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Fhpunnhttwdhluygh 1-ht opkpp: Ukppht Eubkpghw, wojpwnwip, obpdnipnii:
Eupwuhw:

Zkuh opkupp: LQpdwphuhu:

Qbtpunittwlnipni:

NEwljghwyh obpdkdEnp upupqudnipiniup okpdwunhdwithg: Yhpjuhndh
hwjuwuwpnudp:

fpunnhuwdhluyh 2-pn opkupp: Etinpnwhuwyh phpdnphttwdhljuljui b
Jhdwjugpuljut npnonudp:

Qhpuh Eukpghw b Zkjdhn)gh Eukpghuw:

tpunnhtwdhluyh 3-pr opkupn:

Lhuhwlwt ynnkughwy:

dwuquhtt hwjuwuwpwlpopnipniutipp dhwynduntbun hwdwljupgbpnud.
Jrunighniu-Yyuwy bjpnuth hwjwuwpnidp:

Lhuhwljut nkwlghwutph hwjwuwpwlonnipnii: Zujuuwpulrsnwljut hwu-
wnwwnnih Jujunudp okpduwunhgwithg:

Lnwdnyputph hwnlmpniuutp. (fanyh opkupp, (nisnypubtph Ynihquunhy
hwwnlnipjniutbp:

Lnwdnyplutph HEjunpwhunnppuljutinipnil, fEjunpuhwunnppuljuinipju
Juwunidp Ynugkinpughwhg, YUnipwunioh opkupubipp:

Qujuiului fEdkunh junnigduspp b phpdnphtwdhljui: Ukptiunh
hujwuwpnudp:

NrEwljghwyh wpwgnipinii: rhwljghwyh wpugnipjut hwjuuwpnidp,
ntwljghuyh Jupg b UnjEnyuyunipnii:

Unwght bt kpypnpny jupgh ntwlghwtikph jhubnpyw:

NEwlghwttph wpugmput jupjusnipiniup okpdwunhdwihg, Upkuhniup
hwjuwuwpnudp, wjnhdugdwt Eukpghu:

Uwlkplnypujht jupjuénipinit b tpw npnodwt Enubwlubkpp:
Ununppghwi htinnilj-quq b whun-hknnil ppdwidut vwhdwbtibpnud:
Eityunpnuwght jiutdwt vybljunpnuljnyhw Enupynitup b jhpunnipniop:
Swnwinnujut uykjunpnulnyhwjh Epuwuwutpp: Pubpuupdhp b fwudw
uyklunpnunyhwubph knipjnitp b jhpunnipniun:

Lpnduwnngpudhugh Enipniip, npujujui b pwbwjuljubt whwihqp
ppndwinngpubhuynid:

Uwutthlp vhwswth ynnkughw) thnunid:

LYwtnuyhtt phihuygh ynunniuwnbbpp, wihpwjht $nrulghuwyh Enipniup:
Unjkynijughtt opphunnwjubiph b Jujktnwljwt juwbph dkpngubpp:
Onpqutwjutt vhugnipjniuubph junnigduspuwjhtt mbunipjnii:
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Onpqutwjutt nkwghwutph hhdtwlwt mbuwlubpp: Uhugdwt, mknujujdwl,
wynluwl, Jkpuwhidpuynpdwt, nunkudw:

Onpqutwjut vhugnipjniiubph wtubwljupgh hhdtwljwut uljqpniupubpp:
Onpqutwlut nkwlghwubph dkjpwthquubph mbuwljutpp: bantwlwb,
nunhljujuyhtt Ukjpwtthquny pipwugnn nkwlghwbn:

Nunhlujuyhtt Ukjpwthquny pipwugnn nkwljghwukp:

‘unij indh) mbEnuljwdwt nkwlghwbp:

NMnjuwt nkwljghwubp. Mnjdwb nbwljghwukpp b tniytndh) minujudw
ntwljghwtipp npytu Upguijhg nbwljghwtp:

Uihghlhl vhugnipinibubp: Unwgdwt hhdtwlwb nhwuljghwbtpp:
Eliyunnpndh) dhwgdwt ntwljghwibp: Ujhkutbp, wijhuubp, nhtutbp:
Uykuukp, wyhuubkp, nhtutbp: Opuhnugdwt nkwlghwbp:

“Yhiu-Uintph nkwjghwutpp nputiu uhtiptqh dbpny:

Uy hpwuubp: wnthhpubp, hnnuukp, pentutp: Opuhnugdwt b JEpuljutqdw
ntujghwttp:

C-C juyh wmnwewugdwt ppnu hudwljgdw nkwljghwtip: sp*-sp hudwljgnid:
Upndwwnhlnipjnit: Unwehl, Epipnpny jupgh nbnujwihsutp: Upndwwnhly
wohimenpwshuubnh phuhwlwt hwwnlnipjnitubpn:

Utunwunopqutwljwut nkwgbkuntbpp opquwljut uhiptqnud: Lhphnd, wynhud,
dwqutqhnid, uhjhghnid opquiwjus Uhwgnipiniutibpp opquuwju uhiptqnud:
Uinny ynupbudwt nbwjghwitin: ypnpjbdutpp b dadwbwjuljhg jnisndukp:
Yuppnuhjuyhtt thwgnipnitutpp npuytiu C-H ppntutp: Yhnn-tunjught
wnwniinnubphw: Yhpp b bpwbwlnipiniup opqutwljut uhtipbqnid:

Uhpwth nhuljghwt npuyjtiu opquuwju uhtiptigh dbpnn:

Onpqubwjut vhugnipjniiubph nkinpnuhtptq:

Zuglgus Epyhhdt juppnuwppniutph vnwugnudp: Uwpntwppduljut uht-
phqutp:

Qhwglgus tpyhhdt juppntwppniutph uvnwugnidp: Uwjkhtwppnt b $nidw-
QWpPNL:

Yuyqkuh b Unmiyh JEpupudpuynpnidukp:

Opunppntutpn: Zudtdunwulut punipughpp Unwugnidp: Uhtiplqubtp
wgtinnpuguiwppyh tphy tuptph puquyh gpuw:

YQuppnuh) pudph ojkbhtiugnid. $hinhg, Znpubip-dwnuynppe-Eddntiuh
nbhwljghwtiubp:

Nnihynunktunid:

Qnusth whpopuhy, utnwugnidt nt hmwnnipnitubpn:

[Fpywshtu b ognli, unnwugnidt nt hwwnlnipjnitubpn:

Zwngkutph punhwinip punipughpp: Sunp, ppujut dhwgnipjniuubpp,
unwgnidt nt hwnnipnitutpp:

L£1np, puwljuwt dhwgnipjniutbpp, utnuugnidt nt hwnljnipynibtbpp:
Zwngkuutph opustughtt hugnipniuubpp, utnwugnidp, hwnlnipniutbp nu
hudbdwnwlwb punipwughpp:

Uwbquih jadph muppbph punghwtnip punipughpp: Uwbqub, puwjut dhwgnt-
pintutbpp, unwugnid nt hwnlnipiniutbpp:

O&uph, uljkuh b mbkniph +6 opuhnugdwt wunhfwuh vhwgnipniuutpp,
unwgnidp, hwnljmpmniubtpp b hwdbdwnwlwb puntpughpn:
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£pnuh judph mwuppkph punhwunip punipwghpp: £pndh ptwjut
dhwgnipjniu-ubkpp, unwugnidp, hwnlnipniiutpt nt Jhpwpnipniunp:
Ugnu b dnudnp, ptwjub dhugnipiniutbpp, uvinugnidp, hmnlnipjniuubpt nu
Jhpwnnipniip:

Ugnuh opwstuwghtt vhwgnipiniutbpp, unwgnidi nt hwnlnipjniuubpp:
Ugnunuljut ppent, utnugnidt nt hwnlnipniuttpp: Ugnunujui
wuwpwpuwbyniphn:

dnudnph opwstuwyghtt thugnipiniuibpp, uvnugnidt nt hwnlnipniutbpp:
Opundnudnpuljui pent, unwugnidt nt hwnnipnibaubpp: Snudnpulju
wupwupunwiyniphn:

8phulh fadph nwppkph pinhwiinip punipughpp: 3huy, phwlub
dvhwgnipjniutbpp, utnugnidp, hwwnlnipiniubpt nt jhpunmpnip:
Utunhl, ptwljut dhugnipjniuutipp, unnwugnidp, hwmnlnipjniuubpb nu

Jhpwnnipjniup:
NMnhtd, puwjut vhwgnipniuutpp, uinugnudp, hwnlnipniuttpb no

Jhpwnnipjniup:

Updwp, puujut vhwgnipniuutpp, utnugnidp, hwnlnipniutbpt nu
Jhpwnnipniip:

Nuljh, ptwjut Jhwgnipiniuubpp, unwgnudp, hwnmpmniautpt n
Jhpwnnipjniup:

Undupu dhugnipjniubph ppdnphttwdhljujut b jhubnhjuljut
Juyniunipjniuip:

Undu Epu vhugnipjnitibp: Cunhwinip punipwghpp, hgqnukphwi, junpnigdwspp

(updbipwlwt juybph tpubtwlp, pnipbnuljut puownh mbkunipiniup):
Fpniutph b hhdpkph dwuht dwdwiwljulhg mbunipniiubpn:
‘Lunwsputiph (mistihnipjut jujunidp wuppbkp gnpénuutinhg:
Snunndbnpuwlwt whwhq: Fnigkph opkpn:
NEpdwbquitunwswthnipyub ulqpniuptpp:

UnduEputikph juyniinipjut jupunudp tmwuppkp gnpénutphg:
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Unjklnyh pjpusuhnipiut oyyinhdhqughwih dbpnpubpp: Mnnkughw) Eukipghuwgh
dwljiplnyp, unwghntwp fEnkp:

Yhdwlugpuljub pipdnphttwdhljuyh hhuntupubpp. Pnjgdwith pusfudwt opkpn:
Pupfudwtt pniijghwtitipp pun Jhdwjubph. hwdptipug, ynunwljut b nuwnwtnqulju

pupfudwtt niulghw:

Zmmkih dnjEynyught opphwnwutph dbpnnn (Ephikl, poipunhbi):

dtpdkunwnhy uwnwhq. Uhhuybjhu-Uktnkih hwjwuwpnudp:

UhgounEyniyuyhtt thnjowgntgnipiniuubpn (nusnypubpnid, wupghw) dnjuyht swduy,
hwytjyuy Unjuyght swuy:

Utwhqh phpoywnhljuljuwb dkpnnubp. wnjjuphdbwnphw b oyynpljuljut ywnnywnh
nhuybpuhuw:

dninplugkilnujhtt uybljunnpnulnuyhwjh knipiniup b jhpwenipmiup:

Swpwswljut hgnubtpukp. Unubhgnipughw: E,Z hqnutphw. YUntudnpdughwukp:

. Oyunhljulwt wlnhynipnii: Fugupdwl b hwpwpbpujuwt §nibhgnipughwbp:

dhotiph wnnjtghwtp: Yhwunbpindbpubp, Ebwbnhndbpubp, byhdbpubp,
wunubptbp, Ukqn dhwugnipjniutibp:
UU} uyklunpnulnuyhwih hhdtwlwb uljqpniupubipp: Lhdhwlwb sbnnud:
Uwqthuwlut quownnid Eyyhduktn b ny Eyghquytun dhenijubtp: Uyht-uyht
thnjuwqntgnipniuubp:
Uwuu uyklunpndtnphu:
Onpqutwjutt vhugnipiniiubph junnigdusph hwunwwndwt wignphpdp:
Onpqutwutt vhugnipinibubph ppyuyhtt b hhdtwjhtt hwnlnipniutbpp: Ynown b
thwthnily peniutph b hhdpiph nbunipnii:
NrEghnpuwnpnyujutnipjut ypnpbdp opquttwljut phthuynid:
Onignpynid, wmywwnbnujuwugnud:
LhUptnpnquljwunipnit. vdpbph ywownwywinipiniu:
Ns putwluwswhwlu vhwgnipniuubp:
Uhoubwnnwunujhtt vhugnipjniuubp ((knqbph, Lwytkuh dwqkp):
Nhun (nidnypubp:
dtpngti:
Zuqyugmnin hwunhwynn mwuppkph hhdwb Jpu nudhubugbinwht ynipbp:
Uwljiplnipughtt yipndnipniu (XPS, AFM, SEM, TEM):
bunniljinhy qniquljgws wjuquugh quiugudwhtt uybljnpndbnphw:
Pupdp obpdwuwnmhdwbtwihtt gqiphwnnpphsttp: Yknd hwngbuubp b Yhnsd
hwnqkuhnukp:



