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M; I; Sugak 

CALCULATION OF THE POWER DIRECTIVE GAIN OF SIMMETRICAL ELECTRIC DIPOLE BASED 
ON SIMPLE CURRENT DISTRIBUTION 

On the basis of the simple current distribution the formula for calculating power directive 
gain is received; Is shown0 that at duration gaussian impulse to equal length of a shoulder of 
the symmetrical dipole antenna0 normalized to light speed0 the maximum power directive gain 
is achieved; 

StandingMwave dipoleC impulse modeC transient radiation 
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3. S$>&, u. g. ZH=N%F),$( &D%N'(,&( -,*(,,R ‡‡ W->&$*(L,&5- & 8%(5*:$,&5-. 199q. r. \3I ’ 2. S. 166–
17\. 

\. SN;-5 Q. Z. `4(,5- 8,(:;(*&'()5$;$ 5$8<<&4&(,*- ,-=:-+ %(,,$;$ >(?)*+&/ $>,$=:$+$>,$? -,*(,,R 
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G; A; Zostikov0 M; I; Sugak 

COMPARISON BETWEEN DIRECTIVIT[ OF IMPULSE LINEAR ANTENNAS 

For the antennas with traveling8wave and uniform distribution current the comparison 
of the directed properties is executed; 

WinearMwire antennasC travelingMwave antennaC impulse modeC power directive gain 
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:$=$%$)5$+$? -,*(,,R 5$:-E(%F,RL SBS ,-&E$%FG(( D,-'( ,&( &H((* N:$+(,F =$%/ + $EO
%-)*& ,&D5&L N;%$+ 5 ;$:&D$,*N @$5$%$ 70…90º =$ $*,$G(,&J 5 ,$:H-%& -,*(,,RCI - *-5M( 
G&:$5-/ =$%$)- :-E$'&L '-)*$*I =$D+$%/JK-/ $>,$+:(H(,,$ :-E$*-*F 5-5 + gu`BUSSOI 
*-5 & + Œ‹yO>&-=-D$,(. T =:&(H,$? -,*(,,( 5$:-E(%F,RL  SBS gu`BUSS‡Œ‹y $*,$G(O

,&( ( ) mbxF Fq  @ ( )F q  – -H=%&*N>,-/ "BC ,( >$%M,$ ER*F H(,FG( 6 q >V- -K  =:& N;%( 

H()*- qdq = ° . 
•(%F ,-)*$/K(? )*-*F& – :-))H$*:(*F +$DH$M,$)*& :(-%&D-4&&  H&5:$=$%$)5$+$? -,O

*(,,R @Q_UCI N>$+%(*+$:/JK(? $E$&H +RG(=(:('&)%(,,RH 5:&*(:&/H. 

© `. u. V$%&L$+I Q. Z. SN;-5I 200\  
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T =NE%&5-4&/L [1]I [2] $4(,&+-%-)F +$DH$M,$)*F &)=$%FD$+-,&/ + 5-'()*+( -,*(,,R 
gu`BUSS‡Œ‹yI N>$+%(*+$:/JK(? *:(E$+-,&/H 5-5 =$ =$%$)( :-E $'&L '-)*$*I *-5 & <$:H( 
"BI $>,$)%$?,$;$ & >+NL)%$?,$;$ H&5:$=$%$)5$+RL &D%N'-*(%(? 5+->:-*,$? <$:HR ) >+NO
H/ *$'5-H& =&*-,&/. "%/ :(-%&D-4&& G&:$5$N;$%F,$? "B + 5-'()*+( >&8%(5*:&5- =$>%$M5& 
&)=$%FD$+-%&)F H-*(:&-%R ) +R)$5$? >&8%(5*:&'()5$? =:$,&4-(H$)*FJ @^uUBC. _:&H(,(O
,&( *-5&L >&8%(5*:&5$+ =$D+$%/(* )NK()*+(,,$ NH(,FG&*F ;($H(*:&'()5&( :-DH(:R &D%N'-O
*(%(? & *(H )-HRH :(-%&D$+-*F G&:$5$N;$%F,NJ "BI N>$+%(*+$:/JKNJ ,($EL$>&HRH *:(O
E$+-,&/H. `>,-5$ $>,$)%$?,-/ Q_U ) +R)$5$? >&8%(5*:&'()5$? =:$,&4-(H$)*FJ =$>%$MO

5& ( )d 10e = K  L$*/ & N>$+%(*+$:/(* *:(E$+-,&/H =$ "BI ,$ /+%/(*)/ +()FH-  ND5$=$%$),$?. 

_(:(L$> ,- >+NL)%$?,R( )*:N5*N:R Q_U D,-'&*(%F,$ N+(%&'&+-(* =$%$)N :-E$'&L '-)*$*I 
,$ =:& 8*$H NLN>G-(* "B =:& N;%-LI ,&D5&L 5 ;$:&D$,*N. 

`>,$ &D +$DH$M,RL :(G(,&? $E()=('(,&/ G&:$5$N;$%F,$? "B  H-%$;-E-:&*,$? 
Q_U >%/ )&)*(HR Œ‹y =:(>)*-+%(,$ + )(:&?,$ +R=N)5-(H$?  =:&(H,$? -==-:-*N:( yˆ— 
[3]. t>()F -,*(,,- =:(>)*-+%/(* )$E$? &D%N'-*(%F 5+->:-* ,$? <$:HR ) $>,$? *$'5$? =&O
*-,&/I +R=$%,(,,R? ,- >&8%(5*:&5( @STjO5(:-H&5-C ) +R)$5$? >&8%(5*:&'()5$? =:$,&O
4-(H$)*FJ & ,(E$%FG$? @$5$%$ 3 HHC *$%K&,$?. Q-%R( :-DH(:R &D%N'-*(%/ $E()=('&+-O
J* G&:$5NJ "BI ;-:-,*&:NJKNJ ,- ,&D5&L N;%-L 5 ;$:&D$,*N @$5$%$ 70˜qdº + )&)*(H( 
5$$:>&,-*I =:(>)*-+%(,,$? ,- :&). 1C ,(D,-'&*(%F,$( NLN>G (,&( N:$+,/ =:&,&H-(H$;$ 
)&;,-%-. TH()*( ) *(HI *-5$( :(G(,&(I ,()$H,(,,$I $E% ->-(* ND5$=$%$),$)*FJI ,( =$D+$O
%/JK(? :-E$*-*F $>,$+:(H(,,$ ) gu`BUSSO)=N*,&5-H&. `E() =('(,&( 5:N;$+$? =$%/:&O
D-4&& :(-%&D$+-,$ ):(D-,,RH& N;%-H& ,- =$+(:L,$)*& &D%N'-*(%/ =:& $>,$? *$'5( =&*-O
,&/. #-'()*+$ =$%/:&D-4&$,,RL L-:-5*(:&)*&5 *-5$? -,*(,,R I :-DNH((*)/I ,(N>$+%(*+$O
:&*(%F,$ >%/ =:$<())&$,-%F,RL )&)*(H. 

T :(DN%F*-*( =:(>+-:&*(%F,RL &))%(>$+-,&? Q_U ) :-D%&',$? <$:H$? &D%N'-JK(O
;$ 8%(H(,*- =:(>=$'*(,&( ER%$ $*>-,$ 4&%&,>:&'()5&H )* :N5*N:-HI $E()=('&+-JK&H 
E$%(( =:&(H%(HR( =$%/:&D-4&$,,R( L-:-5*(:&)*&5& &D%N'(,&/ @+ *$H '&)%( =$ 5$8<<&O
4&(,*N 8%%&=*&',$)*& & N:$+,J 5:$))O=$%/:&D-4&&CI ,(M(%& )*:N5*N:R ) 5+->:-*,$? 

<$:H$? &D%N'-*(%(?. _:(>+-:&*(%F,R? 
-,-%&D :-D%&',RL +&>$+ H&5:$=$%$)5$O
+RL -,*(,, ER% +R=$%,(, ,- 8%(5*:$>&O
,-H&'()5$H N:$+,( :(G(,&(H &,*(;:-%FO
,$;$ N:-+,(,&/ $*,$)&*(%F,$ :-)=:(>(O
%(,&/ *$5$+ + &D%N'-*(%( H(*$>$H H$H(,O
*$+ + )=(5*:-%F,$? $E%-)*& @=-5(* ”™iO
cƒošb›e •„„ice”C & ‰ini|e in|ezƒb|ionOH(*$O
>$H @=-5(* ”™icƒošb›e y|{‚io”C. 

Z))%(>N(H-/ Q_U =:(>)*-+%/(* )$O
E$? *:(L)%$?,NJ )*:N5*N:NI )$)*$/KNJ &D 
5:N;%RL =('-*,RL &D%N'-*(%(?I :-)=$%$O
M(,,RL + )%$/L ) :-D,$? >&8%(5*:&'()5$? 
=:$,&4-(H$)*FJ & *$%K&,$? @:&). 1C. 

 z 

y 

x 

œ 

•  

0j =

=*•; > 
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A%(5*:&'()5&( =-:-H(*:R & *$=$%$;&/ &D%N'-*(%/ $=*&H&D&:$+-%&)F >%/ =$%N'(,&/ 
H-5)&H-%F,$? :-E$'(? =$%$)R '-)*$* =:& $;:-,&'(,&& ,- $EKNJ *$%K&,N )%$(+ [\]I [d]. T 
:(DN%F*-*( &D%N'-JK&? :-)5:R+ -,*(,,R =:(>)*-+%(, *:(H/ )%$/H&X ,&M,&H ) $*,$)&O
*(%F,$? >&8%(5*:&'()5$? =:$,&4-(H$)*FJ 10 @^uUBC & *$%K&,$? \ HHI ):(>,&H ) >&8%(5O
*:&'()5$? =:$,&4-(H$)*FJ 1.1\ @=(,$=$%&O
8*&%(,C & *$%K&,$? 10 HH & +(:L,&H )%$(H 
) =:$,&4-(H$)*FJ 10 @^uUBC & *$%K&,$? 
q HH @:&). 2C. "&-H(*: =$>%$M(5 6d HH.d =  
B- :&). 3 =:&+(>(,R <$*$;:-<&/ 85)=(:&O
H(,*-%F,$;$ H-5(*- *:(L)%$?,$? Q_U ) 
=F(>()*-%$H @:&). 3I •CI - *-5M( <$*$;:-<&/ 
Q_U + :-D$E:-,,$H +&>( @:&). 3I 7C. 

T)( ;($H(*:&'()5&( :-DH(:R & L-:-5*(:&)*&5& )%$(+ *:(L)% $?,$? Q_U =:&+(>(,R 
+ *-E%&4(I - :-)'(*,-/ @ >C & 85)=(:&H(,*-%F,-/ @?C '-)*$*,R( D-+&)&H$)*& H$>N%/ 5$8<O

<&4&(,*- $*:-M(,&/ 11s  =:(>)*-+%(,R ,- :&). \. _:& >&-H(*:-L &D%N'-*(%(? + , &M,(H 

)%$( 33.91 HHI - + +(:L,(H – \\ HH N>-%$)F =$%N'&*F :-)'(*,NJ $*,$)&*(%F,NJ =$%$)N :-O
E$'&L '-)*$* $5$%$ 1d k =$ N:$+,J #ST %N'G( 2.0. 

1h I HH 2h I HH 3h I HH 1e  2e  3e  1w I HH 2w I HH d I HH 

q 10 \ 10 1.1\ 10 \\ 33.91 6d 

"%/ )$D>-,&/ =:-+$? @$),$+,$?C 5:N;$+$? =$%/:&D-4&& 8%(H(,* ,&M,(;$ )%$/ -,O
*(,,R +$DENM>-(*)/ + >+NL *$'5-L + 5+->:-*N:(. 

B- :&). d =:&+(>(,- :-)'(*,-/ "B F  =$ =:-+$? 5:N;$+$? @>C =$%/:&D-4&& & 5:$))O
=$%/:&D-4&& @?C. #-5 +&>,$ &D :&)N,5-I G&:&,- "B )$)*-+%/(* $5$%$ q0º =$ N:$+,J –3 >VI 
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=*•; @ 
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 1\  

'*$ ,( N>$+%(*+$:/(* *:(E$+-,&/HI ,-%-;-(HRH ,- Q_U. #  *$HN M( =:& N;%-L 60q > ° 
=:$&)L$>&* ,(>$=N)*&H$ ER)*:$( )=->-,&( N:$+,/ "B $* ,$:H- %&. 

"%/ :(-%&D-4&& N>$+%(*+$:&*(%F,RL =$%(+RL L-:-5*(:&)*&5 @*:(E$+-,&/ 5 "B =$ 
=:-+$? 5:N;$+$? =$%/:&D-4&& + $E%-)*& 70 90q > °K C =:(>%-;-(*)/ &)=$%FD$+-*F -,*(,,N 
,- =F(>()*-%( [6] @:&). 6CI *. (. )$)*$/KNJ &D H(*-%%&'()5$;$ $),$+-,&/ @E-DRC & >&)5$+$? 
Q_UI + :-)'(*( ,- *$I '*$ +(:*&5-%F,R( )$)*-+%/JK&( *$ 5$+I =:$*(5-JK&L =$ =F(>()*-O
%NI N+(%&'-* N:$+(,F =$%/ + >-%F,(? D$,( >%/ 8*&L N;%$+. "(?)*+&*(%F,$I 8%(5*:$>&,-H&O
'()5&? -,-%&D >-,,$? 5$,)*:N54&& =$5-DR+-(* N+(%&'(,&( N:$+,/ =$%/ =:& N;%-L 

70 90q = °K  ) :$)*$H +R)$*R =F(>()*-%- \h . !>$+%(*+$:&*(%F,R( L-:-5*(:&)*&5& =$ "B 

=$%N'(,R =:& \ 2d HHh = . 

B($EL$>&H$)*F $*,$)&*(%F,$ )%$MO
,$? 5$,)*:N54&& -,*(,,R $EP/),/(*)/ *:(O
E$+-,&/H& 5 <$:H( "B + +(:L,(? =$%NO
=%$)5$)*&I '*$ =:&+$>&* 5 =:&H(,(,&J H-O
*(:&-%- =$>%$M5& ) +R)$5$? >&8%(5*:&'(O
)5$? =:$,&4-(H$)*FJ & $>,$+:(H(,,$? 
:(-%&D-4&& +R)$5$5-'()*+(,,RL =$%/:&D-O
4&$,,RL L-:-5*(:&)*&5 + G&:$5$? =$%$)( 
'-)*$*. B- :&). 7 =:(>)*-+%(,R :-)'(*,-/ 
@>C & 85)=(:&H(,*-%F,-/ @?C '-)*$*,R( D-+&O
)&H$)*& H$>N%/ 5$8<<&4&(,*- $*:-M(,&/ 

11s  >%/ Q_U ) =F(>()*-%$H. W-E$'-/ =$%$O

)- Q_U )$)*-+&%- 1q.\6 k. _:& >$E-+%(,&& 
=F(>()*-%- ,-E%J>-%$)F =$+RG(,&( ):(>,(? '-)*$*R :-E$'(? =$%$)R -,*(,,RI - *-5M( 
)E%&M(,&( )$)(>,&L :(D$,-,)$+ =$ '-)*$*(I '*$ =:&+(%$ 5 ,( E$%FG$HN =->(,&J H$>N%/ 5$O
8<<&4&(,*- $*:-M(,&/ + :-E$'(? =$%$)( '-)*$*. 

B- :&). q =:&+(>(,- "B =$ =:-+$? 5:N;$+$? @>C & 5:$))O=$%/:&D-4&& @?C >%/ >-,,$? 
-,*(,,R. `*H('-(*)/ D,-'&*(%F,$( N+(%&'(,&( G&:&,R "B  >$ q3º =:& ),&M(,&& 5$8<<&O
4&(,*- N)&%(,&/ ) q.2 >$ \.3 >V =$ ):-+,(,&J ) =(:+RH +-:& -,*$H &)=$%,(,&/ -,*(,,R. 
r-5&H $E:-D$HI E%-;$>-:/ =:&H(,(,&J =F(>()*-%- =$%N'(, D,-'&*(%F,R? +R&;:RG =$ 
G&:&,( "B =:& ,(5$*$:$H NH(,FG(,&& =$%$)R '-)*$* -,*( ,,R. 

!:$+(,F =-:-D&*,$;$ &D%N'(,&/ + ,$:H-%F,$H ,-=:-+%(,&& >%/ Q_U ) =:$+$>/K&H 
$),$+-,&(H E()5$,(',RL :-DH(:$+ )$)*-+%/(* –16.q >V $*,$ )&*(%F,$ $),$+,$;$ *&=- =$O
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 1d 

%/:&D-4&&. S:-+,(,&( ) -,-%$;&',RH& D-+&)&H$)*/H& >%/ -,*(,,R E(D =F(>()*-%- =$5-O
DR+-(*I '*$ ),&M(,&( ,(:-+,$H(:,$)*& + N;%$H()*,$? =%$ )5$)*& )$=:$+$M>-(*)/ $>,$O
+:(H(,,$ & =$+RG(,&(H N:$+,/ 5:$))O=$%/:&D-4&& >%/ N;%$+ H()*- E$%FG( 60º. 

!;%$+R( D-+&)&H$)*& 5$8<<&4&(,*- 8%%&=*&',$)*& m  >%/ Q_U ) =F(>()*-%$H & 
E(D ,(;$ =:&+(>(,R ,- :&). 9. ZD 8*$;$ ;:-<&5- +&>,$I '* $ Q_U E(D =F(>()*-%- $E()=('&O
+-(* ,(:-+,$H(:,$)*F 3 >V + &,*(:+-%( N;%$+ 0˜\2.dº @ >CI + *$ +:(H/ 5-5 Q_U ) =F(>()*-O
%$H /+%/(*)/ :-E$*$)=$)$E,$? =$ *$HN M( 5:&*(:&J + &,*(:+-%( N;%$+ 0˜3dº @?C. 

B- :&). 10 =:(>)*-+%(,- "B =$ -D&HN*-%F,$HN N;%N j  =:& 90q = °. #-5 +&>,$ &D 

;:-<&5-I ,-&E$%FG-/ ,(:-+,$H(:,$)*F "B ,( =:(+RG-(* 3 >V  5-5 >%/ Q_U ) =F(>()*-%$H 
@>CI *-5 & E(D ,(;$ @?C. 

_$ :(DN%F*-*-H =:&+(>(,,RL :-)'(*$+ H$M,$ )>(%-*F +R+$> $ 4(%()$$E:-D,$)*& &)O
=$%FD$+-,&/ Q_U ) =F(>()*-%$H *$%F5$ + )%N'-(I ()%& *:(E$+-,&( H-%$? ,(:-+,$H(:,$O
)*& "B + N;%$H()*,$? =%$)5$)*& /+%/(*)/ =:&$:&*(*,RH. T+(>(,&( =F(>()*-%- ,( *$%F5$ 
N)%$M,/(* 5$,)*:N54&JI ,$ & ,()5$%F5$ NLN>G-(* N;%$+NJ D-+&)&H$)*F 5$8<<&4&(,*- 
8%%&=*&',$)*&I - *-5M( N:$+(,F 5:$))O=$%/:&D-4&&. 

U+*$:R E%-;$>-:/* )$*:N>,&5- W$))&?)5$;$ &,)*&*N*- :->&$, -+&;-4&& & +:(H(,& 
5-,>. *(L,. ,-N5 ^. Z. B-;-(+- D- 4(,,R( 5$,)N%F*-4 && & =$H$KF + &D;$*$+%(,&& H-5(*- 
-,*(,,RI - *-5M( >$4(,*- 5-<(>:R WAS ". U. #-%&,&5$)- D- =:$+(>(,&( &DH(:(,&?. 

S_ZS`# uZrvWUr!Ww 

1. V$%&L$+ `. u.I SN;-5 Q. Z. “-:-5*(:&)*&5& H&5:$=$%$)5$+$? -,*(,,RI =:&H(,/(H$? + )$)*-+( )=N*O
,&5$+RL ,-+&;-4&$,,RL )&)*(H gu`BUSS & Œ‹y ‡‡ ZD+. S_EgAr! ”uArZ”. W->&$8%(5*:$,&5- & *(%(5$HO
HN,&5-4&&. 2003. ’ 1. S. 3–d. 

2. V$%&L$+ `. u.I SN;-5 Q. Z. `=*&H&D-4&/ L-:-5*(:&)*&5 H&5:$=$%$)5$+$? -,*(,,R 5:N;$+$? =$%/:&O
D-4&& LO>&-=-D$,- ‡‡ r:. dqO? ,-N'.O*(L,. 5$,<.I =$)+/K(,,$? ",J :->&$ & 300O%(*&J S-,5*O_(*(:EN:;-I 
-=:(%F 2003 ;. S_E.X ZD>O+$ S_EgAr! ”uArZ”I 2003. S. 9–10. 
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3. SBX-2, Reference Manual. Calgary, Alberta, Canada: Communication Systems International, Inc., 1998, Oc-
tober 70 p. 

4. #$%&'()$%*+/)& !*;<=>%?/%@% D)'$%E%>%='%*%@% )F>;G+(&>H ) )==>&!%*+/)& &@% <+$+'(&$)=()' * =%-
=(+*& JKL N P. Q. "%>)<%*, K. K. T%>%*'%*, U. K. V+>)/)'%=, W. Y. Z;@+' NN #$%&'()$%*+/)& ) (&</%>%@)H 
[>&'($%//\< =$&!=(*. 2002. ] 4. Z. 2–5. 

5. ^+$+'(&$)=()') !*;<=>%?/%? D)'$%E%>%='%*%? JKL N P. Q. "%>)<%*, K. K. T%>%*'%*, U. K. V+>)/)-
'%=, W. Y. Z;@+' NN L+!)%(&</)'+. 2003. ] 4. Z. 42–45. 

6. #$%&'()$%*+/)& D/%@%=>%?/%? E&G+(/%? +/(&//\ !>H _`SNTQPhKZZ E$)&D/)'+ N P. Q. "%>)<%*, 
K. K. T%>%*'%*, U. K. V+>)/)'%= ) !$. NN Zjk-(&</)'+ ) (&>&'%DD;/)'+q)%//\& (&</%>%@)): v&F. !%'>. 13-? 
W&w!;/+$. '%/x., Z&*+=(%E%>z, 8–12 =&/(. 2003. W.: j&{&$, 2003. Z. 385–386. 

O. L. Bolihov, M. I. Sugak 

FEATURES OF GENERATION WIDE-ANGLE RADIATION PATTERN FOR L-BAND MICROSTRIP ANTENNA 
WITH ENLARGED FREQUENCY BAND 

This article presents results of designing and experimental investigation of microstrip an-
tenna with circular polarization. It is designed to be used as a part of radio-receiver device in 
satellite navigation systems GLONASS and GPS. Features of generation wide-angle radiation 
pattern, goodness polarization characteristic, wide band frequency and design philosophy for 
this microstrip antenna are considered. 

Printed antenna, GPS, GLONASS, radiation pattern 

Z(+(zH E%=(;E)>+ * $&!+'q)| 19 !&'+{$H 2003 @. 

}UV 537.876 

•. •. ••••!"#$, %. •. &•'(!)#$! 

!"#$%&'(#)$'# *+-#&./+)%/0# -+"/0 
/1 2&1/'3# &145#"1 5-6. )&#5 

!"#$%$&'('"#)$%# "$*+"#*/"$%0%'0 +#)0"3%#*/%43 )#&% %$ 5"$%'60 7)83 *"07 * 
)090*/)0%%4:' :$/0"'$&;%4:' +$"$:0/"$:', ':0<9':' "$(%40 (%$='. >? %$"8@0%4 
8*&#)'J *890*/)#)$%'J +#)0"3%#*/%43 )#&%. K$V70%4 +#&J ' =#%X'58"$6'' *'&#)43 &'-
%'V 7&J )0=/#"#) Z&0=/"'[0*=#V ' :$5%'/%#V %$+"J@0%%#*/'. >+"070&0%4 +#/#=' 
:#9%#*/' 7&J )#&% * +#&#@'/0&;%#V ' #/"'6$/0&;%#V 7'*+0"*'J:'. \$**:#/"0% $ ($-
)'*':#*/; +"#7#&;%#5# )#&%#)#5# ['*&$ #/ +$"$:0/"#) *"07. 

*789:;<7=><?9 87@<?, =:9B? = 7>:CDE>9@F<?HC IE:EH9>:EHC, @987=>7:7<<C9 HE>9:CE@?, 
7>:CDE>9@F<EJ BC=I9:=CJ 

j 1968 @. E$%x&==%$ j. T. j&=&>+@% E$&!=(+*)> $+{%(;, * '%(%$%? $+==D%($&> *%F-

D%w/%=(z =;~&=(*%*+/)H D+(&$)+>%* = %($)q+(&>z/\D) F/+G&/)HD) !)[>&'($)G&='%? e ) 

D+@/)(/%? m E$%/)q+&D%=(&? =$&!\ [1]. h&!+*/% (+')& =$&!\ {\>) )=';==(*&//% =%F!+/\ 

[2•, €3]. j /)< /+E$+*>&/)& *&'(%$+ #%?()/@+ E$%()*%E%>%w/% /+E$+*>&/)| x+F%*%? ='%-
$%=(). •(% =*%?=(*% %{&=E&G)*+&( $H! ;/)'+>z/\< =*%?=(* (+')< =$&!, /+E$)D&$ %($)q+-
(&>z/\? '%[xx)q)&/( E$&>%D>&/)H, %{$+(/\? [xx&'( U%E>&$+, %{$+(/\? [xx&'( j+*)-
>%*+–k&$&/'%*+ ) !$. 

j =*HF) = (&D, G(% )=';==(*&//\& =$&!\ = %($)q+(&>z/\D) e ) m E%>;G)>) (&</)G&-
=';| $&+>)F+q)|, E$&!=(+*>H&( )/(&$&= (&%$&()G&=')? +/+>)F ;=>%*)? =;~&=(*%*+/)H 
E%*&$</%=(/\< *%>/ /+ @$+/)q& )< $+F!&>+. 

*+-#$/0 '!+•'#+•'!"•"/0 •#$•'1"#+•"#2 $#-"3 "! 4'!"/5• 6$71 +'•6.  L+==D%(-
$)D $+=E$%=($+/&/)& E%*&$</%=(/%? *%>/\ /+ D%!&>) ‚$)=. 1ƒ, * '%(%$%? @$+/)q+ D&w!; 
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=$&!+D) 1 ) 2 $+=E%>%w&/+ * E>%='%=() x0y 
E$) 0x = , E&$*+H =$&!+ %{>+!+&( !)[>&'($)-
G&='%? 1e  ) D+@/)(/%? 1m  E$%/)q+&D%=(HD), 

+ *(%$+H – 2e  ) 2m . #%>H /& F+*)=H( %( E%E&-

$&G/%? '%%$!)/+(\ y ( )0y¶ ¶ = „ E%(&$) %(-

=;(=(*;|(. 
L&…&/)& *%>/%*%@% ;$+*/&/)H )~&(=H * 

*)!& 

( ) ( )e†p e†px zjk x jk zy = - - , 

@!& y  – %!/+ )F '%DE%/&/( [>&'($)G&='%@% )>) D+@/)(/%@% E%>H„ xk  ) zk  – E%E&$&G/%& ) 

E$%!%>z/%& *%>/%*\& G)=>+ =%%(*&(=(*&//%. 
•>&'($%D+@/)(/%& E%>& %E)=\*+&(=H )F*&=(/\D) ;$+*/&/)HD) W+'=*&>>+: 

rot „

rot „

di‡ 0„

di‡ 0,

j j

j j

j

j

= Ñ´ = - ´ = - wmì
ï = Ñ´ = - ´ = wmï
í

= - × =ï
ï = × =î

K K k K M

M M k M K

M k K

K k M

 

@!& x y zE E Eé ù= ë ûK  ) x y zH H Hé ù= ë ûM  – *&'(%$\ [>&'($)G&='%@% ) D+@/)(/%@% 

E%>&? =%%(*&(=(*&//%„ x y zk k ké ù= ë ûk  – *%>/%*%? *&'(%$„ ˆ – G+=(%(+. 

L&…&/)& [()< ;$+*/&/)? !+&( !>H E-*%>/ =>&!;|~)& =%%(/%…&/)H: 

„ „z y x z x x z y x y zk H E k E k E H k H E= we - = wm = -we . 

T$+/)G/\& ;=>%*)H !>H E%>&? * =$&!+< ( ) ( ) ( ) ( )1 2 1 20 0 „ 0 0 „z z y yH H E E= =  

1 1 2 2x xE Ee = e  E$)*%!H( ‚E%>+@+H 1 1xk j= - a  ) 2 2xk j= a , @!& )/!&'=\ 1 ) 2 %(/%=H(=H ' 

=$&!+D 1 ) 2 /+ $)=. 1, + 1 2 ) a a  – *&~&=(*&//\& E%>%w)(&>z/\& G)=>+ƒ ' =>&!;|~&D; 

;=>%*)| =;~&=(*%*+/)H E%*&$</%=(/%? *%>/\: 

 1 1 2 2a e = -a e . ‚1ƒ 

v+' '+' 1 2 0y yk k= = , (% 

 2 2 2 2 2 2 2 2 2
1 1 2 2 1 1 1 2 2 2zk k k= + a = + a = w e m + a = w e m + a, ‚2ƒ 

@!& 1 1 1k = w e m , 2 2 2k = w e m . 

YF ‚1ƒ ) ‚2ƒ D%w/% =x%$D)$%*+(z =)=(&D; ;$+*/&/)? 

( )

2 2 2 2
1 2 2 1
2 2 2
2 1 1 1 2 2

„

,

ì a e = a eï
í
a = a + w e m - e mïî

 

$&…+H '%(%$;|, E%>;G+&D 

 ( ) ( ) ( ) ( )2 2 2 2 2 2 2 2 2 2
1 1 1 1 2 2 2 1 2 2 1 1 2 2 2 1„a = e w e m - e m e - e a = e w e m - e m e - e. ‚3ƒ 

 

1 1,  e m

2 

1 

x 

y 

2 2,  e m
z 

\'*. 1 

0 
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#%='%>z';, =%@>+=/% **&!&//%D; %E$&!&>&/)|, 2 2
1 20„  0a > a > , )F ‚3ƒ )D&&D 

1 1 2 2e m > e m ) 2 2
2 1e > e  >){% 1 1 2 2e m < e m ) 2 2

2 1e < e . 

Y=E%>zF;H ‚2ƒ, E%>;G)D 

 
( ) ( )1 1 2 22 2

2 2
1 2

zk
- -

m e - m e
= w

e - e
. ‚4ƒ 

Y(+' )F E$%*&!&//%@% +/+>)F+ =>&!;&(, G(% !>H $+=E$%=($+/&/)H E%*&$</%=(/\< 
*%>/ * $+==D+($)*+&D%D =>;G+& /&%{<%!)D% *\E%>/)(z ;=>%*)H 

1 1 2 2

1 1 2 2

2 1

„

„

ì e m > e m
ï
m e > m eí

ï e > eî

 >){% 

1 1 2 2

1 1 2 2

2 1

„

„

,

ì e m < e m
ï
m e < m eí

ï e < eî

 

E$)G&D * %{%)< =>;G+H< F/+') 1e  ) 2e  !%>w/\ {\(z E$%()*%E%>%w/\. 

v+')D %{$+F%D, E%*&$</%=(/+H *%>/+ D%w&( $+=E$%=($+/H(z=H /+ @$+/)q& >)…z E$) 
%E$&!&>&//\< =%G&(+/)H< F/+'%* ) F/+G&/)? !)[>&'($)G&=')< ) D+@/)(/\< E$%/)q+&D%-
=(&? =$&!. j%FD%w/\& =%G&(+/)H !+/\ * (+{>)q& ‚F/+'+D) ‰Š‰ ) ‰–‰ ;'+F+/\ E%>%w)(&>z-
/\& ) %($)q+(&>z/\& F/+G&/)H =%%(*&(=(*&//%ƒ. 

84"#$•""3• / +'•6"/• 9#:"#+•/.  V%DE%/&/(\ E%>H !>H E&$*%? ) *(%$%? =$&! )D&-
|( *)! 

( ) ( ) ( ) ( )1 1 2 2

1 1 1 1
1 1 1 1 1 1 1 2 2 2 2 2 2 2

1 1 1 1
1 1 1 1 1 2 2 2 2 2

e†p e†p „  e†p e†p „

„  „

„  ,

z z z z z z

y z x z y z x z

x z x z z z x z x z z z

C jk z x C jk z x

k j k j

k k j k k k jk

- - - -

- - - -

= - -a = - a

= -we = - we a = -we = we a

= - = - a = - = a

K e K e

M K K M K K

K K K K K K

 

@!& C – +DE>)(;!+ E$HD%? *%>/\. 
#&$&<%!H %( '%DE>&'=/\< +DE>)(;! ' D@/%*&//\D F/+G&/)HD, >&@'% E%>;G)(z *\$+-

w&/)H !>H D@/%*&//\< F/+G&/)? E>%(/%=() E%(%'+ D%~/%=() * E&$*%? ) *% *(%$%? =$&!+<: 

 

( ) ( )

( ) ( )

( ) ( )

( ) ( )

2 2 2
1 1 1 1 1 1

2 2 2
2 2 2 2 2 2

2 1
1 1 1 1 1 1

2 1
2 2 2 2 2 2

e†p 2 sin „

e†p 2 sin „

0.5 e†p 2 sin 2 „

0.5 e†p 2 sin 2 .

z x y z z z

z x y z z z

x z y x z

x z y x z

C k x t k z

C k x t k z

C x t k z

C x t k z

-

-

-

-

= ´ = w e a - a w -

= ´ = w e a a w -

= ´ = - we a - a w -é ùë û

= ´ = we a a w -é ùë û

P K M e

P K M e

P K M e

P K M e

%

%

%

%

 ‚5ƒ 

Z$&!+ 1 Z$&!+ 2 Z%%(/%…&/)H !)[>&'($)G&='%? 
) D+@/)(/%? E$%/)q+&D%=(&? 

E$) E%>%w)(&>z/%? !)=E&$=)) 1e  1m  2e  2m  

Z%%(/%…&/)H !)[>&'($)G&='%? 
) D+@/)(/%? E$%/)q+&D%=(&? 
E$) %($)q+(&>z/%? !)=E&$=)) 

Š – – Š 
2 1 2 1 1m m > e e > 

– Š Š – 2 1 2 1 1m m < e e < 

– – Š Š 
1 2 2 1 1m m > e e > 

Š Š – – 1 2 2 1 1m m < e e < 

– Š Š Š 
j%>/+ /& $+=E$%=($+/H&(=H 

Š – – – 2 1 1e e <  

– – Š – 
2 1 1e e >  

Š Š – Š 
j%>/+ /& $+=E$%=($+/H&(=H 
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#%=>& )/(&@$)$%*+/)H *\$+w&/)? ‚5ƒ E% x %E$&!&>H|(=H E%(%') E$%!%>z/%? D%~/%-
=() *!%>z %=) z: 

( )2
1 1=$2 sin „z z zP P t k z= w -  ( )2

2 2=$2 sin ,z z zP P t k z= w -  

@!& 2 3 2 3
1=$ 1 1 2=$ 2 20.25 „ 0.25z z z zP C k P C k- -= we a = we a  – =$&!/)& D%~/%=() * E&$*%? ) *(%-

$%? =$&!+<. 
Z$&!/HH D%~/%=(z E%*&$</%=(/%? *%>/\ /+ @$+/)q& $+F!&>+ E$&!=(+*>H&( =%{%? 

=;DD; D%~/%=(&? *%>/ * %{&)< =$&!+<: 

 ( )2 3 3
=$ 1=$ 2=$ 1 1 2 20.25 .z z z zP P P C k - -= + = w e a + e a  ‚6ƒ 

#%='%>z'; 1e  ) 2e  !%>w/\ )D&(z $+F/\& F/+') ‚=D. ‚1ƒ ) (+{>)q;ƒ, =$zP  D%w&( {\(z 

'+' E%>%w)(&>z/%?, (+' ) %($)q+(&>z/%?, G(% %E$&!&>H&( E%>%w)(&>z/;| ‚E$) =$ 0zP >  ) 

0zk > ƒ ) %($)q+(&>z/;| ‚E$) =$ 0zP <  ) 0zk > ƒ !)=E&$=)) =%%(*&(=(*&//%. h+ $)=. 2, $ 

 
0t =

,  x zP P

z 

2 
2zl2zP

1 

  zl

0 

1 2,  x xP P

1zP

$ 

2 

1 1xP%

2xP%

1xP%

2xP%

1xP%

2xP%

1xP%

2xP%

1zP%

2zP%

1zP%

2zP%
z 

? 

2zl   zl2zl   zl

x 

  zl2zl z 

) 

z 

1 xe-a

2xea

K

  zl2zl z 

5 

Q

\'*. 2 
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E%'+F+/% $+=E$&!&>&/)& *&>)G)/, + /+ $)=. 2, ? – /+E$+*>&/)H *&'(%$%* E$%!%>z/\< ) E%-
E&$&G/\< D@/%*&//\< D%~/%=(&? * D%D&/( *$&D&/) 0t = . 

U>H =>;G+H 2 1e > e  E$)*&!&/\ '%/x)@;$+q)) =)>%*\< >)/)? *&'(%$+ [>&'($)G& -

='%? /+E$Hw&//%=() K ‚$)=. 2, )ƒ ) *&'(%$+ [>&'($)G&='%? )/!;'q)) Q ‚$)=. 2, 5ƒ. YF 
$)=. 2, )  *)!/%, G(% /%$D+>z/\& =%=(+*>H|~)& *&'(%$+ /+E$Hw&//%=() [>&'($)G&='%@% 
E%>H E$&(&$E&*+|( ='+G%' E% D%!;>| ) D&/H|( /+E$+*>&/)& /+ E$%()*%E%>%w/%&, + '+=+-
(&>z/\& =%=(+*>H|~)& *&'(%$+ /+E$Hw&//%=() [>&'($)G&='%@% E%>H $+*/\ !$;@ !$;@;. YF 
$)=. 2, 5 =>&!;&(, G(% =)>%*\& >)/)) *&'(%$+ [>&'($)G&='%? )/!;' q)) Q /&E$&$\*/\. 

;#•#)/ 9#:"#+•/ 6-0 $#-" + •#-#</••-="#2 / #•'/5!••-="#2 6/+ ••'+/09/.  

j*&!&D /%*\& %{%F/+G&/)H: 2 1e = e e „ 2 1m = m m. 

L+==D%($)D *%FD%w/\& ;=>%*)H $+=E$%=($+/&/)H E%*&$</%=(/%? E-*%>/\ E$) E%-
>%w)(&>z/\< ) %($)q+(&>z/\< !)=E&$=)H<. 

h+ $)=. 3 E%>%w)(&>z/%? !)=E&$=)) ( )1e < -  =%%(*&(=(*;|( %{>+=(): 

1: 1 20, 0m > m >  >){% 1 20, 0m < m < „ 

2: 1 20, 0m > m <  >){% 1 20, 0m < m >  ) 1 0, 1 0- < m < e < m < „ 

] : 1 20, 0m > m <  >){% 1 20, 0m < m >  1,  m < - m < e. 

P($)q+(&>z/%? !)=E&$=)) ( )1 0- < e <  =%%(*&(=(*;|( %{>+=(): 

^: 1 20, 0m > m >  >){% 1 20, 0m < m < „ 

_: 1 20, 0m > m <  >){% 1 20, 0m < m >  ) m > e„ 

1` : 1 20, 0m > m <  >){% 1 20, 0m < m >  ) 1m < e. 

j %{>+=(H< { , | , } , ~, 11, 12 *%>/+ /& $+=E$%=($+/H&(=H. 

h+ @$+/)q+< 1m = -  ) 1e = -  zk = ¥ . 

h+ @$+/)q& m = e 0zk = . 

h+ @$+/)q& 1m = e 21 kkkz ==  (. &. E%*&$</%=(/%? *%>/\ /&(. 

h+ %=/%*+/)) E$)*&!&//%@% +/+>)F+ D%w/% ;=(+/%*)(z, G(% E%*&$</%=(/\& E-*%>/\ 

/+ @$+/)q& $+F!&>+ !*;< =$&! D%@;( =;~&=(*%*+(z (%>z'% E$) $+F/\< F/+'+< 1e  ) 2e . U)=-

E&$=)H E%>%w)(&>z/+ E$) 1e < -  ) %($)q+-
(&>z/+ E$) 1 0- < e < . #$) E%>%w)(&>z/%? 
!)=E&$=)) E%(%' D%~/%=() E%*&$</%=(-
/%? *%>/\ $+=E$%=($+/H&(=H * /+E$+*>&-
/)) x+F%*%? ='%$%=(), E$) %($)q+(&>z/%? 
– /+E$+*>&/)H $+=E$%=($+/&/)H E%(%'+ 
D%~/%=() ) x+F%*%? ='%$%=() E$%()*%E%-
>%w/\. Z$&!/HH D%~/%=(z *=&? E%*&$</%-
=(/%? *%>/\ %E$&!&>H&(=H ‚6ƒ. #$) $+*&/-
=(*& D%!;>&? E%>%w)(&>z/%? ) %($)q+-
(&>z/%? !)[>&'($)G&=')< E$%/)q+&D%=(&? 

 

0 

– 1 

1
2 

^
1 

1m = e

m = e

2
^ 

_
{  

1`
|  

]
]  

\'*. { 

m

e– 1 

}
|  

{
]  

~
|  

|
]  

11
1 

12
1 
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E$%!%>z/%& *%>/%*%& G)=>% zk  =($&D)(=H ' {&='%/&G/%=() ‚=D. ‚4ƒƒ, + =$&!/HH D%~/%=(z 

$+*/+ /;>| ‚6ƒ, (. &. *%>/+ /& $+=E$%=($+/H&(=H. 

Z#YZPV QYv‹LKv}LŒ 

1. j&=&>+@% j. T. •>&'($%!)/+D)'+ *&~&=(* = %!/%*$&D&//% %($)q+(&>z/\D) F/+G&/)HD) e ) m NN }=-
E&<) x)F)G&=')< /+;'.1967. v. 92. j\E. 3. Z. 517–526. 

2. Composite Medium •itŽ Simultaneously •egati‡e `ermeability and `ermitti‡ity N •. SmitŽ, ‘. `adilla, 
•. ’ier et al. NN `Žys. Re‡. “ett. 2000. ’ol. 84, ] 18. `. 4184–4187. 

3. SŽelby R., SmitŽ •., ScŽult” S. •†perimental ’erification of a •egati‡e Inde† of Refraction NN Science. 
2001. ’ol. 292. `. 77–79. 

•. A. Stepanov, O. •. Scherbakova 

ELECTRIC SURFACE WA•ES ON BOUNDARY BETWEEN TWO MEDIA 

The propagation of surface waves on boundary between two media with real material pa-
rameters having miscellaneous characters is passed. The conditions of existence of surface 
waves are detected. Electric and magnetic fields and it€s configurations are found. The power 
flux for waves with positive and negative dispersions are determinated. The dependence of a 
longitudinal wave number on the medium parameters are obtained. 

Surface waves, media with negative parameters, leftRhand materials, negative dispersion 

Z(+(zH E%=(;E)>+ * $&!+'q)| 24 x&*$+>H 2004 @. 

}UV 621.396.67‚075.8ƒ 

>. •. ;!1#9#$ 

/1*&TU#//+)%V *+"T '4"6(#/'T %6&/'$#%/+W 
1/%#//0 - X"'U/#W ' 51"V/#W 4+/1. 

•4)070%4 X#":8&4 7&J "$*[0/$ %$+"J@0%%#*/' Z&0=/"'[0*=#5# ' :$5%'/%#5# +#-
&0V *'::0/"'[%43 )'?"$/#"#), "$*+#&#@0%%43 +# #*' x ' +# #*' y. ‚ +#:#9;<  +#&8-
[0%%43 X#":8& +"#)070% "$*[0/ %$+"J@0%%#*/' Z&0=/"'[0*=#5# +#&J ) ?&'@%0V ' 
7$&;%0V (#%$3 7&J /8"%'=0/%#V $%/0%%4, *#*/#J90V '( 7)83 )'?"$/#"#), "$*+#&#@0%-
%43 +# #*J: x '  y, * 60%/"$:' ) %$[$&0 =##"7'%$/. 

%Y:<CZ9><EJ E<>9<<E[ =CHH9>:C\<?] 8C^:E>7:[ <EI:J_9<<7=>F @̀9Z>:C\9=Z7b7 I7@J[ 
<EI:J_9<<7=>F HEb<C><7b7 I7@J[ 89Z>7:<?] I7>9<DCE@ 

j $H!& '/)@ E% +/(&//%? (&</)'& €1•, €2• $+=G&( /+E$Hw&//%=(&? [>&'($)G&='%@% ) 
D+@/)(/%@% E%>&? !>H =)DD&($)G/%@% *){$+(%$+ E$%*%!)>=H E$) ;=>%*)) $+=E%>%w&/)H 
*){$+(%$+ E% %=) z, '%(%$+H (+'w& H*>H&(=H E%>H$/%? %=z| =x&$)G&='%? =)=(&D\ '%%$!)-
/+(. P!/+'% !>H $+=G&(+ (;$/)'&(/%? +/(&//\, =%=(%H~&? )F !*;< *F+)D/%-E&$E&/!)';-
>H$/\< *){$+(%$%*, [()< x%$D;> H*/% /&!%=(+(%G/%. j =*HF) = [()D ) {\>) *\*&!&/\ 
x%$D;>\ $+=G&(+ /+E$Hw&//%=(&? [>&'($)G&='%@% ) D+@/)(/%@% E%>&? !>H *){$+(%$%*, 
$+=E%>%w&//\< E% %=HD x )  y, '+' E%'+F+/% /+ $)=. 1. 

?!+@•• •#-0 #6/"#@"#4# $/('!•#'!.  Y=E%>zF;&D D&(%!)'; $+=G&(+, F+)D=(*%*+/-
/;| )F '/)@) K. "+>+/)=+ €3•. U>H $+=G&(+ /+E$Hw&//%=(&? {;!&D )=E%>zF%*+(z *&'(%$-
/\? E%(&/q)+> A . j%=E%>zF;&D=H x%$D;>+D) E&$&=G&(+ *&'(%$/%@% E%(&/q)+>+ )F E$H-
D%;@%>z/%? =)=(&D\ '%%$!)/+( * =x&$)G&=';| 

© Y. K. #+<%D%*, 2004 
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sin cos sin sin cos

cos cos cos sin sin

sin cos 0

r x

y

z

A A

A A

A A
q

j

æ öæ ö q j q j qæ ö
ç ÷ç ÷ ç ÷= q j q j - q ç ÷ç ÷ ç ÷

ç ÷ç ÷ç ÷ - j jè øè ø è ø

, 

@!& ,  ,  rA A Aq j  ) ,  ,  x y zA A A  – =x&$)G&=')& ) !&-

'+$(%*\ '%DE%/&/(\ *&'(%$/%@% E%(&/q)+>+ =%-
%(*&(=(*&//%. 

L+==D%($)D *){$+(%$, $+=E%>%w&//\? E% 
%=) 3. U>H /&@% !&'+$(%*\ =%=(+*>H|~)& *&'-
(%$/%@% E%(&/q)+>+ $+*/\ =%%(*&(=(*&//% 

0 0 „  0„  0,
4

jkrx
x y z

I l
A e A A

r
-m

= = =
p

 

@!& 0m  – D+@/)(/+H E$%/)q+&D%=(z =$&!\„ 0xI  – 

(%' * (%G'& E)(+/)H *){$+(%$+„ l – !>)/+ *){$+-

(%$+„ 2k = p l  – *%>/%*%& G)=>%„ r – $+==(%H/)& 

%( q&/($+ *){$+(%$+ !% (%G') /+{>|!&/)H. 
v%@!+ * =x&$)G&=')< '%%$!)/+(+< 

0 0 0 0 0 0sin cos „  cos cos „  sin .
4 4 4

jkr jkr jkrx x x
r

I l I l I l
A e A e A e

r r r
- - -

q j
m m m

= q j = q j = - j
p p p

 

YF*&=(/%, G(% /+E$Hw&//%=(z D+@/)(/%@% E%>H =*HF+/+ = *&'(%$/\D E%(&/q)+>%D 

'+' ( )01 rot= mM A . v%@!+ =%=(+*>H|~)& /+E$Hw&//%=() D+@/)(/%@% E%>H * =x&$)G&='%? 

=)=(&D& '%%$!)/+( )D&|( *)! 

( )

( )

( )

0

0

0

1 1
sin „

sin

1 1 1
„

sin

1 1
.

r

r

r

H A A
r

H A rA
r r

H rA A
r r

j q

q j

j q

é ù¶ ¶
= q -ê úm q ¶q ¶jë û

é ùæ ö¶ ¶
= -ê úç ÷m q ¶j ¶è øë û

¶ ¶é ù= -ê úm ¶ ¶që û

 

P(=|!+ E%>;G)D x%$D;>\ !>H $+=G&(+ =%=(+*>H|~)< /+E$Hw&//%=() D+@/)(/%@% E%-

>H * =x&$)G&=')< '%%$!)/+(+< , , ,,  ,  r x x xH H Hq j  !>H *){$+(%$+, $+=E%>%w&//%@% E% %=) 3: 

( ) ( )0 0
, , ,2 2

sin cos cos
0„  1 „  1 .

4 4
jkr jkrx x

r x x x
I l I l

H H jkr e H jkr e
r r

- -
q j

- j - q j
= = + = +

p p
 

h+E$Hw&//%=(z [>&'($)G&='%@% E%>H =*HF+/+ = /+E$Hw&//%=(z| D+@/)(/%@% ;$+*/&-

/)&D W+'=*&>>+ ( ) 1
0 rotj -= - weK M , @!& w – G+=(%(+ )F>;G&/)H„ 0e  – !)[>&'($)G&='+H 

E$%/)q+&D%=(z =$&!\. j\G)=>)* rotM , E%>;G)D =%=(+*>H|~)& [>&'($)G&='%@% E%>H * 

=x&$)G&='%? =)=(&D& '%%$!)/+( , , ,,  ,  r x x xE E Eq j  !>H *){$+(%$+, $+=E%>%w&//%@% E% %=) 3: 

( ) 10
, 0 2

sin cos
1 „

2
jkrx

r x
I l

E ƒ j kr e
r

- -q j é ù= -ê úë ûp
 

 

x 

z 

y 

j  

q 

l 

l 

\'*. 1  
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( ) ( )

( ) ( )

1 20
, 0

1 20
, 0

cos cos
1 „

4
sin

1 ,
4

jkrx
x

jkrx
x

kI l
E jƒ j kr kr e

r
kI l

E jƒ j kr kr e
r

- - -
q

- - -
j

q j é ù= - + +ê úë ûp
j é ù= - -ê úë ûp

 

@!& 0 120  PD.ƒ = p  

Y=E%>zF;H +/+>%@)G/\& E$&%{$+F%*+/)H, *\G)=>)D /+E$Hw&//%=() [>&'($)G&='%@% ) 
D+@/)(/%@% E%>&? !>H *){$+(%$+, $+=E%>%w&//%@% E% %=) y. 

h+E$Hw&//%=(z D+@/)(/%@% E%>H: 

( ) ( )0 0
, , ,2 2

cos cos sin
0„  1 „  1 ,

4 4

y yjkr jkr
r y y y

I l I l
H H jkr e H jkr e

r r
- -

q j
j - q j

= = + = +
p p

 

@!& 0yI  – (%' * (%G'& E)(+/)H *){$+(%$+, $+=E%>%w&//%@% E% %=) 8. 

h+E$Hw&//%=(z [>&'($)G&='%@% E%>H: 

( )

( ) ( )

( )

0 1
, 0 2

0 1 2
, 0

0 2
, 0

sin sin
1 „

2
cos sin

1 „
4

cos
1 .

4

y jkr
r y

y jkr
y

y jkr
y

I l
E ƒ j kr e

r
kI l

E jƒ j kr kr e
r

kI l
E jƒ jkr kr e

r

- -

- - -
q

- -
j

q j é ù= -ê úë ûp
q j é ù= - + +ê úë ûp

j é ù= - - -ê úë ûp

 

?!+@•• •7'"/)••"#2 !"••""3.  —+E)…&D *\$+w&/)& /+E$Hw&//%=() [>&'($)G&-

='%@% E%>H !>H !*;< *){$+(%$%* E$) ;=>%*)) 0 0 0x yI I jI= = - , (+' '+' !>H E$+*)>z/%? $+-

{%(\ +/(&//\ (%'), E%!+*+&D\& /+ *){$+(%$\, !%>w/\ )D &(z $+F/%=(z x+F 90°: 

( ) ( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

0 0
0 02 2

1 20
0

1 20
0

sin sin
cos sin 1 1 „

2 2
cos

1 „
4

1 ,
4

j krjkr
r

j kr

j kr

I l I l
E j ƒ jkr e ƒ jkr e

r r
kI l

E jƒ j kr kr e
r

kI l
E ƒ j kr kr e

r

- -j-

- - - -j
q

- - - -j
j

q q
= j + j - = -

p p
q é ù= - + +ë ûp

é ù= - -ê úë ûp

 

@!& ,  ,  rE E Eq j  – =;DD+ =%%(*&(=(*;|~)< '%DE%/&/( [>&'($)G&='%@% E%>H * =x&$)G&='%? =)=-

(&D& '%%$!)/+( !*;< *F+)D/%-E&$E&/!)';>H$/\< *){$+( %$%*, $+=E%>%w&//\< E% %=HD x )  y. 
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h+ $)=. 2 E$&!=(+*>&/\ F+*)=)D%=() D%!;>H E%>/%? /+E$Hw&//%=() E%>H (;$/)'&(-

/%? +/(&//\ 
222

rE E E Eq j= + +  %( ;@>+ D&=(+ q  E$) 0 1 KI =  /+ $+F/\< $+==(%H/)H< 

%( +/(&//\: $)=. 2, $ – * {>)w/&? F%/& ( )3 8r = lé ùë û, $)=. 2, ? – (+'w& * {>)w/&? F%/& 

( )r = l , $)=. 2, ) – * !+>z/&? F%/& ( )10r = l . 

v+')D %{$+F%D, E%>;G&/\ x%$D;>\ !>H $+=G&(+ /+E$Hw&//%=(&? [>&'($)G&='%@% E%-
>H (;$/)'&(/%? +/(&//\ * {>)w/&? ) !+>z/&? F%/+<. 

K*(%$ *&=zD+ E$)F/+(&>&/ =*%&D; $;'%*%!)(&>| P. T. j&/!)'; F+ E%D%~z * $+{%(&. 

Z#YZPV QYv‹LKv}LŒ 

1. J$+!)/ K. —. K/(&//%-x)!&$/\& ;=($%?=(*+: }G&{. E%=%{)& !>H *;F%* =*HF). W.: Z*HFz, 1977. 440 =. 
2. U$+{')/ K. Q., —;F&/'% j. Q. K/(&//%-x)!&$/\& ;=($%? =(*+, W.: Z%*. $+!)%, 1961. 816 =. 
3. Balanis C. A. Ad‡anced engineering electromagnetics. •.˜.: ™oŽn ‘iley š Sons, 1989. 981 p. 

I. A. Pakhomov 

RADIATION INTENSITY OF THE TURNSTILE ANTENNA FIELD IN NEAR AND FAR ƒONES 

Formulas for the electric and magnetic field intensity calculation of symmetrical dipoles, 
located along x and y axes are derived. With the help of formulas obtained calculation of elec-
tric field regions turnstile antenna consisting of two dipoles located along x and y axes with 
centers at the coordinate origin, is implemented. 

jurnstile antenna[ symmetrical dipole[ electric field inten sity[ magnetic field intensity[ vector potential 

Z(+(zH E%=(;E)>+ * $&!+'q)| 30 H/*+$H 2004 @. 

}UV 621.396.62 

•. ;. •"/)/" 

1/1"'4 !qq#$%'-/+)%' )U1%'T 
)"+U/0. )'2/1"+- *+ 415#&U$# 
) *+x+zV{ x#%+51 )+X)%-#//0. -#$%+&+- * 

!"#'()#7'/*J *"$)%0%'0 ZXX0=/')%#*/' *@$/'J *&#@%43 *'5%$&#) +# ($7 0"@=0 
:0/#7#: *#?*/)0%%43 )0=/#"#) * =&$**'[0*=#V  6'X"#)#V *#5&$*#)$%%#V #?"$?#/=#V. 

1HI@C>YB<7R\E=>7><7RHE<CIY@C:78E<<?] =Cb<E@, EHI@C>YB<7R|E}7HE<CIY@C:78E<<?] =Cb<E@, 
}EB9:_ZE, 7^<E:Y_9<C9, :E}:9~9<C9, I7H9;7Y=>7]\C87=>F 

YF*&=(/%, G(% =%@>+=%*+//+H %{$+{%('+ *% *$&D&//%? %{>+=() %{&=E&G)*+&( %E()D+>z/\& 
<+$+'(&$)=()') %{/+$;w&/)H =)@/+>%* /+ x%/& +!!)()*/% @% {&>%@% …;D+. P!/+'% &? =*%?=(-
*&//\ /&'%(%$\& /&!%=(+('), E$%H*>H|~)&=H E$) =%*D&=(/%D %{/+$;w&/)) ) $+F$&…&/)) 
!*;< ) {%>&& =)@/+>%*, + (+'w& E$) %{/+$;w&/)) =)@/+>%* * E$)=;(=(*)) D%~/\< =)@/+>%E%-
!%{/\< E%D&<. #$) q)x$%*%? %{$+{%('& = ;D&/z…&/)&D G)=>+ *<%!/\< !+//\< $+F$&…+|~+H 
=E%=%{/%=(z =%@>+=%*+//%@% +>@%$)(D+ ;<;!…+&(=H )F-F+ $+=…)$&/)H @>+*/%@% >&E&=('+ x;/'-

                                                
*  L+{%(+ x)/+/=)$;&(=H E% @$+/(+D W)/)=(&$=(*+ %{$+F%*+/)H LJ E% x;/!+D&/(+>z/\D )==>&!%*+/)HD * 

%{>+=() [>&'($%/)') ) $+!)%(&</)') v02-03.1-1533 ) K03-3.15- 97. 
© K. #. K/)')/, 2004  
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q)) /&%E$&!&>&//%=() =)@/+>+. P!/%*$&D&//% = [()D ;*&>)G)*+&(=H %(/%=)(&>z/\? ;$%*&/z 
{%'%*\< >&E&=('%*, G(% E$)*%!)( ' F+D&(/%D; ;<;!…&/)| <+$+'(&$)=()' E%D&<%;=(%?G)*%=(). 

Z;~&=(*;&( q&>\? $H! D&(%!%*, =%F!+//\< = q&>z| E%*\…&/)H '+G&=(*+ q)x$%*%@% 
=w+()H =>%w/\< =)@/+>%* E% F+!&$w'&. V /)D %(/%=)(=H @$;EE+ D%!&>z/%-E+$+D&($)G&=-
')< D&(%!%*, E%F*%>H|~)< E$%)F*%!)(z q)x$%*;| %{$+{%('; =)@/+>%* = *\=%')D $+F$&-
…&/)&D E% )/x%$D+q)%//\D E+$+D&($+D E$) =$+*/)(&>z/% /&{%>z…)< *\{%$'+< +/+>)-
F)$;&D\< !+//\<. V [(%? @$;EE& %(/%=)(=H D&(%! =%{=(*&//\< *&'(%$%*, %=/%*/\& E$)/-
q)E\ '%(%$%@%, E$)D&/)(&>z/% ' F+!+G& %{$+{%(') =>%w/\< =)@/+>%*, )F>%w&/\ * €1•, + 
=(+()=()G&=')& <+$+'(&$)=()') * E$)>%w&/)) ' F+!+G+D =E&'($+>z/%@% +/+>)F+ )==>&!%-
*+/\ * €2•. L+==D+($)*+&D\? D&(%! %=/%*+/ /+ +/+>)F& =%{=(*&//\< G)=&> ) =%{=(*&//\< 
*&'(%$%* D+($)q, =%=(+*>&//\< )F +/+>)F)$;&D\< !+//\< . W+(&D+()G&='+H =(%$%/+ D&-
(%!+ =%{=(*&//\< *&'(%$%* E%!$%{/% $+==D%($&/+ * €3•. 

•xx&'()*/%=(z D&(%!+ =%{=(*&//\< *&'(%$%* =;~&=(*&// \D %{$+F%D F+*)=)( %( ()-
E+ =>%w/%@% =)@/+>+. #% [(%? E$)G)/& $+{%(%=E%=%{/%=(z D&(%!+ {\>+ E$%*&$&/+ /+ !*;< 
()E+< =>%w/\< =)@/+>%*, =($;'(;$+ '%(%$\< )F%{$+w&/+ /+ $)=. 1. #&$*\?, +DE>)(;!/%-
G+=(%(/%-D+/)E;>)$%*+//\? ‚KkW/ƒ =)@/+> ‚$)=. 1, $ƒ =%=(%)( )F E+G') E$HD%;@%>z/\< 

$+!)%)DE;>z=%* !>)(&>z/%=(z| ) 1 D=t = , %(>)G+|~)<=H !$;@ %( !$;@+ /&=;~)D) G+=(%-

(+D). j !+//%D =>;G+& G+=(%(\ )DE;>z=%* E+G') )FD&/H>)=z =(;E&/G+(% %( 1-@% !% N-@% 
)DE;>z=+ = …+@%D fD  (+')D %{$+F%D, G(%{\ =E&'($\ %(!&>z/\< )DE;>z=%* E+G'), E&$&-

'$\*+H=z, %{$+F%*\*+>) E$HD%;@%>z/)' * !)+E+F%/& G+=(%( 32 'TqFD = . Z>&!;&( %(D&-

()(z, G(% =E%=%{/%=(z KkW/-=)@/+>+ F+/)D+(z =($%@% %E$&!&>&//;| E%>%=; G+=(%( H*>H-
&(=H {>+@%E$)H(/%? = (%G') F$&/)H [>&'($%D+@/)(/%? =%*D&=()D%=() $+!)%[>&'($%//\< 
;=($%?=(*. V%$$&>Hq)%//\& ) =E&'($+>z/\& =*%?=(*+ !+//%@% =)@/+>+ {\>) $+==D%($&/\ 
* €4•. v+D w& {\>% %(D&G&/%, G(% &=>) E$%*%!)(z %{$+{%('; =)@/+>+ E% =<&D& /+ $)=. 2, $, 
(% /&%{<%!)D%=(z * *\{&>)*+|~&D x)>z($& )>) * x)>z($& , )/*&$=/%-=%E$Hw&//%D = =)@-
/+>%D, %(E+!+&(, E%='%>z'; =E&'($ =)@/+>+ ;w& H*>H&(=H $+*/%D&$/\D * $+{%G&D !)+E+-
F%/& G+=(%( ) E$)@%!&/ !>H %{$+{%(') * E%=>&!;|~&D {>%'&. Y/(&$&=/+H %=%{&//%=(z 
KkW/-=)@/+>+ – /&F+*)=)D%=(z x%$D\ &@% =E&'($+ %( E%=>&!%*+(&>z/%=() )F>;G&/)H )D-
E;>z=%* E+G'), =E%=%{=(*;|~+H *\=%'%? 
='$\(/%=(). 

Z($;'(;$+ *(%$%@% =)@/+>+ )F%{$+w&/+ 
/+ $)=. 1, ?. •(% +DE>)(;!/%-x+F%D+/)E;-
>)$%*+//\? ‚KJW/ƒ =)@/+>. j %(>)G)& %( 
E&$*%@%, F!&=z /&=;~)& G+=(%(\ *=&< )D-
E;>z=%* E+G') %!)/+'%*\, + */;($) '+w!%@% 
)DE;>z=+ *\E%>/H&(=H x+F%*+H D+/)E;>Hq)H 
E% F+'%/; W-E%=>&!%*+(&>z/%=(). h&$+*/%-
D&$/%=(z =E&'($+ (+'%@% =)@/+>+ * $+{%G&D 
!)+E+F%/& G+=(%( %(/%=)(&>z/% /&*\=%'+, 
%!/+'% E$) %{$+{%('& &@% E% =<&D& ‚$)=. 2, $ƒ 
/&%{<%!)D *\{&>)*+|~)? x)>z($. 
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ZE&q)x)'+ =($;'(;$\ =)@/+>%* E% $)=. 1 F+'>|G+&(=H * (%D, G(% !>)(&>z/%=(z )F>;-
G&/)H '+w!%@% )DE;>z=+ E+G') $+*/H&(=H !>)(&>z/%=() E$)&D+. #$) ;*&>)G&/)) *$&D&/) 
F+!&$w') )DE;>z=+ &@% [/&$@)H G+=()G/% (&$H&(=H, (+' '+' * $+==D+($)*+&D%? =)=(&D& %!/+ 
+/(&//+ $+{%(+&( ) /+ )F>;G&/)&, ) /+ E$)&D. j E&$)%! E$)&D+ E$%)=<%!)( !)='$&()F+q)H 
=)@/+>+ = G+=(%(%? 128 'Tq. —+ *&=z E&$)%! „  =)@/+>+ /+'+E>)*+&(=H *\{%$'+ !)='$&(/\< 
%(=G&(%*, '%(%$+H !+>&& E%!*&$@+&(=H =%%(*&(=(*;|~&? %{$+{%('&. 

Y==>&!%*+/)& D&(%!+ =%{=(*&//\< *&'(%$%* =w+()H =>%w/\< =)@/+>%* E% F+!&$w'& 
E$%)F*%!)>%=z /+ E$)D&$& ($&< ()E%*\< =)(;+q)?: 

1. ••••••• •!" #"$%•&'( %• #••)%•••#%•#*"% #•++•,•-%")"# $ •")"#.'/•0#
20 1$%•&'( %• 3&•4& . %• #+-'5#••)%••"-#•#"+•%•!"-6/•#/"7% "•,8/•#•#&•4%6/•#

4•+ &(!•/•0#
90 1$%•&'( %• # ••)%•••# %•# *"% # /"7%":# ••)%••";"+"$%":# ; "/ 5•# <•••• +"-•%• #

;"/ 5"'•,":••-"•,•=0#
>"#-• 5#,& 5#••,'•?•85#•,&"••••@#5•&•!, &••,•!•#"$%•&'( %•8#!•!#4•-•••/"•,•#- 3

&"8,%"•,•#;&•-••@%")"#"$%•&'( %•8#<+•8#-,"&":#••,'•?••#–#"$%•&'( %•83&•4& . %•8=#",#
",%". %•8#••)%••A.'/0#B"•!"•@!'C#!•!#",/ •••"•@#-#[2]C #•%•••,•• •!•#;"•'••,@#5•&•!, 3
&••,•!•#"$%•&'( %•8#;&•!,•• •!•#% -"4/"(%"C#"%•#•,&"••••@#• #;"/"7@D#•,•,••,•• •!"3
)"#/"+ ••&"-•%•8#%•#E>F0#>#!•• •,- #!&•, &•8#"$%•&'( %•8#/ ,"+"/#•"$•,- %%65#- !,"3

&"-#$6•#••;"•@4"-•%#!&•, &•:#;& -6. %•8#;"&")•#"$%•&'( %•8#"? % !":# ( )P̂ t C#;"•'•• 3

/":#%•#-65"+ #•5 /6#<&••0#2C# =#•")•••%"#/ ,"+•! C#";•••%%":#-#[G]C#;&•#- &"8,%"•,•#•"(3
%":#,& -")•#H0HHG0#>"#-• 5#,& 5#••'••85#5•&•!, &••,•!•#"$%•&'( %•8#/ ,"+•#•"$•,- %%65#
- !,"&"-# •&•-%•-••••@# •# •"",- ,•,-'D7•/•# 5•&•!, &••,•!•/ •# ?•*&"-":# •")•••"-•%%":#
"$&•$",!•C#;&"•4-"+•/":#;"#•5 / #%•#&••0#2C#! 0#•&•, &• /#•&•-% %•8#$6•#-6$&•%#;&"•)3
&6.# -# ",%". %••# ••)%••A.'/C# •"",- ,•,-'D7•:# / ,"+'# •"$• ,- %%65# - !,"&"-C#",%"••3
, •@%"#•")•••"-•%%":#"$&•$",!•#;&•#- &"8,%"•,•#;&•-••@%")"#" $%•&'( %•8#H0I0#

J•#&••0#9#;&•- + %6#4•-•••/"•,•#;&"•)&6.•#",#!"••• •,-•#+ •%%65#<+••!& ,%65#",3
•• ,"-#•; !,&•C#-6$&•%%65#%•#•%, &-•• #•%•••4•=C#;"•,';•D7•5#+•8#"$&•$",!•#-#!"% •%6:#
$•"!#•5 /#<&••0#2=0#K,&•5"-•8#••%•8#•"",- ,•,-' ,#LMF%3 C#•#•;•".%•8#–#LNF%3••)%••'0#

B&•#•"-/ •,%"/#"$%•&'( %••#+-'5#••)%••"-#<"$%•&'( %• 3&•4&  . %• =#;"+#- &"8,3
%"•,@D#;&•-••@%")"#"$%•&'( %•8#;"%•/••••@#- &"8,%"•,@#+-'5!&•,%")"#;& -6. %•8#;"3

&")•#"? %!•/•# ( )P̂ t #<+•8#/ ,"+•#•"$•,- %%65#- !,"&"-=#•# ( )R̂ t #<+•8#•")•••"-•%%":#"$&•3
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>#,& ,@ /#••'•• #"$%•&'( %• #••)%•••#;&"•4-"+••"•@#%• #*"% #/"7%":#••)%••";"3
+"$%":# ;"/ 5•# <",%". %• # ;"/ 5•A.'/# RH# +S=0# Q•-•••/"•,• # ;&"•)&6.•# -# ",%". %••#
••)%••A.'/#",#&•4%"••# Dt #••)%•••#•#;"/ 5•#+•8#•••• +' /65#,•;"-#••)%•••#;&•- +  %6#
%•#&••0#T0#
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;&•#"$%•&'( %••#"+•%"•%")"#••)%•••#•#;&•#"$%•&'( %••3&•4& .  %••#+-'5#••)%••"-0#1+%•3
!"#;&•#"$%•&'( %••# ••)%•••#%•#*"% #;"/ 5•# /"(%"#%•$•D+•, @#4•/ ,%6:#-6•)&6.C#;"8-3
•8D7•:•8#•#'- ••• %• /#&•4%"••# Dt #/ (+'#••)%••"/#•#;"/ 5":0#E,",#V** !,#/"(%"#"$W3
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Microwave%†Wband%radar%simulator%for%performance%testing%of%the%radar%with%any%kind%of%
the%signal%in%real%time^%including%the%signal%with%large%duration%developed%at%RI%7Progno‡7%of%
SPbETU% 7LETI7% is% described.% The% simulator%allows% to% form% some% delayed% signals% imitating%
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basic%principles%of%the%simulator%activity%and%various%schemes%of%its%use%for%the%radar%parameW
ters%checking%are%considered.%
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HAND…RITTEN%SIGNATURES%CODE%REPRESENTATIONS%TECHNIŠUE%FOR%THE%IDENTIFICATION%USAGE%

The% technique% of% getting% the% handwritten% signatures%code%representations% based% on% faW
mous%image%quality%losses%compressors%is%considered.%It%is%described%the%way%of%handwritten%
signatures% samples% creation^% which% applies% in% handwritten% signatures% code%representations%
analysis.%The%visuali‡ation%of%compared%code%representations%is%proposed.%It%is%given%the%algoW
rithmic%sequence%of%obtaining%the%visuali‡ation%of%compared%code%representations.%The%e‰periW
mental%results%getting%by%the%developed%algorithm%help%are%discussed.%

[andwritten signatures code representations, identification, visualization algorithm, modifications 
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CCD%AVERAGE%DAR„%CURRENT%ESTIMATION%METHOD%IN%ASTRONOMICAL%TELEVISION%CAMERAS%

The% CCD% average% dark% current% estimation% method% in% astronomical% television% cameras%
based%on%adaptive%summing%pi‰el%charges%of%hori‡ontal%register%is%considered.%
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K two pole microstrip bandpass filter which has two finite symmetrical transmission zeros 
is presented. To make extra transmission zeros> a source1load coupling is used. The filter has a 
center frequency of @.@ \]z and a fractional bandwidth of C D. The measured insertion loss is 
less than ^.@5 d_ in the bandpass. 
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K method of synthesis of lumped1element filters with asymmetric frequency characteris1
tics by using low1pass prototype is presented. K design of antenna duplexer for telecommunica1
tions> which is based on such filters and realized as a multilayer microwave integrated circuit 
using low1temperature cofired ceramics> is demonstrated. 
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