
 !"#$%&'()"*+,"-&./,0+#)0-1234&"*'5*$46*&-

Zakład Technologii i Technik Malarskich UMK

Wybrane rodzaje żółtych, brązowych 
i czerwonych laków organicznych  
– wstępna metodyka badawcza
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-2%>&P"7"510A&.+,3"5&8*&3'8'#$'&%$5+*:5*.*-"@*&.+/".+*-'8/*#*&#'&
.*8:)'-$"& -2#$5,-& Z(*+":1"#10$& G'+3& -& .+*%$"#$*-'#$(& "%$)*-'#2%&
.+/"/&7'%.2&T[>&R3*5&'#'7$/2&/%$'#&5*7*+2:)21/#21;&/-+,1*#*&(-'@A&
%$A8/2&$##2%$&#'&)'5$"&.'+'%")+2<&0'5&/$'+#$:)*6F&*+'/&:$4'&5+21$'&G'+32>

Przykłady laków o barwie brązowej

Aloes drzewiasty (Aloë arborescens Mill.)

& =>& &J'5&#'&:(3:)+'1$"&@$.:*-2%&`'PR
X&
s&Nd

N
Rh

J'5&'7*":(&(/2:5'#2&/'&.*%*1 &.$"+-:/"0&%")*82&%'&.*:)'F&8+*39
#"@*&.+*:/5(&*&3'+-$"&3"!*-*3+ /*-"0>&]"&-/@7A8(&#'&8+*3# &1/ :)"1/9
5A&7'5&8*3+/"&(1$"+'&:$A&:.*$-"%&*7"0#2%<&8'0 1&0"8#*7$) &3+ /*- &G'+3A>&
J'5&-2%$":/'#2&/"&:.*$-"%&#'#*:$&:$A&8*3+/"&-&0"8#*7$)"0&)+'#:.'+"#)9
#"0&-'+:)-$"<&3"/&@+(8"5&$&I'@7*%"+'),-K&7'5(>&V*7*+&7':"+(#5(&#'&#"(9
)+'7#2%&j&:/'+2%&j&.*8%'7*-'#$(&)*&1$".42&3+ /&o$7>&W'p>&b*8&-.42-"%&
.+*%$"#$*-'#$'&(7)+'D*7")*-"@*&.*-4*5$&(/2:5'#"&/'&.*%*1 &G'+3&*7"09
#*9!2-$1/#21;& -25'/(0 & 7"55 & Z(*+":1"#10A& *& *81$"#$(& %7"1/#*!,4)'9
-2%&o$7>&W3p>&P.*$-*&*7"0#"&*+'/&!2-$1/#"&-2@':/'&Z(*+":1"#10A&.*-4*5>&
Y&5*7*+*-"0&.*81/"+-$"#$&.*-4*5$& (/2:5'#"& /'&.*%*1 & G'+3&#'&3'/$"&
7'5(&'7*":(&8+/"-$':)"@*&.+/20%(0 &/'3'+-$"#$"&!,4)*(@+*-"&o$7>&W1p>

H7>&W'>&J'5&'7*":(&#'&:(3:)+'1$"&`'PR
X&
s&Nd

N
R&/"&:.*$-'%$h&*7"0#2%<&*7"0#*9!2-$1/#2%&

oNsp&*+'/&!2-$1/#2%&-&6-$")7"&-$8/$'7#2%&oG*)>&E>&P5*-+*M:5$p

H7>&W3>&J'5&'7*":(&#'&:(3:)+'1$"&`'PR
X&
s&Nd

N
R&/"&:.*$-'%$h&*7"0#2%<&*7"0#*9!2-$1/#2%&

oNsp&*+'/&!2-$1/#2%&-&(7)+'D*7"1$"&oG*)>&E>&P5*-+*M:5$p
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H7>&W1>&J'5&'7*":(&#'&:(3:)+'1$"&`'PR
X&
s&Nd

N
R&/"&:.*$-'%$h&*7"0#2%<&*7"0#*9!2-$1/#2%&

oNsp&*+'/&!2-$1/#2%&-&5*7*+*-"0&.*81/"+-$"#$&oG*)>&E>&`(.'<&Q>&a*@,!p

b*#$!"0&/":)'-$*#*&/80A1$'&.+/"5+*0(&.+,35$&7'5(&'7*":(&*:'8/*#"@*&
#'&`'PR

X&
s&Nd

N
R&/"&:.*$-"%&*7"0#2%&-&6-$")7"&-$8/$'7#2%&*+'/&-&T[>&

`2G+ &N&*/#'1/*#*&-'+:)-A&.*8%'7*-'#$'&/&3$"7$&*4*-$*-"0<&5),+'&.*8&
-.42-"%&.+*%$"#$*-'#$'&(7)+'D*7")*-"@*&/%$"#$'&3'+-A&#'&:/'+ >&`29
G+ &W&*/#'1/*#*&-'+:)-A&7'5(&/"&:.*$-"%&*7"0#2%>&_'+3'&#'&3'/$"&7'5(&
'7*":(&*:'8/*#"@*&#'&:(3:)+'1$"&@$.:*-2%&#$"&-25'/(0"&-2+'f#"0&Z(*+"9
:1"#10$&.*8&-.42-"%&T[&o$7>&X3p>

'p& & & & &&&&&&&&&&3p

     

H7>&X'&$&X3>&b+/"5+,0&.*.+/"1/#2&.+,35$&3'+-#$5'&'7*":(&8+/"-$':)"@*&*:'8/*#"@*&#'&@$.9
:$"&-&6-$")7"&-$8/$'7#2%&o.*&7"-"0p&$&T[&o.*&.+'-"0p<&.*-$A5:/"#$"&\OOs&oG*)>&]>&a*/9
4(15'p&

& N>& J'5&#'&:(3:)+'1$"&b3PR
X
h

J'5& '7*":(& *:'8/*#"@*& #'& b3PR
X
& %'& .*:)'F& 8+*3#"@*& .+*:/5(&

*&/#'1/#$"& 0'6#$"0:/"0<&1$".4*+,!*-"0&3'+-$">&b*8*3#$"&0'5&7'5&*:'8/*#2&
#'& @$.:$"<& 8*3+/"& (1$"+'& :$A& /"& :.*$-"%&*7"0#2%>&Y&/'7"!#*61$& *8& :)*9
:(#5(& 7'5(&8*& :.*$-'& G'+3A&*&3'+-$"&%7"1/#*+,!*-"0&%*!#'&#'54'8'F&
-&-'+:)-'1;&7':"+(#5*-21;&7(3&.,45+20 121;&o$7>&\'p>&b*8&-.42-"%&.+*9
%$"#$*-'#$'&(7)+'D*7")*-"@*&G'+32&*7"0#*9!2-$1/#"&-25'/(0 &+*/3$"7*# &
Z(*+":1"#10A>&b*-4*5$&(/2:5'#"&/'&.*%*1 &G'+3&#'&3'/$"&:.*$-'&*7"0#"@*&
*+'/&!2-$1/#"@*&/%$"#$'0 &5*7*+&#'&D*7")*-2&o$7>&\3p>&Y&5*7*+*-"0&.*89
1/"+-$"#$&.*-4*5$&.+/20%(0 &/'3'+-$"#$"&/$"7*#5'-*!,4)"&o$7>&\1p>
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H7>&\'>&J'5&'7*":(&#'&:(3:)+'1$"&b3PR
X
&/"&:.*$-'%$h&*7"0#2%<&*7"0#*9!2-$1/#2%&oNsp&*+'/&

!2-$1/#2%&-&6-$")7"&-$8/$'7#2%&oG*)>&E>&P5*-+*M:5$p

H7>&\3>&J'5&'7*":(&#'&:(3:)+'1$"&b3PR
X
&/"&:.*$-'%$h&*7"0#2%<&*7"0#*9!2-$1/#2%&oNsp&*+'/&

!2-$1/#2%&-&(7)+'D*7"1$"&oG*)>&E>&P5*-+*M:5$p

H7>&\1>&J'5&'7*":(&#'&:(3:)+'1$"&b3PR
X
&/"&:.*$-'%$h&*7"0#2%<&*7"0#*9!2-$1/#2%&oNsp&*+'/&

!2-$1/#2%&-&5*7*+*-"0&.*81/"+-$"#$&oG*)>&E>&`(.'<&Q>&a*@,!p

Y&.*#$!:/2%&/":)'-$"#$(&.+/"5+*0,-&.+,3"5&G'+32&*7"0#"0&#'&3'/$"&
7'5(&'7*":(&8+/"-$':)"@*&-&6-$")7"&-$8/$'7#2%&*+'/&-&(7)+'D*7"1$"&12G+ &
=&*/#'1/*#*&/'.+'-A&5+"8*-*957"0*- <&N'& $& N3&j&8-(-'+:)-*-"&:/'+"&
j& I"#& u+$:'$77*-"K& j& .*8%'7*-'#$"& /& 3$"7$& *4*-$*-"0& $& 1/"+#$& +*67$##"0&
*+'/&12G+ &W&j&7'5&-&:.*$-$"&*7"0#2%>&B'&G*)*@+'D'1;&.+/"5+*0(&.+,35$&
-&T[& 0":)& /'(-'!'7#'&-2+'f#'& Z(*+":1"#10'& 7'5(& #'& :(3:)+'1$"& b3PR

X
 

*&3'+-$"&!,4)"0&$&*81$"#$(&37'8*+,!*-2%&o$7>&^3<&c3p>

'p& & & & &&&&&&&&&&&3p

    

H7>& ^'& $& ^3>& b+/"5+,0& .*.+/"1/#2& .+,35$& 3'+-#$5'& *+@'#$1/#"@*& /& '7*":(& *:'8/*#"@*&
#'&b3PR

X
&-& 6-$")7"&-$8/$'7#2%& o.*& 7"-"0p& $&T[& o.*&.+'-"0p<&.*-$A5:/"#$"&N\Os& oG*)>&

]>&a*/4(15'p
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'p& & & & &&&&&&&&&&&3p

    

H7>&c'&$&c3>&b+/"5+,0&.*.+/"1/#2&.+,35$&3'+-#$5'&*+@'#$1/#"@*&/&'7*":(&*:'8/*#"@*&#'
 

b3PR
X
&-&6-$")7"&-$8/$'7#2%&o.*&7"-"0p&$&T[&o.*&.+'-"0p<

 
.*-$A5:/"#$"&\OOs&oG*)>&]>&a*/9

4(15'p

& W>  J'5&#'&:(3:)+'1$"&E7oRdp
W&
o*)+/2%'#2&%")*8 &#+&W<&.+/"/&/*3*0A)9

#$"#$"&.*)'!"%&+*/)-*+(&'4(#(ph
J'5&*:'8/*#2&#'&E7oRdp

W
&%'&.*:)'F&3+ /*-"@*&.+*:/5(&*&-$A59

:/"0&/$'+#$:)*61$&#$!&.+*8(5)2&*)+/2%'#"&/'&.*%*1 &8-,1;&-1/"6#$"09
:/21;&%")*8>&e'+-'& 7'5(& 0":)& /37$!*#'&8*&5*7*+(& '7*":(&#'& :(3:)+'1$"&
`'PR

X&
s&Nd

N
R<&%$%*&!"&0":)&-2+'f#$"&1$"%#$"0:/'&$&1;4*8#$"0:/'>&J'5&

)"#&-2%'@'&84(@*)+-'4"@*&(1$"+'#$'&/"&:.*$-"%<&1*&$&)'5&#$"&8'0"&."-9
#*61$& (/2:5'#$'& 0"8#*7$)"0& .*-4*5$& G'+32& #'& .*84*!(>& _'+32& #'& 3'/$"&
7'5(&'7*":(&#'&:(3:)+'1$"&E7oRdp

W&
8'0 &.*-4*5$&7':"+(#5*-"&*&-2+'f#$"&

/$'+#$:)"0&G'5)(+/"&o$7>&q'p>&Y&.+*%$"#$*-'#$(&(7)+'D*7")*-2%&.*-4*5$&
*)+/2%'#"&/'&.*%*1 &G'+3&#'&3'/$"&:.*$-&*7"0#*9!2-$1/#21;&-25'/(0 &
Z(*+":1"#10A&*&*81$"#$(&!,4)'-2%>&P.*$-*&*7"0#"&*+'/&!2-$1/#"&.*-*9
8(0"&-2@':/"#$"&Z(*+":1"#10$&o$7>&q3p>&Y&5*7*+*-"0&.*81/"+-$"#$&.*-4*9
5$&(/2:5'#"&/'&.*%*1 &G'+3&#'&3'/$"&7'5(&'7*":(&.+/20%(0 &/'3'+-$"#$"&
!,4)*(@+*-"&o$7>&q1p>

H7>&q'>&J'5&'7*":(&#'& :(3:)+'1$"&E7oRdp
W&
/"&:.*$-'%$h&*7"0#2%<&*7"0#*9!2-$1/#2%&oNsp&

*+'/&!2-$1/#2%&-&6-$")7"&-$8/$'7#2%&oG*)>&E>&P5*-+*M:5$p
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H7>&q3>&J'5&'7*":(&#'&:(3:)+'1$"&E7oRdp
W&
/"&:.*$-'%$h&*7"0#2%<&*7"0#*9!2-$1/#2%&oNsp&

*+'/&!2-$1/#2%&-&(7)+'D*7"1$"&oG*)>&E>&P5*-+*M:5$p

H7>&q1>&J'5&'7*":(&#'& :(3:)+'1$"&E7oRdp
W&
/"& :.*$-'%$h&*7"0#2%<&*7"0#*9!2-$1/#2%&oNsp&

*+'/&!2-$1/#2%&-&5*7*+*-"0&.*81/"+-$"#$&oG*)>&E>&`(.'<&Q>&a*@,!p

Y&.*#$!:/2%&/":)'-$"#$(&/80AF&.+/"5+*0(&.*.+/"1/#"@*&.+,35$&G'+9
32&*7"0#"0&#'&3'/$"& 7'5(&'7*":(&#'&:(3:)+'1$"&E7oRdp

W
&-&6-$")7"&-$8/$'79

#2%&$&-&.*81/"+-$"#$&12G+ &N&*/#'1/*#*&.*8%'7*-'#$"&/&3$"7$&*4*-$*9
-"0<&12G+ &W&/'6&-'+:)-A&7'5(&-&:.*$-$"&*7"0#2%>&C+*3$#2&7'5(&-$8*1/#"&
#'&.+/"5+*0(&%'0 &3'+-A&1$".4"@*&3+ /(&-.'8'0 1"@*&-&1/"+-$"M&o$7>&i'p<&
.*8&-.42-"%&.+*%$"#$*-'#$'&T[&Z(*+2/(0 &-&5*7*+/"&1"@7':)*.*%'9
+'M1/*-2%&o$7>&i3p>

'p& & & & &&&&&&&&&&&3p

    

H7>&i'&$&i3>&b+/"5+,0&.*.+/"1/#2&.+,35$&3'+-#$5'&*+@'#$1/#"@*&/&'7*":(&*:'8/*#"@*&#'&
E7oRdp

W
& -& 6-$")7"& -$8/$'7#2%& o.*& 7"-"0p& $& T[& o.*& .+'-"0p<& .*-$A5:/"#$"& N\Os& oG*)>&

]>&a*/4(15'p
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& X>& &J'5&#'&:(3:)+'1$"&E7oRdp
W&
o*)+/2%'#2&%")*8 &#+&X<&.+/"/&/*3*0A)9

#$"#$"&'4(#"%&+*/)-*+(&.*)'!(ph
J'5&'7*":(&*)+/2%'#2&%")*8 &#+&X&%'&.*:)'F&5+2:)'7$1/#"@*&.+*:/9

5(& *& 3'+-$"& 3+(#')#*1/'+#"0>& J'5&-2%'@'& 84(@*)+-'4"@*& (1$"+'#$'& /"&
:.*$-"%>& _'+3'& (/2:5'#'& #'& 3'/$"& 7'5(& '7*":(&%'& 3'+-A& 1/'+# & $& 8'0"&
#$"0"8#*7$)"&7':"+(#5*-"&.*-4*5$&*&-2+'f#$"&/$'+#$:)"0&G'5)(+/"&o$7>&=O'p>&
Y&.+*%$"#$*-'#$(&(7)+'D*7")*-2%&G'+32&*7"0#*9!2-$1/#"&#'&3'/$"& 7'5(&
-25'/(0 & :(3)"7# <& +*/0'6#$*# <& !,4)'- & Z(*+":1"#10A& o$7>& =O3p>& P.*$-*&
*7"0#"&*+'/&!2-$1/#"&-2@':/'&Z(*+":1"#10A>&Y&5*7*+*-"0&.*81/"+-$"#$&
.*-4*5$&.+/20%(0 &/'3'+-$"#$"&1/"+-*#*3+ /*-"&o$7>&=O1p>

H7>&=O'>&J'5&'7*":(&#'&:(3:)+'1$"&E7oRdp
W&
/"&:.*$-'%$h&*7"0#2%<&*7"0#*9!2-$1/#2%&oNsp&

*+'/&!2-$1/#2%&-&6-$")7"&-$8/$'7#2%&oG*)>&E>&P5*-+*M:5$p

H7>&=O3>&J'5&'7*":(&#'&:(3:)+'1$"&E7oRdp
W&
/"&:.*$-'%$h&*7"0#2%<&*7"0#*9!2-$1/#2%&oNsp&

*+'/&!2-$1/#2%&-&(7)+'D*7"1$"&oG*)>&E>&P5*-+*M:5$p

)+'D*7"1$"&oG*)>&E>&P5*-+*M:5$p

H7>&=O1>&J'5&'7*":(&#'&:(3:)+'1$"&E7oRdp
W&
/"&:.*$-'%$h&*7"0#2%<&*7"0#*9!2-$1/#2%&oNsp&

*+'/&!2-$1/#2%&-&5*7*+*-"0&.*81/"+-$"#$&oG*)>&E>&`(.'<&Q>&a*@,!p
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Wyniki

J'5$&*)+/2%'#"&/&'7*":(&8+/"-$':)"@*&*:'8/*#"@*&#'&+,!#21;&:(3:)+')'1;&
.+/20%(0 &+,!#*+*8#"&/'3'+-$"#$">&]37$!*#2%$&8*&:$"3$"&.*8&-/@7A8"%&
5*7*+2:)21/#2%&7'5'%$&: &.+*8(5)2&*)+/2%'#"&%")*8 &#+&=&o#'&:(3:)+'1$"&
@$.:*-2%&`'PR

X&
s&Nd

N
Rp&$&#+&W& o#'&:(3:)+'1$"&E7oRdp

W
p<&*3'&.*&()'+9

1$(&/"&:.*$-"%&(%*!7$-$'0 &(/2:5'#$"&)+'#:.'+"#)#21;&.*-4*5&*&3'+-$"&
1$".4"@*&3+ /(>&J'5&'7*":(&*:'8/*#"@*&#'&:$'+1/'#$"&*4*-$(&%'&/#'1/9
#$"&0'6#$"0:/ <&+,!*- &3'+-A<&G'+3'&-25'/(0"&:$A&)'5!"&-$A5:/ &:$4 &5+21$'&
#$!&.+*8(5)2&+"'510$&#+&=&$&W>&J'5&*)+/2%'#2&%")*8 &#+&X&o#'&:(3:)+'1$"&
E7oRdp

W
p&%'&3'+-A&1/'+# <&G'+3'&#'&0"@*&3'/$"&%'&0"8#'5&-2+'f#$"0:/ <&

/$'+#$:) & G'5)(+A>& Y:/2:)5$"& 3'8'#"& 7'5$& '7*":(& /'& -20 )5$"%& .+*8(5)(&
*)+/2%'#"@*&-&%")*8/$"&#+&X&/"&-/@7A8(&#'&$#)"+":(0 1 &3'+-A&$&8+*3# &
/$'+#$:)*6F& .+*8(5)(&%*@42&%$"F& /':)*:*-'#$"&-& 8'-#21;&-'+:/)')'1;&
%'7'+:5$1;<&0'5&+,-#$"!&%*@ &32F&-25*+/2:)2-'#"&-:.,41/"6#$">

L'3>&=>& Y.42-&+*8/'0(&:(3:)+')(&$&/':)*:*-'#"@*&:.*$-'&#'&3'+-A&7'5,-&'7*":(&8+/"9
-$':)"@*&-&6-$")7"&-$8/$'7#2%<&(7)+'D*7"1$"&$&-&5*7*+*-"0&.*81/"+-$"#$

 !"#!$%!$#!&'($)!*+$,"-!%'.&%(-, /!"0!$1,02,*'

3+#45"!5 41,'0, 0$60'(5)($0'7&'!)%89
:)+,"(4.(%.;!$$
0$+)5"!:',)(.'(

*,),",0!$1,7.&("0'(<

1 2 3 4 5

=>$?!3@A$
B$CD

2
O

,)(;%( #"E&,0! 08-!4&(%'( FG25,+-",0!

,)(;%,HF80'.&%!$I #"E&,0! FG25!0,#"E&,0! FG25,+-",0!

,)(;%,HF80'.&%!$II #"E&,0! FG25!0,#"E&,0! FG25,+-",0!

F80'.&%( #"E&,0! 08-!4&(%'( FG25,+-",0!

C>$J#3@
4

,)(;%( 9)(.&%,"GF,0! :',)(5,0! &'(),%*!0,FG25!

,)(;%,HF80'.&%!$I 9)(.&%,"GF,0! ",&#'(),%! &'(),%*!0,FG25!

,)(;%,HF80'.&%!$II 9)(.&%,"GF,0! ",&#'(),%! &'(),%*!0,FG25!

F80'.&%( 9)(.&%,"GF,0! :',)(5,0! &'(),%*!0,FG25!
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1 2 3 4 5

K>$L)M@DN
3

M0$"(!*.;'$%"$KN

,)(;%( #"E&,0! 08-!4&(%'( FG25,+-",0!

,)(;%,HF80'.&%!$I #"E&,0! FG25!0,#"E&,0! FG25,+-",0!

,)(;%,HF80'.&%!$II #"E&,0! FG25!0,#"E&,0! FG25,+-",0!

F80'.&%( #"E&,0! 08-!4&(%'( FG25,+-",0!

A>$L)M@DN
3

M0$"(!*.;'$%"$AN

,)(;%( #"+%!5%,.&!"%! 08-!4&(%'( .&("0,%,#"E&,0!

,)(;%,HF80'.&%!$I #"+%!5%,.&!"%! FG25!0! .&("0,%,#"E&,0!

,)(;%,HF80'.&%!$II #"+%!5%,.&!"%! FG25!0! .&("0,%,#"E&,0!

F80'.&%( #"+%!5%,.&!"%! 08-!4&(%'( .&("0,%,#"E&,0!

Wnioski

_'+32& *7"0#*9!2-$1/#"& #'& 3'/$"& 7'5,-& #'& :(3:)+')'1;& `'PR
X&
s& Nd

N
O 

*+'/&#'&*3(&E7oRdp
W
&-25'/(0 &.*8&-.42-"%&.+*%$"#$*-'#$'&(7)+'D*7"9

)*-"@*&!,4)'-*%7"1/# &Z(*+":1"#10A>&Y&.+/2.'85(&.*-4*5&(/2:5'#21;&
.+/2&(!21$(&G'+3&#'&3'/$"&b3PR

X
& 0":)&/'(-'!'7#'&Z(*+":1"#10'&*&0':#"0<&

%7"1/#*3$'4"0&3'+-$">&P.*$-*&*7"0#"&*+'/&!2-$1/#"&.*-*8(0"&-2@':/"#$"&
Z(*+":1"#10$&-"&-:/2:)5$1;&.+/2.'85'1;>&P.*6+,8&.+/"5+*0,-&.*.+/"1/9
#21;&#'0:$7#$"0:/ &Z(*+":1"#10A&-/3(8/*# &.+*%$"#$*-'#$"%&(7)+'D*7"9
)*-2%&-25'/(0"&7'5&*)+/2%'#2&%")*8 &#+&N&o:(3:)+')&b3PR

X
p<&(/2:5(0 1&

3'+-A&!,4)*37'8*+,!*- >&b+*8(5)2&*:'8/*#"&#'&E7oRdp
W
&o-&+"'510$&#+&Wp&

/%$"#$'0 &3'+-A&#'&1"@7':)*.*%'+'M1/*- >&a*8/'0& :.*$-'&#$"&-.42-'&
#'&5*7*+&.*-4*5&-&.*81/"+-$"#$&5*7*+*-"0>&_'+32&#'&3'/$"&7'5,-&*:'9
8/*#21;&#'&`'PR

X&
s&Nd

N
R&*+'/&#'&E7oRdp

W
& o-&+"'510$&#+&Wp&-25'/(0 &

!,4)*(@+*-"&/'3'+-$"#$">&_'+3'&#'&3'/$"&7'5(&#'&:(3:)+'1$"&b3PR
X
&/%$"9

#$'&3'+-A&#'&/$"7*#5'-*!,4) <&#'&E7oRdp
W
&o-&+"'510$&#+&Xp&/'6&#'&1/"+9

-*#*3+ /*- >
Y&-2#$5(& *3:"+-'10$& -& .+*%$"#$*-'#$(& (7)+'D*7")*-2%&#'#$":$*9

#21;& #'& .*8*3+'/$"& 7':"+(#5,-& :)-$"+8/*#*<& !"& 7'5$& #'4*!*#"& -& :.*9
$-'1;& *7"0#*9!2-$1/#21;& -25'/(0 & 3'+8/*& :(3)"7# & Z(*+":1"#10A& 3 8f&

`$ @&8'7:/2&)'3>&=
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#$"&-25'/(0 &0"0&-1'7"<&#')*%$':)&-&.+/2.'85(&:.*$-'&*7"0#"@*&*+'/&!29
-$1/#"@*&0":)&/'(-'!'7#'&/%$'#'&3'+-2&.*-4*5>&]37$!*#'&Z(*+":1"#10'&
:.*$-'&!2-$1/#"@*&8*&*7"0#"@*&.*825)*-'4'&-23,+&:.*$-'&*7"0#"@*&8*&
.+/".+*-'8/"#$'&8'7:/21;&.+,3&/&.*/*:)'42%$&7'5'%$>

Przykłady laków o barwie żółtej

Rezeda żółtawa (Reseda luteola L.)

& =>& &J'5&#'&:(3:)+'1$"&@$.:*-2%&`'PR
X&
s&Nd

N
Rh

J'5$& +"/"82& !,4)'-"0& *)+/2%'#"& /'& .*%*1 &%")*82&#+& =&%'0 & .*9
:)'F&8+*3#"@*<&0':#*!,4)"@*&.+*:/5(>&b+*8(5)&+"'510$&8*3+/"&(1$"+'&:$A&/"&
:.*$-"%<&8'0 1&0"8#*7$) &G'+3A>&J'5&+"/"82&()'+)2&/&*7"0"%&8'0"&.*-4*5$&
)+'#:.'+"#)#"&*&3'+-$"& 0':#*!,4)"0& o$7>& =='p>&Y&.+/2.'85(&/':)*:*-'#$'&
-$A5:/"@*&:)A!"#$'&.+*8(5)(&-&(!2)2%&:.*$-$"&%*!"&32F&/'(-'!'7#"&.*9
0'-$"#$"&:$A&#$"-$"75$"0<&/$'+#$:)"0&G'5)(+2>&_'+3'&*7"0#'&#'&3'/$"&7'5(&.*8&
-.42-"%&.+*%$"#$*-'#$'&(7)+'D*7")*-"@*&-25'/(0"&7"55 &Z(*+":1"#10A&
*&3'+-$"&!,4)'-"0&o$7>&==3p>&Y&5*7*+*-"0&.*81/"+-$"#$&.*-4*5'&.+/20%(0"&
3'+-A&0':#*!,4) &o$7>&==1p>

H7>&=='>&J'5&+"/"82&!,4)'-"0&#'&:(3:)+'1$"&`'PR
X&
s&Nd

N
R&/"&:.*$-"%&*7"0#2%&-&6-$")7"&

-$8/$'7#2%&oG*)>&E>&P5*-+*M:5$p

H7>&==3>&J'5&+"/"82&!,4)'-"0&#'&:(3:)+'1$"&`'PR
X&
s&Nd

N
R&/"&:.*$-"%&*7"0#2%&-&(7)+'D*9

7"1$"&oG*)>&E>&P5*-+*M:5$p
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H7>&==1>&J'5&+"/"82&!,4)'-"0&#'&:(3:)+'1$"&`'PR
X&
s&Nd

N
R&/"&:.*$-"%&*7"0#2%&-&5*7*+*9

-"0&.*81/"+-$"#$&oG*)>&E>&`(.'<&Q>&a*@,!p

& N>& J'5&#'&:(3:)+'1$"&b3PR
X
h

a"/"8'&!,4)'-'&*:'8/*#'&#'&b3PR
X
&%'&3'+-A&0'6#$"0:/ &*8&.+*8(5)(&

*)+/2%'#"@*&/'&.*%*1 &.$"+-:/"0&%")*82<&#$"%'7&-&5*7*+/"&3$"7$&*&*89
1$"#$(&!,4)2%>&_'+3'&*7"0#'&#'&3'/$"&7'5(&8'0"&.*-4*5$&.,45+20 1"&*&3'+9
-$"&%7"1/#"0&o$7>&=N'p>

H7>&=N'>&J'5&+"/"82&!,4)'-"0&#'&:(3:)+'1$"&b3PR
X&
/"&:.*$-"%&*7"0#2%&-&6-$")7"&-$8/$'79

#2%&oG*)>&E>&P5*-+*M:5$p

H7>&=N3>&J'5&+"/"82&!,4)'-"0&#'&:(3:)+'1$"&b3PR
X&
/"&:.*$-"%&*7"0#2%&-&(7)+'D*7"1$"&oG*)>&

E>&P5*-+*M:5$p

H7>&=N1>&J'5&+"/"82&!,4)'-"0&#'&:(3:)+'1$"&`'PR
X&
s&Nd

N
O

 
/"&:.*$-"%&*7"0#2%&-&5*7*+*9

-"0&.*81/"+-$"#$&oG*)>&E>&`(.'<&Q>&a*@,!p

& W>  J'5&#'&:(3:)+'1$"&E7oRdp
W&
o*)+/2%'#2&%")*8 &#+&W<&.+/"/&/*3*0A)9

#$"#$"&.*)'!"%&+*/)-*+(&'4(#(ph
a"/"8'&*:'8/*#'&#'&E7oRdp

W
&%'&.*:)'F&8+*3#"@*&.+*:/5(&*&3'+-$"&

!,4)"0>& _'+3'&*7"0#'&#'&3'/$"& 7'5(&8'0"& $#)"#:2-#$"& !,4)"<& )+'#:.'+"#)#"&
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.*-4*5$&o$7>&=W'p>&U'#5'%"#)"%&G'+32& 0":)&/$'+#$:)'&G'5)(+'<&:/1/"@,7#$"&
-&.+/2.'85(&/':)*:*-'#$'&7'5(&-&-$A5:/2%&:)A!"#$(>&b*8&-.42-"%&.+*9
%$"#$*-'#$'&(7)+'D*7")*-"@*&.*-4*5'&-25'/(0"&Z(*+":1"#10A&*&3'+-$"&
!,4)"0& o$7>& =W3p<& -& 5*7*+*-"0& .*81/"+-$"#$& .+/23$"+'& 3'+-A& 0':#*!,4) &
o$7>&=W1p>

H7>& =W'>&J'5& +"/"82& !,4)'-"0& #'& :(3:)+'1$"&E7oRdp
W&
o%")*8'&#+& Wp

 
/"& :.*$-"%&*7"0#2%&

-&6-$")7"&-$8/$'7#2%&oG*)>&E>&P5*-+*M:5$p

H7>& =W3>&J'5& +"/"82& !,4)'-"0&#'& :(3:)+'1$"&E7oRdp
W&
o%")*8'&#+& Wp

 
/"& :.*$-"%&*7"0#2%&

-&(7)+'D*7"1$"&oG*)>&E>&P5*-+*M:5$p

H7>& =W1>&J'5& +"/"82& !,4)'-"0& #'& :(3:)+'1$"&E7oRdp
W&
o%")*8'&#+& Wp

 
/"& :.*$-"%&*7"0#2%&

-&5*7*+*-"0&.*81/"+-$"#$&oG*)>&E>&`(.'<&Q>&a*@,!p

Y&.*#$!:/2%&/":)'-$"#$(& G*)*@+'D$&.+/"5+*0(&.*.+/"1/#"@*&.+,39
5$& G'+32&#'&3'/$"& 7'5(& +"/"82& !,4)'-"0&*:'8/*#"0& #'&E7oRdp

W
& o-&%")*9

8/$"&#+&Wp&-&6-$")7"&-$8/$'7#2%&*+'/&-&.+*%$"#$*-'#$(&(7)+'D*7")*-2%&
12G+ & =& */#'1/*#*& /'.+'-A& 5+"8*-*957"0*- <& 12G+ & N& j& 8-(-'+:)-*-"&
.*8%'7*-'#$"<&12G+ &W&j& G'+3A&#'&3'/$"& 7'5(>&B'&/80A1$'1;& 0":)&-$8*1/9
#'& -2+'f#'& Z(*+":1"#10'& 7'5(& -/3(8/*#'& .+*%$"#$*-'#$"%& (7)+'D*7"9
)*-2%>&l,4)*/$"7*#5'-'&+"/"8'&*:'8/*#'&#'&E7oRdp

W&
o$7>&=X'p&.+/23$"+'&

.*8&-.42-"%&.+*%$"#$*-'#$'&T[&3'+-A&12)+2#*-*!,4) &o$7>&=X3p>
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'p& & & & &&&&&&&&&&&3p

    

H7>&=X'& $&=X3>&b+/"5+,0&.*.+/"1/#2&.+,35$&3'+-#$5'&*+@'#$1/#"@*&/&+"/"82&!,4)'-"0&#'&
:(3:)+'1$"

 
E7oRdp

W&
o%")*8'&#+&Wp&-&6-$")7"&-$8/$'7#2%&o.*&7"-"0p&$&T[&o.*&.+'-"0p<

 
po9

-$A5:/"#$"&N\Os&oG*)>&]>&a*/4(15'p

& X>& &J'5&#'&:(3:)+'1$"&E7oRdp
W&
o*)+/2%'#2&%")*8 &#+&X<&.+/"/&/*3*0A)9

#$"#$"&'4(#"%&+*/)-*+(&.*)'!(ph
J'5& +"/"82& *:'8/*#2& #'& E7oRdp

W
& /'& .*%*1 & *:)')#$"0& /& %")*8&

.+/20%(0"& 3'+-A& 3"!*-*(@+*- >& J'5&-2%'@'& 84(@*)+-'4"@*& (1$"+'#$'&
/"&:.*$-"%&-&1"7(&+*/3$1$'&-$A5:/21;&8+*3$#&.+*8(5)(>&_'+3'&#'&3'/$"&
7'5(&+"/"82&8'0"&(@+*-"<&)+'#:.'+"#)#"&34*#2&/&-21/(-'7# &/$'+#$:) &G'59
)(+ & o$7>&=\'p>&b*8&-.42-"%&6-$')4'&T[&Z(*+2/(0"&#'&5*7*+&/$"7*#5'-2&
o$7>&=\3p>&Y&5*7*+*-"0&.*81/"+-$"#$&.*-4*5'&.+/23$"+'&3'+-A&0':#*!,4) &
o$7>&=\1p>

H7>& =\'>&J'5& +"/"82& !,4)'-"0& #'& :(3:)+'1$"&E7oRdp
W&
o%")*8'&#+& Xp

 
/"& :.*$-"%&*7"0#2%&

-&6-$")7"&-$8/$'7#2%&oG*)>&E>&P5*-+*M:5$p

H7>& =\3>&J'5& +"/"82& !,4)'-"0&#'& :(3:)+'1$"&E7oRdp
W&
o%")*8'&#+& Xp

 
/"& :.*$-"%&*7"0#2%&

-&(7)+'D*7"1$"&oG*)>&E>&P5*-+*M:5$p
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H7>& =\1>&J'5& +"/"82& !,4)'-"0& #'& :(3:)+'1$"&E7oRdp
W&
o%")*8'&#+& Xp

 
/"& :.*$-"%&*7"0#2%&

-&5*7*+*-"0&.*81/"+-$"#$&oG*)>&E>&`(.'<&Q>&a*@,!p

Wyniki

J'5$&*+@'#$1/#"&/&+"/"82&.+/23$"+'0 &3'+-A&!,4) &*&+,!#2%&:)*.#$(&#':21"9
#$'&.*825)*-'#2%&+*8/'0"%&/':)*:*-'#"@*&:(3:)+')(>&B'0$#)"#:2-#$"0:/ &
3'+-A&%'&7'5&+"/"82&*:'8/*#"0&#'&E7oRdp

W
&o%")*8'&#+&Wp>&b*8&-.42-"%&

(7)+'D*7")(& 0":)& -$8*1/#'&-2+'f#'& Z(*+":1"#10'& )"@*& .+*8(5)(& *& 3'+-$"&
/$"7*#*!,4)"0>& Q'6#$"0:/"& !,41$"#$"& : & (/2:5$-'#"& /& +"/"82& *:'8/*#"0& #'&
`'PR

X&
s&Nd

N
R&*+'/&-&+"'510$&#+&X&o#'&E7oRdp

W
p>&B'00'6#$"0:/ &G'+3A&*&3'+9

-$"&%7"1/#"0&8'0"&7'5&+"/"82&#'&b3PR
X
>&_'+32&#'&3'/$"&.+*8(5),-&+"'510$&

#+&=<&W&$&X&8'0 &.*-4*5$&)+'#:.'+"#)#"&*&/$'+#$:)"0&G'5)(+/"<&1*&%*!"&:)'#*9
-$F&()+(8#$"#$"&-&.+/2.'85(&/':)*:*-'#$'&7'5,-&8*&1"7,-&%'7'+:5$1;>

L'3>&N>&Y.42-&+*8/'0(&:(3:)+')(&#'&3'+-A&G'+3&*7"0#21;&#'&3'/$"&7'5,-&+"/"82&!,4)'-"0&
-&6-$")7"&-$8/$'7#2%<&(7)+'D*7"1$"&$&-&5*7*+*-"0&.*81/"+-$"#$

/!"0!$:!"#8$,)(;%(;

3+#45"!5 0$60'(5)($0'7&'!)%89 :)+,"(4.(%.;!$0$+)5"!:',)(.'( *,),",0!$1,7.&("0'(<

=>$?!3@
A$
B$CD

2
O ;!4%,FG25! FG25! ;!4%,FG25!

C>$J#3@
4

#'!2,FG25! 9)(.&%! #"!*

K>$L)M@DN
3

M0$"(!*.;'$%"$KN
FG25! FG25! ;!4%,FG25!

A>$L)M@DN
3

M0$"(!*.;'$%"$AN
+-",0! &'(),%*!0! ;!4%,FG25!

Wnioski

b*8&-.42-"%&.+*%$"#$*-'#$'&(7)+'D*7")*-"@*&G'+32&*7"0#"&#'&3'/$"&7'5(&
*:'8/*#"@*&#'&`'PR

X&
s&Nd

N
R&Z(*+2/(0 &-&5*7*+/"&!,4)2%>&J'5&+"/"82&

!,4)'-"0&#'&:(3:)+'1$"&E7oRdp
W&
o-&%")*8/$"&#+&Wp&-&T[&/%$"#$'&3'+-A&#'&

$##2&*81$"M&!,41$"#$>&b+,35'&7':"+(#5(&#'&.+/"5+*0(&.*.+/"1/#2%&.+/29
3$"+'&/'3'+-$"#$"&12)+2#*-*!,4)">&b*-4*5'&(/2:5'#'&/'&.*%*1 &G'+32&#'&
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3'/$"&b3PR
X&
Z(*+2/(0"&.*8&-.42-"%&.+*%$"#$*-'#$'&(7)+'D*7")*-"@*&

-&5*7*+/"&%7"1/#*3$'42%<&/&5*7"$&G'+3'&*7"0#'&#'&3'/$"&7'5(&#'&:(3:)+'1$"&
E7oRdp

W&
-&%")*8/$"&#+&X&.+/20%(0"&/$"7*#5'-"&/'3'+-$"#$">&Y&5*7*+*-"0&

.*81/"+-$"#$&G'+32<&/&-20 )5$"%&.+*8(5)(&*:'8/*#"@*&#'&b3PR
X
<&5),+2&

#$"&Z(*+2/(0"<&%'0 &5*7*+&0':#*!,4)2>

Czerwienie

Marzanna barwierska (Rubia tinctorum L.)

& =>& &J'5&#'&:(3:)+'1$"&@$.:*-2%&`'PR
X&
s&Nd

N
Rh

J'5& %'+/'##2& 3'+-$"+:5$"0& *:'8/*#"0& #'& :(3:)+'1$"& @$.:*-2%& %'&
.*:)'F& .+*:/5(&*& 3'+-$"& 1$".4"@*& +,!(>&_'+3'&*7"0#'& #'&3'/$"& 7'5(&8'0"&
)+'#:.'+"#)#"&.*-4*5$&*&3'+-$"&1/"+-*#"0&o$7>&=^'p>&]"&-/@7A8(&#'&-2:*9
5$&:)*.$"M&.+/"/+*1/2:)*61$&7':"+(#5(&G'+3'<&-&1"7(&(/2:5'#$'&$#)"#:2-#"0&
3'+-2<&.*-$##'&32F&#'54'8'#'&-&5$75(&-'+:)-'1;&#'&*8.*-$"8#$*&.+/2@*9
)*-'#"&3'+-#"&.*8%'7*-'#$">&_'+3'&*7"0#'&#'&3'/$"&7'5(&Z(*+2/(0"&.*8&
-.42-"%&.+*%$"#$*-'#$'&T[&#'&5*7*+&%'7$#*-2&o$7>&=^3p>&H#)"#:2-#$"09
:/'&/%$'#'&3'+-2&#':)A.(0"&-&.+/2.'85(&/':)*:*-'#$'&1/"+-*#21;&.*89
%'7*-'M&/&%$#$$&$&12#*3+(>&Y&5*7*+*-"0&.*81/"+-$"#$&.*-4*5'&.+/20%(0"&
/'3'+-$"#$"&!,4)'-"<&/&5*7"$&1/"+-*#"&.*8%'7*-'#$'&:$7#$"&!,4)"&*&*81$"9
#$(&12)+2#*-2%&o$7>&=^1p>

H7>& =^'>& J'5&%'+/'##2& 3'+-$"+:5$"0& #'& :(3:)+'1$"& `'PR
X&
s& Nd

N
O

 
/"& :.*$-"%& *7"0#2%&

-&6-$")7"&-$8/$'7#2%&oG*)>&E>&P5*-+*M:5$p

H7>& =^3>& J'5&%'+/'##2& 3'+-$"+:5$"0& #'& :(3:)+'1$"& `'PR
X&
s& Nd

N
O

 
/"& :.*$-"%& *7"0#2%&

-&(7)+'D*7"1$"&oG*)>&E>&P5*-+*M:5$p
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H7>& =^1>& J'5&%'+/'##2& 3'+-$"+:5$"0& #'& :(3:)+'1$"& `'PR
X&
s& Nd

N
O

 
/"& :.*$-"%& *7"0#2%&

-&5*7*+*-"0&.*81/"+-$"#$&oG*)>&E>&`(.'<&Q>&a*@,!p

Y&.*#$!:/2%&/":)'-$"#$(& G*)*@+'D$&.+/"5+*0(&.*.+/"1/#"@*&.+,39
5$& G'+32&#'&3'/$"& 7'5(&%'+/'##2&3'+-$"+:5$"0&-&6-$")7"&-$8/$'7#2%&*+'/&
-& .+*%$"#$*-'#$(& (7)+'D*7")*-2%& 12G+ & N& */#'1/*#*& )+,0-'+:)-*-"&
.*8%'7*-'#$"&/&%$#$$<&%$":/'#$#2&3$"7$&*4*-$*-"0&/&8*8')5$"%&%$#$$&*+'/&
12#*3+(<&12G+ &W&j&G'+3A&*7"0# &#'&3'/$"&7'5(>&J'5&%'+/'##2&3'+-$"+:5$"0&
*:'8/*#"0&#'&:(3:)+'1$"&@$.:*-2%&o$7>&=c'p&.+/23$"+'&.*8&-.42-"%&.+*9
%$"#$*-'#$'&(7)+'D*7")*-"@*&3'+-A&*+'#!*- &o$7>&=c3p>&

'p& & & & &&&&&&&&&&&3p

    

H7>&=c'&$&=c3>&b+/"5+,0&.*.+/"1/#2&.+,35$&3'+-#$5'&*+@'#$1/#"@*&/&%'+/'##2&3'+-$"+:5$"0&
#'&:(3:)+'1$"&`'PR

X&
s&Nd

N
O

 
-&6-$")7"&-$8/$'7#2%&o.*&7"-"0p&$&T[&o.*&.+'-"0p<

 
.*-$A59

:/"#$"&N\Os&oG*)>&]>&a*/4(15'p

& N>& &J'5&#'&:(3:)+'1$"&b3PR
X
h

J'5&%'+/'##2&3'+-$"+:5$"0&*:'8/*#"0&#'&b3PR
X
&%'&3'+-A&%$#$%'79

#$"&1$"%#$"0:/ &*8&7'5(&#'&:(3:)+'1$"&@$.:*-2%>&_'+3'&#'&3'/$"&7'5(&8'0"&
0"8#*+*8#"<&)+'#:.'+"#)#"&.*-4*5$&*&3'+-$"&+,!*-"0&o$7>&=q'p>&b*8*3#$"&
0'5&-&.+/2.'85(&G'+32&#'&3'/$"& 7'5(&#'&:(3:)+'1$"&`'PR

X&
s&Nd

N
R<&(/29

:5'#"&.*-4*5$&1;'+'5)"+2/(0 &:$A&-2:*5$%&:)*.#$"%&.+/"/+*1/2:)*61$&-29
%'@'0 12%&#'4*!"#$'&7':"+(#5(&-&-$"7(&-'+:)-'1;>&_'+3'&*7"0#'&#'&3'/$"&
7'5(&Z(*+2/(0"&.*8&-.42-"%&.+*%$"#$*-'#$'&(7)+'D*7")*-"@*&#'&5*7*+&
%'7$#*-2&o$7>&=q3p>&Y&5*7*+*-"0&.*81/"+-$"#$&.*-4*5'&.+/20%(0"&/'3'+9
-$"#$"&!,4)'-"&o$7>&=q1p>
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H7>&=q'>&J'5&%'+/'##2&3'+-$"+:5$"0&#'& :(3:)+'1$"&b3PR
X&
/"&:.*$-"%&*7"0#2%&-&6-$")7"&

-$8/$'7#2%&oG*)>&E>&P5*-+*M:5$p

H7>&=q3>&J'5&%'+/'##2&3'+-$"+:5$"0&#'&:(3:)+'1$"&b3PR
X&
/"&:.*$-"%&*7"0#2%&-&(7)+'D*7"9

1$"&oG*)>&E>&P5*-+*M:5$p

H7>&=q1>&J'5&%'+/'##2&3'+-$"+:5$"0&#'&:(3:)+'1$"&b3PR
X&
/"&:.*$-"%&*7"0#2%&-&5*7*+*-"0&

.*81/"+-$"#$&oG*)>&E>&`(.'<&Q>&a*@,!p

 W>& &J'5&#'&:(3:)+'1$"&E7oRdp
W&
o*)+/2%'#2&%")*8 &#+&W<&.+/"/&/*3*0A)9

#$"#$"&.*)'!"%&+*/)-*+(&'4(#(ph
U'+/'##'&*:'8/*#'&#'&E7oRdp

W
&%'&5*7*+&#'037$!:/2&3'+-$"&3'+-#$9

5'&*+@'#$1/#"@*&(/2:5'#"@*& /&%'+/'##2&j& 1/"+-$"#$& '7$/'+2#*-"0>&J'5&
-2%'@'&8*54'8#"@*&()'+1$'&/"& :.*$-"%&*7"0#2%&-&1"7(&(#$5#$A1$'&.*9
0'-$"#$'&:$A&/$'+#$:)"0&G'5)(+2>&_'+3'&8'0"&1/"+-*#"<&7':"+(#5*-"&.*-4*5$&
*&-2:*5$%&:)*.#$(&.+/"/+*1/2:)*61$&o$7>&=i'p>&b*8*3#$"&0'5&-&.+/2.'85(&
G'+3&#'&3'/$"&7'5,-&#'&:(3:)+')'1;&`'PR

X&
s&Nd

N
R&*+'/&b3PR

X
<&7':"+(#5$&

3242&#'54'8'#"&-$"7*5+*)#$">&_'+3'&*7"0#'&#'&3'/$"& 7'5(&Z(*+2/(0"&.*8&
-.42-"%&.+*%$"#$*-'#$'&(7)+'D*7")*-"@*&#'&5*7*+&%'7$#*-2& o$7>&=i3p>&
Y&5*7*+*-"0&.*81/"+-$"#$&.*-4*5'&*7"0#'&.+/20%(0"&/'3'+-$"#$"&!,4)'9
-"&o$7>&=i1p>

H7>&=i'>&J'5&%'+/'##2&3'+-$"+:5$"0&#'&:(3:)+'1$"&E7oRdp
W&
o%")*8'&#+&Wp

 
/"&:.*$-"%&*7"09

#2%&-&6-$")7"&-$8/$'7#2%&oG*)>&E>&P5*-+*M:5$p
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H7>&=i3>&J'5&%'+/'##2&3'+-$"+:5$"0&#'&:(3:)+'1$"&&E7oRdp
W&
o%")*8'&#+&Wp

 
/"&:.*$-"%&*7"09

#2%&-&(7)+'D*7"1$"&oG*)>&E>&P5*-+*M:5$p

H7>&=i1>&J'5&%'+/'##2&3'+-$"+:5$"0&#'&:(3:)+'1$"&&E7oRdp
W&
o%")*8'&#+&Wp&/"&:.*$-"%&*7"09

#2%&-&5*7*+*-"0&.*81/"+-$"#$&oG*)>&E>&`(.'<&Q>&a*@,!p

Y&.*#$!:/2%&/":)'-$"#$(& G*)*@+'D$&.+/"5+*0(&.*.+/"1/#"@*&.+,39
5$& G'+32&#'&3'/$"& 7'5(&%'+/'##2&3'+-$"+:5$"0&-&6-$")7"&-$8/$'7#2%&*+'/&
-&.*81/"+-$"#$&12G+ &=&*/#'1/*#*&/'.+'-A&5+"8*-*957"0*- <&12G+'%$&N'<&
N3&$&N1&j&)+,0-'+:)-*-"&.*8%'7*-'#$"&/&%$#$$<&%$":/'#$#2&3$"7$&*4*-$*9
-"0&/&8*8')5$"%&%$#$$&*+'/&12#*3+(<&12G+ &W&j&G'+3A&#'&3'/$"& 7'5(>&J'5&
%'+/'##2& 3'+-$"+:5$"0& *:'8/*#"0& #'& E7oRdp

W
& .+/23$"+'& .*8& -.42-"%&

.+*%$"#$*-'#$'&(7)+'D*7")*-"@*&3'+-A& +,!*-*.*%'+'M1/*- & o$7>& NO3p>&
B'& .*#$!:/21;& /80A1$'1;& : & -$8*1/#"& 8*8')5*-*& I5+2:/)'42K& 12#*3+(&
Z(*+2/(0 1"&.*8&-.42-"%&T[&#'&5*7*+&-$6#$*-2&o$7>&NO3p>&b*%'+'M1/*9
-'&%$#$'&.+/23$"+'&.*8&-.42-"%&.+*%$"#$*-'#$'&T[&3'+-A&1/"+-*# &
o$7>&NO3p>

    

H7>& NO'& $& NO3>&b+/"5+,0& .*.+/"1/#2&3'+-#$5'&*+@'#$1/#"@*& /&%'+/'##2&3'+-$"+:5$"0& #'&
:(3:)+'1$"&E7oRdp

W&
o%")*8'&#+&Wp

 
-&6-$")7"&-$8/$'7#2%&o.*&7"-"0p&$&T[&o.*&.+'-"0p<

 
po9

-$A5:/"#$"&N\Os&oG*)>&]>&a*/4(15'p
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Wyniki

J'5$& %'+/'##2& 3'+-$"+:5$"0& -& /'7"!#*61$& *8& /':)*:*-'#"@*& :(3:)+')(&
.+/23$"+'0 &3'+-A&*8&+,!*-"0&8*&$#)"#:2-#$"&1/"+-*#"0>&_'+32&#'&3'/$"&
7'5,-&8'0 &0"8#*+*8#"<&)+'#:.'+"#)#"&.*-4*5$&*&-2:*5$%&:)*.#$(&.+/"9
/+*1/2:)*61$>&_'+3'&#'&3'/$"& 7'5(&*:'8/*#"@*&#'&E7oRdp

W
&8'0"&.*-4*5$&

*&8+*3#"0&G'5)(+/"<&5),+"0&-2"7$%$#*-'#$"&0":)&%*!7$-"&.+/"/&-284(!"#$"&
.+*1":(&(1$"+'#$'&.+*8(5)(&+"'510$&/&/':)*:*-'#2%&:.*$-"%>

L'3>&W>&Y.42-&+*8/'0(&:(3:)+')(&#'&3'+-A&G'+3&*7"0#21;&#'&3'/$"&7'5,-&%'+/'##2&3'+9
-$"+:5$"0&-&6-$")7"&-$8/$'7#2%<&(7)+'D*7"1$"&$&-&5*7*+*-"0&.*81/"+-$"#$

/!"0!$:!"#8$,)(;%(;

3+#45"!5 0$60'(5)($0'7&'!)%89 :)+,"(4.(%.;!$0$+)5"!:',)(.'( *,),",0!$1,7.&("0'(<

=>$?!3@
A$
B$CD

2
O .&("0,%! 9!)'%,0! FG25!0!

C>$J#3@
4

.&("0,%! 9!)'%,0! FG25!0!

K>$L)M@DN
3

M0$"(!*.;'$%"$KN
;!4%,.&("0,%! 9!)'%,0! FG25!0!

Wnioski

_'+32& *7"0#"& #'& 3'/$"& 7'5,-&%'+/'##2& 3'+-$"+:5$"0& Z(*+2/(0 & -& 6-$"9
)7"&T[&#'& 5*7*+&%'7$#*-2>&a*8/'0& .*8%'7*-'#$'&%'&-.42-& #'& 3'+-A&
Z(*+":1"#10$<&-&.+/2.'85(&1/"+-*#"@*&.*854'8(&/&%$#$$&3 8f&12#*3+(&
-2:)A.(0"&$#)"#:2-#$"0:/'&/%$'#'&3'+-2&.*-4*5>&E#'7$/'&.+/"5+*0,-&.*9
.+/"1/#21;&.+,3"5&G'+32&(-$8'1/#$'&0':# <&+,!*-*.*%'+'M1/*- &Z(*+"9
:1"#10A&7'5,-&%'+/'##2&3'+-$"+:5$"0>&Y&5*7*+*-"0&.*81/"+-$"#$&.*-4*5$&
.+/23$"+'0 &3'+-A&!,4)'- >

***

Y&.*#$!:/"0&1/A61$&*.+'1*-'#$'&/":)'-$*#*&G*)*@+'D"&7':"+(#5,-&*&/37$9
!*#"0& Z(*+":1"#10$& -& T[& *+'/& *& .*8*3#"0& +"Z"5)*@+'D$& -& 5*7*+*-"0&
.*81/"+-$"#$>&R&$7"&-1/"6#$"0&*.$:'#*&0"82#$"&-23+'#"&7'5$&*&3'+-$"&3+ 9
/*-"0<&!,4)"0&$&1/"+-*#"0<&*&)27"&-&.*#$!:/2%&/":)'-$"#$(&(-/@7A8#$*#*&
-:/2:)5$"&.+/"3'8'#"&-&+'%'1;&-25*#'#21;&.+'1&.+*8(5)2&3'+-#">



[320]

Zestawienie fotografii laserunków  
o zbliżonej fluorescencji wzbudzonej 
promieniowaniem ultrafioletowym  
(fot. A. Skowroński)

 =>& &J'5$&-&:.*$-'1;&*&Z(*+":1"#10$&%7"1/#*3$'4"0&o+*/3$"7*#"0ph

H7>&N=>&J'5&3"+3"+2:(&/-21/'0#"@*&#'&:(3:)+'1$"&b3PR
X
&o-&:.*$-$"&*7"0#2%&IRK<&8-,1;&

*7"0#*9!2-$1/#21;&IR9lK&*+'/&!2-$1/#2%&IlKp&

H7>&NN>&J'5&5(+5(%2&#'&:(3:)+'1$"&b3PR
X&
-&:.*$-$"&*7"0#2%

H7>&NW>&J'5&+"/"82&!,4)'-"0&#'&:(3:)+'1$"&b3PR
X&
-&:.*$-$"&*7"0#2%

& N>& &J'5$&-&:.*$-'1;&*&Z(*+":1"#10$&!,4)'-"0h

H7>&NX>&J'5&3"+3"+2:(&/-21/'0#"@*&#'&:(3:)+'1$"&`'PR
X&
s&Nd

N
R&o-&:.*$-$"&*7"0#2%&IRK<&

8-,1;&*7"0#*9!2-$1/#21;&IR9lK&*+'/&!2-$1/#2%&IlKp



[321]

H7>&N\>&J'5&+"/"82&!,4)'-"0&#'&:(3:)+'1$"&E7oRdp
W&
o-&+"'510$&#+&Wp&-&:.*$-$"&*7"0#2%

H7>&N^>&J'5&5(+5(%2&#'&:(3:)+'1$"&E7oRdp
W&
o-&+"'510$&#+&Wp&-&:.*$-$"&*7"0#2%

H7>&Nc>&J'5&+"/"82&#'&:(3:)+'1$"&`'PR
X&
s&Nd

N
R&-&:.*$-$"&*7"0#2%

H7>&Nq>&J'5&+"/"82&#'&:(3:)+'1$"&b3PR
X&
-&:.*$-$"&*7"0#2%

& W>& &J'5$&-&:.*$-'1;&*&Z(*+":1"#10$&D*7")*-*3+ /*-"0h

H7>&Ni>&J'5&/&5*+2&5+(:/2#2&.*:.*7$)"0&#'&:(3:)+'1$"&E7oRdp
W&
o-&+"'510$&#+&Wp&-&:.*$-$"&

*7"0#2%

H7>&WO>&J'5&/&5*+2&:/'54'5(&.*:.*7$)"@*&#'&:(3:)+'1$"&E7oRdp
W&
o-&+"'510$&#+&Wp&-&:.*$-$"&

*7"0#2%



[322]

H7>&W=>&J'5&/&+/"-$"#$'&7"5'+:5$"@*&#'&:(3:)+'1$"&`'PR
X&
s&Nd

N
R&-&:.*$-$"&*7"0#2%

 
X>& &J'5$&-&:.*$-'1;&*&Z(*+":1"#10$&!,4)'-*3+ /*-"0h

H7>&WN>&J'5&/&0'@,8&5+(:/2#2&.*:.*7$)"0&#'&:(3:)+'1$"&E7oRdp
W&
o-&+"'510$&#+&Wp&-&:.*$-$"&

*7"0#2%

& \>& J'5$&-&:.*$-'1;&*&Z(*+":1"#10$&D*7")*-*+,!*-"0h

H7>&WW>&J'5&'7*":(&8+/"-$':)"@*&#'&:(3:)+'1$"&b3PR
X&
o-&:.*$-$"&*7"0#2%&IRK<&8-,1;&*7"09

#*9!2-$1/#21;&IR9lK&*+'/&!2-$1/#2%&IlKp

H7>&WX>&J'5&/&5*+2&5+(:/2#2&.*:.*7$)"0&#'&:(3:)+'1$"&b3PR
X&
-&:.*$-$"&*7"0#2%

H7>&W\>&J'5&/&5*+2&:/'54'5(&.*:.*7$)"@*&#'&:(3:)+'1$"&b3PR
X&
-&:.*$-$"&*7"0#2%



[323]

H7>& W^>& J'5& /& +/"-$"#$'& 7"5'+:5$"@*& #'& :(3:)+'1$"& E7oRdp
W&
o-& +"'510$& #+& Wp& -& :.*$-$"& 

*7"0#2%

& ^>& J'5$&-&:.*$-'1;&*&Z(*+":1"#10$&%'7$#*-"0h

H7>&Wc>&J'5&/&%'+/'##2&3'+-$"+:5$"0&#'&:(3:)+'1$"&`'PR
X&
s&Nd

N
R&-&:.*$-$"&*7"0#2%

H7>&Wq>&J'5&/&%'+/'##2&3'+-$"+:5$"0&#'&:(3:)+'1$"&b3PR
X&
-&:.*$-$"&*7"0#2%

H7>& Wi>& J'5& /&%'+/'##2& 3'+-$"+:5$"0& #'& :(3:)+'1$"&E7oRdp
W&
o-& +"'510$& #+& Wp& -& :.*$-$"& 

*7"0#2%

& c>& &J'5$&-&:.*$-'1;<&-&.+/2.'85(&5),+21;&#':)A.(0"&-2@':/"#$"&Z(9
*+":1"#10$h

H7>&XO>&J'5&'7*":(&8+/"-$':)"@*&#'&:(3:)+'1$"&`'PR
X&
s&Nd

N
R&o-&:.*$-$"&*7"0#2%&IRK<&

8-,1;&*7"0#*9!2-$1/#21;&IR9lK&*+'/&!2-$1/#2%&IlKp



[324]

H7>&X=>&J'5&'7*":(&8+/"-$':)"@*&#'&:(3:)+'1$"&E7oRdp
W&
o-&+"'510$&#+&Wp& o-&:.*$-$"&*7"09

#2%&IRK<&8-,1;&*7"0#*9!2-$1/#21;&IR9lK&*+'/&!2-$1/#2%&IlKp

H7>&XN>&J'5&'7*":(&8+/"-$':)"@*&#'&:(3:)+'1$"&E7oRdp
W&
o-&+"'510$&#+&Xp& o-&:.*$-$"&*7"09

#2%&IRK<&8-,1;&*7"0#*9!2-$1/#21;&IR9lK&*+'/&!2-$1/#2%&IlKp

H7>&XW>&J'5&5*+2&5+(:/2#2&#'&:(3:)+'1$"&E7oRdp
W&
o-&+"'510$&#+&Xp&-&:.*$-$"&*7"0#2%

H7>&XX>&J'5&5*+2&:/'54'5(&#'&:(3:)+'1$"&E7oRdp
W&
o-&+"'510$&#+&Xp&-&:.*$-$"&*7"0#2%

H7>&X\>&J'5&+/"-$"#$'&7"5'+:5$"@*&#'&:(3:)+'1$"&E7oRdp
W&
o-&+"'510$&#+&Xp&-&:.*$-$"&*7"0#2%

H7>&X^>&J'5&5*:/"#$7$&#'&:(3:)+'1$"&E7oRdp
W&
o-&+"'510$&#+&Wp&-&:.*$-$"&*7"0#2%



[325]

H7>&Xc>&J'5&8+"-#'&3+'/27$0:5$"@*&#'&:(3:)+'1$"&E7oRdp
W&
o-&+"'510$&#+&Wp&-&:.*$-$"&*7"0#2%

 

& q>& &J'5$&-& :.*$-'1;<&-&.+/2.'85(&5),+21;& :)-$"+8/*#*&3+'5&Z(*+"9
:1"#10$h

H7>& Xq>& J'5& 3"+3"+2:(& /-21/'0#"@*& #'& :(3:)+'1$"& E7oRdp
W&
o-& +"'510$& #+& Wp& -& :.*$-$"& 

*7"0#2%

H7>& Xi>& J'5& 3"+3"+2:(& /-21/'0#"@*& #'& :(3:)+'1$"& E7oRdp
W&
o-& +"'510$& #+& Xp& -& :.*$-$"& 

*7"0#2%

H7>&\O>&J'5&5*+2&5+(:/2#2&.*:.*7$)"0&#'&:(3:)+'1$"&`'PR
X&
s&Nd

N
R&-&:.*$-$"&*7"0#2%

H7>&\=>&J'5&5*+2&:/'54'5(&.*:.*7$)"@*&#'&:(3:)+'1$"&`'PR
X&
s&Nd

N
R&-&:.*$-$"&*7"0#2%



[326]

Zestawienie fotografii laserunków o zbliżonej 

barwie w podczerwieni kolorowej  

(fot. A. Cupa, J. Rogóż)

& =>& J'5$&-&:.*$-'1;&*&3'+-$"&3$'4"0&*&*81$"#$(&!,4)2%h

H7>&\N>&J'5&3"+3"+2:(&/-21/'0#"@*&#'&:(3:)+'1$"&b3PR
X&
o*8&@,+2&8*&8*4(h&-&:.*$-$"&*7"09

#2%<&*7"0#*9!2-$1/#2%&H<&*7"0#*9!2-$1/#2%&HH&*+'/&!2-$1/#2%p

H7>&\W>&J'5&5(+5(%2&#'&:(3:)+'1$"&b3PR
X&
-&:.*$-$"&*7"0#2%

H7>&\X>&J'5&5*+2&5+(:/2#2&.*:.*7$)"0&#'&:(3:)+'1$"&b3PR
X&
-&:.*$-$"&*7"0#2%

H7>&\\>&J'5&5*+2&:/'54'5(&.*:.*7$)"@*&#'&:(3:)+'1$"&b3PR
X&
-&:.*$-$"&*7"0#2%

 



[327]

& N>& &J'5$&-&:.*$-'1;&*&3'+-$"&!,4)*(@+*-"0h

H7>&\^>&J'5&'7*":(&8+/"-$':)"@*&#'&:(3:)+'1$"&`'PR
X&
s&Nd

N
R&o*8&@,+2&8*&8*4(h&-&:.*$-$"&

*7"0#2%<&*7"0#*9!2-$1/#2%&H<&*7"0#*9!2-$1/#2%&HH&*+'/&!2-$1/#2%p

H7>&\c>&J'5&'7*":(&8+/"-$':)"@*&#'&:(3:)+'1$"&E7oRdp
W&
o-&+"'510$&#+&Wp&o*8&@,+2&8*&8*4(h&

-&:.*$-$"&*7"0#2%<&*7"0#*9!2-$1/#2%&H<&*7"0#*9!2-$1/#2%&HH&*+'/&!2-$1/#2%p

H7>&\q>&J'5&+/"-$"#$'&7"5'+:5$"@*&#'&:(3:)+'1$"&`'PR
X&
s&Nd

N
R&-&:.*$-$"&*7"0#2%

H7>&\i>&J'5&+/"-$"#$'&7"5'+:5$"@*&#'&:(3:)+'1$"&E7oRdp
W&
o-&+"'510$&#+&Wp&-&:.*$-$"&*7"0#2%

H7>&^O>&J'5&5*:/"#$7$&'%"+25'M:5$"0&#'&:(3:)+'1$"&`'PR
X&
s&Nd

N
R&-&:.*$-$"&*7"0#2%



[328]

& W>& J'5$&-&:.*$-'1;&*&3'+-$"&1/"+-*#*3+ /*-"0h

H7>&^=>&J'5&'7*":(&8+/"-$':)"@*&#'&:(3:)+'1$"&E7oRdp
W&
o-&+"'510$&#+&Xp&o*8&@,+2&8*&8*4(h&

-&:.*$-$"&*7"0#2%<&*7"0#*9!2-$1/#2%&H<&*7"0#*9!2-$1/#2%&HH&*+'/&!2-$1/#2%p

H7>& ^N>& J'5& 5*+2& 5+(:/2#2& .*:.*7$)"0& #'& :(3:)+'1$"&E7oRdp
W&
o-& +"'510$& #+& Xp&-& :.*$-$"&

*7"0#2%

H7>&^W>&J'5&5*+2&:/'54'5(&.*:.*7$)"@*&#'&:(3:)+'1$"&E7oRdp
W&
o-&+"'510$&#+&Xp&-&:.*$-$"&

*7"0#2%

H7>& ^X>& J'5& 5*:/"#$7$& '%"+25'M:5$"0& #'& :(3:)+'1$"& E7oRdp
W&
o-& +"'510$& #+& Wp& -& :.*$-$"& 

*7"0#2%

H7>&^\>&J'5&0'@*82&5+(:/2#2&.*:.*7$)"0&#'&:(3:)+'1$"&E7oRdp
W&
o-&+"'510$&#+&Xp&-&:.*$-$"&

*7"0#2%



[329]

H7>&^^>&J'5&5*:/"#$7$&'%"+25'M:5$"0&#'&:(3:)+'1$"&b3PR
X&
-&:.*$-$"&*7"0#2%

& X>& J'5$&-&:.*$-'1;&*&3'+-$"&!,4)*3+ /*-"0h

H7>& ^c>& J'5& 5*+2& 5+(:/2#2& .*:.*7$)"0& #'& :(3:)+'1$"&E7oRdp
W&
o-& +"'510$& #+& Wp&-& :.*$-$"&

*7"0#2%
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Summary

Selected kinds of yellow, brown and red organic lake pigments  

– the preliminary research methodology
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