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bU_[̂U]ÙSUbXfq�p�WPSP[l]̂RXW]P]̂n�=%�-5]��FbR̂ Ù]]o�9DH�]P�QPWq�SPŴbc̀Qq]]Xe�cabP]̂R̂Z�
�9GH �T̂WR̂[op�WQq[lhXbX�RX̀ Q̂]XfbR̂�U[UZb̀ Û]ÙSqr��_qTRXiXbX�UdUZbXR]qabl�
RXẐ X̀abP]]o�_P[XRP�bP�W\U]hXbX�Zq[lZqabl�hZqT[XRXe�RXZXTqR�R�Pb\̂adÙc��8�HZ̀Pr]q�
abR̂ Ù]P�]ÛQeqT]P�\PbÙqP[l]P�QPWP�T[o�R_̀ R̂PTVU]]o�SPŴ_P̀ R̂Xe�bUe]̂[̂SqY�R�
U]ÙSUbXg]c�SP[cWl��BP�U]ÙŜ\PhX]̂QcTqR]Xe�_qT_̀Xp\abRPe�\��AXẐ[PpRP��IP̀ẐRP��
<P_̂ q̀VVo�̀ Ŵ̀ Q̂[U]q�bP�aÙqY]̂�RXŜb̂R[onblao�9GH�_̂bcV]qabn�RqT�	���T̂�%
��A8b�W�
ẐUdqfqp]bP\X�Ẑ X̀a]̂r�Tqr�RqT���
�T̂���
��oZq�T̂WR̂[onbl�WPQUW_UgXbX�]ÛQeqT]c�bU_[̂Rc�
UdUZbXR]qabl��]URU[XZq�_Xb̂\q�RP̀b̂abq��UZa_[cPbPfqY]q�RXb̀PbX�bP�Ẑ]fU]b̀Pfqr�hZqT[XRXe�
RXZXTqR�c�T̂RZq[[o��ÊQ̂bP�acgPa]Xe�9GH�eP̀PZbÙXWcpblao�T̂abPb]l̂�RXâZX\X�
(400 -500 0F �bU\_ÙPbc̀P\X�RqT_̀Pfl̂RP]Xe�R�SPŴRXe�bc̀Qq]Pe�SPWqR��Ĝ\c�RXẐ X̀abP]]o�
bPZXe�9GH�R�U]ÙSUbXfq�_ÙUTQPgPp�]PaP\_ÙUT�cbX[qWPfqn�bU_[̂bX�RqT_̀Pfl̂RP]Xe�R�9GH�
SPWqR��WP�T̂_̂\̂Ŝn�oẐr�T̂aoSPpblao�W]Pg]P�UẐ]̂\qo�̀̂ Q̂ĝŜ�_P[XRP�
9PŴRP�_̀ \̂Xa[̂Rqabl�-fU�̂TX]�qW�]PYQq[lhXe�a_̂VXRPgqR�_̀X̀ T̂]̂Ŝ�SPWc��RP̀bqabl�oẐŜ�

_̂abqY]̂�Ẁ âbPp��Ĝ\c�_XbP]]o\�ŶŜ�UẐ]̂\qr�bP�̀Pfq̂]P[l]̂Ŝ�RXẐ X̀abP]]o�_̂RX]]P�
_̀XTq[obXal�]P[UV]P�cRPSP��Fl̂ŜT]q�bU_[̂bP�RqT_̀Pfl̂RP]Xe�R�9GH�SPWqR�]P�
SPŴ_ÙUZPgcRP[l]Xe�abP]fqoe�_̀PZbXg]̂�]U�RXẐ X̀ab̂Rcpblao�=!��CT]X\�qW�WPâQqR�UẐ]̂\qr�
SPWc�W�̂T]̂gPa]X\�]P̀ îU]]o\�U[UZb̀Xg]̂r�_̂bcV]̂abq�U]ÙŜaXabU\X��P�bPẐV�W\U]hU]]o�
âQqRP̀b̂abq�b̀P]a_̂ b̀cRP]]o�SPWc�p�WPab̂acRP]]o�SPŴ_P̀ R̂Xe�cabP]̂R̂Z��oZq�_̀Pfnnbl�WP�
Qq]P̀]X\�fXZ[̂\��BP�SPŴ_ÙUZPgcRP[l]Xe�abP]fqoe�_̀Pfnnbl�_ÙURPV]̂�PS̀USPbX��
RXŜb̂R[U]q�c�,�-e�̀ ẐPe�\X]c[̂Ŝ�ab̂[qbbo��oZq�WP̀PW�WP\q]nnblao�]P�Qq[lh�acgPa]q��
IP̀PZbÙXabXZX�̂abP]]qe�]PRUTU]q�R�bPQ[��%��9DH�]P�QPWq�SPŴ_ÙUZPgcRP[l]Xe�abP]fqY�
\̂Vcbl�QcbX�abR̂ Ù]q�R�̀PWq�cbX[qWPfqr�bU_[̂bX�RqT_̀Pfl̂RP]Xe�R�9GH�SPWqR�R�Ẑb[Pe-
cbX[qWPb̂ P̀e��?H ��oZq�SU]Ùcnbl�R̂To]c�_P̀c�_UR]̂Ŝ�bXaZc��'0q�bU\_ÙPbc̀X�t'0��GX_X�bP�
Ẑ]ab̀cZfqr�?H�]PRUTU]q�R�=�!�
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D̂ ZPW]XZX
GX_�SPŴ_ÙUZPgcRP[l]̂Ŝ�PS̀USPbc

9DH-%�6 9D6-J-%6 9DH-25
?̂ X̀a]P�_̂bcV]qabl��A8b

Aq̀P�_qTRXiU]]o�bXaZc�R�Ẑ\_̀Uâ q̀
?̂Udqfqp]b�Ẑ X̀a]̂r�Tqr
GU\_ÙPbc̀P�SPWqR���F.
_ÙUT�bc̀Qq]̂n/
WP�bc̀Qq]̂n
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EXa��%��D̀X]fX_̂RP�bU_[̂RP�aeU\P�9DH.�%�-Ẑ\_̀Uâ /̀2 -ZP\ÙP�WŜ ò]]o/�
�-SPŴRP�bc̀Qq]P/���-
U[UZb̀ ŜU]ÙPb̂ /̀���-_P̀ R̂P�bc̀Qq]P/��-Ẑ]TU]aPb̂ /̀���-Ẑ]TU]aPb]XY�]Pâa/�,�-fX̀Zc[ofqY]XY�]Pâa/���-
TUPÙPb̂ /̀�%��-VXRX[l]XY�]Pâa/�%%�-ẐbU[-cbX[qWPb̂ /̀�%	�-_̀Xab̀qY�T[o�T̂TPbẐR̂Ŝ�a_P[nRP]]o�_P[XRP/�%
�-

QP̀PQP]-aU_P̀Pb̂ /̀�%��-]Pâa�̀UfX̀Zc[ofqr/�%��-hXQÙ
?̂bU[-cbX[qWPb̂ �̀̂a]Picpblao�_̀Xab̀ p̂\�- Q[̂Ẑ\�T[o�T̂TPbẐR̂Ŝ�a_P[nRP]]o�_P[XRP�

�7:F ��WP�T̂_̂\̂Ŝn�oẐŜ�R�̀ PWq�]ÛQeqT]̂abq�\̂VU�QcbX�_qTRXiU]P�bU\_ÙPbc̀P�
RqT_̀Pfl̂RP]Xe�R�9GH�SPWqR�]P�RêTq�R�?H��:̂_P[nRP]]o�WTqYa]npblao�QUW�T̂TPbẐR̂r�_̂TPgq�
_̂Rqb̀o�R�aÙUT̂RXiq�RqT_̀Pfl̂RP]Xe�_̀ T̂cZbqR�WŜ ò]]o�_P[XRP��CabP]]q��oZ�RqT̂\̂��=
�-6] 
oR[onbl�âQ̂n�WPQP[Pab̂RP]XY�_̀ T̂cZbP\X�WŜ ò]]o�̂ZXa[nRPg��R�oẐ\c�\qabXblao�RqT�%
�T̂�
%����ZXa]n��GPZXY�a_̂aqQ�T̂TPbẐR̂Ŝ�a_P[nRP]]o�SPŴ_̂TqQ]Xe�_P[XR�acbbpR̂�W\U]hcp�
cbR̂ Ù]]o�̂ZaXTqR�PŴbc�=,!�
HbR̂ Ù]P�R�?H�R̂To]P�_P̀P�]PTêTXbl�c�_P̀ R̂c�bc̀Qq]c��TU�̀ ŴhX̀npblao�T̂�Zq]fUR̂Ŝ�

bXaZc��'��RXẐ]cngX�\UeP]qg]c�̀̂ Q̂bc�̂QÙbP]]o�RP[P�W�U[UZb̀ ŜU]ÙPb̂`̂\��8qT_̀Pfl̂RP]P�
R�bc̀Qq]q�_P̀P�a_̀o\̂Rcpblao�R�Ẑ]TU]aPb̂ �̀�TU�Ẑ]TU]acpblao�q�Ẑ]TU]aPb]X\�]Pââ\�
_ÙUZPgcpblao�R�ẐbU[-cbX[qWPb̂ �̀�GPZX\�gX]̂\��]P�QPWq�9GH�W�Ẑb[̂\-cbX[qWPb̂`̂\�
abR̂ ǹpblao�Ẑ\Qq]̂RP]P�SPŴ_P̀ R̂P�cabP]̂RZP�W�Qq]P̀]X\��SPŴRX\�q�_P̀ R̂X\ �fXZ[̂\��
_̀X]fX_̂RP�bU_[̂RP�aeU\P�oẐr�_̂ZPWP]P�]P�̀Xa��%�
H�fqY�̀̂ Q̂bq�abPRX[Pal�WPTPgP�RXW]PgU]]o�_̂ZPW]XZqR�̀̂ Q̂bX�9DH��abR̂ Ù]Xe�]P�QPWq�9GH��

oZq�RXẐ X̀ab̂Rcnblao�]P�SPŴ_ÙUZPgcRP[l]Xe�abP]fqoe�q�eP̀PZbÙXabXZX�oZXe�]PRUTU]q�R�
bPQ[��%�
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:[o�cbX[qWPfqr�bU_[̂bX�RqT_̀Pfl̂RP]Xe�R�9GH�SPWqR�q�SU]ÙPfqr�R̂To]̂r�_P̀X�RXQ̀P]XY�
ẐbU[-cbX[qWPb̂ �̀bX_c�?9G-50/39-����oZXY�SU]Ùcp�_ÙUS̀qbc�_P̀c�W�_P̀P\Ub̀P\X.��'0= 3,9 
ADP���t'0 =  440 0F���DP̀ b̂c̀Qq]]X\��_̀XR̂T̂\��U[UZb̀ ŜU]ÙPb̂ P̀��RXQ̀P]P��bc̀Qq]P��bX_c
?-11-%��D�W�U[UZb̀Xg]̂n�_̂bcV]qabn�%	�A8b��DP̀P\Ub̀X�_P̀X�_ÙUT�bc̀Qq]̂n�abP]̂R[obl.�
�0 0�
���A8b��t0 = 435 0F��FXabU\P�bUe]qg]̂Ŝ�R̂T̂_̂abPgP]]o�- Q̂̂`̂b]P�W�S̀PTX̀]Un��
?q]fURXY�bXaZ�_P̀X�]P�RêTq�R�Ẑ]TU]aPb̂ �̀T̂ q̀R]np���ZDP��:UPÙPfqo�VXRX[l]̂r�R̂TX�
WTqYa]npblao�R�TUPÙPb̂ q̀�Pb\̂adÙ]̂Ŝ�bX_c��oZXY�WPVXR[U]XY�_P̀ n̂�W�RqTQ̂ c̀�bc̀Qq]X�W�
bXaẐ\���%	�ADP��:[o�WPQUW_UgU]]o�̀UẐ\U]T̂RP]̂r�̀qW]Xfq�bU\_ÙPbc̀�\qV�bU_[̂]̂aqo\X�
=�!�bU\_ÙPbc̀P�SPWqR�]P�RêTq�R�ẐbU[-cbX[qWPb̂ �̀_qa[o�7:F�aZ[PTP[P�����0F��P�]P�RXêTq�qW�
?H�-133 0F��<̀ Ŵc\q[̂��î �T[o�T̂aoS]U]]o�bU\_ÙPbc̀X�����0F�]ÛQeqT]̂�a_P[nRPbX�
T̂TPbẐR̂�̀̂ Q̂ĝŜ�_P[XRP��!R�7:F�PQ̂�_UR]c�gPabZc�_P[XRP���= �!/� /0��TU�� /0-RXb̀PbP�
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_P[XRP�]P�9GH��8U[XgX]P��!RXW]PgP[Pal�qW�QP[P]âR̂Ŝ�̀qR]o]]o�7:F

� � /
'0� !

-
*!� � hGBQBhG ������ , (1)

TU�G� -RXb̀PbP�RqT_̀Pfl̂RP]Xe�R�9GH�SPWqR/�h� q�
/
'0h -U]bP[l_qo�RqT_̀Pfl̂RP]Xe�R�9GH�SPWqR�q�

_̀ T̂cZbqR�WŜ ò]]o�_qa[o�7:F��]P�RêTq�R�ẐbU[-cbX[qWPb̂  ̀��RqT_̂RqT]̂/� -
*Q - bU_[̂bP�

WŜ ò]]o�̀̂ Q̂ĝŜ�_P[XRP�
D̀PRP�gPabX]P��% �oR[op�âQ̂n�bU_[̂Rc�_̂bcV]qabl�_̀ T̂cZbqR�WŜ ò]]o�]P�RêTq�R�?H� /

'0Q . 

GU_[̂RP�_̂bcV]qabl��oZP�cbX[qŴRP]P�R�?H��_̂bcV]qabl�Ẑb[P-cbX[qWPb̂ P̀ �aZ[PTPbX\U

��� /
'00/ QQ , (2)

TU� � �� �*.'0'0'0 tttt ��� //// /� ; /
'0t q�//

'0t - bU\_ÙPbc̀P�SPWqR�]P�RêTq�R�?H�q�]P�RXêTq�W�]l̂Ŝ��

RqT_̂RqT]̂/�*.t - bU\_ÙPbc̀P�]PRẐ[Xh]l̂Ŝ�_̂Rqb̀o��oZP�WP�\qV]P̀ T̂]X\X�_̀PRX[P\X�

ISO-23-%��abP]̂RXbl�%��0F�
DP[XR̂�-_̀X̀ T̂]XY�SPW�qW�bU_[̂b̂n�WŜ ò]]o�

���A:V�\3��AUb̂TXZP�̀̂ ẀPec]ZqR�9DH�

QUW�T̂TPbẐR̂Ŝ�a_P[nRP]]o�q�W�T̂TPbẐRX\�a_P[nRP]]o\�_P[XRP�R�7:F�]PRUTU]P�R�=
!��
EUWc[lbPbX�̀ Ŵ̀Pec]ZqR�9DH�T[o�RXQ̀P]Xe�bX_qR�9GH��Ẑb[P-cbX[qWPb̂ P̀�q�_P̀ R̂̂r�bc̀Qq]X�
WRUTU]q�R�bPQ[��	��ÊẀPec]ZX�RXZXTqR�̂ZaXTqR�PŴbc�bP�TR̂ ẐXac�RcS[Ufn�RXẐ]P]q�WP�
\Ub̂TXZP\X�=���%�!�

GPQ[Xfo2
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D̂ ZPW]XZX
GX_�9GH

9DH-%�6 9D6-J-%6 9DH-25

8Xb̀PbP�̀̂ Q̂ĝŜ�_P[XRP�]P�9GH��\3�a
8Xb̀PbP�RqT_̀Pfl̂RP]Xe�R�9GH�SPWqR��ZS�a
D̂bcV]qabl�RqT_̀Pfl̂RP]Xe�R�9GH�SPWqR��A8b
:̂TPbẐRP�RXb̀PbP�̀̂ Q̂ĝŜ�_P[XRP�R�7:F��\3�a
KPabX]P�T̂TPbẐR̂r�RXb̀PbX�_P[XRP��1 

<PSP[l]P�RXb̀PbP�̀̂ Q̂ĝŜ�_P[XRP�R�9DH��\3�a
<PSP[l]P�RXb̀PbP�c\̂R]̂Ŝ�_P[XRP�R�9DH��ZS�a
D̂bcV]qabl�SPWqR�]P�RêTq�R�ẐbU[-cbX[qWPb̂ �̀A8b
?̂Udqfqp]b�cbX[qWPfqr�bU_[̂bX�_̀ T̂cZbqR�WŜ ò]]o��3 
GU_[̂RP�_̂bcV]qabl�Ẑb[P-cbX[qWPb̂ P̀��A8b

8Xb̀PbP�_P̀X�R�?H��b�ŜT
;[UZb̀Xg]P�_̂bcV]qabl�_P̀ b̂c̀Qq]]̂r�cabP]̂RZX��DGH ��

A8b
??:�DGH

DXb̂\P�RXb̀PbP�c\̂R]̂Ŝ�_P[XRP�]P�RX̀ Q̂]XfbR̂
U[UZb̀ Û]ÙSqr�R�9DH��ZS��Z8b0ŜT 

??:�9DH
D̀ X̀qab�??:�RqT]̂a]̂�??:�DGH���
Eqg]P�UẐ]̂\qo�c\̂R]̂Ŝ�_P[XRP��b

Eqg]P�UẐ]̂\qo�ZXa]n��b
Eqg]U�W\U]hU]]o�RXZXTqR�̂ZaXTqR�PŴbc��b
Eqg]U�W\U]hU]]o�RXZXTqR�_P̀]XẐR̂Ŝ�SPWc��b

1,00
36,91
19,41
0,128
0,128
1,128
1,285

23,578

0,775

18,36
23,04

5,9

0,34
0,291

0,4226
8,26

10145
13695
2205
925,1

1,608
57,5

31,06
0,182
0,114
1,788
2,038

36,738

0,775

28,61
35,82

9,1

0,34
0,292

0,4212
8,12

16510
22230
3588

1485,9

2,44
82,1

46,428
0,211

0,0866
2,651
3,02

52,444

0,775

40,80
46,8
12,9

0,34
0,285

0,4315
9,15

25240
33932
5486

2271,6

Cb̀X\P]q�̀UWc[lbPbX�aRqTgPbl�_̀ �̂bU��î �WPab̂acRP]]o�bU_[̂RXe�U[UZb̀Xg]Xe�abP]fqY�
�G;F �W�SPŴ_P̀ R̂X\X�cabP]̂RZP\X��abR̂ Ù]X\X�]P�QPWq�SPŴ_ÙUZPgcRP[l]Xe�P_P̀PbqR�W�
SPŴbc̀Qq]]X\X�_̀XR̂TP\X��fq[Ẑ\�T̂fq[l]U��GPZq�G;F�T̂WR̂[onbl�SU]ÙcRPbX�W]Pg]q�
U[UZb̀Xg]q�_̂bcV]̂abq�W�ẐUdqfqp]bP\X�Ẑ X̀a]̂r�Tqr��oZq�Qq[lh�oZ�]P�,�-����_ÙURXicnbl�
??:�bU_[̂RXe�U[UZb̀ âbP]fqY��BP�SPŴ_ÙUZPgcRP[l]Xe�abP]fqoe��oZ�_̀PRX[̂��cabP]̂R[U]̂�
b̀X��TRP�̀ Q̂̂gXe�q�̂TX]�̀UWÙR]XY �SPŴ_ÙUZPgcRP[l]q�P_P̀PbX�W�_̀XR̂T̂\�RqT�SPŴR̂r�
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bc̀Qq]X��ĜTq�]P�G;F�W�TR̂\P�PS̀USPbP\X�9D6-%��6�\̂V]P�RX̀ Q̂[obX�%%�,�A8b�U[UZb̀Xg]̂r�
_̂bcV]̂abq/�]P�G;F�W�PS̀USPbP\X�9D6-J-%�6�-%,�	�A8b��P�]P�G;F�W�PS̀USPbP\X�9DH-25 -
	��A8b��D̀X�fl̂\c�gPabZP�T̂TPbẐR̂Ŝ�a_P[nRP]]o�_P[XRP�]U�_ÙURXicp���%
��î �WSqT]̂�W�
=
!��RqT_̂RqTPp�rr�̂_bX\P[l]X\�W]PgU]]o\��<Qq[lhU]]o�ẐUdqfqp]bqR�Ẑ X̀a]̂r�Tqr�D9H�R�
_̂ q̀R]o]]q�W�??:�bU_[̂RXe�U[UZb̀ âbP]fqY�Wc\̂R[np�acbbpRc�UẐ]̂\qn�c\̂R]̂Ŝ�_P[XRP��
î ��R�aR̂n�gÙSc��W\U]hcp�RXZXTX�̂ZaXTqR�PŴbc�bP�TR̂ ẐXac�RcS[Ufn�R�Pb\̂adÙc��
<PW]PgX\̂�bPẐV��î �]P̀ îU]]o�U[UZb̀ ŜU]ÙcRP[l]Xe�_̂bcV]̂abUY�R�U]ÙŜaXabU\q�]U�
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