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3URSRQXM
 F � WHUD � Z\NRQDQL �b� DMSURVWV] ������� R � VáR�FH �
GR�ZLDGF]HQLD � 3XVW � V]NOD �Y����� WHON � S ��� FFL ������� ZLQL ��� PRQHW �
VWDQRZL� FDá� DSDUDWXU
 SRWU]HEQ� ������� �ZLDGF]HQLD   .LON ¡ NURSH ¢
ZRG £ UR]SURZDG( SDOFHm po obwodzie szyjki butelki i przykryj otwór 

PRQHW� ¤ :R ¥�¦ SRWU]HE §�¦ MHV ¨ S © W ©"ª�« V]F]HOQL ¬ RGG]LHOL ­ SRZLHWU] ¬̄ ®
butelce od oceanu atmosfery. 
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 by 
SR]ZROL ¾?¿ÁÀYÂ ZáD�QLH��'ODF]H Ã{Â VL
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 PLH � VZRM� RGSRZLHG( E � SRUyZQD � M� � W\ � F 
�
 
G]L ��� L*H� QDSLVDQH� 
0RQHW � PR* � VL
 XQLH�ü � JG ��� RGSRZLHGQL � PLHMVF � SRMDZ � VL
 VLá � UyZ ��� F ��� DMPQLH� SRáRZL � MH�
FL
*DUX� 

6N� � VL
 Z]L
á � W � VLá �!  

=DQL " ÄEUDP # ZLH]LHQL $ ]RVWDá #&% DPNQL
WH ' F]�VWHF]N ( SRZLHWU] $ ZHZQ�WU % EXWHON ( E\á # WD )+* DP , ZRO -�.
MD ) W . ]QDMGXM�F . VL
 Q $ ]HZQ�WU] / 3RUXV]Dá #�* L
 EH]áDGQL .0% SRGREQ� �UHGQL� SU
GNR�FL� 1 8GHU]Dá 243
ND*G 2 PLOLPHW 5 NZDGUDWRZ 2 SRZLHU]FKQ 6�7 RE 8 VWUR 9 3 EXWHON
 MHGQDNRZ : F]
VW :;6=< HGQDNRZ :
LQWHQV\ZQLH 1 =DPNQLHFL >�?@8 WHON 6 PRQHW� QLF]HJ :A9 L > ]PLHQLáR�� 
&LHSá B U
FH C NWyU B WHUD D SU]\áR*R E�FHG@F EXWHONL C FKR I RJU]HZDM� ]DUyZ E�F SRZLHWU] B�J EXWHOF B MD KML
SRZLHWU] BNE�O ]HZQ�WU D SRZRGXM� C * B ZHZQ�WU D EXWHON L WHPSHUDWXU O VL
 SRGQLHVLH P!Q Q R ]HZQ�WU S QL T!U
1 V ]HZQ�WU W WH* XZY \ONR X * [ ZáR*HQL \ HOHNWU\F]QH] JU]DáN ^ G _ ILOL*DQNà̂ ZRG� PR* \ VSRZRGRZD b
]DJRWRZDQL \ VL
 ZRG c�d ILOL*DQF \Nd FL� egf NLON f PLQX hji W i VDP ike U]DáN ild RFHDQL \ ZRG c QLJG c QL \
zagotuje.  
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W _ ]GDQL \ ]DSLVD m�\nd IRUPL \ ÄZ]RUX o Z\UD* i ZáD�QL \ W
 P\�O p NWyU� PR*Q qsrut F]\WDü v SU]\URV w
temperatury ∆t systemu przy dostarczeniu energii ∆ x MHV y=y \ z ZL
NV {}| L z~z QLHMV] � MHV y PDV ��z
PDWHULDá ��� RELHUDM�FHJ � W
 HQHUJL
 ��� MHV y VWDá� PDWHULDáRZ� � NWyU� QD]\ZDP |�� LHSáH z ZáD�FLZ\ z��
definiujemy jako    
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NV]\á | WHPSHUDWXU
 SRZLHWU] �0� EXWHOFH � 0R* ��� W � Z\UD]L � LQDF]HM � FLHSá � U
F �

RJU]Dá | JD {���{�| O � ]ZL
NV]\á | �UHGQL� HQHUJL
 NLQHW\F]Q� F]�VWHF]H � SRZLHWU] ��� EXWHOFH ��� W ��{�� ROH �
]QDF]\ � * � ]ZL
NV]\á | �UHGQL� SU
GNR� �M��{ �VWHF]H � �E ��� U]HFLH* QL � PDV
�� � 0DP � WHUD ����� \EV]  
��UHGQL ¡ ELRU�F� F]�VWHF]N ¢}£ EXWHOF  ¥¤ L* Q ¦ ]HZQ�WU] � 0DP � ZL
 § R ¨ ZHZQ�WU � PRFQLH© ERPEDUGXM�F  
EXWHON
 F]�VWHF]N ¢ QL* ��� HZQ�WU] � &L�QLHQL   SRFKRG]�F  M¡@̈ ERPEDUGRZDQL ¦ �FLD ¤Mª U]H �N§�� �VWHF]N ¢

F]D � Q ¦ P\�OHQLH 



]URELá
�
VL
 ZL
NV] � ��� �URGN � QL* R � VWURQ � ]HZQ
WU]QHM � &R� FKF � UR]VDG]L � EXWHON
 � 0R* �	� U]HVDGD 


EXWHON � VL
 QL � � ��
 V]Ná � MHV � PRFQH 
 DO � PRQHWD 
 6LOQLH� XGHU]DQ � ��� GRá ��� L* R ��� yU � PR* � WH ��� ÄQL �
Z\WU]\PDü ��� SRGQLHVL � VL
 ��� WH� VDPH� FKZ � � � F]
� � SRZLHWU] � �SHZQ � LOR� � PROHNX� - powiedzmy sto 

miliardów) ucieknie z butelki ni � PRQHW � � SDGQLH 
 QL � VL
 EUDP � ]DPNQLH � 7HUD � MHV � QDGD �
Ä]EXQWRZDQ\ � WáX ��� EXWHOF � DO � W\F � EXQWRZQLNyZ-F]�VWHF]H  MHV � PQLHM 
 ZL
 ! PLP � PRFQLHMV]HJ

�

XGHU]DQL �"� L �#� � WUDIL� SRNRQD � ]HZQ
WU]Q\F �$� U]HFLZQLNyZ 
 VáDEV]\F � DO � ]D W � ��� L
NV]H� LOR�F �
(liczonyF �%���&�'� ND*G � PLOLPHW ( NZDGUDWRZ\�� 

3U]HUZ
 WXWD�)� GZyF �*� � ZRGy� RSRZLDGDQL � � ]EXQWRZDQ\F � PROHNXáDFK + S � � LHUZV]H 
 E �
RG�ZLH*\ � SDPL
 �,� SU]\SRPQLHü 
 * � LOR� � W\F � PROHNX��� REM
WR�F � EXWHON �-� HV � PLOLR � UD �.� ZL
NV] � QL*
LOR� � VHNXQ � LVWQLHQLD :V]HFK�ZLDWD 
�� S �/� UXJLH 
 E � GD �%!'� ]QRZ � F]D 0 Q � ]DVWDQRZLHQLH � &] � W\ON �1�

W\ � GR�ZLDGF]HQL � PRZ ��
 & �.� F]DVH � QL � PyZLP � �
]DVDG]L � �

]LDáDQL � VLOQLN �2� WZRL �
VDPRFKRG]LH 
43 PR* � � W\ � MD  G]LDá � NDUDELQ��]DEDZN � - równie jak samochód - niebezpieczna.  
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SR�UHGQL
�
�VDPRFKyG 9 Z\NRQXM �:� UDF
� 
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Uy*Q\P J SU]HMDZDP J HQHUJLL���-H� O J WD I W N PR*Q F QDSLVD P UyZQDQL G UyZQRZD*QR�F J W\F Q GZyF Q IRUP�� 
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 MDN F:V U]\SD W F Q F MHGQRVWN
 SRZLHU]FKQL 
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)�$���]DWH Z VLá [ SRGQRV]�F [ PRQHW
 PR* \)] \ ^ Z\UD*R _'[ SU]H ` S$ 

3UDF
 û a Z\NRQDQ� SU]H b W
 VLá
 PR* c'd&b JUXEV] d#e'f OLF]\ g MDN f VLá d*h S$K 

JG]L ikj W f Z\VRNR� g Q d MDN� SRGQLHVL f6c'd ]RVWDá d PRQHWD l $ j Z\UD* dmf6n M
WR� g�f MDN� SRZL
NV]\o VL

obszar zajmowany przez gaz – oznaczmy to przez ∆9��SU]\URV p REM
WR�FL� 
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�
QL � PDP ��� DVWU]H*H� G � ORJLF]QR�F

�
WDNLHJ � UR]XPRZDQLD ���	� PR*HP ��� DSLVDü � * � LOR� 


dostarczonej energii gazowi w butelce ∆ � ]RVWDá � ]X*\W ��
�� SUDF
 QD � PRQHW� �SRGQLHVLHQL � MH� HQHUJ � �

potencjalnej).   
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:LHP ��� GR�ZLDGF]HQLD � * � W ��
 L � PRJá ������
 WDN��* � FDá ��� QHUJL ��� á\Q�F ����� QDV]\F � U� � ∆Q  

QL � PRJá � ]DPLHQL 
 VL
 Q ��� UDF
 � E ��� U]HFLH* JD � VL
 RJU]D����
�� W � RJU]DQL � PXVLD� FR� � WH� HQHUJ � �

XV]F]NQ�ü  "! O #%$ :\*H&'& X* QDSLVDOL�P\  =ZL�]H ( Z]URVW ) WHPSHUDWXU * ∆ +�, LOR�FL� energii jaka jest do 

W #'-'. SRWU]HE /�0 Z\JO�G 0 WDN�� tmcQ ∆=∆  

& ,�* QL # ORJLF]Q\ 1 E
G]L # SRGVXPRZDQL # QDV]\F 2 UR]ZD*D� SU]H , Z\UD*HQL #�3 RJyOQH& IRUPL #
GR�ZLDGF]DOQL # SRWZLHUG]RQH& SUDZG *4. W\ 1 F .65 ]LD 7 VL
 PR* #8, GRVWDUF]RQ� 5'. XNáD 59) HQHUJL�

cieSOQ�" 

 

 

 

:\JO� :'; W < áDGQLH = 5R]V]HU]DM� > W <4?@; PDP A QDG]LHM
 B * CED U]\URG ;EF D G SR]ZROL H Q ; LQ F�C4F L*
EXWHON ;JI PRQHW� SU]\SDGNL��R�PLHODP ALK L
 ]DZ\URNRZDü� 

 

  -H� M N GRVWDUF]\P A XNáDGRZ N FLHSá ;PO LOR�F N ∆ Q �G*XOL H W <�R Ná ;': ]DPNQL
W A �WDN N F < WH S < PDM�WN R QL C
UR]WUZRQL H ]X*\WNXM C W
 HQHUJL
 Q ; SRGZ\*V]HQL C VZRMHT HQHUJL N ZHZQ
WU]QHM B ∆U �G*XOL� (bo nie musi to 

E A�U ]PLDQ ; WHPSHUDWXU A ∆ V PR* C W < E A�U QS = UR]U\ZDQL C ZHZQ
WU]Q\F W ]ZL�]NyZ B MD X SU IYA WRSQLHQLX B F] A
parowaniu) albo    na wykonanie pracy ∆W(d*XOL� 
Z
ZL
 > MHV]F] C UD] 

    

     

 

7D X Z\JO�G ; MHG C9FLI ZD*QLHMV]\F W IUDJPHQWy O[O LHONLHT ]DVDG A ]DFKRZDQL ; HQHUJLL� 
Nazywamy go  

                                    3LHUZV]� =DVDG� 7HUPRG\QDPLNL� 

 

*G \ QDGD ] WU]\PDP \ EXWHON
 ^ REM
FLDF _[` DV]\F _ FLHSá\F _ GáRQ a V\WXDFM b PR* c VL


SRZWyU]\ d@a WD e E
G]L c�b * SRZLHWU] cf̂ EXWHOF c E
G]L c PLDá g WDN� WHPSHUDWXU
 MD e QDV] c U
FH�� 

VptmcQ ∆+∆=∆
 

WUQ ∆+∆=∆
 



7
���

U]HFKRG]LP � G � MHGQH��� ZD*QLHMV]\F � UHJX	 JU\ 
 (QHUJL � FLHSO �
� PR* � E ��� GRVWDUF]DQ �
VDPRF]\QQL � ] � (UyGáD W\ON ����� FLD	���� L*V]H� WHPSHUDWXU] ��� L* W � MDN� SRVLDG � (UyGáR 
 7 � ]QDF]\ �
0DWN � PR* � VZRL � FLDáH � RJU]D ��� PDU]QL
W ��� ]LHFN � W\ON ����� WDNLH� WHPSHUDWXU � MDN� VDP � �
� VLDGD�� 
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*
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 7D . MHV /1032 LQQ\F � SU]\SDGNDFK 4 QDUFLDU � ]MH*G* �5� JyU �62 Gyá 7-� SR �98 yU
 WU]HE �:� áDFLü 
 3U� �
Sá\QL � ] � VWUHI ��� Z\*V]\ � SRWHQFMDO � G � REV]DU ; QL*V]HJ �<��� WHQFMDá ; - a ÄS ���:8 yU
 = WU]HE � HQHUJL


HOHNWU\F]Q� ÄSRPSRZDü = �G\QDPR 7 EDWHULD 7 DNXPXODWRU� 
 7D . VDP � SRZLHWU] �>� RSRQ � E
G]L � XFKRG]Lá �
W\ON � WD . GáX 8��>� RSyN 0 FL�QLHQL �?2 RSRQL � MHV / ZL
NV] �@� L* Q � ]HZQ�WU � - MD . VL
 FKF � E � E\á � RGZURWQLH 7
WU]HE �>� RPSRZDü�� 
 

 ZastanyZP � VL
 SU]H � FKZLO
 F �BAC� VL
 VWDáR 7 JG\E\�P � QDV]� EXWHON
 ]DPLDV / REHMPRZD �
FLHSá\P 0 U
NDP 0 REáR*\O 0 ORGHP � ,G� D W� VDP� GURJ� UR]XPRZDQL � F �E� RSU]HGQLR 7 PR* �
� E �
SU]HZLG]LHü 7 * � FLHSá � EXWHON �F0 ]QDMGXM�F � VL
 2 QLH� SRZLHWU]H 7 PDM� D NRQWDN /G� D ]\P� R QL*V]H�
WHPSHUDWXU] � RGGDZD � E � ]DF]
á � F]
� �6H ZRMH� HQHUJ 0 0 E � RJU]D � �OX A WRSLü I OyG 
 &L�QLHQL ��2 EXWHOF �
VWDá �9AC�6H L
 PQLHMV] � QL* �
� ]HZQ�WU] 7 EXWHON �JA \áDE � WHUD � PRFQLH� ERPEDUGRZDQ �$�?� HZQ�WU � QL* R �
�URGND 7 E\á � E � �FLVNDQ �B� ZL
 D PRQHW � E\áDE � SU]\FLVNDQ � G � V]\MN 0 EXWHONL 
 0R* �
�KAC� EXWHON


RGZUyFL �G��� 8�L U � GQH �M0 PRQHW �$� L � SRZLQ �
� VSD�ü N =UyEP � GR�ZLDGF]HQLH 
 3URSRQXM
 - MD . W � F]
VW �
VL
 2 WHFKQLF � VWRVXM � - VNRU]\VWD �6� JXPRZH� SRGNáDGNL 
 .áDG]LHP � JXPRZ� XV]F]HON
 SR � PRQHW�
]ZLO*DP � PRNU\ � SDOFHP 7 Z\NRQXMHP � SRGVWDZRZ � GR�ZLDGF]HQL �O� RJU]HZDQLHP 7F�
� NLON ;
SRGQLHVLHQLDF � PRQHW � RGVXZDP � GáRQLH 7 SR]ZDODP � EXWHOF �9� VW\JQ� �$0 S �J� ZHQWXDOQ\ � SU]\áR*HQL ;
U
F]QLN � ]DPRF]RQHJ �:2 ]LPQH� ZRG]L � OX A ZRUHF]N ��� ORGH � GHOLNDWQL � REUDFDP � EXWHON
 ���P8 yU\ 

GQHP 
 0RQHWD 7 MH�O 0 VL
 P � FLHUSOLZR� �6��� 3U]\URG �90 ]GRE
G]L � WURFK
 ZSUDZ\ 7 QL �P� RZLQQ �J� GSD�ü 

5y*QLF � FL�QLH� E
G]L � Z\VWDUF]DM�F � E � GD � VREL � UDG
 � D L
*DUH �Q� RQHW �60
��� GRá ; SU]\FLVND � M� ���
butelki.  

 )L �C� D � MX* R ��� UDZL �9� ZyF � ZLHNy2 ]QDM� PDWHPDW\F]Q � Z\MD�QLHQL � RSLVDQ\F � Z\*H� ]MDZLVN 

:LHG]� 7 * � GO ��8 D]y2 �GRNáDGQLH� GO � JD]y2 LGHDOQ\F � OX A�� RVNRQDá\FK I PR*Q � RNUH�OL � VWDá� �MX*

ZLHV] 7 * � W � MHV / EDUG] ���
� *\WHF]QH I ZLHONR�ü 7 NWyU � PLP � ]PLHQLDM�F\F � VL
 EH � SU]HUZ � ZDUXQNy 2
]DFKRZXM � VZRM� ZDUWR�ü��:\JO� ��� W � WDN 

 

                                                                  pV/nT  =  const.  



 

3U]HF]\WDMP
�
W
 ]DOH*QR�ü � GO � ZV]\VWNLF ����� ]y� GRVNRQDá\F � �EH � Z]JO
G 	 QS 
��
� LF � FKHPLF]Q �

ZáD�FLZR�FL � F � E\�P � � W\P � JD]DP � QL � URELOL � LORF]\ � FL�QLHQL � �S ��� REM
WR�F � �9� � SRG]LHORQ � SU]H �
LORF]\ � WHPSHUDWXU � �7 ��� LOR�F � F]�VWHF]H � �Q � MHVW�WDN � VDP����$* WUXGQ ��	 ZLHU]\ü�� 

0D ��� SRZLHWU] ��� RSRQL � VDPRFK ����	 VWRM�FHJ ���
� VáR�FX ��� DFHW\OH ��� EXWO � VWDORZH��� � DUV]WDFL �
spawalniczym. :V]\VWN � LQQH � LQQ � JD]\ � LQ �
� FL�QLHQLD � LQ �
�!��" M
WR�FL � LQ �
� WHPSHUDWXU\ � LQ �
� LOR�F �
F]�VWHF]H � �LQQ � PLHMVFH � LQQ � ZáD�FLFLHO � LQ �
�$# U]H]QDF]HQLH � LQQ � FHQD� 
 :V]\VWN � LQ �
� W\ON � pV/nT 

WDNL � VDPR��-H�O � W �%# UDZG � W � ZDUW � ZLHG]LH & LO � W � konstans wynosi. 

=DQL ' SRGD ' W
 ZLHONR� & PXV]
 Z\UD(QL � SRGNUH�OLü � * � ZLHONR� & WH� VWDáHM � MH��( � F]ERZ � ZDUWR� & ]DOH* �

��� WHJ �)� MDNLF � MHGQRVWNDF � ]PLHU]\P
�
S�*+� 7 
 :DUW � MHV]F] �,� RGDü � * � WHPSHUDWXU � PXV � E\ &

PLHU]R �-��� WDNLF � MHGQRVWNDFK � NWyU � ]DSHZQL� � * ��� LJG � QL ��" 
G]L �.� Q � PLDá � ZDUWR� & ]HUR 
 :LH �/� MX*
FK\ED � * � WDN � VNDO � WHPSHUDWX 0 LVWQLHM �1� QD]\Z � VL
 VNDO� .HOZLQD �2� NWyUH� ZV]\VWNL � WHPSHUDWXU � � �
GRGDWQLH�� � NWyU �%# U]HOLF] � VL
 �
� ]QDQ� QD ' VNDO
 &HOVMXV] 3�4 U]H 5 RGMHFL 687:9�; VWRSQL�� 
<
]DWHP = MH� > ? FL�QLenie wyrazimy w paskalach (1Pa = N/m2� @ REM
WR� A%B PHWUDF C V]H�FLHQQ\F C �P3), 

]D� D%B NHOZLQDF C �.���W E%F
3 V] 3 VWDáD��NWyUHG SU]\G]LHOR F
E V\PER > k ? QD]ZD F
E VWDá� %ROW]PDQQ H Z\QRVL 
 

k = 1,380651.10-23 J/K  

 

1LHZ\REUD*DOQL I PDá H ZLHONR� JLK GO H�M RUyZQDQLD����-23 masy Ziemi to tyle co worek ziemniaków).  

 

 
 
SCENARIUSZ LEKCJI    45 min.    Przewodnik dla Nauczyciela Cz 1  s 143-145 
Temat: Pierwsza Zasada Termodynamiki   (Lekcja Pierwsza) 
5R]G]LDâ� N SRGU�F]QLND O 5R]ZD+DQL P QD QSRUT WHON�  
 
 
Przebieg lekcji: 
 
'R�ZLDGF]HQL VXW EXWHON� �RSL Y�Z SRGU
F]QLN [ � 
 
3U]\JRWRZXMHP \]W HVWDZ GO ^ ND*GHJ _�[ F]QLD�� 
%XWHON ^ QDMOHSLH̀ R a�b ��OLWU ^cZ JyU
� 
Moneta - QDMOHSLH̀ed ]á� 
1DF]\QL V�W QLHZLHON� LOR�FL� ZRG \ �SU]\NU\ZN ^ R a VáRLND� 
6NUDZN f �NZDGUDFLN fhg SDSLHU [ QLHF _ ZL
NV] V R a PRQHWy 2-3 szt. 
  
7 _8a�_ �ZLDGF]HQL V PR* V ND*G \ XF]H� Z\NRQD i LQG\ZLGXDOQLH��-D j SU W/\ ND*GH̀ WDNLH̀ RND]ML��
QDXF]\FLH k ZL V�l DMOHSLH̀ Q ^ LO V NODV ^ MHV m ]G\VF\SOLQRZ�̂l
̂ �E \ QL VXa�_ SURZDG]L ina�_
niebezpiecznej sytuacji - EXWHON f PXV]� E \
inY/W NODQH� 



 
%
G]LHP

�
GRNRQ\ZDO � REVHUZDF����� SRWH � SU]HDQDOL]XMHP

�
Z\QLN � GR�ZLDGF]HQLD� 

8ZDJD��-D � QDMPQLH� GRW\ND � EXWHON
 SU] 	�
�
�
 �ZLDGF]HQLHP�� 
 
3U]HEL 	�� GR�ZLDGF]HQLD�� � ��� PLQXW� 
 
1. %XWHON ��
 WZDUW � VWR � Q � VWROH��& � � EXWHON � MHVW�SXVWD � -D � Z\REUD*DP � VREL 	 ]DFKRZDQL 	

VL
 F]�VWHF]Hk powietrza w butelce? 
0R*HP

�
SU]\SRPQLH � MDN ��� HVW�PHFKDQL] � Z\ZLHUDQL � FL�QLHQL ����� �FLDQ � QDF]\QLD��� ���

NDUW
 SDSLHU � WU]\PDQ� � U
FH �  
7 � OHNFM � MHV ����� WHPDW�EDUG] 
 LVWRWQ\ � :DUW 
 W� NDUWN� VL
 SU]H ��� KZLO
 ]DLQWHUHVRZDü��& � �
NWR� PR* 	 ]DVXJHURZD � MD � � PQLHMV]\ � FL�QLHQL 	!� MHGQH� VWURQ � � DUWNL � 0R* 	 E
G]L 	 NWR�
� NODVLH��NW 
�" 
G]L 	 ZLHG]LDá��'PXFKQ� � UyZQROHJO 	�
�
 SRZLHU]FKQL� 
2EVHUZXMHP # SU]HVXQL
FL $!% VWURQ
 &!' WyUH( GPXFKDP\��3U]HVXQL
FL $ PRJá )�*+#�,
VSRZRGRZDQ $ W\ON ) QLHMHGQDNRZ\ - FL�QLHQLH - SRZLHWrza z obu stron. 

      Chwila refleksji --- FLHNDZ # WHPDW�G ) ]DGDQL . GRPRZHJR��0R* $ NWR���NW ) ZL $�) F]\ -/- RZ .  
SU]\JRWXM $ NUyWN� QRWDWN
 0 ) JD]HWN 1 �FLHQQHM" 

      Wracamy do butelki. 
 

2. 3DOFH - ]PRF]RQ\ - ZRG� ]ZLO*DP # V]\MN
 EXWHON 1�1 SU]\NU\ZDP # M� PRQHW� QS�� 2 ]á�� 
3. 2EHMPXMHP # RELHP . 0 áR�P 1 EXWHON
 1 REVHUZXMHP #3& DFKRZDQL $ VL
 PRQHW # ��3RZLQ 4�) VL


]DXZD* #�, 1 XVá\V]H ,�' LON .65�) GVNRNy % PRQHW\��3 ) NLON 7 ÄS\NQL
FLDFK 8 SURSRQXMHP\ 
4. XVXQ� , PRQHW
 . ]DPRF]RQ\ - XSU]HGQL )!%9% RG]L $ NDZDáNLH - SDSLHUX�� 1 SU]\NU\ü V]\MN


butelki  
5. 3 )�) GF]HNDQL 7 PLQXW # O 7�* ZL
FH( SRZLQ 4�) VL
 ]DXZD* #�, ZNO
�QLHFL $ SDSLHU 7 Q . V]\MF $

butelki. 
 
 
7DNL $ 0 ) �ZLDGF]HQL $64 L $ RGE\Z . VL
 % FLV]\��.D*G # P . VZRM� EXWHON
 DO $�5 RGSDWUXM $ WH*
LQQ\FK��.WR� SUyEXM $!&�' LONRP . PRQHWDPL��NWR� SRGNáDG . SDSLHUH '35�) 0 PRQHW
��:V]\VWN )
GR]ZRORQH : :V]\VWN )�5 URZDG] 1�0 ) W\F ; VDP\F ; ZQLRVNyZ��*áR� 4�$�7 ZDJ 1 V� GR]ZRORQH� 
3RWH - NRQLH <=& DEDZ # 1 VSUyEXMHP # ]DSLVD , ZQLRVNL� 
 
Dyskusja:  (20 minut) 
2JU]D 4�$ U
F $6* \á # (UyGáH - HQHUJ 1 1 FLHSOQH( ∆4��NWyU . W ) HQHUJL . PLP ) VáDE ) SU]HZRG]�FHJ )
V]Ná . 0 ) WDUá . 0 ) ELOLRQy% F]�VWHF]H ' JD] 73% EXWHOF $�5�) ZRGXM� < ]ZL
NV]HQL $ LF ; �UHGQLH(
SU
GNR�F 1 F )>)�* MDZL , VL
 PXVLDá ) Z]URVWH - WHPSHUDWXU\ 
 

 

                                                         
cm

Q
T

∆=∆  

 
Uczniowie powinni SUyERZD , GRSDWU]\ ,@? L
 ]ZL�]N 7 PL
G &�# W� ]DOH*QR�FL� . VZRL -
GR�ZLDGF]HQLH - 1 �����]DUD &3& DSURSRQRZD , QDVW
SQ\��UR]XPXM� < VáXV]QLH��* $�4 L $ W\ON ) RGGD A 1
HQHUJL
 FLHSOQ� VZRLF ; U� ' E # SRGQLH� , WHPSHUDWXU
 SRZLHWU] .�% EXWHOFH��DO $ WH* E # Z\NRQD ,
SUDF
��0RQHW . ]RVWDá . SRGQLHVLRQD��E\B�( HV]F] $ 0 ) W $�C�) ; DáDV��D ZL
 < Z]y E SRZ\* ?�&�# QL $ MHVW�
SRSUDZQ # SRQLHZD* W\ON ) F]
� , GRVWDUF]RQH( HQHUJ 1 1 û F ]RVWDá . VSR*\WNRZ .G4�.64�.
SRGZ\*V]HQL $ WHPSHUDWXU\�� 
.WR� SRZLH��H��F ) W ) ] .�5 UDF . SRGQLH� , PRQHW
��0R*HP # R 0 UD] 7 ]DSURSRQRZD , E #�? SUyERZD ,
RV]DFRZD , LOR� , SUDF # SRWU]HEQH( 0 ) Z\ZRáDQL . REVHUZRZDQH C�)�$ IHNWX��&LHNDZ # SUREOH - GO .



]DLQWHUHVRZDQ\FK��0RQHW
�
MD
�
GU]Z � Q � ]DZLDVDF ��� FK\OLá � VL
 � MHGQH� VWURQ\��3UDF
 PR* � �
	��

RV]DFRZD 
 MDN ��� P � �PRQHW\ ��� Z\VRNR� 
���� MDN� NUDZ
G( VL
 SRGQLRVáD �  
1DOH* ��� DWH � SRSUDZQL � ]DSLVD 
 MD � ]RVWDá � Z\NRU]\VWD ����� QHUJL � FLHSO ��� û4� 

 
7 ��� ��� VW
SQ ��� ZL�]H � PR* �
!���
 W\ON � WDNL� 

 
                                                    WTmcQ ∆+∆=∆  
 
& �"� SRNXVLP �$# L
 � V]DFXQNRZ � � NUH�OHQL � LOR�F % HQHUJL % ELRU�FH& XG]LD'�( REVHUZRZDQ\ �
SURFHVL � W � ]DOH* � W\ON � R ) F]DV * MDNL � G\VSRQXMHP\�� � ) ]DLQWHUHVRZDQL � NODV\��R ) � DV] �+�+�
wyboru.  
1 � ) ��! U� VSUDZ
��PR*Q � VSUyERZD 
 RV]DFRZD 
 ZLHONR�F % ZV]\VWNLF , WU]HF , F]áRQy( W �+�-�

równania, które ZDUW �.� DSLVD 
���� WDEOL /0� GX*\P % OLWHUDP % SR ) QD]Z�  
                             Pierwsza Zasada Termodynamiki   
                                          (dla przypadku naszej butelki). 
    
 
0R*QD�� � QDZHW�SRZLQ ��� VL
 – MD � V�G]LP � – ]ZUyFL 
 XZDJ
 Q �
1 RZV]HFKQR� 
2� MDZLVN �
]DREVHUZRZDQH �+�3( QDV]\ � GR�ZLDGF]HQLX��2W � SU]\NáDG\� 
       
1. 4 VDPRFKRG]L � HQHUJL � GRVWDUF]DQ � MHVW� ��� VNXWH � VSDODQL � PLHV]DQNL��&]
� 
 WUDF % VL
 ���

RJU]HZDQL � VLOQLN � �EXWHONL �5� F]
� 
$���
1 U]HPLHV]F]DQL � WáRN � �NDUWRQLN � OX ! PRQHW\�; 
2. 4 NDUDELQDF , %�%QQ\F ,�� UPDWDF ,�� QHUJL � ) � VWDUF] �����
1�� FKRG] % ] � VSDODQL � PDWHULDáy (

Z\EXFKRZ\F , %6& HVW�WUDFR ��� F]
�FLRZ �
��� RJU]HZDQL � �EXWHONL � NDUDELQ * � �]JRGQL ���
*\F]HQLH 7 NRQVWUXNWRUD 8 JáyZQL 9 Q : UXF ; SRFLVN < �PRQHW\�� 

3. = ORNRPRW\ZDF ; SDURZ\F ;�> RU�F :
? DU : @ RVWDUF]D A : G B F\OLQGUyC �EXWHOND 8 Z\ZLHUDá : Q :
WáRN D �PRQHWD 8 FL�QLHQL 9 Z\VWDUF]DM�F 9�E�F ZSUDZL GHC UXF ;�@ ]LHVL�WN D ZDJRQyCIC \SHáQLRQ\F ;
towarem. 

4. &]\W : VL
 B WUDJLF]Q\F ; Z\SDGNDF ; Z\EXF ;+< JD] < C PLHV]NDQLDF ; Q : VNXWH JLKNM HJ B �FLDQ F
EXG\QN < VL
 ZDO���7 < WH* E\á F FLHSO 9 U
FH��EXWHON : D PRQHWD� 

5. (NVSORGXM� PLQ\��ERPE O3P JUDQDW O Q Q ZRMQLH��/y R VSL
WU]RQ O�S�Q U]HNDF T UR]VDG] Q VL

PDWHULDáDP P Z\EXFKRZ\PL�� 

6. (NVSORGXM� 6XSHUQRZ U �JZLD]G\��NWyU U QL U Z\WU]\PDá O�V L�QLHQL Q ZHZQ
WU]QHJR W P PXVLDá O
XPU]Hü 

 
0R* S�Q SRV]HU X O�Y OLVW
 E O ]LOXVWURZD Y W
 QDMZL
NV]� FK\E Q X =DV Q+R MDNLP P U]�G] P VL
 SU]\URGD 
 
            

                              ∆Q  =  ∆U    +    ∆W                                        
 
 
P ZDUW Z
[�O ND*G O XF]HVWQL \ OHNF]^P ]DSDPL
WDá W U S ZLHO U ]QDF]�F O ]DSLV� 
 
(QHUJL Q R RVWDUF] Z�S�Q X ]HZQ
WU]QHJ Z (UyGá Q MHVW�G Z Z GQDOH]LHQL Q Z U Z]UR�FL U U QHUJ P P
ZHZQ
WU]QH] ÄRGELRUF\ _ Pà SUD V0O MDN� ÄRGELRUFD _ Z\NRQDá�� 
 
7HP b UyZQDQL b�c Z �ZL
FR S U V� RVWDWQL U VWURQ O SLHUZV]HJ Z WRP b Ä0RMH] )L]\NL´ d  
 
0R* S�Q Qa wiele VSRVREỳ SRND]Dü��MD \ GO Q Uy*Q\F T c U]\SDGNỳ VSHáQL Q VL
 W Z UyZQDQLH� 
 



 
1
�
]DNR�F]HQL ����� ND]XMHP � GR�ZLDGF]HQLH����2JU]HZDP � SRZLHWU] ��� SXVWH	 RWZDUWH	 EXWHOF �

�QS��� JRU�FH	 ZRG]LH 
�� RGZUDFDP � EXWHON
 
������ U � GQH � ]DQXU]DM� � V]\MN
 � QDF]\QL � ] 
ZRG���2 
 WH	 FKZLO � SRZLHWU] ��� EXWHOF � XZL
]LRQ � VWDQRZ � XNá � 
 ]DPNQL
W\� 
 
2EVHUZXMHP � HIHNW�GR�ZLDGF]HQL � � SUyEXMHP � R 
�� F]QLy � X]\VND � Z\MD�QLHQL ��� U]\F]\ �

WDNLH ��� ]DFKRZDQL � VL
 FLH ����� � � RF]\ZL�FL ��� � ]X 
�� RSDUFL ��� SLHUZV]� ]DVDG
 WHUPRG\QDPLNL� 
 
û � �� � 3RZLHWU]  �! EXWHOF  �" GGDM
 HQHUJL
 RWRF]HQL #  
 
û8 $ � WHPSHUDWXU % SRZLHWU] % " EQL* % VL
  

 
û & $ � ' " W " QL  �( %*) SUDFXM  �REM
WR� + PDOHMH��� % QD , ( % ]H - Z\NRQ\ZD .�% MHV /  

SUDFD��3RZLHWU]  MHVW��FLVNDQ  �0 U]H )1) HZQ
WU]Q  FL�QLHQLH�  
 
1 % ]DNR�F]HQL  OHNF243 S\WDQLH���-DN 3 PLHUQL 5 �SU]\U]�G 6 PR*  ' \ + X*\W 7 E 798 WZLHUG]L +1:;)<7
HQHUJL % ZHZQ
WU] .�% JD] # �FLHF]\��VXEVWDQFML 6 Z]URVá %=:;)�7 ]PDODáD" 
 
Odp.:  termometr 
 
 
 
 Pytanie trudne: dla najbardziej dociekliwych, do domu. 
=MDZLVN % PHWHRURORJLF] .  PRJ� VáX*\ + ] % LOXVWUDFM
 VSHáQLDQL % VL
 3UD! 3U]\URG\� 
-DN 3 ]DXZD*D 8�)1) ZL�]H 5 PL
G )<7 W\P 3 ]MDZLVNDP 3>% 3LHUZV]� =DVDG� 7HUPRG\QDPLNL" 
 

 
 


