AJHjtOdz dztsy GetsikzH OtefMmise j dzdetsy ©Oo Is ts dzts dzdzts |
SBOLtSo OdzgdW ¢1 OydsdzOdz! dzf 2 dMmMmdzj His9 OIS §
cf Reudué

(1LRUUL ¢c[Rudue)

10 Qo O f

sl OMJ dzS 5 ¢ ZOMISOMIW dzHtcj § o d
svfuosvul ¢ R wdlfs@lslld ¢l (f euRlvP1 ¢ R
¢f Ol rRURICLTOUYCVLEIM frolr{f mIfLrd

IOV JrrRUOfRYLHESSI LS 10} 3J1RC

et j ydOd2.6desfils
[ isOdzdzse jHjddj d kjttdduyjMSCOY SBE©O

rdmmgj elsOydv dz0 MsdmS Oded §j kyj des?2 Mmisj

1 Ok ydz 2 tkStsotsHdlsj d
C.lrjiajtedSdde | xOHddBde | dChtiet

[ 5 ) Cie@2



2
g{rrtrolRrRr

) T e T = P RPPSPSRRRRRRY 4

] 20 O 1. [ BL.BIIG.AZAIS. . 60US Z 6. e, 8
1.1 ¢HHdIsd o dz" dgv Isfy B idas@atzd v d3H Is O.dzdzd.y.4..M.C.d.~.....d.L.H.§..dB[ 2
O S =0 = T Y e PRSPPI 9
1.3 [OkjtedOd , dmnfsdi.Llzj.Bl b 0BS5S H. o Mg e, 17
1.4 1 jo% j8@SjtedOdzOR, ftdlzyj ddz 7 o ¢ tetsyg.mig..m419,
1.5 vdlOdtse’ j Hj¥WtdRdElzj &g §j nf.dzos.l..... f.15.0zlz. .0, .28 j

1.6 ods Bddzdjor j My &zOor , .40z U005 j....dJ. 5 5H.5.0...26] |

T T 9BHT  ff 5. GZOu0. Joe L 31
L1 &0 0 2. [OkjtedOd d..dj.Is.sH.0.8.d...4.0dj 4150 0.dd.v.......32
2.1 [ OB Q&IST MMz H 5.0 0020 Yoo 32
2.2 MBdZsHdS] ¢OLHJdO®BEWMS.5.4...d204.1...dzj..dzd . §..... (..M .. B3)
2.3 UjtedBd U MS.OW.  SBAEOBISIS. SO oo, 34

2.4 ItEYYjj JLBMEOLJYBS.E.. 0 ). 005 0.dd. ... ..1.R.). 34
2.5 [fjnjdjdd] jSkyimsd J ¢ ©odkdsBils.6da nsdse i
2.6 [jltsHT K]S EsNkiekS. sk e dses. . .Q.020.020.L..C e 35
2.6.1 oS OdijiSytdzdz0" &qStesmSsfdy d oS eaie). dzSE | da
2.6.2 [jbttH HA¥®BOSYJdd B0l dzas... 5510 4. dzdz"..5.....4..dz36S Is te

2.6.3 lsMojyudo Osh Ow 1 dzj Cls.teis.dzdzOW....d3d.C o5 5.4..0.87 ()

2.7 tjdasc | dzso OL 5.9.0.2....0020.020 L. (odee Ao, 37
2.8 U to03S H REBIIRLLUSI IS 0. drrerooeeeioeeeeeeeeeeceeeeeeeseeee e 37
2.9 [jROodduimSdy d.mf.r.ls0ddY. ... 020 . 5.0 Fodrcerns 37
2.10 [jROodduimSdj dmfrlsoddy. . .0 6.0Mks%.y. . dzd .......38

21IRL Bd tj dzd 4 o jJteHtsMIsd B tL.OQL.yBSo.. . f.5...034..Is5H.EZ..1.d.88 | &
] 209 © 3. RMMAZjHSo Odzdy BKLOL Yyses dr..my.dzOo.0..1.u.6.39 €
3. 1 ¢dzOdzdL yoOmbsdy .f.esesh.o. .. dL..Hif.dcze.Q....l.u6....... 39

3.2 [dStesMmtezSktcdy 2 OdzOdzdL ©BKOL yso..d.L..0of.d0os O



3

3.3 [dCtetsMitezSbsktedy 2 OdzOcdzdL t.B.LOL.YSA....d.L...0 Y. .dzE O

3.4 [dStesMbtezClktedy 2 OdOdzdL .B.LOL.YBS.A....d L. 01 .dz6ke O

3.4 ¢dzOdkdL &’j ROddUjMS IR Meot2Mmise BBicOLYS.....d.L.520N1Y d

T T 9 BHT  ff 5. G200 e S 55

L 0o 0 4. RrRMMdzj f 5o B e o B\bNpdSHME,f dif s dzlz Y j dzdz’ 7 ...d58,..Is. 1561 5 3

4.1 ¢dzOdkdL yOMmdy { tBeMgSEr.d.L....IH1.z0e.Q...I.d.ils.j.&L.56

4.2 [dCtesistezSskztedy 2 OdzO dzdAl-Mg=SeTs @ s 1y tizg ... 4..1.. 1 f..dzEBo ©

4.3 vjtedsdyj MS OV ©BEOB IS¢ A-My-SHZOL syfistzj ..dwt. 1 4.dz0 .64 fd

4.5 Istewyjj JLsMbOdui NSt {tojAMEscdrdz]. .. SB.6.066y o

4.6 RMMi)Ed®©UdilscbC sk’ ©B©O:MgSeZ rd Lo fidQzCdoy dif drin

4.7 $dOddL &~ O0ddud ME dF On o=l Amigh Sds” 5 BA® O Us W azd quda4f § d

I T 9aBHT ff 5...GdZQO. Jee e snnneeee e ] O

| ZOo © 5. RfMdzj Hsoe Odedj BBKOL Yytse SCt@RftsL dydtsddtscts d

SiIC, § sdzz yd dzgdz’ m .84 IS SH. IS A3 cMfedeeiiie e ciee e 77

5.1 0dOdkdL &jOkedujMSces §otesh CO dSIChHY.&z0.a 077 ¢ 7

5.2 [dStshsikSlskicdy 2 OdOdzdL ©BtcOL Yl sy, ma,Foy d &

5.3 [dStesMistezCIlskztedzr 2 OdzOdzdL tBtOL ytse dL CtsdiftsL d
o R T T PSSP PPP S PPPUPPPPPPN 83
5.4 ¢d2O0dzdL IstsdeS 52 MlstczCIsktcr BBOL Yytsdi G Lo Ctis@ifdsd 1
11T ST 1 SIS U 4o PR 89
5.5 ¢d0dzdL &Bj ~Odzduyui M dr Mot2Mmlse tBOSYEy disdlztsd
By ssHBBdRE Mmy1, o wOL.ddyds. . NishlssW.dzad.Wm 94

I T aBHT ff BBz, o B 97

) S (O e S S O 0 T (N & 2 PP 98

gl R[S 1UI[RsOARE dluftd tWhARRIL....J.REH. (i, 99

gl R [RsBE) [ P21 L1 ORBEMY U RS L 100



4

IrrrunRre

b S Isz Odz! dats fn Is[!fn Mislzjj dy s O ded v

] f smdzd Hdzj J o j 3" o M Btsdz M jj q
ftetsd3r N dzj dgdztsmis d , CO¢ OodOydsdzdzOWY d O4
Isd rdesdzsedd (¢ u) o9dHEZ ©WWYHO Motsdn i tcg
HilsOdzj 2 M Ytsor h jdzde dzd - )& sl lsfas @degdD y d 2 |, fi
oty &3 dzd BIls MSLHOdY HB [B35.fEMCO cEBlstso 53

MBSdzZsH dzts] G OL sHd 2O ud MSE B84 dzOf " dzj dzd J
o Mo tME BtesMisdzse s  OHH ( Is ¢ dsdgth)dst® dztf docdz [ dzdh 1
qLHjdd?2 dL ©OLddyd = ®HBOLjttdOdss, { tsdziz-
L OHOdzdzets?2 ftstedmlssmis: 8 BjL SCdMmdzj dedw
1 sdzj nizs Mg feddddzjdd) bjtedddudmés2 d
sO0¢dn QUQY detsMisObdud MSs) (o) Mntse Oded j
stcj Bz ] (3G 5 z tc 50 dzW Mo s2 Mmlse ) BOIs j ted O
[6-12]. s OC ¥ § , B' dzs EkMmlsOdztse dzj dzts, Yylsts féd3
MertcOdzgv Is+ 3] dzC sHd MY J temdzzy MstekzCIskztokz d3f
ColsteOW dOMdzj HEzj sy s YyoOMmisdy §stesh € (
ftsor 4 dadzj - Oded yj M d - [1FH|s2 Mise M dzOe o

1 sfdzj H dzd § dmMmdzj Hise Odad W f ¢ 0L Odzd ,
fesd3” h dzj dzdz’ -~ ftcjHftedWwIsd?2 9 tcJ d3ts dzls 4

CsdzflstelzC yd2, o sMfls Odzts o dzj dzd J Clssier R
fih jfsokes h disd ISOHJYdsdedz i3  d3j lsLsBe® iz
sjindsdescdujMSdn GewOddyjdd2. | HOdds

d3j IstsHT OHHdldodzsec s fftosdL o tsHMIse O, Ctslst
oty &3 ML HOdY Isjls%zsdds cifdad id-ss'?2  isin dépjms J

Il dzOMmlsswh d2 dBsdid dzls af v@H i disda dzF 2 Miff Jst
zO thmdtse j IspNARZOO dBAd®He Tivb6) , Odzs o3 dzd J
M &zOo r (5°0an dd 7anrn Mitd?2) , sO¢ ¢CO¢
~nOtcOCIsjtedmisd s O], 30 dzts H s filpls1Q 1o wdzis®ds L df ®
Mists2 ¢ RIGRO]. ¢



J sts %4 otcj dzv, fsmistsw dzgdzts tcOMiskzh d 4
BOIsj ted OdzOd3 dzOf tc O dzj dz 0 fsdzkzyj dd
ftsorh jdgdzr = Isj B jtcOlskzte d dzOctelzL s5C. H'I
fsdzzyj dedw CtdefflstczC ydtsdede = GO j tod Ocdzso
Mmil1, Weodzwelsmw dgOdBtdzjj ftedodzj C Olsj dz' dzr
dzj ftesdmMatsHdIls L d3jdzj dzgd?2 o WOL S$2628. d =~ C

g dzj H 59 OlsH jo @z, dzts j dL z2yd dzd 4 o dzd W dzd W
BOIsjtcdOdzse M dMftsd LsoOdedjdiz3 s n desdztsc
Odz¢ 3 ded 4 ® " n My dzOe tso , i fddd dzj dzad § o3
Isj ted3cH j W stedzZOYd 5 dzdpsidis©p tz®g sp@ d o ff ig! BO o
LOHOYJ 2.

]l 51 Istmyitlz dzOMmilsswh j2 OB TBIST weo dzWw jIsfqpw
Mo 2 fiplf azOo tso zO0 thdsoe j Isod Is @ dz®  jdfn ) O dz¥-
CGOLtsHddOBRdyj MStsets dzOf " dzj dad v (my1) d
BO s jdustp© dzdas jdis S H 5 d3.

[ dzv Htsfisdy j dzd v fats fdsCleojelig oty H ys) "daffj L

1. ltsoe jMmisd MtcOo dzd Isj dz dz" | MstczC sz ts
oLOddsMowL! Mts Mos2Mlso O dBOIjted OdZzO fs
B SBSHEBER M1, o LOAjdsTiafelts fflajdziasuy dfd@e d f
(bjtedddud mMEs2 d | RrRI).

2. { OLtcOBBIOIs! Isj mndetsdztse d d f sdzlz yJ dz
nOtcOCIsjtedMisdS O dL IsdlsOdetsar 7 d Odzs d3d c

1L Oz ydzOw dztse d L dzO

1.1 sCOL Odztsicd d3yg lsizg dzd j s jtcOydd ] R ¢

ftsdzzyj dedz" &5 d3j sStsHtsdE mj1, daj HtodotsH
d3d 3 L § to juimipiitieft Gt § sy MM or HjtyCd
Bdzff jsdzdets sz f tesils j € Odzd & ftoesyj Mmtse
MistczClskzter © d&OIsj tcd Odzj .

2. VvMisOdzs o dzjodgE) dajlsiay Jf IsJ ed3d UEI EAwEH €
BOIs j tod O dzO & dffg Is fiheligtB8a-dr, § sdzkz yj dedz" = 3.




6
fodotsHdl ¢ cOo des B tedes Bz o W j dzj
GO detst OL YRQAEREZR) 5 oMj Bz Gei j B KOs

3.1 SCOL Olz®czd Wibjs ®©WPo dzsdsj tedats ©€OMY 8 H J ¢
Ctoj BBICYe MY zOo OF IsdfO ¢67075 m 1,5
EmCtstew jls t©OMYOH Od® kddedjotsets Iso
sjtedduj MS 2 sBOBBISSd d o] fwis
L j odzs @ 6 Oded ydz =
W oL AlMdZny) , MgErg) . ] ZOGBHOWW H O dzdz'
dL d3j daj ded ¥ o3, fso" "OjbMmw ke Pdz mydg
fjtojrtSHO tsls dBjyL jtoj dedesets tcOL tolzh j dad

1] 6OCIsdyimEoOow L dOyd ismlis:

1.[ftejHjdjd IsjrdsdscdyimnSdi §Otodj!
SBwOBBISCHd HdY dhMdjHnkzjd & N Zosss
30100 &Sk, Hd&v { & di yimeesd k6B . 66 &e:

2.1 5COL OO oL sy des s’  f &5 dzbygitElEfB gfd Go
l v6
9 Ob®smijtt] GSEkZyOshjds oBLHERO
GO6 D0 Ay di3j ssHisd m] .

3.1 5C0O0LO0OdzZ0 oL sy detsMilsy  § sdzzyd dedw dBOI
shdetso ] Odzd 3q dzd j o t5 Al Mg-SPEdiEd oLCO HiXdEE okt
Mots2MmMlse dl.sBHEBA My

4.1 sdzeyj dz S tsdi3f sL d yd tsdeder 2 BOIsj ted Odz
HisB Qo dzj dzgd j 8 Y OTMIsd BiC ¢ ORRH W BB S Joj diggzd
T dsHdsEs COLBHd OB U] MS et dOf r dzj

) sdztsy jdgdW ., of dzsidd j dz® L Oh dlsk

1. v j o desdptisalzpdyj ded™ dLHj dzd2 BjlssHEE m

2. lddwddj bkjtedkdujmcs2 d IlsjtdsHjW

BJCtesmistekSsktcl d Mow2Mmlsoa O dMmdjHEj & ¢

[ dudg 2 o6& dzOfpits fidotdfdste O dzj f BB H ffls @ | dedz

f dzOdzO + S jtod i3] destsdf sdzR s e f | B tcOB HisH ,




7

ftecso jHjdedd + S jtoddzj dzlstso, O0dzOdzd L § , d o
tcOB SIS ) 9dHJ dzOZz ydzH & C dgBotsg 2 dzd iz ylslg .= d
f SHGBIstso Wy HsKlAgp2tc ldc OB SiIs T .

dftesB OyYydwWw tcOBTBIST

[ Mdzets o dzr § tcjLEzdz SOIsT tcOB i B dzd t
Mdzj Hize hdr dOkydz = Ctsdat j toj dzydw - :

1. 10th EEIGM International Conference on Advanced Materials Researc
Moscow, NUST MISIS, 2019

2. tsmimd?2 Ms OW s JdeyaPy Yz 2@ sH d2' o3 t
cOHHdIsdo dzr § Isj m dzsdztse d d ) YydgwWtctse sd3 1
CesRkf sLdlsr é, [tsMEoe0®, 1 RUUL;, ¢cfRudue, Clsw

3. IfmMjsmMmd2 ¢ Ow dzO z y dzO W CdaWW j toj dzy
UjmddzBedd. Rdzdzso Oydde, 1 ]4uvH 7B &R)F B C

tdLlzdz sOIsr dMmMmdzj H4sD Otfizh W O lsfdzrdéds ¥ d dz1 © dzq
fjtej uj dz 31 oL € tslsasdgf ShH d2OteivHisdzr | 2 dzOE € tsd
H O dzd®cdpus] Web of SciencgCore Collection)

dlstczCIstc® d Geidifth] e@OEdY: MEdgBsdIH ¢
or 9 sHBB9 , B d B dzd ts ¢ toc OMS[dun) IdnSigwizdist Cptitdisift Qi 14{dets
MistceOdzd yo~ dBON d dzdzts dHe dIfiAEIBIOO B dadsy .J ey d Is

t OBBISO o' f sdzdzj dzO 8§ 220890 ~ ¢ { O &g ChBIICE
cdBtedHdz = OHHdIsdo dzr ff njj e dets{ed s cdzO d4©fg
AnsdZcHdsects cOL sHddZOBd yi MEsets dzOf r dzj ded W
W ddzOdzmtso 52 fsHH] Y CJ i ANAR ) tc OcC
- 138-90176109.

[ sMistse j tedats Mls ¢ dzO kz y tizs A Is otg jtayHd® jds@riyts o d
mMtse toj d3j disler ¢ Bljfismdzj H s Odzad W , Olsls j Mis s9 Odzad
ftcdBstc@®o , IsOC Y § f ted d34 dzj dzd 4 d3 BBj stsH O |
1 CMY J ted d3d dzls Odz! dz" n HOdzdz" = . vsjJSMmls wHdMmMm
slsmizlsmMlsed] § ZzOcdOIsO M §tsdish ' ¢ tipkedgaErtg.O d3c




8

| ZOb OB L tReIs j tcOlskzter
1.1 ¢HHdbdodzr | bjrmrdsdztcedd HMEYW MtsL HOdzd ¥

bHHdIsdo dzr §J IAjdtidesmamifacfudng ( s -~ dzsdzs e d d
4 UuObH Odzyhilsj - dets dptisc o @ dad§QYdts  H Odzdz” d3 Y d W 6t
( d daAD-di3ts H j dzd ) B IsBHESd f shedod?2 daB dzds dz.51 BB d2%
BOIj cdPdzO)l [ OHHdIsdodesd3 ftesdL otsHMmise j M
dzO ff tc W33 ets f tsdzd d3j tedaod J fstEleftsls Qe dz" §  dzd fylsw
fteso sdzs€ O, tcOMYf d&zOo dzv j§ ROV dzj f sMtcj HMIso j
[27].

[ Odedzls j - desdzsedd off jtcor | fisw g ezt 1 &
Missdzj s2f]w 1 L 3 B " dzd s LfnjQaar | zOL j todz" |
(Misj tej tsdzd Is 5 Stn@OP \(jda) 9 d Ji f ©Otstg 'dk SASPFON ( dz" |
SHAdOL slstsls  § j todifstats dpLicoj thisy el tis dz! L ts® rOdizg | o3, f
HtcsetsMistswh ddz, O or BBt BOIsjtcdOdzise ff tcOF

J ZzOMmilsswWdsW @3j Isista j OHHJIsd o dzts ctess 9 @ listsal
Bisdzl hddzemlsets MW jtc HjWIsjdz desfplsd yj dztse §
tcOLodo O h j2Mmw slstc OfMmdz: 28 . { telstely] dy Omjp jatziffs ) 4o
Is j - dets difttcidets dzv j Is d f B fziizg O ls ‘ydzts ) dets 2 W tste d3r
dLeBIstso dzjjd2P)Y H jIsOdz

U ndesdzse d d, dmf sdz L zj d&3" § ) OHHdIsd
COmMMmd¥ dydtekzs smMvw 5 Mishsek YWstdkdEs:e
mMih j Mlso £z te1@oGdzj dzd W : ftow d3ts j dz0 ff dz@imalzj C
depositio® ) d yOMmlsd ydz Reddgmpsitiery )30).[( ©dze dz. ¢

s Jds SHWOMIs d Ydzis G s is fipth ks @) CIsdodz” 2 M
¢cfj dzj SIsdo desj daxfiLel witlzBg SefipftjiCv@ L a sCeyls sHits
COyjmMbsej dMmisssnyidd & PBiidsiSY daROL j tc Gls j - sdustsinsc
H O dzdzts 2 telstatadffrwjls :

1. fy dzd Clsdo detsj dzOL Stz SeledtivzCesaldlettiohy H G dzj

o)



9

2. flow dag@L J fgtzs § @AAHS)T Direct Metal Laser Sintering);
3. 1dzj ¢ Is tedldadziso O W (EBMIzEGlecirad Beam Melting);

4 fsmzs2 detsy Mg dzj & Isd 9 dztslpse@®ing; tcdzts] f dzO o ¢
5. fsmdzts 2 dats MC dzd d o Odzd § CoRBf sL Jlsdetsce s

(Ink-Jetd dAgfinder Jetting.

l oW i3y ) DOInjjahddQazod e HiisOsdv jls M
BB IssHiB9 OHHdIdodzse s fsdL oBHMIsS O, slsc
4 RVte dzv j siw W Sted3d te s 0 O dispfjdzhipdBy™e j dzQ Isizjj telafiad
dzf O f(tso Jjtemn dzgSBiJIsd f dzOISW sted3’ |

Il HOdzdzts 2 oc teizifdffyge il 2 h dj d3d StsHT

1.1 tow cg@dvL j tz@p tz@MD ODirect Metal Deposition);
2. OL J tedzOW 4D {fi ddrec€ ®anufacturing w d tcd3] dzdats

C 53y Codiaky] 42z ¢)

I shdtse j § 6] H MO dapsiaisichdlicshy § 7 o dzj c
whisdy fted Wtdidqtetso Odzdd Mmdzsw L HJ dzdWw
SBtcOL tso Odzd ¥ Istej hafdiiz Istc jdsddids dziifQifejts Waindj fozaf @ L
L Isd o3 difiagWRets z c@dg’ Is j te dzOdsed jotatel t§W L Isi4S H OHH(
ftesdL o SHShsldsote® ,j Sted Jj delsdhbtisOEalz’e dzgz@d 4 d Mt
Hy lsOdzj 2 ,d3dgls Glis@ Iopzs y f tse@cizisdg?~ 8 B dzOMIsd Is
dzd X J s B j cOIskzter f d&zOo dzj dzd W d3d Is O dzdzO .
~ Sdzjledds SHJd dzQdd ] g et i1 32. [

1.2f JIs®BH

| Z0o dzts?2 sl dzdydlsj dz des T dztpadjddztzts flsA t
dL o J Mmds@®als Ftedsd ud ME d -~ M fHEIMEBAEEBX gftts d @wdalf j dzd:
COL 5 &zOd3j dzdzts ¢ 5 )W a1 gzls fslsdpvy d IsEzdzs g st d fls sy d
W dzj dedw  or Mk Ojls Cddzjlsdui MSOW 1 dgj
Hodykhdomw Mt Mo jiLobkSser & MS 5eBBlsw
1dLedd  Isd B J teOEEWHF0, 7 ey MiE@o dzj dzdGls kfg ts
f ZzOo dzj ded™ (BOljtedOkO MELHOsS I kdzdS Od dg



10

oLOddsHj2Msadw yOmlsdy M EMSstews hddz cO
dmf Otcj dedj of MsSCsHd MY juzfdz BdzsOEGYJIE & Ml
ftcj HSlsotcOM Oj sMYC o tsB WO sS4 Bdzd jf el ¢ tcdMilsOcC
o dzglz Is tc faBdedc ) 3 j ded v, My sMseMmlsozePd] ¢ BtetsB (

MTs dzts H dzts GOLBHJdAdOB] yj MS sy dzOf r dzj dao
fsmdzs?2 dese s W 530dgJ o OCRY s B bz j tcOL GtsdzO
MY stedzdtetso Odzdzs? cCOL sif stetsh € tf st BOKEKRI e[ d
fsMtej HiNBOBets cOLO d § d&OMsdyj MSE2 HJ
MszH Otj dzdd ff sz @RBBEOL 9 Odzd Sdsc Pu d f5d
e w il 2 |

J dzZOyOGlizj c 8BS O f totsh diMsesds] dAqlg s difj dscdflvy j dz
B sBHBA M1 B ' dzts R dafiglsieOdcitzls| jj dzts | Bt Isd ud M
B4 » Odzed € d ( 3. 4. ¢ . mtedmMisd Odzso d yo© wdB dtsc
ZOkS (Rul[ wfLizt)eddtcfBlsj COdedwY L Olskz{ dz
HokZrWOLd &3 GJjlsjtetsegj deder d3 dzdL S tsIsj 3 § 6O
ststedstsy j dzdi® Ots A€dzts 0

1 ted tsBlsj Shpdgdial- Liojzd Ists € ®zds d3tsy dzts o H j dz
Cslstste’ j Bsclkzls ftoslsj C O 1§ @RS o toig @7 Higdes d
CsdBd dz2Oydw = :

1) dqLd3j dgj dedj MlstezCIlskter EHOdats?2 otdz
ksBtsos?2 YOfilsd BBISj COj Bsets Isj dzO;

2) 1witsOdtokzh jddj ®BIsj COj Bsets; Isj dzO Ise

3) i dd3d®@y | dzjsded pr'OMIsdy dzO  dats-Bdsts fipl
sBlsj COj BYP St Isj dzO |

[HdddZ dL 90y dzgj2hdr JOtOR] Istctse {[BFYJ
[ dzv COYHBGEB d2Of " dzv j iiIse s OB EPdgP MBHBW |
oL®BHH j2Mlsoadw jcets i fsHdsy (2, ftod Sl
lteddswIss MydIlsOls+ ybsts or msCoOvw MEtstetsmlis!
MskHOtejdzdd M  sHAzsY B2 d or mMmsCtsy dzts €
Ctsdzls OC sz d3j s Odzdzts o W tdg ts dzaStefCRn f CHT dfH dizr SR st



11
d ¢ sHAdEEQL 2 Ispw W d L dudsitsh $hffvis ffisoeWipisie 2 § Is
tedf). 1

Oxcrgaan UacTema mopomsa OecraTes oRcEIECH ITeHKE

mIeEkRa C
Paspeis oxcEIROH LIeHKHE
Hanpasnesne
XTH + -
Papeie oxcagsol mieskn
\5 _

t dfMtEsE j BOIsdydts] dLBBELOY jdd] Ystdhdiese
YOy s tetsh O] dnc OH 52

Mope

1 Otaf Mz dzCHfitc jH MisOo dzj dz0 §tddzydf d Oz dzOW
COLBH] OB Yj MS ses dzOf r dzj dzd v .

10 My Olsr 2 cOL ftsH HOodzjdzd j d3  tSH
20 cOL ftsMmiskf Ojls 9 MoajtrLokCt
30 f stesh Ctsor 2 RO jtcdOdz f sHOY Isfqw o f
Sedlsdud MSdd3 M ujdzdj 8 Msf dzO, o b jet Yy
Ol BsMW j cdets @ 5
40 yomlsdyr bkmMSEstewe smw ¢ OL 8B 1R Qfftshits;ts ¢
50 yomlsdyr oL OddisH j2Mlsoakzels M e jtorn d
B sOdzdzd yj MEétsy TsCter Isd g .
t JipsZi) teddzydf tOBtslsr d Mmaj 3O ydatsj
[36]



12

I ftesyimmd my1 My O™ 2 cOL tydh ojilsfmw
fsSHOE s YjtejL toj ckzdw st sie®o dzpdzdey o ®Is§ @zl
tOLtSGtej 9Ot ls Hts dzgj SBAtSHI®BE2 Isj & jOlskts
O v j & 2 fttesh S dr  f d IsiOtstg sEwWis Of tsiH@F ds
ftosn SHW N dd3 G OL 503 d dzO or ntsHJ Mo j to
or Ml M Bk ZOW] L sEsr] QB2 M Md

RL9 jMlsdats, yYbts &O VWsttdhdtetse Odzdj €
Btsdz' hz¥ tsdz detwOsls sOCd] §O0LO®Rlster ,
{fsHO9 O] Bse g tO®BEZ@O I § BHA) tes]QEj dAsOO 0 d dzts
Isd B J cOlskzter cOL G tedsyy Bbgz] dapyf r dzj dedv § ted
Btsdzj | f dzsldtscéts f sCtes Isdizj S B RAOC s e 6 P dzd

1 sdzj j teOdeded | [4f, T8 dijsiE 99 @dilf's L OC o j f dzj
BjlsOdkzezd yj MSdr yYyoOfmisdy &O o jten dtsfylsd
ddzls j tco @BtzfnlsHessls 400 HEts 1200 d3/ . Attod
ftesotsHddzd §sfmtejHmMlsotsd & j ddV e jddzff?2 )¢ Oo 5§
OB Y] GBS R fils! cOL Y tssh S22 Mdj Md
COLBBR. uvOC, f(td dnic®dtayPs @dzdd fMd & &Y p s
{50 Bsyjls HsfMisdeEOls! 700 idg/2f9,0 [@/dfPEd
dHE o' MsCt2 Mtsd®smisd iy 1didHY swOL i 43B i §
1T dzs E2Mls Odzs o §izj 6zts o Is j ectf{dslsf QG E OF MC stetsfls
MetstesMis! Isjyjddy csksstO, O OCY] .Mttt

vOCYj, BN dz teOMmMmdsslstej dz o tstf totsfry o dzd W dzd
ydmdzj LOSCtjfdehdamw yoOmMisdy {pktts®K®? . .§ tc
[44 EMlsOdzso digds ko j dzd yj dzdj MCtetsflsdsH dEBY !
sBtcOL ts9 Odzd & dz4 stsdz ¢85 CtcOIlsjtotso sls s
LOCt] ffimstda C so ts6 5, D Istfj wciyfdRdrpGlzdf dzg i fiz¢ Stos
Htis 850 &/ M fted dMmY tsdz L tso Aedpdsh J ted Ml tzd &
LOStjfdoh dafmw yOflsd Hts 0, 5

O dzOdzdL FOwLOCIjt® HJjUWtsteddOYydd yOfMmisdy
f s5COL Oar j dedsusj dzd jH ofigf Sty teis(fty i dicemtisHduls 26 d3al s Dt



13

s §jediQdedpy] meMistWIs]jd dats B' s Hj O«
@O " dzj ded ™ YOMIsdy o tstctld CiPAsE] fllstsec s Odz¥ dsc

Ou=625 &/ f;
BY=730 o/ f);
o)Y=850 o/

{ MEzARL SBteOY jdadj HjUSRdss Odzdy’ & YO
MeCtetsMiswan dzOf " dff dedw my 1, s/

sOCdd KBLE@OS Yt HJjdj kO L 0sdhnddshls:
Bls 8 MEsEshse A Giejj dde®HAg?  § 5k yj dedzr &
EjLbd sOte Mdjrkjl, ukts fisjfjd HJj!
BJLOL d3j todzts ¢ sy, /H,0tc &g teH) i §f dztslsdets s , My
HO ORI Uj MS OV Iso jersfhls! YOmsdyr fstsh
flsddf § HiWeBORHdS () DBy Celzfd ~, Is.
Ise j toH 5 Ke'd frp[46]74 j)



0,5

0

[ dMiz4les o d Md G3BMIs!

lted OdzOdzd L §
COYHBGEB
OoLOJdBBH ] 2MIse W

H dzw

fsCter Isqw.
fsulsd dut

1200

fsSter kv dL
COMOj Ismw
B ssHBR M
MskzHOtej dzdd M) §sHASYC 52

B SCesMistelzS Isz tgdr]. @isdlists B8 O gaRIz: dzts

Y Is 5

14

f/u

@]
A/

0
0 O

A Od=10 MKm

A
O

30

dop

dzt B tsSG S

LO Mudlb

3

Misd ¢4 ded

pyLE/H,

sls thyEfps d [48H Otc O

yomisduy
o' M d A

st RdesEOEnlstzC sk

f tsdzz uj dedlzts ¢ s
ftej HmsOo dzj dzO dzO ted Ml dzs j

WOCkske ,
BOls j tod OO

d dzq

d MmMet2Mmlse
d3i e Gdf@BElstczC Iskztc O dBOIs J

5.

HiWBEedBOYydd M

o dzd ‘z'fls ORizts ez Ceyjlsy
mMf z0e © Mk
i tgjlssife'OH s 8 te d3dit
M stesMmisw
a3 Is © dzdzO
~nOOCIsjtedMmMisdSd dzOdzsmMdBsets OIS | tcdi@flOd df]
ftcd dMisd Ltseo OtzPg 59 cHSOYd @us® j ¢ § dzd W
&/ M d i) hsOmed®sn 62 Mdi nd

sz tsif dzOo,Wtbizd agH I Gzdzif o o tsadz® Hf
BJCtosMistezC szter
tc OL dzd y dats 2

GOL ts¢
Mt dzOo C

otsL d

W s te d3¢
Misd ¢4 ded
Wisted3d telz j Is s ts ez
te O MmifinteFsip Jof
fcsCtcr



15

No laser 150:°C

t Mz § d ydzovw i kizlstOs &8 tcfPls miis® dL  dz]
fsdzz yj dedz" = df48stsHtsdz m|

reedd ftodddter § Mgz d Bo Ofdzd Y uswizlzdzd 2zd
sjrndsksecdd OsdsHoGEEE ¢ OL 6 H ded® dds\Ojo M) &
tdkzds O 6, 7.

) B

(a

fodzz yj degdzsects A stsHisdE my 1 [



16

t dmMEzdEd e d i3j 6 dfuw H JsdrdsYO dzO § df daiz il dizdzts G 50|34 Is

dIstsd Is tsls d3j Is ffls 'd,yd MElsts Wsmise § dzdztsyls d
CGOLBHddOBRdyj MSsets dzOf " dzj dgd W f L otdzw s |
ftedd3j dzj dzed W  d3j stsHtso  deRjdi Odpddef W Ty & O&HH] Is
mMf smMseMlse 28 Is & € B aziiptd tc 2 C g Blsizdas G O dzts 9 )
OHHdIsdo dzse s . ftesdL 9o sHMIse O

1d BOdzZso Oy dz" &3 W OSIsstesdy 9 ftetsyj MMy
Oy r dzj dgdvw WwWodzw jIsmW OHGJ L dtsdzdzOV ff totsydzts:
fsdzzyg dzdz' o3 toj L zdz' sOlOd d fyMmdizfa9) dpds) dadz"j Isls
ftcjHOOtdIlsj dz' dz' 2 dzOGtcjo YoHEEYS Myitchks
OHGjLYdts §sYBsOdtsd! " j juChisidiydz] fissftests"n @& H
sdlsOdeso 52 f sHdztsy S 52, o¢dbj70j7dBd) Y dEdAZABE)C AT

I dzOflstswh j j  owg Jdgiey jdiy IsttsteidSdgjtsdad |9 dfigief Is o Iz
d M z0betse dzO drm thMdtsej, o Iksdz ydmdzi O
MsOdzd d HEBERGJA, O OS] MmMd3i Md d3j Is O dzdzc
Cd@BOYUI MEda yYyoOMmsdy (dedlstednr, $OBIH',
H!1 dzj Clsted € 5ebl5P]. o3 IsOdzdzts o |

{ Mdetso dz" di3d 5B dzOMIsW B  tedd3j dzaj ded™ my1

-ftesdL o sHMis® 5§ 58 O Isd2 ;



17

-otsmMMmMisOdetso dzj dzdy HJ IsOdzj ?;

-EfmlstcOdzj dedj HJWjSltse d ftseotcjyH,dad?2;

-ftesdLotHMIseats HJjlsOdzj 2 Mdztsy des?2 € sda d ¢

s O0Cdads sBtOL 5d3, to jsdnddishalp a6 s H O - 5
GOLSHJdO®R] yj MWoacky sde@fvr dzj ded v

-BlsmizlsMmlse dj dzj ¢ Olsd o wzs¥ fipls dsd o 3@ j dRO Is 5 tt
(dzOcGtcjo dzf BtSdzjj 150 Aw) ;

-MsrtcOdzj dzd ] dOYOdz! deséts W OL tsotsgts fsml

-9 MsCOW OHGjLdw fCtrisd?2 (Hts 120 [}

-BlsmizlsMlsodj M Jjydodz des?2 f sHGEetSlstsa Cd ¢t

-SlsmizlsmMlsed] ftHtsGte] 90 f tsHdzY CJd;

-f s ls pdehiffez L 5§ O ¢ O]

-9 Otg! Jigss@izd dz7 St Isdw

-BH dzts 9 teQ@Wg HABZD L dzd ydzr = di3OIsj e Odztfe o ff
fjtejdzijhdoOdedw ftstesh Ctso M yjdzr v ML HOdaC

13/ 0l jtedOdr , dMisd Lbjd j o &jlssHj my1

s O¢ dL o j Mlis dzts, d3 ffotafs @HsHJdETotddls L 2 ¥ Is i ts
BOIsj tedOdzr HdzWw o' tcOh do Odedw dL HJ dzd 2

1l sH foosh O odddkorls M fEzydy oHBOIs
Yyomlsd ydgl s telsh € d S dzOmMmMdW dydelzels 5 ttOL
HJOd) Istelz d) . JHdzdd3 dL f Otc Qaigjhlstfis 0 , W o
94 dzd yd tapmtd p0dzd 2 HJ O3 Iste wOMB GyeRs iy BY waf
50% yofmlsdy fstesh O wOL &iBj e yoOflsdy d3j dz' b

v OB dzdig@zOI MW dS Oydw fstesh Cse s tOL d
Lz f O d, &3¢
1 OdesH d MY j ecmdz j <0,001
Ldz sig®y EMmdz j 0,01:0,1




18

Il " MsSCsHd My j temdz j 0,11 10
[ jdz€dj 10i 40
gtcj Hdzd j 40i 250
stz dz j 250 1000

[Bhdd kitejBtso Odedj 5 t£8 sk ish ODaak™ 1 dayf to
OHHdIsdo dztsds  fWeasdf' plsfgvinlsiy j td yj S OV W tsits d3(
fjtear 0, M Iyodlsdusts BsOR(j S s&f 0CIsdts k¢ d
Bl j 5. -oRS Sl &jsBosHdBEs ©Bj MY jyudls!
CesdBfsLdydd o MmdMmisj 30O~ §5HOU] &OI] ted Od
COC ©OL HBMsdeEOjlsmy §wdsdMmW jtedyj MSs2 Wt

[ HdzOB sdzts 2 fiyls O dzts o izt tzts jaiy fiyfistists 30 yfadgylsjde
dzj L dzO Y d I flz@rjdzizls O% s € G iy lOek(SiEesg Mo sHdIs
f zOMmisdud ME 21 By SteOadpdedd dMMmdzi Hise Oded W
fsdzzyd dedw | S e sfe@lsQtze o ftetsyd MMmd
Yomisdy &34 s Odzdzd g € 6% Gy 4 Sdzis8 HDicHB)dzr 1

WD: 15.00 mm

Del: SE 20 pm
m  Dale(m/dAy): 04/23/12

{ M8 Sy skscdy yoOmsdy §sesh ¢ O4ALOE M
[54]



(I MY j ed @3] e B W' j JL OkMmlsj dzdls dat
§ sdzz yd dede” J dfFAsBHBEB My

] tOBtdf iz s59 O, [C5tcPTHjo B dZO fBHISo j ey
fsdzzyj ddv fSterlsd?2 d dLHjdd?2 dL d§dis
sCtokzeds?2) WWeomeiy dj LHsE s Odzgzd Is @ dzdzds oz
fstesh €d dL Btetsda ' d . jdgushmdgy  YPhis dips O
ftcj Hils @Bdendz@zS j 10.

{ (bl sdsedy yoOfmlsdy fstesh o (L
fls © dzfpS) ( B)

14rj W jrSls 30ls j ted O dzORe, i tasimizi iy gz’ diF Is tzHiy'ls o de,
[ Mdetso dz' o5 Hoj W OIS tBd OdzOR d L HJdzdwn,

OHHdIdodetsets ftetsdL o tsH Ml OEz] j W 8 dzizisls fig'in 62D A
J d EmilstoQep e B tc OL dzts Isff e dzdgifgeind ' Isj tcd3tsH j W 1S



20

SBOBBIS Iz, & isjsdy sudsiPdsid el s 6 © @dziiirR 1 )
[56- 59].

v 06, dMmMmdzj Hiso Odad W o dzd v dzd v Isij © i3 W J f
dLHjddwd, §odizyjdd 3 o Wwsiemday Weydkd
BOIsj ted OdzOr fHtsor hOjlsmw Iseo j oH sfils! | yom
spMistswisj dz Misets B' L] @ RBOUDdE L § ©aAB K fa
zOdzj Mj dgdetsec s dzO@ dBwBOcdzd j or 2 MY dzOoe .

I sls x4 ezejidg ud ddj d3i - Odaff Bl d &34 drio
Isjtedzd yj MS 52 B 'sdzts O BBl @ftetfizty §j telztsICasyNR O ddj
bojdduddd ftjH] zOQH tcthteds iddy ded dzO M6 @ ME
BOIs j tod GHzOUL o J dzd y j dzd j ftetsydetsmls dz' A n Otc C
ftsHise jtoy Hj dats 00 dzf figffdgdifj e &s@veialp@ Mmdeseo j MY
[62. |1 tOBBlsj B' dzs B dzOtelzy j dats dL d3j daj dzd |
sBtOff o o MY 'ddOO dedrfnd™ierdj dedgd3dzOls dzts?2  Is j d3ff § t
fitcjBBHottf S c®Bze @i elzd Y dzd & .

RifMdzj Hise Olsj dzd [ tstc€ ), 63) A otgjddzdd HHiaH. tc tB
pdzd W ded W Isj BB J Oz dyso REE MBI umpi B2 ©
(slsydgc 9 0C k3] ) Htod twWOL dzdydts?2 Isj i j cOls
fsCter Isd?2 zO0 Mdetse j| pddglstsg s {f lisdk 9@ R0zt ,
Isj &3 j cOlskzter GOLO o9 ftoesyd MMy M1 1 H s
o jddyj ded s d Is akptsy i Oz0 5 HY)S.C j o5y dzj( 1
ftoedd3j dgj dzdi By deO o dJdzlsjtcoOdzi Isj BY j teC
dzj L dzOydlsj dz' detsdslz  fdad 3 J dzd ® Iso j toH sfls d o}
tcOMmilse tstcj dad & G teOdzd y MY dzt Istse LO Mmyg.ls
gtso d3j Mis dats o J dzd ud ded J Isj &3 j cOlskzter G Ol
fMded ) j ded ¥ Y stodMmlssMmisd His 2 % tsB. R,53zdr/j dc
lted L Istsdz Mistsdls Glsdgilsdls! |, Yylsts ko j dzd yg
100 0MfAmtsB Miso 5o Odze Mgl igls o Pdedzp tBO L | to dzO

s O¢C gL o j Mmis dats, ) ftetsyj MMmJ ML H Odzd
OHHdIsdo dzgse 5 , 1§ teds d LyDEHsdsdN® d sl O Isdnpw 1 [oldz



21

O oWy jdedWw o BOIjtedOdzj-L, O Cdgjsds®Is ¢ o dattwLiZ
oL HJ AOY o dz) wBFOL | BE &Y. 1 § M@ VIists, yYlsts
M sfhizh j Miso devigfis s Ydatf ded L € B J telskidagt] Jf
O oW yg tsladdsd C @sAOLddrd YYtst W W Jydj delstsea s f
BOIsjtedOdziso sHAzsYCd d tslci® lsd s hiflag d w20
CRAzOIsdzs?2 Isj 3 j cOlskzter

s O¢ B dzts EmisOdetso dzj dzts tOdzd J , 9 j dzd -
fsCter sdvn, dOdshddi 7 2 &jssHsd m] ed O dC
fsHzsy Cd/ fsCter IsqWw, ssdzh ddzr fsCter sdw,
Isd i3 § 6Olskzte”  dzOY 66620 | BSEBMNYdQHQ dzf ded j
ZzOf oW )y fsugd 2Oy dzD , sSOC o &PY:® IscdaifzO f O &) & d ¥
1 Sy &z Ols Oy d tsdadz" | nOOCIsjtedMmisdS d f s dzlz
Efls Ocdzts fls dzz & 7172 s jj et N j ME OV B tcOB 5L O ts &3t
¢ O¢ M smtss o fziddd t¢ j digdaff 6 » J dad 2 ) fsCtcr Is
f sdzlz g dedz” = d3jPlotisHEEY daPy 1 f.ted di3j e Y sCte" Isd
M dz@e6BI-4V §f € OL Odzd , ylsts ko j dzd ud dzd {5 B figlg addf
L dzOudlsj dz' des sz Mdzd sz iz ¥ 3 Jsdgds D ls &y agOk j o d O
tcQo dztso j Mdzes?2 BCtetsMistc@A Bz tcy ts didztf2s o f B t5. qlzlf
17 dzts kEMmlsOdatse dzj dets, yYlsts Mmdedy jdedj ¢ stedmls
M smMtseMisezj Is f adztd2] dfdig s PlaEijlad His 747

Ftcedds + WWJjSClsdode d3 My sMtsetsd3 fded 4 dzd
stV ydgmigolsdyd ¢ s g dbtsd t© daffli it dsutsths kb ts ¢
R4 Is Odzdzlzcke Odfich  Is d o dets a3 § td Hafdidyjuimjfipsdojd . | R
ftcOCIsdyj M&d & { tkdgdzie® dzd Is - f stedmlstsmls )
Fojdduydls! o&inrOdduyd MEAGY]. Mo ts2MmMlsea © dL H | dzc

I sy et dLsMisOsdug Miises] (B¢
MY Otsets EeteW Yj etsMec Qo B sl BjH IBOgzd o dzlz
ZOftewy jdzdj otsCtoze wlsHj dz' dedzed 5 PR C lif i
¢ tstgw w HdWWEZL ds o dzlz Is to d BZOIs j toe d @dzCh
dmMf sdz' L Bg Odrdeizdftclz j A B B[ 2z dz



22

lteddzydf dOdzr dzOv Mo j kO fesyj MO coew
f 6] Hils Oo dgCdz@ dolgfielc § 1 1

Kamepa Kamepa

\\ Cxatblii ra3 \ Caxathlii ra3

Oopasen

HarpeBaTe.b HarpeBaTe.b

Oodpasen Kamncyaa

; Bakyym

{ dMEzEEdEs | GO syl MMO [ RrRIZYM COFM

st yjd dLtsisOlsd wjjns sjalfizidy s o ©dzd g i
Hdzw B dzslsdzj degdv MlstckzClskzter dJLHjdd2 M L O
fstcOBd. 1 HOddtsdB MdzZzyoj HjlOd ftdijh O
MY Olsr P ydgstcceOL §tH HOoadzjdedjdz or" L' 90jls
ftocdo SHHIOIR dzj 2 M j2 EMOHC

( ) dzd ) BZOIs j tod Odzj ftedmkzlsmiseazj Is )
Yyd dzj MssBteOLdzj 4 Htdd3gd dzgwis: 1 R} M COf Mz d
LOCter sk HJ W StoHdblicl | stz sE P fHtslsstets?2 ¢ OL
9 0CkEkzddzr 5 dwOMsMtsds HBs Jsdijh jddwy BOFHE
IS tdZ3SH J Wisted30Yyd tsdad@d®z] dz8 g OBCILCO] o' L " 9 Of [k
COoOffmizdzr , Yt ftof sl Rz mipts @ dzj dzd

v 0O¢, o U@L jftetso jHjdz OdzOdzdL o dzd W o
Mos2Miseo O ROIs gzt t@xfifislor 2 Is d IST6d; 4V, fi) {f figh&XBld
Odz¢ d3d'dzy j ey fgaPfgls JABMg ) HSB OO C ORd ME OdzH (
17 dzs f s5C OL Odzts, s lg sfQirefd offj telaj adas{grd dzts L dzOy
fstcd Ml tsBlicrolsdyd mMistsdz IsdlsOdzj L InlsBdzf O dig®dc!
Ti-6AlI-4V k2 dzslsdzj dzd j IsdgdeC tesBldsS o' tcOy j dats
[drO0dduimMEd) Mot2Mmlsoa O o dMMmdjHEZ] B -



23

fted d3j e dAS %dzO s O¢ COo¢ Btsdzj J f sdzdzts ff totsh
dmmdzj HizJ d@3" = MY zOo O~ .

l Httkzetsds dMmmdzi Hso Odzdd o dzdw dzedw | RI1 ¢
] dzOoe O, f sz yj dedzese s 3 sStsHtsdZ my4 1, Is ©
fstedmissmisd o (st ilsdd dn &gy wBlyigalzd dzd L
WicOC Istse tc Od3d dL dzsdzts o sBtOL Yytso f smdzjy
JdLMmMsOIsdyj MEtsets ftoj Mntseo Odzedwy Y HIse jtoH (]
dqLd3j dzj dzdj ~OtOCIsj tc® WALLCHHMRYY tdi k. tcz f € SG 5

4444444

! ALY RN L DL & B v R, N
WD: 15.68 mm VEGA3 TESCAN| SEM HV: 20.0 kV WD: 15.48 mm
Det: SE 100 ym SEM MAG: 500 x Det: SE 100 ym

SM: RESOLUTION

t MERBEA tcOC IstsetcOd3d3r dJL dzsdidseo B OL Yytseo
mi1 (O©) d my 48R}l (B), w6

slssdl Sdijlsdls: , vyt dj Miskey d&O §t
MstekS kel d fots2mlse @2 fiusigtaljlded® & d dsiflst
s lsd B Us@Edes s duj MSdr §O0LOdijlstess  my
Wodw jlsfW  OCkkOdis@E2 ClO0H Oy j Uzj S BlssEr R
kdlsOdzso’ o M &zOo OF) ©MsOjlsfMy o' X Ok tc d
Bj R Oded WjAfSlE[F dgmysils BT IS! dzj HsMls Ok sydy .

15 dlsOdasp ¥ §tc i3 B fa@e Jf © gzl ssH A3 My

U ls Odzsigjrivjts to 3 tefizt] dsDapO" divfe Stjte d d3j dzj dzd J
B &zOMBw & d3r " dzj, dz@ets )@ f Ig to tsoff s’ H g @ d@lsgjsdj Is



24

tcOC j stsMmistetsj ddffdts ts dg" etz fn & v ts fryIstcash pifstfCtc ff 2 f |
G Bdz J o ddzatizdf , d H oH[tg.O)ls,j OWAsty BfdrdCIN) tcdz OC
Ol esC B HEOHEFer EMNMsC 2 CtetesL dsdedets?2 1y
ZHj dz' dzts?2 182 ts Bt IS a1 O dzdzts 2 6 ts s 119 = yatias: t
dmfsdz! Lz lsmMw 9 OHHJIsd dzedg ) lE B dzis & tkH Gzt ®
Coi3f sdz] dzlstseo O1 tesC sMd3d Yy ME s CIs jdA dedpsids dixik,)
stelzndesmisd M ¢ sdzkzuj dz§ g &G dEPrepizd@3sX deBd & P i
Of igsamfgtf o MmJj &3 ¢ SBY Sdpj dEOAEEzOD B2 HidzlZis@3 ¢
HOdzdets ] tsBMlsWIsj dz Misets L OlstclzH dgv j Is 1 85]d d3
t OmMmdeslstcdd3 1 Isk ctelkf f 2 Mf ZOeatse Btsdzj §j ¢t

1 Of tod dpjdiisizts o 7§ MmMdzOe r sd{f © l uv6 ftcd o
Odzs 3ddzed j o 4 MY dzOo 7 SLHRRZOE§ s tethdsXz BaP IS ©E of
Slsd3d yodzsfnyj d4g @)dzjsB s OL dzj J o BMMIsOdzO9e dzd 9 Ols
sdlsOdzsa " » BN TZOOEHE d oQ@esHeds JtoddL hsE s oty
s n szt g Y toj otsMrtsH Iso Biglg ks @ dgats Mtz fs fptb® ' fif o &
1 Csdzsdzd ud ME 52 [ W dz@pGisdiezdzEdigls § 52 MY s dz
HJWstedsOydd IsdlsOdzse’™ » M dzOo 59, i sogziz myy 1k
weo dzw j Isfpw  fdztsy @2  talGodaddduni 2 d fif i) df§80® o O Bzy
fSHISo JYHJ dZO oL @3y detsmis! § sdzzyjTa@dw ¢ 56

1 0 f tcded®BtdfI10]] B'M dz ftotseo jHJdz OdzOdzTi6d4 o
fsmdzy mo d §tfmdjHikzshj2 sl giddhgs)
fod & dglelefdc © §od 53 WY PAYREIGHEadOUTIS]
mMdzd L d dzOM+ RIS teslse jtoHsMIs! § sCed fis)fwl 3 k¢



25

5 450
45F 400 | I I I
4r 350 |
~ 35 s
= 3.27 5300
S 3T
- @ 250
N L
iy =
§ & 200
g €
~ 8150
15+ ps
L 100
oS 0.43 S0r
0 o L— —
HT-1 HT3 AR HT-1 HT-2 HT-3
(a) P[OCESSIHR condition of the coating (b) Processing condition of the coating

t dMEWBEL | dzd ud dz20 § stedMmissMmisd d L dzOyj deq
gL IsdlsOdsts T4 Pl d@fou@z' & 106 s fls s W dzd »

] Hitket?2 ©OAMEls jB "Odatds tStctisaz [ j dats § S5C tor Is
1,4 BB, M ojddudds? { ottfindsdsdisz] U4 dz + 1
fstedmbssmisd §tedj dgdzy i30d M ez L BPERT B df Oeiztsg
tdLzdz SO ( Afpdzg HBO@RAEREE fsCOLOdzd, yYlst
dzd Sslsdzd yoj smw ls WOL tsotsets ffsdHsios jCdsytsHad
wOs by ssymniped ¢ tot ddn.~dsjHaddistad s o s 6 tsd3anldsnidsdX
tcdfm). 14

(101)
(002)
. (1 OO (1 12}
5 ‘ ‘ (102) (110)  (103) p/(201)
g I lll L,,.,JL-HM—..
Lo
A Iﬁ\“"’“"‘"’“‘
20 40 60 80

20 (°)

t dMzsC JtcOC Is s cldcPisfoslts o s dTiAHTBY dAfOd G MO my



26

1 tod dgddelis J e d3d ud ME 52 siEOEKESS]S (i) d&zniss a6 dr
o j dzd ud ded® OHG AO]d 1O WEIEQW] filzls Ols™ L o
BIS toslse jfomus@dzd j vy ldz® y f dedl y jedzdzs e 5 o3 |
kdlsOdztso sets § SEjtats Isif wycpfldgets sdlsOdz0, { ts
M smtss O3], L GO f 1y gizbizts cHsj W s 16 tigts y dzj dzd w103s
[ Hdz@B ks EMlsOdatse dzj des, ylsts ftedd3j dzj ded j s
Hdzv f sdzdzse s EMisteOdzj ded v  fOts tddg@rilsitsidn Istff tc cpo jd
zoj dzd uli daf® . o pdfjtakgfvdzj digjlsdadfic Os  Is Odetso ¥ 3 Thigf dzC
My smtse Mist dzj Js EisesiZsEzizn j dzd¥ fetsyj Msetsls d
BiqLjto] Gelesagtelzlstej L jtoj dzdetscdislz tOL telzh j dzd ¥
WiecOCIstseteORB dJqL ztdBiHsd igyf " blzr = B OL Yytso

! ~ V. ‘\: " \\ ng ,-,"w" A . L A
t MEBEA cOC sscteORB dL dzsdi3ss SBKOL 5
T6dnts d ftsfmdzi Isjted3dlagi M2 BBKO

vO0Cddz BBOL 53, BBy dzts MH j dzOIs sB N d=
fsCter sd?2 dn datejjediafj?d3r d3 Ektotseo dzgj A3 d3j = Odzd 1
sdlsOdzsor = HJWBtedsdtelzj d3" = M zOesds M dMmY
OCIskzOdz! dzts?2 L OHOYJ 2.

16¢dzs 3 dedpdzOo § Bzl SBH BB My

[d Wstedsdtelz j di3" J Ofgzf aid aizdf jeds'S js dmYf sdz' 1
Oo Oy @iz 5 S sMBsd Uj MS 82 kjoddSj, Oslksd



27

OHHdtGdiptes L o §10AhIlsoy j d3 dzp ¢ d3g dedsindztso dzetsdz  ff
mMddzzddde 1 eolsj SCIsdyd MS 565 IsdtfdeH, to JUstsliEzts to rjls
sO¢ Y J tedzai y J SAQ O Mo w L Odzdz" n M dn or s
My smse dzsmis' & . ditslse j sMmise j dedets, H Odzdz" |
ftesydetsimisdz” 3d =~ O tsg L MFEEE @ufz@ls j dzv 3d , ff
Ylsts Hj dz®f tsd cdeBe elztizth s L H Olisdow) Mdefiipls 8 | H jtdOEdg jIs?
My ls d4qo5108.

s O0C, M dzOes "™ dzOAINIfteEsE B g falsdedzi d3 MSE O
fswodoehdj-Bw cBHOR0 f totsh dzses 9 C0O o g ts
ftod 3 daj dzt$p dzOMmis d HejOs GBS s © of d O\ Jasalafifipt? s dls-
or MsCdn & nOddud MEdr d [L0YfHYdRODIS O wiOSRERE
Slsdzsmw Isipw € 52”7 Mitedd, d&OWHEZ M or Mt
~tstetsh j2 Mo Otcdo O diislsmMssPLl@GHistck L [ s dzdz

s O¢ dL o j Misdets d fripls JAlRYoeBO df &4 o' MsC dn
CtedMisOdzdzd L Oyl s e rsH@o BV j Isfw ©BtcOL B9
Or Hjdzjdzgd?2 dL Odz¥ B3 dzd j o sceas] filstfo il UetHos@ jisls  teaC
1L WWJjClsdoe dztsg ts Hd MY j tihd sdzdzts G 5 i tctsydzd c
sjtedzd yj MS 2 BtOBBISEC | L O BYyos dREgodzj
 Odedz” j SO Y o] dzlsdzr dGFOStedyy d dd3j ¢ ls MmMlstek
MM Be&Ejdlse Oy j tmdz" =~ YOMisdy kxJ dzO
Iso jicHBGEB tOMlso stcO, -1 & O.Lqif, dEdiz v @ e} H € @)
L Od3j H dzj dzd W tcOMf OHO Iso jtocHISE S o Crirplisdoyts)taif
CsOclkzdzvydd ftesHkzCIste t©OMY OH O, 9 MYidzO¢
YydicStsdzed?2, Clstster 2 diisy jls L OB "N Ols! HEs 3¢
9" HJ dzj dzfl¥ScBr)f f O

I dzOfls s hHjdpY  oQe iy ldectsodoizt=O6 i f) Izg € tizfOnL djetss dat
f dzOo tzj olzd f tesyg MMy Ccltetsc s ftcsdmr sH(J
tcOMY dzOo dzj Jzdzis dzts Mg dzis BaaAmdidy o Mdzj H HpsijsdOm
Al-4,6%Mg-0,66%Sc0,42%Zr-0,49%Mn. | ftesyd MJ H Owfdds fzdzO o
Wistedzddtolz j Is ilpdzOW d fififflsjtadzr C stc©® L © Mmuyd Is M H



28

Cdzdyj Mlsoa © MC OdzH d W d ydtes sded w ) Mt c
ted Cted Mmils OftRAIFO Y d d

ltcOB Y| B[z j dz@ §sdzsydlsjdzt dgr §| tjLk
M z0Oe © WBlgMgiSgzazp ¢ Oyj Mlse j C tsdemistclzd y g3 detk
e[ s MsMisOe 2, M~ tSgajmelizy ! fipts d3f flazem{Higs 2§ § d
Slsy e BB teOL yoOd3,  tsdzkz yj dzdz'terj y afjizts BtO@ AJCY
M smMtseMlso o Odzs ko j dzdyj ded® d3i » Oded yd MS d
0o=424i4 38 Mi,=465480 M@ Mmujls o' Hjdzj dzdw
S dMOdedz’. » o7 h §

[HdzOCot{HE o MES2 Msddshisd M OdzH d
[116, 117 BT dz ftoso jH fdzdzRugpdedry dJLHJdEZJ2 d o
mdMmis AldMg-Zr d3j stsH sd3 tHEHIsoad ey H j dets W tstocdid to s
MistelzClozterd Midzy Hizj 3" = d BFlasjote d G dte di3d o I
Mo 2 Mise O] .

I tlsts?2 MmewiLd dMmf sd L Sev@8afje MfftaOwjtsiph
Bsyjls B M jydls: ¢ tstcj dadats j Wstcdzd tots o
fegr sd?2 f ftseor N jdzde" 3 Mots2fmiso OB OGN 4 d f
dLHJ d&zd?2, ¢ semtpidsdpdeditsddBwuflss] o dzscts . § etde@ €
9 dOMlsswh d2 dBsdhii dls BlhikzlsMisokels o dzdlsj t
shdzse § M dzOo s HOdzdzs?2 Gk ", ¢ tsdzkzyd dac

[ oz e d d3d ftedodzj C Olsj dz' dgr oz Odz¢ d3d dzd § ©
ftesdL o SHSidddp jydfrpdzj © d3jIssHj R tdzsHdzsEts
weo dzw e Isfpw Mt dzOo ' Isd AlCu-Zng 7 6 BE st jnls J dgidzw !
or MeCsftetsydz d@3d Odzs BBddedd o™ d©3gd MY dzOe O] .
M zOsa O3 Isdf © d7075 M smMsBMisoalzj lsts®ts
Mistez ¢ Iskztgls s fiffjudfisme ffigedzd ¥ 3 =~ Odzd Uj MEdn
[118123.

vOC, 9 tOBRE | BOaisstftsed OL Odzts, ydstso ols d
dbp7075, ftdzzyjdde » KBjlssHsd Mmy 1 Wstedsdtc!
Mudls ftsatsyHJjddY syl Mhtse tdi.d. tc QBOC »



29

fesnsyHjddj tjCtedmsOdddL Oydd o &OIlsjtd
Eftesydey ¢ h dn WOLByYJsiEhE] SHOSY sded3@edd § tod
fstesh CO 5 foHdsySk fosdmMisHdls yoOmlsdyde

i dmMzBERL sBOY Jdzdj MkeMmMstczCIskzter 1 €Mt
mMf z0o © ¢ ¢ 70245, 16 [

]l wOBRE®H [BM dzs f c5COL Odes, yYlss o { tets
MsLHOddd d&j sOdzdzdyj M¢ st §stetsh C @ Od 1O gt o
Al.CwFe Mg,Si, Cslstster § Bsekzls or HJ d&zv BlICHAN 9 9
ftesyj My bjttdddyj Mits?2 BtOBBISC d.

lteddzd dzj dzdd Isjted3dud MC 9 ¢BEOEOB st &
d uv=480 ACyfpls(chypdBindsts steljf @Gad™ o f tcj HiSIso to
SYOoL", O IsO¢CWOMLwHe dfj six(tvtc” §j dzj B dzOG 51 to
20 &BjnoddyimSdns Mmots2fmise OJI2NM] OB E  fe(
sjteddd yd MEts?2 BteOBEIsCd ¢ Mf ZzOsa O3 Isdif O
o" BtcOdedz' | PpBitej@e@dddzitcrls  otcj d3w BT dzd dzj
tcOMmilso swWjedfv.

COCBJ .,z f 8COL Odets, yYlsts ftoedd3j dzj ded j Is
fmd mls j AECu-Zn, i sdzlz yJ dzdz" n dB3J IstSH 53 n s dzts H



30

dOf " dzj ded %, MmMYtshtseMmiselzjls f§hHbo"§ &y | gy &,
sBteOLYse L O Myjls or HJjl8f dedvw EZff tesydav e h -

vO¢ COC 9o dzOMmlsswWh j | otcj Y oL tcOMmIs(
BOIs j te d O dzO o3, ) ftesdL o sHMIse j o fmj B
Bdets ¢ sW z@EzydEts iz § ¢ o Is dovdzda] j ¢ s3BYsE ucd WOdizr .
Jh g s H dzd o3 fjtemtf jSCSIsdedz i3 2O tc Qo dzj dzd j ¢
CGOLtSHddZOBR]d uj dRtsces HOEOfISI OHHJIsdo dzr A
fedzzyjdzdjy SR tLdyddsder = BOIj ted Odztso .

btodsd tetso Oded § 3 ls@dgaiss alzd o 'd BT s ¢ S A H 2 d
d HdMyjtmd &3d YOMIsdyokd §oLoBdY]ls
B rOdzd yj MSdrn ~ROOCIsjtedMmisd®S: ftsor Mdls
Bts H Iz dz Eftekze sfmisd, ftej Hjdz orf dztsfdzd @ 5flsd
LeMmY dzz @RIy d d

UOSE®BISsL dydisdzdz | B@EOjtedOdzr dzO tshdatse
COC 6061, 7075 ftejHmMsOodvsls M2 ]
OB stetsdz d3j » Oded yj MS dn Mo s2 Mise (or s C

Isj f dztsf tetso tSH dzgsfls ! |, O OS¢ or Mt OW Is ©
Oz telze h dr YOMiIsdy) o IsOCdr B d&zOMIsw A
Ol e sMmdsd yj Ms Ow d1Sld&s H & o'z H EzsMBVYY it

CoiBfsLdydtsdzdz 7 BOjted Odztse Mo w L Ode {f toff
Colbstf €slsj § O Is ndddyi MSdJ ted ©C ydd dz
Col3f sdzj delstse (o Istsds | adiizj , ¢ Iss€¢hdzj dglls
GOL tsH  dzOsEd WzDM ¢ B dzd W 6 OMMBEOIstede O sfipw ¢
ko jteHBY OL d 7 3] Sstsagtste L EidHsggdROdws o .

vO¢, o 1¥Osfgts@Podedlsj dz! dz" 2 OdzOdzdL BdS to
Mo ts2flse Odz¢ B@zd pHBA OB 5L d yd s dEif2ts ¢
{s5COLOdz, yYbts Otdkdtse Oddj Odzs &3dded j o 52
ftedotsudls ¢ Mmdedyjdeds (stwwdmistsmisd o &OIs
HiWistedsOydw yofisdy o sy My my1$ Qs diy



Is O[ s Gbmdzq’ L dsq ¢ tGlIStB]QS@l]Z O rids

31

dtc B fffta Od A3z h j M ls

cOMmYf sdzCE@edgiffiylsy Misr CO HJ ¥ Btz tetso Odzdz’ -

[EEY

Il T osHE&ZPB] 1

Ujmdsdsed L o s jIs § & uzdy @8 L Hj LG O dzdz'

Mots2Mlso OB, fedzslstszs?2 Jipdejdztsdz' h  dzgise O
MY dzOe tso O OS] otMMIsOdO dzd o Ols H

OHHJIsdo detsc s f tetsd Lrpjt=0m]frildsodCy, dz" de® el d3 J tdatz"

{Mmdese dz' 30  ftej d BN § Mifa GEdt BelizEHfO3d m s

OHHdIsd o dztsé 5 'otety df Usany H fifistorGe Odzj dzd j W OL
McMlsOoa O ®BOLjtedOdzO, lsMmikzlsMiseadj f dzOs d
fsLosdzv jIs ML HO9 Ols! fsCter sdvw d dLH
I O dzdzts § sBMissWwisj dz des thtse | teizs s fodddodst
~dBdui B gdzOf BOIjted Odztso .

1l &OkjdOdkOn, fodkyjdd ° &jlssHBGAE

(MY dzt stse OW) MistczCIskzthds | { PdedfifsugdsOyg QL
fstesh CO  teaff d itk HiOsdjdzg & &2 H dg | ds'didO o o
Mistclz Cipfzdej Mts fBtdaf@ig jads’ lay] MIE jigidgaffss H | W 5 tc BO
s5B OB 59 ky Ofisldzs fils d

1 5C 0L Odzts, Yls ts i tod d3d dzj dzd J Is j to d3d U J

LEMsOduj MSsets o] M Oded™ M shs
fesyj Mnse HdWWkLdd o ®&EOjiedOdOS d
f stsfffylsd, khlsttOdzj dzds thMisOBYd 7 o dz
fsorh jddé &BjROddyujmMSédn MmMet2fmlse &GOl

JHdedd3d dL BMmdeseodz 7 Ctsdefistelz ¢ yd tsdedzr n

ftetsd3’ M dzj dzdzs@isidIsdo dzsd3 Y tetsdL o 5H M dzy ¢
sdlsOdser § MYy @y " Ok fs@dedd o' J Abifigzge
HEB 08 & Odd M Odzn d 15 Oy § Uste Ssfjdarfeint dB d@gd J
f @ f © ¢ 7Mmdd.Ld M {Isdd etsftesh ML



32

RO thmdtse] HOd n cthi v oftf B®dwe OdgJs!
stcjBEZjls docOf o@dptisds Cls j mndesdzse dd dr f sdziz:
6.1 sfis tsw dzdzts tcOMmiskzh dj Istcj B s9 Odgd W ¢
MY smMtsBMlsokzs s tCOLOBEISSCd deso" 7 dBBOIsj
yomisdy, fsLotsdzveh dna f sdzz yOls z dzd €
dzj o 5L 3y dets HsMis Jued 5 Zd3@ls Hig diD diAl. o L W jsn
B' Is! cOmMmMBslste] d&zO ¢ OC sHddz dL LWw
MSLHOddY CtiftLdydtddz =« B3OS| ted Odziso .

| ZOofO0R) tod O dzh d WddgiHds B 50 Odad W
21f Olsj ed@®dzrj SIst dMimdi H o Odad ™

J zZOMmlsswh j 2 tcOB tsls j Htzd Oddftets o g H gzdzd
By sOdzdzd yj MSdJ otesh Cd MdzjHkzs h da M dzOo t

1. vdlkOdztsar 2 M dzOe 1 v 6 ;

2. ¢dz¢ &3dded j o " 2 AlMP-EYe; fd Mmlsj o3

.sBYf sLdydtsdedzr 2 @ BOIjted ®dz 06 i dattos]C
Yyombsdy $ OtesIJAHDY7GREORdzd W

] steB U tsdzlz y O dzddz yjalsttatsss | 4 des e 5 §f dzOL d3j dac
yddzddHted yj MSdr L Ol s dMmmdzj Btz L B o f
dLelstsaldlsy €z j e B wHPBdz L s Odzd ¢ sdBBdzj to
f stetsh ¢ dLmd mif gaGRIEeZ r |, i sdzlz yd dedz" 2 34
OtsdzdL Oydd o ftotsdir hdzj dedzr = bkfmdzsedw s dzO
({s tovao], (Mmdvy).

md d ud M d2 oi3jfiptohgidsiofoy) MCdn fstesh Ctso
dMfsdz LEj & & o dOMswh jd dMmfdzi Hise Odzd d ,



33

v OB dzd-m@ B UJ M R uEs"riisttee

g dzOo l 6
501 1) Al \Y Ti
' 6, 21 5, 04 sfls.

g ff &zOo Al-Mg-ScZr

Mg Sc Zr Al
B3O MMm.

4 05 0, 32 0O, 66 smis.
g dzO o 7075

Mg Cu Zn Al
zOMmM.

2, 1 1,60 5,20 sMmis.

2.2 MBIEsHMs] cOLtHddOM®Bdy MS ] dOf r dzj dac

letsyj M 9" tcOh do Odzd W shizh j Mkt dzay wpt
GOLBSHdAdZOB]d ud MEsets dzOf r dzj dddpact Spvay Bystemd571iy) t
(Impact innovation GMBH, | 4 e 30 dfdflyj WA OOY to,r 26 BHRE] yd
fsHtsGtcj ©  SH diisiydR@n, jicEipGIOB@Fils J d3s?2  § sL d Yy
KUKA KR- 22 1610 (KIKA Robotics, 4 jtd&kOddw). |
dimy sdz' L s ParY j t©d GsdsO d3d B f dzchi dzts P p Uz O d fy d d3ts
dimmdzj Hizj B2 cGlkzffr M zO0e 5o

l ftesyjmMmmy my1 90t! qeso Odzdm! ©OCdJ

-cOfMMistswdzed] Bls Msf d&zO Hts fsHdY Cd ( di

s B3 JcOlsBEO cOL O (O

-HQo dzjdzdj cOLO ([ 1 0O);

- h dzgsmlsy  &zOL JteO (1 1s) ;

- cOfMAtsH kML O ( BB



34

236 j ek Yj NS OY ©BEOBBISS O

v tedzd yd mSzs titsts detOw jtsdadi' Iz d3d |9SBHIEE T 9ve)
Ot sddzd j o tsctf DEBPBEOJUYddzdscts & fda
Naberthem N60/8HA. [ sy dc tBtOL ydas gfdeso g dzlxgd O o

U tsydetf fislsi v j o Odzd W  tisjj W BtcOlskz to
241 stV udd dLssMmsObduimMitsd i Mmtse Odedd (

| st yd d dLMisOldyd M s ftei Mmtse Odzd J
sMkh j flse & dzdHIRERIO/1S02Q06&IO @fl4cjdsBRAAG.

25{ftejHjdzjdd] clePldzdistE¢ted uf HEBETEOMNSMIS O

vd Skud mis! dhmdzj HEzj 3" n ctelzff MY Lot
R ) 1P 4185 136 M dhfscd LsoO0ddj dis fttds
Slse j2mlssdwdsds 5 f stesh C s NQ, HzO®! § & O Mk
OtedW dsd sdyd MStsy LdOyYyjdedy s 5 Blse jtmilsdH

| tcOdzz dzs 3 Isted yj M< d 2 MsmlsOo &34 Is O dzdzd
f sdgtsh 4 O dz0 dzdp JPNDsAB@ nanoXShimadzuy C sdzd W)
MlsOlsdMmisdyj MSsets Mo jlssteOMMmj W dad v . L tcOe
fsitsh 48 ftotsctc OBBAENGIALOGB J M Jeu Hdzdfs'f toj HJ dz
Yyomisdy dz0e jMClz {stesMy@teby My id distmprierf
mzmt J deL d ootsHddzd o | Odi@dsdy,jndngtc OwlEDigh]i
WS mdictse Odadz 2 ddzH j S o] dzsdBdzj dedv Y Ofls ¢

t OL ) &6 yoOfmisdy BftjHjdvjlshv L O Mmayols
tcOMmMmJ w ded W zOL j tedzts G 5 dL dzlz yJ dzd v f sL OH
Ctstgf sBtoOL detsj] tcOMftejHjdzjdedj ddzls]j daind o dats
M J yd OdzW dgtic2izr . 1 ts tcOMmMMmistsw dzd & d&3J ) H
(ddzd Mslse jlsMisekze h j Bz kEedkzk t©WOMMj w ded W)
(Bsdz hdj) yofmlsdyr ML HOE s sy fijdztiz cteld ) thetc
BOdzj dz' ¢ d Ji Cp@ Iy " e OMY tsdztsy § dede” § " e (|



35

26f jlssH ®JCtomMsekCskbicdscts OdOd]dL O

r dzv  dmmdzj Hiso Odzed v T IstdcHEzt€ GsLf ety § ez y Jf dz
BOIj tcdOdzO, dLGEtslsOo dzdo Odzd ! h SadetsLabaiedb dz
(Struers, zoj2yOtedw) .

[BtoOL Yy’ o tejLOdzd it jdzHdC EZdzw todets &
[ BtoOL YT B dzd L Of e Mintse Odz ) i tsdzd ffps d
hdzdW B9 Odzd j d3 ftso jermndesiisd dzO OBOL o dzts?2
320, 600, 80, 1200, 2000, 40Q0. [ Dtz 9 s H dsdaf i alZ@dzdo S H
My qelstso 52 Sitk izl dzLod dv b gizip flzddgftE 2Ac s i Is todz € B o
dLHJddwYa, f dgjdiztary) iggz’ A | SB®BOL Y’ f sH
stcOo dzj dzgdé . uwuBMlsOe twOMIso tstoctso 3 EHNARO dds tdABg dz
Hdzv MYy &Po O@dzv v Odzé dzd diédly &6 HFMtodz@astsig) .

l sted Missfls 9" tcOh jdgdzr » BOIsjtedOdzse
aB3d € tc ts MCais Fe®s Axiovert 200 MMAT il dMif sdz L s Odzed J O3
sB J M J WkiazdWsion Ver. 4. 6. d i to tBq]j tdn@ dj dyicEiEiBfy
dmmdzj Hso-Bded Jtdz] 8 dzO C Oy HBAR BBLOL Y.

[ OL BU®Misdy/ i dgjlecaizd o § dzd yqd dzs?2 Mtej H
fcsdzz yodzd hiBjlstsHtsds MdzzyoO2 dz' = mMiSkhda,
dL d&3j toj ded 2 . RL d3j toj dzd W f tcse sHJddzqd f so 0
fsdzvtedL tso Odedets d3 B tstp O MR tsetse BB 4 &1t ¢ U J dzd

2614 C Odzd to It k2 @Ws to 5 dzdzOW B CtesMC s dw d d3d S
O dzO dzq L

[JCtesMistczC sztclz tBWOL Yytsom| | ff s dgidnun ddgdi t
L dzj Clstetsdzdzsdz MECOdzdtelze b j d3  d3d € dvisifn & tOfdadz" =
BdSCtesmMEtsf ddzjJIls COsH LaB6 d MmMdmlsj disiz
BJCsO0dRO&ZdL Olststc © Oxford | nstr gipoEzjnH 59
f totso SH ddzd ools BagfodsG- d BlstcOy j dzdzr = L dzj € Is



36

4 foksh: s fudms0sesd &d¢S OxEOjdigla cj dz
sftejHy dZWadzd 1 dzj d3j delsdz" 2 MtsMlsOe dL B IssYdz
gz HEj &8 & ctekff MfEzOstse. ulsOdzH Otsls dzO
MemMlsOa O WO dzZO 0, 1 % o j M.

26.2 [jlktsH HdW©OCydd SBEOldts IOy j ddz |

s OCHsB,tieOL Yyr dhMmdzj Hsoe Odzd Htod § sdigsh d
COtlsddz HdWtOCydd BicOIlsdats tef Mifintg dytfiAda] i © «
EBSD NordLysMax?2 Oxford | nstrument s
version 3.5. 1 dzvtddteds dd dE ©Oug d @iz tc O
H Odzdz" =~ BOL O HOdzdz = ydmisr A 1 dzj d3d dzls ts
| nstrument s, BOLO HOdzdlz" = W OL d {1 dzj d3j
hOetsdg 0, 1 &S d3.

glzh dztsyls ¢ By ssHO L OCdz6 yojlsmw o fdzj H
Pedztst o, ftsdzjhOsls 9 COdjtelz BIStosMS sy O.
ZO o jtondesMlsd BBOL YO d oL OdBsHJ2MIs
fsLeosdzw jls ko j dzd ydls' vydmdzts H®IskaiPopl qabz - SE
oLOdABsHj2MIlsoadw 1 dzj € hytsRdzBolz H f 5y D M) 5 dz@
fse jtorn datsisd, Yylsts kFojdzdydoeOjls otsL ditsy dz
[ 46 Cbtste BISteOy Jdede" = 1 dzj CIstetsdatso z dzOe dz
f sdzlz yd Is ddeW stcdzOyd tsB ddzls § dzeind o dztsyls
tcOL dzd ydze'indsck OBY O s j torn desfisd tBteOL YyO. Y
HdgWtcOec ok s Bls ttOLdr » § dzsMEtsMmlsj?2 Ctdm
161 6O d W stO@®tdistddsizizis d W t© tedzacffddafizPd)( § § O w5 d
1 CteOdzj .

1 tod Qo lstsdzOIsd yj M 52 d dzH juSe) @izl d b fic
[IsCdzsdzj dzed ] (el CRADMsots Mtsof OHJ dzd VW to,
Isjdg dzeyh i MmMtslke jlsMisoad] dGiHE BB &OKEYJ
dzd dzd 2 WOL " . 456G dzZOMdets Jteddzgv Is™ d3 f cOo d dzC



37

dzj dz' h j 1 Ctso gtdy Ishtste f @Hsjodzd d . ] H O dzdats 2
Ctst WW dud foi36.

26.3 1Mo jydoe 0% h OW | dzj S Istets dzgdzOW B € tots )

RMMdzj Hs9 Oded ] IstsdeS 52 MbtekzSblzter o tof
My sdz LsoOdzdj 5 ftesMmo jydoeOsh jes 1 dzj Clste
210 1 kEMCtstwe h ddg dzOftewy jdefjds 200 €1 . f
d {dzjteetsndmy jtcfd t dzdats 2 My jStesdj Isted
fMsfmd®@e 200 ¢J1. [BI jSlO®R] dMmfitd 5§ ©dzd s
sBtcOLfjydk®mls d dz’ f dzs® @H ¢ dstsdih d dge?  QAdzd WEilzM S
h iz Wtso Odef j 5 bklstsdgw dzd HEs Istsdzh ddzr 0, 25 N«
Hd MHA OBRj Istets 3 BdzjsiBds.O LfusH 9 j t6 6 Odzd fi)! L dzj €
stcOQo dzp dzdizOflso stej MdzjHEE M j&d & GEOKCEZO
F fyls O dewes JenuPeb  tod dzPd 20 jldz d s j B j tOls 2 t

2.7 t(jdzgscjdatsoOLtsoar 2 OdzgOdzdL (f AP)

t d dzlsGgJ detsW OL ts9 7 2 O dz0 dzd L L C iy j ted d3g dal
dmMf sdz? LsoOdedj i3 HAW e Q&G dekzsie@dBr uker XE
28u j ed3stsH d 2O yd MCdJ tOmudls’

1 jtejH dzOf r dzj ded j &3 B ' dzd ORPwBPPHG Hfz' |
CtedMisOdzdzd L Oydd dMmMmdzj HIzj 3" = M dzOo 5o fn
WOLte " A ftcj otcOh j dad 2 f dimf sdz L s9 Odad
ThermoCalcv.2020H dzv s tej HJ dzj dedW B Isd B3O0dz dz" n e
sjtedzd yj MEs2 d bjtokE@BEE®Oyd sdzdzs?

29f 4 » Odzed Wd ME d J OMPIEflS dsjO ded v de

¢ dzOdzd L d3J - Qaae AIPHEG - M Olsdd Fwd ¢ BaEdc
fose sHaPdzdyd dzd deH e d UJ RYPEBE] BEEGL 40~ 3B, 0 5o



38

v 2-97.[18P BHdEsMdets] EMddzd] ¢ tBKGOL yod
bitekes?2 L sdz .

210f J n Oded Ud MECdd dMy " SOded™ deO twOMIs™ ¥y J dzd |

b dzOdzdL d3j R Oded yj MS drm Mo m2BMdtoLo Yitsl @) itf gzde
Moy fj dv & &) stHsdE JoH dass Hiefedds3d t O
%O fdsMSdE ©BICOLROE OGO §so sHJdd
My 5Ol j d dzEWiCkRBEINZG Bz T OolstsdiOlsdyj MS s
wOMmswy jddv ftod S ddls duddlsj dafz @0 K Hafjo.
B o Gfdej HjdPyj ded™ GtojHj O fesydshsd d

2NRL Bjtojdedj bo jtocHtsMIsd BBKOL Ytse fts dzj Ist

uo jtoHsMIs! fdsL difgjeley slzdlz dZOf € § § & 1B)®o dzj dzdz’ A
hddWHPB (v TIHBY. uwbkh dgslsH O d3 OC dzs YO Ismw
dMmfrlskzjdr 2 dBOIjtedOdz ftcO@o ddz dats?2 yjlsr tey
136A BBj Y HIz ftoslsde s sdztsy dz@ d3d CtcOdg" i3
Fded o j temOdz! detsdy Iso jteHtsdgjtey 930N Wdtds Wa



39
| ZOorOMMdz] Hise Odzd j 5BItaOA,y Sfots dfla y jifddzCRe O3

331 ¢dOdzdL yoOfmsdy fstesh CO dqL Mf z0ea O 1 u ¢

[ sdksedy d ®IStshmstkSlkze® yOMmisdyr:
@ d MPEE 18Msslse j Isishty caBhdts S tlstster &3 o d H
SCtked&zOW, Ci¥Wdydy dzlo oot dj iRy @ls O of

~30100 &Sd5. Jdzzlsted MPHGGa UDb B Y H
O i3 dzda” GBS sz 6O, Mo ts2 Mlso j dzdzOW Is d s O da

L10 = 70 prig
\ £8)- 37m
m

r - .
SEM HV: 20.0 kV WD: 15.06 mm 1111 1| SEM HV: 20.0 kV WD: 15.06 mm | |11y

SEM MAG: 500 x Det: SE SEM MAG: 1.00 kx Det: SE 50 ym
O SM: RESOLUTION

SEM HV: 20.0 kV WD: 10.25 mm

SEM MAG: 2.00 kx Det: SE 20 ym
[9)] sm: REsoLuTION

©O) kejddydidzdj 500 COls;
B) keojdzdyjdzdy 1000 CwOls;
9) koj ddqj &EcPIs20

{ MMy sdZsedy yoOmksdy § 66t 00 ddi
zo j dzd yj dadt"fn




40

Electron Image 1180

10um

{ MEzBELsEl sdscdw yomsdy' JMRtHBREE s

t OMmYfted H dzj ded § { dzj 3] dzls HeC O9 dziAflsdgidH fig O
tdMbdS ] MbYHjlsjd Misokjls © daj tOo datsckj ted
Ldzj 3 edlef8p, (Ulsts MeowL Odzs f) tOL dzOUplistf2y  fiyfldtsy
of esyd MMmd dn- §dzzyj ddv.

Alwt%
||||||||||||||||||||
2 10 12 14 16 ¥ 2 24 28 30 34 40 4
um
Tiwt%
89—
888~
886
884
lllllllllllllllllllll
1 20 4 30 1 0 4.
um
Vwt%
lllllllllllllllllllllll
2 4 1 4 18 20 2. 26 2 4 40 4,
um

{dmzmstony o) v dgetiztfy o dzpBEd YOMIsdyr
luve, uCf



41

32] dCtesMistelzC sktcr OL PEa daff M ZOo O 1 v 6,

[ dzv s to] B bzd dg@ daf didssjcttso OdzO Isj B J tcOlslzt
OzOdzdL O WOLtsora HitcjotcOh jdzd?2 f jtejH dzOn
g e BsH d dzO d3d W d )Y d iz das G Is "ot fnHzfgdsS @ o &2 0 dz'

- N

g a+B+ABTI u' B
@ at+p e
> e I =

g =

o

| 3
29 I g T 27 B
| e® b
s
17 I 1
B f+ALTI

o T T T T T T 0 T T T T T T T T
i 1 2 3 4 5 6 7 3 35 40 45 S50 55 G0 65 70 715
A A
O con. Al eec. % B . con. Al zec. %
1?”5 t | 1 1 1 1 | 1 1 1 i
e (Tl
— —
1700~ e S -
1695 -
1690 vob
1685 'll L
.II
1680 - o
1675 T T T T T T T T T
2 0 01 02 03 D4 05 06 07 08 09 10
8 7

OL slsjtedddyd Mc¢d2 wOLcjL ftod

BYLtIjted3dyud MO0 tc@utcjL § tod
oYtecdo OV z O dzw

t dmkz2BEE j cd3sH d dz20d3d ud MS dJ tThaygolSdlc H dz



42

dbdZOdzdL o jtorndetsisd tMOYHjdedzr 7 YOMmls
fted UAHBAOLOdRZ o' h jddesy MisHjtey Odedj ¢
HOMz dgj 2N j i3 dMmMmdzj Hiso Odedd B' dzts ftod dzv Ists

] OlcOd3j Istsr o tcORd of ©dzdnf dzPo ] dzdf 6 f t6J, H fr
O otyHHdzts & t§ fieffL) to d o3 j-tEais e Hac da Q )i

{ Mk2ELJC oMok Clskte® §Cter sdw dL MY dzC
Mml1, t8BOAwuu =G [

v OB dBiwqd - dats dzts €  WjiSafj k) dzd™ Hdzv My d

tdNd| tecond Ucorolt OMMISIVy e nt OMMIs{t O~ 5H
[10] Aw H 5 B3/ | B A H dzd

f SH ds feso

a3 sy izO
1 4 400 40 50 3 0.35
2 4 400 40 50 3 0,45
3 5 450 40 50 3 0,40
4 5 450 40 50 3 0,50
5 5 500 40 50 3 0,60
6 4 550 40 50 3 0,65
7 5 600 40 50 3 0,35




43

8 5 600 40 50 3 0,85
9 4 650 40 50 3 0,65
10 5 650 40 50 3 0,50
11 5 700 40 50 3 0,50
12 5 7950 40 50 3 0,85
13 4 800 40 50 3 0,85
14 5 800 40 50 3 1

I sy mmy MY j teddj dplo®B Ol ts'ted t6 5 & @dzd
EmMisOdetsoa € j my, Isd) Hif® g dzjOdzdzgsiPFcteHO .tschL dzd Is
H Odzdz" ~H dzw dzz yh j 2 OHGjLdd HCter Isdw fn
OdOzsedydesec s Isd Qi s dag | M@ azO. HEs HOsH
Bz d dzizts3j dzo " tsH ] L CMf jtoed d3j dals O.

o, :
t dMz2RBELdzj " dzed?2 o dH BBtOL YO dL Mmf izOe
BjlssHsd Mmi] d2O IsdlsOdzse 52 1§ SH

456 dzAMeds® j H j dede” i3 { S MY J tod B3] daldsts3 bmor |
HOo dzjtfdH O O GEPEsM B Mlsozj s k1 dzsls dzj dzd fi
BOIj ted OO, yYlsts Mdzdy O4jls §stedmistsmis! dL H
¢ Ou ®85d3/M ¢ f dipkffarsstal fiph dzj H P ISR Odzj Mdetse ©
v OC s e i3 Misdzetsj f sor M jed@g® Nsjj diff § @ OClis OGN A
fper h j¥ HGeddsHdls ¢ fddyjdeds yudhdzO §te o



v 0OCdds
or tcOh do Odad W

44

dL Hjdzd?

sBEBEOMZd, ZMisOdzso dzj dzts,

Yls ts

fty ) k3 dzd @f® dz’ MFsR0 o P

Vo0 0 Do, ¢ ®D®3I5EE/M 1 2O Y] ded b sfflsded &) h

dfMntsH dztsdz s R)INOW dedbd fPo)Y L O dzts

HjWsedoydd yOmlsdy (oesh SO0 d &GOdds?2

vsd¥dydov

§td HMis G geJod@).. 2

SEM HV: 20.0 kV
SEM MAG: 100 x
SM: RESOLUTION

SEM HV: 10.0 kV
SEM MAG: 2.00 kx
SM: RESOLUTION

SEM HV: 30.0 kV
SEM MAG: 500 x
SM: RESOLUTION

| | | |

500 pm

WD: 15.42 mm
Det: BSE

'\

['panHma JacTHI MOPOMIKA

SEM HV: 20.0 kV
SEM MAG: 5.00 kx
SM: RESOLUTION

WD: 10.06 mm

Det: BSE 20 pm

0)

o j dzd ud ded §
B)zo j dzd uJ dzq J

o) koJj dzdud dad J
¢ ofzd ud dzqd §

BISshsickSstO o tsbdeipl wyHsdes d3f § f

WD: 10.08 mm |
Det: BSE

VEGA3 TESCAN

"Misis*

: Al
T

L EORIYO .
fstetsh C O {

p.
"
.

WD: 9.05 mm |

Det: BSE 10 ym

100
500 CtOls;
2000

5000 CwOIs

f) dzgj HisMs Ol

CtcOls;

CteOls



45

t dMERBEL S tesMistezC Iskte® SBteOL ytse dr iy
BjlssHsd my1 Htod tOL dJyds = ko j dz

l stor 9 BBKOL YoOrn tOMmMf sdzOc @Y bRy dizd g af
CteOdzgd yodz yOml§ dnyf dzyf s EdslsGsBtctgh s o  H dz’ it
zo j dzd y Jtezffiy.® ). @BOC ¥ j , ftod Bisdz' M dn o j d
Ho za W @uddgd@v @ fiyde@y C tctsMmistc iz § 1ol e@ZO W i) dsts[AsiPsizts o
sdf O Jluv6e ftwd B Misteis n{StdgdHnisd@jdardj. O dzd d3.
sBtocOL Yysseo ftsmdzy my1 ftojHMmMlsOo dzj dets dad ) J .

V Ka

t d Mz2B6EDSS Otcls tcOMftej HY dzj dedWw dzj c Jtelz
sBteOL yoO dL tshipfdoavwg 1J,vd ¢, o€



46

b 56 dzOfnEaklz yj dede g dz' B P B gzc | dzts §f O o EpdisGEda] L
(tcd®o BBwLOLYOR dL M dzOe O b uHEj donj dedfijr A
ftiesyj MMj o rdgddjHotOgzd s dzcH dzse s ¢ OL SH d dzO
Isj B j tc@GAus jfidgtsd Momssitgtsh 5 o dHd §d¢d 4 dal
WOL Wb Oy jJ dz0 dzf SOC W dzts.

WhtenomsHocTe L L L,

t dmkz2BECd ¥ e O Is SCBEOABREO Miff s8APdz/O0 M6, 1 /

3.3 [dStesmistekzCIlsktcdzr 2 0O0dzOdzdL tBtOL Yysea ¢

razv dimmdfessedgdy ddy ftsyj Mhse HJWWE
l 66, f sdzlz yj dedzr ~ 9B ' ffizc tstfytg themjjH j dz 1 Blsy d 6
Isj B j tcOlshkud] 9B@0 Isj yjdedj Istejn yYOfgB&LOL |
fsmdzj IsjteRdyujMSBs? BtOBGISSd ftojHMmIsOo dzj



a7

SEM HV: 20.0 kV WD: 14.23 mm SEM HV: 20.0 kV WD: 14.80 mm

SEM MAG: 1.00 kx Det: BSE 50 ym

SEM MAG: 1.00 kx Det: BSE 50 pm
O SM: RESOLUTION

o
©) uvA800
B) UAB00

t dMz2BSK L sBtcOY Jdzd]d BJSCtesmMistekzCskzter

My ZOe ©® 1 uv6, §odzyjdd » &jlstsHEd
slsyde O ffted tOL dzd ydets?2 v, 4G |

SOC¢ MdzjHukjls dL ®&ISteomlsttkSlskicdsets C
sj tuglidnC 52 eBOBBICd, o {§sStrkdd hksoj
udzj HESD Olsj dz! dgts, Hd&vw b dzslsdaj dzd™w MistclzC skt
f sz yd dedz ds3 d3d IssHsd3 mJ 1 , YyJ dzj MstsB tcOL dzj
SBLOBIELI yjj dLeMs0®ddjnSs] ftjmns

34f S tesMistezC btcrAE QL PEM daffi MY ZOo O 1 uv6

l ttOBtslsy ¢ BKGOLYOdR dqL Mf dz0e © 1 uv6 B
ftoj sy Qezdfiy JMyuscd®dedj i3 ¢ Of Mizdz' odcj dyjcde
97 Hj 2S¢ quoOmo, ftwd HO9 dzj REEBPL AAdzy ! MK tc
fstcdMmMissMmisd o dMmrBHAdsE BOIj tcd ©dzj

[ JCtesmistelz ¢ Is AdeBClc @t Wsodz" fas M dzy | Reld Mzl i |
R L OdzOdzdL © dBJSCtesmMistekzCIskzte Mmdzj HEZJ Isath) Yyl
B Spldste 2 € sz te iz, Mo 82 Mise j dzdzlz ® Is d s @zks g dk
sBtcOBtSISE (. 1 d H dzts slshizisigkazd jcts otoslagd i ls 5
MstckzCIskzter .



48

g
SEM HV: 20.0 kV WD: 14.75 mm | SEM HV: 20.0 kV WD: 9.98 mm | |
SEM MAG: 500 x Det: BSE 100 ym SEM MAG: 1.00 kx Det: BSE 50 um
G SM: RESOLUTION

G «'.'” A S P P G f’ G 4] A o -
SEM HV: 20.0 kV WD: 9.98 mm | SEM HV: 20.0 kV wD: 10.01mm || (|
SEM MAG: 2.00 kx Det: BSE 20 pm SEM MAG: 5.00 kx Det: BSE 10 um
SM: RESOLUTION SM: RESOLUTION

O) keojdzdyjddd 500 SCwOIls;

B) kejddyjddj 1000 CtOls;

9) keojddyjddj 2000 CtOls;

G) keojdzdyjddj 5000 GCtOls
t dMEz2BELJdC tetsMistslBUdata@So dL M z0e © 1 ¢
tcOL dzdydz" = ko jdzduyd dzdv e, uCf

rdzv kil Odase dzj dzd v % & dgth W dath tzdztisd) to(UyBREMO
COMYtejHjdjdedj GMdsed 8 Gpe®eyOFn diL dzlsd
Ju6o 6OBBI] Brdd fBojHjd' JMig@iny g @ dac
U dzj 3 eztels budfinls d y  fiuEsdnstiC oM s dzg } . o d @)z d8S
fs¢ 0L Odzts, Uls s o @0@A9fd JV © gzeriisdedzyl B iy ditz ds ©
fsMdzj HEY " O dad j| O



Electron Image 1135

49

Al W% Al Wtgh
-
z 7.6
68— E
: 724
68-;
67— 64—
6=
i | | | | | I I I | § I | | | | | EEETEREE [P Jreevaee [ERALTARE EEALTERE Jrortaten Jroviaeen Jrortneen I
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 0 4 5 6 7 8
pm pm
Ti W% Ti Wit
89.4— 90—
: 89—
893
88—
892—
| LI A A R N e A R ) N A B B B
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

pm

VWt

IIIIIIIIIIIIIIIIII
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

pm

Now B @~
1 ] ] ] 1. |

0)
B )

§ sMadzd
§ 5madz

Ml .,
Mm]1 +1 R}

t dkz2RSE OMY to ] Hdpjde) ddamiz)s dzjdB) dzls 5B O ldatf 13 o]

sBteOduUusdtf z@o GOL Wl ydzr » MsmissW dzd W

R L ftcj HMIsOo dzj dzgdzts G s
ftod dBzh j Mise j dzdztshy § foas & © ¢ O dfdtajOwly ) J

OdzOdzd L O

9 dH dzts
1 REB

Vv



50

W istcd3d tc seW@edf W ( e jIsdzr | EyOMmlsSd), SColtstC
( Mdzd dinEdiz) H so Odzd GO lF NBE O AB e BOdzdzts ] 5B Mis 5
sSO¢ wodss (ftojHMISOodzj dz OdzOdzdL 5 3 yofm
ftesdmMrHdl ftsdzsj BHEiGEOOgo M zOo © 5
ted Mz &SB 2

456 dzOMmdats § sdzlzyd dede” o5 toj L fztdds s Pfisigriszy J i
BOlsj ted Qozmp dzd 2 d3j ssHEBA M1 §tedo 5H quO fitls df
fstesfC@n d&3jnOded Ud MEBBE o YO fsHdjuRdatsls sHddw
mMeets?2. |1 ftsyjmMmmy (R LO Muyjl dzj sH deste
1 dzjeadd (dzOSdzj § O) or toOh j dgdetse s tsBtoOL
9" tcOo dzd o Odzd 4 MsMis 0o O .  p ZdsB | P By HzatZDO B ¢z
oMY ted HJ dzvjlsmW Y € §s5d d3lisOpd] Is) © fRdzdzlg Jotg dix wfj fige
Isj tcBsH | W sted3ZOd tsdedets® o dzsiBldciPB SIs§ g j 3z h J Is iy
Wistcd3d toba¥@dzd W ( Mo jIsdzr | EyOfmlsCd), SCtltstcO

[ dzv  dMmMmdzi Hise Odzd v L tg Gegj tsidsigs 2 B 'ds tofz i€ s dz foH
sBtOLYses dL M dzOe O J uvb6 §tsmdzy § tod d3j daj dac
toj L zdz SO € s ts tel=be s 2 &Y jis tds O dzg dzA O dzdzts §
fshezijy o dMn H sz fBitsigdsts odsd d3tsy dzf d§" § 53
fstcdmMbsigB®&OL YO~



i€ s Hs€ s

BICtesmisttkS skt
" dcEkO

51

50pm

100

90

80

(

(=] (=] (=]
O wy -
90 %) kol

[=]
[}

[=]
o~

10

ma
W9
R
80, ¥
1 {
3 aq
1%
_Eﬂ.-m
10
&
A
o
(35
£t |3
v -S
H
g
2
niot
(%!
L !
,’.mhw;o..a-x.._ ]
A8 2 g
% % 2
¢ -
]
(]
o
o
=
-
2
=
=
o
c
1]
3
z
-
(-]
]
=]
L]
s
=
©
g
= =Y
] K
a s
| -

Fx=0.230

Fy=0305
Fz=0.404

LBJ) tc § dzdzO W

0,)
¢ sdzd Wi Mise j dedaP™ @ar

)

9

GY tow dg@vizs dzOW

EBSD OdzOdzdL © tsBtcOL

{ MWL L Ed sOIsT

G [



52

] sdzkz yJ dzdzr j
ZOMmdzj H Iz j Isw

toj L zdz' sOIsr j tc if dgde@n O dzdfq ¢ to
dL o" tcOh j dzgdeséts tsBHEOL Yyo. [
dzi fwdotsHdls ¢ SCsOckdvydd d §sidjHEshj
COC t©OL fBHIse jtex HOJjIs L ,h j yldtdc d dzp ez tedz)
MsH | e OdzdW 9 OdzZOH W dzO s JrdzsMmisd yYOMm
EsteW Yy ets dLsMisOlsd vpigigdtv {§ i iy tsazd degtc t

WoLr (e jlsdytg] Hztp@idsiCtel ) L j BNjSdz EQ@, j dpls3s
L i3] sz M- tsH dzr ~H Qddgtsaz] fif fsde@d @ O
34p 2O dzdL B ~Odzduyd MSdr Mots2MmMlse tBKLGOL Yytso

mMesmilstsw dzd v

[dr0O0ddymMédd Mott2MmMkeo® tBKOL Yyses dL M
estewyjets JdLMisOdud M¢ scftss  fidg jLéiAfiy HCORETER |
SHdsshdts] w©WOMIsw Y jdetfpd f zis gz s dztsB tc© ) wpth 9 t
tejLizd OO dL &3jtejdd” IsojtrnEMigd {teto.
tgg Lizdz IsOIsr LS jted d3j dzls O

v 0B dZdO] T0dd Ui MS dj Mots2fise O, i ts@iz Y
BidsH sz M1, shmdd JdMYs sOa dzd @ RfQdplsdipls 5

g tsfistsw dzd J ooy [ 1 O [0y, [V O ua, %
RMA tSH dats | 70N5 - _
l sfpdzj 4 R 920N5 955N5 15N1
] Jvuv 27BM0UHA8 |- 890 8
v OB dzd-y® jcHs®EySBBEL M dZOos O 1 uv6 9 tKC
utsmistsw dzd j HV
RIMontsHdats] Mshmissw dzd j|242° 4
] smdzg | R} 220° 4
SttO2dzy dedL SCdd L dz2Oyyd dedqv ftetsydesmlisdz -
luve ftsmdzy my1 tBEMmdze dzj dz@¥ dzO ded~y d2j, d§ ot af



53

fodzzyjdgdezr = tojLEzdz sOIstse oadHdds, Yt ctov
¢ Mmdedy jdeds tedmlssmisd, d, C0O0¢ Mmdzj HMIso
Mudls fesntyHjddY ftsyjmmse HdWWEZLJ],
SH dzstots H dzts 2 Bd € eisdls tc HSdsdgjtds  Is* g Is yYlsts H 1S
f csydztsmls dz' n nOtcOCIsjtedMmisd ¢ sBtOL Yytse d
Metslse jIsMisealzjls Istej B ts9o Odzd ¥ d3, ftoj HI Wod
Isj o3 cBtcOB SISO d3 MtsMistsw dzd d

At OC Isdgdg tc Od L dzts d3ts © sOC Y J f BHIso j t3PH.O¥ I
dMmrBHddR OBESWHBRIESMHY iz Cd2 dL dztsd, |
dzOB dz¢ H O Isfpw  { tsSter , Clstster | dBsekzls BT Is!
f tod d3j dzj dzed v 1l R} nOtcOCIs] to dL dzs 3Ot d 1 §i3¢
ModHjlsjdz Mlsealzjls jets BICtosw d@zsydes] Mistetsg



54

1 T
/i { i S i . X
. - ~ e n e k == - ¥ -
SEM HV: 20.0 kV WD: 14.77 mm SEM HV: 20.0 kV WD: 9.96 mm 111
SEM MAG: 1.00 kx Det: SE SEM MAG: 2.00 kx Det: SE 20 ym

\\&—

NS, S A Wt i, Lot : . B : :
SEM HV: 20.0 kV WD: 17.08 mm : SEM HV: 20.0 kv WD: 15.00 mm 1
SEM MAG: 1.00 kx Det: SE SEM MAG: 2.00 kx Det: SE 20 pm
IO SM: RESOLUTION

Op Y sfmdzd my;
9) G J ts ey 4+R
{ (MEIWEALOS sECtOBdG (L &Zsdkss 6 BitcOkinsje
BjlssHEsdg MyQL,ddydey & MWEilssw ddw R

1ts teiLbkzdz sOIsO3 dMfr lsOdzed?2 dzO HAsBMC
Memisswddd d f§Mmdj feddidjddy |rR] Md
ftoj MmMtso Odedj fdtwdossHdls ¢ EZdgjdz hjdads H VY
B nOdzdud MCdn Mots2Mbsy f @sHufisgtsoff tcisa BY B L,
sBtcOL Yyses d Wtttdidtotso OdzedWw GHoStesH dzs2 di3d
f tesydztsfmls dzr ~ nOtcOCIsjtcdmisd ¢ sBOL Yytso )
ZOdzd ydj &3 o MsC se(E2 MBHGHY O™ f Sto



55

I" o sHE ZPB ] 3

1. {jl ROkttt dsc j sy j SsOd d&sdets
ftj dqskh jMiso j dedzgsds ©OMYtoj Hjdzj dedd o OcdzOH
Mz y dls  dsj fls s d5 bl is@Ld ], 5 Oy O 58 ¢ O j dzO

2. ) J toj dzdzOfMts dnde@sfilpcztis zfictEB D OuizOtatkts ;i OL ytso
RZOMmMdzj HzjIsw dL o' tc@biz] datizsAiy jt@yld® L y&R1
¢ CsOckdvydd d §omdzjHkzsh jdBz ttshsk L jt)]

3. glkeh jMmise jdadetsjy ko jdzdyjdedj o3 € Qdzd v B
MteOo dzj dzd d M d M~ t isdg'dal W | E=irig s VidgdLibglz! Is Ols s &
fesyj Mise HAW%ELdd, bifdsksd ddY sBtOl
BfCtesmistekSlsktsr .



56

] zZ0Oo O 4. RMMdzj Htso OdgfiimIsgElFEOL Yytso
Al-Mg-ScZr, f sdzzyd dedz’ = d3 SBHESd3 My

4.1 0dz0daf stcg®fBd dy fifsidlddDSerr

[l sdsedy d &JCtesmstekSlskicd M- sH
td ik dBLOR Mistslse j Isilsd j dagds to s fi)ls to iz Olstt tefxj dzd) s
fstesh O &OB M HOj sw  dzOdzd ydj OAky &i3d dzachj o
(AlMgy). A 80C ydsdedz 2 s ipls @i GBERoedsd §,0 ¢ s Wl
W stcdgOmis@y j-fz) eOdzz dzs 3 Isted i MS d 2 dzdpisfils Oo

# B o' ~ 2B ¢ 4 MO
SEM HV: 20.0 kV WD: 20.29 mm SEM HV: 20.0 kV WD: 20.29 mm | |
SEM MAG: 200 x Det: SE SEM MAG: 500 x Det: SE 100 pm

. 4
- S o~
SEM HV: 20.0 kV WD: 19.89 mm

SEM MAG: 1.00 kx Det: SE 50 um
9 SM: RESOLUTION

Oko j dzd 9Q GzdGitc Ols ;

B) ko j &0 TadQls;

o) ko j ddf0uQ dgOls
{ iz dAdtf s sdksecdw yOfmlsdymiHs s O
Al-Mg-ScZrff ted t6OL dzd ydz" = ko j dzd yJ dzd v -



SEM MAG: 5.00 kx
O SM: RESOLUTION

57

p
/\

WD: 10.02 mm |

Det: BSE 10 ym

SEM HV: 10.0 kV WD: 10.04 mm | VEGA3 TESCAN
Det: BSE
B SM: RESOLUTION "MISis"

O) kejdzdydiddj 5000 CtOls;
B) keojdzdyjddy 20000 CtOls

[ dMEWELJC ez sELO yOdGL N jsds's "
Al-Mg-ScZrf tod tOL dzd ydzg' = ko j dzd yJ ded v -

e 43

Jloma yactuil, %

01 1 e T,
JIHaMeTp YacTHII, MKM

{ dMEz3WEL Bz B sedmygmEFRs" €0 dL MY c
fry o ) s Al-dgy-Sc-zr



58

4.2 [dStetsmstekS skzdy 2 OnzPigis/l MysSe & @ sfpkzg ¢
M1

ldzj hdzd?2 tsEpeats fhEkzzygdgizlstsHsd M1 LB
Odz¢ d&3sd dzed j © 5S¢ & H)ftf SO @ dz8EREO Y © dzjsdadeff) Ig o dzv dzd
Odzt Zd dzed j oz foHEZSEYSCE HAdZY f(tsdzyjddw Bf
ft6] CLOHB? .

SEM HV:200kV |  WD: 26.30 mm VEGA3 TESCAN
SEM MAG: 12 x \ Det: BSE
SM: WIDE FIELD | "MiSis"

t dmizasldz) " ded 2 C oy tod B ties ©® L WO G o )y db
Al-Mg-S¢Zr ftmdzy myp1, s8¢/

[ dz9 " B wftelfls j oo OO Usg fgef jj tePEE®E Qs dL  Od
My zZ0e 0 o fJsydimmd mi1 d bidfjtcOskzte |
SBEOBBISES BN dod § o j Hj 6@y jHy" mdkEd &dz@ Edn
sj & j 6Okt ¥ OL casrd™p). B8 o 6O j dzd 2 (



59

T,°C —

800 —

L
700 s -~ L+ALZr
//
600 /., ) L+(AD+ALScHALTr
500
| (AD+ALSc+ALZr

4001/

300

200

(AD+ALSc+ABMg2+AlLZr
100
A 0.4 06

)\ .

t dmMEzwWEX s dd s 6di3d Wi MY 2 )k @O &P-5%Vg-Trls | d3'

ThermocCalc

l Mmeslke jMmMisoadd M §tsdzkzyj dedzr d3d tcj L z dz!
or cOdzf[gf O sBtcOL Yytso HtosotsHddzd o ddzsj tce Od
HOo dzj dzdj GOLO 3 dgw dzsfy! tsSIsf &O Hists 41 G H dS
f sMmistswidz dsds. oS tstesfis! e d3j " j dedsvd f fif twifia
FCtosMistczC sEtcO® B OB YHd dz@o O Ozt gdzglzd Mg B
eOL dzd ydz' &3 Isj -~ dzsdztse d W4 ME).d dg j th s @zl prig tdad a3 (



v OB &z yOu J mdzsdzsc d yd M d 4

60

f OOk ster

Al-Mg-ScZr
{ J-)|( lcon U(’;TO’L i Ofr]fr_]ISBWVqJ'tg_ { @Jf] dsJ S‘S-dztvdzoqrdzJ
[10 Ay | sHdzsY §auelBd3/| ftetsh 5 Mdzts| dff y
fntsy{ dzO,
1 4 | 350 40 50 3 10 100
2 4 | 400 40 50 3 10 120
3 4 | 350 40 50 3 10 100
4 4 | 300 40 50 3 10 100

SEM HV: 20.0 kV WD: 14.72 mm
SEM MAG: 500 x Det: BSE
SM: RESOLUTION

Al-Mg-ScZr,

f sdzlz yJ dadz" =

SEM HV: 20.0 kV WD: 14.33 mm {
SEM MAG: 500 x Det: BSE 100 pm

0) tixdd "~ 1;
B) Wwixddz ~ 2;
o) wiydd ~ 3;
) tixdd "4
t dEBELJC oMtz szO fgdils jydgo

VEGA3 TESCAN

dz

d

fts OL dzd ydz' &5 Isj 7 dzts dz



61

v 0B YO stedMistsfmis! ©B tcO dpgthds jAMg-ScEf &
fsdzzuj dzdz’ & 5 OLddyd & Isjodtsdseduj Msc

t > dds dS5HJ e OdsBi,
1 1, 1 MO
2 0, 9INO ,
3 0, 31NO,
4 0, 6INO,

vstcOQodzdIsj dz' dz" 2 OdzOdzef j dzafizd G de's i teiz § 15k &M
My z®a @ ls Aldglg-ScZzro L Oe d mdlszisAndstsdzisdsd U4 M L1
fsCOoddsizOdBtsdzj § YHAtHYMN A t@fjvy d i e dad
Odz# B3d dzd § o ts 6 dgqd dpdf A3z’ Odz" figl3 s1B dz@ty dzef pdgj 2§ s
einddz "~ 3. MyEInjpp Odgd] BJCtesMistezilskzte’
sBtOL Yytso dnud ) 6) A S EZr dzj orweogddzs Istej h d¢
HiWJjGCltse.

1 GedmMizdzq o Bfglsd®o dxd f d YydzOw BB S tesMmistclzC Is
Odzt i3d dzd j o s s M zOe © ftod BSdZ hdrm ko j dzd

I'paHnna

CILI3Ta

WD: 14.29 mm

SEM MAG: 1.00 kx Det: BSE 50
O SM: RESOLUTION

SEM HV: 10.0 kV WD: 9.98 mm
SEM MAG: 40.0 kx Det: BSE 2pm
[SJ SM: RESOLUTION

©) kojdduyjddj 1000 StOls;
B) kojddyjddj 40000 CtOls

t {MzWLELdCtesMistezC sktc® L wd dL
Al-Mg-ScZrf ted ted@LAizdle j dzd yj dedw n, dC [



62
ylsts COMOjlmw WOLttotsers MtMisOa O tsBt.O
mil, sts dzOB dz6 HOJ Isfyw dzO dzd yd J Iso j ¥ HOts @ T
(fsHIseoa jtey Hjdes t AD) .

HHTeHCHBHOCTh

| [} 1 [} 1 [} [} 1
k3 40 5 50 E3 & & 7 E3 0 & 0
208,°
3

{ BB Y tcOS |s e B@s o dnls j MifMEGezD i d
fsmdzy mp1, taAad

SOC MdzjHEjlk dL &qd¢ toticifHeits tsizGoleidste ® O
Odzt Gzd dzd j e sets M ZOo © dzj sSH dzgStetsH dZO. CIsts f
fted MoskzHOjddd M §oHEEY B2, O OS¢y
sB dz@fyls jr J W Sl (ftster ) Bsclkzls BKLOL O ¢
ftcj HiNlsOo dzw Is ¢ mMspstd” p Oy Uik’ jf ste dzO ¢
sBl Whdgw jJIsfw dzj HsMIsOlstsydats?2 HjWBtEed3OYydj 2
By dets MdedL dls! L O Mydls LdERjEdE dzdilO edts fjdats
Bisdzj j o' MsCt?2 IsjkfjtObkzter. RMtsd Lo
o jddujdds Mbssdishmisd sy mMno myy, ub
Mtc Oo deififed di sz ¢ d A3 B IssH Odid OHHJIsd 9 dzts G s
fsor h jdedf il tc Gslg i3c GOLO OGSy J dzd ftcj HN
fjtcictejo O BIlsOzdzdyd ME¢sets fstesh CO d B fi



63

vO¢Nd drejMmisdes, ybts 110 Mfjydi¥dudm
Motsd dzgj HsMIsOIsCd: dedL Cd2 tcOLdPtcc o tzdz®j
ftedosHdls § fbkfStsdkz G§sojHjdds &Y Isdk
COfMswyjddj . ftsorh jddw  &OfMsdyudshlsd &Ols
sjtedyj MCOY sBOBGICO. Rdsjdhdidsoydw
M dzt sso M HOM dzjROYT,) T BOBEGHB T sL o t
Ljtjdz dz0 cteOdedyoOr Mmidd sse d BEHjl i s
dn ctOddyon.

OS], OdOddL ©WOMftejHjdjddy d&jcdiks
dfR) FsSoOLOd ykbt {itjdEojmisls ] ddads 6oL
ylsts L Ow©OSls]tods tRE&Msd filly GPhdzsd oz S Oc
COMYtej H dzj dz' tOo dzts By todzts.

t dMEzWEEL] L zZEP®ISZOdZdL © H dzv s Biedon Isyjsog’
Al-Mg-Sczrf sfmdzy my1, u6Cf



64
4.3 v]ioOHBdueigOBsSCO &Y Qs BWy-SofLy ififddgO an

sOC¢ dLojMmisdes dL dzdlsj tcOls iz tc dzAIMg-ScBrdzdz
fMets2Mmise j dzdes HIMY jcNGBdegesjnj by ddd
sjteduj MSC 2 ©BEOBGICH. IdLo®dddgl 4 s
fcdzzyj dgdzr = B IssHBR My, B dzO ftetso jHJ dz
S dMOdedz’ o5 ® FE@EENSEESSEEO BBEOL Yy
5 ©OLddyd & sjrndsdsedud M dez] 46l 1 d BOB

v OB dAIYQ ¥ d d3r tsBEBA@BOR IS AtfMg-Spdr d4) o O

t dxdds v rndesdzsedyud MEdd ¢ Of
1 300 Aw /3y+360 Aw [ 4y
2 300 Ay /3y+360 Au [ 4y+45
3 300 Ay /3y+360 Au [ 4y+45

utsed&zOMdes BIStesMmistelz$ Iskztedats 3z O dzO dzd L |
sd ted3d ud ME 2 ©pEOB s (fipdgidzilz ftetso § HJ dad
MstczCzte® BB®KOL YO Maty 0 Mt Mtk iztts?
Miskzyf jdd Bl)ydc0O {thd dsjijdesdpizdedj 46W0j d3j d
Yyomtse MmMiysmsemiselzils §sMmisifj dzdztsdzzded tg O fipk
ftstedmMstsmisd dzOBdzs HOJ sMw dzgj L dzOydlsj dz' datsj .

I sts Yj otjdiW keojdzdyjddj Isj di3fjtcOlsikzts
Wstedidtetso Odzd ¥ yYOMisdy dAdEs] Jo BB s@xztizsie tso tol6
BEHjls MytsMmtseMmlsotse Ols! HOdz dzj 2N j Bz H fdedy
Mewcrd M 1tilsdds, silsddOds dr &3 toj y dhBsd Isj
M zOofPd Mils j ANIMgS &Zr W o dzw j Is W Hokznfmizy j
300/A33(60 / Ay. [Bi j BAZzOW  Hitsdzv st o 4
M mls O NUAGS B~ 0%.3



65

~

SEM HV: 20.0 kV WD: 10.00 mm VEGA3J TESCAN
SEM MAG: 2.00 kx Det: BSE 20 pm
o SM: RESOLUTION

SEM HV: 20.0 kV WD: .98 mm VEGA3 TESCAN

SEM MAG: 2.00 kx Det: BSE
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SEM HV: 10.0 kV WD: 9.92 mm
SEM MAG: 5.00 kx Det: BSE 10 pm
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