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ANNOTATION 
Melnyk O.V. Methodical aspects of studying modern materials for energy 

engineering during technology classes. – Manuscript.
The master's thesis examines the types and properties of key structural and 

functional materials for the energy sector. The prospects of using metal nanopowders 
in hydrogen energy for generation and storage of hydrogen and its practical 
application are clarified. A calendar-thematic planning for the study of the section 
«Modern Materials for Energy» has been developed, along with expanded lesson 
outlines on «Materials for Nuclear and Hydrogen Energy Production» and «Prospects 
for the Use of Aluminum and Magnesium in Renewable Energy». Additionally, test 
tasks have been devised to reinforce the studied material, promoting effective 
absorption of knowledge on contemporary materials used in nuclear and renewable 
energy, fostering curiosity in modern materials science, and nurturing creativity and 
technological literacy. 

Keywords: materials for the energy industry, nanopowders of metals, hydrogen 
energy, calendar-thematic planning of technologies, expanded lesson notes, test tasks. 
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 .

 :      

        

      

  .

    ’   :

1.     .

2.       

    .

3.       

    .

  :     

    . 
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  :  -  

      «    

»,    «     

  », «       

 »       

.

 :      

    X-   -   
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 .
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 . 

    

1.1.    

1.1.1.    

 – -  , , ,   

-  ,  ,    

 .     ,   

    l2O3,      

 –       ,  

  ,     . 

   :     

 8-10 / 2,    –  40%,  – 80-

95%.        

 ,     , , 

.      .   

     ,     

         

        [2].  

 ,      

,  Cu, Mn, Mg, Si, Zn, Al, Ni, Ti,       

    .     

        , 

   ; , , ,   

  . 

      ( ,  

 )  .      

 –         

.     ,   

  .
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 .       

 .   ,  

  ,    Al-Mn ( )  Al-

Mg ( 1 2, 3, 4, 5, 6).    

  ,     , 

      ,   

.

 ,    ,  

   ( 95, 23),  ( 1, 16, 19), 

 ( 4-1, 20, 21),  ( , , 31, 33). 

  1- g-Si,    ,    

   .    

     ,   .  

    31  33,     

 203-323 .

     

 l- u- g,  1, 16, 18, 19, 17 .   

  ,    , 

  ,     

  (  1, 16  65) [2]. 

    l-Zn- g- u ( 93, 95, 96 ) 

     (  700 ).  

  ,      

 ,      

( 95 )   ( 95 ) .     

  393 .     ,  

   .      

    6  8 (  l- g-Si- u).  

 ,   ,     

 .

    l- u- n ( 20, 21)  l- u- g-



10 

F -Ni ( 4-1)    ,    

  573 .       

,   ,       

    .    

     ,  ( 20)   

( 21, -1) ,     . 

  523      20  21  

  4-1. 

  .   –   

       (  

) .       

      ( l-Si, l- u, l- g. l- u- n, l- u- n- g

).       l-Si, l-Cu, l- g.  

         

 l- u- n ( 19), l- u- n-Ni ( 33)  l-Si- u- g ( 3, 5). 

  19       

    ,      

 –     573 .   

    ,    

. 

 33   ,  

 ,        

.    33 –  623 .  3 5 

      523-543 , 

  .

  l- g ( 8, 27)  l- g-Zn ( 24)   

     ,   

 .     l- g ,  

         

,        . 

 8, 27  27-1    
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   (    353 ). 

  1- g-Zn ( 24)    , 

  (  423 )    .

 . 1.1         

 [2].  

 1.1 

       
  

   
( ) 

 
 

l- n
Al- g

1- g-Si , 33
Al-Cu_Mg 1, 16

1-Zn- g-Cu 95
l- u- g-Fe- -Ni 
l- u- g

4-1
20, 21

Al-Si 
l-Si- u- g

2, 4, 9, 
4 , 32

  1- -
Al-Si- u- g

19,
3, 5

1- g
1- g-Zn 

8, 27 
24

1.1.2. 

     –    

,      ,  

,    ,    

,     –   

   ,    

   [2].  

         

         -

2, ,       .

    873     , 

    ,    .   

 1073    .      



12 

,    –   .     

  923 ,         

    973 .       

  .      2

   773  1273   ,    ’   

     .      

        [2].  

    373     .  

       ,     

   ,    ,   

    .      

, ,       . 

        ,    

. 

       , 

 ;       . 

,   773      ,   

,      .

1.1.3. 

 – - , , ’    , 

    .      

  .

        

.      ,  

  ,      .  

         

  ,      

    [3]. 

 ,     ,  

   ,      
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  ,    .  ,  

   ,     

     .    

     .

« »       . 

       -

.    :   (  ) 

  ;        

’  ;        

   1500°   ’     ; 

 ’         

   ;     

     2700-3000°    . , 

        

    ,    ,  

  ,     .

         

,  -       

.         

    ,    

,       . 

 ,     ,  ,  

        . , 

     0,5 / .     

         

,   ,    , 

     .

1.1.4.  

 –  -   ,     

      .    
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      .  

 -   .    

     .  

    ,   .  

        :  

  ,    –   

.   –      50-75%     

  20-30% –  [2, 3].  

      

  CO2        

.  ,   -12  ZA-c ,  

   ,    

.   650° .    

  ,    CO2    400° .  

       

    . 

  :

-  ;

-     H2O, Na, NaK; 

-   ’     .

:

-     ;

-      (CO2  4 );

-         

.

1.1.5.  

 –  -  ,    , 

   4   ,   .

         

,  ,   ,   
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   .      

 ;        

    , ,   ;  

       ,   

   ,    60%  . 

     ,    

     ,  ’   

      . 

     ,    

  .  ’       

  .      

     ( . 1.1) [2]. 

. 1.1.      ( )   ( ) 

     ,  .  

  ,      

,     ,    

    ,     .   

      

,         . 
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    ,    ,  

    ,   

   .   ,   

     ,   

        ’   

  ,     .  

         

 .   ,    

    ,      . 

       

. 

  ,     ,   

,       –   

  .     

 ,  ,    .

        , 

,    ,    . 

        ,  

   ,      

 .       ,  

  .

        

 ,     . 

     , ,    

   ,   .     

 .

1.1.6.    

 –  -      

2128 .     ’    90Zr 

(51,46%), 91Zr (11,23%), 92Zr (17,11%), 94Zr (17,40%) 96Zr (2,80%).   



17 

 ,      ,  

    . ,   

      .    

     .    

 ,   ,     

   .

     20  ,   

  ,    : , , , 

, , , , , , , , , 

. ,    

 : , , , , , , , 

,   293 ,   , , , , , 

, , ,   773  [2]. 

    ,     

        Zr-Nb. 

 Zr–1%Nb ( 110) –      

.  Zr–2,5%Nb ( 125)      

 . 

       . 1.2 [2]. 

 1.2 

  
100 ( 100) 110 (  110) 125 ( 125)

Zr + Hf 99,7 99,5 99,5
Hf 0,01 0,01 0,01
Nb – 0.9-1,1 2,4-2,7

0,0005 0,003 0,003
Ni 0,01 0,02 0,02
Al 0,005 0,008 0,008
Ti 0,007 0,007 0,007
Cr 0,005 0,02 0,02
Pb 0,005 0,005 0,005
O2 0,14 0,10 0,06-0,1

        5% 

.        
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 ,       : 

  ,      .  -

        .

        

-  ( 110  125)      -  

( -2  -4,     ,   -2,   

  ).    ’    

 ,     ,  . 

     - - .   

  635    ,  

  .

        ,   

  473-673        

  Zr 2;    1073    

.        

  .       973-1073   

ZrN.  ,      , 

   ,      1173     

Zr .     e    ,  , 

   –    473 .       

 573 ,       (  50%) ,    

 .         

  373 .       

(  50%)  .

           

   :

- , N, , , Ti, U, Al, , g, Cl, Si, b, , Zn, La, , Ga, V, e,  –

 ;

- Sn, Sb, F , r, Ni –  I ;

- Hf, Cu, W – .

      , 
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      ( , 

    ).

      ,    

          

,    .     

   -  ,  ’     

Zr-2,5%Nb,    ,  

,   Zr-1%Nb. 

1.1.7.    

    15 2 -  . 

  15 2 -  .      -  

  +,     ( ) 

   ,     ,  

     [4].  

        

        

 .      

15 2 -  .   15 2 -  .    : 

-    45     

      660     

   0    35°  -  45° ; 

-         

,         60-80

    ; 

-       

 .

  10 18 9 (09 18 9), 08 16 11 3   

   ,   

   ,       

.        



20 

 .       

    10     500  560°  

.      

       600° . 

   10 2     

     ,    

 (  510° )      , ,  

     ,   

    [5].  

  10 2      .  

         (  

, , ).    :   

, ,    . 

     05 12 2 , 

07 12       

     ,  

  ,   , 

   .    

 550°   600°     [5]:  

-        

   ’ ;

-        

  ,      ; 

-     , , ,  

,       550° ; 

-   . 

   , , ,   

 , ,  .

   55    

       

 ,        950° . 
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    ,  

   ,   , 

         

 . 

     55     

   .       

       . 

    55   

  - 50      

     .

  03 21 32 3 -  ( 33- )   

      

  ,     , 

   . 

 03 21 32 3 -  ( 33- ) –     

        

       . 

 : 

-        

  750° ; 

-  ,       

       200° ; 

-    ; 

-            

  . 

  -   -  

.

  03 22 5 3  03 25 7 4   

   ,      

,         , 

  -     (  



22 

03 2   ,     

  (  03 25 7 4) [6].  

  03 22 5 3, 03 25 7 4  . 

    03 22 5 3  03 25 7 4  2-3  

   ,    

      08 18 9   

       .

  09 2 -      

    -  ,  

      

  ,    -  

,    ’  -    

      . 

-    09 2 -     

      ’   

  250  –50° .

  08 18 10       

 350°        

   ,  , 

   . 

      350°  

    20-30%    

      . 

      ,   

       

          

       

  350° . 

    .

  08 18 10      

         



23 

.        ,   

         

 ,        

  [6].  

     08 18 10    

   ,     

 -  ,    

       .  

      

       .

     07 16 4  

        , 

         

( , ,   )      

  350° .      

 .      

   .

    07 16 4    

  ,       .

: 

-        

  ; 

-    ’  ; 

-    ; 

-        

       .

   20 2 4 , 20 3 , 24 3  

          

 300-500°       

  .        

 ,  ’      



24 

( 50,° ).        50

(0-20° )        

 [6]. 

    10 26 5   03 22 5 3  

     ,  

      ,   

 ,      

     .    

 ,   ,     

        

,   ,     .

1.2.      

   ,    

          

 ,     (  

 , , , 

,  ,     

  ).      

  [2, 7]. 

        

   ,     

 ,   ,   

   , . ,  

       

  ’  , ,   ,    

,    .

   ,      , 

     ,  

    .  ,  

      .
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   – , ,   

      .    

     (  473  –   

, 473-573  –   , 723  –   

)         

   .    , ’   

  ,     

,     .

       , 

        ( , , 

 ,  )   ,   -

.       , 

, ,     ,   

   .  ,     

,       ’    

.

    – .  

    ,      

 ,  ,     ,   

.      , , 

  .  -    ( ) 

       ,   –   

    .  ,   ,  

   ,    , 

    ;     

      .

         

 (        ). 

       .

 ,       
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  ,   :    

,   ,   ,  

  ,   .

 ,      ,  

   –   ,  

  ,    ,   

 .

1.3.      

       

-   [8, 9],  ,    

         

  ,      

.

       

  ,     

 ,      , 

,      .

       

,        ,    

 ,      [8].  

 [9], ,      

      

         5 

   20         

   .

    [10, 11]     

         ,  

  ,        

.  ,      
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       .  

. 1.3  ,      

    .

 1.3

,       
 , 

°

Zr, Hf, Nb, Fe, Sn 
     
 ,   

    
 350

Fe, Ni, Cr, Mo, Mn 
     (   

-  ; , 
   )

 700

V, Cr, Ti  
Ni, Mo, Cr   -   850

Nb, Ta, Mo, W, C 
  ,  

 700

1.4.      

1.4.1.    

,    (Mg, Be  Al)     

,       .   ,   

 2           2.

  Mg  24 / ,      22,4  

2  24  Mg.    2   27  Al  33,6  2,

  1,5  .  Al,    

  2  ,    20,30 .%,   

 .      80-  .  

.    ,     

       ( ) Al 

( . 1.2)      .      

       

 2.      Al  2    

,    [12]. 
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. 1.2.   

  80-  .        

    Al  2  2     

   .       2   

       .  

 (   )   80     

.      Al   (92,94 . %)  

   100    .   

  ,  ,    Al  

   13,6 / .      

  :   1  Al    – 100 ,   

 .  , , ,     

      60  150   

.       ,  

        . 

 ,     ’    

:        4 / .  

          

 «  » (  ),   

  [13]. 

      Al  2   

   ,          

 Al.    –      



29 

,        

.     .   

  Al -1   2   

1,38 10–4 /( ) (0,138     1  ).     

 –     Al –   20,30% 

 Al.   ,   Al   

       -1.  

  ,   2    Al   

  60°   3 /( ),  80°  – 9,5 /( ),   

  2      70 . 

        ,   

 Al  98,100% (   ).  , 

          

   :      12 

  2   18 /( )  25° .   

2   -1  ,   8 /  NaOH,    

,   1 /( ).   ,   Al, 

    Al    ,   

2        ~100%    

   2      

.

 Al  2   ,      

.  ,     27  Al (1 )  2  

   Al(OH)3  2  418  .   

     ~ 13  . ,  

     Al  2 ,     

(   –   )    

   ,      

 ,     , ,    

    . 

 ,       Al  2    
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.   2 ,     27  Al  

 ,      54 .  

,    ,       

 ,       

 ~2300° . ,        

( )  .   ,   

   , ,  2 ,   

         

 [14]. 

     «  

»:      

    ,      

  .       

   ,      ’  

. ,    ,    

 . ,      

  .

    Al      

      2 .    

    :     

.         

’   .

   Al    

 2        -  

( )     -  .   

     ,   

    .    ,  

   – ,  –   100 ,    

 –    ( . 1.3). 
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. 1.3.      

         

        

,       . 

     ,    

     ,    100-

200 .   « » –      

-  ,      

 Al      2 . ,    -

 ,         

,   , ,     

 .

   ,     Al 

 ,    .    

   Al ,  ,  Al  2  

   ,    .     

       ,  

       « » 

    .     Al  

     – « ».  , 

        ’  –

    2     ,   
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 70° .    , ,  

        

.  -  ,  ,  

  ( . 1.3).

   2,     

  :  -   

   2     . 2

    -  ( )     

 –  ,    . 

 400  2       10 .

          

100 ? ,    Al  2     

  .       

.      ’    

,        Al  ,     . 

 2,      Al  2   

 2 ,   ,  ,    

 2 .        

    .      

   « » 2.  2,    

 Al,    2    

,    2      2,

        

.    ,    

 2 ,    – ,   2   

.

        2

    2    Al.    

2     Al  1244,5  2,     

13,43  .     2 ,   
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  –   Al   100%,   

 .

   Al  2   2,     

,       ,   

      Al     , 

  .      

  ,    , ,   -   

  . 

     Al  2 , 

        

  Al –     2   

   .   Al  

 :       

 2,    -    

 .     Al,       

        .   

     Al     

2, ,    ,    

 .  Al        

,   –  2     ,  

  .        

 –    2,    

,       [12-14]. 

1.4.2.      

 

1.4.2.1.      

        (Na, K, Al, 

Mg, Zn, Fe )     .     

    ,      

 .      ,   



34 

       (  , 

      ).  , 

       .  

         

  .  ,     

     .       

     .    

,        .   

       –  . 

      [15, 16]. 

          -

 :       

,   .     

-          

  .   , -     Zn, Mg, 

Al     ,    ,  -

 .

     (Li),  (Zn),  (Mg)  

 (Al)        

  .     ,   

        .  

    -  ,   , 

    .

   : 

-     ,   ,     , 

  ; 

-       ,    

 /   .      

( ),          

  -  .         

    . 
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-         

         

( -   -  ). 

-            

  .        

  ,     .   ,  

    1017  . 

-       

,   ,     , 

         

. 

-     –        

 ,       . 

     , ,    

     (   

       ),  

,  ,  . 

-     4,6   ,     

.

1.4.2.2.       

       

    .     

      MgH2   

  (NaBH4),  (LiBH4),       

.       -

  [17], [18].      

  ,       

(7,65 .)  ’  (0,11 / 3)  .   (MgH2)  

  .      

     ,   . 
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      [19], [20]    

     .     

  .    

   ,      ,   

  .

         

,      15 .%  (   ) 

    

MgH2 + 2H2O  Mg(OH)2 + 2H2. (1) 

       ,  , 

  Mg(OH)2   .   , -  

    .   ’    

    [20],        

          10-

15 .     MgH2-    

 1280    1       

 .

        

        : 

Mg + 2H2O  H2 + Mg(OH)2 + 84,4 / .  (2) 

    , Mg  Mg2++2e,   

 , 2e + 2H2O  H2 + 2OH–   , 

Mg2++2OH–  Mg(OH)2.       

.       ,  

 , ,   [21], [22].    

 .       

  ,      

  -   [23].     

    [24].     

      Fe  Si.    

  11%  NaCl,       
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  ,     (  350 3    1  

). 

   [25]    ,  

 1013,33 /        

499,50 · -1/ .

       

 

Mg + H2O  H2 + MgO + 143,8 / . (3) 

         

   8,3%.   ,     

   ,   ,    

 .     : 

1)     ; 

2)     ( ),   

.        

 . 

  ,     

   .

1.4.2.3.     

      –2,37  

(    ),   ,   

 (–2,31 )   (–1,25 ) [26, 27].  ,    

      .    

     2,205 · / ,  ,    

(3,862 · / )   (2,980 · / ) [26],       ( 

0,820 · / ) [27].       ’   

       .   

           

 ,       

      .  
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       1940-     

  .    : Mg/AgCl, 

Mg/CuCl, Mg/Cu2 2, Mg/PbCl2, Mg/AgCl. 

 . 1.4       

    [27].  1  

 ,   4    5 ( ,  

,  ).     2,  4  5 

’     6.  ,   ,   

 .      

   .   -

        .  

     7,   

  8,  9,  10    11.  

9     ,  .  

,  ,       

 .         ,  

 ,         . 

   ’       , 

        [28]. 

      -

         

.

. 1.4.  
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1.4.2.4. -   

-   –       

.     ,    

-   ,    

    ,       

    2  2  + 2 +.  ,  ,  

 .   , , 

Mg  Mg2 + 2e.   ,  ,   ,  

  –  .

       

,    ,   ,     

   .      

   -  ,       

.       ,   . 

 ,  Cd, Al, , , Mg  Zn,     

 .    -  

   . 1.4 [29]. 

 1.4

  -  

, 
  

 ( · / )

Li- 3,8 0,387 

Li- 2,91 13,0 

Li- 2,2 2,6 

Zn- 1,65 1,3 

Mg- 3,1 6,8 

   ,  -    . 

 -     ,    

 ,          ,   
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  ,     ,     

    .

     -  

     (3,09 ),   

 (2205 / ),   (3910 · / ),  , 

 , ,       ,    

  [30]. 

-       ,   

,      [31, 32]. 

        

     -  

.      ’   

         

’       .   

  ,   MoS2 (G-MoS2)   

  [33].  G-MoS2     

  (N-Mg)      

   1,8      

170 / , 95%    50  C-D.    

Mg   ,   Al, Zn, Li   (Ce),   

     .  

      Mg, AZ31  Mg-Li-Al-Ce  

3,5%-   NaCl,   ,  Mg-Li-Al-Ce   

     [33]. 

       -

 . ,    : 1)    

    ; 2)    

    ; 3)   

  Mg(OH)2  .    

,  -  ,   NaCl, KHCO3, NH4NO3,

NaNO3,  NaNO3  HNO3, NaNO2, Na2SO4, MgCl2, MgBr2  Mg (ClO4)2 [34]. 
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3.     (1 )

4.    (20 )

5.   (12 )

6.   (5 )

7.   (1 )

 

1.  

      .

2.   

1.   ,    ?

2.    ,   

  .

3.        ?

4.      ?

5.       ?

3.     

,   «    ».   

       .

4.   

   

    ,     –

  ,      .  

      : ,    

   ,  ,     [2].  

 ,       

 ,     ,   
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     .

    ,     

    .  233U, 235U, 239Pu, 241Pu,   

     -   (  ) , 

,     ,    232Th  
238U,       (  ) [2].  

    235U, 238U, 232Th,   – 233U, 239Pu 

 241Pu.   ,      

-  , – 235U –    ,  

’    .     

  235U.

        

 : 

-         –

 ,    ; 

-     –    , 

         

1,8-4,2 .%,       – 15-30 .%:  

- -   ( ,   239Pu,   

 15-30 ,%) –       , 

        

;

- -   ( ,  233U  235U  

 233U    ,  232Th) –

 ’    -   232U

 . 

       (  

), , , ,  ;   

 – , , ,   .  

       , 

  .



47 

 –   ,   ,   

      ,   -

(  2/1).     1402 ,   

 – 4091  [2].        

’ ,       (2-4)·10-4 .%.   

 200 -  ,  100       

 (  1%).   14 ,       

  .        –
238U (99,28%), 235U (0,7%)  234U (0,006%). 

            
. 2.1. 

         . 2.2. 

,     235U,     .  

  2-3    200  

.   1  235-     80·1012  

–   ,  1   ’  .

. 2.2.      



48 

 –  - ,     

  - ( . 2.3).   (   ,  

8·10-4  1,2·10-3 .%)   35   ;   

          3  ,  

 [2].  

. 2.3. 

    :  – h –   

  1/2 = 1,39·1010 ;  –    

  =1,91 .       238U  233U, 

         .  

,     19        

212  236.

        . 

        

.          

(140-220 ),   (80-130 ),   (20-50%).  

  ,  ,   

,            

.       .

     .       

        -233.   

         

  .
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    1828      

.         

    ,      

 .      ,    

   :        ,  

;            

      ;     

;        

    ,    ;   

      ,  

  ;     ,  

;    [35]. 

 – -    ( . 2.4).   239Pu 

     (    ),    

   10-11 .%.       

,         

   .   ,    

,     239Pu, 241Pu [2]. 

. 2.4. 

,    ,   
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 ,      239Pu.  

         

          246.

          

.        , 

 , ,   , 

   .

   –   .   

 239Pu     ,    

     .  

      ,   

 (~5% 235U) .     

   [36]. 

   

,   I     

   -  ,    

 ’      –   

    .

 80-        

  .  : 

1.         

 ( ,  ,  )    

 ( , ,   ,  ); 

2.    ; 

3.    ,   ( , 

,   ),  ; 

4.        

.

     ,    

  ,   ,    

,      :    
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   , ,    ,  

,   ,   .

         

  -      

     ,    .  

     ,   .

 ’       

         ,   

      .    

 ’        

   .        

 ,   ( ) ,   

      .

      ,  

   , ’     

 (0,09 / 3). ,   100-   

        ~11 3 . 

,    ,  : 1)    

, 2)      (20 ),  3)  

 ’  .

   ,   ,  

    :     

         6,5% ( .).

 -    .   

    –  0,3% ( .)   , 

         . 

          –

    ,     ~6% ( .) 

   4    65-78 .     

  (  ). ,    

     .  90-  
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 ’  ,   ,    H2   

   ( ) .

          

,        .

      (  

 ),      .  

       

. ,      

   .     

~5% ( .)        77 ,   

    < 1% ( .).  

    2,27% ( .)  77   0,3% 

( .)   .   ,    

 2560 2/      4,5% 

( .)  77 . ,      

 2630 2/ ,        

 [37]. 

     

  11    [38]   ,   

    ,   1%,  .

       

. 2.1 [39]. 

 2.1  

   
 

, 2/
 2,

% ( )  

– 0,7 20° ; 10 
 +  1758 3,5 77,3 ; 0,8 

 2560 4,5 77 ; 0,1 
2560 0,5 25° ; 0,1 

 – 2,27 77 ; 10,3 
– 0,3 25° ; 10,6 
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      (metal-

organic framework,  MOFs)    –  

 ,    , ’   

  .     

,        

  (500-4500 2/ ).      

 , ’   ,   

 .      11 000 MOFs  

  ( . 2.5) [40, 41]. 

. 2.5.    IRMOFs

     Cu+2, Mn+2, Zn+2, Ni+2.

     MOFs    

      , 1-

2% ( .).

     ’     

  .    ,      

      (  , ) 

 .        800-
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900°    -    [42]: 

2NH3  N2 + 3H2;

6 12  C6H6 + 3H2.

    ,    

  ’     ,      

  . ,  ,     

  550-600°  [43]: 

3Fe + 4H2O  Fe3O4 + 4H2.

  ( , )      

’  .     Al-Ga,   

 ,         

 ’  .       

 .

      ’   –

     .

   ,   

.         

 .      

. ,  /   ’  

    ’   6,3% ( .) .  

 /       

  ~400°    10 ,  ’   

 .

   ,     

 . 

  1866 .       

   PdH0,6,     Pd-H   

’   .

   ( )     

:    ,    H2   

 . ,      Pd   
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   .  ,  20-30   

 (   ). , Pd     

       , ,  

   ,    

       ,   

    [2]. 

    ,   . ,   

    50  (     

).       – 2200 · /   

   7,6% ( .).     

      .

     /  

 .       

.      ,   ’  

: V, Ti, Zr, Ni, Cr, Co, Mn, Al, Sn.

 . 2.2     ,   

     [2]. 

 2.2 

     

,   
( ) 2, /

  
( ) 2,

.%
Pd 0,223 0,24 (0,15) 2,07 (0,66) 

LaNi5 1,058 0,05 (0,03) 0,44 (0,13) 

MnNi4,5Al0,5 0,742 0,38 (0,28) 3,33 (1,27) 

 0,898 0,18 1,63

0,243 0,53 4,52

 
 0,121 1,42 11,3 

  
«  » 0,319 13,4 62 ± 4,2

 
 0,103 12,98 53,7 ± 4
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 ».      

        

    .

4.   

         , 

      8,8%.       

    .    

  , , ,  .   

  – ,    50%  . 

         

 , ,    ; 

      (   

 – ),      

  950°C,     [14, 15].  

    ,  

       ,   

      ,    

.        

  .

        

    .    

          

 ,        

    .

       

  ,      

       .  

   ,       

    (   – 2,7 / 3;

   –  0,8 / 3). 
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  ,  .

        

     .    

 ,   ,     ,  

           

.    Mg  Mg(OH)2  MgO   

     .  

     1$/ .      

  12 ./ .      , 

  ,       

.

       

  ,     . , 

 ,    .   20  

    « »     

   (80-85%   ). 

       

  1600-1800 $/   ’   . 

        

   . 

         , 

      1 .  1,5 .   
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    ’      
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 .    –   (Li, Na, K, Rb), 

  (Mg, Ca, Ba)   ,   Al, Mo, Ti, W .
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         ,  
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  .
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  (      , , Hg, 
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  .

. 2.7. 1 –     MgCl2; 2 –    

 MgCl2; 3, 11, 13 – ; 4 –     

 MgCl2; 5, 6 – ; 7 –    ; 8 –  

,       ; 

9 –    ; 10 –   ; 

12 –     ; 14 –   

; 15 –  

    .    

3 ./  (1,1 ./ ),     100   4 .  

   100    4,4  . 1  H2

   100 . 12     1  H2  

  100 ,    ,    

,  6 .  ,     

      ,     

 , ’     .

 ,        

(KIST)        

 ,   800 .

         ,  

: 

1.        
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    1017   (4      
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