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1   

1.1        
 

       
     

  P 50397-2011 (  60050-161:1990
1)  2011 . 

«        
» (    50397-92  1997 .2).   

        
  . ,    

,       ,  
   ,     . .  

     . 
 ,  – ,   

 ,    ,  
 /     (   

, ,   .). 
 ,  (electromagnetic environment)3

 – 

  ,    
.  

  (electromagnetic noise) –   
  ,      

         
.  

  (unwanted signal; undesired signal) – , 
     . 

  (interfering signal) – ,    
 . 

 ,  (electromagnetic disturbance)4
 –  

 ,     
  5

.  

                                                           
1
 IEC 60050-161:1990 International electrotechnical vocabulary – Chapter 

161: Electromagnetic compatibility (MOD) 
2
     . 

3
  ,         

    . 
4
      , 

      . 
5     , , 

  . 
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   (electromagnetic interference) – 

      
 ,   .  

   (electromagnetic compatibility; 
EMC) –      

        
      
. 

  (electromagnetic emission) – ,  
     .  

   (inter-system interference) –  
   ,   

,   . 
   (intra-system interference) –  
   ,   

,     . 
  (natural noise) –  ,  

   ,   ,  
 

  (man-made noise) –  , 
    .  
     

(degradation of performance)
1
 –    

    . 
 ,     (immunity to a 

disturbance) – c      
        

  .  
  (electromagnetic susceptibility) – 

      
    .  

 ,  (electrostatic discharge, ESD) –  
   ,  

     ,     
 . 

  (emitter of electromagnetic disturbance) –  
,   ,   

 ,     
 .  

    (susceptible device) –  , 
       

                                                           
1        
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 .  
 (conducted disturbance) – ,   

     . 
   (radiated disturbance) – ,   

      . 

1.2    

  ,   ,    
  –    . 

     .   
        

   .   ,  
   –  ,   
  ,      

      .  
: 

   ; 
       

    ,   
   . 

   ,  , 
,  ,     
 . 

      
,   . 1.1.     

  – . 
         

         

( )         

         

 

       

 1.1 –      

        . 
  –     ( ) 
 . 

  –     
. 

  –     

   (  ). 

:  
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1)   , ,      

; 
2)      . 

 –  (    )  

         
   . 

  –      

  -  (  )    
  .     

,       (  
  –   ).   –  

        
 . 

   . 

1.2.1   

     
     ,  

       
    ( )  

.    .  

   –    , 
     ,   

« » ,    ,  
       ( ) 

. 
  ,     , 

     , 
     . 

  «   »  ,   (  
 )      
 –  (     )  ,  

,        
  .      

     ,  
    ( )    
,         

.         
      .  

      .   
  –   – 

 «  »   .  
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 ,  . ,   
      . 

  ,      
 ,  –      

 .         
 . 

   -     
   ,     

    .  ,  
    ,     

. ,        
 ,       

     . 
       

 : 
  –       , 

      ,  
    . 

  –  ,   
 ,       

  ,   ,  
   ,     

  ,     
   . 

  –       
        

( ),       
. 

     .     
    ,     

 . 

  –  ,    
      .     

       
        . 

      . , 
,        

, ,   ,      . 
         

 . 
         

      .  
   ,     
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 .       
     : 

  ,       
  .   ,  

       ,  
        

 . 
   ,     

      
   . 

  ,     . 
 ,     4  5    

       
  . 

     ,  
,     .     

 – ,   , 
    ,   

 .     
    ,    

 ,    . 
    , 

      ,    
         

    , ,   
. 

          
          

         . (  
       

     =0      
   df/dt=0.  

       , 
       

  . ,     
     ,   

   , ,  ,    
      .    

   d/dt   j,   
     1/j.     

,      . 
    ,    

     ,  
       ,  
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 ,     
    . 

  (0D) –    
, . .         

  (l</10).      
 (     , 

   ),   
( , ),   ( , 

),    « »    
 .      , 

, PSpice. 

  (1D) –  ,     
 .      : 

       (   
 )     ;  

        
,         

( , S- )  .  ,  
         

 ,     
(1D) .  

  (2D) –   , 
      « »   

,          
 .      (2D) ,  

      .  , 
  2,5 D –  2D     

 .   –   
,     ,  (patch) 

,      .   
         
,    . 

  (3D) –   
,    .      
 .      

,         
.     (full-wave)   
.   3D    :  

 ( , FEM),   ( , FD)    
( ).      :   

    ( , FDTD),   
(FIT),     (TLM).  



12 

 

1.2.2   

      -

     .   
   . 

  –    (    
 )   . 

  –      

(  ,  , ). 
   ( )    

  .    
 «   ».  ,  ,  

,       , 
  (   )      

    . 
       

  ( ,   -   
,          

        ( ,  
 . .)),      ,  

    ё  : 
      

       
.       

       . 
      ,   

 ,   . 1.2. 

 
 1.2 –        
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     . 

1.3   

       
      ( ), 

      .    
       

 .       
    ,  , 

   .    
     ,   

,  -  ,    
 .        

   , . .     
: ,         

  .        
     , 

        
 .        

   ,     
        

   .    
        

 .  
   ,   

  ,    , , 
  ., ( . 1.3). 

  
 1.3 –     

       
      ,   
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   .   
        

   .   
  ( )  

, ,  ,   
.       . 

       
,        

     

     .   
,        . 

  ,     
.  ,      , , 

 ё   ,     
 .       

      
    ( ).  

       

    .  ,    
  (  )      

  .        
   ,   GTD/UTD 

(   /    ( )). 
    ,     

 ,     ,    
ё        

   .       
         

    ё ,   ,  
     .     

      .  
       . 

  ,     . 
     ё   . 

         
     . , 

 - ,      1915 , ё 
 ,       

       
.  ,   20-   XX , 

          
 . ,    
      -  
 ,    .    
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,   ,   ё   . 

    ,  ,  ,  
,   ,   .    

    ,     
 . 

         
,       

 - .       
    ,      

,     - .    
,     ,   

  .       
     , - , ,  

 .  
  ,     , , , 

     ,     . 
  ,  ,     ,  

 ,  ,    .  
  «  »,      , 
ё     .   ,    

         
 . 

  : 
Lf=g (1.1) 

 L –  , g –  ,  f –   
.  f     

{f1, f2, f3, ... }   L    


j

jj ff  , (1.2) 

 j –  .  ё   (1.2)  
 ,    –  .  (1.2)  

(1.1)    L,   

gf 
j

jjL , (1.3) 

    ё .    
    {w1, w2, w3, ... }   L. ё  
  (  ) (1.3)   wi  

       

>g,w<>f,w<
j

ijij  L , i=1, 2, 3, ... . (1.4) 

         

g][ l , (1.5) 

 [l]   
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]>f,w<[][ jil L , (1.6) 

    g   -  

][ j ; (1.7) 

]>g,w<[g i . (1.8) 

 [l] ,   ё ,      

g][ 1 l . (1.9) 

  f  ё   (1.2).   
  -   

][ff
~

j . (1.10) 

 (1.2)   f
~

f      (1.9),   

g][f
~

f 1 l , (1.11) 

   ё       
     . 

      ,   
 ,    ,    

    L,   fi,   wi 

(i=1,2,…N)    N. 

       
  ,   ё ,    

 .      ,  
   ,     

    : 
       

; 
   (    N ,  

       
); 

       
 ( )  N*N; 

      N; 

  ; 
       . 

      
 .    

     
.        
.      , . .   -

 . 
       

   .      
,    ,     
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   .     
  .     

        
    .     

. 1.4. 

 
 1.4 – ,     

      , 
   ,     

.        
 ,        

   (  ,    
   ).       

       
 ,     ,   
  .   ,  ,  
       . 

       

(FEKO, EMC Studio)     CONCEPT-II   
,    ,      
.  o   ,     

. ,       
    /10,   –     

.        
 N,       

     .   
,         

   o      
.      -   
  ,     

      
 ,  MoM  , ,    MC 
      

. 
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1.4       
     

     ,  
     ,   

         
  .  . 1.5    
    N    

 ( ) ,  x –     

(x=0     x=l   ). ( ,    
       

 ).        
 .  

x=0 x x=l 

iN(0, t) 

vN(0, t) 

i2(0, t) 

v2(0, t) 

i1(0, t) 

v1(0, t) 

i1(l, t) 

v1(l, t) 

i2(l, t) 

v2(l, t) 

iN(l, t) 

vN(l, t) 

 

v1(x, t) 

R11 L11 

Gm Cm 

R22 L22 

Lm 

i1(x, t) 

v2(x, t) 

i2(x, t) 

i1(x+∆x, t) 

∆x 

G22 C22 

G11 C11 

Rm 

i1(x, t)+i2(x, t) 

i2(x+∆x, t) 

v1(x+∆x, t) 

v2(x+∆x, t) 

 

 1.5 –  N-    ( )   
       ( ) 

     ,  
        , ,  
       ( . . , 

     -  - ). 
     ( . .   

 ,         
    )  

       
.      -

,       -  
.     ,    

 -  .    c 
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   . 1.5 . 

   :  (L11, L22)  
 (Lm)   ;  ( 11, 22) 

  ( m) ;  (G11, G22)   (Gm) 

,    ;  (R11, 

R22)   (Rm) ,    . 
(       

 ( ) ,    ,   
       .)  

1.4.1    

  ,       
 -    : 

I ZV 
dx

d
, (1.12) 

YVI 
dx

d
, (1.13) 

 I  V – -   N1     , 
Z=R+jωL, (1.14) 

Y=G+jωC, (1.15) 

 j –  , ω –  , C –   NN 

   , L –  
 NN    , G – 

  NN  , R –   NN 

 .      
 

VZYV )(
2

2


dx

d
; 0< x < l. (1.16) 

     

V
m
(x)= V0

m
exp(±γmx), I

m
(x)= I0

m
exp(±γmx), m=1, …, N. (1.17) 

   (1.17)  ,    
x (  ),     ,   

  ( ё  ). 
  (1.17)   (1.16)   

    

(ZY–γm
2
U)V0

m
=0,  (1.18) 

      

|ZY–γm
2
U|=0, (1.19) 

 U –    NN. 
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  (1.19)  N   m
2,  

  .     
   V0

m,     
(1.18)      m

2.   
  m

2,      m– , 
      .  

  V0
m
     SV,  

   ,  SI –   
,     I0

m
.    

  

SI=Z
–1

SV. (1.20)   

        x    
  (i)  ё  (r) : 

V(x)=(Vi(x)+Vr(x))=SV(E(x)C1+E(x)
–1

C2), (1.21)   

I(x)=(Ii(x)–Ir(x))=SI (E(x)C1–E(x)
–1

C2), (1.22)  

 1  2 –  , 
E(x)=diag(exp(–γ1x), exp(–γ2x),…, exp(–γNx)). (1.23)  

   ZC   
:  

Vi(x)=ZCIi(x); Vr(x)= –ZCIr(x), (1.24)   

   

ZC=SVSI
–1

=SV–1
SV

–1
Z. (1.25)   

    YC   

 YC=ZC
–1

. 

1.4.2       

   ,    1.4.1, 

       
  .       

BLT ,        

V=(1+S)(S– )
 –1

Vs, (1.26) 

I=Y (1–S)(S– )
 –1

Vs, (1.27) 

 S –        
,  –   2N2N   , Vs – 

« »  2N1  .    
        

      

Vr=SVi. (1.28) 
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   1.4.3.      
      

Vr=Vi+Vs. (1.29)   

 (1.27),  x=0    x=l    
,    

s
i

i

VV

VV

r

r

ll

l

l
V

V

V

0SES

SES0

V

V


































)(

(0)

)(

)(

)(

(0)
1

1

 (1.30)   

 

 
 










 



00
1

00
1

)(

)(

2

1

IZVSES

IZVSES
V

Cs

Cs
s

xl

x
, (1.31)   

 

E(l)=diag{exp(γ1l), …, exp(γNl)}, 

E(xs)=diag{exp(γ1xs), …, exp(γNxs)} 

E(l–xs)=diag{exp(γ1(l–xs)), …, exp(l–xs)}, 

V0  I0 ,      
,     x=xs. 

        
     (x=0)   (x=l) ,   

(1.21)  (1.22)   

  


























2

1
1

)()()(

(0)

C

C

ESES

SS

V

V

lll VV

VV , (1.32) 

  





























2

1
1

)()()(

(0)

C

C

ESES

SS

I

I

lll II

II . (1.33) 

         
  1  2,    

(  1.4.3),      
    . ,  1  2  

(1.34)–(1.37),          
 : 

V(0)=SV(C1+E(l)C2); (1.34) 

V(l)=SV(E(l)C1+C2); (1.35) 

I(0)=YCSV(C1–E(l)C2); (1.36) 

I(l)=YCSV(E(l)C1–C2). (1.37) 

    1, 2  (1.32)  (1.33) ,  
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)(

(0)

)()()()()(

(0)
1

11
llllll VV

VV

II

II

V

V

ESES

SS

ESES

SS

I

I
. (1.38) 

  ,        
Y-  ,         ё, 
I(l)   –1  (1.38)    











































 



)(

(0)

)(

(0)

)(

(0)

2221

1211

1

1

1

2

1

2

1

1

lll
VIVI

VIVI

V

V

YY

YY

V

V

SESSES

SESSES

I

I
, (1.39) 

  












 



l

l

k

k

2

2

1
e1

e1
diagE ; 










  ll kk ee

2
diag2E , k=1, 2, …, N. (1.40) 

       
    (  1.4.3),  

    . 

1.4.3       

,    1.4.2,   
   ,   

. ,       , 
   ,   , 

 ,     ё   , 
       . 

         
      S.   

    ,      
     ,  S  
  : 

   1 CC ZZZZρ , (1.41) 

 Z – ,   ,    
.    BLT     

s
l

l

l
V

ρSES

SESρ
ρU0

0ρU

V

V
1

2
1

1
1

2

1

)(

)(

)(

(0)






































; (1.42) 

s
C

C

l

l

l
V

ρSES

SESρ
ρU0

0ρU

Y0

0Y

I

I
1

2
1

1
1

2

1

)(

)(

)(

(0)














































. (1.43) 

 ,     n  
 ,         

   111 )()(  
nn CIVCIV ZCCZCCS , (1.44) 
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 CV –       {1, –1},  
  ,      

   ; CI –       {0, 

1},    ,     
      ,     

  ; 
nC

Z  –    ,   
   ,   

   ; M –   , 
   . 

        
   .   ,   

,    ,    
  ,   .   

,  X,        
 , ё    .   ,  

   

PV+QI=E, (1.45) 

 V –   X       
, I –   X       , P 

 Q –    XX, E –   X.  
(1.45)    Z-   Y- .   

 Z-   P=U, Q=Z  E=V0,  V0 –  
  . ,  ,   

  .     Y- : P=Y, Q=U  E=I0, 

 I0 –    ,    
.  

 (1.45)      ,    Z-

  Y- .  , Z-     
      ,  Y-  –  

  .  ,     
,  (1.45)    .  

   ,   ,   
        V.  

,     ( . .    
,     ), (1.45)   

 .   ,    (  
  )    I.   C1  C2, 

   V  (1.45)   (1.34), (1.35), 

  I  (1.36), (1.37)     . (  
       .) 

   C1  C2  (1.34)–(1.37)     
      .  
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   .  
     ,   

   n   ,   

EVDYDHW 





  



n

k

t
kkks

1

, (1.46) 

 s=jω; W, H –   AA,   
         

(A –  ,     
 ); Dk – - ,  ,  

 k-  ,   di, j  {0, 1},  i{1, …, A}, j{1,…, k}   
    , mk=2Nk –  , 

  k-  ,  Nk –   k-  ; Yk –  
  k-    (1.39); V –     

   ; E – ,   
    .  

1.4.4       

       
      ,   

  .     
     .  

    ( -) .    
       

   

0

0 )() (



 RR , (1.47) 

 ω0=2π f0,  f0 – ,    R(ω0), / . 

 ,     ,  
   (L, / )   : 





) (

)(
R

LL . (1.48) 

        
     .  

,       

0

0 )()(



 GG , (1.49) 

 ω0=2πf0,  f0 – ,    G(ω0), / . 
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1.5      TALGAT 

1.5.1    

   ,    
   ( . 1.6)   TALGAT,  
     .  

: (w=0,5 , s=1 , d=3w, t=105 , h=300 ). 

1 t

h

w

2
sd

 
 1.6 –    

(1, 2 – ) 
 TALGAT,       

 ,     
        

  :   (  
  )     

   ;   
      RLC- ; 

        
   ; -  

    .  
     . 1.7.   – 

  .   – TLCORE. 

 : MOM2D –   ; 
MOM3D –   ; RESPONSE –  

; MOMW –    . 
 : ES –  ; GA –  

.   –   (  
,     .).  « »   
     TALGAT_Script, 

   . 
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QtClient.exe BasiClient.exe ES.tlm GA.tlm

UTIL.tlm MATRIX.tlm

INFIX.tlm GRAPH.tlm

TLGPU.tlm TLPCB.tlm

MOM2D.tlm MOMW.tlm

MOM3D.tlm RESPONSE.tlm

TLCORE.dll

  

 

 

 

 1.7 –    TALGAT 

      : 
UTIL (   ,    , 

 ,    . .), MATRIX  MOM2D. 

    : INCLUDE "  

": 

INCLUDE "UTIL" 

INCLUDE "MATRIX" 

INCLUDE "MOM2D". 

       
 :  (0)   (1),    

SET_INFINITE_GROUND .     
  : 

SET_INFINITE_GROUND 1 

       
 (   t,    h  

.).   TALGAT     SET "  
"  , : 

SET "t" 105e-6. 

    d    
 MUL:  

SET “d” MUL 3. t 

        
.      (CONDUCTOR), 

  (DIELECTRIC).  
    .  

  CONDUCTOR   (   ). 
   (  ),   

  LINE  LINETO.  LINE (x,y) (x1,y1),  
,  –    , x1,y1 –   
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.  LINETO    LINE    
      , 

   LINE ( . .     ). 
LINETO (x2,y2),  x2,y2 –   .  

     ( . 1.8). 

-(d, h)

(0, 0)

(d+w, h)

(d+w, h+t)
-(d, h+t)

Y

1

 
 1.8 –      

   

    . 
: 

  a+b  PLUS a b; 

  a+b+c  PLUS a PLUS b c  

 PLUS PLUS a b c. 

  (MUL),  (DIV),  (MINUS)  
 .  

     . 1.8   . 
    . 

      . 
        

  DIELECTRIC    CONDUCTOR. 

       
 ,       // (   

  ctrl + k). 

     ,   
   : 
SET "  " GET_CONFIGURATION_2D 

     : 
DRAW_CONFIGURATION "  " 

       F5  
       . 

         
 ( . 1.9).      

,    . 
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 1.9 –       TALGAT 

(   –  ,  –  ) 
       

    ,    
      ( . 1.10). 

1 t

h

w

2
sd

er=1

er=4,5

 
 1.10 –    ё  

      
 (       ): 

SET_AUTO_SEGMENT_LENGTH      
   ,  

SET_AUTO_SEGMENT_LENGTH DIV t 2. (   
,     .) 

      
: 

SET_ER_PLUS   ; 
SET_ER_MINUS   . 

:      
SET_ER_PLUS. 

      ,    

 .     
  (      

SET_ER_PLUS   SET_ER_MINUS). 

  SET_ER_PLUS (5)  SET_ER_MINUS (1) 

   . 1.11. , SET_ER_PLUS  
   , SET_ER_MINUS . 

 
 1.11 –      
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  E.       
: 

DIELECTRIC 

SET_ER_PLUS 5. 

SET_ER_MINUS 1. 

LINE 0. h MUL 3. w h 

LINE MUL 4. w h PLUS s MUL 4. w h 

LINE PLUS s MUL 5. w h PLUS MUL 8. w s h 

    . 
       , 

  . 1.12.  

 
 1.12 –       TALGAT 

,       ,  
        l. 

       : 
ECHO Cmn 

SET "smn" SMN_C conf_ig 

ECHO TO_STRING CALCULATE_C smn conf_ig 

ECHO Lmn 

SET "smn" SMN_L conf_ig 

ECHO TO_STRING CALCULATE_L smn conf_ig 

        
  L  C ( . 1.13). 

 
 1.13 –    

       
  .   , 

   .     
,    1  ( . 1.14). 



30 

 

 
 1.14 –      

        . 

     ,   
,   .    . 1.15. 

 
 1.15 –     « » 

    ,     
     ,     

  ( . 1.16). 

 
 1.16 –   

   ,    
 . 

        
   TALGAT    



31 

 

   (  ),   
  . 
      RG-316\U, 

   .     
. 1.17 (http://www.radiolab.ru). 

 
SCCS –   . 

PTFE – . 

SCC –  . 

FEP –  . 

 1.17 –  RG-316\U 

       
. 1.18 (http://www.radiolab.ru). 

 
 1.18 –   RG-316\U 

         
  .    ,   

     . 
        

RG-402.     . 1.19,   
     . 1.20 

(http://www.radiolab.ru).      
  . 
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SCCS –   . 

PTFE – . 

SCC –  . 

FEP –  . 

 1.19 –  RG-402 

 
 1.20 –   RG-402 

1.5.2       

       
   .   

        
.         

   ,    
 ,  ,  .  

  –     
,       

    . 
 . 1.21     . 

t

h

w

1

er=1

er

 
 1.21 –     

    (e )  
  (Z)      (  

  ): 
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wh /121

1

2

1ε
2

1εε rr







 , 

 1  ,

)444,1ln(667,093,1ε

120

1  ,)
4

8
ln(

ε
60



















 




h

w

h

w

h

w

h

w

h

w

w

h

Z  . 
(1.50) 

  ,     
  Scilab.     

     . 
    -

      sci,    
Scipad.       ,   

    ( . .       
. -       

.         function. 
        (  

 ,       ). 
,   ,      

       , 
 .      ,   

   endfunction. 
.    func.sci,    , 

  .       , 
       .  , 

 . 
function [y]=func(t) 

y=t^2 

endfunction. 

  -      
  exec.       : 

exec('func.sci').         
 func. : func(3).     9. 

      
: if ( )   – end, if( )  1 –

else  2 – end. 

   +, –, /, *  
.       

 sqrt( ).  

      (  
 C/C++) – //.        
. 

Scilab      . 
,  : 4, -5.2, 32e3, 7.8e-5, -12E-10, -12D-10. 
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 e, E, d, D.        

  « ».  -5,2    (-5  2). 
  Scilab        

,        
 ,  ,   C/C++. 

     Scilab  
  microstrip,    

 .      
       

TALGAT,    .   ,   
  (     ),   

   ,     
 (1.50). 

1.5.3    
         

 .      
       

. 
    ,   

( . 1.22).     

TALGAT_Script   (    ).   

   UTIL, MATRIX, RESPONSE  GRAFH. 
 

R1 

R2 

R3 

R4 

E  

1 2 

3 

4 

5 

1 

3 

2 

4 

  

   
 1.22 –     

       
  .      

   "step_time"    (2
count_degree

)   
        

TRANSIENT_ANALYSIS_SETUP ( . 1.23). 

TRANSIENT_ANALYSIS_SETUP "step_time" 0.05E-9 

TRANSIENT_ANALYSIS_SETUP "count_degree" 12 

 1.23 –        

     : RESISTOR – 

, CAPACITOR – , INDUCTANCE – , 
SOURCE –  , TRANSMISSION_LINE –  . 

    RESISTOR, CAPACITOR, INDUCTANCE –  
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 ,   , ,   
"R1".     –  ,   

 ,      . 
      . 
,   

SOURCE "I1" 0 1, 

   –    (   ),  
    –  ,    

. ,      
  ( ,      

): 

SIMULATION_SOURCES_IPULSE Iin Ipv tTD tRT tFT tD Period;  

SIMULATION_SOURCES_VPULSE Vin Vpv tTD tRT tFT tD Period. 

         

    1.5.6. 

       . 
,   

TRANSMISSION_LINE "t11" N in1 out1 … inN outN, 

   –  ,   –  
 N,   inN –  ,     

N     outN –  ,     N  
 . ,       

TRANSMISSION_LINE_PARAMETERS L  R G length, 

 L –     , 
C –     , R – 

  , G –   , 

length –   . 
      DRAW_SCHEME. 

        
. 1.24. 

RESISTOR "R1" 1 2 50 

RESISTOR "R2" 0 3 100 

RESISTOR "R3" 0 4 100 

RESISTOR "R4" 0 5 100 

SOURCE "V1" 0 1 

SIMULATION_SOURCES_VPULSE 0. 1. 0. 1.5e-9 1.5e-9 6.0e-9 0. 

TRANSMISSION_LINE "tl1" GET_MATRIX_ROWS L 2 4 3 5 

TRANSMISSION_LINE_PARAMETERS L B R G 0.3048 

DRAW_SCHEME 

 1.24 –      . 1.22 



36 

 

      ё   
   .     

: 
        

  T_RESPONSE_I  T_RESPONSE.   
    f0,      

R, G.      . 1.25. 

T_RESPONSE f0 (  T_RESPONSE_I f0)  

 1.25 –     

         
 F_RESPONSE_I  F_RESPONSE.     
  f0,      R, G.  

 F_RESPONSE       
   .      
    «start_frequency», «stop_frequency», 

«step_frequency»  TRANSIENT_ANALYSIS_SETUP.   
   10   10       

. 1.26.  ,    ,  , 
  . 1.23,  .     

    

SIMULATION_SOURCES_HARMONICS (I,0.), 

 I (V) –    ,  ( ). 
TRANSIENT_ANALYSIS_SETUP "start_frequency" 10. 

TRANSIENT_ANALYSIS_SETUP "stop_frequency" 10.e+9 

TRANSIENT_ANALYSIS_SETUP "step_frequency" 1.e+6  

 1.26 –         

1.5.4         
      (    

)   . 1.27,  t  w –    , s – 

  , d –      , l – 

   h1  h2 –   , εr –  
  .  

 

LIN–OUT 

εr 

h2 

h1 

s w 

t 

s w 

t 

s w 

t 

d w 

t 
l 

  

d 

 
 1.27 –    :   

( );     ( ) 

    ё : 
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LIN–OUT=(s+w)N,  LTOTAL=(l+(s+w)π/2)N, (1.1) 

 N –  . 
         

,      ( . 1.28). 
 

l 

V1 E  

 

Rs 

V2 R  

 
 1.28 –          

  

       . 
,   

TRANSMISSION_LINE_MEANDER "t11" N, 

   –  ,  –   

N. ,      

TRANSMISSION_LINE_PARAMETERS L  R G length, 

 length –    l. 

          
     ( . 1.29). 
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l–(s+2w) 

V1 E  

 

Rs 

V2 

R  

(s+w)π/2 

(s+w)π/2 

(s+w)π/4 

(s+w)π/4 

 
 1.29 –      

       
. ,   

TRANSMISSION_LINE_MEANDER2 "t11" N L1 1 R1 G1 length1, 

   –  ,  –   

N, ,     –    
. ,     : 

TRANSMISSION_LINE_PARAMETERS L  R G length, 

 length –    l–(s-2w). 

 ,       
    ,     

     . ,   
        

,    (     ), . .   ,  
 ё      ,   

 .  
  . 1.28  1.29 –      ( . .  

 N).         
 N ( . 1.30).  
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l–(s+2w) 

V1 E  

 

Rs 

V2 
R  

(s+w)π/2 

(s+w)π/4 

(s+w)π/4 

(s+w)π/2 

 
 1.30 –      

 ,     ,    

(  ё      ),   
      ( . 1.31). 

l–(s+2w) 

V1 E  

 

Rs 

V2 

R  

(s+w)π/2 

(s+w)π/2 

(s+w)π/4 

(s+w)π/4 

(s+w)π/2 

(s+w)π/2 

 
 1.31 –     

1.5.5    

      ,  
       . 

 ,      
,   . 1.32.      

: 
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–       ; 

 
–   (   ); 

 
– ;  

 
– ;  

 
– ; 

 
–  ; 

 
–  ; 

 
–  ; 

 
–    ; 

 

–  (        
) 

 
–     ; 

 
–   . 
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 1.32 –      TALGAT 

         

      .     
   «  ».     

    .     
  ,    

.       ё ,    0. 
  , , ,  , 

 ,      
« ».       

.     ,   
     . 1.33. 
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 1.33 –      ( ),  

  ( ),   ( )  

1.5.6        

       
  .     , 

       
       ,  

MIL-STD-461F. 

 ,  ,    
        

,    -     
 ,      . 

     ( ,   

): 

SIMULATION_SOURCES_IPULSE Iin Ipv tTD tRT tFT tD Period, 

 I0 –   , ; I  –  , ; tTD –  
, ; tRT –  , ; tFT –  , ; tD – 
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   , ; Period –   
, . 

  ,      
 . ,   CS115  MIL-

STD-461F (   5 ,     
 2 ,    30 ,   30 ) 

    : 
SIMULATION_SOURCES_IPULSE 0. 5. 0. 2.0e-9 2.0e-9 30.0e-9 30. 

 ,  ,    
    ,    

 .     
: ( ,   ): 

SIMULATION_SOURCES_ISIN I0 IA Fsin tTD THETA Phase, 

 I0 –   , ; I  –   

, ; Fsin –  , ; tTD –  , ; THETA – 

 , 1/ ; Phase – , . 
  ,     

  . ,   CS116  

MIL-STD-461F (      10 , 
   100 ,   50e6 1/ , 0) 

    :  
SIMULATION_SOURCES_ISIN 0 10 100. 6 0. 50.e6 0. 

 ,  ,    
      .  

   ( ,   ): 

SIMULATION_SOURCES_IEXP I0 IA tTD tRT tFT0 tFT, 

 I0 –   , ; IA –   
, ; tTD –  , ; tRT –  , ; tFT0 –  

, ; tFT –  , .  
  ,    

   . ,   
  5 ,   2 ,   20 ,   
   :  
SIMULATION_SOURCES_IEXP 0. 5. 0. 2.e9 2.e9 20.e9. 

 ,  ,      . 
     ( ,   

): 
SIMULATION_SOURCES_VGAUSS Vpv fc r bw tpr bwr, 

 Vpv –   , ; fc –   
 , ; bw –  ( . .   

 )  , %; tpr –   
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    , ; bwr –  
     , . 

  LISN     
.     LISN (line stabilization 

network),        
MIL-STD-461F,   . 1.34,  R1=5 , R2=1 , 1=8 , 

2=0,25   L=50 .  

 

L

C1 C2

R1 R2

   

 50-   
 50-   

 

 
 

 
 1.34 –   LISN  MIL-STD-461F 

 

1.6    Elcut 

       
,        

     
     .   

,        . 
  ,     
.  ,      , , 

 ё   ,     
 .  

     , 
     . 

       , , 
   ( ).    
 ,        

      .   
        

    . 
       .  

        
  .     

      :    
 ,      . 
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  Elcut    
 « »  1990       

,       
 :   ,   , 

 ,   , 
 .    

 . ELCUT –     
,     ,  

 . 
  ELCUT      

 : ,  ,   
  .     ё    

   .     
  .     ,    
   .        

 .     , 
  ,     ELCUT. 

      . ELCUT 

   :  
     ,  

  ELCUT.      , 
   (" ", " ", " "  .), 

  (   )   ,   
  ,    .  

      , 
  ё      .  
     ( ,  ,   

  . 
 ,  ,      

(   ,      
  . .).      , 

        
  .     

      .  
  ,        

 :    .    
       :   

,   ,    
  (  ),    

 ,       .  
    ELCUT     –  

.      .res, ,   
   ,      ,   

   .  
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      . 
  Elcut   :  ,  
,  ,      

( . 1.35).       
 Ctrl+F1      . 

     ,    
 .        
  ,  ,    ( . 1.36). 

 

 1.35 -      Elcut 

     : 
 -      ; 
 -      ; 
 -        

 ; 
   -       ; 

  -        
 ; 

 -   ,    . 
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 1.36 –   

     ,     
,           

     .    
     : 

       ; 
  ,     ; 
    . 

         
    Elcut     ( . 1.37). 

 

 1.37 –   

       
: 

  ; 
   ; 
  ; 
   ; 
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     ; 
     ; 
    . 

1.7    

  –   ,  
    . 
    Elcut Student, TALGAT    

   Scilab .     
. 1.38.  

   Elcut.       
    .  :  . 

 : - .   
  ε0=1.    

 ε=2.   U=0 .   (  
)   . 1.38. 

 
 1.38 –   

      Elcut,   
      …     
   Ctrl+N.      
        .  

     ,     
  ,     – ,  – 

,  – ,   – .  
     . 

       
       .   
        , 

   0,5 .       
       ,  
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    ( . 1.39).  AD   
    . 

 

 1.39 -   . 

       
 : , , .    

       ,    
   .      

   –     . 
      . 

    .   
 ,   A, B, C, D,   

  Ctrl.     .  EF 
  .  E  F   . 
        ,   

    ,    
     255 ,  

       . 
        
       .    
  .      

   (        
         

      
  ,        10.  

         
    .      . 

            ,  
  .      

.    . 
          

         1.  
 ,  ,  ,      
  –  . 
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     .     

         
       , 

        
 ,      . 
    .    

   ,    . 
        ,  

     .   
   ,       

 ,   .     
  ,      .  

   .     
   ,    

,    .     
 ,    .   

     .   
      ( . 1.40). 

 

 1.40 –   

1.8     

  –   ,  
    . 
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    Elcut  TALGAT.   
  . 1.41.  

   Elcut.       
    .  :  . 

 : - .  :  : 
10 30 .   : 20 .  : 
10 .     ε0=1. 

    ε=2. 
 

 
 1.41 –    

       
   ,   ( , 

24×40 ),       .  
      U=1   

   U=0   ,      
:   C11=C22=Q1/U1,   C12=C21=Q2/U2, 

   Q1
 

 Q2
 

    
 ,    1  2   

  . 
   Elcut    .    

 :   -  ,   – 

,  – ,  – ,   – 

.       . 
        

    .      
     ,   

 5 .        
      ,   

  .      
  -160   160    ,  0   160   

 .  
       .  

 : ,  1,  2.    
       ,    

   .      
 .       

. 
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       .    
  .      

   (        
       .    

     ,   
     2. 

        
      .      

.             ,    .     
            .   

           
         

  .       
 ,    .   

   ,      . 
     :                

    :              .  

        ,      
 ,        

.                
    -60   0    ,  

0   40       0   60    
,  0   40     . 

    Elcut,    
 TALGAT    ,      

. 

1.9 Э     Concept-II 

  CONCEPT-II     
  .     

         
 .        

    (EFIE)    
(MFIE). CONCEPT-II     , 

  ,    -  
     . 



54 

 

       ,    
 . 

 CONCEPT-II   ,   
  ,     

,       
,    ,   ; 

     ; ,  
      (    

);      
 ; ,    ,  

    .     
     . 

     ,  
  Concept-II,       

.      
  ,      

. 
     CONCEPT-II.  
  CONCEPT-II     «concept-II-

12.0-p23-64bit-demo-setup.exe»,       
 .       

    ( . 1.42). 

 
 1.42 –    

    ,    
  «  »,     . 

  «   » → «  
».    “Path”      

« ».     «;»    
  CONCEPT-II «C:\Program Files (x86)\gnuplot\bin» 

( . 1.43).  . 
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 1.43 –   

      
«Gnuplot».      «gnuplot.exe»  

   .     
       0 ( . 1.44). 

 
 1.44 –     «Gnuplot» 

   CONCEPT-II    
 :  ,  ,  , 

    ,    
 ( . 1.45). 

 
 1.45 –    CONCEPT-II 

  CONCEPT-II    : 
;   ;   ; 

;  .    . 
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 .    , CONCEPT-II 

   .   
    ,   
  .   3D  

.     . 
      Cad tools,  

      Cad tools 1 ( . 1.46 )  Cad 

tools 2 ( . 1.46 ). 

    

 1.46 –   Cad tools 1 ( )  Cad tools 2 ( ) 

      ,   
    ( ,  ,   

.).      : 
 ;  ;   

;  ;    .     

 Simulation      ( . 1.47). 

     4  : 

Setup of the structure (  : , ,  
  . .). 

Setup monitoring (   , ,  ). 
Setup printing (  ,    ). 
Setup simulation (  :  ,  

    ). 
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  Setup simulation      
 .    Single precision  

        
.       

        
Galerkin matching.     ,   

     , , 
  .    Galerkin matching  

    . 

 
 1.47 –   

        
    .    
     .   Simulation 

(  )   Run simulation front-end ( . 1.48), 

     .   
    Post processing   Show 

complete structure ( . 1.48),      
  . 
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 1.48 –       

  
      .   

    ( . 1.49)   , 
 ,     . 

 
 1.49 –      

     Post processing,  
       

 ( . 1.50).      
 ,      

  ,    ,   
.      

    .  
,   ,     

 ,     . 
    CONCEPT-II  

: 3D  2D  ;    
  ; (I, U, E, H)     ; 2D  

1D  ;      (  
 ,  );   . 
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 Log data       
    . 

 
 1.50 –   
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2   

  ,     
 ,      

   .      
      

    ,    ,    
    . 

     ,   
        

   -  (   
  ) .    , 

 , ,    , 
    ,  

      , 
     , 

     ,   
     .   
      

,      
   ,     

       ,  
     . 

        
       

 .  
      

 .  ё    ,  
       . 

2.1   

  –        
  . 

2.1.1    

          
   : 

1       
  . 

2        
 L . 

3    . 
4    . 
5       
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 ( ),  2, 3, 4, 5 .    

  TALGAT. 
       

 TALGAT    :  

MOM2D –    . 
UTIL –       (PLUS, 

DIV, MINUS, MUL  . .). 
MATRIX –   . 

 . 2.1       
 . 

 
 2.1 –        

       . 2.2. 

 
 2.2 –     

      
    :   

w = 500 ,    s = 300 ,  
   TOP  BOTTOM t = 50 ,    
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 GND t = 35 ,       d = 3×w, 

  TOP, BOTTOM, GND  +3V hT = 510 ,  
   GND hG= 127 ,  

   TOP  BOTTOM hB = 60 , 

   ErAir = 1,  
 TOP  BOTTOM ErT  ErB = 3,5,  
 GND  +3V ErG  ErV = 4,2.    

      
(SET_AUTO_SEGMENT_LENGTH) 10     . 

       
 . 

INCLUDE "MOM2D" //   

INCLUDE "UTIL" //   

INCLUDE "MATRIX"//   

 

SET "w" 500.e-6 //   

SET "s" 300.e-6 //    

SET "t" 50.e-6 //   

SET "d" MUL 3. w //   

SET "hT" 510.e-6 //  top layer  bottom 

SET "hG" 127.e-6 //     gnd layer 

SET "hB" 10.e-6 //    bottom  top layer 

SET "ErAir" 1. //    

SET "ErT" 42.e-1 //    GND  +3 V 

SET "ErB" 35.e-1 //   bottom  top 

 

SET "segm" 10.e-6 //   

 

SET_AUTO_SEGMENT_LENGTH segm 

SET_INFINITE_GROUND 1 //    

 

DIELECTRIC //    

SET_ER_PLUS ErB 

SET_ER_MINUS ErAir 

LINE 0. PLUS hT hB MINUS d hB PLUS hT hB 

LINETO MINUS d hB PLUS PLUS hT hB t 

LINETO PLUS PLUS d hB w PLUS PLUS hT hB t 

LINETO PLUS PLUS d hB w PLUS hT hB 

LINETO PLUS PLUS d w MINUS s hB PLUS hT hB 

LINETO PLUS PLUS d w MINUS s hB PLUS t PLUS hT hB 

LINETO PLUS PLUS PLUS PLUS d w s w hB PLUS t PLUS hT hB 

LINETO PLUS PLUS PLUS PLUS d w s w hB PLUS hT hB 

LINETO PLUS PLUS PLUS PLUS d w s w MINUS s hB PLUS hT hB 

LINETO PLUS PLUS PLUS PLUS d w s w MINUS s hB PLUS t PLUS hT hB 

LINETO PLUS PLUS PLUS PLUS PLUS PLUS d w s w s w hB PLUS t PLUS hT hB 

LINETO PLUS PLUS PLUS PLUS PLUS PLUS d w s w s w hB PLUS hT hB 

LINETO PLUS PLUS PLUS PLUS PLUS PLUS PLUS d w s w s w hB MINUS d hB PLUS hT 

hB 

 

DIELECTRIC //   
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SET_ER_PLUS ErT 

SET_ER_MINUS ErB 

LINE 0. hT d hT 

LINE PLUS d w hT PLUS PLUS d w s hT 

LINE PLUS PLUS PLUS d w s w hT PLUS PLUS PLUS PLUS d w s w s hT 

LINE PLUS PLUS PLUS PLUS PLUS d w s w s w hT PLUS PLUS PLUS PLUS PLUS PLUS 

d w s w s w d hT 

 

CONDUCTOR //   

SET_ER_PLUS ErT 

LINE d hT PLUS d w hT 

SET_ER_PLUS ErB 

LINETO PLUS d w PLUS hT t 

LINETO d PLUS hT t 

LINETO d hT 

 

CONDUCTOR //   

SET_ER_PLUS ErT 

LINE PLUS s PLUS w d hT PLUS s PLUS w PLUS w d hT 

SET_ER_PLUS ErB 

LINETO PLUS s PLUS w PLUS w d PLUS hT t 

LINETO PLUS s PLUS w d PLUS hT t 

LINETO PLUS s PLUS w d hT 

 

CONDUCTOR //   

SET_ER_PLUS ErT 

LINE PLUS PLUS PLUS PLUS d w s w s hT PLUS PLUS PLUS PLUS PLUS d w s w s w hT 

SET_ER_PLUS ErB 

LINETO PLUS PLUS PLUS PLUS PLUS d w s w s w PLUS hT t 

LINETO PLUS PLUS PLUS PLUS d w s w s PLUS hT t 

LINETO PLUS PLUS PLUS PLUS d w s w s hT 

SET "conf_ig" GET_CONFIGURATION_2D 

DRAW_CONFIGURATION conf_ig 

 

SET "mL_THREE" CALCULATE_L SMN_L conf_ig conf_ig //   L  

   «mL_THREE» 

SET "mCG" CALCULATE_CG SMN_CG conf_ig conf_ig 0. //   C 

SET "mC_THREE" GET_REAL_MATRIX mCG //   C    

 «mC_THREE» 

ECHO LINE_TO_STRING //    L 

ECHO mL_ THREE 

ECHO LINE_TO_STRING //    C  

ECHO mC_ THREE 

      
    ,      
    ( ).    

    ( ), 

      .   
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     .     
    ,    . 2.3. 

 
 2.3  –    

       
         . 

         . 

2.1.2 З     

        
 TALGAT    .    
   (  L  C),  (  50 ),  (  

0,1 )   (  500 ).   
:  V = 5 ,     

tD = 1 ,      tRT = tFT = 2 . 

2.1.2.1  1 

 2.1 –     
№   

 
 

 
 

  
  

1 TOP 1 0,1 

2 TOP 1 0,12 

3 GND 1 0,21 

4 BOTTOM 1 0,25 

5 BOTTOM 2 0,15 

6 BOTTOM 3 0,125 

7 BOTTOM 3 0,32 
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 2.4 –   

2.1.2.2  2 

 2.2 –    
№   

 
 

 
 

  
  

1 TOP 1 0,8 

2 TOP 1 0,75 

3 TOP 1 0,5 

4 BOTTOM 1 0,21 

5 BOTTOM 1 0,5 

6 BOTTOM 4 0,25 

7 BOTTOM 5 0,12 

 
 2.5 –   
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2.1.2.3  3 

 2.3 –     
№   

 
 

 
 

  
  

1 TOP 1 0,05 

2 BOTTOM 1 0,125 

3 BOTTOM 1 0,05 

4 BOTTOM 1 0,05 

5 BOTTOM 1 0,375 

6 BOTTOM 2 0,125 

7 BOTTOM 3 0,05 

8 BOTTOM 4 0,375 

9 BOTTOM 5 0,3 

10 BOTTOM 5 0,35 

 
 2.6 –   

2.1.2.4  4 

 2.4 –    
№   

 
 

 
 

  
  

1 TOP 1 0,1 

2 TOP 1 0,075 

3 GND 3 0,25 

4 GND 5 0,275 

5 BOTTOM 1 0,4 

6 BOTTOM 2 0,15 

7 BOTTOM 2 0,625 

8 BOTTOM 3 0,225 

9 BOTTOM 5 0,025 
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 2.7 –   

2.2   

  –     
        

. 
     U0    r1  

   r2 ( . 2.8).      
  ,       

     d,     
  ,    

    . 

 
. 2.8 –    



68 

 

       
 r1,      .  

  (    r2)    
     

     Emax0: 

 
        

       . 
      

     . 
       

     
   . 
 ,      ( . 2.9)  

      : 
e1r1=e2r3. (1) 

 

. 2.9 –     

  r2          

 
   ,    

, ,      
 ( )  U0,      
  .       
,  ,      

.     ,     
  ,     
   .  

,         ,  
  , . .     

.     (ε = const)   
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 U. 

.0
2

2

2

2









y

U

x

U
 

       
   .  

,ρ)()( εε 













y

U

yx

U

x
yx

 

  –      ,  
     . ,   

      ,  
 =0      (ex=ey=e). 

          
  .     

      . 
     ELCUT    

  .      
 ,       

   .     
.          

    .    
       

    (∂U/∂n = 0). 

     ,   
. 2.10.      . 

      ,  
  r3   . 

       
       

  .      
 Ox,       . 

 
 2.10 –   

      . 2.11. 
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 2.11 –    

2.2.1   : 
1     ELCUT (« »-«  »)  

   :   – Lab1  
(            

    );   –  
;   – ;   – ; 

 – .       
   ( ) lab1.pbm,     

    ,   
    . 

2        
  1  (« » - «  »    

     - «  »).  
           

  «   (180)»  «   

(0)»       
. 

    .   
   «  »   : 

  –   ,  
  (     
); 

  – ,   ,  
     . 
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       ,  
 ,       ,  

  « ».      
  . 

3   ( )     
          

    .     
    

. 
       

. 2.12. 

 
 2.12 –    

4     .    

           
 .  . 2.13  ,  

 .  b1b: U=0 .  a1a: U=U0.  ab, a1b1: 

=0. 

 
 2.13 –   

5   -    
    ( )  

.        
 .      

    ,    
  .        

        
        

  (   aa1 – 0.1  (   №3 – 

0.02 ),  bb1 – 1 ).    ,     
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 ,        
,   ,   ,   

        
.         

, ,    ,  
.       

  ё     . (   

   .) 

6           
  : lab1.pbm.       

      . 
7  : 

7.1       ab: 

  « »–«  ( / / )»–
   .    

 ,      a   b 
(« »–«  »). 

 « »–« »      
 « ». 

  : « »–« ». 
7.2     
(   a)      

 « »–«  ».    
 . 

       «  » 
      «  

». 

       a. 

     . 
7.3   «  ». 

8        
   ,   

  (  ): 
8.1      –    (  
a1 a     ,  a (a1)  

  ,  b (b1)    
). 

8.2 « »–«  ».   
      (  

    !). 

8.3       .8.2  
 (    ),     

,  (2, 0)  (2, 0). 
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9   (       ,   
   – . .5),     

 7.2. 
10  8  9    .   

      
  ab    .7.1    

 . 

2.2.2 З     

 №1. ,       
        ,  

         
      .  

  . 
  Emax(d) (   Emax  

 d     ).   
   8-10 .    

   ab     .  
     . 

№                      

1 3 2 5 20 

2 3 2.2 6 22 

3 6 2.2 7 25 

4 6 2.4 8 25 

5 10 2.4 9 30 

6 10 3 10 30 

 №2.     ,   
U0=3 ,     (  

      ). 
        . 

      .  
 Emax(r1) (   Emax   r1  

   ).      8-10 . 
      ab    

       
 . 

№                

1 2 10 15 

2 2 11 17 

3 2.2 12 20 

4 2.2 13 22 

5 2.4 14 23 

6 2.4 15 25 

 №3. ,       
  .    (1) 
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     (r3),     
 ,     Emax0 = 2.5⋅106 / . 

  –     εr2.  
 Emax(r2) (   Emax   r2  

   ).      6-8 . 
      ab    

       
 . 

№ e   e               

1 3.4 2 2 14 

2 4.2 2 2.5 12.5 

3 3.6 2 3 11.5 

4 4.1 2 3.5 11.5 

5 3.2 2 4 11.5 

6 4.2 2 2.7 12.5 

         
  r1 , r2  r3 (r3    (1)).  

  2   (  r1  r3,   r3  r2), 

    .     
    εr2.     

      εr1. 

2.3   

 :     
         

Concept-II. 

      
    . ё     

  .   ё    
.        

   .  

2.3.1    

       
  ( . 2.14):    = 0,1 ,  

 r = 1 ,   f = 1 ,   U = 1 . 
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 2.14 –    

     CONCEPT-II    
,          File → New 

Simulation,      К. 

     Wires,    
       Edit a new wire file, 

   ( . 2.15),     
 ,  :     ,  

  .       : xxx.wire 

 wire.xxx. 

 
 2.15 –      

      ,  
  ,         Total wires 

  3 (   )   Do.   
     .  
      . 2.16. 
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 2.16 –       

   
        
    : 

1      Setup simulation,   
    Frequencies ( ) → Single Fre.  

2   ,      

1  ( .2.17),   К. 

 
 2.17 –      

        
 ,   Setup simulation     
   Excitation →Voltage generator(s),   
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2.18,   Apply → OK. 

 
 2.18 –      

 ,         
,       

 .      , 
        

,      LU-  
(   ).    Log data,  

       CONCEPT-II  
  Concept-II-simulation       

 concept.out. 
       

 ,        
.  ,   H   , 

   .      Post 

processing     .   ,  
   2.19.       

         
.   Field probes (     ), 
       

  .       
. 
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 2.19 –      

  

      
  (  2.20),      
 ,  ,     
  .       

 H     «H-path1.asc» (  2.20).  
   «Max. magn.»   К.  

 
 2.20 –    

        H 
    (  2.21). 
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 2.21 –    H     

       
  ,       Post 

processing     (  - )   
1D EM field (line)    (  2.22).  

   -     
      

: 
 Curve selection –    ; 
 Show result –     

.    SVG, PNG  PostScript. 

 
 2.22 –  -  

       2D  
  ,  ,    

1   1000 .     Simulation    
       Single frequency → Set 

frequency        (  2.23). 
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 2.23 –   

      
 ,    .     

        
      

  . 
       

    Post processing      

     (  2.24)    
   ,       

 z    (P1, P2, P3),   2D  

   .  

      ,   
    .    

Field(s) at phases      
 (  2.25). 

   К      
         

  0°.       
       ,     

    Post processing    
(  2.26).  Delay     . 
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 2.24 –    

 
 2.25 –    
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 2.26 –     

      
,        Post options → 

Arrows circles,     ,    
      2.27.   

  «circles».    К,   
   ,     2.28.  

   . 

 
 2.27 –    
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 2.28 –   H   1  

   Post processing     

,     ,    
       К (  2.29). 

 
 2.29 –      

   

       
 ,        Options → 

Setting for wires in the line mode...     
 (   10).      

  Post processing,   -     
   wire.0 → Show labels,     
 Show element numbers   OK.      

      1 ,  
   2.30. 
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 2.30 –     1  

         50 . 
     Simulation,      

Wires       loop.wire   Set loads, 

         2.31. 

  
 2.31 –      

    ,     
      ,     

    ,     
     ,    

 2.32. 
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 2.32 –      

       ,    
   ,         

       Position   
 ,   Apply.  

        
   R in Ohm → Set global,      
  .       

  ,      . 

2.3.2 З     

1   ,      
      . 

2         
 : 1 , 10 , 50 , 100 , 200 , 500 

, 600 .    . 2.5    
       . 

 2.5 –        
 

f,  1 10 50 100 200 500 600 

Max. magn.        

3     10 ,   1 ,  
 2D    ,   

    . 
4        1 , 

       100 .  
    ,    

     . 
5          

  . 
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2.4   

 :     
         

 Concept-II. 

2.4.1    

      
   εr = 4,  R = 0.1 . 

      1 /    900  
(  2.33). 

 
  2.33 –  ,      

      
,  ,   ,     

 Cad tools       .   
 (  2.34),      : 

 0.1 ,   (0;0;0),  900 ,   
   12,    XZ.   
.      . 

  Simulation,       
         Load all files 

from 'CAD'.   ,   Symmetry   Magn. 

Symmetry, XZ plane.       Bodies→ Add 
body,          

 (  2.35). 
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 2.34 –   

 
 2.35 –    

      body 1 → Surface selection by 
mouse      .    

   body 1 → Set material values,   ,  
    : conductivity 0, rel. 

permittivity 4, rel. permeability 1.    К.   
    surf.sphere → Set boundary condition    

     Dielectric boundary.  

   900 .    
        Excitation → 

Plane wave field,     ,   
    (  2.36): θ=270°,Φ=0°,Ψ=0, 

E [V/m]: 1.   К    . 
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 2.36 –      

       

   .       
.     ,    

       (  2.37),  
    (  2.38),    

. 

 
 2.37 –       

2.4.2 З     

1       
   (8–10 ). 

2       
 XZ   2D. 
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3  3D       
: 300 , 600 , 900 . 

4         
 . 

5        . 

 

 2.38 –       

2.5   Э    

2.5.1     
  

    ,   
 (  -  ,    

) . 
1.       . 

  ,     ,  
  (       ),  

     ,    
   ,          

        
 . ,         

   ,       
,        .  

         

   ,  ,   . 

2.     .   
-      ,  

  (  ,   )   
       

      ( . 2.39). 
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 2.39 –   :  –  -    
  GND      (  – 

  );  –  -      
     2    

  (    
 –      ) 

      ,   
     ,   

         
   . 

3.  ,  .  
 ,       
  ,    . , 
 ,      ,  
          

 ( . 2.40 ).    ,  
,      

  .     
    ,     

        « »  
  .    (   

  )     ,   
       . 

 

  

 

 

 
  

 

  

  
 

 

 
  

  

  

 

 2.40 – ,   ( )   ( ) 

4.  ,  .   
,        

    ( . 2.40 ).  ,   
 « - »,      

,     .  
      ,   
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    .    

,  ,     
   .    ,   

       
.      3 :   

 /     ;     
,      ;     

       .  
   ,  –  . 

  ,     -    
 .   ,  

, –   ,     
        . 

5.   .    
         

,    . ,   
        

 .   ,     
          . 

          – 

  ,   ,   
      

. 
6.    - .   ,   

    ,     
   . ,     
- ,  ,   ,  2   
 -   .      

        . 
      ,   

 .      
           

 . ,    - ,  
   -    

,       

.        
  ,   -  . 

7.      

.     
    .     

           
         
   ( . 2.41 ),       
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      ,     
,     ,     

  ( . 2.41 ). 

 

  
 

  

 

  
  

 
 
 

   

  
  

    

  

  

 

 

  

 

 

 

 

 

 

 

SMT  

 

 
 

 

 2.41 –       
        ( )  

    ( ) 

 ,       
 ,       

      . 

8.  - .   -  –  
.       

 ,   
,  ,        

- .        

   (   )      
     ,        

   (   ). 

9.    .    
   ,     , 

   ,    ,     
 (     ).    

 .      
,     ,   

  .    
   .   

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

  .     ,  
    . 

10.   .    
          

.  ,  ,     
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     (   ),    
        

 (   ). 

2.5.2         
TALGAT 

1.      TALGAT. 

1.1.     Altium/Protel 99. 

1.2.     TLPCB     
TALGAT. 

2.      
      . 

2.1.      
  . 

2.1.1.     ,  
  MOM2D. 

2.1.2.      , 
       3-  . 

2.1.3.     L, R, , G. 

2.1.4.     (   ) 
   C  G     
  . 

2.1.5.       
 L, C, G, R :   ; 

  ;  ё    
. 

2.2.    . 
2.2.1.   ,   

 MOM3D. 
2.2.1.1.   

,    
 . 

2.2.1.2.   . 
2.2.1.3.      

    ,  . 
2.3.        

 . 
2.3.1.  :   
(TRANSIENT_ANALYSIS_SETUP "step_time");    

      
(TRANSIENT_ANALYSIS_SETUP "count_degree"). 

2.3.2.   ,    
RESPONSE. 

2.3.3.    . 
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2.3.4.   T_RESPONSE,    
 . 

2.4.   ,    
GRAPH. 
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