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1.1 syd Bz dd3j dzdes fted dMytsdz L so Odedd WismW ste]
mMeh imMsokjl ftddydf dOd: doOw otL @dtsy detsfls H
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L dzj Clstetsdzs dzd dzj My j delsde” d3 BOLj tcd OdZzOdBZ dzO s
dtedHI)w (d § dtPlsdegdzfr Clstster n ISOCYJ Isdtsted Isdnr
100% odzzlstcj dzdzj 2 C o OdfBtse PlzdzOW W j CIsd o desmisd ?
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ltesdmMéd dzj o dzd 3OIsj dz! dzse s MlskHj dzgsO (2007, Mmisk
1 @dze dzd iy ¢ :8 G
A graduate student attempted to prepare highly luminescent CdSe nanoparticles. He heate

TOPO and dissolved the required amount of trioctylphosphine and dimethylcadmium in it but
accidentally added trioctylphosphine sulfide instead of trioctylphosphieeidelas the source

of selenium. After nanoparticles grew to approximately 2 nm in diameter, he noticed the mistake
and immediately stopped the reaction. In attempt to save the experiment he redispersed th
nanoparticles in TOPO, added trioctylphosphinkersde, and continued heating the reaction
mixture. After nanoparticles grew to approximately 4 nm in diameter, he stopped the synthesis
and attempted to measure the quantum yield of their luminescence; however, no luminescenc
has been detected.4 poins)

1. How the student stopped the reactions?

2. Why luminescence has not been observed for nanoparticles grown by the student?

3.1 f you were the studentos advisor, wh a
luminescent nanoparticles with high quantum yield ftbenanoparticles he has already
made?

4. How would you covalently attach a protein molecule to the latter nanoparticles? Describe

steps of the attachment and give a brief rationale for each of the steps.

10 tekmMmEtsdy wiLr €j:

dlskHjdzls fsifrilsOdznvw sd ey ¢c sisHE s Msds@del® Cd Se
dzs d3sd dzj My dzydd. [ dz dzO cWey iitwTD R @e )( ¢ & tc dstOIMisd dz tc
Csdzdyd Mlsots bLiedsSIsddzt sM¥ddz0 d HJABIIsd dz¢ OH BB W
mMzdz? WdH stedtsClIlsd dz¥ s d dz© o i3d Mis @ tsfdedzy dsdtsHe@s

Odts yOMmisdyr or tetsmdzd His ~ 2 dads 9 HJOMB] stey ,

dzj &5 H dzj dedets ©MlsOdeso dls! tj OSyds. | fgofrisCj L
BOdsyOMisdyr o TOPO, HsBOaddz dgO i figjsdkj dztf @
e &Y sMY¥ ddz0 d Mt MfsSs2ds? Moo jfls! & fosH
l sfidzj ke, COC¢ dOdsyOfksdy' Hstsfdd HE -~ 4
MddzasjL d §sfrlsOdnY dLdEjtdls' CoOdbsssar?2 of of
sty &. s ty@xh jagzzemtsy Odzj ded s,  dz8 i3 dzj MyJ deydw

slsfkzlsmss o OkO.
l. sOCtss BIrOddL B3 Wstedzdtetso Odedw CoOdzlstsor n
(5B Odgdzts o

210 Mudb yies dOBd* HOJIsMY dz¢ dY daj Grpdeseyd ™ o
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I sy sz k2 §fsdzzyd dzdz’ » dzOdesyOMmisd(f§ B OddshE o
vyIlsts BT lr fsmMse jIstse Odrdp ¢ 1 Is W Hsjddlzlayte],Is + y Isis 3 d
ZOdets yOMmlsdyr M or MsCdd3 C o Odzlsts® ' dzdzo tzd tizis 5 B
Ylstser dmf cOo d Is mMdlskzOyds d ftdzkzydls:! L O
(5B Odzdzts 9 )

SOC MWy dets B dzts B' Ctso Odzj dzlsdets ftcdowiL @ls' ¢
BOtS jteOd3 (B wihdzedIlsy SCBteslsCts Mmdsodz § Mls
(5B Odgdzts o

[ 8 B3d dzj ) Ul je Gro dfelss dditsy j dzdz’ = S o Odzlstsor R Istsyj ¢ f

20



1 JesdkOdzd™Y (2008, hCwsd ddCd, ©OL &g ds 0)
1 Jesl swidgmiE2hlsots HdMY jehmdr 7 kO] td Odzse Ot
CdzsOCl] M oSLHEOIGE, §tyfj disse, H OEIOYHdssy |9 e
Lo jMisdr 2 hSsd dg 2 & Is) .
1. s0¢ fodkydls' §dt2sWechadds ¥ j dzj L 572
2.1 BYj Bz Gt @dJeOireeds?
3.vybts SBLOLEZjMY ftod jc 6 @NEORH0 o ©OL dd
4. vylsts kOS] o migdd Hoogds smdls §tod S5 oy
orHjttydoOdedd Tted?@B lsisPdizd & j OISkt
5. 1H) &sckl dmMisd Lss Ol! MY &GO dadds d& @ dzdzD dzts

RMEC ter
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] O ddizsotsj BEedzedots (2008, hCwsdr dzdSd, teOL di3d dzs
J fmd3d Mm! o SH St tsH @O Ms HOp ) dzts tifeH Sfge d € B d3dzO Is dzts 2
Bl jdi3z), odzj Mdzd OMBJ Mls M dzOdtyOmisd yodd  dzOlIs
1.1 syjde mMdsj M oBHBSBHO d CdMAzstttsHO dzOL '™ o (
MoOkO fts MiBd dad oL tor 9 Ojzkeif2? o @dpdz® ts B3AzO Is dzts 2

2. 0Cts90 tsdz?  &zOIsd( BehdaddOsd §ftetsyd Mg ?
3. s0C¢tsor wmdseoder §j MIsOHdd toj OS¢ ydd oL Od &3sH §
OCOHJBIE 1.1 . 4d d@gj dzls @ f sz y@ dz s\ peEmtodzj o )€ |
B nOdzd L &3 BN dls dL d3j dedls! v, jMdd wjOCyds*

(18 O)yizdz

4. s 0¢ ftsdzzydIls: sO¢ts§ ¢1f OB drdzts a ®©] O ded D s et
mMf stss.

5. yIsts BEHJ]Is, d Mdzd ¢ dzOlsddzlz L Od3j ded Is ! &z O
(2B O@zdz

Rd&zdz¢ MistcOydvw (ftotsmists oL tcr o)
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sjtejBtets d cOdzsejdzr (2008, hCwmdz degdSd, tOL d&3d d

vyiIssB" 9 ftOLHdAdSd tOL e dzOls! B dZOCO dzOH Mistsc

[sMCor dOftwQodwjls MOBsdilsr, tOMmfr d&zOs h dj oiBqd ¢

ZO Ctlsster n CdeH j deglMdekze Ismw COf dzd HEYHW. . .

1. IsLBBsy jdz dzd OS2 X j  WWEEtsd ifldc@dzdedfn] k- s
Mdtc] HaIc OB Pz@O s T BkHEl tMtej dzdzsMmisd € tsdzH §
f simdzj Hdzj 8 MeddzdnddQ ?

2. 1ted 1 SMftsLdydd MmMejlkykzemlseodlsj dz' desects Mmdzts
O tcdMisOdzdzr Mmjtej BteO ( MCtst d&fisg Kl dBiOxEAO % | d
31 ByYj @3z e dHtesn ddzetsdz f tesW o(2zv jBlSp afdzBLESO Y g o3ts BdsK
CLOBIHAdIsjd é? s0Cdd ftd {Istd -Afdedsddni~istHd
ftesyd@mns Pddzo

ltcd dzOcGtcjoOdedd i fisppdH® fBjlifpwOlskztcr BEBOGWwsme s

dzj &3 wOLEZYfstcWHBYdo Ojlsmw HBO dL CtodflsOdzdzd yJ

dL d3j dg¥ j sfqw L destesy dw Mmdmlsj o3 .

4, s OCOY dL fYtsHtejh jlssC (1tc@)khsjtcdsr tsdid dOdz'ts nly 7
dMmisj(@" B Piz@ OCdd3 §sMdzj Hiflsedw dz o o Blpdash
(W EdS ydtsdzOdz: dz" ) Mo s2 Mise gsHdHO MmMjtej BTt
(18 O)yizdz

5, RLABBj dgW Isiqw  dzd Isj 3 j ttOlsktcO® t0OL 2§ stcW H sy dad "
otsL! g B3 dzOdes € tod fls Odzdzd yJ MS d2 d 6+ deH® digdg@c j B
6. RL 3 dgv Isfpw dzd Moets2Mlkso® dsHdHO MmjtejBtcO
ZOdes C tod Mls Odzdzd yj MS d2 ¢ Mde Biészld vdzOd dzch O€
sOCd) SthiftsL dls@ds QizdzOls j ted Odz' ?
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1 Odzs dzOL § e € 20 BS d, -~ Jdi3dVW)
JSMdH yYyddz€ 0, o' O jdedzr 2 o odHJ yd dzdidan5edd udgdh) ¢
M smMsejdz o' Miskzf Ols o ttsdzd HBJdzdOlss tedesects s
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oLOd idetse s dad@ Mt figldzfstg ) dzj 2 Hitclzg slsdetsmdls j dz/ dats
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stsdeS s Mdztsj B L sdzsls O.
1. [ yd dedlsy , Méisdz ¢85 Osdiiste yYyqdqdz¢ © o9~ntHJI o
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2.1 t6j HdAzs)y dIsj daj d3jdaid 4 BJls@H D dldaOdziz v dzd v
3. [SidH WEHdE® bbdéayebe)ss §0C &ty dts f sdbky
9 jhimMsoa0? ltwojHasydlsj (IeRdadzds Ho O MY sMisB C
4.1 0 yYj a3 tsmdetfo gz g dzyd f sdzztf o ? tsB Padf&zB® o 56
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sBtOBBISS ) Isdtdsd dzh destedHisds o  U,d toof B O dzgzts HsjB AchiPls o
Hdlsddzd dzs 3. 1 tod { Btz MhE¢E Oy sigf jJydzOv  flstel
dL d&3j dgv j sfqw . [ Mdzd mEpc@OHBIBOI9 | " J GgswEhis’ d&3 Y d 5
ofmMbizf Ojls o ©jOSCyds CdHjdmMOydd f dL Ot Hisd
oL OddsHe MBezd Y Olsd ud ME d B deyfta@a aiidls sOdkd ddzldzfd 1
SBtOLtso Odzdj obttdydtsets OBdd&zO, O fted toj OCy(
tej sdudzséts OB dzO. [BOLtoOdzdj Yj OdBBsdzdj o
ORd dzORd ftesdMARsHdls dzdh! ) EyOfmisdjd ojh jMmiseC
1. 4 Hj &zO2Isj fto] mstedz€fzdzd j bkt sdsw dzlzlsr 7 o j h j fls
ftoj oteOn jded2) , Ymddz MisfipRmgpds, dapls s 1 L2QY ik
LOBj sdzts W dzktstej Mydtetse Olst  ftod tsB dalzdyj dzd of " iz

(7 B OQdzdzts o
210yd B fesdLotsHWils ~ddi3dud Me iz &t PlzgzOOyd

O ddzj € stedw . . .
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1 OdesWdBtodadzdzr (2008, ~"dddw / dBOIjtedOdztse j H j dad
lted tsCdMmdzjdedd o OlBsMW jtoj o ZOHIRSEC sdz® S Bz ; B~
NdHCBB) sOdzdduj M¢dr Mpdopdsp KiHg, figmH | " dF
ZOdzso sdzsC dz@ (W dBteddzdz' ) HJORj stetsds & 5 dads. s tsf
Al,OslnH,O, ©Bfdgdy Oj sy Is ~ 4 HB ~ 1 ftod ko jdzdy
1 dMBskbteYy dz0 BOdkzy f dzsds/dipd)' B stzish B8 0B Hts' D
BtsdzijJ 98 %, {Isd dzOdesBZOIsjtcd Odzr sy dets § sczlz yd s
(BdzsCtso) Bl JdBBABR HB dzgi MEBsdz! € dr dzdlstetse .

1. sOCts9 o tsL d3tsy dz" 2 B ~OdzdL 3 Wstcdzdtcso Odad W

Al,O3lnH,0?(3 B O dzdzO

2. s0C 90O tdz tlsklsd, c¢cOdzdzdwy d Httkzedr §Jtcjn

Wstedsd tetso Odzed v (2z208iBdrdf® tc d dz?

. sy des dzd OdZOdzsedydz d3 BtOL 8B § sdzzydls! d

qdzidv, ®BSCMdHO d3j HA , B Pidza® ¥ H O yd dzS 02

4. Yjd&3 ®GBEMdss dziz@® BEsEEREBsHs! J [Sttsho

Bt szt d yd MS 82 Mt s -jfdagsiidsfdy J dg@ dfts Wi dissfridsdisiy dd

a b5 d2dz?B O dzdzO

5, Yjdz dBtsyjls ftoejHsftejHjdwIis: v MmistclzC IslkztcdzOW

dqaizj s "dm dO ftsojtendasiisd Ly d HOUIsdsHN IsddsdrdzdAy] Jirté

Mistetsj dad 4 , 9 dA@ dztss @ dzdzg @ dQO @ d = MistclzC Is Iz tc dz"

O dzts ¢ dzOMmis j totso dzdets " BBSHEZA] 2", Bsclzls

sCMdedHtesSCMdHBse Odzd di3d dzd v 1y ®BPuzfH j dzj dzdz’ o
6. LH) BOSCd] dBOLjwd®E §BOCKEY T isd M)Pftzd' Lt
7. [Bl widedlsj] dBsteWtsdasedyjmMSdy dL dj dzj dedw, f to

sydecO ftod Isj i3 j sWWBzte@MzdAO000 o 1650

40



[ OCtesB iz dL dOdtsW dBteddzdz e JHtOIsdetso O
Mukpocmpykmypa u cocmae IIMOZ
3 Coctras: ~ Al,0,4H,0
7 unn [AI(OH),],-H,0
[MnoTHoCTL: 0,02 + 0,04 M/cm®

~ 300 — 800 m2/T

| CTpykTypa: peHTreHoamopdHasn
MWKpOCTPYKTYpa:.
Pubpunnbl gUameTpom ~ 5 HM.

Twn nopucTocTu:
MUKpPO-, M€30-, U MaKpPONopbI U

1 Odets¥W d B tod dzdzr ff tsdgd  taliy fif Clstafts=izgz o3
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Mukpocmpyxkmypa INNMOA nocne
omykuza npu 1000 °C

Mpu oTure B TeyeHue 4-x yacos npu 870 °C amopdHaa cTtpyktypa [TMOA
npeBpallaeTcsa B Kpuctannuyeckyto y- Al,O, (cpeaHun pasmep 3epeH ~ 10 Hm),

Nnpu 3TOM NNOTHOCTbL Bo3pacTaeT B 2 pa3a, ot ~ 0,025 Nem® po ~ 0,05 MNem?

UN3o6paxeHue COM
[dCtehBlskztc0 ftsmdj ®MsydcO ftd 1000
N3meHeHue cmpykmypbi [TIMOA 8 npoyecce
8bICOKOMemMmnepamypHoO20 onmxuaa

Onxur npu 1650 °C 4 yaca

Kanansi 3akpbimbie rnopbl

UN3o6paxeHuss COM

[ Sttt O §omiE skydcoO ftd 1
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Cdzj tcetskmMsOdzto €O (2008, ~"dddqw / BOIjtedOdztso j H
Cdzj eetsMmMisOdztso C O Msmbtsdiszhddzr =5 Ols tsdf EadBtdAS s W Y J
fsidzj His9 Ols j dz' dets.Mils Do dzjOdz'dzd 9 j dzdf ved) dz" zOf tow 3 j dac
stsf dzd o dets?2 wyj2¢d. ) COyd Mlso J stsf dzde © d
otsHBBH d S dMdzstecsH oL HEZAO.

Il Jdzdyddzr dzOftewyjdedw d IsSsSCO J H

1 Oftewyj dutsE,
1017 0
906 13
884 25
869 40
860 50
852 63
841 75
828 100
816 125
807 150
796 175
787 200
779 225
772 250
755 300
742 350
727 400
717 450
706 500
695 550
685 600
676 650
670 700
659 750
631 875
600 1000
564 1125
532 1250
491 1375
410 1500
298 1625

1.1 0tedfk?2l] foddydyfdoOd dk* MRjdz wyj2ed, ¢t
COCdR 1 dzj dBj deglsOF wyj26d dMisd Lk kshy d&Od
GOl jtedOd ( SBMEH G OEBEY jcEdB] . sdzj dzls’T ¢ OL
ftedod Misd ¢4 WidgdSily iaddesmisd OB 5@ BPugdZOC d  d

2.1 Mol LOadMmMddsmsd dOftwyjddy d d&ish
sftejHjddls] &OSHJBOd dks &shdashls: , 0 kO¢
ColBts? ©dz0 (2H SIS0 Is | d&O§ ek 650 dzj datf ¢
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ZOf oWy j ded VW -oastE mtztb Easds IS dzdo dzts?2 W yj2¢d &
( I20(56237, 3 Cr(Y/ e@dezez) .

3.t omMmyudlso2isy slr JjHdddyds?2 wyi2¢d ftwd &OC
( Pl2o(s62)41, 8 Cr(y/ ej®dzdf) COCt5d5s dzOf oWy j ded d 2O
BEHjIs Htsflsdc Ol Me)Ogdzr = 56 %?

4. 1t OfMiyudls©22Ilsj btejBbkjk j GtstsSd OBHBEBBSHO
GJdej cOydd ofHT (6/ yofy) 9 1 dzgjtcekzMmlsOdztso ¢
ROC Md Bz BO 1 dzj § bstyds(@j M BEREzGREMLDYJY o SHEEEEH
s fdEopls 70 %, O C{B@&BtctHAdJEOISHEZI Qs ¢ 0L
detste BOdz! dz' 7 bkfdztse dw R .

g, pl

RSN j ur 2 dzj S Is to ts {COsdsOmtass ¢iiS |, § dHiso Qi iped i d Had e

ssfddody o5 | dzj o5 delssds (W slsscOWNdyf sMBoblBicfgt
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CCMf JtelsdL O HBCE®R] delstse (2008, ~dddw / dBOIsj teod
I fMEzHjBdts? 1 SCHMyjtelsdLj HEBCE®j disse dzjtejHS
HSGEtso StcOR . lteduddz©@ fsHEtsBA 7 fBHMB] dz2 f tsdzv Is dz
f zdzC IsT ) Hsetso stc®  d dzd EHOdY s Is nERQfisteode s
sBfMlsswisjdz Mlse d Is. H.
1 sdz hddemlse s HsSCEdRR] dzstse f j yOlsOs Is dzO@ dzOL j tedz" -
1LCMmf jtels™ HrlsOs Isfmw tsftcjHjddls! {oHBjdz {5 oGt
o dH dzr fsH fldyujmMSdds BISteshs s . RLEZyOs Is
dzOdzj Mj dedw Istsdzj te©®, SCtdzdyj fMmlsets d ttOL iBjte YOMmIsc
[HEZOEBHE ©lsHO9 Ols! mMiBj ®lyjl, Yysts L O kOSCd
1 s1 sz fsHd3j dzz Mis OO sw sMkh jMsedls: IsOC,
Y4 BEBOGEZ, o"BdttOt s fteddzlsjte, Ctlstste’r 2 9" HOJ Is
1. s O¢, dmtf sdz! szsc gz dztf Is jdxjds SH T OdzOdzd L © dzOcC
f sHd@R] dzgz dzd istse o (3ls POz S o OO  toj H
sBi wWidedlsj, foyjdkkz I yjdzd dagjdz v (ddzd
KB4 s sHEBG PdzdzO
2. s0Cdj fkh jMmlse s ( of ke sodfbls' )Is MY ssB T L O
Y J dedz’ n BzdzsOe tsls ftsHHJ d&zC d, sfkzh j Mise dzv j d
ZO dzts Is | - %8 dzis @ dzd&zO
Bl tijHdsydisy fteddd tedzr 2 @ MsMmisOse Istsdzj 6O H dzw
f SHHj&OIBPddzO

O dzdzj s steqdw . . .
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ssdzfyfr j 6 Odzc O (2008, ~ddidw / &BOIsjtedOdzise jHJ dz
1l Oy dgj2hOv yYJjtlsO 1 oatdzt ydqosdadeg' = ftesyj Mmtse o  daf
ftcdotsHWIls ¢ oftLddCdetso jdzads MOBSBiee Oded L 59 Odzdz
Ef stew HisU)ted B) ( BORE KOS tsztot® jda ) yj gisitdddz’ dz' -
dzj OO0 dztso j Mdzts?2 IsjteddsHddZOBdSd L O dzé yO  Isfpw o I
sls twOodetso § Mdw L oatsdzs ydvw Mmdmisj " Bsydls g
sBtcOL 59 Odzd & MOt Odzd L 59 Odzdz’ n Hd Mg 3O Is d efd:
fdmisj 3", MHjtey O dj OdhOds dd dOdsyomisdy)
Hd MY jtemdes?2 MdMmisj Bis2 d BCtelky 0 h j2 Mtej HEB2- BiSc
d d&BoOmmtste d3j dz0. l twH] MmMzEyOGje o =~"tH] 1 9 Bdz
cOwskLOL d | fjtedsHdyjmMSdy MtokzClsizter . ] yom
MtczCsktcOd lsdsmMwishy lsCterIsr j o 1897 6. ¢t
HdWWELdd Ctdzyd destcdtetso Odzdese s tOMlse stc® MmMtsdzd
fi) Btsdzj J ded 4 lisR Oyq 5 dz. J tejLEzdz IsOIsj -~ d d3d .
O dzts yOMmisd yr sStczH detstcOMlso stcd Bsets  fMtsj HJ dzj ded v,
Ctsdeyj delstedyd M€ dr Sdzjy, Mjcedsj dzlstse, tOHJOdz! dzr
l.YtwejHIEEYdIs] &BIirOddL &3 Wistcd3(Btotsdp@atiapPy Ctsdzj y |
2.80Cd4 dhd 11 dsyjilsdy dzOL 9 Ols! { ted@3] O dzdz® a3t
3.1 0L tsoadlIlsjy d@ddzel cOdzr , o Cwlsstc’ » 9o Mi{3c jByfdzdzsdy W
4. s OC d J 9" 9SHT tsB Emdztseo dw A (ftejH Miststed d)
Bsy des MH j dzOIls+ |, OO de@dzdj LcdatiewO Sots dd3 iz Bc@diaRtE 9

g
_A

101

20

x(mm) 8

stsdz? yo [ dLjcOde O (tsHddz dL 9 0Otd O

(0) ) tdsf SMOHCO ddasdy st offodyd deyiGizjo, 18O s dz

1 OuOd d& | S sdzyj dzlsKa]Oyx d0 ,BUNDYY dzs[s6 ; B) 0 9 ©fo.¢ dfj dz

Cdeyj delsted g MSdr SCdzjy @ECdD yH deCuss{ogass@s df) jetg
1l jbted. 1 0yoOdz de' JAgNOS dewrj @K d o=[ O, 007 [ .
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1 OdzsOkzkOL ™ (2008, rdddw / &OkjiedOdsse jHj ddj)
CCM jtedd3d degls Odz! dz" | dMfdzi Hse Odzd Ws s HEPHZSHOHZIFO L dz
Brils! fMdddsjLdtso Oder o 5B &OMSWE HJOCLOBE Mt
wodzw jsfw  cwOWdl. Jwduddk f(sHsBdSEs We dj dq
L dzZlsOdzr § W BOL S OdzedWY Odzd3OL O dOdzstcOL Bl tes o
OB zd g ©Odz tjLbd SO’ dzj Sslsster & kMg jh dz ¢

Tabnuna 1. YcioBuA 1 PE3YVILTATEI CHHTC3a HAHOATIMA30B C IIOMOITBIO PA3THIHEIX MCTOTOB.

Meton JaBieHHe, Temmepatypa. Bpen. Pasmep ammaza,
ITla K CeK HM

JeToHAIIHOHHEIH CHHTE3 15 3000 0.5%10°° 5

Harpes npH cTaTHYeCKOM TaBIeHHH 8 1600 60 11

Meton CVD (XHMHYECKOS OCaKISHHE H3 5%10™ 1000 5

napoBoii da3el)

Taéauna 2. TepMogHHAMHTECKHe cBolcTBa rpaduTa H aIMasa

I'pacput AnMaz

OGreM, M /MOTE 529x107° | 3.41x10°°
- 0 1.850
AH (298 K), xix/voms
AR 12.662 8.607
; _%H-%S ‘('IOOOK ). O/ (moms-K)
/ GE _H{J ) N . ] 19.236 15.064
‘ — LIS (1600K). fx(sioms k)
J

r ~0 770 \ 27.146 23.002
l _Gr e J (2500K), Ox/(momp-K)
0 0 30.771
; _% |3000K). xseoms )

[EEN

(Bl widad Is § mizls! B ssHise § sdzzyd dzd w dz0 dzts O
(3B O dedzO

2. vylsts fted ded d@304 Ismw LO MisOdzH Otels dzts § mMeMmistsvw dz
cOfmMyj B@&&BOL ddzd ctc@W B dd slyg @k, MisOdROtkls (
(18 O)Xizdz

3. [ 5 dzgts dzd mMddalsj L, st d MOdadz J 9 v OB dzd 1
Isj ed3sH d dzOd3d ud M< d n HOdzde -~ p OBl dig sH G d3r d dz
Hist sdzded Is § dz' dz" J5 Hes@dzdiyeadzdsisD j SO dzO { Istsls ot
L dzj tec d ¥ 1] dBBMO BBBWKOL 59 Odzd W OkzdzOL © o CC
vOB dzdyy 1.

4, [yjdedlsj 1 dzsOdz fdr tBteOL 59 Odzd Vv dz@RREUczONIs C
t OfmMMuydls02Isj LWWJiSIlsdo dzze CdemlsOdzlsz ME st
OO dEOL 0 (K OSydw dizdzj o 56 tsi dfdksig) HE O, H @G
B ssHtse HJjbdOydtsddzse s Mddzlsj L © (3 d@@pdid) o

o
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utstlso jlsMisokzéls dd {1d StdhsOdsr WYWEi€isds
112 S/ dsd, GfksddSto OddzsDOdzdz dzdls j Okt

I o d dzdzd O dzgls . . .
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4O tstce OdzdL s h 2w wH (2008, ~"ddidw / &BOIJ te(
1 OdesC ted Mis Odzdzd yj MS OV §f &ZOIsddzO (9 BN j &3 Mdzz YO/
Ylsts dzj L ORy ded d3" of @O | ted Odzsdz fted toj OdzdL Oydd
tej OCyd?2. ] yomlsdzsmisd, f dzZOIsd detsoa ' § ¢ Ols ©dzqd
Qo lstsd3tsB  dz! dzt Is iz o @lsts jhjJ Bsdziy o 0y dets,
stsf dzdoedz" » 1 dzj d3j dzlstso . R 9 Istsds, d © HEBkzeBA®
ftcdmbizlsmise d j Bsdzs S MdH O Pedzj otsH O, ig] CBilstste
oLOdBBHj2Msokjls d Wotedddtelzj B¢ pd 2tcvdaq ffolusjRdzd
setots@des] SCtsdzdyjMmMlsots tOL detssBGOL dgf = EZ§ SteWHBYJ
Wisted3d tetso Odzd J sO¢dn MstezCskzts weo dzw j Isfw ts |
Modkststce OdzdL Oydd o BOIsjtedOdzse j HJ dzd (.
1.1 €0Cdr EL &ZOR 0o lst=dRtspmfdyd du B KT R0 degy Hazf
COCdn IsdfOn Istsfdzdeodz -~ { dzj d3j dzlstseo BSdzO ff e c
d HO2Ij 6tfdmodd] {tBdipPsdd d- f(tesyj mMitse.
2. 1l tcj HAzEY dIs ] Bsdzy € zZdzw tedz” 2 (1 dzj d34 dzls Otedz" =
Ef stew HisYJ dedz’ » thpisjtetdzt detizfipls  dzOf dAP Is d dzr ftcod
Eecdzj etsH O, sl wWfMdadIs Bd nOdzdL &3 HJ2Mlso W
o jtorndetsisdzs? HAWWEZLGJ BORWEHE fstgtfy ffp]ds
MeowrL j2 SBteOLEZjIs §dZOIsddzO M dsdtsthHdHsd |
Eecdzj etsH O, COo¢dy drL dadr ftesydsjd d f syj dst
Isj stedd f dzv(3 dzef PliadaP sl ?BsdsS MdH Eedzj tetsH O
f ZOIsd dztso " 7 € @ls BdPfdedAIs Stctso ?
3.5 COCtsdBz dL Idfse MOBBtstte OdzdL Oydd slsdztsfy
iCdzmj tco Olsdo dets?2 ddzd HAEMe[P REEG o dets?2, f sW i)
4. s OCtsor Bsc kzls B Is f smdzj Hlse dw sSBtcOL B9 C
sCdmdzj dzgdv BsdesCMdHO Ecdzj tetsH ®) A dzO s dzy p Gelp o
CodiRf sdz] dzlstse cOL soats? MBI Qdzsd msH ] dJL
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1 OdeslstczBSd HIBSCMdHO IsdlsOdz

phase turbulence

cellular structures

ame s

a8 w@EEe
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uniform oscillations

OB ttee Odzad L ¢ h g 7w

clusters
-

MstekC ke dzO § &
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Spiral patterns

Target patlerns

Standing waves

Chaos

Progression of time => => => =>=> => => =>

dolstso sdzdzr dzO {lsxfodgtt@ntiptdsh ICJO IfQAA| L Ols tstc O
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1 Odetstej OCIstste (2008, nddidw / dBOljtedOdztso j H j dgd §
JHdzsMIs jdede’ § EZcodzjtetsHdz J dOdeslstezBCd (a1 u) de
ZOdBetsdzj j ftesydsr = BOIjtedOdztso; Mtse zOMmdets s stc,
By jls Hofmsggq@shisd cteOW dlssotsets dzdmls O, Is. § .
34 » Odzd W4 MS dd Mots2MmMlso ® HJjdkOsI [w1uv fHtodoedzj ¢
MLHOdY C(tiftsLdlsd » CodfstekzS ydsdedzr 7 BOIs | to
HsfMisd e dzlzls ™ § 2O dROfMmistsw h dRdz: digsdizd dflstc s y dig®©mylg dizd W
ZOdzslstczB 5¢ 2O tOLtr o dzj fHtwjorhoels 100 41 0O,
B IsBHSe d2Of tcOo dzj dedets?2 BEHIW IS OyYydd Juw1 v HAzW
otsL s dz" n f SHRBBHBS BsHdWdSOydd Je1 v dJuuaddzw |
(8o Odzj dals dz" d3q daidud MSddsd Mmtsjrddef dzd™ &3d. |
CcoHdesd3j todz” 2 CtedMlsOdzdze, Ctslstster 2 MmawL ™ o-®jts iw
l 0O0dz mse ' ~ d dzd ¢ 8o Odzj dzlsdzr = oLOddiBH | 2fiylse d2
M JShtesMSsfdd ddhtt@iOodserk mMovdlL L 1/ Oltsd.
1. [ Bl Wided Is§ , fsyd Bz tJj Odz! dzgOvw ff tetsydztsfls [t
5§ st lsd@j B PkazO
2. R sdzr L v 1 dgjtcedd MmMewLd o BI jdgder = 94 n
ftosydesmisd dz0 ©OL " 9 CBfLdltse Kldagwg v
ndcOdz desfls! [ w1 v qQOSBQ@QdkdAsel 0) d (19, O0).
3. [BMEzHd ], CO¢ dLdgjdgWwismw + dzj Clstetsdzdz” j Mo
odzzlstej dzdzj d©3 € OdzOdzi dzOdztslstelzB € BH drtspoggdEzts G

11

4.V tejndsydlsy djikstsHT MmdddsjL O dz0 izOF tsdifiag dagids &
d s dzdz" d3d f']tSJHQ’dZJdZQ’WdSCf (B) (¥ to@drr@els dz" d3d fr

‘!@ R S S

[\s. .ccﬁ))f
A LY \?

e

| OdesS s 5L dls' 2O fhdatse j tSHdasMs | dedze’ 7 k¢ dzj
Y slssceO¥dYy RS t 01 )
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vidSd (2008, Sddidw / ®&OLjtedOdse j Hj dzd j)

RLO jMsdes, 1yl { sdzkz | HdOdzts sadzDigsjf i ts)o s dz T qz0 dzd W
fsdzzf totso sH Az S tso ' R BOIls j ted O dzts © Bsy dzs  ftod
SMOY Hj dzdz" 7 2O Mtstslse jlsflsokze h 28 fsHdsySE ( d&zO
o' Miskzf Ojlk o COyjfmlej Mot sBitcOL dzts® tigts ot
GOLtssBOL dzf 2 ) tojt€ Qucdg®dcOs (IsGeftcd 800AC o § Ok
ftod kzls f)ls o g M@ ydza ts dzts O .4 s{S oy 2 daCOf IsSA dzOB dzs H j dzd

Temperatuie (“C)

«4007 3650 °C

O 20 40 &0 80 100

Au VWaight %Ge Ge
1. RN sdzt L 2w WOLtse Iz Hd OABOBRIe | i sgsr
ftesdmMitsHwhdj ftod Y sttdkditss Oded d( { dAAHEY McHsdp®s"
RO ds YOMisd y@ LesPeds@®) sz d&z0B &z HOj v sl
Coddstesdzdetso Ols! (A5 B GBI &B? L OC dz yOj lsfw
cCOOddlsdujmMSsese d clj @®f kOsHEEOss & o tzdy det
Motslsdes jdzed] o jtendesisdzr 7 1 dzj t&c@L2s odd® GViE

fole



codmgdetsis s € ,-6 GLLDdEYs Y OL @e BAP sy jdz? g @ jslésf
M smMtse ttsMmis @ Cep@dyds O dzdzts 9 ?

lted dMftsdz LtseoOdzedd yomisdyr Lsdzsls© L dzOyd
ftesdmMrtsHdls BBtOLBo Odzdj BB "isets Ctsdzd yd
RZOdztsf totso s dziE . B)®O dgdz j 3z ?

. Codzv e Isfpw dzd ozOddisf jtedsds' sjdzts € d f sdzd € tod Mis C
Bsdzs € tod fls O dzdzd Y J RS dedfpiadOsh Oy sz 2ydzs € ted Mis O
sted j dzZsOydvy dOdetst BtsestpddsttO d ¢ syj Bz ?

4. IH] &kl dMfsd Lo Ol! v &0 § €O CasP®&FO § sd
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1 Odztsls § n dets dztstwdfdd 9 dfSiplsitsy § ) s ozO dZf € &G 9 )

21 9j¢ dOL"908Is 9ojltdd dOdtsljndsdtsed?2. [ H da
OCIsdodes dMmf tsdz! L 5o Odzts dzOdztsls j mn dztsdzse  , yoOMmists
9Oy detsmisd B dzd ISSGH O MHJ dzOdz .

[ OdzsdL o j Mlwdz dgQz ytassls HESC OL Odzdegr &5 W OSIstsds W o dzv
BOOtej2Ck ofjtcor j ftoedHEZdOdd dzg [ EdHyd | Odz :
Hs dzdr Htejodedi Y dlsjdzd § OWwdhsets yOtfmlse O.
Mt dzs2 6 dzd dgv dz' 2 ¢ thsstnizsiq 5 o ddrAstieH|{d dzd ! ftsctolzy
BjHAd 2 yddzddezHnte d yJjdzjLdgr 2 Mmlsj ey j dz' . g
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