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ɉɈɄȺɁȺɌȿɅɂ ɉȺɊɈȽȺɁɈȼɈɃ ɍɋɌȺɇɈȼɄɂ ɇȺ ȻȺɁȿ ɋȿɊɂɃɇɈɃ ȽɌɍ, 
ɊȺȻɈɌȺɘɓȿɃ ɇȺ ȽȿɇȿɊȺɌɈɊɇɈɆ ȽȺɁȿ 

 
Ⱥ.Ɇ. Ⱥɧɬɨɧɨɜа, Ⱦ.ɋ. ɑɟɪɧɨɜ 

Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
ɗɧɟɪɝɟɬɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ, ɤаɮɟɞɪа ȺɌɗɋ 

 
ȼ ɧаɫɬɨяɳɟɟ ɜɪɟɦя ɜ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɟ Ɋɨɫɫɢɢ ɢ ɦɢɪа ɫаɦɨɣ ɩɟɪɫɩɟɤɬɢɜɧɨɣ яɜɥяɟɬɫя 

ɩаɪɨɝаɡɨɜая ɬɟɯɧɨɥɨɝɢя ɧа ɨɫɧɨɜɟ ɫɠɢɝаɧɢя ɝаɡɨɨɛɪаɡɧɨɝɨ ɬɨɩɥɢɜа ɜ ɤаɦɟɪɟ ɫɝɨɪаɧɢя 
ɝаɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬаɧɨɜɤɢ (ȽɌɍ). ȿɟ ɬɟɩɥɨɜая ɷɤɨɧɨɦɢɱɧɨɫɬь ɞɨɫɬɢɝаɟɬ θ0 % Д1Ж. 
Ƚаɡɢɮɢɤаɰɢя ɭɝɥя ɢ ɫɠɢɝаɧɢɟ ɩɨɥɭɱɟɧɧɨɝɨ ɝɟɧɟɪаɬɨɪɧɨɝɨ ɝаɡа ɜ ɤаɦɟɪɟ ɫɝɨɪаɧɢя ȽɌɍ 
ɩɨɡɜɨɥяɟɬ ɩɪɢɦɟɧɢɬь ɩаɪɨɝаɡɨɜɭɸ ɬɟɯɧɨɥɨɝɢɸ ɜ ɭɝɨɥьɧɨɣ ɷɧɟɪɝɟɬɢɤɟ. Кɪɨɦɟ ɬɨɝɨ, 
ɝаɡɢɮɢɤаɰɢя ɭɝɥя ɢɦɟɟɬ ɪяɞ ɩɪɟɢɦɭɳɟɫɬɜ ɩɟɪɟɞ ɟɝɨ ɩɪяɦɵɦ ɫɠɢɝаɧɢɟɦ, ɜ ɬɨɦ ɱɢɫɥɟ – 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɫɧɢɠɟɧɢɟ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɜ аɬɦɨɫɮɟɪɭ ɡа ɫɱɟɬ ɨɱɢɫɬɤɢ ɝаɡа ɨɬ ɡɨɥɵ ɢ 
ɫɟɪɨɜɨɞɨɪɨɞа ɩɟɪɟɞ ɟɝɨ ɫɠɢɝаɧɢɟɦ. 

Цɟɥьɸ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜаɧɢɣ яɜɥяɥɫя ɜɵɛɨɪ ɨɛɨɪɭɞɨɜаɧɢя ɢ аɧаɥɢɡ ɩɨɤаɡаɬɟɥɟɣ 
ɪаɛɨɬɵ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɭɬɢɥɢɡаɰɢɨɧɧɨɣ ɉȽɍ ɧа ɛаɡɟ ɫɨɜɪɟɦɟɧɧɨɣ ɜɵɫɨɤɨɬɟɦɩɟɪаɬɭɪɧɨɣ 
ȽɌɍ ɩɪɨɫɬɨɝɨ ɰɢɤɥа (ɪɢɫɭɧɨɤ 1) ɩɪɢ ɢɫɩɨɥьɡɨɜаɧɢɢ ɜ ɤаɱɟɫɬɜɟ ɬɨɩɥɢɜа ɝɟɧɟɪаɬɨɪɧɨɝɨ ɝаɡа. 

 
Ɋɢɫ.1. ɍɩɪɨɳɟɧɧая ɬɟɩɥɨɜая ɫɯɟɦа ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɉȽɍ 

 
ɗȽ – ɷɥɟɤɬɪɨɝɟɧɟɪаɬɨɪν К – ɤɨɦɩɪɟɫɫɨɪν ȽɌ – ɝаɡɨɜая ɬɭɪɛɢɧаν Кɋ – ɤаɦɟɪа ɫɝɨɪаɧɢяν ЦɇȾ, 

ЦȼȾ – ɰɢɥɢɧɞɪɵ ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ ɞаɜɥɟɧɢя ɩаɪɨɜɨɣ ɬɭɪɛɢɧɵν ɈК – ɨɬɫɟɱɧɵɟ ɤɥаɩаɧɵν ɇ 
– ɧаɫɨɫν К-Ɋ – ɤɨɧɞɟɧɫаɬɨɪν Кɍ – ɤɨɬɟɥ ɭɬɢɥɢɡаɬɨɪ 

Ɉɫɨɛɟɧɧɨɫɬяɦɢ ɩɪɢɜɟɞɟɧɧɨɣ ɫɯɟɦɵ яɜɥяɸɬɫя ɞɜа ɩаɪɨɜɵɯ ɤɨɧɬɭɪа (а ɧɟ ɬɪɢ, ɤаɤ 
ɩɪɢɧяɬɨ ɜ ɫаɦɵɯ ɷɤɨɧɨɦɢɱɧɵɯ ɉȽɍ) ɢ ɨɬɫɭɬɫɬɜɢɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜа ɩаɪа, ɱɬɨ 
ɩɨɡɜɨɥяɟɬ ɢɦɟɬь ɩɪɨɫɬɭɸ ɉȽɍ ɫ ɩɨɜɵшɟɧɧɵɦɢ ɩɨɤаɡаɬɟɥяɦɢ ɧаɞɟɠɧɨɫɬɢ ɡа ɫɱɟɬ ɧɟɤɨɬɨɪɨɝɨ 
ɫɧɢɠɟɧɢя ɷɤɨɧɨɦɢɱɧɨɫɬɢ. Цɢɥɢɧɞɪ ɜɵɫɨɤɨɝɨ ɞаɜɥɟɧɢя (ЦȼȾ) ɢɦɟɟɬ ɩɟɬɥɟɜɭɸ ɤɨɧɫɬɪɭɤɰɢɸ 
ɫ ɜɜɨɞɨɦ ɩаɪа ɧɢɡɤɨɝɨ ɞаɜɥɟɧɢя ɜ ɤаɦɟɪɭ ɫɦɟшɟɧɢя ɩɨɫɥɟ ɩɟɪɜɨɣ ɝɪɭɩɩɵ ɫɬɭɩɟɧɟɣ ɜɵɫɨɤɨɝɨ 
ɞаɜɥɟɧɢя. Ɉɛɪаɡɨɜаɜшаяɫя ɫɦɟɫь ɩɨɬɨɤɨɜ ɩаɪа ɪаɫшɢɪяɟɬɫя ɜɨ ɜɬɨɪɨɣ ɝɪɭɩɩɟ ɫɬɭɩɟɧɟɣ ЦȼȾ 
ɢ ɡаɬɟɦ – ɜ ЦɇȾ. ɍɦɟɪɟɧɧɨɟ ɱɢɫɥɨ ɤɨɧɬɭɪɨɜ ɢ ɨɬɫɭɬɫɬɜɢɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜа 
ɨɛɟɫɩɟɱɢɜаɸɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɧаɞɟɠɧɨɫɬь ɭɫɬаɧɨɜɤɢ ɫɪɟɞɢ ɞɪɭɝɢɯ ɬɢɩɨɜ ɉȽɍ. 

Ȼɵɥа ɩɨɫɬаɜɥɟɧа ɧɟɫɬаɧɞаɪɬɧая ɡаɞаɱа ɜɵɛɨɪа ɫɨɫɬаɜа ɨɛɨɪɭɞɨɜаɧɢя ɉȽɍ ɧа ɨɫɧɨɜɟ 
ɬɟɯɧɢɱɟɫɤɢɯ ɞаɧɧɵɯ ɢ ɩаɪаɦɟɬɪɨɜ ɤɨɧɞɟɧɫаɰɢɨɧɧɨɣ ɩаɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬаɧɨɜɤɢ (ɉɌɍ) К-170-
7,0 (ɬаɛɥ. 1). 
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Ɍаɛɥɢɰа 1. ɏаɪаɤɬɟɪɢɫɬɢɤɢ ɢ ɩаɪаɦɟɬɪɵ ɉɌɍ 
Кɨɧɞɟɧɫаɰɢɨɧɧая ɬɭɪɛɨɭɫɬаɧɨɜɤа  К-170-7,0 
ɗɥɟɤɬɪɢɱɟɫɤая ɦɨɳɧɨɫɬь 170 Ɇȼɬ 
ɇаɱаɥьɧɨɟ ɞаɜɥɟɧɢɟ 7,0 Ɇɉа 
ɇаɱаɥьɧая ɬɟɦɩɟɪаɬɭɪа 600ɋ 
Кɨɧɬɭɪ ɧɢɡɤɨɝɨ ɞаɜɥɟɧɢя 0,7 Ɇɉа 
Ɍɟɦɩɟɪаɬɭɪа ɜ ɤɨɧɬɭɪɟ ɧɢɡɤɨɝɨ ɞаɜɥɟɧɢя 205 ɋ 
Ɋаɡɞɟɥɢɬɟɥьɧɨɟ ɞаɜɥɟɧɢɟ 0,β Ɇɉа 
Ⱦаɜɥɟɧɢɟ ɜ ɤɨɧɞɟɧɫаɬɨɪɟ 0,00η Ɇɉа 
Ⱦаɜɥɟɧɢɟ ɜ ɞɟаɷɪаɬɨɪɟ 0,7 Ɇɉа 

ɉаɪɨɬɭɪɛɢɧɧая ɭɫɬаɧɨɜɤа (ɉɌɍ) 
Ⱦɥя ɨɩɪɟɞɟɥɟɧɢя ɩаɪаɦɟɬɪɨɜ ɩаɪа ɩɨɫɬɪɨɟɧ ɩɪɨɰɟɫɫ ɟɝɨ ɪаɫшɢɪɟɧɢя ɜ ɬɭɪɛɢɧɟ 

(ɪɢɫɭɧɨɤ β). ɍɱɬɟɧɵ ɩɨɬɟɪɢ ɞаɜɥɟɧɢя ɜ ɫɬɨɩɨɪɧɨɦ ɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɥаɩаɧаɯ ɜɵɫɨɤɨɝɨ ɢ 
ɧɢɡɤɨɝɨ ɞаɜɥɟɧɢя. 

ȼɧɭɬɪɟɧɧɢɟ ɨɬɧɨɫɢɬɟɥьɧɵɟ ɰɢɥɢɧɞɪɨɜ ɜɵɫɨɤɨɝɨ ɞаɜɥɟɧɢя (ЦȼȾ) ɢ ɧɢɡɤɨɝɨ ɞаɜɥɟɧɢя 
(ЦɇȾ) ɧаɣɞɟɧɵ ɩɨ ɮɨɪɦɭɥаɦ ДβЖ. Ⱦɥя ɬɭɪɛɢɧɵ ɫ ɞɪɨɫɫɟɥьɧɵɦ ɩаɪɨɪаɫɩɪɟɞɟɥɟɧɢɟɦ

ЦȼȾ ȼȾ
oi 0 ɫɪ

ЦȼȾ
0η 0,λβ 0,β / ( ) 1 ( 700) / β0000G v H           , ɬ.ɟ. ɡɧаɱɟɧɢɟ КɉȾ ɡаɜɢɫɢɬ 

ɨɬ ɪаɫɯɨɞа ɩаɪа, ɩɨɷɬɨɦɭ ɟɝɨ ɪаɫɱɟɬ ɧɨɫɢɬ ɢɬɟɪаɰɢɨɧɧɵɣ ɯаɪаɤɬɟɪν ɜ ɢɬɨɝɟ ЦȼȾ
oiη 0,λ0β . 

ȼɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥьɧɵɣ КɉȾ ЦɇȾ ɩɪɢ ɪаɛɨɬɟ ɧа ɩɟɪɟɝɪɟɬɨɦ ɩаɪɟ ɪаɜɟɧ 0,881, ɨɧ ɧаɣɞɟɧ 
ɩɨ ɮɨɪɦɭɥɟ ЦɇЦɇȾ

oi
Ⱦ

0η 0,87 1 ( 400) /10000H     . ɍɱɟɬ ɩɨɩɪаɜɤɢ ɧа ɜɥаɠɧɨɫɬь ɞɥя 

ɱаɫɬɢ ɩɪɨɰɟɫɫа ɪаɫшɢɪɟɧɢя ɜ ɨɛɥаɫɬɢ ɧаɫɵɳɟɧɧɨɝɨ ɩаɪа ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ЦɇȾ
oiη  ɞɨ 

ɡɧаɱɟɧɢя 0,8θ0. ȼɜɨɞ ɩаɪа ɧɢɡɤɨɝɨ ɞаɜɥɟɧɢя ɫ ɬɟɦɩɟɪаɬɭɪɨɣ 205 ɨɋ ɫɧɢɠаɟɬ ɷɧɬаɥьɩɢɸ 
ɪаɛɨɱɟɝɨ ɬɟɥа. 

ȼ ɪɟɡɭɥьɬаɬɟ ɢɬɟɪаɰɢɨɧɧɨɝɨ ɪаɫɱɟɬа ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɩɪɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ 
ɬɭɪɛɢɧɵ 170 Ɇȼɬ ɪаɫɯɨɞɵ ɩаɪа ɜ ɬɭɪɛɢɧɟ ɫɨɫɬаɜɢɥɢμ ɜ ɝɨɥɨɜɭ ɬɭɪɛɢɧɵ ȼȾ

0 1 5G 18,  ɤɝ/ɫ, ɜ 

ɤɨɧɬɭɪɟ ɧɢɡɤɨɝɨ ɞаɜɥɟɧɢя – ɇȾG 20,9  ɤɝ/ɫ, ɜ ЦɇȾ ЦɇȾ 1 4G 39,  ɤɝ/ɫ. ɍɞɟɥьɧɵɣ ɪаɫɯɨɞ 

ɬɟɩɥа ɧа ɬɭɪɛɨɭɫɬаɧɨɜɤɭ ɪаɜɟɧ 12,0 ɆȾɠ / (ɤȼɬ ɱ) , аɛɫɨɥɸɬɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ КɉȾ – 

0,301. 



375 
 

 
Ɋɢɫ.β. ɉɪɨɰɟɫɫ ɪаɫшɢɪɟɧɢя ɩаɪа ɜ ɬɭɪɛɢɧɟ ɜ hs-ɞɢаɝɪаɦɦɟ 

Кɨɬɟɥ-ɭɬɢɥɢɡаɬɨɪ (Кɍ) 
ɋ ɰɟɥьɸ ɨɩɪɟɞɟɥɟɧɢя ɬɟɩɥɨɜɵɯ ɯаɪаɤɬɟɪɢɫɬɢɤ Кɍ ɩɪɨɜɟɞɟɧ ɪаɫɱɟɬ Кɍ ɢ ɩɨɫɬɪɨɟɧа 

ɌQ-ɞɢаɝɪаɦɦа (ɪɢɫɭɧɨɤ γ). 
ɉɨ ɢɡɜɟɫɬɧɵɦ ɩаɪаɦɟɬɪаɦ ɩаɪа ɢ ɪаɫɯɨɞаɦ ɤɨɧɬɭɪɨɜ ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨɝɨ ɞаɜɥɟɧɢя 

ɦɟɬɨɞɨɦ ɬɟɩɥɨɜɵɯ ɛаɥаɧɫɨɜ ɨɩɪɟɞɟɥɟɧɵ ɞɥя ɩɨɜɟɪɯɧɨɫɬɟɣ ɧаɝɪɟɜа Кɍ ɡɧаɱɟɧɢя ɪаɫɯɨɞа 
ɝаɡɨɜ, ɬɟɦɩɟɪаɬɭɪɵ ɪаɛɨɱɟɝɨ ɬɟɥа ɢ ɝаɡɨɜɨɣ ɫɪɟɞɵ ɢ ɬɟɩɥɨɜɵɟ ɧаɝɪɭɡɤɢ. 

Ɍɟɦɩɟɪаɬɭɪɧɵɣ ɧаɩɨɪ ɧа ɜɯɨɞɟ ɝаɡɨɜ ɜ Кɍ ɩɪɢɧяɬ 25   °ɋ, ɬɟɦɩɟɪаɬɭɪа ɝаɡɨɜ ɜ ɷɬɨɣ 
ɬɨɱɤɟ ɪаɜɧа θβη °ɋ. ɍɱɬɟɧɨ ɧаɥɢɱɢɟ ɪɟɰɢɪɤɭɥяɰɢɢ ɩɢɬаɬɟɥьɧɨɣ ɜɨɞɵ, ɝɢɞɪаɜɥɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩаɪɨɜɨɞяɧɨɝɨ ɬɪаɤɬа ɢ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɱɟɪɟɡ ɢɡɨɥяɰɢɸ. 

ɇаɣɞɟɧɵμ ɬɟɩɥɨɜая ɧаɝɪɭɡɤа Кɍ, ɪаɜɧая ηθ0,λ Ɇȼɬ, ɬɟɦɩɟɪаɬɭɪа ɭɯɨɞяɳɢɯ ɝаɡɨɜ ɧа 
ɜɵɯɨɞɟ ɢɡ Кɍ 110 °ɋ, КɉȾ Кɍ 80,0 %. Кɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɫɬɭɩаɸɳɟɣ ɫ ɝаɡаɦɢ ɜ Кɍ, 
ɪаɜɧɨ 448,7 Ɇȼɬ, ɪаɫɯɨɞ ɝаɡа ɢɡ ɝаɡɨɜɨɣ ɬɭɪɛɢɧɵ – 817,β ɤɝ/ɫ. 
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Ɋɢɫ.γ. TQ-ɞɢаɝɪаɦɦа ɞɜɭɯɤɨɧɬɭɪɧɨɝɨ ɤɨɬɥа-ɭɬɢɥɢɡаɬɨɪа ɉȽɍ 

Ƚаɡɨɬɭɪɛɢɧɧая ɭɫɬаɧɨɜɤа (ȽɌɍ) 
Заɞаɱɟɣ ɢɬɟɪаɰɢɨɧɧɨɝɨ ɪаɫɱɟɬа ȽɌɍ ɛɵɥɨ ɧаɯɨɠɞɟɧɢɟ ɟɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɢ 

ɩɨɤаɡаɬɟɥɟɣ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ȽɌɍ ɩɨ ɬɟɩɥɨɜɵɦ ɯаɪаɤɬɟɪɢɫɬɢɤаɦ Кɍ (ɡɧаɱɟɧɢяɦ 
ɬɟɩɥɨɜɨɣ ɧаɝɪɭɡɤɢ, ɬɟɦɩɟɪаɬɭɪɵ ɢ ɪаɫɯɨɞɨɜ ɝаɡа). ȼ ɤаɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞаɧɧɵɯ ɞɥя 
ɜɵɫɨɤɨɬɟɦɩɟɪаɬɭɪɧɨɣ ȽɌɍ ɩɪɢɧяɬɵμ ɧаɱаɥьɧая ɬɟɦɩɟɪаɬɭɪа ɝаɡɨɜ ɧа ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ 1η00 
ɨɋ, ɨɬɧɨɫɢɬɟɥьɧɵɣ ɜɧɭɬɪɟɧɧɢɣ КɉȾ ɝаɡɨɜɨɣ ɬɭɪɛɢɧɵ ηiT =0,λ0, ɤɨɦɩɪɟɫɫɨɪа – ηiK =0,880; 
ɦɟɯаɧɢɱɟɫɤɢɣ КɉȾ ηɦ = 0.λλην КɉȾ ɷɥɟɤɬɪɨɝɟɧɟɪаɬɨɪа ηɝ = 0.λ88ν ɤɨɷɮɮɢɰɢɟɧɬ 
ɢɫɩɨɥьɡɨɜаɧɢя ɬɟɩɥɨɬɵ ɬɨɩɥɢɜа ɜ ɤаɦɟɪɟ ɫɝɨɪаɧɢя ηKC =0.λλ4. ɋɬɟɩɟɧь ɩɨɜɵшɟɧɢя ɞаɜɥɟɧɢя 
ɜ ɤɨɦɩɪɟɫɫɨɪɟ πɤ ɧаɣɞɟɧа ɤаɤ ɨɩɬɢɦаɥьɧая ɩɨ ɧаɱаɥьɧɨɣ ɬɟɦɩɟɪаɬɭɪɟ ɝаɡɨɜ, ɟɟ ɡɧаɱɟɧɢɟ 
ɫɨɫɬаɜɢɥɨ 1λ,β. Кɨɷɮɮɢɰɢɟɧɬɨɦ λ=0,λη ɭɱɬɟɧɵ ɩɨɬɟɪɢ ɞаɜɥɟɧɢя ɜ ȽɌɍ. ȼ ɤаɱɟɫɬɜɟ ɬɨɩɥɢɜа 
ɧа ɪаɫɱɟɬɧɨɦ ɪɟɠɢɦɟ ɩɪɢɧяɬ ɫɬаɧɞаɪɬɧɵɣ ɭɝɥɟɜɨɞɨɪɨɞ (ɋ = 8η %, ɇ = 1η %), ɢɦɟɸɳɢɣ 
ɬɟɩɥɨɬɭ ɫɝɨɪаɧɢя 44 ɆȾɠ/ɤɝ,ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯа ɞɥя ɩɨɥɧɨɝɨ ɫɠɢɝаɧɢя 1 
ɤɝ ɬаɤɨɝɨ ɝаɡа ɪаɜɧɨ 1η ɤɝ/ɤɝ. Ɉɯɥаɠɞɟɧɢɟ ɭɡɥɨɜ ɢ ɞɟɬаɥɟɣ ɝаɡɨɜɨɣ ɬɭɪɛɢɧɵ ɧɟ ɭɱɢɬɵɜаɥɨɫь. 

Ɋаɫɱɟɬ ȽɌɍ ɩɪɨɢɡɜɟɞɟɧ ɩɨ ɦɟɬɨɞɢɤɟ ДγЖ ɩɪɢ ɬɟɦɩɟɪаɬɭɪɟ ɧаɪɭɠɧɨɝɨ ɜɨɡɞɭɯа +1η0C. 
Ɉɩɪɟɞɟɥɟɧɵ ɩɨɤаɡаɬɟɥɢ ȽɌɍμ ɷɥɟɤɬɪɢɱɟɫɤая ɦɨɳɧɨɫɬь – γ7β,7 Ɇȼɬ, аɛɫɨɥɸɬɧɵɣ 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ КɉȾ – 39,9 %, ɪаɫɯɨɞ ɬɨɩɥɢɜа – βγ,η ɤɝ/ɫ. Кɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, 
ɩɨɞɜɨɞɢɦɨɣ ɫ ɬɨɩɥɢɜɨɦ ɜ ɤаɦɟɪɭ ɫɝɨɪаɧɢя ȽɌɍ, ɪаɜɧɨ λγ4,1 Ɇȼɬ. 

ɉɨɤаɡаɬɟɥɢ ɩаɪɨɝаɡɨɜɨɣ ɭɫɬаɧɨɜɤɢ 
Ɋаɫɫɱɢɬаɧɧɵɟ ɩɨɤаɡаɬɟɥɢ ɉȽɍ ɫɨɫɬаɜɢɥɢμ ɷɥɟɤɬɪɢɱɟɫɤая ɦɨɳɧɨɫɬь – η44,7 Ɇȼɬ, 

аɛɫɨɥɸɬɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ КɉȾ η7,γ %, ɭɞɟɥьɧɵɣ ɪаɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜа ɫ ɭɱɟɬɨɦ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ – 225ɝ / (ɤȼɬ ɱ) . 

ɏаɪаɤɬɟɪɢɫɬɢɤɢ ɬɨɩɥɢɜа ȽɌɍ – ɝɟɧɟɪаɬɨɪɧɨɝɨ ɝаɡа, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɝаɡɢɮɢɤаɰɢɢ 
ɭɝɥя. 

ɉɪɢɧяɬ аɥɥɨɬɟɪɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɩаɪɨɜɨɣ ɝаɡɢɮɢɤаɰɢɢ ɭɝɥя ɫ ɩɨɞɜɨɞɨɦ ɬɟɩɥɨɬɵ ɜ 
ɪɟаɤɰɢɨɧɧɭɸ ɡɨɧɭ ɝаɡɨɝɟɧɟɪаɬɨɪа Д4Ж. ɉɨ ɪаɫɱɟɬɭ ɤɨɥɢɱɟɫɬɜɨ ɩɨɞɜɨɞɢɦɨɣ ɢɡɜɧɟ ɬɟɩɥɨɬɵ 
ɫɨɫɬаɜɢɥɨ β,η0 ɆȾɠ/(ɤɝ ɭɝɥя). ɇаɣɞɟɧɵ ɮɢɡɢɱɟɫɤɨɟ ɬɟɩɥɨ ɝɟɧɟɪаɬɨɪɧɨɝɨ ɝаɡа – γ,η7 ɆȾɠ/(ɤɝ 
ɭɝɥя) ɢ ɟɝɨ ɬɟɩɥɨɬа ɫɝɨɪаɧɢя ɩɪɢ ɡɨɥɨɨɱɢɫɬɤɟ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ – 1λ,4 ɆȾɠ/ɤɝ. ɍɞɟɥьɧɵɣ 
ɪаɫɯɨɞ ɝɟɧɟɪаɬɨɪɧɨɝɨ ɝаɡа ɧа ȽɌɍ ɫɨɫɬаɜɢɥ 1,βη ɤɝ/ (ɤɝ ɭɝɥя), ɪаɫɯɨɞ ɝɟɧɟɪаɬɨɪɧɨɝɨ ɝаɡа ɧа 
ȽɌɍ – η0,η ɤɝ/ɫ, ɪаɫɯɨɞ ɭɝɥя ɧа ɝаɡɨɝɟɧɟɪаɬɨɪ – 40,γ ɤɝ/ɫ. 

ɉɨɫɤɨɥьɤɭ ɧɢɡшая ɬɟɩɥɨɬа ɫɝɨɪаɧɢя ɢ ɩɥɨɬɧɨɫɬь ɝɟɧɟɪаɬɨɪɧɨɝɨ ɝаɡа ɡɧаɱɢɬɟɥьɧɨ 
ɨɬɥɢɱаɸɬɫя ɨɬ ɯаɪаɤɬɟɪɢɫɬɢɤ ɫɬаɧɞаɪɬɧɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɝаɡа, ɬɪɟɛɭɟɬɫя ɩɪɨɜɟɪɢɬь 
ɜɨɡɦɨɠɧɨɫɬь ɢɫɩɨɥьɡɨɜаɧɢя ɜ ɤаɦɟɪɟ ɫɝɨɪаɧɢя ȽɌɍ ɝɟɧɟɪаɬɨɪɧɨɝɨ ɝаɡа. ɉɪɨɜɟɪɤа ɩɪɨɜɟɞɟɧа 
ɩɨ ɱɢɫɥɭ ȼɨɛɛɟ, ɤɨɬɨɪɨɟ яɜɥяɟɬɫя ɨɞɧɢɦ ɢɡ ɤɪɢɬɟɪɢɟɜ ɜɡаɢɦɨɡаɦɟɧяɟɦɨɫɬɢ ɝаɡɨɜμ 
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ɝɞɟ Q  — ɨɛɴɟɦɧая ɧɢɡшая ɬɟɩɥɨɬа ɫɝɨɪаɧɢя ɝаɡа, ɆȾɠ/ɦ3; d  – ɨɬɧɨɫɢɬɟɥьɧая 
ɩɥɨɬɧɨɫɬь ɝаɡа ɩɪɢ ɧɨɪɦаɥьɧɵɯ ɭɫɥɨɜɢяɯ.  

ɉɨ ɩɪɨɜɟɞɟɧɧɵɦ ɪаɫɱɟɬаɦ, ɱɢɫɥɨ ȼɨɛɛɟ ɞɥя ɫɬаɧɞаɪɬɧɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɝаɡа 
ɫɨɫɬаɜɢɥɨ 5,21W  ν ɞɥя ɩɨɥɭɱɟɧɧɨɝɨ ɝɟɧɟɪаɬɨɪɧɨɝɨ ɝаɡа ɨɧɨ ɪаɜɧɨ 4,λη. ɂɡɦɟɧɟɧɢɟ ɱɢɫɥа 
ȼɨɛɛɟ ɫɨɫɬаɜɢɥɨ η %, ɱɬɨ ɫɬаɧɞаɪɬɨɦ ДηЖ ɪаɫɫɦаɬɪɢɜаɟɬɫя ɤаɤ ɞɨɩɭɫɤаɟɦɨɟ ɨɬɤɥɨɧɟɧɢɟ, 
ɩɨɷɬɨɦɭ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤаɦɟɪɵ ɫɝɨɪаɧɢя ɫɟɪɢɣɧɨɣ ȽɌɍ, ɪаɡɪаɛɨɬаɧɧɨɣ 
ɞɥя ɫɠɢɝаɧɢя ɩɪɢɪɨɞɧɨɝɨ ɝаɡа. 

ȼɵɛɨɪ ɫɟɪɢɣɧɨɣ ȽɌɍ 
Ɋɟɡɭɥьɬаɬɵ ɩɪɨɜɟɞɟɧɧɨɝɨ ɪаɫɱɟɬа ɩɨɡɜɨɥяɸɬ ɫɞɟɥаɬь ɜɵɛɨɪ ɝаɡɨɬɭɪɛɢɧɧɨɣ 

ɭɫɬаɧɨɜɤɢɢɡ ɱɢɫɥа ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɫɨɤɨɬɟɦɩɟɪаɬɭɪɧɵɯ ȽɌɍ. ɉɨ ɩɨɤаɡаɬɟɥяɦ ɧаɢɛɨɥɟɟ 
ɛɥɢɡɤа ɤ ɪаɫɫɱɢɬаɧɧɨɣ ȽɌɍ Siemens 8GɌη-8000ɇ, ɢɦɟɸɳая ɯаɪаɤɬɟɪɢɫɬɢɤɢ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ 
ɬаɛɥɢɰɟ β. 

Ɍаɛɥɢɰа β. ɏаɪаɤɬɟɪɢɫɬɢɤɢ ɢ ɩаɪаɦɟɬɪɵ ȽɌɍ 8GɌη-8000ɇ 
ɉɨɤаɡаɬɟɥь Зɧаɱɟɧɢɟ 

ɗɥɟɤɬɪɢɱɟɫɤая ɦɨɳɧɨɫɬь (ɛɪɭɬɬɨ), Ɇȼɬ 375 
КɉȾ ɛɪɭɬɬɨ, % 40,0 
Ɉɬɧɨшɟɧɢɟ ɞаɜɥɟɧɢɣ 19,2 
Ɋаɫɯɨɞ ɜɵɯɥɨɩɧɵɯ ɝаɡɨɜ, ɤɝ /ɫ 820 
ɋɤɨɪɨɫɬь ɜɪаɳɟɧɢя ɪɨɬɨɪа, ɨɛ/ɦɢɧ 3000 
Ɍɟɦɩɟɪаɬɭɪа ɝаɡɨɜ ɩɟɪɟɞ ȽɌɍ, ° ω  1500 
Ɍɟɦɩɟɪаɬɭɪа ɜɵɯɥɨɩɧɵɯ ɝаɡɨɜ, ° ω 627/1500 

 
ȼɕȼɈȾɕ 
ɉɨɤаɡаɧɨ, ɱɬɨ ɫ ɞɨɫɬаɬɨɱɧɨ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬьɸ ɦɨɠɧɨ ɢɫɩɨɥьɡɨɜаɬь 

ɤɨɧɞɟɧɫаɰɢɨɧɧɭɸ ɩаɪɨɬɭɪɛɢɧɧɭɸ ɭɫɬаɧɨɜɤɭ К-170-7,0 ɜ ɫɨɫɬаɜɟ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɉȽɍ 
ɩɨɜɵшɟɧɧɨɣ ɧаɞɟɠɧɨɫɬɢ ɛɟɡ ɩɪɨɦɩɟɪɟɝɪɟɜа ɩаɪа, ɪаɛɨɬаɸɳɟɣ ɧа ɝɟɧɟɪаɬɨɪɧɨɦ ɝаɡɟ. 
Ⱥɛɫɨɥɸɬɧɵɣ КɉȾ ɬаɤɨɣ ɉȽɍ ɪаɜɟɧ η7,γ%, ɱɬɨ ɧа 40 % (ɨɬɧ.) ɜɵшɟ КɉȾ ɬɪаɞɢɰɢɨɧɧɵɯ 
ɉɌɍ. 

За ɨɫɧɨɜɭ ɩаɪɨɝаɡɨɜɨɣ ɭɫɬаɧɨɜɤɢ ɦɨɠɟɬ ɛɵɬь ɜɡяɬа ɧаɢɛɨɥɟɟ ɩɨɯɨɞяɳая ɩɨ 
ɯаɪаɤɬɟɪɢɫɬɢɤаɦ ȽɌɍ Siemens 8GɌη-8000ɇ, ɤɨɬɨɪая ɧа ɫɟɝɨɞɧяшɧɢɣ ɦɨɦɟɧɬ ɢɦɟɟɬ 
ɧаɢɥɭɱшɢɟ ɩɨɤаɡаɬɟɥɢ ɜ ɦɢɪɟ. Ɇɨɳɧɨɫɬь ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɉȽɍ ɜ ɷɬɨɦ ɫɥɭɱаɟ ɫɨɫɬаɜɢɬ 544,7 
Ɇȼɬ. 

Ƚɟɧɟɪаɬɨɪɧɵɣ ɝаɡ ɞɥя ɪаɫɫɦаɬɪɢɜаɟɦɨɣ ɉȽɍ, ɩɨɥɭɱɟɧɧɵɣ ɜ аɥɥɨɬɟɪɦɢɱɟɫɤɨɦ 
ɩɪɨɰɟɫɫɟ ɩаɪɨɜɨɣ ɝаɡɢɮɢɤаɰɢɢ ɭɝɥя, ɢɦɟɟɬ ɯаɪаɤɬɟɪɢɫɬɢɤɢ, ɧɟ ɬɪɟɛɭɸɳɢɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 
ɤаɦɟɪɵ ɫɝɨɪаɧɢя ɫɟɪɢɣɧɨɣ ȽɌɍ, ɪаɡɪаɛɨɬаɧɧɨɣ ɞɥя ɫɠɢɝаɧɢя ɩɪɢɪɨɞɧɨɝɨ ɝаɡа. ȿɝɨ ɪаɫɯɨɞ ɧа 
ɉȽɍ ɫɨɫɬаɜɥяɟɬ η0,η ɤɝ/ɫ, ɪаɫɯɨɞ ɭɝɥя ɧа ɝаɡɨɝɟɧɟɪаɬɨɪ – 40,γ ɤɝ/ɫ. 
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ɇаɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥь Ⱥ.Ɇ. Ⱥɧɬɨɧɨɜа, ɤ.ɬ.ɧ., ɞɨɰɟɧɬ ɤаɮɟɞɪɵ аɬɨɦɧɵɯ ɢ ɬɟɩɥɨɜɵɯ 
ɷɥɟɤɬɪɨɫɬаɧɰɢɣ ɗɇɂɇ Ɍɉɍ. 

 
 

 

ɋɂɋɌȿɆȺ ȺȼɌɈɆȺɌɂɁɂɊɈȼȺɇɇɈȽɈ ɄɈɇɌɊɈɅə ɂ ɍɉɊȺȼɅȿɇɂə ɍɊɈȼɇȿɆ 
ɄɈɇȾȿɇɋȺɌȺ ȼ ɄɈɇȾȿɇɋȺɌɈɊȿ ɌɂɉȺ Ʉ-12150 ɌɍɊȻɂɇɕ ɌɂɉȺ Ʉ-220-44 

 

ȿ.ȼ. ɂɜаɧɨɜа, Ⱥ.Ⱥ.Ɍаɯаɧɨɜа  
ɇаɰɢɨɧаɥьɧɵɣ ɂɫɫɥɟɞɨɜаɬɟɥьɫɤɢɣ Ɍɨɦɫɤɢɣ ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɂɧɫɬɢɬɭɬ 

Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤа ɢ ɬɟɩɥɨɬɟɯɧɢɤа 
Ⱥɜɬɨɦаɬɢɡаɰɢя ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 

ȺɇɇɈɌȺЦɂə 
ȼ ɞɨɤɥаɞɟ ɢɫɫɥɟɞɭɟɬɫя ɤаɱɟɫɬɜɟɧɧая ɫɢɫɬɟɦа аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɨɝɨ ɤɨɧɬɪɨɥя ɢ 

ɭɩɪаɜɥɟɧɢя ɭɪɨɜɧɟɦ ɤɨɧɞɟɧɫаɬа ɜ ɤɨɧɞɟɧɫаɬɨɪɟ К-1β1η0. Ⱦɥя ɷɬɨɣ ɰɟɥɢ ɪаɡɪаɛаɬɵɜаɟɬɫя 
ɮɭɧɤɰɢɨɧаɥьɧая ɫɯɟɦа, ɤɨɬɨɪая ɨɬɪаɠаɟɬ ɨɛɴɟɦ ɢɡɦɟɪяɟɦɵɯ ɩаɪаɦɟɬɪɨɜ ɢ ɨɫɧаɳɟɧɧɨɫɬь 
ɫɢɫɬɟɦɵ ɩɪɢɛɨɪаɦɢ аɜɬɨɦаɬɢɡаɰɢɢ.  

ȼȼȿȾȿɇɂȿ 
Ⱥɜɬɨɦаɬɢɡаɰɢя ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ - ɷɬɨ ɤɨɦɩɥɟɤɫ ɫɪɟɞɫɬɜ, ɩɨɡɜɨɥяɸɳɢɯ 

ɨɫɭɳɟɫɬɜɥяɬь ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɩɪɨɰɟɫɫɵ ɛɟɡ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɭɱаɫɬɢя 
ɱɟɥɨɜɟɤа, ɧɨ ɩɨɞ ɟɝɨ ɤɨɧɬɪɨɥɟɦ. 

Цɟɥьɸ ɪаɛɨɬɵ яɜɥяɥаɫь ɪаɡɪаɛɨɬɤа ɫɬɪɭɤɬɭɪɵ аɜɬɨɦаɬɢɡɢɪɨɜаɧɧɨɣ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥя 
ɢ ɭɩɪаɜɥɟɧɢя ɨɛɴɟɤɬɨɦ ɫ ɢɫɩɨɥьɡɨɜаɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ аɜɬɨɦаɬɢɡаɰɢɢ. 

Ɉɛɴɟɤɬɨɦ яɜɥяɥɫя ɤɨɧɞɟɧɫаɬɨɪ ɬɢɩа К-1β1η0 ɬɭɪɛɢɧɵ ɬɢɩа К-220-44, ɪɟɝɭɥɢɪɭɟɦɵɦ 
ɩаɪаɦɟɬɪɨɦ – ɭɪɨɜɟɧь ɜ ɤɨɧɞɟɧɫаɬɨɪɟ. 

1. ɊȿȽɍɅɂɊɈȼȺɇɂȿ ɍɊɈȼɇə КɈɇȾȿɇɋȺɌȺ ȼ КɈɇȾȿɇɋȺɌɈɊȿ 
Кɨɧɞɟɧɫаɬɨɪ ɩɨɞɜаɥьɧɨɝɨ ɬɢɩа, ɞɜɭɯɯɨɞɨɜɨɣ ɩɨ ɨɯɥаɠɞаɸɳɟɣ ɜɨɞɟ (ɩɟɪɟɝɨɪɨɞɤɢ ɜ 

ɜɨɞяɧɨɣ ɤаɦɟɪɟ ɪаɫɩɨɥɨɠɟɧɵ ɝɨɪɢɡɨɧɬаɥьɧɨ), ɨɞɧɨɩɨɬɨɱɧɵɣ. 
ȺɋɊ ɭɪɨɜɧя ɜɨɞɵ ɜ ɤɨɧɞɟɧɫаɬɨɪɟ ɩɪɟɞɧаɡɧаɱɟɧа ɞɥя ɩɨɞɞɟɪɠаɧɢя ɩɨɫɬɨяɧɧɨɝɨ 

ɭɪɨɜɧя ɜ ɤɨɧɞɟɧɫаɬɨɫɛɨɪɧɢɤɟ ɤɨɧɞɟɧɫаɬɨɪа ɧɟɡаɜɢɫɢɦɨ ɨɬ ɪаɫɯɨɞа ɩаɪа ɱɟɪɟɡ ɬɭɪɛɢɧɭ ɢɥɢ 
ɪɟɠɢɦа ɟɟ ɪаɛɨɬɵ (ɬɟɩɥɨɮɢɤаɰɢɨɧɧɨɝɨ ɢɥɢ ɤɨɧɞɟɧɫаɰɢɨɧɧɨɝɨ). 

ɋɬаɛɢɥɢɡаɰɢя ɭɪɨɜɧя ɧɟɨɛɯɨɞɢɦа [1]:  Ⱦɥя ɩɪɟɞɨɬɜɪаɳɟɧɢя ɤаɜɢɬаɰɢɢ ɤɨɧɞɟɧɫаɬɧɵɯ ɧаɫɨɫɨɜ.  ɉɨ ɭɫɥɨɜɢяɦ ɭɫɬɨɣɱɢɜɨɣ ɪаɛɨɬɵ ɩаɪɨɜɵɯ ɷɠɟɤɬɨɪɨɜ (ɢɯ ɧɨɪɦаɥьɧɨɝɨ 
ɨɯɥаɠɞɟɧɢя).  Ⱦɥя ɧаɢɥɭɱшɟɝɨ ɢɫɩɨɥьɡɨɜаɧɢя ɩɨɜɟɪɯɧɨɫɬɢ ɨɯɥаɠɞɟɧɢя ɤɨɧɞɟɧɫаɬɨɪа. 

ȿɞɢɧɫɬɜɟɧɧɵɦ ɪɟɝɭɥɢɪɭɸɳɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɪɢ ɫɬаɛɢɥɢɡаɰɢɢ ɭɪɨɜɧя ɦɨɠɟɬ ɛɵɬь 
ɢɡɦɟɧɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥьɧɨɫɬɢ ɤɨɧɞɟɧɫаɬɧɵɯ ɧаɫɨɫɨɜ ɫ ɩɨɦɨɳьɸ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥаɩаɧа, 
ɭɫɬаɧɨɜɥɟɧɧɨɝɨ ɡа ɤɨɧɞɟɧɫаɬɧɵɦɢ ɧаɫɨɫаɦɢ ɢ ɨɯɥаɞɢɬɟɥяɦɢ ɩаɪа ɷɠɟɤɬɨɪɨɜ. 

Ɋɟɝɭɥɢɪɨɜаɧɢɟ ɭɪɨɜɧя ɜɨɞɵ ɜ ɤɨɧɞɟɧɫаɬɨɪɟ ɨɫɭɳɟɫɬɜɥяɟɬɫя ɫ ɩɨɦɨɳьɸ ɬɪɟɯɯɨɞɨɜɨɝɨ 
ɤɥаɩаɧа ɢ ɥɢɧɢɢ ɪɟɰɢɪɤɭɥяɰɢɢ, ɩɨ ɤɨɬɨɪɨɣ ɱаɫɬь ɤɨɧɞɟɧɫаɬа ɫɛɪаɫɵɜаɟɬɫя ɨɛɪаɬɧɨ ɜ 
ɤɨɧɞɟɧɫаɬɨɪ. 


