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ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʠʥʪʝʟʫ ʨʷʜʘ ʩʦʝʜʠʥʝʥʠʡ, ʚʢʣʶʯʘʶɦ ʠʭ N-ʟʘʤʝ-

ʱʝʥʥʫʶ ʧʠʧʝʨʘʟʠʥʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʷʚʣʷʶʱʫʶʩʷ ʚʘʞʥʳʤ ʬʘʨʤʘʢʦʬʦʨʥʳʤ ʬʨʘʛʤʝʥʪʦʤ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʧʨʝʜʣʦ-

ʞʝʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʜʠʟʘʡʥʘ. 

ʇʨʦʠʟʚʦʜʥʳʝ N,N-ʜʠʟʘʤʝʱʝʥʥʦʛʦ ʧʠʧʝʨʘ-

ʟʠʥʘ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʠʭ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚ ʘʨʪʨʠʪʘ 

[1], ʘʥʪʠʨʝʚʤʘʪʠʯʝʩʢʠʭ [1] ʘʛʝʥʪʦʚ, ʘʥʪʘʛʦʥʠʩʪʦʚ 

ʛʦʨʤʦʥʘ ʚʳʧʫʩʢʘ ʛʦʥʘʜʦʪʨʦʧʠʥʘ [2], ʘʥʪʠʨʘʢʦʚʳʭ 

ʧʨʝʧʘʨʘʪʦʚ [3], ʠʥʛʠʙʠʪʦʨʦʚ ʛʦʨʤʦʥ-ʟʘʚʠʩʠʤʦʡ 

ʣʠʧʘʟʳ (HSL) [4,5], ʘʥʪʘʛʦʥʠʩʪʦʚ ʪʨʦʤʙ-ʘʢʪʠ-

ʚʠʨʫʶʱʝʛʦ ʬʘʢʪʦʨʘ [6], ʘʥʪʘʛʦʥʠʩʪʦʚ ʩʝʨʦʪʦʥʠ-

ʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ [7], ʙʘʢʪʝʨʠʮʠʜʦʚ ʠ ʬʫʥʛʠʮʠ-

ʜʦʚ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷ [8,9], ʘʥʪʘʛʦʥʠ-

ʩʪʦʚ ʨʝʮʝʧʪʦʨʦʚ CCR-1 [10]. ʊʘʢʞʝ ʦʥʠ ʙʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ʜʣʷ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʳʟʚʘʥʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʥʝʨʚʦʚ [11,12], ʙʦʣʝʟʥʠ ʇʘʨʢʠʥ-

ʩʦʥʘ [13], ɺʀʏ [14], ʘʣʣʝʨʛʠʠ [15,16], ʚʦʩʧʘʣʝʥʠʡ 

[1,15], ʟʘʙʦʣʝʚʘʥʠʡ ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ [17], ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʢʨʦʚʷʥʦʛʦ ʜʘʚʣʝʥʠʷ[18,19]. 

ʕʪʠ ʜʘʥʥʳʝ ʦʧʨʝʜʝʣʠʣʠ ʥʘʰ ʠʥʪʝʨʝʩ ʢ ʭʠ-

ʤʠʠ ʤʦʥʦ-N-ʟʘʤʝʱʝʥʥʳʭ ʧʠʧʝʨʘʟʠʥʦʚ. ʅʘʤʠ ʙʳʣʘ 

ʚrʙʨʘʥʘ ʩʣʝʜʫʶʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʩʦʝʜʠʥʝʥʠʡ 

ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ:  
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ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ N-Boc-ʧʠʧʝʨʘʟʠʥ ʠ ʢʘʨʙʦʥʠʣʴʥʳʝ ʩʦ-

ʝʜʠʥʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʈʝʘʢʮʠʷ ʧʨʦ-

ʚʦʜʠʣʘʩʴ ʧʨʠ 30-40 ʉ ʩ ʚʳʭʦʜʦʤ 50-70 %. 

ʉʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʩʣʝ-

ʜʦʚʘʥʦ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʳʭ ʦʜʥʦ- ʠ ʜʚʫʤʝʨʥʳʭ 
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ʤʝʪʦʜʠʢ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 
1
H ʠ 

13
ʉ. ʉʠʛʥʘʣʳ 

ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʜʚʫʤʝʨʥʳʭ ʩʧʝʢ-

ʪʨʦʚ COSY, HSQC ʠ HMBC ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠ-

ʮʝ. 

ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʚʝ-

ʜʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ PASS [20-23] ʠ ʧʘ-

ʢʝʪʘ ʧʨʦʛʨʘʤʤ CHEM- X [24-26]. ʍʠʤʠʯʝʩʢʠʝ ʥʘ-

ʟʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʧʦ ʧʨʘʚʠʣʘʤ ʀʖʇɸʂ ʩ ʧʦʤʦ-

ʱʴʶ ʧʨʦʛʨʘʤʤʳ ACD Labs. 
ʊʘʙʣʠʮʘ 

ʉʧʝʢʪʨʳ ʗʄʈ ʩʦʝʜʠʥʝʥʠʡ 8 ï 13 

Table. The NMR spectra of the compounds 8-13 

ʇʨʦʪʦʥʳ 
ʉʦʝʜʠʥʝʥʠʝ ɸʪʦʤʳ 

ʫʛʣʝʨʦʜʘ 

ʉʦʝʜʠʥʝʥʠʝ 

8 9 10 11 12 13 8 9 10 11 12 13 

1 4,08 9,91 9,92 9,84 9,95 9,91 1 - - - - - - 

2 3,34 3,44 3,48 3,43 3,50 3,45 2 41,5 39,6 39,7 39,8 39,9 39,3 

3 3,27 3,31 3,29 3,39 
3,56  

3,43 

3,46  

3,27 
3 48,7 47,1 47,1 47,7 43,7 47,1 

4 4,08 12,08 12,33 12,31 11,91 12,33 4 - - - - - - 

5 4,38 4,31 4,37 4,42 3,21 4,38 5 56,5 53,0 57,8 58,3 63,9 57,5 

6 
- 

- - - 3,21 - 6 131,4 122,0 156,5 129,6 63,9 125,5 

7 8,96 - 7,06 - 
2,08  

1,44 
7,72 7 144,8 148,0 118,6 125,4 25,4 133,9 

8 8,83 - 7,40 7,74 
1,81  

1,26 
7,29 8 143,8 152,2 130,0 133,1 24,0 115,6 

9 8,02 7,16 7,16 7,38 
1,59  

1,07 
- 9 127,7 124,3 123,5 131,5 24,3 162,7 

10 8,63 7,14 - 7,48   10 148,1 114,7 156,1 128,2   

11  7,27 7,45 7,92   11  124,1 126,4 133,7   

12  3,83 -    12  60,7 131.0    

13  3,80 7,38    13  55,8 121,6    

14   7,47    14   130,3    

15   7,06    15   119,4    
 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ʉʧʝʢʪʨʳ ʗʄʈ 
1
H ʠ 

13
ʉ ʩʥʠʤʘʣʠʩʴ ʥʘ ʧʨʠ-

ʙʦʨʝ DRX-500 ʬʠʨʤʳ Bruker ʩ ʨʘʙʦʯʠʤʠ ʯʘʩʪʦʪʘʤʠ 

500,13 ʄɻʮ ʠ 125,76 ʄɻʮ, ʜʣʷ ʧʨʦʪʦʥʦʚ ʠ ʷʜʝʨ 
13
ʉ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ ʧʨʠ 30 ʉ. 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʧʦ ʩʪʘʥʜʘʨʪ-

ʥʳʤ ʤʝʪʦʜʠʢʘʤ ʬʠʨʤʳ Bruker. ɼʚʫʤʝʨʥʳʝ ʩʧʝʢ-

ʪʨʳ HSQC ʠ HMBC ʩʥʠʤʘʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʛʨʘʜʠʝʥʪʥʦʡ ʤʝʪʦʜʠʢʠ. ʄʘʩʩ-ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠ-

ʨʦʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ SSQ-710 (Finigan MAT) 

ʧʨʠ ʵʥʝʨʛʠʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 70 ʵɺ. 

ʆʙʱʘʷ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ N-ʤʦʥʦ-

ʟʘʤʝʱʝʥʥʳʭ ʧʠʧʝʨʘʟʠʥʦʚ. ʂ ʨʘʩʪʚʦʨʫ 50 ʤʤʦʣʴ 
N-Boc-ʧʠʧʝʨʘʟʠʥʘ ʚ 100 ʤʣ ʭʣʦʨʠʩʪʦʛʦ ʤʝʪʠʣʝʥʘ 

ʧʨʠʙʘʚʣʷʶʪ 50 ʤʤʦʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʣʴʜʝʛʠ-

ʜʘ ʠʣʠ ʢʝʪʦʥʘ ʠ 55 ʤʤʦʣʴ ʪʨʠʘʮʝʪʦʢʩʠʙʦʨʛʠʜʨʠʜʘ 

ʥʘʪʨʠʷ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʶʪ ʧʨʠ 

30-40 ʉ ʜʦ ʦʢʦʥʯʘʥʠʷ ʨʝʘʢʮʠʠ (ʢʦʥʪʨʦʣʴ ʊʉʍ), 

ʟʘʪʝʤ ʜʦʙʘʚʣʷʶʪ 200 ʤʤʦʣʴ ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ ʢʠ-

ʩʣʦʪʳ (ʊʌʋʂ) ʠ ʧʝʨʝʤʝʰʠʚʘʶʪ ʧʨʠ 30-40 ʉ ʜʦ 

ʦʢʦʥʯʘʥʠʷ ʛʘʟʦʚʳʜʝʣʝʥʠʷ. ʋʧʘʨʠʚʘʶʪ ʨʘʩʪʚʦʨʠ-

ʪʝʣʴ, ʚʳʜʝʣʷʶʪ ʧʨʦʜʫʢʪ ʚ ʚʠʜʝ ʪʨʠʬʪʦʨʘʮʝʪʘʪʘ,

ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʝʚʨʘʱʘʶʪ ʝʛʦ ʚ ʬʘʨʤʘʢʦʣʦʛʠʯʝ-

ʩʢʠ ʧʝʨʝʥʦʩʠʤʳʝ ʩʦʣʠ (ʛʠʜʨʦʭʣʦʨʠʜʳ). 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʙʳʣʠ ʧʦʣʫʯʝ-

ʥʳ ʩʣʝʜʫʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ: 

1-(3-ʇʠʨʠʜʠʥʠʣʤʝʪʠʣ)ʧʠʧʝʨʘʟʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜ 

(8). ɺr ʭʦʜ 50 %. ʅʘʡʜʝʥʦ, %: C 42,63; H 6.4;  

Cl 38,05; N 14,47. ɺrʯʠʩʣʝʥʦ, %: C 41,90; H 6,33; 

Cl 37,11; N 14,66. 

1-(2,3-ɼʠʤʝʪʦʢʩʠʙʝʥʟʠʣ)ʧʠʧʝʨʘʟʠʥʘ ʛʠʜʨʦʭʣʦ-

ʨʠʜ (9). ɺʳʭʦʜ 57 %. ʅʘʡʜʝʥʦ, %: C 49,00; H 7.5; 

Cl 22,74; N 8,51. ɺrʯʠʩʣʝʥʦ, %: C 50,49; H 7,17;  

Cl 22,93; N 9,06; O 10,35. 

1-(3-ʌʝʥʦʢʩʠʙʝʥʟʠʣ)ʧʠʧʝʨʘʟʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜ 

(10). ɺʳʭʦʜ 60 %.  ʅʘʡʜʝʥʦ, %: C 60.73; H 6,67;  

Cl 21,24; N 8,19. ɺrʯʠʩʣʝʥʦ, %: C 59,83; H 6,50;  

Cl 20,78; N 8,21; O 4,69. 

1-(2-ɹʨʦʤʦʙʝʥʟʠʣ)ʧʠʧʝʨʘʟʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜ 

(11). ɺʳʭʦʜ 61 %. ʅʘʡʜʝʥʦ, %: C 39,79; H 5,41;  

Cl 21,96; N 8,29. ɺʯrʠʩʣʝʥʦ, %: C 40,27; H 5,22; 

Br 24,35; Cl 21,61; N 8,54. 

1-ʎʠʢʣʦʛʝʢʩʠʣʧʠʧʝʨʘʟʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜ (12). 

ɺʳʭʦʜ 64 %. ʅʘʡʜʝʥʦ, %: C 48.65; H 9,44;  

Cl 29,67; N 11,23. ɺʳʯʠʩʣʝʥʦ, %: C 49,80; H 9.19; 

Cl 29,40; N 11,61.  
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1-(4-ʌʪʦʨʦʙʝʥʟʠʣ)ʧʠʧʝʨʘʟʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜ (13). 

ɺʳʭʦʜ 70 %. ʅʘʡʜʝʥʦ, %: C 50,36; H 6.46;  

Cl 27,34; N 10,42. ɺʳʯʠʩʣʝʥʦ, %: C 50.36; H 6.46; 

Cl 27,34; N 10.42. 

ʃʀʊɽʈɸʊʋʈɸ 

1. JP  2004277337 CA 141:325708 

2. WO 2004018480 CA 140:235695   

3. WO 2003087066  CA 139:337992 

4. WO 2003051842  CA 139:69057  

5. WO 2003051841 CA 139:69056     

6. ES  2024991 CA 117:151020    

7. WO  2003031436  CA 138:304309   

8. JP  04346904  CA 118:118949 

9. US  6214994  CA 134:280861 

10. WO  2004037796  CA 140:391295 

11. US 2004034019 CA 140:199333   

12. WO 2001058891 CA 135:166844   

13. WO 2003028732 CA 138:304303   

14. WO 2001025200 CA 134:295739     

15. WO  2000034278 CA 133:43529   

16. WO  2002072570 CA 137:247716   

17. WO  9531431 CA 124:202286 

18. JP  60204763 CA 104:129927   

19. US  4421753 CA 100:139150   

20. ʌʠʣʠʤʦʥʦʚ ɼ.ɸ. ʠ ʜʨ. // ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʢʣʠʥʠʯʝ-

ʩʢʘʷ ʬʘʨʤʘʢʦʣʦʛʠʷ. 1995. C. 56. 

21. Poroikov V.V., Filimonov D.A. // The Abstracts of 10th 

European Symposium of Structure-Activity Relationships: 

QSAR and Molecular Modelling, Barcelona (Spain). 1994. A 

136. 

22. Shilova E.V., Filimonov D.A., Poroikov V.V.// Abstracts of 

the Conference "Design of Bio-active Compounds: Possibili-

ties for Industrial Applications", Potsdam, 4-7 September. 

1995. 

23. ʉʝʤʝʥʦʚ ɹ.ɹ. ɸʚʪʦʨʝʬ. ʜʠʩ. é ʢ-ʪʘ ʭʠʤ. ʥʘʫʢ. ʄʦʩʢʚʘ. 

2002. 

24. Journal of Molecular Graphics. 1996. 14 (6). 385-386. 

25. Journal of Molecular Graphics. 1996. 14 (6). 386. 

26. Lanaras T. et al. // Toxicon. 1991. 29 (7). 901-906. 

 

 

ʍʠʤʠʢʦ-ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

 

 

 

 

 

 

 

 

 

 

 

ʋɼʂ 547.754.83 

ɽ.ʉ. ʉʝʤʠʯʝʥʢʦ, ɽ.ɺ. ʈʦʦʪ, ɻ.ɸ. ʉʫʙʦʯ 

ʉʀʅʊɽɿ 3,5-ɼʀʄɽʊʀʃ-4-ɸʄʀʅʆ- -ʂɸʈɹʆʃʀʅɸ ʀ ɽɻʆ ʉɺʆʁʉʊɺɸ 

(ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

E=mail: pavlov@sibstu.kts.ru 

ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 3,5-ʜʠʤʝʪʠʣ-4-ʥʠʪʨʦʟʦ-Ŭ-ʢʘʨʙʦʣʠʥʘ ʠ 3,5-ʜʠʤʝʪʠʣ-(2-ʭʣʦʨ-

ʬʝʥʠʣʘʟʦ)-Ŭ-ʢʘʨʙʦʣʠʥʘ ʧʦʣʫʯʝʥ 3,5-ʜʠʤʝʪʠʣ-4-ʘʤʠʥʦ-Ŭ-ʢʘʨʙʦʣʠʥ, ʜʠʘʟʦʪʠʨʦʚʘʥʠʝ ʠ ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʝ ʅ3ʈʆ2 ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ 3,5-ʜʠʤʝʪʠʣ-Ŭ-ʢʘʨʙʦʣʠʥʫ. ɸʤʠʥʦʛʨʫʧʧʘ 

 ʚ 3,5-ʜʠʤʝʪʠʣ ï4-ʘʤʠʥʦ-Ŭ-ʢʘʨʙʦʣʠʥʝ ʯʝʨʝʟ ʜʠʘʟʦʪʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥʘ ʥʘ 

ʛʘʣʦʛʝʥʳ. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [1], ʯʪʦ 2-

ʘʤʠʥʦʠʥʜʦʣ ʚ ʧʠʨʠʜʠʥʝ ʚʩʪʫʧʘʝʪ ʚ ʮʠʢʣʦʢʦʥʜʝʥ-

ʩʘʮʠʶ ʩ 3-ʛʠʜʨʦʢʩʠʠʤʠʥʦ-2,4-ʧʝʥʪʘʥʜʠʦʥʦʤ ʠ 3-

ʬʝʥʠʣʛʠʜʨʘʟʦʥʦʤ 2,3,4-ʧʝʥʪʘʥʪʨʠʦʥʘ ʩ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ 3,5-ʜʠʤʝʪʠʣ-4-ʥʠʪʨʦʟʦ-Ŭ-ʢʘʨʙʦʣʠʥʘ (I) ʠ 3,5-

ʜʠʤʝʪʠʣ-4-ʬʝʥʠʣʘʟʦ-Ŭ-ʢʘʨʙʦʣʠʥʘ (II), ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ, ʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʠʨʠʤʠʜʦ[1,2-Ŭ]ʠʥʜʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨ  r(III, IV ) ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ: 
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ʅʘʤʠ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʘʤʝʱʝʥʥʳʭ 4-ʘʨʠʣʘʟʦ- ʠ 4-ʥʠʪʨʦʟʦ-Ŭ-ʢʘʨʙʦʣʠʥʦʚ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʛʦ ʨʘʥʝʝ 3,5-ʜʠʤʝʪʠʣ-4-

ʘʤʠʥʦ-Ŭ-ʢʘʨʙʦʣʠʥʘ (V), ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʦʣʫʧʨʦ-

ʜʫʢʪʘ ʜʣʷ ʩʠʥʪʝʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʤʝʱʝʥʥʳʭ ʚ 

4-ʤ ʧʦʣʦʞʝʥʠʠ Ŭ-ʢʘʨʙʦʣʠʥʦʚ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 4-ʥʠʪʨʦʟʦ-Ŭ-ʢʘʨʙʦʣʠʥʘ (I ) 

ʧʨʦʚʦʜʠʣʠ ʮʠʥʢʦʚʦʡ ʧʳʣʴʶ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ 

ʧʨʠ 25 Áʉ ʚ ʪʝʯʝʥʠʝ 0.5 ʯʘʩʘ. ʇʦʩʣʝ ʧʦʜʱʝʣʘʯʠʚʘ-

ʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʦʙʨʘʟʫʝʪʩʷ ʙʝʣʳʡ ʦʩʘʜʦʢ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 3,5-ʜʠʤʝʪʠʣ-4-(2-ʭʣʦʨʬʝ-

ʥʠʣʘʟʦ)-Ŭ-ʢʘʨʙʦʣʠʥʘ (VI), ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 3-(2-

ʭʣʦʨʬʝʥʠʣ)ʛʠʜʨʘʟʦʥʘ 2,3,4-ʧʝʥʪʘʥʪʨʠʦʥʘ ʠ 2-ʘʤʠ-

ʥʦʠʥʜʦʣʘ ʧʦ ʤʝʪʦʜʠʢʝ ʘʥʘʣʦʛʠʯʥʦʡ [1], ʦʩʫʱʝʩʪ-

ʚʠʣʠ ʮʠʥʢʦʚʦʡ ʧʳʣʴʶ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʚ ʙʦʣʝʝ 

ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 80Áʉ ʚ ʪʝʯʝʥʠʝ 2-ʭ ʯʘʩʦʚ. 

ʇʨʠ ʩʪʫʧʝʥʯʘʪʦʤ ʧʦʜʱʝʣʘʯʠʚʘʥʠʠ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ ʧʨʠ ʨʅ 7 ʚʥʘʯʘʣʝ ʚʳʜʝʣʷʝʪʩʷ ʦ-ʭʣʦʨ-

ʘʥʠʣʠʥ, ʢʦʪʦʨʳʡ ʦʪʜʝʣʠʣʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝʤ. ʅʘ-

ʣʠʯʠʝ ʦ-ʭʣʦʨʘʥʠʣʠʥʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʝʪʦʜʦʤ 

ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ [2]. ɼʘʣʴʥʝʡʰʝʝ 

ʧʦʜʱʝʣʘʯʠʚʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʧʘʜʝʥʠʶ ʦʩʘʜʢʘ 

ʙʝʣʦʛʦ ʮʚʝʪʘ, ʚʥʝʰʥʝ ʧʦʭʦʞʝʛʦ ʥʘ ʧʨʦʜʫʢʪ, ʧʦʣʫ-

ʯʝʥʥʳʡ ʠʟ ʥʠʪʨʦʟʦʧʨʦʠʟʚʦʜʥʦʛʦ (I ).  

Zn+CH3COOH
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Me
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ʇʨʦʜʫʢʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 4-ʥʠʪʨʦʟʦ-Ŭ-

ʢʘʨʙʦʣʠʥʘ (I) ʠ 4-ʘʨʠʣʘʟʦ-Ŭ-ʢʘʨʙʦʣʠʥʘ (VI) ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʳʝ Rf ʧʨʠ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʥʘ ʧʣʘ-

ʩʪʠʥʝ ñʉʠʣʦʩʦʨʙò (ʵʣʶʝʥʪ ï ʪʦʣʫʦʣ: ʵʪʠʣʘʮʝʪʘʪ 1: 

1). ʋʢʩʫʩʥʦʢʠʩʣʳʝ ʨʘʩʪʚʦʨʳ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠʤʝʶʪ ʩʠʣʴʥʫʶ ʬʠʦʣʝʪʦʚʫʶ ʬʣʶʦʨʝʩʮʝʥʮʠʶ ʚ 

ʋʌ. ʀʂ ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʥʦ-

ʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʠ ʠʤʝʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚʘ-

ʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʠ ʉ=ʉ ʘʨʦʤ. -1608 ʩʤ
-1
, 

ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʉ-ʅ ʩʚʷʟʝʡ, ʘ ʪʘʢʞʝ ʧʦʣʦʩʳ 

ʥʝʧʣʦʩʢʦʩʪʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʘʨʦ-

ʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ 3080 ʩʤ
-1
 ʠ 724 ʩʤ

-1
, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ʇʦʩʣʝʜʥʷʷ ʧʦʣʦʩʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʦʨʪʦ-

ʜʠʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʦʣʘ [3]. ʇʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ 3152 ʩʤ
-1
 ʦʪʥʝʩʝʥʘ ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝ-

ʙʘʥʠʷʤ ʩʚʷʟʠ N-H ʧʠʨʨʦʣʴʥʦʛʦ ʢʦʣʴʮʘ. ʅʘʣʠʯʠʝ 

ʘʤʠʥʦʛʨʫʧʧʳ ʧʦʢʘʟʳʚʘʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ N-H 3200 ʩʤ
-1
.
 
ʄʘʩʩ-

ʩʧʝʢʪʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʜʠʥʘʢʦʚʳ ʠ 

ʩʦʜʝʨʞʘʪ ʤʦʣʝʢʫʣʷʨʥʳʡ ʠʦʥ 211 ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʡ ʨʘʩʯʝʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʜʣʷ 3,5-ʜʠʤʝʪʠʣ-4-

ʘʤʠʥʦ-Ŭ-ʢʘʨʙʦʣʠʥʘ (V). ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 

ʧʨʦʙʳ ʩʤʝʰʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʝʧʨʝʩʠʠ 

ʥʝ ʜʘʝʪ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʤʳ ʧʨʠʧʠʩʳ-

ʚʘʝʤ ʧʦʣʫʯʝʥʥʳʤ ʧʨʦʜʫʢʪʘʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʪʨʦʝʥʠʝ ʘʤʠʥʦ-Ŭ-ʢʘʨʙʦʣʠʥʘ (V). 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʚʦʟʤʦʞʥʦ-

ʩʪʝʡ 4-ʘʤʠʥʦ-Ŭ-ʢʘʨʙʦʣʠʥʘ (V) ʤʳ ʧʨʦʚʝʣʠ ʝʛʦ 

ʜʠʘʟʦʪʠʨʦʚʘʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʜʠʘʟʦʥʠʝʚʳʝ ʩʦʣʠ ʷʚ-

ʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʟʚʝʥʦʤ ʚ ʩʠʥʪʝʟʝ ʤʥʦʛʠʭ ʢʣʘʩ-

ʩʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʠʘʟʦʪʠʨʦʚʘʥʠʝ 

ʩʦʝʜʠʥʝʥʠʷ (V) ʧʨʦʚʦʜʠʣʠ ʥʠʪʨʠʪʦʤ ʥʘʪʨʠʷ ʚ 

ʪʨʝʭʢʨʘʪʥʦʤ ʠʟʙʳʪʢʝ ʤʠʥʝʨʘʣʴʥʦʡ ʢʠʩʣʦʪʳ:  

(V)
NaNO2, HX, 0

0
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X= Cl, Br, HSO4
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VII  
ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʣʠ ʜʠʘʟʦʥʠʷ 

(VII) ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʥʝʝ ʥʝʠʟ-

ʚʝʩʪʥʳʭ 4-ʛʘʣʦʛʝʥ-Ŭ-ʢʘʨʙʦʣʠʥʦʚ. ʊʘʢ, ʧʨʠ ʜʠʘʟʦ-

ʪʠʨʦʚʘʥʠʠ ʘʤʠʥʘ (V) ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʠ ʧʦʩʣʝ-

ʜʫʶʱʝʤ ʜʦʙʘʚʣʝʥʠʠ ʭʣʦʨʠʜʘ ʤʝʜʠ (I) ʧʦʣʫʯʝʥ 

3,5-ʜʠʤʝʪʠʣ-4-ʭʣʦʨ-Ŭ-ʢʘʨʙʦʣʠʥ (VIII ):  
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ 3,5-ʜʠʤʝʪʠʣ-4-ʙʨʦʤ-Ŭ-

ʢʘʨʙʦʣʠʥʘ (IX) ʜʠʘʟʦʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʙʨʦ-

ʤʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝ-

ʥʠʝʤ ʙʨʦʤʠʜʘ ʤʝʜʠ (I). 

ɼʣʷ ʩʠʥʪʝʟʘ 3,5-ʜʠʤʝʪʠʣ-4-ʡʦʜ-Ŭ-ʢʘʨʙʦ-

ʣʠʥʘ (X) ʜʠʘʟʦʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʩʝʨʥʦʡ ʢʠ-

ʩʣʦʪʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʡʦ-

ʜʠʩʪʦʛʦ ʢʘʣʠʷ ʠ ʡʦʜʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʨʥʦʡ ʢʠ-

ʩʣʦʪʳ ʧʨʠ ʜʠʘʟʦʪʠʨʦʚʘʥʠʠ (V) ʧʦʟʚʦʣʷʝʪ ʠʟʙʝ-

ʞʘʪʴ ʧʦʙʦʯʥʳʭ ʭʣʦʨ- ʠ ʙʨʦʤ-ʧʨʦʠʟʚʦʜʥʳʭ.  

ʉʪʨʦʝʥʠʝ ʛʘʣʦʛʝʥʧʨʦʠʟʚʦʜʥʳʭ ʧʦʜʪʚʝʨ-

ʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪ-

ʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʤʘʩʩ-ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 
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(VIII, IX, X ) ʩʦʜʝʨʞʠʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ ʠʦʥ, ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʩʯʝʪʥʦʤʫ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʚʝʩʫ 

3,5-ʜʠʤʝʪʠʣ-4-ʛʘʣʦʛʝʥ-Ŭ-ʢʘʨʙʦʣʠʥʘ.  

ɼʠʘʟʦʛʨʫʧʧʘ ʚ ʩʦʣʠ ʜʠʘʟʦʥʠʷ (VII) ʥʘʤʠ 

ʪʘʢʞʝ ʟʘʤʝʱʝʥʘ  ʥʘ ʚʦʜʦʨʦʜ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

H3PO2 (ɟ=1,90 ʛ/ʩʤ
3
): 

 

( VII)
-N2

NH

N

Me

Me
H3PO2

IX  
ʇʦʣʫʯʝʥʥʦʤʫ ʚʝʱʝʩʪʚʫ ʥʘʤʠ ʧʨʠʧʠʩʘʥʦ 

ʩʪʨʦʝʥʠʝ Ŭ-ʢʘʨʙʦʣʠʥʘ (ʍI). ʕʪʘ ʩʪʨʫʢʪʫʨʘ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪʩʷ ʀʂ ʠ ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ, ʘ 

ʪʘʢʞʝ ʚʩʪʨʝʯʥʳʤ ʩʠʥʪʝʟʦʤ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦ 

ʤʝʪʦʜʠʢʝ [4] ʠʟ ʛʠʜʨʦʭʣʦʨʠʜʘ 2-ʘʤʠʥʦʠʥʜʦʣʘ ʠ 

ʘʮʝʪʠʣʘʮʝʪʦʥʘ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʩʭʝʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ (I) ʠ (VI), ʘ ʪʘʢʞʝ ʧʨʝʚʨʘʱʝʥʠʡ ʧʨʦ-

ʜʫʢʪʦʚ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʩʣʫʞʘʪ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʠʭ Ŭ-ʢʘʨʙʦʣʠʥʦʚʦʡ, ʘ ʥʝ ʧʠ-

ʨʠʤʠʜʦ[1,2-Ŭ]ʠʥʜʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ʍʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ (ɻʍ / 

ʄʉ) ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʤ ʭʨʦ-

ʤʘʪʦʛʨʘʬʝ çAgilent Technologiesè ʬʠʨʤʳ çʍʴʶ-

ʣʝʪʪ-ʇʘʢʢʘʨʜè (ʉʐɸ) ʤʦʜʝʣʴ 6890N ʩ ʤʘʩʩ-

ʩʝʣʝʢʪʠʚʥʳʤ ʜʝʪʝʢʪʦʨʦʤ çAgilent Technologiesè 

ʤʦʜʝʣʴ 5973 ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʢʦʣʦʥʢʘ 

ʢʚʘʨʮʝʚʘʷ ʢʘʧʠʣʣʷʨʥʘʷ ʅʈ-5ʄʉ (30ʤ ʭ 0,25ʤʤ., 

ʪʦʣʱʠʥʘ ʩʣʦʷ ʧʣʝʥʢʠ, ʬʘʟʳ 0,33 ʤʢʤ); ʪʝʤʧʝʨʘʪʫ-

ʨʘ ʠʥʞʝʢʪʦʨʘ -230Áʉ, ʠʥʪʝʨʬʝʡʩʘ ʜʝʪʝʢʪʦʨʘ - 

270Áʉ; ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦ-

ʩʪʘʪʘ ʢʦʣʦʥʦʢ - 70Áʉ ʠ 280Áʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʩʪʘʪʘ ʢʦʣʦʥʦʢ ʠʟʤʝʥʷʣʘʩʴ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 20Áʉ / ʤʠʥ.; ʛʘʟ-ʥʦʩʠʪʝʣʴ - ʛʝʣʠʡ, ʦʙʲ-

ʝʤ ʚʚʦʜʠʤʦʡ ʧʨʦʙʳ - 1 ʤʢʣ. ʄʘʩʩ-ʩʝʣʝʢʪʠʚʥʳʡ 

ʜʝʪʝʢʪʦʨ ʨʘʙʦʪʘʣ ʚ ʨʝʞʠʤʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʜʘʨʘ 

(70ʵɺ) ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʟʜʝʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʵʢʩʪʨʘʢʪʘʭ ʧʦ ʧʦʣʥʦʤʫ ʠʦʥʥʦʤʫ ʪʦʢʫ. ʈʘʙʦʯʠʝ 

ʧʘʨʘʤʝʪʨʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪ-

ʥʦʡ ʧʨʦʛʨʘʤʤʳ ʘʚʪʦʥʘʩʪʨʦʡʢʠ çAutotuneè.  

ʉʧʝʢʪʨʳ  ʗʄʈ 
1
ʅ ʚ CF3COOH ʨʝʛʠʩʪʨʠʨʦ-

ʚʘʣʠʩʴ ʥʘ ʧʨʠʙʦʨʝ Bruker Avance DRX-200 ʩ ʨʘ-

ʙʦʯʝʡ ʯʘʩʪʦʪʦʡ 200 ɻʮ. ʀʂ ʩʧʝʢʪʨʳ ʩʥʷʪʳ ʥʘ ʧʨʠ-

ʙʦʨʝ Vector 22 ʚ KBr.  

ɻʠʜʨʘʟʦʥ 2,3,4-ʧʝʥʪʘʥʪʨʠʦʥʘ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʩʦʛʣʘʩʥʦ [6], Ŭ-ʢʘʨʙʦʣʠʥʳ (I, II) ʧʦʣʫʯʝʥʳ ʧʦ ʤʝ-

ʪʦʜʠʢʝ [1], Ŭ-ʢʘʨʙʦʣʠʥ (XI) ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʦ ʩʧʦ-

ʩʦʙʫ [4]. 

4-(2-ʍʣʦʨʬʝʥʠʣʘʟʦ)-3,5-ʜʠʤʝʪʠʣ-Ŭ-ʢʘʨ-

ʙʦʣʠʥ (VI). ʉʤʝʩʴ 0.2 ʛ (1.5 ʤʤʦʣʴ) 2-ʘʤʠʥʦ-

ʠʥʜʦʣʘ, 0.36 ʛ (1.5 ʤʤʦʣʴ) 3-(2-ʭʣʦʨʬʝ-

ʥʠʣ)ʛʠʜʨʘʟʦʥʘ 2,3,4-ʧʝʥʪʘʥʪʨʠʦʥʘ ʚ 3 ʤʣ ʩʫʭʦʛʦ 

ʧʠʨʠʜʠʥʘ ʚʳʜʝʨʞʘʣʠ 72 ʯ ʧʨʠ 20Áʉ, ʚʧrʘʚʰʠʡ 

ʦʨʘʥʞʝʚʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ ʚʥʘ-

ʯʘʣʝ ʚʦʜʦʡ ʜʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʟʘʧʘʭʘ ʧʠʨʠʜʠʥʘ, ʟʘ-

ʪʝʤ 5 ʤʣ ʩʧʠʨʪʘ ʠ 5 ʤʣ ʵʬʠʨʘ. ɺʳʭʦʜ 0.34 ʛ 

(67.76%), ʪ.ʧʣ. 283-285Áʉ. ʀʂ ʩʧʝʢʪʨ, , ʩʤ
-1
: 

3320-3180 (NH). ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ, ŭ, ʤ.ʜ.: 2.52 c 

(3H, CH3), 2.78 ʩ (3H, CH3), 6.87 ï 7.81 ʤ (8Hʘʨʦʤ). 

ʄʘʩʩ-ʩʧʝʢʪʨ, m/z (Iʦʪʥ., %): 334 (35.2) [ʄ
+
], 299 

(24), 223 (4), 195 (100), 179 (6), 168 (10), 155 (6), 

140 (8), 127 (16), 111 (8), 75 (6). ʅʘʡʜʝʥʦ, %:  

ʉ 67.74; ʅ 4.73; Cl 10.60; N 16.31. ʉ19H15ClN4. ɺr-

ʯʠʩʣʝʥʦ, %: C 68.16; H 4.52; Cl 10.59; N 16.73.  

3,5-ɼʠʤʝʪʠʣ-4-ʘʤʠʥʦ-Ŭ-ʢʘʨʙʦʣʠʥ (V).  

ʉʧʦʩʦʙ 1. ʂ 0.5 ʛ (0.002 ʤʦʣʴ) 3,5-

ʜʠʤʝʪʠʣ-4-ʥʠʪʨʦʟʦ-Ŭ-ʢʘʨʙʦʣʠʥʘ (I) ʚ 16 ʤʣ ʣʝʜʷ-

ʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠʙʘʚʣʷʣʠ 3.12 ʛ (0.048 

ʤʦʣʴ) ʮʠʥʢʦʚʦʡ ʧʳʣʠ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 

0.5 ʯʘʩʘ ʧʨʠ 25
0
ʉ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʧʨʦʬʠʣʴʪʨʦʚʘʣʠ, 

ʚ ʬʠʣʴʪʨʘʪ ʜʦʙʘʚʠʣʠ 20 ʛ ʣʴʜʘ ʠ ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ 

ʩʦʜʦʡ, ʧʨʦʬʠʣʴʪʨʦʚʘʣʠ, ʧʦʣʫʯʝʥʥʳʡ ʬʠʣʴʪʨʘʪ 

ʧʦʜʱʝʣʦʯʠʣʠ ʜʦ ʨʅ 9-10 50% ʨʘʩʪʚʦʨʦʤ ʝʜʢʦʛʦ 

ʢʘʣʠ. ɺʳʧʘʚʰʠʡ ʙʝʣʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, 

ʧʨʦʤʳʣʠ ʩʧʠʨʪʦʤ, ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ɺʳʭʦʜ 

0.403 ʛ (95%) . ʪ. ʧʣ. 218Áʉ. ʀʂ ʩʧʝʢʪʨ, , ʩʤ
-1
: 

3152, 3200, 3328 (NH, NH2), 1604, 1590, 1512, 1460 

(ʉ=ʉ ʘʨʦʤʘʪ.). ʄʘʩʩ-ʩʧʝʢʪʨ, m/z (Iʦʪʥ., %): 211(100) 

[ʄ
+
], 196 (11), 183 (12), 169 (6), 140 (5), 128(2), 115 

(5), 105 (4), 89 (2), 79 (2), 63(2).  

ʉʧʦʩʦʙ 2. ʂ 3.0 ʛ (0.009 ʤʦʣʴ) ʘʨʠʣʘʟʦ-Ŭ-

ʢʘʨʙʦʣʠʥʘ (VI) ʚ 48 ʤʣ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠʙʘ-

ʚʠʣʠ 9.0 ʛ (0.138 ʤʦʣʴ) ʮʠʥʢʦʚʦʡ ʧʳʣʠ ʠ ʧʝʨʝʤʝ-

ʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ 80ʉ. ɻʦʨʷʯʠʡ ʨʘʩ-

ʪʚʦʨ ʧʨʦʬʠʣʴʪʨʦʚʘʣʠ, ʬʠʣʴʪʨʘʪ ʥʝʡʪʨʘʣʠʟʦʚʘʣʠ 

ʜʦ ʨʅ 7 ʠ ʧʨʦʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ 

3 10 ʤʣ. ʀʟ ʵʬʠʨʥʦʛʦ ʵʢʩʪʨʘʢʪʘ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ  ʚ ʦʩʪʘʪʢʝ ʦʙʥʘʨʫʞʝʥ ʦ-ʭʣʦʨʘʥʠʣʠʥ 

ʤʝʪʦʜʦʤ ʪʦʥʢʦʩʣʦʡʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʧʦ ʤʝʪʦ-

ʜʠʢʝ [2]. ɺʦʜʥʳʡ ʩʣʦʡ ʧʦʜʱʝʣʦʯʠʣʠ ʜʦ ʨʅ 9-10 

50% ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʂʆʅ. ɺʳʧʘʚʰʠʡ ʙʝʣʳʡ 

ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ ʩʧʠʨʪʦʤ, ʜʠʵʪʠ-

ʣʦʚʳʤ ʵʬʠʨʦʤ. ɺʳʭʦʜ ʩʦʝʜʠʥʝʥʠʷ (V) - 1.82 ʛ 

(96%), ʪ. ʧʣ. 218Áʉ. ʀʂ ʩʧʝʢʪʨ, , ʩʤ
-1
: 3152, 3200, 

3328 (NH, NH2), 1604, 1590, 1512, 1460 (ʉ=ʉ ʘʨʦ-

ʤʘʪ.). ʄʘʩʩ-ʩʧʝʢʪʨ, m/z (Iʦʪʥ., %): 211(100) [ʄ
+
], 

196 (11), 183 (12), 169 (6), 140 (5), 128(2), 115 (5), 

105 (4), 89 (2), 79 (2), 63(2).  

3,5-ɼʠʤʝʪʠʣ-4-ʭʣʦʨ-Ŭ-ʢʘʨʙʦʣʠʥ (VII). ʂ 

0.55ʛ (0.0026 ʤʦʣʴ) ʘʤʠʥʦ-Ŭ-ʢʘʨʙʦʣʠʥʘ (V) ʚ 0.1 

ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ( = 1.49 

ʛ/ʩʤ
3
) ʧʨʠ 0ʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʧʨʠ ʧʝʨʝʤʝʰʠ-

ʚʘʥʠʠ ʧʦ ʢʘʧʣʷʤ ʜʦʙʘʚʠʣʠ ʨʘʩʪʚʦʨ 0.185 ʛ (0.0026 

ʤʦʣʴ) ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ ʚ 0.46 ʤʣ ʚʦʜʳ. ʇʦʩʣʝ ʚʳ-
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ʜʝʨʞʢʠ 20 ʤʠʥʫʪ ʧʨʠ 0ʉ ʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʠ ʢ ʨʘʩʪʚʦʨʫ ʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ ʜʦʙʘʚʠʣʠ 

ʨʘʩʪʚʦʨ 0.35 ʛ (0.00349 ʤʦʣʴ) Cu2Cl2 ʚ 1.4 ʤʣ ʩʦʣʷ-

ʥʦʡ ʢʠʩʣʦʪʳ ( = 1.49 ʛ/ʩʤ
3
). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʥʘʛʨʝʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʜʦ 40
0
ʉ ʠ ʚʳʜʝʨʞʘʣʠ ʧʨʠ 

ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 10 ʤʠʥʫʪ, ʟʘʪʝʤ ʧʨʠ 25ʉ - 12 

ʯʘʩʦʚ. ɺʳʧʘʚh ʠʡ ʙʝʣʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, 

ʧʨʦʤʳʣʠ ʩʧʠʨʪʦʤ ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ɺʳʭʦʜ 

0.348 ʛ (63.27%), ʪ. ʧʣ. 320Áʉ. ʀʂ ʩʧʝʢʪʨ, , ʩʤ
-1
: 

3320-3180 (NH), 1616 (ʉ=ʉ, ʘʨʦʤʘʪ.). ʄʘʩʩ-

ʩʧʝʢʪʨ, m/z (Iʦʪʥ., %): 230 (100) [ʄ
+
], 195 (100), 179 

(15), 167 (15), 155 (6), 140 (11),  122 (8), 115 (14), 

96 (8), 83 (8), 63 (5). 

3,5-ɼʠʤʝʪʠʣ-4-ʙʨʦʤ-Ŭ-ʢʘʨʙʦʣʠʥ (IX). ʂ 

0.3404 ʛ (0.0016 ʤʦʣʴ) ʘʤʠʥʦ-Ŭ-ʢʘʨʙʦʣʠʥʘ (V) ʚ 

8.74 ʤʣ ʙʨʦʤʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ( = 1.38) ʧʨʠ 

0 ʉ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʧʦ ʢʘʧʣʷʤ ʧʨʠ ʧʝʨʝʤʝʰʠ-

ʚʘʥʠʠ ʜʦʙʘʚʠʣʠ 0.114 ʛ (0.00165 ʤʦʣʴ) ʥʠʪʨʠʪʘ 

ʥʘʪʨʠʷ ʚ 0.3 ʤʣ ʚʦʜʳ. ʏʝʨʝʟ 20 ʤʠʥʫʪ ʢ ʨʘʩʪʚʦʨʫ 

ʩʦʣʠ ʜʠʘʟʦʥʠʷ ʧʨʠ 0ʉ ʧʨʠʣʠʣʠ ʨʘʩʪʚʦʨ 0.31 ʛ 

(0.0022 ʤʦʣʴ) Cu2Br2 ʚ 0.316 ʤʣ ʙʨʦʤʚʦʜʦʨʦʜʥʦʡ 

ʢʠʩʣʦʪʳ ( = 1.38). ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ 

ʥʘ ʢʠʧʷʱʝʡ ʚʦʜʷʥʦʡ ʙʘʥʝ 0.5 ʯʘʩʘ. ʇʦʩʣʝ ʦʭʣʘʞ-

ʜʝʥʠʷ ʜʦ 0C ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʦʙʘʚʠʣʠ 10 ʤʣ 

ʚʦʜʳ ʠ ʚʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʙʝʣʦʛʦ ʮʚʝʪʘ ʦʪʬʠʣʴʪʨʦ-

ʚʘʣʠ, ʧʨʦʤʳʣʠ ʩʧʠʨʪʦʤ ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. 

ɺʳʭʦʜ 0.224 ʛ (57.43%), ʪ. ʧʣ. 235ʉ. ʀʂ ʩʧʝʢʪʨ, 

, ʩʤ
-1
: 3400 (NH), 1616 (ʉ=ʉ ʘʨʦʤ.). ʄʘʩʩ-ʩʧʝʢʪʨ, 

m/z (Iʦʪʥ., %): 275 (100), 276 (100) [ʄ
+
], 195 (96), 

179 (17), 168 (16), 167(16), 153 (9), 140 (11),  127 

(12), 115 (15), 97 (12), 63 (5).  

3,5-ɼʠʤʝʪʠʣ-4-ʡʦʜ-Ŭ-ʢʘʨʙʦʣʠʥ (X). ʂ 0.5 

ʛ (0.002 ʤʦʣʴ) ʘʤʠʥʦ-Ŭ-ʢʘʨʙʦʣʠʥʘ (V) ʚ 1.84 ʤʣ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ( = 1.83 ʛ/ʩʤ
3
) ʧʨʠ 0ʉ ʚ ʪʝʯʝʥʠʝ 

10 ʤʠʥʫʪ ʧʦ ʢʘʧʣʷʤ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʠʣʠ  

0.15 ʛ (0.0022 ʤʦʣʴ) ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ ʚ 3 ʤʣ ʚʦʜʳ. 

ʏʝʨʝʟ 20 ʤʠʥʫʪ ʢ ʨʘʩʪʚʦʨʫ ʩʦʣʠ ʜʠʘʟʦʥʠʷ ʧʨʠ 0ʉ 

ʧʨʠʣʠʣʠ ʨʘʩʪʚʦʨ 0.61 ʛ (0.002 ʤʦʣʴ) ʡʦʜʘ ʠ 0.61 ʛ 

(0.0036 ʤʦʣʴ) KI ʚ 0.6 ʤʣ ʚʦʜʳ. ʈʝʘʢʮʠʦʥʥʫʶ 

ʩʤʝʩʴ ʥʘʛʨʝʚʘʣʠ ʥʘ ʢʠʧʷʱʝʡ ʚʦʜʷʥʦʡ ʙʘʥʝ 1 ʯʘʩ 

ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ ʛʘʟʦʦʙʨʘʟʦʚʘʥʠʷ. ʈʝʘʢʮʠʦʥʥʫʶ 

ʤʘʩʩʫ ʧʨʦʤʳʣʠ 10 ʤʣ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

Na2S2O3, ʜʦ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ 

ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳ-

ʣʠ ʩʧʠʨʪʦʤ ʠ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ. ɺʳʭʦʜ 0.138 ʛ 

(21.43%), ʪ.ʧʣ. 235.  

3,5-ɼʠʤʝʪʠʣ-Ŭ-ʢʘʨʙʦʣʠʥ (XI). ʂ 0.45 ʛ 

(0.0021 ʤʦʣʴ) 3-ʘʤʠʥʦ-3,4-ʜʠʤʝʪʠʣ- -ʢʘʨʙʦʣʠʥʘ ʚ 

2 ʤʣ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ( = 1.49 ʛ/ʩʤ
3
) ʠ 0.36 ʤʣ 

ʚʦʜʳ ʧʨʠ 0ʉ ʧʨʠʢʘʧʳʚʘʝʤ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ  

ʨʘʩʪʚʦʨ 0.2 ʛ (0,0029 ʤʦʣʴ) ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ ʚ 0.5 

ʤʣ ʚʦʜʳ. ʏʝʨʝʟ 30 ʤʠʥʫʪ ʢ ʜʠʘʟʦʥʠʝʚʦʡ ʩʦʣʠ ʜʦ-

ʙʘʚʣʷʝʤ 2 ʤʣ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ H3PO2 (  = 1,90). 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʳʜʝʨʞʠʚʘʝʤ ʧʨʠ 4Áʉ 13 ʯʘ-

ʩʦʚ, ʟʘʪʝʤ 24 ʯʘʩʘ ʧʨʠ 25ʉ. ɹʝʣʳʡ ʦʩʘʜʦʢ ʦʪ-

ʬʠʣʴʪʨʦʚʘʣʠ, ʧʨʦʤʳʣʠ 320 ʤʣ ʩʧʠʨʪʦʤ, ʟʘʪʝʤ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠ ʠʟ ʙʝʥʟʦʣʘ. ɺʭrʦʜ 0.22 ʛ 

(54%), ʪ. ʧʣ. 210Áʉ (ʪ. ʧʣ. ʣʠʪ. 210-220Áʉ [4]).  ʀʂ 

ʩʧʝʢʪʨ, , ʩʤ
-1
: 3320-3180  (NH). ʄʘʩʩ-ʩʧʝʢʪʨ, m/z 

(Iʦʪʥ., %): [ʄ
+
] 196(100), 181(50), 164(10), 154(11), 

140(5), 127(8), 115(4), 98(6), 77(3), 63(2). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜ-

ʜʝʨʞʢʝ ʂʂʌʅ (ʛʨʘʥʪ ˉ 16G238). 
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ʉʠʥʪʝʟʠʨʦʚʘʥ ʥʦʚʳʡ ʘʤʬʠʬʠʣʴʥʳʡ ʜʠʪʠʘʢʨʘʫʥʩʦʜʝʨʞʘʱʠʡ ʩʪʠʨʠʣʦʚʳʡ ʢʨʘʩʠ-

ʪʝʣʴ ʨʷʜʘ ʧʠʨʠʜʠʥʘ. ʅʘ ʦʩʥʦʚʝ ʢʨʘʩʠʪʝʣʷ ʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠʟ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ 

ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʅʂʄ) ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʭʨʦʤʦʠ-

ʦʥʦʬʦʨʥʳʝ ʩʚʦʡʩʪʚʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ Ag
+
 ʠ Hg

2+
 ʤʘʢʩʠʤʫʤʳ ʧʦ-

ʛʣʦʱʝʥʠʷ ʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʅʂʄ ʩʜʚʠʛʘʶʪʩʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ʥʘ 26 ʠ 19 ʥʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʝ ʅʂʄ ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʵʪʠʭ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ 

ʠ ʩʦʟʜʘʥʠʝ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʅʂʄ) 

ʥʘ ʠʭ ʦʩʥʦʚʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩ-

ʥʳʭ ʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʩʪʳʢʝ ʦʨʛʘʥʠʯʝ-

ʩʢʦʡ, ʙʠʦʣʦʛʠʯʝʩʢʦʡ, ʢʦʣʣʦʠʜʥʦʡ ʠ ʧʦʣʠʤʝʨʥʦʡ 

ʭʠʤʠʠ [1-4]. ɺʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪ-

ʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʅʂʄ ʩ ʠʤʤʦʙʠ-

ʣʠʟʦʚʘʥʥʤrʠ ʚ ʥʠʭ ʦʧʪʠʯʝʩʢʠʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʩʝʥʩʦʨʘʤʠ (ʆʄʉ). 

ʇʦʣʠʤʝʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧ-

ʪʠʯʝʩʢʠʭ ʭʝʤʦʩʝʥʩʦʨʦʚ, ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝ-

ʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʦʧʪʠʯʝʩʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ, 

ʧʨʦʯʥʦʩʪʴʶ, ʛʠʙʢʦʩʪʴʶ, ʘʜʛʝʟʠʝʡ ʢ ʩʧʝʮʠʘʣʴʥʳʤ 

ʪʚʝʨʜʳʤ ʧʦʜʣʦʞʢʘʤ, ʪʝʨʤʦ- ʠ ʬʦʪʦʫʩʪʦʡʯʠʚʦ-

ʩʪʴʶ, ʘ ʪʘʢʞʝ ʭʦʨʦʰʝʡ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦ-

ʩʦʙʥʦʩʪʴʶ [5]. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪ-

ʩʷ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ, ʢʦʪʦʨʳʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʧʪʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʝʥ-

ʩʦʨʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʤʦʣʝʢʫʣʳ ʢʨʘʫʥʩʦʜʝʨʞʘʱʠʭ 

ʩʪʠʨʠʣʦʚʳʭ ʠ ʙʫʪʘʜʠʝʥʠʣʴʥʳʭ ʢʨʘʩʠʪʝʣʝʡ, ʦʙʣʘ-

ʜʘʶʱʠʝ ʠʥʪʝʥʩʠʚʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ ʠ ʠʦʥʩʝʣʝʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʦʪ-

ʥʦʰʝʥʠʶ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʘʪʠʦʥʘʤ ʤʝʪʘʣʣʦʚ [6-

9]. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʫʢʘʟʘʥʥʳʤʠ ʢʨʘʩʠʪʝʣʷʤʠ 

ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ çʛʦʩʪʴ-ʭʦʟʷʠʥè ʩ ʢʘʪʠʦʥʘʤʠ ʤʝ-

ʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ (ɚmax) ʧʦ-

ʛʣʦʱʝʥʠʷ ʠʣʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʠʘ-

ʢʨʘʫʥ-ʩʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ 

ʢʘʪʠʦʥʘʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ Ag
+
, Pb

2+
 ʠ 

ʦʩʦʙʝʥʥʦ Hg
2+

 [9]. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʅʂʄ ʥʘ ʦʩ-

ʥʦʚʝ ʢʨʘʩʠʪʝʣʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ ʜʠʪʠʘʢʨʘ-

ʫʥ-ʵʬʠʨʘ, ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʜʝʪʝʢʮʠʠ ʢʘʪʠʦʥʦʚ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʩʠʥʪʝʟ ʥʦʚʦʛʦ 

ʜʠʪʠʘ-18-ʢʨʘʫʥ-6-ʩʦʜʝʨʞʘʱʝʛʦ ʩʪʠʨʠʣʦʚʦʛʦ ʢʨʘ-

ʩʠʪʝʣʷ 1 ʠ ʩʦʟʜʘʥʠʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʥʘʥʦʢʦʤʧʦʟʠʪ-

ʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʜʝʪʝʢʮʠʠ ʢʘʪʠʦ-

ʥʦʚ ʨʪʫʪʠ(II) ʠ ʩʝʨʝʙʨʘ(I). 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ɺ ʢʘʯʝʩʪʚʝ ʆʄʉ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʥʦʚʳʡ 

ʘʤʬʠʬʠʣʴʥʳʡ ʩʪʠʨʠʣʦʚʳʡ ʢʨʘʩʠʪʝʣʴ ʨʷʜʘ ʧʠʨʠ-

ʜʠʥʘ 1. ʉʥʘʯʘʣʘ ʢʚʘʪʝʨʥʠʟʘʮʠʝʡ 4-ʤʝʪʠʣʧʠʨʠʜʠʥʘ 

ʥ-ʦʢʪʘʜʝʮʠʣʙʨʦʤʠʜʦʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʤʝʥʦʤ 

ʘʥʠʦʥʘ ʩ ʭʣʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʧʦʣʫʯʠʣʠ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʫʶ ʯʝʪʚʝʨʪʠʯʥʫʶ ʩʦʣʴ 2, ʢʦʪʦʨʫʶ ʥʘ ʚʪʦʨʦʡ 

ʩʪʘʜʠʠ ʢʦʥʜʝʥʩʠʨʦʚʘʣʠ ʩ (4ô-ʬʦʨʤʠʣʙʝʥʟʦ)ʜʠʪʠʘ-

18-ʢʨʘʫʥ-6-ʩʦʝʜʠʥʝʥʠʝʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʠʨʨʦʣʠ-

ʜʠʥʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 
1
H, 

ʢʨʘʩʠʪʝʣʴ 1 ʧʦʣʫʯʠʣʠ ʚ ʚʠʜʝ E-ʠʟʦʤʝʨʘ, ʯʪʦ ʩʣʝ-

ʜʫʝʪ ʠʟ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʩʧʠʥ-ʩʧʠʥʦʚʦʛʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʧʨʦʪʦʥʦʚ ʵʪʠʣʝʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ 

JH(a),H(b) = 16,4 ɻʮ. 
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ʇʝʨʭʣʦʨʘʪ 4-ʤʝʪʠʣ-1-ʦʢʪʘʜʝʮʠʣʧʠʨʠ-

ʜʠʥʠʷ (2). ʉʤʝʩʴ 3.33 ʛ (0.01 ʤʦʣʷ) ʥ-ʦʢʪʘ-

ʜʝʮʠʣʙʨʦʤʠʜʘ ʠ 1 ʤʣ (0.01 ʤʦʣʷ) 4-ʤʝʪʠʣʧʠ-

ʨʠʜʠʥʘ ʥʘʛʨʝʚʘʣʠ ʥʘ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʧʨʠ 160 Áʉ ʚ
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ʪʝʯʝʥʠʝ 90 ʤʠʥ, ʨʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʦʭʣʘʞʜʘʣʠ, 

ʜʦʙʘʚʣʷʣʠ 6 ʤʣ ʵʪʘʥʦʣʘ ʠ ʥʘʛʨʝʚʘʣʠ ʜʦ ʧʦʣʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ. ɺ ʝʱʝ ʛʦʨʷʯʠʡ ʨʘʩʪʚʦʨ ʜʦʙʘʚʣʷʣʠ 1 

ʤʣ (0.012 ʤʦʣʷ) 70%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʥʦʡ ʢʠ-

ʩʣʦʪʳ ʠ ʦʭʣʘʞʜʘʣʠ ʜʦ ï5 Áʉ. ʇʦʩʣʝ ʚʳʧʘʜʝʥʠʷ 

ʦʩʘʜʢʘ ʜʦʙʘʚʣʷʣʠ 10 ʤʣ ʜʠʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ, ʪʱʘ-

ʪʝʣʴʥʦ ʨʘʩʪʠʨʘʣʠ, ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 

ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ (2  10 ʤʣ) ʠ ʚʩrʫʰʠʚʘʣʠ ʥʘ 

ʚʦʟʜʫʭʝ. ʇʦʣʫʯʠʣʠ 3.03 ʛ (68%) ʧʨʦʜʫʢʪʘ ʚ ʚʠʜʝ 

ʙʝʣʦʛʦ ʧʦʨʦʰʢʘ, ʪ. ʧʣ. 66-68 Áʉ. ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ 

(Bruker DRX500, ɼʄʉʆ-d6, 22 C): 0.79 (ʪ, 3 H, 

MeCH2, J = 6.9 ɻʮ); 1.20 (ʤ, 26 H, 13 ʉʅ2); 1.23 (ʤ, 

2 ʅ, NCH2CH2CH2CH2); 1.29 (ʤ, 2 ʅ, 

NCH2CH2CH2); 1.92 (ʤ, 2 ʅ, NCH2CH2); 2.60 (ʩ, 3 

ʅ, Me); 4.84 (ʤ, 2 ʅ, NCH2); 7.75 (ʜ, 2 ʅ, ʅ(3), 

ʅ(5), J = 6.4 ɻʮ); 9.16 (ʜ, 2 ʅ, ʅ(2), ʅ(6), J = 6.4 

ɻʮ). ʅʘʡʜʝʥʦ, %: ʉ, 64.25; ʅ, 10.20; N, 3.13. ɼʣʷ 

C24H44ClNO4 ʚʳʯʠʩʣʝʥʦ, %: C, 64.62; H, 9.94; N, 

3.14. 

ʇʝʨʭʣʦʨʘʪ 4-[(E)-2-(2,3,5,6,8,9,11,12,14, 

15-ʜʝʢʘʛʠʜʨʦ-1,7,10,16,4,13-ʙʝʥʟʦʪʝʪʨʘʦʢʩʘʜʠʪʠʘ-

ʮʠʢʣʦʦʢʪʘʜʝʮʝʥ-18-ʠʣ)-1-ʵʪʝʥʠʣ]-1-ʦʢʪʘʜʝʮʠʣ-

ʧʠʨʠʜʠʥʠʷ (1). ʉʤʝʩʴ 67 ʤʛ (0.15 ʤʤʦʣʷ) ʩʦʣʠ 2, 

56 ʤʛ (0.15 ʤʤʦʣʷ) (4ô-ʬʦʨʤʠʣʙʝʥʟʦ)ʜʠʪʠʘ-18-ʢʨʘʫʥ-

6-ʩʦʝʜʠʥʝʥʠʷ, 3 ʤʣ ʘʙʩ. ʵʪʘʥʦʣʘ ʠ 1 ʢʘʧʣʠ ʧʠʨʨʦʣʠ-

ʜʠʥʘ ʥʘʛʨʝʚʘʣʠ ʥʘ ʤʘʩʣʷʥʦʡ ʙʘʥʝ ʧʨʠ 80 Áʉ ʚ ʪʝʯʝ-

ʥʠʝ 25 ʯ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ -5Áʉ, 

ʚʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʨʦʤʳʚʘʣʠ 

ʭʦʣʦʜʥʳʤ ʘʙʩ. ʵʪʘʥʦʣʦʤ (2  1 ʤʣ) ʠ ʚʩrʫʰʠʚʘʣʠ 

ʥʘ ʚʦʟʜʫʭʝ. ʇʦʣʫʯʠʣʠ 41 ʤʛ (35%) ʢʨʘʩʠʪʝʣʷ ʚ ʚʠ-

ʜʝ ʞʝʣʪʦʛʦ ʧʦʨʦʰʢʘ, ʪ. ʧʣ. 169-170 Áʉ. ʉʧʝʢʪʨ 

ʗʄʈ 
1
ʅ (Bruker DRX500, ɼʄʉʆ-d6, 30 ʉ): 0.85 

(ʪ, 3 H, Me, J = 6.8 ɻʮ); 1.20-1.31 (ʤ, 28 H, 14 CH2); 

1.90 (ʤ, 2 H, CH2CH2N); 2.89 (ʪ, 2 H, CH2S, J = 6.3 

ɻʮ); 2.92 (ʪ, 2 H, CH2S, J = 6.4 ɻʮ); 3.05 (ʪ, 2 H, 

CH2S, J = 6.1 ɻʮ); 3.10 (ʪ, 2 H, CH2S,  

J = 6.8 ɻʮ); 3.53 (ʩ, 4 H, 2 CH2O); 3.63 (ʪ, 2 H, 

CH2O, J = 6.4 ɻʮ); 3.65 (ʪ, 2 H, CH2O, J = 6.4 ɻʮ); 

4.20 (ʤ, 4 H, CH2O, CH2O); 4.46 (ʢ, 2 H, CH2N,  

J = 7.0 ɻʮ); 7.07 (ʜ, 1 H, H(20), J = 8.6 ɻʮ); 7.28 

(ʫʰ.ʜ, 1 H, H(19), J = 8.6 ɻʮ); 7.38 (ʫʰ.ʩ, 1 H, 

H(17)); 7.41 (ʜ, 1 H, CH(a)=CH(b), 
3
Jʪʨʘʥʩ = 16.4 

ɻʮ); 7.95 (ʜ, 1 H, CH(a)=CH(b), 
3
Jʪʨʘʥʩ = 16.4 ɻʮ); 

8.15 (ʜ, 2 H, H(3), H(5), J = 6.6 ɻʮ); 8.89 (ʜ, 2 H, 

H(2), H(6), J = 6.6 ɻʮ). ʅʘʡʜʝʥʦ, %: ʉ, 61.22; ʅ, 

8.29; N, 1.69. ɼʣʷ C41H66ClNO8S2 ʚʳʯʠʩʣʝʥʦ, %: C, 

61.51; H, 8.31; N, 1.75. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʅʂʄ ʥʘ ʦʩʥʦʚʝ 1 ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʧʦʣʠʤʝʨ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ (ʇɺʍ, 

ʬʠʨʤʘ Aldrich), ʨʘʩʪʚʦʨʠʪʝʣʠ ʭʣʦʨʦʬʦʨʤ (ʯ.ʜ.ʘ.) ʠ 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥ (ʯ.ʜ.ʘ.), ʧʣʘʩʪʠʬʠʢʘʪʦʨ ʜʠʦʢʪʠ-

ʣʦʚʳʡ ʵʬʠʨ ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (Aldrich). ʍʝ-

ʤʦʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʅʂʄ ʪʝʩʪʠʨʦʚʘʣʠ ʢ ʩʦʣʷʤ 

Hg(ClO4)2Ā4H2O ʠ AgClO4ĀH2O (Aldrich). 

ʇʣʝʥʢʠ ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʧʦʣʠʚʘ ʨʘʩʪʚʦʨʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʣʠʤʝʨ, ʧʣʘʩʪʠʬʠʢʘʪʦʨ ʠ ʆʄʉ 1 

ʥʘ ʩʪʘʥʜʘʨʪʥʳʝ ʢʚʘʨʮʝʚʳʝ ʩʪʝʢʣʘ ʨʘʟʤʝʨʦʤ 3010 

ʤʤ [5]. ʇʣʝʥʢʠ ʦʪʣʠʚʘʣʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥ-

ʪʘʣɹʥʦʤ ʩʪʦʣʠʢʝ ʠ ʩʫʰʠʣʠ ʚ ʧʘʨʘʭ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ 

ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʈʘʩʯʝʪʥʘʷ ʪʦʣʱʠʥʘ ʧʣʝʥʦʢ ʩʦʩʪʘʚ-

ʣʷʣʘ 10 ʤʢʤ; ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʆʄʉ ʚ ʧʣʝʥʢʝ ï 1%. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʧʝʢ-

ʪʨʦʬʦʪʦʤʝʪʨʝ Hitachi 330 ʠ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ 

Shimadzu FR 5000. ʇʣʝʥʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʆʄʉ 1, 

ʧʦʜʚʝʨʛʘʣʠ ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʝʨ-

ʭʣʦʨʘʪʦʚ ʨʪʫʪʠ(II) ʠ ʩʝʨʝʙʨʘ(I) ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʦʪ 10
-6
 ʜʦ 10

-3
 ʤʦʣʴ/ʣ ʚ ʪʝʯʝʥʠʝ 90 ʤʠʥ ʠ ʬʠʢʩʠʨʦ-

ʚʘʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʣʫʦ-

ʨʝʩʮʝʥʮʠʠ [1, 6]. 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ɺ ʧʣʝʥʢʘʭ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ 

ʇɺʍ ʩ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʤ ʤʘʢʩʠʤʫʤ ʧʦʛʣʦʱʝʥʠʷ 

ʆʄʉ 1 ʥʘʭʦʜʠʪʩʷ ʧʨʠ 419 ʥʤ. ʇʦʩʣʝ ʚʳʜʝʨʞʠʚʘ-

ʥʠʷ ʚ ʨʘʩʪʚʦʨʘʭ ʧʝʨʭʣʦʨʘʪʘ ʨʪʫʪʠ(II) ʩ ʨʘʟʣʠʯʥʳ-

ʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʥʘʠʙʦʣʴʰʠʝ ʛʠʧʩʦʭʨʦʤʥʳʝ 

ʩʜʚʠʛʠ ʤʘʢʩʠʤʫʤʦʚ ʧʦʛʣʦʱʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʚ 

ʩʣʫʯʘʝ ʥʘʠʙʦʣʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

(ʪʘʙʣ. 1). ʉʜʚʠʛ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʧʦʛʣʦ-

ʱʝʥʠʷ ʅʂʄ ʦʙʫʩʣʦʚʣʝʥ ʵʬʬʝʢʪʠʚʥʳʤ ʩʚʷʟʳʚʘʥʠ-

ʝʤ ʜʠʪʠʘʢʨʘʫʥ-ʵʬʠʨʥʳʤ ʬʨʘʛʤʝʥʪʦʤ ʆʄʉ 1 ʠʦʥʘ 

Hg
2+
, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʭʨʦʤʦʬʦʨʥʦʤ ʬʨʘʛʤʝʥʪʝ 

ʢʨʘʩʠʪʝʣʷ. ʇʨʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ ʜʦ 

10
-4
 ʤʦʣʴ/ʣ ʠ ʥʠʞʝ ʥʘʙʣʶʜʘʣʠ ʩʜʚʠʛʠ ʦʪ 1 ʜʦ 3 ʥʤ. 

ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʧʦʨʦʛ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥ-

ʥʦʛʦ ʅʂʄ ʢ ʢʘʪʠʦʥʘʤ ʨʪʫʪʠ, ʨʘʚʥʳʡ 10
-3
 ʤʦʣʴ/ʣ, 

ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ.  

 
ʊʘʙʣʠʮʘ 1.  

ɼʣʠʥʘ ʚʦʣʥʳ ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʅʂʄ ʥʘ 

ʦʩʥʦʚʝ ʇɺʍ, ʩʦʜʝʨʞʘʱʠʭ ʆʄʉ, ʜʦ ʠ ʧʦʩʣʝ ʚʳʜʝʨ-

ʞʠʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʝ ʧʝʨʭʣʦʨʘʪʘ ʨʪʫʪʠ (II). 

Table 1. The wavelength of the absorbance maximum 

for NCM based on PVC containing OMS before and 

after incubation in Hg(ClO4)2 solution. 

ˉ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩ-

ʪʚʦʨʘ ʧʝʨʭʣʦʨʘʪʘ 

ʨʪʫʪʠ (II), ʤʦʣʴ/ʣ
 

0, ʥʤ , ʥʤ 
ʉʜʚʠʛ 

, ʥʤ 

1 10
-3 

419Ñ3 393Ñ3 -26 

2 10
-4 

419Ñ3 416Ñ3 -3 

3 10
-5 

419Ñ3 415Ñ3 -4 

4 10
-6 

419Ñ3 418Ñ3 -1 

 

ɸʥʘʣʦʛʠʯʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʦʪʢʣʠʢ ʜʘʥ-

ʥʳʡ ʅʂʄ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʩ-

ʪʚʦʨʦʚ ʧʝʨʭʣʦʨʘʪʘ ʩʝʨʝʙʨʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʪ 

10
-6
 ʜʦ 10

-3
 ʤʦʣʴ/ʣ. ʅʘʠʙʦʣʴʰʠʡ ʩʜʚʠʛ ʤʘʢʩʠʤʫʤʘ 

ʧʦʛʣʦʱʝʥʠʷ ʥʘʙʣʶʜʘʣʩʷ ʚ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʘ ʩ ʢʦʥ-



ʍʀʄʀʗ ʀ ʍʀʄʀʏɽʉʂɸʗ ʊɽʍʅʆʃʆɻʀʗ    2007  ʪʦʤ  50   ʚʳʧ. 10 

 

11 

ʮʝʥʪʨʘʮʠʝʡ ʩʦʣʠ 10
-3
 ʤʦʣʴ/ʣ (ʪʘʙʣ. 1). ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ Hg(ClO4)2, ʥʘʙʣʶʜʘʣʘʩʴ 

ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʨʘʩʪʚʦʨʦʚ AgClO4 ʠ ʩʜʚʠʛʘʤʠ ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦ-

ʱʝʥʠʷ ʅʂʄ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝ-

ʜʝʣʷʪʴ ʩʦʜʝʨʞʘʥʠʝ ʢʘʪʠʦʥʦʚ ʩʝʨʝʙʨʘ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ.  

 
ʊʘʙʣʠʮʘ 2.  

ɼʣʠʥʘ ʚʦʣʥʳ ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʅʂʄ ʥʘ 

ʦʩʥʦʚʝ ʇɺʍ, ʩʦʜʝʨʞʘʱʠʭ ʆʄʉ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪ-

ʢʠ ʨʘʩʪʚʦʨʘʤʠ ʧʝʨʭʣʦʨʘʪʘ ʩʝʨʝʙʨʘ. 

Table 2. The wavelength of the absorbance maximum 

for NCM based on PVC with OMS before and after 

treatment with AgClO solutions. 

ˉ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩ-

ʪʚʦʨʘ ʧʝʨʭʣʦʨʘʪʘ ʩʝ-

ʨʝʙʨʘ, ʤʦʣʴ/ʣ 
0, ʥʤ , ʥʤ 

ʉʜʚʠʛ 

, ʥʤ 

1 10
-3 

419Ñ3 394Ñ3 -25 

2 10
-4 

419Ñ3 405Ñ3 -14 

3 10
-5 

419Ñ3 412Ñ3 -7 

4 10
-6 

419Ñ3 418Ñ3 -1 

 
ʈʠʩ. 1. ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʅʂʄ ʜʦ (ʢʨʠʚʘʷ 1) ʠ ʧʦʩʣʝ ʦʙʨʘ-

ʙʦʪʢʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʝʨʭʣʦʨʘʪʘ ʩʝʨʝʙʨʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠ-

ʝʡ 10-5 ʤʦʣʴ/ʣ (ʢʨʠʚʘʷ 2), 10-4 ʤʦʣʴ/ʣ (ʢʨʠʚʘʷ 3), 10-3 ʤʦʣʴ/ʣ 

(ʢʨʠʚʘʷ 4). 

Fig. 1. The absorption spectrum of NCM before (curve 1) and 

after treatment in aqueous solution of AgClO4 with concentration 

10-5 M (curve 2), 10-4 M (curve 3) and 10-3 M (curve 4). 

 

ʀʩʩʣʝʜʫʝʤʳʡ ʅʂʄ ʦʙʣʘʜʘʝʪ ʠʥʪʝʥʩʠʚʥʦʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 502 ʥʤ. ʅʝʩʦ-

ʤʥʝʥʥʦ, ʚʳʩʦʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʣʫʦʨʝʩʮʝʥ-

ʮʠʠ ʦʙʫʩʣʦʚʣʝʥ ʞʝʩʪʢʦʩʪʴʶ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠ-

ʮʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʡ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʨʝʣʘʢʩʘʮʠʠ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʨʘʩʠʪʝʣʷ 1 ʧʦ ʜʨʫʛʠʤ 

ʚʦʟʤʦʞʥʳʤ ʧʫʪʷʤ, ʪʘʢʠʤ ʢʘʢ ʪʨʘʥʩ-ʮʠʩ-

ʠʟʦʤʝʨʠʟʘʮʠʷ ʵʪʠʣʝʥʦʚʦʡ ʩʚʷʟʠ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʥʘ 

ʅʂʄ ʨʘʩʪʚʦʨʦʚ ʧʝʨʭʣʦʨʘʪʘ ʨʪʫʪʠ(II) ʠ ʩʝʨʝʙʨʘ(I) 

ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10
-3
 ʤʦʣʴ/ʣ ʥʘʙʣʶʜʘʣʩʷ ʥʘʠ-

ʙʦʣʴʰʠʡ ʛʠʧʩʦʬʣʦʨʥʳʡ ʩʜʚʠʛ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʦ 

15 ʠ 19 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣ. 2). ʂʘʢ ʠ ʚ ʩʣʫ-

ʯʘʝ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ, ʧʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʩʦʣʠ ʤʝʪʘʣʣʘ ʦʪʤʝʯʘʣʦʩʴ ʧʦʩʪʝʧʝʥʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʜʚʠʛʘ ʤʘʢʩʠʤʫʤʘ ʬʣʫʦ-

ʨʝʩʮʝʥʮʠʠ.  

 

 
ʈʠʩ. 2. ʉʧʝʢʪʨ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʅʂʄ ʜʦ (ʢʨʠʚʘʷ 1) ʠ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʝʨʭʣʦʨʘʪʘ ʨʪʫʪʠ(II) ʩ ʢʦʥʮʝʥ-

ʪʨʘʮʠʝʡ 10-5 ʤʦʣʴ/ʣ (ʢʨʠʚʘʷ 2), 10-4 ʤʦʣʴ/ʣ (ʢʨʠʚʘʷ 3),  

10-3 ʤʦʣʴ/ʣ (ʢʨʠʚʘʷ 4). 

Fig. 2. The fluorescence spectrum of NCM before (curve 1) and 

after treatment in aqueous solution of Hg(ClO4)2 with concentra-

tion 10-5 M (curve 2), 10-4 M (curve 3) and 10-3 M (curve 4). 

 

ʊʘʙʣʠʮʘ 3.  

ɼʣʠʥʘ ʚʦʣʥʳ ʤʘʢʩʠʤʫʤʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʅʂʄ ʥʘ 

ʦʩʥʦʚʝ ʇɺʍ, ʩʦʜʝʨʞʘʱʠʭ ʆʄʉ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪ-

ʢʠ ʨʘʩʪʚʦʨʘʤʠ ʧʝʨʭʣʦʨʘʪʘ ʨʪʫʪʠ (II). 

Table 3. The wavelength of the fluorescence maximum 

for NCM based on PVC with OMS before and after 

treatment with Hg(ClO4)2 solutions. 

ˉ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩ-

ʪʚʦʨʘ ʧʝʨʭʣʦʨʘʪʘ 

ʨʪʫʪʠ (II), ʤʦʣʴ/ʣ 
0, ʥʤ 

Hg
2+

, 

ʤʦʣʴ/ʣ 
, ʥʤ 

ʉʜʚʠʛ 

, ʥʤ 

1 10
-3
 502Ñ1 10

-3
 487Ñ1 -15 

2 10
-4
 502Ñ1 10

-4
 492Ñ1 -10 

3 10
-5
 502Ñ1 10

-5
 500Ñ1 -2 

4 10
-6
 502Ñ1 10

-6
 501Ñ1 -1 

 

ʊʘʙʣʠʮʘ 4.  

ɼʣʠʥʘ ʚʦʣʥʳ ʤʘʢʩʠʤʫʤʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʅʂʄ ʥʘ 

ʦʩʥʦʚʝ ʇɺʍ, ʩʦʜʝʨʞʘʱʠʭ ʆʄʉ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪ-

ʢʠ ʨʘʩʪʚʦʨʘʤʠ ʧʝʨʭʣʦʨʘʪʘ ʩʝʨʝʙʨʘ. 

Table 4. Wavelength of the fluorescence maximum for 

NCM based on PVC with OMS before and after treat-

ment with AgClO 4 solution. 

ˉ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʘ 

ʧʝʨʭʣʦʨʘʪʘ ʩʝʨʝʙʨʘ, 

ʤʦʣʴ/ʣ 
0, ʥʤ , ʥʤ 

ʉʜʚʠʛ 

, ʥʤ 

1 10
-3 

502Ñ1 483Ñ1 -19 

2 10
-4 

502Ñ2 506Ñ4 +4 

3 10
-5 

502Ñ1 503 Ñ1 +1 

4 10
-6 

502Ñ1 503Ñ1 +1 

 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʨʘʩʪʚʦʨʘ ʧʝʨʭʣʦʨʘʪʘ ʩʝʨʝʙʨʘ 

ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10
-3 
ʤʦʣʴ/ʣ ʧʨʦʠʩʭʦʜʠʣ ʩʜʚʠʛ 

ʤʘʢʩʠʤʫʤʘ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʨʘʚʥʳʡ 19 ʥʤ, ʚ ʢʦ-

ʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ. ɺ ʩʣʫʯʘʝ ʜʝʡʩʪʚʠʷ ʨʘʩ-

ʪʚʦʨʦʚ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʪʤʝʯʘ-
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ʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʜʚʠʛʠ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ 

ʦʙʣʘʩʪʴ ʥʘ ʫʨʦʚʥʝ ʦʰʠʙʢʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʪʠʦʥʦʚ ʩʝʨʝʙʨʘ ʥʠʞʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 1 ʤʄ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʚ 

ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʜʦʩʪʦʚʝʨʥʦ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜ-

ʜʝʨʞʢʝ ʈʌʌʀ, ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫ-

ʢʠ ʈʌ ʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ.  
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(ʀɺɸʅʆɺʆ, 14 - 15 ʄɸʈʊɸ 2007 ʛ.) 

14-15 ʤʘʨʪʘ 2007 ʛ. ʚ ʀʚʘʥʦʚʩʢʦʤ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ (ʀʚɻʋ) ʧʨʦʰʣʘ III ʰʢʦʣʘ-

ʩʝʤʠʥʘʨ çʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ: ʩʪʨʫʢʪʫ-

ʨʘ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝ-

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣè, ʧʦʩʚʷʱʝʥʥʘʷ ʧʘʤʷʪʠ 

ʧʨʦʬʝʩʩʦʨʘ ʂ.ʉ. ʂʨʘʩʥʦʚʘ. ʆʨʛʘʥʠʟʘʪʦʨʘʤʠ ʤʝʨʦ-

ʧʨʠʷʪʠʷ ʚʤʝʩʪʝ ʩ ʌʝʜʝʨʘʣʴʥʳʤ ʘʛʝʥʪʩʪʚʦʤ ʧʦ ʦʙ-

ʨʘʟʦʚʘʥʠʶ ʠ ʀʚɻʋ ʚʳʩʪʫʧʠʣʠ ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠ-

ʪʝʪ, ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʨʘʩʪʚʦʨʦʚ ʈɸʅ, ʗʨʦʩʣʘʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ (ʛ. ʍʠʤʢʠ, 

ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ). ʉʦʧʨʝʜʩʝʜʘʪʝʣʠ ʦʨʛʢʦʤʠʪʝ-

ʪʘ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ ï ʧʨʦʬʝʩʩʦʨʘ ʂʣʶʝʚ ʄ.ɺ. ʠ 

ɻʠʨʠʯʝʚ ɻ.ɺ., ʫʯʝʥʳʝ ʩʝʢʨʝʪʘʨʠ ï ʜʦʮʝʥʪʳ ɺʦʣʢʦ-

ʚʘ ʊ.ɻ. ʠ ʇʝʪʨʦʚ ɺ.ʄ. 

ʇʝʨʚʳʝ ʜʚʝ ʰʢʦʣʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 2003 

ʠ 2005 ʛʛ. ʚ ʀʚʘʥʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨ-

ʩʠʪʝʪʝ ʠ ʀʚʘʥʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʭʠʤʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠ ʪʘʢʞʝ ʙʳʣʠ ʧʦ-

ʩʚʷʱʝʥʳ ʧʘʤʷʪʠ ʂʨʘʩʥʦʚʘ ʂʦʥʩʪʘʥʪʠʥʘ ʉʦʣʦʤʦ-

ʥʦʚʠʯʘ. 

ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʬʝʩ-

ʩʦʨʘ ʂ.ʉ.ʂʨʘʩʥʦʚʘ ʦʪʥʦʩʷʪʩʷ ʢ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʳ 

ʠ ʵʥʝʨʛʝʪʠʢʠ ʤʦʣʝʢʫʣ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʛʘʟʦʚʦʡ 

ʬʘʟʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʝʛʦ ʨʘʙʦʪʘʭ 

ʫʜʘʯʥʦ ʩʦʯʝʪʘʣʠʩʴ ʵʣʝʢʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʡ, ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ, ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, 

ʜʦʧʦʣʥʝʥʥʳʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ʊʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ ʂ.ʉ. 

ʂʨʘʩʥʦʚ ʧʨʠʜʘʚʘʣ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʪʦʷʥʥʦ 

ʧʦʜʯʝʨʢʠʚʘʷ, ʯʪʦ ʢʚʘʥʪʦʚʘʷ ʭʠʤʠʷ ʷʚʣʷʝʪʩʷ ʷʟʳ-

ʢʦʤ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ, ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ, ʧʦ-

ʟʚʦʣʷʶʱʠʤ ʩ ʝʜʠʥʦʡ ʧʦʟʠʮʠʠ ʦʩʤʳʩʣʠʪʴ ʜʘʥʥʳʝ 

ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ.  

ʐʢʦʣʘ-ʩʝʤʠʥʘʨ ʙʳʣʘ ʧʦʩʚʷʱʝʥʘ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʶ ʤʝʪʦʜʦʚ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʧʨʠ ʚʳʧʦʣʥʝ-

ʥʠʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʨʘʙʦʪ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ:  

- ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ: 

- ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʨʬʠʨʠʥʦʚ; 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩ-

ʪʝʤ; 

- ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʦ-

ʣʝʢʫʣ; 

- ʠʟʫʯʝʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚʝʱʝʩʪʚ; 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʠʦʤʝʤʙʨʘʥ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ; 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʦʨʙʮʠʠ ʨʘʟʥʳʭ 

ʚʝʱʝʩʪʚ. 

ʆʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʤʘʪʠʢʠ 

ʰʢʦʣʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪ-
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ʚʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʙʦʪ ʙʳʣʠ ʧʦʜʜʝʨʞʘʥʳ 

ʛʨʘʥʪʘʤʠ ʠ ʧʨʦʛʨʘʤʤʘʤʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʈʌ, ʈʌʌʀ, ʈɸʅ ʠ ʜʨ.  

ʌʦʨʫʤ ʩʦʙʨʘʣ ʭʠʤʠʢʦʚ ʥʝ ʪʦʣʴʢʦ ʛ. ʀʚʘ-

ʥʦʚʦ, ʥʦ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʋʬʳ, ʆʨʝʥʙʫʨʛʘ, ʅʦ-

ʚʦʤʦʩʢʦʚʩʢʘ, ʊʫʣʳ, ʉʘʨʘʪʦʚʘ, ɸʩʪʨʘʭʘʥʠ, ʂʨʘʩʥʦ-

ʷʨʩʢʘ, ʄʘʭʘʯʢʘʣʳ, ɸʥʛʘʨʩʢʘ, ʆʨʣʘ, ʇʝʨʤʠ, ʉʘʤʘ-

ʨʳ, ʕʥʛʝʣʴʩʘ. ʇʨʦʛʨʘʤʤʘ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ ʚʢʣʶ-

ʯʘʣʘ ʧʣʝʥʘʨʥʳʝ ʣʝʢʮʠʠ ʫʯʝʥʳʭ ʀʇʌʍ ʈɸʅ, 

ʀʀʍʈ, ʀʚɻʋ, ʩʝʢʮʠʠ ʫʩʪʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ ʜʦʢʣʘ-

ʜʦʚ, ʘ ʪʘʢʞʝ ʟʘʦʯʥʦʝ ʫʯʘʩʪʠʝ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʦʢʣʘʜʦʚ - 64 ʦʪ ʙʦʣʝʝ 120 ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʘʩʧʠ-

ʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ - ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʥʘʫʯʥʳʭ ʠ 

ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʈʦʩʩʠʠ. 

ʇʣʝʥʘʨʥʳʝ ʣʝʢʮʠʠ ʢʘʩʘʣʠʩʴ ʰʠʨʦʢʦʛʦ 

ʢʨʫʛʘ ʧʨʦʙʣʝʤ, ʘ ʠʤʝʥʥʦ: ʠʟʫʯʝʥʠʷ ʩʪʨʦʝʥʠʷ ʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʟʦʣʦʪʘ ʤʝ-

ʪʦʜʦʤ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (ʜ.ʭ.ʥ. ʐʝʩʪʘʢʦʚ 

ɸ.ʌ. ï ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʭʠʤʠʯʝʩʢʦʡ ʬʠʟʠʢʠ 

ʈɸʅ, ʛ.ʏʝʨʥʦʛʦʣʦʚʢʘ); ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʩʪʠʯʝ-

ʩʢʠʭ ʤʦʜʝʣʝʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʩʚʷʟʠ çʩʪʨʫʢʪʫʨʘ ï 

ʩʚʦʡʩʪʚʦè (ʜ.ʭ.ʥ. ɹʘʣʘʢʠʥ ʂ.ɺ. ï ʀʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʛ. ʍʠʤ-

ʢʠ); ʩʦʚʨʝʤʝʥʥʳʭ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝ-

ʥʠʡ (ʜ.ʭ.ʥ. ʂʨʳʣʦʚ ɽ.ʅ. ï ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪ-

ʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ); ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʚʘʥʪʦʚʦʭʠ-

ʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʥʝʥʘʩʳʱʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ (ʢ.ʭ.ʥ. ɺʦʣʢʦʚʘ ʊ.ɻ. ï ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ). 

ʂʨʦʤʝ ʫʯʘʩʪʥʠʢʦʚ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ ʣʝʢ-

ʮʠʠ ʠ ʜʦʢʣʘʜʳ ʩʣʫʰʘʣʠ ʠ ʦʙʩʫʞʜʘʣʠ ʤʦʣʦʜʳʝ 

ʫʯʝʥʳʝ, ʘʩʧʠʨʘʥʪʳ ʠ ʩʪʫʜʝʥʪʳ ï ʭʠʤʠʢʠ 4-5 ʢʫʨ-

ʩʦʚ ʙʠʦʣʦʛʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʀʚɻʋ ʠ 

ʀɻʍʊʋ, ʧʦʩʢʦʣʢɹʫ ʚ ʵʪʠʭ ʚʫʟʘʭ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʫʯʘʩʪʥʠʢʦʚ ʚʳʟʚʘʣ 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʥʦ-

ʦʙʨʘʟʠʷ (ʀʀʍʈ, ʛ. ʍʠʤʢʠ). ʆʩʥʦʚʥʦʡ ʩʧʝʮʠʘʣʠʟʘ-

ʮʠʝʡ ʀʀʍʈ ʷʚʣʷʶʪʩʷ ʜʦʢʣʠʥʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʣʝʢʘʨʩʪʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚ ʨʘʤ-

ʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʦʧʝʨʘʮʠʠ. ɼʝʷʪʝʣʴʥʦʩʪʴ 

ʀʀʍʈ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʨʝʰʝ-

ʥʠʷ ʨʷʜʘ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʠ, 

ʪʘʢʠʭ ʢʘʢ: ʦʩʚʦʝʥʠʝ ʥʦʚʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ, çʫʪʝʯʢʘ ʤʦʟʛʦʚè, ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ 

ʫʯʝʥʳʭ, ʩʪʘʨʝʥʠʝ ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ ʠ ʜʨ. 

ʀʀʍʈ ʧʦʟʚʦʣʷʝʪ ʨʦʩʩʠʡʩʢʠʤ ʫʯʝʥʳʤ ʟʘʥʷʪʴ ʜʦʩ-

ʪʦʡʥʦʝ ʤʝʩʪʦ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʭʠʤʠ-

ʯʝʩʢʠʭ, ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʨʘʤʢʘʭ ʤʝʨʦʧʨʠʷʪʠʷ ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ 

ʢʦʥʢʫʨʩ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ. ɾʶʨʠ ʚ ʩʦʩʪʘʚʝ 

ʯʣʝʥʦʚ ʦʨʛʢʦʤʠʪʝʪʘ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ ʦʪʦʙʨʘʣʦ 

ʣʫʯʰʠʝ ʫʩʪʥʳʝ ʠ ʩʪʝʥʜʦʚʳʝ ʩʦʦʙʱʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʧʨʠʟʘʤʠ ʀʀʍʈ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ 

ʢ ʧʫʙʣʠʢʘʮʠʠ ʚ ʞʫʨʥʘʣʝ çʀʟʚʝʩʪʠʷ ʚʫʟʦʚ. ʍʠʤʠʷ 

ʠ ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷè.  
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ʉ ʧʦʤʦʱʴʶ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ AM1, PM3, MNDO (HyperChem) ʠ PBE/sbk 

(DFT) (Priroda) ʨʘʩʩʯʠʪʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʟʦʤʝʪʠʥʦʚ 

ʨʷʜʘ ʧ-ʥ-ʘʣʢʠʣʦʢʩʠʙʝʥʟʠʣʠʜʝʥ-ʧ'-ʪʦʣʫʠʜʠʥʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ ʘʟʦʤʝʪʠʥʦʚʫʶ ʛʨʫʧʧʫ, 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʠʣʠʜʝʥʘʥʠʣʠʥʘ ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʝ̫ʪʩʷ ʤʝʪʦʜ PBE (DFT).  

ʆʩʥʦʚʘʥʠʷ ʐʠʬʬʘ ʩ ʤʦʤʝʥʪʘ ʠʭ ʦʪʢʨʳʪʠʷ 

ʠ, ʦʩʦʙʝʥʥʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʦʩʪʘʶʪʩʷ ʦʙʲʝʢʪʘ-

ʤʠ ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʀʟ 

ʤʥʦʛʠʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʚʳʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ. ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢ-
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ʪʫʨʳ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʝʨʤʦʪʨʦʧʥʳʭ ʞʠʜʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ; ʤʝʟʦ-

ʤʦʨʬʥʳʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʟʦʬʘʟ, ʷʚʣʷʶʪ-

ʩʷ ʦʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʞʠʜ-

ʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʜʣʷ ʨʝh ʝʥʠʷ ʢʦʪʦʨʳʭ ʦʯʝʥʴ ʯʘʩʪʦ 

ʧʨʠʙʝʛʘʶʪ ʢ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʨʘʩʯʝ-

ʪʘ. ɺʳʙʦʨ ʤʝʪʦʜʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʫʩʪʘʥʦʚ-

ʣʝʥʠʠ ʪʦʯʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʣʠʯʠʥ, ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʥʠʠ ʩʪʨʦʝʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʩ-

ʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʅʘʜʝʞʥʳʝ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʛʥʦʟʳ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʙʦʣʝʝ ʩʪʨʦʛʠʭ, ʯʝʤ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ 

ʍʘʨʪʨʠ-ʌʦʢʘ (HF), ʥʝʵʤʧʠʨʠʯʝʩʢʠʭ (ab initio) ʤʝ-

ʪʦʜʘʭ, ʚ ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʨʨʝ-

ʣʷʮʠʷ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʡ ʬʠʟʠ-

ʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʨʘʩʯʝʪʦʚ ab initio 

ʥʝʦʙʭʦʜʠʤʳ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʫʯʝʪʘ ʢʦʨʨʝʣʷ-

ʮʠʠ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘ ʧʝʨʚʳʡ 

ʧʣʘʥ ʚ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʩʪʘʣʠ ʚʳʜʚʠʛʘʪʴ ʪʝʦʨʠʶ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

(Density Functional Theory, DFT), ʧʦʟʚʦʣʷʶʱʫʶ 

ʫʯʠʪʳʚʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʨʨʝʣʷʮʠʶ [1]. 

ʅʘʨʷʜʫ ʩ ʥʝʵʤʧʠʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʦʣʝʢʫʣ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʧʦʣʫʵʤʧʠʨʠʯʝ-

ʩʢʠʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʥʴʰʠʤʠ 

ʟʘʪʨʘʪʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʤʝ-

ʪʦʜʘ ʠ ʧʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʢʚʘʥʪʦ-

ʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʤʦʣʝʢʫʣ ʪʝʨʤʦʪʨʦʧʥʳʭ 

ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʥʘ ʧʨʠʤʝʨʝ ʘʟʦʤʝʪʠʥʦʚ ʨʷʜʘ 

ʧ-ʥ-ʘʣʢʠʣʦʢʩʠʙʝʥʟʠʣʠʜʝʥ-ʧ'-ʪʦʣʫʠʜʠʥʘ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ʈʘʩʯʝʪʳ ʙʝʥʟʠʣʠʜʝʥʘʥʠʣʠʥʘ ʠ ʜʚʝʥʘʜʮʘʪʠ 

ʤʦʣʝʢʫʣ ʘʟʦʤʝʪʠʥʦʚ ʨʷʜʘ ʧ-ʥ-ʘʣʢʠʣʦʢʩʠʙʝʥ-

ʟʠʣʠʜʝʥ-ʧ'-ʪʦʣʫʠʜʠʥʦʚ (ʨʠʩʫʥʦʢ) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ɸʄ1, PM3, MNDO 

ʩ ʠʩʧʦʣʟɹʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ HyperChem (7.5) ʠ c 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Priroda ʤʝʪʦ-

ʜʦʤ PBE (DFT), ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʪʝʦʨʠʠ ʬʫʥʢ-

ʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʫʯʠʪʳʚʘʪʴ 

ʵʣʝʢʪʨʦʥʥʫʶ ʢʦʨʨʝʣʷʮʠʶ, ʩ ʙʘʟʠʩʦʤ sbk (ʙʘʟʠʩ ʩ 

ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʦʤ, ʪʦʣʴʢʦ ʚʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦ-

ʥʳ), ʫʯʠʪʳʚʘʶʱʠʤ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʧʦʧʨʘʚʢʠ (ʜʦ 

84-ʛʦ ʵʣʝʤʝʥʪʘ).  

ʇʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʧʦʣʥʦʡ ʦʧʪʠʤʠʟʘʮʠʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʥʦʨʤʘ ʛʨʘʜʠʝʥʪʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 0,001 ʢʢʘʣ/ʤʦʣʴ) 

ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʤʝʪʦʜʘ ʍʘʨʪʨʠ-

ʌʦʢʘ ʙʝʟ ʫʯʝʪʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ. ʆʧʪʠʤʠ-

ʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʙʝʟ ʥʘʣʦʞʝʥʠʷ ʦʛ-

ʨʘʥʠʯʝʥʠʡ ʧʦ ʪʠʧʫ ʩʠʤʤʝʪʨʠʠ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʣʦʞʥʳʡ 

ʤʠʥʠʤʫʤ, ʦʙʷʟʘʪʝʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʢʦʥʪʨʦʣʴ 

ʪʠʧʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʦʯʢʠ, ʜʣʷ ʯʝʛʦ ʨʘʩʩʯʠʪʳʚʘ-

ʣʠʩʴ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʧʝʢʪʨʳ. ʆʪʩʫʪʩʪʚʠʝ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʭ ʯʘʩʪʦʪ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʩʧʝʢʪʨʝ ʧʦʟʚʦʣʷ-

ʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʜʦʩʪʠʞʝʥʠʠ ʠʩʪʠʥʥʦʛʦ ʤʠʥʠ-

ʤʫʤʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. 
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ʈʠʩ. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʘʟʦʤʝʪʠʥʦʚ  

ʨʷʜʘ ʧ-ʥ-ʘʣʢʠʣʦʢʩʠʙʝʥʟʠʣʠʜʝʥ-ʧ'-ʪʦʣʫʠʜʠʥʘ. 

Fig. General structural formula of azomethine  

set p-n-alkyloxybenzylidene-n'-toluidine. 

 
ʇʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʦʚʝʜʝʥʥʳʭ ʢʚʘʥ-

ʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦ-

ʚʦʜʠʣʘʩʴ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ (ʨʝʥʪʛʝʥʜʠʬ-

ʨʘʢʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ (ʈɼʕ) [2], ʨʝʥʪʛʝʥʦʩʪ-

ʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ) [3, 4]) ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠ-

ʥʝʥʠʡ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʘʟʦʤʝʪʠʥʦʚʫʶ 

ʛʨʫʧʧʫ, ʘ ʪʘʢʞʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝ-

ʩʢʠʭ ʨʘʩʯʝʪʦʚ ʨʦʜʩʪʚʝʥʥʳʭ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ 

ʘʟʦʤʝʪʠʥʦʚʫʶ ʛʨʫʧʧʫ [5].  

ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

ɸʟʦʤʝʪʠʥʳ ʨʷʜʘ ʧ-ʥ-ʘʣʢʠʣʦʢʩʠʙʝʥʟʠʣʠ-

ʜʝʥ-ʧ'-ʪʦʣʫʠʜʠʥʘ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʝʥʟʠ-

ʣʠʜʝʥʘʥʠʣʠʥʘ. ʇʦʵʪʦʤʫ ʘʥʘʣʠʟ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʥʝʤʘʪʠʯʝʩʢʠʭ ʞʠʜʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʥʘʯʘʣʠ ʩ ʙʝʥʟʠʣʠʜʝʥʘʥʠʣʠʥʘ. 

ʈʘʥʝʝ [5], ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʤʦʣʝʢʫʣʳ ʙʝʥʟʠʣʠʜʝʥʘʥʠʣʠʥʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ Gaussian98, ʩ ʧʦʤʦʱʴʶ 

ʜʚʫʭ ʤʝʪʦʜʦʚ ï ʤʝʪʦʜʦʤ B3LYP/6-311G(d,p) 

(DFT), ʠ ʥʝʵʤʧʠʨʠʯʝʩʢʠʤ (ab initio) ʤʝʪʦʜʦʤ 

HF/4-31G.  
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ɺ ʪʘʙʣ.1 ʵʪʠ ʜʘʥʥʳʝ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʙʝʥʟʠ-

ʣʠʜʝʥʘʥʠʣʠʥʘ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ɸʄ1 ʠ 

ʤʝʪʦʜʦʤ PBE (DFT) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʠʩʘ sbk. 

 
ʊʘʙʣʠʮʘ 1.  

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʣʝʢʫʣʳ ʙʝʟʠʣʠʜʝʥʘʥʠʣʠʥʘ  

Table 1. Geometrical and electronic characteristics of 

benzylideneaniline molecule 

ʇʘʨʘʤʝʪʨ ɸʄ1 PBE/sbk 

B3LYP 

/6-311G(d,p) 

[5] 

HF/4-

31G 

[5] 

r(CAr-C), ¡ 1,469 1,469 1,47 1,468 

r(C=N), ¡ 1,292 1,292 1,28 1,276 

r(N-CAr), ¡ 1,412 1,412 1,41 1,405 

ʉArïʉArïʉïN, 

ʛʨʘʜ. 

5,82 -5,82 1,1  

 ʉïNïʉArïʉAr, 

ʛʨʘʜ.  

34,77 -34,77 40,6  

Õ, D 1,38 1,47   

 

ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ, ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʵʤʧʠ-

ʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ɸʄ1 ʠ ʤʝʪʦʜʘ PBE (DFT), ʩ 

ʨʘʩʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ [5] ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ 

ʜʣʠʥ ʩʚʷʟʝʡ ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ. ʆʜʥʘ-

ʢʦ ʟʥʘʯʝʥʠʷ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ ʉArïʉArïʉïN ʠ 

ʉïNïʉArïʉAr  ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ. ɼʠʧʦʣʴ-

ʥʳʡ ʤʦʤʝʥʪ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʚʘʥʪʦʚʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʤʝʪʦʜʘʤʠ ɸʄ1 ʠ PBE 

(DFT), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʝʥ 1,38 D ʠ 1,47 D, ʯʪʦ 

ʥʠʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ ʙʝʥʟʠʣʠʜʝʥʘʥʠʣʠʥʘ (1.61 D [6]). ɹʣʠʞʝ ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʫ ʥʘʭʦʜʠʪʩʷ ʟʥʘʯʝʥʠʝ ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ PBE 

(DFT). 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ (ʜʣʠʥʳ ʩʚʷʟʝʡ, ʪʦʨʩʠʦʥ-

ʥʳʝ ʫʛʣʳ) ʠ ʵʣʝʢʪʨʦʥʥʳʝ (ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ)

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʨʷʜʘ ʧ-

ʥ-ʘʣʢʠʣʦʢʩʠʙʝʥʟʠʣʠʜʝʥ-ʧ'-ʪʦʣʫʠʜʠʥʘ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ.2-4.  

ɺʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʤʦʣʝʢʫʣʳ ʨʷʜʘ ʧ-ʥ-

ʘʣʢʠʣʦʢʩʠʙʝʥʟʠʣʠʜʝʥ-ʧ'-ʪʦʣʫʠʜʠʥʦʚ ʘʢʦʧʣʘʥʘʨ-

ʥʳ, ʪʦʨʩʠʦʥʥʳʡ ʫʛʦʣ  ʉïNïʉArïʉAr  ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ 34
 
(ʚʝʣʠʯʠʥʘ ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʨʘʩʯʝʪʝ ʩ 

ʧʦʤʦʱʴʶ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ɸʄ1 ʠ 

PBE (DFT)). 

ɿʥʘʯʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ CAr-C, C=N, N-CAr 

(ʪʘʙʣ. 2) ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʤʝʪʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦʣʫʵʤʧʠʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ɸʄ1 ʠ ʤʝʪʦʜ PBE 

(DFT), ʜʘʶʪ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ, 

ʢʦʪʦʨʳʝ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ MNDO, ʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʩ-

ʯʝʪʥʳʤʠ ʜʘʥʥʳʤʠ [5]. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʨʦʜʩʪʚʝʥʥʳʭ ʤʦ-

ʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭ ʘʟʦʤʝʪʠʥʦʚʫʶ ʛʨʫʧʧʫ [2-4] 

ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ ʩʚʷʟʠ CAr.-ʉ ʥʝʩʢʦʣʴʢʦ 

ʟʘʚʳʰʝʥʦ ʚʦ ʚʩʝʭ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʢʚʘʥʪʦʚʦʭʠʤʠ-

ʯʝʩʢʠʭ ʤʝʪʦʜʘʭ, ʪʦʛʜʘ ʢʘʢ ʟʥʘʯʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ 

C=N ʠ N-CAr  ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ.  

ɺʝʣʠʯʠʥʳ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ ʉAr-CAr-C-N 

ʠ C-C-N-CAr (ʪʘʙʣ.3) ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʚ 

ʤʝʪʦʜʝ MNDO, ʦʪ ʟʥʘʯʝʥʠʡ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ ʧʦ-

ʤʦʱʴʶ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ɸʄ1, ʄʈ3 ʠ 

ʤʝʪʦʜʘ PBE (DFT), ʠ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [5]. 

 ɿʥʘʯʝʥʠʷ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʘʟʦʤʝʪʠ-

ʥʦʚ ʨʷʜʘ ʧ-ʥ-ʘʣʢʠʣʦʢʩʠʙʝʥʟʠʣʠʜʝʥ-ʧ'-ʪʦʣʫʠʜʠʥʘ 

(ʪʘʙʣ. 4), ʚʦ ʚʩʝʭ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ, 

ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʤʝʪʦʜʦʤ 

PBE (DFT), ʠ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʛʦ ʟʥʘʯʝʥʠʷ [7]. 

ʊʘʙʣʠʮʘ 2.  

ɿʥʘʯʝʥʠʷ ʜʣʠʥ ʩʚʷʟʝʡ (¡) CAr -C, C=N, N-CAr  ʤʦʣʝʢʫʣ ʘʟʦʤʝʪʠʥʦʚ ʨʷʜʘ 

 ʧ-ʥ-ʘʣʢʠʣʦʢʩʠʙʝʥʟʠʣʠʜʝʥ-ʧ'-ʪʦʣʫʠʜʠʥʘ 

Table 2. The values of  CAr -C, C=N, N-CAr bond lengths (¡) of p-n-alkyloxybenzylidene-n'-toluidine set  

azomethine molecules 

 ʉʦʝʜʠʥʝʥʠʷ ɸʄ1 ʈʄ3 MNDO PBE/sbk ʈɼʕ [2] ʈʉɸ [3, 4] 
B3LYP/ 

6-311G(D,P) [5] 

r(
C

A
r-
C
)
,
 
¡

 

1-12 1,467 1,466 1,486 1,467        

C13H10Br2N2O3S 1,470   

1,470 

1,430 

(6) 
      

C16H11Br2N2O3S2 1,469    
1,431 

(9) 
     

C30H27N2O2 1,469   1,469   
1,445 

(5) 
    

C22H29Nʆ2 1,467   1,467     1,46   

C18H21NO          1,46  

C20H25NO 1,467   1,467       1,46 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 

r
(
C
=
N
)
,
 
¡

 
1-12 1,292 1,295 1,290 1,292        

C13H10Br2N2O3S 1,291   1,291 
1,309 

(6) 
      

C16H11Br2N2O3S2 1,292   1,292  
1,297 

(9) 
     

C30H27N2O2 1,289   1,289   
1,250 

(5) 
    

C25H23N5O6        
1,299 

(2) 
   

C22H29Nʆ2 1,292   
 

1,292 

 

    1,28   

C18H21NO 1,292        1,28  

C20H25NO 1,292         1,28 

r(
N

-C
A

r 
)
,
 
¡

 

1-12 1,412 1.431 1.420 1,412     1,40 1,40 1,40 

C13H10Br2N2O3S 1,411   1,411 
1,408 

(6) 
      

C16H11Br2N2O3S2 1,292   1,292  
1,440 

(9) 
     

C30H27N2O2 1,414   1,414   
1,431 

(5) 
    

C25H23N5O6        
1,453 

(3) 
   

C22H29Nʆ2 1,411   1,411     1,40   

C18H21NO          1,40  

C20H25NO 1,412   1,412       1,40 

 
ʊʘʙʣʠʮʘ 3.  

ɿʥʘʯʝʥʠʷ ʪʦʨʩʠʦʥʥʳʭ ʫʛʣʦʚ (ʛʨʘʜ.) ʉAr -ʉAr -ʉ-N, C-C-N-CAr  ʤʦʣʝʢʫʣ ʘʟʦʤʝʪʠʥʦʚ ʨʷʜʘ 

 ʧ-ʥ-ʘʣʢʠʣʦʢʩʠʙʝʥʟʠʣʠʜʝʥ-ʧ'-ʪʦʣʫʠʜʠʥʘ 

Table 3. The values of ʉAr -ʉAr -ʉ-N, C-C-N-CAr  torsion angles (degree) of p-n-alkyloxybenzylidene-n'-

toluidine set in azomethine molecules 

ʋʛʦʣ ʉAr-ʉAr-ʉ-N C-C-N-CAr   

ʉʦʝʜʠʥʝʥʠʷ ɸʄ1 ʈʄ3 MNDO 
PBE 

/sbk 

B3LYP 

/6-311G(D,P) [5] 
ɸʄ1 ʈʄ3 MNDO 

PBE 

/sbk 

B3LYP 

/6-311G(D,P) [5] 

1 4,81 3,03 -62,19 -4,58  34,09 43,93 103,41 -33,93  

2 4,52 2,43 -84,29 -4,44  33,99 43,74 98,45 -34,03  

3  4,59 3,14 94,56 -4,14  34,03 44,06 -89,29 -33,87  

4 4,59 3,06 -84,58 -4,48  34,03 43,99 98,21 -34,03  

5 4,52 2,47 96,06 -4,39  33,99 43,69 -88,57 -33,97  

6 4,57 2,75 -82,84 -4,31  34,02 43,77 100,2 -33,92  

7 4,58 3,01 -85,29 -4,58  34,06 43,90 92,22 -34,06  

8 4,59 2,97 98,22 -4,38  34,05 43,86 -87,19 -33,93  

9 -4,38 2,92 -82,58 -4,42  -33,93 43,85 100,53 -33,96  

10 4,88 2,91 97,61 -4,31  34,12 43,80 -86,75 -33,90  

11 4,52 2,91 99,43 4,32  34,01 43,82 -85,32 33,91  

12 4,47 2,91 98,22 -4,47  33,99 43,81 -86,49 -33,99  

C22H29Nʆ2  4,89   -4,90 1,8 31,61   -31,61 39,7 

C18H21NO      1,3     38,3 

C20H25NO  4,57   -4,31 2,0 34,02   -33,92 40,1 

 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʢʚʘʥʪʦʚʦʭʠ-

ʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦ-

ʰʦ ʦʧʠʩʳʚʘʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʟʦʤʝʪʠʥʦʚ ʨʷʜʘ ʧ-ʥ-ʘʣʢʠʣʦʢʩʠʙʝʥʟʠʣʠʜʝʥ-ʧ'-ʪʦ-
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          ʊʘʙʣʠʮʘ 4  

ɿʥʘʯʝʥʠʷ ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ (D) ʤʦʣʝʢʫʣ ʘʟʦʤʝ-

ʪʠʥʦʚ ʨʷʜʘ ʧ-ʥ-ʘʣʢʠʣʦʢʩʠʙʝʥʟʠʣʠʜʝʥ-ʧ'-ʪʦʣʫʠʜʠʥʘ 

Table 4 The values of dipole moments (D) of p-n-alkyl -

oxybenzylidene-n'-toluidine set in azomethine molecules 

ˉ ʩʦʝʜʠʥʝʥʠʷ ɸʄ1 PM3 MNDO PBE/sbk Õɻ ʢʩʧ. [7] 

1 0,31 0,22 1,31 1,81  

2 0,60 0,30 0,56 2,14  

3 0,65 0,31 0,56 2,33  

4 0,68 0,33 0,56 2,41 2,29 

5 0,70 0,33 0,56 2,47 2,13 

6 0,71 0,33 0,58 2,48 2,07 

7 0,71 0,34 0,57 2,55 2,16 

8 0,72 0,34 0,57 2,55 2,04 

9 0,72 0,34 0,58 2,59 2,03 

10 0,73 0,34 0,57 2,57  

11 0,72 0,34 0,59 2,60  

12 0,73 0,34 0,58 2,58  

 

ʣʫʠʜʠʥʘ ʢʘʢ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ɸʄ1, ʪʘʢ ʠ 

PBE (DFT). ʆʜʥʘʢʦ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ɸʄ1, ʈʄ3, MNDO ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʥʠʞʘʶʪ ʵʣʝʢ-

ʪʨʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʟʥʘʯʝʥʠʷ 

ʜʠʧʦʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʪʘʙʣ. 4). ʅʘʧʨʦʪʠʚ, ʤʝʪʦʜ PBE (DFT) ʟʘʚʳʰʘʝʪ 

ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ, ʥʦ ʵʪʠ ʟʥʘʯʝʥʠʷ ʙʣʠʞʝ ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʫ, ʧʦʵʪʦʤʫ ʜʣʷ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʥʝʤʘʪʠʯʝʩʢʠʭ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʨʷʜʘ ʧ-ʥ-

ʘʣʢʠʣʦʢʩʠʙʝʥʟʠʣʠʜʝʥ-ʧ'-ʪʦʣʫʠʜʠʥʘ ʦʧʪʠʤʘʣʴʥʳʤ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ PBE (DFT).  
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ʉ ʧʦʤʦʱʴʶ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ɸʄ1 (HyperChem 7) ʧʨʦʚʝʜʝʥʳ 

ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 18 ʤʦʣʝʢʫʣ ʭʣʦʨʟʘʤʝʱʝʥʥʳʭ ʘʣʢʠʣʠʜʝʥʘʥʠʣʠʥʦʚ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ, ʘ ʪʘʢʞʝ ʜʣʠʥʦʡ ʠ 

ʩʪʨʦʝʥʠʝʤ ʘʣʢʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ-

ʣʠʯʠʝ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʙʝʥʟʦʣʴʥʦʤ ʢʦʣʴʮʝ ʠ ʨʘʟʚʝʪʚʣʝʥʠʝ ʚ ʘʣʢʠʣʴʥʦʡ ʯʘʩʪʠ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʚʝʣʠʯʠʥʝ ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ ʥʘ >ʉ=N- ʩʚʷʟʠ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʟʦʤʝʪʠʥʦʚ ʚ ʛʠʜʨʠʨʦʚʘʥʠʠ. 

ɸʟʦʤʝʪʠʥʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʚ 

ʢʘʯʝʩʪʚʝ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢ-

ʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʚ ʤʝʜʠʮʠʥʝ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʢʨʘʩʠʪʝʣʝʡ, ʧʨʠʩʘʜʦʢ ʢ ʪʦʧʣʠʚʘʤ ʠ ʤʘʩʣʘʤ ʚ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨ. [1]. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʝ ʘʟʦʤʝʪʠʥʦʚ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ çʟʝʣʝʥʳʤè ʤʝ-

ʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ ʨʘʟʥʦʦʙʨʘʟ-

ʥʦʛʦ ʩʪʨʦʝʥʠʷ [2], ʥʘʧʨʠʤʝʨ, ʧʦ ʨʝʘʢʮʠʠ ʛʠʜʨʦʛʝ-

ʥʠʟʘʮʠʦʥʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ (ʩʭʝʤʘ 1). 

mailto:klyev@inbox.ru
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ʉʭʝʤʘ 1 

Scheme 1. 

 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʦʧ-

ʨʝʜʝʣʠʪʴ ʥʝ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʫ ʤʦʣʝʢʫʣ, ʥʦ ʠ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʝ ʧʨʦʚʦʜʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʪʨʦʝʥʠʷ ʘʟʦʤʝʪʠʥʦʚ ʥʘ 

ʩʢʦʨʦʩʪʴ ʠʭ ʛʠʜʨʠʨʦʚʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʝʜʝʥʳ 

ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʘʟʦʤʝʪʠʥʦʚ, ʦʪʣʠ-

ʯʘʶʱʠʭʩʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʙʝʥ-

ʟʦʣʴʥʦʤ ʢʦʣʴʮʝ, ʘ ʪʘʢʞʝ ʜʣʠʥʦʡ ʠ ʩʪʨʦʝʥʠʝʤ ʘʣ-

ʢʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ: ʦ-, ʤ-, ʧ-ʭʣʦʨʟʘʤʝʱʝʥʥʳʝ 

ʘʣʢʠʣʠʜʝʥʘʥʠʣʠʥʳ, ʛʜʝ ʘʣʢʠʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ çʦʩʪʘʪʢʠè ʘʣʴʜʝʛʠʜʦʚ: ʧʨʦ-

ʧʘʥʘʣʷ, ʛʝʧʪʘʥʘʣʷ, ʦʢʪʘʥʘʣʷ, 2-ʵʪʠʣʙʫʪʘʥʘʣʷ, 3-ʤʝ-

ʪʠʣʙʫʪʘʥʘʣʷ, 2-ʤʝʪʠʣʧʝʥʪʘʥʘʣʷ (ʩʤ. ʨʠʩ. 1).  

 
ʈʠʩ. 1. ʅʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʧʨʦʧʠʣʠʜʝʥʘʥʠʣʠʥʘ 

Fig. 1. Numbers of propylideneaniline atoms. 

 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤ-

ʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ HyperChem 7 ʤʝʪʦʜʦʤ ɸʄ1. ʄʝ-

ʪʦʜ ɸʄ1 (Austin Model 1 Hamiltonian), ʵʪʦ ʫʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʤʝʪʦʜʘ MNDO ʠ ʦʜʠʥ 

ʠʟ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ [3, 4], ʜʘʝʪ ʭʦʨʦʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚʝʣʠʯʠʥ ʘʢʪʠʚʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʪʝʧʣʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ. ʇʨʠ ʨʘʩʯʝʪʝ ʤʦʣʝʢʫʣ ʧʨʦʚʦʜʠʣʩʷ ʢʦʥʪʨʦʣʴ 

ʪʠʧʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʦʯʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠ-

ʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʜʣʷ ʯʝʛʦ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩʧʝʢʪʨʳ 

ʥʦʨʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʣʝʢʫʣ. ʆʪʩʫʪʩʪʚʠʝ ʦʪ-

ʨʠʮʘʪʝʣʴʥʳʭ ʯʘʩʪʦʪ ʚ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʩʧʝʢʪʨʝ ʧʦ-

ʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʛʝʦʤʝʪʨʠʠ ʜʦʩʪʠʛʥʫʪ ʤʠʥʠʤʫʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʙʳʣʘ ʚʳ-

ʙʨʘʥʘ ʤʦʣʝʢʫʣʘ ʧʨʦʧʠʣʠʜʝʥʘʥʠʣʠʥʘ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʧʠʣʠʜʝʥʘʥʠʣʠʥʘ, ʢʘʢ ʠ ʚʩʝʭ ʘʟʦʤʝʪʠʥʦʚ, ʧʨʦ-

ʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɺɿʄʆ ʘʤʠʥʘ 

(ʘʥʠʣʠʥʘ) ʠ ʅʉʄʆ ʘʣʴʜʝʛʠʜʘ (ʧʨʦʧʘʥʘʣʷ) [4ï7]. 

ʄʦʣʝʢʫʣʘ ʧʨʦʧʠʣʠʜʝʥʘʥʠʣʠʥʘ ʥʝʧʣʦʩʢʘʷ, ʪʦʨʩʠ-

ʦʥʥʳʡ ʫʛʦʣ C14C13NC3=35,5. ʉʫʤʤʘʨʥʳʡ ʟʘʨʷʜ 

ʥʘ ʨʝʘʢʮʠʦʥʥʦʤ ʮʝʥʪʨʝ ʨʘʚʝʥ -0,203, ʥʘʠʙʦʣʴʰʠʡ 

ʚʢʣʘʜ ʚ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚʥʦʩʠʪ ʟʘʨʷʜ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ. 

ɼʣʠʥʘ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʦʤ ʘʟʦʪʘ ʠ ʘʪʦʤʦʤ ʫʛʣʝ-

ʨʦʜʘ ʠʤʠʥʦʛʨʫʧʧʳ ʩʦʩʪʘʚʠʣʘ 1,29 ¡. ɺɿʄʆ ʤʦʣʝ-

ʢʫʣʳ ʧʨʦʧʠʣʠʜʝʥʘʥʠʣʠʥʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ˊ-

ʤʦʣʝʢʫʣʷʨʥʫʶ ʦʨʙʠʪʘʣʴ, ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʢʦʪʦʨʦʡ ʜʝʣʦʢʘʣʠʟʦʚʘʥʘ ʠ ʦʭʚʘʪʳʚʘʝʪ ʠ ʙʝʥʟʦʣʴ-

ʥʦʝ ʢʦʣʴʮʦ ʠ ʩʚʷʟʴ >ʉ=N (ʨʠʩ.2). ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʧʠʣʠʜʝʥʘʥʠʣʠʥʘ ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʚ ʪʘʙʣ. 1. 

 
ʈʠʩ. 2. ɺʠʜ ɺɿʄʆ ʤʦʣʝʢʫʣʳ ʧʨʦʧʠʣʠʜʝʥʘʥʠʣʠʥʘ 

Fig. 2. HOMO of propylideneaniline molecule. 

 

ʊʘʙʣʠʮʘ 1.  

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʣʝʢʫʣʳ ʧʨʦʧʠ-

ʣʠʜʝʥʘʥʠʣʠʥʘ 

Table 1. Energetic characteristics of propylideneaniline 

molecule. 

ɽʦʙ,ɦ ʢɼʞ/ʤʦʣʴ 
æHf, 

ʢɼʞ/ʤʦʣʴ 

ɽʚʟʤʦ 

ɽʥʩʤʦ, ʵɺ 

-145702,5 143,16 
-9,081 

-0,029 

 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʥ-

ʥʳʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʳʭ ʤʦʣʝʢʫʣ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. ɸʥʘʣʠʟʠ-

ʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʚ ʙʝʥʟʦʣʴʥʦʝ ʢʦʣʴʮʦ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠʚʦ-

ʜʠʪ ʢ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʦʙʱʝʡ 

ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣ ʘʟʦʤʝʪʠʥʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝ-

ʟʘʤʝʱʝʥʥʳʤ ʧʨʦʧʠʣʠʜʝʥʘʥʠʣʠʥʦʤ. ɿʥʘʯʝʥʠʷ ʦʙ-

ʱʝʡ ʵʥʝʨʛʠʠ ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʘʣʢʠʣʴʥʦʤ ʬʨʘʛʤʝʥʪʝ ʩʦʝʜʠ-

ʥʝʥʠʡ. ɺʝʣʠʯʠʥʳ ʦʙʱʝʡ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣ ʦ-, ʤ-, 

ʧ-ʧʦʣʦʞʝʥʠʡ ʟʘʤʝʩʪʠʪʝʣʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠʟʤʝʥʷʶʪ-

ʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ɿʥʘʯʝʥʠʷ ʪʝʧʣʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʫʤʝʥʴʰʘ-

ʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʭʣʦʨ-ʟʘʤʝ-

ʩʪʠʪʝʣʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʧʠʣʠ-

ʜʝʥʘʥʠʣʠʥʦʚ. ɺ ʛʝʧʪʠʣʠʜʝʥ-ʤ-, ʧ-ʭʣʦʨʘʥʠʣʠʥʘʭ ʠ 

ʦʢʪʠʣʠʜʝʥ-ʦ-, ʤ-, ʧ-ʭʣʦʨʘʥʠʣʠʥʘʭ ʪʝʧʣʦʪʳ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 
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ʊʘʙʣʠʮʘ 2.  

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦ-, ʤ-, ʧ-ʭʣʦʨʟʘʤʝʱʝʥʥʳʭ ʘʟʦʤʝʪʠʥʦʚ. 

Table 2. Energetic, electronic and geometrical characteristics of o-, m-, p-chlorine substituted azomethines. 

ɸʟʦʤʝʪʠʥʳ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɽʦʙ,ɦ 

ʢɼʞ/ʤʦʣʴ 

æHf, 

ʢɼʞ/ʤʦʣʴ 

ɽʚʟʤʦ 

ɽʥʩʤʦ 

l(C=N), 

¡ 
CNCC q(N) q(C) q(C=N) 

ʇʨʦʧʠʣʠʜʝʥ-ʦ-

ʭʣʦʨʘʥʠʣʠʥ 
-180443,7 118,01 

-9,128 

-0,193 
1,29 43,5  -0,143 -0,042 -0,185 

ɻʝʧʪʠʣʠʜʝʥ-ʦ-

ʭʣʦʨʘʥʠʣʠʥ 
-240588,5 2,50 

-9,125 

-0,061 
1,29 59,8  -0,157 -0,027 -0,184 

ʆʢʪʠʣʠʜʝʥ-ʦ-

ʭʣʦʨʘʥʠʣʠʥ 
-255624,7 -26,32 

-8,125 

-0,060 
1,29 60,0  -0,157 -0,027 -0,184 

2-ʵʪʠʣʙʫʪʠʣʠʜʝʥ-ʦ-

ʭʣʦʨʘʥʠʣʠʥ 
-225537,1 46,59 

-9,114 

-0,036 
1,29 60,7  -0,158 -0,018 -0,176 

3-ʤʝʪʠʣʙʫʪʠʣʠʜʝʥ-ʦ-

ʭʣʦʨʘʥʠʣʠʥ 
-205829,6 45,77 

-8,896 

0,045 
1,29 43,5  -0,143 -0,043 -0,186 

2-ʤʝʪʠʣʧʝʥʪʠʣʠʜʝʥ-ʦ-

ʭʣʦʨʘʥʠʣʠʥ 
-225540,2 45,94 

-9,119 

-0,158 
1,29 45,5  -0,143 -0,039 -0,182 

ʇʨʦʧʠʣʠʜʝʥ-ʤ-

ʭʣʦʨʘʥʠʣʠʥ 
-180448,0 133,71 

-9,241 

-0,265 
1,29 35,7  -0,155 -0,044 -0,199 

ɻʝʧʪʠʣʠʜʝʥ-ʤ-

ʭʣʦʨʘʥʠʣʠʥ 
-240592,3 -1,34 

-9,236 

-0,270 
1,29 34,7  -0,155 -0,043 -0,198 

ʆʢʪʠʣʠʜʝʥ-ʤ-

ʭʣʦʨʘʥʠʣʠʥ 
-255627,7 -29,33 

-9,279 

-0,258 
1,29 37,7  -0,153 -0,043 -0,196 

2-ʵʪʠʣʙʫʪʠʣʠʜʝʥ-ʤ-

ʭʣʦʨʘʥʠʣʠʥ 
-222151,7 43,01 

-9,232 

-0,228 
1,29 37,3  -0,155 -0,034 -0,189 

3-ʤʝʪʠʣʙʫʪʠʣʠʜʝʥ-ʤ-

ʭʣʦʨʘʥʠʣʠʥ 
-210510,1 66,33 

-9,226 

-0,246 
1,29 36,8  -0,157 -0,041 -0,198 

2-ʤʝʪʠʣʧʝʥʪʠʣʠʜʝʥ-ʤ-

ʭʣʦʨʘʥʠʣʠʥ 
-225544,5 39,23 

-9,241 

-0,237 
1,29 36,8  -0,154 -0,038 -0,192 

ʇʨʦʧʠʣʠʜʝʥ-ʧ-

ʭʣʦʨʘʥʠʣʠʥ 
-180448,6 113,13 

-9,093 

-0,328 
1,29 35,6  -0,154 -0,045 -0,199 

ɻʝʧʪʠʣʠʜʝʥ-ʧ-

ʭʣʦʨʘʥʠʣʠʥ 
-240593,0 -1,94 

-9,089 

-0,331 
1,29 34,8  -0,154 -0,045 -0,199 

ʆʢʪʠʣʠʜʝʥ-ʧ-

ʭʣʦʨʘʥʠʣʠʥ 
-255629,1 -30,74 

-9,089 

-0,332 
1,29 34,7  -0,155 -0,044 -0,199 

2-ʵʪʠʣʙʫʪʠʣʠʜʝʥ-ʧ-

ʭʣʦʨʘʥʠʣʠʥ 
-225541,2 42,49 

-9,090 

-0,301 
1,29 36,6  -0,153 -0,040 -0,193 

3-ʤʝʪʠʣʙʫʪʠʣʠʜʝʥ-ʧ-

ʭʣʦʨʘʥʠʣʠʥ 
-210510,6 65,76 

-9,078 

-0,308 
1,29 36,7  -0,156 -0,042 -0,197 

2-ʤʝʪʠʣʧʝʥʪʠʣʠʜʝʥ-ʧ-

ʭʣʦʨʘʥʠʣʠʥ 
-225545,1 38,65 

-9,093 

-0,302 
1,29 36,7  -0,154 -0,039 -0,193 

 

ʍʣʦʨʟʘʤʝʱʝʥʥʳʝ ʘʣʢʠʣʠʜʝʥʘʥʠʣʠʥʳ ʠʤʝ-

ʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ɺɿʄʆ, ʯʝʤ 

ʤʦʣʝʢʫʣʘ ʧʨʦʧʠʣʠʜʝʥʘʥʠʣʠʥʘ. ɺ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʷ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ ɺɿʄʆ 

ʠʟʤʝʥʷʶʪʩʷ ʤʘʣʦ. ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʠʟʤʝʥʷʶʪʩʷ 

ʠ ʟʥʘʯʝʥʠʷ ɽʅʉʄʆ ʤ- ʠ ʧ-ʭʣʦʨʟʘʤʝʱʝʥʥʳʭ ʘʣʢʠʣʠ-

ʜʝʥʘʥʠʣʠʥʦʚ. ʋ ʦʨʪʦ-ʭʣʦʨʟʘʤʝʱʝʥʥʳʭ ʘʣʢʠʣʠʜʝ-

ʥʘʥʠʣʠʥʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ɽʅʉʄʆ ʠ ʙʦʣʝʝ ʨʝʟʢʠʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ. 

ɺ ʦʨʪʦ-ʭʣʦʨʟʘʤʝʱʝʥʥʳʭ ʘʣʢʠʣʠʜʝʥʘʥʠʣʠ-

ʥʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʪʦʨʩʠʦʥʥʦ-

ʛʦ ʫʛʣʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʝʨʠʯʝ-

ʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʦʙʲʝʤʳ ʘʣʢʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ 

ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ ʦʪ ʦʙʲʝʤʘ 

ʘʣʢʠʣʥɹʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʨʠʩ. 3). ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, 

ʯʪʦ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝʪ, ʥʦ ʥʘʠʙʦʣʴʰʠʝ ʟʥʘ-

ʯʝʥʠʷ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ ʥʘʙʣʶʜʘʁ ʪʩʷ ʫ ʘʟʦʤʝʪʠʥʦʚ 

ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ ʘʣʢʠʣʥɹʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʘ 

ʪʘʢʞʝ ʩ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʯʘʩʪʠ, 

ʢʘʢ ʚ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ 4 ʠ 6. ɺʝʣʠʯʠʥʳ ʜʣʠʥʳ 

ʜʚʦʡʥʦʡ ʩʚʷʟʠ ʘʟʦʤʝʪʠʥʦʚʦʡ ʛʨʫʧʧʳ ʚ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʳʭ ʤʦʣʝʢʫʣʘʭ ʥʝ ʠʟʤʝʥʷʁ ʪʩʷ. 

ʉʫʤʤʘ ʟʘʨʷʜʦʚ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ ʠ ʥʘ ʘʪʦʤʝ 

ʫʛʣʝʨʦʜʘ ʚ ʘʟʦʤʝʪʠʥʦʚʦʡ ʛʨʫʧʧʝ ʦʧʨʝʜʝʣʷʝʪ ʩʫʤ-

ʤʘʨʥʳʡ ʟʘʨʷʜ ʥʘ ʩʚʷʟʠ >C=Nï, ʢʦʪʦʨʳʡ ʚʳʙʨʘʥ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʜʝʢʩʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʟʦ-

ʤʝʪʠʥʦʚ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘʥʠʷ. ɺʦ ʚʩʝʭ ʪʨʝʭ 
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ʧʦʣʦʞʝʥʠʷʭ ʟʘʤʝʩʪʠʪʝʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʠʥʘʢʦʚʘʷ 

ʪʝʥʜʝʥʮʠʷ ʠʟʤʝʥʝʥʠʷ q>ʉ=N-. ɿʥʘʯʝʥʠʷ q>ʉ=N- ʤʝʥʝʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ 

ʧʨʦʧʠʣʠʜʝʥʘʥʠʣʠʥʘ. ʅʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʫʤ-

ʤʘʨʥʦʛʦ ʟʘʨʷʜʘ ʠʤʝʶʪ ʧʨʦʧʠʣʠʜʝʥ-, ʛʝʧʪʠʣʠʜʝʥ-, 

ʦʢʪʠʣʠʜʝʥ- ʠ 3-ʤʝʪʠʣʙʫʪʠʣʠʜʝʥʘʥʠʣʠʥʳ ʚ ʦ-, ʤ- ʠ 

ʧ-ʧʦʣʦʞʝʥʠʷʭ ʟʘʤʝʩʪʠʪʝʣʷ. 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʷ ʪʦʨʩʠʦʥʥʦʛʦ ʫʛʣʘ CNCC ʦʪ 

ʦʙʲʝʤʘ ʘʣʢʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʦʨʪʦ-ʭʣʦʨʟʘʤʝʱʝʥʥʳʭ ʘʣʢʠ-

ʣʠʜʝʥʘʥʠʣʠʥʦʚ, ʛʜʝ 1ï ʧʨʦʧʠʣʠʜʝʥ-ʦ-ʭʣʦʨʘʥʠʣʠʥ, 2ï ʛʝʧʪʠ-

ʣʠʜʝʥ-ʦ-ʭʣʦʨʘʥʠʣʠʥ, 3ï ʦʢʪʠʣʠʜʝʥ-ʦ-ʭʣʦʨʘʥʠʣʠʥ, 4ï 2-ʵʪʠʣ-

ʙʫʪʠʣʠʜʝʥ-ʦ-ʭʣʦʨʘʥʠʣʠʥ, 5ï 3-ʤʝʪʠʣʙʫʪʠʣʠʜʝʥ-ʦ-ʭʣʦʨʘʥʠ-

ʣʠʥ, 6ï 2-ʤʝʪʠʣʧʝʥʪʠʣʠʜʝʥ-ʦ-ʭʣʦʨʘʥʠʣʠʥ 

Fig. 3. Dependence of torsion angle CNCC value on alkyl frag-

ment volume for orto-chlorine substituted alkylideneanilines. 1 ï 

propylidene-o-chlorineaniline, 2 ï heptylidene- o-chlorineaniline, 

3 ï octylidene- o-chlorineaniline, 4 ï 2-ethylbutylidene- o-

chlorineaniline, 5 ï 3-methylbutylidene- o-chlorineaniline, 6 ï 2-

methylpentylidene- o-chlorineaniline. 

 

ʉʦʛʣʘʩʥʦ ʤʝʭʘʥʠʟʤʫ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘ-

ʥʠʷ ʘʟʦʤʝʪʠʥʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʣʣʘʜʠʡʩʦʜʝʨʞʘ-

ʱʠʭ ʧʦʣʠʤʝʨʦʚ [9] ʚʦʜʦʨʦʜ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʥʘ 

ʢʣʘʩʪʝʨʘʭ ʧʘʣʣʘʜʠʷ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʤ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥ 

ʨʝʘʢʮʠʦʥʥʳʡ ʮʝʥʪʨ ʘʟʦʤʝʪʠʥʘ, ʪʝʤ ʩʢʦʨʦʩʪʴ ʛʠʜ-

ʨʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʰʝ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘ-

ʟʘʥʦ [10], ʯʪʦ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʠ ʟʥʘʯʝʥʠʝʤ ʩʫʤ-

ʤʘʨʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʨʝʘʢʮʠʦʥʥʦʤ ʮʝʥʪʨʝ (q >ʉ=N-) 

ʩʫʱʝʩʪʚʫʝʪ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ: 

lgk=(ï25,71  3,67)q ï (3,07  0,78). 

ʇʨʠʚʝʜʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʦ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦ. ʈʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʚʳʯʠʩʣʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʩʢʦʨʦʩʪʠ ʠ ʥʘʡʜʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ ʥʝ ʧʨʝʚʳʰʘʣʠ 3%. 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʫʨʘʚʥʝʥʠʶ ʣʦʛʘ-

ʨʠʬʤʦʚ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ, ʧʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

(ʨʠʩ. 4), ʦʪʨʘʞʘʶʱʘʷ ʧʨʝʜʧʦʣʘʛʘʝʤʫʶ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʘʟʦʤʝʪʠʥʦʚ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʘʣʢʠʣʥɹʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʤʦʣʝʢʫʣʳ ʤʘʣʦ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ ʩʫʤ-

ʤʘʨʥʳʭ ʟʘʨʷʜʦʚ ʥʘ ʩʚʷʟʠ >C=Nï (q>ʉ=N-), ʘ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʠ ʥʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʘʟʦʤʝʪʠʥʦʚ. 

ɺ ʩʣʫʯʘʝ ʤʦʣʝʢʫʣ ʩ ʨʘʟʚʝʪʚʣʝʥʥʳʤʠ ʘʣʢʠʣʴʥʳʤʠ 

ʯʘʩʪʷʤʠ ʵʪʦ ʥʝ ʪʘʢ. ɺ 2-ʵʪʠʣʙʫʪʠ-ʣʠʜʝʥ- ʠ 2-ʤʝʪʠʣ-

ʧʝʥʪʠʣʠʜʝʥʘʥʠʣʠʥʘʭ ʤʝʥʝʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

q>ʉ=N- ʠ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʥɹʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ 

ɺɿʄʆ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʫʝʤʳʤʠ ʤʦ-

ʣʝʢʫʣʘʤʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʝʣʠʯʠʥʳ q>ʉ=N- ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʨʝʜʠ ʦ-, ʤ-, ʠ ʧ-ʭʣʦʨʟʘ-

ʤʝʱʝʥʥʳʭ ʘʣʢʠʣʠʜʝʥʘʥʠʣʠʥʦʚ ʙʳʩʪʨʝʝ ʙʫʜʫʪ ʨʝʘ-

ʛʠʨʦʚʘʪʴ ʤ- ʠ ʧ-ʭʣʦʨʟʘʤʝ-ʱʝʥʥʳʝ ʘʣʢʠʣʠʜʝʥʘʥʠʣʠ-

ʥʳ. ʅʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʛʠʜʨʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ 

ʙʳʪʴ ʫ ʭʣʦʨʟʘʤʝɦ ʝʥʥʳʭ ʧʨʦʧʠʣʠʜʝʥ-, ʛʝʧʪʠʣʠʜʝʥ-, 

ʦʢʪʠʣʠʜʝʥ- ʠ 3-ʤʝ-ʪʠʣʙʫʪʠʣʠʜʝʥʘʥʠʣʠʥʦʚ. ʇʨʦʛʥʦʟ 

ʥʫʞʜʘʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʝ. 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʢʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʨʝʘʢʮʠʦʥʥʦʤ ʮʝʥʪʨʝ ʤʦʣʝ-

ʢʫʣ ʘʟʦʤʝʪʠʥʦʚ 

Fig. 4. Dependence of the logarithm of calculated rate constant on 

total charge on azomethins reaction center. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ 

çʈʘʟʚʠʪʠʝ ʥʘʫʯʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʳʩʰʝʡ ʰʢʦʣʳè, 

ʧʨʦʝʢʪ ʈʅʇ.2.2.1.1.7181. 
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ʀʟʫʯʝʥʘ ʘʜʩʦʨʙʮʠʷ ʘʥʠʦʥʦʚ ʛʣʠʮʠʥʘ ʠ -ʘʣʘʥʠʥʘ ʥʘ ʧʣʘʪʠʥʦʚʦʤ ʵʣʝʢʪʨʦʜʝ ʚ ʚʦʜ-

ʥʦʡ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʠʥʝʪʠʢʘ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʜʯʠʥʷʝʪʩʷ 

ʫʨʘʚʥʝʥʠʶ ʈʦʛʠʥʩʢʦʛʦ-ɿʝʣʴʜʦʚʠʯʘ, ʘ ʩʪʘʮʠʦʥʘʨʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ï ʠʟʦʪʝʨʤʝ ʊʝʤʢʠʥʘ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʚʣʠʷʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʪʝ-

ʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʯʠʪʘʥʳ ʚʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪ ʨʘʚʥʦʚʝʩʠʷ, ʠʟʤʝʥʝʥʠʷ 

ʩʪʘʥʜʘʨʪʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʧʨʦʮʝʩʩʘ ʦʙʤʝʥʥʦʡ  

(ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ) ʘʜʩʦʨʙʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ ʦ ʜʦʤʠʥʠʨʫʶʱʝʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʣʘʪʠ-

ʥʦʡ ʠ ʘʥʠʦʥʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪ. 

ɺɺɽɼɽʅʀɽ 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʘʤʠʥʦʢʠʩ-

ʣʦʪ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ 

Pt, ʥʝʦʜʥʦʢʨʘʪʥʦ ʠʟʫʯʘʣʦʩʴ [1-6]. ɺ ʨʘʤʢʘʭ ʪʘʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʧʨʝ-

ʜʝʣʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʘʜʩʦʨʙʮʠʠ, ʫʩʪʘʥʦʚʣʝ-

ʥʠʶ ʩʭʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʵʣʝʢʪʨʦʜʘ, ʘ ʪʘʢʞʝ ʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝ-

ʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʦʟʤʦʞʥʳʤ ʤʝʭʘʥʠʟʤʘʤ 

ʵʣʝʢʪʨʦʧʨʝʚʨʘʱʝʥʠʷ. ʀʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʫʢʘʟʳ-

ʚʘʶʪ ʥʘ ʚʘʞʥʫʶ ʨʦʣʴ ʩʪʨʫʢʪʫʨʳ ʤʦʣʝʢʫʣʳ ʘʤʠʥʦ-

ʢʠʩʣʦʪʳ, ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʘ, ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦ-

ʜʘ, ʝʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʚ ʵʪʠʭ 

ʧʨʦʮʝʩʩʘʭ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʨʘʙʦʪ, 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʘʤʠ-

ʥʦʢʠʩʣʦʪ ʟʘʯʘʩʪʫʶ ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ʊʘʢ, ʚ ʨʘʙʦʪʘʭ 

[1, 2] ʛʣʠʮʠʥ, ʘʣʘʥʠʥ ʠ ʨʷʜ ʜʨʫʛʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ 

ʩʨʝʜʘʭ ʩ ʨʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʝʤ ʨʅ ʧʨʠʟʥʘʥʳ ʵʣʝʢ-

ʪʨʦʭʠʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤʠ ʚ ʦʙʣʘʩʪʠ ʘʥʦʜʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʘʜʩʦʨʙʠʨʫʶʱʠʤʠ-

ʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Pt- ʠ Au-ʵʣʝʢʪʨʦʜʦʚ. ʅʘʧʨʦʪʠʚ, 

ʜʘʥʥʳʝ [3-6] ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʘʤʝʪʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʡ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʞʝ 

ʚʝʱʝʩʪʚ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɿʘʜʘʯʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘ-

ʢʦʥʦʤʝʨʥʦʩʪʝʡ ʘʜʩʦʨʙʮʠʠ ʧʨʦʩʪʝʡʰʠʭ ʠ ʙʣʠʟʢʠʭ 

ʧʦ ʩʪʨʫʢʪʫʨʝ ʘʤʠʥʦʢʠʩʣʦʪ - ʛʣʠʮʠʥʘ ʠ ïʘʣʘʥʠʥʘ 

ʥʘ ʧʣʘʪʠʥʦʚʦʤ ʵʣʝʢʪʨʦʜʝ ʚ 0,1 ʄ ʨʘʩʪʚʦʨʝ NaOH. 

ʉʦʛʣʘʩʥʦ [7], ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʬʦʨʤʘʤʠ ʩʫʱʝʩʪ-

ʚʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʜʘʥʥʳʭ ʫʩ-

ʣʦʚʠʷʭ ʷʚʣʷʶʪʩʷ ʘʥʠʦʥʳ NH2CH2COO
-
 ʠ NH2CH 

(ʉʅ3)COO
-
. 
ʄɽʊʆɼʀʂɸ ʕʂʉʇɽʈʀʄɽʅʊɸ 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʘʤʠ ʮʠʢʣʠʯʝ-

ʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʠ ʩʣʦʞʥʳʭ  ʢʘʪʦʜʥʦ-

ʘʥʦʜʥʳʭ ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʚ ʩʪʝʢ-

ʣʷʥʥʦʡ ʷʯʝʡʢʝ ʩ ʥʝʨʘʟʜʝʣʝʥʥʳʤʠ ʵʣʝʢʪʨʦʜʥʳʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʘʪ-

ʤʦʩʬʝʨʝ ʭ.ʯ. ʘʨʛʦʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʠʭ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠ Pt(Pt) - ʠ ʛʣʘʜʢʠʡ Pt - ʵʣʝʢʪʨʦʜʳ. ʕʣʝʢʪʨʦʜ 

ʩʨʘʚʥʝʥʠʷ ï ʥʘʩʳʱʝʥʥʳʡ ʭʣʦʨʠʜʩʝʨʝʙʨʷʥʳʡ, 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ï ʧʣʘʪʠʥʦʚʘʷ ʧʨʦʚʦʣʦ-

ʢʘ. ʇʦʣʷʨʠʟʘʮʠʶ ʵʣʝʢʪʨʦʜʦʚ  ʚʝʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ IPCïCompact. 

ʇʝʨʝʜ ʦʧʳʪʦʤ ʨʘʙʦʯʠʡ ʵʣʝʢʪʨʦʜ ʚ ʪʝʯʝʥʠʝ 3 ʤʠ-

ʥʫʪ ʦʙʨʘʙʘʪʳʚʘʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʦʡ, ʪʱʘʪʝʣʴʥʦ ʧʨʦʤʳʚʘʣʠ ʙʠʜʠʩʪʠʣʣʷʪʦʤ ʠ 

ʬʦʥʦʚʳʤ ʨʘʩʪʚʦʨʦʤ, ʟʘʪʝʤ ʚ ʬʦʥʦʚʦʤ ʨʘʩʪʚʦʨʝ 

(0,1 ʄ NaOH) ʧʦʜʚʝʨʛʘʣʠ ʘʥʦʜʥʦ-ʢʘʪʦʜʥʦʡ ʘʢʪʠ-

ʚʘʮʠʠ ʧʨʠ ɽ = 0,8 ʠ ï1,0 ɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʯʠʩʪʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺʩʝ ʧʦʪʝʥʮʠʘʣʳ ʚ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʪʝʥʮʠʘʣʘ ʭʣʦʨʠʜʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʨʘʚʥʦ-

ʛʦ 0,200 ɺ. ʇʣʦʪʥʦʩʪʠ ʪʦʢʘ ʨʘʩʩʯʠʪʘʥʳ ʩ ʫʯʝʪʦʤ 

ʧʦʧʨʘʚʦʢ ʥʘ ʠʩʪʠʥʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘ-

ʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ, ʠʟʤʝʨʝʥʥʫʶ ʧʦ ʟʘʨʷʜʫ ʜʝʩʦʨʙ-

ʮʠʠ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ [8]. 

ʈʘʩʪʚʦʨʳ ʛʣʠʮʠʥʘ ʠ -ʘʣʘʥʠʥʘ (2Ā10
-3
  

5Ā10
-2
 ʤʦʣʴ/ʜʤ

3
)
 
ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʥʘʚʝʩʢʠ 

ʧʨʝʧʘʨʘʪʘ ʬʠʨʤʳ çMerckè ʚ ʬʦʥʦʚʦʤ ʨʘʩʪʚʦʨʝ. 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʵʣʝʢʪʨʦʭʠʤʠ-

ʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪ ʥʘ Pt-ʵʣʝʢʪʨʦʜʝ 

ʧʦʣʫʯʝʥʳ ʮʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʚ ʬʦ-

ʥʦʚʦʤ ʨʘʩʪʚʦʨʝ ʠ ʚ ʨʘʩʪʚʦʨʝ ʩ ʜʦʙʘʚʢʘʤʠ ʛʣʠʮʠʥʘ 

ʠ -ʘʣʘʥʠʥʘ (ʨʠʩ. 1). ɺ ʦʪʩʫʪʩʪʚʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʥʘ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ  ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʝ ʦʙʣʘʩʪʠ 

ʧʦʪʝʥʮʠʘʣʦʚ. ɺ ʦʙʣʘʩʪʠ I (ɽ = -0,96  -0,53 ɺ) ʠʜʫʪ 

ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʦʥʠʟʘʮʠʠ ʘʜʩʦʨʙʠʨʦ-

ʚʘʥʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ. ɺ ʦʙʣʘʩʪʠ (II) ʧʨʦ-

ʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʥʝ ʧʨʦʪʝʢʘʶʪ, ʠ ʚ ʩʠʩʪʝʤʝ 

ʵʣʝʢʪʨʦʜ/ʨʘʩʪʚʦʨ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʣʠʰʴ ʪʦʢ ʟʘʨʷ-
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ʞʝʥʠʷ ʜʚʦʡʥʦʛʦ ʩʣʦʷ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ. ɺ ʦʙʣʘʩʪʠ 

(III) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Pt-ʵʣʝʢʪʨʦʜʘ ʦʙʨʘʟʫʝʪʩʷ ʘʜʩʦʨ-

ʙʠʨʦʚʘʥʥʳʡ ʢʠʩʣʦʨʦʜ [8], ʘ ʥʘʯʠʥʘʷ ʩ E= 0,54 ɺ, 

ʚʳʜʝʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ, ʯʪʦ ʧʨʦʷʚʣʷ-

ʝʪʩʷ ʚ ʨʝʟʢʦʤ ʫʚʝʣʠʯʝʥʠʠ ʪʦʢʘ. 

 

 
ʈʠʩ.1 ʎʠʢʣʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ Pt 

(Pt)-ʵʣʝʢʪʨʦʜʝ ʚ ʨʘʩʪʚʦʨʘʭ: 0,1ʄ NaOH (1); 0.1M NaOH + 

0.03M Ala (2) ʠ 0.1M NaOH + 0.03M Gly (3). ʉʢʦʨʦʩʪʴ ʨʘʟ-

ʚʝʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ 0,2 ʤɺ/ʩ. 

Fig.1. Cyclic volt-amps diagram obtained on Pt (Pt) ï electrode in 

the following solutions: 0.1ʄ NaOH (1); 0.1M NaOH + 0.03M 

Ala (2) and 0.1M NaOH + 0.03M Gly (3). The speed of potential 

scanning is 0.2 ʤV/s. 

 

ɺʚʝʜʝʥʠʝ ʜʦʙʘʚʢʠ ʛʣʠʮʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫ-

ʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ ʪʦʢʘ ʥʘ ʘʥʦʜʥʦʡ ʚʝʪʚʠ ʮʠʢʣʦ-

ʛʨʘʤʤʳ ʠ ʧʦʷʚʣʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʧʨʠ ɽ = 0,35 ɺ. 

ʉʫʜʷ ʧʦ ʜʘʥʥʳʤ ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʦʡ ʢʫʣʦʥʦʤʝʪ-

ʨʠʠ, ʩʦʧʨʷʞʝʥʥʦʡ ʩ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʦʧ-

ʨʝʜʝʣʝʥʠʝʤ ʛʣʠʮʠʥʘ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʪʝʢʘʥʠʝʤ 

ʧʨʦʮʝʩʩʘ ʘʥʦʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʘʥʠʦʥʘ ʘʤʠʥʦʢʠʩʣʦ-

ʪʳ. ɸʥʦʜʥʦʝ ʧʦʚʝʜʝʥʠʝ -ʘʣʘʥʠʥʘ ʥʝʩʢʦʣʴʢʦ ʦʪ-

ʣʠʯʘʝʪʩʷ ʦʪ ʧʦʚʝʜʝʥʠʷ ʩʚʦʝʛʦ ʛʦʤʦʣʦʛʘ (ʨʠʩ. 1). 

ʇʦʷʚʣʷʶʪʩʷ ʫʞʝ ʜʚʘ ʤʘʢʩʠʤʫʤʘ ʪʦʢʘ ʧʨʠ ʧʦʪʝʥ-

ʮʠʘʣʘʭ -0,11 ʠ 0,24 ɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ, ʚʦʟ-

ʤʦʞʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ 

ʘʥʠʦʥʘ -ʘʣʘʥʠʥʘ. ʅʘʙʣʶʜʘʝʤʦʝ ʥʘ ʢʨʠʚʳʭ ʦʙ-

ʨʘʪʥʦʛʦ ʭʦʜʘ ʫʤʝʥʴʰʝʥʠʝ ʚʳʩʦʪʳ ʧʠʢʘ ʜʝʩʦʨʙʮʠʠ 

ʢʠʩʣʦʨʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʚʳʤ ʨʘʩʪʚʦʨʦʤ 

ʩʚʷʟʘʥʦ ʩ ʘʜʩʦʨʙʮʠʝʡ ʘʥʠʦʥʦʚ ʘʤʠʥʦʢʠʩʣʦʪ ʠ 

(ʠʣʠ) ʧʨʦʜʫʢʪʦʚ ʠʭ  ʦʢʠʩʣʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʝ. ʏʝʪ-

ʢʦ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʠ ʵʬʬʝʢʪ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʚʳ-

ʪʝʩʥʝʥʠʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ ʘʥʠʦʥʘʤʠ 

ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʦʙʣʘʩʪʠ (I). 

ɿʘʤʝʥʘ Pt(Pt) ʥʘ ʛʣʘʜʢʠʡ Pt-ʵʣʝʢʪʨʦʜ ʚ 

ʦʧʳʪʘʭ ʩ -ʘʣʘʥʠʥʦʤ ʧʨʠʚʦʜʠʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ 

ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ. ʆʩʪʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʥʳʝ ʦʙʣʘʩʪʠ ʚʦʴʪʘʤʧʝʨʦʛʨʘʤʤ, ʘ ʪʘʢʞʝ 

ʧʦʣʦʞʝʥʠʝ ʚʪʦʨʦʛʦ ʤʘʢʩʠʤʫʤʘ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ 

ʜʣʷ ʛʣʠʮʠʥʘ ʠ -ʘʣʘʥʠʥʘ ʩʦʭʨʘʥʷʶʪʩʷ ʥʝʠʟʤʝʥ-

ʥʳʤʠ. 

ɸʜʩʦʨʙʮʠʷ ʘʥʠʦʥʦʚ ʛʣʠʮʠʥʘ ʠ -ʘʣʘ-

ʥʠʥʘ ʥʘ ʛʣʘʜʢʦʤ Pt-ʵʣʝʢʪʨʦʜʝ. ʇʨʦʮʝʩʩʳ ʘʜ-

ʩʦʨʙʮʠʠ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʩʣʦʞʥʳʭ ʢʘʪʦʜʥʦ-

ʘʥʦʜʥʳʭ ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ [9] ʩʦ-

ʛʣʘʩʥʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 2, ʠ ʩʦʩʪʘʚ-

ʣʝʥʥʦʡ ʩ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ɺɸɻ. ʇʝʨʝʜ 

ʥʘʯʘʣʦʤ ʦʧʳʪʘ ʵʣʝʢʪʨʦʜ ʚ ʬʦʥʦʚʦʤ ʨʘʩʪʚʦʨʝ ʧʦʜ-

ʚʝʨʛʘʣʠ ʘʥʦʜʥʦ-ʢʘʪʦʜʥʦʡ ʘʢʪʠʚʘʮʠʠ, ʠʟʤʝʥʷʷ ʧʦ-

ʪʝʥʮʠʘʣ ʤʝʞʜʫ ʘʥ
ʘʢʪɽ  ʠ ʢʘʪʘʢʪɽ  ʩ ʚʳʜʝʨʞʢʦʡ ʧʨʠ ʢʘ-

ʞʜʦʤ ʧʦʪʝʥʮʠʘʣʝ ʘʥ=15 ʩ ʠ ʢʘʪ= 1,5 ʩ ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʢʘʪʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ ʧʦʜʙʠ-

ʨʘʣʘʩʴ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦʙʳ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ ʥʝ ʧʨʦʠʩ-

ʭʦʜʠʣ ʧʨʦʮʝʩʩ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʵʣʝʢ-

ʪʨʦʜʘ. ɿʘʪʝʤ ʥʘ Pt ʧʦʜʘʚʘʣʠ ʧʦʪʝʥʮʠʘʣ ʘʜʩʦʨʙʮʠʠ 

ɽʘʜʩ, ʚʳʙʠʨʘʷ ʝʛʦ ʠʟ ʦʙʣʘʩʪʠ (II), ʠ ʚʳʜʝʨʞʠʚʘʣʠ 

ʧʨʠ ʥʝʤ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ô, ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʠʦ-

ʥʠʟʘʮʠʠ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ, ʥʘʢʦʧʣʝʥʥʦʛʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʢʘʪ. ʅʝ ʧʨʝʢʨʘʱʘʷ ʧʦʣʷʨʠʟʘʮʠʠ, 

ʚʚʦʜʠʣʠ ʚ ʬʦʥʦʚʳʡ ʨʘʩʪʚʦʨ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪ-

ʚʦ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʵʣʝʢʪʨʦʜ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ . 

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ  ʛʣʘʜʢʦʛʦ Pt ï ʵʣʝʢʪʨʦʜʘ 

ʚʦ ʚʨʝʤʝʥʠ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʩʣʦʞʥʳʭ ʢʘʪʦʜʥʦ-ʘʥʦʜʥʳʭ ʠʤ-

ʧʫʣɹʩʦʚ. 

Fig. 2. The scheme of potential change of smooth Pt ï electrode in 

time within the framework of complex cathode ï anode   pulses 

method. 

 

ʇʦʩʣʝ ʵʪʦʛʦ ʵʣʝʢʪʨʦʜʫ ʩʦʦʙʱʘʣʠ ʧʦʪʝʥʮʠ-

ʘʣ, ʦʪʚʝʯʘʶʱʠʡ ʘʜʩʦʨʙʮʠʠ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ 
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ʅ
ʘʜʩɽ , ʘ ʩʧʫʩʪʷ 

ʅ
 ï ʧʦʪʝʥʮʠʘʣ ʜʝʩʦʨʙʮʠʠ ʅ

ʜʝʩɽ . 

ɿʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʅ
ʘʜʩɽ  ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤ-

ʧʫʣʴʩʘ 
ʅ
 ʧʦʜʙʠʨʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ, ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝ ʧʨʦʠʩʭʦʜʠʣʘ ʜʝʩʦʨʙʮʠʷ ʘʥʠʦʥʘ 

ʘʤʠʥʦʢʠʩʣʦʪʳ, ʘ ʩ ʜʨʫʛʦʡ ï ʯʪʦʙʳ ʟʘ ʵʪʦ ʚʨʝʤʷ ʚ 

ʨʘʩʪʚʦʨʝ ʬʦʥʘ ʫʩʧʝʚʘʣ ʧʨʦʡʪʠ ʟʘʨʷʜ ʬ
ʅQ , ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʡ ʤʦʥʦʩʣʦʡʥʦʤʫ ʟʘʧʦʣʥʝʥʠʶ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʧʣʘʪʠʥʳ ʘʪʦʤʘʨʥʳʤ ʚʦʜʦʨʦʜʦʤ. 

ɺʝʣʠʯʠʥʫ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʧʣʘʪʠʥʳ ʘʥʠʦʥʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪ ʨʘʩʩʯʠʪʳʚʘʣʠ 

ʧʦ ʬʦʨʤʫʣʝ: 

                
ʬ
ʅ

ʅ
ʬ
ʅ

L
Q

QQ
,                      (1) 

ʛʜʝ Qʅ ï ʟʘʨʷʜ, ʟʘʪʨʘʯʝʥʥʳʡ ʥʘ ʩʦʟʜʘʥʠʝ ʤʦʥʦʩʣʦʷ 

ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʵʣʝʢʪʨʦʜʘ 

ʧʨʠ ʟʘʜʘʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʘʜʩʦʨʙʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʩ 

ʜʦʙʘʚʢʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ. 

 

 

 
ʈʠʩ. 3. ʂʠʥʝʪʠʯʝʩʢʠʝ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ  ʘʥʠʦʥʦʚ  ʛʣʠʮʠʥʘ 

(ʘ) ʠ  - ʘʣʘʥʠʥʘ (ʙ)  ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʧʨʠ ɽʘʜʩ= -0,42ɺ. ʂʦʥ-

ʮʝʥʪʨʘʮʠʠ ʘʤʠʥʦʢʠʩʣʦʪ: 0,002 (1); 0,005 (2); 0,007 (3)  

 ʠ  0,02 ʄ (4). 

Fig. 3. Kinetic adsorption isotherms of anions: glycine  (ʘ) and   

- alanine  (ʙ) in alkaline medium  at potential  Eads = -0.42V . 

Concentrations  of aminoacids were: 0.002 (1); 0.005 (2); 0.02 (3) 

and 0.05 ʄ (4). 

ʀʟʤʝʥʝʥʠʝ  (ʧʨʠ ɽʘʜʩ= const) ʧʦʟʚʦʣʠʣʦ 

ʥʘʡʪʠ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʦʪ ʚʨʝʤʝ-

ʥʠ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʠʟʫʯʠʪʴ 

ʢʠʥʝʪʠʢʫ ʘʜʩʦʨʙʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʠʟʦʪʝʨʤʳ, ʧʝʨʝʩʪʨʦʝʥʥʳʝ ʚ ʧʦʣʫʣʦ-

ʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 3.  

ɺʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʢ 

ʛʣʠʮʠʥʘ, ʪʘʢ ʠ -ʘʣʘʥʠʥʘ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʘʝʪʩʷ 

ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ, ʪʦʛʜʘ ʢʘʢ ʩʘʤʦ ʟʥʘʯʝʥʠʝ 
st

L
 ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʪʝʧʝʥʴ ʟʘʧʦʣ-

ʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʠʦʥʦʤ ʛʣʠʮʠʥʘ ʥʝʤʥʦʛʦ 

ʚʳʰʝ, ʯʝʤ -ʘʣʘʥʠʥʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʝʨʠʯʝʩʢʠʭ 

ʟʘʪʨʫʜʥʝʥʠʡ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʘʤʠʥʦ-

ʢʠʩʣʦʪ. ɺ ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʭ ʟʘʧʦʣʥʝʥʠʡ ʥʘ L
-
, ln  

ï ʟʘʚʠʩʠʤʦʩʪʷʭ ʫʜʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦ-

ʪʷʞʝʥʥʳʝ ʣʠʥʝʡʥʳʝ ʫʯʘʩʪʢʠ, ʥʘʢʣʦʥʳ ʢʦʪʦʨʳʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʦʙʲʝʤʥʳʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʡ ʦʙʝʠʭ ʘʤʠʥʦʢʠʩʣʦʪ. ʃʠʥʝʡʥʳ ʚ ʧʦʣʫʣʦʛʘʨʠʬ-

ʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʝ ʠʟʦ-

ʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ (ʨʠʩ. 4). 
 

 
ʈʠʩ.4. ʂʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʝ ʠʟʦʪʝʨʤʳ  ʘʜʩʦʨʙʮʠʠ  ʘʥʠʦʥʦʚ  

-ʘʣʘʥʠʥʘ (1)  ʠ   ʛʣʠʮʠʥʘ  (2) ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. 

Fig. 4. Quasistationary  adsorption isotherms of  - alanine (1) 

and glycine  (2) anions  in alkaline  medium. 

 

ʀʟʚʝʩʪʥʦ [10], ʯʪʦ ʘʜʩʦʨʙʮʠʷ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʚʝʱʝʩʪʚ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʦʩʠʪ  ʦʙʤʝʥ-

ʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʧʦʪʦʤʫ ʠʟʫʯʘʝʤʳʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

,OHL OHL 2)a()a(2

k

k

C

D          (2)   

ɿʜʝʩʴ k   ʠ  k ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʝʡ ʘʜ-

ʩʦʨʙʮʠʠ ʠ ʜʝʩʦʨʙʮʠʠ, (ʘ) ï ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʘʜʩʦʨʙʮʠʠ ʥʘ ʨʘʚʥʦʤʝʨʥʦ-

ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʧʨʠ ʜʦʩʪʠʞʝ-

ʥʠʠ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʝ-
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ʜʝʣʴʥʳʭ ʟʘʧʦʣʥʝʥʠʡ ʩʧʨʘʚʝʜʣʠʚʘ ʣʦʛʘʨʠʬʤʠʯʝ-

ʩʢʘʷ ʠʟʦʪʝʨʤʘ ʊʝʤʢʠʥʘ [11]: 

,
X1

X
ln

f

1
Kln

f

1

L

L)0(st

L
               (3) 

ʪʦʛʜʘ ʢʘʢ ʢʠʥʝʪʠʢʘ ʘʜʩʦʨʙʮʠʠ (ʧʨʠ ʫʩʣʦʚʠʠ 

    kk ) ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʶ ʈʦʛʠʥʩʢʦʛʦ-

ɿʝʣʴʜʦʚʠʯʘ: 

.ln
f

1

x1

x
kfln

f

1

L

Lo
L

C

       (4) 

ɿʜʝʩʴ f = fL
-
- OH2
f ;  - ʢʦʵʬʬʠʮʠʝʥʪ ʩʠʤ-

ʤʝʪʨʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ ʘʜʩʦʨʙʮʠʠ; 

ʂ
(ʦ)

= )0()0( k/k
DC

 - ʢʦʥʩʪʘʥʪʘ ʦʙʤʝʥʥʦʛʦ ʘʜʩʦʨʙʮʠʦʥ-

ʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʪʘʥʜʘʨʪʥʦʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʝʡ ʘʜʩʦʨʙʮʠʠ, ʪʦ 

ʝʩʪʴ ʧʨʠ L
-
0. ʌʘʢʪʦʨʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʘʜʩʦʨʙʮʠʠ ʘʥʠʦʥʘ 

ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʚʦʜʳ ʟʘʜʘʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 
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 ʌʦʨʤʘʣʴʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʧʳʪʥʳʭ ʜʘʥ-

ʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 3 ʠ 4, ʫʨʘʚʥʝʥʠʷʤ (3) 

ʠ (4) ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʠ ʘʜʩʦʨʙʮʠʠ ʘʥʠʦʥʦʚ ʘʤʠʥʦʢʠʩʣʦʪ ʥʘ Ptï

ʵʣʝʢʪʨʦʜʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʤʦʜʝʣʠ ʊʝʤʢʠʥʘ.  

ʀʟ ʥʘʢʣʦʥʦʚ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠ ʢʚʘʟʠʩʪʘʮʠʦ-

ʥʘʨʥʦʡ ʠʟʦʪʝʨʤ ʘʜʩʦʨʙʮʠʠ ʘʥʠʦʥʘ ʛʣʠʮʠʥʘ ʥʘʡʜʝ-

ʥʳ ʟʥʘʯʝʥʠʷ f , ʨʘʚʥʳʝ 252 ʠ 273 ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ. ɸʥʘʣʦʛʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ -ʘʣʘʥʠʥʘ ʩʦʩʪʘ-

ʚʠʣʠ 193 ʠ 234. ɺʠʜʥʦ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʦʰʠʙʢʠ 

ʦʧʳʪʘ ʟʥʘʯʝʥʠʷ f  ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ, ʢʘʢ ʵʪʦ 

ʠ ʩʣʝʜʫʝʪ ʠʟ (3) ʠ (4) ʧʨʠ =0,5. ɺʝʩʴʤʘ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ f  ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʨʘʟ-

ʣʠʯʠʠ ʚ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʘʥʠʦʥʦʤ ʘʤʠʥʦʢʠʩ-

ʣʦʪʳ ʠ ʘʪʦʤʘʤʠ ʧʣʘʪʠʥʳ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. 

ʇʦ ʦʪʨʝʟʢʘʤ, ʦʪʩʝʢʘʝʤʳʤ ʥʘ ʦʩʠ ʦʨʜʠʥʘʪ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʠʟʦʪʝʨʤ, ʦʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ 

lnʂ
(0)

 ʠ G
o
( =0) = -RT lnK

(0) 
, ʭʘʨʘʢʪʝʨʠʟʫʶɦ ʠʝ 

ʧʨʦʮʝʩʩ ʦʙʤʝʥʥʦʡ ʘʜʩʦʨʙʮʠʠ. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʜʣʷ ʛʣʠʮʠʥʘ (24,1 0,1
 
ʠ -59,5 0,7 ʢɼʞ/ʤʦʣʴ) ʦʢʘʟʘ-

ʣʠʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʘʥʘʣʦʛʠʯʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʜʣʷ -ʘʣʘʥʠʥʘ ʠ ʨʘʚʥʳʭ 16,10,2
 
ʠ ï39,7 0,6 

ʢɼʞ/ʤʦʣʴ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʩʢʘʟʘʥʥʳʤ ʚʳʰʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʙʦʣʝʝ ʟʘʤʝʪʥʳʭ ʩʪʝʨʠʯʝʩʢʠʭ 

ʟʘʪʨʫʜʥʝʥʠʷʭ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʘʥʠʦʥʘ -ʘʣʘʥʠʥʘ. 

ɼʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

G
o
( =0), ʥʘʡʜʝʥʥʳʝ ʚ ʦʧʳʪʘʭ ʩ ʦʙʝʠʤʠ ʘʤʠʥʦ-

ʢʠʩʣʦʪʘʤʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ 

ʜʦʤʠʥʠʨʫʶʱʠʭ ʩʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʥʠʦ-

ʥʘʤʠ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ Ptïɻ ʣʝʢʪʨʦʜʘ. 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʦʮʝʩʩ ʘʜ-

ʩʦʨʙʮʠʠ ʘʥʠʦʥʦʚ ʛʣʠʮʠʥʘ ʠ -ʘʣʘʥʠʥʘ. ʂʠʥʝ-

ʪʠʯʝʩʢʠʝ ʠʟʦʪʝʨʤʳ ʘʜʩʦʨʙʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʠʮʠʥʘ ʠ -ʘʣʘʥʠʥʘ 

(0,02 ʤʦʣʴ/ʜʤ
3
)
 
ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 298  333 

ʂ, ʚ ʢʦʪʦʨʦʤ ʘʥʠʦʥʥʳʝ ʬʦʨʤʳ ʛʣʠʮʠʥʘ ʠ -ʘʣʘ-

ʥʠʥʘ ʭʠʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳ, ʩʭʦʞʠ ʩ ʟʘʚʠʩʠʤʦ-

ʩʪʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩ. 3. ʈʦʩʪ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʜʩʦʨʙʘʪʦʤ, ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʘʜ-

ʩʦʨʙʮʠʠ ʠ ʙʦʣʝʝ ʧʦʟʜʥʝʤʫ ʜʦʩʪʠʞʝʥʠʶ ʢʚʘʟʠʩʪʘ-

ʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʚʝʣʠ-

ʯʠʥʝ ʥʘʢʣʦʥʘ ʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ ʘʜʩʦʨʙʮʠʦʥʥʳʭ 

ʢʨʠʚʳʭ, ʪ.ʝ. ʥʘ ʧʘʨʘʤʝʪʨʝ f  ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʥʝʦʜ-

ʥʦʨʦʜʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

 
ʈʠʩ. 5. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ  ʢʦʥʩʪʘʥʪʫ ʦʙʤʝʥʥʦʛʦ ʘʜ-

ʩʦʨʙʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩ ʅ2ʆ  ʜʣʷ ʘʥʠʦʥʦʚ ï ʘʣʘʥʠʥʘ  (1)  

ʠ  ʛʣʠʮʠʥʘ  (2)  ʥʘ Pt ï ʵʣʝʢʪʨʦʜʝ ʚ 0.1ʄ NaOH+0.02M ʘʤʠʥʦ-

ʢʠʩʣʦʪʳ. 

Fig. 5. Influence of temperature on constant of exchange equili-

brium with ʅ2ʆ for   - alanine  (1) and glycine  (2) anions on Pt 

ï electrode in 0.1M NaOH+0.02M aminoacid solution. 

 

ʀʩʧʦʣʴʟʫʷ ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 
st
 ʠ ʫʨʘʚ-

ʥʝʥʠʝ (3), ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩ-

ʩʯʠʪʘʥʳ ʚʝʣʠʯʠʥʳ K
(0)
, ʘ ʟʘʪʝʤ ʠ G (  =0). ɼʘʥ-

ʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʜʣʷ ʛʣʠʮʠʥʘ, ʪʘʢ ʠ -ʘʣʘʥʠʥʘ ʩ 

ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʩʥʠʞʘʶʪʩʷ (ʪʘʙʣʠʮʘ), ʦʪʨʘ-

ʞʘʷ ʩʤʝʱʝʥʠʝ ʚʣʝʚʦ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

(2) ʘʥʠʦʥ ʘʤʠʥʦʢʠʩʣʦʪʳʚʦʜʘ ʥʘ ʧʣʘʪʠʥʝ. 

ʇʦ ʟʘʚʠʩʠʤʦʩʪʠ lnK(0)-(1/ʊ) (ʨʠʩ. 5) ʨʘʩ-

ʩʯʠʪʘʥʳ ʚʝʣʠʯʠʥʳ ʩʪʘʥʜʘʨʪʥʳʭ ʵʥʪʘʣʴʧʠʡ 

ʅ
0
( =0) ʧʨʦʮʝʩʩʦʚ ʦʙʤʝʥʥʦʡ ʘʜʩʦʨʙʮʠʠ, ʨʘʚʥʳʝ 

-191 10 ʢɼʞ/ʤʦʣʴ ʠ -93 5 ʢɼʞ/ʤʦʣʴ ʜʣʷ ʘʥʠʦʥʦʚ 

-ʘʣʘʥʠʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʟʥʘʯʝʥʠʝ 

ʩʪʘʥʜʘʨʪʥʦʡ ʵʥʪʨʦʧʠʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ So( =0) 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ. 
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ʊʘʙʣʠʮʘ.  

ʇʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʦʙʤʝʥʥʦʡ ʘʜʩʦʨʙʮʠʠ  ʘʥʠʦʥʦʚ  

ʛʣʠʮʠʥʘ (ʯʠʩʣʠʪʝʣʴ)  ʠ   - ʘʣʘʥʠʥʘ (ʟʥʘʤʝʥʘʪʝʣʴ) 

ʥʘ  Pt -  ɻ ʣʝʢʪʨʦʜʝ 

Table. Parameters of exchange anions absorption 

process of glycine (numerator) and   - alanine  

(denominator)  on Pt ï electrode. 

ʊ, K 298 303 313 323 333 

lnʂ(0) 24.1 0.1 

16.1 0.2 

23.7 0.2 

14.4 0.3 

22.1 0.4 

14.0 0.5 

19.2 0.3 

12.9 0.2 

16.3 0.5 

11.7 0.4 

Go( =0), 

ʢɼʞ/ʤʦʣʴ 

-59.5 0.7 

-39.7 0.6 

-59.8 0.5 

-36.2 0.8 

-57.6 1.2 

-36.4 1.4 

-51.7 0.9 

-34.7 0.6 

-45.0 1.2 

-33.2 1.0 

So( =0), 

ɼʞ/K 

-441 36 

-179 14 

-433 35 

-187 14 

-425 34 

-180 17 

-431 33 

-180 13 

-438 32 

-179 13 
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ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʢʦʨʦʩʪʠ 

ʩʧʠʥ-ʨʝʰʝʪʦʯʥʦʡ ʠ ʩʧʠʥ-ʩʧʠʥʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʪʦʥʦʚ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦ-

ʨʦʚ ʭʣʦʨʠʜʦʚ ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʢʦʥ-

ʮʝʥʪʨʘʮʠʡ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʚ ʨʘʙʦʪʘʭ ʜʨʫ-

ʛʠʭ ʘʚʪʦʨʦʚ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʴʰʦʝ ʯʠʩ-

ʣʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ 

ʞʠʜʢʠʭ ʨʘʩʪʚʦʨʦʚ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ (ʩʤ., ʥʘʧʨʠ-

ʤʝʨ, [1-3] ) ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦ ʧʦʩʣʝʜ-

ʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦ-

ʩʢʦʧʠʠ ʗʄʈ 
1
ʅ. ʆʜʥʘʢʦ ʧʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝʝ 

ʯʠʩʣʦ ʨʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ-

ʢʠʭ ʨʘʩʪʚʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʗʄʈ-ʨʝʣʘʢʩʘʮʠʠ ʧʨʦ-

ʪʦʥʦʚ, ʘ ʪʘʢʞʝ ʠ ʷʜʝʨ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʯʘʩʪʥʦ-

ʩʪʠ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʚʳʰʣʦ ʥʝʩʢʦʣʴʢʦ ʢʥʠʛ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʞʠʜʢʠʭ ʨʘʩʪʚʦʨʦʚ 

ʤʝʪʦʜʘʤʠ ʗʄʈ-ʨʝʣʘʢʩʘʮʠʠ [1, 4-6].  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʘʤʠ ʗʄʈ-

ʨʝʣʘʢʩʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʘʷ ʘʧʧʘʨʘʪʫʨʘ, 

ʯʝʤ ʘʧʧʘʨʘʪʫʨʘ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʇʨʠ 

ʵʪʦʤ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʝ 

ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ (ʜʦ ʦʜʥʦʛʦ ʊʝʩʣʘ). ʆʜʠʥ ʠʟ ʚʦʟ-

ʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʪʘʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʨʘʟʨʘʙʦʪʘʥ 

ʠ ʠʟʛʦʪʦʚʣʝʥ ʥʘʤʠ ʨʘʥʝʝ [7]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʝʣʘʢʩʦʤʝʪʨʳ, 

ʠʟʛʦʪʦʚʣʷʝʤʳʝ ʨʘʟʣʠʯʥʳʤʠ ʬʠʨʤʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʝʨʠʷ ʨʝʣʘʢʩʦʤʝʪʨʦʚ çʄʠʥʠʩʧʝʢè ʬʠʨʤʳ ɹʨʫʢʝʨ 

(ɻʝʨʤʘʥʠʷ). 
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ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʥʝʢʦʪʦʨʳʭ 

ʜʠʘʤʘʛʥʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ 2-ʦʡ ʛʨʫʧʧʳ ʘ ʪʘʢʞʝ 

ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ [8], 

ʚʳʧʦʣʥʝʥʥʳʭ ʥʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʣʘʢʩʦʤʝʪ-

ʨʦʚ çʄʠʥʠʩʧʝʢè ʠ ʦʧʠʩʘʥʥʦʛʦ ʚ [7]. ʇʦʜʦʙʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʪʘʢʞʝ ʨʘʥʝʝ. ʅʝʢʦʪʦ-

ʨʳʝ ʠʟ ʥʠʭ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʢʥʠʛʘʭ [1,4,9]. ʆʜʥʘʢʦ 

ʧʨʠ ʵʪʦʤ ʦʙʳʯʥʦ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ ʥʝʢʦʪʦʨʳʝ, ʩ 

ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʪʦʥʢʠʝ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚʨʝʤʝʥ ʩʧʠʥ-ʨʝʰʝʪʦʯʥʦʡ ï ʊ1 ʠ 

ʩʧʠʥ-ʩʧʠʥʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ ï ʊ2  

ʇʨʦʙʣʝʤʘ ʩʪʨʦʝʥʠʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦ-

ʣʝʡ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʟʘʥʠʤʘʝʪ ʚʘʞʥʦʝ 

ʤʝʩʪʦ ʚ ʬʠʟʠʢʝ, ʭʠʤʠʠ ʠ ʙʠʦʣʦʛʠʠ. ʕʪʠ ʨʘʩʪʚʦʨʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʨʘʚʥʦʚʝʩʥʫʶ ʭʠʤʠ-

ʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʀʭ ʩʚʦʡ-

ʩʪʚʘ ʠʩʩʣʝʜʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʧʨʠʤʝʨ, ʩ 

ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ, ʥʝʡ-

ʪʨʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʜʝʨʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʈʘʤʘʥʦʚʩʢʦʡ ʠ ɹʨʠʣʣʁ -

ʵʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʜʨ. ʆʜʥʘʢʦ ʚ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʗʄʈ-ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʧʨʝʚʦʩʭʦʜʷʪ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ ʘʥʘʣʠʟʘ ʨʘʩʪʚʦʨʦʚ 

ʩʦʣʝʡ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ [1,4,10,11] ʠ 

ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʜʣʷ ʠʟʫ-

ʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʚ ʠ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʚʦʨʘ. 

ʄʝʪʦʜ ʗʄʈ-ʨʝʣʘʢʩʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-

ʯʠʪʴ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʤʦ-

ʣʝʢʫʣʷʨʥʳʭ ʜʚʠʞʝʥʠʡ. ʀʟʫʯʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ ʩʢʦʨʦʩʪʠ 

ʗʄʈ-ʨʝʣʘʢʩʘʮʠʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ - ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ; ʦ ʚʠʜʘʭ ʧʦʜʚʠʞʥʦʩʪʠ 

ʤʦʣʝʢʫʣ - ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʜʠʬʬʫʟʠʠ, ʚʨʝʤʝʥʘʭ 

ʞʠʟʥʠ ʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʦʙʣʘʩʪʷʭ; ʦ ʩʪʨʫʢʪʫʨ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ - ʩʦʩʪʘ-

ʚʝ ʩʦʣʴʚʘʪʥʳʭ ʦʙʦʣʦʯʝʢ, ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʤʦʣʝʢʫʣ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʦ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠʮʳ, ʠ ʜʨ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʥʘʰʠʭ ʠʟʤʝʨʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ T1 ʠ T2 ʥʘ ʧʨʦʪʦʥʘʭ 

ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʠʤʧʫʣʴʩʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʗʄʈ 

çʄʠʥʠʩʧʝʢè mq20 ʬʠʨʤʳ çɹʨʫʢʝʨè ʩ ʧʨʦʪʦʥʥʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʨʝʟʦʥʘʥʩʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʯʘʩʪʦʪʝ 

19,6 ʄɻʮ ʠ ʧʨʠʙʦʨʝ, ʦʧʠʩʘʥʥʦʤ ʚ [7]. ɺʨʝʤʷ ʩʧʠʥ-

ʨʝʰʝʪʦʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ T1 ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʥʚʝʨʩʠʷ-

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ (180Ü-t-90Ü), ʘ ʚʨʝʤʷ ʩʧʠʥ-

ʩʧʠʥʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ T2 ʩ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʂʘʨʘ-ʇʘʨʩʝʣʣʘ-ʄʝʡʙʫʤʘ-

ɻʠʣʣʘ (ʂʇʄɻ) [9]. ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ T1,2 

ʩʦʩʪʘʚʣʷʣʘ ~2 -3%. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ ʠʟʤʝ-

ʨʝʥʠʡ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 100Á ʉ ʩ 

ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ 1Á ʉ ʠ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 

ʫʩʪʘʥʦʚʢʠ, ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫ-

ʨʳ 1Á ʉ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠ ʠʟʛʦʪʦʚ-

ʣʝʥʥʦʛʦ ʥʘʤʠ ʫʩʪʨʦʡʩʪʚʘ. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʙʨʘʟʮʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʦʙʜʫʚʘ ʘʤʧʫʣʳ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ (ʧʘʨʳ ʘʟʦʪʘ ʠ ʚʦʟʜʫʭ). ɺʨʝʤʷ ʩʪʘ-

ʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʣʷʣʦ 

ʦʢʦʣʦ 15 ʤʠʥ. ʈʘʩʪʚʦʨʳ ʛʦʪʦʚʠʣʠ ʠʟ ʩʦʣʝʡ "ʭ.ʯ." ʠ 

"ʯ.ʜ.ʘ." ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʠ ʢʦʤʥʘʪ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ ʧʘʨʘ-

ʤʘʛʥʠʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʢʦʨʘʯʠʚʘʶ-

ʱʝʛʦ ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ, ʧʨʠ ʠʟʤʝʨʝʥʠʠ T1 ʠ T2 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʭʥʦʣʦʛʠʶ ʜʝʛʘʟʘʮʠʠ ʚʘʢʫʫʤʠʨʦ-

ʚʘʥʠʝʤ - ʟʘʧʦʣʥʝʥʠʝ ʘʤʧʫʣʳ ʩ ʦʙʨʘʟʮʦʤ ʧʘʨʘʤʠ 

ʘʟʦʪʘ ʩ ʤʥʦʛʦʢʨʘʪʥʳʤ ʧʦʚʪʦʨʝʥʠʝʤ ʮʠʢʣʘ ʠ ʧʦ-

ʩʣʝʜʫʶʱʝʡ ʛʝʨʤʝʪʠʟʘʮʠʝʡ ʘʤʧʫʣʳ.  

ʅʘ ʨʠʩ. 1 ï 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟ-

ʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʝʡ  ʧʨʦʪʦʥʥʦʡ ʨʝʣʘʢʩʘʮʠʠ 

1,2
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 ʚ 

ʜʝʛʘʟʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʭʣʦʨʠʜʦʚ ʩʪʨʦʥʮʠʷ ʠ 

ʤʘʛʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

 
ʈʠʩ.1.  ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ  SrCl2  ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʦʣʠ. 

Fig. 1.  Temperature dependences 
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 of gas-free SrCl2water 

solution for various concentrations of salt. 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ, ʥʘʤʠ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʠʟʚʦʜʠʪʴ 

ʪʦʯʥʫʶ ʥʘʩʪʨʦʡʢʫ 90  ʠ 180  ʠʤʧʫʣʴʩʦʚ ʗʄʈ - 

ʨʝʣʘʢʩʦʤʝʪʨʦʚ, ʪ.ʢ. ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ T1, T2 

ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʜʣʠʪʝʣʴʥʦʩʪʠ. ʅʝʪʦʯʥʘʷ ʥʘ-

ʩʪʨʦʡʢʘ ʠʤʧʫʣʴʩʦʚ ʚ ʤʝʪʦʜʘʭ ʠʟʤʝʨʝʥʠʡ ʚʨʝʤʝʥ 

ʨʝʣʘʢʩʘʮʠʠ ʚʝʜʝʪ ʢ ʧʦʛʨʝʰʥʦʩʪʷʤ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

T1, T2., ʠʥʦʛʜʘ ʜʦ 10-15 ʧʨʦʮʝʥʪʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʤʝʪʦʜʦʚ ʙʳʩʪʨʦʛʦ ʠʟʤʝʨʝ-

ʥʠʷ T1, ʪʘʢʠʭ ʢʘʢ çʧʨʦʛʨʝʩʩʠʚʥʦʝ ʥʘʩʳʱʝʥʠʝè, 

çʥʘʩʳʱʝʥʠʝ ð ʚʦʩʩʪʘʥʦʚʣʝʥʠʝè ʠ ʠʭ ʤʦʜʠʬʠʢʘ-
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ʮʠʡ, ʪʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʪʦʯʥʘʷ ʥʘʩʪʨʦʡʢʘ 90 ʠ 180-

ʛʨʘʜʫʩʥʳʭ ʠʤʧʫʣʴʩʦʚ [9]. ʊʦʯʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʪʨʝʙʫʝʪʩʷ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʤʥʦʛʦʠʤʧʫʣʴʩʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʧʦ-

ʩʢʦʣʴʢʫ ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʠʤʧʫʣʴʩʦʚ, ʩʣʝʜʫʶ-

ʱʠʭ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ, ʧʦʛʨʝʰʥʦʩʪʠ ʟʘ ʩʯʝʪ ʥʝʧʨʘ-

ʚʠʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʠʭ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʢʘʧʣʠʚʘ-

ʶʪʩʷ, ʯʪʦ ʚʝʜʝʪ ʢ ʠʩʢʘʞʝʥʠʶ ʦʛʠʙʘʶʱʝʡ ʘʤʧʣʠ-

ʪʫʜ ʩʠʛʥʘʣʦʚ ʠ ʥʝʚʝʨʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʚʨʝʤʝʥ 

ʨʝʣʘʢʩʘʮʠʠ. 
 

 
ʈʠʩ.2.  ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ of

2

1
Ln

T
 ʜʝʛʘʟʠʨʦʚʘʥʥʦʛʦ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ  SrCl2  ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʦʣʠ. 

Fig. 2.  Temperature dependences of 
2

1
Ln

T
 of gas-free water 

SrCl2 solution for various concentrations of salt. 

 
ʈʠʩ. 3. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

1

1
Ln

T
 ʜʝʛʘʟʠʨʦʚʘʥʥʦʛʦ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ  MgCl2 ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʦʣʠ. 

Fig. 3.  Temperature dependences of 
1

1
Ln

T
 of gas-free water 

MgCl2 solution for various concentrations of salt. 

 
ʈʠʩ. 4. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

2

1
Ln

T
  ʜʝʛʘʟʠʨʦʚʘʥʥʦʛʦ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ  MgCl2.  ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʦʣʠ. 

Fig. 4. Temperature dependences of 
2

1
Ln

T
 of gas-free water 

MgCl2solution for various concentrations of salt. 
 

ʇʨʘʚʠʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʜʣʠʪʝʣʴʥʦʩʪʠ 90Á- ʠ 

180Á-ʠʤʧʫʣʴʩʦʚ ʚ ʠʤʧʫʣʴʩʥʳʭ ʤʝʪʦʜʘʭ ʠʟʤʝʨʝʥʠʷ 

ʚʨʝʤʝʥʠ ʗʄʈ ʨʝʣʘʢʩʘʮʠʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝ-

ʥʠʝ ʪʘʢʞʝ ʧʦʪʦʤʫ, ʯʪʦ ʦʪ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣʘ ʢ ʰʫʤʫ ʠ ʘʤ-

ʧʣʠʪʫʜʘ ʩʠʛʥʘʣʦʚ. 

ʄʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ T1 ʠ T2 

ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ 

ʠʤʧʫʣʴʩʦʚ. ɼʣʷ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʥʝʩʢʦʣʴ-

ʢʦ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ, ʚʢʣʘʜ ʚ ʧʦʛʨʝʰ-

ʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʠ ʠʤ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ. ɺ ʤʥʦʛʦʠʤʧʫʣʴʩʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʷʭ ʯʠʩʣʦ ʠʤʧʫʣʴʩʦʚ ʠʟʤʝʨʷʝʪʩʷ ʩʦʪʥʷʤʠ ʠ 

ʪʳʩʷʯʘʤʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ T2 ʠʤʧʫʣʴʩ-

ʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʂʇʄɻ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ 

ʜʦ 32 ʪʳʩ. ʠʤʧʫʣʴʩʦʚ [12]. ʇʨʠ ʵʪʦʤ ʚʢʣʘʜ ʚ ʧʦ-

ʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʟʥʘ-

ʯʠʪʝʣʴʥʳʡ, ʧʦ ʧʨʠʙʣʠʞʝʥʥʳʤ ʦʮʝʥʢʘʤ ʦʥ ʤʦʞʝʪ 

ʩʦʩʪʘʚʣʷʪʴ ʜʦ 20%. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʫʣʴʩʦʚ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʂʇʄɻ ʥʘ 1/3 (ʩ 1000 ʜʦ 700) ʦʰʠʙʢʘ ʚ ʠʟʤʝʨʝʥʠʠ 

T2 ʩʦʩʪʘʚʣʷʝʪ ʧʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʧʨʠʤʝʨʥʦ  10%. 

ɺ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʦʣʝʡ ʱʝʣʦʯʥʦʟʝ-

ʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʷʚ-

ʣʷʶʪʩʷ ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʳʡ ʠ ʢʚʘʜʨʫʧʦʣʴʥʳʡ 

ʤʝʭʘʥʠʟʤʳ ʨʝʣʘʢʩʘʮʠʠ.  

ɺ ʩʣʫʯʘʝ ʤʘʣʦʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ ʥʘ ʨʝʟʦ-

ʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ 0  ʠ ʧʨʠ 
2 2

0 c<<1, ʯʪʦ ʚʩʝʛʜʘ 

ʚrʧʦʣʥʷʝʪʩʷ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʨʘʩʪʚʦʨʘʭ ʩʢʦʨʦʩʪʴ ʩʧʠʥ-ʨʝʰʝʪʦʯʥʦʡ ʨʝʣʘʢʩʘʮʠʠ 

ʷʜʝʨ ʜʣʷ ʦʙʦʠʭ ʤʝʭʘʥʠʟʤʦʚ ʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

1

1
cA

T
   (1) 
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ʛʜʝ ɸ ð ʢʦʵʬʬʠʮʠʝʥʪ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʜʣʷ 

ʜʠʧʦʣʴ-ʜʠʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʨʫʢʪʫʨʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʨʘʩʪʚʦʨʘ ʠ ʜʣʷ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï ʢʦʥʩʪʘʥʪʝ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ 

ʚʟʘʠʤʦ-ʜʝʡʩʪʚʠʷ; c  ð ʚʨʝʤʷ ʢʦʨʨʝʣʷʮʠʠ, ʢʦʪʦ-

ʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ 

ʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨʝ. 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠ-

ʩʫʥʢʘʭ 14 ʧʦ ʦʙʳʯʥʦʡ ʤʝʪʦʜʠʢʝ [9] ʠ ʩ ʫʯʝʪʦʤ 

ʬʦʨʤʫʣʳ (1), ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʜʚʠʞʝʥʠʡ (ʪʘʙʣ. 1,2). 

 
ʊʘʙʣʠʮʘ 1.  

ʕʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ER ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ H2O ʚ 

ʛʠʜʨʘʪʥʦʡ ʦʙʦʣʦʯʢʝ ʠʦʥʘ Sr
2+ 

.  

Table 1. Activation energy ER of H2O molecules move-

ment in hydrate sphere of Sr
2 + 

ion.  
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2,07 34,5 20,3 32,2 21,6 31,1 21,2 

1,74 27,6 20,3 27,7 20,9 26,9 21,7 

1,18 24,3 19,8 25,2 20,7 24,2 22,0 

0,51 26,0 20,0 28,1 21,6 23,3 23,7 

0,13 23,4 21,7 29,8 21,7 27,0 23,5 

ER1  - ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʠʟʤʝʨʝʥʠʷʤ T1 ʜʣʷ ʥʝʜʝʛʘʟʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ; ER2 - ʪʦ ʞʝ ʧʦ ʜʘʥʥʳʤ ʜʣʷ T1 ʜʣʷ ʜʝʛʘʟʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ; ER3  - ʪʦ ʞʝ ʧʦ ʜʘʥʥʳʤ ʜʣʷ T2  ʜʣʷ ʜʝʛʘʟʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ. 

The ER1 was calculated on the data of T1 for not gas-free sam-

ples; ER2 was calculated on the same T1 data for gas-free samples; 

ER3 was the same but on the T2 data for gas-free samples. 

 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʜʘʥʥʳʭ ʚ 

ʪʘʙʣ.1, 2, ʨʘʩʩʯʠʪʘʥʥʘʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦ-

ʩʪʴʶ 0,95, ʩʦʩʪʘʚʣʷʝʪ 8 ʧʨʦʮʝʥʪʦʚ ʜʣʷ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ 273-298 K ʠ 6 ʧʨʦʮʝʥʪʦʚ ʜʣʷ 

300-373 K. 

ɺ ʣʠʪʝʨʘʪʫʨʝ, ʥʘʩʢʦʣʴʢʦ ʠʟʚʝʩʪʥʦ, ʜʘʥʥʳʝ 

ʦʙ ʵʥʝʨʛʠʷʭ ʘʢʪʠʚʘʮʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʜʚʠʞʝʥʠʡ ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʦʣʝʡ ʩʪʨʦʥʮʠʷ ʧʨʠʚʝʜʝʥʳ 

ʪʦʣʴʢʦ ʚ ʨʘʙʦʪʘʭ [13 - 15].  

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʦʙ ʵʥʝʨʛʠʷʭ ʘʢ-

ʪʠʚʘʮʠʠ ʠ ʚʨʝʤʝʥʘʭ ʨʝʣʘʢʩʘʮʠʠ T1, T2 ʜʣʷ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʤʘʛʥʠʷ ʚ ʨʘʟʫʤʥʳʭ ʧʨʝʜʝʣʘʭ ʩʦ-

ʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʨʘʙʦʪʘʭ [3, 

13, 14, 16, 17]. ʄʦʞʥʦ, ʦʜʥʘʢʦ, ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘʰʠ 

ʜʘʥʥʳʝ ʙʦʣʝʝ ʪʦʯʥʳ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ 

ʤʳ ʠʩʧʦʣʟɹʦʚʘʣʠ ʨʷʜ ʧʨʝʜʣʦʞʝʥʥʳʭ ʥʘʤʠ ʥʦʚʳʭ 

ʤʝʪʦʜʠʢ ʠ ʪʝʭʥʦʣʦʛʠʡ ʫʤʝʥʴʰʘʶʱʠʭ ʧʦʛʨʝʰ-

ʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 

ʊʘʙʣʠʮʘ 2.  

ʕʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ER ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ H2O ʚ 

ʛʠʜʨʘʪʥʦʡ ʦʙʦʣʦʯʢʝ ʠʦʥʘ Mg
2+ 

.  

Table 2. Activation energy ER of H2O molecules move-

ment in hydrate sphere of Mg
2 +

ion. 
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4,46 43,3 24,3 33,1 24,9 33,8 24,4 

3,73 40,6 23,9 32,6 23,9 32,6 23,1 

2,51 32,1 22,2 30,3 21,1 29,2 20,4 

1,08 32,7 21,7 25,7 20,3 25,4 21,0 

0,28 29,7 22,4 28,4 23,2 26,2 23,9 

ER1  - ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʠʟʤʝʨʝʥʠʷʤ T1 ʜʣʷ ʥʝʜʝʛʘʟʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ;  ER2 - ʪʦ ʞʝ ʧʦ ʜʘʥʥʳʤ ʜʣʷ T1 ʜʣʷ ʜʝʛʘʟʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ; ER3  - ʪʦ ʞʝ ʧʦ ʜʘʥʥʳʤ ʜʣʷ T2  ʜʣʷ ʜʝʛʘʟʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ. 

The ER1 was calculated on the data of T1 for not gas-free sam-

ples; ER2 was calculated on the same T1 data for gas-free samples; 

ER3 was the same but on the T2 data for gas-free samples. 

 

ʅʘʤʠ ʪʘʢʞʝ ʠʟʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥ ʩʧʠʥ-

ʨʝʰʝʪʦʯʥʦʡ ʠ ʩʧʠʥ-ʩʧʠʥʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʪʦ-

ʥʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʜʠʘʤʘʛʥʠʪʥʳʭ ʩʦʣʝʡ ʙʘ-

ʨʠʷ ʠ ʢʘʣʴʮʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʩʧʠʥ-

ʩʧʠʥʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ ʧʨʦʪʦʥʦʚ ʚʦʜʳ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʩʦʣʝʡ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʜʦ ʩʠʭ ʧʦʨ, ʥʘ-

ʩʢʦʣʴʢʦ ʠʟʚʝʩʪʥʦ, ʥʝ ʠʟʫʯʝʥʳ. ʕʪʠ ʜʘʥʥʳʝ ʠ ʠʭ 

ʦʙʩʫʞʜʝʥʠʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʨʘ-

ʙʦʪʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ 

ʈʌʌʀ 06-03-32297. 

ʃʀʊɽʈɸʊʋʈɸ 

1. Rudi van Eldik, Ivano Bertini Advances in inorganic che-

mistry V 57: Relaxometry of Water-Metal Ion Interactions, 

Elsevier Academic Press, 2005 

2. ʏʠʞʠʢ ɺ.ʀ. ʠ ʜʨ. // ɾʫʨʥ. ʬʠʟ. ʭʠʤʠʠ. 1998. ʊ. 72. ˉ 4. 

ʉ. 667-671. 

3. R.P.W.J. Struis, J. de Bleijser, J.ʉ.Leyte // J. Phys. Chem. 

1989. V. 93. P. 7932-7942. 

4. ʏʠʞʠʢ ɺ.ʀ. ʗʜʝʨʥʘʷ ʤʘʛʥʠʪʥʘʷ ʨʝʣʘʢʩʘʮʠʷ: ʋʯʝʙʥʦʝ 

ʧʦʩʦʙʠʝ., 3-ʝ ʠʟʜ. ʉʇʙ, ʀʟʜ. ʉ.-ʇʠʪʝʨ. ʀʥʩʪ., 2004. 

5. Bakhmutov, V. I. Practical Nuclear Magnetic Resonance 

Relaxation for Chemists. John Wiley & Sons Ltd, 2004. 

6. Cowan B. P. Nuclear Magnetic Resonance and Relaxation. 

Cambridge university press, 1997. 

7. ʉʪʦʣʙʫʥʦʚ ʈ.ʅ., ʏʠʯʠʢʦʚ ʉ.ɸ., ʃʫʥʜʠʥ ɸ.ɻ. // ʇʨʠʙʦ-

ʨʳ ʠ ʪʝʭʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. 2005. ˉ 6. ʉ. 47-51. 

8. ʃʫʥʜʠʥ ɸ.ɻ., ʂʦʞʫʨʘ ɸ.ʉ., ʏʠʯʠʢʦʚ ʉ.ɸ. // ʀʟʚ. ʚʫʟʦʚ. 

ʍʠʤʠʷ ʠ ʭʠʤ. ʪʝʭʥʦʣʦʛʠʷ. 2005. ʊ.48. ɺʳʧ. 8. ʉ. 63-67. 

9. ɺʘʰʤʘʥ ɸ.ɸ., ʇʨʦʥʠʥ ʀ.ʉ. ʗʜʝʨʥʘʷ ʤʘʛʥʠʪʥʘʷ ʨʝʣʘʢ-

ʩʘʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ. 1986. 

231 ʩ. 



ʍʀʄʀʗ ʀ ʍʀʄʀʏɽʉʂɸʗ ʊɽʍʅʆʃʆɻʀʗ    2007  ʪʦʤ  50   ʚʳʧ. 10 

 

29 

10. ʃʫʥʜʠʥ ɸ.ɻ., ʌʝʜʠʥ ʕ.ʀ. ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʄ.: ʅʘʫ-

ʢʘ. 1986. 223 ʩ. 

11. ʌʝʜʦʪʦʚ ʄ.ɸ. ʗʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ ʚ ʨʘʩʪʚʦ-

ʨʘʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʅʦʚʦʩʠʙʠʨʩʢ: ʅʘʫʢʘ. 1986. 

198 ʩ. 

12. Relaxation Time (T1 and T2) Measurements. Bruker minis-

pec Relaxation Time //Manual Documents minispec Soft-

ware V2.5. 

13. L. Helm and H. G. Hertz // Z. Phys. Chem. (BRD). 1981. 

Bd. 127. N 1. S. 23-44. 

14. H. G. Hertz, H. Versmold, and C. Yoon //Ber. Bunsenges. 

Phys. Chem. 1983. 87. P. 577-582. 

15. M. J. Mobley, W. S. Glaunslnger, R. F. Marzke // J. Phys. 

Chem. 1880. 84. P. 1129-1133. 

16. R. P. W. J. Struis, J. de Bleijser, and J. C. Leyte // J. Phys. 

Chem. 1987. 91. P. 1639-1645. 

17. ʄʝʣʴʥʠʯʝʥʢʦ ʅ.ɸ., ɹʘʞʘʥʦʚ ɸ.ɺ., ʂʫʧʨʠʷʥʦʚ ɸ.ʉ. // 

ɾʫʨʥ. ʩʪʨʫʢʪʫʨ. ʭʠʤʠʠ.  2003. ʊ. 44. ˉ 3. ʉ. 446- 453. 

 

 

ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ 

 

 

 

 

 

 

 

 

ʋɼʂ 544.3.032.73:544.332.031:[546.571+547.415.1]-386 

ɻ.ɺ. ʄʦʰʦʨʠʥ, ɻ.ʀ. ʈʝʧʢʠʥ, ɺ.ɸ. ʐʘʨʥʠʥ  

ʕʅʊɸʃʔʇʀʀ ʈɽɸʂʎʀʁ ʂʆʄʇʃɽʂʉʆʆɹʈɸɿʆɺɸʅʀʗ ʉɽʈɽɹʈɸ (I)  

ʉ ʕʊʀʃɽʅɼʀɸʄʀʅʆʄ ʀ ʉʆʃʔɺɸʊɸʎʀʀ ʈɽɸɻɽʅʊʆɺ ɺ ɹʀʅɸʈʅʆʄ ʈɸʉʊɺʆʈʀʊɽʃɽ 

ʄɽʊɸʅʆʃ ï ɼʀʄɽʊʀʃʌʆʈʄɸʄʀɼ 

(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

E-mail: oxt703@isuct.ru 

ʂʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʳ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ, ʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʨʘʩʩʯʠʪʘʥʳ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʨʝʘʢʮʠʡ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʤʦʥʦ- ʠ ʙʠʩʢʦʤʧʣʝʢʩʦʚ ʩʝʨʝʙʨʘ (I) ʩ ʵʪʠʣʝʥʜʠʘʤʠʥʦʤ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʩʦ-

ʩʪʘʚʦʚ ʤʝʪʘʥʦʣïʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʧʨʠ 298,15ʂ. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷ-

ʥʠʝ ʩʦʩʪʘʚʘ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʢʮʠʡ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʦʣʴʚʘʪʘʮʠʠ ʨʝʘʛʝʥʪʦʚ. 

ɺ ʨʘʙʦʪʝ [1] ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʤʝ-

ʪʘʥʦʣ -ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʩʝʨʝʙʨʘ (I) ʩ 2,2
`
-

ʜʠʧʠʨʠʜʠʣʦʤ, ʧʠʨʠʜʠʥʦʤ ʠ ʵʪʠʣʝʥʜʠʘʤʠʥʦʤ. ʇʦ-

ʣʫʯʝʥʳ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ʋʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʩʝʨʝʙʨʘ (I) 

ʩ ʵʪʠʣʝʥʜʠʘʤʠʥʦʤ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʤʝ-

ʪʠʣʬʦʨʤʘʤʠʜʘ (ɼʄʌ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɼʣʷ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʥʝʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʤʝʪʘʥʦʣïʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ ʥʘ ʪʝʨ-

ʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘ-

ʥʠʷ ʠʦʥʘ ʩʝʨʝʙʨʘ ʩ ʵʪʠʣʝʥʜʠʘʤʠʥʦʤ ʦʧʨʝʜʝʣʝʥʳ 

ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʩ-

ʩʯʠʪʘʥʳ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ ʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ 

ʨʝʘʢʮʠʠ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʩʦʩʪʘʚʦʚ ʩʤʝʰʘʥʥʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 298 ʂ. ʊʘʢʞʝ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʣʴʚʘʪʘʮʠʦʥʥʳʭ ʚʢʣʘʜʦʚ ʨʝʘ-

ʛʝʥʪʦʚ ʚ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ ʨʝʘʢʮʠʡ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʘʢʪʠʚʳ: ʥʠʪʨʘʪ ʩʝʨʝʙʨʘ, ʵʪʠ-

ʣʝʥʜʠʘʤʠʥ, ʤʝʪʘʥʦʣ, ɼʄʌ. ʅʠʪʨʘʪ ʩʝʨʝʙʨʘ ʤʘʨʢʠ 

''ʭ.ʯ.'' ʩʫʰʠʣʠ ʧʨʠ t=70C ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝ-

ʥʠʠ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʩʘ. ʕʪʠʣʝʥʜʠʘʤʠʥ ʧʦʣʫʯʝʥ 

ʠʟ 70% ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʠʧʷʯʝʥʠʝʤ ʝʛʦ ʩ Naʆʅ, 

ʟʘʪʝʤ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʥʘʪʨʠʝʤ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʜʚʫʢʨʘʪʥʦʡ ʧʝʨʝʛʦʥʢʦʡ [2]. ʄʝʪʘʥʦʣ ʦʙʝʟʚʦʞʠʚʘ-

ʣʠ ʢʠʧʷʯʝʥʠʝʤ ʩ ʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ, ʧʝʨʝʛʦʥʷʣʠ, 

ʦʙʝʟʚʦʞʠʚʘʣʠ ʤʝʪʠʣʘʪʦʤ ʤʘʛʥʠʷ ʠ ʧʦʚʪʦʨʥʦ ʧʝʨʝ-

ʛʦʥʷʣʠ. ɼʠʤʝʪʠʣʬʦʨʤʘʤʠʜ ʜʚʘʞʜʳ ʚʳʜʝʨʞʠʚʘʣʠ 

ʥʘʜ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʠʪʘʤʠ, ʟʘʪʝʤ ʧʝʨʝʛʦʥʷʣʠ ʧʨʠ 

ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ (tʜʝʬʣå20Áʉ). ʆʩʪʘʪʦʯʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʢʦʥʪʨʦʣʠʨʦʚʘ-

ʣʠ ʧʦ ʤʝʪʦʜʫ ʌʠʰʝʨʘ, ʜʣʷ ʤʝʪʘʥʦʣʘ ʦʥʦ ʩʦʩʪʘʚʠ-

ʣʦ 0,009 ʤʘʩ.%, ʜʣʷ ɼʄʌ 0,01 ʤʘʩ.%. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ ʨʝʘʢʮʠʡ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦ- ʠ ʙʠʩʢʦʤʧʣʝʢʩʦʚ ʩʝʨʝʙʨʘ (I) ʩ 

ʵʪʠʣʝʥʜʠʘʤʠʥʦʤ ʚ ʤʝʪʘʥʦʣïʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ-

ʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʣʦʨʠʤʝʪʨʘ ʧʝʨʝʤʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʠʟʦʪʝʨ-

ʤʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʦʡ [3]. ɺ ʨʝʘʢʮʠʦʥʥʳʡ ʩʪʘʢʘʥ-

ʯʠʢ ʢʘʣʠʙʨʦʚʘʥʥʦʡ ʧʠʧʝʪʢʦʡ ʧʦʤʝʱʘʣʠ 78,20 ʤʣ 
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ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʚ ʩʤʝh ʘʥʥʦʤ ʤʝʪʘʥʦʣï

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʧʝʨʝʤʝʥʥʦʛʦ 

ʩʦʩʪʘʚʘ (ʉAg
+
~0,01 ʤʦʣʴ/ʣ). ɺ ʩʪʝʢʣʷʥʥʫʶ ʘʤʧʫʣʫ 

ʧʦʤʝʱʘʣʠ ʥʘʚʝʩʢʫ ʙʝʟʚʦʜʥʦʛʦ ʵʪʠʣʝʥʜʠʘʤʠʥʘ, 

ʚʟʚʝʰʝʥʥʫʶ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ Ñ0,00005 ʛ. ɼʣʷ ʢʘʞ-

ʜʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʦʚʦʜʠʣʠ 

ʩʝʨʠʶ ʦʧʳʪʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʪʠʣʝʥʜʠʘʤʠʥʘ ʚ 

ʨʝʘʢʮʠʦʥʥʦʤ ʩʪʘʢʘʥʝ ʧʦʩʣʝ ʨʘʟʙʠʚʘʥʠʷ ʘʤʧʫʣʳ 

ʚʘʨɹʠʨʦʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,01 ʜʦ 0,04 ʤʦʣʴ/ʣ. 

ʀʟʤʝʨʷʝʤʳʡ ʚ ʦʧʳʪʝ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʦʙʫʩʣʦʚʣʝʥ 

ʧʨʦʪʝʢʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ:  

En Ensolv, ( solH) (1) 

Ag
+

solv+Ensolv [AgEn]
+

solv, ( rH1) (2) 

[AgEn]
+

solv+Ensolv [AgEn2]
+

solv, ( rH2) (3) 

ʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʨʘʚʥʦʚʝʩʠʷ ʘʤʠʥʘ ʚ 

ʨʘʩʯʝʪʘʭ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ, ʪʘʢ ʢʘʢ, ʩʦʛʣʘʩʥʦ ʨʘʩʯʝ-

ʪʘʤ, ʚ ʯʠʩʪʦʤ ʤʝʪʘʥʦʣʝ ʜʦʣʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʧʠ-

ʨʠʜʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 0,0083%, ʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ɼʄʌ 

ʢʦʥʩʪʘʥʪʘ ʧʨʦʪʦʥʠʟʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ [5]. ʀʟʤʝʥʝ-

ʥʠʷ ʵʥʪʘʣʴʧʠʠ ʨʘʩʪʚʦʨʝʥʠʷ ʵʪʠʣʝʥʜʠʘʤʠʥʘ ʚ ʤʝʪʘ-

ʥʦʣïʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʥʳʭ ʩʤʝʩʷʭ ( solH) ʚʟʷʪʳ ʠʟ 

[4]. 

ʊʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʦʥʦ- ʠ ʙʠʩʵʪʠʣʝʥʜʠʘʤʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʧʨʝ-

ʜʝʣʷʣʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 5-6 ʦʧʳʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤ 

ʚʳʭʦʜʦʤ ʤʦʥʦ- ʠ ʙʠʩʢʦʤʧʣʝʢʩʦʚ ʩʝʨʝʙʨʘ (I) ʩ ʵʪʠ-

ʣʝʥʜʠʘʤʠʥʦʤ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥ-

ʥʳʭ ʧʦ ʢʦʥʩʪʘʥʪʘʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ [1], 

ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ "ʅɽAT" [6]. 

 
ʊʘʙʣʠʮʘ 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʢʮʠʡ ʩʪʫ-

ʧʝʥʯʘʪʦʛʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩʝʨʝʙʨʘ (I) ʩ ʵʪʠ-

ʣʝʥʜʠʘʤʠʥʦʤ ʚ ʤʝʪʘʥʦʣïʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʨʠ 298,15 ʂ. 

Table  Thermodynamic characteristics of the step com-

plexation reactions of silver(I) and ethylenediamine in 

methanolïdimethylformamide solvents at 298.15 K. 

ʍʜʤʬ, ʤ.ʜ. 0
*  

0,1 0,2 0,4 0,6 0,8 1,0 

 Ag
+
+En [AgEn]

+
 

- rH
0
1, ʢɼʞ/ʤʦʣʴ 58 56 52 50 48 44 41 

- rG
0
1, ʢɼʞ/ʤʦʣʴ 36,3 36,5 36,8 37,9 40,8 43,1 44,9 

-T rS
0
1, ʢɼʞ/ʤʦʣʴ 21,8 19,5 15,2 12,1 7,2 0,9 -3,9 

 [AgEn]
+
+En [AgEn 2]

+
 

- rH
0
2, ʢɼʞ/ʤʦʣʴ 64 62 57 55 52 48 46 

- rG
0
2, ʢɼʞ/ʤʦʣʴ 18,3 18,7 19,2 20,7 22,3 24,2 25 

-T rS
0
2, ʢɼʞ/ʤʦʣʴ 47,2 44,3 37,8 34,3 29,7 23,8 21 

ʇʨʠʤʝʯʘʥʠʝ: * ï ʧʦʣʫʯʝʥʦ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ. 

 

ʇʦʛʨʝʰʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʠʟʤʝʥʝʥʠʷ ʵʥʪʘʣʴ-

ʧʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʜʣʷ rH1 ʥʘ 

ʫʨʦʚʥʝ Ñ1ʢɼʞ/ʤʦʣʴ, ʘ ʜʣʷ rʅ2 ʥʘ ʫʨʦʚʥʝ Ñ2 

ʢɼʞ/ʤʦʣʴ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʰʠʙʢʫ, ʧʦʣʫʯʝʥ-

ʥʫʶ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠ ʦʰʠʙʢʫ, 

ʧʦʣʫʯʝʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʳʭ 

ʵʬʬʝʢʪʦʚ ʨʘʩʪʚʦʨʝʥʠʷ [4] ʠ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ 

[1], ʢʦʪʦʨʫʶ ʫʯʠʪʳʚʘʣʠ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʢʦʥʩʪʘʥʪʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʨʘʩʯʝʪʝ ʚ ʧʨʦʛʨʘʤʤʝ "ʅɽAT". ɺ 

ʭʦʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ I=0,01õ0,1 ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʳʭ 

ʵʬʬʝʢʪʦʚ ʨʝʘʢʮʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʝʜʝ-

ʣʘʭ ʫʢʘʟʘʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʠʦʥʥʦʡ 

ʩʠʣʳ ʨʘʩʪʚʦʨʘ, ʠ ʧʦʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʠ 

I=0,01 ʟʥʘʯʝʥʠʷ rH1 ʠ rʅ2 ʧʨʠʥʠʤʘʣʠʩʴ ʟʘ ʩʪʘʥ-

ʜʘʨʪʥʳʝ. 

ɿʥʘʯʝʥʠʷ rH ʠ rG ʚ ʯʠʩʪʦʤ ʤʝʪʘʥʦʣʝ ʥʦ-

ʩʷʪ ʦʮʝʥʦʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʘʢ ʢʘʢ ʙʳʣʠ ʦʧʨʝʜʝʣʝ-

ʥʳ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʟʘʚʠʩʠʤʦʩʪʝʡ rH=f(ʍʜʤʬ) ʠ 

rG=f(ʍʜʤʬ) ʥʘ ʍʜʤʬ=0. ʕʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʯʠʩʪʦʤ ʤʝʪʘʥʦʣʝ ʚʳ-

ʧʘʜʘʣ ʦʩʘʜʦʢ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ, ʩ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʄʌ ʵʢʟʦʪʝʨʤʠʯʥʦʩʪʴ ʨʝʘʢ-

ʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠʦʥʘ ʩʝʨʝʙʨʘ (I) ʩ ʵʪʠ-

ʣʝʥʜʠʘʤʠʥʦʤ ʧʦ ʦʙʝʠʤ ʩʪʫʧʝʥʷʤ ʫʤʝʥʴʰʘʶʪʩʷ. 

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ ʨʝʘʢʮʠʡ 

ʠʦʥʘ ʩʝʨʝʙʨʘ (I) ʩ ʵʪʠʣʝʥʜʠʘʤʠʥʦʤ ʥʘ ʧʝʨʚʦʡ ʠ 

ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ, ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʦʜʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʨʘʟʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʨʝʘʢ-

ʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʠʟʤʝʥʝʥʠʡ 

ʩʦʣʴʚʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʨʝ-

ʘʢʮʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ 

ʧʦʟʠʮʠʠ ʧʦʜʭʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʦʣʴʚʘʪʘʮʠʠ ʢʘʞʜʦʛʦ ʫʯʘʩʪ-

ʥʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʆʙʳʯʥʦ ʜʣʷ 

ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʬʫʥʢʮʠʠ ʧʝʨʝʥʦʩʘ. ʉ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʯʝʥʠʡ ʵʥʪʘʣʴʧʠʡ ʧʝʨʝʥʦʩʘ Ag
+
 ʠ 

ʣʠʛʘʥʜʘ ʠʟ ʤʝʪʘʥʦʣʘ ʚ ʤʝʪʘʥʦʣ - ʜʠʤʝʪʠʣʬʦʨʤʘ-

ʤʠʜʥʳʝ ʩʤʝʩʠ, ʚʟʷʪʳʤʠ ʠʟ [4], ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʵʥʪʘʣʴʧʠʠ ʧʝʨʝʥʦʩʘ ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ ʧʦ ʬʦʨ-

ʤʫʣʘʤ: 

trH[AgEn]+= trfHAg++ trHEn+ trHr1, 

trH[AgEn2]+= trH[AgEn]++ trHEn+ trHr2 

ʀʟʤʝʥʝʥʠʷ ʵʥʪʘʣʴʧʠʡ ʧʝʨʝʥʦʩʘ ʠʦʥʘ ʩʝ-

ʨʝʙʨʘ, ʵʪʠʣʝʥʜʠʘʤʠʥʘ, ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʦʚ ʠ ʨʝ-

ʘʢʮʠʡ ʩʪʫʧʝʥʯʘʪʦʛʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʩʦ-

ʩʪʘʚʘ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʟʦʙʨʘʞʝʥʳ ʥʘ 

ʨʠʩ. 1 ʠ 2. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʧʦ ʢʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʵʪʠʣʝʥʜʠʘʤʠʥʘ ʩ ʠʦʥʦʤ Ni
2+

 ʚ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʚʦʜʘïʤʝʪʘʥʦʣ ʠ ʚʦʜʘï

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ [7, 8]. ɺ ʥʠʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʵʢʟʦʪʝʨʤʠʯʥʦʩʪʠ ʨʝʘʢʮʠʠ 

ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʵʢʟʦʪʝʨʤʠʯʥʦʩʪʠ ʩʦʣʴʚʘʪʘʮʠʠ 

ʣʠʛʘʥʜʘ. ɼʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʙʣʶʜʘʶʪʩʷ 

ʟʘʤʝʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʭ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ. ʈʘʟʣʠʯʠʷ ʚ ʩʦʣʴʚʘʪʘʮʠʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ ʠ ʠʦʥʘ ʩʝʨʝʙʨʘ ʧʨʝʚʳʰʘʶʪ 
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trHEn ʠ ʩʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ 

ʵʢʟʦʪʝʨʤʠʯʥʦʩʪʠ ʨʝʘʢʮʠʠ ʥʘ ʬʦʥʝ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ 

ʣʠʛʘʥʜʘ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʥʪʘʣʴʧʠʡ ʧʝʨʝʥʦʩʘ ʵʪʠʣʝʥ-

ʜʠʘʤʠʥʘ (1), ʤʦʥʦʣʠʛʘʥʜʥʦʛʦ ʠʦʥʘ (3), ʠʦʥʘ ʩʝʨʝʙʨʘ (4) ʠ 

ʨʝʘʢʮʠʠ (2) ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦʵʪʠʣʝʥʜʠʘʤʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʦʪ ʩʦʩʪʘʚʘ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ 

Fig. 1. Dependence of transfer enthalpies of ethylenediamine (1), 

the one-ligand complex ion (3), the silver ion (4) and the reaction 

(2) of one-ethylenediamine complex formation as a functions of  

mixed solvent composition. 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʥʪʘʣʴʧʠʡ ʧʝʨʝʥʦʩʘ ʙʠʣʠ-

ʛʘʥʜʥʦʛʦ ʠʦʥʘ (1), ʵʪʠʣʝʥʜʠʘʤʠʥʘ (2), ʤʦʥʦʣʠʛʘʥʜʥʦʛʦ ʠʦʥʘ 

(4) ʠ ʨʝʘʢʮʠʠ (3) ʦʙʨʘʟʦʚʘʥʠʷ ʙʠʩʵʪʠʣʝʥʜʠʘʤʠʥʦʚʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʦʪ ʩʦʩʪʘʚʘ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣ ̫

Fig. 2. Dependence  of transfer enthalpies of the two-ligand com-

plex ion (1),  ethylenediamine (2), the one-ligand complex ion (4) 

and the reaction (3) of  two-ethylenediamine complex formation 

as a functions of  mixed solvent composition. 

 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʢʦʦʨʜʠʥʘ-

ʮʠʠ ʵʪʠʣʝʥʜʠʘʤʠʥʘ ʧʨʦʠʩʭʦʜʷʪ ʩʫʱʝʩʪʚʝʥʥʳʝ

ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʦʨ-

ʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʥʘ. ɸʥʘʣʦ-

ʛʠʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʧʦ ʚʪʦʨʦʡ ʩʪʫ-

ʧʝʥʠ ʢʦʦʨʜʠʥʘʮʠʠ. ʀʟʤʝʥʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʨʝʘʢʮʠʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠʦʥʘ ʩʝʨʝʙʨʘ (I) ʩ ʵʪʠʣʝʥ-

ʜʠʘʤʠʥʦʤ ʧʦ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʩʦʜʝʨʞʠʪ ʜʚʘ ʚʢʣʘ-

ʜʘ: (trH[AgEn]+- trHAg+) ʠ trHEn. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ. 

1, ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʝʨʚʦʛʦ ʚʢʣʘʜʘ 

( trH[AgEn]+- trHAg+) ʥʘʜ trHEn ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʩʦ-

ʩʪʘʚʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʦ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʢʦʦʨʜʠ-

ʥʘʮʠʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚʢʣʘʜʘ 

( trH[AgEn]+- trH[AgEn2]+) ʥʘʜ trHEn, ʠ ʘʥʘʣʦʛʠʯʥʦ 

ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʵʢʟʦʪʝʨ-

ʤʠʯʥʦʩʪʠ ʨʝʘʢʮʠʠ (ʨʠʩ.2). 

ʉ ʧʦʣʫʯʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʠʟʤʝʥʝʥʠʷ ʵʥ-

ʪʘʣʴʧʠʡ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʩʪʠ ʧʦʣʥʳʡ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʘʢʮʠʠ. ʉ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ [1] ʠ ʟʥʘʯʝʥʠʡ ʠʟ-

ʤʝʥʝʥʠʷ ʵʥʪʘʣʴʧʠʡ ʨʝʘʢʮʠʡ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʠʟ-

ʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ (rG
0
) ʠ ʵʥʪʨʦʧʠʠ (TrS

0
) 

ʨʝʘʢʮʠʡ ʩʪʫʧʝʥʯʘʪʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦ- ʠ ʙʠʩ-

ʢʦʤʧʣʝʢʩʦʚ ʩʝʨʝʙʨʘ (I) ʩ ʵʪʠʣʝʥʜʠʘʤʠʥʦʤ. ʇʦʣʫ-

ʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. ʀʟ ʥʝʝ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʦʩʪ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʦʙʝʠʤ ʩʪʫʧʝʥʷʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

Ag
+
 ʩ ʵʪʠʣʝʥʜʠʘʤʠʥʦʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ʦʙʲʷʩ-

ʥʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʵʥʪʨʦʧʠʠ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪ-

ʥʦʤ ʜʝʡʩʪʚʠʠ ʵʥʪʘʣʴʧʠʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʝʘʢ-

ʮʠʠ. 
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ʧʣʝʢʩʦʚ ʢʘʜʤʠʷ, ʮʠʥʢʘ ʠ ʤʘʨʛʘʥʮʘ(II) c ʵʪʠʣʝʥʜʠʘʤʠʥ-N,Nô-ʜʠʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ 

298.15ʂ ʠ ʟʥʘʯʝʥʠʷʭ ʠʦʥʥʦʡ ʩʠʣʳ 0.1; 0.5; 1.0 (KNO3). ʕʢʩʪʨʘʧʦʣʷʮʠʝʡ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥ-

ʥʳʭ ʥʘ ʥʫʣʝʚʫʶ ʠʦʥʥʫʶ ʩʠʣʫ ʧʦ ʫʨʘʚʥʝʥʠʶ ʩ ʦʜʥʠʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʨʘʩ-

ʩʯʠʪʘʥʳ ʚʝʣʠʯʠʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʇʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʢʘʜʤʠʷ, 

ʮʠʥʢʘ ʠ ʤʘʨʛʘʥʮʘ(II) ʩ ʵʪʠʣʝʥʜʠʘʤʠʥ-N,Nô-

ʜʠʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʦʡ (ʕɼɼʗ, H4L) ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʨʷʜʦʤ ʘʚʪʦʨʦʚ [1-8]. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʨʘʙʦʪ ʧʨʠ-

ʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. ʅʘʡʜʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟ-

ʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʝʜʠʥʩʪʚʝʥʥʦʤ ʟʥʘʯʝʥʠʠ 

ʠʦʥʥʦʡ ʩʠʣʳ. ɺʣʠʷʥʠʝ ʠʦʥʥʦʡ ʩʠʣʳ ʥʘ ʢʦʤʧʣʝʢ-

ʩʦʦʙʨʘʟʦʚʘʥʠʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ. ʆʪʩʫʪʩʪʚʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʫʩʣʦʚʠʣʦ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʥɹʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ 

lgK ʧʨʠ ʥʝʩʢʦʣʴʢʠʭ ʟʥʘʯʝʥʠʷʭ ʠʦʥʥʦʡ ʩʠʣʳ ʠ ʨʘʩ-

ʯʝʪʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʩʫʢʮʠʥʘʪʦʚ ʢʘʜʤʠʷ, ʮʠʥʢʘ ʠ ʤʘʨ-

ʛʘʥʮʘ(II).  

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʵʪʠʣʝʥʜʠʘ-

ʤʠʥ-N,Nô-ʜʠʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʚ 

ʊʚʝʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ [9]. ʈʘʩ-

ʪʚʦʨʳ KOH ʠ HNO3 ʛʦʪʦʚʠʣʠ ʠʟ ʨʝʘʢʪʠʚʦʚ ʢʚʘʣʠ-

ʬʠʢʘʮʠʠ ñʭ.ʯ.ò. ʅʠʪʨʘʪʳ ʢʘʜʤʠʷ, ʮʠʥʢʘ (ñʭ.ʯ.ò), 

ʤʘʨʛʘʥʮʘ(II) ʠ ʢʘʣʠʷ (ñʯ.ʜ.ʘò) ʙʳʣʠ ʜʚʘʞʜʳ ʧʝʨʝ-

ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʳ ʠʟ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʕɼɼʗ ʩ ʠʦʥʘʤʠ 

ʉd
2+

, Zn
2+

 ʠ Mn
2+

 ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʧʦʪʝʥʮʠʦʤʝʪ-

ʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʧʨʠ 298,15ʂ ʠ ʠʦʥʥʦʡ ʩʠʣʝ 

0,1, 0,5 ʠ 1,0 (KNO3) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ, 

ʦʙʯrʥʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ [10-

14]. ʊʦʯʥʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʦʥʘ, ʩʦʜʝʨ-

ʞʘʱʝʛʦ ʥʠʪʨʘʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʘʣʣʘ, ʩ ʟʘ-

ʜʘʥʥʦʡ ʠʦʥʥʦʡ ʩʠʣʦʡ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʠʨʦ-

ʚʘʥʥʫʶ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʫʶ ʷʯʝʡʢʫ. ʅʘʯʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʕɼɼʗ ʩʦʩʪʘʚʣʷʣʘ 5Ā10
3
ï8Ā10

3
 

ʤʦʣʴ/ʣ, ʘ ʥʘʯʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ ʤʝʪʘʣʣʘ 

ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 310
3
 ʜʦ 110

2 
ʤʦʣʴ/ʣ. ɺ ʢʘʯʝʩʪʚʝ 

ʪʠʪʨʘʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʡ ʙʝcʢʘʨʙʦ-

ʥʘʪʥʳʡ ʨʘʩʪʚʦʨ ʂʆʅ, ʩʦʜʝʨʞʘʱʠʡ ñʬʦʥʦʚʳʡò 

ʵʣʝʢʪʨʦʣʠʪ (ʥʠʪʨʘʪ ʢʘʣʠʷ), ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʠʟʤʝ-

ʥʝʥʠʷ ʠʦʥʥʦʡ ʩʠʣʳ ʚ ʧʨʦʮʝʩʩʝ ʪʠʪʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ 

ʨʘʟʙʘʚʣʝʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʠʟʤʝʨʷʣʠ ʕɼʉ ʮʝʧʠ, ʩʦʩʪʦʷ-

ʱʝʡ ʠʟ ʩʪʝʢʣʷʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʕʉʃ-43-07 ʠ ʥʘʩr-

ʱʝʥʥʦʛʦ ʭʣʦʨʠʜʩʝʨʝʙʨʷʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʕɺʃ-1ʄɿ. 

ʇʦʪʝʥʮʠʘʣ ʩʪʝʢʣʷʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʢʦʥʪʨʦʣʠʨʦʚʘ-

ʣʠ ʧʦʪʝʥʮʠʦʤʝʪʨʦʤ ʈ-363/3. ɺ ʢʘʯʝʩʪʚʝ ʥʫʣʴ-

ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʧʦʣʟɹʦʚʘʣʠ ʨʅ-ʤʝʪʨ-

ʤʠʣʣʠʚʦʣʴʪʤʝʪʨ ʨʅ-340. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦ-

ʪʝʥʮʠʘʣʘ ʩʦʩʪʘʚʣʷʣʘ 0,1 ʤɺ. ʊʝʤʧʝʨʘʪʫʨʫ ʧʦʪʝʥ-

ʮʠʦʤʝʪʨʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʧʦʜʜʝʨʞʠʚʘʣʠ ʩ ʪʦʯʥʦ-

ʩʪʴʶ 0,05ʂ. ʇʝʨʝʜ ʩʥʷʪʠʝʤ ʢʘʞʜʦʡ ʢʨʠʚʦʡ ʪʠʪ-

ʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʫʶ ʫʩʪʘʥʦʚʢʫ ʢʘʣʠʙ-

ʨʦʚʘʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʨʘʩʪʚʦʨʘʤ HNO3 ʠ KOH, 

ʩʦʜʝʨʞʘʱʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ñʬʦʥʦʚʳʡò ʵʣʝʢ-

ʪʨʦʣʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʠʦʥʥʦʡ ʩʠʣʳ. 

ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝ-

ʥʠʡ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʧʦ ʧʨʦʛʨʘʤʤʝ 

PHMETR [15], ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥ-

ʩʪʘʥʪ ʨʘʚʥʦʚʝʩʠʡ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ ʨʝʘʢʮʠʡ 

ʧʦ ʠʟʤʝʨʝʥʥʦʡ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʜʥʦʡ 

ʠʟ ʯʘʩʪʠʮ. ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʧʦʣʦʞʝʥ 

ʧʨʠʥʮʠʧ ʧʦʠʩʢʘ ʤʠʥʠʤʫʤʘ ʢʨʠʪʝʨʠʘʣʴʥʦʡ ʬʫʥʢ-

ʮʠʠ F ʧʫʪʝʤ ʚʘʨʴʠʨʦʚʘʥʠʷ ʚ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ 

ʧʦʜʣʝʞʘʱʠʭ ʦʧʨʝʜʝʣʝʥʠʶ ʟʥʘʯʝʥʠʡ lg ʂ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʍʫ-

ʢʘ-ɼʞʠʚʩʘ [16]. ʂʨʠʪʝʨʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ 

ʚʠʜ: 

F =  (lg[H
+
] i, ʵʢʩʧ  lg[H

+
] i, ʨʘʩʯ)

2
     min      (1) 

ɿʜʝʩʴ lg[H
+
] i, ʵʢʩʧ , lg[H

+
]  i, ʨʘʩʯ  ʣʦʛʘʨʠʬʤʳ ʨʘʚʥʦ-

ʚʝʩʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ H
+
, ʠʟʤʝʨʝʥʥʳʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʨʠ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠ-

ʷʭ lg ʂ. ʈʘʩʯʝʪ ʨʘʚʥʦʚʝʩʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʩʫʱʝ-

ʩʪʚʣʷʣʩʷ ʧʦ ʤʝʪʦʜʫ ɹʨʠʥʢʣʠ [17]. 
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ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʢʨʠʚʳʭ ʪʠʪʨʦʚʘʥʠʷ ʥʘʨʷʜʫ 

ʩ ʨʝʘʢʮʠʷʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʢʘʜʤʠʷ, 

ʮʠʥʢʘ ʠ ʤʘʨʛʘʥʮʘ(II) ʙʳʣʠ ʫʯʪʝʥʳ ʪʘʢʞʝ ʧʨʦʮʝʩʩʳ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʂʦʥʩʪʘʥʪʳ 

ʩʪʫʧʝʥʯʘʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʕɼɼʗ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘ-

ʯʝʥʠʷʭ ʠʦʥʥʦʡ ʩʠʣʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʨʝʜʝʣʝʥʳ ʚ 

ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʨʘʥʝʝ [18]. ʂʦʥʩʪʘʥʪʳ ʛʠʜʨʦ-

ʣʠʟʘ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚʟʷʪʳ ʠʟ ʨʘʙʦʪʳ [19]. ʅʘʡ-

ʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ lgK ʨʝʘʢʮʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠ-

ʣʝʥʜʠʘʤʠʥʜʠʩʫʢʮʠʥʘʪʦʚ ʢʘʜʤʠʷ,  

ʮʠʥʢʘ ʠ ʤʘʨʛʘʥʮʘ(II) ʧʨʠ 298,15 ʂ ʠ 

I = 0,1; 0,5; 1,0 (KNO3) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 
ʊʘʙʣʠʮʘ.  

ɺʝʣʠʯʠʥʳ lgK ʨʝʘʢʮʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ  

ʕɼɼʗ. ɺ ʢʘʯʝʩʪʚʝ ñʬʦʥʦʚʦʛʦò ʵʣʝʢʪʨʦʣʠʪʘ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʥʠʪʨʘʪ ʢʘʣʠʷ. 
Table. The logK values of complexation  reactions for 

EDDS. The potassium nitrate was used as a background 

electrolyte. 

ʄʝʪʦʜ ʊ, ʂ I * 
lg K 

Cd2+ Zn2+ Mn2+ 

M2+    +    L4ï        ML2ï 

ʇʦʪʝʥʮʠʦʤʝʪʨʠʷ 298,15 0,1 10,27  [1] 12,77  [2]   8,63  [3] 

ʇʦʪʝʥʮʠʦʤʝʪʨʠʷ 293,15 0,1 10,94  [4] 13,49  [4]   8,95  [4] 

ʕʣʝʢʪʨʦʬʦʨʝʟ 293,15 0,1 10,40  [4] 13,10  [4] 11,70  [4] 

ʉʧʝʢʪʨʦʬʦʪʦ-

ʤʝʪʨʠʷ 

293,15 0,1 11,50  [5] 12,90  [5] ð 

ʇʦʪʝʥʮʠʦʤʝʪʨʠʷ 303,15 1,0   6,35  [6]   8,35  [6]   5,11  [7] 

ʇʦʣʷʨʦʛʨʘʬʠʷ 298,15 0,1 ð ð   8,50  [8] 

ʇʦʪʝʥʮʠʦʤʝʪʨʠʷ 298,15 0,0 12,07 0,06 14,50 0,05 10,38 0,08 
  0,1 10,42 0,06 12,86 0,05   8,71 0,04 

  0,5   9,66 0,05 12,02 0,04   8,15 0,05 

  1,0   9,56 0,03 11,91 0,05   8,04 0,05 

M2+    +    HL3ï        MHLï 

ʇʦʪʝʥʮʠʦʤʝʪʨʠʷ 298,15 0,1   4,47  [1]   6,68  [2]   3,47  [3] 

ʇʦʪʝʥʮʠʦʤʝʪʨʠʷ 298,15 0,0 5,88 0,10 7,92 0,14 4,78 0,11 

  0,1 4,67 0,10 6,72 0,09 3,56 0,09 

  0,5 3,94 0,07 5,89 0,09 3,02 0,09 
  1,0 3,89 0,08 5,85 0,09 3,00 0,09 

ML2ï    +    H+        MHLï 

ʇʦʪʝʥʮʠʦʤʝʪʨʠʷ 298,15 0,0 4,90 0,06 4,50 0,06 5,49 0,05 

  0,1 4,48 0,06 4,09 0,04 5,08 0,05 

  0,5 4,44 0,02 4,03 0,06 5,03 0,05 

  1,0 4,43 0,04 4,04 0,05 5,06 0,05 

ʇʨʠʤʝʯʘʥʠʝ: * ʚ ʢʘʯʝʩʪʚʝ ñʬʦʥʦʚʦʛʦò ʵʣʝʢʪʨʦʣʠʪʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥ ʥʠʪʨʘʪ ʢʘʣʠʷ. 

 

ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʠʦ-

ʥʦʚ ʤʘʨʛʘʥʮʘ(II) ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ. ɹʳʣʠ ʚʳ-

ʧʦʣʥʝʥʳ ʩʝʨʠʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʘʩʢʦʨʙʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, ʚʚʝʜʝʥʥʦʡ ʚ ʠʩʩʣʝʜʫʝʤʳʝ ʩʠʩʪʝʤʳ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘɦ ʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʠʦʥʦʚ 

Mn
2+

 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ [20]. ʈʘʩ-

ʩʯʠʪʘʥʥʳʝ ʚʝʣʠʯʠʥʳ lgK ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ 

ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʙʝʟ ʜʦ-

ʙʘʚʣʝʥʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʚʝʣʠʯʠʥʳ ʪʝʨ-

ʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ  ʟʥʘʯʝʥʠʷʭ ʠʦʥʥʦʡ ʩʠʣʳ, ʥʘ 

ʥʫʣʝʚʫʶ ʠʦʥʥʫʶ ʩʠʣʫ ʧʦ ʫʨʘʚʥʝʥʠʶ ʩ ʦʜʥʠʤ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ [21]: 

lgʂ     ɸ  z
2

I
1/2

 /( 1+1,6I
1/2

)  = lgʂ  +  b I    (2) 

ʛʜʝ lgʂ ʠ lgʂ - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʦʛʘʨʠʬʤʳ ʢʦʥ-

ʮʝʥʪʨʘʮʠʦʥʥʦʡ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪ 

ʫʩʪʦʡʯʠʚʦʩʪʠ; z
2
 - ʨʘʟʥʦʩʪʴ ʢʚʘʜʨʘʪʦʚ ʟʘʨʷʜʦʚ 

ʠʦʥʦʚ; ɸ - ʢʦʥʩʪʘʥʪʘ ɼʝʙʘʷ; I - ʠʦʥʥʘʷ ʩʠʣʘ ʨʘʩ-

ʪʚʦʨʘ; b - ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ 

ʩʨʝʜʳ ʚʙʣʠʟʠ ʠʦʥʦʚ ʠ ʨʷʜ ʜʨʫʛʠʭ ʵʬʬʝʢʪʦʚ [21]. 

ʅʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤ-

ʧʣʝʢʩʦʥʘʪʦʚ ʢʘʜʤʠʷ, ʮʠʥʢʘ ʠ ʤʘʨʛʘʥʮʘ(II) ʧʦʟʚʦ-

ʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʩʪʨʦʛʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩ-

ʯʝʪʳ ʨʘʚʥʦʚʝʩʠʡ ʕɼɼʗ ʢʘʢ ʚ ʩʦʣʝʚʳʭ ʨʘʩʪʚʦʨʘʭ, 

ʪʘʢ ʠ ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʣʫʯʝʥʥʳʝ 

ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʥʘʜʝʞʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦ-

ʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʵʪʠʣʝʥ-

ʜʠʘʤʠʥ-N,Nô-ʜʠʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ. 

ʇʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʦʨ-

ʜʠʥʘʮʠʦʥʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ  

ʕɼɼʗ ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʘʥ-

ʥʳʤʠ ʜʣʷ ʵʪʠʣʝʥʜʠʘʤʠʥ-N,N,Nô,Nô-ʪʝʪʨʘʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʳ (ʕɼʊɸ , H4Y), ʧʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʠʣʝʥʜʠʘʤʠʥʜʠʩʫʢ-

ʮʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʠʣʝʥʜʠʘ-

ʤʠʥʪʝʪʨʘʘʮʝʪʘʪʥʳʤʠ: lgK(MnY
2ï

) = 15,65 0,03 

[10, 11], lgK (CdY
2ï

)=18,10 0,06 [22], lgK (ZnY
2ï

)
 
=18,040,03 [23]. ʕʪʦ  ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʟʘ-

ʤʝʥʦʡ ʜʚʫʭ ʧʷʪʠʯʣʝʥʥʳʭ ʛʣʠʮʠʥʘʪʥʳʭ ʤʝʪʘʣʣʦ-

ʮʠʢʣʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ ʕɼʊɸ ʥʘ ʰʝʩʪʠʯʣʝʥʥʳʝ  

-ʘʣʘʥʠʥʘʪʥʳʝ ʚ ʢʦʤʧʣʝʢʩʘʭ ʕɼɼʗ. ʇʦʜʦʙʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʥʘʪʦʚ ʢʘʜ-

ʤʠʷ, ʮʠʥʢʘ ʠ ʤʘʨʛʘʥʮʘ(II) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠ-

ʯʝʥʠʠ ʨʘʟʤʝʨʘ ʭʝʣʘʪʥʦʛʦ ʮʠʢʣʘ, ʦʙʨʘʟʫʝʤʦʛʦ ʘʣ-

ʢʠʣʝʥʜʠʘʤʠʥʦʚʳʤ ʬʨʘʛʤʝʥʪʦʤ ʢʦʤʧʣʝʢʩʦʥʘ, ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʧʷʪʠʯʣʝʥʥʦʛʦ ʚ ʢʦʤʧʣʝʢʩʘʭ ʕɼʊɸ ʢ 

ʰʝʩʪʠʯʣʝʥʥʦʤʫ ʚ ʢʦʤʧʣʝʢʩʘʭ ʪʨʠʤʝʪʠʣʝʥʜʠʘʤʠʥ-

N,N,Nô,Nô-ʪʝʪʨʘʫʢʩʫʩʥʦʡ ʠ 2-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣʝʥ-

1,3-ʜʠʘʤʠʥ-N,N,Nô,Nô-ʪʝʪʨʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪ  

[10-14]. 
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(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 
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ʇʨʷʤʳʤ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʳ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʨʘʩʪʚʦʨʝ-

ʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ D,L-ʪʨʝʦʥʠʥʘ ʠ L-ʧʨʦʣʠʥʘ ʚ ʚʦʜʝ ʠ ʨʘʩʪʚʦʨʘʭ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ 

ʧʨʠ 298,15 ʂ. ʈʘʩʩʯʠʪʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʧɹʠʠ ʦʙʨʘʟʦʚʘʥʠʷ D,L-ʪʨʝʦʥʠʥʘ, L-ʧʨʦ-

ʣʠʥʘ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʜʠʩʩʦʮʠʘʮʠʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʩ ʮʝ-

ʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʵʥʪʘʣʴʧʠʡ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʜʠʩʩʦʮʠʘʮʠʠ [1-4].  

ʇʨʠʣʦʞʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ ʨʘʩʪʚʦʨʦʚ ʠ ʝʝ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʚʘʞʥʳʤ ʦʙʲʝʢʪʘʤ ʩʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʞʠʚʦʤ 

ʦʨʛʘʥʠʟʤʝ [5].  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʙʨʘʥʳ D,L-ʪʨʝʦʥʠʥ ʠ L-ʧʨʦʣʠʥ:  

  

D,L-ʪʨʝʦʥʠʥ L-ʧʨʦʣʠʥ 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʧʦ ʪʝʧ-

ʣʦʪʘʤ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʚʦʜʝ D,L-ʪʨʝʦʥʠʥʘ; ʚ ʦʙʟʦʨ-

ʥʦʡ ʩʪʘʪʴʝ ʈʦʜʘʥʪʝ [6] ʧʨʠʚʦʜʷʪʩʷ ʪʦʣʴʢʦ ʪʝʧʣʦʪʳ 

ʨʘʩʪʚʦʨʝʥʠʷ L-ʠʟʦʤʝʨʦʚ ʪʨʝʦʥʠʥʘ ʠ ʧʨʦʣʠʥʘ.  

ʉʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʭ D,L-Thr ʠ L-ʈrʦ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠ-

ʪʘʥʳ ʠʟ ʜʘʥʥʳʭ ʧʦ ʵʥʪʘʣʴʧʠʷʤ ʩʛʦʨʘʥʠʷ ʘʤʠʥʦ-

ʢʠʩʣʦʪ [7-9]. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʪʘʥʜʘʨʪʥʳʭ ʵʥʪʘʣʴʧʠʡ ʦʙʨʘʟʦʚʘʥʠʷ D,L-ʪʨʝʦ-

ʥʠʥʘ, L-ʧʨʦʣʠʥʘ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʜʠʩʩʦʮʠʘʮʠʠ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦ ʪʝʧʣʦʚʳʤ ʵʬʬʝʢʪʘʤ ʨʘʩʪʚʦ-

ʨʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʚʦʜʝ ʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʂʆʅ ʧʨʠ 298,15 ʂ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʧʘʨʘʪʳ D,L-Thr 

ʠ L-Pro ʤʘʨʢʠ çʭ.ʯ.è, ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ ʛʦʤʦ-

ʛʝʥʥʳʝ ʬʠʨʤʳ çReanalè (ɺʝʥʛʨʠʷ). ʇʝʨʝʜ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʘʤʠʥʦʢʠʩʣʦʪʳ ʙʳʣʠ ʚʳʩʫʰʝʥʳ ʧʨʠ 105-
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110Áʉ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. ʉʚʦʙʦʜʥʳʡ ʦʪ ʢʘʨʙʦ-

ʥʘʪʦʚ ʨʘʩʪʚʦʨ KOH ʧʨʠʛʦʪʘʚʣʠʚʘʣʠ ʠʟ ʨʝʘʢʪʠʚʘ 

ʤʘʨʢʠ çʭ.ʯ.è ʧʦ ʦʙʳʯʥʦʡ ʤʝʪʦʜʠʢʝ [10]. ʊʝʧʣʦʪʳ 

ʨʘʩʪʚʦʨʝʥʠʷ D,L-ʪʨʝʦʥʠʥʘ ʠ L-ʧʨʦʣʠʥʘ ʚ ʚʦʜʝ ʠ 

ʨʘʩʪʚʦʨʘʭ ʂʆʅ ʠʟʤʝʨʷʣʠ ʚ ʢʘʣʦʨʠʤʝʪʨʝ ʩ ʠʟʦʪʝʨ-

ʤʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʦʡ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʟʘʧʠʩʴʶ 

ʢʨʠʚʦʡ çʪʝʤʧʝʨʘʪʫʨʘ ï ʚʨʝʤʷè [11]. ʂʘʣʦʨʠʤʝʪʨ 

ʢʘʣʠʙʨʦʚʘʣʠ ʧʦ ʪʦʢʫ. ʆʙʲʝʤ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ 

ʞʠʜʢʦʩʪʠ ʩʦʩʪʘʚʣʷʣ 40,02 ʤʣ. ʅʘʚʝʩʢʠ ʘʤʠʥʦʢʠʩ-

ʣʦʪ ʚʟʚʝʰʠʚʘʣʠ ʥʘ ʚʝʩʘʭ ʤʘʨʢʠ ɺʃʈï200 ʩ ʪʦʯʥʦ-

ʩʪʴʶ 5Ā10
-5
ʛ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʇʦʛʨʝʰʥʦʩʪʴ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ ʨʘʩʪʚʦ-

ʨʦʚ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʚʦʜʝ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʘʢ ʜʦʚʝʨʠ-

ʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ȹȼ ʩ ʚʝʨʦʷʪ-

ʥʦʩʪʴʶ 0,95 (tŬ =2,14, ʦʙʲʝʤ ʚʳʙʦʨʢʠ ʦʩʪʘʚʣʷʣ 15 

ʦʧʳʪʦʚ). ʈʘʚʥʦʚʝʩʥʳʡ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʦʚ ʨʘʩʩʯʠʪʳ-

ʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ çRRSUè [12]. 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʇʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʚʦʜʝ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʭʝʤʦʡ:  

HL
±

(ʢ) + nH2O (ʞ) = HL
±

(p-p, nH2O),   (1) 

ʛʜʝ LĖ ï ʘʥʠʦʥ ʘʤʠʥʦʢʠʩʣʦʪʳ; HL
±

 - ʮʚʠʪʪʝʨ-

ʠʦʥʥʘʷ ʬʦʨʤʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʳ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʘ ʵʥʪʘʣʴʧʠʷ 

ʨʘʩʪʚʦʨʝʥʠʷ L-ʧʨʦʣʠʥʘ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʤ ʨʘʟʚʝʜʝ-

ʥʠʠ: ȹsolʅ
0
= -3,11Ñ0,03 ʢɼʞ/ʤʦʣʴ, ʢʦʪʦʨʘʷ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʚʝʣʠʯʠʥʦʡ, ȹsolʅ
0 

= -3,10 

ʢɼʞ/ʤʦʣʴ, ʫʢʘʟʘʥʥʦʡ ʈʦʜʘʥʪʝ [6]. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʘʚʪʦʨ [6] ʥʝ ʧʨʠʚʦʜʠʪ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʠ ʦʮʝʥʠʪʴ ʝʝ ʥʝʣʴʟʷ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʩʪʘʪʴʝ [6] ʥʝ ʧʨʠʚʦʜʷʪʩʷ ʠʩʭʦʜʥʳʝ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʭ ʠʟʦʤʝʨʦʚ ʪʨʝʦʥʠʥʘ ʠ ʧʨʦʣʠʥʘ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟ-

ʤʝʨʝʥʥʳʭ ʵʥʪʘʣʴʧʠʡ ʩʛʦʨʘʥʠʷ. ʈʝʘʢʮʠʶ ʩʛʦʨʘʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ D,L-ʪʨʝʦʥʠʥʘ ʠ L-ʧʨʦʣʠʥʘ ʤʦʞ-

ʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʠʤʠ ʩʭʝʤʘʤʠ: 

ʉ4ʅ9ʆ3N(k) + 4
3
/4O2(ʛ) = 4CO2(ʛ) +4

1
/2H2ʆ(ɾ)  + 

1
/2N2(ʛ),   (2) 

ʉ5ʅ9ʆ2N(k) + 6
1
/4O2(ʛ) = 5CO2(ʛ) +4

1
/2H2ʆ(ɾ)  + 

1
/2N2(ʛ).   (3) 

ʉʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠʩ-

ʩʣʝʜʫʝʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦ-

ʩʪʦʷʥʠʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʘʤ:  
æfH

0
(HThr

Ñ
, k, 298,15 K) = 4æfH

0
(CO2, ʛ, 298,15 K) + 

+4
1
/2æfH

0
(H2ʆ, ʞ, 298,15 K) - æʩH

0
(HThrÑ, k, 298,15 K), (4) 

æfH
0
(HProÑ, k, 298,15 K) = 5æfH

0
(CO2, ʛ, 298,15 K) + 

+ 4
1
/2æfH

0
(H2ʆ, ʞ, 298,15 K) - æʩH

0
(HPro

Ñ
, k, 298,15 K), (5) 

ʛʜʝ æʩH
0
(HThr

Ñ
, k, 298,15 K), æʩH

0
(HPro

Ñ
, k, 298,15 

K) - ʩʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʩʛʦʨʘʥʠʷ D,L-ʪʨʝʦ-

ʥʠʥʘ ʠ L-ʧʨʦʣʠʥʘ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʚ [7, 8]: 

æʩH
0
(HThr

Ñ
, k, 298,15 K)= -2101,5Ñ1,5 ʢɼʞ/ʤʦʣʴ; 

æʩH
0
(HPro

Ñ
, k, 298,15 K)= -2746,2Ñ2,5 ʢɼʞ/ʤʦʣʴ; 

æfH
0
(CO2, ʛ, 298,15 K) ʠ æfH

0
(H2ʆ, ʞ, 298,15 K) ï 

ʩʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ CO2 ʠ H2ʆ, 

ʚʟʷʪʳʝ ʠʟ ʩʧʨʘʚʦʯʥʠʢʘ [13]. ʇʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʯʠʩ-

ʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʫʨʘʚʥʝʥʠʷ (4) ʠ (5) ʧʦʣʫʯʘʝʤ: 

fʅ
0
(D,L-HThr

±
, ʢ, 298,15ʂ)= -758,8Ñ1,5 ʢɼʞ/ʤʦʣʴ 

ʠ fʅ
0
(L-Hʈrʦ

±
, ʢ, 298,15 ʂ)=-507,6Ñ2,6 ʢɼʞ/ʤʦʣʴ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʙʠʦ-

ʣʠʛʘʥʜʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʚʝʜʝʥʠʷʭ ʨʘʩʩʯʠʪʳʚʘ-

ʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

æfH
0(HL ± , ʨ-ʨ, nʅ2ʆ, 298,15 ʂ) = 

=æfH
0
(HL

±
,ʢ, 298,15 ʂ) +æsolH(HL

±
,ʢ, 298,15 ʂ),  (6) 

ʛʜʝ fʅ
0
(HL

±
, ʢ, 298,15 ʂ) ï ʩʪʘʥʜʘʨʪʥʘʷ ʵʥʪʘʣʴ-

ʧʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ; 

solʅ(HL
±
, ʢ, 298,15 ʂ) ï ʪʝʧʣʦʪʳ ʨʘʩʪʚʦʨʝʥʠʷ 

ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʚʦʜʝ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʧʨʠʚʝʜʝ-

ʥʳ ʚ ʪʘʙʣ. 1. 

ɺ ʤʦʥʦʛʨʘʬʠʠ [8] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʘʥʜʘʨʪ-

ʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠʟʦ-

ʤʝʨʦʚ L-ʪʨʝʦʥʠʥʘ ʠ D,L-ʪʨʝʦʥʠʥʘ ʨʘʟʣʠʯʘʶʪʩʷ 

ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 50 

ʢɼʞ/ʤʦʣʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʤʳ ʥʝ ʤʦʞʝʤ ʩʨʘʚʥʠ-

ʚʘʪʴ ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʵʥʪʘʣʴʧʠʷʤ 

ʦʙʨʘʟʦʚʘʥʠʷ D,L-ʪʨʝʦʥʠʥʘ ʠ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʜʠʩʩʦ-

ʮʠʘʮʠʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥ-

ʥʳʤʠ [6]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 1, ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ 

D,L-ʪʨʝʦʥʠʥʘ ʠ L-ʧʨʦʣʠʥʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʝʣʠʯʠʥʳ ʨʘʟʚʝʜʝʥʠʷ, ʯʪʦ ʥʝ-

ʫʜʠʚʠʪʝʣʥɹʦ ʜʣʷ ʩʪʦʣʴ ʙʦʣʴʰʠʭ ʨʘʟʙʘʚʣʝʥʠʡ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʮʚʠʪ-

ʪʝʨ-ʠʦʥʘ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʛʠʧʦʪʝʪʠʯʝʩʢʠ ʥʝʜʠʩʩʦ-

ʮʠʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ 

ʢʦʥʝʯʥʳʭ ʨʘʟʚʝʜʝʥʠʷʭ ʥʘʭʦʜʠʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

ȹfH
0
(HL

±
, ʨ-ʨ, nʅ2ʆ, ʛʠʧ. ʥʝʜʠʩʩ., 298,15 ʂ) = 

=ȹfH
0
(HL

±
, ʨ-ʨ, nʅ2ʆ, 298,15 ʂ) + 

     + (H2L
+
)ȹdisH

0
(H2L

+
) - (L

-
)ȹdisH

0
(HL

±
),     (3) 

ʛʜʝ Ŭ(H2L
+ -

) ï ʜʦʣʠ ʯʘʩʪʠʮ H2L
+
 ʠ L

-
 ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ; ȹdisH
0
(H2L

+
), ȹdisH

0
(HL

±
) ï ʪʝʧʣʦʚʳʝ 

ʵʬʬʝʢʪʳ ʩʪʫʧʝʥʯʘʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʯʘʩʪʠʮ H2L
+
, 

ʅL
Ñ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʥʘʯʝʥʠʷ ȹdisH

0
(H2L

+
) ʠ 

ȹdisH
0
(HL

±
) ʜʣʷ D,L-ʪʨʝʦʥʠʥʘ ʠ L-ʧʨʦʣʠʥʘ ʦʧʨʝ-

ʜʝʣʝʥʳ ʨʘʥʝʝ [14, 15]. ʈʘʩʯʸʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʘ-

ʚʘ ʨʘʩʪʚʦʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʤʤʘʨʥʳʡ ʚʢʣʘʜ ʚʪʦ-

ʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʩʣʘʛʘʝʤʳʭ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝ-

ʥʠʷ (3) ʥʝ ʧʨʝʚʳʰʘʣ 0,02 ʢɼʞ/ʤʦʣʴ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʠʟʤʝʥʷʣʩʷ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘ-

ʮʠʡ. 

 ʉʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʠ-

ʥʦʢʠʩʣʦʪ ʚ ʛʠʧʦʪʝʪʠʯʝʩʢʠ ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʦʤ 

ʩʦʩʪʦʥ̫ʠʠ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʤ ʨʘʟʚʝʜʝʥʠʠ ʥʘʭʦʜʠʣʠ 

ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʚʝʣʠʯʠʥ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʫʨʘʚʥʝ-
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ʥʠʶ (3), ʥʘ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʤʦʣʷʣʴʥʦʩʪʠ ʨʘʩʪʚʦ-

ʨʘ m. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʡʜʝʥʳ ʚʝʣʠʯʠʥʳ:  

ȹfH
0
(HThr

±
, ʨ-ʨ, ʅ2ʆ, ʩʪʘʥʜ. ʩ., ʛʠʧ. ʥʝʜʠʩʩ., 

298,15 ʂ) = -749,08Ñ1,75 ʢɼʞ/ʤʦʣʴ; 

ȹfH
0
(Hʈrʦ

±
, ʨ-ʨ, ʅ2ʆ, ʩʪʘʥʜ. ʩ., ʛʠʧ. ʥʝʜʠʩʩ., 

298,15 ʂ) = -510,68Ñ3,20 ʢɼʞ/ʤʦʣʴ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʧʨʦʪʦʥʠ-

ʨʦʚʘʥʥʳʭ ʘʥʠʦʥʦʚ ʘʤʠʥʦʢʠʩʣʦʪ fʅ
0
(L

-
, ʨ-ʨ, ʅ2ʆ, 

298,15 ʂ) ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʦʧʨʝʜʝʣʷʣʠ, ʠʩʧʦʣʴ-

ʟʫʷ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʦ ʪʝʧʣʦʪʘʤ ʨʘʩʪʚʦʨʝʥʠʷ ʘʤʠ-

ʥʦʢʠʩʣʦʪ ʚ ʨʘʩʪʚʦʨʘʭ ʱʝʣʦʯʠ (ʪʘʙʣ. 2) ʧʨʠ ʩʦʦʪ-

ʥʦʰʝʥʠʠ ʵʢʚʠʚʘʣʝʥʪʦʚ ʥʝ ʤʝʥʝʝ ʯʝʤ 1:2. ʇʨʦʮʝʩʩ 

ʨʘʩʪʚʦʨʝʥʠʷ ʙʠʦʣʠʛʘʥʜʦʚ ʚ ʨʘʩʪʚʦʨʝ ʂʆʅ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʭʝʤʦʡ: 

HL
Ñ
(ʢ) + ʆʅ

-
(ʨ-ʨ, nʅ2ʆ) = L

-
(p-p, nʅ2ʆ) + ʅ2ʆ(ʞ).  (4) 

ʊʘʙʣʠʮʘ 1. 

ʊʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ (ʢɼʞ/ʤʦʣʴ) ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʚʦʜʝ ʠ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ D,L-ʪʨʝʦʥʠʥʘ  ʠ L-ʧʨʦʣʠʥʘ ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ 298,15ʂ.  

Table 1. Heat effects of dissolution in water and formation enthalpy of D,L-threonine and L-proline at 298.15K (kJ/mol).  

mʥ 

(HThr
Ñ
), ʛ 

cm, 

ʤʦʣʴHThr
Ñ
/

1000 ʛ ʅ2ʆ 
solʅ 

- fʅ
0 
(HThr

±
, 

ʨ-ʨ, nʅ2ʆ, 

298,15 ʂ) 

mʥ 

(HPrʦ
Ñ
), ʛ 

cm, 

ʤʦʣʴHPrʦ
Ñ
/

1000 ʛ ʅ2ʆ 
- solʅ 

- fʅ
0 
(HPrʦ

±
,  

ʨ-ʨ, nʅ2ʆ, 

298,15 ʂ) 

0,00621 1,75Ā10
-3 
9,80(Ñ0,20)

* 
748,97(Ñ0,30)

**  
0,0296 8,578Ā10

-2 
3,13(Ñ0,06)

* 
510,73(Ñ0,20)

**
 

0,0106 2,98Ā10
-3 

9,85 748,92 0,0468 1,358Ā10
-2 

3,06 510,66 

0,0155 4,36Ā10
-3 

9,86 748,91 0,0562 1,630Ā10
-2 

3,08 510,68 

0,0171 4,80Ā10
-3 

9,87 748,90 0,0659 1,912Ā10
-2 

2,96 510,56 

0,0201 5,66Ā10
-3 

9,81 748,96 0,0843 2,446Ā10
-2 

3,12 510,72 

0,0224 6,31Ā10
-3 

9,90 748,87 0,0979 2,840Ā10
-2 

3,05 510,65 

0,0262 7,38Ā10
-3 

9,83 748,94 0,1022 2,965Ā10
-2 

3,01 510,61 

0,0373 1,05Ā10
-2 

9,87 748,90 0,1154 3,348Ā10
-2 

3,13 510,73 

0,0465 1,31Ā10
-2 

9,91 748,86 0,1250 3,626Ā10
-2 

3,04 510,64 

0,0739 2,08Ā10
-2 

9,91 748,86 0,1359 3,943Ā10
-2 

3,01 510,61 

0,0931 2,62Ā10
-2 

9,91 748,86 0,1407 4,082Ā10
-2 

3,00 510,60 

0,1218 3,43Ā10
-2 

9,85 748,92 0,1623 4,708Ā10
-2 

3,03 510,63 

0,1536 4,32Ā10
-2 

9,87 748,90 0,1817 5,271Ā10
-2 

3,06 510,66 

0,1842 5,19Ā10
-2 

9,94 748,83 0,2008 5,825Ā10
-2 

3,05 510,65 

0,2133 6,01Ā10
-2 

9,89 748,88 0,2334 6,771Ā10
-2 

3,02 510,62 

ʇʨʠʤʝʯʘʥʠʷ: * ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʘʭ ʨʘʩʪʚʦʨʝʥʠʷ ʠʟʦʤʝʨʦʚ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʚʦʜʝ. 

** ʇʦʛʨʝʰʥʦʩʪʴ ʚ ʵʥʪʘʣʴʧʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ D,L-ʪʨʝʦʥʠʥʘ ʠ L-ʧʨʦʣʠʥʘ ʚ ʩʦʩʪʦʷʥʠʠ ʨ-ʨ, nʅ2ʆ, ʛʠʧ. ʥʝʜʠʩʩ., 298,15 ʂ ʧʨʠ ʢʦ-

ʥʝʯʥʳʭ ʨʘʟʚʝʜʝʥʠʷʭ. 

Note: *  is the error of dissolution heat of aminoaxids isomers in water. **  is the error of formation enthalpies of D,L-threonine and 

L-proline. 

 
ʊʘʙʣʠʮʘ 2. 

ʊʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ (ɼʞ/ʤʦʣʴ) ʨʘʩʪʚʦʨʝʥʠʷ D,L-

ʪʨʝʦʥʠʥʘ ʠ L-ʧʨʦʣʠʥʘ ʚ ʨʘʩʪʚʦʨʝ ʂʆʅ ʧʨʠ 298,15 ʂ. 

Table. 2. Heat effects of dissolution of D,L-threonine 

and L-proline in KOH solution  at 298.15K (kJ/mol). 
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ʂ
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ʦ
ʣ
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ʅ
ʩ
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0,0303 

0,0309 

0,0314 

0,0260 

4330 

4250 

4220 

-4270Ñ60 

0,0363 

0,0366 

0,0365 

0,0286 
17280 

17170 

17220 

-

17220Ñ100 

0,0621 

0,0622 

0,0622 

0,0521 

4380 

4330 

4400 

-4370Ñ40 

0,0908 

0,0909 

0,0915 

0,0722 

17040 

17030 

17060 

-

17040Ñ100 

0,0924 

0,0929 

0,0930 

0,0781 

4270 

4330 

4310 

-4300Ñ30 

0,1830 

0,1832 

0,1825 

0,1446 

17020 

17080 

17110 

-

17080Ñ100 

0,1236 

0,1238 

0,1243 

0,1046 

4310 

4370 

4360 

-4350Ñ30 

0,2746 

0,2739 

0,2740 

0,2169 

16810 

16870 

16830 

-

16820Ñ100 

 

ʈʘʩʯʝʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʣʥʦʪʘ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʠ (4) ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ 99,9 %. ʊʝʧʣʦʚʦʡ 

ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ (4) ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʡ-

ʜʝʥ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʪʝʧʣʦʪ ʨʘʩʪʚʦʨʝʥʠʷ ʘʤʠʥʦ-

ʢʠʩʣʦʪ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʂʆʅ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥ-

ʥʳʭ ʟʥʘʯʝʥʠʷʭ ʠʦʥʥʦʡ ʩʠʣʳ ʥʘ ʥʫʣʝʚʫʶ ʠʦʥʥʫʶ 

ʩʠʣʫ ʧʦ ʫʨʘʚʥʝʥʠʶ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʧʘʨʘʤʝʪ-

ʨʦʤ [16]: 

ȹrȼ - ȹz
2
Ɋ(I) = ȹrȼ

0
 + bI,   (5) 

ʛʜʝ ȹrH ʠ ȹrH
0
 ï ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʨʝʘʢʮʠʠ ʧʨʠ 

ʢʦʥʝʯʥʦʤ ʠ ʥʫʣʝʚʦʤ ʟʥʘʯʝʥʠʷʭ ʠʦʥʥʦʡ ʩʠʣʳ ʨʘʩ-

ʪʚʦʨʘ; ȹz
2
 ï ʨʘʟʥʦʩʪʴ ʢʚʘʜʨʘʪʦʚ ʟʘʨʷʜʦʚ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ ʠ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ; Ɋ(I) ï ʬʫʥʢʮʠʷ ʠʦʥ-

ʥʦʡ ʩʠʣʳ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʠ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʨʝʘʢʮʠʠ (4) ȹz
2
=0, ʪʝʧʣʦʚʳʝ 

ʵʬʬʝʢʪʳ ʨʘʩʪʚʦʨʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪʳ ʧʨʠ ʥʫʣʝʚʦʡ 

ʠʦʥʥʦʡ ʩʠʣʝ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

ȹrH(4) = ȹrH
0
(4) + bI.   (6) 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʚʳʭ 

ʵʬʬʝʢʪʦʚ ʨʝʘʢʮʠʠ (4) ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʩʦʩʪʦʷʥʠʠ 
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ȹrH
0
(4) ʜʣʷ D,L-ʪʨʝʦʥʠʥʘ [14] ʠ L-ʧʨʦʣʠʥʘ [15] ʠ 

ʚʝʣʠʯʠʥʳ ʩʪʘʥʜʘʨʪʥʦʡ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʠʜʨʦʢʩʠʜ-ʠʦʥʦʚ ʠ ʚʦʜʳ fʅ
0
(ʆʅ

-
, ʨ-ʨ, ʅ2ʆ, 

ʩʪʘʥʜ. ʩ., 298,15 ʂ), fʅ
0
(ʅ2ʆ, ʞ, 298,15 ʂ), ʨʝʢʦ-

ʤʝʥʜʦʚʘʥʥʳʝ ʩʧʨʘʚʦʯʥʠʢʦʤ [13], ʨʘʩʩʯʠʪʘʣʠ 

ʩʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʧʨʦʪʦʥʠ-

ʨʦʚʘʥʥʳʭ ʘʥʠʦʥʦʚ: 

fʅ
0
(L

-
, ʨ-ʨ, ʅ2ʆ, ʩʪʘʥʜ. ʩ., 298,15 ʂ) = fʅ

0 
(HL

±
, 

ʢ, 298,15ʂ)+ fʅ
0
(ʆʅ

-
, ʨ-ʨ, ʅ2ʆ, 298,15 ʂ) +  

                +ȹrH
0
(4) - fʅ

0
(ʅ2ʆ, ʞ, 298,15 ʂ).          (7) 

ʉʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩ-

ʪʠʮ ʩʦʩʪʘʚʘ HL
Ñ
 ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

ȹfH
0
(HL

±
, ʨ-ʨ, ʅ2ʆ,ʩʪʘʥʜ. ʩ., ʛʠʧ. ʥʝʜʠʩʩ., 298,15 

ʂ) = ȹfH
0
(L

-
, ʨ-ʨ, ʅ2ʆ, ʩʪʘʥʜ. ʩ., 298,15 ʂ) ï 

                            -ȹdisH
0
(HL

±
, 298,15 ʂ).              (8) 

ʊʘʙʣʠʮʘ 3. 

ʉʪʘʥʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ D,L-ʪʨʝʦʥʠʥʘ, 

L-ʧʨʦʣʠʥʘ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʜʠʩʩʦʮʠʘʮʠʠ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ (ʢɼʞ/ʤʦʣʴ). 

Table 3. Standard formation enthalpy of  D,L-thr eonine 

and L-proline and products of their dissociation in 

aqueous solutions (kJ/mol). 

ʏʘʩʪʠʮʘ ʉʦʩʪʦʷʥʠʝ 
- fʅ

0 

 
(298,15 ʂ) 

HThr
±

 

ʢ 

ʨ-ʨ, ʅ2ʆ,ʩʪʘʥʜ. ʩ., ʛʠʧ. 

ʥʝʜʠʩʩ. 

758,77Ñ1,50 

749,08Ñ1,75 

H2Thr
+
 

ʨ-ʨ, ʅ2ʆ,ʩʪʘʥʜ. ʩ., ʛʠʧ. 

ʥʝʜʠʩʩ. 
753,54Ñ1,75 

Thr
-
 ʨ-ʨ, ʅ2ʆ,ʩʪʘʥʜ. ʩ. 707,28Ñ1,51 

Hʈrʦ
±

 

ʢ 

ʨ-ʨ, ʅ2ʆ,ʩʪʘʥʜ. ʩ., ʛʠʧ. 

ʥʝʜʠʩʩ. 

507,60Ñ2,60 

511,82Ñ2,66 

H2ʈrʦ
+
 

ʨ-ʨ, ʅ2ʆ,ʩʪʘʥʜ. ʩ., ʛʠʧ. 

ʥʝʜʠʩʩ. 
512,80Ñ2,66 

ʈrʦ
-
 ʨ-ʨ, ʅ2ʆ,ʩʪʘʥʜ. ʩ. 469,06Ñ2,60 

ɿʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʵʥʪʘʣʴʧʠʡ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʘʤʠʥʦʢʠʩʣʦʪ 

ʧʨʠ ʙʝʩʢʦʥʝʯʥʦʤ ʨʘʟʚʝʜʝʥʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʚʫʤ 

ʤʝʪʦʜʠʢʘʤ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʧʨʠʥʷʪʳ ʩʨʝʜʥʝ-

ʚʟʚʝʰʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʚʫʭ ʥʝʟʘ-

ʚʠʩʠʤʳʭ ʦʧʨʝʜʝʣʝʥʠʡ: ȹfH
0
(HThr

±
, ʨ-ʨ, ʅ2ʆ, 

ʩʪʘʥʜ. ʩ., ʛʠʧ. ʥʝʜʠʩʩ., 298,15 ʂ)= -749,08Ñ1,75 

ʢɼʞ/ʤʦʣʴ; ȹfH
0
(Hʈrʦ

±
, ʨ-ʨ, ʅ2ʆ, ʩʪʘʥʜ. ʩ., ʛʠʧ. 

ʥʝʜʠʩʩ., 298,15 ʂ)= -511,82Ñ2,66 ʢɼʞ/ʤʦʣʴ. ʉʪʘʥ-

ʜʘʨʪʥʳʝ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʠʮ ʩʦʩʪʘʚʘ 

H2L
+
 ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

fH
0
 (H2L

+
, ʨ-ʨ, ʅ2ʆ,ʩʪʘʥʜ. ʩ., ʛʠʧ. ʥʝʜʠʩʩ., 298,15 

ʂ)= ȹfH
0
(HL

±
, ʨ-ʨ, ʅ2ʆ, ʩʪʘʥʜ.ʩ., ʛʠʧ. ʥʝʜʠʩʩ.,  

                    298,15 ʂ) ï ȹdisH
0
(H2L

+
, 298,15 ʂ).    (9) 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʵʥ-

ʪʘʣʴʧʠʡ ʦʙʨʘʟʦʚʘʥʠʷ D,L-ʪʨʝʦʥʠʥʘ, L-ʧʨʦʣʠʥʘ ʠ 

ʧʨʦʜʫʢʪʦʚ ʠʭ ʜʠʩʩʦʮʠʘʮʠʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

(ʪʘʙʣ. 3) ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʚ ʪʝʨ-

ʤʦʭʠʤʠʠ ʵʪʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʧʦʣʫʯʝʥʳ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ. ʆʥʠ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʩʪʨʦʛʠʭ ʨʘʩʯʝʪʦʚ ʚ ʨʘʩʪʚʦʨʘʭ D,L-

ʪʨʝʦʥʠʥʘ ʠ L-ʧʨʦʣʠʥʘ. 
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ʣʝʥʛʣʠʢʦʣʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʠʣʴʥʦʛʦ ʠ ʦʢʩʠʵʪʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

çʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘ ʄ-1000è ʧʦʟʚʦʣʠʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝ-

ʥʠʷ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. 

ʇʨʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʠʥʪʝʟʝ ʦʢʠʩʝʡ ʦʣʝ-

ʬʠʥʦʚ ʉ2-ʉ4 ʚ ʢʘʯʝʩʪʚʝ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʨʦ-

ʜʫʢʪʦʚ ʦʙʨʘʟʫʶʪʩʷ ʦʢʠʩʴ ʵʪʠʣʝʥʘ, ʘʮʝʪʘʣʴʜʝʛʠʜ, 

ʦʢʠʩʴ ʧʨʦʧʠʣʝʥʘ, ʧʨʦʧʠʦʥʦʚʳʡ ʘʣʴʜʝʛʠʜ, ʘʮʝʪʦʥ, 

ʠʟʦʤʝʨʳ ʦʢʠʩʠ ʙʫʪʠʣʝʥʘ, ʠʟʦʤʘʩʣʷʥʳʡ ʘʣʴʜʝʛʠʜ. 

ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʩʤʝʩʝʡ ʩʣʫʞʠʪ ʤʝʪʦʜ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɻɾʍ), ʜʦʩʪʦʠʥʩʪʚʦʤ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʠʟʦʤʝʨʦʚ ʠ ʙʣʠʟʢʦ-

ʢʠʧʷʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ [1]. ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦ-

ʜʠʢʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʣʠʙʦ ʵʢʦʥʦ-

ʤʠʯʝʩʢʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳ, ʣʠʙʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬ-

ʬʝʢʪʠʚʥʳ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘ-

ʙʦʪʢʘ ɻɾʍ-ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʩʦ-

ʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʢʠʩʝʡ 

ʦʣʝʬʠʥʦʚ ʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʦʚʦʡ ʜʦʩʪʫʧʥʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʳ. 

ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʱʝʩʪʚ ʚ 

ɻɾʍ ʚ ʢʘʯʝʩʪʚʝ ʥʝʧʦʜʚʠʞʥʳʭ ʬʘʟ ʥʘʠʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʪʦʥʦʜʦʥʦʨʥʳʝ ʚʝʱʝʩʪ-

ʚʘ, ʪ.ʝ. ʘʜʩʦʨʙʝʥʪʳ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʦ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʠ ɸ.ɺ.ʂʠʩʝʣʝʚʘ [2]. ʕʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʜʩʦʨʙʘʪʦʚ ʩ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʦʡ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ 

ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʦʚ, ʪʘʢ ʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠ-

ʤʠ. ʉʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʧʨʦʷʚ-

ʣʝʥʠʝ ʩʪʝʨʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʚʝʣʠʯʠʥ ʫʜʝʨʞʘʥʠʷ 

ʵʪʠʭ ʚʝʱʝʩʪʚ ʥʝʧʦʜʚʠʞʥʳʤʠ ʬʘʟʘʤʠ ʧʦʟʚʦʣʠʪ 

ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʜʝʣʠʪʴ ʠʥʪʝʨʝʩʫʶʱʠʝ ʚʝʱʝʩʪʚʘ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʧʦʜʚʠʞʥʳʝ ʬʘ-

ʟʳ: ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ-400 (ʇʕɻ-400), ʧʦʣʠʧʨʦ-

ʧʠʣʝʥʛʣʠʢʦʣʴ-2000 (ʇʇɻ-2000), ʧʦʣʠʙʫʪʠʣʝʥʛʣʠ-

ʢʦʣʴ-400 (ʇɹɻ-400) ʠ çʙʣʦʢ-ʩʦʧʦʣʠʤʝʨ ʄ-1000è. 

ʉʠʥʪʝʟ ʦʣʠʛʦʤʝʨʦʚ ʇʕɻ-400 ʠ ʇɹɻ-400 

ʧʨʦʚʝʜʝʥ ʥʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʝ ʥʝʧʨʝʨʳʚʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʜʘʚʣʝʥʠʠ 

1,5 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 180 Üʉ. ʇʇɻ-2000 ʠ çʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨ ʄ-1000è ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨ-

ʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʦʣʫʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦ ʠʟ-

ʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ [3]. ʉʪʘʨʪʦʚʳʤ ʚʝʱʝʩʪʚʦʤ ʜʣʷ 

çʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʘ ʄ-1000è ʩʣʫʞʠʣ ʦʩʫʰʠʪʝʣʴ 

ʕʊ-1, ʷʚʣʷʶʱʠʡʩʷ ʩʤʝʩʴʶ ʤʦʥʦʵʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 

ʪʨʠ- ʠ ʜʠʵʪʠʣʝʥʛʣʠʢʦʣʝʡ. ʇʦʣʫʯʝʥʥʳʡ ʦʣʠʛʦʤʝʨ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʠ ʜʘʚʘʣʠ ʦʪʩʪʦʷʪʴʩʷ 

ʚ ʜʝʣʠʪʝʣʴʥʦʡ ʚʦʨʦʥʢʝ, ʧʦʩʣʝ ʯʝʛʦ ʦʪʜʝʣʷʣʠ ʩʠʥ-

ʪʝʟʠʨʦʚʘʥʥʦʝ ʚʝʱʝʩʪʚʦ ʦʪ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʚʳʩʫ-

ʰʠʚʘʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ. 

ʆʢʠʩʠ ʦʣʝʬʠʥʦʚ, ʠʭ ʠʟʦʤʝʨʳ ʠ ʧʨʦʠʟʚʦʜ-

ʥʳʝ ʚʳʜʝʣʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʬʨʘʢʮʠʡ. ɹʫʪʠʣʝʥʛʣʠʢʦʣʠ ʧʦʣʫʯʘʣʠ 

ʛʠʜʨʘʪʘʮʠʝʡ ʠʟʦʤʝʨʦʚ ʦʢʠʩʠ ʙʫʪʠʣʝʥʘ, ʠʭ ʚʳʜʝ-

ʣʷʣʠ ʠʟ ʢʫʙʦʚʳʭ ʦʩʪʘʪʢʦʚ ʦʢʠʩʠ ʧʨʦʧʠʣʝʥʘ ʤʝʪʦ-

ʜʦʤ ʨʝʢʪʠʬʠʢʘʮʠʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʢʦʣʦʥʢʝ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʚʳʜʝʣʝʥʥʳʭ ʚʝʱʝʩʪʚ ʦʧ-

ʨʝʜʝʣʷʣʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠ, ʦʥʘ ʩʦʩʪʘʚʣʷʣʘ  

~ 99,9 %. ʇʣʦʪʥʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʝʣʦʤʣʝ-

ʥʠʷ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʩʧʨʘʚʦʯʥʳʤ ʜʘʥʥʳʤ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʝʧʦʜʚʠʞ-

ʥʳʭ ʬʘʟ ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜʳ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ. ʆ ʩʪʝʧʝʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʘʟʜʝʣʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʝʧʦʜʚʠʞʥʳʭ ʬʘʟ 

ʩʫʜʠʣʠ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʣʝʪʫʯʝ-

ʩʪʠ [4]. ʉʨʘʚʥʝʥʠʝ ʚʨʝʤʝʥ ʫʜʝʨʞʠʚʘʥʠʷ ʧʨʦʚʦʜʠ-

ʣʦʩʴ ʜʣʷ ʚʝʱʝʩʪʚ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚ ʦʜʠʥʘ-

ʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝ-

ʩʢʠʝ ʢʦʣʦʥʢʠ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʜʣʠʥʦʡ 1-3 

ʤʝʪʨʘ ʠ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ. ɻɾʍ-ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ çʍʨʦʤ-5è, ʦʩʥʘʱʝʥʥʦʤ ʜʝʪʝʢʪʦ-

ʨʦʤ ʠʦʥʠʟʘʮʠʠ ʚ ʧʣʘʤʝʥʠ ʠ çʃʍʄ-80è ʩ ʜʝʪʝʢʪʦ-

ʨʦʤ ʧʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʝ çʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨ ʄ-1000è ʚʘʨʴʠʨʦʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʥʘ-

ʥʝʩʝʥʥʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʳ (10 - 20 %) ʠ ʜʣʠʥʫ 

ʢʦʣʦʥʢʠ (1-3 ʤ). ʇʦʜʛʦʪʦʚʢʫ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʢʦʣʦʥʦʢ ʢ ʨʘʙʦʪʝ, ʥʘʥʝʩʝʥʠʝ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʳ 
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ʧʨʦʚʦʜʠʣʠ ʩʪʘʥʜʘʨʪʥʳʤ ʩʧʦʩʦʙʦʤ. ʂʦʣʠʯʝʩʪʚʝʥ-

ʥʳʡ ʨʘʩʯʝʪ ʭʨʦʤʘʪʦʛʨʘʤʤ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʝʪʦʜʫ 

ʚʥʫʪʨʝʥʥʝʡ ʥʦʨʤʘʣʠʟʘʮʠʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝ-

ʜʝʣʝʥʥʳʤʠ ʧʦʧʨʘʚʦʯʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʥʘ 

ʩʠʛʥʘʣ ʜʝʪʝʢʪʦʨʘ. 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ  

ʀʟ ʀʂ ʩʧʝʢʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ, 

ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʇʕɻ-400 ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʠʡ 

ʤʘʢʩʠʤʫʤ ʧʨʠ 3400 ʩʤ
-1
, ʩʤʝʱʘʶʱʠʡʩʷ ʜʦ 3550 

ʩʤ
-1
 ʧʨʠ ʚʚʝʜʝʥʠʠ ʘʣʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ CH3 ʠ 

C2H5 ʚ ʵʪʠʣʝʥʦʢʩʠʜʥʦʝ ʟʚʝʥʦ ʚ ʩʣʫʯʘʝ ʇʇɻ-2000 ʠ 

ʇɹɻ-400 [5]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʦʪ ʤʘʢʩʠʤʫʤ ʦʙʫ-

ʩʣʦʚʣʝʥ ʚʢʣʘʜʦʤ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ, ʝʛʦ ʩʤʝʱʝʥʠʝ 

ʚ ʩʪʦʨʦʥʫ ʢʦʨʦʪʢʠʭ ʚʦʣʥ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʥʠʞʝ-

ʥʠʠ ʘʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣ. ɺ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʜʥʳʭ 

ʦʢʠʩʠ ʧʨʦʧʠʣʝʥʘ ʠ ʙʫʪʠʣʝʥʘ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʘʣ-

ʢʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʵʪʠʣʝʥʦʢʩʠʜʥʦʝ ʟʚʝʥʦ ʥʘ-

ʙʣʶʜʘʝʪʩʷ ʧʦʜʦʙʥʘʷ ʢʘʨʪʠʥʘ. ɼʣʷ çʙʣʦʢ-

ʩʦʧʦʣʠʤʝʨʘ ʄ-1000è ʵʪʦʪ ʤʘʢʩʠʤʫʤ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ 3450 ʩʤ
-1
, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʅ-ʩʚʷʟʠ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʇʇɻ-2000 ʠ ʇɹɻ-

400, ʥʦ ʚ ʤʝʥʴʰʝʡ, ʯʝʤ ʜʣʷ ʇʕɻʘ. 

ɺ ɻɾʍ ʷʚʥʳʤ ʧʨʠʟʥʘʢʦʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʅ-ʩʚʷʟʠ ʚ ʩʠʩʪʝʤʝ "ʭʨʦʤʘʪʦ-

ʛʨʘʬʠʨʫʝʤʦʝ ʚʝʱʝʩʪʚʦ - ʥʝʧʦʜʚʠʞʥʘʷ ʬʘʟʘ" ʩʣʫ-

ʞʠʪ ʫʚʝʣʠʯʝʥʠʝ ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʦʙʲʝʤʘ ʢʦʤʧʦ-

ʥʝʥʪʘ. ʀʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ, 

ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʝ ʇɹɻ-400 ʚʝʱʝ-

ʩʪʚʘ ʚʳʭʦʜʷʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 

ʢʠʧʝʥʠʷ. 

ʅʘ ʇʕɻ-400 ʥʘʙʣʶʜʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʧʘʨʳ ʘʮʝʪʘʣʴʜʝʛʠʜ - ʦʢʠʩʴ ʵʪʠʣʝʥʘ, ʥʦ 

ʦʢʠʩʴ ʧʨʦʧʠʣʝʥʘ ʠ ʧʨʦʧʠʦʥʦʚʳʡ ʘʣʴʜʝʛʠʜ ʦʧʨʝ-

ʜʝʣʷʶʪʩʷ ʚʤʝʩʪʝ. ɺʘʨʠʘʮʠʷ ʧʦʨʷʜʢʘ ʚʳʭʦʜʘ ʘʮʝ-

ʪʘʣʴʜʝʛʠʜʘ ʠ ʦʢʠʩʠ ʵʪʠʣʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇɹɻ-

400 ʩʚʷʟʘʥʘ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʝ, ʘ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦ-

ʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʩ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʦʡ ʜʣʷ ʦʢʠʩʠ 

ʧʨʦʧʠʣʝʥʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʫ 

ʦʢʠʩʠ ʵʪʠʣʝʥʘ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʤʝʪʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠ-

ʪʝʣʷ ʫ ʦʢʠʩʠ ʧʨʦʧʠʣʝʥʘ, ʪʘʢ ʯʪʦ ʟʘʜʥʠʡ ʬʨʦʥʪ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʠʢʘ ʦʢʠʩʠ ʧʨʦʧʠʣʝʥʘ ʧʝ-

ʨʝʢʨʳʚʘʝʪ ʧʨʦʧʠʦʥʦʚʳʡ ʘʣʜɹʝʛʠʜ. 

ʅʘ ʇʇɻ-2000 ʠ çʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʝ  

ʄ-1000è ʧʦʜʦʙʥʦ ʇʕɻ-400 ʤʝʥʷʝʪʩʷ ʧʦʨʷʜʦʢ ʚʳ-

ʭʦʜʘ ʩʦʝʜʠʥʝʥʠʡ, ʥʦ ʫʜʝʨʞʠʚʘʝʤʳʡ ʦʙʲʝʤ ʦʢʠʩʠ 

ʧʨʦʧʠʣʝʥʘ ʤʝʥʴʰʝ, ʠ ʦʥʘ ʥʝ ʵʢʨʘʥʠʨʫʝʪ ʧʨʦʧʠʦ-

ʥʦʚʳʡ ʘʣʴʜʝʛʠʜ. ɺ ʩʣʫʯʘʝ ʇʇɻ-2000 ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʢʨʳʚʘʥʠʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʠʢʦʚ ʘʮʝʪʦʥ 

ï ʦʢʠʩʴ ʠʟʦʙʫʪʠʣʝʥʘ, ʦʢʠʩʴ ʙʫʪʠʣʝʥʘ-2-ʪʨʘʥʩ ï 

ʠʟʦʤʘʩʣʷʥʳʡ ʘʣʴʜʝʛʠʜ, ʪʘʢ ʢʘʢ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʣʝʪʫʯʝʩʪʠ ʙʣʠʟʢʠ ʢ ʝʜʠʥʠʮʝ. 

ɺʘʨʠʘʮʠʠ ʧʦʨʷʜʢʘ ʚʳʭʦʜʘ ʢʦʤʧʦʥʝʥʪʦʚ 

ʭʦʨʦʰʦ ʦʙʲʷʩʥʷʶʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʅ-ʩʚʷʟʠ çʢʦʤ-

ʧʦʥʝʥʪ - ʥʝʧʦʜʚʠʞʥʘʷ ʬʘʟʘè. ʅʘ ʇɹɻ-400 ʦʥʘ ʥʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ, ʪʦʛʜʘ 

ʢʘʢ ʥʘ ʇʕɻ-400 ʧʨʦʷʚʣʷʝʪʩʷ ʩ ʥʘʠʙʦʣʴʰʝʡ ʩʠʣʦʡ. 

ʅʝʧʦʜʚʠʞʥʳʝ ʬʘʟʳ ʇʇɻ-2000 ʠ çʙʣʦʢ-ʩʦʧʦʣʠʤʝʨ 

ʄ-1000è ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ çʙʣʦʢ-ʩʦʧʦʣʠʤʝʨ ʄ-1000è, ʫʜʘʯʥʦ 

ʩʦʯʝʪʘʷ ʩʚʦʡʩʪʚʘ ʇʇɻ-2000 ʠ ʇʕɻ-400, ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʝ ʣʝʛʢʦʢʠʧʷʱʠʝ ʢʠʩʣʦʨʦʜʩʦ-

ʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʢʠʩʝʡ ʦʣʝ-

ʬʠʥʦʚ ʉ2-ʉ4. 
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ʈʠʩ. ʍʨʦʤʘʪʦʛʨʘʤʤʳ ʘʥʘʣʠʟʘ ʪʦʚʘʨʥʦʡ ʦʢʠʩʠ ʧʨʦʧʠʣʝʥʘ ʥʘ 

ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʝ: I ï ʇʕɻ-400, II ï çʙʣʦʢ-ʩʦʧʦʣʠʤʝʨ  

ʄ-1000è, III ï ʇʇɻ-2000, IV ï ʇɹɻ-400. (1 ï ʘʮʝʪʘʣʴʜʝʛʠʜ, 

 2 ï ʦʢʠʩʴ ʵʪʠʣʝʥʘ, 3 ï ʦʢʠʩʴ ʧʨʦʧʠʣʝʥʘ, 4 - ʧʨʦʧʠʦʥʦʚʳʡ 

ʘʣʴʜʝʛʠʜ, 5 ï ʘʮʝʪʦʥ, 6 ï ʦʢʠʩʴ ʠʟʦʙʫʪʠʣʝʥʘ, 7 ï ʦʢʠʩʴ ʙʫʪʠ-

ʣʝʥʘ-2-ʪʨʘʥʩ, 8 ï ʠʟʦʤʘʩʣʷʥʳʡ ʘʣʴʜʝʛʠʜ, 9 ï ʦʢʠʩʴ ʙʫʪʠʣʝʥʘ-

2-ʮʠʩ, 10 ï ʦʢʠʩʴ ʙʫʪʠʣʝʥʘ-1) 

Fig. The chromatograms of commercial propylene oxide analysis 

on the stationary phase: I ï PEG-400, II ï çblock copolymer  

M-1000è, III ï PPG-2000, IV ï PBG-400. (1 ï acetaldehyde,  

2 ï ethylene oxide, 3 ï propylene oxide, 4 - propionic aldehyde,  

5 ï acetone, 6 ï isobutylene oxides, 7 ï butylene oxides-2-trans,  

8 ï isobutyl aldehyde, 9 ï butylene oxides-2-cis,  

10 ï butylene oxides-1). 

 

ɺʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʥʝʧʦʜʚʠʞʥʳʭ ʬʘʟ ʷʚ-

ʣʷʝʪʩʷ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ [6]. ʀʟ ʜʘʥʥʳʭ ʪʝʨʤʦ-

ʛʨʘʚʠʤʝʪʨʠʠ ʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʜʣʷ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʳ çʙʣʦʢ-ʩʦʧʦʣʠʤʝʨ ʄ-1000è 

- 160 ʉ, ʜʣʷ ʇʕɻ-400 ï 100 ʉ, ʜʣʷ ʇʇɻ-2000 ï 

180 ʉ, ʜʣʷ ʇɹɻ-400 ~140ʉ. ɼʣʷ ʇɹɻ-400 ʧʦʣʫ-

ʯʠʪʴ ʦʜʥʦʪʠʧʥʫʶ ʩʪʘʙʠʣʴʥʫʶ ʥʝʧʦʜʚʠʞʥʫʶ ʬʘʟʫ 

ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʟ-ʟʘ ʪʨʫʜʥʦʩʪʠ 

ʚʳʜʝʣʝʥʠʷ ʯʠʩʪʳʭ ʤʦʥʦʤʝʨʦʚ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʠ 

ʢʘʯʝʩʪʚʘ ʪʦʚʘʨʥʳʭ ʦʢʠʩʝʡ ʦʣʝʬʠʥʦʚ ʉ2 ï ʉ4 ʩ ʠʩ-

ʧʦʣɹʟʦʚʘʥʠʝʤ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʳ çʙʣʦʢ-ʩʦʧʦʣʠ-

ʤʝʨ ʄ-1000è ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʚʝʜʝ-

ʥʠʷ ʘʥʘʣʠʟʘ ʷʚʣʷʶʪʩʷ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ. 
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ʊʘʙʣʠʮʘ 

ʋʩʣʦʚʠʷ ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʦʢʠʩʝʡ ʦʣʝʬʠʥʦʚ  

ʉ2 õ ʉ4 ʥʘ ʙʣʦʢ-ʩʦʧʦʣʠʤʝʨʝ ʄ-1000. 

ʇʘʨʘʤʝʪʨʳ ʃʍʄ-80 ʍʨʦʤ-5 

ʊʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʩʪʘʪʘ ʢʦʣʦʥʦʢ, ʉ  60  2 60  2 

ʊʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʪʝʣʷ, ʉ  100  2 100  2 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʝʪʝʢʪʦʨʘ, ʉ  100  2 

ʊʦʢ ʜʝʪʝʢʪʦʨʘ, ʤɸ 140  

ʆʙʲʸʤʥʳʡ ʨʘʩʭʦʜ ʛʘʟʘ - ʥʦʩʠʪʝʣʷ, 

ʩʤ3/ʤʠʥ 
60  2 60  2 

ʂʦʣʠʯʝʩʪʚʦ ʥʘʥʝʩʝʥʥʦʡ ʥʝʧʦʜʚʠʞʥʦʡ 

ʬʘʟʳ, % 
20 20 

ɼʣʠʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʠ, ʤ 3 3 

ʉʢʦʨʦʩʪʴ ʜʠʘʛʨʘʤʤʥʦʡ ʣʝʥʪʳ, ʤʤ/ʯ 600  3 600  3 

ʆʙʲʸʤ ʧʨʦʙʳ, ʤʢʣ 7  0,1 2  0,1 

 

çɹʣʦʢ-ʩʦʧʦʣʠʤʝʨ ʄ-1000è ʙʳʣ ʦʧʨʦʙʦʚʘʥ 

ʢʘʢ ʥʝʧʦʜʚʠʞʥʘʷ ʬʘʟʘ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʦʚ 

ʙʨʦʞʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʪʠʣʦʚʦ-

ʛʦ ʩʧʠʨʪʘ. ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ - ʘʮʝʪʘʣʴʜʝʛʠʜ, ʘʮʝ-

ʪʦʥ, ʵʪʠʣʬʦʨʤʠʘʪ, ʤʝʪʠʣʘʮʝʪʘʪ, ʩʧʠʨʪ ʤʝʪʠʣʦʚʳʡ, 

ʩʧʠʨʪ ʵʪʠʣʦʚʳʡ, ʩʧʠʨʪ ʧʨʦʧʠʣʦʚʳʡ, ʩʧʠʨʪ ʠʟʦʙʫ-

ʪʠʣʦʚʳʡ, ʩʧʠʨʪ ʙʫʪʠʣʦʚʳʡ, ʩʧʠʨʪ ʠʟʦʘʤʠʣʦʚʳʡ. 

ʉʪʝʧʝʥʴ ʨʘʟʜʝʣʝʥʠʷ ʥʝ ʫʩʪʫʧʘʝʪ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘ-

ʣʠʟʘ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʧʦ ɻʆʉʊʫ  ʈ51698-2000. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʝʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʦʚʘʷ ʥʝʧʦʜ-

ʚʠʞʥʘʷ ʬʘʟʘ çʙʣʦʢ-ʩʦʧʦʣʠʤʝʨ ʄ-1000è ʜʣʷ ɻɾʍ-

ʘʥʘʣʠʟʘ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʬʘʟʳ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʠʩʣʦʨʦʜʩʦ-

ʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʦʢʠʩʝʡ ʦʣʝʬʠʥʦʚ ʉ2 ï ʉ4 ʠ ʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ. 
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ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʧʦʨʦʰʢʘ ʠ ʜʝʨʠʚʘʪʦʛʨʘʬʠʠ ʠʟʫʯʝʥ ʤʦʥʥʦʛʠʜʨʘʪ ʵʪʠ-

ʣʝʥʜʠʘʤʠʥ-N,N,Nǋ,Nǋ-ʪʝʪʨʘ(ʤʝʪʠʣʝʥʬʦʩʬʦʥʦʚʦʡ) ʢʠʩʣʦʪʳ. ʇʦʢʘʟʘʥʘ ʬʘʟʦʚʘʷ ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ. ʀʟʫʯʝʥʘ ʜʝʛʠʜʨʘʪʘʮʠʷ ʚʝʱʝʩʪʚʘ; ʪʝʨʤʠʯʝʩʢʠʤ ʦʙʝʟʚʦʞʠʚʘʥʠʝʤ 

ʤʦʥʦʛʠʜʨʘʪʘ ʧʦʣʫʯʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʙʝʟʚʦʜʥʘʷ ʢʠʩʣʦʪʘ. ɺʝʱʝʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ, ʫʣʫʯʰʘʶʱʝʡ ʢʘʯʝʩʪʚʦ ʧʦʢʨʳʪʠʷ ʠʟ ʵʣʝʢʪʨʦʣʠʪʘ ʩʝʨʥʦ-

ʢʠʩʣʦʛʦ ʤʝʜʥʝʥʠʷ. 

ʕʪʠʣʝʥʜʠʘʤʠʥ-N,N,Nǋ,Nǋ-ʪʝʪʨʘ(ʤʝʪʠʣʝʥʬʦʩ-

ʬʦʥʦʚʘʷ) ʢʠʩʣʦʪʘ (H2O3PCH2)2NCH2CH2N(CH2PO3H2)2  

(H8L) ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʚʘʞʥʦʛʦ ʢʣʘʩʩʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ï 

ʢʦʤʧʣʝʢʩʦʥʦʚ ʩ ʘʣʢʠʣʬʦʩʬʦʥʦʚʳʤʠ ʛʨʫʧʧʘʤʠ [1]. 

ʅʠʟʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ 
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ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʷʪʴ ʝʸ ʚ 

ʤʝʜʠʮʠʥʝ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʜʦʪʘ ʧʨʠ ʦʪʨʘʚʣʝʥʠʠ 

ʪʦʢʩʠʯʥʳʤʠ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʤʝʪʘʣʣʘʤʠ [2]. 

ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦ ʚʝʱʝʩʪʚʦ ʜʣʷ ʭʨʦ-

ʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʝʡ ʨʝʜʢʦʟʝ-

ʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ [3], ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʨʥʝ-

ʚʦʛʦ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ ʞʝʣʝʟʦʤ [4], ʠʥʛʠʙʠʨʦʚʘ-

ʥʠʷ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʦʚ [5,6], ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʦʙʨʘ-

ʟʦʚʘʥʠʷ ʥʘʢʠʧʠ [7], ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦ-

ʢʨʳʪʠʡ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ 

[8-14] ʠ ʚ ʜʨʫʛʠʭ ʮʝʣʷʭ [1,15-18]. 

ʄʦʥʦʛʠʜʨʘʪ ʵʪʠʣʝʥʜʠʘʤʠʥ-N,N,Nǋ,Nǋ-

ʪʝʪʨʘ(ʤʝʪʠʣʝʥʬʦʩʬʦʥʦʚʦʡ) ʢʠʩʣʦʪʳ H8LĀH2O 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ  

ʚʠʜʝ ʤʦʥʦʢʣʠʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P21/n, ʘ 10,104(3), b 14,906(7), 

ʩ 11,165(4) Ȕ, ɓ 94,97(3)
ʦ 
, z 4 [19]. ɺʝ- 

ʱʝʩʪʚʦ ʠʤʝʝʪ ʮʚʠʪʪʝʨ-ʠʦʥʥʦʝ ʩʪʨʦʝʥʠʝ 
(
-
HO3PCH2)(H2O3PCH2)HN

+
CH2CH2

+
NH(CH2PO3H2)(CH2PO3H

-
) 

ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ [19] ʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ [20, 21]. 

ʀʟʫʯʝʥʘ ʜʠʩʩʦʮʠʘʮʠʷ H8L ʠ ʝʸ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦ-

ʚʘʥʠʝ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ [22-

29], ʘ ʪʘʢʞʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʪʚʸʨ-

ʜʳʝ ʢʦʤʧʣʝʢʩʳ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ [30, 31] ʠ ʨʝʜ-

ʢʦʟʝʤʝʣʴʥʳʭ [32,33] ʵʣʝʤʝʥʪʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʘʷ ʵʪʠʣʝʥʜʠʘʤʠʥ-N,N,Nǋ,Nǋ-ʪʝʪʨʘ(ʤʝʪʠʣʝʥʬʦʩ-

ʬʦʥʦʚʘʷ) ʢʠʩʣʦʪʘ ʚ ʬʦʨʤʝ ʤʦʥʦʛʠʜʨʘʪʘ ʠ ʙʝʟʚʦʜ-

ʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʮʝʥʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʚ 

ʵʣʝʢʪʨʦʣʠʪ ʩʝʨʥʦʢʠʩʣʦʛʦ ʤʝʜʥʝʥʠʷ. ʈʘʥʝʝ ʥʘʤʠ 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʣʘʩʩʘ ʘʤʠʥʦʧʦʣʠ-

ʬʦʩʬʦʥʦʚʳʭ ʢʠʩʣʦʪ: ʘʤʠʥʦʜʠ(ʤʝʪʠʣʝʥʬʦʩʬʦʥʦ-

ʚʘʷ) [35] ʠ ʵʪʠʣʝʥʜʠʘʤʠʥ-N,N'-ʜʠ(ʠʟʦʧʨʦʧʠʣʬʦʩ-

ʬʦʥʦʚʘʷ) [35] ʢʠʩʣʦʪʳ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʦʨʦʰʢʦʚ ʧʦʣʫʯʘʣʠ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-3 (CuKŬ-ʠʟʣʫʯʝʥʠʝ, ʛʨʘʬʠ-

ʪʦʚʳʡ ʤʦʥʦʭʨʦʤʘʪʦʨ, Ŭ-Al 2O3 ʚ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʛʦ 

ʩʪʘʥʜʘʨʪʘ, 2Ū 4-60). ɼʝʨʠʚʘʪʦʛʨʘʤʤʫ ʩʥʠʤʘʣʠ ʥʘ 

ʧʨʠʙʦʨʝ OD-103 (ʢʚʘʨʮʝʚʳʡ ʪʠʛʝʣʴ, ʥʘʚʝʩʢʘ 100 

ʤʛ) ʚ ʘʪʤʦʩʬʝʨʝ N2  ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘʥʠʷ 2,5 

ʛʨʘʜ/ʤʠʥ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 20-500
ʦ
ʉ. 

ʀʩʧʦʣʴʟʦʚʘʣʠ H8LĀH2O ʊʋ 6-09-14-1088-

75 ʤʘʨʢʠ çʯʠʩʪʳʡè. ɺʝʱʝʩʪʚʦ ʦʯʠʱʘʣʠ, ʦʩʘʞʜʘʷ 

ʝʛʦ ʤʠʥʝʨʘʣʴʥʦʡ ʢʠʩʣʦʪʦʡ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʥʘʪʨʠʝʚʦʡ ʩʦʣʠ. ɼʣʷ ʵʪʦʛʦ H8LĀH2O ʨʘʩʪʚʦʨʷʣʠ ʚ 

5-10%-ʥʦʤ ʨʘʩʪʚʦʨʝ NaOH, ʧʨʠʙʘʚʣʷʷ ʝʛʦ ʧʦ ʢʘʧ-

ʣʷʤ, ʠ ʬʠʣʴʪʨʦʚʘʣʠ ʨʘʩʪʚʦʨ. ʂ ʬʠʣʴʪʨʘʪʫ ʧʨʠʙʘʚ-

ʣʷʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʫʶ HCl ʜʦ ʨʅ 0,3. ʏʝʨʝʟ 

ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ ʨʘʩʪʚʦʨ ʩʣʠʚʘʣʠ, ʢʨʠʩʪʘʣʣʳ ʧʨʦ-

ʤʳʚʘʣʠ ʚʦʜʦʡ, ʦʪʞʠʤʘʣʠ ʥʘ ʙʫʤʘʞʥʦʤ ʬʠʣʴʪʨʝ ʠ 

ʚʳʩʫʰʠʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ ʧʦ-

ʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. ʇʨʝʧʘʨʘʪ ʪʦʛʦ ʞʝ ʘʥʘʣʠʪʠʯʝʩʢʦ-

ʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʳʜʝʣʷʝʪʩʷ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʵʪʠʣʝʥʜʠʘʤʠʥ-N,N,Nǋ,Nǋ-ʪʝʪʨʘ(ʤʝʪʠʣʝʥʬʦʩ-

ʬʦʥʦʚʦʡ) ʢʠʩʣʦʪʳ ʧʨʠ ʝʛʦ ʤʝʜʣʝʥʥʦʤ ʠʩʧʘʨʝʥʠʠ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʥʦʛʦ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʤʧʝ-

ʨʘʪʫʨʝ 70-90ʉ. 

ʅʘʡʜʝʥʦ, %: ʉ 15,6, ʅ 4,7, N 6,0, ʈ 26,9. 

ɼʣʷ ʉ6H20N2O12P4ĀH2O  ʚʳʯʠʩʣʝʥʦ, %: ʉ 15,87,  

ʅ 4,88, N 6,17, ʈ 27,28. 

ʇʦʢʨʳʪʠʝ ʠʟ ʵʣʝʢʪʨʦʣʠʪʘ ʤʝʜʥʝʥʠʷ ʧʦʣʫ-

ʯʘʣʠ ʥʘ ʣʘʪʫʥʥʦʡ ʦʩʥʦʚʝ ʚ ʩʣʝʜʫʶʱʝʤ ʨʝʞʠʤʝ: 

ʢʘʪʦʜʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 1 ɸ/ʢʚ.ʜʤ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʵʣʝʢʪʨʦʣʠʪʘ 20Ñ2ʉ, ʚʨʝʤʷ ʵʣʝʢʪʨʦʣʠʟʘ 45 ʤʠʥʫʪ. 

ʉʨʝʜʥʷʷ ʨʘʩʯʝʪʥʘʷ ʪʦʣʱʠʥʘ ʤʝʜʥʦʛʦ ʧʦʢʨʳʪʠʷ 10 

ʤʢʤ. ʌʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ, ʧʨʠʩʫʪʩʪ-

ʚʫʶʱʠʝ ʚ ʵʪʠʣʝʥʜʠʘʤʠʥ-N,N,Nǋ,Nǋ-ʪʝʪʨʘ(ʤʝʪʠ-

ʣʝʥʬʦʩʬʦʥʦʚʦʡ) ʢʠʩʣʦʪʝ ʤʘʨʢʠ çʯè, ʤʦʛʫʪ ʘʜʩʦʨ-

ʙʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ ʠ ʥʝʙʣʘʛʦʧʨʠ-

ʷʪʥʦ ʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʤʝʜʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʦ-

ʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʚ ʵʣʝʢʪʨʦʣʠʪ ʤʝʜʥʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʯʠʱʝʥʥʳʡ ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ ʧʨʝ-

ʧʘʨʘʪ H8LĀH2O ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʥʝ ʤʝʥʝʝ 99,5%. 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʧʦʨʦʰʢʘ, ʧʦ-

ʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʝʧʘʨʘʪ H8LĀH2O ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʬʘʟʥʳʤ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʦʚʧʘʜʝʥʠʝ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪ-

ʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ [19], ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʦʨʦʰʢʘ, ʘ 

ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʧʦʩʣʝʜʥʝʡ ʦʪʨʘʞʝʥʠʡ ʩ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴʶ IÓ0.5%, ʥʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʬʘʟʝ 

H8LĀH2O (ʪʘʙʣ. 1). ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʧʦʨʦʰʢʘ ʷʚʣʷ-

ʝʪʩʷ ʥʘʜʝʞʥʳʤ ʤʝʪʦʜʦʤ ʢʦʥʪʨʦʣʷ ʬʘʟʦʚʦʡ ʯʠʩʪʦ-

ʪʳ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠ-

ʚʘʪʴ ʝʛʦ ʚ ʩʤʝʩʷʭ ʩ ʜʨʫʛʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ʄʦʥʦʛʠʜʨʘʪ ʵʪʠʣʝʥʜʠʘʤʠʥ-N,N,Nǋ,Nǋ-ʪʝʪ-

ʨʘ(ʤʝʪʠʣʝʥʬʦʩʬʦʥʦʚʦʡ) ʢʠʩʣʦʪʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʝʤʥʦʛʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʝ (ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʨʠ 25ʉ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

0,0524 ʤʦʣʴ/ʣ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ 2,29 ʛ ʙʝʟʚʦʜʥʦʛʦ ʚʝ-

ʱʝʩʪʚʘ ʚ 100 ʛ ʚʦʜʳ; ʜʣʷ 0,01 ʄ. ʨʘʩʪʚʦʨʘ ʨʅ 1,85), 1 

ʄ ʨʘʩʪʚʦʨʝ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ, ɼʄʉʆ (ʨʘʩʪʚʦʨʠ-

ʤʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤ-

ʧʝʨʘʪʫʨʳ); ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥ-

ʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ, ʚ 1 ʄ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʘʤ-

ʤʠʘʢʘ, ʱʝʣʦʯʝʡ, ʢʘʨʙʦʥʘʪʘ ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ ʥʘ-

ʪʨʠʷ; ʧʣʦʭʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ɼʄʌɸ, ʫʢʩʫʩʥʦʡ ʢʠʩʣʦ-

ʪʝ, ʵʪʠʣʦʚʦʤ ʠ ʠʟʦʧʨʦʧʠʣʦʚʦʤ ʩʧʠʨʪʘʭ, ʛʣʠʮʝʨʠʥʝ, 

ʵʪʠʣʝʥʛʣʠʢʦʣʝ, ʘʮʝʪʦʥʝ, ʜʠʦʢʩʘʥʝ, ʭʣʦʨʦʬʦʨʤʝ, ʪʝʪ-

ʨʘʭʣʦʨʠʜʝ ʫʛʣʝʨʦʜʘ, ʙʝʥʟʦʣʝ. ɺʝʱʝʩʪʚʦ ʥʝʛʠʛʨʦʩʢʦ-

ʧʠʯʥʦ ʠ ʥʝ ʪʝʨʷʝʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʫʶ ʚʦʜʫ ʧʨʠ 

ʭʨʘʥʝʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
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ʊʘʙʣʠʮʘ 1. 

 ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʧʦʨʦʰʢʘ ʤʦʥʦʛʠʜʨʘʪʘ ʵʪʠʣʝʥʜʠʘʤʠʥ-N,N,Nǋ,Nǋ-

ʪʝʪʨʘ(ʤʝʪʠʣʝʥʬʦʩʬʦʥʦʚʦʡ) ʢʠʩʣʦʪʳ 

Table 1. Results of X-ray powder analysis of ethylenediamine-N,N,N',N'-tetra(methylenephosphonic) acid 

h k l 
d,Ȕ I,% 

h k l 
d,Ȕ I,% 

ʕʢʩʧʝ-

ʨʠʤʝʥʪ 

ʈʘʩʯʝʪ ʕʢʩʧʝ-

ʨʠʤʝʥʪ 

ʈʘʩʯʝʪ ʕʢʩʧʝ-

ʨʠʤʝʥʪ 

ʈʘʩʯʝʪ ʕʢʩʧʝ-

ʨʠʤʝʥʪ 

ʈʘʩʯʝʪ 

0 1 1 8.93 8.915 10 12 3 2 3 2.272 2.273 4 5 

1 1 0 8.35 8.342 68 70 4 3 0  2.245  3 

1 0 1 7.16 7.161 60 33 2 2 4  2.241  2 

1 1 1 6.45 6.455 24 19 1 5 3  2.237  1.2 

0 2 1 6.18 6.192 5 4 -4 3 1  2.234  4 

1 2 0 5.99 5.990 12 15 -1 6 2  2.230 

2.229 

2.229 

 3 

2 

2 
0 1 2  5.211 

5.164 

 1.3 

9 

0 4 4 2.229 7 

1 2 1 5.16 10 3 5 0   

2 0 0 5.02 5.033 84 76 -1 4 4 2.208 2.209 5 8 

-1 1 2  4.789 

4.769 

 3 

33 

4 1 2  2.197 

2.196 

 1.1 

3 2 1 0 4.765 37 1 6 2 2.196 3 

0 3 1 
4.529 

4.537 

4.519 
87 

90 

43 

2 6 1  2.168 

2.168 

2.161 

2.154 

 1.2 

3 

3 

1.5 

-2 1 1 4 3 1   

1 1 2 4.484 4.481 

4.455 

73 61 

5 

3 5 1 2.162 4 

1 3 0   -2 5 3   

2 1 1 4.254 4.258 68 48 -4 1 3  2.149 

2.145 

2.144 

 1.0 

4 

4 
-1 3 1 4.191 4.192 

4.185 

4.171 

100 98 

32 

15 

1 4 4 2.146 4 

-1 2 2   -3 2 4   

2 2 0   -4 3 2 2.139 2.140 4 2 

1 3 1 4.080 4.082 21 25 0 2 5 
2.129 

2.132 

2.124 

2.121 

3 
2 

1.8 

1.2 
-2 2 1  4.001 

3.975 

 4 

100 

2 3 4 

1 2 2 3.976 87 -1 2 5   

-2 0 2 3.904 3.904 37 52 -2 4 4  2.092  4 

2 2 1 3.811 3.816 6 5 4 4 0  2.086 

2.085 

2.083 

 2 

3 

3 
0 3 2  3.705 3.305 16 23 -4 2 3 2.085 4 

0 1 3 
3.590 

3.598 

3.581 
30 

28 

27 

1 7 0   

-1 0 3 0 6 3 2.063 2.064 0.5 2 

-1 3 2  3.544 

3.536 

3.534 

 30 

38 

50 

-1 7 1 2.055 2.054 0.5 1.1 

2 3 0   3 1 4 2.036 2.036 2 1.8 

0 4 1 3.534 87 3 5 2 2.029 2.029 

2.028 

2.022 

3 3 

1.3 

3 
1 4 0  3.495 

3.482 

3.482 

 1.6 

4 

1.2 

4 3 2   

-1 1 3 3.482 9 -1 3 5   

2 1 2   1 6 3 2.003 2.003 0.5 5 

-2 2 2  3.458  2 0 7 2  1.989 

1.981 

 1.3 

1.1 -2 3 1  3.431 

3.414 

 21 

56 

3 2 4 1.982 1.0 

1 3 2 3.416 58 -1 7 2  1.963 

1.961 

1.961 

1.961 

 4 

8 

2 

1.5 

1 0 3 3.388 3.385 43 38 2 7 0 1.961 4 

0 2 3  3.320 

3.312 

3.306 

3.301 

3.292 

 4 

7 

1.2 

14 

7 

-3 5 3   

2 3 1   1 3 5   

1 4 1   -4 1 4  1.935 

1.935 

1.933 

1.931 

1.928 

 1.8 

2 

1.9 

3 

2 

1 1 3 3.302 20 4 2 3   

-3 0 1   -3 0 5   

3 1 0 3.274 3.273 10 7 -5 1 2 1.930 4 

2 2 2 3.227 3.228 5 5 -2 5 4   

3 0 1 3.138 3.138 22 16 -4 5 1  1.916  1.8 

0 4 2  3.096  1.0 -3 6 2  1.911 

1.908 

1.907 

 1.5 

1.9 

9 
1 2 3  3.082 

3.071 

3.070 

 8 

10 

2 

4 4 2   

3 1 1 3.069 21 2 2 5 1.909 6 

-2 3 2   -4 2 4 1.887 1.888 1.0 4 

3 2 0  3.060 

3.051 

 2 

34 

0 6 4 
1.851 

1.853 

1.852 
1.0 

1.7 

1.9 -2 1 3 3.050 26 1 4 5 

 



ʍʀʄʀʗ ʀ ʍʀʄʀʏɽʉʂɸʗ ʊɽʍʅʆʃʆɻʀʗ    2007  ʪʦʤ  50   ʚʳʧ. 10 

 

43 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 

h k l 
d,Ȕ I,% 

h k l 
d,Ȕ I,% 

ʕʢʩʧʝ-

ʨʠʤʝʥʪ 

ʈʘʩʯʝʪ ʕʢʩʧʝ-

ʨʠʤʝʥʪ 

ʈʘʩʯʝʪ ʕʢʩʧʝ-

ʨʠʤʝʥʪ 

ʈʘʩʯʝʪ ʕʢʩʧʝ-

ʨʠʤʝʥʪ 

ʈʘʩʯʝʪ 

-1 4 2  3.000 

2.995 

 8 

9 

2 5 4 1.845 1.845 1.5 3 

2 4 0 2.993 13 -1 1 6 1.838 1.838 

1.837 

1.5 3 

1.3 -3 1 2 
2.930 

2.931 

2.930 
18 

15 

6 

-5 0 3   

-2 4 1 1 8 0 1.833 1.832 

1.830 

1.5 2 

1.5 0 5 1 2.876 2.880 5 5 -1 7 3   

1 5 0  2.859 

2.855 

 8 

11 

-1 8 1 1.812 1.812 0.5 1.1 

2 4 1 2.856 17 3 4 4  1.800 

1.798 

1.797 

 3 

2 

3 
-1 5 1  2.785 

2.781 

2.775 

 1.5 

11 

11 

3 7 0   

0 0 4   -3 6 3 1.797 2 

-3 2 2 2.774 16 -2 0 6 1.791 1.791 

1.789 

2 1.4 

1.1 1 5 1  2.752 

2.744 

 8 

12 

5 2 2   

-3 3 1 2.744  0 5 5  1.783 

1.783 

1.778 

 1.0 

1.8 

4 
3 1 2 2.722 2.722 16 10 1 1 6   

-1 1 4 2.695 2.697 6 8 4 1 4 1.778 3 

2 2 3 2.676 2.677 6 5 3 7 1 1.763 1.762 

1.758 

1.5 1.1 

1.1 -2 3 3 2.640 2.640 4 6 -2 7 3   

0 2 4  2.605 

2.603 

2.596 

 10 

5 

10 

1 8 2  1.732 

1.732 

1.730 

1.729 

 3 

2 

2 

2 

-3 0 3 2.600 20 -4 1 5   

3 2 2   4 6 1   

1 1 4  2.583  2 -4 4 4 1.729 2 

2 4 2  2.582  3 -5 3 3  1.723  1.4 

-1 5 2  2.568  3 3 6 3  1.721  1.5 

1 5 2 
2.515 

2.517 

2.517 
5 

1.5 

1.7 

2 7 3 1.710 1.710 1.0 2.5 

4 0 0 3 5 4 1.692 1.692 1.0 1.1 

1 4 3  2.506  2 1 3 6  1.689  3 

0 6 0 2.484 2.484 

2.481 

2.474 

2.467 

15 17 

1.1 

1.9 

1.2 

0 6 5 
1.657 

1.657 

1.656 
1.0 

1.7 

1.2 4 1 0   4 6 2 

1 2 4   5 4 2 1.651 1.652 

1.651 

1.5 1.8 

2 -4 1 1   2 2 6   

0 3 4 2.427 2.427 

2.425 

2.419 

4 4 

1.2 

1.2 

-5 4 3 1.647 1.648 1.5 1.8 

0 6 1   -4 5 4  1.633  1.5 

3 3 2   3 8 0 1.630 1.629 1.0 2 

1 6 0  2.412  2 1 9 1  1.614 

1.610 

 1.8 

1.8 -1 3 4 
2.399 

2.401 

2.400 

2.394 

16 
6 

8 

2.5 

-5 3 4 1.610 1.0 

3 4 1 -3 3 6  1.595  1.0 

-2 2 4   6 3 0  1.590 

1.589 

 1.0 

1.7 3 0 3 2.388 2.387 

2.384 

22 10 

3 

3 7 3 1.589 1.0 

4 2 0   -1 9 2  1.574  1.3 

-2 5 2 2.370 2.369 13 19 5 5 2  1.567  1.6 

3 1 3  2.357  4 4 2 5 1.564 1.564 1.0 1.6 

1 6 1  2.347 

2.342 

 5 

6 

-4 0 6 1.560 1.558 1.0 3 

-4 1 2 2.341 6 -5 1 5  1.553 

1.553 

 1.8 

1.3 2 1 4 
2.320 

2.321 

2.319 
3 

2 

4 

5 4 3 1.553 1.0 

1 3 4 -5 4 4  1.548 

1.546 

1.545 

 1.1 

1.4 

1.3 
-3 3 3 2.304 2.305 2 4 -6 2 3 1.546 0.5 

-1 5 -3 2.293 2.291 2 3 2 6 5   
ʇʨʠʤʝʯʘʥʠʝ: ʇʨʝʜʩʪʘʚʣʝʥʳ ʤʝʞʧʣʦʩʢʦʩʪʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (d), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʨʘʞʝʥʠʷʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʤ̫ʠ IÓ1%. 

Note: cleavage spaces (d) are represented for reflexes possessing relative intensities IÓ1%. 

 

ʇʦ ʜʘʥʥʳʤ ʜʝʨʠʚʘʪʦʛʨʘʬʠʠ, ʜʝʛʠʜʨʘʪʘʮʠʷ 

H8LĀH2O ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 50ʉ ʠ ʧʨʦʪʝʢʘʝʪ ʩ ʥʝʚʳ-

ʩʦʢʦʡ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ (ɼʊɸʤʠʥ 110 ʠ 

150ʉ). ɺʳʜʝʨʞʠʚʘʥʠʝʤ H8LĀH2O ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ

130 ʠʣʠ 150ʉ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ (ʫʙʳʣʴ ʤʘʩ-

ʩʳ: ʥʘʡʜʝʥʦ ï 4,7 %, ʚʳʯʠʩʣʝʥʦ ï 3,97 %) ʫʜʘʸʪʩʷ 

ʧʦʣʫʯʠʪʴ ʙʝʟʚʦʜʥʫʶ ʢʠʩʣʦʪʫ H8L. ɹʝʟʚʦʜʥʘʷ ʵʪʠ-

ʣʝʥʜʠʘʤʠʥ-N,N,Nǋ,Nǋ-ʪʝʪʨʘ(ʤʝʪʠʣʝʥʬʦʩʬʦʥʦʚʘʷ)  
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ʢʠʩʣʦʪʘ ʭʦʨʦʰʦ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʘ; ʥʘ ʨʝʥʪʛʝʥʦ-

ʛʨʘʤʤʝ ʝʸ ʧʦʨʦʰʢʘ (ʪʘʙʣ. 2) ʦʪʩʫʪʩʪʚʫʶʪ ʦʪʨʘʞʝ-

ʥʠʷ ʠʩʭʦʜʥʦʛʦ ʤʦʥʦʛʠʜʨʘʪʘ. 
 

ʊʘʙʣʠʮʘ 2.  

ɿʥʘʯʝʥʠʷ ʤʝʞʧʣʦʩʢʦʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ (d) ʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʠʡ (I) ʥʘ ʨʝʥʪʛʝʥʦ-

ʛʨʘʤʤʝ ʧʦʨʦʰʢʘ ʙʝʟʚʦʜʥʦʡ ʵʪʠʣʝʥʜʠʘʤʠʥ-

N,N,Nǋ,Nǋ-ʪʝʪʨʘ(ʤʝʪʠʣʝʥʬʦʩʬʦʥʦʚʦʡ)  ʢʠʩʣʦʪʳ 

Table 2. X-ray powder  data for anhydrous ethylene-

diamine-N,N,N',N'-tetra(methylenephosphonic) acid 

d, Ȕ I, % d, Ȕ I, % d, Ȕ I, % d, Ȕ I, % 

11,11 3 4,45 11 3,164 2 2,283 2 

8,99 3 4,41 6 3,143 3 2,263 3 

8,09 3 4,29 3 3,020 3 2,164 2 

7,90 13 4,14 63 2,988 5 2,146 2 

7,63 3 4,09 41 2,897 4 2,117 2 

7,07 48 4,03 36 2,858 8 2,068 2 

6,48 5 3,873 3 2,797 4 2,010 3 

6,42 10 3,760 22 2,637 6 1,961 2 

5,87 7 3,717 5 2,564 3 1,929 2 

5,17 7 3,596 15 2,529 11 1,884 2 

4,88 2 3,474 29 2,472 2 1,771 2 

4,78 2 3,437 30 2,442 2 1,752 2 

4,62 100 3,351 14 2,386 4   

4,53 22 3,250 5 2,323 6   
ʇʨʠʤʝʯʘʥʠʝ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ d, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʪʨʘʞʝʥʠʷʤ ʩ IÓ2%. 

Note: cleavage spaces (d) are represented for reflexes possessing 

relative intensities IÓ2%. 

 

ɼʘʣʴʥʝʡʰʝʝ ʥʘʛʨʝʚʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʥʝʙʦʣʴʰʠʤ ʩʥʠʞʝʥʠʝʤ ʤʘʩʩʳ (ʥʘʧʨʠʤʝʨ 5,4% ʟʘ 2 

ʯʘʩʘ ʧʨʠ 175ʉ) ʠ ʧʣʘʚʣʝʥʠʝʤ (ɼʊɸʤʠʥ 190-

195ʉ); ʧʨʠ ʵʪʦʤ ʧʨʝʧʘʨʘʪ ʩʪʘʥʦʚʠʪʩʷ ʩʥʘʯʘʣʘ 

ʞʝʣʪʳʤ, ʟʘʪʝʤ ʢʦʨʠʯʥʝʚʳʤ ʠ ʩʦʜʝʨʞʠʪ ʧʨʦʜʫʢʪʳ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʤʦʣʝʢʫʣʳ H8L. ʅʘʛʨʝ-

ʚʘʥʠʝ ʚʳʰʝ 280ʉ ʚʝʜʸʪ ʢ ʦʙʠʣʴʥʦʤʫ ʚʳʜʝʣʝʥʠʶ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʨʘʙʦʪʘʭ [36, 37] ʦʪʤʝʯʝ-

ʥʦ ʧʣʘʚʣʝʥʠʝ H8L ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʧʨʠ 214ʉ ʠʣʠ 

214-217ʉ. ʇʨʦʚʝʜʝʥʥʦʝ ʥʘʤʠ ʜʝʨʠʚʘʪʦʛʨʘʬʠʯʝ-

ʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ H8LĀH2O ʥʝ ʠʤʝ-

ʝʪ ʯʝʪʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʧʣʘʚʣʝʥʠʷ ʠ 

ʨʘʟʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʜʣʷ ʝʛʦ ʥʘʜʝʞʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 

ɺ ʧʘʪʝʥʪʘʭ [8-14] H8L ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝ-

ʩʪʚʝ ʣʠʛʘʥʜʘ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʵʣʝʢʪʨʦʣʠʪʦʚ ʠ 

ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʧʦʢʨʳʪʠʷ ʤʝʪʘʣʣʘʤʠ ʵʣʝʢʪʨʦʭʠʤʠ-

ʯʝʩʢʠʤ (ʨH 6-13) ʠ ʭʠʤʠʯʝʩʢʠʤ (ʨʅ 4-14) ʤʝʪʦʜʘ-

ʤʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʮʝʥʝ-

ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ H8L ʚ ʢʘʯʝʩʪʚʝ ʜʦ-

ʙʘʚʢʠ ʚ ʵʣʝʢʪʨʦʣʠʪ ʩʝʨʥʦʢʠʩʣʦʛʦ ʤʝʜʥʝʥʠʷ (ʩʫʣʴ-

ʬʘʪ ʤʝʜʠ ï 0,60 ʤʦʣʴ/ʣ, ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ï 0,50 

ʤʦʣʴ/ʣ), ʚ ʢʦʪʦʨʦʤ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʤʝʜʠ(II) 

ʩ H8L ʥʝ ʷʚʣʝ̫ʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɺ 

ʵʣʝʢʪʨʦʣʠʪʝ ʤʝʜʥʝʥʠʷ ʙʝʟ ʜʦʙʘʚʢʠ H8L ʥʘ ʢʘʪʦʜʝ 

ʧʦʣʫʯʘʝʪʩʷ ʛʣʘʜʢʦʝ, ʨʦʚʥʦʝ, ʤʘʪʦʚʦʝ, ʤʝʣʢʦʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ ʩʚʝʪʣʦ-ʨʦʟʦʚʦʛʦ ʮʚʝʪʘ. 

ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚ ʵʣʝʢʪʨʦʣʠʪ 0,01 ʤʦʣʴ/ʣ H8L 

ʚʥʝʰʥʠʡ ʚʠʜ ʤʝʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʣʫʯʰʘʝʪʩʷ. ʇʦʣʫʯʘʝʪʩʷ ʧʦʢʨʳʪʠʝ ʪʝʤʥʦ-ʨʦʟʦʚʦʛʦ 

ʮʚʝʪʘ, ʛʣʘʜʢʦʝ, ʧʦʣʫʙʣʝʩʪʷʱʝʝ, ʙʝʟ ʚʠʜʠʤʳʭ ʚ 

ʤʠʢʨʦʩʢʦʧ (Ĭ200) ʩʣʝʜʦʚ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. ʅʘ-

ʙʣʶʜʘʝʤʦʝ ʷʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʭʝʤʦ-

ʩʦʨʙʮʠʠ H8L ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʫʱʝʛʦ ʤʝʜʥʦʛʦ 

ʧʦʢʨʳʪʠʷ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥ-

ʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ICDD Grant-in-Aid 99-07 (2005-

2006 ʛ.). 
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ʆʇʈɽɼɽʃɽʅʀɽ Zn (II) ʉ ʇʆʄʆʑʔʖ ʄɽʊʀʃʊʀʄʆʃʆɺʆɻʆ ʉʀʅɽɻʆ ʄɽʊʆɼʆʄ  

ʊɺɽʈɼʆʌɸɿʅʆʁ ʉʇɽʂʊʈʆʌʆʊʆʄɽʊʈʀʀ 

(ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʠɦ ʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ) 

e-mail: kee@nuft.edu.ua 

ʀʟʫʯʝʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ Zn(II) ʩ ʤʝʪʘʣʣʦʭʨʦʤʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʤʝʪʠʣ-

ʪʠʤʦʣʦʚʳʤ ʩʠʥʠʤ ʚ ʬʘʟʝ ʧʦʣʠʤʝʨʥʦʛʦ ʩʦʨʙʝʥʪʘ. ʇʦʣʫʯʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʩʦʩʪʘʚʘ ʠ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝ-

ʪʦʜʠʢʘ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Zn (II) ʚ ʤʠʥʝʨʘʣʴʥʦʡ 

ʚʦʜʝ. 

 ʈʘʟʨʘʙʦʪʢʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʩʝʣʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʚ ʦʙʲʝʢʪʘʭ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʠ ʣʝʢʘʨ-

ʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴ-

ʥʳʭ ʧʨʦʙʣʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʇʨʠʦʨʠʪʝʪ 

ʧʨʠ ʵʪʦʤ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʦʩʪʳʤ ʵʢʩʧʨʝʩʩʥʳʤ ʤʝ-

ʪʦʜʘʤ, ʢʦʪʦʨʳʝ ʥʝ ʪʨʝʙʫʶʪ ʪʨʫʜʦʝʤʢʦʡ ʧʨʦʙʦʧʦʜ-

ʛʦʪʦʚʢʠ ʠ ʩʣʦʞʥʦʛʦ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ. ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʤʝʪʦʜ ʪʚʝʨʜʦʬʘʟʥʦʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ 

(ʊʌʉ), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʦʯʝʪʘʪʴ ʩʦʨʙʮʠʦʥʥʦʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʷʝʤʳʭ ʠʦʥʦʚ ʩ ʧʨʦ-

ʩʪʳʤ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʚ ʪʚʝʨʜʦʡ 

ʬʘʟʝ. ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ 

ʧʨʠ ʵʪʦʤ ʩʦʨʙʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʧʦʣʠʤʝʨʥʳʝ ʠʦʥʦ-

ʦʙʤʝʥʥʠʢʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʝʪʘʣʣʦʭʨʦʤʥʳ-

ʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦ-

ʚʘʣʠ ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʘʛʝʥ-

ʪʳ ʜʣʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʩʣʝʜʫʝ-

ʤʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨʝ. 

 ʉʨʝʜʠ ʧʨʦʯʠʭ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʠ 

ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʧʨʝʜʝʣʷʶʪ ʩʦʜʝʨ-

ʞʘʥʠʝ Zn (II). ʕʪʦʪ ʤʝʪʘʣʣ ʤʘʣʦ ʪʦʢʩʠʯʝʥ. ʄʝʞʜʫ 

ʢʦʣʠʯʝʩʪʚʦʤ ʮʠʥʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʦʨʛʘʥʠʟʤ ʩ 

ʧʠʱʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʠ ʢʦʣʠʯʝʩʪʚʦʤ, ʩʧʦʩʦʙ-

ʥʳʤ ʚʳʟʚʘʪʴ ʢʫʤʫʣʪ̫ʠʚʥʦʝ ʪʦʢʩʠʯʥʦʝ ʜʝʡʩʪʚʠʝ, 

ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʡ ʨʘʟʨʳʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʢʦʥ-

ʪʨʦʣʴ ʮʠʥʢʘ ʦʙʫʩʣʦʚʣʝʥ ʝʛʦ ʙʦʣʴʰʦʡ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʡ ʮʝʥʥʦʩʪʴʶ. 

 ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʤʝʪʦʜʠʢʠ ʊʌʉ ʦʧ-

ʨʝʜʝʣʝʥʠʷ Zn (II) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʠʦʥʠʪʦʚ (ʪʘʙʣ.1), ʥʦ ʙʦʣʴʰʠʥʩʪ-

ʚʦ ʠʟ ʥʠʭ ʤʘʣʦʩʝʣʝʢʪʠʚʥʳ. ʇʦʩʢʦʣʴʢʫ ʩʚʝʜʝʥʠʷ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʊʌʉ ʦʧʨʝʜʝʣʝʥʠʷ ʮʠʥʢʘ ʩ ʤʝʪʠʣʪʠ-

ʤʦʣʦʚʳʤ ʩʠʥʠʤ (ʄʊʉ) ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʦʪʩʫʪʩʪʚʫ-

ʶʪ, ʵʪʦ ʩʪʘʣʦ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

 ʀʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʥʠʪʨʘʪʘ Zn (II) ʛʦʪʦʚʠ-

ʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʪʦʯʥʦʡ ʥʘʚʝʩʢʠ ʩʦʣʠ ʚ 1 ʄ ʨʘʩ-

ʪʚʦʨʝ HNO3 ʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʣʠ ʢʦʤʧʣʝʢʩʦʥʦʤʝʪ-

ʨʠʯʝʩʢʠ. ʈʘʙʦʯʠʡ 110
3
 ʄ ʨʘʩʪʚʦʨ ʛʦʪʦʚʠʣʠ ʨʘʟ-

ʙʘʚʣʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ 0,1 ʄ HNO3. 1 10
3
 ʄ ʨʘʩ-

ʪʚʦʨ ʄʊʉ ʛʦʪʦʚʠʣʠ ʨʘʩʪʚʦʨʝʥʠʝʤ ʚ ʚʦʜʝ ʪʦʯʥʦʡ 

ʥʘʚʝʩʢʠ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥ-

ʥʦʛʦ ʧʨʝʧʘʨʘʪʘ. 

 ʉʧʝʢʪʨʳ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʩʥʠʤʘʣʠ, ʧʦʣʴ-

ʟʫʷʩʴ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘʤʠ ʉʌ-46 ʠ SPECORD UV VIS, 

ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʠ ʪʚʝʨʜʳʭ ʢʦʥ-

ʮʝʥʪʨʘʪʦʚ ʠʟʤʝʨʷʣʠ ʥʘ ʬʦʪʦʵʣʝʢʪʨʦʢʦʣʦʨʠʤʝʪʨʝ 

ʂʌʂ-3 (? = 0,1 ʩʤ ʜʣʷ ʪʚʝʨʜʳʭ ʬʘʟ ʠ ? = 1 ʩʤ ʜʣʷ 

ʨʘʩʪʚʦʨʦʚ) ʧʨʠ ʦʧʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ɸɺ-17 8-ʉ1 ʠ 

ʅ2ʆ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʠʩʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʢʦʥ-

ʪʨʦʣʠʨʦʚʘʣʠ ʥʘ ʠʦʥʦʤʝʨʝ ʀ-160. ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ 

ʦʙʣʫʯʝʥʠʝ (ʋɿʆ) ʧʨʦʙ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʩʪʘʥʦʚʢʝ 

ʋʇ-1 ʬʠʨʤʳ SELMI ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘ-

ʮʠʷʤʠ, ʠʟʣʦʞʝʥʥʳʤʠ ʚ [9]. 

 ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʥʜʠʮʠʦʥʥʳʡ 

ʘʥʠʦʥʦʦʙʤʝʥʥʠʢ ɸɺ-17 8 (ɸ) ʚ Cl ʬʦʨʤʝ ʟʝʨʥʝ-

ʥʠʝʤ 0,25 - 0,50 ʤʤ, ʢʦʪʦʨʳʡ ʛʦʪʦʚʠʣʠ ʢ ʨʘʙʦʪʝ ʧʦ 

ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʦʡ ʚ [10]. ʇʦʜʛʦʪʦʚʣʝʥʥʫʶ ʤʘʪ-

ʨʠʮʫ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʭ.ʯ. 

ʄʊʉ ʠʟ ʨʘʩʯʝʪʘ  0,01 ʛ ʄʊʉ ʥʘ 1 ʛ ʧʦʣʠʤʝʨʥʦʛʦ 

ʠʦʥʠʪʘ, ʢʘʢ ʵʪʦ ʦʧʠʩʘʥʦ ʚ [3]. ʇʦʣʫʯʝʥʥʳʡ ʪʚʝʨ-

ʜʦʬʘʟʥʳʡ (ʊʌ) ʄʊʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʟʨʘʯ-

ʥʳʝ ʢʦʨʠʯʥʝʚʳʝ ʛʨʘʥʫʣʳ, ʭʦʨʦʰʦ ʧʨʦʧʫʩʢʘʶʱʠʝ 

ʩʚʝʪ. ʈʝʟʫʣʪɹʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʩʦʨʙʮʠʠ 

ʄʊʉ ʥʘ ɸ ʠ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ ʥʘ ʵʪʦʪ  

ʧʨʦʮʝʩʩ, ʘ ʪʘʢʞʝ ʜʝʩʦʨʙʮʠʶ ʄʊʉ ʧʨʠʚʝʜʝʥʳ ʚ 

ʨʘʙʦʪʝ [3]. ʂʦʥʮʝʥʪʨʘʮʠʶ ʮʠʥʢʘ ʚ ʨʘʚʥʦʚʝʩʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʦʧʨʝʜʝʣʷʣʠ ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʠ ʩ ʧʦʤʦ-

ʱʴʶ ʧʦʣʷʨʦʛʨʘʬʘ ʇʋ-01. ʇʦʜʛʦʪʦʚʢʘ ʪʚʝʨʜʦʡ 

ʧʨʦʙʳ ʢ ʬʦʪʦʤʝʪʨʠʨʦʚʘʥʠʶ ʩʦʩʪʦʷʣʘ ʚ ʧʦʣʫʯʝʥʠʠ 

ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʝʛʦ ʩʣʦʷ ʢʦʥʮʝʥʪʨʘʪʘ, ʨʘʚʥʦʤʝʨ-

ʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʢʶʚʝʪʝ. ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʠʩ-

ʧʦʣɹʟʦʚʘʣʠ ʢʚʘʨʮʝʚʳʝ ʢʶʚʝʪʳ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʩʪʝʥʢʘʤʠ. ʂʦʥʮʝʥʪʨʘʪ ʧʝʨʝʥʦʩʠʣʠ ʚ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʟʘʧʦʣʥʝʥʥʫʶ ʚʦʜʦʡ ʢʶʚʝʪʫ ʩ ʧʦʤʦʱʴʶ 

ʧʠʧʝʪʢʠ, ʜʨʫʛʫʶ ʢʶʚʝʪʫ ʘʥʘʣʦʛʠʯʥʦ ʟʘʧʦʣʥʷʣʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʠʣʠ ʩʪʘʥʜʘʨʪʥʳʤ ʠʦʥʦʦʙ-

ʤʝʥʥʠʢʦʤ ʪʘʢʦʛʦ ʞʝ ʟʝʨʥʝʥʠʷ. ʉʚʝʪʦʧʦʛʣʦʱʝʥʠʝ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʨʦʙ ʠʟʤʝʨʷʣʠ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʧʣʦʪʥʦʩʪʠ ʫʢʣʘʜʢʠ ʛʨʘ-

ʥʫʣ ʚ ʢʶʚʝʪʘʭ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʩʝʠʚʘʥʠʷ ʩʚʝʪʘ 

ʤʘʪʨʠʮʝʡ ʩʦʨʙʝʥʪʘ ʢʶʚʝʪʫ ʩʪʘʚʠʣʠ ʙʣʠʟʢʦ ʢ 

ʦʢʦʰʢʫ ʜʝʪʝʢʪʦʨʘ, ʘ ʤʝʞʜʫ ʦʙʨʘʟʮʦʤ ʠ ʜʝʪʝʢʪʦ-

ʨʦʤ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʣʘʚʩʘʥʦʚʫʶ ʢʘʣʴʢʫ [2,12].  

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʩʚʝʪʦʧʦ-

ʛʣʦʱʝʥʠʷ ʊʌ ʄʊʉ (1) ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʮʠʥʢʦʤ 

(2). ɹʘʪʦʭʨʦʤʥʦʝ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʩʧʝʢʪʨʘ 

ʢʦʤʧʣʝʢʩʘ ʠ ʛʠʧʝʨʭʨʦʤʥʳʡ ʵʬʬʝʢʪ ʤʦʛʫʪ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦ-

ʝʜʠʥʝʥʠʷ ʮʠʥʢʘ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ. 

 

 
ʈʠʩ. 1 ʉʧʝʢʪʨʳ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʄʊʉ-ɸ (1,3), Zn-ʄʊʉ-ɸ 

(2,4) ʠ Zn-ʄʊʉ (5); (ʨʅ 3, mc = 0,3 ʛ, V =50 ʩʤ
3, ? = 0,1 ʩʤ, 

ʢʦʥʪʨʦʣʴʥʘ ʧʨʦʙʘ ï ɸ; 1,2 -  = 24 ʯʘʩa, 3,4 -  = 20 ʤʠʥ, ʋɿʆ 

ï 2 ʩʝʢ; 5 ï ʨʅ 5,5, ʉZn = 2 10 5 M, CMTC = 4 10 5 M, ? = 1 ʩʤ, 
ʢʦʥʪʨʦʣʴʥʘ ʧʨʦʙʘ ï H2O) 

Fig.1 Normalized absorption spectra of the solid-phase MTB (1,3) 

and complex Zn (II) with MTB in the solid-phase (2,4) and in the 

solution (5); (ʨʅ 3, ms = 0,3 g, V=50 ml, ? = 0,1 sm, reference 

sistem ɸɺ-17 8 for the solid-phase; 1,2 -  = 24 h, 3,4 -  = 20 

min, ultrasonic ï 2 sec; 5 ï ʨʅ 5,5, ʉZn = 2 10 5 M, CMTB = 4 10 5 

M, ? = 1 sm, reference sistem ï H2O for the solution). 

 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʠʟʚʣʝʯʝʥʠʝ (97,5 %) Zn (II) 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʨʅ 3-9 ʟʘ 24 ʯʘʩʘ ʢʦʥʪʘʢʪʘ ʬʘʟ ʠʟ 

ʦʙʲʝʤʘ 50 ʩʤ
3
 (ʨʠʩ. 2). ɼʚʫʭʩʝʢʫʥʜʥʦʝ ʫʣʴʪʨʘʟʚʫ-

ʢʦʚʦʝ ʦʙʣʫʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʫʩʪʘ-

ʥʦʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʜʦ 20 ʤʠʥʫʪ (ʨʠʩ.1 ʠ 2). ʂʦ-

ʣʠʯʝʩʪʚʝʥʥʘʷ ʩʦʨʙʮʠʷ ʚʦʟʤʦʞʥʘ ʪʘʢʞʝ ʠʟ 300 ʩʤ
3
 

ʨʘʩʪʚʦʨʘ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠ ʵʪʦʤ 1000 

ʩʤ
3
/ʛ. ɿʘʢʦʥ ɹʝʨʘ ʩʦʙʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥ-

ʮʝʥʪʨʘʮʠʡ Zn (II) (0,1 ï 9,0)  10
5
 ʄ; ʧʨʝʜʝʣ ʦʙʥʘ-

ʨʫʞʝʥʠʷ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʣʷʝʪ ï 

0,065 ʤʢʛ/ʩʤ
3 
(V=50 ʩʤ

3
). ʦʧʪ = 500 ʥʤ. ʎʠʥʢ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʨʙʠʨʫʝʪʩʷ ʦʩʥʦʚʦʡ.  

ʆʧʨʝʜʝʣʝʥʠʶ Zn (II) ʚ ʊʌ ʄʊʉ ʤʝʰʘʶʪ 

ʠʦʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ: 1:50-Fe (ɯɯɯ); 

1:100-Ca (II), Mg (II)., ʦʢʩʘʣʘʪʳ, ʪʘʨʪʨʘʪʳ; 1:500- 

Cu (ɯɯ), Pb (II), Hg (ɯɯ), Cd (ɯɯ), Co (II), Al (III), Sn 

(IV), Zr (IV), Ti (IV), ʬʪʦʨʠʜʳ, ʩʫʣʴʬʘʪʳ, ʪʠʦ-

ʩʫʣʴʬʘʪʳ, ʘʮʝʪʘʪʳ; 1:1000-ʥʠʪʨʘʪʳ, ʙʨʦʤʠʜʳ, 

ʪʠʦʮʠʘʥʘʪʳ, ʭʣʦʨʠʜʳ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʭʠʤʠʟʤʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦ-

ʚʘʥʠʷ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ ʚʥʘʯʘʣʝ ʤʝʪʦʜʦʤ 

ʩʜʚʠʛʘ ʨʘʚʥʦʚʝʩʠʷ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 
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ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʦʤʧʣʝʢʩʝ  Zn : ʄʊʉ-ɸ = 1 : 1. 

ʉʦʚʧʘʜʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʢʦʤ-

ʧʣʝʢʩʦʚ Zn (II) ʩ ʄʊʉ ʚ ʨʘʩʪʚʦʨʝ ʠ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʪʦ ʩʦʦʪʥʦh ʝʥʠʝ (ʨʠʩ. 1) [6,13-15]. 

 
ʈʠʩ.2.  ɿʘʚʠʩʠʤʦʩʪʠ ʩʦʨʙʮʠʠ Zn (II) oʪ ʨʅ (1) ʠ  (2,3) 

(mc = 0,3 ʛ, V =50 ʩʤ3,  = 500 ʥʤ, ? = 0,1 ʩʤ, ʢʦʥʪʨʦʣʴʥʘ ̫ʧʨʦʙʘ ï 

ɸ; 1,2 -  = 24 ʯʘʩa; 2,3 - pH 3; 3 -  = 20 ʤʠʥ, ʋɿʆ ï 2 ʩʝʢ) 

Fig.2. Sorption extent dependences ɻ% = f (ʨH (1) and  (2,3)) 

(ms=0,3 g; V=50 ml;  = 500 ʥʤ, ? = 0,1 sʤ, reference sistem - A; 

1,2 ï = 24 h; 2 3 ï pH 3; 3 -  = 20 min, ultrasonic ï 2 sec). 

 

ʊʦ ʝʩʪʴ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʨʅ 3 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʊʌ ʩʠʩʪʝʤʝ, ʢʘʢ ʠ ʚ ʨʘʩ-

ʪʚʦʨʝ, ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʟʘʤʝʱʝʥʠʷ ʜʚʫʭ ʠʦʥʦʚ 

ʚʦʜʦʨʦʜʘ ʚ ʦʜʥʦʡ ʠʟ ʠʤʠʥʦʜʠʘʮʝʪʘʪʥʳʭ ʛʨʫʧʧ ʠ 

ʢʦʦʨʜʠʥʘʮʠʠ ʩ ʘʟʦʪʦʤ ʠʤʠʥʦ-ʛʨʫʧʧʳ ʩ ʦʙʨʘʟʦʚʘʥʠ-

ʝʤ ʜʚʫʭ ʮʠʢʣʦʚ. ʋʯʠʪʳʚʘʣʠ ʪʘʢʞʝ ʬʦʨʤʫ, ʚ ʚʠʜʝ 

ʢʦʪʦʨʦʡ Zn (II) ʤʦʞʝʪ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ ʩ ʊʌ ʄʊʉ 

ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʯʝ-

ʪʘʤʠ ʮʠʥʢ ʧʨʠ ʨʅ 3 ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʛʠʜʨʦʣʠʟʦʚʘʥ-

ʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʊʦʛʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʩʠʩʪʝʤʝ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Zn
 2
 
+
    +   H5R -ɸ        ZnH4R-ɸ  +  ʅ

+ 

ʇʦʩʢʦʣʴʢʫ ʨʘʥʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʦʭʨʦʤʥʳʭ ʠʥʜʠʢʘ-

ʪʦʨʦʚ ʩ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʚʣʠʷʝʪ ʧʦʣʠʤʝʨʥʘʷ 

ʤʘʪʨʠʮʘ ʩʦʨʙʝʥʪʘ [16], ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʥʩʪʘʥʪʫ 

ʩʪʦʡʢʦʩʪʠ, ʦʯʝʚʠʜʥʦ, ʥʝʢʦʨʨʝʢʪʥʦ. ʇʦʵʪʦʤʫ ʥʘʭʦ-

ʜʠʣʠ ʫʩʣʦʚʥʫʶ ʢʦʥʩʪʘʥʪʫ ʩʪʦʡʢʦʩʪʠ ʧʦ ʩʭʝʤʝ, 

ʦʧʠʩʘʥʥʦʡ ʚ [17-20]. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʝʝ ʨʘʚʥʦ 

lg ʫʤ = 4,91  0,03. 

ʅʘ ʨʠʩ.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʟʦʪʝʨʤʘ ʩʦʨʙʮʠʠ 

ʮʠʥʢʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢ S-ʪʠʧʫ ʧʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɻ.ʇʘʨʬʠʪʘ ʠ ʂ. ʈʦʯʝʩʪʝʨʘ [21] ʠ 

ʣʠʥʝʘʨʠʟʦʚʘʥʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ [C] / a  [C], ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʯʥʦʡ ʩʚʷʟʠ 

ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʦʤ ʠ ʘʥʠʦʥʠʪʦʤ. ɺ ʩʠʩʪʝʤʝ ʥʘ-

ʙʣʶʜʘʝʪʩʷ ʘʜʩʦʨʙʮʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʚʦʜʳ) ʠ ʧʦ-

ʣʠʤʦʣʝʢʫʣʷʨʥʘʷ ʘʜʩʦʨʙʮʠʷ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʝʤʢʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦ-

ʛʦ ʩʦʨʙʝʥʪʘ ʧʦ ʮʠʥʢʫ 1,36  10
5
 ʤʦʣʴ/ʛ ʙʣʠʟʢʘ ʝʛʦ 

ʝʤʢʦʩʪʠ ʧʦ ʤʦʜʠʬʠʢʘʪʦʨʫ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʫʢʘ-

ʟʳʚʘʪʴ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩ ʵʢʚʠʤʦʣʷʨʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ. 

 
ʈʠʩ.3. ʀʟʦʪʝʨʤʳ ʩʦʨʙʮʠʠ ʄʊʉ ʥʘ ɸ (1), Zn (II) ʥʘ ʄʊʉ-ɸ (2) 

(1 ï ʨʅ 6,  = 1 ʯʘʩ; 2 - ʨʅ 3, mc = 0,3 ʛ, V = 50 ʩʤ
3, 

  = 24 ʯʘʩa, ? = 0,1 ʩʤ, ʢʦʥʪʨʦʣʴʥʘ ̫ʧʨʦʙʘ - ɸ) 

Fig.3. Sorption isoterms of MTB on A (1) and Zn (ɯɯ) on MTB-ɸ (2) 

(1 ï ʨʅ 6,  = 1 h; 2 - ʨʅ 3, ms = 0,3 g, V = 50 ml,  = 24 h,  

? = 0,1 sm, reference sistem - ɸ) 

 

 ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦ-

ʢʦʣʠʯʝʩʪʚ ʮʠʥʢʘ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʚʦʜʝ ñʃʫʞʘʥ-

ʩʢʘʷò. 

ʄɽʊʆɼʀʂɸ ʆʇʈɽɼɽʃɽʅʀʗ 

 ʆʪʙʠʨʘʣʠ ʜʚʝ ʧʨʦʙʳ ʤʠʥʝʨʘʣʴʥʦʡ ʚʦʜʳ 

ʦʙʲʝʤʦʤ 1,5 ʜʤ
3
 ʢʘʞʜʘʷ. ɺ ʦʜʥʫ ʠʟ ʧʨʦʙ ʚʥʦʩʠʣʠ 

ʩʪʘʥʜʘʨʪʥʫʶ ʜʦʙʘʚʢʫ ʩʦʣʠ ʮʠʥʢʘ. ɿʘʪʝʤ ʢʘʞʜʫʶ 

ʠʟ ʧʨʦʙ ʨʘʟʜʝʣʷʣʠ ʥʘ 3 ʯʘʩʪʠ ʧʦ 500 ʩʤ
3
. ʆʙʨʘʟʮʳ 

ʚʦʜʳ ʧʦʜʢʠʩʣʷʣʠ ʜʦ ʨʅ 3. ɺ ʧʝʨʚʫʶ ʧʦʨʮʠʶ ʦʙ-

ʨʘʟʮʘ ʚʦʜʳ ʚʥʦʩʠʣʠ 0,3 ʛ ʊʌ ʄʊʉ, ʧʝʨʝʤʝʰʠʚʘʣʠ 

ʥʘ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ 15-20 ʤʠʥ, ʛʨʘʥʫʣʳ ʦʪʜʝ-

ʣʷʣʠ ʧʠʧʝʪʢʦʡ ʠ ʧʝʨʝʥʦʩʠʣʠ ʚ ʩʣʝʜʫʶʱʫʶ ʧʦʨ-

ʮʠʶ ʵʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ, ʧʝʨʝʤʝʰʠʚʘʣʠ 15-20 ʤʠ-

ʥʫʪ, ʧʝʨʝʥʦʩʠʣʠ ʚ ʪʨʝʪʴʶ ʧʦʨʮʠʶ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʚʦʜʳ ʠ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʳʝ ʦʧʝʨʘʮʠʠ. ɿʘʪʝʤ 

ʚʩʝ ʪʨʠ ʧʦʨʮʠʠ ʚʦʜʳ ʦʙʲʝʜʠʥʷʣʠ ʠ ʧʦʜʚʝʨʛʘʣʠ 

ʋɿʆ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 2-ʭ ʩʝʢʫʥʜ. ɿʘʪʝʤ ʛʨʘʥʫʣʳ 

ʦʪʜʝʣʷʣʠ, ʚʥʦʩʠʣʠ ʚ ʢʶʚʝʪʫ (? = 0,1ʩʤ) ʠ ʠʟʤʝʨʷʣʠ 

ʦʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʩʦʦʪ-

ʥʦʰʝʥʠʠ ʂ/ R ( ʦʧʪ = 500 ʥʤ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʠʦ-

ʥʠʪʘ. ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʚʦʜʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ 

ʚʪʦʨʦʡ ʧʨʦʙʳ. ʉʦʜʝʨʞʘʥʠʝ ʮʠʥʢʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʫʨʘʚʥʝʥʠʶ: ɸ = 0,05 + 4,5  mZn, ʤʛ/ʜʤ
3
 ʠʣʠ, ʧʦʣʴ-

ʟʫʷʩʴ ʛʨʘʬʠʯʝʩʢʠʤ ʚʘʨʠʘʥʪʦʤ ʤʝʪʦʜʘ ʜʦʙʘʚʦʢ.  


