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EOHD RHUQ\ [�F

GNHT ]NTQD\ �]HLSHD\J�G ]HLEHTO ]H[HZQ KZO�

GJL]W
PLC\HS G\L\ O\ [YHZQ [HCL]

]H[HZQ KZO
JWTS

GJL]W
LTLTD UFLL ]\[HF R]SDG\ FHQO]D ]HLEHTG RLD RG GNHT ]NTQD ]HLEHT [WTQ

GTFSGDH RHD\JD��R\DNN GLH\UG GNHT� ]LLEHT RG RGD\ ]HKOHDG ��]LLEHTH
�VL[YN H]NHT G\HUG��O\ RHTNOC O\ DH\LJ ]OHNL ]\[HF GSH\C[G GLEHTG �

�THLF[G� EHJQG M[HC MQT OU OEUQ O\ VZLGG M[HC DH\LJH UHDL[�CLEHTG HOLCH �
]QNHJD ]HFHTL VC HC �PL\OH\Q RHLQF O\ C\HSD ]HLTLTD ]HULFL ]\[HF GLS\G

�GL[KQHSHEL[K� PL\OH\QG�GNHTN �MNTG LSLFD ]ZTHUG ]NTQG ]JL]W ]SDG PE �
GQC PL[\UQ GGHDE CLG\�M\QGD RNH ��[THJ PH\Q CHG OHTWG\ C[LI 
[ ]UFD

PLOOY LDH\LJD ]LTLTD GULFL ]\[HF � GNHT OY�P�DQ[G ]CI RLLYQ\ LWN �

�VTHL 
[ 
JG RD GQO\ 
[ LQJ �[GG RQ GQO\ D[G [�HQ �CSGN RQOZ D[G [�HQ O\ S�LUO
ON [NIO RNH �OHOC \FHJD PQOHUO HNOG\ �GN[DO POHN [NI �PL[JCG LLDH[ZH [NDTSC

�
PL[YQG RLD
 ]QJOQ LOOJ
��G[H[D GNOG HQN ]H\FJG FHQO]G ]H[HFGQD PL[DTG LKHZLO HTWFS ]HSH[JCG PLS\D

�FHUH [HCQG �RLLK\SKH\ �PL\[WQG [YHC �XOISLLK\ D[G
��D �J � D �I VF
��D �KL VF
�LSLLF ]UFD RFG CLEHTG O\ LS\G GZOJO RNH �UDH[Q GQN G�FD 
TH]G LOUD L[DF ]SDGOH

]H\H[F RN HQN �[KHZG M[HC ]C PLUFHL [\CN OEUQ O\ HJK\ DH\LJ ]OHNL PE �L[TLZF
C�DKL[GH L[LCQG �\�C[G HQN PLSH\C[G []LH PLSHCEG L[DF O\ P]SDGO GOC ]HULFL

�FHUH
��ROGO GQL\[D PLCDHQG C�[EG L[DFD K[WDH �VL[Y RLQN H]NHT G\HUG ]LLEHTD
��C �D VF
��D�U P\
�O\ VSU G\UQO GSLG\ �]L[KQHCLEG GZLKWHCO GSHHNG �GZLKWHC � GLC[G ]QNHJD HC

�GTFSGG ]QNHJ
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GS\QO H\H[LWD��C[]TLCN OLUOQ CIHIN� O\ CLEHTG [DTGD PE [DFG MN �
�]J]Q��]HLSHD\J ]HULFL OU TTHDQ P[DTG\ PLC\HS PE PS\L ]NTQG M\QGD �

EJD HDL[ZG\ PL[WG [WTQ DH\LJO GJTHSG RHEN �[]HL ]HQFZ]Q��CLEHTG RNH �
GSH[JCG��LQO\H[LG ]UF LW OU �GEOLD O\ [Q\QG ]\SUGD ]ZTHUG��]H[\WC RLC

RLC\ P\ G]LG GOHFE ]HSQHC�\ PH\Q ]H[JCG ]H[Q\QG RLD GI [Q\Q ULODGO
M[FG ]CLYQ CLG HI ]HSQHC ��H[LDJ OHKL\ FU GIHJC GF\D GSH\H OKHS [Q\Q
GCH[G OCHQ\ LQLQ G[TQS [\C CLGH �\[FSN ]H[Q\QGH TLWG [HFLTO ]LSHD\JG

P]SHQCD FHFH���
[]HL PL\ZG PLUKZG PE HFQOS\ G\EFG PLCYHQ HSC PLSH\C[G ]WHZ]D [DN
H][ECD VTHL RD RHUQ\ 
[ [DN D]HN MNH �RHD\JD LTLTD UFLL PL\[HFG �]NTQD

L[LCQG HSD[O��RLDH[LU ]NTQD\ >RHOJ@ �RLOHJ� ]UHQ\O L]UEG\N���� ���]UHQ\DH

��GOHTW G]OLYQ GDH[Q G]QJ\ H[QCH �P\ O�IH �G]OLYQ GDH[Q G]QJ\H G�F C�Q C�W
[HUL\ GC[S PC �UZ[ZD GC[L GIH �G[\N CLG\ RLH\ G]OLYH G]QJ PC\ GLC[ CLG
HD RLCH GNHTG EEQ H]HC GTLN\ PHZQG [HUL\N GLGL\ O�[ �OYG [HUL\N UZ[ZD \Q\G
�MHNLTG RQ ]HJW \Q\G TSNS PGQ\ GNHTG EED\ PLDZSG\ LWO �G[\N CLG\ �OON \Q\
]QNJ� �VLTHG H \H[F D ZOJ \DF ]H[ULD XL\DLLC R]SHL 
[� ]HLC[G ]QNJD [CD]L GIHt
H\UL LN �P�HNU L[QHN LWHLI [[DO ]UFO OHFEG RLF ]LD ML[Y �Z�LKWC CHG\ GLC[G
T�OU LD[UD GC[ZS �����PLCOWS PLWHY[W PL[HQ ]HSH\Q ]HC[Q GQGG ]HOHDJ]D
[HJ H]HCQ OHFE []HL X[CD H[HC GLGL\ RHOJ HC [HJ OU TSNS\N \Q\G ]WHQD D�KSQOC
UHFL GIH���� �C T�HT CO[] 
LTD \HDOG PE RLLYQ MNH �N�U �GFHGL LD[N GNOG RLCH �J[NGD

��[HFNG ][HYD KUQ UFHLO
��CIHIN G�FH]D PLCDHQG JN\ 
LT [\LG [WTD ]�[ L[DF ]SDGD FJHLQDH D �DN VFD

�OLUOQ
���GZL]U GSG 
TH]G L[DFD HI GKH\W GJTHS �VOC RG\ G�FH] C �HZ ]HJSQ GC[ �D �GS VFD

GC[H �]HCL[KQLE DH\LJO PLN[FG ]JC ��LLQFZ [WTQ�N PLSHQFZG RH\OD GUHFLH
Z[W VH[LYG [U\D O�I Z�Q[GO TF[WG [WTD ]HNL[CD�J Z[W O [U\ PLSHQL[ TF[W� J

]HLOE[Q RDHC[ 
[O [GI L[U\D 
LU� HS] 
LTD LJ \LC RD OUDO GQ\O G[H] ]�H\D RNH
� PLQO\G PL[WTQG ON PHNT ]C CHYQO PLYH[ PC\ �][QHC HI GJTHS ��P\ ]HJSQS��Q �

�O FUx�O GHH\ GLGL GI PHNT �S = ½·[x·(x+1)]]C O\QO D\JO PLYH[ PC\ MN �
�ODZ]L ��� HSLG\� ���O FU ��Q PL[WTQG ON PHNT55 = ½·110 = ½·[10·(10+1)]HC@

[WTQG O\ GOWNQG ]LYJQO GHH\ GLGL PHNTG �[JC JHTLSDxOHFEG [WTQG OHWN
�Q FJCDx�>

���D �HS VFD
���Q�SWDH U�GZD �Q�WLD \�LLUH �J�G G�W
���ROGOF GODKD �� 
TQ [HZQD RLLUH �DN �K C�LGDF 
LU
��GQNDH �GCOGH ��� 
QU ����� RLO[D� XSHYO ODHLG [WTD RQWHCZ FHF L�U GSH\C[O TWFS

�HD HS[IUS ROGO ]H[UG
���C �HU RLDH[LU
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GNHT ]NTQD GO GQHFG R\DNG��PLLUDYC ]UHQ\DH ���[CH]QG LONG [HCLDD
PLU[I [WTD P�DQ[O��FJC L�U PO\ ZHFZFD ][HD\]G ]QNJD L][[LD ONG �

H]HLG FU ]HFOLG ]UQ EOWHQ ]HCLZD [WTQDH ][HD\]D LZD GLG �LFLQO]QH L[DJQ
�GSHN]G LQNJ ]YZ LW OU GS\G \C[ O\ ]HUHQ\ RNH �FHQO]G ]QNJD HSQU UDHZ

EGH OCG HSNLI\ FUO�I P�DQ[O G�[ >]NTQ@ \H[LW HSFLO UL������
PDH[ � PLSH\ PLKHK[L\ O\ PDHOL\ CHG GNHT ]NTQD PLSLLSUQG PL[DFG FJC
VCH �PGL\[WQDH ]HWTH]H L�\[ O\ PGL[DFD � R\DNN GLH\UG GNHT ]LLEHTD
PLULWHQ PSLC C �J�H D �I VFD\ PLKHK[L\G\ RLLYO LHC[G RQ �GQYU C[QEG L[DFD

RNSLQ L�]ND��PLSDO ]HSHOJ PLULWHQ C�W[ ]S\Q GLYLSLH THWFD [DN POHC �
C[QEG L[DF MH]D RG �GOC PLKHK[L\O PLFUHLQ HLG GC[SG ONN\ FHQUG UYQCD

\�C[G L[DFDH P�DQ[O Q�GLWD VCH �
TH]H L�\[ L[DF MH]D RGH��GOC PLKHK[L\ �
RLDH[LU ]NTQD ]HDH[Z ]HLEHTD HULWHG [DN [\C PLKHK[L\G P]HC DH[O PSLG��

PLJTWH���

���D �I GNHT
���C �KZ PLJTW
���]LULD[ [HUL\ ]FLFQ RLSUD G�Q J�W GCW 
TQD P�DQ[G L[DFO GSHHNG\ RN]L
���G�[ ]NTQO P�DQ[G \H[LW ����� �TL[W� OL[D 
FGQ RHSDO RLL GC[
��G[HYD �L�\[ L[DF MH]D PQHZQD CDKYLCG O\ PLKHK[L\G LS\ PLULWHQ GLYLSLH THWFD

�LSFL DH]LN PU KL[J] O\
��PLKHK[L\G MH]Q HSL]HD[ L[DF ]SDGD M[HYG �]HSH\ ]HLGO ]HOHNL MNO ]HDLTG F�SUO

LKL[J] ]SNGO PLSQHC ]CLYQD L\HZG �PLSH\C[G PLTHWFG HZ]UHG PGQ\ FLG LD]ND\
GQFZGD KZOQG L[DFD ]HNL[CD PLCYHQ HSC MN �MND GNH[NG GOHFEG ]HOUGH �XUG
PLKHK[L\ PL[TJ PLU[I [FTO Q�GLWD PE ��]UFO ]CIH G�F VHT� GDHK ]HLOE[Q [WTO
RWHCD KOHD L\HZG �PLJTWH RLDH[LU 
TQD\ ]HOLDZQG ]HLEHTD PE [HQCN RNH �PLD[

�PLONH RLDH[LU 
TQO PL\H[LWD FJHLQ
���C �IS�H D �HS VFD
��OU OEUQ O\ HJK\ ]CLYQ ]\JQGO PLTJLL]QG 
TH] L[DFD PLKHK[L\G �D �KZ VFD

�CL\SG CLLJ [D PG[DC 
[ P�DQ[G O\ H[HF RD L[DFD GC[SG ONN P[HZQ �H[KHZ MQT
GQL\[D\ �� 
TQD GI RLSUD GC[ ��D�U[] RLO[D� �][HD\]GH GJL\QG [HDLJ� H[WTD
RQHC GQO\ RHNQ ][HFGQ C�J X�D\]G ]�H\O LKQ]QG JWTSDH ���� 
QUD P\H� ROGO
GUWH] G]LG PLQHFZG PLTHWFD PLKHK[L\G ][TJG\ RLLYO \L ��J�S\]� PLO\H[L RHNQH

OGD O\QO 
LU� G[H] GS\QD HLS\[WH P�DQ[G L[DFD PE COC C[QED Z[ CO �GYHWS
��>JWCZ D[G 
FGQ ]HDZUD OZS[W 
FGQD TSNHG GI KHK[L\@ I�KG D�LW ]Q ]CQHK

OG �>C ZOJ LSLQ\ DL]S PFC [WT@ GNHT 
OGD �E�L\ GLYLSLH THWF� PJH[L HSLD[ L[DFD
\H[LWD ��FHUH >F ]HC GQFZGD HK DL]S P\@ GWL[K 
OG �>JL ZOJ DL DL]S P\@ RLDH[LU

]\[WD �[�] ]S\Q HS[HHLO THWF� ]�GU \�C[GGC[H �PLS\D KHQD HGHC\LH G�F JO\
C]ZLTW@ DHK JZOD GQHF RWHCD RNH �PLKHK[\G HWTHH]S P\\ []C OU PLSZI D\HQD



RLUQG�IQ@ I�T\] L[\]�>C��

LTLTD UFLL ]H\[HFG GNHT ]NTQD\ ]HLEHTG RQ GQNO ]H[HZQ KZO CLDS ROGO
COH ]HLEHTG KH[LWD CO �]HQO\O ]SUHK HI GQL\[ RLC �GTFSGD HC?H RHD\JD
PLFQOSG PLSH\C[G HSL]HD[ L[DF HSLLHY CO �LSOLYL ]HCLE\QH �]H[HZQG ON ]CDGD

J[HQG PGL[DTG O\D ]CIH �PLFFHD ]HQHZQD FDOQ �R[FTN]HNIH �CLEHTO PLD
[DZD ]HDDHF PGL]H]W\H PGLWQ GUHQ\ [DF PL[QHC HSC\ � PL[DJQG��FHQUL �

�OC[\L PU ONOH HSO

PLC\HS G\L\ O\ [YHZQ [HCL]
�ROGOF ]H[HZQD PLSHFSG PLC\HSG RLDQ PLFJC O\ [YHZQ [HCL] ROGO

GDJH[H GN[HCO GNHTG GDHE RLD TJLG ��
PC GNHT OYD D\HL PFC GQC PL[\U FU\ �C[LI [�F CDLOC� D[ ]KL\ [DTG
PL[\UQ GOUQO HOLWC �]HQC UD[CQ []HL GD \L ODC���� �]HQC � CLG GNHTG M[HC
��GNHT OY CNLC CJLH[F RHLNH �CHG OY PH\Q [QCF C[LI 
[N �RCQN �G[\N GQC
]WHZ]DH GNHTG PHZQ O\ LW[EHCLEG DJH[D PE LHO] ]HSWF OYH GNHT OY M[HC
GNHT OY LGL HIN GNHTO L�CD PCG "GSHFSG GNHTG ]FQHU PHZQ GILCD �GS\G

"ZLWTQ
�D �J � D �I� R\DNN GLH\UG GNHT ��

PHZQ O\ VZLG \H[F GOHEU GNHTO\ �GFHGL 
[F CDLOC �RSJHL 
[ L[DF [DTG
C[QEG �]HQC 
F OU 
F O\ UHDL[ ][HYD GNHT VLZGO ]SQ OU �PL\SC �� O\ GDL\L

H[KHZ ]UFL MQT OU OEUQ VZLG DH\LJO PLD[HZQ PLN[UD ]\Q]\Q��DH\LJOH
UHDL[ O\ RHTNOC M[HC��PE � HOOG PLC\HSO [DUQ � PLZTHU CLEHTG L\[WQ �

PL\SC ���D M[HY GLG �PLD[HZQ PLN[UD PL\Q]\Q PC PE �GFLQ HILCD GOC\D
LHKLDG LN RLLYO RLLSUQ �PL\SC ���D HC ���D ZW]TGO GLG R]LS CQ\ HC �CZHHF

GC[� PLZL]U PL[WT O\ PHOLY ]H[HFGQD PL[HLY ]KQ\GD VCH ��[]C OU >C][KHI
HSLD[ \H[LWO PLQHFZ PL\H[LW VTHC �GDHK ]HLOE[Q [WT O\ PHOLYG LTHWFD GQEHFO
PZOJ\ �PL[HLYG FHQU [TJ PHOLYG ][HFGQD �>D�W] PF[K\QC THWF@ ]�GU U�DC[G
PL[HLY PL[TJ PE MN �[WTG O\ LS\G VFD U�DC[G ]QFZGO KHKHQG \H[LWD PL[NIHQ
HSLD[ L[WTD PE ��U�] GLYLSLH �LOLKSE XWJ G\Q 
[O ]�GU ]D\JQ ]NCOQ [WTD K�J
�GOLW]G RHHLND ZTHUG FY 
LT �K�UZ] �DH\KLF[D� J�HCD GQEHFO �PL[HLY PL[TJ \HDOG
HSZH] ]HSH[JCG PLS\G HTWFS\ ]H\FJG ]H[HFGQD �FHUH EO[]�O[] 
LT GNHT 
OGDH

�GOC PL[THJ OON M[FD
���C �IY ]HQDL 
LU
���G�Q C�W RLDH[LU Q�GLWD P�DQ[G L[DF GC[
���G�Q D�W P\ GC[
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Z�GHID PE CYQS �R\DNN GLH\UG GNHT���GNHT� HSLLYD MNO L�[ IQH[ LOHCH �
�GOHEU GNHT� ]HK\WD COH �R\DNN GLH\UG���

�C �J� L[TLZF LSLLF ][DT ��
LZF LSLLF O\ P]UF ]CDHQ C[QEDHEQ CUHDL[ CUDL[ CUHDL[ HEQ COHELU�\ �L[T

LTJL LDEO RHNS CHG\ �GI OON GFLQ HILCD GOC\D PLZTHU PL\[WQG ��CEOW COHELU
VZLGD ]ZTHUG HS]LLEHTD \HQL\O R]LS �PLJK\G���

�D �KL� O]HNO GNQT\ HC VL[Y RLQN H]NHT G\HUG ��
OGHC RLUN@ UHWL\D ]HFQHU GL]HSWF\ GNHT O\ G]H[\ND ]ZTHU C[QEG
G]H[\NO LCS] �EE GO RLC G[HCNO RNOH �UHWL\D O]HNO FJC RWHF MQT\ HC �>PL[LLT
JK\QO PHZQ GLGL RLLFU PLJWK G[\U O\ GDHED\ GIN GLGL ]HSWFG UHWL\\ HSLG

PLJWK 
I OU 
I O\���
�D �DN� �GKQOQ C[]TLCN OLUQO CIHIN ��

]C GCLDQ MN MH]DH �G]OLYO GHH\ G]QJ\ GNHT O\ G]H[\ND ]ZTHU C[QEG
LS[Z\ ODHZQ ��]J]OQ C[]TLCN OLUOQ CIHIN L\SLC L[QCF HSLLG� CWW D[ ]UF

GWY[G OU []HL OHFE [HC P]N PL[YHL MNTD RKZ [HJ M[F PL[FHJG \Q\G��MN OU �
[\CQ []HL OHFE UDKQ HSLG C[]TLC\ P] HSLD[ O\ H]LL\HZ ]C ]HWTH] PLCLDQ
L[DF ]CH OOND C[QEG L[DF ]C P] HSLD[ FQOL MLC GOC\D PLSF PL\[WQG �IHIG

HLOU PLFLUQ PL\HJG\ GQ FES G[HCNO HL[DF N�C L[G\ �K[WD CWW 
[���
�C �KN� GZHO GQJ PL[DF GUD[C OLD\D [�] ��

LLHZLO G[HCNO\ UHFL\ GQ [HCO �HSL]HD[ L[DF [DTGD PLZTHU PL\[WQG
�[DUL COH R]S ZHJ� [QCS PGLDEO [\C �PLQ\G LQ[E MOGQD PLLHO] ]H[HCQG
[DF\���� ��ROGO �� [HZQ� \DF ]H[ULD XL\DLLC L�[ [LUQ\ HQNH ��H �JQZ PLOLG]�

�����POHU VHT FU PHLGQ DH\JO PFC OHNLH �RHD\J LW OU CHG LUDK GI

��[Q]C GOU �CQLCF C[KTQ R\DNN GLH\UG GNHT �P\ O�IH �CSQLGQ CLU[D �D �GS[� E�JHI
�
HNH R\DNG R\UN HS\U OULH \CD 
G HLOU F[L [\C LSWQ HON R\U LSLT [GH �JL �KL P\�
FN GLQUO HLQJ[ \DN GLDF R\DNN COC �KHLFGF \CF R\DNN COH ��D �DS[� P\ OLUOH
[WTD 
LUH �MO GQO CSQJ[F L\DN GLDH MTUN ]C MLQJ[ H\DNL RN �RL]HUD RHUDH RLOYQ

�GFH] LQJO D[G P\D JQ 
UT N 
LT LJ ONO FUHQ
��]LDJ[QG ]HUQ\QG FDOQ ]CI �PLSH\C[G HSL]HD[ RLDQ [NLS ZOJ L[DFD ULWHQG LHKLD

RLCH �OOND GNHTG GSDQO PC LN GNHTG TLTD ][HYO Z[ CO TJLL]QG ��R\DNN� RH\O O\
�ML[CGO PHZQ RCN

���P\ ]NTQG L\[WQD PE GC[H �D �HU VFD RLDH[LU ]NTQD GCDHG HI CLEHT
���HL[DFD PLSF PL\[WQGH �C�[EG [HCLDDH L 
UT CO[] 
LT U�H\H [HK GC[
��[KCSQOC UFQD ]WHQD [CD]Q\ HQN��� �GSH\C[G GS\QO Q�GLW P�DQ[ GC[

[HJG H]HCQ []HL OHFE X[CD G[H[GI GLGL [HJ M[F GTSNS PC \Q\G\ �GZLKWHCG�
�KOJGD

���D VLUT VHTD C�O[] 
LT RJOH\ MH[UD GC[
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]H[HZQ KZO

[HZQC\HSQZH[
]NTQD�G[LKW ]S\ �[DJQ
GNHTRH\C[ THWF ]S\H PHZQ��

��C �DGGHDE CLG\ GNHTL[DF ]�H\ ��G�N[]� X[CHH\ VTHGL 
[
GQC PL[\UQ GOUQOHS GOC\ �E�[] �PLO\H[L� VTHL

��C �DGGHDE CLG\ GNHT]�H\ ��F�[� RC[HF JQY RD RHUQ\ 
[
GQC PL[\UQ GOUQOHNZ 
LT C�J X�D\]G

��C �DGGHDE CLG\ GNHTR�[G \H[LW ��Q�Z� RDHC[ RD PLTLS 
[
GQC PL[\UQ GOUQOPQHL OYO GLG] GNHTH G�F V�L[G OU

��C �DGGHDE CLG\ GNHTRTLS� C �H RLUQG �[OFC GQO\ 
[
GQC PL[\UQ GOUQO�� 
QU �H�N\]

��D �DGNHTG GDHE RLD TJLG�P�\] L[\]� C �N RLUQG �EOHD 
\
GDJH[OH GN[HCO����� �QU

��D �D�GNHTG ]HFLQ�[L\U RHG ��F�Z]� LZL[ LJ OCHSQU 
[
HDH[H H\C[C�Y] �PF[K\QC �C�Q C�W GNHT 
TQ

��D �DGGHDE CLG\ GNHTC�[EG FLQO] �HCOZ\Q ZL\ MH[D 
[
GQC PL[\UQ GOUQO�RLO[D� PLQ\ LFHQU ��D�UZ] M[UD�

�I�OZ]
��D �DGGHDE CLG\ GNHTPLQ\ PJO ��H�OZ]� RLFQU DZUL 
[

GQC PL[\UQ GOUQOI�Q 
G Z[WO �PJO GS\Q�
��D �DCOWS DH\LH GOHFE CL\HZ\KHQCIQ LHOG G\Q RD OC[\L 
[

PFC GQC PL[\U FU RLSUD�C�Z] �C�FWW� OC[\L JYS ��D�OZ]�
GNHTD D\HL CHG\ UFHL

���D �IPLD[HZQG PLN[UG [HCLDOLON ��D�WZ]� RILHGSIL[W FHF 
[
O\Π� O\H√��KW 
QU G�W �I�SZ] �RLO[D� RHD\JG

C G[UG �� 
UT
���D �IR\DNN GLH\UG GNHT��L�]] C�F� OCL\HJ RD OCSSJ HSD[

GNHT ]NTQ OU OCSSJ HSD[ \H[LW
���D �IR\DNN GLH\UG GNHT�XLDHSLD[�[SLQHG DZUL RD GL[C 
[

C[ZLH �I�N[] CSOLH� ]�GU DKLG [CD
�FSZ 
QU� FO �EN

��HSFLFLO �PLSH[JCH PLSH\C[ PLSHCE ]HFOH]O L\HQ\ ML[FQ� LW OU DH[O G[LKWG LNL[C]
Q LK[W COO PLULWHQ PLYHWS ]H[HZQ �R�\] PLO\H[L 
FGQ �O�I [SHC[D PG[DC 
[PHZ

�THWF ]S\H
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���D �IR\DNN GLH\UG GNHT��E�U ]S\ L[JC� [GG RQ PG[DC 
[
G\Q 
[ 
FGQ� GNHT ]NTQ \H[LW

�G�O\] Z[HL�HLS �LHOD RGNG GFHGL
���D �IR\DNN GLH\UG GNHT]�H\ ��F�[� RC[HF JQY RD RHUQ\ 
[

GC[ �GTZ�H KNZ 
LT C�J X�D\]G
� RQHC GQO\ RHNQ 
FGQD JWTSD

PLO\H[L RHNQ
���D �IR\DNN GLH\UG GNHTPLLJ X[C ��H�U[]� RHG]T PLLJ 
[

�� 
QU DC FHDN [QCQ ��K�S[] �]WY�
���D �IR\DNN GLH\UG GNHT
QU �I�O\]� D �I UFQH G[H] �EOHD 
\

�����

���D �IGNHTR\DNN GLH\UG
QU �R�\]� EL HSO]N �OCHQT ZJYL 
[
�����

���D �IR\DNN GLH\UG GNHT
QU �F�S\]� L OEQ �[D[E FHF 
[
������� 
QU �G�S\]� CL OEQ ��������

���D �IR\DNN GLH\UG GNHT��G�U C�G� L[LCQG GQO\ RD PJSQ 
[
G[LJDG ]LD

���D �IR\DNN GLH\UG GNHT��G�U C�G� L[LCQG GQO\ RD PJSQ 
[
HU VFO RLDH[LU 
TQO L[LCQG L\HFLJ

�EO[�HN[ 
QU Z�GTHQ 
FGQ� D�C
���D �I� R\DNN GLH\UG GNHT�VZG� M[U ]LFHQO] GLFWHOZLYSC

OEUQG VZLGGOZ] [HK L M[N
���D �I� R\DNN GLH\UG GNHTM[UG ]LLEHTO ]H[UG �EOHD 
\

OEUQG VZLGO\ L[WTQGΠ
QU �H�S\]� E RHLEG �
������

���D �I� R\DNN GLH\UG GNHTE RHLEG �[D[E FHF 
[H RCDY IUHD 
[
OEUQG VZLG������� 
QU �H�S\]�

���D �I� R\DNN GLH\UG GNHT�RHTNOC� M[U ]LFHQO] GLFWHOZLYSC

HNH CUHDL[D C]QC ON� [HK K 
QU D M[N

���C �JRHTNOCG M[HCPG[DC [�D DLO GL[C GFHGL 
[
]W\ ��G�T[]� [HEQ []OC LNF[Q
ON LFNQ G�F GNHT ]NTQ OU ]QC

C]QC
���C �JG�FD 
TH] L[DF [HCLDGKQ � LS\ L[IHN ��J�W]� HKLS FHF 
[

ON G�FH UDH[Q GQN
UT� LULD[ JHNLH �F�U] �RHFSHO� RF
UHDL[D C]QC�IY�ET
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���C �JG�FD 
TH] L[DF [HCLD�G[\L OE[ ��H�WZ]� XL\WLO GLOFE 
[
ON G�FH UDH[Q GQN�K[HWSGLF� GEH[UGH LTFSG T[KSHZ

UHDL[D C]QCD �CS �I�SZ]
���C �J�R\DNN GLH\UG GNHTL[JC� LZC[H\ HGLOC RD GLFUT 
[

CUHDL[D C]QC�RE ]Q[� [WTQ GSHQ ��C�S] C�G
��� 
QU E�W PL[FEG [U\ �E�O\]

���C �JGNHTR\DNN GLH\UGMH[U ��D�O[]� [ESLOKC DZHL DZUL 
[
[SO

���C �JL[TLZF LSLLF ][DTC�F� F�DC[G FHF RD PG[DC 
[
EN[ 
LT PLUF PLQ] ]�H\ ��J�SZ]]

���C �JL[TLZF LSLLF ][DTR�[G L\HFLJ ��Q�Z� RDHC[ RD PLTLS 
[
D �HU RLDH[LU ]NTQO

���C �JL[TLZF LSLLF ][DTLSW ��I�KZ]� ZOW U\HGL DZUL 
[
HEQ ZLWSF UHDL[ C[QED G�F �U\HGL

COHELU
���C �JL[TLZF LSLLF ][DT[FTO C�[EG L\HFLJ ��J�SZ]� C�[EG

�J�N\] �DLDC�O]� FUHQ
���C �JL[TLZF LSLLF ][DT��
U C�G� C�D\[G ][FC RD GQO\ 
[

G�F D �HU RLDH[U C�D\[G L\HFLJ
CUHD[

���C �JL[TLZF LSLLF ][DTLOLD\C PG[DC RD DHK PHL 
[
C�DKL[G L\HFLJ �
Y C�G� C�DKL[G

PL[WTG ]T[LE G�F GNHT 
TQO
���C �JL[TLZF LSLLF ][DT[IULOC [�D RGNG [LCQ DZUL 
[

C�[EG L[DFD G[UG��CTUFC� G[H] OLFEL XDHZ �RCQ[DLO
�DU\ 
LT J�HC U�H\DGY 
LT ��� 
QU I T[KSHZ �E�Q[]

C 
UT ]HSH\ ]H[UG
���D �KL�VL[Y RLQN H]NHT G\HUG�PF[K\QC� FHF ]LD �LFOSL[HZ FHF 
[

K�HLH] OUD L[DF [HCLDC�LQ C�W ��J�Y]
���D �KLC�[EG HSD[ L[DF OU [HCLDGSZ �XLKCLOU[F PG[DC RD RTLS 
[

CO[] 
LT U�H\ OU H[HCLDD��K�WZ] �GSFH[HGH GSOLH� GQNJ
ML[YH G�FD IK 
UTC 
LT LULD\G [U\G

���D �KLC�[EG HSD[ L[DF OU [HCLD�HHCOZ\Q \LOKLLY U\HGL RD G\Q 
[
CO[] 
LT U�H\ OU H[HCLDD�E�YZ] �HHCOZ\� CDYG [WTO ]WTH]

ML[YH G�FD IK 
UTCOWS [HCLD G�F D �CL VF

���D �KLVL[Y RLQN H]NHT G\HUG]LD XDHZ �[EU[LD OCHQ\ [IUOC 
[
]HLH\U\ GNHTG ]HSWF�C �JL �RLOHKT RLO[Z� OC[\LH R[GC

�RHTNOCDLZ�KY 
QU E�T\] �EZ�
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���D �KLVL[Y RLQN H]NHT G\HUG��E�T\]� HGLOC ]N[D �[DHZ[ MH[D 
[

LT J�HCO C�[EG [HCLD OU [HCLD

KO[]
���D �KLVL[Y RLQN H]NHT G\HUG
[CLOE ��I�YZ]� ZCF[CGHHCSQ FHF

E 
LT J�HC C�J �G�[] CSOLH� ]NTQ
���D �KLVL[Y RLQN H]NHT G\HUGMH[U ��D�O[]� [ESLOKU DZHL DZUL 
[

[SO
���D �KLVL[Y RLQN H]NHT G\HUGP�DQ[G OU GS\Q FLEQH JHSQ HSLD[

I�G F�W GNHT ]HNOG �G[H] GS\Q

���D �KLVL[Y RLQN H]NHT G\HUG]HFOH] ��F�Y� POH\Q RD PJH[L HSLD[
�C �HS VF� J DL]S PFC

���D �KL�VL[Y RLQN H]NHT G\HUGL[HNLD ��D�O[]� [ESLOKU DZHL DZUL 
[
L 
UT CO[] 
LT J�HC U�H\EL Z�T CO[] 
LT OU DZUL

���D �DN]HWTH]G OU GGLQ]H CL\HZ\KHQCIQ LHOG G\Q RD OC[\L 
[
RLSUD P�DQ[G L[DF PHLZH��C�Z] C�FWW� OC[\L JYS ��D�OZ]�

OLUOQ CIHIND �IS VF
���D �DNOLUOQ CIHIN�C�OZ]] C�F� P] DZUL HSLD[

JT\ 
LT PL\HFLJG ZOJ [\LG [WT

���D �DNOLUOQ CIHINGZLILW �EOHD RHUQ\ 
[H C[IU RD FHF 
[
�F�T\] PLO\H[L� PLLFHGL ]H[HZQD

������� 
QU
���D �IOLUOQ CIHIN��E�U C�G L[JC� [GG RQ PG[DC 
[

GFHGL G\Q 
[ 
FGQ GNHT 
TQ \H[LW
�G�O\] Z[HL�HLS� LHOD RGNG

���D �DNOLUOQ CIHIN��
F �G� CWH[G PG[DC [�D GLZFY 
[
O\ 
LT ]HNHTG EJ KZOG LOHDL\

���D �DNOLUOQ CIHINT�LD �G[H] L\HFLJ XDHZ �LHO GFHGL 
[
O\H[L GLEHOHSNKO GHDE�K�Q\]� D PL

��� 
QU
���C �KNGFEGG OU COWS \H[LW\KHQCIQ LHOG G\Q RD OC[\L 
[

RLZHO ]H[HCQ PL[DF 
F OUF�C�Z] C�FWW� OC[\L JYS ��D�OZ]�
���C �KNPL[DF GUD[C OLD\D [�]L[DF ]�H\ ��G�N[]� X[CHH\ VTHGL 
[

GZHO GQJK GOC\ �E�Z] �PLO\H[L� VTHL
���C �KNPL[DF GUD[C OLD\D [�]RCQ[DCG [LCQ RD DZUL RQOI 
[

GZHO GQJD �N VF �F�Q[] GSOLH� DZUL ]L[C\
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���C �KNPL[DF GUD[C OLD\D [�]��D�O\� C�Q[G \LO[TLC G\Q 
[
GZHO GQJUF G]UH G�F J�W C�J GOHUG ][H]

���C �KNPL[DF GUD[C OLD\D [�]]H[UL ��F�NZ]� XLD\LLC R]SHGL 
[
GZHO GQJLLJC RNOH G�F DL G\[F D�J �\DF


HNH LSDH
���D �GSPL[WG [WTQO GJTHSVOC RG\ G�F �C �HZ ]HJSQ ]HWTH]

]HNHTG EJD HDL[ZG\
���D �HSGOHFE ]HSQHC �]H[Q\Q
QU �G�T\]� GN RLQHJ] �TLLH VTHL 
[

LQO\H[LP\ G]LG�������
J�G G�W

���D �HSGOHFE ]HSQHC �]H[Q\Q]�H\ ��J�U]� LISN\C \[LG LDY 
[
LQO\H[LDNZ 
LT LDY PNJ P\ G]LG
J�G G�W

���D �HS]H[Q\QPLQ\ PJO ��H�OZ]� RLFQU DZUL 
[

TQ PJO GS\Q �J�NZ] GSHKOC�

I�Q G�W �GNHT
���D �HSGOHFE ]HSQHC �]H[Q\QRLODHOQ RGNG DZUL RD ZHFY 
[

LQO\H[LP\ G]LG�I�K\] �C�]� ]HSH[NIG [WT ��T�[]�
J�G G�WP\ G]LGGSUKG DL\Q T[KSHZ

���LQO\H[LGOHFE ]HSQHC �]H[Q\QRFU OJS ��C�Y[]� RCF[CE OCW[ 
[
J�G G�WP\ G]LG� C �HK VF �RH\LW [GS ��J�L[] �GSOLH�

C �IK

JWTS
PLZLQUQ PL\H[LW P]HLG O\D FJHLQ RLSU PGD \L\ ]H[HZQ LS\ RCN HSW[LY
RHD\J ]HOHUW OU PLTTHDQ PSLCH �FQHO ON O\ FL E\LGD PSLC\ PL[WT MH]Q
� L]ULFL DKLQ LWO � RCN ]QT[W]Q X[CHH\ VTHGL 
[ O\ GDH\]G �]HDN[HQ

�GS\ ����Q GOUQO LSWO PLO\H[LD [HC G]C[\ ICQ GSH\C[O
X[CHH\ VTHGL 
[O VTHL L[DF ]�H\ MH]Q���O�SG GQL\[D ��� K GOC\ �

GQHF GQJ O\ HLSW T�\D P\ [NIS\ �\H[FOH [ZJO VLTHC LSC ]HLHZOG [DFDH���

��� TCOW G[LLUD F�TZ] ]S\D FOHS XC[HH\ VTHGL 
[Floss�GLSQ[ED\ GL[CHHCD IHJQD �
GOU �GLWC[EHCLE FQO GD E[HDY[LH ]KLT[DLSHCDH PL[HQO [SLQTD PLFHQLO [JCO
HL[ZJQ L[WQH �L�C O\ GNOGGH GLWC[EHCLEG [ZJOH FHQLOO [TQ]GH �� OLED PLO\H[LO
O\ GS\ JHO D�N[] ]S\D PT[LW VC CHG Z�GLUD RCN ��X[CG ]HCHD]� H[WT ]C D]N
[HC HC[\ ��VTHL L[DF� HL[WT �CLGG GWHZ]D LK[FSKT JHO ]HLGO MWG\ �GNOGG LSQI
H]HOFE ]C [LNGO R]LS PNH]QH PLO\H[LO H]LLOU [JCO PLS\ [\UN G�[]�E�[] ]S\D
HD\JSH ICQ DH\ HTWFS CO PGH �Z�GLUD HTWFS\ PLSH\C[G PL[WTGQ HLG �G[H]D
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LHZLOD\ HSUFL COG �
HNH GIOH GIO �POHUO CD DU[ LYJ Z\O �POHUO CD D[J PFO
PL]UOH GLSW ZOJ\ PC LN �PLSH\ PLSHHEO GQJG LSWH GC[Q GS]\S CO GQJG
[H[D COC �Z\ HC PF GC[QO GS]\S COH �GTN]S\ \QQ OLWCQ GLSW ON PLZHJ[

OG HC GQJG\ RH\OD T�\G ]SHN RLC\]HUHFLG HLHZLO OU RLZHO ]H[HCQG HC GSD
�[JC LHZLO OU P]SHHN PC LN �UE[ OU PHYQYDH ZHFZFD RHHNQ RHD\J W�U PG\ �HSO
LQHFC PLQUW �PLSHHE GQNO GDLT L]OD J[L LSW HC GQJG LSW HS]\S PLQUWO\
LSW OU PLFCH �PLSSU PLC[S CO\ [HGKH LZS ULZ[G [LHC VCH �L[HJ\ LZH[LH
GI GC[QH �GDLTG HSO GUFHS COH �CHG COWGH COW ]QCD GIN RLSU �]H[HCQG
RQIG OHDE COH RHD\J CO HD MLL\ CO LCFH �GDLT HO RLC\ [JCQH �PLZHJ[ PL]LUO
OU O�INJ L[DF W�U G[HQ GIN UDKD LHSL\H �\QQ G[ZQ CHG LN �GC[L L]QLC ]UGH
OUH ��H]J] OC PLQ\G ]H]HCQH� �PLQ\G ]H]HC OOND CHGH �]HFL]UH []TS [DF

�]HUHFLG ]HLHZOG OU CO �RLZHO ]H[HCQG P[QCD O�IJ HSHHLN GOC
]HU\ 
F HQN PHLG ]HYJ [JC J�YZ] ]S\ [LLC \FHJO J�N 
F PHL L]LC[ LSLUDH
GQJG LSW GS]\SH �[GHKO PLQ\G PYUN LZSH JY ULZ[G [HC GLGH �C�DDH] Z�GU GW

�GKC[ OUZSHF� L[HJ\ LQHFC GC[QO PHC]Wdunkelrot�]JC GU\ M[UD RQI M\QD �
H[QC LN �FHCQ FU HSFJWH �[LUG ON PHG]H �]WHQOH COWO HLCH[ ON LSLUD [DFG GLGH
GSJQD GWEQH [DF CD H][JQO FLQH VNL] PLD[G HSL]HSHHUDH �CHG ZL[ [DF CO LN

�OHOC J�[O MHQT FU CLGG G[YG ]U GN\QSH �D[ PU OWSH �O�[ OC[\L LSD
HQN U[LC GSDOO PE LN �RLZHO ]H[HCQG O�IJ H[QC GOCN ]HC[Q OU ZWT L]ODH
OU CO ODC �GDLT L]OD �[JC RHHEO ]HUHFL PSLCH ]HZHJ[ PL]LUO GLSW HS]\S\ �RN
CW[ VF CY] LN ]\[W [GHIG RH\O \[WO GC[S GIDH �RHD\J W�U HSO ]HUHFLG ]HLHZO
G]ZO FNH 
HNH U[H DHK HGLC C[GLTH O�IH �
HNH [QCH CSQLGQ CLU[ J]W G�FD D�U
PLOCUQ\LO U[ RQLT GSH[TJD G]ZO FNH �OC[\LO DHK CO CSQLT GCHOQD

][H\Z]D PLZOJG FJC O\ GZH[T G[HFGQ GQT[HW PLS\ [WTQ LSWO �[]HLD PL[LFSN
[DJQG LCYCY L�U G[FLTG ON KUQN GFOZHG PEH GZ[TS GSH[JCOH �]LSH[KZOCG
OHFEG POUWQ OU C]LL[HCO POLJ [\LLH �PLO\H[LQ L�S X[HH\ [LCQ 
[ HS[DJ O\ HFHFLUD
]HDH\]G RQ GQN FDUO L]OJ]GH �GI PHOD [YHCD L][NG ]HD[ PLS\ LSWO FHU �DH\JGH
[DJQG O\ H]HCLZD ]C ]HC[QGH �HSSLSUO ]HUEHSG ]HDH\] L]\ P\ ]HCYQS �PL\H[LWGH
]NTQG ]OLJ]O K[HWQ [DTG ]OOHN GSH\C[G �G[H]G FHQLOD FJHLQG HN[F ]CH
\C[D ]FQHU GQJG\N PHLG LYJDF [\WC MLC� � C�DKL[G K[WDH � PLSH\C[G ][LZJOH
RSD[O HGO PLZF HYH[L]H �PL[\UQ GOUQO ]HGHDE ]HSWFG\N MNT OY CGL CO\ PFC ON
PLSLLSHUQG� �MNT >OY@ LQS CNLO ]HSWF OY CNLOF PHLG LYJD PL[\U GHDE MNTG\NF
GDH\]G ��
RLUQG
 ]N[UQO ]HSWO PLSQIHQ O�CHFD GDH\]G O\ FDHUQG JTHSG ]C ODZO
GLG] CLG\ RWHCD �]H[HCQG LLHZLO O\ CLEHTG ]C ]SDOQ �RCN ]QT[W]QG CLGH �GLS\G
]HSD[D \QL\ �X[CHH\ PLLJ 
[ �VTHGL 
[ O\ HLJC� �ZLQUQ LKQ]Q UFL COO PE ]SDHQ

� RUD[LG G[LLUDHürbenP\D ]H\[FH [THQ ]JNH] [WT D�O[] ]S\D PT[WH D]N P\H �
O\ LS\ ZOJ C�Q[] ]S\D MCDOHI PG[DC 
WH[W O�HG H][LKW [JCO ��PLLJ J[HC�

��GI H[WT
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HNH��]LON] FHELSG ]UD PC LN GSH[TJD GLG] GSDOG LHZO\ [\WC LC COG �N�U �
�RHD\JG W�U HSO ]HUHFLG ]HLHZO [GHIG ]SHHN RLC [HQCG W�U RNC �CZHF GCHOLQ
L]OD ]HLZO GSHHNG POHC �GSH[TJD GLG] GSDOG LHZLO\ UDKG [FED RLC LCFH

LCFH �RHD\J L]ODH GDLT]UD HC GCHOLQG ]UD PLQUWO HLGL GOC HQN ]HLZO
�UHFLH ODEHQ RQI RGO RLC LN �RH[TJG

LZL[ LJ OCHSQU 
[O GS\Q L[FT G\L\ OU [L\U RHG [WT MH]Q�PF[K\QC�
�O�SG GQL\[D � 
TQ �C�Y]

]HSWF 
E GO RLC\H �C�Q C�W GNHT ]NTQ
[HUL\F 
HNH GO RLC\H G�FD D�[G D]N �
HNH
H\C[O 
H OU 
H �GUD\ OU GUD\ CHG GNHTG
ZF COH �N�U �HSJO\O JWK OU JWKH HDH[H
GUD\ OU GUD\Q CLYH]\N L[GF �GLS\LOD
H�O PG\ G\\ OU G\\ JK\ PLJWK K�Q PG\
E�LG HOC\ CHG ]QCH �PLJWK E�L MFLD H[C\L
DJH[D DJH[OH M[HCO 
HG JK\ PLDDHT PLJWK

�GIN JWK
\[HWQ GI [DF HSLYQ CO T�\DH �ZHJF HSH\O\ W�UC D�[G RHHLN GIO\ [\WCH���

PLZTHWG HZLLF DL]L C]QCD C[DEF COONQ PC LN��HDH[H H\C[O G\\ OU G\\
LQO\H[LDH �HSJOH\O JWK OU JWKH��RSLT[E COH �JWK RJO\ GQNH RSLT[E C�G D�W

��U[H GCHOLQD DHK U[H DHK HGLC C[GLTH��� �CSQLGQ CLU[D P\ [GIG O\ COQG O�IH
]ZO FNH OCUQ\L LSD GD RLSHQH OC[\L GD RLSHQ U[H DHKQ COLON LGLCF RLEDH GSH[TJD
GFDCH LCGDH PLOCUQ\LO U[ RQLT GSH[TJD ]ZO FNH OC[\LO DK CO CSQLT GCHOQD
COC R]CL[DD RLUFL CO RHSLCF []]T] PLSHDS ]SLDH PLOCUQ\LF GQNJ HLQNJ ]QNJ
GCULD[ CQHLD ]CL[D]C C[GLTH R\HQL\H R]NLOGD CQOU LHS\ LWN RHGOLF C\HQ\D
J ]HC ]HLOE[Q RDHC[ 
[O [GI LYHYLSD P\ 
LUH ���]LOLO ]CL[D]C ]HLSU GOLF GSH[TJDH
V[YQD �K�HLH] OUD O\ H[HF RD �HELFQOF [�\L 
[ L[DFD RHFS GI [QCQ �HI GDH\] CLDQG
�[WTG VHTDH P\ M[HUG ][UGDH ES VF R�[] G\[H ][HFGQD GC[ ��K�W\ OID� GQNJO

��JWK OOJ P\ RLC\ COC HS\ CO �CSHG D[ [QC �\LFED KKHJG �D �IK GNHT GHH\G
�R]SHL� PHE[]D GC[H �GNHT GI L[G � GUD\ M\QD JWK OOJ P\ \L ODC �GUD\ M\QD
LET GOHKH CN\HW FU CLL]LO]H RHG]NOGN CGLLSWHF L[]F ]OOKQD �DQ �EN C[ZLH

CG]J\Q �RL\LO]H CU[C RQ RLLD[QF RLSLLI RQ CEJ PH\O COHKO CFDU]Q G\QL\QFU
LN\HW CUD\�
HNH �LN\HW C[\U CQH[F COOJH >PLJWK@

���HSJOH\H HDH[H H\C[ GQNH �EYZ 
QU GGHDE CLG\ GNHT Z[W GNHT ]HNOG � FL 
LT E�GD 
LU
PLJWK GUD\]HQC 
F OU ]HQC UD[C GD ]LC LC �RSLUD UDZ ][LF GNHT [DT LD[H �

]ZIJQ GSLC HOLWC L[QCF RSD[N GNOGH �L\SLC GD RL[LLF CO CO LCH \LSLC GD RL[LLF
�FDOD HSJOH\H HDH[H H\C[ COC

��HSJOH\ LFN CHG GQN �HSJOH\ LFN HOLWC COC HSJOH\ [DF VHT CO �P\ LQO\H[LG RH\O GIH
�P\ G\Q LSWD GC[H �JWK
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LSW OU MOHG HN[HC ODC �JWK CHG RJO\G DJH[ [HUL\F [LW\ L]C GI LWOH �JWK OU
PHZQ HO HSZ] GJH[T G[LF GNHTG GLG] CO\ LFNH �PLJWK G\\ H[HUL\\ PFCG ON
GUD\ COH GUD\ OU GUD\ G[HUL\\ H[QC LNG PH\QH �GSWL [\C FY OND HSJO\O

�G\\ OU
�PL[U\ PL\QJ GD\ GSLDD CLG\ �RHLOUG GQHZQ OU G[HQ GI [HUL\ LN �FHUH

O�IC\QN K�Q PC LN G\QO HOES CO [\C��G[H] L\QHJ G\QJD HO HOES GIH �
DL]NFN��PL]UD\ ZZHIQ X[CO OLOUD VH[Y VTN PG [\C �GUD\ GLFHQU GDYJ���

PL\QJG [U\ LN �PL[U\ K�Q FES K�Q GOHUG GUD\ OU GUD\ GNHTG [HUL\ CHGH
GOC OOHNG GNHTG ]HOOND IHQ[ CHG GIG [U\G\ [\WCH �HO GOES CO POOHNG

PLJWK K�QG���]HCLE\Q LSOLYL 
GH �
PLQNJ ]S\Q L[WTD RLLUH��
G Z[W ML[C ]NTQ PL\FZ [FTD ]HQOHUG J]WQD

]HD\JQ D\HJ L[WTD FHU RLLUH �[U\G GI FHT 
H CZTLW��\CG L[HCQ ZOJD
E�L IQ[ ]HL\[W DH[LU [QCQD���

HZ GKSL FHUH �GSLSDD PLO\H[L ]HC[O HSNIL M[D]L P\G
\[FQD HSL]HD[ ]UF LWN GHH\G HZ PHZQ FU DJ[]]\

�OC[\L X[C ]\HFZD \FZ]] O�HJ ONH ���C[QEDH
GQFZGG VHTD ��� [HZQ OLUO� PLQ\G LFHQU [WT

��GOHU HWHE ON\ PLQ � H[\D ON ��� >IK �HK C[ZLH@ H[\D ON ]C PLQD XJ[H �D �F RLDH[LU 
LU
�GCT PLUD[C GHZQ LQ PLQNJ H[UL\H �]HQC \O\ PH[D GQC OU GQC � RG GQNH �RGD

���C �K LO\Q
��"CHG LOELQF CS\LO OLOU LCGF UQ\Q LCQ �D �CN GS\G \C[ 
LUH �I �DL PLOLG] LW OU

ZZIQ X[CO OLOUD VH[Y VTN ]H[GK ]H[QC 
G ]H[QC C[Z [QC �HGDC LD[ [QC
[TJ G\QO HS]LS ROHNH �POHUD HC[DS GSLD L[U\ PL\QJ �[QC FJ �OCHQ\H D[ �PL]UD\

���FJC
��JO\LH ]\[WO L]D[ ]L\C[D \[FQD C]LCF GQO GQHFD �K�Q  
I OHWN 
I HSLG PL]UD\

�DL �GO ]L\C[D
��TJSW 
[O HYU PUK \H[LWD P\H �K�Q[] CZ[Z THWFD C�U GN VFD �H�N] HS[HHLO [�HWF

�]L[DG [WT OUD HGLOC
���H�S[] \KCZSHQ THWFD E�N 
QU �H�W] PF[K\QC
��CHG CKHJG RNH �GOUDQ GFHQOEH GFLS CLG PF GCH[G G\CG\ CLG UHFL �P\ CDHQ MNH

GQ PLFHOC [QC U\[OH DL]NFN G[H]G RQ GFHSQ CHG PFO GQHFG �UHFLN UOH]N PHFC
\L\ PLQD ]ODHK\N RH\C[G G[]LGO ][IHJ G\CG\ HQNH ��IK �S PLOLG]� LZHJ [WTO MO
PLUD[CD HDO PLQN MHW\L\N MN �]HQC 
E PH[D GQC OU GQC PLZLIJQH GCT 
Q PGD
HD]NS\ ]HOOZ J�YQ GDH\] LQL PG\ PL[HWLNG PHL FU OHOC \FHJ \C[Q \L\ PHL
GQC OU GQC VZLG PLDDHTG ]HUDYCG [WTQ PG\ �CKHJG \LSUGO G[H] GS\QD
F�N PLQUW 
FH ��H Z�T C[ 
LT F�HL M�\ 
LU� LYJH PLOFHE F�N GHZQD GQC ON\ �UHDL[D

J�Y CHG LYJH[4·24½ = 98]FESN GDH\]D D\O PLHC[G PL[DF G\O\G G\UL GI LFL OUH �
�H]CQHKQ [GKL IC �GZFYH GOW] GDH\] PGH GDHE ]HQC 
E


