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ɋȿɄɐɂə 14. ɋɈȼɊȿɆȿɇɇɕȿ ɌȿɏɇɈɅɈȽɂɂ ɂ ɌȿɏɇɂɄȺ ȻɍɊȿɇɂə 
ɇȿɎɌəɇɕɏ ɂ ȽȺɁɈȼɕɏ ɋɄȼȺɀɂɇ. 

Ɍɚɛɥɢɰɚ 1 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɉɐɌ I-100 ɫ ɪɚɡɥɢɱɧɵɦɢ ɞɨɛɚɜɤɚɦɢ. 

ʋ ɋɨɫɬɚɜ 

ɉɨɤɚɡɚɬɟɥɢ 

Ɋɚɫɬɟɤɚɟɦɨɫ
ɬɶ, ɦɦ 

ɉɥɨɬɧɨɫɬ
ɶ, ɝ/ɫɦ3 

ȼɪɟɦɹ 
ɡɚɝɭɫɬɟɜɚɧɢɹ, 

γ0ȼɫ/ɦɢɧ/7η°ω 

ɉɪɨɱɧɨɫɬɶ, 
Ɇɩɚ, βɫɭɬɨɤ, 

7ηɋ 

ȼɨɞɨɨɬɞɟɥ
ɟɧɢɟ, 

ɫɦ3/βɱɚɫɚ 

1 
ɉɐɌ I -100, 

ȼɟɪɦɢɤɭɥɢɬ (ɦɚɪɤɢ 
1η0), ɛɟɧɬɨɧɢɬ 

225 1,45 
ɂɦɟɟɬ 

ɢɡɧɚɱɚɥɶɧɨɤɨɧɫɢɫ
ɬɟɧɰɢɸ ργ0 Bc 

1.5; 1.4; 1 

2 

ɉɐɌ I 100, 
ɜɟɪɦɢɤɭɥɢɬ (ɦɚɪɤɢ 
1η0)     ɡɚɬɜɨɪɺɧɧɵɣ 
ɧɚ  ɪɚɫɬɜɨɪɟσКωLХ 

>250 1.435 85 1.5; 1.34;1.46; 4 

3 

ɉɐɌ I 100,                  
ɜɟɪɦɢɤɭɥɢɬ 
(ɦɚɪɤɢβ00) 

ɤɪɟɩɶ ζ, ɡɚɬɜɨɪɺɧɧɵɣ 
ɧɚ ɪɚɫɬɜɨɪɟ σКωХ. 

250 1,53 105 2.0;2.2;2.3 8,5 

4 
ɉɐɌ I-100, 

ɜɟɪɦɢɤɭɥɢɬ (1βηɦɤɦ),    
ɤɪɟɩɶ ζ,       σКωХ 

>250 1,52 100 3.3; 3.3;3.0 6 

5 

ɉɐɌ I-100,  
ɜɟɪɦɢɤɭɥɢɬ (β00-
η00ɦɤɦ), ɤɪɟɩɶ ζ, 

NaCl 

230 1,425 70 2.2; 2.4 5 

6 

ɉɐɌ I-100,  
ɜɟɪɦɢɤɭɥɢɬ (η00-
800ɦɤɦ),  ɤɪɟɩɶ ζ, 

NaCl 

220 1,41 20 2.0; 2.0 1,5 

7 

ɉɐɌ I-100. 
ɜɟɪɦɢɤɭɥɢɬ (-  125 

ɦɤɦ), ɛɟɧɬɨɧɢɬ, 
Cem 1 

> 250 1,53 260 2,4; 2,3;2,4 3 

 
ɉɊɂɆȿɇȿɇɂȿ ɊȺɋɌȼɈɊɈȼ ɇȺ ɍȽɅȿȼɈȾɈɊɈȾɇɈɃ ɈɋɇɈȼȿ ɄȺɄ Ɋȿɒȿɇɂȿ ɉɊɈȻɅȿɆ 
ɍɋɌɈɃɑɂȼɈɋɌɂ ȺɊȽɂɅɅɂɌɈȼ ɂ ɊȺɋɌȼɈɊȿɇɂə ɋɈɅȿɃ ɉɊɂ ȻɍɊȿɇɂɂ ɋɄȼȺɀɂɇ ɇȺ 

ȼȿɊɏɇȿɑɈɇɋɄɈɆ ɆȿɋɌɈɊɈɀȾȿɇɂɂ 

Ʉ.ȼ. Ȼɭɡɚɧɨɜ 

ɇɚɭɱɧɵɣΝɪɭɤɨɜɨɞɢɬɟɥɶμΝɫɬɚɪɲɢɣΝɩɪɟɩɨɞɚɜɚɬɟɥɶΝɅέɇέΝɇɟɱɚɟɜɚ 

ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

Ɉɞɧɢɦ ɢɡ ɩɪɨɟɤɬɧɵɯ ɪɟɲɟɧɢɣ, ɨɤɚɡɵɜɚɸɳɢɯ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɛɭɪɟɧɢɹ 
ɫɤɜɚɠɢɧɵ, ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɛɭɪɨɜɨɝɨ ɪɚɫɬɜɨɪɚ, ɬɢɩ ɢ ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɨɝɨ ɜɥɢɹɸɬ ɧɚ ɤɚɱɟɫɬɜɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɫɤɜɚɠɢɧ, ɨɩɪɟɞɟɥɹɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɨɫɥɨɠɧɟɧɢɣ ɢ ɭɫɩɟɲɧɨɫɬɶ ɜɫɤɪɵɬɢɹ ɢ ɨɫɜɨɟɧɢɹ 
ɩɪɨɞɭɤɬɢɜɧɵɯ ɩɥɚɫɬɨɜ. 

ɉɨɫɤɨɥɶɤɭ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɥɟɝɤɨɞɨɫɬɭɩɧɵɟ ɡɚɩɚɫɵ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɫɱɟɪɩɚɧɵ, ɢ ɛɨɥɶɲɢɧɫɬɜɨ 
ɨɛɴɟɦɨɜ ɛɭɪɟɧɢɹ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɜɹɡɚɧɵ ɫ ɨɫɥɨɠɧɟɧɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɛɭɪɟɧɢɹ, ɬɨ ɩɪɨɛɥɟɦɚ ɤɚɱɟɫɬɜɟɧɧɨɣ 
ɩɪɨɜɨɞɤɢ ɫɬɜɨɥɚ ɫɤɜɚɠɢɧɵ ɫɬɨɢɬ ɧɚɢɛɨɥɟɟ ɨɫɬɪɨ. ɋɥɨɠɧɵɦɢ, ɚ ɩɨɞɱɚɫ ɢ ɧɟɫɨɜɦɟɫɬɢɦɵɦɢ ɭɫɥɨɜɢɹɦɢ ɛɭɪɟɧɢɹ ɢ 
ɜɵɡɜɚɧɨ ɩɪɢɧɹɬɢɟ ɪɟɲɟɧɢɣ ɨ ɩɪɢɦɟɧɟɧɢɢ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɢ ɫɥɨɠɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɢɟɦɨɜ ɜ ɩɪɨɰɟɫɫɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɤɜɚɠɢɧɵ. Ʉ ɬɚɤɢɦ ɩɨɞɯɨɞɚɦ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɨɛɨɫɧɨɜɚɧɧɨɟ ɩɪɢɦɟɧɟɧɢɟ 
ɪɚɫɬɜɨɪɨɜ ɧɚ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɨɫɧɨɜɟ ɞɥɹ ɤɨɧɤɪɟɬɧɵɯ ɭɫɥɨɜɢɣ ɛɭɪɟɧɢɹ. Ɉɞɧɚɤɨ, ɤɚɤ ɢ ɥɸɛɨɣ ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ 
ɩɪɨɛɥɟɦɵ, ɜɧɟɞɪɟɧɢɟ ɫɢɫɬɟɦ ɧɚ ɧɟɮɬɹɧɨɣ ɨɫɧɨɜɟ ɢɦɟɟɬ ɫɜɨɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ.  

Ʉ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɊɍɈ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɤɜɚɠɢɧɵɜ ɬɨɦ ɱɢɫɥɟ ɩɪɢ 
ɛɭɪɟɧɢɢ ɚɤɬɢɜɧɵɯ ɝɥɢɧ ɢ ɦɚɫɫɢɜɨɜ ɫɨɥɟɣ, ɯɨɪɨɲɢɟ ɫɦɚɡɵɜɚɸɳɢɟ ɫɩɨɫɨɛɧɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ, 
ɫɥɚɛɚɹ ɪɟɚɤɰɢɹ ɧɚ ɡɚɝɪɹɡɧɟɧɢɹ, ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɩɪɢ ɩɨɜɬɨɪɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ, ɧɢɡɤɚɹ ɤɨɪɪɨɡɢɨɧɧɚɹ ɚɤɬɢɜɧɨɫɬɶ, 
ɜɵɫɨɤɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɪɢ ɛɭɪɟɧɢɢ. ɇɨ ɟɫɬɶ ɢ ɜɢɞɢɦɵɟ ɧɟɞɨɫɬɚɬɤɢ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ 
ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ, ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɫɛɪɨɫ ɩɪɢɭɬɢɥɢɡɚɰɢɹ, ɩɨɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɨɛɨɪɭɞɨɜɚɧɢɸ 
ɩɪɢɝɨɬɨɜɥɟɧɢɹ, ɨɱɢɫɬɤɢ ɢ ɰɢɪɤɭɥɹɰɢɢ, ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɜɨɞɨɩɪɨɹɜɥɟɧɢɸ, ωτ2, H2S[1,2,3]. 

ȼ ɫɢɥɭ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɪɚɛɨɱɢɯ ɧɸɚɧɫɨɜ, ɩɪɢɦɟɧɟɧɢɟ ɊɍɈ ɫɟɝɨɞɧɹ ɢɦɟɟɬ ɫɤɨɪɟɟ ɜɵɧɭɠɞɟɧɧɵɣ 
ɯɚɪɚɤɬɟɪ, ɢ ɢɦɟɟɬ ɦɟɫɬɨ, ɤɨɝɞɚ ɜɵɹɜɥɟɧ ɨɞɢɧ ɢɡ ɫɥɟɞɭɸɳɢɯ ɮɚɤɬɨɜ ɢɥɢ ɠɟ ɢɯ ɤɨɦɩɥɟɤɫД1,β,γЖμ 

1. ɇɚɥɢɱɢɟ ɜ ɝɟɨɥɨɝɢɱɟɫɤɨɦ ɪɚɡɪɟɡɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɟ ɫɟɤɰɢɢ ɪɟɚɤɬɢɜɧɵɯ ɝɥɢɧν  
2. Ȼɨɥɶɲɨɣ ɨɬɯɨɞ ɨɬ ɜɟɪɬɢɤɚɥɢν  
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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

3. ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɫɤɜɚɠɢɧɵν  
4. ɇɚɥɢɱɢɟ ɜ ɪɚɡɪɟɡɟ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɟɤɰɢɢ ɫɨɥɟɣν  
5. ȿɫɥɢ ɢɦɟɸɬɫɹ ɩɨɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɚɱɟɫɬɜɭ ɜɫɤɪɵɬɢɹ ɥɢɛɨ ɩɨɫɚɠɟɧɧɵɟ ɩɥɚɫɬɨɜɵɟ 

ɞɚɜɥɟɧɢɹ. 
Ɋɚɫɫɦɚɬɪɢɜɚɹ ɪɚɫɬɜɨɪɵ ɧɚ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɨɫɧɨɜɟ ɞɥɹ ȼɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ 

ɩɪɢ ɛɭɪɟɧɢɢ ɫɤɜɚɠɢɧ ɧɚ ȼɟɪɯɧɟɱɨɧɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ, ɦɵ ɭɞɟɥɹɟɦ ɜɧɢɦɚɧɢɟ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɜɨɩɪɨɫɭ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬɥɨɠɟɧɢɣ Ɇɨɬɫɤɨɣ ɫɜɢɬɵ, ɚ ɬɚɤɠɟ ɧɚɥɢɱɢɸ ɦɨɳɧɨɝɨ ɫɨɥɟɜɨɝɨ ɩɥɚɫɬɚɍɫɨɥɶɫɤɨɣ ɫɜɢɬɵ ɜ 
ɪɚɡɪɟɡɟ.ȼ ɫɬɪɚɬɢɝɪɚɮɢɱɟɫɤɨɦ  ɪɚɡɪɟɡɟ, ɯɚɪɚɤɬɟɪɧɨɦ ɞɥɹ ɫɤɜɚɠɢɧ Ɂɚɩɚɞɧɨɣ ɋɢɛɢɪɢ, ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭɸɬ 
ɚɪɝɢɥɥɢɬɵ, ɤɨɬɨɪɵɟ ɭɫɩɟɲɧɨ ɜɫɤɪɵɜɚɸɬɫɹ ɧɚ ɊȼɈ, ɨɞɧɚɤɨ, ɨɧɢ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ ɩɨ ɫɜɨɟɦɭ ɫɬɪɨɟɧɢɸ, 
ɫɨɫɬɚɜɭ ɢ ɩɪɨɢɫɯɨɠɞɟɧɢɸ ɨɬ  ɚɪɝɢɥɥɢɬɨɜ ȼɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢДη,θЖ. 

Ɉɫɚɞɨɱɧɵɣ ɱɟɯɨɥ Ɂɚɩɚɞɧɨɣ ɋɢɛɢɪɢ ɫɮɨɪɦɢɪɨɜɚɥɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɦɟɡɨɡɨɣɫɤɭɸ ɷɩɨɯɭ, ɨɧ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɫɩɵɬɵɜɚɥ ɢɧɬɟɧɫɢɜɧɵɯ ɬɟɤɬɨɧɢɱɟɫɤɢɯ ɞɜɢɠɟɧɢɣ. Ⱥɧɢɡɨɬɪɨɩɢɹ ɜ ɩɨɪɨɞɚɯ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 
ɫɜɹɡɚɧɚ ɫ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɫɟɞɢɦɟɧɬɨɝɟɧɟɡɚ, ɫɤɨɪɨɫɬɶɸ ɨɫɚɞɤɨɧɚɤɨɩɥɟɧɢɹ. ɇɟɭɫɬɨɣɱɢɜɵɟ ɚɪɝɢɥɥɢɬɵ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɡɞɟɫɶ ɧɚ ɬɟɯ ɝɢɩɫɨɦɟɬɪɢɱɟɫɤɢɯ ɭɪɨɜɧɹɯ, ɝɞɟ ɫɤɨɪɨɫɬɶ ɫɟɞɢɦɟɧɬɨɝɟɧɟɡɚ ɛɵɥɚ ɚɧɨɦɚɥɶɧɨ ɜɵɫɨɤɨɣ, 
ɱɬɨ ɩɪɢɜɟɥɨ ɤ ɡɚɯɨɪɨɧɟɧɢɸ ɜ ɩɨɪɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɱɚɫɬɢ ɜɨɞɧɨɝɨ ɮɥɸɢɞɚ, ɚ ɡɧɚɱɢɬ ɢ ɚɧɨɦɚɥɶɧɨ ɜɵɫɨɤɨɦɭ 
ɞɚɜɥɟɧɢɸ ɜɧɭɬɪɢ ɩɨɪɨɞɵ. ȼ ɰɟɥɨɦ, ɨɛɳɚɹ ɦɚɬɪɢɰɚ ɚɪɝɢɥɥɢɬɨɜ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ ɩɨɪɢɫɬɨɫɬɶɸ ɢ 
ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ, ɤɨɬɨɪɚɹ ɩɪɚɤɬɢɱɟɫɤɢ ɢɡɨɬɪɨɩɧɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ȼɨɥɟɟ ɬɨɝɨ, ɜɫɟ ɚɪɝɢɥɥɢɬɵ Ɂɚɩɚɞɧɨɣ ɋɢɛɢɪɢ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɨ ɫɨɫɬɚɜɭ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɦ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɫɦɟɤɬɢɬɨɜДη,θЖ.  

Ⱥɪɝɢɥɥɢɬɵ ȼɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢ  ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɧɟɜɵɞɟɪɠɚɧɧɵɦɢ ɫɬɪɭɤɬɭɪɧɨ-ɬɟɤɫɬɭɪɧɵɦ 
ɨɫɨɛɟɧɧɨɫɬɹɦɢμ ɫ ɧɚɥɢɱɢɟɦ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɧɚɥɨɠɟɧɧɵɯ ɬɪɟɳɢɧ ɪɚɡɪɵɜɚ ɢ ɫɤɚɥɵɜɚɧɢɹ, ɪɚɫɫɥɚɧɰɟɜɚɧɢɹ. 
ɉɨɪɨɞɵ ɢɦɟɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɞɢɪɟɤɬɢɜɧɭɸ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɢ ɩɨɪɢɫɬɨɫɬɶ. ɉɨ ɦɢɧɟɪɚɥɶɧɨɦɭ ɫɨɫɬɚɜɭ ɜ ɬɚɤɢɯ 
ɩɨɪɨɞɚɯ ɜ ɧɢɡɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɯɨɞɹɬɫɹ ɝɢɞɪɨɫɥɸɞɵ, ɤɚɨɥɢɧɢɬ, ɚ ɬɚɤɠɟ ɧɟɝɥɢɧɢɫɬɵɟ ɦɢɧɟɪɚɥɵμ ɤɜɚɪɰ, 
ɤɚɪɛɨɧɚɬɵ, ɩɨɥɟɜɨɣ ɲɩɚɬДηЖ. 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɝɥɚɜɧɵɟ ɩɪɢɡɧɚɤɢ ɧɟɭɫɬɨɣɱɢɜɵɯ ɝɥɢɧɢɫɬɵɯ ɩɨɪɨɞ ɜ Ɂɚɩɚɞɧɨɣ ɢ ȼɨɫɬɨɱɧɨɣ 
ɋɢɛɢɪɢ ДηЖ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɩɪɨɛɥɟɦɟ ɫ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶɸ ɚɪɝɢɥɥɢɬɨɜ, ɩɨɞɯɨɞɵ ɩɪɢ ɢɡɛɪɚɧɢɢ 
ɪɟɲɟɧɢɣ ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶ ɪɚɡɥɢɱɢɹ  ɜ ɩɪɨɢɫɯɨɠɞɟɧɢɢ ɢ ɭɫɥɨɜɢɹɯ ɡɚɥɟɝɚɧɢɹ ɩɨɪɨɞ. 

Ɍɚɛɥɢɰɚ 1 
ɋɪɚɜɧɟɧɢɟ ɫɜɨɣɫɬɜ ɧɟɭɫɬɨɣɱɢɜɵɯ ɚɪɝɢɥɥɢɬɨɜ Ɂɚɩɚɞɧɨɣ ɢ ȼɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢ 

ɉɪɢɡɧɚɤɢ Ɂɚɩɚɞɧɚɹ ɋɢɛɢɪɶ ȼɨɫɬɨɱɧɚɹ ɋɢɛɢɪɶ 

Ɋɟɝɢɨɧɚɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ 
ȼɟɪɯɧɢɣ ɫɬɪɭɤɬɭɪɧɵɣ ɷɬɚɠ ɨɫɚɞɨɱɧɨɝɨ 
ɱɟɯɥɚ ɝɟɪɰɢɧɫɤɨɣ Ɂɚɩɚɞɧɨɫɢɛɢɪɫɤɨɣ ɩɥɢɬɵ 

ɇɢɠɧɢɣ ɫɬɪɭɤɬɭɪɧɵɣ ɷɬɚɠ 
ɨɫɚɞɨɱɧɨɝɨ ɱɟɯɥɚ ɞɪɟɜɧɟɣ ɋɢɛɢɪɫɤɨɣ 
ɩɥɚɬɮɨɪɦɵ 

ɋɬɚɞɢɹ ɥɢɬɨɝɟɧɟɡɚ ɋɪɟɞɧɢɣ ɤɚɬɚɝɟɧɟɡ Ɋɟɬɪɨɝɪɚɞɧɵɣ ɦɟɬɚɦɨɪɮɢɡɦ 
ɂɧɬɟɧɫɢɜɧɨɫɬɶ 
ɬɟɤɬɨɧɢɱɟɫɤɢɯ ɞɜɢɠɟɧɢɣ 

ɇɟɬ ɢɥɢ ɧɢɡɤɚɹ ɫɪɟɞɧɹɹ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɋɪɟɞɧɹɹ ɢɥɢ ɜɵɫɨɤɚɹ (ɛɨɥɟɟ η0ɋ) ɇɢɡɤɚɹ (10-30ɋ) 
ɉɥɚɫɬɨɜɨɟ ɞɚɜɥɟɧɢɟ ȺȼɉȾ ȺɇɉȾ 
Ɋɚɡɜɢɬɢɟ ɬɪɟɳɢɧ ɇɟɬ ɢɥɢ ɧɢɡɤɨɟ ɋɪɟɞɧɟɟ, ɧɟɫɤɨɥɶɤɨ ɫɢɫɬɟɦ 
ɋɨɞɟɪɠɚɧɢɟ ɫɦɟɤɬɢɬɨɜ ɜɵɫɨɤɨɟ ɇɢɡɤɨɟ 
ɉɨɪɢɫɬɨɫɬɶ ɇɟɬ ɢɥɢ ɨɱɟɧɶ ɧɢɡɤɚɹ ɇɢɡɤɚɹ 
ɉɪɨɧɢɰɚɟɦɨɫɬɶ ɇɟɬ ɢɥɢ ɨɱɟɧɶ ɧɢɡɤɚɹ ɇɢɡɤɚɹ ɢɥɢ ɫɪɟɞɧɹɹ 
 

Ɍɚɛɥɢɰɚ 2 
ɋɪɚɜɧɟɧɢɟ ɬɢɩɨɜ ɪɚɫɬɜɨɪɚ ɩɨ ɚɞɚɩɬɢɜɧɨɫɬɢ ɤ ɪɚɡɪɟɡɭ ȼɑɇȽɄɆ 

ɉɪɢɡɧɚɤɢ 
Ɍɢɩ ɪɚɫɬɜɨɪɚ 

ɋɨɥɟɧɚɫɵɳɟɧɧɵɣ ɪɚɫɬɜɨɪ ɊɍɈ 
Ⱥɞɟɤɜɚɬɧɨɫɬɶ ɤ ȺɇɉȾ ɩɨ ɪɚɡɪɟɡɭ (ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ 
ɦɢɧɢɦɚɥɶɧɨ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɢ ɛ/ɪ ɩɪɢ ɨɩɬɢɦɚɥɶɧɨɦ 
ɫɨɞɟɪɠɚɧɢɢ ɤɨɥɶɦɚɬɚɧɬɚ) 

Ɉɬɪɢɰɚɬɟɥɶɧɚɹ ɉɨɥɨɠɢɬɟɥɶɧɚɹ 

ɂɧɟɪɬɧɨɫɬɶ ɤ ɫɨɥɹɦ ɍɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɚɹ Ɉɬɥɢɱɧɚɹ 

Ɋɟɨɥɨɝɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɍɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɣ ɏɨɪɨɲɢɣ 

Ɉɛɟɫɩɟɱɢɜɚɸɳɢɣ ɭɫɬɨɣɱɢɜɨɫɬɶ ɚɪɝɢɥɥɢɬɨɜ ɋɪɟɞɧɹɹ ɜɟɪɨɹɬɧɨɫɬɶ 
ȼɵɫɨɤɚɹ 
ɜɟɪɨɹɬɧɨɫɬɶ 

ɂɧɝɢɛɢɪɨɜɚɧɢɟ ɏɨɪɨɲɟɟ Ɉɬɥɢɱɧɨɟ 

ɂɧɟɪɬɧɨɫɬɶ ɤ ɤɨɪɪɨɡɢɢ ɍɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɚɹ Ɉɬɥɢɱɧɚɹ 

ȼɟɪɨɹɬɧɨɫɬɶ ɩɪɢɯɜɚɬɨɜ ɋɪɟɞɧɹɹ ɇɢɡɤɚɹ 

ȼɵɛɢɪɚɟɦɵɣ ɪɚɫɬɜɨɪ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɜɚɬɶ ɧɨɦɢɧɚɥɶɧɨɫɬɶ ɫɬɜɨɥɚ ɜ ɫɨɥɟɜɵɯ ɨɬɥɨɠɟɧɢɹɯ, ɛɟɡ ɢɯ 
ɪɚɡɦɵɬɢɹ, ɧɨ, ɜ ɬɨ ɠɟ ɜɪɟɦɹ, ɛɵɬɶ ɚɞɚɩɬɢɪɨɜɚɧɧɵɦ ɤ ɚɧɨɦɚɥɶɧɨ ɧɢɡɤɢɦ ɩɥɚɫɬɨɜɵɦ ɞɚɜɥɟɧɢɹɦ. Ɉɱɟɜɢɞɧɵɣ 
ɜɚɪɢɚɧɬ – ɫɨɥɟɧɚɫɵɳɟɧɧɵɣ ɪɚɫɬɜɨɪ, ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬ ɨɞɧɨɡɧɚɱɧɨ, ɬɚɤ ɤɚɤ ɧɟ ɫɨɜɫɟɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
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ɋȿɄɐɂə 14. ɋɈȼɊȿɆȿɇɇɕȿ ɌȿɏɇɈɅɈȽɂɂ ɂ ɌȿɏɇɂɄȺ ȻɍɊȿɇɂə 
ɇȿɎɌəɇɕɏ ɂ ȽȺɁɈȼɕɏ ɋɄȼȺɀɂɇ. 

ɫɭɳɟɫɬɜɭɸɳɢɦ ɩɥɚɫɬɨɜɵɦ ɞɚɜɥɟɧɢɹɦ, ɢ ɫ ɧɟɭɫɬɨɣɱɢɜɵɦɢ ɚɪɝɢɥɥɢɬɚɦɢ ɪɚɜɧɨɜɟɫɢɟ ɜ ɩɨɥɧɨɦ ɨɛɴɟɦɟ ɧɟ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ.  

ȼ ɢɬɨɝɟ ɭɱɢɬɵɜɚɹ ɫɥɚɛɭɸ ɚɤɬɢɜɧɨɫɬɶ ɦɢɧɟɪɚɥɨɜ ɚɪɝɢɥɥɢɬɨɜ, ɧɚɥɢɱɢɟ ɡɨɧ ȺɇɉȾ, ɚ ɬɚɤɠɟ 
ɜɵɲɟɡɚɥɟɝɚɸɳɢɟ ɝɚɥɨɝɟɧɧɨ-ɤɚɪɛɨɧɚɬɧɵɟ ɩɨɪɨɞɵ ɦɨɠɧɨ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɚɪɝɢɥɥɢɬɨɜ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɡɚɤɪɟɩɥɹɸɳɢɟ. ɋ ɭɱɟɬɨɦ 
ɢɦɟɸɳɟɝɨɫɹ ɨɩɵɬ ɛɭɪɟɧɢɹ ɜ ɪɟɝɢɨɧɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫɥɟɞɭɸɳɭɸ ɫɯɟɦɭ ɩɪɢ 
ɩɨɞɛɨɪɟ ɫɢɫɬɟɦɵ ɢ ɦɟɬɨɞɨɜ (ɬɚɛɥ. β) ДζЖ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɫɪɚɜɧɟɧɢɹ ɬɢɩɨɜ ɪɚɫɬɜɨɪɚ ɧɚ ɩɪɟɞɦɟɬ ɚɞɚɩɬɢɜɧɨɫɬɢ ɤ ɪɚɡɪɟɡɭ ȼɑɇȽɄɆ ɨɱɟɜɢɞɧɨ, ɱɬɨ 
ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɵɣ ɜɚɪɢɚɧɬ ɩɪɢ ɜɵɛɨɪɟ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɪɚɫɬɜɨɪ ɧɚ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɨɫɧɨɜɟ. ȿɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɲɚɟɬ ɩɪɨɛɥɟɦɭ ɫ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɚɪɝɢɥɥɢɬɨɜ, ɪɚɫɬɜɨɪɟɧɢɟɦ ɫɨɥɟɣ,ɚ ɬɚɤɠɟ ɫɧɢɠɚɟɬ 
ɭɪɨɜɟɧɶɤɚɜɟɪɧɨɨɛɪɚɡɨɜɚɧɢɹ ɞɨ βη-30%[4]. 

 
Ʌɢɬɟɪɚɬɭɪɚ 

1. ɉɪɚɤɬɢɤɚΝɩɪɢɦɟɧɟɧɢɹΝɊɍɈΝήήΝɉɪɟɡɟɧɬɚɰɢɹΝɤɨɦɩɚɧɢɢΝεIΝ– SWACO. – ɝέȼɨɥɝɨɝɪɚɞ,Ν2ίίλέΝ– ι4Νɫέ 
2. ɉɪɚɤɬɢɱɟɫɤɢɟΝ ɜɨɩɪɨɫɵΝ ɩɪɢɦɟɧɟɧɢɹΝ ɪɚɫɬɜɨɪɨɜΝ ɧɚΝ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣΝ ɨɫɧɨɜɟΝ ήήΝ ɉɪɟɡɟɧɬɚɰɢɹΝ ɤɨɦɩɚɧɢɢΝ εIΝ – 

SWACO. – ɏɆȺɈ,Ν2ί1ίέΝ– 44Νɫέ 
3. ɈɩɵɬΝɩɪɢɦɟɧɟɧɢɹΝɊɍɈΝɧɚΝɘɪɯɚɪɨɜɫɤɨɦΝɦɟɫɬɨɪɨɠɞɟɧɢɢΝήήΝɉɪɟɡɟɧɬɚɰɢɹΝɤɨɦɩɚɧɢɢΝεIΝ– SWACO. – ɏɆȺɈ,Ν2ί1ίέΝ

– 1κΝɫɥɚɣɞɨɜέ 
4. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟΝɨɛɨɫɧɨɜɚɧɢɟΝɩɪɢɦɟɧɟɧɢɹΝɊɍɈΝɧɚΝȼɟɪɯɧɟɱɨɧɫɤɨɦΝɦɟɫɬɨɪɨɠɞɟɧɢɢΝ ήήΝɩɪɨɟɤɬΝ ɤɨɦɩɚɧɢɢΝ

ɆIΝ– SWACO. – ɝέɂɪɤɭɬɫɤ,Ν2ί1ίέΝ– 55Νɫέ 
5. ȺɪɫɥɚɧɛɟɤɨɜΝȺέɊέΝɍɫɬɨɣɱɢɜɨɫɬɶΝɝɥɢɧΝɪɚɡɧɵɯΝɫɬɚɞɢɣΝɥɢɬɨɝɟɧɟɡɚΝɧɚΝɘɪɯɚɪɨɜɫɤɨɦΝɦɟɫɬɨɪɨɠɞɟɧɢɢΝɩɪɢΝɛɭɪɟɧɢɢΝ

ɫɤɜɚɠɢɧΝɧɚΝɪɚɫɬɜɨɪɚɯΝɧɚΝɭɝɥɟɜɨɞɨɪɨɞɧɨɣΝɨɫɧɨɜɟΝήήΝȻɭɪɟɧɢɟΝɢΝɇɟɮɬɶέΝ–  ɆɚɪɬΝ2ί11έΝ– ʋ3Ν– ɋέΝ132Ν– 140. 

6. ȽɥɢɧɢɫɬɵɟΝɩɨɤɪɵɲɤɢΝɧɟɮɬɹɧɵɯΝɢΝɝɚɡɨɜɵɯΝɦɟɫɬɨɪɨɠɞɟɧɢɣΝήΝɉɨɞΝɪɟɞέΝȼέɂέΝɈɫɢɩɨɜ,ΝȼέɇέΝɋɨɤɨɥɨɜ,ΝȼέȼέΝȿɪɟɦɟɟɜέΝ
– ɆέμΝɇɚɭɤɚ,Ν2ίί1έΝ–  23κΝɫέ 

 
ɊȺɁɊȺȻɈɌɄȺ ɌȿɏɇɈɅɈȽɂɂ ȻɈɊɖȻɕ ɋ ɄȺɌȺɋɌɊɈɎɂɑȿɋɄɂɆɂ ɉɈȽɅɈɓȿɇɂəɆɂ ɉɊɂ 

ȻɍɊȿɇɂɂ ɉɈȾ ɄɈɇȾɍɄɌɈɊ ɇȺ ȾɍɅɂɋɖɆɂɇɋɄɈɆ ɇȽɄɆ ɇȺ ɈɋɇɈȼȿ ɉɊɂɆȿɇȿɇɂə 
ɉɊɈȾɍȼɄɂ ɋɄȼȺɀɂɇ ȽȺɁɈɈȻɊȺɁɇɕɆ ɊȺȻɈɑɂɆ ȺȽȿɇɌɈɆ 

Ʉ.ȼ. Ȼɭɡɚɧɨɜ, Ƚ.Ƚ. ɋɢɧɟɛɪɸɯɨɜ 

ɇɚɭɱɧɵɣΝɪɭɤɨɜɨɞɢɬɟɥɶμΝɞɨɰɟɧɬΝɄέɂέΝȻɨɪɢɫɨɜ 

ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

ɋɟɝɨɞɧɹ ɜɫɟ ɱɚɳɟ ɧɚ ɫɚɦɵɯ ɜɵɫɨɤɢɯ ɭɪɨɜɧɹɯ ɪɭɤɨɜɨɞɫɬɜɚ ɧɚɲɟɣ ɫɬɪɚɧɵ ɡɜɭɱɢɬ ɫɥɨɜɨ «ɢɧɧɨɜɚɰɢɹ». 
Ɉɫɨɛɟɧɧɨ ɱɚɫɬɨ ɷɬɨ ɨɩɪɟɞɟɥɟɧɢɟ ɦɨɠɧɨ ɭɫɥɵɲɚɬɶ ɜ ɤɨɧɬɟɤɫɬɟ ɩɪɨɛɥɟɦ ɢɧɞɭɫɬɪɢɚɥɶɧɨɝɨ ɫɟɤɬɨɪɚ. Ɂɧɚɱɟɧɢɟ ɷɬɨɝɨ 
ɫɥɨɜɚ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɜɧɟɞɪɟɧɢɟɤɚɱɟɫɬɜɟɧɧɨ ɧɨɜɵɯ ɢɞɟɣ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɨɥɭɱɢɬɶ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ, 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ ɨɬ ɢɯ ɪɟɚɥɢɡɚɰɢɢ. Ⱥ ɩɨɫɤɨɥɶɤɭ ɧɚɲɚ ɫɬɪɚɧɚ ɨɛɥɚɞɚɟɬ ɨɝɪɨɦɧɵɦɢ 
ɡɚɩɚɫɚɦɢ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ, ɬɨ ɧɟɮɬɟɝɚɡɨɞɨɛɵɜɚɸɳɚɹ ɨɬɪɚɫɥɶ, ɤɚɤ 
ɧɢɤɚɤɚɹ ɞɪɭɝɚɹ, ɬɪɟɛɭɟɬ ɜɧɟɞɪɟɧɢɹ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ.  

ȼɫɟ ɛɨɥɶɲɟɟ ɜɧɢɦɚɧɢɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɭɞɟɥɹɟɬɫɹ ɪɚɡɜɢɬɢɸ ɧɟɮɬɟɝɚɡɨɜɨɝɨ ɫɟɤɬɨɪɚ ȼɨɫɬɨɱɧɨɣ 
ɋɢɛɢɪɢ, ɬ.ɤ.ɧɚ ɬɟɪɪɢɬɨɪɢɢ ȼɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢ ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɡɧɚɱɢɬɟɥɶɧɵɟ ɡɚɩɚɫɵ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ. Ɍɚɤ 
ɢɡɜɥɟɤɚɟɦɵɟ ɡɚɩɚɫɵ ɧɟɮɬɢ ɧɚ ȼɟɪɯɧɟɱɨɧɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɨɰɟɧɢɜɚɸɬɫɹ ɜ 1λθ ɦɥɧ. ɬɨɧɧ, ɚ ɫɭɦɦɚɪɧɵɟ ɡɚɩɚɫɵ 
ɧɟɮɬɢ ɧɚ Ɍɨɥɨɤɚɧɫɤɨɦ ɢ ɘɪɭɛɱɟɧɨ-Ɍɨɯɨɦɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɫɨɫɬɚɜɥɹɸɬ ɛɨɥɟɟ 170 ɦɥɧ. ɬɨɧɧД1Ж. Ⱦɥɹ 
ɩɨɜɵɲɟɧɢɹ ɢɧɜɟɫɬɢɰɢɨɧɧɨɣ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɢ ɪɟɝɢɨɧɨɜ ȼɨɫɬɨɤɚ, ɜ ɱɚɫɬɧɨɫɬɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɂɪɤɭɬɫɤɨɣ 
ɨɛɥɚɫɬɢ ɢ əɤɭɬɢɢ, ɨɬɦɟɧɟɧ ɧɚɥɨɝ ɧɚ ɞɨɛɵɱɭ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ. Ȼɟɡɭɫɥɨɜɧɨ, ɷɬɨ ɫɬɢɦɭɥɢɪɭɟɬ ɛɢɡɧɟɫ 
ɜɤɥɚɞɵɜɚɬɶ ɫɪɟɞɫɬɜɚ ɜ ɪɚɡɜɢɬɢɟ ɪɟɝɢɨɧɚ. Ɉɞɧɚɤɨ, ɜɫɟ ɪɟɡɟɪɜɵ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɟ ɜ ȼɨɫɬɨɱɧɨɣ 
ɋɢɛɢɪɢ, ɦɨɠɧɨ ɫ ɭɜɟɪɟɧɧɨɫɬɶɸ ɫɱɢɬɚɬɶ ɬɪɭɞɧɨɢɡɜɥɟɤɚɟɦɵɦɢ, ɜ ɫɜɹɡɢ ɫɨ ɫɥɨɠɧɵɦ ɝɟɨɥɨɝɢɱɟɫɤɢɦ ɫɬɪɨɟɧɢɟɦ 
ɧɟɞɪ ɪɟɝɢɨɧɚ. 

Ɍɚɤ, ɩɪɨɰɟɫɫ ɭɝɥɭɛɤɢ ɫɤɜɚɠɢɧ ɧɚ Ⱦɭɥɢɫɶɦɢɧɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɂɪɤɭɬɫɤɨɣ ɨɛɥɚɫɬɢ ɜɟɞɟɬɫɹ ɩɪɢ 
ɧɟɫɨɜɦɟɫɬɢɦɨɫɬɢ ɭɫɥɨɜɢɣ ɛɭɪɟɧɢɹ. ɇɟɫɨɜɦɟɫɬɢɦɵɟ ɭɫɥɨɜɢɹ ɛɭɪɟɧɢɹ ɹɜɥɹɸɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 
ɷɤɡɨɝɟɧɧɨɣ ɬɪɟɳɢɧɨɜɚɬɨɫɬɢ ɧɚ ɝɥɭɛɢɧɚɯ ɞɨ γ00 ɦɟɬɪɨɜ ɜ ɢɧɬɟɪɜɚɥɟ ȼɟɪɯɨɥɟɧɫɤɨɣ ɫɜɢɬɵ, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɨɱɟɧɶ 
ɫɥɨɠɧɨɟ ɫɬɪɨɟɧɢɟ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɬɚɤɠɟ ɩɟɪɟɫɥɚɢɜɚɧɢɟɦ ɤɨɧɬɪɚɫɬɧɵɯ ɩɨ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɨɪɨɞ, ɢ ɩɨɷɬɨɦɭ 
ɩɪɨɰɟɫɫ ɛɭɪɟɧɢɹ ɢɧɬɟɪɜɚɥɚ ȼɟɪɯɨɥɟɧɫɤɨɣ ɫɜɢɬɵ ɜɟɞɟɬɫɹ ɩɪɢ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢɯ ɩɨɝɥɨɳɟɧɢɹɯ ɛɭɪɨɜɨɝɨ ɪɚɫɬɜɨɪɚ, 
ɱɬɨ ɧɟɢɡɛɟɠɧɨ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɤɨɥɨɫɫɚɥɶɧɵɟ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɧɚ ɫɤɜɚɠɢɧɟ ʋ110θ 
ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɨɟ ɩɨɝɥɨɳɟɧɢɟ ɛɭɪɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɨɬɤɪɵɥɨɫɶ ɧɚ ɝɥɭɛɢɧɟ η0 ɦɟɬɪɨɜ. Ȼɨɪɨɬɶɫɹ ɫ ɬɚɤɢɦ ɬɢɩɨɦ 
ɩɨɝɥɨɳɟɧɢɹ, ɢ ɧɚ ɬɚɤɨɣ ɝɥɭɛɢɧɟ ɭɬɹɠɟɥɟɧɢɟɦ ɛɭɪɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ, ɢ ɡɚɤɚɱɢɜɚɧɢɟ 
ɤɨɥɶɦɚɬɚɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɬɚɤɠɟ ɧɟ ɩɪɢɧɨɫɢɬ ɬɪɟɛɭɟɦɨɝɨ ɷɮɮɟɤɬɚ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ, ɫɪɨɤ ɫɨɨɪɭɠɟɧɢɹ ɫɟɤɰɢɢ 
ɤɨɧɞɭɤɬɨɪɚ ɧɚ ɫɤɜɚɠɢɧɚɯ Ⱦɭɥɢɫɶɦɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɞɨ β0 ɞɧɟɣ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫɨ ɫɥɨɠɧɵɦɢ 
ɭɫɥɨɜɢɹɦɢ ɛɭɪɟɧɢɹ ȼɟɪɯɨɥɟɧɫɤɨɣ ɫɜɢɬɵ, ɜ ɫɬɪɭɤɬɭɪɟ ɫɬɪɚɬɢɝɪɚɮɢɱɟɫɤɨɝɨ ɪɚɡɪɟɡɚ ȾɇȽɄɆ ɩɪɢɫɭɬɫɬɜɭɸɬ 
ɦɨɳɧɵɣ ɩɥɚɫɬ ɫɨɥɟɜɵɯ ɨɬɥɨɠɟɧɢɣ ɜ ɢɧɬɟɪɜɚɥɟ ɍɫɨɥɶɫɤɨɣ ɫɜɢɬɵ ɧɚ ɝɥɭɛɢɧɟ 1100-1λ00 ɦɟɬɪɨɜ ɢ ɧɟɭɫɬɨɣɱɢɜɵɟ, 
ɫɤɥɨɧɧɵɟ ɤ ɧɚɛɭɯɚɧɢɸ ɢ ɨɫɵɩɚɧɢɸ ɚɪɝɢɥɥɢɬɵ ɜ ɢɧɬɟɪɜɚɥɟ Ɇɨɬɫɤɨɣ ɫɜɢɬɵ ɧɚ ɝɥɭɛɢɧɟ βγη0-βζ00 ɦɟɬɪɨɜ. ɂ ɟɫɥɢ 
ɩɨɫɥɟɞɧɢɟ ɞɜɚ ɮɚɤɬɚ ɨɫɥɨɠɧɹɸɬ ɩɪɨɰɟɫɫɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɤɜɚɠɢɧɵ ɢ ɩɨɞɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɛɭɪɨɜɨɝɨ 
ɪɚɫɬɜɨɪɚ, ɬɨ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢɟ ɩɨɝɥɨɳɟɧɢɹ ɛɭɪɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɜ ɢɧɬɟɪɜɚɥɟ ȼɟɪɯɨɥɟɧɫɤɨɣ ɫɜɢɬɵ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɨɛɨɣ ɛɨɥɟɟ ɫɟɪɶɟɡɧɭɸ ɩɪɨɛɥɟɦɭ.  

ɂɧɧɨɜɚɰɢɨɧɧɵɦ ɪɟɲɟɧɢɟɦ ɩɪɨɛɥɟɦ ɫɨɨɪɭɠɟɧɢɹ ɤɨɧɞɭɤɬɨɪɨɜ ɧɚ Ⱦɭɥɢɫɶɦɢɧɫɤɨɦ ɇȽɄɆ, ɫ ɛɨɥɶɲɨɣ 
ɞɨɥɟɣ ɜɟɪɨɹɬɧɨɫɬɢ, ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɜɧɟɞɪɟɧɢɟ ɨɩɟɪɟɠɚɸɳɟɝɨ ɛɭɪɟɧɢɟ ɢɧɬɟɪɜɚɥɨɜ ɩɨɞɤɨɧɞɭɤɬɨɪ ɦɨɛɢɥɶɧɵɦɢ 


