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2. 5J^T-efeS'J >IIM;&#SftlN77;E>'U7 7X®77;U$y^lJ^- K 

# ̂  x %m i^s c £ #-e $ So 

Z(D7)\/< J is*) >T- V15z>Xt LT&, Ii°/otiLT, 

Si02 5 8-6 6% A I 203 1 3 - 1 9%, L i20 3- 4. 5%, N 

a 20 6- 1 3 %, K20 0- 5%, R20 1 0-1 8%, (tztzLs R20 

= L i 20 + N a20 + K20) 

MgO 0- 3. 5%, C a O 1 — 7%, SrO 0- 2%, BaO 0-

2%, RO 2-10%, (tztzLs RO = MgO + CaO + S rO+BaO 
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) 

T i 02 0 ~ 2 %s Ce 02 0- 2%s F e203 0~ 2%s MnOO~ 1 

%s (fcfcU T i 02+C e 02+F e203+M n 0 = 0. 0 1-3%) 

[0046] ttcs LTfciU "E)\y%m^ZX, S i02£5 0-

75%, A I 203^:0~5%N Ba0£0-2%N L i 2 0 £ 0 - 3 %N Zn 

0£0-5%, N a2OfcNd:t/K2O^^It-e3~ 1 5%, M g 0N C a 0, 

S rOfc^tfBaO^^ftlrl 4-3 5%, Zr02, T i 02, La 203, 

Y2 03S Y b 2 0 3N T a 2 0 5N N b 2 0 5 33J:tfH f 02£^H"C2-9%N 

"EJUtt [ (MgO + CaO) / (MgO + CaO + S rO + BaO) 

] #0. 8 5-1 (DWiMXfo lJ, [A I 2 0 3/ (MgO + CaO 

) ] #0-0. 3 

titz, S i 02£ 5 6-7 5^;U%, A I 2 0 3 £ 1 - 9 ^ )ls%s Li20N N 

a 2 0 33 Xf K 2 0 # b ft Z ftfr ZMtfti % 7^ t) 'J ^SSHb^ Z l^ffe 6 -

15fJb%( MgO, C a 033<£t/S r 0 # £ ft >J 

0-3 Otil.%, Z r02, T i 0 2% Y203N L 

a 2 0 3N G d 2 0 3N N b 20533J:t/T a 2 05#^ft-g)?¥#^3ltftl-g)II'fb^ 

££-ffeO%£§#-? 1 0^;U%J^"F, <U\ 

*fg0J^C33lNT, tf^X£U3UC33tt£ A I 203©MM1 5 Sm%lUT 

A I 2O30ttM5f«rai)^ft 

33&FS IA\> 

[0047] ft33s mm±s *HMI*£ (f§K»iyii) Htffiiyii ( 

m2(Dmuj:m) <D2®mzfeTU£>ti&z£&-MKi-e$>&&* *%miz 
1 i°]0ii-etT9 zttf^mxh&o 

[0048] z<Dmmj:<Di&Tmzs 
*m%lZ&^Ttes W^yjDItC33^Ts 

lz£Z>mLtcZ.£lZ&V, JPlMffi^©ffi"F#qrt^ft 

~o tctc&b^ ^0H®WJiJPII^-e0P^M#/>ft< 



WO 2014/069609 16 PCT/JP2013/079646 

[0049] ®Mbizij£A^=ip>ryji/*>,j2j#© 

£&*&Lfttf^ 7$ 1)0 

\y^> >H0/1NO|J K£ffllNTfr9©tffcF3§i_C£>So 

fc £ a. «SHb -tz 'J 7 A IN •T im L 

(f§ 1 ffiJiJPI) s $ blZHU-f V'Jlsis 'J (H® 

TO) (f§2TOJPl) KJ:oT?#SC:£tfRrtg-C&So 

[0050] 

SRatfO. 2nm^ 3 £ ICftfi; I, < 0. 1 3 n mJU~F"C&S^®£ 

3*lSd£tf$?£ LIN0 ftfc\ ^0^:fc^tRa, Rmax^^9t$tt 

, (J IS) B 0 6 0 LTjStt 3 tlSffi£(£> 

So 

ttcs *fgemc£lN-rMfI3 (0<Ut£ i^Rmax, 

R a) ti, m?mtiWMWi (A F M) t? 5 ju, m X 5 M- m0JE^X "J "P £>pjJ 

ft s^®^tf©3l®3|fi$£-rs;:£tfllffl±$?i: LIN0 ft 

fc\ Miti^Sffi3 ft £ ^ T L T t, <£ INQ 

[0051] miTOJPI^ ^2TOJPIfutC, Ib^iHbMH^ 

LIN0 \k¥&\k®M<Dl5fe£LT^ 

urn % m 7L ft IN <<*>&&*'€ vi&um-f ft £ tm 
£IA\, 

ttzztiz*}: yN 'J&JBTU 

U ^^7vSfe©^)ltcl^-r^>¥#CDA$ftTJU^ 'J 

tf^xS*J5©li®tcj±i5j^££i;3t*sMil©££T-&So ib¥ 

3H<b^H 3 fttc 15 =? 7 £4& Mt®W£ Kiift s <D -£\ m t£ ̂  W J u 

^©HDDtc^sic-rsotc^tcjfsLIN0 fflmti'j'y 

A^mmi- K u oAtaz®7)\,tj ttfvz 

So 
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[0052] X<70) 

z>m%T4 x<pmis^x&m(D±iz^ft< mLxm^nz 
o M&mownt LTti. s^^0^$ft7\^rH^"efesc oCrPt 

i^pC o P t o LT 

XA«> ^ 'J >?';£s DC?n U >?';£tC<£ y 

xs^©±miM%i$R£Tzjj%zm^zztmmx&z>0 

SIS £fift1£Jf£© fallen T^Jf^-fl^t" €>£££<£ yfifclfjf > 

JteJl £IN § d t iz J; y, m «»H©fiMb#^ 

X7®^;vpv^TI3fq]^-&S^^#-e$So 

£/c% 0!JA^ Ru^Ti£#fr7\ 

^n&Ttfejf£fflINz z t izj; y N mMIM*m%T-r 
X?®©£^K^TBBft3t!:£C:£tf-e$.So d©*§£\ SiMmiEii^ 

V 77 tlSo TitelltifittttllllWI^cxAy $ 'J >^}HZ 

<k VBMtZZttf-CZZo 
[0053] £tc, m'\tM(D±lZ, ^IIH. fflMM$:Z(Dimzj&l$t£t UMMt 

{.TizT^^y 7X(D7kmikj%M%kummmrM?foz>0 MPL^^X^C 
vDmz&v&mmzM&tzzttf-ezzo %tcs mmmtLx^ /<-
7 )U • 7fs 'J X-TMb-SWi(D±Wk(DMmiz ttgS;l)i^j £ ffl ^ £ 

zttfuzzo lxy#W\ LT7KIIS^^M^iixSA-7;u 

^•/lN°lJx-^;U'fb^;&±j55c^^t--g)^^#^S LIN0 f^tjf v~f 

>i m <fc y ittiit zztifx^z o 

BJ^C ^ r t# e> n s # ̂  x g*£ £ *y fB "f s c <^c <£ y, MUteo^t• 

[0054] ^0^©IIBt5©MtCOlNT^WtCU£B^-ri)o ft 
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1 ) 

(2) (3) ( 

4) iMwiyjpiMUs (5) (inns) , (6) 
(7) (I2Mii) 

[0055] ( 1 ) SWiilfM 
7P- h&tCJ: Ui^^tlTcJS^ 1 

> K;by^-£ 

ffllxTMLTco :X^?\ K*JV M6 5mm, 

*4>S^|*I#2 0 mm0R?L^W-rSRMJF^^JPlL/co :©7J^;i/ 

'J *T- LT&, Ii°/otiLT, 

Si02 5 8-6 6% A I 203 1 3 - 1 9%, L i20 3- 4. 5%, N 

a20 6- 1 3%, K20 0- 5%, R20 10-18%, (fcfcLs R20 

= L i 20 + N a20 + K20) 

MgO 0- 3. 5%, C a 0 1 — 7%, SrO 0- 2%, BaO 0-

2%, RO 2-10%, (7c 7c L, RO = MgO + CaO + S rO+BaO 

) 

T i 02 0- 2%, Ce 02 0- 2%, F e203 0- 2%, MnOO- 1 

%, (7c7c L, T i 02+C e 02+F e203+M n O = 0. 0 1-3%) ®|I 

L7co 

[0056] ( 2 ) JWJPIM 

J&Ks JPI^^LTco &fc\ —BtZ 

, 2. 5^>fiHDD (/\-KTU^K7^^) T?&, Mif){6 5mm 

[0057] (3) 

;^-e, 
S^COMM® (I*IJRU ^JH) LTco 

[0058] (4) iHraMPlMH 
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KV\°>y K 

*>% y e> ti/c±T«©^tC* * 'J T7IZ J; y Lfc^-tz y 

hi/t^^/co -V^EV KAy Kh LTti, -V^EV 

f7Xtt*h'j77^ Ltc 

®o¥MM2 5Mm, 

*©fS*©y>C "V^E > KSft^OTJStfS# (D50) £2. 5MmH/c0 S/c, 

LW<MT^/C0 &fc\ M JPI Mfu © 7 Sfe © ± M 

£/c, Ra 

t'5 nm T'fe o /"Co 

[0059] £MCD[lI]$Ei££: 1 0~1 00 r p m (DiS0T'3l:iEll}R U, JS^ 

HI3 lZ^t^-tr>XlZfenX£mLtc0 

s m-$m (ffls^k) omm (PD £ 1 5og/cm^ m~$m (*JPI 
) omm ( P 2) £1 0 0 g/c m2«tl^tl!££UT, ±§E^ y tf> 

>J TftlZ 
JRJlft L/c^^7#^©M®^JPX Lfc0 

&fc\ 113 k 1 0 g/ (c m2 • s e c) N t Hi6 0^ B 

cr^®0irB^i 1 5#s t 2it t 1 <£y 2 0 0#^ u/c0 

±IE*MPlM£M*7tc;tf7Xg^ 7k<D&%&m (B&& 
Epjbn) uii^iatut, 

[0060] 1 0coats IZ-D^ 5 o^®jpi^tT^ 
^/"Co 

©^^r^o/co (Ra) 

©>U£^£^K H2^L/c0 &fc\ ±IBWiyjPlMH^^fcntSJP 
Xmitc 

i&xfo&o %tc, 
U /ctf ̂  XSI©t^ ±)7>h1"SChlCj;yx7^y 

M Ltc0 

[0061] (5) (miTOlfM) 
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±s^Ltcmnmj:xmm Ltcm^frzm^t&tcsbcDB ^ mmnm. 
7co fiffliAy K# 

M y e> ti/c±TTO«©^ K * * 'J 7 K <£ y L/cf7Xli^S 
<j (-y-y^y) (^ot-i-jis# 

7) tlZm-SZits ±§Etf^Xgfe£±T£3gtCJ^T&J±-tS0 t<D^ 

fiffliAy K t ̂ 7XSi©SflI LTIsliE^tii z. t 

iZ*?T, 15 =? Xg*JS tffeM±-X § $E L ft if b 'Mi L T M® £ IH Bl tc fflB JP 

jymc&, /1N0|J^>^^L-aiif*0',!^ mn%^ 
l^» f§1 TOl*M£»L/c0 mmfet LTMI^-tz'J 

LT7K^^^-&/c:fc©^ffllN/co 

[0062] ( 6 ) Ib^iHblfM 

:xizs ±mm)%*m^tci3^xmfrMb¥&{t?kM[,tc0 

'J OAttmi- K 'J ^ A £;Fbn~LT;#S431+fc 

£ (Dib^^b;#>W tc 157^il£;l)t"TS £ t tz£ ^ TfrftO /CQ 

[0063] (7) (M2tmT&) 

)X^X±BBC0B 1 LfciCOtlW U M ® Wills if l,\ 'J 

(X0x-K) KtCitxTf^TOl^^ 

SfeL/co :®I2Iili(J, ±$L/cf§ 1 TOl^Tl#^ti/c¥±IftM 

£>KffiT;*ttT¥Stft^®Ktt±tf£>fca&©^ 

®TOJPl"efeSo LTti=i cK y;u^> 'J 

^fflu/co ±5Bm2fitmj:m£mz.fci5;7z&fa£j&g%&Ls m%Lfc0 

[0064] %fcs ±mT.^mxmbntci5^xmm(D^mm(Dmm%^^Ws?mtim 
MM (A FM) [ZXm^LtctZh, R m a x = 1 . 5 3 n mN Ra = 0. 

1 3 n te.tzs ^(D15=>X&^(D 

(AFM) Rxfm?Bmmx^Ltctz^s mmx 
x$>y s tift#^ tc0 

tztc, mbtltc15^X^(D^mt 6 5 mm, ft#&2 0mmN feJS&O. 
6 3 5 mm Xfc> o tc0 



WO 2014/069609 21 PCT/JP2013/079646 

19 LT, 

[0065] (^»J 2) 

±IE^I»IJI (Dmnrnx^mz^x, (fisit) (PI 
) £13o$/ 

iI^»L/c0 fit, 1 

x<7mis^xm^mtc0 

K£tt£>2jpi5lJ£©}D^£^£^ 1 tC^L/co 

[0066] (^»J3) 

±§E^wyi (Dmnrnx^mz^-c, m-$m (Mfc) onm (PI 
) £2 0 0 g/crnZlzmfclfcZtim&mMMl £ mffilZ L TMfiPlM 
mzmiMLfc0 fit, tmmiz[sxm%^4 

(cfcntsipi3I)t0}PJJ^^^^ 1 tc^u/co 

[0067] (^»J4) 

±IE^»J 1 (Dmnmju&mz&^Ts M~m% (*JPD <o^m (P2 
) ^5 o 9/cm^z$^[,tcct^m^mMm^ LxwiyjpiMn 
zmMLtco tits wiyapx^ii^ti^wy 1 

w&mnfeom^xmmz'D^x, H»JI tmrnzLTrnfettc^mmz 
(Ra) t, MJPlMli£t^C£tt£JPl3ijf®$J:^Jil£i|2^L/c 

o 

[0068] (mmm 5) 
±IE^»IJ 1 (omnmji&mzis^Ts («D ®^a (P2 

) *7 0 9/cmzizmfeLtcZ£VLMZmMMl tmffilZ LTfiMPMH 
zmmitco tLT, 
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(Ra) t, fflMX^S£ftlC£tt£apX&j£©>i^ie^£^2K:^Lfc 
o 

[0069] (HMJ6) 
±i5^»ij 1 ©wiyjpx^ii^fciNT. (^DX) (D^m (P2 

) £1 20 g/cmzizrnfeitcztvmte^Mrni ^I^CLTMJPXM 
n^»u/co tux, Mjjjpx^s^tt^wji ̂ iiiaxiif^ 

W»X^©^^7S^^oiNT> ^MJ1 ̂ IWiatC 
(Ra) wM-h\\i:m^±Wizn^^>mii^(Dm^^^2[z^sLtc 

o 

[0070] (^WlJ 7 ) 

±§3^»y 1 omnmjiimizis^zs m-$m (imt) <D^M (PI 
) £1 2 0 g/c 1 ^miHC IXiiJJPXl 

n^^]®u/co tux, i tustaxi^ff 

£MPX&ui£f* 

1 tC^L/co 

[0071] (SMJ8) 

±§3^wj 1 omnmjiimizis^Ts m-®m (inib) <D^M (PI 
) £ 2 1 0 g/c 1 h|W]*1HC iXiiJDXi 

mZMMltco fLX, 1 £IH*mcLT$mxV 

wiyjpx^n^ 

tCBttSJPX&Jt©)!^!!^1 tC^L/co 

[0072] (^»ij 9) 

±Ifi^iWJ 1 ©MJJpx&isicfcu-c $b-&m (*APX) (Dffim ( P 2 
) ^4 0 g/c £MffilZ IX^iJlDXil 
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(Ra) ffi|yjpiMlI£^C£ttSJpi3lJt<M£ilnJI£ll2^L/c 

o 

[0073] (^MJ10) 
±IE^»IJ 1 (Dmmji&mzs^Ts w.~m% (*JPD (P2 

) £1 3 0 g/cmziCsg^LfcC^J^tt^MJ 1 LTffiiliPIftk 

mzmMLtzo tut, wiyjpiMn^ti^wy 1 
x^fflf7xai^#/co 

(Ra) ffi|yjpiMlI£^C£ttSJpi3lJt<M£ilnJI£ll2^L/c 

o 

[0074] (J;b$^lJ) 

±IE^»J 1 (MilflPIftkSlCfclN-C 1 o 0 g/c m^ClS^LT 

s HIW^F^JPI (*JPD z^MLtzo tut, wiyjpiMUJ^^ti^ 
»J 1 £iwi*mc utiifVx^if7xii^#/co 

1 Iz^Ltc o 
[0075] [H1] 

^1 m-is® m~m P1/P2 floiiiJt -XO^v=S-
(Mb) Cfcflni) (tl m/^jO 
IIP1 }sj* P2 tz&faO) 
(g/cm2) (g/cm2) mm 

J±$£0iJ £L 100 1.00 1.9 0 
HMO 7 120 100 1.20 2.0 0 

2 130 100 1.30 4.8 0 
1®J 1 150 100 1.50 6.1 0 
lift 3 200 100 2.00 8.2 0 
H»J 8 210 100 2.10 8.5 1 
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[0076] [H2] 

B.2. m-is® II
 

®
 

P1/P2 Anxiijt Ra 
(*fi®ib) (*flPI) (Um/'A) (jU m) 

IIPI fSP2 
(g/cm2) (g/cm2) 

III 9 150 40 3.75 3.2 0.085 
H»J4 150 50 3.00 3.5 0.088 
H»J 5 150 70 2.14 4.9 0.093 
»J 1 150 100 1.50 6.1 0.096 
H WJ 6 150 120 1.25 6.9 0.112 
niiio 150 130 1.15 7.2 0.123 

[0077] ±§EHK 

1. yjpi (*JPD 
HIW^F^JPI (*JPD ^MLtcmMmzis^Tiz, wiiflpi-esft 

< ft y N Jpi3SJt LTLS?o 
2. CtUCftU *fgB£0^feWcJ;tU£\ 
i^fcN^swiyjpi"e$^iN0ir^^M^ Us 2jpi5tj££&£3i" icwiiflpi 
^tT9ztifvimtftzo $bizs wmwuom^imt^ztxtwTM 
(Dmwmts%:{&<n7L&zt^-pimizft&0 mz, %-®miz&tt2>ffimp 
1 %s 1 30~200 g/cm2©ii^U f§=f£Pmc£ttS^tt P 2 £N 

5 0-1 2 0 g/c m^lQSI^-rSC^^J: y. &$?ft^tf?#£*l£o 

ftfc\ f§-f£febCSifi P 1 # 1 3 0 g / c m 2 J: y t ̂ ^ ̂  ̂  (^»J 
7) , WiyjPI"e$ftlN0#^^+^^®ls-e$-r\ JPl3lJt«TLT LS 
9o -Us gIP1^2 0 0 g/cm2J:y £*$1^ (^MJ 8) N 

fty-r^T, 
< "rs^^aiT < z>tci£>±wo)i}nj:B$mifm< ft^x 

9 o -3 £ y s p His JPl3lJt©il£fr e> 1 30g/c m 2 t L < s 

2 0 0 g/cm2l^TO5C^:i)WS IA\> 

S/cs P 1 /P ZOmz-D^Ttes ±§E^Hfr£>s 1. 2 0J^±s S/ctis 

3tXmfoZ>Ztt>m% IA\> 
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[0078] (hbl^ij) t LT, P 1 £100 (g/cm2) N P2£130 

(g/cm2) w 

II LtctZh, Ratf0.132At,m£&yN < f Sift 

^tfaiT< S/ctf), ^=17 

[0079] tztzs 

^ffl"tSJ;9^LT, ^If2 5 0 0«(© 

JP0 ^ X Sfe £ ̂  I vT PS L tc t d 5 N 9 0^T0<2* 

s ±^®0—1 fa^-Dfr-itco 

%tc, p 1 0<^£ 160 ( g / cm2) N 140 (g/c 

m2) trnt^-^xmrnommiiUJi^n-otctz^ (tn^nrnMrni u 1 
2 £t~S0 ^tl^tl0P 1/P2(i, 3. 2N 2. 8 £&SK 140 (g 

/cm2) £ Lfcii^te±§B©J:9&£ffiil©gl£te^AN£&ANc>fctfN 1 

6 0 (g/cm2) £ L li 1 /cG 

^»J4N 9, 1 1, 12 0miJ, P1/P2tf'3J;^$ 

< &S 3i^JPl£ L/cK, *ffiil©g^tffg£t"S?B*itf &S d t1f 

t>ts-otc o 

[0080] L/c^y > KA«> K^fcntSWiy^i ( 

MUfr) ©^$tJHLM^ o. 3Mm~8/im0fB]l;«ti/co 

^lil tli(CLTIiyil?:SiliLTfil\ %btltc 2 

5 0 0#(® L/c0 

[0081] 
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[^3] 

B.3 ®l$<7)^tiJLm 2500 tfclZOl^TO) 

H»J13 0. 3 /J m 5#t 
#§£ 

HWJ14 0. 5jUm M=y 

^3££S*£ftL 
m 15 7/im *W8']aMRs 

y^f§£«ftL 
IWJ16 8/im 24^|ZOlNTX^ 

[0082] -Y^y 

£: lJ 0. 5 M m~ 7 M m®|5EI"Trfe'g) 

Ztifft-% IA\> 
[0083] 4 X 0 (DMik) 

±§E^»J 1 4 x<?mi3^x&mzuT(Dj$mj:&%:ML 

ttatts ±§Etf^Xgfe±^ T i CoTa 

Z r^Il^^^lCittl, R CoCrPt^ 

#ANbftSltLttgi§E£i®js ±) — ^>Willis ;H;iji £JHI#i$J!ILfco ftII 

JfteU i&fl§E&Jf P tCDW:fl&lZ£ ^T&ikt Z> Z t%\95±t Z>tc 

#)CD£CD"£s zK^lb±) — b ft lJ s ItJlf€'IWt#btiS0 ^/cs f^fjf 

&s T7 JU • - JU^1 A - 7 JU ̂  1J x - ̂ jU © }t ft}H}f SIJ ^ >> 7°;itC 

^yjFML/co 

DFHAV K^ii^/cH D 

8 0°Cts'D 8 0%R H©i%^i%S5S^"FJC33^TD F FI$|tg£fFB]3 

1 K:P>P- iCPIitK, 

£l£?ft|p|l^# btl/Co 

[0084] 1 K 
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2 *>- K 

3 

4 h 

5 

6 

1o «7xii 
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!t#©S6SS 
^111] WM'sLts 

tu IE a ̂  x gfe &N (DJS^X gfeT? #> y N 

tuiEwiyjpi^stis wiyjpi^tT^^ttct y ti^^tt^tuiE^f^ 

tuiEU—ixP^ 

CDipfificfc y tlJI^ttT'fulEtf ̂ xS$xil®©WiyiPi£tT9H—fxl® 

t^Ls 

mmM-m%tmmn-m%t£#rstuiEwiyjpiMn^ n-
(Dmmzm^xfi? z£%&&£?zm%T4 ^^fflf7^n©i 

5RII2] fulEil-ISPmcfcttS^tt^P 1 (g/c m2) N fu§Ef§=f£Pmc 

£tt£^tt£P2 ( g / cm2) P1/P2tf3. OU 

z £%*m£t zmMmi izmmom.%^4 
WLOgk&Jjfeo 

^113] fulEfg-fSPmcfcttS^fiP 1 t 1 tU fulEfi 

-|^eb^ fcl^^iP2 £ 0ir^ £ t 2 t L tz t 3\ t 1 < t 

2-e$>ZZt%ttz 1*^112 IZIEi6®lif 

5f<IJt4] JxAt"SfulE^^XSfe©±^®©^®II^ R a T'0. 05^ mlil 

TXfc&ZtZW$, 11 £ li^il 1 75 M 3 (D IN"f tLAHCIE® (M SIT1' 

5f<II5] fu§EffiiyjPlMlItC£ttSJPi3lJt^ 3. 0|im/i}~9. O/A 

m/M^i t 1 (D^fMnzmmnm 

^116] tulEH—IxPliiltT^^^^XS^x©!^®#!^R a T'0. 080 AJ, m 

~0.130Mm-efeSCt^f#^(>:-rSI*^I11 7^5©lN-ftl7HC§E 
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i©IIf ̂  ̂7 i « 7 7ai©lM;io 

47><?m-ti=77>wfo±.\,z, '>&< tt 
mmmmzfimt & z tzsmtt 4 x<? (Dm&j5)iko 


