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Tgd ITMN bñkkZãñqZt-ñm
�mfidk �ãtskdld4.30 TgñlZs �cZl35 RgZjddk �glZc56 Q-yvZm
�gldc56 RdãZst-Zmñ �-dkkñ45 LtgZllZc �jqZl56 �ã-c �kddl56
TsZfijZqZj-s �kdwZmcqñs38 Edmfiödmfi �m18 P- �m11 F-tsdööd
�mcqñm-bñ45 M-jñkZx �mflñü57 U-tñ �mtñmdkk-47 TZt-ZmZ
�mtñsgj-mZ57 Atq-m �sZüZö-ãgñö61 Iñáñ Odcqñ �tgZxcd
LZqbñmcds cd �mcqe35 C-c-dq �tfitstd33 Vd-cñmfi AZ-1+ M-j-tZ
AZkZsgñü57 VZmcdq AZkc-m-46 �mcqdZ AZqqds-48 CZü-cd AZs-k-bñ47
Dq-b AZtssZm35 LZqbñ AdkkZtñ50 �mtñm-ñ Adqfimñk-50 Tg-kñ
A-qjdmédkc38 Rxkü-d Ak-m33 CZü-c Aktl44 R-lñm Akxtg0+ �mZstZs-Z
AñksgZjñüZ57 LZtg-dt AñmfiqZmc37 Bkeldmt AñqcdqdZt34.3+
Cñl-m-.td Aqdtñm33 �tfitstñ Aq-fiZtt-47 Q-bbZqcñ AqtfimdqZ51
Q-bbZqcñ Aqtmñ45 �mtñm-ñ AtcZmñ54 Iñsd Atstñ36 �mZtZdk
BZãqdqZ33 AZqãZqZ BZbb-Zm-fiZ47 GZñ BZ-23 W-Zñ BZ-0+ XZmjd
BZ-0+ Yg-xZm BZ-0+ Q-bbZqcñ BZkkdfiZq-51 �mtñm-ñ BZll-5+
�fitst-m BZlödmx4 BgtZmxZ BZñ0+ Ftñét BZñ0+ Itm BZñ0+
QñssdkkZ BZqtsñ45 Becq-b BdqmZ34 Bg- BgZm27 I-méZm BgZmfi0+ Xtm
BgZmfi28 Ftñl-mfi Bgdm17 O-mfiö-mfi Bgdm07 Oñh�m Bgdm3+
RgZñl-m Bgdm02 Wtqñmfi Bgdm15 X-wtd Bgdm00 Xt Bgdm1+
Yg-xtZm Bgdm0+ Y-jZmfi Bgdm1+ I-d Bgdmfi00 XZö-mfi Bgdmfi6 Xt
Bg-m Bgdmfi3+ �kdwdx Bgdtüdq-jñü57 CZü-cd Bg-dsZ48 O-dtqñ
Bg-ldmt-2 Y-k-Zmfi Bgt0+ �qtdl BgtjZmñü57 FeqZqc BkZüdq-d34
BZt-Z Bkdldmt-52 AZqãZqZ BkdqãZtw1 RdklZ Bñméñqt- C-
Kñqdmyñ34 CZm-dkd Bñqt-50 EkZü-ñ CZk Bñqsñ50 Nk-ü-Z CZkZfidq64
Bgq-stñögd Cd KZ TZ-kkd34 Yg- Cdmfi02 Y-xZm Cdmfi0+ V-kéq-dc
Cdömdq-mfi41 LZqbñ C-Zy4 Wtdédmfi C-mfi47 XZxtm C-mfi0+ AZxt
C-qfiZmtZqZ63 Rdqfidx Cl-tq-düsjx57 TZcdZs CñgmZk31 Cl-tqx
Cñkyg-jñü57 Fdñqfix Cñmbgdmjñ6+ I-Zmldmfi Cñmfi02 Düfidmx
Cñqñsgjdü-bg58 Vd- Cñt02 LZqbñs CqZbñs35 Eqeceq-b Cqt-kkñkd34
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QZm Ct0+ Rgtw-Zm Ct26 RtdéZmñ Cts-m-50 LZqt-m CüñqZj31
Idss-bZ Dbj44 T-lñ Dm.ü-st32 �mcqdZ EZããq-54 Tkq-jd
EZgqdmcgñky42 CñmfigtZ EZm13 Kd- EZm0+ I-Zm EZmfi0+ Vdmw-mfi
EZmfi0+ LZqbñ EZqfidttZ45 Cl-tqx Edcñsddü57 Ygdmfixñmfi Ed-0+
K-hBgdmfi Edmfi27 P-bgtm Edmfi10 Edcdq-bñ EdqqZqñ47 Q-bgZqc
Eñqc47 �lek-d Eñtqm-dq34 GZñmZm FZm21 Edmfi FZñ38 �kãdqtñ
FZqéZfim-m-51 �qsdm-- FZüq-jñü57 LZqbñ F-ZllZqbg-47 Mtmy-ñ
F-tc-bd45 LZw-l FñmbgZq57 FtZmfigtZ Fñmfi02 Gt- Fñmfi02 Xtq-
Fñqmtsgj-m43 �kdwZmcqd Fottdk40.38 LZqbñ FqZss-51 UZs-kx
Fqñlñü57 L-mfigZñ Ft0+ W-Zñéd- Ft26 Xt Ft08 Ldmfixtm FtZm0+
Xtctñ FtZm0+ Mtmy-ñ FtZqcñmd45 Bñmfi Ftñ0+ I-mfixtZm Ftñ1+
VZmkd- Ftñ0+ W-mgdmfi Ftñ7 XtgZmfi Ftñ24 BZqdm GZfimdq4+ QZm
GZm6 XZmfi GZm1+ L-Zñ Gd0+ Vd- Gd0+ Tñã-Zs Gd-my44 OZtq-bj
Gdkklttg34 Xtdjtm Gdmfi0+ QZéZdk GdqqdqZ4 XtdmJdtmfi Gñq1+
RgZñi-mfi Gñt0+ Xdd Gs-tmfi3+ Ad-hYgdm Gt3+ GZmfi Gt1+ I-Zmqtm
Gt0+ Itm Gt0+ RgñtxZmfi Gt8 TZñ Gt0+ Xtw-Zmfi Gt0+ Ygtñitm
Gt1+ Ft-gñmfi GtZmfi13 GZmw-ñmfi GtZmfi8 JZ-wtZm GtZmfi1+
VdmgZñ GtZmfi14 W-m GtZmfi0+ W-mfitZñ GtZmfi14 Xñmfiãñ
GtZmfi17 I-Z.- Gt-2+ Kd- Gtñ10 Vdmit Gtñ11 Becq-b Gtss34
RZéddq GtssZ-m56 �qZ HñZmm-s-Zm0 Qñãdqtñ HsñbqZtd50 AdZtq-bd
Idkl-m-51 HfimZb-ñ Idq-Z4 W-Zñkt I-0+ Gt-gt- I-Z22 Itmi- I-Z23 R-xt
I-Zm8 C- I-Zmfi11 Vd- I-Zmfi0+ W-ZñsgZm I-Zmfi0+ W-Zñö-mfi I-mfi0+
Beb-kd Iñkkdt34 IZq- IñttsdmüZZqZ32 Kdñm-cZs JZkñts-s35 Og-k-öö
JZlölZmm43.40 K- JZmfi07 Qdã-m JZqZöZqZlã-k37 MZq-md
JZyZq-Zm0 �l-mZ JgZttm60 JgZmbgZ- Jgñsñmtgñmfijdd63 Cdm-s
JñqZãkdü57 JñmstZmt-m JñtyZjñü6+ �kdwdx JqZsmñödqñü57
M-jñkZx Jttñüsj-x57 OZs- Jtts-m-dl-32 Tñã-Zs KZbgdmlZ-dq44
Bdb-k-Z KZmc-m-47 ReãZst-dm KdãkZmb34 U-btñq Kdãq-m37 Eqdcdq-b
Kdédüqd37 Qt-t-mfi Kd-07 Qtödqt Kd-tmdq31 IZsñm Kdtmfi27
CZñygdmfi K-0+ Cdl-m K-26 Ed- K-0+ Etkd K-02 FZñsñmfi K-0+ Gt-k-mfi
K-0+ LdmfiygZñ K-0+ L-m K-0+ MZm K-0+ MZm K-05 P-mfii-Zmfi K-05
Qtgt- K-0+ Qt- K-2+ RgZmédmfi K-07 TZñ K-1+ Tdmfi K-14 Vd-cñmfi
K-0+.03 Vd-fitñ K-0+ W-Zñld- K-8 W-ZñmZm K-0+ W-mfikñmfi K-8 X- K-07
X-bgdm K-0+ Xtédmfi K-0+ Ydödmfi K-0+ YgZñgZm K-0+ Yg-ã-mfi K-1+
Y-xtZm K-1+ YñmfigZ- K-23 GZñ K-Zmfi8 GZñ K-Zmfi11 I-Zitm K-Zñ1+
�xtt K-lög-qZt63 FtdxhK-m K-m27 Rgdmfiw-m K-m07 TZñ K-m0+ I-Zi-d
K-mfi1+ HüZmñ K-öö-50 EZmfi K-t00 GZ-cñmfi K-t26 GZñt-Zm K-t23
GñmfiãZmfi K-t17 GñmfiitZm K-t12 GñmfitZñ K-t1+ Gt- K-t08 I-ZmfikZ-
K-t2+.20 I-mbgZmfi K-t0+ L-m K-t12 P-Zm K-t03 P-m K-t11 QtmwtZm



K-t40.38 Rgtã-m K-t11 Rgtk-m K-t0+ W-Zñvd- K-t1+ W-vdm K-t17 XZm
K-t0+ Xtmygd K-t0+ �kdwdx Kñjgñü6+.58 OZñkñ KñlãZqc-47 BkZtc-ñ
KñlãZqcñ45 JZ- Kññ41 BgtZm Kt21 GZñ.- Kt0+ I-mfiã-m Kt04
ItmfitZmfi Kt0+ Od-yg- Kt1+ Rgtw-Zmfi Kt26 AZxZqtñ
KtãsZmcñqyg-dü58 Rtkt-l KtãsZmcñqyg-dü58 K-ü-Z KtcgñüZ40.38
�qskZm KtjZmñü58 CZ-ã-m Ktñ0+ Edmfii-Zñ Ktñ12 FtZmfi Ktñ1+ Rgt
Ktñ25 Vtl-mfi Ktñ0+ W-Zñi-d Ktñ0+ UkZc-l-q KxZsgtj58
AZmfiygdmfi LZ14 A-mfi LZ26 P-tld- LZ0+ R- LZ0+ W-ZñxZm LZ0+
Wtãñ LZ00 I-gZmd LZZkl-33 LZqbñ LZfiñm-47 I-mfixt LZ-1+ Xtqx
LZkxsgj-m43 Qñãdqtñ BZqkñs LZmctiZmñ64 EZã-ñ LZmtñüZm-46
W-m LZñ6 XZitm LZñ01 RtdéZmñ Lp LZq-54 E-k-ööñ LZq-m-51
Bq-st-mZ LZqtdkk-m-54 F-sdkd LZqt-mhBgZssZqc33 �fimdsd LZqt-m-53
LZttg-Zs LZxdq42 CZü-t LZx-kxZm0 Hmts Ldcm-djs55 �qttq
Ld-mtsbg41 Xtd Ldmfi2+ �msdklñ LdqdfiZfik-Z34 DlZmtdkZ
Ldqñm-47 CZü-c Ldxgoédq4+ LZtqñ Ldyydttñ50 IñmZtgZm L-kkdq5
K-mñ L-qZlñmt-47 LZqtZ Bñkñldq LñkkZ1 OZñkñ Lñmt-m-54
L-bgdkd Lñmttsbg-46 �wdk Lukkdq44 LZss-l-k-Zmñ MZstZs-48
Cl-tqx Up MZtlñü57 DkdmZ MZtlñüZ57 C-ZmZ MZüZshM-bñkZs33
Hfiñq Mdlbgdmñj57 L-mg TgtZm Mfitxdm Tg-27 Ed-ödmfi M-mfi0+
Ygd M-mfi0+ G-qñsg- MtmñjZvZ3 KñtgZq NãdqZtdq42 ItZm Odcqñ
NbgñZhQ-bñtw64.4.30 �kdwZmcdq Nksgdüsj-x57 Cñl-y-Z NqdstZmñ54
EZtstñ Nqt-bZ52 QZ-mdq NtgdfiqZüdm41 �kdssZmcqñ OZñkñm-53
Rdqfi-ñ OZqldfifi-Zmñ47 XZt-Zm Od-0+ KtbZ Odk-bb-40.38 M-bñldcd
Odkk-bb-Z52 �mfitñ Odmfi12 GZ-ö-mfi Odmfi11 Xt Odmfi0+ YgZñxtZm
Odmfi0+ Eqeceq-b Odqqñt34 O-dqqdh�kdwZmcqd Odt-tidZm1 EZãq-y-ñ
Odtqtbb-54 Nk-üdq O-kZqbyxj41 Kt-s Edk-öd O-ndqds Q-bñ35 �qtxñl
Oñöñü6+ OZsbZk Oñtssñt35 Dy-ñ Oqdü-tZk-48 EZyg- P-0+ L-mfi P-16
Rdm P-Zm0+ W-Zñgt- P-Zm0+ Ygdm P-Zm1+ GZñ P-Zñ01 YgñmfigtZ
P-m0+ RgñtjZmfi P-t12 F-ñZbbg-mñ QZmtbb-47 Md-kk QZödq1+ Qddl
QZsgddc34 �kdssZmcqZ Qd47 Gdmm-mfi Qdããdq4+ �ãcdk Qdã--34
LZq--Z Qdcbgtj51.50 A-m Qdm07 I-d Qdm8 AZqãZqZ Q-bb-46 LZq-Zl
Q-éZ-40.38 LZtg-dt Qñbgd34 MZqñmfij-Zt QñcögZ-61 �kcñ QñlZm-52
Adcr-bg Qñsjñüdb31 W-bgZñ QtZm8 �qsdm-x Qxãm-jñü57 �mcqdx
RZcñüsjx57 OZñkñ RZfifidsd47 R-lñmd RZmfk-ööñ54 �mtt RZmfijZ62
TtZmd RZvZmfiv-t62 Itk-Z RZvZtyj-42 L-bgZdkZ Rbgdüdq40.38
Becq-b RbgvZã35 JñmstZmt-m Rbgvd-ydq42 �kdwZmcq Rdkxtm-m57
�mcqdZ RdqZfm-46 F-tk-ñ RdttZmtZ40.a LZq-ZmfidkZ Rdtt-lñ37
YgtZmfi RgZñ24 UkZc-skZü RgZqñü57 �q-mZ RgZxctqñüZ57 I-mfixZm
Rg-0+ XZmZm Rg-0+ U-tZkx Rgttñü57 �mcqdx R-cñqdmjñü58 Edcñq



S-ljñü-b60 Bg-ZqZ R-q-fimZmñ51 IZqtbg-t R-q-öZj63 Lñm-bZ R-st-48
LZb-di Rktödbj-32 L-jgZ-k Rl-qmñü1+ Nkdfi Rl-qmñü57 Tg-Zfiñ
RñfiñhAdydqqZ37 Rdqfidx Rñjñkñü57 ItkZmZm RñmfivZcgZmZ63
AññmqtbjsZq Rññmtgñqmtgtl62 �kãdqt Rñtm-jñü57 Nmcrdi
Sqaldj31 VZq-mtñqm RqddtgZvñmfi63 �bg-l RtZgk38 KtbZ RtZmbñ50
JñmstZmt-m RtZmjdü-bg6+ CtsZm Stdéam-j60 GZms Rtd-fidq41.42
Iñbgdm Rtd-mlZmm38 Tñã-Zs Rtdqq44 LZttg-Zs QZögZdk Rtñbj42
U-qfi-m-Z RtqZt-46 �kdwZmcdq Rttcdm-j-m6+ Itm Rt1+ Rg-édmfi Rtm00
W-kd- Rtm0+ Xñmfii-d Rtm11 XñmfiygZñ Rtm0+ YgdmfixZmfi Rtm2+
MZqtlñm RtvñmiZmcdd61 L-bgZk Rydkdym-Zj35 I-Zm TZmfi1+ P-Zmfi
TZmfi1+ PtZm TZmfi12 W-Zñ TZmfi0+ U-cgxZ TgZqZ GZq-gZqZm4+ Dq-b
Tgd-sdm41 �kdwZmcdq T-dtysbg44 Hfiñq TjZbgdü58 TñlZs Tldi31
LZqbñ CZm-kñ BkZtc-ñ Tñqq-47 JñmstZmt-m Tqdsjñü57 �mcqdZ
Tq-ñss-35 F-ZmbZqkñ Tqñm-4 VkZcxskZv TqyZsjZ32 Bq-st-mZ Ttüd45
M-j-tZ TsgZjñü58 UZc-l Udc-m55 F-tsdööd Udqcd45 LZw-l
U-Zkjñü6+ Admñ-t U-Ztc37 Bñqmdk-ts Lñq-ty Uñkkãqdbgt40.38
Bq-st-mZ Uñköd33 JZtgZq-mZ Uñm Rttql51 U-t Uñqñãdk31 Cl-tq-x
Uñqñm-m58 Ktb-Z UñtZmñ53 OZãkñ VZkjdq4.30 BZ-sgdm VZmfi07
BgtmfihGs-Zmfi VZmfi28 Dm VZmfi26 Ftñk- VZmfi10 I-Zm VZmfi11
Itm VZmfi1+ Kt VZmfi0+ Ld-édm VZmfi0+ Ldmfi VZmfi12 Ldmfi
VZmfi14 Qt-fitZmfi VZmfi0+ R-fitZmfi VZmfi01 Vd- VZmfi16 Vd-
VZmfi1+ VdmsgtZ- VZmfi0+ W- VZmfi05 W-Zmfixtd VZmfi1+ XZmfiét
VZmfi0+ XZñfitZmfi VZmfi0+ X- VZmfi0+ X- VZmfi02 X- VZmfi13
X-éZmfi VZmfi0+ XtZm.-mfi VZmfi02 XtlZm VZmfi16 Ygd VZmfi02
Ygdmfi VZmfi0+ Yg-l-m VZmfi0+ Yñmfix- VZmfi02 �ö-lññj
VZtbgZqZmfijññk62 Vd- Vd-0+ Vd- Vd-14 Vdmkt Vd-0+ XZcñmfi
Vd-07 JZ-kd Vdm0+ K-Zmfii-Zm Vdm0+ Itm Vdmfi02 Bgq-stñögdq
V-dãtsbg38 Rtdüdm BgZmhEZ- Vñmfi1+ Aiñdqm VñmsZj4+ C-qt
Vt0+ Ptm Vt14 Yg- Vt0+ L-bgZdk Vtql41 IZb.tds Vtqty35
Bgq-st-Zm Vxsñtyj-38 Xtéd- W-21 Cñmfild- W-Z06 W-Zmfi W-Zñ1+
W-ZñbgtZm W-d17 XtfitZmfi W-d0+ YgZmfi.tZm W-d0+ YgZñ W-m0+
Yg-ygñmfi W-mfi0+ AdmcZ Wt02 Bgdmfi Wt12 Cñmfik-Zm Wt20.2+
EZmqñmfi Wt08 GZmfijtm Wt0+ I-kd- Wt0+ I-mfi Wt7 Ld-gZmfi Wt0+
X-m Wt22 AZñitm XZm0+ P-xt XZm03 TZxkñq XZm63 Vdm.- XZm0+
W-ñmfiãñ XZm0+ Xtödmfi XZm63 BgZmfifidm XZmfi0+ Bgdmfiédmfi
XZmfi17 GtZm XZmfi0+ I-d XZmfi26 Kd- XZmfi07 W-Zñxt XZmfi0+ X-éZm
XZmfi0+ X-éZm XZmfi1 GZ-édmfi XZñ0+ I-ZwtZm Xd0+ Ld- Xd0+ Y-ö-mfi
Xd20 Eqeceq-b Xdql-Z37 Ygdmfixtm Xñt1+ Añw-Zmfi Xt0+ Bg-xd Xt07
Bgtmwt Xt22 GñmfiygZñ Xt1+ L-Zñ Xt23 W-Zmfigt- Xt22 YdxtZm



Xt0+ Ydygñmfi Xt0+ Bdmw- XtZm1+ Bgdmfiygtñ XtZm0+ X-mfi XtZm01
Ygdmw-ñmfi XtZm02 AZñã-Zñ Xtd1+ MñlZm YZéZq56 U-tZk--
YZüZcsjx-57 RgZm Ydmfi0+ T-mfiwtZm Ydmfi0+ XtcZ Ydmfi1+ K-Zmfi
YgZm0+ �-.-Zmfi YgZmfi02 A-m YgZmfi26 A-mt-mfi YgZmfi0+ Ed-xZmfi
YgZmfi2+ Ftñ.-mfi YgZmfi0+ GñmfigZñ YgZmfi1+ I-Zk-Zmfi YgZmfi16
I-Zvdm YgZmfi0+ I-d YgZmfi0+ I-m YgZmfi17 I-mfiãñ YgZmfi10 I-mmZm
YgZmfi0+ LñgZm YgZmfi0+ Odmfi YgZmfi0+ P-mfil-m YgZmfi24 Rg-.-
YgZmfi1+ Rgt YgZmfi1+ TZñ YgZmfi2+ W-Zñld- YgZmfi0+ W-m
YgZmfi0+ WtZmtñmfi YgZmfi0+ X-mgñmfi YgZmfi0+ X-xt YgZmfi0+
Xñmfiödmfi YgZmfi0+ Xt YgZmfi0+ XtZmxtZm YgZmfi2+ Xtld-
YgZmfi1+ Ygdmxt YgZmfi23 Yg-i-Zm YgZmfi07 Edmfix- YgZñ15 I-d
YgZñ0+ Qñmfi YgZñ1+ Qtmyd YgZñ0+ Rgtitm YgZñ26 Cñmfi.-m
Ygdmfi08 GtZ Ygdmfi07 XZmfigdmfi Ygdmfi03 Vd-qñmfi Ygñmfi08 I-mfi
Ygñt8 K- Ygñt0+ MZm Ygñt11 Rgtm Ygñt0+ Tñmfi Ygñt0+ W-Zmfi
Ygñt23 I-Zmfi Ygt1+ I-mfisdm Ygt18 JZmfiét Ygt24 Jditm Ygt0+
Yg-gZmfi Ygt0+ Añ YgtZmfi0+ Gñmfik-m YgtZmfi0+ K-Zmfi Yñmfi02
I-Zgdmfi Yñt0+ RdãZst-Zm Yv-bjdk42
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12Sgd QZ,-9]gd<-r/’x Zm, M2]kdZ’ Bgd<-r/’x F’921 -m Tm-_d’r-/x 9= R92/g Bg-mZ: Gdm4xZm4:
Bg-mZ



13V2x- Tm-_d’r-/x: I-Zm4<dm: Bg-mZ
14RgZm,9m4 Tm-_d’r-/x: I-mZm: Bg-mZ: Zm, Jdx KZ@9’Z/9’x 9= OZ’/-]kd Ogxr-]r Zm, OZ’/-]kd
H’’Z,-Z/-9m 9= L-m-r/’x 9= D,2]Z/-9m: RgZm,9m4 Tm-_d’r-/x: P-m4,Z9: Bg-mZ

15Hmr/-/2/d 9= L9,d’m Ogxr-]r: Bg-mdrd �]Z,d<x 9= R]-dm]dr: KZmyg92: Bg-mZ
16MZmi-m4 Tm-_d’r-/x: MZmi-m4: Bg-mZ
17F2Zm4w- Tm-_d’r-/x: MZmm-m4: Bg-mZ
18DZr/ Bg-mZ Tm-_d’r-/x 9= R]-dm]d Zm, Sd]gm9k94x: RgZm4gZ-: Bg-mZ
2+R]g99k 9= Ogxr-]r Zm, �r/’9m9<x: RgZm4gZ- I-Z9 S9m4 Tm-_d’r-/x: RgZm4gZ-: Bg-mZ
20Sr2m4hCZ9 Kdd Hmr/-/2/d: RgZm4gZ- I-Z9 S9m4 Tm-_d’r-/x: RgZm4gZ-: Bg-mZ
21Hmr/-/2/d 9= Gx,’94d9k94x Zm, Dm_-’9m<dm/Zk Fd9k94x: Bg-mdrd �]Z,d<x 9= Fd9k94-]Zk R]-h
dm]dr: Rg-i-Zyg2Zm4: Bg-mZ

22MZmjZ- Tm-_d’r-/x: S-Zmi-m: Bg-mZ
23V2gZm Tm-_d’r-/x: V2gZm: Bg-mZ
24W-”Zm I-Z9/9m4 Tm-_d’r-/x: W-”Zm: Bg-mZ
25W-Z<dm Tm-_d’r-/x: W-Z<dm: Bg-mZ
26R]g99k 9= Ogxr-]r Zm, L-]’9dkd]/’9m-]r: Ygdm4yg92 Tm-_d’r-/x: Ygdm4yg92: Bg-mZ
27Hmr/-/2/d 9= Ogxr-]r: MZ/-9mZk XZm4 L-m4 Bg-Z9 S2m4 Tm-_d’r-/x: Gr-m]g2
28MZ/-9mZk Tm-/d, Tm-_d’r-/x: L-Z9hK-
3+Cd1Z’/<dm/ 9= Ogxr-]r: MZ/-9mZk SZ-vZm Tm-_d’r-/x: SZ-1d-
30L-kkdmm-2< Hmr/-/2/d =9’ R2@�/9<-] Ogxr-]r Z/ /gd G-4ghdmd’4x E’9m/-d’ pR�OGHQ(: HBM3zönüzflfl:
�MHC: Bg-kd: ]k

31BgZ’kdr Tm-_d’r-/x: EZ]2k/x 9= LZ/gd<Z/-]r Zm, Ogxr-]r: O’Z42d: Byd]g Qd12@k-]
32Tm-_d’r-/x 9= Ix_ZrjxkZ: Cd1Z’/<dm/ 9= Ogxr-]r: Ix_ZrjxkZ: E-mkZm,
33HIBKZ@: Tm-_d’r-/e OZ’-rhRZ]kZx: BMQR6HM3Ot: nöflzfi N’rZx: E’Zm]d
34Tm-_% A9’,dZ2w: BMQR: KO3-: TLQ fisns: Ehttösz F’Z,-4mZm: E’Zm]d
35HOGB: Tm-_d’r-/e ,d R/’Zr@92’4: BMQR6HM3Ot: Eh7szts R/’Zr@92’4: E’Zm]d
36�-whLZ’rd-kkd Tm-_: BMQR6HM3Ot: BOOL: LZ’rd-kkd: E’Z]m]d
37RTA�SDBG: Tm-_d’r-/e ,d MZm/dr: HLS �/kZm/-+2d: BMQRhHM3Ot: MZm/dr: E’Zm]d
38HHH% Ogxr-jZk-r]gdr Hmr/-/2/ A: QVSG �Z]gdm Tm-_d’r-/x: �Z]gdm: Fd’<Zmx
4+Hmr/-/2/d 9= Dw1d’-<dm/Zk Ogxr-]r: Tm-_d’r-/x 9= GZ<@2’4: GZ<@2’4: Fd’<Zmx
40E9’r]g2m4rydm/’2< Iuk-]g F<@G: M2]kdZ’ Ogxr-]r Hmr/-/2/d HJOh3: Iuk-]g: Fd’<Zmx
41Hmr/-/2/d 9= Ogxr-]r Zm, DB OQHRL�): I9gZmmdr F2/dm@d’4 Tm-_d’r-/a/ LZ-my: LZ-my:
Fd’<Zmx

42Sd]gm-r]gd Tm-_d’r-/a/ Lum]gdm: Lum]gdm: Fd’<Zmx
43Gdk<g9k/yydm/’2< =u’ R]gvd’-9mdm=9’r]g2m4: OkZm]jr/’Zrrd ö: Ch7fl3nöCZ’<r/Z,/: Fd’h
<Zmx

44D@d’gZ’, JZ’kr Tm-_d’r-/a/ Su@-m4dm: Ogxr-jZk-r]gdr Hmr/-/2/: Su@-m4dm: Fd’<Zmx
45HMEM BZ/Zm-Z Zm, C-1Z’/-<dm/9 ,- E-r-]Z d �r/’9m9<-Z ,dkk Tm-_d’r-/ä ,- BZ/Zm-Z: BZ/Zm-Z:
H/Zkx

46Cd1Z’/<dm/ 9= Ogxr-]r Zm, DZ’/g R]-dm]d: Tm-_d’r-/x 9= Ed’’Z’Z Zm, HMEM Rdy-9md ,- Ed’h
’Z’Z: Ed’’Z’Z: H/Zkx

47HMEM Rdy-9md ,- L-kZm9 Zm, C-1Z’/-<dm/9 ,- E-r-]Z ,dkk Tm-_d’r-/ä ,- L-kZm9: L-kZm9: H/Zkx
48HMEM L-kZm9 A-]9]]Z Zm, Tm-_d’r-/x 9= L-kZm9 A-]9]]Z: L-kZm9: H/Zkx



5+HMEM L-kZm9 A-]9]]Z Zm, O9k-/d]m-]9 9= L-kZm9: L-kZm9: H/Zkx
50HMEM Rdy-9md ,- OZ,9_Z: OZ,9_Z: H/Zkx
51C-1Z’/-<dm/9 ,- E-r-]Z d �r/’9m9<-Z ,dkk”Tm-_d’r-/ä ,- OZ,9_Z Zm, HMEM Rdy-9md ,- OZ,9_Z:
OZ,9_Z: H/Zkx

52HMEM Rdy-9md ,- Od’24-Z Zm, C-1Z’/-<dm/9 ,- Bg-<-]Z: A-9k94-Z d A-9/d]m9k94-d ,dkk”Tm-_d’r-/ä
,- Od’24-Z: Od’24-Z: H/Zkx

53KZ@9’Z/9’- MZy-9mZk- ,- E’Zr]Z/- ,dkk”HMEM: Q9<Z: H/Zkx
54Tm-_d’r-/x 9= Q9<Z S’d Zm, HMEM Rdy-9md Q9<Z S’d: Q9<Z: H/Zkx
55Hmr/-/2/d 9= Dkd]/’9m-]r Zm, B9<12/d’ R]-dm]d: Q-4Z: KZ/_-Z
56OZj-r/Zm Hmr/-/2/d 9= M2]kdZ’ R]-dm]d Zm, Sd]gm9k94x: HrkZ<Z@Z,: OZj-r/Zm
57I9-m/ Hmr/-/2/d =9’ M2]kdZ’ QdrdZ’]g: C2@mZ: Q2rr-Z
58Hmr/-/2/d =9’ M2]kdZ’ QdrdZ’]g 9= /gd Q2rr-Zm �]Z,d<x 9= R]-dm]dr: L9r]9v: Q2rr-Z
6+K9<9m9r9_ L9r]9v R/Z/d Tm-_d’r-/x: L9r]9v: Q2rr-Z
60B9<dm-2r Tm-_d’r-/x A’Z/-rkZ_Z: EZ]2k/x 9= LZ/gd<Z/-]r: Ogxr-]r Zm, Hm=9’<Z/-]r: A’Z/-rkZ_Z:
Rk9_Zj-Z

61Cd1Z’/<dm/ 9= Ogxr-]r: EZ]2k/x 9= R]-dm]d: Bg2kZk9m4j9’m Tm-_d’r-/x: AZm4j9j: SgZ-kZm,
62MZ/-9mZk �r/’9m9<-]Zk QdrdZ’]g Hmr/-/2/d 9= SgZ-kZm,: Bg-Zm4 LZ-: SgZ-kZm,
63R2’ZmZ’dd Tm-_d’r-/x 9= Sd]gm9k94x: MZjg9m QZ/]gZr-<Z: SgZ-kZm,
64Cd1Z’/<dm/ 9= Ogxr-]r Zm, �r/’9m9<x: Tm-_d’r-/x 9= BZk-=9’m-Z: H’_-md: BZk-=9’m-Z: T%R%�%

aO’drdm/ Z,,’drrc Hr/-/2/9 R21d’-9’d 1d’ kZ O’9/dy-9md d kZ Q-]d’]Z �<@-dm/Zkd: zzöflfl Q9<d:
H/Zkx

Dh<Z-kc I2m9ü12@ü]9<<&i2m9%-gd1%Z]%]m

�ars.AbscVd ,-r]2rr ITMN rdmr-/-_-/x /9 /gd Zmm-g-kZ/-9m 9= LdU ,Z’j <Z//d’ -m /gd 4ZkZ]h
/-] gZk9 _-Z ,d/d]/-m4 -m_d’rd @d/Z ,d]Zx ’dZ]/-9mr 9= dkd]/’9m Zm/-hmd2/’-m9r ’dr2k/-m4 =’9<
/gd Zmm-g-kZ/-9m% Vd r/2,x 19rr-@kd @Z]j4’92m,r /9 /gd r-4mZ/2’d: -m]k2,-m4 /gd ’dZ]/9’ md2h
/’-m9r: ,-f2rd r21d’m9_Z md2/’-m9 @Z]j4’92m,: ]gZ’4d,h Zm, md2/’Zkh]2’’dm/ -m/d’Z]/-9mr 9=
Z/<9r1gd’-] md2/’-m9r: @Z]j4’92m,r =’9< <29mh-m,2]d, =Zr/ md2/’9mr Zm, ]9r<94dm-] -r9h
/91dr% � ,2]-Zk _9k2<d ]2/: Zr vdkk Zr /gd 12krd rgZ1d ,-r]’-<-mZ/-9m Zm, /gd <29m _d/9 Z’d
Z11k-d, /9 r211’drr /gd Z@9_d @Z]j4’92m,r% H/ -r rg9vm /gZ/ ITMN rdmr-/-_-/x /9 /gd /gd’h
<Zkkx Z_d’Z4d, ,Z’j <Z//d’ Zmm-g-kZ/-9m ’Z/d -m öz xdZ’r 9= dw19r2’d v92k, @d r-4m-]Zm/kx
@d//d’ /gZm /gd 1’drdm/h,Zx @dr/ k-<-/ rd/ @x R21d’hJZ<-9jZm,d Zm, v92k, @d ]9<1Z’Z@kd
/9 /gZ/ dw1d]/d, @x Gx1d’hJZ<-9jZm,d%



Bnm6dm6r

o Fm6.9,2]6-9m o

3 ITMN ,d6d]69. 3

t Md26.-m9 r-4mW62.d 8.9l CL Wmm-g-kW6-9m -m 6gd L-kiw UWw t

5 AW]i4.92m,r 7
fl%ö QdZ]/9’ µ̄a s
fl%3 CRMA s
fl%t �/<9r1gd’-] µ ]gZ’4d, ]2’’dm/ @Z]j4’92m, é
fl%fl B9r<94dm-] -r9/91dr n
fl%fi L29m -m,2]d, =Zr/ md2/’9mr n
fl%7 �/<9r1gd’-] µ md2/’Zk ]2’’dm/ @Z]j4’92m, öz

f O2krd RgW1d C-r].-l-mW6-9m oo

7 Rdmr-6-u-6w o5
7%ö S9/Zk r1d]/’2< -m ITMN öfl
7%3 Sv9 Z11’9Z]gdr /9 /gd rdmr-/-_-/x öé

s B9m]k2r-9m 3o

o Dm6pnc2a6hnm

Sgd dw-r/dm]d 9= m9mh@Z’x9m-] CZ’j LZ//d’ pCL( -m /gd Tm-_d’rd gZr @ddm vdkk dr/Z@k-rgd,
@x Zr/’9m9<-]Zk 9@rd’_Z/-9mr% E9’ <9r/ r1-’Zk 4ZkZw-dr: /gd ’9/Z/-9m ]2’_d 9= r/Z’r 9’ 4Zrdr =Z’
=’9< /gd 4ZkZ]/-] ]dm/d’ ,9dr m9/ ,d]k-md v-/g -m]’dZr-m4 ,-r/Zm]d @2/ ’Z/gd’ r/Zxr Zr Z ]9mh
r/Zm/% Sg-r r/’9m4kx -m,-]Z/dr /gd dw-r/dm]d 9= Z <Zrr-_d ,Z’j gZk9 vg-]g ]9m/Z-mr /gd 4ZkZ]/-]
,-rj Zm, dw/dm,r vdkk @dx9m, /gd r-yd 9= /gd _-r-@kd 1Z’/ 9= /gd 4ZkZwx bö[% Nmd 1’9<-r-m4 CL
]Zm,-,Z/d -r /gd VdZjkx Hm/d’Z]/-m4 LZrr-_d OZ’/-]kd pVHLO( b3[: vg-]g 1’d,-]/r Z ]9’’d]/
’dk-] ,dmr-/x @Zrd, 9m /gd vdZj -m/d’Z]/-9m Zmm-g-kZ/-9m ]’9rr rd]/-9m% Hm /gd VHLO r]dmZ’-9:
/gd /gd’<Zkkx Z_d’Z4d, rdk=hZmm-g-kZ/-9m ’Z/d ⟨σt⟩ 9= CL -r 1’d,-]/d, /9 @d 2· 0+�15al2 r�0
’d4Z’,kdrr 9= /gd Zmm-g-kZ/-9m ]gZmmdk%

P2Z’jr Zm, kd1/9mr ]92k, @d 1’9,2]d, /g’924g CL Zmm-g-kZ/-9m Zm, /gd’d=9’d 1’9_-,d
=92m,Z/-9mr =9’ m2<d’92r CL -m,-’d]/ rdZ’]g dw1d’-<dm/r bt: fl: fi: 7: s[% Hm /g-r 1Z1d’: vd =9]2r
9m /gd r]dmZ’-9 -m vg-]g md2/’-m9r Z’d 1’9,2]d, ,-’d]/kx =’9< CL Zmm-g-kZ/-9m: χχ → µµ̄%
E9’ CL ]Zm,-,Z/dr k-4g/d’ /gZm /gd <29m: /g-r -r /gd 9mkx md2/’-m9 1’9,2]/-9m ]gZmmdk% E9’
gdZ_-d’ CL ]Zm,-,Z/dr: md2/’-m9r ]Zm Zkr9 Z’-rd =’9< ,d]Zxr 9= gZ,’9m-] 9’ kd1/9m-] mZk
r/Z/dr 1’9,2]d, @x /gd Zmm-g-kZ/-9m%

RdZ’]gdr =9’ md2/’-m9r 9’-4-mZ/-m4 =’9< CL Zmm-g-kZ/-9m gZ_d @ddm 1’919rd, =9’ Zr/’9h
1gxr-]Zk md2/’-m9 9@rd’_Z/9’-dr bé[: Z]]dkd’Z/9’ md2/’-m9 dw1d’-<dm/r bn: öz[ Zm, r9kZ’ md2/’-m9
<dZr2’d<dm/r böö[% Rd_d’Zk dw1d’-<dm/r -m]k2,-m4 JZ<K�MC bö3: öt[: R21d’hJZ<-9jZm,d
pR21d’J( böfl[: H]dB2@d böfi[ Zm, �MS�QDR bö7[ gZ_d rdZ’]gd, =9’ md2/’-m9 r-4mZ/2’dr =’9<
CL Zmm-g-kZ/-9m% �<9m4 /gd<: JZ<K�MC böt[ 9@/Z-md, /gd 21,Z/d, 8+! ]9m,dm]d kd_dk
211d’ k-<-/ ⟨σt⟩ 9 %0800(·0+�15al2 r�0 =9’ CL <Zrr -m /gd ’Zm4d 9= %8810(LdT v-/g Z

8 ö 8



m9<-mZk Zm42kZ’hZ_d’Z4d, -m/dmr-/x 9= /gd 4ZkZ]/-] CL 1’9kd% L9’d r/’-m4dm/ k-<-/r 9m ⟨σt⟩
vd’d ,d,2]d, =’9< /gd ,Z/Z 9= R21d’J bös: öé[: vg-kd H]dB2@d g-4ghdmd’4x ]9r<-] md2/’-m9
,Z/Z ]Zm @d 2rd, /9 1d’=9’< /gd -<Z4-m4 9= 4ZkZ]/-] CL bön[% E-mZkkx: /gd dw1d]/d, rdmr-/-_-/x
/9 ⟨σt⟩ -r Zkr9 ,-r]2rrd, =9’ Gx1d’h JZ<-9jZm,d pGx1d’J( b3z[%

ITMN b3ö: 33[: d+2-11d, v-/g Z ]dm/’Zk Z]’xk-] r1gd’d ]9m/Z-m-m4 1+ is 9= k-+2-, r]-m/-kkZh
/9’ pKR(: v-kk r-4m-]Zm/kx -<1’9_d /gd rdmr-/-_-/x /9 ⟨σt⟩% Hm /g-r 1Z1d’: vd ,-r]2rr /gd ITMN
rdmr-/-_-/x /9 /gd md2/’-m9 52w =’9< CL Zmm-g-kZ/-9m χχ → µµ̄ -m /gd 4ZkZ]/-] gZk9 b3t[ vgd’d
mZk r/Z/d md2/’-m9r Z’d <9m9]g’9<Z/-] -%d% Dµ – lχ% Vd r1d]-]Zkkx =9]2r 9m /gd CL <Zrr
’Zm4d 9= %0480++(LdT vgd’d /gd k9vd’ <Zrr k-<-/ -r rd/ /9 Z_9-, /gd ’dZ]/9’ md2/’-m9 @Z]jh
4’92m, vg-kd /gd 211d’ <Zrr k-<-/ Zkk9vr 2r /9 ]9mr-,d’ 9mkx /gd ,-’d]/ Zmm-g-kZ/-9m ]gZmmdk
=9’ md2/’-m9 1’9,2]/-9mr% Vd m9/d /gZ/ ITMN -r Zkr9 ]Z1Z@kd 9= <dZr2’-m4 <9’d dmd’4d/-]
md2/’-m9 d_dm/r: r2]g Zr /g9rd Z’-r-m4 =’9< gdZ_-d’ CLr /g’924g <9’d ]9<1k-]Z/d, md2/’-m9
1’9,2]/-9m <d]gZm-r<r 9’ Z/<9r1gd’-] md2/’-m9 d_dm/r -m /gd dmd’4x ’Zm4d @d/vddm +.0 FdU
Zm, 0+ FdU b3fl[%

Vd rgZkk ’r/ d_Zk2Z/d /gd -m_d’rd @d/Z ,d]Zx pHAC( r-4mZ/2’d -m ITMN Z’-r-m4 =’9<
CL Zmm-g-kZ/-9m χχ → µµ̄ -m /gd 4ZkZ]/-] gZk9% AZ]j4’92m,r ,9<-mZ/-m4 9’ ]9<1Z’Z@kd /9
/gd r-4mZk v-kk @d -m_dr/-4Z/d, gd’dZ=/d’% �<9m4 /gd<: /gd d_dm/r -m,2]d, @x Z/<9r1gd’-]
md2/’-m9r -m/d’Z]/-m4 v-/g 01B m2]kd- /g’924g md2/’Zkh]2’’dm/ p�/<hµ MB( Z’d ,9<-mZm/%
Vd 1d’=9’< 12krd rgZ1d ,-r]’-<-mZ/-9m pORC( /9 ’did]/ r2]g @Z]j4’92m,r% B9mr-,d’-m4 Zkk
@Z]j4’92m,r Zm, /gd 9_d’Zkk d_dm/ rdkd]/-9m d]-dm]x: vd m, /gZ/ /gd ITMN rdmr-/-_-/x /9
⟨σt⟩ ]Zm ’dZ]g ∼ 0·0+�14al2 r�0 v-/g Z öz xdZ’r 9= dw19r2’d /-<d: vg-]g v-kk @d ]9<1d/-/-_d
v-/g Zmx 9/gd’ dw-r/-m4 9’ 21]9<-m4 ,d/d]/9’r -m /gd mdZ’ =2/2’d%

Sgd 1Z1d’ -r 9’4Zm-yd, Zr =9kk9vrc Hm Rd]% 3 vd 4-_d Z @’-d= -m/’9,2]/-9m 9= /gd ITMN
,d/d]/9’% Hm Rd]% t vd 1’drdm/ 1’d,-]/-9mr 9m /gd CL Zmm-g-kZ/-9m ’Z/d -m /gd 4ZkZ]/-] gZk9
Zm, /gd HAC d_dm/ ’Z/d -m /gd ITMN ,d/d]/9’% Sgd @Z]j4’92m, r/2,-dr Z’d 1’drdm/d, -m
Rd]% fl: v-/g d]-dm]-dr 9= _Z’-92r _d/9 <d/g9,r d_Zk2Z/d,% Rd]% fi =9]2rdr 9m ORC <d/g9,r
d<1k9xd, =9’ rd1Z’Z/-m4 HAC Zm, m9mhHAC d_dm/r% Sg-r -r 1Z’/-]2kZ’kx 2rd=2k =9’ r211’drr-m4
@Z]j4’92m,r =’9< �/<hµ MB d_dm/r <dm/-9md, @d=9’d% Hm Rd]% 7 vd 1’drdm/ /gd ITMN
rdmr-/-_-/x /9 ⟨σt⟩ =9’ /gd CL <Zrr ’Zm4d 9= %0480++(LdT% Vd r2<<Z’-yd Zm, ]9m]k2,d -m
Rd]% s%

3 ISMN cd6da6np

ITMN -r Z <2k/-h12’19rd 2m,d’4’92m, k-+2-, r]-m/-kkZ/9’ pKR( ,d/d]/9’ /gZ/ Z-<r /9 ,d]-1gd’
/gd md2/’-m9 <Zrr 9’,d’-m4 Zr /gd 1’-<Z’x 49Zk% Sgd k9v <29m ’Z/d: +.++3 r�0l�1: -r ,2d
/9 /gd 6++l ’9]j 9_d’@2’,dm /gZ/ rg-dk,r /gd ,d/d]/9’ =’9< /gd 52w 9= ]9r<-] <29mr v-/g
1+6BdT 9= Z_d’Z4d dmd’4-dr: Zm, /gd’d=9’d <Zjdr /gd ,d/d]/9’ r2-/Z@kd =9’ rdZ’]g-m4 dw9/-]
r92’]dr 9= md2/’-m9r%

ITMN ]9<1’-rdr ]dm/’Zk Zm, _d/9 ,d/d]/9’r Zr -kk2r/’Z/d, -m E-4%ö b33[% Sgd ]dm/’Zk
,d/d]/9’ -r Z r1gd’-]Zkkx rgZ1d, Z]’xk-] rgdkk v-/g Z 06.6l ’Z,-2r kkd, v-/g 1+ is 9= k-+2-,
r]-m/-kkZ/9’% Sgd’d Z’d ös:7ö3 1+ h-m]g Zm, 3fi:7zz 2 h-m]g OLSr <92m/d, 92/r-,d /gd Z]’xk-]
@Zkk: vg-]g 1’9_-,d Z’92m, 67! 1g9/9]Z/g9,d ]9_d’Z4d Zm, dw]dkkdm/ t)6


D%LdT( dmd’4x

’dr9k2/-9m b3fi[% Sgd _d/9 ,d/d]/9’ -r ]9<19rd, 9= Z /91 /’Z]jd’ Zm, Z vZ/d’ Bgd’dmj9_
,d/d]/9’% Sgd /91 /’Z]jd’ b37[ ]9_d’r gZk= 9= /gd /91 r2’=Z]d 9= /gd vZ/d’ 199k Zr rg9vm -m
42’d ö% H/ -r ]9<19rd, 9= thkZxd’ 1kZr/-] r]-m/-kkZ/9’r 9’-4-mZkkx 2rd, -m /gd NODQ� b3s: 3é[
dw1d’-<dm/ Zm, ’dh2/-k-yd, @x ITMN% Sgd vZ/d’ Bgd’dmj9_ ,d/d]/9’ -r Z ]xk-m,’-]Zk vZ/d’
199k v-/g 32.4l -m @9/g ,-Z<d/d’ Zm, gd-4g/% H/ -r kkd, v-/g 2+ is 9= 2k/’Z12’d vZ/d’ Zm,

8 3 8



D-42.d oc R]gd<d 9= /gd ITMN ,d/d]/9’

<Z-m/Z-md, @x Z ]-’]2kZ/-9m rxr/d<% Sgd’d Z’d 3flzz 1+ h-m]g OLSr <92m/d, 9m /gd r/Z-mkdrr
r/ddk =’Z<d /9 ,d/d]/ /gd Bgd’dmj9_ k-4g/ 9= ]9r<-] <29mr% S94d/gd’ v-/g _d/9 Zm, ]dm/’Zk
,d/d]/9’r: /gd /’Z]jr 9= ]9r<-] <29mr ]Zm @d 1’d]-rdkx ’d]9mr/’2]/d, Zm, /gd’d=9’d Z g-4g
d]-dm]x pnn%fi)( 9m <29m /Z44-m4 -r Z]g-d_d,% Sgd k9v <29m ’Z/d Zm, g-4g <29m /Z44-m4
d]-dm]x dmZ@kd /gd ,d/d]/9’ /9 1d’=9’< ’Z’d d_dm/ rdZ’]gdr%

t Md26phmn rh4mW62pd epnl CJ WmmhghkW6hnm hm 6gd Jhkiw UWw

Sgd dr/-<Z/-9m 9= /gd CLh-m,2]d, md2/’-m9 d_dm/ ’Z/d -r @Zrd, 9m /v9 Zrr2<1/-9mr% E-’r/:
vd Zrr2<d /gZ/ CL Zmm-g-kZ/dr 0++! -m/9 md2/’-m9hZm/-md2/’-m9 1Z-’r: vg-]g rd/r Zm 211d’
k-<-/ =9’ /gd md2/’-m9 52w ’dr2k/-m4 =’9< CL Zmm-g-kZ/-9m -m /gd 4ZkZ]/-] gZk9% Rd]9m,: vd
9mkx ]9mr-,d’ /gd CL <Zrr ’Zm4d 9= %0480++(LdT vg-]g <dd/r /gd rdkd]/-9m ]’-/d’-Z vd rd/
=9’ CL rdZ’]g -m ITMN% Sgd dm/-’d 4ZkZ]/-] gZk9 -r ]g9rdm Zr /gd /Z’4d/ =9’ <Zw-<-y-m4 /gd
md2/’-m9 52w Zm, Z/ /gd rZ<d /-<d <-m-<-y-m4 /gd -<1Z]/ 9= 1’9kd 2m]d’/Z-m/-dr Z’92m, /gd
4ZkZ]/-] ]dm/d’ pFB(%

Sgd µ̄a md2/’-m9 52w r1d]/’2< ’dr2k/-m4 =’9< CL Zmm-g-kZ/-9m -r 4-_dm @x b3t[

,ϕCIµ̄V
,Dµ̄V

9
0

1
⟨σt⟩HSue

Qraρ
1
+

l1
χ

0

2
δ%Dµ �lχ(. pt%ö(

vgd’d lχ -r /gd CL <Zrr: Qra ∼ 7.4 ioa /gd ,-r/Zm]d @d/vddm /gd FB Zm, /gd r9kZ’ rxr/d<:
Zm, ρ+ ± ρ%Qra( /gd CL ,dmr-/x -m /gd k9]Zk 2m-_d’rd% Sgd =Z]/9’ ö63 ]9<dr =’9< /gd
Zrr2<1/-9m /gZ/ CL -r Z LZi9’ZmZ 1Z’/-]kd vg-kd /gd =Z]/9’ ö6t Z’-rdr =’9< /gd Zrr2<1/-9m
/gZ/ CL ]Zm,-,Z/dr Zmm-g-kZ/d -m/9 Zkk /g’dd md2/’-m9 5Z_9’r v-/g Zm d+2Zk 1’9@Z@-k-/x% Sgd
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SWakd oc R2<<Z’x 9= 1Z’Z<d/d’r =9’ ,-fd’dm/ CL gZk9 1’9kdr%
GZk9 1’9kdr � β γ pn bj1][ ρ%Qra( WBdT<al

2[ HSue
MEV b3n[ ö t ö 3z z%t t
LPFRK btö[ ö%fi t ö%fi 3é z%3s é
JJAO btz[ 3 t z%fl öz z%ts 3%7
BZm9m-]Zk fi%z b3t[

]Zm9m-]Zk _Zk2d =9’ /gd /gd’<Zkkx Z_d’Z4d, CL Zmm-g-kZ/-9m ’Z/d: ⟨σt⟩: -r 2 · 0+�15al2 r�0%
Hm /gd ]Zrd /gZ/ CL ]Zm,-,Z/dr Zmm-g-kZ/d 1’d,9<-mZm/kx -m/9 9md 1Z’/-]2kZ’ 5Z_9’: md2/’-m9
5Z_9’ /’Zmr-/-9mr 9]]2’’-m4 @d/vddm /gd 1’9,2]/-9m Zm, ,d/d]/-9m 19-m/r v92k, 4dmd’Z/d /gd
9/gd’ 5Z_9’r v-/g ]9<1Z’Z@kd -m/dmr-/-dr% R-m]d vd =9]2r 9m ,d/d]/-m4 /gd Zmm-g-kZ/-9m ]gZmmdk
χ) χ → µ ) µ̄: /gd md2/’-m9 dmd’4x -r d+2Zk /9 /gd CL <Zrr Zm, /g-r -r -<1kd<dm/d, @x /gd
,dk/Z =2m]/-9m δ%Dµ �lχ(%

Sgd Zm42kZ’hZ_d’Z4d, -m/dmr-/x: HSue: -r Zm -m/d4’Z/-9m 9_d’ /gd r+2Z’d 9= /gd CL ,dmr-/x
Zk9m4 /gd k-md 9= r-4g/ Zm, m9’<Zk-yd, @x /gd r+2Z’d 9= /gd k9]Zk CL ,dmr-/x:

HSue 9
0

1Qraρ+1

 0

�0
, anrψ

 SiSt

+
ρ1 %p%i.ψ(( ,T. pt%3(

vgd’d ρ -r /gd CL ,dmr-/x Z/ /gd r1d]-] k9]Z/-9m ,dr]’-@d, @x /gd ]99’,-mZ/d %i.ψ( v-/g i
/gd ,-r/Zm]d @d/vddm /gd CL Zm, /gd DZ’/g vg-kd ψ /gd ,-’d]/-9m 9= /gd CL _-dvd, =’9<
/gd DZ’/g v-/g ψ 9 + ]9’’dr19m,-m4 /9 /gd ,-’d]/-9m 9= FB% Sgd ,-r/Zm]d @d/vddm CL Zm,
FB -r 4-_dm @x p 9


Q1ra � 1TQra anrψ ) T1 vg-kd TlSv 9


p1n � rem1 ψQ1ra ) Qra anrψ v-/g

pn /gd ’Z,-2r 9= /gd 4ZkZ]/-] gZk9% Sgd -m/d4’Z/-9m ’2mr =’9< ψ – z◦ /9 ψ – öéz◦ r-m]d -/
-r ]gZkkdm4-m4 /9 1’d]-rdkx ,d/d’<-md /gd md2/’-m9 ,-’d]/-9m v-/g /gd ITMN ,d/d]/9’ Z/ /gdrd
dmd’4-dr% Hm /gd 4ZkZ]/-] gZk9: 9md Zrr2<dr Z r1gd’-]Zkkx rx<<d/’-] CL ,dmr-/x 1’9kd v-/g
-r9/’91-] _dk9]-/x ,-r1d’r-9m% Gdm]d /gd CL 1’9kd ]Zm @d 1Z’Z<d/’-yd, Zrc

ρ%p( 9 ρ+


Qra
p

γ0 ) %Qra<pn(�

0 ) %p<pn(
�

¯β�γ(,�
. pt%t(

E9’ /gd _Z’-Z@kd rd/ p�:β:γ:pn(: � ,d/d’<-mdr /gd 1’9kd rgZ1d Z’92m, pn: β -r /gd rk91d -m /gd
k-<-/ p → ∞: γ -r /gd -mmd’ ]2r1 -m,dw: Zm, pn -r /gd gZk9 ’Z,-2r% Hm SZ@kd ö: vd r2<<Z’-yd
/gd 1Z’Z<d/d’ _Zk2dr ]9’’dr19m,-m4 /9 /g’dd ]9<<9mkx 2rd, 1’9kdr: /gd MZ_Z’’9hE’dmjh
Vg-/d pMEV( b3n[: J’Z_/r9_ btz[ Zm, L99’d btö[ 1’9kdr% Vd Z,91/ /gd @dm]g<Z’j ]Zrd 9=
HSue – fi%z b3t[ =9’ 1’drdm/-m4 92’ ’dr2k/r%

E-mZkkx: /gd m2<@d’ 9= md2/’-m9 d_dm/r -m ITMN -r 4-_dm @x

,MN%Dµ̄V(

,Dµ̄V
9 σH=C%Dµ̄V( ·

,ϕCIµ̄V %Dµ̄V(
,Dµ̄V

·MsSpeds · r · ϵ . pt%fl(

Gd’d σH=C -r /gd ]’9rr rd]/-9m =9’ /gd HAC ’dZ]/-9m: µa) n→ c))m: vg-]g kdZ,r /9 Z 1’9<1/
r-4mZk =’9< 19r-/’9mhdkd]/’9m Zmm-g-kZ/-9m Zm, Z ,dkZxd, r-4mZk =’9< md2/’9m ]Z1/2’d% Sgd
_Zk2d =9’ σH=C%Dµ̄V( -r /Zjdm =’9< bt3[% Sgd 52w r1d]/’2< ,ϕCIµ̄V <,Dµ̄V -r 4-_dm @x D+% pt%ö(%
Sgd m2<@d’ 9= =’dd 1’9/9mr -mr-,d /gd ITMN ]dm/’Zk ,d/d]/9’: MsSpeds: -r Z@92/ 0.34 ·0+22 b3ö[%
Vd rd/ /gd /9/Zk dw19r2’d /-<d Zr 0+ xd]pr% Sgd 1Z’Z<d/d’ ϵ -r /gd HAC ,d/d]/-9m d]-dm]x
91/-<-yd, =9’ /gd CL rdZ’]g: vg-]g -r 9@/Z-md, =’9< /gd 9]-Zk ITMN 9-md r-<2kZ/-9m
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Zm, ZmZkxr-r =’Z<dv9’jr% Sgd r-<2kZ/-9m 1’9]d,2’d -m]k2,dr /gd d_dm/ 4dmd’Z/9’: ,d/d]/9’
’dr19mrd r-<2kZ/-9m: dkd]/’9m-]r r-<2kZ/-9m: dmd’4x ’d]9mr/’2]/-9m: Zm, _d’/dw ’d]9mr/’2]/-9m%
Vd Z11kx /gd rZ<d r-<2kZ/-9m Zm, ZmZkxr-r =’Z<dv9’jr /9 d_Zk2Z/d /gd @Z]j4’92m,r% Sgd
mZk d]-dm]x: ϵ: -r /gd 1’9,2]/ 9= HAC r-4mZk rdkd]/-9m: <29m _d/9 Zm, ORC ]2/ d]-dm]-dr%
Vd m9/d /gZ/ /gd ]2/ d]-dm]-dr gd’dZ=/d’ ZkvZxr ’d1’drdm/ /gd d_dm/ r2’_-_Zk 1’9@Z@-k-/x Z=/d’
/gd ]2/: ’d4Z’,kdrr 9= vgd/gd’ /gdrd d_dm/r Z’d r-4mZk 9’ @Z]j4’92m,r%

Sgd ]’-/d’-Z =9’ HAC r-4mZk rdkd]/-9m Z’d ]9<19rd, 9= /gd =9kk9v-m4c
pö( ]2/ 9m /gd /-<d ,-fd’dm]d @d/vddm 1’9<1/ Zm, ,dkZxd, r-4mZkr: �S , 0lr:
p3( 0.7LdT , ,d19r-/d, dmd’4x 9= /gd ,dkZxd, r-4mZk pDc( , 1.5LdT:
pt( <2k/-1k-]-/x ]2/ ]9m,-/-9m: Mltis 9 0:
pfl( ]2/ 9m /gd ’99/ <dZm r+2Z’d 9= /-<d ’dr-,2Zk 1’9kdm: σ%Spdr( , 66 mr:
pfi( ,2]-Zk _9k2<d ]2/: Q ,05l:
p7( 1’9<1/ r-4mZk ,d19r-/d, dmd’4x pDo( ]2/: Zm,
ps( 1’9<1/h,dkZx ,-r/Zm]d ]2/%
Sgd d]-dm]-dr =9’ pö(: p3(: pt(: Zm, pfl( Z’d nn%7): né%3): nn%n): Zm, nn%n): ’dr1d]/-_dkx%
Sgd d]-dm]x =9’ pfi( -r st%n) 9v-m4 /9 /gd 2m-=9’< ,-r/’-@2/-9m 9= CL d_dm/r% Sgd d]-dm]x
9= p7( _Z’-dr @d/vddm n3%z) Zm, nn%é) =9’ /gd CL <Zrr ’Zm4d 9= %0480++(LdT% Sgd d]-dm]x
9= ps( -r <Z-m/Z-md, Z/ Z’92m, nn%fi) @x _Z’x-m4 /gd ,-r/Zm]d ]2/ 1Z’Z<d/d’ v-/g lχ% Vd
r2<<Z’-yd /gd d]-dm]-dr Zm, /gd 2m]d’/Z-m/-dr -m SZ@kd 3% Sgd <29m _d/9 ]2/ d]-dm]x -r
vdkk r/2,-d, -m ITMN b33[% Hm /gd ]Zrd /gZ/ /gd <29m -r ,d/d]/d, @x Zkk ,d/d]/9’r dw]d1/ /gd
r]-m/-kkZ/9’ ,d/d]/9’ 9’ vgdm -/r /’Z]j -r m9/ r2]]drr=2kkx ’d]9mr/’2]/d,: Zmx d_dm/ 9]]2’’-m4
v-/g-m +.1 rdanmcr Z=/d’ /gd <29m ,d/d]/-9m -r ,-r]Z’,d,% Nm /gd 9/gd’ gZm,: -= /gd <29m -r
Zkr9 ,d/d]/d, @x /gd ]dm/’Zk ,d/d]/9’ Zm, -/r /’Z]j -r r2]]drr=2kkx ’d]9mr/’2]/d,: 9mkx d_dm/r
v-/g-m Z 2l ’Z,-2r ]xk-m,’-]Zk ’d4-9m Z’92m, /gd <29m /’Z]j Zm, 9]]2’’-m4 v-/g-m +.1 rdanmcr
Z=/d’ /gd <29m Z’d ’did]/d,%

Vd 1’drdm/ -m E-4% 3 /gd _-r-@kd dmd’4x r1d]/’Z 9= md2/’-m9 d_dm/r -m,2]d, @x CL Zmh
m-g-kZ/-9m% Sgd m9mhFZ2rr-Zm Z11dZ’Zm]d 9= /gd 1dZjr -m E-4% 3 ]Zm @d Z//’-@2/d, /9 /gd
HAC j-md<Z/-]r Zm, -/r ,-fd’dm/-Zk ]’9rr rd]/-9m% Hm 92’ -m/d’dr/d, dmd’4x ’Zm4d: /gd 19r-/’9m
dmd’4x -r ’dkZ/d, /9 -/r ,-’d]/-9m @x Da) ≈ %Dµ�0.2+ LdT( · %0�Dµ%0�anr θ(<J( btt[ v-/g θ
/gd 19r-/’9m Zm4kd ’dkZ/-_d /9 /gd md2/’-m9 ,-’d]/-9m Zm, J /gd m2]kd9m <Zrr% Sgd <Zw-<Zk
dmd’4x 9= /gd 19r-/’9m 9]]2’r Z/ θ 9 + v-/g DlSva) 9 %Dµ�0.2+ LdT( vg-kd /gd <-m-<Zk dmd’4x
]9’’dr19m,r /9 θ 9 π r9 /gZ/ Dlgma) 9 %0 � 1Dµ<J( · DlSva) % Sgd ’dkZ/-9m @d/vddm DlSva) Zm,
Dlgma) dw1kZ-mr vgx /gd CL d_dm/ r1d]/’2< @d]9<dr @’9Z,d’ Zr lχ pDµ( -m]’dZrdr% E2’/gd’h
<9’d /gd 19r-/’9m Z_d’Z4d dmd’4x -r 4-_dm @x ⟨Da)⟩ 9 %DlSva) ) Dlgma) (<1 ) D

lSv
a) Dµ⟨anr θ⟩<J

v-/g ⟨anr θ⟩ ≈ 1.3 ·%Dµ�02 LdT(<J btt[% BkdZ’kx: Zr lχ pDµ( -m]’dZrdr: ⟨Da)⟩ <9_dr =Z’/gd’
ZvZx =’9< %DlSva) )Dlgma) (<1% Sg-r -r ’d5d]/d, @x /gd -m]’dZr-m4kx Zrx<<d/’-]Zk rgZ1d 9= CL
d_dm/ r1d]/’2< Zr lχ -m]’dZrdr% Hm Rd]% fi: vd rgZkk ,-r]2rr /gd ORC <d/g9, 2rd, =9’ =2’/gd’
@Z]j4’92m, r211’drr-9m% Sgd d]-dm]x =9’ /gd ORC ]2/ v-kk @d d_Zk2Z/d,%

mSn rdoUqUsd Uslnrogdq-]
��(
µ� ]gUq4d,h]2qqdms p

��(
µ� BB( dudmsr eqnl Uslnrogdq-]

��(
µV ]gUq4d,h]2qqdms p

��(
µV

BB( dudmsr Um, H�C dudmsr ne nsgdq rn2q]dr prdd Pd]) fi)t enq e2qsgdq ,dsU-kr(c vd ,dmd sgd s-ld qdr-,2Uk
Roar enq dU]g g-s nm sgd ehsg th-m]g OLS Ur R eoar 7 neehs � i · /e

µ <T v-sg neehs sgd g-s s-ld nm sgd ehsg OLSc i
sgd qdeqU]s-nm -m,dw ne ITMN k-.2-, r]-ms-kkUsnq pJP( Um, /e

µ sgd ,-rsUm]d adsvddm sgd qd]nmrsq2]sd, udqsdw

onr-s-nm Um, sgd ehsg OLS) Sgd s-ld qdr-,2Uk oqnkd ne sgd r]-ms-kkUs-nm k-4gs dl-ssd, ax
��(
µ� BB dudmsr -r

,-fdqdms eqnl sgUs ne 4dmdqUk
��(
µV BB dudmsr -m]k2,-m4 H�Cc r-m]d �± eqnl sgd enqldq sUjdr U knm4dq s-ld sn

,donr-s -sr dmdq4x sn JP sgUm c± eqnl sgd kUssdq ,ndr) Ddm]d sgd qnns ldUm r.2Uqd ne sgd Roar ,-rsq-a2s-nm
nudq sgd qd, th-m]g OLSrc ,dmnsd, Ur σ�Roar(c -r U 2rde2k oUqUldsdq enq dudms rdkd]s-nmr b3fi[) Sgd ]2s σ�Roar(

< )) =n ]Um dfd]s-udkx qdid]s
��(
µ� BB dudmsr)
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SWakd 3c R2<<Z’x 9= HAC r-4mZk rdkd]/-9m ]2/r: /gd <29m _d/9 Zm, /gd ORC ]2/%
HAC r-4mZk rdkd]/-9m h lχ -m,d1dm,dm/ ]2/ d]-dm]x LB 2m]d’/Z-m/x
pö( �S ]2/: �S , ö <r ∼nn%7! ö%z)
p3( Dc ]2/: ö%é LdU , Dc , 3%7 LdU né%3! ö%z)
pt( L2k/-1k-]-/x ]2/: Mltgs – ö nn%n ! ö%z)
pfl( Spdr ]2/: σ%Spdr( , ss mr nn%n! ö%z)
pfi( E-,2]-Zk _9k2<d ]2/: Qopnlos , ö7 < st%n ! z%é)
HAC r-4mZk rdkd]/-9m h lχ ,d1dm,dm/ ]2/ d]-dm]x: 04 ≤ lχ<LdT ≤ 0++ LB 2m]d’/Z-m/x
p7( Do ]2/ pz%sfi · lχ · 3( LdU l Do l pz%ns · lχ h z%z7( LdU ∼ pnn h z%zfl · lχ6LdU() z%é)
ps( �B ]2/ z << l �B l ps%s · lχ6LdU·337( << ∼nn%fi! ö%z)
L29m _d/9 ]2/ ∼ns%fi! ö%z)
ORC ]2/ böfihözz[ LdU btz%fl! h nn%n![ fi%z)
S9/Zk böfihözz[ LdU b33%fi! h 7é%é![ ∼fl)

D-42.d 3c U-r-@kd dmd’4x r1d]/’Z -m /gd ITMN ,d/d]/9’ v-/g 0+ xd]pr 9= dw19r2’d /-<d Zm,
03.66 is 9= ,2]-Zk <Zrr Z=/d’ Z11kx-m4 Zkk dw]d1/ /gd ORC ]2/r =9’ HSue 9 4 Zm, ⟨σt⟩ –
2 · 0+�15al2 r�0% Sgd ,-r/’-@2/-9mr Z’d rg9vm =9’ lχ 9 1+LdT p’d,(: 3+LdT p@’9vm(:
5+LdT p4’ddm(: 7+LdT p@k2d( Zm, 0++LdT p@kZ]j(% Sgd /9/Zk m2<@d’ 9= r-4mZk d_dm/r -r
Zkr9 ,-r1kZxd, Z@9_d /gd ’dr1d]/-_d 1dZjr%

Cdr1-/d Z k9v d_dm/ m2<@d’: /gd 2m1’d]d,dm/d, dmd’4x ’dr9k2/-9m 9= ITMN 1’9_-,dr Z
4’dZ/ Z,_Zm/Z4d =9’ 9@rd’_-m4 <9m9]g’9<Z/-] md2/’-m9 r-4mZ/2’dr =’9< CL Zmm-g-kZ/-9m Zr
vd rgZkk rdd -m Rd]% 7%

5 AWai4pn2mcr

Hm /g-r rd]/-9m: vd ,-r]2rr @Z]j4’92m,r /9 /gd -m,-’d]/ CL r-4mZ/2’d% Vd ,-_-,d /gd @Z]jh
4’92m,r -m/9 /v9 ]Z/d49’-drc HAC @Z]j4’92m,r Zm, m9mhHAC @Z]j4’92m,r%

HAC @Z]j4’92m,r ]9<d =’9< 9/gd’ µ̄a r92’]dr: vg-]g Z’d -m/’-mr-]Zkkx -m,-r/-m42-rgZ@kd
=’9< µ̄a 1’9,2]d, @x CL Zmm-g-kZ/-9m% Sgd ’dZ]/9’ md2/’-m9r: ]gZ’4d, ]2’’dm/ -m/d’Z]/-9mr
9= Z/<9r1gd’-] md2/’-m9r p�/<hµ BB( Zm, ,-f2rd r21d’m9_Z md2/’-m9 @Z]j4’92m, pCRMA(
Z]/ Zr /gd md2/’-m9 599’ =9’ /gd -m,-’d]/ CL rdZ’]g -m ITMN% Vd =9]2r 9m /gd dmd’4x ’Zm4d
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@d4-mm-m4 Z/ 01LdT r-m]d /gd’d Z’d Z kZ’4d m2<@d’ 9= ’dZ]/9’ md2/’-m9 d_dm/r =9’ dmd’4-dr
kdrr /gZm /g-r: vg-]g 9_d’vgdk< /gd CL r-4mZ/2’d @x rd_d’Zk 9’,d’r 9= <Z4m-/2,dr%

M9mhHAC @Z]j4’92m,r <-<-] /gd HAC ]9-m]-,dm]d: -m]k2,-m4 =Zr/ md2/’9mr pEM( -m,2]d,
@x <29mr 1Zrr-m4 /g’924g /gd r2’’92m,-m4 ’9]j: ’Z,-9m2]k-,dr p00K- Zm, 03A( -m,2]d, @x <29m
r1ZkkZ/-9m 9m ]Z’@9m m2]kd-: Zm, md2/’Zk ]2’’dm/ -m/d’Z]/-9mr 9= Z/<9r1gd’-] md2/’-m9r% Sgdrd
d_dm/r ]Zm @d r211’drrd, @x 1’91d’ _d/9 r/’Z/d4-dr v-/g 499, d]-dm]-dr% AZ]j4’92m,r =’9<
EM Z’d ’d,2]d, @x /gd ,2]-Zk _9k2<d ]2/ vg-kd /gd <29m r1ZkkZ/-9m @Z]j4’92m,r Z’d ’d,2]d,
@x /gd 01LdT ]2/ 9m Do Zm, /gd <29m _d/9 ]2/ ]2r/9<-yd, =9’ ITMN% Sgd md2/’Zk ]2’’dm/
-m/d’Z]/-9mr =’9< Z/<9r1gd’-] md2/’-m9r Z’d r211’drrd, /9 Zm Z]]d1/Z@kd kd_dk v-/g /gd ORC
]2/%

5%o PdW]69. µ̄a

Sgd ITMN ,d/d]/9’ -r k9]Z/d, 41.4 il ZvZx =’9< /gd d-4g/ ’dZ]/9’r 9= /gd SZ-rgZm Zm,
XZm4i-Zm4 m2]kdZ’ 19vd’ 1kZm/r v-/g Z /9/Zk /gd’<Zk 19vd’ 9= 15.5BV% Sgd µ̄a 52w -r
4dmd’Z/d, /g’924g β ,d]Zxr 9= 124T: 127T: 128O2 Zm, 130O2% Vd =9kk9v b3ö[ /9 r-<2kZ/d
HAC ’Z/d Zm, r1d]/’2< =’9< ’dZ]/9’ µ̄a% Sgd /9/Zk m2<@d’ 9= HAC d_dm/r =’9< /gd ’dZ]/9’r
-r dr/-<Z/d, /9 @d 112. 625 Z=/d’ /Zj-m4 -m/9 Z]]92m/ /gd 9r]-kkZ/-9m dfd]/ =9’ 036.6 is · xd]p
dw19r2’d% Sgd r1d]/’Zk rgZ1d 9= /gd ’dZ]/9’ md2/’-m9 @Z]j4’92m, -r ,d’-_d, =’9< G2@d’h
L2kkd’ <9,dk btfl: tfi[% Sgd d_dm/ r1d]/’2< ,’91r ’Z1-,kx @dx9m, 01LdT: ’dr2k/-m4 -m 9mkx
Z =dv d_dm/r% S9 Z_9-, @Z]j4’92m, d_dm/r =’9< ’dZ]/9’ md2/’-m9r: vd rd/ /gd <Zrr ’Zm4d =9’
92’ CL rdZ’]g /9 @d g-4gd’ /gZm 04LdT%

5%3 CRMA

Sgd CRMA -r Z ]2<2kZ/-_d md2/’-m9 d<-rr-9m 4dmd’Z/d, =’9< ]9’dh]9kkZ1rd r21d’m9_Zd v-/g
Zkk 5Z_9’r 9= md2/’-m9r Zm, Zm/-hmd2/’-m9r -m /gd 9@rd’_Z@kd 2m-_d’rd% Sgd -r9/’91-] CRMA
52w -r 4-_dm @x bt7[c

,ϕBNI�
,Dµ

9

 sa�1

+
QNI%v(

,Mµ%D
′
µ(

,D′
µ

%0 ) v( · a
����
,r
,v

���� ,v. pfl%ö(

v-/g vlSv @d-m4 /gd <Zw-<Zk ’d,rg-=/ /9 @d ]9_d’d,: Zm, a /gd r1dd, 9= k-4g/% Sgd ’r/ /d’<:
QNI%v(: -r /gd ]9’dh]9kkZ1rd r21d’m9_Z pBBRM( ’Z/d: vg-]g -r ’dkZ/d, /9 /gd r/Z’ =9’<Z/-9m
’Z/d Zm, /gd -m-/-Zk <Zrr =2m]/-9m 9= /gd =9’<-m4 r/Z’r% Sgd rd]9m, /d’<: ,Mµ%D

′
µ(<,D′

µ : -r
/gd Z_d’Z4d, dmd’4x r1d]/’2< 9= /gd d<-//d, md2/’-m9r 1d’ r21d’m9_Z dw1k9r-9m% Sgd dmd’4x
D′
µ Z/ /gd r92’]d -r k-mjd, v-/g Dµ 9@rd’_d, 9m /gd DZ’/g /g’924g /gd ’d,rg-=/ ’dkZ/-9m:

D′
µ 9 %0) v(Dµ % Sgd kZr/ /d’< ’d1’drdm/r /gd Zrr2<d, ]9r<9k94-]Zk <9,dk: vg-]g ’dkZ/dr /gd
’d,rg-=/ v /9 /gd ]9r<-] /-<d r Z]]9’,-m4 /9 |,r<,v| 9 0<%E+%0 ) v(


Ωi%0 ) v(2 ) Ω�( v-/g

Ωi @d-m4 /gd 1’drdm/h,Zx ,dmr-/x 1Z’Z<d/d’ 9= <Z//d’: Ω� /gd =’Z]/-9m 9= /gd dmd’4x ,dmr-/x
1’9_-,d, @x /gd ,Z’j dmd’4x: Zm, E+ /gd G2@@kd ]9mr/Zm/% Vd /Zjd /gd r/Zm,Z’, ΛBCL
]9r<9k94x v-/g Ωi – z%t: Ω� – z%s: Zm, E+ – 6+ il r�0Loa�0%

Sgd <Zi9’ 2m]d’/Z-m/x 9= /gd CRMA 52w Z’-rdr =’9< /gd ]9r<9k94-]Zk RM ’Z/d QNI%v(
Zm, /gd Z_d’Z4d dmd’4x r1d]/’2< 9= RM md2/’-m9r ,Mµ%D

′
µ(<,D′

µ % Vd Z,91/ /gd m9<-mZk RM
’Z/d Zr QNI%+( 9 0.+ · 0+�3Loa�2xp�0 bts[ vg-kd /gd ’Zm4d =9’ /gd RM ’Z/d -r /Zjdm /9 @d
+.4·0+�3Loa�2xp�0 ≤ QNI%+( ≤ 1.+·0+�3Loa�2xp�0% Sgd Z_d’Z4d dmd’4x r1d]/’2< 9= RM
md2/’-m9r _Z’-dr v-/g Zr/’91gxr-]Zk 1Z’Z<d/d’r r2]g Zr /gd dw1k9,Z@-k-/x 9= /gd 1’94dm-/9’: /gd
<Zw-<2< @Z’x9m-] md2/’9m r/Z’ <Zrr: Zm, /gd ]9r<-] BBRM ’Z/d% Sgd’d=9’d: vd ]9mr-,d’
01 ≤ ⟨Dµ⟩<LdT ≤ 07 =9’ /gd Z_d’Z4d dmd’4x 9= RM md2/’-m9r bté[% Sgd Z@9_dh<dm/-9md,
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SWakd tc R2<<Z’x 9= CRMA 52w <9,dkr 2rd, -m /gd @Z]j4’92m, ZmZkxr-r
52w <9,dk e=F ⟨Dµ⟩ bLdU[ QNI%v( Wxp

�0Loa�2[ Mdusr -m pö3hözz( LdU böfls%s j/ · x’[
k9v z! ö3 +.4· 0+�3 fl%3

m9<-mZk 3s! öfi 0.+· 0+�3 1.2· 0+0
g-4g flz! öé 1.+· 0+�3 5.5· 0+0
R21d’J 0.8· 0+1

1Z’Z<d/d’r ,d/d’<-md /gd =’Z]/-9m 9= =Z-kd, RM: e�D: vg-]g -m /2’m ,d/d’<-mdr ,Mµ%D
′
µ(<,D′

µ %
Vd Z,91/ e�D – 3s) Zr /gd ,2]-Zk <9,dk bté[ Zm, /gd ’Zm4d =9’ e�D -r /Zjdm Zr + ≤ e�D ≤ +.3
-m 92’ r/2,x%

Sgd HAC d_dm/ r1d]/’2< -m,2]d, @x /gd CRMA -r 4-_dm @x

,MBNI�%Dµ̄V(
,Dµ̄V

9 σH�B%Dµ̄V( ·
,ϕBNI�
,Dµ̄V

·MsS1ecs · r · ϵBNI�. pfl%3(

vgd’d /gd /9/Zk d]-dm]x =9’ /gd CRMA: ϵBNI�: -r 36.2! @Zrd, 9m HAC r-4mZk rdkd]/-9m: <29m
_d/9 Zm, ORC Z11k-d, =9’ CL rdZ’]g% Sgd k9v d]-dm]x -r kZ’4dkx ,2d /9 /gd -<1kd<dm/Z/-9m
9= ORC: vg-]g v-kk @d ,-r]2rrd, -m Rd]/-9m fi% E2’/gd’<9’d: vd ]9mr-,d’ /gd 211d’ @92m, 9=
/gd CRMA 52w 9@/Z-md, =’9< /gd R21d’J rdZ’]g Wtn[ Zr /gd kZ’4dr/ 19rr-@kd CRMA 52w% �r Z
’dr2k/: vd 9@/Z-m /gd CRMA dmd’4x r1d]/’2< v-/g Zm d_dm/ m2<@d’ ’Zm4-m4 =’9< Mdusr 9 3.1
4-_dm @x /gd k9v 52w <9,dk /9 Mdusr 9 082.4 4-_dm @x /gd R21d’J 52w 211d’ @92m, =9’
036.6 is · xd]p dw19r2’d -m /gd _-r-@kd dmd’4x ’Zm4d 9= %0180++(LdT% Sgd ’dkd_Zm/ 1Z’Z<d/d’r
=9’ /gd /g’dd 52w <9,dkr Zm, /gd ]9’’dr19m,-m4 CRMA d_dm/ ’Z/dr Z’d 1’drdm/d, -m SZ@kd t%

5%t �6l9r1gd.-] µ ]gW.4d, ]2..dm6 aW]i4.92m,

Vd r/2,x /gd HAC d_dm/r -m,2]d, @x /gd Z/<9r1gd’-] md2/’-m9 ]gZ’4d, ]2’’dm/ -m/d’Z]/-9mr
-m ITMN% Vd Z,91/ /gd Z/<9r1gd’-] md2/’-m9 52w ]Zk]2kZ/d, @x L% G9m,Z ds Xip bflz[: vg-]g
]9mr-,d’r Zkk /g’dd 5Z_9’r 9= md2/’-m9r Zm, /gd-’ Zm/-hmd2/’-m9r: /gd dfd]/ 9= DZ’/g”r <Z4md/-]
dk, 9m /gd 52w: Zm, md2/’-m9 9r]-kkZ/-9m dfd]/r Z/ /gd ITMN r-/d% Sgd Z/<9r1gd’-] md2/’-m9
52w @dk9v 0++LdT -r =’9< EKTJ� bflö[ r-<2kZ/-9m ’dr2k/r: vg-]g -r m9’<Zk-yd, /9 <Z/]g
/gd 52w -m bflz[ -m /gd 9_d’kZ11-m4 dmd’4x ’d4-9m =’9< 0++LdT /9 833LdT% �/<9r1gd’-]
µτ Zm, µ̄τ Z’d md4kd]/d, -m 92’ r/2,x ,2d /9 /gd-’ k9v 52wdr p@9/g kdrr /gZm ö) 9= /gd /9/Zk
Z/<9r1gd’-] md2/’-m9 52w(: vg-kd /gd ’d<Z-m-m4 µµ pµ̄µ( Zm, µa pµ̄a( 52wdr Z’d ]9<1Z’Z@kd%
Sgdrd /v9 5Z_9’r 9= Z/<9r1gd’-] md2/’-m9 52wdr ]Zm @d rd1Z’Z/d, v-/g Zm Z]]2’Z]x @d//d’
/gZm nn%n) -m /gd ITMN ,d/d]/9’ =9’ /gd dmd’4x ’Zm4d 9= %0180++(LdT b3fl[% Sgd @Z]j4’92m,
,2d /9 Z/<9r1gd’-] µµ Zm, µ̄µ ]Zm @d r211’drrd, /g’924g Z Spdr ]2/ /gZ/ -r Z11k-d, 9m /gd ’99/
<dZm r+2Z’d 9= /gd /-<d ’dr-,2Zk 1’9kd Zr <dm/-9md, -m Rd]% t% Sgd r-4mZk rdkd]/-9m d]-dm]x
v-/g /gd Spdr ]2/ ’d<Z-mr Z/ 88.87!% Sgd’d=9’d vd =9]2r 9m @Z]j4’92m,r ,2d /9 Z/<9r1gd’-]
µa Zm, µ̄a% Vd gZ_d r-<2kZ/d, µ̄a ) n Zm, µa%µ̄a( )01 B -m/d’Z]/-9mr v-/g FDMHD p3%ö3%z( bfl3[
Zm, /gd ITMN 9-md =’Z<dv9’j: vg-]g 1’9,2]dr ’dr2k/r ]9mr-r/dm/ v-/g 1’d_-92r r/2,-dr 9m
md2/’-m9hm2]kd2r -m/d’Z]/-9mr bflt[% Sgd HAC ]gZmmdk: µ̄a ) n → c) ) m: 4-_dr /gd ,9<-mZm/
d_dm/ ’Z/d: tz%fi ± s%7 =9’ 036.6 is · xd]p =9’ /gd _-r-@kd dmd’4x ’Zm4d 9= %0180++(LdT% Sgd
rd]9m, @Z]j4’92m, ]gZmmdk: µ̄a)01B→01 A∗) c) v-/g /gd rd]9m,Z’x ,d]Zx 01A∗ →00 A)m:
4-_dr /gd mdw/h/9hkdZ,-m4 d_dm/ ’Z/d =9’ /gd rZ<d dw19r2’d Zm, dmd’4x ’Zm4d% Sg-r ]gZmmdk
]Zm <-<-] HAC d_dm/r v-/g Z 1’9<1/ c) Zm, Z ,dkZxd, md2/’9m ]9<-m4 =’9< /gd rd]9m,Z’x
01A∗ ,d]Zx% C2d /9 ]9<1Z’Z@kd d_dm/ ’Z/dr v-/g /gd r-4mZk: /gd /v9 ]gZmmdkr: µ̄a)n→ c))m
Zm, µ̄a )01 B → c) ) m )00 A: v-kk @d -m]k2,d, -m /gd =9kk9v-m4 12krd rgZ1d Zm, rdmr-/-_-/x
ZmZkxrdr%
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SWakd 5c Sgd dr/-<Z/d, ’Z/dr 9= ]9r<94dm-] -r9/91dr -m ITMN =9’ dmd’4-dr Z@9_d öz LdU%
-r9/91d ,d]Zx <9,d O -m LdU gZk=hk-=d S0,1 QZ/d 1d’ öz xdZ’r pD / 0+ LdU(
8Ge c� ) m öö%n ösé <r 1.7· 0+3
00Ge c� ) m 3z%7 é%sfi <r 8.2· 0+0
01=d c� ) m öö%s 3ö%fi <r ö%3
03= c� ) m 3z%7 ö3%7 <r 3%fl

5%5 B9rl94dm-] -r9691dr

Sgd βhm ,d]Zx =’9< -r9/91dr ]92k, <-<-] HAC d_dm/r @x d<-//-m4 Z βh1Z’/-]kd pc� 9’ c)( Zm,
Z md2/’9m% Sg-r dfd]/ gZr @ddm <dZr2’d, @x @9/g JZ<K�MC bflfl[ Zm, A9’dw-m9 bflfi[% Sgd
-r9/91dr ]92k, @d 1’9,2]d, -m /gd ITMN r-/d /g’924g -m/d’Z]/-9mr @d/vddm dmd’4d/-] ]9r<-]
<29mr Zm, 01B% Vd 9mkx =9]2r 9m -r9/91dr 4-_-m4 ’-rd /9 βhm ,d]Zxr v-/g r-4m-]Zm/ d_dm/
’Z/dr Zm, O _Zk2dr g-4gd’ /gZm 0+LdT% Tr-m4 EKTJ�: /gd ’Z/dr 9= 8K-: 00K-: 01Ad Zm, 03A
Z’d 1’drdm/d, -m SZ@kd fl b3ö[% Sgd @Z]j4’92m, =’9< 8K- Zm, 01Ad ]Zm @d md4kd]/d, ,2d /9 Z
01LdT ]2/ 9m /gd 1’9<1/ dmd’4x: vg-]g -r /gd k9vd’ dmd’4x k-<-/ 9= 92’ CL rdZ’]g% Sgd
gZk=hk-_dr 9= 00K- Zm, 03A Z’d 7.64lr Zm, 01.5lr: ’dr1d]/-_dkx% Sgdx @9/g ]9m/’-@2/d /9 βhm
,d]Zxr v-/g @’Zm]g-m4 =’Z]/-9mr 9= 72! Zm, 5.0!: ’dr1d]/-_dkx% E9’ /gd /9/Zk d_dm/ ’Z/d 9=
00Ge Zm, 03=: vd Zrr2<d Z öz) 2m]d’/Z-m/x @Zrd, 9m /gd O9-rr9m d’’9’% � 5Z/ r1d]/’2< -r
Zrr2<d, =9’ /gd d_dm/ ’Z/d dr/-<Z/-9m% �r Z ’dr2k/: /gd /9/Zk d_dm/ ’Z/d 9= /gd βhm ,d]Zxr -r
fis%z ± fi%s =9’ 036.6 is · xd]p =9’ /gd _-r-@kd dmd’4x Z@9_d 01LdT%

L29m _d/9 r/’Z/d4-dr -m ITMN gZ_d @ddm r/2,-d, -m b33[% S9 r211’drr 00K- Zm, 03A
@Z]j4’92m, d_dm/r: vd ]g99rd +.1 r Zr /gd ,dZ,/-<d -m/d’_Zk: -%d%: Z=/d’ dZ]g <29m d_dm/ Z
+.1 r 9= dw19r2’d /-<d -r -4m9’d,% C2d /9 /g-r _d/9: /gd dw19r2’d d]-dm]x -m ITMN @d]9<dr
86.4! vg-kd <9’d /gZm 88! 9= 00K- Zm, 03A d_dm/r Z’d _d/9d,% Sgd’d=9’d: Z=/d’ Z11kx-m4 /gd
<29m _d/9 Zm, /gd 01LdT dmd’4x ]2/: 8K-: 00K-: 01Ad Zm, 03A d_dm/r Z’d md4k-4-@kd%

5%f L29m -m,2]d, 8Wr6 md26.9mr

Sgd Z@9_dh<dm/-9md, <29m _d/9 /Z4r <29mr 1Zrr-m4 /g’924g /gd KR Zm, /gd vZ/d’ @2fd’ v-/g
dw]dkkdm/ d]-dm]-dr 9= özz) Zm, nn%é): ’dr1d]/-_dkx b33[% G9vd_d’: 2m/Z44d, <29mr /gZ/
Z’d d-/gd’ ]9’md’ ]k-11-m4 /gd ,d/d]/9’ 9’ 1Zrr-m4 /g’924g /gd ’9]jr r2’’92m,-m4 /gd ,d/d]/9’
]92k, 1’9,2]d dmd’4d/-] md2/’9mr% �mx 9= /gdrd md2/’9mr <Zx dm/d’ -m /gd KR Zm, 1’9,2]d
/gd 1’9<1/ 1’9/9mh’d]9-k r-4mZk @d=9’d @d-m4 ]Z1/2’d, @x /gd gx,’94dm: vg-]g -r ]Zkkd, Z =Zr/
md2/’9m pEM( d_dm/% Sgdrd r-4mZ/2’dr <-<-] HAC d_dm/r% Sgd EM r-<2kZ/-9m gZr @ddm 1d’h
=9’<d, @Zrd, 9m /gd ITMN 9]-Zk r-<2kZ/-9m =’Z<dv9’j% Sgd r-<2kZ/d, Z/<9r1gd’-] <29m
d_dm/ rZ<1kd ]9’’dr19m,r /9 Z’92m, 01++ c]xr 9= ,Z/Z /Zj-m4% � 5Z/ EM dmd’4x r1d]/’2<
-r 9@/Z-md, Zm, /gd d_dm/ ’Z/d -r ötflz ± 3sz =9’ 1++ is · xd]p 9= dw19r2’d v-/g-m /gd _-r-@kd
dmd’4x ’Zm4d 9= %0180++(LdT 9= /gd 1’9<1/ r-4mZk% Sgd r1Z/-Zk _d’/dw ,-r/’-@2/-9mr 9= EM
d_dm/r Z’d rg9vm -m E-4% t% Sgd EM d_dm/ ’Z/d ,d]’dZrdr =’9< /gd d,4d /9 /gd ]dm/d’ 9= /gd
,d/d]/9’: vg-]g ’dr2k/r =’9< /gd md2/’9m Z//dm2Z/-9m%

Vd 1d’=9’< /gd ,2]-Zk _9k2<d ]2/ Z/ /gd ’Z,-2r Q 905l: vg-]g r-4m-]Zm/kx ’d,2]dr
/gd EM d_dm/ ’Z/d% Tr-m4 Zm dw19mdm/-Zk / /9 /gd r-<2kZ/d, EM ,Z/Z: vd dr/-<Z/d /gd
,2]-Zk _9k2<d ]2/ d]-dm]x /9 @d s%ö)% Hm ]9m/’Zr/: /gd ,2]-Zk _9k2<d ]2/ d]-dm]x =9’
/gd 2m-=9’<kx ,-r/’-@2/d, d_dm/r: r2]g Zr CL: CRMA: Zm, Z/<9r1gd’-] md2/’-m9 d_dm/r -r
62.8!% Sgd EM d_dm/r v-/g Q ,05l ]Zm @d r211’drrd, @x /gd ORC <d/g9,: vg-]g v-kk @d
,-r]2rrd, -m /gd mdw/ rd]/-9m% D_dm/2Zkkx: /gdrd EM @Z]j4’92m,r Z’d md4k-4-@kd%
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D-42.d tc G-r/94’Z<c ’Z,-Zk ,-r/’-@2/-9m 9= <29mh-m,2]d, EM d_dm/r% Qd, k-mdc / /9 /gd
g-r/94’Z< v-/g /gd =2m]/-9m e%Q( 9 n0 ·3πQ1 · dto%�%06.6�Q(<n1( v-/g n0–+.64±+.+3: Zm,
n19 +.60± +.+3% AkZ]j k-mdc ’Z,-Zk ]2/ Z/ 05l%

5%7 �6l9r1gd.-] µ md26.Wk ]2..dm6 aW]i4.92m,

� ,d/Z-kd, r/2,x 9m /gd md2/’Zkh]2’’dm/ -m/d’Z]/-9m @d/vddm /gd Z/<9r1gd’-] md2/’-m9 Zm, 01B
gZr @ddm ]Z’’-d, 92/ -m bfl7[% Vd gZ_d ’d1’9,2]d, /gd Z@9_d r-<2kZ/-9mr Zm, Z11k-d, /gd< /9
/gd CL r/2,x -m /gd ITMN 9-md =’Z<dv9’j% Vd gZ_d md4kd]/d, /gd ]gZmmdk µ ) n→ µ ) n
r-m]d /gd =’Z]/-9m 9= md2/’9mhkdrr HAChk-jd d_dm/r =’9< Z/<9r1gd’-] md2/’-m9 MB -m/d’Z]/-9mr
-r 9mkx +.88!%

Tr-m4 /gd Z/<9r1gd’-] md2/’-m9 52w ]Zk]2kZ/d, @x L% G9m,Z ds Xip bflz[: vd dr/-<Z/d /gd
�/<hµ MB @Z]j4’92m,% Sgd 2m]d’/Z-m/x 9= /g-r 52w ]Zk]2kZ/-9m -r kdrr /gZm öz) -m /gd dmd’4x
’Zm4d 9= %080+(BdT vg-kd -/ _Z’-dr @d/vddm pözhtz() 92/r-,d /g-r dmd’4x ’Zm4d ,2d /9 /gd
kZ]j 9= 9@rd’_Z/-9mZk ’dr2k/r% Vd 2rd /gd md2/’-m9 4dmd’Z/9’ FDMHD p3%ö3%z( bfl3[ /9 <9,dk
md2/’Zk ]2’’dm/ -m/d’Z]/-9mr @d/vddm Z/<9r1gd’-] md2/’-m9r Zm, 01B% Vd Z,91/ /gd ,d=Z2k/
rd//-m4 -m FDMHD: vgd’d /gd Zw-Zk <Zrr J/ -m /gd 1Z’Z<d/’-yZ/-9m 9= /gd m2]kd9m Zw-Zkh
_d]/9’ =9’< =Z]/9’ -r /Zjdm Zr +.88BdT: /gd ’dkZ/-_-r/-] Ed’<- 4Zr pQEF( <9,dk -r Z,91/d,
=9’ m2]kdZ’ r/’2]/2’dr: Zm, /gd Hm/’Zm2]kdZ’ BZr]Z,d pHMB( <9,dk -r Z11k-d, =9’ mZkhr/Z/d
-m/d’Z]/-9mr bfls[% Sgd ,dhdw]-/Z/-9m 9= /gd mZkhr/Z/d m2]kd- -r r-<2kZ/d, v-/g /gd 1Z]jZ4d
S�KXR pö%é( bflé[% � r/Z/-r/-]Zk ]9m42’Z/-9m <9,dk bfln: fiz: fiö[ -r Z11k-d, =9’ 1’9_-,-m4 /gd
,dhdw]-/Z/-9m 1’9@Z@-k-/x @d=9’d /gd S�KXR r-<2kZ/-9m%

Vd ]9m]k2,d /gZ/ /gd <9r/ -<19’/Zm/ MB -m/d’Z]/-9m ]gZmmdk -r µ )01 B→ µ )00 B)m:
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Zm, /gd /9/Zk d_dm/ ’Z/d @d=9’d HAC r-4mZk rdkd]/-9m -r dr/-<Z/d, /9 @d 38.+ xd]p�0is�0: vg-]g
-r ]9mr-r/dm/ v-/g /gd 1’d_-92r r/2,x bfl7[% �11kx-m4 HAC d_dm/ rdkd]/-9m ]’-/d’-Z: /gd d]-dm]x
=9’ �/<hµ MB d_dm/ @d]9<dr ps%t ± z%fi()% � ]9mrd’_Z/-_d öfi) /9/Zk 2m]d’/Z-m/x -r /Zjdm
=’9< /gd r/2,x -m bfi3[% Gdm]d /gd d_dm/ ’Z/d 9= HAChk-jd Z/<9r1gd’-] md2/’-m9 MB d_dm/r -r
7sz ± özz =9’ 036.6 is · xd]p -m /gd _-r-@kd dmd’4x ’Zm4d %0180++(LdT%

f O2krd RgW1d ChraphlhmW6hnm

C-fd’dm/ /x1dr 9= 1Z’/-]kdr rg9v ,-r/-m]/ 1g9/9m d<-rr-9m /-<d 1’9kdr /gZ/ ’dr2k/ =’9< KR
dw]-/Z/-9m -m,2]d, @x /gd ,d19r-/d, dmd’4x% O2krd rgZ1d ,-r]’-<-mZ/-9m pORC( -r Z 19vd’=2k
vZx /9 rd1Z’Z/d �/<hµ MB Zm, EM d_dm/r =’9< HAC r-4mZk d_dm/r @x ZmZkxy-m4 /gd 12krd
rgZ1dr 9= /gd-’ 1’9<1/ r-4mZkr% Sgd /Z-kh/9h/9/Zk ’Z/-9 pSSQ( <d/g9, bfit[ -r Z,91/d, gd’d:
vgd’d /gd ’Z/-9 @d/vddm /gd ]gZ’4d -m Z r1d]-] /-<d v-m,9v ]9’’dr19m,-m4 /9 /gd /Z-k 9= /gd
12krd Zm, /gd /9/Zk ]gZ’4d 9= /gd 12krd -r /gd 1Z’Z<d/d’ /9 ,-r/-m42-rg @d/vddm ,-fd’dm/ d_dm/
/x1dr% �k/g924g <2k/-_Z’-Z/d ZmZkxr-r pSLU�( bfifl[ Zm, <Z]g-md kdZ’m-m4 <d/g9,r bfifi[ rg9v
r21d’-9’ d]-dm]-dr: /gd SSQ <d/g9, -r r2]-dm/ =9’ r211’drr-m4 �/<hµ MB d_dm/r /9 /gd
rZ<d 9’,d’ Zr /gd md2/’-m9 599’ -m 92’ CL r/2,x%

Vd 1d’=9’< Z =2kk r-<2kZ/-9m /9 1’9,2]d 12krd rgZ1dr 9= ,-fd’dm/ d_dm/ /x1dr: vg-]g -r
@Zrd, 9m /gd 9]-Zk ITMN 9-md r-<2kZ/-9m Zm, ZmZkxr-r =’Z<dv9’jr% S9 ,9 /g-r: vd gZ_d
d<1k9xd, /gd CL 52w <9,dk ,-r]2rrd, -m Rd]% t: /gd CRMA 52w <9,dk ,-r]2rrd, -m Rd]% fl%3:
/gd �/<hµ BB Zm, MB d_dm/r =’9< /gd FDMHD -m/d’Z]/-9m <9,dkr Zm, /gd EM @Z]j4’92m,
d_dm/r% Hm 92’ ZmZkxr-r: vd rdkd]/ Zkk d_dm/r /gZ/ 1Zrr /gd HAC r-4mZk rdkd]/-9m Zm, <29m _d/9
]2/% Vd r]Zm /g’924g /gd /Z-k rd//-m4r v-/g 4+ mr r/d1r 9m /gd r/Z’/ Zm, dm, /-<dr 9= /gd
/Z-k% Sgd 91/-<-yd, /Z-k v-m,9v -r =’9< 1++ mr /9 5++ mr prdd ,-r]2rr-9mr kZ/d’(% Sgd SSQ
’Z/-9 _d’r2r /gd _-r-@kd dmd’4x Zm, /gd ’d]9mr/’2]/d, 19r-/-9m Z’d 1’drdm/d, _-Z r]Z//d’ 1k9/r
-m E-4% fl% Sgd’d Z’d Zkr9 ]9m/92’r ]9’’dr19m,-m4 /9 ,-fd’dm/ d_dm/ /x1dr% DZ]g ]9m/92’ <Z’jr
/gd ’d4-9m /gZ/ ]9m/Z-mr 8+! 9= Z 4-_dm /x1d 9= d_dm/r% CL r-4mZk Zm, CRMA d_dm/r 9]]2’’-m4
/g’924g /gd HAC 1’9]drr ’dr2k/ -m/9 Zm -,dm/-]Zk SSQ ’Z/-9 ,-r/’-@2/-9m% Sg-r -r Z ’dkZ/-_dkx
r/Z@kd ,-r/’-@2/-9m Zr ’d5d]/d, @x -/r r<99/g 8+! d_dm/ @92m,Z’x% EM d_dm/r =9kk9v =’9<
md2/’9m dkZr/-] r]Z//d’-m4 v-/g 1’9/9m 9’ 01B Zm, 1’9,2]-m4 4Z<<Zr: vg-]g 4-_d ’-rd /9 Z
<9’d ]9<1kdw SSQ ’Z/-9 ,-r/’-@2/-9m% E-mZkkx: �/<hµ MB d_dm/r ’dr2k/ =’9< md2/’Zkh]2’’dm/
-m/d’Z]/-9mr @d/vddm Z/<9r1gd’-] md2/’-m9r Zm, 01B: vg-]g 1’9,2]dr /gd <9r/ ]9<1k-]Z/d,
SSQ ’Z/-9 ,-r/’-@2/-9m ,2d /9 /gd _Z’-d/x 9= -m/d’Z]/-9m ]gZmmdkr ]gZ’Z]/d’-yd, @x ,-fd’dm/
1’9<1/hr-4mZk r1d]/’Zk rgZ1dr% Sgd @kZ]j r9k-, ]2’_d 9m dZ]g 1Zmdk ’d1’drdm/r /gd d_dm/
rdkd]/-9m ]’-/d’-9m r2]g /gZ/ /g9rd d_dm/r r-/2Z/d, @dk9v /g-r ]2’_d Z’d ]kZrr-d, Zr r-4mZkr%
H/ -r rddm /gZ/ /gd HAC ]9m/92’ ’d4-9m -r dm/-’dkx @dk9v /g-r ]2’_d 9m /gd kd=/ 1Zmdk: vg-kd Z
r<Zkk 1Z’/ 9= /gd HAC ]9m/92’ ’d4-9m -r Z@9_d /gd d_dm/ rdkd]/-9m ]2’_d =9’ Dugr ≤ 2+LdT%
Sg-r -<1k-dr /gZ/ /gd CL r-4mZk d]-dm]x Z=/d’ /gd ORC ]2/ ’d<Z-mr g-4gd’ /gZm 8+! =9’
Dugr ≥ 2+LdT% Nm /gd 9/gd’ gZm,: =9’ Dugr , 2+LdT: Z r-4m-]Zm/ =’Z]/-9m 9= HAC d_dm/r -r
Zkr9 ’d<9_d, @x /gd ORC ]2/% �r v-kk @d ,-r]2rrd, kZ/d’: r2]g Zm d_dm/ ’d,2]/-9m -r rddm =9’
CL r-4mZkr -kk2r/’Z/d, @x E-4% fi Zm, CRMA d_dm/r -kk2r/’Z/d, @x E-4r% 7 Zm, s%

Vd d_Zk2Z/d /gd ORC 1d’=9’<Zm]d @Zrd, 9m /gd r-4mZk /9 @Z]j4’92m, ’Z/-9MN<
|
MN )MA

Z_d’Z4d, 9_d’ /gd CL <Zrr ’Zm4d 9= %0480++(LdT pv-/g Z 4LdT r/d1 r-yd(: vgd’d MN -r
/gd m2<@d’ 9= r-4mZk d_dm/r =’9< CL Zmm-g-kZ/-9m =9’ Z r1d]-] CL <Zrr Zm, MA -r /gd
r2< 9= Zkk @Z]j4’92m,r% Sgd ]2’’dm/ @dr/ k-<-/ 9m /gd /gd’<Zkkx Z_d’Z4d, CL Zmm-g-kZ/-9m
’Z/d rd/ @x R21d’J bös[ -r Z,91/d, gd’d /9 ’d1’drdm/ /gd g-4gdr/ Zkk9vd, r-4mZk /9 @Z]j4’92m,
’Z/-9 2m,d’ /gd kZ/dr/ ]9mr/’Z-m/r% Sgd ORC d]-dm]-dr 9= HAC d_dm/r 4-_-m4 ’-rd /9 /gd @dr/
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D-42.d 5c SZ-kh/9h/9/Zk ’Z/-9r pSSQ( _d’r2r _-r-@kd dmd’4x Zm, /gd ’d]9mr/’2]/d, 19r-/-9m =9’
HAC d_dm/r: �/<hµ MB Zm, EM d_dm/r /gZ/ 1Zrr /gd HAC rdkd]/-9m ]’-/d’-Z% C-fd’dm/ d_dm/
/x1dr Z’d ’d1’drdm/d, @x r]Z//d’ 1k9/r v-/g ,-fd’dm/ ]9k9’r% DZ]g ]9m/92’ <Z’jr /gd ’d4-9m
/gZ/ ]9m/Z-mr nz) 9= Z 4-_dm /x1d 9= d_dm/r% Sgd @kZ]j r9k-, ]2’_d 9m dZ]g 1Zmdk -r /gd r-4mZk
rdkd]/-9m ]’-/d’-9m r2]g /gZ/ /g9rd d_dm/r r-/2Z/d, @dk9v /g-r ]2’_d Z’d ]kZrr-d, Zr r-4mZkr%
Nm /gd kd=/ 1Zmdk /gd ]2’_d -r 1Z’Z<d/’-yd, @x RRMatspQ( – z%zt7 h ö%s.öz�5 <�2· Q2 vg-kd
/gd ]2’_d 9m /gd ’-4g/ 1Zmdk -r 1Z’Z<d/’-yd, @x RRMatspDugr( – z%ztfl% Sgd ORC ]2/ rdkd]/r
9mkx /g9rd d_dm/r vg-]g Z’d r-/2Z/d, @dk9v @9/g ]2’_dr%

r-4mZk /9 @Z]j4’92m, ’Z/-9 Z’d ZmZkxyd, vg-kd jdd1-m4 /gd ORC d]-dm]x 9= MB @Z]j4’92m,
d_dm/r wd, Z/ 3): t): %%%: 7): Zm, s): ’dr1d]/-_dkx% Hm SZ@kd fi: vd 1’drdm/ /gd /Z-k v-m,9v
Zm, /gd ’dr2k/-m4 ORC d]-dm]x 9= HAC d_dm/r vg-]g 91/-<-yd /gd r-4mZkh/9h@Z]j4’92m, ’Z/-9
=9’ Z wd, MBh@Z]j4’92m, ORC d]-dm]x% E-4% fi -kk2r/’Z/dr ORC d]-dm]-dr Zr =2m]/-9mr 9=
/gd 1’9<1/ dmd’4x -m /v9 ,-fd’dm/ ]Zrdr: ϵNPC.MB 9 1! Zm, 3!: ’dr1d]/-_dkx% Vd Z,91/
/gd rd//-m4 v-/g fl) ORC d]-dm]x =9’ MB @Z]j4’92m, d_dm/r r-m]d -/ 4-_dr ’-rd /9 Z @d//d’
r-4mZkh/9h@Z]j4’92m, ’Z/-9%

�r rg9vm -m E-4r% fl Zm, fi: ORC -r Z 19vd’=2k /99k /9 ,-r]’-<-mZ/d HAC d_dm/r Z4Z-mr/
�/<hµ MB d_dm/r: dr1d]-Zkkx =9’ _-r-@kd dmd’4-dr Z@9_d 2+LdT% Adk9v 2+LdT: /gd ,-r]’-<-h
mZ/-9m 19vd’ ,d]’dZrdr @d]Z2rd 9= /gd k9vd’ 1g9/9m r/Z/-r/-]r% E2’/gd’<9’d: /gd’d -r Z kZ’4d
=’Z]/-9m 9= γ”r d<-//d, -m /gd ,dhdw]-/Z/-9m 1’9]drrdr 9= �/<hµ MB d_dm/r -m /g-r dmd’4x ’Zm4d%
Sg-r Zkr9 ’d,2]dr /gd ORC d]-dm]x @x ’dZk-y-m4 /gZ/ γ”r =’9< 1’9<1/ r-4mZkr 9= �/<hµ MB
d_dm/r Zm, 19r-/’9mr =’9< 1’9<1/ r-4mZkr 9= HAC r-4mZk d_dm/r 4-_d ’-rd /9 Zk<9r/ -,dm/-]Zk
1g9/9m d<-rr-9m /-<d 1’9kdr: vg-]g <Zjdr /gd ORC <d/g9, -mdfd]/-_d% E-mZkkx: vd m9/d
/gZ/ /gd ORC d]-dm]x <-4g/ =2’/gd’ v9’rdm Z/ g-4gd’ dmd’4-dr ,2d /9 dmd’4x ,d1dm,dm]-dr
9= 12krd rgZ1dr: vg-]g ’d+2-’d ]Z’d=2k r/2,-dr%
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SWakd fc ORC ]2/ d]-dm]-dr =9’ �/<hµ MB: HAC Zm, EM d_dm/r: ]9’’dr19m,-m4 /Z-k v-m,9vr
Zm, /gd ’dr2k/-m4 @dr/ <dZm r-4mZkh/9h@Z]j4’92m, ’Z/-9r%

ϵNPC.MB ϵNPC.H=C ϵNPC.DM SZ-k v-m,9v pmr( <dZm MN<
|
MN )MA

3%z) éö%s) z%fi) b3zz:7zz[ fl%zn3
t%z) és%fi) ö%3) b3fiz:7zz[ fl%öflz
5%yp ny%fp 3%yp b3yyc7yy[ 5%ofo
fi%z) n3%t) t%n) b3zz:7zz[ fl%ö3z
7%z) nt%7) s%z) böfiz:7zz[ fl%zsö
s%z) nfi%fi) é%3) b3zz:7zz[ fl%zfifl

D-42.d fc ORC ]2/ d]-dm]-dr Zr =2m]/-9mr 9= /gd _-r-@kd dmd’4x 9= /gd 1’9<1/ r-4mZk 9= �/<h
µ MB @Z]j4’92m, d_dm/r p-m ’d,( Zm, HAC r-4mZk d_dm/r p-m @kZ]j(% Sv9 dwZ<1kdr: ϵNPC.MB 9
1 ! v-/g ϵNPC.H=C 9 70.6 ! pk-4g/ ]2’_dr(: Zm, ϵNPC.MB 9 3 ! v-/g ϵNPC.H=C 9 8+.4 ! p@9k,
]2’_dr(: Z’d 1’drdm/d,%

S9 ,d/d’<-md /gd 2m]d’/Z-m/x 9= /gd ORC ]2/: vd m9/d /gZ/ r1ZkkZ/-9m md2/’9mr gZ_d
@ddm 1’919rd, Zr -,dZk r92’]dr =9’ r2]g Z r/2,x r-m]d /gdx -m,2]d 1’9<1/ Zm, ,dkZxd, 1Z-’r
v-/g dmd’4-dr r-<-kZ’ /9 /g9rd 9= �/<hµ MB d_dm/r% R1d]-]Zkkx: Z’92m, 07+ c]xr 9= <29m
r-<2kZ/-9m ,Z/Z vZr 2rd, =9’ 4dmd’Z/-m4 /gd Z=9’d<dm/-9md, md2/’9m rZ<1kd bfi7[: r9 /gZ/ /gd
m2<@d’ 9= r1ZkkZ/-9m md2/’9mr -m /gd r-4mZk dmd’4x v-m,9v ]Zm @d dr/-<Z/d, =9’ 0+ xd]pr 9=
,Z/Z /Zj-m4% SZj-m4 Zm Z_d’Z4d ORC d]-dm]x =9’ �/<hµ MB d_dm/r Zr 3!: vg-]g Z11k-dr /9
/gd r1ZkkZ/-9m md2/’9m rZ<1kd Zr vdkk: /gd r/Z/-r/-]Zk 2m]d’/Z-m/x =9’ /gd rdkd]/d, r1ZkkZ/-9m
md2/’9mr Z’d ,d/d’<-md, @x /gd m2<@d’ 9= rdkd]/d, md2/’9mr: vg-]g _Z’-dr v-/g /gd r-4mZk
dmd’4x v-m,9v ,d/d’<-md, @x lχ prdd E-4% 3(% H/ -r 05!: 0+!: 04!: 13!: Zm, 32! v-/g
0+ xd]pr 9= ,Z/Z /Zj-m4 =9’ lχ 9 04: 1+: 2+: 3+: Zm, 4+LdT: ’dr1d]/-_dkx% Vd r/’drr /gZ/ /gd
kZ’4d 2m]d’/Z-m/x -m /gd g-4g dmd’4x ’Zm4d ,9dr m9/ ]Z2rd Z g24d -<1Z]/ 9m /gd CL rdmr-/-_-/x
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@d]Z2rd �/<hµ MB d_dm/r ,9 m9/ ,9<-mZ/d /gd /9/Zk r1d]/’2< 9_d’ 3+LdT Z=/d’ Z11kx-m4
/gd ORC ]2/% KZr/ @2/ m9/ kdZr/: rd_d’Zk ]Zk-@’Z/-9m r92’]dr Zm, /d]gm-+2dr: r2]g Zr �<Ad
Zm, L-]gdk dkd]/’9mr: vd’d Zkr9 1’919rd, =9’ =2’/gd’ ]9mr/’Z-m-m4 /gd ORC rxr/d<Z/-] -m /gd
=2/2’d W3fi[%

Hm ]9m]k2r-9m: vd 9@/Z-m Zm Z_d’Z4d ORC d]-dm]x 9= nz%fi) =9’ HAC r-4mZk d_dm/r =’9<
CL Zmm-g-kZ/-9m Zm, Zm Z_d’Z4d ORC r2’_-_Zk 1’9@Z@-k-/x 9= fl%z) =9’ �/<hµ MB d_dm/r: Zr vdkk
Zr Z11’9w-<Z/dkx fiz): öé): ns) Zm, 3%z) =9’ CRMA d_dm/r =’9< <9,dk 1’d,-]/-9mr: CRMA
d_dm/r ]9’’dr19m,-m4 /9 /gd R21d’J 211d’ @92m,: �/<hµ BB: Zm, EM d_dm/r: ’dr1d]/-_dkx%

7 Rdmrh6huh6w

Sgd ITMN rdmr-/-_-/x /9 /gd ,d/d]/-9m 9= µ̄a =’9< CL Zmm-g-kZ/-9m -m /gd 4ZkZ]/-] gZk9 v-kk
@d ,-r]2rrd, -m /g-r rd]/-9m% E-’r/: vd r2<<Z’-yd /gd CL r-4mZk Zm, @Z]j4’92m,r v-/g /gd
]9’’dr19m,-m4 _d/9 <d/g9,r Z11k-d,% Sv9 ,-fd’dm/ Z11’9Z]gdr: O9-rr9mh/x1d k94hk-jdk-g99,
’Z/-9 /dr/ Zm, AZxdr-Zm ZmZkxr-r: Z’d d<1k9xd, /9 ]Zk]2kZ/d /gd CL ,d/d]/-9m rdmr-/-_-/-dr Zm,
_d’-=x /gd ]9mr-r/dm]x 9= /gd /v9 Z11’9Z]gdr%

7%o S96Wk r1d]6.2l -m ITMN

Vd Z,91/ 0+ xd]pr 9= dw19r2’d /-<d Zr Z ’dZr9mZ@kd /-<d r]Zkd% BZm9m-]Zk _Zk2d: HSue 9 4
b3t[: -r 2rd, -m 92’ ZmZkxr-r% Sgd /gd’<Zk ’dk-] CL Zmm-g-kZ/-9m ’Z/d: ⟨σt⟩ 92·0+�15 al2 r�0:
-r Zrr2<d,: vg-]g ’dr2k/r -m =dv r-4mZk d_dm/r =9’ Zm dw19r2’d 9= 036.6 is · xd]p% E-4r% 7 Zm,
s rg9v /gd mZk _-r-@kd dmd’4x r1d]/’Z 9= /gd r-4mZk Zm, @Z]j4’92m,r @d=9’d p211d’ 1Zmdk(
Zm, Z=/d’ pk9vd’ 1Zmdk( /gd ORC ]2/% CRMA Zm, CL 52wdr -m E-4% 7 Z’d /Zjdm =’9< R21d’J
52w 211d’ @92m,r btn: ös[ vg-kd /g9rd -m E-4% s Z’d 4-_dm @x /gd9’d/-]Zk 1’d,-]/-9mr% Sgd
r-4mZk r1d]/’2< -r rg9vm =9’ Zm Zrr2<d, CL <Zrr 9= 4+LdT% H/ -r 9@/Z-md, v-/g HAC
r-4mZk rdkd]/-9m ]2/r: /gd <29m _d/9 ]2/: Zm, /gd ORC ]2/ Z11k-d, pk9vd’ 1Zmdkr(% V-/g /gd
ORC ]2/: m9mhHAC @Z]j4’92m,r p�/<hµ MB Zm, EM( ]Zm @d r211’drrd, /9 /gd r-<-kZ’ 9’,d’ 9=
<Z4m-/2,d Zr HAC @Z]j4’92m,r pZ/<9r1gd’-] BB: ’dZ]/9’: Zm, CRMA(% Sgd HAC @Z]j4’92m,r
Zm, �/<hµ MB d_dm/r @2-k, 21 /gd @Z]j4’92m, 599’ Zm, ,9<-mZ/d /gd ITMN rdmr-/-_-/x 9=
-m,-’d]/ CL rdZ’]g% Hm SZ@kd 7 vd r2<<Z’-yd, /gd d_dm/ m2<@d’r v-/g HAC r-4mZk rdkd]/-9m:
<29m _d/9: Zm, ORC ]2/% Cdr1-/d /gd k9v d_dm/ ’Z/d: /gd <9m9hdmd’4d/-] µ̄a 52w x-dk,r Z
rgZ’1 _-r-@kd dmd’4x r1d]/’2< =9’ /gd r-4mZk: vg-]g ]Zm @d -,dm/-d, Z4Z-mr/ /gd @Z]j4’92m,
r1d]/’Z%
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D-42.d 7c S9/Zk _-r-@kd dmd’4x r1d]/’Z 9= CLhHAC r-4mZkr plχ 94+LdT( Zm, @Z]j4’92m,r
-m ITMN @d=9’d p211d’ 1Zmdk( Zm, Z=/d’ ORC pk9vd’ 1Zmdk(% Gd’d CRMA btn[ Zm, CL bös[
d_dm/ r1d]/’Z Z’d /Zjdm =’9< dw1d’-<dm/Zk 211d’ @92m,r @x R21d’J%

8 öfi 8



D-42.d sc RZ<d Zr E-4% 7 v-/g CRMA d_dm/ r1d]/’Z 4-_dm @x /gd9’d/-]Zk 1’d,-]/-9mr Zm, /gd
CL r-4mZk d_dm/ r1d]/’2< @Zrd, 219m /gd’<Zk ’dk-] CL Zmm-g-kZ/-9m ’Z/d%
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7%3 Sv9 W11.9W]gdr 69 6gd rdmr-6-u-6w

Hm /gd =9kk9v-m4 vd Z11kx Z K-jdk-g99,h’Z/-9 /dr/ Zm, Z AZxdr-Zm ZmZkxr-r /9 dr/-<Z/d /gd
8+! ]9m,dm]d kd_dk 211d’ k-<-/ 9m ⟨σt⟩ dw1d]/d, @x ITMN =9’ /gd CL <Zrr ’Zm4d 9= %048
0++(LdT%

J-idk-g99,h.W6-9 6dr6 ld6g9, Hm /gd k-jdk-g99,h’Z/-9 /dr/ <d/g9,: vd ,dmd

χ1 9 �1 kmλ 9 1
B

e90

%me km
me
te
) te � me( )

B

e90


te � t̄e
σe

1
. p7%ö(

vgd’d λ -r /gd k-jdk-g99, ’Z/-9: me ’d1’drdm/r 9@rd’_d, pr-4mZk 1k2r @Z]j4’92m,( d_dm/r 1d’
@-m: te ’d1’drdm/r @Z]j4’92m, d_dm/r 1d’ @-m v-/g -/r ]dm/’Zk _Zk2d ,dm9/d, @x t̄e: Zm, σe
’d1’drdm/r /gd 2m]d’/Z-m/x 9= /gd /9/Zk @Z]j4’92m,r =9’ /gd dmd’4x @-m f% Gd’d vd /Zjd t̄e Zr
1Z’/ 9= /gd 9@rd’_d, d_dm/ m2<@d’ 1d’ @-m -m]k2,d, -m me% Vd m9/d /gZ/ /gd /9/Zk @Z]j4’92m,
2m]d’/Z-m/x _Z’-dr v-/g CL <Zrr r-m]d Z ,-fd’dm/ /Z’4d/d, lχ kdZ,r /9 Z ,-fd’dm/ rdkd]/-9m
9= /gd _-r-@kd dmd’4x v-m,9v =9’ /gd ZmZkxr-r% Sgd 2m]d’/Z-m/x -r 08!: 05!: 1+!: Zm, 13!
=9’ lχ 9 04: 1+: 2+: Zm, 3+LdT: ’dr1d]/-_dkx: vg-kd -/ -r 14! =9’ 4+ ≤ lχ<LdT ≤ 0++% Sgd
m2<@d’ 9= dmd’4x @-mr -r ,d/d’<-md, @x /gd dmd’4x ’dr9k2/-9m 2!<


DWLdT[ 9= ITMN% Sgd

,d4’ddr 9= =’dd,9< ]9’’dr19m, /9 /gd m2<@d’ 9= dmd’4x @-mr% Vd m9/d /gZ/ χ1 d+2Zkr /9 yd’9
=9’ me – te Zm, te – t̄e% Cdm9/-m4 χ1 -m /g-r ]Zrd Zr χ1lgm: vd /gdm k99j =9’ �χ1 – %χ1�χ1lgm(
– %0.534(1 /9 9@/Z-m /gd nz) B%K% rdmr-/-_-/x k-<-/ =9’ ⟨σt⟩% Sgd rdmr-/-_-/x k-<-/ ,d1dm,r 9m
/gd CRMA 52w vd Z,91/ Zr 1Z’/ 9= /gd /9/Zk @Z]j4’92m,% SZ@kd t r2<<Z’-ydr =92’ CRMA 52w
<9,dkr Z,91/d, -m /g-r ZmZkxr-r% Gdm]d: Z r1d]-] rdmr-/-_-/x ]2’_d ]9’’dr19m,r /9 Z r1d]-]
]g9-]d 9= CRMA 52w Zr rg9vm -m E-4% é%

AWwdr-Wm WmWkwr-r v-6g LW.i9u BgW-m L9m6d BW.k9 rWl1k-m4 Sgd rd]9m, Z11’9Z]g
-r @Zrd, 9m AZxdr-Zm ZmZkxr-r% � k-jdk-g99, =2m]/-9m -r ,dmd, v-/g /gd 9@rd’_d, pme( Zm,
dw1d]/d, pλe( m2<@d’ 9= d_dm/r -m /gd fh/g @-m 9= /gd r1d]/’2< @x

n%r1d]|R.>CPM=. .... >SslnMB( 9
B

e90

λe%R.>CPM=. .... >SslnMB(
me

me¯
c�λe¯N.ACND9.....ASsimDB(.

p7%3(
V-/g AZxdr” /gd9’d<: /gd 19r/d’-9’ 1’9@Z@-k-/x -r n%R. .... >SslnMB|r1d]( ∝ n%r1d]|R. .... >SslnMB(·
n+%R( · · · n+%>SslnMB( v-/g D+% p7%3( Zm, /gd 1’-9’ 1’9@Z@-k-/-dr =9’ r-4mZk Zm, @Z]j4’92m,
]9m/’-@2/-9mr n+ vgd’d r1d] <dZmr /gd /9/Zk r1d]/’2<% H/ ’d1’drdm/r /gd 1’9@Z@-k-/x /gZ/ /gd
9@rd’_d, r1d]/’2< ]Zm @d dw1kZ-md, @x /gd rd/ 9= 1Z’Z<d/d’r R Zm, > Zm, -r <Z’4-mZk-yd,
v-/g ’dr1d]/ /9 /gd @Z]j4’92m, ]9m/’-@2/-9mr

n%R|r1d]( 9

n%R.>CPM=. .... >SslnMB|r1d]( ,>CPM= · · · ,>SslnMB. p7%t(

Sgd nz) 1’9@Z@-k-/x 211d’ k-<-/ R8+ 9m /gd m2<@d’ 9= r-4mZk d_dm/r ]Zm /gd’d=9’d @d ]Zk]2kZ/d,
@x d+2Z/-m4 /gd -m/d4’Zk 9= D+% p7%t( v-/g Z 1’9@Z@-k-/x 9= nz)c

 N0+

+ n%R|r1d]( ,R 9 +.8+ bfis[%
CZ/Z rd/r ’d1’drdm/-m4 /gd dw1d]/d, m2<@d’ 9= d_dm/r λe Z’d 4dmd’Z/d, =’9< /gd @Z]j4’92m,h
9mkx r1d]/’2< =9kk9v-m4 O9-rr9m ,-r/’-@2/-9m Zm, Z’d ZmZkxyd, =9’ ,-fd’dm/ <Zrr rd//-m4r 9=
/gd CL r-4mZk% Vd rd/ Z 5Z/ 1’-9’ 1’9@Z@-k-/x 9= /gd r-4mZk ]9m/’-@2/-9m: n+%R( 9 0<RlSv pv-/g
RlSv 9 5+ Z]]9’,-m4 /9 /gd ]2’’dm/ k-<-/r 9= bös[(% Sgd 1’-9’ 1’9@Z@-k-/-dr 9= @Z]j4’92m,r Z’d
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D-42.d ec nz) B%K% 211d’ k-<-/r 9m ⟨σt⟩ v-/g 0+ xd]pr 9= ,Z/Z /Zj-m4 -m ITMN% AkZ]j Zm,
’d, k-mdr ’d1’drdm/ 211d’ k-<-/r v-/g /gd /gd9’d/-]Zk <9,dk Zm, dw1d’-<dm/Zk k-<-/ 9= CRMA:
’dr1d]/-_dkx% C2d /9 ]9mr-r/dm/ ’dr2k/r @d/vddm /gd AZxdr-Zm ZmZkxr-r Zm, K-jdk-g99,h’Z/-9
/dr/: 9md r-m4kd 211d’ k-<-/ ]2’_d =9’ dZ]g CRMA 52w rd//-m4 -r 1’drdm/d, gd’d% B9k9’d, Z’dZr
Z’d /gd dw]k2,d, 1Z’Z<d/d’ ’d4-9mr =’9< JZ<K�MC bö3[ Zm, R21d’J bös: öé[ 9@rd’_Z/-9mr%
Gx1d’J dw1d]/Z/-9m @x M% E% Adkk ds Xip b3z[ -r Zkr9 rg9vm =9’ ]9<1Z’-r9m% Sgd /gd’<Zk ’dk-]
_Zk2d ⟨σt⟩ 92· 0+�15 al2 r�0 -r Zkr9 rg9vm%

rd/ @x Z FZ2rr-Zm ,-r/’-@2/-9m v-/g /gd <dZm _Zk2d µA Zm, v-,/g σAc

n+%>( 9 dw1

�%> � µA(

1

1σ1A

 ∞

+
dw1


�%> � µA(

1

1σ1A


,>. p7%fl(

vgdm > ≥ +% Sgd <Z’4-mZk-yZ/-9m 9= /gd 19r/d’-9’ 1’9@Z@-k-/x =2m]/-9m -r 1d’=9’<d, v-/g
LZ’j9_ BgZ-m L9m/d BZ’k9 rZ<1k-m4 2r-m4 /gd Ox/g9m 1Z]jZ4d 9= bfié[: vg-]g -r @Zrd, 9m
bfin[% Sgd nz) 211d’ k-<-/ R8+ 9= /gd m2<@d’ 9= r-4mZk d_dm/r Z’d ]Zk]2kZ/d, =9’ dZ]g ,Z/Z
rd/ Zm, /gd ,-r/’-@2/-9m 9= /gd _Zk2dr 9= R8+ ]Zm @d -m/d’1’d/d, Zr Z 1’9@Z@-k-/x ,dmr-/x /9
,d/d’<-md /gd <dZm nz) 211d’ k-<-/ 9m /gd m2<@d’ 9= r-4mZk d_dm/r Zr vdkk Zr /gd 211d’
k-<-/r 9m /gd Zm/-hmd2/’-m9 52w =’9< CL rdk=hZmm-g-kZ/-9m Zm, 9m /gd CL rdk=hZmm-g-kZ/-9m
]’9rrhrd]/-9m: ’dr1d]/-_dkx%

Sv9 ,-fd’dm/ r/Z/-r/-]Zk Z11’9Z]gdr 9@/Z-m ]9mr-r/dm/ rdmr-/-_-/-dr /9 ⟨σt⟩% Hm E-4% é: vd
1’drdm/ ITMN”r dw1d]/d, nz) B%K% 211d’ k-<-/ 9m ⟨σt⟩ /94d/gd’ v-/g 211d’ k-<-/r 9@/Z-md,
9’ dw1d]/d, =’9< 9/gd’ md2/’-m9 ,d/d]/9’r% Vd ZmZkxyd /gd /9/Zk d_dm/ r1d]/’2< =9’ Z 8+.4!
ORC ]2/ d]-dm]x =9’ HAC d_dm/r Zm, Z 3.+! ORC ]2/ d]-dm]x =9’ �/<hµ MB @Z]j4’92m,
d_dm/r v-/g AZxdr-Zm ZmZkxr-r Zm, Z k-jdk-g99,h’Z/-9 /dr/% Sgd r1d]/’Zk @dgZ_-9’r 9= /gd
/9/Zk @Z]j4’92m, d_dm/r Zm, /gd CL r-4mZk ]92k, dw1kZ-m vgx /gd @dr/ rdZ’]g rdmr-/-_-/x
9]]2’r Z’92m, lχ 93+LdT% E-4r% 7 Zm, s rg9v /gZ/ /gd /9/Zk m2<@d’ 9= @Z]j4’92m, d_dm/r
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D-42.d nc Sgd 1’94’drr 9= ITMN nz) B%K% rdmr-/-_-/-dr /9 ⟨σt⟩ 9_d’ /gd ’2mm-m4 /-<d 21
/9 3z xdZ’r =9’ CL <Zrrdr 9= 3z: flz: Zm, 0++LdT: ’dr1d]/-_dkx% Sgd /gd’<Zk ’dk-] _Zk2d
⟨σt⟩ 9 2 · 0+�15 ]<2r�0 -r Zkr9 rg9vm =9’ ]9<1Z’-r9m% Sgd m9<-mZk CRMA 52w Zm, /gd
]9m_dm/-9m HSue 9 4 Z’d Z,91/d, -m /gd rdmr-/-_-/x ]Zk]2kZ/-9mr%

4’Z,2Zkkx ,d]’dZrdr v-/g -m]’dZr-m4 _-r-@kd dmd’4x 2m/-k Z’92m, 3+LdT% Nm /gd 9/gd’ gZm,:
E-4% 3 rg9vr /gZ/ /gd CL r-4mZk r1d]/’2< @d]9<dr @’9Z,d’ v-/g Zm -m]’dZr-m4 lχ% Sgd @dr/
rdmr-/-_-/x 9= ITMN /gd’d=9’d 9]]2’r Z/ lχ ≃ 3+LdT: vg-]g ’dr2k/r -m Z 8+! 211d’ k-<-/ 9m
/gd /gd’<Zkkx Z_d’Z4d, CL Zmm-g-kZ/-9m ’Z/d: ⟨σt⟩%lχ 9 3+LdT(–0.0 · 0+�14 al2 r�0 =9’
@9/g K-jdk-g99, Zm, AZxdr-Zm ZmZkxr-r 9_d’ 0+ xd]pr 9= ,Z/Z /Zj-m4% Sgd rdmr-/-_-/x ]2’_dr
-m E-4% é: dw]d1/ 9= /g9rd @x ITMN: Z’d r]Zkd, /9 /gd ]9m_dm/-9m HSue – fi% Vd ]9<1Z’d
92’ ’dr2k/ v-/g /g9rd 9= JZ<K�MC bö3[: R21d’J bös: öé[ Zm, /gd Gx1d’J dw1d]/Z/-9m b3z[%
Vd m9/d /gZ/ ’dr2k/r @x bös[ Zm, böé[ ,-fd’ ,2d /9 ,-fd’dm]dr -m /gd ZmZkxyd, ,Z/Zrd/ Zm,
/gd @Z]j4’92m, <9,dk-m4 Zr 19-m/d, 92/ -m böé[% ITMN v-kk 1’9@d -m/9 ⟨σt⟩”r /gZ/ Z’d 21
/9 Zm 9’,d’ 9= <Z4m-/2,d r<Zkkd’ /gZm /gd 9mdr R21d’J 9@/Z-md, =9’ /gd CL <Zrr ’Zm4d 9=
%2+80++(LdT% R2]g Z rdmr-/-_-/x v-kk @d ]9<1Z’Z@kd /9 /gd 9md dw1d]/d, @x Gx1d’J -m /gd
CL <Zrr ’Zm4d 9= %0480++(LdT%

Adr-,dr 1’drdm/-m4 ITMN rdmr-/-_-/-dr /9 ⟨σt⟩ =9’ öz xdZ’r 9= ,Z/Z /Zj-m4: vd Zkr9 1’drdm/
-m E-4% n /gd 1’94’drr 9= rdmr-/-_-/-dr 9_d’ /gd ’2mm-m4 /-<d =9’ @dm]g<Z’j CL <Zrrdr 9= 3z:
flz: Zm, 0++LdT: ’dr1d]/-_dkx% H/ -r rddm /gZ/: =9’ lχ 9 3+ LdU: /gd rdmr-/-_-/x /9 ⟨σt⟩ ]Zm
’dZ]g 5· 0+�15 ]<2r�0 9_d’ 3z xdZ’r 9= ,Z/Z /Zj-m4%
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s Bnmak2rhnm

Hm /g-r r/2,x: /gd ITMN rdmr-/-_-/x /9 /gd ,d/d]/-9m 9= md2/’-m9r =’9< CL rdk=hZmm-g-kZ/-9m
-m /gd L-kjx VZx -r -m_dr/-4Z/d, =9’ /gd CL <Zrr ’Zm4d 9= %0480++(LdT% Sgd dw1d]/d,
µ̄a r-4mZk r1d]/’2< =’9< /gd Zmm-g-kZ/-9m χχ → µµ̄ -r d_Zk2Z/d, v-/g /gd ITMN 9-md r-<h
2kZ/-9m =’Z<dv9’j% L9’d9_d’: Zkk 19rr-@kd @Z]j4’92m, ]9m/’-@2/-9mr /9 /gd Z@9_d -m,-’d]/
CL rdZ’]g Z’d -m_dr/-4Z/d,: vg-]g -m]k2,d /gd ’dZ]/9’ µ̄a @Z]j4’92m,: CRMA: Z/<9r1gd’-]
md2/’-m9 @Z]j4’92m,r =’9< BB Zm, MB -m/d’Z]/-9mr Zr vdkk Zr <29mh-m,2]d, @Z]j4’92m,r%
S9 =2’/gd’ ’d,2]d /gd m9mhHAC �/<hµ MB Zm, EM @Z]j4’92m, d_dm/r: Z ORC <d/g9, @Zrd,
9m /gd /Z-kh/9h/9/Zk ’Z/-9 -r Z11k-d,% Vd Z11kx Z ]2r/9<-yd, ORC ]2/ Zm, HAC r-4mZk rdkd]/-9m
@Zrd, 9m dZ]g CL <Zrr: vg-]g ’dr2k/r -m Z ,-fd’dm/ d_dm/ r1d]/’2< Zm, rdmr-/-_-/x =’9<
/gd CRMA r/2,x bfi7[% Sgd rdmr-/-_-/x 9= ITMN: -%d% /gd nz) B%K% 211d’ k-<-/ 9m /gd CL
Zmm-g-kZ/-9m ’Z/d: ⟨σt⟩: -r ZmZkxyd, @Zrd, 9m @9/g /gd AZxdr-Zm ZmZkxr-r Zm, /gd K-jdk-g99,
’Z/-9 /dr/% ITMN ]92k, ’dZ]g /gd rdmr-/-_-/x 9= ⟨σt⟩ 90.0 · 0+�14 al2 r�0 v-/g @9/g K-jdk-h
g99, Zm, AZxdr-Zm ZmZkxr-r =9’ lχ 93+LdT 9_d’ 0+ xd]pr 9= dw19r2’d% H/ ]9’’dr19m,r /9 Zm
-<1’9_d<dm/ @x Z =Z]/9’ 9= 3 /9 öz =9’ /gd CL <Zrr ’Zm4d 9= %0480++(LdT ]9<1Z’d, /9 /gd
1’drdm/h,Zx @dr/ k-<-/r 9@/Z-md, @x R21d’J Zm, v92k, @d ]9<1Z’Z@kd /9 /gZ/ dw1d]/d, @x
Gx1d’J%

�aimnvkdc4ldm6r

Vd Z’d 4’Z/d=2k =9’ /gd 9m49-m4 ]991d’Z/-9m =’9< /gd Bg-mZ Fdmd’Zk M2]kdZ’ O9vd’ F’921%
Sg-r v9’j vZr r2119’/d, @x /gd Bg-mdrd �]Z,d<x 9= R]-dm]dr: /gd MZ/-9mZk Jdx QàC O’9h
4’Z< 9= Bg-mZ: /gd B�R Bdm/d’ =9’ Dw]dkkdm]d -m OZ’/-]kd Ogxr-]r: V2x- Tm-_d’r-/x: Zm,
/gd Sr2m4hCZ9 Kdd Hmr/-/2/d 9= RgZm4gZ- I-Z9 S9m4 Tm-_d’r-/x -m Bg-mZ: /gd Hmr/-/2/ MZh
/-9mZk ,d Ogxr-+2d M2]keZ-’d d/ ,d Ogxr-+2d ,d OZ’/-]2kdr pHM3Ot( -m E’Zm]d: /gd Hr/-/2/9
MZy-9mZkd ,- E-r-]Z M2]kdZ’d pHMEM( -m H/Zkx: /gd H/Zk-ZmhBg-mdrd ]9kkZ@9’Z/-_d ’drdZ’]g 1’9h
4’Z< L�DBHhMREB: /gd E9m,r ,d kZ Qd]gd’]gd R]-dm/-+2d pE%Q%RhEMQR( Zm, EVN 2m,d’
/gd qDw]dkkdm]d 9= R]-dm]d h DNR“ -m Adk4-2<: /gd B9mrdkg9 MZ]-9mZk ,d Cdrdm_9k_-<dm/9 B-h
dm/-]9 d Sd]m9ko4-]9 -m A’Zy-k: /gd �4dm]-Z MZ]-9mZk ,d Hm_dr/-4Z]-9m x CdrZ’’9kk9 -m Bg-kd:
/gd BgZ’kdr Tm-_d’r-/x QdrdZ’]g Bdm/’d Zm, /gd L-m-r/’x 9= D,2]Z/-9m: X92/g: Zm, R19’/r
-m Byd]g Qd12@k-]: /gd Cd2/r]gd E9’r]g2m4r4d<d-mr]gZ=/ pCEF(: /gd Gdk<g9k/y �rr9]-Z/-9m:
Zm, /gd Bk2r/d’ 9= Dw]dkkdm]d OQHRL�· -m Fd’<Zmx: /gd I9-m/ Hmr/-/2/d 9= M2]kdZ’ QdrdZ’]g
pIHMQ( Zm, K9<9m9r9_ L9r]9v R/Z/d Tm-_d’r-/x -m Q2rr-Z: /gd i9-m/ Q2rr-Zm R]-dm]d E92mh
,Z/-9m pQRE( Zm, MZ/-9mZk MZ/2’Zk R]-dm]d E92m,Z/-9m 9= Bg-mZ pMREB( ’drdZ’]g 1’94’Z<:
/gd MRSB Zm, LND -m SZ-vZm: /gd Bg2kZk9m4j9’m Tm-_d’r-/x Zm, R2’ZmZ’dd Tm-_d’r-/x 9=
Sd]gm9k94x -m SgZ-kZm,: Zm, /gd Tm-_d’r-/x 9= BZk-=9’m-Z Z/ H’_-md -m TR�%

Pdedpdmadr

bö[ U%B% Q2@-m Zm, V%J% E9’,% Q9/Z/-9m 9= /gd �m,’9<d,Z Md@2kZ =’9< Z R1d]/’9r]91-]
R2’_dx 9= D<-rr-9m Qd4-9mr% �rs.nogwrp Ip: öfinctsn8flzt: önsz%

b3[ F% I2m4<Zm: L% JZ<-9mj9vrj-: Zm, J% F’-dr/% R21d’rx<<d/’-] ,Z’j <Z//d’% Ngwrp
Pdosp: 37scönfi8tst: önn7%

bt[ Sgd R21d’hJZ<-9jZm,d B9kkZ@9’Z/-9m: R% CdrZ-: d/ Zk% RdZ’]g =9’ ,Z’j <Z//d’ VHLOr
2r-m4 21vZ’, /g’924gh49-m4 <29mr -m R21d’hJZ<-9jZm,d% Ngwrp Pdup C: szczétfi3t:
3zzfl%
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bfl[ H]dB2@d B9kkZ@9’Z/-9m: Q% �@@Zr-: d/ Zk% Sgd ,dr-4m Zm, 1d’=9’<Zm]d 9= H]dB2@d Cdd1h
B9’d% �rs.noX.sp Ngwrp: tfic7öfi: 3zö3%

bfi[ Sgd Ed’<-hK�S B9kkZ@9’Z/-9m: L% �]jd’<Zmm: d/ Zk% RdZ’]g-m4 =9’ CZ’j LZ//d’ �mm-h
g-kZ/-9m =’9< L-kjx VZx CvZ’= R1gd’9-,Zk FZkZw-dr v-/g R-w XdZ’r 9= Ed’<- KZ’4d �’dZ
Sdkdr]91d CZ/Z% Ngwrp Pdup Jdssp: ööfic3tötzö: 3zöfi%

b7[ �LR B9kkZ@9’Z/-9m: L% �42-kZ’: d/ Zk% N@rd’_Z/-9m 9= B9<1kdw S-<d R/’2]/2’dr -m /gd
B9r<-]hQZx Dkd]/’9m Zm, O9r-/’9m Ek2wdr v-/g /gd �k1gZ LZ4md/-] R1d]/’9<d/d’ 9m /gd
Hm/d’mZ/-9mZk R1Z]d R/Z/-9m% Ngwrp Pdup Jdssp: ö3öczfiööz3: 3zöé%

bs[ GDRR B9kkZ@9’Z/-9m: G% �@,ZkkZg: d/ Zk% RdZ’]g =9’ γhQZx K-md R-4mZkr =’9< CZ’j LZ//d’
�mm-g-kZ/-9mr -m /gd Hmmd’ FZkZ]/-] GZk9 =’9< öz XdZ’r 9= N@rd’_Z/-9mr v-/g G%D%R%R%
Ngwrp Pdup Jdssp: ö3zc3zöözö: 3zöé%

bé[ F% AZ’dm@9-<: O%A% Cdm/9m: Zm, H%L% Nk,dm49//% B9mr/’Z-m/r 9m -m5Z/-9m v-/g Zm dwh
/dm,d, md2/’-m9 rd]/9’% Ngwrp Pdup C: nnczétfiöfi: 3zön%

bn[ B%�% �’4udkkdr d/ Zk% Mdv 9119’/2m-/-dr Z/ /gd mdw/h4dmd’Z/-9m md2/’-m9 dw1d’-<dm/r
pOZ’/ öc ARL Md2/’-m9 Ogxr-]r Zm, CZ’j LZ//d’(% Pdop N.nfp Ngwrp: étcö3fl3zö: 3zön%

böz[ Q% O’-<2kZm,9 Zm, O% T//ZxZ’Z/% CZ’j LZ//d’hMd2/’-m9 Hm/d’Z]/-9m -m K-4g/ 9= B9kk-,d’
Zm, Md2/’-m9 Sdkdr]91d CZ/Z% IGDN: z7c37: 3zöé%

böö[ E% BZ19yy-: H%L% Rg9d<Zjd’: Zm, K% Ud]]g-% R9kZ’ Md2/’-m9r Zr Z O’9@d 9= CZ’j LZ//d’h
Md2/’-m9 Hm/d’Z]/-9mr% IB�N: zscz3ö: 3zös%

bö3[ JZ<K�MC B9kkZ@9’Z/-9m: �% FZm,9: d/ Zk% RdZ’]g =9’ dw/’Z/d’’dr/’-Zk Zm/-md2/’-m9
r92’]dr v-/g /gd JZ<K�MC ,d/d]/9’% �rs.nogwrp Ip: sflficönt: 3zö3%

böt[ JZ<K�MC B9kkZ@9’Z/-9m: R% �@d: d/ Zk% K-<-/r 9m �r/’91gxr-]Zk �m/-md2/’-m9r v-/g /gd
JZ<K�MC Dw1d’-<dm/% �rs.nogwrp Ip: n3ficöfl: 3z33%

böfl[ Sgd R21d’hJZ<-9jZm,d B9kkZ@9’Z/-9m: J% �@d: d/ Zk% Hm,-’d]/ rdZ’]g =9’ ,Z’j <Z//d’
=’9< /gd FZkZ]/-] Bdm/d’ Zm, gZk9 v-/g /gd R21d’hJZ<-9jZm,d ,d/d]/9’% Ngwrp Pdup C:
öz3czs3zz3: 3z3z%

böfi[ H]dB2@d B9kkZ@9’Z/-9m: Q% �@@Zr-: d/ Zk% RdZ’]g =9’ FdUhr]Zkd ,Z’j <Z//d’ Zmm-g-kZ/-9m
-m /gd R2m v-/g H]dB2@d Cdd1B9’d% Ngwrp Pdup C: özficz73zzfl: 3z33%

bö7[ �MS�QDR Zm, H]dB2@d B9kkZ@9’Z/-9m: �% �k@d’/: d/ Zk% B9<@-md, rdZ’]g =9’ md2/’-m9r
=’9< ,Z’j <Z//d’ rdk=hZmm-g-kZ/-9m -m /gd FZkZ]/-] Bdm/d’ v-/g �MS�QDR Zm, H]dB2@d%
Ngwrp Pdup C: öz3czé3zz3: 3z3z%

bös[ �% Nk-_Z’drhCdk BZ<19: B% A9dg<: R% OZk9<Z’drhQ2-y: Zm, R% OZr]9k-% CZ’j <Z//d’h
md2/’-m9 -m/d’Z]/-9mr /g’924g /gd kdmr 9= /gd-’ ]9r<9k94-]Zk -<1k-]Z/-9mr% Ngwrp Pdup C:
nsczsfiztn: 3zöé%

böé[ B%�% �’4udkkdr: �% C-Zy: �% Jgd-’Zm,-rg: �% Nk-_Z’drhCdkhBZ<19: H% RZ=Z: Zm, �%B%
U-m]dm/% CZ’j LZ//d’ �mm-g-kZ/-9m /9 Md2/’-m9r% Pdup Lncp Ngwr: n3cztfizzs: 3z3ö%

bön[ B%�% �’4udkkdr: �% Jgd-’Zm,-rg: Zm, �%B% U-m]dm/% H<Z4-m4 4ZkZ]/-] ,Z’j <Z//d’ v-/g
g-4ghdmd’4x ]9r<-] md2/’-m9r% Ngwrp Pdup Jdssp: öönc3zöézö: 3zös%
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b3z[ M%E% Adkk: L%I% C9kZm: Zm, R% Q9@kdr% RdZ’]g-m4 =9’ r2@hFdU CZ’j LZ//d’ -m /gd FZkZ]/-]
Bdm/’d 2r-m4 Gx1d’hJZ<-9jZm,d% IB�N: znczön: 3z3z%

b3ö[ ITMN B9kkZ@9’Z/-9m: E% O% �m: d/ Zk% Md2/’-m9 Ogxr-]r v-/g ITMN% Ip Ngwrp E:
fltcztzflzö: 3zö7%

b33[ ITMN B9kkZ@9’Z/-9m: �% �@2rkd<d: d/ Zk% ITMN 1gxr-]r Zm, ,d/d]/9’% N.nfp NX.sp Mtbip:
ö3tcöztn3s: 3z3ö%

b3t[ R% OZk9<Z’drhQ2-y Zm, R% OZr]9k-% Sdr/-m4 LdU ,Z’j <Z//d’ v-/g md2/’-m9 ,d/d]/9’r%
Ngwrp Pdup C: sscz3fiz3fi: 3zzé%

b3fl[ ITMN B9kkZ@9’Z/-9m: �% �@2rkd<d: d/ Zk% ITMN rdmr-/-_-/x /9 k9v dmd’4x Z/<9r1gd’-]
md2/’-m9 r1d]/’Z% Dt.p Ngwrp Ip B: éöcöz: 3z3ö%

b3fi[ ITMN B9kkZ@9’Z/-9m: �% �@2rkd<d: d/ Zk% BZk-@’Z/-9m r/’Z/d4x 9= /gd ITMN dw1d’-<dm/%
IGDN: ztczzfl: 3z3ö%

b37[ ITMN B9kkZ@9’Z/-9m: �% �@2rkd<d: d/ Zk% Sgd ITMN dw1d’-<dm/ S91 S’Z]jd’% X.Shu:
3tzt%zfiös3: 3z3t%

b3s[ NODQ� B9kkZ@9’Z/-9m: M% �4Z=9m9_Z: d/ Zk% D_-,dm]d =9’ µµ → µτ Z11dZ’Zm]d -m /gd
BMFR md2/’-m9 @dZ< v-/g /gd NODQ� dw1d’-<dm/% Ngwrp Pdup C: énczfiööz3: 3z3t%

b3é[ S% �,Z< d/ Zk% Sgd NODQ� dw1d’-<dm/ /Z’4d/ /’Z]jd’% Mtbip Hmrs.tlp Ldsgncr �:
fisscfi3t: 3zzs%

b3n[ I%E% MZ_Z’’9: B%R% E’dmj: Zm, R%C%L% Vg-/d% Sgd R/’2]/2’d 9= ]9k, ,Z’j <Z//d’ gZk9r%
�rs.nogwrp Ip: fl73cfi7t: önn7%

btz[ �%U% J’Z_/r9_: �%�% Jkx1-m: I%R% A2kk9]j: Zm, I%Q% O’-<Z]j% Sgd B9’dr 9= ,Z’j <Z//d’h
,9<-mZ/d, 4ZkZw-dr% �rs.nogwrp Ip: fiz3cflé: önné%

btö[ A% L99’d: S% P2-mm: E% F9_d’mZ/9: I% R/Z,dk: Zm, F% KZjd% B9k, ]9kkZ1rd Zm, /gd ]9’d
]Z/Zr/’91gd% Lnmp Mnsp Pp �rs.nmp Rnbp: tözcööfls: önnn%

bt3[ �% R/’2<-Z Zm, E% U-rrZm-% O’d]-rd +2Zr-dkZr/-] md2/’-m96m2]kd9m ]’9rr rd]/-9m% Ngwrp
Jdssp A: fi7flcfl3: 3zzt%

btt[ O% U94dk Zm, I% E% AdZ]9<% �m42kZ’ ,-r/’-@2/-9m 9= md2/’9m -m_d’rd @d/Z ,d]Zx: µ̄a · 1
→ c) · m% Ngwrp Pdup C: 7zczfitzzt: önnn%

btfl[ S% �% L2dkkd’ d/ Zk% H<1’9_d, O’d,-]/-9mr 9= QdZ]/9’ �m/-md2/’-m9 R1d]/’Z% Ngwrp Pdup
B: étczfifl7öfi: 3zöö%

btfi[ O% G2@d’% Nm /gd ,d/d’<-mZ/-9m 9= Zm/-hmd2/’-m9 r1d]/’Z =’9< m2]kdZ’ ’dZ]/9’r% Ngwrp
Pdup B: éflcz3fl7ös: 3zöö%

bt7[ R% �m,9 Zm, J% RZ/9% Qdk-] md2/’-m9 @Z]j4’92m, =’9< ]9r<9k94-]Zk r21d’m9_Zd% Mdv Ip
Ngwr: 7cösn: 3zzfl%

bts[ R% G9’-2]g-: I% E% AdZ]9<: Zm, D% Cvdj% Sgd C-f2rd R21d’m9_Z Md2/’-m9 AZ]j4’92m,
-r ,d/d]/Z@kd -m R21d’hJZ<-9jZm,d% Ngwrp Pdup C: snczétzöt: 3zzn%
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bté[ �% O’-xZ Zm, B% K2mZ’,-m-% C-f2rd md2/’-m9r =’9< k2<-m92r Zm, ,Z’j r21d’m9_Zdc
1’9r1d]/r =9’ 21]9<-m4 ,d/d]/9’r Z/ /gd Npöz( j/ r]Zkd% IB�N: ööcztö: 3zös%

btn[ Sgd R21d’hJZ<-9jZm,d B9kkZ@9’Z/-9m: J% �@d: d/ Zk% C-f2rd r21d’m9_Z md2/’-m9 @Z]jh
4’92m, rdZ’]g Z/ R21d’hJZ<-9jZm,d% Ngwrp Pdup C: özflcö33zz3: 3z3ö%

bflz[ L% G9m,Z: L% RZiiZ, �/gZ’: S% JZi-/Z: J% JZrZgZ’Z: Zm, R% L-,9’-jZvZ% �/<9r1gd’-]
md2/’-m9 52w ]Zk]2kZ/-9m 2r-m4 /gd MQKLRHRDhzz Z/<9r1gd’-] <9,dk% Ngwrp Pdup C:
n3cz3tzzfl: 3zöfi%

bflö[ F% AZ//-r/9m- d/ Zk% N_d’_-dv 9= /gd EKTJ� ]9,d% �mmXir Mtbip Dmd.fw: é3cöz: 3zöfi%

bfl3[ B%�m,’d9192k9r d/ Zk% Sgd FDMHD Md2/’-m9 LB Fdmd’Z/9’% Mtbip Hmrs.tlp Ldsgp �:
ésc7öfl: 3zöz%

bflt[ S% X9rg-,Z d/ Zk% Md2/’-m9hM2]kd2r QdZ]/-9m B’9rr Rd]/-9mr =9’ K-4g/ Dkd<dm/ Rxm/gdr-r
-m R21d’m9_Z Dw1k9r-9mr% �rs.nogwrp Ip: 7é7cflflé: 3zzé%

bflfl[ JZ<K�MC B9kkZ@9’Z/-9m: R% �@d: d/ Zk% O’9,2]/-9m 9= QZ,-9Z]/-_d Hr9/91dr /g’924g
B9r<-] L29m R1ZkkZ/-9m -m JZ<K�MC% �rs.nogwrp Ip: éöcz3fiézs: 3zöz%

bflfi[ A9’dw-m9 B9kkZ@9’Z/-9m: F% Adkk-m-: d/ Zk% B9r<94dm-] AZ]j4’92m,r -m A9’dw-m9 Z/ tézz<
vZ/d’hd+2-_Zkdm/ ,d1/g% IB�N: zflncötzé: 3zöt%

bfl7[ I% Bgdm4: X%hE% K-: G%hP% K2: Zm, K%hI% Vdm% Md2/’Zkh]2’’dm/ @Z]j4’92m, -m,2]d, @x
Z/<9r1gd’-] md2/’-m9r Z/ kZ’4d k-+2-,hr]-m/-kkZ/9’ ,d/d]/9’r% H% L9,dk 1’d,-]/-9mr% Ngwrp
Pdup C: öztczfitzzö: 3z3ö%

bfls[ R% Cx/<Zm% E-mZk r/Z/d -m/d’Z]/-9mr -m md2/’-m98m2]kd2r dw1d’-<dm/r% �bsX Ngwrp Nnip
A: flzc3flflfi: 3zzn%

bflé[ �% J9m-m4: R% G-kZ-’d: Zm, L% C2-i_dr/-im% S�KXRc B9<1’dgdmr-_d M2]kdZ’ QdZ]/-9m
L9,dk-m4% �HN Bnmep N.nb: s7ncööfifl: 3zzfi%

bfln[ X% �% JZ<xrgj9_ Zm, D% J9k@d% R-4mZ/2’dr 9= m2]kd9m ,-rZ11dZ’Zm]d -m kZ’4d 2m,d’h
4’92m, ,d/d]/9’r% Ngwrp Pdup C: 7sczs7zzs: 3zzt%

bfiz[ M% �2d’@Z]g: M% UZm F-Z-: Zm, N% U9’9_% Md2/’-m9 r]Z//d’-m4 =’9< Bhö3 Zm, Nhö7% Ngwrp
Pdup B: fi7c3t7é: önns%

bfiö[ D% J9k@d: J% KZm4Zmjd: Zm, O% U94d% VdZj ’dZ]/-9mr 9m Bhö3 v-/g-m /gd ]9m/-m22<
’Zm,9< 1gZrd Z11’9w-<Z/-9m v-/g 1Z’/-Zk 9]]21Zm]-dr% Mtbip Ngwrp �: 7fi3cnö: önnn%

bfi3[ I% Bgdm4: X%hE% K-: G%hP% K2: Zm, K%hI% Vdm% Md2/’Zkh]2’’dm/ @Z]j4’92m, -m,2]d, @x
Z/<9r1gd’-] md2/’-m9r Z/ kZ’4d k-+2-,hr]-m/-kkZ/9’ ,d/d]/9’r% HH% Ld/g9,9k94x =9’ -m r-/2
<dZr2’d<dm/r% Ngwrp Pdup C: öztczfitzz3: 3z3ö%

bfit[ Q% L9kkdm@d’4 d/ Zk% Cd/d]/-m4 /gd C-f2rd R21d’m9_Z Md2/’-m9 AZ]j4’92m, v-/g KDM�%
Ngwrp Pdup C: nöczt3zzfi: 3zöfi%

bfifl[ �% G9]jd’ d/ Zk% SLU� h S99kj-/ =9’ L2k/-_Z’-Z/d CZ/Z �mZkxr-r% �.Shu: zsztztn: 3zzn%

bfifi[ E% Od,’d49rZ d/ Zk% R]-j-/hkdZ’mc LZ]g-md kdZ’m-m4 -m 1x/g9m% Ip LXbghmd JdX.mhmf Pdr:
ö3c3é3fi: 3zöö%
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bfi7[ ITMN B9kkZ@9’Z/-9m: �% �@2rkd<d: d/ Zk% O’9r1d]/r =9’ ,d/d]/-m4 /gd ,-f2rd r21d’m9_Z
md2/’-m9 @Z]j4’92m, v-/g ITMN% IB�N: özcztt: 3z33%

bfis[ �% BZk,vdkk Zm, J% J’óm-m4d’% R-4mZk ,-r]9_d’x -m r1Z’rd r1d]/’Zc � AZxdr-Zm ZmZkxr-r%
Ngwrp Pdup C: sflczn3zzt: 3zz7%

bfié[ C% E9’d<ZmhLZ]jdx: C%V% G944: C% KZm4: Zm, I% F99,<Zm% d<]ddc Sgd LBLB GZ<h
<d’% Ntaip �rs.nmp Rnbp NXbp: ö3fictz7: 3zöt%

bfin[ I% F99,<Zm Zm, I% VdZ’d% Dmrd<@kd rZ<1kd’r v-/g Zmd -m_Z’-Zm]d% Bnlltmp �ooip
LXsgp Bnlotsp Rbhp: fipö(c7fi: 3zöz%
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