
     “ ”

 

    

    

  

  

  

     

 

 01.04.08 –  

   

 -  

 - 2019



2

……………………………………………………………………………………..… 6

 1.     ………... 24

§1.1.  « -5-1»    …………………………………. 24

1.1.1.   (Nd:YAG-  EKSPLA SL233  =532 ). 
 …………………………………………………………………….……….. 27

1.1.2.      (
 6  )…………………………………………………………………….……... 27

1.1.3.  - …………………………………………….……………..… 31
1.1.4.      (GIS) 

 ……………………………………………………………...…. 32
1.1.5.    ( , p-i-n   )…………….. 34
1.1.6.         
(  -2)……………………………………………………………..………………..…... 35
1.1.7.     ………………..…………………………..……... 36
1.1.8.  ……………………………………………..……………………..……... 36

§1.2.    « -3»    ….……………….. 57

1.2.1.      (  , -16)……… 59
1.2.2.         
(  008  -2 )……………………………………………………………..………….. 59
1.2.3.       (  ,  
dI/dt)……………………………………………………………………….……………………….. 61
1.2.4.    (   p-i-n ).  

      1   
 ……………………………………………………………………….. 61

1.2.5.     B -    ………………….. 67
1.2.6.       

 ……………………………………………..………………………….. 69

§1.3.    «PF-1000»    ………………... 71

1.3.1.   (Nd:YLF   =527 )…………………..…………………. 72
1.3.2.     …………………………………………………... 73
1.3.3.     B -     

…………………………………………….……………………………………………….. 74



3

§1.4.  ,    ,   
………………………………………………..………………………………………... 74

1.4.1.       .  
 …………………………………………………………….…. 78

1.4.2.      
  ………………………………………………………………………… 83

1.4.3.        ……………… 87
1.4.4.      …………………………...…………………. 93

 2.     . 98

§2.1.       
 ……………………..……………………………………………….…………… 104

2.1.1.         104
2.1.2.     ……………………….. 115

§2.2.         -3………... 119

2.2.1.     -  …………………... 121
2.2.2.      ………………………….... 127
2.2.3.       

    …………………………………………………… 135

§2.3.   .    
   …………………………………………………………. 147

 3.        
 ……………………………………………………………..……………….... 157

§3.1.     ……………………………………………... 157

3.1.1.      -5-1 
      [B ( )]……………………….. 157

3.1.2.     B (r).  ………... 172
3.1.3.    B (t).    

   ……………………………………………… 194
3.1.4.     B (z).   

     ……………………………………… 202

§3.2.         227



4

    ………………………………………….

§3.3.  ,  ………………………………..……………………….….. 231

 4.    …………………………...…. 245

§4.1.          
 ………………………………………………………………..…….. 248

4.1.1.      …………………………...… 254
4.1.2.        

   ……………………………………………………….………. 258

§4.2.     ……………………………………...…... 260

4.2.1.       
………………………………………………………………………………………….. 263

4.2.2.          
 ………………………………………………………………………….….... 273

4.2.3.       
.       

……….……………………………………………………………………….………… 281
4.2.4.         

   ……………………………………………………………… 293
4.2.5.       

 …………………………………………………………………………….…... 298

§4.3.        
  ( -    )…………………. 306

 5.      
   …………………………………………………………...…………... 311

§5.1.  -  …………………………………….…………... 311

5.1.1.       -
 ……………………………………………………………………….. 312

5.1.2.  - .    ………. 319

§5.2.         (“basket
arrays”)……………………………………………………………………………………………..….. 323

5.2.1. “Basket arrays”     (Bz-)   325



5

  ………………………………………………………………….………
5.2.2.      Bz- ….………………………….. 337
5.2.3.       Bz-    . 343

§5.3.         ….. 348

5.3.1.        
(  , «  »,  )……………………… 352
5.3.2.       

       ………………. 368

……………………………………………………………………………….…. 373

 ……………………………………………………………………. 378

 1      .………………. 406

 2      : -5-1,
-3, PF-1000  -4- ……………………………………………………………………. 411



6

 

     ( ,   ) 

   (29-31 / , 44-50 /   46 /  )

    ,      

  .      

,     – E/m=c2 8.9 1010 / .  

        

(~3.4 108 /   D-T   ~3.5 108 /   D-3He ),    4 

,       (~8.2 107 /   235U)    

260  ,       . -

,       ,  .

         ,

        – .     

 ,      107-109    

   , . .    - n >2 1014 -3  (

D-  ), n >5 1016 -3  (  D-D )  n >7.5 1018 -3  (  D-3He ). 

   ,      

,  ,   .     

        /   

 –    (     

 n>1014 -3  - 1 c)     3-4  (   ,

,    .)      

 ,       (  n>1022 -3)  .

           ( ~10-8 c),

    ,   .  

      .  

    ,  

      ,   

 ,   ,    

 ( , ).  ,      

       ,

        . 



7

      ,     

     .   

   ( )    .

,         Z-   

  ,   ,  ,

   .

          

 ,  ,     

  ( )   Z- .   ,  , 

   . - ,    

         OWL II   

 ,        [1].   

   ,   4-   6-     (

~20   ~70 ),       .

        

« - -5», «Proto-II», «PBFA-I» (  «Saturn», 8 , 40 ).   

  : ZR ( ); -5-1, -300, -12  

( ); PTS ( ); MAGPIE ( ); SPHINX ( )  ., -   

  ,        

 [2-9].

  90-      ,    

           

       

 .         

   .      

   .    

         [10, 11]. 

     PBFA II (   Z) [12, 13] (   20 )  SNL

(Sandia National Labs)  ,      ,

     (  100),   ~18   100  

    (h >200 )    (~5-8 ),

 ~280-320    ~1.8-2  [5].     (~1)

        . , 



8

  Z   ZR (   26 ) [14, 15]    

 350-450    2-2.2  [16].

  [17-19]  ,   

         /  

  [20, 21].    D-D    3 1011 /  

  1.1-3.0 .

   ZR       

     NIF,   LLNL (Lawrence Livermore

National Laboratory, )        

  [22].       Z-

          

  ,   «Dynamic Hohlraum»,   1988  [18, 19,

23, 24], «Double Z-Pinch Hohlraum» (  «Vacuum Hohlraum») [25-28], «Magnetized Liner Inertial

Fusion» (MagLIF) [29, 30]    «AutoMag» [31].     

       ,    .

  «Vacuum Hohlraum» , - ,  

   /   , - ,     

      .    

       .   

 -  ,      

 ,    –     

           .

  -5-1      

  ,        [23, 32]. 

     .    

           

  , ,    ,   

 .       ,  

,  .         

       ,

   , . .    . 

          ,

  ,     .   

 Z          



9

    287 / 2     4  [17].

       215 .

         

     [2, 4, 33-36]     

  ZR,       . ,

 [37-39]   -5-1 [40] ,      4

       6 ,   5-7

    30 .       , 

«  » [41-44],   [37, 45, 46], «  » [47],

« - »  .,        

. ,      , 

       

      

 («  »).     - 

      .   

        .   , 

       ,     

    («  »).  

      )(tm  [ /( 2 )],

     ,  , 

 ,        

 . -         

   ,    - .  ,

    .       (  

)    .   ,      

         

,     cBj ,     .

 ,   «  »,   ,

         

( )(tm 0), ,  -  , ,   ,

         (  «

» -   -     

)         («trailing mass» [48]). 

           , 



10

  ,   Z-      .

         ,

      ,   

         (« - »).  

        (   

  ). ,    ,  

«  »,      ,    

.

 «  »      .

  ,       

,     .    

«  »      ,   ,

,    ,    

,          .  

     ,    

     Z- .     

  ,   ,   .

  -5-1  ,     -

  [( 14H18O9)n]   (145 , t~3 )  3   

  (  4-5 , t~100 )    10%  .  

          

  .          

     [49]. ,   Sphinx  

    (  5 , t~600-700 )  ,  

 (10 , t~50 )  « - »    

.   ,      6 ,   –

  2.5  [9].

 ,       MAGPIE [50] 

        «  » [51],

    (5 , t~25 )  140    

   (  1.4 , t~250 )    .   

           

  (“shell-like implosion”),    

(     ).     ,



11

 «  »,      

( - )           

  .

    «  » 

    .    

,        ( .   

 ),      . 

       

       .

       

   PF-1000 ( ) [52]   -   

  [53].     

        -   ( ).

       -3 (

«  », ) [54]      

        

:   ,  -  , 

     [55-59].    , , 

       , 

      (~10 ),   

   ( . Ne  Ar),   « »

        

   [60].

    -   ,    ,

     .      

       . 

          

       -12 ( ,  6 , t~1.5

) [61].  ,         

     ,     

 ,    , . .   Rgas+dLgas/dt>Rwa. 

     Rwa     

   , ,       



12

   .     -    

   .

 ,     

        

         - , -1  . . 

,     ( .  

  )(tm   /( 2 ))      

        ZR, -5-1 

. .          .

         

  ,       

     1014-1015 / 2  

200-220 ,    /  .     ZR 

        

         

  /     Z- , ,   

         

   1000  [20, 22].       

        

       

   100 .        

     (~500-1000 ) - ,

 (  )  -1 (  )    50-70     ~100-800 

[62-66].           ,

         Z- .

  -      Z-  ,

        

       400–1200  [20], 

        Z  

   ( )     100 / .  

     , ,   ,

    (    ),    [67],

   .     ,    

     Z        



13

,       .  ,   

         

        .  

          

      Z, ,  

 (Z=4),  (Z=6)  .     Z-

,    ,    Z,     Z ( . ). 

    Z-   

       [68, 69].    

 -5-1          Z -

 ( )   .  ,  

  ,      Z  3.3-4.5.

 ,       

 ,     ,       .

        

          

    .  

          

   ,     

   .

    

   ,  ,   

       (   

 ,  ,    ,

 ).

        :

-    )(tm  [  /( 2 )]  

 ,    ( )  . 

  )(tm           

  ;

-         

 ( , ,   ),   

 ;



14

-     ( ,   ) 

     ,   ;

-        ;

-        

 ,    ;

-         

        (~1 / 2  ~10-20 / 2) 

      .

       (  ) 

   ,  ,  

  (        

 ).

      .

   ,  ,    ,  19

, 175    ,  250 .  

  414 .

 

      ,   

,     ;     

 ;    .

         

 ,    : 

  -5-1 (   ),   -3

(  «  »), PF-1000 ( , , )  -4-

( , ).      

(     , - , - ,

 ,         .),

       ,    . 

        

 ,       

.  ,    

(  ,  ,     ,

 ,    . .).   



15

          

 :         

(~1 / 2  ~10-20 / 2)       

.         

    ,  .

        

       , 

   ( , , Al, . , Cu, Mo  W)   ,

    (Al, In, Sn, Bi).  

       

 -5-1.     

)(tm          

  -5-1    W-     

 -3.       )(tm  [  /( 2 )]  W-

   .      

     

     I     (  

R0)         [37, 45] 

 2
0 )/()( RItm .

        

      ,   

.  ,      

  ,     . 

         ,    

 (      ).  

       , 

0)(tm . ,        

        ,    

      .  

    -5-1 (    

)        ,   ,

         

 .



16

       

    ,    

        (  «  »

 MAGLiF).    ,    2 

,     , ,    

  outin mm / ,  ,     (  )  

       rin/rout,    

       (   

          ). 

        . 

        

     (      

  ).      

        . ,  

     ,    

       -

 ,        

  .  ,    

   5-7     5    .

        

  ( -  ).

           

    .     

 -   (    –  ,   ),

          .

   ( )   (“basket arrays”) , 

         ,  MAGLiF 

AutoMAG,     ( )   

        . 

  “basket arrays”  -   

         

,       

     Z  /      , 

.



17

        

        

          

.

      .

  1        

          

.

  2       

  ( -5-1   «   », -3  

«  », -4-    « »,   PF-1000  ,

).

  

      

 ( -5-1, -3, -4- , PF-1000U),    ,

        

:

-    ,    

          

( , , ).

-          

        .

-       

,     ( , , Al, . , Cu, In, Sn, Bi, Mo 

W),   ,         . 

        ,  

 .      

      – 

     .

-          

    .      

        

    ,     

,           .



18

-         

 ( ,        -

 )       . 

            . 

       

 .

-    ,   

      ,  

 ,     , 

    .

    

-         

  ,    

      :     

    (~1 / 2  ~10-20 / 2).   

      

         

    Z-    -   ( )

 .

-        )(tm ,

   .   

  )(tm     I      (

  R0)    2
0 )/()( RItm .

-          

          .

          5-

7    5 .

-       

            

 . ,         

   (  4-9 )   ,

     W-    

.



19

-      ,    

  ( )  ,    

     ,   ,  

         .

   

        ,

       

  . ,  ,   

 .

      

   -5-1      

         -3.

       

       

 .     ,

        

 ,      

       –  , 

  .    

        

.

   

 ,      

 ( )        2008-2018 , 

34th European Physical Society Conference on Plasma Physics (EPS2007, Warsaw, Poland, 2007),  17th

International Conference on High-Power Particle Beams (BEAMS'08, X’ian, China, 2008),  13-

      ( -

13, , 2009),  25th and 26th Symposium on Plasma Physics and Technology (Prague, Czech

Republic, 2012, 2014),  4th Euro-Asian Pulsed Power Conference and the 19th International Conference

on High-Power Particle Beams. (Karlsruhe, Germany, 2012),  19th IEEE Pulsed Power Conference

(PPPS, San Francisco, USA, 2013),  42nd IEEE International Conference on Plasma Science (ICOPS,

Turkey, Belek, Antalya, 2015),           

«  ».



20

,     ,    [45, 68, 76, 77,

79, 95, 96, 104-110, 112-114, 116, 117, 121, 123, 149, 155, 165, 173-177, 189, 220, 226-228, 230, 231,

235, 240, 244].

    39  ,  :

- 33         

(  «  » - 30 ,  «    » - 1 ,

   - 1 ,  ,    - 1 );

- 2    Plasma Physics and Controlled Fusion, 2    IEEE

Transactions on Plasma Science;

-     .

 19        .

    «  »,   ,   , 

 ,    -    

  2004  2014 . .

             

2008 .           

        

,    . .   «  »  

   2012  2017 . .     

    (   «   »   «

»)    (          

   )       

    Z-   -     , 

     .

   ,   ,   ,

         :  , ,

   .

  

 ,    ,    

      .  

      ,   

,      .   

     , 

   ,     



21

     (  Z-    ).

       

    -     

 .        

    (     ,

 ,  ),   ,   

 .       

      , 

     . . .  .

    

   :

1.   ,    

,        

      -5-1   

       (~1 / 2  ~10-20 / 2). 

         

 .      

  , ,  .

2.     ,   

    , -   m  [

/( 2 )]    ( , , Al, . , Cu, In, Sn, W, Bi).

       

     .    

-5-1   -3    m    

(  Km)     (R0)    

  2
0 )/( RIKm m .     m  

      Z-  

, ,      – «  »,   

         .

3.     m      

 ( mm   2.5-3 )     



22

    –    ,

      .

4.        

   .      

   ,     .

        ,   

  . ,      

            

    -      ,

       .

5.           

        . ,  

        0.9·107  1.3·107

/ ,           2·107 / .

6.         ( - ) 

   (     Al, In, Sn  Bi) 

  -         

        -

          

   Z-      (  ~1.5 ). 

         5-7  

  5 .      , 

,       .

7.         

:  (M <1),  (M >1)    

  (  )  .    

     (   )    

        

   outin mm /       rin/rout.  

       



23

          .

        .

8.         

     . ,  

           ,

            , 

:     Vr,    Vr
2  

     .

9.          

  ,       

          

 .

10.         

 .      

         ,  

   .    (25-40 / 2 

h >100 )    (500-770 / 2  h >100   600-940 / 2  h >10 )

      (  4-9 )  

,        

   ,   2-6  ,     

       (ml( ) sin-1  

     (Bi- ).



24

 1.    

§1.1.   
« -5-1»    

 « -5-1» [40]      
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 200 .   20       50  ( . .
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  ( )  10 3,      

( . . 1 ).     ~ 10-3 .   -
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( )    ,  -  ). 

         

 ,     

.     ~12    1 .
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  ,        
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    ,     

  .    

          (

     ).
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1.1.1.   (Nd:YAG-  EKSPLA SL233  =532 ).
  

       

Nd:YAG-   EKSPLA SL233 [71]  =532  (  )  

          Canon EOS

450D (  Canon 1000D)  .      

          .

     ,     .

         50-100 .

     0.1     . 

      8-10  (   

).   1-      Canon 1000D. 

   APS-C  22.2 14.8   3888 2592 . 

 1751 /   4448 / .    

   Canon 450D.        ,

   Canon 1000D,      - 4272 2848.  

1924 /   4888 / .     

  .         12  

18 .

1.1.2.    
 (   6  )

         

    (  6 10   

  1-10    4      1.5 ),

    ( . . 2 , )    30    ( .

. 3) .       

200-300      20-500 .    

          

    2   10-15 .

         -

  Canon EOS-350D    Canon EF 50 mm
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f/1.4 USM         41

/ .        

-5-1  5-10 .

     6 

 10-       

    ( )   

- ,       

 .  -     h (0.01-10) . 

           20 [72].

    6     

        

 .       

    .

       -   a=1.623 .

       - b=0.477 ,    

=b/a 0.294 ( . . 2 ).   ,  

 ,     -  40-50   200

.        

   200-300  (   41-62 )   200-300 .

     -   - 280-

360 .           13 

/  (  77 ),       

  - .

    6 ( . . 4) 

        (  (C3H6)n,

 1 ).      

    ,    [73]    [74, 75].

      

         Z-

  (     . 4).
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)

a=1623 b=477 

 
 -5-1

 6

20

)

1
2

4

4

3
4

4

5

6

. 2.  10-      6  

   -5-1     : ) - 

 (  )    6   

 -5-1   .  –   

   ; ) - :  -  ,  -  . 1 -

6; 2 - 20; 3 -  ; 4 -   -5-1; 5 -

      6, -  20 

 ; 6 -    -5-1.
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)

 

 
 -5-1

  30

)

1

8
7

6

3

5

2

4

13

9

10

11

12

. 3.  4-        

   -5-1: ) -     

   -5-1; ) -      :

1 –  ; 2 – -  -  /     

; 3 –  ; 4 –  ( - + ); 5 –  ;

6 –   - ; 7 –  Canon EOS-350D; 8 – 

  ( +   5 ); 9 –    

  5 ; 10 –  ; 11 –   ; 12 –

         - ; 13 –

      -5-1.
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0 400 800 1200E, 
tr
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1.0

. 4.      6 - 

  1 .     

        Z-  

   -5-1.

  [76, 77]       

« + »   6      

   .     

,          

. ,      

         

 . . .     

      (h >20 ).

    « + »      

  Z-    (  5-7    100 

).

1.1.3.  -

   -      

      :  

,         [78, 38]. 

    , -

  .    ~0.5   

    10         5.3 . 

        

1730 / .       (    

  160 / 2  Al 3 )    10-60 

  .        
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200    30 ,     20-100  –  100-200 . 

          

    2 .   ,   

   -3     Z-  

    20 .   -  

         

  .

1.1.4.    
 (GIS)   

   Z-     

    -  (GIS)   [77, 79].

        20 

 1 ,     100  –  250 .

GIS    -   , 

      [80].   

        [81], 

  [82].

      

     .    

 ,       40 , 

    20 30    (  R=1 , 

 4°, 600 / ,  W/Re)     ( . . 5 ). 

     , 

     .    

        55 , 

       (

 0.3)  ,   .

       ,

   .     

   ,    0,   

     .  -    

        

  0± .      

 / :    ,     / , 
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.        0

 /d ~100.

   (    

 -4)     5-20    

         [83].  

          

     ( )

 .      W/Re  

2 -      12-18%     5-14     

7%     ( ~20 ) [84].

     -4   

        

   pin-   AXUV-100,  

IRD ( ).        

  D,    H,   

   pin-     H( / 2). 

     . 5 .   

 -4  [85]     [86].

) )

. 5. -  (GIS)  :

)   GIS      

    Z-  (  Z): GIS –  

; G –   ; S1 –  ; S2 –  

; [Z- ] –    ; ) 

   -4 (     )  «

101-01» (  )  =18 ,    [85].
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  , 

-   D      H   

(D  0.5-0.6);

-   D     log(H)  D  ~0.5  ~1.0;

-   =0.97 0.07      ( =5-20 );

-      D >1.2-1.3;

-    ,   H  

     D    

H=exp(2.37 D)-1+7D.

 ,    -4    .

         

     .

1.1.5.    ( , p-i-n  
)

        

   ( )   , 

   -3  p-i-n   -11-04.

      

  0.63 2  0.43 / .   

      ~15%. 

   ~3.5      .  ,

            

  -3         

   [87].       Z-

    ,      

       5-10 . , 

      .

        3-3.5     (

)   .      

         20 

 1-2  ( . . 6 ).       

       [73]  

  -  [74, 75].   
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   ,    [88].

 p-i-n   11-04 [89] (  

 Sdmax=14.51 A 2/ ,   ~1.2 )   

     10  ( . . 6 ).

)

0 200 400 600 800 1000
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2
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0 5 10 15 20
0

0.5

1.0

E, 

S d
 / 

S d
m

ax

. 6.   (    ): ) -  

 : 1 -  – ,  -  316 / 2; 2 -  –

,  - l 0.75 ; 3 -  – ,  – Al 6 ; ) p-i-n  

-11-04 (  . .).

1.1.6.      
   (  -2)

  -2 [72, 90]      

        .

      ,

   .    

 80 ,      - 23 .  

  0.3 .      

        

   .     
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     H1=0.7   2=1.2    (  

 2=1.4 ).

1.1.7.     

  ,    ,  
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)
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-0.8

-0.4
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 A

/c

U
, 

R o
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, 

tpp
elec

tpp
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 . 
(

)

1

2

)

0

5

0

1

2

750 800 850
0

100
200
300

t, 

I, 

m , /( 2 )

m, /
0.8M0

tpp
calc

0.7M0

M0

. 41.      

,    : )    

 tpp
elec      dI/dt 

 U(t)        tpp
opt; ) 

: I -    [  ] (  ); m , m - 

 [  /( 2 )]      (  ) [

/ ] ,    (15)  (17)   

 Km.

 ,       Km 

 (17)          ,

   [45, 168],     .

,  ,        

      )(tm   

 ,       

         , . . 0)(tm  ( . . 40).

,     (14)  (15), )(tm    

   .       [155] 

,       tpp,     . 40 ( .

)(tm ),      

 I(t).    )(tm    ,   tpp  

 [37, 45, 93].   )(tm      
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    Z- ,    ,      

     .

   ,     

,      .    

    (     

 [169])         

          

.

,      tpp  

  (  ) ,   

,     Km,    (15)  )(tm .

§2.1.    
    

  [45, 168]    

,        

     (15)   

Km
W=(0.125-0.18) /( 2)  1.8-2.0.  ,     Al-

     Km
Al 0.2 /( 2) [105, 155],  

   [170]  Km
Al=(0.13-0.14) /( 2).

2.1.1.      

  

      -5-1  

     ,     

– -   - .    

      ([-HN(CH2)5CO-]n), 

([ 14H18O9]n)    .

        

   , . ., ,     

       ,  

,           
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    .

        , 

    25  ( . . 42 ),     

,         

       6  ( . . 42 ) 

   15 .      . 1.

 ,    25     

 6     15  Al-    5.5 / .

          

        ( ) 

    (W+ , Al+ )   

          

    (ml=220 /   N=40 ).

. 1.  .

 
40  ,  25 ,   220 / ,   6,
12  20 .   - 15 .
60  ,  20 ,   264 / ,   20

.   - 16 .
   -  

(2 38) . ,  25  + (38 2)    6 ,
  220 / ,   20 .      –

40.   - 15 .

)

15
 

Ø20 

)

15
 

Ø20 

. 42.   (  ,  ): )    

; )          

.
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. 43.  

   .

       -

   

 ( . . 1.1.8   1 ),

    (0.9R0  0.5R0,

 R0 -   ). 

    . 43.

,   [68]  

    

      

(     )

    (   - )

     . ,    ,

    (Al, Cu, . , Mo, W  .)  

  ,        Z-

.        15%    [155].

        -

            

  .   ,        Z, 

   ([-HN(CH2)5CO-]n, Z 3.3)   ([C10H8O4]n, Z 4.5),

          ( .

 1  7  . 44),        

     -  ([ 14H18O9]n, Z 4.2).

          

        ,

  40  ,   220 / ,   

20 . ,        ,  

    .      

,          (

,  ,      )   

 (  ,      ).
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0

1

2

3

t, 

~25 

 

dI
p/d

t, 
10

13
 

/

W

850

. 44.    ( )    :
   (Ip)    r=0.5R0   

.  :    ( ) – 40,   20 ,
  15 ,   220 / ;   ( ) - 
 25  (   6 ). 1 – 40 ; 2 - 32 +8W; 3 -

24 +16W; 4 - 20 +20W; 5 - 2 +38W; 6 - 40W; 7 -   ( - , 250
/ , 1.2 / 3,  20-22 ,  16 ); 8 –    .

    :     (dIp/dt) 
       .

           

      . 

( )       ( .

. 43).         

 (  35-40-   , . . 45).     70-100 / .

    (       

)   10-20 .       

    ~1013 /( ).  , 

-            (

    )     

           (



108

  .). ,       

      [171].

t*
1 17 t*

2 35 t*
3 48 

  
   

. 45.     ( )    
  40  25  ,   220 / ,   - 10 ,
 - 16 .       , 

.

       ( . . 44,  1), 

         3   (~1 ),

    (  6).      

        20-25 ,   

 ,    .      

        (dIp/dt)  

~1012 / ,   ,      . 44.   

          

       -  .   , 

          

  ( . . 44,  7).     
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,           

       ,   

  ( .  -  ) [68].

 ,        

 ~1.2 / 3 .      

   ~5-10 .   .  

 (  . . « » )   10-50  [160, 172],  

     -   ~100-200 .

       

   -        , 

         .  , 

         

 («  »),      . 

        ,    

      ,    

  ( . .  ),       «

»       . , 

    « »      ( )

     ,         

      , . .    .

  ,         

   .

,     ~100    

   20      [173].

       ,     ,

       ,  .

     ,   ,

      , ,   

  Vr   )()( 2 tIVtm r .     

           

      ( .  1  6  . 44)   

 .

         

        

   Z (6   ).      
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  -   ( . . 1)    

40 .        

  -  , mW/M0,  mW -   ;

M0 –    .

       (

 )        . 44.  

 ,        -  ,

   ,     0.5R0    (  1-

5),      ,     

 (  6).  ,    , 

,          

, ,   ,       

 )(tm    )(tm .

 . 4615    t0.5  

   ( . . 46 )      Ipr/Itot ( . . 46 ) 

      ,  Ipr - ,   

 0.5R0      ,   . 44   

«  »;  Itot -         .  . 46

,        ,    

  (  )    0.5R0.  

        ~50%  ~13-19%.

)

0 0.2 0.4 0.6 0.8 1
30

35

40

45

mW/M0

t 0.
5, 

)

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

mW/M0

I p
r/I

to
t

. 46.    t      0.5R0

   ( )     Ipr/Itot    ( )  
 mW/M0     .
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 . 47 -       

        

 .      

        (dI/dt), 

(U)     (PSXR).    , 

      .   (  ),

 ,        

  (U(t) L dI/dt),      , . .

dL/dt 0.    , ,  ,    [93],  

        

         ( . .

47 ,  ).      ( .  . 41 ): 

     (tpp
opt)    

 (tpp
elec)      ( .  (4)  

1 ),         

      - tpp
calc   (17).

 ,    -    

)(tm    ,     tpp
opt,    

,     , , ,  

   .        

       ,  

      ,   

  .

 . 47 ,         

 ,          ( . . ),

     . ,     

         

  ( .  B).      

      .  

  ,  )()( tmtm W .    

   .
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U

PSXR
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40k

. 47.    -     
: ) 40W; ) 2 +38W; ) 16 +24W; ) 20 +20W; ) 32 +8W; ) 40 .

 : R0=10 ,   6  W-  (25  
) – 40 .,   220 / , h=15 .    
 - 5 .        (dI/dt

 . .),  (U  . .)     (PSXR  . ., h  >150 ).

     ( . . 47) ,    

   ,      
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 ( .        dI/dt  . ),  

    ,    . , 

 mW/M0  0.2  1.0   tA=t-t0   ~55   ~85 .

 ,       

      .

    ,       

         .  ,

           [164],  

    IW/Itot,    .   

       R0-D   Ropt,

      ( . . 47).  . 48  

           

(mW/M0=0.5)      R0-D    Ropt.

    IW/Itot,     

  ,    mW/M0   . 48 .   

  ~75%  ~100%        

20%  100%. ,          

       ~85%   

,   ~15%   (  )     [48],

     R0  .  ,  

   ,       .

)

760 800 840 880
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R,
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)
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mW/M0

I W
 / 

I to
t

. 48.     -  : ) 
  R0-D       Ropt,  

  .     : 20 +20W,
   M0=220 / ,   W-  mW=110 / , R0=1 ;

)    ,    W- ,  
   .
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 ,        

     .     

    ,   , 

    . ,       (15)

    ,      ( 1.8-2.0), 

    (tpp)   

       Km  . 

 )(tm      (17)  ,   tpp,

   ~80–100%    , 

        tB,     . 47 - .

       ( - )

,   Km (7.3±1.4) 10-2 /( 2).  

 Km     20%.  , 

      2.5-3  ,   

.   I=2   R0=1     

     tm )( 0.25  Wtm )( 0.6 /( 2 )

.  ,       

   20 ,   60-   20  

(   Lv-   4.4 / ).    Km

    - Km
Lv (7.0 8.0) 10-2 /( 2).

     (15) ,    

)(tm ,     (    ,    

),   Km        

  R0       (

 ,     ).     

    : 12   6   

:    - 220 / ,     - 40, 

 - 15  ( . . 49).  ,      

    (   12-15%)       20

  12   6      (15)

   2.8    11 .  ,    12 

    )(tm     )(tm   

  20 .       

      ( . . . 49 ).    ,
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  Km     20%.  , , 

 )(tm        ,

    ,       

  [37, 45]      

,          

   .

)

750 800 850 900 950

-0.8
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t, 

 4714

12
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PSXR

dI/dt

B

)

750 800 850 900 950

-0.8

-0.4
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0.8

t, 

 4729

6 

U

PSXR

dI/dt

B

. 49.         : )

   12 ; )    6 .  

 :  25   40 ,   220 / , 

 - 15 .      - 10 .  

     (dI/dt  . .),  (U  . .) 

   (PSXR  . ., h  >150 ).

2.1.2.    

        Z   

«  »   /     

     .     

  .   ,   

  (  ),   

    ,   , 

  ,    ,    

   ( . Al  W).  ,
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   [174, 175]    ,  

   , ,       

     .     )(tm

,            

  .      

 ,  ,  :  

     ,    

     .       

    [174]     .

  ,     ,  

        ( . .

“trailing mass”, . §3.3   3 )    Z- ,  

,  ,  .

      -5-1 

 (Al, In, Sn  Bi)  .   

        

    ,        – 

(Z=49),  (Z=50)   (Z=83).    

        . 

 ,   40-240  25   ,

   12   20 .    15-16 . 

      [176]   

  ,    - , ,   . 

    90 /   300 / .

       

  ,     

   ( . . . 109, 110, 112  §3.3  3 )

 ,       (tpp Tn)

       (tpp Tk).



117

Bi

Bi

50 60 70 80 90 100 110 120
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t pp
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, 

In
Sn

Al

- Bi, 90   / , R0=0.6 

- Bi, 220 / , R0=1.0 

- In, 110 / , R0=1.0 

- In, 300 / , R0=0.6 

- In, 92   / , R0=1.0 

- In, 139 / , R0=1.0 

- Sn, 220 / , R0=1.0 

- Al, 220 / , R0=1.0 

. 50.     

,    :   

   ,    

   ,   ,   (tpp)

   (tpp
calc),    (15)  (17).

 . 50       

,    (tpp)    (tpp
calc),  

 (15)  (17)      Km 

 . ,  Bi-   Km
Bi=(0.094 0.002) /( 2 ),

  In-  Km
In=(0.074 0.008) /( 2 ).    , 

   Km      

  (0.6   1 )    (90-300 / )  

.

 . 2       

  (Al,  , Cu, Mo, In, Sn, W, Bi, , ),  

   -5-1    .  , 

       

 ,     - . , 

  )(tm   R0=1   I=1     

   : 0.13-0.14 /( 2 )  Al-   0.11-0.12 /( 2 ) 

Al-    .  ,   

       .
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. 2.      

   ,       .

   
 

m , /( 2 ),  I=1 , R0=1 
 0.2 [105, 155]Al- , 15 0.136-0.138 [170]

. , 10 0.180 0.018
Cu- , 18(20) 0.340 0.032

Mo- , 20 0.128-0.145
[ . ]

W- , 6 0.125-0.180 [105, 155, 175]
 , 25 0.040-0.070 [174]
 , 20 0.070-0.080 [ . ]

0.095 0.015 [175]Bi-    
0.094 0.002

In-    0.074 0.008
Sn-    0.070-0.100
Al-    0.110-0.120

[177]

 ,      

        

       [175].  

        

    ,    . 

         

( .   )    

 

   . 2      

      

 )(tm       

      ,   

«  »     ( . ).

 ,     ( .  

  )(tm   /( 2 ))      

        ZR, -5-1 

. .          .



119

§2.2.     

   -3

     ,   

   ,    ,    

   ( .  ),    

   ( ).

 ,      , :

-        

     .      

         ,

   -5-1   ;

-     (      

 ),          

;

-         

  .      

;

-        ;

-    Z-     

 h <1 .

      ,

    6   8 .   

 6      5.5 / ,  8   -

~9.7 / .       40  120    6 

  60    8  .  ,   

    220  660 /  ( . . 3).  ,   

   (  ,  ,   

  ),    .

          

    ,     . 1.2.5  1

 .      

  -3   . 1.2.6.   

  (  ,     dI/dt,
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 ,  ,      K008 

-2 ),    ,   §1.2  1 .

. 3.        -3.

  
 

(  )* , 

4162

   20 
  

  10  
  (h=-

10 )

4163

 Ne;
P0=1.5 ;

U0=7 ,
W0=0.22 

20; 160; 360
   20 

 
  

(h=0 )
4237

-

4238-4242

 Ne;
P0=3.0 ,

U0=10 ,
W0=460 

-   (h <1
)

4189

 Ne;
P0=2.75 ;

U0=11 ,
W0=0.56 

4190,
4192

40 W 6  ,
  220

/ .

4191
80 W 6  ,

  440
/ .

4193
120 W 6  ,

  660
/ .

 Ne;
P0=2.75 ;

U0=10 ,
W0=0.46 

8; 360

   8 
 
  

    3-4
 ( . . 22)

4194,
4196

60 W 6  ,
  330

/ .

4195
60 W 8  ,

  ~600
/ .

 Ne;
P0=3 ;

U0=10-13 ,
W0=0.46-0.76

-

   [55,
60].   4194 
4195 

 

 ( . . 22)
* -   - 10 ,  – 15 .
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2.2.1.     -

 

        

      , 

      .  , , ,

      ,  

      . , ,  

        .  

 [112, 149]  ,       -

,     ,      

       .   

    ,   

    .    -    PF-1000

[114]            

1.4 ,         (R0=10 ).  

-3        160 .   ,  

 20     10-15    ,    ~50% 

   [108, 112].    ,  

    ,    .

        

         -

   ,    20 , 160   360 .  

          1.5 .

     7-8 .     

2 .           

~0.2-0.3 .

   ,    360   160 ,

           

 . ,   ( 4162),   . 51, , 

   ,    360   160   ~15.8   ~21.2 

.          

 Vr ~3.7 106 / .      r=360    ~3.7 



122

,   .      , 

    ( ),      

  360  ( .  3  4  . 51).        30%

 .   ,    r=360 ,  ~3.2 .

 -     (18)   ,  

     

dI/dt  I (Vr/ skin), (18)

 I - ,  , Vr -       

  ( .  . 53 ), skin -  - .  

 ~1 1012 /    ~1.5 ,    r=360 , 

  -    (18)  5.5 .

     r=160       ~1.4

 ( . . 51  5  6).        (  

  -  5)       ~20%  .

        800 .   -

       160     dI/dt 1.5 1012 /  

I 1    2.5 .   r=20   -   

      0.7     dI/dt 2 1013 /   I 1 .

 ,        .

  ,    ,    

.       PF-1000 [114, 115] ,  

 r~1.4      (~1 ).     

-   r=20      -3,       

    .  ,     360   160

  ,    ,   

      .  

   ,   . 52.

      -3  

     -     (18)  

     460   20  ( . . 53 ). ,  

  -  skin  (6 1)  (    r460   r360 )  (3 1)

 (  r160 ).        (  r20 ) -

    -  1 .        

 Vr,       ( . .  

 . 53 ),   (1-3) 106 /  (  r460 )  1.3 107 /    
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 ( . . 53 ),        

  ( -5-1, MAGPIE, ZR  . .).
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I, 

1

6

t, 

7

 dI/dt

. 51.         (

4162,  Ne, P0=1.5 , U0=7 , W0=0.22 ): 1, 2 –   ,

      ; 4, 6 – ,   

 360   160   (     – 20 ); 3, 5 - 

      ; 7- ,     20  (

  «  »  10 ); 8 –   .

        ,

  r=20 .    ,    

   ,       

 ,        

 .

   ,    ,  

 20     10-15    ,     ~50%

    ( .   . 52   [112, 113, 149]).   

        .   
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 -3      - «  » ( . . 54, 

 15   17 ).
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/
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t, 

5
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 dI/dt

. 52.         (

4163,  Ne, P0=1.5 , U0=7 , W0=0.22 ): 1, 2 –   ,

      ; 3, 4 – ,   

 360   160   (     – 20 ); 5 - ,

    20  (    ); 6 –  

.

         .  

       -

  [148, 149, 178], ,        

  ,        

«  »,        .  

       «  »

 ,   ,     .     ,

 ,        

     [112].      

    ,      

   «  »      

     .     
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      .      20

    «  »  10  (h=-10 , . . 54 ),  

     (h=0 , . . 54 ).
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. 53.     (  Ar  Ne, P0=1.5-1.75 , U0=7-10 , W0=0.22-0.46

)         (   .

):      Vr ( )    -

skin ( )       ;  -

  (  Ne, P0=1.5 , U0=7 , W0=0.22 )   -3 ( ).  

 ,     ,    

 - Vr.

,   «  »     (r=20 , h= –10

),     ~125       .

        ~1.5 107 / . 

   ~1.05  ( .   . 51  7),  

       (  ~50     
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  ).  ,      -3

        1   

  2 , . .      .

)
r=20 

«
»

)
r=20 

«
»

. 54.            

 –    «  »  h=-10  ( );    

    h=0  ( ).

         ,   

 .  . 52   (  4163),     20

    «  » (    , h = 0 ). 

      340      

.        - ~0.5 

(  45%  ),   ,     360   160  

  .   ,   . 51  52,

       :    

-    4163 ( . . 52),   2    -  

 4162 ( . . 51). . .    4163  . 

,           

  «  ». , -    ,  

       ,   ,

« »   ,     ,    

 .

  ,      

        , , , 

    ,     «  »    10

. ,        

   « »       . ,  

     ,   , 
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:    ( -  )  « »

   ( . . 22).

2.2.2.     

        

       . 

 ,     ,   , 

 ,   ,    

       . 

      (     )

    6  , . .  .  

        . 3,  

 ,     –  §1.2.   1

.        , 

  ,      

    -2   008.    

     - .    

        ,  

    ,       . 

 ,   ,   

     ,    

    .

    « »  

  40  6  ,    10 . 

     220 / ,   - 15 .  

         

   -5-1.  . 55    

 ( )     (r=360 ),     (r=8 ).

   . 55 , -     360   

12   (  2)        ( . . 55 ,  3).  20

      ,      1-

       ( .  1    . 55 ).  
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       1.25 .   

     ,     

   0.9 107 /   1.4 107 /      -

2  ( . . 56a)  ~1.3 107 /     008 ( . . 56 ).    

       .   168  

          

  ( . . 55 ,  3).    ,  

       (  3),

       . 

       :   

     ( . . 56 ) ,    tpp
opt

~140-170            

   (0.5-0.6) 107 / .   tpp
opt   

   ,      

 .

    . 57   :

- (t1),  ~293        , 

    .    

   -     .  

     .    , 

  8   ~0.7 ,   400  ,     

   ( . . 55 ,  3  4).   ,   

          ( . .

«trailing mass»).  ,      , 

    (  r=8 ),     

      .   ,

         ;

- (t2-t3) -            0.6 107

/    Z-     2-2.5 .   , 

  8 ,  ,       

   Z- .      

 2-   ( .   . 55 ).    

   20.6  ;

- (t4) -    .
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     ,  
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. 7.   rV        .
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3.1.3.    B (t). 
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. 12.           
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  rin/rout       R , 

 rin/rout>0.6        Nout=4    

 ,    . ,   

    Nout,    ,     

   .

   ,     -

       rin/rout=0.9   

     (Nout=4),       - Nout=40.

         ,

        

  -   W-       Z-

    .

  ,      Nout=4  ( . . 132).

       

  ( 6  REOP)     3 ( . . 118). 

  . 132 ,   ,      

       W-  

.         Tpl 

  ,     

  ,       

   .       . 132  (  

 t4-t7)       , 

             

  .     Tf,  
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  ,        6

,        (rin=9 ),  

       -  1 .   

           

       . 4.2.4.  

         

   ( .    . 132     t8  

. 132     t*
2).         Z-  

  0.8-1.4 ,        

  (     ),    

   (h >20 ).     

,         . 

       Nout=4    , 

15-17 .          3.8  

45  .     ,     ,

Z-  .       ,   (REOP)

  30     ,      

 ( . . 132     t*
2-t*

4),    

   Vz 1.3 107 / .

   [231]  -  ,   Nout=4

 8,          

       .  

    -   , 

          Nout=40 ,

. .        

    Nout.      

. 133 ,    t3-t6  ,     

  Nout=4, 8,    .     

 ,   t7      Z-  

 1 .           

 .     ,    30

    ( . . 133     t*
2  t*

3).  

   Z-       

   7  ( .  133 ,  3),   2  ,     Nout=4
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( . . 132 )  8.  ,       1.6 ,

           

(       . 4.2.2, . . 125  ).
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in –     
; Tf –    ; ), )   

( ),     . ( ) ,  
  t1-t10    ( 6, )   t*

1-t*
4 -

( REOP,    30    ).      
   .     - ,  - .
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,          

  .        

 .

        

 . 134        (h >100 ) 

 -   (c rin/rout=0.5  Nout=4)   

        .

         -    40 W 6 

,   10 .       

 Nout.  . 134  ,       

   4  40      4.6     1

 .       

 .  . 134     

  ,      ( t0.1/1), 

     (FWHM),    ( t1/0.5). 

     ,    . 134 .

  . 134 ,  ,       Nout<16 

  (FWHM<5-6 ) ,      

(FWHM~12-14 ).      (1.0-0.5)PSXR
max   - 
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        . ,   

         Z-
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        Z 3.6.
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      ,    
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 ,          
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4.2.4.     

      

      
  

        

  (W- )  -  ,   

       Nout=4, 8, 16, 40, 120, 240 

        2-   -

rin/rout=0.5  0.9.

       

      83  

,   10-  .      20-30

     i (    )  

 j (      -   ) 

    ,  ,     

      §3.2.   

 ,     ,  

 ( i, j)    ,     . 

   )(t   )(t    

    (t)= (tmax)exp( t)  (t)= (tmax)exp( t)   

   (tmax=0 ),     -      

.    (t)  (t)    Nout

  . 135 ,  .  ,    

     4  240  (t)  (t)    0.8 

0.4 .        -

   ó       

rin/rout=0.9 ( . . 136,   41   ,

  6-  .).  ,    

     Nout   

 rin/rout.  . 135    . 14     Nout

     (   - ) =1/ , 



294

   . 135  136 ,    

   (W- ) fin=Tf-Tpl
in ( . . . 119 , 120 , 132   133 ). 

. 135  ,        rin/rout=0.5    fin

    Nout=4.     

         Nout=4   

   ó      .  

    -    rin/rout=0.9 ( .  . 14).

        W-

,         (Nout=4  8)  

    2-3  ,     

   (30-47 ).      

  40         

  .       (t)  

,     Nout=4, 8 .   ,   

       Z-    

  .      ( . . .

133 )        ,   

.         

     ,     . 4.2.3 .

          

       ,    

      ( . . 4.2.2).

 ,       ,   

    ,    t=-100 -60  

(t)= f 0.25-0.30  ( . . 135   136 )     

    W- ,      

,       [33, 216].    f    

 W-  ( . . 107  §3.2 ).
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hout=hin=16 . ), )    (t)    (t)

,     ,  
 Nout.       tmax=0 ; )
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rout=10 , hout=hin=16 . ), )    (t)    (t)

,     ,  

 Nout.       tmax=0 .
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. 14.   

(t)= (tmax)exp( t)

 

(t)= (tmax)exp( t)

 

(Nout  25 
 ) , -1  =1/ , , -1 =1/ , 

 
 W-

tfin, 

4 0.063 15.9 0.028 35.7 30-38
8 0.062 16.1 0.027 37.0 42-47
40 0.032 31.3 0.012 83.3 50-55

      
   rin/rout

        

   -     

     rin/rout=0.3, 0.5, 0.6, 0.7, 0.8, 0.9  

     Nout=4.     73

  ,   11-  .  . 137

        

  (  (t)  (t))       

 rin/rout.  . 137  ,       

      .   rin/rout=0.3 

 (tmax)        0.4-0.5  

   rin/rout=0.9,  (tmax) 6 .      

    ( . . 137 ).  . 137   

  (  1)  fin (  2)    rin/rout.    ,

  rin/rout<0.5       

    , . .   > fin.  ,

      W-       

    ,   

  ,      Z- .

 , ,      Nout   

         ,

   rin/rout,   ,  0.3.     

 ,       

        Nout  

,      rin/rout,      

.
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   (   r rout).  ,   
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298

     ,   ,  

      .

4.2.5.     

   

  . 12      ( .

. . 4.2.1-4.2.3)      ( . §4.1)  

      .   

        

,     ,   

,         

        . 

,         

,          

  ,     

       .  

       ,

         

 - .    3D   MARPLE,

   . . .   [206].    

        

       .

          

  H R S (  . . .   [233]. 

        

     (15)  

     .    -5-1

    I(t)=I0sin2(½ /T t)   I0=4  

  =100 .      . 

       

    ,       

     .    

  ,      . 

,        (r- ).  
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,   ,      

     ,  . 

,          

    ,   

     (r-z) .    

-  MARPLE3D       

   .      

    (r- )    ,  

 :          rSW 

  ( . . 4.2.3).     

 (        16 ),  

   .     , 

     20  ,   

       .

        

     [234, 235]  

   .      W- ,

  6       .   - 1/8

,    5    .   

  ¼     .

       
 

          

       .  

      , Nout=Nin=40,   220 / .

      rin/rout=0.3, 0.5  0.8,  

  ,   ,   (    rout=1 ).  

. 138-141   .    

   rin/rout.  . 138    

      (  1  2),  

     (  3  4)    

 rin/rout=0.3.         

(  r-  )     ( . . 138 - ),  

         t=55-60 .  
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       ( .  2 

. 138 )          .  

      rSW=0.34  ( . . 138 ),  

      65  90 .   

       .   

 rSW    ,    - 0.3-0.32 

( .  . 12)    1-    – rSW=rin=0.3 ( . . 115 ).
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rin/rout=0.5.           (t=50

)         ( .  2

 . 139 )   (dm/dt)in/(dm/dt)out    1.  

,    ( . . 115 ).    ( . 

  . 139 - )         

     0.54       

(  57 ),  r=0.7      (  92 ).    

 rSW=0.6  (   60-90 ).      

,    ,     rSW  

   ( . . 12).  ,     

  ~50 / 3    60-70  ( . . 141 ).  

        Vr
2=Bin

2/8  

,     . 131 .

   ,   rin/rout=0.8   

 (dm/dt)in  ,      (dm/dt)out

( .  1  2  . 140 )    ,    

, . . (dm/dt)out 0.    ,   

   :

          

     ,     

,        ( . 

   . 140 ,       . 141 ).    , 

           

 ,    .  ,   

    rin/rout,      

        :    

       rSW=0.83-0.88     M <1 ( .

 . 12).
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         Nin=40,   220

/ .

  4-           

          

  .     rin/rout=0.5 

        ( . . 142 ).  

     ,   

.  rin/rout=0.3        

       ,

  ,      . 

     75  ,  

     (   ).  

        .

       

 ( . . 142 ).

        8  

      rin/rout=0.5.    

          

  .      ,  Nout=4,

     .   

    ( . . 142 ).   16    

      ,    

  Nout=8.

) ) )

. 142.        (r-
)  : ) rin/rout=0.5, Nout=4    75 ; ) rin/rout=0.3, Nout=4 

  75 ; ) rin/rout=0.5, Nout=8    65 .
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 ,     -  

       

    , ,    :

-       ,    

 .      ~50 / 3  

 60-70 ;

-  Nout 8   rin/rout 0.5     

 .

§4.3.     

     ( -

   )

         

        

      ( . . . 4.2.1  4.2.2),  

 ( . . 4.2.4)    ( . . 4.2.3).

,        

:       (  )   

        outout BJ
c
1  

      ( )     

 Bout.         

Bin  ,     ( . .  

B(r)  . 115   141 ).         rSW 

 .   rSW      
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2+B2

out/8 )  
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in/8 .     

          

 .        

      Bin- ,     .

143 .           

        .  

    ,   Nout   , 
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 ,         

    ( . . 143 ).  ,  

        

          

  ( . .     . 120 ). 

         

  ,      

      .    ,  

      (    W- ) 

       - ,    

  .       

,       [225] ,  ,

         .

  ,        

    .    

      :  

      ,    

. ,        

 rin/rout=0.9  ,         Nout

 40  4          2-3

 ( . . 136).       Nout   

        (  14 ) 

         

  ,     

 .      ,     10 ,

         

( .   . 143 , ),     

,     .   ,   . 4.2.4

  ( . . 137),     rin/rout,  

  0.3,          

  ( )    Nout=4 ( . . . 126  129).   ,

   rin/rout    

       , 

  .       ,

   .
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  ,    ,    

         

        .

)

inB  

 

 

)
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)
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 (  ): )       
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     ); )   
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,        

   ;

- ,         

,    (  )  ,    

   .      

     30-100 / 3   50-60 . 

          ,  

          , 

:     Vr,    Vr
2 

      ;

-       

        Nout,   

   rin/rout. ,     

 (Nout=4)         

       rin/rout,   , 

0.3.  ,        

         , 

   ,       ;

-         

       Z-   

      .   

      4      5-7

     5-7 ;

-   -      

  ,     

    CVI      

     ,  

     .  ,   

     Nout=4       

 rin/rout=0.3      . 

       

   (W- )  ,    

   .  ,     

  ,    

  ICVI(r)      0.48<r<0.78 . 
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    ICVI(r)  .  

     CVI    rin/rout ,

    rin/rout>0.6       ,

   ;

-        

  ( -    ).   

        

 .        

     .     

       .   , 

         (W-

)          

    ;

-  ,         

  ,     

-5-1   -  ,    

    (Nout>40)  (  10-15 )     

  22 / ,  ,         .

   5       

   ( -  ,   ,

      ).
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 5.    
     

        

   ,    

 ,    4 .     .

4.1.2, -       (“basket arrays”)

        

       Bz-    

     ( .  MagLIF [29, 30]  AutoMag [31]).  

       

        

         

.

§5.1.  -  

       

     . ,    [67] 

,   ,     

           

,         

      /  ,  

.

       

    - -  ( - ) , 

         ,  

       (  ) [172],   –

 .  ,        

      [      - , (C14H18O9)n ], 

         ( ), 

 .          100-200

.           .

   W-   ~3-10 .
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 -  ,    ,

  . 15. -   ,     W-

      -     

   -5-1.

. 15.  -  
*

  
4929**

5148** -

4980     -  
 180 / . rin=6 

5065
    - +W-

 (40%  )   310
/ , rin=6 

5086

W-   40 6  ,
  220 /

    -  
 490 / , rin=2.5 

5077
    -

+W-  (40%  )
  370 /

W-   40 6  , 
 220 / , rin=5 

* - hout hin=15-16.5 ; rout=10 
** -       -  ,  

   W- ,      W-  
  .

5.1.1.    
  -  

   2-       ( . §4.1  

4) ,    ,   

          

  B (r) ( . . . 115   . 13   [220]).  , 

,  ,        

       B (r).

        

 -      .    

  ( . . 1.1.8   1 )     

  –       ( . . 144). 

     ,       

 ,           

 .      B (r,ti) 
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W-
. 144.  

  -  .

 -      .   

      B (r,ti)   

     .

        -

,    

 W-  ,    –

    -    

 ,    .  

  -     .

117   . 144. W-    40 6 

,    10 ,

  220 / .   

  2.5   6 .    

   180 /   490 / .

 . 145       (  1), 

 (  2),  (  3)     (h >100 , 

4).         5-     

   -       rin/rout=0.25.

       -    

       .    

     B (r,ti) ( . . 145 ) 

  Jz(r,ti) ( . . 145 )     ti, 

   . 145 .      (2)  ,

   . 1.1.8  1 .    ,   .

145 ,    B (r,ti)  Jz(r,ti),      

 (t<Tpl
out)        

      .  , 

  r<0.4  -     (  ),

    200  (~10%    ).  

   B (r,ti)    t1-t6  . 145 . 

       .  , 

         

 W-     ,      -  .

      . 

          .
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    ,   ~60-65   

    ( . . 145 ).     

  R-t      RL(t), 

  (4),  ~85-       ,

   .     (t=Tpl
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     (      ),   
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,     (  1.5%  ),  
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.

§5.2.      
  (“basket arrays”)

        

       ,

:    (DH)   MagLIF (Magnetized Liner Inertial

Fusion).  DH      ,

        

         , 

   .    MagLIF    

       

     (Bz-)  .   

     Bz-  ( . 

   )      -
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.  ,       

      , 
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          . 

 Bz- ,    ,      .

         ,  

          

           .  

     .    AutoMag

    MagLIF.      Bz-

    ,   

        .

  AutoMag      MagLIF.    

    Bz-   10     

 .       

       

  Bz-    .   AutoMag 
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       .    

  ( ),    .   [173] 
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Bz-
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  )       ( . . .

117 ),     Bz-      , 

    .   ,  

 ,     (“basket array”,

  D.H. McDaniel†),       Bz-

    ,   

         

 .        

      ,   

   .

       :

-         Bz-  

  ;

-          

  ;

-        

 Bz-    ;

-    Bz-        

  .

5.2.1. “BASKET ARRAYS”     (Bz-)
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   rout   rin
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rin=4.5 ,
hin=13 

0
 2

 
Bz-

4267
4269

0

+6

4278 -9 0

4273 +5
  Bz-

   
 

4260
-11

+13
4274 -6.6 +7
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   0.2  ( .  3).  ,    

   Bz-          

 ,       .

   ,     

  ,     .

  –  ,   –  

 . 153       

  (  4278),   out=-9   in=0 .    

   (10-15  ,    )  

     200  ( .  7).      

   ,      Bz-     . ,

       ,   ,   

    Bz- ,   

   ( .  4). ,     70  

     Bz-      0.4  ( .

 5).  ,    ,  ,    ,

   ,      rin. 

       Bz-   

     .    

   (  ),       

 rin (  )    d (  )     (  )

  ,   [237], - =2 10-7rind/ .    

57-70    :    rin=0.75 ,  

   d=0.2      =0.0014-0.0017 ,

       

 Te=20-25      5.     

     Bz-      (55-60 ),

       .    

,           

       -  Bz-



332

  ,     ,    
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