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1. ʃɯʊɽʈɸʊʋʈʅʀʁ ʆɻʃʗɼ ɺʋɻʃɽʎɽɺʀʍ ʄɸʊɽʈɯɸʃɯɺ

1.1 ɺʫʛʣʝʮʝʚʝ ʚʦʣʦʢʥʦ ʽ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ

       

 ,      ,

/  ,      [1].  

,     - ,    

  ,        

     '  . 

         

     1970-   [2],     1980-  

  '       

.        

       .

      

 ,   ,     .

 '      ,  

      ,   

,        

,    ,   

, ,  .

 ,      ,

,  ,  ,   

  .     

        

      . 

    ,   

     ,  
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   .       

 ,     ,   

   .  ,   

       

,    .

 ,      ,   

   ,      

 .

1.2 ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʭʚʠʣʴʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ

     ,  

       ,

  ,  ,   

  .      

  ,   .  

  Jia Xu   ,   

       

    [9].  

 / ,    

 ,       5   

 5 0C/ .    0,1 .  

     (629 2/ )     (0,80 3/ ).

       .   

  .      

     120 0C,    

      2    .

      7    3,04

.          
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 2  18 .  ,     

   . ,     

      

 .     

      . 

       

  ,        . 

   ,      

     .    

   8   50%,   

   .   

 -49,45    1,9 ,    

 4,75 .      

4,84 .       

   .

  Ning Liu      

   ,      

     [10].   

     ,   (N),  (O),

       

. -    (LPN)   

      (LPCN),  N 

O,      . 

      . -  

     . 

  0.094  , 0.012   

0.15  2,2'- (2- ) (AIBN)   

  (30 )    (70 ).  

        80 0C 
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3 . LPCN     . LPN, 

,         250 0C 

  2    .  

  800 0C   2 0C/     800 0C  1

   N2.   KOH    1:3  700 0C,

800 0C  900 0C  1.5   2 0C/    . 

   2666,7 2/      .

 : LPCN / ZAR   

  .     

 -47,39   2,5 ,      

 (18 40 )    3,0 . ,    

      

     , 

     ,    

        

  .  , -

      

   ,      

  .

  Shital Patangrao Pawar     

     

,      

 [11].        .

      110 0C  200 / . 

     (FKM) 

 3 ,         15

.        

-   180 0C   35      

     . 

  180 0C  10     
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 180 0C  2    35 .

  P.P. Kuzhir     

    

       

        

   [12].     

  .     ( ,

      )  

,    ,    

 ,      

.       

     .  

     /

  40%    2 .%

       N-

.    

    N- . 

     (OLC)  

  200 /   .    

  3-    (  550 /  

45 )       1   80 0 ,   

  120   30    180 0   30 . 

        

 .     

      

   Ka (26-37 ).      

 (1800-2000 )    

. ,      1900 

      .

 ,    -   
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,         

     . 

         

    /   -

    3     OLC  0,5%

.  2% .     30 .

  Xiaoyu Zhu      

      (MOF)  

   (g-C3N4)   ,  , 

  (MOF-C )/    

  [13].     

  .       

  500 0   4   ,    -

    (g-C3N4).    2.0 

 g-C3N4  2,0     (CO(NO3)2 6H2O), 

 40   (MeOH).  2,63   (DMI)  0,6 

 (PVP)   40  MeOH     

  . ,    

      12 .   

 MeOH     .  -

       /

   (ZIF-67/g-C3N4).  g-C3N4  ZIF-67/g-C3N4

     C (NO3)2 6H2O,  

 g-C3N4  C (NO3)2 6H2O  0,5, 1,5,  2.0. , 

MOF-C /         

    .

  Qiuyue Wang     
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/ /  (C/Ni/PPy)    [14].

       

-   PPy     

 ,  ( , )  Ni 

   in-situ.     

  :     

   600 0C  2     (N2).

       ( )  

 1:3   200  .    

      600 0C  2     (N2).

   2     (HCl)   ,

     .    60 0C  12 

    .  /  (C/PPy) 

     in-situ.  , 0.2 

      60    

  0 0C  0.5 .  100  PPy 

 . 0.02    (APS)   50

          

.    0 0C  2     

  .  C/PPy       

50 0C  2 .      ,

   / /  (C/Ni/PPy) 

       , 

  /  (C/PPy).     42,09  

   5,24      

2,4 ,    10  ,  90%  

  .    (S11)  C/PPy  

     10    ,    

  .  ,  C/Ni0.2/PPy

  ,    10     6,2 16,6 
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   2,4 4,4 .  S11max  42,09   13,28   

 2,4 .  C/Ni-0,4/PPy     27,68 

   14,29   2,4 .  C/Ni-0,6/PPy  

   19,39   13,10     .

1.4 ʆʩʦʙʣʠʚʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ

    ,  ,

     .   

      ,  

  [9].

 ,   

       

  .   OLC   

EM .         

   ,    

     [10].

    

 -    

        

 [11] .

         

     ,  ,  ,

     . C/Ni  

,      

   .    PPy 

      , 

    .  ,  
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 PPy        

    [12].



 1.1.

  (  ,  , ,  ,  , , ) 

    

ʅʘʟʚʘ ʧʦʣʽʤʝʨʫ ʅʘʟʚʘ ɺʄ ʈʦʟʯʠʥʥʠʢ ʂʦʥʮʝʥʪʨʘʮʽʷ ɺʄ ɼʽʘʧʘʟʦʥ

ʯʘʩʪʦʪ,

ɻɻʮ

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ

ʚʟʘʻʤʦʜʽ  ʾʢʦʤʧʦʟʠʪʽʚ ʧʦʣʽʤʝʨ/ɺʄ

ʟ ɽʄɺ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʇʦʩʠʣʘʥʥʷ

ʊʚʝʨʜʠʡ ʧʘʨʘʬʽʥ  50% 2-18 -39,4  - 16,2  (  

 )   4,5-18,0   -20

 (   ).

S11min -39,4   8,3  

 3,6 .

  [9]

ZAR LPCN  , LPCN-700,  800   900

  -

  

 1:100

10,60  

4,20 ,

18 26.5;

7.10  

3.50 ,

26.5 40

 S11min  LPCN-700/ZAR,

LPCN-800/ZAR  LPCN-900/ZAR

 - 47,39   19,7 , -

41,94   28,66   - 25,51 

 19,87 . LPCN-700/ZAR

  

  

 18 40 .

 

  

 

 

[10]

ʌʪʦʨʝʣʘʩʪʦʤʝʨ

Viton GF600S

MWNT Nanocyl 7000

 ,  

1, 2  3 phr.(  

 100  )

8.2 12.4  FKM,   1 phr

MWNTs,  S11 -24  

 

 

[11]
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(FKM)  1,5  

9,5   

 Fe3O4

.  , S11  -10 , 

  90% 

,  

  8,4 8,9 .

PMMA, PDMS ,

N-

,

N-

.

0,5 . %  2 . %

1 2 .% - PDMS

26 37     3

   

   

30 .

[12]

ZIF-67 g-C3N4   MeOH 8 .% MOF-C /   92

.% 

1-18 S11min - 59,5   

1,6 ,   S21 - 5,27

   1,8   

 8 .% .

[13]

PPy  

  

 ( /Ni)

/

/

.

 

 Ni  C/Ni-0,2/PPy,

C/Ni - 0,4/PPy  C/Ni-0,6/PPy

10,86%, 27,74%, 52,70%,

2 18 S11  42,09    

 5,24   

2,4 

 ,

 , 

 

 

 

 

  

[14]



1.3  ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ

      

( )   ,   .  

        

    ,   

 ,     . 

       .

 Seungki Hong      

  ,  ,   

        ,

         

  5,367 2/  [15].     

 ( )    B2O3.  

       B2O3  1 , 

   100 C  2 .  ,  B2O3, 

   1200 1800 0  (10 / ).    

        

 30   1 .     

 ,  ,     ,

      1 .  

       30 .  

-    ,    150 0   0,1

   1 . ,   

      ,   3,1

. %.   ,      

 (  5,896 2/ )    

   .
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 O.Yu. Podyachevaa, Z.R. Ismagilov   

  ,   , 

   2  ,    1,   , 

          

   2,    1 [16].  1  ,  

 0,4 /   50 0C  0,8 /   25 0C,   2   1,7

/   50 0C  3,3 /   25 0C [16].   

    0,1 /   25 0C,   

   .   4,7 /   

  11,5 /      25 0C.    

  ,      

   ,      

  .      14

/       2;    

  2       ,  

 . (    ,     

       (  1). 

 (  2),     ,   

   ;      

,    .)

 Li Zhao        

       

      ,  

       0,4  1,6 . % 

  1800  1000 / . N- -   (4 . % N)

  ,    [17].  

 325 /      

     4 . %.    

,    7  1     . 

,   0,43 / ,    
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   N,   4,3 .%   

     0  11,9 .%.  

       

  .

 Mohammad Arjmand     

,  ,   -   

      : Co > Fe

> Ni [18].  (N- )  /

(C /PVDF)     1,5 .%  ,

 0,03  /   3,5 .%.   ,   , 

 (N- ) Ni/PVDF     2,7% ., 

      3,5% .

 (N- ) Fe/PVDF   

   .

 Zinfer R. Ismagilov   ,

 :   ,    

 ,     

      N-  3,1 . % [19].

      293 K

    1,7 .% N     , 

    3,1 .%.    

  8,2 . %,   

   .     (4,2

)      N-  

  .     

      .

       1,7  3,1

.%.  N-   8,2 .% N     

,  1,7 3,1 .% N- .
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 Rujia Jiang       

   :   

   ,    

     ,    

 [20].  ,   

   ,    

,       

      

 .      '     .

     , ,

   .



 1.2.

  (  , ,  ,  )    

ʅʘʟʚʘ ɺʄ ʄʦʜʠʬʽʢʫʶʯʠʡ ʘʛʝʥʪ ɼʘʥʽ ʟ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ɿʘʩʪʦʩʫʚʘʥʥʷ ʇʦʩʠʣʘʥʥʷ

 

 

(  

(SWCNT)   

OCSiAl (TUBALL,  >

90%))

B  N 5,896 2  /       .

(   /  ,

,    )

[15]

 N GA1  , 

  0,4 /

 50 C  0,8 /  

25 C,  GA2  

1,7 /   50 C  3,3

/   25 C.

        

   ,   ,  

       HTC,

       

.       

,    ,    

       .

[16]

 N  

325 /   

 

     4

.%.

       

      

,     ,

    .

[17]
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  (CO, Fe  Ni-

  )

(PVDF)   

 (N- )

C /PVDF  

 0,03 

/   3,5 .%

 /   (CPC). (

 ( )     

  CPC    , 

      -  )

[18]

 N

 

 

 

   N-

3,1 . %.

       

 (  ,  ,

, ),     

 ,   , ,

   .

[19]

 

  (g-C3N4)

B   

 

.

   Li-S [20]



    ,   

 ,     

.       

 .     

      ( )

,        

      .  

        .  

       

 .     

     .  ,  

      .   

  ,      

        . ,

       

      ,  

   ,      

 .       

 ,    .     

  ,       

 . 

1.4 ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʽʥʬʨʘʯʝʨʚʦʥʦ  ʾʌʫʨôʻ ʩʧʝʢʪʨʦʤʝʪʨʽʾ

 -  ( )   

      ,

  .

-      

 -( )- .    
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      LabSolutions

IR.   :      

  .       

 .       

    90 0C.     -

      

     400-4000 -1   0,5 -1. 

      -

,   .

 Sausan Al-Riyami     

 -    

 ,      [30].

     

 /    (a-C:H),  ,  

n-     ,   

  ,      . 

   7,9 . %   n-    18 /  

300 .          , C=N, C N

 CHn ( n=1, 2, 3) . sp2 -CHn/(sp2 -CHn+ sp3 -CHn).    

  ,        

 .

 1.3

  -   ,   - 

 

 /  

, -1

C-C 800 1800

[21]

C-C  (N  0 .%) 1585  1220
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-  (N - 8.2 .%) 1590  1261

C N 2200 [22]

C = N 1340 [23]

 ( -N) 1255 [24]

 ( -N)

1166

1147

1142

[25]

 (N-H)

1510

779
[25]

 ( -N)

1166

1147

1142

[26]

 ( -N)
1185

1148

[27]

 ( =O), b, A-L

1744

1695,

1775

1697

1647

[28]

 ( =O), b 1692-1650

b 1750-1640

 ( =O), Qu 1695

C=C . 1640-1680

C=C .
1510-1150, 1546-

1510

 ( = ) 1539-1519

 ( -OH)

1211,

1177

1423
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Ph

 (-OH)

Ph 1220-960

 ( -OH),  (-OH)
1203

1418

s (= -O-C), 
981-1000

 ( -O-C),

, A-L

985

1077

 ( -O-C),

, A-L

984

1034

Ph,

E

1203

1034

 ( - ),  810

( -O-C)

b,

A-L,

Ph

1697

1177

1423

985

Ph
1203

1418

E
1034,

984

CO2 2300 cm 1

[29]
CHn bonds (n=1, 2, 3)

 2700 

3100

O H 3600 3700

sp3 -CH 2905

sp3 -CH3 2884
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 2844

O-H 3600  3400

[30]

  ~1800  1000

    

, ,   
1710

   C-H,   

  C-O-H
1430  1440

C-O   , ,

,  
1400  1000

C-O-H     1210  1240

C=C     1000

  1200  1240

[31]

N-O 1300  1500

C=O 1700

O=H 3660

  2850-2960

C=O 1720

[32]
C=C 1620

COOH 1010

C OH 1110 cm-1

C H 3100-3000

[33]
C-C

1600, 1500 

1450

O-H 1400-1300

C-O 1250

-CH2-

2930; 2850;

1465; 1305;

1300; 720 [34]

C H
3100 3000;

1400; 1000 600
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C=C 1680 1600

C-H

3100 3000;

1275 1000;

900  690

C=C 1650 1430

C-S 700 600

C = N 1340

[35]

(C = N) 1635

s-  1465

-CN  2100

NH, NH2 3000-3500

 -CN  2100

       (  

  )    

  -  - . 
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2. ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀʂʀ ɼʆʉʃɯɼɾɽʅʅʗ

2.1 ɺʠʭʽʜʥʽ ʨʝʘʢʪʠʚʠ ʽ ʤʘʪʝʨʽʘʣʠ

       ( )  

 ( ).      , 

     ( )  900

2/ ;    Vtot  0,19 3/ .    

   .  

  6-10 .      

  ,    ,      

90.37, 4.29, 5.34 %   ( .  3).

      

     5,5  6,0.    

         

. 
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 2.1.

   

 900 2 /

    0,19 3/

  6-10 

   ( )

     Br2    KBr3, 

         2.2.
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 2.2.

       

 

N
Et2N

OH
NH2 MEA

N H
2

NH 2 En

SO

O

N

OH
SuEn

N

N

H

H

Py

2.2. ʄʝʪʦʜʠʢʠ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʘ

ɹʨʦʤʫʚʘʥʥʷ ʨʽʜʢʠʤ ʙʨʦʤʦʤ:     ,

   5      (  5 ),

       

.        

 200     ,    

        120 0C  2 .

ɹʨʦʤʫʚʘʥʥʷ ʨʦʟʯʠʥʦʤ ʙʨʦʤʫ ʚ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʙʨʦʤʽʜʫ ʢʘʣʽʶ

(ʙʨʦʤʫʚʘʥʥʷ ʨʦʟʯʠʥʦʤ KBr3):    5   

 ,  60   ,   20 

KBr3  10  Br2.       

 '  200     ,    .
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,     120 0C   2 .  

        

    .

ɿʘʤʽʱʝʥʥʷ ʙʨʦʤʫ ʥʘ ʘʤʽʥʦʛʨʫʧʠ:    

    ( . 2.1.),   

     120 0C  15 . 

      , 

   . ,     

 .

2.3 ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʘ

 2.3.1 ʉʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ

   ( )  

(     . 2.1.)     

  .     

    .  

        

.      

  ,      

     . , 

        

     ,    

   .

-   ( )   

     .   
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       . 

    .  

   .

         ( )

  Tescan Mira 3 LMU   

,    . 

 -        

 1 ,      1,5 .

. 2.1.    

       

     .  , 

         

      .  

    .  ,    

 ,    ,   

       .

  ,      ,  
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 ,       .  

   ,      

   .  ,   

         

.

2.3.2 ʍʽʤʽʯʥʠʡ ʘʥʘʣʽʟ

    ,   400 0

       NaOH/NaNO2 

 .       

     .    ,

      -   ,

 .       ,

  .     0,05 /

      Fe3+.   

 '   SCN - ,    Fe3+ 

  [FeSCN]2+.

   (Br-) (2.1)   (Br-) (2.2.)

         

: 

ɜ(Br-) = C(Ag+) V(Ag+)  C(SCN-) V(SCN-)  (2.1)

 ɜ(Br-)        , ;

C(Ag+), C(SCN-)        ,

/ , ; V(Ag+), V(SCN-)       

, .
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(Br-) = (Br-)/ m   (2.2)

 ʩ(Br-)       

/ ; m     (   0,0001) .

2.3.3. ʊʨʘʥʩʤʽʩʽʡʥʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ

TEM -  ,      , 

 ,      .

    ,     

,  ,    , 

 ,     ,   , 

 ,    .  ,  

      , 

    ,    

 .

     TEM  

 . TEM   ,       

,         ,

   .  , TEM  

       .

    TEM    

.     ,    

  ,  TEM      

 [36].
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     (TEM)   

  ,  JEOL JEM-2100F, 

    200 .     , 

   ,      . 

, 10         

  (    )   

    . ,  

       

.       3,05    

 ,       100 .  

    2,5 .     

 .  -     100 , 

     .  ,   

  ,    ,  

,  ,   .  ,    

    XY,     Z , ,

   ,      .

       

    ,   

     .    

   ,   ,    ,

  ( ).     

 .       

  ,     .   

        ,  

   .  

   .



40

2.3.4 ʊʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ

       

    

  ( ) [24-29].    

   10 0C/      30  800 0C. 

   50    0,0001 .  

       

    .    

      

 ,      

   .      

       

     . 

   ,   

. 2.2.

1. ;

2. ;

3.       ;

4. ;

5.  ;

6. ;

7.  

.

. 2.2.      
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 . 2.2.    (1)     

  (6),      

(7).      (4),   

   (5).  , 

   ,      

 (4)  .    

  (2)      (3). 

          .

2.3.5 ʊʝʨʤʦʧʨʦʛʨʘʤʦʚʘʥʘ ʜʝʩʦʨʙʮʽʡʥʘ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʷ

    ,    , 

    10 0 /     20  800 0 . -

    ,   

.    - ,   -

  .  ,   -  

  .    -  

     m/z  

.  ,  ,   .

     m/z ,    ,  

     . -      

     70 ,  

 -   7304 .

2.3.6 ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʭʚʠʣʴʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ

      

     

       

 .      ( )  -
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.     . 2.3.   

   .

. 2.3.      .

   30 ,  

 2 /  (    )    50 .

 . 2.3    ( )   

     .    

        

  ,      

,     .    

      40-60%    10

  .      

,       

( ).

   :  S11 

   ,    

,   S21    ,  

     .

      , 
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     ,  

     .  

   ,   

 .

       

8,15 12,05  (30   X- )  25,86 37,5  (8   Ka- ).

      , 

      

 ,     

   .
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3. ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʅʗ ɺʀʍɯɼʅʆɻʆ ʊɸ

ɸʄɯʅʆɺɸʅʆɻʆ ɺʋɻʃɽʎɽɺʆɻʆ ɺʆʃʆʂʅɸ

3.1 ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʘ ʤʝʪʦʜʦʤ ʩʢʘʥʫʶʯʦʾ

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ

 . 3.1.   -      ( . %)

. 3.1.     ,   -

.

  . 3.1. ,    , 

,       , ,  .
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 3.1.

  -    ,   c .

C N O

 1 88.99 6.64 4.36

 2 90.35 5.55 4.10

 3 91.78 3.83 4.39

 90.37 5.34 4.29

1.39 1.42 0.16

91.78 6.64 4.39

88.99 3.83 4.10

       ,  

c .     -  :    

90.4 % ,  - 5.3 % ,  - 4.3 % ,    

. 3.1.
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 . 3.2.   -    

       

( . %)

. 3.2.     /Br2/M A,   -

.

  . 3.2. ,       

   ,    

    .
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 3.2.

  -    , , c , .

C N O Br

 1 83.85 8.23 7.12 0.80

 2 85.28 6.97 6.94 0.82

 3 83.90 8.08 7.44 0.58

 84.34 7.76 7.17 0.73

 0.81 0.69 0.26 0.13

85.28 8.23 7.44 0.82

83.85 6.97 6.94 0.58

    -     84,3 % ,

  7,8 % ,   7,2 %     - 0,7 %   

  . 3.2.

 . 3.3.   -    

       

 ( . %)
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     , , c   

 . 3.3.

. 3.3.     /KBr3/En,   -

.

  . 3.3. ,      

     ,  

   ,      ,  

   .

 3.3.
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  -    , , c   .

C N O Br

 1 85.41 9.32 5.22 0.04

 2 83.60 10.29 6.05 0.05

 3 83.77 9.97 6.21 0.04

 84.26 9.86 5.83 0.05

 1.00 0.50 0.53 0.00

85.41 10.29 6.21 0.05

83.60 9.32 5.22 0.04

    -    - 84.3 % ,

 - 9.9 % ,  - 5.8 %    - 0,1 %    

 . 3.3.

 . 3.4.  -       . 3.5.

    

) )

. 3.4.     
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) )

) )

. 3.5        

           

.

   .3.2  3.3       

   ,     

       .

      ,   

     ( . 3.4.).  
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    ( . 3.4.). ,     

           ,

   ,   ,    , 

       

    ,   

   ,     

  ( . 3.5.).

3.2 ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʘ ʤʝʪʦʜʦʤ ʪʨʘʥʩʤʽʩʽʡʥʦʾ

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ

 . 3.6    , 

 .       , 

    2 .

.

) ) )

 3.6.   ( , )    ( ) 

 .
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      ( . 3.6.)  , 

     ( ).   

          

.          :

     ;   

,      ;  

  .      , 

         .

       sp2   sp3, 

 ,      

. [37]

  ,      (  1,76 

1,88 / 3)    ,  `  

      .

 . 3.6  HRTEM-    

 .  HRTEM-     

      

 ,    .  

       ,

          .

       ,     ,  

      .

    ,  

    sp2      

. ,        

sp2  (  )    sp2 (

).  ,   ,  

     sp2-   sp2-

 .
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          .

       :   

   ,    ,   

    .

     , 

 ,       , 

  ,       

  .      

 ,       

   . ,    

  `    , 

   .   

   ,     ,

   ,    . ,  

          

  .

       .

HRTEM-       

 ,   SAED    ,

   (002), (101)  (110)  .

3.3 ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʘ ʤʝʪʦʜʦʤ

ʪʝʨʤʦʧʨʦʛʨʘʤʦʚʘʥʦʾ ʜʝʩʦʨʙʮʽʡʥʦʾ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ

    ( . 3.7 )    

  ,     

   (m/z 28) [24-28].  , 

      (  600-700 0 ) 

       .   
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(m/z 18)      ,  

         

 ,      .  2

(m/z 44)      -   

    300 0 ,      

       .

        

m/z 80  82 (HBr)   ,    

  ( . 3.7. , ).    m/z 79  81 (Br)  

        HBr,

    Br    HBr    -

,         

. 

0 200 400 600 800

m/z

 18
 28
 44

ʊʝʤʧʝʨʘʪʫʨʘ, 
0

ʉ

ɯʥ
ʪ
ʝʥ

ʩʠ
ʚ

ʥ
ʽʩ

ʪ
ʴ

 (
ʚ

ʽʜ
ʥ

. 
ʦ
ʜ

.)

ʘ)

0 200 400 600 800
0

1

2

3

4

5

6

7

8
m/z

 79
 80
 81
 82

ɯʥ
ʪ
ʝʥ

ʩʠ
ʚ

ʥ
ʽʩ

ʪ
ʴ

 (
ʚ

ʽʜ
ʥ

. 
ʦ

ʜ
.)

ʊʝʤʧʝʨʘʪʫʨʘ, 
0
ʉ

 18
 28
 44

ʙ)

0 200 400 600 800

0

2

4

6

8

10
m/z

 79
 80
 81
 82

ɯʥ
ʪ
ʝʥ

ʩʠ
ʚ

ʥ
ʽʩ

ʪ
ʴ

 (
ʚ

ʽʜ
ʥ

. 
ʦ
ʜ

.)

ʊʝʤʧʝʨʘʪʫʨʘ, 
0
C

 18
 28
 44

ʚ)

. 3.7 - : )     , )   

/Br2, )    /KBr3
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 HBr      

( . 3.7. , ),       ,

    .       

    90-600 0     150  380 0 .

          

      ,    ,  

      (   ).

 . 3.8.  ,   

 -       

   En  SuEn.

 

                               )                                                                 )

. 3.8.   : a)     /Br2/En, )   

 /Br2/SuEn

      

  ,     

  ( . 3.9.).     ,  

     ,  

,        .
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,         

   . ,     

    ,   

.            (  m/z

30, 44, 58, 72),  ,   -   '  

  .    

  (  m/z 30, 44, 58, 72 )   

 100-500 0 .      

/Br2/SuEn     (m/z = 64, . 3.4. ).

0 100 200 300 400 500

ɯʥ
ʪ
ʝ
ʥ

ʩ
ʠ

ʚ
ʥ

ʽʩ
ʪ
ʴ

(ʚ
ʽʜ

ʥ
. 

ʦ
ʜ

.)

ʊʝʤʧʝʨʘʪʫʨʘ, 0ʉ

m/z
 18
 28 
 44
 41 
 42 
 43  

0 100 200 300 400 500

m/z
 18 
 28 
 44 

 42
 61

 15
ɯʥ

ʪ
ʝʥ

ʩʠ
ʚ

ʥ
ʽʩ

ʪ
ʴ

 (
ʚ

ʽʜ
ʥ

. 
ʦ
ʜ

.)

) )

0 100 200 300 400 500

m/z
 18 
 28 
 44 
 64

ɯʥ
ʪ
ʝʥ

ʩʠ
ʚ

ʥ
ʽʩ

ʪ
ʴ

 (
ʚ

ʽʜ
ʥ

. 
ʦ
ʜ

.)

ʊʝʤʧʝʨʘʪʫʨʘ, 0ʉ

)

. 3.9.   : )    /KBr3 /Py, )   

/KBr3 /MEA, c)    /KBr3 /SuEn
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      (  m/z 30, 44, 58, 72 )

 ,        

   115-430 0     220  25 0  ( . 3.9.,

. 3.4).

 3.4.

  ( )    ( max) 

    ,   

, 0 max, 0

 /Br2/En 100-450 290
 /Br2/ y 100-500 310
 /Br2/MEA 100-300, > 300 250
 /Br2/SuEn 100-500 230
 /KBr3/En 120-380 230
 /KBr3/ y 140-370 225
 /KBr3/MEA 140-400 245
 /KBr3/SuEn 115-430 190, 250

3.4 ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʣʦʢʥʘ ʤʝʪʦʜʦʤ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ

        , 

         

     .   

,          6,2 %,

    2,6 %     30-200 0 ,

 '         2 ( . 3.10. ).

   3 %  ,   600 0 , '  

    .     

        6,5 % ( .

3.10. ).
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                                )                                                                )

0 200 400 600 800

-0,20

-0,15

-0,10

-0,05

0,00

-4

-3

-2

-1

2

1

T, oC

dm/dT Ŀ10
4, ʛ/

o
Cm, ʛ

)

. 3.10. - :       (1)

   (2): )    , )    /Br2, ) 

  /KBr3

   ( . 3.10. , ),    

( . 3.10. ),    ,   

 '       180-320 0 ,  

  .     

      ,   

     120 0 ,    
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 230 0     570 0 ,     

   .        /Br2 

    180-320 0     230 0  ( . 3.10.

).       /Br3    

 178-292 0     220 0  ( . 3.10. ).    

        

     50 0    , 

  ,       

.      

 ,  ,   ,   

   ,       

     . 

,      ,  

0,5 /  .      

,     ,   . 

 . 3.11.    ,  

   .
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0 200 400 600 800

-0,15

-0,10

-0,05

0,00

-4

-3

-2

-1

0

2

1

dm/dT Ŀ10
4, ʛ/oCm, ʛ

)

0 200 400 600 800
-0,20

-0,15

-0,10

-0,05

0,00

-5

-4

-3

-2

-1

0

dm/dT Ŀ10
4, ʛ/oCm, ʛ

)

0 200 400 600 800

-0,15

-0,10

-0,05

0,00

-4

-3

-2

-1

dm/dT Ŀ10
4, ʛ/oCm, ʛ

)

0 200 400 600 800

-0,25

-0,20

-0,15

-0,10

-0,05

0,00

-8

-6

-4

-2

0

2

1

dm/dT Ŀ10
4, ʛ/oCm, ʛ

)

0 200 400 600 800
-0,25

-0,20

-0,15

-0,10

-0,05

0,00

-10

-8

-6

-4

-2

0

dm/dT Ŀ10
4, ʛ/oCm, ʛ

)

0 200 400 600 800
-0,30

-0,25

-0,20

-0,15

-0,10

-0,05

0,00

-20

-15

-10

-5

0

dm/dT Ŀ10
4, ʛ/

o
Cm, ʛ

)

0 200 400 600 800
-0,25

-0,20

-0,15

-0,10

-0,05

0,00

-15

-10

-5

0

dm/dT Ŀ10
4, ʛ/

o
Cm, ʛ

)

. 3.11.       (1) 

 (2)     :

    /Br2/En,    /Br2/SuEn,    /Br2/Et2N,

   /Br2/MEA,    /Br2/Py,  -  /KBr3/En,    

KBr3/MEA
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   ,      

         

 140-410 0 ,       ( .

3.11.).

   ,      

      0,44-0,55 /  ( .

3.5.).         140-415

0 ,        

      30-60 0    

  (   /Br2/SuEn).  (t > 420 0 )

          

   '    

 ,  .

 3.5.

   ( m),    ( )

   ,    ( max), 

    ( m )   )

m, / max m , /
 /Br2/En 0,15 260 150-400 0,050 0,52

 /Br2/SuEn 0,22 215 140-410 0,119 0,56
 /Br2/Et2N 0,17 280 150-410 0,048 0,44
 /Br2/MEA 0,15 290 140-420 0,051 0,55

 /Br2/Py 0,24 260 140-390 0,064 0,53
 / Br3/En 0,28 315 150-450 0,067 0,61

/KBr3/MEA 0,22 350 150-490 0,071 0,64

      

   /Br2/SuEn,  /Br2/MEA >  /Br2/Py, 

/Br2/En >  /Br2/Et2N.     

        



62

,         

 .    ,  

  ,        

,        

.         

(  /Br2/SuEn)      

(  '    ,   ) ,  ,

   -  '    

.  ,    '      

 .

      

         .

3.12.:

. 

. 3.12.       

   

      ( . 3.12.) 

 '      .  

       HBr



63

   (II).   (  300 0 ) 

      HBr  .

     

        (  III).

      ,    

 (0,44-0,56 / ),       

 III    (  IV).   

         

.         

   ,     

  .       

  .

3.5. ʄɯʂʈʆʍɺʀʃʔʆɺɯ ɺʃɸʉʊʀɺʆʉʊɯ ɺʀʍɯɼʅʆɻʆ ʊɸ

ʄʆɼʀʌɯʂʆɺɸʅʆɻʆ ɺʋɻʃɽʎɽɺʆɻʆ ɺʆʃʆʂʅɸ ɺ ʍ- ʊɸ ʂʘ-

ɼɯɸʇɸɿʆʅɸʍ

3.5.1 ɺʧʣʠʚ ʦʨʽʻʥʪʘʮʽʾ ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʘ ʢʘʨʢʘʩʫ ʜʦ ʥʘʧʨʷʤʢʫ

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʭʚʠʣʽ

 . 3.13    
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 .

 3.6.

C     (S11)      (S21) 

          

   X-     

 , 0 X-

(8.15  12.05 )

K -

(25,86  37,5 )

S11 S21 S11 S21

  0 -2 -15,6 -2,8 -15,6

15 -2 -15,8 -2,6 -16,5

30 -1,9 -17 -2,5 -17,6

45 -1,7 -18,7 -2,3 -19,6

60 1,5 -19,9 -2 -21,7

75 -1,2 -21,3 -1,9 -23,7

90 -1,2 -22 -1,8 -24,9
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