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@ABACDEFG*HHI �E�E�DAJAFJ*G* C*HEK �����+ �ALEDAM*BBIN *OEBACEFHAGAP ��*D�EBEB
�������+ MID*QNBI ER MA�BIS D*FGMADAM B* GA�N�BAP R*GD*MCN ONGA�AO FBETNBEK GNOLND*GU�
DI! VSAT�NBEN OAHNCUH ����� M CDEFG*HH LA�GMNDT�NBA F LAOAQ�� BEB�E�DEBAMAP DN*C�
�EE! WEFGIN CDEFG*HHI ��� E �ALEDAM*BBIN ����� AS*D*CGNDERAM*BI ONGA�AO DNBG�NB�EJ�
D*CGAONGDEE! XAC*R*BA+ �GA FGDUCGUDBAN FAMND�NBFGMA �ALEDAM*BBIS CDEFG*HHAM FAAGMNG�
FGMUNG �EFGAOU ���! YFG*BAMHNBA+ �GA MSAT�NBEN OAHNCUH ����� M CDEFG*HH ���
FALDAMAT�*NGFK JADOEDAM*BENO �ALAHBEGNH�BIS MA�ADA�BIS FMKRNP M DN�NGCN CDEFG*HH*+
LDAKMHK�QNNFK M ERONBNBEE GNDOE�NFCES FMAPFGM �ALEDAM*BBA�A CDEFG*HH*! XAC*R*BA+ �GA

MNHE�EB* ε⊥/ε��+ S*D*CGNDERU�Q*K *BERAGDALE� �EZHNCGDE�NFCAP LDABE�*NOAFGE+ EONNG OE�
BEO*H�BAN RB*�NBEN LDE CAB�NBGD*�EKS ����� ,+-��+, O*FF!.! XDE ZGAO MSAT�NBEN OAHN�
CUH ����� LDEMA�EG C A[D*RAM*BE� �ALAHBEGNH�BIS MA�ADA�BIS FMKRNP M DN�NGCN E EF�NR�
BAMNBE� LDAGABBIS M*C*BFEP+ FMKR*BBIS F LDEFUGFGMENO *HEAM*HNBGBIS LDEONFNP! XA�
FCAH�CU M CDEFG*HH*S FUQNFGMU�G D*RHE�BIN LDEONFBIN �NJNCGI+ GA OAHNCUHI ����� M
R*MEFEOAFGE AG ME�* �NJNCG* ADENBGEDU�GFK M DN�\GCN D*RHE�BIO A[D*RAO+ UONB��*K
*BERAGDALE�! YONB��NBEN RB*�NBEK MNHE�EB LDAMA�EOAFGE+ �EZHNCGDE�NFCAP LDABE�*NOAF�
GE+ G*B�NBF* U�H* LAGND� LDE CAB�NBGD*�EKS ����� � O*FF!.+ MNDAKGBA+ FMKR*BA F UONB��N�
BENO CAHE�NFGM* LDAGABBIS M*C*BFEP E �ELAHNP+ MCH��*�QES LDEONFBIP �NJNCG E LDA�
GABBU� M*C*BFE�+ A[D*RU�QESFK M DNRUH�G*GN MSAT�NBEK M CDEFG*HH LDEONFBIS EABAM!
VSAT�NBEN OAHNCUH ����� M CDEFG*HHE�NFCU� O*GDE�U LDEMA�EG C UMNHE�NBE� B* LADK�AC
ZJJNCGEMBAFGE DNJD*CGEMBA�A BNHEBNPBA�ALGE�NFCA�A AGCHEC* E ERONBNBE� N�A RB*C*+
F*OA�NJACUFEDAMC* H*RNDBA�A ERHU�NBEK+ B*[H��*NO*K �HK �EFGA�A ���+ ERONBKNGFK B*
F*OAJACUFEDAMCU! ]B*HA�E�BAN UMNHE�NBEN ZJJNCGEMBAFGE BNHEBNPBA�ALGE�NFCA�A AGCHEC*
B*[H��*HAF� M CDEFG*HH*S ���+ �ALEDAM*BBIS B*BA�*FGE�*OE ���

�
! ^GA KMHNBEN OATNG

A[NFLN�EG� LAMI�NBEN ZJJNCGEMBAFGE �NBND*�EE ALGE�NFCES �*DOABEC R* F�NG HAC*HER*�EE
H*RNDBA�A ERHU�NBEK E UHU��NBEK DN*HER*�EE UFHAMEP J*RAMA�A FEBSDABERO*!
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@ABACDEFG*HE �E�_�DAJAFJ*GU C*H_� �����+ QA �ALAM*B_ *O_BACEFHAGA� ��*D�_B_B
�������+ MEDAQNBA R MA�BES DAR�EB_M B* GA�CAM_P R*GD*M�_ ONGA�AO RBETNBBK GNOLND*�
GUDE! VSA�TNBBK OAHNCUH ����� U CDEFG*H L_�GMND�TNBA R* �ALAOA�A� B_B�_�DEBAMA`
DN*C�_`! WEFG_ G* �ALAM*B_ ����� CDEFG*HE ��� AS*D*CGNDERAM*B_ ONGA�AO DNBG�
�NB�_JD*CGAONGD_`! XAC*R*BA+ QA FGDUCGUDB* �AFCAB*H_FG� �ALAM*BES CDEFG*H_M
M_�LAM_�*a �EFGAOU ���! VFG*BAMHNBA+ QA MSA�TNBBK OAHNCUH ����� U CDEFG*H ���
FULDAMA�TUaG�FK JADOUM*BBKO �A�*GCAMES MA�BNMES RMbKRC_M U �D*G�_ CDEFG*H*+ QA
LDAKMHKaG�FK U RO_B_ GNDO_�BES MH*FGEMAFGNP �ALAM*BBA�A CDEFG*H*! XAC*R*BA+ QA

MNHE�EB* ε⊥/ε��+ KC* S*D*CGNDERUa *B_RAGDAL_� �_NHNCGDE�BA` LDABECBAFG_+ O*a O_B_O*H��
BN RB*�NBBK LDE CAB�NBGD*�_KS ����� ,+-��+, O*F!.! XDE ��AOU MSA�TNBBK OAHNCUH �����
LDERMA�EG� �A UGMADNBBK �A�*GCAMES MA�BNMES RMbKRC_M U �D*G�_ _ RBECBNBBK LDAGABBES M*�
C*BF_P+ QA LAMbKR*B_ R LDEFUGB_FG� *H_AM*HNBGBES �AO_�AC! cFC_H�CE U CDEFG*H*S _FBU�G�
D_RB_ �AO_�CAM_ �NJNCGE+ GA OAHNCUHE ����� M R*HNTBAFG_ M_� ME�U �NJNCGU AD_aBGU�G�FK U
�D*G�_ D_RBEO �EBAO+ RONB�U��E *B_RAGDAL_�! dONB�NBBK RB*�NBBK MNHE�EB LDAM_�BAFG_+
�_NHNCGDE�BA` LDABECBAFG_ G* G*B�NBFU CUG* MGD*G LDE CAB�NBGD*�_KS ����� � O*F!.+
POAM_DBA+ LAMbKR*BA R_ RONB�NBBKO C_H�CAFG_ LDAGABBES M*C*BF_P _ �ELAHNP+ QA MCH��*�G�
�AO_�CAMEP �NJNCG G* LDAGABBU M*C*BF_�+ KC_ UGMAD��G�FK U DNRUH�G*G_ MSA�TNBBK U CDEFG*H
�AO_�CAMES _AB_M! VSA�TNBBK OAHNCUH ����� U CDEFG*H_�BU O*GDE�� LDERMA�EG� �A R[_H��NB�
BK B* LADK�AC NJNCGEMBAFG_ DNJD*CGEMBA�A BNH_B_PBA�ALGE�BA�A M_��UCU _ RO_BE PA�A RB*CU+
F*OA�NJACUFUM*BBK H*RNDBA�A MELDAO_B�M*BBK+ QA FLAFGND_�*aG�FK �HK �EFGA�A ���+
RO_B�aG�FK B* F*OAJACUFUM*BBK! ]B*HA�_�BN R[_H��NBBK NJNCGEMBAFG_ BNH_B_PBA�ALGE�BA�A
M_��UCU FLAFGND_�*HAFK U CDEFG*H*S ���+ KC_ �ALAM*B_ B*BA�*FGEBC*OE ���

�
! eN KMEQN OATN

R*[NRLN�EGE L_�MEQNBBK NJNCGEMBAFG_ �NBND*�_` ALGE�BES �*DOAB_C R* D*SUBAC HAC*H_R*�_`
H*RNDBA�A MELDAO_B�M*BBK _ LAH_L�NBBK DN*H_R*�_` UOAM J*RAMA�A FEBSDAB_ROU!
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