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 PORT (     ) 
GENERIC (      );

2)    (ARCHITECTURE), -
     ( )
     , 
      .
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3)  ,   -
         -
   .
)  VHDL- .
  VHDL-       -

 . ,  , -
  VHDL,  :

 VHDL-   ;
     

 (       
);
  /   VHDL-
,    ;
   VHDL-   

  .
      

       -
 VHDL-  (VHDL- )  

 :
 ,   -

 VHDL- ;
  VHDL-   

     -
       -
   ;

 VHDL-  ,   
VHDL- ,      

,       -
     .
      -
  VHDL-    , -

       -
        

  .
)     , 

 VHDL   VHDL- :
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 ,  VHDL.
      :

COMPASS, ADENCE, TANNER, SMASH, Mentor Graphics,
Cadence, Workview Office.

     (
): ALLIANCE, AMICAL, VANTAGE, SYNOPSYS.

      -
  ,  

   ,  
,     .
  ( , SYNOPSYS    
     Xilinx)
  ,  VHDL,  
 ,  Verilog,  
   .

,       -
,     VHDL,    

     
   .  -

 ,      
VHDL      -
  VHDL-    

.
 Silicon 1076 (   , -
    )

    ,  -
     

VHDL- .    -
   ,  
    .
    ,   
     VHDL    -

:
     
   . ,    –
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;

   , -
    . , 
 : ,  , , -
  . .;

      
   .  ,  -

       
 ,     -
 , , .
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12   –  
 (  )

12.1    

      
        -
  , ,   .   
   .      -

   ( ),   -
  .
       -

.    -
   MathCAD (MathSoft Inc.),

Mathematica (Wolfram Research, Inc.), MATLAB (MathWorks Inc.),
Maple V (Waterloo Maple Inc.).     -

    
 (DyMoLa, Dynast, Multisim, VisSim, MBTY, MVS,

Simulink).
     , 

    ,
     .

12.2   

    -
   :

 ,    
      ,

   .    -
,   ,   -
  .

   ,   -
    ,  -
    .
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  – ,  
 .    
    , -

     -
 .

    
    : -
,    .

. 1    
 

12.3   
 

  –   «  » -
    .

   ,    -
      -
 (diagram),      
         

:
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1. -      -
 .

2.    , -
, , , , ,

  .   .
3.      
,   .

4.   .
5.  ,  , .
6.   .
     -

,   ,     , -
     .

12.4     

MATHCAD –    
       -

 .    -
     
       

.   IntelliMathTM -
  ,    -
. Mathcad      
,   ,     
   .  , « » 

Mathcad   ,  
 .     -

 –     ,   
     ( -

    ).  ,
Mathcad     , -

     , -
,  509000;     , -

,    . .
MATLAB      -

   ,   -
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.    , 
 ,     ,

   .   -
,  ,    

 MATLAB. ,  MATLAB   -
      . -
      

       .

MATHEMATICA –   -
   ,   -
   . Mathematica    

      -
.

Maple V  Maple Waterloo –   
      -

   .      -
   ,   

,    -
  Maple V    , -

     -
   .
  3     -
     – 

 MATLAB.
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13    
 

13.1   

      -
  , :  -

, ,   , -
     .

      
  :

1)  ;
2)  ;
3)  ;
4)  .

   .

1.    .
     -

  .
     
 :

   – -
         ,

  .     -
       -

.     - -
       -
.

     –
      . 
       
 4 (  )     -
     

   .
   . 

     -
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 ,    ,    
,    .  -
      -

    .
    – -

      -
    .

 .   
  .    -
       -

     
  .

   .
  -  -

    -
 .       -
      -

  ,      -
      .  
   -  -
      -

    .
    -

     
       

.

   .
      -

     
.

   . 
       -
        -
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,       -
  .  -

       -
      -
      .

  .  -
        -

   .

   .
     -

     
 .     -

      
 .

 .
    -

       -
  - .

   -  ,
   .  

     
-      
.

     -
      - .

13.2   

        -
   ,     
  ,   
     -
 :
     -

     , 
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      -
   / ;

  -    -
      -

   ;
       -

         -
   ,    -
    -

  ,      
 ;

    
Internet  .

    :
     -
      

<Plug  Play>.  ,    
      -

,     
      -

         
      -

   .
       
       -

       
 Internet/Intranet  Web- .

     
    ,   -

,     « »
     

.
      –

,       
 .      -
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      -
    .

       -
    ,    

  ,   ,     
    «  ».

      -
 :

    ,  -
   ,   -

 ,   
       ;

      
 ,      , 

       .

13.3   

     , 
      , -

  :
     -

    ;
  -    -

 ,  ,    ;
     -

  ,    –  -
  ,     -

.
     -

   :
   . 

    ,  -
     .

   .   , 
,    ,   -

  (         
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   ,   .

    . 
    ,

   ,  -
  ,   -
    .  -
      -
   -  

, . .      -
  .

   .   
         
   ,   -

  (     ) .
   .    -

     ,   -
 .

   .    ,
        
       , 
  .

   . , , 
,      .   -

       -
  (      

).
   .  , -

 «   »,        -
.      . 

     , 
         -
   ,      « -
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   .    -

    .    
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       -
  .

   .   
  ,     

 ,      -
,     .

     « » .
   -    -
   , ,    

      
 . ,     AutoCAD  -

:   Microsoft Visual C++, Autodesk
AutoLISP, Microsoft VBA (Basic),   Delphi,
Borland C  

   ,    -
 .     « ».

     «  »    -
    .

     – -
      -

 .      -
        .

      
. ,    ,

      -
       -
   .

      
  .   

      -
        . 

      -
     -

    .
   ( , ) 

 .
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 1.    

- D
P-CAD    -

   ( )   -
 .
- D    -
  ,    -

.     
 ,    (     -

),      
.

P-CAD     
,      ,  -
   ,   , ,

 /    ,
         -

.
   - D

. 1.1    P-CAD

    :
    -

      
(P-CAD Schematic).
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    . 

   .
    -

,    ,    
    (P-CAD Library Ex-

ecutive).
    
      

 .
     

  ,   .  
    ,  

     -
  .

    
   .   -

      -
.      -

. ,     -
       -
      , 
         .
     

       -
       

 ,     -
 (P-CAD PCB).

   
        -
 .

     
   .  -

     (  ),  -
     .  
  ,      -

  .    
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     . 
        -

,       (   -
    ).  -

  ,     ,
    .    -
       

  ,   
  .   
    ,   -
    ,     -

  ,     -
    (P-CAD Autorouters).

    .
     

  .
  ,     
-   
 .     -

         
      -

.
P-CAD Schematic  P-CAD PCB –  -
      . -
      Windows,
     .

     
.

P-CAD PCB     -
     - -
    ,   -
  . P-CAD PCB -

  P-CAD Schematic, -
        
      -

    .   
    .  
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 ,     , , -
  .

 True Type   
      .

   -
P-CAD ,      -

.      -
        

    .  
QuickRoute      

    .  -
 PRO Route     -
   32. Shape-Based Autorouter –
   .  -

     
     . 
    ,  

  .   -
        ,

      .
Document Toolbox –  P-CAD  

P-CAD Schematic        -
   ,     -

,   ,  ,
   ,    -

,      , 
     . -

     
    -

 AutoCAD. Document Toolbox  -
   , 

   .
SPECCTRA –  ,  

     -
.        

256.      
Shape-Based –  .    -
       -
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 ,      
     . 

SPECCTRA AutoPlace,   -
    .  -

    Windows   -
P-CAD .

P-CAD Library Executive –  . -
 P-CAD  -

      ,  -
 (     , -

   ,     
. .).    : Symbol Editor . 

     Pattern
Editor .        -
 .   ,   -
   Library Executive.
     , 

,       -
 .

 ,  DBX
(Data Base Exchange),  ,  

,     , -
  ,     -

   ,   -
   . .

  P-CAD
 .
 :

32-   ;
 P-CAD   -

 0,001 ;
 100   ;
     –  ;

 64 000     ;
 10 000    ;
 5000  ( )   ;
 2000    ;
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 2000    ;
 20    ,  , -

   ( ,  ,  
  );

 16      (   -
   );

 30     
( , ,  ,      

);
 8     (       

 Windows);
 « »   .  

     10,  
    ,  

*.ini.
   0,1 mil    

0,001    (1 mil = 0,001 = 0,0254
, 1 = 40 mil).       -
 .

   P-CAD
Schematic:

 99     ,  
 60  60 ;

     , -
4  . ;

    90°;
 ERC     -

   ;
  P-CAD Schematic  P-CAD

        
    ;
     

Dr. Spice A/D.
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   P-CAD :
 99   ,   11   -

;
   60  60 ;
     -

      (  « » 
« »);

 64 000     ;
     10 ;

 64 000      ;
   : , ,

,  ,  -
 ,    (target), -
 ,    2  4 ;

      ;
      -

  . 0,1 ;
   Gerber

    Excellon.

 
 P-CAD   

   ,     
.
 . 1.2    

P-CAD Schematic.
    -

 ,    –  -
    .

    -
    ,   , -

 ,   . .
     –  .
   –  .  

   .
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. 1.2   P-CAD Schematic

 X  Y.      -
 .     -

    .  -
    (  Edit/Select),   -

 J    X.    -
   X,   Tab, -
   Y   Enter.  -
       .
      Place,   -
       .

   (mil),
(mm)   (inch).    

   Options/Configure/Units.
     mil,   .  -
 ,         .

   ABS  Bel.
ABS        
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 .  Rel   
 ,  . Rel   

,    Options/Grids  
Prompt for Origin.   

  ( ),    -
  .       Grid

Spacing   Options/Grids.
   (  -

 )       -
 .     (   )

    _default.mac.   -
    .

    -
 ,   Options/Sheets

 Sheets.       
    .sch.    

 Options/Sheets/ Sheets/Add.
    -

Options/CurrentLine.      -
     Line Width  
   .   -

Options/ Current Line  Style  .
 (      -

)  :
,      -

 ;
    X  Y  

 ;
  ;

       
 X  Y    Edit/Measure.

 
       View

  ,      
   .
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View/Redraw     -
 « »,    .

View/Extent   , 
        

.
View/Last    -

.
View/All      -

    .
View/Center (     ) -

     .
      
     .   
  ,    ( )

        (<., .> ).
View/Zoom In View/Zoom Out

    , -
 ,   Zoom Factor,  

Options/ Configure.   
      , -

    ,   -
   +  –. View/Jump

Location      , 
    ,  
  .

 
       -

  Place.    -
    Placement

Toolbar.
View/Snap to Grid    

   .    -
   .

(  )   
   ,   -
    (   

 ).    
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     ( -
   ). 

     .   
 .  ,   -

   (    ), -
         -
  .

      -
       , 

90°.
  F     -

     Y. -
,  P-CAD   
     .

   
     -

 S      Select.  -
  ,       
    .    -
 ,     
       

< > (       
).      -
      

Ctrl.        
 .

       -
  .    

-  .
      

   (    ,  -
   ).   

       -
    Selection Point  
     .

     (R),  -
 (F),  (Align)    , -
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    ( )    (Copy to File), -
         .

 P-CAD      -
,   ,     

.       
   Shift.     -

       
 ,     . 1.3.

. 1.3    
 

     :
Properties... –    
 ;

–     ;
Copy Matrix... –   ;
Cut –      
   ;

Delete –   ;
Edit Nets... –   ;
Select Contiguous –   

;
Select Net –    (   ,
   );

Net Info... –    ;
Highlight –   ;
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Unhighlight –   ;
Highlight Attached Nets –  , -
   ;
Unhighlight Attached Nets –   ;
Align –     ;
Selection Point –    
    .

     
    

Options/Block Selection  P-CAD Schematic  -
Options/Selection Mask  P-CAD PCB, -

      . -
      

  . 1.4  . 1.5.

. 1.4     
P-CAD Schematic
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. 1.5     
P-CAD 

 Items ( )    -
,       -

  .     -
     .
 Select Mode    : Inside

Block –  ,   , Outside
Block .   ,   , Touching
Block .   ,     -
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  .  ,  -
 ,     -
    .   

,      , -
  .

     
    ,   -

Windows: MS Word, Paintbrush  .    
  P-CAD  

P-CAD SCHEMATIC  .    
      , -

 Ctrl, ,     , -
     .

     -
,        -

       -
. ,  ,  , ,
         -

.
  P-CAD    -

    
:

   ( SYMBOL
EDITOR,  SYMED.EXE);

    (
PATTERN EDITOR,  PATED.EXE);

   ( LIBRARY
EXECUTIVE,  . );

   ,  -
,        ( -
 P-CAD SCHEMATIC);

   -
,    ,  ,

 ,      
(  P-CAD );

   
QUICKROUTE, PROROUTE  SHAPE-BASED ROUTING.
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  P-CAD
  P-CAD -

  ,  (*.lib),  -
         -

     ,   
       -
  . ,   -

          -
,        *.sym  *.pat

.
      ( -

 )   ( ), -
  .    -

          .
          

  .
     -

:
Pad Numbers –   (  )

;
Pin Designator –    -
   (   Pad Numbers);
Symbol Pin Numbers –     ( )

;
Pin Names      ( ) .

,   P-CAD   -
  -  ( ,  -
   ),   

    ,   -
 .  , PCBMAIN.LIB -

     -
  , PCBSMT.LIB – -

      
, PCBCON.LIB – .
     
     :
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  ( )   
   ;

    
 ;

      
       -

-  ;
      -

   ;
      

 .

     - D
    :

1.     .
2.   .
3.    , -
    -  -
  .

4.      
 .
 .   .

1.  ,    
.

2.    .
3.  -   -

.
4.     -

 .
5.   ,   -

    .
6.     .
      
  .
 .   .
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 ,    ,   -
 .      :

1.   .
2. -   .

   :
)  .
)   .
)   .
)    .
)    (   ,  -

  ).
)       .
)   .

 -  
:

)  -  .
)   .
)   .
)    .
)    (   ,  -

  ).
)       .
)   .

 .   
.

1.   .
2.    .
3.      .
4.    

.
5.    .
6.   .
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 .    
 .

      
   .

 .    .
     ( )

 ,    -
       -
-  .

 .  .
      -

 1 DBU=0,001  (Data Base Unit), 
 30 . DBU.    
    .

 .   .
 ,    

   ,   -
       .

 .    .
   :

1.     .
2.      -

 .
3.  .
4.       -

 .
      
   .

 .     -
.
      -
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 .     -
   ,   -
       -
       

.     :
)     .
)  .
)   .
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    ,     -

 ,      
.
)    .
)  ,   -

.
)    ,   

   ,    -
,       ,   
     .

)     -
    ( ,  

  ).
)      .
)      -

  .
)      -
      -

     ,   -
    .

)    .
)   .

 .     
 .

     -
  ,     . 
       
     .  
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    ,    
     .     
 ,  ,  . -

   3 – 5 ,    ,  -
  .

 .  .
      

   .
1.    .
2.   .   

P-CAD    (  ):
)    .
)    .
)   .
)      

     .
)    .

 .    
.
   :

1.    .
2.    ( ).
3.    ,  
  :

-    ,   
;

-      ,
   ;

-     ;
-    ;
-      
.
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 SPECCTRA
   - , 
  SPECCTRA,    -
:

     -
 (Shape-Based) ;

    
      -

    ,   -
;

    
     / -
  ( );

      
 ;

     –
  ,     ,
   ,   

,     .
    (Shape-

Based) .      -
      ( -

, , , , ),   -
       -

.       
(Grid-Based),      -

    ,   ,  
        -

.     – 
 .

SPECCTRA   , -
    .    -

      -
    ,   -
       . 
    
  ,   
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  (  Rip-up-and-retry)   ,
  (  Push-and-shove).   -
       « -

» –    ( ) , -
      -
   .

     :
1)  ;
2) ;
3)    .

    
  - , -  -
  . .,   SPECCTRA   -
   ,  

    ,    -
      

.    
   .
  SPECCTRA   

 Windows    PCB.   -
     SPECCTRA.  
   Route/Autorouters   -
      .  -
       -

 ,      -
    PCB.

 SPECCTRA    -
    . SPECCTRA
     ,  -

   ,   -
      PCBoards, P-CAD,

TangoPRO, PADS, Protel, OrCAD.    -
     

SPECCTRA.    SPECCTRA  
 .     P-CAD

PCB,   PCBoards  DesignLab,  -
    .

 SPECCTRA    .
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1  –  .
    

    .
       -
 .  , , -

,    ,   
  .    

       .
        -
    .  -
  .    -

     .

2  –  .
  :
   (Rip-up)   

      -
 (Push and Shove);

       -
    ;

   ;
    

;
     .

     -
    ;

   
 ,    -

,  ,      
   ;    

       
    .

    Cadence.
  Cadence   

  -   -
,  ,     
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  .   
,   ,   -

      -
    .   
 :

1. Project Manager –  ;
2.  (  ) Library –  

,     (Pad
Developer),    (Allegro Library), 

   (Library Explorer);
3. Allegro  (Printed Circuit Board)–  
    , 

     ;
4. Specctra –     -

 .     ;
5. Concert HDL –   , -

   ,    -
   ,     

;
6. Capture CIS –   , -
   OrCAD    
      -

 – Component Information System.
     ,

      
 :

1. Allegro Perfomance Options –   -
     , -
   ,  

     Skill;
2. Specctra Perfomance Options –   

      -
   Specctra;

3. Pspice A/D –   -
,    OrCAD;

4. Variant Design –    -
  ,   , -

 Concept HDL  Allegro;
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5. Checkplus –    
 Concept HDL,     
 ;

6. Specctra Quest Signal Explorer –   -
,     .

  PCB Design Studio  -
   ODB++,   Valor

Computerized System,     -
  .   -

      -
 ,      
   .

WSCAD   –     
WSCAD –     

  .
WSCAD –  ,    

,    , , , -
,       -
 .   WSCAD -
   ,  -
      

 ,       
 .       

     , 
   ,    

.
     :

   ( -, -  - ),
      -

;
   Windows-    

 ,     -
  ;

      -
,      

  ;
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32-   ,  -
     -

;
    , -

    ,   
 ;

  Windows 95/98-  -
 ,   .
    -

      -
,     ,  
    .

     WSCAD:
  File View.  -

,   Wscad- -   
File Viewer     -
        
 -  . File Viewer  
      .

-  .  
WSCAD        

    -  -
,     (  8 – 10
   ).   23 
    ,   -
   (     

ExampleFiles).     WSCAD 
   (Exampls.000),    -
  WSCAD      -

    .
  .  

      
   .   

      , 
,      .

  (   )   
       , -
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   .    
    ,   

    .  
      

   ,   
 .      

    ,  -
 .

  .   -
     /  -

   .    
      

     WSCAD-  
,        -

  .     
      -
       , 

   ,   , -
   .

   .  
   ,    -

 ,      -
    .

 .    -
     -

         -
       .   -
        -

,    ,  
 ,     

,      -
   .

 .      
        . -
        -

      , 
      .    
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      , 
        

WSCAD-   .    
     .

 Bitmap- .    
30         -

   .
 .  -   -

      -
   ( )  -

      ,
     /  .  

    999   4- , 
       

.
  .  

      -
      ,  

    ,   
  .    

     ,  -
  .

 .    
      2

 .      -
     WSCAD-   ss-

97,         . -
       -

    .
/  ,    

.  Wscad     
     

     .  
  /     DXF ( -

,    AutoCAD)  HPGL (   -
).
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 2.   -
   

ELECTRONICS WORKBENCH
   Electronics

Workbench      -
 , .1.  :  

    Electronics Workbench,  
        .

 Electronics Workbench  
,   -    -

 .     
      

.      
 .

. 1

      -
 .     -

,      
,   – ,  -
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      -
    .

     , -
      . -

      -
 ,   ,  .
    ,  

 ,       .
      
       

 .  Electronics Workbench -
   P-SPICE,    -

         -
  .

  
  –     -

      .
     -

   .
   –    

     ,  -
    ,    -

    .  Electronics
Workbench     

,        -
 ,    -

   .
    –   

     
    Electronics Workbench, -
     ,  -

     -    .
  .   Workbench

       -
,        . 

,        -
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      -
     .

 .   
  ,     -

  ,       -
    . Electronics Workbench -
    ,    
       .

     
    .   -
   ,     

  .
  Windows.  Electronics

Workbench    Windows,  -
   .   
    ,   
  Windows.

   -SPICE. 
Electronics Workbench     -

 SPICE.     
    ,  -
     P-SPICE.

   
     

, ,  , 
,  , ,  ,

 ,    , -
    .

      
,    .   

        -
.       

 : , , ,
, -  (   -

 ),  ,  , -
    .
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  Electronics Workbench   
     .    -
       
 .       -

,      . -
        -
      -
 .

         -
,     .   

  -    . 
Electronics Workbench    
       .

 Electronics Workbench:
     ;

       
;

      , 
90 ;

,    ,  -
,     ;

  ;
       -

;
   

       ;
   ;

     .
       -

.     .

  :
      

;
   ;
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      (
    ,   -
 ).

   :
     ;

     ;
    ;

    ,  -
      -

   .
Electronics Workbench   ,

   P-SPICE, ,    -
  Electronics Workbench   .  -

          
      .

HYPERSIGNAL BLOCK  DIAGRAM
   .
 HyperSignal Block Diagram / RIDE (Real-time

Integrated Development –   
     )  

    , 
 .

Hyperception, Inc.    1984 .,   -
    -
,       IBM

PC   .
    
      

-     .

  .
    HyperSignal

Block Diagram   :
 ;

   ;
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    .
     .

    ,
  C/C++  – 

Microsoft Visual C/C++.
HyperSignal Signal Block Diagram 4.1 –  
 ,    -

    (PC ) .
HyperSignal Block Diagram –   -
 ,       -

.
        

, ,     -
      

     -
 .
     -

 System View      -
  LabView  National Instruments   -

 .
   –    -
   (  80386  ,  4 , -
     25 ),  -
       
      

 ,  ,     -
.

 Internet     HyperSignal
Block Diagram 4.0,   ,  40

.      Acrobat
Reader  Adobe.    -

  300      500
     .  -

  Hyperception Application Interface  -
   (  Application Builder  

LabView).      30
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,       , -
     .

   -
  APLAC
     -
    .
      
 ,  SysCalc, System View, SIMULINK,

LabView.
    – PSpice (   -

 DesignLab), Micro-Cap, Electronics Workbench,   -
   –  

Super Compact, Touchstone, Libra  .
    ,  -

 ,    , 
 ,    APLAC.

  APLAC    1988 . -
    ,   -

      -
    Nokia Research Center  Nokia

Mobile Phones.
     

        .
         ,  

 ,      .
   :

   ;
 ;
    ;
   ;

 ;
 ;
  ;

    - .
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   ,   APLAC -
   ,     

.    APLAC    -
,     .    -

 APLAC –     -
     ,  

    .   -
      -

 .  ,   APLAC  
    

     . , 
   ,    -
        -

   IEEE-488 (GPIB, HPIB),   
LabView.

SERENADE
   .

  SERENADE 8.0  -
   ,  

  .
      ,
     . SERENADE 8.0

   , 
 ,    -

   .
   

    , 
      -

  ,     
.  ,     -

    .  ,
SERENADE     .

  SERENADE:
ANSOFT HFSS (High Frequency Structure Simulator) – -
  - .
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ENSEMBLE  (Planar Electromagnetic Field Simulator) –
    

.
HARMONICA (Linear & Nonlinear Circuit Simulator) –
     .

SYMPHONY (Wireless & Wired System Simulator) – -
     .
ANSOFTLINKS (Geometry and Design Translation) – -

    .
   :

) ANSOFT HFSS.
     -
  .   

    - ,   -
, ,    .  -
      
     

 ,     -
      

 (HARMONICA).    -
,      -

  . ,  -
       -

     .
) ENSEMBLE.
      -

      -
 ,    ( ) .  -
     

(Method of Moments),    
  ,   

(PCB – Printed Circuit Board),   
(MMIC – Monolithic Microwave Integrated Circuit)   -

.
    -
     -

 - .     
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 SERENADE.    

    ,   
  DXF (Autodesk's AutoCAD 2D geometry file format).

) HARMONICA.
      
      .

      -
 ,    ,

,    .     
    
 .
      
 ,   100  -

    .  -
     , , -

,    ,  -
   .

,    ,  -
     ,  -
      

 .
       -
   .  -
      

    .  
 ,     (   

).     -
         -
-    .  , 
    .
) SYMPHONY.
     -

     
 (    ).    :

 ,    . -
     

,      .
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      , 
  , ,    .
      , 
       

.
     , 

   , 
    ,  -

       ,    -
 .

  ,   -
      ,   

.       
     SERENADE.

) ANSOFTLINKS.
      -

  :
Cadence@Allegro.
Cadence APD.
Xynetix Encore .
Mentor Board Station .
AutoCAD.

MMICAD
   
        

.      
  - .   -
 -    

   ;     
    .   
      

   ,   -
 ,    

 .  -      -
  ,   -
  .  MMICAD (Monolithic and
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Microwave Integrated Circuit Analysis and Design – 
       -

 )   Optotek (http://www.optotek.com/)
     1996 .   

,    -
, ,     

   .
MMICAD     

 ,     - ,
   .     ,

     -
  .  MMICAD  -

 250   - ,  
 ,   .

 MMICAD     
 - ,      -

    , ,  -
 -     , -
     .   -

      
     SPICE   

CamFet  Lasimo.

Microwave Office
   

 Microwave Office   Applied
Wave Research     

    - . -
 Microwave Office    -  

      -
    

3D-     EMSight.
 -   

 ,    , -
 ,       -

    .    
   - , -
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  ,     
 .

  
   Microwave Office:

 ,    Microsoft
Office 97;

,   
;

 OLE 2.0;
      -

   High Math Object Library;
     -

  DLL.
 Microwave Office   :

    
 VoltaireLS;
   EMSight 2.0;
      – 

VoltaireXL.
     .

VoltaireLS
 VoltaireLS    -

     .  -
   Microwave Office    ,
     , 
     .

    
      -

      -
    .
 ,  ,   . -

,       -
     .

  -     -
 ,   ,   
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    –     .
  ,     
    .

   -  -
 ,     

  .   
  -  , 

  ,     -
    ,  -

     ,  -
  ,     , -

    SPICE (   ADS 
Serenada).

 VoltaireXL
 VoltaireXL    -

  .       
Microwave Office,    VoltaireLS,  

 ,      -
        -

-      .

 EMSight 2.0
        

450     ,   -
,      -
       -
   .     

     Microwave Office – -
    EMSight.

     
   , ,  
 ,      -

   .
,      -

 ,     
 ,   
   .
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  ,  
    .

  -      
      -
 (FFS),      

      -
   .

  FFS   -
       -
         -

  .
 FFS     

   ,   
  (   12).    -

       -
    .   -
 ,     , -
      
      -

 .
    -

     
     ,

     ,   
 ,       -
 - .

CADElectro (  « »   « »)
   CADElectro  
     

       -
 .  CADElectro  -
     
 .
  ,   -

    70  ,   
    .  -
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       -
.   CADElectro    

   IMBASE.
   :

   ( 3);
  ( 3);

  ( 4, 6);
  ( 7);

  ( );
  ;

  ;
  .

    
     :

    ;
   ;

    ;
     -

  .
    -

  –   ,  
      .

   -
  ,     -

 ,     -
,   .

    
    ,     -

.  :
   ;

       -
;

        .
    -

     ,   -
    

.
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      -
   AVS.
     

      
.
    

SEARCH,      -
,    .
       CADElectro 

   
SIEMENS, OMRON, HITACHI,     -

      -
     -

  .
CADElectro    AutoCAD.
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 3.   -
  MATLAB

  MATLAB
MATLAB  –    
      ,

, -    .
     
      -

         
  « » .

MATLAB   ,   -
  ,   

.   ,  MATLAB  -
      , 

      .
MATLAB     , -

 ,    -
  .   
  500    
 -   .    

,     -
    : -

 ,    MATLAB  C 
Fortran  AP  (Application Program
Interface).  MATLAB  ,   -

    , -
     .
    MATLAB de facto  , 
      ,  

  .   -
 ,  , ,   
    ,  -

, , ,     -
 .

  MATLAB  
   ,  -
   (Toolboxes).   
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  M-   
     .  , 

     , :
« » (Spline Toolbox), « » (Optimization
Toolbox), « » (Financial Toolbox)  « -
    » (Partial Differential

Equation Toolbox).    , ,  
  ,      

    .
  ( )  , -

      
: ,   .  

     (
, ,    , -

     , etc.),   
  ,  

     .  -
   ,    

 . , - ,     -
 :  SIMULINK,  SIMULINK Real-Time Workshop,

«  » (Control System Toolbox),  « -
 » (System Identification Toolbox), «  -
» (Signal Processing Toolbox), «  » (Robust

Control Toolbox).

   
MATLAB –     -
 .     ,  

   ,      -
  ,   .

  MATLAB – :
 .

 .
.

 ,   .
   .
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 ,   
.

MATLAB –   ,   
    .    -

 ,    , -
      ,  

 ,       -
  , ,    .

 MATLAB    (matrix
laboratory). MATLAB     

   LINOACK  EISPACK,  
      -

.
MATLAB      , -
   .    

       -
  ,     .
  MATLAB –    -

 ,    .
 MATLAB    
 ,  toolboxes.    

  MATLAB,    -
    . Toolboxes – 

   MATLAB,  
   . Toolboxes   -
 ,  ,   ,  -

, ,   . .

  
   ATLAB:

1.  MATLAB.      
   , ,  -

, -    - -
 .     

«   »     -
,    « »,      -

.
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2.  MATLAB.     -
,      

MATLAB.        -
    MATLAB,   

,    ,    -  
 MATLAB.

3.  .   
MATLAB ,       
  -   ,  -

,    .  
     ,  -

    ,     -
    (GUI) 

MATLAB- .
4.   .  

     -
, ,  , , ,  ,
  , ,   , 

 ,  ,  -
 .

5.  .  ,  -
      ,  -
  MATLAB.       

MATLAB (  ),  MATLAB  -
    -  - .

6. Simulink.  MATLAB  –  -
     -

 .    ,  -
,      -
       . Simulink
  , , , -

,  .
7. Blocksets –    simulink,  -
     ,

,  ,  ,  .
8. Real-Time  Workshop.    -
     .
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 ,   
  

   Matlab:
    -

 ,      ,
   MATLAB  ;

     -
   ,       -
 ;

     , -
     MATLAB,    , -
   ,   
  ;

    , -
     ,  
  .    -

 ;
     -

,  .  

 Matlab

 

Simulink

Blocksets

Real-Time Workshop

 Matlab

               

 

,Fortran,

, - ,
- …

  

. 1     Matlab

-
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EraseMode     -
 ,       ;

     .  -
      MATLAB:

o  help.
o  .
o MATLAB help desk.
o   .
o   MathWorks, Inc.

SIMULINK –  MATLAB,  
 
    (M- )  -

  ,    , -
    .   

  MATLAB. SIMULINK 
     

  .    
    , , -
    .

 SIMULINK    -
      .  -

  :     « »
,   - , -

 (    ), -
.   SIMULINK  

 ,  :  -
       
,     MATLAB,

Fortran  C-  ,    -
  Fortran  - , 

-    ,  
SIMULINK Real-Time Workshop.

     DADS SIMULINK
     -

    ( )  
  ( )  .
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   SIMULINK    
    MATLAB   

     
     SIMULINK. -
     , -
       -

    .
Simulink  –      
    .  -

     
       «drag-

and-drop».     
  ,     [2].

  SIMULINK    :
1.       

,   , , SISO 
MIMO .

2.      -
.

3.    .
4.       -

.
5.    « » 

 .
6.       -
 .

7. .
8.  - .
9.   .
10.        -
 .

  
 SIMULINK    , -

   .     
         .
   ,   

.        .
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  Simulink  

   .   -
      . 

    .  
Simulink         ,

  .

  
Simulink      -
  :

1.        -
    MATLAB, FORTRAN  C.

2.      
 FORTRAN  C,    .

  MATLAB   

 Simulink    -
   ,   -

  MATLAB,     -
     SIMULINK. -

       
 .

  
  SIMULINK    -
 . ,  DSP

Blockset      -
 ,  Fixed-Point Blockset 

 Simulink     
 .

 
  Real-Time Workshop   -

 Simulink.
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Communications Toolbox
      -

  ,     
        .
   100  MATLAB   150
 Simulink      ,

  ,     -
.      
,       ,
   .
  Communications Toolbox:

1.   .
2.    .
3.   .
4.     .
5. ,       -
   .
6.  .
7.   .
8.  .
9.     .

Control System Toolbox
     

MATLAB  ,    
 .    -

      
  .     

    ,   -
 .    ,  -

 /       -
  .

  Control System Toolbox:
:

1.    .
2.  :  , 

, - .
3.    .
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4.     .
:

1.     MIMO- .
2.  :   

,    .
3.  :  ,  

.
:

1.   .
2.  LQR/LQE- .
3.  : , ,

  .
4.    .

Excel Link
     
 MATLAB    

EXCEL,     
WINDOWS.

  Excel Link:
1. « »   MATLAB-EXCEL.
2.     MATLAB-EXCEL.
3. ,     MATLAB 

EXCEL.
4.   XCEL  MATLAB.
5.   MATLAB   EXCEL.
6.  EXCEL- .

Identification Toolbox
    

       -
   .   

   ,   
     . -

       ,  -
 ,     .
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  Identification Toolbox:
1.  , - , 

,     -
.
2.    /   -
/ .

3.       -
 .

4.  ,    -
 .

5.     System Identification 
.

Financial Toolbox
       MATLAB

  ,     -
  .    -

      , 
   ,   -

.
  Financial Toolbox:

1.  .
2.     -

.
3.   .
4.       .
5.  .
6.   .
7.       -

.
8.      -

.

Fuzzy Logic Toolbox
       -

,     -
  .   
      -
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 .     
   .
  Fuzzy Logic Toolbox:

1.  ,    
.

2.     .
3.  :     -

  ,  .
4.     SIMULINK.
5.   -    Real-Time

Workshop.

Higher-Order Spectral Analysis oolbox
      -

      . 
     

,    , ,  -
      .

  Higher-Order Spectral Analysis oolbox:
1.    .
2.    .
3.    .
4.   .
5.  .
6.  .
7.   .

Image Processing Toolbox
      

       .
      

MATLAB,       -
   ,   

      .
  Image Processing Toolbox:

1.    .
2.     .
3.  .
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4.  .
5.  .
6.  .
7.    .
8.  .
9.    .
10.  .
11.  .
12.   .

LMI Control Toolbox
      -

     . -
     -

,       -
     ,  

 .
  LMI Control Toolbox:

1.    :  -
 ,     -

  ,   -
.

2.    .
3.     -

.
4.     .
5.   .
6.  :   -
 ,   ,  
   .

Mapping Toolbox
      -

    ,   
      .  -

,        
.   ,    MATLAB, -



130

        -
 .
  Mapping Toolbox:

1. ,      
.

2.  60   (   ).
3.    ,  

 .
4.       

 .
5.       -
     .

6.    .
7.      -
   .
8.      -

: DCW, TIGER, ETOPOS.

Model Predictive Control Toolbox
  –      -

   .    -
      -

      
  .    -
      

  .
  Model Predictive Control Toolbox:

1. ,   .
2.  MISO, MIMO,  , -
  .
3.  .
4.      -
 (  ,   ).

5.    .

µ-Analysis and Synthesis Toolbox
      -

  .    
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    .   3
       -

    .
  µ-Analysis and Synthesis Toolbox:

1.      -
  .

2.     
.

3. D-K   - .
4.      

.
5.    .
6.     

.

Symbolic Math Toolboxes
     -

       MATLAB. 
    Maple V Release 4, -
  Waterloo Maple Software.   Extended

Symbolic Math    -
   Maple    

  Maple.  Symbolic Math
 Extended Symbolic Math    -

       -
    .

 :
1. .
2. .
3.  .

MATLAB Compiler
      -

   ++   - .  
MATLAB    ++ ,    

.
 :
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1.   -   -
 , ++ .

2.     -
.

3.    MATLAB   -
,    MATLAB   ++Math.

4.       
++ .

5.       -
 .

MATLAB C Math Library
     -

  MATLAB    -
       -
   .    

   MATLAB Compiler   -
 MATLAB,   -   ,

      MATLAB C
Math   ,     [2].

 :
1.  .
2.  .
3.   .
4. LU  QR  ,    -
 .

5.   ,   -
   .

6.  .
7. -, - ,    

.
8.    .
9.   .
10. , ,   .
11. .
12.   .
13. /   .


