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S`Q?H�Ȓ2Mő

"vH� Db2K b2xM�K2M� b iőK- ʈ2 M� KQm /BTHQKQpQm T`�+B b2 THMÿ
pxi�?mD2 x�FQM ÍX RkRfkyyy a#X- Q T`�pm �miQ`bFûK- x2DKûM� Ȝ ey Ĝ
ȒFQHMő /őHQX

"2`m M� pÿ/QKő- ʈ2 h2+?MB+F� mMBp2`xBi� p GB#2`+B UhlGV
M2x�b�?mD2 /Q Kɷ+? �miQ`bFɷ+? T`�p mʈBiőK Kû /BTHQKQpû T`�+2
T`Q pMBiǼMő TQiǼ2#m hlGX

lʈBDB@HB /BTHQKQpQm T`�+B M2#Q TQbFviMm@HB HB+2M+B F D2DőKm pvmʈBiő-
Db2K bB pÿ/QK� TQpBMMQbiB BM7Q`KQp�i Q iûiQ bFmi2ÍMQbiB hlGc
p iQKiQ TǼőT�/ÿ K� hlG T`�pQ Q/2 KM2 TQʈ�/Qp�i ȹ?`�/m
M�FH�/ɩ- Fi2`û pvM�HQʈBH� M� pvipQǼ2Mő /őH�- �ʈ /Q D2DB+? bFmi2ÍMû
pɷȒ2X

.BTHQKQpQm T`�+B Db2K pvT`�+Qp�H� b�KQbi�iMÿ b TQmʈBiőK mp2/2Mû
HBi2`�im`v � M� x�FH�/ÿ FQMxmHi�+ő b p2/Qm+őK Kû /BTHQKQpû T`�+2
� FQMxmHi�Mi2KX

aQmÍ�bMÿ Í2biMÿ T`Q?H�ȒmDB- ʈ2 iBȒiÿM� p2`x2 T`�+2 b2 b?Q/mD2
b 2H2Fi`QMB+FQm p2`xő- pHQʈ2MQm /Q Aa ah�:X

.�imK,

SQ/TBb,



�#bi`�Fi

�miQ`, "+X aBKQM� EMQTTQp�

AMbiBim+2, 6wa @ "BQK2/B+őMbFû BMʈ2Mɷ`bipő

L�x2p T`�+2, L2BMp�xBpMő bH2/Qp�Mő D�i2`Mő bi2�iƦxv BM pBpQ
TQKQ+ő K�;M2iB+Fû `2xQM�M+2

o2/Qm+ő T`�+2, /Q+X AM;X .�MB2H CB`�F- S?X.X

SQÍ2i bi`�M, 3j

_QF Q#?�DQ#v, kyRN

�MQi�+2, h�iQ /BTHQKQp� T`�+2 D2 x�KÿǼ2M� M� pv?Q/MQ+Qp�Mő
J_ Q#`�xɩ x/`�pɷ+? � bi2�iQiB+Fɷ+? D�i2` TQKQ+ő i2tim`Mő
�M�HɷxvX Ìi2M�ǼB DbQm p i2Q`2iB+Fû Í�biB b2xM�K2MB b T`Q#H2K�iBFQm
D�i2`- T`BM+BT2K J_ � J_ bT2Fi`QbFQTBBX o 2tT2`BK2Mi�HMő Í�biB
DbQm /�i� xT`�+Qp�M� T`Q;`�Kv J�w/� � G*JQ/2H � M�bH2/Mÿ
pv?Q/MQ+2M�X

EHőÍQp� bHQp�, K�;M2iB+F� `2xQM�M+2- J_ xQ#`�xQp�Mő- J_
bT2Fi`QbFQTB2- i2tim`Mő �M�Hɷx�- bi2�iƦx� D�i2`

e



�#bi`�+i

�mi?Q`, "+X aBKQM� EMQTTQp�

AMbiBimiBQM, 6wa @ "BQK2/B+�H 2M;BM22`BM;

hBiH2, LQM@BMp�bBp2 P#b2`p�iBQM Q7 i?2 GBp2` ai2�iQbBb lbBM; BM
oBpQ J�;M2iB+ _2bQM�M+2

amT2`pBbQ`, /Q+X AM;X .�MB2H CB`�F- S?X.X

S�;2b, 3j

u2�`, kyRN

�MMQi�iBQM, h?Bb i?2bBb Bb 7Q+mb2/ QM 2p�Hm�iBQM Q7 J_ BK�;2b
Q#i�BM2/ 7`QK ?2�Hi?v �M/ bi2�iQiB+ HBp2` mbBM; i2tim`2 �M�HvbBbX
_2�/2`b ;2i FMQrH2/;2 Q7 i?2 HBp2` iQTB+b- J_ T`BM+BTH2 �M/ J_
bT2+i`Qb+QTv BM i?2 i?2Q`2iB+�H T�`iX AM i?2 2tT2`BK2Mi�H T�`i- /�i�
b2ib Q#i�BM2/ /m`BM; J_ 2t�KBM�iBQM �`2 T`Q+2bb2/ #v J�w/� �M/
G*JQ/2H T`Q;`�Kb �M/ bi�iBbiB+�HHv 2p�Hm�i2/X

E2vrQ`/b, K�;M2iB+ `2bQM�M+2- J_ BK�;BM;- J_ bT2+i`Qb+QTv-
i2tim`2 �M�HvbBb- HBp2` bi2�iQbBb

d



SQ/ÿFQp�Mő

SǼ2/2pȒőK #v+? +?iÿH� TQ/ÿFQp�i bpû FQMxmHi�Mi+2 J;`X JQMB+2
.2xQ`iQpû- S?X.X x� Q/#Q`Mû `�/v- i`TÿHBpQbi � KQʈMQbiB pvmʈBiő
T`QbiǼ2/Fɩ M2KQ+MB+2 AE1JX L�bH2/Mÿ #v+? +?iÿH� TQ/ÿFQp�i
/Q+X AM;X .�MB2Hm CB`�FQpB- S?X.X x� p2/2Mő /BTHQKQpû T`�+2X o
M2TQbH2/Mő Ǽ�/ÿ #v+? +?iÿH� TQ/ÿFQp�i bpûKm TǼői2HB � D2?Q K�KBM+2
x� M2mpÿǼBi2HMQm TQ/TQ`m #ÿ?2K Tb�Mő iûiQ /BTHQKQpû T`�+2X
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P#b�?

a2xM�K xF`�i2F X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R9

R C�i`� Rd
RXR PM2KQ+MÿMő D�i2` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ky

RXRXR ai2�iƦx� X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ky
RXRXk 6B#`Ʀx� X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kR
RXRXj *B`?Ʀx� X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kk
RXRX9 >2T�iQ+2HmH�`Mő F�`+BMQK X X X X X X X X X X X X X X X X X X X X kk

RXk ovȒ2iǼ2Mő D�i2` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X kj
RXkXR lHi`�xpmFQpû xQ#`�x2Mő X X X X X X X X X X X X X X X X X X X X X kj
RXkXk oɷTQÍ2iMő iQKQ;`�}2 X X X X X X X X X X X X X X X X X X X X X X X k9
RXkXj J�;M2iB+F� `2xQM�M+2 X X X X X X X X X X X X X X X X X X X X X X k9

k J�;M2iB+F� `2xQM�M+2 k8
kXR C2p K�;M2iB+Fû `2xQM�M+2 X X X X X X X X X X X X X X X X X X X X X X X X k8

kXRXR T1 `2H�t�+2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X k3
kXRXk T2 `2H�t�+2 X X X X X X X X X X X X X X X X X X X X X X X X X X X X k3

kXk S`BM+BT ipQ`#v J_ Q#`�xm X X X X X X X X X X X X X X X X X X X X X X X X k3
kXj wQ#`�xQp�+ő b2Fp2M+2 X X X X X X X X X X X X X X X X X X X X X X X X X X X jy
kX9 P#`�xQpû �`i27�Fiv X X X X X X X X X X X X X X X X X X X X X X X X X X X X jy

kX9XR SQ?v#Qpû �`i27�Fiv X X X X X X X X X X X X X X X X X X X X X X X X jR
kX9Xk *?2KB+Fɷ TQbmM X X X X X X X X X X X X X X X X X X X X X X X X X jR
kX9Xj L2?QKQ;2MBi� K�;M2iB+Fû?Q TQH2 X X X X X X X X X X X X X X X X jR

kX8 J�;M2iB+F� `2xQM�MÍMő bT2Fi`QbFQTB2 X X X X X X X X X X X X X X X X X X jR

N



kX8XR h2+?MBFv pvȒ2iǼ2Mő J_ bT2Fi`QbFQTB2 X X X X X X X X X X X X X X jk
kXe wT`�+Qp�Mő J_ Q#`�xɩ X X X X X X X X X X X X X X X X X X X X X X X X X X j8

kXeXR h2tim`Mő �M�Hɷx� X X X X X X X X X X X X X X X X X X X X X X X X X j8
kXeXk a2;K2Mi�ÍMő T`Q;`�Kv X X X X X X X X X X X X X X X X X X X X X X 9e

j 1tT2`BK2Mi�HMő Í�bi 9N
jXR ovȒ2iǼ2Mő D�i2` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9N
jXk wT`�+Qp�Mő /�i X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8y

jXkXR J_A @ J�w/� X X X X X X X X X X X X X X X X X X X X X X X X X X 8y
jXkXk J_a @ G*JQ/2H X X X X X X X X X X X X X X X X X X X X X X X X X 8R

9 oɷbH2/Fv � /BbFmb2 8k
9XR SQ`QpM�Mő x/`�pɷ+? � i`�MbTH�MiQp�Mɷ+? D�i2` X X X X X X X X X X X X X 8k
9Xk SQ`QpM�Mő x/`�pɷ+? � bi2�iQiB+Fɷ+? D�i2` X X X X X X X X X X X X X X X X 8j

9XkXR EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm SP1 Y �**X X X X X 8e
9XkXk EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm 6Bb?2` X X X X X X X X X ey
9XkXj EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm JAX X X X X X X X X X X e9
9XkX9 EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` FQK#BM�+ő K2iQ/ X X X X X X X X e3
9XkX8 EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` b2;K2Mi�ÍMőK p�H+2K X X X X X d8

8 w�pÿ` dd

GBi2`�im`� d3

Ry



a2xM�K Q#`�xFɩ

RXR �M�iQKB2 D�i2` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rd
RXk a2;K2Miv D�i2` X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X R3
RXj ai�p#� D�i2`Mő?Q H�HɩÍFm X X X X X X X X X X X X X X X X X X X X X X X X X RN

kXR ȑiÿT2Mő 2M2`;2iB+Fɷ+? ?H�/BM X X X X X X X X X X X X X X X X X X X X X X X ke
kXk S`BM+BT T`QbiQ`Qpû?Q FƦ/Qp�Mő X X X X X X X X X X X X X X X X X X X X X X kN
kXj aT2Fi`mK bi2�iQiB+Fɷ+? D�i2` bFmTBMv jX X X X X X X X X X X X X X X X X j9
kX9 w�DKQpû Q#H�biB U_PAV X X X X X X X X X X X X X X X X X X X X X X X X X X j8
kX8 >BbiQ;`�K /�Mû?Q _PA X X X X X X X X X X X X X X X X X X X X X X X X X X je
kXe ov#`�Mû 7mMF+2 T`Q;`�Km J�w/� X X X X X X X X X X X X X X X X X X X X 9k
kXd S`Q;`�K J�w/� � D2Dő mʈBp�i2HbFû `Qx?`�Mő X X X X X X X X X X X X X X X 98
kX3 j. .P*hP_ @ lʈBp�i2HbFû `Qx?`�Mő X X X X X X X X X X X X X X X X X X 9d
kXN AhE @ aL�S @ lʈBp�i2HbFû `Qx?`�Mő X X X X X X X X X X X X X X X X X X X 93

jXR lKőbiÿMő Q#D2Km x�DKm T`Q J_ bT2Fi`QbFQTBB p D�i`2+? p2 iǼ2+? J_A
`QpBM�+? X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 8y

jXk aT2Fi`mK D�i2` � pɷTQÍ2i ?Q/MQi BMi2MxBiv bB;M�Hɩ x J_ bT2Fi`� X X 8R

9XR oBxm�HBx�+2 i2tim`Mő+? T�`�K2i`ɩ K2iQ/Qm G.� X X X X X X X X X X X X 8j
9Xk C2/MQiHBpû bimTMÿ bi2�iQiB+Fɷ+? D�i2` X X X X X X X X X X X X X X X X X X 89
9Xj oBxm�HBx�+2 i2tim`Mő+? T�`�K2i`ɩ K2iQ/Qm SP1 � FH�bB}F�+ő G.� X X 88
9X9 �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM p2 /pQm TQ?H2/2+? K2iQ/Qm SP1

Y �** � FH�bB}F�+ő _�q X X X X X X X X X X X X X X X X X X X X X X X X 8d

RR



9X8 �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM K2iQ/Qm SP1 Y �** �
FH�bB}F�+ő S*� X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 83

9Xe �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM K2iQ/Qm SP1 Y �** �
FH�bB}F�+ő L.� X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 83

9Xd �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM p2 /pQm TQ?H2/2+? K2iQ/Qm SP1
Y �** � FH�bB}F�+ő G.� X X X X X X X X X X X X X X X X X X X X X X X X 8N

9X3 �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM p2 /pQm TQ?H2/2+? K2iQ/Qm
6Bb?2` � FH�bB}F�+ő _�q X X X X X X X X X X X X X X X X X X X X X X X X X eR

9XN �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM K2iQ/Qm 6Bb?2` � FH�bB}F�+ő S*� ek
9XRy �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM K2iQ/Qm 6Bb?2` � FH�bB}F�+ő L.� ek
9XRR �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM p2 /pQm TQ?H2/2+? K2iQ/Qm

6Bb?2` � FH�bB}F�+ő G.� X X X X X X X X X X X X X X X X X X X X X X X X X ej
9XRk �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM p2 /pQm TQ?H2/2+? K2iQ/Qm JA

� FH�bB}F�+ő _�q X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e8
9XRj �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM K2iQ/Qm JA � FH�bB}F�+ő S*� X X ee
9XR9 �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM K2iQ/Qm JA � FH�bB}F�+ő L.� X ee
9XR8 �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM p2 /pQm TQ?H2/2+? K2iQ/Qm JA

� FH�bB}F�+ő G.� X X X X X X X X X X X X X X X X X X X X X X X X X X X X X ed
9XRe �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM p2 /pQm TQ?H2/2+? K2iQ/Qm JA

� FH�bB}F�+ő _�q X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dy
9XRd �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM FQK#BM�+ő K2iQ/ � FH�bB}F�+ő S*� dR
9XR3 �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM FQK#BM�+ő K2iQ/ � FH�bB}F�+ő L.� dR
9XRN �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM FQK#BM�+ő K2iQ/ � FH�bB}F�+ő

G.� p2 /pQm TQ?H2/2+? X X X X X X X X X X X X X X X X X X X X X X X X X dk
9Xky w�pBbHQbi pv#`�Mɷ+? 7mMF+ő TǼB FH�bB}F�+B /�i X X X X X X X X X X X X X X d9
9XkR S`ɩǼ2x D�i2` b2;K2Mi�ÍMőK p�H+2KX X X X X X X X X X X X X X X X X X X X d8
9Xkk �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM pvb2;K2MiQp�Mû b2;K2Mi�ÍMőK

p�H+2K xQ#`�x2Mû p2 /pQm TQ?H2/2+? X X X X X X X X X X X X X X X X X X de

Rk



a2xM�K i�#mH2F

kXR aimTMÿ bi2�iƦxv X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X jj
kXk oH�biMQbiB i2tim` x�HQʈ2Mû M� ?BbiQ;`�KmX X X X X X X X X X X X X X X X jd
kXj oH�biMQbiB i2tim`v x�HQʈ2Mû M� ;`�/B2Mi2+? X X X X X X X X X X X X X X X j3
kX9 oH�biMQbiB i2tim` x�HQʈ2Mû M� K�iB+B bTQH2ÍMû?Q pɷbFvimX X X X X X X X jN
kX8 oH�biMQbiB i2tim` x�HQʈ2Mû M� K�iB+B _mM@H2M;i? X X X X X X X X X X X X 9y

9XR h�#mHF� pv#`�Mɷ+? pH�biMQbiő K2iQ/Qm SP1 Y �** X X X X X X X X X 8e
9Xk JBbFH�bB}F�+2 pȒ2+? FH�bB}F�ÍMő+? K2iQ/ TǼB TQmʈBiő SP1 Y �**X X X ey
9Xj h�#mHF� pv#`�Mɷ+? pH�biMQbiő K2iQ/Qm 6Bb?2` X X X X X X X X X X X X X ey
9X9 JBbFH�bB}F�+2 pȒ2+? FH�bB}F�ÍMő+? K2iQ/ TǼB TQmʈBiő 6Bb?2`Qp�

pɷ#ÿ`m T�`�K2i`ɩ X X X X X X X X X X X X X X X X X X X X X X X X X X X X X e9
9X8 h�#mHF� pv#`�Mɷ+? pH�biMQbiő K2iQ/Qm JA X X X X X X X X X X X X X X X e9
9Xe JBbFH�bB}F�+2 pȒ2+? FH�bB}F�ÍMő+? K2iQ/ x� TQmʈBiő JA X X X X X X X X e3
9Xd h�#mHF� pv#`�Mɷ+? pH�biMQbiő FQK#BM�+ő pȒ2+? xKőMÿMɷ+? K2iQ/X X X eN
9X3 JBbFH�bB}F�+2 pȒ2+? FH�bB}F�ÍMő+? K2iQ/ x� TQmʈBiő FQK#BM�+2

TǼ2/+?Qxő+? K2iQ/X X X X X X X X X X X X X X X X X X X X X X X X X X X X X dj

Rj



a2xM�K xF`�i2F

J_ J�;M2iB+F� `2xQM�M+2
J_a J�;M2iB+F� `2xQM�MÍMő bT2Fi`QbFQTB2
F "QHixK�MQp� FQMbi�Mi�
Ne SQÍ2i T`QiQMɩ M� 2M2`;2iB+Fû ?H�/BMÿ
? SH�M+FQp� FQMbi�Mi�
L G�`KQ`Qp� 7`2Fp2M+2
h h2`KQ/vM�KB+F� i2THQi�
γ :v`QK�;M2iB+Fɷ TQKÿ`
B0 o2HBFQbi pMÿDȒő?Q bi�iB+Fû?Q K�;M2iB+Fû?Q TQH2
_6 _�/BQ7`2Fp2MÍMő TmHx
h1 1+?Q Í�b
a1 aTBMQpû 2+?Q
h_ _2T2iBÍMő Í�b
_PA P#H�bi x�DKm U_2;BQM Q7 BMi2`2biV
oPA UP#D2K x�DKmV oQHmK2 Q7 BMi2`2bi
h� h2tim`Mő �M�Hɷx�
6 6Bb?2`ɩp FQ2}+B2Mi
SP1 Y �** GQr2bi S`Q#�#BHBiv Q7 1``Q` �M/ �p2`�;2 *Q``2H�iBQM *Q2}+B2Mi
S*� �M�Hɷx� ?H�pMő+? FQKTQM2Mi
.� .BbF`BKBM�ÍMő �M�Hɷx�
G.� GBM2�`Mő /BbF`BKBM�ÍMő �M�Hɷx�
L.� L2HBM2�`Mő /BbF`BKBM�ÍMő �M�Hɷx�
M SQÍ2i TBt2Hɩ
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ȸpQ/

L2�HFQ?QHQp� bi2�iƦx�- M2#QHB ximÍMÿMő D�i2`- D2 Í�biɷK M�H2x2K- F/v ?2T�iQ+viv
UD�i2`Mő #mƚFvV ?`QK�/ő imF p TQ/Q#ÿ F�TûM2FX J2xB TǼőÍBMv T�iǼő K2i�#QHB+Fɷ
bvM/`QK- Fi2`ɷ x�?`MmD2 M�/p�?m- �`i2`B�HMő ?vT2`i2MxB- ?vT2`HBTQT`Qi2BMûKBB
� /B�#2i2b kX ivTmX

C�i2`Mő bi2�iƦxm Hx2 /2i2FQp�i TQKQ+ő /B�;MQbiB+Fɷ+? K2iQ/X L�TǼőFH�/
mHi`�xpmF2K- TQÍői�ÍQpQm iQKQ;`�}ő U*hV ÍB K�;M2iB+FQm `2xQM�M+ő UJ_V- /őFv
p2HFûKm TQÍim F�TûM2F- Fi2`û pvip�Ǽő `Qx?`�Mő K2xB imF2K � +viQTH�xKQm #mMÿFX
S`Q#HûK2K D2 �H2 Fp�MiB}F�+2 � T`ɩ#ÿʈMû bH2/Qp�Mő xKÿM Q#b�?m imFm p D�i`2+?
#ÿ?2K HûÍ#v ÍB T`Q;`2b2 QM2KQ+MÿMőX w� M2DTǼ2bMÿDȒő xTɩbQ# xDBȒiÿMő Q#b�?m imFm
p D�i`2+? b2 TQFH�/� #BQTbB2X LB+KûMÿ D2 iQ K2iQ/� BMp�xBpMőX C2 i2/v `BbF�MiMő
DB T`Qp�/ÿi p F`�iFûK Í�bQpûK BMi2`p�Hm � m DBM�F x/`�pɷ+? HB/őX J2iQ/� *h
b2 T`Q #ÿʈMû pvȒ2iǼ2Mő D�i2` KQ+ M2pvmʈőp�- x /ɩpQ/m BQMBxmDő+ő?Q x�Ǽ2MőX L2DÍ�biÿDB
TQmʈőp�MQm M2BMp�xBpMő K2iQ/Qm D2 ixpX 2H�biQ;`�}2- Fi2`� pvmʈőp� mHi`�xpmFQpû
pHMÿMő T`Q xDBȒiÿMő im?QbiB D�i2`Mő iF�MÿX SQbH2/Mő xKőMÿMQm K2iQ/Qm D2 J�;M2iB+F�
`2xQM�M+2 UJ_ xQ#`�x2Mő B J_ bT2Fi`QbFQTB2V- Fi2`� D2 TQmʈBi� p iûiQ /BTHQKQpû
T`�+BX

o i2Q`2iB+Fû Í�biB D2 TQTb�M� #BQHQ;B2- 7vxBQHQ;B2 D�i2`- M2KQ+B- Fi2`û b2 KQ?Qm
pvpBMQmi x2 bi2�iƦxv D�i2`- � D2DB+? /B�;MQbiBF�X .`m?� F�TBiQH� D2 pÿMQp�M� b�KQiMû
K�;M2iB+Fû `2xQM�M+BX aQmÍ�biő iûiQ F�TBiQHv D2 B D2p K�;M2iB+Fû `2xQM�M+2- T`BM+BT
ipQ`#v Q#`�xm- bT2Fi`QbFQTB2 � M�bH2/Mû xT`�+Qp�Mő J_ /�iX

*őH2K iûiQ /BTHQKQpû T`�+2 D2 xőbF�Mő T`�FiB+Fɷ+? xFmȒ2MQbiő b FHBMB+FɷK
pvȒ2iǼQp�MőK D�i2` bm#D2Fiɩ TQKQ+ő J_ xQ#`�x2Mő � J_ bT2Fi`QbFQTB2X .�H2
T�F xpH�/Mmiő pv#`�Mɷ+? K2iQ/ T`Q Fp�MiBi�iBpMő pv?Q/MQ+2Mő J_ Q#`�xɩ pÍ2iMÿ
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b2;K2Mi�+2 � i2tim`vX oɷbH2/Mû b2;K2Mi�+2 � pvTQÍi2Mû bi`mFim`v D�i2`Mő iF�Mÿ
p T`Q;`�Km J�w/� UpBx F�TBiQH� jXkXRV #v KÿHv mF�x�i- x/� DbQm pB/Bi2HMû `Qx/őHv
K2xB x/`�pɷKB D�i`v � D�i`v b pvbQFɷK bimTMÿK bi2�iƦxvX w� /�HȒő i�Fû bi�iBbiB+Fû
pv?Q/MQ+2Mő xKÿM iF�Mÿ m T�+B2Miɩ � FQMi`QHX � p M2TQbH2/Mő Ǽ�/ÿ b2xM�K2Mő b2
b pv?Q/MQ+2MőK J_ bT2Fi2` p T`Q;`�Km G*JQ/2H UpBx F�TBiQH� jXkXkVX

Re



R C�i`�

C�i`� U?2T�`V DbQm M2DpÿiȒő ʈH�xQm pƘiÿH2X J�Dő 7mMF+B K2i�#QHB+FQm
� /2iQtBF�ÍMő- T`Q/mFmDő ʈHmÍ � TǼ2/ M�`Qx2MőK K�Dő 7mMF+B ?2KQTQ2iB+FQmX
l /QbTÿHû?Q Kmʈ2 p�ʈő FQH2K R8yy @ R3yy ;- m /QbTÿHû ʈ2Mv
Rkyy @ R8yy ;- Q/TQpő/�Dő+őK FQH2K j W iÿH2bMû ?KQiMQbiBX C2/M� b2
Q FǼ2?Fɷ- ?Mÿ/QÍ2`p2Mɷ T�`2M+?vK�iƦxMő Q`;�M ip�`m i`QD#QFû?Q D2?H�Mm `Qx/ÿH2Mɷ
/Q /pQm ?H�pMő+? H�HQFɩ @ T`�pû?Q � H2pû?Q- � /pQm p2/H2DȒő+? H�HQFɩ @ Íip2`?`�MMû?Q
� Q+�b�iû?QX G�HQFv b2 b#ő?�Dő M� bTQ/Mő bi`�Mÿ D�i2` p `ɷ?�+? p2 ip�`m TőbK2M2 ǲ>ǳX
C�i`� DbQm mHQʈ2M� pƘT`�pû #`�MBÍMő FH2M#ÿ � x2 bi`�M DbQm F`vi� M2T`�pɷKB ʈ2#`vX
L�+?�xő b2 pƘiÿbMû #HőxFQbiB ʈ�Hm/Fm � bHBMBpFv #ǼBȒMőX SQ/ D�i`v D2 ʈHmÍMőF- Fi2`ɷ D2
B bƘD�i`v bTQD2Mɷ ʈHmÍQpɷKB +2bi�KBX (R)

P#`�x2F RXR, �M�iQKB2 D�i2`X (k)
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.Q D�i2` piûF� D�i2`Mő i2TM� x #ǼBȒMő �Q`iv- Fi2`� TǼBM�Ȓő FvbHőF- � i�Fû TQ`i�HMő
ʈőH�- Fi2`� D2 THM� ʈBpBM x M2T�`Qpɷ+? Q`;�Mɩ x /miBMv #ǼBȒMő- Fi2`û D�i`� xT`�+Qp�p�DőX
SQ/ D�i`v b2 ʈőHv p2 ʈH�#2+? b#ő?�Dő /Q D�i2`Mő ʈőHv- Fi2`� Q/p�/ő F`2p /Q /QHMő /miû
ʈőHvX

�M�iQKB+FQm bi`mFim`m D�i2` Kɩʈ2K2 i�Fû TQTBbQp�i TQKQ+ő ixpX b2;K2Miɩ
UpBx Q#`�x2F RXkVX C2 iQ /ÿH2Mő TQ/H2 *QmBM�m/�- Fi2`ɷ /ÿHő D�i2`Mő T�`2M+?vK UpH�biMő
7mMFÍMő iF�ƚ D�i2`V M� QbK Í�biő @ b2;K2Miɩ- QxM�ÍQp�Mɷ+? ǼőKbFɷKB ÍőbHv A @ oAAAX
>`�MB+2 K2xB b2;K2Miv AA @ oAAA ipQǼő D�i2`Mő ʈőHv � pÿip2 TQ`i�HMő ʈőHvX a2;K2Mi A
M�H2ʈő HQ#mb +�m/�imb UQ+�b�iɷ H�HQF px�/m K2xB T`�pɷK � H2pɷK H�HQF2KV- Fi2`ɷ b2
M�+?�xő pH2pQ Q/ /QHMő /miû ʈőHvX (j) (9)

P#`�x2F RXk, a2;K2Miv D�i2`X (j)

w�FH�/Mő 7mMFÍMő D2/MQiFQm D�i2` D2 D�i2`Mő H�HɩÍ2F UHQ#mHmbV Q p2HBFQbiB FQH2K
R-8 KK � ip�`m M2T`�pB/2HMû?Q Ȓ2biB?`�Mm- pBx Q#`�x2F RXjX G�HɩÍ2F D2 bHQʈ2M
x i`�K+ɩ- Fi2`û DbQm ipQǼ2Mv /pÿK� Ǽ�/�KB D�i2`Mő+? #mMÿF U?2T�iQ+viɩVX J2xB
F�ʈ/ɷK i`�K+2K b2 M�+?�xő +ûp� � D�i2`Mő bBMmbQB/� UʈBHMő ȹip�`v- Fi2`û K�Dő 7mMF+2
F�TBH�`V- mpMBiǼ i`�K+ɩ x�ÍőM�Dő ʈHmÍQpû +2bivX C�i2`Mő i`�K+2 b2 T�T`bÍBiÿ `Qx#ő?�Dő
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Q/ +2Mi`�HMő ʈőHvX C�i2`Mő #mƚFv DbQm ixpX TQH�`MőKB #mƚF�KB- i2/v bƘD2/MQm bi`�MQm
/Q +ûpv � /`m?Qm /Q ʈHmÍQpɷ+? +ûp b#ő`�Dő+ő+? ʈHmÍX

S`Q x�`mÍ2Mő FQKTH2tMő+? 7mMF+ő D�i2` pvDK� ?2T�iQ+viɩ DbQm i�Fû M2x#viMû
M2T�`2M+?vKQpû #mƚFvX S�iǼő K2xB Mÿ M�TǼX EmTz2`Qpv #mƚFv UiF�ƚQpû
K�F`Q7�;vV- 2M/Qi2HQpû #mƚFv UipQǼő #�`Bû`m K2xB ?2T�iQ+viv � F`pőV- +?QH�M;BQ+viv
U2TBi2HQpû #mƚFv ʈHmÍQpɷ+? +2biV- AiQpv #mƚFv U#mƚFv bFH�/mDő+ő imFV- TBi #mƚFv
UHvK7Q+vivV � /�HȒőX (8) (e) (d)

P#`�x2F RXj, ai�p#� D�i2`Mő?Q H�HɩÍFm (3)

C�i`� 7mM;mDő TǼ2/2pȒőK D�FQ +?2KB+F� iQp�`M�X wT`�+Qp�p�Dő H�iFv TǼB+?�x2Dő+ő
/Q iÿH� � TǼőT�/Mÿ pvip�Ǽő MQpûX 6mM;mDő D�FQ 2M/QF`BMMő B 2tQF`BMMő ʈH�x�- b2F`2i2K
D2 ʈHmÍ- Fi2`� D2 M2x#viM� T`Q pbiǼ2#�p�Mő imFɩ � pBi�KBMɩ `QxTmbiMɷ+?
p im+ő+?X C�i`� ipQǼő MÿFQHBF ?Q`KQMɩ bƘp2HKB bT2+B}+FɷKB � `ɩxMɷKB ȹÍBMFv
D�FQ M�TǼőFH�/ A:6@R UBMbmHBM@HBF2 ;`Qri? 7�+iQ`V T`Q `ɩbi- >2T+B/BM T`Q
`2;mH�+B ʈ2H2x� pƘF`pB- BKmMBim �TQ/X C�i`� i�Fû `2�;mDő M� pHBp KMQ?�
?Q`KQMɩ UBMxmHBM- ;HmF�;QM- bQK�i`Qi`QTBM- FQ`iBxQH- iv`QtBM �TQ/XV � D2DB+?
pHBpm T�F TǼBxTɩbQ#mDő K2i�#QHBbKmb UF�i�#QHBbKmbf�M�#QHBbKmbVX .�H2 m/`ʈmDő
bi�HQm ;HvFûKBB � ?H�/BMm �KBMQFvb2HBMX C�i`� TǼ2KÿƚmDő KQMQb�+?�`B/v U7`mFiƦx�-
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;�H�FiƦx�V M� ;HmFƦxmX lFH�/�Dő ;HmFƦxm p2 7Q`Kÿ x�bQ#Mő?Q ;HvFQ;2Mm UT`Qi2BM
Q#�H2Mɷ iBbő+B KQH2FmH�KB ;HmFƦxvVX wƘH�Fi�im M2#Q ;Hv+2`QHm Ux�FH�/ imFɩV mKő
ipQǼBi MQpQm ;HmFƦxm U;HmFQM2Q;2M2x2VX C�i`� ipQǼő � /2;`�/mDő TH�xK�iB+Fû B DBMû
#őHFQpBMv U�H#mKBM- }#`BMQ;2MV- Q/#Qm`�p�Dő TǼ2#vi2ÍMû #őHFQpBMv � TǼ2#vi2ÍMɷ
/mbőF pvHmÍmDő D�FQ KQÍQpBMm CO(NH2)2X hőK x�K2xmDő ?`QK�/ÿMő D2/Qp�iû?Q
�KQMB�Fm (NH3)X wƘimFɩ pvip�Ǽ2Dő +?QH2bi2`QH- i`B;Hv+2`QHv � 7Qb7QHBTB/v- Fi2`û ȒőǼő
TQ iÿH2 p2 7Q`Kÿ HBTQT`Qi2BMɩX P/#Qm`�p�Dő TǼ2#vi2ÍMɷ +?QH2bi2`QH M� ʈHmÍ- β@QtB/�+ő
xT`�+Qp�p�Dő K�biMû Fvb2HBMv M� /�HȒő T`Q/mFiv T`Q #mMÿÍMû /ɷ+?�Mő � ipQ`#m �hSX

.�HȒőKB 7mMF+2KB D�i2` D2 ipQ`#� i2TH� UQ/T�/Mő i2THQ xƘT`�+2 D�i2`V- x�bQ#Mő
7mMF+2 U;HmFƦx� p2 7Q`Kÿ ;HvFQ;2Mm- ʈ2H2xQ p2 7Q`Kÿ 72``BiBMm- Kÿå- FQ#�Hi- � Ǽ�/�
pBi�KőMɩ- TǼ2/2pȒőK bFmTBMv "VX CbQm i�Fû K2MȒőK `2x2`pQ�`2K F`p2X ovHmÍmDő
/2�FiBpQp�Mû ?Q`KQMv- #BHB`m#BM � i�Fû Q/#Qm`�p�Dő iQtBMvX (R) (N) (9)

RXR PM2KQ+MÿMő D�i2`

C�i`� K�Dő p2HFQm b+?QTMQbi `2;2M2`�+2X .QF�ʈQm #ɷi THMÿ 7mMFÍMő B TQ
TQȒFQx2Mő- Q/2#`�Mő ÍB Q/mKǼ2Mő p2HFû Í�biB iF�MÿX C�i`� T�iǼő K2xB Í�biQ
i`�MbTH�MiQp�Mû Q`;�MvX

RXRXR ai2�iƦx�

ai2�iƦx�- M2#QHB ximÍMÿMő D�i2`- D2 Í�biɷK M�H2x2K- Fi2`ɷ M�bi�p� TǼB xpɷȒ2Mû
T`Q/mF+B- 2ti2MxBpMőK pvpQH�p�MőK M2#Q x?Q`Ȓ2MɷK Q/#Qm`�p�MőK K�biMɷ+?
Fvb2HBMX

SǼB bi2�iƦx2 /Q+?�xő F ?`QK�/ÿMő i`B;Hv+2`B/ɩ p ?2T�iQ+vi2+?X ai2�iƦxm /ÿHőK2
TQ/H2 p2HBFQbiB imFQpɷ+? p�FmQH M� K�HQF�TûMFQpQm � p2HFQF�TûMFQpQm- ÍB `Qxb�?m
M� HQʈBbFQpû- xQM�HMő � /B7ȹxMőX J2xB TǼőÍBMv T�iǼő ?H�pMÿ �#ȹxmb �HFQ?QHm
� K2i�#QHB+Fɷ bvM/`QKX J2i�#QHB+Fɷ bvM/`QK x�?`MmD2 M�/p�?m- �`i2`B�HMő
?vT2`i2MxB- ?vT2`HBTQT`Qi2BMûKBB � /B�#2i2b kX ivTmX

.Q M2/�pM� #vH� bi2�iƦx� QxM�ÍQp�M� x� M2KQ+ xTɩbQ#2MQm TQmx2
�HFQ?QH2K- �pȒ�F /M2b xM�K2 B M2�HFQ?QHQpQm D�i2`Mő bi2�iƦxmX L�6G.
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UMQM@�H+Q?QHB+ 7�iiv HBp2` /Bb2�b2V bQm?`MMÿ QxM�ÍmD2 /pÿ M2�HFQ?QHQp� QM2KQ+MÿMő
D�i2` � iQ L�6G � L�a>X

L�6G UMQM@�H+Q?QHB+ 7�iiv HBp2`V D2 M2�HFQ?QHQpû ximÍMÿMő D�i2`- i2/v T`Qbi�
bi2�iƦx�X L2�HFQ?QHQp� xM�Íő- ʈ2 M2KQ+Mɷ M2TBD2 ʈ�/Mɷ �HFQ?QH- M2#Q p2 p2HKB K�HûK
KMQʈbipőX �K2`B+F� �bQ+B�+2 T`Q bim/BmK QM2KQ+MÿMő D�i2` U��aG.V /2}MmD2
M�/Kÿ`Mɷ TǼőD2K �HFQ?QHm- TQFm/ x� iɷ/2M TǼ2F`QÍő kRy ; m Kmʈɩ � R9y ;
m ʈ2MX L�6G Hx2 /2i2FQp�i TQKQ+ő /B�;MQbiB+Fɷ+? K2iQ/ UM�TǼX mHi`�xpmF2K-
K�;M2iB+FQm `2xQM�M+őV /őFv p2HFûKm TQÍim F�TûM2F- Fi2`û pvip�Ǽő `Qx?`�Mő K2xB
imF2K � +viQTH�xKQm #mMÿFX C�i2`Mő bi2�iƦx� D�FQ i�FQp� b2 M2HûÍőX S�+B2MiB M2DbQm
Q?`Qʈ2MB D�i2`MőK b2H?�MőK- �H2 F�`/BQp�bFmH�`MőK QM2KQ+MÿMőK- T`QiQ D2 bM�?�
HûÍBi D2/MQiHBpû bHQʈFv K2i�#QHB+Fû?Q bvM/`QKmX

L�a> UMQM@�H+QH+Q?QHB+ bi2�iQ?2T�iBiBbV M2#QHB M2�HFQ?QHQp� bi2�iQ?2T�iBiB/� D2
/�HȒőK ivT2K L�6G.- F/2 F`QKÿ T`Qbiû bi2�iƦxv D2 TǼőiQKM� B x�MÿiHBp� bHQʈF�X
L�a> M2Hx2 /B�;MQbiBFQp�i xQ#`�xQp�+őKB K2iQ/�KBX ovmʈőp� b2 #BQTbB2- +Qʈ D2
BMp�xBpMő K2iQ/�- TǼB Fi2`û b2 Q/2#2`2 FQmb2F iF�MÿX GûÍ#� L�a> M2Mő D2Ȓiÿ
x+2H� xM�K�X .QTQ`mÍmD2 b2 /Qbi�i2F TQ?v#m- pvp�ʈ2M� bi`�p�- bT`�pM� i2`�TB2
/B�#2im- �`i2`B�HMő ?vT2`i2Mx2- mʈőp�Mő pBi�KBMm 1 UTQFm/ T�+B2Mi M2Mő /B�#2iBFVX
(Ry) (RR) (Rk)

RXRXk 6B#`Ʀx�

C�i2`Mő }#`Ʀx� D2 QxM�ÍQp�M� D�FQ bi`mFim`�HMő xKÿM� D�i2`Mő iF�Mÿ b M�/Kÿ`MɷK
mFH�/�MőK p�xBp�X �ʈ /Q iûiQ 7�x2 D2 TQȒFQx2Mő D�i2` `2p2`xB#BHMőX

w�FH�/MőKB bHQʈF�KB D�i2`Mő TQDBpQpû iF�Mÿ DbQm bT2+B�HMő #mƚFv � K2xB#mMÿÍM�
?KQi�- F/2 }#`Q;2M2x2 UipQ`#� � /2TQxB+2V � }#`QHɷx� UQ/#Qm`�p�MőV DbQm
x� 7vxBQHQ;B+Fû?Q bi�pm p `QpMQp�x2X SǼB T�iQHQ;B+FûK bi�pm /Q+?�xő F TQ`mȒ2 iûiQ
?QK2Qbi�xv- Fi2`� K� x� M�bH2/2F xKMQʈ2Mő K2xB#mMÿÍMû ?KQiv- �H2 B `2/Bbi`B#m+B
� /BbT`QTQ`+B D2/MQiHBpɷ+? FQKTQM2MiX wKMQʈ2Mő p�xBp� b2 M2DT`p2 mFH�/� p .Bbb2?Q
T`QbiQ`m UQ#H�bi K2xB ?2T�iQ+viv � bBMmbQB/vV- Fi2`û K� x� M�bH2/2F x?Q`Ȓ2Mő
x�bQ#Qp�Mő ?2T�iQ+viɩ FvbHőF2K � pɷʈBpMɷKB H�iF�KBX .�H2 /Q+?�xő F x�MBFm
ÍB xK2MȒ2Mő TƦ`ɩ p 2M/Qi2HQpû p`bipÿ bBMmbQB/ɩX SǼB /�HȒő T`Q;`2bB D�i2`Mő }#`Ʀxv
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/Q+?�xő F TQbimTMû D�i2`Mő TǼ2bi�p#ÿ @ +B`?Ʀx2X (Rj)
ovȒ2iǼ2Mő b2 T`Qp�/ő #BQTbBő ÍB 2H�biQ;`�}őX 1H�biQ;`�}2- Fi2`� b2 iûʈ mF�x�H� p2HKB

TǼ2bMQm- D2 K2iQ/� M2BMp�xBpMőX SQFm/ D2 2H�biB+Bi� D�i2` bMőʈ2M�- ixMX- ʈ2 DbQm D�i`�
imʈȒő- D2/M� b2 Q ipQ`#m p�xBp� p iF�MB UpBx RXkXRVX

RXRXj *B`?Ʀx�

C�i2`Mő +B`?Ʀx� QxM�ÍmD2 /B7mxMő T`Q+2b +?�`�Fi2`BxQp�Mɷ +?`QMB+FɷK x�Mÿi2K
D�i2`Mő?Q T�`2M+?vKm- M2F`ƦxQm ?2T�iQ+viɩ- mxHQpBiQm `2;2M2`�+ő D2DB+? x#viFɩ
� xKMQʈ2MőK p�xBp�- F/2 pɷbH2/F2K D2 xKÿM� �`+?Bi2Fim`v D�i2` p +B`?QiB+Fû mxHvX
ovȒ2iǼ2Mő b2 T`Qp�/ő TQKQ+ő *h- J_ ÍB #BQTbB2X EQKTHBF�+2KB D�i2`Mő +B`?Ʀxv DbQm
TQ`i�HMő ?vT2`i2Mx2- �b+Bi2b U?`QK�/ÿMő pQHMû i2FmiBMv p #ǼBȒMő /miBMÿV- p2MQbi�x�
UKÿbiM�Mő F`p2 p ʈBH�+?V p2 bHBxMB+B x�ʈőp�+ő?Q i`�Fim- bMőʈ2M� `2xBbi2M+2 T`QiB BM72F+B
�DX *B`?Ʀx� D2 p 1p`QTÿ pő+2 D�F p 8y W �HFQ?QHQpû?Q TɩpQ/m- pB`Qpû?Q FQH2K
jy WX (R9)

RXRX9 >2T�iQ+2HmH�`Mő F�`+BMQK

Ǵ>2T�iQ+2HmH�`Mő F�`+BMQK U>**V D2 M2DÍ�biÿDȒőK T`BK�`MőK x?Qm#MɷK MQpQip�`2K
D�i2`X *2HQbpÿiQpÿ D2 >** Íip`iQm M2DÍ�biÿDȒő TǼőÍBMQm ȹK`iő M� x?Qm#Mû
MQpQip�`vXǴ (R9- bi`X 939) _QxpQD >** D2 ȹx+2 bTQD2M b D�i2`Mő +B`?ƦxQm U�ʈ N8 WVX
>** TQbimTmD2 /Q QFQHMő+? iF�Mő TǼ2b TQ`i�HMő ʈőHmX J2i�bi�xmD2 TǼ2b HvK7�iB+Fɷ
bvbiûK TǼ2/2pȒőK /Q THB+ � FQbiőX (R9)

h`�MbTH�Mi�+2 D�i2`

h`�MbTH�Mi�+2 D�i2` D2 HûÍ2#M� K2iQ/� m`Í2M� T`Q T�+B2Miv b D�i2`MőK
b2H?�MőK- MÿFi2`ɷKB M�/Q`v � K2i�#QHB+FɷKB p�/�KB p�x�MɷKB M� D�i`�X o Ì2bFû
`2Tm#HB+2 #vH� T`pMő i`�MbTH�Mi�+2 D�i2` T`Qp2/2M� `QFm RN3j p "`Mÿ � T�+B2Mi
/Q/M2b UkyRNV ʈBD2X S`BM+BT2K i`�MbTH�Mi�+2 D�i2` D2 +?B`m`;B+Fû Q/2#`�Mő M2KQ+Mɷ+?
D�i2` � M�KőbiQ MB+? DbQm pHQʈ2M� MQp�- x/`�p� D�i`�- Fi2`� DbQm /Q F`2pMő?Q Q#ÿ?m
x�TQD2M� D�FQ i� TɩpQ/MőX .�`+2 #v KÿH #ɷi TQ/Q#Mû TQbi�pv D�FQ TǼőD2K+2X �pȒ�F
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M2Mő iQ TQ/KőMF�- D�i`� K�Dő b+?QTMQbi b2 TǼBxTɩbQ#BiX
ai2DMÿ D�FQ m DBMɷ+? i`�MbTH�Mi�+ő T�+B2Mi DBʈ TǼB QT2`�+B /Qbi�p�

BKmMQbmT`2bBp�- �#v #vH� MQp� D�i`� TǼBD�i� Q`;�MBbK2KX h�iQ HûÍ#� Kmbő #ɷi
/Q/`ʈQp�M� TQ x#vi2F ʈBpQi�- B F/vʈ KQ?Qm Kői BKmMQbmT`2bBp� Ǽ�/m M2ʈ�/Qm+ő+?
p2/H2DȒő+? ȹÍBMFɩX L� /`m?Qm bi`�Mm T�+B2MiB b i`�MbTH�MiQp�MɷKB D�i`v KQ?Qm Kői
Fp�HBiMő ʈBpQi /�HȒő+? jy H2iX (R8)

RXk ovȒ2iǼ2Mő D�i2`

w�FH�/Mő pvȒ2iǼQp�+ő K2iQ/Qm D2 pvȒ2iǼ2Mő HûF�Ǽ2KX GûF�Ǽ T`Qp�/ő TQ/`Q#MQm
�M�KMûxm T�+B2Mi�- pvȒ2iǼ2Mő TQ?H2/2K- TQFH2T2K � TQ?K�i2KX hőKiQ xTɩbQ#2K
xőbF�p� BM7Q`K�+2- x/� DbQm D�i`� xpÿiȒ2M�- D�FQm K�Dő FQMxBbi2M+B- x/�@HB DbQm ?H�/F�
ÍB M2`QpM�- /�H2 bH2/mD2 #QH2biBpQbi �TQ/X S`Q /2i�BHMÿDȒő pvȒ2iǼ2Mő b2 pvmʈőp�Dő `ɩxMû
pvȒ2iǼQp�+ő K2iQ/vX (Re)

RXkXR lHi`�xpmFQpû xQ#`�x2Mő

C2/MQ x T`pMő+? pvȒ2iǼ2Mő D�i2` #ɷp� mHi`�xpmF2K- ixpX bQMQ;`�}2X lHi`�xpmFQpû
pvȒ2iǼ2Mő D2 M2BMp�xBpMő K2iQ/� � MBFi2`�F T�+B2Mi� M2x�iÿʈmD2X lHi`�xpmF2K
xDBȒȣmD2K2 px?H2/ D�i2`- p2HBFQbi- TǼőiQKMQbi M2`QpMQbiő ÍB HQʈBb2FX hxpX 2H�biQ;`�}ő
Hx2 i�Fû xDBbiBi im?Qbi iF�MÿX C2/M� b2 Q FH�bB+Fû pvȒ2iǼ2Mő mHi`�xpmF2K- Fi2`ɷK M�pő+
KÿǼőK2 bimT2ƚ im?QbiB D�i2`Mő iF�MÿX hm?Qbi D�i2`Mő iF�Mÿ D2 x2DKûM� TQ/KőMÿM�
KMQʈbipőK p�xBp� p D�i`2+?X

lHi`�xpmF D2 /B�;MQbiB+Fɷ TǼőbi`QD x�HQʈ2Mɷ M� T`BM+BTm ;2M2`Qp�Mő � /2i2F+2
mHi`�xpmFQpû?Q pHMÿMőX lHi`�xpmFQpû pHMÿMő pvmʈőp� 7`2Fp2M+2 ky F>x � pvȒȒőX
E2 pxMBFm mHi`�xpmFQpû?Q pHMÿMő D2 TQiǼ2#� K2+?�MB+Fû FKBi�Mő Í�biB+ p T`mʈMûK
T`QbiǼ2/őX

.B�;MQbiB+Fɷ mHi`�xpmFQpɷ TǼőbi`QD D2 pv#�p2M pvȒ2iǼQp�+őKB
bQM/�KB- 2H2Fi`QMB+FɷKB Q#pQ/v- xQ#`�xQp�+őKB � x�xM�KQpɷKB D2/MQiF�KBX
ovȒ2iǼQp�+ő bQM/v DbQm ipQǼ2Mv TB2xQ2H2Fi`B+FɷK KÿMBÍ2K- Fi2`ɷ mHi`�xpmFQpû
pHMv ;2M2`mD2X oHMv b2 M� `Qx?`�Mő /pQm T`QbiǼ2/ő Q `ɩxMû �FmbiB+Fû BKT2/�M+B
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Q/`�xő � Í�bi T`Q+?�xő /�HX P/`�ʈ2Mɷ bB;M�H D2 /2i2FQp�M bi2DMɷK TB2xQ2H2Fi`B+FɷK
KÿMBÍ2K- TǼBÍ2Kʈ K2+?�MB+Fɷ bB;M�H TǼ2p�/ő M� 2H2Fi`B+Fɷ- Fi2`ɷ D2 M�bH2/Mÿ
xQ#`�x2M M� xQ#`�xQp�+ő D2/MQi+2- i2/v KQMBiQ`mX (Rd) (R3)

RXkXk oɷTQÍ2iMő iQKQ;`�}2

.�HȒő K2iQ/Qm T`Q pvȒ2iǼ2Mő D�i2` D2 pɷTQÍ2iMő iQKQ;`�}2 U*h @ +QKTmi2`
iQKQ;`�T?vVX C2/M� b2 Q M2BMp�xBpMő `�/BQHQ;B+FQm xQ#`�xQp�+ő K2iQ/m-
Fi2`� b2 mTH�iƚmD2 T`Q xQ#`�x2Mő pMBiǼMő+? Q`;�MɩX *h D2 /B�;MQbiB+Fɷ TǼőbi`QD- Fi2`ɷ
pvmʈőp� `2Mi;2MQpû?Q x�Ǽ2MőX L� `Qx/őH Q/ `2Mi;2Mm pxMBF� KMQ?Q bMőKFɩX � iQ
p TǼőÍMɷ+? p`bip�+? Q#pvFH2 Q iHQmȒȣ+2 k @ Ry KK- /őFv Fi2`ɷK DbQm xőbF�Mv Fp�HBiMő
�M�iQKB+Fû BM7Q`K�+2X

*h D2 ipQǼ2MQ `2Mi;2MFQm- /2i2FiQ`2K x�Ǽ2Mő- bi�iBp2K U;�Mi`�
� H2?�iFQV- TQÍői�Í2K � xQ#`�xQp�+őK bvbiûK2KX _2Mi;2MF� D2 pɷFQMMɷ x/`QD- Fi2`ɷ
;2M2`mD2 `2Mi;2MQpû x�Ǽ2Mő mbKÿ`MÿMû FQHBK�iQ`2KX .2i2FiQ`v- Fi2`û DbQm
`QxKőbiÿMv T`bi2M+Qpÿ i�F- �#v Q#FHQTQp�Hv +2Hɷ Q#D2Fi- x�+?v+mDő 7QiQMv- Fi2`û
T`QȒHv T�+B2Mi2KX L� x�FH�/ÿ T`QD2F+ő- i2/v bMőKFɩ xőbF�Mɷ+? Qx�Ǽ2MőK TQ/
`ɩxMɷKB ȹ?Hv- D2 T`Qp2/2M� `2FQMbi`mF+2 Q#`�xmX Ǵ*h bMőKFv DbQm Q#`�x2K
�#bQ`T+2 `2Mi;2MQpû?Q x�Ǽ2Mő pvȒ2iǼQp�MɷK Q#D2Fi2KX .2MxBi� m *h bMőKFɩ D2
pvD�/Ǽ2M� >QmMb}2H/QpɷK ÍőbH2K- Fi2`û D2 m`Í2MQ FQ2}+B2Mi2K ȹiHmKm `2Mi;2MQpû?Q
T�T`bFmǴX (RN- bi`X kNy) (ky)

RXkXj J�;M2iB+F� `2xQM�M+2

J2xB /�HȒő KQʈMQm pvȒ2iǼQp�+ő K2iQ/m T�iǼő K�;M2iB+F� `2xQM�M+2X J_ D2
M2BMp�xBpMő pvȒ2iǼQp�+ő K2iQ/�- Fi2`Qm bH2/mD2K2 D�F �M�iQKB+Fû- i�F #BQ+?2KB+Fû
BM7Q`K�+2X C2 x�HQʈ2M� M� /Bbi`B#m+B � +?Qp�Mő K�;M2iB+Fɷ+? KQK2Miɩ /�Mɷ+?
BxQiQTɩ p bBHMûK K�;M2iB+FûK TQHBX "ÿ?2K pvȒ2iǼQp�Mő b2 xőbF�p�Dő /B;Bi�HMő
Q#`�xv- Fi2`û DbQm /2}MQp�Mv BMi2MxBiQm D�bm p2 bimTMő+? Ȓ2/B � FQMi`�bi2K- D2Mʈ
/2}MmD2 `ɩxMQ`Q/Qbi iF�MőX ox?H2/2K F x�KÿǼ2Mő /BTHQKQpû T`�+2 M� J_ #m/2 iûiQ
K2iQ/ÿ pÿMQp�M� b�KQbi�iM� M�bH2/mDő+ő F�TBiQH�X (RN)
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k J�;M2iB+F� `2xQM�M+2

C�F DBʈ #vHQ xKőMÿMQ p TǼ2/+?Qxő F�TBiQH2 K�;M2iB+F� `2xQM�M+2 UJ_V
D2 M2BMp�xBpMő pvȒ2iǼQp�+ő K2iQ/�- x�HQʈ2M� M� /Bbi`B#m+B � +?Qp�Mő K�;M2iB+Fɷ+?
KQK2Miɩ /�Mɷ+? BxQiQTɩ p bBHMûK K�;M2iB+FûK TQHBX "ÿ?2K pvȒ2iǼQp�Mő
b2 xőbF�p�Dő /B;Bi�HMő Q#`�xv- Fi2`û DbQm /2}MQp�Mv BMi2MxBiQm D�bm p2 bimTMő+?
Ȓ2/B � FQMi`�bi2K- D2Mʈ /2}MmD2 `ɩxMQ`Q/Qbi iF�MőX w J_ xőbF�p�K2 D�F
�M�iQKB+Fû- i�F #BQ+?2KB+Fû BM7Q`K�+2X SǼBÍ2Kʈ M2DT`p2 b2 pvmʈőp�H� T`�pÿ TQmx2
p #BQ+?2KBB T`Q xDBȒiÿMő bi`mFim`v KQH2FmHX a KvȒH2MFQm D�F FƦ/Qp�i T`QbiQ`QpQm
BM7Q`K�+B TǼBȒ2H �ʈ TQ `Q+2 RNdy SX *X G�mi2`#m`X

S`BM+BT2K J_ D2 i2/v TɩbQ#2Mő `�/BQ7`2Fp2MÍMő?Q K�;M2iB+Fû?Q TQH2
b K�;M2iB+FɷKB KQK2Miv D�/2` �iQKɩ- Fi2`û pv?Q/MQ+mD2K2 p2 7Q`Kÿ Fp�Mi
`�/BQ7`2Fp2MÍMő?Q K�;M2iB+Fû?Q TQH2 p2 pMÿDȒőK bi�iB+FûK K�;M2iB+FûK TQHBX
hmiQ �#bQ`T+B Hx2 /2i2FQp�i m pȒ2+? BxQiQTɩ b M2MmHQpɷK K�;M2iB+FɷK KQK2Mi2KX
o K2/B+őMÿ b2 M2Dpő+2 pvmʈőp� �iQKm pQ/őFm- D2HBFQʈ b2 M�+?�xő p2 pȒ2+?
Q`;�MB+Fɷ+? bHQmÍ2MBM�+? � p2 pQ/ÿ- Fi2`� b2 ?QDMÿ pvbFvimD2 p #BQHQ;B+Fɷ+?
iF�Mő+?X J_ D2 M2Dpő+2 +BiHBp� M� D�/`� pQ/őFm x /ɩpQ/m pvbQFû?Q ;v`QK�;M2iB+Fû?Q
TQKÿ`m- Fi2`ɷ pvD�/ǼmD2 TQKÿ` K2xB K�;M2iB+FɷK KQK2Mi2K � KQK2Mi2K
?v#MQbiBX (RN) (ky)

kXR C2p K�;M2iB+Fû `2xQM�M+2

lKőbiőK2@HB D�/`� �iQKɩ /Q bBHMû?Q K�;M2iB+Fû?Q TQH2- M�bi�M2 `QxȒiÿT2Mő
2M2`;2iB+Fû ?H�/BMv x /ɩpQ/m TɩbQ#2Mő pMÿDȒő?Q K�;M2iB+Fû?Q TQH2 M� `Qx/őHMÿ
T`QbiQ`Qpÿ Q`B2MiQp�Mû K�;M2iB+Fû KQK2Miv D�/2`X EQMF`ûiMÿ m D�/2` pQ/őFm
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/QD/2 F2 /pÿK� 2M2`;2iB+FɷK bi�pɩKX h2MiQ D2p TQTb�H 7vxBF SB2i2` w22K�M `QFm
R3NdX .Q+?�xő x/2 F `QxȒiÿT2Mő 2M2`;2iB+Fɷ+? ?H�/BM �iQKm- Fi2`û DbQm mKőbiÿMv
p2 pMÿDȒőK K�;M2iB+FûK TQHBX hQ TH�iő TQmx2 T`Q bFmTBMv ?H�/BM- Fi2`û K�Dő #2x
TǼőiQKMQbiB K�;M2iB+Fû?Q TQH2 2M2`;BB bi2DMQm � b TǼőiQKMQbiő K�;M2iB+Fû?Q TQH2
2M2`;BB Q/HBȒMQmX SQKQ+ő "QHixK�MQp� `Qx/ÿH2Mő Hx2 `Qx/őH p TQTmH�+ő+? xőbF�i
pxi�?2K,

NE−/NE+ = e∆E/kT UkXRV

F/2 NE− xM�Íő TQÍ2i T`QiQMɩ M� MBʈȒő 2M2`;2iB+Fû ?H�/BMÿ- NE+ TQÍ2i T`QiQMɩ
M� pvȒȒő 2M2`;2iB+Fû ?H�/BMÿ- ∆1 D2 2M2`;2iB+Fɷ `Qx/őH K2xB 2M2`;2iB+FɷKB
?H�/BM�KB- k xM�Íő "QHixK�MQpm FQMbi�Mim � h i2`KQ/vM�KB+FQm i2THQimX

1M2`;2iB+Fv M�`QÍMÿDȒőK bi�p2K D2 �MiBT�`�H2HMő mbTQǼ�/�Mő- i2/v T`QiQMv
M� pvȒȒő 2M2`;2iB+Fû ?H�/BMÿX w iQ?QiQ /ɩpQ/m D2 �MiBT�`�H2HMÿ Q`B2MiQp�Mɷ+?
T`QiQMɩ KûMÿ- M2ʈ T`QiQMɩ Q`B2MiQp�Mɷ+? T�`�H2HMÿ b pMÿDȒőK K�;M2iB+FɷK
TQH2KX S`Q K�;M2iB+Fû TQH2 Q bőH2 R h Q/TQpő/� R yyy yyy �MiBT�`�H2HMÿ
mbTQǼ�/�Mɷ+? T`QiQMɩ � R yyy yyd T�`�H2HMÿ mbTQǼ�/�Mɷ+? T`QiQMɩX o2xK2K2@HB
p ȹp�?m- ʈ2 p 1m3 iF�Mÿ D2 FQH2K 1023 D�/2` pQ/őFm- i�F B i2MiQ TQKÿ`Mÿ K�Hɷ `Qx/őH
D2 KÿǼBi2HMɷX

P#`�x2F kXR, ȑiÿT2Mő 2M2`;2iB+Fɷ+? ?H�/BMX (kR)

ke



oxi�?- Fi2`ɷ xQ#`�xmD2 x�pBbHQbiB K2xB 7`2Fp2M+ő- K�;M2iB+FɷK TQH2K � `Qx/őH2K
K2xB `QxȒiÿT2MɷKB 2M2`;2iB+FɷKB ?H�/BM�KBX

∆E = h ∗ vL = h ∗ (|γ|/2π) ∗B0 = ! ∗ |γ| ∗B0 UkXkV

∆1 xM�Íő `Qx/őH K2xB 2M2`;2iB+FɷKB ?H�/BM�KB- vL D2 G�`KQ`Qp�
7`2Fp2M+2- ? D2 SH�M+FQp� FQMbi�Mi�- γ D2 ;v`QK�;M2iB+F� FQMbi�Mi� bT2+B}+F�
T`Q /�Mɷ BxQiQT- B0 D2 p2HBFQbi bi�iB+Fû?Q K�;M2iB+Fû?Q TQH2 � ń D2 `2/mFQp�M�
SH�M+FQp� FQMbi�Mi�X S`Q pQ/őF Q bőH2 K�;M2iB+Fû?Q TQH2 R h Q/TQpő/� 7`2Fp2M+2
9k-e J>xX

G�`KQ`Qp� 7`2Fp2M+2 vL D2 x�pBbH� M� BMi2MxBiÿ K�;M2iB+Fû?Q TQH2 � D2 xM�xQ`MÿM�
p2 pxi�?mX

ωL = 2 ∗ π ∗ vL = |γ| ∗B0 UkXjV

F/2 ω D2 ȹ?HQp� G�`KQ`Qp� 7`2Fp2M+2- γ D2 ;v`QK�;M2iB+F�
FQMbi�Mi� � B0 QxM�ÍmD2 p2HBFQbi pMÿDȒő?Q bi�iB+Fû?Q K�;M2iB+Fû?Q TQH2X

JBKQ `QxȒiÿT2Mő 2M2`;2iB+Fɷ+? ?H�/BM p2 pMÿDȒőK K�;M2iB+FûK TQHB /Q+?�xő i�Fû
F ixpX T`2+2bMőKm TQ?v#m K�;M2iB+Fɷ+? KQK2Miɩ T`QiQMɩ b G�`KQ`QpQm 7`2Fp2M+őX

SQFm/ pvȒH2K2 2H2Fi`QK�;M2iB+Fɷ BKTmHx UQ#pvFH2 `�/BQ7`2Fp2MÍMő @ _6V- T`�pÿ
Q bi2DMû 7`2Fp2M+B D�FQ D2 G�`KQ`Qp�- FQHKQ F2 bKÿ`m pMÿDȒő?Q K�;M2iB+Fû?Q
TQH2- /QD/2 F2 /pÿK� M� bQ#ÿ M2x�pBbHɷK bi�pɩKX Ì�bi 2M2`;B2 x pvbQFQ7`2Fp2MÍMő?Q
TmHxm TǼ2p2xKQm T`QiQMv pvFQM�p�Dő+ő T`2+2bMő TQ?v# � /QD/2 F TǼ2bFQFm m`ÍBiû?Q
TQÍim T`QiQMɩ x MBʈȒő 2M2`;2iB+Fû ?H�/BMv M� pvȒȒő � /�H2 /QD/2 F x7�xQp�Mő
T`2+2b2 T`QiQMɩX P#pvFH2 D2 pɷbH2/Mɷ K�;M2iB+Fɷ KQK2Mi bFHQT2M Q 90◦ � `QimD2
b G�`KQ`QpQm 7`2Fp2M+őX

SQ /QxMÿMő _6 TmHxm b2 `QimDő+ő T`QiQMv p`�+ő xTÿi /Q 2M2`;2iB+Fû `QpMQp�?vX
hQKmiQ bi�pm b2 ǼőF� `2H�t�ÍMő T`Q+2bX ovmʈőp� /pQm M� bQ#ÿ M2x�pBbHɷ+? T`Q+2bɩ
T1 `2H�t�+2 UbTBM@KǼőʈFQp� `2H�t�+2V � T2 UbTBM@bTBMQp� `2H�t�+2VX

SQ Q/2xMÿMő 2H2Fi`QK�;M2iB+Fû?Q BKTmHxm b2 T`QiQMv p`�+ő /Q bpû?Q TɩpQ/Mő?Q
2M2`;2iB+Fû?Q bi�pmX .Q+?�xő i2/v xTÿi /Q bi�pm i2`KQ/vM�KB+Fû `QpMQp�?v- i2/v
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/Q bKÿ`m pMÿDȒő?Q K�;M2iB+Fû?Q TQH2 B0X L�p`�i2K p2FiQ`m K�;M2iBx�+2- M2#QHB
`2H�t�+ő- /QD/2 F pvx�Ǽ2Mő TǼ2#vi2ÍMû 2M2`;B2- Fi2`� b2 /2i2FmD2 D�FQ J_ bB;M�HX (RN)
(ky)

kXRXR T1 `2H�t�+2

T1 `2H�t�+2 D2 +?�`�Fi2`BxQp�M� M�p`�i2K p2FiQ`m K�;M2iBx�+2 J /Q mbi�H2Mû?Q
bi�pmX

_v+?HQbi bTBM@KǼőʈFQpû `2H�t�+2 m/�p� FQMbi�Mi� T1 UTQ/ûHM� K�;M2iBx�+2VX
h� QxM�ÍmD2 /Q#m TQiǼ2#MQm F /Qb�ʈ2Mő ej W TɩpQ/Mő p2HBFQbiB p2FiQ`m K�;M2iBx�+2X
_v+?HQbi `2H�t�ÍMő?Q T`Q+2bm x�pBbő M� `ɩxMQ`Q/QbiB iF�Mÿ- p2HBFQbiB K�;M2iB+Fû?Q
TQH2- i2THQiÿ � /�HȒő+?X o #BQHQ;B+FûK T`QbiǼ2/ő T`Q#ő?� `2H�t�+2 p Ǽ�/Qpÿ
KBF`Qb2FmM/�+?X (RN)

kXRXk T2 `2H�t�+2

C�F DBʈ #vHQ xKőMÿMQ- TQmʈBiő _6 BKTmHxm xTɩbQ#ő x7�xQp�Mő T`2+2b2 pȒ2+? T`QiQMɩX
SQ Q/2xMÿMő iQ?QiQ BKTmHxm /Q+?�xő F TQbimTMûKm `Qx7�xQp�Mő D2/MQiHBpɷ+?
T`QiQMɩX hQ D2 xTɩbQ#2MQ TǼ2/2pȒőK BMi2`�F+ő K2xB QFQHMőKB T`QiQMvX w iQ?QiQ
/ɩpQ/m b2 MÿF/v T2 `2H�t�+2 QxM�ÍmD2 D�FQ bTBM@bTBM `2H�t�+2X

_v+?HQbi bTBM@bTBM `2H�t�+2 m/�p� FQMbi�Mi� T2 UTǼőÍM� K�;M2iBx�+2VX
h� QxM�ÍmD2 x� D�FQm /Q#m FH2bM2 TǼőÍM� K�;M2iBx�+2 M� TǼB#HBʈMɷ+? jd W
bpû pɷ+?Qxő ?Q/MQiv p2 pv#mx2MûK bi�pmX o #BQHQ;B+FûK T`QbiǼ2/ő T`Q#ő?� `2H�t�+2
Ǽ�/Qpÿ p KBHBb2FmM/�+?X (RN)

kXk S`BM+BT ipQ`#v J_ Q#`�xm

C�Fɷ #m/2 Kői Q#`�x FQMi`�bi- m`ÍmDő `2H�t�ÍMő T`Q+2bv � TQÍ2i 2t+BiQp�Mɷ+?
�iQKɩ- i2/v D2DB+? ?mbiQi� Q/TQpő/�Dő+ő p2HBFQbiB K�;M2iBx�+2X �#v #vHQ KQʈMû
`2FQMbi`mQp�i Q#`�x- D2 TQiǼ2#� xDBbiBi Q/2xpm M� _6 TmHx p F�ʈ/ûK #Q/ÿ
pvȒ2iǼQp�Mû Q#H�biBX hm xDBbiőK2 TQKQ+ő TǼő/�pMɷ+? HBM2�`Mő+? K�;M2iB+Fɷ+?
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TQHő ixpX ;`�/B2Miɩ- D2DB+?ʈ K�;M2iB+F� BM/mF+2 b2 TǼBÍői� F2 bi�iB+FûKm
K�;M2iB+FûKm TQHBX L2DbQm@HB ;`�/B2Miv �FiBpQp�Mv- K�;M2iB+Fû TQH2 D2 M� pȒ2+?
Kőbi2+? bi2DMû UpBx Q#`�x2F �VX SQFm/ ;`�/B2Miv �FiBpmD2K2- K�;M2iB+Fû TQH2 #m/2
M� MÿFi2`ɷ+? Kőbi2+? bH�#Ȓő � MÿF/2 bBHMÿDȒő- � iőK b2 #m/2 KÿMBi B G�`KQ`Qp�
7`2Fp2M+2 UpBx Q#`�x2F "VX oɷbH2/Mû K�;M2iB+Fû TQH2 b2 `QxHBȒmD2 TQKQ+ő bQmǼ�/MB+
t- v- xX aB;M�H /2i2FmD2K2 TQKQ+ő TǼBDőK�+ő +őpFv � M�bH2/Mÿ �THBFmD2K2 6Qm`B2`Qpm
i`�Mb7Q`K�+B- x2 Fi2`û xőbF�K2 7`2Fp2ÍMő bT2Fi`mK- F/2 F�ʈ/� THQ+?� TQ/ FǼBpFQm
#m/2 TǼ2/bi�pQp�i TQÍ2i T`QiQMɩ- � iőK B BMi2MxBimX S`BM+BT T`QbiQ`Qpû?Q FƦ/Qp�Mő
D2 xM�xQ`MÿM M� Q#`�xFm kXkX

P#`�x2F kXk, S`BM+BT T`QbiQ`Qpû?Q FƦ/Qp�MőX

L� Q#`�xFm kXk DbQm xM�xQ`MÿMv xFmK�pFv b i2FmiBMQmX � @ ;`�/B2Miv DbQm
pvTMmiû � T`QiQ D2 K�;M2iB+Fû TQH2 pȒm/2 bi2DMû- i2/v B G�`KQ`Qp� 7`2Fp2M+2
T`QiQMɩ i2FmiBMv p2 xFmK�pF�+? D2 bi2DM�X .2i2FQp�Mɷ bB;M�H i2/v Q#b�?mD2
TQmx2 D2/Mm `2xQM�MÍMő 7`2Fp2M+BX " @ :`�/B2Mi D2 x�TMmi p Qb2 t- F/2 b2 KÿMő
K�;M2iB+Fû TQH2 � iőK B G�`KQ`Qp� 7`2Fp2M+2 T`QiQMɩ i2FmiBMv p2 xFmK�pF�+? D2
DBM�X .2i2FQp�Mɷ bB;M�H Q#b�?mD2 /pÿ `2xQM�MÍMő 7`2Fp2M+2X
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EƦ/Qp�Mő D2 T`Qp�/ÿMQ p2 iǼ2+? `QpBM�+?X S`pMő p`bip� D2 /2}MQp�M� p`bipQpɷK
;`�/B2Mi2K � 7`2Fp2MÍMÿ b2H2FiBpMőK _6 TmHx2KX .`m?� � iǼ2iő p`bip� pvmʈőp�
ixpX 7`2Fp2MÍMő � 7�xQpû FƦ/Qp�Mő- F/2 TQKQ+ő ;`�/B2Miɩ KÿMőK2 7�xB bTBMɩ TǼB b#ÿ`m
/�i � M�bH2/Mÿ D2DB+? 7`2Fp2M+BX hőK b2 T`QiQMv p /�Mû p`bipÿ Q/HBȒő Q/ Qbi�iMő+?
TBt2HɩX (RN) (ky)

kXj wQ#`�xQp�+ő b2Fp2M+2

oȒ2+?Mv xQ#`�xQp�+ő b2Fp2M+2 DbQm ipQǼ2Mv �H2bTQƚ D2/MőK 2t+Bi�ÍMőK TmHx2K _6
� x ;`�/B2Miɩ T`Q pɷ#ÿ` p`bi2p- i�F T`Q 7`2Fp2MÍMő � 7�xQpû FƦ/Qp�MőX SǼB TQmʈBiő
`ɩxMɷ+? FQK#BM�+ő _6 TmHxɩ � ;`�/B2Miɩ xőbF�p�K2 bTQmbiv `ɩxMɷ+? b2Fp2M+ő- �pȒ�F
M2DÍ�biÿDB `Qx2xM�p�K2 ixpX bTBM@2+?Q b2Fp2M+2 � b2Fp2M+2 ;`�/B2MiMő?Q 2+?�X

aTBM@2+?Q Ua1V D2 ipQǼ2MQ x 90◦ 2t+Bi�ÍMő?Q TmHxm- TQ Fi2`ûK M�bH2/mD2 p Í�b2
h1fk 180◦ TmHx- Fi2`ɷ xTɩbQ#ő pxMBF 2+?� p Í�b2 h1X .ɩpQ/2K TQmʈBiő 180◦

TmHxm D2 `27QFmb�+2 K�;M2iBx�+2 x /ɩpQ/m TQbimTMû?Q x�MBFm J_ bB;M�Hm TQ
T`pMőK 2t+Bi�ÍMőK TmHxmX E x�MBFm J_ bB;M�Hm /Q+?�xő FpɩHB `2H�t�ÍMőK T`Q+2bɩK
� M2?QKQ;2MBiÿ 2t+BiQp�Mû Q#H�biB- /őFv Fi2`û /Q+?�xő F2 xi`�iÿ 7�xQpû FQ?2`2M+2X
�THBF�+ő 180◦ TmHxm /Q+őHőK2 iQ?Q- ʈ2 b2 K�;M2iB+Fû KQK2Miv p Í�b2 h1 b7�xmDőX
h2MiQ +vFHmb b2 p `�K+B D2/MQ?Q pvȒ2iǼQp�Mő KMQ?QF`�i QT�FmD2X

:`�/B2MiMő 2+?Q D2 ipQǼ2MQ x 90◦ 2t+Bi�ÍMő?Q TmHxm- �pȒ�F M�`Qx/őH Q/ a1
M2pvmʈőp� F pvipQǼ2Mő 2+?� 180◦ TmHxm- �H2 #BTQH�`Mő Íi2+ő ;`�/B2MiX .�H2 pvmʈőp�
K2MȒő?Q bFH�Tÿ+ő?Q ȹ?Hm � Q#pvFH2 F`�iFû?Q `2T2iBÍMő?Q Í�bm Uh_VX hQiQ KÿǼ2Mő
b2 Ǽ�/ő F `v+?HɷK xQ#`�xQp�+őK i2+?MBF�KX (RN) (ky)

kX9 P#`�xQpû �`i27�Fiv

P#`�xQpɷKB �`i27�Fiv `QxmKőK2 7�H2ȒMɷKB xKÿM�KB BMi2MxBiv- ip�`m � TQHQ?vX hviQ
�`i27�Fiv KQ?Qm #ɷi x�TǼőÍBMÿMû #BQHQ;B+FɷKB T`Q+2bv- p2 xT`�+Qp�Mő Q#`�xm p KÿǼő+ő
i2+?MB+2 �TQ/X

jy



kX9XR SQ?v#Qpû �`i27�Fiv

SǼB TQ?v#m b`/+2- TmHx�+ő F`p2- T2`Bbi�HiB+FɷKB pHM�KB- /ɷ+?�Mő �TQ/X /Q+?�xő
F `QxK�x�Mő Q#`�xm p2 bKÿ`m 7�xQpû?Q ;`�/B2Mim � pxMBFm 7�H2ȒMɷ+? Q#`�xɩ
UipxX /m+?ɩKV p TQx�/őX S`Q iviQ TǼőT�/v #vHQ pvpBMmiQ bTQmbim i2+?MBF- Fi2`û
K�Dő x�K2xBi TQ?v#QpɷK �`i27�FiɩKX L�TǼőFH�/ bMőK�Í- Fi2`ɷ K� x� ȹFQH bMőK�i
?`m/MőFX SQFm/ D2 TQ?v# ?`m/MőFm KBMBK�HMő- i�F T`Q#ő?� KÿǼ2MőX .�HȒőK ȹÍBMMɷK
� p2HKB D2/MQ/m+?ɷK xTɩbQ#2K D2 KÿǼ2Mő TǼB x�/`ʈ2MûK /2+?mX SQ?v# b`/+2 b2
b KÿǼ2MőK bvM+?`QMBxmD2 x� TQKQ+ő 1E:X (kk)

kX9Xk *?2KB+Fɷ TQbmM

_2xQM�MÍMő 7`2Fp2M+2 x�pBbő TǼ2/2pȒőK M� K�;M2iB+Fû BM/mF+B B0- /`m?m �iQKQpû?Q
D�/`� � bi`mFimǼ2 KQH2FmHX *?2KB+FɷK TQbmM2K QxM�ÍmD2K2 xKÿMm `2xQM�MÍMő
7`2Fp2M+2 x�TǼőÍBMÿMQm QFQHMő �iQKQpQm- bm#KQH2FmHQpQm � KQH2FmHQpQm ȹ`QpMőX
*?2KB+Fɷ TQbmM bH2/mD2K2 M�TǼőFH�/ m D�/2` pQ/őFm p imFm � pQ/ÿ- B F/vʈ DbQm
pvbi�p2Mv bi2DMûKm bi�iB+FûKm TQHBX .őFv iQKmiQ D2pm /Q+?�xő M� `Qx?`�Mő pQ/v
� imFm F TQbmpMɷK �`i27�FiɩK M� bMőK+ő+?X (kk)

kX9Xj L2?QKQ;2MBi� K�;M2iB+Fû?Q TQH2

L2?QKQ;2MBiQm bi�iB+Fû?Q K�;M2iB+Fû?Q TQH2 /Q+?�xő F2 xF`2bH2Mő Q#`�xm- D�F
;2QK2i`B+FûKm- i�F F2 xKÿM�K BMi2MxBivX .Ǽőp2 #vH� M2?QKQ;2MBi� xTɩbQ#2M�
M2/Qbi�i2ÍMÿ Fp�HBiMőK K�;M2i2KX .M2b D2 HQF�HMő M2?QKQ;2MBi� xTɩbQ#2M�
T�+B2Mi2KX SǼőÍBMQm M2?QKQ;2MBiv #ɷp�Dő `ɩxMû BKTH�Mi�iv � T`QiûxvX .�HȒő
Q/+?vHFv M�bi�p�Dő x /ɩpQ/m xKÿM bmb+2TiB#BHBiv #BQHQ;B+Fɷ+? iF�Mő � ip�`2K
KÿǼ2Mɷ+? Q#D2FiɩX (kk)

kX8 J�;M2iB+F� `2xQM�MÍMő bT2Fi`QbFQTB2

J_a D2 K2iQ/� pvmʈőp�M� T`Q xDBȒiÿMő bT2Fi2` MÿFi2`ɷ+? BxQiQTɩX .őFv iQKm- ʈ2 J_
M2KÿMő #BQ+?2KB+Fû /ÿD2 p Q`;�MBbKm- Hx2 /2i2FQp�i bTQmbim T�iQHQ;B+Fɷ+?
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/ÿDɩ- Fi2`û b2 Q#pvFH2 T`QD2pmDő xKÿMQm K2i�#QHBbKm #mMÿFX SǼB pvȒ2iǼ2Mő b2 i�iQ
xKÿM� T`QD2pő M� ip�`m bT2Fi`� � FQM+2Mi`�+B bi�MQp2Mɷ+? K2i�#QHBiɩX J_a BM pBpQ
pvmʈőp� M2DÍ�biÿDB D�/2` pQ/őFm 1>- m?HőFm 13* � 7Qb7Q`m 31SX

S`QiQMQp� 1> bT2Fi`QbFQTB2 b2 pvmʈőp� TǼ2/2pȒőK TǼB bH2/Qp�Mő K2i�#QHBbKm
KQxFQpû iF�Mÿ � x�biQmT2Mő imFm p HB/bFɷ+? iF�MőX h2MiQ BxQiQT T`Q/mFmD2
p2HBFɷ bB;M�H x /ɩpQ/m pɷbFvim pQ/őFm p2 pȒ2+? pɷxM�KMɷ+? KQH2FmH�+?X Gx2
xőbF�i BM7Q`K�+2 Q MÿFi2`ɷ+? �KBMQFvb2HBM�+?- +mF`2+?- M2m`Qi`�MbKBi2`2+?- H�Fi�im
�DX .`m?ɷK M2DÍ�biÿDȒőK BxQiQT2K D2 31SX w 31S J_ bT2Fi2` xőbF�p�K2 ȹ/�D2
Q K2i�#QHBi2+? Q#b�?mDő+ő+? 7Qb7Q` U�hS- �.S- 7Qb7QF`2�iBM � /�HȒő+?VX

J_a #ɷp� /QTHƚF2K J_A T`Q xTǼ2bMÿMő /B�;MQbiBFvX wőbF�p�K2 ȹ/�D2
Q #BQ+?2KB+Fɷ+? � K2i�#QHB+Fɷ+? T`Q+2b2+?X (kj) (k9)

kX8XR h2+?MBFv pvȒ2iǼ2Mő J_ bT2Fi`QbFQTB2
1> J_a D�i2` pvmʈőp� /p� x�FH�/Mő xTɩbQ#v KÿǼ2Mő, aBM;H2 pQt2H Uaoa-
D2/MQQ#D2KQp� bT2Fi`QbFQTB2V � *?2KB+�H b?B7i BK�;BM; U*aA- bT2Fi`QbFQTB+Fû
xQ#`�xQp�Mő M2#Q iûʈ xQ#`�xQp�Mő +?2KB+Fû?Q TQbmMmVX aoa T`�+mD2 TQmx2 b K�HQm
Í�biő iF�Mÿ- M2DÍ�biÿDB Fp�/`Qpû?Q ip�`m Q Q#D2Km k Ĝ jy KHX wőbF�p�K2 D2/MQ
pɷbH2/Mû bT2Fi`mK- Fi2`û TQbFvimD2 BM7Q`K�+2 Q +2HFQpûK `QxHQʈ2Mő K2i�#QHBiɩ
p2 pv#`�Mû Q#H�biB UpQt2HmVX C2 p?Q/M� T`Q pɷTQÍ2i �#bQHmiMő+? FQM+2Mi`�+ő
K2i�#QHBiɩ p /�Mû Q#H�biBX *aA T`�+mD2 b pÿiȒő Í�biő iF�MÿX ovmʈőp� i2/v pÿiȒő?Q
KMQʈbipő pQt2Hɩ- x2 Fi2`ɷ+? DbQm xőbF�p�M� bT2Fi`�X >H�pMőK T`Q#HûK2K iûiQ
K2iQ/v D2 7mMF+2 #Q/Qpû?Q `QxK�x�Mő USa6 @ TQBMi bT`2�/ 7mM+iBQMV- Fi2`� HBKBimD2
D2/MQxM�ÍMQbi pɷTQÍim FQM+2Mi`�+ő K2i�#QHBiɩ- Fi2`� D2 xőbF�p�M� x TQKÿ`m p2HBFQbiB
bB;M�Hm � pQt2HmX h2MiQ T`Q#HûK Hx2 `2/mFQp�i TQKQ+ő }Hi`ɩ- �pȒ�F M� ȹFQ`
T`QbiQ`Qpû?Q `QxHBȒ2Mő bT2FiQbFQTB+Fû?Q pvȒ2iǼ2MőX *aA b2 i2/v TQmʈőp� TǼ2/2pȒőK
T`Q HQF�HBx�+B � xDBȒiÿMő `Qxb�?m HûxőX

a2Fp2M+2 DbQm TQmʈőp�Mv x2DKûM� ah1�J UahBKmH�i2/ 1+?Q �+[mBbBiBQM JQ/2V
� S_1aa USQBMi _1aQHp2/ aT2+i`Qb+QTvVX ah1�J TQmʈőp� F HQF�HBx�+B KÿǼ2Mû?Q
Q#D2Km UoPA Ĝ pQHmK2 Q7 BMi2`2biV iǼB b2H2FiBpMő 90◦ _6 TmHxvX oɷ?Q/Qm K2iQ/v
D2 KQʈMQbi KÿǼ2Mő TǼB p2HKB F`�iFɷ+? 2+?Q Í�b2+?X hQ mKQʈMő x�+?viBi BM7Q`K�+2
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K2i�#QHBiɩ- Fi2`û b2 pvxM�ÍmDő F`�iFɷKB T2 `2H�t�ÍMőKB Í�bvX h2+?MBF� S_1aa
xőbF�p� HQF�HBx�+B oPA TQKQ+ő D2/MQ?Q b2H2FiBpMő?Q 2t+Bi�ÍMő?Q 90◦ TmHxm � /pQm
b2H2FiBpMő+? 180◦ TmHxɩ T`Q pvipQǼ2Mő bTBMQpû?Q 2+?�X PT`QiB i2+?MB+2 ah1�J K�
H2TȒő +BiHBpQbiX l Q#Qm i2+?MBF D2 KQʈMû pvmʈői /�HȒő 7`2Fp2MÍMÿ b2H2FiBpMő TmHxv- Fi2`û
TQiH�ÍmDő TQmx2 7`2Fp2M+B bB;M�Hm pQ/vX hQ mKQʈƚmD2 xpB/Bi2HMBi bB;M�Hv Qbi�iMő+?
K2i�#QHBiɩ- D2DB+?ʈ FQM+2Mi`�+2 D2 Q 9 Ǽ�/v MBʈȒő- M2ʈ D2 FQM+2Mi`�+2 pQ/vX o TǼőT�/ÿ
KÿǼ2Mő imFɩ p D�i`2+? b2 �H2 Í�bi b2Fp2M+2 T`Q TQiH�Í2Mő pQ/v pÿiȒBMQm M2TQmʈőp�X
(k8) (ke) (kd) (k9)

J�;M2iB+F� `2xQM�MÍMő bT2Fi`QbFQTB2 D�i2`

J_a K� Q#`QpbFQm pɷ?Q/Qm- � iQm D2 KQʈMQbi Fp�MiB}F�+2 bi2�iƦxv D�i2` � D2Dő
T`ɩ#ÿʈMû bH2/Qp�Mő #2x BMp�xBpMő?Q x�b�?mX S`BM+BT2K bi�MQp2Mő bi2�iƦxv D�i2` D2
M�KÿǼ2Mő bT2Fi`� i2+?MBFQm bBM;H2 pQt2H x� TQmʈBiő b2Fp2M+2 S_1aa ÍB ah1�JX
L2pɷ?Q/Qm iûiQ K2iQ/v D2- ʈ2 M2/QF�ʈ2 `Qx2xM�i- x/� b2 D2/M� Q L�a> ÍB T`QbiQm
bi2�iƦxmX o M�bH2/mDő+ő i�#mH+2 DbQm pvTb�Mv bimTMÿ bi2�iƦxv TQmʈőp�Mû p FHBMB+Fû
T`�tBX

h�#mHF� kXR, aimTMÿ bi2�iƦxv

W imFm TQ/H2 1> J_a AE1J

Q/TQpő/�Dő+ő `2;`2bMő x�pBbHQbiB
y @ y-dy W y-dR W @ 8-9y W 8-9R W @ R9-ey W =R9-ey W

W QpHBpMÿMɷ+? ?2T�iQ+viɩ

EH2BM2`QpQ bFƦ`2
y @ 8 W 8 W @ jj W jj W @ ee W =ee W

aimT2ƚ bi2�iƦxv y R k j

E/2 bimT2ƚ y xM�Íő x/`�p� D�i`� #2x bi2�iƦxv- bimT2ƚ R Kő`Mÿ bi2�iQiB+F�
D�i`�- bimT2ƚ k biǼ2/Mÿ bi2�iQiB+F� � bimT2ƚ j iÿʈ+2 bi2�iQiB+F� D�i`�X

G*JQ/2H

G*JQ/2H (k3) D2 bQ7ir�`2 T`Q �miQK�iB+Fû pv?Q/MQ+2Mő J_ bT2Fi2` BM pBpQX J2iQ/�
G*JQ/2H �M�HvxmD2 BM pBpQ bT2Fi`mK D�FQ HBM2�`Mő FQK#BM�+B bT2Fi2` KQ/2Hɩ `QxiQFɩ

jj



K2i�#QHBiɩ BM pBi`QX h2MiQ T`Q;`�K Hx2 x�FQmTBi M� Q}+B�HMő+? r2#Qpɷ+? bi`�MF�+?
G*JQ/2HmX

oɷbH2/F2K G*JQ/2Hm p TǼőT�/ÿ D�i2` D2 Fp�MiB}F�+2 BMi2MxBiv bB;M�Hɩ pQ/v
� HBTB/ɩ- Fi2`û DbQm xQ#`�x2Mv p2 7Q`Kÿ bT2Fi`�- pBx Q#`�x2F kXj

P#`�x2F kXj, aT2Fi`mK bi2�iQiB+Fɷ+? D�i2` bFmTBMv jX

F/2 BMi2MxBi� bB;M�Hm pQ/v URV b2 pvbFvimD2 M� 9-d TTK � BMi2MxBi� bB;M�Hɩ
HBTB/ɩ UkV K2xB y-8 �ʈ j TTKX oT`�pQ Q/ bT2Fi`� UjV D2 xM�xQ`MÿM� KQ/Ǽ2 BMi2MxBi�
bB;M�Hɩ p2 bT2Fi`mX SQ/ BMi2MxBi�KB bB;M�Hɩ U9V D2 xQ#`�x2M� 7�xQp� FQ`2F+2- TQbmM
/�i � ?Q/MQi� aL_X EǼBpF� M�/ ;`�72K U8V xQ#`�xmD2 `Qx/őH K2xB M�}iQp�MɷK
UpvTQÍi2MɷKV bB;M�H2K � bB;M�H2K M�KÿǼ2MɷKX L�/ iQmiQ FǼBpFQm UeV DbQm Q#2+Mû
T�`�K2i`v D�FQ D2 p2`x2 T`Q;`�Km- QbQ#Mő ȹ/�D2 T�+B2Mi�- F/2 #vHQ KÿǼ2Mő T`Qp�/ÿMQ
� /�imK pvȒ2iǼ2MőX

j9



kXe wT`�+Qp�Mő J_ Q#`�xɩ

oɷbH2/Mû J_ bMőKFv Hx2 ?Q/MQiBi bm#D2FiBpMÿ- i2/v M� x�FH�/ÿ xFmȒ2MQbiB
QT2`�iQ`�- Fi2`ɷ T`Qp2/2 /B�;MƦxm x pv?QiQp2Mɷ+? bMőKFɩ #2x /�HȒő+? �M�Hɷx-
ÍB Q#D2FiBpMÿ- F/2 bMőKFv T`Q+?�x2Dő /�HȒőK xT`�+Qp�MőK � M�bH2/MQm �M�HɷxQmX

kXeXR h2tim`Mő �M�Hɷx�

S`Q i2tim`m Q#`�xm M2Mő bT2+B}FQp�M� TǼ2bM� /2}MB+2X P#2+Mÿ DB Hx2 +?�`�Fi2`BxQp�i
D�FQ FQKTH2tMő Q#`�x+2- Fi2`û b2 bFH�/�Dő x T`QbiQ`Qpÿ mbTQǼ�/�Mɷ+?- M�?Q/Mÿ
QT�FQp�Mɷ+? D2/MQi2F M2#Q K2MȒő+? Q#`�x+ɩ b +?�`�Fi2`BbiB+FQm #�`pQm- D�b2K-
p2HBFQbiő- ip�`2K � /�HȒőKB xM�FvX CBMɷKB bHQpv- D/2 Q pMBiǼMő b2bFmT2Mő TQ/Q#Mɷ+?
mbTQǼ�/�Mő TBt2Hɩ p Q#`�x2X >Q/MQiv D2/MQiHBpɷ+? xM�Fɩ T�F p2/Qm F2 xDBȒiÿMő
pH�biMQbiő xFQmK�Mû?Q pxQ`Fm D�FQ D2 M�TǼX D2?Q ?`m#Qbi- D2KMQbi- T`�pB/2HMQbi-
?mbiQi� �TQ/X (kN)

S`pMőK F`QF2K i2tim`Mő �M�Hɷxv Uh�V D2 pɷ#ÿ` Q#H�biő x�DKm Ĝ _PA U_2;BQM Q7
BMi2`2biVX E�ʈ/ɷ _PA D2 T�F K�i2K�iB+Fv TQTb�M � pv?Q/MQ+2MX L� Q#`�xFm kX9 DbQm
xQ#`�x2Mv TǼőFH�/v _PAX

P#`�x2F kX9, w�DKQpû Q#H�biB U_PAVX 6B�HQp� QxM�ÍmD2 D�i`�- KQ/`� Kő+?m- x2H2M�
ʈ�Hm/2F- iv`FvbQp� bH2xBMmX

j8



h2tim`Mő T�`�K2i`v Hx2 `Qx/ÿHBi M� +?�`�Fi2`BbiBFv T`pMő?Q � /`m?û?Q
Ǽ�/mX *?�`�Fi2`BbiBFv T`pMő?Q Ǽ�/m m/�p�Dő BM7Q`K�+B Q `Qx/ÿH2Mő ȹ`QpMő
Ȓ2/B p Q#`�x2- MBFQHBp Q T`QbiQ`QpûK mbTQǼ�/�Mő D2/MQiHBpɷ+? TBt2HɩX L�QT�F
+?�`�Fi2`BbiBFv /`m?û?Q Ǽ�/m DbQm x�HQʈ2Mû M� T`QbiQ`QpûK mbTQǼ�/�Mő D2/MQiHBpɷ+?
TBt2Hɩ p Q#`�x2X (jy)

o T`Q;`�Km J�w/�- Fi2`ɷ D2 pvmʈőp�M p iûiQ /BTHQKQpû
T`�+B- Hx2 _PA K�i2K�iB+Fv TQTb�i Ȓ2biB bFmTBM�KB T�`�K2i`ɩX hÿKB
DbQm >BbiQ;`�K- :`�/B2Mi@#�b2/ 72�im`2b UoH�biMQbiB x�HQʈ2Mû M�
;`�/B2MimV- *Q@Q++m``2M+2 K�i`Bt UJ�iB+2 bTQH2ÍMû?Q pɷbFvimV- _mM@H2M;i?
K�i`Bt- �miQ `2;`2bbBQM KQ/2H � :`�/B2Mi@#�b2/ 72�im`2b q�p2H2i 72�im`2bX

>BbiQ;`�K

>BbiQ;`�K D2 bi�iBbiB+F� K2iQ/� T`pMő?Q Ǽ�/m- Fi2`� M�K m/�p� TQÍ2i ȹ`QpMő
BMi2MxBiv p /�MûK Q#`�xmX

P#`�x2F kX8, >BbiQ;`�K /�Mû?Q _PA- F/2 ?Q`BxQMi�HMő Qb� QxM�ÍmD2 bimTMÿ Ȓ2/B
Uy @ Í2`M�- 9yNe #őH�V � p2`iBF�HMő Qb� TQÍ2i TBt2HɩX

o x�pBbHQbiB M� ?BbiQ;`�Km Hx2 MÿFi2`û 7mMF+2 bi�iBbiB+Fv pvTQÍői�iX L�TǼőFH�/
T`ɩKÿ`- `QxTivH- ȒBFKQbi � ȒTBÍ�iQbiX

je



h�#mHF� kXk, oH�biMQbiB i2tim` x�HQʈ2Mû M� ?BbiQ;`�KmX

6mMF+2 x�pBbHû M� ?BbiQ;`�Km oxQ`2+

S`ɩKÿ` µ =
Ng∑
i=1

ip(i)

P/+?vHF� σ =
Ng∑
i=1

(i− µ2)p(i)

ȑBFKQbi µ3 = σ−3
Ng∑
i=1

(i− µ)3p(i)

ȑTBÍ�iQbi µ4 = σ−4
Ng∑
i=1

(i− µ)4p(i)− 3

F/2 L; D2 ?Q/MQi� BMi2MxBiv- TUBV D2 MQ`K�HBxQp�Mɷ ?BbiQ;`�KQpɷ p2FiQ` UiDX
>BbiQ;`�K- D2?Qʈ x�xM�Kv DbQm /ÿH2Mv +2HFQpɷK TQÍi2K TBt2Hɩ p _PAV- F/2 B 4 R-k-
XXX-L;X

oH�biMQbiB x�HQʈ2Mû M� ;`�/B2Mim

oH�biMQbiB x�HQʈ2Mû M� ;`�/B2Mim U:`�/B2Mi@#�b2/ 72�im`2bV- M2#Q iûʈ 7mMF+2 x�HQʈ2M�
M� TǼ2+?Q/m- D2 +?�`�Fi2`BbiBF� /`m?û?Q Ǽ�/m- Fi2`� QxM�ÍmD2 T`QbiQ`QpQm p�`B�+B
?Q/MQi Ȓ2/B p Q#`�x2X SQFm/ b2 Ȓ2/� ?Q/MQi� p m`ÍBiûK #Q/ÿ Q#`�xm M�?H2 xKÿMő
x Í2`Mû M� #őHQm- ;2M2`mD2 b2 p iQKiQ #Q/ÿ pvbQF� ?Q/MQi� TǼ2+?Q/mX L�QT�F
?Q/MQi� TǼ2+?Q/m p m`ÍBiûK #Q/ÿ #m/2 MőxF�- TQFm/ b2 ?Q/MQi� Ȓ2/B xKÿMő
KBMBK�HMÿ- M�TǼőFH�/ x iK�pÿ Ȓ2/û M� Í2`MQmX :`�/B2Mi Kɩʈ2 M�#ɷp�i FH�/Mɷ+?- i�F
x�TQ`Mɷ+? ?Q/MQiX w�H2ʈő M� xKÿMÿ ?Q/MQiv Ȓ2/B Q/ iK�pû F2 bpÿiHû- M2#Q M�QT�F
Q/ bpÿiHû F iK�pûX

oɷTQÍ2i :`�/B2Mi@#�b2/ 72�im`2b T`Q _PA D2 T`Qp�/ÿM TQKQ+ő K�iB+2 UjtjV
�#bQHmiMő?Q ;`�/B2Mim �"ao- Fi2`� D2 pvTQÍi2M� T`Q F�ʈ/ɷ TBt2H p x�pBbHQbiB
M� bQmb2/MőK TBt2HmX �"ao T`Q TBt2H tUB-DV D2 p M�bH2/mDő+ő K�iB+B UjtjV,

⎡

⎢⎢⎢⎣

G H I

L x(i,j) N

Q R S

⎤

⎥⎥⎥⎦
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�"ao b2 pvTQÍi2 TQ/H2 M�bH2/mDő+ő?Q pxQ`+2 F/2 B-D DbQm T`pFv _PAX

ABSV (i, j) =
√

(R−H)2 + (N − L)2

oH�biMQbiB i2tim`v x�HQʈ2Mû M� ;`�/B2Mim b2 pvTQÍői�Dő x K�iB+2 �"ao- Fi2`� K�
J �#bQHmiMő+? ?Q/MQi ;`�/B2Mim- TQKQ+ő pxQ`+ɩ p i�#mH+2X (kN)

h�#mHF� kXj, oH�biMQbiB i2tim`v x�HQʈ2Mû M� ;`�/B2Mi2+?

6mMF+2 wF`�iF� p J�x/ÿ oxQ`2+

S`ɩKÿ` �#bQHmiMő?Q
;`�/B2Mim

:`J2�M 1
M

∑
i,j

ABSV (i, j)

P/+?vHF� �#bQHmiMő?Q
;`�/B2Mim

:`o�`B�M+2 1
M

∑
i,j

ABSV (i, j −GrMean)2

ȑBFKQbi �#bQHmiMő?Q
;`�/B2Mim

:`aF2rM2bb 1

(
√

GrV ariance)3
1
M

∑
i,j
(ABSV (i, j)−GrMean)3

ȑTBÍ�iQbi �#bQHmiMő?Q
;`�/B2Mim

:`Em`iQbBb 1

(
√

GrV ariance)4
1
M

∑
i,j
(ABSV (i, j)−GrMean)4 − 3

J�iB+2 bTQH2ÍMû?Q pɷbFvim

J�iB+2 bTQH2ÍMû?Q pɷbFvim bimTƚɩ Ȓ2/B Uh?2 ;`2v H2p2H +Q@Q++m``2M+2
K�i`Bt @ :G*JV D2 +?�`�Fi2`BbiBFQm /`m?û?Q Ǽ�/mX C2 x�HQʈ2M� M� pxi�?m BMi2MxBiv
K2xB /pQDB+ő TBt2HɩX :G*J i2/v xp�ʈmD2 /pQDB+2 TBt2Hɩ- Fi2`û K�Dő bT2+B}+Fû
T`QbiQ`Qpû pxi�?v U/- θV- F/2 / D2 px/�H2MQbi � θ D2 bKÿ`X :G*J TQbFvimD2
MmK2`B+F� M2xT`�+Qp�M� /�i� i2tim`v- Fi2`� pvD�/ǼmD2 `2H�iBpMő T`�p/ÿTQ/Q#MQbiő
SUB- Df/- θV BMi2MxBi p2 /pQDB+B TBt2Hɩ B- DX 6mMF+2- Fi2`û Hx2 p T`Q;`�Km J�w/�
pvTQÍői�i x :G*J- DbQm mp2/2Mv p i�#mH+2X (kN)

j3



h�#mHF� kX9, oH�biMQbiB i2tim` x�HQʈ2Mû M� K�iB+B bTQH2ÍMû?Q pɷbFvimX

6mMF+2 wF`�iF� p J�x/ÿ oxQ`2+

�aJ �M;a+JQK
Ng∑
i=1

Ng∑
j=1

p(i, j)2

EQMi`�bi *QMi`�bi
Ng−1∑
n=0

n2
Ng∑
i=1

Ng∑
j=1

p(i, j), , |i− j| = n

EQ`2H�+2 *Q``2H�i
Ng∑
i=1

Ng∑
j=1

ijp(i,j)−µxµy

ρxρy

amK� Íip2`+ɩ amKP7a[b
Ng∑
i=1

Ng∑
j=1

(i− µx)2p(i, j)

1Mi`QTB2 1Mi`QTv −
Ng∑
i=1

Ng∑
j=1

p(i, j)log(p(i, j))

amK� T`ɩKÿ`m amK�p2`;
2Ng∑
i=1

ipx+y(i)

amK� Q/+?vH2F amKo�`M+
2Ng∑
i=1

(i− SumAverg)2px+y(i)

amK� 1Mi`QTB2 amK1Mi`T −
2Ng∑
i=1

px+y(i)log(px+y(i))

AMp2`xMő /B72`2MÍMő
KQK2Mi

AMp.7JQK
Ng∑
i=1

Ng∑
j=1

1
1+(i−1)2p(i, j)

.B72`2MÍMő Q/+?vHF� .B7o�`M+
Ng∑
i=1

Ng∑
j=1

(i− µx−y)2px−y(i)

.B72`2MÍMő 2Mi`QTB2 .B71Mi`T −
Ng∑
i=1

px−y(i)log(px−y(i, j))

_mM@H2M;i? K�i`Bt

_mM@H2M;i? K�i`Bt U_GJV D2 ;2M2`Qp�M� x Q#`�xQpû K�iB+2X Jɩʈ2 #ɷi ;2M2`Qp�M
p2 ÍivǼ2+? bKÿ`2+?, ?Q`BxQMi�HMő- p2`iBF�HMő � /pÿ /B�;QM�HMőX _mM@H2M;i? K�i`Bt
bF2MmD2 b2Fp2M+2 TBt2Hɩ b2 bi2DMQm ?Q/MQiQm Ȓ2/B � KÿǼő- D�F Í�biQ K� /`m?ɷ
M�bH2/mDő+ő TBt2H bi2DMQm ?Q/MQim- /�H2 T�F iǼ2iő M�bH2/mDő+ő- Íip`iɷ- T�iɷ �i/X
>Q/MQi� TUB-DV m/�p�- FQHBF`�i T`Q#ÿ?H� Ǵ`mM H2M;i?Ǵ UDV- b ȹ`QpMő BMi2MxBiv UBVX L2+?ȣ
L` D2 +2HFQpɷ TQÍ2i T`Qp2/2Mő Ǵ_mM@H2M;i?ǴX SQmʈBiû i2tim`Mő T�`�K2i`v x�HQʈ2Mû
M� _GJ DbQm mp2/2Mv p i�#mH+2X (kN)
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h�#mHF� kX8, oH�biMQbiB i2tim` x�HQʈ2Mû M� K�iB+B _mM@H2M;i?

_GJ T�`�K2i` PxM�Í2Mő p J�w/ÿ oxQ`2+

a?Q`i `mM 2KT?�bBb
BMp2`b2 KQK2Mib

a?`i_1KT?
Ng∑
i=1

Ng∑
j=1

p(i,j)

j2

C

GQM; `mM 2KT?�bBb
BMp2`b2 KQK2Mib

GM;_1KT?
Ng∑
i=1

Ng∑
j=1

j2p(i,j)

C

:`2v H2p2H
MQM mMB7Q`KBiv

:G2pLQMlMB
Ng∑
i=1

(
Ng∑
j=1

p(i,j))2

C

_mM H2M;i?
MQM mMB7Q`KBiv

_GLQMlMB
Ng∑
j=1

(
Ng∑
i=1

p(i,j))2

C

6`�+iBQM Q7 BK�;2
BM `mMb

6`�+iBQM C
Ng∑
i=1

Ng∑
j=1

jp(i,j)

E/2 * D2 FQ2}+B2Mi /2}MQp�M D�FQ,

Ng∑

i=1

Ng∑

j=1

p(i, j) UkX9V

�miQ`2;`2bBpMő KQ/2H

�miQ`2;`2bBpMő KQ/2H U�_V TǼ2/TQFH�/� HQF�HMő BMi2`�F+B K2xB Q#`�xQpɷKB TBt2Hv
i�F- ʈ2 BMi2MxBi� TBt2Hɩ D2 p�ʈ2Mɷ bQmÍ2i BMi2MxBi bQmb2/Mő+? TBt2HɩX SQmʈBiő �_
KQ/2Hm T`Q b2;K2Mi�+B Q#`�xm bTQÍőp� p B/2MiB}F�+B T�`�K2i`ɩ KQ/2Hm T`Q /�MQm
Q#H�bi Q#`�xm � TQiû TQmʈBiő xőbF�Mɷ+? ?Q/MQi T�`�K2i`ɩ T`Q `QxHBȒ2Mő i2tim`vX (kN)

q�p2H2i 72�im`2b

C2/M� b2 Q M�bi`QD- Fi2`ɷ Q//ÿHmD2 /�i� /Q `ɩxMɷ+? 7`2Fp2MÍMő+? bHQʈ2F � TQiû
xFQmK� D2/MQiHBpû FQKTQM2Miv b `QxHBȒ2MőK Q/TQpő/�Dő+őK D2?Q `Qxb�?mX w�H2ʈő
i2/v M� biǼő/�Mő 7`2Fp2M+2 bB;M�HmX SQFm/ b2 bB;M�H KÿMő `v+?H2- 7`2Fp2M+2
D2 pvbQF� � M�QT�FX ai2DMɷ T`BM+BT D2 �THBFQp�M M� Q#`�xvX SQFm/ b2 ?Q/MQiv
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Ȓ2/B /pQm`QxKÿ`Mû?Q Q#`�xm `v+?H2 KÿMő- xM�K2M� iQ- ʈ2 D2 KMQ?Q p�`B�+ő p K�Hû
Í�biB Q#`�xm � D2 i2/v TǼBǼ�x2M� pvbQF� T`QbiQ`Qp� 7`2Fp2M+2 F iûiQ Í�biB Q#`�xmX
aKÿ` Q/+?vHFv Kmbő #ɷi i�Fû px�i p ȹp�?m- T`QiQʈ2 Q#`�x b T`m?v p ?Q`BxQMi�HMőK
bKÿ`m D2 Q/HBȒMɷ Q/ Q#`�xm b T`m?v bi2DMû p2HBFQbiB p2 p2`iBF�HMőK bKÿ`mX aMőK2F D2
�M�HvxQp�M p `ɩxMɷ+? bimTMő+? TǼB#Hőʈ2MőX (kN)

1M2`;BB F�ʈ/û?Q /őHÍő?Q T�bK� Hx2 pvTQÍői�i p D�FûKFQHB mp�ʈQp�MûK KÿǼőiFm
p QxM�Í2Mɷ+? _PA D�FQ,

Esubband,scale =
1

n

∑

x,yεROI

(dsubband)2 UkX8V

F/2 M D2 TQÍ2i TBt2Hɩ p _PA D�F p /�MûK KÿǼőiFm- i�F p bm#T�bKmX

9R



ov#`�Mû 7mMF+2 x J�x/v

U�V P`B;BM�HMő bMőK2F D�i2` U#V P`B;BM�HMő bMőK2F Q#`�x+ɩ

U+V 6mMF+2 J2�M m D�i2` U/V 6mMF+2 J2�M m /�Mɷ+? Q#`�x+ɩ

ɷ

U2V 6mMF+2 aF2rM2bb m D�i2` U7V 6mMF+2 aF2rM2bb m /�Mɷ+?

Q#`�x+ɩ

U;V 6mMF+2 Em`iQbBb m D�i2` U?V 6mMF+2 Em`iQbBb m /�Mɷ+?

Q#`�x+ɩ

P#`�x2F kXe, L� bMőK+ő+? DbQm xQ#`�x2Mv pv#`�Mû 7mMF+2- Fi2`û DbQm pvTQÍi2Mv
� xQ#`�x2Mv T`Q;`�K2K J�w/�X

9k



EH�bB}F�+2 /�i

w /ɩpQ/m p2HFû?Q KMQʈbipő /�i- Fi2`û x#vi2ÍMÿ x�iÿʈmDő pɷTQÍiv b2 pvmʈőp� pɷ#ÿ`m
TQ/KMQʈBMv pH�biMQbiő ÍB `2/mF+B /�iX S`Q;`�K J�w/�- Fi2`ɷ D2 p iûiQ /BTHQKQpû
T`�+B TQmʈőp�M- pvmʈőp� iǼő i2+?MBF- Fi2`û DbQm pɷ?Q/Mû p iQK- ʈ2 pv?Q/MQiő
/�i�- Fi2`� DbQm /ɩH2ʈBi� � 2HBKBMmDő iőK bm#D2FiBpMő ȹbm/2FX S�iǼő K2xB Mÿ 6Bb?2`ɩp
FQ2}+B2Mi 6- SP1 Y �** UGQr2bi S`Q#�#BHBiv Q7 1``Q` �M/ �p2`�;2 *Q``2H�iBQM
*Q2}+B2MiV � JA UJmim�H BM7Q`�KiBQMVX 6Bb?2`ɩp FQ2}+B2Mi- xDBȒȣmD2 Kő`m p?Q/MQbiB
T`Q FH�bB}F�+B ?2m`BbiB+FQm i2+?MBFQm- Fi2`� TQbimTMÿ mbBHmD2 Q M2DH2TȒő pH�biMQbiB
T`Q FH�bB}F�+BX L2DMQpÿDȒő pv#`�Mû pH�biMQbiB FQ`2HmDő M2DKûMÿ b DBʈ pv#`�MɷKBX
.`m?Qm K2iQ/Qm D2 SP1 Y �**- Fi2`� TQÍői� b M2DMBʈȒő T`�p/ÿTQ/Q#MQbiMő
+?v#Qm � T`ɩKÿ`MɷK FQ`2H�ÍMőK FQ2}+B2Mi2KX SQbH2/Mő K2iQ/Qm T`Q pɷ#ÿ` /�i
D2 JA- Fi2`� QxM�ÍmD2 px�D2KMQm BM7Q`K�+B K2xB /pÿK� M�?Q/MɷKB p2HBÍBM�KB
6 UT`p2FV � * UF�i2;Q`B2 iǼő/VX SQFm/ D2 ?Q/MQi� JA MmHQp�- i�F 6 � * DbQm
x+2H� M2x�pBbHûX L�QT�F p2HF� ?Q/MQi� JA xM�K2M�- ʈ2 /�Mɷ T`p2F M2b2 BM7Q`K�+B
Q ÍH2Mbipő p2 iǼő/ÿX (kN) (jR)

S`Q FH�bB}F�+B pv#`�Mɷ+? xM�Fɩ pvmʈőp� J�w/� K2iQ/ S*� U�M�Hɷx� ?H�pMő+?
FQKTQM2MiV- .� U/BbF`BKBM�ÍMő �M�HɷxvV � _�qX .� Kɩʈ2K2 /ÿHiB M� G.�
UHBM2�`Mő /BbF`BKBM�ÍMő �M�Hɷx�V � L.� UM2HBM2�`Mő /BbF`BKBM�ÍMő �M�Hɷx�V � /�HȒőX
S*� bi�MQpmD2 TǼB#HBʈMû HBM2�`Mő pxi�?v- x�pBbHQbiB K2xB T`QKÿMMɷKB � `2/mFmD2
T`pFv b Q/H2?HɷKB ?Q/MQi�KB- Fi2`û #v KQ?Hv Kői M2ʈ�/Qm+ő pHBp M� TQTmH�ÍMő
T`ɩKÿ`vX S*� x�+?�xő b2 pȒ2KB xM�Fv D�FQ b2 bi2DMÿ /ɩH2ʈBiɷKBX L2Mő i2/v TQiǼ2#�
xM�i D�FûFQHB BM7Q`K�+2 Q bim/Qp�Mɷ+? Q#D2Fi2+?X P#D2Fiv b?HmFmD2 M� x�FH�/ÿ
D2DB+? +2HFQpû TQ/Q#MQbiB UM�TǼőFH�/ K�K2 ky HB/ő- Fi2`û pv?Q/MQ+mD2K2 D�FQ +2H2F
TQ/Q#Mɷ+? xM�FɩVX L�QT�F m .� D2 MmiMQm TQ/KőMFQm- �#v bim/Qp�Mû Q#D2Fiv #vHv
TǼ2/2K `Qx/ÿH2Mv /Q TǼőbHmȒMɷ+? bFmTBM UM�TǼX `Qx/ÿH2Mő ʈ2M /Q bFmTBMv � � Kmʈ2
/Q bFmTBMv "VX S`BM+BT2K .� D2 b2bi�p2Mő `Qx?Q/Qp�+ő?Q T`�pB/H� T`Q x�Ǽ�x2Mő
Q#D2Fiɩ /Q D2/Mû x DBʈ 2tBbimDő+ő+? iǼő/ TQKQ+ő `ɩxMɷ+? FQK#BM�+ő T`QKÿMMɷ+?X
EH�bB}F�+2 K2iQ/Qm _�q D2 x� TQmʈBiő bm`Qpɷ+? /�iQpɷ+? T`pFɩX (kN) (jk) (jj)
(j9) (j8) (je)

9j



J�w/�

J�w/� D2 TQÍői�ÍQpɷ T`Q;`�K T`Q pɷTQÍ2i i2tim`Mő+? T�`�K2i`ɩ p /B;Bi�HBxQp�Mɷ+?
bMőK+ő+? TǼ2/2pȒőK p2 7Q`K�im .A*PJ- Fi2`ɷ D2 bi�M/�`/2K T`Q xQ#`�xQp�+ő
K2iQ/v D�FQ D2 J_A- *h � mHi`�xpmFX J�w/� #vH� pvpBMmi� T`Q Fp�MiBi�iBpMő
�M�Hɷxm Q#`�xɩ K�;M2iB+Fû `2xQM�M+2 p `�K+B 2p`QTbFû?Q T`QD2Fim *Pah "RR
� D2 pQHMÿ /QbimTM� F2 bi�ʈ2Mő M� Q}+B�HMő+? bi`�MF�+? J�x/vX S`Q;`�K M�pő+
Q#b�?mD2 KQ/mH #RR- Fi2`ɷ M�pő+ TQbFvimD2 pBxm�HBx�+B /Bbi`B#m+2 pxQ`Fɩ mpMBiǼ
7mMFÍMő?Q T`QbiQ`m � bi�iBbiB+FQm �M�Hɷxm iÿ+?iQ /Bbi`B#m+őX .QFQM+2 FH�bB}FmD2
B M2HBM2�`Mő /�i� K2iQ/Qm M2D#HBʈȒő?Q bQmb2/� UR@LLV ÍB mKÿHQm M2m`QMQpQm bőiő
U�LLVX L2pɷ?Q/Qm J�x/v D2 `mÍMő b2;K2MiQp�Mő � D2Dő M2BMimBiBpMő QpH�/�MőX
oɷ?Q/Qm D2 `v+?H� �M�Hɷx� i2tim`v � xőbF�Mő T`Q;`�Km x/�`K�X (jd)
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U�V J�w/� @ lʈBp�i2HbFû `Qx?`�Mő T`Q T`�+B p2 k.

U#V J�w/� @ lʈBp�i2HbFû `Qx?`�Mő T`Q T`�+B j.

P#`�x2F kXd, S`Q;`�K J�w/� � D2Dő mʈBp�i2HbFû `Qx?`�Mő 98



L� Q#`�xFm kXd D2 xM�xQ`MÿMQ mʈBp�i2HbFû T`QbiǼ2/őX a2;K2MiQp�i Hx2
p D2/MQiHBpɷ+? Ǽ2x2+? p `Qx?`�Mő T`Q k.- M2#Q D2 KQʈMû pvipQǼBi _PA p2 j.
/QbimTMɷKB ip�`v UF`v+?H2- p�H2+ �TQ/XV M�TǼőÍ pȒ2KB Ǽ2xv M�D2/MQmX

kXeXk a2;K2Mi�ÍMő T`Q;`�Kv

SQKQ+ő b2;K2Mi�+2 D2 Q#`�x `Qx/ÿH2M M� ?QKQ;2MMő bi`mFim`v- Fi2`û DbQm M�bH2/Mÿ
FH�bB}FQp�MvX a2;K2Mi�ÍMő T`Q;`�Kv pxMBFHv M� x�FH�/ÿ KvȒH2MFv mH2?ÍBi HûF�ǼB
T`�+BX .Q iû /Q#v ?Q/MQiBH Q#`�x bm#D2FiBpMÿ TQm?ɷK b?Hû/MmiőK bMőKFmX o iûiQ
F�TBiQH2 #m/Qm TQTb�Mû pv#`�Mû b2;K2Mi�ÍMő T`Q;`�KvX

j. @ .Q+iQ`

j. @ .Q+iQ` D2 j. KQ/2HQp�+ő- Q#`�xQpɷ � KÿǼő+ő bQ7ir�`2 T`Q /�i� TǼ2/2pȒőK
x J_A- *h- S1hX h2MiQ bQ7ir�`2 D2 pvpBMmi }`KQm �#H2 bQ7ir�`2 +Q`TQ`�iBQMX Gx2
pvmʈői bMőKFv p2 bimTMB Ȓ2/B p Re@#BiQpû ?HQm#+2- i�F #�`2pMû bMőKFv p2 k9@#BiQpû
?HQm#+2X SQ/TQ`mD2 7Q`K�iv .A*PJ- hA66- :A6- CS1:- _�q �DX oɷbH2/Mû KQ/2Hv
DbQm 2tTQ`iQp�Mv p2 7Q`K�i2+? ahG- .s6- A:1a �DX ovmʈőp� MÿFQHBF� �H;Q`BiKɩ
T`Q b2;K2Mi�+B Q#`�xmX C2/M�F T`Q x+2H� �miQK�iB+FQm- TQHQ�miQK�iB+FQm- i�F
K�Mm�HMőX Gx2 pvmʈőp�i M�bi`QD2 T`Q ipQ`#m TQp`+?Qpû?Q ÍB Q#D2KQpû?Q TQp`+?m
KQ/2Hm- M2#Q xQ#`�x2Mő ?BbiQ;`�Km- KÿǼ2Mő px/�H2MQbiő �TQ/X h2MiQ bQ7ir�`2 Hx2
xőbF�i M� BMi2`M2iQpɷ+? bi`�MF�+? }`Kv x� TQTH�i2F 93yy /QH�`ɩX j.@.P*hP_ D2
b+?p�H2M 6.� Ula 6QQ/ �M/ .`m; �/KBMBbi`�iBQM 8RyE +H2�`�M+2V T`Q K2/B+őMbFû
xQ#`�xQp�Mő � �THBF�+2 j. pBxm�HBx�+2 � p `Q+2 kyyk #vH DK2MQp�M hPS j.
Q#`�xQpɷK bvbiûK2KX o bQmÍ�bMû /Q#ÿ D2 `QxȒőǼ2M TQ +2HûK bpÿiÿ- �pȒ�F p2HFQm
M2pɷ?Q/Qm D2 xQ#`�x2Mő M�?H2/m TQmx2 p D2/Mû `QpBMÿX (j3) (jN)

9e



P#`�x2F kX3, j. .P*hP_ @ lʈBp�i2HbFû `Qx?`�Mő- (jN)

AhE @ aL�S

AhE Ĝ aL�S D2 bQ7ir�`2 T`Q b2;K2Mi�+B bi`mFim` p2 j.- TǼ2/2pȒőK T`Q /�i�
x J_A � *hX oxMBFH p2 bTQHmT`�+B mMBp2`xBi p S2MbvHp�MBB � li�?mX Gx2 pvmʈői
bMőKFv p2 bimTMB Ȓ2/B /Q Re@#BiQpû ?HQm#FvX ovȒȒő ?Q/MQiv bimTMÿ Ȓ2/B DbQm
�miQK�iB+Fv TǼ2p2/2Mv /Q MBʈȒő ?HQm#FvX o T`Q;`�Km DbQm xQ#`�x2Mv iǼB `QpBMv
@ �tB�HMő- b�;Bi�HMő- FQ`QM�HMő � pvipQǼ2Mɷ j. KQ/2H T`Q H2TȒő Q`B2Mi�+BX SQ/TQ`mD2
KMQ?Q j. Q#`�xQpɷ+? 7Q`K�iɩ D�FQ D2 .A*PJ- LA7hA � /�HȒőX oɷbH2/Mû KQ/2Hv
DbQm 2tTQ`iQp�Mv p2 7Q`K�i2+? ahG- "ul � pH�biMő?Q 7Q`K�im ohEX S`Q mFH�/�Mő
D2/MQiHBpɷ+? Q#`�xɩ DbQm TQ/TQ`Qp�Mû 7Q`K�iv SL:- hA66 � CS1:X L�#őxő
`mÍMő � TQHQ�miQK�iB+FQm b2;K2Mi�+BX h2MiQ bQ7ir�`2 bHQmʈő TǼ2/2pȒőK T`Q KÿǼ2Mő
px/�H2MQbiő- ipQ`#m ?BbiQ;`�Km � xőbF�Mő j. Q#`�xm- M2TQbFvimD2 bFQ`Q ʈ�/Mû ȹT`�pv
Q#`�xmX JvȒH2MFQm #vHQ pvipQǼ2Mő D2/MQ/m+?û?Q b2;K2Mi�ÍMő?Q T`Q;`�Km- b2

9d



Fi2`ɷK b2 BMimBiBpMÿ T`�+mD2 � D2 x/�`K� pQHMÿ /QbimTMɷX Gx2 ?Q xőbF�i M� Q}+B�HMő+?
BMi2`M2iQpɷ+? bi`�MF�+?X (9y) (jN)

P#`�x2F kXN, AhE @ aL�S @ lʈBp�i2HbFû `Qx?`�MőX (jN)
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j 1tT2`BK2Mi�HMő Í�bi

aFmTBMv `2bTQM/2Miɩ ipQǼBHB T�+B2MiB TQ i`�MbTH�Mi�+B D�i2`- b2 bi2�iƦxQm � x/`�pő
D2/BM+B- Fi2Ǽő T`QȒHB pvȒ2iǼ2Mő M� +2HQiÿHQpûK iQKQ;`�7m J�;M2iQK h`BQ jhX
.Q?`QK�/v #vHQ pvb2;K2MiQp�MQ � x�M�HvxQp�MQ e9 HB/ő Uky ʈ2M � 99 Kmʈɩ- p2
pÿFQpûK `Qxb�?m kj @d8 H2iVX

jXR ovȒ2iǼ2Mő D�i2`

S`pMőK F`QF2K TǼB pvȒ2iǼ2Mő D�i2` x� TQKQ+ő J_ #vHQ TQmÍ2Mő pvȒ2iǼQp�Mû?Q
bm#D2Fim Q pvȒ2iǼ2Mő � FQMi`�BM/BF�+ő+? � xőbF�Mő D2?Q Tőb2KMû?Q bQm?H�bmX E�ʈ/ɷ
Kmb2H Q/HQʈBi pȒ2+?Mv FQpQpû TǼ2/Kÿiv- D2/M�F x /ɩpQ/m pvipQǼ2Mő �`i27�Fiɩ- i�F
x #2xT2ÍMQbiMő+? /ɩpQ/ɩX L�bH2/Mÿ #vH bm#D2Fi mHQʈ2M M� biɩH J_ p TQHQx2 pH2ʈ2 M�
x�/2+?X L� ?`m/MőF Km #vH� mHQʈ2M� TQp`+?Qp� bMőK�+ő +őpF� b 3 F�M�Hv- bHm+?�iF�
T`Q FQKmMBF�+B b pvȒ2iǼmDő+őK � F QK2x2Mő ?HmFm � M�FQM2+ #�HƦM2F T`Q bB;M�HBx�+B
MQmx2X am#D2Fi #vH mHQʈ2M i�F- �#v bMőK�+ő +őpF� #vH� p2 biǼ2/m iQKQ;`�7m- F/2 D2
K�;M2iB+Fû TQH2 M2D?QKQ;2MÿDȒőX

ovȒ2iǼ2Mő x�Í�HQ bTmȒiÿMőK b2Fp2M+2 b M�xp2K GQ+�HBx2`X h�iQ b2Fp2M+2 KÿǼő /�i�
TǼB pQHMûK /ɷ+?�Mő b MőxFɷK `QxHBȒ2MőK T`Q x�FH�/Mő TǼ2/bi�pm Q mHQʈ2Mő D�i2` � T`Q
M�bi�p2Mő /�HȒő+? b2Fp2M+őX L�bH2/Mÿ T`Q KÿǼ2Mő 1> J_ bT2Fi2` #vHv pv?QiQp2Mv
J_ Q#`�xv p2 /pQm `QpBM�+? b2Fp2M+ő >�ah1 U>�H7 7Qm`B2` �+[mB`2/ aBM;H2 b?Qi
hm`#Q bTBM 1+?QV b2 x�/`ʈ2MɷK /2+?2K T`Q /Qb�ʈ2Mő M2DTǼőxMBpÿDȒő TQHQ?v pQt2Hm T`Q
J_ bT2Fi`QbFQTB+Fû pvȒ2iǼ2MőX S`Q KÿǼ2Mő D�i2` b2 TQmʈőp� b2Fp2M+2 hk@p�ʈ2Mû?Q
im`#QbTBMQpû?Q 2+?� b T�`�K2i`v h1 4 Ne Kb- h_ 4 R3yy Kb- `QxKÿ` pQt2Hm
R-e×R-e×Ry-y KK- "q 4 d3R >xfTBt2H- R �FpBxB+2- bFH�Tÿ+ő ȹ?2H R8yêX .�H2 #vHQ

9N



TQiǼ2#� /QH�/Bi ?QKQ;2MBi� TQH2 p2 pv#`�MûK pQt2Hm UoPA @ oQHmK2 Q7 AMi2`2biV
� M�bi�pBi x2bőH2Mő TǼBDőK�+ő B pvbőH�+ő +őpFv � biǼ2/Mő 7`2Fp2M+BX S`Q bT2Fi`QbFQTBB
#vH� TQmʈBi� b2Fp2M+2 S_1aa Uh1 4 jy Kb- h_ 4 98yy Kb- R �FpBxB+2V b2 x�/`ʈ2MőK
/2+?m- Fi2`� #vH� TQmʈBi� iǼBF`�i T`Q 2HBKBM�+B M�?Q/Mɷ+? +?v#X oPA #vH mKőbiÿM
i�F- �#v M2x�b�?Qp�H /Q pB/Bi2HMɷ+? +ûp � iőK xM2?Q/MQ+Qp�H pɷbH2/Fv KÿǼ2MőX
*2HFQp� /Q#� pvȒ2iǼ2Mő i`p�H� FQH2K jy KBMmiX .�i� #vH� pv2tTQ`iQp�M� Q|BM2
T`Q M�bH2/Mû xT`�+Qp�MőX (9R)

P#`�x2F jXR, lKőbiÿMő Q#D2Km x�DKm UpBxX ʈHmiɷ Q#/ûHMőFV T`Q J_ bT2Fi`QbFQTBB
p D�i`2+? p2 iǼ2+? J_A `QpBM�+?X (9R)

jXk wT`�+Qp�Mő /�i

jXkXR J_A @ J�w/�

E b2;K2Mi�+B � �M�Hɷx2 Q#`�xm #vH pvmʈBi T`Q;`�K J�w/� (jd)X .Q?`QK�/v #vHQ
pvb2;K2MiQp�MQ e9 bm#D2Fiɩ- F/2 F�ʈ/ɷ bm#D2Fi #vH `Qx/ÿH2M /Q TǼőbHmȒMû bFmTBMv
bi2�iQiBFɩ � M�bH2/Mÿ DBK TǼBǼ�x2M� F�i2;Q`B2 oPA UM�TǼőFH�/ bm#D2Fi b2 bi2�iƦxQm
y #vHB p F�i2;Q`BB R- bm#D2Fi b2 bi2�iƦxQm R p F�i2;Q`BB k �TQ/XVX SQiû #vHv TQbimTMÿ
TQmʈBiv pȒ2+?Mv FH�bB}F�ÍMő K2iQ/v- T`Q xDBȒiÿMő Q/TQpÿ/ő x/� Kɩʈ2K2 bHQmÍBi
i`�MbTH�MiQp�M� D�i`� b2 x/`�pɷKB- ÍB x/� DbK2 b+?QTMB `Qx2xM�i D2/MQiHBpû bimTMÿ
bi2�iƦxv TQKQ+ő i2tim`Mő �M�Hɷxv �TQ/X

8y



jXkXk J_a @ G*JQ/2H

S`pMőK F`QF2K F pɷTQÍim ?Q/MQi BMi2MxBiv bB;M�Hɩ x J_ bT2Fi`� #vH 2tTQ`i aoa
/�i x aS�*am- Fi2`û #vHv TQiû M�Íi2Mv p T`Q;`�Km aoa hm`#Q S`Q+2bbQ`X aoa
hm`#Q S`Q+2bbQ` TǼ2/xT`�+Qp�H M�KÿǼ2M� /�i�- Fi2`� M�bH2/Mÿ x�bH�H M� b2`p2`
G*JQ/2HmX G*JQ/2H Fp�MiB}FQp�H BMi2MxBiv bB;M�Hɩ pQ/v � HBTB/ɩX AMi2MxBiv bB;M�Hɩ
#vHv FQ`B;Qp�Mv M� hk `2H�t�ÍMő Í�bv- F/2 hk pQ/v K� ke Kb � hk HBTB/ɩ ey Kb
� M�bH2/Mÿ b2 xDBbiBHQ KMQʈbipő imFm φfat TQ/H2 K2iQ/v GQM;Q (9k)X

P#`�x2F jXk, aT2Fi`mK D�i2` � pɷTQÍ2i ?Q/MQi BMi2MxBiv bB;M�Hɩ x J_ bT2Fi`�X (9k)

F/2 6ha� D2 +2HFQp� BMi2MxBi� bT2Fi`� HBTB/ɩ- S0,5−3,0 pvD�/ǼmD2 BMi2MxBim bB;M�Hm
p �HB7�iB+Fû Í�biB bT2Fi`� K2xB y-8 @ j TTK � S3,0−5,5 m/�p� BMi2MxBim bB;M�Hm pQ/vX

8R



9 oɷbH2/Fv � /BbFmb2

oɷbH2/Fv iûiQ bim/B2 mF�x�Hv- ʈ2 x� TQKQ+ő i2tim`Mő �M�Hɷxv � J_ bT2Fi`QbFQTB2
DbK2 b+?QTMB xDBbiBi bTQmbim x�DőK�pɷ+? BM7Q`K�+ő Q?H2/Mÿ D�i2`- Fi2`û DbQm `Qx2Tb�Mv
p M�bH2/mDő+ő+? TQ/F�TBiQH�+?X C2/MQiHBpû ?vTQiûxv #vHv M�bH2/mDő+ő,

RX GBȒő b2 i`�MbTH�MiQp�M� D�i`� bpQm i2tim`Qm Q/ D�i2` x/`�pɷ+?\ kX CbQm pB/Bi2HMû
`Qx/őHv K2xB x/`�pɷKB D�i`v � D�i`v b pvbQFɷK bimTMÿK bi2�iƦxv\ jX Gx2 Q/HBȒBi Q/
b2#2 D2/MQiHBpû bimTMÿ bi2�iƦxv TQKQ+ő �M�Hɷxv i2tim`v\

9XR SQ`QpM�Mő x/`�pɷ+? � i`�MbTH�MiQp�Mɷ+? D�i2`

S`pMő Qi�xFQm #vHQ- x/� Kɩʈ2K2 bHQmÍBi bm#D2Fiv b2 x/`�pɷKB D�i`v � bm#D2Fiv
b i`�MbTH�MiQp�MɷKB D�i`v- i2/v D2biHB b2 D2DB+? bi`mFim`� pɷ`�xMÿ Q/HBȒmD2- M2#Q M2X
E iûiQ Qi�x+2 #vHQ pv#`�MQ /2b2i x/`�pɷ+? D2/BM+ɩ b2 bimTMÿK bi2�iƦxv R � /2pÿi
bm#D2Fiɩ TQ i`�MbTH�Mi�+B D�i2` b2 bi2�iƦxQm RX

8k



P#`�x2F 9XR, oBxm�HBx�+2 i2tim`Mő+? T�`�K2i`ɩ K2iQ/Qm G.� i`�MbTH�MiQp�Mɷ+? URV
� x/`�pɷ+? UkV D�i2`X

w Q#`�xFm ÍX 9XR D2 xǼ2DKû- ʈ2 x/`�p� D�i`� M2Kɩʈ2K2 p2 pɷxFmKm bHQmÍBi
b i`�MbTH�MiQp�MɷKB D�i`v- M2#Qȣ T`QF�xmDő DBbiQm Q/HBȒMQbi � iőK #v xF`2bHQp�Hv
pɷbH2/FvX h�iQ Q/HBȒMQbi Kɩʈ2 #ɷi xTɩbQ#2M� M�TǼőFH�/ mʈőp�MőK BKmMQbmT`2bBp
� 2p2Mim�HMÿ DBMɷ+? HûÍBpX S`Q �M�Hɷxm #vHv i�Fû pvHQmÍ2MB pȒ2+?Mv bm#D2Fiv- i`Tő+ő
QM2KQ+MÿMőKB QpHBpƚmDő+őKB 7mMF+B � �M�iQKBB D�i2`X

9Xk SQ`QpM�Mő x/`�pɷ+? � bi2�iQiB+Fɷ+? D�i2`

S`Q m`Í2Mő bimTMÿ bi2�iƦxv #vH� pvmʈBi� J_ bT2Fi`QbFQTB2- Fi2`� p2HKB /Q#Ǽ2
FQ`2HmD2 b pɷbH2/Fv #BQTbB2 (9R)X oȒ2+?Mv M�Ȓ2 bm#D2Fiv T`QȒHv J_ bT2Fi`QbFQTB+FɷK
pvȒ2iǼ2MőK- F/2 #vH m`Í2M bimT2ƚ bi2�iƦxv K2iQ/Qm TQTb�MQm p F�TBiQH2 jXkXkX
hviQ bm#D2Fiv #vHv M�bH2/Mÿ `Qx/ÿH2Mv /Q D2/MQiHBpɷ+? bFmTBM Q/TQpő/�Dő+őK
bimTƚɩK TQ/H2 EH2BM2`Qpv bimTMB+2 pBx i�#mHF� kXRX

L� M�bH2/mDő+ő bi`�M+2 DbQm xQ#`�x2M� bT2Fi`� � Q#`�x D�i2` D2/MQiHBpɷ+? bimTƚɩ
bi2�iƦxvX

8j



U�V P#`�x C�i2` bFmTBMv y U#V aT2Fi`mK bi2�iQiB+Fɷ+? D�i2`

bFmTBMv y

U+V P#`�x C�i2` bFmTBMv R U/V aT2Fi`mK bi2�iQiB+Fɷ+? D�i2`

bFmTBMv R

U2V P#`�x C�i2` bFmTBMv k U7V aT2Fi`mK bi2�iQiB+Fɷ+? D�i2`

bFmTBMv k

U;V P#`�x C�i2` bFmTBMv j U?V aT2Fi`mK bi2�iQiB+Fɷ+? D�i2`

bFmTBMv j

P#`�x2F 9Xk, C2/MQiHBpû bimTMÿ bi2�iQiB+Fɷ+? D�i2`

89



L� Q#`�x+ő+? DbQm xM�xQ`MÿM� bT2Fi`� � hk@p�ʈ2Mû Q#`�xv D�i2` D2/MQiHBpɷ+?
bFmTBMX L� T`pMő TQ?H2/ D2 pB/ÿi `Qx/őH BMi2MxBi HBTB/ɩ Uy-8 @ j TTKV K2xB
D2/MQiHBpɷKB bi2�iQiB+FɷKB bFmTBM�KBX .�H2 bB Hx2 pȒBKMQmi- ʈ2 `ɩxMÿ bi2�iQiB+F�
D�i`� KÿMő Q/biőMv Ȓ2/B M� Q#`�x2+?X w/`�p� D�i`� DbQm Q#2+Mÿ M� hk@p�ʈ2Mɷ+?
Q#`�x2+? iK�pȒő M2ʈ D�i`� b pvbQFɷK bimTMÿK bi2�iƦxvX C�F KQ+ DbQm D�i`�
bi2�iQiB+F� b2 i�Fû pxi�?mD2 F2 bimTMB Ȓ2/B bH2xBMv UM� J_ Q#`�x2+? pT`�pQ /QH2V-
ÍőK pő+2 DbQm D�i`� iK�pȒő QT`QiB bH2xBMÿ- iőK KûMÿ DbQm bi2�iQiB+F�X

w�FH�/Mő Qi�xFQm #vHQ- x/� Kɩʈ2K2 Q/ b2#2 Q/HBȒBi x/`�p� � pvbQ+2 bi2�iQiB+F�
D�i`� TQKQ+ő i2tim`Mő �M�Hɷxv Uh�VX S`Q TQ`QpM�Mő #vHQ pv#`�MQ kR bm#D2Fiɩ p2
pÿFm kj @ d8 H2iX

P#`�x2F 9Xj, oBxm�HBx�+2 i2tim`Mő+? T�`�K2i`ɩ K2iQ/Qm SP1 � FH�bB}F�+ő G.�-
F/2 R xM�Íő x/`�p� D�i`� � k M2DpvȒȒő bimT2ƚ bi2�iQiB+Fɷ+? D�i2`X

w Q#`�xFm 9Xj D2 xǼ2DKû- ʈ2 TQKQ+ő h� /QF�ʈ2K2 #2x2bTQ`m Q/HBȒBi x/`�p�
� pvbQ+2 bi2�iQiB+F� D�i`�X w iQ?QiQ /ɩpQ/m DbK2 b2 `Qx?Q/HB x�Dői /Q TQ/`Q#MÿDȒő+?
x�pÿ`ɩ � xDBbiBi- x/� /QF�ʈ2K2 Q/ b2#2 Q/HBȒBi pȒ2+?Mv bi2�iQiB+Fû bFmTBMvX

S`Q imiQ Qi�xFm #vHQ pv#`�MQ 89 bm#D2Fiɩ p2 pÿFm kj @ d8 H2iX m Fi2`ɷ+? #vHv
TQmʈBiû pȒ2+?Mv /QbimTMû FH�bB}F�ÍMő K2iQ/v p T`Q;`�Km J�w/�X

88



9XkXR EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm SP1 Y �**X

S`pMő TQmʈBiQm K2iQ/Qm #vHQ SP1 Y �**- F/2 #vHv pv#`�Mû 7mMF+2 M�bH2/Mÿ
FH�bB}FQp�Mv K2iQ/�KB _�q- S*�- G.� � L.�X o i�#mH+2 DbQm xQ#`�x2Mv pv#`�Mû
7mMF+2 iûiQ K2iQ/v- Fi2`û #vHv M�bH2/Mÿ FH�bB}FQp�Mv K2iQ/�KB _�q- S*�- G.�
� L.�X

h�#mHF� 9XR, h�#mHF� pv#`�Mɷ+? pH�biMQbiő K2iQ/Qm SP1 Y �**

6mMF+2 pv#`�Mv K2iQ/Qm SP1 Y �** EQ2}+B2Mi

J2�Mj. y-9RRj

aUR-R-yV*Q``2H�i y-939N

aF2rM2bbj. y-9Njk

98/;`na?`i_1KT y-8Rkj

o�`B�M+2j. y-8Rdk

S2`+XNyWj. y-89kk

98/;`n:G2pLQMl y-889e

:`Em`iQbBb y-8eyy

wnGM;_1KT? y-8ejN

Em`iQbBbj. y-dkkk

8e



U�V EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm _�q

U#V EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm _�q

P#`�x2F 9X9, �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM p2 /pQm TQ?H2/2+? K2iQ/Qm SP1
Y �** � FH�bB}F�+ő _�q UF/2 R Q/TQpő/� TQ/H2 EH2BM2`� bimTMB y- k bimTMB R- j
bimTMB k- 9 bimTMB jVX

8d



P#`�x2F 9X8, �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM K2iQ/Qm SP1 Y �** � FH�bB}F�+ő
S*� UF/2 R Q/TQpő/� TQ/H2 EH2BM2`� bimTMB y- k bimTMB R- j bimTMB k- 9 bimTMB jVX

P#`�x2F 9Xe, �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM K2iQ/Qm SP1 Y �** � FH�bB}F�+ő
L.� UF/2 R Q/TQpő/� TQ/H2 EH2BM2`� bimTMB y- k bimTMB R- j bimTMB k- 9 bimTMB jVX

83



U�V EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm G.�

U#V EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm G.�

P#`�x2F 9Xd, �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM p2 /pQm TQ?H2/2+? K2iQ/Qm SP1
Y �** � FH�bB}F�+ő G.� UF/2 R Q/TQpő/� TQ/H2 EH2BM2`� bimTMB y- k bimTMB R- j
bimTMB k- 9 bimTMB jVX

8N



o M�bH2/mDő+ő i�#mH+2 DbQm mp2/2Mû ixpX KBbFH�bB}F�+2- Fi2`û T`Q+2Mim�HMÿ
pvD�/ǼmDő FQHBF bm#D2Fiɩ D2 TQ/H2 K2iQ/v SP1 Y �** x�Ǽ�x2MQ /Q DBMû?Q
bimTMÿ bi2�iQiB+Fɷ+? D�i2`X �MB D2/M� FH�bB}F�ÍMő �M�Hɷx� M2pvF�xmD2 biQT`Q+2MiMÿ
FQ`2FiMő x�Ǽ�x2MőX L�QT�F pȒ2+?Mv FH�bB}F�ÍMő �M�Hɷxv pvF�xmDő pvbQFQm
M2TǼ2bMQbi- � x pɷbH2/Mɷ+? ;`�7ɩ M2Hx2 �MB `QxHBȒBi D2/MQiHBpû bi2�iQiB+Fû bFmTBMvX
J2iQ/Qm _�q D2 M2bT`�pMÿ x�Ǽ�x2MQ jj bi2�iQiB+Fɷ+? D�i2` x 89- Q/TQpő/�Dő+őK
eR-RR WX J2iQ/� S*� x�Ǽ�/BH� M2bT`�pMÿ jk bi2�iQiB+Fɷ+? D�i2` x 89X J2iQ/�
G.� x�Ǽ�/BH� M2bT`�pMÿ R8 bi2�iQiB+Fɷ+? D�i2` x 89X SQbH2/Mő K2iQ/� L.� x�Ǽ�/BH�
ȒT�iMÿ RN bi2�iQiB+Fɷ+? D�i2` x 89X J2iQ/Qm SP1 Y �** M2Mő KQʈMû /Qb�?MQmi
TQʈ�/Qp�Mû?Q pɷbH2/FmX

h�#mHF� 9Xk, JBbFH�bB}F�+2 pȒ2+? FH�bB}F�ÍMő+? K2iQ/ TǼB TQmʈBiő SP1 Y �**X

J2iQ/� _�q S*� G.� L.�

SP1 Y �** eR W 8N W k3 W j8 W

9XkXk EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm 6Bb?2`

h�#mHF� 9Xj, h�#mHF� pv#`�Mɷ+? pH�biMQbiő K2iQ/Qm 6Bb?2`

6mMF+2 pv#`�Mv K2iQ/Qm 6Bb?2` EQ2}+B2Mi

aF2rM2bbj. 9-ed9y

S2`+X8yWj. 9-Rj3R

S2`+XNyWj. 9-yje8

J2�Mj. j-d93R

S2`+XNNWj. j-yeRy

Rj8/`n6`�+iBQM k-j33e

S2`+XRyWj. k-kjye

o�`B�M+2j. k-y9ek

o2`iHn6`�+iBQM R-NNd9

Em`iQbBbj. R-33ed

ey



U�V EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm _�q

U#V EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm _�q

P#`�x2F 9X3, �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM p2 /pQm TQ?H2/2+? K2iQ/Qm 6Bb?2`
� FH�bB}F�+ő _�q UF/2 R Q/TQpő/� TQ/H2 EH2BM2`� bimTMB y- k bimTMB R- j bimTMB k-
9 bimTMB jVX

eR



P#`�x2F 9XN, �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM K2iQ/Qm 6Bb?2` � FH�bB}F�+ő S*�
UF/2 R Q/TQpő/� TQ/H2 EH2BM2`� bimTMB y- k bimTMB R- j bimTMB k- 9 bimTMB jVX

P#`�x2F 9XRy, �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM K2iQ/Qm 6Bb?2` � FH�bB}F�+ő L.�
UF/2 R Q/TQpő/� TQ/H2 EH2BM2`� bimTMB y- k bimTMB R- j bimTMB k- 9 bimTMB jVX

ek



U�V EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm G.�

U#V EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm G.�

P#`�x2F 9XRR, �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM p2 /pQm TQ?H2/2+? K2iQ/Qm 6Bb?2`
� FH�bB}F�+ő G.� UF/2 R Q/TQpő/� TQ/H2 EH2BM2`� bimTMB y- k bimTMB R- j bimTMB k- 9
bimTMB jVX

ej



o M�bH2/mDő+ő i�#mH+2 DbQm mp2/2Mû KBbFH�bB}F�+2 K2iQ/v 6Bb?2`X J2iQ/Qm _�q D2
M2bT`�pMÿ x�Ǽ�x2MQ k9 bi2�iQiB+Fɷ+? D�i2` x 89X ai2DMû pɷbH2/Fv /Qb�?mD2 K2iQ/�
S*�X J2iQ/� G.� x�Ǽ�/BH� M2bT`�pMÿ ky bi2�iQiB+Fɷ+? D�i2` x 89X �pȒ�F iQmiQ
K2iQ/Qm #v #vHQ KQʈMû Q/HBȒ2Mő M2DpvȒȒő?Q bimTMÿ bi2�iƦxv- F/2 M2DpvȒȒő bimT2ƚ K�
TQmx2 D2/Mm KBbFH�bB}F�+BX SQbH2/Mő K2iQ/� L.� x�Ǽ�/BH� ȒT�iMÿ R8 bi2�iQiB+Fɷ+?
D�i2` x 89X PTÿi �MB D2/M� FH�bB}F�ÍMő �M�Hɷx� M2pvF�xmD2 FQ`2FiMő x�Ǽ�x2MőX

h�#mHF� 9X9, JBbFH�bB}F�+2 pȒ2+? FH�bB}F�ÍMő+? K2iQ/ TǼB TQmʈBiő 6Bb?2`Qp� pɷ#ÿ`m
T�`�K2i`ɩ

J2iQ/� _�q S*� G.� L.�

6Bb?2` 99 W 99 W jd W k3 W

9XkXj EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm JAX

o i�#mH+2 DbQm xQ#`�x2Mv pv#`�Mû T�`�K2i`v K2iQ/Qm JA- Fi2`û DbQm xM�xQ`MÿMv
p i�#mH+2X

h�#mHF� 9X8, h�#mHF� pv#`�Mɷ+? pH�biMQbiő K2iQ/Qm JA

6mMF+2 pv#`�Mv K2iQ/Qm JA EQ2}+B2Mi

S2`+X8yWj. y-3keN

aF2rM2bbj. y-3kkd

J2�Mj. y-dRee

o2`iHn6`�+iBQM y-eNdN

Em`iQbBbj. y-ej9R

S2`+XNyWj. y-ejkd

S2`+XRyWj. y-ey3y

S2`+XNNWj. y-8N88

Rj8/`na?`i_1KT y-8NRy

98/;`n6`�+iBQM y-83R8

e9



U�V EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm _�q

U#V EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm _�q

P#`�x2F 9XRk, �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM p2 /pQm TQ?H2/2+? K2iQ/Qm JA
� FH�bB}F�+ő _�q UF/2 R Q/TQpő/� TQ/H2 EH2BM2`� bimTMB y- k bimTMB R- j bimTMB k-
9 bimTMB jVX

e8



P#`�x2F 9XRj, �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM K2iQ/Qm JA � FH�bB}F�+ő S*�
UF/2 R Q/TQpő/� TQ/H2 EH2BM2`� bimTMB y- k bimTMB R- j bimTMB k- 9 bimTMB jVX

P#`�x2F 9XR9, �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM K2iQ/Qm JA � FH�bB}F�+ő L.�
UF/2 R Q/TQpő/� TQ/H2 EH2BM2`� bimTMB y- k bimTMB R- j bimTMB k- 9 bimTMB jVX

ee



U�V EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm G.�

U#V EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm G.�

P#`�x2F 9XR8, �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM p2 /pQm TQ?H2/2+? K2iQ/Qm JA
� FH�bB}F�+ő G.� UF/2 R Q/TQpő/� TQ/H2 EH2BM2`� bimTMB y- k bimTMB R- j bimTMB k- 9
bimTMB jVX

ed



o M�bH2/mDő+ő i�#mH+2 DbQm mp2/2Mû KBbFH�bB}F�+2 K2iQ/v JAX J2iQ/Qm _�q
D2 M2bT`�pMÿ x�Ǽ�x2MQ kd bi2�iQiB+Fɷ+? D�i2` x 89X ai2DMû pɷbH2/Fv /Qb�?mD2 K2iQ/�
S*�X J2iQ/� G.� x�Ǽ�/BH� M2bT`�pMÿ R8 bi2�iQiB+Fɷ+? D�i2` x 89X EH�bB}F�ÍMő
K2iQ/Qm G.� #v #vHQ KQʈMû Q/HBȒ2Mő M2DMBʈȒő?Q � M2DpvȒȒő?Q bimTMÿ bi2�iƦxv
Q/ Qbi�iMő+? bimTƚɩ bi2�iƦxv- F/2 M2DMBʈȒő bimT2ƚ K� 9 KBbFH�bB}F�+2- �pȒ�F j x MB+?
DbQm M� ?`�MB+B MmHQpû � D2/MBÍFQpû bimTMÿ bi2�iƦxvX L2DpvȒȒő bimT2ƚ K� TQmx2 D2/Mm
KBbFH�bB}F�+BX SQbH2/Mő K2iQ/� L.� x�Ǽ�/BH� ȒT�iMÿ Rj bi2�iQiB+Fɷ+? D�i2` x 89X
J2iQ/Qm JA D2 KQʈMû x� TQmʈBiő G.� pvmʈői M� Q/HBȒ2Mő M2DMBʈȒő?Q � M2DpvȒȒő?Q
bimTMÿ bi2�iƦxvX

h�#mHF� 9Xe, JBbFH�bB}F�+2 pȒ2+? FH�bB}F�ÍMő+? K2iQ/ x� TQmʈBiő JA

J2iQ/� _�q S*� G.� L.�

JA 8y W 8y W k3 W k9 W

9XkX9 EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` FQK#BM�+ő K2iQ/

SQbH2/Mő K2iQ/Qm #vH� FQK#BM�+2 pȒ2+? TǼ2/+?Qxő+? K2iQ/ USP1 Y �**-
6Bb?2`- JAV- F/2 #vHQ �miQK�iB+Fv pv?Q/MQ+2MQ jy T�`�K2i`ɩ- Fi2`û DbQm xQ#`�x2Mv
p M�bH2/mDő+ő i�#mH+2X J2iQ/� b2 D2pő p2HKB TǼőpÿiBpÿ- TǼ2/2pȒőK FH�bB}F�+ő K2iQ/Qm
G.�X

e3



h�#mHF� 9Xd, h�#mHF� pv#`�Mɷ+? pH�biMQbiő FQK#BM�+ő pȒ2+? xKőMÿMɷ+? K2iQ/X

ov#`�MMû 7mMF+2 K2iQ/Qm
6 Y SP1 Y �** Y JA

EQ2}+B2Mi

R S2`+X8yWj.

k aF2rM2bbj.

j J2�Mj.

9 o2`iHn6`�+iBQM

8 Em`iQbBbj.

e S2`+XNyWj.

d S2`+XRyWj.

3 S2`+XNNWj.

N Rj8/`na?`i_1KT

Ry 98/;`n6`�+iBQM

RR 98/;`n_GLQMlMB

Rk S2`+XyRWj.

Rj aUR-R-yV*Q``2H�i

R9 wn:G2pLQMl

R8 >Q`xHn6`�+iBQM

Re :`Em`iQbBb

Rd aUR-@R-yV*Q``2H�i

R3 aUy-y-RV*Q``2H�i

RN wnGM;_1KT?

ky o�`B�M+2j.

kR Rj8/`n6`�+iBQM

kk wn6`�+iBQM

kj Rj8/`nGM;_1KT?

k9 >Q`xHnGM;_1KT?

k8 o2`iHnGM;_1KT?

ke 98/;`na?`i_1KT

kd >Q`xHna?`i_1KT

k3 98/;`nGM;_1KT?

kN o2`iHna?`i_1KT

jy wna?`i_1KT

eN



U�V EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm _�q

U#V EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` K2iQ/Qm _�q

P#`�x2F 9XRe, �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM p2 /pQm TQ?H2/2+? K2iQ/Qm JA
� FH�bB}F�+ő _�q UF/2 R Q/TQpő/� TQ/H2 EH2BM2`� bimTMB y- k bimTMB R- j bimTMB k-
9 bimTMB jVX

dy



P#`�x2F 9XRd, �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM FQK#BM�+ő K2iQ/ � FH�bB}F�+ő
S*� UF/2 R Q/TQpő/� TQ/H2 EH2BM2`� bimTMB y- k bimTMB R- j bimTMB k- 9 bimTMB jVX

P#`�x2F 9XR3, �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM FQK#BM�+ő K2iQ/ � FH�bB}F�+ő
L.� UF/2 R Q/TQpő/� TQ/H2 EH2BM2`� bimTMB y- k bimTMB R- j bimTMB k- 9 bimTMB jVX

dR



U�V G.� bi2�iQiB+Fɷ+? D�i2`

U#V G.� bi2�iQiB+Fɷ+? D�i2`

P#`�x2F 9XRN, �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM FQK#BM�+ő K2iQ/ � FH�bB}F�+ő
G.� p2 /pQm TQ?H2/2+? UF/2 R Q/TQpő/� TQ/H2 EH2BM2`� bimTMB y- k bimTMB R- j
bimTMB k- 9 bimTMB jVX

dk



o M�bH2/mDő+ő i�#mH+2 DbQm mp2/2Mû KBbFH�bB}F�+2 FQK#BM�+2 pȒ2+? TǼ2/+?Qxő+?
K2iQ/X J2iQ/Qm _�q D2 M2bT`�pMÿ x�Ǽ�x2MQ kN bi2�iQiB+Fɷ+? D�i2` x 89X J2iQ/�
S*� x�Ǽ�/BH� M2bT`�pMÿ kN bi2�iQiB+Fɷ+? D�i2` x 89X J2iQ/� L.� x�Ǽ�/BH� ȒT�iMÿ
Rj bi2�iQiB+Fɷ+? D�i2`X J2iQ/� G.� x�Ǽ�/BH� M2bT`�pMÿ 9 bi2�iQiB+F� D�i`� � iőK /�p�
M2DH2TȒő pɷbH2/Fv x2 pȒ2+? TQmʈBiɷ+? K2iQ/X .p� bm#D2Fiv b2 bi2�iƦxQm y x�Ǽ�/BH�
/Q bFmTBMv b2 bi2�iƦxQm RX C2/2M x2 bm#D2Fiɩ K� TQ/H2 1> J_a KMQʈbipő imFm
y-ey W � /`m?ɷ y-eR WX CbQm iQ i2/v ?`�MBÍMő ?Q/MQiv K2xB /pÿK� bFmTBM�KB kXRX
.�H2 K2iQ/� TǼBǼ�/BH� bm#D2Fi x2 bimTMÿ bi2�iƦxv R /Q bimTMÿ bi2�iƦxv kX SQ xTÿiMû
FQMi`QH2 #vHQ xDBȒiÿMQ- ʈ2 #vH bm#D2Fi M�KB TǼBǼ�x2M /Q ȒT�iMû bFmTBMv � QT`�p/m
T�iǼő /Q bimTMÿ kX Jɩʈ2K2 Ǽő+B- ʈ2 pvHQʈ2Mÿ ȒT�iMÿ x�Ǽ�x2Mɷ bm#D2Fi #vH D2M D2/2M
b ?Q/MQiQm bi2�iƦxv TQ/H2 1> J_a Rj-N W- Fi2`û?Q �M�Hɷx� x�Ǽ�xmD2 /Q bimTMÿ
bi2�iƦxv RX S`Q pvbpÿiH2Mő /ɩpQ/m ȒT�iMû?Q x�Ǽ�x2Mő #v #vHQ TQiǼ2#� pő+2 FHBMB+Fɷ+?
ȹ/�DɩX Jɩʈ2K2 i2/v Ǽő+B- ʈ2 FQK#BM�+ő K2iQ/ � FH�bB}F�+ő G.� DbK2 b+?QTMB Q/HBȒBi
D2/MQiHBpû bimTMÿ bi2�iƦxv b KBMBK�HMő KBbFH�bB}F�+őX

h�#mHF� 9X3, JBbFH�bB}F�+2 pȒ2+? FH�bB}F�ÍMő+? K2iQ/ x� TQmʈBiő FQK#BM�+2
TǼ2/+?Qxő+? K2iQ/X

J2iQ/� _�q S*� G.� L.�

JAs 89 W 89 W 8-e W kk W

w� xKőMFm biQDő 7mMF+2 J2�Mj.- Em`iQbBbj. � aF2rM2bbj.- Fi2`û #vHv TQmʈBiv
m pȒ2+? TQmʈBiɷ+? K2iQ/ � D2pő b2 TQ/bi�iMɷKB T`Q i2tim`Mő �M�Hɷxm bi2�iQiB+Fɷ+?
D�i2`X C2DB+? x�pBbHQbi D2 xQ#`�x2M� p M�bH2/mDő+ő+? ;`�72+?X

dj



P#`�x2F 9Xky, w�pBbHQbi pv#`�Mɷ+? 7mMF+ő TǼB FH�bB}F�+B /�i D2 xǼ2DK�X l pÿiȒBMv
;`�7ɩ Kɩʈ2K2 T`QF�x�i2HMÿ Q/HBȒBi M2DpvȒȒő bimT2ƚ bi2�iƦxvX

d9



9XkX8 EH�bB}F�+2 bi2�iQiB+Fɷ+? D�i2` b2;K2Mi�ÍMőK p�H+2K

.�HȒő Qi�xFQm #vHQ- x/� D2 TQiǼ2#� b2;K2MiQp�i +2H� D�i`�- ÍB x/� D2 KQʈMû
T`Q m`v+?H2Mő TQmʈői TQmx2 T`ɩǼ2x _PAX S`Q i2MiQ i2bi #vHQ pv#`�MQ 8 HB/ő x F�ʈ/û
bi2�iQiB+Fû bFmTBMvX o mʈBp�i2HbFûK `Qx?`�Mő T`Q j. #vH pv#`�M _PA Q ip�`m p�H+2
M�TǼőÍ pȒ2KB M�bF2MQp�MɷKB Q#`�xvX o�H2+ #vH mKőbiÿM i�K- F/2 #vHQ M2DKûMÿ
+ûpMő?Q Ǽ2ÍBȒiÿX

P#`�x2F 9XkR, S`ɩǼ2x D�i2` b2;K2Mi�ÍMőK p�H+2KX

d8



U�V SQmʈBiő G.� TǼB T`ɩǼ2xm b2;K2Mi�ÍMő?Q p�H+2

U#V SQmʈBiő G.� TǼB T`ɩǼ2xm b2;K2Mi�ÍMő?Q p�H+2

P#`�x2F 9Xkk, �M�Hɷx� pȒ2+? bi2�iQiB+Fɷ+? bFmTBM pvb2;K2MiQp�Mû b2;K2Mi�ÍMőK
p�H+2K xQ#`�x2Mû p2 /pQm TQ?H2/2+?X w /QbimTMɷ+? K2iQ/ `QxHBȒBH� D2/MQiHBpû
bFmTBMv K2iQ/� 6Bb?2` x� TQmʈBiő G.� UF/2 R Q/TQpő/� TQ/H2 EH2BM2`� bimTMB y-
k bimTMB R- j bimTMB k- 9 bimTMB jVX Gx2 i2/v Ǽő+B- ʈ2 i�iQ K2iQ/� #2x+?v#Mÿ Q/HBȒő
D2/MQiHBpû bFmTBMv � iőK m`v+?Hő T`Q+2b b2;K2MiQp�Mő- �pȒ�F T`Q TǼ2bMÿDȒő pɷbH2/Fv
D2 H2TȒő pvb2;K2MiQp�i D�i`� +2H�- T`QiQʈ2 KQ`7QHQ;B2 D�i2` M2Kmbő #ɷi p +2HûK Q#D2Km
bi2DM�X

de



8 w�pÿ`

*őH2K iûiQ /BTHQKQpû T`�+2 #vHQ M2DT`p2 xőbF�i T`�FiB+Fû xFmȒ2MQbiB b2 b�KQiMɷK
pvȒ2iǼQp�MőK D�i2` bm#D2Fiɩ TQKQ+ő J_ xQ#`�xQp�Mő � bT2Fi`QbFQTB2 BM pBpQX
.�H2 xpH�/Mmiő pv#`�Mɷ+? K2iQ/ Fp�MiBi�iBpMő?Q pv?Q/MQ+2Mő J_ Q#`�xɩ pÍ2iMÿ
b2;K2Mi�+2 � i2tim`vX � p M2TQbH2/Mő Ǽ�/ÿ bi�iBbiB+Fû pv?Q/MQ+2Mő xKÿM iF�Mÿ
bm#D2FiɩX

S`pMő 7�xő /BTHQKQpû T`�+2 #vHQ b2xM�KBi b2 b T`Q#H2K�iBFQm D�i2`- M�bim/Qp�i
T`BM+BT J_ � xőbF�i T`�tB b T`Q;`�K2K J�w/�- Fi2`ɷ M�#őxő bTQmbim KQʈMQbiő
Q#`�xQpû b2;K2Mi�+2- TQbimTɩ T`Q `2/mF+B p2HFû?Q KMQʈbipő /�i � bi�iBbiB+Fɷ+?
K2iQ/- Fi2`û DbQm B/2�HMő T`Q xDBȒiÿMő i2tim`v D�i2`X LB+KûMÿ mʈBp�i2HbFû T`QbiǼ2/ő
J�w/v D2 TQKÿ`Mÿ M2BMimBiBpMő- � T`QiQ #vHQ TQiǼ2#� bB T`�+B b T`Q;`�K2K QbpQDBiX

S`pMő Qi�xFQm /BTHQKQpû T`�+2 #vH� �M�Hɷx� x/`�pɷ+? � i`�MbTH�MiQp�Mɷ+?
D�i2` T`Q TǼőT�/Mû bHQmÍ2Mő D�i2` p /�HȒő+? �M�Hɷx�+?X w Q#`�xFm ÍX 9XR D2
xǼ2DKû- ʈ2 x/`�p� D�i`� M2Kɩʈ2K2 bHQmÍBi b i`�MbTH�MiQp�MɷKB D�i`v- M2#Qȣ T`QF�xmDő
DBbiQm Q/HBȒMQbi- � iőK #v xF`2bHQp�Hv pɷbH2/FvX h�iQ Q/HBȒMQbi Kɩʈ2 #ɷi xTɩbQ#2M�
M�TǼőFH�/ mʈőp�MőK BKmMQbmT`2bBp � 2p2Mim�HMÿ DBMɷ+? HûÍBpX S`Q �M�Hɷxm #vHv
i�Fû pvHQmÍ2MB pȒB+?MB pvȒ2iǼQp�Mő- Fi2Ǽő i`TÿHB QM2KQ+MÿMőKB QpHBpƚmDő+őKB 7mMF+B
� KQ`7QHQ;BB D�i2`X

SɩpQ/Mő KvȒH2MFQm iûiQ T`�+2 #vHQ- x/� D2 KQʈMû Q/HBȒBi x/`�p� D�i`� � pvbQ+2
bi2�iQiB+F� D�i`� TQKQ+ő i2tim`Mő �M�HɷxvX S`Q imiQ Q/TQpÿå #vHQ pvb2;K2MiQp�MQ
� M�bH2/Mÿ x�M�HvxQp�MQ kR bm#D2Fiɩ p2 pÿFm kj @ d8 H2iX w Q#`�xFm 9Xj D2
xǼ2DKû- ʈ2 TQKQ+ő i2tim`Mő �M�Hɷxv /QF�ʈ2K2 #2x2bTQ`m Q/HBȒBi x/`�p� � pvbQ+2
bi2�iQiB+F� D�i`�X w iQ?QiQ /ɩpQ/m b2 `Qx?Q/HQ x�Dői /Q TQ/`Q#MÿDȒő+? x�pÿ`ɩ
� xDBbiBi- x/� D2 KQʈMû Q/ b2#2 Q/HBȒBi pȒ2+?Mv bi2�iQiB+Fû bFmTBMv- T`Q Fi2`û

dd



b2 bi�M/�`/Mÿ pvmʈőp� ixpX EH2BM2`QpQ bFƦ`2- pBx h�#mHF� kXRX S`Q imiQ Qi�xFm
#vHQ pvb2;K2MiQp�MQ 89 bm#D2Fiɩ p2 pÿFm kj @ d8 H2iX o T`Q;`�Km J�w/� #vHv
TQmʈBiv pȒ2+?Mv /QbimTMû K2iQ/v- Fi2`û bQ7ir�`2 M�#őxőX E p2HFûKm TǼ2Fp�T2Mő
/QȒHQ TǼB TQ`QpM�Mő pȒ2+? bi2�iQiB+Fɷ+? bFmTBM FH�bB}F�+ő G.� FQK#BM�+ő K2iQ/
6Bb?2`- SP1 Y �** � JA F/v /QȒHQ F Q/HBȒ2Mő b KBMBK�HMő KBbFH�bB}F�+ő UpBx 9XRNVX
h�iQ Í�bi pɷbH2/Fɩ #vH� TQmʈBi� /Q �#bi`�Fim x�bH�Mû?Q M� K2xBM�`Q/Mő FQM;`2b
1p`QTbFû bTQH2ÍMQbiB T`Q K�;M2iB+FQm `2xQM�M+B p K2/B+őMÿ � #BQHQ;BB U1aJ_J"VX
o TǼőT�/ÿ TǼBD2iő #m/2 Tm#HBFQp�M� p2 b#Q`MőFmX S`Q biQT`Q+2MiMő T`QF�x�Mő
/ɩpÿ`v?Q/MQbiB iûiQ K2iQ/v � M�bH2/Mû?Q mp2/2Mő /Q T`�t2 #m/2 TQiǼ2#� pő+2
pvȒ2iǼ2Mɷ+? bm#D2FiɩX _QxȒőǼ2Mő iQ?QiQ pɷxFmKm D2 B/2�HMőK iûK�i2K T`Q /Bb2`i�ÍMő
T`�+BX

d3



GBi2`�im`�

(R) SPaSŐȑAGPo�- "H�MF� � PH;� S_P*>�wEPo�X �M�iQKB2 T`Q #�F�H�Ǽ2 A,
Q#2+M� �M�iQKB2- bvbiûKv TQ?v#Qpû � Q`;�MQpûX ov/�Mő kX M2xKÿMÿMûX
GB#2`2+, h2+?MB+F� mMBp2`xBi� p GB#2`+B- kyReX Aa"L Nd3@3y@d9N9@jye@8X

(k) ʇH�xv p2 pxi�?m F i`�pB+ő bQmbi�pÿ, C�i`� ě ?2T�`X AM, AM7Q`K�ÍMő bvbiûK
J�b�`vFQpv mMBp2`xBiv (QMHBM2)X "`MQ, J�b�`vFQp� lMBp2`xBi�- kyRN (+BiX
kyRN@y9@ye)X .QbimTMû x,
?iiTb,ffBbXKmMBX+xf/Qf7bTbf2@H2�`MBM;fx�FH�/vn�M�iQKB2fx�FHn�M�iQKB2nAAf
T�;2bfxH�xvnFnbQmbi�p2X?iKH

(j) lHi`�xpmF @ D�i2`Mő b2;K2Miv (QMHBM2)X S`�?�, RX G6 lE- kyRN (+BiX kyRN@y9@ye)X
.QbimTMû x, ?iiTb,ffrrrXbi27�DB`X+xfmHi`�xpmF@D�i2`MB@b2;K2Miv

(9) C�i`�X qBFBT2/B2 (QMHBM2)X kyR3- - R (+BiX kyRN@y9@kk)X .QbimTMû x,
?iiTb,ff+bXrBFBT2/B�XQ`;frBFBfC�i`�OoMÿDȒW*jW�.nTQTBb

(8) E1_J1aPo�- G�/BbH�p�X PȒ2iǼQp�i2HbF� TûÍ2 Q T�+B2Mi� b D�i2`Mő +B`?ƦxQmX
S`�?�- kyRyX "�F�H�ǼbF� T`�+2X lMBp2`xBi� E�`HQp�X

(e) E_�GPo�- ai�MBbH�p�X PȒ2iǼQp�i2HbF� TûÍ2 Q /őiÿ TQ i`�MbTH�Mi�+B D�i2`X
S`�?�- kyRdX "�F�H�ǼbF� T`�+2X lMBp2`xBi� E�`HQp�X

(d) >Pl.1E- _QK�MX oő+2ȒF�HQpû KQ/2HQp�Mő T2`7ȹx2 p iF�Mő+X SHx2ƚ- kyRdX
.BTHQKQp� T`�+2X w�T�/QÍ2bF� mMBp2`xBi� p SHxMBX

(3) h>1 GAo1_X AM, q2#aim/v (QMHBM2)X kyRN (+BiX kyRN@y9@ye)X .QbimTMû x,
?iiTb,ff+KbXr2#bim/vX+QKfq2#bim/v6BH2avbi2Kfi2biQp�+Bf:2i6BH2fkNj3d8f
*?Wkykkf*?kk#f*?kk#nT`BMiX?iKH

dN



(N) JPl_1E- CBM/ǼB+?X 6vxBQHQ;B2, mÍ2#MB+2 T`Q bim/2Miv x/`�pQiMB+Fɷ+? Q#Q`ɩX
kX- /QTHX pv/X S`�?�, :`�/�- kyRkX Aa"L 3y@k9d@jNR3@eX

(Ry) >ɨG1E- T`Q7X Jl.`X S2i` >ɩH2F- *a+X L2�HFQ?QHQpû ximÍMÿMő D�i2` p FHBMB+Fû
T`�tB UL�6GVX AMi2`Mő K2/B+őM� (QMHBM2)X G6 lE >`�/2+ E`�HQpû- kyR8- - j
(+BiX kyRN@y9@y9)X .QbimTMû x,
?iiTb,ffrrrXBMi2`MBK2/B+BM�X+xfT/7bfBMifkyR8fy8fyjXT/7

(RR) LQM@�H+Q?QHB+ 7�iiv HBp2` /Bb2�b2 UL�6G.VX L>a (QMHBM2)X kyR3 (+BiX
kyRN@y9@ye)X .QbimTMû x,
?iiTb,ffrrrXM?bXmFf+QM/BiBQMbfMQM@�H+Q?QHB+@7�iiv@HBp2`@/Bb2�b2f

(Rk) .2}MBiBQM � 6�+ib Q7 L�6G. � L�a>X h?2 L�iBQM�H AMbiBimi2 Q7 .B�#2i2b
�M/ .B;2biBp2 �M/ EB/M2v .Bb2�b2b (QMHBM2)X kyRe (+BiX kyRN@y9@ye)X .QbimTMû
x, ?iiTb,ffrrrXMB//FXMB?X;Qpf?2�Hi?@BM7Q`K�iBQMfHBp2`@/Bb2�b2f
M�~/@M�b?f/2}MBiBQM@7�+ib

(Rj) 1>_J�LL- CX C�i2`Mő }#`Ʀx� @ /B�;MQbiB+Fû KQʈMQbiB � D2Dő KQMBiQ`Qp�Mő
(QMHBM2)X - 9 (+BiX kyRN@y9@yN)X .QbimTMû x,
?iiT,ffrrrX#mHH2iBM7QMbX+xfRkyRRfFHBM9XT/7

(R9) >ɨG1E- S2i` � S2i` l_"�L1EX >2T�iQHQ;B2X jX pv/�MőX S`�?�, :`�/�
Sm#HBb?BM;- kyR3X Aa"L Nd3@3y@kdR@yjN9@kX

(R8) *Q D2 iǼ2#� pÿ/ÿi Q i`�MbTH�Mi�+B D�i2`X AEY1J, *Q D2 iǼ2#� pÿ/ÿi Q
i`�MbTH�Mi�+B D�i2` (QMHBM2)X S`�?�- kyRN (+BiX kyRN@y9@y9)X .QbimTMû x,
?iiTb,ffrrrXBF2KX+xf+bfi`�MbTH�Mi+2Mi`mKfFHBMBF�@?2T�iQ;�bi`Q2Mi2`QHQ;B2f
T`Q@H2F�`2fi`�MbTH�Mi�+2@D�i2`f+Q@D2@i`2#�@p2/2i@Q@i`�MbTH�Mi�+B@D�i2`f�@R8N9f

(Re) C�i2`Mő QM2KQ+MÿMőX L2KQ+MB+2 C�#HQM2+ M�/ LBbQm (QMHBM2)X kyRN (+BiX
kyRN@y9@ye)X .QbimTMû x,
?iiTb,ffrrrXM2KD#+X+xf+bfQ@M2KQ+2+?fD�i2`MB@QM2KQ+M2MBX?iKH

(Rd) ELPSSPo�- aBKQM� � X w/`�pQiMő `BxBF� bTQD2M� b pvmʈBiőK mHi`�xpmFm p2
x/`�pQiMB+ipőX GB#2`2+- kyRdX "�F�H�ǼbF� T`�+2X h2+?MB+F� lMBp2`xBi� p GB#2`+BX
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(R3) lHi`�xpmFQp� 2H�biQ;`�}2 D�i2`X AEY1J (QMHBM2)X S`�?�- kyRN (+BiX
kyRN@y9@ye)X .QbimTMû x,
?iiTb,ffrrrXBF2KX+xf+bfi`�MbTH�Mi+2Mi`mKfFHBMBF�@?2T�iQ;�bi`Q2Mi2`QHQ;B2f
Q@M�bfD�F�@pvb2i`2MB@TQbFvimD2K2fmHi`�xpmFQp�@2H�biQ;`�}2@D�i2`f�@kejef

(RN) "1L1ȑ- CBǼő- .�MB2H CA_�E � 6`�MiBȒ2F oŐh1EX w�FH�/v HûF�ǼbFû 7vxBFvX
9X pv/�MőX o S`�x2, lMBp2`xBi� E�`HQp�- M�FH�/�i2Hbipő E�`QHBMmK- kyR8X Aa"L
Nd3@3y@k9e@ke98@RX

(ky) wlL�- Ap�M � Gm#QKő` SPlȑ1EX ȸpQ/ /Q xQ#`�xQp�+ő+? K2iQ/ p HûF�ǼbFû
/B�;MQbiB+2 AX ov/X kX o S`�x2, L�FH�/�i2Hbipő Ìolh- kyyyX Aa"L
Nd3@3y@yR@yjddN@NX

(kR) "�bB+b Q7 LJ_X AM, a". :`QmT (QMHBM2)X E�M�/�, h?2 lMBp2`bBiv Q7 uQ`F-
kyRN (+BiX kyRN@y9@yd)X .QbimTMû x,
?iiTb,ffrrrXvQ`FX�+XmFf`2bfb#/fMK`fMK`n#�bB+bX?iKH

(kk) q1Aa- C�M � S2i2` "Pǻlh�X ȸpQ/ /Q K�;M2iB+F2D `2xQM�M+B2X (RX pv/X)X
"`�iBbH�p�, .�i2t- RNN3X Aa"L 3y@NedN8j@3@9X

(kj) h2+?MBFv KÿǼ2Mő � BMi2`T`2i�+2 LJ_ bT2Fi2` (QMHBM2)X AM, X S`�?�, oȑ*>h-
kyRN (+BiX kyRN@y9@yd)X .QbimTMû x,
?iiT,ffQH/Xpb+?iX+xf�MHf/QH2MbFvfi2+?MK`fbQm#Q`vf
kyR3nh2+?MBFvJ2`2MBAMi2`T`2i�+2LJ_nALh_PXT/7

(k9) ovmʈBiő FQK#BM�+2 K2iQ/ K�;M2iB+Fû `2xQM�M+2 T`Q /B�;MQbiBFm imKQ`ɩX
Ì2bF� b aHQp2M�bF� M2m`QHQ;B2 � M2m`Q+?B`m`;B2 (QMHBM2)X kyRR (+BiX kyRN@y9@yd)X
.QbimTMû x, ?iiT,ffrrrX+bMMX2mf+2bF�@bHQp2MbF�@M2m`QHQ;B2@+H�M2Ff
pvmxBiB@FQK#BM�+2@K2iQ/@K�;M2iB+F2@`2xQM�M+2@T`Q@/B�;MQbiBFm@imKQ`m@j8yNe
\+QM}`Kn`mH2b4R

(k8) oPGLɶ- PM/Ǽ2DX J_ bT2Fi`QbFQTB2 ě T`BM+BT- FHBMB+Fû � 2tT2`BK2Mi�HMő
TQmʈBiő (QMHBM2)X J�b�`vFQp� mMBp2`xBi� (+BiX kyRN@y9@yd)X .QbimTMû x,
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?iiTb,ffBbXKmMBX+xf2HfR9jjfi2bif1i2+?RRdfmKf
6_JlnJ_nbT2Fi`QbFQTB2Xiti\H�M;4+b

(ke) CŐ_ɨ- 6BHBTX J2iQ/v bT2Fi`QbFQTB+Fû?Q xQ#`�xQp�Mő p FHBMB+Fû T`�tB �
2tT2`BK2MimX S`�?�- kyyeX �miQ`272`�i /Bx2`i�ÍMő T`�+2X lLAo1_wAh�
E�_GPo�X

(kd) EGALA*Eú �SGAE�*1 J_ aS1Eh_PaEPSA1 l S�*A1Lhɨ a
1SAG1SaAŐX L2m`QHQ;B2 p S`�tB (QMHBM2)X kyyd- bX 9 (+BiX kyRN@y9@yd)X .QbimTMû
x, ?iiTb,ffrrrXM2m`QHQ;B2T`QT`�tBX+xfT/7bfM2mfkyydfyjfRyXT/7

(k3) S_Po1L*>1_- ai2T?2MX 1biBK�iBQM Q7 K2i�#QHBi2 +QM+2Mi`�iBQMb 7`QK
HQ+�HBx2/ BM pBpQ T`QiQM LJ_ bT2+i`�X J�;M _2bQM J2/ jy- edkX RNNjX

(kN) >�C1E JBH�M- .1wP_hPo� JQMBF�- J�h1_E� �M/`2D- G1_aEA
_B+?�`/- 2/bX h2tim`2 �M�HvbBb 7Q` K�;M2iB+ `2bQM�M+2 BK�;BM;X ov/X kX
S`�;m2, J2/9Tm#HBb?BM;- +kyyeX Aa"L 3y@Nyj@eeyy@dX

(jy) hlL�E- J�`QȒX .2i2F+2 p�/ p THQȒMɷ+? i2tiBHBő+?X GB#2`2+- kyy3X
�lhP_161_�h .Aa1_h�ÌLŐ S_�*1X h2+?MB+F� lMBp2`xBi� p GB#2`+BX

(jR) amT2`pBb2/ 72�im`2b b2H2+iBQM BM J�w/� (QMHBM2)X AM, X SQHbFQ, AMbiBimi2 Q7
1H2+i`QMB+b- h2+?MB+�H lMBp2`bBiv Q7 GQ/x- kyRN (+BiX kyRN@y9@yd)X .QbimTMû x,
?iiT,ffrrrX2H2i2HXTXHQ/xXTHfT`Q;`�KvfK�x/�f/QrMHQ�/f72�im`2n+H�bbB7XT/7

(jk) �M�Hɷx� ?H�pMő+? FQKTQM2Mi US*�V (QMHBM2)X "`MQ, J�b�`vFQp� lMBp2`xBi�-
kyRN
(+BiX kyRN@yk@Rd)X .QbimTMû x, ?iiT,ffTQ`i�HXK�i2K�iB+F�#BQHQ;B2X+xfBM/2tXT?T\
T;4�M�Hvx�@�@?Q/MQ+2MB@#BQHQ;B+Fv+?@/�iĜpB+2`QxK2`M2@K2iQ/v@T`Q@�M�Hvxm@/�i
ĜQ`/BM�+MB@�M�HvxvĜ�M�Hvx�@?H�pMB+?@FQKTQM2Mi@T+�

(jj) GBM2�`Mő /BbF`BKBM�ÍMő �M�Hɷx� (QMHBM2)X "`M�, J�b�`vFQp� lMBp2`xBi�- kyRN
(+BiX kyRN@yk@Rd)X .QbimTMû x,
?iiTb,ffBbXKmMBX+xf2HfR9jRfTQ/xBKkyR9fJ�aykfmKf8yejd9kyfT`2/M�bF�NXT/7
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(j9) .BbF`BKBM�ÍMő �M�Hɷx� (QMHBM2)X qBFBT2/B2- kyRN (+BiX kyRN@yk@Rd)X .QbimTMû x,
?iiTb,ff+bXrBFBT2/B�XQ`;frBFBf.BbF`BKBM�ÍMW*jW�.n�M�Hɷx�

(j8) .BbF`BKBM� Mő �M�Hɷx� .� (QMHBM2)X S�`/m#B+2, lMBp2`xBi� S�`/m#B+2-
.BbF`BKBM�Mő�M�Hɷx�.� (+BiX kyRN@yk@Rd)X .QbimTMû x,
?iiTb,ffK2HQmMXmT+2X+xf/Q+bf`2b2�`+?f+?2KQK2i`B+bfK2i?Q/QHQ;vf9/�XT/7

(je) �M�Hɷx� ?H�pMő+? FQKTQM2Mi @ S*� (QMHBM2)X GB#2`2+, hlG- kyRN (+BiX
kyRN@yk@Rd)X .QbimTMû x,
?iiTb,ffK2HQmMXmT+2X+xf/Q+bfHB+2Mb2fbvH�#v@T`2/K2imfKBHBiFvfT+�XT/7

(jd) J�w/� (QMHBM2)X kyRN (+BiX kyRN@y9@yd)X .QbimTMû x,
?iiT,ffrrrX2H2i2HXTXHQ/xXTHfT`Q;`�KvfK�x/�f

(j3) j. BK�;BM; �M/ KQ/2HBM; mbBM; *h- J_A �M/ Qi?2` BK�;2bX j. @ .P*hP_
(QMHBM2)X kyRN (+BiX kyRN@y9@yd)X .QbimTMû x,
?iiT,ffrrrX�#H2brX+QKfj/@/Q+iQ`fj//Q+iQ`X?iKH

(jN) a2;K2Mi�+2 *h bMőKFɩ � ipQ`#� j. /�i T`Q *�. i2+?MQHQ;B2 (QMHBM2)X GB#2`2+,
hlG- kyRd (+BiX kyRN@yk@Rd)X .QbimTMû x,
#�F�H�`bF�nT`�+2nkyRdnhQK�bnaQm+2FXT/7

(9y) AhE@aL�SX AhE@aL�S (QMHBM2)X kyR3 (+BiX kyRN@yk@Rd)X .QbimTMû x,
?iiT,ffrrrXBiFbM�TXQ`;fTKrBFBfTKrBFBXT?T

(9R) >�C1E- JBH�M- JQMBF� .1wP_hPo�- .Bi� q�:L1_Po�- �MiQMőM
ȑEP*>- Gm/ÿF oPaE�- A`2M� >1CGPo� � S�p2H h_lL1ÌE�X J_
bT2+i`Qb+QTv �b � iQQH 7Q` BM pBpQ /2i2`KBM�iBQM Q7 bi2�iQbBb BM HBp2` i`�MbTH�Mi
`2+BTB2MibX J�;M2iB+ _2bQM�M+2 J�i2`B�Hb BM S?vbB+b- "BQHQ;v �M/ J2/B+BM2X
kyRR- k9U8V- kNd@jy9X .PA, RyXRyydfbRyjj9@yRR@yke9@NX AaaL yNe3@8k9jX
.QbimTMû i�Fû x, ?iiT,ffHBMFXbT`BM;2`X+QKfRyXRyydfbRyjj9@yRR@yke9@N

(9k) GPL:P- _ 2i �HX � X S`QiQM J_ bT2+i`Qb+QTv BM [m�MiBi�iBp2 BM pBpQ
/2i2`KBM�iBQM Q7 7�i +QMi2Mi BM ?mK�M HBp2` bi2�iQbBbX C J�;M _2bQM AK�;BM;X
RNN8- U8UjVV- k3R@k38X
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