚɫɢɜɧɢ ɫɨɥɚɪɧɢ ɞɢɡɚʁɧ [53] 

 

ɉɚɫɢɜɧɢ ɫɢɫɬɟɦɢ ɭ ɚɪɯɢɬɟɤɬɭɪɢ ɫɟ ɨɞɧɨɫɟ ɧɚ ɨɛʁɟɤɬɟ ɤɨʁɢ ɫɭ ɝɪɚђɟɧɢ ɬɚɤɨ ɞɚ ɫɚɦɢ 
ɞɟɥɭʁɭ ɭʁɟɞɧɨ ɤɚɨ ɫɭɧɱɟɜ (ɟɧɟɪɝɟɬɫɤɢ) ɤɨɥɟɤɬɨɪ. ɉɚɫɢɜɧɨ ɤɨɪɢɲʄɟʃɟ ɫɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ 
ɨɫɧɨɜɧɢ ʁɟ ɢ ɧɚʁʁɟɮɬɢɧɢʁɢ ɧɚɱɢɧ ɤɨɪɢɲʄɟʃɚ ɱɢɫɬɟ ɟɧɟɪɝɢʁɟ ɢɡ ɨɤɨɥɢɧɟ. Ɉɜɚɤɜɢ ɫɢɫɬɟɦɢ ɡɚ 
ɫɜɨʁɟ ɮɭɧɤɰɢɨɧɢɫɚʃɟ ɧɟ ɤɨɪɢɫɬɟ ɫɤɭɩɟ ɬɟɯɧɨɥɨɝɢʁɟ, ɜɟʄ ɫɟ ɫɚɦɢɦ ɫɜɨʁɢɦ ɨɛɥɢɤɨɜɚʃɟɦ, 
ɫɜɨʁɨɦ ɚɪɯɢɬɟɤɬɭɪɨɦ ɩɪɢɥɚɝɨђɚɜɚʁɭ ɦɚɤɫɢɦɚɥɧɨɦ ɤɨɪɢɲʄɟʃɭ ɫɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ. Ɂɚ 
ɪɚɡɥɢɤɭ ɨɞ ɩɚɫɢɜɧɨɝ ɫɢɫɬɟɦɚ, ɝɞɟ ʁɟ ɤɭʄɚ ɫɚɦ ɫɢɫɬɟɦ, ɤɨɞ ɚɤɬɢɜɧɢɯ ɫɨɥɚɪɧɢɯ ɨɛʁɟɤɚɬɚ 
ɬɟɯɧɨɥɨɝɢʁɚ ɩɪɢɤɭɩʂɚʃɚ, ɭɫɦɟɪɚɜɚʃɚ ɢ ɬɪɚɧɮɨɪɦɚɰɢʁɟ ʁɟ ɩɪɢɦɚɪɧɢ ɩɪɢɧɰɢɩ 
ɩɪɨʁɟɤɬɨɜɚʃɚ, ɢɡɜɨђɟʃɚ ɢ ɤɨɪɢɲʄɟʃɚ, ɫɚɦɨɝ ɮɭɧɤɰɢɨɧɢɫɚʃɚ ɨɛʁɟɤɬɚ [53]. 

 

Ɉɫɧɨɜɧɨ ɩɪɚɜɢɥɨ ɮɨɪɦɢɪɚʃɚ ɩɚɫɢɜɧɟ ɫɭɧɱɟɜɟ ɚɪɯɢɬɟɤɬɭɪɟ ɫɟ ɛɚɡɢɪɚ ɧɚ ɬɨɦɟ ɞɚ ɨɛʁɟɤɬɢ 
ɨɜɨɝ ɬɢɩɚ ɧɚʁɱɟɲʄɟ ɢɦɚʁɭ ɮɨɪɦɭ ɩɪɚɜɨɭɝɚɨɧɢɤɚ, ɲɬɨ ɢ ɧɟ ɦɨɪɚ ɛɢɬɢ ɩɪɚɜɢɥɨ. Ⱦɚ ɛɢ ɫɟ 
ɦɚɤɫɢɦɚɥɧɨ ɢɫɤɨɪɢɫɬɢɨ ɭɬɢɰɚʁ ɫɭɧɰɚ ɞɭɠɚ ɫɬɪɚɧɢɰɚ, ɨɞɧɨɫɧɨ ɜɟʄɚ ɩɨɜɪɲɢɧɚ ɨɛʁɟɤɬɚ ɛɢ 
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ɬɪɟɛɚɥɚ ɛɢɬɢ ɩɨɫɬɚɜʂɟɧɚ ɞɭɠ ɨɫɟ ɢɫɬɨɤ-ɡɚɩɚɞ, ɤɚɤɨ ɛɢ ɰɟɥɚ, ɞɭɠɚ ɫɬɪɚɧɚ ɝɪɚђɟɜɢɧɟ, 
ɦɚɤɫɢɦɚɥɧɨ ɤɨɪɢɫɬɢɥɚ ɢɡɥɨɠɟɧɨɫɬ ɫɭɧɱɟɧɨɦ ɞɟɥɨɜɚʃɭ ɤɨʁɟ ɞɨɥɚɡɢ ɫ ʁɭɝɚ, ɨɞɧɨɫɧɨ ɫɟɜɟɪɚ, 

ɚɤɨ ɫɟ ɤɭʄɚ ɧɚɥɚɡɢ ɧɚ ʁɭɠɧɨʁ ɯɟɦɢɫɮɟɪɢ ɩɥɚɧɟɬɟ.   
 

 
ɋɥɢɤɚ 63. ɋɨɥɚɪɧɚ ɩɚɫɢɜɧɚ ɤɭʄɚ [54] 

 

Ⱦɪɭɝɢ ɜɚɠɚɧ ɟɥɟɦɟɧɬ ɫɭ ɢɫɩɪɚɜɧɚ ɜɟɥɢɱɢɧɚ ɢ ɩɨɥɨɠɚʁ ɩɪɨɡɨɪɚ ɢ ɫɬɚɤɥɟɧɢɯ 

ɩɨɜɪɲɢɧɚ ɧɚ ɤɭʄɢ, ɤɚɤɨ ɛɢ ɫɟ ɨɫɬɜɚɪɢɨ ɦɚɤɫɢɦɚɥɚɧ ɫɨɥɚɪɧɢ ɭɱɢɧɚɤ, ɞɨɛɢɬɚɤ ɟɧɟɪɝɢʁɟ 
ɬɨɤɨɦ ɡɢɦɫɤɨɝ ɞɚɧɚ ɢ ɞɚ ɛɢ ɫɟ ɫɩɪɟɱɢɨ ɩɪɟɜɟɥɢɤɢ ɝɭɛɢɬɚɤ ɬɨɩɥɨɬɟ ɡɚ ɜɪɟɦɟ ɧɨʄɢ ɢ 

ɨɛɥɚɱɧɢɯ ɞɚɧɚ, ɞɨ ɤɨʁɟɝ ɦɨɝɭ ɞɨɜɟɫɬɢ ɧɟɩɪɚɜɢɥɧɨ ɩɨɫɬɚɜʂɟɧɢ ɢ ɞɢɦɟɧɡɢɨɧɢɫɚɧɢ ɨɬɜɨɪɢ - 
ɩɪɨɡɨɪɢ ɢ ɜɪɚɬɚ. ɉɚɫɢɜɧɚ ɫɨɥɚɪɧɚ ɤɭʄɚ, ɡɚɯɜɚʂɭʁɭʄɢ ɫɜɨɦɟ ɞɢɡɚʁɧɭ, ɨɪɢʁɟɧɬɚɰɢʁɢ ɭ ɨɞɧɨɫɭ 
ɧɚ ɫɭɧɰɟ ɢ ɦɚɬɟɪɢʁɚɥɢɦɚ ɤɨɪɢɲʄɟɧɢɦ ɭ ɢɡɝɪɚɞʃɢ, ɞɟɥɢɦɢɱɧɨ ɢɥɢ ɭ ɩɨɬɩɭɧɨɫɬɢ 
ɡɚɞɨɜɨʂɚɜɚ ɩɨɬɪɟɛɟ ɡɚ ɝɪɟʁɚʃɟɦ ɡɢɦɢ, ɞɨɤ ɨɫɬɚʁɟ ɯɥɚɞɧɚ ɥɟɬɢ. ɉɨ ɩɪɚɜɢɥɭ ɫɟ ɧɚ ʁɭɠɧɭ 
ɫɬɪɚɧɭ ɩɨɫɬɚɜʂɚʁɭ ɧɚʁɜɟʄɢ ɩɪɨɡɨɪɢ, ɞɨɤ ɫɟ ɧɚ ɩɪɟɨɫɬɚɥɟ ɬɪɢ ɫɬɪɚɧɟ ɩɨɫɬɚɜʂɚʁɭ ɦɚʃɢ 
ɩɪɨɡɨɪɢ, ɤɚɤɨ ɛɢ ɫɟ ɨɛɟɡɛɟɞɢɨ ɩɪɨɞɨɪ ɞɧɟɜɧɨɝ ɫɜɟɬɥɚ ɭ ɰɟɥɨʁ ɤɭʄɢ.  

 

 
ɋɥɢɤɚ 64. ɋɨɥɚɪɧɚ ɧɚɞɫɬɪɟɲɧɢɰɚ [55] 
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Ʉɨɞ ɩɚɫɢɜɧɢɯ ɤɭʄɚ ɤɨɪɢɫɬɟ ɫɟ ɫɜɟ ɩɨɝɨɞɧɨɫɬɢ, ɬɚɤɨ ɞɚ ɩɚɫɢɜɧɢ ɞɨɛɢɰɢ ɨɞ ɫɭɧɱɟɜɟ 
ɟɧɟɪɝɢʁɟ ɤɨʁɚ ɩɪɨɥɚɡɢ ɤɪɨɡ ɫɬɚɤɥɨ ɞɢɦɟɧɡɢɨɧɢɫɚɧɨ ɞɚ ɨɛɟɡɛɟɞɢ ɞɨɜɨʂɧɨ ɞɧɟɜɧɨɝ ɫɜɟɬɥɚ, 
ɩɨɤɪɢɜɚʁɭ ɨɤɨ 40% ɬɨɩɥɨɬɧɢɯ ɝɭɛɢɬɚɤɚ ɤɭʄɟ. Ⱦɚ ɛɢ ɫɟ ɬɨ ɞɨɫɬɢɝɥɨ, ɫɚɜɪɟɦɟɧɢ ɩɪɨɡɨɪɢ ɡɚ 
ɩɚɫɢɜɧɟ ɤɭʄɟ ɢɦɚʁɭ ɧɢɫɤɨɟɦɢɫɢɨɧɨ ɬɪɨɫɥɨʁɧɨ ɫɬɚɤɥɨ ɢ ɫɭɩɟɪɢɡɨɥɨɜɚɧɟ ɪɚɦɨɜɟ. Ɍɚɤɜɢ 
ɩɪɨɡɨɪɢ ɡɚɯɜɚɬɚʁɭ ɜɢɲɟ ɬɨɩɥɨɬɟ ɨɞ ɫɭɧɰɚ, ɧɟɝɨ ɲɬɨ ɫɟ ɤɪɨɡ ʃɢɯ ɝɭɛɢ. Ⱦɨɛɢɬɚɤ ʁɟ ɜɟʄɢ 
ɭɤɨɥɢɤɨ ɫɭ ɝɥɚɜɧɟ ɫɬɚɤɥɟɧɟ ɩɨɜɪɲɢɧɟ ɨɪɢʁɟɧɬɢɫɚɧɟ ɤɚ ʁɭɝɭ ɢ ɧɢɫɭ ɭ ɫɟɧɰɢ.  

 

Ⱦɚ ɛɢ ɫɟ ɢ ɬɨɤɨɦ ɥɟɬʃɢɯ ɦɟɫɟɰɢ ɩɨɫɬɢɝɥɚ ɭɝɨɞɧɚ ɬɟɦɩɟɪɚɬɭɪɚ, ɩɨɬɪɟɛɧɨ ʁɟ ɫɩɪɟɱɢɬɢ 
ɩɪɟɜɟɥɢɤɢ ɩɪɨɞɨɪ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɤɪɨɡ ɫɬɚɤɥɟɧɟ ɩɨɜɪɲɢɧɟ ɧɚ ʁɭɠɧɨʁ ɫɬɪɚɧɢ. Ɂɚɬɨ ʁɟ 
ɩɨɬɪɟɛɧɨ ɢɫɤɨɪɢɫɬɢɬɢ ɱɢʃɟɧɢɰɭ ɞɚ ʁɟ ɫɭɧɰɟ ɬɨɤɨɦ ɥɟɬʃɢɯ ɦɟɫɟɰɢ ɜɢɫɨɤɨ ɢɡɧɚɞ 
ɯɨɪɢɡɨɧɬɚ, ɩɚ ʁɟ ɡɚ ɛɥɨɤɢɪɚʃɟ ɩɪɨɞɨɪɚ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɩɨɬɪɟɛɧɨ ɩɚɠʂɢɜɨ ɨɞɚɛɪɚɬɢ 
ɨɞɝɨɜɚɪɚʁɭʄɭ ɞɭɠɢɧɭ ɧɚɞɫɬɪɟɲɧɢɰɟ ɤɨʁɚ ɛɥɨɤɢɪɚ ɫɭɧɱɟɜɨ ɡɪɚɱɟʃɟ.  Ʉɚɤɨ ʁɟ ɫɭɧɰɟ ɬɨɤɨɦ 
ɡɢɦɫɤɢɯ ɦɟɫɟɰɢ ɧɢɫɤɨ ɧɚɞ ɯɨɪɢɡɨɧɬɨɦ, ɩɪɚɜɢɥɧɨ ɞɢɦɟɧɡɢɨɧɢɫɚɧɚ ɧɚɞɫɬɪɟɲɧɢɰɚ ɧɟʄɟ 
ɨɧɟɦɨɝɭʄɢɬɢ ɭɥɚɡɚɤ ɫɭɧɰɚ ɭ ɤɭʄɭ. Ɂɚ ɛɥɨɤɢɪɚʃɟ ɫɭɜɢɲɧɨɝ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɦɨɝɭ ɫɟ 
ɤɨɪɢɫɬɢɬɢ ɢ ɞɨɞɚɬɧɟ ɫɟɧɤɟ, ɠɚɥɭɡɢɧɟ, ɚɤɬɢɜɧɟ ɮɨɪɦɟ ɮɚɫɚɞɚ, ɩɪɚɜɢɥɧɨ ɨɞɚɛɪɚɧɨ ɢ 
ɩɨɫɬɚɜʂɟɧɨ ɡɟɥɟɧɢɥɨ ɢ ɫɥɢɱɧɨ.  

 

 
ɋɥɢɤɚ 65. ɋɬɪɭɤɬɭɪɚ ɩɚɫɢɜɧɟ ɝɪɚɞʃɟ 

 

ɋɥɟɞɟʄɢ ɜɚɠɚɧ ɟɥɟɦɟɧɬ ɩɚɫɢɜɧɟ ɫɨɥɚɪɧɟ ɤɭʄɟ ʁɟ ɚɤɭɦɭɥɚɰɢɨɧɚ ɬɨɩɥɨɬɧɚ ɦɚɫɚ, ɨɞɧɨɫɧɨ 
ɩɪɟɝɪɚɞɧɢ ɡɢɞɨɜɢ ɢɥɢ ɩɨɞɨɜɢ ɨɞ ɦɚɬɟɪɢʁɚɥɚ ɫɚ ɜɢɫɨɤɢɦ ɬɨɩɥɨɬɧɢɦ ɤɚɩɚɰɢɬɟɬɨɦ, ɤɚɨ ɲɬɨ 
ɫɭ ɛɟɬɨɧɫɤɢ, ɰɢɝɥɟɧɢ ɢɥɢ ɤɚɦɟɧɢ ɡɢɞɨɜɢ, ɩɚ ɱɚɤ ɢ ɜɨɞɟɧɢ ɪɟɡɟɪɜɨɚɪɢ. ȵɢɯɨɜ ɡɚɞɚɬɚɤ ʁɟ 
ɚɤɭɦɭɥɚɰɢʁɚ ɬɨɩɥɨɬɟ ɬɨɤɨɦ ɫɭɧɱɚɧɢɯ ɡɢɦɫɤɢɯ ɞɚɧɚ, ɢ ɢɫɬɭ ɬɭ ɬɨɩɥɨɬɭ ɨɫɥɨɛɚђɚɬɢ ɢ 
ɩɪɟɧɨɫɬɢɬɢ ɬɨɤɨɦ ɧɨʄɢ, ɨɞɧɨɫɧɨ ɬɨɤɨɦ ɨɛɥɚɱɧɢɯ ɡɢɦɫɤɢɯ ɞɚɧɚ. Ɍɨɤɨɦ ɥɟɬʃɢɯ ɦɟɫɟɰɢ ɨɜɢ 
ɫɢɫɬɟɦɢ ɩɨɦɚɠɭ ɢ ɨɞɪɠɚɜɚʁɭ ɯɥɚђɟʃɟ ɩɪɨɫɬɨɪɚ ɫɩɪɨɜɨɞɟʄɢ ɢ ɩɪɟɭɡɢɦɚʁɭʄɢ ɧɚ ɫɟɛɟ 
ɬɨɩɥɨɬɭ. 

 

Ȼɟɡ ɨɛɡɢɪɚ ɨ ɤɨʁɨʁ ɜɪɫɬɢ ɝɪɚɞʃɟ ʁɟ ɪɟɱ, ɧɚʁɜɚɠɧɢʁɢ ɟɥɟɦɟɧɬ ɫɢɝɭɪɧɨ ʄɟ ɛɢɬɢ ɢɡɨɥɚɰɢʁɚ. 
Ȼɟɡ ɩɚɠʂɢɜɨ ɩɪɨʁɟɤɬɨɜɚɧɟ ɢ ɤɜɚɥɢɬɟɬɧɨ ɢɡɜɟɞɟɧɟ ɫɩɨʂɧɟ ɨɜɨʁɧɢɰɟ, ɫɜɚ ɬɨɩɥɨɬɚ ɢɡ 
ɭɧɭɬɪɚɲʃɨɫɬɢ ʁɟɞɧɨɫɬɚɜɧɨ ʄɟ ɫɟ ɢ ɛɪɡɨ ɩɪɟɧɟɬɢ ɭ ɨɤɨɥɢɧɭ. ɋɚɦɨ ɞɨɛɪɨ ɨɞɚɛɪɚɧɚ ɢ 
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ɢɫɩɪɨʁɟɤɬɨɜɚɧɚ ɢɡɨɥɚɰɢʁɚ ʄɟ ɭɫɩɟɲɧɨ ɨɧɟɦɨɝɭʄɢɬɢ ɛɪɡɨ ɨɞɜɨђɟʃɟ ɬɨɩɥɨɬɟ ɢ ɨɦɨɝɭʄɢɬɢ 
ɭɝɨɞɧɭ ɬɟɦɩɟɪɚɬɭɪɭ ɞɭɝɨ ɧɚɤɨɧ ɲɬɨ ɫɭɧɰɟ ɡɚђɟ. 

 

 
ɋɥɢɤɚ 66. Ɉɫɧɨɜɧɢ ɩɪɢɧɰɢɩɢ ɩɚɫɢɜɧɟ ɤɭʄe 

 

ɉɚɫɢɜɧɨ ɫɨɥɚɪɧɨ ɝɪɟʁɚʃɟ ɧɟ ɦɨɪɚ ɛɢɬɢ ɞɨɜɨʂɧɨ ɡɚ ɝɪɟʁɚʃɟ ɱɢɬɚɜɨɝ ɨɛʁɟɤɬɚ, ɚɥɢ ɦɨɠɟ 

ɫɦɚʃɢɬɢ ɬɪɨɲɤɨɜɟ ɞɨɞɚɬɧɨɝ ɡɚɝɪɟɜɚʃɚ ɨɛʁɟɤɬɚ ɢ ɬɚɤɨ ɫɦɚʃɢɬɢ ɭɩɨɬɪɟɛɭ ɧɟɨɛɧɨɜʂɢɜɢɯ 

ɝɨɪɢɜɚ, ɧɚʁɱɟɲʄɟ ɮɨɫɢɥɧɨɝ ɩɨɪɟɤɥɚ. ɉɪɨɰɟɧɟ ɭ ɭɲɬɟɞɢ ɟɧɟɪɝɢʁɟ ɡɚ ɝɪɟʁɚʃɟ ɡɢɦɢ ɫɟ ɤɪɟʄɭ 

ɨɞ 20-50% .  

 

 
ɋɥɢɤɚ 67. ɉɪɢɤɚɡ ɨɛʁɟɤɬɚ ɫɚ ɩɚɫɢɜɧɢɦ ɫɢɫɬɟɦɨɦ ɝɪɟʁɚʃɚ 
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5.2.1 ɉɊɂɆȿɊ ɉȺɋɂȼɇȿ ɋɈɅȺɊɇȿ ɁȽɊȺȾȿ 

 

Ⱥɪɯɢɬɟɤɬɚ Richard Hawkes ʁɟ ɨɫɦɢɫɥɢɨ ɫɨɥɚɪɧɭ ɩɚɫɢɜɧɭ ɤɭʄɭ ɧɚɥɚɡɟʄɢ ɢɧɫɩɢɪɚɰɢʁɭ ɭ 

ɥɭɤɨɜɢɦɚ ɫɪɟɞʃɨɜɟɤɨɜɧɢɯ ɝɪɚђɟɜɢɧɚ. ɍ ɢɫɬɨ ɜɪɟɦɟ, ɞɟɦɨɧɫɬɪɢɪɚɨ ʁɟ ɤɚɤɨ ɫɟ ɥɨɤɚɥɧɢ 

ɦɚɬɟɪɢʁɚɥɢ ɢ ɡɚɧɚɬɢ ɦɨɝɭ ɩɪɢɦɟʃɢɜɚɬɢ ɭ ɩɪɨɢɡɜɨɞʃɢ ɜɢɫɨɤɨ ɨɞɪɠɢɜɢɯ ɢ ɟɧɟɪɝɟɬɫɤɢ 

ɟɮɢɤɚɫɧɢɯ ɡɝɪɚɞɚ. Ɉɜɚ ɩɚɫɢɜɧɚ ɫɨɥɚɪɧɚ ɤɭʄɚ ʁɟ ɩɪɜɚ ɭ ȼɟɥɢɤɨʁ Ȼɪɢɬɚɧɢʁɢ ɤɨʁɚ ʁɟ 

ɞɨɛɢɥɚ PassivHaus ɫɟɪɬɢɮɢɤɚɬ ɡɛɨɝ ɢɡɭɡɟɬɧɟ ɭɲɬɟɞɟ ɟɧɟɪɝɢʁɟ. 
 

 
ɋɥɢɤɚ 68. ɉɪɜɚ ɫɨɥɚɪɧɚ ɩɚɫɢɜɧɚ ɤɭʄɚ ɭ ȼɟɥɢɤɨʁ Ȼɪɢɬɚɧɢʁɢ [56] 

 

 
ɋɥɢɤɚ 69. ɉɚɫɢɜɧɚ ɫɨɥɚɪɧɚ ɤɭʄɚ ɫɚ ɫɩɟɰɢɮɢɱɧɢɦ ɤɪɨɜɨɦ ɭ ɨɛɥɢɤɭ ɥɭɤɚ 

 

Ɉɧɨ ɩɨ ɱɟɦɭ ʁɟ ɨɜɚ ɤɭʄɚ ɤɚɪɚɤɬɟɪɢɫɬɢɱɧɚ ʁɟ ɤɪɨɜ ɭ ɨɛɥɢɤɭ ɥɭɤɚ, ɞɭɠɢɧɟ 20 m ɢ ɬɚɧɚɤ 

ɫɚɦɨ 120 mm. ɂɡɝɪɚђɟɧ ʁɟ ɨɞ ɪɭɱɧɨ ɧɚɩɪɚɜʂɟɧɢɯ ɩɥɨɱɢɰɚ ɨɞ ɥɨɤɚɥɧɟ ɝɥɢɧɟ. Ɉɤɨ 26 000 

ɝɥɢɧɟɧɢɯ ɩɥɨɱɢɰɚ ɩɪɢɪɨɞɧɨ ɪɟɝɭɥɢɲɭ ɜɥɚɠɧɨɫɬ ɜɚɡɞɭɯɚ, ɢ ɰɟɨ ɤɪɨɜ ɫɟ ɩɨɧɚɲɚ ɤɚɨ 

ɨɝɪɨɦɧɚ ɬɟɪɦɚɥɧɚ ɦɚɫɚ, ɤɨʁɚ ɪɟɝɭɥɢɲɟ ɬɟɦɩɟɪɚɬɭɪɭ ɭɧɭɬɚɪ ɤɭʄɟ. Ɍɚɤɨђɟ, ɧɚ ʃɟɝɚ ʁɟ ɞɨɞɚɬɨ 

http://www.ekokuce.com/sertifikati/passivhaus-sertifikat
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20 ɬɨɧɚ ɲʂɭɧɤɚ, 40 ɬɨɧɚ ɡɟɦʂɟ ɢ ɩɨɫɚђɟɧɚ ʁɟ ɜɟɝɟɬɚɰɢʁɚ ɡɛɨɝ ʁɨɲ ɛɨʂɟ ɬɟɪɦɢɱɤɟ 

ɢɡɨɥɚɰɢʁɟ. ɂɚɤɨ ʁɟ ɩɨɬɪɨɲɟɧɨ ɩɨɡɚɦɚɲɧɢɯ 85 000 ɮɭɧɬɢ ɡɚ ɤɪɨɜ, ɞɨɛɢʁɟɧɚ ʁɟ ɤɭʄɚ 

ʁɟɞɢɧɫɬɜɟɧɨɝ ɞɢɡɚʁɧɚ [56]. 

 

Ɂɚ ɫɭɩɟɪ ɢɡɨɥɚɰɢʁɭ, ɞɟɛʂɢɧɟ 30 cm, ɭɩɨɬɪɟɛʂɟɧɨ ʁɟ 10 ɬɨɧɚ ɪɟɰɢɤɥɢɪɚɧɢɯ ɧɨɜɢɧɚ, 30 
ɬɨɧɚ ɢɡɦɪɜʂɟɧɢɯ ɮɥɚɲɚ, ɤɨɧɨɩʂɚ ɢ ɜɭɧɚ, ɚ ɧɚ ɛɟɬɨɧɫɤɟ ɩɨɞɨɜɟ, ɭɧɭɬɚɪ ɤɭʄɟ, ɧɚɧɟɲɟɧɚ ʁɟ 
ɦɟɲɚɜɢɧɚ ɢɡɦɪɜʂɟɧɢɯ ɮɥɚɲɚ ɢ ɫɦɨɥɟ, ɤɨʁɚ ʁɟ ɤɚɫɧɢʁɟ ɢɫɩɨɥɢɪɚɧɚ. 

 

ɇɚ ɩɪɨɡɨɪɟ ɫɚ ɬɪɨɫɬɪɭɤɢɦ ɡɚɫɬɚɤʂɟʃɟɦ ʁɟ ɩɨɬɪɨɲɟɧɨ 43 000 ɮɭɧɬɢ. ɉɨɪɟɞ ɬɨɝɚ ɲɬɨ ɫɭ 
ɨɜɢ ɩɪɨɡɨɪɢ ɢɡɭɡɟɬɧɨ ɫɤɭɩɢ, ɩɪɟɞɫɬɚɜʂɚʁɭ ʁɨɲ ʁɟɞɧɭ ɩɪɟɞɧɨɫɬ ɭ ɢɡɨɥɚɰɢʁɢ, ɢ ɢɡɦɟђɭ 
ɞɪɭɝɨɝ ɢ ɬɪɟʄɟɝ ɫɬɚɤɥɚ ɫɟ ɧɚɥɚɡɟ ɪɨɥɟɬɧɟ, ɤɨʁɟ ɫɟ ɭ ɬɨɤɭ ɬɨɩɥɢɯ ɥɟɬʃɢɯ ɞɚɧɚ ɫɩɭɲɬɚʁɭ, 

ɱɢɦɟ ɫɟ ɫɩɪɟɱɚɜɚ ɩɪɟɝɪɟɜɚʃɟ ɤɭʄɟ [56]. 

 

 
ɋɥɢɤɚ 70. ɉɪɨɡɨɪɢ ɫɚ ɬɪɨɫɬɪɭɤɢɦ ɡɚɫɬɚɤʂɟʃɟɦ ɢ ɪɨɥɟɬɧɚɦɚ  

 

Ⱦɚ ɛɢ ɫɟ ɨɛɟɡɛɟɞɢɨ ɫɬɚɥɧɨ ɫɜɟɠ ɜɚɡɞɭɯ ɢɧɫɬɚɥɢɪɚɧ ʁɟ ɜɟɧɬɢɥɚɰɢɨɧɢ ɫɢɫɬɟɦ, ɤɨʁɢ ɢɡ 
ɬɨɩɥɨɝ ɜɚɡɞɭɯɚ ɭɧɭɬɚɪ ɤɭʄɟ ɢɡɜɥɚɱɢ ɭɫɬɚʁɚɥɢ ɜɚɡɞɭɯ ɢ ɡɚɦɟʃɭʁɟ ɝɚ ɫɜɟɠɢɦ. Ɂɚ ɩɪɨɢɡɜɨɞʃɭ 
ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɤɨɪɢɫɬɟ ɫɟ ɫɨɥɚɪɧɢ ɩɚɧɟɥɢ, ɩɨɜɟɡɚɧɢ ɧɚ ɟɥɟɤɬɪɨ - ɞɢɫɬɪɢɛɭɬɢɜɧɭ 
ɦɪɟɠɭ, ɚ ɡɚ ɝɪɟʁɚʃɟ ɜɨɞɟ ɤɨɬɚɨ ɧɚ ɛɢɨɦɚɫɭ ɫɧɚɝɟ 11 kW. ɋɢɫɬɟɦ ɡɚ ɩɪɟɱɢɲʄɚɜɚʃɟ ɨɬɩɚɞɚ ɢ 

ɫɚɤɭɩʂɚʃɟ ɤɢɲɧɢɰɟ ɫɭ ʁɨɲ ɧɟɤɟ ɨɞ ɩɪɟɞɧɨɫɬɢ ɨɜɟ ɤɭʄɟ [56]. 

  

Ɂɚ ɢɡɝɪɚɞʃɭ ɩɪɜɟ PassivHaus ɤɭʄɟ ɭ ȼɟɥɢɤɨʁ Ȼɪɢɬɚɧɢʁɢ ɩɨɬɪɨɲɟɧɨ ʁɟ ɭɤɭɩɧɨ 445 000 

ɮɭɧɬɢ. ɍ ʃɨʁ ɧɢɤɚɞɚ ɧɢʁɟ ɯɥɚɞɧɨ, ʁɟɪ ɬɟɦɩɟɪɚɬɭɪɚ ɧɢ ɭ ɧɚʁɯɥɚɞɧɢʁɢɦ ɡɢɦɫɤɢɦ ɞɚɧɢɦɚ ɧɟ 

ɩɚɞɚ ɢɫɩɨɞ 16°C, ɚ ɪɟɥɚɬɢɜɧɚ ɜɥɚɠɧɨɫɬ ɜɚɡɞɭɯɚ ɫɟ ɪɟɝɭɥɢɲɟ ɧɚ 51%. 

 

Ɂɛɨɝ ɡɧɚɱɚʁɧɟ ɟɧɟɪɝɟɬɫɤɟ ɭɲɬɟɞɟ ɢ ɩɪɨɞɚʁɟ ɜɢɲɤɚ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ, ɝɟɧɟɪɢɫɚɧɟ 

ɫɨɥɚɪɧɢɦ ɩɚɧɟɥɢɦɚ ɧɚ ɟɥɟɤɬɪɨ - ɞɢɫɬɪɢɛɭɬɢɜɧɨʁ ɦɪɟɠɢ, ɨɜɚ ɤɭʄɚ ɭɦɟɫɬɨ ɪɚɱɭɧɚ ɧɚ ɤɪɚʁɭ 

ɝɨɞɢɧɟ ɡɚɪɚɞɢ ɨɤɨ 1 800 ɮɭɧɬɢ [56]. 
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6. ɆɈȽɍȶɇɈɋɌ ɉɊɂɆȿɇȿ ɋɈɅȺɊɇȿ ȿɇȿɊȽɂȳȿ ɂ 
ɂɋɉɅȺɌɂȼɈɋɌ ɍȽɊȺȾȵȿ ɋɈɅȺɊɇɂɏ ɋɂɋɌȿɆȺ 

  
ɋɭɧɱɟɜɚ ɫɜɟɬɥɨɫɬ ɩɪɟɞɫɬɚɜʂɚ ɢɡɜɨɪ ɟɧɟɪɝɢʁɟ ɤɨʁɢ ʁɟ ɡɚɫɥɭɠɚɧ ɡɚ ɩɨɜɨʂɧɟ ɤɥɢɦɚɬɫɤɟ 

ɭɫɥɨɜɟ ɢ ɩɨɫɬɨʁɚʃɟ ɟɤɨɫɢɫɬɟɦɚ ɧɚ ɧɚɲɨʁ ɩɥɚɧɟɬɢ. ȼɟʄɢɧɚ ɟɧɟɪɝɢʁɟ ɤɨʁɚ ʁɟ ɞɨɫɬɭɩɧɚ ɧɚ 
Ɂɟɦʂɢ ɞɨɥɚɡɢ ɧɚɦ ɨɞ ɋɭɧɰɚ, ɚ ɱɚɤ ɢ ɟɧɟɪɝɢʁɚ ɤɨʁɭ ɰɪɩɢɦɨ ɢɡ ɜɟɬɪɚ, ɜɨɞɟ, ɛɢɨɦɚɫɟ ɢ ɫɜɢɯ 
ɮɨɫɢɥɧɢɯ ɝɨɪɢɜɚ ɡɚɩɪɚɜɨ ɩɨɬɢɱɟ ɢɡ ɨɜɨɝ ɢɡɜɨɪɚ. Ɉɞɝɨɜɚɪɚʁɭʄɨɦ ɬɟɯɧɨɥɨɝɢʁɨɦ ɦɨɠɟɦɨ 
ɢɫɤɨɪɢɫɬɢɬɢ ɨɜɚʁ ɛɟɫɩɥɚɬɚɧ, ɟɤɨɥɨɲɤɢ ɢ ɜɟɱɚɧ ɢɡɜɨɪ ɟɧɟɪɝɢʁɟ. 

 

ɋɨɥɚɪɧɚ ɬɟɯɧɨɥɨɝɢʁɚ ɜɟʄ ɫɟ ɤɨɪɢɫɬɢ ɡɚ ɭɧɚɩɪɟђɟʃɟ ɠɢɜɨɬɧɨɝ ɫɬɚɧɞɚɪɞɚ. Ɉɧɚ ɩɪɟ ɫɜɟɝɚ 

ɩɪɟɞɫɬɚɜʂɚ ɥɨɝɢɱɚɧ ɢɡɛɨɪ ɭ ɨɛʁɟɤɬɢɦɚ ɧɚ ɭɞɚʂɟɧɢɦ ɩɨɞɪɭɱʁɢɦɚ, ɝɞɟ ʁɟ ɦɨɝɭʄɧɨɫɬ 

ɩɪɢɤʂɭɱɟʃɚ ɧɚ ɟɥɟɤɬɪɨɞɢɫɬɪɢɛɭɬɢɜɧɭ ɦɪɟɠɭ ɨɬɟɠɚɧɚ ɢɥɢ ɭɨɩɲɬɟ ɧɟ ɩɨɫɬɨʁɢ, ɚɥɢ ɬɨ ɧɢʁɟ 

ʁɟɞɢɧɢ ɪɚɡɥɨɝ ʃɟɧɟ ɩɪɢɦɟɧɟ. 

 

6.1 ȿɇȿɊȽȿɌɋɄɂ ɉɈɌȿɇɐɂȳȺɅ ɋɍɇɑȿȼɈȽ ɁɊȺɑȿȵȺ ɍ ɋȼȿɌɍ 

 
ɋɧɚɝɚ ɋɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɧɚ ɩɨɜɪɲɢɧɢ Ɂɟɦʂɟ ɡɚɜɢɫɢ ɨɞ ɜɢɲɟ ɮɚɤɬɨɪɚ, ɢɡɦɟђɭ ɨɫɬɚɥɨɝ 

ɨɞ: ɝɟɨɝɪɚɮɫɤɟ ɲɢɪɢɧɟ, ɨɛɥɚɱɧɨɫɬɢ, ɝɨɞɢɲʃɟɝ ɞɨɛɚ, ɞɨɛɚ ɞɚɧɚ ɢ ɞɪ.. ɍɤɨɥɢɤɨ ɫɭ ɫɨɥɚɪɧɢ 

ɫɢɫɬɟɦɢ ɩɨɫɬɚɜʂɟɧɢ ɧɚ ɩɨɝɨɞɧɢɦ ɥɨɤɚɰɢʁɚɦɚ, ɤɚɨ ɲɬɨ ɫɭ ɥɨɤɚɰɢʁɟ ɭ ɒɩɚɧɢʁɢ, ɧɚ Ɇɚɥɬɢ, 

ɧɚ ʁɭɝɭ ɂɬɚɥɢʁɟ ɢ Ɍɭɪɫɤɟ ɢɬɞ., ɨɧɞɚ ɦɨɝɭ ɩɪɨɢɡɜɟɫɬɢ ɞɜɨɫɬɪɭɤɨ ɜɢɲɟ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ 

ɧɟɝɨ ɭ ɡɟɦʂɚɦɚ ɧɚ ɫɟɜɟɪɭ ȿɜɪɨɩɟ (ɒɤɨɬɫɤɚ, ɋɤɚɧɞɢɧɚɜɫɤɟ ɡɟɦʂɟ, Ɋɭɫɢʁɚ ɢɬɞ.). 

 

 
ɋɥɢɤɚ 71. ȿɧɟɪɝɢʁɚ ɋɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɧɚ ɝɨɞɢɲʃɟɦ ɧɢɜɨɭ ɧɚ Ɂɟɦʂɢ [57] 

 

Ʉɚɞɚ ɫɟ ɋɪɛɢʁɚ ɭɩɨɪɟɞɢ ɫɚ ɨɫɬɚɥɢɦ ɡɟɦʂɚɦɚ ȿɜɪɨɩɟ ɦɨɠɟ ɫɟ ɭɨɱɢɬɢ ɞɚ ʁɟ ɩɪɢɥɢɱɧɨ 

ɛɨɝɚɬɚ ɟɧɟɪɝɢʁɨɦ ɋɭɧɰɚ. ɉɪɢɦɟɪɚ ɪɚɞɢ, ɇɟɦɚɱɤɚ ɢɦɚ ɩɪɨɫɟɱɧɨ ɫɚɦɨ 1050 kWh/m² ɟɧɟɪɝɢʁɟ 

ɋɭɧɰɚ ɝɨɞɢɲʃɟ, ɲɬɨ ʁɟ 38% ɦɚʃɟ ɧɟɝɨ ɋɪɛɢʁɚ. ɍ ȿɜɪɨɩɢ ɫɭ Ƚɪɱɤɚ, Ɍɭɪɫɤɚ, ɂɬɚɥɢʁɚ, 

ɒɩɚɧɢʁɚ ɛɨɝɚɬɟ ɟɧɟɪɝɢʁɨɦ ɋɭɧɰɚ, ɫɚ ɜɢɲɟ ɨɞ 1600 kWh/m² ɝɨɞɢɲʃɟ. Ɂɚɬɨ ɫɭ ɨɜɟ ɡɟɦʂɟ 
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ɢɧɫɬɚɥɢɪɚɥɟ ɜɟɥɢɤɢ ɛɪɨʁ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ ɡɚ ɩɪɢɩɪɟɦɭ ɬɨɩɥɟ ɜɨɞɟ. Ɉɜɢ ɭɪɟђɚʁɢ ɫɟ 

ɢɫɩɥɚɬɟ ɡɚ 5 ɞɨ 9 ɝɨɞɢɧɚ ɭ ɬɭɪɢɫɬɢɱɤɢɦ ɦɟɫɬɢɦɚ ʁɭɠɧɟ ȿɜɪɨɩɟ, ɝɞɟ ʁɟ ɩɨɬɪɨɲʃɚ ɬɨɩɥɟ 

ɜɨɞɟ (ɨɤɨ 40°C) ɜɟɥɢɤɚ ɭ ɥɟɬʃɢɦ ɦɟɫɟɰɢɦɚ, ɢ ɬɨ ɜɢɲɟ ɨɞ 60 l ɩɨ ɫɬɚɧɨɜɧɢɤɭ ɧɚ ɞɚɧ [58]. 

 

ɑɚɤ ɢ ɇɟɦɚɱɤɚ, ɫɚ 1050 kWh/m² ɝɨɞɢɲʃɟ, ɢɦɚ ɜɟɥɢɤɢ ɛɪɨʁ ɮɢɪɦɢ ɤɨʁɟ ɩɪɨɢɡɜɨɞɟ 

ɫɨɥɚɪɧɟ ɤɨɥɟɤɬɨɪɟ ɢ Ɏɇ ɦɨɞɭɥɟ. Ɉɫɢɦ ɬɨɝɚ, ɇɟɦɚɱɤɚ ʁɟ ɩɨɤɚɡɚɥɚ ɞɚ ɢ ɧɚ ʃɢɯɨɜɨʁ 
ɝɟɨɝɪɚɮɫɤɨʁ ɲɢɪɢɧɢ ɦɨɞɟɪɧɢ ɤɨɥɟɤɬɨɪɢ ɦɨɝɭ ɢɡɜɭʄɢ ɨɞ 500 ɞɨ 600 kWh/m² ɬɨɩɥɨɬɧɟ 

ɟɧɟɪɝɢʁɟ ɝɨɞɢɲʃɟ. 

 

 
ɋɥɢɤɚ 72. Ƚɨɞɢɲʃɚ ɤɨɥɢɱɢɧɚ ɟɧɟɪɝɢʁɟ ɋɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɧɚ ɯɨɪɢɡɨɧɬɚɥɧɨʁ ɩɨɜɪɲɢɧɢ ɭ ȿɜɪɨɩɢ [57] 

 

Ɏɨɬɨɧɚɩɨɧɫɤɢ ɦɨɞɭɥɢ ɫɭ ɦɚʃɟ ɟɮɢɤɚɫɧɢ, ɫɚ ɝɨɞɢɲʃɨɦ ɩɪɨɞɭɤɰɢʁɨɦ ɭ ɇɟɦɚɱɤɨʁ ɨɞ ɨɤɨ 

120 kWh/m². ɂ ɩɨɪɟɞ ɬɨɝɚ, ɇɟɦɚɱɤɚ ʁɟ ɞɪɭɝɚ ɡɟɦʂɚ ɭ ɫɜɟɬɭ ɫɚ 1500 MW ɢɧɫɬɚɥɢɫɚɧɢɯ Ɏɇ 

ɦɨɞɭɥɚ (ɫɬɚʃɟ ɢɡ 2008. ɝɨɞɢɧɟ), ɫɚ ɧɟɩɨɡɧɚɬɢɦ ɪɨɤɨɦ ɢɫɩɥɚɬɢɜɨɫɬɢ. ɉɨɱɟɬɤɨɦ 2009. 

ɝɨɞɢɧɟ ɭ ɫɜɟɬɭ ʁɟ ɭɤɭɩɧɨ ɢɧɫɬɚɥɢɫɚɧɨ ɨɤɨ 14,8 GW ɭ Ɏɇ ɦɨɞɭɥɢɦɚ (ɭ ɟɜɪɨɩɫɤɢɦ ɡɟɦʂɚɦɚ 

ɨɤɨ 81%) [59].  

 
ɋɥɢɤɚ 73. Ƚɥɨɛɚɥɧɚ ɤɭɦɭɥɚɬɢɜɧɚ ɢɧɫɬɚɥɚɰɢʁɚ Ɏɇ ɫɢɫɬɟɦɚ ɭ 2016-ɨʁ ɝɨɞɢɧɢ [60] 
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ɋɥɢɤɚ 74. ɍɤɭɩɧɚ ɩɪɨɢɡɜɨɞʃɚ Ɏɇ ɫɢɫɬɟɦɚ ɡɚ ɩɟɪɢɨɞ (2000-2014) 

 

ɒɩɚɧɢʁɚ ʁɟ ɩɪɜɚ ɡɟɦʂɚ ɭ ɫɜɟɬɭ ɤɚɞɚ ʁɟ ɭ ɩɢɬɚʃɭ ɢɧɫɬɚɥɢɫɚɧɚ ɫɧɚɝɚ Ɏɇ ɦɨɞɭɥɚ (ɨɤɨ 

2510 MW), ɫɥɟɞɟ ɋȺȾ (342 MW), ȳɭɠɧɚ Ʉɨɪɟʁɚ (274 MW), ɂɬɚɥɢʁɚ (258 MW), ȳɚɩɚɧ (230 

MW) ɢɬɞ.. Ⱦɚɧɚɲʃɢ ɦɨɞɟɪɧɢ Ɏɇ ɦɨɞɭɥɢ ɧɚ ɞɨɛɪɢɦ ɥɨɤɚɰɢʁɚɦɚ ɦɨɝɭ ɩɪɨɢɡɜɟɫɬɢ ɛɚɪ 160 

kWh/m² ɝɨɞɢɲʃɟ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ. Ɍɨ ɫɭ ɥɨɤɚɰɢʁɟ ɛɥɢɡɭ ɟɤɜɚɬɨɪɚ, ɝɞɟ ʁɟ ɩɪɨɫɟɱɧɚ 

ɫɧɚɝɚ ɋɭɧɱɟɜɟ ɪɚɞɢʁɚɰɢʁɟ 250 W/m² ɢɥɢ ɜɢɲɟ ɨɤɨ 2200 kWh/m². Ɂɟɦʂɟ ȿɍ ɝɟɧɟɪɚɥɧɨ 

ɩɨɫɜɟʄɭʁɭ ɜɟɥɢɤɭ ɩɚɠʃɭ ɫɨɥɚɪɧɨʁ ɟɧɟɪɝɢʁɢ. ɋɚɦɨ ɇɟɦɚɱɤɚ ɭɥɚɠɟ ɝɨɞɢɲʃɟ ɨɤɨ 5 

ɦɢɥɢʁɚɪɞɢ ɟɜɪɚ, ɭ ɰɢʂɭ ɲɬɨ ɛɪɠɟ ɩɪɢɦɟɧɟ ɟɧɟɪɝɢʁɟ ɋɭɧɰɚ. ɇɚ ɛɪɨʁɧɢɦ ɤɨɧɝɪɟɫɢɦɚ ɢ 

ɫɚʁɦɨɜɢɦɚ ɩɪɢɤɚɡɭʁɭ ɫɟ ɩɪɚɤɬɢɱɧɢ ɩɪɢɦɟɪɢ ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ ɢ Ɏɇ ɦɨɞɭɥɚ ɡɚ 

ɤɨɪɢɲʄɟʃɟ ɟɧɟɪɝɢʁɟ ɋɭɧɰɚ. ɂɫɤɭɫɬɜɚ ɇɟɦɚɱɤɟ, Ⱥɭɫɬɪɢʁɟ, ɒɩɚɧɢʁɟ ɢ ɞɪɭɝɢɯ ɡɟɦɚʂɚ ɦɨɝɭ 

ɤɨɪɢɫɬɢɬɢ ɭ ɪɚɡɜɨʁɭ ɫɬɪɚɬɟɝɢʁɟ ɤɨɪɢɲʄɟʃɚ ɟɧɟɪɝɢʁɟ ɋɭɧɰɚ, ɭɡɢɦɚʁɭʄɢ ɭ ɨɛɡɢɪ ɞɚ ʁɟ 

ɨɫɭɧɱɚɧɨɫɬ ɋɪɛɢʁɟ ʁɚɤɨ ɞɨɛɪɚ [61]. 
 

 
ɋɥɢɤɚ 75. Ƚɨɞɢɲʃɚ ɩɪɨɢɡɜɨɞʃɚ Ɏɇ ɫɢɫɬɟɦɚ (2005-2015) 
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6.2 ɉɈɌȿɇɐɂȳȺɅ ɂɋɄɈɊɂɒȶȿȵȺ ɋɈɅȺɊɇɂɏ ɋɂɋɌȿɆȺ ɍ ɋɊȻɂȳɂ 
 

ɍ ɋɪɛɢʁɢ ɫɟ ɫɨɥɚɪɧɚ ɟɧɟɪɝɢʁɚ ɭɝɥɚɜɧɨɦ ɤɨɪɢɫɬɢ ɡɚ ɝɟɧɟɪɢɫɚʃɟ ɬɨɩɥɨɬɧɟ ɟɧɟɪɝɢʁɟ, ɝɞɟ ʁɟ 
ɜɪɥɨ ɢɫɩɥɚɬɢɜɚ. Ɂɚɬɨ ɫɭ ɫɨɥɚɪɧɢ ɤɨɥɟɤɬɨɪɢ ɩɨɫɬɚɥɢ ɪɟɥɚɬɢɜɧɨ ɩɨɩɭɥɚɪɧɢ ɭ 
ɞɨɦɚʄɢɧɫɬɜɢɦɚ ɡɚ ɝɪɟʁɚʃɟ ɜɨɞɟ. Ʉɨɪɢɲʄɟʃɟ ɋɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ ɡɚ ɞɨɛɢʁɚʃɟ ɟɥɟɤɬɪɢɱɧɟ 
ɟɧɟɪɝɢʁɟ ɢ ɭɩɨɬɪɟɛɚ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɦɨɞɭɥɚ ʁɟ ɫɢɦɛɨɥɢɱɧɚ, ɢɚɤɨ ɡɚ ɬɨ ɩɨɫɬɨʁɟ ɫɜɢ ɭɫɥɨɜɢ. 
Ȼɪɨʁ ɫɭɧɱɚɧɢɯ ɫɚɬɢ ɭ ɋɪɛɢʁɢ ʁɟ, ɩɪɟɦɚ ɩɨɞɚɰɢɦɚ Ɇɢɧɢɫɬɚɪɫɬɜɚ ɟɧɟɪɝɟɬɢɤɟ ɋɪɛɢʁɟ, ɜɟʄɢ ɨɞ 
2000 h. Ɍɨ ʁɟ ɜɟʄɚ ɜɪɟɞɧɨɫɬ ɧɟɝɨ ɭ ɜɟʄɢɧɢ ɟɜɪɨɩɫɤɢɯ ɡɟɦɚʂɚ, ɚɥɢ ʁɟ ɫɨɥɚɪɧɢ ɩɨɬɟɧɰɢʁɚɥ 
ɫɚɫɜɢɦ ɧɟɢɫɤɨɪɢɲʄɟɧ. ɂɧɬɟɧɡɢɜɧɢʁɟ ɫɜɟɨɛɭɯɜɚɬɧɨ ɤɨɪɢɲʄɟʃɟ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ ɡɚɜɢɫɢʄɟ 
ɨɞ ɪɚɡɜɨʁɚ ɢ ɫɩɪɨɜɨђɟʃɚ ɧɚɰɢɨɧɚɥɧɨɝ ɩɪɨɝɪɚɦɚ ɨɛɧɨɜʂɢɜɢɯ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ [62].  

 

ɉɨɬɟɧɰɢʁɚɥ ɋɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ ɩɪɟɞɫɬɚɜʂɚ 16,7% ɨɞ ɭɤɭɩɧɨ ɢɫɤɨɪɢɫɬɢɜɨɝ ɩɨɬɟɧɰɢʁɚɥɚ 
Ɉɂȿ ɭ ɋɪɛɢʁɢ. ɇɚ ɜɟʄɢɧɢ ɬɟɪɢɬɨɪɢʁɟ ɋɪɛɢʁɟ ɛɪɨʁ ɫɭɧɱɚɧɢɯ ɞɚɧɚ ʁɟ ɡɧɚɬɧɨ ɜɟʄɢ ɧɟɝɨ ɭ 
ɦɧɨɝɢɦ ɟɜɪɨɩɫɤɢɦ ɡɟɦʂɚɦɚ. ȿɧɟɪɝɟɬɫɤɢ ɩɨɬɟɧɰɢʁɚɥ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ʁɟ ɡɚ ɨɤɨ 30% ɜɢɲɢ 
ɭ ɋɪɛɢʁɢ ɧɟɝɨ ɭ ɋɪɟɞʃɨʁ ȿɜɪɨɩɢ ɢ ɢɧɬɟɧɡɢɬɟɬ ɫɭɧɱɟɜɟ ɪɚɞɢʁɚɰɢʁɟ ʁɟ ɦɟђɭ ɧɚʁɜɟʄɢɦ ɭ 
ȿɜɪɨɩɢ. ɍ ɰɢʂɭ ɩɨɪɟђɟʃɚ, ɩɪɨɫɟɱɧɚ ɜɪɟɞɧɨɫɬ ɝɥɨɛɚɥɧɨɝ ɡɪɚɱɟʃɚ ɡɚ ɬɟɪɢɬɨɪɢʁɭ ɇɟɦɚɱɤɟ 

ɢɡɧɨɫɢ ɨɤɨ 1000 kWh/m², ɞɨɤ ʁɟ ɡɚ ɋɪɛɢʁɭ ɬɚ ɜɪɟɞɧɨɫɬ ɨɤɨ 1400 kWh/m² [63]. 

 

 
ɋɥɢɤɚ 76. Ƚɨɞɢɲʃɟ ɋɭɧɱɟɜɨ ɡɪɚɱɟʃɟ ɧɚ ɬɟɪɢɬɨɪɢʁɢ Ɋɟɩɭɛɥɢɤɟ ɋɪɛɢʁɟ [63] 

 

Ȼɪɨʁ ɱɚɫɨɜɚ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɧɚ ɬɟɪɢɬɨɪɢʁɢ ɋɪɛɢʁɟ ɢɡɧɨɫɢ ɢɡɦɟђɭ 1500 ɢ 2200 ɱɚɫɨɜɚ 

ɝɨɞɢɲʃɟ. ɉɪɨɫɟɱɚɧ ɢɧɬɟɧɡɢɬɟɬ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɬɨɤɨɦ ʁɚɧɭɚɪɚ ɢɡɧɨɫɢ 1,1 kWh/m²/ɞɚɧ ɧɚ 

ɫɟɜɟɪɭ ɞɨ 1,7 kWh/m²/ɞɚɧ ɧɚ ʁɭɝɭ, ɚ ɬɨɤɨɦ ʁɭɥɚ ɨɞ 5,9 ɞɨ 6,6 kWh/m²/ɞɚɧ. ɇɚʁɜɟʄɢ 
ɩɨɬɟɧɰɢʁɚɥ ɡɚ ɤɨɪɢɲʄɟʃɟ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ ɢɦɚʁɭ ɝɪɚɞɨɜɢ ɭ ʁɭɠɧɨɦ ɢ ʁɭɝɨɢɫɬɨɱɧɨɦ ɞɟɥɭ 
ɋɪɛɢʁɟ – ɇɢɲ, Ʉɭɪɲɭɦɥɢʁɚ, ȼɪɚʃɟ [63]. 
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ɇɚʁɜɟʄɢ ɝɨɞɢɲʃɢ ɩɪɢɯɨɞ ɟɧɟɪɝɢʁɟ ɫɟ ɞɨɛɢʁɚ ɚɤɨ ʁɟ ɩɨɜɪɲɢɧɚ ɨɪɢʁɟɧɬɢɫɚɧɚ ɩɪɟɦɚ ʁɭɝɭ ɢ 

ɢɦɚ ɧɚɝɢɛ ɨɞ 35 ɫɬɟɩɟɧɢ. ɉɪɨɰɟɧɚ ɭɤɭɩɧɨɝ ɩɨɬɟɧɰɢʁɚɥɚ ɡɚ ɭɲɬɟɞɭ ɭ ɋɪɛɢʁɢ ɢɦɚ 2,65 

ɦɢɥɢɨɧɚ ɫɬɚɦɛɟɧɢɯ ʁɟɞɢɧɢɰɚ. Ⱥɤɨ ɛɢ ɫɟ ɧɚ ɫɜɚɤɭ ɫɬɚɦɛɟɧɭ ʁɟɞɢɧɢɰɭ ɩɨɫɬɚɜɢɥɨ ɩɨ 4  

ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ, ɝɨɞɢɲʃɟ ɛɢ ɫɟ ɭɲɬɟɞɟɥɨ ɨɤɨ 7 420 GWh ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɱɢʁɚ ʁɟ 

ɜɪɟɞɧɨɫɬ ɨɤɨ 370 ɦɢɥɢɨɧɚ ɟɜɪɚ [63]. 

 

 
ɋɥɢɤɚ 77. ɚ) ɉɨɬɟɧɰɢʁɚɥ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ɭ Ɋɟɩɭɛɥɢɰɢ ɋɪɛɢʁɢ ɬɨɤɨɦ ɝɨɞɢɧɟ, ɛ) Ɉɫɧɭɧɱɚɧɨɫɬ ɝɪɚɞɨɜɚ ɭ 

Ɋɟɩɭɛɥɢɰɢ ɋɪɛɢʁɢ ɭ ɨɞɧɨɫɭ ɧɚ Јɭɠɧɭ ɇɟɦɚɱɤɭ [62] 

 

ɂɫɤɨɪɢɲʄɚɜɚʃɟɦ ɭɤɭɩɧɨɝ ɩɨɬɟɧɰɢʁɚɥɚ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ ɡɚ ɡɚɝɪɟɜɚʃɟ ɜɨɞɟ ɫɦɚʃɢɥɚ ɛɢ 

ɫɟ ɢ ɟɦɢɫɢʁɚ 𝐶ܱଶ ɡɚ 6,5 ɦɢɥɢɨɧɚ ɬɨɧɚ ɝɨɞɢɲʃɟ. ɇɟɡɜɚɧɢɱɧɢ ɩɨɞɚɰɢ ɝɨɜɨɪɟ ɞɚ ɫɟ ɭ ɋɪɛɢʁɢ 

ɝɨɞɢɲʃɟ ɭɝɪɚɞɢ 15 000 ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ, ɲɬɨ ʁɟ ɩɪɟɦɚ ɨɩɲɬɨʁ ɩɪɨɰɟɧɢ ɦɚɥɨ. 
 

ɉɊɂɆȿɊ ɌɊɈɒɄɈȼȺ ɍȽɊȺȾȵȿ ɋɈɅȺɊɇɂɏ ɄɈɅȿɄɌɈɊȺ ɁȺ ɁȺȽɊȿȼȺȵȿ 

ɋȺɇɂɌȺɊɇȿ ȼɈȾȿ -  ɡɚ ɞɨɦɚʄɢɧɫɬɜɨ ɫɚ 4 ɱɥɚɧɚ ɩɨɪɨɞɢɰɟ [64]: 

 

 ɭ ɩɪɨɫɟɤɭ ʁɟ ɩɨɬɪɟɛɧɨ ɨɤɨ 4 m² ɫɨɥɚɪɧɢɯ ɤɨɥɟɤɬɨɪɚ ɢ ɛɨʁɥɟɪ ɡɚɩɪɟɦɢɧɟ 200 l, 

 ɰɟɧɚ ɫɢɫɬɟɦɚ ɡɚ ɡɚɝɪɟɜɚʃɟ ɜɨɞɟ ɭ ɞɨɦɚʄɢɧɫɬɜɭ ɩɨɦɨʄɭ ɫɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ ɤɪɟʄɟ ɫɟ ɨɞ  
1 900 ɞɨ 2 500 ɟɜɪɚ, ɭ ɡɚɜɢɫɧɨɫɬɢ ɨɞ ɤɜɚɥɢɬɟɬɚ, 

 ɭɝɪɚɞʃɨɦ ɫɢɫɬɟɦɚ ɡɚ ɡɚɝɪɟɜɚʃɟ ɜɨɞɟ ɱɟɬɜɨɪɨɱɥɚɧɨ ɞɨɦɚʄɢɧɫɬɜɨ ɛɢ ɝɨɞɢɲʃɟ 

ɭɲɬɟɞɟɥɨ ɨɤɨ 2 400 kWh ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ, 
 ɜɪɟɞɧɨɫɬ ɨɜɟ ɭɲɬɟɞɟ ʁɟ 120 ɟɜɪɚ ɝɨɞɢɲʃɟ. 
 

ɍ ɬɨɤɭ 21-ɨɝ ɜɟɤɚ, ɋɪɛɢʁɚ ʄɟ ɦɨɪɚɬɢ ɞɚ ɩɪɢɦɟɧɢ ɦɭɞɪɭ ɟɧɟɪɝɟɬɫɤɭ ɫɬɪɚɬɟɝɢʁɭ ɤɨʁɚ ʄɟ 

ɨɛɭɯɜɚɬɢɬɢ ɧɟɤɨɥɢɤɨ ɢɧɨɜɚɬɢɜɧɢɯ ɦɟɪɚ ɟɮɢɤɚɫɧɨɝ ɤɨɪɢɲʄɟʃɚ ɟɧɟɪɝɢʁɟ, ɛɪɡ ɩɨɪɚɫɬ 

ɤɨɪɢɲʄɟʃɚ ɨɛɧɨɜʂɢɜɢɯ ɟɧɟɪɝɟɬɫɤɢɯ ɤɚɩɚɰɢɬɟɬɚ ɢ ɤɨɪɢɲʄɟʃɟ ɮɨɫɢɥɧɢɯ ɝɨɪɢɜɚ, ɭɡ 

ɩɪɢɞɪɠɚɜɚʃɟ ɢ ɩɨɲɬɨɜɚʃɟ ɜɢɫɨɤɢɯ ɟɤɨɥɨɲɤɢɯ ɧɨɪɦɢ, ɭ ɰɢʂɭ ɨɱɭɜɚʃɚ ɩɪɢɪɨɞɧɟ ɫɪɟɞɢɧɟ. 
 

 ɍ ɨɜɨɦ ɬɪɟɧɭɬɤɭ ʁɟ ɡɚ ɋɪɛɢʁɭ ɨɩɪɚɜɞɚɧɢʁɟ ɩɨɞɫɬɢɰɚɬɢ ɤɨɪɢɲʄɟʃɟ ɟɧɟɪɝɢʁɟ ɫɭɧɱɟɜɨɝ 

ɡɪɚɱɟʃɚ ɡɚ ɩɪɨɢɡɜɨɞʃɭ ɬɨɩɥɨɬɧɟ ɢ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɭ ɞɨɦɟɧɭ ɞɨɦɚʄɢɧɫɬɜɚ, ɢɧɞɭɫɬɪɢʁɟ 

ɢ ɧɟɤɢɯ ɝɪɚɧɚ ɩɨʂɨɩɪɢɜɪɟɞɟ ɡɛɨɝ ɦɚʃɢɯ ɢɧɜɟɫɬɢɰɢɨɧɢɯ ɭɥɚɝɚʃɚ. Ɍɚɤɜɚ ɩɨɥɢɬɢɤɚ ɛɢ, 

ɢɡɦɟђɭ ɨɫɬɚɥɨɝ, ɛɢɥɚ ɤɨɪɢɫɧɚ ɢ ɡɛɨɝ ɪɚɡɜɨʁɚ ɞɨɦɚʄɟ ɟɤɨɧɨɦɢʁɟ, ɤɚɨ ɢ ɡɚɩɨɲʂɚɜɚʃɚ 

ɫɬɚɧɨɜɧɢɲɬɜɚ ɭ ɨɛɥɚɫɬɢ ɱɢɫɬɢɯ ɟɧɟɪɝɢʁɚ. Ɇɟђɭɬɢɦ, ɞɭɝɨɪɨɱɧɨ ɝɥɟɞɚɧɨ, ɛɭɞɭʄɧɨɫɬ 
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ɩɪɟɬɜɚɪɚʃɚ ɫɭɧɱɟɜɨɝ ɡɪɚɱɟʃɚ ʁɟ ɭ Ɏɇ ɬɟɯɧɨɥɨɝɢʁɢ ɢ ʃɟɧɨʁ ɢɧɬɟɝɪɚɰɢʁɢ ɫɚ ɨɫɬɚɥɢɦ 

ɝɪɚɧɚɦɚ ɬɟɯɧɨɥɨɝɢʁɟ, ɲɬɨ ʁɟ ɢ ɭ ɫɤɥɚɞɭ ɫɚ ɫɬɚɜɨɜɢɦɚ, ɩɥɚɧɨɜɢɦɚ, ɚɥɢ ɢ ɬɪɟɧɭɬɧɢɦ ɫɬɚʃɟɦ 

ɭ ȿɜɪɨɩɫɤɨʁ ɭɧɢʁɢ ɢ ɨɫɬɚɥɢɦ ɟɤɨɧɨɦɫɤɢ ɜɨɞɟʄɢɦ ɡɟɦʂɚɦɚ ɫɜɟɬɚ.  

 

6.3 ɈɋɇɈȼɇɂ ɊȺɁɅɈɁɂ ɄɈɊɂɒȶȿȵȺ ɋɈɅȺɊɇȿ ȿɇȿɊȽɂȳȿ 
 

Ɂɚɲɬɨ ɞɚ? 
 

 ɫɨɥɚɪɧɢ ɩɚɧɟɥɢ ɧɟ ɡɚɝɚђɭʁɭ ɠɢɜɨɬɧɭ ɫɪɟɞɢɧɭ. ȳɟɞɢɧɨ ɡɚɝɚђɟʃɟ ɤɨʁɟ ɫɟ ʁɚɜʂɚ 
ɪɟɡɭɥɬɚɬ ʁɟ ɩɪɨɰɟɫɚ ɩɪɨɢɡɜɨɞʃɟ ɫɨɥɚɪɧɢɯ ɩɚɧɟɥɚ ɭ ɮɚɛɪɢɤɚɦɚ, ɩɪɢɥɢɤɨɦ ɬɪɚɧɫɩɨɪɬɚ ɢ 
ɢɧɫɬɚɥɚɰɢʁɟ ɢɫɬɢɯ, 

 ɩɪɨɢɡɜɨɞʃɚ ɟɧɟɪɝɢʁɟ ɭɩɨɬɪɟɛɨɦ ɫɨɥɚɪɧɢɯ ʄɟɥɢʁɚ ʁɟ ɩɪɨɰɟɫ ɤɨʁɢ ʁɟ ɜɟɨɦɚ ɬɢɯ, 
 ʁɟɞɧɚ ɨɞ ɜɟɥɢɤɢɯ ɩɪɟɞɧɨɫɬɢ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ ʁɟ ɫɩɨɫɨɛɧɨɫɬ ɩɪɨɢɡɜɨɞʃɟ ɩɨɦɨʄɭ 

ɩɚɧɟɥɚ ɧɚ ɭɞɚʂɟɧɢɦ ɦɟɫɬɢɦɚ, ɝɞɟ ɧɟ ɩɨɫɬɨʁɢ ɦɨɝɭʄɧɨɫɬ ɩɪɢɤʂɭɱɟʃɚ ɧɚ ɦɪɟɠɭ. (ɉɪɢɦɟɪ 
ɨɜɨɝɚ ʁɟ ɩɪɨɢɡɜɨɞʃɚ ɟɧɟɪɝɢʁɟ ɭ ɫɜɟɦɢɪɭ, ɝɞɟ ɫɟ ɫɚɬɟɥɢɬɢ ɧɚɩɚʁɚʁɭ ɭɩɨɬɪɟɛɨɦ ɜɟɨɦɚ 
ɟɮɢɤɚɫɧɢɯ ɫɨɥɚɪɧɢɯ ʄɟɥɢʁɚ), 

 ɢɧɫɬɚɥɚɰɢʁɚ ɫɨɥɚɪɧɢɯ ɩɚɧɟɥɚ ɧɚ ɭɞɚʂɟɧɢɦ ɥɨɤɚɰɢʁɚɦɚ ʁɟ ɦɧɨɝɨ ɩɨɜɨʂɧɢʁɟ ɫɚ 
ɫɬɚɧɨɜɢɲɬɚ ɭɲɬɟɞɟ ɧɨɜɰɚ, ɧɟɝɨ ɡɚɯɬɟɜɢ ɞɚ ɫɟ ɢɧɫɬɚɥɢɪɚʁɭ ɜɢɫɨɤɨɧɚɩɨɧɫɤɢ ɜɨɞɨɜɢ 
ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ, 

 ɧɨɜɟ ɬɟɯɧɨɥɨɝɢʁɟ ɨɦɨɝɭʄɚɜɚʁɭ ɟɮɢɤɚɫɧɭ ɭɩɨɬɟɛɭ ɫɨɥɚɪɧɢɯ ɩɚɧɟɥɚ, ɱɚɤ ɢ ɤɚɞɚ ʁɟ 
ɨɛɥɚɱɧɨ ɢɥɢ ɧɟɦɚ ɞɨɜɨʂɧɨ ɞɢɪɟɤɬɧɟ ɫɜɟɬɥɨɫɬɢ, 

 ɫɨɥɚɪɧɢ ɩɚɧɟɥɢ ɦɨɝɭ ɛɢɬɢ ɦɨɧɬɢɪɚɧɢ ɧɚ ɤɪɨɜɨɜɢɦɚ ɦɧɨɝɢɯ ɤɭʄɚ, ɲɬɨ ɟɥɢɦɢɧɢɲɟ 
ɩɪɨɛɥɟɦ ɧɚɥɚɠɟʃɚ ɩɪɨɫɬɨɪɚ ɢ ɭɥɚɝɚʃɟ ɭ ɧɨɜɟ ɢɧɫɬɚɥɚɰɢʁɟ, 

 ʁɨɲ ʁɟɞɧɚ ɢɡɜɚɧɪɟɞɧɚ ɨɫɨɛɢɧɚ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ ʁɟ ʃɟɧɚ ɰɟɧɚ. ɂɚɤɨ ɫɭ ɢɧɢɰɢʁɚɥɧɢ 
ɬɪɨɲɤɨɜɢ ɜɢɫɨɤɢ, ʁɟɞɧɨɦ ɤɚɞɚ ɫɟ ɫɨɥɚɪɧɢ ɩɚɧɟɥɢ ɢɧɫɬɚɥɢɪɚʁɭ ɨɧɢ ɨɛɟɡɛɟђɭʁɭ ɛɟɫɩɥɚɬɧɭ 
ɟɧɟɪɝɢʁɭ ɤɨʁɚ ʄɟ ɢɫɩɥɚɬɢɬɢ ɩɨɱɟɬɧɟ ɬɪɨɲɤɨɜɟ ɬɨɤɨɦ ɝɨɞɢɧɚ ɤɨɪɢɲʄɟʃɚ, 

 ɤɨɪɢɲʄɟʃɟ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ ɨɦɨɝɭʄɚɜɚ ɧɟɡɚɜɢɫɧɨɫɬ ɨɞ ɫɜɟɬɫɤɢɯ ɡɚɥɢɯɚ ɢ ɪɟɡɟɪɜɢ 
ɮɨɫɢɥɧɢɯ ɝɨɪɢɜɚ. 

 

Ɂɚɲɬɨ ɧɟ? 
 

 ɝɥɚɜɧɚ ɦɚɧɚ ɫɭ ɩɨɱɟɬɧɢ ɬɪɨɲɤɨɜɢ. ɐɟɧɟ ɜɟɨɦɚ ɟɮɢɤɚɫɧɢɯ ɩɚɧɟɥɚ ɡɚ ɫɚɤɭɩʂɚʃɟ 
ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ ɦɨɝɭ ɛɢɬɢ ɩɪɟɤɨ 1000 ɟɜɪɚ, ɚ ɦɧɨɝɚ ɞɨɦɚʄɢɧɫɬɜɚ ɭɩɨɬɪɟɛʂɚɜɚʁɭ ɜɢɲɟ ɨɞ 
ʁɟɞɧɨɝ ɩɚɧɟɥɚ. Ɉɜɨ ɱɢɧɢ ɞɚ ɩɨɱɟɬɧɚ ɭɥɚɝɚʃɚ ɛɭɞɭ ɡɧɚɱɚʁɚɧ ɢ ɧɟɡɚɧɟɦɚɪʂɢɜ ɮɚɤɬɨɪ 
ɩɪɢɥɢɤɨɦ ɪɚɡɦɚɬɪɚʃɚ ɭɩɨɬɪɟɛɟ, 

 ɝɟɧɟɪɢɫɚʃɟ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɢɡ ɫɨɥɚɪɧɟ ʁɟ ɦɨɝɭʄɟ ɫɚɦɨ ɩɪɟɤɨ ɞɚɧɚ, ɤɚɞɚ ɢɦɚ 
ɫɭɧɱɟɜɟ ɫɜɟɬɥɨɫɬɢ. Ɍɨ ɡɧɚɱɢ ɞɚ ɭ ɬɨɤɭ 24 ɫɚɬɚ, 12 ɫɚɬɢ ɫɨɥɚɪɧɢ ɩɚɧɟɥɢ ɧɟ ɦɨɝɭ ɞɚ 
ɩɪɨɢɡɜɨɞɟ ɟɧɟɪɝɢʁɭ, 

 ɜɪɟɦɟɧɫɤɢ ɭɫɥɨɜɢ ɦɨɝɭ ɞɚ ɭɬɢɱɭ ɧɚ ɤɨɥɢɱɢɧɭ ɩɪɨɢɡɜɟɞɟɧɟ ɟɧɟɪɝɢʁɟ, 
 ɡɚɝɚђɟʃɟ ɦɨɠɟ ɞɚ ɭɬɢɱɟ ɧɚ ɪɚɞ ɫɨɥɚɪɧɢɯ ɩɚɧɟɥɚ, ʁɟɪ ɫɟ ʃɢɯɨɜɚ ɟɮɢɤɚɫɧɨɫɬ ɫɦɚʃɭʁɟ 

ɫɚ ɩɨɜɟʄɚʃɟɦ ɡɚɝɚђɟɧɨɫɬɢ ɜɚɡɞɭɯɚ. 
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7. ɁȺɄȴɍɑȺɄ 

 
Ȼɭɞɭʄɧɨɫɬ ʁɟ ɨɤɪɟɧɭɬɚ ɩɪɟɦɚ ɨɛɧɨɜʂɢɜɢɦ ɢɡɜɨɪɢɦɚ, ɚ ɋɭɧɰɟ ʁɟ ɭɩɪɚɜɨ ʁɟɞɚɧ ɨɞ 

ɨɛɧɨɜʂɢɜɢɯ ɢɡɜɨɪɚ ɤɨʁɢ ɦɨɠɟ ɞɚ ɩɪɭɠɢ ɱɨɜɟɤɭ ɜɟɥɢɤɭ ɟɧɟɪɝɟɬɫɤɭ ɤɨɪɢɫɬ, ɚ ʃɟɝɨɜɨ 
ɤɨɪɢɲʄɟʃɟ ɲɬɢɬɢ ɨɤɨɥɢɧɭ ɢ ɫɦɚʃɭʁɟ ɤɨɥɢɱɢɧɭ COଶ ɭ ɚɬɦɨɫɮɟɪɢ. ȼɚɠɧɨɫɬ ɋɭɧɰɚ, ɤɚɨ 
ɨɛɧɨɜʂɢɜɨɝ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ, ɫɯɜɚɬɢɨ ʁɟ ɦɚɥɢ ɛɪɨʁ ɡɟɦɚʂɚ ɢ ɜɟʄɢɧɨɦ ɫɟ ɪɚɞɢ ɨ ɟɜɪɨɩɫɤɢɦ 
ɡɟɦʂɚɦɚ. ɋɭɧɰɟ ɫɟ, ɤɚɨ ɨɛɧɨɜʂɢɜɢ ɢɡɜɨɪ ɟɧɟɪɝɢʁɟ, ɦɨɠɟ ɩɪɢɦɟʃɢɜɚɬɢ ɭ ɞɨɫɬɚ ɚɫɩɟɤɚɬɚ, ɢ 
ɭɩɪɚɜɨ ʁɟ ɬɨ ʁɨɲ ʁɟɞɚɧ ɨɞ ɪɚɡɥɨɝɚ ɡɚɲɬɨ ɤɨɪɢɫɬɢɬɢ ɫɭɧɱɟɜɨ ɡɪɚɱɟʃɟ. 

 

ɇɟɞɚɜɧɢ ɩɨɪɚɫɬ ɩɪɨɢɡɜɨɞʃɟ Ɏɇ ʄɟɥɢʁɚ ɭɡ ɫɦɚʃɟʃɟ ʃɢɯɨɜɟ ɰɟɧɟ, ɨɬɜɨɪɢɨ ʁɟ ɜɟɥɢɤɢ 
ɛɪɨʁ ɧɨɜɢɯ ɬɪɠɢɲɬɚ ɭɡ ɜɟɥɢɤɢ ɛɪɨʁ ɪɚɡɥɢɱɢɬɢɯ ɩɪɢɦɟɧɚ. ɉɪɢɦɟɧɟ ɤɚɨ ɲɬɨ ɫɭ 
ɨɫɜɟɬʂɚɜɚʃɟ, ɬɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ, ɪɚɫɯɥɚɞɧɢ ɫɢɫɬɟɦɢ, ɩɭɦɩɚʃɟ ɜɨɞɟ, ɤɚɨ ɢ ɨɛɟɡɛɟђɢɜɚʃɟ 
ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɡɚ ɱɢɬɚɜɚ ɧɚɫɟʂɚ (ɧɚɪɨɱɢɬɨ ɭ ɭɞɚʂɟɧɢɦɚ ɨɛɥɚɫɬɢɦɚ, ɩɨɤɚɡɚɥɟ ɫɭ ɫɟ 
ɤɚɨ ɤɨɧɤɭɪɟɧɬɧɟ ɢ ɩɪɨɮɢɬɚɛɢɥɧɟ ɭ ɨɞɧɨɫɭ ɧɚ ɜɟʄ ɩɨɫɬɨʁɟʄɟ ɬɟɯɧɨɥɨɝɢʁɟ. ɍɡ ɬɨ, ɩɨʁɚɜɢɥɚ ɫɟ 
ɪɟɥɚɬɢɜɧɨ ɧɨɜɚ ɩɪɢɦɟɧɚ ɨɜɢɯ ɫɢɫɬɟɦɚ ɫɚ ɧɟɜɟɪɨɜɚɬɧɨ ɜɟɥɢɤɢɦ ɩɨɬɟɧɰɢʁɚɥɨɦ - Ɏɇ 
ɫɢɫɬɟɦɢ ɤɨʁɢ ɡɚɦɟʃɭʁɭ ɮɚɫɚɞɧɟ ɢ ɤɪɨɜɧɟ ɝɪɚђɟɜɢɧɫɤɟ ɟɥɟɦɟɧɬɟ ɨɛʁɟɤɬɚ. 

 

ɂɧɜɟɫɬɢɪɚʃɟ ɭ ɩɨɛɨʂɲɚʃɟ ɩɟɪɮɨɪɦɚɧɫɢ ɨɦɨɬɚɱɚ ɨɛʁɟɤɚɬɚ, ɧɚɪɨɱɢɬɨ ɤɨɞ 
ɧɨɜɨɢɡɝɪɚђɟɧɢɯ ɨɛʁɟɤɚɬɚ, ɨɛɟɡɛɟɞɢʄɟ ɜɟʄɭ ɟɧɟɪɝɟɬɫɤɭ ɟɮɢɤɚɫɧɨɫɬ ɢ ɟɤɨɧɨɦɫɤɭ ɭɲɬɟɞɭ, 

ɬɢɦɟ ɲɬɨ ʄɟ ɫɦɚʃɢɬɢ ɬɪɨɲɤɨɜɟ ɜɟɡɚɧɟ ɡɚ ɝɪɟʁɚʃɟ ɢ ɯɥɚђɟʃɟ. ɉɨɫɟɛɧɭ ɩɚɠʃɭ ɬɪɟɛɚ 
ɩɨɫɜɟɬɢɬɢ ɩɪɨɡɨɪɢɦɚ, ɤɨʁɢ ɩɪɟɞɫɬɚɜʂɚʁɭ ɧɚʁɫɥɚɛɢʁɭ ɤɚɪɢɤɭ ɭ ɨɦɨɬɚɱɭ ɡɝɪɚɞɟ, ʁɟɪ ʁɟ 
ɩɨɬɪɟɛɧɨ ɭɝɪɚђɢɜɚɬɢ ɩɪɨɡɨɪɟ ɫɚ ɞɨɛɪɨɦ ɢɡɨɥɚɰɢʁɨɦ, ɚ ɭ ɞɚʂɨʁ ɛɭɞɭʄɧɨɫɬɢ ɪɚɞɢɬɢ ɧɚ 
ɪɚɡɜɨʁɭ ɩɪɨɡɨɪɚ ɫɚ ɛɨʂɢɦ ɩɟɪɮɨɪɦɚɧɫɚɦɚ, ɤɚɨ ɲɬɨ ɫɭ ,,ɩɚɦɟɬɧɢ" ɩɪɨɡɨɪɢ. Ʉɨɞ ɨɫɬɚɥɢɯ 
ɟɥɟɦɟɧɚɬɚ ɨɦɨɬɚɱɚ ɡɝɪɚɞɟ ɬɪɟɛɚ ɧɚɫɬɚɜɢɬɢ ɫɚ ɪɚɡɜɨʁɟɦ ɛɨʂɢɯ ɢ ɧɚɩɪɟɞɧɢʁɢɯ ɢɡɨɥɚɰɢɨɧɢɯ 
ɦɚɬɟɪɢʁɚɥɚ, ɤɨʁɢ ʄɟ ɞɨɞɚɬɧɨ ɫɦɚʃɢɜɚɬɢ ɬɪɨɲɤɨɜɟ.  

 

Ʉɚɞɚ ɫɟ ɝɨɜɨɪɢ ɨ ɬɟɯɧɨɥɨɝɢʁɚɦɚ ɝɪɟʁɚʃɚ ɢ ɯɥɚђɟʃɚ, ɝɥɚɜɧɢ ɤɨɪɚɰɢ ɞɚʂɟɝ ɪɚɡɜɨʁɚ ɢ 
ɭɧɚɩɪɟђɟʃɚ ɫɢɫɬɟɦɚ ɨɝɥɟɞɚʁɭ ɫɟ ɭ ɭɩɨɬɪɟɛɢ ɫɨɥɚɪɧɢɯ ɬɟɪɦɚɥɧɢɯ ɬɟɯɧɨɥɨɝɢʁɚ. Ƚɥɚɜɧɢ ɰɢʂ, 
ɤɚɨ ɢ ɧɚɦɟɪɚ, ʁɟɫɬɟ ɞɚ ɫɟ ɢɧɬɟɝɪɚɰɢʁɚ ɫɨɥɚɪɧɢɯ ɫɢɫɬɟɦɚ ɭ ɨɦɨɬɚɱ ɡɝɪɚɞɟ ʁɨɲ ɜɢɲɟ 

ɭɫɩɨɫɬɚɜɢ, ɫɚ ɬɟɠʃɨɦ ɞɚ ɫɟ ɩɨɫɬɢɝɧɟ ɨɞɝɨɜɚɪɚʁɭʄɢ ɢ ɡɚɞɨɜɨʂɚɜɚʁɭʄɢ ɧɢɜɨ ɩɪɢɦɟɧɟ, ɤɚɤɚɜ 
ɫɟ ɢ ɨɱɟɤɭʁɟ, ɭ ɞɚʂɨʁ ɛɭɞɭʄɧɨɫɬɢ. 

 

ɋɚ ɚɫɩɟɤɬɚ ɪɚɡɜɨʁɚ ɢ ɭɩɨɬɪɟɛɟ ɩɚɫɢɜɧɨɝ ɫɨɥɚɪɧɨɝ ɫɢɫɬɟɦɚ ɞɨɤɚɡɚɧɨ ʁɟ ɞɚ ɫɟ Ɍɪɨɦɛɨɜ 
ɡɢɞ, ɭɡ ɪɚɡɭɦɧɚ ɮɢɧɚɧɫɢʁɫɤɚ ɫɪɟɞɫɬɜɚ, ɦɨɠɟ ɭɝɪɚɞɢɬɢ ɩɪɢ ɪɟɤɨɧɫɬɪɭɤɰɢʁɢ ɩɨɫɬɨʁɟʄɢɯ, ɚɥɢ 
ɢ ɢɡɝɪɚɞʃɢ ɧɨɜɢɯ ɡɝɪɚɞɚ. Ɂɚ ɨɫɪɟɞʃɟ ɢɡɨɥɨɜɚɧɢ ɨɛʁɟɤɚɬ ɨɞ 100 m² Ɍɪɨɦɛɨɜ ɡɢɞ ɦɨɠɟ ɞɚ 
ɭɲɬɟɞɢ ɢ ɞɨ 30% ɬɨɩɥɨɬɧɟ ɟɧɟɪɝɢʁɟ. 

 

ɋɨɥɚɪɧɢ ɩɨɬɟɧɰɢʁɚɥ ɭ ɋɪɛɢʁɢ ʁɟ ʁɚɤɨ ɦɚɥɨ ɢɫɤɨɪɢɲʄɟɧ. ɋɨɥɚɪɧɚ ɟɧɟɪɝɢʁɚ ɫɟ ɭɝɥɚɜɧɨɦ 

ɤɨɪɢɫɬɢ ɡɚ ɫɬɜɚɪɚʃɟ ɬɨɩɥɨɬɧɟ ɟɧɟɪɝɢʁɟ ɭ ɫɨɥɚɪɧɢɦ ɤɨɥɟɤɬɨɪɢɦɚ ɡɚ ɝɪɟʁɚʃɟ ɜɨɞɟ. 

Ʉɨɪɢɲʄɟʃɟ ɋɭɧɱɟɜɟ ɟɧɟɪɝɢʁɟ ɡɚ ɞɨɛɢʁɚʃɟ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɢ ɭɩɨɬɪɟɛɚ ɮɨɬɨɧɚɩɨɧɫɤɢɯ 
ɦɨɞɭɥɚ ʁɟ ɦɢɧɢɦɚɥɧɚ, ɢɚɤɨ ɡɚ ɬɨ ɩɨɫɬɨʁɟ ɫɜɢ ɭɫɥɨɜɢ. ɂɧɬɟɧɡɢɜɧɢʁɟ ɫɜɟɨɛɭɯɜɚɬɧɨ 

ɤɨɪɢɲʄɟʃɟ ɫɨɥɚɪɧɟ ɟɧɟɪɝɢʁɟ ɡɚɜɢɫɢʄɟ ɨɞ ɪɚɡɜɨʁɚ ɢ ɫɩɪɨɜɨђɟʃɚ ɧɚɰɢɨɧɚɥɧɨɝ ɩɪɨɝɪɚɦɚ 

ɨɛɧɨɜʂɢɜɢɯ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ. 
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