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<hjhg FF @Zjhfepge Zexfege}\e kieZ\b "ey
\eMih\erZevgh]h ijbagZq_ggy 1Z ijhp_ khkFE\WXd*n - jdZpggosr
gZmdh\Z ijZpy gZ ijZ\Zo jmdhibkm

>bk_jlZpey gZ a™h[mlly gZmdh\h]h kimi_gy ~hdlhj
Ki_peZevgeklx ©Eb\Zjg_ \bjh[ghbpdt\gifeh][Nagb
egklbIml f_IZee\ 1Z kieZ\e\ G:G MBljZ€gb Db€\

>bk_jlZpecgm jhkKYwqg gh ZdimZevgec ijh[e_fe
gZmdh\lmgheh]eqgbo azZzkz” i*"\bs ggy f _oZgeqgbo |
o0ZjZdl _jbklbd e<kgmxqgbo dhf_jpecgbo eb\Zjgbo "Zjhf
kiezZ\e\ |Z kI\hj_ggy gh\bo i_jki_dlb\gbo "Zjhfepthbho df
Zexfegex ey ihlj_ [ kmgZkgh]h fZrbgh[m~ m\Zggy _g.
ijhfbkeh\hkle

< jh[hle jhalJeygmlh ZdImZevgeklv IZ ijh[e_fZlbdm
"Zjhfepgbo Zexfege}\bo kiezZ\e\ a iM"\b§ gdbde-qjgbyp
\eZklb\hkl _c dKidemZlZpecgbo o0ZjZdl_jbklbd IhdZaZg
ljb\Zeh]h gZkm ihklecgh e<kgm} ihlj [Z m is"\bs ge |_
_dkiemZlZpe€ Zexfege}\bo kieZ\e\ \ 0% r*gvhim gZK «
h « fK ijb 1_hj_Ibggec | _fi_jZImjgec f_ "o
Zexfege}l\bo kieZ\e\ fK <bjer _ggy hibkzZgh€ az"z
i*"\bsblb gZ*ecgeklv « "M ]hdeqgekZvbg <+ f o0Zgeafe\ &
€6dZkm e ieM\bsblb g j] Ibggm n _dlb\geklv ekgmxqgbo
|Z \eckvdh\h€ | _ogedb g j] _Ibggbo mklZgh\hd I|hs|
j_Imex\Zpdgy f_o0Zgeqgbo \eZKljh\fhblghco Zexf-elgigXh o\
m \boerghfmZliZgey "h\]lhljb\Zeh]h | _fi_jZImjgh]lh \ieb
IN\_j*hkle 1Z ieZklbgghkle sh aZ[_ai_qblv jharbj_ggy k

ljh\_"* _gh ZgZeeslbggbc h]ey” ijbgpbie\ ki\hj_ggy
"Zjhfepgbo Zexfege}\bo RkdZgh\ee gh sh gZc[eevr
f_oZgeafhf ie*\bs_ggy \bkhdhl_fi_jZImjgh€ fepghkle }
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<e”Njih\e~rgh "h gvh]h \ kieZ\e fZ} [mlb ijbkmlgy \ _ebdZ
je\ghfejgh jhaih”ee _gbo g_jhagbggbhlZ|-dvgil@Zompexqg_ gv
kem]mxlv [Zjf}jZfb ~ey jmom ~bkehdZpec i*"qZk ie
ljh\_~ gh ZgZeea (gZc[eevr e "hmB@vbbofh*bnednxq
dhfihg _gle\ sh a”Zlge pvhfmhddpddh <sh ~h”"Z\Zggy
afepgxxgbo e f gle\ yd 0J I1Z =&QXeeq&klfdhdr™eb\bf
ml\hj ggy afepgxxgbo nZa kobevgbo ~h dhZ]mey|
| fi_jZlmp _ijba\h”~blv ~h jhafepg_ggy kieZX}\ n_dlb)\
j _Zeeam\Zlbky “"jm]Jhfm f_oZgtafmhghegpgb gghyfm

GZc[eevr i_jki_dlbAppZbdZfb ~ey ie"\bs _ggy Zjhf
Zexfege}\bhiezZ\e\ \bkIimizZdhfihg bgl yde aZ[_ai_qgmx
I\ j*hjhaqbgg_afdgfZxylgygbavdbc dh_nepe}ldh Ch¥Wmas£
OR IZ egre sh |IZdh  a”Zlge nhjfm\ZIlb | _fi_jZImjgh Kkl
IlhdZaZgh sh jZpehgZevg_e_Im\Zggy IZ fh2*bnedm\Zgc
dhgl_dkle ie"\bs ggy €0 Zjhfepghkle ihey]Z} \ dhfie_
i _j_~[ZqgZ} aZklhkm\Zggy » _deevdho “h[Z\hd k_j_ " yd
a_jghih”~je[g_ggx ijb djbklZeeaZMoE ZLegxr&JftpgF ggx
I\ j~h]h jha@WgrGr, V, &X a ih*"Zevrbf ml\hj ggyf afep
gl _jf _1Zeene\ jekey ~h\]hljb\Zeh]h \bkhdhl_fi_jZImjgl
"o "halhey} dhfi_gkm\ZIlb ithl_gpecgm 2~ _]jZ7
\eZklb\hkl ¢ aZ jZomghd afegb I\ _j*hjhagbggh]h f
f oZgeafhf Hjh\ZgZ

IlhdZaZgh sh gZc[eevr Kkijbyleb\bf ~ey ie"\bs gg
Zexfege}l\bo kieZ\e\ } nhfrmyXgqgpda ca dm[egqghx % jZId
ihr"e[ghx "R$QL Z[h %jZlhd lbam dgb” gbf iZjzZf |Ij
| _ljZlhgZevghkle >h IZdbo nZa i_j_ \Z gh \e~ghkylvky
 Im]hiezZ\dbo f_I1Zes\ 7L 6F =U +I| "&Yde®Pbo& RjbOR
hr"ghgZkghfm fh*bnedm\Zgge deevdhfZ a pbo dhfihg_
af_gr_ggy klmi_gx |_ljZ]l]hgZevghkle ml\hj gbo nZ:
afepgxxgh]lh \ieb\m |IZ \bkhdhl_fi_jZImjgh€ klZ[eevghKkl]
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} hkh[eb\h i_jki_dlb\gbfb ey fh*bnedm\Zggy IZ fedjh
ithimeyjgbo dhf_jpAcofbpgbo kiezZ\e\ gZ hkghS+-Qubkdefb
"hkees"  ggy €ogvh]h \ieb\m azZebrz}Ivky i _j \Z gh h[
hrgh]h gb “\ho dhfihg_gle\

LZdh™ ijh\_~ gh ZgZeea "hkee” gv ijbk\yg_gb:
dhfihabpec "Zjhfepgbo eb\Zjgbo Zexfegdip\bdakghZ\-\
hkgh\gZ m\zZ]Z \ pvhfm iblZgge ijb*eey}lvky kiezZ\Zf
_\l_dlbggdbk | _Al-Ni, Al-Fe, Al-Cr, AI-0Q I|Al-Ce m Ihfm gbke-
"hnrzN\zZggyf fhrbned Zghhe fejhx ij _~klZ\e _gh ihljecge _\
|1Z aZ_\l _dlbqgge kie AKNi-Rdy lAI-Nf-Y, Al-Fe-Mn, Al-Fe-Ni 1 Z N _yd-
ith"e[g< jhajh[pe 1Zdbo kieZ\e\ hkgh\ge Zdp_glb [m
a_jghih?je[gxxq_ fh*bnedm\Zggy r\b”dm djbklZeesaZp
\dZazZgbo kiezZ\s\ \ ydhkle ihjhrdh\bo fZI_jeeye \ "jimichmn
AZ mfh\ fZdkbfZevgh€ ~je[gha_jgbklhkle ~Zgbc Ibi Kie
gZ”a\bgZcgh \bkhde f_0Zgeqge \eZklb\hkle 1Z aZ”h\e
a\Z Zxgb gZ h”™_j Zge |j_amevlZlb ith~e[ge kieZ\b
"hkee”  gbfb \ ydhkle kZf_ eb\Zjgbo fZl_jeZee+\ yde ih
fZlb \bkhde ihdZagbdb fepghkle 1Z “Zjhfepghkle .
leZklbggeklx sh jh[blv €0 [eevr | _ogheh]eqgbfb « ",
kljmdImpghah\e oZjzdl_jbklbdb 1Z je\_gv f_o0Zgeqgbo
rbjhdbo f_"Zo

lj _~"klZ\e _ge* "higegZijH\e og\klgZZgh\e aygdhghfejghkl
kljmdImlld nZahml\hj _ggy k_jecgbo Zjhfepgbo-SkGuzZ\e\
lekey dhfie_dkgh]h fh*bnedm\Zggy |Z fedphdr klem¥*Zggyg-
€0 f_0Zgeqgbo \eZ&kZbahlkgZacgbo mfh\ 1Z ijb \bkhdbo |
LZdh™ [meh “hkee” gh eb\Zjge \eZklb\hkle gZc[ee¢
dhfihabpegdhkle fh® _evgh]hhf[fEZgihZevbg ca gZc[eevr \ |
kieZ\e\ m k\elh\hfm fZrbghI$9Cu3dZgge . < ydhkle
fhrbnedZlhje\ [meh h[jZgh &R &U ORdmkl=lfedThelZ] D
"h[zZ\hdLlx1Z 0J
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1grZ qZklbgZz ~hkees™ gv [meZ ijbk\yg_gZ jhajh]|
gh\bo "Zjhfepgbo kieZ\s\ gZ hiNgHDe [IKZbERMh-$DO "~ey ydb«
\ ydhkle hkgh\gbo fh*bnedZlhje\ [meh h[jZghKkglh\gho |Z
fedjhe _Jmxqgbo "ML, LmMgtMnlZ /L

>ey aZ[_ai_q_ggy _n_dlb\ghlh fh*bnedm\Zggy Z
hkh[eb\HmhiezZz\dbfb dhfihg_glzZfb [meh jhajh[e_gh
| ogheh]ex _e -djhiggh\h€ \biezZ\db e<]ZImj gZ hkgh\:
\bkhdbf « fzk \feklhf \bkhdhj_Zdpecgbo « Im]Jhic¢
€€ ~hihfh\meblbo e*]ZImjZo \*"Z}Ivky ~hky]lb afegb fhj
gl _jf IZeene\ a ]JheqZklh€ Z[h ieZklbgqZklh€ gZ «
gZ™a\bgZcgh \bkhdm “bki_jkgeklv fh”bnedmxgbo n
ihdZagbdb ijhfbkeh\bo Z2pZ gHEprPXnyZ[eb Z}Ivky ~h kljm
r\brdh azZdjbklZe«&hNZgb\do \hehdhg h”ghqgqzZkgh \
i j \Z°Zxqgb €0 azZ \feklhf fh bnedZlhjZ IZ _g_j]_Ibggh:

>hkee”” _gh hkh[eb\hkle IZ n_dlb\geklv aZk\h}ggy
ijhf _g \h€ \biez\db |Z ihdZaZgh sh “ey ~_ ydbo, kbk
Al- 9 \eA[m\Z}Ivky ml\hj_ggy g _je\gh\Z gbo gl _jf_|I
kl _oehf Ijbggh]lh ihjy*dmOHbimde$Gjb \\_~ gge \ jh
jhaiz"Zxlvky gZ agZqgh [eevr “bki_jkge fh~bnedn
kl _oehf |je€ gAldOZ&Z,HOG P _"~halhey} ie*\bsblb n_ ¢
fhrbnedm\Zggy kiezZ\e\ [Z Kkijbylb _dhghfe€ g jlhj_
agb” _ggy | _fi _jZImjb « gZkm \bljbfdb jhaieZ\m iskey \\

GZ ijbdez”e dhfie_dkgh#2&is]ZUnjbhd¥@zZgh sh ih}*
deevdho fh*bnedmxgbo _e f _gle\ i _jbl _dlbqgh]h Ibim |
\_ebdec deevdhkle ijba\h”*blv ~h ml\hj _ggy djmbgbo
gl _jf _1ZeeteX qZk ~h\]lhljb\Zeh]h jhaqbg_ggy \hgl
ijhj _Z]lm\ZIlb a dhfihg _glZfb jhaieZ\m 1Z mli\hjblb [
\bkhdhl_fi_jZImjge kihemdb Zeatfthkbf&epb™*b < Ilhc ~_
dhfie_dkge e*]ZImjb a dhfihg_glZfb yde fZxlv a Zexf
_\l _dlbggh]h Ibim gZ\elv fZxgb m k\h}fm kdez”"e \bkl
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jhagbgyxlvky 1Z aZk\hxxlvky \ Zexfege}\bo jhaieZ\Z¢
ijbdez”e dhfie_dkgh€-E6Miz4Rejb $0O
<bagZg_gh hkh[eb\hkle \ieb\m [Z]zZfihdhdrdgn \ZIgd
[*ey \l dlbggbo "Zjhfepgbo kbem8&tgeX kiZkijddeZ®+ kie
$O06L &X dh[zZevIihf ojhfhf \ZgzZ~e}f fhee["
pbjdhge}f « eZglZghf IhdZaZgh *"hpeevgeklv dhfie_dkg
aZklhkm\&jpdgm 1Z \klZgh\ep gjlbash *blv *h ie*\bs_ggy fey
kieZ\s\ gZ « Ijb defgZlgbo | _fi_jZIlmjZo gZ fk [_&Z
afegb ieZklbgghkle sh kdezZ”~Z} | Z FIZ 1Z - \ ¢
Jhajh[e_gh gh\e “Zjhfepge kieZ\b gZ HmgD\eakb
gZghjhafejgbfb \hehdgbklbfb nzZazfb \ kdez”e _\I_
_dki_jbf _glZevgh]h ZgZeeam klijmdIimjb 1Z \eZklIb\hkl_
Al-(2-8)Ni-(2- /D \bagZqg_gh gZc[eevr hilbfZevge dhfihaby
€o "h~Zldh\_ fh”bnedm\Zggy =+ fedjhe_]m\Zggy sh
a[eevr_ggy fepghkle |Z agb” _ggy ieZklbgqghkKe azZ |_fi_
<klZgh\e _gh sh gZc[eevr i_jki_dlb\ge kNekdb Kkt
feklylv fZk ged_ 46 1Z fZk eZglZgm >h”"Z\Zggy ~h €«
Mg,Mn1Z 6L aZ[_ai_gm} I\ _j~hjhaqbgg_afepg _ggy kieZ)\
~\l _dlbgges kdeZ”h\e sh “ha\hey} aZ[_ai_qgblb fZc _
je\g-e FIZ 1Z ieZklbggeklv [ebavdh \ egl _j\Zee | _fi
<klZgh\e _gh sh jhajh[e_ge i**oh”b e _|m\Zggy
afegxxlv | _fi_jZImjb khee mk [Z eed\e”mk m ihje\gy
~\l_dlbggbf kialZBNi-l2La fZk ljb pvltZfdh ™ \klZgh\e g
shl _ogheh]ey €0 ijb]lhlm\zZggy \bfz]zZ} i_j 180 mMKjhaie:
ith}*"gZgge a \bkhdhx \Zjleklx hkgh\gbo ep]mxfZdd} e
ki\hj gadyvl jgZlb\gbo kieZ\e\ \ ydbo fh eb\h [m~"_
kljmdimpghah\bo o0ZjzZdl_jbklbd 1Z g_h[ofe*aghdkhqgjrd
\eZklb\hkl_c \dexqZxgb \bkhdhl_fi.jZImjgm fepgeklv
A hley”m gZ p_ [meh ijh\_~ gh "hkemZahdpy |
o0ZjZdl _jbklbd |Z f_oZgegqgbo \eZklb\hkl_c eb\Zjgbo
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kbkl_ f-Fe-Mn-Ni \ ydbo IZdh ™ nhjfm}Ilvky gZghjhafejgZz
A\l _dlbdzZz Ze_ dhgp_gljZpey hkgh\gbo e ]mxpda\ e
f grhx ge¢ 7ey kieZ\<AlNbld. fb

:meh jhajh[e_gh kdeZ”b kiezZ\s\ gZl-HekMphNic Kklalel
A fhgkljmxlv kljmdIimjgm klZ[eevgeklv [Z fepgeklv gZ
a\bgZcgbo mfh\12&F 14 ijb fK 1jb pvhfm €ogy ieZk
\Zjex}lvky \ f_"Zo « ijb defgZlgbo | _fi_jZImjZo 1Z
300 fK aZe_ "gh \en oefeqgh]h kdeZ”m kieZ\m

IhdZaZgh sh k_j ~ klZg”~Zjlgbo I\ _j~hjhagbgg
Zexfegex dj _fgec g _]ZIb\gh \ieb\Z} gZ kljmdImjgm h~"
g_ gZ[eb m} ag€af _o0dyeqgbo oZjZdl _jbklbd ~h [Z Z
>h~rZ\Zggy eeslex a f_|hx agb” _ggy ieZklbgghkle kieZ\s'
€0 \bkhdhl _fi_ jZImjgbo f_o0Zgeqgbo \eZklb\hklgy i g_
\eAghr _ggx “h g _e ]Jh\Zgbo kieZ\s\ Fepgeklv IZ ieZl
eele}f ajZade\ kdeZ”Zeb \e*ih\e”rgh FIZ 1Z azZ de-
. FIZ 1Z ijbK f

GZcdjZsbc dhfie _dk f _o0oZgeggbo \eZk\KKikkd\no
Al-1,5Fe-1,AMn-1,INi ydbc [meh ~h”~Zldh\h e _]Jh\Zgh ojhfh:
ferAx< eblhfm klZge ch]h fepgeklv i j \bsm\ZeZ FlZ

KiezZ\ "h[j_ i""Z\Z\ky » _nhjfZpecgec |Z | _jfeggac h
Ahihfhlhx \ gymfetn "hky]Jgmlh agZq gv fepghaBle FJZ je\¢
Ijb ieZklbgghkle « aZ a\bgZcgbo mfh\ - « FI1Z |
7 « ijb f K

>ey \keo _dki_jbf _glZevgbo kied\«dgpesih[egegh b
IjblhIm\Zggy €0 jhaieZ\*\ \bagZq_gh |I_fi_jZImjb khee’
gl _j\Zeb djbklZehrk&p™€ gh jer*dhiebggeklv IZ ljesbghk
eblle \keo gZc[eevr i_jki_dlb\ghbbakiZZ\gh €oge | _fi_ |
dh_nepe}glb eesgecgh]h jh&®0bfjKgoge MieZ\e\ 1Zdh" \b]hl
ijhfbkeh\e ajZadb \bjh[e\ \erih\er"Zevgh]h ijbagZqg_gc
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\bkhdh]h je\gy klZ[sevghkirZiahibdd nojgjlz dl_jbklibd IZ f_«
\eZklb\hkl _c \ rbjhdhfm gl _j\Zee | fAK jZIMmj ~h
Dexgh\e kehdHd\Zjge Zexfege}\e AIOCZNY Al-Ni-La,
Al-Fe-Mn-Ni, " ZjhfepgesklI¥h*bnedm\Zggy e _Im\Zggy
nZahml\hjlgpfyqgZ h[jh[dZ fedjhkljmdImjZ nZah\bc k
\eZklb\hkle \bkhdhl_ fi_jZImjgZ fepgeklv. eb\Zjge \eZk

SUMMARY

Voron M. M.Aluminum alloys with elevated high-temperature strength
for responsible application parts and processes of their productiortQualifying
scientific work. Manuscript.

Dissertation for the scientific degree of Doctor of Technical 8eigmn the
VSHFLDOW\ 3) PAeQAdgycaB IKstiuteFof Metals and Alloys
of the National Academy of Sciences of Ukraine, Kyiv, 2025.

The study is devoted to the current problem of developomgnsfic and
technological principles for improving the mechanical and ojoevat
characteristics of existing commercial foundry aluminum alloysh whigh
temperature strength and creating new promising creep-resistant tbomso
based on aluminum for the needs of modern mechanical enginesmargy and
chemical industries.

The paper considers the relevance and problems of developing foundry
aluminum alloys with an increased level of mechanical propert@®opearational
characteristics under the influence of a high temperatures. It is\shawfor a long
time there is a constant need to increase the operational tempefatuslluminum
DOOR\V E\ DQ DYHUDUIHRRI « EK WR « f K
theoretical temperature limit of high temperature applicationt liRil f K
Solving the described problem allows to significantly iaseethe reliability and
durability of machine parts and mechanisms, reduce their mass grableighe

energy efficiency of existing samples of automotive and militanypegent, power
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plants, etc. The necessary to regulate the level of high-temperatiented
aluminum alloys mechanical properties in the initial statd after long-term
temperature exposure, in particulahardness and plasticity, which will ensure the
expansion of their scope of application, is highlighted.

An analytical review of creep-resistant and high-temperature alunafiays
creation and improvement was conducted. It also was establishethe most
effective mechanism for increasing high-temperature strength is thea®ro
mechanism. According to it, the alloy should contain a largebeurf dispersed,
evenly distributed insoluble temperature-stable inclustbas serve as barriers to
the dislocations movement during plastic deformation. Thestnappropriate
alloying and modifying components that can contributthi® have been analyzed
and it has been shown that the addition of such strengthetements as Mg and
Zn and partly Cu and Si as well, can be undesirable due téothmtion of
strengthening phases, that are prone to coagulationvaitedetemperatures. This
leads to unstrengthening of the alloys and does not atlwev secondary
strengthening mechanism and solid solution strengthetinde effectively
implemented.

The most promising additives for increasing the high temperatergth of
aluminum alloys are components that can simultaneouslg halow diffusion
coefficient and to provide solid solution strengthenitign, Cr, V, Mo and others,
which are also capable to form temperature-stable aluminitlés shown that
rational alloying and modification of aluminum alloystive context of increasing
their high temperature strength consists of a comprehensive approaich, w
involves the use of several additives, some of which can batgrito grain
refinement during crystallization (Ti, Zr, Sc, Mo), and others tiod s&olution
strengthening (Mn, Cr, V, Cu) with the subsequent formatiostngthening
intermetallics after long-term high-temperature exposure. This apprbacis &
compensate for the potential degradation of mechanical propeytigsanging the

solid-solution strengthening mechanism by the Orowan mechanism.
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It is shown that formation of strengthening phases withbécdattice LL-
type, similar to NHAl, or lattices of the D& type with a reduced tetragonality
parameter are the most favorable for increasing the creep resistance and hig
temperature strength of aluminum alloys. Such phases mainlg&aluminides of
transition and refractory metals: Ti, Sc, Zr, Hf, Cr, Mn, Co, Mo, V and sdhe
With simultaneous modification with several of these corepts) it is possible to
achieve a decrease in the tetragonality degree of the formed phastsy dme
elevation in their strengthening effect and high-temperature istaldihe listed
metals are particularly promising for the modification and micrgad@pof the most
popular commercial creep-resistant foundry alloys, basedenAl-Si-Cu system,
but the study of their influence mainly remains limited dadcribes the addition of
one or two components.

An analysis of studies, that are devoted to the developmeniew
compositions of creep-resistant foundry aluminum alloys was also conduntet
was shown that the main attention in this issue is maiaigt to alloys based on
double eutectic systems Al-Ni, Al-Fe, Al-Cr, Al-Mn and Al-Ce,luding addition
of modifiers. To a lesser extent, ternary eutectic and hypereutectis afléy-Ni-
Ce, Al-Ni-Y, Al-Fe-Mn, Al-Fe-Ni and some similar systems atso presented. In
the development of such alloys, the main emphasis was ptecgdain-refining
modification, rapid crystallization and the use of theseyalbs powder materials,
including for 3D printing production. Under conditions of nmaxim fineness, this
type of alloy is capable to exhibit extremely high mechanicapgnees and
satisfactory heat resistance and high-temperature strength. Despitdtdined
results, such alloys remain low-studied from the point atemals for casting
processes, which are potentially also capable of having highgsh and heat
resistance, as well as possessing plasticity, which makesloeentechnologically
attractive and allows varying the structural-phase charactersstitshe level of
mechanical properties within wide ranges.

The presented studies are aimed at the establishing the dedigegularities

of the structure and phase formation in serial creep-resistant@l-System alloys
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for high temperature application after complex multicomponerdifimation and
microalloying, as well as in the study of their mechanical gnigs under normal
conditions and at high temperatures. The casting properties ofogtepnomising
compositions were also investigated. One of the most widelg alloy in world for
automobile industry+ AlSi9Cu3 (A380), was chosen as a modelling material.
Elements like Co, Cr, Mo, V, Zr, Ti and La were chosen as modifiedsNaand

Mg as microalloying additives.

Another part of the research was devoted to the developmemivastigation
of new high-temperature applicable alloys based on the Al-Ni-La an&AMHi=Ni
systems, for which Ti, Zr and V were chosen as the main modiiedsSi, Cu, Mg,
Mn and Li £as the main microalloying additives. To ensure effective nuadifin
of aluminum alloys, especially with refractory components, a newntdogy with
high effectivity level has been developed and provided based on electron beam
foundry method and allows to obtain aluminum-based mastersalith a high

« Z \Bb) content of highly reactive and refractory metals. With its help,
possible to change the morphology of some intermetallics fromlableel or
lamellar to cubic in as-cast conditions and to obtaiexdremely high dispersion of
modifying aluminide phases, which exceeds the indicatonsdoistrial analogues
by 10-250 times and approaches the structure of rapidlyatizst metal fibers,
while simultaneously exceeding them by 3...5 times in quyaottimodifier content
and energy efficiency.

The features and efficiency of the assimilation of electron-beam smelted
master alloys have been studied and it has been showrtlsaime systems, such
as Al-Mo and Al-V, non-equilibrium intermetallics of higoichiometric order of
the AkMe type are formed, which would be decomposed into much more ddperse
modifying phases of a different stoichiometry, such agM¢ and Al-Me when
introduced into the melt. This allows to increase the effayiei alloy modification
and contribute to energy savings by reducing the temperatureelhtdolding time

after the addition of master alloys.
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On the example of the complex master alloy Al-12Ti-8Zr, ihmven that the

combination of several modifying elements of the peritectic readtipa with
aluminum, in large quantities leads to the formation of a lampk stable to
dissolution-in-melt intermetallics. During long-term digg@n, they have time and
ability to react with the melt components and to form morelestabd high-
temperature compounds, in particutaalumosilicides of titanium and zirconium.
At the same time, complex master alloys with components #vat @utectic-type
phase diagrams with aluminum, even having high-temperatureephiastheir
composition, are usually dissolved and are absorbatlminum melts, which is
shown on the example of the complex master alloy Al-16Mn-4Fe.

The peculiarities of the multicomponent modification infloenof near-
eutectic high-temperature application Al-Si-Cu system alloyth@example of the
A380 (AISi9Cu3) alloy, modified with cobalt, chromium, vanam, molybdenum,
titanium, zirconium and lanthanum are determined. The feasibilitgoafplex
modification without the use of chromium is shown and iestablished that this
OHDGV WR DQ LQFUHDVH LQ WKH VNbohHe@gasaturds | W
E\ « DQG DW f& ZLWKRXW FKDEGKLQY WKID!
110 MPa and 2 and 3%, respectively.

New high-temperature alloys based on the Al-Ni-La systeth manosized
fibrous phases in the eutectic composition have been devedopethvestigated.
Based on the experimental analysis of the structure and propéthesalloys series
with composition (wt. %) Al-(2-8)Ni-(2-18)La, the mosttopal compositions were
determined and their additional modification and microalloywege carried out.
Investigation allowed to achieve an increasement in stremgtha decrease in
plasticity at 300f & mperature tensile test.

It has been established that the most promising Al-Niyistesn-based alloys
contain 2-5 wt.% nickel and 10-12 wt.% lanthanum. Addinf Cu, Mg, Mn and Si
to their composition provides solid solution strengthgrand also stabilizes the
eutectic components, which allows to provide almost cohsteength at the level
of 140 MPa and plasticity of about 2% in the wdéHP SHUDWXUH UDQJF
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It has been established that the developed approaches oihgllthe
developed compositions almost do not change the s@milifiquidus temperatures
in comparison with the unalloyed eutectic alloy AlI-5Ni-82(% wt.). At the same
time, it has also been established that the technology iofpiteparation requires
RYHUKHDWLQJ RI WKH PHOW DERYHJK FRVWQRHRNK
alloying elements, this requires the creation of alternative athoyshich it will be
possible to achieve similar structural-phase characteristicgharrequired level of
mechanical properties, including high-temperature strength.

According to this, a corresponding study was conducted. lthessted to the
structural-phase characteristics and mechanical properties ofryoalitmys based
on the Al-Fe-Mn-Ni system, in which a nanoscale fibrougdic is also formed,
but the concentration of the main alloying elements igiBds lower than for alloys
of the Al-Ni-La system.

Alloy compositions based on the Al-Fe-Mn-Ni system were develogesly T
demonstrate structural stability and strength at the level@MPa under normal
FRQGLWLRQV DQG « 03D DW f& WWFWWH WO
ZLWKLQ «roomOémperatures and k¢ DW f& GHSHQGL(
chemical composition of the alloy.

It was shown that among the standard solid-solution hardehalsminum,
silicon negatively affects the structural uniformity of such allayd does not bring
the value of their mechanical characteristics closer to the desugld The addition
of lithium to reduce the ductility of the alloys resultedairdrop in their high-
temperature mechanical properties to an unacceptable level compareaioyed
alloys. The strength and ductility of lithium-doped samplese 128 MPa and 0,7%
at room temperature and 90 MPa and 1D W f&

The best set of mechanical properties belonged to the Al-1,3Mn11, 1Ni
alloy, which was additionally doped with chromium, magnesium andecoppthe
as-cast state, its strength exceeded 150 MPa, and its ducébty@¥. The alloy
was well amenable to deformation and heat treatments, so with éheiit vas
possible to achieve strength valuesV WKH OHYHO RI « 03D Zl1
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« XQGHU QRUPDO FRQGLWLRQV DQGRI «« OB [

elevated temperature f &

For all experimental alloys, technological modes of preparatitmeaf melts
were developed, solidus and liquidus temperatures, as well as |l@gstad
intervals were determined. The fluidity and crack resistance duratipgaf all the
most promising alloys were studied and their temperature ceeticof linear
HISDQVLRQ XS WR f& ZHUH GHWHUPLQHG ,QGHX
purposes were also made from the alloys, which require a highotestlbility of
structural-phase characteristics and mechanical properties in aemigerature
UDQJH XS WR f &

Keywords: foundry aluminum alloys, AISi9Cu3, Al-Ni-La, Al-Fe-Mn-Ni,
creep resistance, modification, alloying, eutectic, phase formaia,tfeatment,
microstructure, phase composition, mechanical properties, higretatare

strength, casting properties.
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<KLMI

dimZevgeklv thkkee”" .glgyajh[e_ggybo « m~"hkdhgZe
ekgmxgbo dhgkljmdpecgbo IZ nmgdpehgZevgbo fZI| |
ithklecgh azZlj [mAaZf§hg x kmqgZkgbo ]Zema_ _c¢c gZmdb
gZc[eevr ZdImZevgbo gZijypbojjdemhdec blv kl\hj gc
fZl _jeZees\ "ey \b]Jhlh\e_ggy |_ogedb sh ijZpx} \ _dklj_
fZl _jeZeb ih\bggebkahldiblhfm fepgeklv \ rbjhdhfm «g
| fi_jZImj) _dkiemZlZp-€ dhjhaecgm klecdeklv agh
\bjh[gbpl\h gZklh ih\fyaZg_ a< kdeZ”gbfb | _ogheh]e
\bkhdhx \ZjleklIx ]Jhlh\h€ LjinfmdekeEm} ihlj [Z aZfegb
fZl _jeZees\ IZ \bjh[e\ a gbo gZ [cgdr fldhgh\frggZlb aZz
Ahihfh]lhx [sevr "hkimigbo Ze_ _n_dlb\gbo | _ogheh]ec

Jhal\blhd kmgZkgh]h fZrbgh[m”~ m\Zggy agZqgql
\bjh[gbpl\hf eblbo \bjh[¢\ a Zexfege}\bo kieZ\e\ a g
neabdhoZgeqgbo <+« _dkiemZlZpecgbo o0ZjzZdIl_jbklbd
nmgdpehgZevgbfb fh eb\hklyfb *ey \bjh[gbpl\Z dhfihg_
aZklhkm\zZggy \ kmgzZkgec \eckvdh\ec | _ogepe _g_j]_IDb
egrbo

> yde “hkee”"gbdb jhZpeyf2gd«xli\e kiezZ\b yd Zevl_
“Zjhklecdbf klZlehZgh\bf kiezZ\Zf \ jeag®o dkibhZdIZpy €
pvhl]h g _h[oe*gh ie*\bsblibfijhgHmpZexfege}\bo kieZ\e\
ckgmx@db0&200 fK "h 35 fK e« [eevr_ Ijb pvHijfnhboag
fZdkbfmf | _fi_jZldkjilemZIZde® kielZpegx}lvkgs&475 fK
(0,65« D.

>ey kI\hj_ggy Zjhfepgbo Zexfege}\bo kieZ\s\olg_ hJc
gbo ki_peZevge \eZklb\hkle yde kB | ngigda h\\sa*o
0ZjZdl_jbkbg ~ gbo hkgh\gbfb } je\ghfejgbc jhlkaienZ\era \
_g"h]_gghlo dah]_gfgbechjhagbddplko_jkgmda klZ[lkeEDe
osfeqgh]l]h kdezZ m ~je[gha_jgbklZ >lelyirhdkiyipZ g glyshzZdh
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j_amevlZIim ihlje[gh \bj*hlEIEZIgwh kddZO6gheh]eqgb.o aZz
GZijbdez” " Zjhfepge Zexfege}\e kieZ\b h”™_j mxlv i_j
ihjhrdh\h€ f_|ZamibdkkhjbklIZgdlyjfngbd[h fedjhdjbklZeesqc¢
gZi*\nZ[jbdZinZebwf [Z]ZIhdjZfighkljhdnblthAj _km\Zggyf
kKiedZggZflZzdh  az "hihfhfllhxbdeeggjhgdiz egrbo kihkh[e
LZdbf qbdhbgheh]e€ h”_j Zggy Zjhfepgbo kieZ\s\ gZ
a™_[eevrh]lh } [Z]ZlhklZ"ecgbfb IZ \bkhdh\Zjlekgbfb
GZc[eevr "hpeevgbf “ey \b]Jhlh\e _ggy ZexfegeNbo °
} \bdhjbklZggy bO\Zpgheh]ec >ey €0 | ZeeaZp<*€ (.
| ogheh]eqgh \erih\egge Kkkgh\le \I dlibqggaoi-kbls fgbf
je\g f f oZgeqgbo IZ dkiemZlZpecgbo 0Zjzdl _jbklbd
gZ hkgh\e Zexfegex gZklh g_ \e?ih\erZxlv aZ f_0Zg-e
\bfh]Zf*h kmqgZkgbo dhgkljmdpecgbahfiZl hehe¢x ¢
I _jrhg_jlhéaz”rzZq } i**"\bs_ggy j_kmjkm _dkiemZ|¥yd-€ |
h” j"mxlv aZ _n_dlb\gbfb « dhghfeqgbfb | _ogh®h]eq
f gr \Z eb\hdkZ#dhaz"Zjhajh[e gdybo Zjhfepgbo Zexfeg
kieZ\e\ Mhah\heylv aZfegblb kh[hx " _yddZHBElgh\miee D\
e[fm” mlv \eMihkrhglkgbf \bfh]Zf \bkhdhl_ogheh]eqgh€ |
ljhfbkeh\e eb\Zjge kieZ\b gZ hkghle akBhh AW Sy f
0Q &U )YH 1z 1L fh gz \+Zghflelbgb®h ijhl_ je\ _gv
\bkhdhl_fi_jZImjgh€ fepghkle ihlj_ [m} i*"\bs _ggy P
gZkldh\h \bjerblb reyohf dhfie _dkgh]h fh*bnedm\Zggy
sh aZ[_ai_qblv h”"ghqZkg_ kihmjdlmjlggya[eevr_ggy Kkl
e _Jh\zZghkle I\ _j~h]lh jhaqbgm gZ .hlkghypyvhdexféthemlv
kiI\hjblbky mfh\b ~ey ~“bki_jkecgh]h.afepg_ggy kieZ\m
lgrbf jer_ggyf fh _ klZlb jhapghhdepgglyo Zexfege}\
kieZ\s\gZ hkgh\e _\l _dlbggbo kbkl f a I _j_oe"
jerdekgha_f_evgbfb f_1ZeZfb yde ijZdlbqg\glZ egxfejgre&q b4
a”"Zlge ml\hjx\zZIlb \kiggfeémges ~bki_jkge e+gl_jf _|Zee*"g
GZc[eewva _n_dl 1Zdhfm ie*oh”e fh ' [mlb ~hky]Jgmlbi
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mi\hj_gg¥ghjhafejgbo \hehdgbklbo kdez”~h\bo _\I_dl
afepgxxgbo *"bki_jkh€”e\ a dm[eqghx Z[h | _|jZ]hgZevgh
dh]_j_glgbMftb% jdbf_|Zemkgh\b LzZdpmdlmpghah\bc klZdg
aZ[_ai_f@gnfjecaZpex afepof oygadfHjh\ZgZ sh } gZc[e
~n_dlb\gbf ey i*"\bs_ggy hihjm jmcgm\Zggx ijb \bkh
gZ\ZglZ gge f_1Ze \bo fZl _jeZe-\

< 1ZjZ"b]fe k\elh\bo az”~Zq jhal\bldm fZrbgh[m?”"
agb” _ggy fzZkb ~ 1Ze ¢ fZrbg t2ybhdZgzdtg\b klZe \b
gZ\mggbo *"glZdeevr gca¥hgZq_ge- ijh[e_fb 1Z €0 \bjer_
agZqgm ZdImZevgeklv >ey MdjZ€gb ydZ jha\b\Z} k\hx
|Zde 1Z ih”~e[ge ~"h gbo jhajh[db } \Z eb\bf i**"%jmgl
~n_dlb\ghkle jh[hlb [Z]Zlvho \maees\ jeagbo Ibie\ \
Hkh[ebAdgZqg ggy ijb pvhim fe£} dhghlZhihegd gakgmxgbo
\bjh[gbpl\ gZy\geklv d\Zeenedh\Zgbo gZmdh\bo IZ jh
j_kmjkgh€ [Zab Gh\e kigZ\bepekkliydvdhfiHg g Zlgbfb
"h _n_dlb\gh€ [Z]ZlhdjZlgh€ ih\lhjgh€ i_j _jh[dbm}sh
_dhghfeddm_dheh]eqqgmdib\geklv €0 \ijh\Z~" _ggy \bjh
kih"b\Zggy

Lhfm ~hkee”  ggy ijbk\yg_ge jhajh[pe gh\bo 1Z
ekgmxqgbo eb\Zjgbo "Zjhfepgbo Zexfege}\bo kieZ\e\ ¢ hl|
€0 h™ j'Zggy } ZdlmZevgbfb

A\ yahd jh[hlb a gZmdh\bfb ijh]jzfzfb iezZgzfb |_

>bk _jlZpecgZ jh[hlZ \bdhgZ§ZogheNeaglgdhthm gkl
f_ 1Zee\ 1Z kieZ\e\ G:G MdjZ€gb 1Z ih\fyazgZ'lak¥erdlgd s
jhel 1D8-17- ©ljhp_kb nhjfm\Zggy kljmdIimjb ¢ \¢
Zexfege}\bo fZ]ge}\bo ¢ IblZgh\bo kieZ\e\ ijb dhgp _gl
jhaiez\m ydbc i_j_fermxlv m \Zdmmfead <« >J |8
<« 1129-20- ©>hkee”" _ggy ijhp_ke\ fedjhe_]m\Zggy -
dhevhjh\bo kiezZ\s\ kbgl_ah\zZgbfb nzazfb 1Z2 | _Z].
Z]j_1Zlghfm klZ g~301200U100614, 2020- i -39;22-718
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©>hkee”" _ggy djbklZecazZp+s€ kiezZ\e\ a \bdhjbklZc
deg Ibggbo t2<E=pZ f |1Ze eblbo aZ]hle\hd2& <« >J - 8

i <-28-23-  ©KI\hj_ggy « \ijh\Z~»" _ggy m \bjh[gbp
ijhp_ke\ h™ _j Zggy dhgkljmdpecgbo fZl _jeZee\ IZ eblb
Zexfege}\bo <+ aZeeah\m]e p_\bo kiezZ\e\ a \bdhjl
_e _dljhfZ]gelgbo 1Z | _{?bjgdmpggbo ~ec gZ f _IZe
\bkhdhl _ogheh]eqgh€ | _ogedb ih*\ecgh}R012BHGEA/§7,99Y
2022- I -13-23- ©ONmg~rZf _glZevge hkgh\b e« ki\hj_
ijhp_ke\ h™ _j Zggy a Zexfege}\bo kieZ\e\ ebtdb jZZeh{ih
a \bdhjbklzggyf dhgp _gljh\Zgbo ~" j e gZ]j*\m <« | _|jf
jerdbc f_1Ze 1Z ijb ch]lh I\_jregge2 <« >J - 8 jj
| fzfhjh]jZfgpheevh\h€ 1Z dhgdmjkgh€ | _fZlbd®zZE&G:dh\WMd
"hkee~rge jh[hlb fheh”bo mqg_gbo GIE@IOMdjDE&gbhi g,y
gZmdh\lmgheh]eqgbo aZkzZ” hljbfZgayepdbgbojkgdblb
dhfihabpecgbo fZl _jeZee+\ a \bdhjbklZggyf dhgp_gljh\Z
< >] 8 - i <-118121- ©KI\hj_ggy dhfie_dk
fhrbnedZlhje\ IZ jhajh[dZ ijbgpbie\ fh*bnedm\Zggy \Il
Ney i*"\bs _ggy €0 ydhkle |Z je\gy f _0Zgeqgbc
< >J0121U111989, 2021-202p

F _1Ze azZz\"Zggy "~hke*F _Igphy[hlbxjhajh[e_gdgwbo
gZmdm\[Bejmglh\Zighp keVer\bs ggy Zjhfepghkle kg
eb\Zjgbo Zexfege}\bdzZkkd¥hp\ggy dh¥blbabpecy jh[hlb \
mfh\Zo ie*\bs_gbo | _fi_jZImj oghajhfdigbo hkgh\ &n™_j
gbo eblbo \bjh[e\

>ey "hkylg_ggy ihklZ\e_gh€ f_IpgXkhhmageYByHyh

1. Ijh\_klBgZeeraqZk@bloe”" gv ijbk\yg _gbo m~hkd
ekgmxgbo |Z kI\hj_ggx gh\bo "Zjhfepgbo Zexfege}\bo
hkh[eb\h&b e Jm\Zggy Xklljanddhaihmli\hj Iggpywyhehbhoqgg
ijhp_«kh”™_j Zggy
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2. <bagzZqgblb aZzdhghfejghkl¢jhp Kke\ aZ[_ai_q_
\bkhdhl_fi_jZImjgh€ kljmdImjgh€ klZ[eevghkle |1Z “Zjhf
kieZ\Zo kbM-5i-Cu, Al-Ni-/D | Z-Fen-Cr-Ni-Coijb €0 fh~ bnedm\Z
e "hAZIdh\hfm e _]Jm\Zgge

3. Jhajh[blb_ogheh]r®€ j Zggy [*gZjgbo 1Z dhfie
Ne[ghdjbklZeeggbo e«]ZImj gZ hkgh\e ZexfegexXZ&k \bkF
\feklh@r, Co,Mo,V,Le =U 1L )H .0Q |1Z /D

4. >hkee*”blb hkh[eb\hkltZ\\aZk\dgeg @&ljijb "h~rZ\Zgg-
\ Zexfege}\e kliAD\gblb\Eowb\gZ nZahmlil\hj _ggy

5. >hkee"blb ijhmhjkim\Zggy kljmdZmjhgdbo ozZjzdl_jbk
f oZgeqgbo \eZklb\hkl _c eb\Zjgbo " Zjhfepgbl-CuiaZ\-\
al\bgZcgbo mfh\ 1Z ijb i**\bs_gbo(300 ff KjZ&am@d gZo\g h
deevdhkle 1Z dhf[egZpec "h*"Z\Zggy “h gbo fmhMobhgm
"h[Z\hd i_j oe~gbo Im]hiezZ\dbo 1Z je*dekgha _f _evgbo

6. >hkee~blbkh[eb\hkfedjhkljmdlImpnzZah\h]h kdeZzZ”
kKljmdImjgh€ klZ[l&fvolZig=ggZklb\h&kibdZjgbo kieZ\e\ kbkl|
Al-Ni-La sh fekliylevd _ex fZk 1&ZglZiw%fZk \bagZgblb
hilbfZevge dhgp_gljZp+€ dhfihg _gle\ "ey h” _js@dgbhyg ¢
kieZ\e\kdZgh\blb I _ogheh]eqge hkh[eb\hkllZ €blijp]hIm\:

7. >hkes*"bNoeb\ "h*Zldh\héh]m\Zggy [1Z fh*bnedn
_dki_jbf_glZevgbo kieZ\s\ gZ hkbhhiD IgEok|Ifimd$@jgh
nZah\bc klzZzg kljmdimjgm IKIdZjeddkbklbdb fepghkl
a\bgZcgbo mfh300Z Kjb

8. Jhajh[blBjhfepgb\ZjgexfegekieZ\pZ hkgh\e kbkl _
Al-Fe-Mn-Ni  yae ]h\Zg <o, Cu, Mg, Si. LilZ /D « ~hkéekMb[ldb \s k|
ijhp_kenhjfm\Zggy €0 klymaddm\lglh klzZzgm 12 f _oZ
\eZklb\hkl _c

9. <b\gblbieb\ ~ nhjfZzpe€ 1Z | _jfeqgh€ h[jh[db ¢
\eZklb\hkle ~hkleie"fy\bd gZ hkgh\e kbkMnfMi M, e ]h\Zg:
egrbb e f glijfba\bgZcgbo « i*M\209 fdbol fi_jZIlmjZo
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10. <bagZqglglbc[eevr i_jki_dEkhhdepditeZ\bZijh\ _ Kklb
"hkestigihhfbkeh\m i_j \ejdm eblbo \bjh[e\\ajm\Zaé agfgyh
j_amevlZle\ "hkee”” gv m \bjh[gbpl\h » [Ze ¢ \e”ih\eN

H[f}dI "hkee”" gptyp _kb kiI\hj _dgy ijblJhim\Zggy
m~rhkdhgZe gldbo “"Zjhfepgbo eb\Zjgbo Zexfege}\bo
ie"\bs_gbf je\g_f _dkiemZlZpecgbo' eyjdlj jbkdglydibeb)\
\eNMih\erZevgh]h ijbagZqg_ggy

lj_~f_| “hkee"" IlgigmdimpgdahdZZdl_jbkfbd&Zgeqge |Z
Ki_peZeegklb\hikdphfepgbo eb\Zjgbo Zexfeged\bie bKiagZZ\-
gbo e ]m\Zggy fh”bnedm\Zggy IZ | ogheh]eqgho iZjZ1

F_IhA"b ~hkee+" >nkee” " _ggy ijh\h*"beb azZ ~"hi
klzg”Zjlgbo [|Z jhajh[e_gbo f_Ih”bd h[ledYhLhdyE "le
Ijbl]him\Zggy ee<]dlim] jbf glZevgbo (xktedpgkdeZ” ajZad:
"hkeergbo kieZ\e\ \thdlgZgfbedd] -qalemhjbkp _glgh]lhgZgZe
ki_dljhZzgZeesaZlhje O©(BHLUWEeggfrkecgbf ki _dljhf _Ijbqc
f Ih~"hf gZ ZgZeeaZlhje f |Zee\ 63(&7520%;[ DUF VS
ihdheeggy > n_dlgeklv eblbo ajZade\ ~hkee” m\Ze
j_gl]l_ge\kvdh€h]jZgZE mklzZgh\pe J:I. FedjhkljmdIimjg
"hkee”r” ggy \bdhgm\Zebkv e<a azZklhkm\Zggyf hilbq
fedjhkdhiZo -7F1IZ Euromex iScope IS.1053-PLMi. ?e _dljhggh
fedjhkdhieqge “hkee”" _ggy ijh\h~"bebkv gz fedjhKadhiz
Tescan Vega 3.NZah\bc kdezZ” ajZades\ \bagZqgZeb f_Ih%h
"bnjZdlhf_¢j2€mklZgh\pe 5LIDNX ©8OWLPD ,92 EhdZ
kljmdIimpghah\bo kdedZh\keo f glgbc jhaih”ee itBagZizZ
_e _dljhrdghjhkdhieqgbo “~hkee~” gv f_|Ih*hf g _j]h
EDX-ZgZesam 7~ey ydh]lh \bdhjbklh\m\zZezkv ~ | _.dlhjg
L fi_jZImjb nZah\bo i_j I\hj_gv ijb ieZ\e_ggtelA-\djh
\bagZgEZelh"hf "bn_j gpeZevgh€ kdZgmxxpkEghddledpghff m
| jfeqghZmZesa®Bblhge ) -XSLWHU nejfbL ¥ (j/ht&ise Z\ <\
aZ ;jeg_@abfejx\Zeb gZ ijbeZN, ZRedjhl\_jreklv gZ
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Z\IhfZlbah\Zghfm klZpehgZjghfm f«dll@00 jPhimjfFH@HIKI
|1Z ieZklbqgeklv kiezZ\e\ \Wahp[am\Zelyyfb gZ IbfgqZkh\b
jhaly]m\Zggx ijb jeagbo | _fgZjZkmjdole*jZ\eeqgeCc fZ
Instron 8802. Eegecgbc dh_nepe}gl | _fi_jZImjgh]h jharbj
\bagZgZeb gZ \Zdmmfghfm ~"beZlhf_lje a sg”"mdlb\ghbf
>ey “hke<”" ggy eb\Zjgbo \eZklb\hkl ¢ "Zjhfepgbo Z
\bdhjbklh\mRIZeg" Z jhdpgfbgZ je*dhiebggeklv IZ ljesbghkle

GZmdh\Z gh\bagZz

1. <i_jr_ jhajh[e_gh | _ogheh]exijhd dlj\hgEghbieZ\0
Zexfege}\bo e<]ZImj a \bkhdbf \feklhf Im]JhiezZ\dbo [Z
f 1Zee\ 7L =U 9 ORd®WIYyEvth*"bnedmxqges gl_jf,1Ze-
m Ihfm qlgkge\gh\Z gh€ kl_oehf _|je€ DIdKidjkgshlxm
10« jZas\ f_gr_ g m ijhfbkeh\bo ZgZeh]e\

lkgmxqe dhf_jpecge ajZadb e<]ZImjb \dZaZgbo
h” j"mxlv [eevr _g _jlhaZzljZlgbfb 1Z f_gr _dheh]eqgl
kihkh[zZfb yde gZ "h~Zgm fh mlv gZkbgm\ZIlb f_|Ze ~h
thlj _[mxlv i_j_]j*\m |hfm fh”bnedmxqge gl _jf _|Zee"g
i _j_ \Zgh \_ebde jhafejb 200«ihjyfdifm sh h[mfhlex} \bk
ljb\Zeeklv azZk\h}ggy &®djEige | ameviIZlb "Zxlv &
fZdkbfZevgh ie*\bsblb _n_dlb\geklv aZk\h}ggy fh
hr"ghgZkghx fegefeaZpe}x g _h[oe?gh]h ~h pvh]h qZkm

2. <i_jr_ "hkee”"_gh fhi®tbnedZlhje\ &R &U 9 IZ
kljmdImpghah\e |Z f _o0Zgeqge 0ZjZdl_jbklbdb kied\m
dhf[egZpeyo ~h[Z\hd ijb €0 kmfZjghfm \DsklefAkf ¢ ZcC
\klZgh\e_gh sh gZckmN@serggy \bkhdhl_fi_jZImjgh€
kieZ\da* "[m\Z}lvjlby dhfie _dkghfm fhrbnedm\ZigYy2\ FdegZ\n
&R 9 9 OR &R &U OR &R 9 OR 1Z &R &U 9 OR Ijb pv
dhf[egZpe€ aZ[_ai_gmxlv ie*\bs_ggy Zjhfepghkle gZ\-l
fZ]gex ijbkmlgeklv ydh]l]h \ g fh*bnedh\Zghfm kieZ\« k
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JZger_ "~hkee"'slggy fh*bnedm\Zggy " Zjhfepgbo |
ahdj _fz kiezZz\m $0plr[&KZeh "h*Z\Zggy i_j \Z gh h”"g
"\ho fhrbnedmxgbo Im]hiezZ\dbo dhfihdgeegr\ m fdlevdh
k _ j_~ ydbo hkgh\gbfb [meb ojhf \hevnjHlfjbfZgdfhe
j_amevlZlb ~"Zxlv afh]jm fegefeam\ZIlb deevdeklv "h"Zg
jZomghd [eevr jZpehgZevgh]h \b[hjm _e f _gle\ Iz
kbg _jl_Ibggh]h \ieb\m

3. <i_jr_ \klZgh\e _ogdh[Zdéml kdeZZjhfepgbo kbemfeq
fh™_ \bdhgm\Zlb d_jmxgm nmgdpex af_grmxidb ek f.
jhaqgblgze a[sevirmxgb ch]h \ aZeecah\fekgbo nZaZo ydsh
fhAbnedZlhjs\ g _~hklZIgvh ~ey rnbjM\BgMy:SLZaZe ijb
pvhfm ydsh dhfihg_gle\ ey ml\hj _ggy nZab ®dAadgAEgIlb
fhrbnedkihemAln& X m kdez”e \l _dlbdb €€hjladgbogmg}klv
hrghgzZkgh is"Warrljpgeklv kieZ\m

< i_j_ \Z gec [eevrhkle ~hkee”  gv dh[Zev] jh
gZckeZ[rbc k_j_~ ljvho hkgh\gbo fZj1Zg _pv ojh
fhr*bnedZlhje\ 7"ey afegb fhjnheh]e€ aZeeahVyilkigllro
dhfihg glZ ~ey i**"\bs _ggy dhjhaecgh€ klecdhHGukieZ\-
j_amevlZle ijh\_~ gbo "hkee”" gv \klZgh\e _gh fh eb\
dh[Zevim \ ih}*"gZgge a -<grbfb fh”bnedZlhj4fda "ey
ghjfZzevgbf 148d ~h&lzZlgef \feklhf fZj]Zgpx sh “ha\hey]
dhgljhev oefeqgh]h kdeZ”m rbolb ¢ jharbjblb \bdhjb
kbjh\bgb ~ey ijbl]him\Zggy kieZ\e\

4. Kmll}\h jharbj_gh my\e_ _bgkh[ebbhkle nhjfm\zZ
kljmdimpghah\bo o0oZjzZdl_jbkflbgdggh€ klZ[eevghkle Kkljm
kdezZ"h\bo IZ f o0Zgeqgboe\l\Zkbb\thrKIZjtrfepgbo kieZ\e\ |
Al-Ni- /D m |hfm gbRe¢AZggyf 7L =U &U 1Z 9 \ ydBhKkl-
Mg, Si, Mn & X \ ydhkle e _Imxgbo *"h[Z\hd

>hkee”r" ggy kieZ\s\ oKD fbfEOhgbk_evgbfb « ij_ "k
i _j_\Z gh ljbdhfihg _glgbfb aZ \l _dlbqggbfb dhfih
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kljmdImjzfb gZ[eb _gbfb ~h Zfhjngbo Eb\Zjge Z
jhaleygmlh€ kbkl _fb aZa\bgZc "hkee” " mxlvky [hja@\"h~",
e« dhfihg _gle\ "ey aZ[_ai_q_ggy I\ _j*hjhagbggh]h afepc¢

5. HA j Zgh gh\e dki_jbf _glZevge eb\Zjge* kieZ\b
Al-Ni- /D yde azZ\"ydb e_]m\zZggx fzZ]ge}f dj_fge}f fen
al_jJje]Zxlv fepgeklv |Z ieZklbqggeklv gZ je\ge [ebavdh
\eMih\ergh \ rbjhdhfm egl_j\Zee |_fi_jZIkrej* dbKogezrhgh 8 p»
300 f K

KieZzWbkl fbNb-Da[ _a "h~"ZIdh\h]h e_]Jm\Zggy \heh”"e
ieZklbqgeklx ydZ ijb ie"\bs_gbo | _fi_jZImjZo #h\bs”~hk\
sh ijb h*ghgzZkghfm agb” _gge fepghkle fh™  kijbgbghbl
N 1Ze_c a 1Zdbo kiezZ\e\ \ ijhp_ke €ogvh€ jh[hlb [jh
kijbyeb klI\hj_ggx dhfihea\ptc ey ydbo } oZghll_gdh x
ileZklbggeklv 1Z gZ”~a\bgZcgh \bkhdZ klZ[eevgeklVv f_0Z
Ah | _fi_jZImjb K f

6. ?dki_jbf _glZevgh h”~_j°Zgh gh\e eb\Zjge kiez
_\l_dlbggh€ khAle-Mhb-Ni e ]h\Zge ojhfhf dh[ZevIhf fZ
ferAXx yde (errZxlvky N nhjfZpecgec |1Z | _jfeqgec h[
0ZjZdl _jbamxlvky fepgeklx 1Z ieZklbggeklx B g
a\bgZcgbo mnflh\fm qbik&ey ljb\Zeh]h \eriZem ijb f K

K_j_.~ “Zjhfepgbo kieZ\e\ Zexfegex a i_j _o0*"gl
gZcqgZkler_aZklhkh\mxlv ih”\ecge IZ ihljecge dhfilhabp
Al-Fe | ZAlI-Fe-Ni aZ _\l _dlbggh]h kdeZ”~m \ ydbo afepg_gg)
jZomghd i**"\bs _gh€ deevdhkle g jhagbggbo ~bki_jk
gZklbghd \ f_|Ze _\ec fZIljbpe KieZ\b yde [meh h”"_j
"hkeer” gv fZxlv a~Zlgeklv ~h ieZklbggh€ ~ _nhjfZp
h[jh[db sh jh[blv €0 [eevr |_ogheh]eqgbfb 1Z ~ha\he
afegx\ZIb f_oZgeqge \eZklb\hkle \ rbjaghdmg¥eZiZahge

7. <i_jr_ ijh\_~ _gh hpegdm eb\Zjgbojiedkkidblgklh kcl
ljesbghklecdhkle | _fi_jZImj khee"mk eed\e*mk |Z g
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_dki_jbf _glZevgbo eb\Zjgbo “"Zjhfepgbo Zexfege}\bo
k bkl AENi-La, Al-Fe-Mn-Ni 1Z dhfie_dkgh fh*bnedh\Zgh]h kieZ'
e ihdZazgh sh \ kiez\Zo a \bkhdbf \feklhf fh”~bnedn
"h[Z\hd kdhjhg_ggy gl _j\Zem djbklZesaZpes€ fh _ ih}"
je"dhiebgghkle q j a ml\hj _ggy i qZk djbklZecaZp-£€
jeagh€ fhjnheh]-£€

>hke g _ijh\h~"bebkv “hkee”" ggy eb\Zjgbo \ezkll
hkgh\e kbkEINifL& @l-Fe-Mn-1L |Z dhfie_dkgh fh~*bnedh\Zgh
AlSi9Cu3 < j_amevilZle pbo "~hkee” _gv [meh \kl:
~dki_jbf_glZevge dhfihabp+e€ \ ydbo nhjfm}livky gZgh
_\l_dlbdZ gZ hkgh\e Zexfege™e\ i j 0e?gbo 1Z jerdek
gZ\elv ickey "h”"Zldh\h]h e_]Jm\Zggy fZxlv je*dhi\dlsgg-!|
gZ g klzg”"Zjlgbo eb\Zjgbo Zexfege}\bAl-S-CGUZ\ -\
GZlhfeklv jerdhiebggeklv dhfie_dkgh fh bmdSi®CuBgh]h
1Z"Z} gZ ae afeevr_ggyf deevdhkle fh2bnedZlhje\ I,
gZy\ghkle ojhfm \ kdeZ”e kieZ\m

8. <i_jr_\bagZq_gh eegecge dh_nepe}glb I _fi_jZIm
~dki_jbf_glZevgbo eb\Zjgbo Zjhfepgbo kieZANI-lpZ hk¢
| ZAl-Fe-Mn-Ni \ egl _j\Zee | _fi_jZImj _dkiemZbkzZpr&ZalZgh f
jhajh[e _ge kieZ\b fZc _ g_ afegxxlv k\h€ eegecgeghiafe]
€0 \bdhjbklZggy \ ydhkle fZI _jeZees\ "ey \bjh[e\ \e/Aih\e”

>h | _i_jergvh]h qZkm g_ ijh\h*beZkv hpegdZn e«
| fi_jZImjgh]lh jharbj _ggy kieZ\s\ \dZaZgbo kbkl f
H” j°Zge "Zge* “"ha\heyxlv jharbjblb ki_dlj \bdhjb\kkhZgg
[Z]Zlvho kn_jZo aZklhkm\Zggy ~_} g_h[oe”~gbf a[_j_~
\b]Jhlh\e gbo "™alfédoc

ljZdlbgg_ agZg_ggy

1. Jhajh[e_gh | _ogheh]ex ijb]lhIm\Zggy Zexfege}\
feklylv \  « jZae*\ [sevr “bki_jkge ihje\gygh a ZgZeh
egljf_lIZeerge nZab yde fh mlv fZlbklgophghjZxgnmP _
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h[mfhlex} fegefmf \M\eqe gb g \bljZIb qZkm gZ €0 aZz
\erhfbfb ZgZeh]Zfb |Z h~rghqZkgh aZ[_ai_gqm} €0 je\
\bkhdm fh”*bnedmxgm a”Zlgeklv

2. Jhajh[e_gh iIjbgpbmevibdhfihg _glgh]h _dhgl
fhrbnedm\Zggy Zjhfepgbo ~h_\l_dIbNeayb oiekbesm gy \
f oZgeqgbo o0ZjZdl _jbklbd aZ a\bgZcgbo mfh\ e« ijb ie”"
A h fK < j_amevlZle aZklhkm\Zggy aZijhihgh\Zg
ie"\bsblb f_aWwqgzZcgh€ 1Z \bkhdhl_fi_jZImjgh€ fepghkl
\eMih\eNigh a[_j_ " _gge ieZklbgghkle

3. <by\e ghge\ jkZevgm jhev dh[ZevIm NhANZ\Z g
dhfie _dkghfm fhAbnedm\Zgge "Zjhfepgbo kbemfege\
g_klZgm fh*bnedZlhje\ aZeecah\fekgbo nZa Z[h Kkijbylb
hkgh\e& O m kdez”e \lI _dlbdb LZdbf gbghf ch]lh \\_~
deevdhkld "fizk fh"_ ~ha\hmgbldblb Ihgqgeklv dhgljhex \
kieZ\Zo aZeeaZ fZjJZgpx 1Z fh”bnedZIlhje\ sh kijh:
ijhp_k

4. Jhajh[e_ _gdhhfepgb\ZjgreZ\dZ hkgh\e kbkNi-1D $D
j_dhf _gr"Zp+e€ ~hk\gbpijb]hlm\Zggy e ]Jm\Zggy |Z fh~"
Kiez\b o0ZzZjzdl_jbamxlvky gZy\geklix \ ghb e ydghlyheE
_\l_dlbdb kljmdImjghx klZ[eevgeklIx ijb ~h\]Jhljb\Zehf
| fi_jZImj fepgeklix ¢« \bkhdhl_fi_jZImjghx fepgeklx gZ
"Zjhfepgbo kbemfege\ Ze Idpge pmvéaZNDOMIv \e”jeagylbl
leZklbggeklx o iernrZ\ZIbky » nhjfZpecgec h[jh[p-

5. Jhajh[e_gh oefeqge kdeZ”b | _ogheh]ex h”_j° Z
h[jh[db eb\Zjgbo "Zjhfepgbo kieZ\s\ gZ-Felk\phlt kipé+ FlI
agZggh [eevr ~ _r _\bfb e« ijhklbfb \ ijb]lhlm\ZggegZgZi
hkgh\e kbkl-Nita$ O

6. HA j Zge gh\e gZmdh\e j ameviZlb [meb \ijh\z~"
ijhp_k 1Z kijbyeb hgh\e_ggx gZ\qZevgbo fZl jeZe-\
kKim~ _gle\ 1gklbImim fZl _jeZehagZ\klI\Z 1Z a\Zjx\Zgc
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GZpehgZevgh]h | _ogeqgh]h mge\ _jkbl_Im MdjZ€gb ©DI

Hkh[bklbc \g_khd a~h[m\ZqZ

Hkgh\ge gZmdh\e iheh  _ggy + _dki_jbf _glZevge
jh[hlb knhjfmevh\Zge 1Z h”_j ZghkhaPMhho\Zoghfeh]eqgg
jer _ggy "ey ijb]l]hlm\Zggy dhgp_gljh\Zgbo Zexfege-
Im]hiez\dbfb 1Z \bkhdhj_ _Zdpecgbfb f |ZeZfb jhajh[«
kZfhklecgh [Z \bijh[m\Zgh jZahf a gZmdh\bf dhgkme\
d\Zeenedh\Zgbo kie\jh[elgbde\ \er"eem ijhp_ke\ ieZ\db !
NL1FK G:G MdjZElhbh\e ggy eZ[hjZlhjgh]hla[eZVAdHéE
hkgzZkldbey h”_ j Zoegyibo ajzZade\ _dki_jbf_glZévghb
ijh\h"behkv aZ mqZkle ZkiejzZgle\ 1Z azZ i"ljbfdb kit
HA jZggy \bebVWde\ ggy | _jfeqgh€ yhHdbdZ ajZad-\

"hkee”r" gV ijh\_~ ggy hilbggh€ f 1Zeh]jZne€
fedjh~xjhf_ljes¥bdhgm\Zebkyv a“h[m\zq _f kZfhklecgh
_e _dljhdghjhkdhieqgbo "hkee"  gv j_gl]ZgBEwrZaim\

"bn_j _gpekdBg§mxgh€ dZehjbf |je€ \bagZq _ggy f o0Zg
1Z jharbnjh\dZameviZle\ a”eckgatthdmk¥q f jZahf
Kie\jh[elgbdZfb \e?ih\e"gbo ~"hkees”"gbpvdbo egghjzlhj
h[]h\hj _ggy j_ameviIZls\ nhjfmex\Zggy hkgh\gbo \bkgt
a”eckg gh kieevgh a gZmdh\bf dhgkmevliZglhf

ijh[Zpey j _amevIZle\ "bk_jlZpe£€

Hkgh\ge gZmdh\e iheh  _ggy ¢ j_ameviZlb sh ij_ 7k
ijhcreb Zijh[Zpex gZ dhgn_j _gpeyo ;,9 |Z ;9, <k_md
1jZdlbggZ dhgn_j gpey ©Ki_peZevgZ f _1Zemj]ley \qh
Db€\ GLMM ©DI12 | Z 9 ,QWHUQDWILLR/AQ DAL [
science, nonequilibrium phase transformath 9DUQD % XOODUDND11
Fe'gZjh~rgZ gZimdldhi\hqgZ dhgn_j _gpey ©Gh\e fZl _jeZeb
fZrbgh[m”m\Zgge?2 Db€\ ©ODI1 «f 1 Kedhjkvdh]h?
091 1z 0911 Fe gZjhrgdjZglbgdBA\hdhgn_j gpey ©
F_IZemjley2 AZihje 202 Alzx -DO Dhgn_j_gp-
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fheh”bo gZmdh\pe\ a fZl _jeZehagZ\kI\Z |Z g _gl4-€ i
MSSE- f Ev\e\ 9,, 1z 9,,, Fe'gZjhngZz
©l jki_dIb\ge | _ogheh]s€ fZl jeZeb « h[eZ*gZggy m e
DjzfZlhjkvd , 2023); METAL 2020 - 29th International Conference on
OHWDOOXUJ\ DQG ODWHULDOV &]JHFK 5Hi$XHOdGFZ ¢
dhgn_j _gp-y fheh”bo \q _gbo ©gh\e | ogheh]e€
fZrbgh[m"m\Zyp8kbqz\dZz Fe'gZjh"giZZ@bmdHE\F
dhgn_j gpey ©ljh[e _fb 1Z i_jki_dIb\b jha\lbldm aZe-ag
f >geijh Dhgn_j _gpey fheh”bo \q_gbo ©1ggh\Zrg
jer _ggy \ gZmidkém~rgbpvdec jh[hle fheh?"hoF%'q @bR X
Professional International Conference on Welding and Relatechdleches- a
Kyiv (2021); ,,, ,QWHUQDWLRQDO 6FLHQWLILF DQG 7K
PHWKRG UHDOLW\ DQG IXWXUH WU H(@&c 8R2024H V H |

Im[eedZBP£ | _fhx “bk_jlZpecgh€ jh[hlIBlMipmeémth§Zc
1jZpy a ydblZlen gZmdh\bo nZoh\bda\lwhdpgogoyyeg” dkmx
fe'gZjhrgbfb gZmdh f_ljbqgbfb [ZaZfB26 FREWXN\ 4Z_ CcR\6
a[ejdZo fZIl _jeZees\ dhanydbppficeqgZ2 dkmxlvky fe gZjh”"
gZmdh f_ljbggbfb [ZaZfb 6FRZS XYl IMdjR€gb gZlAbgZo
1Zl _gl MdjZ€gb gZ dhjbkgm fh”* _ev

KijmdIimjzZ 1Z h[f}f pho[lblplZpecgZ jh[hlZ kdeZ”Z}Ivk
k _fghaneee\ aZ]ZevgbolAbkighAbda\ ;1 j eed \bdhjbklZc
el _jZImjb f3Bgixcf gm\Zgv Hkgh\gbc |I_dkl *bkg@dZp-
346 klhjegdZo fZrbghibkgh]lh |_dki9nlZ[epBgbkmgde.\
"hnzldb gZ klhjegdZo
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JHA>1E
|1 JBGPBIB KL<HJ?GGY @:JHF1PGBO :EXF1G1l/<|
KIE:<14d: KIHKH:B H>?J@:GGY A GBO <BJH:1-«

KmqgZkges i_j ~mfh\b jhedhpezkdgkm\Zggy “Zjhfe)
Zexfege}\bo kieZ\s\ a isA\bs_gbf je\g \BZko\gekdghb o

Gh\elge | _ogheh]eqge Ij_g”b 1Z ihlj_[b\jgre\bll dog «db
\bagZqgZxlv qgeldh a[ZeZgkh\Zge ijehjbl_Ib \~hkdhc
fZl _jeZees\ "ey ihlj [ ex”kl\Zz < a\bggbf |Z \kef \
| ogheh]eqgh]h ijh]j_km } \bdhjbklZggy nmgdpehgZe
ijhl_ kzZf_ dhgkljmdpecgbf fZIl jeZeZf s_ "~h\]l]bc qZ
gZc[eevrbc \er"khlhd aZ h[ky]Zfb fZkh\h]h \bjh[gbpI\Z |

Hkgh\gbfb dhgkljmdpecgbfb fZIl _jeZeZfb \ kmqgZk
aZebrZxlvky aZeeah\m]Je_p_\e IblZgh\e ferge |Z Zexfe
\' mfh\Zo ZdImZeMgboijhfbkeh\hkle ekgWgxlv_dhghfeqc
I _j_~“mfh\b |IZ _dheh]eqge ijh[e_fb sh \ieb\Zxlv gZ kd
\bjh[gbpl\Z klZees 1Z gZ\mgm GZlhfeklv m \bjh[gbpl\e
ijhlylhf Ijb\Zeh]h gZkm kihkl_ je]Z}Ivky klZe_ ajhklZg
ith*Zevrbc ie"edpf >

AZ hklzgge "\Z~pylv ifylv jhde\ \bjh[gbpl\h Zex
al[eevrbehky \ jZab Z €0 kih'b\Zggy \ peehfm
kih"b\Zggy egrbo f _|Zee\ 1Z kieZ\e\ :gZeeslbdb ijh]gh:
k\elh\h]h ihiblm gZ Zexfegec a feg | ~h fgdbh I x7h
fzc _ gZ Ze ih”e€ hklZggeo jhde\ ijba\_eb ¢h Ib
jha\bldm ~ _ydbo dzZIl_]hjec Ahdj_fZ kihkl_je]Z}Ivk)
eb\Zjgh]h \bjh[gbpl\Z Ze_ a h”"ghqgZkgbf a[eevr_ggyf
ydhkle Jhlh\h€ ijh-6lmGpeg2qg_ kdhjhq_ggy h[ky]e\ \b
hr"ghgzZkgZ chlh hilbfeaZpey \dZamxlv gZ e MKl
j_kmjkha[_j_"_ggy jharbj_ggy kn_j kih"b\Zggy 1Z aZk
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jha\blhd gh\bo 1Z m~hkdhgZe_ggy *ckgmxqgbo kieZ\e\
| ogheh]eyfb h™ _j°Zggy IZ h[jh[db

exfegec 1Z kieZ\b gZ ch]h hkgh\e \heh”exlv dhfie_
f oZgeqgbo \eZklb\hkl_c yde h[mfh\lexxlv fh eb\ek
\bdhjbklZggy e_"~v g_ \ mkeo ]JZemayo\ ighstZlpelk\
fZrbgh[m "m\Zggh | ZKmfjbeZ*h[m”~*m\Zgge dhkfeqgec _g
o0Zjgh\ec ijhfbkeh\hkle Z IZdh  \ [Z]Zlvho ih[mIhKbo k
\bjh[b a Zexfegex agZoh”ylv aZklhkm\Zggy \ IjZgkihj
[m~Ae\gbpl\e yd iZdm\Zevgbc fZIl _jeZe \
hfeZ”"gZgge |1Z _e dljhl_ogep- |1Z \ kih b\gbo
\bdhjbklzggy -71. >

HA"ghqZkg_ ih}*"gZggy gbavdh€ ]mklbgb \bkhdh
dhjhaecgh€ klecdhkle | ogheh]eqghkle | Z fh eb)
[Z]ZlhjZah\h]h | _pbdeeg]lm Zexfegex [Z ch]h kieZ\e\
fZl _jeZee\ gZ”a\bqZcgh _dhghfeqggh <« | _ogheh]eqg
i _jki_dlb\gbf m azZklhkm\Zig\gte dkgmgZ/s\evr_ khlge Zex
kiezZ\e\ ajhklzxqge ihlj_[b I1Z \bfh]b kmqgzZkgh€ | _ogedb
jhajh[dm gh\bo dhfihabpec a i**\bs_gbf je\g f
\eZklb\hkl_c ¢ \e"ih\e*gbo | _ogheh]ed2Eo \bjh[gbpl\Z >

KmgZkgbc ZgZee+a k\elh\h€ ijhfbkeh\hkle ihdZam}
klzxlv Zevl _jgZlb\hx aZeesah\m]e p _\bf Z [eey |j _Ibg
ijb pvhfm kdezZ”"Z} jeaghfZgelgZ eblZ@ijhKmagpkyge+ >a z
ijhfbkeh\hkle ¢ jhajh[db fZIl _jeZee\ ihdZamxlv sh gZ
| g™ _gpeyfb “ey jhalbldm eb\Zjgbo Zexfege}\bo kieZ
fepghkle ieZklbgghkle aghkhklecddiigl[«e¥glmkih]efb\nZ e
0ZjZdl_jbklbd ijb ie"\bs_gbo |_fi45@f;zZIZ adrbo
_dklj_fZevgbo mfh\ _dkiemZIlZp+*€ sh ia\fenaZglyya DD
"\blmge\ ~h\]h\eqgghkle * 1Ze_c _g_j]l_Ilbqggb4. mklZgh\

| jeh”"bgqg_ ajhklZzggy \bjh[gbpl\Z _e _dljbqggbo
af_grm} ihibl gZ \b]lhlh\e_ggy ~_1Ze_c¢c “\b]mge\ \gm
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><A a Zexfege}\bo kiezZ\e\ P_ \er[m\Z}Ivky az\"y
\bdhjbklZggx \ ki_peZevgec |_ogepe |IZ aZfege \ gecC
gZ\mggbo ¢ klZe \bo ¥V, |Z®& d 2de* jer_ggy h[mfh\le _g-
af_gr_ggy tZkWZjlhkle | _ogedb 1Z af_gr_ggy _dheh]eqgl
ijb \bjh[gbpl\e « ih*Zevrec _dkiemZlZp+*€ aZ jZomghd :
iZeb\Zz <e~hfbf ijbdez”hf } klI\hj_ggy ihilm gbo “ba_e
Z\lhfh[eee*\ fZjdb %0: sh aZ[_ai_gm} €f ihfelgm _dhgl

d] GZ”a\bgZcgh \Z eb\hx azZz”~Zqg_x ijb pvhfm } ie”)
jh[hgbo | _fi_jZImj fZI| _jeZes\ » |Ze ¢ "\b]Jmge\ g_j_a d
|1Z dhgp _ip*€ i*"\bs _ggy ihim ghkle A\b]Jmge\ \gmljerc
kmijh\hA*"m}lvky a[eevr_ggyf kbeh\bo « | _fi_jZImjghbc
jh[hge e f glb hk|Z3.g-0

DezZkbqgge ijhfbkeh\e kieZ\b gz i5kQuy Yd-FHiCkiFetN§ O
Al-Si-Cu-Mg, AI-Cu-0Q + ~_yde egre yde rbjhdh \bdhjbklh\mx
k\ele "ey \bjh[gbpl\Z ~ 1Ze ¢ ><A \ljZzqgZxlv ZdImZe
\1jZIm f_o0Zgeqgbo \eZklb\hkl_c ijb jh[hgbo I-fi_ jfZmj:
[9,19- @ I**\bs ggy jh[hgbo 0ZjZdl jbklbd IZdbo " 1z
je\gy \bfZ]zZ} _n_dlb\gh]h fh”bnedm\Zggy <kgmxgbo
dhfihabpec Zexfege}\bo kieZ\e\ ae afeg gbfb 1Z [
kljmdIimpghah\bfb o0ZjzZzdl_jbklbdZfb ihje\gygh a \e hfbf

Djef Z\Ihfh[ee_[m "m\jhdgyges Zexfege}\e kieZ\b 1Zdh
rbjhdh \bdhjbklh\mxlvky \ Z jhdhkfeqgec ijhfbkeh\hkle
20 rbjhdh aZklhkh\mxlv 7~ey \b]Jhlh\e _ggy <fi_ee_ j*
gZ]lgelZqge\ 1Z gZkhke\ ~ [Ze ¢ | _iehh[fdggbdbkhje\l_
ZifZlmjb _e_f_gle\ h[rb\db e<lZdes\ [_aicehlgbo e<lZe\
dhjimkgbo ~ IZe c¢ jeaghfZgelgh]h ijbagZg_ggygyhih
Ibim 1Zd kzfh \bfzZ]zZxlv i "\bs_ggy j_kmjkm [Z je!
hrghqzkgh ae a[_j_" _ggyf Z[h i*"\bs_ggyf dhfie_
\eZklb\hkl_c azZ defgZlgbo 4291 _jZImj >
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:dimZevgeklv jhajhe\bpgdjhfepgbo Zexfege}\bo Ki
ithykgx}lvky*hkee”” ggyo \e*hfbo \q_gbo vyde h*_ j mx
gZghkljmdImjgbfb e f glZfb [m~h\b 1Z kdeZ” ghbf
ljbdeZ~hf |Zdbo fZIl_jeZe\ } f_1ZKkbXK[ebdRe®i-&8-T KR
a \bkhdbf klmi_g_f Zfhjnghkle 7ey fygheklovZjZdIFigZ
520F1Z ijb fK 1ZfK \eNih\ergh > @ 1grbf ijbdeZ"hf
kiezZ\-&®Fe-1,3V- 6L |1Z kgB gvh]h dhfihabpe€ m |Ihfm ql
\bkhdbf \feklhf dj_fgex > @ <Zjlh \e«*agZqgblb sh
\bjh[e\ a |1Zdbo fZI_jeZee\ i_j "[ZqZ} aZklhkm\Zggy il
gZ r\b~rdh€ djbklZesazZp+*€ [Z]ZIhklIZ™ecgh€I1Zhkgjtocm
| ogheh]eqgbo jerfZpmv Wbkhdm \Zjleklv ijhl_ gZ ~"mf
aZebrZxlvky ih\geklx \bijZ\*"Zgbfb

S h~hge}x | _g™ _gpe}x m jhajh[pe Zjhfepgbo Zexf:
kiI\hj _ggy dhfihabpec gZ hkgh\e \l dlbggbo kbkl_f a ¢
kieZ\b \e~Mjeagyxlvky agZqggh \bshx \Zjleklx \ ihje\g
jhaih\kx”" _gbfb kbemfegZfb aZ jZomghd \bkhdh]h \fe
10 fzZzk 1Z \bfzZ]Zxlv aZklhkm\Zggy "h”*Zldh\bo | _oghe
aZ[_ai_gm\Zeb [ gZghkljmdIimjgm Z[h Zfhjrgtal hboh\
kdeZz"h\bo 7ey "~hky]Jg_ggy gZc[eevr \bkhdh]h dhf
\eZklb\hkl_c \bjh[\-33].

Gh\bf 1Z ihdb sh fZeh”"hkee” \g¥ jj*Zgh "hdjhfepg!
Zexfege}\bo kiez\e\ fh'gZ \\Z ZIlb klI\hj _ggy ZexfhfZljb
afepg _gbo Im]hieZ\dbfb 1Z g jhaqbggbfb \ Zexfege
\hehdgzZfb < jpBpRIZZbdibkzZgh \e~ih\erge ijhp_kb klI\hj g
kieZ\e\ kbklICa, 8i5i, Al-Si-Cu-Mg-1L Zjfh\Zgbo \dexgsCggyfl
SisNg, BN, TiC, SiQ, Al,O3 1Z grbfib jhagbggbfb gZklbgdzZfb L2Z
0ZjZdl_jbamxlvky \bkhdhx “Zjhfepgeklx Ze_ <+ \bkhdhx
h”r j7Zggy kmll}\bf \erkhldhf [jZdm ¢ fZxlv gbavdm a’
i_j_jh[db sh ihfelgh kih\eevgx} €0 rbjhd_ \ijh\Z~" _ggy
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lhimeyjgbf jer_ggyf } jhajh[dZ kdeZ”~ghe_ Jh\Zgbc

|bim -&£@Mn-Fe-Ni, Al-Ni-Mn-Fe-Zr, Al-Ni-Mn-Fe-Si=U 1Z koh bo- >

@ >Zgbc Ibi kiezZ\s\ 0ZjzZd!l_jbam}livky \bkhdbf \fekl
Nje[gh”bki_jkgbo fZehjhaqbggbo nZa yde a”“Zlge aZ
je\_gv f_0Zgeqgbo o0ZjZdl _jbklibd ijb defgZlgbo IZ ie"\L
"h -350fK Lbf g_ f _gr ”"ey ~hkyl]lg_ggy hilbfZevgh
nZah\h]h klzgm 7~Zge kieZ\b \bfZ]Zxlv ki_pbneggbo
A"hihfhl]hx jhaibe_ggy jhaieZ\m a ih”Zevrbf ij_km
Ij_km\Zggy \-lje?jdhfm klZge _dkljmae<€ kiedZggy | _jf
egrbo kdezZ”~gbo kihkh[e\ degp _\h]h nhjfm\Zggy ]Jhlh\bo

HklZgges jhdb \eA"[m\Z}Ivky jhajh[dZ eb\Zjgbo kieZzZ)\
a \bkhdhl_fi_jZImjgbfb 1Z fhjnheh]eqgh kijbyleb\bfb
K\h€f kljmdIimZgh\bf klZghf \hgb \eMi-RMAEMWX X exQ@hfZljbq
dhfihablzZf \ ydbo fh gz ihfelblb ijbgpbib
kK j_~gvh _gljhiecgbo kiezZ\e\ < |Zdbo dhfihabpeyo hk
\bkImizZxlv 1 _j oe"ge 1Z jerdekgha f _evge f _|Zeb Ijl
kbkl _f-GeQAI-Ni-La, Al-Fe-Mn, Al-Fe-Mn-Ni, Al-Fe-Mn-CrLL m |lhfm qbk
e _]Jh\zge IZ fedjhe_]Jh\Zge e f glZfb yde Md,QuySixlv f
Ti, Zr [42, 43].

A ZgZeeam kmqgZkgh]h “hk\e"m « aZ”~Zqgq h™_j Zggy
kiezZ\s\ klZ} ajhamfeehx g _h[oe*geklv m~hkdhgZe ggy
gh\bo eb\Zjgbo “Zjhfepgbo dhfilma@jis cglkfibmdIimjgh
nZah\bfdzjzdl _jbklbdZfbe*jydgyebky [ \bkhdhx | _ogh
_n_dlb\geklx h™® _j°Zggy a gbo ]Jhlh\bo \bjh[e\ aZ fZdkb
_dhghfegqgh ~hpeevgbf |I_ogheh]eqgbf ijhp_khf Jer_gi
|Zdh€ f_Ib } klI\hj_ggy I1Z m"hkdhgZe ggy kZf_ebiZjgb
nZah\bfb 0ZjZdl_jbklbdZfb yde j_Zeeamxlv ijk
f 1ZehfZljbggbo dhfihable\ afepg_ggy gZghjhafejgb
lhsh M~*hkdhgZe_ ggy *kgmxqgbo 1Z klI\hj_ggy gh\bo I



45

ha _jZggy \bjh[+*\ as \dZaZgbo fZl _jeZes\ } \Z eb\hx ki
1Zdh" \bfZ]Z} "hkes”" _gv

1.2 Djbl_je€ \b[hjm e_]mxgbo _e f _gle\ [Z\bfs oggyaf
"Zjhfepghkle Zexfege}\bo kieZ\e\

K_j_" ijhfbkeh\bo Zexfege}\bo kieZ\e\ gZc]-e
ihdZagbdzfb "Zjhfepghkle \heh”exlv kieZ\BSigA-Si-Kg,h\+ k
Al-Si-Ni, Al-Cu, AI-Cu-Mn, AI-Si-Cu-Fe-Ni [Z ih”~e[ge ~“h gbo J
| fi_jZImjb gZc[eevr gZ”~ecgbo a gbo aZa\bqZc agZo
250 f K > @ g _ fh mlv [mlb i**"\bs _ge \ jZfdZo de
>h\hee jhaih\kx”" _gbf jer_ggyf "ey i**\bs_ggy Zjhfepg
kiez\s\ '} fh”"bnedm\Zggy 1|1Z fedjhe _]Jm\Zggy €0
je"dekgha_ f _evgbfb f_1ZeZfb k_j_~ ydbo gZcqgZkler_ .
Cr,Fe,Ni,V,Kh 6F /D < &2b,32,39-47].

>7Zge jh[el > @ ihdZamxlv sh jhajh[dZ “Zjhfepgtk
Zexfege}\bo kieZ\e\ % jmglm}lvky Jheh\gbf qgbghf
dhgljhevh\Zgh]h nZahml\hj ggy aZ jZomghd "~h~Zlc
ijZdlbgghfm ieZge pe kieZ\b ih\bgge h*ghgzZkgh ih}~gm

1. :exfege}\m fZljbpx e_]Jh\Zgm i_j oe~gbfb f_|Ze
agZqgm [eevr _ fZk jhaqgbggeklv 1Z a*Zlge aZ[_c
fepgeklv kieZ\m ijb defgZlgec | _fi_jZImje aZ jZo

Nje[gh”bki_jkgbo klZ[eevgbo <gl jf |Zee*gbo nZa >
\erghkylvky 7L =U 0Q &U 9 ©6F

2. ?\l_dlbdm ydZ feklblv Zexfege™ b 1L )H '
fZehjhagbggbo \ Zexfege€ I _j o0oe”"gbo f _|Zes\ a”™Zlgbo
gZklbgdb Z[h \hehdgzZ ?\l _dlbdZ ih\bggZ fZlb Ki
aZ[_ai_gm\Zlb \bkhdbc je\_gv “Zjhfepghkle |1Z g_ fZIlb i
\ieb\m gZ f_o0Zgeqge \eZklb\hkle kieZ\m aZ a\bgZcgbo
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3. FegefZevgbc -+gl j\Ze djbklZeecaZp+€ kieZ\m
fZdkbfZevgh]h je\gy eb\Zjgbo \ezZklb\hkl ¢ agb _gg
"hky]l]g_ggy "bki_jkgh€ [m~h\b nZa sh \oh”ylv *h kde.

4. FZdkbfZevgh \bkhdm | _fi_jZImjm khee*mk *
a[eevr_ggy Zjhfepghkle

<Z eb\bf djbl_je}f ie"\bs _ggy " Zjhfepghkle Zexfeg:
e |m\Zggy €0 _e f glZfb vyde h"ghqZkgh i**kbexxlv f
kbevgh \bdjb\exxlv djbklZeeggm % jZldm > @ >
hkgh\ghfm \eAfghkylvky Ie yde \erih\erZxlv jhafejghfm
DhgzZ[}}\kvdh]h Z 1Zdh |« sh ml\hjxxlv a Zexfege}f dh
ch]h djbklZeeqgh€ %jZldb nZab GZc[eevr \Z eb\e _
Zexfegex &X =Q 0J IZ 6L \eMih\erZxlv pbf mfh\Zf
afepgxxgZ jhev ijb | _fi_jZImjZo \bs_ « fK ge\_
ihfelg_ i*"\bs_ggy "bnmaecgh€ jmoeb\hkle ih*"&eygy |t
a Zexfege}\h€ f{Zljbp- < j_amevlZle pvh]h Kkihkl_j
dhZ]meypey afepgxxgbo nZa af[eevr_ggy jmoeb\hkle A2
ieZklbgghkle 1Z agb™ _ggy fepghkle kieZ\e\ >

< jh[hle > @ D Dgeieeg]hf ijb\h~blvky ¢ ihykgx}I\
ie"\bs _ggy " Zjhfepghkle kiezZz\e\ kmlv dhljbo \ hkgh\
j_ZeeaZpe€ mfh\ af _gr_ggy jmoeb\hkle “bkehdZp:
j_djbklZeeaZpe€ ijb ie"\bs gbo | _fi_jZImjZo P_ aZ[
mli\hj ggx klZ[eevgbo g _jhaqgqbggbo <gl_jf [Zee*gbo
fZxlv kIl _oshf_ LOK $D,88 << agZqgZ}lvky sh gZ jy*m a
jhaih”~ee ggyf "bki_jkgbo <+gl_jf IZee”e\ ihablb\gbc
\erghkgh \_ebde jhafejb GZy\ge gl _jf |Zee™ge \d
I _j_rdh”"Zfb "~ey jmom "~bkehdZpec <+ ih\bgge fZlb
Zdlb\geklv sh aZzZ[_ai_gm} klZ[eevgeklv €0 jhafeje\
| fi_jZImj 1grhx \Z eb\hx mfh\hx } gZy\geklv afepgxxq
a djbklZeeqgbfb % jZldZfb dm[eqgh]h <« | _I|jZ]hgZevgl
ithablb\gbc \ieb\ fZxlv I« a gbo sh \b”eebebkv dh]_j g
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gZeh]leqgbc f _oZgeaf ie"\bs _ggy “Zjhfepghkle
kiI\hj_gge f_lIZehfZljbggbo dhfihable\ yde feklylv \ vy
liZnel hdkb~ge Z[h dZj[*"gs kOheSiGdb 6lb&m I$IGh LZ
fZl _jeZeb o0zZjzZdl_jbamxlvky \bkhdhx “hjkldeklx ibl
“Zjhfepgeklx 1Z “Zjhklecdeklx \ _dklj_fZevgbo mfh\
deZkbqggbfb kiez\ZB8b 48 @ H[f "~ _ggyf "ey rbjh
\bdhjbklZggy ih”e[gbo dhfihable\ } kdeZ”~gbc | _oghe
\bjh[gbpl\Zz \bkhdz \Zjleklv \bjh[e\ gbavdz a”Zlg
i _j_jh[db e« ihfelgZ h[f_~_geklv dhgnelmjZpec 1Z kdeZ"
nhjf ihje\gygh a eblbfb ~_IZeyfb

Jhaleygm\rb gZc[eevr _n_dlb\ge ijbgpbib i**\bs g
eb\Zjgbo Zexfege}\bo kiez\e\ fh gZ mazZ]ZevgblkZ gZk
gZijyfdb €0 j _ZesazZpe+€ yde \dexqZxlv kihkh[b « RZkh]
nZah\e o0zZjzdl_jbklbdb eblh]lh f_IZem

1. AZklhkm\Zggy e_]Imxgbo _e_ f _gle\ IZ fh*bnedZlI
ml\hj ggx \ fZljbpe kieZ\m klZ[eevgbo g _jhaqbggbo
gbavdhx “bnmaescghx Zdlb\geklx |Z kijbyleb\bf Ibihf dj

2. >hkylg _ggy 1Zdh]h kdezZz"m _\l _dlbdb \ kieZ\Zo
\_ebdZ deevdeklv KklZ[eevgbo \bkhdhl _fi_jZImjgbo
fhjnheh]e€ Z | _fi_jZImjz _\l_dlbqggh]lh i_j_IImieggly
fZdkbfZevgh \bkhdhx

3. KI\hj_ggy kiezZ\e\ \l _dlibggh]h Ibim 2~h kdeZ”"m
\oh”"beb [ | _jfeqgh KklZ[eevge |Z \bkhdhl_fi_jZImjge
Zexfegex nZab kijbyleb\bo jhafeje\ |Z fhjnheh]e€

4. AZ[_ai_q_ggy mfh\ *ey h” _j Zggy \ kljmdImje k
\bkhdhl_fi_jZlmjgbo nZa ae+ Kkijbyleb\bfb jhafejzZfb
djbklZeh]jzZneqgbfb izZjzf Ijzfb dm[eqgbc « | _|jZ]hgZ
Abki_jkh€~e\ ml\hj_ggy Jeh[meyjgbo IZ \hehdgbklbo k

5. A”eckg _ggy h[jh[db 1Z fhAbhraieB\Bggy aZklhkm
| ogheh]eggbo ijbgpbie\ ieZ\db [|Z eblly yde a
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]Jhfh] _geam\ZIlb kdez” ih”je[gx\ZIb kljmdImjm KkieZ
jhaqgbggeklv fZehjhaqgbggb-catlpfgRyZ qd\

>ey nhjfm\Zggy [*evr ih\gh]h my\e ggy jhaleyg_ fl
hdj _fh 1Z [eevr » _|Zevgh

KIZzg”h"Zjlge e affegbx\Zqge yde fZxlv \ Zexfege€
jhagbggeklv [eevr_ =QZk$Jx0J /L *D *H &X 6L
kiz"Zggy jhagqbgghkle g aZ[_ai_gmxlv a[_j_~_ggy f_
Zexfege}\bo kieZ\e\ ijb ie*\bs gbo I _fi_jZImjZo Ebr_
MmI\hjxxlv a Zexfege}f klZ[eevge gl _jf 1Zes"ge Kih}dmdb
kieZ\m aZa\bgZc } g _"hklZlgvhx "ey kmll}\h]h i*\bs ¢
lhlh pe e f _glb fZxlv “hkblv \bkhdm “bnmaescgm Zdl
kobevgbfb "h dhZ]lmeyp+*€ aZ mfh\ \bkhdbo |_fi_128¥mj
kiI\hj_ggy Zjhfepgbo Zexfege}\bo kieZ\e\ \bgbdZ} ihlj_
h™ j°Zggy \ gbo ki_pbneggbo [eevr | _jfeqgh khZ[aldyb o
0ZjZdl_jbklbd koh'bo gZ \e"hfe ZgZeh]b egrbo kbkl_f

>ey ijbdezZ™m gZc[eevr \e~rhfbfb [Z "~hkdhgZebl
kiez\Zfb kmqgZkghkle } ged_e \e kmi_jkieZ\b Hkgh\hx
ged_ex } egl_jf 1B \1hjy*dh\Zghx djbklZeeqgghx kljm
L1, \[m~h\Zghx \ ]jZg_p_gljh\Zgm dm[eggm % jZldm g-
jhaley”rZ}Ivky yd gZc[eevr Zjhfepgbc g _j_a \bkhdm s

@ :gZeh]eqgh kmi_jkiezZ\Zf Zexfegec IZdh  fZ} =
mI\hjx\ZIb a jy*"hf ¢glZgfe\lZe+s*b a dm[eqgbfb Z[h | _IjZ
dijbklZeeqgbfb kljmdImjzZzfb yde [ \bdhgm\Zeb hibkZ
i*"\bs _ggy Zjhfepghkle

ljb pvhfm “ey Zexfege}\bo kieZ\e\ g _h[oe*gbf
e _|m\Zggy yd aZ[_ai_qblv h”ghgZkg_ ml\hj_gg
gl _jf_1Zeergbo nZa 1Z af_gr_ggy kimi_gx |I_IljZ]lhgZe
sh ihablb\gh \ieb\ZIbf_gZ dhfie_dk f_oZgeqgbo o0Z
gZmdh\bc ie?0*” gZ[m\ jha\bldm \ oh”e kijh[ gZj&lm] gc
Zexfege}\bo kieZ\e\ *h | _hj _Ibgghlh fZfdgAyfadi.m
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<kvh]h deevdzZ _e f gle\ fh ' mlv nhjfm\ZIb a Ze
afepgxxge nZab 1Z ~bki_jkge \b"ee _ggy a.dmévggkly %
mlI\hjx} kihemdb a |_I|jZ]lhgZevghbib '%jZIjdZMhM*2\Zgg- '
kdeZ”m kieZ\s\ |1Zdbo _e f gle\ yd 6F 7L =U &U 9
fh eb\h af_grblb kimiegv | ljZlhgZevghkle » ydbo a p
Z[h gZ\elv ljZgknhjfm\Zlb €0 m dmjbkddh& &kibfbijme€/ >
@ GZ\elv \ jZaes dheb kieZ\ feklblv deevdZ fh”bnedr

ml\hjxxlv a Zexfege}f kihemdb a | _|jZ]hgZevghXx %ojZ
Zexfegerb ydjZa [m mlv fZlb af_gr_gm kimiegv | _Ijz
jhafejbZz \bslmjfeqgm klZ[eevgeklvV

ljb » nhjfZpe€ [eevrhkle klZg~Zjlgbo kieZ\e\ ahd,
jhaih\kx”~" _gbf } f oZgeaf ijhjeaZggy "bkehdZpe}x qZkl
kiI\hj ggy jmohfbo "bkehdZpecgbo ZIfhkn_j gZ\dheh ~
A"bnmaecghZdlb\gbo afepgxxqbo nZa > @ <Z eb\hx
i*"\bs_gge yd a\bgZcgh€ 1[1zZd « \bkhdhl_fi_jZImjgh€
f oZgeafm Hjh\ZgZ ydbc ihey]Z} \ amibgpe |Z h]tk
"bki_jkgbo qzZklhd [Z kl\hj_gge “bkehdZpecgbo i | ¢
"hky]l]g_ggy gZc\bsh€ n_dlb\ghkle | ZeeaZpe+§d f c
afepgxxgh]h nzZglhjjme*ghx mfh\hx } g gZ”~lh [ebavd _
\dexg_gv €o | _fi_jZImjgzZ klZ[eevgeklv Z 1Zdh" fedj
jhafejb > -58]. LZde mfh\b "hky]Zxlvky aZ jZomghd nhjfm
ijb eblle 1Z ~ nhjfZpe€ Z IZdh  azZ\~ydb | _jfeqgec hJ[jh

Als*gh | _hje€ Hjh\ZgZ "bki_jkge qZklbgdb aZzZljbfr
|1Z kijbyxlv ml\hj ggx “bkehdZpecgbo i | _ev gZ\dhe
gZijm _gv yde } g_h[oe*gbfb ”"ey h]bgZggy "bket
"bki_jkgbo gZklhd i**qZk ijbdeZ”~Zggy g9Z\ZglZ _gv ¢
agZq_ggx f_"e iebgghkle fZI_jeZem < } h[_jg_gheijhihj
gZklbgdzfb > @ GZijm _ggy 2 yd_\ieb\Z} gZ qZklbg
gZdhibg_ggy "bkehdZpec fh ' gZ ijbcgylb je\ghbf
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2n 1 (1),

N'n tdeevdeklv "bkehdZpecgbo i | ev sh gZdhib
gZ\dheh "bki_jkgh€ qZkjllbdyed™ & 1 ¢gZijm _ggy

LZde "bkehdZpecge kdmiq_ggy fh gz \\Z 20b"Z |
lhfm gbkeh "bkehdZpec aZe_ "blv \eM \enrk|Zge fo ' ~bki_

n 1b (2),

A \AKlIZgv fe> Abki_jkgbfb qzZkfbgozfb akm\m f_|
fZljbpp x\_dlhj ;xj]_jkzZ

<Z eb\h azZagzZqblb sh knhjfh\Zg_ gZ\dheh "bk
"bkehdZpecg_ " j_eh fh _ jhaley”ZIlbky yd a[eevr_gZ
Lhfm iekey gZdhibg_ggy “bkehdZpec \boh”blv sk klZ
mfhl\gh a[eevrbebkv m jhafejZo Z \e~klZgv fe  gbfb af_
"ey akm\m |Zdh€ qZklbgdb ~h\_~ Ivky ijbdeZklb ~"h~"Z
jmcgm\Zggy knhjfh\Zgh]h ~bkehdZpecgh]h " | eZ
al[eevr_ggy fepghkle fZl _jeZem LZdbf gbghf

2 1 b (3)
F_ "4 dmghkle kieZ\m “hky]Z}Ivky Ih*e dheb gZijm
gZ qZklbgdm [m”_ MagldgxghHhbb hihjm €€ jmcgm\Zgg)

gZ\ZglZ FKgyd_\bdebg_ jmcgm\Zggy qZklbgdb } ijf

fh"mex akm\m

F (4)
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LZdbf gbghf f_"Z iebgghkle kieZ\m [m~A_ Ahje\gx\Z

1 E 12 (5)

lj_"~klZ\e_ge fh"_ee g_ "Zxlv fh eb\hkle IThqggh jh
iebgghkle |Z egre \Z eb\e iZjzZf |jb ijhl_a ZgZeeam gz
ajh[blb \bkgh\hd sh gZc\bse ihdZagbdb fepghkle
af_gr_gge jhafeje\ *bki_jkgbo gZklbghd [Z \e~klZge fe°
\bgb fzZxlv \bkhde agZq_ggy fh"mey akm\m <Z eb\hx
dh] _j _glgh \b”ee ge nZab a |Zdhx "~ djbklZeegghx %.jZI
g_ fh 'mlv jhalJey”~"Zlbky yd “bki_jkge gZklbgdb hibkZgh

Sh klhkm}lvky \bkhdhl_fi_jZImjgbo \eZklb\hkl_c |
kdZazZlb sh | _fi_jZImjgbc nzZdlhj fh™_ gbgblb \ieb\
1Z Z[h \eZklb\hkl_c¢c “~bki_jkgbo afepgxxgb nZa 1I12Zd
\eZklb\hkle kieZ\m \azZ]Zes Sh”h hkgeébhdgBE]hhkVvl Zgezne +
kdeZ"m I\_j~h]h jhagbgm < gvhfm ih\bgge agZoh”bl
miI\hjx\ZIb Zlfhkn_jb Dhlj_eez 1Z [ZjY}jb 1Z}jekZ vy
"bkehdZpec LZdh fZljbpy fZ} feklblb jhaqgbg g _e_
i*"\bs _ggx fh"mey akm\m Oefeqgbc kdez”™ I\ _jrh]l
nhjfm\zZlb 1zZdbf gbghf sh[ iekey “~h\]lhljb\Zeh]h \ie
| fi_jZImj ml\hjx\Zge "bki_jkge nZab g_[meb kobevg-
Nje[ge jhafejb IZ je\ghfejgbc jhaih”ee

HI°" | _hj _Ibggh ”"ey i*"\bs _ggy fepghkle [Z “Zjhfe
kieZ\e\ ahdgdxfeage}\bo g_h[oe~*gh aZ[_ai_qblb hilbfZz
kdez”™ I\_j*h]h jhaqgbgm |1Z <kgm\Zggy “~bki_jkgdlno je\
afepgxxgbo qgzZklbghd \ fzZljbgghfm f_IZee H[b"M\Z Kkl
ith\bgge fZIb \bkhde agZq_ggy fh*mey akm\m \ rbjhdhfi

GZ ijZdlbpe ¢ ijbdezZ”Zo i*"\bs_ggy Zjhfepghkle Z
\bjz Z}Ivky \ ] | _jh]_gghkle [m~h\b |Z gZy\ghkle gl |
i _j_oe~gbfb f_|ZeMrbAl:GrOAlgFeNi, Al;,MNn,Cu, AlkCus 1L 1Z ~ ydb«
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egrbo LZde nZab } klZ[eevgbfb ijb ie*"\bs_gbo | _fi_jZIn
a I\ _j~bf jhagbghf |Z ydggZkebéhidet*h dhZ]lmeype+s€ <
pvh]h |Zde gl jf 1Zes™”b [Mm "mlv i_j rdh™ ZIRZjmc
\bs _a]zZB#Zdg ozZgeafhf Hjh\ZgZ aZ mfh\b €0 ~"je[gbo

je\ghfejgh]lh jhaih”ee _ggy > @ Kee™ \eragZgblb
I _j_\Z gh \oh”ylv "h kdeZ”m \bkhdhl_fi_jZImjgbo _\I_
kbevgbc ihablb\gbc \ieb\ \¢e~” gbo i _j ~[ZgZ}Ivky aZ mf

[mMm~Ah\b kiezZ\e\ ~hklZlgvh \bkhdh€ e_]h\Zghkle I\ _j~h
Zexfegex je\ghfejgh]h jhaih”eem _\l _dlbdb [|Z fegefZz
kdeZ”h\bo

<e"ih\er"gh "~h je\gygdyld¥heeZ "je[gha_jgbklzZ klIj
kieZ\e\ 1Zdh” ihablb\gh \ieb\Z} gZ “Zjhfepgeklv

L Ltkd'? (6),

Nk fiejbggbc dh_nep2jlghfed a | g

<Z eb\Z ozjzdl_jbklbdz ~ey "Zjhfepfbaz fZIdrqtelh
iebgghkle [Z]Zlh \ ghfm aZe_ "blv \e«A hkh[eb\hkl_c k¢
kieZ\e\ 1Z \e~” ch]h [mM~h\b <e”ih\e”rgZ aZe “geklv "Zg
[mMm~Ah\b I\ _j~h]h jhagbgm hibkm}lvky nhjfmehx

Gl . 040 U ¥ G (7),
AN OlaffegZ f_"e iebgghkle fZI dhZemmpe}gt ie*kbe

Vo £h[1}f ~bki_jkecgbo I\_jrbomjha[diB§-AZIpPbp«i ZEZ£] |
%jZldb fZljbRej Ggy \erklZgv fe' ~bki_jkecgbfb qZklbg
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lekey | _jfeqgh€ h[jh[db Z[h i*” \ieb\hf \bkhdbo |_fi
mfh\Zo a I\ _j~"bo jhagbge\ "Zjhfepgbo kieZ\e\ fh mlv
afepgxxge nZab <hgb « [(m"mlafagd ggywymXZhbbkZgbf |
f oZgeafhf Hjh\ZgZ |Ijb pvhfm deevdekgh aZe_ “g-Kkl
deevdhkle 1Z jhafeje\ I1ZdZ &lINPhGgdbldvky nhjfmehx

01 . WV, U\Q)Y2 8),

A QlafegZ fepghkle fZ| jdHemepslyl isrkbethd§yf 9
\lhjbggbo nZah[g}f fZIjbp+h®T}f qZklbghd \lhjbggbo nZ

; _jmgb ~“h m\Z]b hibkZge aZe_ "ghkle fh gZ kdzZaZz
eb\Zjgbo "Zjhfepgbo kieZ\e\ gZ hkgh\e Zexfegex kieZ
kbkl _fb _\l _dlbggh]h Ibim fZIlb \mavdbc gl _j\Ze djb
eegecgbc dh_nepe}gl | _fi_jZImjgh]h jharbj_ggy EDLJ
i_j_ \Z'gh \e~r oefeqgh]h kdezZ"m |Ihfm dhfihg_glb Kk
jeNe[jZge |IZdbf gbghf sh[ aZ[_ai_qgblb hilbfZevg_ih}"¢
\bfh] 1Z j_dhf_g~Zpec > @ Kzf_ Ihfm g_
jhalJeygmlb hdj _fbc 1Z kisevgbc \ieb\ hkgh\gbo e _]m
kiI\hj ggy Zjhfepgbo eb\Zjgbo kiezZ\s\ gZ hkgh\e Zexfe

1.31 jki_dlb\ge kbkl _fb "ey kNBjhtegpybo eb\Zjgb
Zexfege}l\bo kieZ\e\

Jhaleygmlh jhev hkgh\gbo e_]Jmxqgbo _e_ f_gle\
agZgbfbc \ieb\ gZ nhjfm\-Z2gg¥ grogggbdh\eZklib\hkl ¢ Zex
kieZ\e\ A hley”m gZ ihlj_[m kl\hj_ggy kZf_ eb\Zjgb
ijbree _gh kbkl_fzf _\l_dlbqgh]h Ibim 1z _e f _glzf Z[h
thablb\gh \ieb\Zlb gZ kljmdimjm |Z nZah\bc kdez”*
ie"\bs_ggy €0 \bkhdhl_fi_jZImjgh€ fepghkle >
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Kbkl fzZ-CRONZah\zZ ~eZ]jzZfZ klZgm kbkl_fb gZ2\1~ g
[63, 64]. Ferv \e~rghkblvky ~"h jy"m gZ&c\[fmedpborboe f gle\
Zexfege}\bo kieZ\e\ GZy\geklv egl_jf [Z2&XgB&Enkia2
\bagZqz} fh eb\eklv ~bki_jkecgh I\ _jrexgh]h afepg_g
kieZ\e\ FZdkbfZevgZ jhaqbggeklv fenre \ Zexfege£
_\l_dlbggh]h i_j_I\hj_ggy ""%jsXd&x} Z klzZzg”~Zjlgbc \fekl
[evrhkle Zexfege}\bo kieZ\e\ agZoh”"bikky »f @Zo
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JbkmghdNZah\Z ~+Z]jZfZ klZgrCkbkl fb $0

Ae a[eevr_ggyf \erkhldm fe”re ihfelgh ie*\bsm}lvky
ijb - fK aZ jZomghd i**"kbe ggy fe Zlhfgbo a\fyad
gZ hkgh\e Zexfegex > @ P_ i\ _jA~"m}lvky ijbde
\bjh[e\ a ih*\ecgbo ki&ZX\4Z-$@X X aZ mfh\ ihfejgbojl_fi_
200-225f K > @ Ijb \bsbo |_fi_jZIlmjZo _dkiemZzZIlZz
dhZ]lmeypnyad sh kmll}\h agb m} fepgeklv 1Z \bkh¢
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fepgeklv kieZ\m > @ Fh eb\hx } klZ[eecaZpsQuafep
kdzg~e}f pbjdhge}f 1Z _j[e}f aZ mfh\ kdezZ~gh€ [Z]Z
h[jh[db LZdbf gbghf fh'gZ h”_j ZIb klZ[sevges gZghjha
al[_je]Zxlv k\h€ jhafejb 1Z g_agZqgh ie*\bsmxlv |_fi_j
kieZ\m ~h a fK > @

OhqgqZ kbkl-&X $©} \l_dlbggbc Ibi "eZJjZfb ®l Zymyg.
jerdh \bdhjbklh\m}lvky yd hkgh\zZ kzf_"ey eb\Zjgbo
jhev fenre ihey]Z} \ af_gr_gge dh_nepe}glm eegecgtl
jharbj _ggy Zexfege}\bo kieZ\e\ > @ LZdh™ ~h
Zexfege}\bo kiezZ\e\ af _grm} kimiegv | _I|jZ]l]hgZevghk
afepgxxgbo nZa ea [M*"h\hx %pjZkdls |bimyKgx\Zehkv s
\Z eb\h "ey i*™"\bs ggy fepghkle 1Z "Zjhfepghkle Zexfeg

gzZk fe~rv agb m} | _fi jZImjm ieZ\e _ggy aZe-al
A\l _dlbdb 1Z jhagbggeklv aZeeazZ \ I\_j*hfm jhaqbg-
|Zdh™ kmll}\h agb " m} dhjhaecgm klecdeklv kieZ\s\ >

G_ "bleyqgbkv gZ gbavdm \Zjleklv 1Z ijhklhlm \bjh|
kieZ\e\ kbkl -f©X $0Zdes dhfihabpe€ fZxlv ~hkblv \_ el
ihl_gpecgbo g "heede\ K _j ™ gbo hdjef | _jfnqatb€
Al,Cu> @ fh gZ \e*agZqgblb \eAghkgh gbavdm | _fi_ jz
i_j_I\hj_ggy 1Z rbjhdbc <gl_j\Ze djbklZeesazZpe€ \ h
dhgp _gljZpec fere P ihykgx} ghfm ey klI\hj _ggy " Zj
kiezZ\e\ ferv g fh _ [mlb hkgh\gbf e _Jmxgbf e f glhf

Kbkl fZ-MOFZjlZg _pv } “m _ \Z eb\bf e_]Imxqgbf _e
Zexfege}\bo kieZ\e\ g _j a jy™ ihablb\gbo hkh[eb\hk
kKljmdImjm e« \eZklb\hkle <eg a”Zl g ihkeZ[ex\ZIb rds"
kieZ\Zo kbkbBi,AISSD& X |ZZMYo6L Z IZdh™ ie*\bsm\Zlb €0
klecdeklv 1Z fepgeklv FZjlZg_pv yd =« feiy e M\ D
Zexfege}\bo KkieZ\e\ af_grm} EDLJ 1Z ihjbkleklv
ljesbghklecdeklv \b]Jhlh\e _gbo a gbo \beb\de\ >
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AZa\bgZc \ ijhfbkeh\bo eb\Zjgbo Zexfege}\bo ki
feklblvky \ deevdhkle ~h fzk zZ ~"by "~"fakjf>\gbo %
@ Ih~e[gh ~h fenre \eg ml\hjx} a Zexfege}f _\l_dI
\bkhdhl_fi_jzZImjgm 2\l _dlbgg_i_j_I\hj_ggy \e*[m\Z}Iv
fZjl]Zgpx a fZzk o | _fi_jZImje fK yd ihdIx2Zgh
@ Jhaqgbggeklv fZj]Zgpx \ Zexfege€ ijb | _fi_jZlIi
i _j_I\hj_ggy kdez"Z} [ebAkdB aZ defgZlgh€ | 0fi68%Imijb
fZk Ihfm ch]h fh'gZ jhalJey”~ZIlb yd "m -afmpdgkh¥Xgbe _
@ Afepgxxghx nZahxgOikImhZ}b$®©ey}lvky a i_j ki
I\_j~h]lh jhagbgm ijb klZjegge Py " nZaZzZ fh _ \oh”blb

Weighl Percenl Manganese

"qu“f&“'?‘a__ 3o 0 : __‘5"____ 60 . 1;0 B;O 10__“ __lrfc
1300 L .
1248°C
2003 # {(6Mn)
£ 1143%
o o o)
t 048 ?
5 1900 71 y
E 1
‘é' =y 2 Tz a7 L
© = 840
¢ ;-
-l upl X 2 (BMn)
- o = i 1;“1‘ ine’c
o lam e | i :
600 - . & i ‘l':;
ANl F Hoon i
e O TR | e S SRR | | E——— L
o 10 20 30 40 50 60 70 80 90 100
Al Alomic Percent Manganese Mn
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<Z eb\hx hkh[eb\eklx fZj]Zgpx } | _ sh \eg fZ} gZ"

dh_nepe}lgl "bnma+€ \ Zexfege€ \ jZab gb gbc ge fe~
Alg0Q g_ kobevgZ "h dhZ]lmeype€ |1Z } klZ[eevghx sth |



57

jh[blv fzZjl]Zzg_pv i_jki_dlb\gbf fzZl jeZehf ~ey Kkl\hj_
kieZ\e\ gZ hkgh\e Ze®fsgex >

Kbkl _fzZ-FeOAZeeah azZ\ ~b ijbkmlig} \ gbklhfm Zex
kiezZ\Zo hkh[eb\Whibggbo <hgh \WZ Z}Ivky i_j \Z gh
Ahferdhx \ eb\Zjgbo Zexfege}\bo kieZ\Zo q_j_a
g_kijbyleb\h€ ]JheqgZklh€ fhjnheh]+€ > @ AZebah
kbkl_fbC8QL 1Z-S$Cu-1L ~ey i*"\bs_ggy Zjhfepghkle |Z
klecdhkle \ k_j _~h\bse \h*ygh€ iZjb ijb \bkhdbo |_fi_jZ

GZ | _ogheh]eqge \eZklb\hkle eb\Zjgbo Zexfege}\
\ieb\Z} g _h”ghagZqgh Ch]h ie*\bs _gbc \fekl \ Kkbe
iha[mlbky gZebizggy f_tdaapibgizniqZk eblly ie® Ibkdhf
dhgp _gljZpey aZecazZ \ |Zdbo kiezZ\Zo fh ' agZoh”blbk
ljb pvhfm ae af[eevr_ggyf ch]h deevdhkle \ Zexfege}\bo
€0 kobevgeklv ~h ml\hj_ggy ]Zah\h€ 1Z mkzZ”*dh\l
af_grmxlvky EDLJ I1Z mkZ~rdZ > @

Ale*"gh > @ kb-RH f4ha&l@ey”~zZ}Ivky yd h~gZ a
i _jki_dlb\gbo ”"ey klI\hj ggy Zjhfepgbo eb\Zjgbo ki
Zexfegex aZ jZomghd gZy\ghkle \lI dlbdb ydZ ml\hjx
1,7- fZk yd \brgh a jbk > @ 1lgrbf \Z eb
\bkhdhl_fi_jZImjg_afepg_ggy kieZ\e\ |Z ih™je[g_dmy €«
aZ jZomghd ml\hj_ggy i_j\byldbdZ a@@ PO r\b~rdhfm
hoheh”” _gge jhaieZz\m > @Al YH | fdllbdmh $OKkijbylet
[mMm*h\m [Z i j \Z'gh kmJ[fedjhgge \b”ee ggy fg)lZklZ
hdjm]eh€ Z[h \hehdgbklh€& flg@gnHedd«®& 2jZdl_jbklbdb ~h
jhaley”~"Zlb kieZ\b gZ hkgh\+)HkbkI yfdbhk$O i jki_dlb\
"Zjhfepgbo fZl _jeZee\s)A hZERDPD afepgxxqe kdeZh\e A
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Atomic Percent Aluminum
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ljbdez”~hf gz\_~ gbf \ jh[hle >- H } yldile&Z\h$Oj Z¢
Jhkljhdmlh\hx _dkljmaes}x "ey ih”*je[g_ggy kljmdImjb |
je\ghfejgh€ [m~h\b Jhafejb \hehdgbklbos)He\xdqZdhfm:
\biz*"dm kdezZz""Z@yf %Zf Ijhf IZ « gf aZz\~h\"db
fepghkle 1Zdh]h kieZ\m kdezZ”~ZeZ FIZ >Zge jh[hlb
fepgeklv eb\Zjgh]lh kieZ\Aig<bl| yObEOdjbklZesam\Z\ky
r\brdh]h hoheh”” ggy jhaieZ\m fZeZ ihdZagbdb gZ j-
leZklbgghkle /a « KieZ\ feklb\ [eevr_ fZk aZe-
\eZklb\hkl _¢c aZe_ "Zeh ]Jheh\gbf gbghf \e” [m~h\b _\|
jhaih”"eem gZklbghd Zexfege"m aZeesaZz

GZ ijbdez”e aZ_\l1_dlbqggb d28-83)8f>-§)Fei O+tX=Cu,
Ni, Cr ihdZazZgh _n_dlb\geklv \bkhdh]h \feklm aZe-e
“Zjhklecdhkle | Z “Zjhfepghkle kieZ\m aZ jZomg
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Nje[gh”bki_jkgboseRHal B0 _j\bggh]h dj_fgex H[b"\e nZ
Jeh[meyjgm nhjfm [1Z jhafejb [e[8882]lh Kohgdc ijbdeZ
gZ\_"~ _gh \ jh[hle > @ "_ jhaleygmlh h™_j Zggy aZzZ _\
kbemfege\ a \feklhf aZeeaAZZdhfZKk 0Q Z[h fzk &U

>h g _"heede\ \bkhdh]h \feklm aZeeaZ \ Zexfege]
\erg _klb afeevr_ggy ]Zah\h€ |Z mkZ~dh\h€ 8ifjbgl hkdy
EDLJ > @

Kbkl _fzZN®z} \l_dlbggm j_Zdpex ijb dhgp_gljZp-€

fZk ydZ ijhoh”blv ijb | _fi_jZImje fK < |
kihkl _je]Z}Ivky gbavdZ jhagbgghkle ged ex \0Q0@&%r g-€
fZk ijb fK 1Z fK \eAih\ergh > @ 1gii84hdZazg

Weight Percent Nickel
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>ey ~Zgh€ kbkl_fb j_ Zeeam}lvky f_oZgeafb afej
fZljbpe | _jfeqggh klZ[eevgbfb [|Z ~“bnmaecgh g_ZdIb
egl_jf_lZeeMnh $O @ ih” e[gh "h-kBKIZ fb_$Obo <grbo >
dheb kiez\ aZagZ}."hgBAjdhph€Zexfege™ ged_ex djbklZe
kdez”e \l_dlbdb « jhalZrh\m}lvky ih f_"Zo a_j_g

<e"hfh sh ged_ev } e_]Jmxgbf _e f_glhf \ ~ y
Zexfege}\bo kiezZ\Zo a ydbo \b]Jhlh\leyxlv ~ [Zees ~\D
alhjyggy > @ < ydhkle "h[Z\db \ kdeZ”"e \erhfbo
kieZ\e\ ged_ev a”Zl_g i*"\bsm\ZIlb je*dhiebggeklv
dhfizdlgh€ hdjm]eh€ nhjfb dhfihg_glzf _\l_dldnddal xa\
Al & X  Ibf kZfbf ie*\bsmxqgb €€ | _jfeqgm klZ[eevgeklv
250 fK > @ <e¢g } "m _ keZ[dbf aZjh*dhmlI\hjxxgbf fh"
\ieb\Z} gZ kljmdImjm kieZ\e\ q_j_a ]Zevim\Zggy jhklm
>h~rZ\Zggy ged_ex hdj_fh gb jZahf ea aZeeahf 1Zdh
dhjhaecges \eZklb\hkle Zexfege}\bo kiez\e\ \ k_j_~h\b
\h~*ygh€ iZjb > @

HklZgge jhdb jhal\bldm gZ[m\Z} “~hkees”" gdW Kkie
Al-Ni-Fe, AI-Ni-Cr, AlI-Ni-Fe-&H a f_Ihx €0 \bdhjbklZggy \ yd
"Zjhklecdbo 1Z “Zjhfepgbo fZl @*ZED\Z4ge \eZklb\hkle
kiezZ\e\ } “hkblv \bkhdbfb azZ\"ydNi \lydlZbp} $Ce$dyb
fhjnheh]ex 1Z kijbyleb\h \ieb\Z} gZ fepgeklv kieZ\e\
pvhfm ieZklbggbfb Lbf g_f _gr €o fZljbpy ihlj_[m} ~h-
g j_afZc _ gmevh\m jhaqbggeklv \ gec kZfh]h ged_ex
ie"\bs _gbo | _fi_jZImjZo

Kbkl_fz-CAZdh ™ fh™_ jhaley”Zlbky yd ihl_gpecgh
Neykl\hj ggy " Zjhfepgbo eb\Zjgbo Zexfege}\bo kieZ\e\
_\l_dlbggh]h i_j I\hj_ggy ijb \fekllebahhdEevIimfzZk ¢
| fi_jZImjb fK jbk > @
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Weight Percent Cobalt
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JbkmghdNZah\Z ~+Z]jZfZ klZgrCkbkl fb $0O

Ih~re[gh "h ged _ex |Z aZeeaZ dh[Zevl fZc _ g_ jhe
lz fZ} gbavdm “bnmaecgm Zdlb\geAlb€o, PRI dIifzdB ¢
\hehdgbklm [m~h\m ijb r\b~rdec djbklZecazZp+€ shyihal
gZ f_oZgegqgbo \eZklb\hklyo IZdbo kieZ\s\ > @

Dh[Zevl fh'gZ jhaley”Zlb yd dhjbkgm ~h[Z\dm
kbemfege\ a \feklhf dj _fgex \bs_ fzk P_c _e f gl
~n_dlb\gh \ieb\Z} gZ g+\_ex\Zggy rde*eb\h]h \ieb\m a
e gZ\elv \ fZebo deevdhklyo ihablb\gh \ieb\Z} gZ d
aZlZehf 1Z ey k_j_"h\bsZ kejgZgh€ dbkehlb < jhagql
dh[Zevim g_agZqggh i**\bsm} fepgeklv Zexfegex |Z ct
"hnrZ\NZggy dh[ZevIim o fhee[» _gm ie*\bsm} fepgeklv [ee:
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Kbkl _fzZ-CGQbdebdz} "\Z\bc «gl_j k k_j_~ jhajh[gbd:
Zexfege}\bo kieZ\@® > < jZggeo jh[hlZo > @ \\Z Zehky
kbkl_fb <kgm} i_jbl _dlbqgZ j_Zdpey fe $0 1Z &U a
NeZljZtb klZzgm ;eevr kmqgZkge “hkee™" ggy > @
_\l_dlbggh]h i_j_I\hj_ggy 1ijb \fekle ojhfm [ebavdh
| _fi_jZImjb fK Jhaqgbggeklv ojhfm \ Zexfege€ 1Zdh"
aZ | _fi_jZlmj [eey agZq_gv _\l_dlbggh]h i_j_I\hj_gc
| fi_jZImj ch]h jhaqbggeklv af_grm}lvky ijb[ebagh \ljb
jhaleygmlh€ kbkl _fb gZ\_~ gZ gZ jbkmgdm > @

Weight Percent Chromium
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JbkmghdNZa&h\zZ ~eZ]jZfZ klZgnrCrkbkl fb $0O

Ojhf \ ydhkle ~hferdb a”zZIl_g af_grm\Zlb rde”*eb\b
kbemfegZo |Z ]Zevim\ZIb j _djbklZeecaZpex Zexfege}\bo
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jhagbggeklv \ Zexfege€ [Z gbavdbc dh_nepe}gl "BiRma-
1Z1L ihl_gpecgh ~Zxlv fh eb\eklv jhaley”~Zlb ojhf \
afepgxxqgh]lh _e_f _glzZz I1jhr&U nydaZ \®@"blv "h kdeZ”"m
l1Zdh™ fh™ ' \b”eeylbky \k_j ~bge a_ j g Zexfegex f
fhjnheh]ex « kobevgZ ~h r\b~rdh]h ajhklzZggy ijb djpklZ
\ieb\Z} gZ fepgeklv ieZklbqggeklv IZ \ffyadeklv kieZ\e\

eb\Zjgbo Zexfege}\bo kieZ\e\ "hrZxlv \ "m"_ fZebo de¢

feklylv [eevr_ fZk ojhfm \b]hlh\eyxlv a”™ _[eevr
ithjhrdh\h€ f _[Zemj]e€ |Ijb pvhfm fepgeklv 1Z dhjha-
fZl _jeZee\ \bsZ g+ \ eblbo ZgZeh]e\ > @

Kbkl _fz-ChOa\ _jlZ} gZ k_[_ m\Z]lm azZ\~ydb fh eb\
"Zjhfepgbo eb\Zjgbo kiez\«\ gbavdh€ Imklbgd&Db &g nf}\

Ijb dhgp_gljZp+€ dZevpex fzk 1Z azZ | _fi_jZImjb
jbk > @
Weight Percent Calcium
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3hagbggeklv dZevpex \ I\ _jr*hfm Zexfege€ azZz |_fi_j
I _j_I\hj_ggy kdezZ"Z} fZk sh ~"Z} i1jZ\h jhaley”Z
ged e f dh[ZevIhf aZeeahf |Z ~ ydbfb egrbfb _e f_
afepgxxgbc dhfihg_ gls&NDZ &Z} 40ljZ]hgZevgm djbklZe-«c
lhfm dZevpgciht]Zzgbf afepgx\zZzq f ydbc fZeh agb m}
kiezZ\m > @ <e”ih\eAgm Jeihl_am i_j \ej_gh \hjlfhNhe
[*gZjgbo dhfihabpeyo 1Zd « \ [Z]ZIhdhfihg_glg&®b }kie
"hkblv ieZklbgqgbfb 1Z a~Zlge “"h gZghkljmdIimjm\Zg«
ieZklbggh€ ~ nhjfZpe€ < pbo ~_ "hkee*”  _ggyo ihdZ
fepgeklv kieZ\e\ Zexfegex a dZevpe}f ickey » nhjfZpecg
ihfelgh af_grm\zZlbky Z kljmdIimjz afegx\ZIbky ik
| fi_jZImj 358 fK

Eb\Zjge kieZ\b kbkKIDfaZsQbqZc e_]mxlv aZeesahf
ged e f azZ”ey i*"\bs _ggy €0 fepghkle ijb defgZlgl
| fi_jZImjZo >h”"Z\Zggy ged_ex |Z aZeesaZ a”_[cevrl
[mMmAh\m _\l dlbdb >ey afepg _ggy Z\ekfedsP\d & B Gdd p »
\bdhjbklh\mxlv fZj]l]Zg_pv |Z kdZg?ec nfZzkeevdhkle @

G_ "bleyqgbkv gZ kijbylebimzd prid lnZjjgzld| _jbklibdb k

kbkl fb&D €0 kmll}\bf g _~heedhf } | _ sh gZ\elv g_ag.
([eevr _ fZk jeadh agb m} dhjhaecgm klecdeklv Ze:
| fi_jZImjgzZz f_"Z €0 _dkiemZIlZp+€ g_i_j \bsm} ihdZe

kbemfege\ H~AghgZkgh a pbf kieZ\b Zexfegex a dZe
kbemfegzZf \ iblZgges \\ZgbhKlijghd \eZklb\hklyo

LZdbf gbghf Zdp_gl m kl\hj_gge kieZ\e\ Zexfege
afes_gh \ klhjhgm \bkhdhfepgbo eb\Zjgbo g_"Zjhfepg
fh gz ie"Z\ZIb ieZklbggec ~ _nhjt@p+e€ & h]ley™m
hrghfzgelgeklv 1Z ehdZevgeklv "hkee”" _gv pe}€ kbkl
gZmdh\pe\ yde €0 ijh\h”~ylv fh gz \\Z2"ZIlb "Zgm kbkl_
"hkylg_ggy f_Ib ihklzZ\e_gh€ \ ij_~klZ\e_gec jh[hle
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Kbkl _fb ©®&aij ~klZ\e g+ ]heh\gbf qbghfZk h&kD\Akb

kbkl_Al-Ce 1ZAl-La
gZy\gekix _\l_dlbggh]h
621 fK 128 fK "ey K_ 1Z /D \eMih\eAgh vyd

lZo o' Djfbd]l _jbamxIy
fZk
ithdZaZgh gZ

/\m\_

}
_J_I\hj_ggy ijb a

yde “m-°_
i ~jm]

Jhagbggeklv h[ho e f gle\ azZz | _fi_jZImj _\lI _dlbggh]h

a

Temperature, °C

Temperature, °C
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1gl_jf _|12&€8\oh”blv *h kdeZ"me«fA} BBOAdhZ]hgZevgn
%ojZldm Ihfm ~h”"Z\Zggy p_jex fZeh \ieb\Z} gZ fepq
Zexfegex > @ Q_j a p_ jhajh[dZ k&&lZNek gdb kih\fby &3
dhfie_dkgbf aZklhkm\Zggyf rbjhdh]h P\ el 4 ch xqg B oj B\dhe
"ey nhjfm\Zggy [*evr | _jfeqgh klZ[eeylghD ihE=tgbdh”Z
ged _ev aZeeah ¢ pbjdhg-c

KieZ\b kbkENifA-&H AECu-&H ozZjzZdl_jbamxlvky dhfih
[mMmA"h\hx [Z klZ[sevghx KkljmdImjhx sh jh[blv €o
fZl _jeZeZfb ~ey \bdhjbklZggy ijlb fieN\blghggighl \bkhdZ
\Zjleklv ged_ex IZ p_jex kljbfm} €0 rbjhd_ ijhfbkeh\_\

EZglZg kiZfkh[e \ [Z]Zlvho Zexfege}\bo kieZ\Zo ~
\bdhjbklh\mxlv \ ydhkle fh*bnedmxqgh€ "h[Z\db -Cuey Ki
ahdj _fZ &® ea "h[zZ\dZfb IblZgm fZj]Zgpx pbjdhgex |z
0,3- fZk eZglZzgm ijba\_eh ~h ihfelgh]h 1ie*\bs gg
“Zjhfepghkle aZ jZomghd ml\hj_ggy \ _\l _dlbggbo 1Z
gZklbghd kihglmdb $@ >h”~Z\Zggy eZglZgm ~h a.
kbemfege\ ijba\h”~blv ~h ml\hj_ggy djbklZee\ i_j\
jhal]Zem ™ _gh€ fhjnheh]e€ > @

Fhrbnedm\Zggy _\l dlibqghLASiKiEZAMO03$OezZglZghf
[hjhf « kljhgpe}f ihdZaZeh ihablb\gm kmfekgm ~"ex
nhjfm\Zggy kihemdb j/ m¥mevIiZle Kihkl_je]Zehkv ie*\bs_
ieZklbgghkle kieZ\m “h F\ZAihA«~gh > @ >hkee”
fhrbnedm\Zggy ~h_\l _dlbggh]h kbemfegm $0O6L &X
ihdZaZeh sh pe e f glb a~Zlge i**"kbex\ZIb ihablb\g
f_grhx fejhx ojhfm \ dhgl_dkle ge\_ex\Zggy rde?eb\h
EzZglZg 1Zd kzZfh yd « ged_ev fh _ \oh”blb "h kdeZ"m
€€ < "[m\Z}Ivky afegZ kl_oehf_I|je€ 1Z [m~h\b _\Il_d
ijba\h”~blv ~h kljmdImjgh€ g _h~ghje~rghkle yd elylghih f
h[jh[e_gh]lh I1jhl_ azZ mfh\ r\b”r"dh€ djbklZesaZp+€ "Z
agbdz} > @ >h"Z\Zggy eZglZgm 2NWg-l6ile Z) b\a kio'kd | vf b |
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ihfelgh]lh i**"\bs _ggy fepghkle \lhfgh€ fepghllktedhX|dh]
"halhey} qZkldh\h aZfegblb » nepblgbc kdZg”ec > @

;*gZjge kiezZAbD $jdaley”rzZxlvky hkgh\gbf qbghf
ihl_gpecgh ijbrZlgbo "Zjhfepgbo kieZ\e\ a \bkhdhx dh
<hgb ~ _fhgkljmxlv fepgeklv gZ je\ge « FIZ ijb Z fK
Ijb f K . \eNjeagyxlvky kijbyleb\bfb nZlalhibdlmj
0ZjZdl _jbklbdiafdbdrex \l_dlbdhx [Z je\ghfejgbf jhaih”"e
Nje[gh”bki_jkgbo i_j\bggbo nZa m \biZz*dm azZz _\l_dlbg
gbo o0Zjzdl_jghx } \bkhdZ ieZklbqggeklv « gZ\elv
kdez”e\ |Z eblh]h klZgm aZ Wmkith\e bbhkhtlbo | _fi_jZImj I
kvhl]h~gergec ~_gv i_j _\Z]Z \e~""Z}Ivky KI\hj_ggx 1Z \b
[Z]Zlhdhfihg _glgbo eZglZgh\fekgbo kieZ\e\ g _j _av€o
_dkiemZlZpecgbo 0Zjzdl_jbklbd

1.4KmqgZkge ijhfbkeh\e [Z _dki_jbf _glZevge " Zjhfep
hkgh\le Zexfegex

>ey kmqgZkgh€ ijhfbkeh\hkle \ ydhkle “Zjhfepgbo Z
gZc[eevr rbjhdh \bdhjbklh\mxIkikE&mbHhkgh\e kBkl fl
a "~h~rz\Zggyf jeagbo _e f gle\ \ aZe_ "ghkle \e~
~dkiemZzZlzZpecgbo \eZklb\hkl ¢ dhgdj _Igbo \bjh[e\
azZj_dhf_g” m\zZeb k_[_ ]heh\gbf qbghf az\~ydb \bkh
gbavdec \Zjlhkle 1Z a~Zlghkle ~h [Z]ZIhjZah\h€ \lhjb
~n_dlb\ghfm fedjhe_|m\Zgge [Z fh*"bnedm\Zgges kbem
ihfelgh]l]h ie"\bs_ggy je\gy f_o0Zgeqgbo \eZklb\hkl_c
\bkhdh€ “Zjhklecdhkle “Zjhfepghkle2bZ48lghkhklecdhkle

K_j_~ _dki_jbf_glZevgbo "Zjhfepgbo eb\Zjgbo Ze)>
m\Z]b aZkem]h\mxlv dhfihabpe€ gZehAlglh\ | X-bikia.f $0O
<hgb ozZjzdl_jbamxlvky \bkhdbf dhfie_dkhf f_oZgeqgbc
defgZlgbo | _fi_jZImjZo 1Zd < ijb i**"\bs_gbo Fepg-
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agZoh”blvky gZ je\ge kbemfege\ ijhl_\hgb fZxlv \bse a
P aZ[_ai_gm}lvky azZ\*ydb e<kgm\Zggx I|hgdh”bki_
ggdhjhafejgbfb qgZklbgdzZfb \hehdgbklh€ 1Z kn_jbggh€
gZ kvh]lh”gergec ~ _gv g_ } ijhfbkeh\bfb ijhl_ fZxl
ihl_gpeZe ”"ey rbjhdh]h azZklhkm\Zggy i key dhfie ¢
hilbfeaZpe+€ oefeqgh]h kdeZ*m fh*bnedm\Zggy < |_ogh:

Gh\bfb i_jki_dlb\gbfb fzZl_jeZeZfb a [eevr \bkhdl
_dkiemZlZpecgbo \eZklb\hkl ¢ g¢ m kbemfege\ } dKki
hkgh\e kbkl-Fe-Cg OAI-Ni-Cr, Al-Fe-Co, Al-Fe-Mn=U |Z koh bo
GZijbdez” \e~ih\e"gh “h kmqgZkgbo Ij_g”e\ jhajhZdb :
k j_~gvh _gljhiecgbo <+ Kki_peZevgbo Zexfege}\bo kit
jhajh[dZ "Zjhfepgbo dhfihakLr-EeioiNi-Cu-V, Al-Co-Cr-Fe-Ni,
Al-Co-Cr-Cu-Fe-Ni-Ti 1~ _y klI\hj _ggy |Zdbo dhfihabpeco[Zar
]Jheh\gbo ijbgpbiZo Ip jrbc eb\eklv kiI\hj _ggy eb\Zjgbo
jZomghd gZy\ghkle _\l _dlbggh]lh i_j_I\hj_ggy yd
| fi_jZImjZo [ebavdbo “h | _fi_jZImjb ieZ\e _ggy gbklh]
\Z eb\bf nzdlhjhf } f oZgeaf afepg_ggy Zexfege}\h€ fZ
Nje[gh”bki_jkgbfb | _jfeqggh klZ[eevgbfb egl_jf 1Zee"gbf
|1Zdh™ fh ' mlv \oh”blb "h kdeZ”m _\l _dlbdb

GZjZaes ih”e[ge _dki_jbf_glZevge kieZ\b g_ fZx
\ijh\zZz~" _ggy 1Z \bfz]zxlv jhajh[db ijhklbo jer_gv ij
jhaiez\e\ 1Z ih~"Zevrh]h eblly a h” _j Zggyf ]hlh\bo !
\bfZ]ZIlb ki_peZevgbo ijbchfe\ \\ ~ ggy 1Z aZk\h}ggy d
I _j_]lj*\*\ jhaieZ\m ~ey ih\gh]h jhagbg _ggy kdeZ”~h\bo
djbklZeeaZp-€

:gZecamxgb g _"heedb 1Z i _j \Z]b hibkZgbo kieZzZ\
kljmdIimpgdhah\bo |Z -feadZdgrggbo \eZklb\hkl_c 1Zd -
ijhfbkeh\h]h ihl _gpeZem ”"ey fZkh\h]h \bjh[gbpl\Z fh
g_h[oe*geklv jhajh[db jh[hgbo ]Jeihl_a IZ ijh\_~_ gpw ijZ
"ey m~hkdhgZe _ggy e<kgmxgbo kbemfege\ [1Z kl\hj_
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"Zjhfepgbo Zexfege}\bo kieZ\e\ gZ hkgh\e kbkl _f a
je"dekgha_ f evgbfb f_|ZeZfb

141 Iljhfbkeh\e "Zjhfepge kbemfegb IZ €0 fh bnedn

GZ hkgh\e kbk6Lf&I$IO) gh gZc[eevr \"'b\Zgm ]Jjmim i
eb\Zjgbo Zexfege}\bokbie@feye\ > @ GZ €0 qZk
85- \keo eblbo Zexfege}\bo ~ |IZe ¢ \ Z\lhfh[eevgecC
agZqgZ “hey \ [Z]Zlvho egrbo knb5]Zo aZklhkm\Zggy >

Jhaqgbggdilvfgex \ Zexfege€ azZ | _fi_jZImjb _\I_dlIl
Lo fK kdez~Z} fZk Z aZ defgZlgh€flZKi_jsim
jh[blv ch]l]h ahdj_fz ~m " _ _n_dlb\gbf I\_j~hjhagbgg
Zexfege}l\bo kieZ\e\ AZa\bgqZc eb\Zjge Zexfege}\e kieZ
N h fZk dj_fgex ydbc aZ[_ai_gm} €f \bkhdm je~dh
dh_nepe}gl | _fi_jZImjgh]lh jharbj_ggy ~ZjhKb¥sdtzklv IF

A kbemfege\ \b]hlh\eyxlv i_j \Z gh eble ~ 1Ze+s "\b
alhjyggy =+ gZjZaes pe kiezZ\b \erghkylvky ~h “Zjhfep
| fi_jZImj g_ \bs_ fK > yde a gbo fZxlv ~“hkblv
f_ oZgeqgbo o0ZjzZd!| _jbklibd aZ adbqg%cgbblhfha « | Z
ijb ie"\bs _gbo | _fi_jZImjzZo 28kfiEKh&Z | &p&1Z 1&E%).
<bkhdZ "Zjhfepgeklv kbemfege\ aZ[ _ai_gm}lvky gZy\ge-l
_\l_dlbpe Z \bkhde ihdZagbdb jfigbhklgghbf afepg_ ¢
Zexfege}\h€ fZljbpe _n_dl ydh]h fh™_ [mlb ihfelgh \bsk
e _Im\Zgge kieZ\e\ ferr"x{ZAAVorpf lZZ 1Zdh” ijb fhrpBned!
iekey I_jfeqgh€[% pphibd]

>ey kieZ\e\ kbkS8if Al$SBCu, Al-Si-Cu-1L 1Z -SbCu-Fe
oZjzZdl_jghx } \ljzlZz fepghkle ae ajhklzZggyf | _fi_jZ
ithykgx}lvky Jheh\gbf gqbghf jeadbf ajhklZggyf dh_nepe}
|1Z agb™ _ggyf klmi_gx e_]h\Zghkle I\_jA~h]h jhagbgm g.
a[eevr_ggyf \feklm dj_fgex \ kbemfegZo ihfelgh agb't
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\ieb\ 7L =U &U 0Q IZ ~_ydbo sgrbo _e f _gle\ a”Zlg
"bki_jkh€~b gl _jf _1Zee*gh]lh Ibim yde ieM\bsmx
Zexfege}l\bo kieZ\e\ > @

GZcdjZse afepgx\Zqe Zexfege}\bo kieZ\e\ 0J 1Z
ie"\bsm\Zlb "Zjhfepgeklv kbemfege\ g ~"bleygbkv gzZ |_
jhagbggeklv \ Zexfege€ Pbgd n_dlb\gh afepgx} Zexfe
gZy\ghkle fZ]gex |Z fere Z fZ]gec \ dhgp_gljZp-£€
g [Z Zgbf _e f glhf "ey e _]Im\Zggy [*evrhkle kbemfeg
gZklbghd nZab idb | _fi_jZImjZo \bk _Pbgd 1Z fZ]gec ~t

fZxlv "m°_ \bkhdm “bnmaecgm Zdlb\geklv \ Zexfe
i*"\bs gbo | _fi_jZImjZo I|hfm €0 kmll}\_ ~h~Z\Zggy ijh
kI\hj _ggy Zjhfepgbo Zexfege}\Ubpok iKRB\s\ >

GZ kvh]h~gergec "~ gv k_j_ "~ gZc[eevr ijb"~Zlgl
Zexfege}\bo eb\Zjgbo dhfihabpec fh ' gZ \e*agZqgblb k
<:E 1Z kieZ\b gZ hkgh\-0RbkZ-GuSD@ a "h"Z\Zggyf 7L
9 <hgb fZxlv f_"m fepghkle gZ je\ge + FIZ aZ defc

1z « FIZ ijb . fK \eNih\ergh > @ lkebeeymifh geh
D F < -BB1Cu- 0J :D ; $O06L &X : %

D F | Al-12Si-2Cu-1Mg- 1L :E F F]G e N _yde egre
fepgeklv ijb defgZlgec | _fi_jZImje \ f_"Zo « FIZ 12
0,5- ljb fK €o f_"Z fepghkle iZz2Z} \ k_j_~gvhfm ~h
ieZklbggeklv fZc ' g_ afegx}lvky > @

A lThgdb ahjm ijhfbkeh\h€ _n_dlb\ghkle 1Z hilbfZe
1 ZjZf_lje\ pegb IZ ydhkle kZf_ kbeBr&¥b} lebR| jFB O h[k)
\bjh[gbpl\Z eb\digbdajhfepgbo Zexfege}\bo kieZ\e\ q
\Zjleklv | ogheh]egqgeklv dhfie_dk f_oZgeqgbo |I.
\eZklb\hkl_c 1Z fh eb\eklv \Ihjbggh€ i_j _jh[db >

>ey i**"\bs ggy f_ oZgeqgbo 1Z _dkiemZlZpecgbo o
ith”e[gbo kiefl\zkler_ azZ \k_ aZklhkh\m}lvky fh~br
fedjhe _]m\Zggy > kehks[Zgba\hey} afegx\Zlb jhafe
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N ydbo \biZz*dZo fhjnheh]ex kljmdIimjgbo kdeZ”h\bo e
gZkbgm\ZIlb ch]h afepgxxqgbfb @QZklbmidZAkZfb2 =heh\g
afepgxxgbfb e f glZfb "ey [eevrhkle Zexfege}\bo Kkie:
kbemfege\ } IblZg pbjdhgec I1Z kdZg”™ec > @
Ydsh IblZzg 1Z pbjdhgec } a_jghih”je[gxxgbfb ~h[Z)\
\bkImiz} afepgxxqgbf Z] _glhf ydbc ml\hjx} “bki_jkh€’
Zexfege}\h€ fZljbpe a dm[eqghx % jZbBdh® kbKdpg"c
a\Z Zxgb gZ k\ec ihablb\gbc \ieb\ gZ "Zjhfepgeklv Ze:
Ahkblv » _nepblgbf e f glhf Ihfm ch]h \bdhjbklZggy
jhaih\kx”~" _ge _e_f _glb yde rbjhdh \bdhjbklh\mxIvky
kljmdImjb eb\Zjgbo Zexfege}\Bb ki®&Z\O\ &£ +.gdheb +1
nhjfmxlv \ Zexfege}\bo kieZ\Zo \b”"ee_ggy ac kljmdIm
Kbf lje€x'PZ "2 1jb pvhim agb  _ggy |_ljZlhgZevghkle
af_grblbjb ~h”~zZ\Zgge &U 0Q )H &R 1L &X 1Z
| IjZ]lhgZevgh€ kljmdImjb ajhklZ} a+ a[eevr_ggyf Zlhfq
> @ Ko _fzZlbgqg_ ah[jZ _ggy \dZazZgbo kljmdImj gZ\_~

Jbkmghd;m~ h\Z % jZlhd gZc[eevr kijbyleb\bo afep

< jh[hlZo -> @ ihdZaZgh sh IblZzg \zZgzZ”ec 1Z p
gbavdm “bnmaecgm ZdIlb\geklv \ Zexfege€ IZ mlI\hjxxlv
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yde aZ[_ai_gmxlv ihfelg_ ie*\bs_ggy fepghkle Zexfe
| fi_jZImj) dkiemZ0®&@3%€ fh LZdh  ihdZaZgh sh "ey ki

:D ; D F |Z koh bo kgZf Zgjlyo "h~Z\Zggy pbo _ ¢
aZa\bgZc g_i_j \bsm} fZk < jZae i*M"\b\deklgy €
"ha fZk | Z fZzk =U 7L 1Z 9 \e~Nih\e~gl

kKihkl _je]Z}Ivky miI\hj_ dlgyAk{rdnil.6L ieZklbggqZklh€ nhj
|Zdh  afegZ fhjnheh]e€ \l _dlbggbo kdeZ”~h\bo gZ ieZk

ljb pvhfm ie*\bsmxlvky fepgeklv gZ a |1Z 1teZklbqggek!
\ eblhfm klZge aZ defgZligbo lkdeZdZdmj BhzIlZ/

\eMih\ergh 20 fepgekIfKijlkZ fK \erjeagyllvky fZeh
217 F1Z 1Z FIZ \e~ih\ergh P _ k\e~rqblv ijh klZ[ee+aZ

\eZklb\hkl_c¢c azZ\*"ydb -k atd\lmfjgdfegZf iekey fh” bned
<Z eb\hx mfh\hx “ey "hky]g_ggy aZfgh3ah_gngdym™in"_ \b
r\brdhkle hoheh”” ggy jA®i&Z\m -

< jh[hlZo > - @ \*"agZqZ}lvky sh ~h~Z\Zggy "I
|1Zdbo e f gle\ yd 1L &X &U OR 9 IZ : aZ mfh\
dhdeevgh]h eblly kijbyeh ie*\bs _ggx f_o0Zgeqgbo \eZKkl
eblhfm klzZge 1Zd « ickey | _jfeqgh€ h[jh[db L lhdZa:
OR 9 1Z :\ deevdhklyo ifctk dh gh]lh kmll}\h ie*\bsm} |
kieZ\e\ ijyfhijhihjpecgh dhgp_gljZp+*€ “h[Z\hd < lhc " _
fepgeklv kihkl _je]Z}Ivky h[_jg_gZ aZe_ "geklv HilbfZev
gZ\_~ _gbo fh*bnedmxqgbo _e f gle\ gZf4k\g< [a@blalwdh
koh bc kie ZASi-8,6Cu-0,3Mg-(0,3-1)Ni-(0-0Q jhaley”~Z\ky "ey
"ba_evgbo ~“\b]Jmge\ Ihfm ch]h fh bnedm\Zeb fhees["_
"Zjhfepghkle < j amevlZle fh"bnedm\Zggy ihfeq_gh nhj
Al oFeMoSi; sh ijbal_eh ~h a[eevr _ggy f_ "« fepghkHt¢Zijb
"h FIZ

< jh[hlZo-> @ hdj_fbc \ieb\ \ZgZ"ex gi&dZkahmidd nkjd g
|1Z \eZklb\hkle kbemfege\ jhaley”Z}lvky yd [Zdbc s
ihfejgm a_jghih?je[gxxgm "ex [Z af_grm} rde*eb\bc \i
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aZeeaZ GZy\geklv \ZgZ”ex m kieZ\e gZ |je\Qg-
aleevr_ggy klmi_gx e _|m\Zggy dj_fge}f I\ _j~h]h jh
Zexfegex 2\l _dlbgge kdeZ”h\e ijb pvhfm ih?je[gxxIvky
aZfeklv lheqZklh€ nhjfb gZ[m\Zxlv jha]J]Zem _gh€ « |Z
Nje[gbfb jhafejZfb AZ ZgZeh]e}x ~h \ieb\m =egrbo
al[eevr_ggyf r\b~dhkle djbklZeeaZpe€ jhaieZ\m fh~"
ihkbex}lvky <ZgZ”ec ih”e[gh "h aZeeaZ |Z dh[KKlevIim
kbemfege\ > @

>h~rzZ\Zggy ojhfm \ kbemfegb aZalbqgZc h[f_"n
0,35%fZk <+ gz"zZ} €f lheh\gbf gqbghf kljmdImjgh€ klZ[se
| fi_jZImjb j_djbklZeeazZpe€ sh \ k\hx qg_jlm ihal
i*"\bs _ggy je\gy ZjhfepgHhhklte[gh @&@h fZj]J]Zgpx ojhf a
]JhegZklm fhjnheh]ex rde”eb\bo aZeesah\fekgbo nZa gZ
ijhl_ ch]h g_]ZIb\gbc \ieb\ gZ je*dhiebggeklv f_|Zen
[cevrbf ge fZj]Zgpx & H~*ghqzZkg_"h~zZ\Zggy ojhfm I.
g_J]Zlb\gbc _n_dlI gZ -khimdimjgolZjZdl_jbklbdb <« \ez
kbemfegel > @

Dh[Zevl ih”e[gh ~h ojhfm 1zZdh" fzZ} a”Zlgeklv
fZj]Zgpx ijb fh*bnedm\Zgge rde*eb\bo aZe+sah\fekgbo n
sh \eg 1Zdh" fZ} a~Zlgeklv mlI\hjx\ZIlb aZeesah\fekge nZ
[ a gZy\ghkle m kieZ\e fZj]Zgpx > @

Fhee[® g \ ydhkle fh*bnedZlhjzZz ~ey "Zjhfepgbo Kkl
gZkhf klz} \k_ [eevr ihimeyjgbf IZ rbjhdh \b\gZ}Ivky =
aZagZqZ}lvky- sh fzk fhee[»_gm fh gz \\Z ZIb hilb
deevdeklix ey fh*bnedm\Zggy kbemfege\ Ibim :D 1Z :D
A"hnrZNZggy fhee[” gm kijby} miI\hj _ggx kdeBir@RolhZa
Al-Si-Fe-OR  yde fZxlv ihee]l]hgZevgm Z[h ae<jdhih”e[gm
fh*bnedh\Zgbo ajZadZo kihkl_je]Z}Ivky a_jghih”je[g_
l1Zzdh™ } 1Zah\Z 1Z f« "~ _g”jblgZ ihjbkleklv > @



74

>ey mi\hj_ggy lhgdh”bki_jkgbo fhee[~_gh\fek
aZklhkh\mxlv [Z]ZlhklZ"ecgm |_jfeqggm h[jh[dm ydZ ko
|Z "\ hklzZz~scgh]h klZjeggy ijb fK e fK Jh~rbg 1Z
P ~ha\hey} i**\bsblb f "m iebgghkle kieZ\m gZ
g_fhrbnedh\Zgbf kiez\hf 1Ijb pvhfm f_"Z fepghkle vyd
A n_dle\\_ebgbgZ aZebrZ}lvky [_a ihfelgbo afeg yd ij
l*"\bs_gec | _fi_jZImje fK > @

lgrbf fZeh\b\g_gbf IZ i_jki_dlb\gbf fh*bnedZIlhjhf ’
“Zjhfepghkle 1Z f _0Zgeqgbo \eZklb\hkl _c Zexfege}\bo k
=heh\gbf qgbghf e<gl j k ~h aZklhkm\Zggy pvh]h
fhrbnedmxgh€ ~h[Z\db ihykgx}lvky aZ[_ai_q_ggyf gZ
hihjm j_djbklZeeaZp-£€ | Z fh eb\eklx nhjifm\Zggy
Nje[ghdjbklZeeggbo ~bki_jkh€”re\ a "m"_ gbavdhx-e+*bn
| ljZlhgZevghtjZRIhx LZdh" ih”e[gh “h pbjdhgex |Z Il
fZz} a Zexfege}f "eZ]jZfm klZgm i_jbl_dlbggh]h Ibim
\bdhjbklZgbc yd aZjh*dhml\hjxxgbc a_jghih”?je[gxxqgbc

< jh[hle > @ ihdZazZgh sh azZ mfh\ [Z]ZlhjZah\h]
|1Z dm\Zggy eblbo ajZade\ jhafsjl"lrkikijkBe" DD
kylZIb gf Z kZfe \hgb aZ IZdbo jhafeje\ fh ' mlv [m
Zexfege}\h€ fZIljbpe Ijb gZy\ghkle m kieZ\e djfdgK g
\bs_ r\b”rdeklv \b”*ee ggy "bki_jkgbo gl _ jf |IZe*"gbo
a[eevrmxlvky ljb pvhfm gl jHf-b6de-dB[ 8O gmxlv dj
al_j_ " _gbyj~hkle ijb is*\bs _gbo | _fi_jZImjZo 1Z [ecev
ijb]gegmxlv j _djbklZeesaZpecge ijhp_kb "h | _fi_jZImj

E_Im\Zggy 1Z fh*bnedm\Zggy kbemfege\ jerdekgha
JAF } h~gbf a gZc[eevr "e}\bo kihkh[e\ ie*\bs ggy €0
hr"ghgZkgm |j_ZeeaZpex [Z]ZlwahgghibBbj=\g :ggy ml\hj
Ij_pbielZle\ 1Z kih\eevg_ggy €0 ajhklZggy ithabl
nZahml\hj _ggy i*key | _jfeqgh€ h[jh[db IZ i**"\bs_ggy '
klZ[eevghkle afepgxxgbo-hZ@ >LZde _e_f_glb fZxlv ijz
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gmevh\m jhaqgbggeklv \ Zexfege€ 1Z a™Zlge ml\hpx\ZI
\bkhdhl_fi_jZImjge Zexfege™b a gbavdhx "bnmaescghx Z

AZa\bgZc gZc[eevim m\Zflmt bknejd 22| IJAF *ey kbemfe
egrbo eb\Zjgbo Zexfege}\bo kieZ\e\ ijbreeyxlv p_jex e.
147- @ | _jre ™"\Z e f glb o0ZjzZdl_jbamxlvky [eev
fhrbnedZlhjb kijmdIimjb Z RAkhdetbdh +?j[ec \ k\hx q_
peggbf afepgx\Zq f ydbc a”Zl _g ml\hjx\ZIb Z%&&lfdgx"g-
L1, ZgZeh]eqgh ~h kdZg”ex

KdzZg”~ec } i_jrbf i_j oe~rgbf f IZehf 1Z \e~rghkbl
je"dha_ f _evgbo _e f gle\ <eg aZklhkh\m}lvky J]he
i*"\bs _ggy f_oZgeqgbo \eZklb\hkl_ ¢ " nhjfe\gbo |
Zexfege}l\bo kieZ\e\ ¢« aZl g i**\bsm\ZIb €0 dhjhaecgn

@ Al**gh > @ "ey kieEKg6kbklZ\fby&lO kdZg”rex \”
"hky]lb \bkhdbo agZq_gv fepghkle ieZklbqgghkle [Z I
N nhjfZp+€ eblbo aZ]hlh\hd \bkhdhfepgbo Zexfege}\bo
gZcdjZse j_amevlZlb kihkl _je]Zxlvky ijb af_gr_gge-e
al_j_"_9g°* g_ gZ~™lh "je[gha_jgbklh€ kljmdImjb 2z~ _
gl jf IZeergbo \b"ee gv gZ f_ "Zo a_j_g kijbgbgy} |
lh~e[ge j _amevIZlb k\erqZIlv ijh g _h”"ghagZqgge fh eb\h
fhrbnedm\Zggy Zexfege}\bo kieZ\e\ aZe "gh \eN €0 O-f
h[jh[db

>ey eb\Zjgbo Zexfege}\bo kieZ\e\ aZklhkm\Zggy
aZebrZ}lvky h[f_~ gbf J]heh\gbf gbghf gbavdhx _dhghf
>hkee”” ggy \aZ}fh”«€ pvh]h _e f glm a dhfihg_glZfk
dj fge}f g_ ihdZaZeb \b”"Zlgbo j_amevlZle\ < jh]l
g _]Zlb\gbc \ieb\ dj _fgex gZ\elv ijb ch]h gbavdec dhgp

fzk P _ ihykgx}lvky ml\hj _ggyf [*ea@F]jmgJbpf dZe$DO
AlSc,Si;, L\ _jreklv e _]Jh\Zgbo kdZg~e«}f kieZ\e\ ajhklZeZ a
dj_fgex \ eblhfm klzZge ijhl_ iekey klZjeggy |Zde kieZ\
ihje\gygh a [_adj_fge}\bfb AZ gZy\ghkle dj_fytZelpXRgbr
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kdzg”~e}f ijb Ijb\Zehfm | _fi_jZImjghfm gzZ\ZglZ gg-
agb’ _ggy €0 Zjhfepghkle

>ey aZ[_ai_qgq_ggy _n_dlb\gh]h <« \h~ghgZk |-
aZklhkm\zZggy kdZg”ex \ jhee fh*bnedZlhjZ Zexfege}\bo
hr"ghqgzZkg_ "h”Z\Zggy IblZgm pbjdhgex |Z ]Zngex LZ
nhjfm\Zggy | _jfeqgh klZ[eey®Fo=0ZaL $O m Ihfan gtk
MhrZjh\hx ©FRHBO0O2 [m~h\hx ae* kijbyleb\h 13669 Im|h
>h~rZ\Zggy fhee[» gm |Z fZj]Zgpx jZahf ae kdZg~"e}i
agb” _ggx r\b~rdhkle dhZ]meype+€ ij_pbielZls\ Jheh\ghbf
al\fyam\zZggy dj fgex > @ Ijb pvhfm \ i _j \Z gec [
\fekl dj _fgex \ kieZ\Zo g_i_j _\bsm} fZk sh mkdeZ-
kdZg”ex \ ydhkle fh*bnedZlhjZ kbemfege\ *ey ie"\bs_g
o0ZjZdl_jbklbd

HAghqZkg_ ~h"Z\Zggy kdZg”ex 1Z JAF "h Zexfege}
\ jy?re \biZ~de\ \bdhgZlb aZfegm qZklbgb kdZg”ex |1Z a
fhrbnedm\Zggy kieZ\e\ 1Z h~rghqgZkgh af[eevrblb \|
klZ[eevgeklv mlI\h]j gbo afepgxxqbo ij_pbielZls\ >\ @
gl jf 1Zes®F 8BO% jZIdhx, eravirm}lvky ae a[eevr_ggyf €
fZkb LZd jhagbggeklv /D ®1&HAIkdEG"BP+IZ3 (XI+x Z <E
|1Z /X A9« Zl AZe “geklv I\_jrhkle \enr Zlhfgh€ fzZ
dhfihg _glm } h[_jg_gh ijhihjpecghx > @

AZlZehf "h~rZ\Zggy je*dekgha f evgbo e f gle\ e
kbemfege\ \eragZqZ}lvky yd [Zd_ sh kmll}\h ie*\bsm}
kiez\*\ yd \ a\bgZcgbo mfh\Zo 1Zd < ijb i**\bs_gbo
HrghqgzZkg_ ~"h~zZ\Zggy /D <E \ deevdhkle fZzk "t
ijba\_eh ~h ihfelgh]h ih”je[g_ggy Zexfege}\bo ~ _g~jb
dj_fgex 1Z aZeesah\fekgbo nZa _\l_dlbggh]h ihoh”" _gg}\
i*\bs _ge* ihdZagbdb f_oZgeqgbo \eZklb\hkl _¢c > @ >
sh fh*bnedm\Zggy kbemfege\ JAF fZ} ZgZeh]eqgbc aZz
"hrZ\NZggy kdZg”ex “h Zexfege}\bo kieZ\e\ [_a dj_fg-
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fhrbnedm\Zggy _j[*}f kieZ\m : :D "hkee”r” g_ \ jh
ZgZeh]eqggbc j_amevliZl ijb \M\eqe f grhfmhdbgbklZgg
| _sh _j[ec } ih~e[gbf “h kdZg”emlahljhgddy A& pm

<\ N ggy ~“h kljmdImjb kieZ\e\ g jhagbggbo dhfih
|1Zdh" jhaley "E3|¥kyfZ "hkeergbdZfb yd _n_dlb\gbc kih
_dkiemzlZpecgbo \eZklb\hkl _c kbemfege\ > @ H K¢
\b\q_gbfb *h[zZz\dZfb Iml| \bkImiZxlv Im]hiez\de kihemd
jh[hle > @ gbavdhe_Jh\Zgbc kidZ6Lkhkkefyo "M@ Z\Z
0,02%216Q hljbfz\ kmll}\_ ie*\bs _ggy fepghkle ijb *h fK

FIZ Koh bc n_dl aZ[_ai_gm} kmjfZ hkh[eb\h ijb
kieZ\m pbjdhgex > @ >hkee” ggy > @ } ijbdezZ~hf
\ ydhfm ihdZaZgh h”"ghgzZkg_ ~h"ZADSLTCULNI-MndH\m ¢
"h[zZ\hd /D &H IZ 6L& < oh”e “"hkee”" gv \ieb\m pbo
]Jheh\gbc \ieb\ gZ i*"\bs _ggy fepghkle 1Z “Zjhfepghkle
p_jec DZj[*" dj_fgex ihablb\gh \ieb\Z} gZ Ijb[hl_og-q
i*"\bs _ggy fh*mey ijm ghkle

HI°_  dhfie_dkg_ fh”bnedm\Zggy yd ihdZaZgh \
fmevibieedZlb\ge n_dlb \e” \ieb\e\ hdj fbo ~h[Z\hd
sh[ I1Zd_ fh~2bnedm\Zggy \dexqZehfihg® gibpblgZ[ ai_q
\bkhdm _n_dlb\geklv

< jh[hle > @ jhaleygmlh ijbdeZ” dhfie_dkgh]h fh
:D F sh feklb\ ojhf dh[ZevIhf \ZgzZ~e}f I1Z fhee[" gt
ANhAZNZggy \ZgZ7ex |Z fhee[®» _gm Kkijby} mlI\hj_dgxhdjm
jhaih”~ee _gbo ~ _g”jble\ fh”bn-edh{RgMESiLn Z hjip POhTfm
\ieb\ \ZgZ~™ex } [sevr ihfelgbf Jhafejb aZeeah\fekgbo \
ydbo \oh”blv \ZgzZ~ec fZxIVi5QpHdfejlmh ¥ \eqe [cevr_
ZgZeh]eqge kihemdb yde feklylv fhee[*_g < h[ho \bi
kmll}dmevdeklv ojhfm [Z ie*\bs_gm deevdeklv fZj]Zgpx
\ AZghfm \bizZz~dm ]jZ} g_]Zlb\gm jhev zZ~"_\ [seerhjZg
ithdZaZgh sh [_a ch]l]h ~h~Z\Zggy \ZgZ”"ec 1Z fhe
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Alis(Fe,Mn}Si, >h”"Z\Zggy dh[ZevIim ihdZaZeh ihablb\gbc
they]Z\ m Ihfm sh ml\hj_ge fh*bnedh\Zge qZklbgdb a
dhfiZzdlgm [ebavdm ~h ihee ~jbggh€ nhjfm a jhafejZf
agZoh”~bebky m \b]Jey”e hdj _fbo [ebavdh jhalZrh\Zgbo
fdf
G _a\Z zZxgb g9gZ [Z]Zlhjegqg_ "hkee”" _ggy kihkf
_dkiemZlZpecgbo \eZklb\hkl ¢ ijhfbkeh\bo “Zjhfepg
Ahihfhlhx \\_~ _ggy jeaghfZgelgbo fedjh”"h[Z\hd [Z]ZIF
dhfie_dkgh]h fh*bnedm\Zggy i_j _o<*gbfb Im]hieZ\dbfk
e T _glZfb “hke aZebrzxlvky fZeh\b\qg_gbfb ohqgZ ihl_
} [_ai_j_qgh \bkhdbf ijh sh k\e*qblv \_ebdZ deevdeklv
jhde\

@Zjhfepge kieZ\b kiNkLafb $0O

HklZgge jhdb a[eevrm\ZeZkv deevdeklv ~hkee™
“h_\l_dlbggbf eb\Zjgbf kiez\Z1lkbk|l_@b $A@de fZl_ jeZel
f "m fepghkle ~h FIZ ieZklbggesklv IgZih¢\gepecgh
jhaley”r"zZxlvky \ ydhklbo 2jhTZzpdh\_i**\bs_ggy _dkiem
\eZklb\hkl_c 1Zdbo kiezZ\e\ "hky]Z}Ivky aZ\"ydb fedjhe
pbjdhge}f dheb gZ jy*m a \hehdgbklhx _\I_dlbdhx
miI\hjxxlvky gZghqgZX$ognii73$Q74].

Koh bc ie”o*” ijhnwkdygimb jhajh[pe kieZ\e\ gZ hk@Qeé\e k
1z $/D» > @ |Ijb pvhfm \hgb fZeb ih”e[gbcCc je\
\eZklb\hkl_c « \ gbo j_Zeeah\m\Zebkv ZgZeh]eqge i
EZglzg 1Z p_jec alh”hf ihgZeb jhaley”Zlb yd _e f_
e_Im\zghnhfepgbo lkMdZ\L q_Ee gb ge dh_nepe}glB "bnr
ijhjhdm\Zeh djZsm klZ[eevgeklv f_0Zgeqgbo \eZklIb\h
| fi_jZImjZo < j_ameviZle pvh]h [meh \klZgh\e_gh s
kieZ\lbbk!|_AbNi- JAF } [eevr i_jki_dlb\gbfb “Zjhfepgbfb |
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ge ih~™\ecge dhfihabp+€ m |lhiffReygbklecbnedm\Zggy
fedjhe_Jm\Zggy IljbdezZ”~hf pvh]lh klZebNkiaza\ bfklblhlf ft
ged @&%6%fZkl1Z eZglZgm fZk <e~ih\erge "hk[@F7] f Zogegy
hif_ "~ _gbc ozZjzdl_j IZ \ _ebdm deevdeklv g_ie™I\_j~r gt
yde aZ hkhzdgg gZ[m\Zeb afeg Z[h jhalbldm <e”ih\s
ihlj_[mxlv djZsh]lh jha\bldm [Z [eevr ]Jeb[hdbo “hke-:
i _jki_dlb\geklv aZklhkm\Zggy ki-BlZAP\ \kgBEhkilp $Djhfepg!
AZagZqg_ge kieZ\b \heh”?exlv a*ZlggkdghthbkllZkpqgg
Z[h m ~_ydbo \biz*"dZo Zfhjngh€ [m”h\b \hliZdmevl.
aZe " blv \enr oefeqgh]h kdeZ m kieZ\m 1Z r\b~rdhkle
>hkee? ggy >@ ihdZamxlv sh \ Zfhjnghfm |Z gZght
klZgZo kiezZ\b kbNiL Db fOmlv fZIlb fepgekIMOAFI1Z«ijb
al_j_" _9gge* “hkblv \bkhdh€ ieZklbgghkle
;eevreklv "hkee”  gv kieZ\e\ "Zgh€ kbkl_fb klhkmx|
klZg@®Z ijbdez”e Zfhjngh]h kieZz\m $O /D 1L [mdh ihd
gZ]lje\e “hfK \eA[m\Z}Ivky i_\g_ mihjy*dm\Zggy ZIhf:
mi\hj _ggy fedjhlEPIDeYm~h\hx Ijb gZ]je\Zgges *h fK |
nhjfm\Zggy gl _jf Id@etZ\@8D > @ 1gl _gkb\gZ dhZzZ]r
kihkl _je]Z}Ivky a A h fK < ijbibgpKlivikfymidk ¢firqg Z
klZ[eevgeklv I1Zdbo kiez\e\ h[f_"m}Ivky agZq_ggyfb ~h
le*"\bs ggy |je\gy ZfhjneaZpe€ \ kieZ\RpbLa kbk
aZ[_ai_gm}lvky [eevrhx fejhx aZ jZomghd i**\bs_gg
ANhAZ\NZggy i_j_oe*gbo f _|1Zes\ A]e~*gh ~hke<2fhjoyg 2>
[mMmMh\Z kiezZ\m ~hky]Z}Ivky aZ mfh\ dmeb XbrfZ jghclAf
eZglZgm i_j _\bsm} \fekl Zexfegex LZdh aZebrZ}lvky
gZ~r\b~rdh]h hoheh”” ggy gZ drlZel jhaeb\Zggy je~dh
"bkd IZ h~_j Zggy gqZklbghd ~ey ihAZevrh]lh nhjfm\Zgg
>hhzZ\Zggy dj_fgex \ KkPelDBDNIi-83€3,5YD ihdZaZeb s
ZfhjneaZpey kieZ\e\ \er[m\Z}Ivky [eevr ih\ghx fejhx ijb
eZglzgm h~*ghqzZkgh a i**\bs_ggyf \fekim dj_fgex
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I _j_oe~gbfb f_lAaeZfily kmll}\h ihgbablb ieZklbqggeklv
Zexfegex [M”_gb gbf a[286] EZkih™ ihdZaZgh sh ~h~Z\.
&X agb m} | fi jZImjm ZfhjneaNd-pOE Kjile p\vhfBOfe v \ieb
gZ p_c ihdZagbd \ [sevrec feje h”ghqgZkgh ihgb mxqgb
A \bs \bdezZz” gh]lh \bieb\Z} sh gZ[eb  _ggy %h
Zfhjngh€ [m”h\b kiezZ\s\ fh " ~ZIlb ihablb\gbc |
kiljmdImjhmI\hj_ggy m \beb\dZo yd \ eblhfm 1zZd « \ |_
M[m2ydhfm \biZz*"dm jhajh[dZ hilbfZevgbo kdezZ"e\
\bfZ]Z} ZgZeeam \e*ih\er*gbo nZah\bo "eZ]jZf kIZ@Hm <

Al-/D 1Z-MOD fzZxlv _\l_dlbgg_i_j_I\hj_ggy \ Zexfege}\hi
klZgm sh h[mfh\lex} i_jki_dlb\m €o \bdhjbklZggy Kk
eb\Zjgdtihabp#c @ ;m”*h\Z 1Z ~je[ge jhafejb gl _jf

“\l_dlbqgbfb kdez~h\bfb a”rZlge gZ~Z\ZIb kiezZ\Zf gZ
\bkhdh€ fepghkle 1Z klZ[sevghkle f_0Zgsqildbse Zhld\

| fi_jZI&‘mg
LZd gZijbdez™ " _yde dhfihabpe€ gZl lhksgHY¥ekkik
ged _ex [eevr_ fZk fZxlv \ kdezZ”e \dJlldlbgldZn

0ZjZdl_jbam}livky \hehdgbklhxa@jnaielyjm}x fegg « kd\g «
135F1Z <« | _jfeggm klZ[eleNm«Klnajb "hK > f @ EZglZg
k\hx g _jlm a”zZl_g i*"\bsm\Zlb "Zjhklecdeklv dhjhaec
lzd kzfhl\hjx\Zlb Ihgdh”~bki_jkge \dexq_ggy \ kdez~"
ihljecgec kbkINifIDB@I\hjxxlvky h[b”M\e K& EZNZ)M® yde
aZ[_ai_gmxlv g_h[oe~*gbc dhfie .dkZ\&kZkkx\hkbbjlc"hx |
[mMmAh\hx |Zde kfiled\d \e*"g_klib ~h ZexfhfzZljbggbo dh:
~g™"h]_ggb¥YLMWX nhjfm\Zggyf afepgxxqbo nZa > @
AZ "Zgbfb > @ gZc[eevr ijb\Z[eb\bfb a Ihqgdb
\eZklb\hkl_c } kiezZ\b a \fekl4P gbdk exZ eZgdZgiZk
\lhjb mlhgqgxxlv sh kmfZjgbc \fekl e_]Imxqgbo _d0f_ gls
fZk ijb gqhfm \fekl eZglzZgm fZ} i_j \bsm\ZIb \fekl
\ jZab FedjhkljmdtmMpyA Kkjile Ade Z*mgfe&klhhkZge ~_g~jl
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Zexfegex 1Z mevljz ""bkidjllbglhm QzZkldZz _\l _dlbdb \ gbo

h[ Z jhafejb _\lI _dlbggbo kdeZ"h\ba ™ Rk\]AEXldb |Z
10- fdf az\"h\"db F_"Z fepghkle I1Zdbo kieZ\s\ \ eb
"hkylZlb FIZ ijb ieZklbqghkle lekey \e?riZem f K
]h*"bg pe iZjzf_I|ljb kdezZ~ZxkvzZ 1 / LZde ~Zge keZ
ma]Jh” " mxlvky ea egrbfb koh bfb “hkee”" ggyfb IZ ihlj_

'gZeh]eqge* “hkes™" _ggy > @ ijbk\yq_ge* \b\qg_
gZ hkgh\e ihljecgh€ _M1ABRSMNI($ZR ihdZaZeb nhjfm\z
"hkblv “je[gha _jgbklh€ kljmdimjb al@gzZ\Wegkkiigb hkiheE §
1Z & ieZklbggzZklh€ [m~h\b Ijb pvhfm \e~rfeqZ}lvk
_\l _dlbdz fZ} oZjZdl_jgm [m”~h\m fe nZagbo ]jZgbpv
[revim klZ[eevgeklv \eZKklb\hkl_¢c ge m \biZ*dm ih”"\e
kieZ\m gZ hkgh\e ihljecgh&Ni-Md Jdglzdb $Obshge m
ih"\ecgbo \l dlbggbo kieZll kbKDO¢ $IO "~hky]ZIb (

GZ hkgh\e gzZ\ ~ gbo ~Zgbo ~hpeevgh ajh[blb \k
kbkl_ fb-NeOD fh gzZ jhaley”Zlb yd i_jki_dlb\ge eb\Zj
fZl _jeZeb gZ hkgh\e ZexfegexXh2bnedmdidggy 1Z fedjhe ]
fh™_ ~hal\heblb h”~ _j ZIlb kieZ\b a ihdjZs-mdbdh\kkflhpm
o0ZjZdl _jbklbdzZfb 1Z i**"\bs_gbf je\g f f 0Zgeqgbo \eZ
dhgl_dkle KkI\hj_ggy eb\Zjgbo kieZ\e\ ih”e[ge ijbg)
"hkee” m\Zebkyv

@Zjhfepge Zexfege}\e kieZ\b gZ hkgh\e _\I_dlIl
I _j_oe~gbfb f_1ZeZfb

HklzZzgge jhdb ~m _ kljefdh jha\b\ZxlIvky kl\hj_gg
\bkhdh _gljhiecgbo kiezZ\s\ <?K P _ih\fyaZgh a fh'eb
"hky]lg_ggy \ gbo \bkhdh]h je\gy f_0Zgeqgbo IZ ki_peZe
gZijbdez” \ jy~e jh[e@>\e"rfeqZ}Ivky sh ~h hkgh\gbc
\Z eb\bo \eZklb\hkl_c <?K gZe_"ZIlv \bkhdZ iblhfZ fep
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|Z \lhfgz fepgeklv \bkhdZ dhjhaecgZ klecdeklv g2
ie"\bs_gZ ljesbghklecdeklv \ djeh]_ggbo mfh\ZozZ\bbkh
jhajh[eyxlv gZ hkgh\e \_ebdh€ deevdhkle kbkl_f \jZoh
ijb pvhfm hkh[eb\hkle- kZjmAdbrhphnl\hj _ggy

KI\hj_ggy \bkhdh _gljhiecgbo \bkhdhfepgbo | Z
Zexfege}\bo KkieZ\e\ [Zam}lvky gZ "*h”~Z\Zgge _e f_
ml\hj_ggx \ihjy*dh\Zgbo Z[h qgZkldh\h \ihjy~rdh\Zg
\k_j_"bge Zexfege}\h€ tZIj@pAZa\bqZc fZxlvky gZ m\Z
_e_f _glb &X &R &U )H 1L 7L ~=WdFhHWUBZedbol Z
deevdhklI§eB- @ cexfege}\e kiezZ\b a 1Zdbfb dhf
0ZjZdl_jbamxlvky mliI\hj_ggyf rbjhdh]h jy"m -khiZha&md ol Z
e _f _gle\ yde a”Zlge nhjfm\ZIlb dh]_j _glge kmfere
kljmdImjhx Z[h a gZ*kljmdImjhx Ibim < HPD LZdZ g
\bizrdm fh _ [mlb ij_"klZ\e_gZ ihizZjgh \az}fhijhghbd
lbimDOs; |1Z h Z[h 'R 1Z kL [205- @ KZf_ nhjfm\Zggy
gZ "kljmdImj fh ' aZ[_ai_qblb ih}*gZggy \djZc \bkh
_dkiemZzZlZpecgbo 0Zjzdl_jbklbd \bkhdh_gljhiecgbo Ze:

AZKklhkm\Zggy ijbgpbis\ kljmdIl®jKIElI\mh]fogyZggy
\eZklb\hkl_c¢c thybasdm\Zdgy jeZggy \ gbo % jZlhd dm
| IjZlhgZevgbo Ibie\ agZcreh | ZeeaZpex m jhajh[pe Z
hkgh\e \l_dlbggbo kbkl f a i_j oe~gbfb f_1ZezZfb LZ
kbkl_ fb-F&W®i-Cr a \feklhf gedZenZe+saZ gZ je\ge deevdh
\erkhlde\ \bdhjbklh\mxIvky \ [Z]Zlvho |_ogeqgbd gZi
ydhkle "Zjhfepgbo fZl _jeZetbb g f g® "ey "hkylg_gg)
\bkhdh€ | _ogheh]egghkle |Zdbo fZI_jeZee+\ g_h[o**gh ki
Zexfegex \ gbo

Ged_ev 1Z aZeecah ml\hjxxlv a Zexfege}f ~je[gh”lI
klZ[eevge kihemdb a ~m _ gbavdhx “bnmas2ldhx Z
?\l _dlbggbc \fekl aZecaZ 1Z ged_ex \ ih™*\ecgbo kieZ\Z

| Z fZk \e~rih\ergh >ey kieZ\m a ihljecghx} _\I_



83

f grbflZz klZgh\blv fZk "~ey aZeeaZ |IZ fzZk
pvhifm ged e \Z |IZ aZe+cagZ ih®\ecge \l dlbdb \dexqgZ
\hehdgbkle gl _jf |IZe+~ b jhafejb IZ jhaih”ee ydbo } f_
nhjfm\Zggy \bkhdh]h je\gy f _o0Zgeqgbo \eZklb\hkl_c
ihljecghx _\lI _dlbdhx dheb ~h €€ kdeZ"m \dAhkPeNiv +gl
Fepgeklv kieZ\merylhbr®Z} aZ oefeqgbf kdeZ”hf ihljecg
fh™_ kdez”"ZIb « FIZ aZ defgzZlgh€ | _fiFjlZ mijb |Z
350 fK aZe_ "gh \e” "bki_jkghkl«2k2JmdImjb >

< jh[hle > @ \e*agZqZ}lvky sh aZe_ "gh \en |
_\l_dlbggbo kieetdL 4@ €0 kljmdImjb fh _ \eA[m\ZIbk

f oZgeqgbo \eZklb\hkl ¢ azZz | _fi_jZImj \bs_ fK q_
N nhjfZpe-€ Gb'qg_ pe}€ | _fi_jZIlmjb jmcgm\Zggy \
h[T}*gZggy ~_n_dle\ [eey f_ "~ a _j g Z \bs_ fK

\eA[m\Z}Ivky r\b~r_ « fh ' fZlb |I|jZgkdjbklZeelgbc
aZ[_ai_q_ggy \bsbo ihdZagbdes\ \bkhdhl_fi_jZImjgh€ f
gzZfz]lZxlvky af[eevrblb ~"bki_jkgeklv €0 kljmdIimjb |
AhAZIdh\bf e _Im\Zggyf

< jh[hle > @ ij_~"klz\e g "~hkee~" _ggy _\
[*ey \l _dlbggbo kieZ\es\ -Mikdcl (Alb1-68icD,4- & U >ey gb
0ZjZdl _jghx } [eevr kdeZ"gZ <}jZjoeqgZ kIjmdImjZ vyc
kieZ\e\ gZ je\§4Z azZ defgZlgh€ | _fi_jZImjR FZZaijb«
250 fK hdZazZgh sh ojhf a”~Zl_g ihfelgh afe\dxddbltkljs
|1Zdh™ \bdhgm\ZIb a_jghih”?je[gxxgm nmgdpex ijb g_\ e
Nh ya |1Z gz\iZzdb jh[blb kljmdImjm [eevr ]jm[hX
"Zgh€ dhgp_gljZpe€ I1hdZaZgh sh g_agZqgZ jhaqgbg
gl _jf _1ZeefIh $®a\h”blv ~h ie*\bs _ggy _eZklbqgghkle
thablb\gh \ieb\Z} gZ fepgeklv ¢ ljesbghklecdeklvagreZ\
fhjnheh]ey gl _jf |Zeene\ gZ djZyo |IZ \ p_glte\Ero gidveh
reyom ”“ey ijhkm\Zggy ljesbgb [1Z ie*\bs_ggx e<fh\ejgl
ijhp_ke jmcgm\Zggy
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Hdj _fh€ m\Z]b aZkem]h\4rg-OKb kI hf2[§®O "h jhal]eyg
ZgZeh]e\ \hgz fz} \ k\h}fm kdez”e dhfihg_glb sh ml
hjlhjhf[eqghx0@O 1Z fhghdebgghk %PzZldzZzfb < ihljec
kieZ\e "h kdezZ”m _\l_dlbdb \oshOR®IV HihkapbdZepTbo jha
|Z fhjnheh]e€ ydzZ fZ} hjlhjhf[eggm % jZldm > @
Al-14Fe- 0Q ihdzZazgh koh eklv m [m~h\e \| -Miti&db sdXi
ithey]Z} m afege fhjnheh]e€ egl_jf 1Zeere\ m kdeZ™e _\I|_
JhreqZklh€ gZ iezZkle\p_\m LZdh" \e~feqZ}Ilvky sh ~h"Z
kiezZ\s\ \ieb\Z} gZ €0 kljmdImjm mdjmigxxqgb e<gl_j
_\l_dlbdb sh fh™_ g_]Zlb\gh \ieb\ZIb gZ ihdZagbdb fe

HibkZge hkh[eb\hkle nhjfm\Zgqy ahjma | nZjjgh e\
\eZklb\hkl_c [Z]Zlhdhfihg_ glg®rdekibtZa-*g30fb e f gl.
\k _ qgqZkler_ kihgmdZxlv \qg_gbo _dki_jbf_glm\Zlb a+ k
f e ijbgpbie\ h™_ j<Zg9gylZ deZkbggbo _\l dlbhgBbo Kk
AhAZIdh\h eI\ _jA " mYlvky214ph9]Zfb ydblo\er*hfey}lvky ijf
g _h[oe~rgeklv jhalbldm dhgp_ilmZevgbo i«*oh”e\ ~h Kk
feklylv f grm deevdeklv e _]Jmxgbo _e f _gle\ ijhl_
kljmdImpgdah\e iZjZf lpkhdm | _ogheh]eqgeklv anrz
N nhjfZpecgh€ 1Z | _jfeqgh€ h[jh[db IZ \bkhdes _dkiem2Zl

< [mYWdhfm jZae eb\Zjge Zexfege}\e kieZ\b "ey yd
aZklhkm\Zggy ~hklmigbo | _ogheh]eqgbo jer _gv ijb]
jhaiez\s\ g _afh " mlv feklblb gZkleevdb \b[kh]d&iv hdh
e |mxgbo e f gle\ sh[ aje\gylbky ea k_j ~gvh_gljhie
pvhifm kl\hj ggy [Zdbo mfh\ azZ ydbo fZljbgqgbc f_1Z
nZab Z 1zZzdh® _\l_dlbgge kdeZ”h\e [m” mlv ml
\azZ}fhijhgbdzZxges kljmdImjb } fh eb\bf
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1.5L _ogheh]e€ h[jh[db |Z ijhp_kb eblly jhaiezZ\e\
kieZ\e\ gZ hkgh\e Zexfegex "ey afegbnZahkhjm dkhy gm
i*"\bs_ggy je\gy f_0Zgeqgbo |Z dkiemmZlZpecgbo 0Zj

<er"hfh sh gZ kljmdIimjm nZXaBkbic\kkle-Zfdt o ed b
f 1Ze _\bo fzZl_jeZees\ kmll}\bc \ieb\ fZxlv | _ogheh]eq
hn j"Zgbd h[jh[db 1 _jrhqg_j]lh\_ agZq_ggy \ "Zghfm \t
fZxlv r\b~rdeklv djbklZeecazZpe+€ IZ ijhkle Ibib neabqgh]h
gZdezZ"Zggy \e[jZp€ Z[h fZ]gelgh]h ihey Y220). ;¢gépr\_ e
kdez”~ge \b™b [Z kihkh[b neabqgh€ h[jh[db jhaieZ\m
dhfie_dkgbc \ieb\ gZ-Kg md&lahimI\hj ggy kieZ\s\ ydbc
"hky]lb egrbf kihkh[hf

>h f_Ih”e\ neabqgh€ h[jh[db jhaiez\s\ \erghkyl
| ogetlhogheh]eqge jer _ggy yde “hal\heyxlv i j ~Z\ZIb
€0 dhf[egZpe€ "h jerdh]h f_-yAHérhh KimbknmZdh]h jh*"m a
"h hjlZgeaZp+€ ki_pbneqgtdkimifh)\ dhkeln |1Z yd gHke-
jZnegm\Zggy \ieb\m gZ djbklZeeaZpex I1Z nZahml\hj_ ¢

@ |_j \Z]lhx 1Zdbo jer_gv } \erkmlgeklv \bljZ] gZ
g _afeggeklv oefeggh]h kdeZ"m kieZ\e\ dhgljhevh\
fh eb\eklv €0 dhf[egm\Zggy

Kihkh[b h[jh[db jhaieZ\s\ gZ ijbdezZ”s ihaZieq
aZe_ "ghkle \e~ ah\gergvh]h \ieb\m fh gZ ih~*edafgbm gZ
]jmi  hdbkex\Zevg_ jZnegm\Zggy ijh*m\dZ g _cljZev
]Zazfb h[jh[dZ I\ _j~bfb ihjhrdhih”e[gbfb 1Z je*dhnZa
\Zdmmfm\Zggy neevljm\Zggy _e_dljhfZ]gelgbc
]J*~jhefimevkgbc \ieb\b > @ >h gZc[*edgbojhkilbloh [e)
h[jh[db jhaiezZ\s\ Zexfege}\bo kieZ\ebggdodj e ghlkylv
ijh~m\dZ «g_jlgbfb ]ZazZfb IZ h[jh[dZ @exIk4fbgZ RBI\Z >
\e[jZp*gZ Z[h mevijha\mdh\Z h[jh[dZ > @ <hgb ~F
kljmdImjgm kiZ~dh\eklv rbolb ihdjZsm\ZIlb aZk\h}ggy
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|1Z e«]ZImjgbo "h[Z\hd jZnegm\ZIb jhaieZ\b \e” g f I
ih~je[gx\ZIlb €0 >@ J_amelZbo f_Ih” e\ ihablb\gh \ie
nhjfm\Zggy ”"je[gha_jgbklh€ je\ghfejgh€ KklIjmdIimjb \
\bjh[Z0o"ha\hey} ihdjZsblb €0 _dkiemZlZp.ecge 0ZjZdl_]
>h [eevr kdezZ”gbo Kkihkh[e\ h[jh[db jhaieZ\e
\bkhdh_g_j] _IbggedBlhefimevkgZ ieZafhj_Z] glgZ _e
h[jh[dZ Ilhsh HJ[jh[dZ \lhjbggbo kbemfege\ :D :D
hrghiheyjgbf e«fimevkgbf _e dljbggbf kljmfhf kfrdKIbgt
gZklhlh«® =p*h d=p ijba\h”?blv *h ihfelgh]h ih*je[g _gg
Zexfegex kn_jh€”r"bazZp+€ _\l _dlbgqgh]h dj_fgex 1Z
aZeeah\fekgh€ _\l_dlbdb LZdZ h[jh[dZ "halhey} a
fZj]Zgpx ey g\ _ex\Zggy rde”*eb\h]h \ieb\m aZe+aZzZ \ |
aleevr_ggy _n_dlb\ghkle ch]h \ieb\m > @

H[jh[dZ Zexfege}\bo jhaieZ\e\ ieZafhx yd hdj_fh |
\Zdmmfghx Z[h fZ]gelh]e*jhr*bgZfeqgghx F=> h[jh[dh>
\bdhgm} jZnegmxgm nmgdpex Ijb pvhfm \eA[m\ZxlIvky
Zexfege}\h]h jhaieZz\m af_grm}lvky [eevr ge m ] Z
fedjhm]jmih\Zgv ~bki_jlm}Ilvky kIjmdImjZ m I\_j~hfm Kk
"hkyl]Z}Ivky ie"\bs_ggy fepghkle \beb\d=\ a Kb\ermdhkg
\brh\" _ggy ajhklz} fZzc°_ m ~\Z jZab LZdh ~Zgb\c \b’
deevdze\ihdjZsbEHzZk\h}ggy Im]hiezZ\dbo fh*bnedZlhje\ I.
"h[Z\hRdie*\bsblb afhgm\Zgeklv g_jhaqgbggRa3,@Zffmxqgbo

< ijhfbkeh\bo mfh\Zo “ey ijb]lhim\Zggy 1Z eblly
aZklhkh\mxlIvl Fogpheh]*€ yde aZ[_ai_gmxlv fh*bnedm\Z
jhaiezZ\e\ |Z €0 ljZgkihjlm\Zggy > @ - K4 erbZ achzn k\Ifiin dyl
kbemfege\ ier"qZk djbklZeeazZp+€ \ ihklecghfm fZ]g
ith™je[g_ggx Zexfege}\bo A~ _g”jble\ ijhl_ ey djmigbo \t&
ih\eevgh€ djbklZesaZp+€ p_c kihke[ ijba\héNghfygh@l
fzdjhkljmdIimjb « yd ggkamtjhd«€ \ezZklb\hkl_c > @
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Ilh\gZ djbklZeesaZpey kbemfegel m afegghfm fZ]gel
[*evr n_dlb\ghx GZ ijbdezZ”e ijhfbkeh\bo kieZ\e\ :D
D F ae* klzg”~Zjlgbf kdez” hf 1Z ijb ie"\bs_ghfm \fe
iIjh\_ "~ gh djbklZecaZpex pbeeg”jbggbo \beb\de\ fZkhx
G Le # =p HI[jh[dZ kijbyeZ ih”™je[g_ggx |ZIhfh]
fedjhkljmdImjb ijhl_ h~ghgZkgh af[eevirm\ZeZkv m
\beb\de\ GZcdjZse j_amevlZlb gZe "Zeb ~h_\l_dlbqc
egrbo \byleyebkv i _\ge g _h”ghjerghkle jhaih”eem _\I
i _j\bggh]h dj _fgex <ke ajZadb fZeb fepgeklwyelbsm
g _h[jh[e_ge ZgZeh]b Z \ ~ ydbo gZ\elv ijhy\leyeZkyv
ijhyleyeZkv “h h[jh[db > @ 1gre “hkee™" _ggy ih
djbklZeeaZpey ijhly]lhf Ij_Ibgb gZkm \e* aZ]Zevgh€ |Ij
kijby} gZc[eevr _n_dlb\gec h[jh[pe jhaieZ\m ydz ~
al_j_1Ib fh*bnedmxgbc a_jghih”je[gxxgbc \ieb\ IZ ge\_
mkZ~dh\bo » n_dle\ > @

Dhf[egh\ZgZ dZ\elZpecgB[jhIdZF=2exfege}\bo jhai
kbkl fb-8BOkmll}\h \ « jZab ih?je[gx} kljmdImjm 1Z
Ahferdb > @ ;eevr |hlh KljmdImjzZ kieZ\e\ \e/Njeg
hArghjergekix sh fh™_ [mlb \bdhjbklZgh "ey h™ _j Zggy
je\ghfejgh jhaih~ee _gbfb -kiZmklVNibfjgh kdeZ” h\bfb
0ZjZdl _jbklbdb } ihl_gpecgh ~m _ \Z eb\bfb "ey i
f oZgeqgbo 1Z _dkiemZlZpecgbo \eZklb\hkl_c eblbo
Zexfegel\bo kieZ\e\

< jh[hle > @ ihdZaZgh sh azZklhkm\Zggy
I _j_ferm\Zggy \-fe "gthfm klZge \bkhdhfepgh]h Zexfege
< P ijb [_ai_j_j\ghfm eblle "ha\hey} ~“bki_jlm\ZIlb kI
aZk\hx\Zlb fh*bnedZlhjb P_ ~“hal\hebeh af_grblb \ _ebc
ie"\bsblb fepgeklv ij _kh\Zgbo \bjh[e\ gZ |Z \e~rghki
35« ihje\gygh a \bjh[zZfb \b]lhlh\e_gbfb a [_ai_j_j\gt
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pvh]lh kieZz\m \e”eblbo [_a fh” bnedm\Zggy Koh bc _
> @ ijb hr_j"Zge aebldZ d\zZ™jZlgh]h i_j Ibgm ae Kkie-:

;eevreklv hibkZgbo kihkh[e\ h[jh[db eb\Zjgbo Zex
ie"qZk €0 ieZ\e_ggy |Z djbklZeeaZp+€ ihlj_[mxlv Ki_
h[eZ”*gZggy "h aZklhkm\Zggy vydh]h ihlje[gh i*"0
_dhghfeggm <« \bjh[gbgm "“hpeevgeklv < jZfdZo h~"_
Zexfege}l\bo kieZ\e\ gZc[eevr fhhoaglyldmfllb deZkbqgge ijk
nexkh\hl]h jZnegm\Zggy Z \iglhdgywlgb€o klijmdImphml\
fh 'mlv aZ[_ai_qblb ki_peZevge kihkh[b eblly

J heh]eggbc ijhp_k < Ibdkheblly fZc _ g_ i*”oh”"y
]hih\bo \bjh[e\ a [Z]Zlvho \b~e\ Zexfege}\bo kieZ\e\
"Zjhfepgbo kbemfege\ q _j a [eevim hje}glZpex gZ
aZlhle\Bdg_ "~ |Ze c¢c I1Z g_h[oe”rgeklv ihi_j ~gvh€ ie~]h
I j V"~ ggy \-lerdihc klZg >ey aZ \l _dibggbo kbemfs
ithlj _[mxlv nhjfm\Zggy *_|Ze_ ¢ a i*"e]jelbo \ g _jl¢

ithjhrdh\bo kmfer ¢ GZ ijbdeZ”e kieZ\m : D F ihc
\e” Ibdkheblly } f _grbf ge \bljZIlb gZ azZklhkkr\Zgedkyvp
kieZ\m \ pvhfm jZae i**"\bsm}lvky gZ a N h |

I\ _jreklv < aghkhklecdsklivgZ ghhikyPlbjb dezZkbgghfm
dhfie_dkghfm fh”bn24ir2¥4]gg-

"blb\g_ \bjh[gbpl\h ~ |Ze ¢ a "Zjhfepgbo eb\Zjg
kieZz\s\ hkh[eb\h iekey ~h~ZIdh\h€ ih\_jog_\h€ 1Z
A fhgkljm} ithablb\ge j _amevliZlb a Ilhqdb ahjm h”"_j .
kljmdImjb « ~hklZlIgvh]h je\gy f _0Zgeqgbo \eZklb\hkl ¢
kihke[ \bjh[gbpl\Z } ~hkblv ~hjh]bf fZehijh~mdIlb\gb
| ogheh]egqgbo iZjzZf _lje\ \bjh[gbplI\Z qg_j_a sh qZklh
A n_dlghkle \bjh[e\ > @

K\elh\bc ~hk\e” ihdZam} sh gZc[eevr \"b\Zgbfb |
| _ogheh]eyfb “ey h”_j Zggy \bkhdhydekgbo \beb\de\ a
"ZjhfepgbodZdh[Z]ZIvho egrbo kieZ\s\ gZ hkdghablhextég



89

Ibkdhf |Z dhdeevg_ eblly P+ kihkhj[lmY{ald\ ke ywigbhdb
jeraghfZgelgbo dhgne]lmjZpec |Z jhafe<§olyd - by parhdn
AN n_dlgeklv kljmdbhjple klZg 1Z f_o0Zgeqge \eZklb\hkle
\bkhdhfm ja¥ggZomghd r\b~rdh]h holiehmlv gdglyj Im\ZIlb
reyohf hilbfeaZpe€ | _ogheh]eqgbo iZjZf _|lje\ fZI| jeZeZ
nhjf[246-248]. Ih}*gZggy pbo kihkh[e\ eblly a fh*bnedm\Z
fh™ ~Z\Zlb ihablb\gbc fmevibieedZlb\gbc n_dl

1.6 MaZ]l]Zevg_ggy ~h jha“eem |Z ihklZgh\dZ az*"Zq

'gZe+a el _jZImjgbo ~Zgbo \by\b\ kmqZkge ijh
\bkhdhl_ogheh]eqgbo ]Zema_c ijhfbkehl\igkli_ Iadhlj |¥
fZrbgh[m”~ m\Zggy vyde ihlj [mxlv aZfegb jy"m f 1Ze _
kieZ\s\ "ey gbo gZ [*sevr e_]Jde ~ r _\e e | ogheh]eqg-
deevdeklv dlmX2pgfegblkiez2z\\_ebdhx fejhx &Z”™h\hevgblb |
ithlj [b Ze_ aZ mfh\b i**\bs _ggy €0 jh[hgbo | _fi_jZImj

L hj Ibggbc jh[hgbc | _fi_jZImjgbc fZdkbfmf ~ey
Zexfege}\bo kiezZ\e\ klZgh\blv fK ijb IThfm sh j_ Zev
ihje] [eevrhkle "ZjhfepgbalXxgdXbdVv i j \b4®8k250 fK
LZdbf qbghf jhajh[dZ gh\bo 1Z m~AhkdhgZe ggy <k
Zexfege}\bo kieeZA*\bs ghx "himklbfhx I _fi_jZImjhk _dk
\Z eb\hx gZnmdbgmeh]eqghx aZ”*Zq_x hkh[eb\h a Ilhqdb
kzf eblbo \bjh[e\ hkdeevdb eblly } gZc[eevr _dhgh
| ogheh]eqgh Jgmqgdbf kihkh[hf \bjh[gbpl\Z

GZc_n_dlb\gerbc i*”o*™ i*"\bs_ggy Zjhfepghkle Ze
itheyl]Z} \ €0 gZkbq_gge _e f glZfb a gbavdbf dh_n
ml\hjxxlv a Zexfege}f klZ[eevge g_ kobevge ~h \D
dhZ]lmeype€ afeplgkixgkog!l jf_|Zeerge anZdm[eqgbfb
| _ljZz]lhgZevgbfb djbklZeeqgbfb %jzZldZfb GZcdjZs_ "e
7L =U +1 9 OR )H &U 0Q 1Z 1L Dhfigbdhkg_
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e f _glzfb Zexfegex |Z ch]h kiezZ\e\ ahdj_ fzZ-SpQu,hkgt
"halhey} kmll}\h i\ bsblb €0 fepgeklv aZ a\bqZcgbo n
| fi_jZImjZb fKazZz jZomghd aZ]Zevgh]h ih”je[g _gg
i*"\bs_ggy kimi_gx e_]h\Zghjklagbgmhdd hkgh\e Zexf:
\bree ggy "bki_jkgbo afepgxxgbo nZa I|ZnZéadpglbok
iZjzZf _lje\ _\l_dlbdb

<boh”yqb a i_\gbo h[f_~ _gv aZklhkm\Zggy fh”"bned
kiezZ\e\ \Zjlh ijb~eeblb m\Z]m iblZggx klI\hj_ggy g
eb\Zjgbo dhfihabpec gZ hkgF\dZKBKF-IABFO ~ *p_ )H
0Q &U 1L 1Z &R m |hfm qgbkee e _]Jh\Zgbo gZ«
I\ _j*hjhagbggbfb afepgx\ZqgzZfb [Z fh*"bnedh\Zgbo a_|j
"h[zZ\dZfb

F_1Z jh[hlphajh[e_ggy gh\bo-hdZmuohigi\h\Zgbo ijhp
i*"\bs ggy “Zjhfepghkle e<kgmxgbo eb\Zjgbo Zexfeg
kiI\hj _ggy gh\bo dhfihabpec “ey jh[hlb \ mfh\Zo i*”\Db:
jhajh[dZ | _ogheh]eqggbo hkgh\ ijhp_ke\ h® j Zggy a gb

>ey “"hky]g_ggy ihklZ\e _gh€ f_Ib knhjfmevh\Zgh g

1. Ijh\_klb ZgZe+ea kmqgZkgbo ~hkee”" gv ijbk\yqg_
skgmxqgbo 1Z klI\hj _ggx gh\bo "Zjhfepgbo Zexfege}\bo
hkh[eb\hkle €0 e |m\ZggyZ kdpadlmlj\ikhj ggy < | _oghe
ijhp_ke\ h™ _j Zggy

2. <bagzZqgblb aZdhghfejghkle Ijhp _ke\ ¢
\bkhdhl_fi_jZImjgh€ kijmdImjgh€ klZ[eevghkle |1Z “Zjhf
kiez\Zo kbk{Si-Cu$ONi-/D | Z-FeMn-Cr-Ni-& R ijb €0 fh”*bnedm\
e "hArZIdh\hfm e_]m\Zgg-

3. Jhajh[blb | _ogheh]*€ h” _j Zggy [*gZjgbo |z
Nje[ghdjbklZeeqgbo e*]ZImj gZ hkgh\e Zexfegexfak\bkl
\feklhf &U &R OR 9 Le =U 1L )H 0Q IZ /D

4. >hkee*~blb hkh[eb\hkle \\_~ ggy |IZ aZk\h}ggy e-
\ Zexfege}\e kieZ\b 1Z \b\qh b nEZoahimb\hj_ggy
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5. >hkees”blb ijhp_kb nhjfm\ZggnyzZklhmdd nojgjrzd!l_jbk
f oZgeqgbo \eZklb\hkl_c eb\Zjgbo "Zjhfepgbi-&Xe Y\
al\bgZcgbo mfh\ |Z ijb i**\bs _gbo | _fi_jZImjZo
deevdhkle 1Z dhf[egZpec "h*Z\Zggy “h gbo fomhxobhqgm
"h[zZ\hd i_j oe~gbo Im]hieZ\dbo 1Z je*dekgha f evgbo

6. >hkee<"blb hkh[eb\hkle fedjhkljmdImjb nzZal
kljmdImjgh€ klZ[eevghkle |1Z f 0Zgeqge \eZklb\hkle eb
Al-Ni- /D sh feklydd _ex fZk 1Z ezZgiZgntZk \bagZqgbl
hilbfZevge dhgp_gljZp+s€ dhfihg_gle\ “ey h” _feBgbhyg g
kieZ\e\ o \klZgh\blb I _ogheh]eqge hkh[eb\hkle €0 ijb]hl

7. >hkee~blb \ieb\ ~h~Zldh\h]h e _]m\Zggy 1Z
_dki_jbf_glZzevgbo kieZ\e\ gZ hkihhiD Igkl€ db ki@ dIm
nZah\bc klZg kljmdImjgm KklZ[eevgeklv 1Z oZjZdl_
a\bgZcgbo mfh\ 1Z ijb f K

8. Jhajh[blb "Zjhfepge eb\Zjge Zexfege}\e kieZ\b g.
Al-Fe-Mn-1L yde e _]h\Zge &U &R &X 0J 6L /L IZ /D -
ijhp_ke\' nhjfm\Zggy €0 -kEZahdhhhghklZgm 1Z f_oZ
\eZklb\hkl _c

9. <b\gblb \ieb\ ~ nhjfzZpe€ 1Z | _jfeqgh€ h[jh[db
\eZklb\hkle "hkee*gbo kieZ\e\ gZ HédynA\eLkbkd é&b BT

|

egrbfb e f glZfb ijb a\bgZcgbo « i**\bs _gbo fK |
10. <bagZgblb gZc[eevr i_jki_dlb\ge "Zjhfepge Kkie.
"hkeetigihfbkeh\m i_j \ejdm eblbo \bjh[e\ a gbo a f_Ih

j_amevlZle\ "hkee”r” gv m \bjh[gbpl\h A~ _[Ze ¢ \e”ih\eX
<bkgh\db ~h jha”eem
1. M*"hkdhgZe_ggy *kgmxgbo IZ klI\hj_ggy gh\bo "Z

Zexfege}\bo kieZ\e\ a ie*\bs_gbf je\g_f “himklbfbo jh[l
ZdlmZevghx aZ”*Zq_x ~ey [Z]ZIlvho ]Zema_c ijhfbkeh\h



92

2. >ey Zexfegekie&\e\ _n_dlb\g_ i**\bs_ggy " Zjt
[Zam}lvky gZ h*ghgZkghfm ih}*"gZgg«+d jdteindihggiQagl
I\ _ j~hjhagbgghfm afepg_gge ~bki_jkecghfm I\ _jrege a
fZljbpe Zexfegene\ dgbadid\*bnmahkrxgdlb\gekKbh”™ j"Zgg-
[*evr \bkhdhl_fi_jZImjgh€ P_\I ~dld\dey} j_Zeeam\ZIlb -
afepg _ggy aZ Hjh\Zghf [Z is*\bsblb klZ[«anZgptk\lvo k
kdeZ”"h\bo kieZ\e\ m rbjhdhfm e<gl_j\Zee | _fi_jZIm
"hkee”  ggy m dhfie _dkghfm nhjfZle "hke g_ijh\h*beb

3. Fhrbnedm\Zggtyfepgbo eb\Zjgbo kieZ\e\ gZ hkgl
Al-Si- & X h~"ghqzZzkgh ~_deevdhfz _e f _glZfb k_j_" ydbo
1L "hihfzZ]z} j_Zeeam\Zlb ~ deevdZ f _oZgeafe\ afe
| fi_jZImjgbc ihje] _dkiemZlZp-e€ijablbio \b\jh[g¥Z [sevrel
"hkee”r” gv klhkmxlvRyhldhghhg glgh]h fh*bnedm\Zggy |

4. | _j \Z]Zfb kieZ\\ kb3-l& Kb}@€pbavdZz \Z]jRbklkhdZ
| ogheh]eqghkkEw g _~heede\ \erghkblVky ghkf joZgeqgba
~dkiemZlZpecgbo o0ZjZdl _jbklbd yde ihl _gpecgh fh
i*"\bs_greyohf \\_~ ggy kmfZjgh *h fZzk fh”bn
fedjhe_]Jmxqgbo “h[Z\hd ijhl_ih”~e[ge "hkee”  ggy fZc

5. >h i_jki_dlb\gbo eb\Zjgbo Zjhfepgbo kieZ\e\ gZ
\erghkylvky KkieZ\b -&dy AI-Nf, A-Mli-La, Al-Fe-Ni, Al-Fe-&U |Z ~ yd
egre yde fZxlv \bkhdbjc é¢*MNglbo 1Z Z[h jerdekgha f _evg
ydbf \eMrih\erZxlv nZah\e ~eZ]jZfb klZgm _\l_dlbggh]h
NZgbo kiez\e\ klhkmxlvky i _j \Z"gh g_e_lh\Zgh]h eblt
gZ €0 gbavdm fepgeklv 1Z \bkhdm ieZklbqgeklv sh }
"Zjhfepgbo fZl_jeZee-\

6. >hkee”" ggy \ieb\m fhA*bnedm\Zggy I1Z e _]Im\Zggy
Zexfegex a jerdekgha_f_evgbfb IZ i_j oe”*gbfb f_IZ®Zfb
|1Z _dkiemZlZpecgbo o0Zjzd!l_jbklbd g_ ijh\h*bebkv

7. GZ kvh]lh~rge fZc _ \e"kmlgy hpegdZ | _ogheh]
je*dhiebgghkle 1Z ljesbghklecdhkle dhfie_dkgh fh”"b
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kbkl f-S$-@&X Z 1Zdh ™ _dki_jbfkgeZ&wWghoF |Z- 15O

8. KieZ\b-$3®OF |1Z-1FO\ eblhfm klzZge fh mlv fZlb gZgh
\hehdgbklm _\I _dlbdm sh h[mfh\lex} €ogx ieZklbqgge-l
gZ\elv iekey e_]m\Zggy I\ _j*hjhaqbggbfb afepgx\ZqZ
N nhjfZpecgh€ 1Z | _jfeqgh€ h[jh[db gZ afegm f_0Zg-°qg
kieZ\e\ m rbjhdhfm ~eZiZahge | _fi_jZImj g_ ijh\h*"beZk

9. GZ hkgh\e ZgZeeam i_jrh”" _j e knhjfmevh\Zgh
f Im 1Z \bagZg_gh aZ\"Zggy "hkee"" gv
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JHA>1E
F:L?J1:EB H;E:>G:GGY F?LH>BD: IJH<?>?GGY
>SHKE1>@?GVH;JH;E?GGY J?AMEVL:L1<

F _ITh~rbdz ijh\_~ ggy "~hke*” gv \dexqgZ} \ k_
_dki_jbf_gle\ o0Zjzdl_jbklbdm rbolh\bo fZl_jeZees\ h
mklZldm\Zggy hibk 1Z ihjy~hd ijh\_"* ggyeZdkid jinfleyh
f Ih~re\ |Z h[eZ”gZggy ey \bagZgnday\bkdjmd|mgdhjbk
f oZgeqdbogheh]eqgbo |IZ _dkiemZlZpecgbo \eZklb\hk
fZ1l _jeZee\

KljmdImjZ 1Z ihjy~hd ijh\_"* ggy “"hkee”" gv

HA jZggy eblbo ajZade\ “hkes"ih\hdgibe bkil\e 4Yel\bj I
_1Zib 1 _jrbc _1Zi kdezZ~Z\ky a \b]Jhlh\e_ggy e<]ZImj g
lhfm qbkeki tpeZevgbo yde fZxlv \bkhdbc \fekl Im
\bkhdhj_Zdpecgbo f_IZees\ Ee<¢]ZImjb feklbeb IZde _e_ f_
0Q 7L =U 9 OR IZ /D \ deevdfizkds §hepMr \bdhjbklh\m\z
\ ydhkle fh bnedZlhje\ |Z yd rbolh\e fZI _jeZeb >ey ~_
ijhfbkeh\bo ZgZeh]e\ Ihfm €o[méhhlim\¥gayXgh a jhaj
mgedZevgbo | _ogheh]egqgbo jer _gv ca aZklhkm\ZgwV¥f k
mfh\Zo _e_ dljihgdgp \h€ eb\Zjgh€ |_ogheh]s€ >hkee""
sh p_ ~"Zeh afhlm h™_j ZIlb e*]ZImjb a "m1Z $9§dnh ¢jgki _
jhaih”~ee gbfb qZklbgdZfb gl _jf 1Zeene\ aZ\"ydb
dhfihg_gle\ IZ fh*bnedmxgbo nZa \eA[m\Z}Ivky r\b”r_ |

GZ “"jm]hfm _1Zie "hkee”"" _gv ijh\h~beb fhrbnedm\
rbjhdh\"b\Zgh]h “Zjhfepgh]h kieZ\m $06L &X $
dh[ZevIhf \ZgzZ~e}f |Z fhee[*_ghf Ilekey ihi_j_"*gvh€ |
hrghdhfihg_glgh]h 1Z dhfie_dkgh]h fh*bnedm\Zggy ¢
Ah~rzZldh\h fhrbnedm\Zeb IblZghf pbjdhge}f kdzZg~”e}f
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LZzdbf gbghf “hkee”"m\Z\ky \ieb\ [Z]Zlhdhfihg _glgh]h
kljmdIimpghah\bc klZg <« f_o0Zgeqge \eZklb\hkle h[jZz
al\bgZcgbo mfh\ IZKijb f

Lj lec _1Zi ~“hkees”” _gv [meh ijbk\yg_gh h” _j Zg:
kljmdIimpgdah\bof s0Zgeqgbo o0ZjzZdl_jbklibd “Zjhfepghbc
kieZ\e\ kbkl -Np/BOjeagh]h oefeggh]h kdeZ m >ey ~
aZebrzxlvky fZeh”~hkees”" gbfb iblZdgdynKigmrdinhjjh ggy
nhjfm\Zggy f _oZgeqgbo \eZklb\hkl _c¢c \ aZe_ "ghkle \e
| ogheh]e€ h™ j Zggy \beb\de\

Hkdeevdb ged _ev |IZ eZglZg } fZc _ g _jhaqbggbfb
jhagbg gZ ch]h hkgh\egl eZIHbhghf HI _ ieZklbggekl
kbkl_ fb-N6OD fh _  [mlb \bkhdhx a h]Jey”m gZ kijbylel
[mMA"h\m _\l _dlbdb Z fepgeklv I8 _ZhkhiZpg-kdv M a\fyadr
Ney gZc[eevr i_jki_dlb\gb&ki&ktileX*d4jh\h*behky "~h~"Z
fh*bnedm\Zggy IblZghf pbjdhge}f \ZgzZ~e}felZ] m)ighofy
fZ]ge}f ferrx |Z dj _fge}f yd_ fZeh aZ f _Im a[eevrblb
I\ _j~h]h jhagbgm gZ hkgh\e Zexfegex <« aZ[_ai_qbl
f oZgeqgbo |Z dkiemZlZpecgbo \eZklb\hkl_c

F Ihx qg_I\_jlh]h _IZim ~hkee”” _gv [meZ jhajh[
eb\Zjgbo “Zjhfepgbo kiezZ\e\ gZ hkgh\e \l dlbggbo
| _j_oe"gbfb f 1ZéZflzgp f ged e f aZeeahf dh[Zevll
LZde kieZ\b pedZ\e Ibf sh ih”e[gNi- D kDXlv fd "E@eklv
ml\hj ggy gZghjhafejgbo \l dlbggbo kdeZ”h\bo ¢jhl_
_\l _dlbggbo kbkAe-Mn,$A-Mn-1L |1Z koh bo e<kgm} fh e
"hky]l]g_ggy ihlje[gh]lh je\gy e_]h\Zghkle I\_j*h]h jha
nZah\bo oZjzdl_jbklbd ijb gZ[Z]Zlh f_grec kmfZjgoc dl
dhfihg_gle\ <hgb 1Zdh" } agZqgh ~_r_\rbfb « [eevr
\lhjbggh€ i_j _jh[db

>ey \keo kieZ\e\ \bagZqgqZeb f_0Zgeqge* |IZ | _ogheh]
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GZ dh ghfm a _[Zis\ "hkee”ge ajZadbli{f"gd¥ceb
hijh[pAtiZem ijb | _fi_jZImjZo “ fK 7~ey kbemfege\
_dki_jbf_glzZzevgbo kiezZ\e\ ijhly]hf ]h*bg LzZdbf q
\"Z\Zehky hpegblb afeghb kKljmdImijb 1Z f_0Zgeqc
"hkee" m\Zgbo fZIl jeZes\i\ milbhsdoxlydedkiemZIZpecqge-

GZ dh ghfm _1Zis \b\gZeb | _ogheh]eqgge hkh[eb\
fhrbnedm\Zggy |Z eblly jhaieZ\s\ ~hkee” m\Zgbo Kki
kljmdImpghah\e o0zZjzZdl_jbklbdb [Z f_0oZgeqges \eZklb\hk
\dexgZxqgb \bijh[m\Zggy gZ IbfgZkh\bc hiej gZ\ZglZ g
300 fKe \bagZg_ggy eecgecgh]h dh_nepe}glm | _fi_jZImjgtl

OZjzdl_jbklbdZ rbolh\bo fZI jeZee\

>ey ijh\_"~_ggy _dki_jbf_gle\ \bdhjbklh\m\Zeb
dhfihg _glb \eroh”b ijhfbkeh\bo Zexfege}\bo kieZ
_dki_jbf_glZzevgbo ajzade\ Z |1Zdh" e<]ZImjb ijhfbk
\bjh[gbpl\Z <bdhjbklZggy \_ebdh€ deevdhkle \Ihjpbggt
| ogheh]eqge 1Z j _kmjkha[_je]Zxqe 1_j \Z]b \bagZqg_
gZmdhi™amh”e\ « | ogheh]eqggbo jer _gv

>h gbklbo rbolh\bo fZl _jeZee\ yde \bdhjbklh\m\Z
\bjh[gbpl\Z e<]ZImj \erghkbebky \ hkgh\ghfm Zexfege
IblZzg pbjdhgec ojhf dh[Zevl fZj]Zg_pv aZeeah g-cC
ijhfbkeh\h]lh \bjh[gbpl\Z [meb a”_[eevrh]h dmkdh\h]h
ijmlde\ Z \eZkgh]lh \bjhigBpledy "> ijmlde\ fejgbo iel
pbeeg”jbggbo \beb\de\

Ah\gergec \b]Jey”™ rbolh\bo fZIl jeZee\ ij ~klZ\e ¢
<eNjih\erge ijhfbkeh\e klZg”"Zjlb rbolb IZ kieZ\e\ Z 1Zdh
gZ\_"*_gh \ IZ]e .
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b R P M el
fefrie" :

Jbkmghd Ah\ggergec \b]Jey”™ rbolh\bo fZl _jeZees\ ec°]ZI

_e_dljhggif_g_\h€ \bieZeadd hlh\db k\iee Za*"\bs_gbf

\feklhf hkgh\gbo dhfihg_gle\ “ey ajmqg h[,h «had‘tbme> d m\

kiezZ\e\ :D :D  ijhfbkeh\e [Z kZfhjh[ge e*]ZImjb < q
kieZ\Y4A, Si, Cu, Ni, Mg ()



LZ[ebpy

Oefeqgbc kdeZ”™ rbolh\bo fZl _jeZes-\
Dhfihg_gl rb Oefeqgbc kdez” fZk Lbi rbolb
KieZhkgh\Z |Sil13;Cu4;Mn0,52; Fe 0,92; Mg <0,3; Ni 0,15: Alkgh| fejgbc \beb\hd
Kiez\ :D Si 6-8; Mn 0,2-0,6; Fe<1,3; Mg 0,2-0,5; Cu<1,5; Alkgh| gmrdZ \«~oh"¥
Kiez\ :D Si 10-13; Mn<0,5; Fe<1,5; Mg <0,1; Cu<0,6; Alkgh\Z qmrdZ \e<”~oh"}
cexfegec : Al Ahferdb kmfZjgh ” gmrdZ
Dj _fgec Dj 6L YH” $0” &D” Ahferdb|\e"oh”b dmkdh
Pbjdhgec DL| =U +1- 1E +1” \eroh”b h[jeay
<ZgZ”™ec 4GH 9- $0” Ahferdb kmfZjgh ” \eroh”™b kljm
Ojhf O &U-e YH” $0” Nhferdb kmfzZ|ieZkle\pe
Dh[Zev] D YH" 1L'Mn<0,1; &R * \eroh”b h[jeaV
Fhee[* g FD|Si0,02- OR- Ahferdb kmfZjgh” | \eA0oh”b h[jeaV
Ged _ev GI 1L &R 0Q” YH” Ahferdb k| kljegdZ
AZeesah I<@ | 6L" 0Q” -hkygth\z ihjhrhd
FZjlZg_pv F{0Q- Ahferdb kmfZjgh” ieZkle\pe
EZglZzg BZF | /D JAF. /D 0J" qgmrdZ
Eelec -E? /Lo 1D” &D” 0J” gmrdZ
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LZ[ebpy

\bjh[gbpl¥Zxfegrhkgh\Z

FZjdZ gZs Oefeqgbc kdez”® fZk
e*]ZImjb
AlZr10 Zr 10,2; Fe 0,2; Si 0,08
AIV10 Vv 9,8; Fe 0,18; Si 0,1
AlIMo10 Mo 10,3; Fe 0,1; Si 0,1
$OL*% Lo )H 6L
AICr5 Cr 4,7; Fe 0,35; Si 0,23
AlICo5 Cr4,5; Fe 0,18; Si 0,15
AIMn16Fe4 Mn 16,2; Fe 4,1; Si 0,28
AlMg20 * Mg 18- )H 7 6L" 6Q
$O&X < Cu 31- YH” 0Q” 6L"
AINi10 * Ni 9- YH 7 6L" 6 Q
AlFel0* Fe 9-11;3." 6 Q
AlLa40 La 40,5; Fe 0,05; Si0,1
*-ee¢]ZImjb ijhfbkeh\h]h \bjh[gbpl\Z >KLM (1

_dki_jbf_glZevghbc
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Ee]ZImjb 7ey ijb]lhim\Zggy |Z fh”bnedm\Zggy
kieZ\e\ \b]Jhlh\eyebky jhajh[e_gbf « aZiZl_glh\Zgbf m I
kihkh[hf gZ hkeghdkjhggf g \h€ eb\Zjgh€ | _ogheh]-€
251]. Kihke[i_j _~[ZgZ} aZzZklhkm\Zggy \bkhdh_g jlZlbqgc
_e_dljhfzZ]gelgh]lh i_j_fihmi&gey m \Zdmmfe |Z €0 it
r\brdh]h hoheh”” ggy ijb djbklZecaZpe€ m f_|IZe \bc
i_j_ \Z]hx IZdbo efe]gdiZzjeygbc \fekl ]Zah\bo “hferhd [Z ¢
\dexg_gwviijldgere \ « jZae\ jhafejb fh*bnedmxgbo nZe
ijhfbkeh\bfb ZgZeh]zZfb [ZeNZdhijbedeb\Z [232]fZ

<Z eb\hx i_j \Z]lhx kihkh[m [zZdh " } fh eb\eklv
fhrbnedmxqe gl _jf _1Zee”b ae+ kl_oe<hf_Ije}x \bsh\]h it
f 1ZklZ[sevghfm klZge < IZdhfm jZae+ ijbplidhfim[aZ kih
[eevr ZdIbaghb/ rdhagbgylbkin™je[gx\Zlbky P_ \ k\hx
aZ[_ai_gm} [eevr ih\g_ 1Z r\bArd_ aZkbh}ggy_ aa-]dgm
fZdkbfZevgm _n_d€m\gekdwjbklZggghdhfex g _jlhj_km
aZ\"yab gr_ggXkm \bljbfdb jhaieZ\m iskey [BBbnedm\Z

K_j_” \bdhjbklh\m\Zgbo ~h[Z\hd 1Zdh  aZklhkh\m
ljivho dhfihg dgHgp gljh\Zges e«}BNmjb) H OZ-180- =U <
jh[hle > @ jhaleygmlh hkh[eb\hkle \bdhjbklZggy |
~n_dlb\geklv dhfie_dkgh&Me9ZImljbal¥iOa Ibf \ jh[hle
hibkZgh kmll}\e g “heedb dhfie -dKgu € geog ¥tirdd kb \FpO k | v
ydh€ ihykgxtbkbkhyhx klZ[eeVhekixdmxqbdZ&odgmbavdhx
jhagbggeklx M al\fyadm a pbf “ey ijb]him\Zggjy ed]imo
gZ”"Z\Zeb \bdhjbklZggx kZf_ijhklbo "\hdhfihg_glgbo €

Oe«feqgbc kdezn « «Kigdhjddijgbklbdb h”_j Zgbo
\eNih\erZxlv gZc[eevr \Z eb\bf \bfh]Zf sh fh mlv "h ¢
agzZqgh i_j \Z Zxlv \bdhjbkilhggygtddelklkoe c 1Z fh*bnec
nexkedZ _n_dlb\geklx fh*bnedm\Zggy 1Z _dheh]eqgbfl
ljbdez”b kljmdImj ~_ydbo h”_j Zgbo 1Z aZklhkh\zZgl
\bjh[gbpl\Z ihdZaZgh gZ jbkmgdm
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L ogheh]eqg_ h[eZ”gZggy

GZ i_jrhfm _1Zie ~"hke*”" gv “ey \b]hlh\le ggy e-
Im]hiez\dbfb |Z \bkhdhj_Zdpecgbfb f _1ZeZfb aZkdihkh)
ijhf_g \Z eb\ZjgZ mklZgh\dZz @EMjhp_k h” _j Zggy
jerdhf_|Ze _\bo jhaiezZ\e\ ijg¥kiimingdyf qgbghf gZlje\
jhaieZ\e _ggy f _|IZem \ ]ZjgekZ ghfm Z[h ]jZnelh\hfm
ihklmih\h ~h ml\hj_ggy gZ ih\_joge je*dhf_IZe _\h]h
gZ]je\m \bkImizZz} e _dljhggbc ijhfegyv sh ] g _jm}
ijhf_g \hx JZjfzZ\pix[hle \bdhjbklih\m\ZeZzZkv 1ZjfzZlZ \bkf
leexgh]h jhajy*m >x4e+ aZ "“hihfh]lhx kbkl_fb _e dlj
I _j_ferm\Zggy jhaieZ\m K?FI \eA[m\Z}Ivky gZ\_" g

f 1Zem 1Z ch]lh ihkimih\_ « |Ijb\Ze i _j ferm\Zggy Kb
_e_dljhfZ]gelges ihey yde kijbgbgyxlv jmo je*dh]h f_IZ
ithkimih\h \eAnrzZ} | jeh I\ _j~hfm f_IZem ydbc ag

jerdhf_|Ze _\h€ \Zggb ijh*h\'mxgb ijb pvhfm ie/Ne]je)
gZ]j*\m _e dljhggbf ijhf_g f LZdbf gqbghf h[f}f jerdh]
aleevrm}lvky a\_jom IbJey ~h ~gZ |Z \e® p_gljm IDb]e
i_j_ghkm | _iezZ azZfZERbmghghkm ?e_dljhfZ]gelg_ i_j_
Kijby} \bje\gx\Zggx | _fi_jZImjb 1Z J]hfh] _geaZpe+€ o0<feqg
h[f}fe jhaieZ\m Afcevr_gjgydhfJ}Zem _\h€ \Zgb \e~[m
ithkimih\h ae a[eevr_ggyf ihlm ghikhd ¢ \dljihgghje\m 21

AZ g _h[oe~ghkle jhaiez\ fh eb\h ~hrbolh\m\Z
IjblhIm\Zg@lylh aZeb\Zggy * aZih\g_ggy eb\Zjgh€ nhjf
jZomghd ih\hjhlm Ib]Jey jZahf a ebWjghhkehhijyh&halh
ijh\h~bldjbklZeesaZpex jhaieZ\m \k_j ~bge IblJie§y ~e}bhfn
?F1 <ke ijhp_kb \eA[m\ZxI|vkZdmmffm Zo

Ko _fzZlbqg_ ah[jZz _ggy |Z aZ]Zevgbc \blJey™ mklZg
jbk Hkgh\ge | _ogeqge 0ZjZdl_jbklbdb ij_~klZ\e_gh
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1+f oZgeaf i_j fes ggy dibodlyeaf ih\hjhimdb]ey
Ib] _ewvt\ZdmmfgzZ dzZ£f pZ dljhaggtt g \Z ]Zjfzlkbkl| +fZ
_e_dljhfZ]gelgh]h i_j_ferm\Zggy
Jbkmghd Ko _#Z |Z aZ]Zevgbc \b]Jey”™ mklZgh\db ?IE
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LZ[ebpy
Hkgh\ge | _ogeqge 0ZjZdIl _jbklibjhd ge \UE hegod&Z jgh £
mklZgh\db -21EM

GZcf_gm\Zggy oZjzZdl_jbk AgZg_ggy
h "bgbpe \bfejx\Zggy

H[ }f ieZ\bevgh€ dzf _ jb f 2,2
Lbi _e_dljhghgth g \h€ ]ZjfZlb <LJ
>eZiZahg ihim ghkle -i¢ghfdlghdhhph 0-90
gZ]je\m d<lI
GZijm]Z _e_diljhfggh _\h]lh gZ]je\m ¢ 24-32
Lbi ieZ\bevgh]h Ib]ey =ZjgekZ gbc

\h*hhoheh” ™ m
a kbkl_fhx ?}
a ]jZnelh\hx
\klZ\dhx
/fgeklv ieZ\bevgh]h IblJey \ rlZlIghff 2- d] ih IblZ
/fgeklv ieZz\bevghlh IblJey a ]jZnelh05- d] ih Zexf

J_"bf jh[hlb mklZgh\db | _jeh”~"bqgbc
<Zdmmf \ dZf _je ie® qZk ieZ\db ff 2 +103
QzZk "hky]g_ggy jh[hgh]h Ibkdm \ i 0,5-1
dzf_je ]h”bghb

<bljzlZ \h*b gZ hoheh”"m\Zggy Ib] 8-30
=Z[Zjblb mklZgh\dburthbdpx\bkhlZ 4,5 u4,0 u3,5

>ey ijh\_~ ggy "hkee”e\ a \biezZ\db e<]ZImj [meh
L I- hkgZs_gbc kbkl_fhx _e_dljhfZ]gelghjhaieZ\fmr mAd.
yley} kh[hx [hdh\m dhgkljmdpex a "\ho eg”"mdpecgbo ¢
"b\e_ggy a”eckgx}lvky kljmfhf ijhfbkeh\h€ qgzZklhlb i
\_jogy dhlmrdz - < gb'gy dhimrdz [Z kbee KI|
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\erih\ergh Dhimrdb \bdhgZges a fe*gbo Ijm[hd « hoheh?”
\eN Ib]ey

< kbkl _fe i _j ferm\Zggy j_Zeecah\Zgh ~\Z gZijyfdl
ithee\ \er p gljm ~h kleghd Ib]\ey kiegBAU ZdpayEp hgljm
| _jrbc j_"bf i_j ferm\Zggy _n_dlb\gh “aedklkk\hjm gy

h[T}fm jhaieZ\m |Z r\bArdh]lh ch]lh gZ]je\m \ mkvhfm hJ[
gZijyfhf jmom _e dljhfZ]gelgbo ihees\ \e~ckk]ihgphdglprhe
\bdhjbklh\m}lvky “ey jhafb\Zggy ThjpokZ mZkjl gdbeb\Z
jhaieZz\m gq_j_a ~gh IblJey Z IZzdh  "~ey jhaqgbg _ggy d
]mklibghx sh kobevge "h hke*"Zggy gZ ~ge* je*dhf yZe
lZdh]lh \b” m i_j _ferm\Zggy kmijh\h”"m}lvky \bgbdg
| fi_jZImjglhite}gdh ih\_joge jhaieZ\m > @

>ey \bieZ\db Zexfege}\bo e<]ZImj Ib] _ev ~h~Zlc
liZnelh\bfb pbeeg”jbggbfkliBld¥fb \ ydboe \eZkg\Zehk
ijbl]hIm\Zggy jhaiez\e\ AZ jZomghd Ih]h sh ]jZnel g
Zexfege}f fZ} ~hkblv \_ebdm | _ieh}fgeklv 1Z ijhimkd
ithey \"Zehky kmll}\h agbablb g j] Ibgge \bljZIb ¢
gl _gkbnedm\ZIb ch]h i_j_ferm\Zggy \ je*dhfm klZg-
kijbyeZ i**\bs _ggx ]J]hfh] _gghkle jhaieZ\e\ |Z a[eevr_gg
f 1Zem a ydsh ihje\gx\Zlb a ebllyf Iblpdglkdhxge}ido
kieZ\e\ 299%ijb h”_j Zgge e<]ZImj P_ 1Zdh  ihykgx}Ivk
\bdhjbklZgge ]jZnelh\h€ ieZ\bevgh€ }fdhkle jhafR$h gh
fergh]h k_dpecgh]h Ib]Jey \eA[m\Z}Ivky ihkimih\bc gZ
gZkhf | _fi_jZImjge ihey \ h[f}fe jhaieZ\m \bje\gxxlvky
fh™  gzZf _jazZlb gZ klegdb IblJey q_j _a |_  sh \hghb
| fi_jZImjm

L fi_jZImjm jhaiezZ\m \bfejx\Zeb | _jfhiZjhx Ibim <
d_jZfeqgbf gqhoehf Ko_fZ IZ aZ]Zevgbc \b]Jey” Ib]Jey a
sh \bdhjbklh\m\zZ\ky ey \biezZ\db e<]ZImj ij_"~klZ\e ¢!
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1 +tieZ\bevgZ }fgekthhimrdbj ferm\Zggy e dljhggbc

ijhfegv ]jZnelh\Z \kIZ\HZne+1B\Z nedkmxqZ jhaékjfdg.c

7xIm]lhiezZ\dbc dhfihgdZygZeht hoheh”~™ _ggyZpbgdehhijhte”
Jbkmghd Ah[fZ" _ggy ieZ\bevgh€ }fghkle ey ijb]lhlr
\mfh\Zo _e_ dljihggyh \h€ eb\Zjgh€:l _ogheh]«€
Zrko_fzZlbqgg_ ah[jZ _ggy |_ogheh]eqggjhlp_kmj \dhéEZsdk
e*]ZImj ahtgergec \Hpde¥y a rboilmxhqgzZlidm ijhpijkm_R
Ijbl]hIm\Zggy e<]ZImjb

=+

+
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>ey h” _j Zggy \beb\de\ a e<]ZImj aZzZklhkh\
djbklZeecaZlhjb FZIl _jeZeb "~ey €0 \b]hlh\e_ggy h[bjz
ihlj _[b fZzdkbfzZevgh r\b~rdh]h I\_jreggy aZeblh]h \ gb
gbghf [meh azZklhkh\Zgh fe~rgbc 1Z klZe \bc Ih\klhkl
aZlZevgbc \b]ewaflygdbdazZghfm klZge ij_"klZ\e_gh gZ jb

GZ djbklZeesaZlhjb \klZgh\ex\Zeb ijbchfge qZre
aZdjb\Zeb Ihjpe nhjf \e~ ihlhdm i_j_]jelh]h jhaiezZ\m
gZebiZggx Njhjdbesm\Zebkv gZ klhebdm i _ji_g”bdme:
seevgh |IhjdZxgbkv aeb\gh€ qZklbgb ]jZnelh\hEh]hb]e
\_jogvh]h je\gy | _j_]jelbc ~h « f KjhaieZ\ idgmjZie
nhjfb ie*qZk h"ghqgqzZkgh]h gZobem Ib]Jey « djbklZesaZll

Z [
Jbkmghd Ah\ggergec \balfeygh\ZgHd&f\ je mklZgh\db
dijbklZeeaZlhje\ "ey h™ _j°Zggy \beb\de\ Zekf2gblobo ¢
dijbklZeeazlhj ‘h ffff Ih\sbgZ klegdb KklZe[ \Wbc
dijbklZeeazZdhff‘'h45 ff Ih\sbgZ klegdb ff

>ey ihje\gyggy kifmdbhjdplo oZjzdll4pkhilsde] Zgbo
\ mfh\Z2dEL e<]ZImj [meh 1Zdh  \b]hlh\e_gh r\b”rdh &
\hehdgZ ee<]ZImjgh]h kieZvmUkbkeyfbpwWQh [meh \bdh
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mklZgh\dZ \bkhdhr\b*"dekgh€ djbklZeesaZp+€ jhaieZ\m
_e _dljhfZ]gelghfppkhee ky@WeeZ""Z}Ivky a eg"mdpecgh€ d.
1Z "bki_j]4288]Z

Jbkmghd Ah\ggergec \b]Jey™ “"hkes*gh€ mklZgh\
\bkhdhr\b*rdekgh€ djbklZeeaZp+€ jhaieZ\m f_Ih”*hf
~e _dljhfZ]gelghfm ihe-

ljb]hIm\Zggy e<]ZImjb \ mklZgh\pe \eA[m\Z}Ivky
jerdbc f_1Ze gZ”oh”blv “h jha”rZ\Zevgh]h \e«gXf«dg bie”
kbe KklI\hj _gbo \ jerdhf _1Ze \hfm \bldm _e _dljhfZ]gelg
thklecghfm jmom f_|Zem \ jha”rzZ\Zevghfm \e~kedem -
| fi_ jZImjZ 1Z J*~jh"bgZfeqge j_ "bfb jhaieZ\m Kihdecg
\ ahge dhglZdim adjbMiEertaZlIhjhf azZ[_ai_qm}lvky
_dki_jbf_glzZzevgh iene[jZgbf ] _hf _ljbqgbf izjzf ljzf hl
mklZgh\db Z &azZdhydb ihim ghkle eg"mdlhjZz

L _ogeqge 0ZjZdl_jbklbdb mklZgh\db gzZ\_"_ g \
\b]Jey”® \hehbkg_]h\Zgh]h jhaidezZzamhges gZ jbk

| .
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LZ[ebpy
L _ogeqge 0ZjZdl_jbklbdb mkliZgh\db ~ey \bkhdhr\b
jhaiez\m f_Ih~ahf _dkljZlm\Zggy \ e _dljhfZ]g-lg

GZa\zZ izjzft_1jZz AgZg_ggy iZjZ

Fekldeklv Ibley d] 22
FZdkbfZevgZ | _fi_jZIm¢gg f _|1Zem 1050
Lhggeklv ie*ljbfZzggy | _fi_jZladjb f r2

lhim geklv eg"mdlhjz fZdkbfZevg 15
leZ\bevgZ ihim geklv d] Jh~ 20
R\bArdekdy_jlZggy tbjkkdZesaZlhjZ \eN Ah
<bljZlZ hoheh” " m\Zevgh€ je*bgb A h
ljhAmdlb\geklv d] ]Jh~ A h

Jbkmghd <hehdggdZImjZr$@"_j Zge _dkljZ]lm\Zgg
jhaieZ\m
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>ey \bieZ\db ajZade+\ "*hkee”" m\Zgbo kieZ\+\ \bdhjb
KGHE B hkgZs _gm Z\IhfZlbggbf j _]meylhjh
ijh]jZzfm}lvky 1Z kzfhghjfgm Zgmg” h\bf Ib]le f ¥ «khx

] th Zexfegex yde ihdZaZgh gZ jbkmgdm

JbkmghdleZ¥evge i_qgeqg Bitjm KGHE B
[ tkZfhjh[gZ eZ[hjZIWj9dZ asdemg” h\bf Ib]Je _f
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DzZf_jgZ ieq hihjm azZklhkh\m\ZeZkybelreWydtEKXhjxZg
[ebavdh ~\ho deeh]jZdm\boa kiezZ\\ IAbRICEb ydfsZeb
aZ\bs_ qgleckl hkgh\gbo e _]mxgbo<beb¥Yki@imim\Zeb rbolf
Ney ihr"Zevrh]h ijb]Jhim\Zggy fh*bnedh\Zgbo ajZade\ s
mfh\b \ ydbo _dki_jbf_glZzelgs&kceZ\b *gZdh\bc \fekl hi
dhfihg_gle\"ZRZeh fh ebarjikliblb I _ogheh]eqgb¢eghp _k
lhggh \bagzZqzZlb \ieb\ fh”bnedZlhje\ gZ kljmdIimjm
\eZklb\hkle "hkee®*"m\Zgbo ajZade\

ljb]hIm\Zggy [Zah\bo kieZ\e\ a”eckgx\Zehkv rey
rbolb m \_ebdédrhmg”h\hfm Ib]Jee ydbc [meh jhafes gh \k
h[hcfb Fe Ib]Je f IZ h[hcfhx agZoh”b\ky rZj ea kmfere
aZ[_ai_gm\Zeh nedkZpex kdeZ”~h\bo _e_ f _gle\ dhgkljm
ydhkle nhjfb 7~ey aZeb\db azZ]hlh\hd I1Zdbo kieZ
pbeeg”jbqgbc klZe \bc dhdeev "eZf_ Ijhf ff 1Z \bkhlh

ljb]hIm\Zggy fh*bnedtdkZgjhd glZevgbo kieZ\e\ ijh\
\ fZeh]Z[ZjbéghjZlhjgec i_qe hihjm ihlm geklx d<l
g_afeggbdmg”hiblffe f ydbc \bdhgm\Z\ jhev yd | _iehi_j_
I _ge 1Zd <« }fghkle ey jhafes _ggy - FUdhabggphairad!
aZeb\Zeb \ klZe \bteylhlkh#ey Zggy aZhllydhodo ajmqg
\b]Jhlh\eylb ajZ&dgblbagZq_gasfeqggh]h kddZé@mgeqgbo
\eZklb\hkl ¢ f IZeh]jZneggbo |IZ egrbo “hke”" _gv |
dhdeev ieMe]je\@€b K > @

Jerdhiebggeklv kieZ\e\ \bagZgZeb aZ "hihfh]hx klz
ijh[ba "h\"bghx kfejZe- ff \bdhgZgh€ m \bJey”e klZe
|1Zd kZfh ie~e]je\Z\ky i _j_ " aZeb\dhx \ gvh]h jhaiezZ\
\bagZqgZeb ebllyf ajZades\ m ki_peZevgm ]Zgl_e_\b”*gm

Ah\gergec \b]Jey”™ \bdhjbklZgbo eb\Zjgbo nhjf ihdZe
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Jbkmghd Ah\ggergec \b]Jey**@lydebkly pbeeg”jbqgb
rbolh\bo aZ]hlh\hd Xiedhdegveblly ajZade\ [ nhjfb
\bagZqgq_ggy je*dhiebgghkle \ nhjfb "ey \bagZq_ggy
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AZeb\dZ _dki_jbf _glZevgbo Zexfege}\bo kieZ\e\ m
hn j"Zggy “hkee”"gbo ajZades\ aeckgx\ZeZkv a jeagbo
\iebgmlb gZ mfh\b ijb ydbo r\b”rdeklv hoheh”  ggy
\eNjeagylbky -wdhmimvjZaes \bagZqg _ggy p*}€ | _ogheh]eqg
} \Z eb\bf Ihfm \hgh [meh ijh\_~ gh

AZ "hihfh]lhx ijbez”m |j_}kljzZlhjZz kb]glR®O2L1 | _jf
\bjh[gbpl\Kational Instruments [meh \bagZg gh sh "ey
_dki_jbf_glZevgbor\lbitd\khv hoheh” ggW jhaZegdtmhjfe
agZoh”"beZkv g2 fHgle <*~rih\erge ~Zge ijb\_~ gh gZ jb
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< Al-5Ni-12La
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Jbkmgh@+]jZned r\b~rdhkl_¢c hoheh”” ggy _dki_jbf
kieZ\s\ gZ hkgh\e jeagbo kbkl_f



114

24F Ih~bdb ijb]him\Zggy e+]ZImj 1Z _dkikjeZ\glZe\

ljbl]hIm\Zggy Zexfege}\bo e<]ZImj a \bkhdbf \feklh
\bkhdhj_Zdpecgbo f _|Zes\ ae&kgptZehigh alZajh[e gh
aZiZl _glh\Zghx | _ogheh]e}x > @ " _yde Zki_dlb. ydh
F 1Ze \Z rbolZ jhafesm\ZeZkv \ ]jZnelh\hfm Ib]ee |
Im]hiez\de dhfihg_glb aZdjb\Zeb kh[hx Zexfegec ih\ge-l
ihgzZldm ijhp_km \eA[m\Z\ky jhae]je\ Im]hiezZ\dh€ rbc
kieZ\e _gg¥f Zexfegec ydbc “h Ih]lhjga«jpkykbB]ZZomgtl
\bijhfeg ggy | _iezZ 1Z Z[h | _iehi_j ~Zqge \e* kdjZie_
kdeZ"h\bo AieZ\e g ihjpe€ [sevr Im]hieZ\dh]hgitx \«"¢
dhfihg_glm kieZ\eyxIvwkyghq@ifghhjxxg¥e[glZ je\ghfejgh
jhaih™een[di4fbgl jf |Zeene\ \ fekpyo af}*"gZggy “"\ho dh
ih\gh]h jhaieZ\e _ggy Im]hiezZz\dbo kdeZ~h\bo agZqgZ
ih\geklx ijhj _Z]lm\Zlb a Zexfege}f IZ ml\hjblb & glfil€g
ijbgbgb e dljhggif g \bc gZ]j*\ g _h[o**gh ijRgmYem\
al[eevrmxqgb ihImjgakfva e dljhfZ]gelgbfi_j ferm\Zggy
LZdbf gbghf jhaiez\ i_j ]je\Z}Ivky ~h |_fi_jZfikhjbskeb
gZjy™"m a ihklecgbf i _j ferm\Zggyf aZ[_ai_gm} fZdkb
aZk\h}ggy *jm]h]h dhfihg_glm > @

Kee® aZm\Z blb sh \ mfh\Zo \Zdmmfm \eA"[m\Z}Ilvky
]Zah\bo ~hferhd Z \bkhdhl_fi_jzZImjgZ h[jh[dZ jmo
ierijhf_g _\ec ahge ijba\h”blv ~h ih”je[g_ggy \bkh
gl _jf _1Zeergbo nZa « g _f 1Z& \DomMhfehladlIb\gh \ieb\.
kljmdimpghah\e 0ZjZd!l _jbklibdb hZ g/hdj=kRige fhhh\bo e«]ZI

lekey aZdegq_ggy ijhphlamerazadbb\ZklZley \« Z[h fe~
nhjfb yde aZ[_ai_gmxlv g_h[oe*gmpeéexgybdim dah g mjrhrih
klh\i iebldZ Ihsh '\ mfh\Zo r\b~rdh#€ ed]btktZE ~Zagpy
fhrbnedmxgbo gl _jf _|ZeefegprbdZaZgheahflelphbfejZfb AZ
jZomghd kbevgh]lh i_j_]je\m jhaieZ\m 4€Z «glh]dkbilgh
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djbklZeeaZpe+€ ickey aZeb\Zggy m nh}tdo \k{EZKEZIyHd}\
jmcgm\Zggy e<gl_jflhigehthrRe[gh€ fhjnh&hp € &A_jfeqg:
gZijm _ggy IZ mkz~dh\e ijhp_kb shZ} g &g ghZ & kjr h\
aZk\h}ggy

ljb h~ _j Zgrdeolh\bo aZ]hlh\hd [Zah kib& K ifdB8QU,
€g9gco0°feqgbc kdeZ” jhajZoh\m\Z\ky |Zdbf gqbghkgls\gbadh
dhfihg_gle\ 6L |1Z &X agZoh”b\ky [eey \ _jogvh€ ~*
i _j _\bsm\z\ €€20%,\ aZe_"ghkle \e” deevdhkle ¢ Ibim fl
yde ieZzgm\Zehkv \\h~blb ijb \bieZ\pe _dki_jbf_glZev
ith\ffyaZgh a Ibf sh iskey "h~Z\Zggy fh*"bnedmxgbo e-
\er[m\Z}Ivky agb  _ggy \feklm hkgh\gbo _e f gle\ aZz
lhfm hibkZgbc ie*0o*” } ajmqgbf « aZ[_ai_gm} [sevIim Kl

<Z eb\hx ijh[e_fhx "ey Zexfege}\bo kiezZ\*\ } €0 \bk
gZkbq_ggy ]Zah\bfb ~hferdZfb\hh&hfeb\dbkg f I~gb
gZcdjZsbo kihkh[e\ \bjer_ggy pY}E"mhf& fbalieZ\m g _|
]Zahf l&zZklhkm\Zggy ihdjb\gbo-jZnrlgadjhgdo nexke\
Ij_~klZ\eyxlv kh[hx kmfere khe ¢ > @ H~”gbf a gZc
kmfer 1D&O [Z .&0 \ je\gbo "heyo Z[h a "h~Z\Zggyf
NagAlFs. LZde nexkb fzZxlv | _fi_jZImjm ieZ\e _ggy [ebavd
ileZ\e_ggy qbklh]h Zexfe®®@ fld « n_dlb\gh jZnegm
aZobsZxlv jhaieZ\ \«~ gZkbq_ggy hdkb”gbfl@ q&kitly d:
mge\ jkZevgbfb “ey [eevrhkle Zexfege}\bo kieZ\e\ ahc
N h fZk fZ]gex > @

< oh”e ijh\_~ ggy _dki_jbf_glZevgbo ieZ\hd ~ey h
]Zah\bo "hferhd |Z g_f_|Ze_\bo \dexqg_gv \bdhjbklh\m
NLIFK G:G MdjZ€gb-jAEdplgimhgbc nexk ydbc ij_"klZ\e
kmfer CB50%KCI+10%NaF [266] <eg fWkhdm _n_dlb\geklv
jh[hlb ae+ kiezZz\Zfb kbk|IASBOX HilbfZzevgbf } \\_"* _ggy
gZ ih\_jogx rbolb m deevdhkle [ebavdh \eN €€kZkD
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fZzc'_ h~"ghgZkgh a rbolhx sh aZ[_ai_gm} ch]lh je\gh
ZdIlb\Zpex jZahf a jZnegmxqghx "e}X

>hkeerge kiéZidh]h _1Zim “hkekbkl ghb -SiCh)
\bieZ\eyeb ijb |_fi_{20LA8Df & "ey gZc[eevr ih\gh]h 9haq
aZk\h}dkyo dhfihglglth*bnedmxqgbo nZa JhaieZ\b i*"k
72" fK 1Z \bljbfm\Zeb \ jerdhfm Bl&\dgeebjhlyilhf ferm\Z
IblZgh\hx ferZedhx agefZeb reZd a ih\_joge je*dhf_
aZeb\Zeb m nhjfm

?dki_jbf_glZevges kdeBklgh\e kbiNi-LA $0O $O-Mn-Ni
ieZ\beb 1Z ebeb ijb |_fi50830fjKkoazZe "gh \«~ oefeqghl]h
K_j_~ dki_jbf_glZzevgbo ajzZades\ kbkl_fb ~jm]h]h Ibin
eelec I|hfm “ey [eevr kbevgh]h aZobklim ih\_joge jhai
ydhkle nexkm [meh \bldhfbklZighlZ /L&O m ijb[ebag
"heyab7@ LZde nexkb fh mlv jZnegm\ZIlb jhaieZ\ ijhl
\hgb aZobsZxlv \e® hedbdkoe Hd¥dh  fZ]gec ijb €0 \\_~ g

>hkee”” gwdhklekljmdImjgBah\bo oZjzZdl jbkllk
dhfie_dkm f oZgeqgbo | Z _dkiemZlZpecgbo
~dki_jbf_glZevgbo kieZ\e\

<bagZq ggy \eZklb\hkl ¢ _dki_jbf _glZevgbo kieZ!
\b]Jhlh\e _ggy [Z i**]hlh\dm ajZade\ a ih~"Zevrbf €0
\bijh[m\Zggyfb >h gbo \oh”b-elZ &hj\mdmkjgs*™ ggy \bac
f oZgeqgbo _dkiemZlZypykgihblrggbo 0Zjzdl_jbklbd

AjZadb _dki_jbf_glZevgbo kieZ\s\ "hkee”" m\Zeb \ .
\enriZem ydbc \bdhjbklh\m\Zeb ~"ey eofelZpe€ jh[hlb
i*"\bs gbo | _fi_jZIm IZ \bagZq_ggy 1Zdbf gbghf | _jfeq
afeg €0 kljmaldajgtbo ozZjzdl_jbklibd
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le"]hlh\dZ ajZeaydéhkee”" gv

HA j°Zge \beb\db _dki_jbf _glZevgbo KkieZ\s\ je/rN
hijh[pe \ ijhp_ke gh]h \er*eeyebky gZklbgba & adilb ' ap
"hkee” gv aZ ihdZazZdhbkog4Zhjpbk

\bagZqg_g
oefeqgh]l
kdeZ”"m

\b]Jhlh\e ¢
reene\

fedjhkdhi

"bnjzZdlh
f_ljey
AXihf_ljey
fedjh”xjh
f _ljey
"beZlhf_Ij

>L:

Jbkmghh+Ko fZ \e*"[hjm ajZades\ "ey "hkeshZalv\lkdjmc
0ZjZdl _jbklbd « \eZklb\hkl ¢ _dki_jbf _glZevgbo

?dki_jbf_glZevge ajZadb i_j_ "~ f_oZgeqghx h[jh]
dhgljhev ydhkle f _Ih~hf j_gl]_ge\kvdh€ jZ~eh]jZne€ gZ
LZdbc ZgZee<a “hal\hey\ hpegblb gZy\geklv \_ ednbgm
A n_dle\ djmigbo g_f 1Ze \bo \dexq_gv |Z gZ\elv 1
dimigha_jgbklm fZdjhkljmdImjm a kbevgh \bjZ  ghx Kk
ljbdez”™ j_amevlZIle\ |Zdbo "hkee”" gv2ihdZaZgh gZ jbl
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Jbkmgh2l£J gl] _gh]jZneqgbc agefhd aZ]hlh\hd ~e
ijbagZq_ge “ey \bagZq_ggy f _oZgeggbo \eZklb

KihgZldm gZ eblbo « | _jfeqgh h[jh[e_gbo pbee+g”"
\bfejx\Zeb I\ _jreklv aZ ;jeg_e_ f Ilekey pvh]h azZ "hi
h[jh[db a gbo \b]Jhlh\eyeb ajZadb *"ey f o0Zgeqgbo \bijl
"hkee". gV

Fedjhreenb 7~ey \bagZg_ggy oefeqgh]h kdezn
fedjhkljmdImjb nZah\h]h kdeZ"m Z 1Zdh" fedjhl\_j~hk
klzg~Zjlgbfb f IhA"bdZfb yde i j ~[ZqZeb reenm\Zg
agb” _ggyf rhjkldhkle gZ ~Zggh]h iZi_jm iheejm\Zgg)
ojhfm |Z ZefZagh®lizZklb >

lheejh\ZgjZadb ie~""Z\Zeb I|jZ\e_ggx j_ZdIlb\hf D_
jhaqbg +) +&0 1Z 3 |[Z+UR*gbfb jhaqgbgZfp\
aZe_"ghkle \en gefeqgh]h kdeZzZ8ar1lkieZ\s\ >
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<bagZq_ggy oefeggh]h kdeZ2mZak\lpmd!
0ZjZdl_jbklbd « | _jfh~"bd2fekidhbk]l c kieZ\e\

>ey \bagZqg_ggy osfegghl]h kdeZ”m kKieZ\e\
~g_jlh*bki_jkecgbc j_gl] _ghnemhjbkp_glgbc _e f _glc
nmg”~"Zf _glZevgbo 1 ZjZT _1je\ ae afm~" _ggyf 0Z
\bijhfegx\Zggy ZIhfe\ ijh[b nhlhgzZfb Ihjfhagh]h ki_dljZz
j_gll_ge\kvdh€ Ijm[db « j_}kljZpe€ pvh]h \bijgfcdgk\EQ g
-~ 1 _dlhjhf a | jfh_e dljbqghbf hoheh”” _gg
j_gl] _ghnemhjbkp_glgbc ZgZe-a <bagZq_ggy o0efeg
ijh\h"beb gz ijb[hje ©O([SHUW /&8 a "eZiZahghb \bf
_e_f _gle\ \en fZ]gex 2hymkizegdhe\ yde feklbeb k k\h}fm |
Z 1Zdh™ fh*bnedmxqe |Z fedjhe_]mxqge "h[Z\dHebgvUdhet

fZk [meh \bdhjbklZgh ~m]h\bc <kdjh\bc hill
ki_dljhf_ljbggbc ZgZeesaZlhj f IZe+\ 63(&7520%;[ DUF
ihdheeggy 1ijbagZg _gbc "ey e f glgh]h ZgZeesam Kkie.
1L 7L 0J vydbc \bdhjb&kMhNndhgh&'j }kljZpe€ ZgZe-
kblJ]gZem sh aZ[_ai_gm} \bkhdm lhggeklv ijh\_~ ggy Z

| j\bggm hpegdm fedjhkljmdIimjb ¢ ydeklv reene\ i
hilbggh€ f_1Zeh]jZne€ gZ fedjHEdXKIUBRFHFLG6F®REW. ,6
GZc[eevr "~ 1Zevge "~hkee”" ggy fedjhkljmdIimjb \bdrf
e _dljhggh€ fedjhkdhie€ gZ kdZgmxghfm _e dljhggh
Vega ljbez” ~ha\hey} h”_j m\ZIb l|hih]jZneqg_ ahJ[jZ
N | _dpe€ \lhjbggbo _e -dMHFRQGDU\ HOHFWURQV |
dhgljZzklhf \erih\eAgh ~h Zlhfgh€ fZkb dhfihg_gle\ n
\e~[blbo e _dljhgBDB6YFDWWHUHG HOHFWURQV |_
j_ " bfm

le"qZk ijh\_~ _ggy fedjhkdhieggbo ~“hkee”" _gv \bag
oefeqgbc kdgAa"IZ ijh\hEDXIWWDSSLQJ _e_ f _glgbgZjha
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"hkee” m\Zghfm ihee azZ\"ydb hkgZs ggx fedjhkdhiZz
Ah\gergec \b]Jey”™ \eArih\ergh]h h[eZ*"gZgg®B.ihdZaZgh gz

Jbkmgh3l+t:gZeelbqg_ h[eZ”gZggy
Zxj _gl]l]_ghnemhjbkp_glgbc Zgildggh hfek[sa&gbc
ki_dljhf_ljbggbc ZgZetalAbh]|]\MZaA+sqgbc fedjkiddZlgimkqgthc
_e_dljhggbc fedjhkdhi
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<bagZqg_ggy nZah\h]h kdeZ”m ajZade\ ijh\h”"b«
j_gll_ge\kvdh]h ~bnjzdlhf_|jZz 80OWLPD ,9 nejfb 5LJD
Ijhp_kemZahml\hj ggy 1Z \bagZgZlgygiyeed\e*mk o khee"m
gl _j\Zees\ djbklZkekazZpeB8\Zgbo kiezZ\s\ [meh \bdhjbklZ
| jfeqgbc ZgZeeaZlh) 679% ) -XSLWHU nejfb 1(7
h[eZ"gZggy ah[jZ _gh.gZ jbk

Jbkmgh4l+t:gZeelbqg_ h[eZ”gZggy
Z+xj _gl]_ge\kvdbc "bnjzZdkibfgdjhidjolt jfegocZgZecaZlhj

ljbez” “"ha\hey} ijh\h”~blb “hkee”" _ggy ijb IfK _\jZII
°g _jlghfm hdbkex\Zevghfm Z[h \e*ghlex\Zghfm ]JZah\
pvhfm ]Zah\_ k_j_~h\bs_ fh™_ [mlb yd klZlbggbf [Zd -
\bfejx\Zggy | _fi_jzZImj klZgh\blv fK ljbez”™ azZ[_ai_¢
kbkl_fhx \Zdmmfm\Zggy ¢« \[m~h\Zgbf dhgljhe_jhf ]Za
ijh"m\Zevgbo <+« h”bg aZobkgbc ]JZab ?dki_jbf_gl
Z\IhfzZlbgqghfm j_"bfe H[jh[dZ hljbfZzgbo _dki_jbf_g
ijh\h~*blvky azZ “hihfh]lhx ijh]jZzfgh]lh aZ[_ai_q_ggy ©3Ll
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ljb ijh\_~_gge _dki_jbf_gle\ r\b~rdhkle gZ]je\m 1Z
fh mlv \Zjex\ZIbky \ f_"Zo \e~ h 11z~ o\
"hkee"  ggyo pe agZq_ggy klZgh\beb ]jZz*» o\ dZKkfh)
~dki_jbf_glm \bagzZqgzZlb ihlhggm fZkm ajZjj&mhzZa iljbqg
pvhfm fZdkbfZevgZ ~himklbfzZz fZkzZ ajZadm klZgh\bl\
"hkee”" _gv \bdhjbklh\m\Zeb ajZadb kiezZ\s\ fZkhx [eba

Qmleb\eklv j }kljZp+e€ kb]JgZem *&KO k*Zghddahg \bfe
_glZevie€ kdezZnZ} \en " h > ] Z | _ieh}fghile \

> ]T1D Ijb pvhfm aZ[_ai_gqm}lvky lhggeklv \bagZ
| ieh}fghkle gZ je\ge ©

253>hke*”" _dg9Zgeqgbo IZ dkiemZlZpecgbo 0ZjZc

>ey \bfejx\Zggy I\_jrhkle ajZade\ \bdhjbklh\m\Zeb
I\ _j~Ahfej LW Jh[hqg_ gZ\ZglZ _ggy kdezZ”~Zeh d]k
\bljbfdb ~h agylly gZ\ZglZ ggy kdezZ”ZbagZq kgdly
fedjhI\_jrhkle ijh\h~"behkv aZ f_Ih*"hf <edd_jkZ gZ ijbe.
klZpehgZjgbc fedjhl\_j~rhfej FGO9 >ey “hkee™" g
gZ\ZglZ _ggqgy ] 1Z gzZzk \bljbfdb k_d

OzZjzdl_jbklbdb fepghkle 1Z ieZklbgghkle m§EZac
| fi_jZImiB ijb fK \bagZqzZeb \bijh[m\ZggyfhigZ Ib
jhajb\m >ey pvh]h \bdhjbklh\m\zZezZkv k_j\h]e*jZ\leeqg
fh*mev aZo\ZIm ydh€ fe] hkgZsm\ZIbkv ieqqgx "ey gZ]j

>ey \bagZq_ggy eddrcmignigim I|_jfeqgh]h jhar
\bdhjbklh\m\Zeb \Zdmmfgbc ~beZlhf_I}j a e<g”"mdl
i_j_fes_ggy

Ah\gergec \blJey™ h[eZ”*gZggy "ey "hkee”" _ggy f_0Z
ithdZaZgh gZ§5bk
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Jbkmghil+tH[eZ”"gZggy “ey \bfejx\Zggy f_0Zgeqgbo
ajZade\ "hkees*gbo kieZ\e\
Z+I\_j~rhfef xfedjhl\_jrhfexjhajb\gZ fZrbg%be]Zthf_1j
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<bkgh\db "h jha”eem

1. < jh[hle j Zeeah\Zgh f_Ih”"bggbc 1Z dhfie_dk
\bdhgZggy "hkee<”" gv P_h™hakXhikebegh h[oe*gmv dee
_dki_jbf_glzZzevghlh fzZlijjpZerhb |Zeb[hdm hpegdm nZd!
\ieb\Zxlv gZ "hky]Jg _ggy ihklZ\e _gh€ f_1b

2. < ijhp_ke ijb]l]hlm\Zggy "hkee”" m\Zgbo kieZ\s\ \
fZl _jeZee\ [meh \bdhjbklZgh agZggm deevdeklv \Ihjbgc
gZ \bkhdbc j _kmjkha[_je]Zxqbc ihl_gpeZeoalzahhrlyglp
jer_gv GZ jy™m a pbf 7"ey fh”bnedm\Zggy kieZ\e\
mgedZevge e*]ZImjbijlef _ajjhlg@HhbiezZ\dtbe hydxlv \bshx \
« jZa “bki_jkgeklx fh*bnedmxgbo nZa \ ihje\gygg:
dhf _jpecgbfb ZgZeh]zZfb 1Z oZjzZdl _jbamxlvky a”*Zlg-l
~n_dlb\gh]lh IZ r\brdh]h aZk\h}ggy

3. >ey “hke"" _ggyjmdimpgdah\bo Atabdbheqggbo
| ogheh]eqgbo \eZklth\jhkilgleo kiaZkdhkh\Zgh rbjhdbc k
jeaghfZgelgbo f _Ih”e\ "hkee”r" gv i _j \Z gZ [*evreklv
gZ kmgZkghfm h[eZ”gZgg-
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JHA>1E
L?0GHEH=1Y H>?J@:GGY E1=:LMJ ?E?DLJHGG]
IIHF?G?BFEB<:JBF KIHKH;HF 20 KLIJMDI-MJGH
N:AH<1 O:J:DL?JBKLBDB L: HKH;EB<HKL1 A:K<H/C(

< jha”eees jhaleygmlh | _ogheh]eqge Zki_dIlb h”"_|
e*]ZImj a \bkhdbf \feklhf Im]JhiezZ\dbo 1Z \bkhdhj_ _Zdp-
_e_dljhggf_g_\h€ eb\Zjgh€ |_ogheh]«€ >hkerZahdh
0ZjZdl_jbklbdb lez]ihlddazZzgh mgedZevgh \bkhdm ~"je[gl
gl _jf IZeergbo kdeZ”~h\bo yde \erih\erZxlv aZ n_dlIl
kieZ\e»hkee”r" gh hkh[eb\hkle haZk\B§boy e«]ZImj Z |
ithdZazZgh i_j \Z]b azZklhkm\Zggy [*gZjgbo e<]ZIn
[Z]ZIhdhfihg_glgbfb

31 <b”b e<]ZImj "ey Zexfege}\bd Zefdewr _n_dlb\¢
| ogheh]e€ €0 \bjh[gbpl\Z

ljb]hIm\Zggy Zexfege}\bo kieZ\e\ ea azZ”Zgbf o
kljmdImjhx ¢« \e~rih\eAgh \eZklb\hklyfb g fh eb\_ [ _a \I
< gZc[eevr aZ]Zevghfm \biZz*dm \_ebdZ deevdeklv dh
kieZ\e\ \\h*"blvky m jhaiez\ yd \ gbklhfm \b]Jey”~e 1Zd
dhj_]mxlv oefeqgbc kdezZ” kiezZ\e\ <\ _~ ggy h”ghqgZkg
yde fZxlv | _fi_jZImjm ieZ\e_ggy 9Z[Z]Zlh \bsm aZ
i j_~[ZqgZlb ~h”\Zggy ih”™\ecgbo Z[h [Z]2F{dhrhijhg
ljbdez~Zfb fh mlv [mlb \\_~ _ggy pbjdhgex IblZgm Z[h
f IZemj]e€ \\h~*ylvky m \b]Jey”~e ih*\ecgbo kieZ\e\

AZ ijbagZq_ggyf \ke ee<]ZImjge ~h[Z\db ih”"eeyxl\
(hardQH UV a_jghih”je[gx\Zqe JUDLQ UHILQHUV
=heh\gbf azZz\"Zggyf afepgxxqbo e<]ZImj } \\_~ ggy e_
fZdkbfZevgbf kimi_g f ch]h aZk\h}ggy >h [Zdbo ~*
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ih~"\ecge ee<]ZInvigy ABCu, AI-Si, Al-Li, AIF0Q e<gdheb fh™ m
\bdhjbklh\m\Zi8dkpl-8@) Al-Fe, Al-1L «-&0 >h a_jghih”?je[gx\
\erghkylvky ih~M\ecge at]JXimib OO Z [Zdh™ ihljTecB,s $O
Al-Ti- & |hsh >h fh”bnedZlhje\ \e~rghkylvky e¢]ZImjb
gZijbdez”klgddImjm [1Z fhjnheh]ex _\lI _dlbggh]h dj_fg
kljmdimjgbo kdezZm™lg\doa \e*ghR[ZK@bLSr, Al-1D dhfie_dkg
ee]ZImjdi-B®U |Z «ggdheb hrgzZ "h[z\dZ fh _ \bdhgm\
nmgdpec aZe_ "gh \e® €€ deevdhkle oefeqgh]h kdeZ”"m
fhrbnedmxgbo Z[h a_jghih”?j\[gxxqbo dhfihg_ gle\

M aZ]Zevghfm \biZz*dm g_h[o*”*geklv aZklhkm\Zgg
ijb eblle Zexfege}\bo kieZ\e\ \bagZqZ}lvky \\_ " ¢
knhjfh\Zgbo azZjh”de\ djbklZesa@mpr® dklvedjiklZesa
f 1Zem sh \ k\hx g_jlm "ha\ggk}nhigejiZjb\Z]b

t~hkylg_ggy [cevr "je[ly&dmdbijieZ\m sh fhkim
azZ\~ydb ijbkmlghkle \ jhaiezZ\s \_ebdhR_dea&ydhklqgmaZj\b
fepgeklv kieZ\e\ \ ]Zjyghfma\kleygle mgbdgmlb ml\hj gg
ljesbg ijb nhjfmezdddZz Z[h \beb\dZghlph deevdeklv [j

taZl\_jreggy \ "je[gha_jgb&Zhlifr]kl}Zpralbldm ee«d\Z
ijhp_ke\ o ~Z} afh]im]hfjgfhggjhaih”"ee e_]Imxqgbo ik f_
\kvhfm h[f}fm \beb\dZ Z[h aebldZ P_ Kkijby} [sevr je\
f oZgeqgbo o0zZjzdl_jbklbd ih \kvhfm h[f}fm \bjh[m

+ \\_" ggy a_jghih?je[gx\Zqges\ Kkijby} hljbfZggx |
ih\_joge aeblde\ sh kijhsm} €0 ih*Zevrm h[jh[dm

K_j_~ gZc[eevr \Z eb\bo \bfh] ~h fh”bnedmxqgbo
\erg _klb €0 ijhklhIim h2_jn Zdglgpphgeklv aZzk\h}ggy 2?n_dlb
[revrhx qgbf \bshx } dhgp_gljZpey fh*bnedmxqgbo dt
f_grbfb } €0 jhafejb sh \ieb\Z} gZ r\b~rdeklv 1Z je\ghf
<b[ej | _ogheh]e€ h”~_j Zggy e<*]ZIlmjgbo ~h[zZ\hd fZ}
fegefZevgm klZ~ecgeklv ijhp_km <ch]l]h _dheh]eqgeklv
fZdkbfZevgh€ dhgp_gljZp+*€ "h[Z\hd |Z \bkhdh€ ydhkle
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>ey \bjh[gbpl\Z [Z]ZIvho e<]ZImj fh gZ \bdhjbklh
kieZ\e_ggy dhfihg_gle\ \ i_gqZo hihjm ijhl_ \ jZa
fhrbnedmxqgbo ~h[zZ\hd fzZxlv feklblbkv Im]hiezZ\de I.
f 1Zeb \bdhjbklh\mxlv Z[h \e*gh\le _ggy €o4RTA@ZI<X[hbi
kieZ\e_ggy m [RBZ.mmfe

1kgm} | _ogheh]ey h™ j"Zggy e*]ZImj gZ hkgh\e Ze>
ml\hj _ggy fh2bnedmxgbo nZa sh feklylv =U 7L Z[h
\ergh\e _ggy hdkb”e\ pbo e f gle\ \ jhaieZ\e q_j _a j_
AlF; yde \oh”?ylv “"h fh*"bnedmxxgh€ kmfere Q | a il
hdkb”*e\ =U 7L Z[h 1E vyde agZoh”ylvky \ fh*bnedm
ihjhrde\ dhfihg_glb kmfere fh mlv dhZ]lmex\ZIlb ¢ \e/¢
gZkldh\h sh ijba\h?blv “h af_gr_ggy deevdhkle fh*bn
\Zjleklv khe_c IZ €0 \_ebdbc \fekl h[f_"mxlv aZklhkm\.
al ogheh]eqgh€ 1Zd « a dhgB43lggh€ Ihgdb ahjm

1kgm} koh bc kihke[ h™ _jZggy e ]|Eiml kBKEOU $D
\bdhjbklZggyf ijhp_km \eAgh\e ggy ]Zeh] _ge”e\ IblZgm
Zexfegex sh kmijh\h~*"m}lvky h[jh[dhx sfimevkgbf e _
iblhfhx ihiIm geklx « SFd fA*heedZfb kihkh[m } kde:
ki_pbnegge&lvdljbggh]h h[eZ*"gZggy "hklZlgvh \ _ebdZzZ |
jhaieZ\m o\ |Z gbavdbfizk \fekl e_]Jmxgh]h _e f _glm
sh fh™_ [mlb h™ _jZgbc aZ "Zgh2d9). ogheh]e}x

HArge}x a gZc[eevr \"Zebo } | _ogheh]ey h™ j Zggy .
Ibim -#Q@ a \bdhjbklZzggyf dhgp_gljh\Zgbo " _j e gZ]j
azZzgmj_gge \ i_j _ljelbc jhaiez\ i_jnhjh\Zgh]lh \h]g_Ij
IblZgh\hx Im[dhx ydZ i Z}Ivky ieZafh\hfm Z[h eZ:
ijba\h”~blv “h ihkimih\h]h jhagbg _ggy IblZgm\¥ ZegX\frr g »+
sh aZklhkm\Zggy \h]g_Iljb\dh]h d_jZfeqgh]h klZdZgn
jhaiez\hf fh _ ijba\h”~blb ~h gZkbqg_ggy hklZggvh
\dexg_ggyfb LZdh" fh _ \eAIm\ZIbky jmcgm\Zggy \h]
g_j_a "ex nexk@mfbl&@ j e gZ]lje\m < j_amewel]llnpj\zh
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aZ[jm~gx}lvky rde*eb\bfb g f IZe \bfb \dexq _ggyfb
_dhghfeqgh€ 1Z _dheh]eqgh€ Ihgdb ahjm “ey ~Zgh]h
ihdjb\gbo nexke\ yde ieM\bsmxlv \Zjleklv e*]ZImj |Z a
K_j_~h\bs_ rde*eb\bfb Ki40¢ mdZfb

<e"hfh sh gbf ~je[gerbfb } gl _jf |Zee”ge fh*bned
Ibf [eevrhx _n_dlb\geklx \heh?exlv e<]ZImjb >ey a_
e*]ZImj py oZjZdl_jbklbdZ \bagZqZ} a[eevr_gm _n_dlb
deevdeklv p_glje\ djbklZeeaZpe+€ ijb hrgZdh\hfm \fekle :
=U +1 9 OR IZ g LZdbf gbghf gZc[eevr _n_dlb\gl
\WZ ZIb |« yde h*ghgqzZkgh feklylv \bkhdm deevdeklv fh”"
|Z feklylv "je[gha_jgbkle je\ghfejgh jhaih”ee_ ge¢ -<gl
<bjh[gbpl\h 1Zdbo ee<]ZImj \bfZ]Z} _n_dlb\gbo | _ogh
jhaiez\e\ a fZdkbfZevgbf jhaqbg _ggyf dhfihg_gleXm ih
r\brdhx djbklZeeaZp-}x

<e"hfbf jer_ggyf “ey \bjer_ggy pbo azZ”*Zq } aZklhl
~dkljZlm\Zggy jhaieZ\m yd_\dexqZ} h”™_j Zggy r\b"«
f 1Ze \bo \hehdhg 1Z €0 ij_km\Zggy \ ijmlhd Hkgh\¢
nZdlhjzZfb yde \ieb\Zxlv gZ ydeklv \hehdhg } |_fi_
r\brdeklv h[_jlZggg¢jbkkdfiZeaZlhjZ |1Z deevdeklv hoheh”""
sh ih"Z}Ivky \d{bkldZeeaZlhj

ljb h”~ j°Zgge 1Zdbo f IZe \bo \hehdhg m NL1Fl
\bdhjbklh\m\Zeb mklZgh\dm ”"ey _dkljZ]lm\Zggy jhai
gZ]je\Zgd¢26B] Ijb pvhfm gZ f |Ze sh djbklZeeam}lv
\ieb\Zxlv _e dljhfZ]gelge ihey ]Je*"jh*"bgZfeqge imev
kljmf 1Z _e _dljhfZ]gelg_ i_j _ferm\Zggy |_j_eeq_ge* nZ
]hfh] _geaZpex jhaieZ\m |Z i**ljbfZggy g_h[oe”gbo
]*~jh~*"bgzZfeqgbo j_"bfe\ ier qZk djbklZeecaZp-€

>ey \b]hlh\e_ggy \hehdhg e<]ZImjgh]lh kiezZ\m f_Il
jhaieZ\m \bdhjbklh\m\zZ\ky | _ogheh]eqoM-8Zra@efizrhhd ki
L _ogheh]eqgbc ijhp_k fZ\ gZklmige iZjZf_1Ijb
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-1 _fi_jZImjZ jhaieZ\m “ fK

-r\b~rdeklv h[_jlZgggjbkkdlZeaZlhjzZzhf o)\

-Ibkd \h~b \ kbkl_fe hoheh/djbkd¥ e~akdbj ZF+z

LhisbgZ \hehdhg klZgh\beZ « ff 20 kljmdl
jhaih?eem _ e (BDXgrepping)gZ\_* g gZ jbk

JbkmghdtFedjhkljmdImjZ \hehdhg e<]ZASZyhFh kiez
jhaih”ee e f _gle\ [ \



130

H~ jZge ajZadb ozZjzdl _jbamxlvky gZ”~a\bgZcgh \k
egl jf 1Ze4=USdhfiZdlgh€ fhjnheh]e€ k_j “ge jhafejb
0,5« fdf ; _amfh\gh |1Zdbc j_amevlZl } gZ*a\bgdahhh\Z
[hdmh” _jZggy ee<})dEmjZzgbf kihkdnihjffh\h”* " m}livky \bkhd
iblhfbfb g jlhazljzIzZfb H” j"Zge \hehdgzZ \bfz]Zz:
ij_km\Zggy \ ijmldb Z[h [jbd_lIb

G _\bkhdbc \fekl pbjdhgex \ e¢]ZImje h[mfh\e gbc
hkh[eb\hklyfb kzZfh€ kbWl _dbe®bOekgm\zZggy ]hfh]_ggh]t
jZchge fK \eNihag¥g dghxavdh fZk pbjdhgex yd i
gZ jbkmgdm3, 274F

1090 |

004

g

Temperature *C
8

C J9Fin
(Al) + AlaZr s 65Cla
0 84Ch!
x 88Dri
4+ B3Kuz
e —————————] A A PR e e s T i 3 b - =y
0 02 v 06 o8 I 12 14 16 18 2
Al Zr (weight percent)

JbkmghdQZklbgz ~«Z]jZfb klzZgmrkbkl fb $C

AZ\"ydb _e _dljhfZ]gelghfm i_j ferm\Zggx |Z e<grbf
f Ih~rZf neabqggh]h \ieb\m gZ jhaiezZ\ \"Zehky jhaqbg
pbjdhgex ge¢ p_ fh eb\h *ey jh[hgh€ | _fi_jZImjb mklZz

jhaieZ\m <Zjlh \e~felblb sh aZ[_ai_q_ggy *kgmxqgh]
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th\fyaZg_ a [eevr qZklbf j _fhglhf h[eZ”*gZggy gZ]j-\
nml_jh\db mklZgh\db Z i*"\bs _ggy | _fi_jZImjb g_ }
LZdh™ ih}*"gZggy nZdlhje\ kbevghlh i_j ]je\m |[Z _dkljz
ih\elje fh™_ kijbgbgblb gZkbg_ggy ee<]ZImjb ]Zah\bf
i*"\bs ghx deevdeklx hdkb”gbo \dexqg_gv

AZlZehf hibkzZgbc f _Ih”c [_amfh\gh } mgedZevg
kljmdImjgbo iZjzf _lje\ h™ _j"Zgbo e<]ZImj Ze_ \eg |Z
_g_jlh}fgeklv I1Z \erghkgh gbavdm ijh mdIib\geklVZ]Mmp-
[mMm”~_ ijb”ree _gh _eijtfjhggg\hhfm f Ih”*m \biezZ\db pbo 1Z
ee]ZIimj

?e _dljhphgth g _\bc kihke[ h™ _jZggy Zexfege}\b
|1Z €0 kljmdImZgh\e 0ZjZdl_jbklbdb

ljhp_k h™ _j°Zggy e*]ZImpkbk fOMGthieZ\dbc 1Z Z
\bkhdhj Zdpecgbc dhfihg_gl dhfihg_glb \-imHh\go\h& _
eb\Zjgh€ | _ogheh]e€ a”eckgx\Z\ky aZ gZklmigbfb ijbgp
jhafesm\ZezZkv \ ]jZnelh\hfm Ib]Jees [Zdbf qgbghf st
dhfihg glb agZoh”bebky gZ” Zexfege}f GZ ihqZldm
jhae]je\ Im]hiezZ\dh€ rbolb a ihklmih\bf €€ aieZ\e_ggyf
lhlh gZkm \klb]Z} jhae]jelbky ~h « fK aZ jZomghd
lzz[h | _iehi_j ~Zqe \** 1Im]hiezZ\dbo kdeZ”h\bo
Im]hiez\dh]h ih \e*ghr_ggx "h Zexfegex dhfihg_glan ijt
hrghgzZkgbf ml\hj _ggyf ~je[gbo |Z je\ghfejgh}feithaih
kieZ\e_gfyho dhfihg_gle\ \ ahge dhglZdim dhljbo
gl _jf 1Zes"b Hg_\b~gh sh iekengZib\ggh Im]lhiezZ\
kdeZz"h\bo agZqgZ €0 gqZklbgZ \k_ s g_ agZoh”blvk\
gZklhd lhfm _e-igdifhgghbc gZ]je\ g _h[oe~*gh ijh~h\
ijh\h~blb ch]h jZahf a _e_dljhfZ]gelgbf i_j ferm\Zggyf
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LZdbf qbghf ijhp_k ijh~h\'jinkieky) iZj ]j*\Z}Ivky

| fi_jZImjb [ebavdh « fK sh gZjy*m a ihklecgtk
thlhdhf h[mfh\e_gbf jh[hlhx kbkl_fb _e_dljhfZ]gelgh]
|1Z ehdZevgbf i_j ]je\hf \ ie”*jhf_g \ec ahge aZ[_ai

jhagbg_ggy « aZk\h}ggy *jm]h]h dhfihg_glZ Z[h kmfer
Keer aZm\Z blb sh \ jerdmfih\Kiee Aedinmfm \e”A[m)
ihgb™ _ggy \fekilm JZah\bo "hferhd Z \bkhdhl_fi_jZImjg
jhaieZ\m \ ie”ijhf_g_\ec ahge ijba\h”blv ~h ih”"je[g_
gl jf IZeergbo nZa « g f IZe \bo “hferhd sh "m _ |
kljmdIimpghah\e 0ZjzZd!l_jbklbdb 1Z ydeklv e¢]ZImjb
lekey aZdegqg_ggy ijhp_km iezZ\db jhaieZ\ aZeb)\.
ferge nhjfb yde aZ[_ai_gmxlv g_h[o**gm degp_\m d
ijmlhd klh\i iebldZ Ilhsh [1Z “h\hee r\bArdm djbklZe-
gl jf IZeergbo nZa fegefZevgh fh eb\bo jhafejih AZ
I _j_lj*\m jhaieZ\m |1Z gl _gkb\gh€ ch]h djbklZeeaZp-€
\ [Z]ZIvho \biz~dZo kihkl _je]Z}Ivky jmcgm\Zggy ]Jhedhi
g_j_al_jfeqge gZijm _ggy |IZ mkzZ~dh\e ijhp_kb sh } h
ileZge €0 ih"Zevrh]l]h aZk\h}ggy
L ogheh]ey "Z} fh eb\eklv \bdhjbklh\m\ZIb-ydhga \|
\bA m \ |hfm d'lhkee H\e*oh”e\ sh } gZ”a\bqZcgh \b]e~gtk
~_dhghfeqgh€ Ilhgdb ahjm H” _j Zggy e<]ZImj a \bkhdbf
\bkhdhj Zdpecgbo f_|Zees\ \fekl dhljbo fh™ _ ~hky]Zlb
\bdhjbklZggy ]Zeh] ge”e\ |Z ihdjb\gbo nexke\ fZ} h~gt
~dheh]eggm \b]h~"b <Zdmmf |Z g _aZe_ "'g_ ~ _j_eh
| _ogheh]egqgbc ijhp_k kijbyleb\bf fZehzZ\Wjecgbf ¢« n_
>hkeer” ggy | _fi_jZlmjgbo iZjZf _Iljs\ | _ogheh]+€ i
| ogheh]eggm hkh[eb\eklv a[_j_ "~ _ggy i_j_]lj*\m jhaieZ
chl]h aZeb\Zggy m nhjfm Hkdeevdb ieZ\e_ggy rbolb
\eAIm\ZxIvky \ ]jZnelh\hfm Ib]Jees ijhly]lhf Ijb\Zeh]h o
gZ]je\Z}Ivky ~h | _fi _jZImjb jhaieZ\m Ze_ aZ\”ydb
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| ieh}fghkle 1Z \erkmlghkle dhglZdim a |_ieh\e”[bj.
mklZgh\db a[_je]Z} | _fi_jZImjm ijhly]hfLZjbbZ edldhf:
i _j_li*lbc jhaiez\ e<]ZIlmjgddbbkizgdZxky ]hfh]_ggbf ~h
ithgZldm aZeb\Zggy \ oheh”gm fZkb\gm eb\Zjgm nhjfm
djbklZeeaZpex jhaieZ\m

R\br"dZ djbklZeeaZpey jhaiezZ\*\ ijb]lhlh\Zgbo e<]ZI
jhev g_ ebr_ \ ih?jlel[jandylgrjb 1Z jhafeje\ fh*bnedmxqgbo
fh™ _ azZ[_ai_gblb nedkZpex f_IZklZ[sevgh]h kI€gmdhkido
ijbdezZz"m 7~ey kdOKR_1Z$@®00ZjzdIl_jgbf fh _ [mlb nhjfm
[evr \bkhdhl_fi_jZImjgbo nZa < a \bkhdhx dhgp_gljZ
\ZgZ~ex vyde fh 'mlv jhaiZz"Zlbky gZ klZ[eevge gZklbq
jhaieZ\ sh fhbneainElvkygZklx GglhjtklZe"b jMém $O
yde g_ fh ' mlv jhaiZklbky g24Me Z2&aMdbiimbyQ@e fZIb "je[g
jhafejb Yooerghfm kFegefZevge jhafejb gl _jfnlZe "
ijba\h”?ylv ~h ihdjZs_ggy fh”bnedmxqgh]h _n_dIim kdt
kZfh]h ijhpfhkrbnedm\Zggy + yd dghkeeHbak j_ 149y
i*"\bs_ggy ydhkle Jhlh\h€ ijh"mdpe-€

HagZq _ge i_j_ \Z]b ie™I\_jAr" mxlvky \e~ih\ergbfb
j_amevlZIZfb ~hkee”" gv h” jZgbfb \ oh?e GBdhc
jbk3.3-35 ij_"klzZ\e_gh ijbdez”b fedjhkljmdlnrjAbnhlplhae\
|Z[ebpe gZ\_~ gh oefeqgbc kdeZ” «g@bjd [Ideh kn ghir\X

GZbkmgdm Ij_~klZ\e _gh ihje\gyggy klIjmdImj |
ihrbj_gbo ee<]Zin¥r $0O fZk h~r j"Zgh€ jeagbfb xkihk
iIjhfbkeh\bf |1Z _dki_jbf_glZevgbf gZ hkighfeg \h€dl
| ogheh]e€ P_c ijbdez™ ~m _ gZley~gh ~_fhgkljm}
i_j_\Z]b IZ ~h\h”~blv sh jhajh[e_gbc f_Ih® “ha\hey}
ithjy*db ih”~je[gblb fh”"bnedmxqe nZab >ey [Z]Zlvho
gZ\_"_gh ihje\gyevge ijbdeZ”b yde *_fhgkljm\Zgba[ ]
hg _\b”gh \bkhdbc je\_gv \ieb\m h[jZgh€ | _ogheh]+s€ gZ
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LZ[ebpy
>bki_jkgeklv I1Z kdezZ” «gl_jf _IZee*gbo nZa ml\hj
kieZ\Zo _e_dljhggd \h€ \bieZ\db

Ee¢]ZIn Jbkmg OZjZdl_jbklbdb «gl_jf _IZe+s"gh
Lbi | Kdez~fzZk| Kdez" Jhafej f
3.3(4 Al-47Zr Al-20Zr 100« 500
Al-10Zr 3.3(] AlsZr Al-48Zr Al-21Zr 20« 300
3.3 () Al-51Zr Al-23,6Zr 1«10
Al-8Hf 3.4 Z | AlgHf Al-64Hf Al-21,5Hf 2«15
Al-10V 3. [ AlszV Al-39V Al-25V 2«20
Al-10Mo | 3. Z | Al;Mo, Al-45Mo Al-21Mo 2«30
AlsMo
Al-15W | 3. [ | AW, | Al-(36 «58)W | Al-(7 «17)W | 20«50
AlsW

lj _~"klZ\e_ge* e*]ZImjb \e~rghkylvky ~h kbkl_f ydbf
NeZljZfb klZgm i_jbl_dlbggh]lh Ibim Lh[lh €0 hkgh\g
a_jghih™je[g_gge >ey #bkihdb®0OclZ+Okgm} fhr*bnedmx
gl jf 1Zee™ ebr_ h~rghkhF _lbimeed®DImjz } Ibf djZshx
Nje[gerbfb \"Z}Ivky aZnedkm\ZIb \ gec gl _jf [Zee~rge* \d
aZklhkm\zZggy hibkzZgh]lh f_Ih"m \~Z}Ivky ih”je[dblb
5« jZa sh "h\_~ _gh ijzZzdlbggh

>ey ogrbo ij_"klZ\e _gbo kbkl _f ekgm} jy” fh”bnec
kil _oehf lje€ < pvhfm dhgl_dkle \Zjlh \e*agZqblb sh
ijhf_g_\h€ \biez\db oZjzZdl_jbamxlvky ml\hj_ggyf -g
\bkhdh€ k|l _oeshf _lje€ yde a™Zlge jhaizZ”Zlbky ijb ih\ll
\\ ~ gge* \ jhaieZ\ \ ijhp_ke fh*bnedm\Zggy Jhaiz”™ |
ih\bg_g \bJey”"Zlb gZkimigbAl;9q®@QN{f:$Q:V7::$QLV,;
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Als0R:$OMO; Al4::$05::$012W Tjhp_kb 1Z _n_dlb yde \e/[)
Ijb pvhfm [m” mlv jhaJeygmle "Zee

GZ ijbdez”e "Zgbo jbk ithdZaZgh sh ~ey e<]ZI
fZxlv _\l_dlbggm j_Zdpex a Zexfegekihkl\@ghZ¥lnjhkyx koh"
_n_dlI P_ ozjzdl_jgh ey kbkl_f m ydbo g_\bkhdz _
Afm]h]h dhfihg_glm ith}*gm}livky a [ebavdbfb
i_j_I\hj_ggyfb hkh[eb\h ydsh \hgb \eA[m\Zxlvky azZ |_
Ah I _fi_jZImjb jhaieZ\m i_j_~ aZeb\dhx

>eyee | ZImpAEAI-5Cofh gZ kihkl_je]ZIb ih}*"gZggy dee\
gl_jf_1Zeergbo nZa 1Z ihdZaZgh sh egl_jf_|Ze**b yc
_d\eZlhfgh]l]h kdezZz"m fzZxlv kmll}\h [eevre jhafejb
jhagbg_ggy gZklbgdb a [¢sevrhx kl_oehf_Ijbgghx jeaghb
Nje[gbfb :gZeh]eqgZ dZjlbgdzfthh_ kimkl jkey\Zilb~ e[gbo
kbkl_fzZo0®OlZ-N.O

SEM Y 280 A Wi T me |
Wiares Nl 375 yam Dat. BSE

JbkmgbdKIjmdIimjZ « jeage Ibib nZa e<}yglnij g e\h&Eljhg
\biez\db _\l_dlbggbo- Kbkl 4 $&ZRO|
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Ee]ZImjb ijbagZqg_ggy ydbbdh\ihreyggfeaqoh]h kdeZ
kieZ\s\ i _j \Zgh \b]Jhlh\leyeb kieZ\e ggyf gbklbo dh
hihjm « \hgb g_i*"ey]Zeb ~ 1Zevghfm \b\g_ggx >h Ih]
[*evrhkle [meh \erkmlg} ml\hj_ggy jy"m -e<gl_jf |Ze¢
dhgp_gljZpe€ ~jm]h]h dhfihgag[lZai sqigmgZeh €0 jhaiZz
hibkZgbo \bs_ \biZ*"dZo ;eevr ~_I|ZevgbdZzZhhbXilp\}€gho
_n_dlgk\_"* gh "Ze-

Hkh[eb\hkls aZk\h}ggy "\hdhfihgflytghed@dZ tin]
_e_dljhgighf_g \h€ \biez\db gZ ijbdeZ*OMdeZ\m

H~ jZggy fhees[~ gh\fekgbo fh*"bnedZlhje\ "ey Zex
"hkblv kdezZ”~"ghx azZ”"Zq_x \jZoh\mxqgb \bkhdm | =z
| fi_jZImjm ieZ\e _ggy fhee[» _gm H[jZgbc 1Z hibkZc¢
_e_dljhggf _g_\h€ iez\db ~halhey} h”_j m\Zlb e-<]ZI
Zexfegex yde fh mlv feklblb ~h fzk fhee[ _gm
hkh[eb\hkl_c aZk\h}ggy ih~¢[gbo "h[Z\hd [mebhOM | Z

fZk fhees[*_gm kljmdImjm ydh€ [meh .hdZaZgh g

KIjmdImjZ ajZadZ } "“hkblv h~ghje*ghx a je\ghf
Nje[gbo egl_jf [Zeene\ yde fZxlv jhafejb « fdf Ehd
ZgZeeca nZa ihdzZaZ\ sh [eevr | _fgZ Zexfege}\Z fZIjb
kdeZ”"e [ebavdh « fZk fhee[» gm Z gl _jf 1Zes
[ebavdh fZk fhee[® _ gm sh aZ kl_oehf_lje}x \eMih\eA
AlooMos | Z $KDo, [275]. >ey "Zgh]lh kdeZ” m e<*]ZImjb mlI\hj_ g
g_je\gh\Z gbo gl _jf_IZeesnNe\ \dZam} gZ €0 ihl_gpecgm
jhaiz”"Zlbky iekey \\_"~ _ggy \ jerdbchlhexke+gZdb |Zslt
aZ[_ai_gm\Zlbf_[eevr r\b”rd_ ¢ n_dlb\g_ aZk\h}ggy fl

>ey i_j_\ejdb Jeihl_ab [meh \\_~ gh jeagm deevdek
m jhaiezZ\ gbklh]h Zexfegex ijb | _fi_jZImje “ fK vy
| _fi_jZImjhx ieZ\e_ggyel A4t Zexfege}\bo kieZ\e\
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KiezZ\b a \feklhf fhee[* _gm | Z fZk 1eZ\beb \ Ze
i_qe hihjm AjZadb \bljbfm\Zebky . o\ \e7
e*]ZImjb iskey gh]h f_IZe aZeah\dee \ Kéfygthlonjb h" |
ajZade\ ihdZaZgh gZ sb& mgdZo

F 1Zeh]jZney ajZade\ |1Z ehdZevgbc osfeqgbc ZgZe:
ihdZamxlv sh “ey kieZ\m a fZk Fh Iljb\Ze<sklv \bljb
\ieb\Z} gZ jmcgm\Zggy -+glMoslZ£ «$Kho,$[0Qaihk j ~gef
gbghf <bljbfdZ ijhly]hf o\ } g_"hklZlgvhx ey g.
gZklhd [ebavdh fdf ijh sh k\e~rgblv qzZkldh\_ a[_j_°
nhjfb < lhc ~_ qZk azZ\~ydb jmcgm\Zggx |Z gZkldh\hfn
nZa ca gZc\bsbf \feklhf fhee[* gm ihgbgZ}lvkysMal\hj_
jhafejZzfb « fdf | DR${hafejZfb [ebavdh fdf Ae a[eevr
\bljbfdb jhaieZ\m 7h o\ ¢ [sdog|ZnE@d b dZxlv Z
deevdeklv egl_jf D& "y\d$O®h mlv kem]m\Zlb aZjh~dzZfb
ijb fh*bnedm\Zgge kieZ\e\ ihklecgh ajhklZzZ}

>ey kieZ\m ydbc feklb\ fZk Fh Kihkl_je]Z}Ivk
kdmiq_ggy fh*bnedmxqgbo qZklbghd A[eevr_ggy d-
Zexfegex hg _\b”gh \ieb\Z} yd ijbkdhjxxgbc nZdlhj *
I _j_[m~h\b egl jf |ZeeNe\ |Z aZ[ _ai_q_ggy €0 jth\ghfej
\bljbfpe ijhly]hf o\ fh'gZ kihkl _je]ZIbb@GRZ eabjldbfnjZdb:
2« fdf H~rghqZkgh a pbf ml\hjx}Ivky agZgqgZ deevd
Al;,0R jhafejZfb « fdf 20 deevdeklv IZ je\ghfejgeklv
as af[eevr_ggyf gZkm \bljbfdb jhaieZ\m Pe qgZklbgdb
\k_j_"bge a_j_ g sh k\e*gblv ijh €0 jhev \ ydhkle p_glj
_\l_dlbggbo fedjhh[eZklyo"afZlddd diberahf <e”agZqbfl
aZeesaZ \ gqbklhfm Zexfege€ "m _ fZeh « ch]lh k_]j_]Z
fhee[ _ gm \dZam} gZ ihl_gpecgh \bkhdm fh”bnedmxq
nhjfb |Z jhafeje\ aZeeah\fekgbo nZa
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>ey "h*"ZIdh\h€ hpegdb \ieb\m | _fi_jZImjb « qZkm
Zexfegex fhee[» ghf [meh ijh\_~ gh A“h~ZIdh\bc _dki_j
jhaiez\s\ jeagh]h kdeZ”m ijhly]hf ]Jh*bgb ijb i**\bs
ithjyrdZz “ fK FedjhkljmdImjb ajZade\9ihdZaZgh gZ

3 A
SEM HYT 300 kY WOLiES mm. Tl WEGA] TEGCAME SEMHV. 3.0V W AL TEmm
Wiew sl B6% pm =i BSE 1 Vizw Mekd; 568 pm Dt BSE

JbkmgBdFedjhkljmdlljiZagZa\kieZ\ex P& Z 1Z
Al-IMo ([ h™_j'Zageyohf "hr"Z\Zggy e-]DR jbh$dbklh]h
Zexfegex ickey ieZ\e _ggy |Z \bljbffdb ijjbly]h'f o\

>hkee” ihdZaZ\ sh a[eevr_ggy qZkm « | _fi_jZImjb
\ieb\Z} gZ kljmdiZmajo\bc klZg Alie@RmlIZ g_ ijba\h”?blv
ith\gh]h jhaiZ”m e« je\ghfejgh]h jhaih”eem Z anhffg e« >ydy
kiez\m B8R kihkl_je]Z}Ivky "m"_ je\ghfejgbc jhaipMéee \
|1Z h*ghqzZkgZ ijbkmlgeklv [sevrbo aZ jhafejgdGR LZdZd
dZjlbgzZz } hgedm\Zghx 1Z \e”rih\enrZ} aZe_ "ghklyf ah]|
NeZljZfe klIZYm >

=heh\gbf j_amevlzZlhf _dki_jbf_gle\ } 1_ sh \bdhjb
feklylv Zexfege™b gbsi®@ ihjy*dm ijba\h”blv *"h [eevr i
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| Z ~n_dlb\gh]h aZk\h}ggy aZ\~ydb fh eb\hkle
I _j_[m~ h\m\ZIlbky m [eevr | _jfh*"bgZ&lggh \b]e"g-
ljZdlbggm _n_dlb\geklv aZijhihgh\Zgh€ e<]dkmhjb

fhrbnedm\Zggy dhf _jpecgh]h eb\Zjgh]h kieZz\m $0O6L «
A"hrzZ\Zeb ~h jhaieZ\m a jhajZomgdm \fekim \ gvhfr
0,15%fZk 1Z ijh\h~*beb ih”"Zevrm \bljbfdm az | _fi_jzI
ijhly]lhf o\ KljmdImjm kieZ\m 1Z jhaithkee” ne\aié iyl -
f IThA"hf (*PDSSLQJ <eMih\erge | am@Zl4dbk@Z\ _~ gh

Mn %_

WAD 1300y a0 kY WEE N

Z [
Jbkmgh@tFedjhkljmdIimjZz Z 1Z jhaih”ee oefeqgb
kieZ\m $06L &X )H fh”bnedh\ZGdbMd e<]ZImjhx

>hkee”" ggy ihdZaZeb sh azZk\h}ggy e<¢]ZImjb \«~"
thi\ghx fejhx Z jhaih”ee fhee[® gm } je\ghfeq@lkfl bljhAD Z
kdezZ~h\ih\bggbo aZeeah\fekgbo nZSi-Fé&MklgEZkI&Ogh]h
kdeZ"nrvVSidOMn-23Fe-3Mo ( fZk < kdezZ”e I\ _j~h]h jhaqgbgr
Zexfegex fhee[* g ijbkmligec m \b]Jey”ne Zexfege”r\ Mje[g
fdf m deevdhkle [ebavdh « fZk
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>Zee gZ ijbdez”e Ih]l]h °~ kieZ\m $06L &X )H [n
"hnhzZNZggy fhee[» gm gZ kijmdIimjm eblh]h f_|Zem ij
dijbklZeeaZpe€ Ch]h \fekl \ kiezZ\e iekey fh*bnedm\Z
0,17%fZk AjZadb \boe~gh]h IZ fh*bnedh\Zgh]h kieZ\e\
pbeeg”jbgqgm ]jZnelh\m nhjfm 7~ey aZ[_ai_q_gg¥§ ahr\ec
r\brdeklx hoheh”” _ggy jhaieZ\m a fK k 1grbc ajZz
kieZzZ\m [meh aZeblh \ fZkb\gbc sfh*@@¢_dhdreeh r\b’
dijbklZeeaZpex a* r\b~rdeklx hoheh”” ggy jhaieZ\m a

J _ameviZlb "hkee”” ggy fedjhkljmdImjb hljbfggbo
jbkmgdn < |Z[ebp- \eArih\ergh ~h i1thagZqgq_gv
fedjhkljmdImj) gzZ\_ "~ gh oefeqgbc kdeZ”~ I\_j~h]h jhaqgb

'gZesa fedjhkljmdIimj ihdZam} sh \boe?gbc g_fh"l
eblhfm klZge ijb ih\eevghfm hoheh”  _gge jhaieZ\m
\bjZ" _gm ~ _g”jblgm [mA"h\m ihje\gygh a fh*bnf{ole\lZgh
aZdhghfejgbf « i _j ~[Zgm\Zgbf H”*"ghgZkgh a pbf ~“ey
N sh g _je\ghfejgbc jhaih?ee \I dlbggh¥ ke ADKRYHE
jhalZrm\Zggy k\elebo “eeyghd ydbf \e/rih\erZxlv e
Zlhfghx fZkhx

:m~"h\Z fh”bnedh\Zgh]l]h [Z ih\eevgh azZdjbklZe
\eNjeagy}lvky g_ ebr_ J[eevrbfb jhafejZfb Jeehd *»_g”jbl:
gZ hkgh\e Zexfegex Ze ¢ [eevr fZkb\gbfb _\I _d
a[Z]Zq_gbfb fer~rx LZdh" kihkl_je]Z}Ivky mdjmig_gg}\
Ibim EEMnxSi, Hgedm\Zehky sh qZ&Rbglkddm]$QZIbfm
aZjhr"dZfb djbklZeeaZp+€ |Z kijbgbgylv ih?"je[g _g@¥ a_|
hkgh\e Zexfegex Ze_ gZlhfeklv yd \b”gh a |Z[ebpe-
deevdhkle i _j crh\ ~h kdeZ"m aZeeah\fekgbo \dexqg_
aZebrdb yde \bdhgZeb jhev aZjhrdhml\hjxxqbo qZk
[*evr |jb\Ze_ ajhklZggy hdj_fbo a_j g aZ jZomghd
nhjfm\Zggy sh ¢ ijba\_eh "h nhjfm\Zggy g _h~ghje~gh¢
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LZ[ebpy

O+feqgbc kdeZ” kljmdImjgéll lkd e PHai\emSiOCu3(Fe),
azdjbklZecah\paglyhx r\b rtegklkh bnedh\Zghfm klZgs |2

AhArZNZggy fhee[” _gm

\eMih\ergh “h ithagZq _gv g

Lhqd| Oefeqggbc kdez” fZk
Al Si Cu Fe Ni Mn Mo
1 97,46 (081 |1,12 (061 |- - -
Z |2 (2892 12,25 |9,08 |4391 |- 584 |-
1 1981 |0,2 1,1 0,11 |- 0,39 |-
[ 12 |31,2 |9,21 |12,34 |40,56 |- 522 1,62
1 196,06 1,44 [1,42 |- - 0,28 |0,8
\ |2 |30 518 |15,64 (38,36 | 0,5 8,15 |2,08

R\br"dZ djbklZeeaZpey

fhAabnedh\Zghlh

kieZ\m il

fhee[» gm m kdeZ”e I\ _jAh]h jhagbgm gZ hkghiZ Zexf:
ljbjbab \bgazZ i_jbl _dlbggm dhgp _gljZpeHqg \b "gbk } -
ith™je[g_ggy fedjhkljmdIimjb ijb[ebagh \M\eq-

AZ ijbkdhghehlh_ggy
aZeeah\fekgBoljhdh af[eevrb\ky Z
ihje\gygges a ihl\eevghhoheh” Pglhbdglddhh [cevrhx fe]
a_jghih”je[g_ggyf ydh]h "ey ml\diggggy
f "Zo a_j_g aZebrz}Ivky f .gr_ ijhklhjm

\fekl fhe
jhafejb pbo nZa a

jZomghd jhaieZ\m

\ j_amevlZle

LZdbf gbghf gz ijbdez”e ~\hdhfihg_gilPM8, e-]
hr j7Zgh€ aZ “hihfh]dkhgdgtf_g_\h€ eb\Zjgh€ | _og
ithdZaZgh sh ih?e[gZ ijh*mdpey \heh?e} jy*hf 0ZjZdl_]j

jhaley™Zlb €€ yd [sevr _n_dlb\gm IZ dhghfeqgftbfilb]e"g
ZgZeh]zfb P_ h[mfh\le_gh gZ[Z]ZIh \bshx dhgp_gljZp-
fhrbnedZlhjz fZk Z 1Zzdh" \bkhdhx ~bki_jkgeklx
kdeZzZlnje\ghfejgbf jhaih”eehf fh*bnedmxqgbo nZa
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G _je\gh\Z gbc kdez” Zexfege”e\ ijblZfZggbc "ey e
\dZaZgbf kihkh[hf kijby} €0 agZqghfm ih”je[g_ggXx
Zexfegel}\e jhaieZ\b Ijb pvhfm \eA[m\Z}Ivky jhagbg gg)
nZa \*&AMBO Z $Kos "h $OR yde kem]mxlv p_gljzZfb djbklz
fZxlv jhafejb [ebavdh fdf GZ ijbdez”« ijhfbkete\dithh e
AISI9Cu3(Fe) ihdZaZgh ih\g_ 1Z _n_dlb\g_ aZk\h}ggy e-
dhjhldh]h gZkm o\ ijb I _fi_jZImje fHaieshhm} [<&évr
_dhghfeqgh \b]ergbf \ dhgl_dkle _dhghfe€ gZkm 1Z
ithdZaZgh sh [eevr n_dlb\g_ fh”bnedm\Zggy \e*"[m\Z]
djbklZes&k¥ZepA2enZ mfh\ ih*e[gbo *"h dhdeevgh]h eblly [Z ¢

Hkh[eb\hkle h”_j Zggy -kiZmmNbgjghZjzdl jEKIbd
aZk\h}ggy [Z]Zlhdhfihg glgbo e<]Z4mif g dhjhgghez\dk

34.1. Dhfie_dkgZ ee<]ZIRJE SO a _e_ f_glzZfb vyde f-
I _jbl _dlbggm j _Zdpex a Zexfege}f

HklZgge jhdb gZ[m\Z} ihimeyjghkle *hkes”™" ggy kb
fedjhe _Jmxgbo ~h[Z\hd gZ i"\bs _ggy je\gy \eZklb\l
kieZ\s\ <boh”ygb a pvh]h i*\bsm}lvky <gl_j _k ~h ki
e*]ZImj a dhfihg_glzZfb yde fh mlv ie*kbex\ZIlb ihabl
hrgh]h < _ebdm m\Z]m \ pvhfm iblZgge ijb*eeyxlv
fhrbnedZlhjZf kdeZ”h\e dhljbo ml\hjxxlv a Zexfege}f -
fZz} i _jbl_dlggduehpexh gbo \e*ghkylvky dhfihaf-pie&, kbkl
"ey ydh€ fh eb\_ ml\hj _ggy «gl7lif=IZea”dM$Ogghx %ojZI
L1, aZ mfh\ r\br"dh€ djbklZesazZ®p2€7jhaieZ\m >

< "hkee"" g@ly®Z>ijbdee}ZImj a jeagbf kie\\e*ghr_gg)
|Zpbjdhgex 1Z €0 kmfZjgbf \feRIBNTEKihdDaZdhpheb\eklv
mI\hj_ggy fh*bnedmxgh€ nZab a dm[%qg@hdkhdcjbdhZdeqgjh:
gZ"Z}Ivikkhtm\feklm pbjdhgex gZ h*"ghfm je\ge a \feklhf [
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< oh”e \bdhgZggy jh[hlb ijh\_~ gh ZgZeh]eqg_
ihey]Zzeh” _j Zgdhfie _dkgh€ ee<}Zitmib a8 Ofeklhf dhfihg ¢
\bsbf aZ \e"hfe ZgZeh]b I1Z i _j \ejdZ _n_dlb\ghkjlZdBAdh:
| ogheh]egqgh ajmggbc kddAMDPi}ZimGb $0OfZk a hley”
ijhihjpecgeklv k_j ~gvh]h \feklm fh*bnedmxgbo e f gl
a mjZom\zZggyf Kkie\\er*ghr_ggy €0 dhgp_gljZpec \ i_]
\eNih\ergbo kbkl _f a | Z fZk ~ey 7L L =U \e"ih)\
ljb]hIm\Zggy e<]ZImjb \eA[m\Zehky \ jfthAZgp \he
eb\Zjgh€ | _ogheh]*€ < ydhkle rbolb \bdhjbklh\m\Zeb
\eroh”b | _ogeggh gbklh]h IbtZddhm \2jadb "k lpbjdhge}\h]h
DLP FZdkbfZevgZ ihim geklvijhd dljthghhgZ]je\m kde
d<l « aZklhkh\m\ZezZky h”ghgzZkgh a jh[hlhx kbkl_
I _j_ferm\Zggy jhaieZ\m P_ ~“halheyeh i_j ]jelb jhaie.
1000« fK 1Z aZ[_ai_qblb ch]lh Jhfh] _ggeklv
H~ jZgbc jhaiez\ fZkhx d] aZeb\Zeb \ klZe \
dhdetey r\br"dh€ djbklZeecaZpe€ H" j ZgZ e*]ZImjZ fek
| Z fZk pbjdBfekedjhkljmdIimjz ij ~klZ\e gZ gZ jbkmg

Jbkmgh2itFedjhkljmdImjZ e+J2TmjbU$Oe dljhggh
ijhf g _\h€ \biez\db
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Yd \b~rgh a ah[jZ _ggy klIjmdImjzZ e<]ZImjgh]h Ki
kdmiq_dpwighloehd «gl_jf_[Zee e\ Z\"HUFdB aZ\rbjrdb
5« fdf <bkhdbc \fekl pbjdhgex nhjfzZz 1Z jhafejb fh”~bn
"NZe dbfb \e” ijh]ljghah\Zgbo Ah\gergec \bdZamlZ|f |
| ljZlhgZevglEo ghimE€zZldb Z \ _ebde jhafejb efh\ejgh ih\
\bkhdhx dhgp_gljZpe}x _e_f_gle\ kmll}\bf i_j_]je\h
g _~hklZlgvh r\brdhx djbkEhecidmlig osfeqgbc Zg&leea i
kdez” egl_jf_1Zes"TiR9EG U = fZk peedhf \eArjih\enrZ}
Al;(TiZr). < j_amevlzZle _dki_jbf _glm ihdZaZgh sh p
aZfesm\ZIb [ebavdh IblZgm \ ch]h IjbZexfegee

>ey \bagZq _ggy _n_dlb\ghkle aZklhkm\Zggy h”*_j°
\bdhjbklzgth™dynedm\Zggy eb\Zjgh]h "Zjhfepgh]h Zexfe
D F Deevdeklv fhrbnedZlhjm [meh \bjjbfebhhghzZ\Blgld
je\g@4« fzk 7La=fJ Ihlkpegdb aZk\h}ggy IZ¢ghd&ilgteen
[*evr ih\ghx fejhk "[ZqgZehkv * _deevdZ fh eb\bo \ZjeZc
\W A gogege]ZImjgihgZzbd K _j ~ gbo hgedm\Zgbfb [meb
jhagbg_ggy -<gl_jf |Zeer*gbo nZa 1Z nhjfm\Zggy ] _|_
fZdkbfZevgh ih\g_ jhagbg_ggy kbevg_ a_jghih”je[g
]hfh] _ggh€ kljmdIimjb g _h”ghje*g_ Z[h gZkldh\ h jha
ijba\_klb ~h eed\Zpecgbo y\bs |1Z nhjfm\Zggy ]_| _jh
g _Ibih\h]l]h nZahmlI\hj _ggy

< oh?e ijh\_~ ggy _dki_jbf _glm rbolm ieZ\beb \ i_ g
jhaieZ\e_ggy JhajeGy\Zeb 1Z fh bnedi\ZebjZImijb

fK lekey pvh]lh ijh\h~beb f_o0Zgeqg_ i_j _ferm\Zg
|Z ch]lh \bljbjfdlm]hf o\bebg Jhaeb\Zggy kieZ\m ijh\h
"\ho Ibis\fefgm “ey aZ[_ai_q_ggy r\b~dh]h hoheh”
jeNe]jelm ]JjZneteymiht\eevgh]h ZgZeh]eqgh ihi_j ~gvfm

FedjhkljmdImpPZ j ZgbajZades\ ihdZaZgfZbkmgdan
<eNih\e"gbc oefeqgbc kdeZ™ nZa \e~feq _gbo gZ ahl[jZ
gZ\_~ gh \ IZ[ebp-
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JbkmghdtFedjhkljmdImjZ kijga\da\:D F iskey fh*bnedm
dhfie _dkghx e«]Z11@Th8Zr$ O
Zxg _fh~bnedh\Zgbc \boe~*gbc kieZ\ aZeblbc \ fergm
hoheh”” ggy jhaiéZKmka \ taZeblbc \ ]jZnelh\m nhjfm
hoheh”” _ggy jhaieZ\m a fK k
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LZ[ebpy

Oefeqgbc kdeZ”™ kljmdImjgbo kdeZ”h\bo eblbo ajZac
aZdjbklZesah\Zgbo a jeaghx r\b”~rdeklx \ g fh*bnedh\Z
"hNhZ\NZggy e]ARPMi{jb=@O\e~ih\er*gh “h ihagZy3pv gZ j

Lhg¢ Al Si Mn Fe Cu Ti Zr
1 99,82 - - - 0,12 - -
2 60,9 7,53 | 529 | 25,61| 0,66 - -
3 85,08 | 14,01 - 0,01 | 0,89 - -
4 41,87 | 0,56 - 0,34 | 57,22 - -
5 99,66 - 0,01 - 0,23 | 0,09 -
6 61,23 | 7,21 | 57 | 2381 1,09 - -
7 69,59 | 30,04 - - 0,32 - -
8 52,2 9,1 - - 0,24 | 28,47 | 10
9 99,88 | 0,01 - - - 0,05 | 0,02
10 87,25 | 12,22 - - 0,46 | 0,06 -
11 53,32 | 24,11 | 1,06 | 21,09| 0,24 | 0,16 -
12 39,21 | 1,21 - 0,22 | 58,61| 0,01 | 0,28

gZecamxqgb hljbfZge ~Zg-

fh gz ajh[blb \bkgh\hd

nZazZ; §Q =U a"ZlgZ jhaizZ”"Zlbky -
\bdhgm\ZIb k\hx aZjhrdhml\hjxxgm
Nje[gha_jgbklhklh€ kljmdImjb \boe”"gh€ e<]ZImjb
g_jhagbg_gbo «gl_jf; [Ae<eUY\ $RIjmdImje kieZ\m
< r\b*dhaZzZdjbklZeeah\Zghfm ajZadm fh”*bnedh\Zg
jhaqgbg gZ hkgh\e Zexfegex feklblv ebr_ IblZg « g\ agZz
aZdjbklZeeah\Zghfm #rh\dbd¥Zgheetpbjdhgec
liZnelh\m nhjfm Kkihkl_je]Z}Ivky ijbkmlilgeklv IblZgm \
|1Z aZeeah\fekgbo nZazZo LZdh  \Zjlh \e~felblb gZy\¢
deevdhkle pbjdhgex a fzk \ _\l_AlAlg&w.c kdeZ” h\e

jhagbgylbky \ jh;
|Z a_jghih?je[gXxXx(Q

Gz

< ajZadm
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KIjmdImjZ ih\eevgh aZdjbklZeeah\Zgh]h ajZadZ }
ljb pvhfm a_jgZ I\_j*h]h jhagbgm gZ hkgh\e ZexifAdex
" jhafejb yd m ajZzadm aZeblh]h \ feAgm nhjfm

< h[ho \biZz*dZo ihfelgbfb } aZebrdb g _jhaqbg _gbo
gZ”ecreb ~h jhaieZ\m a e<]ZImjb GZ i_jrbc ih]eiyp® ih
\_ebdbc jhafej \boe*gbo gZklbghd €iplh ]b\dagigdegym
\dZam} gZ \azZ}fh”ex |&Z djhjffgrtZggy rZjm\ZIg€ [ImdbhaEz gl
gZ jbka4.

WO=161mm 20.00kY x50 ] 20008V x50k

1 #Al-34,5Ti-5,67r-7,2Si; 2Al-30,35Ti-9,14Zr- 6L fZk
Jbkmgh#&d+t;m”~h\Z IZ oefeqgbc kdeZ” g _jhagbg gbo
Al(Ti,Zr) m kieZ\e :D F yde ijh\azZz}fh~eyeb a dj fg

Oefeqgbc kdezZz” \gmljergvh€ [|Z ah\gergvh€ qZl
gl_jf_1Zeergh€ qgZklbgdb \dZam} gZ Ihc nZdl sh djm
nZab ;%@ =U ebr_ qZkldh\h jhagbgyxlvky \ Zexfeqg
ihgbgzZxgb ihklmih\h j_ Z]m\Zlb a dj_fge<}f IZ mI\hjxxqgb
N _glbnedm\ZIb 1o(Vir)s$.0 >h”rZIldh\h ijh\_~_gZ j_gl]_¢
AbnjzZdlhf_ljey hdjef aZagZq_gh€ Kidbkmdp\ghnhldjamhb
ml\hj gdpdklbghd Zexfege”e\ IblZgm |IZ pbjdhgex Z |Zd
Zr,&X a | _ljZlhgZevghx % jzZldhx <e~ih\e”rgZ j _gl]_gh]j
jbk



154

Al
Al Al
AlsTi AlsTi AlsTi
CuZnr, / ° j Al 3
AlsTi AlsZr l Al1o(Ti, Zr) 3Si
'SP\ gi Al . Al Al
CuZr,

P <«

Jbkmgh%l+J gl] _gh]jZfZ eblh]h ajZadm ikked\m :D F
fhrbnedm\Zggy dhfie dkghx12PFi}jZdhjhx if® evgh€
djbklZeeaZp-€

HA j Zge "Zge* k\eAQEhdmjharZlgeklv "hkee*" m\Zgh€
e*]ZImjb ~h azZk\h}ggy Ze_ |1Zdhh[loeZgmAdlw iQZj€@ g
kljmdImjb aZ”ey aZih[¢]Zggy nhjfm\Zggy g _jhaqbggbo
nZa Af_gr_ggy jhafeje\ gl jf [Zee”e\ fh _ [mlb ~/F
af_gr_ggyf deevdhkle IblZgm « pbjdhgtxb\pkvchd 0 «[ & « ZAlh
sh[ \fekl pbjdhgex i_j \Z Z\ \fekl IblZgm < ih}*gZ¢
djbklZeecaZpex 1Zdbo jhaiezZ\s\ fh eb\h ~hky]lb fZdkbi
j_amevl|Zéy\ €ogvh]h kijldddmalhmi\hj ggy

MI\hj _ggy \bkhdhl_fi_jZImjduEr, Rt8e avdb\dZam} gZ
AhrZldh\be fhAbnedmxqgbc ihl_gpeZe a_jghih?je[gxxqgh]
gZ fh eb\eklv ie*\bs _ggy Zjhfepghkle kieZ\m aZ jZomg
fere a \l _dlbggh€ k&eZtHYe€r$lOjfeqgh klZ[eevgm IZ a
A"bnmaecgh Zdlb\gm
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Dhfie_d&glZImjzleMd )H a _e_f_glzZfb yde fZ
A\l _dlbggm j_Zdpex a Zexfeg}f

Ee]ZImjb ~ey dhj _dpe+€ oefeqgh]h kdeZ"m kieZ\e\
dhfie_dkgbfb <« fZIb ki_pbneqgbc nlZlath\gc kdgiZ" €c
aZklhkm\zZggy \ jyre \biz~rde\ fh™_ [mlb ajmggbf HkhJe
[Z]Zlhdhfihg_glgbo kdeZ”ghe_Jh\Zgbo kieZ\e\

KiezZlZdh]h Ibim a oefeqgbf-186e-ZYthf $®Zk [me
hr j"Zdhmfh\Zo ?IEL J _amevlZlb "hkee”" ggy ch]h f
ehdZevgh]h oefeqgh]h kdezZ”m kljmdIimjgbo kd&zZ"h
jbk3.16.Z\ IZ]e

SEM HV: 20.0 kV WD: 15.17 mm |

View field: 200 pym Det: BSE 50 pm

Jbkmgh@+FedjhkljmdImjZ e+JBMN{BHEO fZk
_e_dljhgitf_g_\h€ \biez\db
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LZ[ebpy
Oefeqgbc kdeZ” ihagZq_gbo gZ jbk kKljmdIm
dhfie_dkgh€ e }ZaNmidbFes O
Oefeqgbc kdez” fZk
Lhqc N Z a 8B80>281]
Al Fe Mn Mg Si
1 596 | 8,02 | 30,4 | 0,22 | 0,38 | »-Alg(MnFe)
2 72,24 | 5,44 | 20,84 | 0,3 + | HT-Aly(MnFe),
3 95,77 | 0,24 | 18 0,3 01 | L\ _jrbc jhagl

KIjmdIimjZ e<]ZImjgh]h kieZ\m kdezZ”~Z}Ivky a ljvho
fZxlv "h\hees djmige jhafejb « fdf 1Z rZjm\AlZnk\intoh\
[mMA"h\hx gZ-@KREOERdImjm \ ydec [eevr \bkhdhl_fi_j:
ihdjblZ h[hehgdhx koh h€ [a&vikked8hieZ\dh€ nZab -
\e~Nfelblb sh h[bsMnFegOlZz $MINFey nzab } ~hkblv
\bkhdhl_fi_jZImjgbfb I1Z klZ[eevgbfb ~128De2Ba@dhZe_\hli§
[ a ihfelgbo kee*”e\ jhagbgyxlvky \ jhaieZ\Zo Zexfege]
gbkee\ kbkl ZfAl- 6 L |1Z-SBQu [254]. <eZkg_ Ij_ly kljmdImjg.
fe N g”jblgh]lh ijhklhjm y\ey} kh[h&lgMhl_dlibdm $0O

Dhfie_dkgZ e<]ZImjZ "h kdeZ”m ydh€ \oh”ylv dh
Zexfeg}f _\l dlbggm j Zdpex jhagbgy}lvky \ Zexfege
"b\eyqbkv gZ gZy\geklvedZkdpirkhdhl fi_jZImjgbo 1
G_a™Zlgeklv kdeZ”*h\bo e<*]ZImjb ml\hjx\Zlb kdezZ”ghj
ZexfegePb\Z eb\hx i_j \Z]hx Jhamfeggy pvh]h \e~Adjb'
I _j_"[Zg_ggy osfegqgbo kdeZ”e\ gZc[eevr _n_dlb\féy dh
e Im\Zggy * fh*bnedm\Zggy Zexfegex

MaZ]Zevgxxgb h”_j Zge j_ameviZlb 4£9lgjZ _kAZeDl
mlI\hj_ge dhfihg_glZfb yde jZ*r_ @alXkepxiegld§Fmdibdm g
I _jbl_dlbgqge nZab a”Zlge e _]Jr_ e« [eevr ih\ghx fejh
jhaiez\Zo Zexfege}\bo kieZ\e\ G_]ZIb\g- Zki_dl
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fhrbnedm\Zggy ijhy\eyxlvky Ih”e dheb fZ} fekp_ n
gl jf _1Zeergbo nZa yde fh miv \ ijhp_ke ValZAhfixAZ€ba
[eevr klZ[eevge |IZ \bkhdhl_fi_jZImjge kihleheabbgoZij®
\eAlm\Z}Ivky \ IThfm \biZ*dm dheb q_j_a \_ebde jhaf
jhagbg _ggy Ijb\Z} gZkleevdb ~h\]h sh \klb]Zxlv ijh
ijhp_kb yde kijbyxlv gZkbqg_ggx ih\_joge I\ _j*h€ nZab
>ey e f gle\ yde g kobevge “h miI\hj _ggy kbreZpab"e
NZgbcec n_dl [m~A_ fZehefh\ejgbf

<bkgh\db ~h Bha”eem

1. GZ hkgh\e _e-dljhgghth€ eb\Zjgh€ |_ogheh]«€
gh\bc mgedZevgbc kihke[ \bjh[gbpl\Z Zexfege}\bo e
feklblbk\h}fm kdezZ”e ~h fZk Im]hiez\dbo 1Z \bkhdhj

2. ?dki_jbf_glZevgh ~h\_~ _gh sh "~bki_jkgeklv
gZklbghdee«]Zldg_e_dljhggtf _g \h€ \biezZ\db \ « J
i_j \bsm} ihdZagbdb ijhfbkeh\bo ZgZeh]e\ I1Z gZ[eb Z
yde fh eb\h h” _j ZIb ijb ~bkjhajmXXmgbZ h”_j Zglge a
r\brdh azZdjbklZesah\Zghpb \pehfdhg \fekl *jm]h]h _e f
eblbo e¢]ZImjZo [m~_\ jZab \bsbf ge¢ m “bki_jlh\Zghb

3. <klzgh\le_gh sh azZ ~hihfh]lhx jhajh[ejhgh§ \b€d
| ogheh]e€ h”™ j°Zggy ee<]ZImj \' jy”~e Kkbkl_f fh e
g_je\gh\Z g+ klzgb fh” bagldmixdbBbes"gbo nZa yde [mMm~
kil _oehf |j20HOZ[h gZ[eb  _gm ~h g_€ Ijb fh” bnedm)\
jhaiezZ\e\ 1Zde gl _jf_|Zee”b jhaizZ”ZxlIvky ih”*je[gxxql
nZab yde aZ kl_oeshf_lje}x gz e, ALxO0WHkylhsh LZdbc _n
thablb\gh \ieb\Z} gZ _n_dlb\geklv fh~bnedm\Zggy |
~g_jlhj_kmjke\ sh ijhy\ey}lvky \ af_gr_gge Ijb\Zehkle
ilekey \\_" ggy e<]ZImjb
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4. GZ ijbdez”~e dhfie_dkgh€ -18FijZAbhjbih&Dasgh
ith}*"gZggy deevdho fhbnedmxigblol dbiggHPh Ibim j_ Z«
Zexfegephi \ _ebdec deevdhkle g_ ijba\h?blv ~h ml\hj_ gc¢
gl _jf 1Zeenre\ GZIhfeklv \eA[m\Z}Ivky mlI\hj ggy ahdj_
klZ[eevgbo gl _jf 1Ze<q¥\k 9d¥]hdfb\Zeh]h jhagbg_ggy
ijhj_Z]lm\ZIb a dhfihg_glzZfb jhaieZz\m 1Z mli\hjblb [
\bkhdhl_fi_jZImjge kihemdde xd hd p efep " b

5. Dhfie_dkge e<]ZImjb a dhydrgmdiEjbxlv a Zexfec
_\l_dlbgge "eZ]jZfdbzkigfhizxqgb m k\h}fm kdeZ”e \bkhdtl
nZab jhaqgbgyxlvky IZ aZk\hxxlvky \ Zexfege}\bo jhaie
ijbdez”~e dhfie_dkgh€-E6MZ4Rejb $0O
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JHA>MUE
11><BS?GGY @:JHF1PGHKL1 IJHFBKEH<BO KBEMF
REYOHF 20 FH>BN1DM<:GGY L: FIDJHE?=M<:GC

Jha”ee ijbk\yq_gh "hkee"" _ggyZah)im@jmdyhjbkkbd
f oZgeqgbo \eZklb\hkl ¢ "Zjhfepgbo kbemfege\ ickey
fedjhe _]Jmxqgbo "h[Z\hd ¢« fh "bnedZlhje\ &R &U 9 OR
|1Z \ jeagbo dhf[egZpeyo h”"bg a h”rgbf < ydhkésy fh"
ijh\_~ ggy “hkee”" _gv h[jZgh jhaih\kx”" _gbc dhd_jp-
kbemfeg fZjdb $O06L &X  $ gZc[eb gbfb \elgbagygt
} kiez\b :D F 1Z :D F Ch]lh azZklhkm\zZggy \ ijhfbke
ithrbj_gbf q_j aih}*gZggy \bkhdh€ | _ogheh]eqghkle 1Z
\eZklb\hkl ¢ IRdEVZ\} ajmggbf m ijb]JhIm\Zgge m Ihf gb
kbjh\bgb azZ\~ydb rbjhdbf f_"Zf dhgp _gljZp+*€ e _]mxq

KieZAISI9Cu3 fh™_ fZlb ihfelge \e~rfegghkle YniZlam'ddm |
o0ZjZdl _jbklbdZo \ aZe_ "ghkle \er oefeqgh]h kdezZ"
fhrbnedZlhje\ Z |Zdb*rdVrRIle djbklZecaZpe+s€ gKilyldm \|
eblly P_ jhartbpxeb\eklv dpeq dlbkdhazZijhihgh\Zgh]tl
ie"oh™”m dhfie_dkgh]h fh*bnedm\Zggy ih*e[gbo dhfihab

>hkee”" ggy hkh[eb\hkl ¢ aZk\h}ggy I1Z \ieb\nm
gZ kljmdIrmjgah\e 0ZjzZdl_jbklbdb kieZ\m :0O6L &X \ eb

LjiZ*"bpecgh "ey fh”bnedm\Zggy kbemegf\glbm]
\bdhjbklh\mxiwvklglv fZeh Ze_ hklZggef gZkhf lm\Zggy”
ajhklz} Gzy\geklv IZdbo ~hjBEtMhd g &\ kéjyd dal[memrblb
_n_dlb\geklv ~bki_jkecgh]lh af8pg84@gyZz>agbablb rde"e
\ieb\ aZe84728%4

Hdj_fbc h”rghdhfihg_glgbc \ieb\ Im]hiez\dbydboe
klZg™"Zjlgbo fh2bnadXglzjeky \ [Z]ZIvho jh[hlZo | _ame
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gZ\h”"bebkv jZger_ >hkee”  _ggy dhfiée\ld&kghdh [4eeb\
fhrbnedZlhje\ ijZzdlbggh g_ ijB\h~*bebkv >

| _jrbf djhdhf "ey \bahZX[agyhkl_c i**\bs_ggy Zjhf
kieZ\m $06L &X [meh \klZgh\ehd@y¥Zgmgyd&iR \«&U 9 I.
deevdhkle a fZzk ijb hrghdhfihg ng\gogm A dnecre
0,3« fZzk azZ]lZevghlh \feklm fh*rbnedlhldhhfihighglghfn
;meh \bkmgmlh ijbims _ggy sh ijb djbkpZecaeZdggIU
\bdhgm\ZlibdmlebazZjh*dhml\hjxxgm jhev Ze_ ¢ afh ml
kdeZ"m dhfie_dkgbo <gl _jf |Zee™e\ yed@dhlhebhdIb" g4
djbklZeh]jZneqge ¢ | _jfhr"bgzZfeqgejbpgyagb_ jJEKbdBEZzab [
dhfizdlgbfb fhjnheh]eggh kijbyleblbfbrqgklZgdvevgbfb
> yde a h[jZgbo fhrbl@dhZlhgeZIige \oh/kd&Z~m I\_j~h]
jhagbgm gZ hkgh\e Zexfegex |Zdbf qbiglZf\ gt p qx
I\_j~hjhaqbggbf f_oZgeafhf 1Zd « akzg@llhglhdjfdday ]
| jfeqgh€ h[jh[db H[jZge fh*bnedZIlkgjbfbg « PHyhhbpb| ¢
\eAfegm \eN kdZg”hex eljex _j[ex oclgjilee [Z ~ ydb

<ZgZ”™ec |Z fhee[*_ g jhaley”Zeb a”_[eevrh]h yd
e _f glb g_j_a €0 a Zexfege}f i_jbl_dlbggbc Ibi "eZ]
Ahimklbtahgp _gljZpey pbo "h[Z\hd h[mfh\le _gZ fh eb\
kdeZ”~ghjhaqglbhpgdd*8291@ sh } g [Z Zgbf <ZgZ”"ec
\eN fhee[ gm fZ} agZqgm jhagbggeklv \ Zexfege€ a
fhee[* g fh _ gbgblb fh*bnedmxqgbc \ieb\ gZ ®Z]esah\f

Ojhf 1Z dh[Zev] \bkImiZeb [eevrhx fejhx \ ydhkle
_\l_dlbggbo m IhfaZzerlakétekgbao 1Z \bdhjbklh\m\Zebl
mli\hj_ggy |_jfeqgh klZ[eevgbo \dexg_gv yde fh mlv \
I\_j~h]lh jhagbgm lzd e« "~h kdezZz”m _\l_dlbdb
aZjhrdhml\hjxxqgh€ 7~«€ ojhfm 1Z ch]h \bkhdm jhag
~0,71%fZk "himkdZezZkv efh\ejgeklv ml\hj_ggy \ fZ
klZ[eevgbo "bki_pkRHEryd&Qbgylv ihablb\gbc \ieb\ gZ
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<ke dki_jbf _glZevge ajZadb o0ZjZdl _jbam\Zebky *
fZ]gex IZ pbgdm « fZk yde gy iZ\VAgh}\vé&lg\Z x|
gZ Zjhfepgeklv Zexfeged\bofekile dV\eegZaohgZoh”b\ky
f "Zo 1d% fZk a* kie\\e*ghr_ggyf )H 0Qa sh
klzg”~Zjlgbf ijhfbkeh\bf dhgp_gljZpeyf Deevdeklv fZj]
|Zdbf gbghf sh[ aZ[_ai_gblb h~rghgZkgh e _]Jm\Zggy
mI\hj _ggy \ kljmdIimje mflee,Mb§Sn &S kANs)HE6L [Z ~ey

al_j_ _ggy gbEWOdh]h
Hkdeevdb ojhf ¢ dh[Zev] fh mlv aZfegblb kh[hXx qz
kdeZfh<Zahls(Fe,Mn}Si, £+ p_ fh _ ijba\_klb ~h af[eevr_gg)

hklZzggvh]h \ I\_j~hfm jhaqgbge Yd \gk&ke="\tbcs fopymik\e |
|1Z “Zjhfepghkle kieZ\m aZ jZomghd lydIRAdj¢hjhRkighgegdc
f oZgeafm afepg g®Wy 2@ Ijb pvhifm hdj_f_  h~rghdhf
"hnrz\Zggy ojhfm aZal\bqzZc h[f_"m}livkykdgjnjdbmml\kije £\
Jim[bo gl _jf_ 12Ms(Fe\Cr)Si, a fhjnheh]e}x dblZckvdh]h rjb
g_agZggh€ de-ahetsiK293, 294].

< jh[hl«85% \e*agZqZ}Ivky sh kie\\eAghr_ggm}H ¢
nhjfm\Zggy Jheh\gbf)ilbgBEab kdeg&eébn$He:s Ze h~rghqgZk
ihdZazgth "h~"Z\Zggy "h kieZ%bhk ) f2k &U IZ fzk O
\feklhf aZeeaZ gZ je\ge ~h fZk _&opbyepgirkNb kieZ\i
lhfm qgbkeaZzjZomghd nhjfm\Zggy jVogpdleml jf [Zee/eo\
asjdhih”~e[gh€ nhjfb

GZ hkgh\e pbo "Zgbo [megZRblhersfHny\ZIb dplefmd \klv
"hkeer"gbo ajZzadzZo I|hfm ch]h \fekk\pmeh h[jZghfZkZ |
aZe "ghkle \er deevdhkle egrbo fhZbdhdpa| hy kg pfeimkjra d h
ih]ejrm} eb\Zjge \eZklb\hkle kbemfrdm\} \lgZaelwggyh i_j\be
dj _fgex8% 295]. Ih”~e[ge n_dlb fh ' mlv fZlb fekp_ "aggmfl
A"hrzZldh\bo fh2bnedBlhaf\j "~ gge g _\bkhdh]h \feklm
"hkee”r” ggyoirdZ&@Zgh sh dhfie_dkg_ fh*bnedm\Zggy
feklylv ojhf dh[Zevl]l \ZgZ~ec |Z flddf[*gGp\eyoafbo kml
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afegx\ZIb kljmdimhaphe oZjzZdl_jbklbdb kiez\s\ GZ ijb
D F ihdZaZgh sh \ZgZ”ec |1Z fhee*[MKbeg xhliv*bdp™e b\
jhev ojhfm \ mlI\hj_gge ]jm[bo |Z dghbgm&ZaaZek¥kekH _
AhANZNZggy dh[Zevim \ g \ _ebdec degddhdbiegen e |Z ]
kmll}\hfm ih”~je[g_ggx "~h ~ _kylb jZpl HZeAakhrttkgbo -
Dh[Zevl g_ } al\bggbf e_]Jmxqgbf _e f glhf Z[h fh~l
Zexfege}\bo kiezZ\e\ aZ]Zehf gahdjy fikbewrip g} 1Zdbc
~n_dl g_cljZesaZp+*€ aZeecaZ yd fZj]JZg_pv |Z ojhf Iz
nhjfm\Zggy nZJZdHb GZc[eevr _n_dlb\gh \eg "¢} ijb Kkie
JH &ha mI\hjxxgb nREa®G)SEO IZ ijh\hdmxgb \b"ee
i _j\bggh]lh dj_fgex ih”e[gh ~h \bizZz"de\ a "h2&\2953.yf o
< jhee hdj_fh]lh fhrbnedZlhjZ dh[Zevl \Z"dh gZa\Zlb _n
aljJZ"m\Zehkv jZlgklr g\ ebdZ deevdeklv a*ZlgZ i*"kbe>
jhev egrbo dhfihg _gle\ kieZ\m |Z fh*bnedZlhje\glGZhjbc
ged ex Z lIZdh  jZahf a gbf a4l ddbggjm\kzdeX0h\m
i_j_I\hjxxcg§Z nZab |RICu,CHPIZ HOu,CoNix \ ydbo gqZklb
fenre aZfesm}lvky aZagZq gbfb<d#£aZgglzhiZzab } [
kijbyleb\b¥by ie"\bs ggy Zjhfepghkle kbemfege\
<ZgZ"sc 1Z fhee[®_g \ ydhkle fh~*bnedZlhje\ o
i _j_\Zgh azZjhrdhml\hjxxghx [Z a_jghih”je[gxxghXx ni
fh mlv \oh”blb ~h kdeZ”m [Z]ZIlvho kljmdImjgbo kdeZ
aZeeah\fekgbo nzZa 1Ijb ih?je[g_ge* kljmdImjb kieZ\m il
|Z fhee[» _gm aZ[_ai_gm}lvky [sevr je\ghfejgbc jhaih”ee
h[T}fb \ kljmdIimje aZ jZomghd pvh]h KklZxlv [eevr
j_ZeeaZpe€ ijbgpbie\ fhA*bnedm\Zggy i_jrh]lh jh”"m \d:
\eA[m\Z}Ivky ijbkdhj_ggy r\b~rdhkl aijdXe\eywd gpzel€e « ™ h «
gZkldh\_ijb]lgeq_ggy “"bnmaescgbo ijhp_ke\ sh fh _ \bj
kimi_gx e_]h\Zghkle I\_j~h]h jhagbgm gZ hkgh\e Zexfe
Al*"gh8296@ "h~"Z\Zggy Im]lhieZ\dbo _e_ f_gle\ *h
ie"\bs_ggx |_fi_jZImj mI\hj_ggy nZa i_j\bggh]h ihoh”"
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gZ QWK GZc[eevr_ pvhfm Kkijbyxlv ojhf |IZ fhee[*_¢
\ZgZ”™ec Ijb pvhfm kZf_\ZgZ”ec h*ghqgZkgh } fh*bne
nZa |IZ n_dlb\gbf afepgx\Zg_f I\ _j2~h]h jhaqbgm <e/j
lZdh™ fzZ} fh eb\eklv kijbylb "bki_jkecghfm afepg_ggx Z
aZ jZomghd \b”ee ggy a I\ _j*h]mk9hdlgbgntchiBabf«&0O vy
ojhfm fh _ [mlb \bsbf ge¢ a_ jghih?jedgxxqbo "h[Z\h

<Zjlh \e*agZqgblb sh \ke jhalJeygmle fh*bnedZlhjb i
| fi_jZImjm j _djbklZeecaZp+€ Zexfege}\bo kieZ\e\ sh jh
m ie"\bs _ggy €0 Zjhfepghkle >hky]g _ggy IZdh]h _n_c
h[jZge fhrbnedZlhjBoa™*Blge"h \keo hkgh\gbenKgimdlan |
kdeZ"h\bo "hke*” " m\Zgh]h Ibim kieZ\s\ afegxxqb €0 \
\eN §ZjZf _lje\ djbklZeegqgh€ % jZldb 1Z fhjnheh]-§h%h a
Zdlb\ghkle ydZ \bagzZqzZ} | _jfeggm klZ[eevgekly \e~
nZah\bo kdezZ”h\bo

>ey rbjhdh]h jhamfeggy hdj _fh]lh IZ kbg _j] _Ibggh]tf
hibkZgbo _e f gle\ [meh h” _j Zgh k_jex _dki_jbf _glZe
jeraghx dhf[egZpe}x [|Z Kkie\\eArghr_ggyf fh”bnedmxqgbc
oefeqgbc kdez” dZN e lgpre ljb IENpA]ZIhdhfihg glgkl
fhrbnedm\Zgge deevdeklv "h[Z\hd g_i_j \bsm} dhgp_g

K_j_~ ~"hkeergbo ajZades\ [meh h™_j Zgh [Zah\bc k
g_ \oh”beb fh”"bnedZlhjb Ah[jZ  _g_ gZ jbkmgdm
kKlmdIimjb ae kljmdddhftkZfh]h &kied\mZImjgbo ~° _j e ih
sh h[jZge | _ogheh]eqge iZjZf _Ijb ieZ\e_gqgy |Z eblly
ijh\_~ ggy "hkee”" gv P_ \bieb\Z} a fhjnheh]eqgh€ |
kljmdImpghah\bo i ZjZf _lje\ kyelb\an [meh h[jZgh
_dki_jbf_glZevgbo "hke*”" gv



Oefeqgbc kdezZ”™ dki_jbf _glZevgbo ajZade\ kieZ\m
\feklhf fh*bnedmxqgbo "h[Z\hd &R &U 9 1Z 0
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LZ[ebpy

KieZ <fekl e _]mxgbo _e f gle\hkgZ\KZ $C
Si Cu Fe | Mn fhobn-dzlh
Co Cr V Mo

1 10,2 3,6 0,7 0,41 + + + +

2 10,7 3,6 0,7 0,45 | 0,21 + + +

3 8,4 3,32 1,1 0,52 + 0,25 + +

4 10,1 | 2,94 0,9 0,43 + + 0,18 +

5 8,7 3,71 0,7 0,39 + + + 0,19

6 10,6 | 2,72 1,1 0,43 | 0,22 | 0,15 + +

7 8,6 2,84 0,8 0,3 0,11 + 0,13 +

8 8,4 3,4 0,9 0,4 0,15 + + 0,14

9 8,8 2,6 0,7 0,32 + 0,18 0,2 +

10 10,6 | 2,64 1,1 0,42 + 0,16 + 0,11

11 8,2 3,25 0,9 0,4 + + 0,15 | 0,14

12 10,3 3,7 0,9 0,4 0,2 0,15 0,2 +

13 8,2 3,28 1,1 0,35 0,2 0,11 + 0,1

14 9,6 3,6 0,8 0,34 0,2 + 0,12 0,1

15 9,4 2,53 1,1 0,41 + 0,1 0,1 0,1

16 8,6 3,1 1,1 0,3 0,05 | 0,08 | 0,07 | 0,09

AZ k|Zg~NENACE Z[h (1 kiez\ $06L &X

Si 8«11; Cu 2« YH” 0Q” 1L” &U” 7L7
Mg 0,05« 6Q ” fZk lekey eblly ie” Ibkdhf ct
\eZklb\hkle agZoh”ylUkyWN\"f “EbZ ¢#140F1Z /” G<
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>7Zge hilbqgh€ f_IZeh]jZne€ |jbk . Ahalh
hpegblb kimiegv \ieb\m h[jZgbo fh*bnedZlhje\edgd Jddhi]_
kljmdImjb kieZ\m 1Ilhsh « [m”mliyb\jiZhojfitme XA dogkgre hkl1Z1h
\bkgh\de\

Yd \brgh a gZ\_~ gbo ah[jZz _gv dh[Zevl]l fZc
a_jghih™je[gkoegdAm 1Zd kzZfh yd « ojhf H[b”A\Z pe dhf
A\l _dlbggbc Ibi *eZ]jZfb klZgm a Zexfege}f ¢ [eevrhx f
afegb \l dlbggbo kdezZ”"h\bo kieZ\m <ZgZ”"ec |Z fhe-
fedjhkljmdImjb ijhy\eyxlv kmll}\bc a_jghih”?je[gxXxqgbc
AhnrzZ\NZ@adeje]Z} yRghfejgeklv kljmdimjb ?n_dlb\geklv
ijb[ebaghedeevrhx gZ sh \dZam} [sevr_ih”je[g_ggy a

KmfekgZ 7ey dh[Zevim a ojhfhf ijba\h”~blv ~h it
djmigbo ~ _g”jble\ I\ _j~h]h jhaqbgm gZ hkgh\e Zéaxfeg
a_jghih?~je[g _ggy <ZgZ”ec IZ dh[Zevl] ijb h*ghgZkghfn
ith™je[g_gm |IZ hrghjergm HKIgmld |hamh & [*hDijhy\leyxlv
k [1Zd kZfh Ze_ ih”"je[g_ggy } gZ[alA Iy &klb envgerfhiee["
Fh*bnedm\Zggy ojhfhf « \ZgzZ”e}f hqedm\Zgh g_ ijb
a_jghih”je[gq gjgse0 jhagbg_ggy \ I\_j*hifmZjgaqblg?Z\Zgg
ojhfme fhee[» gm Z \NZgB*ex <+ fhee[» gm Kijby} i/
g_h”ghjerghkle jhafeje\ A~ g~jble\ ijb h*ghgZkghfm €0 i

Ihljecg_~ fh”bnedm\Zggy dh[ZevIhf ojhfhf 1Z
fhee[* ghf aZ[_ai_gm} nhjfm\Zggy [cevr ~je[gh€ |Z je)
ge "h~"zZ\Zggy \ZgZ”™ex 1Z fhee[® _gm h”ghgZkgh R_ojhf
fh™_ [mlb j_amevlZlhf azZgZ”lh kbevgh€ aZjh”dhm
\bjz Z}Ivky m afeevr_gge qZkm ”"ey ajhklZggy "~_g"]j
jhaiezZ\e jZger_1Z \klb]eb ajhklb \ ijhp_ke hoheh”"  gg

Qhlbjviddnfihg _glg_ fh”bnedm\Zggy kijby} mi\hj _gg
Nje[gha_jgbklh€ kijmdImjb ydZ \blJey~Z} gihdpeewmrk «ajl
jhaleygmlibo
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>7Zgee_dljhdghjhkdhieqgbo “"hkee”" _gv _dkiajbddg\lZ
gZ\_~ gh gZ jbkmgdZo + Oefeqgbc kdeZ” ihag
kljmdImpgdah\bo ahg ijb\_* gh \ IZ[ebpyo + C
gZe_ "blv ]Jjmie ajyZwudibb azZklhkh\Zghejdiegkthv o dhf[eg:
fhrbnedmxgbo _e f gle\ <hgb hdj_fhr§diiih g xdgVvg _
Ahdhfihg _glg_1Z [Z]Zlhdhfihg _glg_ fh”"bnedm\Zggy

AZijhihgh\Zgbc kihke[ ZgZeeam ~Z} gZc[eevr ih\gr
nhjfb 1Z jhalZrmRoggympgdah\bo kdeXahXi@ah”™ j Zgbo
kieZ\eX*hihfZ]Epe-gbjibaih~"ee e f gle\ \dexqgZxgb fh” b
mkeo \bAbfbo kljmdIimjgbo ahgedhadZelwgdZig ogfygghZh kc
EDX-jhaih”eem _e f _gle\ ~halhey} ~hkee<”blb klmieg\
fhrbnedZlhje\ gZ afeem]h¥Xghkle I\ _jAh]h jhagbgm
Zexfegex \by\blb fh*bnedm\Zggy \l dlbggbo kdeZ”h\lI
nZa \dexqgZxgb aZeeah\fekge nZab |Z kihemdb a fe""x
kdeZ"m gbhgh[eb\h \Z eb\bc \ieb\ gZ "Zjhfepge \eZklb\
<oh”” ggy dh[ZevimgedZeX[Mh kdeZ"m X&KXemUbgr¥(Q £€
kobevgeklv *h dhZ]meype€ ijb \bkhdbo | _fi_jZImjZo
\bkhdhl_fi_jZImjgm klZ[eevgeklv LZd kZfh aZfegZ
aZeeah\fekgbo nZazZo ]Jeihl _Ibggh "ha\hey} a[eevrblb cl
jhagbge sh Kijby}ggWfmi\ZiZImjgh klIE&fidnegndddQ ydZ
|Zdh" ihablb\gh \ieb\Z} gZ "Zjhfepgeklv Zexfege}\bo K
"hkee m\Zgbddkhalf\ fZ

GZ i_jrhfm _1Zie "hkees”" gv klZ\beb azZz f_Im agZz
~n_dlb\ghZheZghmghdhfihg _glgh]h fh*"bnedm\Zggy kieZ
Ijb "h"Z\Zgge &R &U 9 |Z OR <e~ih\ergeekifingdgr¢b
jhaih”~ee gZ\_ "~ gh gZ jbk + Oefeggbc BHBIHGU 4 Db
kljmdImjgbo kdeZ”~h\bo ij_~klZ\e _gh \ 1Z][e
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LZ[ebpy
Oefeqgbc kdeZ™ nZa “"hke*”" m\Zgbo eblbo ajZad:
hrgbf dhfihg _glhf

iz thro.f.ngc kdez” - hXklgh\&O
Si Cu |Fe Mn [(Co |Cr Vv Mo
1 2,03| 2,5 + | 0,04 + + + +
1 2 7,11 | 4,37 |17,62| 9,74 + + + +
3 3,26 | 33,6 | 0,41 | 0,04 + + + +
1 1,87 | 1,96 | 0,07 | 0,13 + + + +
2 2 8,1 | 53 [14,47| 9,05 | 2,91 + + +
3 3,29 | 42,2 | 0,28 + | 0,17 + + +
1 1,32 | 0,96 + | 0,26 + | 0,18 + +
3 2 83 | 1,2 | 20,0 | 8,56 + | 4,26 + +
3 2,51 | 48,2 04 + + | 0,02 + +
1 21| 19 | 0,17 | 0,21 + + | 0,42 +
4 2 11,06 2,1 | 13,8 | 7,29 + + | 3,92 +
3 92 | 27,2 | 0,17 + + + + +
1 1,1 | 1,15] 0,05 | 0,21 + + + | 0,27
5 2 6,37 | 3,37 20,43/ 11,98 + + + | 2,77
3 4,08 | 30,02| 0,36 + + + + | 0,04

gZeeamxgb h”_j"Zge ~"Zge ickey h~ghdhfihg _glgh
fh gz ajh[blb gZklmige \bkgh\db

ljb ~h”~Z\Zgge dh(@gvimkieZ\e nhjfm}ivky je\gh’
Nje[gha_ jgbklZ kljmdImjZ IZ kihkl _je]Z}Ivky af_gr_ggy
a \boe~rgbf ajZadhf <ke _\l _dlbgge kdeZ”h\e } je\gh
?\| _dlbggbc dj _fgec IZ aZesah\fekge nNnZab bBZxltdfhafejt
\dexqg_ggy gZ hkghCu liZzZZablB&o kdmioplgky]ZIlb fdf
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EhdZevgbc oefeqgbc ZgZeea nZa ajZadm ihdZa.
I\ _j~h]h jhagbgm gZ j-\4ys fgkba®@adheqgbc kdeZ” aZe-a
dhfihg_gle\ _\l_dlbdb \e?ih\e2sZ}HKih@sBrp +"$OFh2bg Z[h
N deevdZ fhrbnedZlhje\ <Zjlh \eragZqblb sh dh[ZevI \
nZab ¢ hqg_\b"gh kijby} afege €€ fhjnheh]e€ |Z d¢g'bki_
\dexg_ggy gZ hkghY¥&X2Zbh$Ofeklylv dh[Zev]l Ze \
deevdhkle sh g_gbgblv ihfelgh]h \ieb\m gZ nhjifilml[Z j
ith\bggh ihablb\gh \ieb\ZIlb gZ €€ | _jfeqgm klZ[eevgekl\
<\_~ _ggy \ kiez\(@)hifjma\_eh ~h ihfelgh]h ie"\Db¢
kljmdImjgh€ g_h”ghjerghkle 1Z h*ghqZkgh]h aflhdm ggy
sh dj_fge}\Z |Z fergh\fekgZ _\l_dlbgge kdeZ”h\e i_j \.
f gr_- fdf aZeeah\fekge nZab kd_e_ I|hih?e[gh€ fh
mI\hjx\ZIb kdmig_ggy jhafejzZfb \e~ Nh fdf Ze_
Kihkl_je]ZxIvky 1Zdh ™ ~bkij_]lh\Zge gZklbgdb ~Zgh]h |
kdezZ”e \bagZqg_gh \bkhdbc \fekl ojhfm |Z aZeesazZ |I&
\eNih\e~rZxlv KiAlghepis A h~ghlh pPhd@\Zggy ojhfm fz}
ihablb\gbc \ieb\ gZ i*"\bs _ggy Zjhfepghkle g _j a "m _
"bnmae€ f glih fh eb\eklv ml\hj ggy g _jhagbggbo -<g
\dexqg_ag¥ ch]h mqgZkle Ze ,a <«§blgph [md\hj ge egl, jf _I.
yde feklylv, bplbfevge “h gl _gkb\gh]h ajhklZggy ild"foqZz k
\Zeb\h agZclb mfh\b aZ ydbo p_ ajhklZggy fh™_ [mlb
>h kdeZ”m I\ _j*h]h jhagbgm ajZadm \oh”blv ~_ st
feNhe 1Z dj_fgex 1Z ieM\Dbs_ _gZjdZgp&okhfhf a fZk
LZdbc kdez” fZ} kijbylb ie"\bs _ggx " Zjhfepghkle azZ j.
afepgxxqgbo I\ _jrbcAhkiglhkgbo klZ[sevgbo ;@&dK IZNBO $O
Fhrbnedm\Zggy a ~"h~zZ\Zg@Nyfa¥dgdregm} nhjfm\Z
dhgljZzklgh€ kljmdImjb a geldh jha”ee_ gbfb ahjhafdbgng
gZ hkgh\e Zexfegex 1Z _\l_dlbqgbfb h[eZklyfb sh \
aZjhrdhml\hjxxgm 7"ex fh”bnedZlhjzZz Ijb pvhfm \Zjl
\l_dlbdZ } je\ghfejgh jhaih?ee ghx |Z ~je[gh”bki_jkgh
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ElRZevgbc oefeqgbc ZgZeea nZa ihdZazZ\ sh \Zgz"
iIjbkmlgef \ Zexfege}\ec fZIljbpe L\ _j~bc jhaqgbg fZ} ~hk
e_|m\Zggy [ebavdh. 1Z ffklblv kmll}\m deevdeklv fZ]
\ZgZ"%Xx | Z fZk \e~rih\e~rgh |h”e[gh ~h ihi_j _~gvh
|Zdbc kdez”™ a™ZIl_g aZ[_ai_qgblb ~bki_jkg_ afepg_gc
“Zjhfepgeklv kieZz\m GZ jy m a "je[gh”bki_jkgeklx _\I
ajZadm fh gZ ijhljgham\Zlb \bkhdm _n_dlb\geklv \ZgZ
"Zjhfepgbo kbemfege\ ey ie"\bs ggy f 0Zgeqgbo \eZKkl

>h~rzZ\Zggy ~h kiezZz\m ({Me-["hd@dhaZeh i<"\bs g
g_h~ghjerghkle fedjhkljmdImjb sh \bjZ Z}Ivky \ gmje\g
|Z jhafeje\ \|I dlbggbo “eeyghd < kljmdIimje \ g \ ek
fedjhihjb jhafejhf « fdf AZeeah\fekge nZab gZc
I _j\bggh]h ihoh”" _ggy ij_"klZ\e_ge ]Jheh\gbf gbghf qZ
jhafejb « fdf

EhdZevgbc oefeqgbc ZgZe+sa ihdZam} sh fhee[” g
|Zdh™ } ijbkmlgef \ Zexfege}\ec fZljbpe 1Z 1jZ} jhev aZz
e _f glz E _Jh\Zgeklv I\_jAh]h jhagbgm ijb pvhfm kd
GZc[eevr kbevgh jhev fhee[*» gm ihfelgO mHnA {Jnb\LZ g
AZa\bqZc \hgz fzZ} 36kKZlb YH 1Z « fZk 0Q < h~™_j°
ajZadm fhee[* g aZ[_ai_qb\ “hkblv \bkhabBa-\feblaad
20% fZk ijb Ihfm sh \fekl fZj]Zgpx \eMih\erZ\ fZc _
dhgp _gljZp-€Zk P_\dZam} gZH nZ&hzZ .”ey ~Zgh]h
djbklZeeam\ZeZkv ydZieFZ\lngkzZ ey ajhklZggy ijb djbklZ
gZ[mb@g2dg”jblgh€ nhjfb GbavdzZ e _]h\Zgeklv I\ _j~h]
gZ g9g_agZgqgm _n_dlb\geklv azZklhkm\Zggy fhee["_
“Zjhfepghkle h[jZgh]lh kieZ\m 1Z koh bo gaZgyhdpm githc
\ieb\m gZ I\ jpexndg

J amevlzZlb _e-fdHjjhdkgthieqgbo “"hkee”" gv ajZade
fhrbnedh\Zge "\hfZ dhfihg_glzZfb gZ\_~ gh gZ jbk +
ithagZqg_gbo kljmdImjgbo kdeZ”~h\bo \dZaZgh \ 1Z[e
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[
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LZ[ebpy
Oefeqgbc kdeZ™ nZa “"hke*”" m\Zgbo eblbo ajZad:
"\hfz dhfihg _glZfb

iz th(o-hngc kdez” - hXklgh\&O
Si Cu |Fe Mn [(Co |Cr Vv Mo
1 2,21| 1,14 | 0,05| 0,2 | 0,04 | 0,06 + +
6 2 10,8 | 1,84 | 17,4| 6,39 | 0,73 | 2,24 + +
3 6,51 | 32,46/ 0,35 | 0,05 | 6,51 | 0,04 + +
1 2,18 | 1,21 | 0,04 | 0,06 | 0,03 + + +
7 2 9,6 | 1,23 (14,55 4,13 | 2,44 + | 0,1 +
3 591 |36,77| 0,17 | 0,17 | 0,41 + | 0,06 +
1 1,81 | 1,58 | 0,05| 0,05| 0,03 + + +
8 2 8,43 | 4,35|17,72| 9,14 | 2,38 + + | 2,38
3 7,47 | 32,81 0,25 | 0,02 | 0,33 + + +
1 1,53 1,81 0,03| 0,13 + | 0,04 0,11 +
9 2 9,1 | 0,38 |15,64| 8,41 + | 3,03| 2,81 +
3 1 |49,46| 0,72 + + | 0,02| 0,05 +
1 [1,32 |1,69 |0,07 | 0,04 + + + (0,01
10 2 |7,61 (1,02 20,8 [9,22 + | 3,34 + [1,79
3 |252 |45,88/1,14 |0,12 + 10,02 + +
1 2 |1,63 |0,05 0,14 + + 10,23 |0,2
11 2 12,1 11,28 |15,33|4,7 + + |0,06 |0,04
3 6,12 | 34,21/ 0,23 |0,1 + + 10,04 |0,02
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HAghqZkg_ ~"hC@&&dgpoya\ _eh “h nhjfm\Zggy “h\hee h
kljmdImjb 1Z je\ghfejgh jhaih”ee_gbo ~eeyghd _\l_dlb
kdmig_ggyfb ~bki_jkgbo g&Klbgh\d_ _dddggh]h dj_fge
aZesah\fekgbo gl _jf 1Zee”e\ HklZgge IZdh  amkljeqZx
efh\ejgh i_j\bggbo qgZklbghd « kdmig_gv jhafejZfb ~h
A"m _ ijbcgylgbf

A ('-ZgZeeam \b”gh sh ojhf [Z dh[Zev] \oh")
Alis )H 0QsS-nZab ijb ghfm \o[mévitec feje Klimiegv e_]h
I\ j2~h]h jhagbgm gZ hkgh\e Zexfegex agZoh”blvk¥kgZ
<Z eb\bf } I_ sh \fekl fZj]Zgpx \ I\_j*hfm jhagbge \
kdez"Z} fZk Z kmfzZglden \fZkidh[ZevImfZk sh
thablb\gh \ieb\ZIbf_gZ afepg_ggy kieZ\m

HAghqZkg ~h~"Z\ZggyYor¥ KijdZeh mli\hj _ggx h”~ghj
Nje[gh”bki_jkgh€ kljmdImjb a je\ghfejgh jhaih”ee _
AZeeah\fekge NnZab [mebdhfiZidlH\efbgtdexg ggyfb kijby
fhjnheh]s€ vyde fZxlv jhafejb ~h fdf LZde kijmHImjc
Am _ Kkijbyleb\bfb “ey nhjfm\Zggy \bkhdh]h je\gy f_0Z¢
fhrbnedh\Zgh]h kieZ\m Ijb pvhfm \Zjlh \e*agZqgblb
kdez"hf kieZ\ a \feklhf aZeeaZ a fZk fZ\ ZgZeh]eqg
\ieb\m jhalJeygmlbo fh*bnedZIlhje\ gZ kljmdt@dgmof 2l &

A ('ZgZeeam \b~gh sh M$OkJdZO@ 6L \ mizabl v
]Jheh\gbf gbghf dh[Zev]l <ZgZ”ec \ k\hx gq_jlme_ _@gLt\gh
mkvhfm h[f}fe ajZadZ sh fh ' \dZam\ZIlb gZ ch]lh aZzZj
jhev I\ _j~hjhaqgbggikih jkgh]h afepgx\ZqZ

EhdZevgbc oefeqgbc ZgZeea kljmdImjgbo kdeZ”h\k
I\ _jAh]h jhagbgm gb q_ fZk 1Z \e"kmlgeklv fZj]Zgy
pvhim ehdZevgbc oefeqgbc ZgZeea 1Zdh" ihdZazZ\ gZy
jhagbgm dh[Zevim 1Z fZc _ ih\gm \e*kmlgeklv \Zg
_\l_dlbdb ydzZ f&MoNol$|lv dh[Zev] ¢« \ZgZ”rec sh «fh
gZ afegm €€ fhjnheh]+s€ ae a\bgZcgh€ djZi_evgh€ gZ f
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KmdmigZ Cé#Mo \by\beZkv [eevr agZqbfhx \ ihje)
"hrzZNZggyf dh[Zevim o \ZgZ”ex KljmdIimjZ ajZadm \
gZ fhee[» g o0ZjZdl_jbam}lvky je\ghfejghx ~je[gha jg
]eedb ~_g”jble\ Zexfege}\h€ fZIjbpe } f_grbfb ge \ ihi_
Z €0 lh\sbgZ kdez”~zZ} \ k_j_"gvhfm fdf ?\l _dlbqge k
oZjZdl_j [m~h\b 1Z jhaih”eem ihje\gygh a ihi_j_~gef
g_agZqgm fedjhihjbkleklv

EDX-ZgZee+a ihdZazZ\ sh fhee[®» _g } je\ghfejgh jhaih’
h[f}fe kieZ\m sh ijhy\ley} ch]h fh*bnedmxgm "ex yd ¢
dhfihg_glzZ Ijb pvhfm ehdZevgbc oefeqgbc ZgZeea k
ithdZzaz\ gZy\geklv m kdeZzZ”e I\ _jAh]h jhagbgm dhJ[.
fhee[* _gm sh } ZgZeh]e}x ~h ihi_j_"~gvh]h \biZ”c
fhrbnedZlhje\ \bkimiZeb dh[Zevl] « \ZgZ~ecC

E _Jh\Zgeklv I\_jrh]lh jhagbgm ajZadm kdezZ"Z} ijb][
lhfm sh \fekl fZjl]Zgpx klZgh\blv ijbhZ&kbagh kdezZ*
aZeeah\fekgbo nZa dh[Zevl] ¢« fhee[® g \Ooh”ylv \ h”gZ
\eragZqgblb sh \fekl fZj]Zgpx \ gbo } ihfelgh [eevrDbf
ajZadZo « kdez"Z} fZk >h kdeZ”m _Vbl&X [ bah” byd.
dh[Zevl vydghgblv fhrbnedmxqgbc \ieb\ ih”~e[gbc h"h |
\biZ*dm gZ”*"Zxqgb kihempe kd_e _Ihih”?e[gh€ fhjnheh]e«£€

HrghqZkg_ fh”bnedm\Zggy kieZy#V iihbagBazylylwt ~h
nhjfm\Zggy "je[gha_jgbklh€ kIjmdIimjb ?\l _dlbqggbc
\bkhdbf \feklhf fenre fZxlv kijbyleb\m nhjfm ¢ ~je[ge |
5«10 fdf AZeeah\fekgZ kdezZ”~h\Z \ kljmdImje ajZadz |
IbiZfb fhjnhehla€jghih”e[gbfb \dexq_ggyfb a jhafejZf
10« fdf 1Z \dexq_ggyfb \hehdgbklh]h Ibim az\~h\ d
aZ\rbjrdb ~hdf HklZggec Ibi aZeeah\fekgbo nZa Ki
kKljmdImje \ fZeec deevdhkle

Al**"gh {ZgZee+sam fh*bnedmxqge dhfihg_glb fZc"
jhaih”~ee _ge¢ ih \kvhfm ajZadm <ZgZ”"ec |Z ojhf \
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aZesah\fekgbo nzZa \ fZc _ h”"gZdh\ec deevdhkle Ehd
kljmdImjgbo kdeZ”h\bo ihdZam} sh kimiegv e_]h\Zgh
hkgh\e Zexfegex kdeZ”"Z} [ebavdh fZk KdezZ”™ aZe
"Zghlh ajZzadzZz } koh bf gZ ihi_j ~gec fhrbnedh\z
fhee[® ghf LZde nZaBOIbPHMOQ F 6L feklylv agZqgm
fZj]Zgpx [ebavdh fzk 1Z fhrbnedZlhje\ kmfZjgh [e
HA"ghqZkg_"h™@AMagdyijbyeh nhjfm\Zggx qeldh \bj
g _h”ghjergh€ kljmdIimjb Jhafejb kmpeevgbo aZeesah\f
_\l_dlbggbo kdezZz”~h\bo fh ' mlv ky]Zlb \ *Zghfm \bizZ~dm
AN g”™jblgm fhjnheh]ex o0ZjZdl_jgm “~ey i_j\bggbo nZa
ihfelgm ihjbkleklv
Ale*gh {ZgZee+am h[br"\Z fh”bnedZlhjb \oh”ylv
aZeeah\fekgbo nZa pe®yhfctfeje sh } hgedm\Zgbf LZdF
sh \ ~je[gbo \dexq _ggyo aZeeah\fekgbo nzZa f _gr dlI
fhee[* _gm sh hagZqgZ} ch]l]h f_grbc \fekl \ pbo gZklbgc
Kimiegv e _Jh\Zghkle I\ _j~h]h jhagbgm gZ hkgh\e
ajZadm kdezZ"Z} [ebavdh fZk FZj]Zg_pv IZ ojhf ~h ¢
ijhl_ kihkl _je]Z}Ivkybg\faglZqg fZk fhee[* gm Kih
-$0 )H 0Q F 6L feklblv fhee[* _gm a fZk <fekl ojhfn
[*evrbc IZ i _j \bsm} hje}glh\gbc \fekl "ey pe}€ nZab L
I j_\bs ggy \feklm aZe+*aZ gZ a « ?\| _dlbgges kdeZ
g_fzZeb \ k\h}fm kdez”"e th2bimkdrhXglbo e f gle\
LZdbf gqbghf h”ghgZkg_ ~h”Z\Zggy ojhfm 1Z fhee«]|
kbevgh]h e_]Im\Zggy aZeecah\fekgbo nZa ijhl_ \ jIZame
fhjnheh]ey afegxxlvky g_Kkijbyleb\bf qbghf KieZ\b yd-
\ "hke*”" ggyo ihi_j ~geo ajZade\ |Zdh  ihdZam\Zeb a:
©a[bjzZlb? [eevrm deevdeklv aZeeaZ |1Z fZj]Zgpx gZ\dhe
|Zdbc \ieb\ fhee[* gm ipbddVbiv ~h ml\hj_ggy i_j\
aZesah\fekgdpmnglo jhattfghgzZzkg_ ~h”~Z\Zggy ojhfm -
hg _\brgbf gbgghf ie*kbebeh IZdbc n_dl ©a[bjZggy? a
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KmdmigZV¥My agZcreZ k\h} \bjZ  _ggy m nhjfm\Zz
je\ghfejgh€ 1Z "je[gha _jgbklh€ kljmdIimjb a jhahedbgm
gZ hkgh\e Zexfegex gZ je\ge « fdf H[b™M\Z fh r@pmedZ
jhaih”ee gbfb \ mkvhfm h[{}fe kieZ\m KdefZZ'c" _\\e"Kimdg
dhfihg _gle\

Qm~h\bf j_amevlzZIihf } I_  sh kiImidgy®ke]h] hhaghkyg
klZgh\blv a fzk ijb IThfm sh “h ch]h kdeZ"m \oh”b
|1Z fhee[® g \ agZqgec deevdhkle AZeeah\fekge \dexq
fhrbnedmxqgbo _e f gle\ <bkhdbc \fekl dj_fgex \ ¢
[ebavdbf jhalZrm\Zggyf nZa g_j_a \bkhdm ~bki_jkgekl

lhdzZah\bf } | _ sh \ZgzZ~ec 1Z fhee[*_g “hkblv Zdl
aZeeah\fekge nZab hdj_fhjzdlggdgehfgxt qgbgylv 1Zdh]h
1fh\ejgh p_ y\bs_fh'gZ ihykgblb Ibf sh h[b*\Z _e f_
ijhp_ke djbklZeeaZpe€ kieZ\m \ i _jrm gq_j]Jm ihgqbgZxlv
ith i_jbl_dlbgghfm f_oZgeafm yde kem]mxlv p_gljZfb
ijbkdhjx} kzf ijhp_k djbklZzeesaZp+s€ 1Z kbevgh mih\
I _j_jhaih”ee e f gle\ LZdbf gbghf \ aZebrdZo j-
nhjfm}lvky \l _dlbdZ \ZgZ”"ex |Z fhee[» _gm fZc _ g_
egrbo jhagbggbo \ Zexfege€ dhfihg _gle\ } f grbfywZ jz
\'I\_j~hfm jhaqgbg-

LZde hkh[eb\hkle klIjmdImjhml\hj ggy aZ[_ai_qt
jhaih”ee _\l _dlbdb ijb Ihfm sh \hgzZ azZcfz} fZe+ h[f
Nhjfm\Zggy 1Zdh€ kljmdIimjb fh ' agZgghx fejhx Kkij
f oZgeqgbo \eZklb\hkl _c aZ a\bgZcgbo mfh\ |Z ijb ie"\

J amevlZlb _e-fdljjhdkgtieqgbo “"hkee” " gv ajZade
fhrbnedh\Zge ljvhfZ 1Z ghlbjfZz dhfihg _glZfb g4Z18" gh
Oefeqgbc kdeZ” ihagZq _gbo kljmdImjgbo kdeZ”~h\bo \d
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Jbkmghd KieZ\ $06L &X fh*"b&RIRIBjORFAjhkljmdIm;Z
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LZ[ebpy
Oefeqgbc kdeZ™ nZa “"hke*”" m\Zgbo eblbo ajZad:
ljvhfZz 1Z ghlbjfZz dhfihg _glzZfb

KieZth(O-f-ngckdeZ" hig h\gO +
Si Cu |Fe Mn [(Co |Cr Vv Mo
1 11,04 |1,87 |0,17 | 0,08 | 0,03 + | 0,19 +
12 2 18,23 (2,65 16,2 |7,86 [3,21 | 3,24 | 2,51 +
3 1|4,72 |36,18/ 0,22 | 0,12 | 0,12 | 0,04 + +
1 |1,45 (1,59 | 0,05| 0,05| 0,02 | 0,05 + | 0,04
2 113,88/3,63 |13,33| 2,5 (3,36 | 0,14 + | 0,11
3 3 6,85 (2,31 |14,22/7,37 | 3,1 | 4,1 + | 2,87
4 13,44 1293 (2,89 0,43 | 2,92 | 0,05 + | 0,04
1 11,34 (1,96 + + + + | 0,06 | 0,06
2 |547 |6 6,02 (2,87 | 1,25 + | 0,6 {0,62
4 3 |3,61 |26,233,34 |0,15 |9,27 + | 0,01 +
4 14,88 /40,96|0,1 + 10,19 + + +
1 |265 (1,1 | 0,06|0,07 + + + 10,05
15 2 7,37 | 1,27 |20,34|/9,61 + | 3,11 2 1,74
3 9,52 2,81 |10,1 | 3,44 + | 152 | 0,75]1,48
1 (1,43 [1,84 |0,05 | 0,23 + | 0,04| 0,03 0,04
2 12561/0,9 |20 |3,27 | 0,95|0,25 | 0,03 0,05
16 3 |24/47/7,29 |17,77/2,95 | 0,82 | 0,27 + +
4 123,11/ 2,54 |21,83/4,6 1,04 /0,85 | 0,16 | 0,38
5 11,01 |42,09/0,51 [0,01 + + | 0,01 +
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Ihljecg_  fh”bnedm\Zggy kieZ\mCoaQ+Vkokifilbyeh
mlI\hj _ggx g_h~ghjergh€ kljmdImjb sh ijhy\ey}lylkib]he
aZ jhafejzZfb 1Z [m~Ah\hx "eeygdZfb _\l_dlbdb KZzZfe _
"hkblv “bki_jkgbfb 1z fzZxlv kijbyleb\m fhjnheh]s
kihkl _je]Z}Ivky g_agZqggZ ihjbkleklv

EDX-PDSSLQJ jhaih*eemhd&a®Z\glsh ojhf |Z \ZgZ~"-c
\' I\ _j~hfm jhagbges |1Z aZecah\fekgbo kdeZ”~h\bo _\I_dlIl
dh[Zevl EhdZevgbc oefeqgbc ZgZeea kljmdIimjgbo kde

\fekl fZj]Zgpx a fZk 1Z \bkhdbc \fekl \ZgZ~"ex a
jhagbge ijb ch]h aZ]Zevghfm kimi_gx e_]hi\Zkhghkbkhelba
kmfzZjgbc \fekl fh”bnedZlhje\ gZ je\g-e fZk Ki

aZesah\fekgbo nZaZo sh fh ' kem]m\ZIlb nzZdlhjhf €0
gZ hkgh\le m&X $0@ « \ [Z]ZIvho ihi_j_"ge0o \biZ"dZo
]heh\gbf gbghf dh[ZevIhf

<ieb\ h~rghgzZkgh]h "Co*ZMBMpgybjZ Z}Ivky \ ml\hj_
Nje[gh”bki_jkgh€ 1Z je\ghfejgh€ kljmdIimjb a {Mhafiejz
jhagbgm gZ hkgh\e Zexfegex \ f_"Zo « fdf 2?2\l _dlbq
fZxlv g_\_elbafejb 1Z je\ghfejgbc 0ZjZdl_j jhaih”?eem

AZ\"ydb -ZgZeecam jhaih”eem _e f gle\ \"Zehky
aZeeah\fekge nZab ih?*eeyxlvky gZ "\Z |Ibib h[b*\Z a y
[eevr Mje[ge qZklbgdb \eMjeagyxlvky ie*\bs gbf \feklhf o
;eevr M _|Zevgh pe "\Z Ibib hibkZgh "Ze-

Deevdeklv e_Imxgbo e f gle\ m I\ _j~hfm jhaqgbg-

fZk < kljmdImje ijbkmlge aZeeah\fekge nZab ~\ho
[ebavdh fZk fh”rbnedmxqgbo ~h[Z\hd 1Z f2ak fZj
| Z fZk \e~Aih\ergh ljb  pvhfm Ney i_jrhlh Ibir
fhrbnedZlhjhf } dh[Zevl Z "~ejhfjm\jfhkh wdh]h a f 2z
g_9gZ[Z]Zlh \bsbc azZ \fekl fhee[*_gm |1Z dh[ZevIm a
A ydbo ihi_j ~geo ajZade\ \b~rgh sh fhees[®» g klbfm
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aZeeah\fekgbo nZazZo _e f _gle\ ]jmib aZeecaz ?\I|l_dI
Al,Cu,yd « aZafbklZtv [ebavdh fZk dh[ZevIm

Dhf[egZpey fh”bne@&H\WHMO |1Zdh" kijbyeZ ml\hj_¢
je\ghfejgh€ kljmdIimjb a jhafejhf a_j g Zexfegefldh€ fz
AZeesah\fekge kdezZ”h\e _\lI _dlbdb ]Jheh\gbf gbghf ij_~
h[T}fZfb a jhafejZfb ~h fdf 1Z fhjnheh]e}x ©dblZcky
ajZadZo ihkl_je]Z}Ivky g_agZqgZ ihjbkleklv

'gZe+a (jhaih”eem _e f gle\ ih iehse ajZadm ihdZa
fhee[* g ZgZeh]eqgh "h ajZadm <« 9 OR je\ghfe]j
\kvhfm h[f}fe Dh[Zevl ~_ fZc _ \_kv \oh”blv ~h k¢
kdeZ~"h\bo yde feklylv aZesah |Z ferv

ljb e_]h\Zghkle I\ _jAh]h jhagbgm gZ je\g- fZk
\erkmlgeklv \ gvhfm fZj]Zgpx « ijbkmlgeklv \ZgZMex |2z
gZklbgZo ih fZk Pe ihdZagbdb } gb gbfb g%els s
ajZadm « e _Jh\Zgh]lh ebr_ fhee[* _ghf |Z \ZgZ"e}f

AZeesah\fekge nZab ij_ akka\emgkrihjfh\Zge \ h*gbo |
\l _dlbggbfb \dexq ggyt&Xbimhf®O”Zge oefeqgh]h Zg.
kdez~h\bo g_ } h”"ghagZqgbfb Lbf g_ f gr fh gzZ aj
dh[Zevl } hkgh\gbf IZ }*bgbf fh*bnedmxqgbf dhfihg_ gl
nZaZo yde feklylv ferv |Z jZahf a \ZgZ~e}f o fhee[™ ¢
kihemd Ibisn)d 0 Q:;3%.

Fhrbnedm\LgiyyMo ihdZaZeh | _amevlZl ydba&zZ}
ithi_j _~ge-c P \bjz zZ}Ivky \ g _je\ghfejghfm jhaih”e
gZy\ghkle aZeeah\fekgbo _\l dlbggbo dhfihg _gle\ jeag
aZeeah\fekge kdezZ”h\e } ~ sh [eevr jhal]Zem _gbfb
ithi_j _~"gvhfm ajZadm H~*ghqgZkgh a pbf \ kljmdligibjeldjbl
aZeeah\fekge nZab Kihemdb _\l _dlbggh]h&bdholzdhgg
\eNMjeagyxlvky ~je[gbfb jhafejZzfb « } a” [eevrh]h \e.
_\l_dlbggbf dj_fge}f |Z \deRAtns 9 8y O :Fn.
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Alergh ZgZeBMDSS,LQJ ojhf } ijbkmligef \ kdeZ"e
nZa m deevdhkle [eevrec ge \ egrbo kljmdimjgbo ~“
fhee[~ g jhalZrh\Zge \ h[f}fe ajZadZ fZc _ je\ghfejgh

Alergh oefeqgh]h ZgZeeam kljmdImjgbo kdeZ”h\bo
feklblv [ebavdh fzk afepgxxqb dhfihg_gle\ \dex
deevdeklv fZj]Zgpx < ijbkmlghkle ojhfm fhee["_g 1Z
\oh”blb "h kdeZ"m aZeesah\fekgbo nZa \ “hkblv \ _ebd
jhafej pbo kljmdImjgbo kdeZ”~h\bo } g_\ _¢bhadpded fhghh
sh k\ergblv ijh "hkblv kijbyleb\e mfh\b ~ey nhjfm\Zg
f_ozZgeqgbo \eZklb\hkl_c kieZ\m ijb ie*\bs_gbo |_fi_jZ

ljb h~rghqzZkghfm "*"h&R\&Yg9 FmI\hjx}Ivky ~"je[gZ
jZ\ghfejgzZz fedjhkljmdIimjZz A _jgZ I\ _j~h]h jhaqbgm d
fZxlv jhafejb « fdf A[Z]Zg_ge aZeecahf |Z ferrx _\I
jhalZrh\zZge ih f_"Zo a_j_ g 1Z fZxlv i_j \Z gh fhjdheh]e
]Jhehd Z[h \hehdhg 1fh\ejgh p_ fh _ [mlb h[mfh\e
djbklZeeaZpe€ i°"qZk ydh€ \eA[m\Z}Ivky ijbr\b”~r_g_ |
I\ _j2~h]h jhagbgm gZ hkgh\e Zexfegex aZ jZomgdbdg hH b r
jhaieZ\ ydbc aZebrb\ky \ egl j\Zee | _fi_jZImj _\l _dlb
fZ} neabgqgh h[f_~ _ge h[f}fb "ey djbklZecaZp+€ _\l_d
aZih\gxxgb gzZy\ge ihjh 'gbgb nhjfmxlv k\hx ] _hf_ljex
p_ nhjfm\Zggy nZasFeé®iimMhjB&®Hhd fZ} g_agZqgm ijhl_
ihjbkleklv

gZe+a jhaih?”em _e f _gle\ ihdZaz\ sh dh[Ze
g_je\ghfejgbc jhaih”ee k_j ~ fhrbnedZlhje\ YXbhslthx dhgp
aZeesah\fekgbho nZazZo Ojhf gZ \eAfegm \e”™ jhi_j_ A
je\ghfejgh jhaih”ee gbc \ h[T}fe 1Zd kZfh yd fhes[" _ ¢

<Z eb\h \e~Afelblb sh ijb klmi_ge e _]Im\Zggy I\ _j~h

fZk "h ch]h kdeZ”m \oh”blv gZc[eevrZ k_j_"™ ~h
deevdeklv fZj]ZgpxfZk Z 1Zdh  ojhf |1Z aZeeah LZdb
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k\ergblb ijh ihl_gpecgh \bkhde agZq _ggy Zjhfepghkl
\eZklb\hkl _c fZljbpe

AZeeah\fekge nZab o0Zjzdl _jbamxlvky koh bf gz
Oesfeqgbf kdeZ~hf 1Z feklylv gZcf_grm deevdeklv fh*bn
|1Z kdezZ~"hf \hgb [eevr_\eMih\e2Mx)IN6Kihgthpdeg ]ZIb\gh \|
gZ f_o0Zgeqge \eZklb\hkle kbemfege\ Lbf g f gr [m
ih™je[g_ggy pbo kdeZz~"h\bo sh fh ' fZlb ihablb\gbc \i
kljmdImjb 1Z \eZklb\hkl_c kieZ\m iekey |I_jfegqgh€ h[jh]

lhi_j "~gec ZgZeea h”™_j Zgh]h fZkb\m ~Zgbo ihdZ
fhrbnedZlhjb m \keo dhf[egZpeyo |1Zd gb +<gZdr_ \ieb\.
kljmdImpghah\bo kdezZ”h\bo \¢* ydbo [eevr \kvh]h azZ
“Zjhfepgeklv kieZ\m |1Z koh"bo gZ gvh]h eb\Zjgbo Kk

< "hke*”" m\Zghfm kieZ\e m \boe~*ghfm klZge IZ ijb
fhrbnedm\Zgge _\l _dlbqge- Neeygdhb yde Lk y v
0ZjZdl _jbamxlvky gZc[eevrbfb jhafejZfb [ebavdh
dhfie _dkghfm fh”bnedm\Zgge ~\hfZ <« [eevr_ dhfihg
kmll}\_ ih”je[g_ggy 1Zdh€ nZab GZc[eevr_ ih”je[g_c¢
kihkl _je]1Z}Ivky ijb fh*bnedm\Zgge aZ ko_fZfb &R &U
&R 9 OR IZ &U 9 OR GZc[*evr kbevgbc fh"bnedmxqgbc
A\l _dlbggm kdf&Zz dhhzevl

GZc[eevr \Z eb\bc \ieb\ gZ fepgeklv |Z "Zjhfepgek
jhafejb fhjnheh]ey 1Z e _Jh\Zgeklv a_j g I\_jrh]h |
Zexfegex Z IZdh jhafejb kdezZ” fhjnheh]ey |IZ jhaih’
Lhfm ~ey hpegdb _n_dlb\ghkle aZklhkm\Zggy h[jZgbo
dhf[egZpeyo g_h[oe~gh ijhZgZesam\ZIlb dhj_eypex fe £
e _]Jh\zZghkle I\ _j~h]h jhagbgm 1Z \feklhf hkgh\gh]h \b
afepgx\Zqd4ZpZgpx <e<”ih\e”rgbc ZgZeea ij_"klZ\e gt
jbkmgdm Oefeggbc kdez” a_j_g I\_j~h]lh jhaqgbagn
dh gh]h ajZzadZ Ihfm ~Zge gZ\_~ _gh m \b]Jey”e k_j "g:
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A ij_"klzZ\e_gh]h ]JjZnedm \b~gh sh \boe~gbc ajZal
fZz} gbavdbc \fekl fZj]Zgpx \ kdeZ”e ~“h\hee kbevgh e
dj _fge}f I\ _j~h]h jhaqbgm ljb  fh”"bnedm\Zgg- Kk
kihkl _je]Z}Ivky h”rghgzZkgh \bkhdbc ‘heklZfhZ\dm»dZZl
hkgh\gbo e_]Jmxgbo _e f _gle\ m kdeZ”e fZFbxfplgkx df
Koh bc \ieb\ ijhy\ey} « fhee[* g Ze_ \eg gbgbl\hnjgm]ZIk
|Z jhafejb aZeeah\fekgbo nZa I|hfm hdj_f_ch]h aZzZkl
g _h[oe*gh€ n_dlb\ghkle GZcf_gr n_dlb\gbf fh*bned
jhagbgm \by\b\ky dh[Zev]l Z \gg&dpLsbfjbt fh*bnedm)
\ZgZ~"e}f "hkee*gh]h kieZ\m kihkl_je]Z}Ivky ih}*gZggy
I\ _j~h]lh jhagbgm ~m’ _ \bkhdh]lihtMeRtehZkiZiih]h fZIjbp-
\bkhdh]h \feklm fZj]Zgpx

lhi_j_~gvh fh gz kI\_j~"m\Zlb sh h”rghdhfihg_glg_
ojhfhf \ZgzZ~e}f |Z fhee[* _ghf ijba\h”blv “h a[eevr_gg
\' I\_j~hfm jhaqgbge gZ hkgh\e Zexfegex Kmll}\h ie”*\Dbs
e |m\Zggy ebr_ojhf |Z \ZgZ~ec Fhee[® g g _]Zlb\gh \i
-nZab Ihfm ch]h ihablb\gbc \ieb\ gZ kdezZ” I\_j*h]h jk

ljb  ih”\ecghfm fh”bnedm\Zgge gZc[eevrh€ m\Z]
dhf[egZpe€ ojhfm a \ZgZ"e}f |Z fhee[» gm a \ZgZ"e}f
kKihkl _je]Z}Ivky g \bkhdZ e _]h\Zgeklv I\ _jrh]lh jhddbgm
kK _j_~gec \fekl m gvhfm fHE{Jzgpxlihje\ GZIlhfeklv "ey
fhrbnedh\Zgh]l]h \ZgzZ~e}f |Z fhee[* _ghf 0ZjZdl_jgbf |Z
fZj]Zgpx \ I\_j~hfm jhagbge Ze_  h”ghgZkgh \bkhdk
e _]mxgbo e f _gle\ « fh bnedZlhje\

K_j ™ ajZade\ yde feklylv Ijb fh~bnedZlhjb g
aZkem]h\mxlv kieZ\b « | Z Ilh}*gZggy ojhfm a \Z
[*evim kImiegv e _|m\Zggy I\ _j~h]h jhagbgm |Z ch]lh f
\ZgzZ~ex gZ fhee["_g agb m} pe ihdZagbdb 1Z agb"
fZj]Zgpx \ I\_j~hfm jhagbge < dhf[egZp+€ &R 9 OR Kkihl
_n_dl ae ajZadhf fh*bnedh\ZgbCriadR kZefhxXI\KR*bc jha
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ijb pvhfm iha[Z\e _gbc fZj]Zgpx LZdbc _n_dl fh gZz
dh[Zevl| klbfmex} gZ~oh”~" _ggy fZj]Zgpx \ aZesah\fekg
[*evim deevdeklv aZeeaZ « fhA*bnedZlhje\ LZdbf gbghf
©d_jmxqgbf2 fh~bnedZlhjhf 7~ey gZijZ\e_ggy "e€ egrl
fhrbnedm\Zgge kZf_ aZeeah\fekgbo nZa >h”Zldh\bf ie
ihje\gyggy oefeqgh]h ZgZeeam kdeZ”h\bo gZ\ _~ gbo
sh[ a[_j_]lb gZkbgmxqgbc \ieb\ egrbo fh”bnedZIlhje\ ¢
ihlje[gh h[f_"m\ZIlb \fekl dh[ZevIm ~h je\gy f_gr_ fZ

<\ _ " ggy ~“h kdeZ”m "~hkee~gh]lh kieZ\m h~ghqg:
fhrbnedZlhje\ ihdZam} h*ghqgqzZkgh \bkhdbc \fekl fgj]Zgj
|1Z chlbkhdm ch]h aZ]Zevgm eglh\Hdhddl¥ |jplpe g \ ebd
deevdhkle fh2bnedZIlhje\ LZdbc j_amevlZl } hqgedn
kbg jl_Ibggm 7"ex dhfie_dkgh]h fedjhe_]m\Zggy <2Z°
pvhl]h ajZzadZ } I sh aZeeah\fekgZ kdeZ”"h\Z \ gvhf
fhjnheh]ex rde”reb\h€AlsFB8SIbydZ ijb pvb#mzZdl_jbam}lv
Nje[gbfb jhafejZffln agZggh agbablb €€ g ]ZIb\gbc \ie
\eZklb\hkle h™ _j"Zgbo \beb\de\

GZ jbkmgdm gZ\_~ _gh ]jZneqg_ ihje\gyggy \iebl
gZ kdezZ” aZeeah\fekjIlmaenZigh jeagbo ko fZo fh”bn
lj _~klZ\e _ge ]Jeklh]jZzfb \ ih}*gZgge a h™_j Zgbf IZ ij_"
fedjhkljmdImjgbf ZgZeeahf ~Zxlv fh eb\eklv dhfie
~n_dlb\geklv 1Z hkh[eb\hkle \ieb\m fh”*bnedZIlhje\
aZesahWekga

GZc[eevr hilbfZevgbf <« [Z Zgbf ih}~gZggyf o
aZeeah\fekgbo nZa ”"ey aZ[_ai_qgq_ggy gZc\bsbo ihc
"Zjhfepghkle } h”ghgzZkgh €0 g_\_ebde jhafejb dhf
\bkhdbc \fekl aZeeaZ <+ gbavdZ “bnmaecgZ Zdlb\g
mkdezZ”*g_ggyf oefeqgh]h kdeZ"m
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Jbkmghd+xlhje\gyevgbc ogZ@gh]h kdeZ"m aZeesah\fek
~dki_jbf _glZevgbo afiZlkade\
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'gZesa "eZ]jZfb jhaih”eem _e f _gle\ m kdeZ"e
"hkee” m\Zgbo ajZade\ ihdZam} sh fhee[» _ g |IZ ojhf
Kijbyxlv ie"\bs ggx \feklm fZj]J]Zgpx |Z aZe<aZ \ €0 kd
gZkldh\h aZfegx\Zlb fZj]Zg_pv 1ijb pvhfm ih”*je[gxxqgb
Ze jZahf a ojhfhf \eg gbgblv g _]ZIlb\gbc \ieb\ glZx€0 |l

<ZgZ"ec |Z fhee["_g vyd jZahf 1Zd e« hdj_fh [e
aZjhr"dhml\hjxxgbo fh~bnedZlhje\ < kAleZ} Ml ARQeHBHLIDbIM
\hgb ijbkmlige \ fZeec deevdhkle Pe ~"\Z e f glb ijb;
\feklm fZj]Zgpx \ aZeeah\fekgbo nZaZo < [eevrhkle
fhee[» _gm \ kdeZ”e kieZ\m Kkijby} a[eevr_ggx \feklm
osfeqgh]h kdeZ” m J[ebavd®hHHGL nkZdalb fhjnheh]ey |
\dexqg_gv g_ } Ibih\hx ]JheqgZklhx Z jhafejb qZklh }
mkdeZ"gx} \bagZg _ggy lhggh]h oefeqggh]h kdeZ"m vyc
ajZadm kield\(@o«V+Mo).

HAghqZkg_ fh2bnedm\Zggy \kefZ ghlbjfZ dhfihg_gl:
\biZ*hd ml\hj _ggy Ibih\bo aZe-saAl\htk@Glboa n¥adih\e”g
[mMmA*h\hx Ze_ \hgb ijb pvhfm fZxlv m~_ ~je[ge jhafejb

lhje\gyggy j_amevlZle\ ijh\_~ gbo "~hkee” gv a
ijh\h"bebkv 7~ey 1Zdh]lh =~ X29Z&®m ~bB\h”ylv i _j \:
aZijhihgh\ZghJ)hoh m a Ihqdb ahjm af_gr_ggy d
fhrbnedZlhje\ 1Z h™ _j Zggy [*evr Kijbylal\ehhe HEjmdtim\ly

GZ jbkmgdm Z [ i1hdZazZgh fedjhkljmdIimjm
fhrbnedh\Zgh]h ImJhiez\dbfb _e f glZfb \ kmfZjgec d
Ijb eblle \ dhdeev Fh”bnedh\Zgbc ajZahd feklblv djmi
\dexqg_ggy nZadbh)ith 3QsF AZ mfh\ eblly i~ Ibkdhf ajZz
[eevr Kijbyleb\e kljmdImjge 0ZjzZdl_jbklibdb ijhl_ \e/feq
fh"bnedh\Zgbo aZeesah\fekgbo nZa ky]Zeb « fdf Jb
ijh\_~ gbo \ jZzfdZo ij_"klzZ\eé& hkre€ ih[dvbihdZaZgh sh |
~ jZab deevdeklv fh™bnedZlhje\ ijb €0 dhfie_dkyhfm
dhfie_dke djZsbc j_amevlZl
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_\l_dlbd

_\l_dlb

_\l_dlb

JbkmghdtFedjhkljmdIimjZ kieZianzZ$@6flh’®nedh\Zgbc ij

dhdeevghfm eblihiabfedh\Zgbc kiez\ ydbc feklblv ih

OR : \gtfhAbnedh\Zgbc ijb eblle i«PhMbladldh\Zgbc kie:
ydbc feklblv ih fzk 9] &U : >



204

lhje\gxxgb "Z@@>a j_ameviZIZfb ijh\_* gbo “hke-
kdZazlb sh h[jZzgbc jy® fh*bnedZIhRe\\ &RyddH0O a¥ aQZz
dhfie _dkgbo \ZjeZglZo fh*bnedm\ZgdyZshdjZamle agZlg gd
hkgh\gbo kljmdkmhdbo kdeZ”*h\bo kieZ\m LZd g4ighdeZz
a ydbfb ijh\h”*"behkv ihje\gyggy \dZZghedZhijtfieRl kide
aZeesah\fekgbo nzZa fh - "hk&ZkZIllgb pvhfm €o kjidheaZsjbxlv
[ebavb@lidf Jhajh[e _gbc |Z ij _~"klZ\e _gbce\""dfk gilZpg g p-
i ZJZTf _ljs\ mMReegblv ijh \bsndlb\geklv ihje\gygh a <k
jer _ggyfkk jhajh[e_gbo ko fZo fh”"bnedm\Zggy k\dekd" |
aZeesah\fekgbo nZa m |hfm gbkees Akpbagde glfb njed
7% fZk €ghafejb kdezZ"Zédbf

A "Zgbd@ \bieb\Z} sh af _gr_ggy deevdhkle fh”br
OR 1z : *~h fzk azZ mfh\ eblly i~ Ibkdhf Kkijb
aZeeah\fekgbo gl _jf_|ZeeNe\ flddfegZfbl fhrbnedZIlhje\ n
Ijb pvhfm agZoh”blvky \ k_j *"gvhfnfZkZ geVgeghfm \biZ
aZklhkm\zZggy \hevnjzZfm } g \bijz\"Zgbf g_j _a \bkhd
kdez”geklv \\_~_ggy Ch]h \iebh Zah kd jondjladjilghbklbdb |

} Ihih " gbf ~h fhee[* gm <bdhjbklZggy ~ dh[ZevIm
fhrbnedm\ZggyZpviih[gbo kieZ\e\ fZ} i | \Z]m \ Ihfm s
fh™ \ieb\Zlb g ebr_ gZ aZeeah\fekge nZab Ze s gZ
hkh[ebigzZgl jf |Zes XSD*"\bsmxqgb €oKIZ4fequorklv

?\l_dlbggZ kdeZ”h\Z gZ h&&XhfiZelZadv"j$@gy}libloy \
hn j"Zgbo ajZzadZo Ihfm €c \ “hke*”" _ggyo ijb*eey}lv
\erfelblb sh m \boe*ghfm g _fh”bnedh\Zghfm kieZ\e-
jhafejb "h fdf 1Z i _j \Z'gh ozZjzZdl_jbam}lvky Jeh[mey
M ajZadZo vyde fh”bnedh\Zge h~”gbf dhfihg_glhf Z
hr"ghgzZkgbf "h~"Z\Zggyf dh[ZevIm <« ojhfm- €ddjfhafejb
egrbo ajZadZo jhafej&XnkKdbzZ¥@xlv a™_ feefdfh]bh™® _dm~"b
fh'gZ ihfelblb \dexq_ggy jhafejZfb [ebavdh fdf
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<Zjlh \e~rfelblb sh \ ajZmdBofhytdnedh\Zge dh[ZevV]I]
Al,&X \l _dlbggh]h ihoh”" ggy feklbiZk*hfh"bnedZlhjZ
ie"\bsm} €€ | _jfeqgm klZ[eevgeklv 1Z agb m} “bn
Fhjnheh]Jey [Zdbo nZa m [eevrhkle ajZade\ } ]Jeh[me
kdezZz”Zxlv \boe”"gbc g_fh”bnedh\Zgbc kieZ\ 1Z 1l aj
knhjfh\Zgh i_j\bgge aZeesah\fekge nZab <b”~h\" ,Gbfb ~
jhalZzrh\zgzZz gZ f_"Zo a_j_g I\_j~h]h jhagbgm \ ajZad
ko _fzZfb 9 OR I1Z &R &U 9

MaZ]Zevgxxgb " _yde j _amevlZIib ~hkee™" gv ft
gZc[eevrbc \ieb\ gZ kdez”~ I\ _j*h]h jhaqbgm gZ hkg
\ZgzZ~ec 1Z fhee[*_g I|jb €o*\Vsrilbuwky e ]h\Zgeklv I\
jhagbgm \fekl \ gvhfm fZj]Zgpx yd gZc[eevr kbevgh]h
mi\hjx\ZIb | _jfeqgh klZ[eevge "bRkAphKhW4bl KZfbo
fhrbnedZlhje\ >h~Z\Zggy ojhfm qgb dh[Zevim af
I _j_gZijZ\eyxqb fh*bnedZlhjb gZ kihemqg_ggy *a aZe-a

<klZgh\e _gh sh k_j ~gec \fekl fh bnedZIlhje\ m kc
nZa “"hkee” m\Zgbo ajZade\ agZoh”blvky gZ je\g-
fZdkbfZevgbf kmfzZjgbf \feklhf fhrbnedZlhje\ m kieZ\s
\dZam} gZ agZoh”™" _ggy [*evr hilbfZevgh]h IZ _dhmghfec¢
m \bjer _gge aZ”"Zqe fh*bnedm\Zggy [*ey \l _dlibqgglh® fe~
kbemfege\ ihje\gygh a ZgZeh]eqggbfb “hkes”" ggyfb L
sh _dki_jbf _glZevge ajZadb fZxlv a® _[eevrh]h kijbyle
Nje[ge jhafejb fh*bnedh\Zgbo aZesah\fekgbo kdeZNN\bo
ajZade\ g_ ihkimiz}lvky aZzZ k\-m&fdhWdfbddamjjgel jbklbi
ZgZeh]zf yde [meh h” _j Zgh ebllyf ie” Ibkdhf LZde
M\ _jA"mxlv fh eb\eklv aZklhkm\Zggy aZijhihgh\Zgh]t
~n_dlb\gh]lh 1Z j_kmjkha[_j*]Zxgh]h fh*bnedm\Zggy Yy
\bdhjbklh\m\ZIb ijb dhdeevghfm eblle

>ey [eevr ih\gh]h jhamfeggy h[jZgh]h fh”bnedm
hpegblb ch]h \ieb\ gZ afegm f_o0Zgeqgbo \eZklb\hkl_c
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42:9Zea f_odbprggklib\hklZhkh[eb\hkiZahmI\h)j ggy
fhrbnedh\Zgbo ajZade\ kieZ\m $06L &X

<ieb\ fh*bnedm&ZgmZijhihgh\Zgbfb & fgZklb\hkl
"hkee” m\Zgh]h fh” _evgh]h kieZ\m g _h[os*gh jha]
\jZoh\mxqgb yd klzZzg~Zjlge mfh\b 1Zd « ie*\bs_ge |_fi_j.

<Z eb\m jhev \ |ZdpjZhBtgpeevgeklv f 0Zgeqgbo \e:
ydm ihi_j ~gvh fh'gZ \bagZgblb g _j _a ihje\gyggy I\_j*
ajZade\ m eblhfm klZge IZ ickey \e*iZem ydbc _felm} r
ie"\bs gbo | _fi_ jZImjZo <e"iZe ajZade\ a%ck@x\Ze
ijhlylhf Jh~bg 1gl_]jZevgZ I\_j~reklv hihk_j ~dh\Zc
fepgeklv I1Z ieZklbggeklv "*hkee”" m\Zgbo kieZ\s\ Z €€ a
gZ oZjzZdl_j ¢ klmiegv afegb \eZklb\hkl_c _dki_jbf_gl
fh eb\m afegm kljmadlmhbnheh]«€ nZa ijhoh”™" _ggy
I _j_I\hj_gv 1Z gq_j_a “"bnmayadage hjmghkdoxlivhj _ggy Z[h
jhagbg_ggy afepgxxqgbo

>bnmaecge ijhp_kb yde \e*h[jZ ZxIvky m afege |
fZljbpe ajZade\ h[mfhlexxlv “hkee”” ggy afegb fedjhl
jhagbgm AgZxgb ch]h \boe~gbc oefeqgbc kdez” f|
fh eb\e n_dlb yd \e® fh bnedm\Zggy 1Zd e« \e® "bnm;:
A ydbo dhfihg _gle\ sh o0Zjzdl _jbam}lvky ml\hj ggyf
fh eb\m €0 dhZ]meypex cilyvdZg¥keqghladepng ggy fZljbpe

AZa\bgZc "hkee”" m\Zgbc kiez\ _dkiemZIm}lvky i
\bs_ - fK Ze_ [eevr \Z eb\h jhamfelb je\ _gv \eZklt
ie"\bs _gbo | _fi_jZImjZo Z g_ je\_gv i*"\bs _ggy fepc
| fi_jZImjZzo LgdgHf ~xjhf _Ijbgge \bijh[m\Zggy ijhol
ajZadb Fepgeklv 1Z iezZklbggeklv \bagZqZeb azZz a\bq
ebr_iekey | _jfeqgh€ h[jh[djd Fepl\lblagZqgZeb ey Ibo k
yde fZeb gZc\bse ihdZagbdb fepghkle F_~ x [meh hJ[
180 F1Z <e”ih\efrge "Zge gZ\_" _gh \ |Z[ebp-
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LZ[ebpy

F 0Zgeqge \eZklb\hkls fhAbnedh\ZalS®CugZads+\ kieZ\m

L\ _jrekly Fedjhl\ _jne} F_o0Zgeqge \eZklb\hkle
AjZahd G< fZljbp+9 iekey LH ijb f K
eblb i-ke eblb i-key 1 FIZ| 1 FlIZ/ 1 FIZ} 1 FI1Z/
LH LH
$O6L &X 77 94 2,5
&R + + +
&U + + +
9 + + +
OR + + +
&R &U + + +
Kh 9 76 96 3
Kh Fh 50 + + +
&U 9 + + +
&U OR 43 + + +
9 OR 83 105 2
&U &R 9 0,7 |85 103 1,5
&U &R Fh 95 106 1,8
&R 9Fh 72 83 115 4
&U 9Fh 79 98 2,5
&U &R 9 H 81 110 2,3
*AlSi9Cu3: "1 FI1Z oJa Flz [ G< ijb eblle ie™ Ibkdhf
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A h” j Zgbo j_amevliZle\ \bieb\Z} sh gZc\bse ihd.
\eZklb\hkl ¢ \"Zehky h” _j ZIb ijb hhjzgrjdm\Ziedim
gZkimigbfb ko_fZfb &R 9ZbhRcg\ksfh*"bnedhafgadizfb
1Z &R &U 9 OR >ey \dZaZgbo dhfihabpec kihkl_je]Z}
\b]Jey”e \bkhdh”bki_jkgh€ [m”h\b \keo kljmdIimjgbc
"hkee”" m\Zge 0ZjZd!l_jbklbdighkh&Zb\\lgkhdh€ dhj_eyp
kh[hx BfyZq_ggyfb I\ _jrhkle fedjhl\_j~hkle fepghikle 1Z
[meh \bagZg_gh yd ZgZeeslbqgh « aZ “hihfh]hx \[m~h\Z
|Z[ebpv 06 ([FHO LZd kZfh [meh ijhZgZe+sah\Zgh dhj_
\eZklb\hklyfb ajzZade\ 1Z oesfeqgbf kdezZ~hf I\_jrh]h
dhf[egZpec dh_nepe}glb dhj eype€ fZeb agZqgq_ggy
j_amevlZlb ~“h\h?ylv sh kzZfnzZ&hwmdilajighljb kiezZ\e\ f
\bagZgZevgm jhev m nhjfm\Zgge f_o0Zgeqgbo \eZklb\h
Oesfeqgbc kdez” kieZ\m « hdj_fh \¥*¢2jgh YpmaggMmgm jh

LZzdh™ fh gz kihkl ~AkRYEEP hg_\b*gm aZe_ "geklv i
\bkhdhl_fi_jZImjgh€ iezZklbqghkle aZ mfh\ dheb \ k
agb m}lvky fedjhl\_jreklv I\ _jA~h]h jhagbgm sh \dZam}
IlhdZah\bf } |~ sh ajZadb yde feklylv [cevr_ fZ
e _f _gle\ m I\ _j~hfm jhaqbge ickey \e?iZem gZ[m\Z;
fedjhI\_jrhkle LZdh" ihfelgbf } g agZgg_ agb  _ggy \I
ileZklbgghkle 1Z ie"\bs ggy Zjhfepghkle ijb a[eevr_gg-
kdezZ”e I\ _j~h]h jhagbgm sh jhalJey®"Zehkv |I_hj Ibqg
ieMI\_j~° _gh gZ ijZdlbpe \b”ee _ggyf \ gvhdMn. egl_jf |Ze

LZdbf gbghgfZeea h™ _j " Zgbo "Zgbo ihdZazZ\ sh gZc:
f oZgeqgbo \eZklb\hkl _c¢c fZxlv ajZadb a g_\bkhdbf \fe
IN\_j*hfm jhagbge gZ hkgh\e Zexfegex gZ je\ge ~h
aZlZevgec e_]h\Zghkle I\ _j~rh]h jhagbgmlZe\bakldh gwhfr
fZjl1Zgpx gZ j*\@25% kZ k
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< j_amevlZle ZgZeWfamka\fidamnghh\bfb izZzjzf _1jZfb
f oZgeqgbfb \eZklb\h#&kyfhpbf glZevgbo, akXZagh\e gh
gZc[eevr “hpeevge ko fb fh*bnedm\Zggy h[jZgh]h Kkie
Nje[gha _jgbklZ kljmdIimjg Zcpheghf\d]hfbo nZdlhje\ ie/\]
“Zjhfepghkle LZdbf gbghf [meh \bjer_gh”HhXKledH\thilh
fhrbnedm\Zggy gZpee_gh]h gZ ih”?jspgZadgip ok kdedd mht
h[jZzgh]h kieZz\m $06L &X

421 l*"kbe _ggy fh2bnedm\Zggy *h~ZIldh\biA§n g
pbjdhgex <« eZglZgm >hkee”” ggy f_o0Zgeqgbo \¢
kljmdImjgBhah\h]h klZgm gZc[eevr dhfie_dkgh fh” bnedh

K_j_"~ mkeo ajZade\ "ey ih~"Zevrbo "hkee”"  gv |
gZcdjZsbfb ihdZagbdzfb “"Zjhfepghkle f£h”"bnedh\zge-
ko fZfb &R 9 OR 1Z &R &U 9 OR \e”ih\e~gh A[ _j*]Zx
\eNih\ergeklv kdeZ”m kieZ\m ijhfbkeh\bfyZededs fZhge
|1Z ged _ev vyde adghbmXgefp \ kdegZ™e ecbdbo deevdhl
<jZoh\mxqb agZqggbc ihablb\gbc \ieb\ a _jghih?je[g_ g
[meh ijbcgyl_jer_ggy "h"Zlbe ZkbkjigeZ¥Xm b nediZllAHgb|Z
pbjdhgec a f Ihx \bagZq_ggy fh eb\hkle ie*kbe ggy -
~n_dle\ g _j a i*"kbe _ggy aZjhrdhml\hjxxgh€ "€y Z[h

>h qgbkeZ fh*bnedZlhje\ IZdh™ [meh ~h~"Zgh eZglZ
"hkeeN gbc jZger_ihablb\gbZ \pgir\ ih™je[g _gge hkgh)
kljmdImjgbo kdeZ”h\bo l¥bkHdihs fggpZImjgh€ fepghkle
[298@ ihdZaZgh sh "h~zZ\Zggy je~dekgha_f_evgbo _e_ f
ijba\h”~blv ~h nhjfm\Zggy “bki_jkgiha \Ndekdjdyg SYy nZ
~Alis(Fe,MnkSi, LZde kljm-aimhgghe afegb Kijbyxlv ie"M\Dbs
“Zjhfepghkle kieZ\e\ k8ilQu-fy- O ijb fK >hke<"9] _ggy
ithdZamxlv sh "h*"Z\Zggy JAF \ "Zgjrkm \Zidndmba\h™
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Ah ieM\bs_ggy | _fi_jZIlmjb khee"mk kieZ\e\ ¢ ~h je"\D
ml\hj _ggy fergh\fekgbo _\lI _dlbgqgbo dhfihg_gle\ Ahdj_
nhjfm\Zggy kihd¢@el@®sSis * koh"'bo nZa yde fZxlv \bkhdr
klZ[eevgeklv IZ ihablb\gh \ieb\Zxlv gZ i**"\bs_ggy " Zjt
N nhjfe\gbo IZ Z~2blb\gh \b]Jhlh\e _gbo Z8@dl*ge}\bo kieZ

Ydsh ijb ~h~"Z\Zgge eZglZgm "~h kdeZ"m Kkie.
I _j_"[ZgZehkv \ hkgh\ghfm ih”?je[g_gg¥&XZl&Z gZl\hkgdg
"Zjhfepgbo \dexqulay $©O ~ey ajZadm « ]Jheh\gZ jh
fedjh"h[Z\db fZeZ \bjzZz Zlbky 1Zdh  \ ih”je[g_gge Z[h
aZeeah\fekA#FeSinZa yde fZeb Jhedhih”?e[gm fhjnheh]ex

<eMNjh\erge oefeqge kdezZ”b "h~Zldh\h fh~bnedh\Z
f o0Zgeqge \eZklb\hkle gZ\_~ gh \ I1Z[ebp- >ey &
|Z[ebpy feklblv gZ\_~ g jZger_ ~Zge oefeqgh]h kd
\eZklb\hkl_c \boe*gh]h g_fh~bnedh\Zgh]h kieZ\m 1Z h[
fhrbnedm\Zggy ajZade\ « . yde jhaljJey*Zebky Z ih

Aihi_j _~gvh]h zZyzZgddiebpb~rgh sh ~h”~"Z\Zggy 7L
hr"ghagZggh KiljDleeaZ\pj€hkle 1Z fedjhl\ _jrhklePeajZec
1ZjZf _ljb fZeh \eMjeagyelvlihlye Ne¢iZehghZzg sh \dZam} ¢
\bkhdm klZ[eevgeklv [\_jrh]lh jhagbgm gZ hkgh\e
| fi_jZIm] Fepgeklv « ieZklbqggeklv ajZade\ ickey "h"*ZIc
N sh agb mxlvky ijhl_ agZqg _ggy \bkhdhl _fi_jZImjgh
ie"\bsmxlvky Z[h ijbgZcfge g_ agb mxlvky 1Z”eggy
ieZklbgghkle kihkl _je]Z}Ivky MeydpjZleecdmr fhrbnedh\Z¢
ajZahd < 9 ijhy\ey} ijZdlbggh 1Zde kZfe \eZklb\hkle
A"hnrzZlidh\h]lh fh2rbne®m\Eggygblv ih | sh ghlbjvho dh
fhrbnedm\Zggy ijh\_~ g _gZ i_jrhfm _1Zie "hkee” g\
\\_ "~ gge* *h*Zldh\bo a_jghih?je[gx\Zqge\ Ijb pvhfm aZzZ
\b\g_gge* hkh[eb\hkl_c¢c nZahml\hj_ggy [Zdbo kbevgh f
sh [m~_ jhalJeygmlh ~Ze-
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LZ[ebpy
Oefeqgbc kdez™ I1Z f_0Zgeqge \eZklb\hkle "hkee” " m\
\\_ ~ ggy IblZgm pbjdhgex |Z eZglZgm yd "h~Zldh\]

Oe+feqgbc kdez" ?dki_jbf _glZevgb&kiagjZ\ah & O6 L

(Al thkgh\z \boenrg 14 1 16 1
Si 10,2 9,6 9,57 8,6 9,8
Cu 3,6 3,6 3,26 3,1 3,2
Fe 0,72 0,8 0,84 1,15 1
Mg + + 0,5 + 0,52
Mn 0,41 0,34 0,37 0,3 0,46
Co + 0,2 0,14 0,05 0,09
Cr + + + 0,08 0,07
Vv + 0,12 0,1 0,07 0,08
Mo + 0,1 0,1 0,09 0,11
Ni + + 0,18 + 0,15
Ti + + 0,12 + 0,1
Zr + + 0,09 + 0,1
La + + 0,1 + 0,1
F_o0Zgeqge* \eZklb\hkle
o L\ _jnheklv 62/68 82/72 | 72/72 | 68/62 | 67/70
g eblbc iekey L
ﬁ FedjhI\_j~rekl| 59/69 67/53 | 53/52 | 53/65 | 54/52
g eblbc i*key L
g 1 FlIZ 100 120 125 125 120
: 1 FIZ 160 195 180 200 174
/ 1,5 1 0,5 1,5 1
— |1 FIZ 77 83 100 81 80
1 FIZ 94 115 145 110 110
'ii / 2,5 4 3,5 2,3 2,5
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<Z eb\h \e*agZgblb sh "h~rzZ\Zggy fZ]gex g_ fZeh
gZ Zjhfepgeklv *hkee”" m\Zgbo kieZ\s\ yd p_ jhalJey”~Z
[27,42,45] Ch]lh deevdeklv [meZ IZdhgh)tXkilAg~rghlmhh[jZg
"ey _dki_jbf_glZevgbo "bklgebh}ih_gwvrbZ gh]lh kieZz\m $0O
sh 1Zzdh  } eb\zZjgbf ¢« \bdhjbklh\m}Ivky ~ey \bjh[gdbpl
egrbo \bjh[e\ a”~Zlgbo ijZpx\ZIb \ mfh\Zo i<*\bs gt
dhjimkgbo _e_f_gle\ I _ieh\bo dhe_dIhj@801]jZ~«ZIhje\ Ih

<ieb\ g_\_ebdh]h \feklm ged_ex 1Zdh" fZ} ihabl
"Zjhfepgeklv kbemfege\ yd "ey ehdZeecaZp+€ \bkhdhl _
N nhjfZpe€ 1Zd « ey e_|m\X gy _redracdov B0+ gh]h \hgZzZ |
Abnmaecgh Zdlb\ghx 1Z [eevr | _fi_ jZI302@h KIZeeMgHXd
g_agZqgbc \fekl ged_ex fh _ ijbcfZlb mqZkinZmhabe«-
0ZjZdl_jbklbd kieZ\m $0O6L &X i*key dhfie_dkgh]h
mI\hj_gge kihemdCdbiflig)o

>ey \klZgh\e_ggy hkh[eb\hkl_c \ieb\m ~h~Zldh\h
h[jZgh]h ~ey _dki_jbf _glZevgbo "hgkeafsggNcknBgimgbo
Iz _dkiemZlZpecgbo \eZklb\hkl _c g_h[oe*gh “hke
kljmdIimpghah\e 0Zjzdl _jbklibdb ~h”~Zldh\h e _Jh\Zgbo |
ajZade\ <e”rjih\enrge fedjhkljmdIimjb a ihagZq _gbfb kljm
gZ\_~ _gh gZ jbk | Z Oe«feqgbc kdeZ” ihaygZq._
|Z[ebpe-

Hkdeevdb ajzZadb fhApuhfdh\ZgrhlbjfZz e fmglZfb
"hkeeN gh jEgierdjhkljmdImjgbc ZgZeea gZ\_" _gh "ey
ihje\gyggy a "h~Zldh\h fh”bajZdshdZtib fbKIZghHlhfeklv
ijbree _gh [eevr_ m\Z]b \ hpegpe nZahml\hj_ggy m \b«

\eNMiZem
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JbkmghdtFedjhkljmdImjzZ ajZades\ kieZ\m $0O6L

"hnrzZ\NZggy &R 9 OR ajZahd « \ eblhfm klZge Z 1Z
|Zdhiekey "h~"Z\Zggy &R 9 OR 7L =U /D ajZahd < ¢
|Z iekey \e"iZem ]

\
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\ ]

Jbkmghd FedghkljmdImjZz ajZade\ kieZ\m $0O6L
"hrZ\Zggy &R &U 9 OR ajZahd « \ eblhfm klZg Z
Z |Zdh" iekey "h~"Z\Zggy &R &U 9 OR 7L =U /D ajZal
klZzge \ |Z iekey \enNiZem ]



215

LZ[ebpy
Oefeqgbc kdeZ”™ kljmdImjgbo kdeZ*h\bo ihagZqg_gbo gZ jbk
KieZ Lhq Oefeggbc kdez” hig h\gO +
Si Cu Mg |Fe Mn | Ni Co |Cr V Mo |Ti Zr La
1 1,03 | 0,88 | 0,66 | 0,03 + + + + + 01| 01| 01 | 0,01
1 2 83| 3 | 0,34|16,53| 66 | 05| 1,9 + | 1,21 1,32| 0,01 | 0,02 +
3 23 |324|051|032| 0,08]| 762| 0,9 + + + + | 1,14 | 12,8
1 1,4 | 2,44 | 0,52 | 0,04 | 0,01 + | 0,02 + | 0,04 0,1 | 0,05 + | 0,05
Ly 2 79 | 83 10,34 | 17,1 5.1 1,1 | 3,15 + , 0,53| 0,01 + +
3 5 /308|047 063|011 7,1 | 11 + + + + 1,6 | 15,6
1 1,17 | 1,23 | 0,6 + + + | 003| 0,02 002 0,1 | 0,14 0,01 +
2 82 | 166 031|176| 86 | 0,3 | 1,06| 1,26 | 0,1 | 1,74 + + +
! 3 0,97 | 47,7| 0,35| 0,4 + | 2,2 |0,33| 0,02 0,03 0,03 + + +
4 7,27 | 24,2| 0,53 | 2,22 | 0,58 | 4,7 | 2,16 | 0,02 + | 0,05 + | 1,74 | 6,4
1 043| 2,1 | 0,57 + [ 011] 0,02| 0,04 | 0,02 | 0,02 | 0,23| 0,19 | 0,02 +
mLl 2 7,53| 528|028 125| 63 [ 0,22 0,81| 1 0,83| 156| 0,1 + 0,1
3 2,141 21,3, 048|093 0,2 | 53 | 1.1 + + | 0,01 + + | 1,83
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'gZesa fedjhkljmdIimjb ajZade\ « . ithdzZzaZzZ\ sl
hkgh\ge kljmdIimjge kdeZ”*h\e afegxxlvky g_ gZ”Ih kbe
kKihkl_je]Z}Ivky [eevr dhgljZklg_ i_j_nhjfm\Zggy _\I_d
Ahdj _fZ [eevr qgqeldbfb klZxlv gqgZklbgdb dj _fgex |Z fe
aZeeah\fekge kdeZ”h\e gZkldh\h ih*je[gxxlvky

>ey ajZadkey ~h~Zldh\h]h fh”bnedm\Zggy Kkihkl_
\Z eb\bo afeg gZc[eevr \b~bfhx a ydbde?}ghhfsjleddog
\l _dlbggbo kdeZ”~h\bo >ey kieZ\m < § \ eblhfm Kkl
kilmiegv e _Jh\Zghkle I\ _jA*h]h jhagbgm [ebavdh fZ
gvhfm fZj]J]Zgpx * gZy\ghkle ih fZk fhee[* _gm IL
AZeesah\fekgelbZmbfeklylv kmll}\m deevdeklv fhrbnedZI
fhee[» _gm |Z \ZgZ™ex  fZxIv i_j\bggm ijbjh*m ml\hj_
k\ergblv €0 lhgdZ ijhl_ "~ g”jblhih”?e[gZ [M~"h\Z

?\l_dlbgges kdezZ”h\e gZ& XkgH\eof©Oggbf kdezZ"hf
\eNih\erZXxlv nell$ O\ yde 1Zdh  ijbkmlgec dh[Zev] |
ithablb\gbfb a |lhgdb ahjm klZ[eecaZpe€ ~Zgh€ nZab
| fi_jZImj GZc[eevr \EEQghdm \biZz*dm } | _ sh \ pec k
kdezZ”h\ec 1Zdh" ijbkmlge pbjdhgec 1Z eZglZg m \ _eb
fh mlv mlI\hjx\ZIb yd hdj_fe gl _jf IZee” b « agZoh”blk
fergh\fekgh€ _\l _dlbdb 1Zd ¢« [mlb kdeZ”h\hx hklZq
"bki_jkgeklv jhalJeygmlbo gZklbghd [eevr lhggnE€o\e”i
\bagZqg _dbygZ agZclb ebr_ ieskey "“hkee<”" gv nZah!
\bdhjbklZgggfl] geVWk&hnjZdlhf.lje€

KiezZ\ « 1 ickey \e?riZema[ijbvieghy kimi_gx e_]h\
I\ _j~h]h jhagbgm ferrx Kbkl _fghkle [Zdh]h _n_dIm i
kdhjer_ \kpjhge k\erqZlv ijh jeadh \e~rfeggbc oefeqgbc
a_jgZ AZeecah\fekge nZab ickey \e?iZem fZc _ g_ afeg
Nje[ge jhafejb hdj_fe gZklbgdb \ kdedhg]ljtaflZ&ir\_g
i _j _\bsmxlv fdf sh ihablb\gh \ieb\Z} gZ “Zjhfey
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?\l_dlbqge kdezZ”h\e sh feklylv ferv a[_je]Zxlv k\hx
kdez”™ lekey \eMiZem KklZ} ihfelgh sh \hgb I1Zdh"
dhglehf jZpe€ ea aZenadualixkghjXb.ggh]h ihoh”" ggy

AjZahd kiezZyfm\ eblhfm klzZge fZ} klmiegv e_]h\Zgl
jhagbgm gZ je\g- fZk >ey gvh]h oZjzZdl_jgbfb e} [ee¢
aZesah\fekge nZab i_j\bggh]h ihoh”” _ggy yde aZ k\h€
-Alis(Fe,Mn B.Sis Q_j_a gZy\geklv ojhfm py nZazZ } [sevr
\ ihi_j _~gvhfm kiez\e LZdh  ~h €€ kdeZ”m \oh”blv 7
fhee[* gm sh dhpZedkighdejghkldbhmlI\hj ggy jhajmygn
ithi_j_~geo0 “~hkee™Zo Fergh\fekge kdeZ”~h\e _\l_dlIb
fhrbnedm\Zggy ¢ feklylv \ k\h}fm kdeZ”e ged _ev dh[Z
< lhc °_ qgZk fh'gZ [Zgblb « g _e ]h\Zge Z[h kg&xa[he ]h

lekey \eMiZem KkieZ\ « 1T al[_je]Z} en]ph\Bgglblgml\ 4
\fekl fenre \ gvhfm 1Zd kZfh a[eevrm}livik\Wya¥#og\hjahipj |
k_li_1Zp+€ 1Z dhZj&eypke€j_$Oge a_j_g q_j-aehgsh
_e_dljhggh]h fedjhkdhizZ a [eevrhx edh)}ejg&lXxqagohe"
Neeygdb < pvhfm ajZadm yd ¢ \ mkriwgefgZbo_ L jfdkdb
fZj]Zgpx AZeeah\fekge kdeZ” h\e gkeinAjpYigxemv kyhi«\e?
ijh €ogx \bkhdm klZ[eevgeklv |Z ihlhgbdbydb &b kiredh cg
i*"\bs _ggy " Zjhfepghkle ijb ih~"Zevrhfan "&kieykghgte € (
\erfegmod fergh\fekge \l _dlbgge kdeZ h\ejiprylNkYiZe
lhfm €0 oefeqgbc kdeZ”™ \eMjeagyl}lakxad®\ihi_ j "geo

>ey [eevr lhggh]h \by\e _ggy-nZdjmik]mjgkde Z
"hkee” m\Zgbo @mzeadeijh\_~ gh j_gl]_ge\kvdm ~bnj:
j_amevlZlb ydh€ ihdZaZgh gZ jbkmgdZo . >ey
thi_j _~gvh \e”iZe g ajmcgh\Zge ajZadb ickey \L
\bijh[m\Zgv >ey ithje\gygagy |Zdh" \bdhjbklh\n
g_fhrbnedh\Zgh]h kieZ\m $0O6L &X Ilsdb j_gl]l_gh]jzf
ZgZeeam ¢« ihje\gyggy ~Zg302-306ke""_gv >
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Jbkmghd+J gl]_gh]jzZfb ajZade\ \boe*gh]h g_fh~b
kieZ\m $06L &KieZA*\lZ ¢ < 9§ ickey \¢e?iZem |IZ \bijh]
fepgeklv ijb f K
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AjZahd fhrbnedh\Zgbc dh[ZevIhf \ZgZne}f
0ZjZdl _jbam}lvky gZy\gek&x6lnZgdz$@Za\bgzZc nhjfm}
i_j\bggzZz ?\l_dlbgge* k&eZrB\dj$Ogec nedkmxlvky [cey
nZab sh \dZam} gZ fh eb\_ qzZkldh\_ nhjfm\Zggy hlk
_\l _dlbdhx LZzZdh" j_gl]l_ghl]jzfz ihdZzam} sh I\ _j~bc
Zexfegex feklWWX$O [eevrec deevdhkle ge g fh™bnedl
AfegZ <gl_gkb\ghkle ~ ydbo iede\ |IZ ihy\Z gh\bo i*key
gZ afegm ijhp_ke\ nZahml\hj _ggy i qgZk djbkl
Kihkl _je]Z}Ivky [eevrZ deevdeklv i_j\bggh ml\hj_gbo
nhjfm\Zggy [*evr h*ghjergh€ _\l _dlbdb ydZ feklblv dj
kdezZ”h\e Z 1Zdh> mlil\hj _ggy [*evr gZkbqg _gh]hCafepg
I\ _j~h]h jhagbgm gZ hkgh\e Zexfegex

lekey "h”*ZIdh\h]h fh*bnedm\Zggy ¢« "h”"Z\Zggy fZ
iede\ ydbc \eNih\eNEgNZbA BPOKkbexxIvky iedb I\_j~h]h j
hkgh\e Zexfegex AgbdZxlv Z[h ihkeZ[exXdbk&XK" yde
gZdezZ"Zxlvky gZ iedb egrbo _\l _dlbggbo kdeZ”~h\b
fhrbnedm\Zggyf ~Zgh€ nZab 1Zdbf qbghf sh \hg.
A glbnedh\Zg&X 1EOh" \oh”~blv "h kdeZ”m I\ _j~h]h jha
Zexfegex < gvhfm kihkl _je]Z}Ivky mlI\hj _ggy * a[_j_ =«
Mg.6L Ijb g agZqgec Ze dhidpfHepngpcE fZ]gex [eflZkvdh
py nZaZ g_ [m”_ kobevghx "h kmllI}\h€ dhZ]meyp+€ |Z
m i**"\bs gge f _0Zgegqgbo 0Zjzdl _jbklbd g_ Ileevdb ijb
ijb ie*"\bsba fi jZzIkhg LZd kzZfh fZeZ dhgp_gljZpey fZ]c
fhrbnedZlhje\ ijba\_eb "h-nBalZsF8M%E g mli\hjbeZky
AhArZgm  €l€ieidB ZxIv a iedZfb I\_jA*h]lh jhaqgbgm gZ hi
lhfm ijb g \bkhdhfm \fedlsfmZebbh jhajeagblb

AjZahd kieZ\m a mkefZ fhrbnedZlhjzfb jbk f
\eArfegghkle m nZah\hfm kdeZ”e |1Z jhaih”eee sh \_ebc
a"Zlgeklx ojhfm ie~"kbex\Zlb i_j\bgg_ nhjfm\Zggy aZe-:
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Jbkmd@glR8+J gl] _gh]jZfb ajZade\ \boe*gh]h g_fh~b
kieZ\m $06L &X Z 1Z kieZ\e\ < ¢ ¢ iekey \¢e"NiZem
fepgeklv ijb f K
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>ey kieZ\m « gZ j_gl]l_gh]jzfe \e~"kmkBe6€ L «dy dkblte
kKihkl _je]Z\ky "ey\<kieZ\< Y shg_ feklbeb ojhf GZIhf
afyleyxlvky -MgBeMn B.Sis yde ijZdlbggh Kkie\iZ"Zxlv a
nZabAls)H6L gZy\geklv ydh€ [meZ \klZgh\e_gZ aZ “h
fedjhkdhie€ 1Z ehdZevgh]h oefeqgh]h ZgZLetam”dghfm
ajZadimy\ey}lvky \Z gh ihjy® a _\l _dlbggbfb kdezZ”h\bf

OZjZdl _jghx } gZy\geklv g _\ _ebdh]h Ze_ edeh]h i
ydZ } [*evr kddZAdéxqZ} \ k_[_ ogdd[zevle LZdbf qgbg
ithdZaZgh sh fh bnedm\Zggy ijba\h”blv g_ebr_ ~h afe
[Z]Zlvho nZa Ze_ + kibfmex} ml\hj _ggy gh\bo f_gr i
Ibim kieZ\e\ kihemd LZd ~h~"Z\Zggymajhkdh [&fe \ginb e\h
fhrbnedm\Zggdgab \Znl\hj_ggrZab « |1Zdbf gbghf \eg gZ
ged_e f ihagAblb ~h kdeZ”m fe~rgh\fekgbo dhfihg_gle\
gZklbgm fenre [Zd o qZklbgm aZecaZ niZals HAATDEe} gZ

AjZahd kiezZ\m « T kmll}\h \enjeagly}lok]yj ZKRIX} R«
ihi_j_~gvh]lh GlzfylgZ kbevgZ afegZ gl _gkb\ghklagedm I
gZ hkgh\e Zexfegex sh \dZam} gdjplaldmeh\ljZirgggkEv hje}
a_J g Zexfege}\h€ fZIjbpe \ ihje\gybgajaadvfh ANgrkd vy
\bdebdZg_\ _ebdhx deevdeklx jeaghjrghpooinpdgglenkie
ie"deZ”bgdZfb "ey djbklZecaZpe€ Hagbgikb pVhfrbdig-d
feklblv nZa®LOHkgh\gbfb kdezZz”~h\bfb _\l _dlbdbgtgblgdvh
Al,&X [sevr dhfie_dkgh]hbk[dhe&h mhdyZehidgBgZe-al@\gegh

422 >hkee”" _ggy djbklZeecaZp+€ 1Z yn@abdméwr c
dhfie_dkgh fh”bnedh\Zg bk ea BBHOCU3

<by\e ggy hkgh\gbo nZah\bo kdeZ”h\bo kieZ\e\
\Z eb\hx kdezZ”h\hx jhamfeggy nZdlhje\ ie*\bs_gg
"hkee” m\Zgbo fZl _jeZee\ Ze_ iblZggy nZahmlI\HZ gg\
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djbklZeeaZpe€ } g_ f_gr \Z eb\bf >ey jhamfeggy gZc
Ijh\_~ gh “bn_j _gpeZevgm kdZgmxgm dZehjbf Ijex
kieZ\e\ GZ hkgh\e pv]h ijh\_~ _gh \e~rih\erge jhje\g"
| fi_jZImjgbo e<gl_j\Zes\ nZahml\h)bggyY g ZgHzdhi_ jZIr
khee*mk ¢ eed\e*mk 1Z gl _j\Zeb djbklZecaZp+€ Kie
iZjzZf_1jZzfb a Ihqdb ahjm | _ogheh]*€ eb\Zjgh]lh \bjkt
j_amevlZlb >KD ij_"klZ\e_eg28yZ jbk

>ey [eevr lhqgh]h jhamfeggy i deh I\Jélgl44f gh | _Zd|
| fi_jZImjb ml\hj _ggy nZa m kieZ\s $O6L &X [R9%> ijb\
305, 307] L _fi _jZIlmjge ihdZagbdb ijb pvhfm fh mlv i
\eNMjeagylbky g _j_a rbjhde f "¢ dhgp_gljZpe€ hkgh\gbo
yde "himkdZxlvky klZg™rZjlhf

LZ[ebpy
J Zdpe€ 1Z | _fi_jZImjb mlI\hj_d\pPCuBa m kieZ)\

J Zdpe+*€ ml\hj _ggy nZa L K
[:1 $0 $MelAlgMe 585-612
I 1 $0O 575-588
I ] $0 $&Mn,FexSih+AlsFeSi 562-573
[ 1 $0O 6L ~571

I © $Q)HG6L:/ $ OsMFeSE ~566

| : | 6+Al+Mg,Si ~553

/ :$0 $.0u ~517-503

HA j Zge "Zge* "bn_j _gpeZevgh€ kdZgmxgh€ dZehj
| _fi_jZImjb nZahml\hj_ggy [Zah\h]h kieZ\m $0O6L &X ¢
agZq_gv \dZaZgbo 48 lgdkbp- LZdbf qbghf h~_
g _fh*bnedh\Zgbc kiez\ fh™_ [mlb _I1Zehghf ey ihje\gy
yde \er[m\Zxlvky \ kieZ\e ieckey fh*bnedm\Zggy
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Al,Cu > {$0 )

Jbkmghd >KDtkieZ\m $06L &X \ g_fh”bnedh\Z

lhje\gxxgb djb\e >KD [Zah\h]h kieZ\m a fh”bnedh
< |1Z < i_jrh]lh _1Zim ~“hkee”" _gv jbk fh gz kd.
ydbc feklb\ mke ghlbjb fh bnedZlhjb fZ} koh™ m gzZ [Z
nZahml\hj_ggy ijb djbklZeecaZpe€ GZlhfeklv kieZ\ y
kdez”e fedjh"h[Z\hd ojhfm o0ZjzZdl_jbam}livky [sevr Ki
djbklZeeaZpe€ |1Z ieZ\e_ggy 9gZ sh \dZam})H6kmlLgZdlby
kzZfbc n_dl fh'gZ ih[Zqblb « \ ajZadZo kieZ\m yde fZe
Ah[z\db IblZgm 1Z pbjdhgex jbk ;eevr N _bKdvgb
\keo ajZade\ gZ\_~ gh "Ze-
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Jbkmghd >KDtkieZ\m $06L &X iskey fhConveMo)fgCpyCrZV+Mo
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Jbkmghd >KDtkieZ\m $06L &X ickey fhQonavddR Zd gy U Z/ BCo+CetV+Mo+Ti+Zr+La
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G_fh”bnedh\Zgbc kiez\ $06L &X fZ} qeldh \bjzZ _
aZeeah\fekgbog NZawdeevdhkle km~”ygb a dhgnanrZmpZp:
Alis(Fe,MnySi; 1Z agZggh [eevrh€ dm&adhhHe6L MI\hj gg
N\l _dlib&alZ mqzkle dj_fgex fZ} kIZjeYyAplgbchXlZggvhx
kljmdImpghah\hx kdeZ”"h\hx sh djbklZeeam}lvky,@Qu Kie.
_\l _dlbggh]h ihoh”~" _ggy

lekey ~h"Z\Zggy fhrbmeldi2zlh\jZb i j \Zhgh m}lvky
| fi_jZImjZ estX"rmkydbo \biZ*"dZo g _agZqggh ie*gefZ}I
khee”mk LZdh  agbdZ} i-ddZaldjpejf §geyZ\m « agb m}livky
| fi_jZImjZ mi\hingdgay . adwn gZ hkgh\e ki&x¥mdb §@Imjz
mI\hj _ggy i_j KEZAbshxdg&vdZ ]jZ "mke\

< jZae aZklhkm\Zggy \keo ghlbjvho fh”bnedZIlhje!
kieZ\m agh\m klzZ} fh eb\bfndab] RRgyfh gZ ihykgblb f_
deevdeklv dh gh]h hdj_fh \aylh]h fh*bnedZlhjZdh hekrh|[e
Dh[Zevl i _j \Z 'gh gZ*"oh”blv g KkkiggiEZuno pzfalZ fhee[” ¢
hrghqzZkgh kijbyxlv mil\p\jb gglxo hdan-Al;s )H 0Q.S%: Z
lhfm aZebrde\ pbo e f gle\ Z |IZdh \ZgZ”"ex ydbc Z
aZjhrdhml\hjxxgh]lh fh*bnedZlEjgm} kh[hx I\_j*bc jha
\bklZqz} ~ey ih\gh]h a\fyamZggy aZee<aZ <+ g°\_ ex!
Jhedhih”e[gb eAlgR24i.

LZzdbf gbghf \\_~ ggy "h~Zldh\h€ deevdhkle a
fhrbnedZlhje\ Jheh\gbflbdEgimf ®yde g [m~mlv ijbcfZlb
fhrbnedm\Zgge egrbo nzZa djef Zexfege}\h€ hkgh\b i
[*evim jhev hkgh\gbo fh bnedZlhje\ m nhjfm\Zgge ¢ _j\b
e _Jh\Zghkle I\ _jAh]h jhagbgm @ ki\gZkeegsrhdE deevdhl
| fi_jZImjgh klZ[.evgbo “bki_jkgbo gZklbghd i_j\bgg
ihoh”” _ggy yde a”Zlge i**\bsm\ZIlb "Zjhfepgeklv kieZ\s

<eAjh\ergh ~h pvh]h kiezZ\ <« § vydfoc [ fi-§EZ3\ hog .
koh hkle ae k\h€f f_gr e_Jh\ZgbdZAgZeh]hlffb pvhfm ied
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\eNih\erZ} nhjfm\Zggx i-Fe\bhgab€Z} [¢evr rbjhdbc | _fi_jZ
gl _j\Ze mlI\hj _ggy <Z eb\bf } |_ shfdjdighKiD‘\bAddh\Z
kieZ\m < 9§ klZxlv koh bfb gZ le ydeejymdleZh*\ < Zg¥Z <
>ey kieZ\m < 9 \hgb g_ feklylv iedmml\kpbgeg Vi hphzeagd k
aZeesah\fekgbo nZa <Z eb\h [Zdh" &KhbhedhyZghoe kri efz
\eAkmlige iedb ssZ\akd@XZ " \|l RlIb\dlZam} gZ nhjfm\Zggy *
\ ydhkle afepdxiygp€kbo€€ ggy a I\ _j*h]h jhagbgm gZ hk
HA jZge "Zge dhja ¢kaleygmlibfb jZger_ e”ddgjbivdg h
fedjhkdhieggh]h 1Z nZakh\hijb pgAfma gZy\geklv \ _ebdhé&
i_j\bggbo nZa hkh[eb\h kd_e_ Ihih”*e[gh€ fhjnheh]«€
fh mlv g_]Zlb\gh \ieb\ZIb gZ eb\zZjge \eZklb\hKkedHhfm
ijh\h~"bebkyv

43 <bkgh\db *"h jha”eem

1. GZ ijbdez”s kieZ\m $06L &X : [meh ~“"hkes’
[Z]Zlhdhfihg _glgh]h fh~bnedm\Zggy “h_ X\l \dlbgmdepbd
kbemfege\ a f |hx ie"\bs _ggy €0 f _0Zgeqgbo 0ZjZdl _jbl
1Z 1jb i**\bs _gbo | _fi_jZImjZo |Ijb pvhfm k _j ~gec \f
agZoh”b\ky gZ je\g- fzk Z kmfZjgbc \fekl g_ i_j_\
\ deevdZ jZae\ f_gr_\e*hfbo ZgZeh]e\

2. Ijb  \b\g_gge \ieb\m h~rghdhfihg_glgh]h 1Z
fhrbnedm\Zggy gZ klijmdIimjm 1Z \eZklb\hkle kieZz\m $0O
hrghdhfihg _glghfm fh”"bnedm\Zgge \ZgZ”ec ih”*je[gXx
fedjhkljmdIimjm Z fhgel\[i’Zdd gbgblv [sevr g_]ZIb\§Ec \
hrghjergeklv o agdjjHafsb |Z fhjnheh]ex aZeeah\fekgbc

3. Ijb h*ghgzZkghfm fh brkiem\gggze"+}f [Z fhee["
\eA[m\Z}Ivky ie*kbe_ggy ihablb\gh]h \feklm \ZgZ”"ex
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\\_~ gge dh[ZevIim Z[h ojhfm ijb a[_j_~_gge ”"je[gha
kilbfmex}Ivky “h~Zldh\_ jhaZzZiehrmpe[goagpecah\fekgbo nZ:
4. <klZgh\e _ghfhsthnedm\Zgigg¥\m \3§ZZ-fhe<[hf g
kijbyla[eevr_ggx kIimi_gx e_]Jh\Zghkle I\ _j~h]h jhaqgbg
\feklm \ gvhfm fh~bnedmxgbo _e f _gle\_hZdfEYYDgIp.
afepgx\ZqzZz Dh[Zevl g_]ZIb\gh \ieb\Z} gZ pe ihdZag
\ZgZ"e}f 1Z fhee[* _ghf o [eevrhXx fejhx fh*bnedm} fergh'

5. <by\le_gh sh dh[Zevl ijhy\ey} k_[_ yd k\h}je
fhrbnedZlhj ydbc ijipsfg2bhkdiZIhje\ aZesah\fekgbo nZa
€0 i_j_jhaih”ee sh ijbafa?*dlygdgn I\ _j~h]h jhagbgm fZj]
\ZgZ~e}f < egrhfm \biZ*dm dheb fh*bnedZlhje\ aZeesa
\eg qZkler_ \bkImiz} \ jhee fh*"bp&XzZlhkdexZab $Odlbdb

6. Fh*bnedm\Zggy kieZ\m a&o6+VkoV+NbfbCr+Co+Mo,

9 &R OR 1Z &R &U 9 OR ihdZaZeh gZc\bsm _n_dlb\
kljmdImpgdah\bc klZg 1Z f_o0Zgeqge \eZklb\hkle \ rbj
| fi_jZIlmjZzd_jer oa\E[cevrblb fepgeklv kieZ\m gZ «
ihfelgh€ \ljZIlb ieZklbgghkldeZeggekebdzdjhl\ jrhkle I\
jhagbgmd hkgh\e ZeXfeghkhfm klZge 1Z ickey | jfeqght
AhnrzZlidh\h klergblv ijh \bkhdm klZ[eevgeklv f_0Zgeqgb
[ _ aihk_j_~gvh \ mfh\Zo i**\bs_gbo |I_fi_jZImj

7. >h~ZIdh\_ \\_~ ggy ~h fh~bnedh\Zgbo kieZ\e\
i_j_\Z gz a_jghih"je[g_ggy Z "h"Z\Zggy pbjdgg-x
fh*bnedm\Zggy nZa&l.Clbimsh azZ]Zethfal\hey} i**\bsbl
\bkhdhl _fi_jZImjgm fepgeklv ihi_j ~gvh fh~bnedh\Zg
feklb\ dh[Zev]l \ZgZ”™ec |Z fhee[*_g gZ ae FIZ Nt
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JHA > BE
JHAIJH E?G@Y'JHF1PGBO EB<:JGBO KIE: <1< G: HKG
KBKL?FB -KNida

Jha”ee ijbk\yg _gh “"hlkee "aglgkl ¢ nhjfm\Zggy kljn
nZah\bo 1Z f_oZgeqgbo o0ZjZdl_jbklbd kieZ\sNi-g& hkgl
aZe_ "ghkle \enr €0 oefeqlghkiyXaead™\@dgh | _ogheh]eqge h
ijblhim\zZggy 1Z eblly _dki_jbifeg\®evgdddh  \baglx\q_ g
i*"\bs_gbo | _fi_jZImj _dkiemZlZp+s€ gZ €0 kljmdIm
f 0Zgeqge \eZklb\hkle

Il j_"mfh\b « ~hk\e” klI\hj ggy " Zjhfepgbo
kieZ\s\ yde feklylv ged_ev |Z JAF

HklZgge jhdb Zdlib\gh \eA[m\Z}Ivky jhajh[e_ggy
"Zjhfepgbo Zexfege}\bo kieZ\e\ yde fZxlv \bkhdbekl [e
jerdekgha f_ evghb[808-31Z]el§l j k “h gbo ihykgx}Ilvky fh"
ml\hj ggy f _|ZklZ[eevgbo nZa gZghjhafejgh€ | _jfeqgh
|1Z a~Zlgeklx “h » _nhjfZpecgh€ h[jh[dDb

<jh[hI81l>@ ihdZaZgh sh eb\Zjge kieZ\b gZ hkgh
feklylv « fzk p_jex fh ' mlv fZlb ieZklbggeklv \bs
fepghkle \eon FIZ iekey eblly ie® Ibkdhf I[Z “h ¢ FlZ
[mIb kljmdImjgh klZ[sevgbfb 7h fK LzZde kieZ\b
fepghkle ijb fK \ lhc gZk yd ey klZg”~Zjlgboc Zjh
ihdZagbd aZa\lbqZc agZoh”~blvky gZ je\ge I h
\eZklb\hkl_ ¢ azZ[_ai_gm}lvky gbavdhx ~bnmaecghx Z
jhagbggeklx p_jex \ Zexfege€ KklZ[eevgekih&eegthjth IZ
kijbyleb\hx fhjnheHkJ&knh]_ j glghx ]jZgbp_x a Zexf:
fZljbp_¥epgeklv [egZjgbo kG&lZaA §CgZligbo |_fi_jZImj
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130«14 FI1Z ijb \fekle p_jex fzk fz} fZzdkbfZevg_ agZ

FIZ ijb _\l _dlbggec dhgp_glj2pZ€ _ gfZlafegx}lvky |
\feklp _jex fZK312].

Koh kljmdImjge hkh[eb\hkle 1Z agZq_ggy f_0Zg-q
ijhyleyxlv _\l_dlbgge « "h_\l_dlbqgge -Ni¢b)\BLXK Bk4D fb< $ (
[*evrhkle "hkee”" gv i_j \Z]Z gzZ™Z}IvkydkiZd g b[fe kb aev4I\rZ
yd gZc[eevr fepgbf 1Z “Zjhfepgbf Lbf g_f @r }€o0
"hklzZlgvhx Z ieZklbggeklv azZ\bkhdhx Ihfm ~Zge |
AhArZidh\h]lh e _Im\Zggy 1Zd kZfh yd-Geih”™\ecge kieZ\b

>h"Z\Zggy "h ki&H\ -aZ#0jbd eh i**\bs_ggx €0 kljmo
klZ[sevghkle "h | _fi_jZImjb fK aZ jZomghd ml\hj_
egl_jf_IZeANhs\CeFe [315]. AZ koh bf ijbgpbihf [meh kl\h
"hkee”" gh ki®NE\)FHOa [eevr kijbyleb\hx \hehdgbklhx fh
A\l _dlbggbo kdezZz*h\bo > @ F_o0Zgeqge \eZklb\hkle |
aZebrZxlgkyhklzZlgefhlj [mxlv i**"\bs_ggy aZ jZomghd
e Im\Zggy Z[h A~ nhjfZpeckg§hhgjh{dd* }x €0 kl\hj _gg
hn j°Zggy ~_r_\h€ hkgh\b 7~ey J[eevr dhfie_dkgbo ki
aZ"h\hevgblb \bfh]b sh \bkm\ZxIvky "h kmqgZkgbo " Z]
kieZ\s\ Lhfme\dedwvddeklv ~“hkee” gy kitk\yeg Jgn\Zggx
fhrbnedm\Zggx kieZ\e\ i _j \Z gh gZ-Gkgh\e kbkl_ fb $C

ljb "h~"zZ\Zgge+ "h kl2G\kdB@ *x m deevdhkle fZ
\byle _gh shipblijgegm} jhaih”ee 6F fe¢  jerdhx IZ I\_j"rh
gZk aZl\_j*reggy * ijba\h”blv ~h af_gr_ggy fedjhk _]j_]-
ajZadzZo Chlhjyfimkbv ~"h f_ "¢ jhateem feo  Zexfege}f IZ
Al;1Ce ¢ ijb klZjegge kieZ\m g6k \bgdbyXOvky kZf_ \ pbo h
| jrbc _n_dl Kijby} ijhklhjh\ec hrghje~rghkle jhlafiBteem
\ Zexfege}\ec fZljbpe Z ~jm]bc ijh\hdm} afepg_ggy j_
Al;;.Ces $O. sh i _j rdh™"Z} ymom\ fblkbphdAfp4c a edCGaee $(
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H[bAM\Z n_dlb ihdjZsmxlv hiej ih\amf2Oele &Fe ke
klZjeggy "~ _fhgkljmxgb f_"m |I_dmqghkI|I<C§17].FI1Z ijb
HrghgzZkg_ e _]m\Zggy&Kieghitd h§®@}f « kdzgne}f it
\erfegge ihdZagbdb fepghkle gZ je\ge FIZ ijb defgZlc
FIZ ijb f& 1ljhl_ ~“hkatZadbZpmeh h" "Nh dofin Jdx
Z"blb\gbo | _ogiBéd@-c <"ih\e*gh \boenrge i1ZjZTf _Ijb
0ZjZdl _jbam\Zebky “m _ \bkhdhx ~j\lghkia jkgbklIxkhxZa
fh'gZ ihje\gylb a* ajZadZfb ickey _dkljmae<€
< jh[hI319% gZ\ " MYhkes"  ggy kidZ&BSIHOBMg,ydbc
[meh jhajh[e_gh yd ZgZehdZ ijbgpbihf kie\\eAghr_gg\
e _f _gle\ sh nhjfmxlv. <\igvhtdklbgZ dj fgex aZfes gZ
e \eArih\ergh _\l _dlbggZ kdezZ”h\Z ij_~klZ\e_gZ [eevrl
p_jex>hkee”r" ggy kieZ\m ihdZaZeb sh gZy\geklv dj_1
fepgeklv aZ defgZligbo |_fi_jZImj a FIZ ~h FIZ \
agb m} \e*ghkg_\b~h\" _ggy a fZc_ ~“h gmey LZdh
jharbjx} gl _j\Ze djbklZe+saZp+€ kieZ\m a fK ghja fK
ihgb™ _ggy | _fi_ jZImjb khee"mk < kdezZ”e _\l _dlbdb
gZklbgdb kihem@lb A& HZxIv a[Z]Zg_gm dj_fge+}f h[heh
AlCeS, NjZdlh]jZneqge “hkee”" ggy ihdZaZeb sh jm
\er[m\Zxlvky ih f_"Zo jha”“eem pbo nZa « fZljbggh]h f_
Am-_ \bkhdm ~bki_jkgeklv _\l _dlbggbo kdeZ”~h\bo yd-
afepgxxgh]h nzZdlhjm hkh[eb\h ijb \bkhdhl_fi_jZImjght
M kieZ\9C®0,75Mn-0,185c- =U fZeh j_Zeeam\Zlbky Iljb -
afepg_ggy ~"bki_jkgbc aZ jZomghd i1\dedIbdlgkih§k ncZgeh
I\ _jrexgbc aZ jZomghd \b”*ee ggy gZgh phtdsf <G § boUq 2 kkie:
klZjeggy Z lZdh I\ _j~hjhagbggbc aZ jZomghd Alaqgbc
fZljbpe >hkee”" _ggy ihdZaZeb sh fZj]j]Zzg_pv aZebr
jhagbge \ eblhfm 1Z g_ \ieb\Z} gz _\l ldkle¢gpmZedtéz
klZjeggy ijb , [Z]fZ&* gZ 0Q \b”"ee ggy \bjhkjlizaxtve gZ nfZ:
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Al-Al ;.Ces h~rgZd p_ g_ \ieb\zZ} gz fedjhl\_jreklv lekey
klZjeggy 1ijb xf& m fZljbpe $0O nhjfm}livky \_ebdZ
gZghgZklbpiAts 6F =U yde k_]j_]mxlv 1Z dhZ]lmexxlv
dhglzZzdlim a Zexfegehf p_jex 1I1h}*gZggy f_oZgeafe\ afe
afepg_ggy i*key klZjeggy ijb . xf& Z 1Zdh™ »
thlamqghkle ijb xf& > @

:gZeh]eqgbc i*"0*® [meh aZijhkhgB\khglbD'eydbc
AhArZldh\h e _Im\Zeb 0Q =U 6F >h”*Z\Zggy pbo e f_
fZelg4d lafepg_ggy Zexfege}\R& fiX|jjBpthaqgbggbf « *"bki_
affpgxxgbf f _oZgeafZfb AZfeklv pvikjhbyYZi{Z\g spwgx
I\_j~hkle IZ afege fhjnheWW}k@hge€dgLkwlbgb _\l_dlbdb a \F
gZ eZf_evgm ydec \eMih\eAdMiMnkih&Kddg”ec |1Z pbjdl
afepgbeb Zexfege}\m fZljbpx Z h”™ _j"Zge i1hdZagt
“Zjhfepghkle hpegxxlvky Z\IhjBthl.yd \bkhd-e

>hkee™" ggy kieZ\e\ kGddafhi ##OhdZaZeb dlb\geklv
al_jJ_ _ggy f _oZgeqgbo \eZklb\hkl ¢ ikey ~ kylb]h~"
400 fK aZ jZomghd nhjfm\Zggy [-gevjiheEqbggbadhkds jf 1Z
yde } kdezZz”h\bfb _\lkicldb\ddo MI\hjx\Kibabkwh(Ce,la} | Z
Alg)H1L hdjef "\hdhfihg_glgbo gl _jf IZee?e\ < mfh\Z

\eN | _fi_jZImjb fK \"Zehky ~hky]lb ~je[gha figbklh

fepghkle gZ je\g- FIZ ijb ieZklbqgh3¥2].[ebavdh
Al*"gh ~“hkeer” gv > @ ©p_jec fh  _ ijhy\eylb \a

_e_f _gldhbe[gm *“h i_j osrgtfdrfbhZeZ\hje\ 1Zdbo yd Ib

pbjdhgec P_ ihykgx} ml\hj _ggy \ fh*bnedh\Z\gZdod « ~
kieZ\Zo kbkl-&bB $@fie_dkgbo egl_jf [Zees”e\ EZglZg

p_jex g_ ijhy\ey} IZdbo \eZklb\hkl_c¢c Z IZdh" fZ} gb"
dh_nepe}gl “"bnma<€ \ Zexfege€ sh jh[blv ch]h [e¢
dhfihg_glhf ~ey Kkl\hj_ggy eb\Zjgbo “Zjhfepgbo Kkie.
jerdekgha_f_evgbfb [42,146eZ6H 324]>h Ih]lh =~ kieZ\b gZ hi
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kbkl_ f-8D1Z-MHOD fZxlkoh « 0ZjzZdl_jbklbdb _\l _dlbggbo
as kieZ\Zfb yde feklylv p_jecC

| j_"Zgm\Zgbf g _"heedhf aZaddq ohogkde £\w\lZ e.
g_ jhagbgyxlvky \ Zexfege€ g \ehaitrdyghlvtfZIljbpx
himfhlex} i _j_\Z]b \bdhjbklZggy \ ydhkle [ljinffierpagkppme & i
yde } fZdkbfZevgh gZ[eb _gbfb ~h _\B2%] b b ¢gkl]jim d lohe jZ2"
kiez\m afh™_ [mlb gZkbqg_ ghbe&nhkdKlx Wiki jkgbo g jha
e | fi_jZImjgh klZ[eevgbda Zpohk| mdlgdnffegmxqgbf f oZgeaf
i*"\bs _ggy Zjhfepghkle kem]m\ZIbf_ f _oZgeaftkijh\ZgZ
kbkl_ _fbN$OD gZ\elv _\l_dlbgge fh mlv a[_je]ZIb ~hkbl
ieZklbgqghkle ydbc [m~_ ajhklZIlb ijb ie"\bs_ge | _fi_jZI

<jZoh\mxgb p_ 9gZ i_jrhfm _1Zie ~hkee”  _gv g_
aZe "geklv f_o0Zgeggbo \eZklb\hkl cNidZ\ee kbifimfkl 3
|1Z iekey “h\]hljb\Zeh]h \bkhdhl_fi_jZImjgh]h Yipds\nghle
\klZgh\blb mfh\b €0 _n_dlb\gh]h fh*bnedm\Zggy « *"h":
i*"\bs _ggy fepghkle agb ggy ieZklbgghkle « aZzZ]Ze
klZ[eevghkle f _0Zgeqgbo \eZklb\hkl_c¢c “h | _fi_jZImjb

>hkee”” ggy kljamddatjgho o0ZjzZdl_jbklbd Kie
kbkl_ fb-NB-@D \ aZe_ "ghkle \eN €0 0efeegimflin\ kedod Zy* m

< ijhp_ke \bdhgZggy “hkee”” gv [meh h*"kbKighbk _
Al-Ni-La jeagh]h oefeqgh]h kdeZ”m m Ihfm gbkee IZdbo
dhgp_gljZpex dh 'ghl]h a _e_ f _gle\ hdjmféhlzZjhZ gB q Z&klg\"
hkh[eb\hkle fedjhkljmdImjb h”_j Zgbo ajZadkiezZdk\ ljbf
\klZgh\e_gh \e~ih\erge azZdhghfejghkle [m~h\b kljmd
f_oZgeqgbo \eZklb\hkl_c kieZ\e\ \er 0efeqgh]h kdeZ"m

< 1Z] ijb\_~ gh oefeagbhomkdeqde \eZktbjhkgd o
ajZade\ m \boerghfm ebjlhfeblktZzgeklZe \bc dhdeev |
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I _j_lielh]lh ~h 1Z fikkey \«MPDem fKjhly]hf ]h~*bg vydl
ijh\h~"beb 7~ey \klZgh\e _ggy Ijb\Zeh]h \ieb\m | _fi_j
kljmdImjb kiezZ\e\ |Z ™ _]jZ"Zpe+*x €0 f_0Z[32¢,$B5. G& ZK |
jbk5.15.4 ihdZaZfpldjhkljmdImjm [egZ]jgbAl-NkikZZAlsl\a -
fedjhkljmdImjm _dki_jbf_glZewghbe’agh adr 24 g b.o

LZ[ebpy
Oefeggbc kdezZ™ o f_o0ZgeqajpZesdzkIbhkkb m\Zgbo Kkie
kbkl_ fbN&a \ eblhfm klZge |Z ickey \@"iZ¢H Jihbbg

< Oefeqghb F_o0Zgeqge* \eZklb\hkle
kiez\ kdez" f Eblbc klZg lekey \eNiZer
(Al £thkgh\
Ni La G< |1 FlIZ [ G<| L Flz |/
1 2,4 3 37,1 62 8,5 31 + +
2 2 55 32 71 3,7 31 + +
3 2 11 35,7 90 2,8 31 78 4,6
4 3,3 8,5 38,6 111 55 33,1 76,3 2,8
5 3,1 16,2 | 41,5 118 2,5 32 83 5,2
6 4,5 8,9 43 120 4,3 36 108 2,8
7 55 9 44,2 125 4,7 31 112 3
8 5 12,5 48 156 3,4 36 95 2,25
9 7,9 3 50 102 1,8 34 85 2,3
10 7,8 13,6 | 48,5 108 1,5 38 93 1,8
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Z
1 2

[
1 2

\
1 2

1 +teblbc klZgekety \e”iZem ifhly]kf ]Jh~bg
Jbkmghd FedjthkljmdImjzZ AiBNL\AAl-18La [, |Z
kieZ\xm xAI-2,4Ni-3La \



236

Z
1 2

[
1 2

\
1 2

1teblbc klZgiekey \eAiZem ijhly]laf ]h~bg
JbkmgBdFedjhkljmdImjZ kieZ4sA-2Ni-5,5Ni Z
Al-2Ni-11la [, Al-3,3Ni-8,5La \
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Z
1 2

[
1 2

\
1 2

1+eblbc klZgiekey \e~iZem ijhly]kf ]h~bg
Jbkmghd FedihkljmdImjZ kieZY»Al-841Ni-16,2Ni Z
Al-4,5Ni-8,9La [, Al-5,5Ni-9La \
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1 2
1+eblbc klZgiekey \e~iZem ijhly]kf ]h~bg

JbkmgHdFedjhkljmdIimjZ kie Z1@\At-6Ni-12,5Ni Z
Al-7,9Ni-3La [, Al-7,8Ni-13,6La \
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lj_"klZ\e_ge kljmdImjbalegZjgbbggbo kiezZ\s\ ~ fhg
hkh[eb\J{ki¢h\b €0 i_j\bggbo nza 1z _\I_@&lHNib \>yed/h kire .
dhgp_gljZpey ged_ex g _agZqgh i_j \bsm} _\l_dlIk
nhjfm\zZggy fded€dhkle AMNabi_ j\bggh]h ihoh”  ggy
aZa\bqZclhigdm ieZklbgqZklm kljmdImjm |Z VhflZlIghpkjb
f 1Zemkgh\b qg_j _a sh qgZklh \bdjbrm}lvky a g_€ ie"
fedjhreene\ Py "~ nzZaZzZ \ kdezZ”e _\|l _dlbdb f2z} IVhdkhdg
fh™_ \bdjbrm\Zlbkv ijb gZcf _grbo gdzZ\glrdZeggyhdm Kkl.
\hehdgZ « ieZklbgdb ZexfdgjZlqzxdvd kelxx peeeckgeklv .
pvhfm €0 a\fyahd a Zexfege}\hx fZljbp_x KklIZ} djZs
fedjhkljmdImjZ gZ jbk VA

>ey aZ \l_dlbgghpMi8li@ Ahmfm\Zggy i _j\bgdhthanzZa
}eevr ihfelgbf < eblhfm klZge \hgb ij _"klZ\e qgglfinig
\dexq_ggyfb jhafejhf \e~ Nh fdf Z iekey \eniZe
ihNje[gx\ZIlbkv ijb[ebagh \*"\eqe < kdezZ”e \|l _dlbdb ~Z
kijbyleb\m \hehdgbklm fhjnheh]ex Ilekey \¢?*iZem \heh
kmpeevgm [m2h\m ijhl_o0ZjZdl_j €0 ithgZldh\h]hZp»i€m
fh gZ \e~kl_"blb >«Zf_ |jANlLashtihjpgZjghfm kieZ\e kde

« gf « }-\ jZab f_grbf ge 7eZf IAlNhehdhg

GZ ij_"klzZ\e_gbo jbkmgdZo ihljecgbo kieZ\e\ gZc]|
\erih\enrZxlv eZglZgh\fekgeulpZ kKkb gldkthj B DZe xfege” ged_e
AlsNi. :exfege}\Z fZIljbpyZc[eevr | _fghx kdeZ”~h\hx ah]j
ZgZeeam fedjhkljmdImj \b~rgh sh ijb fZebo dhgp_gljZp
\bree _ggy _\l_dlbdb fzxlv \Bpey Ihggodeb o _gbeX f_"Zo
a_j_g EzZglZgh\fekgZ kdez”h\zZ fZ} hk_j_~db \hehdgh
rbjhdbo ~eeygdZo _\l dlbggbo ahg sh ih\fyaZgh a
dijbklZeeaZp+s€ dheb \hehdgZ fZxlv qZk ml\hjblbky ki
\feklm eZglZgm kieZz\ \e MM\ Z} vy k § hrE] ek dyeg & H\LD
jZomghd fZc®_ h~ghqgZkgh]lh €€ nhjfm\Zlggy yal «q Zkdbhg d}
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[eevr ~je[gbfb ge¢ \ ihi_j _~gvhfm \biz~Adm 2\l _dlI
digp_gljZpeyo ged_ex « eZglZgm nhjfm}livkkngllRMghje
al[eevr_gge \feklm eZglZgm kieZz\ _\l_peNmdhZ « jigh[€n N Z
kijbyleb{im&*hVEqeldh€e hdglh&hjnheh]e€

Ae afeevr_ggyf \fekilm edZé&x M agb  ggyf \feklm e
"h8,5% fZk kiezZ\ kihkl_je]Z}Ivky mdjmig_ggy, kde
hg_\b*gh aZ jZom{yfr&k ggr€l kehe Z*"h\h€ A+ afeevr_ggyf \
"h 2 fzk KkieZz)\ oZjzZdl_j [m~h\b _\l _dlbdb klZ} ih"
ijhl_ kZfzZ kljmdIimjzZz } [eevr "je[gha_jgbklhx Gz
\hehdgbklhx _\l_dlbdhx \hgZzZ I|Zidhh"b\gllekqZ[}*evr djm
\dexq _ggy h[ho lbie\ egl jf [ZeeNe\

Alenrgd2, 206@ _\I _dlbqgZ dhgp_gljZpey eZglZgm ki

fZk ijhl_ Zexfegene\ eZglZgm i_j\bgdghkhjniddimie
kiez\sng _kihkl _je]Z}Ivky P_ fh™_ k\ergqblb ijh |I_ sh
A\l _dlbggm dhgp_gljZpex eZglZgm \ klhjhgm J[eevrbo i
Ahimklblb sh qgZklbgZ Zexfege"m eZglZgm ml\hjbeZ
j _Zdpe}x Ze_g_ gZ[meZ djmigbo jhafeje\ H~”rghqgZk
dhgp _gljZp+€ ged_ex fh _ kijbylb ch]h gZkldh\hfm a
<bagZqg_ge hkh[edbrhkdyZ g h[oe~geklv ih~"Zevrh]h \
Zexfege}\h]h dmlZ ihljecgh€ "eZNiAfb kbkl fb $0O

KieZz\ ithdZam} [m"h\m koh ™ m gZ kieZzZ\ Ijhl &
_\Ml_dlbdb sh } hgedm\Zgbf 1Ijb i**\bs_gge \fekim g-d
\erkhlhd "h fZc _ _\l_dlbggh€ dhgpp doflfXp2@ [ &l pmd hm |
ihfelgh afegxjdfedgyx}lvky kidZhjhy\ey}llvky m nhjfm\Zgge
hrghjergh€ kljmdIimjb g _je\ghfejghfm mli\hj gqbkesdalt d
Nje[gbfb kdeZ”h\bfb jeagh€ fhjnheihp¥ \Z"ghklgh \djmi
gZklbghd l$3OYdsh ie*\bsblb “h _\l dlbqgh€ dhgp_gljZy
kKieZz\ lh frag\mh[Zqgblb fZc ' h”ghje®*gm Kkljmc
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Ne[gh”bki_jkgm [m~2lNMmd ihykgx}lvky 1Zdhx dhgp_g
e _f _gle\ ydZ } [ebavdhx “h ihl[B26ph€ _\l_dlbdb

ljb i _j_oh”e dhgp_gljZpe€ ged_ex \ aZ \l _dlbggm
hr"ghqgzZkgbf gbavdbf \feklhf eZglZgm \eA[m\Z}Ivky n
kljmdImjb ydZ kdez”~Z}Ivky a i_j\bggh ml\hj _gbo a_j._
hkgh\le ZexfedbxdIbdiAIBOIZ Zexfege m e\Z§EZGheZNe |
\fekle h[ho e_]ImxgbogzZej-AgglaVZ \l dibggh€ dhgp_gljZy
mI\hjx}Ivky kljmdImjzZz ydZ kdezZ"Z}Ivky sa Zexfegene\ |
g_\_ebdh&€vdhkle a_j g I\_j~h]h jhagbgm gZ hkgh\e Ze
_\l_dlbdb

Lib\Zebc \bkhdhl!l_fi_jZImjgbc \ieb\ ihdZaz\ h~gzd
kimdImjgbo kdeZ”~h\bo "hkee®* " m\Zgbo kieZ\e\ H[b"\Z
kdez”e \l _dlbdb \ljZgqZxlv k\hx kmpeevgeklv ¢ afegx
ieZklbggZklm [m~h\m gZ ~bki_jkgm ihee_"~jbqghbldjb p
sh Zexfege® ged_ex } [*evr \bljb\Zebf "h | _fi_jZImjgh]h
ydsh \fekl ged_ex \ kieZ\e gZ[eb Z}Ivky ~h _\l _dlbqg
kdezZ”h\e gzZ\iZdb ih”je[gxxIvky gZkleevdb dkeZévgrh
al_j_" _ggy \bkhdhl_fi_jZImjgh€ fepghkle fh gz g&Za\zZl
jZomghd a[eevr_ggy deevdhkle g jhagbggbo ~bki_jk
nZdlhjhf amibgdb jmom “bkehdZpec ijb f 0Zgeqgbo ¢
\bkhdhl_fi_jZImjgh]h \ieb\m

AZagZq_ge hkh[eb\hkle fh gZ [eevr ih\ghx fe
jhaleygm\rb kljmdIimjb ah[jZ _géhpgZ jlmigy fedjhkljmd
AN fhgkljmxlv njZ]f _glZpex ApRiklbghpd ameviZIlie qgh]h
gZ[m\Zxlv jhafeje\ gZ je\ge « fdf JhAbdesb\ edbkhd mhd
klzge fh mlv “hky]ZIb « gf lekey €0 njZ]f _glZp+€
\erm\Z}Ivky g_agZqgZ dhZ]meypey =<+ jhafejb egl_jf
a[eevrmxlvky “h « gf \ Ibo fekpyo ~_ _\l_dlbqg
gZc[eevre jhafejb
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[
Jbkmghd FedihkljmdImjZ 1Z jhaih®ee nd HfiehZy\egd «\
(A-3,1Ni-16,2La)\ eblhfm klZge Z 1Z iskey \fKiZenb§

ljhZzgZeesam\Z\rb aZdhghfejghkle kljmdImjhmli\hj
\bdebdzZge Ijb\Zebf \bkhdhl_fi_jZImjgbf \ieb\hf fh ¢
hilbfZevgbc \fekl ged_ex \ *hkee*" m\Zgbo kiezZ\Zo fZ}
« fzZk Z ezZglZgm HZk LZdbc kdez” aZ[_ai_qblv n
"bki_jkgh€ ihljecgh€ _\l_dlbdb \ ydec h[b"\e {gl*nflvlZ
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fZlb gZc\bsm ~bki_jkgeklv yd m \boe?*ghfm klZge 1Zd -
ie"\bs _gbo | _fi_pZImjZz

<bfejx\Zggy I\_jrhkle kieZ\e\ ihdZaZeh sh gzZ €€
fejhx \ieb\Z} dhgp_gljZpey gZdlZ2®mags ebdhx efh\ejgek
ih\fyazgh a [eevrbfb jhafejZfb I1Zdbo qZklbgprdrkxyd
iehs _x ijbcgylly gzZ\Zglz _da gkzé&dZazlb sh gz I\_
\ieb\Z} kie\\erghr_ggy kljmdIimjgbo kdeZ” h\Hpfm hkh]|
je\ghfejghkle jhaih®eem _\l_dlbdb ygl [Pe2vavbh§ kh@ez"
P_ ~h\h~blvky gZc\bsbf agZqg _ggyf Bo¢fhckdb fk kede\4r* h
ydclerih\erZ} ihdgedlg dpe<eg ° \heh”e} gZc\bsbfb ihdZz
fepghkle 1Z ihfejghx ieZklbggeklIx \ eblhfm klZg-

<bkhdhl _fi _jZImjgZ \bljbfdZ gZcf_gr_ \ieb\Z} gZ k
[ebavdh fzk \feklhf ged_ex aZ mfh\ ~h_\l_dlbggh€
?\l _dlbggbc kieZ\ ydbc fZ} gZc\bse ihdZagbdb fepgl
\1jZqZ} [ebavdh fepghkle 1Z ieZklbgghkle iekey \o~
[meh \klZgh\e _gh sh agb  _ggy \feklm ged _ex [Z a[_
dhgp _gljZpe€ eZglZgm aZ[_ai_gm} gb qe ihdZagbdb
Ze iekey \eNiZem pe iZjZf Ijb ajhklZxlv

<dZaZgbc g _"he-d gZkleevdb k b evig loJhg « gagdolo
\eZklb\hkl_ ¢ _dki_jbf _glZevgh]h kieZ\m <« fh™
g_h~ghjergeklx ch]h khjgadh\rhjph klZzgm <ieb\ gzZ gvl
atsckgx\ZidbkydhfZ reydBfbmedm\Zggyf |Z afeghx | _fi_]
iZjZf _lje\ ieZ\e _ggy |IZ eblly <ezZkg_ } ihfelgbf |hc nZ
a ydh€ jhaiez\ aZeb\z}Ilvky } kmll}\h gZ fK \bst
"Zjhfepgbo Zexfege}\bo kieZ\e\ Ijb]him\Zggy I|Zdbo
ijh\h~blb a hlJey"m gZ ~Zge "eZ]jZf klZgm I1Z a mjZom\Z
ml\hj_ggy I\_j*h€ nZab Lbf g_ f_gr gZ ijZdlbpe ml\
kljmdImpghah\bo kdezZ~h\bo fh™_ g_ \e”Aih\e”AZLthfijh }'gehyal
djZsh]h jhamfeggy hkh[eb\hkl_c djbklZeeaZp-£€ I
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Ahkes” m\Zgbo kieZ\s\ jha}éyjdedlgbc jHAfejjh_dpex
ih\_joge esd\sZjRfb KARNj#m \ Zexfege}\hfm dmle ij 7kl
gZ jbk6[326].

[
JbkmgkBdlheel jfeqggbc (Eajleaaijh}dpey ih\_joge ecd\e”
ihljecgh€ nZah\h€ "eZAljMiflla KIZgrTege}\NTMGEMYeZ]jZfe
thagZqg hdbZklv <kgnri&gBibNi-12 La fZk
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gZeea "Zgbo jbkmgdm ihdZam} sh Zexfege® eZg
kmll}\h \bsbo | _fi_jZImjZo g Zexfege” ged_ex P_
"h\dheXl dlbggbo kieZABtbanihadbgZ} ml\hjx\Zigeky g
AlsNi e |hfm \hgZ ihajthdkdBE [sevr ihfelgh aZ qZk AjbkiEEra
[hdm \Zjlh a\_jgmlb m\Zlm gZ af[eevr_ggy -<gl_j\z
aZ \l _dlbggec h[eZkle \ gZijyfdm a[eevr_ggy dhgp_glj
\dZam} gZ \bsbc ihl_gpeZe ajhklZggy Zexfege"m ged_e
jhaieZ\m

ljb \bagzZq_ge \ieb\m | _fi_jZImjb i_j \j*hhdhbedie
\l _dlbggbo kieZ\Zo jhalJeygmlh€ kbkl_ fb gZ mhAatmbog:
0ZjZdl_jbklbd eblbo ajZad-ki¢m\ehkd@{Nph2La fZk
ydbc aZeb\Zeb ~h klZe \h€ nhjfb a gb'qbo aZ iht j_~
750 fKlZ fKL _fi_jZImjzZz lhqdb ihljecgh€ _\l_dlbdb \
h[eZkle yd p_ ihdZazkhhgzZ "l K L _fi_jZImjzZ i_jbl_dlIl
j _Zdpe€ "ey Zexfege"m gpabawxdkdie Z"Z}

LZdbf gbghf h~rghqZkgh fegefZevgbc i _j_ ]j*\ gz
ithgZldm ml\hj _ggy deZkl _je\ Zexfege"m ged_ex |Z gZ"
_\l_dlbdb d25¢K ih\bg_g [m\ kijbylb imMjN[o GgdrZ"e
\l _dlbdb < lhcekgm¥keZ aZ]jhaz ajhklzZzggwyhgZklbgh
| _fi_jZImjzZ i_jbl_dlbggh€ j_Zdp<€ mlI\hj_ggy ydh€ gZ[

>hkee”" ggy kljmdImj ajZades\ h” _j Zgbo a jhaieZ\
a jeagbo | _fi_jzZImj ij_"kjBke _gh &2 ~Zge kijhklh\mxI\
hg \b~rgbc iserage~Mhgkljmxlvijbshf_grhfim j_]je\e qZklbgd
Zexfege"m ged_ex \klb]zZxlv \bjhklb ~h ihfelgbo «
th” _dm”b \kIb]Zxlv ajhklb »_g”jblb Zexfegex :exfege”
a[_j*]1Z} k\hx \hehdgbklm [mAh\m |Z \bkhdm ~bki_jkgek

ljb \bshfm agZq_gge ikljmdldmzZz } [eevr kijbylet
tha[Z\e_ghx g_"heede\ ihi_j _"*gvh€ Ydsh ijb | bfavdhlm

fK mi\hjx\Zebkv dezZkl_jb h[ho nZa I|h ijb fK o\t
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s_g_ ml\hjx\zZ\ky \ Ihc gZk yd Zexfege™ ged_ex oh
Zdlb\gh g_ ajhklz\

VA [
Jbkm@HdEF.djhkljmdImjZ eblbo aj&lbiN+-12kas 7B m
eble a | _fi_jZImiKZ 820 fK ]

lhykg _ggy hibkZgh€ dZjlbgb fh ' ihey]Zlb m Ihf
"bnma+€ ged_ex \ Zexfege€ } gZ qghlbjb ihjy*di5. grb
Lhfm gZ\elv aZ dgi|dkkZeb Zexfgpgd ex \klb]&Zphlklb \
mkeo gZijyfdZo Ih”e yd Zexd&{gt¢]lZdZzghZhpogbklim [n
1fh\ejgh sh deZkl jb Zexfege”m ged _ex fh mlv nhjfm\
ijb I _fi_jZImjZo [ebavdbo Ihhim ~hfEIdh\bc i_j_]je\ m
\biz*dm } gZ\elv dhjbkgbf <« kijby} ihdjZsnZoaggX\bklj
0ZjZdl_jbklbd Kkiz&\grd_e_\fekge kdeZ” h\vear1m\X g[lni bb
m \hehdgbklm gZghjhafejgm eZglZgh\fekgm qZklbgm
kem]m\Zlb k\h}je*ghx ie*"deZ"bBdhikZdky \Pbheb\Z} a Zg
nZah\bo "eZ]jzZf klZgm h[hiéd]kbkl| hf[b&hZ gl jf 1Ze<"b
hjlhjhf[egqgm djbklZeeqgm % jZldm |hfm egdheb €0 o0
gZklbgglhb\elv kdeZ~gh jhajeagblb
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ljh\_~ g "hkee”" _ggy ihdZamxlv sh ae a[eevr_gagy
e \Xbsm\Zlbkv | _fi_jZImjZ i_j_]j*\m jhaieZ\m « agZoh?
1Z \bs HilbfZevgbfb dhgp_gljZpeyfb ~hkee”"mlZghb
[ebavdh _\I_dlbqgM¥-(REONbl-16)La fZk

53>hkee”" ggy \ieb\m fh "bnedm\ZggyglZ kdjrhrd & g
1Z f 0Zgeqge \eZKdiehkel\» kbkl -Ni-LEO

le*"\bs _ggy je\gy f_o0Zgeqgbo \eZklb\hkl_c “hke-:
kbkl_ flAI-Ni-La } fh eb\bf ijb ih”je[g_gge 1Z ]hfh]
fedjhkljmdImjb Z IZdh" ijb e_]Im\Zgge I\_j~h]h jhagbgr
Z"" _ge eZglZg ge ged_ev g_ fh mlv jhaqgbgylbky \ gvl

Ih~e[ge Kbkl _fb gzfzZ]zZxlvky fh bnedm\Zlb pbjdhge}
m deevdhkle « Zr Zk « fZ3c [327]. LZdbc i*"0"
“ha\heb\ kmlI}\h fzZc _ \  jZae\ ih*je[gblb fZAl-PCklIjmd
\ eblhfm klZge GZ fedjhkljmdIimjghfm je\ge afeg fZc"
jhagbg_ggy fh*bnedmxgbo ~h[Z\hd kijbyeh ajhklZggx f
\o N "h HV ijb klZjegge ijbf K ijhly]hf « ]h~rbg [Ij
| fi_jZljmZo \bs_ fK fedjhl\_jreklv g HVIi |Z \[paumdh
agb m}lvky 1zZd kzfh yd e« iekey I|jb\Zehkle \bljbfdb
defgZlgbo | _fi _jZImj fh bnedh\Zgbc kieZ\ fZ} fepgeklv
leZklbggeklv gZ je\g- ljb fK pe 0ZjZdl_jbklbdb
fepgeklv kdez"Z} « FIZ Z ieZklbqgskly th]Zgbf
j_amevlZlhf a lhgdb ahjm jh[hlharZlghkle "~ &Zglhc a
\e/rfelblb sh ey kieZ\e\ a \e~rghkgh ihk_j _~gefb [Zah'
ih~"e[g_ e _]m\Zggy } \bkhdh\Zjlekgbf » fZeh \bijZ\"Zgb

>hkee”  _ggy fh"bnedm\Zggy [ebavdh _\A-@Nibggh
\Zgzne}f IblzZghf IZ pbjdhge}f |1Z aZeesahf ~ _fhgkljm}
"hpeevgbc 828 ";meh \klZgh\e _gh sh pbjdhgec fh _
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K 1j _1Zp*€ gZ f_"« dhglZINim @aZzn\zadhegm \e” |IblZgm « \Z
mfh\b jhagbg_ggy pbjdhgex \ Zexfege}\ec fZIljbpe \eg fh
m \bl]eyBeafepgxxqbo ij_pbielZle\ |Z \erfegm \e/N |ZIZ
>hn"zZ\Zggy ~“h koh h]h kieZ\m \ ydhkle fh™*bnedZlhje\
ihdZaZeh sh \hgb fh ' mlv fZlb fepgeklv gZ je\ge
| fi_jZImjb 1Z [ebavdh FIZ ijb fK Ijb \bsbo
f o0Zgeqge* \eZklb\hkle kieZ\m klI[3289.h * ]jZ*mxlv

A \bkhdhx e<fh\ejgeklx aZijhihgh\Zge \ZjeZglb fh™br
[mlIb g_"e<}\bfb “ey \bdhjbklZggy \ kieZ\Zo yde feklyl
kobevgeklv "h \aZ}fh”e€ eZglZgm |Zd kZfh yd e« p_|
f 1ZeZfbhablb\gh]h j _amevIZIm \ pvhfm iblZgge [me
Z™blb\ghfm \bjh[gbplAROKeSRI-MS5MN-1Z2r ( fZR ydbc a[_j*]Z
fepgeklv ~h F1Z ijb[330]. f&kxfege}\e kieZ\b a \feklhf p_
je\ge « fZk yde feklbeb « fZk dj_fgex fZ]gex 1Z
kie\\e*ghr_ggyo e yde [Zdh ™ [meh ijb]B{{mkhmf_
0ZjZdl _jbam\Zebky fepgeklx gZ je\@2 dekgZldbd | fi_jZ
| Z « FIZ ijb [3BK333] AZagZqg_gbc kihke[ h™_j Zgc
jeadh \eMjeagyl}lvky \e”r eb\Zjgh]lh \bjh[gbpl\Z a llhqdk
nZahml\hj _ggy

ljb “h~"Z\Zgge "h kdeZ"m Z~"blb\ghh”_ j Zd\b®e kieZ
|1Zdbo e f _glvMh, GrdV, Mo IZW m deevdhklse ZI kn
ie"\bsm}lvky fedjhl\ _jreklv I\ _jrh]lh jhagbgm gZ hkgh\e
ljb\Zeh]h \bkhdhl_fi_jzZImjgh]lh \ieb\m \hgzZ izZz~"Z} ~h |
[*gZjgh]h kilekkdm\b Fepgeklv 1Zdbo kiezZ\e\ ijb

« FIZ GZcdjZss ihdZagbdb afepg _ggy kieZ\e\ m

N fhgkljm} \43BZ] e cC

GZkleevdb \bidhdyp gljZp-€ e _|]mxgbo e f
\bdhjbklh\mxIlvky \ Z~blb\ghfm \bjh[gbpl\e “~Zghfepghb
Ijb~r"Zlgbfb ~ey eblly qg_j_a kmllI}\_ mkdezZ”~g_ggy 4jb]h
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|1Zdh™ gq_j_a g_dhgljhevh\Zges esd\Zpecge Kk_]j_]Zpecg-
djbklZeeaZpe+€

>ey h” _j Zggy eblbo dhfihabpec gZ AtKglale Kkt
ZgZeh]leqgh ~h AKlQetNtb\ ydhkle fhAbnedmxgbo [Z e
e _f _gle\ "hpeevgh \bdhChMhMmMWMY,bSi |ZCu m g _\ ebdbc
deevdhkQjdhf 1Z \ZgzZ~ec fh mlv \bdhgm\ZIb jlgey_ afe|
ml\hj _ggy \ I\ _j~hfm jhaqbge *bki_jkgbo gl _jf _|4ee"e\

fh™ _ ih\h”blb fZj]Zg_pv Ze_ \eg ih”~e[gh ~h fZ]gex
[*evrhx fejhx \ieb\Z} gZ e _]Jh\Zge+klv |Z afepg_ggy I\
hkgh\e Zexfegex < |lhc ~_ gZk \bkhdzZ ZdlIb\geklv p_]j

dhfie _dkgbo gl _jf |Zes”e\ a pbfb _e f glZfb gZ\elv
dhgp_gljZp€ \ kdezZ”e kieZ\m Dj_fgec jharbjx} gl
kieZ\e\ ferv jhaqbgy}lvky \ ged_ e+ [|AfaRdpmkghe}Z gw
_\l_dlbdb Z fZJYyklbex} | jfeggm klZ[eevgeklv _\lI dlbqg
Le a e f _gle\ yde ih\bgge jhagbgylbky \ Zexfege}\ec
\'agZqgh f_grec deevdhkle \«{335840lhah\Zgh€

>eybkl_ MbNi-La ijh\_~ gh “m " _ h[f_~ _gm deevdeklv
\ieb\m fh*bnedm\Zggy « e _Im\Zggy -0 Z alhdbm iK2jmfd llgej\g
f oZgeqgbo \eZklb\hkl ¢ kieZ\e\ m eblhfm klZge |
\bkhdhl_fi_jZImjgh]h \ieb\m

>ey \bagZg _ggy hkh[eb\hkl ¢ \ieb\m fhAbnedm\:
[ebavdbc ~“h _\l _dlbggh]h Kd&sN{-22ha kieZXk < ydhkl
fhrbnedZlhje\ [meh \bOMHE&IZHhm deevdhkle \en fz

fzk >ey h”_j Zgbo ajzZade\ azZklhkh\m\zZeb 1z

ieZ\e_ggy eblly « ih*"Zevrh]h \e?iZem yd « \ ihi_j_"~g\V
A [meh jhaleygmlh Ijbdhfihg_glge* kieZ\b

1ZjZf_Ijb f_oZgeqgbo \eZklb\hkl_c fh*bnedh\Zgbo
\ 1Z[e FedjhkljmdImjge “hkee”" _ggy a \bagZq hggyf
kdeZRhmhmdIimjgbo kdezZ”h\ijo kilZX&s\gh gZ jbk .



250

LZ[ebp
Oefeqgbc kdeZ”™ o« f 0Zgeqgge \eZklib\hkle fhrbnedh\Z¢
Al-5Ni- /D fZk \ eblhfm klZge |Z iekey \e"iZem ijk

< FhrbnedZ F_o0Zgeqge* \eZklb\hkle
kiezZ\ IZ ch]lh \f Eblbc klZg lekey \eniZer
fZk G<|L Flz |/ G<|L FlzZ |/
11 0,19 Cr 52 152 2,2 35 109 2,5
12 0,18V 51 145 2,8 38 125 3,4
13 L 49 142 1,8 42 132 2,6
14 0,9Ti+0,1V+ 49 120 1 38 104 1,7
0,07Cr

A h™ j"Zgbo ~Zgbo \b”gh sh fh*bnedm\Zggy [eb
kieZWAw5Ni- /D fZlojhfhf \zZgz~e}f IblzZghf hdj_fh |Z F
ie"\bsm} I\_jreklv kieZ\m ~h ijb[ebagh h”gZdh\h]h je\g
a fh bnedZlhje\ g _kijby} ajhklZggx fepghkle \bs_je\g"
kieZ\m ydbc kdez"Z} « FIZ Ijb pvhfm gZc[e
al_j_ " _gey\gy f _oZgeqgbo \eZklb\hkl_c kieZ\m ik
\bkhdhl_fi_jZImjgh]lh \ieb\m gZe_ "blv IblZgm 1Z \Zgz"

?e _dljhggtdjhkdhieqggbc ZgZeea afegbnzZ&hjmd I
0ZjZdl_jbklbd fh bnedh\Zgbo kieZ\e\ ihdZam} sh ~"h~"Z
\ieb\Z} gZ kiez\ Fh”bnedZlhj jhagbgy}lvky \ I\ _j~rhfnm
Zexfegex ijhl_ p_\ieb\Z} gZ a[_j_" _ggy fepghkle g_km
g _fhrbnedh\zZgbf kiez\hf f_"Z fepghkle ydh]h iekey \e/j
ilekey \e?riZem kljmdImjZz fh”bnedh\Zgh]h kieZ\m f
\hehdgbklbo _\lI _dlbggbo klIjmdIimjgbo kdeZ”h\bo <h
gZklbgdb nhjfZ ydbo gZ[eb Z}Ivky ~h kn_jbggh€ K
fZxlv jhafejb « fdf Iz az[_ai_gmxlv \bkhdhl_fi_jzZI
kieZ\m
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Z
1 2
Al-0,02V-0,34Ni
Al-11Ni-5La
Al-13,5V-17La
[
1 2

1 +teblbc klZgiekety \e"iZem ifhlylhwf ]Jh”bg
JbkmgRBdFedjhkljmdImjZ 1Z ehdZevgbc oefeqgbc kdez
kdezZz”~h\bo kAIAI-4?PLa-0,19Cr ZI|ZAI-5Ni-12La-0,18V |



252

Al- L
Al-1 L-16,5La
Z
1 2
Al-10V-2Cr-
1Ti-3Ni-14La
Al-10Ni-9La-
0.2Ti-0,25Cr
Al
[
1 2

1 +teblbc klZgiekey \eNiZeém fKjhly]l]hf ]Jh”bg
Jbkmghd FedghkljmdImjZ 1Z ehdZevgbc oefeqgbc kdez
kdeZ”"h\bo kiedfNidl3O L Z INi42a-0,9Ti-0,1V- &U |
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Lblzg <« \ZgZ”"ec gZ \e~fegm \e” ojhfm Kijby
gl _jf 1ZeeNe\ a \bkhdbf \feklhf eZglZgm ydbf \e”ih
AleMe, »  F_kmfZ fh bnedZlhje\ |Z eZglZgm AZagZqg_g- °
jhafejb ihjy~dm « fdf 1Z } fZeh kobevgbfb ~h jh
ie"\bs_gbo | _fi_jZImj L_hmfibggjbr\ebZ2r_gh€ djbklZe-a
kihemdb ih\bgge mliI\hjx\Zlbky yd J[eevr “bki_jkge
al[eevr_ggy Zjhfepghkle

E ]m\Zggy “hkee”"m\Zgbo kiezZ\e\ |\ _jrhjhagbggt
fh™ _ azZ[_ai_qgblb djZsbc _n_dl ihablb\gh]h \ieb\m gz f
|1Z €0 klZ[eevgeklv ieckey Iljb\Zeh]h \bkhdhl_fAZp&lynj
A"hnrzZlidh\h]lh ie?"\bs_ggy fepghkle 1Zdbo kieZ\e\ fh gZ "t
|Zde deZkbqge I\ _j*hjhagbgge afepgx\Zge yd fZ]gec f
ydbo \ gZrhfm \biz*dm fZ]gec [m”~_ fZIb ijehjbl_I

'gZecamxgb nZah\m 7"eAgdZan34RE@Z gmdZ fZ} koh ek
NeZ]jZflRexC fh gZ ih[Zgblb sh fZ]gec jhagbgy}lvky \ eZ
f "Zo dhgp_gljZpec 1Z | aZjZgnmk\hjx\ZIlb a gbf egl_|j
LaMg. LZdZ hkh[eWhheklvijba\_klb yd ~h afegb fhjnheh]e¢
eZglzZzgh\fekgh€ kdez~"h\h€ _\l _dlbdb 1Zd « ~h gqzZkldh\
I\ _j~hfm jhagbgbe gZ hkgh\e Zexfegex

Ih~e[ge ~“hkee” ggy "“hke g_ ijh\h”bebkv |hfm
\dZaZgbo aZdhghfejghkl _c 7~ey e\]p\aZgrgy de£]Ngomketl
h[jZgh kieZ\ ydbc feklb\ fZk ged_ex ¢ [ebavdh f
gZc[eevr Zjhfepgbo H[b”A\Z \boe~rgbc IZ e _]J]h\Zgbc a
eblhfm klZge 1Z iekey \enNiZem FedjhkljmdImjge ~*
ij_"klZz\e_gh gZ jbkmgdmehdZevgbc oefeqgbc kdez~"
nZah\bo kdezZ”~h\bo ijb\_7*58h \ I[Z[ebp-
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Z
1 2

[
1 2

\
1 2

1+teblbc klZgiekey \sAiZem ijhlyf]kf ]h~bg
Jbkm@Ha+KieZ\b kdAIZO4Ni-11,5La (J, Al-2,17Ni-12La-0,6Mg (2)
| ZAl-2,15Ni-11,7La-1,2Mg {)
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LZ[ebpy
EhdZevgbc oefeqgbc kdeAV¥Z&hWaol kgdglZz*"h\bo kie.
Al-2Ni- /D fZk e_]h\ZghlhefZllgfmfklZge |Z iekey \o/j
fKjihly]hf ]Jh”~bg \e~ih\e~gh ~h ~Zgbo jbk

<fekl _e f _gle\ Al-flizdkgh\Z
KiezZ\ Lhqd Eblbc klZg iekey \eniZen
Ni La Mg | Ni La Mg
1 10,18 | 0,07 + 0,16 | 0,1 +
Al-1,94Ni-11,5La 2 7,1 10,13 = /6,4 |9,8 +
3 + + + (0,9 |21,96] =
Al-2,17Ni-12La-0,6Mg 1 /0,18 |0,06 |{0,34 |0,6 |[0,94 [0,41
2 |71 |99 /043 |54 (8,82 (0,51
Al-2,15Ni-11,7La-1,2Mg 1 (0,22 |0,05 (1,2 |0,24 |0,06 |1,16
2 10,17 |36,63/0,7 |0,15 |21,16|1,07
3 (24,2 |0,91 | 0,57 + + +

Ah[jZ g gZ jEkimgldmjb \dZamxlv gZ a*~Zlgeklv fZ]
gZ [mAhbhaihhee ZexfeggrtBgkndeZ”e \l_dlibdb P _ ijhy\e
af_gr_gge jhafeje\ gl jf 1Ze "gboeagZklideddhZ \tvjZ~ gh
jhaih?feem lekey \eMiZeAlaZklBgdje[gerbfb ihje\gygh
g_e _]h\Zgbf kiez\hf ;m”~h\Z _\l _dlbgqgbo ahg e _]h\Zg
eblhfm klZge 0ZjZdl_jbam}lvky [eevikbsth yhagflajzZFh.e kdx
P ¢ _n_dl \er” e Im\Zggy "h*ZIdh\e ye A kbieeihvky

>h~Z\Zggy fZk @§Z]gweieb\gZ jhafejb |Z [mA~l
_\l_dlbggbo \hihlidilggpf gbghf Ilekey \e”riZem kihkl _ je]z
nhjfb 1Z dhZ]lmeypey \hehdhgAlugid; jf>éXektend\qgraghbf
\feklhf fZ]geXjzdl jgb&[}j_ "~ _ggy 1Z g_agZqg_ af[cevr
deevdhkle yd \ _\l_dlbggsdc\ hYej2kifm lhcagbges sh k\e"q
\bkhdm ihl_gpecgm fh eb\eklwiead¥p gxZ Zjlkagbo | Ifib jZIn
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pvhfm af[eevr_ggy deevdhkle fZ]gex *h fZjlh akdjbly}
eZglZzgh\fekgh€ kdez”h\h€ _\lI_dlbdb ijb[ebagh \~\eq
kdez”~"h\Z af[_j*]Z} k\hx nhjfm <« jhafejb sh \dZam}
al[_j*]Zlb €€ klZ[eevgeklv gZ\elv ijb \bkhdhl_fi_jZImjgh
Gb gz dhgp_gljZpey fZ]gex \ kieZ\s m deevdhkle
g_\bkhd_e_Im\Zggy ch]h I\_j*h]h,3kaqbgsk gA jh\ge-qZ}
yd ijb i**\bs _gge dhgp _gljZp+*€ e_Imxqh€ ~h[Z\db \/"\e
[ebavdh fZkkey \e"iZem dhgp_gljZpey fZ]Jgex g_agZq
H™ jZge "Zge \dZamxlv gZ |_ sh ~h”~Z\Zggy fZ]gex
fepgeklv kieZ\m aZ a\bgqZcgbo mfh\ IZ iekey \bkhdhl| _fi
GZ gZklmighfm _I1Zie ~“hke+s”  gv \b\gZeb \ieb\
deevdhkle fZ]gex fene |Z dj_fgex “h kieZ\m [e lkdehihm h
ZN  \eg fZ} m [Zah\hfm \ZjeZgle \bsbc je\ _gv f_0Zg-qg
hgedm\Zgh fZeZ [ \iebgmibkg®d gdezZzehnw\m _\I_dlbdb
fZ\ [b jhagbgblbky \ I\ _jA~hfm jhaqbge-
>hkee”" ggy fedjhkljmdIimjb |1Z ehdZevgh]h oefeqg
Ij_~"klZ\dogZ jbkmgdm ihdZaZeb sh \hehdgbkle k
klZeb [eevr ]jm[bfb njZ]f_ IgZlH\Zteloidz[eevgbfb h~rghqZ
>h €0 kdeZm hdjef fZ]gex i1hgbgzZ} \oh”bllbc\dj fg
eZgl432] Fe~rv hgedm\Zgh aZfesm} kh[hx qZklbgm g
ged _ex lekey \e”riZem oefeqgbc kdez”™ _\I|I fdldmgghb
afegx}lvigZlhfeklv kihkl je]Z}Ivky ie*\bs _ggy \feklm f
jhagbghlggh\e Zexfegex IZ ijbkmlgeklv \ gvhfm g \ ebdt
LZdbc j_amevlZIl \eriZem ihl_gpecgh kijby} ie*\bs_ggx
ljb  \\_"* _gge [+*evrh€ deevdhkle e _]Imxgbo "h[Z
nhjfm\Zggy ]jjmeddih”®e[gWodIbggbo kdeZ~h\bo 2o0gy ij
fh™ _ "~hky]Zlb fdf Ze_ €0 rbjbgzZ i_j \Zgh agZo
« fdf < kieZ\e iekey g_ afegx}lvky kljmdIimjz LZ
afegx}lvky oefeqgbc kdezZ” kljmdImjgbo kdeZ” h\bo
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Al-0,6Cu-0,6Mg-0,25Si Al-19La-7,5Ni-5,5Cu-2,5S;i

Al-1Cu-0,2Ni-0,5Mg-0,2Si
Al-18La-12Ni-9Cu-4Si

Z
1 2
Al-1,6Mg-0,25Cu-0,18Ni Al-1,1Mg-0,7Cu-0,2Ni
Al-18La-12Ni-
4,7Cu-4Si-1Mg
Al-17La-12Ni-
5,2Cu-4Si-1Mg
[
1 2

1 teblbc klZgekety \eniZe€m fKjhly]hf Jh”bg
Jbkmghd FedphkljmdIimjZ |1Z ehdZevgbc ofeqglba kde:
kde Z”"hkbez\I-4,5Ni-11La-1,2Cu-0,6Mg-0,5SiZ |Z
Al-4,3Ni-10La-1,2Cu-1,2Mg-1Si |
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Hkdeevdb fZj]Zg pv } h”gbf a gZc[-sfypgxmqgtbb)
e _f _gle\ "ey Zexfege}\bo kieZ\e\ aZ]zZehf |1Z ey " Zjt
kiez\e\hdj _fZz [meh \bjer_gh ~“hkee”blb ch]h Ane&Za\hygz
0ZjZdl _jbklbdb 1Z f_o0Zgeqge \eZklb\hkle ~hHled¢emdBc
dj fgec i_j \Z gh \azZ}fh”~e} a eZglzZghf |Z g_ afepgx} |
"h kieZ\m [meh \bjer_gh g_ *"h”*Z\ZIDb

Yd \brgh a jbkmgdm _\l _dlbgge kdeZ”h\e KklZe
f_gr ]jm[bfb Z ljb\Zebc \bkhdhl_fi_jZImjgbc \ieb\ g_
fedjhkljmdImjgbf afegZflz \bij&gZ¥\ky m qgZkldh\ec njZ]
kdeZz”"h\bo _\l _dlbdb ae* a[_j_ ~_ggyf €ogvh]h oefeqg
jhagbg gZ hkgh\e Zexfegex \ h[ho klZgZo \e*jeagy\k
e |m\Zggy |Z ihklecgbf oefeqgbf kdeZ”"hf sh fZ} ihal
ithdZagbdb f _oZgeqgbo \dZklbBkktdhd fi_ jZImjgm fep
<eNih\eNrge "Zge "ey \keo jha]Jeygmlbo e _]Jh\Zgbo ajZad

Al-2Mg-0,66Mn-
0,1Cu-0,1Ni
Al-1,9Mg-0,7Mn-0,3Ni-0,1Cu
A-14,1La-4,6Ni- Al-23,6La-5,7Ni-
3,2Cu-1,6Mg 33Cu-1,3Mg
| Al-11Ni-2La-
AI-10N|-2,5La- 3,2Cu-1,1Mn-1Mg

2,8Cu-1Mn-0,9Mg

yA [

Jbkmghd FedphkljmdIimjZ |1Z ehdZevgbc ofeqglbac kde:
kdeZ”"hkbeail-4,5Ni-11La-1,2Mg-0,6Mn-0,5Cl\ eblhfm kZ glZ
iekey \eNiZem ifhliylkf ]Jh@bg
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LZ[ebp4
Osfeqgbc kiZé€Za'Zgeqge \eZklb\hkle "h”rZldh\h Al-(Ph\ZFHNi{A0Kk1B)ZDm fZk \ eblhfm
klZgiekey \eNiZem ijb ijhlyfKf ]1h”~bg IZ ijb f K
< Oefeqggbc kdeZ”?Al- hfkZgh \ F_0Zgeqge* \eZklb\hkle
kieZ Eblbc klZg lekey \e”iZen ljb f K
G| 1L FlzZ] |/ G<| 1 FlIz L FIZ |/

15 Al-1,94Ni-11,5La 36 87 3 32 o8 4,6 67 11
16 Al-2,17Ni-12La-0,6Mg 41,2 118 4,2 32 122 9 73 13
17 Al-2,15Ni-11,7La-1,2Mg 52,8 97 2,5 | 43 92 1,1 78 4,5
18 Al-4,5Ni-11La-1,2Cu-0,6Mg-0,5Si | 59,5 122 3,8 | 45,5 118 3 91 2,4
19 Al-4,3Ni-10La-1,2Cu-1,2Mg-1Si 65 148 2 60 132 2 126 1,8
20 Al-4,5Ni-11La-1,2Mg-0,6Mn-0,5Cu | 68,8 163 1 65 145 0,8 138 0,5

\bkhdh!l _fi_jZImjgm fepgeklv \bagZqZeb ~ey ihi_j ~gvh \eriZe gbo ajZade-\



A ZgZeeam h™_j Zgbo "Zgbo \bieb\Z} sh gZc[eevr
\eZklb\hkle gZe "~ ZAWMABNeXLar1,2Cu-1,2Mg-1Si <hglyZc[eevr
klZ[eevgbEZb agZoh” gl kfhkblv \bkhdhfm je\ge hkh[eb
\bkhdhl_fi_jZImjgh]l]h \bdhjbklZggy :gZeh]eqggbc k
fzj]Zgp_f ohqzZ  ~ _fhgkljm} ~ sh \bse ihdZagbdb -
djbodbf « [hfm jhalJey”Z}Ivky yd g_gZ”ecgbc

54>hkee”" _ggy djbklZeecazZp<€ 1Z niZakim t\lbj\ gdpy
kieZ\e\ gZ hkgh\e AiNkLafb

<bagZq_ggy hkh[eb\hkl_c ijhp_km djbklZeesaZp-:
"hkee” m\Zgbo kieZ\e\ } \Z eb\hx azZ”~Zq_x ”"ey jha
| ogheh]eqgbo j_ "bfe\ €0 h™ _j Zggy |Z h[jh[db >ey \
[meh h[jZgh "\Z Kki&A\b\ bMd-5Ni-12Lla 1Z kieZ\ a gZc[e-e
kijbyleb\bf dhfie_dkhf f_oZgeqgbo o0ZjzZdl_jbklbd
_dkiemZAE43N6-10La-1,2Cu-1,2Mg-1Si.

J amevlZlb "bn_j gpeZevgh€ kdZankah«8 dgZ£\hjbfg
jbk ithdZaZeb sh \ jhaieZ\Zo h[ho kieZ\e\ azZ |_fi
800fK ihgbgZ}lvky nZahml\hj_ggy eflZ\ekdege"aZ e\kq |2
KieZAI-5Ni-12La ijhy\ey} qgeldm ~\hklZ~*ecgm djbklZesaZp
gl _j\Zee | _fi_jZImj a « f K AIASNI-kOleazl\2Cu-1,2Mg-1Si
p_c gl j\Ze } \m gbf gZ deevdZ ]jZ"mke\ Z ch]lh _\
dijbklZeeaZp+€ gZ[eb Z}Ivky ~h ihljecgh€ LZdh fh'gZz
e _]h\Zgh]lh kiez\m | _fi_jZImjb khee"mk 1Z eed\¢e"mk }
10 fK g \ ljvhodhfihg_glgh]l]h Ze_ €0 e<gl_jAZeb djl
hrgZdh\bfb

<bag4dgy nZah\h]h kdezZ m kieZ\*\ aZ "hihfh]hx
AbnjzZdlhf_|j€ } \Z eb\bf "ey ihykg _ggy dhfie _dkm f_oZ
kieZ\e\ >Zge nZah\h]h ZgZeeam gZ\_~_gh gZ jbk
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[
Jbkmghd >KDtkieAkbNi-12La Z 1Z

Al-4,3Ni-10La-1,2Cu-1,2Mg-1Si [
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2theta f

Jbkmgh4l+J gl]_gh]jZfb KiléGRNiRLa |Z
Al-4,3Ni-10La-1,2Cu-1,2Mg-1Si

A h™ _j'Zgbo ~Zgbo nZah\h]h ZgZeeam \b”~gh sh
kieZ\e m g \ _ebdec deevedhkle ijbkmNgsSidZApCuxage n.
|1Zdh  dj_fgec LZdh afegx}lIvky jhaih”ee Zexfege"m ¢
j_gl]l]_gh]ljZzfb kobevgbc ~h dh]_j_glgh]h ml\hj "ggy |
I\ _jAh]h jhagqbgm gZ hkgh\e Zexfd@adbflZgbghgblvevrb
afepgxxgbc \ieb\ \ rbjplgdhfjxees | _fi_jZImj G_\ _ebdZ
g_a\fyazZgh]lh dj_fgex \ kljmdIimje kiezZ\liZ }efd\hjgedr
\bdebdZghx gZkbq_geklx I\_jA~h]lh jhagbgm gZ-h&bhme Z
jZae dj_fgec-ihkkfef 1Zd « \ kdedh€[mZab a~ZIl_g i*"\Db
\bkhdh!l_fi_jZImjgm fepgeklv kieZ\m
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55<bkgh\db *h jha”eem

1. KiezZ\b gZ hkgh\e kbENH/Db fl$8Onlv jhalJey”ZIlbky
I _jki_dlb\ge “Zjhfepge eb\ZjgeaZdWlydbZelthjfm\Zggx \
gZghjhafejgh€ \tethdglblkdlbdb ydzZ a”zZlgzZ njzZ]f* glm
\ieb\hf \bkhdbo |I_fi_jZImj « \bdhgm\ZIlb IZdbf gbghf nn
jZomghd gZy\ghkle \ kljmdImje kieZ\m \_ebdh€ deevdh

2. GZc\bse ihdZagbdb fepghkle IZ klIjmdiphjlgHEg)Z[
kiez\zZf kdezZ” ydbo gZ[eb Z}lvky ArBNi-1RLadlbdgk]h
L\ j*bc jhagbg gZ hkgh\e ZexZedrnZ Nlvckhyog_e _Jh\Zghbf
fZc°_ gmevh\m jhagbggeklv hkgh\gbo e _]Jmxgbo e 1
\bdebdz} ihlj*HMzldhrhhfeg_gg-

3. Fh*bnedm\Zggy "hkee”" m\Zgbo _akkie 4bef\ bdZZeguiyft
\ZgzZ~e}f I1Z ojhfhf g _akjpdyi@hje[g_gdkbeg_ gbxb I\ _j~h]h
jhagbgm gZ hkgh\e ZexfggerZ&hlZhddblb\gh]h \ieb\m gZ
\eZklb\hkilez\«GZlhfeklv ihdZaYkgehZ"alyge fhrbnedZlhjb Z
\aZ}fh?~exdv eZglZghf ml\hjxxqgb egllhfmAZ#erD Z[h
Alg(Me,La) ihes ~jbqgh€ fhjnheh]«€ a jhafejZfb « fdf

4. E _Im\Zggy kieZ\<Xifjblygte fo afepg _ggx aZ I\ _j*hjl
f oZgeafhf Z 1Zdh q_j_ &lijmddmjghg klZ[eevghkle eZgl
kdez”~h\h€ _\I"HIllbdb jZImj \bs_ fK Afeevr_ggya\fek

h fzk ijba\h”~blv *h \ljZzleZ«kdgbghklZ iZze_ ~ fh
djZsm \bkhdhl_fi_jZImjgm fepgeklv |Z1&Zkbbqg-kKv

5. H*ghqzZkg_ e _Im\Zglkl kfbZNiha fZ]ge}f ferAx 1Z
dj_fge}azZ[_ai_gm} “~hklzlg} e_]Im\zZggy I\_j*h]h jhaq
klZ[eevgeklv kljmdbhj\plo oZjzdl_jbklbd 1Z f_oZgeggbo
Ahol fi_jZImjlf K « FIZ /a.

6. E_]Im\Zggy kiezZ\\Allib-kd fB]ge}f ferrx 1Z fZj]ZQg]
i*"\bsm} fepgeklv ~h « FIZ ijhl_kkeZkigrggeklv



264

JHA>1E
JHAJH;E?GGY @:JHF1PGBO EB<:JGBO KIE:<1< G: H
KBKL?FB -B&Mn-Ni

ljh\_~ g ~"hkee*”" ggy ihdZamxlv sh #¢jd[ghedjdlkl.
klZ[sevge dhfihg_glb _\NZddbddfzjzZz Zgbfb nzZdlhjhf »
aZ[_ai_q_ggy \bkhdbo I h dZagogdrh o \eZklb\hkl c
\bkhdhl_fi_jZImjgh€ fepghkle eb\Zjgbo ZexffebAe\bdoki
kbkl_fzo ~_ fh _ nhjfimhedlbklyklz \| gdpdlZzlh e ]r_
aZ[_ai_qblb €€ ih”je[g_ggy ~_nhjfZpecghx | _jfeqghX
ith}"gZggyf LZde \hehdgZ g [m” mlv _kieddbbgh %if™g:
f oZgeqgh]h ih?je[g _ggy < fekpyo ml\hj ggy \\elZdh€
gZijm-_gv m \hehdgZo ijb gzZklimighfm |_jfeqghfm \i
Zdlb\gh ijhoh”blb “bnmaecge ijhp_kb <« \hgb e<gyp-x\
peeekghkle gl jf IZee*gbo kdeZ”h\bo _\l dlbdb 2Z
th\gec Z[h gZkldh\ec kn_jh€”bazZp€ sh ihablb\gh \
f oZgeqgbo \eZklb\hkl_c kieZ\e\

Ih~je[g_ggy _\l _dlbggbo \hehdhg ijba\h”*blv ~h m
deevdhkle gZklbghd sh IZdh™ fh ' mlv f _0Zgeqgh aZfern
I\ _j~h]lh jhagbgm azZ jZomghd *» _nhjfZpecgh]h \ieb\m
| fi_jZImjgh klZ[eevgbfb |Z a fegefZevghx "bnmaescghx
hkgh\le sh ~zZ} €fnafthiphigh gbgblb hiej ijhikie\trzdgpxec i
Nelx f_o0Zgeqgbo gzZ\ZglZ gv aih \bhkimddplokle «f iK )& b
yde fZxlv ~Zge kljmdIimjge hkh[eb\hkle gZ[eb Zx
0ZjZdl _jbklbdzfb ~h Zjfh\Zgbo ZexfhfZljbggbo dhfihak

< ithi_j_"gvhfm jha”eees [meihbjheagelpgkiVhj ggy kieZ
\hehdgbklhx gZghjhafejghx gAlh#&gthd h xk BkNi-lfdb \ ydbo
[meh “hky]l]gmlh \bkhdbo 1ihdZagbde\ f_o0Zgeqgbo
0ZjZdl_jbklbaf g_f_gr \Zjleklv hkgh\gbo e_]mxqgb
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jhaleygmlibo Ri&ZRkkh\dhx Z | _ogheh]ey €0 ijb]him\Zggy
| fi_jZImj ieZ\e_ggy sh \ kmdmighkle \dZam} gZ g_*"
\ijh\Z"~" _ggy

6.1.1 _j_"mfh\b « ~hk\e® KklI\hj_ggy Zgxfqmgehobo
kieZ\e\ yde feklylv aZeeah fZj]J]Zg_pv IZ ged_ev

=heh\gbf ijbgpbihf m kiI\hj _gg- "Zjhfepgbo
gZghjhafejghx \hehdgbklhx gZydgbkhwx diglobg g led
g_[m~ mlv jhagbgylbky \ f [Ze \ec Z£NDQp-\bkhfddlbjfe
| fi_jZImj >hky]lg_ggy pe<}€ f_Ib ihadyfZzAb\dhgdlgZky
mfh\ Hbavdec ~bnmaecgec Zdlb\ghkle dhfijxglgle\
g _jhagbgge <gl_jf 1Ze*b yd kdeZ”*h\mih\¥rghlddbbi!
djbklZeeqgh€ %jZldb pbo kihemd

1gl_jf _1Ze*~b a hjlhjhf[eqgbf Ibihf &jliblZ¢dqdme
ihdZazgh a”"Zlge ml\hjx\Zlb kljmdImjdeh dgleZlI’hx\.
fhjnheh]e}x Koh'bc _n_dl kihkl_je]\ky ki e\b¥Khal kirlpl _
Al-Ge ~_ '\ _\l _dlbggbo [Imghfxahjfh\AghdgZz fedjhggh
jhafejm yddih\e"ZalFaAlsGes ydzZ fZ} fhghdebggm |
%o | Z 1[845].

> yde kieZ\b gZ hkgh\e Zexfegx a i_j_ _oZ%dgbfb
_\l_dlbggbc Ibi *eZ]jZfkolhlZymkitZ[eb\eklv nhjfm\Zggy _
MI\hj_ge \ gbo gl_WHsAZextbfhghdebggb ljZildmzab
AlgFe, ALCr | ZAlgMn £ hjlhjhf[+qg[B47-350]. FedjhkljmdImjz 1Zd
kieZ\s\ } ZgZeh]egghx “h KA€2\N\NIEKA-NI-LA yd ihdZaZgh
jbk lhfm \hgb \k_ qgZkler_ jhaley”Zxlvky \ ydh
"Zjhfepgbo dhfihabpec

Hkh[eb\m m\Z]m ijb\_jlZxlv kieZ\b yde\ hk\dB}frE k
kdezdZe+sah |1Z ged_ev dheb h”bg a dhfihg_gle\ \bklr
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dhgp_gljZpex [ebavdm ~h _\l dlbggh€ Z dhgp_gljZp-
_\l_dIb@atn3s51].LZdbc kZfbc ijbgpbi \Zjlh aZklhkh\m\ZIb
yde feklylv [eevr_ ~\ho e_]mxgbo _e f gle\

[
Jbkm@HdFedjhkljmdIimjZ 1Z [mAh\Z _\IAlBAed & Ki&Z\

Al-1,75Fe-1,25Ni [ [352, 210]

Alergh7@ kbkl_f¥H $halJey”rZ}Ilvky yd h”*gZ a
I _jki_dlb\gbo ”"ey kl\hj ggy “Zjhfepgbo eb\Zjgbo ki
Zexfegex aZ jZomghd gZy\ghkle _\lI _dlbdb ydZ ml\hjx
gZ je\B,Y«2% fZk Ih”je[g_ggy fedjhkljmdimjb 1Zdbo k
areckgx\Zlbkv azZ jZomghd mliI\hj_ggw)H j\BgiDoijlmZa
r\bArdhfm hoheh” _gge?HaddBURAIHO fZ} kijbyleb\m [m:
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1Z i _j \Zgh km[fedjhgges \b"ee ggy f _|@klZ{dem@dlE€ENZ
\hehdgbklh€ fhjnheh]e€ ydZ fh _ afegx\Zlb k\h€ jafe]j
ANhAhZNZggy fZj]Zgpx ged_ex dh[[Z2vIim Z[h ojhfm

KieZ\b kbkAI-F&Ni a \feklhf ged_ex 1Z aZeeaZ gZ |-
fZkh\bo \e~rkhlde\ ydbc \e?rih\e”rZ} dhgp_gljZp-€ [el
_\l_dlbdb ZdIb\gh jhaley”rzZxlvky \ ydhkle i_jki_dlIl
fZl _jZ288%1,353l.Ged_e \Z |Z aZe+sagZ ih*\ecge \l _dlbdb
gZghjhafejge \hehdgbkle gl _jf [Zee~b jhafejb |Z jha
kijbyleb\bfb ey nhjfm\Zggy \bkhdh]h je\gy f_0Zgeqghb
m \biZz*dm a ihljecghx _\l_dlbdhx dheb ~h €€ kd
gl jf _1Zee*tAgFeNt ljb pvhfm fepgeklv kieZ\m sh \eo
oefeqgbf kdezZ”hf ihljecgec _\lI _dlbpe fh _ kdezZ"ZIlb
defgzZlgh€ | _fi_jZImjbFlIZ i fK aZe_ _"gh \e® ~“bki_jl
kKljmd I rf2ile].

>ey ijbdeZ”m m aZ]Zjlh\Zgbo kieZ\ZoAlg®Shkgh\
e _]h\Zgbo i_j_oes"gbfb f_IZezZfb ~"je[gh”bki_NMkg\¥i hZZab
Cr \bklmiZzeb _n_dlb\gbfb [iZhgdh2fb ggjy djbklZeeaZp:
al_j*lZxqgb klZ[eevgeklv fedjhkljnCdImnjbegtihfm ijbdeZzZ’
gZghdjbklZee«qgBkilkkFeiBCr (% fZ k a[_je]Z\ fepgeklv gZ
je\ge FIZ ijb LZdZ \bkhdZzZ | _jfeqgZ klZ[eevgeklv
mIi\hj _ggyf Zexfegene\ ojhfm |Z #AKLlee adkFelZ dbhsCrydgZ
AhnrZlihd “h i j _gZkbqg_gh]h I\Ci4Fe]\h f i/ alos].m

l1kgm} kieevgZ lhgdZ ~hlbdm fe \dZaZgbfb ijbd
gl _j_khf ~h klI\hj_ggy eb\Zjgbo Zexfege}¥bo\kielbh\aylya
kbkl f a _e f glZfb yde \e?rih\erZxlv \bs_a]Z”"Zghbf
dh_nepe}glZ ~bnma+€ ml\hj _ggy klZ[eevgbd _ ydbgf_
\bizr"dZoé\ ff*hjhagbggh]h afepg_goM3@& YhfabZgZ}lvky
azZe_ "gh \eN kihkh[m h”_jZggy _\IAldEbNjd B oi Xji2 £ \lsj\e \
€0 kljmdImjb fh"_ \eA[m\Zlbky " _]jZ*"ZplypAhkloZ gadc
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| fi_jZImj \bs _fK q_j_a afegm f_oZgeafm ~ _nhjfZp-
| fi_jZIlmjb jmcgm\Zggy \e*[m\Z}Ivky q_j_a [PEWMMgZgc
a_j_. g Z \bajhkdZggy Iljesbgb \eA[m\Z}Ivky r\b~r_ e
ljZgkdjbklZeelgbc 0ZjZdl_j

>ey aZ[_ai_q_ggy \bsbo ihdZagbde\ \bkhdhl _ fi_
|Zdbo kiezZ\e\ gzZfzZ]zZxlvky a[eevrblb "bki_jkgtKlv
klZ[eeeam\ZIlb €€ ~h~ZIldh\bf e_]m\Zgdyad cdijdZbo
\ZjeZgle\ fhImlb ojhZfZj]Zg _pywdhkle e Jmxqgbo "eyf ¢
nhjfm\Zggy [*evr kijbyleb\h€ _\l _dlbdb I¥h ¢ hpubhoy yg
hkgh\le Zexfegdx 355@ >hkblv _n_dlb\g_ ~h~ZIdh\_
aZ[_ai_gmxlv ferv 1Z 6358p& *h”bnedm\Zggy 1Z kljn
klZ[eesaZpex Y2 gh fZ]gec pbjdhg-[85673k% 260).*C

FZjlZg_pv k_j_ "~ e f gle\ a gbavdbf dh_nepe}glh
fZ} gZc\bsm jhagbggeklv ydZ kdefZ¥Z}lijedatidhZImje
} [ebavdhx ~h | _fi_jZImjb _\lI _dlbggh]lh i_j_I\hj_ggy
ihl _gpecgh gZc[eevr ijbr"Zlgbf "ey ~h~"Z\Zggy %h
“Zjhfepghbi®zZ\e\ kbl-FEENi a ihabpe+€ i**"\bs _ggy je\gy \eZ
\ rbjhdbo | _fi_jZImjgbo f_"Zo IljleBdavr&NZggfZkZgpX
\fekl gedl12dh” fh ' gZ agbabdBEihdm]Ib mlI\hj ggx i_j\bggl
|1Z g_h~ghje*gh€ _\l _dlbdb

LZzdbf gbghf kAde-M&Z-Ni\"djb\Z} fh eb\hkle ey kI\t
A r_ \bo 1Z _n_dlb\gbo ed)\liZfjgppdo kiezZz\e\ yde af
e MNZ\NZIbky N nhjfZpecg@Zfalghkdy fZj]Zgpx ojhfm 1Z
egrbo _e f "ga\hey} ijh\h”blb | _jfeqgm h[jh[dm |Zdb¢
Kijbylb ie"\bs _ggx\gyof _oZgeqgbo \eZklb\hkl_c¢c hkhJe
N nhjfZpe€
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6.2>hkes"" _ggy kljmdUajgbo 0zjzdl _jbkibd 1Z f_oZ
\eZklb\hkl_c kieZ\s\ gZ hkgAl-Fe-Mp®i_ fb

>ey hpegdb hkh[eb\hkl_c-nEKfmdlonjghzjzdl_jbk
"hkee” m\Zgbo kieZ\e\ \ eblhfm klZge IZ ieckey \¢e"iZem
kieZ\b yde hdjef Zexfegex aZeeazZ fZjlJZgpx |Z ge-d_
deevdeklv ojhfm 1Z dh[Zevim F _|hx [YhéHl\Aadgevrojdd
kilmi_gx e _]h\Zghkle I\ _j2h]h jhagbgm g2 IbkghX«{bZe
aZ[_ai_qblb kieZ\m \bsm fepgeklv gb gm e
\bkhdhl_fi_jZImjgm kijmdImjgm klZ[eevgeklv

>ey kiezZ\e\ ~Zgh]h Ibim azZklhkh\m\Zeb koh bc
e |m\Zggy vyd 7"ey ZgZeh]eggboAlNidZ\Ki kjrki fimeh
h~ j"Zgh [Zah\bc kiezZ\ [_a I\ _j*hjhagbggbo afgbdk\Z«
Dh™ g kieZ\ ZgZeeam\Zeb \bagZqgZeb f_o0Zgeqge 0ZjZ
pvhl]h gZklmige kieZ\b h”_j " m\Zeb a mjZom\Zggyf
ihi_j ~geo =heh\ghx ijh[e_fhx [sevrhkle h" Z &g blokkid:
ieZklbggeklv \ rbjhdhfm gl _j\Zees | _fi_jZImj Ihfm ~h
gZ\elv |le e f glb yde fh]leb g_]Zlb\gh \iebgmlb gZ k
ihy\e ihjbklhkle

LZdbf gbghf [meh h” _j Zgh eble ajZaAlirekMa-Ri\*\ gZ
yde "h~rZldh\h [meh e_]h\Zgh 1ZdbGt CoeMd, Gul BillzLi.y d
KZf_ ~"\e hklZgge e _]mxqge "h[Z\db \\h*beb "h kdeZ"m |
€0 ieZklbgghkle « \ h[ho \biZz*"dZo ieZklbggtgyv ymbb @
\eNrih\e~rZ} ijbcgylghfm >Zge oefeqgh]h kdeZ"m 1Z f_o
_dki_jbf_glZevgbo kiezZ\e\ \dZaZgh]h Ibim ijb\_~ _gh \

?dki_jbf_glZevge ajZadb a fegefZevgbf je\g_f ~h~"z
fZeb kijbyleb\m fedjhkljmdIimjm a ijh]jghah\Zghx
\hehdgbklhx _\l _dlbdhx ;eevreklv ajZade\ 1Zdh  \en
kljmdImjghx klZ[sevgeklv sh "h\h”blvky-8Zgbfb jbkmg
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LZ[ebpy
Oefeqgbc kdeZ™ |Z f_0Zgeqge \eZklib\hkle kieZ\e\
Al-Fe-Mn-Ni \ eblhfm klZges iskey \eriZem ijb “  fK ijhly
ijb f K

F_o0oZgeqge \eZklb\hkle
KieZ\ oefeq Eblbc klZg lekey \eMiZ( 1jb fH

kdezZz” m f 1, | / 1, |/ ., |/

G< G<
FIlZ FlZ Flz

Al-1,3Fe-0,8Mn- | 46 | 152 12 | 42 | 130 | 8,7 78 25,5
0,6Ni-0,4Cr-0,1Co

Al-1,3Fe-09Mn- | 49 | 168 | 10 | 41 | 128 | 7 82 | 19
0,8Ni-0,4Cr-0,1Co-
1,5Mg

Al-1 5Fe-1,1Mn- | 56 158 56 |51,2| 141 12 85 23
1,2Ni-0,5Cr-0,2Co-
1Cu

Al-1,15Fe-0,9Mn- | 63 | 175 | 1 | 59| 151 | 1 | 103 | 0,85
0,9Ni-0,4Cr-0,2Co-
1Mg-1Cu-1Si

Al-1,2Fe-1Mn-1Ni-| 62 | 129 | 0,7 | 61 | 107 1 91 1,4
0,5Cr-0,2Co-1Mg-
0,5Cu-0,5Li
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[
JbkmgRdFedjhkljmdIimjZ 1Z ehdZevgbc o<feqgb

kljmdImjgbo kdeZ”"hAbh3ke-€BMm0,6Ni-0,4Cr-0,1Céd eblhfm
klzgZ IlZkey \*"iZem
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y
1 2
[
1 2
1+eblbc klZgekey \enriZem “ fK ijhlylhf ]h-

JbkmgBdFedjhkljmdImjZ 1Z ehdZevgbc oefeqgbc kdez”
gZ hkgh\e Zekieg@nl,3Fe-0,9Mn-0,8Ni-0,4Cr-0,1Co0-1,5MgZ | Z
Al-1,5Fe-1,1Mn-1,2Ni-0,5Cr-0,2Co-1Cu[
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ya
1 2
[
1 2
1+eblbc klZgekey \enriZem “ fK ijhlylhf ]h-

JbkmgHdFedjhkljmdImjZ 1Z ehdZevgbc oefeqgbc kdezZ"
gZ hkgh\e ZexfegA-1Ki5Z-DrfAMn-0,9Ni-0,4Cr-0,2C0-1Mg-1Cu-1 (
| ZAl-1,2Fe-1Mn-1Ni-0,5Cr-0,2Co0-1Mg-0,5Cu-0,5L1
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>h~r"zZ\Zggy “h kdeZ"m _dki_jbf _glZevgbo kieZ\e\
eelex ijba\h”blv ~h ihfelgh€ afegb [m”~h\b _\lI dlbqggt
fhjnheh]ey afegx}lvky gZ gZ[eb _gm "h eZf egHe Z
[revr djmigbo jhaf¢[m\Z}Ivky ajhklZggy gl _jf _|Ze"gb

jZae\az* « gf ~h « fdf pvhfm qgZklh pe jh:
aZebrzZxlvky g_"hklzZlgefb "~ey \bagZq_ggy Ilhqgh]h
gl jf IZes*gbo kdeZ”~h\bo _\l dlbdb >ey "~hkeen’
i _j_\Z gh \enrih\eNrZxlv egl_jf_ABMe b>é¢élyirkieZ\m ydbc
"hrZldh\h e _Jh\zZgh fenrnx Kihkl_je]Zxlvky fegefZev
\l_dlbdb 1Z a[_j_"_ggy €€ \bkhdhl_fi_jZImjgh€ kljmdl
ith\fyaZzgh a Ibf sh fe”v jhagbgy}lvky \ ged e IZ ihqgb
A\l _dlbggh]h dhfidgNiglZhqgge afegb oefeqgh]h kdeZ”m
g _fh eb\h g_j_a gZ~lh "je[ge jhafejb « gf ~Zgbo

Oefeqgbc kdezn I\ _j~h]h jhagbgm gZ hkg
_dki_jbf _glZevgh]h Akl8Ea-m8Mn-0,6Ni-0,4Cr-0,1Co fh gZ
hpegx\ZIlb yd kijbyleb\bc g_j_a \fekl m gvhfm ojhfm |
jhagbgghkle M \biZ"dm ROez\sgdkyeZAm fZ]gex \fekl h
fh™_ ~"hoh”blb ~h fZk \ eblhfm « | _jfeqgh h[jh[e_ghfm
feNre aZ[ ai_gm} gbavdbc je\ _gv e _]Im\Zggy I\ _jAh]h
Zexfegex ~h « fZk "~ey eblh]h klZgm lekey \eNiZ
fere \ I\ _jArhfm jhagbge fh™_ ajhklb \ljbqg-

HAghqZkg "h”"Z\Zggy fZ]gex fene |Z dj _fgex g_ a
ajhklZggy klmi_gx e_]Jh\Zghkle I\ _j~h]h jhagbgm gZ h
\keo afepgxxqbo e f _gle\ m gvhfm agZoh”blvky gZ gb
e _]m\Zggy dj_fge}f ydbc qzZkldh\h ihgbgZ} \oh”blb
AZ]ZevgZ h~rghjergeklv fedjhkljmdIimjb 1Zdh™ klZ} ihfelg

<\ " ggy eclex g fh eb\h ijhZgZeesam\ZIb h*ghagZ«
\feklm Ze  hihk_j_~dh\Zgh fh'gZ ih[Zgblb sh
fedjhkljmdImjm a[_je]Zxgb €€ h~”ghje~rgeklv ¢ ggbgz”
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jhafejb "bki_jkgbo _\l _dlbggbo kdeZ”~h\bo gZ\elv aZe
ith*e[gbfb “h Ibo sh feklblv gZcf_gr e _]Jh\Zgbc kieZ\ |
N h jZaes\ afeevrm}lvky \fekl fZ]Jgex \ I\ _j~hfm jhaqgk
\fekl fZj]Zgphx je\gy « fZk G_ a\Z Zxqb gZ \«"g!
e _Jh\zZgeklv kieZ\m ch]lh I\_jreklv ihfelgh ajhklzZ} Z ie
1jZdlbggh "h gmey vyd « m kieZ\e ydbc feklb\ h”ghqz
ferv H[b™M\e a]l]ZrZge dhfihabpe€ ijb pvhfm fZxlv ¥khc
klZ[eevghkle 1Z \bkhdh!|_fi_jZlnhjgh@nieFgBKle

>hkee”" gep\m ~ nhjfZpecgh€ [Z | _jfeqggh€ h]
kKljmdIimjm 1Z f_oZgeqge \eZklb\hkle kiM-E&dNn-Mipkl f
e _]Jh\Zgbo fer" XA} f

Fh eb\eklv jhagbg _ggy \ I\ _j~hfm jhagbge _dki_jbf
kbkl_ fbF8®In-Ni\_ebdh€ deevdhkle fefedgfZZghkghlh \iel
gZ fedjhkljmdimjm \dZam} agzkimkmeZggllV _jfeqgh€ hJj
afepg _ggy “hkee”"m\Zgbo dhfihabpec <bkhdZzZ ie.
h[mfh\lex} fh eb\eklv ijh\_~ ggy “ey gbo IZdh™ ~ _nhjfZ
\ kmdmighkle a | _jfeqghx fh _ ijhy\blb kbg_j] Ibqggbc
agb” _ggy ieZklbgghkle "h g _h[oe~gh]h je\gy Hkh[eb\
iekey \bkhdh!l_fi_jZImjgh]lh \ieb\m \ jy~e \biZ"de\
i*"\bs _ggy dhgp_gljZpe€ fe?e \ I\ _j~hfm jhagbge sh il
\bkhdhl_fi_jZImjgm fepgeklv kieZ\m

>ey "hkee”"  _ggy \ieb\m ~ nhjfZpecgh€ 1Z | _jfec
kljmdimpghah\e o0Zjzdl _jbklbdb kljmdIimjgm klZ[eevg:
\eZklb\hkle kiezZ\e\ gZ hkaghke-MobkNi| [fibeh jha]leygmlh
dhfihabpedks \jZoh\m\Zeb ~hk\e” i j \Z] « g_"heede\ il
Oefeqgbc K\déiM\ergbo kieZ\e\ gZ\_"6h \ [Z[ebp-
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<kehdgbklz _\lI _dlbdZ nhjfm}lvky Jheh\gbf gqbghf a.
nNhjfm\Zggy -<gl_jfAlREgZpMAlisFe, |hfm ch]h \fekl \Z\ [
"hklZlgef "ey nhjfm\Zggy _\l dlbdb e« fegefeaZpe+€ \ol
fZjlZgpx 1Z ojhfm yde fh MmiaZédexbdy!mkikli
aZfesm\ZIb ch]h FZjl]Zg_pv ojhf « I\ _j*hjh&f]ygge|lZaf-
ferv ih\bgge [meb ]Jheh\gbf gbghf \ieb\ZIb gZ Ileyj*bc
dh[Zevim \ ~Zghfm \biZ*dm ihey]ZeZ m gZ"ABCU gd-+ "
~\l _dlbggh]h ihoh”" ggy 1Zd « \lhjbggh]h sh fZeh ¢
jhagbggeklv IZ ie*\bsblb klZ[eevgeklv

ged_ex

LZ[ebpy
Oefeqgbc kdezZ”™ dki_jbf_ glZeewgbjd \ki%® Zg gl
N nhjfZpecgh€ 1Z | _jfeqgh€ h[jh[db

KieZz\ Oefeqgbc kdez”® fZk hXkephf\efec =
Fe Ni Mn Cr Co Mg Cu
26 1,53 1,2 1,1 0,47 0,24 + +
27 1,47 1,18 1,1 0,43 0,21 1 1
LZdbc dhfie_dk 7"ec “halhey} aZ[ _ai_qgblb i+<”*\b

f oZgeqgbo \eZklb\hkl ¢ [_a \ljZIb | _ogheh]eqgbo \eZ
\ieb\m gZ eb\Zjge o0ZjzZdl_jbklbdb kieZ\m [h g_ i_
| _j\bggbo nZa nhjfm\Zggy g _kijbyleb\bo aZ nhjfh
\l _dlbggbo kdeZ”~h\bo « \b"ee ggy g _[Z Zgbo \lhjbgg

P _gljZevgm qgZklbgm”"epebXdilZggy &&ZaaZagZg g
kieZ\t+¥""Z\Zeb ]Zjyqec ieZklbqgga¢b™l rMfhjfZpmEZo ihqzl
dm\Zggy fZEK >
kimiegv h[lbkghjgydy100«1 af_gr_ggy "Zf_Ijm ijbJe
\Meqe |Z af[eevr_ggy 2h\ bgdb\ KiezZ\b e_]dh hf}hEpZeb
|Z g_eftdjesbg >Zee reyohf f_oZgeqgh€ h[jtkpdbeVib]hl

fK o« degpy dm\Zggy [ebavdec ~h
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dhjhlde ijmlidb ~ey ijh\_~ _ggy |_jfeqgh€ h[jh[dlmgbohk
\eZklb\hkl_c \ jeagbohkjlZgqaoamgy ajZade\ ihdZaZgh gZ jb

Jbkmghd Ihjexgyggy ah\gergvh]h \b]Jey”m eblh]h o -
ajZade\

L _jfegghx h[jh[tdéx h[ho kieZ\e\ [meh h[jZgh j_
gZ]lj*\Zggy a ieqqx ~h |_fi_pZAmKb \bl¢bfdhx ijhly]hf
o\bebg * ]ZjIm\Zggyf m \h*m Ilekey pvh]h kee"m\Zeh k
150 fK ijhly]hf ]h"bg AjZadb kieZz\m ydbc g_ fekl
iernZ\Zeb Ibf kzZfbf \b~Zf h[jh[db Z~"_ "~ey gvh]h |_
I\ _j~hjhagbgg_ afepgjldgy H 1Z ojhfhf

>ey " _nhjfh\Zgbo ajzZades\ "h~Zldh\h azZklh20hfKm\Ze
ijhlylhf ]h~bg ~ey eofelZpe€ _dklj_fZevgbo |j_"bfe
gZ\ZglZ _ggy sh[ “hketidjltok jimgbmjb nZah\bhghikdbd "
pbo y\bs a fh eb\|hZ*"Zpex \eZkIbDhlkkk "cm\Zgbo. kieZ\e\

>hkee”"  flgyZgeqgbo ozjzdh hkZlghpZade\ ijh\h”"be
"ey \bagZq ggy gZc[eevr _n_dlb\gh]h \boe~gh]hb klZ
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_dki_jbf_glZevgbo kiez\s\ [Z \\klAgh\\e*gfHem gz ~_]jZ
f oZgeqgbo \eZklidlhkbtZes\ < |&ZFdpp\e » gh a\_~ g “
0ZjzZdl_jbklbd I\_jrhkle fepghkle IZ ieZklbqgghkle \kec
ajZadaho kieZe\"hrZ\Zgyf fere |Z fZ]gex  [_a

LZ[ebpy
F_0Zgeqge* \eZklb\hkle "hkee"m\Zgbo kieZ\s\ n
AjZahd G< L Flz |/ %
26 teblbc 48 235 19 33,3
26 teblbc L 48,8 192 12 28,7
26 £ nhjfh\Zgbc 47 198 13,1 27,5
26 £~ _nhjfh\Zgbc L|455 200 12,7 31,1
26 £~ _nhjfh\Zgbc \¢455 225 22,5 40,8
27 teblbc 63 165 2,5 10,1
27 teblbc L 58,5 208 4,3 13
27 £~ _nhjfh\Zgbc 59 182 3,12 9,4
27 £ nhjfh\Zgbc L|60 230 7,8 18,9
27 £ _nhjfh\Zgbc \¢56,2 244 14,4 21,8

A h” j"Zgbo ~Zgbo \b*"gh sh gZcf gr &iéEZ\ZHdl
gb qe ihdZagbdb I\ _jAhkle Ijhob gb gm fepgeklv 1Z
>hrzZldh\_ e _Im\Zggy fZ]ge}f |Z fe~*x “ha\hey} i \bsbl
ieZklbqggeklv sh } [eevr \b]e*gbf “ey "Zjhfepgbo kie
ihl_gpecgh \bsbc hiej ih\amqghkle

:Zah\bc kiez\ \byXkk\ky g gmlebhbf* nhjfZpecgh€
| _jfeqgh€ h[jh[db sh \dZam} gZ keZ[ldbdz\i&ly\pxojhd
afepgx\Zlge\\*hllmagbgey kieZ\s\ "hkee®*" m\Zgh€ kbkl_fb

KlZ[eevgeklv f_0Zgeqgbo 0ZjZdl_jbklbd kieZ\e\ m
| _fi_jZlmjihablb\ghx o0zZjzZdl_jbklbdhx “Zjhfepgbo kieZ
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iIjb pvhfm ih\bgge [mlb g_ gZ”*IhAfedklligggbif®Zklbgghk
« jZae*\ "ey jeagbo klzZge\ 1Z ickey h[jh[db vydjZa kih
kieZ\m sh feklbluZAZ}gvc

<Z eb\bf } 1_ sh iekey » nhjfZpe€ 1Z \e™iZem h[b
\bkhde agZq_ggy fepghkle P_ \dZam} gZ \Z]hfbc \
_\l_dlbdb m nhjfm\Zggy hkgh\gh]h f_ oZdbafir eaflfplg
gZkbg_gge h[Y}fm kieZ\m “bki_jkgbfb gzZklbgdzZfib kd
eblhfm klZge  [sevrhielkfepyh® i hjfZpeshetdgbklZz _\I_dlIl
Z[h f_oZgeqgh ih?je[gx}Ivky Z[h A~ _nhjfm}lvky ¢ i4key
gZ\ZglZ _ggy gZkldh\h Z[h ih\geklx jhaiz"Z}Ivky gZ ¢
<hgb \ k\hx g_jlm kem]mxlv klZ[sevgbfb [Z]jf}jZfb
"bkehdZp-c kljbfmxlv j_djbklZeeaZp-ex e IZdbf qt
ie"\bs ggy fepghkle \bkhdhl _fi_jZlaghj® feqpgpiddee kie Z
"hkee”" m\Zgh€. kbkl_fb

<bkhdhl_fi_jZImjgzZ fepgeklv ~ nhjfh\Zgh]lh 1Z \e’
kieZ\ydbteklIb\ fZ]gec 1Z ferv kdezZ"ZeZ FIZ ijb.l_fi_
<e"ghkg_ \b”h\" _ggy IZ a\m  _ggy fZzed 5ag¥dim\eygh
H~ j"Zgbc je\ _gv fepghkle fh'gZ gZa\Zlb ~hkblv \bkhd
Zexfege}\bo kieZ\e\ ijhl_ \bkhdZ iezZklbqygekdyZ vy
ijbdezZz”Zo ihl_gpecgh]h aZklhkm\Zggy 1Zdbo fZIl_jeZe-

6.4 >hkee" _ggy KIjmdUWhajg\h ] h klZgm ajz
_dki_jbf_glZzevgbo kjBZhk\gh\e kbAlFeEMN-Ni ~h”~ZIdh\h
e _]h\Zgbo « » nhjfZpecgh IZ | _jfeqgh h[jh[e_gbo

>ey jhamfeggy aZe_"ghkl_c fe f_o0Zgeqgbfb \e
kljmdImpghah\bfb 0ZjZdl_jbklbdZfb kieZ\e\ [meh
hkh[eb\hkle €0 fedjhkljmdImjb |1Z ehdZevgh]h oofeqgl
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<e/Njh\erge ~Zge gZ\ " gh g9gZ- jbkmgbZebp- A
_dki_jbf_glzZevgh]Al-X5ee£),2Ni-1,1Mn-0,45Cr-0,25Co0.

[

Zteblbc ajZahablbctajZahd ijpfleyfjh[db L
Jbkm@ledFedjhkljmdImjb a ihagZq_ggyf ahg \bagZq_¢
oefeqgh]lh kdeZm I\_j*h]h jhagbgm 1z \l _dlbggh

Al-1,5Fe-1,2Ni-1,1Mn-0,45Cr-0,25Co
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[
Zx" nhjfh\Zgbc ajZahdhjfh\Zgbc ajZahd ickey |_jfhh
Jbkm@hdFedjhkljmdImjb a ihagZq_ggyf ahg \ba
ehdZevgh]h oefeqgh]h kdeZ”m I\_j~h]h jhagbgm | Z
kieZWAml,5Fe-1,2Ni-1,1Mn-0,45Cr-0,25Co
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Jbkm@BdFedjhkljmdImjZ \+"iZe &hdE\@jZadm
Al-1,5Fe-1,2Ni-1,1Mn-0,45Cr-0,25Co

LZ[e b4
EhdZevgbc oefeqgbc kdeZ” kljmdImjgbo kdeZ”h\bc

kieZWmnl,5Fe-1,2Ni-1,1Mn-0,45Cr-0,25Cd jeagbo klZgZo

AjZahd AhgZ | Oefeqggbc kddZRAl thkgh\Z
Fe Mn Ni Cr Co

Eblbc hkgh\Z = 089 | 0,02 | 0,5 +
_\l_dlb¢ 321 | 1,18 | 2,24 | 0,33 | 0,45

Eblbc L hkgh\Z 0,8 0,04 | 0,49 +
_\l_dlb¢ 2,08 | 0,73 | 1,25 | 0,27 | 0,3

> nhjfh\zZglt hkgh\Z 0,21 | 0,9 + 0,45 +
_\l_dlb¢ 342 | 1,28 | 2,62 | 0,29 | 0,53

> nhjfh\Zgbc hkgh\Z 0,82 + 0,49 | 0,03
_\l_dIb¢ 3,73 1,4 3,1 0,31 | 0,56

> nhjfh\zgt hkgh\Z 0,16 | 092 | 0,16 | 0,4 +
\enNiZe_gb¢ _\l_dlbq¢ 3,7 1,22 | 29 | 0,25 | 0,5
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'gZe+a fedjhkljmdImj ihdZam} sh eblbc ajZzahd fZ
A gfjblgm kljmdIimjm a yjdh \bjzZz  _gbfb _\lI _dlbgghbf
\_ebdhfm a[eevr_gge ihfelgh sh _\l dlbdzZ fZ} \hehdgl
\hehdhg kdeZ”Z} hje}glh\gh gf GZc[eevr k\ele-
fedjhkljmdImjb gZe_ "Zlv i_j\bggbf egl_ [iFdRigerZf Ibim

lekey | _jfeqgh€ h[jh[db fh gZ kihkl_je]ZIlb af_gr_g
fe' Nl _dlbdhx 1Z A~ _g”jblzfb I\_j~h]h jhagbgm gfc&hhkgh\
k\ergblb ijh a[eevr_ggy \feklm \ gvhfm ojZfen*4g- fZ
ehdZevgh]h oefeggh]h ZgZeeam p_ g_ i\ _jAjMmpdily |-
\eMagZqZ}lvky qgZkldh\_ ihjmr_ggy \hehdgbklh® €§&€"
njZlf_glZpey

KieZ\ ickey » nhjfZpe€ a[_j*]Z} hagZdb ~_g”~jblgh€
N nhjfZzpA2€h  hqg_\b~rgh \erh[jZ ZxIvky gZ klIjmdImje 2\
al_je]Zxlv \hehdgbklm [m”~h\m |Ijb pvhfm fh gZ \<"aq
gZijZ\e _ge+klv \hehdhg gZqg_ \hgb | "~ aZagZeb \ieb\m

lekey | _jfeqggh€ h[jh[db ajZahd ~ fhgkljm} afegm |
"bki_jkgm a_jgbklm sh } k\e*g_ggyf jmcgm\Zggy \heh
kzfZ dZjlbgZ kihkl_je]Z}Ivky ¢ "ey » nhjfh\Zgh]h \e?iZ

gZecamxgb ehdZevgbc oefeqgbc kdeZ”™ hkgh\gbo k
Al-1,5Fe-1,2Ni-1,1Mn-0,45Cr- &R fh ' gZ kdZaZlp gskamtgb\bf ~
| jfeqgh€ h[jh[db GZ p_ \dZam} g _afeggeklv \feklm
I\_j~hfm jhagbge > nhjfZpecgZ h[jh[dZ \ k\hx gq_j]m
f oZgeqghlh ijb\g_k _ggy -+gl_jf IZee*gbo qgZklbghd
fZljbgghlh f_IZem GZ p_ \dZam} gZy\geklv \ kdezZ”"e |\
ged _ex

:gZeh]eqges "hkee”r" _ggy ijh\h*"bebky "ey "h~Zldh\h
|Z fe~r~x kie\IndFe-1,2Ni-1,1Mn-0,45Cr-0,25C0-1Mg-1Cuk e ih\er g
NZge ijb\_ "~ gh gZ jbkmgdXdZ[ebp-
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[
Zteblbc ajZahadbblc ajZahd iekey | _jfhh[jh[db L
JbkmgBdFedjhkljmdImjb a ithagZgq_ggyf ahg \ba
ehdZevgh]h oefeqggh]lh kdeZ m I\_j*h]h jhagbgm | Z
kieZWAml,5Fe-1,2Ni-1,1Mn-0,45Cr-0,25Co0-1Mg-1Cu
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[
Z+" nhjfh\Zgbc ajzZahthjfhxZgbc ajZzahd ickey | _jfhh
Jbkm@&HAd+tFedjhkljmdImjb a ihagZq_ggyf ahg \b:
ehdZevgh]h oefeqgh]h kdeZ”m I\_j~h]h jhagbgm | Z
kieZWAmnl,5Fe-1,2Ni-1,1Mn-0,45Cr-0,25Co0-1Mg-1Cu
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Jbkm@eHtltFedjhkljmdImjZ \e*iZe _gh]h ajZadm
Al-1,5Fe-1,2Ni-1,1Mn-0,45Cr-0,25Co0-1Mg-1Cu

LZ[ebpy
EhdZevgbc oefeqgbc kdeZ” kljmdImjgbo kdeZ”"h\bc

kieZWmnl,5Fe-1,2Ni-1,1Mn-0,45Cr-0,25Co0-1Mg-1Cu jeagbo klZgZo

AjZahd AhgZ Oefeqgbc kdeZ”Al thkigh\Z
Fe | Mn | Ni Cr | Co| Cu | Mg

Eblbc hkgh\| + | 067002026 <+ |0,15|0,81
_\l_dIk266|1,03|221|0,15 0,61| 0,6 | 0,79

Eblbc L hkgh\f\ + | 08| 01028 + |0,68]|0,92

_\M_dlg321128| 28| 0,2 |0,72| 0,76| 0,74

> nhjfh\Zgl hkgh\| £ |0,73] 0,1 | 0,26 0,03 0,73] 0,92
“\l_dId2,63] 1 |233]0,15|0,57|0,82]0,83

> nhjfh\Zgb{ hkgh\/022]0,74]0,17] 0,22|0,02| 0,81 0,89
“\I_dId256]|1,07|238|0,16| 0,6 | 0,75| 0,79

> nhjfh\Zg| hkgh\|0,14]0,83] 0,14 0,27 0,01| 0,86| 0,9
\eniZe gb( \I_dlIHd 2,96| 1,04|2,72|0,16| 0,7 | 0,9 | 0,78
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Eblbc ajZzahd kieZ\m ydbc feklblv fZ]gec 1Z ferv fZ
aZk\h}x kljmdIimjhx 1Z [m~h\hx _\l _dlbdb \e”~ ihi_j_ ~»
kieZ\m Ilekey | _jfeggh€ h[jh[db eblbc ajZahd 1Zdh" o
dhgljzZzklgbf ah[jZ _ggyf kljmdImjb Ze_ gZc]lheh\gerz \
[cevrhfkdmi_a@P j "~ _ggy \hehdgbklh€ [m~R\bihVlkghbldiky
mkde”~g _ggyf €€ dhfihabp+€ aZ jZomghd gZy\ghkles \ Kkt

lekey "~ nhjfZpe€ kieZ\ oZjzZdl_jbam}lvky J[eevrtk
kljmdImjb > g”jblgZ [m~h\Z klZ} f _gr \bjZ  _ghx « aZ]
ajZadm gZ[m\Z} hagZd kljmdIimjb 2~ nhjfh\Zgh]h f_
a_jgzZfb 2?2\l _dlbdzZ i_j \Z ' gh \ljZgqZ} \hehdgbklm [m~h)
iekey | _jfegqgh€ h[jh[db ih\geklx klZ} ~je[gh”bHKbijpkghx
KljmdIimjZ ajZadm i*k2y \griXepragy}lvky \e” ihi_j ~gv

:gZecamxgb ehdZevgblcd eddkjqublanjgbo kdgZzddhbloo
ajZade\ kieZz\m a fzZ]ge}f 1Z ferrx fh gZ ihfelblb sh
hkgh\e Zexfegex feklblv \ k\h}fm kdeZ”e ijb[ebagh \™\
ojhfm g\ g_e ]Jh\Zgbc kiezZ\ LZdh  ihfelgh sh | _j
\ieb\Z} gZ \fekl m I\ _j~rhfhj]jdbpmpbg&Zc[eevr \Z eb\bf _r
fh gz \\Z2 " ZIb | sh ferv ydZ jhagbpyilvikagibge Kkij
gZ"oh”" _ggx \ gvh]l]h g \ _ebdh€ deevdhkle ged _ex P _
f ydec Zexfege}\ec fZIljbpe klZ[eevge gl _|f3(CiENPZdh qZ
Alg(CuNi3 sh [_amfh\gh fZIbf_ihablb\gbc \ieb\ gZ " Zjhf

¢
Z

6.5>hkee”" ggy djbklZeeaZp+€ |Z nZahml\hj_ggy e.
kbkl_ fb kiezZ\s\ kBkHe-Mn-Ni

Hkdeevdb gZc[eevr \"Ze_ ih}*gZggy f_o0Zgeqgbc
gZc[eevr Jeb[hd_ "“hkee”" ggy gZ&l-17Afehl,2Ni-4AMA{
0,45Cr-0,25Co |Z Al-1,5Fe-1,2Ni-1,1Mn-0,45Cr-0,25C0-1Mg-1Cu ey gbo
ijh\h~*beb ~hkee”" _ggy vyde jharbjx\Zebklmydempyy i
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nZahml\hj _ggy kieZ\e\ <erih\erg[jHZ gthk "Zge “bn_j gy
kdZgmxgh€ dZehjbf |j8 £t7bglZdkf KjeZ\«\

Jbkmghd >bntj gpeZevgZ kdZgmxqZ dZehjbf_ljey _d}
kieZ\AlNl, 5Fe-1,2Ni-1,1Mn-0,45Cr-0,25Co0Z
| Z $1(BFe-1,2Ni-1,1Mn-0,45Cr-0,25Co0-1Mg-1Cy
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2theta f

Jbkm@®H8+J gl] _gh]jzZzfb _dki_jbf_glZevgd dkgbXd\kbkl
Al-Fe-Mn-Ni \ A~ _nhjfh\Zghfm 1Z \«*iZe _ghfm klZg-

HA jZge "ZgZgpXKd>»am \damxlv gZ | sh _dkf_jbf_
} ih\geklx _\l dlbggbfb sh fZ} \ _ebd_ ihablb\g_ agZq.
\eZklb\hkl_c ljb pvhfm  _\l_dlbdz } ~hkblv \bkh
<eNih\e~rgh ~h 7Mez]jzf |I_fi_jZImjb khee"mk "“ey \boe’
kieZ\e\ kdez"Z} fK e fK \erih\ergh

>Zge j_gl]l_ge\kvdh€ ~bnjzdlhf_lje€ \dZamxlv gZ
afepgxxgbfb nZazfb “ey kieZ\m [_a "h”"Z\Zggy fe"e |Z
AleMe Th[lhegl jf |Ze*™b gZ hkgh\e Zexfege m fZj]Zgpx
jhagbgylbky aZesahklZy oyhfzZ\Zggy fe"e affypgyxlwkynza
\lhjbggh]h ihoh”Al,@gy\ ydec fh mlv [mlb jhaqbg_g-
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dh[ZevllZth ' nZaZ ydZ <" _glbnedm}lIVCwFeé kih@@ndde Z
hdjef Z[h aZfeklv aZeesaZ fh mlv IZdh  agZoh”blbkv
FZ]gec aZebrzZ}lvky \ I\ _j~hfm jhaqbge « g_ kijby} ml\h
feklbeb LZzdZ klimdam\gh dZjlbgzZz } "~h\hee kijbyle
aZ[_ai_q_ggy \bkhdhl_fi_jZImjgh€ fepghkle _dki_jbf_
hkgh\e kbKAI-FebMn-Ni \peehfm Ze_ |1Zde dhfihabpe€ \k_
"hkblv \bkhdm ieZklbqgeklv ijb i**"\bs _gbo | _fijZImjZc
aZklhkm\zZggy « \ijh\Z~" _ggy

6.6 <bkgh\db "h jha”eem

1. KiezZ\b gZ hkgh\e AkbdcMnilbi fh gZjhaley”~Zlb \ jhe
i _jki_dlib\g Zjhfepgpeb\ZppfZl jex\@zZ\*ydb nhjfm\Zggx \
gZghjhafejgh€ \hehdgbklh€ _\l_dlbdb ydzZ a”ZzZlgz
\ieb\hf \bkhdbo |I_fi yEUdhpgm\ZIb 1Zdbf gbghf nmgdpex .
jZomghd gZy\ghkle \ kljmdImje kieZ\m \_ebdh€ glhdvdh
ZgZeh]eqgh ~h jhalJeygmlbo AMii-Z&s\ kbkl_ fb

2. >hkee”" ge kieZ\b o0ZzZjzZdl_jbam\Zebky Kk_j_"g
fepghkle ~h FIZ 1Z \bkhdbfb ihdZagbdzfb iezZklpKghk
sh ihlj_[m\Zeh €0 e_]m\Zggy dj_fge}f Z[heeele}ffhk d-
\eNih\ergh < |Zdhfm jZae+ klZ[eevgeklv kljmdImjb |Z \e.
gl _j\Zee | _fi_jZImj ajhklz} Ze_ ieZklbqgeklv iZzrZ} Nt
a\bgZcgbo mfh\ « kdezZ”Z} "MK Ijb

3. HilbfZevgbf jer_gunf ie"\bs_ggy \bkhdhl _fi_jZ
fepghkle } af[eevr_ggy kimi_gx e_]m\ZgAlyrekMe-Ri\«aZkbk
jZomghd ~h”Z\Zggy ojhfm dh[ZevIim fe?re [|Z fZ]Qg-
N nhjfZpecgh€ « | _jfeqgh€ h[jh[db AZ jZomyghhpw]Hbh
fepghkle gZ120\igleZz 1Z \e~rghkgh]h \bAh\ " _ggy Ijb 1 _
300 fKAgb  _ggy ieZklbgghkle fh gZ ~hky]lb \\_~ ggyf fe
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JHA>TE
?DKIEM:L:P1IE1L: L?OGHEH=1QEKXKLB<HKL1
JHAJH,;E?GBO @:JHF1PGBO EB<:JGBO :EXF1G1/<
KIE: <1<

Ihje\gyggy | _ogheh]eqgbo 1Z _dkiemZlZpecgbo
gZc[eevr i_jki_dlb\gbo _dki_jbf _glZzevgbo “Zjhfepghb
Zexfege}\bo kiedZ\€o aZklhkm\Zggy

< oh”e ijh\_~ ggy “"~hkee™ gv \"Zehky \bag?z
i _jki_dlb\ge dhfihabpe€ "Zjhfepgbo eb\Zjgbo Zé&xgfr\p}\b
kbkl _ Al-Si-Cu, Al-Ni-La |ZAl-Fe-Mn-Ni e _]h\Zgbo 1Z fh”bned}f
jeagbfb e f glZfb >ey gbo [meh \bagZg _gh eb\z
ijh\_~ gh ithje\gyglgyoZgeqgbo oZjZdl _jbklbd
\bkhdhl _fi_jZImjgh€ fepghkle ijb fK _dki_jbf_gl.
gZc[eevr [ebavdbfb ZgZeh]Zfb yde ijhyleyxlv koh « \e

JZger_ "ey \keo kieZ\e\ aZ “hihfh]hx >KD [meh \ba
khee"mk |Z eed\e"mk <hgb } \Z eb\bfb | _ogheh]eqgg
\bagZgZxlv egrbc \Z eb\bc eb\Zjgbaglif\Zé IgjhklZe-z
kieZ\e\ \en ydh]h agZqghx fejhx 1Zdh" aZe_ "blv jerdhi
a pb§_ a\Z Zxgb gZ agZq_gajpkddle-jdZemE je~dhiebgge
agb m\Zlbkv aZ mfh\ ml\hj _ggy i_j\bggbo nZa g _kijby
mI\hjxxlv fedjhdZjdZkb i_j rdh”~ " Zxlv ijhkm\Zggy je*
af_grmxlv "b\e _ggy gbf gZklbg \beb\de\ K _ j ~ ~hke-
|Zdbc 1jbdiegZZc[eevr fh2bnedh\ZgbASIRGEBMfeg

>Zge \bagZq_gbo eb\Zjgbo | _ogheh]egqgbo iZjZf_
\"Zebo _dki_jbf_glZevgbo kiezZ\*\ ijb\ Ah[gZ \_lgzd e befoel b
kiejZe _c “ey \bagZq_ggy je*dhiebgghkle \dZaZghb kie:
LZdh ™ ~ey \keo ajZade\ [meh aZeblh ijh[b gZ Iljesbgl
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ijhcreb \e~rih\ergbc |I_klI g_ ijhy\b\rb g jmcgm\Zggy ¢
aZjh”de\ ljesbg Hkdeevdb \beb\db \dZamxlv gZ ydekg
hagzZd sh e<gl_jij_Imxlv deevdekge 0ZjZdl_jbklbdb
\blJey”™8 ah[jZ _ggy g_ gZ\h”ylvky

LZ[ebpy
Ihje\gyevgbc ZgZeea | _ogheh]eqgbo 0ZjZdl_jbklbd _
kieZ\e\
KieZz\ Tsao fK Tig fK 19l Jendh
khee?| eed\e”N djbkl iebgg-k
f K k f
AISi9Cu3 (1) 38
AISi9Cu3 36
+Co+V+Mo (2)
AlSi9Cu3 30
+Co+V+Mo+Ti+Zr+La (3)
AISi9Cu3 32
+Co+Cr+V+Mo (4)
AISi9Cu3 30
&R KU 9 OR 7lLa%8)
Al-5Ni-12La (6) 37
$O0 1L /D & X 0J 42
Al-1,5Fe-1,2Ni-1,1Mn-0,45Cr- 47
0,25Co (8)
Al-1,5Fe-1,2Ni-1,1Mn-0,45Cr- 49
0,25Co0-1Mg-1Cu (9)
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] %o A

JbkmghdEHWHe kiejZee \bagZq_ggy je*dhiebgghkle _dki
kieZ\AISI9Cu3 (Z; AlSi9Cu3+Co+V+Mo ();
AISiI9Cu3+Co+V+Mo+Ti+Zr+La (\); AlISiI9Cu3+Co+Cr+V+Mo ());
$O06L &X &R KU 9 OR 7) ARENI/IDLa¥%H:;
Al-4,3Ni-10La-1,2Cu-1,2Mg-1Si {; Al-1,5Fe-1,2Ni-1,1Mn-0,45Cr-0,25Cd)(
Al-1,5Fe-1,2Ni-1,1Mn-0,45Cr-0,25Co0-1Mg-1Cu)
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Ihje\gyggy \bkhdhl_fi_jZImjgh€ fepghkle gZc[eev]
_dki_jbf_glZevgbo kiez\s\ a N~ _ydbfb \erhfbfb dhfiha
\eZklb\hklyfb ihdZazZgh \ 1Z]e

LZ[ebpy
lhje\gyggy \bkhdhl _fi_jZImjgjb€ fepfgdkhfepgbo
Zexfege}\bo kje&Zdh\|h oefeqgh]h kdeZ m I1Z kihkh[m \

Oefegqgbc kdez” Kihke[ h~_j Z( 2130 FI1Z /
AISi9Cu3 eblly 94 2,5
AISi9Cu3+Co+V+Mo eblly 115 4
AlSI9Cu3+Co+V+Mo+Ti+Zr+La eblly 145 3,5
AISiI9Cu3+Co+Cr+V+Mo eblly 110 2,3
$06L &X &R KU 9 R eblly 110 2,5
Al-4,3Ni-10La-1,2Cu-1,2Mg-1Si eblly 126 1,8
D F F]G@61] _e_dljhefime 152 +
h[jh[dZ ebll
: ) [362] eblbc 45-55 1
A356 (AK7)+Zr,V,Mo [363] eblly i Ibk 60 2
Al-5Cu-0,3Mn-0,2Zr [364] eblly 75-80 +
Al-2 5Cu-0,3Sc [365] Zfhjngbc L 130 2,5
Al-7Si-5Cu-0,6Mn-0,6Fe [366] eblbc 75-92 4-8
Al-3,6Mn-2Fe-1,8Si-0,9Zr [367] 3D-*jmd 75 8
Al-12Ce-0,4Sc [317] eblly 60 +
Al-9Ce-0,067r-0,34Sc [327] eblly 125 30
Al 40CeH.4ScH.2Zr [318] 3D 230 .
Al-10Si-0.5Mg [368] 3D 73-133 .
Al-12Si-4Cu-2Ni [369] 3D 177 16,6
Al-27Cu-5Si-1,5Ni [10] gZ~r\b~dZ ] 270 4,1
Al-5Fe-6Cr [354] 3D 273 2
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L fi_jZImjgbc dh_nepe}gl eegecghdhhfhpgbp GoyZ\-\
\Z eb\hx _dkiemZlZpecghx 0ZjZdl_jbklbdhx ydmelyZdh
gZc[eevr i_jki_dlb\gbo "hkee” " m\Zgbo dhfihabpec jbk

JbkmgRdAgZq _ggy LDEJ _dki_jbf_ glZAdsedud (KieZ\«\
AISi9Cu3+Co+V+Mo (]); AISI9Cu3+Co+V+Mo+Ti+Zr+La (); Al-5Ni-12La (]);
Al-4,3Ni-10La-1,2Cu-1,2Mg-1Si $0Al-1,5Fe-1,2Ni-1,1Mn-0,45Cr-0,25C0o’
Al-1,5Fe-1,2Ni-1,1Mn-0,45Cr-0,25C0-1Mg-1Cu)
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H™A j°Zge agZqg_ggy \bkhdhl fi_jZImjgh€ fepghkle
eb\Zjgbo "Zjhfepgbo kiezZ\e\ \dZamxlv gZ ~hky]g_ggy
jhajh[e_gge 1Zdbo dhfihabpec yde [ fh]eb dhgdmjr
gZc[eevr i_jki_dlb\gbfb kiez\Zfb ZgZeh]eqgh]h Ibim
\biZz*dm 1ihey]Z} ]Jheh\gbf gbghf m \bdhjbklZgge gZ
"hpeevgh]h | _ogheh]eqglalhk]hkng\gdgge eb\Zjgbo | _oghe

gZk gZ\_"~ _ge \ ydhkle ijbdeZ”m \e~rhfe “Zjhfepge
gZc[eevr \bkhdbfb ihdZagbdzZfb \bkhdhl_fi_jZImjgh€
\bkhdh]h je\gy k\h€o \ezZklb\hkl_c i_j RY dgH&e\waghfm
ith™je[g_ggx kljmdImjb |1Z nhjfm\Zggx f_|IZklZ[eevgbo
rbjhdh azZklhkh\mxlvky ihjhrdh\zZ f _[Zemjley Z”blb
gZ"r\b"r"dZ djbklZeeazZpey <Zjleklv IZdbo kihkh[e\ \bjh
i _j_\Z ZIlb eb\Zjg-

IlhdZagbdb \bkhdhl_fi_jZImjgh€ fepghkle ~ _ydbo :
[meh h” _j Zgh \ oh”e \bdhgZggy ~hked \bgwib a@Z
ihdZagbdb [eevrhkle gZc[eb gqbo ZgZeh]e\ <bkhdhl_ fi_
|Zdbo kieZ\e\ agZoh”blvky gZ \e*ih\eAghfm je\ge [eba
\eMih\erZ} hilbfZevgbf agZq_ggyf

<bagZq _ggy | _fi_jZImjgbo dh_nepe}gle\ eegecg
~dki_jbf _glZevgbo kieZ\e\ ihdZaZeh sh dhfie_ _dkgh
kieZWIS9Cu3 fZxlv fZc _ h~"gZdh\_ agZq_ggy LDEJ a g_
ajZadhf sh “ha\hey} [_ai_j_rdh~gh \bdhjbklh\m\ZIb 4
>ey kieZh\sNi-12La | _jfeqg_ jharbj_ggy kljefdh ajhklZ} a-
| fi_jZljmb « gZ[eb Z}Ivky “h agZq_gv qbklh]h Zexfege
dj fge}f 1Z ferrx Kli4ZNi-10La-1,2Cu-1,2Mg-1SifZ} ihqgZldh\e
agZq_ggy LDEJ fe kbemfegZfb 1Z gbklbf Zexfelggb -
fZc  _ g_ afegxxlvky ey gvh]h ~h | _fi_jZImjb f K

?dki_jbf_glZevge kieZ\b gzZ WklEhMn-KibkIfHgkljmxlv
gZc\bse ihdZagbdb LDEJ [ebavde “h agZq_gv qgbl
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aleevrmxlv g_ ~h "hkylZxgb | _fi_jZImjb fK LZ
1Zdh™ ]Jh\hjblb ijh i _\gm klZ[eevgeklv jhafeje\ " |Z
\b]hlh\eylbky a IZdbo kieZ\e\ ij i**"\bs_gge | _fi_jZImj

GZ aZ\_jrZevghfm _|Zie "hke*s”  gv a _dki_jbf_glz
hn j"Zgh ~ _1Zee \e~ih\er"Zevggh]h ijbagZqg_ggy

lhjr _gv "\b]JmgZ \gmljergvh]h a]lhjyggy [meh
dhfie_dkgh fh*bnedh\ZAIHOCkIeZ\nfi_ee_j g_\_ebdh€ In
ae kieZ\m gZ hkghlNiklakl efgh\Zgh]h ferrx fZ]ge}f IZ d
<b[e] kKbemfegm “ey h”™ j Zggy pbeeg”™jZ } hq_\b~ghbf
gZklh \bdhjbklh\m}lvky 7~ey h” _ j Zggy "~ _I|IZe_ ¢ ><A
fi_e jZ ihykgx}lvky fegefZevghbf je\g f afegb yd f _0Zg
|1Zzd « LDEJ \ rbjhdhfm egl_j\Zee | _fi_jZImj >h Ih]h
0ZjZdl _jbamxlvky \bkhdhx "Zjhklecdeklx 1Z [d87,H88,cgh x
317,318] H[b"\e A |Ze " [megh ebllyf

Lj lec Ibi kiez\e\ g_j_a k\hx a”Zlgeklv ~h ~ _nhjf:
\bkhdh!l_fi_jZImjgm ieZklbggeklv \bs_  « agZcrh\ k\
\bjh[gbpl\e eblh€ aZ]hlh\db a ydh€ \ j_amevlZle ijhd
h~r j7Zgh k_izZjzZlhj jz~«Zlhjgbo Ijm[ ijhfbkeh\bA ZfigHhl
|Zdbfb ~ 1Zeyfb kéBémIbloalhey} afeevrblb peeckgeklv j.
~e _f _gle\ gZ Ijm[Zo | _iehh[feggbde\ |Zafh§erlglhf fqkgrh
|Zzdh]lh mklzldm\Zggy >h i_j \Z] azZijhihgh\Zgh]h fZ
\eNrg _klIb ijhklhim yd _dkiemzZlzZpe€ |Zd <+ \lhjbggl
K iZjZlhje\

Ah\gergec \b]Jey”™ \bjh[e\ yde [meh h”™_j Zgh \
"hkee”" _gv ah[jZ _gh gZ jbk Eblbc ihjr_gv ~_fhg
1Z [_a”_n_dlgeklv 1fi_e_j Imj[egb fZ} g_agZqge g_ijh
gZ h[jh[dm « ff \_jogvh€ gqZklbgb ehizl ¢ P_ \dz
\bdhjbklZggy eblly ie" Ibkdhf Z[h \e~p _gljh\h]h eblly
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[ \
Jbkmghd Ah\gergec \b]Jey® » 1Ze_ ¢ yde [meh h™_j Zgh
_dki_jbf_glZevgbo kieZ\s\ ihjr_ gAISHCA3C0R/IeVD\(a),
ofi_e j Imj[egb aAl-kBdNEAGha-1,2Cu-1,2Mg-1Sif); k_iZjZlhj ey
| iehh[feggbdZ aAl-Xb5Ee*12Ni-1,1Mn-0,45Cr-0,25C0-1Mg-1Cu)(
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7.2.<bkgh\db "h jha”eem

1. ThdzZaZgh sh | _fi_ jZImjb khee*k eed\e"mk |Z gl
_dki_jbf_glZzevgbo kiez\e\ fzZxlv [eevr Kkijbyleb\e
aZ[_ai_q_ggy g _hJ[oe*gh]h je\gy eb\Zjgbo \eZklb\h
ihrbj_gbf IZ rbjhdh\ " b\Zgbf eb\Zjgbf "ZjhfASI9Cu3kie Z\
ydbc fh gz \e~g_klb ~h _1Zehggbo ijhflhkelln\dlodkie
ij_"klZz\e _gbo "hkee™" _gv

2. <klZgh\e _gh sh gZc[eevr dhfie_dkgh fhAbnedh\.
AISI9Cu hkh[eb\h |e yde feklylv m k\h}fm kdeZ”"e ojhf

« je"dhiebggeklv \erghkgh g fh”bnedh\Zgh]h S
mi\hj_ggyf \ ijhp_ke djbklZecaZp+€ kd_e_Ilhih”e[gh
ithoh™™ _ggy

3. Ihje\gyevgbc ZgZeea \bkhdhl _ fi_jZImjgh€ fe

_dki_jbf_glZevgbo kieZzZ\s\ a i _jki_dlb\gbfb ZgZeh]
jeagbfb kihkh[Zfb m [eevrhkle \biZ~Ade\ ihdZaZ\ i_j,
kieZ\e\ i _j "~ ZgZeh]Zfb Ijb pvhfm \hgb IZdh" ™ ~_fhgkl

je\_gv \bkhdhl_fi_jZImjgh€ ieZklbgghkle

4. <bagZq_ggy | _fi_jZImjgbo dh_nepe}gle\ eegec
ihdZaZeh sh ey \boe”"gh]h 1Z dhfie_dkgh A3 usdh\Z
pe agZq_ggy } fZdkbfZevgh [ebavdbfb >ey ~"h”*ZIldh\F
hkgh\e kbKAI-FebMn-Ni agZqg_ggy LDEJ gZ[eb Zxlvky “h
gbklh]h Zexfegex Z "4 3Ni-€@anri,2Cu-1,2Mg-1Sip_ agZq_gg
agZoh”blvky fe i _jrbf 1Z ~jm]bf Ibihf kieZ\e\ « ~ fhgk
klZ[eevgeklv \ rbjhdhfm gl _j\Zee | _fi_jZImj ~h f K

5. A gZcfeevr i_jki_dlb\gbo _dki_jbf_glZevgbo
h~r j7Zgh eble « ~ nhjfh\Zge » 1Zees \eNih\e~rZevgh]h ijb
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A:=:EVG1l <BKGH<DB

1. ljhZgZeeah\Zgh \ _ebdm deevdeklv kmqgZkgbo e-
M\ _j~° _gh \bkhdbc je\ _gv ZdImZevghkle iblZgv jhe
m~rhkdhgZe ggy e<kgmxgbo eb\Zjgbo "Zjhfepgbo Zex!
\bjh[gbpl\Z ~ 1Ze ¢ \**ih\e~"Zevgh]h ijbagZq_ggy yc
ihl_gpecge aZfeggbdb [Z]ZIvho Ibie\ klZe _\bo qZkmgg
aZ jZomghd a”~Zlghkle ijZpx\ZIlb ~h je\gy | _fi_jZImj [e

« \bs_aZ ijbcgyle ghjfb

2. Hdj_ke_gh ]Jheh\ge ijbgpbib kl\hj_ggy IZ m~hkdrl
"Zjhfepgbo Zexfege}\bo kieZ\e\ yde \dexgZeb djbl_je%
fhrbnedmxgbo _e f _gle\ 1Z €0 deevdhkle j dhf_g~Zr
kKijbyleb\bo kljmdlhajlygibo oZjzdl_jbklbd kiezZ\e\ 1Z fh e
€0 | _jfeqgh€ hdpg ey dhfie _dkgh€ j ZeecaZpe+€ \keo fh ¢
afepg_ggy kieZ\e\ m rbjhdhfm egl.j\Zee | _fi_jZImj

3. <bagZq _gh sh "ey kbemAlEipOu abdicdiZsbf reyoh
ie"\bs _ggy “Zjhfepghkle 1Z \bkhdhl_fhkjlZImfigh€ [fmplr
dhfie_dkg_ fh”bnedm\Zggy dh[ZevVvIihf floghfhfghddgZ~s}yd
egrbfb e f glEZfb*ha\hey} h~rghgZkgh ih”je[gblb, fed]
klZ[eeeam\Zlb "Zndhe\lgrghZab af[eevrblb klimiegv eh ]h\Z
jhagbgm gZ hkgh\e Zexfegex 1Z kijbyjllpggbldhj gfoxgh
klZ[eevgbo « "bnmaecgh g_Zdlb\gboblhjbfHagbo afepgxx

4. ljhzZzgZe+sah\gh i_j “mfh\b [|Z e<kgmxgbc “hk
I _jki_dlb\gbo Zexfege}\bo eb\Zjgbo "Zjhfepgbo kieZ\e\
kljmdImje \hehdgbklm gZghjhafejgm |_fi_jZImjgh kIZ[
_\l_dIbdm 1IhdZaZgh sh q_j_a gmevh\m Z[h g_"hklZ
jhagbgm 1Z \bkhdm ieZklbggeklv 1Zdbo kieZ\e\ hkh]
| _fi_jZImj \hgb ihlj_[mxlv _n_dIb\gh]h e_]Jm\Zggy |Z f

5. >ey h™ _j Zggy _dki_jbf_glZevgbo ajZade\ kieZ\s
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gh\elgxe dljhgghf g \m eb\lZjggmeh]ex h™ j"Zggy Zexfs
e¢]ZImj m |Ihfmagbkkerdtaf \feklhf Im]hiezZ\dbo 1Z \bkhd
f 1Zes\ a gZ”a\bqZcgh \bkhdhx "bki_jkgeklx fh*bnedm
nZa ydZ i_j_\bsm} ihdZagbdb \e*hfbo ijhfbkeh\bo Z¢
AZklhkm\Zggy |Zdbo e<]ZImj “halhey}fhAbrm¢rdmnZlid
Zexfege}\e kieZ\b

6. lhdZazZzgh sh az “hihfh]lhx jhajh[e-ighf€g_ &h@l
| ogheh]e€ h” _j°Zggy ee*]ZImj \ jy~e Kkbkl_f fh e
g_je\gh\Z g klZgb fh"bnedmxqgbo e<gl _jf |Zee*gbo nZ
Kl _oehf_Ije20HOZ[h gZ[eb _gm ~h g_€ yde ijb "h"Z\.
jhaiz*"Zxlvky ih?je[gxxgbkv [Z ml\hjxxgqb nZab vyde
gZ[eb Zxlvky Mé A&0H Ihsh LZdbc _n_dl ihablb\gh \
_n_dlb\geklv fh*bnedm\Zggy |IZ kijby} dhghfe€ g _ j]h

7. Ijb  "hke*”” gge dhfie_dkgh]h fh”bnedm\Zgg!
Ah _\l _dlbggbo kbemfege\ gZ ABUERABADWIieZdMm sh dh[Z
ijhyley} k [_ yd d_jmxgbc fh*bnedZlhj flg@ibiedjdl hg «\k
aZesah\fekgbo nZa aZ[_ai_gm} €o i_j ghaidh"ggy dh_\bd
jhagbgm fZj]Zgp _f Z[h \ZgZ"e}f < egrhfm \biZ"dm
aZeeah\fekgbo nzZa\dpkdZgke}y \bklmiz} \ jhee fhrbned
Al,&X \ kdezZ”e \|I dlibdb jh[eyqgb €€ f _gr “bneaescgh
klZ[eevghx LZdbc _n_dl *h”~zZldh\h fh™_ ie*"kbeblb ged_
miI\hj_gh kihemd®Rls(Owj@o,Niy yde Kkijbylbfmlv ie*\bs_
“Zjhfepghkle kieZ\e\

8. <bagZq _gh sh fh*bnedmASPLy kagZkm fZfb &R
V+Mo, CU &R OR 9 &R OR [Z &R &UgZ OWsiZ} n_dlb\g-
\ieb\m gZ kljmd&mjgbc klZg [Z f_o0oZgeqge \eZklb\hKkl
gl _j\Zee | _fi_PZIMp\hey} a[eevrblb fepgeklv kieZ\m gZ
ihfelgh€ \ljZIlb ieZklbgghkle Z g \ ebdZ \e~rfeggeklv fe
jhagbgm gZ hkgh\e Zexfegex \ eblhfm klZge |Z iske:
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Ah~rzZldh\h k\ergblv ijh \bkhdm klZ[eevgeklv f_0Zgeqggb

9. >h~zZIdh\_ \\_~ ggy “h dhfie_dkgh fh”~bnedh
AISI9Cu3 IblZgm \ieb\Z} i _j \Z°'gh gZ a_jghih”je[g_gg)
pbjdhgex |Z eZgZZtgmbtnedm\Zggy n& & IBhma&PZehf *hal
ie"\bsblb \bkhdhl _fi_jZImjgm fepgekf¥X iijbi_j ~gvh
fhrbnedh\Zgh]h kieZz\m vydbc feklb\ dh[Zev] \Zg&a#%ec |

FIZ "h FlIZijb a[_j_"_gge ieZklbgghkle gZ je\g-
10. IlhdZazZgh sh kiez\b oKD flz X d® ~hklZlge ihdZa
\bkhdh!l_fi_jZImjgh€ fepghkle ijb fK Ze_ €f 1Zdh"

ieZklbggeklv g _j_ a gmevh\m e_]Jh\Zgeklv I\_jA~h]h jhaql
sh h[f_"m} €0 \bdhjl&kdZgogspc je\ _gv f _o0Zgeqggbo \eZ
ijhyleyxlv kialBN»r-12La yde aZ k\h€f kdeZ"hf gZkdke ZZxiv
ihljecgh€ _\l_dlbdb

11. Fh"bnedm\Zggy _dki_jbf_glZevgbo kidiZa*\g kbkl
kijbyeh ihablb\gbf afegZf lhfm KkieZ\b e _]m\Zeb |
afepgx\ZqzZfb ;meh \klZgh\e _gh sh h”ghgZkg_ e _]m'
Al-Ni- /D fZ]ge}f ferrx 1Z dj_fge}f aZ[_ai_gqm} ihfelg_ e_
jhagbgm h]jm[ex} _\l _dlbqge kdeZ”"h\e Ze Kkijby}
kljmdImpgdah\bo oZjZdl _jbklbd Iz f _oZgeqgbo \e
| fi_jZImjghfm gl _j\Zee *"h « fKIZ4A /a E_]m\Zggy pb
_ kiez\e\ fZ]ge}f ferrx 1Z fZj]JZgp_f ie"\bsm} fepgeklv
ijhl_ieZklbggeklv agb m}lvky I%. je\gy gb g _

12. ?dki_jbf_glZevge eb\Zjge "ZjhfepgAlkheMniNikb k|
Zevl _jgZlb\hx [eevr “hjh]bf IZ kdezZ~gbf m ijb]hIm\Zg:i
Al-Ni-La aZ jZomghd ZgZeh]eqgh]h nhjfm\Zggy \ €0 klj
gZghjhafejgh€ _\|I _dibddheZ\WbZdoZjZdl_jbam\Zebky Kk
ihdZagbdzfb fepghkle ~h FIZ IZ \bkhdbfb ihdZagbd.

ijb fK sh ihlf€dmPZIidh\h]h e _Im\Zggy >h~"zZ\Z
fZ]gex af[eevrm} e_Jh\Zgeklv I\ _j~h]h jhaqgbgm Ze _
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ieZklbqggeklv “h ihlje[ghjhZvXggy djZfheaehekeevdhkle
fZk \eMih\kipgthyeh ihfelgec klZKbjemdEZpptE |Z \eZklb\h
kieZ\mkbjhdhfm egl_j\Zee | _fi_jZImj ajhklzZz} Ze_ ieZkll
1Z"Z%h je\gy |1Z f_gr_aZ al\bgZcgbo mfhlipjbkdeZKZ}
13. HilbfZevgbf jer_ggyf 7"ey 1i*"\bs_ggy \bkhdhl
fepghkle [meh dhfie _dkg_ e ]Im\Zggy a h” _j Zggyf Kie
Al-1,5Fe-1,2Ni-1,1Mn-0,45Cr-0,25C0-1Mg-1Cu  fZk < ijh\_~ ggy ch]fr
N nhjfZped@h€jfeqgh€ h[jh[db AZ jZomghd pVA]h Ky ki
"hky]lb fepghkle gZ je\ge FIZ 1Z \e~ghkgh]h \b”h
| fi_jZImje f K
14. >ey \keo gZc[eevr i_jki_dlb\gbo ajZade\ ~“hkee
[meh ijh\_~ gh "hkee”" _ggy €0 | _fi_jZImj khee"mk
gl _j\Zee\ djbklZecaZp+€ 1Z jerdhiebgghkle GZ hkgh
_dki_jbf_glkeeg¥lZxlv [eevr Kijbyleb\e ihdZagbdb “ey a
g_h[oe*gh]h je\gy eb\Zjgbo \eZklb\hkl_c ihje\gygh
rbjhdh\ " b\Zgbf eb\Zjgbf "Zjhfepgbf ICWZIbU & W6lggyf }
gZc[eevr dhfie_dkgh fh”bajddhkbgendegm hkh[eb\h yd
feklblv m k\h}fm kdeh”agdjhm} ch]h jerdhiebggeklv gZ
15. <bagZq Ighi_jZImjgh _nepe}lgklyecgh]h jharbljZggy
ihdZazZgh *ey \boe*"gh]h |Z dhfie_dkgh fh*"brs@6LZEK] hp
agZq_ggy } fZdkbfZevgh [&ba¥WhIbFed@Ni-1,1Mn-0,45Cr-
&R m |Ihfm gbkee a \feklhf fenre [ZkfZJagpZqihggy flZC
gZleb Zxlvky “h ihdZagbdes\ gbklh]tkki2&xfrgeXlkiZdéygh
kiZNAl-4,3Ni-10La-1,2Cu-1,2Mg-6L p_ agZq_ggy agZoh”blvky fe
Ajm]bf Ibihf kiezZ\e\ o N fhgkljm} fZdkdpfklervd nmr bl ha[h r
egl_j\Zee | _fi_jZImj "MA \dZfakgbo kieZ\s\ [meh h" _ | Z
\eNih\erZevgh]lh ijbagZg_ggy “ey jhiplslbgbanFhhiZ g Zilerh)
16.J _amevlZIb jh[hlb \ijh\Z~" _gh m gZ\qZevgbc ijhy
| ogeqgh]h mge\_jkbl _Im MdjZ€§obd@BVvEARTh 1]1hjy
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