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()*+,-./0.-1��+2/3�./4.*��3�,/,��)�,+2.3-+��2�-�./0.β�,+1/-�4�.����.2/+	�	.
)�,1/,+*352�3.0+�1�,+-�	.��.6�-�)�22�4�.,/5*2�	.6�-�.3*1+�.	1��4�.
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β��+1/-�4�.
71��+2/3�.
��,1/,+*352�.
��-�)�22�4�.
A��3�,/,��)�,+2.3-+��2�-�.
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B/2��4-�01��.β�,+1/-�4�.����.2/+	�	.)�,1/,+*352�3.0/1)52+-�	.��./,-�4�2.35,,�4�,.+4��	1�	�.C�B<��3-+1,�.+4	.
-1��+2/3�.6�1�.*1�*+1�	.��.+.,/)��4+-�/4./0.6�-�)�22�4�.+4	.3*1+�.	1��4�D.7��.�4E5�4,�./0.	�00�1�4-.)+33.1+-�/3.
/0.�B<�3-+1,�.-/.-1��+2/3�./4.-��.*+1-�,2�.3�F�.	�3-1��5-�/4�.3-/1+��.3-+��2�-��.���1/3,/*�,�-�.+4	.1�	�3*�13���2�-�.
/0.β�,+1/-�4�.)�,1/,+*352�3.6+3.�4��3-��+-�	D.7��./*-�)�F�	.)�,1/,+*352�3.�9����-�	.+.3)+22.+��1+��.	�+)�-�1.
CGGHDG.4)�. +0-�1. 1���	1+-�/4.6�-�.����.�4,+*352+-�/4.�0I,��4,�. +4	. 2/+	�4�. ,+*+,�-�. CJJDKLM.+4	. NKD�GM�.
1�3*�,-���2��D. 7��. *�+3�. 3�*+1+-�/4. �4. -��.�B<�3-+1,�. +4	. -1��+2/3�. ,/)*/3�-�. )+-1�9. 6+3. /�3�1��	. �4. -��.
*1�3�4,�. /0. -1��+2/3�. +-. +.����. 2���2�.6��,�.6+3. 0+�/1+�2�. 0/1. -��. *1/)�4�4-. 3-/1+��. 3-+��2�-�. /0. β�,+1/-�4�.
CJLDNLM.0/1.OK.	+�3�D.7��.�+20�2�0�./0.1���	1+-�	.β�,+1/-�4�.)�,1/,+*352�3.6+3.+23/.�9-�4	�	.��.GDG��.+4	.NDGO�.
0/2	3.	51�4�.-��.-��1)+2�.+4	.*�/-/�	��1+	+-�/4.-1�+-)�4-3D.7��.,1�3-+22�4�-�./0.β�,+1/-�4�.)�,1/,+*352�3.6+3.
2+1��2�. 1�	5,�	. 	5�. -/. -��. �4�+4,�	. ��	1/��4. �/4	�4�. �4-�1+,-�/4. ��-6��4.�B<�3-+1,�. +4	. β�,+1/-�4�. +3.
+4+2�F�	.��.@7(=D.B>�.�)+��3.3�/6�	.-�+-.-��.)/1*�/2/��./0.β�,+1/-�4�.)�,1/,+*352�3.6+3.1��52+-�	.��.-��.
2���2./0.-1��+2/3�D.�/40/,+2.=+)+4.3*�,-15).)�,1/3,/*�.+4	.���1/3,/*�,.�+1�+-�/4.P/�4-2�.��1�I�	.-��.�4-1+*�
)�4-./0.β�,+1/-�4�.�4-/.+.�2+33�.)+-1�9.0/1)�	.+-.+.����.2���2./0.-1��+2/3�D.�/1�/��1�.+.����.2���2./0.-1��+2/3�.
,/52	.�)*1/��.-��.3*/4-+4�/53.3�4Q+��2�-�.+4	.	�3*�13���2�-�./0.β�,+1/-�4�.)�,1/,+*352�3�.6��,�.6�1�.,/)*2�-�2�.
1���	1+-�	.�4.2�33.-�+4.N.)�4D...
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A//1.3/25��2�-�.+4	.3-+��2�-�.+1�.-6/.)+P/1./�3-+,2�3.-�+-.1�3-1�,-.-��.
+**2�,+-�/4. /0.��	1/*�/��,.��/+,-���. �4�1�	��4-3. �4. 054,-�/4+2. 0//	3D.
B���1+2.6�22�Q4/64.��	1/*�/��,.,/)*/54	3. 35,�.+3.β�,+1/-�4��.,51�
,5)�4�.,/�4F�)�.RNK�.+3-+9+4-��4.+4	.1�3��1+-1/2.��2/4�.-/.-��3.-�*�./0.
0//	.�4�1�	��4-3D.?5)�1/53.3,��4-�3-3.�+��.+--�)*-�	.-/./��1,/)�.-��3�.
	1+6�+,Q3.��.�+1�/53. -�,�4/2/��,+2. 3-1+-����3�.6��,�. ,+4.��. 1/5��2�.
	���	�	.�4-/.-��.�/--/)�5*.+4	.-/*�	/64.+**1/+,��3.C
�.�-.+2D�.GKNO�D.
7��.�/--/)�5*.)�-�/	3.�+3�	./4.-��.3*/4-+4�/53.+33/,�+-�/4./0.)/2�
�,52�3�. �4,25	�4�. +4-��3/2��4-. *1�,�*�-+-�/4. C����. 
5�. �-. +2D�. GKNJ��.
�)523�I,+-�/4.��+*/1+-�/4.C���.�-.+2D�.GKNH�.+4	.,��)�,+2.,1/332�4Q�4�.
CS/4�.�-.+2D�.GKGK��.�+��.3500�1�	.01/).�+1�/53.2�)�-+-�/43.�4.�4	53-1�+2.
*1/	5,-�/4.35,�.+3.2/6.2/+	�4�.,+*+,�-��.1�3�	5+2./1�+4�,.3/2��4-3.+4	.
-��1)/	�4+)�,+22�. 543-+�2�. 3�3-�). C�/2/)�/. �-. +2D�. GKNHT. 
�. �-. +2D�.
GKNO�D.(4.,/)*+1�3/4.-/.-��.�/--/)�5*.*1/,�33�3�.-��.-/*�	/64.)�-�/	3.
+1�. )+�42�. �+3�	. /4. -��. )�,�+4�,+2. 3�F�. 1�	5,-�/4. -�1/5��. 0/,53�	.

,/22�3�/4�.3��+1�4�.+4	.01�,-�/4.3-1�33�3�.6��,�.,+4./00�1.-��.3��4�I,+4-.
+	�+4-+��./0.)�4�)+2.53�./0.,��)�,+2.+		�-���3.C��+4�.�-.+2D�.GKNJ�D.
�/3-. 1�,�4-2��. -��. -/*�	/64.)�-�/	3. �+��. ���4.6�	�2�. 1�*/1-�	. -/.
0+�1�,+-�.4+4/353*�43�/43�.*/2�)�1.4+4/*+1-�,2�3.+4	.A�,Q�1�4�.�)52�
3�/43.-/.�)*1/��.-��.��/+�+�2+��2�-�.+4	.3-+��2�-�./0.*//12�.6+-�1�3/25�2�.
�4�1�	��4-3.C�/2/)�/.�-.+2D�.GKNHT.
�5�.RD.�-.+2D�.GKGKT.
5.�-.+2D�.GKNH�D.

��-�)�22�4��.+4.�00�,-���.-/*�	/64.)�-�/	�.�3.,/43�	�1�	.+3.-��.)/3-.
*1/)�3�4�.+4	.54���13+2.-�,�4�U5�.0/1.-��.*1�*+1+-�/4./0.��	1/*�/��,.
,/)*/54	. 4+4/�	�2���1�. 3�3-�)�. /6�4�. -/. �-3. /1�+4�,. 3/2��4-�01��.
-1�+-)�4-�. ����. 2/+	�4�. ,+*+,�-�. C535+22�. )/1�. -�+4. OM�. +4	. �+3�.
3,+2��5*./0.�4	53-1�+2.*1/	5,-�/4.C�/2/)�/.�-.+2D�.GKNHT.B�)�+.�-.+2D�.
GKNJ�D.7��.)�22�4���4	5,�	. 1�	5,-�/4. �4. -��. +��1+��.	�+)�-�1./0.���
	1/*�/��,. �4�1�	��4-3. *1/��	�3. 2+1��1. 3510+,�. +1�+3. +4	. -��1���. �)�
*1/��3. -���1. *��3�,+2. 3-+��2�-�. +4	. 	�33/25-�/4. *1/*�1-�D. V*. -/. 	+-��.
)+4�.3-5	��3.�+��.,/4,�4-1+-�	./4.-��.*1�*+1+-�/4./0.��/+,-���.,/)�
*/54	.4+4/353*�43�/43.�+3�	./4.-��.6�-�)�22�4�.-�,�4�U5�.-/.�4�+4,�.
-��.3+-51+-�/4.3/25��2�-�.+4	.��/+�+�2+��2�-�D.@/1.�9+)*2��.
�5�.RD.�-.+2D.

; �/11�3*/4	�4�.+5-�/1D.�/9.NNG�.?/DN�.R�4��5+.>+3-.=/+	�.�+�	�+4�.��3-1�,-�.����4��.NKKKH��.���4+D.
�+,���� ���
�����*� F2,+5�1�NGLD,/). C
D. ��+4���. 6���J�,+5D�	5D,4. C
D. �����. 6�4�+42�+/,+5�NGLD,/). C�D. 
�+/��. -FOG�KG�KGJ�NL�D,/). C�D. 7/4���.

NH�KNO�LL�H�NL�D,/).C
D.�+4���.P�40+4�D2�5�,+5D�	5D,4.C8D.
�5��.��9,+5�NGLD,/).C
D.:+/�D..

�/4-�4-3.2�3-3.+�+�2+�2�.+-.B,��4,���1�,-.

@//	.��	1/,/22/�	3.
journal homepage: www.elsevier.com/locate/foodhyd 
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=�,����	.G�.@��15+1�.GKGNT.=�,����	.�4.1���3�	.0/1).GK.�+�.GKGNT.<,,�*-�	.N�.854�.GKGN...
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CGKGK�.�3-+�2�3��	. -��.,�24�	�*�4�.4+4/353*�43�/4.3-+��2�F�	.��.+.���
	1/*��2�,.*/2�)�1.+4	.3510+,-+4-.6�-�.�9,�22�4-./1+2.��/+�+�2+��2�-�.+4	.
3-/1+��. 3-+��2�-�D. 7��. ,�24�	�*�4�. 4+4/353*�43�/4.*1�3�4-�	. +. 4+11/6.
*+1-�,2�. 3�F�. 	�3-1��5-�/4. 6�-�. +4. +��1+��. 3�F�. /0. �NG. 4)�. +4	. +.
1�)+1Q+�2�. �4,1�+3�. /0. -��. 	�33/25-�/4. 1+-�. �4. 	�00�1�4-. )�	�+. 6+3.
/�3�1��	. ,/)*+1�	. 6�-�. �52Q. ,�24�	�*�4�D. ?���1-��2�33�. 2�U5�	. 4+4/�
353*�43�/43. +1�. *1/4�. -/.��. 35�P�,-�	. -/.)+4�. �4���-+�2�. �43-+��2�-�.
*1/�2�)3�.�4,25	�4�.*1�,�*�-+-�/4�.�3-6+2	.1�*�4�4�.+4	.,1�3-+2.+��1��
�+-�/4.C@��5�1/+.���/3��.GKN��D.��3�	�3�.4+4/353*�43�/43�.��,+53�./0.
-���1. 2�U5�	.)�	�+�. +1�.)/1�. 2�Q�2�. -/. ,+53�.�+,-�1�+2.�1/6-�.	51�4�.
-1+43*/1-+-�/4. +4	. 3-/1+��. C�+2+)+-+1�. �-. +2D�. GKNL�D. 7��1�0/1��. -��.
,/4��13�/4./0.4+4/353*�43�/43.-/.)/1�.,/4��4��4-.	/3+��.0/1)3.C�D�D.
,+*352�3�. -+�2�-3�. *�22�-3.�-,D�. �3. 4�,�33+1�. -/.�5+1+4-��. -��. +	�U5+-�.
3-+��2�-�.	51�4�.3-/1+��D.

B*1+�.	1��4�.�3.35,�.+.,/))/4.+**1/+,�./0.3/2�	�I,+-�/4.-/.)+45�
0+,-51�.)�,1/,+*352�.*/6	�13.-�1/5��.-��.E+3�.��+*/1+-�/4./0.2�U5�	.
3/2��4-. ��. )�+43. /0. +. �/-. 	1��4�. �+3D.�/)*+1�	. 6�-�. /-��1. 	1��4�.
)�-�/	3�. 3*1+�. 	1��4�. �3. U5�,Q�1. +4	. )/1�. ,/3-��00�,-���. -/. /�-+�4.
*/6	�13. 6�-�. *+1-�,52+1. ,�+1+,-�1�3-�,3. C�D�D. )/1*�/2/���. )/�3-51�.
,/4-�4-. +4	.	�43�-��.��. +	P53-�4�. -��. 0/1)52+-�/4. +4	. /*�1+-�4�. *+�
1+)�-�13. C�D�D. 0��	. 1+-��. �42�-. +4	. /5-2�-. -�)*�1+-51�3�. C�+2+)+-+1�.
�-. +2D�.GKNO�D.��3*�-�. /0. -��. 0+,-. -�+-. 3*1+�.	1��4�. �3. 0�+3��2�. 0/1. -��.
3/2�	�I,+-�/4./0.4+4/353*�43�/43�.-��.�9*/351�./0.4+4/353*�43�/43.-/.
�4-�43�.	�3�,,+-�/4. 3-1�33.)+�. 0+,�2�-+-�. -��. -1+430/1)+-�/4./0. ,1�3-+2.
3-15,-51�.+4	.+2-�1.-��.�4-�10+,�+2.*1/*�1-��3./0.4+4/353*�43�/43.CS5)+1.
�-.+2D�.GKN��D.>3*�,�+22�.�4.-��.�����2/+	�	.3�3-�)3�.6+-�1.��+*/1+-�3.
1�2+-���2�.U5�,Q2��.+4	.-��.+	P+,�4-.4+4/*+1-�,2�3.-�4	.-/.+	��1�.-/.�+,�.
/-��1.54	�1.-��.3510+,�.-�43�/4.+4	.�+4.	�1.�++23.0/1,��.6��,�.)+�.2�+	.
-/.-��.*+1-�,2�.+��1��+-�/4.+3.6�22.+3.-��.	�,1�+3�./0.*1/	5,-.3/25��2�-�.
C�+2+)+-+1�. �-. +2D�. GKNLT. �5/. �-. +2D�. GKN��D. (4. /1	�1. -/. 3/2��. -��3�.
*1/�2�)3�. 3���1+2. �2�,/3�2. ,+1�/��	1+-�3�. �4,25	�4�. 35�+13. C�D�D.
)+2-/3��.2+,-/3��.+4	.35�+1.+2,/�/23.C�D�D.)+2-�-/2�.9�2�-/2��.�+��.���4.
1��+1	�	.+3.0+�/1+�2�.)+-1�9.0/1)�13.-/.*1���4-.4+4/,1�3-+2.+��1��+-�/4.
	51�4�. 3*1+�. 	1��4�. +4	. -��1���. �)*1/��. -��. 1�,/43-�-5-�/4. *�10/1�
)+4,�./0.*/6	�13.CS5)+1.�-.+2D�.GKN��D.

<3.+.*/-�4-�+2.)+-1�9.0/1)�1.0/1.3*1+�.	1��4��.-1��+2/3�.�3.+.4+-51+2.
4/4�1�	5,�4�.	�3+,,�+1�	�.,/43�3-�4�./0.-6/.�25,/3�.)/2�,52�3�.6��,�.
,+4.�4-�1+,-.�4-�43���2�.6�-�.-��.3510+,�./0.)+,1/)/2�,52�3.	5�.-/.�-3.
�1�+-.+33/,�+-���-�.+4	.E�9���2�-�.C�5�/F+.�-.+2D�.GKGK�D.�/)*+1�	.6�-�.
/-��1.	�3+,,�+1�	�3�.-1��+2/3�.�+3.+.�����1.�2+33.-1+43�-�/4.-�)*�1+-51�.
C7��.5*.-/.NGK.◦��.+4	.�3.2�33.���1/3,/*�,�.+4	.-��3�.*1/*�1-��3.)+Q�.
-1��+2/3�. +4. �	�+2.E+�/1. 1�-�4-�/4./1.*1/-�,-���.+��4-. 0/1. 0//	��1+	�.
3*1+�.	1��	.*1/	5,-3D.�/1�/��1�.-1��+2/3�.�3.+23/.�00�,-���./4.-��.*1�3�
�1�+-�/4./0.����-+�2�3.+4	.)�+-3.	5�.-/.�-3.,15,�+2.1/2�.�4.*1���4-�4�.
3-+1,�.1�-1/�1+	+-�/4.+4	.*1/-��4.	���4�1+-�/4.C��3+̀1/.�-.+2D�.GKKHT.�5.
�-. +2D�. GKN��D. 7��. �)*+,-. /0. -1��+2/3�. +		�-�/4. /4. *��3�/,��)�,+2.
*1/*�1-��3./0.�+1�/53.3�3-�)3.35,�.+3.3*1+��	1��	.,+1/-�4/�	.�)523�/4.
C
�).��=//3�.GKN��.+4	.3*1+��	1��	.25-��4.2/+	�	.2+��1����2+��1.�)52�
3�/4.C
�).�-.+2D�.GKNL�.�+��.���4.�4��3-��+-�	D.7��.1�3�+1,��13.0/54	.
-�+-.-1��+2/3�.*2+��	.+4.�)*/1-+4-.1/2�.�4.*1���4-�4�.-��.�4,+*352+-�	.
,/)*/4�4-3. 01/).+��2/)�1+-�/4.+4	.	��1+	+-�/4�.+4	. �)*1/��4�. -��.
1�	�3*�13���2�-�./0.*/6	�13D.�/6���1�.-/.-��.��3-./0./51.Q4/62�	���.-��.
*��3�/,��)�,+2.,�+1+,-�1�3-�,3./0.β�,+1/-�4�.����.2/+	�	.)�,1/,+*352�3.
0+�1�,+-�	.��.6�-�)�22�4�.,/5*2�	.6�-�.3*1+�.	1��4��.+4	.-��.�4E5�4,�.
/0. -1��+2/3�. ,/4,�4-1+-�/4. /4. -��. *��3�,/,��)�,+2. *1/*�1-��3. /0.
β�,+1/-�4�.����. 2/+	�	. 4+4/353*�43�/43.��0/1�. /1. +0-�1. 3*1+�.	1��4�.
�+��.���4.4/-.��-.�4��3-��+-�	D.

(4.-��3.6/1Q�.-��.+)*��*��2�,.�B<�3-+1,�.	�1���	.01/).�3-�1�I,+-�/4�.
6��,�.�+3.���4.6�	�2�.+**2��	.-/.�4,+*352+-�.��/+,-���.,/)*/54	3.0/1.
3*1+�.	1��4�.	5�.-/.�-3.35*�1�/1.�)523�0��4�.+4	.I2)�0/1)�4�.*1/*�1-��3�.
6+3.+**2��	.+3.�/-�.-��.�)523�I�1.+4	.-��.6+22.)+-�1�+2.-/.0/1)52+-�.-��.
β�,+1/-�4�.����. 2/+	�	.)�,1/,+*352�3D.7��.)/4�-/1�4�.)�,�+4�3)./0.
-1��+2/3�./4.�4�+4,�4�.-��.*��3�,/,��)�,+2.3-+��2�-�./0.β�,+1/-�4�.)��
,1/,+*352�3.6+3.�25,�	+-�	.�4.-��3.3-5	�D.7/.+,�����.-��3./�P�,-����.-��.
�)*+,-. /0.�B<�3-+1,�. +4	. -1��+2/3�. )+33. 1+-�/3. /4. -��. *+1-�,2�. 3�F�.
	�3-1��5-�/4�. 3-/1+��. 3-+��2�-��. ���1/3,/*�,�-�. +4	. 3*/4-+4�/53.

3�4Q+��2�-�. /0. β�,+1/-�4�.)�,1/,+*352�3.6+3. ��+25+-�	D. @/51��1. -1+43�
0/1). �401+1�	. 3*�,-1/3,/*�. C@7(=�. 6+3. �)*2/��	. -/. I�51�. /5-. -��.
�+1�+-�/4. /0. �4-�1)/2�,52+1. �4-�1+,-�/43. ��-6��4. �B<�3-+1,�. +4	.
β�,+1/-�4��. +4	. ��1+�. 	�001+,-�/4. C�=��. 6+3. 5-�2�F�	. -/. �	�4-�0�. -��.
,1�3-+22�4�.-1+430/1)+-�/4./0.β�,+1/-�4�.)�,1/,+*352�3./4.+,,/54-./0.-��.
�4,/1*/1+-�/4./0.-1��+2/3�D.��00�1�4-�+2.3,+44�4�.,+2/1�)�-�1.C�B��.6+3.
�)*2/��	.-/.	�-�,-.��+-.E/6.1�2+-�	.-/.*�+3�.-1+43�-�/4./0.-��.)�,1/�
,+*352�3./4.-��.�+3�3./0.-�)*�1+-51�D.7��.)�,1/3-15,-51�.+4	.1�2+-���.
*�+3�.	�3-1��5-�/4./0.3*1+��	1��	.β�,+1/-�4�.)�,1/,+*352�3.6�1�.,�+1�
+,-�1�F�	.��.3,+44�4�.�2�,-1/4.)�,1/3,/*�.CB>��.+4	.,/40/,+2.=+)+4.
3*�,-15).)�,1/3,/*�.C�=B��D.7��.1�-�4-�/4.1+-�./0.β�,+1/-�4�. �4.-��.
)�,1/,+*352�. */6	�13. 6+3. �3-�)+-�	. +-. OO. ◦�. 	51�4�. 3-/1��D. 7��.
1�-�4-�/4.1+-�./0.β�,+1/-�4�.�4.-��.1���	1+-�	.)�,1/,+*352�3.+4	.)�22�	.
4+4/353*�43�/43.	51�4�.-��1)+2.+4	.2���-.-1�+-)�4-3.6+3.+23/.��+25+-�	.
-/.	�)/43-1+-�.-��./9���4.35**1�33�/4./0.,/)*/3�-�.6+22.)+-�1�+23D.

�� ���������
��	
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56#6 7���
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β��+1/-�4�.CJHM.*51��.V�.)�-�/	�.6+3.Q�4	2�.*1/��	�	.��.��4���
,��4�.�/D�.
-	D.C��4,�+4��.���P�+4�.A1/��4,��.���4+�D.�,-�4�2.35,,�4�,.
+4��	1�	�.C�B<��)/	�I�	.6+9�.)+�F�.3-+1,�.C�(��<A.NKK�.)/2�,52+1.
6����-W.JDL.× NKO.��)/2�.	��1��./0.35�3-�-5-�/4W.�D�M�.)/�3-51�.,/4-�4-W.
LD�GM�. �G. < �>. < ���. 6+3. *51,�+3�	. 01/). (4�1�	�/4. �/)*+4�.
CB�+4��+��.���4+�D.71��+2/3�.C>JHM�.,1�3-+22�4�.	���	1+-��.)/2�,52+1.
6����-.��G.�+�.6+3.*51,�+3�	.01/).�5��+4�.��/2/��,+2.7�,�4/2/��.�/D�.

-	D.C��F�/5�.B�+4	/4�.A1/��4,��.���4+�D.��9+4�.+4	.�-�+4/2.6�-�.+.
*51�-�./0.JJDJJM.6�1�.*51,�+3�	.01/).���P�4�.���)�,+2.�/1Q3.C���P�4��.
���4+�D.

5656 '
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β��+1/-�4�.����.2/+	�	.)�,1/,+*352�3.6�1�.0+�1�,+-�	.��.53�4�.-��.
6�-�)�22�4�. +4	. 3*1+�.	1��4�. ,/5*2�4�. -�,�4�U5�D. @�13-2��.�B<�3-+1,�.
6+3.	�33/2��	. �4.�KK.)
.	�3-�22�	.6+-�1.+-.HO. ◦�. �4.6+-�1.�+-�.6�-�.
)+�4�-�,.3-�11�4�.+-.LKK.1*).54-�2.,/)*2�-�2�.	�33/2��	D.7��4�.	�00�1�4-.
6����-3.CNK�.�K�.OK�.LK.+4	.�K.��./0.-1��+2/3�.6�1�.+		�	.�4-/.�B<�.
3-+1,�. 3/25-�/4. -/. /�-+�4. I��.	�00�1�4-.�B<�3-+1,�. -/. -1��+2/3�.)+33.
1+-�/3./0.JWN�.�W��.OWO�.�WL.+4	.�W�D.7��.3+)*2�.6�-�/5-.-1��+2/3�.6+3.3�-.
+3.-��.,/4-1/2.�1/5*D.B�4,�.β�,+1/-�4�.6+3.�+1	.-/.��.6�22.�)��		�	.
6��4.-��.-1��+2/3�.2���2.6+3.�����1.-�+4.�KM.C6�6�.�4.-��.,/)*/3�-�.
6+22.)+-�1�+2�. -��.�B<�3-+1,�. -/. -1��+2/3�.)+33. 1+-�/. /0.�W�.6+3. -��.
2�)�-�	.2���2D.<0-�1.-��.3/25-�/4.6+3.,//2�	.-/.1//).-�)*�1+-51�.CGO.◦���.
β�,+1/-�4�.,1�3-+2.CNODK.��.6+3.+		�	.-/.-��.�B<�3-+1,�.+4	.-1��+2/3�.
)�9�	. 3/25-�/4. +4	. 3�)52-+4�/532�.�/)/��4�F�	. +-. HKKK. 1*).��. +4.
V2-1+�7511+9.�/)/��4�F�1.C7GO�.(Q+���1Q��.B-+50�4�.:�1)+4��.54-�2.-��.
β�,+1/-�4�.,1�3-+2.6+3.,/)*2�-�2�.	�3*�13�	D.B5�3�U5�4-2��.-��.1�352-�4�.
,/+13�. 353*�43�/4.6+3. +		�	. �4-/. +. N. 
.�+22.)�22. C@B��NDK�. >2�)�9�.
B�+4��+��. ���4+�. ,/4-+�4�4�. GDO. Q�. F�1,/4�+. ��+	3. CKD�–KDL. )). �4.
	�+)�-�1�.6�-�.+.,�1,52+-�4�.6+-�1.,//2�1.C-��.-�)*�1+-51�.6+3.3�-.-/.
O.◦��D.7��.)�22�4�.*1/,�33.6+3.*�10/1)�	.��.1/-+-�4�.-��.�1�4	.3�+0-.+-.
GNKK. 1*). 0/1. NOK.)�4.6�-�. -��. 353*�43�/4. -�)*�1+-51�. ,/43-+4-. +-.
+1/54	.GK.◦�D.<0-�1.)�22�4��. -��./�-+�4�	.353*�43�/4.6+3.3*1+��	1��	.
CB���<B(��. 
+�*2+4-�. VS�. 6�-�. -��. 0��	. 3*��	. /0. �KK. )
���. �4*5-.
-�)*�1+-51�./0.NLO.◦�.+4	./5-2�-.-�)*�1+-51�./0.HK.◦�D.7��.)�,1/,+*�
352�.*/6	�13.6�1�.,/22�,-�	.+4	.3-/1�	.�4.-��.1�01���1+-/1.+-.−NH.◦�.0/1.
051-��1.+4+2�3�3D.

56&6 '�
��������9��������������
�����	��

7��.	�-�1)�4+-�/4./0.*+1-�,2�.3�F�.+4	.*/2�	�3*�13�-�.�4	�9.CA�(�./0.
1���	1+-�	. )�,1/,+*352�3. +4	. 01�3�2�. )�22�	. 4+4/353*�43�/43. 6+3.
+4+2�F�	.6�-�. +.��-+3�F�1.?+4/��BJK. C�+2��14. (43-15)�4-3�.�/1,�3�
-�13��1��. VS�. �+3�	. /4. -��. *1�4,�*2�. /0. 	�4+)�,. 2���-. 3,+--�1�4�. +,�
,/1	�4�.-/.����.��+4��.�-.+2D.CGKNJ�D.7��.*+1-�,2�.3�F�.6+3./�-+�4�	./4.

�6�:����������6�����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
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-��.�+3�3./0.-��.B-/Q�3�>�43-��4.�U5+-�/4.+4	.�9*1�33�	.+3.,5)52+-���.
+��1+��. 	�+)�-�1D. 7��. 1���	1+-�	. )�,1/,+*352�3. CKDNM�. 6���. 6�1�.
	�25-�	.NKK.-�)�3.6�-�.	�3-�22�	.6+-�1.-/.+��1-.)52-�*2�.2���-.3,+--�1�4�.
�00�,-D.<22. -��.)�+351�)�4-3.6�1�.,/4	5,-�	.+-.1//).-�)*�1+-51�. �4.
-1�*2�,+-�.6�-�.�+,�.3+)*2�.���4�.�+2+4,�	.0/1.NGK.3D.

56;6 ����8������	����<������������	��������8������	��8	)��
���
,��
	��8������

7��.�4,+*352+-�/4.�0I,��4,�.+4	.2/+	�4�.,+*+,�-�./0.β�,+1/-�4�.����.
2/+	�	.)�,1/,+*352�3.6�1�.	�-�1)�4�	.+,,/1	�4�.-/.����.��+4��.�-.+2D.
CGKNJ�.6�-�.3/)�.)/	�I,+-�/43D.7��.β�,+1/-�4�.6+3.�9-1+,-�	.01/).-��.
1���	1+-�	. 	�3*�13�/4. ��. 53�4�. +. )�9-51�. /0. +�3/25-�. �-�+4/2. +4	.
4���9+4�.CNW��.����D.7��.+�3/1�+4,�./0.-��.�9-1+,-.6+3.+4+2�F�	.6�-�.+.
V��NHKK.3*�,-1/*�/-/)�-�1.CB��)+	F5.�/1*/1+-�/4�.S�/-/�.8+*+4�.+-.+.
6+��2�4�-�./0.�OK.4)D.7��.,/4-�4-./0.β�,+1/-�4�.6+3.U5+4-�I�	.��.+.
3-+4	+1	.,51��./0.β�,+1/-�4�.C�.= KDGLG�9.+ KDKG���.=G.= KDJJJL�D.7��.
�4,+*352+-�/4.�0I,��4,�.+4	.2/+	�4�.,+*+,�-�./0.β�,+1/-�4�.�4.-��.)��
,1/,+*352�3.6�1�.,+2,52+-�	.��.0/22/6�4�.-��.�U5+-�/43.��2/6W.

Encapsulation efficiency (%)=Encapsulated β − carotene
Total β − carotene

× 100%  

Loading capacity (%)=Encapsulated β − carotene
Total mass of microcapsule

× 100%  
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7��.-��1)+2.���+��/13./0.�4	���	5+2.�4�1�	��4-3�.β�,+1/-�4�.)�,1/�
,+*352�3.+4	.542/+	�	.)�,1/,+*352�3.6�1�.��+25+-�	.��.+.	�00�1�4-�+2.
3,+44�4�.,+2/1�)�-�1.C7<.(43-15)�4-3�.?�6,+3-2��.�>�.V4�-�	.B-+-�3�D.
7��.)�2-�4�.*�+Q. -�)*�1+-51�. +4	.�4-�+2*�. /0.β�,+1/-�4�. �4. -��.)��
,1/,+*352�3.6�1�.	�-�1)�4�	.+,,/1	�4�.-/.-��.)�-�/	./0.��2��2�.�-.+2D.
CGKNH�D.�1��E��. +�/5-.O.)�.)�,1/,+*352�. */6	�1.6+3.*2+,�	. /4-/.+.
3-+4	+1	.+25)�45).*+4.+4	.3�+2�	. -���-2�.��.+.*�10/1+-�	.+25)�45).
32�,�D.7��./�-+�4�	.3+)*2�.6+3.��+-�	.01/).GO.-/.NHO.◦�.+-.+.,/43-+4-.
1+-�./0.NK.◦��)�4.6�-�.+.,/43-+4-.*51��4�./0.����.*51�-�.4�-1/��4.+-.+.
1+-�. /0. GK. )
�)�4D. <4. �)*-�. +25)�45). *+4. 6+3. 1��+1	�	. +3. -��.
�+3�2�4�D.7��.�2+33. -1+43�-�/4. -�)*�1+-51�. /0. -��.542/+	�	.)�,1/,+*�
352�3. C�D�D. -��. )�,1/,+*352�3. *1�*+1�	. ��. -��. 6�-�)�22�4�. +4	. 3*1+�.
	1��4�.,/5*2�4�.+**1/+,�.�4.-��.+�3�4,�./0.β�,+1/-�4��.6+3./�-+�4�	.��.
+.��+-�,//2���+-.,�,2�.C���4.�-.+2D�.GKGK�D.�1��E��.+�/5-.O.)�.)�,1/�
,+*352�.*/6	�1.6+3.*2+,�	./4-/.+.3-+4	+1	.+25)�45).*+4.+4	.3�+2�	.
-���-2�.��.+.*�10/1+-�	.+25)�45).32�,�D.7��.3+)*2�.6+3.I13-2�.��+-�	.-/.
NLK.◦�.+-.+.1+-�./0.GK.◦��)�4.+4	.��2	.+-.-��3.-�)*�1+-51�.0/1.O.)�4�.+4	.
-��4.,//2�	.	/64.-/.−NK.◦�.+-.+.1+-�./0.GK.◦��)�4D.<0-�1.���4�.�U5�2��
�1+-�	. 0/1. O. )�4�. -��. 3+)*2�. 6+3. 1���+-�	. -/. NLK. ◦�. +-. +. 1+-�. /0.
GK.◦��)�4�.+4	.-��.�2+33.-1+43�-�/4.���+��/1.6+3.	�-�1)�4�	.�+3�	./4.
-��.3�,/4	.��+-�4�.1+)*D.�B�.*+--�143.6�1�.+4+2�F�	.��.53�4�.54���13+2.
+4+2�3�3.3/0-6+1�.C7<.(43-15)�4-3�.?�6,+3-2��.�>�.V4�-�	.B-+-�3�D.7��.
)�	*/�4-./0.-��.�2+33.-1+43�-�/4.1���/4.6+3.*1/,�33�	.+4	.	�I4�	.+3.-��.
�2+33.-1+43�-�/4.-�)*�1+-51�D.

56A6 B+
�������
����	��?B(>@�

7��. ,1�3-+22�4�-�. /0. -��. */6	�13. 6+3. 	�-�1)�4�	. ��. +4. ��1+�.
	�001+,-/)�-�1. C�15,Q�1. �H�.�	�2F�+53�4�. :�1)+4��D. 7��. �4	���	5+2.
�4�1�	��4-3.+4	.β�,+1/-�4�.)�,1/,+*352�3.6�1�.���42�.�1/54	�.1�3*�,�
-���2�.+4	.-��4.3*1�+	./4.-��.3+)*2�.*//2D.7��.3,+4.6+3.1+4��	.01/).�◦
-/. LK◦ CGθ�. 6�-�. +. 3-�*. 3�F�. /0. KDKG◦ +4	. +. 3-�*. -�)�. /0. O. 3D.��1+�.
	�001+,-�/4.*+--�143.6�1�.+4+2�F�	.��.53�4�.3/0-6+1�.C��(.8+	�.L�.+4	.
,+2,52+-�	.+3.1�2+-���.,1�3-+22�4�-�.CM�.+,,/1	�4�.-/.-��.�U5+-�/4.��2/6.
C
5.�-.+2D�.GKN��W.

Relative crystallinity (%) = Sum of crystalline peak areas
Total crystalline and amorphous peak areas

× 100%  
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7��.*/33��2�.�4-�1+,-�/43.+)/4�.�B<�3-+1,��.-1��+2/3�.+4	.β�,+1/�
-�4�. 6�1�. 	�-�,-�	. ��. +. B*�,-15). NKK. @/51��1. -1+430/1). �401+1�	.
3*�,-1/)�-�1.CA�1Q�4>2)�1�.�+2-�+)�.VB<�D.�1��E��.GDK.)�.)�,1/,+*�
352�.*/6	�1.6+3.)�9�	.6�-�.NJH.)�./0.	�3�,,+-�	.*/-+33�5).�1/)�	�.
+4	. -�/1/5��2�.�1/54	�. +4	. *1�33�	. �4-/.E+Q�3. +4	. -�3-�	. 54	�1.L�.
3,+43.+-.+.6+��45)��1.1+4��.01/).�KKK.-/.�KK.,)−N.6�-�.+.�.,)−N.

1�3/25-�/4D.7��.4+-���.*/-+33�5).�1/)�	�.E+Q�.6+3.3�-.+3.+.�+3�2�4�D.
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56%6#6 E8������,��
	��	8��
7��. )�,1/3-15,-51�3. /0. -��. 1���	1+-�	. )�,1/,+*352�3. +4	. 4+4/�

353*�43�/43.6�1�./�3�1��	.+-.GO.◦�.6�-�.+4./*-�,+2.)�,1/3,/*�.C
��,+.
NKH�. ���	�2��1��. :�1)+4��D. 7��. 1���	1+-�	. 3/25-�/43. /1. 4+4/�
353*�43�/43.6�1�.*5)*�	.��.+4.���	1/**�1.+4	.	1/**�	./4-/.-��.351�
0+,�./0.-��.32�	��.-��4.,/��1�	.6�-�.+.,/��1.�2+33.0/1./�3�1�+-�/4D.

56%656 �	��	����(�,����8���
�,�,��
	��	8��
7��.*�+3�.,/)*/3�-�/4.+4	.	�3-1��5-�/4./0.-6/.,/)*/4�4-3�.4+)�2�.

�B<�3-+1,�.+4	.-1��+2/3��.�4.-��.542/+	�	.)�,1/,+*352�3.6�1�.	�-�,-�	.
��.+.,/40/,+2.=+)+4.)�,1/3,/*�.C�*�1=+).GKK�.?+4/�+3��.S/1�+�.3�4,�.
-��.*1�3�4,�./0.β�,+1/-�4�.,/52	.�4-�10�1�.6�-�.-��.	�-�,-�/4./0.=+)+4.
3��4+23.C���4.�-.+2D�.GKNJ�D.7��.�9,�-+-�/4.2+3�1�.2+3�1.*/6�1�.�9*/351�.
-�)�. +4	. +,,5)52+-�/4. -�)�. 6�1�. O�G. 4)�. NO. )��. O. 3. +4	. GK. 3�.
1�3*�,-���2�D.7��.=+)+4.3*�,-15).6+3./�-+�4�	.6�-�.+.NGKK.2�4�3�)).
�1+-�. 1+4��4�. 01/).GKK. -/.G�LK.,)−ND.<. 36��*. 1+4��./0.NLKK–NJKK.
,)−N�. ,/11�3*/4	�4�. -/. -��. ,�+1+,-�1�3-�,.*�+Q./0.,+1�/4�2.�1/5*3./0.
�B<�3-+1,��. 6+3. +4+2�F�	. -/. �2253-1+-�. -��. *�+3�. 	�3-1��5-�/4. /0.
�B<�3-+1,�. �4. -��. )�,1/,+*352�3D. =+)+4. �)+��3. 6�1�. ��4�1+-�	. ��.
53�4�. 
+�B*�,. L. 3/0-6+1�D. 7��. 1�	. +4	. �1��4. 1���/43. �4. -��. �)+��3.
	�4/-�	.+.����.+4	.2/6.,/4,�4-1+-�/4./0.,+1�/4�2.�1/5*3�.1�3*�,-���2�D.

56%6&6 ��������������
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	��	8��?��7@�
7��. )�,1/3-15,-51�. /0. β�,+1/-�4�. ����. 2/+	�	. )�,1/,+*352�3. 6+3.

+,U5�1�	.53�4�.+.I�2	.�)�33�/4.3,+44�4�.�2�,-1/4.)�,1/3,/*�.CBVHKNK�.
��-+,���.7/Q�/�.8+*+4�D.7��.)�,1/,+*352�.*/6	�13.6�1�.*2+,�	./4-/.+.
	/5�2�.0+,�	.+	��3���.-+*�.,/��1�	.��.+.-��4.2+��1./0.�/2	.+4	./�3�1��	.
54	�1.NKDK.Q�.+,,�2�1+-�/4.�/2-+��D.
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7��.�52Q.	�43�-�.6+3.	�-�1)�4�	.��.6�����4�.NK.�./0. -��.)�,1/�
,+*352�.*/6	�1.+4	.-��4.	�*/3�-�4�.�4-/.+.GO.)
.�2+33.,�2�4	�1D.7��.
�52Q.	�43�-�. /0. -��.)�,1/,+*352�. */6	�13.6+3.	�1�,-2�. ,+2,52+-�	.��.
	���	�4�.-��.)+33.+4	.�/25)�T.7��.6+-�1.+,-���-�.C<6�.6+3.+,U5�1�	.��.
	�1�,-.1�+	�4�./4.+.���1/)�-�1.C<U5+2+��.A522)+4�.V4�-�	.B-+-�3�.+0-�1.
-��.<6.�+25�.6+3.3-+�2�T.7��.���1/3,/*�,.*1/*�1-�./0.β�,+1/-�4�.)��
,1/,+*352�3.+4	.�4	���	5+2.�4�1�	��4-3.6+3.�4��3-��+-�	.+,,/1	�4�.-/.-��.
)�-�/	.	�3,1���	.��.�+�.+4	.�/1Q�.CGKKK�D.�1��E��.β�,+1/-�4�.)�,1/�
,+*352�.*/6	�13.+4	.�4	���	5+2.�4�1�	��4-3.6�1�.*1�2�)�4+1�2�.	1��	.��.
+.)/�3-51�.+4+2�F�1.C�8.���.��--2�1.7/2�	/�.���4+�.54-�2.-��.�+25�.6+3.
,/43-+4-D.7��4�.KDG.�.	1��	.)�,1/,+*352�.*/6	�1.6+3.	�3*�13�	.�4.,52�
-51�.	�3��3.+4	.*2+,�	.�4-/.+.	�3�,,+-/1.6�-�.+.*1�3�-.3+-51+-�	.3/25-�/4.
/0.�+�2G�.6��,�.,/11�3*/4	�	.-/.+.1�2+-���.�5)�	�-�./0.�OM.+-.GO.◦�D.7��.
)�,1/,+*352�. */6	�13.6�1�.6�����	. /4,�. +.	+�. 0/1. +.6��Q. +4	. -��.
���1/3,/*�,�-�. 6+3. �9*1�33�	. +3. -��. �4,1�+3�. �4. )+33. *�1. NKK. �. /0.
*/6	�13.��.-+Q�4�.5*.6+-�1D.
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56#$6 �8	�����	������G���������������8�
���������	��β+��
	�����
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	��8������

7��.3*/4-+4�/53.3�4Q+��2�-�.+4	.	�3*�13�-�./0.β�,+1/-�4�.)�,1/,+*�
352�.*/6	�13.6�1�.+33�33�	.��.+.751��3,+4.
+�.>9*�1-.C@/1)52+,-�/4�.
@1+4,��./4.-��.�+3�3./0.-��.�+,Q3,+--�1�4�.+4	.-1+43)�33�/4.	�-�,-�/43./0.
-��.)�,1/,+*352�3.	51�4�.3�	�)�4-+-�/4D.�1��E��.NDO.�./0.*/6	�1.3+)*2�.
6+3.+		�	.�4-/.+.�/1/3�2�,+-�.�2+33.�/--2�.,/4-+�4�4�.NO.)
.	��/4�F�	.
6+-�1D.?�+1��401+1�	.2���-.6+3.5-�2�F�	.-/.3,+4.�2+33.�/--2�3.01/).�/--/).
-/.-/*.0/1.�K.)�4.6�-�.+4.�4-�1�+2./0.GO.3.+-.GO.◦�D.7��./�-+�4�	.3*�,�
-1/�1+)3.1�*1�3�4-�	.-��.,�+4��.�4.-��.	�2-+.�+,Q3,+--�1�4�.CΔ�B�.+4	.
	�2-+.-1+43)�33�/4.CΔ7�./0.-��.3+)*2�.+3.+.054,-�/4./0.-��.�����-./0.-��.
�2+33.�/--2�D.7��.*�+Q.-��,Q4�33.+4	.3�	�)�4-.��2/,�-�.6�1�.,+2,52+-�	.
��.751��3/0-.GDK.3/0-6+1�.6�-�.+.3�2�,-�	.+1�+./0.-��.�/--/)./0.-��.�/--2�.
C1+4��4�.01/).K.-/.O.))�D.

56##6 ����������	��
����
�����β+��
	�����,��
	��8����������,������
β+��
	��������	���8����	���

56##6#6 '������������������
7��. *��3�,+2. 3-+��2�-�./0. -��. 1���	1+-�	.)�,1/,+*352�3.+4	.)�22�	.

4+4/353*�43�/43. 6+3. 	�-�1)�4�	. 53�4�. +. 
V���B�F�1. C
DVD�D. GJK.
:)���. :�1)+4��. -/. �9*�	�-�. -��. +**�+1+4,�. /0. E/,,52+-�/4. +4	.
,1�+)�4�.C���.�-.+2D�.GKGK�D.7��.3+)*2�3.6�1�.�9*/3�	.-/.4�+1��401+1�	.
2���-.54	�1.-��.+,-�/4./0.,�4-1�05�+2.*522.-/.��+25+-�.-��.-1+43)�33�/4.
�4-�43�-�D.7��.)�+351�)�4-.6+3./*�1+-�	.6�-�.-��.2�U5�	.�/25)�./0.NDG.
)
�.1/-+-�/4+2.3*��	./0.�KKK.1*)�./*�1+-�/4.-�)�./0.�LKK.3.+4	.-�)�.
�4-�1�+2./0.NK.3D.

56##656 D��
,������
�����	��G��������
<.I13-�/1	�1.)/	�2.6+3.53�	. -/.��+25+-�. -��. -��1)+2.	��1+	+-�/4.

Q�4�-�,3./0.-��.β�,+1/-�4�.+,,/1	�4�.-/.+.)�-�/	.1�*/1-�	.��.B*+	+.�-.+2D.
CGKNG�D. �1��E��. NM. C6�6�. 1���	1+-�	. )�,1/,+*352�3. +4	. 4+4/�
353*�43�/43.6�1�.*2+,�	.�4.3)+22.-1+43*+1�4-.�2+33.�/--2�3.+4	.�4,5�+-�	.
+-.HK.◦�.0/1.N�.G�.��.�.+4	.O.�.�4.+.-��1)/3-+-�,.6+-�1.�+-�.+4	.-��4.
,//2�	.-/.GO.◦�.0/1.β�,+1/-�4�.,/4-�4-.+4+2�3�3D.7��.I13-�/1	�1.	��1+�
	+-�/4. Q�4�-�,. ,/43-+4-. Q. +4	. -��. �+20�2�0�. -N�G. 6�1�. ,+2,52+-�	. ��.
0/22/6�4�.-��.�U5+-�/43.��2/6W.

ln( C
C0

)= − kt  

t1/2 = ln 2

k 

(4.-��.�U5+-�/43.+�/���.�K.+4	.�.1�*1�3�4-.-��.�4�-�+2.,/4-�4-.+4	.-��.
,/4-�4-./0.β�,+1/-�4�.+-.-��.3*�,�I�	.-�)��.1�3*�,-���2�D.

56##6&6 ���������
�����	��G��������
7��.I13-�/1	�1.)/	�2.+0/1�)�4-�/4�	.6+3.+23/.53�	.-/.��+25+-�.2���-.

	��1+	+-�/4.Q�4�-�,3./0.β�,+1/-�4�.�4.-��.1���	1+-�	.)�,1/,+*352�3.+4	.
)�22�	.4+4/353*�43�/43D.�1��E��.NM.C6�6�. 1���	1+-�	.)�,1/,+*352�3.
+4	.4+4/353*�43�/43.6�1�.*2+,�	.�4-/.-1+43*+1�4-.2���-�3*�,�I,.�/--2�3.
+4	.�4,5�+-�	.+-.+.3�)52+-�	.2���-.,+��4�-.C2���-.�4-�43�-�W.KD�O.6�)G�.
-�)*�1+-51�W.�K.◦��. CR�B54�.R�
+�.�/1*/1+-�/4�.���/�.VB<��.+4	. -��.
,/4-�4-./0.β�,+1/-�4�.�4.-��.3+)*2�3.6+3.	�-�1)�4�	.���1�.G.�.0/1.NK.�D.
7��.I13-�/1	�1.	��1+	+-�/4.Q�4�-�,.,/43-+4-.Q.+4	.-��.�+20�2�0�.-N�G.6�1�.
,+2,52+-�	.��.0/22/6�4�.+0/1�)�4-�/4�	.�U5+-�/43.�4.56##65D.

56##6;6 ��	
��������������
β��+1/-�4�. ����. 2/+	�	. )�,1/,+*352�. */6	�13. 6�1�. 3-/1�	. �4. +.

-��1)/3-+-�,.3-/1+��.��4.COO.◦��.0/1.OK.	+�3D.7��.,�+4��./0.β�,+1/-�4�.
1�-�4-�/4.�4.-��.+�3�4,�./1.*1�3�4,�./0.+�1.6+3.3�)52-+4�/532�.)�+351�	.
��.53�4�.-��.)�-�/	.	�3,1���	.�+12��1.	51�4�.3-/1+��D.

56#56 ���������������������

<22.�9*�1�)�4-3.6�1�.*�10/1)�	.�4.-1�*2�,+-�D.��+4.± 3-+4	+1	.	��
��+-�/4.CB��.6+3.5-�2�F�	.-/.�9*1�33.-��.�9*�1�)�4-+2.	+-+�.6��,�.6+3.
+4+2�F�	.53�4�. -��.BABB.GKDK.3/0-6+1�D.B-+-�3-�,+22�.3��4�I,+4-.	�00�1�
�4,�3.6�1�.	�-�1)�4�	. 53�4�. /4��6+�. <?��<. 0/22/6�	.��. 751Q��’3.
)52-�*2��,/)*+1�3/4.-�3-D.��00�1�4,�.6+3.,/43�	�1�	.-/.��.3-+-�3-�,+22�.
3��4�I,+4-.+3.*.< KDKOD.

�� ���
���
��	
	���
�����


&6#6 �������	��)��+,���������,��	���������
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(4./1	�1. -/.��--�1.�25,�	+-�. -��. -1+430/1)+-�/4./0.β�,+1/-�4�. ,1�3�
-+22�4�.3-15,-51�.+4	.-��.*/-�4-�+2.�4-�1+,-�/4.��-6��4.�B<�3-+1,�.+4	.
β�,+1/-�4�. 	51�4�. 6�-�)�22�4��. -��. �00�,-. /0. 6�-�)�22�4�. -�)�. /4. -��.
,�+1+,-�1�3-�,3./0.β�,+1/-�4�.353*�43�/43.+4	.)�,1/,+*352�3.3-+��2�F�	.
��. 3/2�2�. �B<�3-+1,�. 6+3. *1�2�)�4+1�2�. �4��3-��+-�	D. <3. 3�/64. �4.
@��D.BN�.6�-�.-��.�9-�43�/4./0.)�22�4�.-�)��.�/-�.-��.+��1+��.	�+)�-�1.
+4	.*/2�	�3*�13�-�.�4	�9.CA�(�./0.β�,+1/-�4�.353*�43�/43.6�1�.	�,1�+3�	.
�1+	5+22��.6��,�.,/52	.��.�9*2+�4�	.��.-��.*52��1�F+-�/4./0.β�,+1/-�4�.
,1�3-+23.54	�1.-��.01�,-�/4�.,/22�3�/4�.+4	.3��+1�4�.0/1,�3D.�/1�/��1�.+4.
�U5�2��1�5).3-+��.6+3.+,�����	.+0-�1.)�22�4�.0/1.NOK.)�4.1��+1	2�33./0.
*1/2/4��4�.)�22�4�.-�)��.�4	�,+-�4�.-�+-.-��.	�+)�-�1./0.β�,+1/-�4�.I4�.
,1�3-+23.6+3.�+1	.-/.��.051-��1.)�4�3��	.	5�.-/.-��.�4,1�+3�	.3*�,�I,.
3510+,�.+1�+.+4	.3510+,�.�4�1��.C
�.�-.+2D�.GKNOT.�/4-��1/.�-.+2D�.GKN��D.
B�)�2+12��. �/-�. -��. �4,+*352+-�/4. �0I,��4,�. +4	. 2/+	�4�. ,+*+,�-�. /0.
β�,+1/-�4�. �4. -��. )�,1/,+*352�3. 6�1�. �1+	5+22�. �4,1�+3�	. 6�-�. -��.
�9-�43�/4. /0. )�22�4�. -�)�. C@��D. BG��. 35���3-�4�. -�+-. -��. +)*��*��2�,.
�B<�3-+1,�.6+3.+�3/1��	./4-/. -��. 3510+,�./0.��	1/*�/��,.β�,+1/-�4�.
,1�3-+23. -�1/5��. -��. �4-�1+,-�/4. ��-6��4. -��). C�/,Q5���4�. �� B�1�
��Q+�-��.GKNJ�D.7/.��1�0�.-��3.�4-�1+,-�/4�.@7(=.+4+2�3�3.6+3.,/4	5,-�	.
+4	. -��. 1�352-.6+3. 3�/64. �4.@��D. B�<D.7��. 3*�,-15)./0. -��. *��3�,+2.
)�9-51�./42�.�9����-�	.-��.	/)�4+4-.+�3/1*-�/4.�+4	3./0.β�,+1/-�4�.+4	.
�B<�3-+1,��.6��,�.,/4I1)�	.-�+-.4/./���/53.�4-�1+,-�/4./,,511�	.���
-6��4. -��. -6/. ,/)*/4�4-3. 6�-�/5-. )�22�4�D.��-�. �9-�4	�4�. )�22�4�.
-�)��.-��.�1/+	.�+4	.,/11�3*/4	�4�.-/.-��.�–�.6+3.���4-5+22�.3��0-�	.
01/).��HND�. -/.���GDH.,)−N�.541+��2�4�. -�+-. -��1�.�9�3-�	.��	1/��4.
�/4	�4�.�4-�1+,-�/4.��-6��4.+)*��*��2�,.�B<�3-+1,�.+4	.��	1/*�/��,.
β�,+1/-�4�D.<3.0/1.�=�.+4+2�3�3�.-��.*�+Q.*/3�-�/43.1�)+�4�	.-��.3+)�.
	�3*�-�. +. 32���-. 1�	5,-�/4. �4. -��. *�+Q. �4-�43�-�. 0/1. *��3�,+2.)�9-51�.
C@��D. B����. �4	�,+-�4�. -��. *��3�,+2. ,/��1+��. /0.β�,+1/-�4�. ,1�3-+23.��.
�B<�3-+1,�D. 7��. 1�2+-���. ,1�3-+22�4�-�. /0. -��. )�,1/,+*352�3. 6+3.
	1+)+-�,+22�.	�,1�+3�	.-/.GKDH�M.+0-�1.)�22�4�.0/1.NOK.)�4�.�)*2��4�.
-��.*+1-�+2.+)/1*��F+-�/4./0.β�,+1/-�4�.+4	�/1.-��.0/1)+-�/4./0.�4,25�
3�/4.3-15,-51�.�4	5,�	.��.6�-�)�22�4�.C��,U.�-.+2D�.GKKO�D.

&656 '�
��������9��������������
�����	��

7��. *+1-�,2�. 3�F�. +4	. -��. 3�F�. 	�3-1��5-�/4. /0. -��. )�22�	. 4+4/�
353*�43�/43.+4	.1���	1+-�	.	�3*�13�/43.6�1�.*1�3�4-�	. �4.@��D.ND.7��.
+		�-�/4./0.-1��+2/3�.�9����-�	.3,+1,�2�.�)*+,-./4.-��.*+1-�,2�.3�F�./0.-��.
4+4/353*�43�/43�.+3.-��.+��1+��.	�+)�-�1.6+3.+22.+1/54	.GKK.4).+4	.
�+	.-��.3�)�2+1.4+11/6.*�+Q3./0.3�F�.	�3-1��5-�/4D.�/)*+1�	.6�-�.-��.
4+4/353*�43�/43�.-��.3�F�./0.-��.1���	1+-�	.	�3*�13�/43.6+3.3��4�I,+4-2�.
C*.< KDKO�.�4,1�+3�	.+4	.-��.3�F�.	�3-1��5-�/4.��,+)�.6�	�1.+4	.)/1�.
,25--�1�	.6��4.-��.4+4/353*�43�/43.6�1�.3*1+��	1��	.�4-/.)�,1/,+*352�.
*/6	�13.+4	.1���	1+-�	D.7��3.1�352-.�4	�,+-�	.-�+-.-��.+��2/)�1+-�/4./0.
β�,+1/-�4�. 4+4/,1�3-+23. /,,511�	. 	51�4�. 3*1+�. 	1��4�D. <3. ,/52	. ��.
,2�+12�. 0/54	. �4.-��./*-�,+2. �)+��3�.45)�1/53.,+1)�4�.,1�3-+2.+��1��
�+-�3.6�1�.��4�1+-�	.+0-�1.	1��4�.+4	.1���	1+-�/4D.7��3.*��4/)�4/4.
6+3. +--1��5-�	. -/. -��.	1+)+-�,.	�,1�+3�. /0.�/-�. 45,2�+-�/4. 1+-�. +4	.
35*�13+-51+-�/4.	��1��./0.β�,+1/-�4�.4+4/353*�43�/43.	51�4�.-��.1+*�	.
)/�3-51�.��+*/1+-�/4.C�+2+)+-+1�.�-.+2D�.GKNO�D.(4.+		�-�/4�.-��.����.
-��1)+2. 3-1�33��4	5,�	. �4-+4�2�)�4-. /0. 3-+1,�. ,�+�43. +4	. -��.
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�4+,-��+-�/4./0.3-�1�,.3-+��2�F+-�/4.)���-.051-��1.�9+,�1�+-�.-��3.+��1��
�+-�/4.C�+2+)+-+1�.�-.+2D�.GKNO�D.�/6���1�.6�-�.�4,1�+3�4�.-��.2���2./0.
-1��+2/3��.-��1�.6+3.+.	�,1�+3�4�.-1�4	./0.-��.+��1+��.	�+)�-�1.0/1.-��.
1���	1+-�	. 	�3*�13�/43D. 7��3. 1�352-. 35���3-�	. -�+-. +. �����1. 2���2. /0.
-1��+2/3�. ,/52	. �00�,-���2�. *1���4-. -��. ����. -�)*�1+-51���4	5,�	.
+��25-�4+-�/4./0.β�,+1/-�4�.4+4/,1�3-+23.	51�4�.3*1+�.	1��4��.*1/�+�2�.
	5�.-/.-��.1�	5,�	.)+�4�-5	�./0.�4-�1+,-�/43.��-6��4.3-+1,�.)/2�,52�3.
��.�4-�1)/2�,52+1.I22�4�./0.-1��+2/3��.-�53.�4����-�4�.-��.0/1)+-�/4./0.
,1�3-+2.+��1��+-�3.CS5)+1.�-.+2D�.GKN�T.
+)+3+Q�.�-.+2D�.GKNN�D.

&6&6 ����8������	����<������������	��������8������	��β+��
	�����

7��.�4,+*352+-�/4.�0I,��4,�.6+3.	�-�1)�4�	.-/.�5+1+4-��.-��.)+�
P/1�-�./0.β�,+1/-�4�.6+3.6�22.�)��		�	.�43�	�.-��.,/)*/3�-�.6+22.)+�
-�1�+23�. /-��16�3�. -��. ��/+,-���. ,/)*/54	. /4. -��. 3510+,�. /0.
)�,1/,+*352�3.,/52	.	�1�,-2�.,/4-+,-.6�-�.�9-�14+2.�4��1/4)�4-3.C��+-�.
�G. +4	. 2���-��. +4	. -�53. 1�352-�	. �4.	��1+	+-�/4.+4	. �3/)�1�F+-�/4./0.
β�,+1/-�4�.C��+4.�-.+2D�.GKGK�D.7��.�4,+*352+-�/4.�0I,��4,�.+4	.2/+	�4�.
,+*+,�-�./0.β�,+1/-�4�.����.2/+	�	.)�,1/,+*352�3.6�1�.3�/64.�4.@��D.GD.

7��.�4,+*352+-�/4.�0I,��4,�.6+3.�1+	5+22�.�4,1�+3�	.01/).JHDGGM.-/.
JJDN�M.6��4.-��.)+33.1+-�/./0.�B<�3-+1,�. -/.-1��+2/3�.6+3.,�+4��	.
01/).NKWK.-/.OWO�.6��,�.6+3.+3,1���	.-/.-��.2/6�1.	�0053�/4./0.β�,+1/-�4�.
/4-/. -��. )�,1/,+*352�. 3510+,�. +3. +. 1�352-. /0. -��. �)*1/��)�4-. /0.
)�,1/,+*352�.�4-��1�-�.CS5)+1.�-.+2D�.GKN��D.��3�	�3�.-��.3-1/4��1.3*+-�+2.
3-+��2�-�./�-+�4�	.�4.-��.*1�3�4,�./0.-1��+2/3�.+-.+.����.2���2.6+3.+23/.
1�3*/43��2�. 0/1. -��. 35*�1�/1. �4-��1�-�. /0. -��. )�,1/,+*352�. 3-15,-51�.
C�5�/F+.�-.+2D�.GKGK�D.���4.-��.�B<�3-+1,�.+4	.-1��+2/3�.)+33.1+-�/.
6+3.2/6�1.-�+4.OWO�.-��.�4,+*352+-�/4.�0I,��4,�.1�+,��	.-��.*2+-�+5�.
�4	�,+-�4�. -�+-. �/-�. -��. �4,+*352+-�/4. +4	. �)523�0��4�. ,+*+,�-�. /0.
�B<�3-+1,�.6�1�.,2/3�.-/.-��.2�)�-.+3.�-3.,/4,�4-1+-�/4.6+3.2�33.-�+4.OKM.
C6�6�.�4.-��.,/)*/3�-�.6+22.)+-�1�+2D.7��.2/+	�4�.,+*+,�-�./0.β�,+1/�
-�4�.6+3.3��4�I,+4-2�.C*.< KDKO�.	�,1�+3�	.01/).NNDLM.-/.NKD�M.6�-�.
-��. �2��+-�/4. /0. -1��+2/3�. ,/4,�4-1+-�/4D. 7��3. 1�352-.6+3. *1�35)+�2�.
+3,1���	. -/. -�+-. -��.��4	�4�. 3�-�3. /0.��	1/*�/��,.�1/5*3. �4. -��.6+22.
)+-�1�+2. ��,+)�. 3+-51+-�	. 6��4. -��. )+33. 1+-�/. /0. �B<�3-+1,�. +4	.
-1��+2/3�.6+3.�W��.-�53.+4�.+		�-�/4+2.β�,+1/-�4�.,1�3-+23.,/52	.4/-.��.
�4,/1*/1+-�	. �4-/. -��.6+22.)+-�1�+2. C:5/.�-.+2D�.GKGN�D.<�3/25-�2��. �-.
,/52	. ��. 35**/3�	. -�+-.�B<�3-+1,��. +4. +)*��*��2�,. )+,1/)/2�,52+1.

����
�� �*-�,+2.)�,1/3,/*�.�)+��3.+4	.*+1-�,2�.3�F�.	�3-1��5-�/4./0.)�22�	.β�,+1/-�4�.4+4/353*�43�/43.+4	.1���	1+-�	.β�,+1/-�4�.	�3*�13�/43.C��0/1�.+4	.+0-�1.��+-.
-1�+-)�4-�.6�-�.	�00�1�4-.�B<�3-+1,�.-/.-1��+2/3�.)+33.1+-�/3D.

�6�:����������6�����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
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6+22.)+-�1�+2�.*2+��	.-��.�33�4-�+2.1/2�./0.�4,+*352+-�/4.+4	.�)523�I�
,+-�/4.�4.-��.*1�*+1+-�/4./0.β�,+1/-�4�.)�,1/,+*352�3�.6��2�.-1��+2/3�.
2+,Q�	.3�)�2+1.,�+1+,-�1�3-�,3.	5�.-/.�-3.2/6.�)523�0��4�.*1/*�1-�.+4	.-��.
�4+��2�-�.-/.�+2+4,�.-��.�4-�10+,�+2.-�43�/4./0.-��.4+4/353*�43�/43.C�+4.
�-.+2D�.GKGK�D.7��1�0/1��.-��.�B<�3-+1,�.+4	.-1��+2/3�.)+33.1+-�/./0.�W�.
6+3.-��.2�)�-�	.2���2.�4.-��3.6/1QD.

&6;6 �D�(�����B(>�

7��. �401+1�	. 3*�,-1+. /0. �4	���	5+2. �4�1�	��4-3. +4	. β�,+1/-�4�.)��
,1/,+*352�3. 6�-�. 	�00�1�4-.�B<�3-+1,�. -/. -1��+2/3�. )+33. 1+-�/3. 6�1�.
	�*�,-�	.�4.@��D.�<D.7��.3-1/4�.�+4	3.2/,+-�	.+-.�KG�DG.+4	.GJNOD�.,)−N.

6�1�. �	�4-�I�	. +3. -��. ,�+1+,-�1�3-�,. 3Q�2�-/4. 3-1�-,��4�. /0.�––�. +4	.
+2�*�+-�,.–��.�1/5*3./0.β�,+1/-�4�.,1�3-+2D.7��.3)+22.*�+Q3.+-.N�NGDL�.
NOOJDL.+4	.N���DL.,)−N.6�1�.+33��4�	.-/.-��.+1/)+-�,.1�4�.3-1�-,��4��.
�––�.��4	�4�.+4	.)�-��2�4�.	�0/1)+-�/4./0.,+1/-�4/�	3�.1�3*�,-���2�.
C<2)+.��8/2+4-+�.GKNJ�D.�/6���1�.-��3�.*�+Q3.6�1�.1+1�2�./�3�1��	.�4.
-��.3*�,-1+./0.-��.)�,1/,+*352�3�.6��,�.,/4I1)�	.-�+-.β�,+1/-�4�.6+3.
35,,�330522�.�4,+*352+-�	.��. -��.�B<�3-+1,�. +4	. -1��+2/3�. ,/)*/3�-�.
)+-1�9D.7��.�1/+	.�+4	.,/11�3*/4	�4�.-/.–��.�1/5*3./0.-��.)�,1/,+*�
352�3. 0/1. -��. ,/4-1/2.�1/5*.6+3. 3��0-�	. 01/).��KNDO. ,)−N. -/.��HJD�.
,)−N�.35���3-�4�. -�+-.��	1/��4.�/4	�4�. �4-�1+,-�/43.��-6��4.β�,+1/�
-�4�.+4	.�B<�3-+1,�./,,511�	.�4.-��.+�3�4,�./0.-1��+2/3�.CS5)+1.�-.+2D�.
GKN��D.��-�. -��. �4,/1*/1+-�/4./0. -1��+2/3��. -��.���1+-�/4. �4-�43�-�./0.
@7(=.3*�,-1+./0.-��.)�,1/,+*352�3.6+3./���/532�.�4,1�+3�	.+4	.-��.*�+Q.
/0.–��.�1/5*.6+3.051-��1.3��0-�	.01/).��HJD�.,)−N. -/.���GDN.,)−ND.
7��3�.1�352-3.�)*2��	.-�+-.-��.��	1/��4.�/4	�4�.�4-�1+,-�/4.6+3.051-��1.
�4�+4,�	.	5�. -/.)/1�. +�+�2+�2�. –��. �1/5*3.	�1���	. 01/). -1��+2/3�.
)/2�,52�3. CS5)+1. �-. +2D�. GKN�T.�5�/F+. �-. +2D�. GKGK�D. 7/. ��1�0�. -��3.
3-+-�)�4-�. -��. @7(=.+4+2�3�3./0. -��. 542/+	�	.)�,1/,+*352�3.6+3.+23/.
*�10/1)�	. -/.,2+1�0�. -��.*/33��2�. �4-�1+,-�/4.��-6��4.�B<�3-+1,�.+4	.
-1��+2/3�.�4.-��.+�3�4,�./0.β�,+1/-�4�D.<3.3�/64.�4.@��D.���.-��1�.6+3.4/.
/���/53.3*�,-15).3��0-.�4.-��.–��.�1/5*.1���/4.1��+1	2�33./0.�4,1�+3�4�.
-��.2���2./0.-1��+2/3��.)+4�0�3-�4�.2�33./1.4/.�4-�1+,-�/4.��-6��4.-��.-6/.
,/)*/4�4-3D.7��3.1�352-.6+3.,/43�3-�4-.6�-�.-��.I4	�4�./0.8+�4.+4	.=/�.
CGKKH�. -�+-. -1��+2/3�. *1�0�1�4-�+22�.�/54	. -/.6+-�1.)/2�,52�3. 1+-��1.
-�+4.	�1�,-2�.�4-�1+,-.6�-�.-��.��/)/2�,52�3.��-��1.�4.	1��	.*/6	�13./1.
3/25-�/43D. @51-��1)/1��. /42�. 3�4�2�.�1/+	. *�+Q.6+3. 0/54	. +-. NKGLDJ.
,)−N. 	�3*�-�. �4,1�+3�4�. -��. 2���2. /0. -1��+2/3�. +4	. 4/.4�6.*�+Q.6+3.
��4�1+-�	. �4. -��. 1+4��. /0. NK��. -/. JJO. ,)−ND. 7��3. *��4/)�4/4.
	�)/43-1+-�	.-�+-.-��.+)/1*�/53.3-+-�./0.�B<�3-+1,�.6+3.6�22.)+�4�
-+�4�	.���4.+0-�1.-��.�4,/1*/1+-�/4./0.,1�3-+22�4�.-1��+2/3�D.

7��. 3/25��2�-�. +4	. 3-+��2�-�. /0. ��	1/*�/��,. ��/+,-���. �4�1�	��4-3.

6�1�.3-1/4�2�.+33/,�+-�	.6�-�.-���1.,1�3-+22�4�.3-+-�3.C��+4.�-.+2D�.GKGK�D.
7��. ,1�3-+22�4�.	�001+,-�/4. *+--�143. /0. �4	���	5+2. �4�1�	��4-3. +4	. -��.
)�,1/,+*352�3.0/1)52+-�	.��.�B<�3-+1,�.+4	.-1��+2/3�.+-.	�00�1�4-.)+33.
1+-�/3.6�1�.*1�3�4-�	.�4.@��D.��D.(-.,/52	.��./�3�1��	.-�+-.*51�.β�,+1/�
-�4�. +4	. -1��+2/3�. 6�1�. ����2�. ,1�3-+22�F�	. 6�-�. *+1-�,52+12�. 3�+1*.
	�001+,-�/4. *�+Q3. /,,511�4�. �4. -��. Gθ 1+4��. /0. NK–GO◦ +4	. NO–�O◦�.

����
�� >4,+*352+-�/4.�0I,��4,�.+4	.2/+	�4�.,+*+,�-�./0.β�,+1/-�4�.�4.-��.)��
,1/,+*352�3.6�-�.	�00�1�4-.�B<�3-+1,�. -/. -1��+2/3�.)+33. 1+-�/3. C��00�1�4-. 35�
*�13,1�*-. 2�--�13. C+�. ��. ,. … <�. ��. �. …�. �4. -��. I�51�. �4	�,+-�. 3��4�I,+4-.
	�00�1�4,�3.C*.< KDKO��D.

����
 �� @7(=. +4+2�3�3. /0. �4	���	5+2. �4�1�	��4-3�. β�,+1/-�4�. 2/+	�	. C<�. +4	.
542/+	�	.C��.)�,1/,+*352�3.6�-�.	�00�1�4-.�B<�3-+1,�.-/.-1��+2/3�.)+33.1+-�/3�.
+4	.�=�. C��.*+--�143./0. �4	���	5+2. �4�1�	��4-3.+4	.β�,+1/-�4�.)�,1/,+*352�3.
6�-�.	�00�1�4-.�B<�3-+1,�.-/.-1��+2/3�.)+33.1+-�/3D.
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1�3*�,-���2�D.�/4��13�2��.-��1�.6+3./42�./4�.�1/+	.*�+Q.CNJD�.± KDN◦�.�4.
-��.	�001+,-�/4.*+--�14.0/1.�B<�3-+1,��.�4	�,+-�4�.-��.+)/1*�/53.4+-51�.
/0.-��.6+22.)+-�1�+2D.7��.*�+Q.�4-�43�-�./0.-��.)�,1/,+*352�3.	�,1�+3�	.
	1+)+-�,+22�. +0-�1. )�22�4�. *1/,�33�. 6��,�. 6+3. +--1��5-�	. -/. -��.
)�22�4���4	5,�	. -1+430/1)+-�/4. /0. ,1�3-+22�4�. 3-15,-51�. /0. β�,+1/-�4�.
C<2)+.�� 8/2+4-+�. GKNJ�D. 7��. +�3�4,�. /0. 3�+1*. 	�001+,-�/4. *�+Q3. �4.
-1��+2/3�.35���3-�	. �-3.�9�3-�4,�.+3.-��.+)/1*�/53.4+-51�.+0-�1.3*1+�.
	1��4�. 1+-��1. -�+4. ,1�3-+22�4�. 3-+-�. �4. -��.)�,1/,+*352�3�. 6��,�.6+3.
3�)�2+1. -/. -��.I4	�4�./0.�+2+)+-+1�.�-.+2D. CGKNO�D.���4. -��. 2���2./0.
-1��+2/3�.�4,1�+3�	�.-��.1�2+-���.,1�3-+22�4�-�./0.-��.)�,1/,+*352�3.6+3.
�1+	5+22�.	�,1�+3�	.01/).GKDH�M.-/.�D�LM.+4	.1�+,��	.�-3.)�4�)5).+-.
-��.�B<�3-+1,�.+4	.-1��+2/3�.)+33.1+-�/./0.�W��.6��,�.6+3.,/43�3-�4-.
6�-�.-��.1�	5,-�/4./0.β�,+1/-�4�.,1�3-+22�4�.+��1��+-�3.+4	.-��.+��1+��.
	�+)�-�1./0.-��.1���	1+-�	.	�3*�13�/43D.7��.1�2+-���2�.2/6.,1�3-+22�4�-�.
/0.-��.I4+2.)�,1/,+*352�3.,/52	.��.+3,1���	.-/.2�33.�1�+Q+��./0.-��.)��
,1/,+*352�3.+4	.2/6�1.*/33���2�-�./0.,1�3-+2.+��2/)�1+-�/4.�4.-��.*1�3�
�4,�./0.-1��+2/3�.+-.�-3.����.2���2.CS5)+1.�-.+2D�.GKN��D.7��.1�)+�4�4�.
,1�3-+22�4�-�. /0. �D�LM. 35���3-�	. -�+-. β�,+1/-�4�. 6+3. 4/-. ,/)*2�-�2�.
-1+430/1)�	.�4-/.-��.+)/1*�/53.3-+-�.+0-�1.-��.6�-�)�22�4�.+4	.3*1+�.
	1��4�.,/5*2�4�.*1/,�33�.6��,�.6+3.*1/�+�2�.+3,1���	.-/.-�+-.-��.*1�3�
�4,�. /0. 6+-�1. -1����1�	. -��. 1�,1�3-+22�F+-�/4. /0. *+1-�+2. +)/1*�/53.
β�,+1/-�4�.	51�4�.6�-�)�22�4�.C�/2/)�/.�-.+2D�.GKNHT.�+2+)+-+1�.�-.+2D�.
GKNO�D.

&6=6 >���

<3.�9����-�	.�4.@��D.B��.4+-���.β�,+1/-�4�.+4	.-1��+2/3�.6�1�.����2�.
,1�3-+22�F�	. 6�-�. 3-1/4�. �4	/-��1)�,. *�+Q3. +-. 3*�,�I,. -�)*�1+-51�3�.
6��2�.�B<�3-+1,�.3,+1,�2�.*1�3�4-�	.+4�.3�+1*.)�2-�4�.*�+Q.	5�.-/.�-3.
+)/1*�/53. 4+-51�D. 7��. 	�3+**�+1+4,�. /0. �4	/-��1)�,. *�+Q. 0/1. -��.
�4,/1*/1+-�	.-1��+2/3�.�4	�,+-�	.�-3.�9�3-�4,�.+3.-��.+)/1*�/53.	�3-1��
�5-�/4.�4.-��.0/1)+-�/4./0.)�,1/,+*352�3.C@��D.�<��.6��,�.6+3.,/4I1)�	.
��.-��.�=�.+4+2�3�3.+0/1�)�4-�/4�	D.7��.)�2-�4�.*�+Q.7)./0.β�,+1/-�4�.
�4.-��.)�,1/,+*352�3.6+3.3��0-�	.-/.+.2/6�1.-�)*�1+-51�.+1/54	.N�G.◦��.
�4	�,+-�4�. -��. 1�	5,-�/4. �4.,1�3-+22�4�-�.	5�. -/. -��.	�,1�+3�	.*+1-�,2�.
3�F�./0.β�,+1/-�4�.+3.6�22.+3.-��.0+�/1+�2�.��	1/��4.�/4	�4�.�4-�1+,-�/4.
��-6��4.�B<�3-+1,�.+4	.β�,+1/-�4�.C
�.�-.+2D�.GKNJ�D.��-�. �4,1�+3�4�.
-��. 2���2./0. -1��+2/3��. -��. 053�/4.�4-�+2*�.Δ�). ,/11�3*/4	�4�. -/. -��.
)�2-�4�. /0. β�,+1/-�4�. 6+3. �1+	5+22�. 	�,1�+3�	�. 541+��2�4�. -�+-. 2�33.
�4�1��. 6+3. 1�U5�1�	. -/. )�2-. β�,+1/-�4�. �4. -��. )�,1/,+*352�3. 6�-�.
1�	5,�	.,/��3���.�4�1��.C��2��2�.�-.+2D�.GKNH�D.7��3.1�352-.)���-.��./6�4�.
-/.-�+-.-1��+2/3�.*1/)/-�	.-��.0/1)+-�/4./0.β�,+1/-�4�.,1�3-+2.	�0�,-3.
+4	. ,1�3-+2. 2+--�,�. 	�3/1	�13. 	51�4�. 3*1+�. 	1��4��. 6��,�. 051-��1.
,/4I1)�	.-��.*+1-�+2.+)/1*��F+-�/4./0.,1�3-+22�4�.β�,+1/-�4�.C
�5�.RD.
�-.+2D�.GKGK�D.7��.2/6�3-.Δ�)./0.NKDG.8��.6+3./�-+�4�	.+-.-��.�B<�3-+1,�.
-/.-1��+2/3�.)+33.1+-�/./0.�W��.)+4�0�3-�4�.-�+-.2�33.,1�3-+2.+��1��+-�3.
6�1�.��4�1+-�	.+4	.-��.�4-��1�-�./0.-��.)�,1/,+*352�3.6+3.6�22.)+�4�
-+�4�	.�4.-��.*1�3�4,�./0.-1��+2/3�.+-.�-3.����.2���2D.

7��.��-1�I,+-�/4./0.-��.542/+	�	.)�,1/,+*352�3.6+3.+23/.	�-�,-�	.�4.
/1	�1.-/.�9*2/1�.-��.*��/-+2.,/)*/4�4-3.-�+-.+00�,-�	.-��.)�,1/,+*352�.
,�+1+,-�1�3-�,3D. <,,/1	�4�. -/. -��. 1�*/1-. /0. 	+. B�2�+. �+1�+2�/. �-. +2D.
CGKNL��. -��.�2+33.-1+43�-�/4.-�)*�1+-51�./0. -��.)�,1/,+*352�.*/6	�13.
6+3.4/-./42�.	�*�4	�	./4.-��.7�./0.-��.6+22.)+-�1�+2.�5-.+23/.1�2+-�	.-/.
-��.�4-�1+,-�/43.+)/4�.�4	���	5+2.�4�1�	��4-3D.<3.3�/64.�4.@��D.���./42�.
3�4�2�.7�.6+3.0/54	.6��4.-��.)+33.1+-�/./0.�B<�3-+1,�.-/.-1��+2/3�.6+3.
�����1. -�+4.�W��. �4	�,+-�4�. -��.�//	. ,/)*+-���2�-�. +4	.)�3,���2�-�. /0.
�/-�.,/)*/4�4-3.�4.-��.*1�3�4,�./0.-1��+2/3�.+-.�-3.2/6.2���2D.���4.-��.
2���2./0.-1��+2/3�.6+3.051-��1.�4,1�+3�	�.-6/.7�3.6�1�./�3�1��	�.6��,�.
��1�I�	. -��./,,511�4,�./0.+)/1*�/53�+)/1*�/53.*�+3�. 3�*+1+-�/4. �4.
-��.�B<�3-+1,�.+4	. -1��+2/3�.,/)*/3�-�.)+-1�9D.�5���3.�-.+2D. CGKNL�.
1�*/1-�	. -�+-.*�+3�. 3�*+1+-�/4.*1/)/-�	. -/. 0/1).+.	�43�1.)/2�,52+1.
3-15,-51�.+4	.1�	5,�	.01��.�/25)�./0.-��.,+1�/��	1+-�.*/2�)�1.)+-1�9�.
6��,�.6+3.,/43�3-�4-.6�-�./51.I4	�4�3. �4.-�1)3./0.)�,1/)/1*�/2/��.
+4	.3-/1+��.3-+��2�-�./0.-��.)�,1/,+*352�3D.�/)*+1�	.6�-�.-��.3-5	�./0.
���4.�-.+2D.CGKNJ��.-��.7�./0.�B<�3-+1,�.+4	.-1��+2/3�.)+-1�9.6+3.�����1.
-�+4. -�+-. /0. �B<�3-+1,�. +4	. 35,1/3�. )+-1�9. �4. -��. ,+3�. /0. *�+3�.

3�*+1+-�/4D. 7��3. *��4/)�4/4. ,/52	.��. �9*2+�4�	.��. -��. *1�0�1�4-�+2.
�9,253�/4.-��/1�.-�+-.-��.+		�-�/4./0.-1��+2/3�.-/.�52Q.6+-�1.3�U5�3-�1�	.
6+-�1.)/2�,52�3.+6+�.01/).-��.��/*/2�)�13�.35**1�33�4�.-��.1�	5,-�/4.
�4.7�./0.-��.,/)*/3�-�.)+-1�9.�4.-��.+�3�4,�./0.6+-�1.+3.+.*2+3-�,�F�1.
C�5���3.�-.+2D�.GKNHT.8+�4.��=/��.GKKH�D.

&6A6 ��7������(�7�

�51�4�.3*1+�.	1��4��.-��.1+*�	.	���	1+-�/4./0.6+22.)+-�1�+23./,,513.
	5�.-/.-��.E+3�.��+*/1+-�/4./0.6+-�1�.1�352-�4�.�4.54���4.3�1�4Q+��./1.
3-15,-51+2.01+,-51�./0.-��.)�,1/,+*352�.3510+,�D.<3.3�/64.�4.@��D.O<�.-��.
)�,1/,+*352�3.6�-�/5-.-1��+2/3�.�9����-�	./���/53.15*-51�3.+4	.61�4�
Q2�3�.1���+2�4�.-�+-.-��.,�+�4.3-15,-51�./0.3-+1,�.)/2�,52�3.6+3.4/-.I1).
�4/5��. -/. �4,+*352+-�. β�,+1/-�4�. +-. +. ����. 2���2. �4. -��. +�3�4,�. /0.
-1��+2/3��.6��,�.6+3.�4.+�1��)�4-.6�-�.-��.1�2+-���2�.2/6.�4,+*352+-�/4.
�0I,��4,�.+4	.*//1.1�	�3*�13���2�-�./0.-��.)�,1/,+*352�3D.(4-�1�3-�4�2��.
3/)�. /0. -��.)�,1/,+*352�3. 1�-+�4�	. -���1. ,/)*2�-�2�. 3*��1�,+2. 3�+*�.
6�-�.-��.3)//-�.3510+,��.6��1�+3.-���1.�43�	�3.6�1�.�/22/6D.7��3.*���
4/)�4/4.,/52	.��.�9*2+�4�	.��.-��.“�+22//4�4�.�00�,-” -�+-.-��.)�,1/�
,+*352�3.6�1�.�2/64.5*.��.-��.�42�-.�/-.+�1.	51�4�.3*1+�.	1��4�.	5�.-/.
-��.*//1.1���	�-�./0.6+22.)+-�1�+23.+4	.-��.�4,/)*+,-.,/43-15,-�/4./0.-��.
)�,1/,+*352�3D.7��. 0/1)+-�/4./0.+�1.��3�,2�3�.6��,�.,/52	. 2�+	. -/.-��.
01+,-51�./0.)�,1/,+*352�3�.6+3.1�*/1-�	.+-.�����1.�9�+53-.-�)*�1+-51�3.
	51�4�.3*1+�.	1��4�.CB+2)�4�4.�-.+2D�.GKNJ�D.��-�.�4,1�+3�4�.-��.2���2./0.
-1��+2/3��.-��.*1/�+��2�-�./0.-��.*+1-�,2�.15*-51�4�.6+3.	�,1�+3�	�.+4	.

����
�� �B�.,51��3./0.β�,+1/-�4�. 2/+	�	. C<�.+4	.542/+	�	.C��.)�,1/,+*352�3.
6�-�.	�00�1�4-.�B<�3-+1,�.-/.-1��+2/3�.)+33.1+-�/3D.

�6�:����������6�����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
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-��. �4E+-�	.)�,1/,+*352�3.6�-�.-��.3)//-�.3510+,�.+4	.2+1��.*+1-�,2�.
3�F�.6�1�.�+1�2�.	�-�,-�	D.7��.1�352-.1���+2�	.-�+-.-��.�4,/1*/1+-�/4./0.
-1��+2/3�.,/4-1��5-�	.-/.-��.1�	5,-�/4./0.01��.�/25)�.��-6��4.β�,+1/�
-�4�.+4	.6+22.)+-�1�+23.3�4,�.2�33.+�1.6+3.�4,+3�	.�43�	�.-��.)�,1/,+*�
352�3�.1�352-�4�.�4.-��.	�,1�+3�./0.-��.*+1-�,2�.3�F�D.7��.	�)�4�3�)�4-./0.
01��.�/25)�.6+3.,/43�3-�4-.6�-�.-��.�4,1�+3�./0.*/51�	.�52Q.	�43�-�./0.
-��.)�,1/,+*352�3.3�/64.�4.7+�2�.ND.���4.-��.,/4,�4-1+-�/4./0.-1��+�
2/3�.6+3.051-��1.�2��+-�	�.32���-.+��1��+-�/4./0.-��.)�,1/,+*352�3.6+3.
/�3�1��	�.6��,�.,/52	.��.+--1��5-�	.-/.�1�	��4�.+��2/)�1+-�/4.��.-��.
�9,�33���.-1��+2/3�.)/2�,52�3.C�5�/F+.�-.+2D�.GKGK�D.

�/40/,+2.=+)+4.3*�,-15).)�,1/3,/*�.6+3.�)*2/��	.-/.I�51�./5-.
-��.*�+3�.	�3-1��5-�/4./0.-��.6+22.)+-�1�+23.�+3�	./4.-��. �4-�1+,-�/43.
��-6��4.-��.�9,�-+-�/4.2���-.+4	.3+)*2�3.C
�5�.�D.�-.+2D�.GKGK�D.7��.	�1�,-.
��35+2�F+-�/4./0.*�+3�.	�3-1��5-�/4.��-6��4.�B<�3-+1,�.+4	.-1��+2/3�.�4.
-��.542/+	�	.)�,1/,+*352�3.6+3.	�3*2+��	.�4.@��D.O�D.7��./*-�,+2.)+*3.
�9����-�	./**/1-54�2�.-��.3+)�.1���/43.)+**�	.��.-��.=+)+4.)�,1/�
3,/*��.6��2�.-��.=+)+4.)+*3.54,/��1�	.-��.)/2�,52+1.	�3-1��5-�/4D.7��.
1�	.+4	.�1��4.1���/43.�4.-��.=+)+4.)+*3.1�*1�3�4-�	.+.����.+4	.2/6.
,/4,�4-1+-�/4./0.,+1�/4�2.�1/5*3�.1�3*�,-���2�D.(4.-��.,/4-1/2.3+)*2��.
-��.�1��4. 1���/43.6�1�. ,/4-�45/532�.	�3-1��5-�	. �4. -��.*/6	�1�. �4	��
,+-�4�. -��. 1�2+-���2�.54�0/1).	�3*�13�/4./0.�B<�3-+1,�. �4.-��. �4-�14+2.

+4	. �9-�14+2. *+1-3. /0. -��.)�,1/,+*352�3. C
�5. �-. +2D�. GKNL�D. <0-�1. -��.
�4,/1*/1+-�/4./0.-1��+2/3��.+.�2�4	�	.1���/4.,/4-+�4�4�.�/-�.����.+4	.
2/6.,/4,�4-1+-�/43./0.,+1�/4�2.�1/5*3.6�1�.	�-�,-�	.+1/54	.-��./5-�1.
*+1-./0.-��.)�,1/,+*352�D.7��3.1�352-.,/4I1)�	.-��.0+�/1+�2�.,/)*+-��
��2�-�.+4	.)�3,���2�-�./0.-1��+2/3�.+4	.�B<�3-+1,�.�4.-��.)�,1/,+*352�3.
	5�.-/.-���1.��	1/*��2�,.4+-51�.C
�5�.�D.�-.+2D�.GKGK�D.���4.-��.2���2./0.
-1��+2/3�. 6+3. 051-��1. �2��+-�	�. -��. 1�2+-���. 	�3-1��5-�/4. /0. ,+1�/4�2.
�1/5*3.�4.-��.)�,1/,+*352�3.6+3.+2-�1�	.�1�+-2�D.7��.,+1�/4�2.�1/5*3.
6�1�.�4	�*�4	�4-2�.	�3*�13�	.�4.-��.*/6	�1.6�-�/5-.+4�.+	��3�/43�.+4	.
)/3-./0.-��).6�1�.,/4,�4-1+-�	.�4.-��.�4-�1�/1./0.-��.)�,1/,+*352�3.-/.
0/1).1�	.1���/43�.)+4�0�3-�4�.-��.0/1)+-�/4./0.+.2+��1����2+��1.3-15,-51�.
�4.-��.)�,1/,+*352�3D.7��3.*��4/)�4/4.,/52	.��.�9*2+�4�	.��.-��.*�+3�.
3�*+1+-�/4.-�+-.-��.�2�4	./0.�B<�3-+1,�.+4	.-1��+2/3�.4/.2/4��1.�9�3-�	.
+3.+.��-�1/��4�/53.*�+3�.+0-�1.3*1+�.	1��4�.�4.-��.*1�3�4,�./0.-1��+2/3�.
+-.+.����.2���2�.+4	.-��.3-+1,�.*�+3�.-�4	�	.-/.��.+33�)�2�	.	5�.-/.-��.
	�00�1�4,�3. �4.��3,/3�-�.+4	.)/2�,52+1.6����-./0. -��. -6/.,/)*/4�4-3.
C���4. �-. +2D�. GKNJT. S�2*�2+̈�4�4. �-. +2D�. GKGK�D. (4. -��3. ,+3��. -��. /5-�1.
-1��+2/3�. +1/54	. -��. �44�1. 3-+1,�. ,/52	. +,-. +3. +. 	�43�. �+11��1. -�+-.
�00�,-���2�.*1���4-�	./9���4.01/).*�4�-1+-�/4�.+4	.-��3.2+��1����2+��1.
3-15,-51�. ,/52	.�9*2+�4.6��.β�,+1/-�4�.��,+)�.)5,�.)/1�. 3-+�2�. �4.
-��.*1�3�4,�./0.-1��+2/3�.+-.+.����.2���2D.

&6C6 H���
����������? )@��������
	��	8���8
	8�
���

�+-�1.+,-���-�. C<6�. �3. +.,/))/4. �4	�,+-/1. -/.*1�	�,-. -��. 3-/1+��.
3-+��2�-�. /0. -��.)�,1/,+*352�. */6	�13D.:�4�1+22��. 3���1+2. 54	�3�1+�2�.
*��4/)�4+.,+4.-+Q�.*2+,�.35,�.+3.,+Q�4��.,1�3-+22�F+-�/4./1.3-�,Q�4�33.�4.
*/6	�13.6�-�.����.<6.+4	.)/�3-51�.���1/3,/*�,�-�D.<		�-�/4+22��.-��1�.
�9�3-3.+.4��+-���.,/11�2+-�/4.��-6��4.<6.+4	.��-1�I,+-�/4.-1+43�-�/4./0.
0//	.,/)*/4�4-3�.�D�D./4,�.-��.<6.	�,1�+3�3�.-��.7�.�4,1�+3�3D.<)/4�.
-��.3+)*2�3.�4.7+�2�.N�.-1��+2/3�.�9����-�	.-��.�����3-.<6./0.KD��H.±
KDKKL.	5�. -/. �-3.	���	1+-�.,1�3-+22�4�.4+-51��.6��2�.�B<�3-+1,�.�+	.+.
1�2+-���2�.2/6.<6./0.KDG�O.± KDKK�D.7��.1�352-3.�4	�,+-�	.-�+-.-��.<6.
�+25�3./0.+22.-��.3*1+��	1��	.)�,1/,+*352�3.1+4��	.01/).KDG��.± KDKK�.
-/.KD�KO.± KDKKG�.541+��2�4�.-�+-.-��.3�	�.1�+,-�/43.�4,25	�4�.�4F�)+-�,.
1�+,-�/4.+4	.)�,1/��+2.�1/6-�.6�1�.6�22.�4����-�	.54	�1.35,�.2/6.<6D.
7��.	�,1�+3�	.<6.�+25�./0.-��.)�,1/,+*352�3.1���+2�	.-�+-.+4��	1/53.
-1��+2/3�.6+3./�-+�4�	.	5�.-/.-��.1+*�	.��+*/1+-�/4./0.)/�3-51�.	51�4�.
3*1+�.	1��4�D.7��.2/6�3-.<6.6+3.0/54	.+-.-��.�B<�3-+1,�.+4	.-1��+2/3�.
)+33. 1+-�/./0.�W��.6��,�.6+3.+--1��5-�	. -/. -�+-. -��. 2+1��. U5+4-�-�. /0.
-1��+2/3�.*1�0�1�4-�+22�.�/54	.-/.6+-�1.)/2�,52�3./4.-��.3-+1,�.3510+,��.
2�+	�4�.-/.-��.0/1)+-�/4./0.+4.�00�,-���.)/�3-51�.+�3/1*-�/4.2+��1�.-�53.
0+,�2�-+-�4�.-��.6+-�1.-1+43)�33�/4.01/).-��.�9-�14+2.3510+,�./0.-��.)��
,1/,+*352�3.	51�4�.3*1+�.	1��4�.C�5�/F+.�-.+2D�.GKGK�D.�5�.-/.-��.2/6�1.
<6�.-��.)�,1/,+*352�3.+-.-��.�B<�3-+1,�.+4	.-1��+2/3�.)+33.1+-�/./0.�W�.
)���-.�9����-.+.35*�1�/1.1�-�4-�/4.1+-�./0.��/+,-���.,/)*/54	3.	51�4�.
-��.3-/1+��D.

���1/3,/*�,�-�.6+3.)�+351�	.0/1.-��.)�,1/,+*352�.*/6	�13.-/.�+�4.
+4.�43���-.�4-/.-���1.*��3�,+2.3-+��2�-�.�4.,+3�./0.3-/1+��.54	�1.+.����.
�5)�	�-�.+-)/3*��1�D.7��.)/�3-51�.+	3/1*-�/4.Q�4�-�,3./0.-��.*1�2�)��
4+1�2�.	1��	.)�,1/,+*352�3.6+3.3�/64. �4.@��D.L�.��.)�+43./0.1�2+-���.
)/�3-51�.�4,1�)�4-.+3.+.054,-�/4./0.-�)�D.�/)*+1�	.6�-�.-��.	1��	.�B<�.
3-+1,��.-��.+4��	1/53.-1��+2/3�.�9����-�	.+.0+3-�1.1+-�./0.)/�3-51�.+��
3/1*-�/4.+4	.+.1�2+-���2�.�����1.���1/3,/*�,�-�./0.OD�O.± KDKH.��NKK.�.
+0-�1.3-/1+��.0/1./4�.6��QD.<22.-��.)�,1/,+*352�.*/6	�13.3�/6�	.����.
���1/3,/*�,�-�.6�-�.-��.I4+2.)/�3-51�.+	3/1*-�/4.1+4��4�.01/).�DGL.±
KDNO.-/.ODNJ.± KDK�.��NKK.�D.@+3-�1.)/�3-51�.+	3/1*-�/4.1+-�.6+3.0/54	.
�4.-��.3+)*2�3./4.-��.I13-.G.	+�3.+4	.-514�	.32/6�1.�4.-��.0/22/6�4�.
	+�3D.?/-�6/1-��2��.6��4.-��.2���2./0.-1��+2/3�.6+3.1�2+-���2�.2/6�.-��.
���1/3,/*�,�-�./0.-��.)�,1/,+*352�3.6+3.32���-2�.1�3-1�,-�	D.7��3.1�352-.
,/52	. ��. �9*2+�4�	. ��. -��. 6+-�1. 1�*2+,�)�4-. -��/1�. -�+-. -��. 6+-�1.
)/2�,52�3. +�3/1��	. /4-/. -��. 3510+,�. /0. -��. )�,1/,+*352�3. ,/52	. ��.
35�3-�-5-�	. ��. -��. -1��+2/3��0/1)�4�. ��	1/��4. �/4	3�. 6��,�. ,/52	.
)+�4-+�4. -��. -�1���	�)�43�/4+2. 3-15,-51�. /0. -��. )�,1/,+*352�3. +4	.
1�-+1	.-��.�4-153�/4.+4	.	�0053�/4./0.)/�3-51�.-�1/5��.-��.)�,1/*/1�3./0.
-��. )�,1/,+*352�3. C8+�4. �� =/��. GKKHT. �5�/F+. �-. +2D�. GKGK�D.

����
�� B>�.C<�.�)+��3./0.*/6	�1�	.β�,+1/-�4�.)�,1/,+*352�3.+4	.�=B�.C��.
�)+��3. /0. 542/+	�	. )�,1/,+*352�3. 6�-�. 	�00�1�4-. �B<�3-+1,�. -/. -1��+2/3�.
)+33.1+-�/3D.

�����
�

7��.6+-�1. +,-���-�. +4	.�52Q.	�43�-�. /0.�B<�3-+1,��. -1��+2/3�. +4	.β�,+1/-�4�.
)�,1/,+*352�3.6�-�.	�00�1�4-.)+33.1+-�/3./0.�B<�3-+1,�.-/.-1��+2/3�D..
B+)*2�. �+-�1.+,-���-�. �52Q.	�43�-�.C��)
�.
�B<�3-+1,�. KDG�O.± KDKK��. KD�J.± KDKN	.
71��+2/3�. KD��H.± KDKKL+. KDHO.± KDKN+.
��,1/,+*352�.,/4-1/2. KD�KG.± KDKKO�. KDOG.± KDKG,.
��,1/,+*352�.JWN. KD�KO.± KDKKG�. KDO�.± KDKG,.
��,1/,+*352�.�W�. KD�KN.± KDKK��. KDO�.± KDKN,.
��,1/,+*352�.OWO. KDGHJ.± KDKK�,. KDL�.± KDKG�.
��,1/,+*352�.�WL. KDGH�.± KDKK�,. KDLL.± KDKN�.
��,1/,+*352�.�W�. KDG��.± KDKK�	. KDLH.± KDKN�.

�+25�3.+1�.)�+43.± B�.C4.= ��D.��00�1�4-.35*�13,1�*-.2�--�13.C+�.��.,�.	.+4	.��.�4.
-��.3+)�.,/25)4.�4	�,+-�.3��4�I,+4-.	�00�1�4,�3.C*.< KDKO�D.
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?���1-��2�33�. -��. ���1/3,/*�,�-�. /0. -��. )�,1/,+*352�3. 6+3. �4,1�+3�	.
6�-�.�2��+-�4�.-��.-1��+2/3�.2���2.6��4.-��.)+33.1+-�/.6+3.2/6�1.-�+4.
JWND.7��3.�1+	5+2.�4,1�)�4-.1�E�,-�	.-�+-.�9,�33���.-1��+2/3�.2/,+-�	./4.
-��./5-�1.2+��1./0.-��.)�,1/,+*352�3.*1/)/-�	.-��.�+*/1.+�3/1*-�/4D.7��.
+4��	1/53.-1��+2/3�.�4.-��.+)/1*�/53.3-+-�.�9����-�	.+4.�+3��1.)/�3-51�.
+	3/1*-�/4.	5�.-/.-��.*1�3�4,�./0.)/1�.45)��13./0.��	1/*��2�,.�1/5*3.
+4	.3�/1-.,�+�43.C	+.B�2�+.�+1�+2�/.�-.+2D�.GKNL�D.�/1�/��1�.-��.6+-�1.
+	3/1*-�/4.1+-�./0.-��.)�,1/,+*352�3.,/43-�-5-�	.��.-1��+2/3�.+-.+.����.
2���2.6+3.)5,�.0+3-�1.-�+4.-�+-.+-.+.2/6.2���2�.-�53.��1�0��4�.-�+-.-��.
/5-�1. 2+��1. /0. -��. )�,1/,+*352�3. 6+3. I22�	. 6�-�. +. 2+1��. +)/54-. /0.
-1��+2/3�D.7��.�+1�+-�/4. �4.-��.���1/3,/*�,.*1/*�1-�./0.-��.)�,1/,+*�
352�3. 051-��1. ,/4I1)�	. -��.�4-1+*)�4-. /0.β�,+1/-�4�. �4-/. -��.�2+33�.
)+-1�9.0/1)�	.+-.+.����.2���2./0.-1��+2/3�D.

&6%6 �8	�����	������G���������������8�
���������

B�4Q+��2�-�.+4	.	�3*�13���2�-�.+1�.-6/.�)*/1-+4-.0+,-/13.-/.+33�33.-��.
U5+2�-�./0.*/6	�1�	.)�,1/,+*352�3D.<3.	�3*2+��	. �4.@��D.�<�.4��+-���.
Δ�B.�+25�3.6�-�.54���4.3*�,-1+2.,51��3.6�1�.	�-�,-�	.0/1.-��.,/4-1/2.
�1/5*. +4	. -��. 3+)*2�.6�-�. +. 2/6. 2���2. /0. -1��+2/3��. �4	�,+-�4�. -���1.
��-�1/��4�/53.+4	.1�2+-���2�.32/6.3�--2�)�4-D.��-�.�4,1�+3�4�.-��.2���2.
/0.-1��+2/3��.-��.I4+2.Δ�B./0.-��.)�,1/,+*352�3.6+3.�2��+-�	.01/).�KM.
-/.LKM�.+4	.-��.3*�,-1+2.,51��3./0.Δ7.6�1�.�+1�2�.+2-�1�	.	51�4�.)�+�
351�)�4-D.7��3.1�352-.)+4�0�3-�	.-�+-.)/1�.*/6	�13.3�--2�	.-/.-��.�/-�
-/). /0. �2+33. �/--2�. +-. +. 0+3-�1. 3�4Q�4�. ��2/,�-��. +4	. +. �/)/��4�/53.
1���	1+-�/4. 3�3-�). 6+3. ,/43�U5�4-2�. /�-+�4�	�. 6��,�. 6+3. 051-��1.
,/4I1)�	.��.-��./*-�,+2.3,+4.�)+��3.3�/64.�4.@��D.BOD.7��.�+1�+-�/4./0.
*�+Q.-��,Q4�33.2/,+-�	.�4.-��.�/--/)./0.-��.�2+33.�/--2�.6+3.3�/64.�4.
@��D.��D.7��.*�+Q.-��,Q4�33./0.-��.3+)*2�.6�-�.+.����.2���2./0.-1��+2/3�.
6+3.)5,�.2+1��1.-�+4.-�+-./0.-��.,/4-1/2.�1/5*�.+4	.-��.32/*�./0.*�+Q.
-��,Q4�33.6+3.�4,1�+3�	.01/).�DJO.))��.-/.NKODJJ.))��D.7��3.1�352-.
+23/. ,/4I1)�	. -��. ,15,�+2. 1/2�. /0. -1��+2/3�. �4. �)*1/��4�. -��. 1�	�3�
*�13���2�-�./0.-��.)�,1/,+*352�.*/6	�13D.7��.�4�+4,�	.�43-+4-.3/25��2�-�.
)���-.��. +3,1���	. -/. -��. �4,1�+3�4�. -��.6�--+��2�-�. /0. -��. */6	�1�	.
)�,1/,+*352�3.CS5)+1.�-.+2D�.GKN��D.B�4,�.-��.6�--+��2�-�./0.35�+13.6+3.
35*�1�/1. ,/)*+1�	. -/. -�+-. /0. */2�3+,,�+1�	�3�. -��. 6�--+��2�-�. /0. -��.
)�,1/,+*352�3. ,/43�3-�4�. /0. +. ����. 2���2. /0. -1��+2/3�. 6+3. 2+1��2�.
�4�+4,�	D.(4.-��3.,+3��.-��.+	3/1*-�/4.,+*+,�-�./0.6+-�1./4.-��.3510+,�./0.
-��.)�,1/,+*352�3.6+3.3-1/4��1�.+4	.-��./5-�1.2+��1./0.-��.)�,1/,+*352�3.
,/52	.��.6�--�	.)/1�.U5�,Q2�. C
+)+3+Q�.�-.+2D�.GKNN�D. (4.+		�-�/4�.+.
�����1. �52Q. 	�43�-�. /0. -��. )�,1/,+*352�3. 6+3. +23/. 0+�/1+�2�. 0/1. -��.
�)*1/��	. 	�3*�13���2�-�. /0. -��. )�,1/,+*352�3�. ��,+53�. 0//	. */6	�13.
6�-�.+.2+1��1.�52Q.	�43�-�.,/52	.��.1���	1+-�	.)/1�.�+3�2�.-�+4.-�/3�.
6�-�.+.3)+22�1.�52Q.	�43�-�.	5�.-/.-���1.��--�1.*�4�-1+-�/4.*�10/1)+4,�.

C�+)+1�/.?/�+�3.�-. +2D�. GKNJ�D.�/1�/��1�. -��.�9�3-�4,�. /0.*2+4�-+1�.
+��2/)�1+-�/43. 3511/54	�	. ��. )+4�. 3)+22.)�,1/,+*352�. *+1-�,2�3. +3.
/�3�1��	.�4.B>�.�)+��3.6+3.+23/.1�3*/43��2�.0/1.-��.�4�+4,�	.	�33/�
25-�/4D. �4. /4�. �+4	�. -��3�. 3511/54	�	. )�,1/,+*352�. *+1-�,2�3. �+	.
3)+22�1.3�F�3.6�-�.�1�+-�1.3*�,�I,.3510+,�.+1�+3�.+4	.-�53.�9����-�	.+.
)/1�.*1/)�4�4-.6�--+��2�-�T./4.-��./-��1.�+4	�.-��1�.�9�3-�	.-��.0/1�
)+-�/4./0.,+*�22+1�.�00�,-.	51�4�.1���	1+-�/4.C�4	�,+-�	.��.-��.��22/6.
+11/6.�4.@��D.���.	5�.-/.-��3.54�U5�.+��1��+-�.3-15,-51��.6��,�.,/52	.
0+,�2�-+-�.-��.)/�3-51�.*�4�-1+-�/4.-�1/5��.,+*�22+1�.�4-�13-�,�.��-6��4.
-��.)�,1/,+*352�3.+4	.3)+22.*+1-�,2�3.C�5.�-.+2D�.GKNJ�D.

&6F6 '�����	���,���������������

&6F6#6 '������������������
7��. 3-+��2�-�. /0. -��. 1���	1+-�	. 	�3*�13�/43. 6+3. �4	�,+-�	. +3. -��.

��/25-�/4./0.-��.-1+43)�33�/4�3*+,�.*1/I2�3.	51�4�.,�4-1�05�+-�/4D.7��.
,51��./0. �43-+��2�-�. �4	�9.+3.+.054,-�/4./0.-�)�.*1�3�4-�	.+4.�4-5�-���.
�43���-.�4-/.-��.	�00�1�4,�.�4.*��3�,+2.3-+��2�-�./0.-��.4+4/353*�43�/43.
+4	. -���1. 1���	1+-�	.	�3*�13�/43. C@��D. H<��. +4	. -��. 2/6�1. �43-+��2�-�.
�4	�9.,/11�3*/4	�	.-/.-��.��--�1.*��3�,+2.3-+��2�-�.C��+4.�-.+2D�.GKGK�D.

7��.4+4/353*�43�/43.6�1�.)5,�.)/1�.3-+�2�.-�+4.-���1.1���	1+-�	.
	�3*�13�/43.��,+53�./0.-��.3)+22�1.+��1+��.	�+)�-�1.C+1/54	.NJK.4)�./0.
-��.4+4/353*�43�/43�.+4	.-��1�.3��)�	.-/.��.4/.	�00�1�4,�.�4.-��.3-+�
��2�-�./0.	�3-�4,-.4+4/353*�43�/43.	5�.-/.-���1.3�)�2+1.*+1-�,2�.3�F�.	�3�
-1��5-�/4. +4	. /*-�,+2. )�,1/3-15,-51�D.��-�. 1��+1	. -/. -��. 1���	1+-�	.
	�3*�13�/43�. -��. �����1. 2���2. /0. -1��+2/3�. 6+3. ,/4	5,���. -/. -��.
�)*1/��)�4-./0.3-+��2�-��.6��,�.,/52	.��.	�	5,�	.01/).-��.2�33.�+1�+�
-�/4./0.-��.�4-��1+-�	.-1+43)�33�/43.+4	.-��.3)+22�1.�43-+��2�-�.�4	�9�3D.
7��3. 1�352-. )���-. ��. +3,1���	. -/. -��. 	/)�4+4-. 1/2�. /0. -1��+2/3�. �4.
)+�4-+�4�4�.-��.*+1-�,2�.3�F�./0.-��.)�,1/,+*352�3.	51�4�.3*1+�.	1��4�D.
(4.-��.,+3�./0.3-1/4�.-��1)+2.3-1�33.01/).3*1+�.	1��4��.-��.β�,+1/-�4�.
)�,1/,+*352�3.�4,+*352+-�	.��.3�4�2�.�B<�3-+1,�.-�4	�	.-/.��.	+)+��	�.
+4	.-��.�4-�1�/1.β�,+1/-�4�.,1�3-+23.6�1�.)/1�.2�Q�2�.-/.��.+��1��+-�	�.
6��,�. �4,1�+3�	. -��. 3�	�)�4-+-�/4.��2/,�-�. /0. -��. 1���	1+-�	.)�,1/�
,+*352�3.C�+2+)+-+1�.�-.+2D�.GKNO�D.

&6F656 D��
,�����������������8�	�	����������
7��.	��1+	+-�/4.Q�4�-�,3./0.-��.)�,1/,+*352�3.	51�4�.-��.�9*/351�.-/.

V�.2���-.�11+	�+-�/4./1.-��1)+2.-1�+-)�4-.6+3.�4��3-��+-�	D.7��.32/*�.
�+25�.CQ��.�+20�2�0�.C-N�G��.+4	.,/11�2+-�/4.,/�0I,��4-.C=G�.6�1�.,+2,52+-�	.
01/).-��.I--�	.2�4�+1.�U5+-�/43.+4	.35))+1�F�	.�4.35**2�)�4-+1�.�4�
0/1)+-�/4.-+�2�3.C7+�2�3.BN.+4	.BG�D.

7��.-��1)+2.	��1+	+-�/4.Q�4�-�,3./0.-��.4+4/353*�43�/43.+4	.1����
	1+-�	.)�,1/,+*352�3.6�-�.	�00�1�4-.�B<�3-+1,�.+4	.-1��+2/3�.)+33.1+�
-�/3.6�1�.3�/64.�4.7+�2�.BND.(-.,/52	.��.0/54	.-�+-.-��.-N�G.�+25�3./0.-��.
4+4/353*�43�/43.6�1�.)5,�.�����1. -�+4. -�/3�./0. -��. 1���	1+-�	.)��
,1/,+*352�3D.7��3.1�352-.35���3-�	.-�+-.+	��13�.�00�,-3.+33/,�+-�	.6�-�.
-��. *��3�,/,��)�,+2. 3-+��2�-�. /0. -��. 4+4/353*�43�/43. /,,511�	. +0-�1.
3*1+�.	1��4�D.@51-��1)/1��.,1�3-+22�4�.+��1��+-�3.6�1�.�+1	2�./�3�1��	.
+0-�1.��+-�4�.6�-�.+.����.2���2./0.-1��+2/3�D.7��.-��1)+2.3-+��2�-�./0.�/-�.
β�,+1/-�4�. 4+4/353*�43�/43. +4	. 1���	1+-�	. )�,1/,+*352�3. 6+3. +23/.
�)*1/��	.	51�4�.��+-�4�.+3.-��.2���2./0.-1��+2/3�.�4,1�+3�	D.7��3.1�352-.
)���-.��./6�4�.-/.-�+-.2�33./9���4.,/52	.��.	�33/2��	.�4-/.-��.2�U5�	.
3�3-�).�4.-��.*1�3�4,�./0.)/1�.45)��1./0.��	1/9�2.�1/5*3.C���4.�-.+2D�.
GKNJ�D.A�4�,+5	.�-.+2D.CGKNG�.+23/.	�,2+1�	.-�+-.-��./9���4.3/25��2�-�.
+4	.	�0053���-�.6�1�. 1�3-1�,-�	.6��4.35,1/3�. ,/4,�4-1+-�/4. �4,1�+3�	�.
+4	.-��./9���4.3/25��2�-�.,/52	.��.�9*1�33�	.+3.+.054,-�/4./0.35,1/3�.
,/4,�4-1+-�/4D.

7��. 2���-. 	��1+	+-�/4. Q�4�-�,3. /0. -��. 4+4/353*�43�/43. +4	. 1����
	1+-�	.)�,1/,+*352�3.6�-�.	�00�1�4-.�B<�3-+1,�.+4	.-1��+2/3�.)+33.1+�
-�/3.6�1�.+23/.,/4	5,-�	. C7+�2�.BG�D.7��. -N�G. �+25�3./0.β�,+1/-�4�. �4.
	�00�1�4-. 4+4/353*�43�/43. 6�1�. �4,1�+3�	. 01/). N�DO�. �. C6�-�/5-.
-1��+2/3��. -/. N�DLJ�. NLD�G�. N�DK��. N�D�G. +4	. N�DOO. �. 0/1. -��. 4+4/�
353*�43�/43.6�-�.-��.�B<�3-+1,�.+4	.-1��+2/3�.)+33.1+-�/3./0.JWN�.�W��.
OWO�.�WL�.�W��. 1�3*�,-���2�D. B�)�2+12��. -��. -N�G. �+25�3. /0. β�,+1/-�4�. �4.
	�3-�4,-. 1���	1+-�	. )�,1/,+*352�3. 6�1�. +23/. �4,1�+3�	D. 7��3�. 1�352-3.

����
 �� ���1/3,/*�,. *1/*�1-�. /0. */6	�1�	. β�,+1/-�4�. )�,1/,+*352�3. 6�-�.
	�00�1�4-.�B<�3-+1,�.-/.-1��+2/3�.)+33.1+-�/3D.
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�� ��2-+.�+,Q3,+--�1�4�.+4	.	�2-+.-1+43)�33�/4.C<��.*�+Q.-��,Q4�33.C��.+4	.3*/4-+4�/53.3�--2�)�4-.C��./0.β�,+1/-�4�.)�,1/,+*352�3.6�-�.	�00�1�4-.�B<�3-+1,�.-/.
-1��+2/3�.)+33.1+-�/3D.
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��

1���+2�	. -�+-. β�,+1/-�4�. �)��		�	. �4. -��. ,/)*/3�-�. 6+22. )+-�1�+2.
��,+)�.)/1�.3-+�2��.+4	.-��.�4,1�+3�4�.-1��+2/3�.,/4,�4-1+-�/4.6+3.+23/.
0+�/1+�2�.-/.-��.*�/-/3-+��2�-�./0.+22.-��.3+)*2�3D.7��3.1�352-.,/52	.��.
+3,1���	. -/. -�+-. -��. ,��)�,+22�. 1�+,-���. �1/5*3. /0. β�,+1/-�4�. 6�1�.
�00�,-���2�. *1/-�,-�	. 01/).V�. �11+	�+-�/4. -�1/5��. -��. 0/1)+-�/4./0. +.
	�43�1.*1/-�,-���.,+11��1.+-.+.����.2���2./0.-1��+2/3�D.

&6F6&6 ��	
��������������
>4�+4,�4�. -��. +�1. �)*�1)�+��2�-�. +4	. /9���4. 1�3�3-+4,�. /0. 6+22.

)+-�1�+23.�3./0.�1�+-.�)*/1-+4,�.-/.-��.3-/1+��.*�10/1)+4,�.+4	.,/)�
)�1,�+2.+**2�,+-�/4./0.-��.)�,1/,+*352�3D.7��.3*1+��	1��	.)�,1/,+*352�.
*/6	�13.6�-�.	�00�1�4-.�B<�3-+1,�.-/.-1��+2/3�.)+33.1+-�/3.6�1�.3-/1�	.
�4.-��.*1�3�4,�./1.+�3�4,�./0.+�1.C@��D.H�.+4	.��.+-.OO.◦�. -/.�9*2/1�.
6��-��1.-��.)�,1/,+*352�3.6�1�.3-�22.3-+�2�.54	�1.+.2/4��-�1).3-/1+��D.
7��.	�00�1�4,�./0.β�,+1/-�4�.1�-�4-�/4.1+-�.��,+)�.)/1�./���/53.6��4.
3-/1�	. �4. ,/4-+,-. 6�-�. +�1�. �4	�,+-�4�. -�+-. -��. *1�3�4,�. /0. /9���4.
+,,�2�1+-�	.-��.,��)�,+2.	��1+	+-�/4./0.β�,+1/-�4�D.7��.β�,+1/-�4�.�4.
-��. )�,1/,+*352�3. 6�-�. +. ����. 2���2. /0. -1��+2/3�. *1�3�4-�	. +. ��--�1.
1�-�4-�/4.1+-�.+1/54	.JOM�.6��,�.6+3.)5,�.�����1.-�+4.-�+-.6�-�.+.2/6.
2���2./0.-1��+2/3�.C+1/54	.OOM�D.7��.�)*1/��	.3-/1+��.3-+��2�-�./0.-��.
)�,1/,+*352�3.6�-�.+.����.2���2./0.-1��+2/3�.,/52	.��.�9*2+�4�	.��.-6/.
+3*�,-3D.�4./4�.�+4	�.-��.�4,/1*/1+-�/4./0.-1��+2/3�.,/4	5,�	.-/.-��.
1�	5,-�/4. /0. 01��. �/25)�. ��-6��4. β�,+1/-�4�. +4	. -��. 6+22.)+-�1�+2�.
2�+��4�.2�33.+�1.�4,+3�	.�43�	�.-��.)�,1/,+*352�3T./4.-��./-��1.�+4	�.-��.
,/)*+,-.�2+33�.)+-1�9.0/1)�	.+-.+.����.2���2./0.-1��+2/3�.6+3.,/43�	�1�	.
+3.+4.�00�,-���./9���4.�+11��1.3/.-�+-.2�33./9���4.,/52	.�4I2-1+-�.�4-/.-��.
)�,1/,+*352�3.-�1/5��.I4�.�/2�3./4.-��.6+22.)+-�1�+2.3510+,�D.
�Q�6�3��.
�/�1�Q+)*.�-.+2D.CGKNJ�.+23/.0/54	.-�+-.-��.1�	5,-�/4./0.01��.�/25)�.
6+3.1�3*/43��2�.0/1.-��.2�)�-�	./9���4.*�1)�+��2�-�.+4	.	�0053���-�./0.
I3�./�2�2/+	�	.)�,1/,+*352�3D.<*+1-.01/).-��.-6/.)+�4.1�+3/43.+�/���.
-��.)�,1/,+*352�3.6�1�.3-/1�	.+-.OO.◦��.6��,�.6+3.2/6�1.-�+4.-��.7�./0.
-��.6+22.)+-�1�+23�.35���3-�4�.-�+-.-��.�2+33�.3-+-�./0.-��.6+22.)+-�1�+23.
6+3.)+�4-+�4�	.	51�4�.3-/1+��D.(4.-��3.,+3��.-��.6+22.)+-�1�+23.���+��	.
2�Q�.3/2�	3.+4	. -��.)/��2�-�./0.3-+1,�.,�+�43. �4.-��.�2+33�.)+-1�9.6+3.
2+1��2�.2�)�-�	�.6��,�.,/52	.�00�,-���2�.*1���4-./9���4.01/).�4I2-1+-�/4.
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����	��'��
,����������;F=�
CN��.ONL–OGLD.

�+2+)+-+1��.�D�.B/)+�+1+*5�.BD�.7+�2/1�.SD.�D.:D�.X.�5,Q-/4�.:D.CGKNL�D.B/2�	�I,+-�/4./0.
4+4/353*�43�/43.0/1.-��.*1/	5,-�/4./0.3/2�	./1+2.	/3+��.0/1)3.+4	.�4�+2+�2�.	1�.
*/6	�13D.�J8�
��E8���	��	��>
���>�����
���#&C���.��O–�OKD.

�/4-��1/�.<D�.<0/2+���.<D�.X.��2��2��.>D.CGKN��D.�/4-�45/53.*1/	5,-�/4./0.	15�.
4+4/*+1-�,2�.353*�43�/43.��+.6�-.3-�11�	.)�	�+.)�22�4�W.<.01�3�.2//Q.+-.-��.1����4	�1.
�00�,-D.>
���>����	8,��������������
����'��
,�����&FCG��.GLL–GH�D.

�5�/F+�.�D�.��+�.BD�.�+4��.�D�.X.��+4��.�D.CGKGK�D.7��.*1/-�,-�/4.�00�,-./0.-1��+2/3�./4.
-��.)52-�45,2�+1.)�,1/,+*352�3.�+3�	./4.��2+-�4.+4	.����.)�-��2.*�,-�4.,/+,�1�+-�.
	51�4�.01��F��	1��4�D.�		��
��
	�	��	�����#$=�.NKOHK�D.

A�4�,+5	�.�D�.A��1/4�.BD�.:/4-+1	�.?D�.X.:5�22+1	�.�D.CGKNG�D.�9���4.U5+4-�I,+-�/4.
)�-�/	3.+4	.+**2�,+-�/4.-/.-��.	�-�1)�4+-�/4./0./9���4.	�0053�/4.+4	.3/25��2�-�.
,/�0I,��4-3.�4.0//	D.�		��(����)������
����	�����5%CG��.NN�–N�OD.

B+2)�4�4�.�D�.<4Q�4�1+4	�.8D�.�����.�D�.�+	/2+-/.�/̈4�3,��.:D�.B,�+̈0�1�.�D�.S/�253�.=D�.X.
���33�.8D.CGKNJ�D.(4E5�4,�./0.3*1+�.	1��4�./4.-��.3-+��2�-�./0.0//	��1+	�.3/2�	.2�*�	.
4+4/*+1-�,2�3D.�		��(����
�������
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B�)�+�.SD�.S+	/-+�.SD�.<1�)+�.�D�.?+Q+4�3���.<D�.7+4	�+�.�D�.V,���+)+�.�D�.B5���+)+�.SD�.
X.7/F5Q+�.
D.CGKNJ�D.()*1/��	.6+-�1.	�3*�13���2�-�.+4	.*�/-/3-+��2�-�.�4.0/2�,.+,�	.
4+4/*+1-�,2�3.6�-�.-1+43�2�,/3�2+-�	.4+1�4��4.53�4�.,/)��4�	.*1/,�33�3./0.6�-�.
)�22�4�.+4	.01��F��	1��4�D.�		��(����
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	+.B�2�+.�+1�+2�/�.<D.:D�.	+.�/3-+.�+,�+	/�.�D.7D�.	+.B�2�+�.�D.�D�.B+1-/1+--/�.<D�.
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B*+	+�.8D.�D�.?/1�+�.�D.AD.�D�.�+1,F+Q�.
D.�D.@D�.X.7�33+1/�.(D.�D.CGKNG�D.B-5	�./4.-��.
3-+��2�-�./0.β�,+1/-�4�.)�,1/�4,+*352+-�	.6�-�.*�4�/.C<1+5,+1�+.+4�53-�0/2�+.3��	3�.
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D�.B54�.�D�.�+��.
D�.��+4�.�D�.X.:+/�.
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,/4-1/22+�2�.2�*/2�3�3D.I	�
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D�.
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