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ddzls j tod3j Is Odzdzd yJ MS d -~ Prd | m 5@&ICisHEZ L tHso0a
Mictej cOya dr HdigHaWs2 e CdMmMdzdlsj dz2 des?2 Bt
6. | tSo fAsH SizH O osdEj KO dzd Is d U j M S d @dfn/Als 2 fr
COOdzdL Olststeso o t6j OCydd N dHS W OL dzetsc't
fzls gt dd@mnistctE B6 ¢ tor fets iyl g MiGodzH Z yd tots o O«
ety eOydd.
7. 1iSt®Rj &zHOydd sH W] S Og3l d MstezS lskzter
Bd & lsOdzdzd yj M€S d 7 COOdzdL Olststets o q
f OdzdzOHdj o' R g dzlstg tsalzgf sdifisfigs @ o yyJj s WY
OHMtsteB YWdiidzdygts| tctso Odzdets?2 Mjetej cOYydd.

1 Oz ydzOw dztse d L dzO

1 mj i sdzlz Y4 dedz" | ) nBHJ or ff sdzdzd dzd W
weodzwe sfpw  dztse ' d3d, ded € Ozt dgr d©3d d o tsMhlis
mMstseh j Mise 503, ¢cO¢ ) sB dzOMIsd tOL o dIsd
fso jtorndesflsd, IsO¢ d o BBdZOMId cjlsjtetsc

I ©oOBtlsy ftsejHjd MdMmlsj BOdu) M.
W istod3d to s @gds| gy Is 9 vV tc@Lts@ds) N tgl@ibgfedzlds jtote d3j Is O dzd:
ZOdzs yOfmisdy t©OL &zd ydese s MmsMmisOo O, dz0 dzj f
f dzO dzO tc dzts 6 i o dztdfitsck Issjtsded | dzls d to ts 9 O dedztise =6 tefOdi te
l tjLikzd O] ofjtoer j HtjHdsyjd &jlt
Cdzlstcsdzdtclz j 3" 3 R OwOCIsjtedMisd S OB ( st
d dr MbitkzSkizteO) .

ltocso jHjdes dMMmdzj Hsea Odedj] COIsOdzdlIsd ygj m
ftso jtorn desfls BsOgdzd tgj S dend BREAuU/ 1 [ 1 |
COlsOdzdL Osstese o tj OCydd SdMmdzj dedw C
e drusgud EBOMNHS SEd3j sted
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lfjtcor j Cd3B d dzOyd j 2 dB3j IstsH 59 tc J dals
MydSbtesMS sy ddn siu (e SiHBL) d RS WSS st
OHMtsteB Jtetso Odzdats ¢ cCO ) toj N dd3gfL zrg WzW
oL sy detsisd ff ted d3d dzff dizfi &z y e tas@dzdats| IS dzdgis
YJ dzj dzOff tc Qo dzj dzdzse 5 d L d3j dzj dzifiv dAQ lezts | O l) I i A
sdf s dJdelsjtedij lsOdzdzdH dzr &3 Mo J torn Mis telzrl)ls z ¢
sB dZOH O h dr Mtz kztets?2 MIlsOlsdmisdyj ME sct
AQ).

l sz yd @ bk ded ¢ Odz! dzOW Jda¥ stedzOydw s
Yy dzlstets o, Wistcd3d tots o Odzdz’ n dzO odzj M dzj 2
O dets yOMmisdy L O fMmyy s d friffistos! y eftficzatang o tc s & @
ety eOydd, dz0 ¢ OOge js@dr'j dg'¢Afef N ds? Id
COlOdzdL Olsstets o tcOL dztsG 5 sdf O ) tcj OC
Fedzj o sHBBtcsSH 59 .

1 8odL 20 dMfsdz L so OdedwY Ef 3w dzzls™ A
ZOMmMlstes2 € d  so jdmZddesififistdd ~B dtd@jds@aizd L Olststcts o
Yylsts yJ dzj z0f tcOo dzj dzdets] Wstedidtetso Odzdy OF
1 IsOf j MddzZsj L O COOdzdL Olststc O, O d&o f
SBteOBBISCd tJ OCydodzdzg) s @@z sdgj 6 CB OY xHzg
OHMBEB MR 2 yd tc s OdzdzOW Mdcetej cOydvw Ctsd3
RO dets y O fflisdfes " 5 dL o j Misdesy S dmMOdadetsy v
dmf sdz L so Odzgdw™ 1 Issets WwWodzjdgdWw o € OyJ f
BsHdWdSOydd COlOdzdIsdyj MSda Mo s2 Mise
sBtcOL t5d3, f sdzdets s+ tcj OdzdL 59 Odz W &z dzH O
COsOdzdL Olststetseo, L OC dz¢ yoe h d2mw o Istsdz, 1
OCIldode » yYJ destetsh), dhff tsds'dy saPfatfy d3 dSH J
mMdzzy d Is shdzts o 52 tcOL tcOB clE s &3y 5O BdzO
CObOddisdud mMédn MdMmisj &.

ltcOCIsdyud ME Ow  te CEORYS'BsEHstcj H ] dzv j Isfqw  Is
By ssHisdzsedyj fHEg Q2 sdjsder@ud d (SO IsDdidd 1§ judz
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nOtcOCIsj@§figldd Uppfilpls € Isd o datsmis ) B (Pdi Is @dzdzd:
20 dzs O] dzhssisze w20 M is tc sk ¢ sz ter f 6o j t
YJ dzj dzOff tc Qo dzj dedetsec s fMtsL H Odadfy  dyfy fdadsde'tsiots o
L WWJClstsmydsdgdziclz y d tots o O dzdztsQ s tinlg ¢ tef] & ®aydf 1 dz
COOdzdIsdyj MS d iz3dd3dB ©@wtz® § Is fy & d P8 dnls@z Is dzts B
mdzz yOj ftosdzr h dzj dzdats 2 tcj OdzdL Oyd d
Yd dzj dzOff tc Qo dzj dzdzz® BsH W d € Qy dizy jin oLtsRchidszoy
COOddisduj MUYB EHODE EGSD G azdisdls: W ¥ jC
Yyj &Zsets twHO fftctisdy jrindnjsdedz’ o
 siste j bgesgldz? sOIsseo HdMM| tols Oy d s dzdzts 2
o' MECE®R d&BjksHdUjMSsd® bkisodsy ftotsojHj
fSHAGH JMMdzj Hed ®dgE slstso dzj dzdz’ 7 € Ol Odzd L C
Cseddzdtctso Oded d s &Eddg@dgidgcy » ¥ 3] ESE o
ftsLotdzwe hdn f sdzlz yd Is dzj sB - tsH d 3z s d dz
f sogetefmls d dL z2yoj a3r - COsOdzdL Olsstets o, (
Mtsslse jlsMlsoakzs hdr dzdlsj cOlskztcdz” = HOdzdz" =«
tejLEzdz sOIlsOd3] . fjLizdz IsOIst f tc jsRls ®O 8z |
dmimdzj Hse OdzdV Of etsBdtetso Odzgr dzO t sMipd2 MC
sfzpdzd Cso Odzr o ftosWddz dz@ » dzOkzydzer = Y Izt
| dydz 2 9 C ZOH ODVdris® PIs MW ) or Bfstej
fsMisOdztso §j yij dzQded tfsor@pdafy, d f§tetso j H J dad
tcOB SIsT tsB tc OB 5 1OUZO dzafi 1O pzdz'dZD Iz y dzts 2 dzd Is j to
dimimdzj Hse Odzgd?2 i JsmdzjHEkzshddz W stodzdzj da
Y O M Is dzts@rplsiafts tc EyOfmlse seo Odz o tcOL tcOB SISC j
BsH J dz dz'-§ BRdglsls Odzdzd yj M frn CEBEO dzig | @ IS t
OClkdodzsets Sl sdzj dzls© dzOdzj M J dzr zO0 f i
(o Mol tssted j dzlsdtetso Odzdzr 2 fdtesdzdlsdyj M¢
nOtOCIs] ol Nt § & Y jdQ dzdzts o ,t5 X Stac@sCdy f2fipls d \ .
I'md +SMyfjeddsydzgsr 5 dLlzyjdd® &BsH] dz da
By SSHO [ ACHy nde@®lsBdzfzs ) dzd L dzz yj dzgdwin o
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sity, fteseatsHddzdMm! (dd)y BROHE Y s O HEIEHOS tc
FyoOmlsetso Odz tcOL tcOBBISSC ] HBilstsHdEd fftotso
Ctdi3B d dzOyd din gy tlsnstHas 0 frRjsC IstetsM S s dd OH ME
CO 9 toJ X dd3g HdW W EZL dzscftss L ssts dzOy N fzf w W s
e S sd3d dzH Oyd d H dzw  dzlz yh § dzd w ¢ Ols O
(OCIsdo dzsfls! / ij dzj SIsdo detsfiss / Mis OB d dz! dats I
Myyls c¢chd ts2é ZOMmistes2Cd MlstckzCIlskzter i
ML HOdzd W yJ dzls tc drpd ) dezls gizeizs VA Gedifls@Eo OH Mt
qdzHzydtetso Odzdzts2 fgj €EWgsg Owyddymi clsOydd yo
tcjLblzd sOIsr, ftejHMSOoadzj dzdz" | © COdzH dH OI
o 'tdzdzj dedets?2 f sH wkSCtsotHMlsatsds HdMMj tols O

1 esdzd COydd d Of tctfen@appwdz fOBCgIlaz.dz! IsC
HdMMJ tels Oy d ts dzdzts 2 tc O 21 Iy s @, It fdizsydzdds & o ® dzd
tesmmMd2mMSdrs d BiNHEdGEER iz €2 j iBtcdzOazOB O
of Science.

[Mdzsodzr | tojLEzdz sOIT HBC dZOHT 9 Odzd !
C s dzWv J te J XiAntefriatonal Conference "Mechanisms of Catalytic Reactions”
(MCR-X), October 26, 2016, Svetlogorsk, Kaliningrad Region, Russia; IlI
I smMmMd2mMcd?2 (sde M 5 (DBEOBOYE20N[F 4 ;
1 S9GtStEBH, t smmdw ; 6t h l nternati onal
(Operando- VI), April 15-1 9 , 2018 Mal aga, Spain
Molecular to Industrial Level5th International SchodgConference on Catalysis
for Young Scientists, May 203, 2018, Moscow, Russia; 5th Annual APXPS
Workshop D18, 1114 Dec 2018, Berlin, Germany; Bridging the Gap between
Model and Real Catalysis. Synchrotron Radiation in Catalysis. 5th Russian
German Seminar, June -28, 2019, Novosibirsk, Russia; Xl International
Conference "Mechanisms of Catalytic Reactions" (MKIR October 711, 2018,
Sochi, Russia; VIl )} tc 5 dz® Ip Ydsdzts H | Y Q2086 dzW | tc j dzy
"Mmd i3q Vs B dz0 SutRdg {4 ) dzj H ed@iidiEfe @& - dizts Yzi8e20 d
BQW2020, { BMG s ssHMMdyi H SHEOMPEGMHB ez € Is Iz t



15

Wz dz$ y d s daR@ds gt B3 dzihg te ts ) MdEQ i qeaddzl | tc j Gy d v
04fj dzlsw2B28R s¢ [1 ¢ 11 5o tsMd, 8 dstiffyfdternational Student
Conference fASci2drROe® , a MNd122000 gt Pefeburg
Peterhof, Russia; First Russi@erman Virtual Conference on Interdisciplinary
Natural Sciences, December-10, 2020, Berlin, Germany; 6th International
SchoolConf erence on Catalysis for YO Uun (
Mol ecul ar t o | ndusl® r2024, Novhsthivsk, |Réssia;, Ma y
f smMmMd2MmMcd?2 SCodzeted Mg 65 ¢ @ISO dHyp dzk02¢, 1 [ o
s OL Ogzas M YIk International SchooelConference for Young Scientists
"Catalysis: from Science to Industry”, October-18, 2022 , Tomsk, Russia;
|l nternati onal Conference ¢Synchrotro
Functi on al 31@atdber 3 Navénber, 2022Novosibirsk, Russiayll
1 Md tetsnmMdg@ I QBteizts 1 j by Sl daW | te Ivoduigidvs 1 dzO € ts o3
# R L 10 Mfdz) H schdadis| o A5y drddats Yz be1d d3Q w2023, [ d3fy ¢
t sy Wl ZCtsdzO disdzsHT A Zyy dz" A cl tsor j
chzzptsits?2 fJjtojtcOBBISCd k¢ dzj o t@H, 6 tcasts CdES'GHS
2023, stOmdes2Geth)disds dzsiMmidrey Bo CPISOdzd JOIs ts
¢ Ols Odzd Is difugitfidigzte j " § dedOH © 4 ts dzts ¢ dud) (2
o MizteMismb j telg de@§ NsJERE Is w2028 Wts d3fif Cts iy iy d W
[BIYd d Mk IskztcO® HdMMJ tols Oy s dzdzt
t OB BIsO mMeMmistsdls Mifd MS ©®o jAtg ad@n j dzd 2
sBtSL 2Oy 209, o' oasHtses, d MPdMSO dzdlsj
32MiIstc ©dzd y O~ , 6IshisHdgdimp] dnlz debftfomts ¢ dzd s j e Os iz
du 2470 d3j dztso Odzd 2 .



16

| 206 ®O 1. [ jlbtsHdyj MEOWw yoOmls:
1.1 SHASH " , dmfsdz LEzj 3" §j Htod ftese j HJ dzd

R sdz! L s9 Odzad j Bdd3j IsOdzdzd yJims of §tets € &C
tcOMmf tctsmistc ©dzj dzdz” 2 dzd o j e Odz' dzr 2 f BH R E
COlOdzdIsdyi MSdnr (ODKPOE E gl Misd IMJ dzj CIsd o &
sSBOL Yyo. 14 MmMisslsewy dzO dd3g# P d2mw Btsdz! b
oOdzduydd BIdeduimédn tj ) dioOyd2 {6
COlsOdzdL Osstets O, sBhdj d3d mOdedL d3" Mmddzj te
Csdzy®© o' W mdzj dzdzr ozd .

rdzv  Htsfisdy j des'is Qedigjdds” = o HdMMJ ol
dmf sdz! L so Odzd ! Isted tshMdeseo dzr = § SHA tSH O:

1 Jteo " 2 f SHR SH L OC dz yOdzipw ) d MY &
~rd®Bd Ui MEdn &jlstsHtse, tB" ydats §tod 3 dgv j o
Science) , ddidzvgtsHLjla) jdz" ~ MdMmisj i3 M yj dz
JdW sted5BOydd B L OCdatscj tedetsfmlsw a W stedid &
ftsojtrdesmisd BB IsOdzdzd yj MSdrn S OlOdzdL O
d/ ddzd dLd@jdejdzdy drm nddBdud Mitsets Msmists
B sOdzdzso d Efqzseod?2 ftocjHOOtedlsj dz/ dats?2
COLtsor n g HOORts! qtelz j dss2 s A3 j OB ztc il
COyj Mise j sBi jCIstso dmMmdzj Hiso Odzd W B '
COOdzZdL Olstste” , o Cwlstster = B dd3j IsOdzdatf gl M ¢
Zedzj tetsH detsG f ZzOdzOtcdetscas” Mses|E Y j dats d to
fJesdzdlsduyj Mé¢tsets cOWdlsO (1 JYy1). RLOJ
COlOdzdL Olsstets o oLHj2Mlso dj tcd OC yd s dzdz
dL d&3j dzgj ded® MtsMlsOo O o jterndetsMmisd yofmilsdy
ftsH HJ2Mlsodj 3 ttOL dzdydzr = EdMdzdlsj d dz
dzj f sitcj HMIse jJdzdets © ~tsHy Hslsj COdzdw toy
dMmMmdzj Hise Odzd sO¢ dn mMdMmlsj &z SO dzj €
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1 CMY j tod d3j dzls s sitn, tdfjto)dddBHOD dzje j OC y d s dzdzts 2
dzj MSCsdz' €5 fstcWHECS BBdZjj of MsCdn, Y.
dMmfsdz LsoaOded j B3 B ssHise dMidzj Hise Odad W
cOBBlsOs hdrn btsd ¢ o EmMdzsedwrs e jternor fi
l sstes?2 fSHAtSH L OCdz6 yodzmw o ftetso jH
ILWWjiClse @ dgdf)dzHoB QY df tists © O dzdzts 2 Md et 6 OYC
f zO dzOtc dz' A Bddj IsOdzdzd yj MS d o fnd mlsj GOR
ddzls j od3j Is Odzdzd yj M¢< d = d tsB dzOH O h d A fls
LOd3d N J dzd v . gz HEzjls tslsdgjIsdlsi ¢ tc jydsd®y dis@l
ftesyj Mitsoe ) 1Isdn Ho lzn sdtf On ¢ OO
tcOL dzd YO, isflgw d dzs PE R IsOdzdzd H s, GZO,{ toid WY Jjo§
Micty cOydd,, dfitcaf@dintgtes ydj ? CoO, f
dzj L d&2O0ydilsj dz' dets?2 Mlsj f jded, yYlsts MewL Odets i
MlsOB ddz! detsfmilss ¥ [ 29, 30] sk Bd@Ws cfftcd st
Isd B J 6Ozt ftesdmatsHdls ftej ddislzh j mise j
sBXZOHOs N jets Btsdz "ddis Mcisdidgisdsds d ¢ ¢ © ddyg
ftsLotdzw jIs W ts tc d3d tdsdpr Qils ¢ ) IsftadzeC jladntazts i i
B4 IsOdzdzd U4 M d di3d -& Pfgld H daf d3q3) I8 BdggEzO d3d, O
CVW H #stB 5 dz&sNpO:®d ( M=In, Ga). 4 Htkzet2, Mist
PdAg Adu Bdf d3j sOdzdzd yd S dn~ MmdMmisj d3, wHdw ¢
dzj ftojtor odesGts tWHO Iso jtoH' n tOMlso stetso
Isj dzH j dzyd s fphsiiz fsttwvHiyjdds, BGE
sftcjH]jdzj dzdesd3 Hd O OL tsdzgj Isj B j cOlskztc 1 too
fOzzOHdjd3 M BtOL o Odzd j 3 s HiFlES @SOS da
ftso jtorndessisdzr 7 n € do@hfldjdip tsis B tPAL 5 A3, OCIsde
Bdd3j sOdzdzd ud M&dn uOMIsdy dglsip 4izB wzE fiplf t5E2 C
MstckzCIlskzter ftso jtorndesfisd d yj dzj dzOff tcOo dzj
sdif O, sBjMfj yde O h d=a sflsd BOdz dgr 2 B
(OCIsdo dztsfls s |, fMd dzd Clsdo detsfmls MlsOB d dz' dz
dmmdzj Hise Odad W B dztizd dA@ts frindejQotlisddsyjjdz! dets d3
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Bdd3j IsOdzdzd yJ MSRIEGA gmd MmidsgjydgecH ' 2 tcOMmlso Bitc L
d dels § o3 B OmAzd B4 H ddzj dad J

vtej Isd 2 f SHASH L OC dzt yOdzipw ) ftcso
L OC Bdzs 3, @B iisgzedzr = ftod dMmMmdzi Hise Odzd d a3t
COOdzdL Olststets o, ZO ctoj Odz' dzr j & dzOdzj MJ d
OCIsdodetsegts Sl sdad dzls© dzOdzj MJ dzr T AOs fiff Ste
fsfdzjHEzehdd ftetse jH]jdd] 3 dMmdzj H5e Odz
ctcj Odz kB EOL ytso, fsHo Jtecdzlzlsr A OCIsdo O
tcOL dzd ydz' n ted ) d BO~A . Qo dzd Is§ dz' dz" 2 Od
BsH j dz' dafteq) Odfe R'OAIsOdzd L Ols tstasts Q L o tftdsw & ts ez
dmMf sdz L soa Odzgdt 1 WWjClstse Mjcetej eOydd Hd
tcOL dzdydz' = Isdftse 0OF s Otaeztt sw jdegls tede®@  fdaOo
sO0¢dr BddJ sOdEZJUI MEds MdMisjd o L OsdMmd

[ Mdztso dz" j 1 IsOfr Wistedzd tetso Odzd W
BsHdWY dydietse Odzd W OC Isd o tex ezts Usiddzls & ¢ a3 AEA
COOdzdL Ols tstgts p © dz§, §&OTs O C d BSH J dz! dz' )
dmMy sdz! L 59 Oded j & S 5BY dzj ¢ MOJ By BF dssy dzdas,
o Cdzs yow tojdzsegj dzsomCblzys Wislstst dzj € Is tc ®zdzdzlz
ydmdzj M dmMfisd LsoeOddj &3 Md der totsls to ts danlzts 6 &
situ, AEte! | MfjClhtesMisfidd HdJWWEL dses I
( DRI FTS cO) , M Odzdtelzs h Iz & Is z dzdzj dz' dz
ftesfme j ydo O h Iz 1 dzj € Istects dzdzlz & BCtesmC t
(Y ¢flt), o C dzg yOw 1 dz te6 tsH d MY g tc ) dsiisdzds” 2
Hsf sdzdzd Isj dz! dets f ted © dzj S~Q@ddfdiny J frp§JESSEH  d3tsHe | C

O dzOdzdL oMmj?2 Mok dsmMisd {tdzzyoOj d3"
o' hj YBHARBHB HOMG =~ BGisStK' o 0fsMEEtEF62
HjlsOdz! dzf » B~ OdedL dBsO ¢ | o ptbtyd dafedizdd] tf jo
OCIsdoe dz" n YyJ dzlstcts o H dzw COYHB2 CBdsS to g
tcj] OCyd sdedzOv Mmtcj HOe. uwubtslse jIsMise j dedets, o
B' Is f sz yj dzO o Oy dzOW ddeW stedzsOydw, dz.
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mMizh jmMlselze h da, sO¢ d Hdzv tcOL teEd@HsQEdM d
s lsd BOdz' de" &3 =~ OBElizf t6@RipkBg © O dysiddsciias M ¢ o
B sOdzdzseo ) , Yyt fLotsdzdls HtsMIsdec Ol! dBOE
md dzj ¢ Isd 9 dzts m lsufdz" ro e delrd" dzj dzdzts 9 O dzg" ~
fesyj Mo~

) mMetslse j sisea dd fn s d mMOdzdz” d3qd or h
WBsted3dz dzd teso Odz" Mmdzj ke hdj 1+ IsOfr dmimdzj H
1. [ IstcOBBIsC O dB3j stsH d G ftcd ¢ tsls 59 dzjdazdnv
¢ Ols Odzd LiP IstasiLtclspdy 6 OMY tej Hj dzf ded § i3 Y OMmIsdy
ftcdetslswo igfseeg dz dz" = BBtOL ytseo dzj sprtFHJd B
zOB stesdi "W RIS TS dr BjIssHise dMMmdzj His9 O
U | d Htc. ). B " diggfiOL Hed® BldsAsIO)jdz" BB3d ssHdC
BsHj dz dzr '« B Jdd3] Is ORdedsipisis d ~f 0 @ lss@alrd 0 d |
o Otc! dqtetso Ols ~nOtcOCIsjtedMmisd ¢ d BJd d3j Is ©dzdze
yomilsdy, MstckzCIskztcdz | sMmtse § dzdztsis d , 1
Motslsdetsh jdzd j B sOdzdzse, L QW Htsoats] Mmisflst
2. RLEYJ dd 4 Istc OdzW stcd3Oyd d OCIsdoe dz' n
BsHjdz dzr = COlOtku@bBis iets dzptf SfisH ] f tofs
dmMf sdz! L soOded j &3 3 IstsH B9, sB " ydzts f tod c
ftseojtoandzsMisd ( Surface Science).
3. ( OLtOBSISC O d Isj Misdtetso Odzd | BBJ sSH
OH Mtste B Wmidzdgs{daEs? Odgl ctcj G Oyd d ) Bdd IsO
(sey tH"™ J twOMIso thtcq dzls iEgs] s @edztlzd W J MSCdJ) o
M fedd3j dej ded j di3 B swmsil@ [ ACwe o X ddJ
4. RL EZyj dzd j L WWJ Clssal dzH @ n i s 5 b Q dztiztizlzts i
ftesdmMatsHWN R ftSH oBLHJ2Modjd3 tsBtcOB TS
f 5o j torozf @EBUDOEOR]ISd Y MSda Mmdmisj ds.
5. RfMdzj Hs0 Odzd§ ¢ Ol Odet [ @ ugp @Y Bzd Is Bydrdz )
sBtOL yYysse o tj OCSydwers Mjdzj Slsdodzssets G dHt
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OCIsde dz n yJ dzlstets o, MW tstc A3l ¢f ts oBQ dHElE" IS0 dz dize
RO dts yomisdyr .

1.2. [jlsHr dMfjdj Hse Oded W
1.2.1. t(jdiscjdzsoamCOw Wislstst dzj §lstets dzdzOW

JHdddB dL thdsesdze = &jlstsHise dMmMmdzj H s
Wodzw jlsW toj dzscG j dzse MS OW W tsls s djdoL Isftaty dEfkc
ftoeddeyd (- Clistots? shdsdaPizz] ¢ 20 W &b tzy
l sedzsh jdedj toj dzlsej desomCtsets dL dzzyj dedw
ftesyj M djkzfttzesets tOMMjwdad v, fted ¢
L BdIsdtelzjls 1 dzj € Istets da.

1 dz20yj dedw 1 dzjtcedd ftoddwists tsls@®uIBr p 8
[Brydets © (ACue M jChtosdjlstej BBLOL j Yy dzaC
jets Ctefkmsds, kOC vyt EZtetsodsd AJjtedsd (SE
LicOodzj dzdy MtsrtcOdzj dzdWw 1 dzjtecdd o ISOCt
sSBtcOL 5A3:

hv = qu&;Eﬁj;jm’

GHJh3i 1 dzgj tceg W f OHOs h jGefs dzO sBtcOL
toj dzlsc § detso MG d = g Sedzdsdd W4 MEEOW L dzj ea dW
ftso jtor s Py gOs! dzj ¢ Ieitsidatzjppte e B Mo w L d 1
ojhjMmlse j, Is dzj 1B At jdcg@fvw  H dzW ZH Odzj dzd W
B4 MEtsda ydetsmls ftod dzgzdzj o iyl ®€ @riAg ISE Y p iy
1 dzj Slstesdzts o dL BOIjtedOdzO MY jClstetsdij Ist
f smis s wodABEPHRLOL sd3, L dBjteww Cddzilsdyj Mk
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Is j dzO. [ JstsH tsLodzvjls tOL dzd yoOls! L dzj o
fdtedtsHduyd MBS, IHOsvdeddryjj sy kdedoe § effOdz! d
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fH o d BY.K)

stsdzd uj Mise j dzdzOW didatiis L OGO o MiSH J to
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s O0Cddz tBtOL 53, tcj edMmistcOydw d O dzc
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f sStecWHC B9 Btsdz M j J Cdzd yd Milse ts Wislstst d
MilsOdzH Otcls dz" d3d zOB stc Ols st dz' d3d dfmls s ydzd ¢
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Cdded sduyj mMS ks 1 dzgjteeder  B3dlsdctso Odadetsa
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dL d&3j o flzdedf jeso sHWh R GBOL Yytso, zOf tod d3j t
d3J Is O dzdzts o dzO dzj M J dz' dzO s¢ MmdHdz § dzts 1) «
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1.2.1.3. [§dmOdedj STy jted B dzsOcz dzgr 7 &
1.2.1.3.1. Atlstst dzj S lstetsda@ns Hiyth jJdQ i ts dgj s
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[dzv R OwLOCljtdL o OdzdY  dzOdzj MY dzdz’ A
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MYy jSbtesdj ste tocts SPEASH ) l§ 96 BO dzdp@ERs H W h !

RdzMisdlskls] SOOddJLO [ (61, Clststr 2
COkjte: SCORj' LOCkLSd, COdkjtr 1§t
Histf Sdzdzed Is j dz' dzts? C Odsj tor , sMdzOh v dzdzts 2

SsOBjtcO® HHEBIssoCd MdzOh j 2O yjisr toj n
oL Zgsy detsmlis ! & dzOctcj 9 O sBtcOL Yyo 1 dzj ¢
Otceccdztso S2IQEF 22 £ B2 d MdMmlsj dzs?2  &EBM3r dzj
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AlIAgOdzsH A3, O ISOCy | Mis ORE O tc iy dzH asIEVE lipls
O dzts H 5 8. J COdsj tod , sMdzOh v dzdats 2 woyg ?
oL BBy desMls Htoseo jHjdzdWw BBOBBISCd tsB
fted HOodzjdzdwnm HEts 1 OlsdstsmW j teir 45 09 Axuo
1 simdzy sBtcOBSISC ) GOL s 52 MmMted HJ t
OzOdzd L Olststc® B jL fJtod3jykzlstsydzsets € ts5dzls
f zOdzOtc dz" n B H § dzi dz" A~ sBtcOL Y bls dayufig fies
Bzt R tetsd@ZOIsSd L d toso Aladbissg of 4 828 47 dzd § 1 , 2
dL B cided Odze df Qls Odzd L Ols ARG d MA@ dz! L ts9 C
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ftojorhoksdBOls. 1pdzv COddBtetseo Cd M ¢
d3tsH J dz' dzgr 7 dzOdzd My deder = G Ols GalzdsicQ Isizs4g s ds,
dMmf sdz' L 5o Odzge= d2dBdAd. "5 wll ) s kZedzj tetst
(1 [Yy1) [35], O o MmMokzzyOj ¢ ®BI2pQde= dA50 &
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ddzHdo dH EZOdz! dz § Ci3f sdzj dzls ' f tctseo sH d d
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dL dzlz yBEEEWMI. s OS¢ EkEXJj bkftdddOdshm: or h j,
fd dzn to s ls to ts dzdats ¢ tsdzvd Usdpy | oizs v dstewedzts fyls ¢ o Ot
otsLBEYHOEN jets dL dzzyj dedw , Yylsts L o tsdzw
1 3 Isd tets o Odzdz’ n W s Idnsiz j dajtsColudsfy) ddis adiAls B dDdzlz O
ASlsse dzj §Istots dgdz 2 M i CRGBs &3] BR8] k06 deig &
fsdzemW jtedyj MS dd3 O dzOGIEGAD-@GOS(teIsRiFE CPSH O | B jOuSd
[ dzv Csdzd yj Mise j dedzr 7 da w530 igls Gzdz® © dz P tzgsws i3z
1 dzj 3 dzelsse s 6 dzze d dzj M j Clster mMstslse j
Wslsst dzj Clstesdatse fp SHJ dzOC 59 ' id0 0F, d dgj ds0d, .
600+t 1. 1 LOeadMmddtsmisd ls Sddzjlsdyj M2 -
3 dzgv § smw G dzz B d dz@ dz@ O dzdnw &GB SlE @S c SO Y tc s B
dzd dzj 2 dzts L OadMmdls Bls CoOHtOlsdase s C)istdafdz”
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SfteJ Hydzj dzgdd L dzOyd ded?2 1 dzj ecdd MmolCisidd dz
Msslse jlsMisekze hdj dddzdd, LOfdmOdadzr § ¢ tec
dL dzz yphpmzed 6 e s B jiMtfls € st tsd3j Istc tsBsStclzHts9 Odz
ColsstcOW fsLotsdzv j Is ftesotsHdIs! tc OL dzd 1
oL sy detsMis! 6 L WpOGC o gzg Olstemtz@ d3 ZH Ot d3) .
M j Ctcsdzj stej S OB dzv fethtefH jldzj dzdj Mtstsl
Csdzyj dzlstcOYyd?2 1 dzj di3j dzelstse  ff toctso sSH d dzts iy fi
ddzls j dzid o detsls j 2 H dCtse dzO L dz@ugjddadjwH v figlgda
tcOB thldjl] . vtcjHdd) L dz2Oyj dzdw Hdzd dz'( oo tsB
teOL dzd ydg' = 3§ sOdzdzOR HdzW tOL dzd ydzr = € d dzj
B das{f toj H j dzj dzg s BOUASESIMFRETRR2MQ dsB'] d
HOdz! dzgj 2N jd5 dMmf sdz' L s Odz fBd C SlHpEdzOYy t
ftod dzed BOJ Ismyw tc O.0 dzty 2020 B jhdad v [IHEIR]S H dzls 6 5
L dzj Clstetsdatse f) tsHdes?2 d Ists2 yj Sddzjlsduy
dL zyoj 3" - Bz Is Odzdzts 9 Is. J . L dzj CSlstetsdz
Mtsslse jlsMlsalzs h dr W tsls s didk (ks dsfgvdas 2 dzdjdzd
LWWJCldgaadzspdtcOL YO OCsdG Mazzyoj] dGisy dzt
tcOLdzd Yyl o ccdzksddzi OdzOdzdL © H d&zWw dzd dzd 2 1
Qfmtstslse j Is,ffls dsjsdiahztel dzlz fdztsw  Istsets ddzd ddetsc
Rd3j dedats W sCslds weodzw jIsfpw s H dzd d3 dL 9 O
dmf sdz' L soa Odzgd™Y [ ACH d&O BOLJ] wR Hted dL
cdzzeddzj (MbtkzSlskzter YyOMmlsdy) o ¢ tsHTtsSB dz'
MfjShtese d dma wOL Ay Jdd) d&O ddzHdoe dHE
f sd3tsh + 8 {f XBESPBARIN(38].

1.2.1. 3. 3. dlsOdzydd -LSIdES 1d tcf azBf Bd3 P
Mddem etslstesdzdzse s dL dzzyj dedw BESSY |1 (1]
Iy dmmdzi Hse Odedw dBsSH Jjdz' dzfr = B Jdd3J Is O

t ACu topy Jidgsitu,Ists  j Mls tfj telzfizts tsts 'O dzj dzd d  to
MtcjHT dzOH BBKOL Yytsd3, 1 tetso sH UESFMPGMezO
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IsSj ez B Os L OCtey f dzy dzgdzs?2 2O f 59 J ton dat
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cjeokzdzv Isstese OMaBHO cOLt9 (Bronkhor st
sMdzOn j dzO -deQ lsigls @9 jozizj d3, Cilstster Rt A tdsjde doek;
GOt | C stcs BMEBEXLEO ( Pfei ffer, ] 4 ed3Odzd W)
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tcOLHjdzj 1.2.1.3. 2.
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1 mJ dmmdzj Hise Odzed W cCtc] Odz! dz" n € B dd3
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filling), © IsO¢ x J Hyt)yOlsjdzjd3 tsBtOL YyoO, my .
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sO¢dnr 1S jtedd3 dzlstse . [ H dzd 3o dfW j Iy dztsle tek
Yylsts yjdzj o owv tj OCydw ddhEsyjls f OtcOdzdzj-dz' dz
MfjStetd3] StcO. ltcd 1 Istsd3 o Mdzeyoj i dz(
Y Gsfigf y* OCIsdodzse s C iR sdzj dzls©O dzOdzj M dzr
Yy dzlstetse dzO (Y so jtrndzsmisd o3j det "jJ ffted dzd
SBtOL yod3d, dzOdzj My dzdzr d3d -0 el ©cAs dzo § 2@z
vslt MfjClhtese Bl t6j OCydd, ftslsj Cosh j2
ofsdzdzj dBtsy jls B Is! MtcOQodzgdds ) o C ZOH B
BOfMpif j Clstesd3 Istc O. [ cze 5] 56 tcOded Wd dzd §
CsdzlsOCIsO M3 Md cOLtse M o jton das@Isk B
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Ybts d3"  dd3j &3 ydg diis teff Of Bstetsd3, IsOC O
HOo dzj dzd W f shis O jdsdy . tslg ¢ udedzd Is j dzt dzO W
dzj f siplstsw dzfflsoa s M BtetsMmisd 58 OO YLEjE tsd dfditc tstf
Ctdzj BOdzd § W sdztse tsdntf j ffj i ddaBz® 1§ S/t af @iz™O -
s O0Cddz tBtLOL 543, Jd Mdzd oflslzO8 ] @C yuidt, ff thojt
sBtOL YJ, MsMlsQoa dzv jIs osj dz hj 5 %, fnls O dzts
¢ tsdzj B Odzd 2 W s dz0. 1 B4 Istsdz3kz H dzw fsorn
My jClstetdzd Istc® o Mz yoO] (tetse j H | idedity, (tndf
Wwhists EMlsOdzOo dzd 9 O 4 Isfyw H didd¥ j tdeqj dia t§ 1§ 20 dfise
OzOdzdL Olsstc®  dzjtced?2 Wilstsi dzj CIstetsdatso ,
WoL kz, MW stcd3d tctso O dzdzlz © zO0 f 9 j,tlos fgsd)is @
dzj sBrsHdd@3s fteso sHdIs! tod § Jtode § + SMYJ ke
COOdzdIlsdyj M¢ d OCIsdo dztsc s ¢ 1o digf tsdeg2ls @ )
fteslsjy COdzdd 6 OSydd dzdnf gotewrgBgElstE®IstfH
yomlksw s Ctekzy jddw BteOL YO (HJtY Olsy dzd,

1.25]) tetso j Hojrdagdjmdz) ded &3 B f e H WSz dzC Yy d 5dzO0 dzO

dkzh jMlsolzjls dddatsy j Mlsoets djlssHia N jc
Bzt e 51 dzj CIstetsdzdzr = MdMisd d3, BMdetse Odzdz” = ¢
HJ lsj ted3d dzO dzls O d3 vwdzj 2Isj 60O. [ HdOC s Lisd
o ydmazdlsj dz2 dzr » toj Mtemtse , Ylsts HJ &zOJ Is
CtcO2dzj L OtclkzHddIsj dz' dz' d3.

v stedw W kdzS yd s z0 dz@pnifitgitstidatl fhdofi DFT)
I CoOdzasggo®dzed yy MEJd2 d3gd IstsH, Cslstster 2 d Mt
1 dzj Clstesdedets? MlsteczCIskzter Bdzts ¢ 51 dzj € ldzag & dzdz
1Ists?2 Isjtstedd Mots2Mlso O ddetsce s dzj € Is to ts dzdats 2
f sd3tsh d Wz dzC yd s dz0 dzO 1 dzj € Is te 5 dzdzts 2 i dzts
fesmMistcOdzmise j dzdz" = S BtStcH d dzOIs.

t OfmMyy st BibtsHtsd Isjstedd W Edz$ ydtsdzO dzC
fosctcORBdesd3 f OCjIsy VASP M dmytsd L o
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CtStotej dzw-ty B (Bflztiztzs ¢ 5 W &2 dz€ y d t5 dzO dz@ YR{B'E  fi{ Is5icShz,
o ff t5dzdzw dzO fry RissHBER Msftewy j ddz o G t
LdzjtecibduyuiMSde HijMCttdysstess o It s
L dzj eedvw it & NBEMS® 11 ftod t.OL Bjts
25125125 9 tjLizdz 0OIsj Uj @ts tcOmMmls tsw
fsolsstews h d3dmw B ddi3J IsOdzdzd W J dpdfd 32 0 O fiflds
MsMis@oa dzw dzs 08 . RMisd LsoaOdedj OS(
dmfsdz! Lkzj g j B ydes Hted fHteso jHjddd ftc
BjlsOdzdztso ) HozW ®YtejHy iy g tee j s QY f
o ©OBGISOL Sy j WHOjls HBMIsOLsYdEs I
OHfMsteBYydd CO dzO@ B d &j IsOdzdzd y j f) S Y tE ) lstADertaizm
415 1] fted ©WOLEBjtej 1 dzj Bj dlsO@dsR] 2O,
fMlstezS skt o' § sdzdzgw dzdfy? HEs Isjo fiste, 56
MisOdetso dzd My j disj Oz 0] 4 DHMmGtdg wEd w [ tOf
mMdzj Hze h dd3 B LOL t5d3:

E4(CO=(E(NP*CQ) & NP m EC

G H E(NPCQ,), E(NP) d E(CO) T f tsdzde" § 1 dzgjteedd OH
CBRf dzj C MO dOdsyOMmisdyr f ydmdsd m OH
ZOsYyoOMmisdyr d ®BsdjSkzd o] oDFEOOBYLETL
Mistslse jIsise j dzdzts.

] $ Qlsg J BB HJ dzj 2 Bdd3J IsOdzdzd uj M¢ dna

fMlstekClskter, ©GB&XOHOYhdj Wotds2 Ekfj yj d
(001) d etfjd ¥ cwOd"dBd (111). sMibis
=338 201 586, 1289, 2406, lst20 330 sifls/jls.sw

dmf sdz’ L s9 Odzd M ZOdes yOMmisdydj1 2012 0d
Os®kss dESkEGEEB Mise j dzdzts. 1 t6d ttOMyUJ IsOnA
scteOded yj dzd?2 5 Mddsdsj stedd dzj dzOS dzOHT' 9 C
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1.2.6. ltsmejyde O h Oow 1 dzj CIlstetsdzdzOwv d3d ¢

RiMmdzj Hise Oded j 5B tc OL s ezd ¢ jtoif COfda dzC B B O drdyLe
OCIlsdodz 2 C i3l sdzj dzls dzO dzts ) d dzf wOs, dzCd3 4 tlstiseH ji
ftesmeo j ydoe O h j2 1 dzj € Istectsdzdets 2 B CtesMC s
tcOL dzd ydz'r » BIStesME s On .

[Hdzd BB dL &IStsmSsfss, JMY PdAgAUDG B -
COOdzdL Olsstetse d3j sSsHEsdR totsfe j ydo O h j 2
Bfdz Hitachi HT 7700 (Hitachi, CYsdedw
¢cheo j sdzs et e sdziC stew e h j &3 dzOf tew )y j dzdd 1
fctesh CstsBtcOL dzf 2 BBOL jy dOdetsmddzd dL
MilkSkz HJOR] tesdz 3  d&3ds, fsCtcr Iskzs dskzc dz
BdSctesMEsfduimMédn dL d3j t6f dzd 2 ftdftfofsthorrig?
tcOBtSIsy [63]. wtjHdd?2 ©OL AJt d&GJ lsOdddy
fs5 ©OLB] O3 dNf tojsindatz® gzd d Litkg @ dagd@Mmis d §
BIStesW sksdeOW dv e ©OL&Jydy ° EyOmlsSsse ¢

10 Htokzetsdy &RJEM2HOMCOsY (J EOL, CH tsdzdw)

PdIin/AO; S Ols Odzd L Olsster . i j &Sk dL &HEPls fzd
fsdfited EMCstewsh jd dzOftewy jddd 200 €1,
f OtcOMg jsokbS4 . CdzgjtectsHdmMy jemdsdady 2 O

L dgj cesHd MY J emMdsdzdesds MY §J Clstesdzd Istey - Xf
HiljSlststesdz L dzj e jlsdyuimMeddz tOL ey h J
B4 IsOdzdzd U J MC drn deCdFfueQmigdiay daff j d A/ & ©OL d3
shdzsoy dL B EY) dzfOMBHQ O BJC s sSlss6 tc O
SBtcOL ytso .

127.rRMMdzj Hs0 Odzdj S OlOdZdlsdyj MSdras Mmots2 Ml
cdHtcd totso Odad W
1.2.5.2. 10O0OLBWOLMs] cdHicdtotso Odzedjy Oy k

RMMdzj Hiso Odzd j MCIRs Ot G lso B d d3j Is O dzdzg
COOdzdL Olststetse  (QeP dzp i iedzd® SRy d dp® OeujiHstafod tia
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1 Isddzj dz ff totse tsH d dzts iy ! 9 GCoOttyjossda tcj OC
HJOdd Iste 4 BB) fHtod Olrdyty fipilz te ditsjdgboz@ifesdgo
Mgy ! MdzjHizsh jets MHeHls®6 O3 6HE, s 521.96t98,. 96 .
50.54 tB. % Ar (fMkzkBOtdsr 2 flss Misiisc
ftsor hOdzd Misky j dzyA@BEB0AC ddizs§ 6 dz®tizfs @ B ts o
Kisdf Of tsd3j h j dedets? o Mdzs?2 COlOdzd L OldBtc O
Bz) . 1tsHEZSIT tj OSydd OdzOdzd L d tc A000Mzd ¢
(Jdd c1In~EEsS8O0 ( sMimdw) , MdOB Y J dedets 3
CP7518 (CRAI,0s KCI, 50 &I 0. 53 d3dsd ts tzf L @34 disth dz
Hjlsj Clstststsds.

s sdzo J tefydstd drarAe OMMyYd ST @O dztfIs detsh § dzdf § ¢
ftestej Ocdieso @oh jes Oyjlsddzj dz0 ¢ € tsdzd yy f
W tste d3lz dzj :

— (CzH ) H2H29 r);

29 n

><C2H2 - o H
2

29 7

CGHJjoH & oMo & f dzsh OHd S50 Oyj Isddzj dzO
tej OCydd, Mtsslse jIsMmise j dzdats.

o J dzj € Is diotsids fitd QM ydIls™ o Odzd 5 W tstecdilz dzj

S (CHyp = ®,H,, ) ’
((Hszg il H2H29 r );+H2H6)

CGHP et dzsh OH! fJCO {1 Is0dz0O.

} JteyJH LOGtkzLCB2 o ) 0OCIktste COYHT 2 (
(tcOL i3 6 WHOOHUYdogdM G 1cg MMmMse r o O.dz s figdzjls OB @t
EBtOLY' HsHoaPudOdzd PBBYF fBHPHS550AC o Is
fsimMdz yYyjets SR EOYHORZd Hts CBREZOIdEs?2 Isjd

1.2.5.3. rdHSBsWOLdds] cdHitdtecso Oded] HIW

RiNMdzj Hso Odzdj SOOddlsdyj MSdn  fipdsts 2 fi
COsOdzdL Osstess o tjOSydd NdHSEY OL dzs @ t
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(radphcsotsHddzd o ] OCIststeg Qo lstsC dzO9 dzts G-

Bjh Ok 2, ddddvdad §sHOyd cOLO d Mmd
fososHddd §dod2 PAWSE MY sd L v o -¢CjEnChyls
ftod Ymstw dbzdggOdzddej 365] . ljteiH fteseo

EHOdzj dzgdv ftedd3zj mj 2 tOMmlse stejj BzdatydOeints & d fy
tcOMmlso stcdilsj dz2 JtosfzMC Odzd kst Otc tsdzO

[SdMmdd ojcdy s dzts o d Is j dz dz’ j SBEOBBIKS
dLzyd dzdv o dzdwdzd¥™ 1 W-ff gzl bBg tc SenGdsdas?y d Ig 4l
jets COlOdzdlsdyd ME&d 4 dzdho B2 filpldcaz@ YyPlstsaz € o (
SBtStclzH B Odzdzs s € dzOf O dzO o3 o ntBHO d or
sBtcOBtslsCd ftotso tsH d dzd iy 4 Arf,slst®OC jsCH % dz
SBlcOB-®EYIss ¢ j 2 fippdzlé jsled Y jOMS D misL B
COOizdL OlststcO tc pOC BEiEts CLdMpts dzdzw dzd Ote ¢ ts dal
f jteyOktsydy 2 BCH ) Obdshijtts?2 Otdsd
OQolssCdzOes, dLBjGOW CtdlsOCIsO M oeaBLHERSC
LOf sdzdgw dzd Otetsdetsd3, G jted3jIsdL Jteso Odzd,
BOcdzd sdzz s Bjh OdkS b d §sHS &8 yOdzd € dzd dad

) tcOdzj J s zB dzd € ts9 O dzdzts 2 tcOB BIs [
GdHtcdtotseo Odad W 9 L Oo dMmd d3tsmis d =flyy  opdzlaigts
ftesH | Bsdemistcdteseo Odets, yYbts fted MEBtetsmisd
f OtcOd3j Istc f jtoj MisOjIls o dzdWls! 20 Mme tstesmls
qLBjYOl! HAWWbkLdbddz © LOtekHd dd2, fi:
9 SHEStIGSH O, L S j ted d3d dzlsT ftecsosHddzd ¢t
B . / d&3d dz. [ dzw d3d dzed d3d L Oy d d HdW W kL dsdad
HsMisEf sd3 tj Ocj dzlstso ) fster COlOdzdL Ol
WteOCydd < 10 =< ds, ¢ Oo¢ 1Iss BT dzts |
f e dztsh j dgdetsets o tsHBStsSH @zd sy HdApa) dizfi v ff t®
cdHtcdtetse Odad v , ¢ s5ls s tahtslg O IsSos didgs Gelis tdaq dedz’e @ dzis
H Q9 dzjodzd ) ts fifdsoGoA@ dzOots ) dzj L Oo j teh jdzedw G6dH
HOo dzj dzdWw MMisQodzw dzs ftedd3j tcdes 0. 3 B Ofts
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HOo dzj slef® HJ dzj Isd € &  tdf jta®jCdzjdBdic jdgis . dzts OC ¢ O
OdzC d detso 5G 5 Mz MistcOIs O ftoslsj COjIs i
Metslse jlsmisakze h jéets tdzjWddsestsets Mtsj Hddzj
Csdzdy Mlsos JoBHESCISO (odzdtsets cdHtodtofts
MisOHdd ¢ dn tcdig s adBodrdfis | dz' dats . tdOSydj2 ¢
OkZC ddzO HBs ORE OO 0 olttts? MisOH]d
Eyjltsds {Isdn Hsfkzhjdd?2 mntsSeB)sdddy OF ay
MisOHdd ¢ dH eidladtodoidzdey - @z flzdzdo r Odz€ Odz)
CtcO®dSCL Oadmd ii3sfmisd Csdzdyj Mo © ff scdztsh §
fteso j HJ ddW ftesyj MmO [ 68]. l1ts Mol dz
Mz MistcOISO dzO0 ff jtoo 52 i) tvipjsdedsR O dils OH dff d
fj dzj Slsdo detsfyls: 6 OSydd. V@G lsir] adzlzts s € O
sBtOL Yyseo twOmMMmMydlsr 9 Odzd ¢ OC tsilsdatsh j dad §
MeeMsteOlO ¢ eh jkk StddyjMmsok Oltdgse
[69].

ltesHbECl tojOSydd OdOdzdL dqetse Odzd dzO
f dzOdZiddsddiz] L Oydtsdzdz” &3 Hjlsj Clsstesdz ( mtcts 3O
COf ddzdzw todzts 2  SMS B JsBefisiHIP G dzf s dzd I d dzts € ) O«
B, odzzlstcj dzdz@ D 18R3GEQ d3jslistezh @ dzO© dz )25 HA3 S dy, dzts!
dzsmd Is § dz He) . ltesHEZCIsT slsBdtcOdzd dL
f 56 dztsh juaftig s HOOs Mtstslse jIsise o Odzty | BOU &'t
OzOdzdL fetsHbEClkss t©jOSydd §sS0OLOd vylst
o kfMzsodwrn deQBEORsYH[@] staprtcOL s Odzed J &3 Misd
ftej dzj B o ! otff dzts Is - H S Ctsdzgo J tefyd [ A O
dmf sdz' L s9 Ols! M ctetsMmis f scdztsh j ded v )
GdHtedtetso Odad W [ Ao . b J digj '€ Is djg didg fy s'c t5)ts BStdz
cOMmMmyudlsr o 0dzd 5 MdzjHES " j Bz ktcOo dzj dzed ¥ :

o (ceis+cerans)
) [(C£E+C£mﬂﬁ)+6_]’
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@ j SCCtsd G jHMlsOodvs s Mses?2 Esd d

Othdzj W d desd @iy Bfc @ S OdzO, Mistslse jlsflse j dac

f sdish ' - ©dzPazd L O.

1.2.8. [Bi jSlkr dMfdzjHss OddY d KEOIjtcdC

1.2.6.1. [OljtdOod

] @Bdkdyj 1 fwdejHjdd ROLOCkjtdmlsd
GOl jtedOdzse, Ctlstster j dMisd Lo Odkdn! o

5 0B ZdMOLOSjtedMisdSd dMAitsHd & &Olsj ted Oc

- 1 OL 0 Odz] § MOLOCIsjtedmisdS d
[SHjdz dz" §| COlsOdzdL Olstster
1 [ sdetsCted MisOdzdz t OL 3§ 6 7 IHORGBPHzB4ructureProbe
Inc.
2 RMissydsd ¢ ROY Pd¥ sdz ¢ ©® (99. 99 |
3 RMssYdzd & BOY ' AgWsdz ¢O (99. 99
4 RMIssyded ¢ dpOf | N tsdz ¢©® (99. 99 ¢
5 RMissyded & dBOY T Au Wtsdz cO (99.99
6 RMissyded ¢ dzOf Cu %td! eO® (99.99
¢t d OzeUPOIgOzd L Olstster
7 2-Al203 Saso] /6G o3
8 ltojHh jMmlsejdd veMeEmdsSdmd 2 tOfss s
ftodctslstso-tizj dzo AcO)In(AcO) (pH 2.8)
COOddL Ok 5]
9 1 dlstcOls f Ocdzdi | tsH dzr 2 PANDEnAHdcAesar 14.86%Pd
10 1dlstcOls Mjte] |l sHdz" 2 tOMbsoth) [AgNBIskzL
11 1 dIstcOls d dzH ]l 5 H dis @ lsim(Ns, Fluka, 3236% In
1OLr d toj Ocj dalsT
12 b e tsdz Ar, 99.999 %
13 sdmdztstctsH Oz, 99.98%
14 [SdssSMdH &d CO,99.95%
15 dbyjilsddzj dz CoH2, 99.99 %
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16 ] SHBStBH Hz, 99.99 %

17 14 dzd 2 14, 99.95%
18 dbL BIs N2, 99.999 %

19 dzc j| S MOdz 98%, Merck

20 r d W J dzedsqr@ay jdz 98%, SigmaAldrich

1.2.6.2. [SHjd d j Bd®RjlsOdezduj MSdj &

l COyjmlsej desmdlsjdzv Hddzv &sHj dz' dz" A
dmMfsdz L se OQdzmw 1 [1 1 (9" MsCtststed j dzlsHPL 59
supplies Grade SPF2 ) . fyuydmsCO (o jtendzsmisd 1]
fcich ClsO M fsmdzjHikzshdd ftosctej o sd3 d
700 Isjyjdedj 1 yomo.

[ dzw fMsL HOdzd W HijWJjClstse ZO o jten dz
BtsdsB OtcHdJotso C 2 d sdzOd4dd frRtdciatdr® frp dishjtfusidezdi j
fizh QQF 11/35 P(Ar) = B & Ot 0 d Lk O uwewsyhj jogd j dz 0 .
1 sfmdzi HB9 Olsj dzt detsy dzOded MJ dzedd d3J Is Odzdzts o
Il 1] fteseosHdddztsm! &jbHtsdr Isjteddyj MS 6
fsHEeBIkso Cd Wlsst dzj § Is BREGSHAE ¢ 16 s dyy hj 1 CHls tc f§ d
Omicron EFM3 . vlstsd s’ slsdgissd dzOdzj i dzd J 34 Is
fsmtej nilseotsdz dMmyf Otej dzdv d flstsyded CoodahEd' s d
B34 Hd) 1 dzj S Istesdzdz’ d3 [k H Otets a3, ftod 1 Istsdi
sOdZsOdzso ¥ IstezB Sk (Isdejdzr ), odezlsted €t
l Oy dzr 3 g S Bd HBMIssddemMlso OB + Ists2 i
LOMdzsdzS d, Lot dzwesh j2 twjoekzdzdtese Ols! o
ftcdmkzlsmlse d j O BHWdzsEts tsn dzOY H j dad W HJ Is(
BdzdL ¢t €& dMsyded Sz, ylsts { toj fdyGdshyldcodiQ)jdkts
ftser hj dzdzOW MlsOB d dz' dztsfls s g2zt J Gc@sHztisd t
5Bt OLfyiste H  dzOdzj fj,dfdjds d dg Ol dgelzO §f Ot O d3j Is
ss¢ + BdMmmddd { HA & tstssddisp j) ' '
dzj 5B A SH d d3tdsjo ¢ ERFdS\QjdigzO dzOf r dzv dzs k) P o
LiIssdz Stsdzd yd Mlsoa s dzOf r dzvw | IS G BH BBl @ &z&z@ ¢
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Meskdsh j ddY Oltdd & )SOSddps) ozl M eW t
Bdd3j sOdEd uPMEdy ©BMEYHOS 5w o 4 dzOo j 2

1.2.6.3. PAAg/AIOs

1 d d3i Is O dzgzBaddg/AOsck Ols O dzff 1BO lsitsfte §f ts dzlz Y J dz'
Mtso di3j Misdets?2 Htesf dlsCd 1 toj b-AlOi(§dsqg dz/5®%E ,dif
Urest 60 0A3 ) otsHdZ Bd 3@ MmiRagNOQ dgds f H & Ok
sBteOL Yyr MmMEhddzd ftced SCdizdzOlsdets? Isj B j t6C
(300 ddz/ d©3gddz) fted 550Au 9 Isjyj dad Ar 4 § 16
550Ad 9© Isjyjdedj 3 y. 1tfmdzj ksdts ¢ OIs
50H/ Ar, OHBOBFdBAdOIsds?2 Isj B jtcOlskzter o
ofmMir BBKBOLYOR Mtsnh tcOdewfzts %) § s Qs sy sladsd t
o Otc! qtetso Odzts sls 4 HEt 6 &OMm. %. J ¢
OO dizse qydets?2 BjlssHdSj BFr dzd Mddalsj L dqotso (
Pd/ALOs d 4% Dg/ AdsH jtey Oded j B34 Is O dzdzts o 9
Cdzlstetsdzd te s 9 O dzd - Azl shisimdsizlzd@dsts dipifts] € Istets M € s
Mo W L Odzdzts 2 f R SEs2dREGEERBtstcs yd sdzdzsdz M {f
ContrAA-700 (fAAnalytik Jena AGo, | jtdzOdedW

1.2.6.4. PdIn/AEO3

| d Bj s Odzdzq yj MO @ OlsfOdddn /OAslste B &2 5d
] BIS O des? 1 osEYtsMISd 1 tste joHdaCRetasyjls | d=' dzts
Al.Os, (Saso] 5% cuggss 60 0A3 1Y) dL ESMEfhdass
C s B dzj SMFAGDMIMACO) (PH 2.8).) sz s dlsCd & Ok
9" Mizh jdz 2@ otLHES ] ftod Ctddods? s dt
5 tsB.2+ WANn (550AC, 3 vy). wuftsHjtey Odzdj s,
MsmlsOoaddzs 2.5 ojff. % Pd d 2.7 ojfg. %

[ sdzts d3j Is O dzdzd u 4O8) ¢ dIG/ALOR & /OMIOdzd L Ols 5o’ f
clstse d dzd §-ASOfodtsiCds 2B  to O fls a)isftnONBp. Pd t6 i@,
o' fkzh do @ded VC BREZO dzs?2 s j B j cObktc] B
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9LHERO (500Auw, 4 y) M ohmdyj HEsMHdd ot
(700AC, 1 ) . HBSH jte) Odedj B lsOdzdztsea o
B IstsH tsd3 - @3 tdgdits dzdats 2 My j Clstcs MmNt d @ dzdag
f zZOL BS20ES) CREZO -O®ftstBaztg d sdzdzsd3 MY J €760t s d3
(AAnalytik Jena AGO, [ Jted3Odzdv) .

13. 1OCdz¢ yjdzedy & | dzOo 4 1

sO0Cdds BBEKLOL 53, O thdseO0ddd oMmjc
OSypdbmdzj Hse Odedd B d BJ IsOdzdzd U4 BT fiEH | CADlsiz
d® dmhif sdz L s9 Odzad\yz offridses dids-jddis fiplly dats dpy dHUSH S50
tACd dMRisC stesMS s d¥ HAWWEL dzgsets tslstc Oy
L Isd d3j IstsHT oL Od dizdzs HITASCdrdzY # 5L oHtdedzVG) ISH
HilsOdz dzlz ddaW stedgOyde t "ddBdyd MEsd3 Mt
nsH] ftelj cOddY ttjoO0fydd ddzd tBtcOBBISt!
COC fiRfsj CStotsMC sy dw HdW Wiz o fisls OB ldzaa) jysi d
MstckzCIlskztcj OCIsd o dz" n YyJ dzlstetso ZO ftso jt
[ tclz Gotg®y digslRdzd yd s dz! diasfls ‘s tsd | Bidc O dzdzts G 5 {f t
MtcOoa dzad Isj dz' detsj dMMmdzj Hise Odadj HellsBR j dB'Odz'd
COlsOdzdL Olsstetso ( d3j Is O dzdzr dzO dzj M J dz' O {
{1 ktejdOdze@OEOddIsdyd MSd~ MdMmisj d3 (B dd3j
dzO dzj M J dz' dzO f stedimaldd) . dedd BPOdES O or
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C



55

~dd&kdyd M sets OoLOJddBsHJ2MIse W g] st tc
(tej OGjdzZlsOBd) . I GCOyjmbej HtoddjtcO® IsOSC
ftcdoe j Misd HNOSIsdezdrd (ftsdzw dzlz® ( HCI ) ¢ dmec
ctozf i s52 dMMdzj HsoOIsjdzj?2 §tsH tkz9Bd sl
Sfkzedzd S soe Odz yYydqsédz OB, f smewhy dzdg' w
ftsojtorndesfisd 1 [1 ] OLtldes?2 ddzd Mmtsdzw dats?
stsf sctcOW d ¥ ftsej ton dzsiis ( . [ jssHO®B t A S
sBtcOBESISCO o jtondzsMisd CdMAzslsOdizd f ted
SBKOL 5o GdizgEf B SO B dz¢ H OdzOM! dzj L dzZOy(d Is
ndzstedHdzr 7 ddzd dzdlstcOlsdzg" = ctolkzf §f IsCd& i dzg
ZOctej o Odzdd BBtOL YO ftoesdMmntHJdzs HOdz
sSBtcOL 59 Odzd j O tc OL digtsyrdg B OM YF M dztsGe@te B ts dz
LWdtesf sHBBdr 7 WERS ydodzOdz: dz" = ctelzf ff .
stsf sctcOWdd o jtisBde®Ofliseh Obizff § | HJ WG ¢ etgo (
ftoslswy VY dadets fypls ' sls 10 Hts 100  dzds. J
BsteW sdztse q W yomisdy L 5 dzis Is @ ,dzts tdaPfigdg they teladas
CdMmdztAs ' sz j torm detsls! BsHIdW dydtese Odzdets ¢ s
ZOdzd ydw dzO dzgj 2 tOL dzd yde. = Wk dz$ ydtsdzOdz' d
[tezedds MfsmMseBtsd MsL HOddwY dz2O ff ts9 j tor
fsLotdzddzd BT ftser mdls! MilsOB d dz' dzts s
wodw jlsimw WdLdyujmMeow BsHdWJSOydw e j
9 BBMBBOWHdqoso Cd ftso jtondesMmisd tOL dzd ydzr «
8 3, 92]. v 0OC 52 M smtss. fsHelso Cd
ftoeddzj dzaj dzgdv 3j stsH 59 d MIgdagesdsioOrdadeve ,d L Is GG
ftesoBHWISIMW 9o EmMdztadwrs Mojtero’ MsC e
ftsojton dztsfls tsB tc QgtswHEoW.d ¢ @ upd 4s s dfiAs © | te n dats
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MewrLd 336.5 411, Cshtstets] fswWodw jlsmpw
f OdzdzOH s o 5§ d M ed)) dedzts 2t i S tdigjdy (1Pl HzdzY  J
1 Issets MeMmisswdzedwy o MzEyo,] dBsdesdii IsOdzdzd -
PdAu/ 1l [1] SBtEOLYBH. 5( 1d, MBEBEB O ) Isfylde j dzdzr
Bl Wihdzdls! tBttOLBSo Odzdj i3 BB jJ dddzse s t5€ My«
¢cOo¢ ots obbtesdz ftesdmrtsHdIs SBtcOL 59 Odz
sBkMmdzso dzj dzgs tcOL B OO dzj dzd j B3 § OdzdzOH W L t5d
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Pd3dss | —o—Pd°
3353 —A— Pd-CO
335.9 —=—PdO
: Harpes 1 : dxnm,qénwé

100 |
PdO |

250°C = go{4

604 |
o Pd-CO |

Knacrtepel

40 |

Hona pasnuyHbix cocTtoaHuin Pd, %

20 !

T T T T T T T T T T T T T T 1
340 339 338 337 336 335 334 333 ]
OHeprus cBsiau, 3B A€

TemnepaTtypa, °C

t dik dzsAts 86, dzj € Is tots dzdz’ do, M | Glste] dzd@rd B dH dzv
COOd&dL Olss® Pd/ 1 [1 1 9 6] @CUdtdRzs2
tcOL dztsy jQlzdef dgH dde JH 2 Odz! dz" | Ctsdi3f tsdzj dals™ , G
Hsdd ©OL &zdyde & Memlsswdd?2 §Odk&zOHdw, o
Al dzj € lstots dzdz Ny jClster dL B 6] dz'

Wslstst dzj Clstetsdgtse 300 4 .

3.1.1.2. ¢4y yEsa@ezdoy njctjcoydw
otsLHj2Msodj BdQPMEG s Mmdzd Hise Odad J

rdzv §sHlse jteyHjdd™ {t6j Y ooz pydes os
mMdetej cOydd Olstsd3ts o f OdzdzOH d W ) Bdd3j Is
oLHj2Msoadjdgs CO o Htwkzets?2 dzOh j 2 d 6@ &6
f dztsls dzs mls d (unAl) B' dzd tcOMMmydIs Odz 1
sBtcOIsd di3ts 2 mMicty cOYydd f OdzdzOH W dzO
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ZOdets yoOfmsdy f 8d OHMmtsteBydd CO. [ dzv 1 Ists
ftesotsHddzd IsjtstjlsduyjmSd Ofmyylsr oL Od
f Ozd&zOH W o B ddj IsOdzdd Uittt oEhzs00sids

COyj mlse j BtsH j dzd O dets yOMmisdyr H dzW tc Of
mMsmlssw h Ow dL 201 Ols s D145 A3J S OlHAHAD O W ) 5 HN)¢C
Msilsdetsh j dzd Pd/ Au = 1: 3. tcOMmjydz'lssts o f @S ad;

L dzgjtecjlsdyujmMSd dOdetsdzjj o' CBHUEEE ¢j 50
d Au 9 BOCB2 d&OdtsyoOmisdyd .

[Mdes o dzOY ftesBdz BO 9© L Istsdz Mz yoOj
B @3 sOdzdzd yj M 52 d&OdesyOMmisdyr L OH @ dzdzts 2
Ols s 3tsdts  1ef 5 2 Is,dftftstwis 0 j Isfls o j dzdzts, yd mdzts
COM sy j dd?2 (cthgodmiisd) ©BOS§ds HEz¢n
PbeAUuwss 1 Ists L dzgOyj dzedj tscetetsdzdets®™ d [ Mip oS O eztz
o' ff sdzdzd Is ¢ tcOmyy Isr BjIstsHtsdg U Al ( ddzqd
coislsstf so dzgj ftojHMISOodzw jIlsw oL sy daf
dmf sdz? L soa Odzd dzgj HOO dets t©LOL OB tSIsOdadz 2 ¢
Coslstster 2 dzOL-‘Bg BsbBmMy 6TQOP62] . [ Mmdatse dzOW ¢
Ylstse ' sftej H dzd Is ¢ L dzj tec (& COYHBGT
Bdd3j IsOdzdzd yj ¢ 52 2O dzts yOfilsd yJ f s tc]
bsf sdzsedyui MEBEets o Oy jdedWw, fmdzjHEE DN 3

Erop =By €5ono Neono  *Eorned Corver  FEodY “Epce  HerrArrmce

@ JE, T C tsdzfls RS QL Mdzs MePwlL (B dAfyy @20 g5 ¢
o ¢ 5 BENYRMS Nise, Niheuedl U Mdzts Olssdstse  Au,  d
¢ dzO~R , GtcOdzV n d Isj ctcOMOR 2O o ter
stsi WWdydjadtcj HMisOo dzv 8 Is MtsB 52 Hj MC 1
ftoj HMIsOo dzs e § fduui e dj o C dzOH T -Pdzf B izd B i6 dzk
Au, tcOMYf sdztsy § dzdetse 5 9 Mtstslso jlsmilsalzs M j
ZOdts yoOmisdyr, o BN Z+¥p { dzjctd azd Oz idepdsisEHITOS
tcOMmyy IsO teBOd ddgdla@zz2&) o i Bg Uz yOw PdAu dzO
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tcOL dzd ydzr = tOL di3gj tetse, Wteds d MmlsOo tso

or tcOY jreedW dzZf WS tsdz? € dr HjMwWIsSCBso 1 dzj oed?2,
HdzW tOL dzdydsr = ctdlstsf s L OH Odzdets?2 Mistc
sftcjHJ dzVIsH Gtz steds dzgOdBBdzj j { dBj,tcc j
62,163166 . sOC ftHtesBdts BfdMOdks o tOBTBGIS|
HiMCtcdtlesstomd tc OYrgeligdz® UBZO M dhf sdz' L 590 O
or ydmadzw ¢ Ismw L dzOugwded® o rdrjtc@dfdR’ ~H AV BE IS s
Bddigj sOdzdzd yj M 52 dzOdesyOfilsdyr . 1 Ols j o3,

tcjctcj MMdd dzOR SH¥Ils MY statpGsyjgaef G O h d j
fsdzz yj degdz" @3d dBj IssHisdz v Al . UvOCB2 §SHA S
HiMCtdydttese [ Odzj J , dimy sdz' -p D dztagj Istfn d
oL Od d3dz" § f sdztsy 4 dzd W Olstsdiits o Holzr 1 dzj d
1 dzgj e dd tcOL dzd Yydz' ~ CoBslsstf tso fMtej Hd
L dgjteejlsduyimMeéd or esHdzOW MlstczCIskztcO.

[ dzw sftcj HJ dzj ded W HiMCtdflststetso , or
RO dzts yOMmisd y seMgtmmis ®b @d P tctso j H j dz cOMmyYJdIs
Coliislstsf s [ 16] . 1 s dzz*yffj telgdal fij Is Omp jdiig Sdas d ff dls s
10deBsdzi J { dzj oG | IsdRplsisy d azZOczsuiaigs da@w Pd |
fpdzj Hiz® " f B =~ OteOC Id jptadnjlsid ¢ P H § (U Is j dz
ftseo jtorndesMmisdets] tOMY tsdztsiy § wedzd y JjridsodigsRdin aAvL
Mty Bdlsmw ¢ di3d dedbdgi] dzlg mls o( B )Pfjo Wiglg @4 dz Us
BOC Md i3z Bz . s O0CdyJ L OC tsdetsd3j tcdzts s d dzj
LdOyjddvdk®dd HiMCtedflststtse, O IOCYJ n s
OOIsEdyde = oMy kse, § sdzkzyj dde &g H dz»
62]. wltsdl ldijildls: , Wt Wo ipls ¢ tsdz@a Bts
PdsAuwss, SCStslstster j B dzd dHjdesdW¥Wdydtetse Odz”
(hjifMmlsy ddzd oetMjd3' ) Obtsdiice Pd, t©OMmf sd
rdzv 1 Isdr cetdtslstsfso 9C dzOH o 1 dzgj toelds s
Cedif j demMdtelzjIs  dzj cede, dzgj tsBrtSHJABEzE H A
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9 (o jtordshisdts? BtdsySj ObsBOkd Pd.
9’ GsHdE &3 CEBslstl cd3 shaazY jos MY s loydEs YoM
ZORsHYIsw o dezlstced. ©vOCdd tsBtcOL tsd3, ¢ tsd3t
ZzO {§tso j tc@fgdsdls’d, ys' &z o' BteOdz o COyYjfls
1 dzgjtecdd, dzj sBatsHd®BS2 HdY ttOL @G jddw o
v OB d&zd yO Cdf t6e jIsd yimMEtgy sesiter dMmf sdz' L Iz d
stsf sdzsedud ME sd3 T ¢t @] difefinfls s ds J H jotizgy tzd W

Ldzgjeedv MjetejeOydd ofmjnm Obtsdtse Pd da
it dMiz dWhHjdzv3 B)] d3j Is O dzdzd yJ MSRsBAUIOMIsd yr M

réimétedy | 1 dzoud ded
Ebono -0.026
G e -0.370
Eroce -0.336
Erermnce -0.192
U 0.094
O Eseq 13.5

Cdgj e dw, dzj SBrSHJBOW Hdzvw Mjcetej dOyd
ZOdzs yOMmisdyr By dzdeo OzOM* dL w©WOMyYJ Istse,
37) , HdzZ"W Hobkm BB SO (1) cthislstsi
&ZzO GctOdvrm (111) d (2) MmMOdsets + dzj tcG § I
fso jton dzsisd zOr SHWIsmw Istsdz' € s Ols s d3"
cJLizdz SOIOd, t©WOLddyYyO o L dgjtecdd Hdzw LI
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t dmMkzdztsiCo B 7 sBsIstsf O  eFddets yddhiisid yOlIs sdgr P d
mW¥jter) t©OmMf sy jd' odbkzlsted yoOmilsdyri ( 6
ofnj Obtdy Pd d&OAtHWYWISMY dO s jtor detsfyls
ftso jtomndetsisd yomlsdyr ) .

s O¢ 2y J sB Mk H Odzts ! orhj, mMtse dzO
OHMtstes ydvd A0 fafedlr@Pds H tcdotsH dlIs! € Mmjcetej G
RO o jtrndzsfis: , 9o dHEZ MdCa dzfsfgdzts o dztOY d3

Cslstste” 2 otLdSCOjls o8 wORCOR ftoj HMIsSOo dz
i COCBj fsCter Isdj OH f s to BH](tald® Odzdz" d3 M E OB
f OdzdzOH W dzO@ s jtorndzsisd M zOedz" = PdA
ZOyOdzO B'" dzs dzj sBratsHd diBts tOMMydlsOls )
f Odz&zOHdjo" n yYJ dzlstcOn . Il Mmj twWOmyy lsr i ot
UADY . [ dzv ftesojJHjddyw SOCdms t©WOMYY s |
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PdeAusts My Jj ydw dud M dd3 OMYtej Hjdzj ded § d3 ¢
d ® WHtj: 26 Oltdtse Pd tOMmff sdztsy jdz¥ ot
odqH] HJOdz&zOHdjor" n yYJ dzbtetse ind LctOdzdhetaodfsd
Olizs P dHJBLte! IstdPdddyjdtc r ¢ dBadm Is, | tets © tdPzdy j dzdz" |

LsdzslsO (tdmEzds¢ 38). 1ltd 1 lstsdzg, Mt
BzHjls LOadMmjls! sls Isdf O Oltdditss, dzOr s
Yyomlsdyo B" dzO tOL HJ dij adzOts Hizlats 2H offj § tdfj sudtdrpdr
fOdzizOHdjo" j yjdelster BTN dzd tOMmMY sdztsy J dz

Hiczetk@® cWHtcjée dL Obtdiitse L sdztslsO.

2.10 A

t dmMizdets Y dz2@ 4 dedw L dzjtecd?2 OHMmtsteBydd dits
fOz&zOHdjor s YyJj dzstceOr dz0 { 59 jsebhsgasmdsiH d3
MBSk, cGH] fO&ZOHjoOT jJ yYjdister t©OMY tsdz
l -GH] §Okz&zOHdjoer j yJ dalster tcOMYf sdztsy j dz’
Cdzj cedd OHmMBEB HEdoTO jdE o 1+ 1.
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Cdzgjtcedd OnMmtsteBydd o dO tOL dzd ydz =~
38) wOmMMmudls" 8 Odzd ! fted ©WOLGI"Jdgd d
MowL Odedzs? Bsdzj Sk wf[. t(jLbEd OT 0O
vidzse dz' § BBBL dZOYJ dzdwv yJ dzlstetses OHMBStEB Y
CststoH d dzO0 Yy d qCOB & istskteda d dzd tc St dadzO@ s tip@O »  F
fold hollow site); bri € ststeH d dzd te 59 O dzdzO W hiilfesiiep tiz ~t2f Ols t
i CttstoH d dzd tots o OdzdzOW  op@dp sita) dzts 3 2 P Is R P®d ozt
d dzd\u) ; ( 3) sdf cwHCOe, 20 ¢ Pdddzdsudz to
1 Of ted d3j ey j decpfisk O Mmistslse jIsMise i BNy dasie,
2O ¢cwWHttjeé dL Obtd@tes LtktlO, M d@tdj Sk
Pd threefold hollow site).

s OB dzd POLRA W, dzd ¥ 1 dzj @OYEb )0 WD Oy dixff \ dz' -
f 5o j tonditsgHgas dflzts 2 BdAuissd y '

vdf yJ dzelsteO Eown 4 |
3f-Pdi/Pd -2.10
3f-Pds/Pd -1.93
t1-Au/Pd -0.25
t2-Au/Pd -0.33
3f- Au/Pd -0.11
br-Au/Pd -0.14
3f-Pdi/Au -1.91
3f-Pds/Au -1.93
t1-Au/Au -0.13
t2-Au/Au -0.25
3f-Au/Au -0.15
br-Au/Au -0.10
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Il dHdes, yYlsts BmMdss dag Lo @ zQOMIsdyr BLEH
CO, OHMmtts d itk @ REGS\EIRREBEORIss | Mis! dzOds.
mMowLr oOsls v IjttOm" cctcOded (191) ,0 tstdc
Phyd dzster , twOmMY sdztsy § dedz" § dzOs Vit teg led3dlad
ftodtesHO C¢YHEEOE, dO Cthttd LOMY tsdsy .
1 dzj cedys OHdnsHoB®|G ddL Oltsdiisce f OdzdzOH W
MowiL wJjdgstP@dzd ~ dzO 0.2 11 d ftOCIsd-
Pkyj dzstcOBd. vOCY] Missdls judsddjlls dds s towslsys
OO Au tyj dz zZO dz' . sOC odHdets dL |
HOYJd o Mmdzkyoj vyJ dzlstese Pd, dzO~ sReMO)G - M
1 dzj oo dw OHMmMBBYdd o] z6 1.6 | or hj
fpwirr oOshdyjezlftcB®a. uvYJ dL 1Isdr HOdzdz =~
syd dz¢d fsCterilsdw wf, dzgi 8BntSHJdSG 5 Pd dzw
dZzO0 e jtor desMis (. SsOC B"' dzt S OL Odzts o
ClBslsBth OdiuOMmIis d sgAuwsP tl d Mz dets & d3v7j)ls i
v0¢, WdBydts MEOLOl!, yss OHmtsteBydd 12
sOCdr YyoOmlsdyoOr HBddes BN ls! HBMIsOIs sy dzrt

[ dzv f¢YtsHIse jteyHjddWw L Ists?2 ByJ dzg¢d B dzl
OHmMteB ydd o ¢ tsddds sH DOla- 3¢4AOMmls dpyr ¢ PdAH O 9
f OdzdzOH d2 dzOR sH dIs v i ComlEzHSAc do jufip M IsfdQdzdz@[H o
Is jtctEDiy, CteOdzed (111) ftcd §tsmisy (] dzdetsdy |
BesdtssCMdHBd EZedzj tctsH O: SH dzO, Heo J (, or
GteOdzd (111), yksts o Mz ks34 Motslse j IsMis
Bsdz] SO 4] RO Yo jtorndetsMmisd ofMmj 2 1dz0O dz
zO twOdzj J Ytdzzyjdzdzer = HOdzdz" = 5 1 dzj t6G
CsdWdekztcOydd OHMBteB yd tsdzdzr ~ ¢ tdsolg Yoz dgtshy
BBsdzj € Iz dzr g dz0 Istcj threefld Ballp@ Site) f Ofizdz€z® d s +
Ols s dgytop ite Mstslso j IsMmils o j dzdzts. [ dzZv C O HBSE
g/ or" ydmdzw dzOfy! tcOL daetsfls ¢ b jdejHtOcdr] 2]  H odig) -
MmictejcOydd.
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{ d fk dzcK0 Miplofdphuus cdEslssfr A, SSEHO o jf
o dzzlsted yOMsdyr (d§BTdP oiH) § QddoH J:
sj ©OMMOR ctOded (111) (dedyded?2 twhH)
(111) dssdzj SOk CcO (0, 8, 16 d 2
Msslke jlsfise j dzdats) . © i e @' gl cielj.c Oydd (

RL ftoj HMIsOodih zB@HOdatizd ~t o d H dzts, Ylsts
SHdts?2 disdzj € zdzr CO dzO0 IsjtetcOMmMlz ¢ tcOdzd
1 dzgjteced?2 ®BIYHE cctBsSssfoOodRkd ¢ d 1 HEE 4
Bz SEdz v dzO ¢ teQdds O dzteaDdulg fgzd j to @E datsi20f de d
11, MmMotlse jlsMmise j dzdzs. CIsts ctsatstedls BB Istsc
Pd MlsOdzso dlsmw 1 dzj ecjIsdud MEu sl disH dig
fsCter sdvw w [ HtojHMIsOo dzj dzO0 dzO 1t dofn) ztsizt g d
f dztslsdz" 2 dfsmikddpdieiRmiso zjIs fMmj i3d dBsdzj € 2 dzO«
Olstsdiisco dgJ Is ©dzdzO, cOMY sdzsy J dedz" = dzO G te
tOMMmudls OdedzO" tsic®d dsfy dodftsf ffelds'C M B3 b ig g xR 4
1tod 1 lsises @DE fded . 195 ®Rosdshkhvy (e
Colsstetsets ftso jtonm desmlsdzOW fMmjetejeOydw P
dz0 dzts Y O fisAdafljIs Pdbts o dIsfypw 1 dgj e jIsdyjmMSd or
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[ dMiz 250 aadimd Gipls MpkdJ dd (sl sdv .

slstsdls Bdjlsdls: , Yyt BJdjlsOddduj MS
PdAuU/ J-44 {PdAuU/Sl [CElsste | dLEYyOddmn:' o&jls
insitus ©j OCydd BCdfdj dd¥ CO, dd&jsl 50OEO
MtejHdzj &5 L dzOUJ dzd 7 @B B O Mis@tstzs3 5) .
foso j HG@AQY s dMisd L so OkOM'  dsHj d
Msfmlsswh j2 dL 201 OlskO &jlsOddss (1 v 2C
(HJOdjIste MW jter, Gomistes ddes?2 &O o 6h ¢
201). (& bkoeés ylsss' fwdsddLdls! v ¢ t
©ZO Cltster 2 BT dzd §sdzyjd L Sy jteddsj dzls
fiod § sksikfls800® ©OMMudls' o OdkOMm! BJdjlsC
Msfmlsswh Ow dL 1289 Obktdss (1 v1289) M |
Ol s RO, HA&v ¢ (Sl disS= 431.)5 ddssB' MiT
Pd/ Au, dmftd LEkj Bs] wAds Y@l j, d5 Us



150

tOMMd&3Olsted o Odzd ! yOMmisdyr, Mmehisswhdj d
dlstsdls wslsdizjlsdls:, Ykt Mtotslsdsh jddj Oltds
Bl Yyd3dg Hd&zw 1YvYy1289 MmMemisOQedw jls 0. 6 (482
otcj BBW COC Hdzw 1 vy2)P 1B dzdpisS s is dets 15 j didl -
Motslse j IsMise j dadets) . sO0Cddz tBtOL 53, o Mo
sBi Y d3j &zOr sH dIsmw Btsdz' h j O ls tslsltsshls luQ@ &
slsdzj Isdls, vyt tOMyYls d@GjlssHisd vAl L dzO"
Btsdz? hdd3 Ctdzdyj mMsoatsds Olstsdise . 1 s Istsdz3kz
Memis OaussoBd dzd dMhif sdz! L ts9 Odzr 1 dzj tecgl,Isd y

fsdzizyg dedz" §| t©Odzj | HPdg¥AU 145 © Ty 1O s 2 ) tff fitsls G ets®
sB sfdzts 0 Odzdz o3, Msec &zOMmdzets H Odzdz’ o3, ftod o
1 dgj e jlsdui mMSdrs HiMCtdflsstotse HA&zVW dzOdzts
LOadMmwlils sl ttOLd®BjtcO® yYyOMmilsdy, fts MmMicOo dz
(Mstsilsdatsh j dzd v B sOdzdztse ) . dlstczZCIstcO®
Bt O, ©OMMU]OwRGEdt @) 6By g dgd L ©dzg ]
Etor, ftojHMISOodzj dzgO d&O t dMmkzdzCy 410. sO¢C
oMy Ols s d3" f OdzdzOHdw d&ZOrmtHWISMw o KBi j
f sdzdztsfilss 8 fsCtcr SO OBBROBRBI LdEslsO (O
PdAu dzOdzsyOfmisdy, smtse J dzdets  GR2J167d3) 0 ' fn &
syd dz§ d L dzj 6 d(d, dzj 5B - SH J d3ts 2 H dzw mJ
fso j ton dzetsfls sOC 2 yoOmlsdyr , B " Ozroplst @&V Y J
CoBclsf O, o CtHBwHad®damij( 14jl) L Of tsdzdzj C
(tdMmMezdesS 418) . lted ftwseojHjddd OCdn
f OdzdzOH q W , ZOr sHWh damw 20 (o jten dzsMisd
Bddzd B L Oydd  ddj wEdfsdhpSe ddzoOKs sdzj j Mis
Olssfsse Pd d Au o Bl Y& 1Y1289. v 0O¢
tcOMf sdzOG O sMw dz0 s jten desMmisd, L Of sdzdz
63 OlstsiBO0 Pd t©OMmftejHjdzjdzgr o© BBI Y BB YC
Moslse jlsMlsokze h jes BRI O 1 vy201, )
tcjLlzdz sOIsj d&zOr 5H d dzd ¢ O ftso jten dztsflsc
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1 dzgj cGfp2d3j B HEZ Hokzddw ctirclsf OdGd, ftedo j
B L dzZO YO dzOfiy! COC 1iwe oo @ d dij ts g tgd@iC) ) dio[E
B d&zs tsyJjdzgj des o 120 1. sO¢C EyJ BTN dzts
Osd®BBORr Pd, d&O~d@m " dEBdz] 20( Bj k) (¢ BBBE
tdmMkzdz¢j 41B), HOjIs ordetrh o 1dzjteadd
OtsdkzOr Au 9o MizEyo] cdiEslstsi O, GHJ oMmw
(tdmEzdese 410). [ je¢t fsmydlsols: , ylst (
n90Idls!, yYlsser MM tEGO KB ¢ tt GO dv O
EmMsts?2 ydosds. Ms&ko jlsmMlsalzj s f sCtor Is(g0
OHMtstoedzEfie o @ [ dz2O 296 {ftseo jtorndesMmisder = Ols
LdzOyj dedv, tOmMmMyudlsOodzdetsets Hdzvw 1YvY201 (¢
© HJOfOLBdzl dzdL Stsets fsCter sdw o[ .

t Mz dst satjlten desls: (Mdzj 9 ©) d G664 jtej yd
MistezC szt dzOdzts yulsd y( BMEGBBISBY, cHj
RZORBHYIsMY odklkted YOMsdyr d (B) ¢t
L Of sdzdzj dz¥ Olt®OB] § OdzdzOH d W .



152

vOCdd B tcOL EEsItu {dgjClus HISEL OL Odzts  f j toj
Ossditse Au d Pd dz0 sk tn detsilskmdase d ©
ted OCydd ¢dfiozgHdBsalz, OsMtsttsydw CO dc
Ostsdiise Pd d&zO e jtendetsils: : Pd HBctedts
vOCOw fo jtrndatsMmisdzOw MjctjcOydy dzOB dzs
sdz0 tBlkMmddztseo dzj dzZO0 Mddzr dzn d3 oL O BZsH j 2 Mis e
OHfMsteB oz j Br &3 dBsdzj S OB CO, (Bt
d HjdOjk MmMjetejcOyds Ossdise Pd  dzO
SBiOL 59 O jiRkzjPEe j Isdyj MSd o esHdzs2. [
tcOMy,j Isf tetse j HY dzdasnjl dfj STSHRQ di3dY 5C OL Odzd, 1
Zyd Hted LO§tdzdzj dedd o3d dei 4 0. 3 d3ts dats mozts
MsOBdddL Oydd MbstekSlskzter B dd3j lsOdzdzd yj M¢ ¢
(111) §odzdesfls! ¥ L Odgvlsr OltsBOB] Pd.

3.1.1.3. O ZOdzd L O &) H dzindet™ dzdi@0O L dgj
cdzeddzj PdAu yoOfmlsdy o LOeadMmMddssmisd sl

[ Odzdzr 2 ©OLHjd&z §sfmoawhy dz tsB fykzy HYjtek
f totso j Hig slida Cu 1 C MY j tols(tsly 'dzls o8 dzlz wd Is ! d dz
teOMY tej H | degddzgdd’ - tc G tsis sW dzd 2 Pd fts ¢ dzkz
Mtsmistswdad 2  OdzdzOH d W, dzOB dz6 HOJj 3" = 520 W
dL i3d tod idgdtuntf o tOL dzdydz" = Isj B j tcOIskztcOA
PdAu/ I5€IQIsOdzd L Olststc®, B'M dzd f sflstetsj dz" o
1 dgj ced?2 Wslstst dzj Ctesdetse  (t dMkzdesS G 2) .
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