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i3C-NMR(D20) ; 8 (fjt^Jzb) 57. 2 (1. 0), 54. 1 ( 

0. 3 8 

), 52. 2 (2. 26), 51. 6 (0. 27), 48. 5 (0. 07) 

, 4 6. 7 ( 

0. 37), 40. 8 (0. 19), 38. 8 (1. 06). 

[0135] ±§E#'jxfuwWC-^NT. t>f 

(IMMUJI^ 3MMHJI^ M4lli 
n?) ^Ms immmi(mo i %) , 2MM*JI?©M (mo i % 
) . 3mmm^(Dm (mo I %) , 4MM*J1?©M (mo I %) , #il£ 
jt (%) ^^ti^ti)iy^L/c0 

fifi¥±n^?fitt4 0 5 7 5, 17. 47, 

3, 1 8&MfHJI?©fitt4 6 m o I %, 2MMHJI^ 
1 Imoll 3MMHJI^©m&4 3 m o I %, 4MMHJI^©m 

(JOmo I %, #ll£jg 8 0 %V$> o fc0 

[0136] dd-e. 

©{g-e^) y, # u v-Jti£ <t y ni±if& d t&?• $ &0 

t/c, 1 mmmiWs?(Dw (mo I %) , 2MMHJI^©m (mo I %) , 
3MMHJI?®1 (mo I %) , 4MM*J1?©M (mo I %) , 
m (%) (/t^Jifky^^D £fi7MC^$U 

7'J^-lA V A N C E 5 0 0§^MSWfgS"e 
$/ > >> 7° U > vmz <fc y, 8 0 °ce1 3 C - N M R 

^)iy^L/ciSmi:y. (M^H?) (CIS 
;£©flt$Mii£7ulClld} L/Co UiSlC^lNTtt, Europ 

ean Polymer Journal, 1973, Vol. 9, pp. 559&£f(C|E®A'?S)'2)o 
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[0137] »IS hodex GPC-10 

lOTU7AAsah i pak GF-7M H Q U # 'J 

if H—OTStii Ufc0 

5 m o I / L% K 'J 7 A)1^0. 1 m o I /L07X)§)t^S^/co fc 

fcU Mark-Houwi nk-Sakurada^;"C^n b tlX <£ 9 

tGPcmmmtmtezztfrbs rnbtitcmm.m^^mik'^^m^ 

[0138] 1 mmmjWsTfDw (m o \ %) s 2111^01 (mo 1%) 
, 3lliJg?0i (mo I %) , (mo I %) 

~F!3^A~ D S/cv TEE^Ed 

J; y^<to/co 

1 (mo 1 %) = (1 urnrn^omo it/ en 
MSlJI?©m o I m+2mmm^(Drr\o I i+3lii)I?0mo I & + 
4mmmws^(D™ o i m ) x 1 0 0 • • • 

2®^|iJI?<Z>fi (mo I %) = (2|$MSlJIC?0m o I &/ ( 1 M 

mrnrn^vmo i m+2mo i m+3mo it+ 
4|I»0mo I t) ) X 1 0 0 ••• 5$B 

3ii«©i (moi%) = (3mrnrniWs?(Dmo \ m/ (1 B 
mmm^(Dmo i^+2mmmm^<Dmo im+ 3ii»0mo im+ 
4mmmm^(Dmo it)) x 1 0 0 • • • 

(mo \ %) = (4mmmm*<Dmo i WL/ di 
MStJ!?tf>mo lt+2mM^?0mo li+3|i|gf©mo I t + 

4MMHJI?©m o I t) ) X 1 0 0 ••• 5$D 

(%) = ( (3MMmjl?©M (mo I %) +4MM*^?© 
M (mo I %) ) / (2mMM^(Dm (mo I %) + 3MMHJI^©M: ( 
m o I %) +4MM5IJ1^(DM (mol%) ) X100 • • • 

[0139] <is-)mf$i®)(Dmm> 
13 
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UW 1 (Ii¥Mfi4 0 5 7 5, 

3) ©7j<;^(c, TK. (1 

, 2, 3-s<>y h U ZV'-JU) £JPx.T;Fb^U ^-Jl4lJ5£t) 1 A£f#/c 

o 

^>-,il4lJ5£t) 1 A-m, TKS h U -rV-JWD^hWmte, *> 

ifb>^ $ > 1 (D'MfkifO. 1 811%^:^^ fr-o 

, p H ^4. 3 , frX ^>V>'J 7V-J1/ 

©ilStfl Olfp pmih^^iih Lfco d. Z1 "ClN 9 P H (i% 2 5°C (bis — 

)VmM^Z-D^xm^titc\^l:h^ (JU~F. W\M.X&Z>) o c^T\ *>-

Jl4&$tl©P Hli7X7>tiSp H^-^- (KR5E) 

jEm. tcPH^-^-%mmuxm*sKwLtctz5-ePH 

L/Co 

[0140] C^»y2~10] 

^1 CIBirotii^P *>-MI$tll A<h^]*§ 

(C LT^-Jl4lJ5£t)2 A~ 1 OA (^etl^tl^»y2~ 1 O.h'T^) £?#£: 

o 

[0141] [Jztl^y 1 ~ 1 5 ] 

t/c, Lt, iH:lBi0t^Mt/p mc^ML/cJU^i. *>-

jl4lj5£t) 1 A ^ [Wl^MtC UT*>-Jl4lJ$tl4 B~ 1 8 B 1 ~ 

1 5 (hTS) %mtco *>-Jl4lJ$tl4 B, 5 B (i% ^>V"hU7V-;^t 

*>-Jl4&J$tl7 B~ 1 6 B (i% ^>V"hU7V-;^tS 

-JjKlCB&Sf&J*: 8-*y"jy-Jk 

7°P/^Udr>/U7$ >s 2, 2' -kTt?'J$/X 7it> hP'J 

£>£0 ^-Jl4lJ5£t) 1 7B(i% V" h U 7 V"-J^ 2 0 0If p p mgt 

t/c, iy~)M^6 Bits ^>V"hlJ7V-;^1 Oftlp 

P J&ya 1 8 B&% ^VV"h U 7V-J^ 1 0 

lippm^l^ fr~Di/—)[/$&$(,$}(D p H A* 6 . 5jp<h^'2)^yT,S)'2)o 

[0142] th'J^ArotilM'JCA©#^ 
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d CP-MS) 

LtctZZs ^rtlt*£!±!PgWT «1Slppb) Xfo-otco 

[0143] i*}iys> 

£?s is'J 3>&fo±lZit)?$lZTffim& 1 0 0 n mJ^HL/cSte©^lll 
= L/Co ztites ± 

1 A 2 0 c c (C 3 ̂ ;I}* L/c®t>IXlJ l±l L/c0 

CP-MS) Tliy^U ^(Dm^^tXD^tiiMtLfco 

*>—A— 1 OA, 4 B~1 8 B =fc 

[0144] &*>-ji,mj$ya<Dmj$s Rtfm^tam^m^muz^to 
[0145] 
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[H1] 

•(PPO:; No st» pH •(PPO:; 
SSftl t A 

't Sy&S/'O.yi-'J r 
4J3 10 71 

:s.s ®S2 2A 
/K'j J; 11 

4-3 6.1 77 

SJfrSS 3A 
:'5.flpprrV^ 

i-3' -5"8 •&6 

•»S«!4 4A f20'pprr.„VIf§§. 4-3: 20 H' 

-*S«S SA {22 8gH4tt 
+.3. 22 22. 57. 

ssie. 6A 
#) I yui/^a >:o 13 7"/- tt-
:3o^i'w^- 4-£ :JC 44 

S'S«7 ,7A 
'MiHsnVBM-

4.3' :40. 40' 

SSft. 8A 
iK'j-xj y o.. i gw»i/ 
SOixKiVS^-

4.3 .SO. 'S3' 

iSJSWs 9A 
•Kyx 13wtioM;>'7Hj rv'-w..-
JICSoppi.-SFB" 4-3 100 sa 

-sasio 10A 4:3 200 21 

JSliSNI' 4B =b;o..Z5mi)'.-; sfS 3-B 0 52.0 

SB trs 4.i?- 0 620. 

iti&B-S •6B 
*9jrft>ws >:c '!5ert'»)/' y /~;u 
ap»*>.-'Si» 4.3 1 320 

?e :f^ • —13vriii).;'>^'OiSi1 Gp?>f,K^£S. 4:3 0 400 

ip.wfis 8B 
W5^®. l 1 upp-O'/St 

B 
4.3: 0 seo 

£t«fi6 SB.. 
#y * ̂us-fs-xcu swt-u' :?•/? MP iurs> 
-•l'0pp?Ks'«lr 

4.3. 0 430 

it'ia-gn iSB 
.2' -t.f'ji>Zs 

(iOpp^VIpgg 4-3 0 400 

1 T6. 
«IHW5S«, i 3vrfW y^-f-yha 'J'^i 10 ponv/ 
ITS' ••••••••••• • •• •" 4.3 0 420 

j±««S 1 2B 4-3 3 390 

icSS! 10 taa a 4.3. 0 430 

1 i4s .2' -e.tf'J i>zs 
(50pp^}./Ip§§ 4.3 0 460 

fe«WS1Z 156. 
«iHW5S«, i S«»U3rt>MJ V>IM porftf 
frM' • ^ •'• • 

4.3 0 51 D 

it S Wis 165 
#1 >;o i3vyt1i).--^p/ 

4.3 3 320 

ifciSHm i 7:B 
c. 1 8wt&.*/ nrrv"-^ 

4.3 .330 17 

it«RT5 IgB ,1<y-xi SWLU^VVM-! Ty -11: i•Oppm; 1.0 • •i0; 3.7 

ifJofr-Dtzo 
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t/c, s<ysJ h 'J 7x/-Jls%-a£&l^M'£s X^yx/ h 'J 

tAMC-a d <h fco 

h U 7x/->/U)jiS^3 p p mJU± 

znx\ i 
5 o P P bJU"F-es>n^ Si§Wfi<^^ ifs IA\ 

[0147] CJ;b$^yi6] 

Lt, ^2(clES©#^M^t/p H(c^ML/ciU^(is 

t)2 A <h^]*§(C LXiy-AB^ 1 9B^|/c (^>V*h'J 7V-J^tS 

&lN0!l'e£>£) o 

[0148] <->U=l> (S i) ±(Dtf U "7—Jf©JS£I¥lI> 

U 'J =l V^IAPISU =l>7i 

/\£, Xt°>=l-^-(Z)±(C(Z)1±, ^2lc^-r*>-Jl4&J$tl (^liU it 

mtVs 4) £ 1 O^-^jfC 1 . OmLgTU 13 

, P>^i/\?;2 0 0 0 r p mt 1 £ b (C 6 0 0 r 

pmT'3 2000 r pmt'1 0 

•ttfeo 
JU±tC<fcy, Sy'J-l>7x/\±(C, ^-JUJi (^U^-Jl) «U 

IJ 3>0i:/s£tf'J-?-E£tfdtE$tifcM£<DdtEfa (JU~FN r§S^ (S 

i/PE I) J £&l^) &mfc0 

[0149] ±§E§im (S i/PE I) h7°U-h±(C, 

v K7°U-S£tf&M"r£<fc9lCsSSU 1 0 0 °C CD 7 7 

h^-^;SSt6 0#^V7 h^<-^ (JPfiMil) L/co 

=l >7l/\©J5£|!£tl£®(Z);nnJt) 

[0150] (tf'JV-JiCDJISM) 

'J tltffe&TZ-y 'J =1 >^iA±©/f 'J -7—S(DM$ (nm) & 

% SEMI LABttS^fPi'^-^ (PS - 1 2 0 0) ©i'J^7^ 
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[0151] </^->r>i/\©^7JS®(C®|±l LT"7-Jl(Z)JS£I¥lI> 

:> 'J =1 >7x/\±(C 1 0 0 n m (Ml!^ 

0g±£ 1 00nm©S i 0 20gtfC V Dtlfc*> <J =1 > 7 x/\£^ 

iLs s i 02|l(C^lll^Sl±l'r^t-e 1 1 0 n m^i©^7Sa?L^JPXL. 

±§E/^ — >7x/\£s 7> tf>=l— ©±(C©-t±, /^ — 

. ̂ 2lC^T*>-Jl4&J$tl£ 1 0#P^-£3lJt-e 1 . OmLiTU 13# 

:©/^->CIA^2000 rPm-ei#ri@i^t, ^ 

|Q(C 600 r pmt'3 0 #^0$E^-t±/c^s 2000 r pmtl 0#^[S]$E 

SttT&jtS-ttfco 

ju±tc<fcy, /^->^iy\±c, is-)im c^'jv-g) BMU A 

1 A/PE I) J <h t lN 9 ) £?#fc0 

[0152] ±§Eti£l- (V I A/P E I ) K7°U-h±(C, *> U =1 >7x/\®<h 

K 7° U — h <h A^MT-2) <£ 9 (CHxS Us 1 0 0°C(Z)7 

7 h^-7^Jt"e6 0#f|7 7 h^-7 (JPi^Mil) L/co 

[0153] (tf'Jv-JiCDJISM) 

£tcs /^->7x/\©^7Js®(C®|±l LT^£^±©^'J v—S0J1^ 

&©<£•? (C)iy^L/c0 

7 7 h^-7ti©^U ̂ -Ji^ffM^tl/ciy(Z)^®(C P t (S#) XAy 

*£JfeU ^©&j^f!i£7^>**>a U F I BJpi 

giSM 1-2050 (-tz-f =i —r yxvii* y KM) m 

U L/c0 

(FE-TEM) (JEM-2 

2 OOFS, ($0 M) ICcfcoTlBfSU ^7©Js®(C®|±l LT^ 
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M<DBfr PJUwt 

[0154] imz\ 

v—1 TK-'J-? — 
JS0)JI£ 

(rim) 
/ ft-5 

Cnm; m «:3" phi •fcyjL'Fi'-yjzy 

TK-'J-? — 
JS0)JI£ 

(rim) 
/ ft-5 

Cnm; 

5SIH32 2A TH'J I^L/ >-f 5.X0.11 w.t%}/' •<i> >J Ty—JU6. i ppm;/ it St 4.3 o.t i •3.3 5 

ttSMi 48 3.8 0,25 y,4 40 

JfcS!ail6 .1 9B. 3.8 as 21.8 80 

[0155] HMJ2-e^ /^'JH(i5nmT'J>^ m±(Dtf 'J "7-Jl©JS^+:fr 

(c€;l^tiT^/co iblx^yu 1 6-m, /•? K;UM^#<IE)iy^ti/c0 dd 

T\ A KJUm^3 5 n m&T(D £ & <h¥Ulfr L/c0 

[0156] </>'J=l> (S i) ±(Drf U "7—Ji©JS£I¥lI> 

<J 'J ziV^i/x^r^lU =1 >^x 

/\£, XH°>=l-^-(Z)±(C(Z)1±, ^3 1 0#P^-£ 

5£jg-C1. OmLiTU 2 3#^M#L/cm, ^©^>^>0^2 0 

0 0 r pmtl #^[°]$E^-t±% ^|Q(C 600 r pmt'3 0 #^0$E^-t±/c^ 

% 2 00 0 r pmt'1 0#^0$E^-t±Tl^!):#^'t±/co 

JU±tc<fcy, is-jL>M (tf'jv-Ji) «u *> 

u =i>r>x/\^^|j^-ji«h^ji^ti/cti^(z)^ji^ (JU~FN r§s^ (s 

i/PE I) j £&l^) &mfco 

[0157] ±§EtftN- (S i/PE I) h7°U-h±(C, *> U =1 

v K7°u-S£tf&M-r£<fc9lCsSSU 100°C©77 

h^-^»6 0#HV7h^-^ (JP»iI) Lfco 

cCT^^V7 i/'J^VCiAWSg 

=1 y^JL/\(DM^UZ>M(D)ljk&.) Xfo&o 

[0158] (&;#MiI) 

±§EtftN- (S i/PE I) %s Xt°>=l-^-^ffllNT6 0 0 r pm^@ 
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tf'J V-g±K\ 'J>Z}&£L T4, 4' 9 )\, 

It (0. 6 2$ >> hJU) /l^l/7S>7j<^$ (P H 5. 2, 

2 2 °C) £ 0 . 1 m L /#©;f§T3lJt"e 3 0 #F^~F L TU "7-g %)% 

}#U IS^^2 000 r p m1?6 frW 

s m.Wk (fi2 2°C) £0. 1 mL/#©)ilT)iJt"e3 0#H)iTL. & 

2000 rpmt'6 0 #^0$E^-tti£'jt£'t±/co 

[0159] (&># mm®# 'J V-J1©)1^M) 

)XlZs ±IB0J:9(C v-Jl (PE I) 

<Dm-Z*MfeLtco tfl)V-m<Dm-Z (nm) SEMI LABfti^ 

(PS-1 2 0 0) ©i'J 7°yy-^-£{£ffl 

y^JSL/co 

In ̂  ̂k. ̂  3 (<_ ^j\ o 

[0160] <m (Cu) ±©^'jT-g©ji^M> 

$/•; 3>&m±lZ6b?z?lZTmm$: 1 OOnmMU £ GD4®ji®£^'J 

±m, v-;m (Tfx'jT-ji) mmt&tctb, <vu=i> cs n ±0# 

U V-g0JS£M><hll#0m^T&^Co 

ju±£<fcy, ^i±(c, 

/c*i£0^IJi{* (JUT. r=S^ (Cu/PE I) j zmtco 

[0161] (^)#MiI) 

±§3§im (Cu/PE I ) X£°y=l-$-$:H^T 6 0 0 r pmtS 

tf'JV-JgilC, iJ>Z.yfc£LZ4, 4' 

It (0. 6 2$ 'JfVJ >> KJU) /JlfJIsT (P H 5. 2S $. 

SS 2 2 °C) £ 0 . 1 m L /#0)ilT3iJt"e 3 0 #F^T LT# U T -Jf £& 

>#• U &V,NT\ gmfc 2 0 0 0 r p m^6 OMI^I+^t, &*,N*C 

. mn7k (^ 2 2 °C) £ 0 . 1 m L /#(D>j§T3iJt-e 3 0 #^)iT U & 
U-e, gim£ 2 0 0 0 r p m-e6 0#^[g]|5^-t±^'j:#^^/co 
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[0162] &(D# 'J 

)XlZ, ±|B©<fc 9 IZ U v-g ( P E I ) 

(DB^%m,MLtc0 S (Cu) ±©^'JV-g©Jl^ (nm) SEMI 

(PS-1 2 0 0) ©I'J 7°7P<-^-£{£ 

UTJUT©#&lC<fcy^Ufc0 

IP*>. v-g©JI;*tt, xu^v^ h'J-

wi nE i i i i i 

X^TJIS; / (^'jv-g) / («^) -e\5\mtzz£iz&<>j 

It^u/Co 2. 2 ~ 5 . 0 e V Vfo&o ZZ 

?\ tfvv-s<Dm#t&iziz%iz*>Vjo (s i o2) t/c 

i#TV7h®Wi nE I I i I I 

{0t ^k. 1>N fc0 

(C^lTo 

[0163] [^3] 

pH ^x/\±jlf¥ 
(am) 

iS±§!j¥ 
(am) 

36SSW1 t- y x^u> -i sxo. 1 s wt%)/^ > vt-y 
TV—7k t Oppm)/ifFif 4,3 7.8 0 

sstsw ?tcy x-^u >-fs MO . 1 s wt%)/ 'N > y> y 
TV—J l> (2 0 ppm) / Pit 4.3 7.8 0,3 

«#i5 
TH'J x^^>-i'S>(0.4wt%)/^> V> U7 
!/—;K22,22DOm)/ft|t 4.3 22.9 0.2 

11116 .7KUx^uW3M0iiS'vvt%)/^>V^,i' 
7V-^{30ppm.5/f!& 4.3 7.5 0.5 

«M7 
TK'J Xf^>.f 3X0.18wt%)/^> y>y 
TV—/K 4 0 ppm) /If It 4.3 7.5 1,1 

Ss«#is 7fC1Jx-^ L/.i/ >f 3 X 0,1B wt%) /^ '!>' Vf- y 
TV—iK50ppm)/i$IS 4,3 7,7 1,1 

11119 /{ty x^i^>-f 3X0,18wt%)/^x/Ty 
Tv^/Ktooppffl)/®!! 4,3 6.0 1,2 

hfc;i£Ml4 7fC 'Jx-^ U Is *{ 3 X 0.18 wt%) /^ ̂  V h 'J 
TV*—/K300ppm) /1$ It 4.3 - 1.6 

MsSfiis /tiyx^UWSXQ.18wt3fi)/:<*X/MJ 
TV—;Kiop_pm) 10 9.3 10.9 

i£t£#J4 TKUX^UW SMQJ a-wtD/i'a^.^ 
(1 Oppm)/ltlt 4.3 8 2.5 

[0164] ^3(C^ti:9(C, m±(D#,J^-M(DBfr (^1±I1J1) 
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#1. 5 n mJ^TF-e&y* $PII±©# 'J "7—g CD J12* #+#£<£$$£ tlTl^fc 

o tb&flj 1 4 -m. y t^±©^ U v-g©JI*tf . 

t/c, *> U ziV^x/xitc^'J ̂ -Jl^ElL/c^C^'J "7—g#£ ££>&;: 

&oTi>y, t/c, tb$$$y4 

. 1 5 Oftictb&flj 1 5) ^MJcfcy bffi±(Dtf'Jv-M<DMfr& 

^iE)iy ̂  ti/to 

[0165] <g^lfeiig (I ow-ki) 'J =1 >^x/\©^M> 

(tuiE'f^/^jS^IMIM) 

7 7. 4 g©kT3. MJi 7 0. 9g©x^y— 

b fcm, Irnol/L ©5^'It 80mL»U 5 0 °C 

T-1 0trP^i#L/co 20. 9 g©tf'J;*^>x^U> (20) 

'J JUx —2 8 0 g CDx^ J — Lfc/§I^1"F/Fbplfc0 !• 

ti, 3 0 °CT' 4 L tc0 % b 2 5 °CS 3 0 h P a ©MET 

, 1 0 5 g (Cft££T-)j!ifsL/co )mWi1k. 1 - 7°P tfJU^JUZI-JU<h 2 - 7" 

^JU:PJU=I—JU£{*;»-? 2 : 1 (C;Fb^Lfc}^»JPU 1 8 0 

0 g %£%tco 

[0166] (#7Lft*> U 

iuil*fa/§}&4 7 2 g (C% i'^fil/S'X h + 4 g ^ 

• dpnt > 1 . 8 g »JP U 2 5 °C-e 1 mmMW U #7Lft*> U t) 

ffMMj5£t)£t#/co KD|0i/7Wih + i/J/7X 

^•dr+fVCD^JPm&s tfT. h'Jx h =£:>:> U Jl/X^ 1 

0^JU%, 5 =£)\/%-?:fo-otc0 

[0167] (mmmmmmm) 
±IB#7L ft*> U 1 . OmL^i/'J] > V x/\^®±(C)^T 

U 2000 rpmt6O#|0|^tt, :> 'J =l > 0 x/\^®(cM^ L/c 

liiilTs 1 5 o°c-e 1 ftms )Xi^\ 3 5 ooc-e 1 oftmm&k 
ILfcc 1 7 2 n mxJpi/77>^gSLfcf t V/^-fit3 5 

0°C£-efiMiIU E^]1 Pat^HmW/cm^Ccty, 1 0 
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mmmmm zmtc0 
£Lticj;y, ±§BJi^lfeiiJi (J^T, r i OW-MIJ r i ow-k 

J =1 V£x/\£?#;fco 

[0168] 1. 6nmffe^fc0 

t/c, 2. 5-efeofeo 

t/c, 8. 8G P a-C&ofco 

[0169] 

EM I LABtiim^Pi/^-^ (PS-12 0 0) feffllNTfrofco 

M. R. Baklanov, K. P. Mogilnikov, V. G. Polovinkin 

, and F. N. Dultsey, Journal of Vacuum Science and Technology B (2000 

) 18, 1385-1391 (C§Ei6£tl/c#;£(C^T, tr)l tc0 

ztcs irnxn-ymw. (SSMS 1 30) %m\>\ 2 5°c 
. W;SJt3 0%(Dmm%Ts J1;«1 MH zizx^mz^^mM^tco 

i~ y -i y^y^r — $— (Hys i t ronii Trib 
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