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 !" 504.42+541.64 

 .!. "#$, %.&. '#()*+,#, -... '#/#0+$12,  

..&. .$31+$)4, 5.5. 52/6()$  

 !"#$%&' ()$*+,"$-.!//0' -!1/&2!$%&' */&.!"$&-!- 

!&78-9 '&%!%:'-78%5 7. %!7%5- ;%:!<&= 

5%>%:%! -? > @ &95 -A-7&@ B-9&@  

&9 5%>7C= !:->  

 !""#$%&'($ )$*+,'(-' ($.$/$ ('%$0"-,($/$ 1-$"$&1'(%! 

(! $"($.' #$&"0-2 .$3$&$"*'4 .-3! Cystoseira barbata - 5'&&$6-!-

(-3$. )'&'2$3(72 #'%!**$. 3*8 -9.*','(-8 6'9-8 -9 .$37. :9+,'(7 

"$&16-$((7' ".$4"%.! )$*+,'((72 1-$"$&1'(%$. - "'*'0%-.($"%; 

)$ $%($<'(-= 0 -$(!# 6'9-8 . )&-"+%"%.-- )$.7<'((72 0$(6'(-

%&!6-4 -$($. 0!*-8 - (!%&-8. >)&'3'*'(7 &!.($.'"(7' 2!&!0%'&--

"%-0- "$&16-$(($/$ )&$6'""! - 0$("%!(%7 +&!.('(-8 ?'(/#=&!, 

)$9.$*8=@-' $6'(-%; 0!,'"%.$ )$*+,'((72 $1&!96$. 1-$"$&1'(-

%$.. 

#$%&$'()$*& +,-)(%(& %,.(/ *%+,'0&1 23&+$*1 4+*5670&$$*'%(, 

.,. 3*869, ( 4&+&+,8*%., 23&+$*:* %*40(),, ,%*5$,2 ;$&+:&%(., ( +&-

,.%*+*'%+*&$(&, -,/*+*$&$(& +,3(*,.%()$6/ *%/*3*), , %,.<& 4+*)&3&-

$(& ,%*5$6/ )-+6)*) 5(+$*:* ( )*&$$*:* /,+,.%&+, 4+()&0( . .+=4$*-

5,'7%,8$*5= )68+*'= 3*0:*<()=>(/ +,3(*(-*%*4*) ?&-(2 ) ;.*'('%&-

56. @,(8*0&& *4,'$65 ) ;.*0*:(9&'.*5 ,'4&.%& -,:+2-$(%&0&5 

2)02&%'2 (-*%*4 ?&-(1-137, .*%*+61 *%$*'2% . «:0*8,0A$65» +,3(*-

$=.0(3,5, 3*)*0A$* 86'%+* +,'4+*'%+,$2B>(5'2 ) 8(*'C&+&. D$*:*-

9('0&$$6& (''0&3*),$(2 [1] =.,-6),B% $, %*, 9%* '4*'*8$*'%A . ,..=-

5=02?(( ?&-(2 *8$,+=<(),&%'2 4+,.%(9&'.( = )'&/ <()6/ *+:,$(-5*). 

!,)$* (-)&'%$*, 9%* +,3(*$=.0(36 ( %2<&06& 5&%,006, $,/*32-

>(&'2 ) 4*9)&, )*3& ( )*-3=/&, ,..=5=0(+=B%'2 +,'%&$(25(, , -,%&5 4* 

4(>&)65 ?&425 5*:=% 4*'%=4,%A ) *+:,$(-56 9&0*)&., (0( <()*%$6/, 

9%* $&:,%()$* )0(2&% $, (/ <(-$&3&2%&0A$*'%A ( -3*+*)A& [2]. @* '4*-

'*8$*'%A $&.*%*+6/ +,'%&$(1 ( $(-7(/ 5*+'.(/ <()*%$6/ 4*:0*>,%A 

+,3(*,.%()$6& ;0&5&$%6, 5*<&% 86%A ('4*0A-*),$, 302 4*0=9&$(2 

8(*'*+8&$%*), 4*-)*02B>(/ 4+*)*3(%A *9('%.= ( (-)0&9&$(& +,3(*-

$=.0(3*) ( %2<&06/ 5&%,00*) (- )*3$6/ '+&3.  
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#-)&'%$6& ) $,'%*2>&& )+&52 $&*+:,$(9&'.(& '*+8&$%6 $, *'$*)& 

C&++*?(,$(3*) 4&+&/*3$6/ 5&%,00*) *80,3,B% )6'*.*1 '*+8?(*$$*1 

&5.*'%AB ( (-8(+,%&0A$*'%AB 4* *%$*7&$(B . (*$,5 ?&-(2 [3,4]. @&-

3*'%,%.*5 3,$$6/ '*+8&$%*) 2)02&%'2 (/ 3*+*:*)(-$, ( '0*<$,2 %&/$*-

0*:(2 4*0=9&$(2. "+*5& %*:*, 3,0&.* $& )'& *$( 5*:=% 86%A ('4*0A-*),-

$6 302 3&%*.'(.,?(( *+:,$(-5, <()*%$6/ ( 9&0*)&., 4+( (/ +,3(*/(-

5(9&'.*5 -,+,<&$((. E ')2-( ' ;%(5 ,.%=,0A$* 4*0=9&$(& 8(*'*+8&$%*) 

$, *'$*)& $&%*.'(9$6/ 4+(+*3$6/ $*'(%&0&1, .*%*+6& 4* ')*(5 '*+8-

?(*$$65 ')*1'%),5 4+(80(<,0('A 86 . (-)&'%$65 $&*+:,$(9&'.(5 '*+-

8&$%,5. E 3,$$*1 +,8*%& ) .,9&'%)& $*'(%&02 860( ('4*0A-*),$6 5*+-

'.(& )*3*+*'0(, .*%*+6& '4*'*8$6 ;CC&.%()$* 4*:0*>,%A (*$6 5&%,0-

0*) (- +,3(*,.%()$6/ +,'%)*+*). F,''5*%+&$, )*-5*<$*'%A 4*0=9&$(2 

'&0&.%()$*:* '*+8&$%, $, *'$*)& 5*+'.(/ )*3*+*'0&1 4=%&5 (/ *8+,8*%-

.( /(5(9&'.(5( +&,:&$%,5(, 9%* 4*-)*02&% 5*3(C(?(+*),%A '*+8?(*$-

$6& ')*1'%), 8(*5,%&+(,0,, -, '9&% *8+,-*),$(2 .*54*-(%,. 

G+( '*-3,$(( .*54*-(?(*$$*:* 8(*5,%&+(,0, 860( (''0&3*),$6 

%,.<& ($3()(3=,0A$6& .*54*$&$%6, ))*3(56& ) &:* '*'%,).  

#-=9&$(& '*+8?(*$$6/ ')*1'%) 8=+6/ )*3*+*'0&1, .,. .*54*$&$%, 

8(*'*+8&$%,, 4*.,-,0*, 9%* ?('%*-(+, '4*'*8$, 4*:0*>,%A ?&-(1 (- +,'%)*-

+*) -, '9&% +,-0(9$6/ C=$.?(*$,0A$6/ :+=44: .,+8*.'(0A$6/ ) ,0A:($*-

)6/ .('0*%,/ ( '=0AC*:+=44 ) '=0AC,%(+*),$$6/ 5=.*4*0(',/,+(3,/ [5,6].  

#-=9&$6 '*+8?(*$$6& ')*1'%), 4* *%$*7&$(B . (*$,5 ?&-(2 )*-

3*+*'0&1 +*3, Cystoseira +,-$6/ )(3*): Cystoseira crinita, Cystoseira Er-

ica ( Cystoseira barbata. G*0$,2 3($,5(9&'.,2 *85&$$,2 &5.*'%A 302 

$(/ '*'%,)(0, 0,305; 0,210; 0,478 55*0A Cs/: '*+8&$%,, '**%)&%'%)&$$*. 

#- ;%*:* '0&3=&%, 9%* $,(8*0&& ;CC&.%()$,2 '*+8?(2 (*$*) ?&-(2 4+*-

('/*3(% $, )*3*+*'02/ )(3, Cystoseira barbata.  

E 3,0A$&17&5 ) .,9&'%)& *'$*)6 302 8(*'*+8&$%*) 860, )-2%, 

Cystoseira barbata. !02 4*0=9&$(2 .*54*-(?(*$$6/ 8(*'*+8&$%*) 5*+-

'.(& )*3*+*'0( 860( 4+&3),+(%&0A$* )6'=7&$6 $, )*-3=/& ( *8+,8*-

%,$6 0,1 D +,'%)*+,5( $(%+,%*) $(.&02, ?($., (0( 5&3( 4+( 4*'%*2$-

$*5 4&+&5&7(),$(( ) %&9&$(& 18 9. G*'0& 4+*56),$(2 3('%(00(+*),$-

$*1 )*3*1, $,'6>&$$6& (*$,5( 5&%,00, )*3*+*'0( )63&+<(),0( 

) +,'%)*+& C&++*?(,$(3, .,0(2 ) %&9&$(& '=%*.. G+*('/*3(0* *8+,-*-

),$(& C&++*?(,$(3, '**%)&%'%)=B>&:* 5&%,00,. "*54*-(%6, '*3&+<,-

>(& )*3*+*'0( ( C&++*?(,$(36 5&%,00*), 4+*560( 3('%(00(+*),$$*1 

)*3*1, )6'=7(0( $, )*-3=/& ( *%*8+,0( +,8*9=B C+,.?(B ' +,-5&+*5 

9,'%(? 1–2 55. E (%*:& 860( 4*0=9&$6 %+( )(3, 8(*'*+8&$%*) 

Ni–HIJ–)*3*+*'0(, Zn–HIJ–)*3*+*'0(, Cu–HIJ–)*3*+*'0(. 
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!02 4*0=9&$$6/ *8+,-?*) '*+8&$%*) 860( '$2%6 #"-'4&.%+6. 

#'4*0A-*),0( #"–C=+A&-'4&.%+*5&%+ 5,+.( Nicole+380. @,0(9(& 4*-

0*'6 4*:0*>&$(2 K 2100 '5
–1

 :*)*+(% * $,0(9(( ) .*54*-(?(*$$*5 

8(*'*+8&$%& C&++*?(,$(3$*1 C,-6 (+('. 1).  

  

! 1 

 
. 

F('. 1. #"–'4&.%+6 302 Cu–HIJ–)*3*+*'0( (!), Zn–HIJ–)*3*+*'0( (1),  

Ni–HIJ–)*3*+*'0( (.)  

#''0&3*),$(& '*+8?(*$$6/ ')*1'%) 4*0=9&$$6/ 8(*'*+8&$%*) 

$, *'$*)& 5*+'.(/ )*3*+*'0&1 ( HIJ 4&+&/*3$6/ 5&%,00*) 4+*)*3(0( 

) 3($,5(9&'.*5 +&<(5&. !02 ;%*:* 9&+&- .*0*$.= (d)$=% = 1,3 '5), -,-

4*0$&$$=B 1 : '*+8&$%,, 4+*4='.,0( 1 5D +,'%)*+ $(%+,%, ?&-(2 

'* '.*+*'%AB 1,5 '5/5($. F,'%)*+ $, )6/*3& (- .*0*$.( ,$,0(-(+*),0( 

$, ,%*5$*-,8'*+8?(*$$*5 '4&.%+*5&%+& 5,+.( iCE3500. @, *'$*),$(( 

;.'4&+(5&$%,0A$6/ 3,$$6/ 860( 4*'%+*&$6 )6/*3$6& .+()6& '*+8-

?(( ?&-(2 (+('. 2).  

E*0$*)*& 9('0* ('5-1) 

E*0$*)*& 9('0* ('5-1)

E*0$*)*& 9('0* ('5-1) 

G
+
*
4
=
'.
,$
(
& 

G
+
*
4
=
'.
,$
(
& 

G
+
*
4
=
'.
,$
(
& 
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F('. 2. E6/*3$6& .+()6& '*+8?(( ?&-(2 '*+8&$%,5(  

$, *'$*)& 5*+'.(/ )*3*+*'0&1 

@, *'$*),$(( )6/*3$6/ .+()6/ 860( *4+&3&0&$6 4*0$6& 3($,-

5(9&'.(& *85&$$6& &5.*'%( (G!IL) 8(*'*+8&$%*) (55*0A ?&-(2/: '*+-

8&$%,):  

)*3*+*'0( ................................0,48±0,02 

Cu–HIJ–)*3*+*'0(...............0,89±0,04 

Zn–HIJ–)*3*+*'0( ...............0,79±0,03 

Ni–HIJ–)*3*+*'0( ...............0,71±0,02 

G*0=9&$$6& +&-=0A%,%6 4*.,-,0(, 9%* 8(*'*+8&$%6 $, *'$*)& 

5*+'.(/ )*3*+*'0&1 ( C&++*?(,$(3*) 0(7A $&-$,9(%&0A$* ='%=4,B% 

4* '*+8?(*$$*1 &5.*'%( (-)&'%$65 )(3,5 $&*+:,$(9&'.(/ '*+8&$%*) 

$, *'$*)& HIJ 4&+&/*3$6/ 5&%,00*), $* 4+( ;%*5 *%0(9,B%'2 *% $(/ 

4+*'%*%*1 5&%*3(.( 4+(:*%*)0&$(2. 

I%0(9(%&0A$*1 *'*8&$$*'%AB C&++*?(,$(3$6/ '*+8&$%*) 2)02-

&%'2 (/ )6'*.,2 '&0&.%()$*'%A 4* *%$*7&$(B . (*$,5 ?&-(2. !02 *?&$-

.( '&0&.%()$*'%( 4*0=9&$$6/ 8(*'*+8&$%*) $, *'$*)& 5*+'.(/ )*3*-

+*'0&1 ( C&++*?(,$(3*) 860( (-=9&$6 -,)('(5*'%( '%&4&$( (-)0&9&-

$(2 (5( (*$*) ?&-(2 (- +,'%)*+*) ' +,-$65 '*3&+<,$(&5 (*$*) .,0(2 

( $,%+(2, .*%*+6& .*$.=+(+=B% ' (*$,5( ?&-(2 4+( '*+8?((. G*0=9&$-

$6& +&-=0A%,%6 4+()&3&$6 $, +('. 3. 

M=32 4* 4*0=9&$$65 -,)('(5*'%25 ('5. +('. 3), '%&4&$A (-)0&9&-

$(2 ?&-(2 (- +,'%)*+, *8+,-?,5( 8(*'*+8&$%*) Ni–HIJ–)*3*+*'0(,  

Zn–HIJ–)*3*+*'0(, Mu–HIJ–)*3*+*'0( $,9($,&% '$(<,%A'2, .*:3, 

('/*3$,2 .*$?&$%+,?(2 .,0(2 4+&)67,&% ('/*3$=B .*$?&$%+,?(B ?&-

V, 50 

Ni–HIJ–)*3*+*'0( 

Zn–HIJ–)*3*+*'0( 

Cu–HIJ–)*3*+*'0( 

)*3*+*'0( 
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-(2 (0,001 D) 4+(5&+$* ) 40 +,-. N%* ')(3&%&0A'%)=&% * 3*'%,%*9$* )6-

'*.*1 '&0&.%()$*'%( .*54*-(?(*$$6/ 8(*'*+8&$%*) . ?&-(B. O('%6& 

)*3*+*'0( %,.*1 '&0&.%()$*'%AB $& *80,3,B%. M%&4&$A (-)0&9&$(2 ?&-

-(2 (- +,'%)*+*) 4+( '*+8?(( $, *8+,-?,/ $&*8+,8*%,$$6/ )*3*+*'0&1 

'$(<,&%'2 4* 5&+& =)&0(9&$(2 '**%$*7&$(2 K
+
/Cs

+
 ) +,'%)*+&. P$,0*-

:(9$,2 -,)('(5*'%A 4*0=9&$, ( 302 (*$*) $,%+(2, /*%2 &:* )0(2$(& $&-

'.*0A.* '0,8&&, 9&5 (*$*) .,0(2. 

 
F('. 3. Q,)('(5*'%A '%&4&$( (-)0&9&$(2 ?&-(2 *8+,-?,5( 8(*'*+8&$%*)  

*% .*$?&$%+,?(( (*$*) .,0(2  

R,.(5 *8+,-*5, '*-3,$(& .*54*-(?(*$$6/ 8(*'*+8&$%*) 4*-)*-

0(0* 4*)6'(%A '&0&.%()$*'%A (-)0&9&$(2 (*$*) ?&-(2 (- )*3$6/ +,'-

%)*+*) 4* '+,)$&$(B ' 9('%65( )*3*+*'025(.  

F,)$*)&'$6& /,+,.%&+('%(.( '($%&-(+*),$$6/ 8(*'*+8&$%*) 

(-=9,0( ) '%,%(9&'.(/ ='0*)(2/. "($&%(9&'.(& .+()6& '*+8?(( ?&-(2 

860( 4*'%+*&$6 ) ($%&+),0& )+&5&$( *% 5 5($ 3* 2 9. "*$?&$%+,?(B 

?&-(2 ) C(0A%+,%& *4+&3&020( $, ,%*5$*-,8'*+8?(*$$*5 '4&.%+*5&%+& 

5,+.( iCE3500 4+( 30($& )*0$6 852,1 $5 (+('. 4). 

 

F('. 4. "($&%(9&'.(& .+()6& '*+8?(( ?&-(2 

M
%&
4
&$
A
 (
-)
0
&9
&$
(
2
 

A
, 
: 
'*
+
8
&$
%,

 

t, 5($ 

)*3*+*'0( 

Cu–HIJ–)*3*+*'0( 

Zn–HIJ–)*3*+*'0( 

Ni–HIJ–)*3*+*'0( 

)*3*+*'0( 

Cu–HIJ–)*3*+*'0( 

Zn–HIJ–)*3*+*'0( 

Ni–HIJ–)*3*+*'0( 
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"($&%(9&'.(& .+()6& '*+8?(( 4*.,-6),B%, 9%* +,)$*)&'(& ) 

'('%&5& '*+8&$%–+,'%)*+ ='%,$,)0(),&%'2 ) %&9&$(& 4&+)6/ 5–10 5($, 

9%* :*)*+(% * )6'*.*1 '.*+*'%( '*+8?(*$$*:* 4+*?&'',.  

!02 4*0=9&$$6/ *8+,-?*) 8(*'*+8&$%*) 860( '$2%6 (-*%&+56 

,3'*+8?((. @, +('. 5 4+&3'%,)0&$6 (-*%&+56 '*+8?(( ) .**+3($,%,/ 

0($&1$*1 C*+56 =+,)$&$(2 S&$:5B+,.  

 

F('. 5. #-*%&+56 '*+8?(( ) .**+3($,%,/ 0($&1$*1 C*+56 =+,)$&$(2 

S&$:5B+, 

#-*%&+56 '*+8?(( ) 0($&,+(-*),$$*5 )(3& 4*-)*02B% *4+&3&-

0(%A 4,+,5&%+6 =+,)$&$(2 S&$:5B+, Amax ( b: 

,
1111

maxmax ACbAA
 !

!
"  

:3& Amax – &5.*'%A 4+( $,'6>&$(( (5:Cs+/:); b – .*$'%,$%,, /,+,.%&+(-

-=B>,2 '+*3'%)* '*+8&$%, . '*+8%()=. 

Q$,9&$(2 4,+,5&%+*) =+,)$&$(2 S&$:5B+, 4+&3'%,)0&$6 ) %,8-

0(?&. 

 !"#$%"$& '(%)"*"+, -*"./0(% 

M*+8&$% Amax, 5: ?&-(2/: '*+8&$%, b·100 

E*3*+*'0( 69,0 1,6 

Cu–HIJ–)*3*+*'0( 122,0 6,4 

Zn–HIJ–)*3*+*'0( 105,3 6,3 

Ni–HIJ–)*3*+*'0( 96,2 6,0 

1/C, 0/5: Ms 

1
/A

, 
: 
'*
+
8
&$
%,

/5
: 

C
s 

)*3*+*'0( 

Cu–HIJ–)*3*+*'0( 

Zn–HIJ–)*3*+*'0( 

Ni–HIJ–)*3*+*'0( 
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G*0=9&$$6& 8(*'*+8&$%6 /,+,.%&+(-=B%'2 )6'*.(5( -$,9&$(2-

5( .*;CC(?(&$%*) Amax ( b (4,+,5&%+6 =+,)$&$(2 S&$:5B+,) ) '+,)$&-

$(( ' )*3*+*'025(, $& 4*3)&+:,)7(5('2 *8+,8*%.&. G+( ;%*5 '+&3( 

4*0=9&$$6/ 8(*'*+8&$%*) *8+,-&? Cu–HIJ–)*3*+*'0( *80,3,&% 5,.-

'(5,0A$65( -$,9&$(25( 4,+,5&%+*) Amax = 122,0 5: ?&-(2/: '*+8&$%, 

( b = 0,06. L:* 4+,.%(9&'.*& 4+(5&$&$(& 4+&3'%,)02&%'2 $,(8*0&& ?&-

0&'**8+,-$65.  

R,.(5 *8+,-*5, 4*0=9&$ .*54*-(?(*$$61 8(*'*+8&$%, (5&B>(1 

) ')*&5 '*'%,)& $&%*.'(9$6& .*54*$&$%6, 302 *9('%.( )*36 *% (*$*) 

?&-(2. I$ 4+(:*%*)0&$ $, *'$*)& 5*+'.(/ )*3*+*'0&1 )(3, Cystoseira 

barbata ( C&++*?(,$(3, 4&+&/*3$*:* 5&%,00,, *80,3,&% )6'*.*1 '*+8-

?(*$$*1 &5.*'%AB ( '&0&.%()$*'%AB 4* *%$*7&$(B . ?&-(B ) 4+('=%-

'%)(( (*$*) .,0(2 ( $,%+(2. G*0=9&$$61 .*54*-(?(*$$61 8(*'*+8&$% 

5*<&% 86%A +&.*5&$3*),$ 302 *9('%.( 4(%A&)*1 )*36 ) 5&'%,/ )*--

5*<$6/ -,:+2-$&$(1 *.+=<,B>&1 '+&36 +,3(*$=.0(3,5( ?&-(2. 
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