
!
!!!!"
UJ 
#
!

" #$ ! " #$% &%' %( ) * " +, - . , / ) 01" 1 2%&" 3%0" 345! 6

%&' () *#+) laborator ium 

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

* 01.2 3( )4#5 6#4&1&( #

7. 67#' * 40,.

#%7&189 : /.. ;;;

ZBIGNIE W KARP I , SKI 
7$) 08050942" . " :44 4 ; " - <" 2" =44>? %3). %1 %
@" 2) A%BA%' , ! 4% C%5A
. A%3* 4$) A4D 4:4) * %$E1 %1 E* 2
F3G&4=$4, 1 H%3*4/ ) A4<,) 0)" -<" 2" =4, ! >%' 45$A0, !
1 7$)0805- 4, ;" -<" 2" =44 4 942" . " :44 @BC>IJ><JA+%' " 1 -K 1 L" 22, =45!
L 4M40%) 4 &%' %- . , ! 1 7$) 0805- 4, N%' %/ O' 5A%-8<$8- P

<&' &( )& 2#0,#/#=)01( . 4#,&71> 2)?
1 2#( ' &@&5 ); <&' &01. 1&' &,>
6A3&( )& 2. 34#5 #28% 23&( #9 )>0A0B
/#2#9 # ' #%7&( > 678%?C&%A 6#3. 5
( & 6#' 23&9 ). &( &/)1 23&3A23A01( A0B
#' 6#9 ). ' 1) 239#71AD 1%)#7#9A
CC6#737. 3E 26#F. 01. G239&;
Czy 5 #@( & 2)? 01. =#H # ( )5
' #9 ). ' 1). DC 6#2F* =* ,>0 2)? 5 . 3#' &5 )
. 426. 7A5 . ( 3* /&%#7&3#7A,( . =#I

N%' %- . 8 - . Q) 0" 4$0, 3, ) 5<, * 80%$4, " 0" > <%A
. %- P" 1 %24&8 ) 4Q 25' . 4, 1 ) 805%- <%- P> A0R3, ) K
4! $4, . $%$, 1 08! ) , $) 4, > #, $4, 18 ) 0Q* 5<K
%$41 ) * " +, - . , / ) 01 4, > ' " A0R3, =" $%2, #K> %$4
1 #%' $8! 4$$8! . $%$8! 4! ) * " +, - . , / ) 014,
25& . &4" 3"1 " S- 4E@3. 8A+%' , ! 0%A4, =" * 80%$4%
<, ) 0 * 80%$4, " ! 4$4! %2$, 1 %35$A4 A" $4, - . T
$, ' " 18 ) 0K* 4, $4% . %- P" 1 %/ ' 8) A38! 4$%T
- 8<$8- P> <%A4, * " ) 0%14+ ) " &4, ) 1 , =" - . %) 5

%$=4, 2) A4* ) 8- P" 2" = ) * " +, - .$ 8 U, $34 V%<:, 2E
L P- 4%+) * 3%1 ' . 4( > - . 8 ' 8) A38! 4$%- <% 18 ) 0KT
* 4+%&8 0%A#, 1 18* %' A5 &3%A5 <%A4, <A" 21 4, A
1 ) * R+. %2, #$" S- 4 ! 4Q' . 8 &%' %$8! 4 =35* %! 4>
% . 1 +%) . - . % =' 8&8 =35* 8 0, . " ) 0%+8 1 83R#T
$4" $, $% * " ' ) 0%1 4, >>) . 05- . $, =" WA380, 345! >
A0R3, $4, 1 * +81 %1 4) 0" 0$8 ) * " ) R& $%. 1 8A2, >
* " 1 ) . , ' $4, ) 0" ) 5$A4 ! 4Q' . 8 25' X! 4EV%<:, 2
* 3. 8* 5) . - . %+&" 1 4, ! > #, <, ' $8! 1 %35$A4, !
A" $4, - . $8! ' 2% 18 ) 0K* 4, $4% . %- P" 1 %/ ' 8) T
A38! 4$%- 8<$8- P <, ) 0. 3R#$4- " 1 %$4, - . +" $AR1
&%' %$, < . &4" 3" 1 " S- 4 . , 1 . =2Q' 5 $% * , 1$ K
- , - PQ> * 3. 8 - . 8! " ) " &8 0, ! 5) . K . ' %1 %(
) " &4, ) * 3%1 Q . 0, =" . 3R#$4- " 1 %$4%E

J &3* 7&/( . 78@( )0. I
B&8 ) * 3%1 ' . 4( 03%:$" S( 0, =" * 3. 8* 5) . T

- . , $4%> V%<:, 2 * 3., * 3"1 %' . 4+&%' %$4, > 1 A0RT
38! 5- . , ) 0$4AR1 * " ' . 4, 2" $" 2" ) " 1 " $% ' 1 4,
=35* 8> - P" ( &824" $4* 3. , A" $%$4> #, * " ' . 4%+0, $
$4, <, ) 0 * 3. 8* %' A" 18 4 " ' . 1 4, 3- 4, ' 2% 4- P 3. ,T
A" ! , * 3, :, 3, $- <, , ) 0, 08- . $, E N%' %$8! * " A%T
. %$" ) . , 3, = )2%<' R1 . 3, * 3" ' 5A- <%! 4" &3%. R1
@%52%H2, , 4 ? %) 82%H%$' 4$) A8J, =" 4* 3" ) . " $"
4- P " . %.$ %- . , $4, 1 ) * , - <%2$8! A1 , ) 04" $%345T
) .5 > A0R38 . " &3%. R1 * " ' " &% 4! ) 4Q &%3' . 4, <E
? 8* , +$4" $, A1, ) 04" $%345) . , . &4, 3%$" > % $%T
) 0Q* $4, " =+%) . %$" > #, %$%24. %" ' * " 14, ' . 4&%' %T
$8- P * " A%. 5<, > #, - . QS( . $4- P . ' , - 8' " 1 %$4,
* 3, :, 35<, @%52% H2, , > $%0" ! 4%) 0* " . " ) 0%24. ' ,T
- 8' " 1 %$4, * 3, :, 35<K H%$' 4$) A8J, =" E

KL



! " #$%&' ( ) *+, ) & - . " . / &. $) *' 01/&234 567
5#60*6/ 6 6 56" *&. 85$9&5$/2 134 5&' / &+: / ; )<
= &+" *; &/ / ' 606- ; - &6#>) ' $" *&. 84 - . " . / &$?
@. " ./ & 5#*; " *&' 9. 9& 5' 4 / > 9&)*- + 5$/ 2134
26= $, &/ / ' = $A / &%" ; 06- &' ? B$/ 21; 1' = &. 8;
62#' , 96/ >4 . #16,C5&' /&+: / > D!" 4&+) ' ( 5$/ 27
134 61#*;= .8. " . / . 606- . A #$" 4 &+20*' =&. 86
- ; C (' ( 4 ; / . %#6" *' / &' *. $" *&. 8 4 - . " . / &$?
! #'0*)&' A - . " ./ & /&' 4&' " *&' 9&A 26= $ " 629. " D &
/&' 5#*; */ . (> 1' 5$/ 21;? ! &' " *&' 9&(' " ; /&' A %

EF213#' %6 * = . 9.#*; DKlee ) *; G. / " &/ 02;F' %6 &
D 6/ ' 5#' H' #$(>?! ; / &2& - . " . / &. 62. *. 8; 0&+ &
)&' 2. 4 ' I - . " . / & 5#*; */ . 4 . 9&4 &+) ' ( 5$/ 2134 J
K. )6 *. #$" &" *&' A 4 &+20*> / . %#6" + 5&' /&' :D FL
/ >M 606- 6= A 6 213#; )< 0>" *&9&A : ' 56" *&' 9. (> '
&)< 5#' H'#' / ) (' L N6 4&+) ' (A - . " . /& / &' 1;926 OP A

?/ . %#. " *. 99E1; )<A213#*; - ; 9&" 6 / &)< 56" 6- / &A
. 9' 1' : #6*" *&' 9. 9&5$/ 21; 4 1.2& 05603- A . - ;
#3: / &) . = &+" *; 1;= &A 213#*; - ; 9&" 6 / &)< 567
" 6- / &A . 1;=&A 213#*; 0&+ 6" / &)< #3: / &9&A - ; 8.
= 6: 9&4&' / . (4&+20*. ? B6/ &' 4 . : * 5$/ 2134
" *&' 96/ ; )< =&+" *; &// ; )< / &' 4 ; / 60&9& / &) " 9.
0&' - &' Q56/ &' 4 . : / &' 4 &' " *&' 9&A26= $ " 628. " / &'
1' 5$/2 1; 5#*; " *&' 9. (>Q 56/ &' 4 . : 4 &' " *&' 9&A: '
*' 04 6&)< " ' ) ; *(& / &' - +" >0&+ = $0&' 9&4 : . " ' /
05603- 18$= . ) *; CA = 6: / . 5#*;5 $0*) *. CA : '
$) *' 01/ &) ; - . " . / &. 2&' #64 .9& 0&+ 5#*; 56" *&.9'
5$/ 2134 4; 8>)*/ &' 4 &' " *> 6 5#*; / . 9' : / 6, ) &
04 6(' ( & &/ / ; )< 603- " 6 *4 69' / /&234 Klee 
9$- G. / " &/ 02;F' %6? R. = . 1;926 ,4&. " 6= 6,C
#3: / &) ; = &+" *; 06- > . &/ / ; = & 4; 01.#)*; 8. " 6
$#$)<6= &' / &. *. )<64 . S " ; 02#;= &/ . ) ;( / ; )<?

! " # $%&'( ) $" * +" ," - .
@. " . / &' 5#*' 5#64 . " *6/ ' 5#*' * T. (H' 9.

& (' %6 4 05385#. )64 / &234 = . 2&92. ) ' )< )<. 7
#.21' #; 01;) */ ; )<?B6 5&' #40*' A5#*' 5#64 . " *67
/ 6 (' 4 ?0*1$)*/ ; )<E4 . #$/ 2. )< 9. - 6#.16#&$= A
. / &' 4 4 . #$/ 2. )< AA/ . 1$#.9/ &' E &01/ &' (>) ; )<
4 0568' ) */ 6, ) &?B6 " #$%&' A 0; 1$. ) (. - . " . / &.
*. 4 &' #. 8. 1;926 1' ' 9' = ' / 1; A 213#' - . " . ) *'
$*/ . 9& *. &0161/' * 5$/ 21$ 4&" *' / &. ) ' 934
- . " . / &. ? B6 1#*' ) &' A- . " . ) *' 0. = &" ' ) ; " 64 . 9&A
213#' ' 9' = ' / 1; 0> &0161/ ' A & (. 26 1.2&' / . 9' : ;
(' 4;4 68. C 4 9. - 6#. 16#&$= A 5#*; ) *;= 64 6
AA$01. / 64 &' / &' E 4 . #$/ 234 #' .9&*. ) (& - . " . / &.
/ . 01>5&86 (' 0*) *' 5#*' " (' %6 5#*' 5#64 . " *'7
/ &' = ? B6 )*4 . #1' A - . " . / &' = &. 86 / . ) ' 9$
05#. 4 " *' / &' A (. 2 - . " ./ & - +" > *. )<64;4 . C
0&+ 4 4 .#$/2 . )< 4;4 68. / ; )< 5#*' * - . " . ) *; A
5#*' " =&61' = - . " . / &. - ; 8; 4 &+) H.21;) */ '
*. )<64 ./&. - . " . / ; )<A . /&' &)< " ' 29.#. )(' ?
! #'0*) &' A - . " . / & / &' 01. / 64 &9& 96064 ' ( #' 5#'7
*' / 1. ) (& : . " / ' ( 62#' , 96/ ' ( *- &6#64 6, )&A *%8. D

D)
UM
IIIA
6
.9
(
UM

///0 1 . 2#02$&34( - " /
5 . #. * %#" 6 07#'8
9( $. ) . :3,&"
; 6 0. #" ) " ;< =7920*3
) 0>#%3$" ?@. 0223) 0
A=A*B. ) 0. %. *B" 6 . 20.
#3$&=3) 02. *3+2(

0*. 9& 0&+ " 6 $" *&.8$ 4 - . " . /&$ / . 6)<61/&2. A
. &)< 9&) *- . - ; 8. " . 9'26 = / &' (0*. / &: 9&) *' -7
/ 6,C 5#*' )&+1/' ( 5#3- ; 4 - . " . /&$ 06/ " . : 67
)$" * ! ;= &' / &6/ ' 1$ ) ' )<; 0> 1;564 ' " 9.
- . " . S ' 205' #;= ' / 1. 9/ ; )<Q - . " . / &' T. (H'9.
(' 01" *&0&. ( $*/ . 4 . / ' *. (' " ' / * 29. 0; ) */ ; ) <
& / . (4 . : / &' (0*; )< ' 205' #; = ' / 134 4 <&016#&&
/ . $2 0568' ) */ ; )<?

V.9' 1> ' 205' #; = ' / 1$ (' 01 16A : ' 56*4 . 9.
/ . = / . ?4; &*6964 . / &' E 56(' " ; / ) *' %6 5#6) ' 0$
0568' ) */ ' %6 056,#3" - 6%. )14 . &/ / ; )< 5#6) '7
034 0568' ) */ ; )<A 1;= 0. = ; = D/ . 6- 0' #467
4 . /&' " . / ' %6 5#6) ' 0$ 4 5601. ) & *+, $-#. /01
/ &' *.283) . / ' ( 5#*' * #3: / ' ?/ &' 56W>" . / ' E 6" 7
" *&. 8;4 . / &. ? @. " . / & 4 ' 205' #; = ' / )&' T. (H'9.
5#*; */ . 4 . 9&5$/ 21; &/ / ;= 4 05603- . / 6/ &7
= 64; A 4 ' H' 2)&' 4 &+) *. )<64;4 . 9& 0&+ 1.2 A
(.2 %" ; - ; 0&+ /&' */ . 9&?X" ; - ; / &' 1. . / 6/ &7
= 64 6,CA/ . " ' ) ; *(' 6 56" *&. 9' 5$/2 134 4 58; 7
4 . 8. - ; / &' 1;926 4 &' " *. - . " . / ; )< 6 1;= A " 6
(. 2&' ( %#$5; / . 9' : > 6/ & 0. = & & 606- ; A 213#;=
5#*; */ . (> 5$/ 21;A 9' ) * #34 / &' : 16A(. 2 " 6- #*'
0&+ */ . (>A (.2 - . #" *6 0&+ 9$- &>A (. 2& ?01. 1$0E
4 %#$5&' #34 &' , / &) *' ( = . (> 6) ' / &. (>) ; & 6) '7
/ &. / &?J// ; = & 0864 ; A %" ; - ; / &' . / 6/ &= 64 6,C
- . " . / ; )< 4 ' 205' #; = ' / ) &' T. (H' 9. A - . " . ) *'
/ &' 561#. H&9&- ; ) #6*0>" / ; 05603- *&/ 1' #5#'7
164 . C &)< *. )<64 . / &. 4 1;= */ . ) *' / &$A : '
/ &' 561#. H&9&- ; (' " / 6*/ . ) */&' 4 02. *. CA 213#;
* 4; = &' /&6/ ; )< ' 9' = ' / 134 4 58;4 . 8/ . " ' ) ; 7
*(' - . " . / ; )<A 213#; *. , / &' ?

C. ,( :3 ( &$D( =3) ( 2:A
Y205' #;= ' / 1 " . (' - . " . ) *64 & = 6: 9&4 6,C

6- 0' #4 64 . /&. #*' ) *;4 &01; )< *. )<64 . S - . 7
" . / ; )<A 1; = ) *. 0' = 4 06/ " . : $ = 6: ' = ;
*. #' (' 01#64 . C )6 / . (4; : ' ( &) < " ' 29. #. ) (' ?

EF



! " # $ %&' ( ) ( * ( + , - %./ 0" / 1, 23 % 3 4( ) %5(2%567$ 8

"' E 
~ 
%
!"

"' 099

# $%&%' ( % )* ) +, -+ . ( +, /. %0 1234554' 0 $4 .ce 

. 6) * 47 68 $%12/%( +56)%95%)* 7 145$6: ; <56= +
>4?26-+&%' ( %1. , /, @?/; $54' ) +AB4 >+, /7 1. , <
$%12/%( +56)96 9, 1? . 967 +12+, ( 1>43, ) .5 +,
C-, 4) , 5+65%( < /, 1>45$, 5) + >%?65+ 4 17 49,
. 6)* 47 65+6 $%12/%(+56)%95, ( +, -+&% . 6?, (
7 1. , -2+, >47 4$%< 6&%; 2/%760 17 49, /. , ) . %D
7+1?, 1234554' ) + -; & >/. , 24565+6A B4 $/; @+, <
7 &6$65+; 145$6: 47%( ( 4: 56 . ( +, /. %0
$%12/%( +56)9E . , 7 . @-E$; 9, $%5+, 56 ?,
) , ) *%< 2?F/, G62?%). 5+, /F: 5+) ; 9H ) . 3452F7
&6$65, 9 . &+4/47 4' ) +< )4 +1?4?5+, 4@/65+) . 6
. 62/, 1 >/4&-, ( F7 &6$67 ) . %)* < 2?F/, ( 4: 56
/4. 1?/. %@60 . 6 >4( 4)H145$6: ; A I %( ) . 61, (
7 , 21>, /%(, 5) +, ( 4: 56 &6$60 . 6) * 47 65+6
$%12/%( +56)%95, . , 7 . @-E$; 56 ) , ) * %< 2?F/,
56 )4 $. +, 8 5+, 4$@/%769H+1?4?5, 9 /4-+ 7 1?4D
1;5 26)* ( +E$. %&6$65%( +< $. +E2+ ) . , ( ; +) *
. 6) * 47 65+6 5+, 1H. 623F)65, -; & A. 5+, 21. ?63D
)65, J >/. , . ?%>47 , 4) . , 2+7 65+6 + >/. , 2456D
5+6 . 7 +H. 65, . +1?5+, 9H)%( +7 1>43, ) . , 81?7+,
>4$. +636( + + /F: 5+)6( +A

K21>, /%( , 5?4( . 6/. ; ) 6 1+E 5+, 2+, $%< : ,
+) * 7 %5+2F7 5+, ( 4: 56 <<; 4@F-5+60JA L6/. ; ?
?, 5 4>+, /6 1+E 9, $562 56 >, 7 5%( 5+, >4/4.; D
( +, 5+; A B/. , $( +4?, ( &6$65+6 145$6: 47 , @4
9, 1?42/, ' -456 . &+4/47 4' 0" 56 >/. %236$< $4/4D
' -+( +, 1. 268)%B4-12+. ) . %55%( >/67 , ( wy­ 
&4/) . %( A B45+, 7 6: &6$65A+, )63, 9 . &+4/47 4' ) +
9, 1?5+, ; . 616$5+45, < 7%&+, /6 1+E9, 9 /, >/, . , 5D
?6)9EA M-, 7 36' 5+, $-6?, @4< : , +5?, /, 1; 9, 561
)636 . &+4/47 4' 0< 6 5+, ?%-24 9, 9 /, >/, . , 5?6)96<
7 236$6( % ?%-, 7%1+32; 7 $4&F/ ?, 9 /, >/,D
. , 5?6)9+AI %() . 61, ( >/. , $( +4?, ( , 21>, /%D
( , 5?; 5+, 9, 1? : 6$56 42/, ' -456 . &+4/47 4' 0<
-, ) . 1%?;6)96 1>43, ) .5 6 1>, 35+69H)6 42/, ' -45,
7 6/; 52+AN 6/; 52+?, 1H$, G+5+47 65, >/. , . ?,D
4/+E 14)94-4@+) . 5H< 2?F/6 G4/( ; 3; 9, 42/, ' -45,
>/. , 7 +$%765+6 $4?%) . H) , >/. , &+, @; $65,D
@4 >/4) , 1; 1>43, ) . 5, @4 7 ?%) * 7 6/; 526)* A
K21>, /%(, 5?( 6 . 6?, ( 56 ) , -; 1>/67 $. , 5+,
?%)* >/. , 7 +$%7 68< >/. % ) . %( $-6 4) , 5%
+)* >4>/67 54' ) + 5+, ( 6 . 56) . , 5+6< . 962+, 9
. &+4/47 4' )+ >4) * 4$. H ; ) . , 1?5+)% , 21>, /%D
( , 5?;< . 56) . , 5+, ( 6 9, $%5+, ?4< ) . %, 21>, /%D
( , 5? >4>/67 5+, 4$?76/. 6 7 6/; 52+< 4 962+) *
( F7+ ?, 4/+6AO, ' -+?, 1?, 21>, /%( , 5?6-5%426: ,
1+E $-6 ?, 4/++ >4( %' -5% 7 ?%( .5 6) . , 5+; <
: , 7%5+2+, 21>, /%(, 5?; 426: H 1+E . @4$5,
. >/. , 7+$%765+6( + ?, 4/++< 7 F7 ) . 61 ?, 4/+E
?E ( 4: 56 1?4147 60 $4 7 1. %1?2+)* 1%?;6)9+
1>43, ) . 5%)* < 2?F/, 1>, 35+69H ?, 16( , 7 6/; 5D
2+< 962+, 1>, 35+636 1%?; 6)96 , 21>, /%( , 5?6-56A
P&6 /4$. 69, &6$68 13; : H +55%( ) , -4( Q 145=

$6: /4&+( %7?, $%< 2+, $%)* ) , ( %$47 +, $. +, 0
1+E ) . , @4' 4 962+, 9' 2452/, ?5, 9 . &+4/47 4' ) +<
, 21>, /%( , 5?56?4( +61?7 ?, $%< 2+, $%)* ) , ( %
/%@4/%1?%) .5 +, 1>/67 $. +0 962H' ?, 4/+E<6 7 36' D
)+7 +, 7%5+269H) , . ?, 9 ?, 4/++ >/. , 7 +$%765+6A
K21>, /%(, 5? ( 6 9, $562 9, 1. ) . , 9, $54 ) +, 26D
7 , . 61?4147 65+, < 2?F/, 1; @, /; 9, < +: &6$65+6
145$6: 47 , + , 21>, /%( , 5?6-5, ( 4@H +1?5+, 0
7 17 4+1?, 9 <<1%( &+4. +, JA N ' /F$ >/. %236$F7
?62+, @4 ; $65, @4 7 1>F3: %)+; 7%( +, 5+0 ( 4: 56
)* 40&%14)94-4@+) . 5, &6$65+6 . 6; G65+6A

:% ' * ( & 5%) 6$ # 32/* #;

<6/* # 0=0/ $ # * %3 6/ * " 6/+

, 6> 0" / ?%@% A( <6/ A@

<%' <5/ 2' / A" ) 6%5%3 %@06

B5( 3 " ( 7C(' 6/
R4)94-4@47 +, + , 2454( +' ) + &6$69H)%. 6; G6D

5+, ) . E1?4 7%24/. %1?;9H 7 17 4+) * , 21>, /%D
( , 5?6) * 561?E>; 9H)H@/EA O, 9 ; ) . , 1?5+)%( 69H
. 6 . 6$65+, >4$. +, -+0 ( +E$. % 1+, &+, >, 7 5H
27 4?E >+, 5+E$. %A N ?/62) +, @/% 5+, ( 69H
426. 9+ 1>4?260 1+E . 14&H414&+' )+, < >45+, 7 6:
7 1. , -26 7%( +656 +5G4/( 6)9+ ( +E$. % 5+(+
4$&%76 1+E . 6 >4( 4)H 24( >; ?, /6Q 7 /. ,D
) . %7+1?4' )+ 7 26: $, 9 ?62+, 9 @/. , ; $. +63 &+,D
/. , ?%-24 9, $, 5 <<>/67 $. +7%J ; ) . , 1?5+2< 9, @4
<<>6/?5, /, ( J 9, 1?. 6' 1%( ;- 6?4/ 24( >; ?, /47%<
. 6>/4@/6( 47 65% 4$>47 +, $5+4 >/. , . &6$6D
) . 6A S6 >4) . H?2; @/% ; ) . , 1?5+2 ( ; 1+ >4$9H0
$, )%. 9E< ) . %$424560 >4$. +63; 7 1>4( 5+65, 9
27 4?%16( 4$. +, -5+, < ) . % ?, : >/. , 26. 60 $,D
)%. 9E >6/?5, /47+A O, ' -+ . , ) * ) , $424560 ?, @4
>4$. +63; 16( 4$. +, -5+, < 4?/. %( 6< >47+, $. ( %<
TU . 3< 9, @4 >6/?5, / . 6' ?%-24 V . 3A O, ' -+ >/. ,D
26: , $, )%. 9E 17 49, ( ; >6/?5, /47 +< 7 F7 ) . 61
>6/?5, / F7 1?69, >/. , $ 656-4@+) . 5%(" >4$D
9H0 $, )%. 9E 16( 4$. +, -5+, ) . % . 7/ F)+0 ) +E: 6/

DE



! " #$%$&' $ ! ( ) *" +, - %" . ( . +/ #%/ 01/ 23$#%'"4

. ( 5#%" - 3' *2/ 67 8" 9:* ) ( ! " &; *" ! " #$%&< - /; =

, >, #%/ - ! ( - 3/ ' *" ?@=A %B= ' / 3( ; */ - 3 . +/#%

) *" +, - %$ C3$:2( DE 8" 9:* &" ! ' /2 %, +>#* #*<F/ +

) ( ! &<#*/ ! " #$%&* ) *" +, - %" ; 5 . +/ #%( , *= , >, 4

#%/ - 3" ' ! ( 2( ' 5&" ,$ G( +5 - ) ( 9+>! ! , >#H

; ( F:*,$ #H ) ( ! %*/ B>, I ?@ %B! :/ ( G5 :5G ?J %B

! :/ ( G5K ( #%$,* 9#*" , / +*/ ' 3 ) *" +, - %$ &" - 3

2( +%$- 3' *" &- %$ ! :/ ( G5= / 3/2 F" ' / &2( +%$- 3' *" &4

- %$%" , - %$- 32*#H ; ( F:*,$ #H ) ( ! %*/ B>, , 3" &

. +%" E L' ' $; * - B( ,$ = ) ( ! %*/ B 3" ' ' / &G/ +! %*" &

==( ) B/ #/ - *<M( G5 . +/#%( ; &/ 2( . +5) *" = / :" &" . (

5%$- 2/ ' *" %/ :" F$ ( ! 3" . ( = #%$ . +/ #% ) *" +, - %$

0+%" #%$, *- 3$ 5#%" - 3' *2 " 2- ) " +$; " ' 356 5%' / =

F" ; ( F" %/ 51/N - , ( &" ; 5 ) / +3' " +(, *EO" #$%&/

3/ &" - 3 +$%$2( , ' / = +$%$2( %/ 9 ) ( :" . / ' / 3$; =

F" &" 9:* . +/#% ) *" +, - %$ ) +%" 2/ F" ) /+3' " +(, *

#*<F/ + ! " #$%&* ( ) ( ! %*/ :" 9+(!2 >, = ) / +3' " +

; ( F" ,$ G+/ N +(%, *P%/ ' *" = 23>+" &" - 3! :/ ' *" . (

' / &2( +%$- 3' *" &- %" = / ! :/ ) *" +, - %" . ( . +/ #%/

' / &; ' *" &2( +%$- 3' " E Q+%" 2/ %5&P# #*<F/ + ! " #$4

%&* ( ) ( ! %*/ :" 9+(! 2>, - , ( &" ; 5 ) / +3'" +(, *=

5#%" - 3' *2 G/ ! / ' */ ,$ - $B/ ,* <# ( 2+" 9:( ' $ - $. 4

' / BI ; ( . B" ; ,$ G+/ N +(%, *P%/ ' *" G" %) *" #%' " =

23>+" &" - 3 ; ' *" &2( +%$- 3' " %/ +>, ' ( ! :/ #*" G*"

( - ( G*9#*" =&/ 2 * ! :/ ( G5 &/ 2( . +5) $= ( 2/ %/ B" ; #*

, *<# %/ 51/' *" E 8" 9:* ( ! , %/ &" ; ' *- %3( %/ 51/' *" =

; ( F" ; $ +/ %" ; 5%$- 2/ N , *<#" &= ' *F 5%$- 2/: *4

G$9; $= . ! $G$9 ) ( - 3P) *B, - ) ( - >G " . ( *- 3$#%' $E

R ) 5' 235 , *! %" ' */ ) ( ; */ +5 %/ 51/' */ 2:5#%(4

, " %' / #%" ' *" ; / , *<# ! " #$%&/ ) ( ! &<3/ ) +%" %

5#%" - 3' *2/ G/ ! / ' */ , ) *" +, - %$; 2+( 25E

Q+%$) 59N; $ 3" +/ %= F" #H#" ; $ - ) +/ , ! %*N=

#%$ 5F$, / ' " , - ( ' ! / F/ #H ) $3/ ' *" I ==S%$=

( . >:' *" G*( +P#= 5, / F/ Q/ ' 0*6= F" ,* <2- %( 9#*

:5! %* ; ( F' / 51/ N= #%$ 3" F= F" , 2( ' 3/ 23/ #H

% :5! T; * ( - 3+(F' ( 9#* ' *. ! $ %/ , *" :" 7M 1/24

3$#%' *" ; *" +%$ - 2B( ' ' ( 9N +" - ) ( ' ! " ' 3>, ! (

3" . ( = G$ ( 2/ %$, / N %/ 51/' *" *' ' $; :5! %*( ; E

8" 9:* ; *" +%$= , >, #%/ - ' / :" F$ ( #%" 2*, / N= F"

( - ( G$= 23>+" ! " 2:/ +5&P= F" , *<2- %( 9#* :5! %*

; ( F' / 51/N= G<! P #%<9#*" & ( 2/ %$, / N %/ 51/C

' *" , ( ) *- / ' " & , $F" & . +%" ' *F ( - ( G$= 23>+"

! " 2:/ +5&P= F" , 2( ' 3/ 23/ #H % :5! T; * ' / :" F$ J 
%/ #H( , / N ( -3+(F' ( 9NE U/ :" F$ , 3$; #" :5 l 
) +%" ) +(, / ! %*N G/ ! / ' *" = 23>+" . ( 5#%" -3' *2>,
) +(- * - *< ' / &) *" +, ( ,$) " B' *" ' *" 2+>32*" . (
2, " -3*( ' / +*5- %/ = %/ , *" +/ &P#" . ( ) +%$3( #%( C
' " ) $3/ ' *" ( +/ % 2*:2/ ) $3/ V ,$ ) "B' */ #%$=
/ ' / - 3<) ' *" C ( +(%" . +/ ' *" ( ) *- / ' " & . +$E
8" 9:* ; *<! %$ ( ! ) ( , *" ! %*/ ; * G/ ! / ' $#H / *#H
%/ #H( , / ' */ ; * , #%/ - *" 3" & . +$ ,$ -3P) * %/ 4
:" F' ( 9N %. ( ! ' / % ( #%" 2*, / ' *" ; = , >, #%/ -
; ( F" ; $ ) ( , *" ! %*" N= F" ) $3/' *" 3( , *-3( #*"

; *" +%$ -2B( ' ' ( 9N ! ( ( 2/ %$, / ' */ %/ 51/' */
*' ' $;E W ! ( 3$#H#%/ - ( ,$ #H " 2- ) " +$; " ' 3/ #H
3/ 2*" & %/ :" F' ( 9#* &" ! ' / 2 ' *" -3, *" +! %( ' ( E
Q( , *' ' *9; $ ( ' *; ) / ; *<3/ N ) +%$ *' 3" +) +"4
3/ #&* , $' *2>, - ( ' ! / F$= , 23>+$#H %/ 51/ ' *"
; *" +%$ - *< %/ ) ( ; ( #P 3" . ( ) $3/ ' */ E

Socjolog jak biolog 
Q( ' / ! XJ :/ 3 3" ; 5 / ; " +$2/ V- 2* - ( #&( :( .

Y ( ++*- R" :! *3#H ( ) 5G:*2( , / B/ +3$25B ==S/ '
$( 5 +" / ::$ -35! $ / ' / +; $ *' 3H" :/ G( +/ 3(4
+$7M C S%$ ; ( F' / ' / ) +/ , ! < G/ ! / N / +; *<
, :/ G( +/ 3( +*5; 7 Z2- ) " +$; " ' 3/ :' " G/ ! / ' */
) +(#" - >, - ) ( B" #%' $#H ,$ ! / , / B( - *< , >, #%/ -
&" - %#%" 3+5! ' *" &- %" ! ( ) ( ; $9:" ' */ ' *F ! %*4
- */ &E U/ 3$35B( , " ) $3/ ' *" ( ! ) ( , *" ; 3/ 2= &/2
( ! ) ( , *" ! %*/ B,3 " ! $ R" :! *3#HE [ / 2= ; ( F:*, " E
\ ) ( B" #%" V-3, ( ; ( F' / G/ ! / N , :/ G( +/3( +*5; =
#H( N ( #%$, *9#*" 3+%" G/ ; *" N ' / &) *" +, ) " B' P
&/ - ' ( 9N #( ! ( 3" . ( = #( ; */ ' ( ,* #*" #H#" - *<
%G/ ! / NEL-3( 3P - ) ( B" #%" V- 3, / &" -3&" . ( -3+52354
+/ = #%$:* ) ( ! %*/ B3" . ( - ) ( B" #%" V-3, / ' / . +5) $
0==2:/ - $M= ==, / +-3, $M #%$ . +5) $ -3/ 35- ( , " 6=
' *" +>, ' $ +( %! %*/ B! >G+03/ 2*#H &/ 2 G( . / #3, ( =
, B/ ! %/ #%$ ) +" -3*F6 ; *<! %$ 3" . +5) $= ,$ '* 4
2/ &P#" % 3" . ( ' *" +>, ' " . ( ) ( ! %*/ B5 -3( - 5' 2*
,$ F- %( 9#* * ' *F- %( 9#* ; *<! %$ . +5) / ; * *3)E
] *:" %/ ; $2/ ' *" ! 5F" &. +5) $ :5! %* , :/ G( +/ 4
3( +*5; = G$ %( G/ #%$N= #( %3" . ( , $' *2' *" =&" -3
) ( %G/ , *( ' " - " ' - 5= ( 3$:" ( ! 3, ( +%" ' *" &/ 2*" &9
#H/ +/23" +$-3$2* -3+5235+$ - ) ( B" #%" V-3, / 0' /
) +%$2B/ ! ' *" +>, ' ( 9#*= %+>F' *#( , / ' */ = . <-3(4
9#* ) ( , *P%/ V ; *<! %$ . +5) / ; * - ) ( B" #%' $; *6
, #" :5 - $-3" ; / 3$#%' " . ( %G/ ! / ' */ =&/ 2 %; */ ' /
3" & #H/ +/ 23" +$-3$2* , ) B$, / ' / %/ #H( , / ' */
&" ! ' ( -3" 2 * *' ' " ) +(#" - $ - ) ( B" #%' " = &" 3 &/2
' / &G/ +! %*" &- " ' - ( , ' " E !

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

W*::" + OE= W/ :2" + ^ E_ E 0@JJ` 6E Building Experiments. 
Testing Social Theories. \ 3/ ' 1(+! a ' *b" +- *3$Q+" - - E

. / ) / 0(/ $1%2$345 $06/70$

' %8#,8789(: 23&4; 7(</ ,=

6+ 0/ >1+ ) 8 5 8) $7>

&0/ 0$98 & ) 4%#427(0

23&438) 0(#&4#"

?@


