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3$&6� ������-L� ������/N� ������+D

%�%� 0D�D§H �R

2&2�(++2&7� .2��(.7�%+2�2 %�$�02�(�&7%�� 72�(�+�;
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������ �� �R H¥�� £�� $S¢H�D� ��

�R H¥��� ¤����R�¢H[ �¦HF��� � F¢�¢£¢ ��� $�$� �D��� D +$+ ��SD� ª
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3$&6� ������9Z

9�1� 9DU\XNKLQ� 7�7� 0RUR]� 9�6� $EUDPRY� 9�*� 6\QNRY� 9�3� .UDYFKHQNR

+<'5267$7,& 35(6685( 75($70(17

$1' 1$12&5<67$//,=$7,21 2) &R�%$6(' $0253+286 $//2<6

7KH HIIHFW RI SUHVVXUH WUHDWPHQW �37� E\ PHDQV RI F\FOH UHJLPH IRU YDULHG Q  �−� RQ

WKH HOHFWULFDO UHVLVWDQFH� WKHUPDO VWDELOLWLHV DQG VWUXFWXUH RI WKH DPRUSKRXV

&R��)H�6L��%�� �$� DQG &R��&U�)H�6L�%�� �%� DOOR\V GXULQJ FRQVWDQW�UDWH KHDWLQJ ZHUH

VWXGLHG XVLQJ WKH UHVLVWDQFH PHDVXUHPHQW DQG ;�UD\ GLIIUDFWLRQ� ,W LV IRXQG WKDW DIWHU 37�

ZLWK DQ LQFUHDVH LQ Q� WKH WKHUPDO VWDELOLW\ RI WKH $�DOOR\ LV HQKDQFHG� EXW WKDW RI WKH

%�DOOR\ LV GHFUHDVHG� 37 GRHV QRW DOWHU WKH FU\VWDOOL]DWLRQ PHFKDQLVP� WKH VHTXHQFH RI

WKH FU\VWDOOLQH SKDVH IRUPDWLRQ� DQG WKH SKDVH FRPSRVLWLRQ RI WKH FU\VWDOOL]DWLRQ

SURGXFWV� +RZHYHU� WKHUH LV D WHQGHQF\ WR UHGXFLQJ WKH FU\VWDO GLPHQVLRQV RI WKH VWDEOH

FU\VWDOOLQH SKDVHV� $IWHU 37 WKH REVHUYHG YDULDWLRQV LQ WKH ILQH VWUXFWXUH DQG WKH

UHVLVWDQFH EHKDYLRXU RI WKH LQYHVWLJDWHG DPRUSKRXV DOOR\V GXULQJ KHDWLQJ DUH LQWHUSUHWHG

LQ WHUPV RI WKH PLFURVFRSLF PRGHO RI VWUXFWXUDO UHOD[DWLRQ LQ DPRUSKRXV DOOR\V�

3$&6� ��� ������*D� ������´T� ������9Z

9�$� 9RORVKLQ

9,%521�(/(&7521,& '<1$0,& (48,/,%5,80

)25 68%67$1&(6 2) �I� 25 �G�&21),*85$7,216

�I� RU �G�VXEVWDQFHV DUH DVVXPHG WR EH LQ WKUHH VWDWHV� WKH HOHFWURQLF RQH − WKH ERQGLQJ

EHWZHHQ �I� RU �G�LRQ DQG WKH HQYLURQPHQW LV GHWHUPLQHG E\ RXWHU HOHFWURQV� WKH YLEURQLF

RQH − WKH ERQGLQJ LV GHWHUPLQHG E\ �I� RU �G�HOHFWURQV� YLEURQ�HOHFWURQLF G\QDPLF

HTXLOLEULXP� 7KH HQHUJ\ RI WKH VWDWHV LV RI FORVH YDOXHV� WKXV PDNLQJ WKH WUDQVLWLRQ IURP

WKH ILUVW RQH WR WKH VHFRQG DQG YLFH YHUVD HDVLHU� 7KH VWUXFWXUDO� VSHFWUDO DQG PDJQHWLF

SURSHUWLHV RI GLHOHFWULFV� PHWDOV� VHPLFRQGXFWRUV DQG VXSHUFRQGXFWRUV DUH VWXGLHG ZLWKLQ

WKLV PRGHO�

3$&6� ������*D� ������−]

<�0� .ULYRVKH\HY� $�*� 3HWUHQNR� $�,� %D]KLQ

02',),&$7,21 2) 3523(57,(6 2) 3(563(&7,9( 3+263+256

,1)/8(1&(' %< /2:�(1(5*< ,21 %($0
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7KH VSHFWUD RI UHIOHFWLRQ� RFFOXGLQJ� WKHUPDOO\ VWLPXODWHG OXPLQHVFHQFH �76/� RI =Q6�

=Q2 EHIRUH DQG DIWHU WKH LUUDGLDWLRQ E\ EHDP RI KHOLXP LRQV RI ORZ HQHUJLHV DUH

LQYHVWLJDWHG� ,V VKRZQ� WKDW LW LV SRVVLEOH WR DSSURDFK WKH DQDO\VLV RI KDSSHQLQJ FKDQJHV

IURP XQLILHG LGHDOL]HG VWDQGSRLQWV ZKHQ FRQVLGHULQJ VXFK FRPSRXQGV DV 0H;�

3$&6� ������'Y� ������'N� ������0P

,�0� *DOXVKNR

21 3266,%/( 5($6216 2) 6758&785( )250$7,21

,1 7+( $//2< 2) 3(5,7(&7,& 6<67(0 &X−*H

:LWK WKH KHOS WKH PHWDOORJUDSKLF DQG URHQWJHQRVWUXFWXUDO DQDO\VHV RI WKH VORZO\ FRROHG

&X � �� DW�� *H DOOR\ LW LV VKRZQ WKDW QRW�GLVVROYHG LQ WKH SHULWHFWLFDO UHDFWLRQ

PHWDVWDEOH FU\VWDOV RI WKH α�VROLG VROXWLRQ RI JHUPDQLXP LQ FRSSHU SDVV LQWR D VWDEOH ξ�
SKDVH DV D UHVXOW RI WKH PDUWHQVLWH WUDQVIRUPDWLRQ�

3$&6� ������)H� ������/P

$�$� 5\]KLNRY

21 7+( 1$785( 2) &2/' %5,77/(1(66 2) 0(7$/6

0HFKDQLFDO DFWLRQ RQ PHWDO LV UHSUHVHQWHG DV H[FLWDWLRQ DQG VFDWWHULQJ RI G\QDPLF

SKRQRQV LQ LW� ,W LV HVWDEOLVKHG WKDW FROG EULWWOHQHVV LV D FRQVHTXHQFH RI LQFUHDVLQJ WKH

LQWHUDWRPLF LQWHUDFWLRQ IRUFHV� 7KH PDJQLWXGH RI WKLV LQFUHDVLQJ GHSHQGV RQ WKHUPDO DQG

QRQ�HTXLOLEULXP RVFLOODWLRQV RI WKH ODWWLFH�

3$&6� ������−I� ������−[

(�*� 3DVKLQVND\D� 6�*� 6\QNRY� 9�0� 7NDFKHQNR� $�6� 'RPDUHYD� <X�$� <XGLQD

(92/87,21 2) 0,&526758&785( $1' 3523(57,(6

2) &233(5 8321 $ &20%,1(' '()250$7,21

%< 7256,21$/ (;7586,21 $1' 52//,1*

$ UHODWLRQVKLS EHWZHHQ WKH VFKHPH RI FRPELQHG SODVWLF GHIRUPDWLRQ XSRQ WZR�

FRPSRQHQW ORDGLQJ DQG VXEPLFURVWUXFWXUH FKDQJHV LQ FRSSHU KDV EHHQ DQDO\VHG� $

FRPSDUDWLYH DQDO\VLV RI WKH FRPELQHG GHIRUPDWLRQ W\SHV� WRUVLRQDO H[WUXVLRQ �7(� �

UROOLQJ DQG UROOLQJ � 7( KDV EHHQ UHDOL]HG� ,W LV VKRZQ WKDW ZLWK ILUVW VFKHPH RI ORDGLQJ�

WKH SURFHVVHV RI VWUXFWXUH WUDQVIRUPDWLRQ XQGHU ORDG DUH PRUH LQWHQVLYH WKDQ LQ WKH FDVH

RI VHFRQG RQH�
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3$&6� ������−Y� ������−]

*�,� =KLURY

$11($/(' $1' +<'52*(1�3+$6(�+$5'(1(' 3$//$',80 +<'5,'(�

35,1&,3/(6 2) 2%7$,1,1* $1' 0(&+$1,&$/ 3523(57,(6

,W LV VKRZQ WKDW DQQHDOHG ORZ�GHIHFWLYH K\GULGH RI SDOODGLXP� ZKLFK ZDV REWDLQHG E\ WKH

K\GURJHQDWLRQ RI SXUH SDOODGLXP lRXW{ WKH WZR�SKDVH VWDWH FXSROD� LV WKH ORZ�GXUDEOH

DQG KLJK�SODVWLF PDWHULDO� 'XULQJ WKH K\GURJHQDWLRQ RI SDOODGLXP EHQHDWK WKH FULWLFDO

WHPSHUDWXUH ����°&� WKHUH WDNHV SODFH D K\GULGH α→β SKDVH WUDQVIRUPDWLRQ E\ WKH

PHFKDQLVP RI QXFOHDWLRQ DQG JURZWK LQ SDOODGLXP´K\GURJHQ V\VWHP� $QG WKH SDOODGLXP

K\GULGH REWDLQHG E\ WKLV ZD\ LV KLJK�GXUDEOH DQG ORZ�SODVWLF PDWHULDO DV D UHVXOW RI WKH

H[LVWHQFH RI SRZHUIXO K\GURJHQ�SKDVH�QDNOHS GXULQJ WKH K\GULGH α → β SKDVH

WUDQVIRUPDWLRQ�

3$&6� ������9Z� ������−]� ������−N

$�'� $OHNVH\HY� 1�1� .RYULJD� $�1� 0ROFKDQRY� 9�*� 6\QNRY

105 ,19(67,*$7,21 2) 7+( .,1(7,&6 2) 6758&785( &+$1*(6

,1 &2$/ 68%67$1&( 81'(5 +,*+ 35(6685(

+LJK K\GURVWDWLF SUHVVXUH HIIHFW RQ NLQHWLFV RI VWUXFWXUH FKDQJHV LQ WKH RUJDQLF PDVV RI

IRVVLO FRDO KDV EHHQ VWXGLHG H[SHULPHQWDOO\� ,W LV DVVXPHG WKDW KLJK SUHVVXUH VWLPXODWHV

WKH SK\VLFR�FKHPLFDO UHDFWLRQV RI GHVWUXFWLRQ�V\QWKHVLV LQ WKH RUJDQLF FRDO PDVV� WKXV

UHVXOWLQJ LQ WKH IRUPDWLRQ RI D PRELOH K\GURJHQ�FRQWDLQLQJ IOXLG�

3$&6� ������+Y� ������4T

1�,� .UDV°NR� 9�9� 1D]LPNR

02'(/,1* 2) 52&. 35(6685( 5(',675,%87,21

'8( 72 522) &$9,1* ,1 9,&,1,7< 2) $'9$1&,1* /21*:$// )$&(

5RRI FDYLQJ LQ D ORQJZDOO IDFH KDV EHHQ LQYHVWLJDWHG E\ GLVFUHWH HOHPHQW PHWKRG� ,W ZDV

GLVFRYHUHG WKDW WKH FDYLQJ LV D FRPSOH[ SURFHVV WKDW EHJLQV ZLWK VHSDUDWLRQ DQG

GLVLQWHJUDWLRQ RI DGMDFHQW URFN OD\HUV XQGHU DFWLRQ RI VKHDU VWUHVV� 7HQVLOH VWUHVV DFWV DW

WKH ILQDO VWDJH RI WKH FDYLQJ� 1HZ JHRPHFKDQLF PRGHO KDV EHHQ GHYHORSHG WR VLPXODWH

SHULRGLF URRI FDYLQJ DQG VWUHVV UHGLVWULEXWLRQ DURXQG DGYDQFLQJ ORQJZDOO IDFH�



NbabdZ b l_ogbdZ \ukhdbo ^Z\e_gbc ����� lhf ���� �

6�1� 6KHYFKXN� ,�6� %HORXVRY� 6�$� ,YDNKQHQNR

7(03(5$785( 0($685(0(176 $7 *52:,1*

7+( ',$021' 6,1*/( &5<67$/6 21 6(('

7KH WKHUPDO VWDELOLW\ RI GLIIHUHQW PDWHULDOV XVHG IRU LQVXODWLRQ RI WKHUPRFRXSOH ZLUHV DW

JURZLQJ WKH GLDPRQG VLQJOH FU\VWDOV LQ WKH ILHOG RI WKHUPRG\QDPLF VWDELOLW\ KDV EHHQ

LQYHVWLJDWHG� ,W LV SUHVHQWHG WKDW XVDJH RI VDOWV 1D&O DQG &]&O IRU HOHFWULFDO LQVXODWLRQ

DOORZV PDLQWDLQLQJ WKH UHVLVWDQFH RI HOHFWULFDO LQVXODWLRQ ZLWKLQ WKH OLPLWV RI VHYHUDO

NLORRKP DW WHPSHUDWXUHV XS WR ����°& GXULQJ �� K DQG PRUH� 7KH WHFKQLTXH RI

WHPSHUDWXUH PHDVXULQJ E\ DSSO\LQJ WKHUPRFRXSOH VHQVRUV LQVXODWHG E\ FDHVLXP FKORULGH�

SURYLGHV D VXIILFLHQW FRQWURO RYHU WKH JURZLQJ RI VWUXFWXUDOO\ SHUIHFW GLDPRQG VLQJOH

FU\VWDOV GXULQJ ��� K DQG PRUH�

3$&6� ������-L� ������/N� ������+D

9�9� 0DODVKHQNR

)($785(6 2) &2//(&7,9( ,17(5$&7,21 2) 32,17 '()(&76

:,7+ $ 029,1* 3$,5 2) ('*( ',6/2&$7,216

,1 0$*1(7,&$//< 25'(5(' &5<67$/

'HFHOHUDWLRQ RI D SDLU RI HGJH GLVORFDWLRQV E\ HODVWLF GHIHFWV FKDRWLFDOO\ GLVWULEXWHG LQ

WKH YROXPH RI IHUURPDJQHWLF FU\VWDO KDV EHHQ LQYHVWLJDWHG� ,W LV VKRZQ WKDW WKH

GHSHQGHQFH RI GHFHOHUDWLRQ IRUFH RQ GLVORFDWLRQ VOLGLQJ YHORFLW\� FRQFHQWUDWLRQ RI

GHIHFWV� LQWHUGLVORFDWLRQ GLVWDQFH� DQG PDJQHWL]DWLRQ RI WKH FU\VWDO LV QRQPRQRWRQLF� ,Q

WKH UHJLRQ RI SDUDPHWHUV° YDOXHV ZLWK WKH GRPLQDWLQJ PDJQHWRHODVWLF LQWHUDFWLRQ� WKLV

IRUFH GLPLQLVKHV ZLWK WKH LQFUHDVH RI PDJQHWL]DWLRQ YDOXH DQG PDJQHWRHODVWLF LQWHUDFWLRQ�


