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SR]QDOL 7 1DMOHSV]\ 8 SU]\NáDGH 898 R* :<; \ = UXF > F]�VWHF]H ? JD]X @ 3U]\SRPLQDP A UyZQLH* UXFK B %URZQD C
3URSRQXMHP B XF]QLR D ]DEDZ
 E =DEDZ FHG 
G]L I PRGHORZDá F UXF J SRMHG\QF]HK F]�VWHF]N L JD] M O M�G UXFK N
%URZQD O .D*G P XF]H� E
G]L Q SRWU]HERZDR NRVWN
 S�T<U U VXW NDUWN
 NUDWNRZDQHJ TZY DSLHUX [ 0R*HP V XVWDOL \
]DVDG V SRVW
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.D*G\�U]XF � NRVWN���� UD]\� � S � ND*G\� U]XFL � U\VXM � VWU]DáN��WR � UXFKX�VZRMH� F]�VWNL� 
GruSDP � XF]QLRZL � SRUyZQXM� � WU]\PDQ � Z\QLNL � 6SUDZG]DM� � F] � PR*Q ��� QDOH( � GZL �
GRNáDGQL � WDNL � VDP � WUDV\�Z
GUyZN � F]�VWHF]NL� �  
:QLRVH ���Z��� EDZ\ � ND* ��� Z\QL � MHV��� QQ\ �¡  L ¢ PR*Q � SU]HZLG]L ¢¤£ SRMHG\QF]H¥ GURJ � F]�VWNL ¦
=GHU]HQL §©̈ LQQ\P ª F]�VWNDP ª V��SU]\padkowe. Ruch jest chaotyczny. 
&]« PLP ¬ FKDRVX�PR*Q ­©®�­ REVHUZRZ ­°¯ MDNLH��SUDZLGáRZR�FL" 
=UyEP± PDá��VWDW\VW\N
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1. ² LOX�SU]\SDGNDFK�F]�VWN ³ ZUyFLá ³ GR�PLHMV ´¤³ VWDUWX" 
2. ² LOX�SU]\SDGNDFK�UXFK�RGE\ZD µ VL
�Z]GáX*�WH¶ VDPH¶ SURVWHM" 
 

&]± WDNL · V\WXDFM · E\á± ]DEURQLRQH ¸º¹ LHPR*OLZ »v¼¾½À¿ ]\VNDQL Á¤Â 0LP ½&Ã * » E\áÄ PR*OLZ » QL »
]RVWDá Å ]DREVHUZRZDQH Æ %\á Å PDá ÇÉÈ UDZGRSRGREQH Æ 1L Ê LVWQLHM Ê SUDZ Ç PyZL� Ë¤ÌÎÍ QL Ì ZROQR�
ZV]\VWNL Ï F]�VWHF]NRÏ JD]ÐHÑÓÒ UXV Ô�Õ¤Ö VL
 × W� VDP� VWURQ
 Ø W\ Ù VDP\ Ù F]DVLH´ Ú Ä1L Û ZROQR�
wszystkim na raz uderzy Ü!Ø W� VDP� �FLDQ
 Ý DF]\QLD´ Ú :RO Ý¡Þ LP ß DO Ûáà WHâ ZROQR�F ã QL Û
NRU]\VWDM� Ú  

7DN ä UHJXODUQR� åçæ FKDRVL è MHVé QLH]Z\NO è PDáR�SUDZGRSRGREQD� 
:UyüP\�GR�QDV]Hê VWDW\VW\N ë¡ë ]UyEP\�QDVW
SXM� ì è©í¤è VWDZLHQLH� 
1. î LOX�SU]\SDGNDFK�NR�FRZ ï SRáR*HQL ï©ð QDMGRZDáR�VL
�Q ñ OHZR�RG�SRáR*HQL ñ

SRF]�WNRZHJR ò ← 
2. ó LOX�SU]\SDGNDFK�NR�FRZ ï SRáR*HQL ï©ð QDMGRZDáR�VL
�Z\*Hô QL*�SRáR*HQL ï SRF]�WNRZ ï�ò ↑ 
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LOX�SU]\SDGNDFK�NR�FRZ � SRáR*HQL ��� QDMGRZDáR�VL
�Q � SUDZR�R ��� RáR*HQL �
SRF]�WNRZHJR � → 

4. 
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LOX�SU]\SDGNDFK�NR�FRZ � SRáR*HQL ��� QDMGRZDáR�VL
�QL*H	 QL*�SRáR*HQL � SRF]�WNRZ �
� ↓ 
 
:QLRVN � PR*HP\�]HEU �
��� WDEHO
 
 

Lp SRá��NR�FRZH 
LOR� � WDNLF�
SRáR*H� 

LOR� � VSRVREy �
SU]HPLHV]F]H� 

1 ←  1 
2 ↑  2 
3 →  3 
4 ↓  2 

 
 �

RVWDWQLH� NROXPQL � ]DSLV]HP ����� LO � UR*Q\F � VSRVREy � F]�VWN � PRJá ��� U]HPLHV]F]D � � L
 � ND*G\ !#"
F]WHUHF � NLHUXQNyZ $ 1DMF]
�FLH� ]GDU]\á % VL
 SU]HPLHV]F]HQL &(' SUDZ )+* 0RJá )�) Q )-, \ . UHDOL]RZDQ &-/10
QDMZL
FH2 VSRVREy'3' QDV]H2 ]DEDZL &546/
0 ZVFK 798;: SRáXGQLRZ < ZVFKyG : SyáQRFQ < ZVFKy 8 � = 0R*HP <
WHUD > XRJyOQL . ZQLRVHN ? 1DMF]��FLH@ ]GDU]DM� VL� WDNL A VWDQ\ B NWyU A PR+Q C ]UHDOL]RZ CED Q C QDMZL�FHM�
sposobów. 
5R]ZL�*PF QDVW
SXM�FF3G UREOHP HJI HV K QDF]\QL LNM NWyU\ O ]QDMGXM� VL
 F]WHU F NXOH H ELDá P E Q
F]HUZRQ P F Q ]LHORQ PSRST QLHELHVN PVUXW 1DF]\QL L MHVK ÄGZXSRNRMRZ L
Y5T ZV]\VWNL L NXO L5R QDMGXM��
VL
� Z SRNRMX�$�� 
1. 1 [ LO \ VSRVREy Z ZV]\VWNL \ NXO \ PRJ��SU]HQLH� ] VL
�GR ^J_E`J_ MX�% a 2GS��Q b MHGHQ�VSRVyE� 
2. 1 b LO c VSRVREyd MHGQ b NXO b PR* c SU]HQLH� e VL
 fhgjiJglkmg Mn % o 2 f9iqp9rms(t�u WHUv VSRV g9wxv �DOER�

W��NXO��E
G]L y Q�DOER�zN{ ��LWG�� 
3. 1 | LO } VSRVREy ~ PR* } E ����� UHDOL]RZDQ � WDN � XNáDG � * ����� E
G� GZL � NXO �-� GZL �-� 
G� � % � 2GS� ������

VSRVREyZ�� �9� F]
�F ��� PRJ� SU]HM� ����� �]Q�]E�FQ�FE�QE�� 
  
2VWDWQL� V\WXDFM
 PR*

���
]UHDOL]RZD � Q �(� DMZL
FH� VSRVREyZ��VW� � � DMEDUG]LH� SUDZGRSRGREQ\ �

UR]PLHV]F]HQLH � NX � SU] � RWZDUW\F � SRNRMDF � � �1� E
G]L ¡ UyZQ � SRG]LDá��WDNLH�� ¢ ��� ZL ¡ NXO ¡�� ND*G\ �
pokoju. 
7\ON £ NUR ¤¦¥9£ QDVW
SQH §9£ XRJyOQLHQLD��L ¨ ZL
FH© NX ª �F]�VWHF]HN « ZFL�JQLHP ¬­¥9£ ]DEDZ\��W\ ¨ ZL
NV] ®

Uy*QLF ®�¯ LOR�F ° VSRVREyZ�� ± ® U]H ²́ ³ W µ §E£ ± DMEDUG]LH© SUDZGRSRGREQHJR��F]\ ª ° UyZQRPLHUQHJ £ UR]NáDG ¶
LOR�F ° F]�VWHF]H ¤6¯ SRNRMDF · MHGQDNRZH© ZLHONR�FL��� 
 ̧x¹

MHV º SUDZLGâRZR�ý��� 
0R* » NWR� WHU ¼�½N½
¼ S\W ¼
¾N¼À¿
ÁÃÂ 
G]L » MD Ä�Å RNRM » V� Æ LHMHGQDNRZHÇ ZLHONR�FL È =QRZÉ PR*Q ¼
]DF]� ¾�ÁhÊ�Å URVWH Ë Á�Å U]\SD ÊlÄhÉXÌ 1LHF Í-Î E
G]L » GZ ¼ UD] Ï ZL
NV Ð9Ñ�ÒhÓ % Ô 3RG]LHOPÕ-Ö Q × UyZQ Ñ
A1 i A ØÚÙ¦Û X* Ü 
G� WU]Õ MHGQDNRZHÛ ZLHONR�F Ù SRNRMH Ô =JRGQL ÑÝÐ SLHUZV]\Þ ZQLRVNLH Þàß
ND*G\ Þ E
G]L Ñ W\O Ñ VDP Ò F]�VWHF]H áXÔ =DWH Þâßäã E
G]L Ñ GZXNURWQL Ñ PQLHÛ QL* ß SRá�F]RQ\F å
$ æçÙ $ ØèÔ 0DPÕêé UREOH Þ UR]ZL�]Dëhìqí ,OR� îðï
ñ �VWHòêó 
G]L ô SURSRUFMRQDOQ õðöh÷ ZLHONR�F ø
pomieszczenia.  
=QRZ ùSú UDZLGáRZR�ü� 
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3RGVXPXMPþqÿ 1DMEDUG]LH� SUDZGRSRGREQ � MHVW � * � XNáD � ZLHO � F]�VWH � ]QDMGXM � VL
 � WDNL �
VWDQLH � MDN � PR*Q 	 RVL�JQ� 
 Q 	 QDMZL
NV]� LOR� 
 VSRVREyZ� 
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WDNL � RSLVH � VWD������� áD �	� ]ZL�]DQ 
 MHV � ZLHONR� ��
 ZDQ 
 HQWURSL� � :L
NV ����� QWURSL �
RGSRZLDG � V\WXDFML�VWDQRZ � XNáD ������� LVDQHP��� S� � �  VSRVREy � Q � RVL�JQL
FL ! WDNLHJR�

VWDQX " QL* VWDQRZ � RSLVDQHPX�� S-FL ! ��� # VSRVRE\�RVL�JQL
FL � WDNLHJ � VWDQX�� 
 
*G $ SRVWDZL %'&(%)&�* ODQN
 +-,/. U]HJ 0 VWRá 0 W 1 VWZDU]D %)& WD * ZLHO 2 PR*OLZR�F 3 – VSRVREy4 MH5 SRWU�FHQLD��
* 2 MHVW�QDMEDUG]LH5 SUDZGRSRGREQH��* 2 ]QDMG]LH %)& M� UR]ELW ,6+-, SRGáRG]H�� 7 WHUPRG\QDPLF 2 PyZLP\� 
1LHRGZUDFDOQ ��8 PLDQ � WHUPRG\QDPLF]Q � XNáD ��� MHV 9:9 � ]PLDQ �;� NLHUXQ< � VWDQy� FRU �-8
bardziej prawdopodobQ\F=?> 6WD@A�;@ DMZL
NV]\B SUDZGRSRGRELH�VWZL ! ÄSU]\FL�J �DCFEG8IH WH*�

ÄSRFL�J �GC XNáDG� 
���2WZyU 8 ]DZyJ�� EX9LK �F8D! VSU
*RQ\B SRZLHWU]H BM� XVá\V]\V 8 V H <ON = DáD P ]ZL�]DQ HQ8
SU]HFKRG]HQLHB XNáD ��� N 8D! VWDQ � PQLHRS����T DUG]LHR SUDZGRSRGREQH U��V> +DáD P WRZDU]\V]�FH
procesowi wzrostu entropii . 
 
�0DNURVNRSRZ H VWD@W� < áD ���X� PDNV\PDOQ\ B SUDZGRSRGRELH�VWZL ! QD]\Z � VL
 VWDQHB
DWUDNWRURZ\B �RG�VáRZ �Y� WUDNWRJ – ÄSU]\FL�JDF]´�� 
 

-H� Z\[ XNáD ] RVL�JQL ^ WH_ VWD _a` W b SRWH c PR* ^ MX* Z\ND]\Z dGe QLHZLHONLH ` ORNDOQ ^
i NUyWNRWUZDá ^ RGFK\OHQLD b�] QLH f�bVg %
G]L ^ – MDh PyZL� IL]\F i – IOXNWXRZDá ZRNy j VWDQX�
atraktorowego.  
0yZ k R�W\l %ROW]PDQQRZVN m ]DVDG m SRU]�GNX� 

-DNLNROZLHn E
G]L o SLHUZRWp�q UR]NáD r F]�VWHF]H nas W t�u NáD r�v 
G]L o G�*\ j6r�t WH w�txsyv�q
UR]NáD z|{ \ } UyZ~�� �1�� WDN � VD � � ND*GH� F]
�F � ]ELRUQLND� � &]�VWN � QDGD � E
G��

SU]HPLHV ���G�D�D� VL
 � MHGQH� F]
�F �Oz��/z UXJLHM � DO � �UHGQL � W\O � VDP ��{ 
G]L �6� PLHU]Dá ��� MHGQ\ �
F ����� SU]HFLZQ\� NLHUXQN����� UH]XOWDFL � E
G� W\O��� PDáH ��� UyWNRWUZDá � RGFK\OHQL �
�IOXNWXDFMH � ��z VWD ~�� UyZQRZDJL � 0R*HP�:{x��� VSRNRMQi. Nie zabraknie nam powietrza z tego 
SRZRGX��* � ZROQ ���-� �VWHF]N � ZV]\VWNL � ]JURPDG]��VL
 � RG�áDZN�� 
�� � FKDRVL � MHV � MHGQDN�MDNL��SRU]�GHN� 
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0R* �-� � U]  �¡ OHNFM� Z\SLVD ¢£�-� WDEOL ¤¦¥ MHGQ § ]   VIRUPXáRZD� Z\UD*DM�F   VHQ ¨ 'UXJLH© =DVDG ¥
Termodynamiki. 
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