
 
 
 

I miejsce w kategorii przedstawienie 
w Ogólnopo lsk im Konkursie „ Nauki Przyrodn icze na Scenie 1”   
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Streszczenie: 

 

 %RKDWHUDP
�
]DM
 ��� � SRVWDFL ��� EDMN � Ä.XEX� 3XFKDWHN � RUD 	 XF]QLRZL 
�	 .Rá �

Fizycznego. 

 ']LZQ\ � ]ELHJLH � RNROLF]QR�F  SU]\FKRG]� ��� .U]\VL ����� O�GDM�F ����� IUDJPHQW�

QDNU
FRQH� SU]H ��� LHEL ��� � MN !#" XG]LDáH $ MHJ % SU]\MDFLy &�! ]DF]\QDM� ]DVWDQDZLD '�( L
 F] )
PRJá * VSRWND + 3URVLDF]N ,�- U]\JRG *�. M /�0�1 ZáDVQ\ 2 FLHQLHP��SRND]\Z ,43 /65 W\ 2 ILOPLH" 

.U]\� PXV 785 WUDNFL / WH 091 VSRWNDQL ,�1�:4- 1 ZLHG]LH +63;,�3 , VW
SXM�F <�= \WDQLD� 
 

���.LHG > SRZVWDM ? FLH�" 

  2��& @ ZSá\Z A�B A WR��* C�D E ZVWDM�F FHG;I�C NUDQL C FLH� QL C ]DZV] C MHVW�RVWU\" 

���-D J PXV]� E\ K XáR* L4M;N =LHPLD��.VL
*\ O�P 6áR�FH��*HE Q QDVW�SLá R ]DüPLHQL S 6áR�FD" 

���-D T PXV]� E\ U XáR* V4W;X =LHPLD��.VL
*\ Y�Z 6áR�FH��*HE [ REVHUZRZD U]\ DüPLHQL X  

.VL
*\FD" 

���&] ^̀ _ SU]HV]áR�F a Z\NRU]\VW\Z b4c;dec LHZLHG]
 OXG] afc;b WHPDW�]DüPLH� g�d LF h  

]DVWUDV]DQL i�jlk 2JO�GDM� IUDJPHQW�ILOP m�n W��´)DUDRQ oqp  

���2 r F]H s�t ]DOH* u LOR� vxw LHQ y W z�s�t VDP z�s�te{ U]HGPLRWX" 

���'ODF] |�}�~ ]GM
FL |�� U]HGVWDZLDM�F | .RVPRQDXW
 � � .VL
*\F �l� L | MHVW�SUDZG]LZH" 

���=ZLHU]
��NWyU ��� L � U]XF � FLHQLD� 

���&] � PR* � � Z\NRU]\VWD �x� LH� � *\FL � FRG]LHQQ\P" 

D��JQRP ���H� ]HJD � VáRQHF]Q\� 
E���ZLDWá ��� FLH� � PDODUVWZLH 

     c. fotografii; 

     d. portrety „cieniowe”; 

     e. teatrzyk cieni. 

 

 

 

 

 

 

 

 

 

 



 

 
Cele ogólne:  
 
1. 8]P\VáRZLHQL

���
F]QLRP � * � ND*G � � \VF\SOLQ ����� � NRZ � MHV � QLH]E
 � ��� �
	 GRJá
EQHJ

	
poznania wybranego zagadnienia. 

2. :GUR*HQL ���� ZVSyáSUDF ������ MHGQ\ � ]DJDGQLHQLH � XF]QLy��� QDXF]\FLHOL� 
3. 1DE\FL � XPLHM
WQR�F � NRU]\VWDQL ��� Uy*QRURGQ\F � (UyGH���QIRUPDFM � NVL�*HN  F]DVRSLV !"�

SURJUDPy # SRSXODUQRQDXNRZ\FK��LQWHUQHWX  Uy*Q\F $ LQVW\WXFML� 
4. 8GRZRGQLHQLH  * % ZLHG] &('�& WHPD ) SURVWROLQLRZ %+*-, UR]FKRG]HQL & VL
 �ZLDWá &

Z\NRU]\VW\Z &.'/& MHVW�# *\FL 0 FRG]LHQQ\P� 
5. =DSR]QDQL %21 SU]\NáDGDP � W\F $ ]DVWRVRZD�� 
6. 3RJá
ELDQL %43�, WU]HE 5 ZQLNOLZ %+*-,4� NU\W\F] '/%�*
, VSRMU]HQL &4'/&46/& MNL��ILOP 5 � UHNODP 5  
7. 5R]EXG]DQL 748 UR]ZLMDQL 7 ZUD*OLZR�F 8:9/;4< L
N 9/=4< U]\URG\� 
8. 3RJá
ELDQL 7?> PLHM
WQR�F 8 Z\UD*DQL ; VZRLF @> F]X AB8 ZLHG] CED Uy*QRURGQ\F @ IRUPDFK� 
 
 
 
Cele operacyjne  
 
1. A i F XF]H� Ä ZL GBH UR]XPLH��* I �������´ 
 
• �ZLDWá J UR]FKRG] K VL
 SURVWROLQLRZ J  
• URG]DL ]DVWRVRZDQHJ J (UyGá M �ZLDWá M P M ZSá\N�O/M4P/J ZVWDQL Q FLHQL M4K SyáFLHQLD 
• ]DüPLHQL Q .VL
*\F M4K 6áR�F M ]DFKRG] K SU] R RGSRZLHGQL S XáR*HQL T FLDU QLHELHVNLFK 
• QLHZLHG]
 OXG] K:O/M WHPDW�]DüPLH� Z\NRU]\VW\Z MVO�JXW�J LF Y ]DVWUDV]DQLD 
• LOR� Z REVHUZRZDQ\F Y FLHQ K GDQHJ J4P U]HGPLRW T ]DOH* R J�W LOR�F K ]DVWRVRZDQ\F Y (UyGHU

�ZLDWáD 
• ]MDZLVN J FLHQL M Z\NRU]\VW\Z MVO/Q MHVW� N *\FL T FRG]LHQQ\P 
 
       
2. [ K]\ XF]H� ÄXPLH ^ � N V\WXDFMDF Y W\SRZ\F Y K QLHW\SRZ\FK –    problemowych) 
 
• UR]ZL�]\ZD Z`_ DJDGN K ]ZL�] MVO�Q _E_ DJDGQLHQLH S FLHQL M4K ZDUXQNyN M Q+a
J4P�J ZVWDZDQLD� 
• RJO�GD Z �REVHUZRZDü b GR�ZLDGF]HQL M4c R Z\FL�JQ� Z RGSRZLHGQL Q ZQLRVN K:O/M W QVO WHPDW� 
• Z\NRU]\VW\ZD Z IDNW Rd_ DREVHUZRZ MVO�QeN GR�ZLDGF]HQLDF Y W
J IRUPXáRZDQL M W\FK 

wniosków; 
• SRGD Z SU]\NáDG R Z\NRU]\VW\ZDQL M ÄFLHQLD ^ N *\FL T FRG]LHQQ\P��JQRPRQ��]HJD f

VáRQHF]Q\� �ZLDWá J4K FLH� N V]WXFH��SRUWUHW R ÄFLHQLRZH ^ WHDWU]\ gih LHQ K:K WS�� 
• ]JURPDG]L Z PDWHULDá R GRW\F]�F QXJ PDZLDQHJ J ]DJDGQLHQL MjN Uy*QHJ J URG]DM T (UyGáDFK� 

        c]DVRSLVP M4P/JVP XODUQRQDXNRZH��NVL�*NL��LQWHUQHW��ILOP R HGXNDF\MQH� 
• ]DSODQRZD Z GR�ZLDGF]HQL M LOXVWUXM�F QXJ PDZL M.O/Q4P UREOHP\� 
 
 
3. 3RVWDZ R K ZDUWR�FL��8F]H� Äpotrafi” 
 
• Z\UD*D Z`k ZRM Q4P U]HNRQDQL QXJ NRQLHF]QR�F K SRV]HU]DQL M VZRMHL ZLHG]\� 
• G]LHOL ZEk L
 ]GRE\W� ZLHG]� ] innymi; 
• Z\UD*D Z`k ZRM QXJVP LQL Q RGSRZLHGQL J M QXM UJXPHQWXM�F� 
• Z\ELHUD Z RGSRZLHGQL QW
J VZRLF Y PR*OLZR�F K (UyGá M LQIRUPDFLlK:K SRVáXJLZD ZEk L
 QLPL� 
• ZVSyáG]LDáD Z N JUXSL Q ZVSyOQL Q Z\NRQXM�FHL ]DGDQL MXW�J W\F]�F Q Z\PLHQLRQ\F Y FHOyZ�  
 



 
„ Zabawy Prosiaczka z cieniem, F]\OL�áDPDQL

�
SUD � IL]\NL� � EDMNDFK´ 

 
.U]\� � ']LH� GREU\��-HVWH � .U]\� � EDMN ��� .XEXVL � 3XFKDWNX��1DNU
FLáH � NROHMQ 	 ILO �
�
XG]LDáH � PRLF �� U]\MDFLy��� FKF
 ��� ]DSUH]HQWRZD ��� ZRL � NROH*DQNR ��� NROHJRP �
=DG]ZRQL
 � � .XE\��E 	 LF � ]DSURVLü� 
 
.U]\� � &]H� � .XED��0D � GO � :D � SURSR]\FM ��� L ���� RGU]XFHQLD  &] ! PRJOLE\�FL � ZSD� "  

G � PQL ��#�%$ HMU]H " Py& QRZ ! ILOP ' :áD�QL �#(�� VNR�F]\áHP��7\ ) UD]H ) ERKDWHUH )  
              jest mój przyjaciel Prosiaczek. 
8F]H� * 2F]\ZL�FL + .U]\VLX��=DUD , ZV]\VWNL - SU]HND*
 7ZRM + ]DSURV]HQL +�./, SU]\MHPQR�FL�  

VSRWNDP 0 VL
 , 7RE��� 
.U]\��   No to czekam.  
8F]H� * -X* MHVWH�P 0 . EDUG] 1 FKFHP 0 ]REDF]\ 2 7ZRM +�3 1 Z +4 ]LHáR� 
 
Projekc ja fragmentu bajki – SW 5 Ä 687 L�PyM�FLH� 9;: VHUL < Ä.XEX� 3XFKDWHN´ 
 
8F]H� = Krz\VL >@? UDWXOXMHP A & B SRP\VáX��DO C�D LV]� E�FGE HQDULX FIH ILOP > WURFK
 QDPLHV]DáH� H  
              tym cieniem.  
.U]\� = &] A XZD*DV] J * C�DLK ZLQLHQH M FR� SRSUDZL NOB X]XSHáQL N ZLDGRPR�F BPH MDNLHM�  
              dziedziny? 
8F]H� = -HVWH QSR W\ Q SU]HNRQDQ\��T W� G]LHG]LQ� MHVW�IL]\ND� 
.U]\� U No to chyba nie dam sobie rady! 
8F]H� U -H� V W W\ON R ]HFKFHV] ZVSyOQL XZY ]XSHáQLP [ WZRM� ZLHG]
� 
.U]\� U %\áE\ Q :D Q EDUG] R ZG]L
F]Q\� 
 
8F]H� U 6SUyEXMHP [ VREL X�\L] MSLHÛ RGSRZLHG]LH _ \L]�̀ \WDQLH� 
.LHGa SRZVWDM bdc LH�" 
8F]H� e CRG]L f8g�gLf�g DV] fh8i VHUZDFM f�jLh ND]XM� QDP�� 
* f �ZLDWá h UR]FKRG] k VL
 jLh OLQLDF lj URVW\FK� 
3RWZLHUG]DM� W h Z\N h8gnm8gLf�j U]H] f PQL f ]GM
FLD� 
 

 
Foto: Jakub Tomczak 
 
 
 
 
 
 
 
 



8F]H� �
0R*HP � W � WH* ]LOXVWURZD �����	��� PRF� GR�ZLDGF]HQLD�� 
 W\ � FHO � PXVLP � ]DG\PL �

akwarium. 
:\NRU]\VWDP ���� W ��� � FHO � VSHFMDOQL � ]EXGRZDQ � SU]H � QD � SU]\U]� � >�@� 

 
 
 
 
 
 
 
 
 
 

'R�ZLDGF]HQL ���  
.LHUXM� SURPLH� �ZLDWá �	� U]H ��� DG\PL ��� �!� NZDULX " O #%$&$�# WHON
�� 
.U]\� ' 5]HF]\ZL�FL � �ZLDWá � UR]FKRG] ( VL
 SURVWROLQLRZR�� 
8F]H� ' *G\E ) E\á * LQDF]HM��WR R�ZLHWODM� + Uy* ,�- FLDá .	, L - ZLG]LHOLE\�P ) FLHQLD� 
2F]\ZL�FL - VSRW\NDP )�/ QDV]\ 0 RWRF]HQL 1 GZ . URG]DM - FLDá��QLHSU]H]URF]\VW -	2
SU]H]URF]\VW -&3 O . �ZLDWáD��6SyMU 4 ,�. NROHM ,�-53%* �ZLDGF]HQLH� 
 
'R�ZLDGF]HQL 6&7  
.LHUXMHP ) ZL�]N
 �ZLDWá . 4 U]XWQLN . VODMGy/ QD� 

a. pU]HGPLR 8 Z\NRQDQ ) 4 PDWHULDá 1 QLHSU]H]URF]\VWHJR 
b. SU]HGPLR 8 Z\NRQDQ ) 4 PDWHULDá 1 SU]H]URF]\VWHJR� 

 
8F]H� 9 & * ]DREVHUZRZDáH� .U]\VLX" 
.U]\� : *G; �ZLDWá < SDG = Q =5> LDá <@? LHSU]H]URF]\VW A Q =5ACB UDQL A SRZVWDM A&> LH �� 
 
8F]H� : =DVWDQy D VL
 WHUD E .U]\VLX  
& F ZSá\Z G QD WR��* H QLHUD I RSUyF I FLHQL J Q JKHCL UDQL H SRZVWDM H SyáFLH�" 
 
.U]\� M Nie wiem, ale PR* N PyJáE\ OQP :DP R SRHNVSHU\PHQWRZDü" 
 
8F]H� M 2F]\ZL�FLH S 6SyMU]��2�ZLHWOLP T SLáN
 GZRP U (UyGáDP R �ZLDWáD��3RGREQ T HIHNW�PR*Q U
X]\VND V JG T R�ZLHWOLP T MHGQ\ O GX*\ O (UyGáH O – ro]FL�Já\ O � 
 
'R�ZLDGF]HQL WYX  
 
2�ZLHWODM� QLHSU]H]URF]\VW Z SU]HGPLRW�GZRP [ (UyGáDP \ �ZLDWáD�  
.U]\� ] =DREVHUZRZDáHP��* W U]HF]\ZL�FL W SRZVWDM W MHV]F] W SyáFLH��� 
  
8F]H� ] 2EV]D ^ FLHQL [&_�̀�a MPXM a SXQNW\�� b _ NWyU\F ced RJyO a	f L a b _ FKRG] \ �ZLDWáR��� 
             ObV]D ^ SyáFLHQL [&_ �ZLHWORQ Z MHVW�MHG\QL a	g U]H h F]
� i (UyGá [ ��SU] Z F]\ j  

QL k P l RVWUHM�JUDQLFm PL
G]n SRPL
G] n FLHQLH o L�SyáFLHQLHP 
 
 
 
 
 
 
 
 
 
 
 



 
8F]H�� .U]\VL � ]DVWDQy � VL
��PR* ��� SU]\URG]L � VSRW\NDP �����
	���
��� ]MDZLVND" 
 
.U]\� � Nie jestem pewien. &] � PR* � PDV ����� P\� � � ]DüPLHQL � 6áR�F ��� .VL
*\FD" 
8F]H� � �ZLHWQL � VREL � UDG]LV]��7 � ]DQL � Z\NRQDP � NROHM ������� �ZLDGF]HQL ����� P\�O�� 
 �! "

PXV]� E\ # XáR*RQ $ =LHPLD % .VL
*\ & L�6áR�FH��*HE' QDVW�SLá ( ]DüPLHQL ) 6áR�FD" 
:\NRU]\VWD*,+
- W .
/�- FHO 021 LáN 3 Uy*QH* ZLHONR�FL 
 
'R�ZLDGF]HQL )�4  
.U]\� 5 3RF]HND* QLHF 6 VL
 ]DVWDQRZL
 7 1DMZL
NV] . MHVW�6áR�FH��SRWH 8 =LHPL 9�3 QDMPQLHMV] :  

MHV ; .VL
*\F�� < 8Ná 9�+
9 M . WD = DE : PyJ> SRND]D ?A@ DüPLHQL . 6áR�FD�� 
             
8F]H� 5 &DáNRZLW . ]DüPLHQL . 6áR�F 9 ZLG]LDQ . MHVW�B REV]DU] . FLHQLD C ]DüPLHQL . F]
�FLRZ .
ZLG]� REVHUZDWRU] : ]QDMGXM�F : VL
 B REV]DU] .�1�D áFLHQLD� 
:L
NV]R� ? PLHV]ND�Fy B =LHP 3 QL . ZLG] 3 * 9
+,E�.F/�- ]DüPLHQLD� 

 
 
8F]H� 5 G WDNL 8 UD]L .�E�9 SHZ E�- PR*H HI@ P 3 SRND]D ? � J!KL

PXV]� E\ M XáR*RQ ) =LHPLD N .VL
*\ & L�6áR�FH��*HE' QDVW�SLá ( ]DüPLHQL ) .VL
*\FD" 
 
 
'R�ZLDGF]HQL )�4  
 
.U]\� ]PLHQL 920 Ná 9�+�1 LáH =O3P3 Q XVWUXM . ]DüPLHQL . .VL
*\FD� 
 
8F]H� 5 =DüPLHQL 9 .VL
*\F 9RE�9 VW
SXM� C JG : .VL
*\ S ZFKRG] 3 B VWR*NRZDW : FLH� =LHPL T 0RJ�
M .U-V VHUZRZD ? ZV]\VF : PLHV]ND�F : WH* F]
�F 3 JO -VF0 ]iemskiego , gdzie aktualnie panuje 
noc. 
 
 
 
 
 
 



 
 
8F]H�� 
&]
�
Vá\V]DáH��� � W\P��* ��� SU]HV]áR�F � Z\NRU]\VW\ZD ����� LHZLHG]
 OXG] � Q 	 WHPD 
  

]DüPLH� G � LF � ]DVWUDV]DQLD" 
 
.U]\�� &K\ �� ZLHP���F]\WDáH � NVL�*N
 %��3UXV �� W��Ä)DUDRQ � � 
 
2JO�GDM� IUDJPHQ 
 ILOP ��� t. ” Faraon”             
                                                               
.U]\� � Wiesz, FK\ �� PD ��� UDFM
 ��:DUW � � � Já
ELD ��� ZRM  ZLHG]
��1L � V�G]LáHP��* � �� WU]� �  �  � NU  � PR*Q  P\�OH ��� ]MDZLVNDF  IL]\F]Q\FK ! 7 � � LHVDPRZLWH� 
            7 " ]DüPLHQL # W $ WD %&# ]DEDZ # QLHELHVNLF ' FLD (*) FKRZDQHJR�  
 
 
 
8F]H� + 7URFK
 SRV]SHUDáH ,.- NVL�*NDF /�0 ZLHP 1 * 2 .VL
*\ 3 P 4 �UHGQLF
 5�676 UD] 8 PQLHMV]�97: �UHGQL ;<8 6áR�FD =?> UyZQRF]H�QL @ OH* 8A5B676 UD] 8 EOL*HC QDV D :VNXWH E WHJ

9F9BG > W @ FLDá >
niebieskie wLG]L >BH&@JI =LHP K Z\JO�GDM� WDN = MDNE 8 PLDá 8 MHGQDNRZ� �UHGQLF
 D ']L
N K WHP LNM : 8
.VL
*\ ; SU]HFKRG] K GRNáDGQL @ PL
G] 8 =LHPL� > 6áR�FH OPO R* @ M @ FDáNRZLFL @ ]DVáRQLü D 0DP8
ZyZF]D Q :R9 F]\QLHQL >SIT; DáNRZLW\ O ]DüPLHQLH O 6áR�FD�� 
 
Wersja rozszerzona 
=GDU] > VL
 = *H .VL
*\ ;UI DVáDQL > W\ON 9 F]
� V 6áR�FD = SRZRGXM� ; W\ O
VDP\ OWO QLHMV] @ O L G ZL
NV] @ ]DüPLHQL @ F]
�FLRZH� 
:LHG]�F = * @ .VL
*\ ;XE U�* 8.Y 9 @ OLSVL @ ZRNy Z =LHPL = REOLF] 9 H 9 L*
RGOHJáR� V =LHPLD-.VL
*\ ; Z >\[&> VL
 97:J]7^ 6J6 � 6 :79 5�6R6 � 6R6 NP�� 
.LHG 8 .VL
*\ ;_I QDMGXM @ VL
 QDMGDOHM = M @7M 9 ZLGRF] H&> �UHGQLF > MHV `
WURFK
 PQLHMV] >aH L* �UHGQLF > 6áR�FD D 7\ O VDP\P = QDZHc̀b F]DVL @
LGHDO H&@*M 9 L VWDZLHQL >dH&> OLQ K K SURVWHM = ` DUF] > .VL
*\F > QL @ PR* @
FDáNRZLFL @eY U]HVáRQL V 6áR�FD����1DVW
SXM @ ZyZF]DV     
]DüPLHQL @ 9\G U�F]NRZH��SRGF]D Q E WyU @*M 9 ZLGD V MDVQ� REU
F]                               
6áR�F > ZRNy Z .VL
*\FD��                                                                 3RGF]D f�g DáNRZLWHJ h ]DüPLHQL i  
                                                                                                        6áR�F i PR* jki ]REDF]\ l UR]�ZLHWORQ�                                                                                  
                                                                                                                                               NRURQ
 RWDF]DM�F� JZLD]G
� 



 
8F]H� � 0D � .U]\VL � � O � &LHEL � ]DJDGN
� 
 
'ODF]H ��� ]GM
FL 	 SU]HGVWDZLDM�F 	 .RVPRQDXW
 Q 
 .VL
*\F �� L 	 MHV � SUDZG]LZH �  
8Z]JO
GQL� W\ON � ]MDZLVN � FLHQLD� 
 
.U]\� � =LHPL ����� ]GM
FL ��� �ZLHWO ����� jest z lewej strony, a 
]DWH � .RVPRQDXW � SRZLQL ��� PLH ��� LH� � GUXJLH� VWURQ � QL*
SRND]XM � W � ]GM
FLH� 
 
8F]H� � 1R � QR��MHVWH� GREU\�               
To w takim razie odpowiedz nam na jeszcze jedno pytanie: po, 
NWyUH� VWURQL � F]áRZLH � SUDZRU
F]Q � SRZLQL � � PLH � XVWDZLRQ�
���"! LXUN � ODPSN
" 
 
.U]\� � Wiem!  3 � OHZHM � E � U
N �#� L � U]XFDá � FLHQL �$���&% LVDQ �
tekst. 
 
 
'R�ZLDGF]HQL ')(  
8F]H� * Doskonale Krzysiu! Potwierdzimy to jeszcze 
GR�ZLDGF]HQLHP� 
:á�F]DM� + ODPSN
 R�ZLHWODM� U
N
 SLV]�F ,.-0/ .U]\VLD 
 
 
.U]\� * To teraz ja te* &L
 F]\P� ]DVNRF]
�� 
 
&]1 ZLHV 2 NWyU ' ]ZLHU]
��QL ' U]X 3.453 LHQLD" 
8F]H� *  
Chyba nie ma takiego! 
 
.U]\� * 6 MHVW���:\F]\WDáH 798 Ä:LHG] :<; )\FLX´��*H QDOH* =?>0@
nich P�WZD (Euprymna scolopes). Jest   to   rodzaj   PL
F]DNa  
*\M�F = A FLHSá\F B ZRGDF B @ WDF]DM�F\F C +DZDMH� 
 

 
 
 
8F]H� D 0LHMVFD E NWyU F Z\ELHU G V� L H.H�FIH L* NU\MyZN JLK HK NUHZQLDF]HN M 1L F OXE J PRUVNLF C<N á
ELQ��
=D]Z\F]DK PR* H�G M� ]QDOH( OQP#P RG]L F PDM�FHK Já
ERNR� OSR DOHGZL F NLON T FHQW\PHWUyZ� 
8F]H� D ']LH� VS
G] G ]DN U V G H�G P SLDsku na dnie.  
 
 
 



 
 
 
 
1RF� Z\UXV]

�����
áRZ\ � � NLHG � ]DXZD* � VPDF]Q� NUHZHWN
 XQRV � VL
 � SRGáR* �	� NU\W �

SLDVNRZ\ 
 SáDV]F]HP � 3R]ZDO ���� P�WZL � ZWRSL ��� L
 � RWRF]HQL � � VNXWHF]QL � ]DDWDNRZD �
SU]\V]á � SRVLáHN�� 
8F]H� � 1LHVWHW\ � Z\FKRG]� � � XNU\FL

� � JáRZRQyJ QDUD* � VL
 ����� WD � GUDSLH*Q\F � U\E �
-HGQD � P�WZL �	��� � M � VL
 RFDOL ����� yU
 ��� � ��� WUDI � E\ � niewidoczna � W � ZFDO � � L �!� ]L
N �
RNOHSDQ\ 
 V]WXF]NR 
 � PDVNXM�F\ 
 XEDUZLHQLHP�� 
8F]H� � Ä1LHZLG]LDOQR�ü´ ]DSHZQLDM� P�WZLH �"�#� �ZLHF�F � � � NWHULH � NWyU � PLHV]NDM�
ZHZQ�WU � MH$ FLDáD � 2�ZLHWODM� ��� ��� PRUVNLH � OLNZLGXM� U]XFDQ � FLH� � NWyU � PyJáE � ]GUDG]L �
GUDSLH*QLNR 
 MH$ SRáR*HQLH� 
0DM� VZHJ

�
URG]DM � F]DSN
 QLHZLGN
 QL � U]XFDM�F� FLHQLD� 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
0�WZ � � \á � LQVSLUDFM� GO % WZyUFy& URERWy&�& Ä0DWUL[LH´ 
 

 
 



Wersja rozszerzona 
�=HVSy

�
QDXNRZFy������� NLHURZQLFWZH � :HQG 	 - 
 &URRNH � GRQLyVá � * �� F]\ � VNyU � ZRNy

�
QLF ��� UD � QDU]� � �ZLHWOQ 	 P�WZ 	 ]DZLHUDM� WZRU 	�� EXGRZ �������� XSHáQL ���� WH� SRU 	
QLH]QDQH� JUXS 	 ELDáH � – OXVWHUHN 
 7 � ZáD�QL �� ]L
N � QL ��� Dá 	 PRUVN � ]ZLHU]D � SRWUafi bardzo 
SUHF\]\MQL  NLHURZD � �ZLDWá �� PLWRZ � ��!� U]H � EDNWHULH 
 %LDáH � W\F ����� ]ZDQ\F � UHIOHNW\QDPL �
QL  VSRW\N �����"��� WH� SRU 	#� *DGQ\ � LQQ\ � RUJDQL]PLH�� 

5HIOHNW\Q 	 V� EDUG] ��� ]LZQL  ]EXGRZD �� - cztery stosunkowo rzadkie aminokwasy: 
tyrozyna, metionLQD � DUJLQL ���$� WU\SWRIDQ � EXGXM� QLHPD % �� & FDá '�(�)+* LDáN ,.- NROH / NLON ,
SRZV]HFKQ\F 01, PLQRNZDVyZ 2 QS 3 DODQL 4�, F] 5 OHXF\QD 2 QL '76�) MDZL , VL
 8 URG]LQL ' UHIOHNW\ 498
RJyOH 3 %LDáN , W ';: ]LDáDM� MD < PDOH�NL ' OXVWHUND 2 VNXSLDM� =>/ RGELMDM� = �ZLDWáR 3 1DXNRZ =?5
plaQXM� Z\NRU]\VWD @ M 'A8 QDQRWHFKQRORJLL 3 2EHFQL ' 8 PLNURVNRSLMQ\F 0CB NáDGDF 0
ELRHOHNWURQLF]Q\F 0 Z\NRU]\VWXM ' VL
 MX* F]�VWHF]N / SRFKRG]HQL ,D* LRORJLF]QHJR 2 QS 3
EDNWHULRURGRSV\Q
 3 %DUZQL < yZ 2 SURGXNRZDQ 5 SU]H E QLHNWyU ' : UREQRXVWURM ' MHVW�
wykorzystywany jako czXMQL < �ZLDWá , %DGDQLDP / QD : P�WZ� ]DLQWHUHVRZDQ / V� OHNDU] '
VWXGLXM�F 5 ]MDZLVN ) V\PELR] 5 ]ZLHU]� F�E EDNWHULDP / 0LNURRUJDQL]P 5 ZVSyá*\M�F ' ] Euprymna 
VFRORSH G QL ' V� ZSUDZG]L ' V]NRGOLZH 2 DO ' ZLHO ' LQQ\F 0 NU
WNy8 QS 3 3U]HFLQNRZLH =!= KROHU 5
PR* ' Z\ZRá\ZD @ FKRURE 5HB OXG]L 3 :\QLN / W\F 0I*�,�:�, � QL ' V� :�)�6�)J(K, UG]HQL , WDN* '": O , ZRMVN ,
– FKRG] / W BL) W� ÄF]DSN
 QLHZLGN
 � MON  
 
8F]H� P $O ' PQL ' .U]\VL B ]DVNRF]\áH���1L ' ZLHG]LDáHP��* ' PD GQE WDNL ' ZLDGRPR�F / E ELRORJLL� 
             i czytasz czasopisma popularnonaukowe.  
 -H� % /SR HVWH� WDN / GREU\��W )")�:�6�) ZLHG E P /Q4�,�4�, VW
 6�4�'�6 \WDQLH� 
 
2 T F]HJ U ]DOH* V LOR� W"X LHQ Y WHJ U VDPH Z[U!\ U]HGPLRWX"  
 
.U]\� P 3RF]HNDM��1LHF 0 FKZLO
 VL
 ]DVWDQRZL
��' ) WHR SRU 5 REVHUZRZDOL�P 5 MHG '�4 FLH��� *�)  

R�ZLHWODOL�P 5 MHGQ\ ] (UyGáH ] �ZLDWáD 3 6WRVXM� = GZ , (UyGá , PR* '�6�) ZVWDá\E 5 GZ ,  
FLHQL '�^ 3RZLHG]��* ' PD ] UDFM
� 

 
'R�ZLDGF]HQL _I`  
 
8F]H� a 2F]\ZL�FL b VSyMU]� 
 
-H� c d R�ZLHWOLP e 3URVLDF]N f"g ZRPD��QDVW
SQL b WU]HP f (UyGáDP d �ZLDWá f�d W h"h WU]\PDP e
odpowiednio dwa lub trzy jego cienie. 
 
8F]H� a & i e PLDáH� RND]M
 REVHUZRZD j W h ]MDZLVN hLk *\FL l FRG]LHQQ\P� 
 
.U]\� a 7DN��MD mni WDW� RJO�GDáH opo H q?i SLáNDUVNL��.D*GHP lIr LáNDU]RZ d WRZDU]\V] e NLON f FLHQL� 

 
 
 
 
 
 
 
 
 
 
 
       

Gra FIFA                                                    :DKDGá s - Uniwersytet Adama Mickiewicza 
                                                                                   w Poznaniu 
                                                                                   Foto: Jakub Tomczak 



 
8F]H� � TeUD � PD � GO � &LHEL � NROHMQ� ]DJDGN
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&]� PR*Q � Z\NRU]\VW ���
	 LH� � *\FL � FRG]LHQQ\P" 
 
.U]\�  0\�O
��* � GREU\ � SU]\NáDGH � MH ��� MHV � ]DVWRVRZDQL � MHVW : 
 
 D����JQRPR �
� ]HJD � VáRQHF]Q �  

 
 
     Foto: Jakub Tomczak Praga 
 
 

c. �ZLDWá � � FLH� WDN* � Z\NRU]\VW\ZD � � PDlarze w swoich obrazach. Zobacz.  
 
 
 
 
 
 
 
 
 
 
 
 

d. WDN* � PR*Q � W � ]MDZLVN � Z\NRU]\VWD ��� IRWRJUDILL��X]\VNXM�  ! LHNDZ �
� IHNW\� 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



d.    a na plastyce wykorzystujemy to zjawisko do„cieniowych ” portretów 
  
  
  
  
  
  
  
  
  
  
 
 
 
 
 
 
 H����M

�����
ROH ���XEL
 WHDWrzyk cieni.         

 
 
8F]QLRZL � LOXVWUXM� NROHM 	
� ]DVWRVRZDQL ��� UH]HQWDFM���]GM
FLDP � Q � IR � � � RUD �
GR�ZLDGF]HQLDPL� 
 
8F]H�   
:UyüP� .U]\VL ����� 7ZRMH ��� ILOPX��3RZLHG � WHUD]��F � PXVLV ��� QL � SRSUDZLü��  
 
.U]\� � 2GSRZLDGD��JáR� �
� Z\OLF]DM� � Eá
G\� 
po pierwsze: FLH� QL � PR* �! #"%$ RGELM "'& SLáNL� 
 

 
 
po drugie:      MH�OL�MHGQRF]H�QL � R�ZLHWOLP( GZ "!) LDá " W\ $ VDP\ $ (UyGáH * �ZLDWáD + W ,  

ND*G -�. QLF / U]XF 0 VZyM�FLH��  
 

 
 



po trzecie: FLH� PXVL�]DZV]
�
]DFKRZ\ZD

���
L
 W ��� MD � MH �	� ZáD�FLFLHO� 

 

 
 
8F]H� 
 :LG]L �� .U]\VL � MD � QLHZLHO ����� WU]HED��*HE � ]UR]XPLH ��� MDZLVN � Z\VW
SXM�F ���  

RWDF]DM�F\ � QD � �ZLHFLH" 
 
.U]\� 
 0D �� UDFM
��� F] � PyJáE\ � SU]\M� ��������� VW
 ����� ]DM
FL � NRá �! � WR��F � URELFL � MHVW����������� 

QLH]Z\Ná ��" IDVF\QXM�FH� 
 
8F]H� 
 2F]\ZL�FL � .U]\VL �$# 
G]LH �� QDV]\ � QDMPLOV]\ � JR�FLHP� 
             1DZHW�FKFLHOL�P � &L
 %�� W �'&!����� PyZL ��" SU]\QLH�OL�P � NRV]XON
 � O �'&!�  

QDV] �'&(� .RáD� 
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