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5 p p mZ'foZ) Z y fc? lANc V^I p pmt(i, $n00^'f2MC^£fr 

ft < & y. a<fct^Mlz;S^§yjl?©'>& < «h t-S^frli 

jg§£&y, o -f ^>>EA>£-e£ 

* • E s R&^y^Mti 

[0046] y>r tf > K©i£0H0^£A$<&^£i±&^©T\ JIM&-C#£ 

zcD^^izmiL^-m^MiXMrnm^iKm^y^^^y 
Fiz^m-z-ttztctbizte, * $ ym&(Dm^3kft-z\ tf > K^ 

&©$S^®£fcPlS£$AUT£< ££Tji/rc$£o fcRS £&&&&£© 
i£0H0^fr#£tl£fr\ 

o (N2) ^Mii^i:IA1"§c^t\ i£i£0H0^y 

> K^icSiAf •So l3^^mmi3^izm^t\ (NH3) , % 
%137> (N20) 

[0047] ^mmmPMom^y^^^y vumzs^T. m* t u < 
immv&ms $m&mm 
MM £S:fr\ 0. 8 7 5 p p m iX-t~£ fc> & Z tifiR ̂  L < s 4. 5 0 p p mlX 

JiT:'&&Z <h fr<£ y L < s 7. 3 8 p p miil±T'S)'2) Zl <h£(C^f ̂  

L < s 9 . 5 0 p p miil±T'S)'2) Zl £ fr£ b IZttt ̂  L < s 19. 6 p p ml^l 

±-e£>£d<hfr££>(C£?£L<. 2 9. 7 p p m£l±-e&£d<hfr^C£?£ 

IA\ £7Lt#S^MMilt*:PgB^&^ll£fgg1-£fr£-£m^±&£ 

d<hfrfc?tL<s MJ5tf/<^yx L&fr£>. RT^I^JS 

®^©{£~FlC^f £ frb-Zfo&o i&f^^&Uc£ LT t, 

j^ffiji?frW*§?fesfre> & i; s tn £ *u s P 2A.&tffry T?& 
£©T\ ^^M#J©^iS0H0^y tf > 

[0048] *^M#i©3M£0H0^y tf > K^tcaiNT. m* £ L/cfeIi»t L < 

tfm*LW.&mmm&fc<D8fe£X±<D£l*'£mm&fctf 1 p pm£l±-e&£d 
tm^L<s ^Mm)isfr7j]iiis^Mm)jis© 1 oi%ix±(Dt^±mm 
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5 P P m£ £ AU y L < s 

H>j§Jt1 3{££l±©<h$£MSl}j§Jtfr8 p p mVA±-Z$>2>ZL£tf-$ 

L <, 2 o m±® £ 1 o 
P P m j^LfCfc* d <h L <. 

(D 5 0{££l±©<h$£MH>j§Jtfr2 0 p p e>£$?3i U 

<. £MllMJt«£S^MII>j§Jt 1 0 0feU±©t?^liltA<3 0 

p p m}Zl-tXfc>Z> CI lANo 

[0049] tf > 

, (M g) % -r>A (A I ) % ^T'f ^ (Si) , 'J > ( 

P) (S) 1 

5 0 p p b U±Xfo Z> ^iitlK, 1 p p m £l± 

L<s 5 p pm^±T-£>£d<hfr£^c£?3;L<, 1 

0 p p m&±-£fcZ Z Ll\ ±I3^Mt)^lt©if!^MMJt 

its s i MStCcfcyjiu^^nSo 

[0050] > Kfa£UcM^£;fcfi£^$1±-£B!]a>:£&£ UT, MSI 
(N) (Si), g> (P) , 

(A I ) % (Mg) , -f;*0 (S) (N) t~mz 

ttet>t>s ^7L®fttoy !!&<>:( 

2ffl§m±£jl^^fr<*:9(C-t£o Si, P% AU M g fc^t/'S©!® 

£^tl^tlCSi% CP, CAl, CMg£i:t/Cs(h-t£<h, £MH}J§®Nall<h±§E^ 

m^mcDm^mynjtmmikmntfs 1 ppm< (Nall+cSi+cP+cAl+cMg 

+ CS) <1 0 0 0 p p <h L<s 1 ppm< (Nall+CSi + C 

P+ C^ + CK9+ Cg) < 1 00 p pmA^yjifJLil/^0 

[0051] t/c, > mmz&vx&s 
LTlx& < X t, [WI*§0 
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L/cfeli, (Mg) , 7)1 
$ — ^ A (A I ) , (Si), U > (P) £<fctM to (S) 
2>mfrbM&tiZ'J>te< £t> 1 0 
p p b ^ L < s 1 p p m Hl-tX fc> & Z1 £ y fc? ^ L < 

% 5 p p m Hl-tT:'&> Z> Z £ <Q ICfcF ^ L < .. 1 0 p p m Hl-tT:'&> Z> Z £ if 

t/c. Si, P% AU M g £<fctfS0*lj£ Si 

% Cp, C/\[% Cugfcct^Cs(^i'^"'?)(^i% 1 p p m<C (Nall+CSi + CP+CAl+CMg 

~t~ C s) < 1 OOOppm ^ U *( •> 1 p p m<C (Na^+Csi + Cp+Cftt+Cu 

g+ Cs) <1 0 0 p p mfri: y fc? j£ IANC 

[0052] M^J^©±§EOTft£$l7C^ (Mg) % 7JR-^ 

A (Al)% (Si), |J> (P) (S) 

mm&m^ffiM7ummg:<D8fe&±£Tz>z£tfft£L<s i om±-e& 
2 L<. 5 0 

IA\ ±§E^Mt)^ll©$i^M»Jt&S I M 
s (cj; y tu ±§B^Mti7um©^s^§y^Mti7u^iiStt E S R (Cj: 
yjflu^^n^o 

[0053] ±§EOTM^»JPl-£Ji^ i£0H0^£#frd<hfr7J-W> h 

n^-r^o SH4% PH3% A I (cH3)3&£©tf*©3i*^ 
s i, P2O5 (t/c& UP), A I ftzomfo 

7-*£St&5£< ICfc^TiK (Dtf&m-Z&Zo Sfe^y 1 0cm£lF»g©5£ 
> Ktc+^ARrfg-efe^o ^fticSAf 

^tr-p K—7°s i ^A i pj&Ms^v-T.^^ijffl-rsci^t 

•e^^o 
[0054] ^i±0H0^y tf > mm (N 

) LT^H (B) £MH (N) 
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&£o nmiz&T®.sictAy^ 
-n\ Lfrts mmtmsizAti&t^miz^^ti&o zz^\ 

HfrS^-eA^/c-h LTt. U 7£li 

sn-cAy. *t7H&B2H6% (CH3)3B&£iNttB(0CH3)3 

%v-7.ii Lxmx^m^h^o p 

% /str-B K — 7°S i 

[0055] *^||(hMllfr±§EJ:b$T-A^T^£Jii^£^Tt, ±§EOTMtl7cf!i 

A, —^A, U V£<fctM t7) txb 

tazmfrbm&tiz&te < 111 fflis© 2 * >KM^/T(C j: y m^n 
5 0 p p b J^l±"CS>i> d. £ tfiBS. L < s 1 pp mJ^Lh 

TS)l>C^^cty^SL<, 5 p pm^±T-&£d<hfr££>(C£ftL<s 1 

0 p p Z £if$§i,Zb:f£. IANC 

[0056] K*miC;l3lNTtt. 

m(C;FbA£l±£d<h£^llU rm^ytf>Kj ^ rM^tfVK 

J ^ItSilii-eftSo ^Mt)£#m(C;FbA£l±£<h, #. 

iS0H0^©SE^IIWfr€Tt/c(i^^ti, JH^H£JlM'f ££ 

fr-^/co i£i£0H0^©£sE£it^JW€Ttfc&^;bftTtj§M& 

wfcfim^t%izm^t±W£^Tm%ih*{m^mxfoz>£>\ aen^Pis ( 
£7L i£i£0H0*©SE&itWfr 

#|p0H0^bs t/c(iiS0H0©Syti^^fr^ 

#0H0K"e(iteii(c-et^M^(i#tti^o 

^Mt)£#<;FbA£ 

•tti)^^: LTtis s^sy-ejiA^n-^ii^tCcfcoT^-rsii^^-e^i) 
o < tziz&mbts foz> 

^m%\:Rmt>i%^.t^^£(Df^mt>ih-otc0 tf 
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, t<;FbA£i±. 

[0057] ^M#J©^iS0B0^y tf > K^m. 

LTmvz 

&£d<h;6^?£ L<. 3mmJ^Tt'l)5:^i)UlJlffSl<, 2mmTO 

£>£d<hfr££>(C£f3;L<s 1. 2 mmyLTX&ZZttfftlZtkft. IA\, JS 

TMCM dropsyeti 
&INQ 

[0058] (HM^H^ tf V 

1 . ffiS&CD^Mi 

£t\ ^iS0H0^y tf > K*m©i|fiS&£ LT«0^tf> Kfflttte 

£*t4t-r£0 iBS&te. ^u^ny-ftt> Ks tf 

> K\ y I' tf>K ft £'0«© t,0^iti>o tctTLtt 

s 6mm^8mm 8 KffiSW^#f-e $ £c 

t/c. > K©if^£, 

^E-tr-rtf> 

1 6 Ritg-e^^o f+M^^"et^iS0H0"e^^^ 
ffc U T l/N £ (ZH£% tU®^(D^-tnMit>is STJfefrO. 5° 1^fa CD 15BIT 
So T IN £ /c SbXfo V s JA»©^iS0H0 t^XX^^biT'bXh^o 

[0059] fflSte®$Efe&^®f£0H0^Pfi^Jt& 1 0 

Mas ^M(D^ 

R a (J IS B 0 6 0 1 : 2 0 1 3 [ZMfeT&W^j¥£]fl£ R 

a^l,\?, £IT|W] U0 ) £5nm~100nm<h L/c#^CDS$x 

JlHC <£ y <— <— T\ iHi^rfifiJfJli£ (i% /c 

5m±cD^fi-eM^-r^»d<h^iNLN, ^ 
y>rtf > K©ii®i£^©i£0Ei©Ji{tt*$' < 
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mm%£%LTztctbizmj^s§&z©mmm 
iztt&tMz, wm^moxmznTL&Ji^mT&o J I S 

B 0 6 0 1 : 2 0 1 3 IZMMTR a fr 1 0 n m~ 3 

OnmfDlSS^Slt^o 1 0 0 ix m ^/c V 1 ^©;i£AtlTj^ 

(7^v7o&m XT^7OS« 

, ^7^fr\ fcf£L<&1° J2Lt1 5° £lT©t©. cfcyifS L< £3° £1 

±1 0° £lT©t©, £l±8° £lT©t©, £*Ufflt" 

£0 ^7^fr1° £>ig£/J\$ tttU±\ 7T7 7°fr®)i£tlTs ^®fr^tl/c 

fflStefr-e^^^fr^-e^^o 0^M©li©f ISiyy tf > 

£ x t? * * J U j&g ;* 1± £ fc g> ©fflSfe© ® ̂  © il® il® © 

$1£ R afr3 n m <£ y/J\£ £ ©fr <£ l\fr\ ^^§B|](£±= B©®^©!!®^:^ 

^^®^fi£»p LT. *fgBj^c^o£ji® 

[0060] 2. tf > K*m©$S 

±iB©fflSfe±(c, CVD ^tc<fcy. > 

KWN-£xkf***>*JUj&g;*1±-£o CVD;i^LT(t i7oy>hC 

VD;i, 7^^PS^7X7CVD;^ fi;|^7X7CVD;iN — 

J!(| ̂ 7 X7 C V D ;i/j: ̂  ̂  11\ § c (h $ § o dtl£©^"et. "7-f^ 

PU^7X7C V V D&tt, 

T\ ifS lA\ 

[0061] "7 -f £ • $ 7°7 X"7 C V D )£ (C <fc £ i^H t f > KUU© X tf * ̂r *> 

•WUJ&SlCfc^Ttt, L-OKHtfX, *$V13*S 

^fa(C^ALT. ^ff^^4kPaJ,U5 3. 2kPam^ J1 

$|St2. 4 5 G H z (±5 OMH z) „ 15MHz (±50MH 

z) ©V'T 1 0 0 W~ 6 0 k W©B^D"C^At"£ CI <h IC J: ̂  7°^X 

v £fg£ £ -tt •r. «Sfe± (C Steffi £ Jtfc £ 1+ £ c: £ £ <t y i£^rH y'T t f 
y K*m % x tr* ̂  *> * £ -tt £ d <h fr-e $ & 0 
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[0062] 4 k P a 5 3 . 2kPa OTfrfcf £ L < . 8 k P a £l± 

4 0 k P a <fc 1 0kPa^±2 0kPa £lTfr£ b IZft 

ill\ JFF»3j±;*jtf4 k P M^nk 

~15. 3. 2kPa£J§ XZ>£ 

1 'rmzm^^tcV LT. 

[0063] ffig&CDjattt. 8 0 0 °C£l± 13 0 0 <CJ2TF"C£>£ d «h frfcf £ L < . 9 

0 0°C£l± 110 0°C\XTXfoZ> Z.£t£& l) Ut. LIN0 SfeMJtfr8 0 0 

t>7fc^T&££j&g£0#^tffrfr£o -15. S^MJtfrl 3 0 0°C%mPL 
%>£</=>? T 4 

[0064] imfixmrnztttztt 
i °M±3 o%ixTmi% L <. p< ^ yfixmrnznt 

£MH;tfX>j§Jt©tUl^£0. 1 %£l± 1 0%£lTfrfcf£ IA\ dtUC^J. 

Raii{5 nm~1 OOn 

f tf > K^©miis^syMm 

o. 1 %^i±2o%^T-e^^^0H0^ytf> K*m& 

m>izs 

fro. 5 p p miil± 1 0 0 p p miilT% fro% CD>j§lS:fr 

3 0 p p b i^l± 5 p p -f tfV K^t#^ d <hfr"C$' •& 

o 7j<m^x)jis(c^'r^p<^>^x)jis©sy^(ii o%j^±2 5%rau 

i 6%^±2 5%ra^^[c^ui\ ttvxxmmztt 

t&MH# x>j§jt©tu^&o. 5%u± 1 0%^iTfr&1 %& 

±1 o%jiiTfr££(c»tIA\ ztcs mmxzmfccn (%) tttyjj 

^;MC c (%) <hfr\ £IT©5$ (6) 
A + BX I o g 1 OCn = Cc •••(6) 

(j£ (6) 1 0^A^2 0, 2^B^7) 

<DM&%MtcTZ£tftR£L^o li^'xMC n (%) <h^>;tfX}j§Jt 
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Cc (%) iI©imH^Ra^5n 

m ~ 1 0 0 n m0^&fflgfe <fc y 

) ±cfigBBsyy ^9 

Rl^I±i0^0}gM$^ 1 5%J^T(CT^<h<h fc£, -PIS 

^ o 

[0065] ££fCv ijMeHSt50jE< tC@ft<Z)/J\fr££5 

INT. V'T ^•;^0 7°^X^^(C0i'rd^:T\ 

, K-e>^^tT^9o ^Mt)fr>-fSi0ti^£. @fr^LT¥ii*©^'f 

mztcittgteiftfmfbtu ^m^TJ^^-OAom^ts m&tb-z 
li^±0H0Ht7 7^SfcteMSahTJl$ -f &<^fr#Hf btiZo 

[0066] KfajN-0lkf*^>*JUj&gl;:i>lN-ctt% 

-ftf > K^£j$JI£l±£iE£fr^ (fc^lill) £AM(CA 

tl/c^aT^J^S^x &£—£>£4#:^0jS£ DA(C&£<h, 

^T0W (MUt^fr) S/cSO©-^ 

Ff^^W\ &£#^0JS£ DB£ LtcmZs ^Q/ik7tom*aX^&f&&tZ> 

ctuc^y. 

TO$t£$t£tU ^fcNfro)ltN^|±0sy< KfaW#£>ti£0 

[0067] K0^0X t°^dpi>i7>/UJ^S(Cfc^NX, ±§E0DA£J; 

tf DB£<OT<Diyg; u^BTOis 

1 Oppm^Nall0ihl DA^0. 5mm^o0, 008mm^DB 

5ppm^Nall<1Oppm0<h$\ DA^0. 8mm fro 0. 0 0 5 m 

m^ DB 

1 p pm^Nall<5 p pm0^( DA^ 1 . 2mmfro0. 003mm 

^DB 

T&30 Nall&£MHmT&3o DB(iT$^/c^jilN^^j;^^\ ±=S£# 

<fcy&f^££. 'Jt-; K LI*tit. 9 S < ^fr&UN0 DAfc±§3£#J: yB 

t&Z £</=?-? 74 hJ^frtoiUC# < 
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[0068] tf > K^©Jl£Dtotal 

D total = (DA+DB) ... (7) 

(7) tf^nso dd-e. nti, mvm[;mM<Di5\&-e$>2>0 mvm 
L£i^1± Nallfr1 ppm^y/JN£IN£, 
^§0£](DM£!±! 1~ /c to (C"e£ & IN g © j= £fr i&If 

[0069] 3. 
)XIZ, K^fflSfefr^it L 

Ts tf > Kfa$-£f#£0 /c^i tfs 

(C <£ y -f >)EAT^to^Hi.sf?-£:fl^J5£ LT& $\ -f >)3E 

A®±(c^ip0BH^yKWN-£J&S£I±\ ^>)EA©^II±^^ 

®"e#S®fr^if £ ti&o 

[0070] ^0^©sy©^M#j(cfrfr^xm^ ±§E©^M#j©^0H0^y tf 
> Z.(Dtcdbs 

4$ left] PS 

&&<s •TOJ/W Ks 7^-f 7>7-f A-. x>K$Jk K'JJk 'J—"7—* 

yxjk £ti^0 

[0071] ^0^©£ £(CSy©^M#J(Cfrfr^M^S^-^-^ ±§E©^» 

fJ©^i±0H0^y tf > K*m£#fr0 ZlCD/ctos 

m©^jt£M-e$£o 

£'frW btl^O 

[0072] ^0^©£ £(CSy©^M#J(Cfrfr^^^^pnp^ ±IE©^M#J© 

^i^0H0^y tf > K*m£#fro ZCDtcisbs *^mZ?M(Difcft%^nhtes 

ptf%yt(DffiWt)mj3'J>te<s nfr+^Mc-e$£o 

(JM*W MM 
^^o u -vtz.zftmibti%0 



WO 2016/068244 23 PCT/JP2015/080571 

nwy 
[0073] i) 

1 . 

fV (J5<^ 5 0 0 yu. m% 5mm^) ^3o$iLfc0 Z.tlb 

(DMk(D^m(Dmi5{tLte (001) mx&-otc0 ^^Ltczti^comw^co 
(001) [001] X7TZ>£HZ.mmwm{. 

tco t(D^s R afr 1 0 n mlZteZJ: 

9ic* * jutfv LnmmzjfMu imbL/C 
o 

[0074] 2. m^y-rtf>K*m©$s 

±§E©3^©ffig®£&fc]©-7>r ^PiSf7X7CV DgSfatClBSLT 

, 3o0ffig^±(CM*#^)jiSfrS^^3o©m^r0y-r tf > K*m£ 

JUj&gSltfco -?<f ^P$J1;$$U£2. 4 5 

GHz, T-ft P^S^|^5kW, M|Flli60l|Fl^^fco cHT 

tC o 

[0075] 3. tf > 

?# ^ titc 3 Fttm* [y—^-xmmt & 

0H0^tf> KWN-©^®£¥JSlCffi£Ufc0 

[0076] 4. 

mbtifc3mm(Dm^y^K*m (§imi~§im3) 

L/cim^E^i bs^ytfvKfcm (tbixiim) (COINT. £MH>J§ 
jt. ^i»^)iy^L/c0 ^MH>j§jf&. S I MSIC 
cfcy^ufeo m*Lm.&m.mmmmz. ESR^Nmc^iy^L/co 
mts 

[0077] mn I - 1 -un \ - 3 tt, R a fr 1 0 n 
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> K*m-c&y. 
1 Oppm, 20pprru 30pp MilS^MM^JIlSifr^' 

tl1 0 0 p p b, 1 8 0 p p b % 2 5 0 p p tntUC^LTs J;b 

^Miuutfr 1 5 o P P m-e&y. mais&MMf&iJttf i 5 o 
p p 

[0078] mn I - 1 -UH I - 3 (i, 4 1 0 nm~7 5 0 n m (D qT^I±i(ca^T 
4%s 9%s ^. 

5%-e&y, rn^y tf > KJ , rn^ytf>Kj, r;H 
t/c, §im i - 1 ~§im i-3 

±x, ux^offl uTs 
^L/Co %bUtM^nn^^ t$@t 

L/Co §i»£. 5 0 5 2£ffll\ ^iJ5£Jttt5 0 

0 m/m i n „ "tJJjA^MO . 0 1 mmN IUMO. 0 1mm /rev (Z)^# 

TIT-^/CO ftp US & fr'> & < iZiJktltztj (D7: & & Z. t frfitgg 

uztco %tcs gm i -1 -mn i — 3&, 
S^irLTlKs S110. 6 jx m ©gM^: 4 0 %^±1I1" 

y. ^tl^tl6 2%, 5 5%, 4 8%tS>9fco otUCttLT, JzblxISm 
s Hfel^0^"es>ys Sl7 5 0 nm©^^:<J:<lIUfco t/c, &UU 
(Z)$xJ5 & 0 . 5 mmih U (Z) R 3 ̂  1 nmi^i^Ts 

£0. 1° Lfc^R0M^:lZi§.^ 1 . 6mm®T i li^20 

0 nmff£ (CH*U ^ (2 5 °C) T? 5 0 VEPflD UT, «;,i«J±^tt£)iy 

^L/co l^Tn(Z)lS^t^5^^^B;;tfr;;ttl1i\ 1 xi o,2QcmJii±-eS)§ 
Zttffi-fr-otzo 

[0079] (^WJ I I ) 

m§k&^7Ltcz.ttxm^ »i tmmzisTmsihVJ> mn* 

K^mc#^£l±££MII>jSJtfr 1 o p p m^TCOmSte 
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o%-e^u 
)j§Jt^ 1 OppmiiJiOOpp ^ >>j§Jt& 1 8 %?<& 

$U tf > OppmctiJiU 

*I^£^>>j§]t&2 5%-e^L/co MH>j§Jt&0. 1~1 0%©l5H-e 

&TLTS ^0H0^y tf > K*m^#^£l±£MII>j§Jt;&ilSL/co J^H 

m cmM%mJP LT^n-fc0 mmmJP<Dmv$k<**m%tT2>m&t 
Lxtis P pm^m^rntrns^s ^0H0^ytf>K© 
J5£#M . 0~1. 2 m m <h&o/c0t(Cs 3 IJ, m 

5 p p m£Lt 1 0 p p ^InfU^y KCDff^A* 

0. 7~0. 8 m m <h^-z)/c0t(C 5 yu,mj5^g^:tT^Ns '1 0 p p 

mi^±9 0 p p ^OBB^'^ t f > KCDff^ # 0 . 4 

~ 0 . 5 m m t t$:-o /c0t(C 8 yu, m j5£S£rfj^\ 9 0 p p mi^l± 

KfiDJIStfO. 3 ~ 0 . 4 m m <h & -z> /c 

0#ic8ju,mj&g£frofco otiti, tf 

> mnizMmg:-e4¥m.&m^ffiM*mix-z-&z>tcisb-i*$>z>tco ftmbtcu 
3N-1 i -1 -un i i -9(Dm$kzmuz£tdbfc0 rnr^ 
7*GJ§J/§J$J 4 1 0 nm~7 5 0 n m©^|^Ii^££tNTsiA©li/§J$ 

Lfco 

[0080] 
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