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IJ KLMNON K PONQRST SOSOUVWNTXS RYON IJZZZ [\ ]OXU ^XU_`aaOU XUbON UWcd]TOU eONX`bO VXNb fZZ [ YOTNMSOUJ ^NaXTTOgU KXO\ VOgcdOUhOTNMS K ]LMNOU ]`ggTO\ VOUU ON ]OXUO XUTONTOaL`NMgO i`U]jaMgg`k_MTX`U `LTXaXONOU alcdTOJ mON nXU]]MTo QRN pOgbMUgMSOU ]OX IZqJ

^] VXNb Q`gSOUbO rjToOUQjU_TX`U jUTON]TOggTs
u(c0, c1) = u(c0) + ρu(c1)

aXT
u(ci) = ln ci

Mt hONOcdUOU KXO bM] uLTXaja QRN bXO Q`gSOUbOU vONTO bO] eMkNMaOTON] ρ
s Z\ZIw Z\fw Z\xIw IJYt vXO PONWUbONT ]Xcd bXO yjQTOXgjUS\ VOUU ON zOToT YONOXT] RYONIJIZZ [ PONQRST jUb XU bON UWcd]TOU eONX`bO ffZ [ ONdMgTOUVXNb{

|l]jUSOUs
nj Mt}# 13,&- +3*  4*' "'1*1*4*'* ~�&�*'��'�&3 ' �'&*% +*% ~*4*'4*+3'1�'1 c1 =
w1 +(w0 − c0) ∗ (1+ r)

�� !"�3!3*%*'- � 4*3 wi
+"# }3'� !!*' 3' /*%3 +*

i �'+ r +*' �3'##"&� 4*�*3��'*&� }# *%134& #3�� +3* �"1%"'1*(��'�&3 '
L = ln co + ρ ln c1 + λ(c1 + c0(1 + r) − w1 − w0(1 + r))

�3,+*& !"' +3* �"%&3*,,*' .4,*3&�'1*' �'+ #*&�& +3*#* ~�,,- # *%��,& !"'+3*  �&3!",*' c0
�'+ c1

��
c0 = w1+w0(1+r)

(1+r)(1+ρ) , c1 = ρc0(1 + r)
�

��% +3* "'1*1*4*'*')*%&* � ' ρ *%��,& !"' +3* ��#�'1 (c0, c1)
",# (1440, 16)

-
(970, 533)

-
(762, 762) �'+ (727, 800)

�
nj Yt.'�"'+  431*% � %!*, *%1*4*' #3�� ��% +3* ",&*%'"&3�*' }3'� !!*' +3* ��(&3!",�*%&* (1584, 17)

-
(1067, 587)

-
(838, 838) �'+ (800, 880)

�
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IJ KTOggOU KXO bMN\ VOgcdO �M_T`NOU Mj] KXcdT bON hMU_ jUb Mj] KXcdTbO] ^XUgOSON] bXO �`NTOXgdMQTXS_OXT OXUON pOgbMUgMSOQ`Na YOOXU�j]k]OU _lUUOU�

|l]jUSs
�"�& %*'- +3* +3* )"�, +*% ��"%� %! 4**3'��##*'�
• �*%�3'#�'1
• �*%��14"%�*3&
•

23'+*#&"',"1*4*&%"1
�J ^N_gWNOU KXO\ VMNja O] XU bOU gOToTOU �Z �MdNOU dWj�S oj �ak]cdXcdTjUSOU oVX]cdOU bOU PON]cdXObOUOU KLMNQ`NaOU SO_`aaOUX]TJ

|l]jUSs
�3*  %�'+* ��% ¡!#��3��&�'1*' ��3#��*' +*' ��"%� %!*' ,3*1*' 3' +*' �*%(�'+*%�'1*' +3*#*% �"�& %*'� �*3#�3*,* �3*%��% #3'+�
• ¢'+*%�'1 +*# ",,1*!*3'*' �3'#'3�*"�#
• �*%�'+*%�'1 +*# ��"%*���3'#*#
•

 *���%�'1 � ' � '+*%� '+3&3 '*' £� '30�"&3 '¤
•

 *#&",&�'1 � ' � '+*%#�"%� %!*'
• )*1�",,¥�*%�'+*%�'1 � ' 23'+*#&"',"1*4*&%�1*'
• ¢'+*%�'1 � ' �"���*3&*' �'+ ¦�'+31�'1#�%3#&*'
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 *%"+* 3#& ©�'*' £�3*+*% *3'!",¤ 4*��##& 1*� %+*'- +"## �3* �*3'*%,*3 �*%!�1*'4*#3&�*'- ",# �3* "�# �'*%�,�%,3��*'  %�'+*' 3' 3�%*% ����4,"+* �ªª�ªªª « 0'+*'�'+ #3�� '�' �%"1*'-  4 #3* +"#  *,+ � % +*! }3'&%3&& 3'# ¬*'&*'",&*% "�#1*4*'� ,,*' (c1)

 +*% *# "',*1*' �'+ !3& +*! ¦ '#�! ,3*4*% �"%&*'- 43# �3* #3�� 3'
�, %3+" ��% ¬��* #*&�*' (c2)

� �3* 1,"�4*'- ©�%*' ~�&�*' ��% +3* 4*3+*' �*3&*'1"'� 1�& +�%�� � ,1*'+* ~�&�*'��'�&3 ' 4*#��%*34*' �� ��''*'� ρ
4*#��%*34&-�3* 4*�"''&- ©�%* ¡'1*+�,+ �'+ 4*&%"1* ª-­®�

u(c1, c2) = ln c1 + ρ ln c2.'!*%��'1� �3* *%#&* .��1"4* 3#& '3��& "�� +"# 2 +*,, � ' �3"! '+ �'+�¯4�31 4*� 1*'- # '+*%' # ,, ©�'*' �*,�*'- +"# 2 +*,, � ' "'+*%*' °4*%,*1�'(1*' "4��1%*'�*'�
IJ ^XU SjTON �NOjUb\ bON �ONalSOU]PONVMgTON X]T\ YXOTOT ±dUOU UjUMU\ OXUOU YOgXOYXSOU ²OXg ±dNO] pOgbO] QRN KXO oj PONVMgTOU jUbPON]LNXcdT OXUO ³OUbXTO P`U ´ZqJ ^] ]OX ±dUOU MYON UXcdT alSgXcd\P`N yYgMjQ bON yUgMSOQNX]T MU bM] pOgb oj SOgMUSOUJvXO PXOg pOgbPONTNMjOU KXO Xda MU{ vXO PXOg _`U]jaXONOU KXO P`N bON ³OUTO{

|l]jUSs
}# 13,&- +*' ~�&�*' u(c1, c2) = ln c1 + 0, 85 ln c2

�'&*% �*%���#3��&31�'1 +*%~*4*'4*+3'1�'1 c2 = (100.000−c1)∗1, 3
�� !"�3!3*%*'� }# *%134& #3�� � ,1*'+*�"1%"'1*(��'�&3 '�

L = ln c1 + 0, 85 ln c2 + λ(c2 + 1, 3c1 − 130.000)

�*&�& !"' +3* �"%&3*,,*' .4,*3&�'1*' +*% �"1%"'1*(��'�&3 ' µ*�*3,# ~�,,- # *%��,& !"' +3* ��&3!",�*%&* c1 ≈ 54.054 �'+ c2 ≈ 59.730
� ¡! 3! ¬*'&*'",&*%

c2
� '#�!3*%*' �� ��''*'- !�##*' �3* 4*3 +*% "'1*1*4*'*' ¬*'+3&* � ' �ª¶�*�&* §®�·¸§ « "',*1*'�
�`U bON ¹WgQTO bO] pOgbO] dMYOU KXO ]Xcd OXUOU ]cdXc_OU ugbTXaONMUSO]cdMºTJ �`U UjU MU aMcdOU KXO ]Xcd gObXSgXcd pObMU_OU bMNRYON\VOgcdOU rjToOU ±dUOU bON ugbTXaON YNXUSTJ vM] KXO UXcdT VX]]OU\ X]T\VMUU ON QMdNjUTRcdTXS VXNbJ mXO] _MUU XU iRNoO LM]]XONOU `bON U`cdgMUSO bMjONUJ KXO ]TOdOU UjU P`N bON vMdg\ `Y KXO XdU zOToT SOUONMgkRYONd`gOU gM]]OU\ `bON MYON ]LWTON\ VOUU ]Xcd ±dN pOgb PONoXU]T dMT\OXUOU ]TWN_ONOU »`T`N OXUYMjOU gM]]OUJ KXO ]cdWToOU bXO vMdN]cdOXUkgXcd_OXT QRN OXUOU YMgbXSOU yj]QMgg MjQ ¼Zq\ _lUUOU O] MYON ON]T UMcdOXUON eN`YOQMdNT aXT KXcdONdOXT ]MSOUJ

�J vM] X]T YOX bXO]Oa nj]MaaOUdMUS UOj SOSOURYON bOU P`NdONXSOU½YONgOSjUSOU{
|l]jUSs



®

}# ,3*1& '�' *3'* ¬3#3� #3&�"&3 ' � %� �3*# 4*+*�&*&- +"## '3��& !*�% +*%~�&�*'- # '+*%' +*% }%�"%&�'1#'�&�*' �� !"�3!3*%*' 3#&�
´J vXO gMjTOU bXO YOXbOU rjToOUQjU_TX`UOU QRN bOU �Mgg\ bM]] bXOeN`YOQMdNT OXU SjTO] `bON OXU ]cdgOcdTO] ^NSOYUX] MjQTjT{ KXO SOdOUbMYOX VOXTONdXU P`U OXUON OXUQMcdOU g`SMNXTdaX]cdOU �jU_TX`U Mj]J±dN �USObjgbXS_OXT]LMNMaOTON ρ

YOTNMSO Z\xxJ
|l]jUSs
�*31& +3* /% 4*�"�%& *3' #��,*��&*# }%1*4'3# £�¯� �¤- # !�##*' �3* ©�%*'
)"1*' 4*%*3&# 4",+ £3' t1

¤ 1*'*%",�4*%� ,*' ,"##*'� ©�% ~�&�*' "�# +*%  *('*%",�4*%� ,�'1 4*&%�1&
u(c1

1) = ln c1
1
�

¦�''*' �3* *# #3�� �3'1*1*' ,*3#&*'- 43# t2
�� �"%&*' £�¯� 5¤ �'+ +"'' *3'*''*�*' 2 & % *3'4"�*' ,"##*'- # 4*&%�1& 3�% ~�&�*'

u(c1
2, c

2
2) = 0, 99 ∗ ln (c1

2 + c2
2)
�

¼J r`cd P`N ±dNON eN`YOQMdNT YXOTOT ±dUOU OXU ugbTXaONk�NOjUb OXUeN`zO_T MU\ MU bOa KXO ]Xcd XU YOgXOYXSOa �`gjaOU YOTOXgXSOU _lUkUOUJ ^N YXOTOT OXUO ³OUbXTO P`U �Zq\ VOUU KXO gMUSO XUPO]TXONTYgOXYOU\ ONgMjYT ±dUOU MYON\ ±dN pOgb QNRdoOXTXS MYojoXOdOU\ ]`bM]] KXO ±dNO ^XUgMSO ojNRc_ONdMgTOUJ vOUU KXO XU bXO]O] eN`zO_TXUPO]TXONOU\ VMUU OUT]cdOXbOU KXO ]Xcd\ QNRdoOXTXS oj gX¾jXbXONOU{vOgcdOU rjToOU dMYOU KXO bMUU{ vOgcdOU rjToOU ONNOXcdOU KXOXU bOa �Mgg\ XU bOa KXO ]Xcd SOSOU OXUO |X¾jXbMTX`U OUT]cdXObOUdMYOU{ vOgcdOU rjToOU _lUUOU KXO ]`aXT P`U UjU Mj] SO]OdOU\Mg]` P`N bON eN`YOQMdNT\ ONVMNTOU{
|l]jUSs
�&*,,& #3�� '"�� +*% /% 4*�"�%& �*%"�#- +"## +*% )"1*' 1*'*%",�4*%� ,& �*%(+*' !�## £�¯� �¤- # 4,*34& ©�'*' '3��& "'+*%*# �4%31- ",# +3* }3',"1* 4*%*3&#3' t1

"4���3*�*'� ©�% ~�&�*' 4*&%�1& 3' +3*#*! �",, ln 50.000 ≈ 10, 82
�}%�*3#& #3�� '"�� +*% /% 4*�"�%& �3'1*1*'- +"## �3* 43#

t2
�"%&*' ��''*'-# �*%+*' �3* 3�%  *,+ "��  %�'+ +*% � #3&3�*' �*%�3'#�'1 3' � ,,*% $��*"',*1*' �'+ *%%*3��*' *3'*' ~�&�*' � ' 0, 99 ∗ ln(1, 2 ∗ 50.000) ≈ 10, 89

��" #3* "�# �3��& � ' /*%3 +* ª !3& §ª¶ )"�%#��*3',3���*3& � ! �¯� � #*3'�*%+*'- 4*&%�1& 3�% }%�"%&�'1#'�&�*' 10, 8631586
�

fJ hOX OXUOa ugbTXaONk²NOºOU ONQMdNOU KXO\ bM]] oMdgNOXcdO MUbONOugbTXaONkhO]XToON P`N bOa SgOXcdOU eN`YgOa ]TOdOU VXO KXOJ pOkdOU KXO bMP`U Mj]\ bM]] bXO]O ±dUOU XbOUTX]cdO rjToOUQjU_TX`UOUjUb pOgbPONalSOU MjQVOX]OU jUb bM] ^NSOYUX] bON eN`YOQMdNT LNXkPMTO ±UQ`NaMTX`U X]TJvOgcdOU �ONTNMS VRNbOU KXO ±dNOa ugbTXaONk�NOjUb P`N]cdgMSOU ¿bO]]OU eN`zO_T YOgXOYXS ]_MgXONYMN X]Tt{ vOgkcdO i`UbXTX`UOU ONMcdTOU KXO QRN `LTXaMg{ vOgcdON rjToOU gW]]T]Xcd ]`aXT ONVMNTOU{
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|l]jUSs
�" ",,* �,+&3!*%(�*#3&�*% %3#3� "�*%# #3'+ £+3* , 1"%3&�!3#��*' ~�&�*'��'�(&3 '*' �*%,"��*' � '�"�¤- *%"��&*' #3* +"# �¯�%3#3� ",# '"��&*3,�"�& �'+��%+*' +3* �'&*%#��3*+,3��*' ~�&�*''3�*"�# 3' +*' 4*3+*' ��,,*' £�¯� � �'+�¯� 5¤ 1*%'* "'1,*3��*'�)�%* +"# }%1*4'3# +*% /% 4*�"�%& �*3'* �%3�"&* ©'(� %!"&3 '- # '+*%' �À*'&,3�� �*%30�3*%4"%- # ��''&*' +3* �,+&3!*%(�*#3&�*%�'&*%*3'"'+*% *3'*' �"%*& (*Á�3*'&*' �*%#3��*%�'1#�*%&%"1 "4#��,3*Â*'- # (+"## +3* �¯� � ©'�*#& %*' 3' t1

*3'* ��#�&�,3��* �"�,�'1 "�# +*%  %���*+*% �¯� 5 ©'�*#& %*' *%�",&*'� �" +"# }%1*4'3# +*% /% 4*�"�%& "4*% �%3�"&*©'� %!"&3 ' 3#&- 3#& +3*#* ��#�'1 '3��& 3!�,*!*'&3*%4"%�
��% ©�%*' �%*�'+ 43*&*& #3�� µ*+ �� "'- +3* }3',"1*'�*%&%�1* # �� 1*#&",(&*'- +"## *% +3* �"%*& (*Á�3*'&* ��#�'1 '"��43,+*&� �3*  �&3!",* �*%#3��*(%�'1#,�#�'1 ���%& +"4*3 �� *3'*% 2"�3!3*%�'1 +*# }%�"%&�'1#'�&�*'# +*%©'�*#& %*'�

E(u) = 0, 4 ∗ ln c1
1 + 0, 6 ∗ 0, 99 ∗ ln c2

2

c2
2 =

[50.000−0,4∗c1

1]1,2

0,6}# *%134& #3�� � ,1*'+* �"1%"'1*(��'�&3 '�
L = 0, 4 ln c1

1 + 0, 6 ∗ 0, 99 ∗ ln c2
2 + λ(c2

2 + 0, 8c1
1 − 100.000)�3,+*& !"' *%'*�& +3* �"%&3*,,*' .4,*3&�'1*' �'+ #*&�& +3*#* !3& ~�,, 1,*3��-# *%��,& !"' +3* ��&3!",�*%&* c1

1 ≈ 50.302 �'+ c2
2 ≈ 59.759

- �"# �� *3'*!}%�"%&�'1#'�&�*' � ' 10, 8631707
���%&� �3* ¬����"�,�'1*' +*#  �&3!",*'�*� #3&*'�*%&%"1*# r1

�'+ r2
*'&#�%*��*' +3*#*' ��&3!",�*%&*'�

ÃJ KXO ]XUb ]Xcd UXcdT ]XcdON\ `Y MggO MUbONOU ±UPO]T`NOU VXN_gXcd ]`NMTX`UMg ]XUb\ VXO ]XO Mj]]OdOUJ vM] _MUU ±dN �NOjUb TjU\ ja ]XkcdONoj]TOggOU\ bM]] UXOaMUb ]OXU ¹Mj] ]TRNaT{ vXO PXOgO aj]] ONaXUbO]TOU] MU XdN pOgb gM]]OU jUb VXO PXOgO aMÄXaMg\ YOP`N ON bXO²RNOU PON]cdgXOÅT{
|l]jUSs
¡! #3��*%��#&*,,*'- +"## +3* ©'�*#& %*' '3��& +"# $"�# ©�%*# �%*�'+*# #&�%(!*'- 43*&*& #3�� +3* }3'���%�'1 *3'*% ��*%%#���*,,* "'� �3* ��*%%#���*,,*!�## ��! *3'*' #3��*%#&*,,*'- +"## +3* �¯� 5 ©'�*#& %*' *%#& 3' /*%3 +* 5"4�*4*' �'+ # !3& 13,&

r1 = 50.302 ≤
1,2(50.000−50.302∗f̂)

1−f̂
= r2 ⇔ f̂ ≤ 0, 96397758

+*#�*3&*%*' !�## 1*���%,*3#&*& �*%+*'- +"## ��!3'+*#& ",,* ©'�*#& %*' � !�¯� � 3' /*%3 +* � "4�*4*' ��''*'- # +"## 13,&
f̂ ≥ 0, 4

�
©�% �%*�'+ !�## ",# !3'+*#&*'# §ª¶- '3��& "4*% !*�% ",# ·¸-§¶ +*% ©'�*#(& %*' 3' /*%3 +* t1

"4�*4*' ,"##*'�
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ÇJ ^N X]T ]Xcd LglTogXcd UXcdT aOdN ]` SMUo ]XcdON\ `Y O] TMT]WcdgXcd¼Zq vMdN]cdOXUgXcd_OXT ]XUb\ bM]] bXO vMSOU PON]MSOUJ vXO _MUUXda XU bXO]Oa �Mgg SOd`gQOU VONbOU\ ]` bM]] bXO �ONTNWSO QRN MggOhOTOXgXSTOU ]XUUP`gg ]XUb{
|l]jUSs
�"

α '�' #& ��"#&3#�� 3#&- �"'' +3* ¡'&*%1%*'�* +*% ��*%%#���*,,* '3��& !*�%#3''� ,, �*#&1*,*1& �*%+*'� }# 43*&*& #3�� +"�*% *3'* £#&""&,3��*¤ }3',"1*'#3(��*%�'1 "'- �! +3* .�#�"�,�'1#���31�*3& 4*3 #�!&,3��*' ¬*",3#"&3 '*' � '
α
#3��*%��#&*,,*' �'+ &% &�+*! *3'* �%"'#� %!"&3 ' � %'*�!*' �� ��''*'�
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IJ yj] hMU__NOX]OU VXNb aXT hgXc_ MjQ bM] pOgbVW]cdOSO]OTo YO_gMST\bMÅ TN`To OXUXSON ^NgOXcdTONjUSOU QRN eON]`UOU\ bXO NOSOgaWÅXShMNTNMU]M_TX`UOU P`NUOdaOU\ bON d`dO yNYOXT]MjQVMUb XU _OXUOa�ONdWgTUX] oj bOU �MdUbjUS]ONQ`gSOU ]TOdOJ mX]_jTXONOU KXO bXO]OUejU_T Mj] YOTNXOY]k jUb P`g_]VXNT]cdMQTgXcdON eON]LO_TXPOJ

|l]jUSs
©' +*! � %1*4%"��&*' .%1�!*'& �3%+ +*% É.%4*3&#"���"'+Ê !3& +*' É�"�'(+�'1#*%� ,1*'Ê �*%1,3��*' �'+ 4*�"��&*&- +"## +*% .%4*3&#"���"'+ +3* �"�'(+�'1#*%� ,1* �4*%#&*31&� ¡! �� �*%#&*�*'- �3* *# �� *3'*% # ,��*' 2*3'�'1� !!*' �"''- 3#& �� �4*%,*1*'- �3* +*% É.%4*3&#"���"'+Ê �'+ +3* É�"�'(+�'1#*%� ,1*Ê 1*!*##*' �*%+*'� �*% .%4*3&#"���"'+ �"'' � �, Ë �'"4��'(131 � ' +*% �*&%"��&�'1#�*3#* Ë "! 4*#&*' ",# É+�%�� +3* �"�'+�'1 *'&#&*(�*'+* ¦ #&*'Ê +*0'3*%& �*%+*' �'+ �!�"##& # !3& � % ",,*! /*%# '",� #&*'�'+ ¦ #&*' ��% +*' .��4"� �'+ +3* /�*1* +*% ��% �"�'+�'1 4*'�&31&*'©�(©'�%"#&%��&�%� �3* �"�'+�'1#*%� ,1* #3'+ �3'1*1*' +*�&,3�� #���3*%31*%�� !*##*'�.�# 4*&%3*4#�3%&#��"�&,3��*% /*%#�*�&3�* 3#& ��% 2*##�'1 +*% �"�'+�'1#(*%� ,1* �� �%"1*'- �*,��*' ~�&�*' +3* �"'� "�# +*' *31*'*' �"�'+�'1#("�&3�3&�&*' �3*�*' �"''� .�# �3��& +*% �"'� 3#& +*% ~�&�*' +*% *31*'*'
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