
 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

 

ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ 

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ 

 

ʇɸʅʏɽʅʂʆ ʊɽʊʗʅɸ ɯɺɸʅɯɺʅɸ 

 

ʋɼʂ 541.49+546.562+546.74+546.73 

 

ɼʀʉɽʈʊɸʎɯʗ  

ʉʀʅʊɽɿ ɯ ɺʃɸʉʊʀɺʆʉʊɯ ɻɽʊɽʈʆʄɽʊɸʃɽɺʀʍ  

ʂʆʆʈɼʀʅɸʎɯʁʅʀʍ ʉʇʆʃʋʂ ɼɽʗʂʀʍ 3d-ʄɽʊɸʃɯɺ  

ɿ N,N'-ɹɯʉ(ʉɸʃɯʎʀʃɯɼɽʅ)ʉɽʄʀ-, ʊɯʆʉɽʄʀʂɸʈɹɸɿʀɼʆʄ  

02.00.01 ï ʥʝʦʨʛʘʥʽʯʥʘ ʭʽʤʽʷ 

10 ï ʇʨʠʨʦʜʥʠʯʽ ʥʘʫʢʠ 

 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʭʽʤʽʯʥʠʭ ʥʘʫʢ 

 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ. 
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ɸʅʆʊɸʎɯʗ 

ʇʘʥʯʝʥʢʦ ʊ. ɯ. ʉʠʥʪʝʟ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʪʝʨʦʤʝʪʘʣʝʚʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ 

ʜʝʷʢʠʭ 3d-ʤʝʪʘʣʽʚ ʟ N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-, ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʭʽʤʽʯʥʠʭ ʥʘʫʢ (ʜʦʢʪʦʨʘ 

ʬʽʣʦʩʦʬʽʾ) ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 02.00.01 çʅʝʦʨʛʘʥʽʯʥʘ ʭʽʤʽʷè (102 ʍʽʤʽʷ) ï 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ï ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ʃʴʚʽʚ, 2018. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʩʠʥʪʝʟʫ ʛʝʪʝʨʦʤʝʪʘʣʝʚʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ 

ʩʧʦʣʫʢ ʜʝʷʢʠʭ 3d-ʤʝʪʘʣʽʚ (Cu
2+

, Ni
2+
, Cʦ

2+
, Cd

2+
) ʟ N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-, 

ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʭ ʩʢʣʘʜʫ, ʙʫʜʦʚʠ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢ ʧʦʪʝʥʮʽʡʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʠ ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ 23 ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ 

ʢʫʧʨʫʤʫ(ɯɯ), ʥʽʢʦʣʫ(ɯɯ), ʢʦʙʘʣʴʪʫ(ɯɯ) ʽ ʢʘʜʤʽʶ(ɯɯ) ʟ N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-, 

ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ ʪʨʴʦʭ ʪʠʧʽʚ, 17 ʟ ʷʢʠʭ ʻ ʥʦʚʠʤʠ ʪʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʛʘʣʴʥʠʤ 

ʬʦʨʤʫʣʘʤ:  

ï ʄ
1
[ʄ

2
L'

1
]2

 
Ŀ ʭʅ2ʆ ʽ ʄ

1
[ʉʦL'

1
(ʅ2ʆ)2]2

 
Ŀ ʭʅ2ʆ, ʜʝ ʄ

1
 = Ca

2+
, Sr

2+
, Ba

2+
; 

ʄ
2
 = Cu

2+
, Ni

2+
; ʭ = 0 ï 5; ʅ3L

1
 = N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠʢʘʨʙʘʟʠʜ;  

ï ʄ
1
[ʄ

2
L'

2
]2

 
Ŀ ʭʅ2ʆ, ʜʝ ʄ

1
 = Ca

2+
, Sr

2+
, Ba

2+
; ʄ

2
 = Cu

2+
, Ni

2+
; ʭ = 1 ï 4; 

ʅ3L
2
 = N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜ;  

ï ʄ
1
[ʄ

2
L'

1 
Ŀ
 
ʄ

3
Cl3], ʜʝ ʄ

1
 = ʂ

+
, Nʅ4

+
; ʄ

2
 = Cu

2+
, Ni

2+
; ʄ

3
 = Sb

3+
, Bʽ

3+
; 

ʅ3L
1
 = N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠʢʘʨʙʘʟʠʜ.  

ʉʢʣʘʜ ʪʘ ʙʫʜʦʚʫ ʦʪʨʠʤʘʥʠʭ ʛʝʪʝʨʦʤʝʪʘʣʝʚʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ 

ʚʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʘʤʠ ʝʣʝʤʝʥʪʥʦʛʦ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʪʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʽʟʽʚ (ʈʉɸ), ʤʘʛʥʝʪʦʭʽʤʽʾ, ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʽʾ, ʢʦʥʜʫʢʪʦʤʝʪʨʽʾ ʪʘ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʢʘʪʽʦʥʘ ʤʝʪʘʣʫ ʽ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʥʘ 

ʩʢʣʘʜ ʛʝʪʝʨʦʤʝʪʘʣʝʚʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ 3d-ʤʝʪʘʣʽʚ (Cu
2+

, Ni
2+
, Cʦ

2+
, Cd

2+
) ʟ 

N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-, ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ: 

ï ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʟʘʛʘʣʴʥʦʾ ʬʦʨʤʫʣʠ ʄ
1
[ʄ

2
L'

1
]2 Ŀ ʭʅ2ʆ ʦʜʝʨʞʘʥʦ 

ʤʘʪʨʠʯʥʠʤ ʩʠʥʪʝʟʦʤ ʧʨʠ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʄ
1
 : ʄ

2
 : L'

1
 = 1 : 1 : 1, 



 II  

ʚ ʜʚʽ ʩʪʘʜʽʾ (ɯ ʩʪ.: ʨʅ = 6,5ï8,5; ɯɯ ʩʪ.: ʨʅ = 8,5ï10,5), ʙʝʟ ʚʠʜʽʣʝʥʥʷ ʧʨʦʤʽʞʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʄ
2
(ʅL

1
)Cl, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ɯ ʩʪʘʜʽʾ. ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ çʟʙʽʨʢʘè 

ʢʽʥʮʝʚʦʛʦ ʣʽʛʘʥʜʫ ï L'
1
 ʧʨʦʭʦʜʠʪʴ ʥʘ ʤʘʪʨʠʮʽ ʢʘʪʽʦʥʫ ʤʝʪʘʣʫ;  

ï ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʟʘʛʘʣʴʥʦʾ ʬʦʨʤʫʣʠ ʄ
1
[ʄ

2
L'

2
]2 Ŀ ʭʅ2ʆ ʦʜʝʨʞʘʥʦ 

ʤʘʪʨʠʯʥʠʤ ʩʠʥʪʝʟʦʤ ʧʨʠ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʄ
1
 : ʄ

2
 : L'

2
 = 1 : 1 : 1, 

ʚ ʜʚʽ ʩʪʘʜʽʾ (ɯ ʩʪ.: ʨʅ = 7,5ï8,5; ɯɯ ʩʪ.: ʨʅ = 8,5ï10,5), ʙʝʟ ʚʠʜʽʣʝʥʥʷ ʧʨʦʤʽʞʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʄ
2
(ʅL

2
)Cl, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ɯ ʩʪʘʜʽʾ. ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʠʡ ʞʝ ʧʦʨʷʜʦʢ 

ʧʨʦʭʦʜʞʝʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʪʘ ʥʘʩʪʫʧʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʤʽʥʠ ʣʽʛʘʥʜʥʦʾ 

ʩʢʣʘʜʦʚʦʾ: ; 

ï ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʟʘʛʘʣʴʥʦʾ ʬʦʨʤʫʣʠ ʄ
1
[ʄ

2
(L'

1
) Ŀ ʄ

3
Cl3] ʦʜʝʨʞʫʚʘʣʠ 

ʤʘʪʨʠʯʥʠʤ ʩʠʥʪʝʟʦʤ (ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʘʜʽʾ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʄ
1
[ʄ

2
(L'

1
)]) ʧʨʠ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʄ
1
 : ʄ

2
 : L'

1
 : ʄ

3
Cl3 = 1 : 1 : 1 : 1, ʚ ʪʨʠ ʩʪʘʜʽʾ. 

ʇʝʨʰʘ ʽ ʜʨʫʛʘ ʩʪʘʜʽʷ ʻ ʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʦʤ ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ 

ʩʧʦʣʫʢ, ʘ ʪʨʝʪʷ ï ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʶ ʚʟʘʻʤʦʜʽʻʶ çʞʦʨʩʪʢʦʾè ʢʠʩʣʦʪʠ ʃʴʶʾʩʘ 

ʄ
3
Cl3 ʟ çʞʦʨʩʪʢʦʶè ʦʩʥʦʚʦʶ ʄ

1
[ʄ

2
L'

1
] ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ɾʄʂʆ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠʨʦʜʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʡʦʥʫ ʤʝʪʘʣʫ ʚʠʟʥʘʯʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʟʤʽʥʠ ʣʽʛʘʥʜʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʘ ʩʪʘʜʽʡʥʽʩʪʴ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ: 

ï ʢʘʪʽʦʥ ʢʘʜʤʽʶ(ɯɯ) ʚʟʘʻʤʦʜʽʻ ʟ ʩʘʣʠʮʠʣʽʜʝʥʩʝʤʠʢʘʨʙʘʟʠʜʦʤ (ʅ2L
1
) ʚ ʦʜʥʫ 

ʩʪʘʜʽʶ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʅ2L
1
ĿCdCl2; 

ï ʢʘʪʽʦʥ ʢʫʧʨʫʤʫ(ɯɯ) ʚʟʘʻʤʦʜʽʻ ʟ ʪʨʴʦʭʟʘʨʷʜʥʠʤ ʘʥʽʦʥʦʤ N,N'-ʙʽʩ(ʦʢʩʠʩʘʣʽʮʠ-

ʣʽʜʝʥ)ʩʝʤʠʢʘʨʙʘʟʠʜʦʤ (L'
1
) ʚ ʜʚʽ ʩʪʘʜʽʾ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʄ

1
[ʄ

2
L'

1
]2 Ŀ ʭʅ2ʆ; 

ï ʢʦʤʧʣʝʢʩʠ ʄ
1
[ʄ

2
L'

1
] Ŀ ʭʅ2ʆ ʚʟʘʻʤʦʜʽʶʪʴ ʫ ʘʮʝʪʦʥʥʦ-ʭʣʦʨʦʬʦʨʤʥʦʤʫ 

ʨʦʟʯʠʥʽ ʟ ʄ
3
Cl3 ʚ ʪʨʠ ʩʪʘʜʽʾ (ʚʨʘʭʦʚʫʶʯʠ ʩʠʥʪʝʟ ʧʦʯʘʪʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ) ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʄ
1
[ʄ

2
(L'

1
) Ŀ ʄ

3
Cl3]. 

ɼʦʩʣʽʜʞʝʥʦ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʛʝʪʝʨʦʤʝʪʘʣʝʚʠʭ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʢʫʧʨʫʤʫ(ɯɯ), ʥʽʢʦʣʫ(ɯɯ) ʽ ʢʦʙʘʣʴʪʫ(ɯɯ) ʟ N,N'-ʙʽʩ(ʩʘʣʽʮʠ-

ʣʽʜʝʥ)ʩʝʤʠ-, ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ ʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʷʢ 

ʥʦʚʽ ʥʘʥʦʤʘʪʝʨʽʘʣʠ ʚ ʝʣʝʢʪʨʦʥʥʽʡ ʪʝʭʥʽʮʽ. ɺʠʷʚʣʝʥʦ, ʱʦ ʛʝʪʝʨʦʤʝʪʘʣʝʚʽ 

ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʢʫʧʨʫʤʫ(ɯɯ) ʘʙʦ ʥʽʢʦʣʫ(ɯɯ) ʽ ʣʫʞʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ 
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N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠʢʘʨʙʘʟʠʜʦʤ ʻ ʜʽʝʣʝʢʪʨʠʢʘʤʠ, ʘ ʘʥʘʣʦʛʽʯʥʽ ʟʘ ʩʢʣʘʜʦʤ 

ʢʦʤʧʣʝʢʩʠ ʥʘ ʦʩʥʦʚʽ ʢʦʙʘʣʴʪʫ(ɯɯ) ʪʘ ʛʝʪʝʨʦʤʝʪʘʣʝʚʽ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ Cu(II) ʽ 

Ni(II) ʥʘ ʦʩʥʦʚʽ N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʫ ï ʚʠʩʦʢʦʯʫʪʣʠʚʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʝʪʝʨʦʤʝʪʘʣʝʚʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ Cu(II) ʘʙʦ Ni(II) ʽ 

ʣʫʞʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-, ʯʠ ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ 

ʧʦʢʘʟʘʚ, ʱʦ ʟʘʤʽʥʘ ʩʝʤʠʢʘʨʙʘʟʦʥʘ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʘ ʥʘ ʪʽʦʩʝʤʠʢʘʨʙʘʟʦʥ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʘʥʘʣʦʛʽʯʥʠʭ ʟʘ ʩʢʣʘʜʦʤ 

ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢʘʭ, ʘ ʚʚʝʜʝʥʥʷ ʚ ʩʢʣʘʜ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʨ-ʝʣʝʤʝʥʪʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʽʥʪʝʨʚʘʣʫ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʧʦʥʠʞʝʥʥʷ 

ʯʫʪʣʠʚʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ʂʨʽʤ ʪʦʛʦ, ʩʠʥʪʝʟʦʚʘʥʽ ʛʝʪʝʨʦʤʝʪʘʣʝʚʽ ʩʧʦʣʫʢʠ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʷʢ ʚʠʭʽʜʥʽ 

ʨʝʯʦʚʠʥʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʨʦʩʪʠʤ ʽ ʥʝʝʥʝʨʛʦʻʤʥʠʤ ʤʝʪʦʜʦʤ ʧʦʜʚʽʡʥʠʭ ʦʢʩʠʜʽʚ 

BaNiO3 ʽ BaʉʦO3 ʩʪʨʫʢʪʫʨʠ ʧʝʨʦʚʩʢʽʪʫ, ʷʢʽ ʚ ʪʝʭʥʽʮʽ ʦʪʨʠʤʫʶʪʴ ʜʦʚʛʦʪʨʠʚʘʣʠʤ 

ʪʚʝʨʜʦʬʘʟʥʠʤ ʩʧʽʢʘʥʥʷʤ ʩʫʤʽʰʽ ʩʧʦʣʫʢ ʤʝʪʘʣʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʧʝʨʰʝ ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʽ ʚʠʜʽʣʝʥʽ 

ʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʤʫ ʩʪʘʥʽ 23 ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʢʫʧʨʫʤʫ(ɯɯ), ʥʽʢʦʣʫ(ɯɯ), 

ʢʦʙʘʣʴʪʫ(ɯɯ) ʽ ʢʘʜʤʽʶ(ɯɯ) ʟ N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-, ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ ʪʨʴʦʭ 

ʩʪʨʫʢʪʫʨʥʠʭ ʪʠʧʽʚ, 17 ʟ ʷʢʠʭ ʻ ʥʦʚʠʤʠ, ʩʢʣʘʜ ʽ ʙʫʜʦʚʫ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʘʤʠ 

ʝʣʝʤʝʥʪʥʦʛʦ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʢʦʥʜʫʢʪʦʤʝʪʨʽʾ, 

ʤʘʛʥʝʪʦʭʽʤʽʾ, ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʽʾ ʪʘ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʇʦʢʘʟʘʥʦ, ʱʦ ʫ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢʘʭ 3d-ʤʝʪʘʣʽʚ ʟ N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-,  

ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ ʮʝʥʪʨʘʣʴʥʠʡ ʘʪʦʤ ʤʝʪʘʣʫ ʢʦʦʨʜʠʥʫʻʪʴʩʷ  ʯʝʨʝʟ ʘʪʦʤʠ 

ʆʢʩʠʛʝʥʫ ʪʘ ʅʽʨʦʛʝʥʫ ʦʨʛʘʥʽʯʥʦʛʦ ʣʽʛʘʥʜʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʭʝʣʘʪʥʦʛʦ ʚʫʟʣʘ ʄ
2
O2N2 

(M
2
 = Cu

2+
, Ni

2+
, Co

2+
), ʪʦʜʽ ʷʢ ʧʨʠ ʜʦʜʘʪʢʦʚʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʄ

3
Cl3 (M

3
 = Sb

3+
, 

Bi
3+
) ʚʠʱʝ ʦʟʥʘʯʝʥʠʡ ʭʝʣʘʪʥʠʡ ʚʫʟʦʣ ʟʤʽʥʶʻʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʄ

2
O2N2 Ŀ ʄ

3
Cl3. 

ɺʧʝʨʰʝ ʤʝʪʦʜʦʤ ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʦʜʝʨʞʘʥʽ ʛʝʪʝʨʦʤʝʪʘʣʝʚʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ 

ʩʧʦʣʫʢʠ ʟʘʛʘʣʴʥʦʾ ʬʦʨʤʫʣʠ ʄ
1
[ʄ

2
L'

1
ʄ

3
Cl3], (ʄ

1
 = ʂ

+
, Nʅ4

+
; ʄ

2
 = Cu

2+
, Ni

2+
; 

ʄ
3
 = Sb

3+
, Bʽ

3+
), ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʪʨʠ ʨʽʟʥʠʭ ʟʘ ʭʽʤʽʯʥʦʶ ʧʨʠʨʦʜʦʶ ʢʘʪʽʦʥʠ 

ʤʝʪʘʣʫ (s-, p-, d-) ʪʘ ʯʦʪʠʨʠ ʭʝʣʘʪʥʠʭ ʮʠʢʣʠ. ʂʦʤʧʣʝʢʩʥʠʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ 
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ʜʦʩʣʽʜʞʝʥʥʷʤ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʚʩʪʘʥʦʚʣʝʥʦ ʪʠʧ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ (ʄ
1
ïʆ) ʪʘ 

ʮʝʥʪʨʠ ʢʦʦʨʜʠʥʘʮʽʾ ʢʘʪʽʦʥʽʚ ʤʝʪʘʣʽʚ (ʄ
2
, ʄ

3
) ʟ ʪʨʴʦʭʟʘʨʷʜʥʠʤ ʘʥʽʦʥʦʤ  

N,N'-ʙʽʩ(ʦʢʩʠʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠʢʘʨʙʘʟʠʜʦʤ (L'
1
), ʟʙʽʨʢʘ ʷʢʦʛʦ ʩʪʘʣʘ ʤʦʞʣʠʚʘ ʣʠʰʝ 

ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʚʠʱʝ ʦʟʥʘʯʝʥʠʭ ʛʝʪʝʨʦʤʝʪʘʣʝʚʠʭ ʢʦʤʧʣʝʢʩʽʚ. 

ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʚʟʘʻʤʦʜʽʾ 

ʩʝʤʠ-, ʪʽʦʩʝʤʠʢʘʨʙʘʟʦʥʫ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ (ʅ2L
1, 2
) ʟ ʜʝʷʢʠʤʠ 3d-ʤʝʪʘʣʘʤʠ ʚ 

ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʤʫ ʨʦʟʯʠʥʽ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ů-ʜʦʥʦʨʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʜʝʧʨʦʪʦʥʦʚʘʥʦʛʦ ʩʝʤʠ-, ʪʽʦʩʝʤʠʢʘʨʙʘʟʦʥʫ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ (ʅ2L
1, 2
) ʘʙʦ  

N,N'-ʙʽʩ(ʦʢʩʠʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-, ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʫ (L'
1
, L'

2
) ʪʘ ʢʘʪʽʦʥʽʚ ʤʝʪʘʣʽʚ 

(Cu
2+

, Cd
2+
), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ 

ʪʘ ʙʫʜʦʚʠ [Cu(ʅL
1
)Cl Ŀ ʅ2ʆ] ʪʘ ʅ2L

1 
Ŀ CdCl2. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʥʪʝʟʦʚʘʥʽ ʛʝʪʝʨʦʤʝʪʘʣʝʚʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʤʝʪʘʣʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʣʦʜʽʶʪʴ ʨʽʟʥʠʤʠ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʧʨʠʷʶʪʴ 

ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ 

ʛʝʪʝʨʦʤʝʪʘʣʝʚʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʢʫʧʨʫʤʫ(ɯɯ), ʥʽʢʦʣʫ(ɯɯ), ʢʦʙʘʣʴʪʫ(ɯɯ) ʽ 

ʢʘʜʤʽʶ(ɯɯ) ʟ N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-, ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ ʪʘ ʨʦʟʰʠʨʝʥʥʶ ʤʝʞʽ 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ, ʷʢ ʧʦʪʝʥʮʽʡʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʦʜʚʽʡʥʠʭ ʦʢʩʠʜʽʚ ʩʪʨʫʢʪʫʨʠ ʧʝʨʦʚʩʢʽʪʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘ ʢʘʬʝʜʨʽ ʭʽʤʽʾ ʪʘ ʤʝʪʦʜʠʢʠ 

ʥʘʚʯʘʥʥʷ ʭʽʤʽʾ ɺʽʥʥʠʮʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʽʤ. ʄ. ʂʦʮʶʙʠʥʩʴʢʦʛʦ, ʢʘʬʝʜʨʘʭ ʭʽʤʽʾ ʪʘ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ 

ʥʘʥʦʩʠʩʪʝʤ ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʇʨʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʝʥʦ 3 ʧʘʪʝʥʪʘʤʠ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ 

ʤʦʜʝʣʴ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ. 
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ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʨʠʯʥʠʡ ʩʠʥʪʝʟ, ʛʝʪʝʨʦʤʝʪʘʣʝʚʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ,  
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SUMMARY  

Tetiana I. Panchenko. Synthesis and properties of heterometal coordination 

compounds of some 3d-metals with N,N'-bis(salicylidenʝ)semi-, thiosemicarbazide. ï 

Qualifying scientific work printed as manuscript. 

The thesis for obtaining Ph.D. of chemical sciences (Doctor of Philosophy) by 

specialty 02.00.01 çInorganic chemistryè (102 ï Chemistry) ï Vinnytsia National 

Technical University ï Ivan Franko National University of Lviv, Lviv, 2018. 

The thesis is dedicated to the synthesis of heterometal coordination compounds of 

some 3d-metals (Cu
2+

, Ni
2+
, Cʦ

2+
, Cd

2+
) with N,N¡-bis(salicylidene)semi-, 

thiosemicarbazide, establishing their composition, structure and electroconductive 

properties as potential semiconductor materials. 

It has been developed methods of matrix synthesis of 23 coordination compounds of 

Copper(II), Nickel(II), Cobalt(II) and Cadmium(II) with N,N¡-bis(salicylidene)semi-, 

thiosemicarbazide of three types, 17 of which are new and correspond general formula: 

- ʄ1
[ʄ

2
L'

1
]2

 
Ŀ ʭʅ2ʆ and ʄ

1
[ʉʦL'

1
(ʅ2ʆ)2]2

 
Ŀ ʭʅ2ʆ, where ʄ

2
 = Cu

2+
, Ni

2+
; 

ʄ
1
 = Ca

2+
, Sr

2+
, Ba

2+
; ʭ = 0 ï 5; ʅ3L

1
 = N,N¡-bis(salicylidene)semicarbazide; 

- ʄ1
[ʄ

2
L'

2
]2

 
Ŀ ʭʅ2ʆ, where ʄ

2
 = Cu

2+
, Ni

2+
; ʄ

1
 = Ca

2+
, Sr

2+
, Ba

2+
; ʭ = 1ï4; 

ʅ3L
2
 = N,N¡-bis(salicylidene)thiosemicarbazide; 

- ʄ1
[ʄ

2
L'

1 
Ŀ
 
ʄ

3
Cl3], where ʄ

1
 = ʂ

+
, Nʅ4

+
; ʄ

2
 = Cu

2+
, Ni

2+
; ʄ

3
 = Sb

3+
, Bʽ

3+
; 

ʅ3L
1
 = N,N¡-bis(salicylidene)semicarbazide. 

Composition and structure of the obtained heterometal coordination compounds 

have been established by elemental, X-ray phase analysis and X-ray crystallography, 

magnetochemistry, thermogravimetric and conductivity analysis, IR-spectroscopy. 

It has been investigated an influence of metal cation and conditions of matrix 

synthesis on the composition of heterometal coordination compounds of 3d-metals (Cu
2+

, 

Ni
2+
, Cʦ

2+
, Cd

2+
) with N,N¡-bis(salicylidene)semi-, thiosemicarbazide and shown that: 

- coordination compounds of general formula ʄ
1
[ʄ

2
L'

1, 2
]2 Ŀ ʭʅ2ʆ have been 

obtained by matrix synthesis with stoichiometric ratio ʄ
1
 : ʄ

2
 : L'

1
 : ʄ

3
Cl3 = 1 : 1 : 1 : 1 
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in two stages (ɯ st.: ʨʅ = 6,5ï8,5; ɯɯ st.: ʨʅ = 8,5ï10,5) without the selection of 

intermediate complex ʄ
2
(ʅL

1
)Cl which is formed in the first stage. It has been 

established that the çassemblageè of the final ligand ï L'
1
 is carried out on the matrix of 

metal cation. 

- coordination compounds of general formula ʄ
1
[ʄ

2
(L'

1
) Ŀ ʄ

3
Cl3] have been 

obtained by matrix synthesis with stoichiometric ratio ʄ
1
 : ʄ

2
 : L'

2
 = 1 : 1 : 1 in two 

stages, (ɯ st.: ʨʅ = 7,5ï8,5; ɯɯ st.: ʨʅ = 8,5ï10,5) without the selection of intermediate 

complex ʄ
2
(ʅL

2
)Cl which is formed in the first stage. The same sequence of matrix 

synthesis and the following sequence of change of the ligand component 

 has been established; 

- coordination compounds of general formula ʄ
1
[ʄ

2
(L'

1
) Ŀ ʄ

3
Cl3] have been 

obtained by matrix synthesis (with considering the stage of the complex ʄ
1
[ʄ

2
(L'

1
)] 

obtaining) with stoichiometric ratio ʄ
1
 : ʄ

2
 : L'

1
 : ʄ

3
Cl3 = 1 : 1 : 1 : 1 in three stages. 

The first and second stage are the classical method of matrix synthesis of coordination 

compounds, and the third is the acid-base interaction of the çhardè Lewis acid ʄ
3
Cl3 with 

the çhardè base ʄ
1
[ʄ

2
L'

1
] within of the HSAB theory. 

It has been established that the nature of the central metal ion determines the 

change sequence of the ligand content and stages of the complexation: 

- Cadmium(II) cation reacts with salicylidenesemicarbazide (ʅ2L
1
) in one stage 

with the formation of a complex ʅ2L
1
ĿCdCl2; 

- Copper(II) cation reacts with triple-charged N,N¡-bis(oxy-

salicylidene)semicarbazide anion (L'
1
) in two stages with the formation of a complex 

ʄ
1
[ʄ

2
L'

1
]2 Ŀ ʭʅ2ʆ; 

- complexes ʄ
1
[ʄ

2
L'

1
] Ŀ ʭʅ2ʆ react in acetone-chloroform solution with ʄ

3
Cl3 

in three stages (considering the synthesis of the initial complex) with the formation of 

coordination compounds ʄ
1
[ʄ

2
(L'

1
) Ŀ ʄ

3
Cl3]. 

The electroconductive properties of synthesized heterometal coordination 

compounds of Copper(II), Nickel(II) and Cobalt(II) with N,N¡-bis(salicylidene)semi-, 
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thiosemicarbazide have been investigated and shown that they can be used as new 

nanomaterials in electronics. It has been found that the heterometal coordination 

compounds of Copper(II) or Nickel(II) and alkaline-earth elements with N,N'-bis(salicy-

lidene)semicarbazide are dielectrics, and similar Cobalt(II) -based complexes and 

heterometal Cu(II) and Ni(II) complex compounds based on N,N'-bis(salicy-

lidene)thiosemicarbazide ï highly sensitive semiconductor materials. A comparative 

analysis of the electroconductive properties of Cu(II) or Ni(II) heterometal complex 

compounds and alkaline-earth elements with N,N'-bis(salicylidenʝ)semi- or 

thiosemicarbazide has been shown that the replacement of semicarbazone of salicylic 

aldehyde on thiosemicarbazone leads to the appearance of semiconducting properties in 

similar on the composition complex compounds, and the p-element introduction into the 

composition of complex compounds leads to an expansion of the operating temperature 

range and a decrease in the sensitivity of the semiconductor material. 

In addition, synthesized heterometal compounds can act as initial materials for 

obtaining by simple and non-energetic method the double perovskite oxides BaNiO3 and 

BaCoO3, which in the technique are obtained by the long-term solid phase sintering of a 

mixture of metal compounds. 

Scientific novelty of the obtained results. For the first time has been synthesized 

and isolated 23 coordinating compounds of Copper(II), Nickel(II), Cobalt(II) and 

Cadmium(II) with N,N¡-bis(salicylidene)semi-, thiosemicarbazide of three structural 

types, 17 of which are new and their composition and structure have been determined by 

elemental, X-ray phase analysis and crystallography, conductivity analysis, 

magnetochemistry, thermogravimetric and IR-spectroscopy. It has been shown that in the 

coordination compounds of 3d-metals with N,N¡-bis(salicylidene)semi-, 

thiosemicarbazide the central metal atom is coordinated through the Oxygen and 

Nitrogen atoms of the organic ligand with the formation of chelate unit ʄ
2
O2N2 (M

2
 = 

Cu
2+

, Ni
2+

, Co
2+

), while with the additional use of ʄ
3
Cl3 (M

3
 = Sb

3+
, Bi

3+
), the above-

mentioned chelate unit changes to the next ʄ
2
O2N2 Ŀ ʄ

3
Cl3. 
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For the first time using matrix synthesis have been obtained heterometal 

coordination compounds of the general formula ʄ
1
[ʄ

2
L'

1
ʄ

3
Cl3], (ʄ

1
 = ʂ

+
, Nʅ4

+
; ʄ

2
 

= Cu
2+

, Ni
2+
; ʄ

3
 = Sb

3+
, Bʽ

3+
) which include three different in their nature metal cations 

(s-, p-, d-) and four chelate cycles. With the complex physicochemical research of the 

synthesized compounds has been determined the type of chemical bond (ʄ
1
ïʆ) and 

coordination centers of metals cations (ʄ
2
, ʄ

3
) with triple-charged N,N¡-bis(oxy-

salicylidene)semicarbazide anion (L'
1
), the assembly of which became possible only 

during the matrix synthesis of the above-mentioned heterometal complexes. 

For the first time has been proposed sequence and explained feature of the 

interaction of semi-, thiosemicarbazone of salicylic aldehyde (ʅ2L
1, 2

) with some  

3d-metals in aqueous-alcohol solution. There has been established the ů-donor activity of 

deprotonated semi-, thiosemicarbazone of salicylic aldehyde (ʅ2L
1, 2

) or N,N'-bis(oxysa-

licylidene)semi-, thiosemicarbazide (L'
1
, L'

2
) with metal cations (Cu

2+
, Cd

2+
) which leads 

to the formation of the coordination compounds of different composition and structure 

[Cu(ʅL
1
)Cl Ŀ 2ʅ2ʆ] and ʅ2L

1 
Ŀ CdCl2. 

It also has been determined that synthesized coordination compounds depending on 

the metal nature and temperature have different electroconductive properties and can be 

used as semiconducting materials. 

The practical value of the obtained results. The obtained results contribute to the 

further development of the purposeful method of matrix synthesis of heterometal 

coordination compounds of Copper(II), Nickel(II), Cobalt(II) and Cadmium(II) with  

N,N¡-bis(salicylidene)semi-, thiosemicarbazide and extending the limits of its use for the 

obtaining of coordination compounds as potential semiconductor materials in 

microelectronics and initial materials for the production of double perovskite oxides. The 

results of the thesis are used in educational process in Department of Chemistry and 

Teaching Methodology in M. Kotsubynskiy Vinnytsia National Pedagogical University, 

Department of Chemistry and Chemical Technology and Department of Electronics and 

Nanosystems in Vinnytsia National Technical University. The practical value of the 

obtained results is confirmed by 3 Ukrainian patents and corresponding implementation 

acts. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ 

ɯʏ ï ʽʥʬʨʘʯʝʨʚʦʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ 

ɼʄʌɸ ï ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜ 

ɼʄʉʆ ï ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ 

ʉʂ ï ʩʝʤʠʢʘʨʙʘʟʠʜ   

ʊʉʂ ï ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜ   

ʉʉɸ ï ʩʝʤʠʢʘʨʙʘʟʦʥ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ  

ʊʉɸ ï ʪ̔ ʦʩʝʤʠʢʘʨʙʘʟʦʥ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ  

ʉɸ ï ʩʘʣʽʮʠʣʦʚʠʡ ʘʣʴʜʝʛʽʜ 

ɾʄʂʆ ï ʪʝʦʨʽʷ çɾʦʨʩʪʢʠʭ, ʤôʷʢʠʭ ʢʠʩʣʦʪ ʽ ʦʩʥʦʚè ʇʽʨʩʦʥʘ 

ʊʨʦʟʢʣ ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʢʣʘʜʘʥʥʷ 

ʊʂʆ ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ 

ɺ ï ʯʫʪʣʠʚʽʩʪʴ 

ʋʤʦʚʥʝ  

ʩʢʦʨʦʯʝʥʥʷ 
ʉʪʨʫʢʪʫʨʥʘ ʬʦʨʤʫʣʘ ʅʘʟʚʘ ɯʖʇɸʂ 

ʅʘʟʚʘ ʟʘ ʨʘʮʽʥʘʣʴʥʦ-

ʟʘʤʽʩʥʠʢʦʚʦʶ 

ʥʦʤʝʥʢʣʘʪʫʨʦʶ 

ʅ2L
1 

 

(ɽ)-2-(2-ʛʽʜʨʦʢʩʠʙʝʥʟʠʣʽ-

ʜʝʥ)ʛʽʜʨʘʟʠʥʢʘʨʙʦʢʩʘʤʽʜ 

ʉʘʣʽʮʠʣʽʜʝʥʩʝʤʠʢʘʨʙʘ-

ʟʠʜ 

ʅ2L
2 

 

(ɽ)-2-(2-ʛʽʜʨʦʢʩʠʙʝʥʟʠʣʽ-

ʜʝʥ)ʛʽʜʨʘʟʠʥʢʘʨʙʦʪʽʦʘʤʽʜ 

ʉʘʣʽʮʠʣʽʜʝʥʪʽʦʩʝʤʠ-

ʢʘʨʙʘʟʠʜ 

ʅ3L
1 

 

(2E,NE)-N,2-ʙʽʩ(2-ʛʽʜʨʦʢʩʠʙʝ-

ʥʟʠʣʽʜʝʥ)ʛʽʜʨʘʟʠʥʢʘʨʙʦʢʩʘʤʽʜ 

N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽ-

ʜʝʥ)ʩʝʤʠʢʘʨʙʘʟʠʜ 

ʅ3L
2 

 

(2ɽ,NE)-N,2-ʙʽʩ(2-ʛʽʜʨʦʢ-

ʩʠʙʝʥʟʠʣʽʜʝʥ)ʛʽʜʨʘʟʠʥʢʘʨ-

ʙʦʪʽʦʘʤʽʜ 

N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽ-

ʜʝʥ)ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜ 

L'1 

 

(1ɽ, NE, N'E) -N,N'-ʙʽʩ (2-

ʦʢʩʠʜʦʙʝʥʟʠʣʽʜʝʥ) ʢʘʨʙʘ-

ʤʦʛʽʜʨʘʟʦʥʘʪ 

N,N'-ʙʽʩ(ʦʢʩʠʩʘʣʽʮʠʣʽ-

ʜʝʥ)ʩʝʤʠʢʘʨʙʘʟʠʜʦ 

L'2 

 

(1ɽ, NE, N'E) -N,N'-ʙʽʩ (2-

ʦʢʩʠʜʦʙʝʥʟʠʣʽʜʝʥ)ʢʘʨʙʘ-

ʤʦʛʽʜʨʘʟʦʥʪʽʦʘʪ 

N,N'-ʙʽʩ(ʦʢʩʠʩʘʣʽʮʠʣʽ-

ʜʝʥ)ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʦ 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ʍʽʤʽʷ ʛʝʪʝʨʦʤʝʪʘʣʝʚʠʭ ʨ-, d-, f-ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ 

ʩʧʦʣʫʢ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʥʘʙʫʣʘ ʰʠʨʦʢʦʛʦ ʨʦʟʚʠʪʢʫ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʾʭ ʦʩʦʙʣʠʚʠʤʠ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʦʙʫʤʦʚʣʝʥʽ ʥʘʷʚʥʽʩʪʶ ʚ ʦʜʥʽʡ ʤʦʣʝʢʫʣʽ 

ʜʝʢʽʣʴʢʦʭ ʤʝʪʘʣʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʪʘ ʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʧʦʣʫʢ ʚ 

ʝʣʝʢʪʨʦʥʽʮʽ, ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ, ʷʜʝʨʥʽʡ ʝʥʝʨʛʝʪʠʮʽ ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʻʤʥʠʭ ʩʫʯʘʩʥʠʭ 

ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʉʠʥʪʝʟ ʪʘʢʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʻ ʩʢʣʘʜʥʠʤ ʪʘ 

ʙʘʛʘʪʦʩʪʘʜʽʡʥʠʤ ʧʨʦʮʝʩʦʤ, ʧʨʦʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʛʝʪʝʨʦʤʝʪʘʣʝʚʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʟ ʆ-, N-, S-ʚʤʽʩʥʠʤʠ 

ʣʽʛʘʥʜʥʠʤʠ ʩʠʩʪʝʤʠ, ʜʦʙʫʚʘʥʥʷ ʷʢʠʭ ʽʥʢʦʣʠ ʤʦʞʣʠʚʝ ʣʠʰʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ ʩʠʥʪʝʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ. ʂʨʽʤ ʪʦʛʦ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʰʠʨʦʢʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʥʪʝʪʠʯʥʽʡ ʢʦʦʨʜʠʥʘʮʽʡʥʽʡ ʭʽʤʽʾ ʢʣʘʩʠʯʥʠʭ ʣʽʛʘʥʜʥʠʭ ʩʠʩʪʝʤ 

(ʦʩʥʦʚ ʐʠʬʬʘ) ʟ ʨʽʟʥʠʤʠ ʤʝʪʘʣʘʤʠ, ʧʠʪʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʨʝʘʢʮʽʡʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʪʘ ʚʠʷʚʣʝʥʥʶ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʾʭ ʫʪʚʦʨʝʥʥʷ 

ʧʨʠʩʚʷʯʝʥʦ ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʱʦ, ʙʝʟʫʤʦʚʥʦ, ʧʦʚôʷʟʘʥʦ ʽʟ 

ʩʢʣʘʜʥʽʩʪʶ ʧʨʦʭʦʜʞʝʥʥʷ ʪʘʢʠʭ ʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ʄʽʞ ʽʥʰʠʤ, ʩʘʤʝ ʧʨʠʨʦʜʘ 

ʢʘʪʽʦʥʘ ʤʝʪʘʣʫ, ʦʩʦʙʣʠʚʦʩʪʽ ʡʦʛʦ ʝʣʝʢʪʨʦʥʥʦʾ ʙʫʜʦʚʠ ʪʘ ʧʨʦʩʪʦʨʦʚʦʾ ʛʝʦʤʝʪʨʽʾ, 

ʷʢ ʤʘʪʨʠʮʽ, ʥʘ ʷʢʽʡ ʧʨʦʭʦʜʠʪʴ çʟʙʽʨʢʘè ʦʨʛʘʥʽʯʥʠʭ ʣʽʛʘʥʜʽʚ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʚ 

ʥʠʭ ʢʦʦʨʜʠʥʫʶʯʠʭ ʆ-, N-, S-ʝʣʝʢʪʨʦʥʥʦʜʦʥʦʨʥʠʭ ʮʝʥʪʨʽʚ ʚʠʟʥʘʯʘʶʪʴ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ, ʩʢʣʘʜ, ʙʫʜʦʚʫ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʽʥʮʝʚʠʭ ʛʝʪʝʨʦʤʝʪʘʣʝʚʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ.    

ʋ ʟʚôʷʟʢʫ ʟ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʤ, ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ 

ʛʝʪʝʨʦʤʝʪʘʣʝʚʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʟ ʨʽʟʥʦʶ ʢʦʤʙʽʥʘʮʽʻʶ ʤʝʪʘʣʽʚ, ʚʠʷʚʣʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʭʦʜʞʝʥʥʷ ʨʝʘʢʮʽʾ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʫ, ʙʫʜʦʚʠ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʤʦʞʣʠʚʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʩʧʦʣʫʢ ʚ ʥʘʫʢʦʻʤʥʠʭ ʪʘ ʩʫʯʘʩʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʭʽʤʽʾ ʷʢ ʚ ʪʝʦʨʝʪʠʯʥʦʤʫ, ʪʘʢ ʽ ʚ 

ʧʨʘʢʪʠʯʥʦʤʫ ʧʣʘʥʽ. 
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ɿʚô̫ ʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠʩʝʨʪʘʮʽʡʥʘ 

ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʥʘ ʢʘʬʝʜʨʽ ʭʽʤʽʾ ʪʘ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ɺʽʥʥʠʮʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʫʢʦʚʦ-ʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫ 

ʜʝʨʞʘʚʥʦʾ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

"ʈʦʟʨʦʙʢʘ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ 3d- ʪʘ 4f-ʤʝʪʘʣʽʚ ʟ N-, O-,  

S-ʚʤʽʩʥʠʤʠ ʦʨʛʘʥʽʯʥʠʤʠ ʣʽʛʘʥʜʘʤʠ ʚ ʚʦʜʥʦ-ʦʨʛʘʥʽʯʥʠʭ ʪʘ ʦʨʛʘʥʽʯʥʠʭ 

ʨʦʟʯʠʥʥʠʢʘʭ" (2014-2018 ʨʨ.,  ̄ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0114U004691). 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʁ ʨʦʙʦʪʠ ʻ ʩʠʥʪʝʟ ʛʝʪʝʨʦʤʝʪʘʣʝʚʠʭ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʜʝʷʢʠʭ 3d-ʤʝʪʘʣʽʚ ʟ N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-,  

ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʭ ʩʢʣʘʜʫ, ʙʫʜʦʚʠ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢ ʧʦʪʝʥʮʽʡʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ 

ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ: 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʠ ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʛʝʪʝʨʦʤʝʪʘʣʝʚʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ 

ʩʧʦʣʫʢ ʢʫʧʨʫʤʫ(ɯɯ), ʥʽʢʦʣʫ(ɯɯ), ʢʦʙʘʣʴʪʫ(ɯɯ) ʽ ʢʘʜʤʽʶ(ɯɯ) ʟ N,N'-ʙʽʩ(ʩʘʣʽʮʠ-

ʣʽʜʝʥ)ʩʝʤʠ-, ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ; 

ï ʚʩʪʘʥʦʚʠʪʠ ʩʢʣʘʜ ʪʘ ʙʫʜʦʚʫ ʦʪʨʠʤʘʥʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ;  

ï ʜʦʩʣʽʜʠʪʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ 

ʜʝʷʢʠʭ 3d-ʤʝʪʘʣʽʚ ʟ N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-,  ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ; 

ï ʚʩʪʘʥʦʚʠʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʘ ʦʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ 

ʜʦʩʣʽʜʞʝʥʠʭ ʨʝʘʢʮʽʷʭ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ; 

ï ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʷʢ ʧʦʪʝʥʮʽʡʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ N-, O-, S-ʚʤʽʩʥʠʭ ʦʨʛʘʥʽʯʥʠʭ 

ʣʽʛʘʥʜʽʚ ʟ ʨ-, d-, f-ʤʝʪʘʣʘʤʠ, ʙʫʜʦʚʘ ʪʘ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʤʘʪʨʠʯʥʠʡ ʩʠʥʪʝʟ, ʙʫʜʦʚʘ, ʭʽʤʽʯʥʽ, ʩʧʝʢʪʨʘʣʴʥʽ ʪʘ 

ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʪʝʨʦʤʝʪʘʣʝʚʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʜʝʷʢʠʭ 

3d-ʤʝʪʘʣʽʚ ʟ N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-,  ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʤʽʩʪ ʤʝʪʘʣʽʚ ʚ ʩʠʥʪʝʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʚʠʟʥʘʯʘʣʠ 

ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʾʭ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ: ʢʫʧʨʫʤ ï ʡʦʜʦʤʝʪʨʠʯʥʦ; ʥʽʢʦʣ, 
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ʙʽʩʤʫʪ, ʙʘʨʽʡ ʽ ʩʪʨʦʥʮʽʡ ï ʛʨʘʚʽʤʝʪʨʠʯʥʦ; ʢʦʙʘʣʴʪ ʽ ʢʘʣʴʮʽʡ ï 

ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʥʠʤ ʪʠʪʨʫʚʘʥʥʷʤ, ʩʪʠʙʽʡ ï ʙʨʦʤʘʪʦʤʝʪʨʠʯʥʠʤ ʪʠʪʨʫʚʘʥʥʷʤ, 

ʚʤʽʩʪ ʥʽʪʨʦʛʝʥʫ ï ʤʽʢʨʦʤʝʪʦʜʦʤ ʟʘ ʤʝʪʦʜʠʢʦʶ ɼʶʤʘ, ʭʣʦʨʫ ï ʰʣʷʭʦʤ ʩʧʘʣʶʚʘʥʥʷ 

ʥʘʚʘʞʢʠ ʚ ʘʪʤʦʩʬʝʨʽ ʢʠʩʥʶ ʟ ʧʦʜʘʣʴʰʠʤ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʤ ʪʠʪʨʫʚʘʥʥʷʤ. ʉʢʣʘʜ 

ʪʘ ʙʫʜʦʚʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʚʠʟʥʘʯʘʣʠ ʝʣʝʤʝʥʪʥʠʤ ʪʘ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʤ ʘʥʘʣʽʟʦʤ, ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ (ʩʧʝʢʪʨʦʤʝʪʨ Perkin-Elmer-577) ʪʘ 

ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ ʜʠʬʫʟʥʦʛʦ ʚʽʜʙʠʪʪʷ (ɯʏ-ʬʫʨôʻ ʩʧʝʢʪʨʦʤʝʪʨ Nicolet iS10), 

ʤʘʛʥʝʪʦʭʽʤʽʻʶ, ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʽʻʶ, ʢʦʥʜʫʢʪʦʤʝʪʨʽʻʶ ʪʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʤ 

ʘʥʘʣʽʟʦʤ (ʈʉɸ), ʘ ʧʽʜʪʚʝʨʜʞʫʚʘʣʠ ï ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ. 

ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʦʣʫʢ ʚʠʚʯʘʣʠ ʝʣʝʢʪʨʦʤʝʪʨʦʤ ɯʊʅ-7 ʪʘ ʚʦʣʴʪʤʝʪʨʦʤ 

ʝʣʝʢʪʨʦʥʥʠʤ ʮʠʬʨʦʚʠʤ ɺʂ7-10 ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʘʦʤʤʝʪʨʘ ɽ6-13ɸ (ʜʽʘʧʘʟʦʥ 

ʚʠʤʽʨʶʚʘʥʴ 10 ï 10
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 ʆʤ). ʊʝʤʧʝʨʘʪʫʨʫ ʢʦʥʪʨʦʣʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʧʘʨʠ 

ʤʽʜʴ-ʢʦʥʩʪʘʥʪʘʥ ʽ ʧʦʪʝʥʮʽʦʤʝʪʨʘ ʇʇ-63. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʧʝʨʰʝ ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʡ 

ʚʠʜʽʣʝʥʽ ʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʤʫ ʩʪʘʥʽ 23 ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʢʫʧʨʫʤʫ(ɯɯ), 

ʥʽʢʦʣʫ(ɯɯ), ʢʦʙʘʣʴʪʫ(ɯɯ) ʽ ʢʘʜʤʽʶ(ɯɯ) ʟ N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-, ʪʽʦʩʝʤʠ-

ʢʘʨʙʘʟʠʜʦʤ ʪʨʴʦʭ ʪʠʧʽʚ, 17 ʟ ʷʢʠʭ  ̒ʥʦʚʠʤʠ, ʩʢʣʘʜ ʽ ʙʫʜʦʚʫ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʦ 

ʤʝʪʦʜʘʤʠ ʝʣʝʤʝʥʪʥʦʛʦ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ, 

ʢʦʥʜʫʢʪʦʤʝʪʨʽʾ, ʤʘʛʥʝʪʦʭʽʤʽʾ, ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʽʾ ʪʘ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʫ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢʘʭ 3d-ʤʝʪʘʣʽʚ ʟ N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-, 

ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ ʮʝʥʪʨʘʣʴʥʠʡ ʘʪʦʤ ʤʝʪʘʣʫ ʢʦʦʨʜʠʥʫʻʪʴʩʷ ʯʝʨʝʟ ʘʪʦʤʠ 

ʆʢʩʠʛʝʥʫ ʪʘ ʅʽʪʨʦʛʝʥʫ ʦʨʛʘʥʽʯʥʦʛʦ ʣʽʛʘʥʜʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʭʝʣʘʪʥʦʛʦ ʚʫʟʣʘ ʄ
2
O2N2 

(M
2
 = Cu

2+
, Ni

2+
, Co

2+
), ʪʦʜʽ ʷʢ ʟʘ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʄ

3
Cl3 (M

3
 = Sb

3+
, Bi

3+
) 

ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʡ ʭʝʣʘʪʥʠʡ ʚʫʟʦʣ ʟʤʽʥʶʻʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ï  ʄ
2
O2N2 Ŀ ʄ

3
Cl3. 

ɺʧʝʨʰʝ ʤʝʪʦʜʦʤ ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʦʜʝʨʞʘʥʽ ʛʝʪʝʨʦʤʝʪʘʣʝʚʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ 

ʩʧʦʣʫʢʠ ʟʘʛʘʣʴʥʦʾ ʬʦʨʤʫʣʠ ʄ
1
[ʄ

2
L'

1
ʄ

3
Cl3], (ʄ

1
 = ʂ

+
, Nʅ4

+
; ʄ

2
 = Cu

2+
, Ni

2+
; 

ʄ
3
 = Sb

3+
, Bʽ

3+
), ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʪʨʠ ʨʽʟʥʠʭ ʟʘ ʭʽʤʽʯʥʦʶ ʧʨʠʨʦʜʦʶ ʢʘʪʽʦʥʠ 

ʤʝʪʘʣʫ (s-, p-, d-), ʪʘ ʯʦʪʠʨʠ ʭʝʣʘʪʥʠʭ ʮʠʢʣʠ. ʂʦʤʧʣʝʢʩʥʠʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ 

ʜʦʩʣʽʜʞʝʥʥʷʤ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʚʩʪʘʥʦʚʣʝʥʦ ʪʠʧ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ (ʄ
1
ïʆ) ʪʘ 

ʮʝʥʪʨʠ ʢʦʦʨʜʠʥʘʮʽʾ ʢʘʪʽʦʥʽʚ ʤʝʪʘʣʽʚ (ʄ
2
, ʄ

3
) ʟ ʪʨʴʦʭʟʘʨʷʜʥʠʤ ʘʥʽʦʥʦʤ  
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 N,N'-ʙʽʩ(ʦʢʩʠʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠʢʘʨʙʘʟʠʜʦʤ (L'
1
), ʟʙʽʨʢʘ ʷʢʦʛʦ ʩʪʘʣʘ ʤʦʞʣʠʚʘ ʣʠʰʝ 

ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʚʠʱʝ ʦʟʥʘʯʝʥʠʭ ʛʝʪʝʨʦʤʝʪʘʣʝʚʠʭ ʢʦʤʧʣʝʢʩʽʚ. 

ɺʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʚʟʘʻʤʦʜʽʾ 

ʩʝʤʠ-, ʪʽʦʩʝʤʠʢʘʨʙʘʟʦʥʫ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ (ʅ2L
1, 2
) ʟ ʜʝʷʢʠʤʠ 3d-ʤʝʪʘʣʘʤʠ ʚ 

ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʤʫ ʨʦʟʯʠʥʽ. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ů-ʜʦʥʦʨʥʦ ʾ ʘʢʪʠʚʥʦʩʪʽ 

ʜʝʧʨʦʪʦʥʦʚʘʥʦʛʦ ʩʝʤʠ-, ʪʽʦʩʝʤʠʢʘʨʙʘʟʦʥʫ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ (ʅ2L
1, 2
) ʘʙʦ 

N,N'-ʙʽʩ(ʦʢʩʠʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-, ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʫ (L'
1
, L'

2
) ʪʘ ʢʘʪʽʦʥʽʚ ʤʝʪʘʣʽʚ 

(Cu
2+

, Cd
2+

), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ 

ʪʘ ʙʫʜʦʚʠ [Cu(ʅL
1
)Cl] Ŀ 2ʅ2ʆ ʪʘ ʅ2L

1 
Ŀ CdCl2. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʥʪʝʟʦʚʘʥʽ ʛʝʪʝʨʦʤʝʪʘʣʝʚʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʤʝʪʘʣʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʣʦʜʽʶʪʴ ʨʽʟʥʠʤʠ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥ ̔ ʷʢ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚ ̔ʤʘʪʝʨʽʘʣʠ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʩʧʨʠʷʶʪʴ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ 

ʛʝʪʝʨʦʤʝʪʘʣʝʚʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʢʫʧʨʫʤʫ(ɯɯ), ʥʽʢʦʣʫ(ɯɯ), ʢʦʙʘʣʴʪʫ(ɯɯ) ʽ 

ʢʘʜʤʽʶ(ɯɯ) ʟ N,N'-ʙʽʩ(ʩʘʣʽʮʠʣʽʜʝʥ)ʩʝʤʠ-, ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʦʤ ʪʘ ʨʦʟʰʠʨʝʥʥʶ ʤʝʞ 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ, ʷʢ ʧʦʪʝʥʮʽʡʥʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʚʠʭʽʜʥʠʭ ʨʝʯʦʚʠʥ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʦʜʚʽʡʥʠʭ ʦʢʩʠʜʽʚ ʩʪʨʫʢʪʫʨʠ ʧʝʨʦʚʩʢʽʪʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʥʘ ʢʘʬʝʜʨʽ ʭʽʤʽʾ ʪʘ ʤʝʪʦʜʠʢʠ 

ʥʘʚʯʘʥʥʷ ʭʽʤʽʾ ɺʽʥʥʠʮʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʧʝʜʘʛʦʛʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤ. ʄ. ʂʦʮʶʙʠʥʩʴʢʦʛʦ, ʥʘ ʢʘʬʝʜʨʘʭ ʭʽʤʽʾ ʪʘ ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, 

ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʥʘʥʦʩʠʩʪʝʤ ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʝʥʦ 3 ʧʘʪʝʥʪʘʤʠ ʋʢʨʘʾʥʠ ʥʘ 

ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʘʢʪʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʠ, ʚʠʟʥʘʯʝʥʥʷ ʟʘʚʜʘʥʴ 

ʜʦʩʣʽʜʞʝʥʴ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʽʜʛʦʪʦʚʢʘ ʧʫʙʣʽʢʘʮʽʡ, ʦʙʛʦʚʦʨʝʥʥʷ 

ʚʠʩʥʦʚʢʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʟʜʽʡʩʥʝʥʦ ʩʧʽʣʴʥʦ ʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʦʨʦʤ ɸ. ʇ. ʈʘʥʩʴʢʠʤ. ɸʥʘʣʽʟ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʶ ʣʽʪʝʨʘʪʫʨʥʠʭ 



 10 

ʜʞʝʨʝʣ ʟʘ ʪʝʤʦʶ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʦʙʨʦʙʢʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʘʧʨʦʙʘʮʽ ʁʦʪʨʠʤʘʥʠʭ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ 

ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ʟʜʽʡʩʥʝʥʦ ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʥʘʫʢʦʚʦʛʦ ʢʝʨʽʚʥʠʢʘ.  

ɸʚʪʦʨ ʚʠʩʣʦʚʣʶʻ ʱʠʨʫ ʧʦʜʷʢʫ ʢ.ʭ.ʥ., ʜʦʮʝʥʪʫ ʢʘʬʝʜʨʠ ʭʽʤʽʾ ʪʘ ʭʽʤʽʯʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ɭʚʩʻʻʚʽʡ ʄ. ɺ. ʟʘ 

ʜʦʧʦʤʦʛʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʫ ʛʝʪʝʨʦʤʝʪʘʣʝʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʤʝʪʦʜʠʢ 

ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʫ ʪʘ ʙʫʜʦʚʠ 

ʟʨʘʟʢʽʚ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʢʦʥʘʥʦ 

ʩʧʽʣʴʥʦ ʟ ʢ.ʭ.ʥ., ʜʦʮ. ɹʘʫʤʝʨʦʤ ɺ. ʄ. ʚ ɯʥʩʪʠʪʫʪ ̔ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʅɸʅ ʋʢʨʘʾʥʠ 

(ʤ. ʍʘʨʢʽʚ), ʘ ʤʝʪʦʜʦʤ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ï ʩʧʽʣʴʥʦ ʟ 

ʢ.ʙ.ʥ., ʩ.ʥ.ʩ. ɹʘʣʘʣʘʻʚʠʤ ʆ. ʂ. ʚ ɯʥʩʪʠʪʫʪ ̔ ʛʝʦʪʝʭʥʽʯʥʦʾ ʤʝʭʘʥʽʢʠ 

ʽʤ. ʄ. ʉ. ʇʦʣʷʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ (ʤ. ɼʥʽʧʨʦ). 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʫ ʨʦʙʦʪʘʭ, ʱʦ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, 

ʧʽʜʛʦʪʦʚʣʝʥʦ ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ ʘʙʦ ʟʘ ʡʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʫʯʘʩʪʽ. ʂʦʥʢʨʝʪʥʘ 

ʫʯʘʩʪʴ ʟʜʦʙʫʚʘʯʘ ʫ ʢʦʞʥʽʡ ʧʫʙʣʽʢʘʮʽʾ ʚʽʜʟʥʘʯʝʥʘ ʫ ʩʧʠʩʢʫ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʧʨʘʮʴ ʟʘ 

ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ɺʠʢʣʘʜʝʥʽ ʫ ʜʠʩʝʨʪʘʮʽʾ ʧʦʣʦʞʝʥʥʷ 

ʚʠʩʚʽʪʣʝʥʦ ʥʘ ʪʘʢʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: Vɯ ʪʘ Vɯɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽ ̫ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʍʽʤʽʷ ʪʘ ʩʫʯʘʩʥʽ 

ʪʝʭʥʦʣʦʛʽʾè (ʤ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ, 2013 ʨ., 2015 ʨ.); ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽ ̫çɯV ʪʘ V ɺʩʝʫʢʨʘʾʥʩʴʢʠʡ ʟôʾʟʜ ʝʢʦʣʦʛʽʚ ʟ ʤʽʞʥʘʨʦʜʥʦʶ 

ʫʯʘʩʪʶè (ʤ. ɺʽʥʥʠʮʷ, 2013 ʨ., 2017 ʨ.); V ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çʇʨʦʙʣʝʤʠ ʭʽʤʤʦʪʦʣʦʛʽʾ. ʊʝʦʨʽʷ ʪʘ ʧʨʘʢʪʠʢʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʘʣʠʚʥʦ-ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚè 

(ʤ. ʂʠʾʚ, 2014 ʨ.); Vɯɯ ʪʘ Vɯɯɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʇʦʩʪʫʧ 

ʚ ʥʘʬʪʦʛʘʟʦʧʝʨʝʨʦʙʥʽʡ ʪʘ ʥʘʬʪʦʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽè (ʤ. ʃʴʚʽʚ, 2014 ʨ., 

2016 ʨ.); ɯʍ, ʍ ʋʢʨʘʾʥʩʴʢʘ ʪʘ ɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽ ̫ ʩʪʫʜʝʥʪʽʚ, 

ʘʩʧʽʨʘʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ çʍʽʤʽʯʥʽ ʧʨʦʙʣʝʤʠ 

ʩʴʦʛʦʜʝʥʥʷè (ʤ. ɺʽʥʥʠʮʷ, ɼʦʥʅʋ, 2016 ʨ., 2017 ʨ., 2018 ʨ.); ʱʦʨʽʯʥʘ ʨʝʛʽʦʥʘʣʴʥʘ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʧʨʦʬʝʩʦʨʩʴʢʦ-ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ, 



 11 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʟʘ ʫʯʘʩʪʶ ʧʨʘʮʽʚʥʠʢʽʚ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ 

ʧʨʘʮʽʚʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚ ʤ. ɺʽʥʥʠʮʽ ʪʘ ʦʙʣʘʩʪʽ. (ʤ. ɺʽʥʥʠʮʷ, 2011 ï 2018 ʨ.ʨ.); 

ʍʍ ʋʢʨʘʾʥʩʴʢʘ ʢʦʥʬʝʨʝʥʮʽ ̫ ʟ ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʜʦ 100-ʨʽʯʯʷ ʟʘʩʥʫʚʘʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ ʟʘ ʫʯʘʩʪʶ ʟʘʢʦʨʜʦʥʥʠʭ ʫʯʝʥʠʭ (ʤ. ɼʥʽʧʨʦ, 17 

ï 20 ʚʝʨʝʩʥʷ 2018). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ 17 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ. ɿ ʥʠʭ: 5 ʩʪʘʪʝʡ ʫ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ, 3 ʟ ʥʠʭ ï ʫ ʚʽʪʯʠʟʥʷʥʦʤʫ 

ʧʝʨʽʦʜʠʯʥʦʤʫ ʚʠʜʘʥʥʽ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ Scopus; 

3 ʧʘʪʝʥʪʠ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʪʘ 9 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʥʘ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʘʥʦʪʘʮʽʾ, ʧʝʨʝʣʽʢʫ 

ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʴ, ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ (197 ʥʘʡʤʝʥʫʚʘʥʴ) ʪʘ 5-ʪʠ ʜʦʜʘʪʢʽʚ. ɿʤʽʩʪ ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ ʚʠʢʣʘʜʝʥʦ ʥʘ 

94 ʩʪʦʨʽʥʢʘʭ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ, ʤʽʩʪʠʪʴ 18 ʪʘʙʣʠʮ ɹʪʘ 11 ʨʠʩʫʥʢʽʚ. ɿʘʛʘʣʴʥʠʡ 

ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 158 ʩʪʦʨʽʥʦʢ. 
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ʈʆɿɼɯʃ 1 

ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ 

ʂʦʤʧʣʝʢʩʠ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʟ ʦcʥʦʚʘʤʠ ʐʠʬʬʘ ʩʢʣʘʜʘʶʪʴ ʦʙʰʠʨʥʠʡ ʽ ʜʫʞʝ 

ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʢʣʘʩ ʩʧʦʣʫʢ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʩʠʥʪʝʟ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ 

ʩʧʦʣʫʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʘʚʥʦ, ʽʥʪʝʨʝʩ ʜʦ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʾʭ ʦʜʝʨʞʘʥʥʷ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ 

ʜʦʩʽ. ʎʝ ʧʦʚôʷʟʘʥʦ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʟ ʤʦʞʣʠʚʽʩʪʶ ʰʠʨʦʢʦʛʦ ʚʘʨʽʶʚʘʥʥʷ ʙʫʜʦʚʠ 

ʘʟʦʤʝʪʠʥʦʚʦʾ ʣʽʛʘʥʜʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʩʪʦʨʦʚʫ ʙʫʜʦʚʫ 

ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʪʘ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [1 ï 13]. ɹʽʣʴʰʽʩʪʴ ʪʘʢʠʭ ʩʧʦʣʫʢ 

ʦʪʨʠʤʘʥʦ ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʫ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʚʽʜʧʦʚʽʜʥʦʾ ʩʦʣʽ ʤʝʪʘʣʫ ʟ 

ʘʟʦʤʝʪʠʥʦʚʠʤʠ ʣʽʛʘʥʜʘʤʠ ʚ ʦʨʛʘʥʽʯʥʠʭ ʘʙʦ ʚʦʜʥʦ-ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ. 

ɼʝʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʭʽʤʽʾ ʘʟʦʤʝʪʠʥʽʚ ʜʦʟʚʦʣʷʻ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ 

ʩʠʥʪʝʟʫʚʘʪʠ ʩʧʦʣʫʢʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʟʘʚʜʷʢʠ ʩʚʦʾʤ 

ʦʧʪʠʯʥʠʤ ʽ ʤʘʛʥʽʪʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʘ ʩʘʤʝ: ʤʝʪʘʣʦʚʤʽʩʥʽ ʤʦʥʦʤʝʨʠ ʽ ʧʦʣʽʤʝʨʠ, 

ʬʦʪʦʭʨʦʤʥʽ ʡ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽ ʩʠʩʪʝʤʠ. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʦʤʦ, ʱʦ ʢʦʤʧʣʝʢʩʥʽ 

ʩʧʦʣʫʢʠ 3d-ʤʝʪʘʣʽʚ ʟ ʘʟʦʤʝʪʠʥʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʘʪʘʣʽʟʘʪʦʨʘʤʠ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʷʪʠ ʚʠʩʦʢʫ ʧʨʦʪʠʤʽʢʨʦʙʥʫ, ʬʫʥʛʽʮʠʜʥʫ ʪʘ ʧʨʦʪʠʧʫʭʣʠʥʥʫ 

ʘʢʪʠʚʥʽʩʪʴ [14 ï 19]. ɺʘʞʣʠʚʝ ʤʽʩʮʝ ʚ ʩʫʯʘʩʥʽʡ ʢʦʦʨʜʠʥʘʮʽʡʥʽʡ ʭʽʤʽʾ ʘʟʦʤʝʪʠʥʽʚ 

ʟʘʡʤʘʶʪʴ ʧʠʪʘʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ çʩʪʨʫʢʪʫʨʘ ï ʚʣʘʩʪʠʚʦʩʪè̔ [4]. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʭʽʤʽʾ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ 

ʩʪʘʥʦʚʣʷʪʴ ʘʟʦʤʝʪʠʥʠ ʥʘ ʦʩʥʦʚʽ ʩʝʤʠʢʘʨʙʘʟʠʜʫ ʪʘ ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʫ. ʎʝ ʧʦʚôʷʟʘʥʦ 

ʟ ʪʠʤ, ʱʦ, ʧʦ-ʧʝʨʰʝ, ʩʝʤʠʢʘʨʙʘʟʠʜ ʽ ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜ ʪʘ ʾʭ ʧʦʭʽʜʥʽ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʭʘʨʯʦʚʽʡ, ʮʝʣʶʣʦʟʥʦ-ʧʘʧʝʨʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚ ʩʽʣʴʩʴʢʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ, ʬʘʨʤʘʮʽʾ, ʘ ʧʦ-ʜʨʫʛʝ, ʚʦʥʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʣʽʛʘʜʘʤʠ ʜʣʷ ʩʠʥʪʝʟʫ 

ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʟ ʤʘʣʦʧʝʨʝʜʙʘʯʫʚʘʥʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʙʫʜʦʚʦ .ʁ ʂʨʽʤ ʪʘʢʠʭ 

ʨʝʘʢʮʽʡʥʠʭ ʮʝʥʪʨʽʚ, ʷʢ (ʪʽʦ)-ʢʘʨʙʦʥʽʣʴʥʘ ʽ ʘʤʽʥʥʘ ʛʨʫʧʠ, ʚʦʥʠ ʜʦʜʘʪʢʦʚʦ ʤʽʩʪʷʪʴ ʽ 

ʛʽʜʨʘʟʠʥʥʠʡ ʬʨʘʛʤʝʥʪ ïNHïNH2 [20], ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʾʭ ʷʢ ʤʦʜʝʣʴʥʽ 

ʩʠʩʪʝʤʠ ʧʨʠ ʚʠʚʯʝʥʥʽ ʜʝʷʢʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʠʪʘʥʴ ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʭʽʤʽʾ [21 ï 25]. 

1.1. ʆʩʦʙʣʠʚʦʩʪʽ ʩʠʥʪʝʟʫ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʪʘ ʢʦʥʜʝʥʩʘʮʽʾ ʘʣʴʜʝʛʽʜʽʚ ʽ 

ʘʤʽʥʽʚ ʨʽʟʥʦʾ ʙʫʜʦʚʠ çʥʘ ʤʘʪʨʠʮʷʭè  

ʐʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ 

ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʟʘ ʩʢʣʘʜʦʤ ʪʘ ʙʫʜʦʚʦʶ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ 
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ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʝʧʘʨʘʪʠʚʥʽʡ ʭʽʤʽʾ, ʭʽʤʽʯʥʽʡ ʪʝʭʥʦʣʦʛʽʾ, ʙʽʦʣʦʛʽʾ, 

ʤʝʜʠʮʠʥʽ ʪʘ ʨʽʟʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʛʘʣʫʟʷʭ [22]. ʆʜʥʘʢ, ʚ ʦʩʪʘʥʥʽʡ ʯʘʩ ʥʘʜʟʚʠʯʘʡʥʦʾ 

ʚʘʞʣʠʚʦʩʪ̔ ʚ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʤʫ ʩʠʥʪʝʟʽ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʥʘʙʫʚ çʤʘʪʨʠʯʥʠʡè 

ʤʝʪʦʜ ʩʠʥʪʝʟʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʦʥʩʪʨʫʶʚʘʪʠ ʩʢʣʘʜʥʽ ʢʦʤʧʣʝʢʩʠ ʰʣʷʭʦʤ ʾʭ ʟʙʽʨʢʠ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʙʣʦʢʽʚ ʚ ʧʨʦʮʝʩʽ ʩʘʤʦʛʦ ʩʠʥʪʝʟʫ [23]. ɿʘʩʪʦʩʦʚʫʶʯʠ 

ʪʘʢʠʡ ʤʝʪʦʜ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʣʽʜʝʥʪʘʪʥʽ ʣʽʛʘʥʜʠ, ʘ ʩʘʤʘ ʟʙʽʨʢʘ 

ʢʦʤʧʣʝʢʩʫ ʧʨʦʭʦʜʠʪʴ çʥʘ ʤʘʪʨʠʮʽè, ʷʢʦʶ ʚʠʩʪʫʧʘʻ ʢʘʪʽʦʥ ʤʝʪʘʣʫ [24]. ʊʦʙʪʦ, 

ʦʩʦʙʣʠʚʽʩʪʶ çʤʘʪʨʠʯʥʦʛʦè ʩʠʥʪʝʟʫ ʻ ʦʪʨʠʤʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ 

ʩʢʣʘʜʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʣʽʛʘʥʜʽʚ, ʦʢʨʝʤʠʡ ʩʠʥʪʝʟ ʷʢʠʭ ʫʪʨʫʜʥʝʥʠʡ ʘʙʦ ʚʟʘʛʘʣʽ 

ʥʝʤʦʞʣʠʚʠʡ. ɺ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʪʘʢʽ ʢʦʤʧʣʝʢʩʠ ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʧʨʦʤʽʞʥʽ ʩʧʦʣʫʢʠ 

ʟʘʛʘʣʴʥʦʾ ʨʝʘʢʮʽʾ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ, ʚʠʚʯʝʥʥʷ ʷʢʦʾ  ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʩʫʯʘʩʥʦʾ 

ʪʝʦʨʝʪʠʯʥʦʾ ʪʘ ʩʠʥʪʝʪʠʯʥʦʾ ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʭʽʤʽʾ. 

ʅʘʡʙʽʣʴʰ ʜʦʩʣʽʜʞʝʥʠʤ ʢʣʘʩʦʤ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʻ ʤʝʪʘʣ-ʭʝʣʘʪʠ  

3d-ʤʝʪʘʣʽʚ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʣʽʛʘʥʜʘʤʠ ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʠʪʴ ʘʟʦʤʝʪʠʥʦʚʠʡ ʟʚô̫ ʟʦʢ  

(ïʉʅ=Nï), ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʢʦʥʜʝʥʩʘʮʽʾ ʩʧʠʨʪʦʚʠʭ ʨʦʟʯʠʥʽʚ ʆ-ʟʘʤʽʱʝʥʠʭ 

ʘʨʦʤʘʪʠʯʥʠʭ ʘʣʴʜʝʛʽʜʽʚ, ʧʦʭʽʜʥʠʭ ʩʝʤʠ- ʪʘ ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʫ. 

1.2. ʉʧʦʩʦʙʠ ʢʦʦʨʜʠʥʘʮʽʾ ʘʟʦʤʝʪʠʥʦʚʠʭ ʣʽʛʘʥʜʽʚ (ʦʩʥʦʚ ʐʠʬʬʘ) ʟ 

ʜʦʜʘʪʢʦʚʠʤʠ ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ ʮʝʥʪʨʘʤʠ  

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʜʝʥʪʘʪʥʦʩʪʽ ʣʽʛʘʥʜʥʠʭ ʩʠʩʪʝʤ ʜʦ ʾʭ ʩʢʣʘʜʫ ʜʦʜʘʪʢʦʚʦ ʚʚʦʜʷʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʫʧʠ, ʷʢʽ ʪʝʦʨʝʪʠʯʥʦ ʟʜʘʪʥʽ ʜʦ ʢʦʦʨʜʠʥʘʮʽʾ ʟ ʮʝʥʪʨʘʣʴʥʠʤ ʡʦʥʦʤ 

ʤʝʪʘʣʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʦʚʘʣʝʥʪʥʠʭ ʟʚôʷʟʢʽʚ ʟʘ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʱʦ 

ʦʙʫʤʦʚʣʶʻ ʮʠʤ ʜʦʜʘʪʢʦʚʫ ʩʪʝʨʠʯʥʫ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʤʝʪʘʣʦʮʝʥʪʨʫ ʪʘ ʟʘʙʝʟʧʝʯʫʻ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ. ʌʫʥʢʮʽʘʣʽʟʘʮʽʷ ʦʩʥʦʚ ʐʠʬʬʘ ʥʘʡʯʘʩʪʽʰʝ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʭʽʜʥʠʭ ʚʠʭʽʜʥʠʭ ʨʝʘʛʝʥʪʽʚ ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ: 

ʘʣʴʜʝʛʽʜʽʚ (ʢʝʪʦʥʽʚ) ʘʙʦ ʘʤʽʥʽʚ. ʇʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʽ ʘʟʦʤʝʪʠʥʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʜʦʜʘʪʢʦʚʽ 

ʥʫʢʣʝʦʬʽʣʴʥʽ ʮʝʥʪʨʠ, ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʚ ʨʦʣʽ ʤʦʥʦ-, ʙʽ-, ʪʨʠ- ʽ ʧʦʣʽʜʝʥʪʘʪʥʠʭ 

ʘʮʠʢʣʽʯʥʠʭ ʘʙʦ ʭʝʣʘʪʥʠʭ O,N-, S,N-, N,N-, N2,O-, O2,N2-, N3,O-, S,N,O-ʣʽʛʘʥʜʽʚ [12, 

24 ï 26]. 
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1.2.1. ʂʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʣʽʛʘʥʜʥʽ ʩʠʩʪʝʤʠ ʟ ʘʟʦʤʝʪʠʥʦʚʠʤ 

ʬʨʘʛʤʝʥʪʦʤ ʪʘ ʜʦʜʘʪʢʦʚʦʶ ʆ-ʜʦʥʫʶʯʦ  ʁʛʨʫʧʦ  ʁ

1.2.1.1. ʆ,N,O'-ʪʨʠʜʝʥʪʘʪʥʽ ʣʽʛʘʥʜʠ ʪʘ ʾʭ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ 

ɺʟʘʻʤʦʜʽʻʶ ʘʣʴʜʝʛʽʜʘ Ŭ-ʧʽʢʦʣʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʦ-ʘʤʽʥʦʬʝʥʦʣʘ ʦʪʨʠʤʘʥʦ 

ʦʩʥʦʚʠ ʐʠʬʬʘ 1.1 (ʅL
1
), ʷʢʽ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʥʽʪʨʘʪʽʚ ʮʠʥʢʫ ʪʘ ʢʫʧʨʫʤʫ(ɯɯ) ʚ 

ʤʦʣʴʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 2 : 1 ʫʪʚʦʨʶʶʪʴ ʰʝʩʪʠʢʦʦʨʜʠʥʘʮʽʡʥʽ ʤʝʪʘʣʦʢʦʤʧʣʝʢʩʠ 

1.2, ʚ ʷʢʠʭ ʣʽʛʘʥʜ ʢʦʦʨʜʠʥʫʻʪʴʩʷ ʪʨʠʜʝʥʪʘʪʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʝʥʦʣʷʪʥʦʛʦ ʘʪʦʤʘ 

ʆʢʩʠʛʝʥʫ ʪʘ ʜʚʦʭ ʘʪʦʤʽʚ ʅ̔ ʪʨʦʛʝʥʫ ʽʤʽʥʦʧʽʨʠʜʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʫ (ʩʭʝʤʘ 1.1) [27]: 

 

(1.1) 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʣʽʛʘʥʜʠ ʟʘ ʨʘʭʫʥʦʢ ʩʧʨʷʞʝʥʥʷ 

ʚ ʢʦʤʧʣʝʢʩʘʭ 1.2 ʤʘʶʪʴ ʧʣʦʩʢʫ ʩʪʨʫʢʪʫʨʫ ʽ ʨʦʟʤʽʱʫʶʪʴʩʷ ʫ ʚʟʘʻʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʣʦʱʠʥʘʭ ʦʜʥʘ ʚʽʜʥʦʩʥʦ ʜʨʫʛʦʾ. ʂʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʮʴʦʛʦ ʞ 

ʣʽʛʘʥʜʘ ʅL
1
,
 
ʘʣʝ ʟ ʘʮʝʪʘʪʘʤʠ ʤʝʪʘʣʽʚ, ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʙʽ- ʪʘ 

ʪʨʠʷʜʝʨʥʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ [28]. ʊʘʢ, ʧʨʠ ʜʽʾ ʮʠʥʢ ʘʮʝʪʘʪʫ ʥʘ ʅL
1
 ʚ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1 : 1 ʦʪʨʠʤʘʥʦ ʢʦʤʧʣʝʢʩʠ ZnL2
1
ĿZn(OAc)4ĿZnL2

1
, ʚ ʷʢʠʭ 

ʤʦʥʦ̫ʜʝʨʥʽ ʬʨʘʛʤʝʥʪʠ ZnL2
1
 ʧʦʚô̫ ʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʤʽʩʪʢʦʚʠʤʠ ʘʮʝʪʘʪʥʠʤʠ ʽ 

ʬʝʥʦʣʷʪʥʠʤʠ ʛʨʫʧʘʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʎʠʥʢʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʠʭ ʈʉɸ 

ʣʽʛʘʥʜʠ ʚ ʢʦʤʧʣʝʢʩʽ ʨʦʟʤʽʱʫʶʪʴʩʷ ʦʨʪʦʛʦʥʘʣʴʥʦ. 

ʂʦʥʜʝʥʩʘʮʽʻʶ ʦ-ʘʤʽʥʦʬʝʥʦʣʘ ʽ ʧʽʨʠʜʠʥ- / ʽʟʦʭʽʥʦʣʽʥʢʘʨʙʦʢʩʘʣʴʜʝʛʽʜʽʚ ʫ 

ʝʪʘʥʦʣʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʣʽʛʘʥʜʠ ʅL
2 
/ ʅL

3
, ʷʢʽ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʪʨʠʘʣʢʽʣʛʘʣʽʻʤ 

ʫʪʚʦʨʶʶʪʴ ʢʦʤʧʣʝʢʩʠ 1.3 [29, 30]: 

 

(1.2) 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʠʭ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧ̔ ʾ ʽ ʈʉɸ ʦʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ 

ʚʟʘʻʤʦʜʽʾ ʟʘ ʩʭʝʤʦʶ (1.2) ʻ ʢʦʤʧʣʝʢʩʠ 1.3. 
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ɺʟʘʻʤʦʜʽʻʶ 8-ʛʽʜʨʦʢʩʠ-2-ʭʽʥʦʣʽʥʢʘʨʙʘʣʴʜʝʛʽʜʘ ʽʟ ʟʘʤʽʱʝʥʠʤʠ ʘʨʦʤʘʪʠʯʥʠʤʠ 

ʘʤʽʥʘʤʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʣʽʛʘʥʜʠ ʅL
4
, ʷʢʽ ʟ TiCl4 ʫʪʚʦʨʶʶʪʴ ʢʦʤʧʣʝʢʩʠ ʩʢʣʘʜʫ 

TiL
4
Cl3 [31]: 

 

(1.3) 

ɸʥʘʣʦʛʽʯʥʦ, ʚʟʘʻʤʦʜʽʻʶ Al(CH3)3 ʟ ʅL
4
 ʫʪʚʦʨʶʶʪʴʩʷ ʬʝʥʦʣʷʪʥʽ ʢʦʤʧʣʝʢʩʠ 

[AlL
4
(CH3)2], [32]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʠʭ ʈʉɸ ʢʦʤʧʣʝʢʩ ʻ ʜʠʤʝʨʦʤ, ʣʽʛʘʥʜʠ ʚ ʷʢʦʤʫ 

ʧʦʚôʷʟʘʥʽ ʤʽʩʪʢʦʚʠʤʠ ʘʪʦʤʘʤʠ ʆʢʩʠʛʝʥʫ ʬʝʥʦʣʷʪʥʠʭ ʛʨʫʧ. 

ɺ ʨʦʙʦʪʽ [33] ʢʦʥʜʝʥʩʘʮʽʻʶ N-ʤʝʪʠʣ-2-ʢʘʨʙʘʣʴʜʝʛʽʜʘ ʙʝʥʟʽʤʽʜʘʟʦʣʘ ʽ ʧʦʭʽʜʥʠʭ 

ʦ-ʘʤʽʥʦʬʝʥʦʣʘ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʪʨʠʜʝʥʪʘʪʥʽ ʦʨʛʘʥʽʯʥʽ ʣʽʛʘʥʜʠ 1.6 ʪʘ ʾʭ ʭʝʣʘʪʠ ʟ 

ʜʝʷʢʠʤʠ 3d-ʤʝʪʘʣʘʤʠ [33, 34]: 

 

(1.4) 

ɸʮʠʣʛʽʜʨʘʟʦʥʠ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ ʪʘʢʦʞ ʻ ʧʦʰʠʨʝʥʠʤʠ ʪʨʠʜʝʥʪʘʪʥʠʤʠ 

O,N,O-ʚʤʽʩʥʠʤʠ ʣʽʛʘʥʜʘʤʠ, ʷʢʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʘʫʪʦʤʝʨʥʦʾ ʬʦʨʤʠ ʤʦʞʫʪʴ 

ʫʪʚʦʨʶʚʘʪʠ ʟ ʽʦʥʘʤʠ ʤʝʪʘʣʽʚ ʩʪʽʡʢʽ ʧôʷʪʠ- ʪʘ ʰʝʩʪʠʯʣʝʥʥʽ ʭʝʣʘʪʥ ̔ʤʝʪʘʣʦʮʠʢʣʠ. 

ɺʭʦʜʞʝʥʥʷ ʾʭ ʜʦ ʩʢʣʘʜʫ ʢʦʤʧʣʝʢʩʽʚ ʚ ʢʝʪʦ- ʯʠ ʝʥʦʣʴʥʽʡ ʬʦʨʤʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ 

ʩʠʥʪʝʟʫ ʪʘ ʧʨʠʨʦʜʠ ʟʘʤʽʩʥʠʢʽʚ ʚ ʦʨʛʘʥʽʯʥʦʤʫ ʣʽʛʘʥʜʽ. ɿ ʮʽʣʠʤ ʨʜ̫ʦʤ ʧʝʨʝʭʽʜʥʠʭ 

ʤʝʪʘʣʽʚ ʚʦʥʠ ʟʜʘʪʥʽ ʫʪʚʦʨʶʚʘʪʠ ʙʽʩ- [35, 36] ʯʠ ʪʨʠʩʣʽʛʘʥʜʥ ̔(ʜʣʷ ʣʘʥʪʘʥʽʜʽʚ) [37, 38] 

ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ. ʊʘʢ, ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ M : L = 1 : 1 ʫʪʚʦʨʶʶʪʩɹ ̫

ʢʦʤʧʣʝʢʩʠ, ʚ ʷʢʠʭ ʚʽʣʴʥʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʫ ʟʘʡʤʘʶʪʴ 

ʘʥʽʦʥʥʽ [35, 39, 40] ʯʠ ʥʝʡʪʨʘʣʴʥʽ [41, 42] ʤʦʣʝʢʫʣʠ ʽʥʰʦʛʦ ʛʝʪʝʨʦʣʽʛʘʥʜʫ ʘʙʦ 

ʨʦʟʯʠʥʥʠʢʘ [39, 40]. ɿʜʘʪʥʽʩʪʴ ʪʘʢʠʭ ʣʽʛʘʥʜʥʠʭ ʩʠʩʪʝʤ ʜʦ ʘʤʽʜʦ-ʽʤʽʜʦʣʴʥʦʾ ʪʘʫʪʦʤʝʨʽʾ 

ʨʦʙʠʪʴ ʤʦʞʣʠʚʦʶ ʾʭ ʢʦʦʨʜʠʥʘʮʽʶ ʷʢ ʫ ʚʠʛʣʷʜʽ ʤʦʥʦ- (1.8) ʯʠ ʜʠʘʥʽʦʥʫ (1.9), ʪʘʢ ʽ ʚ 
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ʤʦʣʝʢʫʣʷʨʥʽʡ ʬʦʨʤʽ (1.10), ʚ ʦʩʪʘʥʥʴʦʤʫ ʚʘʨʽʘʥʪʽ ʙʝʟ ʾʭ ʜʦʜʘʪʢʦʚʦʛʦ 

ʜʝʧʨʦʪʦʥʫʚʘʥʥʷ.  

   
ʄ = Zn

2+
, Cu

2+
, Ni

2+
, Co

2+
, 

Mn
2+

, Cd
2+

 

ʄ =Zn
2+

, ʉd
2+

, Cu
2+

, Ni
2+

, 

Mn
2+

, VO
2+

 
ʄ = Ni

2+
, Co

2+
 

ɺ ʨʦʙʦʪʘʭ [43 ï 45] ʧʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʦʜʥʦʯʘʩʥʦ ʜʝʢʽʣʴʢʦʭ ʪʠʧʽʚ 

ʢʦʦʨʜʠʥʘʮʽʾ ʛʽʜʨʘʟʦʥʽʚ (1.8 ʪʘ 1.9) ʚ ʤʦʣʝʢʫʣʘʭ ʢʦʤʧʣʝʢʩʽʚ ʟ ʡʦʥʘʤʠ Fe
3+

, Mn
3+

 ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʤʦʥʦ- ʪʘ ʧʦʣʽʷʜʝʨʥʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ. ʆʜʥʘ ʤʦʣʝʢʫʣʘ ʣʽʛʘʥʜʫ 

ʢʦʦʨʜʠʥʦʚʘʥʘ ʚ ʝʥʦʣʴʥʽʡ, ʜʨʫʛʘ ï ʚ ʢʝʪʦʬʦʨʤʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦ-ʢʦʤʧʣʝʢʩʥʠʭ (ɺʂʉ) ʩʧʦʣʫʢ ʟ ʡʦʥʘʤʠ ʤʝʪʘʣʽʚ ʟʽ ʩʪʫʧʝʥʝʤ ʦʢʠʩʥʝʥʥʷ 

+3 (1.11) [45]. ɺ ʨʦʙʦʪʘʭ [46, 47] ʧʦʢʘʟʘʥʦ ʫʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ 

Co(II) ʪʘ Ni(II) ʢʘʪʽʦʥʥʦʛʦ ʪʠʧʫ, ʚ ʷʢʠʭ ʦʙʠʜʚʽ ʤʦʣʝʢʫʣʠ ʛʽʜʨʘʟʦʥʫ ʩʘʣʽʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʽʜʘ ʢʦʦʨʜʠʥʦʚʘʥʽ ʟʘ ʪʠʧʦʤ (1.8) ʚ ʢʝʪʦʥʥʽʡ ʪʘʫʪʦʤʝʨʥʽʡ ʬʦʨʤʽ, ʘʣʝ ʦʜʥʘ 

ʢʦʦʨʜʠʥʦʚʘʥʘ ʟ ʜʝʧʨʦʪʦʥʽʟʘʮʽʻʶ (ʆʅ) ʛʨʫʧʠ ʬʝʥʦʢʩʠʣʴʥʦʛʦ ʷʜʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʾ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʨʦʣʽ ʦʜʥʦʦʩʥʦʚʥʦʾ ʢʠʩʣʦʪʠ, ʘ ʜʨʫʛʘ ï ʚ ʤʦʣʝʢʫʣʷʨʥʽʡ ʬʦʨʤʽ 

(1.10) ʙʝʟ ʜʝʧʨʦʪʦʥʫʚʘʥʥʷ (1.12).  

  

ʗʢ ʚʞʝ ʟʘʟʥʘʯʘʣʠ, ʤʦʜʠʬʽʢʘʮʽʷ ʟʘʤʽʩʥʠʢʽʚ ʛʽʜʨʘʟʦʛʨʫʧʠ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʜʦʥʦʨʥʠʭ ʮʝʥʪʨʽʚ ʨʽʟʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʟʙʽʣʴʰʫʻ ʜʝʥʪʘʪʥʽʩʪʴ ʪʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ. ʐʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʚʘʯ  ̔ʩʝʤʠʢʘʨʙʘʟʦʥ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ (H2L
9
), ʷʢʠʡ ʧʦʜʽʙʥʦ 

ʜʦ ʘʮʠʣʛʽʜʨʘʟʦʥʽʚ  ̒ ʪʨʠʜʝʥʪʘʪʥʠʤ O, N, O-ʚʤʽʩʥʠʤ ʣʽʛʘʥʜʦʤ [48 ï 54] ʪʘ, ʚ 
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ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʘʫʪʦʤʝʨʥʦʾ ʬʦʨʤʠ, ʫʪʚʦʨʶʻ ʧʦʜʽʙʥʽ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʷʢ 

ʥʝʡʪʨʘʣʴʥʦʛʦ, ʪʘʢ ʽ ʢʘʪʽʦʥʥʦʛʦ ʪʠʧʫ, ʱʦ ʟʥʘʡʰʣʠ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ [55, 56]. 

ʂʦʦʨʜʠʥʘʮʽʷ 3d-ʤʝʪʘʣʽʚ ʟ ʜʝʧʨʦʪʦʥʦʚʘʥʦʶ ʤʦʣʝʢʫʣʦʶ ʩʝʤʠʢʘʨʙʘʟʦʥʫ 

ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ (HL
9
)
ï
 ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʘʪʦʤ ʆʢʩʠʛʝʥʫ ʬʝʥʦʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʫ, ʅʽʪʨʦʛʝʥ ʛʽʜʨʘʟʠʥʦʚʦʛʦ ʟʘʣʠʰʢʫ ʪʘ ʆʢʩʠʛʝʥ ʢʘʨʙʦʥʽʣʴʥʦʾ ʛʨʫʧʠ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʧôʷʪʠ- ʽ ʰʝʩʪʠʯʣʝʥʥʠʭ ʭʝʣʘʪʥʠʭ ʮʠʢʣʽʚ. ɹʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʥʘʩʪʫʧʥʽ 

ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ: [M(HL
9
)2]ʍ Ŀ H2O (M

3+
 = Cr, Fe, ʉʦ; ʍ

ï
 = NO3, Cl); 

[M(HL
9
)(L

9
)] Ŀ H2O (M

3+
 = Cr, Fe, ʉʦ); [FeCl2(HL

9
) H2O] Ŀ H2O (ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

FeCl3 Ŀ 6H2O ʟ ʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ 1 : 1) [48, 49]. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʢʘʪʽʦʥ [M(HL
9
)2]

+
 (ʄ

3+
 = Cr, Fe) ʚ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʜʘʻ ʢʠʩʣʫ ʨʝʘʢʮʽʶ (ʨʅ = 4), 

ʷʢʘ ʧʽʜʪʚʝʨʜʞʫʻ ʥʘʷʚʥʽʩʪʴ ʨʽʚʥʦʚʘʞʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ [48]: 

[M(HL
9
)2]

+
  [M(HL

9
)( L

9
)]

0
 + ʅ

+
  [M(L

9
)2]
ï
 + 2ʅ

+
. 

ɼʘʥʠʡ ʢʘʪʽʦʥ [M(HL
9
)2]

+
 1.13 ʚ ʟʘʟʥʘʯʝʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʤʘʻ ʪʘʢʫ ʙʫʜʦʚʫ: 

 
ʇʨʠ ʜʽʾ ʥʘ ʢʘʪʽʦʥ [M(HL

9
)2]

+
 ʩʧʠʨʪʦʚʦʛʦ ʨʦʟʯʠʥʫ ʂʆʅ, ʘʙʦ ʘʤʦʥʽʘʢʫ 

(ʨʅ = 8 ï 9) ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʧʨʦʪʦʥʫʚʘʥʥʷ ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʩʝʤʠʢʘʨʙʘʟʦʥʫ 

ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʘʥʽʦʥʫ [M(L
9
)2]
ï
 (ʄ

3+
 = Cr, Fe). ʋ 

ʢʨʠʩʪʘʣʽʯʥʦʤʫ ʚʠʛʣʷʜʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʪʘʢʽ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ: 1.14 NH4[M(L
9
)2] 

(M
3+

 = Cr, Fe), 1.15 K[Cr(L
9
)2] [48]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʜʽʾ ʙʽʣʴʰ ʩʣʘʙʢʠʭ 

ʦʩʥʦʚ (ʧʽʨʠʜʠʥ, ʘʥʽʣʽʥ), ʚʽʜʱʝʧʣʝʥʥʷ ʧʨʦʪʦʥʫ ʚʽʜ ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʩʝʤʠʢʘʨʙʘʟʦʥʫ 

ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. ʇʨʠ ʚʟʘʻʤʦʜʽʾ [Fe(HL
9
)2]Cl Ŀ H2O ʟ 

ʘʤʽʥʘʤʠ ʚʽʜʥʦʩʥʦ ʩʣʘʙʢʦʾ ʦʩʥʦʚʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʤʽʱʝʥʥʷ ʤʦʣʝʢʫʣ ʚʦʜʠ ʥʘ 

ʦʩʪʘʥʥʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʦʤʧʣʝʢʩʽʚ: [Fe(HL
9
)2]Cl Ŀ ɸʤʽʥ, ʜʝ ɸʤʽʥ = Py, H2NC6H5 [48].  

ɸʥʘʣʦʛʽʯʥʦ 1.14, 1.15,  ʦʪʨʠʤʘʥʦ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ: 1.16 [M(H2L
9
)2](NO3)2, 

(M
2+

 = Ni, ʉʦ) ʽ 1.17 [ʄ(HL
9
)2] Ŀ H2O, (M

2+
 = Ni, ʉʦ) [49]. ʇʨʠ ʮʴʦʤʫ, ʩʧʦʣʫʢʘ 

Ni(H2L
9
)2](NO3)2, ʘʥʘʣʦʛʽʯʥʦ ʢʦʤʧʣʝʢʩʘʤ Cr(III) ʪʘ Fe(III ), ʤʘʻ ʩʚʽʪʣʦ-ʟʝʣʝʥʠʡ ʢʦʣʽʨ, 
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ʻ ʧʘʨʘʤʘʛʥʽʪʥʦʶ ʽ ʤʘʻ ʦʢʪʘʻʜʨʠʯʥʫ ʬʦʨʤʫ, ʘʣʝ ʧʨʠ ʜʽʾ ʥʘ ʥʝʾ ʩʧʠʨʪʦʚʠʤ ʨʦʟʯʠʥʦʤ 

ʛʽʜʨʦʢʩʠʜʫ ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ ʩʝʤʠʢʘʨʙʘʟʦʥ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ ʜʝʧʨʦʪʦʥʫʻʪʴʩʷ ʽ 

ʫʪʚʦʨʶʻʪʴʩʷ ʚʥʫʪʨʽʰʥʴʦʢʦʤʧʣʝʢʩʥʘ ʧʘʨʘʤʘʛʥʽʪʥʘ ʩʧʦʣʫʢʘ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʢʦʣʴʦʨʫ 

[Ni(HL
9
)2] Ŀ H2O, ʘ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ [Ni(HL

9
)2] Ŀ H2O ʟ ʚʦʜʥʠʤ ʨʦʟʯʠʥʦʤ ʘʤʦʥʘ̔ʢʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʟʘʙʘʨʚʣʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʟ̔ ʟʝʣʝʥʦʛʦ ʥʘ ʯʝʨʚʦʥʠʡ, ʽ ʟʘ ʜʘʥʠʤʠ 

ʤʦʣʷʨʥʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʫʪʚʦʨʶʻʪʴʩʷ ʜʽʘʤʘʛʥʽʪʥʘ ʩʧʦʣʫʢʘ ʧʣʦʱʠʥʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʩʢʣʘʜʫ [Ni(HL
9
)2] 1.17*. ʎʝʡ ʬʘʢʪ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʜʘʥʽʡ ʩʧʦʣʫʮʽ 

ʩʝʤʠʢʘʨʙʘʟʦʥ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ ʤʘʻ ʥʝ ʪʨʠ ʮʝʥʪʨʘ ʢʦʦʨʜʠʥʘʮʽʾ, ʘ ʜʚʘ [49]: 

 

1.17 

 

1.17* 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ H2L
9
 ʚʟʘʻʤʦʜʽʻ ʟ ʉʦ

2+
 (ʨʅ = 4, 5) ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʧʘʨʘʤʘʛʥʽʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʘ ʧʨʠ ʡʦʛʦ ʦʢʠʩʥʝʥʥʽ ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ  ʚ ʩʧʠʨʪʦʚʦ-

ʚʦʜʥʽʡ ʩʫʤʽʰʽ (ʨʅ = 7, 8) ï ʫʪʚʦʨʶʁʪʴʩʷ ʜʽʘʤʘʛʥʽʪʥ ̔ ʢʦʤʧʣʝʢʩʠ ʩʚʽʪʣʦ-

ʢʦʨʠʯʥʝʚʦʛʦ ʢʦʣʴʦʨʫ ʩʢʣʘʜʫ 1.18 [ʉʦ(HL
9
)( L

9
)] Ŀ H2O, ʟ ʩʪʫʧʝʥʝʤ ʦʢʠʩʥʝʥʥʷ ʉʦ

3+
. 

ʗʢʱʦ ʨʅ ʩʫʤʽʰʽ ʧʽʜʚʠʱʠʪʠ ʘʞ ʜʦ 9, 10, ʪʦ ʫʪʚʦʨʶʶʪʴʩʷ ʩʧʦʣʫʢʠ ʩʢʣʘʜʫ 1.19 

ɽ[ʉʦ(L
9
)2], (ɽ

+
 = Nʅ4, ʂ), ʷʢʽ ʤʽʩʪʷʪʴ, ʧʦʜʽʙʥʦ ʜʦ ʬʝʨʫʤ- ʪʘ ʭʨʦʤʚʤʽʩʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʘʥʽʦʥ [ʉʦ
3+

(L
9
)2]
ï
.  

ɿ ʡʦʥʘʤʠ ʉu
2+ 

 ʩʝʤʠʢʘʨʙʘʟʦʥ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ ʫʪʚʦʨʶʻ ʷʢ ʥʝʡʪʨʘʣʴʥʽ, 

ʪʘʢ ʽ ʢʘʪʽʦʥʥʽ ʢʦʤʧʣʝʢʩʠ ʩʢʣʘʜʫ: 1.20 [ʉu(HL
9
)2], 1.21 [ʉu(HL

9
)]ʍ Ŀ H2O, (ʍ

ï
 = Cl, 

Br, NO3 ); 1.22 ʉu(L
9
)Nʅ3 ʪʘ 1.23 [ʉu(5-BrHL

9
)], 1.24 [ʉu(5-BrL

9
)]Cl , ʜʝ H2L

9
 

ʧʨʦʷʚʣʷʻ ʩʝʙʝ ʷʢ ʪʨʠʜʝʥʪʘʪʥʠʡ ʣʽʛʘʥʜ [51 ï 53]. 

ɺ [54] ʩʠʥʪʝʟʦʚʘʥʦ ʥʝʡʪʨʘʣʴʥʽ ʙʽʷʜʝʨʥʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ 

ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʩʝʤʠʢʘʨʙʘʟʦʥʦʤ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ ʩʢʣʘʜʫ: 1.25 

Ln(HL
9
)3 Ŀ nH2O, 1.26 Ln(HL

9
)L

9
 Ŀ mH2O (Ln

3+
 = Y, La, Pr, Nd, Sm, Gd, Tb, Ho, Er, 

Yb; H2L = 2-HOC6H4CH=NNHC(O)NH2; n = 1, 2, 3; m = 2, 3, 4), ʚ ʷʢʠʭ ʦʜʥʘ 

ʤʦʣʝʢʫʣʘ ʣʽʛʘʥʜʫ ʢʦʦʨʜʠʥʦʚʘʥʘ ʚ ʝʥʦʣʴʥʽʡ, ʘ ʜʨʫʛʘ ï ʚ ʢʝʪʦʬʦʨʤʽ. ʌ̔ ʟʠʢʦ-ʭʽʤʽʯʥ ̔

ʜʘʥ̔ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʚ ʢʦʤʧʣʝʢʩʘʭ 1.25 ʮʝʥʪʨʘʣʴʥʠʡ ʘʪʦʤ ʢʦʦʨʜʠʥʫʻ ʪʨʠ 
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ʘʥʽʦʥʘ 
-
OC6H4CH=NNHC(O)NH2 ʯʝʨʝʟ ʘʪʦʤʠ ʆʢʩʠʛʝʥʫ ʬʝʥʦʣʴʥʦʾ ʪʘ ʢʘʨʙʦʥʽʣʴʥʦʾ 

ʛʨʫʧ ʽ ʛʽʜʨʘʟʠʥʦʚʠʡ ʅ̔ ʪʨʦʛʝʥ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧôʷʪʠ-ʽ ʰʝʩʪʠʯʣʝʥʥʠʭ ʤʝʪʘʣʦʮʠʢʣʽʚ,  

ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ Ln ʩʪʘʥʦʚʠʪʴ 9, ʘ ʚʩʽ ʤʦʣʝʢʫʣʠ ʚʦʜʠ ʻ ʟʦʚʥʽʰʥʴʦʩʬʝʨʥʠʤʠ. 

ɺ ʩʧʦʣʫʢʘʭ 1.26 Ln(HL
9
)L

9
 Ŀ mH2O ʨʘʟʦʤ ʽʟ ʤʦʥʦʜʝʧʨʦʪʦʥʦʚʘʥʠʤ ʘʥʽʦʥʦʤ (ʅL

9
)
ï
 ʚ 

ʢʦʦʨʜʠʥʘʮʽʡʥʫ ʩʬʝʨʫ Ln ʚʭʦʜʠʪʴ ʽ ʘʥʽʦʥ (L
9
)
2ï

 ʪʘ ʜʚʽ ʤʦʣʝʢʫʣʠ H2O.   

ʂʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ ʚ ʢʦʤʧʣʝʢʩʘʭ 1.26  ʜʦʨʽʚʥʶʻ 8. 

ʅʘʚʝʜʝʥʽ ʚ ʧʽʜʨʦʟʜʽʣʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʠʥʪʝʟʫ ʪʘ ʧʨʦʩʪʦʨʦʚʦʾ ʙʫʜʦʚʠ ʢʦʤʧʣʝʢʩʽʚ 

1.1 ï 1.26 ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ: 

ï ʜʦʜʘʪʢʦʚʝ ʚʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʦʩʥʦʚ ʐʠʬʬʘ ʆ-ʜʦʥʫʶʯʦʾ ʛʨʫʧʠ  

(ʦ-ʘʤʽʥʦʬʝʥʦʣ, 8-ʛʽʜʨʦʢʩʠ-2-ʭʽʥʦʣʽʥʢʘʨʙʘʣʴʜʝʛʽʜ, ʩʘʣʽʮʠʣʦʚʠʡ ʘʣʴʜʝʛʽʜ) ʜʦʟʚʦʣʷʻ 

ʦʜʝʨʞʘʪʠ ʆ, N, ʆ-ʪʨʠʜʝʥʪʘʥʪʥʽ ʣʽʛʘʥʜʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʟ ʧʝʨʝʚʘʞʥʦʶ ʙʽʣʴʰʽʩʪʶ  

3d-ʤʝʪʘʣʽʚ ʫʪʚʦʨʶʶʪʴ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʧôʷʪʠ ʪʘ 

ʰʝʩʪʠʯʣʝʥʥʽ ʭʝʣʘʪʥʽ ʤʝʪʘʣʦʮʠʢʣʠ; 

ï ʥʘʚʝʜʝʥʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ ʦʪʨʠʤʘʥʦ ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʤʽʱʝʥʠʭ ʦʩʥʦʚ ʐʠʬʬʘ ʪʘ ʩʦʣʝʡ ʤʝʪʘʣʽʚ; 

ï ʜʝʧʨʦʪʦʥʫʚʘʥʥʷ ʢʦʦʨʜʠʥʦʚʘʥʦʛʦ ʩʝʤʠʢʘʨʙʘʟʦʥʫ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ 

ʤʦʞʣʠʚʝ ʣʠʰʝ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʩʠʣʴʥʦʦʩʥʦʚʥʠʭ ʩʧʠʨʪʦʚʦ-ʣʫʞʥʠʭ ʨʦʟʯʠʥʽʚ; ʧʨʠ ʜʽʾ 

ʙʽʣʴʰ ʩʣʘʙʢʠʭ ʦʩʥʦʚ (ʘʥʘʣʽʥ, ʧʽʨʠʜʠʥ) ʚʽʜʱʝʧʣʝʥʥʷ ʧʨʦʪʦʥʫ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ; 

ï ʚ ʨʦʙʦʪʽ [49] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʤʽʥʽ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʜʦ 7, 8 ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʦʢʠʩʥʝʥʥʷ ʉʦ
2+ 

ʉʦ
3+ 
ʢʠʩʥʝʤ ʧʦʚʽʪʨʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ 

[Co(HL
9
)(L

9
)] Ŀ H2O ʘʙʦ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʣʫʞʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʂ[Co(L

9
)2]; 

ï ʚ ʥʘʚʝʜʝʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʚʽʜʩʫʪʥʽ ʧʦʩʠʣʘʥʥʷ ʥʘ ʦʜʝʨʞʘʥʥʷ 

ʢʦʤʧʣʝʢʩʽʚ 1.1 ï 1.26 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ, ʘ ʪʘʢʦʞ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʚ ʨʝʘʢʮʽʾ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ 

ʩʘʣʽʮʠʣʽʜʝʥʩʝʤʠʢʘʨʙʘʟʦʥʫ (H2L
9
). 

1.2.1.2. N,N',ʆ,ʆ'-ʪʝʪʨʘʜʝʥʪʘʪʥʽ ʣʽʛʘʥʜʠ ʪʘ ʾʭ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ 

ʂʦʥʜʝʥʩʘʮʽʻʶ ʧʦʭʽʜʥʠʭ ʘʣʽʬʘʪʠʯʥʠʭ ʘʤʽʥʽʚ ʪʘ ʛʣʽʦʢʩʘʣʶ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʥʝʩʠʤʝʪʨʠʯʥʽ ʽʤʽʥʦʧʽʨʠʜʠʥʦʚʽ ʣʽʛʘʥʜʠ 1.27, ʚʟʘʻʤʦʜʽʷ ʷʢʠʭ ʽʟ ʧʝʨʭʣʦʨʘʪʘʤʠ 
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ʜʝʷʢʠʭ ʤʝʪʘʣʽʚ ʄ(ClO4)2 (ʄ = Ni
2+

, Cu
2+

) ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʣʦʱʠʥʥʦ-ʢʚʘʜʨʘʪʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ 1.28 [56]:  

 

(1.5) 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʜʦʚʠ ʦʪʨʠʤʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 1.28 ʤʝʪʦʜʦʤ ʈʉɸ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʢʦʤʽʨʮʽ ʧʣʦʱʠʥʠ ʜʚʦʭ ʤʦʣʝʢʫʣ, ʧʨʘʢʪʠʯʥʦ 

ʧʘʨʘʣʝʣʴʥʽ ʤʽʞ ʩʦʙʦʶ, ʘ ʤʽʞ ʘʪʦʤʘʤʠ ʤʝʪʘʣʽʚ ʽʩʥʫʶʪʴ ʢʦʨʦʪʢʽ ʉuïCu (3,458 ¡) ʽ 

NiïNi (3,563 ¡) ʟʚôʷʟʢʠ. 

ɯʥʰʠʡ, ʘʣʝ ʩʠʤʝʪʨʠʯʥʠʡ ʪʝʪʨʘʜʝʥʪʘʪʥʠʤ ʣʽʛʘʥʜ 1.29 ʙʫʚ ʦʪʨʠʤʘʥʠʡ 

ʢʦʥʜʝʥʩʘʮʽʻʁ  ʛʣʽʦʢʩʘʣʶ ʟ 3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-ʦ-ʘʤʽʥʦʬʝʥʦʣʦʤ ʚ ʘʮʝʪʦʥʽʪʨʠʣʽ, 

ʢʦʦʨʜʠʥʘʮʽʷ ʷʢʦʛʦ ʟ ʜʽʦʨʛʘʥʦʛʘʣʦʛʝʥʽʜʘʤʠ ʩʪʘʥʫʤʫ(IV) ʽ ʧʣʶʤʙʫʤʫ(IV) ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ 1.30 [57]: 

 
 

(1.6) 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʢʘʟʘʥʠʡ ʣʽʛʘʥʜ 1.29 (H2L
11

) ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ 

Ni(NO3)2 Ŀ 6H2O ʚ ʝʪʠʣʦʚʦʤʫ ʩʧʠʨʪʽ ʫʪʚʦʨʶʻ ʢʦʤʧʣʝʢʩ ʥʽʢʦʣʫ(ɯɯ) 1.31 ʟ 

ʪʨʠʜʝʥʪʘʪʥʦʶ ʢʦʦʨʜʠʥʘʮʽʻ ʁ[58]: 

 

(1.7) 
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ʉʝʨʝʜ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʪʝʪʨʘʜʝʥʪʘʪʥʠʭ ʣʽʛʘʥʜʽʚ ʩʢʣʘʜʫ 1.27 ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʣʽʛʘʥʜʠ 1.32 ʪʘ 1.33 ʟ ʆ-ʚʤʽʩʥʦ-ʜʦʥʫʶʯʦʶ ʛʨʫʧʦʶ [59]: 

 

(1.8) 

ʇʨʠ ʮʴʦʤʫ ʟʙʽʨʢʘ ʣʽʛʘʥʜʽʚ 1.32 (HL
12
) ʽ 1.33 (HL

13
) ʧʨʦʚʦʜʠʣʘʩʴ çʥʘ ʤʘʪʨʠʮʷʭè ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦ, ʤʝʪʠʣ-Ŭ-ʛʽʜʨʦʢʩʠʬʝʥʣ̔- ʽ ʤʝʪʠʣ-Ŭ-ʛʽʜʨʦʢʩʠʥʘʬʪʠʣʢʝʪʦʥʽʚ 

ʪʘ ʦ-ʬʝʥʽʣʝʥʜʠʘʤʽʥʫ ʚʟʘʻʤʦʜʽʷ ʷʢʠʭ ʟ ʩʦʣ̫ ʤʠ ʥʽʢʦʣʫ(ɯɯ) ʪʘ ʢʫʧʨʫʤʫ(ɯɯ) ʚ ʩʧʠʨʪʦʚʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ 1.34 ʪʘ 1.35. ɹʫʜʦʚʫ ʢʦʤʧʣʝʢʩʽʚ 1.35, 

ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʠʪʴ ʪʝʪʨʘʜʝʥʪʘʪʥʠʡ ʤʦʥʦʣʽʛʘʥʜ, ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʘʥʠʤʠ  

ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʈʉɸ. 

ʊʝʪʨʘʜʝʥʪʘʪʥʽʪʴ ʤʦʞʝ ʧʨʦʷʚʣʷʪʠ ʽ ʩʝʤʠʢʘʨʙʘʟʦʥ ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ 

(H2L
9
) ʪʘ ʩʝʤʠʢʘʨʙʘʟʦʥ 2-ʦʢʩʠʥʘʬʪʘʣʴʜʝʛʽʜʫ, ʷʢʠʡ ʟ ʡʦʥʦʤ ʢʫʧʨʫʤʫ(ɯɯ) ʫʪʚʦʨʶʻ 

ʥʦʚʽ ʭʝʣʘʪʥʽ ʩʧʦʣʫʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ [60], ʱʦ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʡʦʥ ʢʫʧʨʫʤʫ 

ʟʜʘʪʝʥ ʚʠʩʪʫʧʘʪʠ ʤʘʪʨʠʮʝʶ, ʥʘ ʷʢʽʡ ʧʨʦʭʦʜʠʪʴ ʢʦʥʜʝʥʩʘʮʽʷ ʩʝʤʠʢʘʨʙʘʟʦʥʘ 

ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʘ ʟ ʩʘʣʽʮʠʣʦʚʠʤ ʘʣʴʜʝʛʽʜʦʤ (1.36) ʽ ʩʝʤʠʢʘʨʙʘʟʦʥʘ  

2-ʦʢʩʠʥʘʬʪʘʣʴʜʝʛʽʜʘ ʟ ʦʢʩʠʥʘʬʪʘʣʴʜʝʛʽʜʦʤ (1.37). ɺ ʣʫʞʥʦʤʫ ʤʝʪʘʥʦʣʴʥʦʤʫ 

ʨʦʟʯʠʥʽ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʂʆʅ ʚʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʩʧʦʣʫʢʠ ʩʢʣʘʜʫ ʂ[ʉu(L
14

)] (1.39), 

K[ʉu(L
15

)] Ŀ H2O (1.40), ʘ ʚ ʘʤʦʥʘ̔ʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ï NH4[ʉu(L
14

)] Ŀ H2O (1.41) ʪʘ 

NH4[ʉu(L
15

)] Ŀ H2O (1.42). ʇʨʠ ʚʟʘʻʤʦʜʽʾ 2-ʦʢʩʠʥʘʬʪʘʣʴʜʝʛʽʜʫ ʽ ʩʘʣʽʮʠʣʦʚʦʛʦ 

ʘʣʴʜʝʛʽʜʫ (1.38) ʟ ʩʽʣʣʶ ʢʫʧʨʫʤʫ(ɯɯ) ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʂʆʅ ʦʪʨʠʤʘʥʦ ʢʦʤʧʣʝʢʩ 

ʩʢʣʘʜʫ K[ʉu(L
16

)] Ŀ H2O (1.43).  
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ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʯʦʪʠʨʠʜʝʥʪʘʪʥʽ ʣʽʛʘʥʜʠ ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ 

ʯʝʨʝʟ ʬʝʥʽʣʴʥʽ ʛʽʜʨʦʢʩʠʣʠ ʽ ʘʪʦʤʠ ʅ̔ ʪʨʦʛʝʥʫ N
1
, N

4
. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʩʝʤʠʢʘʨʙʘʟʦʥʠ ʩʘʣʽʮʠʣʦʚʦʛʦ ʪʘ 2-ʦʢʩʠʥʘʬʪʘʣʴʜʝʛʽʜʽʚ ʚʩʪʫʧʘʶʪʴ ʚ ʨʝʘʢʮʽʶ ʢʦʥʜʝʥʩʘʮʽʾ 

ʟʘ ʘʤʽʜʥʠʤ ʥʽʪʨʦʛʝʥʦʤ ʟ ʘʣʴʜʝʛʽʜʘʤʠ ʣʠʰʝ ʫ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʡ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʢʫʧʨʫʤʫ(ɯɯ), ʯʦʛʦ ʨʘʥʽʰʝ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ. ʆʪʨʠʤʘʥʽ ʢʦʤʧʣʝʢʩʠ ʤʘʶʪʴ ʪʘʢʫ 

ʩʪʨʫʢʪʫʨʫ: 

 

ʂʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʢʫʧʨʫʤʫ(ɯɯ) ʪʠʧʫ: ʄ[ʉu(L
14

)] (ʄ = ʂ
+
, NH4

+
) ʤʦʞʫʪʴ 

ʚʠʩʪʫʧʘʪʠ ʣʽʛʘʥʜʘʤʠ ʡ ʫʪʚʦʨʶʚʘʪʠ ʟ ʩʽʣʣʶ CuCl2  ʜʠʤʝʨʥʽ ʩʧʦʣʫʢʠ ʢʫʧʨʫʤʫ(ɯɯ) 

ʪʠʧʫ ʄ[ʉu(L
14

)] Ŀ CuCl2 (ʄ = ʂ
+
, NH4

+
) (1.44, 1.45).  ɼʘʥʠʡ ʬʘʢʪ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʧʨʦʚʝʜʝʥʽ ʤʘʛʥʝʪʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ [61], ʷʢʽ ʚʢʘʟʫʶʪʴ, ʱʦ ʫ ʂ[ʉu(L
14

)] ʽ 

NH4[ʉu(L
14

)] Ŀ H2O ʝʬʝʢʪʠʚʥʽ ʤʘʛʥʽʪʥʽ ʤʦʤʝʥʪʠ ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʽ ʡ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʦʥʦʤʝʨʥʠʤ ʩʧʦʣʫʢʘʤ ʉu(ɯɯ), ʘ ʢʦʤʧʣʝʢʩʠ ʪʠʧʫ ʄ[ʉu(L
14

)] Ŀ CuCl2 

(ʂ
+
, NH4

+
) ï ʤʘʶʪʴ ʜʠʤʝʨʥʫ ʙʫʜʦʚʫ ʪʠʧʫ: 
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ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʩʪʨʫʢʪʫʨ ʦʨʛʘʥʽʯʥʠʭ ʣʽʛʘʥʜʽʚ ʪʘ ʾʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ 

ʚ ʧʽʜʨʦʟʜʽʣʽ 1.2.1 ʚʢʘʟʫʻ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʘʢʮʽʷʭ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ 

ʦʨʛʘʥʽʯʥʠʭ ʣʽʛʘʥʜʽʚ ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʠʪʴ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ ʘʟʦʤʝʪʠʥʦʚʠʭ 

ʬʨʘʛʤʝʥʪʽʚ ʪʘ ʆ-ʜʦʥʫʶʯʠʭ ʛʨʫʧ. ʇʨʠ ʮʴʦʤʫ:  

ï ʢʽʥʮʝʚʽ ʤʝʪʘʣ-ʭʝʣʘʪʠ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʢʦʦʨʜʠʥʘʮʽʾ ʜʝʧʨʦʪʦʥʦʚʘʥʠʭ ʟʘ 

ʦʢʩʠʬʝʥʽʣʴʥʠʤ ʬʨʘʛʤʝʥʪʦʤ ʣʽʛʘʥʜʽʚ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʘʪʽʦʥʘʤʠ ʤʝʪʘʣʽʚ; 

ï ʜʝʧʨʦʪʦʥʫʚʘʥʥʷ ʦʜʥʽʻʾ ʦʢʩʦʬʝʥʽʣʴʥʦʾ ʛʨʫʧʠ ʧʨʦʭʦʜʠʪʴ ʣʝʛʢʦ ʚ ʩʧʠʨʪʦʚʦʤʫ 

ʘʙʦ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ; 

ï ʜʝʧʨʦʪʦʥʫʚʘʥʥʷ ʜʚʦʭ ʦʢʩʦʬʝʥʽʣʴʥʠʭ ʛʨʫʧ ʤʦʞʣʠʚʝ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʟʥʘʯʝʥʥʷ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʣʠʰʝ ʚ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʟ ʩʠʣʴʥʠʤʠ 

ʥʫʢʣʝʦʬʽʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ; 

ï ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʪʘ 

ʣʽʛʘʥʜʥʦʛʦ ʦʪʦʯʝʥʥʷ ʢʽʥʮʝʚʽ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʤʘʶʪʴ ʨʽʟʥʫ ʤʦʣʝʢʫʣʷʨʥʫ ʪʘ 

ʧʨʦʩʪʦʨʦʚʫ ʙʫʜʦʚʫ; 

ï ʢʦʥʜʝʥʩʘʮʽʷ ʚʽʜʧʦʚʽʜʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʘʣʴʜʝʛʽʜʽʚ / ʢʝʪʦʥʽʚ ʪʘ ʟʘʤʽʱʝʥʠʭ 

ʜʽʘʤʽʥʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʆ,ʆ',N,N'-ʪʝʪʨʘʜʝʥʪʘʪʥʠʭ ʣʽʛʘʥʜʽʚ ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʠʪʴ 

ʜʚʘ ʘʟʦʤʝʪʠʥʦʚʠʭ ʬʨʘʛʤʝʥʪʠ ʪʘ ʦʜʝʨʞʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ: 

1.28, 1.30, 1.31, 1.34, 1.35 ʤʦʞʣʠʚʝ ʣʠʰʝ ʚ ʫʤʦʚʘʭ ʤʘʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ, ʜʝ 

ʤʘʪʨʠʮʝʶ ʚʠʩʪʫʧʘʻ ʢʘʪʽʦʥ ʤʝʪʘʣʫ. 

1.2.2. ʂʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʣʽʛʘʥʜʥʽ ʩʠʩʪʝʤʠ ʟ ʘʟʦʤʝʪʠʥʦʚʠʤ 

ʬʨʘʛʤʝʥʪʦʤ ʪʘ ʜʦʜʘʪʢʦʚʦ S-ʜʦʥʫʶʯʦ  ʁʛʨʫʧʦ  ʁ

ʌʫʥʢʮʽʦʥʘʣʽʟʘʮʽʷ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʭ ʣʽʛʘʥʜʽʚ, ʱʦ ʨʦʟʛʣʷʥʫʪʽ ʥʘʤʠ ʧʦʻʜʥʫʻ, ʷʢ 

ʧʨʘʚʠʣʦ, ʢʦʥʜʝʥʩʘʮʽʶ ʚʠʭʽʜʥʠʭ 2-ʤʝʨʢʘʧʪʦʘʥʽʣʽʥʫ, 2-ʤʝʪʠʣʤʝʨʢʘʧʪʦʘʥʽʣʽʥʫ, 

ʪʽʦʩʝʤʠʢʘʨʙʘʟʠʜʫ ʟ ʘʨʦʤʘʪʠʯʥʠʤʠ ʪʘ ʛʝʪʝʨʦʮʠʢʣʽʯʥʠʤʠ ʘʣʴʜʝʛʽʜʘʤʠ ʘʙʦ 

ʛʣʽʦʢʩʘʣʝʤ. 

1.2.2.1. N,S,N'-ʪʨʠʜʝʥʪʘʪʥʽ ʣʽʛʘʥʜʠ ʪʘ ʾʭ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ 

ʂʦʥʜʝʥʩʘʮʽʻʶ 2-ʤʝʨʢʘʧʪʦʘʥʽʣʽʥʫ ʟ ʘʣʴʜʝʛʽʜʦʤ Ŭ-ʧʽʢʦʣʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʚ 

ʝʪʘʥʦʣʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʣʽʛʘʥʜʠ 1.46 (HL
17
), ʷʢʽ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʨʽʟʥʠʤʠ 

ʛʘʣʦʛʝʥʽʜʘʤʠ ʤʝʪʘʣʽʚ ʫʪʚʦʨʶʶʪʴ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ 1.47 ï 1.49 ʟ 

ʪʨʠʜʝʥʪʘʪʥʦʶ ʢʦʦʨʜʠʥʘʮʽʻʶ ʣʽʛʘʥʜʘ HL
17

 [62 ï 64]: 
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(1.9) 

ɺʟʘʻʤʦʜʽʻʶ 2-ʘʣʴʜʝʛʽʜʘʟʦʣʽʚ (ʍ = NH, S) ʟ 2-ʤʝʨʢʘʧʪʦʘʥʘʣʽʥʦʤ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʩʫʣʴʬʫʨʚʤʽʩʥʽ ʣʽʛʘʥʜʠ 1.50, ʷʢʽ ʚ ʉʅ3ʆʅ ʟ ʘʮʝʪʘʪʘʤʠ ʤʝʪʘʣʽʚ ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

1 : 1 ʘʙʦ 2 : 1 ʫʪʚʦʨʶʶʪʴ, ʚʽʜʧʦʚʽʜʥʦ, ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ 1.51 ʽ 1.52 [65]: 

 

(1.10) 

ʇʦʜʽʙʥʦ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʶ, ʱʦ ʥʘʚʝʜʝʥʝ ʟʘ ʩʭʝʤʦʶ (1.9), ʧʨʦʭʦʜʠʪʴ 

ʚʟʘʻʤʦʜʽʷ ʽ ʢʫʧʨʫʤ(ɯɯ) ʧʝʨʭʣʦʨʘʪʫ ʟ ʣʽʛʘʥʜʘʤʠ HL
17

 [66]:  

 

(1.11) 

ʊʨʠʜʝʥʪʘʪʥʠʡ ʣʽʛʘʥʜ HL
18

 ʟ ʜʦʜʘʪʢʦʚʦʶ ʜʦʥʫʶʯʦʶ ʉH3S-ʛʨʫʧʦʶ ʦʪʨʠʤʫʶʪʴ 

ʢʦʥʜʝʥʩʘʮʽʻ ʁ 2-ʘʣʴʜʝʛʽʜ-1-ʤʝʪʠʣʽʤʽʜʘʟʦʣʘ ʟ 1-ʤʝʪʠʣʤʝʨʢʘʧʪʦ-2-ʘʤʽʥʦʝʪʘʥʦʤ, 
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ʚʟʘʻʤʦʜʽʷ ʷʢʦʛʦ ʟ NiCl2 ʚ ʜʠʭʣʦʨʤʝʪʘʥʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ 

ʩʧʦʣʫʢʠ 1.55 [67]:  

 

(1.12) 

ɺ ʢʦʤʧʣʝʢʩʽ 1.55 ʣʽʛʘʥʜ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʝʡʪʨʘʣʴʥʦ-ʢʦʦʨʜʠʥʦʚʘʥʠʤ 

ʬʨʘʛʤʝʥʪʦʤ, ʘ ʩʘʤ ʢʦʤʧʣʝʢʩ ʟʛʽʜʥʦ ʜʘʥʠʭ ʈʉɸ ̒ ʜʠʤʝʨʦʤ, ʚ ʷʢʦʤʫ ʘʪʦʤʠ ʥʽʢʦʣʫ 

ʧʦʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʭʣʦʨʠʜʥʠʤ ʤʽʩʪʢʦʤ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʘʪʦʤʘʤʠ ʅ̔ ʢʦʣʫ ʩʢʣʘʜʘʻ 

3,586 ¡, ʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʚʝʜʝʥʦʶ ʢʦʦʨʜʠʥʘʮʽʡʥʦ-ʜʦʥʦʨʥʦʶ ʛʨʫʧʦʶ  

S-CH3 ʪʘ ʘʪʦʤʦʤ ʅ̔ ʢʦʣʫ ʩʢʣʘʜʘʻ 2,524 ¡. 

ʇʦʣʽʜʝʥʪʘʪʥʠʤ ʣʽʛʘʥʜʦʤ, ʷʢʠʡ ʫʪʚʦʨʶʻ ʟ 3d-ʤʝʪʘʣʘʤʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘ ʩʢʣʘʜʦʤ 

ʽ ʧʨʘʢʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ [68, 69] ʻ ʽ ʪʽʦʩʝʤʠʢʘʨʙʘʟʦʥ 

ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ (ʅ2L
19
) ʚ ʷʢʠʭ ʚʽʥ ʻ ʧʝʨʝʚʘʞʥʦ ʪʨʠʜʝʥʪʘʪʥʠʤ O-, N-,  

S-ʚʤʽʩʥʠʤ ʣʽʛʘʥʜʦʤ. ʇʨʠ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʽ ʟ 3d-ʤʝʪʘʣʘʤʠ, ʷʢʽ ʟʜʘʪʥʽ ʧʨʦʷʚʣʷʪʠ 

ʟʤʽʥʥʫ ʚʘʣʝʥʪʥʽʩʪʴ, ʪʘʢʠʤʠ ʷʢ ʡʦʥʠ ʢʦʙʘʣʴʪʫ, ʭʨʦʤʫ, ʬʝʨʫʤʫ ʪʘ ʢʫʧʨʫʤʫ, ʅ2L
19

 

ʩʪʘʙʽʣʽʟʫʻ ʣʠʰʝ ʾʭ ʧʝʚʥʽ ʩʪʫʧʝʥʽ ʦʢʠʩʥʝʥʥʷ ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʚʘʣʝʥʪʥʦʩʪʽ ʩʦʣʽ  ʤʝʪʘʣʫ, 

ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʾ [70]. ʊʘʢ, ʟ ʪʨʴʦʭʚʘʣʝʥʪʥʠʤʠ 

ʢʦʙʘʣʴʪʦʤ [71], ʭʨʦʤʦʤ ʪʘ ʬʝʨʫʤʦʤ [72], ʘ ʪʘʢʦʞ ʟ ʜʚʦʭʚʘʣʝʥʪʥʠʤʠ ʥʽʢʦʣʦʤ, 

ʢʫʧʨʫʤʦʤ ʪʘ ʮʠʥʢʦʤ [73] ʅ2L
19

 ʫʪʚʦʨʶʻ ʤʽʮʥʽ ʭʝʣʘʪʥʽ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʧôʷʪʠ- ʽ ʰʝʩʪʠʯʣʝʥʥʠʭ ʮʠʢʣʽʚ ʩʢʣʘʜʫ: [M(ʅL
19

)2]Cl Ŀ 4H2O; 

[M(ʅL
19

)(L
19

)] Ŀ H2O; NH4[M(L
19

)2], (M
3+

 = Co, Cr, Fe); [ʉu(ʅL
19
)]; [ʉu(L

19
)]Cl Ŀ H2O; 

[Ni(ʅL
19

)2] Ŀ 2H2O; [Ni(ʅ2L
19

)2] Ŀ (NO3)2; Ni(L
19

) Ŀ 1,5H2O; ʉuX(ʅL
19

) Ŀ H2O, (X = Cl, 

HCOO); ZnX(ʅ2L
19

), (X = Cl, NO3). ɸʥʘʣʦʛʽʯʥʦ ʦʧʠʩʘʥʠʤ ʢʦʤʧʣʝʢʩʘʤ [71 ï 73] 

ʅ2L
19

 ʧʦʚʦʜʠʪʴ ʩʝʙʝ ʚ ʭʽʤʽʯʥʦʤʫ ʧʣʘʥʽ ʡ ʟ ʚʘʥʘʜʽʻʤ(ɯɯɯ) ʪʘ ʫʪʚʦʨʶʻ ʢʦʤʧʣʣʝʢʩʠ 

ʪʘʢʠʭ ʪʠʧʽʚ: [V(ʅL
19

)(L
19

)] Ŀ H2O 1.56; NH4[V(L
19

)2] Ŀ H2O 1.57 [70]. ɺʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʚʚʝʜʝʥʥʷ ʟʘʤʽʩʥʠʢʽʚ ʚ ʘʨʦʤʘʪʠʯʥʫ ʯʘʩʪʠʥʫ ʤʦʣʝʢʫʣʠ ʪʽʦʩʝʤʠʢʘʨʙʘʟʦʥʫ 

ʩʘʣʽʮʠʣʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʶʶʯʫ ʟʜʘʪʥʽʩʪʴ [74]. 
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1.56 [V(ʅL
19

)(L
19

)] Ŀ H2O 

 

1.57 NH4[V(L
19

)2] Ŀ H2O  

ɺ ʢʦʤʧʣʝʩʥʠʭ ʩʧʦʣʫʢʘʭ ʦʧʠʩʘʥʠʭ ʚ [70 ï 74] ʅ2L
19

 ʚʠʩʪʫʧʘʻ ʷʢ ʪʨʠʜʝʥʪʘʪʥʠʡ 

ʣʽʛʘʥʜ, ʷʢʠʡ ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʤʝʪʘʣʫ ʯʝʨʝʟ ʆʢʩʠʛʝʥ 

ʬʝʥʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʫ, ʅ̔ ʪʨʦʛʝʥ ʛʽʜʨʘʟʠʥʦʚʦʛʦ ʟʘʣʠʰʢʫ ʽ ʉʫʣʴʬʫʨ 

ʪʽʦʢʘʨʙʦʥʽʣʴʥʦʾ ʛʨʫʧʠ ʟ ʫʪʚʦʨʝʥʥʷʤʠ ʩʪʽʡʢʠʭ ʧôʷʪʠ- ʽ ʰʝʩʪʠʯʣʝʥʥʠʭ ʮʠʢʣʽʚ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʛʣʷʥʫʪʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʩʧʦʣʫʢʠ: 1.47 ï 

1.49, 1.51 ï 1.53, 1.55 ï 1.57 ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʦʛʦ ʤʝʪʦʜʫ 

ʩʠʥʪʝʟʫ, ʚʟʘʻʤʦʜʽʻʶ çʟʽʙʨʘʥʠʭè ʫʞʝ ʣʽʛʘʥʜʽʚ ʟ ʩʦʣʷʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʘʣʽʚ. 

1.2.2.2. N,N',S,S'-ʪʝʪʨʘʜʝʥʪʘʪʥʽ ʣʽʛʘʥʜʠ ʪʘ ʾʭ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ 

ʊʝʪʨʘʜʝʥʪʘʪʥʽ ʦʩʥʦʚʠ ʐʠʬʬʘ ʟ ʜʦʜʘʪʢʦʚʦʶ ʪʽʦʣʴʥʦʶ ʛʨʫʧʦʶ 1.58, 1.59 

ʦʪʨʠʤʫʶʪʴ ʢʦʥʜʝʥʩʘʮʽʻʶ 2-ʤʝʨʢʘʧʪʦ- ʘʙʦ 2-ʤʝʪʠʣʤʝʨʢʘʧʪʦʘʥʽʣʽʥʫ ʟ ʛʣʽʦʢʩʘʣʝʤ ʚ 

ʩʧʠʨʪʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟʘ ʩʭʝʤʦʶ [75 ï 77]: 

 

(1.13) 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʥʪʝʟʦʚʘʥʠʭ S, S', N, N' ʪʝʪʨʘʜʝʥʪʘʪʥʠʭ ʣʽʛʘʥʜʽʚ 1.58, 1.59 

ʙʫʣʦ ʩʠʥʪʝʟʦʚʘʥʦ ʨʷʜ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʧʦʣʫʢ ʮʠʥʢʫ [75, 76, 79, 80], ʢʘʜʤʽʶ [75, 

76], ʥʽʢʦʣʫ [81 ï 83] ʪʘ ʬʝʨʫʤʫ [84, 85] ʟʘ ʟʘʛʘʣʴʥʦʶ ʩʭʝʤʦʶ: 

 

(1.14) 








































































































































































































































