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1 5 1793 145,3 3,98 3,1

2 10 1425 135,3 3,61 2,9

3 20 1057 126,5 3,15 2,65

4 30 832 121,2 2,79 2,45

5 50 538 87,5 2,62 2,34
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,"#-# PF &+$9-#++7-#$1-(9S TF &+$)-&/*&(2$)(-*"F

ghWF BP 5$5?5& 8$ P??Q

- .mmT
b

F
T VUk

Z

W
F %>55$55& /(+ 8$ P?MQ

- .bbT ZLih A%5&? 8$ P?AQ

2

2

CR

U
i

b

m
T 5
& $8$ bmb ZhR %& 8$

6??
bRn

C & 8$ >& +&2@BLb 8$ P?DQ

,"#-# BW &+$/-(++G+#/*&(2%0$%-#%$()$*"#$&25#+*&3%*#1$*7-670#2*$/"%22#0$:(,$(5#-$*"#$

(6+*%/0#S$ h? &+$1-(9$()$*"#$)-##$,%*#-$+7-)%/#$&2$90%/#$()$6%--&#-$:(,S$$ &+$1#2+&*<$()$

,%*#-S$g &+$%//#0#-%*&(2$()$3-%5&*<S$ FW &+$+7-)%/#$%-#%$()$*"#$&25#+*&3%*#1$*7-670#2*$:(,$

(5#-$*"#$(6+*%/0#$P*"#$+7-)%/#$%-#%$()$,%*#-$-(00QS$ bZ &+$(6+*%/0#$"#&3"*S$ Tk &+$)-&/*&(2$

/(#)4/&#2*$&2$*"#$4#01 6#"&21 ()$(6+*%/0#S$ mU &+$%5#-%3#$*-%2+&*$+9##1$()$/"%22#0$:(,S$

> &+$*"#$%230#$6#*,##2$*"#$*-%2+&*$:(,$%21$*"#$%W&+$()$(6+*%/0#S$ mV &+$%5#-%3#$:(,$

5#0(/&*<$&2$*"#$4#01$6#"&21$()$(6+*%/0#S$ Ti &+$)-&/*&(2$3-%1#S$ bR &+$"<1-%70&/$-%1&7+$

)(-$*"#$:(,$*"%*$'(5#+$(2$&*+$6(-1#-$+#/*&(2$()$*"#$:(,$6#"&21$()$6(**('$(6+*%/0#$

P*"#$&2*#-)%/#$&+$/(2+&1#-#1$%+$c-(73"$6(**('d$)(-$*"#$+*-#%'$*"%*$-72+$(2$*(9QS$C  !

"#$%&'()$*+( $,-.' n  !'/)01#,$!!'()$*+( $,-')*'-#$'(#2,,$3.' bL  !')4!-2(3$'3$,1-#.'

B  !'5 6-#')*'-#$'(#2,,$37

8#$ 9230$ )* -#$'()$*+( $,-')*'*/ (- ),' Tk 2,6 -#$ 9230$ )*'29$/21$'!:$$6' mV )*'

;)5  ,'-#$'+$36'4$# ,6')*')4!-2(3$'5$/$'-2<$, 2(()/6 ,1'-) 62-2')*'324)/2-)/&'!-06 $!'

)*'52-$/';)5')9$/'4)--)='3$61$>'6$:$,6 ,1'),'-#$'2,13$' >'/$32- 9$'#$ 1#-')*'-#$'3$61$'

? mbz hZS ! @>'-#$'/2- )')*'-#$'5 6-#')*'-#$'!-/$2= B '-)' -!'29$/21$'6$:-#' mh 'AB>'CD7

E)6$3 ,1')*'-#$'4)--)='/$! !-2,($' RF '2,6'!#$2/'!-/$!!$!' RF FW '52!'(2// $6'-)'*)/'

6 **$/$,-'9230$!'  )*'-#$'2,13$')*':32($=$,-')*'42// $/'-)'-/2,! -';)5' >' ,-$//$32- ),')*'

-#$'#$ 1#-'42// $/'2,6'6$:-#')*';)5' mbz hZS ! '2,6'-#$'/$32- ),' "WUm F ')*'-#$'29$/21$'

;)5'9$3)( -& mU 2,6'#&6/203 ('! %$ )*'!$6 =$,-!' "W >'5#$/$G

#

$#%#
!"

HI>B

@?2 ms dg
W >' ?BI@

5#$/$ s#  !'6$,! -&')*'-#$'!) 3.' md  !'29$/21$':2/- (3$'6 2=$-$/')*'-#$'!) 3')*'-#$'/ 9$/'4$67
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 !"#$%&!'()*+ #$& )%(,)-'(-$# !'( 

8#$'/$!03-!')*'-#$',0=$/ (23'! =032- ),')*'=)6$3'(#2/2(-$/ !- (!' RF 2,6 RF FW '*)/'

2!!$!! ,1'-#$' ,-$,! -&')*'-#$'(#2,,$3'6$*)/=2- ),!'4$# ,6')*'4)--)=')4!-2(3$'*)/'2(-

($:-$6'62-2'2,6'=)6$3 ,1'(),6 - ),! 2/$'!#)5, 4$3)5'), J 17'BKI7

L,' 1$,$/23' -#$' )4-2 ,$6' /$!03-!' )*' ()=:0-$/'=)6$3 ,1' ()//$!:),6' -)' ,2-0/23' 2,6'

$M:$/ =$,-23'62-2'),'-#$'(),6 - ),!')*' ,-$,! +(2- ),')*'3)(23'$/)! ),')*'-#$'/ 9$/'4$6'

4$# ,6')*',2-0/23'42// $/!'-#2-'6$9 2-$'*/)='-#$'!#)/$'6)5,!-/$2=>'60$'-)'-#$'6$9$3):-

=$,-')*'-#$'3)(23'-0/403$,-';)5'6 /$(-$6'*/)='-#$'!#)/$7'

L-' !'!#)5,'-#2-'!#$2/'!-/$!!' RF FW 2,6')9$/233'/$! !-2,($'!-/$,1-#')*'4)--)=' RF '(2,'

4$'0!$6'as'/$:/$!$,-2- 9$'=)6$3'(#2/2(-$/ !- ('-)'2!!$!!'-#$' ,-$,! -&')*'-#$';)5'(#2,,$3'

6$*)/=2- ),!'4$# ,6')*'-#$',2-0/23'4$,-# ('42// $/!>'to'(#2/2(-$/ %$'4)-#')9$/233'!:$$6')*'

/ 9$/'(#2,,$3'6$*)/=2- ),!'4$# ,6 )*')4!-2(3$!'2,6' ,-$,! -&')*'3)(23'$/)! ),>'6/$61 ,1'

)*'4)--)='4$# ,6')*')4!-2(3$>'6$:$,6 ,1'),3&'),'-5)'$!!$,- 23'*2(-)/!>',2=$3&'2,13$'

3)(2- ),')*'4$,-# ('42// $/'),'-#$'-/2,! -';)5'2,6'-#2-'-#$'#$ 1#-')*'-#$')4!-2(3$'2,6'-#$'

29$/21$'6$:-#')*';)5'2/$'()//$32-$6'5 -#'$2(#')-#$/'? mbz hZS ! @7

L-' !'$!-243 !#$6'-#2-'-#$'9230$')*'-#$'/$32- 9$'#$ 1#-' mbz hZS ! ')*'4$,-# ('42// $/>'

5#$/$'-#$'=)!-' ,-$,!$'$/)! ),'4$# ,6')*')4!-2(3$'),'!-/2 1#-'!$(- ),!')*'-#$'/ 9$/'(#2,,$3'

 !'$M:$(-$6>' !'N>OO'2::/)M =2-$3&7'L,'266 - ),>'-#$'2,13$'4$-5$$,'-#$'2M !')*'-#$')4!-2(3$'

2,6'-#$'6 /$(- ),')*'-/2,! -';)5'-#2-'(#2/2(-$/ %$!'-#$'=)!-' ,-$,!$'3)(23'$/)! ),'=2&'

92/&'*/)='ON'to'PN'6$1/$$!7'L,':2/- (032/>'as'-#$'/$!03-!')*'! =032- ),'=)6$3 ,1'!#)5>'2-'

-#$'#$ 1#-')*'-#$')4!-2(3$>'5# (#' !'BFO')*'6$:-#')*';)5>'-#$'=)!-':)5$/*03'3)(23'/ 9$/'

(#2,,$3'6$*)/=2- ),!'(2,')((0/' *'-#$'2,13$'4$-5$$,'-#$')4!-2(3$'2,6'-#$'-/2,! -'/ 9$/'

;)5' !'*/)='O5 to'PN'6$1/$$!7

*+.+*+(-+ 

B7' Q(#)6/)'R7S7'T 9$/'U$6'V$*)/=2- ),!'W$2/'U2,<!'2,6'X&6/203 ('Q-/0(-0/$!'60$'-)'T 9$/'J3)5'

F'R7S7'Q(#)6/)'FF'Y/)($$6 ,1!')*'J)0/-#'L,-$/,2- ),23'"),*$/$,($'),'T 9$/'U2! ,'E2,21$=$,-'

L,(306 ,1'233'R!:$(-!')*'X&6/)3)1&>'S()3)1&>'S,9 /),=$,-23'E2,21$=$,->'J3))6'Y32 ,!'2,6'

Z$-32,6!7'ZL8KY/$!!>'Q)0-#2=:-),>'U)!-),>'CNNH7'['\7O]BKO]H7

C7' Q#(#)6/)'R7S7'^)(23'Q()0/' L,9$!- 12- ),'),'Q-$$:'T 9$/'U$,6!'  ,'_</2 , 2,'"2/:2-# 2,7'

Y/)($$6 ,1!')*'-#$'8$,-#'L,-$/,2- ),23'Q&=:)! 0='),'T 9$/'Q$6 =$,-2- ),7 S**$(-!')*'T 9$/'

Q$6 =$,-!'2,6'"#2,,$3'Y/)($!!$!'),'Q)( 23>'S(),)= ('2,6'S,9 /),=$,-23'Q2*$-&7'R010!-'

BKP>'CNNH7E)!()5>'T0!! 27' 7̀'O7'– \7'CHIKC]P7

O7' Q#(#)6/)'a7S7'J2!-'R31)/ -#='*)/'-#$'Q =032- ),')*'80/403$,-'J3)5!' ,'52-$/'")0/!$!'F'a7S7'

Q(#)6/)>'b27 7̀'c#)6,$9 (#'FF'X&6/203 (!'2,6'X&6/203 ('S,1 ,$$/ ,17'Q( $,- +('8$(#, (23'

")33$(- ),7'L!!0$'dC7'c& 9>'CNN]7'['Y7'CIKOd'? ,'_</2 , 2,@7

P7' c#)6,$9 (#'b27 7̀'Z2-$/'J30=$'V&,2= (!'2,6'^)(23'Q()/$!'E)6$3 ,1'W$2/'a4!-2(3$!'Z -#'

-#$'_!$')*'Y) !!),'Se02- ),F'b27 7̀'c#)6,$9 (#>'a7S7'Q(#)6/)'FF'Z2-$/'=2,21$=$,-'K'!-2-$'

2,6':/)!:$(-!')*'6$9$3):=$,-7'")33$(-$6'2/- (3$!')*'&)0,1'!( $,- !-!7'Y2/-'B7'T 9,$>'W2- ),23'

_, 9$/! -&')*'Z2-$/'E2,21$=$,-'2,6'W2-0/$'T$!)0/($!'_!$>'CNBN7'['Y7'IIKIH7'

I7' Q-$*2,&!#&,'V7 7̀'R4)0-'),$'2::/)2(#'-)'-#$':/$6 (- ),')*'3)(23'$/)! ),'(#2,,$3!'2,6'42,<!'

)*'/ 9$/!' ,'*))-# 33'2/$2!'0! ,1'=2-#$=2- (23'=)6$3 ,1'(2:24 3 - $!'F'V7 7̀ Q-$*2,&!#&,'Q-$*2-
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./0. 1. T$!03-!')*',0=$/ (23'! =032- ),')*'-#$'4)--)='/$! !-2,($' RF  *' zS 'f'N>OO'?!$/ $!'B@

*123)43)Z&, < ',0=$/&(%,$g'!&=032(g '):)/0'6,2 F R 16&' S z 'f'N>OO'?!$/ 2'B@
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./0. 2.'T$!03-!')*',0=$/ (23'! =032- ),')*'-#$'4)--)='/$! !-2,($' RF  *' zS 'f'N>OO'?!$/ $!'C@

*123)53)Z&, < ',0=$/&(%,$g'!&=032(g '):)/0'6,2' F R 16&' S z f'N>OO'?!$/ 2'C@
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./0. 3. T$!03-!')*',0=$/ (23'! =032- ),')*'-#$'4)--)='/$! !-2,($' RF  * zS 'f'N>I

*123)63)Z&, < ',0=$/&(%,$g'!&=032(g '):)/0'6,2' F R 16&' S z f'N>I

Uw f'C>OP'=F!' ' ' Uw'f'O>B'=F!
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./0. 4. T$!03-!')*',0=$/ (23'! =032- ),')*'-#$'!#$2/'!-/$!!' RF FW  * zS 'f'N>OO

*123)73'Z&, < ',0=$/&(%,$g'!&=032(g ',2:/hi$, 2'!-&(%,$1)'W F /F R 16&' S z f'N>OO
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./0. 5. T$!03-!')*',0=$/ (23'! =032- ),')*'-#$'!#$2/'!-/$!!' RF FW \ * zS 'f'N>I'

*123)83)Z&, < ',0=$/&(%,$g'!&=032(g ',2:/hi$, 2'!-&(%,$1)'W F /F R 16&' S z f'N>I
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,&!#&,>'b27 7̀'c#)6,$9 (#>'a7S7'Q(#)6/)'FF'S,9 /),=$,-23'Q2*$-&'2,6'S,9 /),=$,-23'Q( $,($!7'

")33$(-$6'Z)/<!7'L!!0$'H7'c& 9'W2- ),23'_, 9$/! -&')*'"),!-/0(- ),'2,6'R/(# -$(-0/$>'8#$'

L,!- -0-$')*'8$3$()==0, (2- ),!'2,6'j3)423'L,*)/=2- ),'Q:2($')*'-#$'W2- ),23'R(26$=&')*'

Q( $,($!')*'_</2 ,$7'c& 9>'CNBB7'['Y7'dPKHC'? , _</2 , 2,@7

d7' c#)6,$9 (#'b27 7̀'S*+( $,-'!)39 ,1'!:2/!$'!&!-$=!')*' 3 ,$2/'$e02- ),!'*)/' -#$':/)43$=')*'

=)6$3 ,1'-#$'52-$/';)5'F'b27 7̀'c#)6,$9 (#'FF'Y/)($$6 ,1!')*'Q M-#'̀ k'L,-$/,2- ),23'"),*$/-

$,($',2=$6 L7L7'^&2!#<) l")=:0-2- ),23'2,6'R::3 $6'E2-#$=2- (!m7'I>'d'Q$:-$=4$/>'CNBO7'

c& 9'W2- ),23'82/2!'Q#$9(#$,<)'_, 9$/! -&7'c& 9> _</2 ,$7'['Y7'CNH'? , _</2 , 2,@7'

H7' Z 3()M'V7"7'80/403$,($'E)6$3 ,1'*)/'"JV'F'V7"7'Z 3()M'FF'V"Z'L,60!-/ $!>'L,(7'̂ 2 "2,262>'

"23 *)/, 2>'BnnP7'['PId':7

]7' 8!$,1'E7X7'85)K6 =$,! ),23'!#233)5'52-$/';)5!'0! ,1'8`VKE2(")/=2(<'!(#$=$'F'E7X7'

8!$,1>'"7T7'"#0'FF'o)0/,23')*'X&6/203 ('T$!$2/(#7'CNNN7' )̀37'O]7'W)7'C7

"',+$'9%(!+)"%&+"%&:-;(+)9%*#(<=9)!(&+( :.!<%->!)"!+>-
 -'9+>)+*';>!)<'*:&%)*;+<!);%)?*;+ ;<',@A)<&=*%)',-B:$%) !C)
',)D*;+E#)9),=F)*;+<!)

Streszczenie

"$3$=', , $g!%$g':/2(&'g$!-'=2-$=2-&(%,$'=)6$3)52, $'52/0,<p5' ,-$,!&+<2(g '3)<23,$g'

$/)%g '<)/&-2'/%$< '%2',2-0/23,q'42/ $/h'>'<-p/2')6(#&32'! h')6'4/%$10'5'6pr'/%$< '%':)5)60'

/)%5)g0'= $g!()5$1)'152r-)5,$1)':/q60'!< $/)52,$1)')6'4/%$107'Z':/2(&':)62,$'!q'5&-

, < ',0=$/&(%,$g'!&=032(g ' ,-$,!&5,)s( ':/%$:r&50'%2':/%$!%<)6q',2'6, $>'5'%23$i,)s( '

)6'g$g'5&!)<)s( ' '<q-2':)6'g2< ='g$!-'0= $g!()5 ),27'_!-23),)>'i$',2g! 3, $g!%$'6$*)/=2(g$'

<)/&-2'/%$< '=)1q'5&!-q: t'g$s3 '5&!)<)st':/%$!%<)6&'/p5,2'g$!-'BFO'1rh4)<)s( '!-/0= $, 2'2'

<q-'0= $g!()5 $, 2'5&,)! '= h6%&'OI'2'PN'!-):, '5'!-)!0,<0'6)',26(#)6%q($1)':/%$:r&507

 GHIJ)KLMNOHIPG'L,-$,!&5,)st':/%$:r&50'5)6&>'= $g!()52'$/)%g2>'=2-$=2-&(%,$'=)6$-

3)52, $>'!&=032(g2',0=$/&(%,2>'152r-)5,&':/q6

"%&B+"%&! -B+)"',+$$!+*#(E),+*)!(&+( !Q!+*#(E D+,!(E#(E+()
,+*)R*&$!-B+().$#  D+&& +*' !'()B!(&+*),+")B!(,+*(! A),% )
 &*'""%D9S*& )Q'").$#  #.+*)%D.S$$&

;M2JTTPUVJ22MU0

u0='u $3'6$/'9)/3 $1$,6$,'U$2/4$ -0,1'50/6$'6 $'=2-#$=2- !(#$'E)6$33 $/0,1'6$/'L,-$,-

! 9 $/0,1!4$6 ,10,1$,'6$/'v/-3 (#$,'J30!!4$--$/)! ),'# ,-$/' 6$='X ,6$/, !>' 62!' !-/)=2-

45w/-!'9)='J30!!0*$/'5$1$,'6$/'v/-3 (#$,>'#$*- 1$,'_*$/!-/v=0,1'24*w33-7'S!'50/6$,'# $/'

6 $'S/1$4, !!$'6$/',0==$/ !(#$,'Q =032- ),'6$/'L,-$,! 9 $/0,1!4$6 ,10,1$,'6$/'v/-3 (#$,'

J30!!4$--$/)! ),'# ,-$/'6$='X ,6$/, !'2='j/0,6'4$<2,,-1$1$4$,' ='U$%01'20*'6 $'Xx#$'

0,6'Z ,<$3'6$/'Y32-% $/0,17'S!'50/6$'*$!-1$!-$33->'6 $'1/vy-$,'V$*)/=2- ),$,'6$!'J30!!4$--!'

20*-/$-$,'<v,,$,>'5$,,'6 $'X ,6$/, !#x#$'BFO'6$/'Q-/)=- $*$'13$ (#-'0,6'6$/'Z ,<$3'!$34!-'

%5 !(#$,'OIKPN'j/26'1$1$,z4$/'6$='<)==$,6$,'Z2!!$/60/(#;0!!'4$-/w1-7

 NWLX22PLIHYZP[' L,-$,! 9 $/0,1'6$!'Z2!!$/60/(#;0!!$!>'v/-3 (#$'S/)! ),>'=2-#$=2- !(#$'

E)6$33 $/0,1>',0==$/ !(#$'Q =032- ),>'#$*- 1$'Q-/v=0,1


