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h?2 bQHmiBQMb Q7 1[MX UkV- fL,i- ;Bp2 �M BMBiB�H 2biBK�i2 Q7 i?2 `2bQM�Mi 7`2[m2M+B2b Q7 i?2 7mM/�K2Mi�H KQ/2b
Q7 i?2 HQ�/2/ +�pBivX h?Bb 2[m�iBQM �`Bb2b 7`QK K�i+?BM; i?2 +�pBiv }2H/ +QM};m`�iBQMb �i i?2 7`22 bT�+2@/B2H2+i`B+
BMi2`7�+2 �M/ �i i?2 KB``Q` #QmM/�`v QM i?2 �tBb Q7 i?2 `2bQM�iQ`X h?Bb 2biBK�i2 �bbmK2b i?2 bm`7�+2 Q7 i?2
/B2H2+i`B+ K�i+?2b i?2 r�p27`QMi 2t�+iHv- �M/ i?�i i?2 r�p27`QMi ?�b MQ i�M;2MiB�H +QKTQM2Mi �i i?2 bT?2`B+�H
KB``Q` #QmM/�`vX qBi? � ~�i b�KTH2- i?2`2 Bb bQK2 KBbK�i+? #2ir22M i?2 :�mbbB�M r�p27`QMi �M/ i?2 K2/BmK
BMi2`7�+2X GBF2rBb2- bBM+2 i?2 :�mbbB�M r�p27`QMi /Q2b MQi [mBi2 K�i+? i?2 bT?2`B+�H KB``Q` bm`7�+2- Bi ?�b bQK2
i�M;2MiB�H +QKTQM2Mi �i i?2 KB``Q` #QmM/�`vX "Qi? Q7 i?2b2 2z2+ib `2bmHi BM � b?B7i Q7 i?2 HQ�/2/ `2bQM�Mi
7`2[m2M+B2bX q2 +�M +Q``2+i i?2 BMBiB�H 2biBK�i2 �b

fL = fL,i(1 + fBMi2`7�+2 + fKB``Q`) URyV

fL = fL,i

(

1 +
t(n−∆)

n2k2ω2
t (t∆+ d)

+
3

4k2(t∆+ d)R

)

, URRV

r?2`2 i?2 #2�K `�/Bmb �i i?2 /B2H2+i`B+ BMi2`7�+2 Bb

ωt = w0

√

1 +

(

t

z0

)2

, URkV

�M/

∆ ≡
n2

n2 cos2(nkt− ΦT ) + sin2(nkt− ΦT )
. URjV



6BM�HHv- r2 +QKTmi2 i?2 HQbb i�M;2Mi �b

tan δ =
1

Qs

2nk(t∆+ d)

2nkt∆−∆[sin 2(nkt− ΦT )]
, UR9V

r?2`2 1
Qs

= 1
QL

− 1
Q0(k)

XRd AM T`BM+BTH2- i?2 BMi`BMbB+ [m�HBiv 7�+iQ`- Q0(k)- +�M #2 +QKTmi2/ #v KQ/2HBM; �M/

bBKmH�iBM; i?2 +�pBiv BM 2H2+i`QK�;M2iB+ bBKmH�iBQM bQ7ir�`2X >Qr2p2`- i?2 BMi`BMbB+ [m�HBiv 7�+iQ` Bb /QKBM�i2/
#v i?2 2p�M2b+2Mi +QmTHBM; i?`Qm;? i?2 �T2`im`2b BM i?2 ?2KBbT?2`B+�H KB``Q`- r?B+? Bb 2ti`2K2Hv b2MbBiBp2 iQ
7�#`B+�iBQM iQH2`�M+2bX AM T`�+iB+2- Bi Bb bm{+B2Mi iQ BMi2`TQH�i2 i?2 Q0(k) +m`p2 mbBM; K2�bm`2K2Mib Q7 �/D�+2Mi
7mM/�K2Mi�H KQ/2b Q7 i?2 +�pBivX

jX J1�al_1J1Lh S_P*1.l_1

q2 2t+Bi2 i?2 +�pBiv i?`Qm;? i?2 +QmTHBM; #HQ+F rBi? � q_@Ry oL� 2ti2MbBQM ?2�/- �M/ K2�bm`2 i?2 +�pBiv
`2bTQMb2 mbBM; � +mbiQK@#mBHi `2+2Bp2@QMHv oL� 2ti2MbBQM ?2�/- #Qi? �ii�+?2/ iQ �M >S 38Ry* KBHHBK2i2`@r�p2
oL�X h?2`2 �`2 irQ K2�bm`2K2Mi T`Q+2/m`2b 7Q` br22TBM; i?2 +�pBiv `2bTQMb2�F22TBM; i?2 +�pBiv H2M;i? }t2/
r?BH2 br22TBM; BM 7`2[m2M+v- Q` �/DmbiBM; +�pBiv H2M;i? r?BH2 BMD2+iBM; � bBM;H2 iQM2X h?2 7Q`K2` T`Q+2/m`2 ?�b
i?2 �/p�Mi�;2 Q7 �pQB/BM; i?2 +QKTHB+�iBQMb Q7 T`2+Bb2 H2M;i? KQ/mH�iBQM- r?BH2 i?2 H�ii2` ?�b i?2 �/p�Mi�;2
Q7 K�BMi�BMBM; i?2 BMi`BMbB+ [m�HBiv 7�+iQ`- Q0(k)- /m2 iQ i?2 B/2MiB+�H �T2`im`2 +QmTHBM; 7Q` i?2 HQ�/2/ �M/
mMHQ�/2/ +�pBiv `2bQM�M+2b- �b i?2 7`2[m2M+B2b Q7 i?2 `2bQM�M+2b `2K�BM bi�iB+X AM i?Bb rQ`F- r2 �/QTi i?2
7`2[m2M+v@p�`B�iBQM K2i?Q/- �M/ BMi2`TQH�i2 i?2 BMi`BMbB+ [m�HBiv 7�+iQ` K2�bm`2/ iQ i?2 b?B7i2/ `2bQM�M+2bX

lbBM; � oL� 7Q` +�``vBM; Qmi i?2b2 K2�bm`2K2Mib +QK2b rBi? b2p2`�H Qi?2` �/p�Mi�;2bX 6Q` QM2- KQ/2`M
bvbi2Kb +�``v Qmi �p2`�;BM;- r?B+? +�M bmTT`2bb `2�/Qmi MQBb2X qBi? ?B;? [m�HBiv 7�+iQ` +�pBiB2b- i?Bb Bb BKTQ`i�Mi
�b QMHv � bK�HH �KQmMi Q7 TQr2` Bb H2�F2/ 7`QK i?2 +�pBivX JQ`2 BKTQ`i�MiHv- r2 +�M +�Tim`2- rBi? � ?B;? T`2+BbBQM
BM 7`2[m2M+v- i?2 +�pBiv `2bTQMb2- r?B+? �HHQrb mb iQ 2KTHQv }iiBM; i2+?MB[m2b QM i?2 +�pBiv KQ/2 bT2+i`mK BM
Q`/2` iQ BM72` +�pBiv �M/ KQ/2 T�`�K2i2`b bm+? �b +�pBiv H2M;i?- KB``Q` `�/Bmb Q7 +m`p�im`2- �M/ [m�HBiv 7�+iQ`X

h?2 `2bQM�M+2 KQ/2b Q7 [m�bBQTiB+�H +�pBiB2b +�M #2 r2HH@KQ/2H2/ #v � bQ@+�HH2/ 6�MQ HBM2-R3

St(f) =
SM

1 + 2iQ f−f0
f0

+ Sc, UR8V

r?2`2 St Bb i?2 K2�bm`2K2Mi b+�ii2`BM; +Q2{+B2Mi S12 Q` S21X q2 +�M }i iQ i?2 �KTHBim/2 �M/ i?2 T?�b2X f0 �M/
Q �`2 i?2 KQ/2 7`2[m2M+v �M/ [m�HBiv 7�+iQ`- `2bT2+iBp2HvX h?2 6�MQ HBM2b?�T2 Bb M2�`Hv � GQ`2MixB�M- #mi �/KBib
� +QKTH2t +QmTHBM; 7�+iQ`- Sc- r?B+? �++QmMib 7Q` MQMB/2�HBiB2b BM +QmTHBM; #2ir22M i?2 BMTmi �M/ QmiTmi TQ`ibX

�b b22M BM 1[MX UR9V- +QKTmiBM; HQbb i�M;2Mi `2[mB`2b +�`27mHHv K2�bm`BM; i?2 7mM/�K2Mi�H KQ/2b Q7 i?2
/B2H2+i`B+@HQ�/2/ �M/ 2KTiv +�pBivX AM T�`iB+mH�`- r2 Kmbi K2�bm`2 i?2B` `2bQM�M+2 7`2[m2M+B2b U� K2�bm`2 Q7
+�pBiv H2M;i?- BM+Hm/BM; b�KTH2 2H2+i`B+�H H2M;i?V �M/ i?2B` [m�HBiv 7�+iQ`b U� K2�bm`2 Q7 i?2 2M2`;v biQ`2/ BM �
;Bp2M KQ/2VXRe-RN

q2 }t +�pBiv H2M;i? �M/ br22T i?2 #�M/ r?BH2 `2+Q`/BM; i?2 +�pBiv `2bTQMb2X 6B;X k� ;Bp2b �M 2t�KTH2 Q7 i?2
ivTB+�H +�pBiv `2bTQMb2X 6B`bi- r2 Kmbi }M/ i?2 +�pBiv H2M;i? �M/ KB``Q` `�/Bmb Q7 +m`p�im`2X "Qi? T�`�K2i2`b �`2
Q#i�BM2/ #v }`bi K2�bm`BM; 2�+? 7mM/�K2Mi�H KQ/2 Q7 i?2 2KTiv +�pBivX S`�+iB+�HHv- r2 +QKTmi2 i?2 7mM/�K2Mi�H
KQ/2 `2bQM�M+2 7`2[m2M+B2b #v Bi2`�iBp2Hv bQHpBM; 1[MX URV mbBM; T`BQ`b QM D �M/ R 7`QK i?2 +�pBiv /2bB;MX
.Bb�K#B;m�iBQM Q7 i?2 �tB�H KQ/2 MmK#2`b Q7 i?2 `2bQM�M+2b `2[mB`2b KQ/2`�i2 T`2+BbBQM QM i?2 T`BQ`b D �M/
R- r?B+? Bb 2�bBHv 2t+22/2/ #v i?2 K�Mm7�+im`BM; iQH2`�M+2bX 6Q` 2�+? K2�bm`2/ 7mM/�K2Mi�H KQ/2- r2 }i �
6�MQ HBM2b?�T2 iQ i?2 +�pBiv `2bTQMb2 �M/ BM72` i?2 KQ/2 7`2[m2M+B2b �M/ [m�HBiv 7�+iQ`bX 6`QK i?2b2 /B`2+i
K2�bm`2K2Mib Q7 KQ/2 7`2[m2M+B2b- r2 +�M �++m`�i2Hv /2/m+2 i?2 +�pBiv H2M;i? �M/ KB``Q` `�/Bmb Q7 +m`p�im`2X

qBi? i?2 +�pBiv H2M;i? /BK2MbBQMb BM ?�M/- r2 i?2M HQ�/ i?2 +�pBiv rBi? � /B2H2+i`B+ b�KTH2X �7i2` K2�bm`BM;
2�+? 7mM/�K2Mi�H KQ/2 BM i?2 #�M/ Q7 BMi2`2bi �M/ BM72``BM; i?2B` +2Mi2` 7`2[m2M+B2b- fm- �M/ [m�HBiv 7�+iQ`b- QL-
mbBM; i?2 6�MQ KQ/2H- r2 Kmbi B/2MiB7v i?2K rBi? i?2 2biBK�i2/ `2bQM�M+2b- fL,i- �b +QKTmi2/ 7`QK i?2 1[MX
UkV- mbBM; K2+?�MB+�H K2�bm`2K2Mib Q7 i?2 i?B+FM2bb Q7 i?2 b�KTH2- �M/ Qm` T`BQ`b QM i?2 `27`�+iBp2 BM/2t Q7 i?2
K�i2`B�H 7`QK T`2pBQmbHv Tm#HBb?2/ K2�bm`2K2MibXky-kR �b 7Q` i?2 2KTiv +�pBiv- r2 QMHv M22/ bm{+B2Mi T`2+BbBQM









K�i2`B�H n tan δ (×10−4) HQbb U/"V

>.S1 RX8jd ì yXyyj RXee ì yXR3 @k3

�MM2�H2/ >.S1 RX89R ì yXyy9 RX93 ì yXk9 @kN

l>JqS1 RX8ke ì yXyyd RX9j ì yXkR @kN

G.S1 @9N

h�#H2 R, AM/B+2b �M/ HQbb2b Q7 b2p2`�H TH�biB+b �i `QQK i2KT2`�im`2X GQbb Bb `2TQ`i2/ �b TQr2` HQbi 7`QK i?2 +�pBiv
BM � bBM;H2 `QmM/ i`BTX � K2�bm`2K2Mi Q7 k8 �K i?B+F G.S1 Bb BM+Hm/2/ iQ BHHmbi`�i2 i?2 +�T�#BHBiv Q7 i?2 +�pBiv
iQ K2�bm`2 i?BM- HQr@HQbb K�i2`B�HbX

Q`/2` iQ K2�bm`2 BM/2t �M/ HQbb2b 7`QK jyy E /QrM iQ 9 EX

6m`i?2` rQ`F Kmbi #2 /QM2 iQ KQ/2H i?2 ?B;?2`@Q`/2` KQ/2b Q7 i?2 HQ�/2/ +�pBivX >B;?2`@Q`/2` KQ/2b b?QmH/
?�p2 � bHB;?iHv /Bz2`2Mi /2T2M/2M+2 QM BM/2t �M/ b�KTH2 i?B+FM2bbX .m2 iQ i?Bb /Bz2`2M+2- ?B;?2`@Q`/2` KQ/2b
+�M TQi2MiB�HHv T`QpB/2 7m`i?2` +QMbi`�BMib QM b�KTH2 i?B+FM2bbX �b b�KTH2 i?B+FM2bb Bb i?2 /QKBM�Mi bvbi2K�iB+
BM i?2 `2TQ`i2/ BM/2t �M/ HQbb K2�bm`2K2Mib- BKT`Qp2K2Mib BM i?2 mM/2`bi�M/BM; Q7 i?2 ?B;?2`@Q`/2` KQ/2b rBHH
TQi2MiB�HHv /2+`2�b2 mM+2`i�BMivX

q?BH2 r2 +�M K2�bm`2 i?BM- HQr@HQbb K�i2`B�Hb /QrM iQ bBM;H2@i`BT HQbb2b Q7 −49 dB- iQ 2tTHQ`2 2p2M HQr2`
HQbb2b r2 Kmbi BM+`2�b2 i?2 +�pBiv [m�HBiv 7�+iQ`X �b /Bb+mbb2/- i?2 M�im`�H T�i? iQ BM+`2�b2 +�pBiv [m�HBiv 7�+iQ`
Bb #v /2+`2�bBM; �T2`im`2 +QmTHBM;X >Qr2p2`- bBM+2 Qm` #�+F;`QmM/ Bb /QKBM�i2/ #v /B`2+i i`�MbKBbbBQM- BM+`2�b2b
BM [m�HBiv 7�+iQ` �`2 +QKK2Mbm`�i2 iQ BM+`2�b2b BM i?2 #�+F;`QmM/X hQ +QKTHB+�i2 K�ii2`b- i?Bb #�+F;`QmM/ �HbQ
/2T2M/b QM i?2 b2�iBM; T`2bbm`2 Q7 i?2 +QmTHBM; #HQ+Fc i?2 +?QF2 #2ir22M i?2 Bi �M/ i?2 bT?2`B+�H KB``Q` `2HB2b QM
T`2bbm`2X �b � `2bmHi- i?2 #�+F;`QmM/ H2p2Hb �`2 b2MbBiBp2 iQ i2KT2`�im`2 ~m+im�iBQMbX 6mim`2 BKT`Qp2K2Mib QM
+�pBiv /2bB;M rBHH BMpQHp2 `2/m+BM; i?Bb H2�F�;2- TQbbB#Hv #v miBHBxBM; � T?QiQMB+ +`vbi�HHBM2 bi`m+im`2 iQ BMi`Q/m+2
� T?QiQMB+ #�M/;�T i?�i �+ib iQ bmTT`2bb H2�F�;2 i?`Qm;? i?2 r�p2;mB/2@KB``Q` BMi2`7�+2 �M/ /B`2+i H2�F�;2
�+`Qbb i?2 bTHBi@#HQ+F r�p2;mB/2Xk9

_161_1L*1a

(R) CQ?MbQM- JX .X- �FBv�K�- EX- "H�+F#m`M- GX- "QmK�M- EX GX- "`Q/2`B+F- �X 1X- *�`/QbQ- oX- 62M/2`- _X SX-
6`QKK- *X JX- :�HBbQM- SX- :¦K2x- CX GX- >�;;�`/- .X- GBbi2`- JX GX- GQ#�MQp- �X SX- J�`FQz- aX- L�`�v�M-
_X- L�i�`�D�M- SX- LB+?QHb- hX- S2b+2- .X qX- uQmMbB- wX- *?�2H- �X- *?�ii2`D22- EX- *?�p2b- _X- .Q#Qbx2rbFB-
CX- .Q/bQM- _X- .Q2H2K�M- aX aX- 1H/2`- CX- 6BixT�i`B+F- :X- >�rQ`i?- EX- >QmbiQM- CX- Abb�QmM- aX- EQp�H2p-
uX uX- G2pBb- �X- GB+Q- _X- J�`+Q+B- �X- J�`i2Mb- LX *X JX- L�;�`- LX JX- PTT2M?2BK2`- �X- S�HmK#Q- .X
*X JX- _B+�`i2- �X- _BQD�- JX CX- _Q2HQ7b- 6X- h?`2b?2`- �X *X- hB2/2- SX- q2BMi`Qm#- CX- �M/ qB2H;mb- JX-
óE2v a+B2M+2 :Q�Hb 7Q` i?2 L2ti@:2M2`�iBQM 1p2Mi >Q`BxQM h2H2b+QT2-ô :�H�tB2b RR- eR UCmM2 kykjVX

(k) E�`F�`2- EX aX- �M/2`bQM- �X CX- "�``v- SX aX- "2MbQM- "X �X- *�`Hbi`QK- CX 1X- *2+BH- hX- *?�M;- *X GX- .Q##b-
JX �X- >QHHBbi2`- JX- E2�iBM;- :X EX- J�``QM2- .X SX- J+J�?QM- CX- JQMi;QK2`v- CX- S�M- wX- _Q#bQM- :X-
_Qm#H2- JX- a?B`QFQz- 1X- �M/ aK2+?2`- :X- óaSh@aGAJ, � GBM2 AMi2MbBiv J�TTBM; S�i?}M/2` 7Q` i?2 aQmi?
SQH2 h2H2b+QT2-ô CQm`M�H Q7 GQr h2KT2`�im`2 S?vbB+b kyN- d83�de8 U.2+X kykkVX

(j) "A*1SfE2+F *QHH�#Q`�iBQM- �/2- SX �X _X- �?K2/- wX- �KB`B- JX- "�`F�ib- .X- h?�Fm`- _X "X- "Bb+?Qz-
*X �X- "2+F- .X- "Q+F- CX CX- "Q2MBb?- >X- "mHHQ+F- 1X- "mx�- oX- *?2b?B`2- CX _X- *QMMQ`b- CX- *Q`M2HBbQM- CX-
*`mK`BM2- JX- *mFB2`K�M- �X- .2MBbQM- 1X oX- .B2`B+Ft- JX- .m#�M/- GX- 1B#2M- JX- 6�iB;QMB- aX- 6BHBTTBMB-
CX SX- 6HB2b+?2`- aX- :Q2+FM2`@q�H/- LX- :QH/}M;2`- .X *X- :`�vbQM- CX- :`BK2b- SX- >�HH- :X- >�H�H- :X-
>�HT2`M- JX- >�M/- 1X- >�``BbQM- aX- >2M/2`bQM- aX- >BH/2#`�M/i- aX _X- >BHiQM- :X *X- >m#K�v`- CX- >mB- >X-
A`rBM- EX .X- E�M;- CX- E�`F�`2- EX aX- E�`T2H- 1X- E272HB- aX- E2`M�bQpbFBv- aX �X- EQp�+- CX JX- EmQ- *X GX-
G�m- EX- G2Bi+?- 1X JX- G2MMQt- �X- J2;2`B�M- EX :X- JBMmiQHQ- GX- JQM+2HbB- GX- L�F�iQ- uX- L�KBF�r�- hX-
L;mv2M- >X hX- Pö"`B2Mi- _X- P;#m`M- _X qX- S�HH�/BMQ- aX- S`Qmp2- hX- S`vF2- *X- _�+BM2- "X- _2BMib2K�-
*X .X- _B+?i2`- aX- a+?BHH�+B- �X- a+?r�`x- _X- a+?KBii- "X GX- a?22?v- *X .X- aQHBK�M- �X- :2`K�BM2- hX aiX-



ai2BM#�+?- "X- am/Br�H�- _X oX- h2THv- :X SX- h?QKTbQM- EX GX- hQH�M- CX 1X- hm+F2`- *X- hm`M2`- �X .X-
lKBHi¨- *X- o2`;�b- *X- oB2`2;;- �X :X- q�M/mB- �X- q2#2`- �X *X- qB2#2- .X oX- qBHHK2`i- CX- qQM;- *X GX-
qm- qX GX EX- u�M;- >X- uQQM- EX qX- uQmM;- 1X- um- *X- w2M;- GX- w?�M;- *X- �M/ w?�M;- aX- óAKT`Qp2/
*QMbi`�BMib QM S`BKQ`/B�H :`�pBi�iBQM�H q�p2b mbBM; SH�M+F- qJ�S- �M/ "A*1SfE2+F P#b2`p�iBQMb
i?`Qm;? i?2 kyR3 P#b2`pBM; a2�bQM-ô S?vbB+�H _2pB2r G2ii2`b Rkd- R8RjyR UP+iX kykRVX

(9) *?QB- CX- Ab?BibmF�- >X- JBK�- aX- P;m`B- aX- h�F�?�b?B- EX- �M/ h�DBK�- PX- ó_�/BQ@i`�MbT�`2Mi KmHiB@H�v2`
BMbmH�iBQM 7Q` `�/BQr�p2 `2+2Bp2`b-ô _2pB2r Q7 a+B2MiB}+ AMbi`mK2Mib 39- RR98yk ULQpX kyRjVX

(8) .B2`B+Ft- JX- �/2- SX �X _X- �?K2/- wX- �KB`B- JX- "�`F�ib- .X- "�bm h?�Fm`- _X- "Bb+?Qz- *X �X- "2+F-
.X- "Q+F- CX CX- "mx�- oX- *?2b?B`2- CX- *QMMQ`b- CX- *Q`M2HBbQM- CX- *`mK`BM2- JX- *mFB2`K�M- �X- .2MBbQM-
1X- .m#�M/- GX- 1B#2M- JX- 6�iB;QMB- aX- 6BHBTTBMB- CX SX- :Q2+FM2`@q�H/- LX- :QH/}M;2`- .X *X- :`�vbQM-
CX �X- :`BK2b- SX- >�HH- :X- >�H�H- :X- >�HT2`M- JX- >�M/- 1X- >�``BbQM- aX- >2M/2`bQM- aX- >BH/2#`�M/i-
aX _X- >BHiQM- :X *X- >m#K�v`- CX- >mB- >X- A`rBM- EX .X- E�M;- CX- E�`F�`2- EX aX- E272HB- aX- EQp�+- CX JX-
EmQ- *X GX- G�m- EX- G2Bi+?- 1X JX- G2MMQt- �X- J2;2`B�M- EX :X- JBMmiQHQ- GX- JQM+2HbB- GX- L�F�iQ- uX-
L�KBF�r�- hX- L;mv2M- >X hX- Pö"`B2Mi- _X- S�HH�/BMQ- aX- S2i`Qz- JX- S`2+mT- LX- S`Qmp2- hX- S`vF2- *X-
_�+BM2- "X- _2BMib2K�- *X .X- a�Mi�Hm+B�- .X- a+?BHH�+B- �X- a+?KBii- "X GX- aBM;�`B- "X- aQHBK�M- �X- :2`K�BM2-
hX aiX- ai2BM#�+?- "X- am/Br�H�- _X oX- h?QKTbQM- EX GX- hm+F2`- *X- hm`M2`- �X .X- lKBHi¨- *X- o2`;2b-
*X- oB2`2;;- �X :X- q�M/mB- �X- q2#2`- �X *X- qB2#2- .X oX- qBHHK2`i- CX- qm- qX GX EX- u�M;- 1X- uQQM-
EX qX- uQmM;- 1X- um- *X- w2M;- GX- w?�M;- *X- �M/ w?�M;- aX- óSH�biB+ G�KBM�i2 �MiB`2~2+iBp2 *Q�iBM;b 7Q`
JBHHBK2i2`@q�p2 PTiB+b BM "A*1S �``�v-ô CQm`M�H Q7 GQr h2KT2`�im`2 S?vbB+b kRR- jee�jd9 UCmM2 kykjVX

(e) "�`F�ib- .X- .B2`B+Ft- JX AX- EQp�+- CX JX- S2Mi�+Qz- *X- �/2- SX �X _X- �?K2/- wX- �BFBM- _X qX- �H2t�M/2`-
EX .X- "2MiQM- aX CX- "Bb+?Qz- *X �X- "Q+F- CX CX- "Qr2Mb@_m#BM- _X- "`2pBF- CX �X- "m/2`- AX- "mHHQ+F- 1X-
"mx�- oX- *QMMQ`b- CX- *Q`M2HBbQM- CX- *`BHH- "X SX- *`mK`BM2- JX- .m#�M/- GX- .pQ`FBM- *X- 6BHBTTBMB- CX SX-
6HB2b+?2`- aX- :`�vbQM- CX �X- >�HH- :X- >�HT2`M- JX- >�``BbQM- aX �X- >BH/2#`�M/i- aX _X- >BHiQM- :X *X-
>mB- >X- A`rBM- EX .X- E�M;- CX- E�`F�`2- EX aX- E�`T2H- 1X- E�m7K�M- CX SX- E2�iBM;- "X :X- E272HB- aX-
E2`M�bQpbFBv- aX �X- EmQ- *X GX- G�m- EX- G�`b2M- LX �X- G2Bi+?- 1X JX- Gm2F2`- JX- J2;2`B�M- EX :X- JQM+2HbB-
GX- L�KBF�r�- hX- L;mv2M- >X hX- Pö"`B2Mi- _X- Ap- _X qX PX- S�HH�/BMQ- aX- S`vF2- *X- _�+BM2- "X- _B+?i2`-
aX- a+?r�`x- _X- a+?BHH�+B- �X- a?22?v- *X .X- aQHBK�M- �X- :2`K�BM2- hX aX- ai�MBbx2rbFB- wX EX- ai2BM#�+?-
"X- am/Br�H�- _X oX- h2THv- :X SX- h?QKTbQM- EX GX- hQH�M- CX 1X- hm+F2`- *X- hm`M2`- �X .X- lKBHi¨- *X-
oB2`2;;- �X :X- q�M/mB- �X- q2#2`- �X *X- qB2#2- .X oX- qBHHK2`i- CX- qQM;- *X GX- qm- qX GX EX- u�M;-
>X- uQQM- EX qX- �M/ w?�M;- *X- ólHi`�@i?BM H�`;2@�T2`im`2 p�+mmK rBM/Qrb 7Q` KBHHBK2i2` r�p2H2M;i?b
`2+2Bp2`b-ô BM (JBHHBK2i2`- am#KBHHBK2i2`- �M/ 6�`@AM7`�`2/ .2i2+iQ`b �M/ AMbi`mK2Mi�iBQM 7Q` �bi`QMQKv
As )- Rydy3- 83d�eyy- aSA1 UCmHv kyR3VX

(d) *�`i2`- EX CX- hQM;- *X 1X- w2M;- GX- :`BK2b- SX- �M/ EBK#2`F- _X- ó� HQr@HQbb bBHB+QM QTiB+�H /BTH2t2` 7Q`
KBHHBK2i2` �M/ bm#KBHHBK2i2` `�/BQ �bi`QMQKv-ô BM (JBHHBK2i2`- am#KBHHBK2i2`- �M/ 6�`@AM7`�`2/ .2i2+iQ`b
�M/ AMbi`mK2Mi�iBQM 7Q` �bi`QMQKv sAA )- RjRyk- dRe�dRN- aSA1 U�m;X kyk9VX

(3) aQ#`BM- CX �X- �M/2`bQM- �X CX- "2M/2`- �X LX- "2MbQM- "X �X- .mi+?2`- .X- 6Qbi2`- �X- :Q2+FM2`@q�H/- LX-
JQMi;QK2`v- CX- L�/QHbFB- �X- _�?HBM- �X- �/2- SX �X _X- �?K2/- wX- �M/2`2b- 1X- �`+?BTH2v- JX- �mbi2`K�MM-
CX 1X- �pp�- CX aX- �vHQ`- EX- "�HF2M?QH- GX- "�``v- SX aX- h?�Fm`- _X "X- "2M�#2/- EX- "B�M+?BMB- 6X- "H22K-
GX 1X- "Qm+?2i- 6X _X- "`v�Mi- GX- "v`mK- EX- *�`Hbi`QK- CX 1X- *�`i2`- 6X qX- *2+BH- hX qX- *?�M;- *X GX-
*?�m#�H- SX- *?2M- :X- *?Q- >X@JX- *?Qm- hX@GX- *HB+?2- CX@6X- *`�r7Q`/- hX JX- *mFB2`K�M- �X- .�H2v- *X-
/2 >��M- hX- .2MBbQM- 1X oX- .B#2`i- EX- .BM;- CX- .Q##b- JX �X- 1p2`2ii- qX- 62M;- *X- 62`;mbQM- EX _X- 6m-
CX- :�HHB- aX- :�K#`2H- �X 1X- :�`/M2`- _X qX- :m�HiB2`B- _X- :mMb- aX- :mTi�- LX- :mvb2`- _X- >�Hp2`bQM-
LX qX- >�`F2@>Qb2K�MM- �X >X- >�``BM;iQM- LX GX- >2MMBM;- CX qX- >BHiQM- :X *X- >BpQM- 1X- >QH/2`- :X SX-
>QHx�T72H- qX GX- >QQ/- CX *X- >Qr2- .X- >m�M;- LX- A`rBM- EX .X- C2QM;- PX "X- CQM�b- JX- CQM2b- �X- E?�B`2-
hX aX- EMQt- GX- EQ7K�M- �X JX- EQ`K�M- JX- Em#BF- .X GX- Em?HK�MM- aX- EmQ- *X@GX- G22- �X hX- G2Bi+?-
1X JX- GQrBix- �X 1X- Gm- *X- J2v2`- aX aX- JB+?�HBF- .X- JBHH2�- JX- L�iQHB- hX- L;mv2M- >X- LQ#H2- :X AX-
LQpQb�/- oX- PKQ`B- uX- S�/BM- aX- S�M- wX- S�b+?Qb- SX- S2�`bQM- CX- SQb�/�- *X JX- S`�#?m- EX- Zm�M- qX-
_2B+?�`/i- *X GX- _B2#2H- .X- _B2/2H- "X- _Qm#H2- JX- _m?H- CX 1X- a�HBr�M+?BF- "X- a�v`2- CX hX- a+?B�TTm++B-
1X- a?B`QFQz- 1X- aK2+?2`- :X- ai�`F- �X �X- ai2T?2M- CX- aiQ`v- EX hX- amxmFB- �X- h�M/QB- *X- h?QKTbQM-
EX GX- h?Q`M2- "X- hm+F2`- *X- lKBHi�- *X- o�H2- GX _X- o�M/2`HBM/2- EX- oB2B`�- CX .X- q�M;- :X- q?Bi2?Q`M-
LX- qm- qX GX EX- u27`2K2MFQ- oX- uQQM- EX qX- �M/ uQmM;- JX _X- óh?2 .2bB;M �M/ AMi2;`�i2/ S2`7Q`K�M+2
Q7 aSh@j:-ô h?2 �bi`QT?vbB+�H CQm`M�H amTTH2K2Mi a2`B2b k83- 9k U62#X kykkVX



(N) �/2- SX �X _X- �?K2/- wX- �KB`B- JX- "�`F�ib- .X- h?�Fm`- _X "X- "Bb+?Qz- *X �X- "2+F- .X- "Q+F- CX CX-
"Q2MBb?- >X- "mHHQ+F- 1X- "mx�- oX- Ao- CX _X *X- *QMMQ`b- CX- *Q`M2HBbQM- CX- *`mK`BM2- JX- *mFB2`K�M- �X-
.2MBbQM- 1X oX- .B2`B+Ft- JX- .m#�M/- GX- 1B#2M- JX- 6�iB;QMB- aX- 6BHBTTBMB- CX SX- 6HB2b+?2`- aX- :Q2+FM2`@
q�H/- LX- :QH/}M;2`- .X *X- :`�vbQM- CX- :`BK2b- SX- >�HH- :X- >�H�H- :X- >�HT2`M- JX- >�M/- 1X- >�``BbQM-
aX- >2M/2`bQM- aX- >BH/2#`�M/i- aX _X- >BHiQM- :X *X- >m#K�v`- CX- >mB- >X- A`rBM- EX .X- E�M;- CX- E�`F�`2-
EX aX- E�`T2H- 1X- E272HB- aX- E2`M�bQpbFBv- aX �X- EQp�+- CX JX- EmQ- *X GX- G�m- EX- G2Bi+?- 1X JX- G2MMQt-
�X- J2;2`B�M- EX :X- JBMmiQHQ- GX- JQM+2HbB- GX- L�F�iQ- uX- L�KBF�r�- hX- L;mv2M- >X hX- Pö"`B2Mi- _X-
Ao- _X qX PX- S�HH�/BMQ- aX- S`Qmp2- hX- S`vF2- *X- _�+BM2- "X- _2BMib2K�- *X .X- _B+?i2`- aX- a+?BHH�+B- �X-
a+?r�`x- _X- a+?KBii- "X GX- a?22?v- *X .X- aQHBK�M- �X- :2`K�BM2- hX aX- ai2BM#�+?- "X- am/Br�H�- _X oX-
h2THv- :X SX- h?QKTbQM- EX GX- hQH�M- CX 1X- hm+F2`- *X- hm`M2`- �X .X- lKBHi¨- *X- o2`;�b- *X- oB2`2;;-
�X :X- q�M/mB- �X- q2#2`- �X *X- qB2#2- .X oX- qBHHK2`i- CX- qQM;- *X GX- qm- qX GX EX- u�M;- >X- uQQM-
EX qX- uQmM;- 1X- um- *X- w2M;- GX- w?�M;- *X- w?�M;- aX- �M/ *QHH�#Q`�iBQMV- "X EX- ó"B+2TfE2+F so, h?2
"B+2Tj *QbKB+ JB+`Qr�p2 "�+F;`QmM/ SQH�`BK2i2` �M/ i?2 6B`bi h?`22@v2�` .�i� a2i-ô h?2 �bi`QT?vbB+�H
CQm`M�H Nkd- dd UJ�`X kykkVX

(Ry) S�BM2- aX LX �M/ hm`M2`- .X .X- óS`Q+2bbBM; �M/ *�HB#`�iBQM Q7 am#KBHHBK2i2` 6Qm`B2` h`�Mb7Q`K _�/BQK2i2`
aT2+i`� 6`QK i?2 _>l"*@AA *�KT�B;M-ô A111 h`�Mb�+iBQMb QM :2Qb+B2M+2 �M/ _2KQi2 a2MbBM; 8R-
8R3d�8RN3 U.2+X kyRjVX

(RR) q2B`- qX- ó�miQK�iB+ K2�bm`2K2Mi Q7 +QKTH2t /B2H2+i`B+ +QMbi�Mi �M/ T2`K2�#BHBiv �i KB+`Qr�p2 7`2[m2M+B2b-ô
S`Q+22/BM;b Q7 i?2 A111 ek- jj�je UC�MX RNd9VX

(Rk) "�F2`@C�`pBb- CX- o�Mxm`�- 1X- �M/ EBbbB+F- qX- óAKT`Qp2/ i2+?MB[m2 7Q` /2i2`KBMBM; +QKTH2t T2`KBiiBpBiv
rBi? i?2 i`�MbKBbbBQMf`2~2+iBQM K2i?Q/-ô A111 h`�Mb�+iBQMb QM JB+`Qr�p2 h?2Q`v �M/ h2+?MB[m2b j3-
RyNe�RRyj U�m;X RNNyVX

(Rj) *?�K#2`H�BM- CX- :B##b- CX 1X- �M/ :2##B2- >X �X- óh?2 /2i2`KBM�iBQM Q7 `27`�+iBp2 BM/2t bT2+i`� #v 7Qm`B2`
bT2+i`QK2i`v-ô AM7`�`2/ S?vbB+b N- R38�kyN U.2+X RNeNVX

(R9) L�/QHbFB- �X- oB2B`�- CX .X- aQ#`BM- CX �X- EQ7K�M- �X JX- �/2- SX �X _X- �?K2/- wX- �M/2`bQM- �X CX- �pp�-
CX aX- h?�Fm`- _X "X- "2M/2`- �X LX- "2MbQM- "X �X- "`v�Mi- GX- *�`Hbi`QK- CX 1X- *�`i2`- 6X qX- *2+BH- hX qX-
*?�M;- *X GX- *?2b?B`2- CX _X- *?2bKQ`2- :X 1X- *HB+?2- CX 6X- *mFB2`K�M- �X- /2 >��M- hX- .B2`B+Ft- JX-
.BM;- CX- .mi+?2`- .X- 1p2`2ii- qX- 6�`rB+F- CX- 62`;mbQM- EX _X- 6HQ`2x- GX- 6Qbi2`- �X- 6m- CX- :�HHB++?BQ- CX-
:�K#`2H- �X 1X- :�`/M2`- _X qX- :`Q?- CX *X- :mMb- aX- :mvb2`- _X- >�Hp2`bQM- LX qX- >�`F2@>Qb2K�MM-
�X >X- >�``BM;iQM- LX GX- >�``Bb- _X CX- >2MMBM;- CX qX- >QHx�T72H- qX GX- >Qr2- .X- >m�M;- LX- A`rBM-
EX .X- C2QM;- PX- CQM�b- JX- CQM2b- �X- EQ`K�M- JX- EQp�+- CX- Em#BF- .X GX- Em?HK�MM- aX- EmQ- *X@GX-
G22- �X hX- GQrBix- �X 1X- J+J�?QM- CX- J2B2`- CX- J2v2`- aX aX- JB+?�HBF- .X- JQMi;QK2`v- CX- L�iQHB- hX-
L;mv2M- >X- LQ#H2- :X AX- LQpQb�/- oX- S�/BM- aX- S�M- wX- S�b+?Qb- SX- S2�`bQM- CX- SQb�/�- *X JX- Zm�M-
qX- _�?HBM- �X- _B2#2H- .X- _m?H- CX 1X- a�v`2- CX hX- a?B`QFQz- 1X- aK2+?2`- :X- ai�`F- �X �X- ai2T?2M- CX-
aiQ`v- EX hX- amxmFB- �X- h�M/QB- *X- h?QKTbQM- EX GX- hm+F2`- *X- o�M/2`HBM/2- EX- q�M;- :X- q?Bi2?Q`M-
LX- u27`2K2MFQ- oX- uQQM- EX qX- �M/ uQmM;- JX _X- ó"`Q�/#�M/- KBHHBK2i2`@r�p2 �MiB`2~2+iBQM +Q�iBM;b
7Q` H�`;2@7Q`K�i- +`vQ;2MB+ �HmKBMmK QtB/2 QTiB+b-ô �TTHB2/ PTiB+b 8N- jk38�jkN8 U�T`X kykyVX

(R8) *mHH2M- �X GX- um- SX EX- �M/ "�`HQr- >X 1X JX- óh?2 �++m`�i2 K2�bm`2K2Mi Q7 T2`KBiiBpBiv #v K2�Mb Q7 �M
QT2M `2bQM�iQ`-ô S`Q+22/BM;b Q7 i?2 _Qv�H aQ+B2iv Q7 GQM/QMX �X J�i?2K�iB+�H �M/ S?vbB+�H a+B2M+2b jk8-
9Nj�8yN UC�MX RNNdVX

(Re) um- SX EX �M/ *mHH2M- �X GX- óJ2�bm`2K2Mi Q7 T2`KBiiBpBiv #v K2�Mb Q7 �M QT2M `2bQM�iQ`X AX h?2Q`2iB+�H-ô
S`Q+22/BM;b Q7 i?2 _Qv�H aQ+B2iv Q7 GQM/QMX �X J�i?2K�iB+�H �M/ S?vbB+�H a+B2M+2b j3y- 9N�dR UJ�`X RN3kVX

(Rd) >B`pQM2M- hX- o�BMBF�BM2M- SX- GQxQrbFB- �X- �M/ _�Bb�M2M- �X- óJ2�bm`2K2Mi Q7 /B2H2+i`B+b �i Ryy :>x
rBi? �M QT2M `2bQM�iQ` +QMM2+i2/ iQ � M2irQ`F �M�Hvx2`-ô A111 h`�Mb�+iBQMb QM AMbi`mK2Mi�iBQM �M/
J2�bm`2K2Mi 98- d3y�d3e U�m;X RNNeVX

(R3) S2i2`b�M- SX CX �M/ �MH�;2- aX JX- óJ2�bm`2K2Mi Q7 _2bQM�Mi 6`2[m2M+v �M/ Zm�HBiv 6�+iQ` Q7 JB+`Qr�p2
_2bQM�iQ`b, *QKT�`BbQM Q7 J2i?Q/b-ô CQm`M�H Q7 �TTHB2/ S?vbB+b 39- jjNk�j9yk Ua2TiX RNN3VX

(RN) a?m- :X sX- GmQ- uX- w?�M;- ZX aX- am- CX- q�M;- GX- sm- uX- �M/ q�M;- aX 6X- óJBHHBK2i2` q�p2 J2�bm`2K2Mi
Q7 i?2 GQr@GQbb .B2H2+i`B+ BM o�+mmK 1H2+i`QMB+ .2pB+2b rBi? _2~2+iBQM@hvT2 >2KBbT?2`B+�H PT2M _2bQM�iQ`-ô
CQm`M�H Q7 AM7`�`2/- JBHHBK2i2`- �M/ h2`�?2`ix q�p2b je- 88e�8e3 UCmM2 kyR8VX

(ky) G�K#- CX- óJBb+2HH�M2Qmb /�i� QM K�i2`B�Hb 7Q` KBHHBK2i`2 �M/ bm#KBHHBK2i`2 QTiB+b-ô AMi2`M�iBQM�H CQm`M�H
Q7 AM7`�`2/ �M/ JBHHBK2i2` q�p2b Rd- RNNd�kyj9 U.2+X RNNeVX



(kR) :QH/bKBi?- SX 6X- (Zm�bBQTiB+�H avbi2Kb, :�mbbB�M "2�K Zm�bBQTiB+�H S`QTQ;�iBQM �M/ �TTHB+�iBQMb )-
qBH2v@A111 S`2bb- SBb+�i�r�v- LC- Rbi 2/BiBQM 2/X UC�MX RNN3VX

(kk) a?BipQp- �X- a�pBMB- :X- >�`;`�p2- SX *X- �/2- SX �X _X- hm+F2`- *X 1X- am/Br�H�- _X oX- w?�M;- CX-
:m/KmM/bbQM- CX 1X- qBMi2`- "X- SBb�MQ- :X- �M/ p�M /2` oQ`bi- JX- ó"`Q�/#�M/ +Q�i2/ H2Mb bQHmiBQMb 7Q`
6A_@KK@r�p2 BMbi`mK2Mib-ô BM (JBHHBK2i2`- am#KBHHBK2i2`- �M/ 6�`@AM7`�`2/ .2i2+iQ`b �M/ AMbi`mK2Mi�iBQM
7Q` �bi`QMQKv sA )- RkRNy- kyj�kk9- aSA1 U�m;X kykkVX

(kj) .ö�H2bb�M/`Q- :X- S�B2HH�- �X- *QTTQH2++?B�- �X- *�bi2HH�MQ- JX :X- *QH�MiQMB- AX- /2 "2`M�`/Bb- SX- G�K�;M�-
GX- �M/ J�bB- aX- ólHi`� ?B;? KQH2+mH�` r2B;?i TQHv2i?vH2M2, PTiB+�H 72�im`2b �i KBHHBK2i2` r�p2H2M;i?b-ô
AM7`�`2/ S?vbB+b �M/ h2+?MQHQ;v Ny- 8N�e8 UJ�v kyR3VX

(k9) >2bH2`- CX- ó� T?QiQMB+ +`vbi�H DQBMi US*CV 7Q` K2i�H r�p2;mB/2b-ô BM (kyyR A111 Jhh@a AMi2`M�iBQM�H
JB+`Qr�p2 avKTbQBmK .B;2bi U*�iX LQXyR*>jdR8dV )- k- d3j�d3e pQHXk UkyyRVX


