
Ɇɢɧɢɫɬɟɪɫɬɜɨ ɧɚɭɤɢ ɢ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɊɎ 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
ɂɧɫɬɢɬɭɬ ɷɤɨɥɨɝɢɢ ɢ ɝɟɨɝɪɚɮɢɢ 

Ʉɚɮɟɞɪɚ ɷɤɨɥɨɝɢɢ ɢ ɩɪɢɪɨɞɨɩɨɥɶɡɨɜɚɧɢɹ 
 
 
 
 

ɍɌȼȿɊɀȾȺɘ                      
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
_______  ɂ.ɇ. Ȼɟɡɤɨɪɨɜɚɣɧɚɹ 
    ɩɨɞɩɢɫɶ             ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  
« _____»   ________  2020 ɝ. 

 
 
 

ȼɕɉɍɋɄɇȺə ɄȼȺɅɂɎɂɄȺɐɂɈɇɇȺə ɊȺȻɈɌȺ 
 
 

ɍɫɬɨɣɱɢɜɨɫɬɶ ɷɥɨɞɟɢ ɤɚɧɚɞɫɤɨɣ ɤ ɫɨɟɞɢɧɟɧɢɹɦ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ 
 

05.03.06 – ɗɤɨɥɨɝɢɹ ɢ ɩɪɢɪɨɞɨɩɨɥɶɡɨɜɚɧɢɟ 
     05.03.06.02 

 
 
 

 
 
 
ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ         ________  ɞɨɰɟɧɬ, ɤɚɧɞ.ɛɢɨɥ.ɧɚɭɤ    Ƚ.Ⱥ. ɋɨɪɨɤɢɧɚ 
                                                                   ɩɨɞɩɢɫɶ, ɞɚɬɚ     ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ     ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
ȼɵɩɭɫɤɧɢɤ           ________                          ɇ.ȼ. Ɇɨɪɝɚɱёɜ  
                                                                    ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                       ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ          ________                                ɉ.Ⱥ. Ʉɪɚɫɧɨɩɟɪɨɜɚ 
                                                                    ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                       ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 

 
 
 
 
 
 

Ʉɪɚɫɧɨɹɪɫɤ 2020 



2 
 

ɋɈȾȿɊɀȺɇɂȿ 

 

ȼȼȿȾȿɇɂȿ ............................................................................................................ 3 

1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ............................................. Error! Bookmark not defined. 

1.1 ȼɥɢɹɧɢɟ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɧɚ ɦɚɤɪɨɮɢɬɨɜError! Bookmark not defined. 

1.2 ȼɨɡɞɟɣɫɬɜɢɟ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚError! Bookmark not 

1.3 Ɍɟɪɦɨɢɧɞɭɰɢɪɨɜɚɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɧɭɥɟɜɨɝɨ ɭɪɨɜɧɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢError! Bookmar

2 Ɉɛɴɟɤɬ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ..................... Error! Bookmark not defined. 

2.1 Ȼɢɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɷɥɨɞɟɢ ɤɚɧɚɞɫɤɨɣ (Elodea Canadensis)Error! Bookm

2.2 ȼɥɢɹɧɢɟ ɷɥɨɞɟɢ ɤɚɧɚɞɫɤɨɣ ɧɚ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɜɨɞɵError! Bookmark not defin

2.3 Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ...................................... Error! Bookmark not defined. 

2.3.1 Ɋɟɝɢɫɬɪɚɰɢɹ ɬɟɪɦɨɢɧɞɭɰɢɪɨɜɚɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɧɭɥɟɜɨɝɨ ɭɪɨɜɧɹ 
ɮɥɭɨɪɟɫɰɟɧɰɢɢ ............................................... Error! Bookmark not defined. 

2.3.2 Ɋɟɝɢɫɬɪɚɰɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɡɚɦɟɞɥɟɧɧɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ .... Error! 
Bookmark not defined. 

3 Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ .............................. Error! Bookmark not defined. 

3.1 ȼɥɢɹɧɢɟ ɢɨɧɨɜ ɦɟɞɢ ɧɚ ɩɪɢɪɨɫɬ ɛɢɨɦɚɫɫɵ ɷɥɨɞɟɢ ɤɚɧɚɞɫɤɨɣError! Bookmark not

3.2 ȼɥɢɹɧɢɟ ɢɨɧɨɜ ɦɟɞɢ ɧɚ ɬɟɪɦɨɢɧɞɭɰɢɪɨɜɚɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɧɭɥɟɜɨɝɨ 

ɭɪɨɜɧɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɷɥɨɞɟɢ ɤɚɧɚɞɫɤɨɣ ...... Error! Bookmark not defined. 

3.3 ɈɉɁɎ ................................................................ Error! Bookmark not defined. 

3.4 ɌɂɇɍɎ ............................................................. Error! Bookmark not defined. 

ɁȺɄɅɘɑȿɇɂȿ ...................................................................................................... 5 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ .............................................. 6 

 

 

 

 

 



3 
 

 

ȼȼȿȾȿɇɂȿ 

 

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɜɵɪɚɠɟɧɧɨɝɨ ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɫɬɨɱɧɵɟ ɜɨɞɵ ɜɵɛɪɚɫɵɜɚɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɨɬɯɨɞɨɜ (ɩɪɨɦɵɲɥɟɧɧɵɯ, ɛɵɬɨɜɵɯ ɢ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ), ɫɨɞɟɪɠɚɳɢɯ 

ɪɚɡɥɢɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ (ɌɆ), ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ 

ɬɨɤɫɢɱɧɵɦɢ. ɉɨɫɬɭɩɚɸɳɢɟ ɡɚɝɪɹɡɧɟɧɢɹ ɢɡ ɜɨɡɞɭɯɚ ɩɨɩɚɞɚɸɬ ɧɚ ɩɨɱɜɟɧɧɵɣ 

ɩɨɤɪɨɜ, ɩɨɫɬɭɩɚɸɬ ɜ ɜɨɞɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɝɞɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɢɝɪɚɰɢɢ 

ɚɤɤɭɦɭɥɢɪɭɸɬɫɹ ɢ ɦɨɝɭɬ ɩɨɫɬɭɩɚɬɶ ɩɨ ɬɪɨɮɢɱɟɫɤɨɣ ɰɟɩɢ ɜ ɪɚɡɥɢɱɧɵɟ 

ɤɨɦɩɨɧɟɧɬɵ ɛɢɨɬɵ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɯ ɫɨɞɟɪɠɚɧɢɟ ɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ 

ɡɚɱɚɫɬɭɸ ɩɪɟɜɵɲɚɟɬ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ. 

Ȼɟɡɭɫɥɨɜɧɨ, ɦɧɨɝɢɟ ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ ɜ ɦɚɥɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɹɜɥɹɸɬɫɹ 

ɧɟɨɛɯɨɞɢɦɵɦɢ ɞɥɹ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ ɦɢɤɪɨɷɥɟɦɟɧɬɚɦɢ, ɧɨ ɜ ɛɨɥɶɲɨɦ 

ɤɨɥɢɱɟɫɬɜɟ ɨɧɢ ɹɜɥɹɸɬɫɹ ɬɨɤɫɢɱɧɵɦɢ [1]. 

Ɂɚɦɟɞɥɟɧɢɟ ɪɨɫɬɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɨɛɳɢɦ ɩɪɨɹɜɥɟɧɢɟɦ ɬɨɤɫɢɱɧɨɫɬɢ 

ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɞɥɹ ɪɚɫɬɟɧɢɣ, ɱɬɨ ɫɜɹɡɚɧɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫ ɢɯ ɩɪɹɦɵɦ 

ɞɟɣɫɬɜɢɟɦ ɧɚ ɞɟɥɟɧɢɟ ɢ ɪɚɫɬɹɠɟɧɢɟ ɤɥɟɬɨɤ. Ɏɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ 

(ɎɋȺ) ɪɚɫɬɟɧɢɣ ɢ ɫɚɦ ɩɪɨɰɟɫɫ ɮɨɬɨɫɢɧɬɟɡɚ ɨɱɟɧɶ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ 

ɩɨɜɵɲɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ, ɱɬɨ 

ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɧɚɪɭɲɟɧɢɢ ɦɧɨɝɢɯ ɩɚɪɚɦɟɬɪɨɜ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɎɋȺ. 

ɋɧɢɠɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮɨɬɨɫɢɧɬɟɡɚ ɭ ɪɚɫɬɟɧɢɣ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɹɠɟɥɵɯ 

ɦɟɬɚɥɥɨɜ, ɫɜɹɡɚɧɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫ ɢɯ ɧɟɝɚɬɢɜɧɵɦ ɜɥɢɹɧɢɟɦ ɧɚ 

ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɢɟ ɩɢɝɦɟɧɬɵ. ȼ ɩɪɢɫɭɬɫɬɜɢɢ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɰɟɥɨɝɨ 

ɪɹɞɚ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ (Cd, Cu, Ni, Pb, Zn ɢ ɞɪ.) ɨɛɧɚɪɭɠɟɧɨ ɫɧɢɠɟɧɢɟ 

ɫɨɞɟɪɠɚɧɢɹ ɯɥɨɪɨɮɢɥɥɨɜ “a” ɢ “b”. ɉɪɢ ɷɬɨɦ ɧɚ ɥɢɫɬɶɹɯ ɪɚɫɬɟɧɢɣ 

ɧɚɛɥɸɞɚɸɬɫɹ ɯɨɪɨɲɨ ɜɵɪɚɠɟɧɧɵɟ ɯɥɨɪɨɡɵ [2]. Ƚɥɚɜɧɨɣ ɩɪɢɱɢɧɨɣ ɫɧɢɠɟɧɢɹ 

ɫɨɞɟɪɠɚɧɢɹ ɡɟɥɟɧɵɯ ɩɢɝɦɟɧɬɨɜ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɹɜɥɹɟɬɫɹ 

ɩɨɞɚɜɥɟɧɢɟ ɛɢɨɫɢɧɬɟɡɚ ɯɥɨɪɨɮɢɥɥɚ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɷɬɨ ɫɜɹɡɚɧɨ ɫ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɞɟɣɫɬɜɢɟɦ ɦɟɬɚɥɥɨɜ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɮɟɪɦɟɧɬɨɜ ɛɢɨɫɢɧɬɟɡɚ. 
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ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɧɚɪɭɲɟɧɢɟ ɛɢɨɫɢɧɬɟɡɚ ɯɥɨɪɨɮɢɥɥɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ Cd, Cu ɢ 

Zn ɦɨɠɟɬ ɛɵɬɶ ɜɵɡɜɚɧɨ ɜɵɬɟɫɧɟɧɢɟɦ ɷɬɢɦɢ ɢɨɧɚɦɢ ɢɨɧɚ Mg2+ ɢɡ ɦɨɥɟɤɭɥɵ 

ɯɥɨɪɨɮɢɥɥɚ. 

ɇɚ ɤɚɮɟɞɪɟ ɩɪɨɜɨɞɢɥɢɫɶ ɪɚɛɨɬɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ 

ɪɟɝɢɫɬɪɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɡɚɦɟɞɥɟɧɧɨɣ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (ɁɎ) ɢ 

ɬɟɪɦɨɢɧɞɭɰɢɪɨɜɚɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɧɭɥɟɜɨɝɨ ɭɪɨɜɧɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ (ɌɂɇɍɎ) 

ɷɥɨɞɟɢ ɤɚɧɚɞɫɤɨɣ (Elodea Canadensis). Ɇɟɬɨɞ ɪɟɝɢɫɬɪɚɰɢɢ ɌɂɇɍɎ ɯɨɪɨɲɨ 

ɡɚɪɟɤɨɦɟɧɞɨɜɚɥ ɫɟɛɹ ɩɪɢ ɛɢɨɢɧɞɢɤɚɰɢɢ ɜ ɧɚɡɟɦɧɵɯ ɫɢɫɬɟɦɚɯ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɢɧɚɦɢɤɢ ɫɨɫɬɨɹɧɢɹ ɡɢɦɧɟɝɨ ɩɨɤɨɹ [3] ɤɚɤ ɩɪɢ ɪɚɡɧɵɯ 

ɭɪɨɜɧɹɯ ɚɬɦɨɫɮɟɪɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ [4, 5] ɬɚɤ ɢ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɜɢɞɨɜɨɣ 

ɫɩɟɰɢɮɢɤɢ ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɪɚɫɬɟɧɢɹ [6, 7].  

ɂɡɭɱɟɧɢɟ ɬɟɪɦɨɢɧɞɭɰɢɪɨɜɚɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɧɭɥɟɜɨɝɨ ɭɪɨɜɧɹ 

ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɞɥɹ ɷɥɨɞɟɢ ɤɚɧɚɞɫɤɨɣ ɪɚɧɟɟ ɧɟ ɩɪɨɜɨɞɢɥɨɫɶ. 

 

ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɷɥɨɞɟɢ 

ɤɚɧɚɞɫɤɨɣ (Elodea Canadensis) ɤ ɫɨɟɞɢɧɟɧɢɹɦ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɧɚ ɩɪɢɦɟɪɟ 

ɢɨɧɨɜ ɦɟɞɢ, ɤɚɞɦɢɹ ɢ ɰɢɧɤɚ. 

 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ 

ɡɚɞɚɱɢ: 

1) ɨɩɪɟɞɟɥɟɧɢɟ ɧɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɨɣ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɵ ɞɥɹ 

ɬɟɫɬ-ɨɛɴɟɤɬɚ; 

2) ɪɟɝɢɫɬɪɚɰɢɹ ɞɢɧɚɦɢɤɢ ɤɪɢɜɵɯ ɬɟɪɦɨɢɧɞɭɰɢɪɨɜɚɧɧɵɯ ɢɡɦɟɧɟɧɢɣ 

ɧɭɥɟɜɨɝɨ ɭɪɨɜɧɹ ɮɥɭɨɪɟɫɰɟɧɰɢɢ ɷɥɨɞɟɢ ɤɚɧɚɞɫɤɨɣ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɪɚɡɧɵɯ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ; 

3) ɨɩɪɟɞɟɥɟɧɢɟ ɜɥɢɹɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɧɚ 

ɈɉɁɎ ɢ ɬɟɪɦɨɭɫɬɨɣɱɢɜɨɫɬɶ; 

4) ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɢ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɫɨɛɪɚɧɧɵɯ 

ɞɚɧɧɵɯ; 
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5) ɮɢɤɫɚɰɢɹ ɢɡɦɟɧɟɧɢɹ ɛɢɨɦɚɫɫɵ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɢɨɧɨɜ ɦɟɞɢ 



6 
 

ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɢ ɫɞɟɥɚɧɵ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

1. ɉɪɢ ɜɧɟɫɟɧɢɢ ɢɨɧɨɜ ɦɟɞɢ ɜ ɪɚɫɬɜɨɪ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 20 ɢ 40 ɉȾɄ 

ɧɚɛɥɸɞɚɥɨɫɶ ɭɜɟɥɢɱɟɧɢɟ ɩɪɢɪɨɫɬɚ ɛɢɨɦɚɫɫɵ ɷɥɨɞɟɢ ɤɚɧɚɞɫɤɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɤɨɧɬɪɨɥɹ. ɋɧɢɠɟɧɢɟ ɩɪɢɪɨɫɬɚ ɛɢɨɦɚɫɫɵ ɷɥɨɞɟɢ ɤɚɧɚɞɫɤɨɣ ɩɪɢ ɢɡɭɱɟɧɧɵɯ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɧɟ ɡɚɮɢɤɫɢɪɨɜɚɧɨ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɟɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ 

ɢɨɧɚɦ ɦɟɞɢ ɜ ɪɚɫɬɜɨɪɟ. 

2. Ɋɨɫɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɟɥɢɱɢɧɵ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɦɚɤɫɢɦɭɦɚ (R1) 

ɧɚ ɤɪɢɜɵɯ ɌɂɇɍɎ ɷɥɨɞɟɢ ɤɚɧɚɞɫɤɨɣ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɹ, 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɬɢɦɭɥɢɪɭɸɳɟɦ ɞɟɣɫɬɜɢɢ ɢɨɧɨɜ ɦɟɞɢ ɧɚ ɚɤɬɢɜɧɨɫɬɶ 

ɯɥɨɪɨɮɢɥɥ-ɛɟɥɤɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ Ɏɋ2 ɩɪɢ ɢɡɭɱɟɧɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɜ 

ɬɟɱɟɧɢɟ ɩɟɪɢɨɞɚ ɧɚɛɥɸɞɟɧɢɹ. 

3. ɍɜɟɥɢɱɟɧɢɟ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɢɤɚ ɧɚ ɤɪɢɜɵɯ ɌɂɇɍɎ, 

ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɜɟɥɢɱɢɧɵ ɫɨɨɬɧɨɲɟɧɢɹ ɧɢɡɤɨ- ɢ 

ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɦɚɤɫɢɦɭɦɨɜ (R2), ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɛɨɥɟɟ ɛɵɫɬɪɨɦ ɪɨɫɬɟ 

ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɢɤɚ. 

4. Ɉɬɦɟɱɟɧɚ ɬɟɧɞɟɧɰɢɹ ɫɦɟɳɟɧɢɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɦɚɤɫɢɦɭɦɚ ɜ 

ɨɛɥɚɫɬɶ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɩɨɜɵɲɟɧɢɢ 

ɬɟɪɦɨɭɫɬɨɣɱɢɜɨɫɬɢ ɷɥɨɞɟɢ. 
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