ANjJHjtOd dzesj cetsfikzH OtefMmlilse j dedetsy BE HY |
RdzMisdlskzls "ddk3dd Ise jcHEe Isj d&zO d
sdBdtmMitsets BIsHjdzj ddYy t smMid2 MG 53

10 O On to

| szsMse [ dnOddz ¢dzjSmiioady

ARTRSMRIRY[HBS [ Ruauw[ [T 1o RY
sRBU[ [ 3 RIRBREJIR[T St[f1RC

e jydOd desmydsdsd 'l . lda lBHSE s s j d&zO

rdnmd wsoydw dz0 msdmnt oddd Lyd d
COdHdHOIO Rdddud MSdn dOk¢

1 Oz ydz 2 tekz€ ts¢

[ sCIststc A d di3d uJ
1 OC dzO dzts 9 & 910QKSA O

1 seasmde e 202



[ G dzO 9o dzj dzd 4

D S O O PO 2 U 7

1761 ¢ 1. [JRrRuptovuvtr 3z J[1)J11.COtemdH)ls § BY d3dzdiMe
Codsf sdzj delstso, R oL Od&sHj 2.0 .dg...d..56.&00sd. 15 tcd

1. 1. sSOBB dH. o de d. .32 e e 13
1.1 MmMBjldsMmisd Ctedmls Odzdzd. 4. MC.s2... . Qls.ckzC.lskzcl3 S

1.1.2. 1iCebktterj Mots2Mso O ¢ Owwr A & fkKzgets
BOIS | 160 O AZS D gt o BAGDoremmreereeeeee oo eeee e s ee e e seemee e eeeeeneenen, 14

1.1.3. [Cqdfddlsjd &OW EMls2.udaeshsi.. . 06054 0

1.2. RtedHd?2: MmbiekSbkzieo. . .d..Mes52.058.0. 16
12. 1. AL U] S Gde o 52.0015.8. 00 e 17
1.2.2. [ jnoddud S dd . .08a 520580 oo 17
1.2.3. mdd3dUg S duge 0082 M50 0o 19

1.3. JLOdd®sHj2Misad) COBdHO Ctoj ddzd™ M §.P2j A
1.3.1. wdfmbjd c¢fjtejrtHdSP Cézj.f .zalk.dds.du. 2
1.3.2. wdhmbjd c¢fjtejr e T .dzOlsd dasd.H.dz.26 o]
1.3.3. [jroddLd Wstddtese Odd™ §jtedtsHduj MCt

dzj SOtcBdH B KGOLROWKE I HBS EPdedad.W..€..ceeeveee 31
1.4. JlLOddBsHj2Msod ] € OteB.dH.O..S 184 Bdzd.W.....0...d.BF H d
1.4.1. [ ddzsMisd W Ol &8@.6OL.5.0.0dzd.%....0....M.85M Is
1.4.2. [dSttmnlsthkSdsGdasH sihisls g dzdsdisdH d.v..39 ¢
1.5. lteddjdej dzedj S OteBdHO Stoj dsded ™ ,i C Ped gev Sathj i
or MC s &3 j Ok to dzts d3...d5QS. .16 .Q.0215.8. §..Heofo. B2 Grvrrrrnene. 41
1.5.1. ltedddjdgjdedj COteBdHO Ctoj dzded W a..0. HisC t

1.5.2. lteddjdejdzgdi deduHdw o o' M.l .d5f.j.420]Is L
1.5.3. [jibtur Mmtsjuddz.ddy.. . .Si.C..C.4.000d0d.C.d...43

1.5.4. ltedd3 degpilzGj o Mg MigF WBsilsj 3 j 6 Ols kz te.dats.dz3 450830 &
1.6. 10Cdzt yd.dad.doo. 15, 4..0ZO D doo o Lo 46

2



1ol 2. GCseul (i1 RI[1TUDS.2L.0.6. .Y U2, a7

2.1. [ObjttdOod d..da. . aQLOlljodL.OYdW . 47
2.2. [ibHdS¢d.. .S Ml jtod.d3d. . dzlS B0, e 47
2.2.1. lwdesslstadzj dedj (.o .Ceo.l.a... . Hdi. 0nj.2.47 r
2.2.2. lwdeslstodz dedj ..H.gWN.ZL.d.cdzde ... [.046... .88 | ¢
2.2.3. uvjtelBistsBteOBISC O foteshiseora MmMdiiMmj2 d
WduL ersdeizd yd MS dr  dmmdzj. H.5.0.0020.2. e, 49
2.2.4. v]jtolissBtcOBISCO d ftsHEBISBaCO HWWEL C
0TI I SR T O o o [PPSR PRI 50
2.2.5. uwuBjHddzjdzdj BBtOL ytse .S.i.C..C L LB3dC.H82 M
2.2.6. wddefydH &Gsdasfd.d. V...l LS 53
2. 3. Moy MCdy d&J sor...dnhdj.ac0.0dd.Y. ... 54
LI ele 3. Ruwa[ (1 L1oLRY {fefairrr{feuvrs 1) oRT
sotaRrRr IS strfivrec 1 Y tdzsdd-Zm gl LB G Mo 57
3.1. tiLkd sOIr 7 O0LOSCISj.ted.L.ONyd.d....d.MaBH.A..2.58 j h
3. 1. 1. SO IS C r———————— a7
3. 1.2, 1 BENC g e 0 Ho T Werieeeeeeeeeeeeeeeeeeeeeee e eeeseeeeeen B

3.20LB30r 2 MtsmMlsOoe fJtosHEZzC Ik, BtOL ZS8iC d A’ HiOC®

3.2.1. 1 dzd v ded J Metslsdztsh j dzdh® sH dzte®@ L 3§ s @Y ts 0
CdMmMAzstetsH MisH j to) ONSICAdzOY taidagjfipjr22 ofsMis o ftetsHz
Edzseodwin o jicHBWY OL detsd 5 4 0 0.A6.0B5.4H.4.2.Ms.0.d.%....63L 0 (
3.2.2. Jldzdwdd] MmMtslsdsh jddy dd ©OL&BjttdO yofml
ftosHiZCIsss, tBEOLEZshdaMmw o bkfdtseo du1® 0WN.AB.6Y tot
3.3. RMMdzi Hsoa Odzd] d@stW sdzsedd d + dzj d3j dzls dztsc ts
L0 TN 1 1 OO PPPP 72

3.3.1. [stWtsdasedw d 1 dzj d3gj dzlsdz’ 2 0OdzOdzdL 1 totst
9LOdBsHj2AMisadw  StetiMAODATR.). M. M4.2.....(..1.0.0.0.72

3.3.1. [ st szt dw d 1 dzj d3j dals dz" 2 0dzOdzd L ft
SBtcOL 5o OdzadW Y dHEBQO.ADOL. ... (. 1.5.0.0. i 75

3



3.3.2. [yYyjdeC O Isj tedstsH d dzO HIMSICMS..dm....[.O016.0.08)..B36 s ¢
3. 4. RMMdzi Hise Odzd J ftcsHEZzCIstso oLOdBBH | 2MIse

Ctsdzj B O j dzt dzgs?2 .fH. g S IS e S IS Sl oo 81

3.5, 106 dz¢ YJ.0a0dor oS820 g Breeeeeeeeeeereeeee e eeesse e 83
LI ele 4. Rua[ (1 L]oLRY {fefasrrrfeuvrs 1) oRT

sot It RrRrdtrf1rRc 1 T RAAUVYTRJ 123N 100 QoM, 84
4. 1. RMMdzjHtso Odzdj GMtsBj dedesMmisj 2 Iso jtcHBW OL datsc

S0 [ AR v Lo 2 S0 1 d6 728 (= O T PP PRPTPTPPRI 84
4. 1. 1. 1 dzd w dzd § Isd B3 J tOlskzter 20 BdCtsmistelz

HAW W 2L d 5dzdz 8 ool Q880 m e ek Sdee Coneeeeeee e 84

4.1. 2. [MB j dedesisd HIWWELJJ, Cddzi sd¢d d
9" Hjte¢d ©® HIWWEL ddedz..r....0.Q16. 0. L.1..[L..S.1..C........88

4. 2. RMMdzj Hse Odzdj tMe jddesMisj?2 oL OddBsHj2Mlse
f OtceOn o BEMmdztso dw - GB.LOAL.S.0.0ddY...3dHISMIsd........94

4. 3. 10Cdz¢ ud.ded.d.... 1S 42O e 99
1701 ¢ 5. ARrRORwlfasRrROl ¢ HR[ RART.LJ.RLIRI.RGoerennnn 100
5.1. st W¥Wdydjdalsr Isjtedddyd MStsets tOMh dqtej dedvw

5.2. [dStetlse jtcHBMIs!  BsHEzdd 5dc0O MdRBLCylds tso

5.3. uvjfdztsWdLrdyd-m&.d.4... o2 mMlsa. Q. . . L.r.Si......... 105
53. 1. mOwLOSIsjtedL OydW...md.dls.j.L.dics.0.0.dzdz5.6.65...105 Si
5.3.2. uj&fjtcQbzis c5.0.65H. 028 M54 e, 107
5. 3. 2. U 28 BB IS 108
5. 3 4 0Z68 1615 0.5 H.ABIS MRS A ereeereeeeee e eeeee e e e e e seeess e 109
5.3.5. ltoedqtesHO WOLteatsets { j toJrSi.cH.Q. . W.OL.L.I16)S dzt

5.4. 10Cdz¢ yj.dad.goo 1540200 Jo B 112

1Iel¢ 6. wfrrrRiriRr sotaRrRrfstrfuirrlLBs srtof
IVYorRf Jul(c1? [RstJfuoutuvsuvuvi 3 R Ity {ueuvrR...aJ1BT R
6.1. [dStsMistlzS sEztO.. .M. H.d.dd.ls. .0z dzts 6. 15.... dztsM3



6.1.1. [dStMmMistckzSIskztc® d W Gndaew,? {iddidsu@)odzdifs
Iso jtcHtSW OL dzgsets o L OB H.j.2.Msa.d.w.... L. M.S.i.C.113

6.1.2. [dStsmisckzS shPH ddzd®) d'o &z8 ¢ thsigpdk®y,
sSBteOL 5o OdzgdWw ff tetsdzj ) s s.ydzis2... ... d H.CB.2....%.0.L.5...115

6.1.3. 1Cdyjdd" bcid@BGHO],0 s forOd daORdztSHL7CH ¢

6. 2. 1t ydssimlsi.. . . m5. . 00020080 % e, 118
6.3. 1 0OC 8 Uj.0ad dooodSee e osBZOD e B, 122
IO TSI S T 22 T 20 O 124
e O O T - PO 1 & 700 A OSSP 126



s dmMtsC Mdsedz » MsCteOh jdzed2 kM
lvjicOLBlskteB ddzedz” 2 Ho dGe Olsj dz
VNI EMISOdtss CO etstewyjets o Mhhtse Odad W
suvfCtst WWdydjdals Isjtedsdud MEtsets tcOMmh qtoj dad W
tAnfitcjdzlsGj desW OLtsoa" 2 0OdzOdzd L
g4 C[imMCOdzdtclzes h OW 1 dzj CstotsdzgdzOW RS tetsMC st W
Crdt dzj ee s5H d ) fijftgifdatadtvs § o v
st MfjSCbiBmiStfamM s dw CtdeddOydtsddzsets tcO
Rs M j Sl 6w Ondvs fidfvy ¢ Istets
v]PlsjtodisctcOoadd3j stedyj MSd2 0OdzOdzd L
redundwwjt] deipf Oded dlztge W O COdztsted dzd Isted v
JAScteOdzj yj dzlstcd tetso OdzdzOvY Sk dmyE@y (StedmlsO
JAgBB] Jd@3tyd dzZlstcdtetso OdzdzOY CkBdud MEOw (StedMmls



IHlrrerire
dCIszOdz! desfyls! Isj 3"

s OtcB d H ¢ Bif)dzdzef v dzw( j Is pw SHdedd3 dL zOd B tsdzj §
Mtsotcj B dzdesec 5 ROKLPEFO@EY | Misdg s Odzg o ' HBC PT 1fgg K
f zOo dzj dzgd¥ (2730Awu), o' MsC OV Isjf dzsf totso tSH dats fiy ks
Emlsts2 ydoe sfls ¢ tCdmdzj ded ¥ , or MsCdj bkHJdz .dgQ
MjesHdYhdd?2 Hjd &OkjtedOod dO shizipy j d iz tcezpa
fMsOHdd odzjHtejdzd¥ o 1OSCHdE BEOMEWE, CO¢ ftsd
sdecdzj 2 d dzOGctej o9 Olsjdzt dg' = + dzj d3gj dzZlstse § jud?2:d Isy
Isj § dztsdzOG telzy § dede’ = [z L dzts odz@iffj tdsofods i t@ias tefdsizBzr © § @ © & @iis &
8].

Rtcd H d(R) wo dzsklefis Oy dds 248 6 Au) e fmils g @ agd €3
o' MEClsj &3 j ©Okzcdsdslz ( afiNsjo dztiZis @0 A eROUs St oyt firiar-
9" HO¥ h d dgdeftpy dzts i Is dz" d3q nOteOCIsjtcdMmisd ¢ O3 f tod
s f iztsf tetsodbH tizslipts ey Is j dz' det6 , daf KA tels] QM 0] ~6°KEiDtcd
2273K) [91 19].R to d HY(@d d3j difvtd ds diL ¢ tsis tkp Tl dezsf (A O X d A Ols j
o dzkz Is to j dzdz] G s CHERISAPERI@ISHE MM Or tydmils ¢,dlsg tc 366 Gz
qLdi3jtej dedv Isj 5 j cOlskistc@tztcttzi & O 280 @ Attt | dzff BB s
sde¥rdzy orf cOh do OdedV B dets€ ted Mls OEz@® 0 Isdz G figtf dzPle © a
d ny ts4zs iy dz@ diz) Q) das(dV s ¢ d ) daf"Isfy A teids - a3 ff 15 O {9221

v O0¢Cdd3 Bdzic Ot bitsgcdziigdsd d3j dzj dzdw € OB dH O ¢ toj d3dzd v
Yysts HjdzOjls MyjlOdedj Isdn dzf S jsdizj dzlsdgo H drgih ts Hr
o MsC sls | B G3@O ) &2 th@stnEsatc, | B 8 Oftatl € 1s j ~tddts difg cCosuysds j. ¢

[ dzv sz yj dedv dBOjtedOdztse fp C tsdzlstetsdzd tolz jid3r d
COtBdH Ctoj d3dzd™ dzj sBotHd B f sdd BOdedj W kzdzn Ok
Mdmls jsd3d Misy OdAg adgd v j, ded v ©r T FEY i) IC] t8f53) to O d@fuscfrp? dzj M€ s
fBdzdcQyeW lstste” » dd3j ¢ sw fteslsd o tste] Ynftdjsdge B
Isj &3 j e OIS Ate 5D[@026]. | dzgj fsdzv Ltejdedy dMmdzj Hiso Ols
W lzdzH Od3g dzls Odz! dz" J st pisiipif W W 2€ @, , € difidg tsff IS tf O dzfm
tOMY tetsfls tc Odzj TAAW B fta1j I ¢ Yt JJ d3dzd W tSfite 3] el i iz ds tedz i jis 2
1 9 tsdz¥ fdtevd tcOL dzd ydz' ~ Emzse dvw . I MtsB J dzdzts 0 (
orhjfjtejudmaozj daaz' I dets ey &Y | tc ObzdEds'ts wiE O
sBkzMmdzco dzj dets deseor d@zgd o' L so O3 Mts Miststetsder or MEs¢



vOCdd3 tsBdefoR AsER  Bsfls! ¢ i3y 2 By dg @€ setisd L f ;)
ftesyj mmtse, § ielijsG@FGod dastsCsd3 Isj &Y § te O Iz thdetisd fi
SBOLEZs hdofmwh detsBeREBS Odedw ftOCIduj MSd L d
BOjtcedOdzso tSftcjHjdzWjls OCIkzOdz desfls!  totsB dzj o'
dlsjfjdz tOLtcOp BlsOdelpig iz H 59 Odzad W

Il dzOfmlstswh jj otejd® dMmMdzj Hise Odzd j oz J=ifits B teiafiztsc
COteBdH Ctoj dBdzdw L Oded BOJ Isw Ctsdzdzj CIsde Eyd dz' = d
~nddBdd CtsdzH j demMdtetse Odedz" = Mted H  d 1 (24,266 s zji fids df
tcOB SiIsT fts 1?2 MmMdMmlsjdgi HtososHWIs ctolkzftr ZuJ
| sMkzHOtcMise j dedz" 2 v dzd o jMcChpd@B)tIsO dgjriz Bdepipdz) Has. 0 Ofdad j
oLOddBBHj2Mlsadwy ddHdw f COteBdHBMRL OEPHRd?2 o4
dfmfmdzj Hise Odzd 2 Yo j Isdpr ~( voggdloQdieiiiols) j 4§82, BIPRIA ff ds jordae af @
Mo ts2 Mise mMddzd ydH o dtedHdw d MmMemlsOoe dzj dzd § adi W (
L Odzd &30 dzd iy 9 o 2¢29]dt OpteOkdsds ¢ 52 B Ctotst dzj € Istets
LOdegd O Isfqw o wz ¢, sdlOj[30iBegHdd, 1 tsdzr hj d t s

1 4 Hdstsilstow 2O otsfylstcj Btso Odzdats fiyls 1 Ists2 fnd Mmis j
BOI jtedOdztso jHjdedW, SCtod3fdzj CMder 2 fsHRtsH € BilEyp
hdJesSC g Isj B j cOsktedzsdy ddzlsj tco Odzj slsmizlsmise Iz
WkdH ORjdizlsjOdp s esmr, COC ftosyjmm HWWELdd, ¢
d JJd 1 9tsdzs yqw ftod tOL dzd ydzgr = Emzseo dw . [ Oc
WEdeC ydesdzdtetso Odedw dLHjdzd2 d2O0 thdsej MddzdydHt
Cst WW dydJ dzlstr ts dsty taai@nfjdifed dedw , Isj f dztstf tetso tSH dztsfyls

vOCdds B s5d3dOMmistswh |2 COsdsflsdzj ¢Winedzdig dgtiiiyy d€
dimdzj Hse OdedJ Yesyj MseSitelsy YRSTEL & o f LOdg
i1900Au, ©BWmOBSRMbdgrnmw ftotsHEZSIStse .

rdzv Hefmisdy jddw yj ddzisdad dif sihO6 Odz dz’
1. Adidgdsuj MStj dhMMmdzjHseOddj oL OddsHj2Mise dw
5j i3 j 6O ktedzts 3 i LAODLAGIdzj © 8000 d d issfyisd sls A
HAd MY J tcjfas b g @dgfrdzicBied d3j j 2 o COwBdHj Ctoj dgdedV
2. I weodzj dzd J smtse j dedzets Mmlis j 2 BdCtesmistczC Iskzter d
sBtOLEZs hdamw o Isj &3 j tcOilskzelisAis Hal Of W th Uz d & dede0
Emzsoedw s IsojtcHY OsdzBeE ®ddisyd R Misd @ dzs ¢
3. RLEYyjddi Mes2fMmlse BtOLEENJAaMmMY MmMddazdydHBse
Coi WWduydj dzelstse Isjtedddyd ME sets tcOmh qtcjddw, O IO




IsjfdsWdrdy MSdn nOtcOCIsjtcdmisd ¢, ¢ OCo s Hislgsdrfflsj t
5§ § dztsj 3¢ sMis! |

4. ANdLddBdsu MStsd dimdzj Hise Odzdd Yetsyj mMitse, Ftsls
f sdytsh 1 s dtedHdw. LMisOdzts o dzj dzd j oL Odh@smMe WL
sBteOLEZE N jesMy MtsijHddzdlsj dzt detse s fMdztsw .

1 Oz ydzOw dzseoadL dz0 tOB SIsT

I'fjteotetge jfn j dzts C sy dzj ¢ Mdesy -§MOQdzfH as@ylzd §  d
fMsd Md 2 d HIWWELdsddzr 7 § Ote o N ( titslCOUS0d Asj. o3t uj fitdOA
Yylsts o Emdztse dw A so j cHSW OL dzsets oL OddisH j 2 Mise dV
ftsH j oy Odedd s Q tch BdzOls. 39h, IRSIOIRSH,dj dadz®i | rd k¢ dzj tot
mMdddydutses dtedHdwy M B | OB Y BBy rte jdderipddr® H O] Is
Isj B j cOsztg@Si(al'7@j7 Ay dqLB' ssydesds f 5 tslsdatsh jSicize ©
Eidzse dw A, dmCdzg yos hdrn CdalsOCIls 1 Isdmas MddzdydHTs
&34 s Ofmis OB d dzhSdets s BRCM drts ol dzj dzO o " MBEC 52 MEBStesMmis &

lfjteer j f§COLOds, vyt IsjljftpSiCsy O didisy Iz LodL Oz
(6=1350Au) ftesatsHdls o Cddzgj IsdujmMSsds tejy ddij
HAWWELddzdetse s f slstsC O Obtsdiisce dtedHdWY ddetsets Bfsc
fslssC O Oltdse Ctoj dgdedw . [ B dzOtc z y geasW & dsticaizfds stp Ot
ddzj dzdets, yYjtejHBoOdd] Mdzsj o § dzslsdetse s dsdatsmd dzd y
Litejdz IrSi d EkEcecdzj tesHO.

Igjweorj dLd&jtejd LdOyjdd” svit d L dOysSid®
IrSi,  IrsS, | r Si . [ 1 tc jUHdiLdgi g MC dsij § dBsOLOC s j tod fls d
Isj B3 j tcOlskztetstf totso tsH detsfls Isj f dztsj i3S sfls d Isjtfdz
olstesets tosHO o | r SIC. fted Isj s jtcOskztej ~230A

ltejHdzsy jd2 My smMse MjHddzi dzedY HjlsOdzj2 dL S
ftcj H jsdgdafstlsd dzO Itejrlsyj yde 2 dLedeB BBKOL Yyt
ftsgtsh 1 s qiedHdw, d o wodzj dg Cotetej dzv ydd  d3g
ftesydesmisdz" &zdd - OtOCIsjtedMisdS ORRd MsjHded Isj dz' dets @
v ittejlsdyimMcoOvw d fwO0Clsdyi MECOw L dOoyd d@smls: OB s

sittejlsdyujMSOY L d&zOyd isils! OBl L OCds yoj
LdzOded 2 B 9L Od di3sH j Bfl€o dod hod teftpf fiplszj dgljdzlsljnce Odzj Is
Edzseo dw Iso jtcHBW OL dzetse s oL OddisH j 2Mlsadw d toj OF
LIisOddED dgiB e OL o Odzedy T JjtedtsHdUd MEBS?2 BdCtetsMistelz € I
qtedHdw d COttBdHO Ctoj dzdad v . 1 sdzlz y g dzr HOdzdz" J |

qedHdw, GftjHjdjd suvi djiStkster i MHdedydHse,
9



1 0OC Isd yjdsE@ivdits iy ls ! LOC dzs yoOjIsfpw o Istsd3, yls ts
~nd By M s6 s dmMmdzy Hiso Odzd W oLOdBsH] 2Misadw d te
Isj BB j tOlkztedzsds ddzlsj tco Odzj , O IOCYJ i sdzlz yJ dzdz
tOMmh dtej ddv, KISt Jug OOy HobP s MddzdydHe
tcOL OB SISC d dztso ' n or MsCslsj B j tOIskztcdz = BOIs | to
s B3 J tOIskte, &BI~O0dduy MEidr &OctkzL ¢ d ECdMmdzdls]

t OLtcOBtSIsOdz d L OY Olsj dzlstseo Odz Mt 51y sizplzdfy o s d dedj ds
f sdissh + & dqtedHdw, fsLotsdzws h d2 ftesydes Mg HJdzd
Isj B j cOkzteOr (1350, 1425 d 1500AC). ltoj HY dz
Med Hded dedets? dedHd ] d3 dBsdesdzd Isdzts? Si C & jJ 6O&G8 § 4
[jsHtsazsedY d d&@ilsHT HIMMjtelsOydsddzese s dMmmdzj H

[ ilstsHtsise VW tcOB SIST f sfis tc s j-apdzddaQ fm € tsdgf df jndh
mMdMmMisj-8Fr Clo hdqesSsd Isj B J tcOlsktcdetsdz d dzls j tco Odzj ,
oL OdisH ]| 2Mise dizj jd iy jHdp@ DL Zej®R" d3 S0 jHjddj o' Mt
Colstste™ |1 dq SiC weadvwelsimw MtsmMisOodwesh iz ¢t
dimmdzj Hso Odets M fsdish 8 sjtocd3sstsBtcOBBISSd f Btesh ¢
Isdf so dMmn tsHd &ilsUH @IPEs dzf i e wOL 3§ etsds YyOMmisdy d
h fiksh! s I|sjtcRssBtcOBISCd HWWELBdzdzr = ff Ots.
cOL dzd ydz' =~ Emdzse dw A, d stse § dzdzts s ftetsmistcOd
dMimdzj Hse Odz" diBJ IsEM@B] RBC I/ St MY J SbtesMEsfdd. ¢
tOmh dtej dedv Mmddzdydutss dwdHdw B' dzd ©OMMHydls Oda
f OtcOdR3] stetso CtedmlsOdzazd yd M& d ~ tejh jIsC ) L Qo df
BdCteslse jtoHtsMIss 5 1 d CHEjj2Adidze divie @ Hriz Cils 5D B.L Ouf jd3ist
Br zO0 tsfftej H j dzj dzO B SSHER dzOL j tcdiygds sothdf r Mddiza
sjteddd yd MSsegts OROZJLO (v )/ 14s), sj §f dztstf totso® SH ¢
Isj B j tcOztestf ctso sHdzERsdu . P PYosj BE sHBetslsj BT dz
d bjrdtsdtedyde 2 M MtsjHddsj dzdv HJjkOdzj 2 dL
1 d2Oyd dzedvw fHtejHY &ZO fFtetsydesmisd Msi HJdzd s dz' detsG 5
dLecde O
10 LOMdIslz or dzsmw ilsmwdadwlzy Hize M dJ f sdztsy |
1. AOLBor 2 MmMmMisOs ftesHEkzCIkts d CddzjlsdSC O oL Odc
LOadMmwils tls Bsd et Mtslsdesh jdzdw, Isj B3 jtcOlskztcr
MsH j oy Odzdw CdMmdzstesHdzr 7 ftodd3d Md 2 o d fin-fsHcdsd g =
dedHdw d SOtBdHO Ctoj dddedV WwWodwe IsfmMw kedzj esH (
%: IrsSi, Ir2Si, Ir3Sip, IrSi.

10



209 JicHSWOL dzs] oL OddiigsHj2MmMlseady dedHdw m ¢ OteB dH
off dztsls HtS 56 Yy o"HJjty¢d fHted Isj 3 jtcOlskztej 13°FE
qtedHdw Btdz hj, YijB Moy sEigh®] Qiztsestso H § | &
oLOdBBH j2Msoad] MtsftcseatsyHOjIsmy Wsttdddtctse Odzd j d3
Ydtej Hize hdamw Mmoztsjeo dBsdsMddzdydH o dedHdw, |1 r Si
e smMtse Wstcdidtetso OdzedwWw ftetsydesets Mtsj Hddzj dzdw tsB
qedHdw o Effzsedwrn ko jtwHBY QL dsSects 9L OdisH | 2 Mise
[ dydzr 2 9C dzZOH OolststcO

1 sdmME, OdzOdzdL d etBM Fded JO dBPIE ptg O I8 Lt | e dHF
BOIsj tcd Odzts o H dzw OdzOdzd Isd yd MS d ~ dmmdzj H 59 Odzd 2
4Cf/ Cru fHtse sH d dzd My Mo 3 Misdes Mts M j yd 0dzd Mk
CCMmfjteddjdasr 65 dLd3jtejdede Isj§ dztstsafts wfcudedn € A §
RdzMisdlsizlsO uvjfdas¥dLdsed df t o1 . t OLtOBSISC O
tcjLEzdz IsOIstse, Wotcd@3dz dzdtetso O or atsHES9 o' f Sdzdzj dz
]l sHEBItsoaC O BOIjtedOdzte ¢ fEBddSOyYydd ftose sSH d dzO
O tcsB BPRGIs T

tdLizd O, dLdsyjdds j] o HMMJ elsOyd sdzdzts?
Oz yder » Mmj B3d Z2OtOr RrRMmuvuvf ] t 61, O IsOSCYJ dO
CtsdzW jtoj dzydw 2 : 13 fd & sL d kdsj ]  BiyHEZROES!

[ Olsj tod Odzts ot tsify igaffQidelS B2 MC s MJ &3d dzOte cAdvance
(1 sotside dadms § j2MHZMOLsH dzs?2 2Oz ydets?2 € tsdzW j tej dzyd
Zyy dz' = ] cdhisdes s o & ([ sMCo0OC¥;204Q ) HREBARAS H dz&s
Mislznjdzyd ME 2 SCodvjtejdydd ([fe¥s) | MU sehinpde HEig0
fl B AHEROGBSHA & EZyofmisdjd ¢|svydy bsystd ~dd
kOl j tcd OdzOze (1 o) hdl i jctlis fiy i) RS2 dzOz ydets?2 € s
"1 0E¢0. Ujmndesdzsedd. R dzdzts ecPy d dv'l | (| 9§ o s flgfmEOdcttsfin &
SOLORMsOENS 82 d&Okyds §to0ClsdyjmSs? CodW jtej day
GO jtcdOdzso e (| Eh MY XS] j 0L &ZOtesH dzs2 v j todg™ j
OdzOdkzdlsdCj d bkjndskscdd § &Okddsa)  m X\ e ddiis.
B Y HEZdOHd &3 EyOMmisdjd3s cuvjteddtsHd dzOd3d $C O a); XVIOIs j
[ dAHEzdzOteH dzts-iBsfiddsDBMER v dBYf sLdlzdky c¢c1 o’ j BOI
203 ¢G).; |V [ i HEZdZOtWSH dzts 2 CtsdaW j toj dzyd d c | Stew
sted J dzlsdtetso Odgdz" § W k2 dzH O d3i( delss@ ds' " B jd daofirfif iy dz j2HOtR2940 dzd W

 dMimj telsOydtsdzdzOY tcOBBISO o' §f sdzdzj dzZO o R dzMisd s

{61 o [ OBttOlttdls) t&dastag i jsddy &0 0K OF cthk
11



csm. tjedmMsteOydd-45j B30 DEGI2F GO0 & 2 dzOdzlmso 52
3300717 dsdz_ 0O, c-100BEBEI0IY W2 2 ¢1.8) , ¢ teIDGRI2 (20231
ZzOMmls. otc. ) sclh@s @O daBR ¢ciu2[0\2R4s €6 . ()20 2 3
lpdazd¢Oydd 5 Isjdi HdMmMmjtelsoOoydd

1t Isjdgd HdMMJ tols O Ytd @ sz dadfirts 960 dds @Us j 2 o  tot
e yd daL dtelzj 8" = dL H gz A jpdee Ats HAYi™dHRBARAA 6 5 HHdDeladaf =
Scienced Scopus 1 fOjdads BBaLddntse d MisOIlsj?2 o MmMBEsts
BN HEZAZOtesSHdZr 7 CBdaW J toj dzyd 2 .
dlsjfjdz HBMistse jtodesMisd §tsdzkyj dedezr = toj L Edzt IsOIlstse

 sistse j tedzts s dzOkz ydzr ~ tcJLEdz sOIstse t
L O Jtod d3d dzlsOdzt dz" = H Odzdz' = ,j LGz ds ALOIsits ofn) 5 cYf diitirjAsp j Qi
B3 stshH O] d ) dzdzis | dztsiFD zOWzgg L | dzj' dgziqigl€ de 5 C=g® dzif € © dgfts Iz
Lodzj ¢ lest@dgdfidtize ts f) @ ts ff dizll e E P Hzte s ¢ BY §f ¢ g @isthdasd Oy d ts
eOMmMmj W ded ¥ .
dlstczCIsktc® d tBi jd3 tcOB SIS

r dmmij ctsOyEddEPO MMmistsdls L 99 jHjddvY, 6 6
dZdlsj tOlskzter , MuEzO ) GBFH OB 0O Jalipsts QGdePigErO] &Y d Is
sOBdzdyr d 83 tdmkzdS O.

12



17l ¢e 1. JrRurtoéuvuvt1r 3 J[11]t.
sdflsj 8O ¢g@GadA S dyjodsdadifise:© € st tsdzj dz
oLOddBsHj2Mlsad] d B d&OMlsd ftdd

1.1. sOtBdH Stoj dgdedw

RMMdzj Hso Ocdzd 8 MekSlskter  Mot2fise COwBdHO
cOB G MIOOIs! d d ERIBBGEIEOWI] dH Odzdzsdz t6OL HJj dzf BIEH,
sBLBt Mots2Mmlse d MekClktedz » M ddsMisj 2 ¢
LW WiClksdodesy ftedd3si dzi dzgdd o COydfmlsej or Mokdlsj &Y
1.11.f ftsB j decetisiflinds O dzdzf)ig felgC s tcr  Si C

]l Oy dets? tMtsB j dedetsfylst & COBdHO Ctoj dgdzdvw W o dz
MstczC[BElc" s Otcp dgeizd ¢ tcsB ZOH OjIs Mdzsdmists?2 f dztslsdeslizyf
COYHT 2SiOQB®B&Odz ) Ci Ods@EHOEHARS wlstthkClsktedy &gd j HJ
CotstcH d dzO Y d s dedBiG d dQSls tc Gl tgriso z jIs Istcd o L ddtsy dg
SHds®B s SttdmisOdzdzO Si C, dLe jfmksd = ¢0OC (L d
Yd MmMdsd, dts oL dzdydzs dr § shdp ieEHINO s 1 dzfdzts fids € L
Mzs?2 &y jls Brolgtenbk datpjcdectcts 8 t©0OL dzd ydz' & tsted j dal
oL sy der B3 wWodzwe lsfpw COC BSCBoar j fjtej d3)h j dedme,
Ctoj dgdedv sy jls oMmlstej yols: v o MOB 7 teOL dz" 7
CEBduyj MCOVW Odge@®IztS tfstizietOB dz®@ Ve ts fr) Is BB, Is 09) AEIEOY s teticdz 1
dz2fy MmMdzjh jdzr tsldetsMmdlsy dzi dzts Hiclz @ HstslH @ ® dEB:dze, BBME
Mistcz JM]ztcl Ot OB Ister toj T NMESF W@Y "™ C Heig=Ils4 ,LABBYJ [
GjCMOCEBdzOdz! dgf » d tetsd3B BC RGO BMEYT™ t StiziflsYd sy dz
sBr Ydets do3j s ls fdzj Halz=sbh=d j~ 3L, dREY=Bh Bad, 2 , 51 & i {f j e B¢
dHJj desd ydetsisd WJ ted H 59[3BHed Y M) &ts j o diads nikfiy 503, HAIS A2 tag U J «
C dHjOd desdBz L dzOyj ded ¥ Qi G O I8AgHdaY. #JIlg Idzd 24" 5 1S v =
nOKLOCIjtdL zs s fCdis" jsdedigs b Q s S 6 s d2'ls [BaEIPHS

1d Mdslstew 20 Ists, ylsts d&O MjcesHdYMdd?2 HJ d
fsdzdsGifsofteddvyists tBiSL ZOYOls! CESQ Qj faMEs b 1§ izt
MsekSlskzter , cjSMOctdOd dr j -SifdaBs 4] i3y B2V H teeqtudy jinS
sBBL dOYjddYy §oddlsdfsle dj ldsHs jteotsilzdz@ y jifdedfvdz f ts
L OC dzs yoO,  Ilsfmw ) sBBL AdOYjddd Stdzdyjmlse® Mmdzsj o
HsBOodzjded jds BEZCoar , tsBtsL dz®@®HdyjnicdiY n Qesjtdddadg! de
ttsdge 54 Hisd U))WLL.OY (td.

13



t Mzt tod Mls Odzdzd yj MS OwW

1 ©6dBtsdzj §
WSdZWBISfI’]W

1121 jSBlsEr j

t OLdzdydj o

I s OsldfdoyjjH flls O dzj dz'
4 C sls tf 5" d SHA & o

tcOMY toctsfis tc Odzj dadz” o3
] SERE-FfHSIB o vtej Hd tsBBL Hisdyj MSdn
9 Mistc ] Yy GRISECHW38,4R]5

s @BkSskeO ¢ Owks
5 ftddgy tededz®s Mis

glstsdls MC OL Ols bSIC st £lzigd uygihne @
oL PN Mlsokzjls Istsd ¢ (U0 Oshjudsy jltg Olsjk g ANt 2zdisjjdsy
fojlsjtefjo @jds 2dzffGacg AlsH o

e 52 Mise O
BOls j ted Ocdztso j H j dzd

MstekS skzeOn
dj Sl j

vsOBdyQ® j CBlstster -, 6-adts Xgls o © 4

Htezedj H2Ba@s@8sdyr, yoh
COteBdHO G tcj d3ded v, o sMls
Bsy il adzdwis! dO Mme ts

Is J ff dzts Wiaf | dsvpisigadal

Ho 2 Mo O AH-SiC 6H-SIC 3CSIC
] dztslsdgsfipds ! , @ 3,21 3,21 3,21
5 j f detsj d5C 6 IgBK, 690[43] 690[43] 690[43]
5 j o Gl 669 ks 370[43] 490[43] 320[43]
- Uh=4,08 ¢ ts ) of

e G=447¢sd | oo -
Pl aoc(gewy | 27GTEE00 | Ge 383 (e
[SHkd 5o, 3901 690[1] 3901 690[1] 3107 550[1]
fggffi?néfg”f?g 28,1 [GOM 28,2 [AHO|28, 2 L6
fft‘;d 2O L OoftE]?n 3,26[1] 3,03[1] 2,4[1]
WEEHMse 5 ¢ 1 & 3] 3.3[1] 3.8[1]

LimBsey &0 ©OL dduydw o MbtkzClkwon fsddlsdt
COC Isjf dzs¥ gL d i dijo &R fij lcinjC lstdsacdridzy O % Is v fyd &z daj

9 Mots2Mmlse On
SICV OL " -SiC)3 ¢

9 dH dz

14

fiod f toBidse3 -te(O4EIE) ded)d { fsEzpds s



Iy drejifmbdeyr | ftsdzdsdfr C¢OBdHO Ctoj dgdzgdwv tsB
L dzj Ctesdfdz d3j - Oded yj MSdr Mot2Mmlse, yYlsts MoawL Odats ¢
d Mmddas2SiGe wiitgydesMmis: ¢ tslststcf@?. Musd)kiOd dzelzj sH B, B
Mydlsos smw o L dzOydlsg dz! dets?2 d3j ted § 59 Odzj dzlsdz of3q .
[48], 9" Oy O h j2 L OoadMmd ditsfyls Htsdzd-] d tsdzdzSR0O L feds:
1 dzj Clstotstsistod Y J, dz'fndewfgleld o( 6Si C HEsdzy dzr -B2 s%. dsidd
Ctsfe jdeder &3 HESSC OL Olsj dz' MBiIE g dgj dsise B8, BYsh Md W g j
~nOttOCIsjtc Wodzw jIsfpw dnr HdzddzO. RrRMABHWY dL L d@yJ d
0,77 jr=d1SiI3B](rkOmMmiseswragdzy &i B dzd tcOo dzg d&3d 1,
giEHY dL dodde S OHld Biss (k= 0S41 ) M kyjlt
Ci WWdydjdas© 0, 93, Ctlstster 2 dzj sBrtsH @S 99 j flsc
HOdzdzs?2 MlstczC Iskzter , WOMMIsswdadw HEdzy dz B Mded W-ateSDo
tcOodzr 1,888 |, ybt dzyhj Mt kzoOmMBg.lsmw f <o Od

17 s i@y f j dz Ctso Oddj BAsHAs Misfd o( 88 ¢ OW i tSiECy dat
sBEzMdzOo dzdo O Is o MsC Iz ® Isj i3 J e Ols z toc z SiC fAD s dfiAf) reiag +
ddzS sdzc gt dglsd®OL s Oded § ©53 6t OMY zOo © € toj dided W , Iso j
f tetsH 2 C@BASip SizC, SiC, d SiC [49]. 456 dzOMdd|9], H Cd@BdR( H € to j dB3dz
BB Hdzj dedzets H M yd JtcBlo@)s' o dzME R dggH (D 1D dzj tctsH
Ctej d3dzd 2 M HOo dzj dZdlj@3 f[O@asdzj ddd,j8 I fl@ctse € toj dgdad v
MisOdztso dIsfmw L O d3Klgfdz" fig3s st dz2 § Oz dzgf 4 ®©MBIs Odz'Odz" -
ftesHEZCIstss BMIsOjlsMw dzj L 2Ry &l eds dztt BC Is f defsis B8 - B #BC
syjdze€ ] tOBsktshnftshsedshsd COwBdHBS ] &dzd jor 7 d

(M) BHdddB Mots2MmMlsotsds, Bhdd Hdzv ofjr (Bdzdls
COteBdH Ctojd®ded™w dzj HJj2Mlsoakzels € dMmdfRB46] ¢ H &8 Wis
cOL &ZOc OjIsmw ftod My dzOodzj dzdd M ¢ dH t@Cdnddad®'dzd ¢ C
Ctof i3z W d MY sdz! L 28 IsMv  sOSCdJ ONd@o dnssais N b Q)
sOteBdH Ctoj Ggdedw™ tcj Ocdtekzjls M Wiktstesdd fted Isj d3tf j
ofpdzj HMlsedj wujet 1Isd ojhjfmlse O IsOCQdztsote] ddgSizy “u
SBEZOHOjIs B-d h j2 Sddidyuj M2 USICEElydtdedets?2 M s
113 SdMmdzd s j dz' dzgOwW Eflss2 ydossmls: COwBdHO € toj d3dzed

[SdMmdzdIsj dz dzgOWw EMmlsts?2 yde tsfls COBdHO € toj dzd
weodzWw jlsfw 9 Oydzj 2h dds Mots2Mmsotsd, GtejHjdvshdd d
o of MsCslsj &3 j tOIsz @M6,50] § kif dgpdpty dgf ) ~lO dzd L o3 5 )«
Ctoj @3dedv HBoBdz des Mdzsy jdz d L OadMmdls sls d3detse d

Os@gsmi jer , dOdzdudd f(wLddEimi2 ddd nfjydod d -
15



smtse | dedes s g2 BB LHmlstczC Iskzter dzteOIS jf 5 P tzO dzts fizlsl § dz¥
f tetsB dzj d3d f sfmewh j dats Bdzsy | Mlsets OB IS, S OR LG
sB) widzj dzd j d3 d3d ~ Odzd L s 9 , fsmistetsj dzgd 4 d3 S d dzd Isd y
tcOL dzd Ydzr » bk fip@is3. d &l o j d5. fdazjud®@is ® Ho O IsidACAs doSdrfr
f OMMdodetsy. 1 OfmMmdods] ®CdMmdzj dedj tsB' ydets tsfkh
Zz0yddzOw ) 1000Aw, d BBdZjj o' MBCdn HOodzj ded Vv n
By dzts s d MO e @ izt o3:
SiC 5402 ( ¥) SiOz (5% )Qt ¢) (1)

] 1l ejydhj ftsyjmi sCdhmdj ddy ¢ tdlststsdd:
S ftesotsHdls lsdtsmdlsj dz dats &Bj H dzj dedzts, LS, ls '
Cslststc OV  Mtsftb/oigiyHH53l1 Ag sy Istsets, fttsyjmm L O
f OMMdeodtezs h jets tSCMdHdsEs Mdasw o0 fo jton datsils
HOo dzj dzgdd CdMdzstesH O d3j dz' M j SiQe/t2L digdsy jtadP of dgtde ] J~fidats
C OCIdodatsdBz ¢ d fydzj ded & .

bSlsdodesy tsCdmdzjdedy HsdmMatsudls fted o MsCd
f dzOo dFi@z b= 1 TN O0&/ ddzd dedL S dn HOBER ddly Gts fisic jqtdy dz
fMsH jtey Oded j 8 CdMzstesHO. ¢CIsdodetsi SdMmdzj dedj s

SiC s#2 ( ¥) SiO «h COICO; ( ¢) (2)

] itk tjyddj sBtOL LS ISy & Qdzjsishisdd fzr 2 j &6
oL dzdBARgNsj Mlsots HjWjCltse, Ctlstster j tsBdzj ¢ yOs s
ltesyj M OCkdodasets sCdMmdzj dzdv ftetsntsHdl o Sddzjls

12rRtedHd?2: MbickzClsktc® d Met2Mmilse O

tOBtsls s dMimdzj Hise Odzd ¥ dqtedHdw h Lkysd L
or MsC B B &BIs &30Is § tc  O@ANL6,2821,5850)1¢ WHasc o v L Odzts  f
Mistsd i3tsMmils Mo SEyYlsts,j teg H! , BBERZMdzss dzj dzts dzdL S dill & H
% 5 dGipfziH)desmis ¥ dL o dzjSRIGdded R e dH U HBEBH IS o f
aBB3d dzj e Odzts 9 : fmMr Mj lsmMCdls d dzd dtedHdMmisr 2 tsfmd3d 2
dzd o' W dzlMC dIs™ [60|0t@®@ gz tcgeaz ftcd mMizlsMmiselzjls o tOMmMmJ
dedC jdzjorn yJjdzjL sFBH | &P b - tce@OROB Ol§ dzaf @ dfrtcr] H
Bdtcj o Mijoc <O YHABER ¢ W ted € [Pl].d Jofmdiitsifiifiecpdd J { scets, (dt
tcOMMmMdzOIstcd o O Ismw d&O Cdodad) Miste G EFRIsElc@ OiZOIs j tod O dzts o
dLHJjdzd?2, sBjMfjydeaOshdr BjLESf OMdeslis! CtsmkzH O
MlstczSCskter dedHdw d jets Meas2Mlso O, eoMmistcj BBO O

16



12iAadLrLdyimSédjy Mots2mlse O

RigHdR MjtciBedit B3 s Odzdz f dzO I§ dizdalsgp jsI2  Gisez df f
CtcOdzj yj dzlstcdtctso Odgdzlz (1 As) CtodMmls Odzdz@=y j M, C3z8 3 96§
4, fshMsOdmlse | dzdzOV-3 miczTf ®© dnld H3css B el § 1 dats Is dzts
(22,5% dfhds &0 0, 13% kmsikzf O0jls f distsigagd)s d( BHD,dE
Lded ¢ Odz! daetsmyls qedHdw C0OC 1 As BISOZ&ZO L OC dzs yC
f zOo dzj dzgd ¥ . RtedHd?2 | dz@o dyg igus tfjteds Qixiddidizes ftisiaj Syl
[62]. 1 4 5BrBHdukts udsdg Isaf dzdlsj cOIlskztey sBr ydzts ¢
Isj &3 j tcOlkztets?2  dzOo dzj dzdw o7 hj 2000Aw. sO¢ fteC
(2623AC), Ta (3017AC), W (3422AC)) d 41vuv (Hf
KB4 s OERIB6]. | As 3§ &BjlbOdd (Stesd3d dtedudw) ddjs |
[67]. stesdzy IG5, Yylsts dqedHd?2 f zOsadlsfmw fted o1 M
HdMMyddteckd@ls ttodp OEhGsC 82 Isj B jtcOlskztey (HOso dzj
2, 1P&BHOt) , SO¢Y] ddizddls o MsC kzy [1R8J4B] jut©OQIELEtc o
Isj edsd yd ME z® MisOB d dz' dztsfls Bsy dets B W ided Is ¢ fn
[68,69]

vsddzt dzr 3 MowLwdid Bl Whdgw jIsfpw SOCYJ d HES9E
ftod CoddOlsdets? Isj d3ff jTeldKE o ju  figofyldafoudgvdgds o6 ,1s5) &Y §
tcOMmisjls d HisMisdc OKEY to dzOA QLB Autsl 3,6 dii0  5C OL Ols j «
dz] Cssdsdd3 et zOo Cdd3 di3j Is@dzzOdgr ~s stke @R MMOE &
JRef tod S dRdzOIsdzts? Isj &3t j e Ols iz K™ ) =-ifBkcE ) dzw 1 1§ K41 Q5]
2000 Afmtstsis o jla6,Ms74] | dfdasdzOC 5 MtejHd HikzEdn d3j Is Odzdzts
[ dzv MteOodgj dzgdvV £ t©OL Zdqyds" » BOWLESSE MsOdzd &34
Msimis Os izt 3 CKA pF2]. RtcdHd?2 IsOCy ] tBEZOHOJjIs HB9o tsdz
1147 tKis/ul osissds Isj i3 j tcOlskzter tdz0@ f OH O] Is tK, dats|IsH
wodzw jIsfqw Btsdzr hdd3 L dzOyd ded § dI3Mtcj Hd Iskzetsf dzOo € dn
122f jrOdzdyd MSdy Mows2Mmlse O

l ststef g L dzgOCas™dH j dzw s h dd3 dedHd?2 MjHd Htekzed-
Edzd C Odz' dzr J d&3d » Odzd yd MS dJ Mo s2Mlse O. ] BHtets g dzts
tcOL telzh jdedw dtdHdw, Br dzd twOMmMmdItslstcj dz@ d 1 toj H dzts
O], O I1sO¢Cy j54,3476@BIsQrH j ! BEHEI F¢jHMNsOB A dzf |
gL H Odzdz" n tcOB Sls. gydlsOjIlsmw , yls s 1 As d3d
HiWtsttdsdtezs h Jdsdmw L O Mydls WOUMPL s tecdsyi)j iy dstise s , ) Ost
C LdzOydlsj dz desdzsz k2 tetsydzd dzd ftcd ftoddtsy J dzadd

COL bl Pi®A.Y [ HEOSCE, f(oddSttdhsOdddyuyjncd?2 dedHd
17



fted tOmMkwy jddd. OyuO®BBlsizOL Bl j dFtckf Cd2 R OLOS Is ]
LJte9M279] 1 worhjdeddj IsjidBfjteOlskzter dMmyfr lsOdedw  tod
zo j dzd U4 dzdupdzstinde@fyls d Istsds M3" mdzy Isdf dydetsy ftso ]
9 CtlastidzffouOded ] gz @HMIFE [ J 2 Mlso dIsj dz' daets, d3dzt
MowLr 908 ls Odes BOdz! detf todrdfifReCdiAyls ORtat iyl thi§lss'ec s Jted H
dzj B sOzzs®OE EOKIEsK @OCCdg@bgEss, $Oddz J 2 ftodo
CtcOdzed yodz L jtojdzg, ylsts tsBi Wwidaw j Is[BABAN L j toj dzdz" 2 -~ O

Clts ftejHitdsyjddi OSCY] HoHIss jteyxHOjI Il
oL @35y dets) YsdzdCted MisOdzdzd wg MECd2 dtedrHphh fp jingHs]
fsBtigs § &zZOIsddzj d §tSHHO] IsMwW[9,7d416F Odddtayd ME s& d3 5B
MH ey Odd] SOME. %) o ddHdjoets?2 dOkdyd]
dL Bj doj ded W &3 3j =~ Odzd Ud MC s5O,88] § § aspHigsdzdisls dsf sl jiste d O da
fsHHOjIsMw sydMmMisSj, d o wbddyd) s Htkzecdr dj
fMisd fjdz udmistslsr dd)' L @HIPBFY orelg L b " O Pdets  dzd L ¢
dzj d3j s Odzdzd wj MS d Pppmff w3 M BdoBafdls ¢ ¢ Oyj M6 dzg dafids
Mo s2Mise . #sYd IsOdzd § Hokrn WOCkBtee: mdztsy dzts s
dzj &34 Is Odzdzd ud M¢ d& d Hf dedftsi3zfgiin,j 2§ sefded v dzts dzO B " j § ted d
dqedHd?2 wWodzwjlsfqw R"tekfSCdd 1 As BilsOdzdsd. df yew
Ldzj Chtetsdzz yj o ZsMg@ I tbd rjzOo §BL @tsczv 6 h 25§ sdzz yd Is
dzj d3j sOdzdzd yd M dm ftodsi Mi2, § sHSB|sB detsizO IS d iy Grtizh I
wodzw jIsfpw o Oxiglzr dg O E IS tEtelfs dzO j 65 tsSBtcOB OIS 9 O d3ts
CsdmMstczS ydsdzdese s BOIsj ted O dzO. J tcOB tslsOR B dzfs
&j cdtetso Odzd j d te JruddOe [86:98 BOBleoCOR ) Mtse h O} Is Brd Hf yls
By jls L dOydlsj d dts Zazzyh dis! &j - Oodzd W[k dj Mo ts2

ItsojHjdd] BsdsCttdmMisOdzdaztss dqtedHdw ftod tOfMmilsw
sBtOL ytso , Yybsts kOS] CtMmojdedzs §ftSHIse Jiey HOJ IS ¢
By IsOzdzO ftedd3d M2, MEtsdyd destedtetse Odede” = dz2O0 G t6 Ok
Le@pydlsj d dgs Bisdz hk¥  &zOMmisd ydesMmls! §t5 MOo dzj dad ®
mMddz? desy Eftesydej dedi d w©OLtelkzh jddd M IsttOdmC tedm
Atz Cd2 W4 WRHA mHstsdslls d3j Jsd laylsts fftpdgjjda@ dzd v S ted o-t52
HiWBsted3BOydw wls o W LolOdcddE Is§) tdhdadl fHioBifg4Kde) das] f B& s €O «
CO¢C d BBdz "ddzMlsots | As &BjlsOkzdztce, dqtodHd?2 HJ WS
HdMdzsS Oyd2 fm o] CIlsstcPA75] 1 tligelf et <ulde@wpj dzd v |
BsdetsC tod Mis Odzdzd yj MSE sets dSPH i s HB R ffaktidsdz f dz" < 1 dzd |

Mddz de" 3 BJ Y Ol EEpde” B3 Mo W L ¥ &3q
18



g qdz detsy B4 ) Olstsd3dzts § -0 af H @ dizdeziz 2 fplsafdf jj s  ffts dzO
f OH J dzd § ftoesydesfmisd dz0 tOMmlsw y j dzd J MtcjHd Htokza
Isj B jteOkzte HB 2000Auw. 1tjHjd (tctydesfflOd OB @
[10 ftd 2000 Au[104 s yHsAsdzddN O o dzd dsts 3 - Odzed Y
sz s dzOo ¢ Mt tofs s ctscts ftiod BPR @Y B, PR g i OF
HtS 679,5 [H@®) (2k&CHY) BjrO0dzdyj MSdy Mot2Mmlsea ®© (
ftcj HMsOoa dzj d& o I1sOB dzd yd

vOBdH Y@ il § dj-Oddyl@k dj MmMoes2Msa © dJedHd"

ltejHjdz ftesy [ BHEAZ [BHEdA st ¥Wdyg vejtHT
tcOMmiswy jdzdd MHea dG O] 4 dzG O, l zOMMsd [10
49071 618 214 538 0,26 1960

123mddBsdyi Medj MmMets2Mmlse O

{ ¢ dimdzj dzd R oY vz Mists2 ydo & cubnddiEiz]jdatfts |, s lsydsds
sze sy dzOo & ([22i 15H6E O dzdias alzj SECIMmdzw jIsmw dz20 oL HEZAJ
ftosCOdzdo Odzdd § tstetsh €O dtecd HIGIWO 000 Asuts CtsjB QL frizdg tEstdifH G
Csdzdyd M MO yj todese s Yo jlsO M Isj B jtcOkztcs?
G/ M- 240 Cr YI2@&B1@6] 1 tod i tsirCldPhdsh KR tsdzkz y O Is
Ir:03, Ctlsster 2 Wididdg'lsi fidaejmls Odzdzr d tcOL dzOd107F)].Is v tc df
o' MsSdn Ijdkf jeOskzteOr O1100Ay o OlsdtsmW jtej Cd
stcd sC Mg EOO clIOL®@ 13 S Mz Risifsletzdzh G ® o G[IRi1IBE6,405] W O

4 Ctstetsmis! 6 yj mMmdd dedudw o CdmdzstetsH MisSH j oy
f Otcyd Odz! degsé@ s HOo dzj dzgdv CdMzstesHO d Isj &3 j cOlsk
tc O B S[E201B,55,56,106] | O 2k NH MisOo dzj dz@ L O dMmdddsfisd MmE:
Isd B J 6Olslzter d HOo2f)dzd0" oA LYK}z Rl (zis@iolriz ©dzd e d H Y J
dzd dzj 2 d20 o C QLMW istsyfflg:. toj yd Mmdd eBEMdzOs dzd ¢
tcjhjdedw LOHOY 9" MsCslsj B jtcOskztcdzsets BOIs tod O dzts

Il sdBd dii3s o MisC 52 sCdmdzd s j dz' dats 2 Emlsts?2 ydoe tsfml
MlsOB ddzt desfylsd tsSCMdHse Htod o MsCdr Isj W i tc@Pis dzdz
BOt! jtesd3 Hdzw CdMmMzstesHO. 1 tesdzdyOj d3tsmis: 5 CdMm
1108 ¢ / B[ 28] .

19



104

103

10

107

10®

107

1073

106

CkopocTth peneccun, cm/c

107 | -

* 1675

-% - -
10 1965

] 1 ] 1 L 1 ] 1
105 104 103 102 10" 1 10! 102 100 104
JaBiaenne, moap
t dmMz2zes®@ C stesfils! o yd Mimdd dJedHd™ f§tod tOL dd Wl -
o tsL H(EzBR)Z).

10

{ OMmlse sted issfls: d HIW W bkL dddzOw) jiifeksdsdoy O j dg® f
dzj L dz2Oydlsj dz' dzrjjte tfisnf dzjsds C IOE dzo Ols* Mmddz' detsj o dzd W c
qtedHdw, Br dzts fftsCOLOds, vyt dqdHd?2 f§t MtcOo dzj C
Nb, Ta, Mo, W, ZOdBtsdzj j kMmists?2 yd qd104F rLdaQ HArplsddgtts ts 3 4 1 t© dztf
Zedzj esHO o dwdHdd d3dded B3Odz! dzOW MmtejHd Hkzedn
fMsils O dzv j 1§108), , {285 HOjisdz O " j dzd W k& dzj tetsH 5d3 (¢ tsdhf.
3[109). Y ted {lsts?2 Xj Ilj B jtcOktc] dzOBdz® HOjlsw 1 ol

RicdHd?2 dzj btsd ¢ts "OtOCljtedLizjkmw dedL €52
slsdzd yder 3 HIWW kL dtsdzdz” d3 [6BHL1QUME3F 03 1H dztc QLEHBSE Bzd
L CMmY § tod d3J dals O'dz' dztizO Y jsdiatp W J Yetctsded yOJ BsMisd dedHdw
Codd UEBso® Hj kv s h jets ) o] teh detSiyls P skl I teg s d
fted tOLddyder » Isj Bf jteOlskztcOr (tedfm. 4) .

) esdzgd yoOj dssfils: dedHdY 6 bkcedjtesHE o jdr BP
LdzOyj dzd 2 fJtetsded yoOj dismisd s CdMmdzstesH 2.

20



3000 | L | I | . | . |
liquid

2500 fee |

2000 L

T/ K

1500 -
| graphite + fce L

1000 + =

500 e
0.70 0.75 0.80 0.85 0.90 0.95 1.00
X Ir

{ ME3Lsh OL so OV fd & B [-G0ugjd 0

10

10

10711

IIpoHnuaeMocTsL HPHANS MO YIJIEPOAY, I/CM-C

10712 ] I 1

[ diiz4zsQ O dMd d3sMmis! L dzOyJ ded¥ Y(etsdzd yoj cssmisd dte
tcOL dzd ydz' » HEAWOLIYyEss te(OL yO {f6].3 Hdzvw 2 8B

rezedd ~daisdud MlPBdfH diRe s Mg @ecdelzjls Mts o Mj d3d
fMdsd Mw &sd, o I udmdzi d M YyotmMits2 oBHEEI Y Yt
Brls! twOmMbottejdz o8 S dMdzslsOR ) fsdksh: s ftojHo Oted
ftod T@OO A ddzd ML NE@iztEY 1 HODA®. RtedHd?2 9 LDERS

400-4 50 Aupd 1 dfltcd Isj o j O z[@). CtcOMmdatsets C Odzj dzad W
21



13 LOddtsH j2Msadj COteBdHO Ctoj dddedw f f jtoj m SHdz

ddzOdzdL dzdlsj teOlskzter (HIBL P} O F Ry lsly Is@diAddds gy dats
HolOdf O s tsMmise j dadzts iyigfv df teWs@is tet©rZB)B 1o t§ altzizdz 114165 j H
1l jtweor A Mg FiO j toj mntsHdzm 2 3 IsOdzdz, d d3j ¥ FedC?, Tifigis O 5fd
Is. H14)116118] dtcj Hd f totsH lsWNdedspoO fis(Hylsyjdgs dzOB dzs8 H OF Is v
d MddadSssotesdH & lsOdfdston z §f IOy totgijilNsdajizl §s datiz@ @
mMotsd ®Mtse j dedetsfisd, dzts CO¢C { tcOfgteaatz® f didls i) o d3 ]
HdJOGCtOBBROMRBI HOdzdz" = MdMmisj d3

] HOdzdesdz t©OLHjdzfj BEHEI tOMdisilstc, dz dzOd B t
Clsster 2 Mafitsy WESIC, ¢ HIjf jftej RsHdZ 2 &) sOdzdz, dzj fSE
COteBdHIBO . glsifJ dz dLEyj dedetsfplsd IsOCtsets toisHO
fjtemyf dz€figlgdos ftoedd3j dgj degdV¥ o teOL dzdyde" = 5B dZOMlsw |
fsHtcsBdzr | Mo jH jMNziSICdE&CofBigls j es®@FHEz odzj Hicj dzadw o
COtcBdHBCtej gdzed j o' = RBOLjtedOdzse o cEttew yksr L sdk
Mk j tofflz@O 6 BNi&fCo [114,115,117,119,120] « d MNEijSIEB OC % | & O M &3O
Hdzv fted d3f dej ded W o Mddzse 53 H dzfs @ © & [BAAdHrtisdPank GO fn L
ftoj HiMlsOo dzVv j s d dids J tsp fp dzdfvddvy J fdlndf Js  d3d H da2%123]L fdg) € |
dimMmdzj Hse Odzedd tsMtse j dedzsMmisj 2 sy Mfse W OLsSBB GO
offd Mils Au@yd Sik H Odzdzr = f OCIsdyd MSd dzils.

[lsH B dectclzf f 2 ff iygf fip g Bz sddHi jJi3j IsOdzdz ff dzOls d dzts
(Pt PARh,Ru,OsIr) . o d MisSjGfPdi SIiC, Is ECOMNI-SIC,W o dzv 8 Isfpw  ff j oy
9 BB d&OMmIsd Mmd dztso[1R2,124] Haj L Hse ts ezt i v o dgb jslsipw  ff j tef
BOIj ted Oz 3 5B BdESUGE ~u I8/ GLals stetso, d Mdzj RARhE mw
Ru Ctbtster j wWodweslsfqpw ftocsHEZSCISO®Rd HJjdzj degdw W HJ tod
f dziz Is f@&(127] [ M@FRCHBdzdz' =7 f6OCIduj MSd dzjls. ¢ dzO
M MmlgSiGe EH jIs ftojHMmisOddj dz © ©OLHJ dzj 1

131udMmlsj Bjtog ntsHdz 2 dzj f ZOlsd BBE Hdz 2 Bj s Odzdz

1.3.1.1Ni 7 SiC
AOL SEB Ol T @BHizs % OL 5o 52 M i O(CUsEmERN dzj 7 dsf & 0d
COwBdH', ©OMkostdBshls! k¢ dj ¥ H®s ded de] dis joatk jiftdeC

1 d Mdssistew  dzO dzONESufdtg te o A fds jtegdL dzd ydz' ~( tgd fg.j Mswda
oL Od BsH HA SEdOtee JHisd § toj dsdzqf s dydedsts d 2 df dejste tiz @&,
o ) jlsstdfy d dzd Y ofHGIE" T 3Si, MsSi>  -Ni-Si [114,117 120,128]

22



[lsMilsMlsodj Hwkcdr WOL Mdodydrsse ©Bi Whdw jls
HC ZOMdets 2 ds? Y OL®BDE2 (8dMHELBR]) , Ni¥ OL ™ i
fisH j ey Odzed j B8 Stoj dgdedw dzj Mis OB  dz' dz' -NigS i 1 thdshPs lsffigs ek
fedmkzlsmisedd SiC, kOC d o fwdhmklshmsadd bkcdjts
Efkzse dwn dLB' SO Si C, §tdzj ydz d3q-NipSdts Hoz SHscOidts tic

4000 1800 I I I L I L 1 1 L
3827
. a 1700] 6 N
3500+ -
1600
g_i 3000 y 15004
= -
E‘_ 25004 § 1400+ |
; :
= E
28 £ 13004
2 2000 - &
= E 1200 |
- -
= z
1500 1assf = 1100
1326
1000 .
1000 | 2 Ad—
z 900 = -
500 800 T T T T T T T
0 10 20 30 40 50 60 70 8 9 100 00 01 02 03 04 05 06 07 08 09 1.0
C art. % Ni Ni Ty Si
°
850°C - - - Diffusion path
S
Py
/7
20 17/
e
e
1/_,{ f 7
N T T 7 rd 7
NS (&NiZSiL ‘Nisi Nisi, _
NI T 00 a¥NS g 80 Si
at.% Si
{ {MEEzsQ OL 5o ' j Hd OMNitsO @ag( Ayid BiIELBH: sdNii Sii Cf tsd 850
[114]( o)

rdwwikzodw J oStcddsOspd2eDiid, Oldziiiv1dP,128] dzO0dBtsdzj § -H d ¢
fsHody dz" d3 Ols s 8§ts &C,0 WipddiilsjjlehpsB N Oj Isfqw , yYlsts Olstsd
sodHlz foylsd { tsdzdsts ctes dstslifs iy Is fipls o iy dztste @fiyIsho ilsl j1t7 AR tsAs:H
[114,115120] stesdj ke, jcts OCIkdodsMmis! o ¢ tSTYIs]
s O0Cdd3 B igAAHIN, H Saeydi dz s ME&IHO, 0@ Gsfigly deje ddgfaydj Is H o d ¢
CGteOHd jdzgs©O "ddBdyj MEitsets slsjdydodzd. wtstseh Oj Ishmw
9LOddisHj 2 Mils®HOAu)8 0Vsdzlstetsdz e fplEmis j st f bR HHOS
ftojorhOsfutphC Slstster 7 @OOER] L ABAudzOB dzs HOj Isfpw o f
tcOMA SHts9 Oded W a3 Is O dzdzO, fted LIssds oL OddBsHj2M

[114,117,119,120] | tD4isPo dzdo Odzd ' C dzMlsOdzls’ AYRILSIELs s
23



Cri SICANii SICC attsBh Ojlsfqw, vyt ¢ sdii)ig@CHEEA® s tdstoHstdngl
tsfls O dztc dzB)=  (
A
e Cr \\\
& 100 A N ~a&
':';.; m 7r \\\
s RN
z \.
=
Z
3 101 ...
y ‘o
5 )
2 N
< -
AN
102 - "
600 650 700 750 800 B850 900 950 1000 1050
1T (104K)

t dMkézsq Oo dMd s Mls!
Zri SiC[114].

[ d¢ tetsfls tc iz Lijadmtg Qlzdzts iy ls ¢ vdzd & j @Oy vrp{ dzv j Is fiyw
HdW W kL dtsdzdats 2 L tsdzj
ficjHimlsOo dzj dzts
HdW W EL d 6 didzts I B Od iz 6 5 He'
ftod dgzh j MNisSh,j digess fdzsw &3, Msmisswh dikd dL
Mddzd ydHO. 1tjHmMisOodzjdede §j ©® dzdlsjtcObkztcy
BICtesmistezS skzter B HaOals jtEBjM Ay H3QIs! MW o

U ejHlzs M djmw

K Ni  Ni;Si

SiC

t M@ C [ Mdd BsS M uj dzd Ni/SICHY Wi ted Odmts®]
[115]
24

¢ sdzils Odzls ¢ s to ts ik jSIC, Nigi jSTY Y d -

W ts te dzd
fJted 5H Ligj1ipiler2119,120] ¢ tg O Is7As b §)
MJ ud ded § Ni4Siq,W ¥ rizn jd us>piZoatsdistP 6 P24 8 59 A o

f dzts d

L J o] dz |
d3j ~ O dac

PBStO A



1.3.1.2.Co-SiC

AOL ssBtcOLOB OCzPYi,, ddzgj ®BEOLEZjIs MlsOB ddz dgr =
Fedzj tesHO LOSNtshis@? dzy j BOz@® [04] &) GEHJtcOB R @A u 1
ftsfls O dz'Cj1B2]. 1 4 ISiPER] SidL o j Misdes 4 ) d dz20py GoSi, CoVd d d
CoSb[133].1 € OL Odasqd ayls®d dg=Oo fSITIs alsdjddz j te Ols Iz tc dats tigl2H0d ©
Au BBtOL IZjlsmw | H J dznlsCGoPidzdz® ¢ dANSEURG) \ ¢ Hodz@Y) Ws@sie @,
Iso jtcH™ 2 Sle@flso tstc

FqWWeordw d K dbipf BEGEBIC Olstsds o3 sOdzdzO sOC % §
fsHodYyde d3, O Olstsds ZedzjtesHO dzgjHoOodyddr d&3. 1 T kM
1000h4) oL OddisH 2Misedj € s ESdRdel jflafpy b fidis2L ds
(1210Aw) fMmsseh Ojilsmv © ¢ dHI0s d wisipdftsds M€ jo Pdsg , to
f &zOo dzj ded W j H d defiso j dedlets G 15 Q@usHitdq =iy lst @o dzv jHIO dAdBSR 0 Anpc
Z0 100Au fitejorhOjls IsjdisfjtcOsktclz ftoseo jHjdedw + €

[ dCtotsMistczC Isfipdeif®oj G IsOC ) j dOBd&EHOjIsMw §jtedts
(edfm. 8)

HIPSiC BEHl
{ dikezs® S [ fMded BsS M i dzd CoiBiG W ¥ 2 1 bty @abuAs NP6 6 ©
[134]
1.3.1.3Cui SiC

[ Odzdz" f)d fipls Culdj SIC d3O dgtg Mdzj dzdg'B | j dzdets§ § tetsfls tc O dzfy
toj OCAQUBICd MMmdzj Hizj IsMvY EBO&MAEREL e dz@ g W OL SojsH! HA
sBtOLEZjls MisOBddz' dz" = ,BOade §HjtEe C{ teafdafriyEatrindatatigrii-1to
1 g Hjdz teOfMlizestsizg dedsts ipls df taafj | ISJBC@EOIJS-W@%?UJG@&@deQMZEM
( ~1CPMAnis 0o dzv j K35) , 0 4 MEE.Sijigl j M ofipg dzxd YIS GClhsSia
9 Holkn dBBHdWJSOyYdw s ( ded LTPEISY ;B3 q tcod IshipticStasIm-@if) jstc

[136] [ H dzOS 5 d3j H ' SiQjf dissjlsO ¢ ditssk jisly dff j [828]S tdaf I jdpiYo jdig
25




1200Au, Y tegz®@r P OYIBAIS] B j teObkztck  dzOso dzj dzd v ,
Ctd Bdzd W ) SEUWSHe OpiCid@fej@3 d Mo 5 BuSHHOGEEHEO diafq) dzUB) HAS
O &zOo j fsMmdzj o HjtySd ftod 12DD Adgtsudts Qi dedinw
BjH' dzgj BBteOLEZjl ddtOoSdrs da@8»r s WOL ftod oL Odd

I Mmjyidedd HJWWQUSTCHzBAEE? HPOBMY  jtodtsHdyd MS
MotsBBHdsE 5 @ dJuiSiti @zO @k lsstg dipy J

- T
AL Rt ”3( -~ P 100 um

s S T hi
[ - I SPERCTS el F 1S ¥ » graphite

s .meu&aﬁ)?\‘ ss?" o & e

2, l
Ehsn . AWW‘?W » o ’%_::;1
b AR Cu-Si alloy

SiC

t dMze@Sy jided W ¥ 2z L d ts dzGaSIC, off QutgOtelaplzts 2 1450  djqReR3p A u

1326 dflsjd cfjtejrntHdy 2 § &ZOkGdzsdHdz 2 &) lsOdzdz
1.3.2.1Pti SiC
AOL SEB 60 OaBdElhEd] csn0 o q Pl d dzl B fBifzde Ols
BdzdL S22 § Isj &3 jcOlkic) Of t@fs @p dad i Is KITR O fedz® Is (Y Wk
i SidLoejfisd :HeEkdPesit® U d b EsPEY BRSOUT Y W) S sls
q fls sy @k 05 UPLSi( B) P6SkqPtSI( tsd f[138JL 0 )

1800

1769°C
1600 -4
L
1400 4 F1414°C
1232°C
O 120
2 1105°C
o -
B 1000 005 974°C
£ 874°C cﬁ'
=] — -9
- 7( T
- { ’ oy
[2 ‘W'"; L 1770°C
| / .
= 745°C
= 7]
73] ot
600 3 28 _',-: (S1) >
[<% (=¥ N .
=% =||& -
o AR
HFC a >l 4
400 2| 3 a| &
ol 175]
By (71 Ky
LIHA | A
e [-of ps
ZI=IE =
200 T T T
0 10 20 30 40 50 60 0 0 90 100
Pt At % Si

{ fMEWSCA OL 5o OV g ) O BLiED RSO

26



1 jMdisslstew  dz0 kOS] ldshdlsjd ds Btd hisj
f &zOls ez W % B L d tsREPLINSICH Ot dztso dW a Iso jtoH sSW OL dits780s
AudB tcOL It 4 IsfigY d3ts Usdblirg tzefOy RRSI, PtSis  PLSi[115,120,139,140] fr) dzts 8 dzts
MddzdydHdzts?2 WOL B2 By DO AEPLSd @AGs:MWOj Ishwv, yls
eOL &z ydets?2 S qddejlsdSts?2 wWoRESIQI3W d M swsh §Ed¢ Dy
Hdzd Isj dz! detsd o te(jBiydzfpf) JHALdedzf§icfo | dzdzts 2 M d dzd y dReSEs @ d W
sjn YJj bkipg@s&adery S0FMR0)140] 1 tod o' h j dzdHotSOGA vt jj Htaof
fesHiZSCIsse ) OC ydd PESO B drtcd O [jldSsOOPARs d® Ctfstsd 1100 A
Isj B jtcOlkter BtcOLtso OdedW 1 olkjCldud MSdr ttOMmY dzO
fnd dzd yd H 59 PteBi( fpdffldniteijn d f tosHEZzZCIsse toj OSPuSEH2044DE ¥ J
[ iizlsmises dj dzj ¢ sl ded dgdydrui®Ddsls f dr B sdzj |
sSBteOL 89 Odzd W, HiG[14)ic O & ey Hzpt2izigs? W OL tso 52 111 d & Ote (
PtSis  PtSidzj zmlots?2 vyaf ftedmikzlsmisad) kedzjtesH BICd B tsdzy
Emists?2 ydoer I PUBid dzd y d H

973-1023 K

Pt,Si = ALPHA at 973 K
BETAat 1023 K

Al ) 1 1
PtS Ptzsﬂ Pt,Si
Pt¢Sis — Pt, Si,

t {MiEsCo tes2 dzOVY W OL figdh Pl Si d€d AE 1 @ di@gT23K [139].

Pt

rqwwbkzrdy d dtgez 64eBW o dylgts v dzOd B tsdrysH o Hfdj izl
Ols s d3ts a3, Olstsd3 Ekecdzj tetsH O [15,020,639,140]M CHfS tsdejsttisH o digt
ftcsHEZCIstse 9 Emdzse dw A IsSo j toH SW O dasEasA b o L fOs[HIRIs]
f OtcOBBdZd yi M sz L OC sdzlz, Is. 4 .12).9 s deldeidsc ity 5§ Idfrizvh
NJHSES2 WOL" ftod T4 1B0AG0 DI tOUHNVIY R BEEdgls o ¢ dc
ted > dIH]]
27



60

750°C

B, /10° mkm?

50 |-

40

NPOAYKTO!

a0 b 700°C

20 I

OJ1

Ksaapar v

0 25 50 F i) 100 125
Bpems BbLiep&KH, 4

{ dME®REC) O dfd dsfls! € o OH tc OB LAgClsEs®s fipls i didiifids Qf 1
PISICsls ot Bj dzd o' Hj 63239 fted 700 o 7

[dCtesMistc S Idzjitay@.dzd W = H d WRYSHQ fdtasiifiadgr Rls jftedgps tsB tc OB
i 750Au dzOB dzs HOj Isfqw  yJ toj HRLSIHD dedijts  frfiplaistsi wods d ) ohupeffny
eOMY toj Hj dzj dede’ = dnd e sREGiPS ( ESPdE >p) . Cal B L7h 0L O
SICdzOB dz¢ HOj Isfw MALBIE cdiB)R ) MzZBBcHO COC ftod 700A
oodedfL Cs2 CddzjlsdCd ttsMmlsO dzdL ¢ RS @l i) O ki tsdzts?
MtstsBh O g6 dgjlsts HINSH j toy ON | dSiGdstsils dzs®t ;| Sillg® fipl @ 9 dzf j Is
Edzse dw i Mmkh j Milse ts9 Oididov0 OyAduH) S, ts s GHCOILY" CigCOBPAP: tad Q) HIST
BICtosMistfe§isgdBOf tcd 1000Au MiejHd Ctoj dgded 2 MisH j o)
Is ts dzP#SI§ tc dldp. ) .

750Au 9o Isj139J(dBd)j1 B®BO Ay 99 rlsHj juid¥@®iio )5
28



1.3.2.2Pdi SiC

AOL BB tc OLl odRAADHIAR] Isdd] tsBKOL EZjls Mis@sdgdzyOdz
EmMdzse JrOMmMses BEe dzgzssigHzPd3 dzj MC sdz! ¢ BB dSERE "tg Q dzjud dic @f
B sOzZPE fJtejHjdz 9 ~8 Ols. % HtsMIsdeOjIsmw §tod
f zO9 dBddzd W5 Is s®O W s fI8A. 5 WAL 3 j H B Si@dg@Esgrsdyt O j Is ipw
shtse § dzdzts M ls ¢ 9 W OL s essGnizson@sdaddj, d& CétgisdetzE L
mMdMmisj &3 SiAnd d&zd ydH s9 , ftod ddBlzh j Mise j[HrdA=l3 145)s ¢ Quldd jrH
ftecsHEZCIstse so j cHSW OL dzsets oL Odd3sH j 2Mlsadw Ar,i dzt
dzOB dzt H O] W ( ndfdzd ®mRHESIPESI d PSS [145], IS6G H O §¢ @M is yRiESI MM
dLojMlsdzs SCsdzs 11 Mddzdydutse, g4 inigBddssidzic dedy. -

1600
1555°C
1500 4
1400 4 1404 L 1414°C
1300 -
S’ 1200 4
g
1090°C
Lﬁ' 1100 4 \
8. 172°¢ \™
o 1000 4 -
g
”~
2 900 - e o
0.51 816°C £19°¢
800 4 1% mclle & ? E:
S3°C a @ e
v e’y I (Si)
- o - ~ 7 —
700 4 7 2.2 2 1
- T -~ =
zll=z £
600 - - ' Y Y T Y Y
0 10 20 30 40 50 60 70 80 90 100
Pd AT % Si

{ (MEHESA OL 5o O fi) g & B Bdiz6 {E4SH

Fquwd kL dy o rSQoddglssd SO . HdW W ke dd Rdi Sid ted bs det gizts i)
BN Ojw, Ykt Ho®dddekzs " dd HPYE RC Y 5 ddzPih e
usBBN OjlsMw KOSy j, ybti s0stfss s zClsie i QdefO B7:0d
[114]

[ S tetsistezC Istizjie®S y d s dzdzts 2 L B dzjf ROBIG B © & y §f ts de®s dze
fjedsHdujMSOY ®IStsmsekSskicd. [HAGOCE bkddj
Wsted', O Mjfjd §jtdsndudsmisd L OsdMmdls Sids |
Stedgd tc W uslsidip)”  dzj § ©Oo ddz' dzts? Wisted ,  Jted s HE Qs

29

==



fMdzjo® d B). 10 EBedksStedhsOdkd) §(sdksh' kOS]

Yited Hso Odedd 4§ sdzsfy  tots iy fdie Tejdssigis Astisteldg Nstsf Is(* te d f
fjtod ssiffilsydz dzOB dz* HOj MW ssd S5 o Mdsj PASHIEHLLEEY O

GH-SIiC

100 pm

A e \ B i Pdslvs},. \
tdizEsCu ¢ [ Mmdgfdgdd dnd Wt Iz L tidsorgdg” tead ff lS00ed-d2f w4 M < d
SiIC/Pd dsts dzts § 1o -Bi6, Gz te @ B j 750 Ay o [11(@)dzd j 85

Pd f sdzd S tod Mls Biczdz@ ¢ p Ed2 730 Ay o [115]i(wj)dzdj 6 4

1.3.2.3Rh7 SiC

AOL StsB o OLsEHOMflA[E].C OtcB JHBSBtOL 28 h 2 d3d Is O dzdz.
Fedzj cRMN@®Mes Qo dzv jIs ~1,5 Ol. % d HtsMisdecOjlsiw
fted {ktd Ml dedwujds H d 9 BfsAsH ZC Istso R ) Gif dytssifiy o2,
kjteBssBtcOB SIS d fiadd BP0 Yoy s |, Is faQpsksifid@izdisyRiusioz ¢
RhsSiz d RhSi[147]. 1 d dzOtc dz@Rhi Siadp@)fis dBO" o O j s  RhSifiRtfs8i RingSiats o
RhsSiz, RhSi, RhuSis, RheSis) [148].

rdgwwizordw d ECsEislsdeoadry j sy dzOd B B dfjsjH o v dj WY 23, «
Pedzj etsHO dzj f SHYAfGteDe did ot estd)s’j ¢ d tzp § Y ¢ BRIBEC @ d3dt:
RRTIC. uttBh Ojkmy 5 bisd, Ykt M it iRl SiCH tohylsh) tofigat
10 ©OL o'hj Mittsfisd ttshHRO THksy OC Y st Ece ] k
Cddzj sdS 0O tsMisO dzj 1§ 5HYddw j SIS O GRdsQ) B dzaffnidy @)
y=aX'ftsmls@o dzv jIs 0, 3 7Rh0 SIOR OH,dB¥3 [Npd, fpis2 R Ty, fry g I jincd ¢
MCstetsflsd tesMisO otsHEZS OISk | OGj &4 dzg o Ouzize 5 S dy
1200Au ftjHmisl@s dzj dzO dzO tod ).

30



TiC-Rh TiC-Rh

a0l 1400°C .

20 h 0/ A
10. TiN-Rh
O —— TiN-Rh 1200°C

1400°C
0 50 100 150 200 250 300

I

Tonmuuua ciioes MNpPOAYKTOB, MKM

Bpems BbIaepKKH, 4

{ MkWBEC) O dMd dsMis! tsMisO Mdsje % OL {§ tRAISKSS.
Rhi TiC d Rhi TiN [147]

[dCteafsth Sy Gt f@Es QP 0As o Isjyjddj 5¢
HW W kL & deRESIC dfOdBtals H O sfy fdzj HEs h j | tOfnyf Rhej d
SiC: RRSIRSIRNSI( e f).. W7 dsHduj MSOY Mkl f uj
mMzsjo M MdddydHdz 3 Mdzsw i3d dRESE HOJ sy o] d

Rh

o e R i

"‘

V% : = SiRh,+C
£ o 9. : v
2 TN i A ; e

r o

Si;Rhs + C

ST R

s=— SiRh + C

{ dMEsCu S fded BB fj yi ded RWSICT W # iz © O 15 tzdz® Gzdz Dt
Isd ud dzd[§47]50 y

133f jR0ddL & Wttddetse Odzd™ § j tod toH dinud i jsBO RdsdcSttg]
dzj COteBdHBSSBICOL £E® OtdR d iz Ist® patirzd v e

) ZdlsjteOHstztemd s ftste dzjls wWhdesets d BN j i to
fjtedtsHddpd Glaftlz CIslztc f tod Iso j to®H @& Od Wi® - € ] ®&did v

dzj COLBdHEEBLOL 8.0 d d&q j te s O dzez® digf) Oy G =B 83y s Odkz
31



B CtesilsabEdgidsafazd o 1981 6. R. [149]. Md h aHnO dalzs®
ftoso g Mfgdzj Hiso Odzd | 6] QCcUgH2zOS IO fizts Nis B dzOtslz 3 j dat
Fedzj esHMSH jtoy O dn Mmdzsj o) tftsy § ) detsewds NifidhiBilozod o oz @
fjtedsHdyj MSOVY Mmtekz$ szt O tBls ABO150] falsupj jdic 3 &1 J1ERP B T
M h Odzts ! 5 Istsdy, Y Iftts Hocdorpdss tscigfs dgsodazvig) iy lsdPrdztiz
je®Ods? tOMise stod d3ts ijdsfs §HE7] By 2@y drsjj Hf b dzv s @ IsHf ts
ZOB dzt HOj Bz f jtodsHdydztsiils! L O Mujl HIWWELJJ
9r Hjdzjddj &3 & dBsd3j dals HBMIsdy jddw §itiMmrhjddw.
ltcOB MR dzs o' MC OL Odzs s if bt eff§ o tiSH jddrdj jl ¢ OW  d3d
SBWOL kY h OWmw PtanSiI& j OE M Bsy jIs Brls! tjLEzde sOIsE
Cddzj sdudmédna d HAWWBOFE&RG & Bl MHS®sY HJ dzd
fnd dzd yGippsetsmis: shiststey j dedwW d dzj tels dzts Giity ¢ Heedzjfitdsts H G
(Ocdzsd3j tOYdd) [c day)te@sida FO ¢igEOntstg fipldssjp? HdWW kL dd
1 dBzsedds fsLyj BF d&ZO s B ®JRijmerO[di6], Haf fff jstsl
tOMMdsOlsted o Odzd i)  wWOL dzd ydzg' § MdMmisj Bd, disE WEsERgshHd J
4 tedsndudifctsmistelzC Iszter Zedzj esHBEY 4 g OMdiffls § figoz
@B d&zs HOJ sfw f j tod tsH d Y dehdi BT SiQNy IsZs teSi; M,Bi, 1 HZp), dzW¥AHisEe,
Co, Ni; Mfi SiCC ®ENi,CoPtPd | H©H sdzdzj dad j d3tsy MgsSiCe[15d]j dzd
ltod g yOlsj dzr dzs, ylsts ofnj +Id MdMmlsj R o Istsd ddz
Clsster 7 day MBHjwydlsmw Ctej Bz 2, dzs dzOB dz¥ H O
toj OSydd, sy des Ni-CofFelaNg [115h § dgCgxfr iy s AgETi(Zr)-Si Oo Istster
ftoj HdzOG O Is tsBi Widsj dzadj, BGMmdetso Odedets] dzO , 0 B ¥ 56 &
SBWOL 5o Odad ¥ § §62] ¥z I§ 'd L fj ©Oedaiz jOdzd v | tojf sy yaias s ff
HAWWELdd Oltditse Stoj dgdzdY d IsdlsOdz® o dzlzls tc qiSixpdz]
Bsdj dzs HEsMisdy jddw St H] dj ddzs e s Tiff Hits j My o2y dath ¥l
MdMmlsj g, Ooltste’ §tojHdZOGOs s B Widzj figd ¥ L O tetlegg o
sdtes jdzH OdzdzO. wbkls! 1 WWjClkO LOCds yojlmw o It
M3y " O Isfw 5 Bited fesatsyHjddY tjotydd, LO M
fslssCtso twOLd m Oltditses d, Ml dishisls dnjddsdzts , f tciis@
HOWWEL dsdedzlzs f Otclz L OteOdzj § odej Misd wBjIsSd dL dd
sded MStdzyj delstedclzs sfw o dzzlsted Mdzsw s HESISO 9
ortesmMhddd L O Myuyyls HdWdktka d HBEdAdts ds s Ot ©fs'sd d
Ostsditse. [ jMssdzOntsyHjddj ddzjtelsder 7 yOfmisdy o H(
BzHjls BBGL dOYOl! §dsmStsimis! sdtsjdHOdkzO. vy Ooflks
o jtoHT 7 9 jh jMmises Oz s tRisteHsel I 1 , ff o ez Oo dz
32



Hcxomusle Bemectsa A u b

C MHEPTHBIMH YacTHIIAMH Ha IPaHMIIE,
0603HATATONTUMHE TITOCKOCTD
Kupkcuaanna.

>
=p

T, Poct mpoaykra Ab npoucxoaut
‘ TOJLKO 3a cueT Audihy3nu A n

A Ab b PeaKIuy Ha rpanuue ¢ b.

I,=0

Pocr npoayxra Ab npoucxoant
TONBKO 3a c4eT Auddy3mn b u
pCeaKIIMK HA IPaHHIE ¢ A.

1,=0

e
7
(=3

L
L Ig Pocr npogykra AB nponcxoanT 3a
A EJA B cuet mudy3un 060MX COPTOB ATOMOB,

AB Ho J, > Jg.

| . Iy Poct npoaykra Ab nponcxoaur 3a
A N b cuer quddy3nn 00oNX COPTOB ATOMOB,
HolJ, <l

N Ig Poct nponykTta Ab npoHcxoaur 3a
A N | cuer anddhy3uu 060UX COPTOR ATOMOER,
.=

tdmMeBsCan j B3O yYyOfMmilsdz » MdzEyojoe 1 WWJiClsO sdtd j dzH
1, BBtOLEsMNJAIS tesHEZCIs ¢

bolstster  sdzOc Ot Is, Yt MbIBOMsB,OdOR Nj) o0 fiafjf ldj
ey OS¢ ydd ddzj ckdzdzj eg@Blsdyr Mskzf O ls o COyj Mo .
sdteS j dzgH O dzdzO 9 dzlz Is tc 1150 dztsyj czv  s{dltefQLdtBias@ dzdlj  ds H dzis B
Bdetsy j Mlso O EZedzj esHMBH jtey O dR f sdzsfy, dzj sBRtSH
Btsdzj J Mmdzsjo tOL ddyder » Mddzdydutse M € OtcH d dzO dz!
Olstsi3ts o . l COyjmbej fGtoddzi PO SCp Isste] HEe@REHdSTHC Isfi
otsL dzd C O Is Ho O PiBdiRSE MY fddff ytdeidgpdzls™ ) H RIS tzts GddydLoz
ystPhlissdzj j o' MsC ks 1 tsH o $y distidsHRESHEMGEDPY Bas @s s BY s H
OlstsBtsdg W Btdzy juldi§vd &5 B tOL s5d, s BPRSD LoEO Qe gy dfptefscs
sdteC j dzgH OdzdzOe EkcSiEj esmca OMEBDERIGES B 6 0B &ERHKROS © i
o dzzIstcd RS YAz B HzBtE R frdrzj ksH &t M@k O Mdtsj
PeSi d PtSis Wo dzw jIsfyw ¢ j dzj tOlststesds teOMmh j § dzj ded v dzt
BOtC jtcORBd Ctlstets?2 wWodzw jlIlsmw ddzi tolddtuj Iy® filslefty?
otsLddCOjIs fjtedsHduiBBY OV chAgpdlszeOMl g tizj ded

33



HY dOLoOdts ¢BdWkttC OydJ 2 [153zts plstisildisd Mk dote WJjsdzH O dz
dzOB dz8 HOJ IsfMw Ists®¥Se.5 o dzzlsted Mmdzsw

ldzj Sslstste’ 7 Htokzedr  tsH B &CAZO HndfsmHs oW dz® O ¢ izt
fdddyd@sffd fIsRhitEFBiICdz0 ¢ tc CBikflapjp dMisHiPhSid RheSis( te 7 [B4Y],
o MdMNsjSlo Ekcdzj ctsH MisH fd@0p @& H @NibSbptdNjsSi> [114]. [ H dzOC
HOdzdzts?2 L OCS tsdesd3j tedetsmisd Jj Mis! LCholSiswg jecddd z.j Is\O§ tsd
fnd dzd y d H dzZO0 €CSW[T15,120,134]} tod 1lols O dzdzets?2 MdMmlsj &3 dzOBs
9" 60Oy j dzdzOfydftsjfiidsf sHintej Hd ofMjn 0" " jfjtej udmdzj dzde'
ftoj HY 5dzAxBAGOR'tY Odzd j d3 Istsdz S8 Mdzs CoSKH OzO  § BiP, dztf |
AlC MY jtod B dzls © tzdftiesi Slolzjtgbidd | fd MBI &GJ § B iy ¢ 0e0sAY
SBtcOL B9 Od®epiveo BWdALL'] ¢ BOWaE@ U d $gedlzy jdzshC stetsMisd B t6C
mMddzd ydH e . ] MewL d Mm2Silsdfdg ] bap &ficd tde@ d3th) dztR® dz@.t
fdtedsHdud MEOW &dCtetshiddR ¢ iz oipd i ISL @) BOEPYH | oz dzd
f SiC ©kOSY] 1zOfdzd O jPdffptsdzy S5 9 dzaj 3 d dzOB
B S totsmis @Al Is 2 tc @ G ISICdzj dzOB dzé HOJj Isfpw W OL Mmddzd ydH
ftetsfdzi ¥ 183PJ Ismw

(i BGHds B Whdzidedi oL dzdS detso jdzdw ff jted tsH
ftoj Hdzsy J dets HMoy T Sy fiis4], dis" @ H W W 2L d sdadets 2 L t5dzj
YJ toj Hso Odzd js B fig dz®©YgD At - ) dztswWisdgdD dzdz" fdtdflg2Si. 1 toj Hdztsy J
B ~OdzdL 3 9 BEd hts2 Misjfjded tShdzso Odz dzO s ste( «
SUjtej H' tebdsoteddd §jtej " " jddv @A) stetzd ' [ i &
LOC dzg yOj Ismw ) Is ts d3, Yysts dO0 fjijtotsdd 1 IsOfj , oL
BcOh jMgl 2yjtejL Cslstste’ 2 Obtdr Ctoj disdedw Mgy dz@
Hsfisdy j dzdd tftejHj d dedzts? MyBaizyt] Oals @R ] g2uditodSic d
40 Mmded d3tss fj yd dedv HdJW Bizdd Hpedgt30 Qg H f MglzO 6 O,
Wistcdsdtetso Odedw f jtoedtsHdyj MEts?2 B sdzsedd ftoj HMis

tdmelsca O f Mdd 35S My ded Mo/SiGf ¢ W fiza [ ds@zdaSi | o Pisd

BjROdzdL BO Wstddtess Oded v 580 sH d Wi S 52
34



bolstster Moseh O ls, ylsts Hdv dejj (s OfdE, WS dsas
g Mmisj &3 5B ZOHOdkd ©OL dzd ydets? §sMass dz8MBI k. IO Ks
fsHo > dats I ISI O dzs@s Wds H o d y ZBRHES UL Gf PssoRd Y j dz o
1Ly ‘sl &jnOddLd B’ d& GHGISPERSIEs Oda iPdPHEds@RIADS
o' MBS B2 §SHo dSidas@des?, CPiselsss dsdzj (1858 o d ¥ j dz

) sid ists  wOmMMBslstj ddr 7 o' hj d&jROdkdL &se,
fejHfcdsyjddY & ksd, yst Yscdkdtss Oddj §jtdsH
ftesyd MMOd3d MOBESsed®ddzOB 2 My igb j G- dshisds2 |
[156]) O kOGCxyj M fsyj MnOdd oL dd (148982) dzgf's d Is & jy
Wlsts §tsdd B5Odzdj (Bj R OdedL Bso dzdfte s igls ©O dpfij i o jodAtpizts
©OL dzd ydzscts woHO &OjtedOdses d kftOsdj ddw d=q
wodzj dzdj Wstddese Oddw §jtdsHdUujMSs? ®ICtohlsttd
COwBdHO Stoj dsdzd™ d 4§ j toj PshHE RC Qiyg Bzt 419
ZOLOB s & jos COESOdguHdils dL §odojHjtdnhds d
sMlsOjlsMw HdMCEMMdsdd .

14)] LOdBsH j2Msadj COteBdHO Ctoj dddedw M dtedHdj d3
141 mMtsB j dzdzsmisd W OL stsB tcOLIEaCOdzdw o MdMmilsj dzd | r
10 B dzls dOYyOdzO o'  sdzdzj dddiL o gefisisas PB FB ' e
dmMmdzj H 50 Odadrei Sifif CRB,Z3BT | § jteots?2 dL dzdr d Mi)&owts
MisOB ddzt desmils: MddzdydHtse toj dzd W [23 17 dgigCs Otfdstitpls to = j dHEX
WOL o OW Hrd Gid €PRgE0Ils j s j cOlsz20)), 1340Auw (tedfm

Ir

1340°C

80 IrySi
-

10 20 30 40 50 60 70 80 90
SiC
Siar. %

{ dMe2BsSu e dzOw W OL fisdh IPW|j idSif ¢ # @ Ed3@®3].4 0 A &
35



456 dzOMdzs W OLBoats?2 HJOGtLOAA , 9 (ztcdemitiztf Mk 8 dz
stsdz' €5 4,BftsfEdddsy fH @ toj d3dzd § 3 (IrSi5 10:Sis@risSis, IrSe) , 1 O tefcfifg bt
Pedzj etsH © Mis OB d dz'OddrsIMtfSivreSdaf rSils M § sy dzts L Old§iWseddsw J, Is
MsOBddz dz@ &3 d o© Htedmkzlsmlsodd bkcdzj tcshH P55t Isdsdi3lr |
Isi &3 j tOlskztey 1340Au ¢ tsdzj WdeSiGY Irdpiersa & &6 d & & 29 &
1 M2 ydetsmils: Btsec Olsr o CItSi) alzdzf] tg dfizsh tints|dads(togeHeeD |Is OF
ftsHIse jtoy H] Y], o JsOmtwIs jj dzdzs?2 Md gdgls iz C I iz s Offpd| dzdf t df
]l HOdzdlzts? twOBSIsy BTM dzd HOdz tej §& tsd3d dzH{@efRYs, (1S5 M
IrsSis) o WIB[dBNdz s ©¢ d o Mmozkyoj M Htkzeddd d&3J IsOdzdzO d3

B Is OdAflakk®Is d dzts o t52 ctolzd fr, dzd € OC d = Is tc ts 2 df'ted H dit
dMmfdzj Hiso Olsj dzv B dzj dzOB dzs H O dzts s .
dlssdls MEOL OIS, yYlss HOdRZOW IIstets2 dzOW W OLlsio OW

Si, Mte dzOMdaets H Odzdz" d3 B d dz0rie Gt w.RINAA]) t5 0 =f2t6 dHirPlzCAschdsth diot
fddd by © MOd" 2 o MSid d dsimiflszd e dzd Bstew dz" »  d3tSH
or MsC s B i WPEERdAD™ W OLSOOW HJOCLLOBRBBO B &ZO
(1340Au), ylsts HOjIls dBOds dJd¥W stedzOydd sIBi SEIC®mB j
hdtesCsd3 Isj BB j cOlskztcdetsdz HJ Of OL tsdzj .

2600
247°C
2400
2200 L
2000
O
[+]
< 18003
g 1707°C
«©
o 1600 1545°C
= A
: 1452°C
s 1400 \v 1425°C | 1408°C\  1402°C 1414°C
: & [larg 3
= (Ir) A 1315°C \
= 1260°C
e 1222°C
12004 OEG a & e @ 80.5

Ir, Si
Ir, Si
Ir, Si
Ir Si
3 4
Ir, Si

IrSi

1000 975°C

(Si) —>»]

SBIrSiz| YIrSi

800

T T T T T T
0 10 20 30 40 50 60 80 % 100
Ir AT. % Si

{ {fMz2BOL s OV  H i iy keliOdFRO].

| ©ORBBJMLIi®&DCE" &ZO dhmhdj HEe OdZ0 M dhMfsd L
] Coyjfmlej dMosHd & € &l sECEsiE®sH O sBGEE ds 535%d
36



SiCh oL, d IfcsetsHE®y O0dedj fwddj mMj?2 d @B hd e H IO
Bsdzt dzf B3 Mssilsdetsh j dzd p o3 9 DO:CfiAdaffiz i l4 jtedstc jtotg @ OG- 8 0 0,
) otjdjdid orHjty§dOlficyjEdDySBaRLMEY dyfij HOfosEH § 2
dzj dzOB dz¢ tHt©OG de@ivdzts e A L0 O)BA Y EsHEZ O Istdgj Bsdz? W 55 €
ftod izls MYloaesSild§ C. 1 tod 120 01AS d {f s@YdlEs dzé H IS Is fipve Is ts 1
MssBh O ls 5 fodzdtcdt fteslsj CO0ddd tj OSydd § tehfSid 40
C. [BtcOLtoOdzdj HEkzednr dides 2 desyslsjts odzjd tadf@isddrs HoC

I e O H28]lgfjfn iy dzjdzdfsts © jem MO d dBBtsH j 2 Mise d¥ dtedundw
HdW W L d B dzdastshdzg i @ag qeildz Oxifs)  dgif Is S H s @3ls b wialzdgy 9 s 5 s O>
sBteOL Yyr oisdets € to HIPECO dxd@xdPd) MC waswzh @ dz0 dtedHdj o =
f sdytsh 1 8 B IssH O ¢ty B jodstEASHMSpiMloO dzd W S tej HJ dzv &
ftosHiZC st , {fesfdzidsy jdgfdg’ tcOIsztcOD 0D AG, 98 @ Ozs®d B - d o
17 dzs f 5COL Odgs, yYbsts oL OdhisHj2Mlsad) dzOyd dzOj Ismw
d tod HrePWIrsSidIrSi. 1 tsd 900 d 1000 Adg tffrisdidicfodsts dg Gty ttarsizC
IrSi.

] cOBfMHJW W EL dtsdzdzOY § OO MsMlssw dzO dL ¢ kM
Bts dzts € to d ) H-QizdzO dzpB s f sdzd € tod Mls O dzditFiqQ.j ) Culsjcid3ts B Hetlz
ftetso SH J dzOMm! o of i OYdsdo Cjtigditc PR R @5 0 iy dzj Y
f tctseo sH d dzts ! sy  dz B Mistets tsm dzOX H J dzd § (5
or MsCslsj BB j tcOlskztedzr §J WOLT . AOLBOTr 2 MmMtsmisOs i
bolsster MtssBh O ls B wlsMmizilsMmise dd Mmdzj Hticed Mis OEA2q di
SICd Hts 1400Au H d&zSIC dissiif@stsd fizl€ BRzZO f dflz 1 4 BdAds 1§
9" HJ BT dif toj H ) s ® tzOIesHfi, IrsSi, IrISi d k6 dzj tetsH . g G [ fn d
HdW W kL dtsdzdatiz® dztf Otied i ls O dedSiCudj IfffStxfd2d € 6e d ) ls © dedSiCf jisfirfoz]] -
sjtossBteOBslSSd fted T = 1400 AC 20Isgug dedfjtsSls a
RL tdmizd O cy o eazdzbie d mls GO QP MG dfrdfH s i3z, f§tetsn St
stesdzgd Istsets, dzOBdzt HO¥ Isfipeizkz g s d ) wats elzs i@t ldnfipOsthnbs) €
Mdzs2 {1 o IslisSiHriSEeH O wgssdls BlsdgjIsdls' , yYlsts HOdzdz 2 f
Ir2Si, sj B j eOlskztecdzr 2 HJO§ OL sdz Mkh jMlsotseo Odzdw ¢ s
tAad, o | tctswiBiTAFETE dts ILOY Is v .

ltcd 1425Au tBOLEZjlsMwY Istsls yj dzOBtt WOL (-
fmisd oy J dz ftoddz" dz sCtelzecdzze W istedzz o -omEHEdES B J
Meh i Mlsotsoa Odegd™¥ Hobkr L1olsjCIlsds { tcdSiHQHEediitcl]f HMdrTe
IrsSipd | rSi ftd 1425Auw. wtjHd ftsHizCItses tj OCyd

Fedzj ctsHO, B &OES|ij df, MG ddd@QYwj NI rSi eoBddLd 6tk
37



Yylsts o Mmdzsy ¢ dzOB dz¥ H GsetelOffis 2y Jisldeidts WiOQ L H §
ssdzt €5 & IrsB b kzrdSi | rl Mz yoOJ HdW W zd3tsdststidasR ) s P @z
dqcdHd?2 MsHY MW tc0 MsMissw zO dL dtedHdJ o eS8 Wt
Ir3Si. AOLO I rSi IOSCY] dzOBdzE HOZOM! eoBdZdL d ¢ teOdzd

r,Si dzgj BB dzOtelzy j da.

o d H dzts,

VR
3 854N 9
\ .
(I In3Si Ir3Si
]
£ S
L
’ ({)+Si  InSiy Ir3Siy + Ir3Si IrSi ISi+C

{ dMzRE Sy sk dy d 1 dzf) fEi dzbzdzy 2 1 O Wzd ) f & dzdz’ o

Bsdzets € tod ) ls O dzeRd ¢j Wf§ ged G Mls O dzkd Cj fif SHAzj 6 I j tc GBS 5B
= 1400AC 9o[28jyjdedj 5 1y

Ir-silicides
Ir-silicides

Ir3Si+Ir3Siy

Ir3Si+IrsSi;

t dmez2BasCu Cf Mmded BSE 6 e Odzed yf tsfieddjt Hig lslO] @ teff tS&J CT /=

1 @3t dets § o BigHOEE S dzd S te d fi)ls OMBEL [84). ) € d 2
38



lted 1450Aw oBdzdL d cteOdzdyr M § tsdztf &t fiphy bzdizy
d dzd ylpSiseflpsSia( e R4p.) , tOdzj § dgp dg@endeyj WP s Odzd ud §
Oolstiste’i wsfimnias | dgtsy dats? H j W j Clsdets? MlstezCbkztets?  sdzd ¢

Ir3Si+Ir;Sia

Ir3SitIr3Si +C

M (j_ * B
ey WAL | %

[ (Mb2EsCE S [ Mg BSE cEOddy' ©OLHj ®O §O SiC
Y a- a3t dzts € to IGO0 Bzdf s dzd € te d f) s OSREN [84]. 7 S d 2

1425 dC tetsmis tc z Sldfastede dgelzs B fssH j 2 Misedwy dtedHdw fp €O

lLOd®sHj2Msad] o w-FEa zls jJdsthizisQ s if ©de§ df 1+ b OIAG
Brsz fupalzcOB K]l RL 8Cf MmMdd®ksise (i jted ydztsdrSiCing
sB OB Is Odadz” n ) Emdzse dw A Iso jtcHtsSYW OL ditjatcs s d @F
BstoW sdzse d W MdzOB &5 utf & O gz d orOQ dzdg™idg L Q,r & 9 O digB t
fsdzd € tod fls O RBJ(UGITRE. g B o HdW W kL d tsdzdzts 2 L 5dzj dzC
oMY sdztsy j dad d Mdztsj o fyd dztizSiereStme, . fyutidde ji lofiisls) oS tss 1 o
Si, ©OMiskOcOjlsmw HOd hj s HBiE tcmdisss | EigEe dgw
Ir:2Si. 1 BBtOL YyOn, BtcOBBISOdzdzr = fted Isj i3 j tcOIslz t
1oljClsde (1425 d 145CAeHEswOd (&g d&E d®hs s
fsHjtey O d2 dedHd?2 d/ ddd MddadydHr dtedudw. 1 Bz
NdHEStsMIsd fjtedsHd Yy ME 2 dBoteW sdzsedd dzj dzOB dzt H O

poltsteOd3d B lsd® LY J ted d34 dzls O dz! datyf tc &5 )Y f &3§) deje ted © dz
yddzddzi ted U M B dtsd Mfsdp@aidigvdzd d § ted s o33 jOte O BBz, t6 jrodz
sBteOL ytso M § cdzdIACE GcSdds@&ddfa2MEddd d&3iYHE ¢S Of dzj

39



fsmisswdder &5 3j §sfMmdj 10 fMjSkdH d ©O» jods OdAd G
bipzse v n dud azBf &8 dhidsBH M H j WO jdAES. Siyigizts W

sddzj sdC 0O d &IrOddLd3 tjOCydd dteduHdw fMm €O
9" MCOLOMS ftojHtdsy jddj, ubst disdfHsHe dwedsitustsdg,”
bedzj etsH, 5 OdOdscdd M Hokcecddd §sHeBd & 0d
bstdRdise OddY §jedsHdyuj MSs2 MsekClktr dj 8k

1460 — _Si HIP-SiC/I
g)' o] Q 6H-SiC/Ir iC/Ir
ng‘wzo- ‘

7 1410
1 10 100 1000
140
] . si 3

.16 et T W P
[« B . ®
E- 110 .°“...'. : TS !

g 100
©
% 90-1 - L J J
g 19—
80 ‘

70': i T e "n 7

it d Miz2e8 Oic O d,jjlsofggmdzts € o d Mis Odzdzd yj MSsets Si C/ 1 r

ftod 1450AM0Is HAdgidast?2( Gleby diilzeizy dzd | S dzsOCIsdetse s k@
(B) Mded RE W 2L difs@ezts2o 5 o toj A3  d3j Y(WoM]. detsE s ff oz

v O0C dd3 tBLic CAAEMEZd LJO dzd Is | iK™ das fipefi fi) zPdgj o '
dzj Cslstste’ 7 Htetslsdotstejyd2 d/ ddzd dzj f sddsls? o
WOLBtsBtcOL soOfZW L d d, Cddedi sqd¢d, ftotsMmistc OdzMmlis o
Uj B jtcOkztcdsr 2 HJOf OLsdze dMimdzj HEABGRAW , ) dufislds] detzg
Isj B j cOktclk  dzOo dzj zHi | IrSH o HEO Bfigef dacPy fiF 5o :Mtcj Hd
f slsj dzyddda fdn@degdv MmMdMmilsi &3r o o Ml tslsj BB j tcOlskz to
i toOfmhdtedls! . | s sdzdzdIsj dz! dzf 2 OdzOdzd L MaAz§iG j tw@ls
[ 1T d3j Is ©dzdz, dzJ sBtOL 28 h d2 COteB dH, ftsLotsdzv 8 Is
B SCtesMistczf sk dzv Ir-$E@ I jHdzOC s, Mtej Hd Htoj HMIsOo dzj da
HAgWWEL dsdd8ICG fHasy dzs MEzudls! 1 teas dzf s ffdste p dizjj dzddf a
s toc s d3j ss@6 s, Mo jHjdadw © Mot Mmise OSIC P&zt g dz' onj
BO dzts y d i dzj dzdz" .

sty dzj ¢ mdets§ d L E-SiGHAdgs frpd'fn Ise) ] &3 s s ifyss dzdzd |s

o WhkdeH O3 dzidzO dzy UEifsB § dzdzs fiyls W Do dovi OWf@Htsmd R Isfy o f
40



CsoOdzj delsdzsisd fMowiL j2 M §jtjn tHdds dEO g G DEASD i
o' MSClsj dsf j O ztedy 7 dsOfid fMas(jOdzs e 2O tMdzse j

15) ted Bj dzj dzd j S OB dHO Ctoj dsded™, dedrig@tcd dmd s
o o' MBSl i3 jeOktedatsdz RO jted Odztse j H § dzd q
1511 tod d3j dgj dedd S OteBdHO Ctoj digdedw o o MsCtslsj iBYf j to
sEOHdyd sddyr &8 5B &ZOMisw &k foddj dzj ded™ § Otes
BOljtedOdz d tejykhdj ddmlsteldj del9r9 olo5 Hiflzts jheSQsd
so jeHtsMIsd S OwBdH Gt ddded W L OdedizdzQ Htizte brdgHstsizig » ¢ Is ©
IZOCE BH Otew  jddyjmMSs2 MkOosdd dshksd, o1 MsCt
Eilss? ySieshsES s foddjdy ik o COYjGeR Hls @OC tcgz®
His Isj B j o Ol[i®8,47.1 40 0 h s dzj SiGxePr g lsv o ] BEd h .
Gso' n HdY djcts or MsSlsj B jcOktcdy & ©B &OMisw 3.
CHJtldzOw | dzg@teBidsH{ S O o Bz B EOHOjls HEo S
b2 ydo il sfyls w2 Sydhfjds dats fids do @ Mts ¢ s 71581 B s tc § dztiz® M)
MsujOlpd Zdzd € Odz! dg" B Isj fdzsWdL dud ME d d3d H §f zBifsls y
fitmMfjSlkdodsy &8 ROk jtedOdsd §jteos2 MMlsj[HB9.ds Otsls
Ctoj dBded v of oL gPHSISICE B kic OB Ols™ o O lsifydztsoedts dz 5P dztizj ¢ 15
BOls | OHOEEs Y LT 5o (5§ dzso ' H jidedstCogRlzg QigjsogjHAES) to | d
Coif sL dyd tsdzadz djdsjlepousdztejd ey ndst | sfods@eedzj ydgd i Glv = 2
f s lsgdr) 1B 5 AE) eyl ME 2 Yo BIPIEY,j SsEsh s | lisfsh
fsLotsddls dLHEGEEEOESd h@o Od2detsd tojyddsj M o
SICSICC s 3 s if Bls H ) ddpste's? &Oltd Yyl dL (s ass ¢z0SICE @)
OB tetso Odzdzlz ¥  BICH 6 jizts C.oz@BEJ
(hd BHddB dj 3Odztseo Oy dz" d3 Istej B 59 Odzd jwdp d&Y j BB
Cjtdjsdyudssils: 5 sldsh jdds ¢ lsjfodsdshdlsj ds d
LOfsdzdz" 6 h jats §odsils! vl C [ eadu G € sy dets dz§ iy ks jizezd
sjf s totso SHdzsMIsd.-L G ffpesyQEg2dzdMls cxfls ks d Gt
SICISICS s B 5L d yd 5dzdz’ gz dgOfijjde{@dz Hso dzj so stews s 1 Ists
qLHJOED®R) ssH5d  dzO dzts fi) MlszsSBIb s f dzfs Is dzr 2
dbodOyddades] Hod&EPhj M@ty dAfEC tlsj n dsdse dy
COwBdHEBS o) dsded j o & T4i6) 580D d Qs ozdy &5  BOIs j tod O dz
CGOLtslsizteBddzdzr 7 HodeOlsjdzj?2 (qur) 5 fjesHdwWh dzd
{Mdetso dz" 8 dr fGtej qBBzh jMmMlsoatsds fjtejH Hzeddid hBjls

fesydsRHls 080Csj tdmisds §tod Isj0dsi8) weds puec @DS B § dzis
41



Med jtohmf &zOotse IstcjBlk®Ils IsjfdzsdL sdzw ydesdzeder 7 f 5C tor
ftoeddzgd dgj dzdd Ctslststes? kZd3j d4160]0J 506 i (3 HEW o ®OB d O Iis [
LWWiClsdodzr » HodeOIlsjdzj?2 desosset §sCtsdzj dzdw dzj t
BOIs j todlOowaf i) ¢ dzOd B sdzj fsHARBHWH dQ C sdiB d tiz®y dp
dmmdzj Hiso OBIG/SK] T sdff sL dyd tsdzde’ d3 dAHdsjdaf QdzO 5B dzOH O
ZHj d de" i3 d3j =~ Oded ud NS¢ d BfYf teroy=idtifridsod® ded - Otdpaiidds, gintinfhf
sCdMmdzd Isj dz' dets 2 rlzdgyis Sipta@eodsifided W . f dzts Is3dat2MlsS, ' ¢ ARRAK2,8M 1S f
cOL O dedyj Idfdyde » L dzOYd ded?2  dztsls dets fijl®d OfPSH fitetdn

vsO0Cddz sBwOL sz, COttBdHBCtej d3ded j o' | d3QUEDj (@SR
f SHAR BHYCOdaBd H OISO H&zYW HOddktsets tttsHO f tod dtsy § da
d fsLeosdwshdj ftser Mdls: 1 WWjiClsdodesfyls! Juvr ©Oed

152l tedd3j dgj dzdj dtedHdw o or MsCtslsj BY j cOkztodztsd3 d3¢
vsdedzd Hdzv o' O do Odzd W d3tsdzts € to (I frplstf@udiziz tdzofn Ids2c sl odiO
qedHdw o ftwdmkzlsmMseadd ¢dmMizstesHO ftod orf MsC dn

BOIsjtedOdzO Isdedzj?2 Hdzw or tcOh do Odedww BsE@RS dd dzdf POg
CtleOdOls, tekzeddz d MO W dte, IsHj =yl cecOlsjfREGER Of (OO CLz] dzd
[ OljtcdOdz HdzW HJIsOdzj 20 (df Grtc. @hstsfer § EMd3d g S T F dzOo
ststcdjdg d Odzt 3dded j &3 Br dzd My sdz' L s Ode" o C Oy,
Cesmidud MEdn Ofsf'@EOIlq edzd d&j &C d v dzd . [dcedize
Edzzyh dlst &BIrOddyud MSdy Mot2MmMlsoO® dqtodHdw. WEs 5 B
qazéfif o j dzdydoe Ojls ftejHjd bjSckuimid d HIeHH1DRFOIs
1JdBBdZ hOW HtsSBO9CO bitedWd CwEOEBAYDr Mi dtej ez tc iz
f dzOMmilsd ydesmils! MfdzOa O L O Myl kEdkzyh jddtsets My
W OLIEThe dzj Btsdz! hsd3 S tsdzdyd Mlseod L O3 Hdzw dzts tetsfyls L
[99]. bolstster mMstseh O Is, Yylsts dtedHd?2 Brdz or BtcOdz
Isj B j cOkcs? f &zOo dzj dzd v , Atstetsh j 2 or MsC s o3
EmMss2 ydetsmls: 8 d "ttetsh j2 @dhtse d&3j Misd iizsfmis! 8 ) Gt
Il THCtslsj BY j cOlskztode .4 dg@dfrj todg® da®fgdlzso §j dodHdw, M
Mo ¢ dz¥ yd ded v dsd W O L1 (iyilss, M dMe-iHS, B Aig\s,Ta, Nb), ssc zIs BT Is!

My j ehfe@Oshokzse j ded ¢ j dzvd o d3jsAnGdadOugddts idy JaflaEzy = d
[69,161,162] dttsBh Ojlsmw  of MsCdr ftetsydetsMmisder = =~ Ot
1200Au. ¢oltster HtojHEZOCOs s IsOCYj ofHjddls! HC
ZzOL o Oddfd &f dz®o S dJ Mky§ j ey dzOo T e .

42



153f JIssH" MtsjHddzgj dzgdw Si C CjteOBS

sOC Br dzs ftsls BjOugiBdgts1  ofr o joicddzizf Wiz@dpjsdd ydidj] f SHHOJ Is
CsoCj, ddls!s d Httzedd Lo jMmisder &3 Hd&zv BJ Is Odzdzts o
Mty dzs?2 cjtsdBj bedu] MY M Hddi dd ¥ fydftsy dalsi iz A
Htsotsdz! dets dedL €dn Cti WWdydj dalstse MOdstsH W ¥ i,
fné f, Sidzve, Mstsis flG3ls i) lwasjicdadd dzts  dzd Is j ,©OQ liskafte diztsdy  HING
ZOyd dz0j Ismw  Istsdz €5 ftod IS[HGBY wsOsZEH@Asoalzv s BP.
HEB QY Botsdzw s h dj Mmdedy Ols’ Qs tai dj HeGD BCIBQEHEIEDY0 CA® dzd. C
SBteOL 8o Odzd W ) qHQefgY toftf @ tzj ded §j 3 Isj B J OO MY
o ftsRasp

CWWiChkyptznrntsH g tof bpafdzicds'ls s SiE gdc'© i3d yJ M d -
fdzts ) dets 2 -Whiptdgidsf § GC € j to QdfySudzPls J Lo dnO df s d3tsh 1 f totsd3j
fisd H d dzd Is ndzfleasI6d o dy M j2 Mdds?2 H O dstzites O ¢t
oLOdBAEZOY HIWWELdY f) tBtcOp tshdddEdds jigkgdmsdfHE | Hel O
oW H Istc j:B (o @dzd 2 d j oLOdBBH | 2MIse dw d/ d dzd oL O
MewLr 908 h jgtSIC ffietsw dzjd dzOy G®) dizd dgO@v s U t Ctsdzy ydz
fpowLr o908 h jBIG (ifjdzdsCPW Isj B j tcOlskzte®  dzOo dzj dzd v ,
sCdmdzd Isj dz' de@w  Efitplsig 2uis onts fif s i3 s dzj dzléivs o off) sisLE TGV O #f h
Msd v dda decsvjiteddj sqdydzsfmis! MtsjHddaj ded™ .

1 O HOdzdzr 2 Btsdzj dals o  daq jsqrrtchistizindsi Ooftod dbff) s @) diztiz gzt
Hd&z8ICC jteOd®d S d, sHdZOS fdmMSd tflsdBOod dsects fits
ftoj Hdztsy J dedz’ » togsd] diaj H sdn@BIEHsS ffpelzfsds dz § Md mlsj 3" .
stsiHddzj dedi MBYsdzsb iz e s dzOR6E6 d69] | X daiRifif tcts fls tc O d
Yy sEdyso dzv j Isfw  fifs jYHtfdeiimdzdt) Mty Md CsBBgr J §ted d3j d
M JCOsh dr BB OgtXdzdz” 2 MY tsmtse thdztseo Odz dzO Isd =
qBjjls Isj %j dejHsMsOlSd. I1Bddis o' MsC 2 Isj &Y j
By dzs SOC Y j lsdzj Misd dig dajsdslssteg) Isfintis o 1l d dzc lss jSilz' ¢ dstmif ts
ftod K3AOsMtsMis Oo dzfls &4, 1FPK'Q66], Cadf 11, 99K'1 OH dz
MgO 10, 421Kt Q170], s uSIC 418 & [43)]) , dzd L C Iz ts BiGzts
Isjf dzsf cso sHdesflsy, O OS] dedL S k¥ EHOtdzzs o WL
dtsjHddjdd) M fo@sh: ¢ fes] dlsCSCJLEER16700 lstsids § fipt) t
sfdetso Odz dzO@ f BHAtBSH ], t©OL tcOB e BCzdz O3 oz datifEO& e
My jcOddd. | COyjfMmkeoj dMosHd 7 StE®Rfsd) dsse Mt
Fedzj csHO d COBdHO Ctoj digdedw o tOL dzd ydzsdz Mtstsisd
Ctoj dzgdzdv Htod Isj o3 j ttOlskztc Gfw ot BN 15 ISLABOMPJASH]. dz! wditsts Boh' |

43



dLEdB 3200 1 O. [HAOCE Isj BYSiCeidisl @ OdAsf § kil @y
My shMsetd, d&i LI0GAGEREZIAPD o MjHddj ddd Mot
dasjHddsj dedj M §dish s e j2HsQejctOE dipg Jih§ S dLEG, YERG L oz to
173] | tShdss] |lksds §SHDSKE®G,] dopdXtst ¢ ® G s i § &l

sBtcOL S0 @Ay dsH O Ctog dzdzd W . ) COyd Mlso J sO¢ dnA
fsdzd ¢ OteB s dzOdz" , § sdzdfd dzOL Ode" ddzd f sdzd fnd dzts € fr
70 %) . { Mdzs o dz" o3 f tetsB dzj &3O d3Bq dmf sdz! L s Odzd v

Wstcdzdtetso Oded v M SIE ) dzilztf I8 p dzvv dzts Yy A dAipdf dids fnls®,  d3dzts @
L &zOydlsj dz'@ dzgOw tsBi J BZOVY EMOHECO (Hts 50 GB. %)
W st di3d e s &Si0dededj f sfydzj Hded dL ] Wjogpiorjvdedzt & gl
MsjHddedIsj dzr detsd3 fdztis p OB tf dz'teh tsd s o stsdzg dzffff § tctsyJ M
MsHjty O0dzdd, BGHABOCt ftesydshls! HOdEsets M jivs dzd
[10 dO dLcds) .

ut5j Hddzj dzd j MAXHY OFEEEMNE7574MA X OUdAR] j s 5B N ¥ nafidG e diizHk
N=13,Mof j toj - whiigdze'ls® dadp;! d& BJ dzls ( dzOf ted B tc p cABE &S It 1S
Zzdets OL tsls. MifysH®isPls f BFEOE tishptOugjVis Palag 2 f 15 O tc © ¢ lsz) to
sdf dydets?2 (6] GOEBPQ fd diy jCtisdetdstf tetso sH datsfls , Mists?2 Ytsfy
slsdzetsmdls j dz® WpsizO &) is ff iy €zfg ) Is s | wates  dyj AR dEtd@Q e30 dzw & s f
fitemyfjSilsde d" i3d BROIs gizth T EetzBIe 2 & tfif ¢ datizy F dzd 2 .

1 0dBtsdzj § tOMY totsls oA Woikdlz" 'd3 W atddfSilg). dchipetis sB h O § s
slsdzsmdlsj dz' des o Ms SR df'tedsydizs Mfisdits Wi jE RO L £ SIiC | ¢
CiteOBISESd M B ~2000fikz6O2 dDOJL cdB) , dzy MdzsIstew
o sut TeSSCwitted K8&,06 PKP[166] 1 sy MM MisjHddzj dedv o t
sjuddedd 5 dBddz o HjtenCd ftod §toddztsy jddaffitsdzOL 9
SPS &j HsMIsOIC O3 HOdMSets d&jlssHO dy dts sisdzj f
MlsOB ddz detsfls’ Hdzv H OIS toiwracs® d{f to didetdddogdi2@ L o |
tOL &ZOG O sMmw ftod uvTA 4 Q0 Aw dal dfdfemsp TiGez((Aj 9 OC z L
vO01400Ay HOMZOW WOLO ftojo FiObOjgligy dzeh 3@ afia o Uats
SHddd3 dzi HEMISOK G5 B3 B@YzMdSgESs o MisE OV NPk Czsm s ¢
d deH d o d H HrAsdi lsdst dgzd o
dtsjHddzj ded§ M ¢ sdi3tsBy &0 dedesimepsd) dsidgb s d MY sdz! L 59 C
fl skdshmdlsj d ds of MEC 2 § ZOMIsdydetsfis: 5 HBsyjls
syjted H! ftsor mMdls Jjcets dzOHj ) desMISICHEOIE | tc ¢ @ dits ® Mt j &
dMf sdz’ L 59 OlsOB By IsPEzdZMBICH iz dgs® + 8 Bj sOzzso slsd

10dBtdzj j ©OMY{shisteOdy dzdzr B Bj Is O dzcz® BZr, 1 dz¥f j1 & t© d
44



ftedd3j dafi3tefn tsB dZOMisd W HTiEGAS 2 § ©§izj 8616 @ dS dftS BG 2 dy Is d3 e ¥f J
sBtcOL SMA OBEW Mo, C0O0¢ MO j bEzetsf dz0aCdj d Isj
[166,167,175177] uwtstsBh OjlsMw B Glsdtsmdlsj d' dets o fithd ts2
(250 [M7B]@)dzj Hizj s ff tsH wistsC azlinlg’ dL  § j tej ud Mmdzj dzdzr A
MSICsBtOL ks Ils Rtezf Sk COtBdHMZEY WOLE, Ykt f dtat
ss¢G ts, dr BBCdmMdzdlsj dz2 dzOwv EMlss2 ydo smis d t¢dm
Hso tsdz! des dzdL S 52 Hdzv H[OBIZEcts tosSHO ftod dzsy § dzd 2
154 1lteddij dzgj dzed jSiME Mds ja3 MG slsj B j tOlskztcdzsdz d30OIs §

It sCslsy & j eObkztedz | e d@isd £ Odods ) dejoded Melgjdizd
fjtedmjCOslIsmw, [BO ®BOLjttdOdzO f§t lsH]jd dtsflsd
Qo dOS smdsd yj M¢ 52 ftosd3" h dzj dedets s d 9 5B (
Mojternor MsCIs] &Y §j ttOlskztedz (rndRO Istg @i OLatkele fly dfH Hf fifsls- afed JIs
Myd sHoOzfder = Sl sdzj dzlstseo  f toj H HIODezezw f 5 tc g g deiisfiEsa
Hicz@ &t silsj i3 J cOlskztedzr = t5B &ZOMIsj 2 .

etssB" OBy MJIMBEQ dg®Y j s B' 5! ddnf BEZMISE 56 gedxY J
Mddzses?2 1 dzj CtesdedCj . | B3yPMHis de fiplind ,j CHs@drdddBs"? iy bl
O jy shdtsej] HdtHtse ztlslsCd o9 dHESICatsdzr MpsX s d t
9" ntsH O [lciddefzy j dzdz | dL HJj ddff Vs mizgO s Blezr Cas' w®6 fizd d3d
nOtcOCIsjtcdMmMisdC OB, des d BEHEIS EMkts2yder ¢ otsi
mMtej HT .

stesdzy Ibtsets, dqtedHd?2 ftoj HdEZOGCO]Ismw dhif sdz' L ts9
Hdzv i 5 dzSICIdBICSIC S s i3t toL[25,688] RMYtsdz' L s Odadj dtedHd
stsdz! Cts fYtsLotsdzdls MmdedL dls+ Isj B j tOlskztclz Miff dizg oy d
LoalsjCisdQ) ,( teditiiz] diz2 Mslsiij ey Odzdy MotBBHdEE ¢ toj did
fsor Mdls: Jjet tsCdMmdzdlsj dz dzk¥ EMmlsts?2 ydoe sfls: .

RL9JMis] dezthoOBSL1dAD68B2dz0 MY smise f 5 dzlz \HiCzd 6 Oftg § |
fsdtsh s & o Effoidgvttidts dzz ydls! e jtedsjlsdudetsy 65 sSHA8ES
4 2Mmlsedlsj dz' dzts, dticdHd?2 BBXZOHOjIs ofmj ddd dzgj 5B R
MsjHddzj dgdw COteBdHBCtej d3dzd jots? CjtORBJEd. 1 sls
sBOLEjIs RteEf Sk COtBdHAdERE WOLE Mz ikddssRoyrddlss)fot
o' hjzftsdi3wdzzlstsds f Olsj dzlsj HtedoejH]dz ddzdzs iistcOIlsd o d
SiC ff dMfsdz' LsoOdzedi &3 dqicdHdjots?2 Widz ¢d Istsdzh d
Olsd3tsmW jtoj 4§ sHT 50BOGez® C2 M gPhHsihls! vBbjcgCd 0.
fsdzz yj dedzz 8 Mlstelz € Is Iz te 2° fefsishy Is OoHJdABES = jodzjHj O BAxd® ff O

45



BIS Mk kkic®, WOLBor2 d {dj sj delsder 2 MsflsOo
ftsj H d dzj dag v .

16. ) OC dzef wpja@ch jj 1

b zOddrffLls j cOlsztcdzr = HOdzdz" = fCOLT 90j1Is, yYbts €«
nOtcOC Isj tedsfipsdecy B 59 Odzdz" - 9 0" MsC sIsj A3t Jf tg O lsiliztc dzls §
o d Hj HQHzdzts?2 MmdMmisj B3i o'f MBMWOIs RO dzis tq t§ by dzg tiztiz} yd o ' j
mMsMisPo@d CtesMistezC Isstejtc OFf B A S Hwo § tod tcOL fizg tq Bztlzf
lsi a3t § tc O Istiz s paid il dzj H ts 9 O dzdImSiC fipdf fiplOjdatf y s g E3ff I§ fipVAIASOSAu
¢ Z20Odzd L ® Ofipde B j &30 M-SiQ,dzOdE HBHOE GidgeB c OL ¥ h 2 € Qds d
9" MGC OL Ols! ftothbH lstisdts ) jdddt3 o B j d3de" -7 Ir-SKDGHEEH O
Wstcdzdtetso Ols! Mw f jtedsHdYUd MEOVY BIStesmistczC kO,
Bj s OO Mdzsw &3 B 56 Ols' d3d  fif oHtslBOEDiEAG fels tizee dzj B isdg ts dgy
R Ljofls dzts Yylsts m f sd3tsh s dqedHdw sy des f sdzlz yd
MsiHddzgj dzgdi HilOdzj?2 dL SCOtBdHO Ctoj d@gdedw, tsH dzO
MsdHddzgj dzgdv, Jjets BIStesmMstezSIskztey d ftesydessmisd.
fdsfj dgSICf ted Isj ted3stOEPEELJ Ui MSd tlhizisMmisslzs Is.

s0Cdd3 GelkPzisiso dgi dzdets dzj f sdzdzsls© M &r-Hi€ p dzd
hdtesC 3 Isj B j cOskztcdzsd3 ddzlsj tceo Odzj , O OSCYj o
fcOCIdyimMéd o90xder m LOHOY of MCBIsj @B j tcOls Iz tc dzts
1 Iss?2 tcOBfSIsT .

46



176l 2. Csewl it RIi[C1LUO]?1LOC Y Ou:
2.1. [ObjttdOd d dr "OKOSIkjtdL Oydw
st tsdaj dzls™ f tstotsh CltseCrChy jifdsjofjj 2. MatsHde 7 o jh jMise
JqedHdw d0teqd [RPp-8 U2 3BB8wOL d3j R 2QOMEEER) (dD f Stet
Ctoj dzded v tOL dzd ydets?2 BsHdW S Ooydd, i) udipiztfids ¢d ( U
2632784, ( sMmdwv) M ©OL PO RBUEGNIsdy uddistslsts?  dzj
iCtolztf dgSIQ; (iU 3§ dzC FROLS'i C( (Uf sded V) f 460OL i) & R) P M
98,6 %, HOdjJ {-8C; ) S R HS BP @S T( P) tc g0 dzPwy &3] t6ts
(Dso~ 1 B d3) d yYiddplsdzlds®i®. M9, 6 %
s s sdzj dals T HAWWEUd sy s mishQte $ s a3t s dzj dzls sB/SICH
dMmftsdz! L so Odzd dedudjolkys Wd ¢z, dL ¢ slstso dzj dzdz
100710710, 1 o&B-20012806 o0tf %H5084 Afe, tsmimdv]y d~s8
MECOteBdHO Ctoj dgdzdw tOL dBjtetsds 1001 2015 dzds ( Li e
ydmlstslsO 99 %) .

2. 2. [jbsHudSd 1Sy jted ds] delstso
2.2.1. ltwedetsbsodjddj ftsteshCsorn fMigjMmj2 I r d

[y fedesktodj ddy f§steshCser o  Mdjimi2 dmt
sB OB s5Is Odadz 2 (fd) fstesh ¢ dtedH dw. [ 4 n0Odzd .
dmyf sdz! L 5 OCaedOdg dafsd® d3] z0 dzf et BMh, | jtodzOdzdw) o
odzzlstcj dadzj 2 Mlsj dzC 52 dL COwBdHO oatd WORBO. |
COteBdHO otsdz WicOBO HJOMR] stesdz 3 dBd. i 58080H Bdz
dqedHdw RREAtcSCHd dJdzgj telsdz 2 dzOf sdzded Is j dz' o  NaTiyj f
s tsdzd y jNE@th tsH B d tc O dzts iy sO¢Ctsj, vyYbter L Odzd BOJ d3r 2
Mtsdz ¢ MsMlsOodzwdz 40 d3dz. [MlsOGah d2Mmw Bl jd&B& L O
ftetso sHJ dzOWc | datbd HwiN&gbdBjgjdzdg06 yYOMmtse .

10jd5 BjrOdzdujMSd GBEOB B OdENC. § istsy iid !
fiesotsHddd o djMmMStd St MsOHJ2: (1) §tdkzyj dd
SlsHjd&zvdzd tls &jdshdr Ijdz desBOws@Bsd&Y dd 24 d Mlds
My jdLds fijtejBi"doOdd fm fodsh: s &jhodid o I
oL 9 jfm! fstesh CO dqtedHdw tlsimisOdes Odzd o Isj ygj ded j
HjSCOdsdeso Odzd j . ) tetsyj M tsrus IS o st th)isdidzdz| tis® (C
Yyofmlsdy dqtedHdwY ftosdir o Odzd { sOdetsdzsd3 d tsfMls ©o dzw dzd

47



50Au 9o Ikjyjddj 6 yoOmsses. I AtsH9 IUshRsydkBan] ckis
Bj nOded yj MC 52 tsB tc Osots [YCAfs jddrsdjH o WR1E2Y7cf4fiBQlds 5 C 1

l stesh Ctsor j fMmdsjmd dedudw d SO dHO ¢ tHidsdzdw
3:1, 1:1 d 1:3, fMmtlse jlsMmise jdzdets. 1 jtoj d3j ' d o Odad
Mk ¢d ddzd ojd ddy' o99dHkz dhMfitsd Lts Oddv HBOd
qtedHdw HdW SCOYHEB2 MdjMmd BOdZd o SCtddyj Misse j
MsMisOo O fllsjd3 L Odzgj M dedw Jtodd3j Mg 2 o dzOdzd f Oced ™
Bjdzr dedyr . Itsdkzzyjddz §j Mdi3i Md §steshCse bkfOUse:r
(GtOWS2d&ZO) . 1" dzs ftodcetslstsodzj des otsfmj a3 Ibdiftse o

sOBdZdyo® 3. wd3i Md tOLddydzs = Isdftse fttsh e (dto

} g dz3j M [ sdz) dets] MsESiO
1,2 | Ir-C tokz{ dz5iQ 1:1, 3:1

3,4 | Ir-d3j dzC ST | 1:1, 3:1

4,5 Ir-d3j dz€ piC | 1:1,31
6,7,8/f [ -] dzC FIC 11,31, 1.3

[ dzv &Bdded BGL Oydd whdeSd, MeowL Odgdets? ) dzj H s
o9dHE twkydtsets ff jtoj BN doOdedWw, HEZY COYHBGEH B©BfE
1 ey jicddizj delstse. v OCdd3 sBKGOL A, BFM dz fteso jHjdz d
mMkzudls! s osmMfsdLotsHdBsMIsd tjLEkzdz sOIstse 1+ €My J§
2.2.2. lwedesltsodziddy HWWELdBdzdz = Ot | r/ Si C
[ dzw ftcdetslstse dzj dad W tsB tc OL YIEINC dHipfRWsiHiezd ts dzad d:
f dzslsdesmf j yj dedese s COteBdHO Ctoj d3dedw tOL tej L Odzd
M sdz LsoOded j BB ftoj ydL dsdedese s dzd L € 51 S st BYRHSHS ¢
MTI, wzd). 10jds fsdzkyj dede’ § BtekzMSd W d Cfeftcts 01C0d
Bdf s dzd te HADO dzalzd W & otsQirkf teckst® O dz' dzts a3 Mls OdzS j I tsdzd dzOB )
fl {sdsh 5 @ZOBBEKEO hddW¥seoOd dFf 7 Odz&OL d& 7 HIMS &
Addzdh gz fsddtesoClk (o jtndssiisd f tetso tsezd agg f Shy
OdzdzOL dzr n mMzmt J deL d 2 fl tOL d3j tc Ralpgt Intergatiopadz imitety, 9
l jdzd S sBtedlsOdzadw) . [bftsdzdtese Odzdz" j BtkzMCd ¢ OB d
sydh Oodzd fklsjd3 Edz' stcOLo kS Bos2 tsBtOBBISCd 9 {180
[ls diedHdjos?2 Wdsdlzr G Isds 2O BOetsds ~0, 11 51 5
f ZOMisddeS d kOS] ByudhOdd fkkjd d ScOLokC o 52
s sdzdtetso Odzdzs 2 flststesdats? BtokzMStse COteBdHO Ctoj d

48



2.2. 3. UjtoddstsBtcOBSIsC O {f s5tcts hfCadson 28 Isfigagj frpjL20 d dizts i
WdLdgredsdsd ud MSdn dffdzi Hise Oded 2

ltedelstso dzj dzdz” § { isdeSEOY Gstsiy) M O digdzdock tsdzo j telsT  d L
o Moty yjtejH', fsdisj " Odzd o o' MsCtso OC Ik dzdzlz®
RMCdIsd di3) . [BtoOLdzf HOCkPlERFIctsg@EE ®, H OO dgd "dz0 &
L OHOdzdzts?2 Isj o jtcOlskztsr 1000, 1100, é. 1600Aw
LOHOdzdz" 7 Isj BB j cOlkttOrn MMisOo dzvw d&zs 1 YO, ME 1
Me stsmis! 5 ~ PO SAAYY IsHjEBiCc Ol zter f totso sH d dzd 1 to¢

Il MmMewiLd M BetOded yJ dedzr dzd 1 ¢ My dzlz Ols © yJ78dzd@20d3d
sjtc3stsBtcOBSIsSE ftod Btsdzij or MsCdnrm Isj B JtcOskztcO
9 kfmMsOdse Cip) iy Qdzds ul ), CBlststcOW BStolzHBSE
tcjekdzdtetso Odzdw HOo dzj dzgdV¥ GOLO 9o tOBBYJ2 COd] tog
ftej HMisOo dzj dzO dzO tedfy. 26.

1 ]
= ER
2 |
5 16 |
° 2 T — 1
3 i '
\ ; ‘ 15 |
SHEEE - fﬂ
4 . | Y
gsoe | 7 O
I’} f‘r."‘!w
5 o Y
3 c e CHE 14
o Bl
5 fal
. ‘ﬁ = 13
1/ IN
y \\
|

tdimkzdzese 26. wn] BO EMlsOdtso Cd cEBtew YJ ¢
1iC Ot Om MO oW | kY tc Qiefdeyddgdd» ; 3dzj 9 dzg® & § 8 IHCISIC; d5HAdZE
Mistsdzd B;0dtlzsdz M d dzj tdleod® Cdg ZaFoar ¥ d;aZ0Mmsdzis 2 8 ¢ tsdzdzj € K
sn dzOY H jidgths2 CO (itej iffig@yC ddiR Ctsdzdzj ClIststc fiyff s § osr 1
Slsd@w: " d2 dofsfh Mmdhisj " A ddOcHdEido: " [ &0 sl
5n dzOY Hj ded W (fz@Btstf) BeQdzld f dzj o B3PBYEMls 2 M 16~ d
9 BHE2.

l dzgzIstej dzdzgv v SMdzOMISC O etstew yj 2 L sdr ¥ sipgid®
fiz O dzf ts dz" ) o fsdzdzj dzO dL GcwOWdISO d Httkzedm k6 d
49



dLBM ssydesd3 HOo dzj dzgdd OtetsdzO (~120 €1 0) Mt MEts
Bddzd 3dL Oydd MtsHjtey Odedw MOl ydsets CdhdaswsH
dqdzj telsdzgr &3 cOLtsd3 ftsolststewdzd Isted tOL O, ftsfgdzj Yl
OQolssBOIdUI MEd dzO0 fteslswy j Y swilf) sy FtesY§ Qigd.
1L 1sOfO. 10 fitcotsdy {1 sOfj dzO dzOGtej 9 Olsj fiztcw ¥ sdzdf i J
I, ftsLosdveh j-J stetetcjils' 7P@AMML O ~7 dddkzls. 1t
Qo lssBOIdUd MEd OCIsdo dtetse Odzdiind te todsjfrjdstd jstiSdRIEY fj ste O(s 1
t smimdy) d MdMmisj B0 wjeckddtetses Oddv Isj diffty s izdsd
Mestetsfls zOctcj o O. ["dBCO tfftcjH]dzj dadW Is j o3t .
EMmlsOdetso dzj dedets?2 Isj &k j tcOlskzter . Jtojddy or HjteyCd tsB
1 yoOf. ultttshls! REZOYHjddY BtOL ytso 7d&A Cth fkd Hat

1l sfdzj IbjtestsBteOBtslsSCd ftesh Csar j fMmd3jmd dL
CtcOWdlsara Isdédzj?2 d t©OLHjdvdd d&@O Isted yoOfmisd.
gz Hse Odzgd ™ Bl sdsecdd KjlssHsd 8Cf. [tekcks
fdsts dzj Colssoddzd s jtojyder 2 hdzd¥W dz© Istsds ¥ §
dMmf sdz’ L 59 Odzd fy HdzZw ftdetlssodzj dzdv h dzdW O Btolzf
fstesh Cso Eslstsoddzd Hdzv dMMmdzj Hise Oded v sl sSdzts@
ftofpa jdedvy COyjMmlse jdedesets  SCtsdzdyg Mso j dedetsets 1 dzj
ftosHEZCISO oL Od d3tsH JSICgldratfdjvtc j tlstE{tictOddts 99 Oc Olstso t52
wWOoOLtser 2 MmMtmlis©e d&jIssHsSA t A .

2. 2.4, vjtostsBtOBtSISSO d § SHCcfpfigdzp i t®©o QdEfW 0 dp®d
B stsH Od3d

IMmj 1 €My jteddzj dzlsr 5 Isj tc i3 /8GO tIsdsE Hj f dadf Wt zu. .
Ot sdz0 tsMsefisP O to@fdhyldsdO i3y~ PO GHtg jdad @ |, st d nOdadz” d30
MdiziMi2. tidddr IbjtodssBtcOB SlpQeqd BV DdzsHy YT dls H
sHdshdz dO0ctekzL Sk, ftojHMisOoadzj dz" o IsOBdzdyj 4

OB d&JYO 4. t(idd bjokssatSiCsslsSd HWWEL d & dde

5 j Y j tc@Cls|1000 1300] 1350 1400 1500 1600 1700 | 1800
I 6] v 160,14, 1.4,
o ime| L | 4 | 14285634567 g 1 1 1
fHassnd ,, | 5, 20 20 0 0 0 0

dZzOctclzL € @

50



40 BO ©OMYtsdsyjddY HJWYEL dsddtad] | Otds j o Mk @
edMmizdSj 27.

Harpyska

O6pasen I1/SiC
7 It 2

Ilyancon

< <
= =
(=3 o
=] =]
& 8=
Q Q
Q Q
2. 2.
= =

Ilyancon Ilyancon

T < 1400°C T > 1500°C

{dMEdsS 27. uwhj B0 ©OMYsdsyjddY wYEEdL Jisddz €8
felfj &3 j cOkte] ko jteHsW OL ket oL OddisHj2Mise gw
fkh jlsoseo Oded™ yduCs2 WoOLr (v O 150

l sfydzj bkjtoedissBtcOBBISSCd tSBOL Y HIWWEZL 4 dedzdsn
d ©OLEGjLOMR] M §odsh! s §§idacds dEods 00 &GOS dztzd
[Odzj j, GHdz L (sdksedd SBEOL YO "Waksifstaacddd dz
L dzj € sty &dgts S s qiginidd Bde Oded  dBswWsksedd d 4§t
Ctsdzdujise j dedetsets | dzj d§) dels dese s OdzOdzdL © (tedfy. 2

Ddukcanua B
IMOKCHIAHOH cMO.JIe

£

tdmMezdess 28. d4rJ BO fBHEBBSCd Isj teBESEB/BTEB SISO
OdzOdzd Isdud MSdds dmMmdzy His9 Oded W 3.

IMoaupoBka

Paspesanue

=

51



2.2.5. utjHddzgj dzd] BBtOLYtses Si C CjttOBdEd M s

JteemSd f desldzsiy j yj dzdetsets € OteB d e O 0§ to Pagrdpd ¢ L to
f ZOfmIsIAEn § sdBEsh i 8 OdzBBOL desé s tlstejL dzsets  fyls OdzS O
LfsCMdHds?2 Misd), bttey' (LOL&jte 514 &B) {§t
LftsCMdHds?2 Misd d tydh Odd fklksjB .Zdf sE@ko
sl sdkzdtotso Odzdz' B bsteyOdd BtekzMites HtesC dZOH' o Od
] sy dzdzz s Csdzflstez S yds oMt dHodue fsdjh Odd o
sMdzOMisCE d od3jMisj M dzj 2 - tsEEE OdKitsp 4 H D izd s 6 &
b1}l Yted Hokna WiNdWBAB]H gEpdl? Sihffdsedva Isojts
Cs 3 s dzjidflstesto sHd dzd i ted Isj B jteOlktcj 1350Au o |
SHdssMds?2 &OctklzL Stgj 30 s)j IH@.dzj i § B L fij difdsedse O da
WoLftesotsHddd ddet ftod Ij ki jtcOlkztej 1450Au o I
dzdets ftod 1500Auw o Isjujdedy 15 dddzzls ftod GHSH

R jBO (tHEBlse Cd tsBBOISY KD BdIsg H ddzj faszseh + «
diiezg @dzd?2 d dMfr sOded?2 fHtedojHj dz0O dzO tod lzdeS j
LY sCMdHds? Mietsdk) d ©wOLtjLOdd dkd 4 yoOffsd oHM
SBtOL Yr M tOL &3] O3 ~ SEEL 3 D XKY ¢ dgdz it s ez bz dzdzt] &
BjbBOR] wS[/Cru d dMfrisr e0dkzd d&O Istejolstsyj ydz 2
dfmfrlsOded?2 B' dzd o' B t6t®ddnls @ ZAFEMBH B Misb 3 d HOL tc OF
dMfrsOded?2 S jtOdBdUujMSdn GBOL ytses &0 Itej olssyj y

IMoaroToBka CoennneHne Pa3pesanne

Harpyska

ITyancon

Ir

4o 8

5
g
2
3
s}

Harpepatens

IMpecc popma

~100 MrMm
E
[MonupoBaHHEIE TOPLILI

Ilyancon

~1.5 MM

~4 MM

~5 MM ~2 MM

tdimezdsc 29. «nj df2d YOS § WO dithj H dsdgish + 5 dtedH
fsdzz yj dedzr = tsBtOL ytses ¢ dimdzj Hise OdedWw &3 d d fr
52



2.2.6. wddzsjL BsdshdedydHO dtedHdw, | r Si

] COoyjfbej dMosHd & SCtdiftsdj dzsss HSkY s Y tsataf
fstotsh Ctso zsj RiPdgdiwj M&d BtcOBlsOdMe s 71 SEEERE) ¢ Of ¢
B d2C sHAPsd+ 1 RS B) o Mstslsdash jdzdd 1: 1.

[ dzv HtMisdy jddy dzyh jets CtsdlsOCIsO L j teoj dzlrdzd
BH-SIC C sBf OCIsdtetso Ocdzd RitsdzsH dz' &3 1 toj fifsioffid(gjtl  tfirfs j
ZOctkL 52 ~400 [l @ceihsofdksl (PMNsdOBd 1§t
CtcOWdlstsos?2 BEZAGZOGJ, Ylstser dLBj Y Ols! f s OH Odzd W
CsBBf OCIs dzOGtj o Odzd o CcwO¥ dlstsoTldP)ls diejdaljd, 763.1, 520 i ts
t sMidyted 1600Aw o Ikjuyjddjy 4 y. 1tmdzj bjodsts
OcObtsoats? MlskzfSj. 10jdi3 oweshts¢ tsydh Odd s [z«
CChfy fmdzjHksnh j2 HjCOdsOydiRd M eEsss ygOuiz Hiso
tOfmlsetstedlsj dzj Yjtedzs?2 asphiimdsay@htzdjjcts]l s BB €T
f zslsdesisd ctwOW dls0O. o)1 dedBOb @) def ¥ 35 1 « ) ©81) sy Ishipas
~21i2, 2 3¢ /@ d3- 1(31,r0S? e/ Mo

[d2v Hsfisdy j dzdv BOSIdBOdz dets?2 f deslsdetsflsd yj oz
9 bkedzjtesHdzsds sdedzy §ted 1750 Azdnlsed ditsjp§ jj dzds jts el Y
(V1) )uSBsMis! dOCKj o O MisMisOo dzv dzO 65 & A wiad dgdfdz,® dz
Mt j Hdsj &3 fMts M@ Apdddr. zQ tsdz5yA dedzz 6 MW jted yj M ks cEteO
1650Au 9 bjuyjdedj 2 Yy §BH SH dastsifzs? ydexd el tc §
s OB dzjfltdg S tStets fipd ¢ By oddOy H M s dz' L 5o Odzdzf &O oKy IS
fsdzyj dzdy eotmMftcsdLotsHdBsMIsd tjLkzd sOkse BT dz
M ssBtd. I} tkzyjdd j sOBdjlsC¢d ftddtetss Odzd f t
OzdzOL dzr = HdMCtses M w©WOLBjwOdRd L jt] dictiyls @ddd i
MMy jdzL 2 M ©OL BjttOR] L jtejdz sls 6 His 1 &S d3 (K

] izsls dztsmyls (J) ®BtOLyYtse dL di3j oW dzd dBJ IssH A3
M diclsj dzO dzOB HIR-FOB @NDIFapgan o HMBByYdesmis: s ) QA ,d3l tedsd
Ldzj Clstetsdzdz d3 N IsOdec § dzyd e zdzj d3 Kr aft ool fz (1) & ¢ to
1 dzj Clstetsdadz d3 H dzd dedets 5j tesds Tesa Digico 10, HBHfs
9 fwisd IstsyS OF yJ delsitezOts @stss@EWpoO d J " Ji3 yggdly toy j daists
ftsctejhdetsfls: 86 dzj Btodzjj 2 BECdK 1 OttOd3] Isted yF tsdzlz y

53



vsOBd&ZdYO 5. 1 0KOd3] IsteSi tsBtOL ytse IsOB dzj ss¢
d,d3d3 | h,d3d3 | ph WL ¢ m, 6 }, @i ds
[ BtcOl 6,05 1,243 N 17 044 12,581
[ BtcO2 5,74 1,551 N 18 0,507 12,691
*Tdgj sSHdestetsH dets st f 5 Istsdzh d dzj

2. 3. nrdddddusyi MEdy &jlstsHr dMmidzj Hise Oded v
[ dzvw dmmdzj Htse OdzdwY ISt sdzse d d, BJSCtesMistelzC Is
Lz BB dzlsdzetse s MsMIsOo O s tcii3stsBtcOB SIsOdzdz 7 ff Stetsh €
Md ud dedvw HdWWELdtdzdzr =  OBICYJ s@dsdPlL dy sfg  ttsggte " dzj c
mMdgzisd tetso Odzdzts G 5 B des iy§idzd gff 8 @ L hws Pezdv fdzi HIEzE h
1 dzj Clstetsdadz” | ABOM-10@O0ffRtashf, ¥ :c fis)ded W ) , B BtclzH ts9 Odzdz
SwiftED-TM (OxfordInstruments | j dzd € sB t&S40MICzefiv ) acB) , (¢ § sdad W)
Cre MY J ¢ IstwisaBjyl&E@Sddégector(Thermo Scientifig, d z BIIRA 3 LMU (Tescan
YinmndWw), SBtStclzH 59 Odzdz’ INCAS Energy 45G XYMats 86 Oprés esisudnents
lJjdzdSsBtedlsOdzdv ), CBlsister 2 d@jnlsOEZE Plsjs@n dzts € O dzd
t 4 dzlsc j dztsG tc O d3df3” sBtcOL Yytso B dzd -1ueQ foalsip@zs  ¢a
f stocsh Csosdy HdWtcOSCIssdzjIstcyj D8 Advance (Bruker,
B Hdzse s 1 OdzH D4 0561 ,j54H639 ). 1 0O0fdMmddOjndzls ®] dzty
Fedzss 15A < 2d < 110A. sOyjmlsejdadzr 2 d € tsdzd
tdlse jdz HO ftotso sHddzd -Matfashisf Oxf dr[d S@rayachy st e
TOPAS (Bruker, 1 Jjtd3Odedvw), MA4duf s@SDtseo Odzd j d3 B
Oz dztsd3j sted yj MSd2 0OdzOdzd L ofMmjr dMhBHd A
ZzOL jtodzsets OdzOdzd L Olststc® yofmsdy [ dqCtesMO2L jte 201
tdcdmse®GPE s N jetsmw o ntH] ) GlipddsH ifazty B
MydSCtesMesfdd ¢sipydaPyd tdatebcts tgQ@iyh EfmlstcOdzj da
Hij2fMlseadj dd dzOL jtcO Y wotesh € d dMmn tsHdzr = KBrod3tf ds@) figs:
Metslsdzgtsh jdzdd 1: 100, Mmtslse jlsMmilse jdzdets. wff jClster
M jSltesdsj stej RFS QO ((@Bridketr ,dzdi)ij o @ Gtidefatfs@s ts dsjt
Hdzw tjedmistcOydd d rOwOCIsjtedL Oydd k¢ dzj el#Sia,
LOY d iripfQdeds ter st 9" BteOdzdz" » EyOmls¢ tso-Sifmg Yt tdad v H
9 s dzdz' osLBEYH[jORfY C ISBBR3jdedds LabRam HR Evoltejd
tcj edMmMsteOydd MmMisOo dzv dzs 10 M. rdzv COYHBGEB M
HeMIsOIlssydets Hdzw § sdzzyj dedw Mt § € Is terisdzw o rdada dzjddigf s

o dMoisHdy & GHEBHEwR 660&d &jlssH dda 0O SR figasp C k
54



BN dzd f tsdzlz yg Betc’ §2OMR § nfsaloamEGg B G | (qudrmf [ see, | o tsf
Hd Of OL tsdzj 40QHAH IS400 Ots Isfy o3

st WWdydddalsr Isjtedddud MEsets tcOMmh dtcj daePvddzr W @~
dL dL o34 dzj dzd 2 f OO steso  tjh jlsCd. ] OtcO3j Ister
f sdzdesf totsW Jdz' desets OdzZOdzdL O s BjIstsHEZz t dlse j dz@ HC
Bleswhs 1000Ad MmintiDe s&ls GEREPYHN cOCIssd3j stej D8 A
l]jtedzsOdedw ) . JrHjteyCO ftcd COYHBR2 Isj i jteOlskztcj H

[dCtetslse jtocHtsMis! 5 1 dSCjtemkz WOL MdddydHe
BN zO BftejHjdzj 20 ) HusaBssb0 BMCGIESTH Wagjiis@@dw ) f tod
1 aftej Bjded o' HjteyCd 1Ptedn.{ k52 dzOctlzL € j

ltejHjdz fesydssmisd dz0 Istej RSECsQj @aBRS dd L cfigtsj H
fsdistsh 18 JtedHdw, Bf d& tSftejHjdjdz dz0 Insteohs9f4dlin@siz: d
ToolWorksinc. , &2z ¢)

RLABjtejdzd Isj BYfJjte@sizesk®satse dzshyldapi$HfdmsupdsHaf
MtslstclzH dzd € d RdzMisdIskzls © sjfdsWdLdsd g [ t o
O lstsBOIsdL qtese Odzdzets?2 + € MY j todRd (NS dz! Jdzst? d3 Aziplsv©) dats ¢
HOdzdz" 2 Gdfjdldorlz o[18B BBl IsOC MY j ted d3 dels™ f toetse tsH d dzq
Otesdz0 o JdasPel @dEp9 BjiBIftesyj MM dL d3j 6 ded ™ - ded
yqddzd dzH 6 ©@ B ZE yOd&OM' CttlsC ddsS doL jstsdGrddzddkl ik
Hdzd Is § dz' dztsdffis '  OdzBteqd iy 2 Rt dz) dzd j Isj &3 j tOlslzter
tcj edMmisted o PHAFBisds REO tdse OdlsddtsdzdHO ddzHc
Yd tedztsisr ftso jton datsfls sBtOL YO ftsCter 9 Odzd ¢ tc O
Isj B jtcOskztestf cso sHdesMisd BftejHjdZvdzd s Isj ted3tsate
Eyjlstsds Isjtfdzser 7 Rl jds l§diad |t jddy) ! ftsf cOo !
Hdzd Is j dz! detsfyls! dzOL j tedetsce s  d dfffsf].dz’ (fnddv dlz \J jclisO telg jotaiztst
BteOL Yyse dMftsd L soO0dzd HOddd j 6 Ijtdhddud MEigdki
EsOdtso § d FAEDY ye®esyd?2 GBI j s ipkod i ktdss @ ¢
ftsidz yYyJcets L Of sdzdgy dzd Otc @t tetizdgj dzy  ts ] 5 8 BRELENCE RIfC
5j B j cOktetsfapfsdHEZO@MBAgdkE? Isj B jtcOkt] sigmhy i
cor Mstcj dzso ¢ dzOL j 1O  sMmdzy IbjteddsMisOlsdictso Odedw s
3 Bddzkzlsr . [BhOW ftsctej h desfls! wftcjH]jdgidddd €&B%
300s d 4% 4fso)d BL'8RAD tsyj dzi 20 5 taiflskOddzHIOAEs@ES - d 1
BsdzdBHjdO d BjH. & Eyilktd dzi sH dstcsHWEE Gisd H §
08¢ B3 ( s@GO&Hd WP d2OW dzj s to ] aitgiygy ddgdatCijlds iy Wo jodzdb Al

55



[ilssHtsds HAWW jte] dzydOdz! des?2 MCOdedtelze h j2 ¢ Odzt
EHjd dats? I df)dztsty Hishetsd IsafieSi((seeataifLisisg - 1) o ddzlsj oo
1300s . [ dzw 1 C MY J tcdiaz) dgle ®azifw d MfstB e OL § Y "1
Isj B j cOktcstf cso sHdesMIsd. [BOLjYy HtjHO Otedlsj dz
cOL BB 6 tBKOL YO §oHetdYdzd §(tH ©OLEBjt Isdaedj?
skh j Mmise dzv dzd DRO40AET) Bl@zkath q § Jo BObRd )Ny sdz' L 50 Oded § d
sdedzj 2 M SCotckdzHseor 3 oS &ZOH'™ " Ok d f dzOIsd dztso
10K/ d3d dz o f tetsls s5ydzats 2 O IsiziAs foztf ok J P O&BRO sSEWML Y
1 dzj Clstots dzgdagHR52ANMBPBa) ) f tsctcj b teteflisc® dazitsmis Odzdzv d
ljtejH fwsojHjddjd SOYHBEE bjttddduyj MSsets yd¢d
MOt ydtse sl i Op dapff P s S5 tOL ftetsds’ o Odzlfw  Otsc
sBteOL YO dMmYf sdz L tso O dzfilge .tsfig@otfj W dflats ds@ ) figfts A3 &chj ,dAf8" [z +
MsMisOaidddz® ROo dMmddtsMmisd I Isj B j tcOlskzter .

v dzsf tctsogdsH defgbizi HEj 3" = BOIjted Odzse teOMMmydls

o= a} m, (2.1)

GHallf jtsodudzr § ¢ jteddzd dzlsOdz! dz" J HOdzdzr §|
d ~fime dzOx J dedz" § L dzOyj ded v § 7 fzdaty lsixiztsifplo ! Isty B el | i3S
ft5 Mtstslsdd):j dds (

= "o 2.2
"= Gemy 22)

CHUT T Slsdatsdls fr eztzdzetizj dzd § , 6 O[¥Aly d g Bddayj o6 t
sftcjHjdz ddw Ijfdasftese sHdesMmisd, ) f)fp &8y e o330 Hagiiisotc
iz HEZ ] Bsd ddzls j 691@TEg . Isj B j 6Olskzte 293

stesdgj btets, MobttzHddCORd [ OBsteObttedd dtd
dL ®Bj tej dzO L OodMmddstsfls! dL &3 dzj ded V¥ IkS|tsflaiztslis § d3tfiniqtetasl:
HAWW Jted dzyd Odz! dgsis Q@ dD=RSEEIOBEl v z¢) . RL &3 o dad §
Odzs s dzd j o' n kdedvn o ktsCj Oketd® of Mty 6BK.YJ!
sCsiesmis! dzOGtej 9O MsMisOos dzv &zO 10 A/ &3 ds, ™MS stetsy

56



1ol ¢ 3. RrRueswfrrfleurmolwslidn ¢rIfrrBuy

Rt RIrRC & so¢tasrrdf strfrrc 1 ¥ tdzsd.
3.1. tiLkd sOIr SOKOSIjtedLOYydd dMosHd & ojhj
3.1.1. Si®tetsh ¢

HiSGE ZOMdets HOdzdz" 5 t A ¢ ( tod BSIC PO ls, ts difists tdf ttd j t=xfCof5 2 ¢
6H-SICY sdzdIsdf ©, o SOudMmisej {§ tod diFSHCIdSi (Ydidfdyizils frills o dg
] stetsh 5¢ RESECIsidssdls  Istsd ¢ s H-SA § tsdzdk G CO-SKG oz
ftoj ddslzh j Mise j dedets MASSiGdte 1 delsf difj tindzd I offffj PG 1 B3O M.

A JQ

IRERER] AR

AN IERERVL)
|

HMHTEHCUBHOCTS, V.€.

Si (PDF # 40-06-2527)

3C-SiC (PDF # 10-74-2307)
1

15R-SiC (PDF # 40-08-4948)

al I | I 1 PRRE | 1 I
6H-SiC (PDF # 10-74-1302)
. |

35 40 45 50 55 60
20, rpan.

t d ik dets GizlsT Q) .dats A tasQois' ) Sie Iz §f dSIE;B) d3j dzC BSEOs3) d3j dz$ BsSE0s

utsG dzOMmdets HOdedz" d3 4 C [ ¢ tcOdzlz dzts d3 disrjeadtsunjdy Cjts e tas
COttBdHO Ctoj BdedwW lsdzdyos smv tcOL Bjtesd L jtjd
fstetsh ¢ O UBIRHdgscls i BPic9 DT &6 7 BSd3. [ OL d3j ter
B dz€ sLisC Unts MBs@Ddzv9s sB6 S ,d4 KBS of. tf ©tts ' §y Ob-Sdg j Clz Cotigj t
tcOL didPstd™0 , 9 BHUR ,d2 3¢ d3.

1 4 Mdsslstew  dzO0 Ists, ylsSi QBiSCH jd difj v tdsts h oo ddiiSids o
fstesh 8¢ BFiEecHmEzY (5 ©OL BjtedesdiBz twOMY tej v j dzj
Oc dzisdzj e Ols™ 3004 @3 dglsdg, HIElSts dBsy jls adzdwis! dzO0 ¢ d d

57



Coaep:xanue, %

1 1 T T T 1
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140

D, MKM

Conep:kanne, %
Copepxanne, %

0 -] 10 15 20 25 30 35 40 45 0 2 E 6 8 10 12

D, mxm D, Mmxm

{ dfzdtsS 31. w¢f MmdddSid d t©jLkzd SOIT ¢ tc0dldt
C ok BSIEEO) ) GSIBE ) &) &SIEEH) b

tjLEzd? OLT OROd) OPOHMY ¢S dkicso M j CstetsMS s dd
f SOIs | yls ts dMmatsHd j fstetsh ¢ d COteBdHO ¢
CdMmdztstetsHsH j oy O d R T tedf B83)3n j Qv QStg d gii.C bR B itc OB dzd |
Si C (wdfm. 32 0) { sd3d dsts dfshpleisngzg7ERdz00Y 68 SiPodr@ dyd@+ HE
doj MStsdz! S5 fodzsf of MsC 2 ddzlsj dzid o de® 66 ., MEZEHBOS
Bsckls B Ist  Mdzj HMlso dJ &3 dz¥ d&3d ded Myd @AY d | ¢ dfffisodis ta
ftod HY sdztsy j ded W Mo d H J s dz! [19B]af Iz 55 ldc Q3D dzddf td § HI fllsyOupdcidz:
Ctod Mmls Odzdzts ® Ctoj dgdad W, § tsf Hi) oS e @H oOR t t©d dsfriif S Hiscli
Bj ZCsHIdMY jtemdzr » fstesh Sse Si C (tedfm. 32 0O) dzOs
fsdzsm’ o HJIRPOWS dEEsSE®GO j KSOCY | -Ldfs ¢Wzdsh dztiste tekzdfi§ <
fteddj md 2. 1 dsh’, - OtkOfdsYLsifd -8t ¢f i3t dslxiz B O giztf ¥
dz¢ 3 dzj Myd delsdz" d3d ¢ sdztsOid .

58



vjteddd yJ mE Ow sBtcOBBISCO ftstesh C o COteBdHO
fded» d ded® ddalsj demd o desfilsd dz¢ B daj iy tetkistozlztSel =F st f
dimud L dese jded® Hdzv g ERCCRiodONI(Jjftafifipzin fitcsctej 9 O fto
b-Si C (ftfmdzj fHtetsctejo O 1§ tod -old3HOJOdAdylz , ( tdipef. L OIMAs
Yd dzlstetseo  dz¥ 3 dzj Myd deudd .

dlstsdls kOS] wl®jlsdls:, vyt ftsmdj Isjteddyj n
fsteshBickS sets d -Lite® f dgderdzs HJOs Isfyw  §f sdzsfyr ) BOSC M
~2570 fMdslstster | &y dets Blsdzgj msd ¢ D, G d 2D { tsdzt
1l sWodzj dzdj bcEdzjtesHdzr n ftsdztsf) By dts B W FEA( Isf
iy Hzs N5 o' Hjdzjdedj a3 G dzj teisH O.

6 1600°C le)

meaknii f-SiC

d | sic

1300°C

menkmnii ¢-SiC 1100°C

MHTGHCHBHOCTB, y.c.
HH'[eHCHBHOC'Ib, y.e.

Kpynublii g-SiC

L o ] [ ] L ] ] L L ] [ U
800 1200 1600 2000 2400 800 1200 1600 2000 2400

PamanoBckuii caBur, em! PamMaHOBCKHIf CIIBUT, em™!
B .. D G 2D I |sic
pe . ; 1600°C . N
_ . LA 1600°C
o] O ! 1
B ) ’ |
) ) Eo
5 5 L
g z o 1300°C
e 1300°C £ il
3] (2] |
= = Hhat;
g =
= =
1100°C
1100°C
T T T T T T I| T T T T T T T T T T T T L T 1 T T | T T T | T T T | T T T | T T T | T T 1
800 1200 1600 2000 2400 800 1200 1600 2000 2400

1 1

PamaHoBCKuMI c1BUT, CM™ PamanoBckuii caBur, cM”

t dMkdemf j SBWI Mo SHA & §stesh Cso COBdHO (Pej did
Ctolzf BSIQ( B) B dSIC[(e )Udzj &SIQ(2w )b

RA&WcOCwOMmdy j MYjSlker dMosHd & §seshse
ftod Hfjsdiafspy 5 dz2Odzdydd CdmdzstesHmMsH jtey O da §tod d3d
59



MY j ¢l , d@ sesdo 8 d fifds sls o jf 1§ figlsz B Odzd W-G&S o v dzls ik +
Hdzw ofj o dMfMdiHkjd & fstesh S 86| ChdEIg jsdjHijdd dis
ZOGE Bl HMSi & thEPdEO8 § sdksho doijjls dzOds sd b
Hekeddid §otsh COdRd. I} sdsh’ M &GOS NEeko dE’ ks
Csdzj B Oded W d€ fpOrQjj 2M S ls o L& ls a+j dzde§ dzd yj dzd j o5 s j o3
f s to ts h SiQxfodzls | dzf) qro EESTES iF Otc O C Is j Qatwfdz jies @ dfoRSi-O-8) af SitOiC)
bdsjdz h Ofjsf¥o )X tedf. 33 O

| Si-0-si
I 1

Si-8i Si-0-C

|

81-C !

18i-0-Si |
[

Si-0-8i
|

C | Si-0O-81 1800°C
1

§i-0-Si 1800°C
1

M

Si-C
| 1

Tlponyckanue, y.e.
llpomyckanmne, y.e.
llpomycxkague, y.e.

XOT1bLE

st

Hexoaubiii

HUcxognni

' L
T T T T T T T T T T T T T T T T T T T
600 800 1000 1200 1400 1600 1800 600 800 1000 1200 1400 1600 1800 600 800 1000 1200 1400 1600 1800

BOTHOBOE UHCIO, cM! BoiHosoe uncio, cv BoaroBoe uHeno, cm

tdmizdes¢ 33. Rs M JjSbter dMeaHd » d Hftsctej s’ n
Cted d3gdzd v : -Si@EG)detzd B[ 28 )Udsj dSiQf(2e )b

[ sy dets tslscdBjlsdls: , ybthytstsys fls ST €Mdj daf wisc tcj
(tedfm. 34). 1 cHBIOMELO demfsdyc ds j i3dzj §| §sMdzj s ted
fQdzj Hiflso d j &3 tc OBi-B=C oz dzif 8 O ¥ Pelzr dzr | € R tsdzj dzls ' .

¢ z2Odzd L dqtezWw HOdede" § Y5 st d RrRs MY bzl s Wss
flH j &ZOIs! or otsH 5 Istsdz, Yt -85 @S ) fhls] tedg@af &j c
CdMmdzstetsHsH jtey O da fted B Mj2-Si Ecdz0Pe &L N LY d

60



T,°C Kpynupiii a-SiC | Meakuii ¢-SiC | Meakuii B-SiC

Hcx 6 .“ "*
1100 * ’w
1300 | m“ &
1600 @ * “

1800 & | ‘ w

tdmzdzetsS 34. RL B dzj def Stz | BOSEBEBOC BsdSicOL O

3.1.2. 1ttesh¢d dqtedudWw

] tcOB s j dmf sdz’ L 59 Odzd fy* Ho O IsdfO ftstotsh !
sBtcOBEISOdzdz 2 () 9 hOtesots?2 dgj dz' dzd y4 . 4 5 ¢ dz(
cOL iBjte Ljtejdz dMrsedegsls= (BSesBEG, MBDIs@j o L j o]
Msils Obsezy j7ls 4 &S ds (tedfm. 35) .

‘ 8
04 a ‘
8
X X
g g
z 6 =
£ %
g )
S 4- 2
= Dy =22mkm | © Dy, = 7,4 MKM
Dy, = 40,2 mxm —Dyy=18,5 MKMm
2- » ~ ‘
0 : I -

T T T
0 20 40 60 80 100 120 140

D, Mmxm , MKM

t dMmEzdese 35. wCf MmdddkSd d t(;,jLIzdlesOlsr G tc O dzlz dzfs
dMmn SHIdZES@)sdZ) -~ Odzed yj ME dIr e )tc.OB t5Is O dzdzts G 5

RL OdzOdzdL O (] MBS se BOL yse (ofMmlsOe Cd,
B rOdzed yi MSC OV wBtePB k@ Yacd® sHdOc i3] dzsOydd ©Oc
qL d3j dzj dzd 5 do RIS teshsekzSlsizter , ftedotsHw ¢ V¥ itstedd

dzi fjorhOjl 1 &SCd. [BEOLBSOded) §osmSdn Yy
61



HiWisted3Oydd 2 d3j Is OdzdzOy Jf fpSdts dBg) (MHig B-OXEf g g HEtsds o sL H
s j dz.
utse dzOMdets HOdzdz" 5 t Ad (tedf. 36), tojWdzj SMr,
Bjtej Ehrdwedddm: §ofmdj jet &BjrnoOoddyj Mits?2 teBtKOB
cOL iBj 6O B EZOMIS) 2™ EtFE j tof salsiizse s &OMigs 5 MicOo d
GHJ] LIlstsls fOwLOMR) Iste MsMisOodzw dz ftodB dzdL Isj ozt dzts 1
B CtotsdzOf oWy jdzd 2 StodMmlsOdzdzd yj MCts2 tojh jls¢d nts U
rdzv syjdstd f§dslsdshisd HJMizs O3 o s & @ dzg Y
BjssHdC O, sdse OddzOw &0 (sttejdvydd BjyHE §d&
9 jCbstetsds 1 teejtemMO d wBICtetsd MS OIPSd W BB S tod fyls Od
o (3.1)
L HIji d3d S tots dzO oD g eddyj, o § tc o Pz ts sp® 66 j MO H
{ OMud lsdesy L dzOyj dedj § dzslsdesfmisf Megd Mddss Oy dz®y
ftcjor hOjls OdzOdzsedyder 2 ¢ OLOIjdz HAW dMahH S
Clsd tojLlzdz sOIsr o d o] lslgdaz nf dnplskcslzl€ Istiz tofgdz 'R figfls o3,
fstetsh Cj, orLoOdzdg 2 dBj nOdedyj MSC 52 tBOBBISE S,
MslzCskzter M Btsd " dd TEsGG G aged §) Ko dHij ¥ &G waps j
toj OCydtsdzdets? M sMtse desMisde j GBS OB ISP S s f sk
Isj B jeOkztey (800Au) Btsdz hOw yOMmls: dzOS s dzj dadz

s L AL
i Wil
lJLA JL LL

T T[T T T[T T T T[T T T[T T[T T [T T [TT T [TT T T [TTTT[TTTT[TTTT]|

30 35 40 45 50 55 60 65 70 75 80 85 90
20, rpa.
tdimkzdzese 36. 4 dzlscj detsc tad@dpBrts Htjddsstgst, @ d2d u J B i B to
d 133] - Odzdmg B)OE[SlsOdzdese s M fsMmMdzj Hize h j2 Isj tod3
62

HNHTEHCHBHOCTS, Y.€.




[hj GHddd YOSksesd ko jdduj ddY ©j 0 ydsdedets:
f dztsh OH! kHjd des?2 (o jterndtsiisd yoOfsdy, Stk
ko j dzd ydsdd®fy: i) S@diDdndiatadzr "H O 4k [ ctcOdzz dzs o3 sted WpfM S
fted Hfsdzsy d dzedd, Ul HB fBsdZO yoOmisdyr ddd dd t
qLdj dz yjdedw HOMCBBBBOL dzlz e ) tus ) ez ifatiz®Y O s 15 dzfiz df ¢
f 5o j tonedsLindsts D, /0l ~ Algs 427.¢ o3

3. 2. AOL BT 2 MtsMisOe JtesHEZzCIstse, 5B tcOL E£Si0, d At
HOdzdz" d3 t A O

tiLzdz IsOIsT dmmdzj Hso Odzdw WOLBoBSEts MsMisOo O
tOL d&" a3 Isj B j to Ols Iz tc dZD1d4 OHIJBGHAE L ttei@sdl: te dad) s lsds dzls Pt o @)d
BBdz " Jdzmiseoz dzdIsj teOlsztedzr = HOdzdz' n, MBBIse jlsMmise Lk
2)OB400hmdzseo v BBEOLBSO OdzgdW Y JHS B2 YWIBSI( e Misc Az
HOdzdztsdz tcOL H j dzj BEZHj I tOmMMmdtis ol @tk € fig B3fzdzdz) fig |
f otsH iz Culsyxfals.” @ OW or MsCkzs Mmisd ¢ § dz OBRtsteW detsfylsd &
Is j a3t j tc Glg bistg @ Al dte Oodftalts{alOdsdz | BEiHdazj sSsHtsd3 ( A ¢ dzO W
wWOL MddazdydHdls Py dfs dz@dizs daisc dz tcBHzdes s WB@MEZ Y H
3.4.

3.2.1. 1l dzd w ded § Mssisdegsh j dzd v , tcOL d3J O Y Of
CdMmMAzstesHMsH j oy O BIC dzPtc AL fisjo> 2 9 MsMisOe JtosHEZC |
Edzseodwin o jicHBYW OL detsc 6514004 eBsH j2Mlsadw (1000

stolzf desH M j eidzOv § tstetsh C 590 OC olgdzdR Ceé d Mn SH dz' 2

lLOd®BsHj2Msad] fsteshCser & Mmikd MY Rz Plid@sdts 5w is
9 Mtsdz' dets 3 MisIls=dztslh: jldzddd 3 : 1, MlsOdzsea dISfhe 00 Adgj 6 dz
O, BHJd BHBBEHEZCISe tj OC ydSi(l4/z@p dz p O BME W O B dzj
ftod 1DD®MO Ay MmiBlssdy j B, 1utsH jtey Odzdj +Ists?2 WOL"T
d HBMiSihc EBslez. 2 % H dzvIrnSigE ks dzts h | dzd W

ltod o' h jddd Hlssj d3f4jotORAmlz tef to j fHis{dz dciBitsdz@ e dgttsie O j
sSOC Y Jj r'6OL @ Poiteraadgj. Istdr toj:Bjjls§dl ¥ O L, | 8B tc O:5i@91Q didz' c
31, dzgj MCtsdzr €5 orhj, yjdg Mtsseh Odztsm! twOdzjj [ 23,
o jteH' 7 tddlsamdasd j HOddzr 2 WOL. AOLBor 2 Mt
fstetsh Ctsor n Md3jMj2 dMAtHAESHE, dt@didw & d o ¢ e d
Meslsdatsh j dzd d, (s Ells od) Is By idh jsdpdzts [ sdzd ydw L OC dz¢ y O |

63



ftsHj ey Oded d 1 tedbla f&isdzts dfig@iasindzs = toj Oc j dzstse. wls
Codzd yj Mlse j dedetse s MisH | o) Oded Wt tfictdsjHHz S de jigdadzt j8 d3t©
fsdzdzsf etsW dz' desets OdzOdzdL O toj dzls,¢ j g et @ags 1 tEzf
SCOLT 90! 1 WWjSCls 1 CtcOdzdtetso Odzd W toj dzlsc j datso S d -
s ftedijtek, Byjdyj dzdzOY czzBd 2O §tetsded C dzso j dzd v te
i) Hdvw ddudw fted 20A O 2udssO dOIRA ¢ f§ s figs @2 Y
dMoHdsets fotHr2D BBEHdY (D

) Sz yj dzdz’ 2 tjLbdz SOk SOy Mo j dzdegsets W OL 5ot
ftsdzz yj dzdz’ 3 HOdzde' B3 G5 dhidzj Hiseo Odzds oL Od Bs
fstesh Csor 0o Mik] HeeBHERREOS odBIwusdkEaBsdfw-Sqd CS B
lsj B j Ol kz todats d5  iH 1400 (OA ds dafed LODPR  H ok ¢ § BreSEDSi, ddj d d
Br dzs B Oy 3@z s B! fMowL Odgs, COC M IsjtedBsH
ftedud dzO azd .

1400°C
1400°C
h 1300°C I h h
el
1300°C SR h b

e ’
1200°C | 1300°C

;

; i A | A l A Jh A Jl "
g o
= =
g | 1100°C t k g
E I E 1100°C
o 2]
B =
- ' o
= 1000°C = 1000°C
A e b
Ir,Si (PDF # 40-02-9628) | Ir;Si (PDF # 40-02-9628) |
1 | 1 I .
IrSi (PDF # 10-0206) IrSi (EDF # 10-0206)
: HERE I I 1R EEREN L 1.
Ir (PDF # 46-1044) | Ir (PDF # 46-1044) [ 1
1
6H-SiC (PDF # 10-74-1302) 6H-SiC (PDF # 10-74-1302)
L | 1 1
T T T T T 1 T T T T T 1
20 25 30 35 40 a5 50 20 25 30 35 40 45 50

26, rpaa. 20, rpan.

tdMkzdetsS 37. t jdelscj desctc O3S o lf thtzH & C Hs(SiB, 0 B9 KA
Bsdz! dztsdz Mstslsdetsh j dzdlgp BT § & © EBsdpgcloBd @44 0(0sA) 4

l stesh Csor j fdsj md ¢ dsf) &8 6z’ CRe  dfofte deHddiPn s Hiigler d2X beRPte@ e
t jozlsG j desGctcOBA f stetsh C tso-rdfy dff e MU, ¢ tw[BiS GseHisis
10007 1400Au, ftojHisOodzjdzr 2O twdmkzdC,j 38 O,
64



Ctobztf dgsL jtedzd Mylsts2 faj d (tdfm. 37 O, B), sy dats
fOHRYF ftcd 1200Auw (tedfm. 38 0O, B), Ykt ctotstd
ftetsHEZCIStsd3 Yo davgpis s b n Isdf 5o i) d3jishipjd20 to G AdzSH, | 8
IrSi, O HO0&jgtd " s®rSitcea yj Mg gz.  %Rdzls fakzi dakdztfgls d :
WOLIMmSIite] L C sOMlsfgsyd . 38 0O) . AOLB2 ftsHEZSISO M daC
W dzW 38wl ke tserh jddd Isj B jtOlskzter Hts 1400Aw
orhj fMtsHjtey GBad W &OL M) firdi o € fsBeisC ,U oL WiIsr 5 o
IrSiC= 3:1, 9o Isj &Y jtcOlslilctABRAu J PH @dzisldzy j d2d@ 0d® €
fesHEZS ssd3, Mse dzOMdzs 150 dzdztedf it A B8 w9 dzv j Isfyw | r
sOYjMmise j dedz' 2 W Guctss’zL sEsmMioQa tigish § BHss d o
B € BSi C Odg0uks ¢ § i d ) O dedzldglz dziC dgd yj Mlse j dzdz” 2 Ok
fMsH jtey Odedj] fHEZS S-S @Y BB BIsH ddioRAEHRd B1 a
420 150 idsdz. % Btsd hj, Uj-&i €dzv i f5dgj )i Oyt gk jga
Efzso W R Iso jtoHEBY OL detsets oL OddiBsH j2Mlsadw |Bsy jIs
OGtcj GObtse ®i CrtEN e hpets StdzdyjfMlsed S dMdstsH
3.1.1) d jcEét Bd hj?2 woENydsdpdtds S ofigisigss dbsts)
CkBduiMSts?2 BsHdYWdECOYdd BBEZOHOjI Bsd hj2 tjof

1400°C A J\J‘L
1400°C l ) A A
1300°C
1300°C 'l h ‘ h | LA A M | \BAR
1200°C
1200°C
< 9 1100°C JIA h
-~ 1100°C >
e A 4
5 5
S S
: |
5 | 1000°C h S | 1000°C
2 T &
Z | Ir;Si (PDF # 40-02-9628 = | Ir;Si (PDF # 40-02-9628
= r3‘1( 1) 2 = 350 ( |) 1
Ir,Si (PDF # 40-01-3583) | Ir,Si (PDF # 40-01-3583) !
L PRl i G bl I L i £ bl I
Ir;Si, (PDF # 10-89-3987) | | Ir;Si, (PDF # 10-89-3987) | |
L 1
1rSi (PDF # 10-0206) IrSi (PDF # 10-0206)
| 1HE FEREN 1IN 1 1R EEEN |
Ir (PDF # 46-1044) | Ir (PDF # 46-1044) |
! L
6H-SiC (PDF # 10-74-1302) 6H-SiC (PDF # 10-74-1302)
1 1 " 1 1
T T T T T 1 LENEL AL L N L NNNL L B A N AL L LN NN R R R N NNL BN BN NENL L BN |
20 25 30 35 40 45 50 20 25 30 35 40 45 50
20, rpam. 20, rpam.

t diizdzts § dBs&.j dztsc e O BB f tots H 21§ Astiste dizthdg JOACHSHAS 2 oifLisvo Is)rv

Bsdz desds Mssilsdesh jdzdd 1: 1 (dAs jde 930 dA4 0(088)8,0 o
65



l stetsh Ctso OW fMdsj ! ¢ d3j » Odad Y Ji By dizC €52 te0kB tSls Odzdz’ 2

Ik MOV kHjd dzOW f &sh OH! Yo o dsfmisd &) ¢ Od
MtcOodzj ded* T dMosHd & (fd. ©OLHjd& 3.1.2) dit
rd2fmiseadlsj dz desd e3j WRBEM o YW Is' 7 o Bodz debd3 dgBdstisjda
f 6200 Ay zOB dz* @ ¥rdSHTISIY @d ). [ 18 &) O dO zadktse d Y dzts 2
Cbfd & dMotHd & §ishSisds ISy @ ¢ 1 Cdstsd: ¢ s
SjtekssBtOBtlsSd f tidSi dBPPH Y ZOROE® " j j fH] oy
Ctoj d3gdzd 2 MtsH jtey O dr fJlosHEZSCIsse Hts 1200Au 9 ¢ dz
fls O dzts o d ripl, WHQa o 1IkSI0 0 Au MBICHd 3: 1 j Hd dzils o ji bzizs ©
Hd Of OL sdzj s j g4 O00isz Wir BB MY 39 B) . 4 Lshissd |
Lst2 #OLT tOMisjls.

1400°C oC H
i M 1400°C )
o 1300°C A A
1300°C A Ml A
10
1200°C i 1200°C
l{ 1100°C h <4 1100°C JA
: : o
g £
2 2 A
% 1000°C % 1000°C '
E Ir,Si (PDF # 40-02-9628) Ll g: Ir;Si (PDF # 40-02-9628) Ll
3 A | . A
Ir,Si (PDF # 40-01-3583) | Ir,Si (PDF # 40-01|-3583) 1
| il il Dk ) L 1 T ! .
Ir;Si, (PDF # 10-89-3987) L Ir,Si, (PDF # 10-89-3987) ||
H 1 - :
IrSi (PDF # 10-0206) IrSi (PDF # 10-0206)
] G il L 1y I e L1
Ir (PDF # 46-1044) | Ir (PDF # 46-1044) |
1 - |
6H-SiC (PDF # 10-74-1302) 6H-SiC (PDF # 10-74-1302)|
| 1 1
T T L T T T 1 T T T T T 1
20 25 30 35 40 45 50 20 25 30 35 40 45 50
20, rpaa. 20, rpaa.

t dfkzdesS 39. 1 jdzlscj dztsc te OB ts taftdh EHtpoR dff nefd “olsg LGRS ts H
pLWIST n o ssdz dzbBl MEG)sdab 3dztf d( B) , o I<j40RY0jARO L

[BoBh jdedz' | tjLEdz sOIs™  Ad f te@sHIz&ASOSd , f sdzlz yj

10 todMmizdzS j 40 ftcj HiNIsOo dzj dzr tsB 5B MOp dedgd fi3ts fiy
fMtsH j enAdaf"y d H s EHs dhgjdBffj*c Olsztcr BKOBEGISSd fstsh ¢
Ctoj dzdzd W, oL Wilsr ArSiIE=Mstsbdzttcfdgd d 40 @Y dzqfy BH def) W t
2OdBtsd "dd&3 MsHjtey Oddd B3 fted MistsiOe pyisffidsly oy "dj 2 s
RIGWOW pErsdaplsts dz0 MCtstetsMmis! oL O distsH j 2 lsodw o dzd W
[ sz dzd ez h OW W OLO ftesHEZCISO o Mmdj MwSI(10PA 126 0 A G

dz0sSk(r1 300AC) d I rSi (1400AC) ( tedlffSiC=4 B9 Q) dgls IO dz
66



1000i 1 4 0 ®AQ © 8 BJ dedifelldbediH. [ lsMEzlsmlsedj Hekzedn fmd
L CtOdzdtetso Odzd j 5 o] dzls ¢ j dziSe S d R L dgfpinia) 0] j W Oyistisds dat
Codsf sdaj delstse Hdzw MOEBE? Ctk§ dsHdny | cheas®s s ofy
fesHES sso drqlessdzf s e dvjlshmY fdjHinse dj & O ds 2

504 [ Ir,Si
a Ir,Si LIS
: Ir,Si Ir;Si,

—8— gpynHbii Ir - kpynubiit o-SiC

40 v
—e— kpynHsIi Ir - Menkuit 0-SiC L’tﬁz 1 IrSi
—A— kpynHbiii Ir - menkwuii B-SiC Ir.Si IrSi_ _; Ir,Si

20 4 v menrwit Ir - Memkwi a-SiC ;és_lz g 1 1Ir,Si

IrSi [;SS -; IrSS.iz
28 / IrSi
20 T

Ir,Si
¥ IrSi

O61riee coepixaHue IrXSiy, MOJI. %
=
1

T T T T T T
800 900 1000 1100 1200 1300 1400
Temneparypa o6paboTtku, °C

100
X
5 80 4 —&— kpynHbIi 1 - kpymHbIi a-SiC
Eﬁ —®— gpynHbIi Ir - Menkuil a-SiC
"V-)?‘ —&— gpynHbli Ir - Menkuit B-SiC
= 00 7 —v— mesnkuii Ir - menkuii a-SiC
)
=
=
<
3, 40
)
=
=]
5]
5
o 204
=
<)
C

0 .

800 900 1000 1100 1200 1300 1400
Temnepatypa o6pabdoTku, °C

t dmMzdzs¢ 40. 1 OoadMmddtsMmis! MsHjtey Oded™w Mmddzd ydH
fstesh Ssor i MEBiMi2 dqedHdY d SOwBdHO Qi ied"

[ Isd3j Isd d3, yls ts, s e dzO M dzts HOdzdz" d@3 t A G, H S
dzOB dz6 HO® Isw Istsdz €58 Mddzd ydur dted H d36i iHi, RBHIrHije y O
) BtSG Olsts? qedHdJ B3 B EZOMISd WHOWWED 82 IsH di) d s@dsd
mMetslse jIsMlsolzjls Iso jtcHBSYOL dtsd3sz oL OddtsH J 2 Misade [
Btsdzj J 5 0sSisQMsSiy, Irddis, (Sis)r, O ISOC Y J Istets2SC ,n fiptisg dz figafztst
tAnd, BBAdOtlzY j dts dzy BT dzfs.

67



AOLBar" 2 MHefgsbBolstsw O dfd i3sthHsjdtc  ®©lezd iy df Efitdafsdg jsfy j 2
fstesh COR COtBdHO Ctoj dgded Vv .

RL GCtOWdite LOadmMddsMmisd MHjtey Oddw Mmddzdyc
M stsmis! oL Od distsH § 2 fls o §-BiC d iy oz Conds tbSiBs j T tizg jinad of
Bseckls BrIs! tOLAddYO o ttOLBjty Yyofmsdy, tj O0Cadt
&0 dzd K destetsH s H j ey O R fteddjMmi2 o feshcj
ftej HY Bdzsy J dedy B Istsd3, Yt SCdhizstesHMH | dEGgda Yy
COteBdHBA Stojdddw B'" dZd fHtetso jHjdzr 1 Sy jtod dsj dzls
OsditsmiW jtoj Oteetsdzg®, O OS] BECdMmdzj dgdzg" s fted 800

USIC. uftsedOfmds HOdd & tAd d RrRs MfjCdEighrncdy 2 ]
USi C MiHjty Ol LdoOydlsjd dsj Ctsdkdujmlsets ¢dhndst

v OB d&ZdYyoO 6. tAnd d RrRs M JjSlster : 15)i Cd M A28 H difste jisH ¢
fosctef e B900Au o Isj YAdfdigtetih CUO oS -EOlstistatedY )9 tstffjtadg Hds
8¢ dMmdzj dedes e s ftied 800 Au e BsA @ iR fodetisgtay jUzd j O

{jdzlscj dzsctedn OL 59 2, diipisid Rs MY jClsts!
1 . 1 2 3
, 2SLO2

6H-SIC | 88.4| 88.8| 90.3

. Al
A%LL

3
’
2

— 15RSIC | 11.2| 11.2| 9.2

HUHTEHCHBHOCTS, y.€.

1

SiQ),|
si | ~n
15R-SiC_ | |
6H-SiC L
25 30

Si 04| O 0

40 25 50 Sio, 0 0 0.5

{ § dzls ¢ j detsl& jiot©Odisiis B tc OB 5ls Odzdz 7 fted 1300Aw o Is
dmMrtsHdsets fstesh CO dtedudw M toc@3idd yfds jozdfn Idf Geotedinjh o
AOL B9 " | MmMlsOer ftesHkzSlsss, BttOLEZs M dAaMmw o f
Ctozf daBIEE P H il & QIEGSR dwBBEd. % d 2 &Bsdfls dh ls dyds,s s
fdsj Miftc jin © Otc IS Jdipgdakis f stotsh C ts dSiIClote RftdEedts d§jodz h | .
fMdsj Md ) L OtOdzj j Blsilstsy j dedzAdst o tists{h C1ts0d9 0CABIR fptizf @ l6
fesHEZS stse , 1§ t5dziz ytf tetatafIs( thitc F B § B b ) ls o Bij(Hd Bk &L O %
Yylsts ModHjlsjd Msekzjls 5 Bodjj foddsdt ftslsj o

68

















































































































































































