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ɊȿɎȿɊȺɌ 

 

Ȼɚɤɚɥɚɜɪɫɤɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ LAMP ɞɥɹ 

ɞɢɚɝɧɨɫɬɢɢɤɢ ɤɥɟɳɟɜɵɯ ɛɨɪɪɟɥɢɨɡɨɜ» ɫɨɞɟɪɠɢɬ 37 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 

ɞɨɤɭɦɟɧɬɚ, 8 ɢɥɥɸɫɬɪɚɰɢɣ, 1 ɬɚɛɥɢɰɭ, 4 ɮɨɪɦɭɥɵ ɢ 45 ɢɫɬɨɱɧɢɤɨɜ ɥɢɬɟɪɚɬɭɪɵ. 

ɂɄɋɈȾɈȼɕɃ ɄɅȿЩȿȼɈɃ ȻɈɊɊȿɅɂɈɁ, ȻɈɅȿɁɇɖ ɅȺɃɆȺ, 

ȻɈɊɊȿɅɂɂ, ɂɄɋɈȾɈȼɕȿ ɄɅȿЩɂ, ɉȿɌɅȿȼȺə ɂɁɈɌȿɊɆɂɑȿɋɄȺə 

ȺɆɉɅɂɎɂɄȺɐɂə, ɉɐɊ. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɨɰɟɧɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɢɚɝɧɨɫɬɢɤɢ 

ɤɥɟɳɟɜɵɯ ɛɨɪɪɟɥɢɨɡɨɜ ɦɟɬɨɞɨɦ LAMP. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ 

ɛɵɥɢ ɨɛɨɡɧɚɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. Ɉɰɟɧɢɬɶ ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɦɟɬɨɞɚ LAMP ɢ ɩɨɥɭɱɢɬɶ ɡɧɚɱɟɧɢɹ ɭɪɨɜɧɹ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ; 

2. ɉɨɞɨɛɪɚɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɫɩɨɫɨɛ ɜɢɡɭɚɥɶɧɨɣ ɞɟɬɟɤɰɢɢ ɪɟɡɭɥɶɬɚɬɚ 

ɪɟɚɤɰɢɢ ɞɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɚ ɜ ɦɚɥɨɨɫɧɚɳёɧɧɵɯ 

ɥɚɛɨɪɚɬɨɪɢɹɯ ɢɥɢ ɜ ɩɨɥɟɜɵɯ ɭɫɥɨɜɢɹɯ;  

3. Ⱥɩɪɨɛɢɪɨɜɚɬɶ ɦɟɬɨɞ LAMP ɧɚ ɨɛɪɚɡɰɚɯ ɤɪɨɜɢ ɢ ɧɚ ɤɥɟɳɚɯ ɛɟɡ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɷɬɚɩɚ ɜɵɞɟɥɟɧɢɹ ȾɇɄ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɭɫɥɨɜɥɟɧɚ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ 

ɡɚɛɨɥɟɜɚɟɦɨɫɬɢ ɤɥɟɳɟɜɵɦ ɛɨɪɪɟɥɢɨɡɨɦ ɤɚɤ ɧɚ ɭɪɨɜɧɟ ɫɬɪɚɧɵ, ɬɚɤ ɢ ɜ 

Ʉɪɚɫɧɨɹɪɫɤɨɦ ɤɪɚɟ. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɦɟɬɨɞɵ ɞɢɝɧɨɫɬɢɤɢ ɞɚɧɧɨɣ ɢɧɮɟɤɰɢɢ 

ɭɫɬɭɩɚɸɬ ɦɟɬɨɞɭ ɩɟɬɥɟɜɨɣ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɚɦɩɥɢɮɢɤɚɰɢɢ ɩɨ ɫɤɨɪɨɫɬɢ 

ɜɵɩɨɥɧɟɧɢɹ ɚɧɚɥɢɡɚ, ɭɪɨɜɧɸ ɪɢɫɤɚ ɤɨɧɬɚɦɢɧɚɰɢɢ ɨɛɪɚɡɰɨɜ ɢ ɨɬɫɭɬɫɜɢɸ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɞɨɪɨɝɨɫɬɨɹɳɟɦ ɨɛɨɪɭɞɨɜɚɧɢɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɛɨɬ ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɣ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɫɩɟɰɢɮɢɱɧɨɫɬɢ (90% ɢ 100% ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɦɟɬɨɞɚ LAMP, 

ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɦɟɬɨɞɚ ɫɨɫɬɚɜɢɥɚ 21 ɤɨɩɢɸ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ ɜ 

ɩɪɨɛɟ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɤɪɚɫɢɬɟɥɹ ɞɥɹ ɜɢɡɭɚɥɶɧɨɣ ɞɟɬɟɤɰɢɢ ɜɵɛɪɚɧ 

ɛɪɨɦɢɫɬɵɣ ɷɬɢɞɢɣ ɤɚɤ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ. Ɇɟɬɨɞ LAMP ɭɫɩɟɲɧɨ 
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ɚɩɪɨɛɢɪɨɜɚɧ ɧɚ ɨɛɪɚɡɰɚɯ ɤɪɨɜɢ ɢ ɤɥɟɳɚɯ ɛɟɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɷɬɚɩɚ ɜɵɞɟɥɟɧɢɹ 

ȾɇɄ. 
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ȼȼȿȾȿɇɂȿ 

 

Ʉɥɟɳɟɜɨɣ ɛɨɪɪɟɥɢɨɡ (ɛɨɥɟɡɧɶ Ʌɚɣɦɚ, ɥɚɣɦ-ɛɨɪɪɟɥɢɨɡ, ɄȻ) ɹɜɥɹɟɬɫɹ 

ɩɪɢɪɨɞɧɨ-ɨɱɚɝɨɜɵɦ ɬɪɚɧɦɢɫɫɢɜɧɵɦ ɡɚɛɨɥɟɜɚɧɢɟɦ ɛɚɤɬɟɪɢɚɥɶɧɨɝɨ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɚɤɬɢɜɧɨɫɬɶ ɤɥɟɳɟɣ ɜ ɩɪɢɪɨɞɧɵɯ ɨɱɚɝɚɯ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ 

ɩɨɜɵɲɟɧɢɟ ɫɥɭɱɚɟɜ ɢɧɮɟɤɰɢɨɧɧɨɝɨ ɡɚɪɚɠɟɧɢɹ. Ʌɚɣɦ-ɛɨɪɪɟɥɢɨɡ ɜ ɧɚɫɬɨɹɳɟɟ 

ɜɪɟɦɹ ɨɫɬɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ ɞɥɹ ɫɬɪɚɧ ɋɟɜɟɪɧɨɣ Ⱥɦɟɪɢɤɢ ɢ ɞɥɹ ɦɧɨɝɢɯ 

ɫɬɪɚɧ ȿɜɪɨɩɵ ɢ Ⱥɡɢɢ, ɧɨ ɬɟɪɪɢɬɨɪɢɹ Ɋɨɫɫɢɢ ɬɚɤɠɟ ɫɬɚɥɚ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɶɲɢɯ 

ɚɪɟɚɥɨɜ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɤɫɨɞɨɜɵɯ ɤɥɟɳɟɣ, ɩɟɪɟɧɨɫɹɳɢɯ ɜɨɡɛɭɞɢɬɟɥɹ ɛɨɥɟɡɧɢ. 

Ʉɨɦɩɥɟɤɫ ɫɩɢɪɨɯɟɬ ɜɢɞɚ Borrrelia burgdorferi sensu lato ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɤɨɥɨ 13 ɝɟɧɨɬɢɩɨɜ [1]. Ɉɫɧɨɜɧɵɦɢ ɩɚɬɨɝɟɧɧɵɦɢ ɜɢɞɚɦɢ 

ɛɨɪɪɟɥɢɣ ɞɥɹ ɱɟɥɨɜɟɤɚ ɹɜɥɹɸɬɫɹ B. burgdorferi, B. garinii, B. afzelii, 

ɩɟɪɟɧɨɫɱɢɤɚɦɢ ɤɨɬɨɪɵɯ ɫɬɚɧɨɜɹɬɫɹ ɜ ɱɚɫɬɧɨɫɬɢ I. persulcatus (ɬɚɟɠɧыɣ ɤɥɟщ) ɢ 

I. ricinus (ɫɨɛɚчɢɣ ɤɥɟщ).  

ȼ Ɋɨɫɫɢɢ ɡɚ 2019 ɝɨɞ ɫɪɟɞɢ ɜɫɟɯ ɩɪɢɪɨɞɧɨ-ɨɱɚɝɨɜɵɯ ɢɧɮɟɤɰɢɣ ɂɄȻ 

ɨɤɚɡɚɥɢɫɶ ɧɚ ɜɬɨɪɨɦ ɦɟɫɬɟ ɩɨ ɱɚɫɬɨɬɟ ɡɚɛɨɥɟɜɚɟɦɨɫɬɢ, ɩɨɬɟɪɹɜ ɥɢɞɢɪɭɸɳɭɸ 

ɩɨɡɢɰɢɸ 2018 ɝɨɞɚ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɨɤɚɡɚɬɟɥɢ ɡɚɛɨɥɟɜɚɟɦɨɫɬɢ ɤɥɟɳɟɜɵɦɢ 

ɛɨɪɪɟɥɢɨɡɚɦɢ (5,48 ɧɚ 100 ɬɵɫ. ɧɚɫɟɥɟɧɢɹ) ɩɪɟɜɵɲɚɸɬ ɩɨɤɚɡɚɬɟɥɢ 

ɡɚɛɥɟɜɚɟɦɨɫɬɢ ɤɥɟɳɟɜɵɦ ɜɢɪɭɫɧɵɦ ɷɧɰɟɮɚɥɢɬɨɦ (1,21 ɧɚ 100 ɬɵɫ. ɧɚɫɟɥɟɧɟɢɹ) 

ɜ 4,5 ɪɚɡɚ [2]. ȼ Ʉɪɚɫɧɨɹɪɫɤɨɦ ɤɪɚɟ ɤɥɟɳɟɜɨɣ ɛɨɪɪɟɥɢɨɡ ɬɚɤɠɟ ɡɚɧɢɦɚɟɬ ɜɟɞɭɳɟɟ 

ɦɟɫɬɨ ɫɪɟɞɢ ɩɪɢɪɨɞɧɨ-ɨɱɚɝɨɜɵɯ ɡɚɛɨɥɟɜɚɧɢɣ, ɩɨɤɚɡɚɬɟɥɶ ɡɚɛɨɥɟɜɚɟɦɨɫɬɢ ɄȻ ɩɨ 

ɤɪɚɸ (13,6 ɧɚ 100 ɬɵɫ. ɧɚɫɟɥɟɧɢɹ) ɩɪɟɜɵɫɢɥ ɫɪɟɞɧɢɣ ɩɨɤɚɡɚɬɟɥɶ ɩɨ Ɋɨɫɫɢɣɫɤɨɣ 

Ɏɟɞɟɪɚɰɢɢ (5,48 ɧɚ 100 ɬɵɫ. ɧɚɫɟɥɟɧɢɹ) ɜ 2,5 ɪɚɡɚ [3].  

ɉɪɢ ɤɥɟɳɟɜɨɦ ɛɨɪɪɟɥɢɨɡɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨɪɚɠɟɧɢɟ ɦɧɨɝɢɯ ɫɢɫɬɟɦ 

ɨɪɝɚɧɢɡɦɚ: ɫɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɚɹ, ɧɟɪɜɧɚɹ, ɬɚɤɠɟ ɩɨɪɚɠɚɸɬɫɹ ɫɭɫɬɚɜɵ ɢ ɤɨɠɚ. 

Ʉɥɢɧɢɱɟɫɤɚɹ ɤɚɪɬɢɧɚ ɨɫɥɨɠɧɹɟɬɫɹ ɩɟɪɟɯɨɞɨɦ ɡɚɛɨɥɟɜɚɧɢɹ ɜ ɯɪɨɧɢɱɟɫɤɭɸ ɮɨɪɦɭ 

[4]. ɋɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɞɢɚɝɧɨɫɬɢɤɢ ɛɨɪɪɟɥɢɨɡɚ ɨɫɧɨɜɚɧɵ ɧɚ ɩɨɢɫɤɟ ȾɇɄ 

ɜɨɡɛɭɞɢɬɟɥɹ ɦɟɬɨɞɨɦ ɉɐɊ ɢɥɢ ɧɚ ɜɵɹɜɥɟɧɢɢ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɚɧɬɢɬɟɥ ɦɟɬɨɞɨɦ 

ɂɎȺ. ɇɟɫɦɨɬɪɹ ɧɚ ɲɢɪɨɤɭɸ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶ ɞɚɧɧɵɯ ɦɟɬɨɞɨɜ, ɨɧɢ ɢɦɟɸɬ 

ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ: ɜɵɫɨɤɢɣ ɪɢɫɤ ɤɨɧɬɚɦɢɧɚɰɢɢ ɨɛɪɚɡɰɨɜ, ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ 
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ɚɧɚɥɢɡɚ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɧɚɥɢɱɢɢ ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɨɛɧɚɪɭɠɟɧɢɹ ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɩɚɬɨɝɟɧɨɜ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ȾɇɄ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɩɟɬɥɟɜɨɣ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ 

ɚɦɩɥɢɮɢɤɚɰɢɢ (LAMP). ȿɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɡɜɨɥɢɬ ɭɫɬɪɚɧɢɬɶ 

ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɢ ɩɨɥɭɱɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɧɚɥɢɱɢɢ ɢɥɢ 

ɨɬɫɭɬɫɬɜɢɢ ɜɨɡɛɭɞɢɬɟɥɹ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɟɬɥɟɜɵɯ ɩɪɚɣɦɟɪɨɜ ɩɨɡɜɨɥɹɟɬ ɭɫɤɨɪɢɬɶ 

ɪɟɚɤɰɢɸ LAMP. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɚɹ ɩɟɬɥɟɜɵɦɢ ɩɪɟɣɦɟɪɚɦɢ 

ɦɟɬɨɞɢɤɚ ɪɚɧɟɟ ɧɟ ɨɰɟɧɢɜɚɥɚɫɶ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɟɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ 

ɱɭɜɫɬɜɢɟɬɥɶɧɨɫɬɢ ɢ ɫɩɟɰɢɮɢɱɧɨɫɬɢ.  

ɐɟɥɶ ɪɚɛɨɬɵ – ɨɰɟɧɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɢɚɝɧɨɫɬɢɤɢ 

ɤɥɟɳɟɜɵɯ ɛɨɪɪɟɥɢɨɡɨɜ ɦɟɬɨɞɨɦ LAMP. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. Ɉɰɟɧɢɬɶ ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɦɟɬɨɞɚ LAMP ɢ ɩɨɥɭɱɢɬɶ ɡɧɚɱɟɧɢɹ ɭɪɨɜɧɹ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ; 

2. ɉɨɞɨɛɪɚɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɫɩɨɫɨɛ ɜɢɡɭɚɥɶɧɨɣ ɞɟɬɟɤɰɢɢ ɪɟɡɭɥɶɬɚɬɚ 

ɪɟɚɤɰɢɢ ɞɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɚ ɜ ɦɚɥɨɨɫɧɚɳёɧɧɵɯ 

ɥɚɛɨɪɚɬɨɪɢɹɯ ɢɥɢ ɜ ɩɨɥɟɜɵɯ ɭɫɥɨɜɢɹɯ; 

3. Ⱥɩɪɨɛɢɪɨɜɚɬɶ ɦɟɬɨɞ LAMP ɧɚ ɨɛɪɚɡɰɚɯ ɤɪɨɜɢ ɢ ɧɚ ɤɥɟɳɚɯ ɛɟɡ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɷɬɚɩɚ ɜɵɞɟɥɟɧɢɹ ȾɇɄ.  
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1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 

1.1 ɂɤɫɨɞɨɜɵɣ ɤɥɟɳɟɜɨɣ ɛɨɪɪɟɥɢɨɡ 

1.1.1 Ɋɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶ 

 

ɇɚɱɚɥɨ ɛɨɥɟɡɧɢ ɤɥɟɳɟɜɨɝɨ ɛɨɪɪɟɥɢɨɡɚ ɫɥɟɞɭɟɬ ɢɡ ɝɨɪɨɞɚ Old Lyme ɲɬɚɬɚ 

Ʉɨɧɧɟɤɬɢɤɭɬ, ɜ ɤɨɬɨɪɨɦ ɜ 1970-ɯ ɝɨɞɚɯ ɨɩɢɫɚɥɢ ɪɹɞ ɫɥɭɱɚɟɜ ɩɨɹɜɥɟɧɢɹ ɛɨɥɟɡɧɢ 

ɜ ɫɥɟɞɫɬɜɢɢ ɭɤɭɫɨɜ ɤɥɟɳɟɣ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɬɫɸɞɚ ɢ ɜɨɡɧɢɤɥɨ ɧɚɡɜɚɧɢɟ. ȼ 

ȿɜɪɨɩɟ ɛɨɪɪɟɥɢɨɡɧɚɹ ɢɧɮɟɤɰɢɹ 12 ɥɟɬ ɢɦɟɥɚ ɪɚɡɧɵɟ ɧɚɡɜɚɧɢɹ: ɦɢɝɪɢɪɭɸɳɚɹ 

ɷɪɢɬɟɦɚ, ɫɢɧɞɪɨɦ Ȼɚɧɧɜɚɪɬɚ ɢ ɞɪ, ɧɨ ɜ 1982-ɦ ɝɨɞɭ ɛɵɥ ɜɵɞɟɥɟɧ ɜɨɡɛɭɞɟɬɟɥɶ 

ɛɨɥɟɡɧɢ ɢ ɧɚɡɜɚɧɢɟ ɨɛɪɟɥɨ ɫɜɹɡɶ ɫ ɧɢɦ. ȿɳɟ ɱɟɪɟɡ 10 ɥɟɬ ɨɮɢɰɢɚɥɶɧɚɹ 

ɪɟɝɢɫɬɪɚɰɢɹ ɛɨɥɟɡɧɢ Ʌɚɣɦɚ ɧɚɱɚɥɚɫɶ ɢ ɜ Ɋɨɫɫɢɢ, ɚ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɷɬɚ ɛɨɥɟɡɧɶ 

ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɫɚɦɵɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɢɧɮɟɤɰɢɣ, ɩɟɪɟɞɚɸɳɢɯɫɹ ɱɟɪɟɡ 

ɤɥɟɳɟɣ [5]. Ʉɥɟɳɟɜɨɣ ɛɨɪɪɟɥɢɨɡ ɜɵɡɵɜɚɟɬ ɦɧɨɠɟɫɬɜɨ ɜɨɩɪɨɫɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ 

ɪɚɡɧɨɨɛɪɚɡɢɟɦ ɤɥɢɧɢɱɟɫɤɢɯ ɫɥɭɱɚɟɜ, ɫɩɨɫɨɛɚɯ ɟɝɨ ɥɟɱɟɧɢɹ ɢ ɞɢɚɝɧɨɫɬɢɤɢ ɢ 

ɧɢɡɤɨɣ ɨɫɜɟɞɨɦɥɟɧɧɨɫɬɶɸ ɧɚɫɟɥɟɧɢɹ. ɑɟɥɨɜɟɤ ɞɨɫɬɚɬɨɱɧɨ ɜɨɫɩɪɢɢɦɱɢɜ ɤ 

ɜɨɡɛɭɞɢɬɟɥɸ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɨɣ ɯɪɨɧɢɡɚɰɢɢ, ɞɨɫɬɢɝɚɸɳɟɣ 30-

40% ɩɨɥɢɦɨɪɮɧɨɫɬɢ ɤɥɢɧɢɱɟɫɤɢɯ ɩɪɨɹɜɥɟɧɢɣ [6]. Ȼɨɪɪɟɥɢɨɡ ɪɚɫɩɪɨɫɬɪɚɧɟɧ ɜ 

ɡɨɧɚɯ ɥɟɨɫɬɟɩɢ ɩɨ ɜɫɟɣ ɬɟɪɪɢɬɨɪɢɢ ɫɬɪɚɧɵ, ɧɚɱɢɧɚɹ ɨɬ Ʉɚɥɢɧɢɧɝɪɚɞɚ ɢ 

ɡɚɤɚɧɱɢɜɚɹ ɋɚɯɚɥɢɧɨɦ. ɇɚɢɛɨɥɶɲɢɣ ɭɪɨɜɟɧɶ ɡɚɛɨɥɟɜɚɟɦɨɫɬɢ ɨɬɦɟɱɟɧ ɜ 

Ɂɚɩɚɞɧɨɫɢɛɢɪɫɤɨɦ, ȼɨɥɝɨ-ȼɹɬɫɤɨɦ ɢ ɍɪɚɥɶɫɤɨɦ ɨɤɪɭɝɟ ɫɬɪɚɧɵ. Ⱥɪɟɚɥ ɨɛɢɬɚɧɢɹ 

ɤɥɟɳɟɣ ɫɨɫɬɚɜɥɹɸɬ ɩɚɫɬɛɢɳɚ, ɨɬɤɪɵɬɵɟ ɦɟɫɬɧɨɫɬɢ, ɩɚɪɤɢ, ɝɨɪɨɞɫɤɢɟ ɭɥɢɰɵ, 

ɫɚɞɨɜɵɟ ɭɱɚɫɬɤɢ, ɫɤɜɟɪɵ, ɤɭɫɬɚɪɧɢɤɢ ɢ ɥɟɫɧɵɟ ɡɨɧɵ. ɏɚɪɚɤɬɟɪɧɵɟ ɩɢɤɢ 

ɚɤɬɢɜɧɨɫɬɢ ɤɥɟɳɟɣ ɩɪɢɯɨɞɹɬɫɹ ɧɚ ɜɟɫɧɭ ɢ ɤɨɧɟɰ ɥɟɬɚ.  

 

1.1.2 ɗɬɢɨɥɨɝɢɹ 

 

ȼɨɡɛɭɞɢɬɟɥɢ ɛɨɥɟɡɧɢ Ʌɚɣɦɚ – ɝɪɚɦɨɬɪɢɰɚɬɟɥɶɧɵɟ ȾɇɄ-ɫɨɞɟɪɠɚɳɢɟ 

ɫɩɢɪɨɯɟɬɵ Borrelia burdgorferi, Borrelia afzelii ɢ Borrelia garinii ɢɡ ɫɟɦɟɣɫɬɜɚ 

Spirochaetaceae. ȼ ɋɟɜɟɪɧɨɣ Ⱥɦɟɪɢɤɟ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɛɨɥɟɡɧɶ, 

ɜɵɡɵɜɚɟɦɚɹ B. burgdorferi, ɩɪɨɹɜɥɹɟɬɫɹ ɚɪɬɪɢɬɨɦ, ɩɨɫɤɨɥɶɤɭ ɷɬɨ ɟɞɢɧɫɬɜɟɧɧɵɣ 
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ɜɨɡɛɭɞɢɬɟɥɶ, ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɣ ɧɚ ɞɚɧɧɨɣ ɬɟɪɪɢɬɨɪɢɢ. Ɂɚɪɚɠɟɧɢɟ B. afzelii 

ɩɪɢɜɨɞɢɬ ɤ ɯɪɨɧɢɱɟɫɤɨɦɭ ɚɬɪɨɮɢɱɟɫɤɨɦɭ ɞɟɪɦɚɬɢɬɭ, ɚ ɩɪɢɱɢɧɨɣ 

ɧɟɜɪɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɹɜɥɟɧɢɣ ɹɜɥɹɟɬɫɹ B. garinii. Ɇɢɝɪɢɪɭɸɳɚɹ ɷɪɢɬɟɦɚ, 

ɧɟɫɦɨɬɪɹ ɧɚ ɮɟɧɨɬɢɩɢɱɟɫɤɢɟ ɢ ɝɟɧɨɬɢɩɢɱɟɫɤɢɟ ɪɚɡɥɢɱɢɹ, ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ 

ɚɤɬɢɜɧɨɫɬɢ ɜɫɟɯ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɨɡɛɭɞɢɬɟɥɟɣ. 

ȿɫɬɟɫɬɜɟɧɧɵɦ ɪɟɡɟɪɜɭɚɪɨɦ B. burdgorderi ɹɜɥɹɸɬɫɹ ɦɥɟɤɨɩɢɬɚɸɳɢɟ 

(ɨɤɨɥɨ 130 ɜɢɞɨɜ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɝɪɵɡɭɧɵ) ɢ ɨɤɨɥɨ 100 ɜɢɞɨɜ ɩɬɢɰ, ɤɨɬɨɪɵɦ 

ɫɩɢɪɨɯɟɬɚ ɩɟɪɟɞɚɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɭɤɭɫɚ ɤɥɟɳɚ. Ⱥɤɚɪɢɮɚɭɧɚ ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 60 ɜɢɞɚɦɢ ɢɤɫɨɞɨɜɵɯ ɤɥɟɳɟɣ, ɤɨɬɨɪɵɟ ɨɬɧɨɫɹɬɫɹ ɤ 14 ɪɨɞɚɦ ɢ 

2-ɦ ɩɨɞɫɟɦɟɣɫɬɜɚɦ [5]. 

 

1.1.3 ɉɚɬɨɝɟɧɟɡ 

 

ȼ ɨɪɝɚɧɢɡɦɟ ɜɨɡɛɭɞɢɬɟɥɶ ɜɵɡɵɜɚɟɬ ɝɟɧɟɪɚɥɢɡɨɜɚɧɧɵɣ ɢɦɦɭɧɧɵɣ ɨɬɜɟɬ ɜ 

ɜɢɞɟ ɩɚɩɭɥɵ ɧɚ ɦɟɫɬɟ ɭɤɭɫɚ, ɪɚɫɩɪɨɫɬɪɚɧɹɹɫɶ ɥɢɦɮɨɝɟɧɧɵɦɢ ɢ ɝɟɦɚɬɨɝɟɧɧɵɦɢ 

ɩɭɬɹɦɢ ɩɨ ɨɪɝɚɧɚɦ ɢ ɬɤɚɧɹɦ. ɇɚ ɪɚɧɧɢɯ ɫɬɚɞɢɹɯ ɛɨɥɟɡɧɢ ɜ ɨɪɝɚɧɢɡɦɟ ɧɚɱɢɧɚɸɬ 

ɜɵɪɚɛɚɬɵɜɚɬɶɫɹ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɚɧɬɢɬɟɥɚ, ɩɪɢɪɨɫɬ ɬɢɬɪɚ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɩɨ 

ɯɨɞɭ ɩɪɨɬɟɤɚɧɢɹ ɛɨɥɟɡɧɢ. ɉɟɪɫɢɫɬɟɧɰɢɹ ɦɨɠɟɬ ɞɥɢɬɶɫɹ ɧɟɫɤɨɥɶɤɨ ɥɟɬ, ɱɬɨ 

ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɪɚɡɜɢɬɢɸ ɜɚɫɤɭɥɢɬɨɜ ɢ ɫɨɫɭɞɢɫɬɨɣ ɨɤɤɥɸɡɢɢ. Ⱥɧɬɢɝɟɧɵ HLA-

DR2(4) ɹɜɥɹɸɬɫɹ ɦɚɪɤɟɪɚɦɢ ɯɪɨɧɢɱɟɫɤɢɯ ɚɪɬɪɢɬɨɜ ɢ ɧɟɣɪɨɛɨɪɪɟɥɢɨɡɨɜ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɛɨɥɟɡɧɶ ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɧɟɫɤɨɥɶɤɨ ɬɟɱɟɧɢɣ – ɩɨɞɨɫɬɪɨɟ, 

ɨɫɬɪɨɟ ɢ ɯɪɨɧɢɱɟɫɤɨɟ. Ʉɥɢɧɢɱɟɫɤɚɹ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɚ ɩɨ ɫɬɚɞɢɹɦ – ɪɚɧɧɹɹ 

ɥɨɤɚɥɶɧɚɹ ɢɧɮɟɤɰɢɹ, ɪɚɧɧɢɣ ɞɢɫɫɟɦɟɧɢɪɨɜɚɧɧɵɣ ɛɨɪɪɟɥɢɨɡ ɢ ɯɪɨɧɢɱɟɫɤɢɣ 

ɛɨɪɪɟɥɢɨɡ ɧɚ ɩɨɡɞɧɢɯ ɫɬɚɞɢɹɯ. ɉɟɪɢɨɞ ɢɧɤɭɛɚɰɢɢ ɛɨɪɪɟɥɢɣ ɜ ɨɪɝɚɧɢɡɦɟ 

ɫɨɫɬɚɜɥɹɟɬ ɨɬ 2 ɞɨ 30 ɞɧɟɣ.  

ɋɢɦɩɬɨɦɵ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɜ 30% ɫɥɭɱɚɟɜ ɫɨɫɬɚɜɥɹɸɬ ɬɨɲɧɨɬɚ, ɝɨɥɨɜɧɚɹ 

ɛɨɥɶ, ɫɨɧɥɢɜɨɫɬɶ, ɩɨɬɟɪɹ ɚɩɩɟɬɢɬɚ ɢ ɫɭɛɮɟɛɪɢɥɶɧɚɹ ɥɢɯɨɪɚɞɤɚ, 

ɩɪɨɞɨɥɠɚɸɳɚɹɫɹ ɧɟɫɤɨɥɶɤɨ ɞɧɟɣ. ȼ ɦɟɫɬɟ ɭɤɭɫɚ ɩɨɹɜɥɹɟɬɫɹ ɨɬɟɤ ɢ ɝɢɩɟɪɟɦɢɹ, 

ɤɨɬɨɪɚɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɛɨɥɶɸ ɢ ɡɭɞɨɦ. Ɉɬɟɤ ɩɨɫɬɟɩɟɧɧɨ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɨɬ 

ɰɟɧɬɪɚ ɤ ɤɪɚɹɦ. Ɉɛɵɱɧɨ ɜ ɨɛɥɚɫɬɢ ɷɪɢɬɟɦɵ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɧɚɹ 
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ɬɟɦɩɟɪɚɬɭɪɚ. Ȼɨɥɟɡɧɶ Ʌɚɣɦɚ ɬɚɤɠɟ ɦɨɠɟɬ ɩɪɨɬɟɤɚɬɶ ɛɟɡ ɨɛɪɚɡɨɜɚɧɢɹ ɜɨɫɩɚɥɟɧɢɹ, 

ɧɨ ɛɭɞɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɫɭɫɬɚɜɧɨɣ ɢɥɢ ɧɟɜɪɨɥɨɝɢɱɟɫɤɨɣ ɫɢɦɩɬɨɦɚɬɢɤɨɣ, ɱɬɨ 

ɭɯɭɞɲɚɟɬ ɤɚɱɟɫɬɜɨ ɞɢɚɝɧɨɫɬɢɤɢ ɡɚɛɨɥɟɜɚɧɢɹ. 

ɇɚ ɫɬɚɞɢɢ ɞɢɫɫɟɦɟɧɢɪɨɜɚɧɧɨɝɨ ɛɨɪɪɟɥɢɨɡɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨɪɚɠɟɧɢɟ ɫɟɪɞɰɚ 

ɜ ɜɢɞɟ ɚɪɬɪɢɨɜɟɧɬɪɢɤɭɥɹɪɧɨɣ ɛɥɨɤɚɞɵ 1 ɢɥɢ 2 ɫɬɟɩɟɧɢ, ɧɚɪɭɲɟɧɢɟ ɫɟɪɞɟɱɧɨɝɨ 

ɪɢɬɦɚ ɢɥɢ ɜɧɭɬɪɟɧɧɟɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɠɟɥɭɞɨɱɤɨɜ ɫɟɪɞɰɚ. ȼ ɫɥɭɱɚɟ ɧɚɪɭɲɟɧɢɹ 

ɪɚɛɨɬɵ ɧɟɪɜɧɨɣ ɫɢɫɬɟɦɵ ɜɨɡɦɨɠɧɵ ɬɚɤɢɟ ɡɚɛɨɥɟɜɚɧɢɹ, ɤɚɤ ɦɢɟɥɢɬ, ɦɟɧɢɧɝɢɬ, 

ɪɚɞɢɤɭɥɨɧɟɜɪɢɬ ɢ ɧɟɜɪɢɬ ɱɟɪɟɩɧɨɦɨɡɝɨɜɵɯ ɧɟɪɜɨɜ. 

ɉɪɢ ɯɪɨɧɢɱɟɫɤɨɦ ɛɨɪɪɟɥɢɨɡɟ ɜɨɡɧɢɤɚɟɬ ɚɬɪɨɮɢɱɟɫɤɢɣ ɚɤɪɨɞɟɪɦɚɬɢɬ, 

ɩɨɥɢɚɪɬɪɢɬ, ɧɚ ɮɨɧɟ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɪɚɡɜɢɬɶɫɹ B-ɤɥɟɬɨɱɧɚɹ ɥɢɦɮɨɦɚ. Ȼɟɡ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɥɟɱɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɞɟɫɬɪɭɤɰɢɹ ɤɨɫɬɟɣ ɢ ɯɪɹɳɟɣ [5]. 

 

1.2 ɉɪɢɦɟɧɹɟɦɵɟ ɦɟɬɨɞɵ ɞɢɚɝɧɨɫɬɢɤɢ ɛɨɪɪɟɥɢɨɡɚ 

1.2.1 Ɇɟɬɨɞ ɢɦɭɧɧɨɮɟɪɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ (ɂɎȺ) 
 

ɋɩɟɰɢɮɢɱɟɫɤɨɟ ɫɜɹɡɵɜɚɧɢɟ ɚɧɬɢгɟɧ-ɚɧɬɢɬɟɥɨ ɹɜɥɹɟɬɫɹ ɮɭɧɞɚɦɟɧɬɨɦ 

ɫɟɪɨɥɨɝɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɢɦɦɭɧɨɮɟɪɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ (ɂɎȺ, enzyme-linked 

immunosorbent assay, ELISA), ɨɛɪɚɡɨɜɚɧɢɟ ɤɨɬɨɪɨɝɨ ɜɵɹɜɥɹɸɬ ɫ ɩɨɦɨɳɶɸ 

ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɦɟɬɤɢ ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɫɢɝɧɚɥɚ. ȼ ɫɜɹɡɢ ɫɨ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɹɬɶ ɪɚɡɥɢɱɧɵɟ ɨɛɴɟɤɬɵ ɢɫɫɥɟɞɟɨɜɚɧɢɹ, ɨɬ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ 

ɫɨɟɞɢɧɟɧɢɣ ɞɨ ɛɚɤɬɟɪɢɣ, ɪɚɡɪɚɛɨɬɚɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɢɩɨɜ ɷɬɨɝɨ ɦɟɬɨɞɚ, 

ɧɚ ɱɬɨ ɬɚɤɠɟ ɜɥɢɹɟɬ ɢ ɜɚɪɢɚɬɢɜɧɨɫɬɶ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɂɎȺ [7].  

ɉɨ ɪɟɤɨɦɟɧɞɚɰɢɢ ȼɈɁ ɪɟɡɭɥɶɬɚɬɵ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɫɥɟɞɭɟɬ ɩɨɞɬɜɟɪɠɞɚɬɶ ɫ 

ɩɨɦɨɳɶɸ ɢɦɦɭɧɨɛɥɨɬɚ ɢɡ-ɡɚ ɜɟɪɨɹɬɧɨɫɬɢ ɜɵɯɨɞɚ ɥɨɠɧɨɩɨɥɨɠɢɬɟɥɶɧɵɯ 

ɨɛɪɚɡɰɨɜ ɂɎȺ [8].  Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɞɢɚɝɧɨɫɬɢɤɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ ɩɪɨɯɨɞɢɬ 

ɜ ɞɜɚ ɷɬɚɩɚ.  

ɋɬɨɢɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɥɸɛɨɣ ɢɡ ɫɩɨɛɨɜ ɩɪɨɜɟɞɟɧɢɹ ɢɦɭɧɧɨɮɟɪɦɟɧɬɧɨɝɨ 

ɚɧɚɥɢɡɚ ɫɜɨɞɢɬɫɹ ɤ ɨɞɧɨɦɭ ɢɯ ɫɤɟɥɟɬɭ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ 3 ɫɬɚɞɢɣ: 

1. ɉɪɨɢɫɯɨɞɢɬ ɭɡɧɚɜɚɧɢɟ ɫɭɛɫɬɪɚɬɚ ɫ ɚɧɬɢɬɟɥɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ 

ɨɛɪɚɡɭɟɬɫɹ ɢɦɦɭɧɵɣ ɤɨɦɩɥɟɤɫ; 
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2. Ɏɟɪɦɟɧɬ-ɤɨɧɴɸɝɚɬ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɤɨɦɩɥɟɤɫɨɦ ɚɧɬɢɝɟɧ-ɚɧɬɢɬɟɥɨ; 

3. Ɏɟɪɦɟɧɬɚɬɢɜɧɚɹ ɦɟɬɤɚ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɪɟɝɢɫɬɪɢɪɭɟɦɵɣ ɫɢɝɧɚɥ ɜ 

ɯɨɞɟ ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɟɣ ɪɟɚɤɰɢɢ; 

Ɏɟɪɦɟɧɬɚɬɢɜɧɵɟ ɦɚɪɤɟɪɵ ɞɥɹ ɂɎȺ ɨɬɛɢɪɚɸɬɫɹ ɩɨ ɨɩɪɟɞɟɥɟɧɧɵɦ 

ɤɪɢɬɟɪɢɹɦ, ɜ ɫɩɢɫɨɤ ɤɨɬɨɪɵɯ ɜɯɨɞɢɬ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɚɤɬɢɜɧɨɫɬɢ ɢ ɫɬɚɛɢɥɶɧɨɫɬɶ 

ɮɟɪɦɟɧɬɚ, ɧɚɥɢɱɢɟ ɫɭɛɫɬɪɚɬɨɜ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ ɷɬɨɦɭ ɮɟɪɦɟɧɬɭ, ɢɡɧɚɱɚɥɶɧɨɟ 

ɨɬɫɭɬɫɬɜɢɟ ɫɚɦɨɝɨ ɦɚɪɤɟɪɚ ɢ ɢɧɝɢɛɢɬɨɪɨɜ ɜ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɠɢɞɤɨɫɬɢ, 

ɜɵɛɪɚɧɧɨɣ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɪɨɫɬɨɬɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɪɨɞɭɤɬɨɜ 

ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɪɟɚɤɰɢɢ. 

ɂɡ-ɡɚ ɜɵɫɨɤɨɣ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɪɟɚɤɰɢɢ ɮɟɪɦɟɧɬ-ɫɭɛɫɬɪɚɬ, ɜɵɛɨɪ ɫɭɛɫɬɪɚɬɚ 

ɨɩɢɪɚɟɬɫɹ ɧɚ ɮɟɪɦɟɧɬ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ ɪɨɥɢ ɦɟɬɤɢ. Ɍɚɤɠɟ, ɤɚɤ ɢ ɞɥɹ ɜɵɛɨɪɚ 

ɮɟɪɦɟɧɬɚ ɫɭɳɟɫɬɜɭɟɬ ɟɳɟ ɧɟɫɤɨɥɶɤɨ ɬɪɟɛɨɜɚɧɢɣ ɤ ɫɭɛɫɬɪɚɬɭ: ɹɫɧɨɟ 

ɮɢɤɫɢɪɨɜɚɧɢɟ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɮɟɪɦɟɧɬ-ɫɭɛɫɬɪɚɬ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ 

ɞɨɫɬɭɩɧɨɫɬɶ ɫɭɛɫɬɪɚɬɚ [9].  

 

1.2.2 Ɇɟɬɨɞ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ 

 

ȼ ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ (ɉɐɊ, PCR) ɥɟɠɢɬ ɩɪɨɰɟɫɫ 

ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɰɢɤɥɢɱɟɫɤɨɣ ɚɦɩɥɢɮɢɤɚɰɢɢ ȾɇɄ, ɤɨɬɨɪɵɣ ɩɪɨɯɨɞɢɬ 

ɛɥɚɝɨɞɚɪɹ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɣ ɩɨɥɢɦɟɪɚɡɟ (Taq) ɛɚɤɬɟɪɢɣ Thermus aquaticus. 

Ɋɚɛɨɬɚ Taq-ɩɨɥɢɦɟɪɚɡɵ ɢɧɢɰɢɢɪɭɟɬɫɹ ɩɚɪɨɣ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɧɵɯ 

ɩɪɚɣɦɪɟɨɜ. 

Ʉɚɠɞɵɣ ɰɢɤɥ ɉɐɊ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɷɬɚɩɚ: 

ɞɟɧɚɬɭɪɚɰɢɹ, ɨɬɠɢɝ ɢ ɷɥɨɧɝɚɰɢɹ, ɢɡɨɛɪɚɠɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 1. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ, 

ɞɟɧɚɬɭɪɚɰɢɢ, ɞɜɭɯɰɟɩɨɱɧɚɹ ȾɇɄ-ɦɢɲɟɧɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 95ɨɋ ɧɚɱɢɧɚɟɬ 

«ɩɥɚɜɢɬɶɫɹ», ɢ ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɟ ɰɟɩɢ ɪɚɫɯɨɞɹɬɫɹ, ɩɟɪɟɯɨɞɹ ɜ ɨɞɧɨɰɟɩɨɱɟɱɧɨɟ 

ɫɨɫɬɨɹɧɢɟ. ɉɪɚɣɦɟɪɵ ɝɢɛɪɢɞɢɡɭɸɬɫɹ ɫ ɨɞɧɨɣ ɢɡ ɰɟɩɟɣ ɜ ɨɛɥɚɫɬɢ, ɤɨɬɨɪɚɹ 

ɩɨɞɜɟɪɝɧɟɬɫɹ ɚɦɩɥɢɮɢɤɚɰɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɚɣɦɟɪɵ ɩɨɫɥɟ ɨɬɠɢɝɚ ɫɥɭɠɚɬ 

ɫɭɛɫɬɪɚɬɨɦ ɞɥɹ Taq-ɩɨɥɢɦɟɪɚɡɵ, ɧɚɱɢɧɚɹ ɩɨɫɬɪɨɟɧɢɟ ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɣ ɰɟɩɢ, 
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ɤɨɬɨɪɚɹ ɧɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɞɨɫɬɪɚɢɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɞɨɛɚɜɥɟɧɢɹ 

ɞɟɡɨɤɫɢɧɭɤɥɟɨɬɢɞɨɜ [10]. 

 

 

Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ 

 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɦɨɞɢɮɢɤɚɰɢɣ ɩɨɥɢɦɟɪɚɡɧɨɣ ɰɟɩɧɨɣ ɪɟɚɤɰɢɢ: ɉɐɊ 

ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ, ɜɥɨɠɟɧɧɚɹ ɉɐɊ, ɉɐɊ ɫ ɨɛɪɚɬɧɨɣ ɬɪɚɧɫɤɪɢɩɰɢɟɣ ɢ ɬ.ɞ. 

Ɋɚɫɩɪɨɫɬɪɚɧɧɟɧɨɣ ɪɚɡɧɨɜɢɞɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɉɐɊ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ (Real-time 

PCR), ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɨɛɧɚɪɭɠɢɬɶ ɧɚɤɚɩɥɢɜɚɟɦɭɸ ȾɇɄ, ɤɨɬɨɪɚɹ ɩɪɹɦɨ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɮɥɭɨɪɟɫɰɟɧɬɧɨɦɭ ɫɢɝɧɚɥɭ [11]. 

ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɉɐɊ ɜ ɞɢɚɝɧɨɫɬɢɤɟ ɢɧɮɟɤɰɢɢ ɛɨɪɪɟɥɢɨɡɚ ɱɟɥɨɜɟɤɚ 

ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɫɨɞɟɪɠɚɧɢɟ ȾɇɄ ɛɨɪɪɟɥɢɣ ɜ ɪɚɡɥɢɱɧɨɦ ɛɢɨɥɨɝɢɱɟɫɤɨɦ 

ɦɚɬɟɪɢɚɥɟ: ɤɥɟɳ, ɤɪɨɜɶ, ɦɨɱɚ ɢ ɬ.ɞ. [12, 13] 

 

1.3 Ɇɟɬɨɞ LAMP 

 

ɋɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɚɦɩɥɢɮɢɤɚɰɢɢ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ 

ɜɵɫɨɤɨɫɩɟɰɢɮɢɱɧɵ, ɧɨ ɦɟɬɨɞɵ ɨɛɧɚɪɭɠɟɧɢɹ ɢ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɞɨɜɨɥɶɧɨ 
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ɫɥɨɠɧɵ. ȼɞɨɛɚɜɨɤ, ɬɪɟɛɭɟɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɟ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɲɢɪɨɤɨɝɨ 

ɩɪɢɦɟɧɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɬɚɤɨɝɨ ɫɢɥɶɧɨɝɨ ɦɟɬɨɞɚ, ɤɚɤ ɉɐɊ.  

ȼ 2000 ɝɨɞɭ ɹɩɨɧɫɤɢɟ ɭɱɟɧɵɟ ɩɪɟɞɫɬɚɜɢɥɢ ɦɟɬɨɞ ɩɟɬɥɟɜɨɣ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ 

ɚɦɩɥɢɮɢɤɚɰɢɢ (ɚɧɝɥ. Loop-mediated isothermal amplification, LAMP), ɤɨɬɨɪɵɣ 

ɨɤɚɡɚɥɫɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɦ ɜɚɪɢɚɧɬɨɦ ɞɥɹ ɞɢɚɝɧɨɫɬɢɤɢ ɢɧɮɟɤɰɢɨɧɧɵɯ 

ɡɚɛɨɥɟɜɚɧɢɣ. ɉɪɨɜɟɞɟɧɢɟ ɪɟɚɤɰɢɢ ɧɟ ɬɪɟɛɭɟɬ ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤ 

ɬɨɦɭ ɠɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɩɪɢɦɟɫɹɦ ɦɢɧɢɦɚɥɶɧɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɩɨɥɢɦɟɪɚɡɧɨɣ ɪɟɚɤɰɢɟɣ. Ɇɟɧɶɲɟ ɱɟɦ ɡɚ ɱɚɫ ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɞɨ 109 ɤɨɩɢɣ ȾɇɄ ɩɪɢ 

ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ 

[14, 15]. ɉɪɢɧɰɢɩ ɦɟɬɨɞɚ ɡɚɤɥɸɱɟɧ ɜ ɚɜɬɨɰɢɤɥɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ ȾɇɄ, ɤɨɬɨɪɵɣ 

ɜɵɩɨɥɧɹɟɬɫɹ ȾɇɄ-ɩɨɥɢɦɟɪɚɡɨɣ, ɫɩɨɫɨɛɧɨɣ ɤ ɜɵɫɨɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɦɟɳɟɧɢɹ 

ɰɟɩɢ. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɮɟɪɦɟɧɬɨɦ ɹɜɥɹɟɬɫɹ Bst-ɩɨɥɢɦɟɪɚɡɚ, ɜɵɞɟɥɹɟɦɚɹ 

ɢɡ ɬɟɪɦɨɮɢɥɶɧɵɯ ɛɚɤɬɟɪɢɣ Bacillus stearothermophilus [16, 17]. ɉɨɦɢɦɨ 

ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 60-65ɨC, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɨɩɬɢɦɭɦɨɦ 

ɞɥɹ ɮɟɪɦɟɧɬɚ ɢ ɭɞɨɛɧɚ ɞɥɹ ɨɛɥɟɝɱɟɧɧɨɣ ɩɨɫɚɞɤɢ ɩɪɚɣɦɟɪɨɜ ɢɡ-ɡɚ ɦɟɧɧɟɟ 

ɫɬɚɛɢɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ȾɇɄ, ɡɧɚɱɢɦɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɦɟɬɨɞɚ LAMP 

ɹɜɥɹɸɬɫɹ: ɜɵɫɨɤɚɹ ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɚɦɩɥɢɮɢɤɚɰɢɢ, ɫɨɡɞɚɜɚɟɦɚɹ ɧɚɛɨɪɨɦ ɢɡ 

ɱɟɬɵɪɟɯ ɩɪɚɣɦɟɪɨɜ, ɤɨɬɨɪɵɟ ɪɚɡɥɢɱɚɸɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɝɟɧɚ, 

ɚ ɤɨɧɬɚɦɢɧɚɰɢɢ ɫ ɩɨɫɬɨɪɨɧɧɟɣ ȾɇɄ ɫɬɚɧɨɜɹɬɫɹ ɦɟɧɧɟɟ ɜɟɪɨɹɬɧɵɦɢ [15]. 

Ʉɨɦɩɥɟɤɫ ɩɪɚɣɦɟɪɨɜ ɫɨɫɬɨɢɬ ɢɡ ɩɚɪ ɜɧɟɲɧɢɯ ɢ ɜɧɭɬɪɟɧɧɢɯ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɩɪɢɧɢɦɚɸɳɢɯ ɚɤɬɢɜɧɨɟ ɭɱɚɫɬɢɟ ɜ 

ɫɢɧɬɟɡɟ ɧɨɜɵɯ ɰɟɩɟɣ ɬɨɥɶɤɨ ɞɨ ɰɢɤɥɢɱɟɫɤɨɣ ɱɚɫɬɢ ɪɟɚɤɰɢɢ, ɧɚ ɤɨɬɨɪɨɣ ɨɫɬɚɸɬɫɹ 

ɥɢɲɶ ɜɧɭɬɪɟɧɧɢɟ ɩɪɚɣɦɟɪɵ. Ɉɛɟ ɝɪɭɩɩɵ ɢɦɟɸɬ ɩɪɹɦɵɟ (Forward Inner Primer - 

FIP, Forward Outer Primer - F3) ɢ ɨɛɪɚɬɧɵɟ (Backward Inner Primer - BIP, Backward 

Outer Primer - B3) ɩɪɚɣɦɟɪɵ, ɤɨɬɨɪɵɟ ɤɨɦɩɥɟɦɟɧɬɚɪɧɵ ɫɦɵɫɥɨɜɨɣ ɢ 

ɚɧɬɢɫɦɵɫɥɨɜɨɣ ɰɟɩɢ ȾɇɄ-ɦɢɲɟɧɢ [14]. 

Ʉɚɤ ɢ ɥɸɛɭɸ ɩɪɨɰɟɞɭɪɭ LAMP ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɬɚɞɢɢ: ɜ ɩɟɪɜɭɸ, 

ɧɟɰɢɤɥɢɱɟɫɤɭɸ, ɫɬɚɞɢɸ ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɡɚɬɪɚɜɨɱɧɚɹ ɩɟɬɥɹ. ɉɨɥɢɦɟɪɢɡɚɰɢɹ 

ɢɧɢɰɢɢɪɭɟɬɫɹ ɫɜɹɡɶɸ ɩɪɹɦɨɝɨ ɜɧɭɬɪɟɧɧɟɝɨ ɩɪɚɣɦɟɪɚ (FIP) ɫ ɰɟɥɟɜɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ. Ɂɚɬɟɦ ɫ ɩɪɨɞɭɤɬɨɦ ɫɜɹɡɵɜɚɟɬɫɹ ɩɪɹɦɨɣ ɜɧɟɲɧɢɣ ɩɪɚɣɦɟɪ 
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(F3), ɢ ɩɪɨɢɫɯɨɞɢɬ ɡɚɦɟɳɟɧɢɟ ɟɝɨ ɧɚ ɨɞɧɨɰɟɩɨɱɟɱɧɨɟ ɡɚɬɪɚɜɨɱɧɨɟ ɩɨɥɭɤɨɥɶɰɨ. 

Ɍɭ ɠɟ ɩɪɨɰɟɞɭɪɭ ɩɪɨɯɨɞɹɬ ɨɛɪɚɬɧɵɟ ɩɪɚɣɦɟɪɵ: ɨɛɪɚɬɧɵɣ ɜɧɭɬɪɟɧɧɢɣ ɩɪɚɣɦɟɪ 

(BIP) ɢɦɟɟɬ ɞɟɥɨ ɫ ɨɞɧɨɰɟɩɨɱɧɨɣ ȾɇɄ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɫɜɹɡɵɜɚɧɢɟ ɢ 

ɨɱɟɪɟɞɧɨɟ ɡɚɦɟɳɟɧɢɟ ɨɛɪɚɬɧɵɦ ɜɧɟɲɧɢɦ ɩɪɚɣɦɟɪɨɦ (B3). 

Ʉ ɜɬɨɪɨɣ, ɰɢɤɥɢɱɟɫɤɨɣ, ɫɬɚɞɢɢ ɩɨɥɭɱɚɟɬɫɹ ɝɚɧɬɟɥɟɨɛɪɚɡɧɚɹ ɫɬɭɪɤɬɭɪɚ, ɫ 

ɝɢɛɪɢɞɢɡɚɰɢɢ ɤɨɬɨɪɨɣ FIP ɩɪɚɣɦɟɪɨɦ ɷɬɚɩ ɧɚɱɢɧɚɟɬɫɹ. Ʉɚɤ ɬɨɥɶɤɨ ɨɞɧɚ ɰɟɩɨɱɤɚ 

ȾɇɄ ɜɵɬɟɫɧɹɟɬɫɹ, ɧɚɱɢɧɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ȾɇɄ ɫ ɧɨɜɨɣ ɡɚɬɪɚɜɨɱɧɨɣ ɩɟɬɥɟɣ ɧɚ 

ɨɞɧɨɦ ɤɨɧɰɟ ɢ ɤɨɩɢɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɫɤɨɦɨɝɨ ɝɟɧɚ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ 

ɪɢɫɭɧɤɟ 2. Ɍɚɤɢɟ ɡɚɝɨɬɨɜɤɢ ɧɭɠɧɵ ɞɥɹ ɫɥɟɞɭɸɳɟɝɨ ɫɢɧɬɟɡɚ ȾɇɄ ɜɧɭɬɪɟɧɧɢɦɢ 

ɩɪɚɣɦɟɪɚɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɢɫɯɨɞɢɬ ɧɚɤɨɩɥɟɧɢɟ ɤɨɩɢɪɭɟɦɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɫ ɢɫɤɨɦɵɦ ɝɟɧɨɦ, T-ɨɛɪɚɡɧɵɯ ɩɟɬɥɟɜɵɯ ɫɬɪɭɤɬɭɪ ȾɇɄ 

[18]. 

 

 
Ɋɢɫɭɧɨɤ 2 – ɋɯɟɦɚ ɩɟɬɥɟɜɨɣ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɚɦɩɥɢɮɢɤɚɰɢɢ (LAMP): ɧɟɰɢɤɥɢɱɟɫɤɚɹ 

ɫɬɚɞɢɹ (1-8), ɰɢɤɥɢɱɟɫɤɚɹ ɫɬɚɞɢɹ (9-11) [19] 

 

ȼ ɫɤɨɪɨɦ ɜɪɟɦɟɧɢ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɭɥɭɱɲɢɬɶ ɦɟɬɨɞ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ, ɩɟɬɥɟɜɵɯ, ɩɪɚɣɦɟɪɨɜ (Forward Loop Primer - FLP, Backward 
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Loop Primer - BLP). ɋɯɟɦɚ ɪɟɚɤɰɢɢ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3. Ɍɚɤɨɟ ɪɟɲɟɧɢɟ 

ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɪɟɚɤɰɢɢ ɚɦɩɥɢɮɢɤɚɰɢɢ, ɤɨɬɨɪɨɟ ɜɵɩɨɥɧɹɟɬɫɹ 

ɡɚɫɱɟɬ ɫɜɹɡɵɜɚɧɢɣ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɫɚɣɬɚɦɢ, ɤɨɬɨɪɵɟ ɧɟ ɞɨɫɬɭɩɧɵ ɞɥɹ 

ɜɧɭɬɪɟɧɧɢɯ ɩɪɚɣɦɟɪɨɜ [20]. 

 

 
Ɋɢɫɭɧɨɤ 3 – ɋɯɟɦɚ LAMP ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɜ ɪɟɚɤɰɢɸ ɩɟɬɥɟɜɵɯ ɩɪɚɣɦɟɪɨɜ [19] 

 

ɋɬɪɭɤɬɭɪɚ ɜɵɲɟɭɩɨɦɹɧɭɬɵɯ ɲɟɫɬɢ ɬɢɩɨɜ ɩɪɚɣɦɟɪɨɜ ɨɫɧɨɜɚɧɚ ɧɚ ɜɨɫɶɦɢ 

ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɰɟɥɟɜɨɝɨ ɝɟɧɚ: F3c, F2c, F1c ɢ FLP ɧɚ 3`-ɤɨɧɰɟ ɢ ɨɛɥɚɫɬɹɯ 

B1, B2, B3 ɢ BLP ɧɚ 5`-ɤɨɧɰɟ. ɉɪɹɦɨɣ ɜɧɭɬɪɟɧɧɢɣ ɩɪɚɣɦɟɪ ɫɨɫɬɨɢɬ ɢɡ ɨɛɥɚɫɬɢ 

F2 ɧɚ 3`-ɤɨɧɰɟ, ɤɨɬɨɪɚɹ ɤɨɦɩɥɢɦɟɧɬɚɪɧɚ ɨɛɥɚɫɬɢ F2c, ɢ ɬɚɤɨɣ ɠɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɤɚɤ ɜ ɨɛɥɚɫɬɢ F1c ɧɚ 5`-ɤɨɧɰɟ. Ɉɛɪɚɬɧɵɣ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

ɨɛɥɚɫɬɶ ȼ2 ɧɚ 3`-ɤɨɧɰɟ, ɤɨɦɩɥɟɦɟɧɬɚɪɧɵɣ ɨɛɥɚɫɬɢ ȼ2ɫ, ɢ ɨɛɥɚɫɬɶ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɨɛɥɚɫɬɢ ȼ1ɫ ɰɟɥɟɜɨɝɨ ɝɟɧɚ ɧɚ 5`-ɤɨɧɰɟ. Ɇɟɠɞɭ ɞɜɭɦɹ 

ɨɛɥɚɫɬɹɦɢ ɜɧɭɬɪɟɧɧɢɯ ɩɪɚɣɦɟɪɨɜ ɪɚɫɫɩɨɥɨɠɟɧ ɫɩɟɣɫɟɪ TTTT. ɉɪɹɦɨɣ ɜɧɟɲɧɢɣ 

ɩɪɚɣɦɟɪ ɫɨɫɬɨɢɬ ɢɡ ɨɛɥɚɫɬɢ F3 ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɣ ɨɛɥɚɫɬɢ F3c, ɨɛɪɚɬɧɵɣ 
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ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɡ ɨɛɥɚɫɬɢ ȼ3 ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɣ ȼ3ɫ. ɉɟɬɥɟɜɵɟ ɩɪɚɣɦɟɪɵ 

ɜɤɥɸɱɚɸɬ ɤɨɦɩɥɢɦɟɧɬɚɪɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɛɥɚɫɬɹɦ ɦɟɠɞɭ ɪɟɝɢɨɧɚɦɢ F1 

ɢ F2, ɢ B1 ɢ B2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [14]. 

 

1.3.1 Ɇɟɬɨɞɵ ɞɟɬɟɤɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ LAMP 

 

ɋɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɦɟɬɨɞɨɜ ɞɟɬɟɤɰɢɢ ɩɪɨɞɭɤɬɨɜ LAMP, 

ɤɨɬɨɪɵɟ ɭɫɥɨɜɧɨ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ 2 ɝɪɭɩɩɵ [21]. ɉɟɪɜɚɹ ɝɪɭɩɩɚ, ɩɪɹɦɵɯ 

ɦɟɬɨɞɨɜ, ɨɫɧɨɜɚɧɧɚ ɧɚ ɮɢɤɫɚɰɢɢ ɧɚɤɨɩɥɟɧɧɵɯ ɚɦɩɥɢɤɨɧɨɜ ɜ ɬɟɱɟɧɢɟ ɪɟɚɤɰɢɢ, 

ɧɚɩɪɢɦɟɪ, ɮɥɭɨɪɢɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɢɣ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɢɧɬɟɪɤɚɥɢɪɭɸɳɢɯ ɤɪɚɫɢɬɟɥɟɣ [22]. Ʉ ɜɬɨɪɨɣ ɝɪɭɩɩɟ ɦɟɬɨɞɨɜ, ɤɨɫɜɟɧɧɵɯ, 

ɨɬɧɨɫɹɬɫɹ ɫɩɨɫɨɛɵ ɮɢɤɫɚɰɢɢ ɢɡɦɟɧɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɪɟɚɤɰɢɨɧɧɨɣ 

ɫɦɟɫɢ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɭɪɛɢɞɢɦɟɬɪɢɸ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ [21]. 

Ʉɪɨɦɟ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɞɟɬɟɤɰɢɢ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɤɨɥɨɪɢɦɟɬɪɢɱɟɫɤɢɣ 

ɦɟɬɨɞ ɫ ɝɢɞɪɨɤɫɢɧɚɮɬɨɥɨɜɵɦ ɫɢɧɢɦ, ɢɦɦɭɧɨɮɟɪɦɟɧɬɧɵɣ ɚɧɚɥɢɡ, ɞɟɬɟɤɰɢɸ ɫ 

ɩɨɦɨɳɶɸ ɧɚɧɨɱɚɫɬɢɰ ɡɨɥɨɬɚ, ɬɪɚɞɢɰɢɨɧɧɵɣ ɦɟɬɨɞ ɷɥɟɤɬɪɨɮɨɪɟɡɚ ɧɚ ɝɟɥɟ ɢɡ 

ɚɝɚɪɨɡɵ, ɮɥɭɨɪɟɫɰɟɧɬɧɵɣ ɦɟɬɨɞ ɫ ɤɚɥɶɰɟɢɧɨɦ ɢ ɬ.ɞ. [23]. 

 

1.3.1.1 Ɍɭɪɛɢɞɢɦɟɬɪɢɹ 

 

Ɍɭɪɛɢɞɢɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɢɡɦɟɪɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɫɜɟɬɚ, 

ɩɨɝɥɨɳɚɟɦɨɝɨ ɫɭɫɩɟɧɡɢɟɣ, ɤɨɬɨɪɭɸ ɨɛɪɚɡɭɸɬ ɱɚɫɬɢɰɵ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ LAMP, ɤɨɬɨɪɵɣ ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɜ 

ɤɨɥɢɱɟɫɬɜɟ 109-1010 ɤɨɩɢɣ ȾɇɄ [14, 17], ɨɩɪɟɞɟɥɟɧɧɨ ɩɨɞɯɨɞɢɬ ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ. Ɋɟɚɤɰɢɹ ɚɦɩɥɢɮɢɤɚɰɢɢ ȾɇɄ ɨɩɢɫɵɜɚɟɬɫɹ 

ɭɪɚɜɧɟɧɢɟɦ (1), ɤɨɬɨɪɚɹ ɤɚɬɚɥɢɡɢɪɭɟɬɫɹ ɮɟɪɦɟɧɬɨɦ ɩɨɥɢɦɟɪɚɡɨɣ. Ʉɨɥɢɱɟɫɬɜɨ 

ɫɢɧɬɟɡɢɪɭɟɦɨɣ ȾɇɄ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɦɭɬɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɨɟ ɢɡ-ɡɚ 

ɜɵɩɚɞɟɧɢɹ ɛɟɥɨɝɨ ɧɟɪɚɫɬɜɨɪɢɦɨɝɨ ɨɫɚɞɤɚ, ɤɨɬɨɪɵɣ ɜɢɞɧɨ ɧɟɜɨɨɪɭɠɟɧɧɵɦ 

ɝɥɚɡɨɦ [24]. Ɉɫɚɞɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɟɞɢɧɟɧɢɟ ɩɢɪɨɮɨɫɮɚɬɚ ɦɚɝɧɢɹ 
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(Mg2P2O7), ɨɛɪɚɡɨɜɚɧɧɨɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢɨɧɨɜ Mg2+ ɢɡ ɛɭɮɟɪɚ 

ɫɦɟɫɢ ɢ ɢɨɧɨɜ ɩɢɪɨɮɨɫɮɚɬɚ (P2O7)4-, ɨɫɜɨɛɨɠɞɟɧɧɵɯ ɢɡ ɧɭɤɥɟɨɬɢɞɨɜ, ɤɚɤ 

ɩɨɤɚɡɚɧɨ ɜ ɭɪɚɜɧɟɧɢɢ (2) [15, 18]. 

 ሺ𝐷ܰ𝐴ሻ𝑛−ଵ + ݀ܰܶܲ ՜  ሺ𝐷ܰ𝐴ሻ𝑛 + ሺ ଶܱܲ7ሻ4−,                                           (1) ሺ ଶܱܲ7ሻ4− + +𝑔ଶܯʹ  ՜ 𝑔ଶܯ  ଶܱܲ7 ՝.                                                                (2) 

 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɧɮɟɤɰɢɨɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ ɨɩɢɫɚɧɧɵɣ ɬɢɩ ɞɟɬɟɤɰɢɢ 

ɩɨɤɚɡɵɜɚɟɬ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ [25, 26] ɢ ɧɢɡɤɢɣ ɪɢɫɤ ɤɨɧɬɚɦɢɧɚɰɢɢ [18]. 

 

1.3.1.2 Ɏɥɭɨɪɟɫɰɟɧɬɧɚɹ ɞɟɬɟɤɰɢɹ 

 

ȿɳɟ ɨɞɢɧ ɩɪɟɫɩɟɤɬɢɜɧɵɣ ɦɟɬɨɞ: ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɚɥɶɰɟɢɧɚ ɢ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ. Ɉɛɪɚɡɨɜɚɧɧɵɣ ɤɨɦɩɥɟɤɫ ɤɚɥɶɰɟɢɧɚ ɢ ɦɚɪɝɚɧɰɚ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ 

ɪɚɡɪɭɲɚɟɬɫɹ, ɢ ɢɨɧ ɦɚɝɧɢɹ ɫ ɩɢɪɨɮɨɫɮɚɬɨɦ, ɤɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɦ ɦɟɬɨɞɟ, 

ɨɛɪɚɡɭɸɬ ɨɫɚɞɨɤ. Ɏɥɭɨɪɟɫɰɟɧɰɢɹ ɜɨɡɧɢɤɚɟɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɫɜɨɛɨɠɞɟɧɢɹ 

ɤɚɥɶɰɟɢɧɚ ɢɡ ɤɨɦɩɥɟɤɫɚ. Ⱦɚɧɧɵɣ ɩɪɨɰɟɫɫ ɯɨɪɨɲɨ ɡɚɦɟɬɟɧ ɩɪɢ 

ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɦ (ɍɎ) ɢɡɥɭɱɟɧɢɢ, ɚ ɢɡɦɟɧɟɧɢɟ ɨɤɪɚɫɚ ɫɦɟɫɢ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɢ 

ɩɪɢ ɞɧɟɜɧɨɦ ɫɜɟɬɟ. ɋɜɨɛɨɞɧɵɟ ɢɨɧɵ Mg2+ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɪɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɤɚɥɶɰɟɢɧɨɦ ɦɨɝɭɬ ɭɫɢɥɢɜɚɬɶ ɫɜɟɱɟɧɢɟ [27, 28]. 

Ⱦɥɹ ɬɚɤɨɝɨ ɦɟɬɨɞɚ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɢɦɟɬɶ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɪɢɫɤ ɤɨɧɬɚɦɢɧɚɰɢɢ 

ɧɢɡɨɤ, ɚ ɛɥɚɝɨɞɪɹ ɩɪɨɫɬɨɦɭ ɩɪɢɦɟɧɟɧɢɸ ɨɧ ɦɨɠɟɬ ɢɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢ 

ɢɫɫɥɟɞɨɜɚɧɢɢ ɢɧɮɟɤɰɢɨɧɧɵɯ ɡɚɛɨɥɟɜɚɧɢɣ [21]. ɉɪɢ ɧɚɥɢɱɢɢ ɜ ɨɛɪɚɡɰɟ 

ɢɧɮɟɤɰɢɨɧɧɨɣ ȾɇɄ ɪɚɫɬɜɨɪ ɜɵɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɨɤɪɚɫɚ ɫ ɨɪɚɧɠɟɜɨɝɨ ɧɚ ɠɟɥɬɨ-

ɡɟɥɟɧɵɣ ɰɜɟɬ ɩɪɢ ɞɟɬɟɤɰɢɢ ɜ ɞɧɟɜɧɨɦ ɨɫɜɟɳɟɧɢɢ [29]. 

Ⱥɧɚɥɨɝɢɱɧɭɸ ɪɚɛɨɬɭ ɜɵɩɨɥɧɹɟɬ ɝɢɞɪɨɤɫɢɧɬɚɮɬɨɥɨɜɵɣ ɫɢɧɢɣ (Ƚɇɋ, HBC), 

ɫɜɹɡɚɧɧɚɹ ɫ ɭɦɟɧɟɧɶɲɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɚɝɧɢɹ ɡɚ ɫɱɟɬ ɫɜɹɡɵɜɚɧɢɹ ɫ 

ɩɢɪɨɮɨɫɮɚɬɨɦ. Ƚɢɞɪɨɤɫɢɧɬɚɮɬɨɥɨɜɵɣ ɫɢɧɢɣ ɦɟɧɹɟɬ ɮɢɨɥɟɬɨɜɵɣ ɨɤɪɚɫ ɧɚ 

ɝɨɥɭɛɨɣ ɩɪɢ ɢɫɬɨɳɟɧɢɢ ɫɜɨɛɨɞɧɵɯ ɢɨɧɨɜ ɦɚɝɧɢɹ [27]. ɍɜɢɞɟɬɶ ɫɦɟɧɭ ɰɜɟɬɚ 
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ɦɨɠɧɨ ɧɟɜɨɨɪɭɠɟɧɧɵɦ ɝɥɚɡɨɦ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɹ ɫɩɟɤɬɨɮɨɬɨɦɟɬɪ. 

ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɦɟɬɨɞɚ - 6,4·103 ɢ ɨɧɚ ɧɚ ɩɨɪɹɞɨɤ ɜɵɲɟ, ɱɟɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɤɚɥɶɰɟɢɧɚ ɢ ɛɥɢɡɤɚ ɤ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟ SYBR Green I. Ɇɟɬɨɞ 

ɢɦɟɟɬ ɧɟɞɨɫɬɚɬɨɤ: ɨɬɫɭɬɫɬɜɢɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɚɦɩɥɢɤɨɧɨɜ ɢ 

ɨɬɫɥɟɠɢɜɚɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ [21]. 

 

1.3.1.3 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɢɧɬɟɪɤɚɥɢɪɭɸɳɢɯ ɤɪɚɫɢɬɟɥɟɣ 

 

ɂɧɬɟɪɚɤɥɢɪɭɸɳɢɟ ɤɪɚɫɢɬɟɥɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɨɟɞɢɧɟɧɢɹ, ɫɩɨɫɨɛɧɵɟ 

ɤ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɪɢ ɜɫɬɪɚɢɜɚɧɢɢ ɜ ɞɜɭɰɟɩɨɱɟɱɧɭɸ ȾɇɄ. ɇɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ SYBR Green I ɢ EvaGreen ɤɪɚɫɢɬɟɥɢ, ɢɫɩɭɫɤɚɸɳɢɟ ɦɨɳɧɵɣ 

ɫɢɝɧɚɥ ɩɪɢ ɫɜɹɡɵɜɚɧɢɢ ɫ ɰɟɩɹɦɢ ȾɇɄ. SYBR Green I ɨɛɥɚɞɚɟɬ ɢɧɝɢɛɢɪɭɸɳɢɦ 

ɞɟɣɫɬɜɢɟɦ ɧɚ ɯɨɞ ɪɟɚɤɰɢɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ, ɩɨɷɬɨɦɭ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɫɩɨɛɨɦ 

ɞɨɛɚɜɥɟɧɢɹ ɜ ɩɪɨɛɢɪɤɭ ɩɨɫɥɟ ɚɦɦɩɥɢɮɢɤɚɰɢɢ ɢ ɩɪɨɜɟɞɟɧɢɟɦ ɞɟɬɟɤɰɢɢ ɩɨ 

ɤɨɧɟɱɧɨɣ ɬɨɱɤɟ. ɉɨɥɨɠɢɬɟɥɶɧɭɸ ɩɪɨɛɭ ɦɨɠɧɨ ɞɟɬɟɤɬɢɪɨɜɚɬɶ ɩɨ ɫɦɟɧɟ ɫ 

ɨɪɚɧɠɟɜɨɝɨ ɨɤɪɚɫɚ ɧɚ ɡɟɥɟɧɵɣ, ɜɢɞɢɦɨɝɨ ɩɪɢ ɞɧɟɜɧɨɦ ɫɜɟɬɟ, ɚ ɟɫɥɢ ɢɫɩɨɥɶɡɨɜɬɶ 

ɍɎ ɢɡɥɭɱɟɧɢɟ ɦɵ ɦɨɠɟɦ ɧɚɛɥɸɞɚɬɶ ɡɟɥɟɧɨɟ ɫɜɟɱɟɧɢɟ [18, 30]. Ⱦɥɹ ɞɟɬɟɤɰɢɢ ɜ 

ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɩɨɞɯɨɞɢɬ ɤɪɚɫɢɬɟɥɶ EvaGreen, ɤɨɬɨɪɵɣ ɧɟ ɫɩɨɫɨɛɟɧ ɜɥɢɹɬɶ ɧɚ 

ɪɟɚɤɰɢɸ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɚɦɩɥɢɮɢɤɚɰɢɢ [31, 32]. ɉɨɦɢɦɨ ɨɩɢɫɚɧɧɵɯ 

ɫɨɟɞɢɧɟɧɢɣ ɫɭɳɟɫɬɜɭɸɬ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɜɚɢɪɢɚɧɬɵ: PicoGreen [33], ɛɟɪɛɟɪɢɧ 

[29], ɪɹɞ ɤɪɚɫɢɬɟɥɟɣ SYTO, ɤɨɬɨɪɵɣ ɩɨɤɚɡɵɜɚɟɬ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɫɢɝɧɚɥɚ ɢ 

ɨɤɚɡɵɜɚɟɬ ɦɚɥɨɟ ɢɧɝɢɛɭɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ, ɫɜɹɡɚɧɧɨɟ ɫ ɧɢɡɤɨɣ ɫɢɥɨɣ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɞɜɭɰɟɩɨɱɟɱɧɨɣ ȾɇɄ [34]. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɮɥɭɨɪɟɫɰɟɧɬɧɵɯ ɢɧɬɟɪɤɚɥɢɪɭɸɳɢɯ ɤɪɚɫɢɬɟɥɟɣ ɦɨɠɧɨ 

ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɷɥɟɤɬɪɨɮɨɪɟɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɦɵ ɩɨɥɭɱɚɟɦ 

«ɥɟɫɬɧɢɰɭ» ɧɚ ɚɝɚɪɨɡɧɨɦ ɝɟɥɟ, ɫɨɫɬɚɜɥɟɧɧɭɸ ɢɡ ɤɨɧɤɚɬɟɦɟɪɧɵɯ ɩɪɨɞɭɤɬɨɜ 

ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɵ. ɗɥɟɤɬɪɨɮɨɪɟɡ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɞɟɬɟɤɰɢɢ ɩɪɨɞɭɤɬɨɜ 

LAMP [35], ɧɨ ɫɭɳɟɫɬɜɭɟɬ ɜɵɫɨɤɢɣ ɪɢɫɤ ɤɨɧɬɚɦɢɧɚɰɢɢ, ɚ ɬɚɤɠɟ ɧɟɬ 

ɜɨɡɦɨɠɧɨɫɬɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɰɟɧɢɬɶ ɧɚɥɢɱɢɟ ɚɦɩɥɢɤɨɧɨɜ [21].  

 



19 
 

1.3.1.4 pH-ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɤɪɚɫɢɬɟɥɢ 

 

ɗɬɨɬ ɦɟɬɨɞ ɨɛɧɚɪɭɠɟɧɢɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɪɟɚɝɢɪɭɟɬ ɧɚ ɜɵɫɜɨɛɨɠɞɟɧɢɟ 

ɩɪɨɬɨɧɨɜ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɟɫɬɟɫɬɜɟɧɧɵɦ ɫɥɟɞɫɬɜɢɟɦ ɥɸɛɨɣ ɪɟɚɤɰɢɢ ɚɦɩɥɢɮɢɤɚɰɢɢ, 

ɤɚɬɚɥɢɡɢɪɭɟɦɨɣ ɩɨɥɢɦɟɪɚɡɨɣ. 

Ɏɟɧɨɥɨɜɵɣ ɤɪɚɫɧɵɣ ɹɜɥɹɟɬɫɹ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɦ ɢɧɞɢɤɚɬɨɪɨɦ, ɢ 

ɢɡɦɟɧɟɧɢɟ ɨɤɪɚɫɚ ɡɚɜɢɫɢɬ ɫɨɫɬɨɹɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɀɟɥɬɚɹ ɨɤɪɚɫɤɚ 

ɭɤɚɡɵɜɚɟɬ ɧɚ ɤɢɫɥɵɟ ɫɪɟɞɵ, ɚ ɹɪɤɨ-ɤɪɚɫɧɚɹ – ɳɟɥɨɱɧɵɟ. Ⱦɥɹ ɩɟɪɟɯɨɞɚ ɠɟɥɬɨɣ 

ɨɤɪɚɫɤɢ ɜ ɤɪɚɫɧɭɸ ɧɟɨɛɯɨɞɢɦ ɢɧɬɟɪɜɚɥ ɜ pH 6,8 - 8,4. Ɍɚɤɠɟ ɜ ɤɚɱɟɫɬɜɟ pH-

ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤɪɚɫɢɬɟɥɟɣ ɢɫɩɨɥɶɡɭɸɬ ɤɪɟɡɨɥɨɜɵɣ ɤɪɚɫɧɵɣ (ɢɡɦɟɧɟɧɢɟ ɨɤɪɚɫɚ 

ɨɬ ɤɪɚɫɧɨɝɨ ɤ ɠɟɥɬɨɦɭ), ɧɟɣɬɪɚɥɶɧɵɣ ɤɪɚɫɧɵɣ (ɫɦɟɧɚ ɰɜɟɬɚ ɨɬ ɫɥɚɛɨ-ɨɪɚɧɠɟɜɨɝɨ 

ɞɨ ɪɨɡɨɜɨɝɨ) ɢ ɦ-ɤɪɟɡɨɥɨɜɵɣ ɩɭɪɩɭɪɧɵɣ [36]. 

 

1.3.1.5 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɮɥɭɨɪɟɫɰɟɧɬɧɵɯ ɡɨɧɞɨɜ 

 

Ɇɟɬɨɞ ɞɟɬɟɤɰɢɢ ɩɪɢ ɚɦɩɥɢɮɢɤɚɰɢɢ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ ɫ ɩɨɦɨɳɶɸ 

ɩɟɪɟɧɨɫɹɳɢɯ ɷɧɟɪɝɢɸ ɨɥɢɝɨɧɭɤɥɟɨɬɢɞɧɵɯ ɡɨɧɞɨɜ ɹɜɥɹɟɬɫɹ 

ɜɵɫɨɤɨɫɩɟɰɢɮɢɱɧɵɦ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɫɩɨɫɨɛɨɦ, ɧɨ ɢɦɟɸɳɢɦ ɧɟɞɨɫɬɚɬɤɢ: 

ɫɥɚɛɭɸ ɮɥɭɨɪɟɫɰɟɧɰɢɸ ɢ ɞɨɪɨɝɨɜɢɡɧɭ. ɉɟɬɥɟɜɨɣ ɡɨɧɞ ɫ ɦɟɬɤɨɣ ɩɨɞɚɜɥɟɧ ɜ ɫɜɨɟɦ 

ɧɟɫɜɹɡɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɮɥɭɨɪɟɫɰɢɪɭɟɬ ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɨɧ ɫɜɹɡɚɧ ɫɨ ɫɜɨɟɣ 

ɦɢɲɟɧɶɸ. Ɏɥɭɨɪɟɫɰɟɧɰɢɹ ɩɟɬɥɟɜɨɝɨ ɩɪɚɣɦɟɪɚ ɩɪɢ ɫɚɦɨɡɚɬɭɯɚɧɢɢ-LAMP 

(Fluorescence of Loop Primer Upon Self Dequenching-LAMP, FLOS-LAMP) 

ɩɨɡɜɨɥɹɟɬ ɞɟɬɟɤɬɢɪɨɜɚɬɶ LAMP-ɚɦɩɥɢɤɨɧɵ, ɫɩɟɰɢɮɢɱɧɵɟ ɞɥɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ⱦɚɧɧɚɹ ɪɚɡɪɚɛɨɬɤɚ ɛɵɥɚ ɫɢɧɬɟɡɢɪɨɜɚɧɚ ɞɥɹ ɛɵɫɬɪɨɝɨ 

ɨɛɧɚɪɭɠɟɧɢɹ ɜɢɪɭɫɚ ɜɟɬɪɹɧɨɣ ɨɫɩɵ ɜ ɤɥɢɧɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚɯ. FLOS-LAMP ɢɦɟɟɬ 

ɩɪɟɞɟɥ ɨɛɧɚɪɭɠɟɧɢɹ 500 ɤɨɩɢɣ ȾɇɄ-ɦɢɲɟɧɢɣ, 96,8%-ɭɸ ɞɢɚɝɧɨɫɬɢɱɟɫɤɭɸ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɢ 100%-ɭɸ ɫɩɟɰɢɮɢɱɧɨɫɬɶ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɛɨɥɶɲɢɦ 

ɞɨɫɬɢɠɟɧɢɟɦ [37]. 

 Ⱦɥɹ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɢ ɞɨɛɚɜɥɟɧɢɟɦ ɪɚɫɳɟɩɥɹɸɳɢɯɫɹ ɲɩɢɥɟɱɧɵɯ ɦɚɹɤɨɜ (cleavable 
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hairpin beacon, CHB). ɉɨɞɨɛɧɵɣ ɡɨɧɞ ɜɵɝɥɹɞɢɬ ɤɚɤ ɨɞɢɧɨɱɧɵɣ ɲɩɢɥɟɱɧɵɣ 

ɨɥɢɝɨɧɭɤɥɟɨɬɢɞ ɫ ɮɥɭɨɪɨɮɨɪɨɦ ɜ ɤɚɱɟɫɬɜɟ ɦɟɬɤɢ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɩɹɬɶ 

ɧɟɩɪɟɪɵɜɧɵɯ ɪɢɛɨɧɭɤɥɟɨɬɢɞɨɜ. ɍɱɚɫɬɨɤ ɩɟɬɥɢ ɡɨɧɞɚ CHB ɫɩɟɰɢɮɢɱɟɧ ɞɥɹ 

ɦɢɲɟɧɢ ɢ ɩɪɢ ɟɝɨ ɨɬɠɢɝɟ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɪɭɲɟɧɢɟ ɲɩɢɥɶɤɢ ɩɨ ɩɪɢɱɢɧɟ 

ɨɛɪɚɡɨɜɚɧɢɹ ɝɢɛɪɢɞɧɨɣ ɩɚɪɵ ȾɇɄ-ɊɇɄ ɜ ɪɢɛɨɧɭɤɥɟɨɬɢɞɧɵɯ ɫɚɣɬɚɯ ɡɨɧɞɚ. Ɍɚɤɚɹ 

ɤɨɧɫɬɪɭɤɰɢɹ ɩɨɡɜɨɥɹɟɬ ɫɩɟɰɢɮɢɱɧɨ ɢɧɢɰɢɢɪɨɜɚɬɶ ɚɦɩɥɢɮɢɤɚɰɢɸ ɧɭɤɥɟɢɧɨɜɨɣ 

ɤɢɫɥɨɬɵ ɢ ɢɦɟɟɬ ɫɢɥɶɧɭɸ ɮɥɭɨɪɟɫɰɟɧɰɢɸ. Ɏɨɫɮɨɞɢɷɮɢɪɧɵɟ ɫɜɹɡɢ, ɜɨɡɧɢɤɲɢɟ 

ɦɟɠɞɭ ȾɇɄ-ɊɇɄ ɩɚɪɚɦɢ, ɝɢɞɪɨɥɢɡɭɸɬɫɹ ɊɇɄɚɡɚɦɢ ɇ2, ɨɛɪɚɡɨɜɚɜ ɫɜɨɛɨɞɧɵɣ 3`-

Ɉɇ-ɤɨɧɟɰ, ɚ ɫɜɨɛɨɞɧɵɣ ɡɨɧɞ ɫɩɨɫɨɛɟɧ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɞɚɥɶɧɟɣɲɢɯ ɪɟɚɤɰɢɹɯ 

ɚɦɩɥɢɮɢɤɚɰɢɢ ɜ ɤɚɱɟɫɬɜɟ ɩɪɚɣɦɟɪɚ.  ɋɬɟɪɠɟɧɶ ɡɨɧɞɚ CHB, ɩɨɞɞɟɪɠɢɜɚɸɳɢɣ 

ɩɟɬɥɸ, ɛɨɥɶɲɟ, ɱɟɦ ɭ ɨɫɬɚɥɶɧɵɯ ɡɨɧɞɨɜ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɬɚɛɢɥɶɧɨɫɬɶ 

ɫɬɪɭɤɬɭɪɵ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɚɪɬɭɪɚɯ (60ɨ  ɋ). Ɇɟɬɨɞ CHB-LAMP ɫɨɩɨɫɬɚɜɢɦ ɩɨ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫ ɦɟɬɨɞɨɦ ɉɐɊ ɩɪɢ ɞɢɚɝɧɨɫɬɢɤɟ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ 

ɛɨɪɪɟɥɢɣ ɢɡ ɤɥɟɳɟɣ, ɜɵɡɵɜɚɸɳɢɯ ɛɨɥɟɡɧɶ Ʌɚɣɦɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɟɬɟɤɰɢɸ 

ɜɨɡɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ 

ɧɚ ɫɦɚɪɬɮɨɧ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɭɸ ɦɟɬɨɞɢɤɭ ɜ ɨɝɪɚɧɢɱɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ [38]. 

 

1.3.2 ȼɢɞɵ ɦɨɞɢɮɢɤɚɰɢɣ LAMP 

 

Ʉɚɤ ɢ ɥɸɛɨɣ ɦɟɬɨɞ ɞɢɚɝɧɨɫɬɢɤɢ LAMP ɧɚɱɢɧɚɥɢ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ ɢ 

ɦɨɞɢɮɢɰɢɪɨɜɚɬɶ. ɂɡɜɟɫɬɧɵ ɫɥɟɞɭɸɳɢɟ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɩɟɬɥɟɜɨɣ 

ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɚɦɩɥɢɮɢɤɚɰɢɢ: LAMP ɫ ɨɛɪɚɬɧɨɣ ɬɪɚɧɫɤɪɢɩɰɢɟɣ, 

ɦɭɥɶɬɢɩɥɟɤɫɧɚɹ LAMP. Ɍɚɤɠɟ ɩɟɬɥɟɜɭɸ ɚɦɩɥɢɮɢɤɚɰɢɸ ɤɨɦɛɢɧɢɪɭɸɬ ɫ 

ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ ɞɟɬɟɤɰɢɢ ɚɧɬɢɝɟɧɨɜ, ɧɚɩɪɢɦɟɪ, ɫ ɉɐɊ ɢɥɢ ɫ 

ɢɦɭɧɨɮɟɪɦɟɧɬɧɵɦ ɚɧɚɥɢɡɨɦ. 

 

1.3.2.1 LAMP ɫ ɨɛɪɚɬɧɨɣ ɬɪɚɧɫɤɪɢɩɰɢɟɣ 
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LAMP ɩɪɢɦɟɧɢɦ ɧɟ ɬɨɥɶɤɨ ɤ ȾɇɄ-ɫɨɞɟɪɠɚɳɢɦ ɦɢɲɟɧɹɦ. Ȼɥɚɝɨɞɚɪɹ 

ɮɟɪɦɟɧɬɭ ɨɛɪɚɬɧɨɣ ɬɪɚɧɫɤɪɢɩɬɚɡɵ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɣ ɦɟɬɨɞ ɤ ɊɇɄ-

ɫɨɞɟɪɠɚɳɢɦ ɜɨɡɛɭɞɢɬɟɥɹɦ ɫɨɫɦɟɫɬɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ȾɇɄ-ɩɨɥɢɦɟɪɚɡɵ [14]. 

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɰɟɫɫ ɫɢɧɬɟɡɚ ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɣ ȾɇɄ (ɤȾɇɄ) 

ɢɡ ɊɇɄ, ɚ ɡɚɬɟɦ ɩɨɥɭɱɟɧɧɚɹ ɰɟɩɨɱɤɚ ɚɦɩɥɢɮɢɰɢɪɭɟɬɫɹ ɜɬɨɪɵɦ ɮɟɪɦɟɧɬɨɦ [23]. 

Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɜɵɫɨɤɨ ɨɰɟɧɢɜɚɟɬɫɹ ɢɡ-ɡɚ ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɚɧɚɥɢɡɚ ɜ 

ɨɞɧɭ ɫɬɚɞɢɸ, ɢɧɤɭɛɢɪɭɹ ɜɫɟ ɫɨɫɬɨɜɥɹɸɳɢɟ ɪɟɚɤɰɢɢ, ɮɟɪɦɟɧɬɵ ɢ ɩɪɚɣɦɟɪɵ ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ [39]. 

 

1.3.2.2 Ɇɭɥɶɬɢɩɥɟɤɫɧɚɹ LAMP 

 

Ɉɛɧɚɪɭɠɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɝɟɧɨɜ-ɦɢɲɟɧɟɣ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɫɬɪɟɱɚɟɬɫɹ ɩɪɢ 

ɢɧɮɢɰɢɪɨɜɚɧɢɢ ɧɟɫɤɨɥɶɤɢɦɢ ɩɚɬɨɝɟɧɚɦɢ ɢɥɢ ɜ ɫɥɭɱɚɟ ɜɵɹɜɥɟɧɢɹ ɦɭɬɚɰɢɣ. Ⱦɥɹ 

ɷɤɨɧɨɦɢɢ ɪɟɚɤɬɢɜɨɜ ɢ ɛɵɫɬɪɨɝɨ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɨɥɶɡɭɸɬ 

ɦɭɥɶɬɢɩɥɟɤɫɧɭɸ LAMP (multiplex LAMP, mLAMP). ȼ ɩɪɨɛɢɪɤɭ ɞɨɛɚɜɥɹɸɬ ɜɟɫɶ 

ɧɟɨɛɯɨɞɢɦɵɣ ɧɚɛɨɪ ɩɪɚɣɦɟɪɨɜ ɞɥɹ ɚɦɩɥɢɮɢɤɚɰɢɢ ɜɫɟɯ ɢɧɬɟɪɟɫɭɸɳɢɯ 

ɮɪɚɝɦɟɧɬɨɜ [23, 40]. Ⱦɥɹ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɞɢɮɮɟɪɟɧɰɢɪɨɜɤɢ ɛɨɥɶɲɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɚɦɩɥɢɤɨɧɨɜ ɞɚɧɧɵɣ ɦɟɬɨɞ ɧɟɨɛɯɨɞɢɦɨ ɤɨɦɛɢɧɢɪɨɜɚɬɶ ɫ 

ɧɟɫɤɨɥɶɤɢɦɢ ɜɢɞɚɦɢ ɦɟɬɨɞɨɜ ɨɛɧɚɪɭɠɟɧɢɹ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ. ɇɚɩɪɢɦɟɪ, ɫ ɭɠɟ 

ɭɩɨɦɹɧɭɬɵɦ ɢɦɦɭɧɨɮɟɪɦɟɧɬɧɵɦ ɚɧɚɥɢɡɨɦ [41] ɢ ɉɐɊ [42]. 

 

1.3.2.3 ɗɥɟɤɬɪɨɧɧɚɹ LAMP 

 

ɋɭɳɟɫɬɜɭɸɬ ɷɥɟɤɬɪɨɧɧɵɟ ɢɧɬɫɪɭɦɟɧɬɵ ɞɥɹ ɨɛɥɟɝɱɟɧɢɹ ɩɪɨɰɟɫɫɚ 

ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɦɟɬɨɞɨɦ LAMP. Ɉɞɧɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ, 

ɞɢɡɚɣɧɚ ɩɪɚɣɦɟɪɨɜ [43], ɞɪɭɝɢɟ – ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɢɦɟɸɳɢɯɫɹ 

ɧɚɛɨɪɨɜ. ɉɨɫɥɟɞɧɢɣ ɜɚɪɢɚɧɬ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ, ɧɟ ɫɨɜɟɪɲɚɹ ɚɦɩɥɢɮɢɤɚɰɢɢ ɜ 

ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ, ɩɪɨɬɟɫɬɢɪɨɜɚɬɶ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɢɫɫɥɟɞɭɟɦɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ ɢ ɩɪɚɣɦɟɪɨɜ. ɗɥɟɤɬɪɨɧɧɚɹ LAMP 
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(electric LAMP, eLAMP) ɩɨɡɜɨɥɹɟɬ ɫɷɤɨɧɨɦɢɬɶ ɪɟɚɝɟɧɬɵ ɢ ɩɨɤɚɡɵɜɟɬ ɫɬɟɩɟɧɶ 

ɭɫɩɟɯɚ ɢɦɢɬɢɪɨɜɚɧɧɨɣ ɩɨɫɬɚɧɨɜɤɢ [44]. 

 

1.3.2.4 LAMP ɧɚ ɞɢɫɤɟ 

 

ID-LAMP – ɩɨɪɬɚɬɢɜɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɬɢɱɟɫɤɨɝɨ 

ɫɱɢɬɵɜɚɧɢɹ ɩɚɬɨɝɟɧɨɜ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɜ ɫɬɪɭɤɬɭɪɭ ɤɨɬɨɪɨɝɨ ɜɯɨɞɢɬ 

ɧɟɫɤɨɥɶɤɨ ɦɢɤɪɨɪɟɚɤɬɨɪɨɜ, ɜɫɬɪɨɟɧɧɵɯ ɜ ɤɨɦɩɚɤɬ-ɞɢɫɤɢ. ɗɬɨɬ ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ 

ɷɤɨɧɨɦɢɱɧɵɦ ɩɨɫɪɟɞɫɬɜɨɦ ɦɟɧɶɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ȾɇɄ-ɦɢɲɟɧɢ, ɚ ɬɚɤɠɟ 

ɫɨɩɨɫɬɚɜɢɦ ɫ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɫ ɨɛɵɱɧɵɦ ɦɟɬɨɞɨɦ LAMP. ȼɨ ɜɪɟɦɹ 

ɰɢɤɥɢɱɟɫɤɨɝɨ ɫɤɚɧɢɪɨɜɚɧɢɹ ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɢɧɤɭɛɚɰɢɢ ɩɨɥɨɠɢɬɟɥɶɧɵɟ 

ɨɛɪɚɡɰɵ ɩɨɞɚɸɬ ɨɩɬɢɱɟɫɤɢɣ ɫɢɝɧɚɥ, ɤɨɬɨɪɵɣ ɪɚɜɟɧ ɫɬɟɩɟɧɢ ɩɨɝɥɨɳɟɧɢɹ ɫɜɟɬɚ 

ɞɜɢɭɳɟɝɨɫɹ ɥɚɡɟɪɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɪɚɫɬɜɨɪɵ [45].   
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2 Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

2.1 Ɉɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɚɥɢ ɨɛɪɚɡɰɵ ȾɇɄ Borrelia burgdorferi s.l, 

ɜɵɞɟɥɟɧɧɵɟ ɢɡ ɤɥɟɳɟɣ ɢ ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɟ Ɉɦɫɤɢɦ ɇɂɂ ɩɪɢɪɨɞɧɨ-ɨɱɚɝɨɜɵɯ 

ɢɧɮɟɤɰɢɣ ɢ ɐɟɧɬɪɨɦ ɝɢɝɢɟɧɵ ɢ ɷɩɢɞɟɦɢɨɥɨɝɢɢ ɝɨɪɨɞɚ Ʉɪɚɫɧɨɹɪɫɤɚ, ɩɥɚɡɦɢɞɧɚɹ 

ȾɇɄ ɛɨɪɪɟɥɢɣ, ɜɵɞɟɥɟɧɧɚɹ ɢɡ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɤɥɟɬɨɤ E’coli ɲɬɚɦɦɚ XL1-

Blue, ɤɨɬɨɪɚɹ ɜɵɫɬɭɩɚɟɬ ɜ ɤɚɱɟɫɬɜɟ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɤɨɧɬɪɨɥɶɧɨɝɨ ɨɛɪɚɡɰɚ.  Ⱥ 

ɬɚɤɠɟ ɨɛɪɚɡɰɵ ɤɥɟɳɟɣ, ɫɨɛɪɚɧɧɵɟ ɧɚ ɥɟɫɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ Ʉɪɚɫɧɨɹɪɫɤɚ.  

Ɉɛɪɚɡɰɵ ɩɟɪɟɞ ɚɧɚɥɢɡɨɦ ɯɪɚɧɢɥɢɫɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ -20ɨ ɋ ɜ ɦɨɪɨɡɢɥɶɧɨɣ 

ɤɚɦɟɪɟ. 

 

2.2 Ɉɰɟɧɤɚ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɦɟɬɨɞɚ LAMP 

 

Ȼɵɥɢ ɜɵɩɨɥɧɟɧɵ ɩɨɫɬɚɧɨɜɤɢ 9 ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɪɚɡɜɟɞɟɧɢɣ ɩɥɚɡɦɢɞɵ ɨɬ 

207 800 ɞɨ 0,02 ɤɨɩɢɣ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ ɜ ɩɪɨɛɟ. ɋ ɩɨɦɨɳɶɸ ɤɨɥɥɟɝ ɢɡ ɂɧɫɬɢɬɭɬɚ 

ɯɢɦɢɱɟɫɤɨɣ ɛɢɨɥɨɝɢɢ ɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɦɟɞɢɰɢɧɵ ɋɢɛɢɪɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ 

ɊȺɇ ɝ. ɇɨɜɨɫɢɛɢɪɫɤɚ ɦɟɬɨɞɨɦ ɰɢɮɪɨɮɨɣ ɉɐɊ ɩɨɥɭɱɟɧɵ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ 

ɡɧɚɱɟɧɢɹ ɤɨɩɢɣ ȾɇɄ ɛɨɪɪɟɥɢɣ ɜ ɨɛɪɚɡɰɚɯ ɩɥɚɡɦɢɞ. 

ɉɪɨɢɡɜɟɞɟɧɵ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɩɨɫɬɚɧɨɜɤɢ ɪɟɚɤɰɢɣ LAMP ɢ ɉɐɊ-Ɋȼ ɧɚ 20 

ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɨɛɪɚɡɰɚɯ ȾɇɄ ɤɥɟɳɟɣ ɢ 16 ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɞɥɹ ɨɰɟɧɤɢ 

ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ (Se) ɢ ɫɩɟɰɢɮɢɱɧɨɫɬɢ (Sp) ɦɟɬɨɞɚ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɮɨɪɦɭɥ (3 ɢ 4): 

 ܵ݁ = 𝑇𝑃𝑇𝑃+𝐹𝑁 × ͳͲͲ%,                                                                                    (3) 

 

ɝɞɟ TP - ɤɨɥɢɱɟɫɬɜɨ ɢɫɬɢɧɧɨ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ;  

FN – ɤɨɥɢɱɟɫɬɜɨ ɥɨɠɧɨɨɬɪɢɰɚɬɟɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, 
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ܵ𝑝 = 𝑇𝑁𝑇𝑁+𝐹𝑃 × ͳͲͲ%,                                                                                   (4) 

ɝɞɟ TN - ɤɨɥɢɱɟɫɬɜɨ ɢɫɬɢɧɧɨ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ; 

FP – ɤɨɥɢɱɟɫɬɜɨ ɥɨɠɧɨɩɨɥɨɠɢɬɟɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

 

2.3 ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɨɞɨɦ LAMP 

 

Ɋɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ ɞɥɹ ɩɨɫɬɚɧɨɜɤɢ LAMP ɫɨɫɬɨɹɥɚ ɢɡ 4,9 ɦɤɥ ȾɇɄ 

ɛɨɪɪɟɥɢɣ, ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɚɦɩɥɢɮɢɤɚɰɢɢ: 0,8 Ɇ ɛɟɬɚɢɧɚ, 4 

mM MgCl2, 1ɏ Bsm ɛɭɮɟɪɚ, 1,4 mM ɫɦɟɫɢ ɞɟɡɨɤɫɢɧɭɤɥɟɨɬɢɞɨɜ dNTP, ɫɦɟɫɢ 

ɩɪɚɣɦɟɪɨɜ (ɩɨ 0,2 μɆ F3 ɢ B3, ɩɨ 1,6 μɆ FIP ɢ BIP ɢ ɩɨ 0,4 μɆ FL ɢ BL). ȼ 

ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɞɨɛɚɜɥɹɥɢ ȾɇɄ-ɩɨɥɢɦɟɪɚɡɭ Bsm, ɚ ɜ ɤɚɱɟɫɬɜɟ ɤɪɚɫɢɬɟɥɹ 

ɢɫɩɨɥɶɡɨɜɚɥɢ Eva-Green.  Ɋɟɚɤɰɢɸ ɩɪɨɜɨɞɢɥɢ ɩɪɢ 60ɨ ɋ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɚɦɩɥɢɮɢɤɚɬɨɪɚ Real-time CFX96 Touch (Bio-Rad, ɋɢɧɝɚɩɭɪ) ɫ ɞɟɬɟɤɰɢɟɣ 

ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ ɢɡɦɟɧɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɥɭɨɪɟɫɰɟɧɰɢɢ. ȼɫɟ ɭɫɥɨɜɢɹ ɞɥɹ 

ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ ɩɨɞɛɢɪɚɥɢɫɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ.  

 

2.4 ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɨɞɨɦ ɉɐɊ 

 

ȼ ɤɚɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ LAMP ɫɬɚɜɢɥɢ 

ɉɐɊ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɦɩɥɢɮɢɤɚɬɨɪɚ Real-time CFX96 Touch (Bio-Rad, 

ɋɢɧɝɚɩɭɪ) ɩɨ ɩɪɨɬɨɤɨɥɭ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɧɚɛɨɪɚ «ɊɟɚɥȻɟɫɬ ȾɇɄ Borrelia 

burgdorferi s.l.» (ȼɟɤɬɨɪ-Ȼɟɫɬ, Ɋɨɫɫɢɹ). Ɋɟɠɢɦ ɬɟɪɦɨɰɢɤɥɢɪɨɜɚɧɢɹ ɢɦɟɥ 

ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 50ɨ ɋ - 2 ɦɢɧɭɬɵ, 95ɨ ɋ - 2 ɦɢɧɭɬɵ, 94ɨ ɋ – 10 ɫɟɤɭɧɞ ɢ 

60ɨ ɋ – 20 ɫɟɤɭɧɞ. 

 

2.5 ɉɨɞɨɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɩɨɫɨɛɚ ɜɢɡɭɚɥɶɧɨɣ ɞɟɬɟɤɰɢɢ 

 



25 
 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɜɢɡɭɚɥɶɧɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɛɵɥɚ ɩɨɞɝɨɬɨɜɥɟɧɚ ɫɦɟɫɶ ɞɥɹ 

ɚɦɩɥɢɮɢɤɚɰɢɢ ɦɟɬɨɞɨɦ LAMP, ɧɨ ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ ɢɧɬɟɪɚɤɚɥɢɪɭɸɳɟɝɨ 

ɤɪɚɫɢɬɟɥɹ Eva-Green. ɇɟɞɨɫɬɚɸɳɢɣ ɨɛɴɟɦ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɤɨɦɩɟɧɫɢɪɨɜɚɥɢ 

ɞɟɢɨɧɢɡɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ. ɉɪɨɰɟɫɫ ɚɦɩɥɢɮɢɤɚɰɢɢ ɩɪɨɜɨɞɢɥɫɹ ɜ ɲɟɣɤɟɪ-

ɬɟɪɦɨɫɬɚɬɟ SkyLine ST-3L (ELMI , Ʌɚɬɜɢɹ) ɫ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɪɟɠɢɦɨɦ ɜ 60ɨ ɋ – 

60 ɦɢɧɭɬ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɧɚɝɪɟɜɨɦ ɞɨ 80ɨ ɋ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧɭɬ ɞɥɹ ɩɪɟɤɪɚɳɟɧɢɹ 

ɪɚɛɨɬɵ ɮɟɪɦɟɧɬɚ, ɩɨɫɥɟ ɷɬɨɝɨ ɜ ɩɪɨɛɢɪɤɢ ɞɨɛɚɜɥɹɥɫɹ 1 ɦɤɝ/ɦɤɥ 

ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɤɪɚɫɢɬɟɥɹ ɛɪɨɦɢɫɬɨɝɨ ɷɬɢɞɢɹ.  Ɉɰɟɧɤɚ ɪɟɡɭɥɶɬɚɬɨɜ 

ɩɪɨɜɨɞɢɥɚɫɶ ɤɚɤ ɩɪɢ ɞɧɟɜɧɨɦ ɨɫɜɟɳɟɧɢɢ, ɬɚɤ ɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɍɎ-ɬɪɚɧɫɢɥɥɸɦɢɧɚɬɨɪɟ Vilber Lourmat ECX-

F20.M (Vilber Lourmat, Ɏɪɚɧɰɢɹ), ɝɞɟ ɧɚɥɢɱɢɟ ɫɜɟɬɥɨ-ɪɨɡɨɜɨɝɨ ɨɤɪɚɲɢɜɚɧɢɹ ɢ 

ɢɧɬɟɧɫɢɜɧɨɝɨ ɫɜɟɱɟɧɢɹ ɨɛɪɚɡɰɨɜ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɢɫɭɬɫɬɜɢɢ ȾɇɄ ɛɨɪɪɟɥɢɣ 

ɜ ɨɛɪɚɡɰɟ, ɚ ɤɨɪɢɱɧɟɜɨɟ ɨɤɪɚɲɢɜɚɧɢɟ ɢ ɦɚɥɨɡɚɦɟɬɧɨɟ ɫɜɟɱɟɧɢɟ ɨɡɧɚɱɚɟɬ ɢɯ 

ɨɬɫɭɬɫɬɜɢɟ ɜ ɨɛɪɚɡɰɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

2.6 Ⱥɩɪɨɛɢɪɨɜɚɧɢɟ ɦɟɬɨɞɚ LAMP ɧɚ ɨɛɪɚɡɰɚɯ ɤɪɨɜɢ  
 

Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟ ɨɛɪɚɡɰɚ ɤɪɨɜɢ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧɭɬ ɧɚ 

3000 ɨɛ/ɦɢɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɢɤɪɨɰɟɧɬɪɢɮɭɝɢ Eppendorf MiniSpin (Eppendorf 

AG, Ƚɟɪɦɚɧɢɹ) ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɩɥɚɡɦɵ ɨɬ ɮɨɪɦɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɪɨɜɢ. ȼ ɩɥɚɡɦɭ 

ɤɪɨɜɢ ɞɨɛɚɜɥɹɥɢ ɩɥɚɡɦɢɞɧɭɸ ȾɇɄ ɞɨ ɤɨɧɟɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 20 780 ɢ 2 078 

ɤɨɩɢɣ ɧɚ ɩɪɨɛɭ. ɉɨɞɝɨɬɨɜɥɟɧɧɵɟ ɨɛɪɚɡɰɵ ɚɦɩɥɢɮɢɰɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ LAMP ɧɚ 

ɚɦɩɥɢɮɢɤɚɬɨɪɟ Real-time CFX96 Touch (Bio-Rad, ɋɢɧɝɚɩɭɪ), ɩɨɫɥɟ ɱɟɝɨ ɬɚɤɠɟ 

ɩɪɨɜɨɞɢɥɢ ɜɢɡɭɚɥɶɧɭɸ ɞɟɬɟɤɰɢɸ ɚɦɩɥɢɤɨɧɨɜ ɫ ɩɨɦɨɳɶɸ ɛɪɨɦɢɫɬɨɝɨ ɷɬɢɞɢɹ (1 

ɦɤɝ/ɦɤɥ) ɧɚ ɍɎ-ɬɪɚɧɫɢɥɥɸɦɢɧɚɬɨɪɟ Vilber Lourmat ECX-F20.M (Vilber Lourmat, 

Ɏɪɚɧɰɢɹ). 

 

2.7 Ⱥɩɪɨɛɢɪɨɜɚɧɢɟ ɦɟɬɨɞɚ LAMP ɧɚ ɨɛɪɚɡɰɚɯ ɤɥɟɳɟɣ ɛɟɡ ɷɬɚɩɚ 

ɜɵɞɟɥɟɧɢɹ ȾɇɄ 
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Ʉɚɠɞɵɣ ɨɛɪɚɡɟɰ ɤɥɟɳɚ ɩɨɦɟɳɟɧ ɜ ɨɬɞɟɥɶɧɭɸ ɥɭɧɤɭ ɩɥɚɧɲɟɬɚ, ɤɭɞɚ ɛɵɥɚ 

ɞɨɛɚɜɥɟɧɚ ɝɨɬɨɜɚɹ ɪɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ LAMP. Ⱥɦɩɥɢɮɢɤɚɰɢɸ ɩɪɨɜɨɞɢɥɢ ɜ 

ɲɟɣɤɟɪ-ɬɟɪɦɨɫɬɚɬɟ SkyLine ST-3L (ELMI, Ʌɚɬɜɢɹ) ɫ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɪɟɠɢɦɨɦ: 

60ɨ ɋ – 60 ɦɢɧɭɬ, 80ɨ ɋ – 10 ɦɢɧɭɬ. Ⱦɥɹ ɞɟɬɟɤɰɢɢ ɪɟɡɭɥɶɬɚɬɚ ɤ ɤɚɠɞɨɦɭ ɨɛɪɚɡɰɭ 

ɩɨɫɥɟ ɪɟɚɤɰɢɢ ɚɦɩɥɢɮɢɤɚɰɢɢ ɛɵɥ ɞɨɛɚɜɥɟɧ ɛɪɨɦɢɫɬɵɣ ɷɬɢɞɢɣ (1 ɦɤɝ/ɦɤɥ), 

ɩɥɚɧɲɟɬ ɫ ɩɪɨɛɚɦɢ ɩɨɞ ɍɎ-ɨɫɜɟɳɟɧɢɟ ɬɪɚɧɫɢɥɥɸɦɢɧɚɬɨɪɚ Vilber Lourmat ECX-

F20.M (Vilber Lourmat, Ɏɪɚɧɰɢɹ). 
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3. Ɋɟɡɭɥɶɬɚɬɵ 

3.1 Ɉɰɟɧɤɚ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ  
 

ɋ ɩɨɦɨɳɶɸ ɤɨɥɥɟɝ ɢɡ ɂɧɫɬɢɬɭɬɚ ɯɢɦɢɱɟɫɤɨɣ ɛɢɨɥɨɝɢɢ ɢ 

ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɦɟɞɢɰɢɧɵ ɋɢɛɢɪɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ ɊȺɇ ɝ. ɇɨɜɨɫɢɛɢɪɫɤɚ 

ɦɟɬɨɞɨɦ ɰɢɮɪɨɮɨɣ ɉɐɊ ɩɨɥɭɱɟɧɵ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɩɢɣ ȾɇɄ 

ɛɨɪɪɟɥɢɣ ɜ ɨɛɪɚɡɰɚɯ ɩɥɚɡɦɢɞ. ɉɪɟɞɟɥɶɧɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɦɟɬɨɞɚ LAMP 

ɫɨɫɬɚɜɢɥɚ 21 ɤɨɩɢɸ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ ɜ ɩɪɨɛɟ. 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ 36 ɩɪɨɛ ȾɇɄ ɦɟɬɨɞɨɦ LAMP ɢ 

ɉɐɊ, ɜɵɹɜɥɟɧɚ 90% ɞɢɚɝɧɨɫɬɢɱɟɫɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɧɚɣɞɟɧɚ 100% 

ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɦɟɬɨɞɚ LAMP. 

 

Ɍɚɛɥɢɰɚ 1 - ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɨɛɪɚɡɰɨɜ 

ɦɟɬɨɞɚɦɢ ɉɐɊ ɢ LAMP 

Ɋɟɡɭɥɶɬɚɬ ɬɟɫɬɢɪɨɜɚɧɢɹ ɂɫɫɥɟɞɨɜɚɧɧɵɟ ɩɪɨɛɵ 

ɉɨɥɨɠɢɬɟɥɶɧɵɣ 

ȼɫɟɝɨ ɩɪɨɛ, ɲɬ 

20 

ɢɡ ɧɢɯ ɦɟɬɨɞɨɦ ɉɐɊ ɢɡ ɧɢɯ ɦɟɬɨɞɨɦ LAMP 

20 18 

Ɉɬɪɢɰɚɬɟɥɶɧɵɣ 

ȼɫɟɝɨ ɩɪɨɛ, ɲɬ 

16 

ɢɡ ɧɢɯ ɦɟɬɨɞɨɦ ɉɐɊ ɢɡ ɧɢɯ ɦɟɬɨɞɨɦ LAMP 

16 16 
 

 

3.2 ɉɨɢɫɤ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɩɨɫɨɛɚ ɜɢɡɭɚɥɶɧɨɣ ɞɟɬɟɤɰɢɢ 

 

ȼɢɡɭɚɥɶɧɚɹ ɞɟɬɟɤɰɢɹ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɫ ɩɨɦɨɳɶɸ ɞɨɛɚɜɥɟɧɢɹ 1 ɦɤɝ/ɦɤɥ 

ɛɪɨɦɢɫɬɨɝɨ ɷɬɢɞɢɹ ɜ ɨɛɪɚɡɰɵ ɩɨɫɥɟ ɢɯ ɚɦɩɥɢɮɢɤɚɰɢɢ.  Ɋɟɡɭɥɶɬɚɬ ɦɨɠɧɨ ɭɜɢɞɟɬɶ 

ɢ ɩɪɢ ɞɧɟɜɧɨɦ ɫɜɟɬɟ ɧɚ ɪɢɫɭɧɤɟ 4, ɢ ɩɪɢ ɍɎ-ɢɡɥɭɱɟɧɢɢ ɧɚ ɪɢɫɭɧɤɟ 5.  Ɉɛɪɚɡɰɵ 

№ 1,3 ɢ 5, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɉɄɈ ɫ 2 078 ɤɨɩɢɟɣ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ ɜ ɩɪɨɛɟ, 

ɢɦɟɸɬ ɫɜɟɬɥɨ-ɪɨɡɨɜɵɣ ɨɤɪɚɫ ɩɪɢ ɞɧɟɜɧɨɦ ɫɜɟɬɟ (ɪɢɫ.4) ɢ ɹɪɤɨɟ ɫɜɟɱɟɧɢɟ ɜ ɍɎ 
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(ɪɢɫ.5), ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɨɥɨɠɢɬɟɥɶɧɨɦ ɪɟɡɭɥɶɬɚɬɟ. Ɉɛɪɚɡɰɵ № 2,4 ɢ 6, 

ɫɨɞɟɪɠɚɳɢɟ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɨɛɪɚɡɰɵ ȾɇɄ, ɨɤɪɚɲɟɧɵ ɜ ɤɨɪɢɱɧɟɜɵɣ ɰɜɟɬ (ɪɢɫ.4) 

ɢ ɢɦɟɸɬ ɫɥɚɛɨɟ ɫɜɟɱɟɧɢɟ (ɪɢɫ.5) – ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ ɞɢɚɝɧɨɫɬɢɤɢ. 

 

 

Ɋɢɫɭɧɨɤ 4 – ȼɢɡɭɚɥɶɧɚɹ ɞɟɬɟɤɰɢɹ ɨɛɪɚɡɰɨɜ ɛɪɨɦɢɫɬɵɦ ɷɬɢɞɢɟɦ ɩɪɢ ɞɧɟɜɧɨɦ ɫɜɟɬɟ: 1,3,5 – 
ɉɄɈ ɫ 2 078 ɤɨɩɢɟɣ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ ɜ ɩɪɨɛɟ; 2,4,6 – ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɨɛɪɚɡɰɵ ȾɇɄ. 
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Ɋɢɫɭɧɨɤ 5 – ȼɢɡɭɚɥɶɧɚɹ ɞɟɬɟɤɰɢɹ ɨɛɪɚɡɰɨɜ ɛɪɨɦɢɫɬɵɦ ɷɬɢɞɢɟɦ ɜ ɍɎ ɫɜɟɬɟ: 1,3,5 – 

ɉɄɈ ɫ 2 078 ɤɨɩɢɟɣ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ ɜ ɩɪɨɛɟ; 2,4,6 – ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɨɛɪɚɡɰɵ ȾɇɄ. 
 

3.3 Ⱥɩɪɨɛɚɰɢɹ ɦɟɬɨɞɚ LAMP ɧɚ ɨɛɪɚɡɰɚɯ ɤɪɨɜɢ 

 

ɇɚ ɪɢɫɭɧɤɚɯ 6 ɢ 7 ɢɡɨɛɪɚɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɟɚɤɰɢɢ LAMP ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɉɐɊ-Ɋȼ ɚɦɩɥɢɮɢɤɚɬɨɪɚ ɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɢɡɭɚɥɶɧɨɝɨ 

ɦɟɬɨɞɚ ɞɟɬɟɤɰɢɢ, ɩɨɞɪɚɡɭɦɟɜɚɸɳɟɝɨ ɞɨɛɚɜɥɟɧɢɟ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɩɨɫɥɟ 

ɚɦɩɥɢɮɢɤɚɰɢɢ 1 ɦɤɝ/ɦɤɥ ɛɪɨɦɢɫɬɨɝɨ ɷɬɢɞɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɝɞɟ ɧɚɛɥɸɞɚɟɬɫɹ 

ɩɨɥɧɨɟ ɫɨɜɩɚɞɟɧɢɟ ɩɨ ɜɫɟɦ ɢɫɫɥɟɞɭɟɦɵɦ ɩɪɨɛɚɦ. Ɉɛɪɚɡɟɰ № 4 (ɪɢɫ.6) ɫ ɧɚɢɛɨɥɟɟ 

ɪɚɧɧɢɦ ɜɪɟɦɟɧɟɦ ɧɚɱɚɥɚ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɩɪɢ ɜɢɡɭɚɥɶɧɨɣ ɞɟɬɟɤɰɢɢ ɬɚɤɠɟ ɢɦɟɟɬ 

ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɟ ɫɜɟɱɟɧɢɟ ɜ ɍɎ-ɫɩɟɤɬɪɟ ɫɪɟɞɢ ɞɪɭɝɢɯ ɩɨɥɨɠɢɬɟɥɶɧɵɯ 

ɨɛɪɚɡɰɨɜ (ɪɢɫ.7), ɩɨɫɤɨɥɶɤɭ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɜɵɫɨɤɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ 

ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ ɜ ɤɨɥɢɱɟɫɬɜɟ 2078 ɤɨɩɢɣ. Ɉɛɪɚɡɰɵ № 1 ɢ 2 ɫɨɨɬɜɟɬɫɜɭɸɬ 

ɨɛɪɚɡɰɚɦ ɫ ɪɚɜɡɟɞɟɧɧɵɦɢ ɜ ɩɥɚɡɦɟ ɤɪɨɜɢ 20780 ɢ 2078 ɤɨɩɢɣ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ 

ɜ ɩɪɨɛɟ. ȼɪɟɦɹ ɧɚɱɚɥɚ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɧɚ ɝɪɚɮɢɤɟ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɱɟɧɢɹ ɜ 

ɍɎ ɡɚɜɢɫɢɬ ɨɬ ɫɬɟɩɟɧɢ ɪɚɡɜɟɞɟɧɢɹ: ɱɟɦ ɜɵɲɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ȾɇɄ ɜ ɨɛɪɚɡɰɟ, ɬɟɦ 

ɪɚɧɶɲɟ ɩɪɨɢɫɯɨɞɢɬ ɞɟɬɟɤɰɢɹ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɬɟɦ ɹɪɱɟ ɫɜɟɱɟɧɢɟ. 
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Ɋɢɫɭɧɨɤ 6 – Ƚɪɚɮɢɤ ɚɦɩɥɢɮɢɤɚɰɢɢ ɦɟɬɨɞɨɦ LAMP ɪɚɡɜɟɞɟɧɧɵɯ ɩɥɚɡɦɢɞ ɜ ɩɥɚɡɦɟ 

ɤɪɨɜɢ: 1 – 20 780 ɤɨɩɢɣ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ ɜ ɩɪɨɛɟ ɪɚɡɜɟɞɟɧɧɵɟ ɜ ɩɥɚɡɦɟ; 2 – 2 078 ɤɨɩɢɣ 

ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ ɜ ɩɪɨɛɟ ɪɚɡɜɟɞɟɧɧɵɟ ɜ ɩɥɚɡɦɟ, 3 – ɈɄɈ (ɩɥɚɡɦɚ), 4 – ɉɄɈ (2 078 ɤɨɩɢɣ 

ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ), 5 - ɈɄɈ. 

 

 

Ɋɢɫɭɧɨɤ 7 – Ɏɨɬɨɫɧɢɦɨɤ ɜ ɍɎ ɫɜɟɬɟ ɨɛɪɚɡɰɨɜ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɛɪɨɦɢɫɬɨɝɨ ɷɬɢɞɢɹ (1 

ɦɤɝ/ɦɤɥ): 1 – 20 780 ɤɨɩɢɣ ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ ɜ ɩɪɨɛɟ ɪɚɡɜɟɞɟɧɧɵɟ ɜ ɩɥɚɡɦɟ; 2 – 2 078 ɤɨɩɢɣ 

ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ ɜ ɩɪɨɛɟ ɪɚɡɜɟɞɟɧɧɵɟ ɜ ɩɥɚɡɦɟ, 3 – ɈɄɈ (ɩɥɚɡɦɚ), 4 – ɉɄɈ (2 078 ɤɨɩɢɣ 

ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ), 5 - ɈɄɈ. 
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3.4 Ⱥɩɪɨɛɚɰɢɹ ɦɟɬɨɞɚ LAMP ɧɚ ɨɛɪɚɡɰɚɯ ɤɥɟɳɟɣ ɛɟɡ ɜɵɞɟɥɟɧɢɹ ȾɇɄ 

 

ɂɡ 6 ɨɛɪɚɡɰɨɜ ɤɥɟɳɟɣ ɩɨɫɥɟ ɚɦɩɥɢɮɢɤɚɰɢɢ ɢ ɞɨɛɚɜɥɟɧɢɹ ɛɪɨɦɢɫɬɨɝɨ 

ɷɬɢɞɢɹ ɧɚ ɪɢɫɭɧɤɟ 8 ɹɪɤɨɟ ɫɜɟɱɟɧɢɟ ɩɪɢ ɍɎ-ɢɡɥɭɱɟɧɢɢ ɧɚɛɥɸɞɚɟɬɫɹ ɭ ɬɪɟɯ 

ɨɛɪɚɡɰɨɜ № 1, 5 ɢ 6, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɚɧɧɵɟ ɨɛɪɚɡɰɵ ɫɨɞɟɪɠɚɬ ȾɇɄ ɛɨɪɪɟɥɢɣ. 

 

 

Ɋɢɫɭɧɨɤ 8 - Ɏɨɬɨɫɧɢɦɨɤ ɜ ɍɎ ɫɜɟɬɟ ɨɛɪɚɡɰɨɜ ɤɥɟɳɟɣ ɩɨɫɥɟ ɩɪɨɰɟɫɫɚ ɚɦɩɥɢɮɢɤɚɰɢɢ 
ɦɟɬɨɞɨɦ LAMP c ɞɨɛɚɜɥɟɧɢɟɦ ɛɪɨɦɢɫɬɨɝɨ ɷɬɢɞɢɹ (1 ɦɤɝ/ɦɤɥ): 1,5,6 – ɤɥɟɳɢ ɩɨɥɨɠɢɬɟɥɶɧɵɟ 

ɧɚ ɛɨɪɪɟɥɢɨɡ; 2,3,4 – ɤɥɟɳɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɧɚ ɛɨɪɪɟɥɢɨɡ; 7,8 – ɉɄɈ (2 078 ɤɨɩɢɣ 
ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ), 9 - ɈɄɈ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɛɨɬ ɛɵɥɢ ɨɩɟɪɟɞɟɥɟɧɧɵ ɫɥɟɞɭɸɳɢɟ 

ɩɚɪɦɟɬɪɵ: ɞɢɚɝɧɨɫɬɢɱɟɫɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɦɟɬɨɞɚ LAMP ɫɨɫɬɚɜɥɹɟɬ 90%, ɚ 

ɫɩɟɰɢɮɢɱɧɨɫɬɶ 100%. ɉɪɟɞɟɥɶɧɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɦɟɬɨɞɚ ɫɨɫɬɚɜɢɥɚ 21 ɤɨɩɢɸ 

ɩɥɚɡɦɢɞɧɨɣ ȾɇɄ ɜ ɩɪɨɛɟ. ȼ ɤɚɱɟɫɬɜɟ ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɤɪɚɫɢɬɟɥɹ ɞɥɹ 

ɜɢɡɭɚɥɶɧɨɣ ɞɟɬɟɤɰɢɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɵɩɨɥɧɟɧɢɹ ɬɟɫɬɚ ɜ ɦɚɥɨɨɫɧɚɳёɧɧɵɯ 

ɥɚɛɨɪɚɬɨɪɢɹɯ ɢɥɢ ɜ ɩɨɥɟɜɵɯ ɭɫɥɨɜɢɹɯ ɜɵɛɪɚɧ ɛɪɨɦɢɫɬɵɣ ɷɬɢɞɢɣ. Ɇɟɬɨɞ LAMP 

ɭɫɩɟɲɧɨ ɚɩɪɨɛɢɪɨɜɚɧ ɧɚ ɨɛɪɚɡɰɚɯ ɤɪɨɜɢ ɢ ɨɛɪɚɡɰɚɯ ɤɥɟɳɟɣ ɛɟɡ ɷɬɚɩɚ ɜɵɞɟɥɟɧɢɹ 

ȾɇɄ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɜɢɡɭɚɥɶɧɨɣ ɞɟɬɟɤɰɢɟɣ ɫ ɩɨɦɨɳɶɸ ɛɪɨɦɢɫɬɨɝɨ ɷɬɢɞɢɹ ɞɥɹ 

ɞɢɚɝɧɨɫɬɢɤɢ ɤɥɟɳɟɜɨɝɨ ɛɨɪɪɟɥɢɨɡɚ.  

Ɇɟɬɨɞ ɩɟɬɥɟɜɨɣ ɢɡɟɬɟɪɦɢɱɟɫɤɨɣ ɚɦɩɥɢɮɢɤɚɰɢɢ ɫɨɫɬɚɜɢɬ ɯɨɪɨɲɭɸ 

ɤɨɧɤɭɪɟɧɰɢɸ ɬɪɚɞɢɰɢɨɧɧɵɦ ɦɟɬɨɞɚɦ ɞɢɚɝɧɨɫɬɢɤɢ ɜ ɤɚɱɟɫɬɜɟ ɷɤɨɧɨɦɢɱɟɫɤɢ 

ɜɵɝɨɞɧɨɝɨ ɢ ɛɵɫɬɪɨɝɨ ɫɩɨɫɨɛɚ ɚɧɚɥɢɡɚ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɧɚɥɢɱɢɟ 

ɬɚɤɨɣ ɢɧɮɟɤɰɢɢ, ɤɚɤ ɢɤɫɨɞɨɜɵɣ ɤɥɟɳɟɜɨɣ ɛɨɪɪɟɥɢɨɡ.   
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