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  ,  - , ,  .)    
         

 .      
    . 

   : 
      

   .    
       

 (  , ), : 
      ( , S111); 
  ; 
 ; 
  ; 
    . 

       , 
        

. 
   ,     99 %  

   ( )      
   .    

   ,    
   ,  

   . 
          

 :     
,        

.



1       
 

        
    : 

    (  ),   
   (    ); 

    ( ),    
 . 

       
  .     
       . 

 ,  ,     
   .       

 .        
 (      ) .  

     .  
         

 .   1      
  . 

 

WIC_1
IF_1

WIC_N
IF_N

SM2

LNA_1

LNA_N CN1_N

SM3

CN2_1

CN2_M

SM4 SM5

LTWTA_1

LTWTA_M

SM6

OF_1

OF_M
WOC_M

WOC_1
WL_1

WL_N

WL_1

WL_M

1 2 3 4 5 6 7

ADC DAC

DTP

SM1

CN1_1

 
WIC –   ; IF –  ; LNA –  ; 

CN1 –  ; DTP –  / ; CN2 –  ; 
LTWTA –    ; OF –  ; WOC –  

 ; WL –  ; SM –  . 
 

 1 –         
  

 
    . 



1.1   
 

  (  )    
-        -

.  ,     
 ,       

 .   2  . 
 

 
 

1 –  ; 2 –   
 

 2 –        
 

,         
        .  

 
1.2     
 

          
  ,    .  

  3  -    
- . 

 

 
 

 3 –  -      
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-   (  )    
 (  ).       

    ,       
 .  

 
1.3   
 

     
       ,     

  (  ).    
 ,    . , 

    3  6   1,  ,  
.  

  4      
    -  . 
 

 
   )       ) 

 )   ; 
)    - .  

 
 4 –    

 
1.4    
 

  (  )   
 ,    -    

,      .  
      -    

  , . .     
  (G/T) .     ,   

 .  
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  5      -    
 . 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 5 –   -  (  ) 
 
1.5  
 

      « » ( - )  « » ( -
)     .     

       .  
         
  [1].      

     , Ku,  
(30/20),        ,  –  

 . 
    [2]    1.  

 1 –     
     IEEE ,  

L-band 1,50 – 1,65 
S-band 2,40 – 2,80 
C-band 3,40 – 7,00 
X-band 7,90 – 9,00 
Ku-band 10,70 – 15,00 
Ka-band 18,00 – 31,00 
Q-band 40,00 – 50,00 

    Ku    6.  
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 6 –    Ku-  
 

         , 
Ku,  Ka.     Q.    

        , 
   , .    , , - ,   

       (   
,  , . . .)    . - ,  

          
     .  ,   

   ,    
   120...130 ,   

   ≈100...150  (>20 )    
   150  [3]. 

,         
 .       

 ,  ,   
, ,   . 

   Ku     7. 
  



13 

 
 

 7 –  Ku-   
 

     2,92 ,  
, : 

  ; 
  ; 
  . 

 
1.6       
 

        
.     ,    

  .     
 :  

   ( );  
    ( );  
   ( );  
  .  

        (   
    ).      

,         
 .   ( )    

     .      
  ,     .    

     .     
    ,    ,   
  ,    ,   
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.         
   .   8   

 . 
 

 
 

 8 –    
 

,     -   
 .       

     SMA   
 . 

 
1.7   
 

  (   , DTP) 
   ,   
        

         [4]. 
   ,  DTP    ( )  

( )     ( )       
 ( )   [5]. 
DTP     ,  

     .   « »  
   DTP   ,      
   ,    
       .  
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  DTP    9. 
 

 
 

 9 –   
 
1.8    
 

   ( )     1, 
      .    

   (  )  .    
        : 

   ; 
        

; 
   « »; 
          

« ». 
        

,     1 .  ,   
       . 

      . 
    –     10. 

  



16 

 
 

 10 –      
 
1.9      
 

  –  ,    
    .      

  ,    .  
 (  11, )     ,  

   ,     . 
    -  ,   

. 
      

        
   . 

  (  11, ) – ,   
         ,     

       . 
  (  11, )       (  

  –    3    ).   
   ,       , 

    . 
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)  ; )  ; )   

 
 11 –     

 
1.10      

 
 

   (      
  )       

.       
.         /  

       .  
 .1        

    . 
  2        

     .1  . 
 2 –    

 
  

   
  

,  
WL   1  SMA 25 
WL   1  TNC 18 

WIC   
2  SMA; 
2  WR 

3 

WF   
1  SMA; 
1  WR 

3 

 
  

   
  

,  

WST  T-  4  SMA 24 
WST  T-  4  TN  16 
WSC  -  4  SMA 6 
WSC  -  4  TNC 2 
WIS  ( ) 3  TNC 16 
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   2 
 

  
   

  
,  

WRE  ( + ) 2  SMA 5 
WIM   7  SMA 2 
WIM   3  SMA 1 
WU  2  SMA 48 

WTW    
2  SMA; 
2  TNC 

8 

   2  SMA 83 
   2  TNC 66 

WOM   
6  TNC 
1  WR 

2 

WOM   
3  TNC 
1  WR 

1 

WOC   
2 x SMA; 
2 x WR 

4 

WTX  
1  SMA; 
1  WR 

1 

WM    1  SMA 4 
WIT   2  SMA 10 
 

    2,       
493   (  SMA  TNC)   18  

 (  WR137  WR229). 
  12       . 

 

 
 

 12 –       



2     
,      

 
2.1  -   
 

       .  
     .  –   

         ,  
   13.      

   .  
 

 
 

 13 –   
 

       :  
      . 

 (  )     
 ,     ,   

  ,  « »  ;  
   (     
,        

 ( ));  
   (      

  ,     (  ,  
 )).  

,         
  –      

     . 
      

     Q/Ka    
 14. 

  



20 

 
 

 14 –       
   

 
2.2     
 

       .  
     .   

     ,     
    .       
        .   

           . 
        

,      .  
  ,    τ(ω),    

(1), ,  ,     . 
 𝜏 𝜔 = 𝛷𝜔  ,       (1) 

 
 (ω) –      ω.  

 
        

      , . .  
,     ,  

 ,  :     .  
      

.          
   . 

        
(    )     



21 

     ( ,    
). 
            

.        
   15. 

 

 
 

 15 –       
   

 
2.3    
 

  3.1  3.2      
        

  ( . .       
    ). ,   

       [3]. 
         

 S11  S22      (   
  ).  

       (2) [6]:  
 КСВн = + 𝑆

− 𝑆 ,      (2) 

 
  16      

  . 
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 16 –          
 Q/Ka   

 
    16   (2)    

  1,5. 
 ,        

   –     
  . 
 
2.4     
 

       
   .     

         
 ( ,   ,     

,       . .).   
   -       

        
 (70...100 ).   (     

)    .     
      , 

  ,        
         

       ,   
  .         
        

,       
 . 
 ,          
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 .  ,   
        

 [8]. 
 –  ,  

   ,        
  ( , radiosensetivity, RS),    

      
 ( , radioemission, RE) [7]. 

        
       . 

 ,     
         

  - .      
   ,     

       [9]. 
,        
 –      

     . 
      

    .



3       
 

       
 « »  «  ».     
         
 [6]. 
         

. 
 
3.1  
 

      
 .    –      

  –    ,    
 [10].  

     
 ( )     

 ( ).     
     ,  

    ,     17. 
 

 
 

 17 –       
 

 
      

:  
 = − 𝑟 + 𝜔𝑙 ∙ 𝑧         (3) 

 = − + 𝜔 ∙ 𝑣 𝑧 ,        (4) 

 
 v(z)  i(z) —      ; 



25 

 r, l, g  c —  (     )  
( / ),  ( / ),  ( / )   ( / ) 

. 
    ,    

  : 
 𝑍 = √𝑙

           (5) 

 
     ,     

 (5)  : 
 𝑍𝑙 = √ + 𝑙+           (6) 

 
    (6)  Zlossy  , 

      g  r     
.        
 ,       

.  ,      
  (6)    : 

 𝑍𝑙 = √ + 𝑙
          (7) 

 
 (7) ,        
.  
      (7)   RG6,  

    .   
     RG6    18. 

 

 
 

 18 –       
  RG6 
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    18   ,  
     (7),      

  ,    ,  . 
 ,        

         
,    .   ,      DTP 

         
    . ,   (7) 

     ,     
. ,   ,      

        . 
        

 « »  . « »  
       ,  

      
 ,      

 ,     ,   
  19.        

,  ,     
  .      

   —  ,   
       
      . 

 

 
 

 19 –      
 

       -  - , 
      
: 
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𝑟 = √𝜔𝜇𝛿 ,           (8) 

 
 ω –   ( / ); 
μ = 1,257 –   ( / ); 
δ –  -  ( ). 

 
       

         (  )  
  : 

 𝐿 = 8, 8 𝜋𝑍 𝑅 + 𝑅 = 𝐴 ∙ √ ,       (9) 

 
 Ra  Rb –        

; 
r —  -  - ,   ; 
А –  . 
 

 20     ,  
      (9)    

. 
 

 
 

 20 – ,     15   
       

 15  
 

       , 
    ,    

 ,    - .    
      (9)  .  
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     ,   (9) 
     : 
 𝐿 = 𝐴 ∙ ,                   (10) 

 
 L –   ; 
А –  ; 
b –  . 

 
         

,      ,    
        

      .  
   20        

   .      
     : 

 𝐿 = 𝐴 ∙ , 𝐿 = 𝐴 ∙  
 

   : 
 𝑙𝑜 𝐿 = 𝑙𝑜 𝐴 + ∙ 𝑙𝑜  ,             (11) 
 𝑙𝑜 𝐿 = 𝑙𝑜 𝐴 + ∙ 𝑙𝑜 .             (12) 
 

 (11)  (12)     . 
    b: 

 𝐴 = exp 𝑙 ∙𝑙 𝐿 −𝑙 ∙𝑙 𝐿𝑙 −𝑙             (13) 

 = 𝑙 𝐿 −𝑙 𝐿𝑙 −𝑙                 (14) 

 
 ,   (11)  (12)    

,   (13)  (14) ,    
  (     20).  ё  

     0,05 ,     
  [11].  

       .  
        

,           
  ,   .  

      : 
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𝑣 = √𝑙∙                    (15) 

 
    (7),      

, ,        
        

   . 
     ,    

: 
 𝑣 = √ 𝜔|𝜔∙𝑙                  (16) 

 
  ,  ,     

 (    ).     ,   
 ,     
  .  ,  ,  

   .      
,    ,   ,   

 ,     .  
       , 

   .       
 ,    ( , ) –    , 
      .  

       
  21. 

 

 
 

 21 –       
        

   
 

       
  .       

         
 (    100 )      
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  .         
     .   22 

    ,    
  +0,1        15 

  30      −0,1   2,7     
   300 ,   ,    

   .   22    
  ,  :  — 

  50 , -     
   2,7   ,     — 

  500  -     
   30   . 

 

 
 

 22 –         
  

 
       

 ,        
  –    ,       

 22.



3.2    
 
3.2.1   
 

       
          

.         
      .   

 , . .      ,  
     (    

       ).  
  ,     . 

 ,       
     .    

 , ,  ,      
        

.       
,  , ,   ,  «  »  
 . 
           

        
 .       

   .     ,   
       

 ,  ,  ,  
,     .   

  ,     
     ,    

,        ,    
        

.     ,  ,  
        
 .   23      

   . 
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 23 –       
 

 
  1930 –        , 

  ,   50     
  . , ,  Radiall 

 Rosenberger   49, Molex – 32, Huber+Suhner – 24  
.          

   (     23). 
 Radiall   6000, Huber+Suhner  3000, Amphenol –     

 1250   .     
 50    . 

  –      
  ,      

    .   3  
   ,      
.      :  « » 

,    -    
    . ,  ,  

     50 ,       
 75     . 

 3 – ё     

 

 
 
, 

 

 
 
 

,  

 
 , 

 

 
 
,  

 N (50 ) 
 

7,00 18,0 18,6 26,5 

 N (50 ) 
  

7,00 12,0 12,5 15,0 

7  7,00 18,0 18,6 18,0 
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  3  

 

 
 
, 

 

 
 
 

,  

 
 , 

 

 
 
,  

SMA 3,50 18,0 19,0 22,0 
3,5  3,50 26,5 28,0 33,0 

2,92 ("K") 2,92 40,0 44,0 44,0 
2,4  2,40 50,0 52,0 55,0 

1,85 ("V") 1,85 67,0 68,5 70,0 
1  1,00 110,0 120,0 120,0 

 
   .  

    (male)   (female).   
    :   .  

,   –  ,      
(pin),   –   (socket).       

        . 
      : push-on, snap-on, 

slide-on.    ,     
      .   

,   –      - ,  
  ,       . 

    SMB, SSMB, MCX  MMCX  
 ,    – .   , 

     ,   ,  
  –     . , , 

   Coaxicom.    
     ,   

  . 
     (    )   

 ( , -   ).  
      

   4. 
 4 –     

   
 

  

Bulkhead connector  ,   
        
.    D-
 (  )    

          
  

Feed through connector  ,     
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  4 
   

 
  

Back or front mounted connector ,     
   

Flange mounted connector      (  
 )   (  

) ,   
       

Receptacle     
  (   ).    

   ,  
  ( ) .  

      
 .  , 

 (sliding)   (field 
replaceable)   

Field replaceable connector 
Field replaceable hermetic launcher 
Field replaceable hermetic launcher with 
drop-in seals 

,    . 
     

50-   (    
 0,3 0,46  0,5 )  - . 

     
  

Connector for strip transmission line 
circuits 

-   

Hermetically sealed connector  .   
  (spark plugs): 

-   -  ; 
       

     
   ; 

-   ;    
       

   . 
Panel jack  «   »   

 ,    
  

Panel plug  «   »    
,     

Plug launcher ,     
   .  

,    , 
   ,  

 :   (slotted), 
 (tab)   (pin)   

    
Socket launcher ,     
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  4 
   

 
  

PCB plug   ,   
     

(printed circuit board)  (press-in) 
  (soldering) 

PCB socket   ,   
    

Surface mount connector ,    
   (foot print, 

print layout, pad)     
Press-fit connector ,     

  .     
 .   

    
   

Strait cable plug (male) / jack (female)    /  
Right angle (elbow) cable plug (male) / 
jack (female) 

   /  

Strait cable plug (male) / jack (female) 
flange mount 

  /   -
 

Right angle panel cable plug (male) / jack 
(female) flange mount 

  /   -
 

Strait / Right angle bulkhead cable plug 
(male)  

 /       
,        

  
Strait / Right angle bulkhead cable jack 
(female) 

 /       
 

Strait / Right angle bulkhead receptacle 
plug (male) 

 /  ,    , 
   

Strait / Right angle bulkhead receptacle 
jack (female) 

 /      , 
  /   

Strait / Right receptacle plug (male) 
flange mount 

 /     /  
,  (   

      
 ) 

Strait / Right receptacle jack (female) 
flange mount 

 /     /  
,  (   

      
 ) 

 
      

  ,     
  ( ).     

 Huber + Suchner    5.  
       

        . -  
     ,     

   ( )   .   
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   .     
      .    

 –  ( ) ,    
      

( ) .        
       

. 
 
3.2.2      
 

 . 
    ,     

 ( .  24).     , 
        , 

    ( ,    
),      .  

     SMC, 7/16, DIN 4.1/9.5, SK, N, 
P 3,5, SMA, TNC   .     

        
,          
 . 

      
  (  ANSI B1.1-1982).    

      
,      ,   
        . 

     500    
        

,        
  ( )    . 

         ( , 
 ).       

   (torque wrench).    
         

Keysight    5. 
 5 –        
     Keysight 

     
 

 
  

 , 
  

SMC 0,190-32-NF M5  0,8 35 
SSMA   70 

  



37 

  5  
     

 
 

  
 , 

  
SMA 0,250-36-UNS M6  0,75 100 (  

), 195 
( ) 

3,5-  (APC-3,5, PC3,5) 0,250-36-UNS M6  0,75 90 
2,9-  (K, SK, OS-2,9  

.) 
0,250-36-UNS M6  0,75 90 

2,4-  (APC-2,4, OS-50) M7  0,75  90 
1,85-  (APC-1,85, V, OS-

65) 
M7  0,75  90 

1-  (APC-1, RPC-1,0, W) M7  0,75  45 
TNC 7 / 16-28 

UNEF 
M11  1 56 

N, UNF, APC-7 0,625-24 
UNEF 

M16  1 135 

7 / 16 M29  1,5  3500 

 
 

       24 
 

 
 

 24 –   -    
 

  (BNC). 
     ,    -  

   .       
     ,     

    .   BNC  
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     .   
 BNC    25. 

 

 
 

 25 –    
 

  (snap-on, push-on). 
       

       , 
       . 

 snap-on       SMP 
   26. 

 

 
 
 

 26 –  snap-on 
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   ,     

 .      .  
         

 ∅A  ,   ,   . 
        

     0,25 . 
       :  

(full detent, lock-on),  (limited detent)    
(slide-on, smooth bore).  ,  ,   

,       
.        

 –  (decoupling tool).    
 ∅   0,1  ,     . 

     ,    
 ( .  26 ).       

 .      
« »      (  )  

 ( .  26 ).     – 
   .  

       
 Huber + Suchner,    ,  

  SMP .     . 
 quick-lock. 
 quick-lock     2003 . 

      Quick Lock Formula  
(QLF Alliance),     : Huber+Suhner, Radiall  
Amphenol.        . 

  quick-lock     
 ,      (  

 ) .   27   
       . 

 

 
 

 27 –  quick-lock 
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   QMA  QN    
        ,   

      10     
(  2 )      .    

          
  360°. 

 quik-lock ,   , 
       

/  snap-on. 
 slide-on (  ) 
   blind mate (  )  

   ,     
           
 .      BMA, OSSP  

OSP,         
.         

   ,     
  .      

  (slide-on)     
    ( .  27).  

    0,38  0,2  . 
 ,   ,   
  snap-on, quick-lock  blind mate,   

      
.



3.2.3    
 

     ,  
    [12, 13].    

,      
 [14],      6. 

 6 –      
  

 
 

,  

   
  

 20265-83, 
 13317-89 

MIL-C-39012 

7 / 3,04 III (B, P) N, APC-7, RPC-7 
4,1 / 1,27; 3,5 / 1,52 IX (B, P) SMA 

3 / 0,94  SMC, SMB 

2,92 / 1,27  
2,9-    

(K, SMA 2,9, SMP, GPO  .) 

2,4 / 1,042 I (B, P) 
2,4-    

(APC-2,4, OS-50, RPC-24  .) 

1,85 / 0,83  
1,85-    

(APC-1,85, OS-65, VP, GPPO) 

1 / 0,534  
1-    
(APC-1,0, RPC-1,0) 

 
    6     

        
.       

 , . .     
    .    ,  

       
.       

  ,     
   ,      

     
  (Keysight, Rohde$Schwarz, Tektronix  .). 

          
     .  

,          
    6,    , . .  

    ,    
– .   7     

  Spectrum,    Spectrum  
/  Huber+Suchner. 
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 7 –     Spectrum 
   

,  
, 

. 
  

 N* -  III ** (  7 / 3,04 ) 
N ( ) –  III  ( ) 18,0 1,15 8001-6F61-02 
N ( ) –  III  ( ) 18,0 1,15 8001-5M61-02 
N ( ) –  III  ( ) 18,0 1,15 8001-516F-02 
N ( ) –  III  ( ) 18,0 1,15 8001-5M51-02 
3,50*** -  IX , .3**** (  3,5 ) 
PC3.5 ( ) –  XI , .3 ( ) 26,5 1,15 8001-9F92-02 
PC3.5 ( ) –  XI , .3 ( ) 26,5 1,15 8001-9M92-02 
PC3.5 ( ) –  XI , .3 ( ) 26,5 1,15 8001-9F91-02 
PC3.5 ( ) –  XI , .3 ( ) 26,5 1,15 8001-9M91-02 
* - N-     MIL-STD-348A/304,  5/8-24 UNEF-2A/2B ( ); 
** - « »,     13317-89, 51914-2002,  M16x-6g/6H 
( ); 
*** - 3,5     IEC 60169-23,  ¼-36 UNS-2A/2B ( ),   
SMA, SK; 
**** - « »,     13317-89, 51914-2002,  M6x0,75-6g/6H ( ). 

 
       28. 

 

 
 

 28 –      Spectrum 
 

       Huber + 
Suchner  « ». 

     -   
  . -       . 

        .  
        

  « »,     250  
   40 ,   [15 – 18],   
       18 . ,  

       
      "  

".      « »  
    0,25-36UNS,    
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  SMA, 3.5  2.92 (  )      26,5 
.        29. 

  

 
 

 29 –       « » 
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2.1    ≤ 10-6  . ; 
2.2       65˚   +145˚ ; 
2.3    10 ˚ . 
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7       8 %. 
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