
 

 
2SWLFDO )LEHUV IRU $SSOLFDWLRQ LQ 'LDJQRVWLFV IRU %XUQLQJ 3ODVPDV

7�6KLNDPD��� 7�.DNXWD��� 7�1LVKLWDQL��� 6�.DVDL��� 6�<DPDPRWR��� 1�6KDPRWR��

�� 2DUDL %UDQFK� ,05� 7RKRNX 8QLYHUVLW\� 2DUDL� ,EDUDNL� �������� -DSDQ

�� 7RNDL 5HVHDUFK (VWDEOLVKPHQW� -$(5,� 7RNDL� ,EDUDNL� �������� -DSDQ

�� 1DND )XVLRQ 5HVHDUFK (VWDEOLVKPHQW� 1DND� ,EDUDNL� ��������

�� ,7(5�-&7� *DUFKLQJ� QHDU 0XQLFK� '������� *HUPDQ\
�� 2SWLFV DQG (OHFWURQLFV /DE�� )XMLNXUD /WG�� ��������� 6DNXUD� -DSDQ

(�PDLO� VKLNDPD#LPU�WRKRNX�DF�MS

$EVWUDFW� $WWHPSWV KDYH EHHQ PDGH WR GHYHORS IXVHG�VLOLFD�FRUH RSWLFDO ILEHUV ZKLFK FDQ EH XVHG LQ EXUQLQJ

SODVPD IXVLRQ GHYLFHV VXFK DV ,QWHUQDWLRQDO 7KHUPRQXFOHDU ([SHULPHQWDO 5HDFWRU �,7(5�� 1LQH NLQGV RI VLOLFD

FRUH RSWLFDO ILEHUV ZHUH GHYHORSHG DQG LUUDGLDWHG LQ D KLJK IOX[ ILVVLRQ UHDFWRU� $ WUDQVPLVVLRQ ORVV RI RQH RI

IOXRULQH GRSHG RSWLFDO ILEHU� )��� ZDV OHVV WKDQ ��G%�P DW ���QP HYHQ DW WKH HQG RI LUUDGLDWLRQ ZKHUH D WRWDO

LRQL]LQJ LUUDGLDWLRQ GRVH ZDV DERYH ��
�
*\ DQG D IDVW QHXWURQ IOXHQFH ZDV DERYH ��

��
Q�P

�
� 7KHVH LUUDGLDWLRQ

SDUDPHWHUV ZLOO EH FRUUHVSRQGLQJ WR WKRVH IRU WKH ,7(5�(QJLQHHULQJ�3KDVH UDGLDWLRQ SDUDPHWHUV QHDU LWV FRUH

UHJLRQ� 7KH UHVXOWV VKRZHG WKDW RSWLFDO ILEHUV FRXOG EH DSSOLHG QHDU WR EXUQLQJ SODVPD IRU YLVLEOH DV ZHOO DV

LQIUDUHG GLDJQRVWLFV�

�� ,QWURGXFWLRQ

5HOLDEOH SODVPD GLDJQRVWLFV XQGHU KHDY\ LUUDGLDWLRQ HQYLURQPHQWV DUH LQGLVSHQVDEOH IRU

HVWDEOLVKLQJ QXFOHDU IXVLRQ WHFKQRORJLHV� IRU ZKLFK ,QWHUQDWLRQDO 7KHUPRQXFOHDU ([SHULPHQWDO
5HDFWRU �,7(5� LV H[SHFWHG WR SOD\ LPSRUWDQW UROHV� 2SWLFDO GLDJQRVWLFV KDYH EHHQ RQH RI NH\

WHFKQRORJLHV IRU SODVPD GLDJQRVWLFV LQ FRQYHQWLRQDO QRQ�EXUQLQJ IXVLRQ GHYLFHV� KRZHYHU�
WKH\ DUH FRQVLGHUHG WR EH VHULRXVO\ YXOQHUDEOH WR UDGLDWLRQ GDPDJHV� $Q RSWLFDO ILEHU KDV EHHQ

WKRXJKW WR EH RQH RI WKH PRVW YXOQHUDEOH RSWLFDO FRPSRQHQWV XQWLO UHFHQWO\� $W WKH EHJLQQLQJ
RI WKH ,7(5 (QJLQHHULQJ 'HVLJQ 3KDVH �,7(5�('$� LQ ����� RSWLFDO ILEHUV ZHUH HYDOXDWHG WR
EH RQO\ XVDEOH� RXW RI D ELR�VKLHOG LQ ,7(5� GXH WR D ODUJH UDGLDWLRQ LQGXFHG RSWLFDO ORVV >�@�

$W WKDW WLPH� RSWLFDO ILEHUV� PDGH RI IXVHG VLOLFD �JODVV\ VWUXFWXUH VLOLFRQ GLR[LGH �6L2���� ZHUH
LUUDGLDWLRQ�WHVWHG LQ HOHFWURQLF�H[FLWDWLRQ GRPLQDQW LUUDGLDWLRQ ILHOGV� 7KH PD[LPXP

HOHFWURQLF H[FLWDWLRQ GRVH UDWH LV LQ WKH UDQJH RI D IHZ *\�V� ZKLFK ZLOO FRUUHVSRQG WR WKH
HOHFWURQLF H[FLWDWLRQ GRVH UDWH MXVW LQVLGH WKH ELR�VKLHOG LQ ,7(5� ,UUDGLDWLRQ WHVWV UHYHDOHG

ODUJH UDGLDWLRQ LQGXFHG RSWLFDO ORVV RI DERXW �G%�N*\ LQ WKH YLVLEOH ZDYHOHQJWK UDQJH DQG
��������G%�N*\ LQ WKH LQIUDUHG ZDYHOHQJWK UDQJH� XQGHU FREDOW��� JDPPD�UD\ LUUDGLDWLRQV�

7DNLQJ QHXWURQ HIIHFWV LQWR DFFRXQW� RSWLFDO ILEHUV ZHUH MXGJHG WR EH RQO\ XVDEOH IRU D
UHDVRQDEOH SHULRG� RXW RI WKH ELR�VKLHOG >�@�

:KHQ RSWLFDO ILEHUV DUH H[FOXGHG IURP GLDJQRVWLF FRPSRQHQWV QHDU EXUQLQJ SODVPDV LQ ,7(5�

RQO\ D SHULVFRSH W\SH GHYLFH FRXOG EH D FDQGLGDWH IRU RSWLFDO GLDJQRVWLFV QHDU EXUQLQJ SODVPDV�

+RZHYHU� LW ZLOO PHDQ WKDW WKH PHFKDQLFDOO\�ZHDN RSWLFDO ZLQGRZ PXVW FRPSRVH D SDUW RI WKH
SULPDU\ SUHVVXUH ERXQGDU\� HYHQ WKRXJK WKH GHVLJQ FDQ SODFH WKRVH ZLQGRZV IDU DZD\ IURP

WKH EXUQLQJ SODVPD� $OVR� FRPSOLFDWHG ODE\ULQWK�FRQILJXUDWLRQ PXVW EH DSSOLHG WR PLWLJDWH
LQWHQVLWLHV RI VWUD\HG QHXWURQV WKURXJK RSWLFDO FKDQQHOV� $ VHULHV RI JHRPHWULFDOO\ DUUDQJHG

PLUURUV PXVW JXLGH ZHDN RSWLFDO VLJQDOV WKURXJK ODE\ULQWKV� 7KHUH� VWURQJ WHPSHUDWXUH

JUDGLHQW JHQHUDWHG E\ ORFDOL]HG QXFOHDU KHDWLQJ ZLOO HDVLO\ GLVWRUW WKHVH YXOQHUDEOH PLUURU

DUUDQJHPHQWV� ,PSRUWDQW RSWLFDO GLDJQRVWLFV DUH H[SHFWHG DW GLYHUWRU UHJLRQV LQ ,7(5� 7KHUH�

VSDFH OLPLWDWLRQ LV VHYHUH DQG D SHULVFRSH�W\SH FRPSRQHQW ZLOO PDNH WKH VWUXFWXUH RI WKH
GLYHUWRU YHU\ XQUHDVRQDEOH� IURP PDQ\ DVSHFWV VXFK DV FRQVWUXFWLRQ DQG PDLQWHQDQFH�



 

 

2SWLFDO ILEHUV FDQ EH DSSOLHG DV RWKHU GLDJQRVWLF ILHOGV VXFK DV WHPSHUDWXUH PRQLWRULQJ >�@�

7HPSHUDWXUH ZRXOG EH PHDVXUHG LQ ,7(5 PDLQO\ E\ FRQYHQWLRQDO WKHUPRFRXSOHV� ZKRVH

WKHUPR�HOHFWURPRWLYH IRUFH ZLOO EH HDVLO\ GLVWXUEHG E\ HOHFWURPDJQHWLF QRLVHV DQG UDGLDWLRQ
LQGXFHG HOHFWULFDO QRLVHV� 5DGLDWLRQ HIIHFWV ZLOO JHQHUDWH VHYHUDO OXPLQHVFHQW SKHQRPHQD LQ

WKH RSWLFDO ILEHUV� $ &HUHQNRY�UDGLDWLRQ LV D W\SLFDO RQH� ZKRVH LQWHQVLW\ VKRXOG EH
SURSRUWLRQDO WR WKH HOHFWURQLF H[FLWDWLRQ GRVH UDWH� ZKLFK LV� LQ JHQHUDO� SURSRUWLRQDO WR WKH

QXFOHDU SRZHU RI WKH IXVLRQ GHYLFHV� 7KHUH DUH VRPH RWKHU UDGLDWLRQ LQGXFHG OXPLQHVFHQFH

�UDGLROXPLQHVFHQFH� SHDNV LQ RSWLFDO ILEHUV� ZKRVH LQWHQVLWLHV ZRXOG EH UHODWHG ZLWK QXFOHDU

GRVLPHWULF�SDUDPHWHUV>�����@�

7KH SUHVHQW SDSHU GHVFULEHV UHVXOWV RI LUUDGLDWLRQ WHVWV RI RSWLFDO ILEHUV GHYHORSHG� EHLQJ EDVHG

RQ REWDLQHG UHVXOWV RI LUUDGLDWLRQ WHVWV RI XS WR QRZ >�������@� 6RPH RI WKH RSWLFDO ILEHUV
UHYHDOHG JRRG UDGLDWLRQ UHVLVWDQFH HYHQ LQ D ILVVLRQ UHDFWRU LUUDGLDWLRQ� (VSHFLDOO\� D SURPLVLQJ

EHKDYLRU RI RQH IOXRULQH�)��GRSHG RSWLFDO ILEHU ZLOO EH GHVFULEHG� ZKLFK VKRZHG JRRG
UDGLDWLRQ UHVLVWDQFH LQ WKH ZDYHOHQJWK UDQJH IURP WKH YLVLEOH UHJLRQ WR DQ LQIUDUHG UHJLRQ XS WR

PRUH WKDQ ��
�*\ RI LRQL]LQJ UDGLDWLRQ DQG XS WR PRUH WKDQ ����Q�P�

RI IDVW QHXWURQ IOXHQFH�

7KH IOXRULQH�GRSHG RSWLFDO ILEHU ZDV QRPLQDWHG DV RQH RI LQWHUQDWLRQDO�URXQG�URELQ ILEHUV IRU

WKH ,7(5�('$� ,W ZDV VXSSOLHG WR HDFK KRPH WHDP RI WKH ,7(5�('$ DQG ZLOO EH

LUUDGLDWLRQ�WHVWHG ZLWK LQWHUQDWLRQDOO\ VWDQGDUGL]HG H[SHULPHQWDO SURFHGXUHV� ZLWK RWKHU
URXQG�URELQ ILEHUV VXSSOLHG E\ WKH (XURSHDQ &RPPXQLW\�(8�� DQG WKH 5XVVLDQ

)HGHUDWLRQ�5)��KRPH WHDPV>�@�

�� ([SHULPHQWDO 3URFHGXUHV

1LQH NLQGV RI VLOLFD FRUH RSWLFDO ILEHUV ZHUH LUUDGLDWHG LQ -DSDQ 0DWHULDOV 7HVWLQJ 5HDFWRU
�-075� LQ 2DUDL 5HVHDUFK (VWDEOLVKPHQW RI -DSDQ $WRPLF (QHUJ\ 5HVHDUFK ,QVWLWXWH �-$(5,��

0DLQ IHDWXUHV RI WKH LUUDGLDWHG RSWLFDO ILEHUV DUH WDEXODWHG LQ 7DEOH �� 2QH JURXS RI RSWLFDO
ILEHUV LV R[\K\GUDWH �2+� GRSHG�2+�� WR 2+���� DQG WKH RWKHU JURXS LV GRSHG ZLWK )OXRULQH
�)� �)�� WR )���� $ VWDQGDUG VDPSOH �6��� LV QRQ�GRSHG� PDNLQJ 2+ FRQFHQWUDWLRQ DV ORZ DV

SRVVLEOH� 2+ DQG ) GRSLQJ DJHQWV ZHUH IRXQG WR LPSURYH UDGLDWLRQ UHVLVWDQFH RI VLOLFD FRUH
RSWLFDO ILEHUV LQ JDPPD�UD\ UDGLDWLRQ >�@� 7KH\ DUH DOVR IRXQG WR FDXVH D VR�FDOOHG UDGLDWLRQ

KDUGHQLQJ LQ WKH FRXUVH RI JDPPD�UD\ LUUDGLDWLRQ� 7KH UDGLDWLRQ KDUGHQLQJ LV D SKHQRPHQRQ
WKDW DQ RSWLFDO WUDQVPLVVLRQ ORVV LQLWLDOO\ LQFUHDVHV EXW VXEVHTXHQWO\ GHFUHDVHV ZLWK LQFUHDVH RI

DQ DFFXPXODWHG UDGLDWLRQ GRVH�

7$% �� 3$5$0(7(56 2) 237,&$/ ),%(56

6DPSOH 2+ FRQWHQW �SP� )OXRULQH FRQWHQW 0DQXIDFWXUH PHWKRG

6�� �� 1RQH 3$'

2+�� ��� 1RQH 3$'

2+�� ��� 1RQH 3$'

2+�� ��� 1RQH 'LUHFW

2+�� ��� 1RQH 'LUHFW

)�� �� 6PDOO 9$'�$

)�� �� 0LGGOH 9$'�$

)�� �� /DUJH 9$'�$

)�� �� 0LGGOH 9$'�%



 

 

7KH IOXRULQH GRSLQJ LPSURYHG UDGLDWLRQ UHVLVWDQFH HVSHFLDOO\ LQ WKH YLVLEOH DQG WKH XOWUDYLROHW

UHJLRQV LQ WKH FDVH RI JDPPD�UD\ LUUDGLDWLRQ� $OWKRXJK UHFHQW UHVXOWV LQ D -075 LUUDGLDWLRQ
UHYHDOHG LQIHULRU EHKDYLRU RI IOXRULQH GRSHG �)�GRSHG� ILEHU FRPSDUHG ZLWK 2+ GRSHG ILEHU LQ

D LQIUDUHG UHJLRQ >�@� WKH )�GRSLQJ ZLOO VWLOO EH RQH RI FDQGLGDWH SURFHGXUHV IRU LPSURYLQJ
UDGLDWLRQ UHVLVWDQFH HVSHFLDOO\ IRU YLVLEOH DSSOLFDWLRQV� 6RPH RI KLJK�HQHUJ\ QHXWURQ

DVVRFLDWHG LUUDGLDWLRQ VKRZHG LQIHULRU EHKDYLRU RI 2+�GRSHG �K\GUDWHG� ILEHUV FRPSDUHG ZLWK

ORZ 2+ FRQFHQWUDWLRQ ILEHUV �DQK\GUDWHG� >�@� +RZHYHU� SUHYLRXV UHVXOWV VKRZHG WKDW

2+�GRSLQJ FDXVHG WKH SKHQRPHQRQ RI UDGLDWLRQ KDUGHQLQJ HYHQ LQ D ILVVLRQ UHDFWRU UDGLDWLRQ
>�@� $OVR� VRPH RI 2+�GRSHG RSWLFDO ILEHUV VKRZHG EHWWHU UDGLDWLRQ UHVLVWDQFH� FRPSDUHG ZLWK
)�GRSHG DQG QRQ�GRSHG RQHV� LQ LQIUDUHG UHJLRQ� LQ SUHYLRXV -075 LUUDGLDWLRQV�

7KH VWDQGDUG �6��� DQG VRPH RI WKH 2+�GRSHG RSWLFDO ILEHUV �2+�� DQG ��� ZKRVH 2+

FRQFHQWUDWLRQ LV ORZ� ZHUH PDGH E\ D SODVPD�DVVLVWHG GHSRVLWLRQ �3$'� PHWKRG� 7KH
2+�GRSHG ILEHUV RI 2+�� DQG � ZHUH PDGH E\ D GLUHFW PHWKRG� 7KH )�GRSHG ILEHUV �)�� WR

)��� ZHUH PDGH E\ D YDSRU D[LDO GHSRVLWLRQ �9$'� PHWKRG� KDYLQJ GLIIHUHQW FRQFHQWUDWLRQ RI
IOXRULQH� )�� KDV WKH ORZHVW� )�� KDV WKH PLGGOH DQG WKH )�� KDV WKH ODUJHVW IOXRULQH

FRQFHQWUDWLRQ� )�� KDV GLIIHUHQW VLQWHULQJ DQG DQQHDOLQJ SURFHGXUHV IURP WKH RWKHU RQHV DQG
KDV WKH VDPH IOXRULQH FRQFHQWUDWLRQ DV WKDW RI )��� $OO WKH H[DPLQHG RSWLFDO ILEHUV KDYH DQ

LGHQWLFDO FODGGLQJ RI IOXRULQH GRSHG IXVHG VLOLFD� 7KH RSWLFDO ILEHUV ZHUH LQVHUWHG LQWR D
UHDFWRU� DQG WKHLU RSWLFDO WUDQVPLVVLRQ ORVV ZDV PHDVXUHG GXULQJ UHDFWRU LUUDGLDWLRQ LQ WKH
ZDYHOHQJWK UDQJH RI ��������QP� 7RWDO OHQJWK RI WKH RSWLFDO ILEHUV LV DERXW ��P� DQG OHQJWK

RI WKH LUUDGLDWHG SDUW LV DERXW ���P� 'HWDLOV RI H[SHULPHQWDO VHWXS DUH GHVFULEHG HOVHZKHUH >�@�
7KH LUUDGLDWLRQ WHPSHUDWXUH ZDV ���. DQG IOX[HV RI IDVW �(!�0H9� DQG WKHUPDO �(������H9�

QHXWURQV DUH �[���� DQG �[��
��
Q�P

�V� UHVSHFWLYHO\� $Q LRQL]LQJ GRVH UDWH LV FDOFXODWHG WR EH
DERXW ���N*\�V� 7KH WRWDO LUUDGLDWLRQ SHULRG LV DERXW �� UHDFWRU IXOO SRZHU GD\V �)3'��

�� 5HVXOWV DQG 'LVFXVVLRQV

)LJXUH � VKRZV JURZWK RI UDGLDWLRQ LQGXFHG RSWLFDO WUDQVPLVVLRQ ORVV RI WKH QRQ�GRSHG RSWLFDO
ILEHU RI 6��� LQ WKH LQLWLDO VWDJH RI WKH UHDFWRU UDGLDWLRQ� /DUJH UDGLDWLRQ LQGXFHG RSWLFDO
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DEVRUSWLRQ JUHZ LQ WKH ZDYHOHQJWK EHORZ ���QP� 7KH PDMRU LQFUHDVH LV GXH WR WKH JURZWK RI

DEVRUSWLRQ EDQG FHQWHUHG DW DERXW �������QP� ZKLFK LV VLPLODU WR WKDW UHSRUWHG DOVR LQ
JDPPD�UD\ LUUDGLDWLRQ� 7KH UHVSRQVLEOH RSWLFDO DEVRUSWLRQ FHQWHU LV DVVXPHG WR EH

QRQ�EULGJLQJ�R[\JHQ�KROH�FHQWHUV �1%2+&�� 5HVXOWV DOVR VKRZ D JURZWK RI ZHOO�NQRZQ
2+�DEVRUSWLRQ EDQGV LQ LQIUDUHG UHJLRQV� LQGLFDWLQJ DQ LQFUHDVH RI 2+ FRQFHQWUDWLRQ LQ WKH

FRXUVH RI LUUDGLDWLRQ� ,W ZDV UHSRUWHG WKDW WKH XQGRSHG RSWLFDO ILEHU ZKRVH 2+ FRQFHQWUDWLRQ LV
YHU\ ORZ �DQK\GUDWHG� VKRZHG EHWWHU UDGLDWLRQ UHVLVWDQFH FRPSDUHG ZLWK 2+�FRQWDLQLQJ

RSWLFDO ILEHUV �K\GUDWHG� LQ WKH JDPPD�UD\ LUUDGLDWLRQ DV ZHOO DV D KLJK�HQHUJ\ QHXWURQ
DVVRFLDWHG LUUDGLDWLRQ >�@� 7KXV� LW ZDV UHFRPPHQGHG WR XVH SXULILHG ILEHUV IRU DSSOLFDWLRQV LQ
QHXWURQ DVVRFLDWHG UDGLDWLRQ HQYLURQPHQWV >�@� +RZHYHU� WKH SUHVHQW UHVXOWV FOHDUO\ VKRZ WKDW

WKH 2+ ZRXOG EH LQWURGXFHG HYHQ LQ DQ 2+�XQGRSHG ILEHU LQ QHXWURQ�DVVRFLDWHG LUUDGLDWLRQV�
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Fiber sample:F-4
  F-contained core, 0.2/0.25mm
Irrad. facility:JMTR

  Nf(>1MeV):5x1016n/m2s (50MW)
  Gamma-ray dose rate:500Gy/s (50MW)

),*�� 5DGLDWLRQ ,QGXFHG ORVV RI 5HDFWRU 5DGLDWLRQ �)���

7KH SUHVHQW UHVXOWV VKRZHG WKDW WKH 2+�GRSHG ILEHUV RI 2+�� WR �� DQG WKH XQGRSHG ILEHU RI
6�� EHKDYHG VLPLODUO\ LQ WKH FRXUVH RI D ILVVLRQ UHDFWRU LUUDGLDWLRQ DQG WKDW WKH VWURQJ

DEVRUSWLRQ EDQGV JUHZ LQ WKH ZDYHOHQJWK EHORZ ���QP� 7KH 6�� VKRZHG ODUJH LQFUHDVH LQ WKH
LQLWLDO VWDJH RI LUUDGLDWLRQ DQG WKH ZKLWH OLJKW IURP D KDORJHQ ODPS� ZKLFK ZHQW WKURXJK WKH

LUUDGLDWHG 6�� ILEHU� ZDV FRORUHG UHGGLVK� 7KXV� WKH 2+�ILEHUV DQG WKH 6�ILEHU FRXOG QRW EH

XVHG IRU YLVLEOH DSSOLFDWLRQ� LQ QHXWURQ�DVVRFLDWHG KHDY\ LUUDGLDWLRQ HQYLURQPHQWV� WKRXJK
VRPH RI WKHP VKRZHG JRRG UDGLDWLRQ UHVLVWDQFH LQ WKH LQIUDUHG UHJLRQ�

7KH IOXRULQH GRSHG RSWLFDO ILEHUV� )�� WR )�� LQ 7DEOH � VKRZHG EHWWHU UDGLDWLRQ UHVLVWDQFH LQ

YLVLEOH UHJLRQV� ,Q JHQHUDO� WKH ZKLWH OLJKW IURP WKH KDORJHQ ODPS ZHQW WKURXJK WKH ILEHUV
ZLWKRXW EHFRPLQJ UHGGLVK VXEVWDQWLDOO\ XQGHU -075 LUUDGLDWLRQ� +RZHYHU� WKH ILEHUV RI )��� ��

DQG � JUHZ VXEVWDQWLDO DEVRUSWLRQ FHQWHUHG DW DERXW ���QP �1%2+& DEVRUSWLRQ SHDN�� 7KH
SHDN ORVV ZDV PRUH WKDQ ��G% DW WKH HQG RI ��)3' LUUDGLDWLRQ� )LJ� � VKRZV EHKDYLRU RI )��

ILEHU� ZKLFK VKRZHG WKH EHVW UDGLDWLRQ UHVLVWDQFH LQ WKH YLVLEOH UHJLRQ LQ WKH SUHVHQW LUUDGLDWLRQ
WHVW� $ WUDQVPLVVLRQ ORVV DW ���QP ZDV OHVV WKDQ ��G%�P HYHQ DW WKH HQG RI LUUDGLDWLRQ ZKHUH

WKH WRWDO LRQL]LQJ LUUDGLDWLRQ GRVH ZDV DERXW ���*\ DQG WKH IDVW QHXWURQ IOXHQFH ZDV DERXW LQ
WKH UDQJH RI ����Q�P�

� 7KHVH LUUDGLDWLRQ SDUDPHWHUV DUH FRUUHVSRQGLQJ WR WKH DFFXPXODWHG

UDGLDWLRQ GRVHV DW WKH HQG RI WKH ,7(5�(QJLQHHULQJ�3KDVH RSHUDWLRQ LQ WKH YLFLQLW\ RI EXUQLQJ

SODVPDV� 7KH )�� ILEHU DOVR VKRZHG JRRG UDGLDWLRQ UHVLVWDQFH LQ WKH LQIUDUHG UHJLRQ� )LJ� �
VKRZV WKH JURZWK RI UDGLDWLRQ LQGXFHG RSWLFDO DEVRUSWLRQ DW ���QP LQ )�� LQ WKH FRXUVH RI WKH



 

 

UHDFWRU LUUDGLDWLRQ� &RPSDULQJ ZLWK WKH 2+�GRSHG DQG QRQ�GRSHG RSWLFDO ILEHUV VKRZQ LQ )LJ�

�� WKH IOXRULQH GRSHG ILEHUV �)������� VKRZHG ODUJHU UDGLDWLRQ LQGXFHG ORVV LQ WKH LQIUDUHG
UHJLRQ� $OVR� WKH UDGLDWLRQ LQGXFHG ODUJH 2+ DEVRUSWLRQ EDQGV LQ LQIUDUHG UHJLRQV LQ WKH

)�GRSHG ILEHUV DV VKRZQ LQ )LJ� �� %XW� WKH )�� VKRZHG D UDGLDWLRQ�KDUGHQHG EHKDYLRU� QDPHO\
LPSURYLQJ RSWLFDO WUDQVPLVVLYLW\ XQGHU LUUDGLDWLRQ LQ WKH LQIUDUHG UHJLRQ DV VKRZQ LQ )LJ� ��

7KXV� WKH )�� ILEHU FDQ EH DSSOLHG QHDU EXUQLQJ SODVPD UHJLRQV LQ ,7(5 WKURXJKRXW LWV
RSHUDWLRQ SHULRG� EHLQJ GLVWXUEHG� WR VRPH H[WHQW� E\ WKH JURZWK RI WKH 2+ DEVRUSWLRQ SHDNV

LQ WKH LQIUDUHG UHJLRQV DQG E\ WKH 1%2+& DEVRUSWLRQV LQ WKH YLVLEOH UHJLRQV�
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,UUDGLDWHG 7LPH �)3'�

)��

)��

)��

)��,UUDG�)DFLOLW\� -075
,UUDG�/HQJWK�� PHWHU
)OX[ DW ��0:�����Q�FP��V

:DYHOHQJWK����QP

),*�� 5DGLDWLRQ ,QGXFHG ORVV RI )OXRULQH�GRSHG &RUH )LEHU 'XULQJ 5HDFWRU 5DGLDWLRQ DW ���QP

�� &RQFOXVLRQ

)XVHG VLOLFD FRUH RSWLFDO ILEHUV DUH XQGHU GHYHORSPHQW IRU DSSOLFDWLRQV LQ EXUQLQJ IXVLRQ
GHYLFHV� 2QH ILEHU� )��� ZKLFK ZDV GRSHG ZLWK IOXRULQH DQG ZDV VLQWHUHG DQG DQQHDOHG LQ

VSHFLDO ZD\V� VKRZHG JRRG UDGLDWLRQ UHVLVWDQFH� 7KH UHVXOWV DUH LQGLFDWLQJ WKDW )�� FRXOG EH
DSSOLHG IRU YLVLEOH DV ZHOO DV LQIUDUHG DSSOLFDWLRQV QHDU EXUQLQJ SODVPDV�

5HIHUHQFHV

>�@ 6�<DPDPRWR� 'HVLJQ 'HVFULSWLRQ 'RFXPHQW RI ,7(5�('$� :%6 ����0´ 5DGLDWLRQ

(IIHFWV´�,7(5�-:6 *DUFKLQJ� *HUPDQ\ ������ WR EH SXEOLVKHG�

>�@ :�5� 8QUXK� LQ (�+�)DUQXP FRPSLOHG DQG HGLWHG� $ 86�-DSDQ :RUNVKRS RQ '\QDPLF
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>�@ )�-HQVHQ� 7�.DNXWD� 7�6KLNDPD� 7�6DJDZD� 1�1DUXL� 0�1DND]DZD� )XVLRQ (QJ� 'HVLJQ�
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>�@ 7�6KLNDPD� 7�.DNXWD� 0�1DUXL� 7�6DJDZD� 1�6KDPRWR� 7�8UDPRWR� .�6DQDGD�

+�.D\DQR� -� 1XFO� 0DWHU�� ������� ������ ����
>�@ 7�.DNXWD� 7�6KLNDPD� 0�1DUXL� 7�6DJDZD� )XVLRQ (QJ� 'HVLJQ� ��& ������ ����
>�@ 7�6KLNDPD� 7�.DNXWD� 0�1DUXL� 7�6DJDZD� -� 1XFO� 0DWHU�� ��� ������ ����
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