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stetwd d [Ekd 144d, ftej HMCOL O ddi3d o
BOGdzgd Istst dzj CIstedy MSdr dBEOIj tcd Odztso . [ Hd
BOcdzd Ists1 dzj SIstedyj MS dJ BOIs j tod O dz'te s HsoB iz
Mikh jMlse jdzdes HOdMzj ] OBMlstcOCIsdzer 7 ftoj HY &
tcOB sisT slsjyjMmlse jdedzr = Eyjder = 9., rd. RJ.
[ LWdztsh JdbhS sctdsj L[S ts ML deh dr dzOf cOo dzj dz
pMistcsor &3 B" dz tslsCte’ stctf $H0a®I BOG ded sst dzj
1d3d B fsfrOoj Bhv sfdnmolk! MmMset]c
B &zOMiIsd dMimdzj Hiso Odzdw Bzdz! sdW j tetetsd H dz"
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wigCdn ftjHmlsOodlsj dzv 5 H O dkdptodsts dz€ &2 B ig P
(PFN d % jttdBgO.o dfdkzls0O (
1.1. A j tote s dzdij® af @RGRS:ND, 05
[bd ¥ jtetesdC W, ©hFmsMlORFN) fipordddzys ¢ t
1958 ¢. Ccobffs? §ossctsl Siso st s d gy
s dz) L sSeE B[ 4] BT O kMlsOdise dzj dz@ Isj d
(Ad}) dr Mg dziK @G (8C) M OOl dz

112 Aw (385 s). RrRfMdzjHssOddw Ctod
Mtsj Hddg ddf'sC[OL Odzd, ylsts §tod PEN ez@E 656 2
BB sl Hisd Yj ME 2 Mlstek S Isktsts 2 (1 ¢) fr

L dzj d3j dzlswpjicdfsR . 814 | °d &=88LBRG2 dtsdz o
dzj 2 stcw H sy j dateted &30 IssC IsO1 Htcod yfsceddjyd d .

LN 10%.om%

7 AL

I dds® j 1By j cOkztedy j L OodMmdBshmisd o

d BBtObLdgsS?2 &OG ddlsdzsE 2 p iy HENHEENLD |
Clisls WOCk fsLobsddd fjHfsdsydls: , ylist
BOG dzdlsdzs ] bistwHtyjddj LO mMujl ¢ she
COlqBergotej L Oddtd’ SCdhMdstsHO. PFOEdS j
off oo jdztdf sk OBOARSS ted s OdkztP: § shtstl BC SE
20 LOsdmddshlswy e(uv) d 1/6(v) ftd 14
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BO ¢ dzq Is dzts d3kz % OL s sk fjtcjitHE qL

OdzsdW j tiesBOC dzdlsdetsj (dAf) fPsmb s ded s dsg
ysts LOoadmddsmisd c(uv) o dajStlsttes? B
fsHYddew dzd i)' -L PEZf3@zk wletd MCGtjj ofmjct
Odzls d ¥ j totets BR dNdgjlds i S Odzd s H L dzj S Istc RN} )¢
fsMmowh j dzts HiSo sz 1R . Bl GrOUWDIs sz 2O 1 Is
fste sMsOs kY fesksdotste] ydy sldsmdlsj d'
Mjcdej sts! dzj S BYAY BE Glststf Qj 56 Scfsj 6 j nSHO.

E |

10000 -

8000 -
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4000 |-
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Temperature [°C]

t dMizdetsq Ob.dAdifes Mis dzv  RENGIs sdstsH d W d yd
¢ Sr,K,Mn,LatsBtcOL ytse o ddzls]j tco @) 0 B3P dst
1 5 oBdzj ded¥ Bsdz h ddzMlsoa © OColbtsse, ISOC

GjLizd sOlkse BNt dj dts dzj MS sdz ¢ d B ¥
1. {OLddyuds? kofsdscdj? idnbhdiyl jsddd dEt
PFN ¢ ftoddgiekejlsy®igw, COC toj ZOCMsE; t
SBOL YOI fd PN e edOp@nsesvs sls ~1. 5 HIs
Bscds sddwls! &0 Hdl djSkedyjmMSdj =-OLOS
2. uwddz d 8 odzdwdzdj 5 O HJt dzj Slstedyuj M¢
MddsjL O O je€Odd" Bt
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3. 10ddudd d3 o PRilstuskASIDEZ djj tcj d3j dzdzts2 Nhb), O dzj
ftcdotsuHwh jdg € f sWo dzj ded ¥ HJWJGClstso tc O
COdtsdedz” | ©90C0dzemdd, § dzsmEtsMmisd StedMmlsOc

P [uClem?)] - P [uClem’]
a) | b) ——PMFN
20+

10
2 3 : y [ g t
2 -1 / 1 2
E [kV/mm] E [kVimm]
04
204
P [uClem’]

c) ——PCFN d) P[uClem’]
204

v

3
1

| Lo f

-2 -1 1 2

A e
204

P [uClem?] P [uClem’]
e) ——PLFN f)

0

104
- ! /" ¢ : : ‘ :
55 / . 3 2 { 1 2

E (KV/imm] E [kV/mm]
=104
104
204

{ Uzt Ci JldzBY ded j ssH W d yd tots o Oz 6 lskoOd -
¢ dfMlsj tc PANG fij @ O oz RFEN,:(b) RFNFMnO,, (¢) PEN+C,0;, (d)
PEN+K,COs, (€) PEN¥La,0;, (f) PENFSICO; [32].
1 ifBsslstew dz0 § jtej ydidzj dedz’ j o' hj dzj ¢ Ols
ofnd dNhd BMsOjkhw o] M R3O0 { jttcd dfiSdsiddadt
COLddydr & f(deswOr &Sttt dj SkietddS d.
ftesB dzj 3" L Oa d fnPE@sHs d Is jnte B HNEdeO &3 Ud ME

wodw jlsiw BsHdWdydtse Odedj W jttttddss Ols
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v OB dzd

l dzdwdzady dBsHdW dS Ols ©tdlg dPENED] t8 @AdBHOd J[
sample PEN PCEN PSEN PKEN PMEN PLEN
admixture - Cr, 04 SrCO; K,CO; MnO; La,0s
Pexp (g/cm") 8.08 197 1.5 8.00 8.02 1.72
F (pum) 1.56 1.45 1.67 1.26 1.62 1.45
ag (A) 4.0091 4.0162 4.0132 4.0135 4.0121 4.0119
co (A) 4.0093 4.0082 4.0137 4.0024 4.0171 4.0083
o x 107 at T, (S/m) 7.19 8.69 29.20 2.36 3.65 16.70
o x 1077 at T, (S/m) 23.75 20.53 8.87 8.84 2.92 10.01
E, at1(eV) 0.402 0.526 0.406 0.513 0.459 0.579
E, at1l (eV) 0.892 0.788 0.512 0.908 0.609 0.367
E, at1lI (eV) 0.926 0.724 0.643 0.844 0.792 0.607
v=1kHz

Tw:(°C) 105 104 91 101 101 87
& 2860 3110 4500 3340 3990 3530
(tan &)1y 0.022 0.012 0.057 0.030 0.013 0.044
Em 10480 9660 9070 8200 11110 6350
(tan 8)1m 0.059 0.038 0.081 0.053 0.033 0.078
Emlér 3.66 3.11 2.02 2.46 3.72 1.80
o 1.78 1.70 1.85 1.84 1.62 1.89
Py (uClem?) 11.58 6.23 11.32 5.28 5.71 5.97
Ec (kV/mm) 0.53 0.41 0.88 0.45 0.34 0.68
. ] sHisB dz' 2 s
40000 dmf sdz! L s Odzw32- o
34] fteduyd &3 ot of

30000

20000

10000

Temperarture [°C]

t dindzts € 1110 e4d fy Wi)s fyis ez
tc OL dzc

¢ s dzy j dzhigiey d2i 9, Q.5%, 1.0%,

ud misRENds H dzw

1.5%, 2.0%, 33).

SICQO, d K,CO;, BT dzts

BsHIW Jdydtotse Odzdw
MlsOBddzdL Oydw Hd1 c
nOtcOCIsj tcdPNs ¢ v OC,
O ted d3j t6, 33 , @B
COyd Mo j BsH dW
dimf sdzr L tso Odzd iy

Mg ndd 8LMdHu BOwLE
(IV) MnO,, MSdH IR oS
Cr,0;, € MdH lld@aMdes O dzC
COteB sdzOIsT Mmiste s dzyc

tslsdzd yJ dets, Ylsts HJL dzj CIs
Md cdzd Istst dzj CIlsted ud MS PEN (i edig Why s ds@ v & jotc @ deXxp!
sdf© 99 jHjddese s BSHIJW.dOOBFto®IsGCHEE M sis d
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99 JHJddJ BsHIJW S Osstcts o o dzd W jtel&l uy jdgfk d
nOtcOCIsj BRNiIsdgts dd O Jets CtdMmlsOdzdzd yj M¢ L
Il sdi3ddZs L ssets, © wWWH] tOBBIS B" &zt ff ¢ Ol
BsHdWJS Olststets o dzO0©  MBRA?2 Misse0®@ , ¢ JjduOd agty i)
dimMmdzy H s OdzsMm* 9o dzd v dzduid 2tc G'L OB UIAZCREOCE  t0tHiz{)S,
Hdt dzj Stedud mMSdy d Mjedeflstst dzj Slstedud !
Mo d dzy ©O. 17T dzs EMlsOdetso dzj dets, LiagB:ta dd® y jo dzd
BOC fd Bz Bse  dzQ)L G i @FFINGEdls, © MOBI &C
sB dzOMls ek $§ §OIs z tds, IsOC¢ Y J dL d3gd dagv § Is
Micdgj Isst dzj S stcdyd MEtsets edmisjtejLdmMO (tec

(a) 805 P, [1Clem’] ( b) 0T P, [1Clem’] (C) a7 P, nClem’]

20+ 201 201
Wi 7_ 7/—7
Py | \ , , 5 | 4 ; ' Py H ;
-2 -1 1
10 10

+ t t t t t
1 2 -2 -1 1 2
E [kV/mm] 104 E [kV/mm]
20

(d ) S0 P, [uClcm?] (e) =

564 f . 7

1/ w/_

R 1 SR ey

E [kV/mm] E [kV/mm]

ol 104

41 -204

30l 30l

t qindets €1 114. ISdzd MmJj e dzj Istst dzj ClIsted yd ME 6t

Isd BY § tOIskztefF d | wairEbyls) PLLN, (€) PLioFN, (d)

PL.&FN, (€) PL,oFN: 0, 0.5%, 1.0%, 1.5%, 2.0%,CO; [33]

sO0Cdd3 tsBteOL 53, dimmdzi Hise Oded v o dzd v &z
MisOHdd Mmddzls PEN®G B¢ imtfGRdfSsfe sMisOY Isfiw HEso
ZOf cOo dzj dzgd § &3 dMMmdzj H 59 Oded 2 .

SOC E3j kfsdddOdsh' , BdBs ddEsHOAIIFEY ,
ydmlstse s, IsO¢ d BZBANG W cHusthtistslr Qiplsdzts 5 B M d te
ftotseo JHj dadz' 2 ScomPL j sihBoOBgzR? ybsts kB dzd ¢
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PFN o te OL dzd ydz' =~ Iseo jteHSIs ] dz' dz' - MsMmilssW c
WJtctetsdzd sB Ols © fne d dzy © ZzOMmuydfigsls O Isfp C
feedzd COydesdzdets?2 OCIsdodzsmisd f5COL T 90]Is
Bzdz! IsdW jetesd Sz dERDyGdHsOmMlYdshdzOOs o j ¢
sMisOj MW d&O HBotsdz! dgs o' MsSCsd3 ks dzj .
JloKyMEHTbI Mo rogam
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{ qidzs S 1ld BOBI S O § ke dzd S Olydf s dafias B oPENE s
(udmstsdkz d BsHd¥dydiess Odzdzsdglz) , O
smdztso §

b dzOdzd L teOMYf tcj HJ dzj dad W f 2B dzd ¢ Oy ts da
s BOIdSC ) (EEHOL QdsTs) t A ontsHdl N jMisjteC
SsteOmdd, EfskzyOow dez ¢ rRdedHO, Jd tetslz2dzd d
st OdzdL Oyd?2 f) Htsotsdz dgs Btsdzr "ddz wslstc’ o
WiHjwOd dr 2 bkddejthmdkils, o ¢ RBRskES
MsjHddaj dzed2 M jets EyOmlsdjd o odHj €jted

1tsdzj j HjgOdzef dz' P E®Odzd C Oydsdedets?2 OCIsd o
fsdissh d f ORMsEisL ossdddz syj ddls! dokSC s
MIsOIsj?2 6 HOdds?2 IsjBOdS] L O {§tMmdzj H da
s0Cdj §sSOLOLjdd, $O¢ ¢ itddyj iyOetmt)i. do
239, dstedkOdzdL s Odzdz' 2 § OttOd3d ste ydlsdtelz
HdMydyf dzddzj W OCIststc & dEdldVdeifited Githtion| lmmet)O dzd -
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1.26, d dcttdOdkdLcoOdds 2 §O0L0Ok]jlstt §tks

HdMydyf dzddzj W OC Iststs tctsdzd W tz¢ Er[d\\RigHtedsViews
Impact)i 1. 7 3. 1 2OyJ dzdwv Y smdzj Hdzds HOEZA
or Ml sd3 Jqdzlsj e My dmmdzj His9 Olsj dzj PENd L

[lokyMeHTbI Mo cTpaHam UnuM TEPPUTOPUAM
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ulssdls GlEibgksyts MsosChkyidshlsd doOkS
ZOdetdjj LdOudd 2 §keddSoOydsddy PFNe € d
o desmwWils yd ISirstgdt , mirteDEY , ( e fip. d1.t8\)

c 45

g 4 ﬁ\ sdlst

© \ OR dzH ¢

= 3,5 2z 0

© 3 ot s

- N

® S 25

— @© Octi s

%) 2 2 () Ouizts

2D & u

g = 157 I~ D O5 OdzC
1 - :

@ ; (M) R 50

(e 0 Qs 029

0 10 20 30 40 50
Scholarly Output

t dhz g .8 ORBO M sMisOo dzj dzedw O
fsCOLOIjdzj?2 HjMwIisd MlstceOdz, o desmwh dna
sB dzOFFKA 2013 s 2017 d€msdzd ytj Olsdgfstc 1

f zB dagdt?20 ( Vi ews Count)
sO¢C ¢ 0L 0O0dsNAABG ALY yOMils! tOBBIS Y5 H
dMmMmdzj Hise Oded W &3 ydMmMlstsc e HictcbuwEBE O)s Oo Mt
o tcj dgw LdzOydlsj dz' dzets oL totsmdzO Hsdzw i zE
BSHJWJdydPEN Odpjs OfL 2y ded® v f EyOfmlk
me d dzy ©. Clsts ModHjlsjdzw MlsealzjIls & tOL oL
stsd3, yYlsts BSHEMNd ybiiessa Odzdj ddtsor" 7 Mtsy H
wodwelsipw o jfMm! O ijtmMfjSlsdodey &3 o f &zO
NJdtepdzy Issls WOCIs, Yylsts MtejHd fHEkBdzd & Oyc
9J dzdC O HBAv dimmdzj Hse Odzd?2 (BEtSdZj 4 15%
ydmstsets W jtctesdzedtsBOlsO Mo ddzy®, HC0OL" 9
fsdzzo j CtsO Iz dmlststed d i Mmidzj HLOCAORAS2A3 ] to
W stcdzd e s o Odzd W MstczC skztodzr Hd! dzj ClIstec
OtcOC Is jPENHIds ditd = f Ste tsMisOjIsmw OCIskzOdz' dz
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20132017 cm r

ydflsr : ve JtH' § °
Ut dZo PFN,25, tGOfr]lsa s te
ts ) dzts o 4 16% dz0 s fdats
PFN, 62, PFN 167, ydmisr 2
43% 21% PFN, 430,
54%
[ sHdWC fsrnd¥dy
ydtese C o5 9 O dzdz'
r 2PFN, PFN, 202,
65, 41% 25%
{ Mz deiSs tlz Os o j] HJOGCELOBE , fSCOLT 90
fBddsOyd?, {§shewh j dgedad W €O  Fdf)tzgeH 3o &
PFN

( Mdzd BBdzj j HylsOdz! dzs tcOMmMmdssistey Is!
dimMmdzj H BEBNDdzfB BEZHjIs oadHdzts, yYlss BBdz h -
CjtOdid S | . [ HA&OC 5, Witkttctsded sB Ols Mo d dayC
Iso j toH Sls j dz/def W dijgflosy d dBsdes € ted ils © dzdzO A
v O¢, O f BH 3JjG® sste @3 dL E2yOdzd M- Hdl dzj
FnOOCIjtedMmisdSd  § dlsOC RFNOdzt daizS s fig ld2®© dziS ¢
) i dzj dzts y dats 2 W st d3j WJtktctsdzd sB Oskz Mo c
fsojHjddd, (] ASgIfhjejolskztej ~170 s o
fmilsj ¢ dzO.

l s s 1 sse s, YyOmls: fEkBddSOoyd?2 {§ sf
PFN 1 Of ted dBfjte, d Lelz y @ dzd M- tcOL dzd ydw 1 dzj
tcOL dzd ydz' A WOL On PHNs dztsiC rtedfdn Is @ deditizoy j dz' [
tcj dzls ¢ Jsdzts difipls 54 dzj € Istetsdadzets 2 ] jSClsidady ) € as@f df,
L Sdz B35 dzts € BRNfipls Odiletsaf 1 ¢ W OL OnR . 1 OB dz¥
1 CMY j tod d3j &4B8sO MigMds e dzdw B " dz f SH Isijitiex H |
fted fosiBshd BIISSHO § cdzdttsets d@dse ¢ tcOls dzt

137 O adfg(ts tc K dzW dmmdzj Hise Odzedw  MPRBI2 Mls
dmMf sdz L s Odzlmw BjIstsH OCkMmMisdud MEs2 1 d&3q
~nOOCIsjtedMisdud MEdd HOLOd] Ister HOARSE B
Isj BB j cOlskzter Al dL t41 WOL'"™ 9o Is]jltcE sdz

(8)., bi&if] ks ks dfjj ey dzET®) . Is j1 didfdj s =
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Oolsts3g]" g tydtjHME2 ©OL HEBSSC OPRd stif J @O
HJdZORdSE LOsyHiJdY o jet MttkzClskztej {

1 3§ B dzd dMmMmdzj Hse Odz a3 0 Gtelzf] fislel® dipdzt
Bzdz! sdW j tPENSd PN (W j totctsls O dzls O 4B &.Ta, P d dzay ©
dedL Cslsj B J cOlskztcdesd3 toj cdsdzj . ¢ 9lststcOd3d
B &zO tsB dzOtclkzy j dz0 d30c dzd Is dzOW Odets B3Odzdw , ¢
Mlsj ¢ sdz' dets j MomMlsswdzd jH ] dz OCMtgOo dzj detf j
~ Ot OS¢ Isj BRNds d RO G dzis dzd 5 B @MY Npg) @ dgRMN)  ©
dzdL Ctslsj B j cOlsktcdetsds d dzls j oo Odzj .

sO¢C dzOBd tOdz] j ZyJ B' dzs tslsd3j yJ dets
ZHjdzWs s oded i30ded §  PENA W Uidgots J S Joftdrdnpge]j SHofis o C
dm¢ detdad § &3) - { MsOdztso MY  dzO dzOd B 5z §
fsmdzj HdeadJ 10 dzjls.

1l 39 MtczClskztc® ¢ jteOBRBJCd W, jtctesded sB OL
fsd3tsh d dzgj 2stetsdadats? HWteOCydd. ¢olststcOd;
Cslstster 2 fsL otsdzd dz Flssydzedls! 52 ff O @3 ¢
Cted Mis ©dzdzd yj fy CAENR 3 jshdgdlsdsd 1 Istséts B ' dzd
Hdl dzj Sstedud MEBsets cdMmisjtejL dmO dmmdzj Hizj
Il 40 Oolstster dLEZzyOdzd eodzdwdedj cdHtetsMIsOls
Mots2Milso © PEN tc @MY ¢ tod d3j dzls Odzr dz' H d dzitf pelzj W
fssh d Gjdzj 6Olsstc® ol 6 OwdtsdzdS d
tcj dzlsc j detso MG 52 HdWteOS ydd. 1T odzts zMmls Oc
JqdzH Eydtetso Odzdets 3z H Qo dzj dzgd j d3 Mistez C Is & to dzts
RLABjojdedy ¢ Jjdzgj eOlststcO olstcts? ¢ O thdasdeg &
MdedzOdzO Hted fHtseorhjddd HOosdzjddw d ¢ Bdz
~tsH] dMMmdzj Hse Odzedw B'" dzd Bt Hj dzj dzr 1 W

Cst WWdydd dalst Cslstster § Br dzd dhmf tsdz L t5¢
fJted nBBHO.

l 4] Oolstster dzpedleladoz/isQ wE g @O ztcdzzs W O
dzs d s lsOdzd M st HY dzd Is+ CoCddz ts
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tcOMftcj Hjdzj B  JB@S Iz sded dd3jsls 9 Odzj
[ jMMBOkZ! tsoMC 2 M jSbtesMSsfdd §Lotd
Bisdz' h d dzfls o ¥ Isq dRsn] dalscHgsFEE” din sddsisvizdQc O Is f
CdfMizstctHdSEs CISOL HEBO. [HBEOCSK, COyjfM
Ylsts Fe&EwOSCy ] ftodmilsmlsokels o MbtkzCizikj
Htso tsdz! des d3j dg' h j d3 G sdzd yd Mlsoe § .

1.2 AjtotedBiFeDgdndidlsi® | tOMise ster B  dzOte dz

sfdztso j .

l s dBs W jttesddse OO Mo ddeyO, dziy 3
dZdlsj tOlsktej EkZHjdzjdets HEketsdz ] HflsOs .
Wjitttedlskz oBiFe@EEBFO). A(j ttedls o dMdikzlsO, B dz
slsdzsdls j dz defe3difug SfEles®? dn S ted fils Odzdzd yj M¢ &
COC WwsHjd dF 2 tBI jCIs Hdw dMmfdzj Hise Odzd
BiFeO; ftoj HMisOoadzw jIs §wOCIdyjmMed?2 ddzlsj te)
BOGdzdIstst dzj Slsteduj MSdmn dBOLjtedOdse, ylst
cjemdzs o' MCdB Isj B jtwcOzeOR] + dEj=£ Istec
1083 s) d TOC@4BAdzEy sz {486V H sy dzd 2

stedfls Odzdzd yj S OW MstezS skztcO Witttedls
ZOdzd ydj &3 tetsddBtst Htedyj M< d dm¢ Oy § dzdzts 2
dzd 2 Is to ts dajemdEaivid d i ARd Hifste ©Ead @ dzd ,; M fsMmis o LE
Odzsd % j totots i3OG dad Is dzts jls d i Pts to wifntdshy | €6 fs ts t63s o3
sCtky jd hjMmsi ¥ OlsBOid M ftslsde st sd
Is s ydz j dL d3j tef ded ¥, f tc#f dojstizj dzdiztsjls  did 2
HoWteOgjlls®y , [or woddzd dzOdzdydj sBtsdzjj M
BsHEzddtcss Odzdzs 2 fMlstekzCbzter fl fjtedBHBC
CtodMisOdzdzd yj M2 tjih jlkSd. [ Ocdzdlsdz j
s ¢ Odz! dzts oL Od dgdzlz Odzls W j totcts 3O d iz Is «
ftso stcOWd ooQ¥tdsdy 2O tcOo dzj dedv tOMY tetsflstc O
o fasmetmisd, fjtfjdidiizdvtods? ¢jMmoct
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{ MtsB j dzdzsls M d3d3d Is tetgf@L € jte"d Qrplsld dhg B |
dzj d5 dzd dzj 2-das¥ SC I, MY sdzls Odzdzets 2 dzO BO G dac
sB ydz' n Emdztseo dw A 1 Isd LWWjClsr dzJ dzC
otsL dzd € sdetso j dzd | d3 -difistel tizfights| tec@sciPlsipdgsdRdzts ) f d dats
ZOoOdzdydy SCobtttts?2 fttdetsHdl € Itdglz, Ylst
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