
ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ  

ʋʏʈɽɾɼɽʅʀɽ ʅɸʋʂʀ ʀʅʉʊʀʊʋʊ ʅɽʆʈɻɸʅʀʏɽʉʂʆʁ ʍʀʄʀʀ 

ʀʄ. ɸ.ɺ. ʅʀʂʆʃɸɽɺɸ 

ʉʀɹʀʈʉʂʆɻʆ ʆʊɼɽʃɽʅʀʗ ʈʆʉʉʀʁʉʂʆʁ ɸʂɸɼɽʄʀʀ ʅɸʋʂ 

ʄʀʅʆɹʈʅɸʋʂʀ ʈʆʉʉʀʀ 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

ʂʆʈʆɹɽʁʅʀʂʆɺ ʅʠʢʠʪʘ ɸʣʝʢʩʝʝʚʠʯ 

 

ʇʆʃʀɻɸʃʆɻɽʅʀɼʅʓɽ ʉʆɽɼʀʅɽʅʀʗ ʕʃɽʄɽʅʊʆɺ 14, 15, 16 ɻʈʋʇʇ: 

ʉʀʅʊɽɿ ʀ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

 

 

1.4.1 ï ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʢ.ʭ.ʥ. ʋʩʦʣʴʮʝʚ ɸʥʜʨʝʡ ʅʠʢʦʣʘʝʚʠʯ 

 

 

 

ʅʦʚʦʩʠʙʠʨʩʢ, 2024  



2 

 

ʆʛʣʘʚʣʝʥʠʝ 

ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ................................................................. 4 

ɺʚʝʜʝʥʠʝ ................................................................................................................................ 6 

1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ .................................................................................................. 12 

1.1. ɻɸʃʆɻɽʅʅɸʗ ʉɺʗɿʔ: ʆʇʈɽɼɽʃɽʅʀɽ ʀ ʇʆʊɽʅʎʀɸʃʔʅʓɽ ʇʈʀʄɽʅɽʅʀʗ ................... 12 

1.1.1. ʀʩʪʦʨʠʷ ʧʦʷʚʣʝʥʠʷ ʪʝʨʤʠʥʘ ....................................................................... 12 

1.1.2. ʇʦʷʚʣʝʥʠʝ ʪʝʨʤʠʥʘ çʛʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴè .................................................... 14 

1.1.3. ʆʩʦʙʝʥʥʦʩʪʠ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ .................................................................. 17 

1.1.4. ʊʠʧʳ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʦʚ ʩ ʫʯʘʩʪʠʝʤ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ ................ 18 

1.1.5. ʅʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ɻʉ ............................... 19 

1.1.5.1. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ .................................................. 19 

1.1.5.2. ʀʂ- ʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ...................................................................... 21 

1.1.6. ʇʨʠʤʝʥʝʥʠʷ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ ................................................................... 22 

1.1.6.1. ʍʨʘʥʝʥʠʝ ʠ ʨʘʟʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚ .......................................................... 23 

1.1.6.2. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ...................................................................... 26 

1.1.6.3. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ............................................................... 28 

1.1.6.4. ʌʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ .............................................................. 31 

1.2. ʇʆʃʀɻɸʃʆɻɽʅʀɼʅʓɽ ʉʆɽɼʀʅɽʅʀʗ ʄɽʊɸʃʃʆɺ ..................................................... 32 

1.2.1. ʇʦʣʠʛʘʣʦʛʝʥʠʜʳ ʚʠʩʤʫʪʘ ........................................................................... 34 

1.2.2. ʇʦʣʠʛʘʣʦʛʝʥʠʜʳ ʩʫʨʴʤʳ ............................................................................ 43 

1.2.3. ʇʦʣʠʛʘʣʦʛʝʥʠʜʳ ʩʝʣʝʥʘ ............................................................................. 48 

1.2.4. ʇʦʣʠʛʘʣʦʛʝʥʠʜʳ ʦʣʦʚʘ ............................................................................... 50 

1.2.5. ʇʦʣʠʛʘʣʦʛʝʥʠʜʳ ʪʝʣʣʫʨʘ............................................................................ 53 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ........................................................................................ 66 

2.1. ʉʀʅʊɽɿ ʇʆʃʀʀʆɼʀɼʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ɺʀʉʄʋʊɸ(III)  ʀ ʉʋʈʔʄʓ(III)  .................... 68 

2.2. ʉʀʅʊɽɿ ʇʆʃʀʀʆɼʆ-ɹʈʆʄʆʉʊɸʅʅɸʊʆɺ .................................................................. 70 

2.3. ʉʀʅʊɽɿ ʇʆʃʀɹʈʆʄʀɼʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ʆʃʆɺɸ(IV)  ............................................. 71 

2.4. ʉʀʅʊɽɿ ʇʆʃʀɹʈʆʄʆ-ʍʃʆʈʆɺʀʉʄʋʊɸʊɸ ................................................................ 72 

2.5. ʉʀʅʊɽɿ ʇʆʃʀʍʃʆʈʀɼʅʓʍ ʂʆʄʇʃɽʂʉʆɺ ʇʆʉʊʇɽʈɽʍʆɼʅʓʍ ʕʃɽʄɽʅʊʆɺ .............. 72 

2.6. ʉʀʅʊɽɿ ʇʆʃʀʀʆɼʆ-ʍʃʆʈʆʄɽʊɸʃʃɸʊʆɺ ʊɽʃʃʋʈɸ(IV) ........................................... 74 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ ..................................................................................... 75 

3.1. ʇʆʃʀʀʆɼʀɼʅʓɽ ʂʆʄʇʃɽʂʉʓ ɺʀʉʄʋʊɸ(III)  ʀ ʉʋʈʔʄʓ(III)  .................................. 75 

3.1.1. ʆʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʦʣʦʛʠʠ ʩʠʥʪʝʟʘ ʧʦʣʠʠʦʜʦʤʝʪʘʣʣʘʪʦʚ ......................... 75 



3 

 

3.1.2. ʉʪʨʫʢʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʠʦʜʠʜʦʚ .......................... 76 

3.1.3. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʧʦʣʠʠʦʜʠʜʦʚ ...................................... 80 

3.2. ʇʆʃʀʀʆɼʆ-ɹʈʆʄʆʉʊɸʅʅɸʊʓ(IV) ......................................................................... 88 

3.2.1. ʉʪʨʫʢʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ............................ 88 

3.2.2. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʦʣʦʚʘ .............................. 89 

3.3. ʇʆʃʀɹʈʆʄʀɼʅʓɽ ʂʆʄʇʃɽʂʉʓ ʆʃʆɺɸ(IV) ............................................................ 93 

3.3.1. ʉʪʨʫʢʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ............................ 93 

3.3.2. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʧʦʣʠʙʨʦʤʠʜʦʚ ʦʣʦʚʘ(IV) ................... 96 

1.3. ʇʆʃʀɹʈʆʄʆ-ʍʃʆʈʆɺʀʉʄʋʊɸʊ .............................................................................. 99 

3.4. ʇʆʃʀʍʃʆʈʆʄɽʊɸʃʃɸʊʓ ...................................................................................... 102 

3.4.1. ʉʪʨʫʢʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ .......................... 102 

3.4.2. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʧʦʣʠʭʣʦʨʦʤʝʪʘʣʣʘʪʦʚ ...................... 105 

3.5. ʇʆʃʀʀʆɼʆ-ʍʃʆʈʆʊɽʃʃʋʈɸʊʓ(IV) ...................................................................... 111 

3.5.1. ʉʪʨʫʢʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ .......................... 111 

3.5.2. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʧʦʣʠʠʦʜʦ-ʭʣʦʨʦʪʝʣʣʫʨʘʪʦʚ ............. 113 

4. ɿʘʢʣʶʯʝʥʠʝ ............................................................................................................... 117 

5. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ ........................................................................... 118 

6. ɹʣʘʛʦʜʘʨʥʦʩʪʠ .......................................................................................................... 119 

7. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ .................................................................................................. 120 

8. ʇʨʠʣʦʞʝʥʠʝ............................................................................................................... 139 

 

  



4 

 

ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ 

ʂʇɼ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ɻʉ ï ʛʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴ 

ʀʖʇɸʂ ï ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʦʶʟ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ 

ʂʉɹɼ ï ʂʝʤʙʨʠʜʞʩʢʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ  

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ï ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʊɻɸ ï ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʗʄʈ ï ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

ɺʉ ï ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ 

ʄʆʂʇ ï ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ 

ʇɻʉ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ 

ʇʕʗ ï ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

QTAIM ï quantum theory of atoms in molecules, ʢʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ 

Cat ï cation, ʢʘʪʠʦʥ 

TMA ï ʢʘʪʠʦʥ ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʷ, Me4N
+ 

ʏɸʉ ï ʯʝʪʚʝʨʪʠʯʥʦʝ ʘʤʤʦʥʠʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ 

Me ï ʤʝʪʠʣ 

Et ï ʵʪʠʣ 

n-Pr ï ʥ-ʧʨʦʧʠʣ 

n-Bu ï ʥ-ʙʫʪʠʣ 

Ph ï ʬʝʥʠʣ 

Py ï ʧʠʨʠʜʠʥ 

DMAP ï 4-ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥ 

PDA ï ʧʘʨʘ-ʬʝʥʠʣʝʥʜʠʘʤʤʦʥʠʡ, [NH3C6H4NH3]
2+ 

Spiro-OMeTAD ï 2,2',7,7'-ʪʝʪʨʘʢʠʩ[N, N-ɼʠ(4-ʄʝʪʦʢʩʠʬʝʥʠʣ)ʘʤʠʥʦ]-9,9'-ʩʧʠʨʦʙʠʬʣʫʦʨʝʥ 
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ʉʪʨʫʢʪʫʨʳ ʨʷʜʘ ʢʘʪʠʦʥʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʷʜʘ p-ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʣʝʢʘʶʪ ʦʩʦʙʝʥʥʦʝ 

ʚʥʠʤʘʥʠʝ. ʀʥʪʝʨʝʩ ʦʙʫʩʣʦʚʣʝʥ ʢʘʢ ʚʳʩʦʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʘʥʠʦʥʦʚ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ Bi(III ) [1], ʪʘʢ ʠ ʨʷʜʦʤ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʠʥʪʝʨʝʩʥʳʭ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ [2ï8] ʠ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ [9ï11]. ʆʩʦʙʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʦʝʜʠʥʝʥʠʡ Pb(II ) ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʧʝʨʦʚʩʢʠʪʥʦʛʦ ʪʠʧʘ [12ï17]. ʂʇɼ ʠʩʩʣʝʜʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʛʘʣʦʛʝʥʠʜʦʚ Pb(II) ʚʩʝʛʦ ʟʘ ʜʝʩʷʪʠʣʝʪʠʝ ʚʳʨʦʩ ʩ 3.8% ʜʦ 25.7%, ʠ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ 

ʧʨʝʚʦʩʭʦʜʠʪ ʧʦʢʘʟʘʪʝʣʠ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ [18ï20]. ʆʜʥʘʢʦ ʥʠʟʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʬʘʢʪʦʨʘʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʚʳʩʦʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʩʚʠʥʮʘ ʧʦʢʘ ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʪʁ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʩʝʨʠʡʥʳʭ ʠʟʜʝʣʠʡ [21]. ʂʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʫʞʝ ʠʟʚʝʩʪʥʳʤ 

ʩʦʝʜʠʥʝʥʠʷʤ Pb(II ) ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʠʟʫʯʝʥ ʨʷʜ 

ʩʦʝʜʠʥʝʥʠʡ ʦʣʦʚʘ(IV) [22ï25], ʩʫʨʴʤʳ [26ï29] ʠ ʚʠʩʤʫʪʘ(III)  [30ï33]. 

ɼʨʫʛʠʤ ʚʦʟʤʦʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʧʦʣʫʯʝʥʠʝ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢ ʘʪʦʤʫ ʤʝʪʘʣʣʘ, ʠʣʠ ʥʝʢʦʚʘʣʝʥʪʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ (ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʴʶ) 

ʩʚʷʟʘʥʥʳʭ ʩ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʠʦʥʦʚ [MaXb]
n-. ɻʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴ (ɻʉ) 

ʩʘʤʘ ʧʦ ʩʝʙʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʥʳʡ ʬʝʥʦʤʝʥ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ. ʉʦʛʣʘʩʥʦ 

ʦʧʨʝʜʝʣʝʥʠʶ, ʜʘʥʥʦʤʫ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʩʦʶʟʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʠʤʠʠ (ʀʖʇɸʂ) 

ɻʉ ʚʦʟʥʠʢʘʝʪ ʤʝʞʜʫ ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʦʙʣʘʩʪʴʶ ʥʘ ʘʪʦʤʝ ʛʘʣʦʛʝʥʘ ʠ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʦʙʣʘʩʪʴʶ ʚ 

ʜʨʫʛʦʤ ʠʣʠ ʪʦʤ ʞʝ ʩʘʤʦʤ ʤʦʣʝʢʫʣʷʨʥʦʤ ʬʨʘʛʤʝʥʪʝ [34]. ʇʨʠʨʦʜʘ ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʘʭ ʤʦʞʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʚ ʧʘʨʘʜʠʛʤʝ ɻʉ, ʠ 

ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ 

ʭʠʤʠʠ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ ʧʨʠʚʝʜʝʥʦ 

ʚ ʦʙʟʦʨʝ [35]. ʇʝʨʚʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʜʘʚʥʦ, ʚ 70-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ [36ï38]. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʤʝʥʝʥʠʡ 

ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʘ ʨʦʣʴ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʪʝʣʣʫʨʘ(IV) ʠ ʩʫʨʴʤʳ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʞʝ ʧʨʦʚʝʜʝʥʳ [39,40]. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʧʦʷʚʣʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʠʦʜʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʥʠʞʝʥʠʶ 

ʟʥʘʯʝʥʠʡ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (ʐɿɿ), ʘ ʪʘʢʞʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʥʦʩʪʠ ʘʥʠʦʥʘ, ʯʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʤʦʙʠʣʴʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ [41]. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ 
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ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ ʣʝʞʠʪ ʥʘ ʩʪʳʢʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ, 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʠʟʫʯʝʥʠʠ 

ʨʷʜʘ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ ʚʠʩʤʫʪʘ, ʩʫʨʴʤʳ ʠ ʪʝʣʣʫʨʘ, ʦʩʪʘʸʪʩʷ ʨʷʜ ʥʝʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʠ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʠʥʪʝʨʝʩ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʝʨʚʳʝ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥ rʙʦʣʝʝ ʯʝʤ ʧʦʣʚʝʢʘ 

ʥʘʟʘʜ [38,42], ʜʘʥʥʘʷ ʦʙʣʘʩʪʴ ʭʠʤʠʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʘ ʢʨʘʡʥʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦ. ʇʨʝʜʩʪʘʚʣʝʥ ʨʷʜ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ ʩʝʨʠʠ 

ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʠʩʤʫʪʘ(III ) [43ï50], ʩʦʝʜʠʥʝʥʠʡ ʩʫʨʴʤʳ(III ) [39,51ï55] ʠ 

ʪʝʣʣʫʨʘ(IV) [56ï59]. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ, ʧʦʤʠʤʦ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠ ʠʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʘʧʨʠʤʝʨ, ʦʮʝʥʢʫ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʣʠ 

ʜʘʥʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʐɿɿ. ɺ ʦʙʟʦʨʝ 2018 ʛʦʜʘ ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʜʦ ʥʘʯʘʣʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ [35]. ɺʩʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʬʘʢʪʳ ʧʦʜʯʸʨʢʠʚʘʶʪ 

ʦʩʦʙʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʜʘʥʥʦʡ ʪʝʤʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʩʪʘʸʪʩʷ ʨʷʜ ʥʝʠʟʫʯʝʥʥʳʭ ʦʙʣʘʩʪʝʡ: ʘʥʘʣʠʟ 

ʂʝʤʙʨʠʜʞʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ (ʂʉɹɼ) ʧʦʢʘʟʘʣ, ʯʪʦ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ (ʈʉɸ) ʙʳʣʦ ʠʟʫʯʝʥʦ ʪʦʣʴʢʦ ʜʚʘ ʧʦʣʠʙʨʦʤʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷ ʦʣʦʚʘ(IV) [60]. ɼʦ ʥʘʯʘʣʘ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʝ ʙʳʣʦ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʥʠ ʦʜʥʦʛʦ ʧʦʣʠʠʦʜʠʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʩʫʨʴʤʳ(III ). ʈʷʜ ʧʦʣʠʠʦʜʦ-ʭʣʦʨʦʤʝʪʘʣʣʘʪʦʚ, ʧʦʣʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʦ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʣʠʰʴ ʦʜʥʠʤ ʩʦʝʜʠʥʝʥʠʝʤ ʩʫʨʴʤʳ(III ) [61]. ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʤʳ ʦʙʨʘʪʠʣʠʩʴ ʢ 

ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʤʝʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʤ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʣʝʢʫʣʳ ʭʣʦʨʘ. ʂʘʢ 

ʦʢʘʟʘʣʦʩʴ, ʭʠʤʠʷ ʧʦʣʠʭʣʦʨʦʤʝʪʘʣʣʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʣʴʢʦ ʦʜʥʠʤ ʩʪʨʫʢʪʫʨʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʤ ʧʦʣʠʭʣʦʨʠʜʦʤ ʧʘʣʣʘʜʠʷ [62]. 

ʉ ʫʯʸʪʦʤ ʚʳʰʝʧʨʠʚʝʜʸʥʥʳʭ ʬʘʢʪʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʳ p-ʵʣʝʤʝʥʪʦʚ. ʀʭ ʭʠʤʠʷ ʠʟʫʯʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ, ʯʪʦʙʳ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʙʦʛʘʪʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʠ ʝʩʪʴ ʨʷʜ ʥʘʧʨʘʚʣʝʥʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʟʚʠʪʠʝ. ʇʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʘʢʪʫʘʣʴʥʦ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʭʠʤʠʠ, ʪʘʢ ʠ ʜʣʷ ʨʷʜʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʠʤʝʥʝʥʠʡ, ʦ ʯʸʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʨʘʙʦʪʳ 

2023 ʛʦʜʘ [59,63]. 
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ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ: 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʵʣʝʤʝʥʪʦʚ 

14, 15 ʠ 16 ʛʨʫʧʧ (Sn, Pb, Sb, Bi, Se, Te) ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ; 

¶ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʦʜʦʤ ʈʉɸ, ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ; 

¶ ʠʟʫʯʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʦ 31 ʥʦʚrʡ ʧʦʣʠʛʘʣʦʛʝʥ-ʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪ: 

9 ʧʦʣʠʠʦʜʦ-ʠʦʜʦʤʝʪʘʣʣʘʪʦʚ ʚʠʩʤʫʪʘ(III) ʠ ʩʫʨʴʤʳ(III), 3 ʧʦʣʠʠʦʜʦ-ʙʨʦʤʦʩʪʘʥʥʘʪʘ(IV), 

5 ʧʦʣʠʙʨʦʤʦ-ʙʨʦʤʦʩʪʘʥʥʘʪʦʚ(IV), 1 ʧʦʣʠʙʨʦʤʦ-ʭʣʦʨʦʚʠʩʤʫʪʘʪ(III), 5 ʧʦʣʠʠʦʜʦ-

ʭʣʦʨʦʪʝʣʣʫʨʘʪʦʚ(IV) ʠ 8 ʧʦʣʠʭʣʦʨʦ-ʭʣʦʨʦʤʝʪʘʣʣʘʪʦʚ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʦʚʝʜʝʥʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʠʠʦʜʦ-ʠʦʜʦʤʝʪʘʣʣʘʪʦʚ ʚʠʩʤʫʪʘ(III) ʠ ʩʫʨʴʤʳ(III). ʇʨʝʜʩʪʘʚʣʝʥʦ ʧʷʪʴ ʥʦʚʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ, ʨʘʥʝʝ ʥʝ ʚʩʪʨʝʯʘʚʰʠʭʩʷ ʚ ʭʠʤʠʠ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ. ʀʟʫʯʝʥʳ 

ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʟʫʯʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʠʠʦʜʦ-ʙʨʦʤʦʩʪʘʥʥʘʪʦʚ(IV) ʠ 

ʧʦʣʠʙʨʦʤʦ-ʙʨʦʤʦʩʪʘʥʥʘʪʦʚ(IV). ʇʦʣʠʛʘʣʦʛʝʥʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʘʣʢʠʣʘʤʤʦʥʠʡʥʳʤʠ 

ʢʘʪʠʦʥʘʤʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʛʦʨʘʟʜʦ ʙʦʣʴʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ 

ʧʠʨʠʜʠʥʠʝʚʳʤʠ ʢʘʪʠʦʥʘʤʠ. ʇʨʠ ʟʘʤʝʥʝ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩ Br2 ʥʘ I2 ʦʪʤʝʯʝʥʦ 

ʫʤʝʥʴʰʝʥʠʝ ʐɿɿ. 

ɺʧʝʨʚʳʝ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʦʣʠʭʣʦʨʠʜ-ʭʣʦʨʦʤʝʪʘʣʣʘʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʦʣʦʚʘ(IV), ʩʚʠʥʮʘ(IV), ʚʠʩʤʫʪʘ(III ) ʠ ʩʝʣʝʥʘ(IV). ʆʙʥʘʨʫʞʝʥʘ ʚʳʩʦʢʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʡʥʳʤ ʢʘʪʠʦʥʦʤ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ. 

ʇʦʣʫʯʝʥʘ ʩʝʨʠʷ ʧʦʣʠʠʦʜʦ-ʭʣʦʨʦʪʝʣʣʫʨʘʪʦʚ (Cat)2{[ TeCl6](I2)}. ʇʦʤʠʤʦ ʩʪʨʫʢʪʫʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ, ʙʳʣʘ ʦʮʝʥʝʥʘ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɿʥʘʯʝʥʠʷ ʐɿɿ 

ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, ʯʝʤ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ 

ʧʦʣʠʠʦʜʦ-ʙʨʦʤʦʪʝʣʣʫʨʘʪʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʕʪʘ ʨʘʙʦʪʘ ʣʝʞʠʪ ʥʘ ʩʪʳʢʝ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠ: 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ, ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ. ʇʦʣʫʯʝʥʳ 
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ʜʘʥʥʳʝ ʦ ʩʧʦʩʦʙʘʭ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ, ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ. ɼʘʥʥʳʝ ʦ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʳʙʦʨʘ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ʉʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʦʙʘʚʣʝʥʳ ʚ ʂʉɹɼ ʠ ʜʦʩʪʫʧʥʳ ʰʠʨʦʢʦʡ 

ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʧʦʣʠʠʦʜʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʠʩʤʫʪʘ(III) ʠ ʩʫʨʴʤʳ(III), ʧʦʣʠʠʦʜʦ-

ʙʨʦʤʦʩʪʘʥʥʘʪʦʚ(IV), ʧʦʣʠʙʨʦʤʠʜʦʚ ʦʣʦʚʘ(IV), ʧʦʣʠʙʨʦʤʦ-ʭʣʦʨʦʚʠʩʤʫʪʘʪʘ(III ), 

ʧʦʣʠʭʣʦʨʦʤʝʪʘʣʣʘʪʦʚ ʠ ʧʦʣʠʠʦʜʦ-ʭʣʦʨʦʪʝʣʣʫʨʘʪʦʚ(IV) ; 

2. ɼʘʥʥʳʝ ʦ ʩʪʨʦʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

3. ɼʘʥʥʳʝ ʦ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ; 

4. ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ (ʩʧʝʢʪʨʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʠ 

ʩʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʩ ʦʮʝʥʢʦʡ ʐɿɿ) ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʉʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʢ.ʭ.ʥ. ɸ.ʅ. ʋʩʦʣʴʮʝʚʳʤ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʩʪʘʥʦʚʢʘ 

ʮʝʣʠ ʠ ʟʘʜʘʯ, ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʬʦʨʤʫʣʠʨʦʚʢʘ ʚʳʚʦʜʦʚ. ɸʚʪʦʨʦʤ ʚʳʧʦʣʥʝʥʘ ʚʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ (ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ, ʚʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ, 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʈʉɸ). ʈʝʰʝʥʠʝ ʠ ʫʪʦʯʥʝʥʠʝ ʜʘʥʥʳʭ ʈʉɸ ʜʣʷ ʩʝʨʠʠ ʧʦʣʠʠʦʜʦ-

ʭʣʦʨʦʪʝʣʣʫʨʘʪʦʚ(IV) (G1-G5), ʘ ʪʘʢʞʝ ʜʝʧʦʥʠʨʦʚʘʥʠʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʚ ʂʉɹɼ 

ʧʨʦʚʦʜʠʣʠʩʴ ʘʚʪʦʨʦʤ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʚʦʜʠʣʩʷ ʘʚʪʦʨʦʤ. 

ʆʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʘ ʨʫʢʦʧʠʩʝʡ ʧʫʙʣʠʢʘʮʠʡ ʧʨʦʚʦʜʠʣʘʩʴ 

ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʨʘʙʦʪ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 12 ʢʦʥʬʝʨʝʥʮʠʷʭ 

ʚʩʝʨʦʩʩʠʡʩʢʦʛʦ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʫʨʦʚʥʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ XI ʂʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ 

ʦʙʱʝʡ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʛ. ʄʦʩʢʚʘ, 2021 ʛ.), XXVIII  ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʏʫʛʘʝʚʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (ʛ. ʊʫʘʧʩʝ, 2021 ʛ.), XIX  ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡè (ʛ. ʊʫʘʧʩʝ, 2022 ʛ.), XXIX ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʃʆʄʆʅʆʉʆɺè (ʛ. ʄʦʩʢʚʘ, 

2022 ʛ.) ʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ XXI ʚʝʢʝè ʠʤʝʥʠ ʚʳʜʘʶʱʠʭʩʷ ʭʠʤʠʢʦʚ ʃ.ʇ. ʂʫʣʸʚʘ ʠ ʅ.ʄ. 

ʂʠʞʥʝʨʘ (ʛ. ʊʦʤʩʢ, 2022, 2023 (ʜʦʢʣʘʜ ʦʪʤʝʯʝʥ ʜʠʧʣʦʤʦʤ II  ʩʪʝʧʝʥʠ), 2024 ʛ.). 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʦʚ 14, 15 ʠ 

16 ʛʨʫʧʧ, ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʘʷ ʝʸ ʯʘʩʪʴ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ 

ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ ʠ ʧʦʣʫʯʝʥʠʶ ʠʭ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ. ɼʣʷ ʵʪʦʛʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʦʡ ʬʘʟʳ: ʠʟʤʝʥʝʥʠʝ 

ʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ ʩʭʦʞʠʭ ʢʘʪʠʦʥʦʚ ï ʧʨʦʠʟʚʦʜʥʳʭ ʧʠʨʠʜʠʥʘ ʠʣʠ ʘʤʤʦʥʠʷ, ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʠ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʷʜ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

ʉʪʨʦʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʦʚ ʚ ʥʠʭ ʠʟʫʯʘʣʠʩʴ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ). ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʯʠʩʪʦʪʳ ʧʨʦʚʦʜʠʣʦʩʴ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ 

(ʈʌɸ) ʠ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʘʤʠ. ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ) ʩʣʫʞʠʣʘ 

ʚʘʞʥʳʤ ʤʝʪʦʜʦʤ ʧʝʨʚʠʯʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʬʘʟ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʐɿɿ ʨʷʜʘ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ. ʊʝʨʤʠʯʝʩʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʙʳʣʘ ʠʟʫʯʝʥʘ ʤʝʪʦʜʦʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʊɻɸ). ʕʥʝʨʛʠʠ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʦʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʈʉɸ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʦʥʠ ʩʦʛʣʘʩʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʚʩʝʨʦʩʩʠʡʩʢʦʛʦ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʫʨʦʚʥʷ, ʘ ʪʘʢʞʝ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʟʥʘʥʠʝ ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʥʘʫʯʥʳʤ ʦʙʱʝʩʪʚʦʤ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1 ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʠʤ ʧʫʥʢʪʘʤ ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ (ʭʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ): ʧ. 1 çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝè; ʧ. 2 çɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ 

ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠè; ʧ. 3 

çʍʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʠ ʩʪʨʦʝʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡè; ʧ. 5 çɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, 

ʩʪʨʦʝʥʠʝʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳè. 

ʇʫʙʣʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʚʠʜʝ 12 ʩʪʘʪʝʡ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ. ɺʩʝ ʠʟʜʘʥʠʷ ʠʥʜʝʢʩʠʨʫʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʤʠ 

ʙʘʟʘʤʠ ʜʘʥʥʳʭ Web of Science, Scopus ʠ ʚʭʦʜʷʪ ʚ ʇʝʨʝʯʝʥʴ ʠʟʜʘʥʠʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ 
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ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦ ʪʝʤʝ ʨʘʙʦʪʳ ʚ ʤʘʪʝʨʠʘʣʘʭ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʟʠʩʳ 12 ʜʦʢʣʘʜʦʚ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ʈʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 150 ʩʪʨʘʥʠʮʘʭ, ʩʦʜʝʨʞʠʪ 106 ʨʠʩʫʥʢʦʚ, 8 ʪʘʙʣʠʮ ʠ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

(259 ʧʫʙʣʠʢʘʮʠʡ) ʠ ʧʨʠʣʦʞʝʥʠʷ. 

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʧʣʘʥʫ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. 

ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʉʆ ʈɸʅ ʠ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʦʚ ʈʅʌ ˉ18-73-10040 ʠ ˉ23-73-10054. ʈʘʙʦʪʘ ʙʳʣʘ 

ʦʪʤʝʯʝʥʘ ʧʨʝʤʠʝʡ ʤɻ ʨʠʠ ʛʦʨʦʜʘ ʅʦʚʦʩʠʙʠʨʩʢʘ ʚ ʩʬʝʨʝ ʥʘʫʢʠ ʠ ʠʥʥʦʚʘʮʠʡ ʚ 2023 ʛʦʜʫ. 
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1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

1.1. ɻʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴ: ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʠʤʝʥʝʥʠʷ 

ʇʦʩʢʦʣʴʢʫ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʦʚ ʚ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʘʭ ʢʘʢ ʧʨʘʚʠʣʦ 

ʦʧʠʩʳʚʘʶʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʥʮʝʧʮʠʠ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ (ɻʉ), ʥʝʦʙʭʦʜʠʤʦ ʜʘʪʴ ʢʨʘʪʢʠʡ ʦʙʟʦʨ 

ʵʪʦʤʫ ʬʝʥʦʤʝʥʫ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ. 

1.1.1. ʀʩʪʦʨʠʷ ʧʦʷʚʣʝʥʠʷ ʪʝʨʤʠʥʘ 

ɹʦʣʝʝ ʯʝʤ ʜʚʘ ʚʝʢʘ ʥʘʟʘʜ, ʚ 1814 ʛʦʜʫ ʬʨʘʥʮʫʟʩʢʠʡ ʭʠʤʠʢ ɾ.ɾ. ʂʦʣʠʥ ʥʘʙʣʶʜʘʣ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʞʠʜʢʦʩʪʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʙʣʝʩʢʦʤ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʦʜʘ ʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ 

ʘʤʤʠʘʢʘ. ʆʢʦʣʦ ʧʷʪʠʜʝʩʷʪʠ ʣʝʪ ʩʧʫʩʪʷ ʌʝʜʝʨʠʢ ɻʘʨʪʠ ʫʩʪʘʥʦʚʠʣ ʩʦʩʪʘʚ ʜʘʥʥʦʛʦ ʘʜʜʫʢʪʘ 

I2ĿĿĿNH3 [64]. ʇʦʩʣʝ ʦʪʢʨʳʪʠʷ ʂʦʣʠʥʘ, ʬʨʘʥʮʫʟʩʢʠʝ ʭʠʤʠʢʠ ʇʝʣʣʝʪʴʝ ʠ ʂʘʚʝʥʪʫ ʧʦʣʫʯʠʣʠ 

ʪʨʠʠʦʜʠʜʥʫʶ ʩʦʣʴ ʘʣʢʘʣʦʠʜʘ ʩʪʨʠʭʥʠʥʘ [65]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʥʠʦʥʘ (I3)
- ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʠʦʜʠʜʥʦʛʦ ʘʥʠʦʥʘ ʠ ʠʦʜʘ ʫʞʝ ʚ XIX  ʚʝʢʝ ʩʚʷʟʳʚʘʣʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʦʩʪʦʤ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠʦʜʘ 

ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɺ 1870 ʛʦʜʫ ʁʦʨʛʝʥʩʝʥ ʦʧʫʙʣʠʢʦʚʘʣ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʪʨʠʠʦʜʠʜʦʚ ʘʣʢʘʣʦʠʜʦʚ [66]. ɺ 1883 ʛʦʜʫ ʈʫʩʩʦʧʫʣʦʩ [67] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʦʚ ʭʠʥʦʣʠʥʘ ʩ ʭʣʦʨʦʬʦʨʤʦʤ ʠ ʠʦʜʦʬʦʨʤʦʤ. 

ɼʘʚʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʮʚʝʪʘ ʧʦʣʫʯʘʝʤʳʭ ʨʘʩʪʚʦʨʦʚ ʨʘʟʣʠʯʘʶʪʩʷ: ʬʠʦʣʝʪʦʚʳʡ ʚ ʩʣʫʯʘʝ ʘʣʠʬʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʩ ʘʮʝʪʦʥʦʤ, ʙʝʥʟʦʣʦʤ, ʩʧʠʨʪʘʤʠ, ʘʤʠʥʘʤʠ ʠ ʵʬʠʨʘʤʠ [68]. 

ɹʝʥʝʩʠ ʠ ʍʠʣʴʜʝʙʨʘʥʜ ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʨʘʩʪʚʦʨʳ ʠʦʜʘ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʦʧʠʩʳʚʘʷ ʥʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢʪʳ ʢʘʢ ʩʣʫʯʘʡ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [69,70]. ʇʝʨʝʥʦʩ ʟʘʨʷʜʘ ʥʘ ʘʪʦʤʳ ʛʘʣʦʛʝʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʥʘʠʙʦʣʝʝ ʩʣʘʙʳʭ ʜʦʥʦʨʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʯʪʦ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ. 

ʅʘʩʪʦʷʱʠʤ ʧʨʦʨʳʚʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʦʥʠʤʘʥʠʷ ɻʉ ʩʪʘʣʦ ʦʪʢʨʳʪʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ ʠ ʨʘʟʚʠʪʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ 1954 ʛʦʜʫ ʆ. ʍʘʩʩʝʣʴ 

ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʣ ʧʨʠ ʧʦʤʦʱʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʦʢʩʘʥʘ 

ʠ ʙʨʦʤʘ [71]. ɺ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ BrĿĿĿO 

(2.71 ¡), ʬʦʨʤʠʨʫʶʱʠʝ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʠ (ʈʠʩ. 1). ɼʣʠʥʘ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʚ ʤʦʣʝʢʫʣʝ Br2 

ʫʚʝʣʠʯʝʥʘ (2.31 ʧʨʦʪʠʚ 2.28 ¡ ʚ ʪʚʸʨʜʦʤ Br2). ɺ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʜʘʥʦ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ 

ʦʙʲʷʩʥʝʥʠʝ ʜʘʥʥʦʛʦ ʬʝʥʦʤʝʥʘ [72,73]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ 

ʘʪʦʤʳ ʛʘʣʦʛʝʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʥʝʧʦʜʝʣʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʘʨʘʤʠ ʥʘ ʘʪʦʤʘʭ ʢʠʩʣʦʨʦʜʘ. 

ʇʷʪʴ ʣʝʪ ʩʧʫʩʪʷ ʚʩʸ ʪʝʤ ʞʝ ʍʘʩʩʝʣʝʤ ʙʳʣ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʠʟʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʦʛ 

ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʭʣʦʨʦʤ [74]. ɺ 1969 ʛʦʜʫ ʆ. ʍʘʩʩʝʣʴ ʙʳʣ ʫʜʦʩʪʦʝʥ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʧʦ 
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ʭʠʤʠʠ ʟʘ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ, ʦʜʥʘʢʦ ʝʛʦ ʅʦʙʝʣʝʚʩʢʘʷ ʣʝʢʮʠʷ ʙʳʣʘ 

ʧʦʩʚʷʱʝʥʘ ʤʝʞʘʪʦʤʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ -́ʩʠʩʪʝʤʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʘ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠ ʘʢʮʝʧʪʦʨʘ ɻʉ. ɺ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ ʄʘʣʣʠʢʝʥ ʠʟʫʯʘʣ ʧʨʠ ʧʦʤʦʱʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʨʘʩʪʚʦʨ rʜʠʛʘʣʦʛʝʥʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ [75]. ɺ 1966 ʛʦʜʫ 

ʄʘʣʣʠʢʝʥ ʪʘʢʞʝ ʧʦʣʫʯʠʣ ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ ʟʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʳ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʠ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʙʠʪʘʣʝʡ. ʇʦʟʞʝ ʛʨʫʧʧʦʡ ʚʦ ʛʣʘʚʝ ʩ 

ʍʘʩʩʝʣʝʤ ʚ 1958 ʛʦʜʫ [76] ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʘʜʜʫʢʪʘ ʙʨʦʤʘ ʩ ʙʝʥʟʦʣʦʤ (ʈʠʩ. 1). ʄʦʞʥʦ 

ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʦʯʝʢ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ BrBr2ĿĿĿC6H6 ʦʢʦʣʦ 3.36 ¡. 

 

ʈʠʩ. 1. ʂʦʥʪʘʢʪʳ ʚ ʩʦʝʜʠʥʝʥʠʠ ʙʨʦʤʘ ʩ ʜʠʦʢʩʘʥʦʤ (ʩʚʝʨʭʫ), ʢʦʥʪʘʢʪʳ ʚ ʩʦʝʜʠʥʝʥʠʠ ʙʨʦʤʘ ʩ ʙʝʥʟʦʣʦʤ 

(ʩʥʠʟʫ). ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʢʦʥʪʘʢʪʳ ʩ ʫʯʘʩʪʠʝʤ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ ʙʫʜʫʪ ʦʙʦʟʥʘʯʘʪʴʩʷ 

ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ. ɸʪʦʤʳ ʙʨʦʤʘ - ʞʝʣʪʦ-ʟʝʣʸʥʳʝ, ʢʠʩʣʦʨʦʜʘ ï ʢʨʘʩʥʳʝ, ʫʛʣʝʨʦʜʘ ï ʩʝʨʳʝ, ʚʦʜʦʨʦʜʘ ï 

ʙʝʣʳʝ. 

ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ ʦʙʟʦʨʦʚ ʧʦʩʚʷʱʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʷʤ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ ʩ ʫʯʘʩʪʠʝʤ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ, ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ɹʝʥʪʦʤ ʚ 1968 

ʛʦʜʫ [77]. ɺ ʥʝʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʙʰʠʨʥʳʝ ʩʝʨʠʠ ʧʦʣʫʯʝʥʥʳʭ ʘʜʜʫʢʪʦʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ, 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ ʤʝʪʦʜʦʤ ʈʉɸ. ɸʚʪʦʨ ʦʪʤʝʯʘʝʪ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ï 

ʚʳʩʦʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʥʝʦʙʳʯʥʦ ʢʦʨʦʪʢʠʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʥʴʰʝ ʩʫʤʤʳ ʚʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʢʦʥʪʘʢʪʘʭ. 

ʃʝʛʦʥ ʠ ʩʦʘʚʪʦʨʳ ʚʧʝʨʚʳʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʘʜʜʫʢʪʳ ʩ ɻʉ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ 

ʧʨʠ ʧʦʤʦʱʠ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ [78,79]. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʚ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩʭʦʞʠ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʬʘʟʘʭ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʜʘʥʥʳʭ ʘʜʜʫʢʪʘʭ ʚʘʨʴʠʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʫʧʘʢʦʚʢʠ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ɻʉ. 

ʅʘʧʨʘʚʣʝʥʥʦʩʪʴ ɻʉ ʜʘʚʥʦ ʙʳʣʘ ʧʨʝʜʤʝʪʦʤ ʠʥʪʝʨʝʩʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʦʜʥʘʢʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʘʣʦ ʜʦʩʪʫʧʥʦ ʣʠʰʴ ʩ ʨʘʟʚʠʪʠʝʤ 
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ʨʘʩʯʸʪʥʳʭ ʤʝʪʦʜʦʚ. ɻʘʣʦʛʝʥʳ ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʩ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴʶ, ʠ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʬʠʣʦʚ ʜʦʩʪʘʪʦʯʥʦ ʥʝʦʯʝʚʠʜʥʘ [80]. ʈʘʩʯʝʪʥʳʝ ʨʘʙʦʪʳ, 

ʠʤʝʶʱʠʝ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʘʪʦʤʘʭ 

ʛʘʣʦʛʝʥʦʚ, ʧʦʷʚʠʣʠʩʴ ʚ 1990-ʝ ʛʦʜʳ [81ï83]. ɺ 2007 ʛʦʜʫ ʇʦʣʠʪʮʝʨ ʠ ʄʶʨʨʝʡ [84] ʧʨʝʜʣʦʞʠʣʠ 

ʩʧʦʩʦʙ ʦʧʠʩʘʥʠʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʘʪʦʤʘʭ ʛʘʣʦʛʝʥʦʚ. 

ʆʙʣʘʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʘʪʦʤʝ ʛʘʣʦʛʝʥʘ ï ʪ.ʥ. ů-ʜʳʨʢʘ [84] 

ï ʩʧʦʩʦʙʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʙʣʘʩʪʴʶ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ 

ʘʢʮʝʧʪʦʨʝ ɻʉ (ʜʦʥʦʨʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ). ʅʘ ʈʠʩ. 2 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʘʥʠʦʥʝ [ICl4]
- [85]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʘʪʦʤ ʠʦʜʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ 

ʜʦʥʦʨ ɻʉ, ʦʜʥʘʢʦ ʥʝ ʦʯʝʥʴ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ. ʅʘ ʘʪʦʤʘʭ ʭʣʦʨʘ ʵʣʝʢʪʨʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʪʘʢʞʝ 

ʨʘʩʧʨʝʜʝʣʝʥ ʘʥʠʟʦʪʨʦʧʥʦ. 

 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʤ ʘʥʠʦʥʝ 

[ICl4]
- ʚ ʨʘʙʦʪʝ [85]. ɿʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʘʪʦʤʘʭ ʠʦʜʘ ʠ ʭʣʦʨʘ ʜʘʥʳ ʚ ʢʠʣʦʢʘʣʦʨʠʷʭ/ʤʦʣʴ. 

1.1.2. ʇʦʷʚʣʝʥʠʝ ʪʝʨʤʠʥʘ çʛʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴè 

ʇʦʩʪʝʧʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ɻʉ ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʜʦʣʞʥʦ ʙʳʣʦ ʧʨʠʚʝʩʪʠ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ. ʉʧʫʩʪʷ ʜʚʘ ʚʝʢʘ ʩ ʧʝʨʚʦʡ ʨʘʙʦʪʳ ʂʦʣʠʥʘ 

ʤʥʦʞʝʩʪʚʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʘʚʘʚʰʠʭ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ 

ʨʘʟʤʳʰʣʝʥʠʷ, ʦʩʪʘʚʘʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʦʙʱʸʥʥʳʤʠ. ɺ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʦʙʟʦʨʥʳʭ ʩʪʘʪʝʡ (ɹʝʥʪ, 

1968 ʛʦʜ) ʧʨʠʚʦʜʠʪʩʷ ʦʢʦʣʦ ʜʚʘʜʮʘʪʠ ʬʨʘʟ ʠ ʪʝʨʤʠʥʦʚ, ʢʦʪʦʨʳʤʠ ʦʧʠʩʳʚʘʶʪʩʷ ʢʦʥʪʘʢʪʳ ʩ 

ʫʯʘʩʪʠʝʤ ʛʘʣʦʛʝʥʦʚ ʢʘʢ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʯʘʩʪʠʮ. ʈʷʜ ʠʟ ʥʠʭ ʦʧʠʩʳʚʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʟʷʪʳ ʠʟʥʘʯʘʣʴʥʦ, ʜʨʫʛʠʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ï ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʦʨʤʘʣʴʥʳʭ ʟʘʨʷʜʦʚ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʘʪʦʤʘʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʪʦʣʴ ʚʳʩʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʪʝʨʤʠʥʦʚ ʛʦʚʦʨʠʪ ʦ ʢʨʘʡʥʝʡ ʨʘʟʦʙʱʸʥʥʦʩʪʠ 

ʧʦʥʠʤʘʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠʩʭʦʜʷ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ ʠ ʚʟʛʣʷʜʦʚ. 
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ɼʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦ ʧʨʦʩʣʝʜʠʪʴ, ʢʦʛʜʘ ʠʤʝʥʥʦ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʘʤ ʪʝʨʤʠʥ çʛʘʣʦʛʝʥʥʘʷ 

ʩʚʷʟʴè. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʧʝʨʚʳʤ ʝʛʦ ʫʧʦʤʠʥʘʥʠʝʤ ʙʳʣʘ ʩʪʘʪʴʷ ɿʠʥʛʘʨʦ ʠ ʍʝʜʞʩʘ, ʧʦʩʚʷʱʝʥʥʘʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʛʘʣʦʛʝʥʦʚ ʩ ʬʦʩʬʠʥʦʢʩʠʜʘʤʠ ʠ ʬʦʩʬʠʥʩʫʣʴʬʠʜʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʙʳʣʦ ʫʢʘʟʘʥʦ, ʯʪʦ ʛʘʣʦʛʝʥʳ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʵʣʝʢʪʨʦʬʠʣʳ ʘʥʘʣʦʛʠʯʥʦ ʚʦʜʦʨʦʜʫ ʚ 

ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ. ʉʣʝʜʫʶʱʝʝ ʫʧʦʤʠʥʘʥʠʝ ʜʘʥʥʦʛʦ ʪʝʨʤʠʥʘ ʟʚʫʯʠʪ ʚ ʨʘʙʦʪʝ 1976 ʛʦʜʘ, 

ʧʦʩʚʷʱʝʥʥʦʡ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʭʣʦʨʦ- ʠ ʙʨʦʤʦʬʦʨʤʘ ʩ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʳʤʠ 

ʜʠʦʢʪʠʣʴʥʳʤʠ ʵʬʠʨʘʤʠ [86]. ɺ 1983 ʛʦʜʫ ʪʝʨʤʠʥ çhalogen bondingè ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚ ʛʣʘʚʝ 

ʢʥʠʛʠ, ʧʦʩʚʷʱʝʥʥʦʡ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʩ ʫʯʘʩʪʠʝʤ ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʦʡ 

ʦʨʛʘʥʠʢʠ [87]. 

ɺ 2006 ʛʦʜʫ ɻʣʝʡʟʝʨ ʠ ʩʦʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʪʝʨʤʠʥ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʣʶʙʦʛʦ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʫʯʘʩʪʠʝʤ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, 

ʚʳʩʪʫʧʘʝʪ ʣʠ ʦʥ ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʠʣʠ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʯʘʩʪʠʮʝʡ [88]. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ, ʦʜʥʘʢʦ, 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʨʫʜʥʦʩʪʷʤ ʩ ʦʜʥʦʟʥʘʯʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʦʛʦ ʪʝʨʤʠʥʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʛʘʣʦʛʝʥʦʚ ʢʘʢ ʥʫʢʣʝʦʬʠʣʦʚ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʩʪʦʠʪ ʥʘʟʳʚʘʪʴ 

ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, ʘ ʥʝ ʛʘʣʦʛʝʥʥʳʤʠ. 

ɺ 2009 ʛʦʜʫ ʩʪʘʨʪʦʚʘʣ ʧʨʦʝʢʪ ʀʖʇɸʂ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʷʩʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʫʯʘʩʪʠʝʤ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ ʢʘʢ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʯʘʩʪʠʮ. ʈʝʢʦʤʝʥʜʘʮʠʷ 

ʀʖʇɸʂ, ʦʜʥʦʟʥʘʯʥʦ ʜʘʶʱʘʷ ʦʧʨʝʜʝʣʝʥʠʝ ɻʉ, ʙʳʣʘ ʚʳʧʫʱʝʥʘ ʯʫʪʴ ʙʦʣʝʝ ʜʝʩʷʪʠ ʣʝʪ ʥʘʟʘʜ, ʚ 

2013 ʛʦʜʫ [34] ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʢʘʪʝʛʦʨʠʟʘʮʠʠ ɻʉ ʠ ʜʨʫʛʠʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ 

ʫʯʘʩʪʠʝʤ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ. ʉʘʤʦ ʦʧʨʝʜʝʣʝʥʠʝ ʛʣʘʩʠʪ, ʯʪʦ çɻʉ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʝʩʪʴ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʚʷʟʳʚʘʶʱʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʦʙʣʘʩʪʴʶ ʘʪʦʤʘ ʛʘʣʦʛʝʥʘ 

ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʬʨʘʛʤʝʥʪʝ ʩ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʦʙʣʘʩʪʴʶ ʥʘ ʜʨʫʛʦʤ ʠʣʠ ʥʘ ʪʦʤ ʞʝ ʩʘʤʦʤ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʬʨʘʛʤʝʥʪʝè. ʂʘʢ ʧʨʘʚʠʣʦ ɻʉ ʦʙʦʟʥʘʯʘʝʪʩʷ ʪʨʝʤʷ ʪʦʯʢʘʤʠ: R-XĿĿĿY. ʌʨʘʛʤʝʥʪ R-X 

ʷʚʣʷʝʪʩʷ ʜʦʥʦʨʦʤ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ, ʛʜʝ X ï ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʛʨʫʧʧʦʡ R ʘʪʦʤ ʛʘʣʦʛʝʥʘ ʩ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʦʙʣʘʩʪʴʶ ʥʘ ʥʸʤ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʥʘʧʨʠʤʝʨ ʚ ʩʦʣʷʭ ʠʦʜʦʥʠʷ [89ï91] (ʈʠʩ. 3), X 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʜʚʫʤʷ ʠʣʠ ʙʦʣʝʝ ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷʤʠ ʠ ʩʧʦʩʦʙʝʥ ʬʦʨʤʠʨʦʚʘʪʴ ʜʚʘ ʠʣʠ 

ʙʦʣʝʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʘ. Y ï ʘʢʮʝʧʪʦʨ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ ʠʤʝʶʱʠʡ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʠʥ 

ʥʫʢʣʝʦʬʠʣʴʥʳʡ ʮʝʥʪʨ. ɼʘʥʥʘʷ ʪʝʨʤʠʥʦʣʦʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʥʝʦʯʝʚʠʜʥʘ, ʧʦʩʢʦʣʴʢʫ 

ʜʦʥʦʨ ɻʉ ʷʚʣʷʝʪʩʷ ʘʢʮʝʧʪʦʨʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʘ ʘʢʮʝʧʪʦʨ ɻʉ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʦʥʠʨʫʝʪ 

ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ. 
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ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [C12H8I]3[Ag(OTf)4] ʩ ʢʚʘʜʨʘʪʥʳʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʦʢʨʫʞʝʥʠʝʤ ʘʪʦʤʘ 

ʩʝʨʝʙʨʘ(I), ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤ ɻʉ ʩ ʢʘʪʠʦʥʦʤ ʪʨʠʩ-ʜʠʙʝʥʟʦʠʣʠʦʜʦʥʠʷ [89]. ɸʪʦʤʳ ʬʪʦʨʘ ʞʝʣʪʳʝ, 

ʩʝʨʝʙʨʘ ï ʯʸʨʥʳʝ, ʘʪʦʤ ʠʦʜʘ ï ʧʫʨʧʫʨʥʳʡ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʥʘʣʠʯʠʷ ɻʉ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ, ʪʘʢ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤ, 

ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʝʡ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ɻʉ. ʏʝʤ ʙʦʣʴʰʝʤʫ ʯʠʩʣʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʢʦʥʪʘʢʪ, ʪʝʤ ʚʳʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʤʳ ʠʤʝʝʤ 

ʜʝʣʦ ʩ ʥʘʩʪʦʷʱʝʡ ɻʉ. 

1. ʄʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʦʥʦʨʥʳʤ ʘʪʦʤʦʤ X ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʫʢʣʝʦʬʠʣʦʤ Y 

ʢʘʢ ʧʨʘʚʠʣʦ ʤʝʥʴʰʝ ʩʫʤʤʳ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʘʪʦʤʦʚ. ɺ ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʜʠʫʩʳ ʠʟ ʨʘʙʦʪʳ 2009 ʛʦʜʘ [92], ʢʦʪʦʨʘʷ 

ʜʦʧʦʣʥʷʝʪ ʙʦʣʝʝ ʩʪʘʨʫʶ ʨʘʙʦʪʫ ɹʦʥʜʠ 1964 ʛʦʜʘ [93]. ɺ ʨʷʜʝ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ 

ʦʙʲʝʢʪʦʚ ʩ ɻʉ [94,95], ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʜʠʫʩʳ ʈʦʫʣʘʥʜʘ [96], ʢʦʪʦʨʳʝ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, ʥʦ 

ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʵʣʝʤʝʥʪʦʚ ʛʣʘʚʥʳʭ ʛʨʫʧʧ. 

2. ɼʣʠʥʘ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʚʦ ʬʨʘʛʤʝʥʪʝ R-X ʦʙʳʯʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʬʨʘʛʤʝʥʪʦʤ, ʥʝ ʩʚʷʟʘʥʥʳʤ ɻʉ. 

3. ʋʛʦʣ R-XĿĿĿY ʙʣʠʟʦʢ ʢ 180Ü, ʪʦ ʝʩʪʴ ʘʢʮʝʧʪʦʨ ɻʉ Y ʬʦʨʤʠʨʫʝʪ ʢʦʥʪʘʢʪ ʥʘ ʧʨʦʜʦʣʞʝʥʠʠ 

ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ R-X. 

4. ʉʠʣʘ ɻʉ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʘʪʦʤʘ X ʠ ʫʤʝʥʴʰʝʥʠʠ 

ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ ʩʠʣʳ ʟʘʤʝʩʪʠʪʝʣʷ R. ʕʪʦ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ 

ʧʦʣʠʛʘʣʦʛʝʥʠʜʦʚ ï ʯʠʩʣʦ ʧʨʠʤʝʨʦʚ ʩ ʫʯʘʩʪʠʝʤ ʤʦʣʝʢʫʣ Cl2 ʥʝʚʝʣʠʢʦ. 
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5. ɺʢʣʘʜ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ɻʉ ʤʘʢʩʠʤʘʣʝʥ, ʦʜʥʘʢʦ 

ʧʦʣʷʨʠʟʘʮʠ,̫ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʠʣr ʪʘʢʞʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ. ʆʪʥʦʩʠʪʝʣʴʥʳʡ 

ʚʢʣʘʜ ʵʪʠʭ ʩʠʣ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ ʦʜʥʦʛʦ ʩʣʫʯʘʷ ʢ ʜʨʫʛʦʤʫ. 

6. ɺ ʠʥʬʨʘʢʨʘʩʥʳʭ ʠ ʂʈ-ʩʧʝʢʪʨʘʭ ʧʦʣʦʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʣʝʙʘʥʠʷʤ ʛʨʫʧʧ R-X ʠ Y 

ʟʘʤʝʪʥʦ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʪʘʢʪʘ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ɻʉ 

ʚ ʦʙʲʝʢʪʘʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʛʦʪʦʚʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʪʦʜʦʤ ʈʉɸ. ʊʘʢʞʝ ʚ ʩʧʝʢʪʨʘʭ ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʥʦʚʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʤʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʢʦʥʪʘʢʪʘ XĿĿĿY. 

7. ɺ ʋʌ-ʚʠʜʠʤʦʤ ʩʧʝʢʪʨʝ ʧʦʣʦʩʳ ʜʦʥʦʨʘ ɻʉ ʩʤʝʱʘʶʪʩʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ. ʊʘʢʞʝ 

ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʥʦʚʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʯʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʦ ɹʝʥʝʩʠ ʠ 

ʍʠʣʴʜʝʙʨʘʥʪʦʤ ʝʱʸ ʚ ʢʦʥʮʝ 40-ʭ ʛʦʜʦʚ XX ʚʝʢʘ [69,70]. 

8. ɺ ʩʧʝʢʪʨʘʭ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʗʄʈ) ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ɻʉ ʠʟʤʝʥʷʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ ʜʣʷ ʜʦʥʦʨʘ ʠ ʘʢʮʝʧʪʦʨʘ ɻʉ, ʯʪʦ ʤʦʞʥʦ ʧʨʦʥʘʙʣʶʜʘʪʴ ʢʘʢ ʚ 

ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʚ ʪʚʸʨʜʦʪʝʣʴʥʦʤ ʗʄʈ ʥʘ ʨʘʟʣʠʯʥʳʭ ʷʜʨʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʗʄʈ ʩʧʝʢʪʨʦʚ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ɼʘʥʥʳʡ ʬʘʢʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʚ ʨʷʜʝ 

ʨʘʙʦʪ, ʢʘʢ ʧʨʦʰʣʦʛʦ ʚʝʢʘ [97ï99], ʪʘʢ ʠ ʜʦʩʪʘʪʦʯʥʦ ʩʦʚʨʝʤʝʥʥʳʭ [100ï105]. 

ʉʪʦʠʪ ʧʦʜʨʦʙʥʝʝ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʥʝʢʦʪʦʨʳʭ ʢʣʶʯʝʚʳʭ ʤʦʤʝʥʪʘʭ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ. 

1.1.3. ʆʩʦʙʝʥʥʦʩʪʠ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ 

ʅʘʧʨʘʚʣʝʥʥʦʩʪʴ. ɻʉ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ, ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ (ɺʉ). ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ů-ʜʳʨʢʠ ʥʘ ʧʨʦʜʦʣʞʝʥʠʠ ʢʦʚʘʣʝʥʪʥʦʡ (ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ) ʩʚʷʟʠ R-X. ʋʛʦʣ 

R-XĿĿĿY ʩʪʨʝʤʠʪʩʷ ʢ 180Ü, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʪʠʩʪʠʢʘ ʂʉɹɼ [80]. 

ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʥʘʩʪʨʦʡʢʝ. ɼʦʥʦʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʷʜʫ I>Br>Cl>F, 

ʧʦʩʢʦʣʴʢʫ ʩ ʨʦʩʪʦʤ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ (ʠ ʧʦʥʠʞʝʥʠʝʤ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ) ʘʪʦʤʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʘ ů-ʜʳʨʢʝ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʨʝʛʫʣʷʮʠʠ ʩʠʣʳ ɻʉ 

ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʘʪʦʤʘʤʠ 

ʛʘʣʦʛʝʥʦʚ. ɺʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʦʡ ʛʨʫʧʧʳ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʘʪʦʤʝ ʛʘʣʦʛʝʥʘ ʠ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ɻʉ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʜʦʥʦʨʦʤ ɻʉ ʷʚʣʷʶʪʩʷ 

ʤʦʥʦʛʘʣʦʛʝʥʧʝʨʬʪʦʨʙʝʥʟʦʣʳ, ʥʘʰʝʜʰʠʝ ʩʚʦʸ ʧʨʠʤʝʥʝʥʠʝ ʚ ʜʠʟʘʡʥʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ 

ʩ ɻʉ [106ï109]. 

ɻʠʜʨʦʬʦʙʥʦʩʪʴ. ɸʪʦʤʳ ʠʦʜʘ ʠ ʙʨʦʤʘ, ʪʠʧʠʯʥʳʝ ʜʦʥʦʨʳ ɻʉ, ʟʘʤʝʪʥʦ ʤʝʥʝʝ ʛʠʜʨʦʬʠʣʴʥʳ, 

ʥʝʞʝʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ï ʜʦʥʦʨʳ ɺʉ (ʛʠʜʨʦʢʩʠʣʴʥʘʷ ʠʣʠ ʨʘʟʣʠʯʥʳʝ ʛʨʫʧʧʳ ʩʦ ʩʚʷʟʷʤʠ 

N-H). ʉ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʦʣʝʡ ʫʚʝʨʝʥʥʦʩʪʠ, ɻʉ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʛʠʜʨʦʬʦʙʥʳʡ ʘʥʘʣʦʛ ɺʉ. 

ʅʘʧʨʠʤʝʨ, 1,2-ʜʠʠʦʜʦʪʝʪʨʘʬʪʦʨʵʪʘʥ ʠ ʠʦʜʦʧʝʨʬʪʦʨʙʝʥʟʦʣ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
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ʬʝʥʦʣ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤ, ʘ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʚʦʜʦʡ ʚ ʣʶʙʳʭ ʦʪʥʦʰʝʥʠʷʭ. ʇʦʜʦʙʥʘʷ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʠʭ ʜʚʫʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʟʚʦʣʷʝʪ ʠʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʩʚʦʡʩʪʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʛʣʦʱʝʥʠʝ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ 

ʜʦʩʪʘʚʢʘ ʝʛʦ ʜʦ ʥʝʦʙʭʦʜʠʤʦʡ ʪʢʘʥʠ ʪʨʝʙʫʝʪ ʦʪ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʣʠʧʦʬʠʣʴʥʦʩʪʠ ʜʣʷ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʯʝʨʝʟ ʣʠʧʠʜʥʫʶ ʤʝʤʙʨʘʥʫ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʜʝʡʩʪʚʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ʟʘʯʘʩʪʫʶ 

ʚʚʦʜʷʪ ʘʪʦʤʳ ʛʘʣʦʛʝʥʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʧʨʝʧʘʨʘʪʘ ʪʨʝʙʫʝʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʘʣʠʯʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠ ʠʥʳʭ ʛʠʜʨʦʬʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. 

ʈʘʟʤʝʨʳ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ. ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳ ʨʘʜʠʫʩʳ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ (1.47, 1.75, 

1.85 ʠ 1.98 ¡ ʜʣʷ ʬʪʦʨʘ, ʭʣʦʨʘ, ʙʨʦʤʘ ʠ ʠʦʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [93]) ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʪʘʢʦʚʦʛʦ 

ʜʣʷ ʚʦʜʦʨʦʜʘ (1.2 ¡), ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʦʛʠʠ ʤʝʞʜʫ 

ɻʉ ʠ ɺʉ. ɻʘʣʦʛʝʥʥʘʷ ʩʚʷʟʴ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʩʪʝʨʠʯʝʩʢʠʤ ʥʘʧʨʷʞʝʥʠʷʤ, ʥʝʞʝʣʠ ɺʉ, ʯʪʦ 

ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʛʝʦʤʝʪʨʠʠ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʚʦʡʩʪʚʘʭ ʧʦʣʫʯʘʝʤʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

1.1.4. ʊʠʧʳ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʦʚ ʩ ʫʯʘʩʪʠʝʤ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ 

ɺʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʛʘʣʦʛʝʥʦʚ ʜʚʫʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʉʘʢʫʨʘʠ ʠ ʩʦʘʚʪʦʨʘʤʠ ʝʱʸ ʚ 1963 ʛʦʜʫ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ 2,5-ʜʠʭʣʦʨʦʘʥʠʣʠʥʘ [110]. ɺ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪʘʭ [111] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʢʦʪʦʨʘʷ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʦʡ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʠ 

ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʢʦʥʪʘʢʪʳ ʩ ʫʯʘʩʪʠʝʤ ʛʘʣʦʛʝʥʦʚ ʜʝʣʷʪʩʷ ʥʘ ʪʠʧ I  (ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʝ ʫʛʣʳ ɗ1 ʠ ɗ2) 

ʠ ʪʠʧ II  (ɗ1 å 180Ü, ɗ2 å 90Ü). ɻʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʜʘʥʥʳʭ ʪʠʧʦʚ ʧʨʠʚʝʜʝʥʦ ʥʘ ʈʠʩ. 4. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʪʠʧ I  ʙʳʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʜʝʣʝʥ ʥʘ ʮʠʩ- ʠ ʪʨʘʥʩ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ R [112]. C ʭʠʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʜʘʥʥʳʝ ʢʦʥʪʘʢʪʳ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʶʪʩʷ: ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʠʧʘ I ʧʨʦʠʩʭʦʜʷʪ ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ 

ʧʣʦʪʥʝʡʰʝʡ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʠ ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʀʖʇɸʂ, ʩʯʠʪʘʪʴʩʷ 

ɻʉ ʥʝ ʤʦʛʫʪ. ʂʦʥʪʘʢʪʳ ʪʠʧʘ II  ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ 

ʦʙʣʘʩʪʴʶ ʥʘ ʘʪʦʤʝ ʛʘʣʦʛʝʥʘ ʠ ʥʫʢʣʝʦʬʠʣʴʥʦʡ ʦʙʣʘʩʪʴʶ ʥʘ ʠʥʦʤ ʘʪʦʤʝ, ʠʤʝʥʥʦ ʵʪʠ ʢʦʥʪʘʢʪʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʠʶ ɻʉ, ʜʘʥʥʦʤʫ ʀʖʇɸʂ. ɺ ʨʘʙʦʪʝ 2014 ʛʦʜʘ, ʧʦʩʚʷʱʝʥʥʦʡ ʘʥʘʣʠʟʫ 

ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʩʪʨʫʢʪʫʨʘʭ ʂʉɹɼ, ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʷʶʪ 

ʥʝʙʦʣʴʰʦʡ ʨʘʟʜʝʣ ʢʦʥʪʘʢʪʦʚ ʢʚʘʟʠ-ʪʠʧʘ I  ʩ ʨʘʟʥʠʮʝʡ ʫʛʣʦʚ ɗ1 ʠ ɗ2 ʦʪ 15 ʜʦ 30Ü [113]. ʅʘʠʙʦʣʝʝ 

ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ, ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʫʤʤʳ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ, ʚ 

ʦʩʥʦʚʥʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʥʪʘʢʪʘʤ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʜʣʠʥʥʘʷ ɻʉ ʯʘʱʝ ʚʩʪʨʝʯʘʝʪʩʷ 

ʥʘ ʧʨʝʜʝʣʝ ʩʫʤʤʳ ʨʘʜʠʫʩʦʚ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚ ʮʝʣʦʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ɻʉ, ʘ 

ʪʘʢʞʝ ʝʸ ʚʳʩʦʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ. C ʨʦʩʪʦʤ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ (I>Br>Cl) 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʥʪʘʢʪʦʚ ʪʠʧʘ II  ʨʘʩʪʸʪ. 
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ʈʠʩ. 4. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʪʠʧʘ I (ʪʨʘʥʩ-ʨʘʩʧʦʣʦʞʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʩʣʝʚʘ) ʠ ʪʠʧʘ II 

(ʩʧʨʘʚʘ). R ï ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʨʫʧʧʘ, ʩ ʢʦʪʦʨʦʡ ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʳ X ï ʘʪʦʤʳ ʛʘʣʦʛʝʥʦʚ. 

1.1.5. ʅʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ɻʉ 

ʇʦʩʢʦʣʴʢʫ ʥʘʙʦʨ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ, ʦʛʨʘʥʠʯʝʥ, ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʜʚʫʭ ʤʝʪʦʜʘʭ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

1.1.5.1. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ (ʈʉɸ) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʥʢʨʝʪʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʝʦʤʝʪʨʠʠ ʤʦʣʝʢʫʣ ʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚ ʢʨʠʩʪʘʣʣʝ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʩʪʘʣ ʢʣʶʯʝʚʳʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ ʩ ɻʉ ʧʨʠʤʝʨʥʦ ʚ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ, ʩ 

ʤʦʤʝʥʪʘ ʧʫʙʣʠʢʘʮʠʠ ʨʘʙʦʪ ʍʘʩʩʝʣʷ [71,76]. ɺ 1990-ʝ ʛʦʜʳ ʚ ʨʘʙʦʪʘʭ ʄʝʪʨʘʥʛʦʣʦ ʠ ʈʝʩʥʘʪʠ 

[114-118] ʧʦ ʠʟʫʯʝʥʠʶ ʠʦʜʧʝʨʬʪʦʨʦʘʣʢʘʥʦʚ ʤʝʪʦʜ ʈʉɸ ʪʘʢʞʝ ʙʳʣ ʚʘʞʝʥ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ ʢʦʥʪʘʢʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳ ʨʘʜʠʫʩʳ ʘʪʦʤʦʚ 

ʛʘʣʦʛʝʥʦʚ ʧʦ ɹʦʥʜʠ (1.47, 1.75, 1.83, 1.98 ¡ ʜʣʷ ʬʪʦʨʘ, ʭʣʦʨʘ, ʙʨʦʤʘ ʠ ʠʦʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 

[92,93]. ɼʣʠʥʘ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ R-X ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ɻʉ ʢʘʢ ʧʨʘʚʠʣʦ ʧʨʦʠʩʭʦʜʠʪ ʝʸ ʫʜʣʠʥʝʥʠʝ. ʕʪʦʪ ʵʬʬʝʢʪ ʩʚʷʟʳʚʘʶʪ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ ʩ 

ʥʝʧʦʜʝʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ ʘʢʮʝʧʪʦʨʘ ɻʉ ʥʘ ʨʘʟʨʳʭʣʷʶʱʫʶ ů-ʦʨʙʠʪʘʣʴ ʜʦʥʦʨʘ ɻʉ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʥʘʨʷʜʫ ʩ ʠʥʳʤʠ ʤʝʪʦʜʘʤʠ 

(ʀʂ-, ʂʈ-, ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ) ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʦʩʪ ʜʦʥʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʪʦʤʦʚ ʦʪ ʬʪʦʨʘ ʢ 

ʠʦʜʫ. 

ɺ ʦʙʟʦʨʝ [80] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʦʥʦʨʳ ʠ ʘʢʮʝʧʪʦʨʳ ɻʉ. 

ʉʨʝʜʠ ʜʦʥʦʨʦʚ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩ ʫʯʸʪʦʤ ʩʧʝʮʠʬʠʢʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʜʠʛʘʣʦʛʝʥʳ (Cl2, Br2, I2), ʬʦʨʤʠʨʫʶʱʠʝ ɻʉ ʩ ʘʢʮʝʧʪʦʨʘʤʠ ʩ ʥʝʧʦʜʝʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʦʡ 

ʠʣʠ ʘʥʠʦʥʘʤʠ. ɸʥʠʦʥ (I3)
- ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʂʉɹɼ ʙʦʣʝʝ ʯʝʤ ʜʚʫʤʷ ʪʳʩʷʯʘʤʠ ʩʪʨʫʢʪʫʨ. ʉʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʧʦʣʠʠʦʜʠʜʥʳʝ ʘʥʠʦʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʜʦ 26 ʘʪʦʤʦʚ [66]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʣʳ ʘʢʮʝʧʪʦʨʘ ɻʉ 

ʛʘʣʦʛʝʥʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʤʦʥʦ- ʠ ʙʠʜʝʥʪʘʪʥʳʝ ʜʦʥʦʨʳ ɻʉ. ɺ ʜʨʫʛʦʡ ʩʝʨʠʠ ʩʦʝʜʠʥʝʥʠʡ ʩ 
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ʫʯʘʩʪʠʝʤ ʠʥʪʝʨʛʘʣʦʛʝʥʠʜʦʚ (BrI, ClI) ʚ ʩʣʫʯʘʝ ʤʦʥʦʜʝʥʪʘʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ɻʉ ʢʘʢ ʧʨʘʚʠʣʦ ʫʯʘʩʪʚʫʝʪ ʙʦʣʝʝ ʪʷʞʝʣʳʡ ʛʘʣʦʛʝʥ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴʶ ʠ ʙʦʣʴʰʝʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ. 

ʉʨʝʜʠ ʘʢʮʝʧʪʦʨʦʚ ɻʉ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʛʝʪʝʨʦʘʪʦʤʳ ʩ ʥʝʧʦʜʝʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʘʨʦʡ, ˊ-ʩʠʩʪʝʤʳ ʠ ʘʥʠʦʥʳ. ɸʪʦʤʳ ʛʘʣʦʛʝʥʦʚ ʚ ʛʘʣʦʛʝʥʠʜʘʭ ʤʝʪʘʣʣʦʚ MX n ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʦʚ ɻʉ. ɺ 2005 ɹʨʵʤʤʝʨ ʠ ʩʦʘʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʨʘʟʥʠʮʫ ʚ ʤʝʞʜʫ 

ʘʪʦʤʘʤʠ ʛʘʣʦʛʝʥʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ (ʩʦ ʩʚʷʟʴʶ ʉ-ʍ) ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ (ʩʚʷʟʴ M-Xô) ʯʘʩʪʠʮʘʭ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ 

[119]. ɼʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʜʦʥʦʨʘ ɻʉ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʠʣʴʥʝʝ ʧʨʠ ʙʦʣʝʝ ʣʸʛʢʦʤ ʛʘʣʦʛʝʥʝ ʚ MXn. 

ɻʘʣʦʛʝʥʠʜʥʳʝ ʘʥʠʦʥʳ ʬʦʨʤʠʨʫʶʪ ʦʩʦʙʝʥʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʦʝʜʠʥʝʥʠʡ ʩ ɻʉ. ʊʦʧʦʣʦʛʠʷ 

ʵʪʠʭ ʩʠʩʪʝʤ ʟʘʜʘʸʪʩʷ ʧʨʠʨʦʜʦʡ ʢʘʪʠʦʥʘ ʠ, ʯʪʦ ʙʦʣʝʝ ʚʘʞʥʦ, ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʛʝʦʤʝʪʨʠʝʡ ʤʦʣʝʢʫʣ, 

ʩʦʜʝʨʞʘʱʠʭ ʜʦʥʦʨ ɻʉ. ɹʣʘʛʦʜʘʨʷ ʩʬʝʨʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʘʨʷʜʘ ʠ ʚʳʩʦʢʦʡ 

ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ, ʛʘʣʦʛʝʥʠʜʥʳʝ ʘʥʠʦʥʳ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ɻʉ. ʂʘʢ ʧʨʘʚʠʣʦ, ʠʭ 

ʯʠʩʣʦ ʦʛʨʘʥʠʯʝʥʦ ʜʚʫʤʷ ʠʣʠ ʪʨʝʤʷ, ʥʦ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʩʴʤʠ ɻʉ ʩ 

ʦʜʥʠʤ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʤ ʘʥʠʦʥʦʤ [120] (ʈʠʩ. 5). ʊʨʠʛʘʣʦʛʝʥʠʜʥʳʝ ʘʥʠʦʥʳ, ʚʢʣʶʯʘʷ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʡ (I3)
-, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʛʘʣʦʛʝʥʠʜʥʦʛʦ ʘʥʠʦʥʘ 

ʢ ʜʠʛʘʣʦʛʝʥʫ. ʕʪʠ ʘʥʠʦʥʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ ʩʘʤʠ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʘʢʮʝʧʪʦʨʳ ɻʉ, ʯʪʦ ʧʨʠʚʝʜʸʪ 

ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ʢʦʥʪʘʢʪʦʚ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʘʥʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʪʜʝʣʴʥʦ (ʩʤ. ʨʘʟʜʝʣ 2.2). 

 

ʈʠʩ. 5. ʂʦʥʪʘʢʪʳ ʚ ʩʦʝʜʠʥʝʥʠʠ Me4NBr*CBr4 [120]. 



21 

 

1.1.5.2. ʀʂ- ʠ ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ɸʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʧʝʢʪʨʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʩʧʦʩʦʙʦʚ 

ʠʟʫʯʝʥʠʷ ɻʉ ʥʘʨʷʜʫ ʩ ʗʄʈ ʠ ʈʉɸ. ʇʦʩʢʦʣʴʢʫ ʩʠʣʘ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʢʦʥʪʘʢʪʘ XĿĿĿY ʚ ʩʦʝʜʠʥʝʥʠʷʭ 

R-XĿĿĿY-Rô ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ, ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʠʟʫʯʝʥʠʠ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʩ 

ʢʦʣʝʙʘʥʠʡ R-X ʠ Y-Rô [121]. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʩʥʦӢʚʥʳʤʠ ʧʦ ʃʴʶʠʩʫ ʘʪʦʤʘʤʠ ʠ ʜʠʛʘʣʦʛʝʥʘʤʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʧʩʝʚʜʦʛʘʣʦʛʝʥʘʤʠ) ʰʠʨʦʢʦ ʠʟʫʯʘʣʠʩʴ ʩ ʩʝʨʝʜʠʥʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ [80]. ʆʙʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʫʞʝ ʪʦʛʜʘ. ʉʨʝʜʠ ʥʠʭ: 

¶ ʉʭʦʜʩʪʚʦ ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ɻʉ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ 

ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ; 

¶ ʇʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʧʦʣʦʩ ʚ ʩʧʝʢʪʨʘʭ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ɻʉ ʚʩʣʝʜʩʪʚʠʝ ʥʘʨʫʰʝʥʠʷ 

ʩʠʤʤʝʪʨʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ. 

ɺ ʨʘʙʦʪʝ 1963 ʛʦʜʘ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʟʫʯʘʣʠʩʴ ɻʉ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʥʠʪʨʠʣʘʤʠ ʠ ʤʦʥʦʭʣʦʨʠʜʦʤ ʠʦʜʘ(I) (ICl). ʉʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʚʠʩʝʣʘ ʦʪ ʠʥʜʫʢʪʠʚʥʳʭ 

ʵʬʬʝʢʪʦʚ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʝ ʘʟʦʪʘ [122]. ɺ ʨʘʙʦʪʝ 1967 ʛʦʜʘ [123] ʠʟʫʯʘʣʩʷ ʩʭʦʞʠʡ ʜʦʥʦʨ 

ɻʉ ï ʤʦʥʦʙʨʦʤʠʜ ʠʦʜʘ(I), ʩʠʣʘ ʢʦʥʪʘʢʪʦʚ ʩ ʝʛʦ ʫʯʘʩʪʠʝʤ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ. ʕʪʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ 

ʨʘʙʦʪʳ ʧʦʟʚʦʣʠʣʠ ʦʪʤʝʪʠʪʴ ʢʣʶʯʝʚʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ï ʩʜʚʠʛ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ ʬʨʘʛʤʝʥʪʘ R-I  ʚ 

ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʪʦʡ ʧʦʣʦʩʳ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʪʘʢʪʘ RīIĿĿĿY. ɼʘʥʥʳʡ ʬʘʢʪ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʝʨʝʥʦʩʘ 

ʟʘʨʷʜʘ ʩ ʘʢʮʝʧʪʦʨʘ ɻʉ (Y) ʥʘ ʘʪʦʤ-ʜʦʥʦʨ ɻʉ (ʘʪʦʤ ʠʦʜʘ). ʉʠʣʦʚʘʷ ʢʦʥʩʪʘʥʪʘ ʩʚʷʟʠ R-I  

ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ. 

ɺʘʞʥʳʡ ʨʷʜ ʨʘʙʦʪ ʙʳʣ ʩʜʝʣʘʥ ʇ. ʄʝʪʨʘʥʛʦʣʦ ʠ ɼʞ. ʈʝʩʥʘʪʠ ʚ 1990-ʝ ʛʦʜʳ 

[114-118,124,125]. ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʠʦʜʧʝʨʬʪʦʨʘʣʢʘʥʦʚ ʠ 

ʠʦʜʧʝʨʬʪʦʨʘʨʝʥʦʚ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʜʪʚʝʨʜʠʣʦ ʥʘʙʣʶʜʝʥʠʷ ʩʝʨʝʜʠʥʳ XX ʚʝʢʘ, ʚ 

ʦʩʥʦʚʥʦʤ ʢʘʩʘʶʱʠʝʩʷ ʩʤʝʱʝʥʠʷ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ ʧʦʣʦʩ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩʚʷʟʝʡ C-F, C-X ʠ C-H. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʠʦʜʧʝʨʬʪʦʨʘʣʢʘʥʘʭ ʩ ʙʦʣʴʰʝʡ 

ʜʣʠʥʦʡ ʮʝʧʠ ʥʘʙʣʶʜʘʣʠʩʴ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʝ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩ ʢʦʣʝʙʘʥʠʡ ʟʘ ʩʯʸʪ 

ʙʦʣʴʰʝʛʦ ʫʜʘʣʝʥʠʷ ʜʠʬʪʦʨʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʦʪ ʤʝʩʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ɻʉ. 

ɼʨʫʛʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠʦʜʘ [126]. ʂʘʢ ʧʨʘʚʠʣʦ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʚʳʤʦʨʘʞʠʚʘʥʠʶ 

ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʫʩʠʣʝʥʠʶ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʤʝʱʝʥʠʶ ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʩʧʝʢʪʨʝ ʂʈ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ. 

ʇʦʜʦʙʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʝʨʳ S8. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠʦʜʘ ʦʪ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 5 ʂ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʘʷ ʢʘʨʪʠʥʘ: ʚ ʩʧʝʢʪʨʘʭ 

ʂʈ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 
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ʫʩʠʣʝʥʠʝʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ï ɻʉ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʠʦʜʘ (ʈʠʩ. 6) ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ. 

 

ʈʠʩ. 6. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ɻʉ ʚ ʩʪʨʫʢʪʫʨʝ ʠʦʜʘ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʷʚʣʷʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʆʩʦʙʝʥʥʦ ʭʦʨʦʰʦ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʂʈ ʧʦʤʦʛʘʝʪ ʥʘʙʣʶʜʘʪʴ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 100 ʜʦ 500 ʩʤ-1. ɺ ʵʪʦʪ ʜʠʘʧʘʟʦʥ ʧʦʧʘʜʘʶʪ ʚʘʞʥʳʝ ʚ ʩʚʝʪʝ ʠʟʫʯʝʥʠʷ 

ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʤʦʣʝʢʫʣ ʨʷʜʘ ʜʠʛʘʣʦʛʝʥʦʚ (I2 ï 180 ʩʤ
-1, Br2 ï 

293-300 ʩʤ-1 [127]), ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ. ɺ ʨʘʙʦʪʝ, ʧʦʩʚʷʱʝʥʥʦʡ 

ʠʟʫʯʝʥʠʶ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʨʫʧʥʳʤʠ ʧʦʣʠʭʣʦʨʠʜʥʳʤʠ ʘʥʠʦʥʘʤʠ (Cl11)
-, (Cl12)

2- ʠ (Cl13)
- [128] 

ʂʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʫʩʧʝʰʥʦ ʜʦʧʦʣʥʷʝʪ ʈʉɸ ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʶ ʠ ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʜʪʚʝʨʜʠʪʴ ʩʪʨʦʝʥʠʝ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʦʡ ʯʘʩʪʠ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʚʦʟʤʦʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʠʟʤʝʥʝʥʠʝ (ʠʣʠ ʠʩʯʝʟʥʦʚʝʥʠʝ) ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ ʤʦʣʝʢʫʣ ʜʠʛʘʣʦʛʝʥʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ɻʉ 

ʠʣʠ ʥʘʣʠʯʠʝ ʠʥʳʭ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʘʥʠʦʥʦʚ ʧʦʣʦʩ (ʥʘʧʨʠʤʝʨ, 110 ʠ 130 ʩʤ-1
 

ʜʣʷ ʪʨʠʠʦʜʠʜʥʳʭ ʘʥʠʦʥʦʚ) [129]. 

1.1.6. ʇʨʠʤʝʥʝʥʠʷ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ 

ʇʦʷʚʣʝʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ʪʝʨʤʠʥʘ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʣʦ ʠ ʙʝʟ ʪʦʛʦ ʚʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ 

ʭʠʤʠʠ. ʉ ʥʘʯʘʣʘ XXI  ʚʝʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʳʡ ʨʦʩʪ ʯʠʩʣʘ ʧʫʙʣʠʢʘʮʠʡ (ʈʠʩ. 7). ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ 
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ɻʉ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʬʝʥʦʤʝʥʦʤ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ, ʥʦ ʠ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʠ ʧʦʩʪʨʦʝʥʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ. ɺ ʩʣʝʜʫʶʱʠʭ 

ʨʘʟʜʝʣʘʭ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ɻʉ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʭʠʤʠʠ. 

 

ʈʠʩ. 7. ʏʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʟʘʧʨʦʩʫ çHalogen bondè ʚ ʙʘʟʝ ʜʘʥʥʳʭ Scopus ʟʘ ʧʦʩʣʝʜʥʠʝ 25 ʣʝʪ. 

1.1.6.1. ʍʨʘʥʝʥʠʝ ʠ ʨʘʟʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚ 

ʇʦʣʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʭʨʘʥʝʥʠʷ, 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʠ ʨʘʟʜʝʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ. ɻʉ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʟʜʘʥʠʠ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʠʤʝʶʱʠʤʠ ʚʘʞʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʘ ʠʟ ʧʝʨʚʳʭ ʧʦʜʦʙʥʳʭ ʨʘʙʦʪ 1999 ʛʦʜʘ ʧʦʩʚʷʱʝʥʘ 

ʨʘʟʜʝʣʝʥʠʶ ʨʘʮʝʤʠʯʝʩʢʦʡ ʩʤʝʩʠ 1,2-ʜʠʙʨʦʤʦʛʝʢʩʘʬʪʦʨʦʧʨʦʧʘʥʘ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʦʥʦʨʘ ɻʉ) 

[130]. ʇʨʠ ʝʛʦ ʩʤʝʰʠʚʘʥʠʠ c ʙʨʦʤʠʜʥʦʡ ʩʦʣʴʶ ʘʣʢʘʣʦʠʜʘ ʧʘʭʠʢʘʨʧʠʥʘ ʚ ʭʣʦʨʦʬʦʨʤʝ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʞʝʣʪʳʝ ʢʨʠʩʪʘʣʣʳ, ʩʦʜʝʨʞʘʚʰʠʝ ʪʦʣʴʢʦ S-ʵʥʘʥʪʠʦʤʝʨ. ʉʧʝʮʠʬʠʯʝʩʢʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʪʘʢʪʦʚ C-BrĿĿĿBr- ʜʣʠʥʦʡ ʦʢʦʣʦ 3.3 ¡, ʯʪʦ 

ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʩʫʤʤʳ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ. 

ɺ ʨʘʙʦʪʝ 2005 ʛʦʜʘ [131] ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ 2,3,5,6-ʪʝʪʨʘʬʪʦʨʦ-4-ʠʦʜʦʩʪʠʨʦʣʘ 

(ʜʦʥʦʨʘ ɻʉ) ʩ ʜʠʚʠʥʠʣʙʝʥʟʦʣʦʤ ʠ ʩʪʠʨʦʣʦʤ (ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʨʦʩʩ-ʣʠʥʢʝʨʳ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʪʝʤʧʣʘʪʘ 4-(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʧʠʨʠʜʠʥʘ (ʘʢʮʝʧʪʦʨʘ ɻʉ). ʆʥʘ ʧʨʠʚʝʣʘ ʢ ʧʦʣʫʯʝʥʠʶ ʧʦʣʠʤʝʨʘ, 

ʩʧʦʩʦʙʥʦʛʦ ʧʨʠ ʧʦʤʦʱʠ ɻʉ ʩʚʷʟʳʚʘʪʴ ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʥʝ ʪʦʣʴʢʦ 

4-(ʜʠʤʝʪʠʣʘʤʠʥʦ)ʧʠʨʠʜʠʥ, ʥʦ ʠ ʤʝʥʝʝ ʩʪʝʨʠʯʝʩʢʠ ʨʘʟʚʝʪʚʣʝʥʥʳʡ 4-ʘʤʠʥʦʧʠʨʠʜʠʥ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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Ŭ,ɤ-ʜʠʠʦʜʦʧʝʨʬʪʦʨʦʘʣʢʘʥʳ (I(CF2)mI) ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʄʝʪʦʜ ʜʣʷ ʠʭ ʨʘʟʜʝʣʝʥʠʷ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʚ 2009 ʛʦʜʫ [132]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʠʠʦʜʧʝʨʬʪʦʨʘʣʢʘʥʦʚ (I(CF2)mI) ʩ 

ʠʦʜʠʜʥʦʡ ʩʦʣʴʶ Ŭ,ɤ-ʙʠʩ(ʪʨʠʤʝʪʠʣʘʤʤʦʥʠʡ)ʘʣʢʘʥʘ {((CH3)3N
+(CH2)nN

+(CH3)3}( I-)2 ʧʨʦʠʩʭʦʜʠʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʣʦʩʪʷʤʠ, ʟʘʧʦʣʥʝʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

ʜʠʠʦʜʧʝʨʬʪʦʨʘʣʢʘʥʦʚ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ m = n ï 6. ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʠʛʨʘʶʪ ʢʦʥʪʘʢʪʳ 

IĿĿĿI- (ʈʠʩ. 8). ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʙʳʣ ʧʦʜʪʚʝʨʞʜʸʥ ʜʣʷ ʰʝʩʪʠ ʨʘʟʣʠʯʥʳʭ ʘʣʢʘʥʦʚ ʩ ʜʣʠʥʦʡ ʮʝʧʠ m, 

ʨʘʚʥʦʡ 2, 4, 6, 8, 10 ʠ 12. ʅʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʦʟʤʦʞʥʦ ʥʝ ʪʦʣʴʢʦ ʠʟ ʩʤʝʩʠ ʨʘʩʪʚʦʨʦʚ (ʩʦʣʴ ʘʤʤʦʥʠʷ ʨʘʩʪʚʦʨʷʣʘʩʴ ʚ 

ʤʝʪʘʥʦʣʝ, ʜʠʠʦʜʧʝʨʬʪʦʨʘʣʢʘʥ ï ʚ ʭʣʦʨʦʬʦʨʤʝ), ʥʦ ʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʦʜʠʜʦʚ ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʤʤʦʥʠʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʏɸʉ) ʩ 

ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʜʠʠʦʜʧʝʨʬʪʦʨʘʣʢʘʥʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʠʩʭʦʜʥʳʝ ʩʦʣʠ ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʨʠʩʪʳʤʠ, ʯʪʦ 

ʩʣʝʜʫʝʪ ʠʟ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦʝ ʧʝʨʝʩʪʨʦʝʥʠʝ ʨʝʰʸʪʢʠ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʚʢʣʶʯʝʥʠʶ ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ ʘʣʢʘʥʦʚ ʚ ʩʪʨʫʢʪʫʨʫ. 

 

ʈʠʩ. 8. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ ʙʠʩ(ʪʨʠʤʝʪʠʣʘʤʤʦʥʠʡ)ʜʝʢʘʥʘ ʩ 1,4-ʜʠʠʦʜʧʝʨʬʪʦʨʙʫʪʘʥʦʤ ʩ 

ʢʦʥʪʘʢʪʘʤʠ IĿĿĿI- ʜʣʠʥʦʡ 3.452 ¡. ɸʪʦʤʳ ʬʪʦʨʘ ʧʦʢʘʟʘʥʳ ʞʝʣʪʳʤ, ʠʦʜʘ ï ʨʦʟʦʚʳʤ, ʘʟʦʪʘ - ʩʠʥʠʤ. 

ʉʭʦʞʠʝ ʤʘʪʝʨʠʘʣʳ ʩ ʥʘ ʦʩʥʦʚʝ ʛʘʣʦʛʝʥʠʜʥʳʭ ʩʦʣʝʡ 1,6-ʙʠʩ(ʪʨʠʤʝʪʠʣʘʤʤʦʥʠʡ)ʛʝʢʩʘʥʘ 

ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʨʘʙʦʪʝ 2013 ʛʦʜʘ ʜʣʷ ʩʦʨʙʮʠʠ ʠʦʜʘ [133]. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʦʜʘ ʩ ʘʤʤʦʥʠʡʥʦʡ 

ʩʦʣʴʶ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʩʦʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠ ʧʨʠʣʦʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʈʠʩ. 9). ʉʦʨʙʮʠʷ ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ʠʦʜʘ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʦʣʝʡ ʩ ʘʥʠʦʥʘʤʠ ʩʦʩʪʘʚʘ (I2X)- ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʧʨʠ 
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ʩʤʝʰʠʚʘʥʠʠ ʧʦʨʦʰʢʦʚ. ʇʨʠ ʠʭ ʘʢʢʫʨʘʪʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʠʦʜʘ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʝʪʨʘʷʜʝʨʥʳʤʠ ʘʥʠʦʥʘʤʠ ʩʦʩʪʘʚʘ (I2X2)
2-. 

 

ʈʠʩ. 9. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʩʦʣʝʡ 1,6-ʙʠʩ(ʪʨʠʤʝʪʠʣʘʤʤʦʥʠʡ)ʘʣʢʘʥʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʠʦʜʦʤ ʚ ʨʘʙʦʪʝ [133]. 

ɺ ʨʘʙʦʪʝ 2019 ʛʦʜʘ ʠʩʩʣʝʜʫʝʪʩʷ ʟʘʭʚʘʪ ʠʦʜʘ ʠʟ ʧʘʨʘ ʠ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʟʘ ʩʯʸʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ 

(1-ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡ ʙʨʦʤʠʜʘ) ʠ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʥʘ 

ʦʩʥʦʚʝ 2,4,6-ʪʨʠʩ(4-ʢʘʨʙʦʢʩʠʬʝʥʠʣ)-ʪʨʠʘʟʠʥʘ [134]. ʈʝʢʦʨʜʥʘʷ ʸʤʢʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʦʙʨʘʪʠʤʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʠʠʦʜʠʜʥʳʭ ʘʥʠʦʥʦʚ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʦʣʝʢʫʣ ʠʦʜʘ ʩ ʙʨʦʤʠʜʥʳʤʠ ʘʥʠʦʥʘʤʠ ʠ ʜʘʣʴʥʝʡʰʝʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʭ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʫʧʘʢʦʚʢʝ. ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʧʦʩʦʙʳ ʩʦʨʙʮʠʠ ʠʦʜʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʯʠʩʪʢʠ ʦʪ 

ʝʛʦ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ ʚ ʩʣʫʯʘʝ ʷʜʝʨʥʳʭ ʠʥʮʠʜʝʥʪʦʚ. 

ʎʝʣʳʡ ʨʷʜ ʨʘʙʦʪ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʧʦʩʚʷʱʝʥ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ(II ) ʪʨʘʥʩ-

[CuCl2(3-Xpy)2] (X = Cl, Br) [135,136], ʪʨʘʥʩ-[CuBr2(3-BrPy)2] [137] ʠ ʪʨʘʥʩ-[CuCl2(4-ClPy)2] 

[138] ʩ ʤʘʣʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʧʘʨʦʚ HCl (ʢʘʢ ʩʫʭʠʭ, ʪʘʢ ʠ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ), ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ ʩʦʩʪʘʚʘ (Cat)2[CuX4] (X = Cl, Br). 

ɺʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʠʟʤʝʥʝʥʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʛʨʘʝʪ ʧʝʨʝʩʪʨʦʝʥʠʝ 

ʚʦʜʦʨʦʜʥʳʭ ʠ ʛʘʣʦʛʝʥʥʳʭ ʩʚʷʟʝʡ. ɺ ʧʦʣʫʯʘʝʤʳʭ ʢʦʤʧʣʝʢʩʘʭ ʬʦʨʤʠʨʫʶʪʩʷ ʥʦʚʳʝ ɻʉ ʩ 

ʛʝʦʤʝʪʨʠʝʡ C-BrĿĿĿCl-Cu ʠ C-BrĿĿĿBr-Cu (ʈʠʩ. 10). ʈʝʘʢʮʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ HCl ʜʣʷ ʚʩʝʭ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʙʨʘʪʠʤʳ. ʂʦʤʧʣʝʢʩ ʤʝʜʠ(II) ʠʟ ʨʘʙʦʪʳ [136] ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʘʨʘʤ ʭʣʦʨʦʚʦʜʦʨʦʜʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 200 ʜʦ 20000 ʯʘʩʪʠʮ ʥʘ 

ʤʠʣʣʠʦʥ. 
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ɺ ʨʘʙʦʪʝ [139] ʢʦʤʧʣʝʢʩ ʪʨʘʥʩ-[CuBr2(3-BrPy)2] ʘʥʘʣʦʛʠʯʥʦ ʨʘʙʦʪʘʤ ʩ HCl ʧʦʜʚʝʨʛʣʠ 

ʚʦʟʜʝʡʩʪʚʠʶ ʛʘʟʦʦʙʨʘʟʥʦʛʦ HBr. ʇʦʣʫʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʣʠ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʣʘʩʴ ʦʪ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʭʣʦʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʜʠ(II ) (3-BrpyH)2[CuCl4] (ʈʠʩ. 10), ʦʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ 

ʧʦʛʣʦʱʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʘ ʚʩʝ ʪʘʢ ʞʝ ʦʙʨʘʪʠʤʦ. 

 

ʈʠʩ. 10. ɺʦʜʦʨʦʜʥʳʝ ʠ ʛʘʣʦʛʝʥʥʳʝ ʩʚʷʟʠ ʚ ʩʪʨʫʢʪʫʨʘʭ (3-BrpyH)2[CuBr4] (ʩʣʝʚʘ) ʠ 

(3-BrpyH)2[CuCl4] (ʩʧʨʘʚʘ) [139]. ɸʪʦʤʳ ʭʣʦʨʘ ʟʝʣʸʥʦʛʦ ʮʚʝʪʘ. 

1.1.6.2. ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ɻʉ ʚʦ ʤʥʦʛʦʤ ʩʭʦʞʘ ʩ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ, ʠʛʨʘʶʱʝʡ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʥʝʢʦʚʘʣʝʥʪʥʦʤ 

ʦʨʛʘʥʦʢʘʪʘʣʠʟʝ [140,141]. ʆʜʥʘʢʦ ʝʩʪʴ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪ ɻʉ. 

ɺʦ-ʧʝʨʚʳʭ, ʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʦʣʠʜʝʥʪʘʪʥʳʝ ʜʦʥʦʨʳ 

ɻʉ ʩ ʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʨʘʟʣʠʯʥʳʤ ʩʫʙʩʪʨʘʪʘʤ [142]. ɺʦ-ʚʪʦʨʳʭ, ʘʪʦʤʳ ʛʘʣʦʛʝʥʦʚ, 

ʬʦʨʤʠʨʫʶʱʠʝ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ɻʉ, ʯʘʱʝ ʚʩʝʛʦ ʩʚʷʟʘʥʳ ʩ ʧʦʣʠʬʪʦʨʠʨʦʚʘʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ. ʊʘʢʠʝ ʜʦʥʦʨʳ ɻʉ ʙʦʣʝʝ ʨʘʩʪʚʦʨʠʤʳ ʚ ʥʝʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ɺʉ ʢʘʢ ʧʨʘʚʠʣʦ ʣʫʯʰʝ ʨʘʩʪʚʦʨʠʤʳ ʚ ʧʦʣʷʨʥʳʭ ʩʨʝʜʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ɻʉ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʛʠʜʨʦʬʦʙʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ ɺʉ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʤʝʥʘ ʛʘʣʦʛʝʥʘ ʚ 

ʜʦʥʦʨʝ ɻʉ, ʥʦ ʙʦʣʝʝ ʣʝʛʢʠʡ (ʬʪʦʨ ʠʣʠ ʭʣʦʨ) ʠʣʠ ʪʷʞʝʣʳʡ (ʙʨʦʤ ʠʣʠ ʠʦʜ) ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ 

ʩʠʣʫ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ 

ʩʠʩʪʝʤ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʠʤʝʥʝʥʠʶ ɻʉ ʚ ʢʘʪʘʣʠʟʝ ʧʦʩʚʷʱʝʥʦ ʥʝʩʢʦʣʴʢʦ ʦʙʟʦʨʦʚ [143ï145]. 

ʇʝʨʚʳʝ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʝ ʩʠʩʪʝʤ ʩ ʫʯʘʩʪʠʝʤ ɻʉ, ʥʘʯʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʥʝ 

ʪʘʢ ʜʘʚʥʦ. ɺ 2008 ʛʦʜʫ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 2-ʬʝʥʠʣʭʠʥʦʣʠʥʘ ʵʬʠʨʦʤ ɻʘʥʯʘ 

(ʧʨʦʠʟʚʦʜʥʳʤ 1,4-ʜʠʛʠʜʨʦʧʠʨʠʜʠʥʘ), ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ ʨʘʟʣʠʯʥʳʤʠ ʛʘʣʦʛʝʥʧʝʨʬʪʦʨʘʣʢʘʥʘʤʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʈʠʩ. 11) [146]. ʌʦʨʤʠʨʦʚʘʥʠʝ ɻʉ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʛʘʣʦʛʝʥʦʚ ʩʦʝʜʠʥʝʥʠʡ-

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʘʪʦʤʦʤ ʘʟʦʪʘ ʭʠʥʦʣʠʥʘ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ 

ʷʜʨʘʭ 19F ʠ 13C. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʦʜʦʧʝʨʬʪʦʨʦʘʣʢʘʥʳ ʩ ʙʦʣʴʰʝʡ ʜʣʠʥʦʡ ʮʝʧʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʴʰʝʤʫ ʚʳʭʦʜʫ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʭʠʥʦʣʠʥʘ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ (98%) 

ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 2-ʬʝʥʠʣʭʠʥʦʣʠʥʘ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

1-ʠʦʜʦʧʝʨʬʪʦʨʦʦʢʪʘʥʘ. ɼʦʙʘʚʣʝʥʠʝ ʜʨʫʛʦʛʦ ʘʢʮʝʧʪʦʨʘ ɻʉ, (2,2,6,6-ʪʝʪʨʘʤʝʪʠʣ-1-

ʧʠʧʝʨʠʜʠʥʠʣ)ʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ (TEMPO), ʢʦʥʢʫʨʠʨʫʶʱʝʛʦ ʩ ʭʠʥʦʣʠʥʦʤ ʟʘ ʩʚʷʟʳʚʘʥʠʝ ʩ 
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ʜʦʥʦʨʦʤ ɻʉ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʥʠʞʝʥʠʶ ʚʳʭʦʜʘ. ʕʪʦ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ɻʉ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʧʨʝʚʨʘʱʝʥʠʠ. 

 

ʈʠʩ. 11. ʉʭʝʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 2-ʬʝʥʠʣʭʠʥʦʣʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1-ʠʦʜʧʝʨʬʪʦʨʘʣʢʘʥʘ ʚ ʨʘʙʦʪʝ [146]. 

ʍʣʦʨʠʜ ʠʦʜʘ(III) ʩʧʦʩʦʙʝʥ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʩ ʨʘʩʢʨʳʪʠʝʤ ʮʠʢʣʘ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʵʬʠʨʘ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʩ 11-ʙʨʦʤʦ-1-ʫʥʜʝʢʘʥʦʣʦʤ ʚ ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʘʪʦʨʘ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʈʠʩ. 12) [147]. ʉʦʛʣʘʩʥʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʘʚʪʦʨʘʤʠ ʤʝʭʘʥʠʟʤʫ, ICl3 ʘʢʪʠʚʠʨʫʝʪ 

ʢʘʢ ʙʨʦʤʟʘʤʝʱʝʥʥʳʡ ʩʧʠʨʪ, ʪʘʢ ʠ ʩʫʙʩʪʨʘʪ, ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʀʂ- ʠ ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ. 

ʍʣʦʨʠʜ ʠʦʜʘ(III ) ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ʵʬʠʨʘ, ʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦ ʘʢʪʠʚʠʨʫʝʪ ʝʸ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʘ ʩ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʥʘ ʘʪʦʤ ʠʦʜʘ. ʕʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʟʘʤʝʪʥʦʤ 

ʩʤʝʱʝʥʠʠ ʧʦʣʦʩʳ ʢʦʣʝʙʘʥʠʡ ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʀʂ ʩʧʝʢʪʨʝ (ʩ 1759 ʜʦ 1772 ʩʤ-1) ʠ ʩʜʚʠʛʝ 

ʩʠʛʥʘʣʘ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʚ 13ʉ ʩʧʝʢʪʨʝ ʚ ʩʪʦʨʦʥʫ ʩʣʘʙʦʛʦ ʧʦʣʷ (ʩ 168.49 ʜʦ 170.30 

ʤ.ʜ.). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩ 11-ʙʨʦʤʦ-1-ʫʥʜʝʢʘʥʦʣʦʤ ʭʣʦʨʠʜ ʠʦʜʘ(III ) ʬʦʨʤʠʨʫʝʪ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ 

OHĿĿĿCl, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦʤʫ ʩʜʚʠʛʫ ʩʠʛʥʘʣʘ ʧʨʦʪʦʥʘ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ 

1H ʗʄʈ-ʩʧʝʢʪʨʝ (ʦʢʦʣʦ 7.4 ʤ.ʜ.). 

 

ʈʠʩ. 12. ʉʭʝʤʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʮʠʢʣʠʯʝʩʢʦʛʦ ʵʬʠʨʘ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʩ ʫʯʘʩʪʠʝʤ ʭʣʦʨʠʜʘ ʠʦʜʘ(III) 

(ʩʚʝʨʭʫ) ʠ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʩʥʠʟʫ) [147]. 
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ɺ ʨʘʙʦʪʝ 2019 ʛʦʜʘ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʠʤʝʪʠʣ-

ʧʘʨʘʥʠʪʨʦʬʝʥʠʣ-ʬʦʩʬʘʪʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʤʝʨ (ʄʆʂʇ) UiO-66 (ʧʦʩʪʨʦʝʥ ʠʟ ʢʣʘʩʪʝʨʦʚ [Zr6O4(OH)4], ʠ ʪʝʨʝʬʪʘʣʝʚʦʡ 

ʢʠʩʣʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʣʠʥʢʝʨʘ) [148]. ɹʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʘʥʘʣʦʛʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʷʜʘ 2-ʛʘʣʦʛʝʥʪʝʨʝʬʪʘʣʝʚʳʭ ʢʠʩʣʦʪ. ʇʨʦʠʟʚʦʜʥʦʝ UiO-66 ʩ 2-ʠʦʜʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʦʡ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 4 ʨʘʟʘ ʙʦʣʴʰʫʶ ʯʝʤ ʜʣʷ ʥʝʟʘʤʝʱʝʥʥʦʛʦ UiO-66, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʢʪʠʚʥʦʩʪʴ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʩʪʘʸʪʩʷ ʥʘ ʫʨʦʚʥʝ UiO-66. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʧʦʷʚʣʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʘʪʦʤʘ ʠʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʸʤʢʦʩʪʠ ʄʆʂʇ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ UiO-66. ʈʘʩʯʝʪʳ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ, ʧʨʦʚʝʜʝʥʥʳʝ ʘʚʪʦʨʘʤʠ, 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʠʤʝʥʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ɻʉ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʘʢʪʠʚʥʦʩʪʠ ʠʦʜʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ ʚ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ. 

1.1.6.3. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʵʣʝʢʪʨʦʥʠʢʠ, 

ʬʦʪʦʥʠʢʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʩʝʥʩʦʨʦʚ. ʂʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʭʘʨʘʢʪʝʨʘ 

ʵʤʠʩʩʠʠ ʭʨʦʤʦʬʦʨʥʦʡ ʛʨʫʧʧʳ ʠʤʝʝʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ. ɻʉ ʤʦʞʝʪ ʩʪʘʪʴ ʬʘʢʪʦʨʦʤ, 

ʚʣʠʷʶʱʠʤ ʥʘ ʫʧʘʢʦʚʢʫ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʈʘʟʤʝʨ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʭʨʦʤʦʬʦʨʥʳʭ 

ʛʨʫʧʧ. ɺ ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭ ʤʦʥʦʛʠʜʨʦʢʩʠʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʘʟʦʪʠʩʪʦʛʦ ʛʝʪʝʨʦʮʠʢʣʘ ʢʦʨʨʦʣʘ 

ʩʢʦʨʦʩʪʴ ʩʠʥʛʣʝʪ-ʪʨʠʧʣʝʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚʦʟʨʘʩʪʘʝʪ ʚ 60 ʨʘʟ ʜʣʷ ʠʦʜʠʨʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ ʬʪʦʨʠʨʦʚʘʥʥʳʤ ʘʥʘʣʦʛʦʤ, ʦʜʥʘʢʦ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʤʠʥʠʤʘʣʴʥʳʡ ʚʦ ʚʩʝʡ ʩʝʨʠʠ ʧʨʦʠʟʚʦʜʥʳʭ [149]. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʠʤ ʚʢʣʘʜʦʤ 

ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʣʫʯʘʝ ʠʦʜʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻʉ ʥʘʨʷʜʫ ʩ ɺʉ ʜʣʷ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 2011 ʛʦʜʫ [150]. ʇʨʦʠʟʚʦʜʥʦʝ ʩʪʠʣʴʙʝʥʘ, 

ʠʤʝʶʱʝʝ ʵʤʠʩʩʠʶ ʞʸʣʪʦʛʦ ʮʚʝʪʘ (ɚ = 532 ʥʤ) ʩʤʝʰʠʚʘʣʦʩʴ ʩ ʥʝ ʦʙʣʘʜʘʶʱʠʤʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʦʥʦʨʘʤʠ ʛʘʣʦʛʝʥʥʦʡ ʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʝʡ (ʈʠʩ. 13). ɼʦʥʦʨʳ ɻʉ 

ʠ ɺʉ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩ ʨʘʩʯʸʪʦʤ ʥʘ ʩʘʤʦʩʙʦʨʢʫ ʦʜʥʦʤʝʨʥʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʮʝʧʦʯʝʯʥʳʭ 

ʩʪʨʫʢʪʫʨ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʭʣʦʨʦʬʦʨʤʘ. ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʭʣʦʨʦʬʦʨʤʝ. 
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ʈʠʩ. 13. ʉʪʨʫʢʪʫʨʘ ʧʨʦʠʟʚʦʜʥʦʛʦ ʩʪʠʣʴʙʝʥʘ (ʩʚʝʨʭʫ) ʠ ʰʝʩʪʠ ʜʦʥʦʨʦʚ ɻʉ ʠ ɺʉ (ʩʥʠʟʫ), ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʨʘʙʦʪʝ [150]. 

ʇʨʠ ʘʥʘʣʠʟʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʜʦʥʦʨʘ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʨʘʟʣʠʯʘʝʪʩʷ (ʈʠʩ. 14). ɺ ʩʪʨʫʢʪʫʨʝ ʠʩʭʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʚ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ ʷʯʝʡʢʠ ʩʦʜʝʨʞʠʪʩʷ ʪʨʠ ʤʦʣʝʢʫʣʳ ʩʪʠʣʴʙʝʥʘ. ɼʚʝ ʠʟ ʥʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʯʝʨʝʟ ʩʠʣʴʥʳʝ -́ -́ʢʦʥʪʘʢʪʳ ʩʦ ʩʨʝʜʥʠʤ ʨʘʩʩʪʦʷʥʠʝʤ 3.79 ¡, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʪʨʝʪʴʷ ʤʦʣʝʢʫʣʘ ï ʯʝʨʝʟ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ C-HĿĿĿNſC. ʇʨʠ ʩʘʤʦʩʙʦʨʢʝ ʩʦʢʨʠʩʪʘʣʣʘ ʩ 

1,4-ʜʠʠʦʜʪʝʪʨʘʬʪʦʨʙʝʥʟʦʣʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʛʘʣʦʛʝʥʥʳʝ ʩʚʷʟʠ CſNĿĿĿI, ʘ ʩʪʵʢʠʥʛ-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʦʣʝʢʫʣ ʩʪʠʣʴʙʝʥʘ ʥʘʨʫʰʘʶʪʩʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʩʜʚʠʛʫ (64 ʥʤ) ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ 

ʦʙʣʘʩʪʴ ʚ ʩʧʝʢʪʨʝ ʩʦʢʨʠʩʪʘʣʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ. ɺʨʝʤʝʥʘ ʞʠʟʥʠ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʪʘʢʞʝ ʟʘʤʝʪʥʦ ʠʟʤʝʥʷʶʪʩʷ ï 0.33 ʥʩ ʜʣʷ ʩʦʢʨʠʩʪʘʣʣʘ ʠ 20.67 ʥʩ ʜʣʷ ʯʠʩʪʦʛʦ 

ʩʪʠʣʴʙʝʥʘ. ʉʭʦʞʘʷ ʫʧʘʢʦʚʢʘ ʙʝʟ -́ʩʪʵʢʠʥʛʘ ʩʪʠʣʴʙʝʥʦʚʳʭ ʤʦʣʝʢʫʣ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʦʢʨʠʩʪʘʣʣʘʭ 

ʩ 1,4-ʜʠʙʨʦʤʦʪʝʪʨʘʬʪʦʨʙʝʥʟʦʣʦʤ ʠ 4-ʙʨʦʤʦʪʝʪʨʘʬʪʦʨʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ. ɺʦ ʚʩʸʤ ʨʷʜʫ 

ʩʦʝʜʠʥʝʥʠʡ ʮʚʝʪ ʵʤʠʩʩʠʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʛʦʣʫʙʦʛʦ ʜʦ ʟʝʣʝʥʦʛʦ ʠ ʞʸʣʪʦʛʦ. 
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ʈʠʩ. 14. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʫʧʘʢʦʚʢʠ ʧʨʦʠʟʚʦʜʥʦʛʦ ʩʪʠʣʴʙʝʥʘ (ʘ)  

ʠ ʩʦʢʨʠʩʪʘʣʣʠʟʘʪʦʚ ʩ ʜʦʥʦʨʘʤʠ ɻʉ (ʙ, ʚ, ʛ). 

ɺ ʩʪʘʪʴʝ 2015 ʛʦʜʘ ʩʦʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʧʣʘʪʠʥʳ(II ) [Pt(btpy)(PPh3)Cl] (bpty ï 

2-(2-ʙʝʥʟʦʪʠʝʥʠʣ)ʧʠʨʠʜʠʥ), ʦʙʣʘʜʘʶʱʝʛʦ ʩʣʘʙʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ (ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ 3%), ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʜʦʥʦʨʥʳʤʠ ʛʘʣʦʛʝʥʧʝʨʬʪʦʨʙʝʥʟʦʣʘʤʠ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ɻʉ Pt-ClĿĿĿX-R ʠ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ [151]. ɼʦ 67%, ʠʣʠ ʚ 22 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʧʣʘʪʠʥʳ ʫʚʝʣʠʯʠʣʩʷ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʜʣʷ ʩʦʢʨʠʩʪʘʣʣʠʟʘʪʘ 

ʩ ʠʦʜʦʧʝʥʪʘʬʪʦʨʙʝʥʟʦʣʦʤ (ʈʠʩ. 15). ʋʚʝʣʠʯʝʥʠʝ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ 

ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩ ʧʦʜʘʚʣʝʥʠʝʤ ʧʫʪʝʡ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ 

ʨʝʣʘʢʩʘʮʠʠ ʙʣʘʛʦʜʘʨʷ ʫʚʝʣʠʯʝʥʠʶ ʞʸʩʪʢʦʩʪʠ ʭʨʦʤʦʬʦʨʥʦʛʦ ʮʝʥʪʨʘ. 

 

ʈʠʩ. 15. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ [Pt(btpy)(PPh3)Cl], ʬʦʨʤʠʨʫʶʱʝʛʦ ʢʦʥʪʘʢʪʳ ʩ ʠʦʜʦʧʝʥʪʘʬʪʦʨʦʙʝʥʟʦʣʦʤ 

[151]. 
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1.1.6.4. ʌʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ 

ʇʫʙʣʠʢʘʮʠʷ ʨʘʙʦʪʳ ʦ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʠʦʜʦʧʣʶʤʙʘʪʘ(II) ʤʝʪʠʣʘʤʤʦʥʠʷ 

CH3NH3PbI3 (MAPbI3) ʚ 2009 ʛʦʜʫ [13] ʧʦʣʦʞʠʣʘ ʥʘʯʘʣʦ ʠʟʫʯʝʥʠʶ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʧʝʨʦʚʩʢʠʪʥʳʭ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʌʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʫʩʪʦʡʯʠʚʳ ʢ 

ʨʘʟʣʠʯʥʳʤ ʜʝʬʝʢʪʘʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʝʢʫʨʩʦʨʳ ʜʣʷ ʠʭ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʥʝ ʪʨʝʙʫʶʪ ʩʪʦʣʴ ʚʳʩʦʢʦʡ ʦʯʠʩʪʢʠ, ʢʘʢ ʜʣʷ ʢʨʝʤʥʠʝʚʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʝʨʦʚʩʢʠʪʥʳʝ ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʣʝʛʢʦ ʙʳʪʴ ʥʘʥʝʩʝʥʳ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʧʣʸʥʦʢ ʠʟ 

ʨʘʩʪʚʦʨʦʚ, ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ. ʉʦʛʣʘʩʥʦ ʥʝʢʦʪʦʨʳʤ ʦʮʝʥʢʘʤ, 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʦʚʩʢʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʦʧʨʘʚʜʘʥʦ [152]. ʉʘʤʳʝ ʧʝʨʝʜʦʚʳʝ ʦʙʨʘʟʮʳ ʧʝʨʦʚʩʢʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦʩʪʠʛʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʩʨʘʚʥʠʤʦʡ ʩ ʢʨʝʤʥʠʝʚʳʤʠ ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ, ʦʜʥʘʢʦ ʥʠʟʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʘʢʪʦʨʘʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʚʣʘʞʥʦʩʪʠ, ʦʢʠʩʣʝʥʠʶ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʫ) ʧʦʢʘ ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʧʠʩʘʥʠʝ ʩʧʦʩʦʙʦʚ ʚʣʠʷʥʠʷ ɻʉ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʦʚʩʢʠʪʥʳʭ 

ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʠʤʝʥʠʤʳʭ ʚ ʬʦʪʦʚʦʣʴʪʘʠʢʝ, ʜʘʥʳ ʚ ʦʙʟʦʨʝ 2022 ʛʦʜʘ [153]. ɼʘʥʥʳʝ 

ʩʧʦʩʦʙʳ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳ, ʥʦ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ. 

ʇʝʨʚʦʝ ʠʟ ʥʠʭ ʢʘʩʘʝʪʩʷ ʧʘʩʩʠʚʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʝʨʦʚʩʢʠʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ 

ʜʝʬʝʢʪʳ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠ ʧʦʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʝʨʚʳʡ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ɻʉ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ 2014 ʛʦʜʫ [154]. 

ʀʦʜʧʝʨʬʪʦʨʙʝʥʟʦʣ, ʩʠʣʴʥʳʡ ʜʦʥʦʨ ɻʉ, ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʠʦʜʠʜʥʳʤʠ 

ʠʦʥʘʤʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʪʝʩʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʄʦʣʝʢʫʣʳ ʛʘʣʦʛʝʥʟʘʤʝʱʝʥʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ XCH2COOH (X = Cl, Br, I) ʚʳʩʪʫʧʠʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʤʝʞʜʫ ʩʣʦʷʤʠ ʧʝʨʦʚʩʢʠʪʘ ʠ ʵʣʝʢʪʨʦʥʥʦ-

ʧʨʦʚʦʜʷʱʝʛʦ TiO2 [155]. ʉ ʧʝʨʦʚʩʢʠʪʥʳʤ ʩʣʦʝʤ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ɻʉ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩ TiO2 ʢʠʩʣʦʪʘ 

ʩʚʷʟʳʚʘʣʘʩʴ ʢʦʚʘʣʝʥʪʥʦ, ʯʝʨʝʟ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ. ʇʦʷʚʣʝʥʠʝ ʪʘʢʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ 

ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʨʝʰʸʪʦʢ ʧʝʨʦʚʩʢʠʪʘ ʠ TiO2 ʠ ʫʣʫʯʰʠʣʦ ʧʝʨʝʥʦʩ 

ʟʘʨʷʜʘ. ɺ ʩʭʦʞʝʡ ʨʘʙʦʪʝ [156] ʧʦʜʦʙʥʳʡ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʣʦʡ, ʥʦ ʫʞʝ ʥʘ ʦʩʥʦʚʝ 

3-ʠʦʜʦʧʨʦʧʠʣ-ʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʘ [Si(OCH3)3(CH2)3I]) ʚʚʦʜʠʣʩʷ ʤʝʞʜʫ SnO2 ʠ ʧʝʨʦʚʩʢʠʪʦʤ. 

ʉʣʝʜʫʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɼʦʙʘʚʣʝʥʠʝ 

ʜʦʥʦʨʦʚ ɻʉ ʜʠʠʦʜʦʧʝʨʬʪʦʨʦʙʫʪʘʥʘ (I(CF2)4I)) ʠʣʠ ʜʠʠʦʜʦʙʫʪʘʥʘ (I(CH2)4I) ʢ ʨʘʩʪʚʦʨʫ 

ʧʨʝʢʫʨʩʦʨʘ CH3NH3PbI3 ʧʦʜʘʚʣʷʣʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʢʦʤʧʣʝʢʩʦʚ ʩʚʠʥʮʘ ʩʦʩʪʘʚʘ [PbI4]
2-, [PbI5]

3- ʠ 

[PbI6]
4- ʙʣʘʛʦʜʘʨʷ ʩʚʷʟʳʚʘʥʠʶ ʩʚʦʙʦʜʥʳʭ ʠʦʜʠʜʥʳʭ ʘʥʠʦʥʦʚ [157]. ɼʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ 

ʩʣʦʠʩʪʦʝ, ʮʝʧʦʯʝʯʥʦʝ ʠ ʜʠʩʢʨʝʪʥʦʝ ʩʪʨʦʝʥʠʝ ʘʥʠʦʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʧʨʦʷʚʣʷʶʪ ʟʘʤʝʪʥʦ 

ʭʫʜʰʠʝ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʜʦʥʦʨʳ ɻʉ ʪʘʢʞʝ 

ʧʘʩʩʠʚʠʨʦʚʘʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʨʦʚʩʢʠʪʘ, ʢʘʢ ʠ ʚ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʤʝʨʘʭ. 
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ɻʉ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʜʨʫʛʠʭ ʩʣʦʸʚ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. ɺ 

ʨʘʙʦʪʝ 2024 ʛʦʜʘ ʜʳʨʦʯʥʦ-ʩʝʣʝʢʪʠʚʥʳʡ ʧʨʦʚʦʜʷʱʠʡ ʩʣʦʡ ʥʘ ʦʩʥʦʚʝ Spiro-OMeTAD ʙʳʣ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʦʙʨʘʙʦʪʢʦʡ ʘʮʝʪʘʪʦʤ ʬʝʥʠʣʠʦʜʦʥʠʷ (ID, ʈʠʩ. 16) [158]. ɼr ʨʦʯʥʦ-ʧʨʦʚʦʜʷʱʠʡ 

ʩʣʦʡ ʩʦʩʪʦʠʪ ʠʟ Spiro-OMeTAD, ʙʠʩ(ʪʨʠʬʪʦʨʤʝʪʘʥ)ʩʫʣʴʬʦʥʠʤʠʜʘ ʣʠʪʠʷ (LiTFSI) ʠ 4-ʪʨʝʪ-

ʙʫʪʠʣʧʠʨʠʜʠʥʘ (tBP). ʉʦʝʜʠʥʝʥʠʝ ʣʠʪʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʛʝʥʝʨʘʮʠʠ ʨʘʜʠʢʘʣʦʚ 

(Spiro-OMeTAD)+. ʇʨʦʠʟʚʦʜʥʦʝ ʧʠʨʠʜʠʥʘ ʫʩʢʦʨʷʝʪ ʨʘʩʪʚʦʨʝʥʠʝ LiTFSI, ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʧʣʸʥʢʠ, ʦʜʥʘʢʦ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ ʧʦʢʘʟʘʣʠ ʧʘʛʫʙʥʫʶ ʨʦʣʴ tBP ʜʣʷ 

ʦʙʱʝʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʣʸʥʦʢ ʧʝʨʦʚʩʢʠʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ 

tBP-PbI2 [159,160]. ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʪʳʡ Spiro-OMeTAD ʜʦʣʞʝʥ ʙʳʪʴ ʦʢʠʩʣʝʥ ʩ ʮʝʣʴʶ 

ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʢʘʢ ʧʨʘʚʠʣʦ ʜʣʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʯʘʩʦʚ 

ʠ ʟʘʚʠʩʠʪ ʦʪ ʦʢʨʫʞʘʶʱʠʭ ʫʩʣʦʚʠʡ. ʉ ʮʝʣʴʶ ʫʩʢʦʨʝʥʠʷ ʦʢʠʩʣʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʠ ʙʳʣ ʜʦʙʘʚʣʝʥ 

ʘʮʝʪʘʪ ʬʝʥʠʣʠʦʜʦʥʠ,̫ ʢʦʪʦʨʳʡ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʛʝʥʝʨʠʨʦʚʘʣ ʨʘʜʠʢʘʣʳ (Spiro-OMeTAD)+. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʘʶʱʠʡʩʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʠʦʜʙʝʥʟʦʣ ʙʣʘʛʦʜʘʨʷ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ɻʉ ʩʚʷʟʳʚʘʣ ʧʨʦʠʟʚʦʜʥʦʝ ʧʠʨʠʜʠʥʘ ʚ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ 

C6H5-IĿĿĿtBp, ʪʝʤ ʩʘʤʳʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

 

ʈʠʩ. 16. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ, ʦʧʠʩʳʚʘʝʤʳʭ ʚ ʨʘʙʦʪʝ [158]. 

1.2. ʇʦʣʠʛʘʣʦʛʝʥʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ 

ʀʩʪʦʨʠʷ ʭʠʤʠʠ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʩʯʠʪʳʚʘʝʪ ʫʞʝ ʙʦʣʝʝ ʜʚʫʭ ʩʦʪʝʥ ʣʝʪ. 

ɺʳʰʝʫʧʦʤʷʥʫʪʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʪʨʠʠʦʜʠʜʥʘʷ ʩʦʣʴ ʘʣʢʘʣʦʠʜʘ ʩʪʨʠʭʥʠʥʘ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ ʚ 1819 ʛʦʜʫ ʬʨʘʥʮʫʟʩʢʠʤʠ ʫʯʝʥʳʤʠ ʇ.-ɾ. ʇʝʣʣʝʪʴʝ ʠ 
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ɾ.-ɹ. ʂʘʚʝʥʪʫ [65]. ʉ ʪʝʭ ʧʦʨ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʘʤʦʛʦ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʆʧʠʩʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʰʠʨʦʢʦʛʦ ʨʷʜʘ 

ʧʦʣʠʙʨʦʤʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʘʥʠʦʥʘ ʩʦʩʪʘʚʘ (Br24)
2- [129,161]. ɺ ʠʦʥʥʦʡ 

ʞʠʜʢʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʠʢʠ ʐʣʝʥʢʘ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʩʦʝʜʠʥʝʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʜʠʘʥʠʦʥ (Cl8)
2- [162]. ɺʩʝ ʦʩʥʦʚʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʭʠʤʠʠ ʩʦʙʨʘʥʳ ʚ ʦʙʟʦʨʥʦʡ ʩʪʘʪʴʝ ʛʨʫʧʧʳ ʈʠʜʝʣʷ ʠ ʩʦʘʚʪʦʨʦʚ [129]. ʇʝʨʚʳʡ 

ʩʪʨʫʢʪʫʨʥʳʡ ʧʨʠʤʝʨ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʘ p-ʵʣʝʤʝʥʪʘ (ʤʝʪʘʣʣ ï ʩʫʨʴʤʘ(V)) ʙʳʣ ʧʦʣʫʯʝʥ ʚʩʝʛʦ 

ʦʢʦʣʦ ʧʷʪʠʜʝʩʷʪʠ ʣʝʪ ʥʘʟʘʜ [38]. ʇʦʣʥʳʡ ʦʙʲʸʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʘʭ ʠʟʣʦʞʝʥ 

ʚ ʦʙʟʦʨʝ ɸʜʦʥʠʥʘ ʠ ʩʦʘʚʪʦʨʦʚ [35]. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʧʝʮʠʬʠʢʠ ʥʝʢʦʚʘʣʝʥʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʫʯʘʩʪʠʝʤ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ 

ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʦʚ ʨʘʟʨʘʙʦʪʘʥʦ ʧʦʥʷʪʠʝ ʛʘʣʦʛʝʥʥʦʡ ʩʚʷʟʠ, ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʦʡ ʜʘʥʦ 

ʚ ʨʘʟʜʝʣʝ 2.1. ʋʪʦʯʥʝʥʠʝ ʥʘʣʠʯʠʷ ʩʚʷʟʳʚʘʥʠʷ ʠʟʥʘʯʘʣʴʥʦ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʛʘʣʦʛʝʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʠʭ ʩ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʤʠ 

ʨʘʜʠʫʩʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʪʦʤʦʚ (1.75 ¡ ʜʣʷ Cl, 1.83 ¡ ʜʣʷ Br ʠ 1.98 ¡ ʜʣʷ I [92]). ɸʪʦʤ ʠʦʜʘ, 

ʤʷʛʢʘʷ ʢʠʩʣʦʪʘ ʃʴʶʠʩʘ, ʭʦʨʦʰʦ ʧʦʣʷʨʠʟʫʝʪʩʷ, ʧʦʪʦʤʫ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ 

ʬʨʘʛʤʝʥʪʦʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʀʦʜʠʜʥʳʡ ʘʥʠʦʥ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʩʠʣʴʥʳʤ ʥʫʢʣʝʦʬʠʣʦʤ ʠ ʥʘʠʤʝʥʝʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʤ ʩʨʝʜʠ ʚʩʝʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʘʥʠʦʥʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʷʜʫ ʛʘʣʦʛʝʥʦʚ IïBrïClïF ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʷ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ. ʉʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʩʪʨʫʢʪʫʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʙʫʜʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʫ ʧʦʣʠʠʦʜʠʜʦʚ. ʉʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩʦʝʜʠʥʝʥʠʷ ʩ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʠʦʜʘ ʜʦ 

ʜʚʘʜʮʘʪʠ ʰʝʩʪʠ [66]. ʏʠʩʣʦ ʧʦʣʠʭʣʦʨʦʤʝʪʘʣʣʘʪʦʚ ʜʦ ʥʝʜʘʚʥʝʛʦ ʤʦʤʝʥʪʘ ʙʳʣʦ ʦʛʨʘʥʠʯʝʥʦ ʣʠʰʴ 

ʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʠʭʣʦʨʠʜʘ Pd(IV) ʠ ʜʘʥʥʳʤʠ ʈʌɸ ʜʣʷ ʠʟʦʩʪʨʫʢʪʫʨʥʦʛʦ ʝʤʫ ʧʦʣʠʭʣʦʨʠʜʘ 

Sn(IV) [62]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʩʠʩʪʝʤ, 

ʚʢʣʶʯʘʶʱʠʭ ʩʝʙʷ ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʠ ʨʘʩʪʚʦʨʳ 

ʛʘʣʦʛʝʥʚʦʜʦʨʦʜʥʳʭ ʢʠʩʣʦʪ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ [35]. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʦʥʥʳʝ ʞʠʜʢʦʩʪʠ ʜʝʣʘʶʪ 

ʚʦʟʤʦʞʥʳʤ ʧʦʣʫʯʝʥʠʝ ʧʦʣʠʛʘʣʦʛʝʥʠʜʦʚ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʛʘʣʦʛʝʥʘ ʚ ʦʜʥʦʤ 

ʩʪʨʫʢʪʫʨʥʦʤ ʬʨʘʛʤʝʥʪʝ [129,161,163] ʟʘ ʩʯʝʪ ʧʦʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʘʨʘ ʜʠʛʘʣʦʛʝʥʘ ʠ 

ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʠʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɺ ʮʝʣʦʤ, ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʠʥʪʝʟʝ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʩʠʥʪʝʪʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʩʯʠʪʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤ. ʈʘʙʦʪʳ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʪʦ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʭʠʤʠʠ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʨʘʟʚʠʪʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ: ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʯʥʦʡ ʠʟʦʣʷʮʠʠ ʚ ʥʝʦʥʝ ʤʝʪʦʜʘʤʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʘʥʠʦʥʘ (F5)
- [164]. 
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ɺʤʝʩʪʝ ʩ ʭʠʤʠʝʡ ʧʦʣʠʛʘʣʦʛʝʥʠʜʦʚ, ʨʘʟʚʠʚʘʣʠʩʴ ʠ ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. ʍʠʤʠʢʘʤ 

ʥʘʯʘʣʘ XX ʚʝʢʘ ʙʳʣʠ ʜʦʩʪʫʧʥʳ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʝ ʤʝʪʦʜʳ ï ʛʨʘʚʠʤʝʪʨʠʷ, ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ, ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ [165]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʜʦʩʪʫʧʝʥ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʦʩʪʝʡ: ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʡ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʢʦʣʝʙʘʪʝʣʴʥʘʷ (ʀʂ, ʂʈ) ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʠʟʤʝʨʝʥʠʝ ʜʠʬʬʫʟʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ, ʊɻɸ ʠ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ. 

ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʭʠʤʠʠ ʠ ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. ɺ ʜʘʥʥʦʤ ʦʙʟʦʨʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ p-ʵʣʝʤʝʥʪʦʚ 14, 15 ʠ 16 ʛʨʫʧʧ. 

1.2.1. ʇʦʣʠʛʘʣʦʛʝʥʠʜʳ ʚʠʩʤʫʪʘ 

ʅʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʥʘʟʘʜ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʜʚʝ ʦʙʟʦʨʥʳʭ ʩʪʘʪʴʠ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʛʘʣʦʛʝʥʠʜʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʚʠʩʤʫʪʘ [1,166]. ʉʦʝʜʠʥʝʥʠʷ Bi(III ) ʩʦʩʪʘʚʘ [Cat]n[BixXy]m 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʰʠʨʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʣʠʷʜʝʨʥʳʭ ʘʥʠʦʥʦʚ ʢʘʢ ʜʠʩʢʨʝʪʥʦʛʦ, ʪʘʢ ʠ 

ʧʦʣʠʤʝʨʥʦʛʦ ʩʪʨʦʝʥʠ:̫ ʦʪ ʤʦʥʦʷʜʝʨʥʳʭ [BiI 6]
3- [167] ʜʦ ʚʦʩʴʤʠʷʜʝʨʥʳʭ [Bi8Cl30]

6- [168], ʘ ʪʘʢʞʝ 

ʧʦʣʠʤʝʨʥʳʭ ʘʥʠʦʥʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ [1]. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʥʠʦʥʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ. ʇʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʢʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʢʦʥʝʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʪʁʩʷ ʩʪʨʦʝʥʠʝ 

ʢʘʪʠʦʥʘ, ʩʪʝʭʠʦʤʝʪʨʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʚʳʙʦʨ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ Bi/CatI ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʠʦʥʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ([Bi3I10]
- ʠ [Bi2I9]

3- ʜʣʷ 1-MePy+ ʠ 1-EtPy+), ʯʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʜʘʚʥʦ [32]. 

ʇʦʤʠʤʦ ʚʳʜʘʶʱʝʛʦʩʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʠʩʤʫʪʘ(III ) 

ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʦʣʝʟʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʣʥʝʯʥʳʭ 

ʙʘʪʘʨʝʡ [30,32,167,169]. ʅʝ ʪʘʢ ʜʘʚʥʦ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʟʘ ʩʯʸʪ ʚʢʣʶʯʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʥʠʦʥʦʚ (I)- ʠ (I3)
- [169ï171]. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ Bi(III) ʩ 4-ʤʝʪʠʣʧʠʧʝʨʠʜʠʥʠʝʤ ʚʢʣʶʯʝʥʠʝ ʘʥʠʦʥʘ (I3)
- ʚ ʩʪʨʫʢʪʫʨʫ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʧʝʨʝʩʪʨʦʝʥʠʶ ʘʥʠʦʥʘ, ʠʟʤʝʥʷʝʪʩʷ ʠ ʩʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ, ʠ 

ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 2.02 ʜʦ 1.58 ʵɺ [172]. 

ʇʝʨʚʳʡ ʧʦʣʠʛʘʣʦʛʝʥʠʜ ʚʠʩʤʫʪʘ ʧʦʣʫʯʝʥ ʨʝʘʢʮʠʝʡ ʠʦʜʠʜʘ ʚʠʩʤʫʪʘ(III ) c ʠʦʜʦʤ ʠ ʙʝʥʟʦ-

15-ʢʨʘʫʥ-5 ʚ ʩʤʝʩʠ ʜʠʭʣʦʨʤʝʪʘʥʘ ʠ ʵʪʘʥʦʣʘ [173]. ɸʪʦʤʳ ʚʠʩʤʫʪʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʪʨʝʤʷ 

ʠʦʜʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʯʝʨʝʟ ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʩʚʷʟʘʥʳ ʩ ʢʨʘʫʥ-ʵʬʠʨʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʦʙʨʘʟʫʶʪʩʷ ʥʝʟʘʨʷʞʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ [(ʙʝʥʟʦ-15-ʢʨʘʫʥ-5)BiI3]. ʈʘʩʩʪʦʷʥʠʝ Bi-Iʪʝʨʤ ʜʣʷ 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʤʦʣʝʢʫʣʦʡ ʠʦʜʘ ʠʦʜʠʜʥʦʛʦ ʣʠʛʘʥʜʘ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʝʥʦ (2.964 ʧʨʦʪʠʚ 2.873-2.879 ¡). 

ʌʨʘʛʤʝʥʪʳ {(ʙʝʥʟʦ-15-ʢʨʘʫʥ-5)BiI3}  ʩʚʷʟʘʥʳ ʤʦʣʝʢʫʣʘʤʠ ʠʦʜʘ ʚ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʠ (ʈʠʩ. 17). 
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ɼʣʠʥʘ ʢʦʥʪʘʢʪʦʚ I I2ĿĿĿIʪʝʨʤ ʩʦʩʪʘʚʣʷʝʪ 3.350-3.537 ¡; ʜʣʠʥʘ ʩʚʷʟʠ I-I ʚ ʤʦʣʝʢʫʣʝ ʠʦʜʘ ʥʝʩʢʦʣʴʢʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʚ ʪʚʝʨʜʦʤ I2 (2.739 ʧʨʦʪʠʚ 2.715 ¡). ʊʘʢʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʚʩʝʭ 

ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ ï ʫʯʘʩʪʠʝ ʚ ʛʘʣʦʛʝʥʥʦʤ ʩʚʷʟʳʚʘʥʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ 

ʬʨʘʛʤʝʥʪʘʤʠ ʟʘʤʝʪʥʦ ʦʩʣʘʙʣʷʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʛʘʣʦʛʝʥʘ ʚ ʤʦʣʝʢʫʣʝ X2. 

 

ʈʠʩ. 17. ɿʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʬʨʘʛʤʝʥʪʦʚ {(ʙʝʥʟʦ-15-ʢʨʘʫʥ-5)BiI3}, ʩʚʷʟʘʥʥʳʭ 

ʤʦʣʝʢʫʣʘʤʠ ʠʦʜʘ [173]. ɸʪʦʤʳ ʚʠʩʤʫʪʘ ʙʠʨʶʟʦʚʦʛʦ ʮʚʝʪʘ, ʢʠʩʣʦʨʦʜʘ ï ʢʨʘʩʥʦʛʦ, ʠʦʜʘ - ʨʦʟʦʚʦʛʦ. 

ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

ʉ ʢʘʪʠʦʥʦʤ ʧʘʨʘ-ʬʝʥʠʣʝʥʜʠʘʤʤʦʥʠʷ (PDA2+) ʚ ʩʨʝʜʝ ʠʦʜʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ 

ʦʙʨʘʟʫʝʪʩʷ ʧʦʣʠʠʦʜʦʚʠʩʤʫʪʘʪ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʨyʭʤʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ [49]. ɸʥʠʦʥʥʘʷ ʯʘʩʪʴ 

ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ. ʎʝʧʠ ʩʦʙʨʘʥʳ ʠʟ 

ʦʢʪʘʵʜʨʦʚ { BiI 6}, ʠʤʝʶʱʠʭ ʦʙʱʫʶ ʛʨʘʥʴ. ʈʘʩʩʪʦʷʥʠʷ Bi-Iʪʝʨʤ ʟʘʤʝʪʥʦ ʢʦʨʦʯʝ (2.892-2.964 ¡), ʯʝʤ 

ʜʣʷ ʤʦʩʪʠʢʦʚʳʭ ʘʪʦʤʦʚ (3.031-3.336 ¡). ʄʦʣʝʢʫʣʳ ʠʦʜʘ (ʜʣʠʥʘ ʩʚʷʟʠ I-I ʨʘʚʥʘ 2.729 ¡) 

ʩʚʷʟʳʚʘʶʪ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʚ ʜʚʫʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʦʥʪʘʢʪʘʤʠ I I2ĿĿĿIʪʝʨʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3.532 

¡ (ʈʠʩ. 18, ʘ). ʉʣʘʙʳʝ ɺʉ ʢʘʪʠʦʥʘ PDA2+ ʠ ʠʦʜʠʜʥʳʭ ʣʠʛʘʥʜʦʚ (ʢʦʥʪʘʢʪʳ NïHĿĿĿIʪʝʨʤ ʥʘ 

ʨʘʩʩʪʦʷʥʠʷʭ 2.736-2.801 ¡) ʬʦʨʤʠʨʫʶʪ ʪʨʸʭʤʝʨʥʫʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʈʠʩ. 18, ʙ). 

ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 100 ÁC ʠ ̫ ʚʣʷʝʪʩʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 1.45 ʵɺ. 
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ʈʠʩ. 18. ʂʦʥʪʘʢʪʳ IĿĿĿI ʚ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ (PDA){[ BiI 4]2(I2)}  [49] (ʘ); ʢʦʥʪʘʢʪʳ NïHĿĿĿI (ʙ). 

ʉʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ (Me2DABCO)7{[ BiI6]2[Bi2I9]2(I3)2} , ʧʦʣʫʯʝʥʥʦʝ ʩʦʣʴʚʦʪʝʨʤʘʣʴʥʳʤ 

ʤʝʪʦʜʦʤ [171], ʠʤʝʝʪ ʠʥʪʝʨʝʩʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ: ʦʥʦ ʩʦʜʝʨʞʠʪ ʩʨʘʟʫ ʜʚʘ ʪʠʧʘ ʠʦʜʦʚʠʩʤʫʪʘʪʥʳʭ 

ʘʥʠʦʥʦʚ, ʤʦʥʦʷʜʝʨʥʳʡ [BiI 6]
3- ʠ ʙʠʷʜʝʨʥʳʡ [Bi 2I9]

3-. ʆʙʘ ʪʨʠʠʦʜʠʜʥʳʭ ʘʥʠʦʥʘ ʣʝʞʘʪ ʥʘ ʦʩʠ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʨʘʩʩʪʦʷʥʠʷ I-I ʚ ʥʠʭ ʨʘʚʥʳ 2.880 ʠ 2.899 ¡. ʆʜʠʥ ʠʟ ʥʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʘʥʠʦʥʘʤʠ [Bi 2I9]
3- ʠ [BiI6]

3- ʢʦʥʪʘʢʪʘʤʠ IĿĿĿI ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ 3.621 ʠ 3.974 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʚʪʦʨʦʡ ʞʝ ʥʝ ʬʦʨʤʠʨʫʝʪ ʥʠʢʘʢʠʭ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʦʚ. ʊʘʢʞʝ, ʢʦʤʧʣʝʢʩʥʳʝ ʘʥʠʦʥʳ [BiI 6]
3- 

ʠ [Bi 2I9]
3- ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʥʪʘʢʪʘʤʠ IĿĿĿI (3.738-3.974 ¡) ʚ ʯʝʪʳʨʸʭʯʣʝʥʥʳʝ ʮʠʢʣʳ (ʈʠʩ. 

19). ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1.61 ʵɺ. 

 

ʈʠʩ. 19. ɼʚʫʭʤʝʨʥʳʡ ʩʣʦʡ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʢʦʥʪʘʢʪʘʤʠ IĿĿĿI ʚ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ 

(Me2DABCO)7{[BiI 6]2[Bi 2I9]2(I3)2}  [171]. 

ɻʨʫʧʧʦʡ ʧʨʦʬʝʩʩʦʨʘ ʐʝʚʝʣʴʢʦʚʘ ɸ.ɺ. [50] ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʣʠʠʦʜʦʚʠʩʤʫʪʘʪʦʚ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʪʠʦʥʘʤʠ. ʉʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ 

K18{[Bi 8I42](I 2)0.5} *(H2O)14 ʠ (NH4)7{ [Bi 3I16](I 2)0.5} *(H2O)4.5 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʩʨʝʜʝ 
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ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʠʦʜʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ. ɹʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʝʡ ʝʜʠʥʠʮʝʡ 

ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʷʚʣʷʝʪʩʷ ʦʢʪʘʵʜʨ { BiI 6}.  ɺ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʠʦʥʦʤ ʢʘʣʠʷ, ʜʘʥʥʳʝ ʦʢʪʘʵʜʨʳ 

ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʧʘʨʳ ʟʘ ʩʯʝʪ ʦʙʱʠʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʚʝʨʰʠʥ, ʣʠʙʦ ʟʘ ʩʯʝʪ ʦʙʱʠʭ ʨʸʙʝʨ, 

ʬʦʨʤʠʨʫʷ ʢʦʤʧʣʝʢʩʥʳʝ ʘʥʠʦʥʳ [Bi2I11]
5- ʠ [Bi2I10]

4- ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʪʦʷʥʠʷ Bi-I ʩʦʩʪʘʚʣʷʶʪ 

ʦʪ 2.906 ʜʦ 3.277 ¡. ɸʥʠʦʥʳ [BiI 6]
3- ʩʚʷʟʘʥʳ ʤʦʣʝʢʫʣʘʤʠ ʠʦʜʘ, ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʧʦ ʪʨʝʤ 

ʧʦʟʠʮʠʷʤ, ʜʣʠʥʘ ʢʦʥʪʘʢʪʦʚ IĿĿĿI ʩʦʩʪʘʚʣʷʶʪ 2.835-2.857 ¡ (ʈʠʩ. 20). 

 

ʈʠʩ. 20. ɸʥʠʦʥʥʘʷ ʯʘʩʪʴ ʩʦʝʜʠʥʝʥʠʷ K18{[Bi 8I42](I2)0.5(H2O)14}  [50]. 

ɺ ʩʪʨʫʢʪʫʨʝ ʩ ʘʤʤʦʥʠʡʥʳʤ ʢʘʪʠʦʥʦʤ ʧʦʤʠʤʦ ʘʥʠʦʥʦʚ [Bi2I10]
4- ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʘʥʠʦʥʳ [BiI 6]
3-, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʤʦʣʝʢʫʣʘʤʠ ʠʦʜʘ (ʢʦʥʪʘʢʪʳ IĿĿĿI ʨʘʚʥʳ 3.168 ¡) 

(ʈʠʩ. 21). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ, ʨʘʟʣʦʞʝʥʠʝ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 130 ʠ 70 Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʦʥʘʤʠ ʢʘʣʠʷ ʠ ʘʤʤʦʥʠʷ. ʐʠʨʠʥʘ 

ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʠʟ ʩʧʝʢʪʨʦʚ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʩʦʩʪʘʚʣʷʝʪ 1.57 ʠ 1.27 ʵɺ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 



38 

 

 

ʈʠʩ. 21. ʉʪʨʦʝʥʠʝ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ (NH4)7{[Bi 3I16](I 2)0.5(H2O)4.5} . 

ɼʚʘ ʧʦʣʠʠʦʜʠʜʘ ʚʠʩʤʫʪʘ ʩ ʢʘʪʠʦʥʘʤʠ-ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʠʨʠʜʠʥʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 2020 

ʛʦʜʫ ʛʨʫʧʧʦʡ ʧʨʦʬʝʩʩʦʨʘ ɸʜʦʥʠʥʘ ʉ.ɸ. [174]. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ ʩ 1,3-ʜʠʤʝʪʠʣʧʠʨʠʜʠʥʠʝʤ 

ʩʦʩʪʦʠʪ ʠʟ ʪʝʪʨʘʷʜʝʨʥʳʭ ʘʥʠʦʥʦʚ [Bi4I16]
4-, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʣʝʢʫʣʘʤʠ ʠʦʜʘ (ʈʠʩ. 22) 

ʀʦʜʦʚʠʩʤʫʪʘʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʪʘʢʦʡ ʪʝʪʨʘʷʜʝʨʥʳʡ ʘʥʠʦʥ, ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ [175ï178]. ɽʛʦ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʢ ʧʨʦʜʫʢʪ ʢʦʥʜʝʥʩʘʮʠʠ ʜʚʫʭ ʙʠʷʜʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ {Bi2I10} ʯʝʨʝʟ ʜʚʘ Õ2- ʠ ʜʚʘ 

Õ3-ʤʦʩʪʠʢʦʚʳʭ ʠʦʜʠʜʥʳʭ ʣʠʛʘʥʜʘ. ʈʘʩʩʪʦʷʥʠʷ Bi-Iʪʝʨʤ, Bi-IÕ2, Bi-IÕ3 ʠ ʨʘʚʥʳ 2.887-3.017, 

3.057-3.288 ʠ 3.289-3.337 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʚʘ ʪʝʨʤʠʥʘʣʴʥʳʭ ʘʪʦʤʘ I ʩʚʷʟʘʥʳ ʩ ʤʦʣʝʢʫʣʘʤʠ 

ʠʦʜʘ, ʜʣʠʥʘ ʢʦʥʪʘʢʪʘ I I2ĿĿĿIʪʝʨʤ ʩʦʩʪʘʚʣʷʝʪ 3.527 ¡, ʜʣʠʥʘ ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʝ ʠʦʜʘ ʨʘʚʥʘ 2.749 ¡. 

ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʙʦʣʝʝ ʜʘʣʸʢʠʝ ʢʦʥʪʘʢʪʳ I I2ĿĿĿIʪʝʨʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3.837 ¡, ʦʥʠ ʩʚʷʟʳʚʘʶʪ 

ʦʜʥʦʤʝʨʥʳʝ ʮʝʧʠ ʚ ʜʚʫʭʤʝʨʥʳʡ ʧʦʣʠʤʝʨ. 
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ʈʠʩ. 22. ɼʚʫʭʤʝʨʥʘʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʫʧʘʢʦʚʢʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʟʘ ʩʯʸʪ ʥʝʢʦʚʘʣʝʥʪʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ (1,3-MePy)4{[Bi 4I16](I 2)}  [174]. 

ɸʥʠʦʥʥʘʷ ʯʘʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʩ 1-ʤʝʪʠʣʧʠʨʠʜʠʥʠʝʚʳʤ ʢʘʪʠʦʥʦʤ ʬʦʨʤʘʣʴʥʦ ʠʤʝʝʪ 

ʜʚʫʭʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ. ʇʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʧʦʩʪʨʦʝʥʳ ʠʟ ʦʢʪʘʵʜʨʦʚ {BiI 6}, ʩʚʷʟʘʥʥʳʭ ʧʦ ʦʙʱʠʤ 

ʛʨʘʥʷʤ (Bi-Iʪʝʨʤ = 2.929ī2.943 ¡, Bi-IÕ2 = 3.098-3.229 ¡). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʘʥʥʳʝ ʮʝʧʠ 

ʩʚʷʟʳʚʘʶʪʩʷ ʤʦʣʝʢʫʣʘʤʠ ʠʦʜʘ ʚ ʜʚʫʭʤʝʨʥʳʡ ʤʘʩʩʠʚ ʯʝʨʝʟ ʪʝʨʤʠʥʘʣʴʥʳʝ ʠʦʜʠʜʥʳʝ ʣʠʛʘʥʜʳ. ʅʘ 

ʜʚʘ ʘʪʦʤʘ ʚʠʩʤʫʪʘ(III) ʬʦʨʤʘʣʴʥʦ ʧʨʠʭʦʜʠʪʩʷ ʧʦ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʠʦʜʘ (ʈʠʩ. 23). ʈʘʩʩʪʦʷʥʠʷ 

I I2ĿĿĿIʪʝʨʤ ʨʘʚʥʳ 3.520 ¡. ɼʦʧʦʣʥʷʶʪ ʩʪʨʫʢʪʫʨʫ ʜʘʣʴʥʠʝ ʢʦʥʪʘʢʪʳ IĿĿĿI ʤʝʞʜʫ ʪʝʨʤʠʥʘʣʴʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ (3.864 ¡). ɼʣʷ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʦʮʝʥʝʥʘ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʰʠʨʠʥʘ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ʇʦʣʠʠʦʜʠʜ ʩ 1,3-ʜʠʤʝʪʠʣʧʠʨʠʜʠʥʠʝʤ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʪʘʙʠʣʝʥ: ʩʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʊɻɸ, ʝʛʦ ʨʘʟʣʦʞʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 120 ÜC ʧʨʦʪʠʚ 60 ÜC ʜʣʷ 

(1-MePy){[ BiI 4](I2)0.5} . ɿʥʘʯʝʥʠʷ ʐɿɿ ʨʘʚʥʳ 1.53 ʠ 1.37 ʵɺ ʜʣʷ ʧʦʣʠʠʦʜʠʜʘ ʩ 

1,3-ʜʠʤʝʪʠʣʧʠʨʠʜʠʥʠʝʤ ʠ 1-ʤʝʪʠʣʧʠʨʠʜʠʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʢʦʤʧʣʝʢʩʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʛʨʫʧʧʦʡ ʧʨʦʬʝʩʩʦʨʘ ʐʝʚʝʣʴʢʦʚʘ ɸ.ɺ. 
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ʈʠʩ. 23. ʉʪʨʫʢʪʫʨʘ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ (1-MePy){[ BiI 4](I2)}  [174]. 

ɻʨʫʧʧʦʡ ʧʨʦʬʝʩʩʦʨʘ ɸʜʦʥʠʥʘ ʉ.ɸ. ʪʘʢʞʝ ʙʳʣʘ ʧʨʦʜʝʣʘʥʘ ʙʦʣʴʰʘʷ ʨʘʙʦʪʘ ʧʦ ʩʠʥʪʝʟʫ 

ʧʦʣʠʙʨʦʤʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Bi(III ) [43ï48]. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʩʤʝʰʠʚʘʥʠʝʤ Bi2O3 c ʙʨʦʤʠʜʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʘʪʠʦʥʘ ʚ ʩʨʝʜʝ 2ʄ HBr ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʙʨʦʤʘ. ɹʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʧʦʣʠʙʨʦʤʠʜʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʘ ʪʘʢʞʝ ʨʷʜ 

ʩʤʝʰʘʥʥʦʛʘʣʦʛʝʥʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʪʨʫʢʪʫʨʥʳʝ ʪʠʧʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʝ 

ʩʦʯʝʪʘʥʠʷ ʦʢʪʘʵʜʨʦʚ {BiX 6}  (X = Cl, Br) ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʢʘʢ ʧʦ ʚʝʨʰʠʥʘʤ, ʛʨʘʥʷʤ ʠ 

ʨʸʙʨʘʤ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʦʣʠʙʨʦʤʠʜʳ Bi(III) ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳ: ʥʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʣʘʛʘʶʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʰʝ 100 Áʉ. 

ʉʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ (ʦʧʠʩʘʥʦ ʯʝʪʳʨʝ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʷ) ʪʠʧ ʧʦʣʠʙʨʦʤʦʚʠʩʤʫʪʘʪʦʚ 

ʠʤʝʝʪ ʦʙʱʫʶ ʬʦʨʤʫʣʫ (Cat)2{ [Bi2Br9](Br2)}  (ʈʠʩ. 24). ʆʢʪʘʵʜʨʳ { BiBr6}  ʩʚʷʟʳʚʘʶʪʩʷ ʯʝʨʝʟ ʪʨʠ 

ʤʦʩʪʠʢʦʚʳʭ ʙʨʦʤʠʜʥʳʭ ʣʠʛʘʥʜʘ ʚ ʙʠʷʜʝʨʥʳʡ ʘʥʠʦʥ [Bi2Br9]
3-. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʥʠ ʩʚʷʟʳʚʘʶʪʩʷ 

ʤʦʣʝʢʫʣʘʤʠ ʙʨʦʤʘ ʯʝʨʝʟ ʪʝʨʤʠʥʘʣʴʥʳʝ ʙʨʦʤʠʜʥʳʝ ʣʠʛʘʥʜʳ ʚ ʟʠʛʟʘʛʦʦʙʨʘʟʥʫʶ ʮʝʧʦʯʢʫ. 
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ʈʠʩ. 24. ʉʪʨʦʝʥʠʝ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ (Cat)2{[Bi 2Br9](Br2)} . 

ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʦʡ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ { Py(CH2)4Py} 2{ [BiBr5(Br3)](Br3)(Br2)}  

[43]. ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʘʪʦʤʘ ʚʠʩʤʫʪʘ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʙʨʦʤʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʦʜʥʦʛʦ 

ʣʠʛʘʥʜʘ (Br3)
-. ʈʘʩʩʪʦʷʥʠʷ Bi-Brʪʝʨʤ ʠ Bi-Br(Br3) ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʘʥʠʦʥʝ [BiBr 5(Br3)]

3- ʩʦʩʪʘʚʣʷʶʪ 

2.751-2.865 ¡ ʠ 3.022 ¡ (ʈʠʩ. 25). ɼʚʘ ʜʨʫʛʠʭ ʧʦʣʠʠʦʜʠʜʥʳʭ ʬʨʘʛʤʝʥʪʘ, ʪʨʠʠʦʜʠʜʥʳʡ ʘʥʠʦʥ ʠ 

ʤʦʣʝʢʫʣʘ ʙʨʦʤʘ, ʩʚʷʟʘʥʳ ʥʝʢʦʚʘʣʝʥʪʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʘʥʠʦʥʦʤ ʚ 

ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʠ, ʠʤʝʁɦ ʠʝ ʧʣʦʩʢʦʝ ʩʪʨʦʝʥʠʝ. ɼʣʠʥʘ ʢʦʥʪʘʢʪʦʚ BrĿĿĿBr ʥʘʭʦʜʠʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 3.078 ʜʦ 3.362 ¡. ʆʙʘ ʪʨʠʙʨʦʤʠʜʥʳʭ ʘʥʠʦʥʘ ʥʝʩʠʤʤʝʪʨʠʯʥʳ: ʨʘʩʩʪʦʷʥʠʷ ʚ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤ ʢ ʘʪʦʤʫ Bi ʘʥʠʦʥʝ (Br3)
- 2.419 ʠ 2.749 ¡; ʚ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤ ï 2.486 ʠ 

2.618 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩ. 25. ʉʪʨʫʢʪʫʨʘ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ {Py(CH2)4Py} 2{[BiBr 5(Br3)](Br3)(Br2)}  [43]. 

ʇʦʣʫʯʝʥʦ ʪʨʠ ʧʦʣʠʙʨʦʤʦ-ʭʣʦʨʦʚʠʩʤʫʪʘʪʘ ʩʦʩʪʘʚʦʚ (PyH)2{[BiCl 5](Br2)} , 

(H2bpp){[BiCl5](Br2)}  ʠ (Me3PhN)3{[Bi 2Cl9](Br2)}  [179]. ɸʥʠʦʥʥʘʷ ʯʘʩʪʴ ʧʝʨʚʳʭ ʜʚʫʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʦʩʪʦʠʪ ʠʟ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʩʦʩʪʘʚʘ { BiCl5}  (ʦʢʪʘʵʜʨʳ {BiCl6}, ʩʚʷʟʘʥʥrʝ 
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ʯʝʨʝʟ ʦʜʠʥ ʤʦʩʪʠʢʦʚʳʡ ʭʣʦʨʠʜʥʳʡ ʣʠʛʘʥʜ). ʄʦʩʪʠʢʦʚʳʝ ʤʦʣʝʢʫʣʳ ʙʨʦʤʘ ʩʦʝʜʠʥʷʶʪ 

ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʚ ʜʚʫʭʤʝʨʥʳʝ ʩʣʦʠ (ʢʦʥʪʘʢʪʳ ClĿĿĿBr = 2.919-3.152 ʠ 3.284 ¡) (ʈʠʩ. 26). 

ʉʪʨʫʢʪʫʨʳ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ ʛʝʦʤʝʪʨʠʝʡ ʬʨʘʛʤʝʥʪʦʚ {ClĿĿĿBr-BrĿĿĿCl}: ʚ ʧʝʨʚʦʤ 

ʩʦʝʜʠʥʝʥʠʠ ʩ ʧʠʨʠʜʠʥʦʤ ʫʛʣʳ {ClĿĿĿBr-Br} ʨʘʚʥʳ 175.1Á ʠ 178.1Á ʧʨʦʪʠʚ 154.4Á ʚʦ ʚʪʦʨʦʤ 

ʢʦʤʧʣʝʢʩʝ. 

 

ʈʠʩ. 26. ʉʪʨʫʢʪʫʨʘ ʘʥʠʦʥʘ ʩʦʩʪʘʚʘ {[BiCl 5]n(Br2)n}
2n-. 

ɺ ʩʪʨʫʢʪʫʨʝ ʩ ʢʘʪʠʦʥʦʤ ʪʨʠʤʝʪʠʣʬʝʥʠʣʘʤʤʦʥʠʷ ʤʦʣʝʢʫʣʳ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʜʚʫʤ 

ʧʦʟʠʮʠʷʤ ʩ ʨʘʚʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ (ʈʠʩ. 27). ʂʦʤʧʣʝʢʩʥʳʝ ʘʥʠʦʥʳ [Bi2Cl9]
3- ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ 

ʤʦʣʝʢʫʣʘʤʠ ʙʨʦʤʘ ʯʝʨʝʟ ɛ2-ʤʦʩʪʠʢʦʚʳʝ ʠ ʪʝʨʤʠʥʘʣʴʥʳʝ ʭʣʦʨʠʜʥʳʝ ʣʠʛʘʥʜʳ: ʨʘʩʩʪʦʷʥʠʷ ClĿĿĿBr 

ʚʘʨɹʠʨʫʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2.922-3.103 ¡. 

 

ʈʠʩ. 27. ʉʪʨʫʢʪʫʨʘ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ (Me3PhN)3{[Bi 2Cl9](Br2)}  [179]. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʙʨʦʤʠʨʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʧʦʣʠʙʨʦʤʠʜʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ Bi(III) ʩʦʩʪʘʚʘ (PyH)3{[Bi 2Br9](Br2)} ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ 
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ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʷʛʢʦʛʦ ʙʨʦʤʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʤʝʱʥyʥʳʤ ʘʣʢʝʥʘʤ [45]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʫ  ʁʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʧʨʝʜʝʣʴʥʳʤ ʩʧʠʨʪʘʤ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʪʝʨʠʯʝʩʢʠ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʚʷʟʳʚʘʥʠʝʤ 

ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʩʧʠʨʪʦʚ ʠ ʙʨʦʤʦʚʠʩʤʫʪʘʪʥʳʭ ʘʥʠʦʥʦʚ. 

1.2.2. ʇʦʣʠʛʘʣʦʛʝʥʠʜʳ ʩʫʨʴʤʳ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ, ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʢ 

Sb(III), ʪʘʢ ʠ Sb(V). ʃʦʫʪʦʥ ʠ ʩʦʘʚʪʦʨʳ [38,55] ʦʧʠʩʳʚʘʝʪ ʜʚʘ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʧʦʣʠʙʨʦʤʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʘ Sb(V) ʩ ʢʘʪʠʦʥʘʤʠ 2-ʤʝʪʠʣʧʠʨʠʜʠʥʠʷ ʠ 4-ʤʝʪʠʣʧʠʨʠʜʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʠʦʥʥʘʷ 

ʯʘʩʪʴ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʝʪ ʩʦʩʪʘʚ {[SbBr6](Br3)}
2- ï ʵʪʦ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʘʥʠʦʥʳ [SbBr6]

-, 

ʩʚʷʟʘʥʥʳʝ ʪʨʠʙʨʦʤʠʜʥʳʤʠ ʘʥʠʦʥʘʤʠ (Br3)
- ʚ ʮʝʧʴ (ʈʠʩ. 28). ʈʘʩʩʪʦʷʥʠʷ BrʪʝʨʤĿĿĿBr(Br3) ʩʦʩʪʘʚʣʷʶʪ 

3.473 ʠ 3.444 ¡, ʨʘʩʩʪʦʷʥʠʷ ʚʥʫʪʨʠ ʪʨʠʙʨʦʤʠʜʥʦʛʦ ʘʥʠʦʥʘ ï 2.543 ʠ 2.561 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 

ʩʪʘʪʴʷʭ ʥʝ ʧʨʠʚʝʜʝʥʦ ʜʘʥʥʳʭ ʦ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʥʦ ʜʣʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʦʙʥʘʨʫʞʝʥʳ ʪʝʨʤʦʭʨʦʤʥʳʝ ʩʚʦʡʩʪʚʘ ï ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦ -196 Áʉ ʧʦʩʪʝʧʝʥʥʦ 

ʦʙʝʩʮʚʝʯʠʚʘʶʪʩʷ. 

 

ʈʠʩ. 28. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ (2-MePyH)2{[SbBr6](Br3)}  [38]. 

ʇʦʣʠʙʨʦʤʠʜ Sb(V) ʩʦʩʪʘʚʘ (Cat)2{[SbBr6](Br3)} ʧʦʣʫʯʝʥ ʩ ʢʘʪʠʦʥʦʤ ʭʠʥʦʣʠʥʠʷ (C9H7NH)+ 

[180]. ʅʝʩʤʦʪʨʷ ʥʘ ʠʜʝʥʪʠʯʥʳʡ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʧʨʝʜʳʜʫʱʝʛʦ: ʨʘʩʩʪʦʷʥʠʷ BrʪʝʨʤĿĿĿBr(Br3) ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ ï 3.607 ¡, ʘ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ, 

ʬʦʨʤʠʨʫʝʤʳʝ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʥʳʤʠ ʘʥʠʦʥʘʤʠ [SbBr6]
- ʠ ʘʥʠʦʥʘʤʠ (Br3)

-, ʠʩʢʘʞʝʥʳ ï ʫʛʦʣ 

Brʪʝʨʤ-Br(Br3)-Br(Br3) ʩʦʩʪʘʚʣʷʝʪ 136.73Á. ʀʩʭʦʜʷ ʠʟ ʛʝʦʤʝʪʨʠʠ, ʜʘʥʥʳʝ ʢʦʥʪʘʢʪʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ɻʉ ʊʠʧʘ II  (ʈʠʩ. 29, a). ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʢʦʥʪʘʢʪʦʚ N-HĿĿĿBr ʠ C-HĿĿĿBr ʥʘ 

ʨʘʩʩʪʦʷʥʠʷʭ 2.612 ʠ 2.671 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩ. 29, ʙ). 

 

ʈʠʩ. 29. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ (ʘ) ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ N-HĿĿĿBr ʠ C-HĿĿĿBr (ʙ) ʚ ʩʦʝʜʠʥʝʥʠʠ 

(C9H7NH)2{[SbBr6](Br3)}  [180]. 
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ʇʝʨʚʳʡ ʧʦʣʠʙʨʦʤʠʜ Sb(III) ʩʦʩʪʘʚʘ (TMA)3{[ Sb2Br9](Br2)} ʧʦʣʫʯʝʥ ʚ 1972 ʛʦʜʫ [37]. ɺ 

ʩʪʘʪʴʝ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ: ʙʠʷʜʝʨʥʳʝ ʜʠʩʢʨʝʪʥʳʝ ʘʥʠʦʥʳ (ʩʦʩʪʦʷʱʠʝ 

ʠʟ ʜʚʫʭ ʦʢʪʘʵʜʨʦʚ { SbBr6}, ʜʝʣʷʱʠʭ ʦʙʱʫʶ ʛʨʘʥʴ) ʩʦʝʜʠʥʝʥʳ ʚ ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ ʤʦʣʝʢʫʣʘʤʠ 

ʙʨʦʤʘ ʯʝʨʝʟ ʢʦʥʪʘʢʪʳ BrĿĿĿBr ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2.891 ¡ (ʈʠʩ. 30). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʦ 

ʯʝʪʳʨʝ ʧʦʣʠʙʨʦʤʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷ Bi(III) ʪʘʢʦʛʦ ʞʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ [44,45,47]. ɼʣʠʥʘ ʩʚʷʟʠ 

BrBr2-BrBr2 ï 2.313 ¡. ʂʘʢ ʩʦʝʜʠʥʝʥʠʷ Bi(III), ʪʘʢ ʠ ʧʦʣʠʙʨʦʤʠʜ Sb(III ) ʜʘʥʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ 

ʩʪʘʙʠʣʴʥʳ ʥʘ ʚʦʟʜʫʭʝ. 

 

ʈʠʩ. 30. ʌʨʘʛʤʝʥʪ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʪʨʫʢʪʫʨʳ (TMA)3{[Sb2Br9](Br2)}  [37]. 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʙʩʫʜʠʪʴ ʩʤʝʰʘʥʥʦʚʘʣʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ 

(C7H13NH)4{ [SbBr6]2(Br2)2} [36]. ʉʪʨʫʢʪʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ 

[SbBr6]
3-, [SbBr6]

- ʠ ʤʦʣʝʢʫʣ Br2. ʆʙʱʘʷ ʩʠʤʤʝʪʨʠʷ ʩʦʝʜʠʥʝʥʠʷ ʢʫʙʠʯʝʩʢʘʷ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʠ (ʇɻʉ) ï Fm-3m, ʧʘʨʘʤʝʪʨ a ʨʘʚʝʥ 13.873 ¡, ʪʠʧ NaCl. ɸʥʠʦʥʳ ʠ ʤʦʣʝʢʫʣʳ 

ʙʨʦʤʘ ʟʘʥʠʤʘʶʪ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ Na ʠ Cl ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʢʘʪʠʦʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʦʩʴʤʠ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʧʫʩʪʦʪʘʭ. ʄʦʣʝʢʫʣʘ ʙʨʦʤʘ ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʷʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ 

ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʘʥʠʦʥʘʤʠ [SbBr6]
3- ʥʘ ʩʨʝʜʥʝʤ ʨʘʩʩʪʦʷʥʠʠ 3.11 ¡. 

ɸʜʦʥʠʥʳʤ ʉ.ɸ. ʠ ɹʦʥʜʘʨʝʥʢʦ ʄ.ɸ. ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʝʨʠʷ ʧʦʣʠʙʨʦʤʠʜʦʚ Sb(V) ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʘʪʠʦʥʘʤʠ [51ï54]. ɸʥʠʦʥʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʦʷʪ ʠʟ 

ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʠʦʥʦʚ [SbBr6]
- ʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʙʨʦʤʦʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪʦʚ: Br2, (Br3)

-, (Br5)
-. 

ɺ ʘʥʠʦʥʝ ʩʦʝʜʠʥʝʥʠʷ (2-Br-5-MePyH)2{[ SbBr6](Br2)2Br} ʢʦʤʧʣʝʢʩʥʳʝ ʘʥʠʦʥʳ ʠʟʦʣʠʨʦʚʘʥʳ, ʘ 

ʧʦʣʠʙʨʦʤʠʜʥʳʡ ʬʨʘʛʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʤʦʣʝʢʫʣʳ ʙʨʦʤʘ, ʩʚʷʟʘʥʥʳʝ ʢʦʥʪʘʢʪʘʤʠ ʩ 

ʙʨʦʤʠʜʥʳʤ ʘʥʠʦʥʦʤ ʚ ʣʠʥʝʡʥʫʶ ʮʝʧʴ (BrBr2-BrBr2 = 2.366 ¡; BrBr2ĿĿĿBr
- = 2.940 ʠ 3.115 ¡) (ʈʠʩ. 
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31). ɸʥʠʦʥʳ [SbBr6]
- ʚ ʩʪʨʫʢʪʫʨʝ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʚʷʟʘʥʳ ʚ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʟʘ ʩʯʝʪ ʩʣʘʙʳʭ 

ʢʦʥʪʘʢʪʦʚ BrʪʝʨʤĿĿĿBrʪʝʨʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3.588 ¡. 

 

ʈʠʩ. 31. ʉʪʨʫʢʪʫʨʘ ʘʥʠʦʥʘ ʩʦʝʜʠʥʝʥʠʷ (2-Br-5-MePyH)2{[SbBr6](Br2)2Br}  [51]. 

ʉʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ (4-BrPyH)2{[SbBr6](Br3)} ʥʝʩʢʦʣʴʢʦ ʥʘʧʦʤʠʥʘʝʪ ʨʘʩʩʤʦʪʨʝʥʥʦʝ ʚʳʰʝ 

ʩʦʝʜʠʥʝʥʠʝ; ʦʙʨʘʟʫʝʪʩʷ ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʴ ʠʟ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ [SbBr6]
- 

(ʢʦʥʪʘʢʪʳ BrĿĿĿBr ï 3.353 ¡). ʀʟ ʩʠʤʤʝʪʨʠʯʥʳʭ ʘʥʠʦʥʦʚ (Br3)
- (Br-Br = 2.548 ¡) ʪʘʢʞʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʣʠʤʝʨʥʘʷ ʮʝʧʴ, ʨʘʩʩʪʦʷʥʠʷ BrBr3ĿĿĿBrBr3 ʩʦʩʪʘʚʣʷʶʪ 3.494 ¡. ʆʙʝ ʧʦʣʠʤʝʨʥʳʝ 

ʧʦʜʩʪʨʫʢʪʫʨʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʣʘʙʳʤʠ ʢʦʥʪʘʢʪʘʤʠ BrʪʝʨʤĿĿĿBr(Br3) 3.570-3.657 ¡) (ʈʠʩ. 32). 

ʆʮʝʥʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʠ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 2.5 ʢʢʘʣ/ʤʦʣʴ. 

 

ʈʠʩ. 32. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ (4-BrPyH)2{[SbBr6](Br3)}  [51]. 

ʉʤʝʰʘʥʥʦʛʘʣʦʛʝʥʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʫʨʴʤʳ(III) (ʧʦʣʠʠʦʜʦ-ʙʨʦʤʦʘʥʪʠʤʦʥʘʪʳ(III )) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʤʷ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩʦʩʪʘʚʘ (TMA)3{[Sb2Br9](I 2)}, (4-MePyH)3{[Sb2Br9](I 2)} ʠ 

{( Py)(CH2)2(Py)}{[SbBr 5](I 2)} [39]. ɼʚʘ ʧʝʨʚʳʭ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʜʠʤʝʨʥʳʭ ʘʥʠʦʥʦʚ 

[Sb2Br9]
3- ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʣʝʢʫʣʘʤʠ ʠʦʜʘ. ʈʘʩʩʪʦʷʥʠʷ IĿĿBr ʨʘʚʥʳ 3.145 ʠ 3.461 ¡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʟʥʠʮʘ ʵʪʠʭ ʜʚʫʭ ʩʪʨʫʢʪʫʨ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʠʦʥʦʚ [Sb2Br9]
3- ʠ ʤʦʣʝʢʫʣ ʠʦʜʘ (ʈʠʩ. 33). 
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ʈʠʩ. 33. ʉʪʨʫʢʪʫʨʳ ʘʥʠʦʥʦʚ ʩʦʝʜʠʥʝʥʠʡ (TMA)3{[Sb2Br9](I2)} (ʩʚʝʨʭʫ) ʠ 

(4-MePyH)3{[Sb2Br9](I2)}  (ʩʥʠʟʫ) [39]. 

ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ {( Py)(CH2)2(Py)} {[ SbBr5](I2)} ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ Sb(III) ʨʘʚʥʦ ʧʷʪʠ (ʣʠʛʘʥʜʥʦʝ ʦʢʨʫʞʝʥʠʝ ʬʦʨʤʠʨʫʝʪ ʠʩʢʘʞʝʥʥʫʶ 

ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ ʧʠʨʘʤʠʜʫ). ʉʘʤʳʡ ʫʜʘʣʸʥʥʳʡ ʙʨʦʤʠʜʥʳʡ ʣʠʛʘʥʜ (ʨʘʩʩʪʦʷʥʠʝ Sb-Brʪʝʨʤ 2.978 

ʧʨʦʪʠʚ 2.638-2.833 ¡) ʩʚʷʟʘʥ ʩ ʤʦʣʝʢʫʣʦʡ ʠʦʜʘ (ʨʘʩʩʪʦʷʥʠʝ IĿĿĿBr ʩʦʩʪʘʚʣʷʝʪ 2.953 ¡) (ʈʠʩ. 34). 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʷ ʢʦʥʪʘʢʪʦʚ IĿĿĿBr ʩʦʩʪʘʚʣʷʝʪ 

ʦʪ 1.6 ʜʦ 6.9 ʢʢʘʣ/ʤʦʣʴ. ɺʩʝ ʪʨʠ ʩʦʝʜʠʥʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 100 Áʉ; 

ʦʮʝʥʸʥʥʘʷ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʜʣʷ ʧʝʨʚʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʩʦʝʜʠʥʝʥʠʡ ʤʝʥʴʰʝ 1.5 ʵɺ. ʅʘ 

ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ (TMA)3{[Sb2Br9](I 2)} ʙʳʣʦ ʩʦʟʜʘʥʦ ʪʝʩʪʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠ ʦʮʝʥʝʥʳ 

ʝʛʦ ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿʥʘʯʝʥʠʷ ʬʦʪʦʪʦʢʘ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 
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ʈʠʩ. 34. ʉʪʨʦʝʥʠʝ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ {Py(CH2)2Py}{[ SbBr5](I 2)}  [39]. 

ɺ 2010 ʛʦʜʫ ʦʧʠʩʘʥʦ ʩʦʝʜʠʥʝʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʠʦʜʠʜʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʠ ʭʣʦʨʦʘʥʪʠʤʦʥʘʪʥʳʝ ʘʥʠʦʥʳ { (CH2)2(NH(CH3)2)2}
2+{[ SbCl5](I8)} [61]. ʊʨʠ 

ʧʦʣʠʠʦʜʠʜʥʳʭ ʬʨʘʛʤʝʥʪʘ (ʜʚʘ ʪʨʠʠʦʜʠʜʥʳʭ ʘʥʠʦʥʘ ʠ ʤʦʣʝʢʫʣʘ ʠʦʜʘ) ʙʣʘʛʦʜʘʨʷ ʢʦʥʪʘʢʪʘʤ IĿĿĿI 

(3.635, 3.797 ¡) ʬʦʨʤʠʨʫʶʪ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ (ʈʠʩ. 35, ʘ). ʉʪʨʫʢʪʫʨʘ ʠʤʝʝʪ ʩʣʦʠʩʪʦʝ ʩʪʨʦʝʥʠʝ. 

ʉʣʦʠ ʢʘʪʠʦʥʦʚ ʪʝʪʨʘʤʝʪʠʣʝʥʜʠʘʤʤʦʥʠʷ ʯʝʨʝʜʫʶʪʩʷ ʩ ʘʥʠʦʥʥʳʤʠ ʩʣʦʷʤʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ 

ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ a ʠ ʩʦʜʝʨʞʘʱʠʤʠ ʧʝʥʪʘʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ 

ʘʥʠʦʥʳ [SbCl5]
2- ʠ ʧʦʣʠʠʦʜʠʜʥʳʝ ʬʨʘʛʤʝʥʪʳ (ʈʠʩ. 35, ʙ). ʇʦʣʠʠʦʜʠʜʥʘʷ ʯʘʩʪʴ ʥʠʢʘʢ ʥʝ ʩʚʷʟʘʥʘ 

ʩ ʭʣʦʨʦʘʥʪʠʤʦʥʘʪʥʳʤ ʘʥʠʦʥʦʤ, ʢʦʥʪʘʢʪʦʚ IĿĿĿCl ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʥʴʰʝ ʩʫʤʤʳ 

ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʜʣʷ ʵʪʠʭ ʘʪʦʤʦʚ (3.73 ¡ [92]) ʦʙʥʘʨʫʞʠʪʴ ʥʝ ʫʜʘʸʪʩʷ. ɸʚʪʦʨʳ 

ʩʪʘʪʴʠ ʦʪʤʝʯʘʶʪ ʥʘʣʠʯʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ SbĿĿĿI (4.294 ʠ 3.820 ¡). 

 

ʈʠʩ. 35. ʘ ï ʧʦʣʠʠʦʜʠʜʥʘʷ ʟʠʛʟʘʛʦʦʙʨʘʟʥʘʷ ʮʝʧʴ ʠ ʘʥʠʦʥʳ [SbCl5]
2- ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ 

{ (CH2)2(NH(CH3)2)2}
2+{[SbCl5](I8)}  [61]; ʙ ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʪʦʛʦ ʞʝ ʩʦʝʜʠʥʝʥʠʷ ʚʜʦʣʴ ʦʩʠ ʩ. 

ɺ 2022 ʛʦʜʫ ʛʨʫʧʧʦʡ ʧʨʦʬʝʩʩʦʨʘ ʐʝʚʝʣʴʢʦʚʘ ɸ.ɺ. ʙʳʣ ʧʦʣʫʯʝʥ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ 

ʧʦʣʠʠʦʜʦʘʥʪʠʤʦʥʘʪ ʩʦʩʪʘʚʘ (HpipeH2)2{[ Sb2I10](I2)}  (HpipeH2 ï ʜʠʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ 

1,4-ʜʠʘʟʘʮʠʢʣʦʛʝʧʪʘʥ ʠʣʠ ʛʦʤʦʧʠʧʝʨʘʟʠʥ) [63]. ɺ ʝʛʦ ʩʪʨʫʢʪʫʨʝ ʘʥʠʦʥʳ [Sb2I10]
4- ʩʬʦʨʤʠʨʦʚʘʥʳ 
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ʩʦʝʜʠʥʝʥʥʳʤʠ ʧʦ ʦʙʱʝʤʫ ʨʝʙʨʫ ʦʢʪʘʵʜʨʘʤʠ, ʨʘʩʩʪʦʷʥʠʷ Sb-Iʪʝʨʤ ʠ Sb-IÕ2 ʨʘʚʥʳ 2.80-3.01 ¡ ʠ 3.12, 

3.34 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʦʣʝʢʫʣʳ ʠʦʜʘ ʩʚʷʟʳʚʘʶʪ ʠʦʜʦʘʥʪʠʤʦʥʘʪʥʳʝ ʘʥʠʦʥʳ ʚ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ 

ʮʝʧʠ (ʈʠʩ. 36) ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ 3.42 ¡. ɼʣʠʥʘ ʩʚʷʟʠ I-I ʚ ʤʦʣʝʢʫʣʝ ʠʦʜʘ 2.73 ¡, ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʠʦʜʝ. ɻʦʤʦʧʠʧʝʨʘʟʠʥʠʝʚʳʝ ʢʘʪʠʦʥʳ ʩʚʷʟʳʚʘʶʪ ʮʝʧʦʯʢʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ 

(2.76-2.90 ¡) ʚ ʪʨʸʭʤʝʨʥʳʡ ʢʘʨʢʘʩ. ʉʦʝʜʠʥʝʥʠʝ ʩʪʘʙʠʣʴʥʦ ʜʦ 130 ÜC ʠ ʠʤʝʝʪ ʰʠʨʠʥʫ 

ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ 1.41 ʵɺ. ʉʧʝʢʪʨ ʂʈ ʧʦʣʠʠʦʜʦʤʝʪʘʣʣʘʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʰʠʨʦʢʫʶ 

ʘʩʠʤʤʝʪʨʠʯʥʫʶ ʧʦʣʦʩʫ ʦʢʦʣʦ 165 ʩʤ-1. ʈʘʟʣʦʞʝʥʠʝ ʩʧʝʢʪʨʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʤʦʜʳ ʢʦʣʝʙʘʥʠʡ ʜʘʸʪ 

ʧʷʪʴ ʧʠʢʦʚ. ʆʜʠʥ ʠʟ ʥʠʭ ʦʢʦʣʦ 176 ʩʤ-1 ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʸʥ ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʤʦʣʝʢʫʣ 

ʠʦʜʘ, ʧʦʣʦʩʳ ʦʢʦʣʦ 163, 150 ʠ 140 ʩʤ-1 ï ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʠʦʜʦʘʥʪʠʤʦʥʘʪʥʳʭ ʘʥʠʦʥʦʚ. 

 

ʈʠʩ. 36. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ (HpipeH2)2{[ Sb2I10](I2)}  [63]. 

1.2.3. ʇʦʣʠʛʘʣʦʛʝʥʠʜʳ ʩʝʣʝʥʘ 

ɺ 1996 ʛʦʜʫ ʦʧʠʩʘʥ ʧʝʨʚʳʡ ʧʦʣʠʙʨʦʤʠʜ ʩʝʣʝʥʘ [181]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʝʣʝʥʘ, ʙʨʦʤʘ ʠ 

ʩʦʣʠ ʪʨʠʤʝʪʠʣʬʝʥʠʣʘʤʤʦʥʠʷ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ 

(Me3PhN)2{ [Se2Br10](Br2)} . ɹʠʷʜʝʨʥʳʝ ʘʥʠʦʥʳ [Se2Br10]
2- ʦʙʨʘʟʦʚʘʥʳ ʜʚʫʤʷ ʦʢʪʘʵʜʨʘʤʠ { SeBr6}, 

ʩʚʷʟʘʥʥʳʤʠ ʯʝʨʝʟ ʦʙʱʝʝ ʨʝʙʨʦ. ʈʘʩʩʪʦʷʥʠʷ Se-Brʪʝʨʤ ʠ Se-BrÕ2 ʨʘʚʥʳ 2.384-2.573 ʠ 2.792-2.943 ¡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʦʣʝʢʫʣʳ ʙʨʦʤʘ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʜʚʫʤʷ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʙʨʦʤʠʜʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ (ʈʠʩ. 37). ʈʘʩʩʪʦʷʥʠʝ BrBr2ĿĿĿBrʪʝʨʤ ʨʘʚʥʦ 3.098 ¡; ʜʣʠʥʘ ʩʚʷʟʠ ʚ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ 

ʤʦʣʝʢʫʣʝ ʙʨʦʤʘ ʩʦʩʪʘʚʣʷʝʪ 2.339 ¡. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʨʠʠ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʩʤʝʰʘʥʥʳʭ ʙʨʦʤʠʜʦʚ ʠ ʧʦʣʠʙʨʦʤʠʜʦʚ Te(IV) ʠ Se(IV) ʩ 

ʢʘʪʠʦʥʦʤ ʪʨʠʤʝʪʠʣʬʝʥʠʣʘʤʤʦʥʠʷ [182]. ɺʩʝʛʦ ʩ ʜʘʥʥʳʤ ʢʘʪʠʦʥʦʤ ʧʦʣʫʯʝʥʦ ʪʨʠ ʩʦʝʜʠʥʝʥʠʷ: ʜʚʘ 

ʢʦʤʧʣʝʢʩʘ Se(IV) ʠ Te(IV), ʘ ʪʘʢʞʝ ʩʤʝʰʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ 
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(Me3PhN)2{ [Se1.5Te0.5Br10](Br2)} . ɺ ʧʦʩʣʝʜʥʝʤ ʢʦʤʧʣʝʢʩʝ 25% ʘʪʦʤʦʚ ʩʝʣʝʥʘ ʠʟʦʤʦʨʬʥʦ 

ʟʘʤʝʱʝʥʦ ʥʘ ʪʝʣʣʫʨ; ʨʘʩʩʪʦʷʥʠʝ ʚ ʤʦʣʝʢʫʣʝ ʙʨʦʤʘ ʥʝʤʥʦʛʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʝʜʠʥʝʥʠ ̫Te(IV) 

(2.332 ¡) ʠ Se(IV) (2.339 ¡) ʠ ʩʦʩʪʘʚʣʷʝʪ 2.336 ¡. ʈʘʩʩʪʦʷʥʠʝ BrBr2ĿĿĿBr- ʨʘʚʥʦ 3.070 ¡ ʧʨʦʪʠʚ 

3.122 ʠ 3.097 ¡ ʚ ʯʠʩʪʳʭ ʠʟʦʤʦʨʬʘʭ Te ʠ Se ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʠʦʥʳ [Se2Br10]
2- ʩʚʷʟʘʥʳ ʤʝʞʜʫ 

ʩʦʙʦʡ ʢʦʨʦʪʢʠʤʠ ʢʦʥʪʘʢʪʘʤʠ BrBrÕ2ĿĿĿBrʪʝʨʤ (3.247, 3.411). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʠʡ ʤʦʪʠʚ 

ʩʪʨʫʢʪʫʨʳ ʪʨʸʭʤʝʨʥʳʡ. 

 

ʈʠʩ. 37. ʉʪʨʦʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ (Me3PhN)2{ [Se2Br10](Br2)}  [181]. 

ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ N,N-ʜʠʤʝʪʠʣ-2-ʩʝʣʝʥʦʤʦʯʝʚʠʥʳ ʩ ʙʨʦʤʦʤ ʚ 

ʜʠʭʣʦʨʤʝʪʘʥʝ ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ ʢʨʘʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʣʠʙʨʦʤʦʩʝʣʝʥʘʪʘ ʩʦʩʪʘʚʘ 

{ (H2N)(Me2N)CBr} 5{ [SeBr6][Se2Br9](Br3)2}  [183]. ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʠ ʨʘʟʣʠʯʥʳʭ 

ʘʥʠʦʥʘ ï ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʤʦʥʦʷʜʝʨʥʳʝ [SeBr6]
2- c ʨʘʩʩʪʦʷʥʠʷʤʠ Se-Brʪʝʨʤ 2.567-2.582 ¡, 

ʙʠʷʜʝʨʥʳʡ ʘʥʠʦʥ [Se2Br9]
- (Se-Brʪʝʨʤ ï 2.375-2.398 ¡, Se-Brɛ2 ï 2.843-2.868 ¡) ʠ ʜʚʘ 

ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʪʨʠʙʨʦʤʠʜʥʳʭ ʘʥʠʦʥʘ (Br3)
- (2.427, 2.744 ¡) (ʈʠʩ. 38, ʘ). ʊʨʠʙʨʦʤʠʜʥʳʡ ʘʥʠʦʥ 

ʫʯʘʩʪʚʫʝʪ ʚ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʘʭ ʩ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʘʥʠʦʥʦʤ (ʨʘʩʩʪʦʷʥʠʷ 

BrʪʝʨʤĿĿĿBr(Br3) ï 3.344 ¡) ʠ ʙʠʷʜʝʨʥʳʤʠ ʘʥʠʦʥʘʤʠ (ʜʚʘ ʢʦʥʪʘʢʪʘ ʜʣʠʥʦʡ 3.056 ʠ 3.585 ¡). 

ɹʣʘʛʦʜʘʨʷ ʵʪʠʤ ʢʦʥʪʘʢʪʘʤ ʘʥʠʦʥʥʘʷ ʯʘʩʪʴ ʠʤʝʝʪ ʪʨʸʭʤʝʨʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʤʦʪʠʚ (ʈʠʩ. 38, ʙ). 

ɸʪʦʤʳ ʙʨʦʤʘ ʢʘʪʠʦʥʦʚ ʪʘʢʞʝ ʚʦʚʣʝʯʝʥʳ ʚ ʥʝʢʦʚʘʣʝʥʪʥʳʝ ʢʦʥʪʘʢʪʳ, ʦʜʥʘʢʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ 

ʢʘʪʠʦʥʦʚ ʟʘʪʨʫʜʥʷʝʪ ʘʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʠʭ ʫʯʘʩʪʠʝʤ. 
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ʈʠʩ. 38. ʉʪʨʦʝʥʠʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʦʚ ʚ ʩʦʝʜʠʥʝʥʠʠ 

{ (H2N)(Me2N)CBr} 5{ [SeBr6][Se2Br9](Br3)2}  [183] (ʘ); ʪʨʸʭʤʝʨʥʘʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʩʝʪʴ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʥʝʢʦʚʘʣʝʥʪʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ ʚʜʦʣʴ ʦʩʠ ʘ (ʙ). ɸʪʦʤʳ ʩʝʣʝʥʘ ʯʸʨʥʳʝ. 

1.2.4. ʇʦʣʠʛʘʣʦʛʝʥʠʜʳ ʦʣʦʚʘ 

ʉʨʝʜʠ ʚʩʝʭ ʛʘʣʦʛʝʥʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʣʦʚʘ ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʘʚʘ 

A2SnX4 ʠ ASnX3 ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʬʦʪʦʚʦʣʴʪʘʠʢʝ. ʇʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʣʦʠʩʪʳʭ ʧʝʨʦʚʩʢʠʪʦʚ ʠʤʝʝʪ 

ʢʘʪʠʦʥʥʳʡ ʩʣʦʡ: ʤʝʥʷʷ ʩʪʨʦʝʥʠʝ ʢʘʪʠʦʥʥʦʡ ʯʘʩʪʠ, ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʟʥʘʯʝʥʠʝ ʐɿɿ, ʯʪʦ ʙʳʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʪʘʭ [184ï188]. 

ɺ ʩʪʘʪʴʝ 1991 ʛʦʜʘ [62] ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʦ ʜʚʘ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʧʦʣʠʭʣʦʨʦʤʝʪʘʣʣʘʪʘ Pd(IV) 

ʠ Sn(IV) ʩʦʩʪʘʚʘ (TMA)2{ [MCl6](Cl2)x} . ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʪʦʣʴʢʦ ʜʣʷ 

ʧʦʣʠʭʣʦʨʦʧʘʣʣʘʜʘʪʘ, ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʣʠʭʣʦʨʠʜʘ ʦʣʦʚʘ ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʤʝʪʦʜʦʤ ʈʌɸ. 

ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʘ ʜʣʷ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɿʥʘʯʝʥʠʝ ʭ ʜʣʷ ʧʦʣʠʭʣʦʨʦʩʪʘʥʥʘʪʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦ 0.6. 

ʉʦʝʜʠʥʝʥʠʷ ʦʣʦʚʘ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʝ ʬʨʘʛʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʪʨʫʢʪʫʨ. ɼʦ ʥʘʯʘʣʘ ʥʘʰʝʡ ʨʘʙʦʪʳ ʚ CCDC ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʚʩʝʛʦ ʩʝʤʴ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʏʝʪʳʨʝ ʠʟ ʥʠʭ ï ʪʨʠʠʦʜʠʜʥʳʝ ʩʦʣʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʦʣʦʚʘ [189ï192], ʥʝ ʠʤʝʶʱʠʭ ʢʘʢʠʭ-ʣʠʙʦ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʜʘʥʥʦʤ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ. 

ɼʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʜʚʘ ʧʦʣʠʙʨʦʤʠʜʘ ʦʣʦʚʘ(IV) [60]. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ MgBr2 (ʧʝʨʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ) ʠʣʠ MnBr2 (ʚʪʦʨʦʡ ʵʢʩʧʝʨʠʤʝʥʪ), SnI4, Br2 ʠ 

ʢʨʘʫʥ-ʵʬʠʨʘ (18-ʢʨʘʫʥ-6) ʚ ʠʦʥʥʦʡ ʞʠʜʢʦʩʪʠ. ʇʝʨʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ (BMIm)2{ [SnBr6](Br2)}  

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠʟ ʩʠʩʪʝʤʳ ʩ MgBr2 (BMIm ï 1-ʙʫʪʠʣ-3-ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʡ). ʆʞʠʜʘʣʦʩʴ, ʯʪʦ 

ʦʙʲʸʤʥʳʡ ʢʘʪʠʦʥ [(18-ʢʨʘʫʥ-6)Mg]2+ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʙʦʨʢʝ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʘʥʠʦʥʦʚ 

ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʦʧʠʩʘʥʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ Zn(II ) [193,194], ʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ 

ʢʨʘʫʥ-ʵʬʠʨ ʚ ʩʪʨʫʢʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ. ʉʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ; 
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ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʦʯʢʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʘʥʠʦʥʘʤʠ [SnBr6]
2- ʠ ʤʦʣʝʢʫʣʘʤʠ 

ʙʨʦʤʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ ʩ; ʤʝʞʜʫ ʮʝʧʷʤʠ ʨʘʩʧʦʣʦʞʝʥʳ ʢʘʪʠʦʥʳ 

ʠʤʠʜʘʟʦʣʠʥʠ ̫ (ʈʠʩ. 39). ʈʘʩʩʪʦʷʥʠʝ BrBr2ĿĿĿBrʪʝʨʤ ʩʦʩʪʘʚʣʷʝʪ 3.244 ¡. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ 

ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ: ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 250 Áʉ. 

 

ʈʠʩ. 39. ʉʪʨʦʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʦʝʜʠʥʝʥʠʷ (BMIm)2{ [SnBr6](Br2)}  [60]. 

ɺʪʦʨʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ [(18-ʢʨʘʫʥ-6)MnBr]4{ [SnBr6]2(Br2)4.5}, ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ. Mn2+ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʥʦʡ ʤʦʣʝʢʫʣʦʡ ʢʨʘʫʥ-ʵʬʠʨʘ ʠ 

ʙʨʦʤʠʜʥʳʤ ʘʥʠʦʥʦʤ, ʢʦʪʦʨʳʡ ʨʘʟʫʧʦʨʷʜʦʯʝʥ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ (ʈʠʩ. 40). ɺ ʩʪʨʫʢʪʫʨʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʘ [(18-ʢʨʘʫʥ-6)MnBr]+. ʆʜʥʘ ʠʟ ʤʦʣʝʢʫʣ ʙʨʦʤʘ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʢʨʝʩʪ-ʥʘʢʨʝʩʪ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ; 

ʨʘʩʩʪʦʷʥʠʷ Br-Br ʨʘʚʥʳ 2.328 ʠ 3.324 ¡. ɺʪʦʨʘʷ ʤʦʣʝʢʫʣʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʧʦ ʪʨʸʤ ʧʦʟʠʮʠʷʤ ʩ 

ʨʘʩʩʪʦʷʥʠʷʤʠ Br-Br 2.336, 2.316 ʠ 2.324 ¡. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʦ ʪʨʸʤ ʧʦʟʠʮʠʷʤ 

ʤʦʣʝʢʫʣʳ ʩʚʷʟʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʦʣʝʢʫʣʦʡ ʙʨʦʤʘ; ʧʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʫʛʣʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʚʷʟʝʡ ʩʠʣʴʥʦ ʤʝʥʴʰʝ 180Á. ɼʣʠʥʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ BrĿĿĿBr 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2.530-3.060 ¡. ɽʩʣʠ ʫʯʠʪʳʚʘʪʴ ʙʦʣʝʝ ʫʜʘʣʸʥʥʳʝ ʢʦʥʪʘʢʪʳ (3.377 ¡), ʪʦ 
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ʘʥʠʦʥʥʫʶ ʯʘʩʪʴ ʚ ʮʝʣʦʤ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʙʝʩʢʦʥʝʯʥʫʶ ʜʚʫʭʤʝʨʥʫʶ ʧʣʦʩʢʦʩʪʴ. ʊʘʢʞʝ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʘʥʠʦʥʦʤ [SnBr6]
2- ʠ ʤʦʣʝʢʫʣʦʡ ʙʨʦʤʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 3.628 ¡. ɺʪʦʨʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʩʦʙʝʥʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ: 

ʨʘʟʣʦʞʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

 

ʈʠʩ. 40. ʈʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʤʦʣʝʢʫʣ ʙʨʦʤʘ ʠ ʢʦʥʪʘʢʪʳ BrĿĿĿBr ʚ ʩʦʝʜʠʥʝʥʠʠ 

[(18-ʢʨʘʫʥ-6)MnBr]4{[SnBr6]2(Br2)4.5}  [60]. 

ɺ 2023 ʛʦʜʫ, ʧʦʩʣʝ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʩʝʨʠʠ ʧʦʣʠʙʨʦʤʠʜʦʚ ʦʣʦʚʘ (ʩʤ. ʨʘʟʜʝʣ 4.3) ʙʳʣʦ 

ʦʧʠʩʘʥʦ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ T2{[ Sn3Br18](Br2)0.5}* (H2O)4, ʛʜʝ ʊ = 1,3,5-ʪʨʠʩ(4-

ʘʤʠʥʦʬʝʥʠʣ)ʙʝʥʟʦʣ [195]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʘʚʪʦʨʘʤ ʜʘʥʥʦʡ ʩʪʘʪʴʠ 

ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʝʛʦ ʚ ʩʨʝʜʝ ʙʨʦʤʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ. ɺ ʩʪʨʫʢʪʫʨʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʘʥʠʦʥʳ [SnBr6]
2-, ʙʨʦʤʠʜʥʳʝ ʣʠʛʘʥʜʳ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪ ɺʉ ʩ ʤʦʣʝʢʫʣʘʤʠ 

ʚʦʜʳ. ʄʦʣʝʢʫʣʘ ʙʨʦʤʘ ʠʤʝʝʪ ʟʘʩʝʣʸʥʥʦʩʪʴ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ ʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ 

(ʟʘʩʝʣʝʥʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ 0.293 ʠ 0.139). ɸʥʘʣʠʟ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ 

ʤʝʥʴʰʝ ʩʫʤʤʳ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʘʪʦʤʦʚ ʙʨʦʤʘ (3.66 ¡) ʦʙʥʘʨʫʞʠʚʘʝʪ ʪʦʣʴʢʦ ʩʣʘʙʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ BrĿĿĿBr ʜʣʠʥʦʡ 3.613 ¡ (ʈʠʩ. 41). ʂʨʦʤʝ ʵʪʦʛʦ, ʤʦʣʝʢʫʣʘ ʙʨʦʤʘ ʩʚʷʟʘʥʘ ɺʉ ʩ 

ʘʤʤʦʥʠʡʥʳʤʠ ʛʨʫʧʧʘʤʠ ʢʘʪʠʦʥʘ. ʉʦʝʜʠʥʝʥʠʝ ʩʪʘʙʠʣʴʥʦ ʥʘ ʚʦʟʜʫʭʝ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʈʘʩʩʯʠʪʘʥʥʘʷ ʠʟ ʩʧʝʢʪʨʦʚ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʚʝʣʠʯʠʥʘ ʐɿɿ ʩʦʩʪʘʚʣʷʝʪ 2.40 ʵɺ. ʉʧʝʢʪʨ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʤʝʝʪ 

ʫʰʠʨʝʥʥʫʶ ʧʦʣʦʩʫ ʵʤʠʩʩʠʠ ʦʢʦʣʦ 710 ʥʤ (ʧʦʣʫʰʠʨʠʥʘ 200 ʥʤ). ɺ ʩʧʝʢʪʨʝ ʚʦʟʙʫʞʜʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʦʩʘ ʨʘʩʧʦʣʦʞʝʥʘ ʦʢʦʣʦ 350 ʥʤ. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʝʸ ʩ ʧʦʛʣʦʱʝʥʠʝʤ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ [SnBr6]
2-. 
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ʈʠʩ. 41. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʷ T2Sn3Br18Ŀ4H2OĿ0.5Br2 [195]. ʆʜʠʥ ʠʟ 4-ʘʤʠʥʦʬʝʥʠʣʴʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʨʘʟʫʧʦʨʷʜʦʯʝʥ. 

1.2.5. ʇʦʣʠʛʘʣʦʛʝʥʠʜʳ ʪʝʣʣʫʨʘ 

ɼʣʷ ʪʝʣʣʫʨʘ(IV) ʭʘʨʘʢʪʝʨʥʳ ʤʦʥʦʷʜʝʨʥʳʝ ʜʠʩʢʨʝʪʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ; 

ʢʨʫʧʥʳʝ ʘʥʠʦʥʳ ʩ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʪʝʣʣʫʨʘ(IV) ʙʦʣʴʰʝ ʯʝʪʳʨʸʭ [196] ʥʝ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ. 

ʅʘʣʠʯʠʝ ʫ ʛʘʣʦʛʝʥʪʝʣʣʫʨʘʪʦʚ ʥʝʦʙʳʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ, ʪʝʨʤʦʭʨʦʤʠʟʤʘ 

[5,197-200] ʚʳʟʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ. 

ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʦʚ ʪʝʣʣʫʨʘ(IV), ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 

(Me3NH)2{[ TeI5](I)2}, ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 1986 ʛʦʜʫ ʂʠʨʠʷʤʦʡ ʠ ʩʦʘʚʪʦʨʘʤʠ [201]. ʆʢʪʘʵʜʨʳ 

{ TeI6} ʯʝʨʝʟ ʦʙʱʠʝ ʚʝʨʰʠʥʳ ʩʚʷʟʘʥʳ ʚ ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ (Te-Iʪʝʨʤ = 2.933 ¡, Te-ɛ2-I = 

3.100, 3.124 ¡), ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ c (ʈʠʩ. 42). ʇʦʣʠʠʦʜʠʜʥʳʡ ʬʨʘʛʤʝʥʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʝʡʥʳʝ ʮʝʧʠ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʦʜʠʥʘʢʦʚʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ I-I (3.091, 3.133 

¡), ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʜʦʣʴ ʦʩʠ c. 
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ʈʠʩ. 42. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʠʦʜʦʪʝʣʣʫʨʘʪʘ (Me3NH)2{[ TeI5](I)2}  [201]. ʂʘʪʠʦʥʳ 

ʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ ʥʝ ʧʦʢʘʟʘʥʳ. 

ʇʦʣʠʛʘʣʦʛʝʥ-ʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ Te(IV) ʩʦʩʪʘʚʘ (TMA)2{[ TeI6](I2)} ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʪʦʡ ʞʝ ʛʨʫʧʧʦʡ [202]. ɸʪʦʤ ʪʝʣʣʫʨʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʰʝʩʪʴʶ ʠʦʜʠʜʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʜʣʠʥʘ ʩʚʷʟʝʡ Te-I ʩʦʩʪʘʚʣʷʝʪ 2.933, 3.017 ʠ 2.857 ¡. ʀʩʢʘʞʝʥʥʳʝ ʜʠʩʢʨʝʪʥʳʝ 

ʢʦʤʧʣʝʢʩʥʳʝ ʘʥʠʦʥʳ [TeI6]
2- ʩʚʷʟʳʚʘʶʪʩʷ ʤʦʣʝʢʫʣʘʤʠ ʠʦʜʘ ʚ ʙʝʩʢʦʥʝʯʥʳʝ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ 

ʮʝʧʦʯʢʠ; ʨʘʩʩʪʦʷʥʠʝ I I2ĿĿĿIʪʝʨʤ ʨʘʚʥʦ 2.748 ¡, ʧʨʦʪʠʚ 2.678 ¡ ʚ ʪʚʸʨʜʦʤ ʠʦʜʝ (ʈʠʩ. 43). ɺ ʵʪʦʤ 

ʩʦʝʜʠʥʝʥʠʠ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʠ 234 ʂ ʩ ʵʥʪʘʣʴʧʠʝʡ 2.4 ʢɼʞ/ʤʦʣʴ. 

 

ʈʠʩ. 43. ʉʪʨʫʢʪʫʨʘ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʧʦʣʠʠʦʜ-ʠʦʜʦʪʝʣʣʫʨʘʪʦʚ ʩʦʩʪʘʚʘ (Cat)2{[TeI 6](I2)} 

(Cat = TMA, PyH) [202]. 

ɺ 2010 ʛʦʜʫ ʩ ʧʠʨʠʜʠʥʠʝʚʳʤ ʢʘʪʠʦʥʦʤ ʦʧʠʩʘʥʦ ʩʦʝʜʠʥʝʥʠʝ ʪʘʢʦʛʦ ʞʝ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ 

[203]. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ: ʮʝʣʴʶ ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ, ʚʝʨʦʷʪʥʦ, 

ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʪʝʣʣʫʨʘ; ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ (PyH)[(tmp)TeI2] 
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(tmp ï 2,3,5,6-ʪʝʪʨʘʤʝʪʠʣʬʝʥʠʣ) ʩ ʠʦʜʦʤ ʚ ʪʦʣʫʦʣʝ ʙʳʣ ʧʦʣʫʯʝʥ ʪʝʤʥʳʡ ʦʩʘʜʦʢ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʨʘʩʪʚʦʨʠʣʠ ʚ ʜʠʭʣʦʨʤʝʪʘʥʝ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʨʠʩʪʘʣʣʳ ʧʦʣʠʠʦʜ-ʠʦʜʦʪʝʣʣʫʨʘʪʘ(IV) (PyH)2{[TeI 6](I2)}. ɼʣʠʥʘ ʩʚʷʟʝʡ Te-Iʪʝʨʤ ʚ ʠʩʢʘʞʝʥʥʳʭ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʘʥʠʦʥʘʭ ʩʦʩʪʘʚʣʷʝʪ 2.844-3.046 ¡. ɼʣʠʥʘ ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʝ ʠʦʜʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʧʦʣʠʠʦʜʠʜʝ ʩ ʢʘʪʠʦʥʦʤ ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʷ, ʠ ʩʦʩʪʘʚʣʷʝʪ 2.771 ¡, ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʠ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʦʥʪʘʢʪʘʤʠ I I2ĿĿĿIʪʝʨʤ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ 3.282 ¡. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ ʥʘʣʠʯʠʝ 

ʙʦʣʝʝ ʫʜʘʣʸʥʥʳʭ ʢʦʥʪʘʢʪʦʚ IĿĿĿI ʙʣʠʞʝ ʢ ʩʫʤʤʝ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ (ʈʠʩ. 44). ɽʩʣʠ 

ʫʯʠʪʳʚʘʪʴ ʠʭ, ʩʪʨʫʢʪʫʨʘ ʠʤʝʝʪ ʪʨʸʭʤʝʨʥʳʡ ʤʦʪʠʚ. 

 

ʈʠʩ. 44. ʉʪʨʦʝʥʠʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʦʚ ʚ ʩʦʝʜʠʥʝʥʠʠ (PyH)2{[TeI 6](I2)}.  

ɺʩʝ ʚʳʰʝʧʨʠʚʝʜʸʥʥʳʝ ʩʪʘʪʴʠ ʥʝ ʦʧʠʩʳʚʘʶʪ ʢʘʢʠʭ-ʣʠʙʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʩʪʨʫʢʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʝʡ. ʎʝʣʴʶ ʞʝ ʥʝʜʘʚʥʦ ʚʳʰʝʜʰʝʡ ʩʪʘʪʴʠ [59], 

ʥʘʧʨʦʪʠʚ, ʩʪʘʣʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʠʦʜʦʪʝʣʣʫʨʘʪʦʚ(IV) ʧʫʪʸʤ ʚʢʣʶʯʝʥʠʷ ʚ 

ʩʪʨʫʢʪʫʨʫ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (ʊʘʙʣʠʮʘ 1). ɺʢʣʶʯʝʥʠʝ ʠʭ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ (1.18-1.25 ʵɺ ʚ ʧʦʣʠʛʘʣʦʛʝʥʤʝʪʘʣʣʘʪʘʭ ʧʨʦʪʠʚ 1.42 ʵɺ ʜʣʷ 

ʠʦʜʦʪʝʣʣʫʨʘʪʘ (4-BrPy)2[TeI6]). 
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ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʐɿɿ ʠ ʜʣʠʥʳ ʩʚʷʟʝʡ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʨʘʙʦʪʳ [59]. 

ʉʦʝʜʠʥʝʥʠʝ ʐɿɿ, ʵɺ ʈʘʩʩʪʦʷʥʠʝ Te-I, ¡ 

(PyH)2{[TeI 6](I2)}  1.20 2.834, 2.920, 3.046 

(4-ClPyH)2{[TeI 6](I2)}  1.21 2.814-3.092 

(4-IPyH)2{[TeI 6](I2)}  1.25 2.954 

(HPyz)2{[TeI 6](I2)2}  1.18 2.840-3.083 

(4-ClPyH)2{[TeI 6](I3)}  (ʩʦʝʜʠʥʝʥʠʝ ʥʝʩʪʘʙʠʣʴʥʦ) 2.872-3.000 

(4-BrPyH)2[TeI6] 1.42 2.872, 2.966, 3.000 

ʉʪʦʠʪ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʩʪʨʫʢʪʫʨʝ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʠʦʜʠʜʦʚ ʧʦʜʨʦʙʥʝʝ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ 

ʠʟ ʥʠʭ ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʠʤ ʩʪʨʦʝʥʠʝʤ. ʉʪʨʫʢʪʫʨʘ ʧʦʣʠʠʦʜʦʪʝʣʣʫʨʘʪʘ(IV) ʩ ʧʠʨʠʜʠʥʦʤ ʩʦʩʪʘʚʘ 

(PyH)2{[TeI 6](I2)} ʜʣʷ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʟʘʥʦʚʦ ʧʨʠ ʜʨʫʛʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʝʤʥʦʛʦ 

ʦʪʣʠʯʘʝʪʩʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʪ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [203]. ɺ 

ʩʦʝʜʠʥʝʥʠʠ ʩ 4-ʭʣʦʨʧʠʨʠʜʠʥʠʝʤ ʟʘ ʩʯʝʪ ʢʦʥʪʘʢʪʦʚ I I2ĿĿĿIʪʝʨʤ (3.287, 3.353 ¡) ʬʦʨʤʠʨʫʶʪʩʷ 

ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʩʰʠʚʘʶʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʙʦʣʝʝ ʩʣʘʙʳʤʠ ʢʦʥʪʘʢʪʘʤʠ ʥʘ 

ʨʘʩʩʪʦʷʥʠʷʭ ʙʣʠʞʝ ʢ ʩʫʤʤʝ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʜʣʷ ʘʪʦʤʦʚ ʠʦʜʘ (3.957 ¡). ɸʪʦʤʳ 

ʭʣʦʨʘ ʚ ʢʘʪʠʦʥʝ ʪʘʢʞʝ ʚʦʚʣʝʯʝʥʳ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʜʥʘʢʦ ʨʘʩʩʪʦʷʥʠʷ IĿĿĿCl ʥʝʩʢʦʣʴʢʦ 

ʧʨʝʚʳʰʘʶʪ ʩʫʤʤʫ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʵʪʠʭ ʘʪʦʤʦʚ (3.770 ʧʨʦʪʠʚ 3.73 ¡). 

 

ʈʠʩ. 45. ʉʪʨʦʝʥʠʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʜʚʫʭʤʝʨʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʤʦʪʠʚ ʚ 

ʩʦʝʜʠʥʝʥʠʠ ʩʦʩʪʘʚʘ (4-ClPyH)2{[TeI 6](I2)}  [59]. 
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(4-IPyH)2{[TeI 6](I2)} ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʪʨʠʛʦʥʘʣʴʥʦʡ ʇɻʉ P32, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʚʫʭ 

ʧʨʝʜʳʜʫʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʥʘʜʣʝʞʘʪ ʤʦʥʦʢʣʠʥʥʳʤ ʩʠʥʛʦʥʠʷʤ. ɺ ʥʝʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ 

ʷʯʝʡʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʨʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʠʦʥʘ [TeI6]
2-, ʰʝʩʪʴ 

ʢʘʪʠʦʥʦʚ 4-ʠʦʜʧʠʨʠʜʠʥʠʷ ʠ ʪʨʠ ʤʦʣʝʢʫʣʳ ʠʦʜʘ. ʉʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚ ʚʝʜʝʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʰʠʨʦʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʄʝʞʜʫ 

ʘʥʠʦʥʘʤʠ [TeI6]
2- ʠ ʤʦʣʝʢʫʣʘʤʠ ʠʦʜʘ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʢʦʥʪʘʢʪʳ ʪʠʧʘ I  

(3.365-3.410 ¡, ʈʠʩ. 46, ʘ), ʪʘʢ ʠ ʙʦʣʝʝ ʜʘʣʴʥʠʝ ʪʠʧʘ II  (3.830-3.919 ¡), ʬʦʨʤʠʨʫʶʱʠʝ ʪʨʸʭʤʝʨʥʳʡ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʢʘʨʢʘʩ (ʈʠʩ. 46, ʙ). ɸʪʦʤʳ ʠʦʜʘ 4-ʠʦʜʧʠʨʠʜʠʥʠʝʚʳʭ ʢʘʪʠʦʥʦʚ ʬʦʨʤʠʨʫʶʪ 

ʢʦʥʪʘʢʪʳ (3.790, 3.867 ʠ 3.830 ¡ ʜʣʷ ʥʝʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ʢʘʪʠʦʥʦʚ). 

 

ʈʠʩ. 46. ʉʪʨʦʝʥʠʝ ʢʦʥʪʘʢʪʦʚ IĿĿĿI ʤʦʣʝʢʫʣ ʠʦʜʘ ʠ ʥʝʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ʢʘʪʠʦʥʦʚ ʩ ʘʥʠʦʥʘʤʠ [TeI6]
2- (ʘ); 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʘʥʠʦʥʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʘ (ʙ) ʚ ʩʪʨʫʢʪʫʨʘʭ ʠʟ ʨʘʙʦʪʳ [59]. 

ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʸʭ ʧʨʝʜʳʜʫʱʠʭ ʧʦʣʠʠʦʜʠʜʦʚ ʜʚʘ ʩʣʝʜʫʶʱʠʭ, (HPyz)2{[TeI 6](I 2)2} ʠ 

(4-ClPyH)2{[TeI 6](I3)}, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʚʦʟʜʫʭʝ ʧʫʪʸʤ 

ʨʘʩʪʚʦʨʝʥʠʷ TeO2 ʩ ʧʠʨʘʟʠʥʦʤ ʠʣʠ 4-ʭʣʦʨʧʠʨʠʜʠʥʦʤ ʚ 2ʄ HI. ʆʙʘ ʩʦʝʜʠʥʝʥʠʷ ʥʝʢʦʚʘʣʝʥʪʥʳʤʠ 

ʢʦʥʪʘʢʪʘʤʠ IĿĿĿI ʬʦʨʤʠʨʫʶʪ ʪʨʸʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʤʦʪʠʚ.r ʆʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʠʠʦʜʠʜʘ (HPyz)2{[TeI 6](I2)2} ʷʚʣʷʶʪʩʷ ʢʦʥʪʘʢʪʳ IĿĿĿI ʤʝʞʜʫ ʠʦʜʦʪʝʣʣʫʨʘʪʥʳʤʠ 

ʦʢʪʘʵʜʨʘʤʠ (3.582 ¡). ʅʘ ʦʜʠʥ ʦʢʪʘʵʜʨ ʧʨʠʭʦʜʠʪʩʷ ʧʦ ʜʚʝ ʤʦʣʝʢʫʣʳ ʠʦʜʘ (ʈʠʩ. 47, ʘ). 

ʇʠʨʘʟʠʥʠʝʚʳʝ ʢʘʪʠʦʥʳ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ (ʨʘʩʩʪʦʷʥʠʷ N-HĿĿĿI ʩʦʩʪʘʚʣʷʶʪ 1.946, 1.966 ¡; 

N-N ï 2.788 ï 2.807 ¡) ʬʦʨʤʠʨʫʶʪ ʦʜʥʦʤʝʨʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ. (4-ClPyH)2{[TeI 6](I3)} ï ʚʪʦʨʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʩ 4-ʭʣʦʨʧʠʨʠʜʠʥʦʤ. ɸʩʠʤʤʝʪʨʠʯʥʳʝ ʠʦʜʠʜʥʳʝ ʘʥʠʦʥʳ (ʨʘʩʩʪʦʷʥʠʷ I-I 

ʨʘʚʥʳ 2.858, 2.972 ¡) ʥʝʢʦʚʘʣʝʥʪʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʩʚʷʟʘʥʳ ʩ [TeI6]
2- ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ 

(3.630, 3.744 ¡). ɺ ʦʪʣʠʯʠʝ ʦʪ (4-ClPyH)2{[TeI 6](I2)}, ʚ ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ 

ʢʦʥʪʘʢʪʳ ClĿĿĿI ʢʦʨʦʯʝ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ (3.647, 3.699 ¡), ʘ ʝʩʣʠ ʧʨʠʥʷʪʴ ʚʦ 

ʚʥʠʤʘʥʠʝ ʝʱʸ ʦʜʠʥ ʢʦʥʪʘʢʪ 3.757 ¡, ʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʜʥʦʤʝʨʥʳʝ ʧʦʣʠʤʝʨʥʳʝ 
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ʮʝʧʠ (ʈʠʩ. 47, ʙ). ɼʚʘ ʜʘʣʴʥʠʭ ʢʦʥʪʘʢʪʘ IĿĿĿI (3.866, 3.921 ¡) ʩʚʷʟʳʚʘʶʪ ʧʦʣʫʯʝʥʥʳʝ ʮʝʧʠ ʚ 

ʪʨʸʭʤʝʨʥʳʡ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʡ ʤʦʪʠʚ. 

 

ʈʠʩ. 47. ʉʪʨʦʝʥʠʝ ʥʝʢʦʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʡ (HPyz)2{[TeI 6](I2)2} (ʘ); 

ʦʜʥʦʤʝʨʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʢʦʥʪʘʢʪʘʤʠ IĿĿĿI ʠ ClĿĿĿI ʚ (4-ClPyH)2{[TeI 6](I3)} (ʙ) 

[59]. 

ʅʝ ʪʘʢ ʜʘʚʥʦ ʋʩʦʣʴʮʝʚʳʤ ɸ.ʅ. ʠ ʜʨʫʛʠʤʠ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ 

ʧʦʣʠʙʨʦʤʦʪʝʣʣʫʨʘʪʦʚ(IV) ʩ ʢʘʪʠʦʥʘʤʠ ʧʨʦʠʟʚʦʜʥʳʭ ʘʣʢʠʣʘʤʤʦʥʠʷ [56] ʠ ʧʠʨʠʜʠʥʠʷ [57,58]. 

ɸʥʠʦʥʥʘʷ ʯʘʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ ʜʠʩʢʨʝʪʥʳʭ ʦʢʪʘʵʜʨʦʚ [TeBr6]
2- ʠ ʤʦʣʝʢʫʣ ʙʨʦʤʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʪʠʚʘ, ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ. 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ: ʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʯʝʪʳʨʸʭ ʩʦʝʜʠʥʝʥʠʷʭ 

(ʢʘʪʠʦʥʳ ï TMA+, PyH+, 4-MePyH+, ʠ 2-ClPyH+). ʂʦʤʧʣʝʢʩʥʳʝ ʘʥʠʦʥʳ [TeBr6]
2- ʩʚʷʟʘʥʳ ʚ 

ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʠ ʤʦʣʝʢʫʣʘʤʠ ʙʨʦʤʘ (ʈʠʩ. 48). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ 

ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ [TeBr6]
2-; ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʩʚʷʟʝʡ Te-Brʪʝʨʤ ʜʣʷ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʤʦʣʝʢʫʣʘʤʠ ʙʨʦʤʘ ʙʨʦʤʠʜʥʳʭ ʣʠʛʘʥʜʦʚ, (2.821 ʧʨʦʪʠʚ 2.605-2.694 ¡ ʚ 

ʩʦʝʜʠʥʝʥʠʠ ʩ PyH+, 2.717-2.943 ʧʨʦʪʠʚ 2.563-2.688 ¡ ï 4-MePyH+; 2.751-2.752 ʧʨʦʪʠʚ 2.643-2.688 

¡ ï TMA+; 2.899 ʧʨʦʪʠʚ 2.567-2.584 ¡ ï 2-ClPyH+). ʈʘʩʩʪʦʷʥʠʷ BrBr2ĿĿĿBrʪʝʨʤ ʩʦʩʪʘʚʣʷʶʪ 3.089, 

3.094-3.231, 3.037-3.052 ʠ 3.183 ¡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʘʪʠʦʥʘʤʠ TMA+, PyH+, 4-MePyH+, ʠ 

2-ClPyH+ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʜʣʠʥʳ ʩʚʷʟʝʡ Br-Br ʚ ʤʦʣʝʢʫʣʘʭ ʙʨʦʤʘ ʩʭʦʞʠ (2.338, 2.330-2.340, 2.325 

ʠ 2.329 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

 

ʈʠʩ. 48. ʉʪʨʫʢʪʫʨʘ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ (Cat)2{[TeBr6](Br2)}.  

ɺ ʩʦʝʜʠʥʝʥʠʠ ʩ ʢʘʪʠʦʥʦʤ ʪʝʪʨʘʵʪʠʣʘʤʤʦʥʠʷ (Et4N
+) [56] ʩʪʨʫʢʪʫʨʘ ʘʥʠʦʥʘ ʠʤʝʝʪ ʩʭʦʜʥʦʝ 

ʩʪʨʦʝʥʠʝ ʩ ʘʥʠʦʥʘʤʠ ʩʦʝʜʠʥʝʥʠʡ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ, ʥʦ ʤʦʣʝʢʫʣʘ ʙʨʦʤʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʧʦ 

ʯʝʪʳʨʝʤ ʧʦʟʠʮʠʷʤ (ʈʠʩ. 49). ʈʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʢʘʪʠʦʥʘ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 
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ʦʮʝʥʢʫ ʛʝʦʤʝʪʨʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʜʘʣʴʥʝʡʰʝʝ ʝʸ ʠʟʫʯʝʥʠʝ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʈʘʩʩʪʦʷʥʠʝ BrBr2ĿĿĿBrʪʝʨʤ ʩʦʩʪʘʚʣʷʝʪ 3.256 ¡. ʈʘʩʩʪʦʷʥʠʝ ʚ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ʤʦʣʝʢʫʣʘʭ ʙʨʦʤʘ 

ʩʦʩʪʘʚʣʷʝʪ 2.309 ¡. 

 

ʈʠʩ. 49. ʉʪʨʫʢʪʫʨʘ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ (Et4N)2{[TeBr6](Br2)}  [56]. 

ɼʨʫʛʦʡ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʧʦʣʠʙʨʦʤʦʪʝʣʣʫʨʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʩ 

1-ʤʝʪʠʣʧʠʨʠʜʠʥʠʝʤ ʠ 2-ʤʝʪʠʣʧʠʨʠʜʠʥʠʝʤ [57]. ɸʥʠʦʥʥʘʷ ʯʘʩʪʴ ʠʤʝʝʪ ʮʝʧʦʯʝʯʥʦʝ ʩʪʨʦʝʥʠʝ, ʥʦ 

ʚʟʘʠʤʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʠʦʥʦʚ [TeBr6]
2- ʠ ʤʦʣʝʢʫʣ ʙʨʦʤʘ ʦʪʣʠʯʘʝʪʩʷ (ʈʠʩ. 50). 

ʈʘʟʣʠʯʠʝ ʜʣʠʥ ʩʚʷʟʝʡ Te-Brʪʝʨʤ ʚ [TeBr6]
2- (2.643-2.728 ¡) ʥʝʚʝʣʠʢʦ. ɺ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ ʩ 

2-ʤʝʪʠʣʧʠʨʠʜʠʥʠʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʨʘʚʥʦʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʤʦʣʝʢʫʣ ʙʨʦʤʘ ʧʦ ʪʨʝʤ ʧʦʟʠʮʠʷʤ 

(ʟʘʩʝʣʸʥʥʦʩʪʴ 0.8:0.1:0.1); ʫʧʘʢʦʚʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʩʫʧʝʨʧʦʟʠʮʠʷ ʮʝʧʦʯʝʢ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦ ʪʨʸʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ɼʣʷ ʯʘʩʪʠ ʩ ʟʘʥʷʪʦʩʪʴʶ ʧʦʟʠʮʠʡ ʨʘʚʥʦʡ 0.8, ʨʘʩʩʪʦʷʥʠʝ 

BrBr2ĿĿĿBrʪʝʨʤ ʩʦʩʪʘʚʣʷʝʪ 3.131 ¡, ʫʛʦʣ BrʪʝʨʤĿĿĿBrBr2-BrBr2 = 173.9Á. ʈʘʩʩʪʦʷʥʠʝ ʚ ʤʦʣʝʢʫʣʝ ʙʨʦʤʘ 

ʨʘʚʥʦ 2.322 ¡. ɺ ʩʦʝʜʠʥʝʥʠʠ ʩ 1-ʤʝʪʠʣʧʠʨʠʜʠʥʠʝʤ ʜʣʠʥʘ ʢʦʥʪʘʢʪʘ BrBr2ĿĿĿBrʪʝʨʤ ʩʦʩʪʘʚʣʷʝʪ 

3.105 ¡, ʜʣʠʥʘ ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʝ ʙʨʦʤʘ ʨʘʚʥʘ 2.329 ¡. 

 

ʈʠʩ. 50. ʉʪʨʫʢʪʫʨʘ ʣʠʥʝʡʥʦʛʦ ʘʥʠʦʥʘ ʩʦʝʜʠʥʝʥʠʡ (Cat)2{[TeBr6](Br2)}
 (Cat = 1-MePy+, 2-MePyH+) [57]. 
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ʅʘʠʙʦʣʝʝ ʥʝʦʙʳʯʥʦʝ ʩʪʨʦʝʥʠʝ ʘʥʠʦʥʘ ʚ ʧʦʣʠʙʨʦʤʦʪʝʣʣʫʨʘʪʝ ʩ ʢʘʪʠʦʥʦʤ 

ʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ (ʈʠʩ. 51) [56]. ʇʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʘʥʠʦʥʳ [TeBr6]
2- ʩʚʷʟʘʥʳ ʤʦʣʝʢʫʣʘʤʠ ʙʨʦʤʘ 

ʚ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʠ (ʨʘʩʩʪʦʷʥʠʷ BrBr2ĿĿĿBrʪʝʨʤ 3.004-3.046 ¡), ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ, 

ʙʦʣʝʝ ʩʣʘʙʳʝ ʢʦʥʪʘʢʪʳ ʜʣʠʥʥʦʡ 3.584 ¡. ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʢʦʥʪʘʢʪʦʚ, ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠʤʝʝʪ 

ʜʚʫʭʤʝʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʩʭʦʞʝʝ ʩ (4-ClPyH)2{[ TeI6](I2)} (ʩʤ. ʚʳʰʝ). 

 

ʈʠʩ. 51. ʉʪʨʫʢʪʫʨʘ ʢʦʥʪʘʢʪʦʚ ʚ ʘʥʠʦʥʥʦʡ ʧʦʜʨʝʰʸʪʢʝ ʩʦʝʜʠʥʝʥʠʷ (Me3NH)2{[TeBr6](Br2)}  [56]. 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʠʙʨʦʤʦʪʝʣʫʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʢʘʪʠʦʥʳ ʘʣʢʠʣʘʤʤʦʥʠʡʥʦʛʦ ʨʷʜʘ ʛʦʨʘʟʜʦ ʚʳʰʝ, ʯʝʤ ʫ ʧʠʨʠʜʠʥʠʝʚʳʭ ʘʥʘʣʦʛʦʚ, ʨʘʟʣʦʞʝʥʠʝ 

ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʝʪʩʷ ʩʨʘʟʫ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʅʘʠʙʦʣʴʰʝʡ ʪʝʨʤʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʩʦʝʜʠʥʝʥʠʝ ʩ ʢʘʪʠʦʥʦʤ TMA+: ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 150 ÁC. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ Me3NH+ ʠ Et4N
+ ʨʘʟʣʦʞʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 70 ʠ 

110 Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʩʦʝʜʠʥʝʥʠʠ ʩ 2-ʭʣʦʨʧʠʨʠʜʠʥʦʤ [58] ʚ ʩʙʦʨʢʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʦʤʠʤʦ 

ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʢʦʥʪʘʢʪʦʚ BrĿĿĿBr (ʨʘʩʩʪʦʷʥʠʝ 3.183 ¡), ʫʯʘʩʪʚʫʶʪ ʛʘʣʦʛʝʥʥʳʝ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ 

ʢʘʪʠʦʥʦʤ ʠ ʘʥʠʦʥʦʤ (ʈʠʩ. 52); ʜʣʠʥʘ ʢʦʥʪʘʢʪʦʚ ʉlĿĿĿBr ʩʦʩʪʘʚʣʷʝʪ 3.430 ¡, ʯʪʦ ʥʝʤʥʦʛʠʤ ʤʝʥʴʰʝ 

ʩʫʤʤʳ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ ʘʪʦʤʦʚ Cl ʠ Br (3.58 ¡). ʄʝʪʦʜʘʤʠ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʩʯʠʪʘʥʘ ʵʥʝʨʛʠʷ ʵʪʠʭ ʢʦʥʪʘʢʪʦʚ: ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʭʦʜʘ, ʦʥʘ ʚʘʨʴʠʨʫʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 1.6-2.1 ʢʢʘʣ/ʤʦʣʴ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʥʪʘʢʪʳ N-HĿĿĿBr ʠ CHĿĿĿBr (2.434 ʠ 2.826 ¡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʷʚʣʷʶʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʡ. 
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ʈʠʩ. 52. ʉʪʨʦʝʥʠʝ ʢʦʥʪʘʢʪʦʚ BrĿĿĿBr, ʠ ClĿĿĿBr ʚ ʩʦʝʜʠʥʝʥʠʠ (2-ClPyH)2{[TeBr6](Br2)}  [58]. 

ʇʦʣʠʙʨʦʤʦʪʝʣʣʫʨʘʪ ʩ ʥʝʦʙʳʯʥʳʤ ʘʥʠʦʥʦʤ ʙʠʷʜʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʝʘʢʮʠʠ 

ʩ ʪʨʠʤʝʪʠʣʬʝʥʠʣʘʤʤʦʥʠʝʤ [204]; ʢʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʧʦʣʠʙʨʦʤʦʪʝʣʣʫʨʘʪ ʩ ʪʘʢʠʤ 

ʢʘʪʠʦʥʦʤ ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʧʦʣʠʙʨʦʤʦʩʝʣʝʥʘʪʫ. ɹʠʷʜʝʨʥʳʝ ʘʥʠʦʥʳ [Te2Br10]
2-, ʦʙʨʘʟʦʚʘʥʳ ʜʚʫʤʷ 

ʦʢʪʘʵʜʨʘʤʠ { TeBr6}  ʩʚʷʟʘʥʥʳʤʠ ʧʦ ʦʙʱʝʡ ʛʨʘʥʠ (ʈʠʩ. 53). ʄʦʩʪʠʢʦʚʳʝ ʤʦʣʝʢʫʣʳ ʙʨʦʤʘ 

ʩʚʷʟʳʚʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʜʚʘ ʘʥʠʦʥʘ [Te2Br10]
2- ʠ ʦʙʨʘʟʫʶʪ ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ. ʈʘʩʩʪʦʷʥʠʷ Te-Brɛ2 

ʨʘʚʥʳ 2.959-2.967 ¡, Te-Brʪʝʨʤ ï 2.538-2.692 ¡ ʢʦʥʪʘʢʪʳ BrBr2ĿĿĿBrʪʝʨʤ ï 3.122 ¡. 

 

ʈʠʩ. 53. ʉʪʨʫʢʪʫʨʘ ʘʥʠʦʥʥʦʡ ʯʘʩʪʴ ʩʦʝʜʠʥʝʥʠʷ (Me3PhN)2{[Te2Br10](Br2)}  [204]. 

ʉʤʝʰʘʥʥʦʛʘʣʦʛʝʥʠʜʥʳʝ ʧʦʣʠʛʘʣʦʛʝʥʠʜ-ʛʘʣʦʛʝʥʪʝʣʣʫʨʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ ʚʠʜʘʤʠ 

ʩʦʝʜʠʥʝʥʠʡ ï ʧʦʣʠʙʨʦʤʦ-ʭʣʦʨʦʪʝʣʣʫʨʘʪʘʤʠ ʠ ʧʦʣʠʠʦʜʦ-ʙʨʦʤʦʪʝʣʣʫʨʘʪʘʤʠ ʩʦʩʪʘʚʘ 

(Cat)2{[TeCl6](Br2)} ʠ (Cat)2{[TeBr6](I2)} ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʠʙʨʦʤʦ-ʭʣʦʨʦʪʝʣʣʫʨʘʪʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʷʪʴʶ ʩʦʝʜʠʥʝʥʠʷʤʠ. ɺ ʧʨʦʰʣʦʤ ʚʝʢʝ ʙʳʣ ʦʧʠʩʘʥ ʧʦʣʠʙʨʦʤʦ-

ʭʣʦʨʦʪʝʣʣʫʨʘʪ ʙʠʷʜʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩ ʢʘʪʠʦʥʦʤ ʪʨʠʤʝʪʠʣʬʝʥʠʣʘʤʤʦʥʠʷ [205]; ʩʦʝʜʠʥʝʥʠʝ 

ʠʟʦʩʪʨʫʢʪʫʨʥʦ ʘʥʘʣʦʛʠʯʥʳʤ ʧʦʣʠʙʨʦʤʠʜʘʤ ʩʝʣʝʥʘ ʠ ʪʝʣʣʫʨʘ: ʨʘʩʩʪʦʷʥʠʷ BrBr2ĿĿĿClʪʝʨʤ ʨʘʚʥʳ 

3.034 ¡. ʏʝʪʳʨʝ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʷ ʦʧʠʩʘʥʳ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʚ 2020 ʛʦʜʫ [206]. ɸʥʠʦʥʥʳʝ 

ʯʘʩʪʠ ʜʘʥʥʳʭ ʧʦʣʠʛʘʣʦʛʝʥʠʜʦʚ Te(IV) ʩ ʢʘʪʠʦʥʘʤʠ Me3NH+, PyH+ ʠ 4-MePyH+ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ [TeCl6]
2-, ʩʚʷʟʘʥʥʳʭ ʤʦʣʝʢʫʣʘʤʠ ʙʨʦʤʘ 

(ʈʠʩ. 54). ʂʦʥʪʘʢʪʳ BrĿĿĿCl ʠʤʝʶʪ ʜʣʠʥʫ 2.929-2.995, 3.091 ʠ 3.070-3.102 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʝʜʠʥʝʥʠʠ ʩ ʢʘʪʠʦʥʦʤ 4-MePyH+ ʤʦʣʝʢʫʣʳ ʙʨʦʤʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʜʚʫʤ 

ʧʦʟʠʮʠʷʤ ʩ ʟʘʩʝʣʝʥʥʦʩʪʴʶ 0.25:0.75 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩ. 54. ʉʪʨʫʢʪʫʨʘ ʬʨʘʛʤʝʥʪʘ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ (Cat)2{[TeCl6](Br2)}  [206]. 

ɺ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʙʨʦʤʦ-ʭʣʦʨʦʪʝʣʣʫʨʘʪʘ ʩ 1-MePy+ (ʈʠʩ. 55) ʦʙʨʘʟʫʶʪʩʷ ʣʠʥʝʡʥʳʝ ʮʝʧʠ 

ʩʦʩʪʘʚʘ {[ TeCl6](Br2)}
2- ʩ ʨʘʩʩʪʦʷʥʠʝʤ ClĿĿĿBr 3.073 ¡. ɼʘʥʥʳʝ ʧʦ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʜʣʷ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʫʯʠʪʴ ʥʝ ʫʜʘʣʦʩʴ: ʧʦʣʠʙʨʦʤʦ-ʭʣʦʨʦʪʝʣʣʫʨʘʪʳ ʨʘʟʣʘʛʘʶʪʩʷ ʧʨʠ 

ʚʳʜʝʣʝʥʠʠ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

 

ʈʠʩ. 55. ʉʪʨʫʢʪʫʨʘ ʬʨʘʛʤʝʥʪʘ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ (1-MePy)2{[TeCl6](Br2)}  [206]. 

ɺʪʦʨʦʡ ʚʠʜ ʩʤʝʰʘʥʥʦʛʘʣʦʛʝʥʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Te(IV) ï ʧʦʣʠʠʦʜʦ-ʙʨʦʤʦʪʝʣʣʫʨʘʪʳ 

ʩʦʩʪʘʚʘ (Cat)2{[ TeBr6](I2)} [40]; ʦʧʠʩʘʥʦ ʚʦʩʝʤʴ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʦʛʦ ʪʠʧʘ. ʐʠʨʠʥʘ ʟʘʧʨʝʱʸʥʥʦʡ 

ʟʦʥʳ ʜʣʷ ʩʝʨʠʠ ʩʦʝʜʠʥʝʥʠʡ ï 1.41-1.74 ʵɺ. ʇʨʠʤʝʯʘʪʝʣʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ: ʩʦʝʜʠʥʝʥʠʝ ʩ TMA+ ʨʘʟʣʘʛʘʝʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʰʝ 340 Áʉ (ʈʠʩ. 56). ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʦʮʝʥʢʠ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʠʦʜʦ-ʙʨʦʤʦʪʝʣʣʫʨʘʪʦʚ. ʊʨʠ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʪʝʩʪʦʚʳʭ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʣʝʥʦʢ ʧʦʣʠʛʘʣʦʛʝʥʪʝʣʣʫʨʘʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʫʩʪʨʦʡʩʪʚʘʭ; ʪʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʜʪʚʝʨʞʜʝʥ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʈʠʩ. 56. ʂʨʠʚʳʝ ʊɻɸ ʩʦʝʜʠʥʝʥʠʷ (TMA)2{[TeBr6](I2)}.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʩʪʨʫʢʪʫʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʘʥʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʣʫʯʝʥʥʳʭ 

ʧʦʣʠʠʦʜʦ-ʙʨʦʤʦʪʝʣʣʫʨʘʪʦʚ (ʈʠʩ. 57): ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ ʪʠʧʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʩʚʷʟʳʚʘʥʠʷ ʘʥʠʦʥʦʚ [TeBr6]
2- ʠ ʤʦʣʝʢʫʣ ʠʦʜʘ. ʇʝʨʚʳʡ ʪʠʧ (ʊʠʧ I ʥʘ 

ʈʠʩ. 57) ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ï ʧʦʣʫʯʝʥʦ ʯʝʪʳʨʝ ʩʦʝʜʠʥʝʥʠʷ (Cat= TMA+, PyH+, 4-MePyH+, 

1-MePy+) ʩ ʧʦʣʠʤʝʨʥʳʤʠ ʘʥʠʦʥʘʤʠ ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʂʦʤʧʣʝʢʩ ʩ 2-MePyH+ ʪʘʢʞʝ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʝʨʚʦʤʫ ʪʠʧʫ, ʦʜʥʘʢʦ ʝʛʦ ʘʥʠʦʥʥʘʷ ʯʘʩʪʴ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʘ: ʫʛʦʣ Te-BrĿĿĿI ʨʘʚʝʥ 

134.8Á (ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʪʦʪ ʞʝ ʫʛʦʣ ʚ ʩʦʝʜʠʥʝʥʠʠ ʩ TMA+ ʨʘʚʝʥ 166.2Á). ɸʥʠʦʥʳ ʣʠʥʝʡʥʦʛʦ 

ʩʪʨʦʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʠ ʩʦʩʪʘʚʘ (3-MePyH)2{[ TeBr6](I2)}  (ʊʠʧ II  ʥʘ ʈʠʩ. 57). ɺ 

ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʩ 1-MeDMAP+ ʤʦʣʝʢʫʣʘ ʠʦʜʘ ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ; 

ʦʙʨʘʟʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʜʚʫʭʤʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ (ʈʠʩ. 57, ʊʠʧ III ). ɺ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʠʦʜʦ-

ʙʨʦʤʦʪʝʣʣʫʨʘʪʘ (1,2-MePy)2{[ TeBr6](I2)}  (ʈʠʩ. 57, ʊʠʧ IV ) ʤʦʣʝʢʫʣʳ ʠʦʜʘ, ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʦ 

ʪʨʸʤ ʧʦʟʠʮʠʷʤ , ʩʦʝʜʠʥʷʶʪ ʘʥʠʦʥʳ ʚ ʪʨʸʭʤʝʨʥʫʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. 
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ʈʠʩ. 57. ʊʠʧʳ ʩʪʨʫʢʪʫʨ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʘ (Cat)2{[TeBr6](I2)}  ʚ ʨʘʙʦʪʝ [40]. 

ʅʝʜʘʚʥʦ ʭʠʤʠʷ ʧʦʣʠʭʣʦʨʦʤʝʪʘʣʣʘʪʦʚ ʧʦʣʫʯʠʣʘ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ: ʥʘʰʝʡ ʛʨʫʧʧʦʡ 

ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ ʩʦʩʪʘʚʘ (Cat)2{[TeCl6](Cl2)} (Cat = TMA+ ʠ 1-MePy+) [207]. 

ʊʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ: ʩʦʝʜʠʥʝʥʠʝ ʩ ʧʨʦʠʟʚʦʜʥʳʤ 

ʧʠʨʠʜʠʥʠʷ ʧʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʝʛʦ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʨʘʟʣʘʛʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ. 

ʅʘʧʨʦʪʠʚ, ʚʪʦʨʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚ ʩʫʭʦʤ ʚʠʜʝ ʭʨʘʥʠʪʩʷ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ, ʠ 

ʨʘʟʣʘʛʘʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʩʚʳʰʝ 100 Áʉ. ʉʦʝʜʠʥʝʥʠʝ (1-MePy)2{[TeCl6](Cl2)} ʠʟʦʩʪʨʫʢʪʫʨʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʦʣʠʙʨʦʤʠʜʫ Te(IV); ʨʘʩʩʪʦʷʥʠʷ Cl-Cl ʚ ʤʦʣʝʢʫʣʝ ʭʣʦʨʘ ʨʘʚʥʳ 2.002 ¡, 

ʢʦʥʪʘʢʪʳ ClCl2ĿĿĿClʪʝʨʤ ï 3.155 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʤʧʣʝʢʩ (TMA)2{[TeCl6](Cl2)} ʠʤʝʝʪ ʥʝʦʙʳʯʥʦ 

ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʫʶ ʢʫʙʠʯʝʩʢʫʶ ʨʝʰʸʪʢʫ ʩʦ ʩʭʦʜʥʳʤʠ ʭʣʦʨʦʪʝʣʣʫʨʘʪʫ(IV) ʧʘʨʘʤʝʪʨʘʤʠ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʈʉɸ, ʩʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ ʤʦʣʝʢʫʣʳ ʭʣʦʨʘ (ʨʘʩʩʪʦʷʥʠʝ ClCl2-ClCl2 ʨʘʚʥʦ 2.007 ¡) 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʦ ʪʨʸʤ ʧʦʟʠʮʠʷʤ ʩ ʨʘʚʥʦʡ ʟʘʩʝʣʸʥʥʦʩʪʴʶ. ʂʦʥʪʘʢʪʳ ClCl2ĿĿĿClʪʝʨʤ ï 2.951 ¡ 

ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʢʘʢ ʪʨʸʭʤʝʨʥʫʶ (ʈʠʩ. 58). 
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ʈʠʩ. 58. ʉʪʨʫʢʪʫʨʘ ʢʦʥʪʘʢʪʦʚ ClĿĿĿCl ʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʤʦʣʝʢʫʣ ʭʣʦʨʘ ʚ ʧʦʣʠʭʣʦʨʦʪʝʣʣʫʨʘʪʝ 

(TMA) 2{[TeCl6](Cl2)}  [207]. 
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2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʀʩʭʦʜʥʳʝ ʚʝʱʝʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ: 

ʂʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʨʝʘʛʝʥʪʳ, ʚ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʘ ʯʠʩʪʦʪʘ: ʩʦʝʜʠʥʝʥʠʷ p-ʵʣʝʤʝʥʪʦʚ: 

Bi2O3, Sb2O3 (å98%), SnCl2*(H2O)2, SnBr2, ʛʘʣʦʛʝʥʳ: ɺʝʢʪʦʥ, ʯ.), I2 (Ó99%); ʢʠʩʣʦʪʳ: HI (ɺʝʢʪʦʥ, 

57%-ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ), HBr (46% ʨ-ʨ, ʉʦʶʟʭʠʤʧʨʦʤ, ʯ.ʜ.ʘ.), ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ (ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ 2ʄ ʨʘʩʪʚʦʨʘ); 

ʩʦʝʜʠʥʝʥʠʷ ʧʠʨʠʜʠʥʦʚʦʛʦ ʨʷʜʘ: ʧʠʨʠʜʠʥ, 2-ʤʝʪʠʣʧʠʨʠʜʠʥ, 3-ʤʝʪʠʣʧʠʨʠʜʠʥ, 4-ʤʝʪʠʣʧʠʨʠʜʠʥ, 

3-ʭʣʦʨʧʠʨʠʜʠʥ, 4-ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥ (ʩʪʝʧʝʥʴ ʯʠʩʪʦʪʳ ʯ.ʜ.ʘ. ʠ ʚʳʰʝ, Sigma Aldrich ʠʣʠ 

ʈʝʘʭʠʤ); ʘʣʢʠʣʘʤʤʦʥʠʡʥʳʝ ʩʦʣʠ: ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʡ ʙʨʦʤʠʩʪʳʡ (ʈʝʘʭʠʤ, ʯ.), ʪʨʠʤʝʪʠʣʘʤʠʥʘ 

ʛʠʜʨʦʭʣʦʨʠʜ (ʈʝʘʭʠʤ, ʯ.); ʨʘʩʪʚʦʨʠʪʝʣʠ: ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ (ʯ.ʜ.ʘ), ʘʮʝʪʦʥʠʪʨʠʣ (ʯ.ʜ.ʘ), 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ; ɸʣʢʠʣʠʨʫʶʱʠʝ ʘʛʝʥʪʳ: ʤʝʪʠʣ ʠʦʜʠʩʪʳʡ (Chemical Line, ʯ.), ʵʪʠʣ 

ʠʦʜʠʩʪʳʡ (Sigma, 99%). ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʨʝʘʛʝʥʪʳ: ʥʠʪʨʘʪ ʩʝʨʝʙʨʘ (ʇɿɼʄ-ɺʪʦʨʤʝʪ, >99%), 

ʠʦʜʠʜ 1-ʵʪʠʣ-4-ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥʠʷ (ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʣʘʙʦʨʘʪʦʨʠʠ). 

ʈʷʜ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ ʧʠʨʠʜʠʥʠʷ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ ʠʩʭʦʜʥʳʭ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʦʩʥʦʚʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʛʘʣʦʛʝʥʘʣʢʘʥʘʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʈʉɸ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ New Xcalibur (Agilent Technologies) ʠ Bruker D8 Venture. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʩʠʛʥʘʣʦʚ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʦʧʨʘʚʢʠ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ 

CrysAlisPro (Agilnet Technologies) ʠ Bruker APEX3 Software Suite (APEX3 v.2019.1- 0, SADABS 

v.2016/2, TWINABS v.2012/2, SAINT v.8.40a). ʈʝʰʝʥʠʝ ʠ ʨʘʩʰʠʬʨʦʚʢʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʷʤʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦ 

ʩʫʤʤʝ |Fhkl|
2 ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ (SHELX 2014/7; Sheldrick, 2014) ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ 

ShelXle ʠ ʧʨʦʛʨʘʤʤʳ OLEX [208]. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʫʪʦʯʥʷʣʠʩʴ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʚʳʯʠʩʣʝʥʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ (ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ñʥʘʝʟʜʥʠʢʘò). ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 

(ʘʥʘʣʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ, ʜʣʠʥ ʩʚʷʟʝʡ) ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

Diamond 3 (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʡʣʦʚ ʬʦʨʤʘʪʘ .CIF). 

ʇʦʣʫʯʝʥʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʦʨʦʰʢʦʚʦʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ Shimadzu XRD-7000 (CuKŬ-ʠʟʣʫʯʝʥʠʝ, ɚ=1.5425 ¡, Ni-ʬʠʣʴʪʨ, 2ɗ-ʜʠʘʧʘʟʦʥ: 

5-50Á) ʠ Bruker D8 Advance (CuKŬ-ʠʟʣʫʯʝʥʠʝ, ɚ=1.5425 ¡, LYNXEYE XE-T ʣʠʥʝʡʥʳʡ ʜʝʪʝʢʪʦʨ, 

2ɗ-ʜʠʘʧʘʟʦʥ: 4-50Á, ʰʘʛ 0.03Á). ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʪʱʘʪʝʣʴʥʦ ʠʟʤʝʣʴʯʘʣʠʩʴ ʠ 

ʟʘʙʠʚʘʣʠʩʴ ʩ ʛʝʢʩʘʥʦʤ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ, ʠ ʧʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʦʩʘʞʜʘʣʠ ʥʘ ʧʦʣʠʨʦʚʘʥʥʦʡ 

ʩʪʦʨʦʥʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʜʝʨʞʘʪʝʣʷ. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʠʥʜʠʮʠʨʦʚʘʣʠʩʴ ʧʫʪʸʤ 

ʩʨʘʚʥʝʥʠʷ ʩ ʜʘʥʥʳʤʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʊɻɸ) ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ TI 209 F1 Iris (NETZSCH, 

ɻʝʨʤʘʥʠʷ). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʦʪʦʢʝ ʛʝʣʠʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 25-500 Áʉ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 10 Áʉ/ʤʠʥ; ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʛʘʟʘ ʩʦʩʪʘʚʣʷʣʘ 60 ʤʣ/ʤʠʥ; ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʪʢʨʳʪʳʝ ʪʠʛʣʠ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ɺ ʛʨʘʬʠʯʝʩʢʠʡ, ʫʜʦʙʥʳʡ ʜʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʠʜ ʪʝʨʤʦʛʨʘʤʤʳ (ʊɻɸ, ɼʊɻɸ) ʧʝʨʝʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ 

ʛʨʘʬʠʯʝʩʢʠʭ ʨʝʜʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Origin. 

ʉʧʝʢʪʨʳ ʂʈ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 0-550 ʩʤ-1 ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ LabramRAM 

HR Evolution (Horiba Scientific), ʦʙʦʨʫʜʦʚʘʥʥʳʤ He-Ne ʠ Nd:YAG-ʣʘʟʝʨʘʤʠ (ɚ = 633 ʠ 1064 ʥʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ Ge-ʜʝʪʝʢʪʦʨʦʤ. 

ʕʣʝʤʝʥʪʥʳʡ (CHN) ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ Euro NA 3000 (EuroVector). 

ʀʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʧʦʨʦʰʢʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʧʝʢʪʨʦʤʝʪʨʘ çʂʦʣʠʙʨʠ-2è (ɺʄʂ 

çʆʧʪʦʵʣʝʢʪʨʦʥʠʢʘè, ʈʦʩʩʠʷ), ʟʦʥʜʘ ʦʪʨʘʞʝʥʠʷ/ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ QR-400-7 (Ocean Optics, 

ʉʐɸ), ʜʝʡʪʝʨʠʡ-ʚʦʣʴʬʨʘʤʦʚʦʡ ʣʘʤʧʳ AvaLight-DHS (Avantes, ʅʠʜʝʨʣʘʥʜʳ). 

ɺʩʝ ʢʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ (single-point calculations) ʙʳʣʠ ʦʩʥʦʚʘʥʳ ʥʘ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT). ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ ʙʳʣʠ ʚʟʷʪʳ ʜʘʥʥʳʝ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣ r ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʦʝʜʠʥʝʥʠʷ (ɤB97X-D3, ɤB97XD ʠ MO6) [209ï211]. ʉʢʘʣʷʨʥʳʝ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʨʘʩʯʝʪʳ ɼʫʛʣʘʩʘ-ʂʨʦʣʣʘ-ɻʝʩʩʘ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʠʩʥʳʭ 

ʤʥʦʞʝʩʪʚ DZP-DKH [212,213] ʜʣʷ ʚʩʝʭ ʘʪʦʤʦʚ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩʦʝʜʠʥʝʥʠʡ A2, A3, A4, F3, F6, 

G1-G5. ɺ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʷ E1 ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʘʟʠʩʥʳʝ ʥʘʙʦʨʳ SARC-ZORA-TZVP (ʜʣʷ 

ʘʪʦʤʦʚ ʚʠʩʤʫʪʘ) ʠ ZORA-SVP (ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʘʪʦʤʦʚ) [214,215]. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ F8 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʘʟʠʩʥʳʡ ʥʘʙʦʨ 6-311++G**. ɼʣʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪ r

Gaussian09, ORCA (ʚʝʨʩʠʷ 4.2.1). ɼʣʷ ʚʩʝʭ ʩʪʨʫʢʪʫʨ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ 

ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ɟ(r ), ʣʘʧʣʘʩʠʘʥ ᶯ2ɟ(r); ʨʘʩʯʝʪ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ 

Hb, ʧʣʦʪʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ V(r), ʣʘʛʨʘʥʞʠʘʥʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ G(r) ʠ 

ʧʦʩʣʝʜʫʶʱʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ XX2ĿĿĿXʪʝʨʤ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ 

ʯʝʪʳʨʸʤ ʤʝʪʦʜʠʢʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʨʘʙʦʪʘʭ [216ï218]. ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʝʨʝʢʨʳʚʘʥʠʷ ʘʪʦʤʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ (RDG) [219] ʧʦʩʪʨʦʝʥʳ 

ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ᶯ2ɟ(r), ʥʘ ʢʦʪʦʨʳʭ ʦʪʤʝʯʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ (bond critical points), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʦʯʢʘʤ ʵʢʩʪʨʝʤʫʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʊʘʢʞʝ ʧʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ 

RDG-ʠʟʦʧʦʚʝʨʭʥʦʩʪʝʡ. ʊʦʧʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ɹʝʡʜʝʨʘ (ʤʝʪʦʜ QTAIM [220]) ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ Multiwfn (ʚʝʨʩʠʷ 3.6) 

[221]. 
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ʉʠʥʪʝʟ ʩʦʣʠ 1-MePyI. ɺ ʩʪʘʢʘʥ ʦʙʲʸʤʦʤ 50 ʤʣ ʧʨʠʣʠʚʘʶʪʩʷ 7 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ, 

ʥʝʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ ʧʠʨʠʜʠʥʘ (2.53 ʤʣ, 31 ʤʤʦʣʴ) ʠ ʠʦʜʠʩʪʳʡ ʤʝʪʠʣ (1.7 ʤʣ, 27 ʤʤʦʣʴ). ʉʠʥʪʝʟ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʪʝʯʝʥʠʠ 12 ʯʘʩʦʚ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 50 Áʉ ʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. 

ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʬʠʣʴʪʨʫʝʪʩʷ, ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʝʪʩʷ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʩʫʰʠʪʩʷ ʧʦʜ 

ʚʘʢʫʫʤʦʤ. ʉʦʩʪʘʚ ʠ ʯʠʩʪʦʪʘ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ɺʳʭʦʜ ï 88%. 

ʉʠʥʪʝʟ ʩʦʣʠ 1-EtPyI . ɺ ʧʣʦʩʢʦʜʦʥʥʫʶ ʢʦʣʙʫ ʦʙʲʸʤʦʤ 50 ʤʣ ʧʨʠʣʠʚʘʶʪʩʷ 4 ʤʣ 

ʘʮʝʪʦʥʠʪʨʠʣʘ, ʧʠʨʠʜʠʥ (2.50 ʤʣ, 31 ʤʤʦʣʴ) ʠ ʠʦʜʠʩʪʳʡ ʵʪʠʣ (2.17 ʤʣ, 27 ʤʤʦʣʴ). ʉʠʥʪʝʟ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʪʝʯʝʥʠʠ ʩʫʪʦʢ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 40 Áʉ ʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɺʳʧʘʚʰʠʡ 

ʦʩʘʜʦʢ ʬʠʣʴʪʨʫʝʤ, ʧʨʦʤʳʚʘʝʤ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʜʚʘ ʨʘʟʘ ʠ ʚʳʩʫʰʠʚʘʝʤ. ʇʦʣʫʯʝʥʥʦʝ 

ʚʝʱʝʩʪʚʦ ʯʨʝʟʚʳʯʘʡʥʦ ʛʠʛʨʦʩʢʦʧʠʯʥʦ, ʧʦʵʪʦʤʫ ʭʨʘʥʠʪʩʷ ʚ ʵʢʩʠʢʘʪʦʨʝ. ʉʦʩʪʘʚ ʠ ʯʠʩʪʦʪʘ ʙʳʣʠ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ɺʳʭʦʜ ï 64%. 

ʉʠʥʪʝʟ ʩʦʣʠ 1-Me-3-ClPyI. ɺ ʩʪʘʢʘʥ ʦʙʲʸʤʦʤ 50 ʤʣ ʧʨʠʣʠʚʘʶʪʩʷ 10 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ, 

3-ʭʣʦʨʧʠʨʠʜʠʥ (3.55 ʤʣ, 37 ʤʤʦʣʴ) ʠ ʠʦʜʠʩʪʳʡ ʤʝʪʠʣ (2.02 ʤʣ, 32 ʤʤʦʣʴ). ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʪʝʯʝʥʠʠ ʩʫʪʦʢ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 60 Áʉ ʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ 

ʬʠʣʴʪʨʫʝʪʩʷ, ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʝʪʩʷ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʩʫʰʠʪʩʷ ʧʦʜ ʚʘʢʫʫʤʦʤ. ʉʦʩʪʘʚ ʠ 

ʯʠʩʪʦʪʘ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ɺʳʭʦʜ ï 69%. 

ʉʠʥʪʝʟ ʩʦʣʠ 1,3-diMePyI. ɺ ʩʪʘʢʘʥ ʦʙʲʸʤʦʤ 50 ʤʣ ʧʨʠʣʠʚʘʶʪʩʷ 10 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ, 

3-ʤʝʪʠʣʧʠʨʠʜʠʥ (3.47 ʤʣ, 35 ʤʤʦʣʴ) ʠ ʠʦʜʠʩʪʳʡ ʤʝʪʠʣ (1.90 ʤʣ, 31 ʤʤʦʣʴ). ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʪʝʯʝʥʠʠ ʩʫʪʦʢ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 60 Áʉ ʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ 

ʬʠʣʴʪʨʫʝʪʩʷ, ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʝʪʩʷ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʩʫʰʠʪʩʷ ʧʦʜ ʚʘʢʫʫʤʦʤ. ʉʦʩʪʘʚ ʠ 

ʯʠʩʪʦʪʘ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ɺʳʭʦʜ ï 90%. 

ʉʠʥʪʝʟ ʩʦʣʠ 1,4-diMePyI. ɺ ʩʪʘʢʘʥ ʦʙʲʸʤʦʤ 50 ʤʣ ʧʨʠʣʠʚʘʶʪʩʷ 10 ʤʣ ʘʮʝʪʦʥʠʪʨʠʣʘ, 

4-ʤʝʪʠʣʧʠʨʠʜʠʥ (3.24 ʤʣ, 33 ʤʤʦʣʴ) ʠ ʠʦʜʠʩʪʳʡ ʤʝʪʠʣ (1.87 ʤʣ, 30 ʤʤʦʣʴ). ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʪʝʯʝʥʠʠ ʩʫʪʦʢ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 60 Áʉ ʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ 

ʬʠʣʴʪʨʫʝʪʩʷ, ʜʚʘʞʜʳ ʧʨʦʤʳʚʘʝʪʩʷ ʜʠʵʪʠʣʦʚʳʤ ʵʬʠʨʦʤ ʠ ʩʫʰʠʪʩʷ ʧʦʜ ʚʘʢʫʫʤʦʤ. ʉʦʩʪʘʚ ʠ 

ʯʠʩʪʦʪʘ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ. ɺʳʭʦʜ ï 90%. 

ʀʦʜʠʜ 1-ʤʝʪʠʣ-4-ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥʠʷ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʢʦʣʣʝʛʘʤʠ ʧʦ ʤʝʪʦʜʠʢʝ, 

ʩʭʦʞʝʡ ʩ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʤʠ. 

2.1. ʉʠʥʪʝʟ ʧʦʣʠʠʦʜʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʠʩʤʫʪʘ(III)  ʠ ʩʫʨʴʤʳ(III)  

(1-Me-3-ClPy)3{[Bi2I8(I3)]}, A1. 70 ʤʛ Bi2O3 (0.15 ʤʤʦʣʴ), 114.7 ʤʛ (0.3 ʤʤʦʣʴ) 

1-ʤʝʪʠʣ-3-ʭʣʦʨʧʠʨʠʜʠʥʠʷ ʠʦʜʠʩʪʦʛʦ ʠ 50 ʤʛ (0.2 ʤʤʦʣʴ) ʠʦʜʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ CH3CN ʠ 1 ʤʣ 

ʠʦʜʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 60 ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʈʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʯʘʩʪʠʯʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʫʶʪʩʷ ʯʝʨʥʳʝ ʢʨʠʩʪʘʣʣʳ. 
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ɺʳʭʦʜ: 59%. ɺ ʨʘʩʯʝʪʝ ʥʘ C18H21N3Cl3Bi2I11 ʚʳʯʠʩʣʝʥʦ, %: C 9.8; H 1.0; N 1.9; ʥʘʡʜʝʥʦ, %: C 10.1; 

H 1.1; N 1.8. 

(1-EtPy)3{[Bi2I9](I2)0.75}, A2. 46.6 ʤʛ Bi2O3 (0.1 ʤʤʦʣʴ), 76.5 ʤʛ (0.3 ʤʤʦʣʴ) 1-ʵʪʠʣʧʠʨʠʜʠʥʠʷ 

ʠʦʜʠʩʪʦʛʦ ʠ 25 ʤʛ (0.1 ʤʤʦʣʴ) ʠʦʜʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ CH3CN ʠ 1 ʤʣ ʠʦʜʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 80 ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʈʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ 

ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʦʙʨʘʟʫʶʪʩʷ ʪʝʤʥʦ-ʚʠʰʥʝʚʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ: 59%. ɺ ʨʘʩʯʝʪʝ ʥʘ 

C18H21N3Cl3Bi2I11 ʚʳʯʠʩʣʝʥʦ, %: C 9.8; H 1.0; N 1.9; ʥʘʡʜʝʥʦ, %: C 10.1; H 1.1; N 1.8. 

(1,4-diMePy)3{[Bi2I9](I2)3}, A3. 80 ʤʛ Bi2O3 (0.17 ʤʤʦʣʴ), 121 ʤʛ (0.3 ʤʤʦʣʴ) 

1,4-ʜʠʤʝʪʠʣʧʠʨʠʜʠʥʠʷ ʠʦʜʠʩʪʦʛʦ ʠ 100 ʤʛ (0.4 ʤʤʦʣʴ) ʠʦʜʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 2 ʤʣ CH3CN ʠ 1 ʤʣ 

ʠʦʜʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 80 ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʈʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʫʶʪʩʷ ʯʝʨʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ: 63%. 

ɺ ʨʘʩʯʝʪʝ ʥʘ C21H30N3Bi2I15 ʚʳʯʠʩʣʝʥʦ, %: C 9.5; H 1.1; N 1.6; ʥʘʡʜʝʥʦ, %: C 9.6; H 1.2; N 1.5. 

(1-EtDMAP )3{[Bi2I9](I2)3}, A4. 46.6 ʤʛ Bi2O3 (0.1 ʤʤʦʣʴ), 83 ʤʛ (0.3 ʤʤʦʣʴ) 

4-ʜʠʤʝʪʠʣʘʤʠʥ-1-ʵʪʠʣʧʠʨʠʜʠʥʠʷ ʠʦʜʠʩʪʦʛʦ ʠ 76 ʤʛ (0.3 ʤʤʦʣʴ) ʠʦʜʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ CH3CN 

ʠ 1 ʤʣ ʠʦʜʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 80 ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʈʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ 

ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʯʘʩʪʠʯʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʫʶʪʩʷ ʯʝʨʥʳʝ ʢʨʠʩʪʘʣʣʳ. 

ɺʳʭʦʜ:67%. ɺ ʨʘʩʯʝʪʝ ʥʘ C27H45N6Bi2I15 ʚʳʯʠʩʣʝʥʦ, %: C 11.7; H 1.6; N 3.0; ʥʘʡʜʝʥʦ, %: C 11.1; 

H 1.7; N 2.8. 

(1-MePy)3{[Bi2I9](I2)}, A5. 46.6 ʤʛ Bi2O3 (0.1 ʤʤʦʣʴ), 67 ʤʛ (0.3 ʤʤʦʣʴ) N-ʤʝʪʠʣʧʠʨʠʜʠʥʠʷ 

ʠʦʜʠʩʪʦʛʦ ʠ 25 ʤʛ (0.1 ʤʤʦʣʴ) ʠʦʜʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 3.5 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʠʦʜʦʚʦʜʦʨʦʜʥʦʡ 

ʢʠʩʣʦʪʳ ʧʨʠ 70 ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʈʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ 

ʯʘʩʪʠʯʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʦʙʨʘʟʫʶʪʩʷ ʯʝʨʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ: 79%. ɺ 

ʨʘʩʯʝʪʝ ʥʘ C18H24N3Bi2I11 ʚʳʯʠʩʣʝʥʦ, %: C 10.3; H 1.2; N 2.0; ʥʘʡʜʝʥʦ, %: C 10.4; H 1.3; N 2.1. 

(TMA )3{[Bi2I9](I2)}, A6. 93 ʤʛ Bi2O3 (0.2 ʤʤʦʣʴ), 121 ʤʛ (0.3 ʤʤʦʣʴ) ʠʦʜʠʜʘ 

ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʷ ʠ 51 ʤʛ (0.2 ʤʤʦʣʴ) ʠʦʜʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʠʦʜʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ 70 ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʈʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʯʘʩʪʠʯʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʫʶʪʩʷ ʯʝʨʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ: 82%. 

ɺ ʨʘʩʯʝʪʝ ʥʘ C12H36N3Bi2I11 ʚʳʯʠʩʣʝʥʦ, %: C 7.1; H 1.8; N 2.1; ʥʘʡʜʝʥʦ, %: C 7.2; H 1.9; N 2.2. 

(1-MePy)3{[Sb2I9](I2)}, B1. 29 ʤʛ Sb2O3 (0.1 ʤʤʦʣʴ), 67 ʤʛ (0.3 ʤʤʦʣʴ) N-ʤʝʪʠʣʧʠʨʠʜʠʥʠʷ 

ʠʦʜʠʩʪʦʛʦ ʠ 25 ʤʛ (0.1 ʤʤʦʣʴ) ʠʦʜʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 3.5 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʠʦʜʦʚʦʜʦʨʦʜʥʦʡ 

ʢʠʩʣʦʪʳ ʧʨʠ 70 ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʈʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ 

ʯʘʩʪʠʯʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʦʙʨʘʟʫʶʪʩʷ ʯʝʨʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ: 64%. ɺ 

ʨʘʩʯʝʪʝ ʥʘ C18H24N3Sb2I11 ʚʳʯʠʩʣʝʥʦ, %: C 11.3; H 1.3; N 2.2; ʥʘʡʜʝʥʦ, %: C 11.3; H 1.3; N 2.3. 

(1,3-diMePy)3{[Sb2I9](I2)}, B2. 30 ʤʛ Sb2O3 (0.1 ʤʤʦʣʴ), 70.5 ʤʛ (0.3 ʤʤʦʣʴ) 

1,3-ʜʠʤʝʪʠʣʧʠʨʠʜʠʥʠʷ ʠʦʜʠʩʪʦʛʦ ʠ 25 ʤʛ (0.1 ʤʤʦʣʴ) ʠʦʜʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 6 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 
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ʠʦʜʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ 70 ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʈʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʯʘʩʪʠʯʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʫʶʪʩʷ ʯʝʨʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ: 52%. 

ɺ ʨʘʩʯʝʪʝ ʥʘ C18H24N3Sb2I11 ʚʳʯʠʩʣʝʥʦ, %: C 12.8; H 1.5; N 2.1; ʥʘʡʜʝʥʦ, %: C 12.9; H 1.4; N 2.1. 

(TMA )3{[Sb2I9](I2)}, B3. 58 ʤʛ Sb2O3 (0.2 ʤʤʦʣʴ), 121 ʤʛ (0.3 ʤʤʦʣʴ) ʠʦʜʠʜʘ 

ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʷ ʠ 51 ʤʛ (0.2 ʤʤʦʣʴ) ʠʦʜʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 4.5 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʠʦʜʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ 70 ÁC ʚ ʪʝʯʝʥʠʝ 1 ʯ. ʈʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʌʦʨʤʠʨʫʶʪʩʷ ʯʝʨʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ: 79%. ɺ ʨʘʩʯʝʪʝ ʥʘ C12H36N3Sb2I11 

ʚʳʯʠʩʣʝʥʦ, %: C 7.7; H 1.9; N 2.3; ʥʘʡʜʝʥʦ, %: C 7.9; H 2.0; N 2.4. 

2.2. ʉʠʥʪʝʟ ʧʦʣʠʠʦʜʦ-ʙʨʦʤʦʩʪʘʥʥʘʪʦʚ 

(4-MePy)2{[SnBr6](I2)}, ʉ1. 120 ʤʛ SnBr2 (0.43 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 3 ʤʣ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʙʨʦʤʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70 ÁC ʠ ʜʦʙʘʚʠʣʠ 220 ʤʛ (0.87 

ʤʤʦʣʴ) ʠʦʜʘ. ʈʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʘʪʝʤ ʜʦʙʘʚʠʣʠ 85 ʤʢʣ 

4-ʤʝʪʠʣʧʠʨʠʜʠʥʘ (0.87 ʤʤʦʣʴ) ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʧʣʦʪʥʦ ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 5 Áʉ. 

ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʝʤʥʦ-ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 50%. ɺ ʨʘʩʯʝʪʝ ʥʘ 

C12H16N2SnBr6I2 ʚʳʯʠʩʣʝʥʦ, %: C 13.9; H 1.6; N 2.7; ʥʘʡʜʝʥʦ, %: C 13.8; H 1.7; N 2.7.  

(1-MePy)2{[SnBr6](I2)}, ʉ2. 192 ʤʛ (0.87 ʤʤʦʣʴ) 1-ʤʝʪʠʣʧʠʨʠʜʠʥʠʷ ʠʦʜʠʩʪʦʛʦ ʨʘʩʪʚʦʨʷʣʠ 

ʚ 4 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʧʨʠʙʘʚʣʷʣʠ 168 ʤʛ (0.98 ʤʤʦʣʴ) ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ, ʦʩʘʜʦʢ ʠʦʜʠʜʘ 

ʩʝʨʝʙʨʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʥʘ ʙʫʤʘʞʥʦʤ ʬʠʣʴʪʨʝ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʙʘʚʣʷʣʠ 2 ʤʣ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʙʨʦʤʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʙʨʦʤʠʜ ʩʝʨʝʙʨʘ ʥʘ 

ʙʫʤʘʞʥʦʤ ʬʠʣʴʪʨʝ. ʈʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ ʜʦʩʫʭʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʦʩʣʝ ʫʧʘʨʠʚʘʥʠʷ ʦʩʘʜʦʢ 

ʨʘʩʪʚʦʨʠʣʠ ʚ 4 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʙʨʦʤʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪ rʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 70 ÁC, 

ʜʦʙʘʚʣʷʣʠ 120 ʤʛ (0.43 ʤʤʦʣʴ) ʙʨʦʤʠʜʘ ʦʣʦʚʘ(II) ʠ 220 ʤʛ (0.87 ʤʤʦʣʴ) ʠʦʜʘ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 5 Áʉ. ʏʝʨʝʟ ʩʫʪʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʝʤʥʦ-ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 57%. ɺ 

ʨʘʩʯʝʪʝ ʥʘ C12H16N2SnBr6I2 ʚʳʯʠʩʣʝʥʦ, %: C 13.9; H 1.6; N 2.7; ʥʘʡʜʝʥʦ, %: C 14.0; H 1.5; N 2.7. 

(TMA )2{[SnBr6](I2)}, ʉ3. 60 ʤʛ SnBr2 (0.21 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 3 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʙʨʦʤʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70 ÁC ʠ ʜʦʙʘʚʠʣʠ 110 ʤʛ I2 (0.42 ʤʤʦʣʴ). ɿʘʪʝʤ ʢ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʜʦʙʘʚʠʣʠ ʨʘʩʪʚʦʨ 66 ʤʛ ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʷ ʙʨʦʤʠʩʪʦʛʦ ʚ 2 ʤʣ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʙʨʦʤʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪ.r ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʤʝʜʣʝʥʥʦ 

ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʟʘʪʝʤ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 5 Áʉ. ʏʝʨʝʟ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʝʤʥʦ-ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ ɺʳʭʦʜ 55%. ɺ ʨʘʩʯʝʪʝ ʥʘ 

C8H24N2SnBr6I2 ʚʳʯʠʩʣʝʥʦ, %: C 9.6; H 2.4; N 2.8; ʥʘʡʜʝʥʦ, %: C 9.6; H 2.5; N 2.9. 
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2.3. ʉʠʥʪʝʟ ʧʦʣʠʙʨʦʤʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʣʦʚʘ(IV)  

(TMA )2{[SnBr6](Br2)}, D1. 120 ʤʛ (0.43 ʤʤʦʣʴ) SnBr2 ʠ 132 ʤʛ (0.86 ʤʤʦʣʴ) 

ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʷ ʙʨʦʤʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʣʠ ʚ 5 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʙʨʦʤʦʚʦʜʦʨʦʜʥʦʡ 

ʢʠʩʣʦʪ rʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70 ÁC. ɺ ʨʘʩʪʚʦʨ ʜʦʙʘʚʠʣʠ ʧʦ ʢʘʧʣʷʤ ʙʨʦʤ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ 

ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 55%. ɺ ʨʘʩʯʝʪʝ ʥʘ C8H24N2SnBr8 ʚʳʯʠʩʣʝʥʦ, %: C 10.6; H 2.7; N 

3.1; ʥʘʡʜʝʥʦ, %: C 10.6; H 2.6; N 3.0. 

(1-MePy)2{[SnBr6](Br2)}, D2. 192 ʤʛ (0.87 ʤʤʦʣʴ) 1-ʤʝʪʠʣʧʠʨʠʜʠʥʠʷ ʠʦʜʠʩʪʦʛʦ 

ʨʘʩʪʚʦʨʷʣʠ ʚ 4 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʧʨʠʙʘʚʣʷʣʠ 168 ʤʛ (0.98 ʤʤʦʣʴ) ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ, 

ʦʩʘʜʦʢ ʠʦʜʠʜʘ ʩʝʨʝʙʨʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʥʘ ʙʫʤʘʞʥʦʤ ʬʠʣʴʪʨʝ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ 

ʧʨʠʙʘʚʣʷʣʠ 2 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʙʨʦʤʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʙʨʦʤʠʜ 

ʩʝʨʝʙʨʘ ʥʘ ʙʫʤʘʞʥʦʤ ʬʠʣʴʪʨʝ. ʈʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ ʜʦʩʫʭʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʦʩʣʝ ʫʧʘʨʠʚʘʥʠʷ 

ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʠʣʠ ʚ 4 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʙʨʦʤʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 

70 ÁC ʠ ʜʦʙʘʚʣʷʣʠ 120 ʤʛ (0.43 ʤʤʦʣʴ) ʙʨʦʤʠʜʘ ʦʣʦʚʘ(II). ʇʦʩʣʝ ʯʝʛʦ ʘʢʢʫʨʘʪʥʦ ʜʦʙʘʚʣʷʣʠ ʙʨʦʤ 

ʧʦ ʢʘʧʣʷʤ. ɼʘʣʝʝ ʬʣʘʢʦʥ ʩ ʧʦʣʫʯʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʣʠ ʢʨʳʰʢʦʡ ʠ ʦʭʣʘʞʜʘʣʠ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 5 Áʉ. ʏʝʨʝʟ ʩʫʪʢʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 47%. ɺ ʨʘʩʯʝʪʝ ʥʘ C12H16N2SnBr8 ʚʳʯʠʩʣʝʥʦ, %: C 

15.2; H 1.7; N 3.0; ʥʘʡʜʝʥʦ, %: C 15.3; H 1.6; N 3.1. 

(Me3NH)2{[SnBr6](Br2)}, D3. 60 ʤʛ (0.22 ʤʤʦʣʴ) SnBr2 ʠ 62 ʤʛ (0.44 ʤʤʦʣʴ) 

ʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ ʙʨʦʤʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʣʠ ʚ 3 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʙʨʦʤʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70 Áʉ. ɺ ʨʘʩʪʚʦʨ ʜʦʙʘʚʠʣʠ ʧʦ ʢʘʧʣʷʤ ʙʨʦʤ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʤʝʜʣʝʥʥʦ 

ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʨʘʥʞʝʚʳʝ 

ʢʨʠʩʪʘʣʣʳ. 

(2-MePyH)2{[SnBr6](Br2)}, D4. 120 ʤʛ SnBr2 (0.43 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 4 ʤʣ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʙʨʦʤʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70 ÁC ʠ ʜʦʙʘʚʠʣʠ ʧʦ ʢʘʧʣʷʤ 

ʙʨʦʤ. ʈʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʘʪʝʤ ʜʦʙʘʚʠʣʠ 85 ʤʢʣ 2-ʤʝʪʠʣʧʠʨʠʜʠʥʘ 

(0.86 ʤʤʦʣʴ) ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʧʣʦʪʥʦ ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 5 Áʉ. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ 

ʯʘʩʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ. 

(4-MePyH)6{[SnBr6]2(Br5)2}, D5. 120 ʤʛ SnBr2 (0.43 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʠʣʠ ʚ 3 ʤʣ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʙʨʦʤʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70 ÁC ʠ ʜʦʙʘʚʠʣʠ ʧʦ ʢʘʧʣʷʤ 

ʙʨʦʤ. ʈʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʘʪʝʤ ʜʦʙʘʚʠʣʠ 85 ʤʢʣ 4-ʤʝʪʠʣʧʠʨʠʜʠʥʘ 

(0.86 ʤʤʦʣʴ) ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʧʣʦʪʥʦ ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 5 Áʉ. ʏʝʨʝʟ ʥʝʩʢʦʣʴʢʦ 

ʯʘʩʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ. 
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2.4. ʉʠʥʪʝʟ ʧʦʣʠʙʨʦʤʦ-ʭʣʦʨʦʚʠʩʤʫʪʘʪʘ 

(1-MePy)3{[Bi2Cl9](Br2)}, E1. 221 ʤʛ (1 ʤʤʦʣʴ) 1-ʤʝʪʠʣʧʠʨʠʜʠʥʠʷ ʠʦʜʠʩʪʦʛʦ ʨʘʩʪʚʦʨʷʣʠ ʚ 

5 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʧʨʠʙʘʚʣʷʣʠ 204 ʤʛ (1.2 ʤʤʦʣʴ) ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ, ʦʩʘʜʦʢ ʠʦʜʠʜʘ 

ʩʝʨʝʙʨʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʥʘ ʙʫʤʘʞʥʦʤ ʬʠʣʴʪʨʝ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʙʘʚʣʷʣʠ 1 ʤʣ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HCl ʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʭʣʦʨʠʜ ʩʝʨʝʙʨʘ ʥʘ ʙʫʤʘʞʥʦʤ ʬʠʣʴʪʨʝ. ʈʘʩʪʚʦʨ 

ʫʧʘʨʠʚʘʣʠ ʜʦʩʫʭʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʦʩʣʝ ʫʧʘʨʠʚʘʥʠʷ ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʠʣʠ ʚ 3 ʤʣ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HCl ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 50 Áʉ ʠ ʜʦʙʘʚʣʷʣʠ 154 ʤʛ (0.333 ʤʤʦʣʴ) ʦʢʩʠʜʘ 

ʚʠʩʤʫʪʘ(III). ʇʦʩʣʝ ʯʝʛʦ ʘʢʢʫʨʘʪʥʦ ʜʦʙʘʚʣʷʣʠ ʙʨʦʤ ʧʦ ʢʘʧʣʷʤ. ɼʘʣʝʝ ʬʣʘʢʦʥ ʩ ʧʦʣʫʯʝʥʥʳʤ 

ʨʘʩʪʚʦʨʦʤ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʣʠ ʢʨʳʰʢʦʡ ʠ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʩʣʝ ʯʝʛʦ 

ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 5 Áʉ. ʏʝʨʝʟ ʩʫʪʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʨʘʥʞʝʚʳʝ ʢʨʠʩʪʘʣʣʳ. 

ɺʳʭʦʜ 47%. 

2.5. ʉʠʥʪʝʟ ʧʦʣʠʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʩʪʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(TMA )2{[SnCl6](Cl2)0.96}, F1. 150 ʤʛ (0.66 ʤʤʦʣʴ) ʜʚʫʚʦʜʥʦʛʦ ʭʣʦʨʠʜʘ ʦʣʦʚʘ(II) ʠ 145 ʤʛ 

(1.32 ʤʤʦʣʴ) ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʷ ʭʣʦʨʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʣʠ ʚ 5 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 Áʉ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʧʨʦʜʫʣʠ ʛʘʟʦʦʙʨʘʟʥʳʡ ʭʣʦʨ. 

ʆʙʨʘʟʦʚʘʣʩʷ ʙʝʣʳʡ ʦʩʘʜʦʢ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʯʝʨʝʟ ʬʠʣʴʪʨʘʪ ʩʥʦʚʘ ʧʨʦʜʫʣʠ ʛʘʟʦʦʙʨʘʟʥʳʡ 

ʭʣʦʨ, ʬʣʘʢʦʥ ʩ ʬʠʣʴʪʨʘʪʦʤ ʤʝʜʣʝʥʥʦ ʦʭʣʘʜʠʣʠ ʠ ʦʩʪʘʚʠʣʠ ʧʨʠ 5 Áʉ. ʏʝʨʝʟ ʩʫʪʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʭʦʨʦʰʦ ʦʛʨʘʥʸʥʥʳʝ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 58%. ɺ ʨʘʩʯʝʪʝ ʥʘ C8H24N2SnCl8 ʚʳʯʠʩʣʝʥʦ, 

%: C 17.5; H 4.4; N 5.1; ʥʘʡʜʝʥʦ, %: C 10.7; H 4.5; N 5.2. 

(Me3NH)2{[SnCl6](Cl2)}, F2. 50 ʤʛ (0.22 ʤʤʦʣʴ) ʜʚʫʚʦʜʥʦʛʦ ʭʣʦʨʠʜʘ ʦʣʦʚʘ(II) ʠ 42 ʤʛ 

(0.44 ʤʤʦʣʴ) ʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ ʭʣʦʨʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʣʠ ʚ 4 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 ÁC. ʏʝʨʝʟ ʨʘʩʪʚʦʨ ʧʨʦʜʫʣʠ ʛʘʟʦʦʙʨʘʟʥʳʡ ʭʣʦʨ. 

ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʬʣʘʢʦʥʘ ʩ ʨʘʩʪʚʦʨʦʤ ʯʝʨʝʟ ʯʘʩ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʭʦʨʦʰʦ ʦʛʨʘʥʸʥʥʳʝ 

ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ. 

(1-MePy)2{[SnCl6](Cl2)}, F3. 196 ʤʛ (0.89 ʤʤʦʣʴ) 1-ʤʝʪʠʣʧʠʨʠʜʠʥʠʷ ʠʦʜʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʣʠ 

ʚ 5 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʧʨʠʙʘʚʠʣʠ 170 ʤʛ (1 ʤʤʦʣʴ) ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ, ʦʩʘʜʦʢ ʠʦʜʠʜʘ 

ʩʝʨʝʙʨʘ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʥʘ ʙʫʤʘʞʥʦʤ ʬʠʣʴʪʨʝ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʙʘʚʠʣʠ 1 ʤʣ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʦʪʬʠʣʴʪʨʦʚʘʣʠ ʭʣʦʨʠʜ ʩʝʨʝʙʨʘ ʥʘ ʙʫʤʘʞʥʦʤ 

ʬʠʣʴʪʨʝ. ʈʘʩʪʚʦʨ ʫʧʘʨʠʣʠ ʜʦʩʫʭʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʦʩʣʝ ʫʧʘʨʠʚʘʥʠʷ ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʠʣʠ ʚ 2.5 ʤʣ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʜʦʙʘʚʠʣʠ 100 ʤʛ (0.45 ʤʤʦʣʴ) ʜʚʫʚʦʜʥʦʛʦ 

ʭʣʦʨʠʜʘ ʦʣʦʚʘ(II). ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 60 ÁC ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʧʨʦʜʫʣʠ ʛʘʟʦʦʙʨʘʟʥʳʡ ʭʣʦʨ. ʌʣʘʢʦʥ ʩ 

ʨʘʩʪʚʦʨʦʤ ʧʣʦʪʥʦ ʟʘʢʨʳʣʠ ʢʨʳʰʢʦʡ ʠ ʤʝʜʣʝʥʥʦ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʏʝʨʝʟ 

ʩʫʪʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʦʟʨʘʯʥʳʝ ʭʦʨʦʰʦ ʦʛʨʘʥʸʥʥʳʝ ʢʨʠʩʪʘʣʣʳ. 
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(TMA )2{[PbCl6](Cl2)0.88} ʠ (TMA )2{[PbCl6](Cl2)0.62}, F4. 111 ʤʛ (0,5 ʤʤʦʣʴ) ʦʢʩʠʜʘ 

ʩʚʠʥʮʘ(II) ʠ 110 ʤʛ (1 ʤʤʦʣʴ) ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʷ ʭʣʦʨʠʩʪʦʛʦ ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ 70 ÁC ʧʨʦʜʫʚʘʣʠ ʛʘʟʦʦʙʨʘʟʥʳʡ 

ʭʣʦʨ. ʇʦʩʣʝ ʯʝʛʦ ʬʣʘʢʦʥ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʣʠ ʢʨʳʰʢʦʡ ʠ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ 

ʞʸʣʪʳʝ ʢʨʠʩʪʘʣʣʳ (x = 0.88). ʇʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʦʙʨʘʟʮʘ ʧʦʜ ʤʘʪʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʚ ʦʪʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʩ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʣʦʨʘ 

(x = 0.62). ɺʳʭʦʜ: 65%. ɺ ʨʘʩʯʝʪʝ ʥʘ C8H24N2PbCl8 ʚʳʯʠʩʣʝʥʦ, %: C 15.0; H 3.8; N 4.4; ʥʘʡʜʝʥʦ, 

%: C 15.2; H 3.8; N 4.5. 

(Me3NH)2{[SnCl6](Cl2)}, F5. 111 ʤʛ (0.22 ʤʤʦʣʴ) ʦʢʩʠʜʘ ʩʚʠʥʮʘ(II) ʠ 42 ʤʛ (0.42 ʤʤʦʣʴ) 

ʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ ʭʣʦʨʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʣʠ ʚ 5 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 ÁC. ʏʝʨʝʟ ʨʘʩʪʚʦʨ ʧʨʦʜʫʣʠ ʛʘʟʦʦʙʨʘʟʥʳʡ ʭʣʦʨ. ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ 

ʬʣʘʢʦʥʘ ʩ ʨʘʩʪʚʦʨʦʤ ʯʝʨʝʟ ʯʘʩ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʭʦʨʦʰʦ ʦʛʨʘʥʸʥʥʳʝ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ. 

(1-MePy)2{[PbCl6](Cl2)}, F6. 221 ʤʛ (1 ʤʤʦʣʴ) 1-ʤʝʪʠʣʧʠʨʠʜʠʥʠʷ ʠʦʜʠʩʪʦʛʦ ʨʘʩʪʚʦʨʷʣʠ ʚ 

5 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʧʨʠʙʘʚʣʷʣʠ 204 ʤʛ (1.2 ʤʤʦʣʴ) ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ, ʦʩʘʜʦʢ ʠʦʜʠʜʘ 

ʩʝʨʝʙʨʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʥʘ ʙʫʤʘʞʥʦʤ ʬʠʣʴʪʨʝ. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʧʨʠʙʘʚʣʷʣʠ 1 ʤʣ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʭʣʦʨʠʜ ʩʝʨʝʙʨʘ ʥʘ ʙʫʤʘʞʥʦʤ 

ʬʠʣʴʪʨʝ. ʈʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ ʜʦʩʫʭʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʦʩʣʝ ʫʧʘʨʠʚʘʥʠʷ ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ 5 ʤʣ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HCl ʠ ʜʦʙʘʚʣʷʣʠ 110 ʤʛ (0.5 ʤʤʦʣʴ) ʦʢʩʠʜʘ ʩʚʠʥʮʘ (II ). ɼʘʣʝʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 70 ÁC ʠ ʧʨʦʜʫʚʘʣʠ ʛʘʟʦʦʙʨʘʟʥʳʡ ʭʣʦʨ. ʇʦʩʣʝ ʯʝʛʦ ʬʣʘʢʦʥ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʣʠ 

ʢʨʳʰʢʦʡ ʠ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʞʸʣʪʳʝ ʢʨʠʩʪʘʣʣʳ. 

(TMA )3{[Bi2Cl9](Cl2)}, F7. 93,2 ʤʛ (0.2 ʤʤʦʣʴ) ʦʢʩʠʜʘ ʚʠʩʤʫʪʘ(III) ʠ 44 ʤʛ (0.4 ʤʤʦʣʴ) 

ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʷ ʭʣʦʨʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʣʠ ʚ 4 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HCl. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

60 ÁC ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʧʨʦʜʫʚʘʣʠ ʛʘʟʦʦʙʨʘʟʥʳʡ ʭʣʦʨ. ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʬʣʘʢʦʥʘ ʩ 

ʨʘʩʪʚʦʨʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 50%. ɺ ʨʘʩʯʝʪʝ ʥʘ C12H36N3Bi2Cl11 

ʚʳʯʠʩʣʝʥʦ, %: C 14.0; H 3.5; N 4.1; ʥʘʡʜʝʥʦ, %: C 14.1; H 3.6; N 4.2. 

(TMA )3{[Se2Cl7O2](Cl2)}, F8. 800 ʤʛ (7.2 ʤʤʦʣʴ) ʦʢʩʠʜʘ ʩʝʣʝʥʘ(IV) ʠ 1183 ʤʛ (10.8 ʤʤʦʣʴ) 

ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʷ ʭʣʦʨʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʣʠ ʚ 3.5 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ 

ʢʠʩʣʦʪʳ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 Áʉ ʯʝʨʝʟ ʨʘʩʪʚʦʨ ʧʨʦʜʫʣʠ ʛʘʟʦʦʙʨʘʟʥʳʡ ʭʣʦʨ. ʆʙʨʘʟʦʚʘʣʦʩʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʦʛʦ ʦʩʘʜʢʘ. ʈʘʩʪʚʦʨ ʩ ʦʩʘʜʢʦʤ ʦʭʣʘʜʠʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʦʪʬʠʣʴʪʨʦʚʘʣʠ, ʧʦʩʣʝ ʯʝʛʦ ʯʝʨʝʟ ʬʠʣʴʪʨʘʪ ʩʥʦʚʘ ʧʨʦʜʫʣʠ ʛʘʟʦʦʙʨʘʟʥʳʡ ʭʣʦʨ. ʌʣʘʢʦʥ ʩ 

ʬʠʣʴʪʨʘʪʦʤ ʦʩʪʘʚʠʣʠ ʥʘ ʩʫʪʢʠ ʧʨʠ 5 ÜC. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 40%. ɺ 

ʨʘʩʯʝʪʝ ʥʘ C12H36N3O2Cl9Se2 ʚʳʯʠʩʣʝʥʦ, %: C 19.7; H 5.0; N 5.7; ʥʘʡʜʝʥʦ, %: C 19.6; H 5.1; N 5.4. 
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2.6. ʉʠʥʪʝʟ ʧʦʣʠʠʦʜʦ-ʭʣʦʨʦʤʝʪʘʣʣʘʪʦʚ ʪʝʣʣʫʨʘ(IV) 

(1-MePy)2{[TeCl6](I2)}, G1. 221 ʤʛ (1 ʤʤʦʣʴ) 1-ʤʝʪʠʣʧʠʨʠʜʠʥʠʷ ʠʦʜʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʣʠ ʚ 

7 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ɼʘʣʝʝ ʢ ʨʘʩʪʚʦʨʫ ʙʳʣ ʜʦʙʘʚʣʝʥ ʠʟʙʳʪʦʢ (187 ʤʛ, 1.1 ʤʤʦʣʴ) 

ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʘ ʚ 5 ʤʣ ʚʦʜʳ. ʇʦʣʫʯʝʥʥʳʡ ʠʦʜʠʜ ʩʝʨʝʙʨʘ ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ, ʧʦʩʣʝ 

ʯʝʛʦ ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʠ 1.5 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ. ʈʘʩʪʚʦʨ ʩʥʦʚʘ 

ʧʨʦʬʠʣʴʪʨʦʚʘʣʠ, ʟʘʪʝʤ ʫʧʘʨʠʣʠ ʜʦʩʫʭʘ. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʙʳʣ ʨʘʩʪʚʦʨʝʥ ʚ 3.5 ʤʣ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ HCl ʧʨʠ 60 Üʉ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʠʣʠ 80 ʤʛ (0.5 ʤʤʦʣʴ) ʦʢʩʠʜʘ ʪʝʣʣʫʨʘ(IV). 

ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 127 ʤʛ (0.5 ʤʤʦʣʴ) ʠʦʜʘ ʠ 1 ʤʣ 

ʘʮʝʪʦʥʠʪʨʠʣʘ. ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʩʤʝʩʴ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʘʩʴ ʚ ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʪʝʤʥʦ-ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 

45%. ɺ ʨʘʩʯʝʪʝ ʥʘ C12H14N2TeCl6I2 ʚʳʯʠʩʣʝʥʦ, %: C 18.5; H 1.8; N 3.6; ʥʘʡʜʝʥʦ, %: C 18.5; H 1.8; 

N 3.5. 

(PyH)2{[TeCl6](I2)}, G2. 80 ʤʛ (0.5 ʤʤʦʣʴ) ʦʢʩʠʜʘ ʪʝʣʣʫʨʘ(IV) ʠ 80 ʤʢʣ (1 ʤʤʦʣʴ) ʧʠʨʠʜʠʥʘ 

ʨʘʩʪʚʦʨʠʣʠ ʚ 4 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ 60 ÜC ʠ ʜʦʙʘʚʣʝʥʠʠ 127 ʤʛ 

(0.5 ʤʤʦʣʴ) ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠʦʜʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʚ ʟʘʢʨʳʪʦʤ 

ʬʣʘʢʦʥʝ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʪʝʤʥʦ-ʢʨʘʩʥʳʝ 

ʢʨʠʩʪʘʣʣʳ. ɺʳʭʦʜ 60%. ɺ ʨʘʩʯʝʪʝ ʥʘ C10H12N2TeCl6I2 ʚʳʯʠʩʣʝʥʦ, %: C 15.9; H 1.6; N 3.7; ʥʘʡʜʝʥʦ, 

%: C 16.1; H 1.7; N 3.7. 

(2-MePyH)2{[TeCl6](I2)}, G3. 80 ʤʛ (0.5 ʤʤʦʣʴ) ʦʢʩʠʜʘ ʪʝʣʣʫʨʘ(IV) ʠ 99 ʤʢʣ (1 ʤʤʦʣʴ) 

2-ʤʝʪʠʣʧʠʨʠʜʠʥʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ 60 ÜC ʠ 

ʜʦʙʘʚʠʣʠ 127 ʤʛ (0.5 ʤʤʦʣʴ) ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠʦʜʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ 

ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʪʝʤʥʦ-ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ. 

ɺʳʭʦʜ 55%. ɺ ʨʘʩʯʝʪʝ ʥʘ C12H14N2TeCl6I2 ʚʳʯʠʩʣʝʥʦ, %: C 18.5; H 1.8; N 3.6; ʥʘʡʜʝʥʦ, %: C 18.4; 

H 1.9; N 3.5. 

(4-MePyH)2{[TeCl6](I2)}, G4. 80 ʤʛ (0.5 ʤʤʦʣʴ) ʦʢʩʠʜʘ ʪʝʣʣʫʨʘ(IV) ʠ 98 ʤʢʣ (1 ʤʤʦʣʴ) 

4-ʤʝʪʠʣʧʠʨʠʜʠʥʘ ʨʘʩʪʚʦʨʷʣʠ ʚ 3 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ 60 ÜC ʠ 

ʜʦʙʘʚʠʣʠ 127 ʤʛ (0.5 ʤʤʦʣʴ) ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠʦʜʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ 

ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʪʝʤʥʦ-ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ. 

(Me3NH)2{[TeCl6](I2)}, G5. 80 ʤʛ (0.5 ʤʤʦʣʴ) ʦʢʩʠʜʘ ʪʝʣʣʫʨʘ(IV) ʠ 95 ʤʛ (1 ʤʤʦʣʴ) ʭʣʦʨʠʜʘ 

ʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ ʨʘʩʪʚʦʨʷʣʠ ʚ 2.5 ʤʣ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʭʣʦʨʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʧʨʠ 60 ÜC 

ʠ ʜʦʙʘʚʠʣʠ 127 ʤʛ (0.5 ʤʤʦʣʴ) ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠʦʜʘ. ʇʦʩʣʝ ʯʘʩʪʠʯʥʦʛʦ ʫʧʘʨʠʚʘʥʠʷ ʠʦʜʘ, 

ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʠ ʚ ʟʘʢʨʳʪʦʤ ʬʣʘʢʦʥʝ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ 

ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʪʝʤʥʦ-ʢʨʘʩʥʳʝ ʙʣʦʢʠ. 
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3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

3.1. ʇʦʣʠʠʦʜʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʠʩʤʫʪʘ(III) ʠ ʩʫʨʴʤʳ(III) 

3.1.1. ʆʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʦʣʦʛʠʠ ʩʠʥʪʝʟʘ ʧʦʣʠʠʦʜʦʤʝʪʘʣʣʘʪʦʚ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʠʥʪʝʟʘ 

ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʠʩʤʫʪʘ ʠ ʩʫʨʴʤʳ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʨʝʜʳ ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʠʛʘʣʦʛʝʥʘ, ʭʦʪʷ ʚʦʟʤʦʞʥʦ ʠ ʧʨʠʤʝʥʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ [173]. ɺʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ Bi(III ) ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʩʠʥʪʝʟ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʜʣʷ 

ʩʠʥʪʝʟʘ ʧʦʣʠʠʦʜʠʜʦʚ ʚʠʩʤʫʪʘ (ʚʩʝʭ, ʢʨʦʤʝ ʩʦʝʜʠʥʝʥʠʡ A5 ʠ A6) ʥʘʤʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʤʝʩʴ 

ʠʦʜʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʩ ʘʮʝʪʦʥʠʪʨʠʣʦʤ. ʕʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ: 

¶ ʇʦʣʫʯʘʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʙʠʣʴʥʳ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ; 

¶ ɼʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʧʦʣʷʨʥʦʩʪʴ ʘʮʝʪʦʥʠʪʨʠʣʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʚʠʩʤʫʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʪʠʦʥʘʤʠ; 

¶ ʅʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʘʮʝʪʦʥʠʪʨʠʣʘ (82 Áʉ) ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʝʛʦ 

ʤʝʜʣʝʥʥʦʝ ʫʧʘʨʠʚʘʥʠʝ ʠ ʧʦʩʪʝʧʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʚ 

ʨʘʩʪʚʦʨʝ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʧʦʜʛʦʪʦʚʢʫ ʢʨʠʩʪʘʣʣʦʚ ʥʘʜʣʝʞʘʱʝʛʦ ʜʣʷ ʈʉɸ ʢʘʯʝʩʪʚʘ. 

ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʦʣʠʠʦʜʠʜʳ ʩʫʨʴʤʳ (B1-B3) ʘ ʪʘʢʞʝ ʧʦʣʠʠʠʦʜʠʜ rʚʠʩʤʫʪʘ A5 ʠ A6 

ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʠʦʜʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʝ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ 

ʘʮʝʪʦʥʠʪʨʠʣʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ï ʩʦʣʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʪʠʦʥʦʚ ʥʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʨʦʠʟʚʦʜʥʳʝ 

ʧʠʨʠʜʠʥʦʚ, ʘ ʪʘʢʞʝ ʘʣʢʠʣʘʤʤʦʥʠʡʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. ɺʳʙʦʨ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʩʣʝʜʫʶʱʠʤʠ 

ʬʘʢʪʦʨʘʤʠ: ʟʘʤʝʱʝʥʥʳʝ ʧʠʨʠʜʠʥʳ ʠ ʢʘʪʠʦʥʳ ʘʣʢʠʣʘʤʤʦʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʝʰʝʚʳ, ʤʥʦʛʠʝ 

(2-MePy, 3-MePy, 4-MePy, 3-ClPy) ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ʧʠʨʠʜʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ 

ʧʦʜʚʝʨʛʥʫʪʳ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʨʝʘʢʮʠʝʡ N-ʘʣʢʠʣʠʨʦʚʘʥʠʷ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʷʚʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʪʝʭʠʦʤʝʪʨʠʝʡ ʚʟʷʪʳʭ ʚ ʭʦʜʝ 

ʨʝʘʢʮʠʠ ʨʝʘʛʝʥʪʦʚ ʠ ʩʦʩʪʘʚʦʤ ʧʨʦʜʫʢʪʘ: ʚʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʤʦʣʴʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ M/CatI = 1:1. ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʝʘʢʮʠʠ ʙʳʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʩ ʫʯʸʪʦʤ ʩʦʩʪʘʚʘ 

ʧʦʣʫʯʘʝʤʳʭ ʧʦʣʠʠʦʜʠʜʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʣʠʰʴ ʢ ʠʟʤʝʥʝʥʠʶ ʚʳʭʦʜʘ ʨʝʘʢʮʠʠ ʙʝʟ ʧʦʣʫʯʝʥʠʷ 

ʠʥʳʭ ʬʘʟ. ʅʘʧʨʦʪʠʚ, ʜʣʷ ʠʦʜʦʚʠʩʤʫʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʦʪʤʝʯʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʥʠʦʥʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ Bi/CatI 

[32]. ʇʦʧʳʪʢʠ ʩʠʥʪʝʟʘ ʧʦʣʠʠʦʜʦʚʠʩʤʫʪʘʪʦʚ ʚ ʨʘʩʪʚʦʨʝ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʢʠʩʣʦʪʳ, 

ʥʠ ʢ ʯʝʤʫ ʥʝ ʧʨʠʚʝʣʠ: ʚ ʨʷʜʝ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʨʠʠʦʜʠʜʥʳʝ ʩʦʣʠ ʢʘʪʠʦʥʦʚ, 

ʯʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʈʌɸ. 
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ɺ ʩʣʫʯʘʝ ʢʘʪʠʦʥʘ 1-ʤʝʪʠʣʧʠʨʠʜʠʥʠʷ ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʧʦʣʫʯʝʥʠʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʠʠʦʜʠʜʦʚ ʚʠʩʤʫʪʘ(III): ʧʦʤʠʤʦ ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʛʦ ʧʦʣʠʠʦʜʦʚʠʩʤʫʪʘʪʘ (1-MePy){[BiI 4](I 2)0.5}  

[174] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʥʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʩʪʘʚʘ (1-MePy)3{[ Bi2I9](I2)}  (ɸ5). ʅʦʚʳʡ 

ʧʦʣʠʠʜʦʜʦʚʠʩʤʫʪʘʪ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʠʦʜʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʝ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʜʨʫʛʦʡ ï ʚ ʩʤʝʩʠ ʘʮʝʪʦʥʠʪʨʠʣʘ ʠ ʠʦʜʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3:1. ʆʙʘ 

ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʬʘʟ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ. ɺ ʠʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʣʠʠʦʜʦʤʝʪʘʣʣʘʪʳ ʚʠʩʤʫʪʘ(III) ʠ 

ʩʫʨʴʤʳ(III ), ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʪʦʣʴʢʦ ʦʜʥʘ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʘʷ ʬʘʟʘ. 

ɺʩʝʛʦ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʚʳʰʝ ʯʝʪʳʨʸʭ ʜʝʩʷʪʢʦʚ ʨʘʟʣʠʯʥʳʭ ʢʘʪʠʦʥʦʚ. 

ʇʝʨʝʯʝʥʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʚʠʩʤʫʪʦʤ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʠʚʝʣʠ ʢ ʧʦʣʫʯʝʥʠʶ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʧʨʠʚʝʜʝʥ ʜʘʣʝʝ (ʩʤ. ʇʨʠʣʦʞʝʥʠʝ 1). ʆʩʥʦʚʥʳʤ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʩʠʥʪʝʟʘ ʷʚʣʷʶʪʩʷ 

ʛʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʠʦʜʠʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. ʆʪ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠʭ 

ʤʦʞʥʦ ʦʪʣʠʯʠʪʴ ʚʠʟʫʘʣʴʥʦ: ʢʘʢ ʧʨʘʚʠʣʦ, ʠʦʜʦʚʠʩʤʫʪʘʪʳ(III ) ʠ ʠʦʜʦʘʥʪʠʤʦʥʘʪʳ(III ) ʠʤʝʶʪ ʮʚʝʪ 

ʦʪ ʦʨʘʥʞʝʚʦʛʦ ʜʦ ʪʸʤʥʦ-ʢʨʘʩʥʦʛʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʮʝʣʝʚʳʝ ʧʦʣʠʠʦʜʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʝʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʙʣʝʩʢʦʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʳʝ 

ʦʙʨʘʟʮʳ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʤʝʪʦʜʦʤ ʈʌɸ. 

ɺ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʨʛʘʥʠʯʝʩʢʠʝ ʪʨʠʠʦʜʠʜʳ. ɺʥʝʰʥʝʝ ʩʭʦʜʩʪʚʦ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʣʠʠʦʜʠʜʘʤʠ ʚʠʩʤʫʪʘ ʠ ʩʫʨʴʤʳ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʚʠʟʫʘʣʴʥʫʶ ʠʜʝʥʪʠʬʠʢʘʮʠʶ. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʦʚʦʜʠʣʘʩʴ ʤʝʪʦʜʦʤ ʈʉɸ; ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʪʨʫʢʪʫʨʳ ʜʚʫʭ ʥʦʚʳʭ ʪʨʠʠʦʜʠʜʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʘʪʠʦʥʦʚ ʩʦʩʪʘʚʘ CatI3 (Cat = 4-ʜʠʤʝʪʠʣʘʤʠʥʦʧʠʨʠʜʠʥʠʡ, 1-Me-3-BrPy+) (ʈʠʩ. 59). 

 

ʈʠʩ. 59. ʉʪʨʫʢʪʫʨʳ ʥʦʚʳʭ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʪʨʠʠʦʜʠʜʦʚ. 

3.1.2. ʉʪʨʫʢʪʫʨʥʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʠʦʜʠʜʦʚ 

ɼʘʥʥʳʝ ʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʩʦʝʜʠʥʝʥʠʷʭ ʪʘʢʞʝ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

ʨʷʜʝ ʨʘʙʦʪ [222ï225]. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʫʤʤʘʨʥʦ ʧʦʣʫʯʝʥʦ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 

ʤʝʪʦʜʦʤ ʈʉɸ ʦʜʠʥʥʘʜʮʘʪʴ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ Bi(III ) ʠ Sb(III ): ʰʝʩʪʴ ʧʦʣʠʠʦʜʦʚʠʩʤʫʪʘʪʦʚ ʠ 
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ʪʨʠ ʧʦʣʠʠʦʜʦʘʥʪʠʤʦʥʘʪʘ. ɼʦ ʥʘʯʘʣʘ ʥʘʰʝʡ ʨʘʙʦʪʳ ʥʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʥʠ ʦʜʥʦʛʦ ʧʦʣʠʠʦʜʠʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ Sb(III ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʨʷʜ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ. 

ʇʝʨʚʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʠ A1 ʩ ʢʘʪʠʦʥʦʤ 

1-ʤʝʪʠʣ-3-ʭʣʦʨʧʠʨʠʜʠʥʠʷ [224]. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʩʢʨʝʪʥʳʝ ʘʥʠʦʥʳ [Bi2I8(I3)]
3-. ɽʛʦ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Bi2I9]
3-, ʚ ʢʦʪʦʨʦʤ ʦʜʠʥ ʠʟ ʠʦʜʠʜʥʳʭ ʣʠʛʘʥʜʦʚ 

ʟʘʤʝʱʸʥ ʥʘ ʪʨʠʠʦʜʠʜʥʳʡ (ʈʠʩ. 60). ʈʘʩʩʪʦʷʥʠʷ Bi-IÕ2 ʠ Bi-Iʪʝʨʤ ʨʘʚʥʳ 3.079-3.398 ʠ 2.909-2.985 ¡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʭʦʞʠʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʠʟʚʝʩʪʥʳʭ ʠʦʜʦʚʠʩʤʫʪʘʪʘʭ ʩ ʙʠʷʜʝʨʥʳʤʠ 

ʘʥʠʦʥʘʤʠ ʩʦʩʪʘʚʘ [Bi2I9]
3- (3.15-3.39 ʠ 2.88-3.05 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [1]). ʊʨʠʠʦʜʠʜʥʳʡ ʣʠʛʘʥʜ 

ʥʝʩʠʤʤʝʪʨʠʯʝʥ (ʨʘʩʩʪʦʷʥʠʷ I-I ʨʘʚʥʳ 2.779 ʠ 3.076 ¡); ʦʥ ʙʦʣʝʝ ʫʜʘʣʸʥ ʦʪ ʘʪʦʤʘ ʚʠʩʤʫʪʘ: 

ʨʘʩʩʪʦʷʥʠʝ Bi-I I3 ʨʘʚʥʦ 3.102 ¡. ʋʛʦʣ I-I-I ʚ ʪʨʠʠʦʜʠʜʥʦʤ ʣʠʛʘʥʜʝ ʩʦʩʪʘʚʣʷʝʪ 174.48Ü. 

ʍʣʦʨʟʘʤʝʱʸʥʥʳʡ ʢʘʪʠʦʥ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʦʜʥʠʤ ʠʟ ʤʦʩʪʠʢʦʚʳʭ ʠʦʜʠʜʥʳʭ ʘʪʦʤʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʯʫʪʴ ʤʝʥʴʰʝʤ ʩʫʤʤʳ ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ (3.720 ¡ ʧʨʦʪʠʚ 3.73 ¡). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ 

ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʫʜʘʣʸʥʥʳʭ ʢʦʥʪʘʢʪʦʚ IĿĿĿI ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʘʥʠʦʥʘʤʠ (2.854-3.899 ¡, ʫʜʚʦʝʥʥʳʡ 

ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚ ʨʘʜʠʫʩ ʘʪʦʤʘ I ʨʘʚʝʥ 3.96 ¡), ʠʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʵʬʬʝʢʪʘʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʫʧʘʢʦʚʢʠ. 

 

ʈʠʩ. 60. ʉʪʨʫʢʪʫʨʘ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ A1 ʩ ʫʜʘʣʸʥʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ IĿĿĿI. 

ɺʪʦʨʦʡ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʦʝʜʠʥʝʥʠʷʭ A2 (1-EtPy+) [223], ɸ5 (1-MePy+) ʠ B1 

(1-MePy+) [225]. ʆʢʪʘʵʜʨʳ {MI6} ʩʚʷʟʳʚʘʶʪʩʷ ʯʝʨʝʟ ʦʙʱʫʶ ʛʨʘʥʴ ʚ ʙʠʷʜʝʨʥʳʝ ʘʥʠʦʥʳ [M2I9]
3-, 

ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʚʷʟʳʚʘʶʪʩʷ ʤʦʣʝʢʫʣʘʤʠ ʠʦʜʘ ʚ ʦʜʥʦʤʝʨʥʫʶ ʟʠʛʟʘʛʦʦʙʨʘʟʥʫʶ ʮʝʧʴ 

(ʈʠʩ. 61). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʧʦʣʠʛʘʣʦʛʝʥʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ 

ʦʧʠʩʘʥ ʨʘʥʝʝ ʜʣʷ ʯʝʪʳʨʸʭ ʧʦʣʠʙʨʦʤʠʜʦʚ Bi(III ) [43ï45,47] ʠ ʧʦʣʠʙʨʦʤʠʜʘ Sb(III ) [37]. 

ɿʘʩʝʣʸʥʥʦʩʪʴ ʧʦʟʠʮʠʡ ʤʦʣʝʢʫʣ ʠʦʜʘ ʚ ʩʦʝʜʠʥʝʥʠʠ A2 ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, ʚ 
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ʦʪʣʠʯʠʝ ʦʪ ʩʦʝʜʠʥʝʥʠʡ A5 ʠ B1. ʇʦʤʠʤʦ ʧʦʣʠʠʦʜʦʚʠʩʤʫʪʘʪʘ A5, ʩ 1-MePy+ ʚ ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ 

ʙʳʣ ʧʦʣʫʯʝʥ ʧʦʣʠʠʦʜʠʜ ʚʠʩʤʫʪʘ ʩ ʘʥʠʦʥʥʦʡ ʯʘʩʪʴʶ ʜʚʫʭʤʝʨʥʦʛʦ ʩʪʨʦʝʥʠʷ [174]. 

 

ʈʠʩ. 61. ɺʪʦʨʦʡ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʚ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ (1-EtPy)3{[Bi 2I9](I2)0.75} (A2). 

ʉʪʨʫʢʪʫʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ (ʊʘʙʣʠʮʘ 2). ʀʟ 

ʘʥʘʣʠʟʘ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ A2, A5 ʠ B1 

ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ï ʦʥʠ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʦʜʥʦʡ ʇɻʉ, ʠʤʝʶʪ ʩʭʦʞʠʝ ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʥʘʧʨʠʤʝʨ, ʯʠʩʣʦ ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮ ʨʘʚʥʦ ʯʝʪʳʨʝʤ, ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʇʕʗ) 16.56, 23.32, 11.14 ¡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ A2 ʠ 15.80, 22.99, 11.12 ¡ ʜʣʷ 

B1). ʌʨʘʛʤʝʥʪʳ {IʪʝʨʤĿĿĿI I2-I I2ĿĿĿIʪʝʨʤ} ʚʦ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʷʭ ʠʤʝʶʪ ʩʪʨʦʝʥʠʝ, ʙʣʠʟʢʦʝ ʢ ʣʠʥʝʡʥʦʤʫ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʢʦʥʪʘʢʪʘ IĿĿĿI ʚ ʩʦʝʜʠʥʝʥʠʷʭ A5 ʠ B1. 

ʊʘʙʣʠʮʘ 2. ʉʨʘʚʥʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ A2, ɸ5, B1 ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʘʥʥʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ, ʧʦʣʫʯʝʥʥʳʤʠ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʨʘʥʝʝ. 

ʉʦʝʜʠʥʝʥʠʝ ʇɻʉ ɼʣʠʥʘ 

XX2ĿĿĿXʪʝʨʤ, ¡ 

ɼʣʠʥʘ 

XX2-XX2, ¡ 

X᷁X2-XX2-Xʪʝʨʤ, Á 

(1-MePy)3{[ Bi2Br9](Br2)}  [44] Pcam 3.147, 3.295 2.316 168.79, 170.78 

(PyH)3{[ Bi2Br9](Br2)}  [45] P21/m 3.139 2.319 171.87 

(4-MePyH)3{[ Bi2Br9](Br2) [43] C2/c 2.933, 3.191 2.317 173.06, 174.66, 

176.46 

(Et4N)3{[ Bi2Br9](Br2)}  [47] P212121 3.256 2.314 165.98, 168.39 

(TMA)3{[Sb2Br9](Br2)}  [37] P63/mmc 2.891 2.313 179.42 

ɸ2, (1-EtPy)3{[ Bi2I9](I2)0.75}  Pnma 3.323 2.731 171.34 

A5, (1-MePy)3{[ Bi2I9](I2)}  Pnma 3.410 2.725 168.26 

B1, (1-MePy)3{[Sb2I9](I2)}  Pnma 3.415 2.731 170.20 
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ʊʨʝʪʠʡ ʪʠʧ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʝʜʠʥʝʥʠʝʤ ʩʦʩʪʘʚʘ (1,3-MePy)3{[Sb2I9](I2)}  (B2). ʆʥʦ ʪʘʢʞʝ 

ʠʤʝʝʪ ʘʥʠʦʥ ʧʦʣʠʤʝʨʥʦʛʦ ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʥʦ ʤʦʪʠʚ ʩʚʷʟʳʚʘʥʠʷ ʙʠʷʜʝʨʥʳʭ ʘʥʠʦʥʦʚ 

ʩ ʤʦʣʝʢʫʣʘʤʠ ʠʦʜʘ ʠʥʦʡ: ʩ ʦʜʥʠʤ ʦʢʪʘʵʜʨʦʤ {SbI6} ʢʦʥʪʘʢʪʠʨʫʶʪ ʜʚʝ ʤʦʣʝʢʫʣʳ ʠʦʜʘ (ʈʠʩ. 62). 

ʈʘʩʩʪʦʷʥʠʷ I I2ĿĿĿIʪʝʨʤ ʨʘʚʥʳ 3.340-3.363 ¡, ʜʣʠʥʘ ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʝ ʠʦʜʘ ï 2.757-2.786 ¡. 

ɹʠʷʜʝʨʥʳʡ ʘʥʠʦʥ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥ ï ʨʘʩʩʪʦʷʥʠʷ Sb-IÕ2 ʚ ʩʦʝʜʠʥʝʥʠʠ B2 ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 

3.045-3.468 ¡ ʧʨʦʪʠʚ 3.155-3.283 ¡ ʚ ʩʦʝʜʠʥʝʥʠʠ B1. ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʣʠʠʦʜʠʜʘ ʚʠʩʤʫʪʘ ʩ ʜʘʥʥʳʤ ʢʘʪʠʦʥʦʤ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ [174], ʦʜʥʘʢʦ ʝʛʦ ʩʪʨʦʝʥʠʝ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʦʪʣʠʯʘʝʪʩʷ. ʉʦʝʜʠʥʝʥʠʝ ʚʠʩʤʫʪʘ(III ) ʧʦʩʪʨʦʝʥʦ ʠʟ ʪʝʪʨʘʷʜʝʨʥʳʭ ʘʥʠʦʥʦʚ 

[Bi4I16]
4-, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʣʝʢʫʣʘʤʠ ʠʦʜʘ ʚ ʦʜʥʦʤʝʨʥʳʝ ʮʝʧʠ. 

 

ʈʠʩ. 62. ʉʪʨʦʝʥʠʝ ʘʥʠʦʥʥʦʡ ʯʘʩʪʠ ʩʦʝʜʠʥʝʥʠʷ B2. 

ʏʝʪʚʝʨʪʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʝʜʠʥʝʥʠʷʤʠ ɸ3 (1,4-diMePy+) ʠ ɸ4 

(1-EtDMAP+) [222]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʚʫʭ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʥʘʠʙʦʣʴʰʝʛʦ 

ʩʨʝʜʠ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʝʢʫʣ ʠʦʜʘ ʚ ʩʪʨʫʢʪʫʨʝ. ʂʦʤʧʣʝʢʩʥʳʝ ʘʥʠʦʥʳ 

[Bi 2I9]
3- ʩʚʷʟʘʥʳ ʚ ʣʠʥʝʡʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ ʩ ʪʨʝʤʷ 

ʤʦʩʪʠʢʦʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ I2 (ʈʠʩ. 63). ʇʦ ʜʘʥʥʳʤ ʈʉɸ, ʜʣʠʥʘ ʩʚʷʟʠ I I2ĿĿĿIʪʝʨʤ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 3.240-3.554 ¡ ʠ 3.248-3.449 ¡ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ɸ3 ʠ ɸ4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʠʥʘ ʩʚʷʟʠ ʚ 

ʤʦʣʝʢʫʣʘʭ ʠʦʜʘ ï 2.749-2.762 ¡. 
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ʈʠʩ. 63. ʉʪʨʫʢʪʫʨʘ ʘʥʠʦʥʘ {[Bi 2I9](I2)3} n
3n- ʚ ʩʦʝʜʠʥʝʥʠʷʭ ɸ3 ʠ ɸ4. 

ʉ ʪʝʪʨʘʤʝʪʠʣʘʤʤʦʥʠʡʥʳʤ ʢʘʪʠʦʥʦʤ (TMA+) ʬʦʨʤʠʨʫʶʪʩʷ ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ ï ʧʦʣʠʠʦʜʠʜ 

ʚʠʩʤʫʪʘ(III ) ɸ6 ʠ ʧʦʣʠʠʦʜʠʜ ʩʫʨʴʤʳ(III ) ɺ3 [225]. ɺʚʠʜʫ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʜʘʥʥʳʝ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ B3. ʇʦʩʢʦʣʴʢʫ ʇʕʗ ʜʚʫʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩʭʦʞʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʪʦʤʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʦʝʜʠʥʝʥʠʷ B3 ʜʣʷ ʫʪʦʯʥʝʥʠʷ ɸ6 

ʧʨʠʚʦʜʠʪ ʢ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʩ R-ʬʘʢʪʦʨʦʤ, ʨʘʚʥʳʤ ʧʨʠʤʝʨʥʦ 12%. ɹʠʷʜʝʨʥʳʝ ʘʥʠʦʥʳ 

(Bi-Iʪʝʨʤ = 2.820-2.950 ¡, Bi-IÕ2 = 3.088-3.329 ¡) ʚ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ B2 ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ 

ʜʚʫʤ ʧʦʟʠʮʠʷʤ ʩ ʟʘʩʝʣʝʥʥʦʩʪʷʤʠ 0.97/0.03. ʄʦʣʝʢʫʣʳ ʠʦʜʘ ʩʚʷʟʳʚʘʶʪ ʢʦʤʧʣʝʢʩʥʳʝ ʘʥʠʦʥʳ ʚ 

ʧʦʣʠʤʝʨ, ʦʜʥʘʢʦ ʩʪʨʫʢʪʫʨʥʳʡ ʤʦʪʠʚ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʝʜʠʥʝʥʠʡ ɸ2, ɸ5 ʠ ɺ1 (ʈʠʩ. 

64) ʚʩʣʝʜʩʪʚʠʝ ʠʥʦʛʦ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ. ʉʭʦʞʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ 

ʥʘʙʣʶʜʘʣʩʷ ʚ ʧʦʣʠʙʨʦʤʦʚʠʩʤʫʪʘʪʝ (Me3NH)3{[ Bi2Br9](Br2)} [48]. ɼʣʠʥʘ ʢʦʥʪʘʢʪʦʚ I I2ĿĿĿIʪʝʨʤ 

ʩʦʩʪʘʚʣʷʝʪ 3.259 ¡ ʠʩʭʦʜʷ ʠʟ ʠʭ ʛʝʦʤʝʪʨʠʠ (ʫʛʣʳ M-Iʪʝʨʤ-I I2 ʠ Iʪʝʨʤ-I I2-I I2 ʨʘʚʥʳ 165.67-168.67Ü ʠ 

175.48-177.55Ü ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ɻʉ ʪʠʧʘ I . 

 

ʈʠʩ. 64. ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʮʝʧʦʯʢʠ ʚ ʩʪʨʫʢʪʫʨʘʭ A6 ʠ B3. 

3.1.3. ʍʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʧʦʣʠʠʦʜʠʜʦʚ 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ A1-A6, B1-B3 ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʦʜʦʤ ʈʌɸ. 

ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʚʩʝ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʝʥʳ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʠʪʴ 

ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʩʪʘʙʠʣʴʥʳ ʚ 
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ʩʫʭʦʤ ʚʠʜʝ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʥʝʢʦʪʦʨʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ ʥʠʞʝ (ʈʠʩ. 65). 

 

ʈʠʩ. 65. ʇʦʨʦʰʢʦʚʳʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʈʉɸ (ʩʚʝʨʭʫ) ʠ ʧʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʩʥʠʟʫ); ʩʣʝʚʘ ï A3, ʩʧʨʘʚʘ ï B1. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʂʨʠʚʳʝ ʊɻɸ ʩʦʝʜʠʥʝʥʠʡ Bi(III) ʦʪʣʠʯʘʝʪ ʥʘʣʠʯʠʝ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʪʝʨʝ 

ʤʦʣʝʢʫʣʳ ʠʦʜʘ. ʇʝʨʚʘʷ ʩʪʫʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ɸ1 ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 100-200 Áʉ, 

ʧʦʪʝʨʷ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 11%, ʯʪʦ ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩʯʝʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʧʦʪʝʨʠ ʦʜʥʦʡ 

ʤʦʣʝʢʫʣʳ ʠʦʜʘ (ʤʘʩʩʦʚʘʷ ʜʦʣʷ 12%) (ʈʠʩ. 66). ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʥʘʯʠʥʘʝʪʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 200 Áʉ. 

  

ʈʠʩ. 66. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ɸ1: TG (ʯʝʨʥʘʷ ʢʨʠʚʘʷ) ï ʧʦʪʝʨʷ ʤʘʩʩʳ; DTA 

(ʩʠʥʷʷ) ï ʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʦʪʝʨʠ ʤʘʩʩʳ. 






















































































































