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9 4 € (1213s).



14

(@)

1cm

y 1cm Bl
{ didzt=ISl. (@ stedMlsOdd:), FbBON | dadz’ | dgp |
dsts dzts € te d M Is O gzt sFe3(BOG.d 9" O j dielyr j ¢ tsdz' y

CtodMls Odzdztsh j oy Ols j dzj

12.[ s j dedesMisd S o fyls O zdRFBOYSE 52 Mls te

) jteor j dimfidzj Hiseo Odzdw  flstelz C Is iz to RVa(BOj)H S
Brdzd or f sdzdzj dz' 9 1 9 &M;(BBs), (R¥Y(BmM Ely &g, By Eizj dz
Yb) RECr(BO), (R=Smd Gd)[9, 10] wlstckzSlskter lsdatsfw Is
B dzj tc © d&zO CaM@@Br) (SlOte ¢ 5 dZO dz! dzOW 1 te ts RBAB[EBYzM Is
I sdaj ] b Od RELLOEGSEE] B &zO0ttky j d@ o' Mt
BESHIWdSOydd M B sdzj Ju2/iofd29s30] Md d3d3d Isted § 2
1l jcotgnMmdzj Hiso Odad j Ctod fls © dzBRERBP,Jy S B2 dzts
o' f Sdzdzj dets dzO  RMdgldBi ) Eeg(BOW.O 2P~ (¢ d2Odzd L  fd
fseOmMOdzd?2 orvwoaddz Istcd o tsL BBEPz’RIM, R8P H tStot
OzOdsedd f ©Odjj dmidjHse Odzdz BIMBLTBY M s
[28] ,  dziOsz¢ 3 dzd NAAIKROG, [18] d  dzd &HOdialf | NAGaE(BO;),
[ 31] BHOMBsEg)Fe(BOs)sB " dzO o 'ff Hots@dg® O dzfnls & RMAzO
ftsHIso jcHdoh OwMmw o LStH] bklstsydzj dzdvw fistck
B' dzd o' OMjdzr o ftedMBIOYE oBdOd, tofsifdso Fisd



15

oG dz¢ ygJ dzd ¥ 9 MMmMlsOes M HJdzd dzd 21 f Bstinddzj hHtdnc
MlstczCIsktc® tjHCtSL j d3j dRFeBOG),, W 9 ot OB fftzels B o
mMdmilsj d©zZO A , dL 2yodzom! B IssHBAB t.j dzlsc § dzts
54 i3 J 8Ozt d Ob®shijttdsd H argpBa, d
NdFe(BOs)s, (YosBios)Fex(BOs), [16], GdFe(BOs)s [32], ErFe(BOs), [33].
stk IsktcO® o M jfjtej ydmdzj dedz" = Misd H ddz] dac
ftesmMistcOdzis o | AR dzve tedzfjffdzy Hiso Odzd 2 MislzC
LaFe(BOs)s, NdFe(BOs)s d  YdsBios)FexBOs)s [ 1 6] IsOC g o Odzhf f
Cted MisOdzdz" , o' t6Oh j dzdBi s M gipPB Rz OBE Uz J «
fedmMizsmMmad)y fteddsyj Mde" =~ Otk o dmMdizIsO Ist
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Sm ftctso j HJ dg dmMmdzj Hise Odzed v , f L otsdz
Cted Mis Odzdzd yj MS BE s i tsdzw d BOG dzd Is dats 2
BOcddIsszftczeadjy d M jSCltesip8®Y d Jj MEABEZS 0=
WEZzdeS yqd sdzOdzO ff dzts Is dztafy) mitfo teeO frdm j 16 to tidsjteHz jCds [z to '
tej HSBSL j d3j dz' dz' - RF&(BM) (Re-Ce @l o o ff tosMmistcO
ClzfRBR M dMysd L se0ddj &3 §Mjontsysilsjday
SBBdSYj S t©jHSGI &3] &z desE s ( 5 dzO

l tets9 j Hj dadz" | dMmimdzj Hise Odzd W f tsL o tsdzd dzc
ftedmkzlsmisea dj Hofdro L ®d s @fzlznBo d j &3 RBOG dzq
WJjtctetsB tREBON tcdosHdIls € Mdzsy desdglz d3O G dzd I
Msd Hddzj dzd 2 : tcOL dzr a3 Isdf Oz Ml f Wzjste s &3O G f
Ef stew HtsYJ ded W , oLOddizder d©s3 CBtetej dzv ydvw o
Ef stew HsYJ dad v . Clsd sfmtse § dzdzsfyls d s tej H
tej HEBL J BB dz' dg' B dtsdzOd3d d dsdO®Rd ¥ § dzj |
Odzd L slstotstf dzr 2[7]. » Olct®OL Helf fiptzO G Oyilsts  ff oW dfe? o
WJtetesBStcOISOr HBBJddtelzjls  dzOdzdzsets ff o ¢
tcJ HEtSL jJdgd dzr dzr 7 1 dzj d3j dzlstseo, RiOIBIOIR §8H o. dzw f
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L Issd3 ModHiIsjdz Msekzjls, o YyoOmksdztsmisd, B dz
M OLd&dydyr &3 Isdff sd3 tdg].H C&ls § dzy @i Kzts & 5 dzt§ & G
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1dddzv desfdls ddzH zydtetse Odzdz” 2 fi ds@telfy CdED)] tof ts
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eJHEBL J A3 dz' dzse s d 5dz0O: ftcd tcOL dz" n tcj L
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\dddvd dd Mfjuydwduimis? {§sdjes? L Osd
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Odzts zO dzd W ozd ftcd ddzH Eydtetseo Odzdz” n BO G dz(d k
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MY sdzls OdzdzOVY tsdzwtedL Oydvw. 1 5B dzO fiRBx(BOSzd X
B' dz ts5B dzOtc vy jedp Sfptf] d dizls © y d tsRzt£sd 28], Mdj[ 78] J HO &©18],:
Dy [45], Er[44] d HOogsNdp 5[50 . s tsdzsmmOdz! dz" 2 @ dHEOG dzd Istsi ¢
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0" Wo d&ZSHEQ®BO), [77], d &kide hd2 (5 §sWHCE
LWW Sl B' &z BOFEMEDOHS0 dz o
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RMfdzj Hso Odzd ] L OSGdsd3jtedzsMmisj 2 d3jyHE
Mtk lskes?2 d ¥dLdujmSdaod Mew2Mmse Odkd ¢ t
9 O dzr 3 H dzw Mtse toj d3 dzdzts 2 sirddSd di o
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SBLGBt dMidHse Odzd 2 toj H SREe(BQR s WO 157 o) td
dzj Md3tsIs tow dzO Hiso tsdz! dats Btsdz! h 5 yd fndzts
Bzdz W% jciesdHdr & Mows2fises HOdEZsEE § d&zOfM!
Mo ts2 fls o Osklfs ddzjoHitnls Ols s ydets. | dzOydlsj dz' dzts |
diMMmdzj Hso Odzd ¥ BOcdddsets W Oidds sk 5d § @G
b stewHisyj dzdv, oLddCOsh jets dedyj Isj o3y
MstekSlsktwdy § dL Bj dzaj ded™w o 5B zOEHs@, Mldsjiedztl .
Cohtecsets LOoadMmdls Bls sdfO twjHESBL j d3j dz' dz
Ctod Mis GO, dzj OdzOdzdL dqietso Odzd ! . 1 Odadz j
WOLGoBE fjtojRtSHO © tojHCEL jdjd dF & W jt
dzi sBrtsHd BBsMIsd AP dzjj Yy s o fjcoks s Y
BjilsEHO®R]. [ Odedzr | & MbikClhlkicj W jtiote Sio!
ftcj HiNlsOo dzj dzl.l o Ils @p dipfsfjts Is j Y fotOtsfip lesteaDsdi 1<
Ctokztf R dz0 dsdetsC tod s @ gzdzP dz0 B Mz @ 2z Slif listc O
ftcjHMsOodlsjdzj2 Mjdkj2Msoa0, O GdsStdHh
L Clsj &Y j OIS & to dadipls e ® ez ® iy § dzd@®2 11 dwictz 6§ 4 ts 2
ssdz' C GdFeBRY), 1 tcd 1 Issd3 BsdatsCted MisOdzdzr BT
COL dFOMbso GRIBjjdz ORO&IL O p Ezd bzl s W fic i €t f
OOz L Jtlctso Odzs ' oL BssyRizEj CBE s @gded, 4
ftod Mkl ipMad Bt &tyjl osddwls! &0 &OCc dzd!
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sflsduyd MSdy Mots2Mlsa O HOdMzdz = Bitw] HY te] figds G
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I'yOomsdetsfiyflciels j sy M o' L " 90 ls dMdzi(BOHodO dz
HoFg(BOs), © Ctlsttcr n 98¢ dzOH tjHCBL j d3j dz! dats 2
OdzL slstetsf d ddj e ls feslsdotsf sdzsyde §j L dzOS
s OCydjdzls j o Mdes f tesMmdzj HJIs fsojH]ded J )
4t AuHs@lzC Iskzteds § thtse j dztiats&gBQL), qiYfegBOsHB 1S &

fsmMisd C2YJHo@&ud M ) ¢ O0en@®0) i ,= 0. 901
s Y ¥ [78) d, M d&zOMdzs dzdIsj Olskzedz” d3 H Odz
W] lctlcsBBic OIS sB dzZOH Ot Is Bdzd L € d d3d L dzOu J

"OLso e [M.jugde sHIOSE o dllstedjotsd Ctd il
BOC dzdlsdz’ 2 oS kOH toj HS L j d&j dz dets2 § SHfd ik
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v OB Zd4® od Mls Odkzdzd Yj MS OV Mk SlsktcO, 1 ¢
@O kjCkhd2 dssdjdals Hdw  tej H CREe(BCH da dz
o' MsC sl B j cObkicds? e dOfsd, ( fided j € jsds
MlsOls' W L dZRTJ dgdif dzdd disfs ydzOW s j &3 § & @l Iz tai@d
S Bf jcOskE©cOR. Aojlktsd Sldj yjd MsekClsk
sflsOd dzr j gL zyj dz @O fsddCtdilsOddC
LSy jtedd3j dalst, ftsojHjdedzr §j M dmfsd L
BsdsCted Mls Odzdzs o, € s GBLMGOLD" €O yg Mis®@hj j de G
RMY sdz! L s9 Odz HOdzdzr | MistclzC Is Iz tc dzthi2 sadsjuleets ¢
ICSD[53 d BOL' &Ocdzqlsdz 7 [Mds to-te Olsttrizs | Mish GaMsiy

9 BIOSD)
R 1dLSCtslsj i3 JtgrRL d3gd toj dzd Wl @ MBsC 5
dL dsd o] @d W ftod S tddzO|lsj B j tOIskzts

S sy B3 4 digsrto d L o3J tg d&d W( §
Cc

Y 2,50 295 520

La 295

Ce

Pr 1.5 300

Nd 6*,22* 295

Pm

Sm RT

Eu

Gd 90 297

Tb 2; 30; 40; 10GQ 200 300

Dy 2, 50 300

Ho 2, 50 295 520

Er 1.5 300 RT

™Tm

Yb

Lu

Yo5Bigs 295

Ndo.sBig.s5 295

PrY RT
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21t jdelse j desfls oz C Isdgtaias @ to EO@tfdzts o

{ jdzlsG j desMistclz@ztf todz” @t €z@) B 5 dzj J cOMY to
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dL e j Mmisdz A fj ¢ sH dzW Mtk kts, His  dzOMm
tc j dzls ¢ j Hztste dnis tgf GReEls ERes B § to[§ln.ls O dzdzts ©

J H O dzdzts 2 OB s fted ftetsejHjdzd
Bsdzs S tod s Odzdzd yj MSdr ©BOLYtse dhf sdz L
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ZOB st Otstedz » HAWtcOS Ists )OS My G 7 1 63 &

[sdetsCtedMisOdz dzf 2 toj delse | detsom@ 42 tuat !
Myddzlsd dzdzv yd tsdadz” a3 Istsyj ydzg" €3 HjIlsj Clsstetsd
yd < dzO [DERQRI(APR Cryogenigst o zr Miskzf j dzyOlsr 2 & j «
LOBS dzklssets ydS dz@ B M j udoe Of Iss dnlsiod @ fiz®
2001350 s. [BOL jYy EMsOdkOs dzde Odizhw O =& At
CtodtsMisOO LOKBS dzklstsets yds dzO. o dzf e ffrstmlsg
SBtOL 59 Odzd CtdeH j dzMOIsO, CtodMmlsOdzdz d 57 d
Ho O Gjtdjlsduds » dij sOdzzdyj MSdn MksOS OdO
Bjtoddzdzdw . [Bi jd&B dBjde hjets MsOSOdO (M ¢
Ho zd3w f)lss@ Ca® dEAIEdO y O dz 104-10° agd@ telzj daof jv 3 j e Ols Iz
sBteOL Yo fftejHjdzvdzOm! hisOlsde d3 Ctej dzdzad-j o
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470), L OCte] § dzj dzdz' d3 dzO MmilsJ dzt § Cted s
dmMf sdz? LGsBO®&OKJ yJ M 52 € 5dzls to 5 dzdz L ke StmiEBRAs tc t
[ dnde 2 HJty OSjag | deaiz@y P2 yomisd Sdsh
fOdz Ykel)ssls CtsdzlsOCIls Mz ddz J HJdzlse j dader
sBteOL Yysdz d CtodtmisOlstsd. v OUsOYC toffdnfipl©jdaily ¢
9 wOodztso jmdesdz Isj f dzso sdz MtsMmistsw dzd d . r dzw
Isd BYf j tOskter CtdMisOISO (d HJjtey Olsjdzv tsB
Yylsts d H&VB2]lsBw@®Ld@ tBtOL ts5d3, Isj &3 j cOIsk
HsMisOKtdsUedaty CIsdzets s dfMrr 9 0] swv f 85C 0L Odzed W «
Cted sMisOIs 0.

[ sdesCted MisOdz! dzr 2 toj dzls 6 j Xe#sibul Rigaku Oxigrd tc
Diffraction) tMdzOh y ezlz d3j te dz" 3 CCD . H jllsj Sdddnais)dg
dmMf sdz! L so Odzd MCCDH g B WOBtED ,» EMils Odztso dzj dzd
Xcalibur, SapphiEOS8 S53 1 d+ Sy jteddzj delsOR ) d
Isi BYf j tOIsktcOdzd dzOXcakibgiridtind Sslsis d3 jeletgidzdshj d3f Jj to ¢
ftedMmMls©oaSd M Bn dzOY HJ dd J GyyodeHT ©xftrd Idstmtetsds ¢ |
d Cobra PlugOxford Cryosystems).

s OC Y J H dzw ftetso j HJ dzdW |, d3jflssts HodsudgdfipSh g 22
Istsydzsmis! sCOLOdzd?2 Isjdi3f jteOlskztegr dzO M IsOl
slsCtcr Ists el flisfitf @,590 Odzinw CADefiR BreafNiesriddy Isists yJj u
Hyls] CIststetsd.

{d dals ¢ j datsH d W jict O yfd jstatefiigs | didist Sdz' L 5o Oded § o3
gL dzz yp e v j ils o dzw dzd iy zO0 d3dzts ¢ PUATHRF@SHBE H
MsOdANB(BM0O 1) r[otetsf j2MEBsets MEBRFcBs B s Gzdzi
[83].1 dzW B ZOYHJjdedwY d dzOGtLj 9 Oded™w BBKBOL YO
HOdzdzts?2 tOBBIs] dhif sdz' L ts9 Odzdifn! ts ldCjtalsiflgj’ tai@ Is
~n dz&H] dESSSRF Hel jet d Oxford Cryostream70

Rdzlsj ctcdtetso Odzd J dzOB Stc s 9 HdWteOS yd tsdz
zOB BE@iIsds HJWtcOC Istsdi3jsIhic Onfm f defitsto tisdz'dLdts © O dzd
C s d3f dzLLydAIB(Pro) (Rigaku Oxford Diffraction) [84]. | dzw ftc] 5B OI
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% stedsOls O | WitdyRRsjedzdz’ & ) d MY 5 dz' Rilius QMzdiEO0
HaWtcOC SRILBTUS@INBL, o ¥ s €igs@ls(Pro) d i sdz' L 5o O dzipw
f o5 ¢ SBBEdo0IBoX83]. s e d Mls O dzdzd Yj S OV MstekzC sk to
 dmf sdz' L 59 Odah@0dH[8h]d AITRAIREIR

22s OdzdBtetso C O kMmMlstots2 Mlse tshn dzOY H j dzgdW¥ B e

l 1 CMmYf jted d3d dzls O , f teitsie @sCHIgigiieadilejdzOCD, H
dhf sdz? L so OdzdMm! Hoj Isj B jtOskztedz § f tod Ml

uvJ B J tcOIs Iz te dzO WCryofettd f(Oxf@rd Cndtruments) f sL 9 ts dz
Sa O HOIs! ddzd dzOGctej 9 Ols! 5B BMO g tfyts s JHHJE
JGB BHEZo O f(tbtittd cOL @@ dafwe s 3 Pu &
QolssdBOIsdyj MEsets sftsdzdzj dedvw 5 jtej -tcO
&z lstctso r 2 d btOdahlftstcds'd?2 2 ¢ JLlBa&J Isd yd&" Qud i
hIsOlsdzts G t5 Isj B j tOIskztcdztsc s HOIyd¢ O H dzw
dimf sdz? L zj Ismwic jfLdgCiidddatda ' 22 Isj ted3tsd3d Iste P T 1 |
oBdzdLd M &z0O.

vl B JcOlslztedzOw  { tc d fOxiOrd HosySemB)ir & Is SPtd ruls
MdMmlsj] &30 8- &zOY H j dad W fsssCtsd3 cOLtsBBIGOL
Myduydwdeoydd, fwosetsudls! dL d3j 6300sd " «af Misg
CobraPl us MmMtsHjtydls tjWitdy JjtcOlststc, B dzs ¢ |
Cryodri ve. RldNGs s dizd ¢ MO B Cobra Pl us
Par ker . ldzgj "ded?2 fBlstsC GCOLBSBIKEOL dzsGe s
ftodMmMls©oCOr tBIMfjydoOjls LOMNdlklk tBtOL Yl
mMdMmis j d3j Cobra Plus sizh j Mis o dmif ldsigrts y § dk
oBdzdLd M &z0.

lted dMMdzj Hs9 Odzedd W OLBO '™ n fjtejrnBBHBO
Is 5 y dzO W M zOMBs o Odzdzts My Is ! d o s i tatts Lo
otsMftesdL o tsHd dizgsMis! toj dzlsc J detsistez C Iskztedzr n
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f OtcOd3j stetso wyd 2¢dqnr dz0© O olsdjfigiff djtdchifldsvizmtc dz M ff s
qiddlsdtctso Ols+ &zdets MEter Is Isj &3 4 tOIls z tc dz’
dMmis d dzdz" | gL o3 dzgj dzdv OOy stetseo  ffted WO
f sdzlz y4 ded v BOSC Md BOdz' dzts Cstetcj CIlsdz n HOd
ftcseo jH ] P ydggzder =  CMYf jtodd3j deglstse o h dte
tc Od3C On H O dzdzts 2 tcOB SIS Br 20 ftetso j HJ ¢zO
dhf sdz Lkjd3r = d&O &OBBtOIststcdzsdy HIW L OC IstsC

[ dzw sy4d dz$ d fsetej " detsflsd L dzOyJ ded W
tcj dzlsc J dztsH d W tc Ot M ddgpiaizE O -1 StNtcd dMYf sdz! L 59
slsCter Isr d@3 felssCtsd3 ¢ OL O, B lda®ClyiplesT{OxfgrdlzO
Instrumenty  QGpbra Plus (Oxford Cryosystemp ] dMmf sdz L s Odzd J
dLdBBj cdlsj dz' dese s tsBtsStckzHtso Oded W . fc gzt Iz dm tdsff
COzdBtetso € d o' h j dzOL o Odzdz' ~ Emstcts2 fils o
L Qo dMmd dizsmls f OtcOd3d Istetse 1 dzj d3) dzls QB@RYES D
HJOf OL tsdzj Isj B jteOlskte, BdJLSdA & Isj i3 Jt
fesMistcOdzmiso Rz&zE B PHEMR( Hd3. § OcOcwOW 3. 1.

ltcd COdzdBtetso € j dimtf sdzr L tso Odzd iy Iste d
vimMstes2MmMlsets CryoJdJetHT (Oxford I nstrume
CAD4 (Emraf-Noni us) M byjyder &3 HJjlsj ¢ Isstets ds.
Cryosys e ms ) B' dzs tOLBBjMNjdets dzO HIWtcOS Istsdh
HjljSCItstesds ( Ri gaku Oxford Dif fglale®dzodd
HJWtcOC Istsd3j3sle4 2HuUfpedstsyj ydz" €3 HJIsj S Iststesdi
LOBSE dzzlIsts e s y (-208A@PDX0rysgeriee x DE

17 dZ0 Byjdzgj 20 MlsOBddz detsls: ftejH  dzjd
2O HWKOCIstsd3j stej Huber . [dzv 1 Istsets f Ote
ftcdsd80Isjyidd] tdzEtstcO® d&jMmwvyje. dwlsOBd
or MeCts?2 (BHBOBHJYOB XS o j dzZdyddz ff OtcOd3j Ists
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v OB dzd UOu 52y dzsls! ©tejHjdzjdedw OOk
¢ to d ) IsGoderfdFe(BOs).f KB OMtcj Hdzw W o j dzd yd dzO L ¢

a, j Ci
1 9.5452321) 7.56399 (123)
2 9.5450719) 7.56414 (111)
3 9.5451%22) 7.56374(127)
é é é
7 9.5451724) 7.56416(133)
Htcj H dzj 9.5452(1) 7.5642(3)

1 tod tcOB 5ls | CilydiddHT txf2dhgfBobra Plus H dzw dzj L Oo d
dLdzjtcjdedw Isj d3tf jtcOlslzter o B d&ZOMIsd tBtOL
Jumo (Pt 100 [ &) . 4 5 totsilsd o dzjlsdpgdi3f j k& Pis i
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McMisOo dsz@ st BH jdzv jIsqw § zZOsddetseo ™ d3 Isj to
shdeCO dLd&jtejdd?2 BN dO ( szt frj dzv Yy O
Isj BB j cOsktcdztsc s EesdzisB s dedejj R ®) .dzj v jftficsi o " hdB
Edsj da' h jdedwV bjf dzsotsets fslstsCO tsls HJjtey Ol
f zOlsddzso gz Isj oz d3] Istelz Isj tcdzgsdzj Istc B dz t
ftccosHsd HJOM  Istetsdg3 80 BSC d3, B IZOH OB h A7

g4 dBB@B sd A dzdL C slsj i3 j tc Olsymdettill ¢ ColmdnMus ts 2
yJ dzlstcd tctso Odzd fy! Slsdetsmdlsj dzt dets yj dzstce© @
s Misdqtesotsyder = ftodmMf smsedzj dzgd2, § tsMmilsOo dzw j
C Odzd B tc s Pt dE ds Gydietest to j f d dzfipw 1€ tc Jougdirftdsdd] ¢
yj dzlstced totso Odzipw ¢ O¢ sB " ydz 2 sBtOL j Y,
Codzdtsdzj stc®. 1 5COL OdedV¥  d&zOlsdzsoa sE 5 Isj toc
h OO0 EMsOdsesCd Isjd&fjtcOlsizts. l toj dgv, Is tc J
sftc] HY dzv dztsdgts 3l SH Qlds\wdsC 2 o Mtsfdzd o Mt
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[ A dzOY H J dzd | sBtcOL Yo ftod dMf sdz' L Gobrokis d
ftetsd fn tsHeosdeds fifiiss ¥y 1d2&B ¢ soc. oy OO d
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otcOh jdzdj] tBKOEL Yo etttk Md
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1 O o dz$h .1 ftcde j HJ dzO dL d&3j toj dzdzOW L C
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