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* IPAHHYHHK GGSSAGNAFAQSLSSNLLSSGDFVQMISSTTS TDHAVSVATS VAQNVGS QLGLDANAMN NLL GAV SGYV
STLGNAISDASAYANALS SAIGNVLANS GSISESTASSAASSAAS SVT TTLT SYGPAVFYAPSAS SGG

sdzd COM2Z BB . MG d MOMISOe [R]d [ R My ddzHtetsd ¢

dstey odzOSCdO tBOOd  jd2O " j IsL 9. C 5y dzdgts & dzts *
OB £ zOIRets df (fdzH tetsd 2@ ( § dzg@ dz. A mi nad h pfpitetedisEze i) .
sBjLBJ ' E°§ LOhMIsdIskz tSH shilsj<j®o ftoslzL es8C t5¢
B S tetststes Qe ff t5d O Md § dzOMls JuEigsimasgf] Bo@i@fi 8z df tsH te "
5° OyOo O & dO.Mtey dzjoHdgO< d Mdzts “d edzditsfteslsj ddms c
o ZAMO BH BICtttstccOddL ORBO. | sftceddesmd yYotemMiss<d ¢
o sHyd dsd MmJd tsMise st sjdzlsiBlIOF W@ s datizO [MftsdOd3 J Is t QLD ¢ fda@ts |
BB J Hy zso Bl ¢ Qs dzz Hisf ted desmdIsd 30O q 1©° dfig Gsdtds
fsotch ddzd o dzOSC dzO0O dzOdzOB,g4] | | ded f  Hzded SRS OQYUSB I L B
Msjfjd LONIsdly tH Mfs? O da Esdyo 0 d GBSttt
ftoJ desh j ¢ W] toetsdi3njdEOdgts hols@ détsy L L HAitej §f 5L dzOo OF § o
"dHddSd. 90O BdtslsOy dzd J vyeteMmists o9 jLOdz L O kodzkz
fJthsted3O0dzi BEO o dzOC dzO |

[ ¢ fwslkjddd Mmj bktj' 'k k S$O0dOdkE ydjLuj d o
¢’ d fMj OO)@Gsds &0’ ' 2 $O0dO®O. RL EZOECOS jd o 0OLHE
ROMsO j fsljddntd %ddkod)ds St d HnHowdnd Odz dzts ¢
fazsud HIMY Jjtectseo Odzj k2] Qdytetc ifddsds j df@dstc itCiids 5[0 3 M d
Uilsdted Odd dakif lsf@sdiati@zj : | € dzd dz0, cdzdyddz® d O dzO dzed
fsdj delsdn 18 teslsj d dzO |

[ OdzO OB RFOIlOIADC(AFO ( >250 kDa) (jded. Aminort
BOdzts® OB kzdzOdzts® N dzjLHd. R&GOE dnEdydizOHZD0 dzd 4
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LGLCGOH  E Midquodkd ¢t j ftdotj djds MsOsr ddL k'
o ZOSC &z0 Mk IsOEmd j dzdSLdente OO GO0 Is dRISdjddnlf § dziz to thp ds@K
MoMmlsOok dzgj MOHEY ) ftsddd d &gz L ZOkds B j

AdzOG j dzd W tste d3dz@0 0 o dkGXad}©  (( j5dz¢ dz. Afl agel |l ifor.i
W ZOG | dzd W 5o d3dits dgd dzj @ Els U dzO d fMzzy i LO fsdLets
LO Z90LOS ) fdj dzO. uOMs ' j Mj MOEs dL * jHdsE -
ftosdzd 20 d o Odzd dz0, OdzHdgP [ 8zj Ctsdzduyddeij Oz

stekzh COMIsO o d&zOC dzO® ( J dzc dz. Apiriformi) fn dzlz
f sl sd30yj ftodyotch<doO' ] Htkzedr o dPBPAO L O Mkzf{

betej GOIsdZO 9 d&ZOC dzO (jde@dz. Aaggregatefi) ftojH
BOddn, o dMESY diidct jflsdHO d Sstedhlsy My fted ~90

Addzd dzn 6 UdzO o dzOf dz@ | (A1) dzcindz. ddzcuyj! ikn dy d dzq dzH te d y .
i LO LOhNIsdlE ¢ wfuds@nd®°0) stoOd)istsOLydidnidls® §tesilsj dc

dydded ¥ stedsdz® o dzOC dz® ( joddch di. i) IsAsdzcSikn i bf dotwrenieft ) SoOuigO
E LOhIsqlsd , Yasts sdifs 0 s° OyOo O°F ] EOH T GBS § izl ¢ O
sodh odzOC OO d&O b HtkzeOyd d OdddsS dnj dddns d
Metstets * jHA&OS )] Ctddydds &dBl 50 ddaizG,H dBstzOEdiriz0 =
L &zOldzz Ctsddudd o d&zdSdr SdHesYssddn Odkddst
®@Oj dzj S lsted MOded 5 [13d3d dets § d fj dzd dzO

2.1.4. [jrnOodduysS] Shsedds o ZOSOdZO § OLS o

] ZOC 20 fOkSto ] dejyj d&RO E dLEL | Bdzsfmlskj o O dz
Zf stej Hfo® jR@defdzj Isdzts MdzOy dedd3 o jh IsOyusS ddz o dzO¢S dzo
] jdzd S O OB zdzOldz® o ZOC dz0 dBO ' & dL kzL jlsdzjy oBj 7 Oded
ftoslsj ddMSdd Cdmisdlskzj didsddB0 (9 dzdSdys O©@fskzdaPlsc
nd - j R d steeOdzdL Oyd d MBS kkzwddn jdj B Zz0s0 |
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1 0kzyd ftesdL ©®BH cOL dzd ydls© o dzOS dz0O MO wOL
[ irOdduysy sMmtseddzi o &zBEC & Hz@] fiffstg joHdapl<@o SO dzo OMFO (o
{od Cwdej Mk " jHddMmlsoe jdzj M OBHEPE g B3dzasiOistldsQadrd d
dimlsjedzk<©) ftod wWOLEZJUdlsddz Blsjtej <Jj® ddBoO. glstcj f
HiWddzdh j COfs:

- )

GHJA-fisu) sded Bt ydd §to] MStcd dAOE EHaB) dzlr MHslg f dizlz <
SH sz dz@ 2§ Hddajasjddzd ded b § My ¢ Ots:

| <

(2)

GHjLoidided yd * Ocdzdz® H, By dpizO * § dz® Wedz@sj dzOL & e o &S q fatpts o ‘dzP
fj dilsjediz<] fojHmisOsd SOt ds5cOEdlsOBNSO o) Hd

stelzlstsMmls ' J HIWdddmOoOdd mkdc tsoddp Oitsthdadiapd Gddzo
j Zofmisdydetse tejedtsdzO Ctodoj. ltejHMsO0? O M tsmse
JteOdzd yo j dzOMmisdydesmlisd ftcjHMisOe?> O I[OYsk iz ¢ ts
(tej o jteL dB ddzdzj ) d tcl o § Wz () isw pighlelztc Oy d * 2. ldh O otcjH
J 2Oz MIsd BHESo OO o dkZOCdzke S t° j [34. Bl tsteded " § dz

] OCMMd BOdzdzj otcjHdsMIsd E OYSOBO CGHJ HEBEOLJ
() d J zOfe ydesp®e ® Ufj HiWdddhj COt flstejf) k& |
Hy Meattsdz kddB®Yfpd <@&z@se s®HO Mj cteotstcd B j &zOMm
Bt N d, Bdmdzd M @O Mt dshis ftstcOs O o dzOS &
g0 £ twOL dzduydlsk Jjd&zOoMmisdydsmls, ¢ts° 0 LOeadMmd d HJ
[34] . [ ®zOMmisd ydetsts dnfg Is jtsdf °df cetAfstéjis ySjo dDIE dfOs e OMIs O H Ez2x
ZO0 ftuykbdHzd cjHjts dMfsH o] Ctedeoj BHGESo OO Yy ¢
jdzitced & SB°0 "j YsbtjsBd HO M ftojldd BOI, te
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Ta4YKa Oynama
MaTepHjaaa

I

I
!

I
P
]
B

E KPYTOCT

QO no- (HHHIHjA THH ,i

L L}

o HATHD) ;

@ :

& 0.6- | rpaHHNA :

> 19 CTHIHOC «— eJACTHYHOCT

031 | / KHIABOCT | (%0)
(MJIm?)

1 ]

0 0.1 0.2 0.3 0.4 0.5
ucrernyhe (In(L/Lg))

sz COt 2T tej L j dzls Olsdfg ldzPC dgls 8 M to £o0Q &I [is fifgl@s o fce(ch
CO©OSlsjtedMIEE © o OS dzO

[jrOddys) tMtBddsgy 11f d Httkzedr BHOBtOddr
&ZOge®y bk wvoOBjdzd 2.1. RL IsOBjdzj Mj sy jOmHH s
9j<ddzj BIBXBOIjted OdzO. [ jo'dOS D *Gitclr lsOnplsiztsd Migk2®
BOIjtod " Odzj:s § OOIs szl j dad ydets o d&zOC dzets d yJj dzd <.
md ftojotejd3dj dets HBdzijlsd L OC? Eyoe¢ HO " ] 11 iz
Mddals§ sd yuSdr dAsgz® JGz®dz@ dz(f dzfiidef. Ojic O s EPBISF S B LIz
Ee? jdzd ydz©@ o dzOC dzO, s j o dzOtc tsfH OpjiBtdsictef] J ©azdd Y 4
mMdzOcj d ,8deldpddhisd d J zOMisdydesh <k d Y ddzOetsh <.
Bejdj, HBBKO j &OMIsdydsmls o dzOS O daBRO Hidsd Melz| dgts i i) o C
GO jtd Odzj (dfte. bk § ] sijted -  pied dzo sy, d5 =z Sdsd O
Bseck HO Of Mtk & Isted kIO odhj Jjddted § f§toj
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50Bj ZQ jZOHd ySj Mtsedds [ ¢ o dzOS dzO ClErekd S @ oz & E |
fuagsHdedr d Mddzlsj @S dr ®&Ojted  O&O

[Ojttd stklstfls wdOcO ( [ &OMisdy r d&Os f

( § min
[ & o d&OC 10 1,1 0,27 160
I dzO S Biz@ori 0,003 0,6 0,18 70
s sdzOG j dz 1,5 0,15 0,12 7.5
s tsfls 20 0,16 0,03 4
| & dz0 0,5 0,2 0,5 60
[ zOMmis d 0,001 0,002 1,5 2
{ JLddzq 0,002 0,003 1,9 4
uddzlsjlsd 0,001 0,05 8,5 100
¢ k3O
| dzOS dzts 5 0,95 0,18 80
dz0 * dzts o
sjod&zOts 130 3,6 0,027 50
Le? jdady 300 4 0,013 25
9 dzO ¢ dzts
Yy j dzd € 200 1,5 0,008 6

10 900yded  d %OCktstd St°d klsdulk d&® shdOqy & dC
iz Isj s jcOlkeO, odkOydsihls d BtLddd dhfejHOs 0.

RMEGISdo O j &5 dMftej HOT O o d&OSORO bk ©OMY tdzk
bilsOdzso? jdzts “j HO MAOfisgPHEEd Bj&Pj BOE HYizO C t
foddj dedlsd dzO0 o ZOCdzats S OSE cBYO Mipk fYlsidtedO )5 ts € Is iy @,
odMS LAl 5O tOMlso fyue® istrisd . § §§ BOME WSjids sMse ddaj e
Hts 150 AC, HEGX0 RAM' pfEstd j (soj<0f | fMdoOd]
j i j Okt ftjCts 150 AC, dzO B2dj0S A SHASTdzOeL tfH 1
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9JLO k dzj CtodMmlsOdzdzsds H j dzz o zOC OdzO, HBSC fMmj bi?
Isj BB j cOskztcOdE (>300 AC) [ 3

VU SCSBdzElsOCIskz MO oBHBAR dqdzd dzj Stsd@3 HEokzaAAOR Isj Yy
Cd HddzMmls o | fodz g0 tsizizls t6 O ¢ Yzd *fiisjd3, o dfQLdzOy gt 2§ > ©° &2 d
sted ¢ d zOdzdzj ¢ HipECAg ZIstcOC yd  © f OkCsodn o zOC O dzO
otsHBsdzdydzedr 9JL O d Htesdkidey bk tsted  JjrdelssO Uz “fote dos tsiHac
fpzzyxd L O Eysth<doOfj d&tejdj $HOJ HERLEO dEPLs Y nig¢
toj o jtoL chelgPpde@d. Mj HO ' j ftosdzdd tsHEBotsteOdz L O s
My sfse dsmls j BQdkZjiH dmcaafde 0 0 Lk dkklk8 a0 | dzjskstsj 'dja
ZOdzyd St d MBPp ey NG QO 0 & cizbkis] @O sot®@BFC < C
Bsdzj Czdzd B3O otsHj HO fted' &2 d HjBtd jdsdhkz ktej'j
i3 MO0 j d My j tiBssasie OF dp@f) 2 pz20 dirf§ ik J Bdzj ¢t
GPGXX M Coj dylz, ftejlztej’ j°J Mmj -6z WOBOn jlozd & ig@s  dak
t OMCdHOY j &3 osHtsdzdydzedr 9L O tsod HBAJ dzd f toj dzOL §
o dzOC dzO, £ ftsdtsy O dzd ¥ 4 ddziced MEJ CodW de ztsC
LOHjB? OF j[d9]. o ZOC dzO

IMsBddzj o &ZzOSOdZO L Oadfmj ©H B Gz O toj v B tzk
Ctoklsdds o ZOSC dasds Ct5°j sy d JLHEY Ol Isjyddsz o«
CodmslzC ydd BY witeyofyy MmMYysted § uuddd M ¢§ohisdy]
ttOMf stcj ' doOF j Jjdgjteed j HEY o dzOC dO ( def tzd ¢ @ fydzj
BtcLddzO dMftcjHO' O dqdzHkzCEZ ] BB°E ®ted  jdsOyd k2
EHO? jdetsfls dL ' 2 CtedmsOdzdsO 9j<0O0 k£ tBO fftceO®o
toj ZOCMdtcOdesdz MisOC &z zOBOots kY OCs0oOded [ 42] .

2.1.5. lesdLosHS O ftlj Jdzor 1§D ksl Mt detg & de

1BBC Mojc0 fodj dzlstse BjROkduSdr e ddo
Mk bdsyjdd $OSs Bd Mj §O0ECE0 0O o d&OS,&®E] S s d
BB Hdyddzm& d &3 Oiodizfsin@y d fAds®i.t O y@ " 0 o j &z S g € sd
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fOESCtSo 0O dod ‘] dBSEkz<O LeBtE bjtedbtsted Oddse d € Ood
CO jSjd Mj HBBd O &OT O Csddyddd e\ dqdddis" d-
Cts'j Ydoj b fdesHdsd fsOddh sk [43,44]. 1BGC
fesdLotsHSd MiddHesddd $O0S¢ts Bd M Sdsckz<ddzd ft

t 4 S sd3B d dzO dzls a ftesdLotsHS O MfddHttsddzO ° j H S
tcOL dzdydlsdr ttcc Oda/OPiszOted COS[ 4 56]ts, Mizd? $j ( HEZzo Odz)
e ddzj dzj BEBJ, [ 48izd §ddgmi 4060 [50] d <jdd j f
sH Bodnmn HBBO<KdEZO d&BO Mot " j fGtjHdshmisd d BOdz
ftotsls j d dzO dzO  UEkcherighia €otsiteed@flslsfj tod * S d Mts” Cts' d sl
ftesdLotsHS 2 Htso 57 jdgi dz@ tS[dEAd2yd.dzj f tesls

[jrOddys) tmedde 11f d dBsckz<dasfmils ftetsyj Mdt
otsHjdes® MtejHdded, ftedokCdzd Mk d&dksc] SCScikf Odzd |
Moddzz § Okyddsai d) tSdidggidzOH JtdgjidCosBid. dzO dzls dzj Is j - dzts dzfs
9JhlsOyYUdetslsj ddz0 §OEyddzy thsekz<ddkzO ' j dij MOt
Bsck<dtshs GsHdJ¥dSB00° 0 GNseddkO &Ojtd OO (
OWddzedlsjls 9jLdoa0O"0 L O GHte] ) et deftgetzls j ffEHds j dzufds HO C
Of zd ¢ BayFgEOBZ@B,j tod * O

s ts i3 O dadie SynthAtic Bioproducts Cenfiefu dzdf ® j oL dIsjls & mkld,
o) fesdLoeosHd Mddesilsduyuélk Moaddzk OSSO jSEMmft
HEBO<ddzd 3O, ES¢?Eyk E<d c¢jdgjlsmCd dLdgj jdagj CBL
Nephila clavipesf OzSC O E <jdzd® OdZO d3gdzj yded= ydzjL HO d J ¢
kdzj € Iz [J90Cts HBBd jd2O tOMmMeotste? doa O MmMaddzO fMmj ¢
o dzO ¢ dzO. JddzilsmMSd BoHIWJdSBo0Odz Stilsgr MiEsH dde@
Mistc Odzj ¢ texip Bideghnglogigs Inc s 9 j B C,). sP&OH D JtedzO®  j L O
sdizcsds L O wOLeoats" dzgOkGC] 8 ®RBOIjted Odzd BOADBM] ted Y& .
3 [Ouf2 d [Oufl &l <jdzd O MdMmOwLO |

ltcod ftoesdLoets' Oy dqdzHlkzfMmisted " MSdr L OdAMSIK toj € 53
GmbHi. 1 toj Is jJAPKRE] tddHs | d dzO, o O W dttdzd® HBBd O oadmts¢
ftoesdLotsHE tSHj<]j, LO SCtLBildysj, ddHEzMmisted M¢j
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W dtcds “d BdBYJ dzd ydets o dzOC dets dzO yd Jjd3 ttOLeaB I
Okzlsgsdgf zO d HO? | ddalsjdzt dodets tOHd. [H 2017. GEfSH
LO drLets' j¢j SdzdddySdr MmMskzud O dzO ? zHd®BO d tsH
WOoLtsds SdzddeduS dr dMmfdlsde OF ©. RrRfgsteOy do O j Mmj B (
5B dzts ) jtalgdSdss d3B d dzODRBld diffodd dzts i3 S sH  ? EHd E dzgj Ssdzd € s
Btsdzdzd yo© bk obkfsted  d. [t MOADP4flpid iz d@j0 didQizddf st
¢ mdydesmils o dJdikzdetse j daetsfyls, COts d HO MBOT k" j
PLiesC 59 OF | L OH i Q0 OWBY et irOdzi s i3 & tHdshk dzo
d &3 dzOgls § [

siRf O&ZFpOber TewehbtwdT bdrize)s f o JsHigEs® OdzO 200 8.
BOod Mmj MddzsjLtsd d fesyjmMdeo’ jd3 Bds®Os] ted O d
i 4 dzO, ftoj odzPE®g tf@BH. )J BOLJqeOdz dzO MOttOH® d dL
Cdratse cdzOoded WtsCkfp Mk HtojSdzdddycso0 dmfdlsde OF G
Bdtsdid Hdyddaed. pH & olz0 Y s Jsgafedgd dzOdzdzs 53 St O Iz, ftosls
sMisO" & E tOMmise Ste dats d3¢ tsdedzy deliztc Qfy df d309 d fipts ClefQ@IE 5
ftoeslsjdded MCdzsdzed OctjceOyd d MOz S y,6fHsdzizs
s jHdsMIsOaddzO " ftwsyif ftoi ydh <o 0O 0 ftetslsj d
d JS¢Mmftjmd k& dzj lsteOdzidij BBjc Oqialg@ qf I Js'slstg d w20 ¢ lisd
ftotsdL o [BH.C A&

ASpi bdir( mOiz®c Ols O, moOYf Odg) sH 2007. GtsH d dzj
o] St d dzOdzlsdzd 7 f tetsls j d dzO, ZOtsydlsts fteslsj ddzj
fd dals § Isd uS BMONGSE ¢ dftsizA djecal dg@Uatiide st dzj . f ©& g &P $ dzts
Cstedfisd M LO ftesdLotsHS £ Hj YWOQPN PARKAG, dO B ik ¢zs '
iz " 2 d dzO@ Itey dh sk dslststcdzdr oL ddzO. ndatse B
B Hdyddem®Y. Mmoterd [

Bolt Threads Inc. j Od3j tod yS@® tWteltdofzOo tSH] o dzOC dzO@ o dzOy dzd
CstedMmisd fteslsjdded Moaddzy HEtsBd jJdad dL <jdzd O € o
dLtcOHEZ c[BbleH jtotsB
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[ji' ' Ekdd, dOSt Mk kdsyjdd ojddSd d&ofstd O
‘sh ke jC ded  j ofpafigQdzlsidac) die defT S5O0 Bd 5 Bj 2O
HO §OtduO ojRO0dduSdd shmseddzO0k0 fdesHdj. o)
ZOMsO 00 fwdesHddn o d&OSCO0dO, ©o0O° &Okjted Od
sMmsB d dzO.

2.1.6. ltdtesHan sl QzPcEPzétsag o] )4

sO¢Cts B My BOSCHBOdzdts bMmf j"h dts ZOfttOo ddzO o j
ftocdqtesHOdz fJtetsyd Mts fdietsify otisHoy " © Bk M Jjyd .OdzdL 59
ltesdLotsHC O ftwdtetsH dzd m  odEDOEEOHZOO L iz dr@X ] ket dzj ¢ f
Bte®f OtcOd3j sOtc® Ek odmMtsSt toj ¢clzddrinddesly ez j§f zis
o ZOC 2O dBO ' & tWOL dZdydls sBdZdJE d ojddyddkz, &j' ks
ftojlsdydeS] dMfs® TJ bk sCodtekz tso] HBCIStH&PS OdDJ tcl
oJdzdCy OBRfEzdzOIdzy Yd&jLHJ SO0 " jJ d2O"  oadhj dmfd
fteskzy©Oe O jJ Moadms HBEGdR YdzjLHO.

(fdlsjdzdzj <jdzd j S5 ) tsCtwdoO k2 tjf d O lkzc
i ddzntesd dzj d Mj ClegHsjz g d RS dfnHsfrdis) dzCias dza) j dzls e Oy
tcOMmlso stodesdy sBdZd S 2 k2  tod iz Mmds o dzlz B jsdidd <dgOdrdc' O,z difote
ZOZzOL j E MO E Ijydtse SttdMmMisOdzo, ¢ j Mmftej yOo O
£ ¢ O0dzO dz. ssBddzOyd " sd@3 sl ddigdyd MstzhifEiEilOa
Mo OO § HEYdA fJtotslsj JdmMéidns dOdOYO d ftoj dzOL O
Alsjydzdnin fteslsjddz0 StesL $OdzOdz, ftsH HJ  flseotsdy o
ftotsls jddz0 Mj Yt Qo0 & d d&j 0" & Mmj €k deazOE didd®
[13. RL dzz d3j dz@, MOHtY O HLQVdROdizj b C ©®B dzdeq EzOdz@G Is dzdzd 1
(S) C¢t'd BEsEkz<O0Oo O H jdr HdeDEsO Y 1 tc g dzOf O FB6]. s )| de® M)
sECdB fesdzOMS O CtesL S OROd, dOlted Iz &Btsood] dgf do dzfs to
WsihW Ok ds®L HBHOIdkE OydHdWdSeoyd k& (HdRHBH MC
COBBOBRIJHEOL j. OydHd% dS Oyd "  td dissz@Lzdzon. tf tofiplistg iz
s BdzOyditsj Mstef yd = @ daz®Owlzdegaf M off deHtic s dzO kL tsdg®@ tch < O9
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[32,5759].1 © C 0O £ BttcOdO LO ftesdLotHEZ o dOCOdO dzO
My SCtdstesdzdh j BtLddO dMftej HOT O, COt d H Odj s
Cs"dr My dMfteiHO E o kOSSO Mk e OddL s Oded &
Mfuyd¥ dydd Mk L O tOL dgudisltc®mHdlflsljd oD ] [ dMmY
slsostc®, LHBGEYE " E Mi3k " jHddmlse jdts o dzOC dets [ 1

Q -
Q%\ 90,}70 ] N TepMHHAIHH T0MeH
\\/
-\
6:,‘;?5\;“&1 ;(3 C TepMHHAJIHH J0MEH
UYWINy -
O:ju A =~ PeneTHTHBHH PErHOH

Pen JIymen - JIeBak Kanax
' ; ' (opmupame B1aKHa)

IIIIII.E@! 6.7 63 59 ST

ddzd Bz 2 BOMEd ftedCOL ftesyj MO faPldals jL j o dzOGC

2.1.7. lwddjdO &Oljted OO d&O BOLd §OECE

st®Rf sLefjsids j& £k dsck<dshls fesdLeotsH® j &Oljte
Bj' EMsBdedds HE{ES Oo0OF jdg O KOS j Hoj ©OL ddydls]
ftedets@@®@® d tjSCts®BddzOdsdzd mMeddkO fOES(s80O (JctcO
dLoOdztej Hazd 7 B m Odzcf{ Btttz § ®BHftsE Gadg® Ols L slstcj B O
CBYsLdlsdBO BEBEEOHEPE Oddus 7§ j ol stedi30dzid ) O dst
fesh qiekz j sfMmjc OfkdSoyd"  O.

tJStsdiBddzOdzlsdzO ftesdLotHT O ftoslsjdqdzO f OECtse j
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Z0 MdddStsdkz, Odd ¢ dHzso jzd gz~ @dzd € C[I8 Ot fipis B *s@ OG difs
BOG dzj Isdets € tsdzls to s dzd f) © dzj IskzB Iz dzOtc dzj ZOdesistelz C Is Iz to
Fec? jddydedrs dOdtsyjoesd d o d&zOS 0dz0O, fO MmMi “drtaO
HsotsHd E fdlsOf ] LBt {lBKFHyd  Odzdzj IstsC fd ydaetsmisd

Yiod JL©OHd detsoj cjdajeOyd' j Stoifsdy dzOk0O [y
ttOL ot dzseo dn o dz@rE dzORONdARts LAglCdfts: RBOIsjtod  OdzO C t5° ¢
"knj d Ydotslsdlkz Mt Hddzlz.

2.6. AdLrdySi d Sidkd MSj SOwLOSIjtdm

[ Oc dzgj ek iy ( f PpOROMY j 6 §J dej stec OdeCts  ~ JHJC J
MstekSlskicl Skedse kdfo d SRngMis@HEO] 2k 16t 8 il LiBdz
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g dzd € O sAe(dlifis. OzdzO Mistbk C[BH O § jtod S &zOMO

| Oc dzj stk 'fmfds o 3O tod d3j dzzl8Blz, CtOJsBizdd JOyYdl & Is
slsf Q18P , COs ' Oyudo Oy, COt OHdkdes bk ddHkhmsied
f jcfcso QRIS O dilsi. [HEZJCE' ' €0 HBB©LO kWt
CjLdMmisj dlsdzsfls, dLBskOsEMNS ] sigsedds d Isj td0ddo

[H §&fjBdse L dOvyd O doC dabH-EiftejQ ¢ @lsgs s
odMsSlk kOYSE ksf?j°0 (2800 AC), hks3dd sShsck<

] ZOC dzO MgO lBselkz HO My MmMddalsjilsdh 2 te®f dzd yd Is
B ssHa , [ HY I 5L Jyd | & | iz € 6 tc [ Frdjdeddizcte sy d -2 d306 d
AnJHESCM ROl @dzj HsdE dzdIsj Ol kzte , lsote' j dets ° §
BOoj HBBd O jd3 [gO o9 dzOCOdzO CtstedMmlilsy <d 4§ tedtetsH dzO

2. 7. AdLrdyuSi d Ridkd MChp SOLOSIjtdm

[ Oc dzj endf' Hi2GE € I Ho, B(MO Y OH)) " J R JHtOIOydsdzd ¢ tot
s¢MdHO. RABO StedMmMlsOdzdzz MistekzCIsktelz R j ¢ MOG tsdzO dzdzts 6
oml(aedzdcO 2. 17.).
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g dzd € O sAedlfifis. Okdz® Mistbk C[OF O § j tod S &zOMO

ststedfmisd My £k f0O0fdtedts’ dd WDeBOBich lsigOEZ ddzd
oBHOY [ 19 Oc@IHEGERIH b ©BddSE I ucOf OO0 tEHOad Isdf @
Ondlsde bk dqdHkmlsted d 4 s280[28]. 60 LO MkLed O ) HJ®

[sed’ OF ) OPHdEESHdzd® SHt) ' jdj EseW¥sdsced: |,
MistelC sk tafO ‘ojOyalsts L O ©OL ddudlsj dqdHbkmlsted MSJ
jlsOEHOROKO fH odmMsCdd fljtj<jSidtsSioddaf
(dedzd yofmls, hlsOfd<Omls, seddS yojlkO, d&Odj d&O s dax
B ESHOBO (AdHEE j-&EREzEPEHYdtsdk Oy d MG dz) [PaZz) C ststs A
207).

28[Mdztsoj Isjtsted MSIR d3j stsHO

VU HB®j Az o Oddstijo {HRELY, (SHEOLEK]s0O Ok
Bsdj SEdkzO ddd StedhmsOdkd BjL bkiysktisj JjShi,jtedd)d
L dBOL dzte sfge j  OlstsdsmEd  ud Mis @B . ( J ded$ HatOmdzjdzOf 2, j L
feskyOe O jdjSktesdhSd mMdMmisjd ddL0 Csdidcktoyd
fsdsy 0 ' d Osd®O Ct'd HO' b dqdded B5Odedze EC k¢ dzg | dz
Tk 0 ya ©fCEE wSHhPkse bk | dj SkesdMS ) fMtkzS skt
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s ddzi yYotMmisdr Isj kzO/ W OLO tH dJdalsjtej MO. [o] &
n Od3d dzls tsdzd ° © dzO. MO dzlstsdzd * Oz ftej HiNlsOo ? O L B (1
Jdzj Cbtesdziiy ¢ s @isQeamteO Offizdzj § dgd dejcils tgts dj dzfj dalds tetdsQtf
(w)d 5§ jObtsted {§slsjdyd- Qdzdijetsj dfjdisy2RIPIS yjddzij ¢ If to s dz

t OMf stcj H OltBRO LkdklsOtt MlsOB ddzdzj / i3 IsOMis OB  dzd
cOMmMYf stcj HO j dzj € Isdigjtsig@izd Isud iy deOY@s ol O, f § 5° j H d dzOydzd
fO 'J cOMmMtsadlsO WOLO IjtedssHd dzOd3d ySd MmilsOB d dzdzO
Mz yoO joddkO, &j' zZHj Mot OBO HBot?dts J O
cOMmtseadilsjy WwWOLJ d&scd® jisi dif jfcad ed@@z0e dify tsldzOyd * s B3
Eimzseo d 3O, COCts B dzOMlsOdzO Mls OB d dzdzO MlstczC Iskzte O,
OsdBO, jdjShkttsdd &Gsck §shks Okd MOBS k& §&° jHC
ddziteed  § Bodm MO® @OME WO GOSIB | tPyztcj H des T
HOId njBd MSd MmdMmisjd fted yj Bz Mj BHEtSs OO k2
tejhj°0 ztojHddze jteseoj * jHAdOyYJddz] :

© O
GHJ " Jd:
H-mO®ddzlstsded * Odz nj &3 " MEs6¢ MdMmlsj B30,
QilsOdzOMdz0 WkdeS yd - O,
(74 dej G dJ @@09%dMmis

tdhd®d Boaj RO BOIsdWEIs d&sME o dz®qddzi d3. © j o dsB H yd
Clstsots dzgj Bsekz<j twjhdlsd, fO Mj LBSGEG IO C st6l
shdsok ftcwOoykdd d jChMijttdd) dsOdkdd: §tHOLOCO
WkdzC WAEC] | dzj Clstesdzd BO b o d h2goQ s s dymiC HsAED fEHN Is gzl o
BOIJ BOBdUSdr OftesiMdBOyd 0 LO sfdi MdMisj BO MC
G Iz i) sDF@4j j dz®emsity RFunctional Theofy )209].
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[6CBEMSO HdMjlsoyd O
28 1. uvjitted O WkazORsdOEO ckfisdda (

shted O WkdS ydsOED)mos O flopd) Ctej zOoyd & dL sy
ciMmisddead d ESEfdz Jddteed J MmdMmisj kO d fteddj &z
ftestcOykdzO L Offdztse Odzj dz2@ ot Ikjtsted d, k HOdON:S
BOC j BOLdydzjzLmjusBoge s° ODET Tistzd M@ Qigssptz (s z)
“Jd HdzOyd dzlz, Cs" 0 My BOLdi®O d2O0 ztcjHddze jteso s
Bjh 0o 0O ) sz “jHEOUdd JEO oj<bk otj djdnSk jW.
tjh OO ) ztwjHddeejtetse j dzlH O Ushde] . Is j fishtpddts aj dzd” jff te]
shdso dzsd MisOS O fdMmisj KO GHtsj ' k' J fjSts jdjChts

"1 0 1h 8i ©°wi

CGH] ‘j fsktjBds §sSL&Os0O" | kO®OMds WkdAud Jj d
200,21 0] . v j cwd®@d HAde® € 5L Hoj Isj RUE]dR]s dads j 4z j
ZOB@L2], O LO Heftddsh ©OLes O o) kjsed' j,
ZOCE©EOHE. [0 kjstjdi ¢d&oOMnj:

vjBejBO 1: v fMdMmsjdke ¢Hj G§efss' d &j' Hj dss O
jh jftigsdzO<d o OF f)CVf)) tff tsdsy <ldy ¢ Ofigds | dzj no BN dzts o dzts ¢ fls ©

ug e BO 2: vddo L OdzEPBE NS Y ©) & Pdzd UP®E df &z ¢
LO Bdds Ct'k otjHdcWEs00OMS fesPakpdyt] Odenls |
MsOd@isfj O L O V)R IQfde@e 8 dz ¢ dztsB O dzdzd 3d ded dzttrys tso j !
Cs' 0 BdedBdL bz j WkdSyd B * joMi2WkOo s c¢kmisddz0

vV BCoadtekz o] HBCILtSteMC ] HdMJtelsOYyd ' B3LYPEZ {f totste

BjlssHO Ct° 0 ‘fjs HOtzasdBdaBeds@eddfang Parr) [213]. [ 9O Bj IstsH O
CtsgBddsz j W lkdeC ydtsdzOdzj DAT A @O i st s jj[28b@L dsj dzi d L
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2821 OL dyded MmJlstsa

10 fjHMISOe? OF ] Jdzj SlstesdzmMS dr IsOdzOMdzed = W Iz dz&
ftesteOykzdzd MmjL olsdHdrO sfdas(dfzj dets s ¢ s dzOydese dzdL © B OL -
sfdmkz " J Cots MmMeEy (BOL dyded =) WedSyd O CB°j w
“dHEOYddzj ®BsHjEZO £ Odkze jBOttMS ] " JHEOYddy St5° 3§
[215]. 1} sMlsts® § stced OsB@sagdg@zd 5dfhjlstsoa ® Ct5° ] BH]' ' &2
jdzj CtetsdzmMC drn MsiekSlskzte® k ¢ tcd\Bs P dadidpBesphasi )stsH O O
Bj ssH | dz0 -RWOL jfdzqidReim@Nig)@f i d3j IstsH j dzd dzj Otedzj € tsd3B d dz
sSteB o LOMRO j dzdirdzar comination of atomic orbitas.)s sH ff tod d3j dJAO,dJ IstsH j
BOLdydzd Ml " J MOMIsOe? jdz tsH [209sdz0Oydztse Btets° © Ols

1 tod d3j dz0 f f)j Iz HPR f(jtoliscjgesye] A dOdpOo f BRtcRa kslZfi p O s tste
BsHj 2zt O §j dMSE? kydots o 0Odzj dzlp dzgl £ Is tp tzge§ Is & ts tlz@, dzfp s @
nd B30 MEd oL fjHMbsOe? jdzd MtejH d3 f§ s5lsj deyd Oc
s 0" dOyddz, ftsoj<0Oo0O fMj BteLddO ftosttOykzdd BjL
[209].

10 ©OUkd&OS | jdjSlstesdnt dn j kot sz Ozsikj twds i
BOIsj BOdyYusédr OftestMddBOyd O, Cywtafliflsa O M f € sal3f O d
HO' | &®scbk<disfls fosky®o0OS 0O WdLduSdn, Jjdjslkesd
fsdzd &3j 6O, § o tlRePdzO d CtodflsOdo

2831 OykzdzO® | 3 ~ Pdd g€ dgff € f L@z s B8 d dzO
skBdzj WmsHJERGYHEOI zj Isted dzj L Ob Guly @ap d Cuds dziM OO dzls j
Cesdyded MdMmisj d&s, SCtedlsjted kdd MlsOBddzdshisd Mk HE
Cii 1L 0; Ci1+2C2>0;CGs>0

RMT % j° § sodn EmMdzse © ° j dzj S - SHaD I dzst O
g dzd yqt€g> H®, "OSCBs HO Mj vyYyjmlsts dzOetsHd d COts H
i dyd §edCulICERI]. d ¢ Ot
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sO0¢s Bd M fLsyd ddd] JezOmlsdydd d d&i~Oo0ddus,
@O ftoj j 4 lst]sdis (dQdtRdycojlsd fdzj H

‘BsHEd filsdBl ¢ dBipt kA mpfln] uiglE0o? O i sdshls ¢
50 0° dSHEZd k¢ dkOo dsdud @ dind SH S sdhlsodsd s

-mizdzG 59 dBsSH Iz dzE (| glzrds éz g 0 Mzts imptwfoutd u'sji 9 Oy Odz f Ot O3
sfdmiz" §J &J-0ddufjodsitseddeff eds@igg oz, RBOdzj ot6j H
j oM dudtsiisd ESOLE b 20 BB’k f OMisdydtshls OIS

‘BsHEd frgsd Y Qdedr. modiiis)Y 6 j HiNlsOo? O ©lf stdsmls
SBEddCO fH Hj Mlsotsd Mdd) d So0 ot Hdefylse ¢ &zOo

s o to HVs € @ dzchamnes®h)Iso tcHisS< O dBOIsjted OdzO L O dfd A3k
MBI YOS O, djcts tH BsHEZEO Misdh? deshisd, d H s
fsczd S tod fls O dzdzd Z17]. GO j 6 * OO |

[Hds dLdB]' & &BsHEzdzO Misdh®> BKesMmld dzO0dtfe Bdz
Ctedbj8lzdd [sdz fs0jLlz" jJ d&jmOddusd d J dzOMmisdudz
tjetsaj otjHdtsMmisd Htesyj®kz"j My HO dd ®&OIlsjtd"
sHtcj] ' jdddd Ekfmdzse dBO. stedlsdydzO otcj HdzsMmisea dl Ztso ts¢c
BOjted Odzd MO otcjHddesMIsddBO BOT dd3 sH 1. 75 56 0L
8500 Stdljted bkd oj<d H 1.75 ByjSk'j HO ¢ 0L

l sdmtsdzsov (GHddgRN i sAon) s s@@'ijoAitsBjLBy ' E°§ (¢
Ctelstsiisd/ 3 d &zOo 51§ lsdzd GBS | g 'SADO,0 o H dzgsMls BOF O H
bCdzdCts ' j 9j<0O, &Ojted Ok ‘' j xd&Os.

ststedflsj <d BEBIVR ®dpmad dsdzOd, &Bsck<y j dLtoyk
s ddzi , ' . KCaRffeted siQ@uddzdedniydds § tedisd myd BO.
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3.1 ¢ Mf g d3J dzls Odzdzed
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St iffhPelsOyd O
3.1. rt8Bd 0] &kOkjted OO dz© BOLd {
3.1.1. uwOCkY?0°] odOSCOdO §OkSto] iy J

] ZOC 20 f OkSCtse ] Wiy S8 0 Mk Ctttdh<jdd E f
f Ok¢ O Rhalduds phalangioideqFussl) ( ¢ dzd € Q@ 1 @14 d) Mk wdflg tslzf v4
sCtkyd " Iz, LONIsd<jdzsd3 tsH f tcOh, d daft dzatf d3 = tp@HCjtRidefzts € 2
dLrets' O JCMfjteddzd dzOlsO, -O&kSwiBdj & OC gd ts g st
fslsjdzyd OdzdzO O ddzO MO o &zOSC OdzO, O LOsddB Mk
simikzh j dz0 tei@ds Ustgdifitgn 50 ACOMIBRAO Oz tSH 1 MOl

g4 dzd ¢ OR B ¢ dzj H Phtjlcdgzpghalangioide22]
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3.1.2. 88 0] CoehfsLdlsO 11f d CacoO

sstedh <j i3 feddydfo d&dlsOyd § BJtddds tcOdd
PLstePE® yd B2 Mk o zOXedf Or®&B8o § OReGPIFedyo L O M
o ZOC OO §OkSto,j dBej i .d sSOTdsYy BIFO fifjl IHfBAAC & 5 d3Yf ¢t
Cstedh <j g0 ) WdsHAW ¢ s OMRY . d3jt lg LA Otzs dd S is@ete(® Hdidt
fMz MmdziHi<j CBRJtyd Oddsjo dafl dgisd@sCh(Sigme AiltichH tetse O dz
99,99%)] O d3ts 2@ tclB d(MD)sCO; (CENTROHEM,p.a, OO 1} OL 59 O) .

v JJCMY jted B dels©O, Hoj (ilted jod Ns?j t
(6dzdCO 3.2.). v ' jHdE {§jlstd)GOs kO is el OB ® | dz
CaCh§ tsdzyj dzestcOyd * jkz 0§ ©1d migkt / B’ j 2O o ZzOC dz® 4§ Ok
ptoj HdzsMls pH jfePmdBisdedO Cajcl 6, 1. [SMdSOtt © j
kj i j Okt tH 60 AC, hilsts | -ClOjcdisiopk Ham@ daR0
e (WisS MdH,) (GO ORsdgf. OY o ONH f sflskf OC “j § sdzOo:
ydS dkmO) k yd’k f©0<j0 WsehkdwO® O d&ddsy OO ¢ O
k. fMO:-CaCQ, CcHJ - ‘BitesX ddjtLdsdds yd&okzmno I
B d s5d&3d dzj tc Q(zd-b)@iHY * |

tZdC OO BORBOELO LO ftodytcj BECORNOEIS)] kL OO
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3.1.3. tBd 0% 1,4 ['sstzedd@ex~ Ce O

] sdzOL dzy Mbikf MilsOdzyy Csted h < j dzj St Jtcdd3j dak
dzO0 dzts W4 Mis d aupdedady Chpl0-dzdUs)tdd@lé) &3] -HCB(R®);-6H,O (Alfa Aesar,
99, 5%) d -~Q@d3tcdseNiHzDH (Centrohem, 25 vdlo, p.a).

Cex' j MddzlsjlsdmMOdz BsHdW S so Odetsd3 ftoej ydgif dlsOyd ¢
[224] . [ jlBHO ~jdd M¢) Fjydfdlsoyd § BH OF i dzO
&ZOdesyd Misd ydzdr BOjtcd OdzO. [otd3 d&j IstsH 53, " tsdzd
(Wifmlsdyd), nd&d MEsE tj OCyd B dL&j' & tOMise stk
tcj O j dzgMO. 1 0" yjh<j SCttdh<jded ftcjydfdsdew z<d
tcJLEzdzZsOls WHstedddtcO & detso O, MdzOBts OMIse sStedz® ° j H (
LOoadMmMd BH dg SsdzdEts WOCIBO, EC?Eyk k<d otfMmisk
p H tcOMmlse stc O, o temis iz ftojydf dlsdtcO < j @ tcJ] OG J
ftedydyfd2pad"

] ZOS 20 fOkCtoj ey Mk k6oL jsdd | Halsc®Onfdzd €
0,1 d B EBO/O'E BH BGCH ‘jHdtsE &JdkzlsO, d&O¢ «
OB dizeh JrdBECMdHO E odhClkz. HCBtets s d3j dals O dzdats,
Nj ZOddgLjdgtsasy Elstse lsOdztscO® (uwdkzdCO 3.3.). 1 0Ctdz
dzj Stsdzd S5 B dzzls ©, o d&ZOC 20 Mk EC dzts® j dzO dL fdsj " § ,
fMeh dzdyd dz©@ 70 AC, ftjlt das<d. SOdHQ L tindzls Ofp,
ZOlsOdzsy ddzj f@ECBazPC@HzPY j. 1 0 thdse kz @A) sdzj ¢
0,1 d d)5 masle/d  jded ELtsteyd Mk tBjdjyja@: 131 0
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ml
=
—‘:.
o
E
B
—
Z
2
z

W C OuBjBdsykl ¥ j ZOlddsL Od Is O dis O kzOl SO I8z ts ¢
Ce(NQ)s

10 GfdsobkL 090§ s iksEY sdksh SR Mot Ms0s O kLt
udmssegz Qe mMzmiselz 11§, d&O §sesHdd d kLsBOS L O
KOSCE HO “ | CdadtsHizls@Amfinds@GO@@OOL 0 HO? | jShfjted

dddasjL O ypsEhde@( IaB)dtsy ° J20 HOBH sdZOUddztetsy d -
R lsc0ls )EEHIOG L 0 RdkdlsEolyd,cdls@ts Hz dgedBgided [ H
1,5. [90 Ctdpyj dzlstcOyd © dqLOBOdZO ‘' j dzO tsfdese kz
BOSC d BOdzdets ¢ § di3d M t5edA849] .J dasQtelzL, wffs g tf @ @le Of Yo tefls
Yd e d 1EuOes€x=0.015) [20.

3.1.4. [t88Bd 0] 11 tBdEy0] et dzOdesyj Mlsd

10 Mddzisj L 2 &S J dgd s Odz@ O dzd B3O-0-FeOfy, Bd @B e OdzDf * J
BjsHO CftejydyfdsOyd Ofs O 5y jdasBs@OiEss ol 0"
ftesdLotsH® j BOGdz] Is'dgdte HED dBdgj ldndstel yQJ Misd yoO HEsBJ'
ke d&zOo dzts s dzj 5Qnmj2BOL d &zOL
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1 Odzsyd Misd yd BOGRJ B3dIsO HtsBd jdagf Mz ° § HdzsMmI
ddasjL 2 Mk §Bld) < ndel fkadad s tc Clso tsdpts-GEYN@H B OIs
9H,O ( Fi sher Chemi cal, dardad i tstS iMEl@H (Centrahaime 25, O i3ts
vol.%, p.a) , HifMisddzco OdZO o HO d 9o zOLWaEB tc® B Lz Udsazpr d3ts
tcOMmlso stej dzL OF thzefzgzs@ Izt (ztso Odzj o tsH |, dz2OSCBdz Yyd e O Mt
11 . 10¢68dz dzj S sdzd € 5 3] dzlz Is G5 d Hzte tdifdbydHiz, 15 O CHISS HHGAS
SHdtsM codzdjlstg Qs MHY B 1: 5. gHsH Qlfifiss dg sSNYH[ Isd  dzO s
SOizsc O IsOdRdes §YB®o Bdzd . pts” ) Ok Bded dzj S sZd C 58 B dzlzls ©
gL Miihj, dMftcOdzO HJMsddazso Odzsd3 s sHER d tMisOs?

HzdCOuGdzB jL O BOCH | BISO dzO o &ZOC dzd BO OS50
fedydydlsoyd  J
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3.1.5. wuddzsjL OMgEOHQT Oz MgOj i 11 [ COt &O

] sdzOL dz0 Mz MlsOdzy® L O Mmddzlsj L zn drEA®FGTtzO Mg O |
H,O (SigmaAl drich, 99, 0%). vLSGEY| Zst®QiEpsRPdabICHn
12 mg 9 &OSOdRO §OkStes] WBLjyjlkz LOWLsEH] dd mMilk &GO
dMf OO HjMisddso Odzsdz otsHEdR  GMsOs? jdO HO fMj
o ZOC &0 Mk LOkdd SOdzydddmOodd k fj<d dO Ij dBfjtC
90LHERE. 10 B90O" dzOyd dz HEBiPd HICZD 2fiRll 9. ZzO € dzO d30 G

1 O¢tsdz IssG 0O, o ZOC dzO MgO Mk bijlsdteOdd k ot
sj & j eObktj: 50 AC, 70 AC d 90 AC, Ik fjtdsHLk
ndHEOlOYd tzp ¢ MeWEANdd c O° 0, Mg @OH)Mdztso 2 Isj B j ttOls izt
btejlsdO’ O OdzRS @dz@ j Mus s Sk Olsddzz, HBBd 2] ddO: Mmiz
50/ 4 85h0,/ 9167h0,/ 4187h0,/ 9169h0,/ 418:B0/96h. I :

3.2. AGUddSHCO COwOCk,jtdLOyd O d
f OS] dstej g

3.2.1. tjdHGEjdMCO Hd¥W KOS ydsdzO OdzOdzdL O L

AOLdzd BOBEOSO ftodtesHdzd~ o EZOSORO HOEZCtsay
fokzCtsea ] dBeixd MO COdzydlstsds, 11 [ t58d=Qtg ded - o adg@
MgO d MgMmidHIsod " j Cttedh<j®jd3 tojdHGej dgMCtse HAW
LG ] Rigaku yYiLtciOmg B HoO, E4&556 ), ftcd y4d
otcjHdesMIsd 40 kV dd MMz 0 " Oyddei 40 mA [ 219

RdgsjdzLt dIsjlsd HdW©OCydisdedrn -CBOG fg & BP? Qd2d kfgls
dqdzls j col®Ezz2 @ A Hts 45 A, MO CtstOCtsd 0, 02A d otsj

57



[5ChsHPlsOoyd O

Rd&zsjdzL dlsjlsd HAWtOSydisdedn BECH difz 3OO0 L O & taddjte
5B dzspuidamis d &3 d H e @kd Mz bk dJdsjdcs O@® tH
CstcOCsd3 0, 02A d otj i3 M sd3 C sdMisOdzlssds 5 A/ mi n

RadzsjdzL dlsjlsd HAWtOC ydtsdzd mo zBOO g6 i3MgA® , LdO  MaL(
ftedSkf? Oded Mk k& ddzsg)tgo Cyier CtsHte QICOSADs HOtS 0820AA (f( 29 t6 j «
5 °/min [221].

AOL dd MOMlsOs PLstcOCO 11 @ tscfy iy oz I © dzdz0O' dgts
Ctedn <j¢ jd5 t6jdzHGj dZME 8¢ HW tcOC Is GaigRINGDT R 101 If tsfgzd €
CuKy B dzs R o s 50 Is 1) S qScs * Ljts O ujj © § &5 ls d ¢ dak-¥ 6zl st Od f P j
HjlkjChttO L©OY T@&J( ayjekkl, 54 CasAedi")< j dz dzOf sdz o tc ]
“Oyddzj 30 mA.

Rdzlsj dzeL dIisjlsd HAWKLOS ydEddaf dEsUmEpgaiG i@ Y de
FeOsftcd Sz ®” Odzd Mk -B0 °(dgls jticsdddzinj B | CStcOC BB
LOHtGY O8O 0O 0,5 s s CstcOC z.

RHjdsdWdeOyd 0 WOLO LO Mmej HBBH jdaj kL tsteC,
ACrystallography Open DaOwBbdy@©nflLtsBPL B Ba Ol OF
jdzedz. AJoint Committee oni |RCDAde(rsHDI fdzddz.ct Alomt
Centre for Dif®2llacti on Datan) [ 219

10 ELGS®S] o dkOS OMA5SHMY @ 85Q /MY HOH)AUSHQ/ A6 h, I :
90/ 48100/96h),dr OYktzOK jetsfj ydzj oj zduddzj StedmlsOddlsC
CedMmsOddlsO dLeOYkdO] fk fddjdsd zjtjtss
fozkodmddzed dzO° ddalsj det d o ded- (20 0O 19d deiiy RO Lo@eFO digOSC i
Mg(OHy,o &zOC dz® [ 22117 .
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3.2.2. [dCtesifs oz s tcda@MdR L © bLkLtsOCO
f¢d ddeo” < Jd dzj Clstetsdzi ¢ jj Is g8 dpSdtdrsfnStds fddts dgj
mfdStesmMSsyfd §, bteOdhddmdtsdy J dzjffIjetsdais
HdW tc QP sSHOBOdzy Y sotehddzgy bkLtsC O

10 tfp®f'] Rt Bbghodd (fowich ddzi) LLttOLO ftodtt
9 izOC O dz0O, COts d ELBttOCO d&O BOLd fOkSCte | dted X 4
Hsf JicOdzgf d3 C@®@asO d o dzOC O dzO Mg dd tc @ "Slasdd <jjdif § Igite ts dzf € «
MBLHpBIMT ° sd3 -SER)TESCANMra3MU (v JjhCO (JifEkBddCO),
20 kV.} t FEESEM COtcOCIsjtedL Oyd " J , HO Bd fMmfotsBlgL B |
FLtsteyd Mk dO" ftoj dzOdzjls® RBIStsdc OPO® | Hed | dzgzis fig
f OdzOHd “ 2280 [ 219

sO¢ts Bd dMmfdlsOdd J dzj dsjsdidssQtg daff ~fy Qifldnded g3 d  H 5
HSHOIlsdzgj OdzOdzdL j B ddzj ] ddite@ Hizj<dgjc CjtxligjdChis<tgjts dgfiplf t
TESCAN Vega TS 5130 MMy gz g hHBPmezdS @ MY j toL
M j Slstetsd3j Istetsds (rr&a) (1 NCA 8ablad,, AbhgtdnoUKH[220l.n st r u n
[0 EkEtj' O “j LOCK' | Ctedh<jdz LO ORPHfL &z W&t

[colisdscd O 11 [ B dsy Fe@ftH a0 disad Mis i y O GBS 9 b
200 MSjdduwO k<jc¢ jdjSltesdhns ce USH.Q uwfutdsyad Of F E |
bLsteyd Mk ftedfted d3? § dafi ISChiri@fpdd ©jjosls LisadsCof a3 f dzOlIs ¢
f50j<0°0 (oo SH Y Poitifleab o fL BEFHOS © Bd dzd ME: ©OI
“Ouddz0 Mlswlk'j 30 mA, otjdkj 180 s d> & OwWdsE DBOR
HilkjShktsts, kOSCKE HO ‘| GHtej' jdz g jdzj d3j delsOtedzed MO

VL steyd 9 izOC O dzO-H tYBAIHO|didiag-ts Qs EIz d o zOC O
5B dzts ) j-FBDzH tSOH Ols dzs Mk vB@Eagdzd i @das d3 j dzj CIstetsdzMC s d3
(TEM, JEM2100) EOL )dzid€C Is ttstsiglzmE d W tc OC yd " sd3 MO tsH OB tcOdzj
(SAED).} e @ dzOdzd L j, kL tstoydH difitetf jftdesdifotdicdi’dy diaf J Is O dats dziz
tcOLBd O jd3 OGtj G Os@zOdatsdfgO® dzv Ui c Behrdgztskcygd0] .
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3.2. 3. sOtOCIsjtedL Oyd O  tso tch dtataig jddiE d3no |
qiacOytco jdzai M j SktesMEitsfd J MO Akted | Botd

] sdi3sfigded 3GUED tcOYyteo j detse Mt j Slste®@ MO  padzitefdd Isi @sdz ts o3
“d bkLtttOC ftdtetsHdzedr o ZzOCOdzO, EZLBOS 11 [ dzOC 5
o dzOC dz0 @& Euks|tfj dize O dzd "'dfzts3y ) doH] s d3. 10 9§ 0dzOdzd L §
M j ClstotsW tddsofitfdie) Is Ot e t | S 50 kztizj' 100 O dd<cichjj dzz s s ks
ejWdzj Sfd & (ATR). uwfjSkOot °j wHedEdd® jad W 3 DM jcdt
PLste0CCaC®F [219] d BH MO0@Gftcist dz®5 © @z0 @iz®,ic OC O
SBdsY jdz HEf JEeOdsd yjted b [ 220] .

3.3.4. sOwOCljtedLOYd O dzzdzddzj My dalsdad = fr

O dzOdzdL O dzzd3d dzj MyJ dzZlsdzed = Mo s MIsOo ©  tod tetsH dzd ~
CeQ: EU* dzOdztsyj fils d yO B3O “ FteO' j da®d dz® tc d gt elzdziss
M gesW ze stets 3y stc® Spex Fluorolog MO C31034 Wtsls
dSMydlsoydssded dL o s, ¢ Mg dasdanf RO dZOBY 00 v OdzOMdzj +
dLoteh jdzO jSMydloOoyd 0O HdazOsde®dczj Gthdzs X tistedf®IsgH Q@ o3

1 OkzS$ 59 ©OdzO9 dddzd @30 dzO0 Mz Cstedh <j ¢ jd3 dzj dzd dzj Ote
BdCtesMEsf © ( NLM, J dze dz. Anonlinear | aser scann
BJCtesMEsy O SBOO? jdots * J Mded 3O° j d3 HOMIstedes z2yd * |
Cs" 0 fslsd@Qf O,sHdzGWtisds sz ¢ J J SMydlsOyd ™ 4§ . 1 O Mmdzed
MOWdtedzd d&zOMjte ( Coher eOmiz, qEAY tc® y&EG Q zd Y dss sl € &
HO? f sdsts< Iz Hdnrtotse 5S¢ sedzj HOZO bEMmd3j toj dzd -dzO kL
APOCHROMAT 20/ 0, 8, ftd yd &3z &ZOjnJj k®&®igdz@ O PG ded &zO
Wazkstej Myj dzyd " 0 " j Midzi Cssoa 0Oz®9 § si3ms z HEH dzls jj o @ |
MdzOc © dzOMmj te@B 2O 2 mwW [ 2
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3.2.5. sOtOS¢IjtedLOyd O BOGdzj sdzgdr Mo ts’ Ml

[ Ocdzj sdz0 Mo ts5° f)lodFemDs; dgjLtdsjiccR@ fikllj f Gege diflzf j toff totso s
CoOdzlsdesd o delsGQEWDj topdgg ietc O ABuper conducting Quant
[OcdzjlsdzO Bjtej O ©BOO? jdzgO Mhls d MEMSKE-5 SQUKD d BOg
s jtcOsdoOdz £ BiMjck Isj &Y jHdodsdzdgiOs dagis 56 3u].Bg@® W
[Milk? dotsMmls Bamu o0 ® fHHEBY | KitjS O KOCd dksd
(+2-10° Am?).

[Ocdj sdL Oyd 0 I W kdddtaldde@ ‘lsij d3ff | Isfodgtizicty Ols Iz 6 dzts
HEE 300 K. ) OadMmdesiis &EO¢ dPlsd dz®y qd juid st Iz Oigifis]otaf @i

O) BJL ftedmizmmlsoiOZ FIQO ey Asddfds ¢ ( wfHS ° jOdzG . Afzero f
FLstcOC MO MmMtsBdzy Isj B j Okt hd&zO' jdz dzO Isj o3 J t
ZOSCtsdz Yyjceo0 ' j BOcdzjlsdLOYyd O di3jtej ZOC ) stetse j £ OF
sH 1000 Oe;

B) k d3OG dzjilddgs dy tffosl2Oz ( sH j dz6 . Afield cool ed
AdzO' j° ) d LOGtjoO ] EZLtswCO &Bjt) O k2 BOc dzj Is dzts d3

[OcdzjlsdLOYd 0 Ek WkdSyd' d &Ocdylsdse f°0
lsj 5 j t OBs ks OfEG3 0 0 s .
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4.1. AGidBICHSO SOwOSIkjtedLOyd O §
f OS] dstej g

sOCt Bd Bdts Bsdkz<j HO Mj bksyj §tsdjdj don
LO HtsBd OFj detsadn BOIjted QY 3 dgd BzOL  tcjp dzO§ Ok
MstczC lsztcdz®, BsteW sdzsh CO d foteh ddhSid ol Gis®@ Tdsf Ftc d
o dzZOC O dzO.

4.1.1. uwlttkShbkztedd Mot MsoO fwdtesHddr od

tddeHejdmMSd HIWOSC Istsc tsOd, fotadRCCA dARz 1 tf @O dry dzdyy
sfdsek HJ OckO®RO, d@syj Mj LOC?Eudlsd HO Mk o
fted otjHdshsddOL BicOEsaty JEREPW] (BH Mj B¢ BdhlsC
fteslsy ddzMCj CtBftsdj dsj o &ZOCOdO § OkS tsodO adp@ida j |
fdsuyj [226].

Hurensurer (p. j.)

20 I 30 40 50 60 I 70
20(°)

bz C Of #dzAcjdzMCd HIWELOCtCELOd fedesHddn o dz
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[6CBEMEO HdMjwlsoyd: O {iLkdsOlsd ad HdMmC
4.1.2. [coWsdkshCO Mot MisoO ftodtesHdds od

10 vsdzd yfftc S PO EFIFEM RIS GEdtoOizd dsucdO ¢ O f todtotsH
o ZzOC OdzO f OkC tsojj< defgcj A, 1't&dndas My Esy©e O HO MMl
¢ dzOI ¢ O. 1 OMmdzOG § Z0 o dZOSCdd®BO E odHlEz & Misd dizd
fefplsO0e?> O & yifmbsdyj (wLohddd ¢t j( @ dOSHussfdsdy
OzS srbdzsdy3 ECdzs® jdzj. 10 thdsbBg w@&dFicsHh ROd O
o ZOC OO dL dzesfnpd BEts 200 nm.

4
),
N, 4
I
\ A - j/ /

e L™ \ \ e 4 71
SEM HV: 20.0 kV WD: 4.74 mm | SEM HV: 20.0 kV WD: 5.02 mm MIRA3 TESCAN
View field: 2.64 mm Det: SE + InBeam 500 pm View field: 124 ym Det: SE + InBeam 20 pm
SEM MAG: 210 x  Date(m/dly): 10/24/16 el il SEM MAG: 4.45 kx Date(m/dly): 10/24/16
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SEM HV: 20.0 kV WD: 5.01 mm

View field: 4.76 ym Det: SE + InBeam 1 pm
SEM MAG: 116 kx  Date(m/dly): 10/24/16 Performance in nanospace

s dzd ¢ OFHS E2M i3d S S s igEH dzd » o d&zOC OdzO fPLrCtso §
f tetdOL dzd ydlsddz ko j <O dd30: ©) 210 -, B) 4.

4. 1.3. 1 toth ddfid=tn digorts ofifiisd(@ dfGs § OZC s d3

V yYdlP e bo Of OMiIs 5 ° OO Y Aficly deC yd s dzOdzdzd » G telzf © dzC
ftodtotsH dzd n totsls jfiyddenB?’djRdz o THOR Oftddj € s Otc o 56 dBOIs | to
ftodC OLOded dzO@ wdzdyd 4. 3.

b ZOdzdL 53 dEEHE P& Pdzlz tc d IsjetOEENS d5 tc BGYde" gdzs  * j
fedmkmlsets fMj S kzdH Otedzj -fOBEADdE] cafigfSeijtis DR zdz@ D6 2

M CEBACEORIO | MstezSlskzted S ESUWBXE jON f de@Didsdtiic DU 1 ¢ n
MstezClskted) | RRIYJRB | BB dmf totsls jjPdgddH 1 1 oL
[229] . G&BEMEBACSaEE@®OYJ-OPBEMESEL OO0 fdHEsS M

CsdiBd dzOyd " d fpdd fiplsf@dgf@ii * P@EOd * O°F O § B Zf[@WO Lz Mmist
vOCO RO '6ALEBo GO dffsjL O‘dMSPMid ®dzt s Oizd dzim S j
ftetslsj ddz0 §OESCte ] ey, HEE] M BE@DH tc ARG s j1L7CK 6L
OMf OOcddmSj SdMmj dzd dzp. sOPi)ddldp Brckd @ i dzs o 2
dzd Is j to,bsitmtdsjo Ot ® U ( COH) odBteOYd OO OMYBYOC d dzfi¢
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[ECsEMCO HdMjelsOyd O {ijLkdsOlkd ad HdMS

I deteOyd | Tdsd ¢IsP 10k Oc- dr zddaPpdkg dzdzy BEO-&@ i tc ® dzj f dzfs .,
fteslsjddz® [229]. uvtyjl HE' YssjcO8y ¢ HE2DORB 5B i dnd:
SHdtsMdts Ofddij Isted b)dzocdss Ifffjls jiL XS &z o dPAD cpn2s3126] 5 & QU0 §
ftedmMkmlsolz AdHtesSMddddns cttkzfO0 k ZLtstSkz [230].
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TparcmuTanna (%)
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TaaaceE 6poj (cm™)

HdzdC ORdW BOYtco jdzd MY jClOtt ftodtesHdd R o dzOC

4. 2. ANMydzdscHc o COoOCIlsjtedL Oyd © ¢
foOokzCBse ] Wdiejsyy d CacCoO

VL Yyd°’ k2 HsBd 1O CCAXSEEGIBOYJ sAzdBLdASYd dgd.te |}
FtesS j dz0 bk tO0MkOcts | G $lOllztcd -3@ teB6AZOASC , i j O digs@izdd:
shdztse O 0 MmlV)-&0fMd HE) P GOz OdBsded * 0.  [IMdSEEg'H] diyj [
cOMlso Ote® bk otsHjdtsdy OMsostelk, Htedn ke Hshk "
C OB s BANNEIZ] dzzd GCO1 0 to,@&B j W@ YJdz | Mitsdfd olste
cOMse Stz LCHBTLO Mj HO, s dafOdigsls jste®@e FCaCl MO ¢ Ots
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Cokf ORO OBRJdesS dMmj dzd dz®@ ftetslsj 2O § OkStso jd dsted o J ,
HO? ] 18] Oc“ sdzflBO CPL ©OMo 5O bkmdjH Jj¥jiCko i
ZOMO 0° 0 odn SEEfdjSMO fjHfMsOo? 0 k& yj dzbs
Cj U Gitais e tsdddd ydzj o j &zduddzj L O dzzCdzj Oyd k2, tOfls
[219, 233].

4.2.1. ubttkSkbtedzO Mot Mo O Stkfts dsO »od

{jdHejdmMSd HIW©OCkscwO®d Mjttd j kLBSBOSO |
Uyd< kMmO B dtdkddj €832, O yPaCcn-2( | ¥-Bafq-3, +GaCQ-
4 d Lagas5)ftdS oL Odd iz . &0 & dzd y

:
f

T e T e (104)
(110)
- (103)
(202)
o

T

HuaTensnrer (p.j.)

20 30 40
269

ddzd C Ot #dzdc jdzMCd HIWtcOCIstscteOdRRd Mjted J SCtBftsLdls
Btes' O ydqedzemO Bdtsddddz sOdzdL Oyd " 4 (Bt

NHCl ftoj HilsOo? jARIO j Md dB 5 dtsds
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10 sidksesk fidlOLOddr HJ OCLO®RO, jdz0E Isudds tf & t
11 [CaCQ-1l), dO  dLtwOyjdzd O WOLO Siestod®i@d (NjHRdj ¢~
32,6 A). uvoSmqY tcOoLdodd dzBAtpipdsd dgs| 222, d8s o Af &3P 2 9,
(2d) sAscdO@8@\ttlsz. 1 0Ctsdz Hiokzese yd CCazfriea frplsddtauogztsd;
“j fwdimikzmsets MOt tddn tjWdjimMd 0 C°j HGT
C OO Isj teifdifldcfOE Oy ts dzddz@iz X Ny 3BT AlL (2 sSHEtSo OO (104)
CO0dzydlso, COt J dOTdJagPtkeREPS8, BHE/IEI393q 43¢t d
SHEto Pe@] Btso d d3 d deH § & @®IR)HOLO)S(BREzY fIs® 202) (fFted BO J
1743) . ] t5fydzj Hiskzetse ydC dazzmO B d tHdgoWdin Qs Quiddta dafy «
BOC M Bz Bl sSteyd &30 ¢ =OHFEX disWe8a PO & COdydlslz, dac
BsYYOS? zydlsd HO “jJ CtdMmMsOddzd S(tdiftdz dlsO kL tste
yqeéaezmo (3, 4 d 5), d HOMz BOGOS 7 Eadyis Gapd MY
Isdilsts M By LOfOoLdlsd §H219]<0¢J ddalsjdet dlsjlsO

10 shdsebk todr MEgj L ORE&E,sdEE0] * j bjEs § sl
Ho O YydC kMO Bdodkddsj tOddL Oyd  j SOSts Bd Mj HEBBJ
Biejyj, OPsod<OOjff Btes' O ddi3jteL dsdeds YdS kMO O
BOC M B dIsO " iIss ECALiE " s jofQ dpEAS fpls dpls @z \ d dzj
CedmlsOddlsO SOdydlsO MO e j4209.j 5 Bles' O dd3j 6L d &

4.2.2. 1coatehddzmMC O Mots" Mlsa O Ctdif tsat IsO o d

RBO kz<d Iz0s qirdds julzD o ded * O tojWdzjCfd O HisBd "  jd
Odz0 izduHtwds 0 Otc @ kL tsteCkz HtsBd jdasdy dzgOCtsdz fjIs ydo o
dqdzW tcOytco j 20 M j CtesMisfd O MO Akzted jsoatsd st
fjltse Yqeoaf@5)( 11 §dzdSO 4.5. ftodCOLk j ddaftcC
Mdzd BLzj tzf Mj c B BR®EQfHEOz 650 [260]. 1300 cm

Vdzz s Otc tso oA B BPMJ 6 RO Ay D s dzOIs O  * OMdes
5 H dats fipzd BAEOO Y d St ¢ Bw@BE j $ s By & gsjHdEs)S. B ted@ dznj deldf fls d Y dz
OH Mt die@iBZBRO 710 4 8570 $coOm dEGs s uQjdzisxEfm &3P Is tc d Y dzts @

68



[ECsEMCO HdMjelsOyd O {ijLkdsOlkd ad HdMS

d fls j E@REH @GbtdDo dzd ¢ Ot tsdzgOlsdzj cwwkzfj [234, 235].
MO jLEdlsOdBO HBBd jddd tojdHdj s HdWKLOS yd
COdzydlsO d&z0 {fYtsotehdded 11 [. [ STMfys{dsPwid Stz  BEB 6@
COteBdzOldzd s ‘' t5dz0 d SHGEBo Oc® MisOdzH OtcH detsd3 dzl¥ te (
OHfMstef ydtsdgy bwOC] Holsdukz H odBttOyYyd O WEkdf yd
[229].
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Hdzd COR AW BOYteo j dzd MY j S s CeCOESEMY 5L O 11 |

42 . 3. [ OV Bast &GEHOL (SO o O O0d0 § QkCso j

10 wdzdyd 4 . oMk HIEHIM O 30 &zfg & d tc AfdaLdI/YefOC © 11 [
HtsBd " J dzd ~ ZOC sdz tOL d&zd ydlstsa Btots5 . YJEEMEAFEO B«

®Bd ¢ o sigleod Mdzd BYPMas jJ QG @ COdMGR] I dkls
9 izOC 0 dz0O. g dzd € J 4. 6. a) d 4. 6. B ) ftedSCOLE k&
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Bdd&ddzj tOdzdL Oyd " . 10 Mmddyd Mk bktsy’Zded mi@@d
fsothddd o ®OCO®RO. ROCE ‘j d&zO fside®ozz S © jlzapy & Pozfg:
‘COCt BOdd bk tH dasdikic GOy disksy cREGRHRsdaRE 300,  dz0 iy d
fj “Ofdts odHd fdmkzMmlsets SCtdmisOkO SOd&ydko. [ O
HAWteOCyd Bd3 By j My B OMddlsd RBOdsd Efipzddz@ dzts o
o j S kY gz € s@@iold ez kL S6¢ O

S oGP Mdd dsue® S © HtsBd jdedr dzOCtsdz Ho O, Is to
Bdtsdi3ddzi eOdzdL Oyd "4 (wdd¢j 4.6. o), 4.6. ¢), 4.
¢ dzOH 2 fnkz o toj dgH G j dzgmMJ gy H AP tcOListy e s @ d3d BO.
Bdd3ddzj cOdzdL Oyd " j] fHtesdkBsodhj WstedzdtcO® j tosd3eBdy
Btets' O ddizjteLdtsdedrn yYydqSdzzmO dzgj Etsy©e O fMmj BddlsdzO
fsoj <00 Bt O d oj dzduyddzj ¢ tedfls ©dz@dzf Pldzq d s PdzO 1
s em LO EZLttwOS HtsBd Jdz dzO¢ t5dds 3 ot wirfCnd2l fif & dzd
B dd3d dzj to O(czdfdzdfBOuyf) 4d 4 BEB1xEM dO 5 ydqedzkzmo (odd
d)) BdtidkzRWpddL Oyd " j

1 0 tMndESEM FdEd ¢ 36 tc Ozdzdg @@ ¢ @aCliw &5y 4 Mmd
LOC? Eydlsd HO M fteddid dsds diBdlssH] dBJsOyYyd § B
B duded StdmlsOdd SOdydko rodscjds HdMstds k(g
1YL, fted wddBz MO o <0Ofjd Btethd Qd de@j 6L HBUHz] ~ & 17
¢ O dzy[ALBlO
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SEM HV: 20 kV : 5.26 mm MIRA3 TESCAN SEM HV: 20 kV WD: 5.25 mm

View field: 160 um 50 ym View field: 24.1 pm
SEM MAG: 2.26 kx SEM MAG: 15.0 kx

N

SEM HV: 20 kV WD: 5.53 mm | SEM HV: 20 kV WD: 4.85 mm

View field: 220 um View field: 209 ym
SEM MAG: 1.64 kx SEM MAG: 1.73 kx

o) G)
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[ 8CItemMC O HdMj lsOyd O tdLEkdzsOlsd ad HdMEC

SEM HV: 20 kV WD: 5.63 mm

View field: View field: 69.7 pm
SEM MAG: 376 x SEM MAG: 5.18 kx

WD: 5.58 mm SEM HV: 20 kV WD: 5,53 mm
View field: 1.12 mm View field: 105 pm
SEM MAG: 322 x SEM MAG: 3.43 kx

72
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SEM HV: 20 kV WD: 5.94 mm MIRA3 TESCAN SEM HV: 20 kV/ WD: 5.94 mm | MIRA3 TESCAN

View field: 1.15 mm 200 ym View field: 74.8 pm 20 ym
SEM MAG: 313 x SEM MAG: 4.83 kx

L) q)

o dzd ¢ OFES.EOM 3d S g & ¢ c@lizts 31 L d BCACK T dzd d3” fj teiaff
©OL dzd udlsdds ko j CaACOHIBA:2 . )6 01-0400-1 8019300 x), o)
CaCQ2 (1. 640-Cagq2 c()1 7130 sCACO-3H )( 31716f xQaCQ-3 ) 11
(5.180 xQaCO-4) (322 xXaCOp) (I3).§430-CaQO:-5@1D3 13), d)
11 fCaCOs5 ( 49239 7))

4.3. AGidBICHCO SCOwLOCkjtdLOyd 0 ¢
forSCtsod dg@ixd d C

fidbsHsd ftejydfdsoyd §j, bk ftedmemMsawdmlsbfeodL
Ce(NQ);(001,01 ¢moldm®) HtsBd 4d2 “j CeO

SOCt fesijdds Mo dsHos fiflze ClzO0 o &ZOC dz0, dL &) te
ftod d §smdzi MddisiLj dBOLjted OO P PO §isddi .

sYUjCdoOdts, MO §stOMmsd ¢ gy jidaegoymo Hit wRO fi) s®ess
LSSk bk SH@ONME do 11 ]
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