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%X oDOOUPDQOQ DPDFO &ROHPWRUDHO @WD® NHOLIWLULOHQ $QQHOH
gOoOH+LQLQ $(<g 7+UNoH\H X\DUODPDV®O JHOHUOLN YH JFEQUBDLN ol
JUXEX $QWDN\DYGD LNDPHW HWPHNWHgROWME Q G D IQBWBENYY HRHODEIFP D N
Lo#QJLOL]FH |+UHWPRGIDAGGIMQADFIUHEFLOHUH NOUNICHO Oii@KiodRL] B D N
OHYLULOHU X\JXDIDQRHRH YH 7*UNoH IRUPODDUGEIMP BGOH SRILAHQ SKXIBQQ
NRUHODV\RQODUg /&M RQPXRAVAHOoHUOL+L LoLQ \DSOODQ DoOPOD\OF
VRQXFXQGD PDGGHGHQ ROXUDQ EHGS(EBYXQWQ X H UUE S B DHGEHL d GQ C°F
\eNOHUL LOH D UD V&R GPQ GH |10k MMEBHEDQW Gb@®@ OuPDVOQGD (EHY
gOoH+L X\JXODQPOUG YH EX |OoH+LQ WRPQDM 9 & DIYLD VO B GR ORI HDADS
EXOXQPXUWXU gOOoH+LQ JeYHQLUOL=LQLKE$D DUDH MHNV DR XHINBDS O D\
EXOXQXUMHIQ UW H WWH V WF Xe ¥ W BRIOUDQLDNN VERX@DXX Q P X G W X U

$QDKWDUWP KOMWWLQOLN HEHYH\Q \HWNEQHWQEUOKNDUODPD JHOHUOLN J

$GDSWDWLRQ RI WEKHIBIOWHQWBIDOHHPARRQJ ORWK
6WXG\ RI 9DOIHOMD\ED Q GW '\
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7TKBLP RIVWKLGA LIQWY MARV L J D W B GFIDG@ W RIDIRNK W (D Q. FEBHOD H-HR QR W KH UV
B(® ZKLFK LV BWROHPADA@MDOQGONHU LYWW IDQGHOLDELOHWHDWKKS R
WKLW XG\ PRWW KL PKGIZH OIO@QW CALWBK R U LJDQTOU NLW KV L R QAF BZHW K H

DGPLQLWRHWDHEG L VKWHDEFKMBIBHDAEY VQ L 1S R D IGMRLY BIH CEDMWLRAND @ &
(QJOLVK FHRUHEWRDR/X QBU | R LG LWFE RO K KH DPQRROQW.RBDRMRRD O\VLV
DQIGDV ERTHAHQG D IR UIPYBIFWMERQG LWHPV K DR/X EFEHIRQRF VORD ZIDEHW ZHH Q

DQG HDRAUWWHP RI WKHKBERGOHEHWREXED BQEDUHQWDO 6BHPDQHLFDF)\
%( KDEHHRXQGRBULWEDIO L&SURQE BB KBRRH | | LIRLHQVEFRQY LVWHQF\ KDV Et
IR X Q CGD QW KJHH O L DUBAXA@IWWW R1 UHSHWLWLRQ WHVW DUH

.H\RUGMABIILFDF\ SDAHQMDIED® YW DW L RHO LYCCEDIOG. MW - U

*a59U

%LUHBAD®D KX]XUOX YH PXWOX ELU \DubDP VeUPHVL IDUN
PPN Q ROPDNWDGODWWWONOQGEREOGO®O HWPHQOHUGHQ ELUL
KHGHIOHULQH \|QHOLN \DSDELOPH HNVHQOL LQDQoODUOQ(
YH\D \HWNLQOLN RODUDN WDQOPODQPDNWDGOU %LUH\LQ
\HWNLQDYMDPOQD VDKLS ROPDVO EHNOHQPHNWHGLU %X
\HWNLQOL+LGLU $QQH EDEDODUOQ \D GD EDNOP YHUHQ
LOQDQoODUOQOQ G+]H\L RQODUOQ oRFXNODUO\OD LOLGNLOH

%DQGXUD ELORVVH® YH GDYUDQOUVDO EHFHULOHUI
G|Q+UW+U+OPHVL LOH RODQ \HWNLQOL+LQ LQVDQODUOQ W
YXUJX \DSHAWN@OW LN HQDRFD WBIUDPO %DQGXUD W

EHQLBPIOU GDYUDQOUO EDUDUOOO ELU UHNLOGH JHUOHNOHI



Ekim / October

International Journal of Turkish Education Sciences 2015

LOQDQFO" RODUDN WDQOPODQPOUWOU %LU GDYUDQOUOQ
LoLQ JHUHNOL oDEDQOQ KDUFDQPDVO R NIHNKQ LD HDRYQH
NDUDUOOOO+O YH WXWDUOOOO+O NLULQLQ NHQGLVLQL JH«
LOJLOLGLU %DQGXUD

<HWNLQOLN LQDQFOQOQ ER\XWODUO G¢]J]H\ JHQHOOHQF

<HWNLQOLN LQDQREQRDQIGNREBIKGD J|VWHURQMQ SH
EHOLUOH\HELOPHNWHGLU 'DKD Ge+G*N \HWNLQOLN LQDQFO!
LQDQFOQD VDKLS ELUH\OHULQ J|[VWHUGLNOHUL SHUIRUPDQ

.LGULOBDL® NRQXODUGRRD DWHF IK+EH OHRIQIE & ) X W XVQND. QUD K
\DSPDINHQ ED]O NRQMNOOH GW M\&IVONH BICD MQGKL XX Q Bl GIH@P D
ROPDNWDGOU

<HWNLQO@ED Jeo EHOLUOH\=FDNCALBELHWAMWNGDRWLN LQD
RUWDGDQ NDONDELOL\RUNHQFQD+ o\DBNKIEEUDVHH VENX L GX UNX PIX@L
NRUX\DELOP BNWIEXUWDOH U

<HWNLQOLN LQDQFO®O ELUH\OBAHOQ PELDEBDHB-UERKLIBOWD
PRWLYDV\RQ JLEL G|[UW WHPHO SVLNRORMLN LGOHYOHULQL

%LOLOWH@LYWH\OHU \DSDFDNODUO LGUOHULQ oR=+XQX |QF
LQDQoOBX B5GMQODUD J|UH <UHNN/LENDH\GRHH NWWHNSLLQJOLN LQDQ
ELUH\OHU NHQGLOHULQH ROXPOX WHONLQOHUGH EXOXQDI
ED €0 SFOOQOVBUWE ODROWU %DQGXUD 3SDMDUHYV

"X\IXVPOH&LUH\LQ \HWNLQOLN G+]H\LQLQ NDVJIO YH GH:
ERIXNOXNODUOQO NRQWURO HGLFL ELU \|Qe YDUGOU 'L+
ELUH\OHU NHRVX]OFHNIRLGROXPODUOQD LWHFHN ED]O ROD\C
VDKL SWIQUW XUD

6HOLRIWRKIHWNLQOLN Ge]H\L \eNVHN RODQ NLGLOHU NDS!
JJUHYOHUGHQ NDoPD]JNHQ \HWNLQOLN G+]HQHG&HR RODQUE
%DQGXUD

ORWLYDOMWQYDVI\RQ ELU GDYUDRPOY Q@ GALR+ EH N PB-QAVE
ELOLGVHO ELU VeUHOWLU )DNDW LQVDQODU EX EHNOHQW
EHOLUOHWABNUOGHINID GH MIYWWPNINQ OH M HGIBVIHQLQ \eNVHN YH\
PRWLYDV\RQXQ GD Ge¢]HB8FKX @MW NHOHKRHNWHGLU

<HWNLQOLN JHQHO DQODPGD HOH DOOQDELOHFH=+L JLE
DODQODUGBBHEHMWNL GHL+LGLU

(EHYH\Q \HWNLQOL+L &ROHPDQ 1D JJUH HEHYH\QO
JHOLULPOHUL *]HULQGH ROXPOX \|QGH HWNAXGHVBRORQDHEN
RODGBNORQWLJQ\ YH /DFKDULWH LVHQHE HYRIR ® + XHIX D!

\HWLUWLULOPHVL\OH LOJLOL ELU WDN(~)F: JIJUHYOHU KD~NN(
\DUJOODUO YH LQDQoODUO RODUDN WDQOPODPOUODUGOU

(EHYH\QOLN \HWNLQOLN G«]H\dRAQN M\oUIRI® ROMAEQC
GDYUDQOUG SR © 0 HRFOPHOMNIW BIGE CHEHYH\QOLN \HWHRDBDOB U@ \

oRFXNODUO® Ge+G*N HEHYH\QOLN \HWNLQOL+-LQH VDKLS DOQ
GDYUDQOU SUREOHPOHUL JIJVWHUPHNWHGLU $\EDFDOGWI N
oRFXAQOQ GDYUDQOUuODUOQO GH+LUWLUPHGH GDKD oRN
-RKQVWRQ
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%LUoRN DUDUWOUPDFO HEHYH\Q \HWNLQOL=+L LOH HEH
LOLGUNLQLQ ROGX+XQX EHOLUOHPLGUOHUGDQ HEHYH\QOWM
oRFXNODUOQD NDUUO QDVOO GDYUDQDFDNODUOQO oQDVOC
YH &URFNHQEHUJ +DOSHUQ ¥WEFOPDQQ HEHYPQBOL
\HWNLQOLN G+¢]H\OHULQL DUWWOUPRRGDN OHHWHEHEIHIOQ IOQ N UK
(EHYH\QOHU oRFXNODUOQOQ JHOLULPVHO NDPHSDOVILNCHOHOI
\OoOoDILdEGDL ELU ED+ODQPD\O X\DUDQO ERO ELU oHYUH\L
VD+OD\DELOLUOHBRNSKHQIDVLFK YH %UR

$0JOODQDQ HEHYH\Q \HWNLQOL=+IHNGRRRALGID VHQ W-H OR
GXUXP VRV\DO GHVWHN HYOLOL-LQ QLWHOL=L HEHYH\Q
ORFX+XQ ILIJLNVHO VvD+00+0O NDUDNWHWNLYH! PPH NMFHIGD U D K ¢
(FFOHV & RDWIP D QHWH

$LOH LoL LOLUNLOHU YH HYOLOLN NRQXVXQGD \HWN
IRQNVL\RQODUOQO QDVOO HWNLOHGL+-LQLQ GOubQGD DLO
DLOH \HOWNDQ ROPDQOQ HQ |QHPOL XQVXUXGXU *HQHOGH D
XQVXU HEHYH\QOHULQ oRFXN YH\D HUJHQOH RODQ LOLUGN
EDED WXWXPODUO\OD \HWLUHELOPHOHULQL VD+BIDAOBBLOP}
DQQH EDEDODUOQ HEHYH\QOLN NRQXVXQGD \HWNLQOLN L
(EHYH\QOHULQ \HWNLQOL+L D\UOFD oRFXNODUD NDUuO R
ILJILNVHO YH GX\JXVDO DoOGDQ LKWL\D@Q®DGBHQWHWD R 0D E DG
DOW XQVXUOD&DSED ED ¥YBIOGHU

(EHYH\Q \HWNLQOL=-LQGH DLOHQLQ |QHPLQH YXUJX \I
%DUEDQHOOL YH %DQGXUD LVH DLOH LoL LOLGNLOH
VRUXPOXORKO®UROGX+XQX EHOLUWHUHN HUOHULQ RUWI
JHWLUPHVLQLQ DLOH LoL LOLGNLOHUL JHQJLQOHUWLUHFH=
GH HWNLOHGL+-LQL EHOLUWPLGOHUGLU

(EHYH\QOHULQ \HWNLQOL+L D\UWIFDO & R FERADMD MOON DD 0@
JIVWHUHELOPH IL]LNVH® FrxN CRMIA® b O DDME®E Q O BH@QD\D E |
EDuDUOVOQD GHVWHN RODELORHD SUBIUDOW XQVXUODUD GD

(EHYH\Q \HWBNXQXIQ: IO HFDRGH\H GH LUOHYVHOOLN NDW
YH (FFOHV % X QX@H GEIED@D O HEHY H\RXNX EHFL
NDUDNW HQOUMMOMERGID OH\LFL UROH VDKLS ROGX+X &ROH
DQQH EDEDODUOQ \HWXNQOUN GO\ LKORQIbRLQH GR+UXGDQ
YH .DUUDNHU 'HV®IDQ GH ORQWLJQ\ YH /DFKDULWH

LoH@®@H DOOQPDVO JHUHNHQ ELU NDYUDPGOU

*ULPHV 9§D J|JEHHYH\Q \HWNLQOL+=LQLQUDRBON®D QWER ® K U@\
EHFHULOHUL HEHYH\QOLN |MBYHRDKOEWHNEHEFEHYPHOQDOLN \HV
Ge]H\LQH JUGBHEEBORNM V*UHFLQGHNL HEHYH\Q DOJOVO VD\HVL
KHPHQ VRQUD EHEH+LQ KHU W.UOJ3-QKWAIDEBQXBPEE N OIPA
HWPHNWXHGLUHFLQ VROXFHPQ@DBIGREH QM \WD® RODUDN \HULQH
HEHYH\QOLN NRQXVXQGD \HW NAEQE DA B+ XEDIH N SL & W4 HP D CHEH \RH
RODUDN HWNLOH\HFHNWLU 5HGVKDZ

%DUQHYV $SGDPDPRAGR LVEBQQHOHULQ JHQHOGH SRVWSLE
\DuDPOUGU ROGXNODUO \R+XQ GX\JIXVDO 0[N QW+Q+Q RUWDC
VRUXPOXOXNODUO ROGX+X YH EDEDQOQ DQQH\H RODQ GX
HEHYH\Q \HWH\LQQLNU&ZWOUPDNWD KHP GH DQQH\H NDUUO
DoONODPOUODUGOU
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%X ELOJLOHU Ouifu@QM@UBMEEBEBYB\Q \HVEIWK®OLGEHL QI
EDGODNEGOBP DoOVOQGD G «GPETD PN WHIGW D + O

(EHYH\Q \HWNRQOH AXNDQBGD NOVDFD GH+LQLOGL=+L «]H
GI&ROHPDQ YH .DUUDNHU UQ HD0 Q B IDAHQE D(@ HYHHO Q G WHLW N L
gOoH+BQdlg *ONHPL]GH NXO O XQIDOPD\ND UDHIQ B gFDLQMH DUDFO
NDIDQGOUPDNWOU

<gl7(0

$UDUWOUPD ORGHOL

$UDUWOUPDGD |O0HN X\DUODPD VsUHFL LFoH G (€4 TRMHNGH O
OHYULOPHVL LoLQ P D&ROWRRXQ® 0O DBY UHIHHN®DR L]LQOHU DOOC

$QQHOHBHYOH® <HWNLEO4§ N @D@ H- U N.dbLy B PHWHIG G D
IRUPXQGD gQJLUHUYFB OP@D PDE\®HDWUWPQUHAHOQGDQ GDKD V
SVLNRORMLN GDQO §\ePDmHH UHK EBHHEGINDIH @ QLU H] FlH= lg+ UH W
E|O«P+QGH oDOOUPRNWI RMIDUDIOQGDQ WWUWN o H\HP DIHOYDUW G
\DSOODFDN OHYLULOHULQ WRSOXPXPX]D|]¥YDX QoHMN £ 8 GYHH LT
ER\XWBDU®DO DQODPODU LOHUPHVLQH |]JHQ J|VWHUPHOHUL
RODUDDNQEXOOHYLULOHU GHUYNUOUWHIIG IDNAD@OQWDWL X]PDQ
7«UNoH LPOD YH DQODP NXUDOODUOQD X\JXQOXNODUO DoO
WDUDIOQGDQ NRGWUROVRGLOHNDOLQOQHGNDUDU YHULOHUHN |
JHWLUL®IPLtQWRUPG®GDDIHD POGGHHYLULGHQ VRQUD ROXUDQ
NDWOOOPFOODUDOQ FHYDSODGONODUO DOW ER\XWXQ HW
GD+OwWbOoprPOuwbU

gNLQFL DUDPDGD LVH OHYILUL@INWMDUD L HRDHO NGDEHIYPHDUNY L
GQJLOL]PHQOUHW DEIDEQOQEGPNL |[vUHRODUBIDN N EWN OHD]F K O (¢
7 UN®BJLOL]FH OHYLQLDUWR\ONQLQ ©QJLOL]JFH YH 7<UNot
x\Jxobpg@prPobuwod

(YUHQ YH gUQHNOHP ) i
$UDUWOUPDQOQ HYUHQLGHQWUIPGEW GN BB R®QHB HQHEH QIR F XN
VOQOI G*]H\LQGHR ®ODMXDPDMWEGOU PUORBGBR RIOOEX DMV

7H]JEDUDUDQ_ D JJUH [UQHNOHP JUXEXQXQ E*\¢NO*++Q+Q
HQ D] NDROPDNOHNWIGN |LbQBN CHERODKBX |[OoH+LQ IDNW|L
EHOLUOHRRNXNQU O YH 60Q0! G+ ]XODIUGFRGBKDU D

JUQHNOHP JUXEXQGD LVH NMI-BWNEDY OQMAOND O« YHOHQDILN oLC
oRFXNODUO Y H 60QOD GRH \HYG B eRDMIW P B OLbLQ 0OXVW
.HPDO hQLYHUVLWHVLQGHNL DQQHOHUH YH +DWD\ gO OLO«
DOOQDUDN $QWDN\D LO PHUNH]JLQGHNL LOINRO®POODB G DOWRAL

7DEOR |ODPEHLQ aBBOLIXH.+L NDSVDPO QG DolDN W PD bQDDQ ]
D Q Q HGQHLRR J U D | LN XYQXUQ RYHIW X U
7DEOROOH+LQ )DNW|U <DSOVO goLQ 80DUOODQ 'HPRJUDII

'H+LUONHQOHU |

<DU

‘JHUL
(+LWLP gONRNXO
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"XUXPX 2UWDRNXO
/LVH
<*NVHNRNXO
/ILVDQV YH hVWe

*HOLU "XUXPX
$\OON

dRFXN 6D\OV
7RSODP

A
YH «JHUL

9HUL 7RSODPD $UDoODUO

$QQHOHU LoLQ HEHYH\O$ HY MNDLUZHILW D|GD OMHFRIDAHR Q B D F \
PRWKHUQQHOHUEHYHOQ <HWNLQOLN gOdH:-ADFBDEMRQAIDO 6H
ORWKHIIROHPDQ YH .DUUDNHU WDUDIOQGDQ JHOLUWLUL

g]J*Q IRUP _ PDGGH DOW ER\XWWDQ ROXUDQ YH
7DPDPHQ NDWOOO\RUXP SXDQODPD DUDOO+0QGDQ ROX
DOOQDELOHFHN HQ \«NWHEXIX®QVH HG U

$(<gTQLQ |]J*Q IRUPXQXQ JHOLUWLULOWPHVRQBWO WGHFXK®
RODQ YH oRFXNODUO® GHYOHW RNXOXQD GHYDP HGHQ
JHOLUWLULOPHVL V*UHFLQGHNL |[UQHN ORI QD RPX QXU FELHORG
JUQHNOHP JUXEXQXQ GHPRJUDILN YHULOHUL E+\sN |O0+GH E

$(<gfQLQ |]J*Q IRUPXQGD |Oo0o*W ED+O0OW®HD <HHWNUQO!
gOOHGHOQIL FDF\6FI®HEKAHUHUDQG $GDPV PNUWDBROHPDQ
YHRHWNLQOLNWH (EHYHBSPWHR W DA VEH @ U s(HRELD&RIPESIHGH Q F H
'DOOVWRP@CEGBVPD@ENW &ROHPDQ YH .pQUdHNCHRAODQOOPOGV
+HU LNL |OoH+LQ WRSODP SXDQODUO LOWRISODIRQLRUIDY-@Q
NRUHOPNORI® <HWNLQOLN LOH YH <HWNLQOLNWH (EH)
EXOXQPXaWXU

<DSO JHOHUOLOL+L LoLQ \DSOODQ oDOOUPDGD LVH WRS
vOooub RODUDN EHOLUORMRPEHWILW O GXI®D Q|UH K LMLELQ
%DUDUOVOQO '"HVWHNOHPH %RU =DPDQODUO 'H+HUOHQG
DOW ER\XWODUOQGDQ ROXUuD$o ENOD@»BINWRSGHEPHGDOLQ
|OOH=+LQ |]J*Q WRISIEPOPPDW VD\OVO LVH TG XU

$(<gTQLQ []IQXIRURXQEDFHK $OFHQLUOLN NDWVD\OVO LV
ER\XWODUOQ &URQEDFK $0ID J*YHQLUOLN NDWVD\OVO LVH
%RUG =DPDQODUO '"H+HUOHQGLUPWHH 6D+ OQMNXMVDHD 'HVyWH:

(<g (EHYH\Q <HWNLQOLN gOoH=L

&DSUDUD 5HJDOLD 6FDELQL %DUEDQHOOL YH %DQGXU
YH *+QGe] WDUDIOQGDQ 7+UNoH\H X\DUODQFA®Y PDGC
OLNHUWOWHSIMEHNWHQ DOOQDELOHFHN HQ \eNVHN SXDQ

gOoH+LQ \DSO JHOHUOLOL+L LoLQ \DSOODQ IDNW|U DQD
ER\XWOX ELU |[O0oHN HOGH HIGAHD P L (R ®DOMNN E G D Q UYTHQ P QO
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JHOHUOLOLN oDOOUPDVO LoLQ \DSOODQ |Oo*W ED+OQWO O
PDGGHGHQ ROXUDQ YH 7«UNoH\H dHOLNSINDW H'GIIP IYWH YD S UQ GA

X\DUODQDQ *HQHO <HWNLQOLN gOoH=+L+H¥&gLNQOYWHV D
DOOQDQ WRSODP SXDQODU LoLQ \DSOODQ NRUHODV\RQ DQ
RUDQOQGD ELU NRUHODV\RQ EXOXQPXUWXU

gOOH+LQ JeoMHAAWROWOQGD LVH-¥YHAREODEFN $DWKD\OVO L
EXOXQPXOWHKALIPQLYOL+LQL EHMLQMOH FIQNW BNYOLUDMVW \|Q
NXOODQOOPOG YH |OoHN «oHU KDIWD DUD\OD LNL GHID
X\IJXODQPOUG KHU LNL X\JXODPD DUDVOQG NS R B UHZLIDW R
'"HPLU YH *+QG-*]

9HULOHULQ $QDOL]L

$UDGWOUPDGD HOGH HGLOHQ YHULOHULQ DQDOL]JL Lo
$UDUWOUPD VOUDVOQGD |[OOHNOHUL VDGHFH GR+UX YH HN\
NDWOOPOMHNDONNROGEXUDQ HEHYH\QOHULQ G|Q+WOHUL HO|

$(<gTQLQ OHYLUL JHOHUOL+L LoLQ |O0oH+LQ #QJLOL]JF
DUDVOQGD IDUN ROXS ROPDGO+0Q0O W HWW VIR PMXNODMIFI0

gOoH+LQ IDNW|QF NMIDHPHNQDoLQ WHPHO ELOHUHQOHU |
G|QGHYR \DSOQPQUIWRWMWPGD ER\XW HOGH HGLOGL=+L LoLQ L
ER\XWOX RODUDN GgO:0-H+Q B Q Gl QL BRRURIXVQA®D N IGIL El\+ NN W | U
RODQ RDOGWMOHFH NDWOOPOUWOU g]J]GH+HUL 9YGHQ E-«\*N
\DsSOoPOUWOU 7DEDFKQLFN YH )LGHOO ODGGH DW
NRUHODV\RQX IDNW|U DQDOL]L YH Lo WXWDUOOOON NI
\DSOOPXIDIGMGOHUWRSODP WHVEH DRWBQBD\REMNO D CBER YYHV X QG L
DODQ PDGGH PDGGWYH |[OoHNWHQ oONDUOODUDN PDGC
IRUPXQGDNL JLEL DOW ERGGW BHOEBURPGLOPAHRPLQUGHQ VRC
WRSP WHVW NRUHODV\RQX KHVDSODQPOUG YER\IDW®mME\OS OV
QHGHQL\OH YDULPD[ G|QG+*UPHVL\®HWVRRWIVOONUB QG\WN RO
DUDVOQGDNRNEHOONMRQ KHVDSODPDVOQGD GD LDJOWOE®RNXW
JJU*OPHGL+LQGHQ \DSOODQ YDULPD[ G|QG*UPHVLQLQ X\JIXC
%e\eN|[]WeUN 'DKD VRQUD ROXUGUWXUXODQ |OoHN +<]J]HULQGH
\DSOODUDN |OoH+LQ \DSO JHgPUB+t@LY¥H \WEDGHEERAMHDUE BYXOHI WX
J*YHQLUOLN NDWVD\OVO &URQEDFK $0ID NDWVD\OVO NXOOI

(<gfGH \HU DODQ PDGGHOHULQ JHOHUOL=-LQH NDQOW \
NRUHODV\RQODUO$(KHYQIB@DBYPEDWOQWOOO JHOHUOLOL=+LQ
(EHYH\Q <HWNLQQ®ON NOOEBRGOROLOHYTIGHQ DOOQDQ SXC
DUDVOQGDNL LOLGNL 3HDUVRQ ORPHQWOHU dDUSOPO
EXOXQPXUWXWUDHWWHVW J+GHQBEHD 1 N LD ©HIP BYOWD DUD\C
X\JXODPD VRQXFXQGD 3HDUVRQ ORPHQWOHU dDUSOPO .RUH

%8/*8/$5YH <2580

*HoHUOLN dDoduPDODUD

$QQHOHWEHYHQQ <HWNLQXILY TR NOoH X\DUODPD oDO
NDSVDPOQGD \DSOODQ JHOHUOLN oDOOUPDODUO DUD+0OGD \

dHYLUL JHOHUOLOL=L
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gOoHHLEQ IRUGM 7+UNoH IRUPX DUDVOQGDNL HUGH+HUOL
OXVWDID .HPDO hQlYXHUBLWHVLFQB8WPIEQOIO-QGDRYD E|EQIHQF
NDU 0 ROODNO® FQINGHUNSHEILOL]FH oHYQUDOHN@EQLQ
@QJLOL]FH YH 7+UNoH IRUPODUO X\JXO0DQPOuUWO

8\JXODPDGDQ HOGH SK®IQMMYPGDND NRUHODWRQUNDMW VI
EXOXQP®%EXWHXIHG LOHQ VRQXo |OoH+LQ oHYLUL DoOVOQGD X\

<DSHoHUOLOL=+L

$(<gTQLQ \DSO JHoHUOL+L oDOOUPDODUO NDSVDPOQGD
X\IXQOX+XQX EHOLUOHPHN QNLQ .DRV HI®MUMIH &WEB SSH U LF L
KHVDSODQPOU G|QG+U«OPeG WHPHO ELOHUHQOHU IDNW|U D

O9HULOHULQ WHPHO ELOHUHQOGH\HAQDNOQ]L@HE XN DX\Q/DX & X
%DUGHMMWLFLW\ WHVWL LOH LQFHOHQPLUOWUWUOHWAL QN VDT
X\JIJXQ ROGX=+X ROPDV@® EE&D XVHPPROBXPMN DQODPOQD JHO

<DSOOD@L] VRQAXFXQGD RQDGBNHBX O X Q FEYSKMXIU F 19\D\U
WHVWL YHULOHULQ oRN GH=+LUNHQOL OQWRWRPWORGDHWPERG
NXOODQOODELOHFHN LVWDWLVWLNVHO ELU WIHMNQLHN WLHN W
LVWDWLVWL+LQLQ DQODPOO oONPDVO YHULOHULQ oRN
JIVWHUJIWY\eE LJW+UN dDOOUPDGD \D/RMXFF @CID GIDJUOHWW W
EXOXQPXUWXU S

D $0OPOD\OFO IDNW|U DQDOL]JL VRQXo0ODUO

2WX] DOWO PDGGHGHQ ROXUDQ |OoH+LQWRS\ODR \BBDY
NRUHOD V\R Q&EH & HADLEOXPR. 4 W LU

7DEOR ODGGHGHQ 20X0DG Gy $ W-A.O @ &YDHQ §YIPRDMN W | U
$QDOL]L 6RQX0o0DUO

ODGGHOHU )DNW|UDNW|YDNW|UDNW|YDNW|U
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$OW %R\XW g]GH+HU
gOoHN gJ]GH+HU
$OW %R\XW 9DU\DQV
gOoHN 9DU\DQV
$OW %R\XW &U $OSKD
gOoHN &U $OSKD

7DEOR
IGHQ DQODUOODFD+0O «]HUH PDGGH LUDUHWOL vVD+OON
|QFH |OoH+LQ WP ER\XWODUOQOQ DoONODQDQ WRSODP Y
J*YHQLUOLN NDWVD\OVE GULHHU JBLEG 4O B K NIDRMEY Q4L NJ«@H Q |
*]JHULQGH o0ONWO=+ 0 glOonHN W W@ O/ @NV ER\XWXQGD \HU DC
PDGGHOHU DWOOGONWDQ VRQUDNL JeY i) LYHQLLND B HG WDINOW | U

7DEOROOHERQGW BPOQGDQ BRAE DG H Q* 2YOHK@ DWBD L DIN W | U
$QDOL]L BRQX00ODUO®

ODGGHIDHNW|UDNW|UDNW|UDNW|YDNW]|U

O [OTO0SIAT.

~
ns

MHO|>
a
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OXNMAHSO OdAAXC\X,

D FIGHMNAH.,

$8W %R &HN H U

gO0HN g]GH+-HU

$OW %R\XW 9DU\DQV
gOoBINU\DQV
$OW %R\XW &U $OSKD
gOoHN &U $OSKD

7DEO®Q DQODUOODFD+0O «JHUH $(<gTQGHQ 10Q DOW
VRQUD |O0OH=LQ WeP ER\XWODUNBOQO® NDPUHP®QWIN NDWVD\
\eNVHOPLUWLU gOoH+LQ ROXUDQ EX VRQ KDOL LOH NXOOI
$\UOFD PDGGH DWOPOQGDQ VRQUDNL 6FUHH 3LORW JUDIL=+]
WDEORVX GD DaW@GD YHULOP
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UHNL@OOH+LQ 6FUHH 3LORW *UDIL~+L

6—1

5—1

4

Eigenvalue
i

0

[ ) I R Rl R [ S G L e R R R L B N B PR N N I A N N I I R I
123 45 67 8 91011121314151617 1819 20 21 222324 2526 27 2829 3031 32

Component Number

6FUHH 3LORW JUDIL+LQGHNL NOUOOPD QRNWDODU
DQODuOOPDNWDGOU

7DEOBOOH=LQ $OW %R\XWODUOQD <|QHOLN .RUHODV\F

BRU| N X d -
1 “HQHO| 7TRYLSOL@PDR&\IXVDE Y NT  pD+0ON
<[QHWPHHVWHN '

*HQHO 7RS

'LVLSOLQ

%RU =DPPQO
<|QHWPH

'X\JXVDO 'HVWHN
2NXO "HVWH=+L

6D+-00ON

7DEORIQIWQODUOODFD+0O ¢JHUH |OOH+LQ JHQHO SXD
ER\XWODUOQOROBEQUEQUONHWIL\PBIHP GHUHFHVLQGH \*NVHN G

E 'R+UXOD\OFO IDNW|U DQDOL]L VRQXoODUO
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gOoH+LQ DOW ER\XWODUOQO YH DOW ER\XWODUOQ
GR+UXOD\OFO IDNW|U DQDOL]L \DSOOPOUWOU %X ED+ODPG

UHNLPOOH=LQ 'R+UXOD\OFO )DNW|U $QDOL]L 6RQXFX (¢

1 o.so =8
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UHNLO JGHQ DQODo®ODER& CER\MWHVD WRSODQPOU YH
DUDVOQGO®DPWHD (ELU LOLUNL EXOXQPDPOU |OoH+LQ DoONOI
\DSO\D VDKLS ROGX:HNBQ@B D JHOoPGEW-0 WL BHWDWMB@WQ\* N
ER\XMbXLQ LOH DUDVOQGDDWE RER | PW X QI N\QQHWPRBH |
GX\JXVDO GHVWHN DOW ER\XWX LoLQ LOH DUDVOQG!
DUDVOQGD YH VD+-OON DOW ERDXWR G L&H +VEWHSO HNHU<OP
JHOLUOWLUPH YH X\DUODPD V*UHFLQGH PDGGH WRSODP NR
HWPH DoOVOQGDQ HQ D] YH ¢ ]JHULQGH ROPDVO EHNOHQI
$(<gTQLQ |O0+OHQ |HEZHQ HMOUHUDDAOWWDKLS ROGX=+X V]|\OHQ
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$QDOL] VRQXoODUOQD J|UH |O0H+LQ YH PDGGHOH
PDGGHOHU DUDVOQGD ORGLILNDV\RQX YH PDGGHO}
PDGGHOHU DUDVOQGD VYPRGLIPNGGHRIXU DUDVOQGD LVH
\DSOOPOUWOU %HU PRGLILNDV\RQ X\JXODQGONWDQ VRQUI
JJU*QPHNMEHVRLQXFX D\UOFD WDEOR fWH YHULOPLGWLU

7DEORS(<gYQLQ GR-UXOD\OFO IDNW|U DQDOL]JL VRQXo¢

<DSOODQ ;' JfMED VHUEHVWOLN GHUHFHVLQH RUDQO 1)
GH+HUOHUL®IWUQR QGH. G\XP J|[VWHUPHVL 6505 GH+HULQLQ fLQ D
ROGX+XQX JIVWHUPHNWHGLU $QQHOHU LoLQ HEHYH\Q \HWNLC
NO\DVODQGO+OQGD ROGXNoD L\L ELU PRGHO ROGX=+X LIDGH HGL

gOo*W gOoOHNML*HOHUO
$(<gTQLQ |O0o*W |OOHN JHOHUGIDIHUDOYD EFHIDWABP HAN

%DUEDQHOOL YH %DQGXUD WDUDIOQGDQ JHOLGUWLULC
7¢UNOH\H BDUBDDH\Q <HWNLQOLN gOoH+L (<g NXOODQOOF
WRSODP SXDQODUOQ LOLUNLVL RODUDN EXOXQPXUWXU

DoOVOQGDQ X\XPOX ROGX+XQX JI[IVWHUPHNWHGLU
*«YHQLAUBDA®UPDODUOD
7HVW 7HNUMHWQDIZHO W= koY

gOoH+LQ WHVW WHNUDU WHVW \|QWHPL $R@OWID JeYH
OHWNLQGH UDQGRP RODEHDM™WHMHOLLLOHKK®IWD DUD LOH (<g X\JX
X\ IJXMDPRQXFXQGD LON X\JXODPDH LNLQFNW\JXODWPD
DUDVOQGDNL NRPDHONYWHNVDSODQPOUWOU %X EXO0JX
J*YHQLUOL+LQH YH D\QO \DSO\O |OoWe+++QH NDQOW RODUDN

*«YHQLUOLN .DWVD\OODUO

gOOH=LQ JLYHLQEHOL (RO R RERFUDIS®D WVD\OODYAUNRO WD Q
ER\XWXQ YH |[O0H+LQ Lo JeYHROUXQNUIDWBEOR/ JGD LYHLLIIND|

7DEOR$(<gYQLQ Lo J*YHQLUOLN NDWVD\OODUO

%R\XWODU ODGGH 6D\OVAQURQEDFK .
'LVLSOLQ
%R0 =DPDQO <|QHWPH
'X\IJXVB@WHN
2NXO '"HVWH=L

6D+-00ON
7TRSODP
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7DEOR 1GDQ DQODUOODFD+0 QRO 1$q <kpYHLQY D@IVN B
LOH DUDVOQGD GH+LUWL+*L WRSODP Lo J*YHQLUOLN ND)
YHULOHU Oub+0QGD $(<gTQLQ JeYHQLUOLN NDWVD\OVO \eN
J*YHQLUOLN NDWVD\OODUO DoOVOQGP@PHNWRGQUU ELU |Oo

6218d+7$57,00% YH g1(52/(5

%X oDOOUPDQOQ DPDFO &ROHPDQ YH .DUUDNHU
LoLQ (EHYH\Q <HWNLQOLN gOoH+LQLQ $(<g 7<UNoH\H X\L
oDOOuPDODUOQO \DSPDNWOU

gQFHOONEHUQQRURXH 7«UNoH IRUPX DUOOLV@ GEGHIONLWU 6 H GHHE
DPDFOORDPWDID .HPDO hQ lYHUWDLWHY LIFQGN PHIDIWLGQGDRDE
|+UHQF b QHUAEELUNDH 72QNOGLHFYHULOHW DUBRNDOODQPOGWDO
8\JXODPDGDQ H®HGRH HEDQEDOOGGDND NRUHODV\RQD WMNDN VD
EXOXQP%XWHXAGH HGLOHQ VRQXo0 |OoH+LQ oHYLUL DoOVOQGI

<DSO JHOHUOL=+L LoLQDW\8{WDQDIMJP /VR@F&®ODUOQD J|U
DoONOD\DQ ERHUU | DINSAD| LHID GH UHOGIDO PIJUe @ ULBUPGD \HU DODQ
VD+OON ER\XWXQGD \HYMDWOQGPDEBEDQ |OoHNWHQ DW!
IDNW|U DQDOL]JL \|QWHPL\OH \DSOODQ DQDOL]JGH LVH |OoH-
NDEX®LOHELOLPOEN-OXDR XUDWO POREAH KDDQW R B XM WDVMPX U
6D+OON ER\XWXQGD LUOHYVHO ROPD\DUDN |OoHNWHQ oON
VRV\DO EH+HQLUOLN NDYUDPO\OD LUOHYVHOOLNVHGWMHUPH

gOOH+DQW ERDQWHIQYLSOLQ DOW ER\XWX FURQERRK DOID
]DPDQO \|QHWPH DOW ER\XWX GX\UJXVDO GHVWHN DOW |
VD+OON DOW ER\XWX FURI) §DBK ¥B QLW R 5 RLDND VYDV D WO
EXOXQPXUWXU

$(<gfTQLQ |Oo0*W |O0HN JHOHUOL+LQL WHVW HWRHN DPDF
LOH DUDWRAUPABQGD ELU LOLGUNL EXOXQPXUWXU $\UOFD J+Y
WHNUDU \| QW H P LL N RIQXODXRDG D UKDHAD Q G D R O INIRIUNH @ B O WRQP X 0 W

7P EX EXOJXODUPD®GH®IWNNW|UO. KDOLQ DX GHIRO\BIGG
HEHYHA[HOUHWGH JHOHUOL YH JsYHQLOLU ELU ELXLPGH NXOO

hONHPIGGKD |QFHQ HEHWWNHNQOL+L LOH LOJLOL |OoHN JH
oDOOUPDVO ROGXNoD VOQOUOOGOU <DSONBPLAAV HEB WL
\HWNLQOL=L |NRQX VQRGEH $NW (OLERO OD+GHQ YH
WDUDIOQGDQ JHOWUWIWUDVOPORFX+D VDKLS RODQ DQQH EDE
%DEDOON %HFHULOHULQ G KDdgi] VHKW HAHOLIN (Bl @B B A QADIVOLY

s QGH{GGOHYGEERA O0D+GHQ YH $0SDU WDUEIORGDQ
|OoPH DUDFORDS EDRUDLSWHOOLD 6FDELQL %DUEDQHOOL Y
JHOLGWLULOPLUG 'HPLU YH *QG-] WDUDIOQGDQ 7<UNoF

WHN EREVUN|@OPH DUDF® ROPDN *]HUH LNSWODGHW |O0oPH DUD|

dRFXNODUBP D |$RHRE®FHULO HURQMDBIDKDG (HIPIDL@ \DiuD QW (
X\D U OFm-0mDP R@ ODU O Qo MRHEE ODHIKEHD OLN HWPH NRQXVXQ
\eNVHN HEHYH\QOHULQ GDKD ED®PN@®XU R MFZ D+XEMD UDIIHQ P H |
'XQQ $\HOMNODLQOLN Ge]H\L \eNVHN HEHYH\QOHU HP
NXOODQBDRWOHPOHULQ o|fHYHQGH- UHWAGPVYH (HQND\W RGP D
GDKD ID]JOD NDEXO MHWMWOHUL JJ[VWHUPHNWHGLU
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'L+HU \DQGDQ Ge+G*N HEHWHNQVLHWNEHXGLQL GDYUDQOA
ROPDNWH\GKBUQOLN Ge]H\L G+ oRFMNEEDHGUHBWMNHVL] GDYUL
LKPDO YH LVWLVPDWHIGHELOPHNWHGLU

<XNDUOGDNL QHGHQOHHGH® \GRND\@DO HNE H-HMQPIO oRF X +)
|QHPOL ELU \HUH VDKLSWLU %X QHGHQOH \HWNLQOLN G=+]H
G*]H\OHULQLQ EHOLUOHQPHVL JHUHNLU <HWNLQOLN Ge]H\(
ELU |OoPH DUDFOWIGOPHMOQLQ GDKD X\JX @ R @IUADKDOG PAD GE
VD+OON ER\XWXQGD \HU DOOS X\DUODPD VRQXFX \DSO\D
X\PDGO+0O GelG*Q+OPHNWHGLU

+HU QH NDGDU DQQHOHULQ HEHYH\QOLN NERLEODX QMG G HL (
EDEDODUOQ GD HEHYH\QOLN \HWNLQOLN G+]J]H\OHUL GH KH
ORFXNODUOQD HWNLOL GDYUDQOUOBY DHIGH Q@BIH HEQHWDIO DU
RODUDN HEHYH\Q \HWNLQOLN |OoP R INDFPO®MOMRDA0 KIH 6 Uio.
GD HWNLOL RODELOHFH=+L G+0U*Q*OPHNWHGLU

. $<1%$.d%

$UGHOW 0 YH (FFOHV - 6 S(HHHFWV 21 ORWI|
(IILFDF\%HOLHIV$QG3URPRWLYH3D USHQW L GREXWWKD W H-IRXWQ D2
)DPLO\,VVXHYV

%DQGXUD $ S6HOQIILFDF\ 7RZDUGV $ 8QLI\LQJ7KH
%HKDYLRUBYEKIORARILFDOSHYLHZ

%DQGXUD $ HIILFPHOI,Q 9 6 G5DPDFXMRGBBAGIDB RI +XF
%HKDYRU SS 1HZ <RUN $FDGHPLFBQYWWE LQ + )ULHGP
(QF\FORSHGLD RI| HFOGMHPIQ FB D BWK 6DQ 'LHJR

%DQGXUD $HBIILFDF\ 7KH([HUFLYWHRIPRRQRWR O

%DQGXUD $ (IILF®OHFOILQ & KDMUH Y J6)RKUHN K 3 USLMRE U LGIZH<R |
8QLYHUVLW\3UHVV

%DUQHYV & 5 YWDBBGRVRQ1 SHUFHLYHGODWHUQDC
(IILFDF\7TRRO 'HYHORSPHQWDO$QG9DOLGDWLRQ:LWKORWKF
-RXUQDO&RPBHODPWZRQO 3XEOLVKLQJ

%HOVN\ - 7KH'HWHUPLQDQWYV RI 3DUHQMLMG 'H YHRFHVHQW
%HQDVLFK $ *XBQ%URRN SODWHUQDOSWWLWXGHV$QG

5HDULQJ $VVRFLDWLRQV:LWK)DRKQD® GH& K DRS PAXKQWF RPH V
%e\eN|WNe 6 6RVIDO %LOLPOHU gol Q29WDW $ @MDWPILSUD . LW
'"HVHQL 6SVV 8\JXODRBOBR & ¥B\ORWFOPL ON $QNDUD %DV
&DSUDUD * 5HJDOLD & 6FDELQL ( %DUEDQHOOL & Yt

J)LOLBDUHQWDO ODULWDO $QG&ROOHKWRSHPMPRRXQDPD
3V\FKRORJLFDO$VVHWPHQW
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&DSUDUD * 3DVWRUHOOL & 5HJDOLD & G6FDELQL ( Y
$GROHVFHQWW)LRDLAD 2 6 HAXID OW Q P W L RRLLAD J $ Q G-FOWIQD D F W |
RI 5SHVHDUFK RQ $GROHVFHQFH

&ROHPDQ 3 . ODWHBQBO %BHOLHIV $V 3UHGLFWRU)\
&RPSHWHQFH $QG 7RGGOHUVY (PRWLRQDO 8QEKBOLVKE &
'RFWRUDWHHWWKHWLM QLD 8QLYHUVLW\

&ROHPDQ 3 YH .DUUDNHU . HIHFDF\$QG3TBWBIQWLQJ:
JLQGLQJVS$QG)XWXUH BISCREPEHWWRD@EHYLHZ

&ROHPDQ 3 . YH.DUUDNHU . +(IIEDF:3PRIQQVOIRQIKGIW®I 21 6F
$JH &KLOGUHQ &RQFHSWXDOL]DWLR®PLODBXOMDMHRY\EQG

GHORQWLJQ\ ) YH /DFKDULWH & (11EFDEF H LAYRIGRHDIM
$QDO\VWRWUQDO RI $GYDQFHG 1XUVLQJ

'"HPLU 6 YH **QG-] % B S(EHYH\Q <HWNLQOLN gOoH=+LQ
**YHQLUOLN dDOOUPDODUO ~ OXVWDID .HPDO hQLYHUVLWHYV

'HVMDUGLQ - O0DWHUQDOLBBBI $Q 2QYROYIRUHOMDJI /DQJIXI
'"HYHORSPHQW 2Q <RXQJ'HDI&KLOGUHQ:L\

8QSXEOLVKHG'RFWRBQOY HWUWAMDWIRRUROD /RV$SQIHOHYV

(OLER®+BHQ ' 9H $O0SDBQRH %DEDOON %HFHULOHULQGH g
<D0 *HOMHUOIYM QLUWON++HNLPOL=L %sOWHQL V

*ULPHV / 7KH 5ROH 21l B3PMAHOP®IDBHQWDO .@RZOHGJ
gQIDQWEgQWHUDFWLRQV'XULQJ7KHBQB®E DWV R G RBIWRIQDWKH
%RZOLQJ *UHHB®®BQEYHUVLW)\

+DOSHUQ /) YH OF/HDQ : ( 3+H\ , ©ROPQ W BRI DDW RO
'HYHORSPHQW

-RKQVWRQ & YH ODVK ( - 3¢ OHDVXUH 21 3DUHQW
-RXUQDO RI &0OLQLFDO &KLOG 3V\FKORJ\

“-RQH¥ / YH 3ULQ] 5 - S3RWHQW (D DBROHYQ2 B BDHGIY
&KLOG $GMXVWPHEON Q% FHYIWZEKRORJI\EHYLHZ

.DOD\FO u6SVV 8\JXODPDOO dRN 'H+LUNK@OQ sDWIIQWLVWLN
'D+OVWQRDUD

/IHHUNHYV ( YH &URFNHQEHUJ 6 37TKH 'HEYHORSP
(IILFDF\$QGogWV@gPSDFW 2QQUDYHUQDO%HKDYLRU”

3DMDUHYV ) HIILPBAGIHOLHIV'XULQJ$GR
,PSOLFDWLRQV)RU7HDFKHUVS$Q&DBMDHOWY 7 ,Q8UGDQ (1
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$GROHVFHQFHDQGHGXFDWRRQ SM6HGDF\EHOLHIV RI DGR
*UHHQZLFK &7 ,QIRUPDWLRQ $JH 3XEOLVKLQJ

5HGVKDZ 0 SORWKHUV 21 %DELHV5HTXLULQJ 6SHFLDO
"RXUQBKWSRRGXFWLYHDQG,QIDQW3V\FKRORJ\

BFKXQN ' + *XQQ 7 3HIILFDFA®M)EGBIENLOO '"HYHORSPHQW
7DVNB6WUDWHJILHV$QGSWWULEXWLRQV ~ -RXUQDO RI (GXFDW

6HOHU @  3VLNROR MWD U &Y WD*BOLHIRLL UFSPDWP B 61 D/W U H G
$Q0 <D\OQFOOON $QNDUD

6WHZDODMWNH $ YH 'XQQ - J)DPLOLHV&RXQW (IIHFV
'"HYHORSPHQW &DPEULGJH 8QLYHUVLW\3UHVV 1HZ <RUN

7DEDFKQLFN % * YH )LGBWQQJ/0X0WLY D ULHMGKEDPE W L VKWL ¥
$00\Q %DFRQ

7HIEDGDUDQ $ $ OLNHUW 7LSL gOoHN *HOLGWLUPH
<D\ 06 Q®ENmMU D



