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ABSTRACT
Thesis:108pagesp9figures,10tables,129references.

GALIUM NITRIDE, GROWING, PRESSURE, SINGLE CRYSTALS,
SOLVENTALLOY, TEMPERATURE.

Obj ect of research: GON crystal s,
single crystals.

Purpose: Obtaining highuality GaN single crystals in AVT type "toroid" by
the temperature gradient method.

Research methods: SEM, XRD, IR sfrescopy, and Raman spectroscopy.

Consequently, we examine contemporary techniques for obtaining GaN
crystals and explore how the growth parameters of single crystals impact the structur:
integrity of GaN crystals. We conducted experiments cultivatingyl Geystals at
temperatures of 1200°C, 1400°C, and 1600°C for durations of 55 minutes, 14 hours
and 17 hours, respectively. Furthermore, we investigated the effects of temperature
pressure, crystallization time, and solvent alloy composition on the wtlct
perfection of the resulting crystals utilizing SEM, XRD, IR spectroscopy, optical

spectroscopy, and Raman spectroscopy methods.



////////////////////////////

o ZOMisdosMls' &OCEOOECHES Odzézt 66666610
1.2 lwsedj &d O §jtwhmy jSIsdo@aNdndsé . Is3s ts c
1.3 Ids' 6 &Bj stHE o anicé &é O é & d.q5hls Oc
1.4 vjhidesdzse’ v odtesh o Odzdz? Bsdats € to d fiyls

1.4.1 [Bd&OHMZOd Y H v éfgleestdte jédzda.17o d fi)t
142 1 OCdes B todzsfls’ sk Swdflsod o

s B j 6Ok, | ddso ELiECers st élsjédéléjét.ons b s ¢

1.5 [jltHd Sodstsds o' & ydkscts MHS &

,,,,,,,,,,,,,,,,,,,,,,

152t OBOdz' 9 ! € O éfipfé]jéCélbtdthipCéteye évé é é .21
1534 C Odzz o Odzr dzO | dzj C B EzzO¢E ézé € 6 RPC s
1.6 uvjttdcHddzOdR ¢ O Ho egsalZ & dzjzddigsdatO

1.7 sh ¢ dz' s eOlkztedzd s (4 MY Jted d3d dals Oz
Isj od3tsH d 2O ydzd &3 o dzOMisdo sMisWeky L @ OL
dstc 3O dz! dzdr EZd@ise SO L O oéfépiCédésé .7 M¢

2 (sl [ tRI[1UOG[?21 0 o6 deééeéééél
2.1 du4lsOdz JSMf Jtdd3d dzlsOdz! dzd~ HEBMdz" HY J
22 U j to i3tk dgzlzd 2 tctsH cOE BB Mis Tedt § ‘fryef M

Ol BsMW jtcdzgddz IsO e dlmseEdiBzdesdmHe O©O&4 é é 31
23t sL yddzj dzdz?" Ga N E L @dz'éLé'é étfetecE .16 B6)S 2



5

2.5 tiLkdz sOlsd Bj sOdkztsctcOW ' ydzd = HsMd
slsted Z3Odz' B stsHBd Isj BYf j tcOskztcdesets ctcOH "
M dzOo ZtotsL WCHbedz( £ © éEEHEPBR)E €6 éeéééeéedb

26t jLEZdz sOIsd BB lsOdzsetcOW ' ydzda HEsMdz' H Y
B sSBHESR Isj B jtcOkztedzse s GtOH' ' dzlskz, L 9oc
f* " HC E@HEFR éeéeceéeéeeéeéeéeceeéeéeéeéeds

3f1 1 {1 Jtr11¢c tryeetegedkéééééeéeeé bl

3.1 tJjLikzdz sOIsd o (tcts GO ddddvy dissdiffisit toqf !
Hsf siice s BB IssHlz Isj i3 j cOlskztcdztbg O&E BIOH *

3.2 stdelstetsdz? IsO HtsMdz' H Y j dedgw éoédeQ.fhbs d o t

33s sz 66 Isjtedzgy dISH | dz¥ 9 Odedzr &¢ €36 ¢ Vs Iz to

3.4 tiLkd sOIsd @B lsOizsctcOW ' ydzd s HBMdz
B sSBHESR Isj Bf jtcOkztcdzse s cCto®H' ‘odzlWI€ tsfuUs ' o
f " HCEGHEFR EEEcécééeéceéeéeéeeéeéeéeéeécend

35/ jsOdzsetcOW ' ydz© HBMdz HY jdadg? L tcOL S 9
Fd3dso O o dmMtsSCdr LEiBFreOlEBEIOEIEBHE D

36 JLEZdz IsOIsd Bj sOdzsctcOW " ydzed s Hisdz' HY
slstced &3Odzdr B IssHESd Isj B j cOlsztcdzgsets Gt OH
dzd € GGaNe (55 &asHaedpe éeéeéeéeééeéeéeée. T3

3.7 ¢dzOdzr'L IgjjdfjdEdsitcts  ydzd » 9o dzOMmiIsd o sMmls §

///////////////////////////////

Alm{t{prtoAw vo HUTAPFIIRYOBLRM BB UL A
410 dz2Odz' L " C" " Hdzdodr ° dzjBJL Y jydzdé85e dte
41. 1 ¢ dzOdz' L Mo ' séxf élzsddse é &f o élze & § 8dzw
4120 dz20dz' L o ff dzd o 2 & &zédzizé dséDé & éBécéDéyé .88
4130 dzOdz' L L OB tclz HEdR] édAtAASE € éf étstoé’ élsétgdvé . 8 8
4.2 10BJ LY Juj dedev edeCedB)&ededene élzédgteoe .BAcs Oy
42 1 ¢dzOdz’ L. f OtcOBiIstc’ & § tod d3' e gdedz 8O€é

////////////////



6

A3t BLIGOREZdzsSC " dpy j dzj tdese s 6" h j dzd®Lé é € é
4.4 Jdissed BJLYJSd © dzOHL & dyo&.dzdqFk2 fmc

//////////////////////

//////////////////////////

////////////////



ldguvul

1 d20ydzO@ yOMmisddzO Mkzyomdesets toddzeS &z dzOf ' o
Ctej dBdz' ¥ IsO C OB PGS Bdzd ¢ C s iggd B s fi
jdzj Slstetsdzdzd = ftedMmlstets” 8, IsOCdr wWEC H' SH(,
‘dgls j gt Odz' dz mMedd®d (ydyfd), O LOCtY Misc
sOCtsy hdiesSts odSttedMmistsolzs Is! Mw  Pdzinds fzizl
Odzs 3" dz' 6, G jtodzkOdz 2 IsO BOGOIts " dghdm. [
stcc Odz' ydz ZOof ' asftcseo " Hdzd S, wW¢C° od¢tstcd
Isd ~dz" y' .

L HOd' 2 twsBBls' & HBMd Hyk' &3 GaN W
COdzzL * dz@]'CY thtectsg(Mdzsodz'  itcjoOcd fHtedMmls
stcOHdy' 2ded d3d ff tcd d&zOH Oz dzO tsMmdatse ™ € toj dBC

771 d3j dzgh j dedz?  tetsL 3" o' @ ftodMmlstes’ & IsO L d
LOoHWEd B 'dzh* 2 hagdHSCBH' " SO oBj dz" d o3
GaN;

T1°dz2h oadimtsS” yOfmbtsilsd §jtej &3S Odzdzy 1 tot
hts Ldzdy k' dzj sBr' Hdz Misy E tatsdztHY | dad

11w dsftestf stey’ 2daj L d3j dgh jdadgw * dgnzCIsd o
Mddkzseo da d&Odzys 02 L O tORLkdtsS "  Hodh j

T1dedy J@edey, otsB' ' Bz SO 9 OtlssMmis’® J dzj CIste

[IsY 4, GaNBy® ' dz2 h HBtescedd dBOIsj tc’ Odztsdz
o dSted MisOdzdg? BO* Ytslsjdzy' Odz L dzgj dzg" dlsd tot
sdese * hts  d3tsy 4§ L Sdesdzd Isd o dptd 3B datf Q) Is &+
sBMdzzesozo Odzgdz?y 1SOCdr A Mmistetse ¢pls’ o odf@x
BsdsCtedMisOdz © GaN IO HBMdz HY jddg? 7 ¢
ssySd LBteclkz WEkdHOd3d delsOdz dzgd s HBMdz" HY J dz .

1" stedHI WO oS sz etso 2 d&zOf " s ftetso ' H
LietsfisOr yj Isjodsdkse ydz L OMistshke Odadz .



8

Bd&ZzOCdIlsdzdr Mo "' IsdzsH' sH' &8 dzO0 BMmdaso GaN
JdzjtcetsLBjte' O ydr H'tcdfdnzH y j getsj dz ts ) tizls ezfr
wWLdSed. Jldoslssedzj dzdz? sOSCdm Mo ' IsdzsSH® BBH'
f* " HCZOHEES L GaN Hdv "7 Jjf " sO¢CH Odz detsg t

dlsotstcjdadgy JWjCIsdodetsets Mftsmtselz Ctod Misc
sMS' & $d 2tdisd® shtydzL zOag@ess &' tess oL
' LdzdS HjWjChk'o. wjttjH dwiktsH' 8 odteshl

i kOGS W, s HBLotdY' CttdmlsOd Lke Ol
sj & j Ok 1000 Aw L' hodHS' Mlss cE'Ssk
BjlssHE * odMsS0O HjWjiSlkd fMis! odsh jdg

LOdzdh Ctso 56 BH D tedsty g Galgsc 5 MIsOdzz w ¢ o G o
&ZzO wWCdm otdzd LtesMmMIlsOs Is .

wdzh dd3 B ssHisdE 9 Jtetsh o Odadz? CtedmlsOdz' o
ZOH ¢ WwiEdsdsy, O’ OS2 ( NH3) w6 tosL \f dzfizd § ® OH
5] BY j tOB%2a0 AD.0 w2l ddd djHsd Ctd Yy
L' CO hodHSI2 MBS Blctsgls O o' Hdshdes dzd
CdmlsOd o .

) jteh ' oadMBCw e Md" WWedilko dds zGafN, o d'¢
if sOCH Od descts dzOsh ko Odzdz? O odcElst
sltod BOdz fted Isj BfjtOlkte' 1500 Aw ' IsdHf
o wdzmilsdlkls' W' LdSd odmscds IsdmS' o ) sd

1L soadds ° HE I dOdaedz dz' stcdHlz cOdz' ®
BOCGOIstsC sy s dzjedsls deerO o tdatsy hGME Mistg dsdo FRats S d o

6 11 0) ' Ikj®kfjtOkzteO®OS (~ 1800 Aw). [
HtsS Of OtcOIls' 89 odMmMtsCtsets IsdmMS Hs d o ditstssash sty tc
LOBjJ LY Jykz" dzj sB - ' Hdzd 2 tesL f sH' dz Is j d3f

(ST jted d3j dels Oz daj o L dzOyj dedz® dzj 5B R ' H ded F
jdzjBjdes' 9 kjfds Lsdvy' S Ctd ©Cd odMmt



9

stcbHiR MsSCdd KO hsyttiEeds OROHSE HEEj yd
Csdizf 6% Isj tedels @ s B H | dz¥ 9 Odzdz" . l S sted Mist
BjlssHdSd, By dO HBMIsOdy 5 HjIlsOdz des Odz
sluv Hdzw MmMlsettej dzgdzy o dzg' 2 JWJClIlsdo dzdirilz Iz«
Isj editB Otcd ydzd ~ L Odzj ydetsMmisj 2 (Jtetseo’ Hdzd~ 9«
MCdzOHE s Hded R fLBBdzv Yyt 2dzd A J dzi d3d
WOLBoatsegts MC dzOHE twsMissoatsets sBO' Blz.

U B SHddd3 'L L ©O9 H Odz vy tctsB tSiIs d
Bts dzf o O dzdaw ftesyd Mk tcjLdMlsdo dzsets dzOG 6’
Csdzmilstelz ¢ y*' 2 slu, hts odCtstedMmistso 28 Is- H
oL f dzOo dets "G MIsj &3 Fe

S szOMz dzgdd3 L O9oHOdzedzgw d3 tetsBtslsd TGaM j IO
o MisOdzetso dzj dzdz? W QL € dcd{inlstO'dsd dzt®ayO &, Gla N 9 ' HE
JWjiCldodes o EZddso On odMmMtitets IsdMSkz. 1 jt
sjtstejlsdydzO ftsBkzHBSo OTM' OcteOdRRd MisOdzlz



10

1 Jwosrtovovoi1re JLfCrT

111 Of " o tetse ' H dzd ¢ (Si,'Si, AROIBN], @ANOsdazO M d W * € O
odzOMisdosMmis® IsO L OMlssimizeo Odzdz™ .

10" ofteseo " Hdzd € d tcd yse d dzOdzqd , h s o3
ftese ' HdetslIs' B Y fttses HdzdC OB SO H' j dzj
o dMEISO 105 wd3/ d3) , ItsH' WwWC k<11 dzjpp Bk tlg)f ¢
Yy iz 9 J dzd yd dzO ftotso ' HdztsMls' odd3 s ‘s
100  oaftectseo " Hdz2d S d L dzORBHWIS! Mw o fJtesd3 ) dz
2O WttOedd dzls® IsOB dzd y' * fozj da®j og'd‘tcalaBr A2' dd
hts L dzOatsHWIs! Mqw dz' estelzy SO LdzdL 2z o' H 1

ftcOoatstclky SO Lo jternlz H jJdzj Slsted & Od3( .
ﬁ:smna] _ .
e ww .FH }"f V Vi ,1 Vi
5 \&‘
Vi B C
AN 63
[ N 5 15
Vi Al =—Si —=P S
i17 15 25
Eil 32 37 34
v Ga—~f—Ge ——~As | Sc
0,87 1,2 1,7
7] 7] 5 52 53
v In/ Sn (\Sb Te I
0,08 0,12 0,35 125
v [

{ MEHAG R O dsj dgls lsOBdzdy' [ jogHj ' * 2 O

MOEOSC s tedzsltOftbpfftese " Hdzd $ ' o, o3 K Pdg' H |
LictsMis Odzedzy tctsis Bzl ] B j @l P o d daf) v L
JSMytsdzj dzlsdzy " EMighisy st O Hzlis o O dz' Is J o3t
0 34 DERky ) ,

HETjdzjteg' v jajLdol@ifizsmls* 2 &z0 1 tsdz' y 30 dz

1 yWVtstedBzdzd odHdets, hts Ctsdzd Isj B j to
OBfMtsdzs sdetséts dzgzdzw (v da0), Ists dzOff " 9afftetso
ez dz' so s ftetse ' Hdg Mlsse (4G & O0). Aj W



11

5j B jcOkEtcOR jdzjChktetsdd o d&zOMWo § BHE " Hzeze
SB®RjYjd]2 CtdfmsOod ydtss -~ ©OCEs. I} il
o' HBEZOo O ' Is! v Isjf dseod?2 ko jdjShktsd o,
sz fjodO ¢ d $'Mls! jdjShktsd o MO
jdzj Sstesdeye Wity v), "t fedLosHdl! H
L' LB ' dhjddzv s IsjBfjtOlkted. Aj2 JjWiCls
sj B j tOkts.

[Oljtc' Odzd zOf ' oftctso ' HAzfSsotsEts S dzOMm!
Lo' wiLCd dzgj ' dzr SdJj U e telsy § dss dg2h dglz R O
fsls' ¢ yOmsddesS, jdzjSktduds fdy O ' dgh
GO jte' Odz, * Ndteddz® L OBtesdy des’ L sdzd (
ftslste' BdzO Hdzw f jtej a3 M j dzdzy J dzk € Idftdcdsdz® H oz
1 Odzj ydes ©"' H hdtedded L OB ftstetsdzj dzts’ L sdzd ,
jdzj Ctetsdedz o dOMisdotsfis' SO fwlsjdy' Odz H
ftedmlstetsw o .

[y ®OT " aftetso " Hdzd € d C dzOMdW " S k¥ Is! L O

1) 1 G B jtcOskztess o wg'2 ®BOIlsj ' Odzd
o zOMisddzfisE slIsj i3 j cOlkztcdz' , Lo dyuoO2dz IO

2) 10 hdtoddztss L OB BiBSjdejhdEsso L sdgdo v €
L OB Stetsdsj dzts) 0EUSHHgTE HOS) , o kL ‘LS tsz1)t5 dAdN, j(
GaAs CdTels ©) , dz2" Jtets L 51z tp @zZBaNJAIN,ZnSIs O ) * @O L 9 d 1
(L z3j3 =] AIP,ZnSeMgTels © * dz. )



t dimzHes § Odzj 3y dz' Mis

310 =" &
N 0 flclCisHEisod y
a3y dzd digts dg€ @ b s fisdzls dz’
ZOf ' ot t)s § W ded S¢ te
f d Mlsqj jd3e[d3Ofely X jtedg’ ds@@) @MuG ez f O
fd fyls § Wess[iPY 19 telDkg)oly’ dzfig @ Bl sk § O
md Misf) BISH J ([dgpgiag Zsd@Ricc €z O

51710
fjte" sHdydsts’

fjte' sHJydsts’
fitc' SHdyds’

LOoayH(

o dzO M dz
jd&zj Slstetsdz o

200
6 Q AIN
"I.
5 \
% | \ MgsS
= | \ P, 1o 300
8 4 4 1 ".‘. . . """ i‘
© GaNg \ : =
-t &\ 400 &
Q 3 +— 2
® : - 500 @
g \ L TR o AN S
8 o \ ; o CdS
(s3] . Gath \& ‘P‘ e CdTel 1000
14 Ian - «\é~ , - 2000
: P R
T b T Ilfl T v y ‘n hd T
0.30 0.35 0.55 0.60 0.65

Lattice constant [nm]

ZzOff ' o f totso °

d3ts dzts § dzj d3j dzls dzd ~

' sHdydets™ MmdMmisJMHc t§ Zgdd)j dz' * o O) ;

1 OGOIstsj dzj d3j dzlsdz’ dzOHff tetse " Hdzd & d d3tsy dal
iy s dzkz ¢ ,AlIB\O@GAAS BaN), AlIBVI , AIVBVI ,AIVB IV, { slste’ 2 dz
sO Iso jtoH | Otffso fitbdrd . Hdzed S d  tsH " dadrjsyiczeiyls * o
BBy nOdz' L k2 ftetseo ' HdatsMils ' o dzOmdz'
dzj dzj e s Odz' dz2Of " offtetseo " Hdzd & ( yd misd digd d

fjtej o8N &91900 v ISOCdr dz2Of " o tetso

(v’ yd

dz*

RZOL d o@ms ! ( -EHOHY o)y @&

Is ©

12

h odiatsd dzdl tLdfB 6 Sidzjf O to
Hdzd €' o

Y dzif EH3te )© dzZOy dr'dz IsO dzj sted Odz' ydz'
Oiste dz' O t6°

BOGOIs

Histe' oQay'  Cosdamjdigsis j dzj Cltetsdz o,
o ZOMIsdo sMmisw &3 BOljte' Ok, IsOS dkJ
HiWjClsd [4]. Jojnjdede" HBE hGCoc



13

dzj mMsOykz jdzj Stetsdz" @ (IssH' yj dzOLdo O Is!
9 dz20f " offtcso Hdzgd S soatsd3sz dZOIsj o' Odz (HJo.

condu"t on el octmn

. . . @ . ‘ .
. . . () . .

Boo

Q)
t diApetslBT s dzOMd W © € Oy " HYdzddBO o' aLf@etdgj' = Odz' L ¢
[5]:
OpdzOMdz dzOf  offtctseo Hdzd S d L dzj |
BIzOto f tctso ' Hdzgd $ d Hnsdiftedesc s Isd
o 2O " o f oo 'Okdp Y s stpdatEdftiz ) Isd Iz
vssdsz, s dz2Of ' of B DOckdPGd dz®y licls L dz' |
we o Jjdzd Clstedyds , BOG dz' Is dz kO Isjf dse"
Jdzj Slstesdzdzd n o Mistetsw i, kOSCdr wWC I[Isjted3 |
stsc s, f ' HdzgOdzdzW dzOf " 9 ftctseo " Hdzd &' o Isd {f |
citsgj " sOCM" ~, H@®mL oftgdeyj'n " s olsse dLis@fn Isps i)z ©
sflstsjdzj Clstetsdz’ y' , &ZOf ted € dzOH Hdzv odcetls
WSIstsH' BH" 8, Wlstsjdzj d3d dzls’® 9, W slsslstcOdzL ( f

12) esB dzj B SO § jtefmy j C 3tk alztizS igld HaNS izt ¢ o3
szyoOmdzd?2 teddzetsC dzOf ' offdctsm " dedd C Bo dsn to |
Cte] d3dzls'©o § BtcB ' HisCtoj dzgdz’ ' o dds | dzj d3j dzls O 3.

s OB dzffAiv] dzO fls dlousArHsy ydz@ fiZd & tetso * H dzd S 5o g
(SICls G) [6].1s @O ' o ftetso ' HdzdS S0 R o
3 cGab AN, InN)L O Isj &3 j k@B ktcd 3 C



14

I &ZzOMmisdo smis’ Si SiC GaN AN [InN
Es(eV) 1,12 |32 3.4 6.2 0.7
L 2 Mls dfd® 233 [395 |6,15 3,26 6,81
) O O®ij|a@ 543 |4,35 |3.189 |3.112 |3.548
CteOIlsS d|b @A) 5.185 |4.982 |5.760
s Ui am/a(s ) 2,6x10° | 3,8x10- | 3.17x10° | 4.2x10 | 3.8x10°
5,12x10 6
ab/b(s 1) 5.59x10F | 5.3x10 | 2.9x10°
6
v Jf dztst to (b i § 1,3 255 1.3 2.85 |0.45
41,0

[Mdzsodz §jttjoOcd fddOH' o dgO BGhdss
ficd ZOH OBd dz0 Ghdse' Ckjdd ¥ §sdvcosls!

1. 10" offtese " Hdzd & d O thdtse' Ga
f stc’ odzV dzts L Cted dgdz" “ addzd dzOff " o tctso
Bjdhdds Isjf dzso e ®BE O3 j teSfz atsL o sSdzv 1
ftedmlstets” © kO o0l Ms! ' & weMkkzcetsokes

2. 1todd&zOHd dz0 tshdetse GaN Os Is:
fjtoj BJS Odzdz? SO Rsykls! GteOys 9 Olsd 1§ ted
Ctoj Bdz' ‘ o fted ZOHOBT. Aj L dddsBlLo @tz
o jdasddzv stste' @ SO Isjfcdztso HoBH' 9.

3. 1 "Hodh jddgw yOfilstsisd §jtej BdS Odz
"dzhzCIsdodz Misy SO  dgdz’ Mis! CdzH j Az OIs ts
Ldzd ¥ j dedz? o9 0cd, ©BO' Bz SO 9 Otelstsfmls’

{BXd, ~BUO NdMBBW@EY Gadd L O Si,
ftedLoj mMisd H s L ded 3 J dzdaW tesL di3' tokz Is © :
ftesHEZSIsd o degtsyls SO L ded § dzdzv 6 o dzv N Iz d3l
o dqesBdzd ylsots IsO tBMdzze so z9o Odadzv . U s dzlz



15

o Oy dzdo 5¥ Bstssdn NsYyO ‘Mz BOCOt s
o ZOMIdotsmisj?2 GaN, shdsed o &zOMisds sl
SHdtsL dZOydets, hts tsBdls! L OHOYkE twslisted &30 dzdz™
L ksySqd LBk WkdHOR] disOd dts’ dzOk¢d.

13)] dB 'jdskdg tesh zo Odzdzy GaNed Mls Oz’ o

1 0oHWEd olsjdzy 2dz2 2 90y dzdeo sMmis’  d3ts dzt
HyC ' d2 €O diBjlstsH' © Hdzw "~ 5 -2Blstcd di3Odagdzw , w ¢

T HNPSGrowth S tedmlsOdz' L Oy w GaN L L
o ¢O0dz ° f§' H odsfipsC duds IR fipf§tdsid3 GBLiASs L
M sdzls Odzdzs” CtedMmlsOdz' L Oy' ' OB -t
seed»;

T HVPE-CttdmlsOdz' L Oy" v L GOL so s’ W
mdmilsd d3* ;

1 stedMmlsOdz’ L Oy " -Wdzeédfjds;sH sd3 Na

1T ¢dBBsdetslsj tcdgP detsded T tcd MisOdz" L Oy’ ° G

stsyjJdz L LOLdOyjdedr &GBjlssH" 8 BO' Mo ts
BjlsHd MfsdsOdkds Stdhmsod L0y’ * HEf
Slsted BOdzdz? RsdesCtedMisOd © GaN HiMsOlsd
CtedMsOd § ' Ga &OWDOT &y zO0 lted B8O d H
Bsyj fdLrojmlsd HE HjWjClkdshks' Swkdmnlsoc
sjfdsotsets tetsL h dtej dzdzv , dzj o Hf 59 ' Hdz' fls:
' HCd&ZOHCd, o' Hd dedesfls’ o HT 'da®H G dpts dglis b fisC

stedmMisOdz' L Oy*' v tsEGaN digidd 8 H Cdie(d s ©@AS 6 dz!
1t HY g dz2O0 EMC dzOH dg® ‘ Is+ Mw o dMtsC s  jdzgj oG
odMsCtss Isj BB j cOskztess f dzOo dzj dzdz2? ( ~2800
sdMCsd3 OLtslskz (E@OH | Y O) jtodde] 13 Istsc ts,GaNs Is o
bmS d&zOHdzs * 5! MW BdzdL ' SddBd L dzOyj dzdz™ dG@N o ' «



16

SO 2t HtOHBsodE @Gsyd fHtodL otsBaNsd RUSGH
tetsL C dzOH Odzdzgv 20 MEEEOH BO® ° (35 drj LHHANER)Y (ic depR’ AUS
[ 2 7] Bzdzs odL dzOyd dets Isj stej Isd ydz f Otc Od3y
M z0e ' o, w Qe 9 HYytsea HOE Is! J S HBtcj dkCaz |
Isd B j tOIskzted 4000 s.

I2IZIII:IIII . 15IDIZI 12|5I:I 1I:IPIZI Temnepatypa, K Porowski et al. J. Phys. and Chem. of Solids 85 (2015) 138-143

4 500 Eq
P "=12 GPa
maHnLA Theky no 20 kGap m

................................ L \\ -
1oooo b 9 4000 Tf1q=4000K,— :;’

foooon —H-

000 k

—

Gah . X
5 2500

THCk, Bap

100 ¢

Ga+ 120,

0 F

1

o.0o004 00006 00008 g.oo1o gooiz
T, K

0) B )
t Tz @it S j tod BERSO®R d&&O 9 dzso O d MmdMmls,
GaNi (Ga + 12N) (O, © I1s0C )y B dzOMIls!

f dzOo daj figGaN (B) [27]

1L 4 ovjrndbdse' v ogsdissthmGRd o o I Bt
sj B j Okt O kdms' o

[lsted 50 dzdz? Ol jte' Oz o Htod oghss§ Ok
sjodsdsd’ ydd?2 fwesyjm, s * |deydgddss y
fesyjfMk hdesSs §ohdejdj HEY &Oljt' Ok
Bstolz, Odzj wEhdiHlggdaddr cOd 5 | dzj d&zOMmls
YOMmlsddz0 fedmowyj dz@ odBtel IsjRdsdse' '~k
o bkso 08 odMsSdn IsjdifjwOkie SO kdms' o.



17

141 sezOH dzOdzdz? HdzW Mlseostej dzdzy o dMsC d -

0§ OwOlsd HOdGscEsElqdl o cisthistls", HEGL o &
sqMCy O 88" ' BPc Ot ' LdedR BsHIW' SOy' 2

s ts dzils Wstirfdas' o dzd = Is dufdgdy  GirfflsCadeigS@dzc 5 Is d M) ¢
L 5B tc O ) tztzS. t2

0 8
i dqipesl® T [ Mdzats o dz' Isd §f afd tapslhulz o 1OdRdzY  d3ts dats ¢
Edsso ®E MsC d A Isj B j t OBk t8 O d&c®ls sk
i z Odzefmts dzdzd 21 OGf tfif Codcifslz ¢ &I JOdEIY €0;tc O |
sdtf & cHEb®BfsOtcOls Isdflz ¢BOteme

l Ok Or y' ' tetBtslsd B Iz dztism& d it @ dits |
Of OOl &O" Hy G -fdg' t€hQj , ff jeatg jdza O OB st j ylz*
sdm¢* o, s fjtejodhkel! Isdm¢, wed2 sy
BOGOLGH zZOdzMmts dzdzefric z @ O tc @Dlslzlzals.tc* P thgy ¢ sd3' to
f' ' HosHdId kPO M@ jHddkz SCtdi3' 6l d,
sdmS O IjdkfjtwOlkztc " H yYyOfMm ftetseo jHj d
odzzlstc hdz' 57 Ctd3 6¢d odmMsSCtsets IsdmEkz *
"HJj Odz! dgdds HdzW dz2OEkzSC s dr HBMdAdZ HY Jj d& .

1421 OC s dzs &' 16 dzsfiide fy ls@OEM s © L dgse OF o
s j &Y j lofsdzdeo s MSE SO Isj i3 j cOkicd.

[ cdsCtdfsOdd &OsIls! ojddCj &OkCEo |
HsLodv s Is! GSltddizo Okd &jlsOdd L odmscd



18

MistclzS Iskztcdzed i3 [ bz { yrtzllz® dzdlis dzs C e MIs Odz' o ¢
odoyJ ddy MmMfttOoyds » o dkOMIsdotsMmilsj 2 dJlsOd
[ BdesCtcd MisOdzd Bsy d20 BGlstcd BOIsd L O HES{ 5k
M cdzls Odzdzsc s o d tesMlis O dzdz™ .

ltesyjm tesmMslkz CtodMmlsOdz o ‘W ofiffShd@ H dgdtds
oL O dBsH' ‘8 CtedmMlsOdzz L dzOo Ctsdzd h dzg" d3 MM
LOR s dzjdgdz? IsO o' HhlssernkzoOdgdz" HBR h ¢,
CedMmMlsOdz L Oy"' odH" ' dzj dgdzv Isj fldg® Gyttt d fiusd@
BOE Is! o fdaff®d Xz00 W stedzlz, L i3 to SO ydmilsts
34].

stedfijleey' v tetsL § dzO ofglf) HAHEAS ISBOMEYj ta' OHlaizts |
fesyjfm' o, WC' o' HIBlko O¥ls! MW H dzs YO dets
1)) OtesHy j dzdz? yjdeste' & StedMmsOd L Oy
)t ' Ml SwdMmsOd o L ydo yjdids' o
10 ikOof' fjtthts’ MsOH' ' CtdhmlsOod Loy
HSd' " Ctsodn ObBd o, dzjte' odz Mis! o jten dz
dbdzj "odHC' fMl! wshsk kO fMkf' d HBMCE

W OCkst' o, kOSCHR Ok todeea s d de@ Ois'j ‘dyl§ tic
s’ ' dlsOy' W LOkgOosC kO h' d d fMls! kO
' Ldzdy"w o' dz dats’ jdzgjc' & 3 ' HCHHB kO

Bsydzdo O Is" dz €d ftod Isj B jtcOlskzteOrn Hzd ywC
L Odzi 4 dIs! o' H C(tdftojlsdesets BBOIsj e’ Odzlz. ¢
Ctsdzd ' HIstcd Bz Is! Mw CGteOH " ' dzs Isj &3 j tcOIs
LOBJj L Jjyk" BOMBY j o dzj ) dzdaw HotS H G 0 N tOF
1B " dz' h jdzgdz?" CtcOH' tsazgblzL B &z EOEzLd ddS " il
Odzj IsOSCtsy dBYd LB d2hdlsd LORoa0OI HBA
HeMS sdz0dz' Mis odotshzo @O H Clts,d M 1€ &BdZzZde . o3
Bsdets S ted MlsOdzd toj ysoddz, W& ° IsjtedssHd dzO
¢ tzls to s dz Isj B J cOlskzted tsdats o dzts Z 3ts o s



19

dzj sBR ' Hdets™ ydmlstslsd, LB etk O W stcd3d.
dz' sted H G Odz' & sO BfstcOL ts5dz, dzj Mls OB " dz' dz
dzj MlsOB " dz' ded s Hted ' Ho dOF ‘dailz’ L tsg @Y § OB
folstc' Bdzs o dSicdMmlssobko Olsd oadmMsS' Isj & jt
5O OCkkdobkoOlsd fsyjmd IsjfdskOnNsy ] ds
ofdzde IsdmCkz dzO ftsojH' dzfkz Mdmilsj &3d dzj
sdm¢ iz By dz0 Mfsmisjte’ 6 Olsd M¢ &zOH dz’ Is ©
MsOe' & LOY'® ©OSHE tjuyusedds sl Bdzs
s5j B j tOlsktetss, Odzj ' dzOH IsdMmS tss.

15 jssHd Ctdlstetsdzs "' o3 ydesects MEC dzOH Iz
BsdesC ted MisOdz' o

1 " dzw 9 dlstcOo dz¥ 9 Odzdz?y Bsdzs S ted MIsOdz' o
CdMmdffistdse, j tcr dzt SO o zOMEaN dzfs s - * K dete .ifldBSyiigelzd
totsL g dzv dzj B =~ ¢ E©HY JsdgHL ayB ' dz' ' H JIsOdz' dzts.

151wving j S st s[#pl s ' W

wdzW e Oy tco sdzj odf tesd3’ dz¢t o Odzdz” ‘ W
odftotsdz’ dz¥ 9 Ocdzdlzv, WCO LO2KRO' MfjCltcOd
odHdBsEts Mo lsdz® (L Hiso Y d dzts s o dd
CoteslsSCsnoaddz soadds twOH' sodf tetsdy’ dz¥ 9 Odadav o3
B dz' RBjslatzdeo)duff tots 3 dzs o Ocdzdz?  f tesAtSH IS Y g &
Blsd ftscdddkzlsj yoOmssko®kd, w¢' o' Hftss ' H
YofmistslsO®r ®Rsdzj Ckdz OBt YyOfkstslsOd S tsdzdo Odz
HiS L ded Y § dedzv ' eplsfigfieady o dztas @ dzdzy wdz0 ydna yoOf
Mz tsedzddzOdzadzy, wGC Hs5COLOdets dz@ ted Mz

Kj §6cdddoddy &0 MmjdjSkdodd?2 ROt
ctotsted dzsmw  tOd hj, &O kdr YOMbslsOon,

YOMmkstslsO®Rd S tdde Ody jOltseds] ded o' diis dzjl © iy z® |
Bsdj Ckdz w¢ vy dses, O o 0L YOfEEHOGHE -



20

Cted Mis Odz' y dztsul dzictde@siStafo sdz' MY j CIsted ¢ ts¢ dzd d
fjtejnrntsH & d3 Csdzd o Odz! dzd 3 &' o dgV d3d  df3
Is tc 5 dglizts Mis Odz' . stsdzd &8 Odz¢ dz' ] O ©d sdeFtcts Yy
BOC Az sdesets o df tetsdz’ dzt 9 Odadzv wqize A H T W
2,5 d&3$ ,d430004000 fn ), fj tej H dzv (iBOEESAR®I00 @2, 5
HOdzj ¢ 1000 zgB,dR0010 N . M toj H dz'-is'dz@ Y QuYts dz' tctsL
Htsoydded Rroaddz B' dz " sfls dzste BOdz! dzd = C s
fOdz y' 9¢) . 1l -HB' dafyCiz! S3ieslz  tadel IS Oh 59 Odz ts
Csdzd o Odzr , WG odStstcdmissokze Is! Mw Hizd B
Is jdels dzts ¢ * ydzd nl Miz@3kzh gz@ts BY O wk dz' tesL ISOh 59 (
o' Hftso ' HO! [s! Ctsdzd o Odzdz" d3 S ted MisOdz' ydats’

Mz Cdr LOoO6WLEC & LoOwWLC' 9-aul] fadc@pf dlazep ¢
fslstcOf dzw e Is! fteOSIsd wde®d Wis ‘¢ d&e@ tef3 jskOdia|{ o JORBHZ!
Codzd o Odz! dztetsyh §z¥ sisef MY o wBUENIs | sazj B &z zOC
f 56 dzd dzO s fo £ ptOEiER’ davyo Odadzw dzdh j o Issdz o ¢
HtS L d3 dad °~°  Hdftsdz dztets RBsdj dzlskz. 14 B
Ctso Odzj dzlsded d3 L ® Ol L Coualzts ¢y flzd | 2 3ts dpid W3g d=@
9 Odzj dzlsCas[digffo O dadgtsdyzg] - j SWsvyted L HjB' dz M sGts

C tststoH d ulAOWNAs, ~nodd s yYydmdzs L d3j dzh 2° Is
CotstoH quUEOW)AZZ Htso Y ddzO moaddz LB (B, Is' M

7; % s v, T 5
1001 '
801
60f § —=
40+ v Wl
201 q) s N
0 1 L 1 | L i ! N I ' T< i
l g . 3‘ 4 15 6 R 7 N 8 _q 710 7171 7‘2 2 73 741 IIZA,HKM S::S::;:Hz;nmsanm—( Eef)e;z:lm
5000 3000 2000 1500 1300 1100 1000 900 800 700 650 v, ! nepexoam
Q) B )

{ Uz 6i ) tod S-z@H MY (DS Slis® MSj BO j dzj 66 j Isd
@jCkd , wWCO Hjdsdhstez @scddd



21
152t O30 dz’ M C PosHf s * v

v Yy' 2 BBl §dZzOdk ' s v o d¢ttedMmisso L
Htsmdz' HY j dzdgv MistezCIlskztedats’ HsMS sdzOdzsmis
odtotsh jdg' BjhsjsHdg . " tczdzalskz’ Is! mMw  dz@ o cC
n o ddz (yomlsst)xs fpa'fldes dzt ' s mw d3ts dats - t
LBEHY jdiZfa" j tosdB. [ OkOdz ofj! $O MY jClstetsMC 51
Hismdz' HY j dzdgv BBsdzsCted MisOdz' o, sm¢ " dz €d o
OL d&z2O0ydilsd, "t Hdzw odSBtedMisOdzdza" f Yyu 65ksts d
COLSC o, btz hts tcOROd of)! $d2 jWjiClk f
LOLSCO, O dzgfj o M jSlstc’ 56 dzd dgOdedz? o " I

-

-

1 tod toOudaizlzy cOBOdz o ! Csets totsL M) ¥ 9 Oda
dzd IstsH Odzd :

1) mo ddz' s®@d&®Mdydetses ) Isjtste” ' 8 Mo ' IsdzO

L Y 2dzls j toff toff) & Oy dzts tesLGdzZv" HOB s j w(
odftotsd3’ dzt 9 Odedzy , L. "I dp CE'ABEFH" ‘'L Oo H OY Y~ .§
1 HOIdz' Mis! H 5 o difL=id®yedaf LIsO yrj W’ o dzOMisde ' Miss
OoLO" didsH ' WiIsd L Jjdzj Slstetsdzdzd &3 f sSEZidy d ddrj ¢&
tesL M" ¥ 8lsy tOROdz o(fipzA&Y]ts difodiQ@sHizts o jtH B)O Y €

2) so0dzlstso s Isj tste” * B

Ly 2 ' dzls jifef tdsjdEO Y tSL ¢ dzW H O Is ! te VLCM " dgSBIS ¢
ftod L' lREEpjdod dztwes . [Isyj, ¢ dzr €' fMmls! tetsL fr
L9 OwWlBEdzy: S dzd L Mddzt degddsd Lo owL SO ( dzOY
Wslstsdzg 9, O diEsdzj Skdzd L' MdzOBS dd3d L ds@Gw L ¢
tcOROdz ofm! € o fcdcd'Ld agddedzy . Wislstsdzgz L to
LBEH)YJ dzdzgv Bsdzj Sz dad tddstz O dz!  difdj 2te g filOCHAB s HY' &/ d
9' HB EZzizsPmMEmikseo dzd d3d " dzw R Odzd, M 5 L SH B} C
1.7):



22

1) [ sdzj CzdzO sy j H i s j)tztzk Bz s fls O dzlz
Wslstsdz L jdzjteed' ‘8, WCO HBt' od ‘' dzj Y o) tc®
tetsL i ¥ o Odada" )

2) [sdzj SEdzO By j fitej2ld HE W isdzs dzdzts
jdzgjtea 8, wWCO Bjdhj LO jdzjte' s WislstsdO

3) [sdzj SEdzO® L dzORssHdI! W k£ W tsdzts dzdzts
odftotsds dzt° VWisltsdz hj juDtegte] tg' » ¢ OB dzO
(OdzsdMissSMse j L ' 5 9 Odzdz™)

BipTyansHi ]

CTAHU f— K A A

v, = hve
hv,
hv -hvy,
hvethvy,

hv,

KonueaneHi
eHepreTU4Hi CTaHu
Eothvy

E— ¥ L 1

IHquGHZPBOHE Peneescbke Ctokcoee AHTICTOKCOBE
NOrnMHAaHHA pO3CfFOBCIHH$| PO3CIAHHA pOECfﬂHHﬂ

=N W

{ gz Gi [* OcteOBO (B deEAzMCCs eds f toj HMIsOo
jdzgjted jlsduydese s MlsOdzz fted totsL fr
(MstsCMsa | SO OdasdmlssSMse j tetst

stt' &5 ket ©OROd of)! €' MijChied]lst
Wod SOdid, SflktetsdsS sddsddd HOlYdS Oddd
stsydesmils' , L Bj dzh j dedz Y tsEdBESE .

1536 C Odzzo Oz dz®@ | dzj S Is 48Hzdz0 o' C e sME 4

HCOdlzs YO jdzj Clototsdzdz® o' CtesMS sy w O

Btsy dzd o * Mlis slstcd &3O Is d HJlsOdz dziz Istcd o d d3
o' LEzOdz L Oy ¥ . [ OdzO [TFfE IsasjHig(fi§ Gbdz! IsADS s yts Mk &
LOBJ LY Jykzs s Hsfmiskzy HEts to' L dgts’ CodgW s e 3O
HEzyj fHttshisd?2 Ek odS¢ttedfMmls Odzdz | ' ftod {1

LOBJ LY Jyd dedgw Ltekzyded?2 Hdzw CtstedMmlskzo Oy' o
[ Bl d&2 dz0 LHOId Mls! MCOdks ys' jdzjSlstsd



23

EBLH' & &0 LHOd: Mis! Gfldyudses & Stesmt
fZyco L &0l jt' Odksd HO' dzOBOEOks B' d h b
o' sd&zO L KOl ikisYy Gzt iy MOY,] wOMsz{ dd &3 Y«
Codzsded & daj ekvls! MW j dzj Slstesdzd, wEC' ftodh
5O Bkotttd Ho Ysttdizo Odd" MYGSCkmte OdSA t
fsojtend L E®E)S o (todi.

Q)

t MEZHBEQ EHso O MC Odzlzo Ocdz! dgtse s (j g st ts
s®r j B3OIsd ydaj L 5B tcOy j dada” 5B (
ftesfststetsots’ tesL H' dz dats’ L HOIso
jdzj ChtesdzOR, tojdascj dz oMy Sisdl
jdzj S st dzOn

[Isyj, twtLedvdy ids Ctsyded?2 CtotsSC B dz' "
w v ojtnandd 2 yYyofmlilsddz COMJwyJ ' ¢ jHdpjjtds
J &z Slstesdz’ © L OoaHWwWEd dzOcte' akz (Isj todzgtsy dzj !
Jdzj Clstesdzed ftedME sStcs40UslsPw W sOz R Y sz ) E
widzz® 3 YyoOomkts oadSttcdmissolzo Odzdr Isdff iz H >
1) 1 tsdz' Wt Odyk® DB 'daifis'C OtctsL f tso s H Y j dz
2) vojtoHBIS' dz2 dz@ R ts G)lcd(Bds@rdis /( Ca@B OG |

sjted3 dz2 j S M zE Ol Oy" * )



24

3) JIdftetsds dzf ¥ yO jdzj Slstetsdzdz® f bkzh ¢
rxji o90)ydzdodds * Mmlotstej dzadza? o OC kb 3kz
BjLY jtejh CoHdsets foshtHE y'j'd) Sl st dgdssats
jdzj Ctetsdedy & SwcMCsfd B d&OH RO Mdflsjd
pOCkkds oafmjtejHdds SO®Rjtd Mlsostes ‘ s+ Mw L C
ww wjte'w CwdzH ] dzgMOlststedzdr dz' dzt WSk
kR O sHMIttp O oddL & Cdsdy' .
111 v dedyde 2 yOmlsdde & CtesmMSsflz * f
jdzj Stesdadgsets ftesdBjdzs o' H fyOkCsotets
1 fdzy sl Of dzv dzde? 20 e jtendzs HIBH
oL O WiitsjHdz] & Is tc 5 dzdzts GdfO IstfjiAac SO d3 L tsOL & O

16 UjbREHddOB CO Ho ¢ cdfsdy diedgss O d f
sj B j Ok O kdms' o

O dzOdz’ L HOded 5, 62f6H B dz' (SESoGLAR(N, b HE® M
& 2 Edzz s st - lsd®d LSS sls j B j Ol tede BsHdW
Mis€EbztcOR] of B HEEsdd Isj & jteOkzted L
L dzOyj dat g ¥ 'Oyl Od' U@ G so jtelsOf s fpvdwH tis f ifl
L Odzj ¥ dets-filgls® g Uzgztce” ° | " BBMO o' H G tsdzyj dzls
HCP BEkd&zO odCttdmlsOd® iH b das sHsaj e 1
fslsj doy @z § #EgsHO o dzj dz 2 Jddzj oG jlsqdydzdds W
CEF[64.1 dzv s Mk L Gdity’y dgsdajstsc ‘o da' BBMO o' |
' HCBdBE LOdE L' odSttdflsOds ) @E® ks i &
Hdz" tetsL cOrnzdaS ' ZOd B dRPtsHe Ols 3ZsMW | toc dilbdzsz Is d
1. dmsS’ IsdMSd odSddCOsls: L' dh j dadgw
oL d &0 totg Vg diamphi B ez odzd 2 B O 3
Mlstol ¢ Ifbaidsdz’ B6° Bz, 5§ L Ot ¥ tzymls:
sjf dsotsets tsLh dtej ddgy (sut ), d3sdzv tsd
& sjteOkkted, kL OcO6E U dtsdk ®© HSHs dz' i@
sOCdd3 yddetsdz, htse o3 d2 &3 Lo OIsd o' HR (]



25
21 Odzj 3 dz' Mls' o' d algsH g o Qo ' B s Y & @Bt ¢
67.v j eBsH d dzO 3" ydz  OtOdkjlsted, hts ofd
sdMSE Hdw Wil ffdefjlsjindsdofizl. &z o s OB dzq

s OB dZd2jW OK.Odj sted Isj todsH d dzO dsi GaéH368W OL
73

[cdkvd B * &dd) Odzj 3 &g’ Ms¢

AOLO|tsB' ' (BsHEzdz' |BsH Iz dzw 9 "' HIls(s uts,?
ds®/ dists(4 ) O sdm¢ kz

[ A sFe |7.05-10° | 158.8 5.16 73,0-10°

| A Fe |7,010° |158.8 5.16 73,0-10°

| 2 UFe|8,15-10° | 129.9 5.3 22,9-10°

t " HC[6,810% |1324 6.6 73,0-10°

t " Hd({11,85-10 |48,0 9.1 +114-10°7

Ga 6 22-10%8L u

FesGa |30,5-10° |172,0 6.6 52,8-10°

FeecGas |87,99-10 (172,0 6.6 52,8-10°
6

Fe;Ga, |58,51-10 (172,0 6.6 52,8-10°
6

v OCdd3 yddzsds, od<EtstedmisZo ff ygfdz"H Odds H |
fsojH' &&Sd Mdmisjdkd LO HBY cEEd s 74§ to Bk
slsted BOdz dzOfsky dz toj Uitz sOld, (&S OL O



2021.10.21.16.52.36

26

USER: FE, GA
P=3EQ, N=1
2021.10.21.16.35.24 2500
USER: FE, GA
P=1E5, N=1
2500
v 2000 Liquid
0y \
2000 Liquid S
:c‘ o 1500
fo
£ T 2 FeC-Fe ———
2 .. S 3 I
1500} - ~
o  FCC-Fe ) — @ 1000{ BCC .
8 \ — - -Fe < \\
£ BCC-Fe R — © 5 ® )
@ 1000 O U] o] 8 Ortho-
- [32] O [52] B
500 @ ] (i} @ | rombic Ga
o L% E ot} - L - ol B
(U] o .
- & 8 g o A 00 01 02 03 04 05 06 07 08 09 10
§ (5] ol o K /é;;\; .
w w| o w Mole fraction of Ga, Xe=
A 00 01 02 03 04 05 05 07 08 03 10
/N Mole fraction of Ga, Xcz
a) B )
2021.10.21.17.19.56
USER: FE, GA
P=7EQ9, N=1
202110 21171234 2500
USER:FE, GA
P=5EQ, N=1
2500
¥ 20000 Liquid
FCC-Fe o . BCC-Fe
Liquid =1
s 2000
N R -
o /
] - /
+ P
© 1500 ) E ~—
o ?— 2 1000 " .
o o s \
U] © © ™M \
£ / 2 CIY, 8| ortho-
@ 1000 ™~ 9 FARRS ®| rombic Ga
= < \ 500 wow wl o=
v 8 w® Q| o \ BCC-Fe
o -
Q 2 o it ! 00 01 02 03 04 05 06 07 08 09 10
500 ] Fi] @ % | rombic Ga /A .
o g e ~ /N Mole fraction of Ga, Xca
k 0.0 01 0.2 03 04 0.5 06 07 08 09 1.0
A\ Mole fraction of Ga, Xca
9) G)

§ "OGCIOBO MisOdiaL B HBEHRdOBaBsMY | tdztsG ts

iLO kdMCELD SYBS Ha ® kY@L k¢ 7

U B tsdit@mL e 5°

Fei' Gac &Odgq‘ Is' fw

11 0)

dzj L dz0 y dzts

s d i) Swidgs. | to 03 MsfOidAtRgrh, FesGas, FesGasls © Fse Odzd " O Is
fls OB ' dz decf{dREhtef BaSIOB. &' L Oy' M ©' BhzEs O W F

o dMsCdn lsdMmSon

CedmlsOd L OYy' '~ G

Mo NH whly
a N

s s Ecdt BEE e

LGakNsl tf HzZOB tzd ) d ¥ ozl



27
FeiCoiC "TNrieC, HJ yYjdgj dzsdls *° CdeSktolz® yts
L tetsL yddzz %0 rtewL ffdeomw fdij dzdz? MISERGE L G
ftesyj Mk CtedmlsOdz L Oy ° dz' stcdHlz cOdz ¥
mMdMmisjiB@NFgtcd KIMGOO, RiAZSISY tip® L tesBdIsd d
ey’ odSBdOdzdzy ftets’ Clskz.

171 8" k¢ d IsjtOlktedzdn (Jj Sy jteddsj dzlsOadz ¢
5jtedsH ddzOd" ydzd i3 o &zOMIsd o sfyls W &N LY@ L |
GsedEOd i bdss O LO osdmsSdn Isdf

Il " Hftseo ' Hdzs HB  #d [sHEWEHAET 5-dz20 Gzpfj 1t IS0 €
WstedzOdz' L &3 j dzj tec ' mMfsdkzz¢d) , Bsdzr dz0
LOf dMOdzO IsOSCdd3 9 dtcOL tsd3:

G"f" YN "’G;{-;__N 4 Yo "JG;'r_.JC__C } }?:f"aTrJG;f;;;‘n.-'ﬂ | f‘RT[}"Nln}‘?‘J } }.1{:]“}.1{ 4 }"“-."11]]]}'11'."3}

™

, } G e } (GP-mag 21) (

H Grevalf 6 HfIs Qo0 dzv * S5z’ dglz  j daj “Gren B °Ghc B B MO
Bsd &z jdjte' B LOEZ LO, o wWCtsdBz off' &
sO eokedzj y¥ ¢» = and G» ™edffdpdj H Mis Oo dzw & Is L dzOyJ
jdgjtee" ' IO o9dzgj MCEk LO ttOhkzds¢ dOG dz Isdzts
G = L Odzj y dIs o' H BtsH j dz' fted?2 dav Ists’ H
Y. Ve and yya BT dMEzE Is! HEsdz¢ OL SISk, okcedzj ys Is
L WOL.

[ dzv Wz @djlskzGe = dz2®tc’ o dz¥ © dgz dz¥ ©sMEC T dz ¢ d
tesL yddz o dzOfmdz' HsE BOdzs™ €' dz CsMls OL Bls
LOMlssMtso Odz0 BsH j dzt tojcockzdzwtedzdr totsL yddz ¢

, EX I Oy . Oy e g Oy
(2.2) GY Yewalgecva + YNWalgenya + YeynLegon



28

r dzv stfeffhzd o OMistshigh OEzPc Hkuigdzd = oL Y
G = &@%L{;e}rcu + YNYva [L{rjc:f\xa + (v~ _1'\\.—,%}1'4'-;{;,_\_.-.%:

[z AL d L OMlssMiso Odz0 disH j dzr MEkBtej ¢ zdz
YyJ LBz 3. 9 B SIS’

£ € . 0 (s . le ] . 0 (s . lg 1 o [r0e (s Caple T
. 2.4F yeyva [LFC-_C_\-’A F (Ve = va)Lgecya) +IN0vA [LF{‘:N_\"A F (o8 = yva)Lgenya) .‘C}'N[LFe;c_x F(yo = yn)Lecn,

gdz' H LOL&ZOydlisd, hts ftoed tetsL ¢ dzW H TN, dzd h
jdgjtee'w 4| " BBMO Hdw WOLd ®lttddiiz' Is! mw
shtod Bz Is! MW, dzjolsks yd odzj MSOB], Gcoow
jdzjtee'w 45 ' BBMO U iN ©Oy O Bdm? tepib izdgdedE

o o e R ; 0.
Gi, = N Gron + WA Greya + CRT (ynInyx + yvalnyya) + ynyva [Lesx va

(¥ _\'\-'A}Ll]-'i_\'_\-'.i: B GP T (2.5)

[ dzv fsHoe ' 2dzth’ WP iPls pdBANj Ez®* -HBKRY siztctk
sClsOjHicdydzedds d3' My d3, L O2dzvIsddz N dzO 1tSH
Nj as'oHtH O° Misj ' BdNIstcduuydzmd " oot dg'dzsP g dzdzv
2 2 Nj, chw] BB®@EEEIs! My we E § sid dzOdz
My 99" Hdetsh j dzdzV d3:

“Glova = 4G, 2.6]

fdzv O O o2 WOL IsjBfjtObkzicdz® L Odzj y dz
sjtedsHd OB Yydkdr §O0O®Rjlte' &8 ftod2 RO ki fv
WOoLd 9 LY (08l Wl Odzj 3 Ol 9" H i B jtOls
[85].



29

[ $MY Jjted d3j dels Odz! dz' oH Ofdts 5y jaind & stistidldndsd®’da’ C

fsmdkzOdd®&2d . [ 8&ded IsOC" y, wg¢ ' 9o {5 ]t
GeOdzdy* WOL, Yy HOd ' HEXYJ] BdJL' Cddd
L ttsB SIS’ [ 108] Blkzdzts H®©®LOL @dztf,ts ddstOC d5

Mz " (NMyH,) hodHhj o Hiftse' HOs MMlsOyY' tsdzC
Isj ed3sH d dz20d3" ydzts® o' aodzso Ocd (L O t©OR EZdats
fsfd ZOdzdz' BLko HtejHMsOodzj dzgd?2 (BjlstsH H
tetsL yddsdz Mls: N k& U.



30
2rselrtRrRiC1LUOf?71 0 YOuURYL O

2.1 wlsOdz JSMYf jtedd3zd dzlsOdz dzgdm HEBMdz' HY
i d M s Getblf

U jtodisH ddzOd3’ ydzd JiNtstfzdPf) Bdidd Fdg2 F dzOz € s 0
" dzls g ted M. AJ smMsedzdo s o ' tocdats, tctsL G dzWv H C

Oy tcd ¢ &zZOH, OL tslskzo Odzdzg? ' dz' stes$ OteB tsdz’ L (
sB yd fydzj dzdzv B J Blzlsd odSsted Mis Odzj , h
OL blOEzsets ' dg stesC OteBtsdz' L so Odgsegts M Otc' 9

ltesyim dz' stesC OteBtsdzg’ L Oy~ oG dz¢ yo' H(d
sO Mf z0ed dzO2yOMmls* hj L cOLBYBH' Bdats’™
Lsdz HdWEkL' W kO h Ot MitsdzS. | cdd A YNzL

C & beojteHtsdz L yddz . z Ot Mz VW

COtedgslstcdHE, COLBOG®RY (8] &B3j dzesdls) |

L 3 dziz dzts A3z TN JEIESHF @O WFedzj dz0 SO  j 824 sy
87 . [HA&OS B' dz h ' Mls! ydo oy dzsC H datizfigits
jCMmy jted d3j dzls BEA0Gd = tetsB ' Is |

I tMsOdds tsCd Blkdd ftse jH,jd l0so "
117 . A jSMfjteddsj desOdz dz' tesBslsd dzOH Odzg
WoLOdRd O '8 MCkOHGd. ' 2hhksik] 0¢ws’ o{
ssydz ' L dgOyJjdedz" o R Mlsk SR tsdzj dzls' o  da
oMsOdsddls® WP CtesMistekzClskztcd h Otk MY sdzkz ¢

10 shdss' ydo jCSMyjteddj dEsOd dzda  tot
fdmlsj i oF en so[l1g dzd i ddz L dz@2y' SO "' h d~q

sy’ dzb d ‘ Isj B j tOlskzted ‘ dzo Ot Odzls dzd =
d MY J tod d3d dzls Odz! dzd n L dz2Or " HESC . J HdzO ¢ dzJ
f stc’ o dgVv dzts L f s jtoj Hdz 58 sy’ dgb 58 H W

L ctsH¥F.dz |
1t dzhj IstsE s, Hywe' tesL teOn 2 dz€ d, i tets
LOBJ LY Jyddedzv DI CTRA odWwoeddd, hts dtsH ] d



31

uklsdkdej Hts odSttedmlsOdts’ IsjtedtHddOdg yd
o Cdztg yOr yd daag2,dztsdzj hH O¥[ls " df tdaddad ~tc jLLOHAS ols O |

| totsBlds’ [fjtej sy’ dzj dFN, v Is OBNGGH s jFds@3j 5 ¢
f " Hodh jdadzw wCshls' §sfjtjHd o By ds¢. |
' dzo Ote' Odzsdz’ Isj s j eOlskted, kOSC * MmS &zOH

f 5CtcOn j dedzt b ofCaimtpvdets &' CtesMistek S lskted dz st
o dCtedMsOdzdzy &5 s j teksS ' daj sdydes’ 1§ tetsc tcOdsc

220 j o By tgdzd 2 L GOR b dsS H ' BENGO®]
Ol sy jteded 3 5O odmsSddd Isdf

U jtedRBsHddZORR ydz2' § OOliilsted o dL dzOyPazd
CoOHWOIs' 9, tcj Odz' L so Odesdzglz o ff tesG tc Odzdats
PARROT). [ Od o9oBHWI! ¥ o &sHEzd PAR
l dzj MsC HjwCdnrn t' oadzsso O o ftetsyjm tfilsdo
ftodL dzOyj dzO©@ B' dz2 h O 9 Oc 0.

I dzgjsBrn' ' HdZ §OttOd3jIstcd Hddzv Isjitddzts@d
dzOo jHj dzg21. 9 IsOB dz.

tdLizdz sOIsd ttsL tcOnr 2dzS 2 FaiN tP'c s © G d3th)fig WO
sdmMSsd3 ftoj HMILD dzj dz'f tcdpE@zyfd ). H' Ot OBRBO O
o fots[RlEls

l e IbdmMSd LB d hzsls! o dz' dgz j dzj toc '

"O0AY "OY | wORYQU (2.7)

v OB dzg.hjiwu j e dz3sH d dzO d3" y dz' f OtcOd3j Is tc d FENdEY HA3
Olsd3ismMW j tedzd d3 Isd ME tsd3




32

GoY | — 4HSER _ HSER — _ 38825922+ 73.256891T + 4GHSERFE -+ GHSERNN
0; , )

LYY \va = 63396.802-17.579078T

LiY wva = 27609.743-6.527324T

G°..° v — HpSER = GHCPFE

Got N — HEER — 0.5HFFR = —10827.868 + 37.39258T + GHSERFE+0.5GHSERNN

Let nva = 25966.95-84 .972493T
Lty Nva = -19167.374 + 18.344503T

GOFE';Y ‘Va HFeSER GFEFCC

GoY  — HSER — HFR = —16454.165 + 208.68226T-16.65643T LnT + GHSERFE +
GHSERNN

LoY Nva = -26150.835

ﬁYFe :Va — ﬂYFe C— )BYFE. N— 0.7
T v o= — 201, T"

Curie,Fe :Va 67

Curie,Fe :C -
G°.." . — H. SE® = GHSERFE

G2 | — HSER _ 3HSER — 84541.097 + 170.44248T + GHSERFE+3GHSERNN

ﬁaFe :Va:ﬁa]?e ;C:ﬁa]:'e N — 2.22
T

Curie,Fe :Va - TaCuue Fe :C TaCuue Fe :N ™ = 1043




33

2020.12.05.10.56.38

USER: FE, N
P=1E5, N=1
2500
LIQUID
FCC_A1+LIQUID
2000
FCC_A1
£ 2
= >~ HCP_A3
= 1500 ~
o ‘ :
“g’_ I’ ' FE4N+HCP_A3
& 1000 | \ HCP_A3+LIQDQ
|\ _FCC_A1+HCP~A3
500 \ | «
"\BCG_A2+FE4N FCC_A1+LIQUID

00 01 02 03 04 05 06 07 08 09 1.0
Zﬁg Mole fraction N

[dMzdE§ DeLOREO MFINE" MIBBBEHEYY Jj tdd i3 Isd

L dzOB dzd ¥ J dzdz' [11F EBt@EOfOUAER o dzj MtsC o d G
y d dzts d3:

_y ©aiT +05aT? + 2T ) =1

ﬁ/m Ry el o] (2.8)

‘<~EC>

HMGT szt dzd 2 tSiBfoe dis =GLd Ut W' y'  dzls  figedd i dz
S.S1 S22 8 W' y' " dzsd L Odzj ) dzsls® nyl§ dsfy dzj dgde"
L Odzj 3 desfyls® dstsH 2z dzv  BirlBe ) Ggdz b 8IS 8 § Ws'dn'S 'z
bjteds ydzse s L h dioj dzdz’ *° 2866 L Ozl Pzt il
Uls GHldeY ofp'' 2 WOL Blkdd ftd2dvisd t' o dd &&d

I 1sOBdz. 2.2 dOojHjd jtojBENYj dz o] dz

tjLEzd? OIsd Isjted3ssH dzO®R de©cz th)ifdits ) ik
fted ;2,160 6 110 d@ jHjdz d&O tdm. 2



34

sO0OBdzd Yy s2W2y' ‘" dzsd BOtocduydzetsets oadzgj MGz 2 o
Fe' N

AOL O Vo 1@, so-102 n h-10°,

B/ Bsdz{1/1 0O 1/K
BCC
Grewva 7.05 5.88 6.2 36.0
Gren 3.6 5.88 6.2 36.0
FCC
Grewva 7.05 6.83 5.25 45.0
Gren 3.5 5.0 9.0 45.0
FAN (o¢
Grewva 7.05 6.83 5.0 45.0
Gren 41.25 5.0 9.0 45.0
FHN ( U)
Grewva 7.05 5.88 6.2 45.0
Gren 49.8 5.0 9.0 45.0
LIQUID Gge |7.09 6.66 4.0 45.0

2500
LIQUID

BCC_A2+LIQUID

[
o
o
o

(9]
o
o

FCC_A1

TEMPERATURE_KELVIN
g
o

BC 2+FCC_A1

500 FCC_A1+LIQUID

y 00 01 02 03 04 05 06 07 08 09 10
A MOLE_FRACTION N

{ dMizdes ¢ s YOIsBEFEO GO MiFaNd e dIEH 0 &) 1}




2020.12.03.19.57.04

USER: FE,N
P=4E9, N=1

2500

[
o
o
o

-
[4)]
o
o

TEMPERATURE_KELVIN
=
o
o

500

BCC_A2

FCC_A1

CC_A2+FCC_A1\

FCC_A1+LIQUID

BCC_A2

FCC_A1+LIQUID

BEC_A2+CHI_CA

BIDE
}__CHI CARBIDE+FCC_A1

BCC_A2+FCC_/
BCC_A2+LIQUID

RN

g 00 01 02

2020.12.03.19.50.48

USER: FE, N
P=6E9, N=1

2500

[
o
(=)
o

-
w
=)
o

TEMPERATURE_KELVIN

9]

{ ik dasS( 208 "

03 04 05 06 07 08 09
MOLE_FRACTION N

1.0

FCC_A1

BCC_A2+FCC._

FCC_A1+LIQUID

BCC_A2

\BCC \Q2+Fcc A1

CARBIDE+FCC_A1

+CHI_CARBID }» FCC_A1+LIQUID

X_CHI

\BCC A2+LIQUID

04 05 06 07 08 09
MOLE_FRACTION N

dzy d dzdz" )

1.0

35



36

23t sLyddzj dzdgzvn GaN E LOdz' L' fted

L fJtwhden JSMYJtedd3dj dzls Ok sdzmisticlz§ dydzlr dzde't
fjtejHBOYOdZO dzj Mdd3j Istedydej MS dzOH Odzdzy o
fto]j MsoOdzedr HjIsOdzj 2 (9lskdzf O, Hdzs 2 dzO¢
ftcj Mzo Odzdz d3 MEz d3" h ° Cs @l s ©dz0 dzdds®O MY tc JoAr
BOC M BZ3Odz! drts dMirdazd. ' OB st BSlsotstelz H
BB, MEzBOtcdzO® odMtslsO LwOLE 9 HEStC' o dzt 9 O dz
i fmdzw Ists¢ Ote dzts’ sBtesBSCd d3Oo Istse h d dzlz
fsHiG' Bdzj dzgd?2 315 WHPC Y fstesh 8¢ hGaN dzy HO
o' BtcOYy"' ‘'8, IsO dzjcSdd stcO®RBBEZzo Odzedzgy &3 yJ tej

JHjtYOdzd?2 &BBHLEC L LticOL COd3d totsL d3' |
tcd 8. 1. 1 JtwdH MEZOHOdzdz" &3 sl uv oS tsdzzo O
9dna" Hdzd m LcOL €' 9, Is©O € tsdzlstctsdzt '9vOzd o 3@
By dzdoda 9lstcOls.

1 odStsted Mmis Bddzweds LelCwL ik 2 Milso tster 9 Odzd Is (
fdizdyjted 2 MmdMmisjd® (ojhHizLtzhHdotd f5HoO ds
B dz&fOIstcely'50 Is). 1t HBMwcedzj dgdz' o©C OL Odzts@
fMdsfij di3d OolssB@BOIsd ydzesects k§ tcOo dz' dzdz? dzOGtc’ o
f° " H 28B0dzd §(tlkskyd Mls: Jjdzj Clstedydzse s Mmists
tc" odzv. 1 dtedBECO ffted YMmis' 2dz 2 tslskzy datsf
Ld3j dzh o Odzd Hts 2B dz'fticastsats " to'1dDdz". dz 4 s OB
bjezdz sl BOMYHEz] € St T igdzd <z’ fEGWOE ds!
O i) ,0 Ptk IRY(" tezO( ftetslsw L fsodetse s yd
H] 3sdzmis®&* tod M.



37

S

~

S GaN

3330300 Me 23533333
PR aaasana
g PR

GaN

i dME2ABES sdzlstclz C G Ws @ JovOd' Odzlsd Wl df) t di' dzdt
odoyd dzdz’ # gpOasdd)j dedet y(d dzj dzdze'Me (@ a): N Hiztc joftpts & Ex
ol &z O+ L1 Cs GOMh= 9% SAIDE 15 idal®)ctc' D dzd & L

COWr=dE 7(B he9 MEALEE 12 idsd)ts BEX © OV @z &/ s
=0, 5 ALRE; Bk ©sY ' dd' I hfolsy Mt 9AQ dBBRL 0 ( idsB) ;
st s d2 dfOsjtch) od@Rdd2 L BOsSL sdz! dzesec s, Gt
(hgoen, 4, 6 Al CBBEE)HJME CtdsOSkdd?2 L ftjmt
GO Ish=1,ulA thes; Bk OFf MO L o] Mo Oded 5 |
2 dz20CtdeaCO) L CsCtOr Ot s dgdmicR0E; rdgaz) ;

fstetsy dzd dz20 ( S) H dzvw hitsds,L 4BA gz dzezh) 5 H dBtOfL €' Py
tetsL o3 " jdedey Bk fsstetsydddzs (8) 3§ sOdz' ydzd
mMsdzw -~ (9) : AgChiHoNRfCEdL OB R dfjs QdsL d3' M j dzc
o' Ldedr BjlsOdz" @8 Hdzw "5 f &zOe dzj dzdzV k¢ - dzist
iTo" HY s9 ' Hdztsdzflzj Md igg e g ydzj ME dZOH Odadzy L
odoyj dedgv tetsL yddedesmils® GaN Ek tL f d&zOs OR ¢



38

{ M2 C 6 C O kdfsots’ tj' MOy = fMdhls,

9 O jdzj ClstetsW ' 0 gtz dztf DWO d3f BRO)Pc 2 fgld tc i
1) kO WY iy f(eslswL ' of) st Qo< &z dz0s O dl

v tedsse Oted ydz'© § SMYJted d3j dfissf fd derits tagddizs
< dzOH O dzdzw LtcOL C" o o d ¢ 5dzO dz' Z H' Of OL ts
f dzOo dzj dadz" yYydMmstsets Fe dzgj ©  HBEZOO' Is! fqw,
B Y WOL dz 2 GReD.dzdlyslspdismils’ Mistelz di3zi54EMG tc*
lls, LG maz@dzadztlcOHE L dzZOy Ok Is+ H T1PGA G t5dk ' Idnjd
LOo jteh jdadgw ydedzk Isj tedi3tse Oted ydets® H' L to
LOdzdh ' o9 COfMmMEzdd ttsL ygdej dzdz?v @3 Cs Cl Ek ot

 SHOSCtsoats LOLSd "  HHOOOdzd EZdz stOL 8
o', O fls'd 8 'Lftesfddascotsddz Mfdtl®
1 " fmdzw o dMmkh 2o Odzdz" ted Isj dz2 dets o dd3 tow dzd
9 Hh Otetse Odzs’™ yYOMmisd dzd.3. Ml §j yd desets GaN ( Isc

[JUujodHdets, M  dz ¢d ¢ dz@ €' Mis!' QOfA dzt©
HY Ld&zZOrsHddzd 2Bets yYyoOfmlsSkz o QaddL Cilzj hs
ftcdf OH O OGN Yy Ricdq Bz di BtsodwL Cr
M " 99 ' Hddas"2iddzdz’ ( Is OB dz.



39

1 Ozo Oy diss, hts Isj B3 j cOkztcO® § dzOe dzj dzda”
1827 d . v OCdd3 ud dzts d3, By 2O Mis@d e H iz oFC

fsuddos yd L bj @Y jweOlizded Fisteds dzddaps L1
CodlsOCsdzese 5 f dzOo dzj dede? 2O o3' Y W OL dz' 2 G te

tdMEzadQ sodz" "dz' 2 odcecdzvHFeL cOC e | $PBd G
IsJ o3 j tc B IERBAIRBT 1679 0. 1 aji@ezdh Ctsod?2 M j yd c
dzj BttOo EkZyoOfmls" ' tetsL yd dzj dzdz- : BOBGEPEE:
ZOfteze, oddedC Or ydr ftod tsnr ts5dztsHyGEE s dEs
fswgsdzs ttsL h Otclz o Odada”

1 tod md d3d Isted ydats d3lz fn ¢ dZTra G dzitz) nEBE O1
tesL yddzj dedgv 3 GaN £k &BilsOd dBtsyj MmMklslks’ ot
O tew i3Sz B ' dzh hodHSCtEet dzOMd yj dedzy totsL
tc' odzso O dzse 5 dplstO@alp’ widg , ¢ Fdsyjo "  Hf s " HOB
sjteddsB Otedydets” H' L O IsdmMmSEtsd3 ' Isj B jtcOL

ce¢ 9 oL’ dzf Md d&3j Isted ydzse s MEC &zOH O dz
LOzdh Csetsets GaN. J HOddRzZ PbiJd PBITlEZ GO
B sOdzj o sets 265090L C O (tod M.



v OB iz@.3 W

Il da’

H dz'

Is j tcd3tsB Ot d ydas)

dzad M d3d sted ydzse s MSE dzOH O dzda”

H Odz

fes @GOM

gt d8 , (3t=t4 180 <

¢ lvu

40

z LtcOL §©°
LO t' L ded A

L GaN

[ Offfds B tsdzj dzls* @ IsO LwOLE" &, ¢
_ [l ted L d hjdedz 1" Md2HT HP
ud i 4 te :
) 1 tOL tS|] " HN Ote ks
Ad Fe GaN Fe+GaN S s M ' dad
Y d Ud
(1) (2) 3)
(4) (5)
1435 0,963 0,53 1,493 1,476 0,487
1528 0,967 0,53 1,497 1,487 0,432
1601 0,963 0,53 1,493 1,478 0,393
1679 0,968 0,53 1,498 1,477 0,311
1764 0,964 0,53 1,494 1,481 0,292

)

F

OB dRMY jLEd O tsGEORLZESBe p & fylstzs L Y d

ftelg= 8, 3t=, 100 ¢ LO t'Lddn Isj B jteOkts
slv (LO HOddd IsSOBd. 3. 1)
[ OO L Yomkto YOS Ol jtoj tOR
chdyjcjts'tGISLuq’dzL_tGOL?lz tesL yd dz dzO
A u GaN, GJQmUJthdLOdZ'L’,tGISLI{C{dZd
(6)=(4)i (5) cOm. % 100 (7) OL slskz (
(7)=(1)/ (6)
1435 0,989 97,371 2,629 1,738
1528 1,055 91,659 8,341 5,413
1601 1,085 88,756 11,244 7,229
1679 1,166 83,019 16,981 10,718
1764 1,189 81,077 18,923 11,872
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_ _ lted totsL o3 M j dedzs () ' MdzHT HP
ud B3 J te :
] 1 tcOL 5] " Hh Ote
Ad Fe GaN Fe+GaN S s M | dad
Y 4 Wd
(1) (2) 3)
(4) (5)
1679 0,968 0,52 1,488 1,488 0,196
1844 0,965 0,52 1,485 1,473 0,138
1926 0,927 0,524 1,451 1,428 0,144
2008 0,927 0,523 1,45 1,437 0,136

s OB Zd& ¥t jLEd OId toGaGNE &L ZF eo, 3" sk to

B sPdzf= 8, 3t=111080 ¢ LO tw'Ldedm Isj BY j tcC
M¢ dzOH Odzdz? iREGRN) oz( EaN (LAD HOdddBd IsOBC
[ 0Mo YyOMmlsC O | OmEC O
L Y
j &3 j to(tots q@L&OLgE tc ts d dzd
U4 d L Y { . : LY d
) d S MY J ted d Co
A d GaN, @ LOdz' L
BzOM. %
(6)=(4)i (5) 1001 (7)
(1)=(1)/(6)
1679 1,292 74,923 25,077
1844 1,335 72,285 27,715
1926 1,284 72,196 27,804
2008 1,301 71,253 28,747

241 5L yd dgabddzy dz' EeNfved sdmSk 8, 3

| |
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] 1 teOL 5] " HM Otety
Ad FeN GaN FeN+GaN e s g Wy dad
y 4 Ud
(1) 2) 3
4) )
1144 0,46 0,574 1,034 0,956 0,494
1287 0,49 0,53 1,02 0,997 0,472
1435 0,49 0,53 1,02 0,982 A" dzd?2 L
1601 0,49 0,53 1,02 0,984 A" dzd?2 L
1764 0,49 0,53 1,02 0,964 A" dzd?2 L
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LO t' L dzd n
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divig(T)grad | =0, (31)

div[l (T)gradr] + T)lgrad *= 0, (32)
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J =i, (3.3)

n@T)grad =-i, (3.4)

T=Ts, (35)

n® (T)gradl =-h, (3.6)

n®(T)gradl =-a (T - q), (3.7)
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NODAL SOLUTION
STEP=1 JUM 4 2018
SUE =1 17:58:09
TIME=1
TEMP (AVG) 22,9588
REYS=0
SMN =22.,3588 100.834
SM =T23.84
178.71
256, h8g
334.462
412.337'
450,213
LER.089
645,964
T23.84
WNODAL SOLUTION
STEP=1 JUN 4 2019
SUB =1 17:56:52
TIME=1
TEME (RVE) 91.816
RSTS=0
SMN =31.816 323,331
SMx =2175.45
554,846
786,361
1017.88
1245.39 I
1450.91
1712.42
1943.94
2175.45.
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