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 +&"0'!14.:&0$"(#+4.+4'6.(%.-4.(3494-6()*&'$.2&(,+/50/'2/7/(8-6( 0"$-$"
"

 
!954'( /'"2"(!&1(#$2%)4.1"($4%:4()4:&4+2(

249-4'0*'&,.14/+2351"(15675.48,348&4:42;7*20'"(2:2<4:&4+,348&4:42;7*20'(

1*4."4:4(+.,-&'0,3&0,,()/+./-4:4'(6/7&.2,08,),(;<8/1/=(#)'&31&.+;'(

=47>(?%@AB(C/$/.D/:E8(FGHIF(;48J43(K."4'4=( /'",:&(

2*4."4:4(+.,-&'0,3&0,,(L8&"3'%.,"(-&(M4N&'8&51&(6/7&.2,08,),(;<8/1/=(#)'&31&.8&'(

!42>(?%@AB(C/$/.D/:E8(FGHIF(;48J43(K."4'4=( /'",:&((

(

Elektromanyetik (EM) alan+4'6.( biyolojik dokular / &'$.2&( :4!06%6( &0"$.$.( $.#&+&.1&-$( )&( 4.+456+14-6( $*$.(
, &++$"+&(-3.(:6++4'24(:3%7. *4+6514(:4!6+14"0426'8(9.-4.(/ &'$.2&(2&.&:(:4!14.6.( 3'(3+14-6.24.(23+4:6;(<u 
*4+6514+4'6.( *3%7.+7%7nda modeller "7++4.6+14"0426'8 Biyolojik dokular simüle edilerek elektromanyetik 
24+>4+4'6.(<7 23"7+4'(/ &'$.2&(3+7507'27%7(*&5$0+$(&0"$+&' a'4506'6+14"0426'8(Makalemizde $.-4.("4?4-6("/'&-&+(
3+4'4"(132&++&.1$5()&(2&%$5$"(<$:3+3@$"(:4!6+4'( A<&:$.;("&1$"(ve deri) ?4'"+6(2$&+&"0'$"(-4<$0$()&($+&0"&.+$%&(
-4B$!(3+4.("3.-4.0'$"("/'&+&'+&($?42&(&2$+1$50$'8(C,.>/-&+ 4.0&.($+&(/'&0$+&.(&+&"0'314.:&0$"(24+>4+4'6.($.-4.(
"4?4-6.4( :4"6.( <$'( 1&-4?&2& bulunan dokular / &'$.2& 3+7507'27%7( 6-6 profilleri, ?4'"+6( "4?4( 132&++&'$( )&(
frekanslar kullanarak &+2&( &2$+1$50$'8 D+2&( &00$%$1$ ( -3.7*+4'( 13<$+( B4<&'+&51&2&( "7++4.6+4.( 900 MHz ve 
1800 EF (?'&"4.-+4'6.6 "4!-414"0426'8( 
 
!123425"6789:7875: Elektromanyetik alanlar, biyolojik dokular, mikrodalga2(
 

;< ;$'$5""

D.2/-0'$:&+( 7:>7+414+4';( &)( 4+&0+&'$;( $+&0$5$1(4:>60+4'6;( <4 6( 23%4(3+4:+4'6;( &.&'@$( /'&0$1()&( $+&0$1( -$-0&1+&'$ 
ta'4?6.24.( 3+7507'7+4.( EM alanlar #4.+6+4'( / &'$.2&( 6-6+( )&( 6-6+( 3+14:4.( &0"$+&'&( .&2&.( 3+14"0426'8 C&%$5$"(
frekanslardaki DE(4+4.+4'6.(<$:3+3@$"(3'041+4'24()&(?4'"+6(132&++&'+&($?42&(&2$+&.(#4.+6("4?4-6.24(3+7507'27%7(
6-6( 24%6+616( <$'*3"( 4'4506'14#6( 04'4?6.24.( $.#&+&.1$50$'( GH-7]. I7( 14"4+&2&;( 13<$+( B4<&'+&51&2&( "7++4.6+4.(
JKK( EF ( )&( HLKK( EF ( ?'&"4.-+4'6.24"$( 2,.>/( 4.0&.( :4!6-6:+4( /'&0$+&.( EM 24+>4+4'6.( /*( 42&0( "3.-4.0'$"(
"/'& $+&("31!+&"-(2$&+&"0'$"(:4!6-6(<&+$'+&.&.(HK(#1(:4'6*4!6.24"$(<$'( $.-4.("4?4-6(/ &'$.2&(3+7507'27%7( 6-6(
!'3?$++&'$(<7+7.17507'8((    
 

=< Yöntem"

E4"4+&2&("7++4.6+4.("3.?$>/'4-:3.(B&"$+-1M2&(>,'/+2/%/(/ &'&(J(#1(:4'6*4!6.24(<&:$.;(NM&'(11("4+6.+6%6.24(
"&1$"()&(2&'$2&.(3+754.(/*(42&0("3.-4.0'$"("/'&(3+7!(<7(kafa :4!6-6, merkezden R12 7 4"+6%6nda bulunan a1 
:4'6*4!6.24(<$'(2,.>/sel 4.0&.( 04'4?6.24.(JKK(EF ()&:4(HLKK(EF M+$" EM 65614( $+&(7:4'6l14"0426'8(Kafa 
132&+$.2&( "7++4.6+4.( "31!+&"-( 2$&+&"0'$"( !4'41&0'&+&'$ D2E8C-1M2&"$( >$<$2$'( GOP8( B&"$+-1’deki O, zenith 
4*6-6.6;( R ise O 23%'7+07-7.24( '42:4+( "33'2$.406( <&+$'01&"0&2$'8( D2E8C-1M2&"$" Pr dielektrik sabitini, Q ise 
$+&0"&.+$%$($?42&(&2&'8( 
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! "#$%&'%Küresel kafa modeli ve konfigürasyonu.  

"

 

Tablo 1: f,1/840:%.24("g884.E84.("494(1%2&8,.,.(&51@+;&-(7/;+;&0'/&(özellikleri([3]. 
 

 
624:21"

624:21"

:4'6E4F6"
G::I"

`aa"*,R"

Pr 

`aa"*,R"

Q(
G::3Cg:I"

;_aa"*,R"

Pr 

"

;_aa"*,R"

Q(
 

Kütle 
K!7/.+/7/"

% &3
mkg /  

Deri 100 39.5 700 38.2 900 1080 

Kemik (cortical) 95 12.5 170 12.0 290 1180 

Beyin (Grey matter) 90 56.8 1100 51.8 1500 1050 

""""

 
Kafa merkezine göre R12 7 4"+6%6.24(:404:(:&'+&50$'$+1$5(<$'(2,.>/sel 4.0&.$.(3+7507'27%7(&+&"0'$"(4+4.6 
"

% &
2

0

1 cos ,                                                             1
2

A&B

5

- -

AC 4 9 ;
D 7 *

R

 

!

"
! !# $ *  

 

"7++4.6+4'4"(<7+7.7'8(E5. (1), & 24+>4(-4:6-6(3+14"(/ &'&( 1&4 M$.(HM2&.(3+27"*4("/*/"(3+27%7(27'7124(>&*&'+$(

3+7!(4.0&.$.( $.#&( 0&+2&.(:4!6+165(3+14-6(>&'&"$'8(Burada 9 frekans, 
5
I  2,.>/sel 4.0&.2&.(>&*&.(-4<$0(4"61(

>&.+$%$; "  permeability, 
-

! 2,.>/sel 4.0&.(/ &'$.2&"$(4 $170B(4*6-6;( *!*  4 $170B(4*6-6(:,./.2&(<$'$1()&"0,'(

olup 
 

% & % &
1/ 22 2 2 2

1 1  12 ,                                                  cos sin cos sin (2)- -B ' B ' 4 4' ' ! !# ( ) ( )* +, -  

   

ve % &, ,' ' !  $-&("/'&+&'$.($*$.2&(<$'(.3"04.6.("/'&-&+("33'2$.406.6(<&+$'0$'8 Y:>7+4.4.(:,.0&1de [2], 2,.>/sel 

an0&.$.( DE( 65614-6, dielektrik ya!6( $*$.2&( !3+4'$ 4-:3.( 4"61( :3%7.+7%7( )&( &+&"0'$"( 4"61( :3%7.+7%7(
3+7507'14"0426'8(I7( $"$.#$+("4:.4"+4'(2$&+&"0'$"($*$.2&("/'&-&+(B4)4(<35+7%7(2$+$1$.&(0&"'4'(65614(:4!14"04 
)&(-4*6.61 4+4.6.6. 3'04:4(*6"14-6.4(.&2&.(3+14"0426'8(Z/'&-&+(B4)4(<35+7%7(2$+$1$.$.( $*&'$-$.2&"$( 03!+41(
&+&"0'$"(4+4.6;(-4*6.61 alan6()& "4:.4"04.(>&+&.(&+&"0'$"(4+4.6.6.(03!+4.14-6:+4(&+2&(&2$+1&"0&2$'8 Dielektrik 
:4!6($*&'$-$.2&"$(03!+41(&+&"0'$"(4+4.6($-&(2$&+&"0'$"+&(B4)4(<35+7%7(2$+$1$(4'4-6.24"$("/'&-&+(:/ &:(/ &'$.2&(
-6.6'( "357++4'6( "7++4.6+4'4"( <7+7.14"0426'8( [4*6.61( 4+4.6;( *3"-"707!( 4*6+616( "7++4.6+4'4"( &+2&( &2$+1$5( 3+7!(
-4*6.61(4+4.+4'6.4(4$0(*3"-"707!("40-4:6+4'6;(27'71(7 4:6(2&."+&1+&'$("7++4.6+4'4"(\3'0'4.(:4 6+616()4-604-6:+4(

*, /+1&"0&2$'8(]3!+41(&+&"0'$"(4+4.6, FD :4'2616:+4(2$&+&"0'$"(:4!6($*&'$-$.2&"$ 6-6 

  

% & % & % & % &2
 , , , , / 2                                                              3FG ' ' D '' ! . ' !#  

 
?3'1/+/:+&(<7+7.7'8(      
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>< 8-6(L476+616"

D58(^("7++4.6+4'4"(JKK(EF ()&(HLKK(EF (?'&"4.-+4'6.24(?4'"+6('  4*6+4'6.24("4?4($*$.2&"$('42:4+(:,.deki (R) 
6-6(24%6+61+4'6(*$ $+1$50$'8(B&"$+-2M2&.(B&"$+-5M&("424' 3+4.(5&"$++&'; JKK(EF M2&(2,.>/-&+(4.0&.$.(1&'"& 2&.(
-6'4-6:+4(HK(#1;(H^(#1;(H_(#1()&(H`(#1(7 4"04(3+27%7(27'71+4'24(6-6(!'3?$++&'$.$(>,-0&'1&"0&2$'8 B&"$+-6M24.(
B&"$+-9M4( "424'( 3+4.( 5&"$++&'( $-&( JKK( EF M2&( "7++4.6+4.( !4'41&0'&+&'( "3'7.4'4"( HLKK( EF M2&"$( 6-6(
profillerini vermektedir.   

 

 
         ! "#$%2: jFF(6M$(9'&"4.0E.24=(k12HIJ(31"(

(((((((((&41lF>I(2&)&'8&',.2&&/(E0E(m%34.0,:&8,>(
! "#$%('%jFF(6M$(9'&"4.0E.24=(k12HIK(31"((((((

&41HJ2L(2&)&'8&',.2&&/(E0E(m%34.0,:&8,>(
(

            (
              ! "#$%)'%jFF(6M$(9'&"4.0E.24=(k12HIM(31"                  ! "#$%*'%jFF(6M$(9'&"4.0E.24=(k12HIN(31"(

((((((((((((((((((&41lF>I(2&)&'8&',.2&",(E0E(m%34.0,:&8,>(((((((((((((((((((((((((&41lF>I(2&)&'8&',.2&",(E0E(m%34.0,:&8,>(
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(

 
             ! "#$%+: AnFF(6M$(9'&"4.0E.24=(k12HIJ(31"(((((((((((((((! "#$%,'%AnFF(6M$(9'&"4.0E.24=(k12HIK(31"(((((((((((((((

((((((((((((((((&41lF>I(2&)&'8&',.2&&/(E0E(m%34.0,:&8,>(((((((((((((((((((((((((((&41lF>I(2&)&'8&',.2&",(E0E(m%34.0,:&8,>(
(

 

 
                ! "#$%-'%AnFF(6M$(9'&"4.0E.24=(k12HIM(31"(((((((((((((! "#$%.'%AnFF(6M$(9'&"4.0E.24=(k12HIN(31"(((

((((((((((((((((((((&41lF>I(2&)&'8&',.2&&/(E0E(m%34.0,:&8,>(((((((((((((((((((((((&41lF>I(2&)&'8&',.2&",(E0E(m%348-/:;+/2(
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a&"$+-HM2&.( a&"$+-JM4( "424'( 3+4.( </0/.( 5&"$++&'2&( 1 bc5I #  3+4'4"( 4+6.16506'8 B&"$+-2 $.#&+&.2$%$.2&( 900 

EF M2&(
0

30' # $*$.( "4?4.6.( 1&'"& $.2&.( 2654( 23%'7( >$2$+2$"*e" 6-6.6.( 4'006%6( )&( $+&0"&.+$%$( :/"-&"( 3+4.(
<&:$.M$.( "&1$"+&( <$'+&50$%$( :&'2&( 14"-$1714( 7+4506%6;( $+&0"&.+$%$( 2/5/"( 3+4.( "&1$"0&( 4 4+26%6, deriye 
>$'$+2$%$.2&( 0&"'4'(4'006%6(>, +&1+&.1&"0&2$'8(I/0/.(2$&+&"0'$"(:4!6-6.24(14"-$171(6-6.6.;(<&:$.M$.("&1$"+&(
<$'+&50$%$( :&'( $+&( 2&'$.$.( "4?4.6.( 7#7.24( <7+7.4.( <,+>&+&'2&( 3+7507%7( <&+$'+&.1&"0&2$'8( Burada dikkate 
4+6.14-6( >&'&"&.( 6-6:6( <&+$'+&:$#$( $"$( B7-7-;( 65614.6.( 7 4"+6%6( )&( $+&0"&.+$%$.( </:/"+/%/2/'8( ' M.6.( </:/"(
3+27%7(2/ +&1+&'2&;( 6-6(2&%&'+&'$(genel olarak radyal &"-&.2&(2/5/5 >,-0&'1&"0&()&(&+2&(&2$+&.(14"-$171(
6-6;(<&:$.("/'&-$.$.(3'04+4'6.4($-4<&0(&01&"0&2$'8 B&"$+->F"@ ve 5M2&"$(6-6(!'3?$++&'$(B&"$+-2M2&"$(6-6(!'3?$++&'$($+&(
<&. &'+$"( >,-0&'1&"0&( 4.#4"( 4.0&.$.( 1&'"& 2&.( 7 4"+4514-6;( :4.$( R12 2&%&'$.$.( 4'014-6( 6-6( 2&%&'+&'$.$.(
2/51&-$.&( .&2&.( 3+14"04( )&( , &++$"+&( ' M.6.( </:/"( 3+27%7( 27'71+4'24( 6-6( 14"-$1717( 2$&+&"0'$"( :4!6.6.(
1&'"& $.&(23%'7("4:14"0426'8(JKK(EF M+$"(6561424(B&"$+-=F">F"@ ve 5 $*$.(:4!6+4.(:3'71+4'6., b/:/"(,+*/2&(
HLKK(EF M+$"(6561424(B&"$+-OF"PF"_ ve `"$*$.(2&(>&*&'+$(3+27%7(4.#4"(170+4"(6-6(2&%&'+&'$.$.;($+>$+$(JKK(EF (
6-6(2&%&'+&'$:+&("4'56+4506'6+26%6.24(HLKK(EF M+$"(6561424(24B4(2/5/"(6-6(/'&0$l2$%$(>, +&1+&.1&"0&2$'8(I7.7.(
nedeni, Tablo-HM2&( >,'/+2/%/( >$<$;( "4014.+4'6.( $+&0"&.+$"+&'$( HLKK( EF M2&( JKK( EF M&( >,'&( 24B4( </:/"(
3+14-6.4('4%1&.(:/"-&"(?'&"4.-+6( 65614.6.(:4:6+6124.(23+4:6(daha fazla erime:&(14'7 ("4+14-6(B7-7-7.7.(
<&+$'+&:$#$(3+14-626'8(     
 
DE( 65614-6:+4( $+>$+$( 04.61( )&( -04.24'2$ 4-:3.+4'( mevcut olup [8-10] $.-4.( -4%+6%6( / &'$.&(  4'4'+6( &0"$+&'$.(
<45+426%6( d >/+( [3%7'14( e'4.6( G[!&#$?$#( c<-3'!0$3.( f40&( A[cfgP( 2&%&'$( _( hi">( 3+4'4"( "4<7+( &2$+$'8( DE(
656.616.6.( 4'4'+6(&0"$+&'$.$(4 4+014"($*$.(1&-+&"$(0&1&+(&0"$+&1&(-6.6'6;(&0"$+&.1&([cf(-6.6'6(2&%&'$.$.(HiHKM7(
3+4'4"(4+6.6'8(j4.$(1&-+&"$(3'04+414(&0"$+&.1&([cf(-6.6'6;(_iHK(k(K;_(Ghi">PM26'8(l&.&+(B4+"(-4%+6%6(3'04+414(
&0"$+&.1&([cf(-6.6'6;(_iNK(k(K;KL(Ghi">P(3+4'4"(<&+$'+&.1$50$'8(I7("'$0&'&(>,'&;(JKK(EF ()&(HLKK(EF ()&(
?4'"+6( 2,.>/-&+( 4.0&.( 7 4"+6"+4'6( $*$.( 14"-$171( >/*( 2&%&'+&'$.2&"$( [cf( 2&%&'+&'$( B&-4!+4.165, bu SAR 

2&%&'+&'$( D2E8C-=F" >F" @F" K ve 6M24( >,-0&'$+1$5 )&( &+2&( &2$+&.( 2&%&'+&'in 1 bc5I #  $*$.( B&'( 27'7124( -6.6'(

2&%&'+&'$.$.(4+06.24("4+26%6(>,'/+1/50/'8(D58(HM2&.(4.+456+4#4%6(/ &'&;( 5I M6.(:/"-&"(2&%&'+&'$($*$.("'$0$"([cf(

2&%&'+&'$.&(7+456+4#4%6(<&+$'>$.2$'8     
 

Tablo 2: f%)g'g84.(14"0,1g1(J/o=(fKk(2&)&'8&'/2 
 

! !  !!"#$%" &'!!"#$%"

R12"GH:I"

3M0+&(
K!7/.+/7/(((

GQTg:
3
I"

N4"-O(;ME(((
Gbg:

3
I"

)!+"GbgQTI"
N4"-O(;ME(((

Gbg:
3
I"

)!+"GbgQTI"

10 1080 2.5191E-08 2.3325E-11 8.1487E-09 7.5451E-12 

12 1080 4.4819E-09 4.1499E-12 1.4888E-09 1.3785E-12 

14 1080 1.3157E-09 1.2183E-12 4.4255E-10 4.0977E-13 

16 1080 4.6178E-10 4.2758E-13 1.7504E-10 1.6207E-13 
 

D2E8C-2, 
0

30' # $*$.(3+7507'7+175(3+7!(-42&#&(R12"27'717.24(HLKK(EF ($*$.(
0

45' # M2$'8 
 
 

Tablo 3:(R12lAF(D1(,o,.(0%)g'g84.(14"0,1g1(J/o=(fKk(2&)&'8&',>(
(

 `aa"*,R" ;_aa"*,R"

/"

3M0+&(
K!7/.+/7/((

GQTg:
3
I"

N4"-O(;ME(((
Gbg:

3
I"

)!+"GbgQTI"

3M0+&(
K!7/.+/7/((((

GQTg:
3
I"

N4"-O(;ME(((
Gbg:

3
I"

)!+"GbgQTI"

300 1180 2.5191E-08 2.1348E-11 1180 7.8988E-09 6.6939E-12 

450 1050 1.7429E-08 1.6599E-11 1180 8.1487E-09 6.9057E-12 

600 1050 3.6584E-09 3.4842E-12 1180 2.1694E-09 1.8385E-12 

900 1050 1.0223E-09 9.7358E-13 1180 7.1493E-10 6.0587E-13 
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Tablo 4:(R12lAp(D1(,o,.(0%)g'g84.(14"0,1g1(J/o=(fKk(2&)&'8&',>(
(

 `aa"*,R" ;_aa"*,R"

/ 

Kütle 
K!7/.+/7/((

GQTg:
3
I"

Maks. Güç   
Gbg:

3
I"

)!+"GbgQTI"

Kütle 
K!7/.+/7/(((((

GQTg:
3
I"

Maks. Güç   
Gbg:

3
I"

)!+"GbgQTI"

300 1080 4.4819E-09 4.1499E-12 1080 1.4888E-09 1.37853E-12 
450 1080 4.8961E-10 4.5335E-13 1080 3.7210E-10 3.44527E-13 
600 1050 3.9216E-10 3.7349E-13 1080 2.0933E-11 1.93821E-14 
900 1050 8.7478E-11 8.3313E-14 1080 2.5125E-11 2.32646E-14 

 
 

Tablo 5:  R12HIM(31(,o,.(0%)g'g84.(14"0,1g1(J/o=(fKk(2&)&'8&',>(
 

 `aa"*,R" ;_aa"*,R"

/"

Kütle 
K!7/.+/7/((

GQTg:
3
I"

Maks. Güç   
Gbg:

3
I"

)!+"GbgQTI"

Kütle 
K!7/.+/7/(((((

G6Tg:
3
I"

Maks. Güç   
Gbg:

3
I"

)!+"GbgQTI"

300 1080 1.3157E-09 1.2183E-12 1080 4.4255E-10 4.0977E-13 
450 1050 2.1134E-10 2.0127E-13 1080 1.0450E-10 9.6760E-14 
600 1050 1.0011E-10 9.5344E-14 1050 6.3082E-12 6.0078E-15 
900 1050 3.6484E-11 3.4746E-14 1050 2.7311E-12 2.6011E-15 

 
 

Tablo 6:  R12lAG(D1(,o,.(0%)g'g84.(14"0,1g1(J/o=(fKk(2&)&'8&',(
(

 `aa"*,R" ;_aa"*,R"

/"

Kütle"
K!7/.+/7/((

GQTg:
3
I"

Maks. Güç   
Gbg:

3
I"

)!+"GbgQTI"

Kütle 
K!7/.+/7/(((((

GQTg:
3
I"

Maks. Güç   
Gbg:

3
I"

)!+"GbgQTI"

300 1080 4.6179E-10 4.2758E-13 1080 1.7504E-10 1.6207E-13 
450 1080 1.2841E-10 1.1890E-13 1080 6.6113E-11 6.1216E-14 
600 1080 4.5135E-11 4.1792E-14 1080 1.3365E-11 1.2375E-14 
900 1050 1.7605E-11 1.6767E-14 1050 1.4166E-12 1.3491E-15 
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