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GZ fhghdjbklZeebq_kdbo h[jZapZo &G6Q$V� bkke_^h\Zgu m^_evgh_ we_dljhkhijhlb\e_gb_ b dhwn�

nbpb_gl OheeZ ijb ]b^jhklZlbq_kdhf ^Z\e_gbb ^h � *3D� Baf_j_gby ijh\_^_gu ijb ih^t_f_ b

k[jhk_ ^Z\e_gby \ h[eZklb dhfgZlguo l_fi_jZlmj gZ h[jZapZo ^\mo lbih\� e_]bjh\Zgguo f_^vx b

ki_pbZevgh g_e_]bjh\Zgguo� IjhZgZebabjh\ZgZ ^bgZfbdZ baf_g_gby we_dljhkhijhlb\e_gby b dh�

wnnbpb_glZ OheeZ k ih\ur_gb_f ^Z\e_gby� Ijb 3  ��� *3D h[gZjm`_g g_h[jZlbfuc nZah\uc

i_j_oh^� khijh\h`^Zxsbcky jZaeh`_gb_f \_s_kl\Z� Ih fh^_eb ]_l_jhnZagZy kljmdlmjZ−
wnn_dlb\gZy kj_^Z jZkkqblZgh baf_g_gb_ nZah\h]h khklZ\Z k jhklhf ^Z\e_gby \ h[eZklb nZah\h]h

i_j_oh^Z�
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7KH FRHIILFLHQWV RI LQWHUDWRPLF SRWHQWLDO RI VLPSOH IRUP ([S�� IRU QHRQ DUH REWDLQHG� 5HSXOVLYH SDUW LV

FDOFXODWHG DE�LQLWLR LQ WKH +DUWUHH�)RFN DSSUR[LPDWLRQ XVLQJ WKH EDVLV RI DWRPLF RUELWDOV RUWKRJRQDOL]HG

H[DFWO\ RQ GLIIHUHQW ODWWLFH VLWHV� $WWUDFWLYH SDUW LV GHWHUPLQHG HPSLULFDOO\ XVLQJ VLQJOH ILWWLQJ SDUDPHWHU�

7KH SRWHQWLDO REWDLQHG GHVFULEHV ZHOO WKH HTXDWLRQ RI VWDWH DQG HODVWLF PRGXOL RI QHRQ FU\VWDO LQ D ZLGH

UDQJH RI LQWHUDWRPLF GLVWDQFHV DQG LW LV DSSURSULDWH IRU PROHFXODU G\QDPLF VLPXODWLRQV RI KLJK�WHPSHUDWXUH

SURSHUWLHV DQG SKHQRPHQD LQ FU\VWDOV DQG OLTXLGV�
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< S�&G7H gZ [Zjbq_kdbo aZ\bkbfhklyo we_dljhkhijhlb\e_gby \ h[eZklb ^Z\e_gbc J  �−� *3D ijb
ih\ur_gbb ^Z\e_gby gZ[ex^Zebkv ^\Z q_ldbo nZah\uo i_j_oh^Z ijb agZq_gbyo ��� b ��� *3D� pbg�

dh\Zy h[fZgdZ−dbgh\Zjv� dbgh\Zjv±gZljbc oehj� Ijb k[jhk_ ^Z\e_gby m^Zehkv aZnbdkbjh\Zlv

lhevdh h^bg nZah\uc i_j_oh^ ijb 3  � *3D� GZ hkgh\_ kh[kl\_gguo wdki_jbf_glZevguo ^Zgguo b

l_hjbb nhjfbjh\Zgby ]_l_jhnZaguo kljmdlmj ijb \ukhdhf ^Z\e_gbb hij_^_e_gu g_dhlhju_ oZ�

jZdl_jbklbq_kdb_ lhqdb b iZjZf_lju nZah\h]h i_j_oh^Z� Kh]eZkgh fh^_eb ]_l_jhnZagZy kljmdlm�

jZ±wnn_dlb\gZy kj_^Z jZkkqblZgZ ^bgZfbdZ baf_g_gby bkoh^ghc nZau , hl ^Z\e_gby \ h[eZklb

nZah\h]h i_j_oh^Z�
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Bkke_^h\Zgh ih\_^_gb_ f_^b ijb h[jZ[hld_ jZ\ghdZgZevguf m]eh\uf ij_kkh\Zgb_f �JDMI� k

^jh[guf j_`bfhf ^_nhjfZpbb� IhdZaZgZ \hafh`ghklv nhjfbjh\Zgby \ f_^b km[fbdjhdjbklZe�

ebq_kdh]h �KFD� khklhygby�

3$&6� ������´]

%�%� &¢R�®SR��� ;��� &D����DSHH��� (��� &R§ ��R�D��

��(� �H��H�«���HS�� ��%� 2S�R��� &��� &ª �R��� $��� 3H§H¢R��

%���+�( .20��+�32%$++2� 2�3$�27.� �$%�(+�(0
+$ &73�.7�3� � &%2�&7%$ 7�7$+$ %7���

�� F¢�¢£¢ ¤����� ¡HSF¡H�¢�� ª[ �D¢HS�D�R�� �¤��F��� �RF£�DSF¢�H  ª�

D��D¥�R  ª� ¢H[ �¦HF��� £ ��HSF�¢H¢

3RFF�®� ������� �� �¤D� £�� .� 0DS�FD� ��

��R H¥��� ¤����R�¢H[ �¦HF��� � F¢�¢£¢ ��� $�$� �D��� D +$+ ��SD� ª

��SD� D� ������ �� �R H¥�� £�� 3� ��FH��£S�� ��

��R H¥���  D¥�R D�« ª� ¢H[ �¦HF��� £ ��HSF�¢H¢

��SD� D� ������ �� �R H¥�� £�� $S¢H�D� ��

Ijb\_^_gu j_amevlZlu wdki_jbf_glZevguo bkke_^h\Zgbc \ebygby dhf[bgbjh\Zgghc h[jZ[hldb

^Z\e_gb_f gZ kljmdlmjm b k\hckl\Z lblZgZ <L���� GZ i_j\hc klZ^bb h[jZ[hldb h[jZapu ih^\_j]Z�

ebkv \bglh\hfm ij_kkh\Zgbx �<I�� ihke_ q_]h ijhba\h^beZkv ijhdZldZ l_fie_lh\� \uj_aZgguo ba

wlbo h[jZaph\� IhdZaZgh� qlh ijhdZldZ ihke_ <I agZqbl_evgh m\_ebqb\Z_l ijhqghklgu_ oZjZdl_�

jbklbdb \ ijh^hevghf gZijZ\e_gbb� ijb[eb`Zy d agZq_gbyf \ ihi_j_qghf gZijZ\e_gbb� Z ieZ�

klbqghklv ^Z`_ ij_\urZ_l bkoh^gmx \_ebqbgm� Ijb wlhf Zgbahljhiby f_oZgbq_kdbo k\hckl\ \

aZ\bkbfhklb hl gZijZ\e_gby mf_gvrZ_lky ih kjZ\g_gbx k khklhygb_f ^h ijhdZldb� qlh ]h\hjbl h

i_jki_dlb\ghklb \u[jZgghc dhf[bgZpbb ^_nhjfZpbhgghc h[jZ[hldb�
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Bkke_^h\Zgh \ebygb_ jZaebqghc l_jfhf_oZgbq_kdhc h[jZ[hldb lblZgh\h]h kieZ\Z <L�� gZ l_fi_�

jZlmjgu_ aZ\bkbfhklb \gmlj_gg_]h lj_gby �<L� \ h[eZklb l_fi_jZlmj ��−��� D� < bgl_j\Ze_ ���−
��� . h[gZjm`_g ibd <L� ihy\e_gb_ dhlhjh]h k\yau\Z_lky k kms_kl\h\Zgb_f gbadhl_fi_jZlmjgh]h

fZjl_gkblgh]h i_j_oh^Z� Bkke_^h\Zgh \ebygb_ l_fi_jZlmju hl`b]Z� h^ghhkghc ^_nhjfZpbb b

]b^jhwdkljmabb gZ iheh`_gb_ ibdZ�
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Bkke_^m_lky jZks_ie_gb_ wg_j]_lbq_kdbo mjh\g_c h^gh]h G�we_dljhgZ \ djbklZeebq_kdhf ihe_

^_nhjfbjh\Zggh]h hdlZw^jbq_kdh]h dhfie_dkZ� y\eyxs_]hky hkgh\ghc khklZ\ghc qZklvx keh`ghc

fhe_dmeyjghc kbkl_fu� Keh`gh_ fhe_dmeyjgh_ kh_^bg_gb_ ljZdlm_lky dZd mijm]bc dhglbgmmf�

kh^_j`Zsbc \djZie_ggu_ \ g_]h hdlZw^jbq_kdb_ dhfie_dku� Bkihevam_lky f_lh^ ihke_^h\Zl_ev�

ghc ^_nhjfZpbb bkoh^ghc ijhkljZgkl\_gghc dhgnb]mjZpbb� BkdZ`_gby hdlZw^jZ hibku\Zxlky

l_gahjZfb [_kdhg_qgh fZeuo ^_nhjfZpbc� h[mkeh\e_gguo \gmlj_gg_c ^_nhjfZpb_c dhfie_dkZ

�wnn_dl YgZ−L_ee_jZ� b mijm]bf \ha^_ckl\b_f gZ hdlZw^j hdjm`Zxs_c kj_^u� IhdZaZgh� qlh dhg�

dmj_glgh_ \ebygb_ \gmlj_gg_c b \g_rg_c ^_nhjfZpbc fh`_l ijb\h^blv d g_ljb\bZevghfm ih\_�

^_gbx jZks_ie_gby mjh\g_c wg_j]bb� WdkljZiheypby \u\h^h\ fh^_eb gZ [hevr__ qbkeh G�

we_dljhgh\ dhhj^bgbjh\Zggh]h bhgZ iha\hey_l ij_^iheh`blv \hafh`ghklv �ijb hij_^_e_gguo

mkeh\byo� ih\ur_gby \_jhylghklb \ukhdhkibgh\uo khklhygbc �\ fhe_dmeyjguo kbkl_fZo� kh^_j�

`Zsbo bg^mpbjm_fu_ l_fi_jZlmjhc \ukhdhkibgh\u_ dhfie_dku i_j_oh^guo f_lZeeh\� ih^ \eby�

gb_f \g_rg_]h ^Z\e_gby�
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Bkihevah\Zg f_lh^ j_gl]_gh\kdhc ^bnjZdpbb \ klZg^Zjlghc ]_hf_ljbb <mevnZ−;jw]]Z ^ey bkke_�
^h\Zgby iehlghklb ^_n_dlh\ \ ijbih\_joghklguo kehyo ^_nhjfbjh\Zgguo fhghdjbklZeeh\ ]_j�

fZgby b dj_fgby� Bkke_^h\Zgby ih\_joghklb j_gl]_gh\kdbo fZdkbfmfh\ \ kbkl_f_ ih^\b`gh]h

h[jZapZ b g_ih^\b`gh]h ^_l_dlhjZ ihdZaZeb� qlh jZkij_^_e_gby bgl_gkb\ghkl_c imqdh\� hljZ`_g�

guo hl ih\_joghkl_c ^_nhjfbjh\Zgguo b g_^_nhjfbjh\Zgguo djbklZeeh\� hlebqZxlky� Ih \b^m

djb\uo jZkij_^_e_gby bgl_gkb\ghkl_c \ fZdkbfmf_ j_gl]_gh\kdbo j_ne_dkh\ wlZehggh]h b bkke_�

^m_fh]h h[jZaph\ fh`gh ^Zlv dZq_kl\_ggmx hp_gdm m\_ebq_gby iehlghklb ^_n_dlh\�
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F_lh^hf iZd_lghc ]b^jhwdkljmabb ihemq_gu \hehdgbklu_ fZl_jbZeu �<F�� f_^v \hehdgbklh]h

kljh_gby �F<K� b \hehdgbkluc dhfihabpbhgguc fZl_jbZe �<DF� &X−1E7L k gZghjZaf_jgufb

\hehdgZfb� MklZgh\e_gu aZdhghf_jghklb mijhqg_gby <F� b ^hklb]gmlu k\_jo\ukhdb_ agZq_gby

ijhqghklb� < h[eZklb gZghjZaf_jh\ \hehdhg ihke_ l_jfbq_kdbo \ha^_ckl\bc h[gZjm`_g g_ljb\b�

Zevguc oZjZdl_j ijhp_kkh\ \ha\jZlZ k\hckl\� j_djbklZeebaZpbb b ^bnnmabhggh]h \aZbfh^_ckl\by

dhfihg_glh\ <DF�
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Bkke_^h\Zgh \ebygb_ ^_nhjfZpbb \hehq_gb_f ijb jZaebqguo [Zjhl_jfbq_kdbo mkeh\byo gZ l\_j�

^hnZagmx hjb_glZpbx dhfihabpbhgguo gbl_c k mevljZlhgdbfb ihebijhibe_gh\ufb �II� \hehd�

gZfb� MklZgh\e_gZ \aZbfhk\yav kljmdlmjgh]h khklhygby� f_oZgbq_kdbo k\hckl\ b iZjZf_ljh\ l_j�

fhmkZ^db k mkeh\byfb h[jZ[hldb�
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Bkke_^h\Zgu ljb l_ogheh]bq_kdb_ ko_fu bgl_gkb\ghc ieZklbq_kdhc ^_nhjfZpbb �BI>�� hkZ^dZ k

djmq_gb_f� hkZ^dZ−ijhly`dZ b hkZ^dZ−ijhly`dZ \ khq_lZgbb k ij_kkh\Zgb_f� HibkZgu kljmdlmju

b k\hckl\Z h[jZaph\ ba fheb[^_gZ b \hevnjZfZ� h[jZ[hlZgguo ih wlbf ko_fZf� IhdZaZgh� qlh \

bkke_^h\Zgguo h[jZapZo \ j_amevlZl_ BI> ih jZaguf ko_fZf nhjfbjmxlky gZghdjbklZeebq_kdb_

�GD� kljmdlmju�
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JZajZ[hlZg ^_nhjfbjmxsbc [ehd� iha\heyxsbc hkms_kl\eylv ijhp_kk k^\b]h\hc ^_nhjfZpbb \

^jh[ghf j_`bf_� Bkke_^h\Zgu _]h l_ogheh]bq_kdb_ \hafh`ghklb�
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JZkkfhlj_gu hkh[_gghklb b wnn_dlb\ghklv Z[jZab\ghc h[jZ[hldb k bkihevah\Zgb_f fZ]gblgh]h

ihey b l_ogheh]bq_kdb_ f_lh^u ihemq_gby dhfihabpbhgguo fZ]gblgh�Z[jZab\guo ihjhrdh\ k

jZaebqguf obfbq_kdbf b nZah\uf khklZ\hf� kljmdlmjhc b nhjfhc� IhdZaZgZ p_e_khh[jZaghklv

bkihevah\Zgby dZj[b^h\ i_j_oh^guo f_lZeeh\ \ dZq_kl\_ Z[jZab\ghc dhfihg_glu fZ]gblgh�

Z[jZab\guo ihjhrdh\ �F:I��

��. �������
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>hke�^`m\Zeb \ieb\ ^_nhjfm\Zggy ]�^jh_dkljma�}x� ih\_jog_\h� ieZafh\h� h[jh[db lZ j�agbo

\b^�\ l_jf�qgh� h[jh[db gZ kljmdlmjm � \eZklb\hkl� ^_ydbo r\b^dhj�aZevgbo klZe_c� <klZgh\e_gh�

sh ]�^jh_dkljma�y } _n_dlb\gbf aZkh[hf i�^\b�s_ggy \eZklb\hkl_c ihjhrdh\bo r\b^dhj�aZevgbo

klZe_c� IeZafh\_ ih\_jog_\_ af�pg_ggy fh`_ klZlb ^h^Zldh\bf kihkh[hf ihdjZs_ggy _dkiemZ�

lZp�cgbo \eZklb\hkl_c �gkljmf_glZ�

3$&6� ������)H� �������I

%��� �£FR�
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JZkkfhlj_g Zdmklbq_kdbc f_lh^ h[jZlgh]h jZkk_ygby �ko_fZ ijha\mqb\Zgby� Ze]hjblfu h[jZ[hldb

hkpbeeh]jZff ijbgylh]h kb]gZeZ�� ij_^eh`_gh _]h ijZdlbq_kdh_ bkihevah\Zgb_� DjZldh hibkZgu

ljb \hafh`guo gZijZ\e_gby ijbf_g_gby ^Zggh]h f_lh^Z dhgljhey h[jZaph\ b ba^_ebc \ mkeh\byo

wdkiemZlZpbb ih^ gZ]jmadhc�
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SROMDNRY#PDLO�IWL�DF�GRQHWVN�XD

Ijh\_^_g ZgZeba dhjj_eypbb we_dljhijh\h^ghklb b n_jjhfZ]g_lbafZ \ iheb� b fhghdjbklZeebq_�

kdbo fZg]ZgblZo� \u^_e_gu djblbq_kdb_ ebgbb b lhqdb� < baf_g_gbyo kljmdlmjgh]h nZah\h]h i_�

j_oh^Z �NI� b k\hckl\ ih^ \ebygb_f J b G \uy\e_gZ jhev l_jfh� b fZ]gblhmijm]hc Zgbahljhibc�

Hij_^_e_gh agZq_gb_ mijm]hZgbahljhiguo ^_nhjfbjmxsbo �M:>� gZijy`_gbc \ baf_g_gbyo

kljmdlmjgh]h NI b k\hckl\ ^h b ihke_ g_]h ijb kf_g_ ijbhjbl_lh\ \ebygby G b L�
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(�9� =DURFKHQWVHY� (�3� 7URLWVND\D� 9�9� &KDEDQHQNR

7+( /$77,&( 3523(57,(6 2) ,1(57�*$6 &5<67$/6

81'(5 +,*+ 35(6685(6 $1' 7(03(5$785(6

$ UHYLHZ DQG DQ DQDO\VLV RI RXU FDOFXODWLRQV RI WKH ODWWLFH SURSHUWLHV IRU PRQDWRPLF FU\VWDOV RI 1H�

$U� .U� ;H DUH JLYHQ� $W WKH DQDO\VLV RI WKH PRVW DFFXUDWH DW SUHVHQW H[SHULPHQW RQ PHDVXULQJ WKH

HODVWLF PRGXOL IRU .U XQGHU SUHVVXUH� WKH &DXFK\ FRQGLWLRQ ZDV IRXQG WR EH VDWLVILHG� 7KXV� LW KDV

EHHQ SURYHG WKDW WKH LQWHUDWRPLF LQWHUDFWLRQ� EHLQJ WKH EDVLV IRU DQ RYHUZKHOPLQJ PDMRULW\ RI WKH

PRGHO LQWHUDWRPLF SRWHQWLDOV� LV RI FHQWUDO FKDUDFWHU� 7KH PHQWLRQHG FRQGLWLRQ LV D JRRG WHVW IRU

FKHFNLQJ WKH PHDVXUHPHQWV RI WKH HODVWLF PRGXOL IRU DFFXUDF\�

3$&6� ������/S� ������−J� ������(\� ������&E

*�(� *UHFKQHY� 5� $KXMD� 2� (ULNVVRQ

0$*1(7,& 686&(37,%,/,7< 2) +&3 ,521

$1' 6(,60,& $1,627523< 2) 7+( ($57+′6 &25(

7KH VHLVPLF DQLVRWURS\ RI WKH (DUWK ZDV SURSRVHG WR EH GXH WR D SUHIHUUHG RULHQWDWLRQ RI +&3 LURQ FU\VWDOV
WKDW FRQVWLWXWHV WKH GRPLQDWLQJ HOHPHQW LQ WKH FRUH� 7KH VXJJHVWHG PHFKDQLVP LQYROYHV WKH DQLVRWURS\ RI
WKH PDJQHWLF VXVFHSWLELOLW\ χ RI +&3 LURQ� DQG LW LV DUJXHG WKDW LI χ LV VXIILFLHQWO\ DQLVRWURSLF� D SUHIHUHQ�
WLDO RULHQWDWLRQ RI WKH +&3 FU\VWDOV PD\ RFFXU� :H KDYH FDOFXODWHG DE LQLWLR χ DQG WKH DQLVRWURS\ HQHUJ\
RI +&3 LURQ IRU SUHVVXUHV DQG WHPSHUDWXUHV FRUUHVSRQGLQJ WR WKH (DUWK
V LQQHU FRUH FRQGLWLRQV� 2XU FDO�
FXODWLRQV GHPRQVWUDWH WKDW χ LV VPDOOHU ZKHQ WKH ILHOG LV DORQJ WKH F�D[LV RI +&3 LURQ� +HQFH� D WRURLGDO
PDJQHWLF ILHOG LV VKRZQ WR RULHQW +&3 )H ZLWK F�D[LV DORQJ WKH QRUWK±VRXWK GLUHFWLRQ� DQG FRPELQHG ZLWK
WKH GDWD RQ HODVWLF FRQVWDQWV WKLV H[SODLQV WKH VHLVPLF DQLVRWURS\�

3$&6� �������S

9�*� %XW′NR� 9�$� 9RORVKLQ� $�$� *XVHY

21 $ 3266,%/( &+$1*( ,1 5$5(�($57+ ,21 9$/(1&<

81'(5 +,*+ 35(6685(

,W LV DVVXPHG WKDW WKH YDOHQF\ FDQ EH FKDQJHG XQGHU KLJK SUHVVXUH ZLWK QR FKDQJHV LQ VWRLFLRPHWULF

UHODWLRQV� 7R FKHFN WKH K\SRWKHVLV� D FDOFXODWLRQ KDV EHHQ SHUIRUPHG RI WKH HOHFWURQ GHQVLW\ �('� GLV�

WULEXWLRQ IRU 3U2� FU\VWDO DW GLIIHUHQW SUHVVXUHV DQG RI WKH DYHUDJH LRQLF FKDUJHV� &RPSDULVRQ RI WKH

REWDLQHG GDWD ZLWK WKH HOHFWURQLF VWUXFWXUH RI 3U DQG 2 LRQV VKRZV WKDW WKH SUDVHRG\PLXP YDOHQF\

LQFUHDVHV WR ��� WKDW RI HDFK R[\JHQ LRQ − WR ����
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$�<X� 0ROODHY� 5�.� $UVODQRY� 0�,� 'DXQRY� /�$� 6D\SXODHYD

75$16)(5 3+(120(1$ $1' 3+$6( 75$16,7,216

,1 &G6Q$V� $7 +,*+ 35(6685(

+DOO FRHIILFLHQW DQG VSHFLILF HOHFWURUHVLVWDQFH KDYH EHHQ LQYHVWLJDWHG LQ PRQRFU\VWDOOLQH VDPSOHV RI

&G6Q$V� DW K\GURVWDWLF SUHVVXUH XS WR � *3D� 7KH PHDVXUHPHQWV KDYH EHHQ FDUULHG RXW RQ VDPSOHV RI

WZR W\SHV� GRSHG E\ FRSSHU DQG VSHFLDOO\ XQGRSHG RQHV DW LQFUHDVH DQG GHFUHDVH RI SUHVVXUH LQ WKH

URRP�WHPSHUDWXUH UDQJH� 7KH G\QDPLFV RI FKDQJHV LQ VSHFLILF HOHFWURUHVLVWDQFH DQG +DOO HIIHFW FKDQJH

ZLWK SUHVVXUH LQFUHDVH KDV EHHQ DQDO\]HG� ,UUHYHUVLEOH SKDVH WUDQVLWLRQ DFFRPSDQLHG E\ WKH GHFRPSR�

VLWLRQ RI WKH PDWHULDO KDV EHHQ UHYHDOHG DW 3  ��� *3D� 7KH FKDQJH RI SKDVH FRPSRVLWLRQ ZLWK SUHV�

VXUH LQFUHDVH LQ WKH UHJLRQ RI SKDVH WUDQVLWLRQ LV FDOFXODWHG E\ WKH KHWHURSKDVH VWUXFWXUH−HIIHFWLYH PH�
GLXP PRGHO�

3$&6� �������S

<X�9� (UHPHLFKHQNRYD� /�6� 0HWORY� $�)� 0RUR]RY

5($/,67,& ,17(5$720,& 327(17,$/ )25 0' 6,08/$7,216

7KH FRHIILFLHQWV RI LQWHUDWRPLF SRWHQWLDO RI VLPSOH IRUP ([S�� IRU QHRQ DUH REWDLQHG� 5HSXOVLYH SDUW LV

FDOFXODWHG DE�LQLWLR LQ WKH +DUWUHH�)RFN DSSUR[LPDWLRQ XVLQJ WKH EDVLV RI DWRPLF RUELWDOV RUWKRJRQDOL]HG

H[DFWO\ RQ GLIIHUHQW ODWWLFH VLWHV� $WWUDFWLYH SDUW LV GHWHUPLQHG HPSLULFDOO\ XVLQJ VLQJOH ILWWLQJ SDUDPHWHU�

7KH SRWHQWLDO REWDLQHG GHVFULEHV ZHOO WKH HTXDWLRQ RI VWDWH DQG HODVWLF PRGXOL RI QHRQ FU\VWDO LQ D ZLGH

UDQJH RI LQWHUDWRPLF GLVWDQFHV DQG LW LV DSSURSULDWH IRU PROHFXODU G\QDPLF VLPXODWLRQV RI KLJK�WHPSHUDWXUH

SURSHUWLHV DQG SKHQRPHQD LQ FU\VWDOV DQG OLTXLGV�

3$&6� ������−L

$�<X� 0ROODHY� /�$� 6D\SXODHYD� <X�0� ,YDQRY

&+$5$&7(5,67,& 32,176 $1' 3$5$0(7(56 2) 3+$6( 75$16,7,21

$7 +<'5267$7,& &2035(66,21 ,1 S�&G7H

7ZR FOHDU SKDVH WUDQVLWLRQV KDYH EHHQ REVHUYHG LQ S�&G7H RQ EDULF GHSHQGHQFHV RI HOHFWURUHVLVWDQFH

LQ WKH SUHVVXUH UDQJH 3  �−� *3D� D ]LQF�EOHQGH−FLQQDEDU WUDQVLWLRQ DQG D FLQQDEDU−URFN VDOW WUDQVL�

WLRQ DW ��� DQG ��� *3D� UHVSHFWLYHO\� 2QH SKDVH WUDQVLWLRQ ZDV RQO\ IL[HG ZKHQ GHFUHDVLQJ WKH SUHV�

VXUH GRZQ WR 3  � *3D� 6RPH FKDUDFWHULVWLF SRLQWV DQG SDUDPHWHUV RI SKDVH WUDQVLWLRQ DUH GHILQHG RQ

WKH EDVLV RI RXU RZQ H[SHULPHQWDO GDWD DQG WKH WKHRU\ RI KHWHURSKDVH VWUXFWXUHV IRUPDWLRQ DW KLJK

SUHVVXUH� ,Q DFFRUGDQFH ZLWK WKH KHWHURSKDVH VWUXFWXUH−HIIHFWLYH PHGLXP PRGHO WKH G\QDPLFV RI WKH

LQLWLDO SKDVH , YHUVXV SUHVVXUH LQ WKH UHJLRQ RI SKDVH WUDQVLWLRQ KDV EHHQ FDOFXODWHG�
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9�1� 9DU\XNKLQ� 1�,� 0DWURVRY� (�$� 0HGYHGVND\D�

/�)� 6HQQLNRYD� $�%� 'XJDGNR� $�9� 6SXVNDQ\XN

%(+$9,285 2) &233(5 81'(5 6+($5,1* 675$,1

,1 )5$&7,21$/ 02'(

7KH EHKDYLRXU RI FRSSHU XQGHU WKH HTXDO�FKDQQHO DQJXODU H[WUXVLRQ �(&$(� LQ WKH IUDFWLRQDO PRGH RI

VWUDLQLQJ KDV EHHQ LQYHVWLJDWHG� ,W LV VKRZQ WKDW LQ FRSSHU D VXEPLFURFU\VWDOOLQH �60&� VWDWH FDQ EH

IRUPHG�

3$&6� ������´]

9�9� 6WRO\DURY� .K�6K� 6DOLPJDUH\HY� (�3� 6RVKQLNRYD� <D�(� %H\JHO]LPHU� '�9� 2UORY�

6�*� 6\QNRY� $�<X� 5HVKHWRY

6758&785( $1' 3523(57,(6 2) 7,7$1,80 %7���

81'(5 &20%,1(' 3/$67,& :25.,1*

7KH UHVXOWV DUH JLYHQ RI H[SHULPHQWDO LQYHVWLJDWLRQV RI VWUXFWXUH DQG SURSHUWLHV RI WLWDQLXP %7��� XQ�

GHU FRPELQHG SODVWLF ZRUNLQJ� $W WKH ILUVW VWDJH� WKH VDPSOHV ZHUH VXEMHFWHG WR WZLVW H[WUXVLRQ �7(��

QH[W WKH WHPSODWHV FXW IURP WKH VDPH VDPSOHV ZHUH UROOHG� 7KH 7( IROORZHG E\ UROOLQJ LV VKRZQ WR

FRQVLGHUDEO\ LPSURYH WKH VWUHQJWK FKDUDFWHULVWLFV LQ ORQJLWXGLQDO GLUHFWLRQ PDNLQJ WKHP FORVHU WR YDO�

XHV LQ WUDQVYHUVH GLUHFWLRQ� ZKHUHDV WKH SODVWLFLW\ LV HYHQ KLJKHU WKDQ WKH LQLWLDO RQH� 0RUHRYHU� DQLVRW�

URS\ RI WKH PHFKDQLFDO SURSHUWLHV GHFUHDVHV� GHSHQGLQJ RQ WKH GLUHFWLRQ� DV FRPSDUHG WR WKH SUHUROOLQJ

VWDWH� WKXV VSHDNLQJ RI WKH FRPELQHG GHIRUPDWLRQDO WUHDWPHQW DV D SURVSHFWLYH RQH�

3$&6� �������L� ������'N

7�(� .RQVWDQWLQRYD� 7�$� 5\XPVKLQD� ,�.� 1RVROHY� 1�3� 3LOLSHQNR

,19(67,*$7,21 2) ,17(51$/ )5,&7,21 ,1 7,7$1,80 $//2< %7��

7KH LQIOXHQFH RI GLIIHUHQW WKHUPRPHFKDQLFDO WUHDWPHQW RI WLWDQLXP DOOR\ <L�� RQ WKH WHPSHUDWXUH GH�

SHQGHQFH RI LQWHUQDO IULFWLRQ �,)� LQ WKH UDQJH RI ORZ WHPSHUDWXUHV ��−
��� . ZDV LQYHVWLJDWHG� 7KH SHDN RI ,) ZDV UHYHDOHG DW ���−��� .� ,WV RFFXUUHQFH LV GXH WR ORZ�

WHPSHUDWXUH PDUWHQVLWLF WUDQVLWLRQ� ,QIOXHQFH RI DQQHDOLQJ WHPSHUDWXUH� XQLD[LDO VWUDLQ DQG K\GURH[WUX�

VLRQ RQ WKH SHDN SRVLWLRQ ZDV LQYHVWLJDWHG�
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9�9� 6KHOHVW� $�9� .KULVWRY� *�*� /HYFKHQNR

())(&7 2) '()250$7,21 21 G�(/(&7521 67$7(6

2) 7+( &(175$/ ,21 ,1 2&7$+('5$/ &203/(;(6

2) 02/(&8/$5 &203281'6

6SOLWWLQJ RI G�HOHFWURQ HQHUJ\ OHYHOV LQ WKH FU\VWDOOLQH ILHOG RI GHIRUPHG RFWDKHGUDO FRPSOH[� WKDW LV WKH

EDVLF FRPSRQHQW RI D FRPSOH[ PROHFXODU V\VWHP� LV LQYHVWLJDWHG� &RPSOH[ PROHFXODU FRPSRXQG LV

WUHDWHG DV WKH HODVWLF FRQWLQXXP ZLWK WKH HPEHGGHG RFWDKHGUDO FRPSOH[HV� 7KH PHWKRG RI FRQVHFXWLYH

GHIRUPDWLRQ RI WKH LQLWLDO VSDWLDO FRQILJXUDWLRQ LV XVHG� 2FWDKHGURQ GLVWRUWLRQV DUH GHVFULEHG E\ WHQVRUV

RI LQILQLWHVLPDO VWUDLQ FDXVHG E\ LQWHUQDO GHIRUPDWLRQ RI WKH FRPSOH[ �WKH -DKQ�7HOOHU HIIHFW� DQG HQYL�

URQPHQWDO HODVWLF DFWLRQ RQ WKH RFWDKHGURQ� ,W LV VKRZQ WKDW WKH FRPSHWLQJ DFWLRQ RI LQWHUQDO DQG H[�

WHUQDO GHIRUPDWLRQ PD\ UHVXOW LQ QRQWULYLDO EHKDYLRXU RI WKH HQHUJ\�OHYHO VSOLWWLQJ� &RQFOXVLRQV RI WKH

PRGHO H[WUDSRODWHG WR D JUHDWHU QXPEHU RI G�HOHFWURQV RI WKH FRRUGLQDWHG LRQ DOORZ WR DVVXPH WKDW

XQGHU GHILQLWH FRQGLWLRQV WKH SUREDELOLW\ RI KLJK�VSLQ VWDWHV �LQ PROHFXODU V\VWHPV FRQWDLQLQJ WKH WHP�

SHUDWXUH LQGXFHG KLJK�VSLQ FRPSOH[HV RI WUDQVLWLRQ PHWDOV� FDQ EH KLJKHU XQGHU WKH LQIOXHQFH RI H[WHU�

QDO SUHVVXUH�

3$&6� ������'T� ������4E� ������$M� ������0M

6�*� 5DVVRORY� 9�,� 7NDWFK� 9�<X� .DPHQHYD� 9�9� 3RSRY

18&/($7,21 $1' *52:7+ 2) α�)H &5<67$/6

8321 /,1($5 +($7,1* 7+( )H��%�� $0253+286 $//2<

7KH SURFHVV RI IRUPDWLRQ RI WKH α�)H VROLG VROXWLRQ FU\VWDOV DW FRQVWDQW�UDWH KHDWLQJ WKH )H��%��

DPRUSKRXV DOOR\ KDV EHHQ VWXGLHG E\ PHDQV RI ;�UD\ GLIIUDFWRPHWU\� GLIIHUHQWLDO VFDQQLQJ FDORULPHWU\

�'6&� DQG UHVLVWDQFH PHDVXUHPHQWV� 7KH H[SHULPHQWDO GDWD KDYH EHHQ DQDO\]HG XVLQJ WKH SURSRVHG

DQDO\WLFDO PRGHO EDVHG RQ FRPELQDWLRQ RI .ROPRJRURY HTXDWLRQ DQG WKH UHODWLRQ GHVFULELQJ WKH GH�

SHQGHQFH RI WKH UDWH RI GLIIXVLRQ�FRQWUROOHG FU\VWDO JURZWK RQ WHPSHUDWXUH DQG KHDWLQJ UDWH� 7KH YDO�

XHV RI WKH PRGHO SDUDPHWHUV SURYLGLQJ D JRRG DJUHHPHQW EHWZHHQ WKH FDOFXODWHG DQG H[SHULPHQWDO

GDWD KDYH EHHQ HVWLPDWHG DQG WKH FRQGLWLRQV UHTXLUHG IRU QDQRFU\VWDOOLQH VWUXFWXUH IRUPDWLRQ LQ WKH

JODVV LQYHVWLJDWHG KDYH EHHQ SUHGLFWHG�

3$&6� �������N

2�,� 'DWVNR� 9�6� $EUDPRY

,1)/8(1&( 2) :($. 0$*1(7,& ),(/' 38/6(6

21 0,&523/$67,& '()250$7,21

$1' '()250$7,21 $*,1* 352&(66(6

7KH ORZ�IUHTXHQF\ LQWHUQDO IULFWLRQ PHWKRG KDV EHHQ XVHG WR LQYHVWLJDWH WKH LQIOXHQFH RI ZHDN PDJ�

QHWLF ILHOG SXOVHV RQ WKH FKDUDFWHU RI PLFURSODVWLF GHIRUPDWLRQ� DJLQJ SURFHVVHV LQ PDWHULDOV�
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;�UD\ GLIIUDFWLRQ PHWKRG LQ VWDQGDUG %UDJJ JHRPHWU\ ZDV XVHG WR LQYHVWLJDWH WKH GHQVLW\ RI GHIHFWV LQ

VXEVXUIDFH OD\HUV RI GHIRUPHG *H DQG 6L VLQJOH FU\VWDOV� ;�UD\ PD[LPD GLVWULEXWLRQ ZDV H[SORUHG LQ

WKH PRYDEOH VDPSOH DQG PRWLRQOHVV GHWHFWRU V\VWHP� ,W ZDV VKRZQ WKDW LQWHQVLW\ GLVWULEXWLRQV RI ;�UD\

EHDPV UHIOHFWHG IURP WKH VXUIDFHV RI GHIRUPHG DQG XQGHIRUPHG VDPSOHV ZHUH GLIIHUHQW� 4XDOLWDWLYH

HVWLPDWLRQ RI GHIHFWV GHQVLW\ LQ GHIRUPHG FU\VWDO FDQ EH PDGH E\ H[DPLQDWLRQ RI ;�UD\ UHIOH[HV

LQWHQVLW\ GLVWULEXWLRQV RQ GHIRUPHG DQG XQGHIRUPHG VDPSOHV�
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3DFNHW K\GURVWDWLF H[WUXVLRQ PHWKRG ZDV XVHG WR SURGXFH ILEHU PDWHULDOV �)0�� FRSSHU RI ILEURXV

VWUXFWXUH �&)6� DQG ILEURXV FRPSRVLWH PDWHULDO �)&0� &X−1E7L ZLWK ILEHUV RI QDQRVL]H� 5HJXODULWLHV

RI )0 VWUHQJWKHQLQJ KDYH EHHQ GHWHUPLQHG DQG VXSHUKLJK YDOXHV RI VWUHQJWK KDYH EHHQ DWWDLQHG� ,Q

QDQRGLPHQVLRQDO UHJLRQ� DIWHU WKHUPDO HIIHFWV� D QRQWULYLDO FKDUDFWHU RI VXFK SURFHVVHV DV WKH UHFRYHU\

RI SURSHUWLHV� UHFU\VWDOOL]DWLRQ DQG GLIIXVLRQDO LQWHUDFWLRQ RI )&0 FRPSRQHQWV KDV EHHQ UHYHDOHG�
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7KH LQIOXHQFH RI GUDZLQJ XQGHU GLIIHUHQW EDURPHWULF FRQGLWLRQV RQ VROLG�SKDVH RULHQWDWLRQ RI FRPSRV�

LWH ILODPHQWV ZLWK XOWUDWKLQ SRO\SURS\OHQH �33� ILEUHV KDV EHHQ LQYHVWLJDWHG� $ FRUUHODWLRQ EHWZHHQ WKH

VWUXFWXUDO VWDWH� PHFKDQLFDO SURSHUWLHV� SDUDPHWHUV RI WKHUPDO VKULQNDJH DQG FRQGLWLRQV RI SURFHVVLQJ

KDV EHHQ UHYHDOHG�
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7KUHH WHFKQRORJLFDO VFKHPHV RI VHYHUH SODVWLF GHIRUPDWLRQ �63'�� VXFK DV WRUVLRQDO XSVHWWLQJ� XSVHW�

WLQJ−EURDFKLQJ DQG XSVHWWLQJ�EURDFKLQJ FRPELQHG ZLWK H[WUXVLRQ KDYH EHHQ LQYHVWLJDWHG� 6WUXFWXUH DQG

SURSHUWLHV RI PRO\EGHQXP DQG WXQJVWHQ VSHFLPHQV WUHDWHG DFFRUGLQJ WR WKH DERYH VFKHPHV DUH GH�

VFULEHG� ,W LV VKRZQ WKDW LQ WKH LQYHVWLJDWHG VSHFLPHQV WKH QDQRFU\VWDOOLQH �1&� VWUXFWXUHV DUH IRUPHG

DV D UHVXOW RI 63' VFKHPHV�
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$ GHIRUPLQJ XQLW KDV EHHQ GHVLJQHG WR UHDOL]H WKH SURFHVV RI VKHDU GHIRUPDWLRQ LQ IUDFWLRQDO UHJLPH�

7HFKQRORJLFDO SRWHQWLDOLWLHV RI WKH XQLW KDYH EHHQ LQYHVWLJDWHG�
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3HFXOLDULWLHV DQG HIILFLHQF\ RI WKH DEUDVLYH WUHDWPHQW LQ WKH SUHVHQFH RI PDJQHWLF ILHOG DQG WHFKQRORJL�

FDO PHWKRGV IRU WKH SURGXFWLRQ RI FRPSRVLWH PDJQHWLFDOO\ DEUDVLYH SRZGHUV RI YDULRXV FKHPLFDO DQG

SKDVH FRPSRVLWLRQ� VWUXFWXUH DQG IRUP KDYH EHHQ FRQVLGHUHG� 7UDQVLWLRQ�PHWDO FDUELGHV DUH VKRZQ WR

EH DSSURSULDWH DEUDVLYH FRPSRQHQW RI PDJQHWLFDOO\ DEUDVLYH SRZGHUV �0$3��

8'. �������

9�,� $OLPRY� 9�1� .U\PRY� $�3� 6KWLNKQR

,03529(0(17 2) +,*+�63((' 67((/ 3523(57,(6

%< 685)$&( 75($70(17



��

,QIOXHQFH RI GHIRUPDWLRQ E\ K\GURH[WUXVLRQ� SODVPD SURFHVVLQJ RI WKH VXUIDFH DQG WKHUPDO WUHDWPHQW RI

GLIIHUHQW NLQGV RQ VWUXFWXUH DQG SURSHUWLHV RI VRPH KLJK�VSHHG VWHHOV KDV EHHQ LQYHVWLJDWHG� +\GURH[�

WUXVLRQ LV VKRZQ WR EH DQ HIIHFWLYH PHWKRG RI LPSURYLQJ WKH SURSHUWLHV RI SRZGHU KLJK�VSHHG VWHHOV�

6XUIDFH VWUHQJWKHQLQJ E\ SODVPD FDQ EH XVHG DV DQ DGGLWLRQDO PHWKRG IRU WKH LPSURYHPHQW RI RSHUD�

WLRQDO SURSHUWLHV RI WRROV�
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$Q XOWUDVRQLF EDFNZDUG VFDWWHULQJ PHWKRG DQG LWV XOWUDVRQLF WHVW FRQILJXUDWLRQV� PDWKHPDWLFDO PRGHOV

IRU EDFNZDUG VFDWWHULQJ VLJQDO SURFHVVLQJ� XVH LQ LQGXVWULDO ILHOGV DUH SUHVHQWHG� 7KUHH SRVVLEOH ZD\V

IRU PHWKRG XVLQJ LQ VLWX IRU FRQWUROOLQJ WKH VSHFLPHQV DQG ZDUHV DW PDLQWHQDQFH FRQGLWLRQV DUH

FRQVLGHUHG�
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$ FRUUHODWLRQ RI HOHFWULF FRQGXFWLRQ DQG IHUURPDJQHWLVP LQ SRO\� DQG VLQJOH�FU\VWDOOLQH PDQJDQLWHV KDV

EHHQ DQDO\]HG DQG FULWLFDO OLQHV DQG SRLQWV KDYH EHHQ ORFDOL]HG� 7KH UROH RI WKHUPR� DQG PDJQHWRHODV�

WLF DQLVRWURSLHV LQ FKDQJHV RI VWUXFWXUDO SKDVH WUDQVLWLRQ DQG SURSHUWLHV XQGHU WKH LQIOXHQFH RI 3 DQG +

KDV EHHQ UHYHDOHG� $ VLJQLILFDQFH RI HODVWLFDOO\ DQLVRWURSLF GHIRUPLQJ VWUHVVHV LQ FKDQJHV RI 37 DQG

SURSHUWLHV EHIRUH DQG DIWHU WKH WUDQVLWLRQ ZLWK FKDQJHV LQ SULRULW\ RI + DQG 7 HIIHFWV KDV EHHQ GHWHU�

PLQHG�


