
���������
	���
����
	��������

���������������� �!#"%$'&)(�*%+�$�,�-.$/,1032�465/$�,879;:<$�4=*%$/+�2>,�+�$�,?2>,�-@!#"BA +�4CA D'D'$�EF"G,�-1-.$/DIHJ2�KCL1M�(�,?NO$�4="%,>+QP�RSA�4FT="%,@UWV3T6(�L>46$/4X6Y L[Z[E6"G0\& 72>4']^,>+�$�,>"G$�2�46$�_a`#!#]cb3`d$/46*BA +fe�! 72�E6E6$�*B-.(�4F&=gh$�,3T=,>(�D'D'$�,ji@klEh"BE�Tm0[*GA�4/Pn->A�o\$�EpE6"GKCLqL>"%$/46:<$�"r2>DE6$�L>4sEFT=A 4=0�$p`d$�4=$�"G,.&�A�KCL[2>,�+�$�,tL�A ,Q-.$�*%T/i'RSA ,?EF"G$�L3TuA :<$�4�Pj->A�o�,[2>4wvJ$�,>"G+�$x7y ,�->$�4=2>,>+�$/,t+�, 72>+�$�,\2�DzM�(�D{l|�}Q~���� E6KCL�$u�w46$/"GE6�>4=(�5�$/ou5�2�D�� ���<� b Y 46(�5�$/op(.-.$/4OV ���B}<� �B~�� b Y 4=(�5/$�om5�2�0�(�D'Dm$/,ji
P

V

Qzu

Qab

Diesel-Prozeß
2 Adiabaten
1 Isobare
1 Isochore

2

1

4

3

P

V

Qzu

Qab

1

2
4

3
Otto-Prozeß
2 Adiabaten
2 Isochoren

]�-.$�A *G"GE6"%$/4FT=$/E y 46:<$�"%T=E=-."BA +�4CA D'D�-.$�E#�OTFT=(�b�2>,�-�!#"%$�EF$/*%D'( T=(�4CE
]^D X `O"G$�46T=A�0�T=D'( T6(�4=_O(.-.$�4��OTFT=(�D'( T=(�4�v�"G4=-p$�"G,�Hl$/,>5�"G,[b.�j2.&�T=+�$�D'"BE6KCLpM�$/46:>4CA ,�,�T�2>,�-m5/vJA�4�E6(wE6KCL>,�$�*G*.,�A�KCL-.$/4p� 72>,�-.2�,>+�P�E6(�->A o�-.$�4u!#4=2�KC0SM�(�,1� ����� ��A�,�EFT6$�"G+ T�P�(�L>,�$'-�A o�EF"BKCL?-�A�E�`d(�*G2>D'$�, 7A ,Q-.$�46T/ip`d(�4=L>$�4�PM�(�,q� ����� ��"BE�Tm-."%$�EF$�Eh��$�D'"BE6KCL@0�(�D'�>4="%D'"G$�46Tuvl(�4=->$�,jP�Dm"%Tp-.$/D�`d$�4C-."GKCL3T=2>,>+�E6M�$/46L 7A *%T6,>"BEu�< /¡ �Q¢�£¥¤�i!#"%$�EF$�E�`d$/46L 7A�*¦T=,>"BE�->A�4F&>,�"GKCL3T�5/2h+�46(�o�+�$�v 7A�L>*%T�vJ$�4C-.$�,jP
vJ$�"G*3E6(�,QE�T�-.$�4�Ra( T=(�4 X 0[*%(��.&�T=_�i�HJ$�"[-.$/4§kn¨[�QA ,�E6"%(�,jPV.KCL>4="%TFTl� ����� ©xv�"%4C-m-."%$r$/"%+�$�,3T6*G"GKCL�$ y 46:<$�"%Td+�$�*G$�"BEFT6$�T�i§!#$�4 y 2�EFT=A 2QE6KCLpM�$�4=:>4CA ,>,3T=$�4d�wA�E6$J-.2�4=KCLmª>4="GE=KCL>*G2.&�Tv�"G4=-?A *BE X "BEF(.KCL>(�46$�_�«m¬ 7A 4=D'$/A�:>+�A�:Q$m"G->$/A *G"BEF"G$�46T/im9;D­-.$/,1¬x"%4=0[2>,>+�E6+�4CA�-S®S5�2?:Q$�E�T="%D'D'$�,�P�"BE�Ts$/Ew,�"GKCL3T, 7(�T6"G+¯-."G$m��4 7(�o�$u->$�4#E=KCL>4CA�°�$�46T6$/,aª�* 7A�KCL�$�PQA�*GE6(±-.$/4 y 4=:<$�"%Tw²³"GD y 46:<$�"%T=E=-."BA +�4CA D'DW5�2a:<$/EFT6"GD'Dm$/,jiO!�A-."G$ y 4=:Q$/"¦T#²´-."G$s!O"%µ<$/46$/,>5sM�(�,�5/2>+�$�& 72>L>46T6$/4�¬ 7A 4=Dm$u¶s·C¸�2�,�-�A :>+�$�+�$/:Q$/,>$�4r¬ 7A�46D'$u¶u¹�ºr"BEFT

®�» ²¶s·C¸ »��?¼ ¶ ¹�º¶s·C¸x½
E6(�->A�oO& 72�4n-.$�,±�OTFT=(�D'( T=(�4�D'"¦Tn-.$/4nEF�<$�5/"¦¾QE=KCL>$/,p¬ 7A�46D'$J:Q$/".0�(�,QE�TCA ,3T6$/,h`d(�*G2>D'$�,�¿JÀJP�¶ ·C¸ »�¿lÀ.e�Á�ÂQ¼pÁ ¢ g2>,�-a¶ ¹�º »Ã¿JÀ.e�Á<Ä�¼?Á   g

®�ÅjÆ�Æ�Ç@»��1¼ Á Ä ¼tÁ� Á�Âr¼tÁ ¢ »��?¼ Á� Á ¢ »��t¼ÉÈ �Q¢�  .Ê;Ë3Ì  
"BE�T�i§��$�T65�T6$/46$�E�Dm"%T�-.$/4 y -."BA :QA�T6$/,[:Q$/5�"G$�L[2>,>+wÁ   � Ë3Ì    »ÍÁ ¢ � Ë�Ì  ¢ 2>,�-mÁ Ä � Ë3Ì    »ÍÁ Â � Ë�Ì  ¢ P�E6(s->A owÁ�Ä
¡�Á   »Á�Â�¡�Á ¢ "BEFT#2>,�-\EF"BKCLS->A D'"%T#-.$/4#HJ462QKCLa"%,a$/"%,>$/4#ª�(�4=DÎP<v�"G$h-.$�4 { A 4=,>( T�v�"G4=032�,>+�E6+�4CA�-±E=KCL>4=$�"G:Q$/,a(.-.$�4�A 2�KCL-.2>4CKCL�->A�Er`d$/4=-."BKCL3T62>,�+�E6M�$�4=L 7A�*¦T=,>"GErA�2�E6->4 72�KC0�$�,�* 7A�o T/iHJ$�"GDÏ!#"%$�EF$/*%D'( T=(�4Î0�A ,>,�D'A�,�->A�EÎ`d$�4C-."GKCL3T=2>,>+�E6M�$/46L 7A *%T6,>"BE±:>"BE�A 2.&p$�"G,>$�,Ð!O4=2�KC0xM�(�,Ã��Ñ�b.Ò�Ñ@A�T6DM�$/46+�4 7(�o�$/46,jiaHJ$�"GD�!O"G4=$�03T6$/"%,�E6�>4="¦T=5�M�$�46&�A L>4=$�,1v�"G4=-1$/4=EFTp:<$�"GD Y 2>,�0�Tf� �Ó->A�Ep!#"G$/E6$�* 7(�*J$�"G,>+�$�EF�>4="%T65�Tp2>,�-

« X "GE6(.KCL>(�4C_hA�2�E�-.$�DÔ+�4="%$�KCL>"BE6KCL>$/,¯Õ�Ö×nØ3Ù »ÃÚ;A�2>D¥A ,QA *G(�+m5�2 X "BEF(�:�A 4C_uD'"%T;Û Ù�Ø ÖÜ�Ý »xE=KCL[vl$/4
���



M�$/46:�46$/,>,3Th->A ,>, ->2>4=KCLqV.$�*G:�E�T=5 72>,Q-.2>,>+QPnA *BEu"BEF(�:�A 4=$�4 Y 46(�5�$�o � �Ï�´� � "B-.$/A�*%"BEF"G$�46T/ia!#$�4m¬x"%4=0[2>,>+3EF+�4=A�-v 7A 4=$s->A D'"%T ® ���������
	 »��?¼ ¿��¿JÀ Á Ä ¼?Á� Á�Âr¼?Á ¢D'"¦T#¿ � ¡ ¿JÀw»
��iRa"%Tu-.$�D­V[T6"G46*G"%,�+�D'( T=(�4�PjA 2�KCL\A�*GEwNO$�"Go�*G2.&�T6D'( T=(�4w:<$�5�$/"GKCL�,>$�T�P�* 7A�o TsEF"BKCL\"GD Y 4="G,>5�"G�\-.$/4 { A�46,�( T=E=KCL>$¬x"G460[2>,>+3EF+�4=A�-w$�4=46$/"GKCL�$�,jP
D�A ,mDh2>o#,[2>4d->A�& 72>4dE6(�4=+�$/,jP�->A ow-."G$l¬ 7A�46D'$�D'$/,>+�$�P -."%$J:<$�">-.$/4§$/"%,�$�,h]�E6(.KCL>(�4=$�,� © � � ��A ,.&�A�*%*G$�,t:Q$/"n-.$�4�5�vJ$�"%T6$/,1� �­��� � v�"G$/-.$/4#5/2>+�$�& 72>L>46T�vJ$�4C-.$/,jP�v�"%$m"%,1-.$/4wV[0["G5�5/$p,>(�T6"G$�46TwE6(�*G*%T6$
� ¶ ¢ Â � » � ¶wÄ   � EF$/"%,�i !O"G$/Em* 7A o T�E6"GKCLqT6$/KCL�,>"GE=KCL ,[2>4'2>,[M�(�*%*G0�(�D'Dm$/,@46$�A *G"GE6"G$�4=$�,ji1]^D�]�-.$�A *%&�A *G*%$Îv 7A 4=$�-.$/4¬x"G460[2>,>+3EF+�4=A�-±,[2>4�M�(�,�-.$�,Î¬ 7A 4=D'$�:>"G*GA�,>5s-.$�4�]�E6( T=L>$�4=D'$�,Îv�"%$s:<$�"GD { A�46,�( T6��46(�5�$�op:Q$�E�T="%D'DhT/PQ->Lji

®�� Æ ����	������ »��1¼ Á� Á Â
P

V

Qzu

Qab

1

2

4

3

Qzu

Qab

Stirling-Prozeß
2 Isothermen
2 Isochoren: Q    =  - Q23 41

P

V

Qzu

Qab

2

1

4

3

Joule-Prozeß
2 Adiabaten
2 Isobaren

]�-.$/A�*%"BE6"%$/4FT=$/E y 4=:<$�"%T=E=-."GA�+�4CA D'D & 72>4#V[T6"G46*G"%,�+�b±2>,�-�! 72�EF$/,>D'( T=(�4
Ra"%TO-.$/D���(�2>*G$��>4=(�5/$�opM�$�4CE62�KCL3TJD�A ,�-.$/,�k�,>$�4=+�"G$�:�"%*BA ,>5/$�,�:Q$/"j$�"G,>$�4 X ( µ�$�,>$/,�_'�wA�EFT62>4=:>"G,>$�P�A�*GE6(m:Q$/"$�"G,>$/DÔª§*%2�+�5�$/2>+�D'(�T6(�4r5�i H�iGP.5�2�M�$/4=EFT6$/L>$�,��� � ��� � ]�EF$/,3T64=(��>"BE6KCL�$#�w(�D'�>4=$/E=E6"%(�,�-.$/4;�j2.&�T�i� � ��� �Ï�w$�4=(�E6"%,�"%,�-.$/4OHJ46$/,>,>0�A D'D'$�4rM�$/46:�4=A�,>,3T/P["GE6(�:QA 4=$�k�46v 7A�46Dp2>,>+�i� � ��� ©���2�46:>"G,>$w*G$�"BE�T=$�T y 4=:<$�"%T/P�A�-."GA�:�A�T="GE=KCL>$wkd¨.��A�,�EF"G(�,�i� ©8��� ��`d$�4=:>4CA ,>,3T6$s�wA�E6$sA 2�E6+�$�E�T=(�o�$�,jP y :QE6KCL>*G2>o�-.$�E��w46$/"GE6�>4=(�5�$�E6E6$/EJA *BEr"BEF(�:�A 4=$�4 Y 4=(�5/$�oQi

®���ÇF¸ 	�� »��1¼ ¿���e)Á Ä ¼?Áj �g¿ � e)Á�Âr¼?Á ¢ g »��t¼ Á� Á ¢ »��1¼ È��  
� ¢ Ê

 Ë3Ì  �!#" Ë
¬x"G$h:<$�"GDz�OT6T6(�Dm(�T6(�4;vl$/"¦T=$�4;(�:Q$/,a¾�,�->$�TOD�A ,\Á Ä ¡
Á� #»�Á Â ¡
Á�¢�P<2>,�-a5/vJA�4;A 2�E#-.$�4 y -."BA :�A T6$/,3:<$�5/"%$/L[2>,>+Á � Ì  Ë3Ì  �!#" Ë »xK�(�,�EFT/in!�A D'"%T;0
A�,>,�v�"%$s-.(�4FT;-."G$uª>(�46D'$/*%,ÎM�$/46$/"%,.&�A�KCL>$�,�i

�/�



�����¯
^���c	������S�	��
[�
���Î
��
��	����u���F����� 
������������
����<2>, 7A�KCL�EFT�$/"%,>"G+�$JD�A�T=L>$�D�A�T="GE=KCL>$Jkn4=* 7A�2.T6$/462>,�+�$�,sM�(�4CA 2�E6+�$�E6KCL�"GKC03T��jHJ$�T64CA�KCL3T6$�T�D�A ,h->"%$rª>2>,�0�T="%(�,pM�(�,u5/vl$/"`nA 4="BA :>*G$�,���e�� ½ � g�2>,Q-�"%L�46$;�QA 46T6"G$�*G*%$/, y :>*G$�"%T62>,�+�$�,�!"�j¡	!#��2>,�-$!%�j¡&! � ->A ,>,�0�A�,>,±D�A ,±->A�E�E6(�+�$�,>,�A�,>,3T6$T6(�T=A�*%$s!#"¦µ�$�4=$�,3T6"BA *
'(�Sv�"%$w&)(�*%+�Tr,�( T6"G$�4=$�,
'(��» !"�

!#� ')�+* !%�
! �

' ��,RSA�,q0�A ,>, -."%$�EF$�ª>(�46D'$/*JA�*GE ��A
Z[*G(�4=$�,3T�v�"BKC03*G2>,>+�& 72�4'E6$�L�4p0[*G$�"G,>$Î��4 7(�o�$�, "G,3T6$�4=�>4=$�T="%$/46$/,jPn-."G$¯D�A , ,�A�KCL-.$/DI*G"%,�$/A 4=$�, ��$�4=D A�:>:>4=$/KCL>$/,10
A�,>,jPdA :<$�4h$�"G+�$�,3T=*%"BKCL1"GEFTp->A�Dm"%ThD'$�L�4h+�$/D'$�"G,�T�iaRSA ,10�A ,>, A�2�E6+�$�L�$�,�-M�(�,�$/"%,�$�4�+�$/v 7(�L>,�*%"BKCL>$�,�!#"¦µ�$�4=$�,3T6"BA *G+�*G$�"BKCL[2>,>+
' �'-�/. e�� ½ � g0*21�e3� ½ � g'»zÑ � Ñ » . e3� ½4� g ' � *51�e�� ½ � g�')�$�"G,ÎT6(�T=A *G$/E�!#"%µ<$/46$/,�T="GA�*�¾�,�-.$/,jP>M�(�4CA 2�E6+�$�EF$�T65�T�P.-."%$w]^,3T6$/+�4CA :>"G*G"¦T 7A�T=E6:<$/-."G,>+�2�,>+

! .!#� » !"1
! �

� !%�
!#� »61 ½ !%�! � » ."BE�T;$/4F& 72>*G*%T/P�E6(�->A o

'��Î»71�e�� ½ � g�')�+* . e3� ½ � g�' �"G,�T=$�+�46"G$�46TSvl$/4=->$�, 0�A ,>,�i�!O"G$q]^,3T=$�+�4CA :�"%*G"¦T 7A�TCEF:<$/-."G,>+�2>,>+x+�A�4=A�,3T6"G$�46T/Pu->A�o $�"G, ]^,3T6$/+�4CA *u5/v�"GE=KCL>$�, 5/vl$/"Y 2�,>03T6$�,1M�(�D­]^,3T=$�+�4CA�T="%(�,�E6vl$/+¯2>,�A�:>L 7A�,>+�"G+�"GEFT/iÎ!O"G$¯� 7(3EF2�,>+a-.$�4h!#"%µ<$/46$/,�T="GA�*%+�*%$/"GKCL[2>,�+�"BE�Tm->A ,>,@-.2�4=KCL
��e3� ½ � gn»98;:=<�>;? , +�$�+�$�:<$�,jid!#"%$�!O"%µ�$�4=$�,3T6"BA *G+�*G$�"BKCL[2>,>+�$/,�:Q$/"<->$�,>$/,¯-."G$/E6$�4 ��4="GKC0m5�2>4J� 7(3EF2>,�+s&)2>,>03T6"G(�,�"%$/4FT�PL>$/"%o�$�,A@CB�DFE&GH@;!#"¦µ�$�4=$�,3T="GA�*%+�*%$/"GKCL[2>,>+�$�,ji�]^DÔA *G*G+�$�D'$/"%,>$/,aª�A *G*jv�"G4=-�-."G$/E6$/E;`d$�46&�A L>4=$�,�,>"BKCL3T�&)2>,>03T6"G(�,>"G$�4=$�,�PE6(�->A�oÎ-."G$'ª>2>,>03T="%(�,>$�, . 2�,�-�1t0�$�"G,aT6(�T=A *G$/Ew!#"¦µ�$�4=$�,3T="GA�*�->$�¾�,>"G$�4=$�,t2>,�-\$�"G,\]^,3T6$/+�4CA *I�1,>"BKCL�Tw$�¨."BE�T="%$/4FT�i!#$/E6L�A *G:aE6KCL>4=$�"G:.T�D�A ,�A 2�KCLÎ"G,�->"%$�EF$/DÔA *G*G+�$�D'$/"%,>$/,ÎªQA *G*�P.vJ(�-."G$s]^,�T=$�+�4=A�:>"%*G"%T 7A�TCEF:<$/->"%,>+�2>,>+m,>"BKCL�T;+�"%*%T

J �Î»61�e�� ½4� g�')�+* . e3� ½ � g�' � &�A�*%*BE ! .!#�LK» !%1
! � ½2>DzA�,>5�2�->$�2.T=$�,jP�->A�o±$/E#$�"G,>$pª�2>,>03T6"G(�,��?,>"GKCL3T�+�$�:<$�,\0
A�,>,jiwRSA ,\0
A�,>,NM�$�-.(.KCLS5�$/"%+�$�,jP�->A�o±D�A ,\-.2�4=KCLRa2>*%T6"G�>*G"%0�A T6"G(�,�D'"¦T;$/"%,>$/DÔªQA 03T6(�4/P>-."G$s]^,3T6$/+�4CA�T6"G(�,�$�4=D 7(�+�*G"BKCL>$�,�0
A�,>,

'0O�Î»6P�e�� ½4� g 1�e3� ½ � g�')�+*2P�e3� ½Q� g . e�� ½ � g�' � � !§eRP . g!#� » !�eRPS1<g
! � ½(�:[vJ(�L>*�$�E�"%DWA *G*%+�$�D'$�"G,>$/,ÎE=KCL[v�"%$/46"G+pE6$�"G,�v�"%4C-�P>-."G$/E6$�,�"G,�T=$�+�46"G$�4=$�,�->$�,�ªQA 03T6(�4SP�5�2Î¾�,Q-.$�,ji!#"%$s*G$�T=5�T=$�,�:Q$/"G->$�,aª>(�46D'$�*G,aEF"G,�-�2>,�E�"G,a-.$�,�M�(�4CA ,>+�$�+�A�,>+�$/,>$�, y :�E=KCL>,>"%TFT6$/,aA *BE

J ¶ »9'�TU* � '[� ½ '�V@» '�TÁ * �Á '[�
:<$�+�$/+�,>$�T/iÃ!#"G$S!O"%µ<$/46$/,3T6"BA *G+�*G$�"BKCL32�,>+@-.$�4 y -."GA�:�A�T=$�,xÑf»�¿JÀW'�Á7* � '3�I&)(�*%+�T6$SA�2�E J ¶�» Ñ?2>,�-x-.$/4
X 7A�L>$�4=2>,>+$'�T »Ð¿JÀW'�Á 2>,�-�*G"G$�o±E6"GKCL�D'"¦TwN;"G*¦&)$p-.$�4;"B-.$�A *G$�,\�wA�E6+�*G$�"BKCL[2>,>+m(�L>,�$uvl$/"¦T=$�4=$/E�"G,3T6$/+�4="%$/46$/,jin]^,-.$/4 �rL>$/46D'(.-.Z[,�A�Dm"G0�"GEFT�A�*GE6(\��¡
Á -.$/4ZY\[QG�@�]-^_Y�@`^C@;[#a)@�ª�A 03T=(�4�P<-.$/4�->$�,\$/4=EFT6$/,\NOA�2>�.TCE6A T65h"G,t->$�,\5/vl$/"¦T=$�,NOA�2>�.TCE6A T65wM�$/46vrA ,�->$�*%Tr2�,�-�-."%$sk�,�T=46(��>"G$/-.$�¾�,>"%T6"G(�,7'�V@» J ¶p¡
ÁÎ$�4=D 7(�+�*G"GKCL3T�i]^D¥&)(�*G+�$�,Q-.$�,ÎEF(�*%*G$�,�-."G$/E6$w!#"%µ<$/46$/,�T="GA�*%$�& 72>4#-."%$s�w(�,�E�T=462�0�T="%(�,¯vJ$�"%T6$/46$/4$b"c4@`^_dNe�a	f&[#D	dZYhg;i�c @;^0jke	G�@;[4l
GRY�D&mn@OM�$/46vJ$�,�->$�TOvJ$�4C-.$�,�i;!#A�EO!#"¦µ�$�4=$�,3T6"BA *�-.$/4oY\[4["@`^p@`[/qr[#@;^s]-Y�@S'�T * 7A o�T#EF"BKCLa$�"G,.&�A�KCLS-.2>4CKCLS9;D�E�T=$�*G*%2�,>+A 2QE�-.$�D¥& 72>4O-."G$skn,3T64=(��>"G$w+�$/v�"%,>,�$�,

'�V@» '�TÁ * �Á '3� � '�T » Á�'�V?¼ � '3� � T »6T'eRV ½ �hg
��©



E6(1-�A o@$�"G+�$/,3T6*G"GKCLf,[2>4¯-."G$Skn,>$/46+�"%$/:>"G*GA�,>5Î->$/E�$/4=EFT6$SN#A 2>�.TCE6A T65/'�T�» J ¶ * J ² ->A�E�T=$�L3T/iÃ!#$�4¯5�vJ$�"%T6$NOA�2>�.TCE6A T65�& 72>L>46TOA :<$�4�5/2�$/"%,>$/4�v�"GKCL3T="%+�$�, 7y ,�-.$/462�,>+�P."G,�-.$/DÔA *BE�_ 4="BKCL�T="%+�$/_h`nA 4="GA�:>*%$�M�(�,�T -."G$ukn,3T64=(���"%$2>,�-�->A�E�`d(�*G2>D'$�,�$�4CE6KCL>$/"%,�$�,jP[A *BEF(p-."%$ ��$/D'�Q$/4=A T62>4JÁx"GEFTJ->2>4=KCL�-."%$�kn,3T64=(���"%$ V@$�4CEF$�T65�T�iIX;"GDmDhTJD�A�,¯A *BEHJ$�"BEF��"%$/*�-."G$;kn,3T64=(��>"G$�&)(�46D'$/*[& 72>4�->A�Ed"G->$/A *G$/En�wA�EnA 2QEn-.$�D *%$�T65�T6$�, y :�E=KCL>,>"%TFTrV�e�T ½ �ugn»Ã¿JÀ§*G, T�*��S*G,O�fP-."G$s,�A�KCL/T A 2.&)+�$�* 7(�EFT�->"%$w&)(�*%+�$�,�-.$sª�(�4=D¥A ,>,�"%D'DuT
T ��� esV ½ �hgn»�� Ì ���� $
	��� ½->A�,>,�0
A�,>,ÎD'A�,a-.2>4CKCLÎ!#"¦µ�$�4=$�,3T="GA T6"G(�,jP>-."G$s"B-.$/A�*%$u�wA�E6+�*G$�"BKCL[2>,>+m5�2 72QKC03+�$�v�"G,>,>$/,��Á�» È ! T ���!%V Ê
� » �¿ À T ��� ½ � » ¼ È ! T ���!�� Ê � » �¿ À T ���� � � » �\Á� ,!�A�E�T=L>$�4=D'(.-.Z[,�A D'"BE6KCL>$ Y (�T6$�,3T="GA�* T $�,3T6L 7A *%T;"%, y :>L 7A�,>+�"G+�0�$�"%TrM�(�,a-.$/,S_ 4="GKCL3T6"G+�$/,�_m`nA 4="GA�:>*G$�,/V ½ �8A�*%*G$]^,.&)(�46D�A�T="%(�,>$�,�iÎRa$/460[v 72>4C-."G+�$/46vJ$�"BEF$m"BE�T M�$�T65�Tp-."G$ y : 7A�,>+�"G+�0�$�"%TuM�(�D­`d(�*G2>D'$�,q� 0�(�D'�>*G"G5�"G$�46T/P�v 7A�L>4=$�,�-

T A *BE�ª>2>,�0�T="%(�,a-.$�4 ��$�D'�<$�4CA�T62�4�2>,�A :�L 7A ,>+�"%+'M�(�,Î` "GEFT/P>v�"G$sD�A ,Î*%$/"GKCL3TOA�,Î-.$/4;$�4CEFT6$�,�HJ$�5/"%$/L32�,>+�$/,Î-.$/4*G$�T65/$�,aª>(�46D'$/*%5/$�"G*%$sA :�*%$�EF$/,�0�A ,�, ,�,;,!#"%$s]^,3T=$�+�4CA :�"%*G"¦T 7A�TCEF:<$/-."G,>+�2>,>+'-.$/E;!#"%µ<$/46$/,�T="GA�*GEk'�T "GEFT
È !<Á!���Ê � »�¼ È ! �!%V�Ê � ,RSA�,S,>$�,�,�TsHJ$�5/"%$/L32�,>+�$/,\-."G$/E6$�4 y 46T�� D;B�� @;m\m�46$/*GA T6"G(�,>$/,jiw]^,\-."G$/E6$�4wª>(�46D E6$�L>$/,tE6"%$SM�$/-.$/,.&�A *G*GE�,>"BKCL3T#v�"G$

��46"GM["GA�*%"%T 7A T�A�2�E/P>A :<$�4�$�"G+�$/,3T6*G"GKCL�E�T=$�L3TO->Am,[2>4
! ¢ T'esV ½ �hg
!�� !%V » ! ¢ T'esV ½ �hg

!%V !�� ,ª 72>4J-."%$ODm$/"GEFT6$/, Y 4=(�:>*G$�D'$;-.$/4 �rL>$/46D'(.-.Z[,�A�Dm"G0h"BEFTl-."G$O"G,>,>$�4=$;kn,�$�4=+�"G$ T�0�$�"G,>$;_�:Q$���2�$�D'$/_h��4 7(�E=E6$�i!#2>4=KCLS->$�, ��46"BKC0�-.$�4���@�](@`["a&^C@�T64CA ,QE�&)(�46D�A�T="%(�,�*GA�E6E6$�,SE6"GKCLS->"%$p,>(.KCL�&)$�L>*G$�,�->$�,aT=L>$�4=D'([->Z3,QA D'"GE=KCL>$/, Y (��T6$/,3T6"BA *G$ ���%^C@;Y�@ qr["@`^R]	Y�@��nP�� Y����_g;i�c @`g jke&GH@`[QGsY�D	m���2>,�- qr[QG\c4D&m  "Y�@"!I*%$/"GKCL3TaA ,>+�$�:<$�,jiW!O"G$/E6$ Y 4=(�5/$#�-.2>4¯"GEFT¯A 2�E�->$�4¯Ra$�KCL�A ,�"%0 :<$�0�A�,>,3T/Prvl(@$�E'5�vJ$�"���2>+ 7A�,>+�$Î5�2x-.$/, Hl$/vl$/+�2>,�+�E6+�*G$�"BKCL32�,>+�$/, +�"G:.T/i�RSA ,0�A ,>,�EF"G$\$/"%,>D�A�*w->2>4=KCL ->"%$1��A�+�4CA ,>+�$�&)2>,>03T="%(�,%$Ô¾�,�->$�,jP�A :<$�4�A 2�KCL -.2�4=KCLÃ->"%$1NOA�Dm"G*%T6(�,>&)2>,>03T6"G(�,'&ti��A�+�4CA ,>+�$#�O2�,�-qN#A D'"%*%T6(�,.&)2>,>03T="%(�,qEF"G,�- -.2>4CKCLq-."G$�$/:Q$/, $�4=v 7A L>,3T=$��j$/+�$/,�-.4=$�T64CA ,QE�&)(�46D�A�T="%(�,1M�$�4=0[, 72>�.&�T�P-."G$p-."G$p��$�E6KCL[v�"G,�-."G+�0�$/"¦T=$�,)(* "G,\-.$�4���A�+�4CA ,>+�$�&)2>,>03T="%(�,�->2>4=KCLS->"%$u]^D'�>2�*GE6$ � $/4=E6$�T=5�T�PQ2>,Q-a:Q$/"§->"%$�EF$/4#kn4+�E6$�T65/2>,>+�T64CA ,�EF&)(�4=D'"%$/4FTwEF"BKCLt->"%$'��A�+�4CA ,>+�$�&)2>,>03T="%(�,S"%,?-."G$'N#A D'"G*¦T=(�,.&)2>,�0�T="%(�,jihNO"%$/4u->A�EwV.KCL>$/D'A�"G,t$/"%,>$/4�<$/"%*G$ �
$#e * ½ (* g ½ � » !,$

!�(* -
&?e * ½ � gn».(* � ¼�$#e * ½ (* g ,

X#A�KCL�-."%$�EF$/DWV.KCL�$�D�Am0
A�,>,�D�A ,Î,32�,�->"%$�� ^C@;Y�@ qr["@`^R]	Y�@
�@-.$�¾�,>"G$�4=$�,
T'eRV ½ �pg ½ Áx» ! T

!%V -
/�e�Á ½ �hg�»7T'esV ½ �hg�¼?Á/V ,9;DÔ5�2aE6$�L>$/,jP.vJA�E�-."G$/E6$wR\A ,>"G�>2>*BA�T="%(�,>$�,�:<$�v�"G460�$�,jP.4=$/KCL>,�$�T�D�A ,�->A�EJT=( T=A�*%$u!#"%µ<$/46$/,�T="GA�*�M�(�,�/ A 2�E

'0/ »6'�TÃ¼ 'Qe�Á Vng ½ '�/ »xÁ '�V?¼ � '3�Ð¼ '�Á�Vt¼?Á�'(V � '0/ » ¼SV '�Áf¼ � '[� ,RSA�,fE6"%$/L3T¯A *BEF(QPl->A�o?"G,x-.$�4 �§A�T¯->"%$�,>$/2>$a`nA 4="GA�:>*G$ÎM�(�,1/­-."G$ ��$�D'�Q$/4=A T62>4�ÁW"BE�T�i y 2�E±->$�4�]^,3T6$/+�4CA��:>"G*%"%T 7A T=E6:Q$�-."G,>+�2>,�+'¾�,�-.$�T;D'A�,�$/"%,�$svl$/"¦T=$�4=$wR\A�¨.vl$/*%*G4=$�*BA�T6"G(�,
È !%V!�� Ê32 » È ! �!<Á Ê � ,!#"%$�`d(�4CA 2�E=EF$�T65/2>,>+�$/,?->$�4p��$�+�$�,�-.4=$�T=4=A�,�EF&)(�4=D'A T6"G(�,1EF"G,�-?& 72>4hT6L>$/46D'(.-.Z[,>"BE6KCL�$¯ª>2>,�0�T="%(�,>$�,+TÔ$/4F& 72�*%*%T/P TDh2�oa$�"G,>$±0�(�,[M�$�¨.$'ª>2>,�0�T="%(�, EF$/"%,�P�vrA�Es+3A 4CA ,3T6"G$�46Tw"GEFT/P�-.$�,�, -."%$�EF�<$�5/"¦¾QE=KCL>$�¬ 7A�46D'$±-."G$±"G,1->$�4h5/vl$/"¦T=$�,y :�*%$/"¦T=2>,>+�M�(�,Î9 ,QA�KCL�-.$�4;k�,�T=46(��>"G$wA�2.&�T=A�2�KCL3T�"GEFT;"%D'D'$�4��<(�E6"%T6"GM<i

��Ò


