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|1?7J?7E1D MFH<GBO KDHJHQ?GV 1 IHAG:Q?GYV

+Zlhfge \e~khldb

tZlhfge h*"bgbpe fZkb

t\bkhdhl_fi_jZImjgZ fh*bnedZp-y

tgbavdhl_fi_jZImjgZ fh*bnedZp-y
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tdhhj"bgZpecgbc fgh]h]jZggbd
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tjerdekgha f _evge f _|Zeb

tem g f _IZeb

tkljmdIimjgbc Ibi

tkbf\he lejkhgZ

tj _gl]_ge\kvdbc nZah\bc ZgZe-a

| jfeqgbc ZgZe-a

1 jfh]j\&f _ljey

+"bn_j gpecgZ kdZppxgle-gZe
tkdZgmxqZ _e _dljhggZ fedjhkdhiey
+ g _jlh*bki_jkecgZ j _gl] _ge\kvdZ ki _
+ e _dljhadilg~h\bc fedjnZgZe-
tiZjzZf_ljb _e f _glZjgh€ dhfejdb
h[f}fe f glZjgh€ dhfejdb

fe'Zlhfgz \e~klZgv

| fi_jZImjZ dbieggy

+ H+ I+

I+

| fi_jZImjZ ieZ\e _ggy
tdjbklZeh]jZneqges hke
tdhhj*bgZlb ZIhkddZo gZjZf lje\ dhfe

U_dé\Ulls Usyo, Uas, Ugo, Ugs, Uss il_ieh\' |ZjZf_|]b Zlhfe\



<KLMI

:dimZevgeklv JHaA\blhd | _ogedb |Z ajhklzZzxge _g_j]
ex"kI\Z e<klhlgh ie*\bsmxlv \bfh]b ~h jhajh[db gh\bo f_
Ney jeagh]lh_bbiphha[_je]Zxqgbo 1Z _g_jlhi_jkI\hjxxqgbo kb

Jerdekgha f _evge afZjlZeb gZ[meb rbjbdh]jbkggym
eggh\Zpecgbo \bkhdhl|l_o\ghbhdbpdbo kbjh\hg ydz fZ
kljZl _]*9g89Zqg _9m\yy gjoydekgha f evgbo f |Zes\ €bgmad
fz} \_ebd_ | _hj_Ibgqg_ = ijZdlbgg_ agZq_ggy hkdeevd
fZxlv peebc jy”~ peggbo \eZklb\hkl _c sh€oijbphdhbhyv
aZklhkm\Zggy \ kmqgZkgec | _ogepe HKkh[eb\h i_jki_dl
f 1Zemj]e-£€ ijbeZ"h[m "mw2ygvZggAr\eZ[Zlhfgec | _ogep-
ijhfbkeh\hkle jZNeh e dljhgepe- f "bpbg- Aleevr_gg
\eA[m\Z}Ivky 1Zdh™ \ egrbo ]Zemayo ahdj_fZ m \bj
ijbezn"e\ d jZfeqggbo dhg”_gkZlhje\ dzZlZesaZlhje\
e _difgbo fZl jeZes\ |1Z ihklecgbo fZ]gele\ Hkh[eb
\bdhjbklZggy kiezZ\s\ gZ hkgh\e JAF “7ey gZdhib
f 1Zeh]e*"jb*"gbo " _j e e _dljbqgh€ g _j]°*€

Eelec 1Z ch]h kiezZ\b j _dhf_g~h\Zge yd fZIl _jeZeb
A j_e kljmfm ghZXe hdk \h~gbo <« I\ _j*bo _e _dljheesls\ydm
hilbgegfZl _jeHemhjgec 1Z dhevhjh\ec % N&yghg ke x\2ggy
i*"\bs_ggy ieZklbgghkle o fepghkZaBkiexZ\a\jeagbfb f |Ze
gh\bdi_jki_dIb\@bhZ| jeZEb\ Z\eZpe€ 1Z dhkfhgZ\lbpe q_j_
QZklIo\bdhjbklh\mxdv ey]mxqge “hferdb ~h jeagbo fZI
ihdjZs _ggy €o f_oZgeqgbo o0ZjZdl _jbklbd ¢ i**\bs _ggy d

GZljca [Z]zZI¥fZZeZtblI\hjxBieA\yde \eNe]jZxlv \Z eb\m
gZmpe < |_AbdgefZ o¥eqgec ijhfbkeh\hkle €0 \bwWdh}bkl
hljbfZzggy peeh]lh jy"m KkihZehdcgicijhfbkeh\hkde\ ydhkle
\ergh\gbdzZ \ Zlhfgec £\ gydhkibpd_ iehKitekzeWZ e +x GAlje}f
yde af[_je]lZxlv jerdbc klZg ijb defgZlgeZklhlkih)\ pxdymkey
| iehghke€ "ey jgZdNbj»dbo g _cljhgZo
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KieZ\bi_j oes~"gbo f _IZ&<\Ni, Cu 2Zn |Z +gpe fh mlv
\bdhjbklh\m\ZIlbky \ jeagbo ]Zemayo | _ogedb yd dhg
fZl _jeZeblbnZwdpecgbfb \eZklb\hklyfb eatkjlhazl@klxZ™ A gt
_e_didjhl_iehijh\ergeKhkhfh[se \Z]hgh[m~ m\Zgge _e _dljh
ijbezZfm”~e\gec ijhfbkeh\hkle lhisdhe]jZne€

Si «Ge aZ k\h}x ijbjh~hx gZie\ijh\e*gbdb qgmleb\e
\ieb\e\ 1Zd « "h g_\_ebdbo deevdhkl_c ~“hferhd P_ ~Z}
€o m fedjh_e _dljhgepe =_|jfZge"b « kbeepb”b i\hjel»glly
pedZ\bfb \eZklb\hklyfb gZis\ijh\ergbdh\bfb gZ"ijl
fZ]gelgbfdn agZcrh\ rbjhd_ aZklhkm\Zggy aZ\“~ydb k\h
f ydhkle dh\dhkle oefeqgec klecdhkle « a”Zlghkle »H\Z
hkgh\gbo ]Zema_ cgkhikehd§Zg "ZowZjgh\Z\eZpecZhfh[egVv(g:
km~rgh[mAyXdZhl _ogeqgZ ijhfbkeh\eklv

Hkgh\hx ey h™ _j Zggy\fZlaysZegbf dhfie _dlohfeqgdm
\eZklb\hkl_c aZebrZ}lvky \b\g_ggy NeZ]jZf nZ
[Z]ZIhdhfihg _glgbo kbkl_f \klZgh\le _ggy djbklZesqgh€
miI\hjxxlvky \ pbo kbkl_fZo Kbgmfarddh8oe dkg_ "~hkee’
\eZklb\hkkieZ\e\ GZ \e~rfegm \e” kbkl _f a mqgZklx JA
\b\gzZxlvky ijhly]hf hklZggeo ~ _kylbeelv Iljvhodhfihg_ gl
f 1ZezZfb } fZzeh\b\@@hdbfbdhfihg glge kbkl_fb aZebrzZxlv
g_ "“hkee”" gbfb Ihfm gZajeeZ[ge\hr[dMekKMNgE]Jdh "hkes"
maZl]Zevg _ggy gZdhibg_gbo _dki_jbf _glZevgbo j_ame\
djbklZeeggbo klIjmdIimjZo + \eZklIb\WlKlym\ea gigyyhhkh[eb
neabohfeqgh€ \azZ}fh”e€ em gbo JAF\Z&gbfba kbeepb”.
| jfZgrzZfb « klZgl2A\B{he gdgymdimjgbo aZdhghfejghkl ¢ k
[Z]1Zlhdhfihg_glgb€&€oyAs m «a ‘oedbgdnbfb \eZklIb\hklyfb yc
Ney ihrmdm h[eZkl _c €0 ijZzdlbggh]h \bdhjbklZggy

Afyahd ijh]ljzfb a gZmdh\bfb ijh]jzfzfb ielxdaiblZl _
\bdhgzZgZ \ jZzfdZo gZmdh\h]h gZijyfm dZn_"jb g_hj]Zz
gZpehgZevgh]h mge\ _jkbl _Im ef ge 1\ZgZ NjZgdZ m \



8

ijh]jZzfZzfb Fegekl hikVaHgZmdb MdjZz€gb a ijehjbl_Ilgh]h gz
azZ ™ _j[xN _lgdfdzfb ©1gl_jf _[Ze*”"b "ey -Zbphghblo el
f 1Zeh]erjb~rgbo [Z1Zj_c? ghf_j ~_ jUOO1R39PZP0O1E2012 jj
©7?g _jlh}fge _e_dljh™*b gZ hkgh\e gl jf |ZeeNe\ "Ney e-l
[ZIZ)j _cyhf_j ~ _ jj_}kljZpe+€£003056 (2013-2014 || ©Kbgl_a
djbklZehoefey gh\bo gl _jf |Zeegqgbo kihemd a nmgdpeh
ghf_j ™ _j j_}kljzZpsaD3257(2015-2017 |

F 1Z «\aZgg¥yhkee”" ggylhx jh[hlb } dhfie_dkg_ ~hk
\az}fh"e€ em gbo f _IZes\ eea kbagpbZiib 1Z] kKlZg-
je"dekgha f evgbo f _IZee\ m ihlj9gdbo kbklihiBabZqg_ gc
dijbklZeeqggh€ kljmdImjb hljbfZgbo <gl_jf |Ze<”e\ jhajh
dijbklZehoefe€ egl jf 1Zeere\ yde feklylv emegd IlfihlZedbqgg
\eZlb\hkl _c a f_Ihx klI\hj_ggy gh\bo i_jki_dlb\gbo g_hj]Z

>ey "hky]lg_ggy ihklzZ\e jga¥€lyfaymzmdiE\ih[e b sh”h
\klZgh\e _ggy hkh[eb\hkdecoqoiathdmZ}fh”«€ em gblAFR |
\fekgbfb kbeepb”zZfb ] jfZgeZEblZlljkidlgnfgbo aZdhghfe
kbgl ah\Zgpbdlhdhfihg glgbgohfjde*gh \bjerblb gZklmige a.
1. Kbgl BAFIZEFR\fekgblo ljZjgbkbeepbje\fZgeNAKIZgeNe\
\b\g_ggy €0 nZah\h]h kdeZ”"m |Z "hkees”" _ggy "*Z]]dfonZz
|1Z ihgebbo kbkl fZo
2. Kbkl fzZlbdZ kihemd |Z \by\dyadgm YazZz}édEaXdl _jhf \a
|Z oefeqghx ijbjh~hx dhfihg_gle\
3. <b\g_ggy djbklZeeggh€ klIjmdImjb gh\bo kihemd j g
fhghdjbklZem « ihjhrdm 1Z ijh\_~ ggVjthdgbkeklgmylmg d
4. DjbklZehoefeqggbc ZgZeea + kbkl _fZlbdZ kljmdImjgk
kihemd a f_Ihx \klZgh\e_ WayW\azl}khmje~g ghkle fe* gbfb
\erhfbfb nhjfm\Zggy aZ]Zevgbo ijZ\be €0 | ZeecaZp-£
5. <b\g_ggy _e _dljhoefeqgbo Retzkml\hEKI\lclZgh\e ggy h
\bdhjbklZggy
6. <by\e gdfyaal\\ fe' kdeZ”hf kihemd €0 kljmdIimjhx e
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H[f}dl "hkee" \ggyfh”rey dhfihg.iglpdcdbo 1Z ihgbad\e
kbkl fZo em ' gbo f_1Zes\ a JAF i _j oergbfl fgH&fe|Zmbk bl Z
(Si,Ge Sn » djbklZehoesfeqge hkh[eb\hkle kljmdImj kihemd p

lj_~f_ 1 ~hkee”" _gq@wnh\e ~"eZ]jZfb "hliZegerh m\ Zighlo _ f
djbklZeeqge kijmdImjb | _jgZjgbo < | _|jZjgbo kbeepb”e\
€ogec djbklZehoesfeqglgbceZglZjdr@mefeqge \eZklb\hkle

F Ih~"b "~hkee”" ggydljh*m]h\Z iez\dZz eg"mdpec:
|ZglZeh\bo dhgl_cg_jZo [1Z ]hfh]_geamxqbc \e*iZe
j_gl] _ghnZah\bc 1Z j_gl]l]_ghkljmdlimjgbc ZgZee<ab f_
fhghdjbklZem fedjjgkblgmAgHAesa "ey \klZgh\le _ggy nZal
hfeZkl_c¢ ]Jhfh] _gghkle kihemd \bagZq_ggy iZjzZf_Ije\
ijhklhjh\h]h jhafes _ggy Zlhfe\ j gl]_ghki_dljZevgbc Z
osfeqgh]h kdeZ”m kihemd \hexf_ljbgg_ \ba&dXq\ ggen
e\ _j~" _ggy €ogvh]h kdeZ”m ihemf_g \Z nhlhf _Iljey
Eelex m ajZadZo -ahdtmh\pghfedjhZgZeeca "ey \klZgh\e_
kKie\\erghr _ggy _e f gle\ m kieZ\Zo-o°ffhfegbo nYaBkhbo\F
mlI\hj _gbo nZa "ghke~fKhjgpe€ « ~_khj[pe€ aZ “hihfh]hx
| jfeqgbc ZgZeea | _jfh]jZbhnf jljgpecgZ kdZgmxqZ €H&eh
\klZgh\e _ggy | _jfeqgh€ « dhjhaecgh€ klecdhddiy «llcjdhck
klZ[eevghkle gZ ih\elje | jfedigefeldg ee«dbx\Zggy ~"ey
_e_dljh~rgbo fZl _jeZew-Ahfhap@Nscj e kljmfm

GZmdh\Z gh\bagZ h™ _jZgbo j_amevlZle\

M jh[hle \i_jr_

- Ih[m~Ah\Zgh eahl_jfeqgijbil jfijejaZdmje ihzkecgbo kbkl
{La, Tb, Dy}-Li-Si, {La, Nd}-Li-Ge {Y, Ce Eu, Tb}-Li-Sn

- Ih[m~rh\Zgh qzZkdBpjZf nZah\bo jr\mh\Zi] jZImje Z
ihg_kgbo kbkV h[eZklyo ea \_ebdbjf_é&f-kI}EA Sm}-Li-Co-Si,
Tm-Li- KKSn La-Li-Ni-Si, {La, Pr, Nd}-Li-Ni-Ge, {La, Tb, Dy, Ho, Er, Tm}-Li-Ni-
Sn



10

- leM\_j~" _gh ekgm\Zggy kihemd 1Z mlhqg_gh djbk
nZa"mke+”~" gbo kbkl _fZo « kihje*g _gbo "h gbo

- Kbgl_ah\Zighihemd*ey2 a gbo \klZgh\e _gh djbklZe-sqg
- Jharbnjh\Zgh <« hibkZgh gh\bo kljmgllnjjgédxq glbo
kihemd

- <b\g_gh neabfdlge \eZkl\djklfsbo kihemdgh] gkhj[pe
}fgeklv jhajyrgz }fgeklv hlhjhlgeklv ijhp_ekir x\&dg
dhjhaecgZ 1Z | _jfeqgZ klecdeklv klecdeklv *h hdbke ggy

- Kbkl_fzZlbah\Zgh -egl_jfydeeemblhjxxlvky m "~hkee"" _
kikk fZzdZamxqgbkw@ i€ dljhggh€ ehdZecaZpméd\k gjdy
oefeqggh]hdnfya
- IhdZaZgh sh m [eevrhkle agZc” gbo kihemd hdjef
a\fyadm } * ydZ qZkldZ egrbo @A&§yghboph]haZdh tAgdh]h
- <klzZgh\e_gh sh eshgeaZpey Zlhfe\ fh™_ ijb\h”~blb ~h
hrghzlhfgbfb [Z a [Z]ZIhZlhfgbfb iheedZlehgZfb iheeZg
2D 1ZD ihesdZlehgZfb iheeZgehgZfb
- <by\le _gh sh a[eevr_ggy deevdhkbekdhitilgg gjloe&a\m" kbl
aleevr_ggy gbkeZ e<+gl _jf |Zesggbo kihemd gZlhfeklv
y\bs f ml\hj_ggy I\ _j*bolZhadbgvkm}lvky \deZ” e<grbo
hggbo dh\Ze glgbo hdfjeFZleleq lgltmilmi 1 @m

ljZdlbgg_ agZqg_gjg¥dbo j_amevliZle\
% J_amevlZlb ~“hke*”" _ggy{lbNad Ki-{I& NI, Cu, Zn}-{Si, Ge
Snt jharbjxxlv nmg”Zf glZevge agZggy \ ]JZemae g_nh
hkh[eb\hkle \azZ}fh?e€ dhfihg gle\ \ kbkl _fZo a em gbf
i _j_oe~rgbfb f bzZlgeZfe f_ glBABHjmib
¥% Kbkl _fZlbgqgbc ZgZeea nZah\bo ~eZ]jzZf klZgm 1Z klj
"hkeer gbo kbkl fZo "~hal\hey} i _j ~[Zqblb kdezZ”"b
kihje"g _gbo kbkl fZo yde s g_"“hkee* m\Zebky « kijh]
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¥+ Hljbfge j_amevlZlb ~hkee” -gdygababd&dzZklb\hkl_c
kihemd [m~ mlv dhjbkgbfb gh\hba]hfpr] _gkhj[pcjgBe %
|1Zdh™ \bkhdh_g jlh}fgbo _e _dljh~rgbo fZl _jeZees\ "ey f_
shggbo ~ _j e kljmfm
% H~™ _j7Zge _dki_jbvgeglZ2Zge fh mlv aZklhkh\m\Zlbky
fZl _joZe m ]Zemayo g_hj]l]Zgeqgh€ oefe€ fZI| jeZehagZ\k

Hkh[bklbc \g_khd a”hlm)zZng&x\Zggy gZmdh\h]h
h[% jmglim\ZgigwkeZ2gE\dZ az\"Zg\Wdib\{«jhtkfee"" ggy_|<ple
 maZlZevg_ggy j_amevliZle\ } hkh[bklIbf :\ighjkdtkh[Ddbkl
Ijh\edjblbggbc ZgZe+a el jZImjgbo "Zgbo a | _fb bk _jl
kbgl a ajZade\ ih~"Zevr_ €0 ”"“hkee”" _ggy aZ "hihfh
j_gll_ghkljmdImjghfjhb ffhghdjbklZem <« ihjhrdm fedjh
ehdZevgh]h j_gl]_ghki_dljZevgh]h ZgZeea-\ th[mAF
jharbnjh\dm djbklZeeqgbo kljmdImj ZgZee+a hljbfZgbo |
djbklZeeggbo kljmdImj hljbfZgbo kihemd

QZklbgz _dkilZzevgho j _ameviZle\ hljbfZgZ ijb [_aih
Z\lhjzZz jzZahf a dzZg”"b”"ZlZfb oesfeqiyb®sgkZmdX I kxdhf
1 <HsZih\kvdbEGM f g 1\ZgZ NjZgdZ FZkb\b _d
gl _gkb\ghkl ¢ hdj_fbo iheedjbklZesqgho \ajZ &d+dklhlg
lhevsZ kicevgh a ~hdlkhqhliZey FZkb\b _dki_jbf_g
gl _gkb\ghkl ¢ fhghdjbklZees\ h™ _j Zge \ 1gklbImle 0e¢fe€
kK j_~h\bsZ 1Z [*hl_ogheh]e€ :dzZ™ _fe€ YgZ >em]hrZz
kieevgh a “hdldphf bgkvdhxe[ed L _jfeqgbc ZgZeea | _|jf
e "bn_j gpecgZ kdZgmxqZ de\hjbfe¥jky kieevgh a ~
I Ke fchghff Q _gklhoh\Z lhevsZ >hkee” ggy _
\eZklb\hkl ¢ hdj_fbo kihemd ijh\_~ _gh <€ 1 dloltbjlm
gZ\dhebrgvh]h k j_"h\bsZz | Z [*hl _ogheh]-€ dznN
f Q_gklhoh\Zz IhevsZz 1Z \ EGM +f _ge 1\ZgZ NjZgc
< ljho\eq IZ fZ]ekljBZhdZevgbdhDjxZghf
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:\lhj \bkeh\ex} Jeb[hdm ih*ydmhgKmedwhhagih\d eZ
> jZ\gh€ ij _fe€ \ JZemaes gZmdb < | _ogedb BGKemf @
1\ZgZ NjZgdZ "~ o ¢ ijhn 1Z\exdm < < ydbc egepex\Z
[jZ\ [ _aihk_j _~gx mqgZklv m €€ ieZgm\Zgge « h[]h\h] &g
l1Zdh™ gehj G:GM eZmj _Zlm > j Z\gh€ ij fe€ \ ]Zema-
ijhn =ezZ”br_\kvdhfm J / ¢ eZmj _Zlm > _j Z\gh€ ij_fe€
ANog ijhn Dhlmjm ;Y aZ mqZklv \ h[]h\hj_gge j_ame:

lj_a_glZpey j_amevdE&té\ gogykgh\lge iheh  _ggy °« | ¢
jh[hlb [meb ij_"klZ\XVI{th grifernational Seminar on Physics and
Chemistry of Solids (Lviv, 2012),I Fe gZjh”~gec gZimahdfgec dhgn_|j
©OKmqZkge ijh[e_fb neabdb oe¢fe€ [|Z -[¢heh]4+& \DkldhOh &;
2012),XIV fe'gZjh~gec gZmdh\ec dhgn_|j gp+€ ©OEv\e\kvde 0
Ev\e\ Xl -th InternationalConferenceon Crystal Chemistryof Intermetallic
CompoundgLviv fe'gZjh"gec -gZudiindyec dhgn_j gp€ ©
ijh[e_fb neadrdhggh]h fZl _jeZeh\_ " ggy? FZde<€\dZ
gZmdh)\hdIbggec dhgn_j gp*€ ©OKmqZkge ijh[e_fb ijb
f ITh"bdb \bdezZ”"Zggy? GellbgZmdhjphdlibggec dhgn_j ¢
fe'gZjhr*ghx mqZklix ©;Z[blgzdrdkvd?® gql\Z§hZgde\kvd Il
Fe'gZjh~gec gZimdbhifggec dhgn_|j gpe€ ©KmqgZkge ijh[e_
[*heh]e€ NeaQ0l3¢h K_\Zklhihed), XI <k_mdjZ€gg¥cdh\h
ijZdlbggdhgn _j gpe€ a fe gZjh*ghx mqgZklx|©Oj&LZ nddiZ\ bV b
ithl _gp*Z4®H£R014, VI <k _mdjZe€ggZdandh)\bdlbggdhgn | gp
©KmqZkgZ gZmdZ | _hjeyAZihjZdIg0dZ2Xll <k _mdjZ€gk\
gZmdh\hAdlbggec dhgn_j gpe€ a fe gZjh*ghx mqZklx
| jki_dlb\b 1Z ihl_gp*ZkZ V <k_mdjzZ€gkvdeeijgdibdmg\c
dhgn_j gpe€ a fe gZjh”"ghx mqZklx ©GZmdh\zZz ~bkd
ggh\Zpe€2 DbE€\ fe gZinZgheld qggzeroddihgn _j gpe+€ ©
ijh[e _fb [mfZgelZjgbo 1Z ijbjh*gbgbo gZmd?2 gadkih
ijZdIbeqgdhgn_j _gpe€ a fe gZjhrghx mqgzZklix O©I[lQhighpne
20195, XV fe'gZjh~gec gZmdh\ec dhgn_j gp*€ OEv\e\kvd o
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Ev\el VII fe'gZjh®aggZmdh)\bdlbeggdhgn j gp*€ ©KmqgZk
| hjey pZdlbdZBbg£¥?015, XX-th International Seminar on Physics and
Chemistryof Solids (Lviv, 2015),Il Fe ' gZjh¢aggZmd-h)\hdIbeggdhgn _j gp
©GZmdzZ Mdjz€gb ijh[e_fb kvh]h™_ggy |Z (iDpkROtHHNb j!
gZmdhp\hAdlIbggec dhgnajfgmZ&Zhc*ghx mqZklx ©;Z[ gd=\k\
a 1\Z§hZgde\kvd VIl Fe 'gZjh~gec gZimZdhbhgygec
dhgn_j gp*€ O©KmgZkgZ gZmdZ | hjey <« ijZdldltiZ?
Fe'gZjh~gec gZimdhbggec dhgn_j gpe€ ©I jki_dlb\b jhe
gZmdb2a OZjdeVlI fe ' gZjh~rgec gZipddlldhggec dhgn_j gpe*€ ¢

"bkdmkey | _hjey ijZdlbdZ eggh\Zlpe@@gZ)b€dec gZmo
IjZdlbggec dhgn_j gp*€ ©:dimZevge ijh[e_fb ImfZgelz
gZmdaM Jhjh~ I fe'gZjh”rgec gZimAddl\thqgec dhgn_j

©l jki_dlIb\b jha\bldm kmgzZk@hfgegAmdbIA fe gZjh~gec
gZmdh)\hdIbggec dhgn Gljbpm€gbqge gblZggy?2 Q _jgMp-
fe'gZjh~gec gZipdhldggec dhgn_j gpe€ ©:dlmZevge ijh
gZmdba HA”_kZXIll-th International Conferenceon Crystal Chemistry of
Intermetallic Compounds (Lviv, 2016), gZ a\elgbo gZmdh\bo dhc
\bdezZ”*Zqe*\ |IZ kie\jh[elgbde\ Ev\e\kvdh]h gZpehgZevgh]t
NjZgdZ Ev\eRX016j]j

<erhfhkle ijh deevdmleeddp-AZ fZl jeZeZfb "bk_
him[eedh\Zgh s gjZmedhla gbo kilZl _¢c m ijh\e*gbo \
egha_fgbo nZoh\bo mjgZeZo \«*ih\e~gh ~h \bfh] FHG N
fZl _jeZee\ dhgn_j gpec ydae MM} Z1dkith gZmdh\e ihe
bk _jlZpe€

KljmdIimjz 1Z h[ky] "bk>hkZpbZpey kdezZ~Z}Ilvky a
el _jZImjghl]h h]Jeym f _Ih*bdb _dki_jbf_glZevgh]h
jhareee\ a \bdezZ”™hf j_amevlZle\ | _hj Ibggbo « _dki_jk
h[lh\hj _ggy j_ameviZle\ _dki_jbf glm \bkgh\de\ kibkd
lh\gbc h[ky] “bk_jlZpecgh€ jh[48Bbk kH Zdugh\d|IgHd6 klhjeghd
hkgh\gh]lh | _dkiIm >bk_jlz@By |Zp&biplvs jbkmy Kibkhd
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\bdhjbklZgbo ~* j e kiZgHthil\gm\ZggyfdQ klhjeghdhrZIh
feklbBB klhijdg
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JHA>1E
H=EY> E1L?J:LMJB
Mpvhfm jha”eee ac[jZgh el _jZImjge ~"Zge ijh "eZ]]
kbkl_f [Z eahl_jfeqge i_j_jeab 7"eZ]jZf klZgm ydhljec
kihjerg gbfb ~h mAKgo gzZfb kbkl_f Ijh\_~ gh * _1Z
f _Ih~re\ kbgl _am [Z djbklZeeggbo kljmdIimj \e”rih\e”rgbo
| IjZjgbo kihemd
1.1. Ilh~\ecge kbkl_fb
1.1.1.Kbeepb”b em gbo f_|Zes\
1.1.11. Kbkl _fl4-Si
NZah\e je\gh\Z]b LiiSbkb\d&bkv [Z]ZIvfZ Z\I@A,|Z iB]. x<
hkghVim[m~Ahhhaz]Zev@\ight€ jhfhb > @ZjzZdKZglm-6L jHR)
ihdezZ”™ igh\_~eggbf | _jfh*bgdfge jhajZomgdebd "h gbo
_dki_jbf_glz2eghdjbfZ§ejh[hb[2]. Kbkl _fZ oZjZdlvikymagnmge«klx
ghlbjvhkohend,Sis(18,5% ZI ),&iLsSis( Z1 ), 184Si; (3 ZIl
Si) 1 ZLi,Sk ( Z| ) [6B, 11]. AgbonZzZalbi;sSiy; *Li;Sis ieZéylvky
dhgljglgh ijb | _fi_jZImjZo b eegfkKihemdb ml\hjxadvk
i _jbl_dlbqgbfb j_ Zidipeyfb jZImjZo “ blZ \ffelkhkme~rdec
nZea b Gil\eMih\eNp, 2]

JbK.1. >+Z]jZfZ klZgm LSk _fb



;*0ZjgZ kihlepsgdZmeXi _jr_
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\by\e _gZ Z\WhjzeaeZ[m\

i\ _jA bl jyc*rhkeer, \gZalZ@g jh[hbk> @ H” \Zhdjjh[«d >7]
"ey dfevr[4ZI8 Eele}fkihemdb
| _fi_jZ1#633+5 [5], 635 [6]640 f K >ijd@cgyeb nhjflon8ink [hisSi,. M
jh[hle] 1Zdh"
|Z ekgmimwhhtneg!| j\Z2¢hfh]_ gghi& PR
Zehljgh]lh_j_I\hj_ggyb

gdHBg]jghgh

Z|

i bV Kyijb

[meh \klZgshkihgmdBi fZ} \efhAbnbdZpe §

aBLfi_jZImjzZft
fde \erih\eAZxIv 1jZgbpyEi {Z]
Si. lhefhjmaf~Zgh€ kihemmMZewfmg i 1\ Ab\k].
AlhjZfherfeqZ}shy kihemdZ a nMhjfShebisSi,

Pbfb

fh™ ekgm\ZXlb

i \ghfmfi_jZImjgkgfl j\ZE[Hh _ fibklZ{esah\ZgZ ~hferdZfb
>Zge ifibklZgnkljmdIimkihemd ~klZ\e\ §Z[el.

LZ[elyhl
DjbklZ@g Z|jmd | mijiZze kkdo k | bEi-Si
Kihem KL Kl | = 1ZjZf 1jb dhfejdb EeljZ
a b C
Li,,Sis Li,oPb; | cF432| F43m 2,008 2,008 2,008 46,7
Li,;Sis Li,;Sis | cF416| F43m | 1,8710(2)| 1,8710(2)| 1,8710(2) 24
Li,Si Li,Si mS12 | Cl12/ml 0,7700 0,4410 0,6560 20,21
Li,Si « « « 0,449 2,550 3,440 22,23
Li13Siy Li13Sis oP34 Pbam 0,7992) | 1,5183) | 0,443(1) | 111215
Li-Si, Li,Si, oP3% Pbam 0,799 1,521 0,443 11
Li,Sis LisSn, hR21 R3mh | 0,4435(1)| 0,4435(1)| 1,8134(3)| 8,15
Li1,Siy Li;»Si; | oP152| Pnma | 0,8600(1)| 1,9755(3)| 1,4336(3)| 10, 15
Li66:505 Li»;Sis | cF416| F43m 1,861 1,861 1,861 20
LiSi MgGa t132 14,/a 0,9353(1)| 0,9353(1)| 0,5743(1) 18

Kihemdfik, ydZ [meZ \klZgh\le g2 \ j@hkijZghaley”"Ze

Z\lhjzZfb >

ydi,@al fi_jZImjZeZ\egy

fK >R@l _fi_jZIm[ebak ~hl_fi_jZImj  *

"hkee”  _dhyyYp\e*h\ergheyikemdibSi;. DjbklZeh]jZneqg-
"NZghm€almeh mlihgg_gh \ jh[hlZo >

KihemdifSi;, \i_jr_ [meZ”_glbnedhXXIdh4Zfbh[hb >
jZger_ ijh g_€ ih\e"hfeyelbleypypod:Sifllk Djef Ih]h

Q@

> @

Y766 @

b ydK\dZaZg

iZj2

@ qbh
pe = Z\I
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ithleMeyxI\20] i1jh mlI\hj_degZjgh€ rkdalZ timsSis. MIhqg_gg
dijbklZeh]jZneqgbo iZjzf _Ilje\ ijh\_[19,80]. \ jh[hlZo

l1kgm\Zggy kLR®imoibh ydm ih\e*hfeyehky \ [¥YYh\g*ghb
i M\ _jAbehkR{Akj7]. Al**gh jhajZomgditX ®AI@hajgbggsklVv 6L
"hx]ZtzZdkbfZevgh]lhgagzZq_ g ZI ijb | _fiejlynj fK Z ijt

| fi_jZImyjl_dibdb \hfg&hje\gx} ZI

M jh[hlZo Z\lhjb > @ kihkl_js]Zeb mi\hj_gigy gl
ydZ mi\hjx}I¢khbkdhf =1Z 1Z «kgm} ebr_ \ | _fi_jZImjgh
500700 f K

1.112. Kbkl _fMa-Si

>eZ]jZfdZlgm "ey kblel6lfbg [mHh\ZgZ

M~AZgelkcbklemI\hjx}lvky jy”™ [+gZjgbahldijh dihd «p blaSi
fZ}fhghdgegrkljmdIimjm kb4 XkherdS ihklhjhigmiXK k Z=

g fb g fk gf fe hibkag\Ihjz{d5 26. M
jh[hk[27] ih\erhfey}lvky ijh miI\hj_ gdaSikikbmMdbekhgtZl2),
ydz fzZz} r\b”~r_ bBdj¥dhgZevgm klginZdZmjhmzZijz!dd=0,485
gf k=1,6B gfe feklblv \ _e f glZjgec Allkejp-

\Alhjbijzp{428 ih\e*hfeyxlv ijh <kgm\ZggidasSishdlaSiie
(0O< 0<24) a dm[eghmdImjNaSiys kbf\hesgkhgds4, ijhklhjh\Zz
JjmiZdm3n) fZz}izjzf 1jjzZIdH& gfrey kiheMa®dhs (\eZkgbc
kKljmdImjdbcNasSih; kbf\he IejkhgZz ikhklhjh\|[fmiZd-3m) -
iZjzZf _ljjz1dB=1,46D(2) gf[2933]. AZ IbkdmlzZijbl_fi_jzZzImj fK
NZgZ kiheddgizdahl _j I\hj_d3ty Mjh[hl«58] egnhjfhwky ijh
mI\hj_gleygZjghlh kbeéNgSb{tkljmdImjgbcEU(Ga:Gae)s kbflhe
lejkhgdS28 ijhklhjh\ZmiZKPFP iZjZfbljjzlda = 04106(3),b =
1,0563(9),c = 1,2243(9) g .

Jhagbggdldw 6L ijb | _fi jZIfrkileZ224}10°% Z| 358>
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1.113. Kbkl _fi&Si

>eZjZ2fdZigm ey khkéLflg [mHh\ZgZ

< h[hk[36@mZhljbfZgAYZIhfdkiclhe mHIi (41,8 % aZ fZki)x
reyohf kieZ\eDh@gyaKbeespalfg jlghfm k_j Ajobg2dYZggh
| _fijZInb fK ljdbevr Ijb\Zehfm gzZ]j\Addoearbm\ ZIfhknr je
NZgZ kihemdZ jhadezZz”~Z}lvkiyhde g agddgZ ydbo \e~ih'
KSig (85,18 %Si aZ fZkHKSig (81,16 %Si aZ fZKk[BX], K;Siss (84,63 %Si aZ
fZ k %29, 38, 39.

‘\lhjZfb[40] ih\«*hfey}Ivky
djbklZeeam}lvky \ klIjmdImjghfin*\Nodgkilhz3Itkde Z*

osfeqgbf ZgZesahf WeSih\RNDd¥mllvky | _jfeqgbf jhkeoceelzm h f
KSi mzZdmeZfh \ ZIfhkmr \jgl j\z¢ fi_jZImj- fK
DjbklZegkljmdImhZ\scgkibemgb\ ~ gZ \1Z[e

ijh miY{RgZgghk€ K3iab yad
ydh€

LZ[elyp2
DjbklZeggkljmd|mijze kkd k| bDS;i
Kihem KL KI | = 1ZjZf _|ljb dhfejdb d E=«ljz
a b C
KSi GekK cP64 | P43n | 1,2620(1) | 1,2620(1) | 1,2620(1)| 37, 41, 42
KSi NaPb 164 | 14,/acd 1,057 1,057 1,710 40
KSig KSig - - 1,340 1,340 1,340 37
K;Siss | NaSihs | cP54 | PmBn | 1,0275(5) | 1,0275(5) | 1,0275(5)] 38, 39
K1,Sii; | RbypSiiy | mP464| P12/cl | 2,3689(3) | 1,3572(2) | 4,4509(6) 43
=91,248f
*dm[eggZ kbg]hg-y

>e71jZfZ klZgm ih™\ec R Silgzk hZgbc qZk g_ ih[m~Ah\
[egZjgbo kihe[B7d 41A48dj

1114 Kbkl _fRbSi

gZk kbgl _ah\Zgh ~ deevdZ

ith\erhfey}lvky
| 4 k h gcP&4

KIZII[40] kihemdm KRGSZXmg keb

lejkhglz

ijhklhjh\Z )#gacd

a=10839gfb=1083gfc=1758 gi.

ijh minZjakpgeyZRbSi(kljmdimjgb&Géi kbflhe
ihklhjh}gniB43n, iZjZf _1j j_rePdh,3042(1)gf. OhqZ m
Ah kljmdIm jaPpb( k bofili e
iZjZf _1jb ]jZldb \eAih\sAgh ~h
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M jhpe Z\IBW4lbkbgl _am\Zeb peebc jy®» kihemd em g
Ge, Sn Kj_ " gbo } kbee«pDbRbJShezZydbc djbklZeeam}lvky n
kljmdImjghfm Ibie kbf\m®P4bdjkifgKIhjh\Z RHigid&d izjzf Ijb
liZldb ~hje\lyax 24445(5),b = 1,4017(3),c = 4,6038(9) gf =91,32j). M
jh[h1Z29, 39 \klZgh\e _gh <kgm\ZgRlg/KSheywtdmZjZdl _jbam]
kljmdImjgltbfihfNaSi,b; kbflhe IlejktRpZ ijhklhjh\Z ]PmBg,
1ZjZf_1j dhfej=d1H027188(6)g f

M A"hlergbHimdZam}lvky ijh mi\hj_ gRbSkkikd i dibl\hjx}I
ijb jhadeRSt m \Zdmmfe ijb | _fi_jZflkjd_gl]_gh]jZfZ ac
ithjhrdm "*&ghegZjgh€ HhZlab"m _  kdeZ”gbc s \JpdyavdZz
j_gl] _gh]jzfs,, K&3e, |1ZRbGe >ZgkhhemdZ djbklZeeam}lvky
kbglhge€ *a iZjZf_|jkaE L,340Iglfb

1115 Kbkl _f@&sSi

>ey KbKICSH®I "eZ]jzfZ klZgm g_ ihgmhhpegWd Zam}lvky
fh eb\eklv e<kgm\Zggy akXl kidedBhf [ebaSidd€l Th_ jZImjh
ileXe ggy fK KieZ\b 7~Zgh€ kbkl_fb hljbfm\Zebky
|ZglZeh\bo Ib]Jeyo a \gmljergvhx \klZ\dhx a iheesdjbk
Zlfhkn _je Zjlhgm

M jh[h|Z@, #1, 42@ \dZam}lvky gZ ml\hj _ggy Kb%epl
(kljmdImjgb&KAdi kbf\hejkhggZP64 ihklhjh\ZmiP43n, iZjZf |j
j_reldiZz=13510(1) gf. :\Ihjb[40] kihemdm pvh]h °~ kdezZ”m \
kljmdImjgh]h NdPbn(kbf\he IlejkhlgZ ijhklhjh\Z ]jf/agd
1 ZjZf _ljb ]jZIdb \e~th\je\gR xdVv glb gt gf

M klIZ[29 \dZam}lvky gZ kbglCssdihéenydlydh€ ozZjzdl_
kljmdImjgbc N&fbi;; (kbf\he IlejkleiglBO ijhklhjh\Z ]faB8nZ
i ZjZf _1j j_reldb kdea zZ} gf M jh[H#8] *h\_~ gh <kgmX&adg
Cs,Sii; *a glmigbfb djbklZeh]jZneqgbadb 28228b0 I 28723,c =
706 gf . =90, = 90, f <~ hfbc 1Zdh  kbeespBsSikdseliz"
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mi\hjx}Ivky \ j _ameviziesShmdeghdhfm \Zdmmfes ijb |
[ebavdh fK[37.

11. = _jfZg*"b bmmTfglZe-\
1.1 Kbkl Lif-Be

?dki_jbf_glzewgyzfRZgrhbkl fh-Ge ihfm~h\zZgZl j\Ae
dhgp_gkeld-p5 % (Z) Ge b42-100 % Z1  jh[hlZ §14, 47, 48@ ydhkle
\boerglthdl e\ [meRNbdhjbklZgh qgbkbh9,8 % @z fZkhoGe
gbklhdB9,99% @Z fZkhXielZ\nMZeb aZecabbleyo \ ZIfhAme |
"hkee m\Zdh”*Zfb ~bneggdhgh jfgqghlhZgZan f |Zeh}j@d
j_gl]l \dvdE "bnjZd@jh[hk[49@ kbyhZahekihe mdhGe, Li;Ge, a
| fi_jZImjzZfb\eedy “1Z “ fle~ih\ergh « jhaj2giy\Z:
eed W MRMijZp[60] \dZaZgh gZ «k[gmXFZagmolnta; Zl  *H
Li;sGe Zl  *HGelZ g \e~hfh€ k\Vhehgepb gicggmfm gl _j\.
21- ZI *IKlih e mld £Ge, [50, 55 56] o0ZjZdIl_jbam}livky ijhkl
J[imihk3d kbf\lhe Ie¢jlkcivg)Zz

>eZ]jZfZlZIgpegZjgh€ kblkit*Ho jbk2 ifhm~"h\ZgZ az "Z
jh[hib[47] a \jZom\Zggyf "Z{dHha9ijZpvVv

JbK2 >Z1jZfZ klZgmLik@k!| fb
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og 29e hg
Z| s H
f&$2gZ klhijigal fi_jZImjh[ebdix ~hlhqh
iez\egyg /LMjh[hk[51] ih\<~hfe igh mi\hj_ggy ljvho gh\bo ]
Li-Ge [53], LisGe, [50] | Zi;,Ge; [51].

M ijZpisa 1254, \«~ih\s2@hlhjZfb \klZgh\e gh <kgm\Z.
kdeZAnGe, a g _\e*"hfhx kljmdIniLjhGe,|¥dZ djbklZeeam}l
ijhklhjh\ec ]jf3m >hkeddzf[B9 gz~ Z}Ivky +gnhjfZpoaz:
Li,Ge, fZ} jhf[*qgm kijmdimjm a ijhkI®pPm hx ]jmihx

Mjh[hl1Za8 57, 58@ \dZam}Ivky gZ ml\hjLiGgy ey eyaldls
0Zjzdl_jghx ijhklhjhMgZa]jmiz

KihemdzGe ieZ\wky dhghilgh49@ o0Zzjzdl_j
kihemgbBklZgh\é g kbkdekigm} Y _dibdb \ifjbkle
| fi_jzIm]

Jhaqbggfklv *H ijb I_fi;jZIlﬁ1|j(dle’ZZ.’},7;M72 Z1[49].
DjbklZeh]jZnegge o0ZjzZdl _jbklibdbkihAkked""ZpghE kb
iIjb\_~ gh \ 13]e
LZ[elyh3
DibklZegkZljmdIm |4 dkid e mkdo k | bifi-Ge
Kihem¢ KL KI | = 1ZjZf _ljb dhfejdb EeljZ
a b C
LioGes LiooPhs cH432 F43m 1,886 1,886 1,886 4
Li-Ge Li-Ge 0C36 | Cmmm | 0,9242) | 1,3212) | 0,4631) 53
Li;1Ges Li;1Ges oC68 | Cmcm | 0,4381) | 2,45585) | 1,0642) 51
LigGey LigGey 0S52 Cmcm | 0,449(1) | 0,787(2) | 2,444(6) 50
Li-Ge, Li-Ge, mP78 | P12/cl | 1,1527(5)| 0,8031(1) | 1,5354(2)| 105259
=900(1

Li;/GCey Li;/Gey K) F43m | 1,8756(2)| 1,8756(2)| 1,8756(2) 54
Li;sGe CuysSiy cl76 143d | 1,0783(2)| 1,0783(2)| 1,0783(2)] 5556
LiGe LiGe t132 14,/a | 0,9764(3)| 0,9764(3)| 0.5784(3)| 48, 58

>eZ]jZfdZgm kbkNaGe(jbkl3) ihfm "h\2AgH hk60] « qZkldh\
hibkzgZz
Zlfhkne\j ] _jf_gmbgeh[}bo
iheedjbklZeeggh]h (ZnG2g@inF 3:1) < ydhkle

1.12.2. Kbkl _fZ -G®

\ "h\qag.bKme 2\ *ey*hke"" IgvglmaZeb «g jlg

Ib]eya \gmljergefb \klIZAIgZ D[ la

\bgpb o ZIf o &
\bdhjbklh\mGEegtZis\ijh\er*gbdh\h€ <g\ekbhdbklIh%199,8 % (@aZz
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fZzky. Hljbfzge kiezZ\b "hked”IimABeb bn_<cglip]h jfeggh]h
Z g Aan

MkbklefklZgh\e _gh <kgm\Zggy ~\ho iiNaGec«iNb:;Gekylde m
ieZéylvidMg]jnglgherih\ergh b MijZp[6l \by\e_gZ
h"gosf «qg KihemNaGe, ydZ 1ZdhWaVigZ jHIK3.

KihemdldaGe djbklZeeam}lvky m flkgjmdeelngight\heqkhgZ
mP32, ijhklhjh\Z 1Pii/el iiZjZfbljjzidB gb g k=

gf f25>37. >ey kiheMa@d§ oZjZdl_jghx } dkhjimaldzn j
kbf\hejkhgz8kJdhklhjh\z ]jdm3z iZjzZf _]JljZzldkZ=0,64q2) gf
lh~e[gh "h kbMaSifih\e"hfey}lvikyekgm\Z gy kde ZNaGe;,
((2< 0<24 a dm[egghmdIimflkbf\he lejkhgZ, FhklhjhlgmiZz
Fd3m, iZjzf _1jjzIdB=1540 g [29.

JbK. >eZ]jZfZ klZgmN&6B&l fb

LZdh™ \ el _jZImje } 48k gdgagwl\hj JggiZzgedmhjfmeh>
Na;,Ge; ijbghfihzpe2l \dZamxlv gZ ml\hj_ggy \eZkgh]h klj
Na;,Ge; kbflhe lejkiRyZ ijhklhjh\Z Bigid@ izZjzf_Ijb j_reldl
= 2,21117(3),b = 1,2803(3),c = 4,1557(6) gf = 91, f Z \ jh[48]"Z4§
kihemdippklZeeam}lvky \gkFmdbWp,Si; kbf\he |e¢jkmRiB4
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ijhklhjh\Z [Pl iZjZf_ljb j_red4@B016,b=12717,c=4, f
] J | IR g

f :\lhjzZfb > @ sgnhjfmElakge ZjMaGe, kbflhe
lejkhg®  ijhklhjh\Z P&z iZjzf Ijb j_r<db50640(3),b =
1,50640(3)c = O, gf

1.1. Kbkl _K-Be

>eZ]1jZfZ1Zlgm kbkK-Gb jbkl4 ifim~h\Zg4hhk[60 aZz
Ahihfhlhx f_Ihdm_j «ch]lh jfeggh]hgZamKieEWhljbfm\Zebk
kieZ\e g@g/fZie\ijh\ergbdh\h€IgDlkigbblhiB85 % aZZkx \
] jf _lidpgbogeh[*}bo Ib]Jeyoa \gmljergefb \kIZ\dAdf ZA[h
itheedjbklZeeqgh]hMkidkg«ltklZgh\e _gh <kgm\Zggy: K8&,0 Kk
KGe | K3Ge,sh ieZ\eylvky dhg]jm_glgh ijb | _fi_jZlmjZof K

;*9ZjgZ kihB@edZZ} dnr[ggmkljmdIimjkibf\he IlejkhgZ k.
ijhklhjh\zZ a3k iizZjzf _djhfejdb= 1,27184(1) gf [37, 41, 6365. M
jh[hl«40] \klZgh\e_gh shh™\aggZz njbklZesam}lvky \ kljmc
IbiNaPb kbf\he lejkhgZijhlkhjh\Z ]jMi/dcd iZjzZf _ljb j_re+db
1,069,b=1,069,c=1,737¢gf

JbK. >Z]jZfZ klZgmKidek!l fb
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= jfZgkdeZK@e, 1Z8 gZe_"blv "h dm[eqgh€jhiddg]hy2:
J[imiBma izZjzf _djhfejdd= 0,6442) gf 3,61 M jhp4hzi66]
\klZgh\beb <kgm\Zggy kiKegGedljhdEjhihz [|PDAZ iZjZf _|jb
j _reldd=22655(5),b=13831(3),c=23966(5) g f M ijZp[88, 39,
671 kihkl _je]Z}Ivky ml\hj _ggy Geksherhdyp Ydh€ oZjZdl_j
kljmdImjglbe 1B, kbf\he IlejkhgZ kJ ijhklhj®PBn, ]jn
1ZjZf_ljb j_re=dh06677(1)gf

lkgm\Zmygakde ZN@e.\klZgh\e _gh ihje\gygM3g66I Zkdig Z
dijbklZeeam}lvky \ ijhklhjRBele Jijajizf _Ijb ]jZIdb \e~ih
Ahje\gxxdw 2110,b=2110,c=2, gf.=90, =90, f

1.1. Kbkl _RlZGe

lgnhjfZpey ijh \az}fh~ex dhfihg_gleijbZgh& xbkih{b
[17, 35] < hkgh\e ~eZ]jZfb klIZBWGekhkklfb e_"blv ijBOy
KieZz\b ~ey “hkee<”lhdeyklblha *H gZie\ijh\e*gbdh\RE agbl|
gbklhlQ aZ fZkhxg_jlghfm k_j_"h]\bj$eIldpgbageh[}bo
Ib]ey«ca \gmljergefb \klZ\WkZfdhgbklih]h dhjmgitendjbklZe-c
neZgelhdki_jbf_gl \bdhgm\zZeb f_Ih”*zZfb 1] jorglglhidlm]gl
fedjhkljmdImjgh]h 1Z ehdZevgh]h j_gl]_ghki_dljZevgh]h

M kbkl_fe a]ergh ~Zpblp mh\hjbbxIvky ghlbjb RiGemd!
RbGe RxGe, | RbsGea | _fi_jZImjZfb dhg]jm _glgh]h ieZ\e ggy
705 f Rerih\e~rgh

;egiZ kiheRb@& "hkeer" m\ZezZkv \ [Z]ZI[@hdljBdhEE m
ydbo Z\lhjb \e~rghkylv €€ ~h kljKGelmkgh\lhe IbijkhgZ k
ijhklhjhYgmi43n izZjzf_|j dhfZ5d)8198(2)gf Mlhc "~ gqZk m i]
[40] ih\e*hfey}lvehw Mo |ff£gedjbklZecam}lvky \ klIjmdImj
NaPb kbf\he lejkIhgZijhklhjh\Z )4#acd iZjZf_Iljb j_re+d 04
gfb=1104gfc=1787gf

DjbklZe+sqgZ kljmdImREGgi[meendd bbagZqg_gZ aZ *“hihfh
g _cljhggh€ "bneg dpedZ <kgm} m dm[eqggec kbglhge€ i
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PnBn iZjzf_|j dhfZjdb gf PedZ\bf } ih\{2%hfigh ckdyg! &
nZakdeZRmGe,; *a gZkimigbfb djbklZeh]jZnegqgbfb o&ZiZdl
gb gt gf=90, =090, f

M jh[h[Bg kbgl ah\Zgh [+gZjgRb@eheyRidijbklZesam}lvl
kljmdimjghfm ChiGes kbf\he IsjktRgZ ijhklhjh\Z ]p#jZ

izjzf ljb j_reldb o of gf
\lhjzfH29 kihkl _jeMy mi\hj JgghZgsRmGes “~ey Mdh
0Zjzdl_jgbf } kljmdIimjgde Kmif\hR lejkhgZ kJ  ijhklhjh’

PmB3n iZjzf |j j_rakdup70(1) gf

JbK. >+Z]jZfZ klZgmRE6&| fb

1.1. Kbkl _ fZG&K
;egZjgXxbkl Zf KKkGe [meZ hKees” gz f _|h™*Zfb "~bn_j_
| jfeqgh]lh 1Z j _gl] _gh]jZneqgh]lh Z§eDerhe\Zm ZjdhifihIEZ ol h".
| jfhfZ]gelgh]h ZgZeeam <« gZijZ\e _ggh]h a[B0\_ [*=XZ|IJY
klZgm ijb\_~ gZ \e~ih\e~rgh ~h dibo jh[el gZ jbk
>ey ZgiheiwaZh |[him\Zelbeag Zie\ijh\e*gbdh\h€ IggOsllalb
gbklhdh9,99 % azZzZky. Kbkl _fZ oZzZjzdl_jbam}lvky rbjhdt

g_aferm\Zgghkle \ jerdhfm klZge sh ijhly]m}lvky Kse*Ms
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kbkl_fe dhg]jm_glgh mi\hjxxlke K:B&ZalkGe |ZKGeg ijb
| _ fi_jZImjZo \«~ih\e~gh fRerNilm\ergh

?d\eZlhfgzZ kikKe&m[@8Z 41, 6% \e~*ghkblvky ~h dm[eqgh€ k
nhjfmevge h”bgbpe gZ _e f glZjgm | _reldKGe klkimid e
lejkhgZ kJdjhklhjh\zZ Ema3n izjzf _dhfejdb= 13654(2) gf. M
jh[hi«40 \klZgh\e _gh ZhzZaBedjbklZeeam}lvky \ kljmdIm,
NaPb kbf\he lejkIhgZijhklhjh\Z J4acd iZjZf_Iljb j_re+dh38
gfb=1, gfc=1850¢gf.

M klzIlK8] ih\e*hfey}lvky ijh kbgl_a RdgfZGm&Ga; <a
gZklmigbfb djbklZeh]jZneqggbfb 0Z3aZd4K585 g fibd-Z4585 g f,
c=23720gf .=90, =90, f :\lhjz{Bl] kbgl_ah\Zgh IKddGamdr
ydZ \erghkblvky ~h dm[eqgh€hjbg]Hgm@Bn)ijakizjzf Ijhf
1jZ1dab=0,658(2) g f

LZdh™ m kbHdGemI\hjx}IvkyfZg€4Ge ydbc djbklZeeal
m \eZkghfm kljmdIimjghfm Ibie 808heijhkjlioZ PM,iZ
1ZjZf_ljb j_real=dh55074(5)gf b=155074(5)gf c=313997(9)g ) [69].

JbK. >+Z]jZfZ klZgmC&®&k| fb
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1.13. KIZg*"b em gbo f_|Ze-\
1.1. Kbkl LiZn

>eZ]jZfRIZgm ih"M\ecgh€ LWkRkI| yibZz ihdZazZgz JZ \jbk
hkgh\gh{Zm}livky gZ j_amevIzZI@g. jh[hMlbgec ijEgpohf
N 1Zevgh]hfgqgh]hZgZan « \bfejx\Zggy iblhfh]h KillZjgh\é& g
*kgm\Zmg gyb ki h e mld,Sn, LS, LisSm, LioSn, LiSnl ZLiSn,. >ey nZ &y kb
/L6 Qe[b\klZgh\eg geebtdteZKlhfh] ggkd >ey ih*\ecgh€ kiSnem:
Z\lhjZfb kd[Z&)l \klZgh\e _gh sh \hgZ djbklkagmaimhjigkym I
LiGe m jh[[@Te \dZam}Ivky gZ ml\hj _ggy \eZkgh]h kljmd]l
Z\lhjb m gZkimidg#8 hjBrmxlv djbklZeh]jZneqge "Ag,5n ey

Mih~Zevrhinhjfmek hemd,Sn LiSn, [ZLi,Sn [meb mlhaggo g
ljZgknhjfm\Z elkSn M], Li,Srs [73@ LS5 [74] \*~ih\e2 g h[ h k[75]
ijb \b\g_g¢Z]jzZi\ h[eZldhgp_ghkgZp Li;Sn |1ZLiSn, \klZgh\e g
\bgbdg_ggy [*mZjdhhS Z IZdmemlhqggl gfi_jEnpekgmxqgbo
NZgec h[eZkle dhgohg\4plmpi | I\hj.gv

JbK. >+Z]jZfZ klZgmLikdnkl fb

M pec kbkl_fe \[7Bh[ZIdh" ih\erhfey}lvky ijh mlI\hj€gg
nZabisSy, Ihje\gygh g_"Z\gh [BA|BJZiklIZgh\e_gh <kgim\Z;q
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h~rghlklZgeLimSn
ijb\_~ g+ \ 14]e
ljb\_~ gZ]jZfRZgkbkl tbSn ih[m~"h\ZgZ a]e“gh ~Zgh
[81] a \e~ih\ergbf dhj_]m\Aaguen|AiZdbWw2-75].
Jhaqgbgge®Ivl 6Qb il_fi jZ¢tmj fK f_Br Z1[81].
CihemdizgSns 0Zjzdl_jbandiiMkgghx JjZldhx kljmdlinjShs ki h e
| IjZlhgZevgZ

>ey dh gh]lh djbghdeh]jZrofjgedl jbklb.

LZ[elyhd
DjbklZegkljmdImijze kkd k | bEi-Sn
Kihem KL Kl | = 1ZjZf 1jb dhfejdb ¢ E«ljZ
a b C
LiSn LiGe t124 [4,/amd | 0,4387(2) | 0,4387(2)| 2,5511(4) 76
LiSn LiSn mP6 P12/ml 0,517(2) | 0,774(2) | 0,318(2) 77
=104 f
LisSn, LisSn, hR21 R3mh 0,474(1) | 0,474(1) | 1,983(3) 79
Li-Sn, Li-Ge, 0S36 Kmmm 0,980(2) | 1,380(2) | 0,475(1) 78
Li;Sns Li-Sng mP20 | P112/m 0,945(1) | 0,856(1) | 0,472(1) 74
=106,9 f
Li»oSng LioPbs cF432 F43m 1,978 1,978 1,978 4,35
Li;7Sn, Li,-Phy cF420 F43m 1,9691(1) | 1,9691(1) | 1,9691(1) | 54, 80
Li13Sns Li413Sns hP18 P3ml1 0,470(1) | 0,470(1) | 1,712(4) 75
Li»Sng Mn,Hgs tP14 P4/mbm | 1,02741) | 1,0274(1) | 0,312%5) 73

nez1jZflmeb
ZgZ® 82@ zhlZdamewljZlgl] sgvdh]h Zegi4s, 83.
MkbklemiI\hjxxIvky\fydgl jf_1Zesqgba-kNexsma[NaSn

[17],

NasSn NaSn, Z[hNaSn [17],
i _j_I\hj_gigy | _fi_jZbkmj

1.13.2. Kbkl _fZ -$D
>Z]jZfRZghbkl N&Snijb\_~ @zZjbk18. Ijb ih[mAh\e
\bdhjbklZge

Na,Srs,

NaSn ydZ
f NaSn, NaSn, NaSn | ZNaSn. >\eagbo

7}

a™gghrfthghlh fo_lZeh]pdgh]h

itheefhjr

NagSn, (NaeSn) «1D6Q egkRy dg]ljmligh ijlb fi_jZImjZolZz f K
\eNih\eMgh
KihemdisSn, (Na;Sn), Na;Srs (ekgm} ijb | _fi_jZImje \P&K

NaSn, NaSn, NaSn bNaSn mil\hjxxIviRyY ~hihfh]hx i_jbl_dlbggbo
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ijbl_fi_jZImjZo479,307, 289,229 - fReMihAgMNaSn \bgbdgp

| _fi_jZIlmj fK4d_jbl_d8hghx j_Zdpe}x
>eV{*gZjghlZgeNa®Sn:; m jh[h88 \klZgh\le _gh djbklZeh]

iZjZf_ljb yde \erghkylv ch]h ~h \ezZkgh]h :Klljmid[B8jjgh

ith\erhfeyxlv ijh mli\hejg gjoyh €bMaSm, PedZ\bf } “"hkee™" gg

mI\h]j ggy kihemdNakIhd@pPmZge idhbklgignkljmdimy_ydbo

kihemg ~klz\e\ §Z[&5

JbK. >eZ]jZfZ k1ZgmN&8Kkl _fb

LZ[elyh5
DjbklZegkljmdIl mijlZe kkd k| biNa-Sn

Kihem¢ KL Kl | = 1ZjZf _ljb dhfejdb ¢ E<«l|jZ
a b C
NawsSn, | CuysSis cl76 143d 1,314(2) | 1,314(2) | 1,314(2) 83
NagSn LigGey 0S52 Cmcm | 05421) | 0,9392) | 2,9626) 83
NasSnz | NasSnyiz | 0S288 | Cmem | 0,8979(1)| 1,9448(6) | 5,043(2) 88
Na;Sn, | Na;Sn, | mP78 | P12/cl | 1,33753) | 0,9329(2) | 1,7976(4) 89
=90, f

NagzSn | Nag;Sn | oP40 Pnma | 0,982(2) | 0557(1) | 2,279(4) 90
NaSrn( <T F)| NaPb t164 l4,/acd | 1,0475(1)| 1,0475(1) | 1,7412(2)| 85,91

NasSrp LisSmp hR21 | R-3mh | 05416 0,5416 2,2377 761

NaSn NaSn mS48 | Cl2/ml | 1,33916 | 0,688541 | 1,54889 762
=102 f
*Aler"gh ~h\epiglbtiy ike mdlasSn [me¥klZgh\ejlgffeqgkljmdIimjzZ kb #j\khheg
hda0 ihklhjh\Z Jjmg aizjzf jzZtthfejdb gb gk gf
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Jhagbgg®Qv\ 1D ijb | _fi_jZKnkjideZAZ2M0*% Z)[84],
ihagbgg<kdv\ 6Qh'1Zd "m"_ fZ8hx?e _dljgeZl_jfh b gafg e
\eZkIb\hkls kieZ\+\WN&8k? 1Zewphg g+ \ jh[36/ZH >

1.1. Kbkl _K-3n
>hkee”” ggy \azZ}fh”e€ dhfihg_gle\ m iDSkhedgreh
ijh\_~ _gh \ jh921az ~hihfh]lhx f_llhjfqgh]ilZzj_gl] sgkvdh]h
ZgA® ><Z]jZfZ kjBgmM gZ gZ49bkKieZDaSn [meb hljbfZg:-
gbklbo dhfihgmgdey ~h\bsd _:jf _gmgbo fhee[* _gh\bo Ib]Jeyo

JbK. ><Z]jxfiZgm kbKISrb

M kbkl _fe e<klpmZjgZ nKe&¥ ydZ dhg]jm_glgh ieZ\b
| _fi_jZlmje fK 1gre qghlbjb oe¢feqgbK,SkiK8MmM KB, KSn
mi\hjxxlvky azZ ~hihfh]hx i_jbl_dlbqggbo j_Zdpec ijb |_fi

1Z fK

Kihemkish «kgm} \ | _I|jZ]hgZevgec _e_f_glZjNeRb[edfe]
91,93. M jh[hlZa% 44 ih\«~hfey}lvky ijh mlI\hj_ggy kiKys&Smgdb |
ydadjbklZeeam}lvky \ kljmdI|Rghim\Ijie[67] m k\h€c klZ
Ahih\erZxlv sh Z&Z%ehelglgl-fH Diby\le gZ Kkt e AKgSTys.



M
KeSmes

yde
h”r"gZdh\ec

jh[h1E8

1Z[96] \klZgh\e _gh
djbklZeeamxlvky m \eZkgbo KeH9ma dlKgSmgbhbZ Ibi-
ijhklhjh\RE3ZjMithj ggy ¢ “hkgeRljngdyimjb [¢gZ

kihemkddsn, ijh\_"_gh m[97Zp-

M

[*gZjgh€ kbR®nfb
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e k grZ\EZ akghe Z KA, Srps

|Z[E6 ijb\_~_gh "ZgkjbkHBE ZneqQg-

iZjZf ljbkimeydd

LZ[elyp6

DjbklZegkl jm d | mijZe kkdb k | bK-Sn

Kihem KL Kl | = 1ZjZf ljb dhfejdb g E<«l|jZ
a b C
KSn NaPb tl64 |4,/acd | 1,1409(1) | 1,1409(1) | 1,8649(2)| 91,93
Ki2Sniz | Rb,Sii; | mP464| P12/cl 4,4805 2,6075, 3,6456 43, 44
K4Snys Na,Sis; kJ PnmB3n 1,203(1) 1,203(1) | 1,203(1) 67
K7.4Shs KeSns | cP136| P4,32 | 1,6294(5) | 1,6294(5) | 1,6294(5) 95
KeShs KeSns | cP124| P4,32 | 1,6202(2) | 1,6202(2) | 1,6202(2) 96
KogShi | CseStwy | mMP560| P12,/cl | 2,5618(7) | 1,4792(5) | 5,5653(9) 97
= 98 f
K4Sy K4Sy mP52 | P12,/c1 | 1,4238(2) | 0,8355(1) | 1,6487(3) 98
=9526f

AlerghZgbo ijPg@ itkemd&KLSns djbklZebkaky} h*gm ao”™\
ijhkhjh\bdjmiJ mkkzZ[hJ kkal_ljZz]lhgZevghf glZxgdhhfejdhx
iZjZf _bjdjbklZeghl§ZIdkZ gfk= gf M jh[h]9g]
ih\erhfey}lvky ijh mI\hj_ d&gSn.klZge”m

1.1. Kbkl _RIZSn

>eZ1jZfZ klZgm kelgkdjgltiéESNn ih[m~h\ZgZ gZ hk{2\99jh|[
100@ aZ “hihfh]lhxIf jfmggh]h 1Z g _cljhgh]jZnegqgh]hl@.gZe

Ale~gh NZgec kbkl _fe ml\h
Rb,Sny ydZ dhg]jm_gblgytkkyieiZzd | _fi_jZImjfik 1gre |jbZ aRbSn,
RbSn IZRbSn, miI\hjxxlvky aZ «ghggbifb i _jbl_dlbqggbffio jijEdy
| _fi_jZImjZo \+~ih\e~fgh [K .
ijh\_~ _gbo ~hkee""[98 V104 \N\KjlZidbh\e g
dijbklZeeqggm kighzaleBm6 Q kljmdImij§dRh kib f\he |¢jktlog,Z

el jZImjgbo ~Zgbo m

Mj_amevlZle
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ijhklhjh\Z ]j#agd izZjzZf_ljb j_re+dd757(1)gfb=21757(1)gf c

= 1921512) gf M jh[h[¥3] "hkeer"gbdzfb \klZgh\e_gh mlil\hj_
Rb,Si;; ydZ djbklZeeam}lvky m \eZkghfm kilgmdemjlgpg&m
oP136 ijhklhjh\zZ (P32, iiZjzZf_ljb j_raldh,5041(6) gf b =
1,5393(2) gf c=21478(4) g f
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0 10 20 30 40 50 60 70 S0 90 100

o Sit
Amoauii % Sn

JbK. >e71jZfZ klZgmRIESrk|_fb
AZ j_amevlZIZfb g_cljhgh]jZneqghhzZ gZdg\Z2e gaoam ssh k
Rb,Sne djbklZeeam}lvky \ Mhgecijhilhjh\bo P4jmé Z[ hP4cc,
iZjzZf _ljb _e_ f glZjgh& dhfejddb g€ gf M klZ]

> @ gZmdh\pe egpthjkmmi\Zggy kRb,Bmdlobf\he |e¢jkdi5Pg,
ijhklhjh\Z JJa3dz iZjzZf _1j j_ratdh0980(3)g f

1.1. Kbkl _G<Sn
>e7Z1jZfZ klZgm @®ISnl jtb 1. ih[m~h\ZjhdhlZo,20Z2 gZ
hkgh\e "Zgbo |I_jfeqggh]h j_gl] _ge\kvdh]h 1Z g_cljhgh]jZ
hljbfm\ZaSh gZis\ijh\e*gbdh\h€ qbkdhdb kil2 9% & fZkhx
\k_j_"h\Bisty]_jf_ldpgbldb]eyaod fhee[*_gm
L fi_ jZImjzZz fhghl _dlbqgh€ j_ Zdpf€ kd2AdghXlghAe ydibo
kl1Zge*"E3Sn CsSn Cs,Sn;, CsSn, CsSn) ebr CsSry ieZ\blvky dhg]jm _
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ijb | _fi_jZImje fKk Ljb kihe@s8f CsSn 1ZCsSn mI\hjxxIvky &
i _jbl_dlbqgbfb j Zdpeyfb ijb fK\erik\eAghgZjgZ ICERAT
\bgbdZ} \ j_ameviZle i jbl_dIh€~rgh€ j Zdfke€ azZ |_fi_jzI

1000

935°C

aB1°C \

BY5°C

B2
~TROFC

600 | 590°C B80T
;
:

|
FIoY

Teunepanypa, ° C

~EEC aare

1
200
f

alz5n
Cezing
Cepihigg

(3n)—=

asoocl, {Cs) 2950

JbK. >eZ1jZfZ klZgmC&®rkl fb

Cihem@ssn[93, 101, 10R fZ} kljhmd m IMNafb kbf\he |¢jkitg,Z
ijhklhjh\Z Jjimegd izZjzf |jb j_rak(h2122 gf b = 1,2122 gf c =
1,982 gf M jh[h[l03 ~Zgbc klzZge” \erghkylv ~h kljiG&Gémjc
kbf\he lejkhgZ ikRklhjh\Z |3z iZjzf_djhfejdb= 1,4447(1)

g 9.

M kl1Z[48] ih\e«~hfey}lvky ijh ml\hj_ggy kiGgssmwb kdz2.
dijbklZeeam}lvky \ kljmdRjSihfrkbifbhe lejkaft@36 ijhklhjh\Z
JimiB222, izZjzZf ljb j_ratdp52,b=1593,c= 2217 gf :\lhjzZfb
[Z]ZIvhder ™ [d02, 104106 i\ _j2~"m}lvky <kgm\Zg@ysSnklZg
ydbc o0ZzZjzdl_jbam}lvky kljmdINaSibf kltbfithfe |k aRpZ,
ijhklhjh\zZ Jpm8Z iZjzZf Jljjizldd=12096(1)gf Ke+s" aZagZqblk
1jZpyfL05, 106 "Zgm kihemdm hn b kfmnelhGs,Snp,. M jhpe
"hkeergbd®fb\klZgh\e _gh e<kgmdZ@s$n, "ey ydh€ \bag
gZklimige iZjzZf _Ijb #&bfyhkblejkhgZ ijhklhjh\Z HIRIA, a
= 2,7120(7),b = 1,5550(4),c = 58782(8) g f .=90, =99157(5), =9 f
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<gZkee"hd g_cljhgh]jZneggh]h "hkl&Zg*h\eggyh> sh Kil
CsSns djbklZeeam}lvky \ h”gec <a "“\ho R4rkdtd jH\tPPdcc])m
iZjZf _ljb _e f glZjgh&=@fi%2gftb=0,751 gfc=1364gf M jh[hle
[763] "hkeergbdZfb \kghghlahj BYyZg@xSih; yddjbklZeeam}l
m\eZkghfm kljmdImjghfmf\thieielejkdiZp&8 ijhklhjh\Z Jipa3dz

iZjzf 1j j_reddB,42234(2)gf

114 Kbeepb”b jerdekgha f _evgbo f |Ze-\
1.1. Kbkl _LfZSi
>eZ1jZfZ klZgm ¢eghéhkbklZSithmeZ ih[m rh\ZgZ167] jsh[h
gZ\_~ gZ gZ jbK_\ge \e~rhfhkle ijh kdeZ” ¢ kljmdImjm h
gl jf IZeeqgbo kihemd ijb\_" [8§88\10h\«*gbdZo

1800
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1645+ 15
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152040
/ 1536
_57
1400} 1414
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©
°, 1000
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8 920 3 = el e
B sssf> 3 4 3 &
g 3 S S| 2
8 Soof ~ ]
kS 10-12
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400}
E 7] | ———
200
0 L i i i
0 10 20 30 40 50 &0 70 80 90 100
La Si

Amonni % St

JbK12 >¢Z]jzZfZ klZgmL&k®Bikl fb
DjbklZeh]jZneqgejmkdpddl \e*hfbo ih"\ecgbhao‘ghZzdZg
jh[hlb > @ IZijdg\rbo g \ IZ][e
M jh[H1i3@ ivthfeyvky ijh mli\hj _ggy Lei®iemadbljmdImijl
IbimMnsSi;;, ohqZ \ mkeo egrbo[llfZpl4d18 ~Zg_}’adiZggy
0ZjZdl _jbam}livky kfjmdimfgsBU :\lhjb[119 120 hibkmxlv
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mI\hj_ggy ¢ kljmdImjim3Gi hRaddhbfb }eehkggy kljmdIimj
\eZklb\hkinzZahaS, [113 119137 >ey g_€ \e~rhfe ~2\e fhA
| IjZlhgZevgZ «.jhf[*qQgZ

LZ[elyh7
DjbklZeggkljmdImijlze bk b k| bl ZSi
Kihem KL Kl | = 1ZjZf ljb dhfejdb ¢ E-«l|jZ
a b C
LasSi, ZrsSiy tP36 P4,2,2 | 0,8046(0) | 0,8046(0)| 1,5447(1)| 111,112
LasSi3 MnsSi; | hP16 | P6s/mcm 0,975 0,975 0,709 113
LasSis CrsB; t132 14/mcm | 0,7949(5) | 0,7949(5)| 1,407(1) | 114 115
LasSi, UsSi, tP10 | P4/mbm 0,787 0,787 0,450 119, 120
LaSh -ThSp | tl12 14,/amd | 0,4300(5) | 0,4300(5)| 1,384(2) | 115, 124
LaSh .-GdSi, | oll2 Imma 0,417 0,427 1,407 | 123 131
La, oSiy 1 « oP12 « 0,9121 0,6821 0,3833 133
LaSi FeB oP8 Pnma 0,8408 0,4007 0,605 | 134138
LaSi, LaSip, | hP22 | P6/mmc | 0,9623(4) | 0,9623(4)| 0,4723(3) 764
LaSk LaSk | mS24 | Cl2iml 1,511(3) | 0,4032(6)| 0,8263(1) 764
= 10911 f
M jhpe "hke?d83AkbZgh\le _gh <kgm\Zggydedhe

La,oSihy FhghkbegZmiZgm \b\gZbYwnIlX[&B413§. M jh[h[[A64
ith\erhfey}lvky ijh ml\hj_ggy s_ Edg AdmaSpd A-aSk.

1.1. Kbkl _ fZSIiK _

>e71jZfZ klZgm kb&L_&ZiKhihgh\ZgzZ [Z39h1401f(h b k1.13)
gZ hkgh\e ijh\_~ gh]lh |_jfeggh]lh mijjghy]ih_QdpRéjlnad). >

<klZgh\e_gh <kgm\Zggy r_kFn @ ydjedoKKe:Si, KSi,
keSilZ daSp ieZ\eylvky dhg]ljm _glgh ijb | _fi_jZImjZo
1620 f K\eMih\e~rdvh kIZ[158 ih\e~*hfey}lvky ijh mlI\hj_ ggyy Xtime
kKe,Sib,; *gdheb aZibkmeSi yddyeSK \klZghle_gh <kgm\Zg
itheefhjngbo fh*"bnedZpec A]e"gi2949blcqZhtb bnedZp-y
ijb I _fi_jZlmje gB0gfK Z m jHLbhFeih\er*hfey}lvky sh kihe
jhf[egghx kljmdIiml\tyx}Ivky ¢ ijb [eevr \bkhdec |_fi_jZI
g_klZqge ZKbeedp e« x
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JbK. >e71j2fZ klZzgm k®ikl _fb KH
M " ydbo ijpg¥0143 ijbimkdZxlv sh gbavdhl_fi_
fhrbnedZme8p K kZfhklecghx kiheSdhxydk e<kgm} ¢ ijb \I
| fi_jZImjZo A[HPD \dZamxlv sh 1ZdZ kihemdzZ ml\
i _jbl_dlbgqghx j_Zdpe}x ijb |_fi_fXekmje Z3i. M jh[hle
ih\erhfeyl}I[t4y sh h[ezZklv ]hfh] eSgrklsblk \ f_ ~Z0e66,7
ZISi < im[es@BH€gnhpmm}livky ijh mlI\hj _ggy s_ ~\ho kb

hibkmxlvky nhjfmegZfaS%HG6L
>Zge ighbklgignkljmdIimkihemd ~"klZ\e\ §Z[2.8

LZ[elyp8
DjbklZegkljmdI|mijlZe kkd k| bK -Si
Kihem KL Kl | = 1ZjZf ljb dhfejdb EeljZ
a b C

CeSi, ZrsSiy, | tP36 | P4,2,2 | 0,7949@Q) | 0,7949@) | 1,5076() | 111, 145,146
CeSi; CrsBs tI32 | 14/mcm | 0,7886(5)| 0,7886(9 | 1,3730(1) | 115, 141, 143
Ce;Sip UsSi, | tP10 | P4/mbm| 0,7800 0,7800 0,4365 | 120,147, 148
-CeSi, | .-ThSp | tl12 | 14/amd| 0,4189 0,4189 1,382 | 122, 149155
-CeSi, | .-GdSi, | 0l12 | Imma 0,4123 0,4195 1,3905 | 134, 141, 148

CeSi FeB oP8 | Pnma 0,8302 0,3952 0,59%2 | 135, 156, 157
CeS, - Vo,B; | 0S20 | Cmcm | 0,4403(9 | 2,4839(3)| 0,3952(4) 158
(KesSiy)

CeSi LaGe | ol12 | Immm | 0,37774 | 0,60189 | 0,92979 765
CeSi; CeSi; | 0S18| Cmmm | 0,70893 | 0,99644 | 0,44868 765
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<az}fgZ jhaqbggeklv dhfihg_gle\ [139m >h[ZA&x _
\ieb\zZxlv gz | _fi_jZImjm iheefhjngbo i_j _I\hj_gv \ K_

1.1. Kbkl _FrZSi

>eZ]jZKXZZ PmSi jbKL. "hkee” m\ZezZky f_Ih"gpleZeogh
| jfeqgh]lh f¢Ajh gl] _ghkljmdImjgh]h ZgZeesas\ > @

M kbkl_fe \klZgh\le_gh ekipmWkipgyadifydbo 3UG6L [z
mlI\hjxxlvky dhg]jm_glgh ijb | _fi_jZImijfad"ih\¢tZgh nZep
PrSb 0ZjZdl _jgbf } iheefhjng] _ggy I\RgZjge KiksemdISy3U
hljbfmxlvky azZ “hihfh]lJhx i_jbl _dlbqgde mlWjgr}kvky3L
I\ _j~hfm klZge azZ “hihfh]lhx i_jbl _dlh€~rgh€ j_ ZdpsSf&K ij
1kgm\Zggy kihemdBihlkde@Z\3jZfb > @ g_ i*"\_j~ g

Mjh[hle > @ I1Zdh" ih\e*hfey}lvky ijh Mm]hkbegop i
PSi;, *a kljmdIimjhxViByim>Zge ijh djbklZeh]jZneqge 0Z]
[*gZjgbo kihemd ijb\_19g- \ |Z]e

JbK. >+Z]jZfzZ klZgmPk3ikl _fb
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LZ[elyh9
DjbklZegkljm djlznikh e mkdb k | bPr-Si
Kihem KL Kl | = 1ZjZf _|Ijb dhfejdb EeljZ
a b C
PrSi, ZrsSiy, | tP36 | P4,2,2 0,7909 0,7909 1,4944 111, 160
PrSis CrsB; | tI32 | 14/mcm | 0,7814(5)| 0,7814(5)| 1,3740(2) | 114, 161, 162
Pr;Si, UsSi, | tP10 | P4/mbm| 0,775(2) | 0,775(2) | 0,438(1) 120

‘PrSy | -ThSi, | 1112 | 14,/amd | 0,4290(5)| 0,4290(5)| 1,3760(5)| 121, 163, 164

-PrSp | .-GdSi, | 0l12 | Imma 0,412 0,417 1,3805 | 129 130,134

PrSi FeB oP8 | Pnma | 0,8243 0,3941 0,5918 | 134, 165, 166

PrSi, | V,B; | 0S20| Cmcm | 0,4383(4)| 2,47206) | 0,3933(7) 167

<aZ}fgZ jhagbggeklv dhfihg _gle\ h*gh]Jh \ h*ghfm ijz

1.1, Kbkl _G&Si

>eZ]jZfm klZgm GbSil fikke+"ZZd1hjZfb _deevdho [168«]
170 jbkl15) « Jarght ~Zgbm kbkl fs ekgm}  ijhf<Gg®ip n
kljmdImjgbic MhkSi), GdSi, (SmGe), GdSi (FeB), GdSis (AIB, ~ey
gbavdhl_fi_jZImjgh€ fh"GdSigdZ{S0S, 4 ZThSh).

JbK. >e71jZtZ klZgmG&Bikl_fb
Ebr_ kihe@®dbZ mi\hjx}lvky [_aihk_j _“gvh a jhaiaZ\r
I _jbl_dlbqgbfb j_ZdAeZytibgyldhf kGdSmddezZklv ]hfh]_gg
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ydh€ hibkm}livky rGufimehM69@ \ke afrgZggy kbedSib
ihklecgh]h kde&ySwSi; *GdShy 0ZjZdl_jge iheesfhjnge i_j_ I
KijmdIimjzZ \bkhdhl fi_jZImjgh&dSgrbgedZpefZ <e”ih\e/g
im[eedZpl6@@ > kbe*@dS, djbklZeeam}lvky \ ~\ho ihe
fhrbnedZpeyo gbavdhl_fi_jZImjgZ fh”bnedZpe-y.-Gd5S}, Kl
\bkhdhl _fi_jzImjgidS, L _fi_jZImjZ €o iheefhjngh]h i_
ajhklzZ} «arafgeM dhgp_gljZp-€ KODBEAHO46 ¥K
>Zge ijh djbklZeeqgm kijmdImjm agZc”_gbo ki®GdESnd
ijb\_~_ g+ \ 12Qe
LZ[elypl0
DjbklZaegkljmdI|mijze kkd k| b&d-Si

Kihem KL Kl | = 1ZjZf ljb dhfejdb EeljZ
a b C
GdSi, | SmGe | 0P36| Pnma | 0,7548(4)| 1,4869(9)| 0,7841(5) 171, 172
GdSi; | MnsSi; | hP16 | P6y/mcem | 0,8572(6)| 0,8572(6)| 0,6435(5)| 116, 173177

GdSp.x | .-ThSk | t112 | 14/amd 0,408 0,408 1,344 129,178

GdShy | .-GASh | 0l12 | Imma | 0,4090(5)| 0,4010(5)| 1,344(2) | 150, 172, 180

GdSi; | AB, | hP3 | Pe/mmm | 0,3894(2)| 0,3894(2)| 0,4194(3)| 132 172, 170

CdSi | FeB | oP8 | Pnma | 0,7973(3)| 0,3858(2)| 0,5753(2)| 136, 181, 182

GdSis LaGeg | 0l12 Immm | 0,37750 | 0,603 0,9233 765

<klZgh\e _ghGdsagb m} | _fi_jZImjm i&SZ\&_@§igylZnjZ
ieZ\e ggy _\l dibdb Sikkagphgbv [ebavAKIhaqgbggSikiad
klZgh\blv [ebavdh [35. ZI

1.1. Kbkl _THZSi

>eZ1jZfZ klZgm [egZjdgith&Si kbkm A Mb\ZgZz ml8JZ ple k1.16)
gZ hkgh\le im[[@84.ZM & [he[185 gZ\ " gh 7~eeygdm eeg-€
kilhjh¢gbijb dhgp _gljZpe€ \«* "Tb Kbgdla kieZ\e\ a™eckc
\Zdmmfe f_|h*hf “"bnma<igho\b}Ygyae fhghdjbklZe+\THZ
gbklhlhx aZ fZkhx

M kbkl_fe \klZgh\rmm\gdgykg_klb KbS:THSI,, TbSi, Th,Sis,
TbShL | ZTbSL, djbklZeh]jZneqge 0ZjZdIl_jbklbdb ydhh gz\_*»
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2000

5,0 10 20 30 J(Qm()v"';(:’ % Thhfl 70 80 90 ]’)})’y
Jb K >eZ1jZfZ klZgmThk®ikl fb
LZ[elPpll
DjbklZegkjmdIlmilze kkdo k| bTh-Si
Kihem KL KI | = 1ZjZf_ljohfejdb gf Eeljz
a b C
ThsSi, | SmGe, | oP36| Pnma | 0,741(4) | 1,458(8) | 0,769(4) | 111, 186
TbsSis | MnsSi; | hP16 | P6s/mcm | 0,8463(1)| 0,8463(1)| 0,6354(1)| 173, 176, 187
Th,Si; | V,B; | 0S20] Cmcm | 0,4218(3)] 2,3912(2)| 0,3823(3) 188
TbSi, | -GdSi | o112 | Imma | 0,4050(5)| 0,3965(5)| 1,336(2) | 124, 134, 189
TbhSi,.4 AlB, hP3 | P6/mmm | 0,3847 0,3847 0,4146 189-192
TbSi FeB | oP8 | Pnma | 0,7902(2)| 0,3820(1)| 0,5689(1)| 134, 135, 193
1.1. =_jfZg9ebdbdekgha_ f _evgbo f_[Ze-\

1.1 Kbkl LiZGe
MaZ]ZevgagB\Z gZ+Z]jZfZ klZgyn ih*\ecgh€ KkibZ3e fb
[Zam}lvky gZ [1o@194 0 jbkl. KieZ\b ]him\Zeb “m]h\hx
ZIfhkn_je hgbs_ghlh $U \b@&ejdlixkhhimxxgb azZ fdkhx
gbklhlhx aZ fZkhx

>hkes”" _ggy \bdhgm\Zeb f_Ih~ZfghihdjHbljmjdlgpe.Ze

| _jfeqgh]lh j_gl]l]_ghnZah\h]h 1Z j_gl]_ghkljmdIimjgh]h
agZc” 6gdihemd "\e alay@d dZlaGe, - ieZ\eylvky dhg]jm_gl
| Z fK\eMih\ergh Kih&adBLaGe, fZxlv g_\_ebde h[
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]hfhl]gghkle
fhrbnedZpe-c

PedZ\bf } ih\e/gdyfm_gm[edZD0*€jh
kihemdjsgDshdjbklZesam}lvky m kljmdNdGeg hydblbil [ebav

ijbghfm ~ey hklZggvh€ oZjzZdl_jgbf } ml\hj

\klZgh\e_ggy -<kgl

Ah.-ThShb. M jh[hI[2@0 207 \kl1Zgh\e gh sk qid adg gyhjfmkhGe;
ea kljmdImjh¥XsGbimydZ g_ kihkl _je]Z}Ivky gZ ~eZ]jZfe

>Zge ijh djbklZeeqgm kljmdIimjm [+gZjgd=e ikbhe mdgkDb

lZ[e
JbK. >eZ1jZtZ klZgmL&k®e&k| fb
LZ[elhl2
DjbklZeggkljmdI|lmijlZe kkdo k | bEa-Ge
Kihem KL Kl | = |1ZjZf ljb dhfejdb EeljZ
a b C
LasGe, | SmGe, | 0P36 Pnma | 0,8065(1)| 1,5474(2)| 0,8172(1)| 111,197
LasGe; | MnsSis | hP16 | P6s/mem | 0,8941(5) | 0,8941(5) | 0,6878(6)| 116, 197199
La,Ge; | Nd,Ge, | 0oHA4 C222, | 0,6042(2)| 1,4380(5)| 1,2080(4) 200
La,Ge; ThaP, cl28 143d 0,93%(3) | 0,93%(3) | 0,93%(3) | 194,197, 201
LazGe; Y3:Ge | OF64 Fdd2 0,6056(2)| 1,8156(6) | 1,4328(4)| 200, 202
La;Ge TisP tP32 P4,/n 1,2739(6)| 1,2739(6)| 0,6294(2)] 197, 203
-LaGe, | .-ThSp | tl12 4,/amd | 0,432 0,432 1,406 | 194, 204, 205
-LaGe, | .-GdSp | ol12 Imma 0,4420 0,432 1,4180 | 194, 205207
LaGe FeB oP8 Pnma 0,8488 0,4128 0,6122 | 201, 207, 208
LaGe; LaGe; ol12 Immm | 0,4029(6)| 0,6307(1)| 0,9978(2) 766
LaGe; BaPly | hR36 | R3mh | 0,6376(1)| 0,6376(1)| 2,2272(3) 767
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1152 Kbkl _G&Ge

M eel_jZImje aZijhihgh\Zgh ~\Z \ZjeZglb "«ZLgRdb
[196, 209212 | _j \Z]m kez™Z1lb "~ZgWf[196[209211] |jbk1.18),
hkdeeviPB2\f_ITh” ijb]Jhim\Zggy kieZ\s\ [m\ g eVYhkikhrgdZedd
\bdhjbklh\m\zZeb f _Ih”b fedjhkljmdImjgh]h "bn_j _gp:
"bezlhf Ijbggh]lh j_gl] _ghnzZah\h]lh IZ j gl]_ghkljmdImj

Mpec kbkl fe \klZgh\e _gh <kgm\Zgg W rjKkl9, POPPZL).o "«
Kihem@dgGe *CeGe., 0= leZ\eylvky dhg]jm_glgh ijb |_

| Z fK\eNih\er§HO, 198, 20p =_|jfZgCelise, |ZCelGe
mi\hjxxlvky azZ “~hihfh]lhx i_jbl_dIh§fl2@bldl,j 2@Pd pKéhemd
CeGelZeGedjbklZeeamxlvky aZ i_jbl_dlbq[difh4ld. Zdpeyfb

>eyCeGe 1ZCeGe, 0ZjZdl_jgbf } mlI\hj ggy g _\ _ebdl
J]hfh] _gghkle j rlZ kihemd fZxlv ihKMekigdtyj@ode 209
ih\erhfey}lvky ijh | fi_jZImjgbc iheefhjneaf P_104 |
\bkhdhl_fi_jZImjgZ fhCeGediZZges kIlghmjm [bThSi[209, 213 Z
gbavdhl _fi_jZIlm]gim.-GdSp [204, 209 L _fi_jZImjZ iheesfhjr
i _j_I\hj_oGpwe,\ h[ezZkle Jhfh]_gghkle agb m}lvky f\ka
ie"\bs _ggyf \f=kjliZ g*x

JbK. >+Z]jZfZ klZgm kB&| fb K_
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Ale/hg jh[hlBl4] kihem@elGe , fZ} dhgp_gljZpecgbc ihe-
\lhjzfp215] "hke”" _gh kljmdImj@GeGaheyddb g  kihkl_j*]Z}
NeZ]jZfe klIZRIKA 1[0 gZ\h~blvky egnhjfZpey ijh \klZgh\e _
[¢gZ]gmE£ak Ge,.
DjbklZehnjpeqgzZjZdl _jbklbdb kihemd ijb.18 g+ \ 1Z[e

LZ[elyhl3
DjbklZegkljmdImilZekkd k| bKK-Ge
Kihem KL Kl | = 1ZjZf _ljb dhfejdb EeljZ
a b C

CeGe | SmGe | 0P36| Pnma | 0,795(2) | 1,522(3) | 0,806(2) | 110,111, 209
CeGe; | MnsSis | hP16| P6/mcem | 0,8873 0,8873 0,6662 | 173 217,218
K,Ge, | Nd,Ge, | 0S44 | C222; | 0,6031(2)| 1,4082(5)| 1,2070(4) 200

K Ge ThsP, | cl28 143d 0,9214 0,9214 0,9214 209
-KGey | -ThSp | t112 | 14,/amd | 0,432 0,432 1,496 | 213 219 220
-CeGe, | .-GdSh | 0l12 Imma | 0,4347(9 | 0,4260(2)| 1,4087(1)| 127, 219, 221
CaGey | CaGeyy | 11104 14, 1,2669 1,2669 1,4208 215
CeGe TisP tP32 P4,/n | 1,2482(5)| 1,2482(5)| 0,6137(4)| 203, 209
CeGe FeB oP8 Pnma | 0,8362(6)| 0,4086(2)| 0,6041(5)| 208 209, 222
CeGeg; LaGe;, | 0l12 Immm | 0,4000(5)| 0,6192(5)| 0,9860(1) 768
CeGeg AuCus | cP4 | Pm3m | 0,4354(4)| 0,4354(4)| 0,4354(4) 769

1.153 Kbkl _PZGe

MaZ]lZevg _gZ je\gh\Z gZ ~7eZ]jZfZ PkGEgmbkkhlo) fb
ithfm~h\ZgzZ \ jh[hlgZ> hk@h\- @[hdbg_\_el
dhjblm\Zgglykes*" ggy ijh\h*beb azZ ~hihfh]l]hx f_Ih”~e\ f
"bn_j_gpeZevgh]lh I14fsgghl]]hghkljmdIimjgh]h ZgZe-+a-\

M kbkl _fe \klZgh\e gh <kgm\Zggy ghpdd hlphjhz
dijbklZeh]jZonZ@d! jbklbdb ydbo ih"Zigh M lid{lee | @Z3@ €}
egnhjfZpey ijh kiPkGemdywmy ydh€ h[eZklv J]hfh]_gghkle e °

j_amevlZI>»\

66,44- ZIGe |h”e yd h[eZklv ]hfhdP@ehkdgZoh”blvky
f "Zo - ZGe

;*gZjge NGB | ZPrGe., ieZ\eylvky dhg]jm_glgh ijb | _f
1490 - fK\erih\ergh >ey fhgh]ljjZazgh™hfm Z\lhjZ2B0]>



\klZlg\e _gh

sh "ZgZ kihemdZ djbklZeeam}lvky \ kljmdli
[*evrhkle im[eedZpec €€ \erghkylv "hllKZ22230n33h]h Ibim
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JbK. >eZ1jZfZ klZgmPikek| fb
LZ[elyhla
DjbklZeggkljmdI|mijlze kkd k| bPr-Ge
Kihem¢ KL Kl | = 1ZjZf ljb dhfejdb EeljZ
a b C
PrsGey SmGe, | 0P36 Pnma | 0,7914(1)| 1,5183(3) | 0,8006(1)| 111, 225
PrsGe; MnsSis | hP16 | P6s/mcm | 0,8786 0,8786 0,6660 | 116,173,226
Pr,Ge Nd,Ge, | 0S44 | C222; | 0,5999(2)| 1,4003(6)| 1,2002(4) 200
Pr,Ge; ThP, | cl28 143d | 0,91531) | 0,91531) | 0,91531) | 201, 224
Pr.Ge; Y;Ge | oF64 | Fdd2 | 0,5937(3)| 1,7817(1)| 1,4111(7) 200
PrGe TisP tP32 P4,/n 1,2422 1,2422 0,6118 203, 224
-PGe,, | .-ThSh | tI112 |4,/amd 0,425 0,425 1,397 | 204,227,228
-PGe., | .-GdSp | ol12 Imma | 0,427(2) | 0418(1) | 1,422(2) | 150, 224
PrGas | YsGes | oF64 | Fdd2 |0,5916(3)| 1,7747(1)] 1,4112(1) 229
PrGe FeB oP8 Pnma | 0,8278(2)| 0,4031(1)| 0,5971(1)| 224,230
PrGe TII 0S8 | Cmcm | 0,4472(2)| 1,1070(5)| 0,4029(2)| 222,230,231
PiGe, | .-ThSi | tl12 | 14/amd - - - 223
PrGe LaGes | oll2 Immm | 0,3998(2)| 0,6228(2)| 0,9887(4) 768
“Ijb dhgp_gljBhByo Z Ge
“ljb dhgp_gljB@44 o Z Ge

_jJ_I\hj_gePyGe, < -PrGeyx e "blv \ «gl j\Zees | _fi_4&lbmj
fKMijZp[20Q \klZgh\e _gh <kgm\Zgd&kyhle@@gpghaPrGe yde g



45

\eMh[jZ _ge gZ "NeZ]jZtAlIKjlZIdIZRY egnhjfm}livky #}hgZadigy
PrGaes yd_ djbklZeeam}lvky \ kljmtGs,ghifne mBrikce, fZ}
dm[eqgm klijmdImjmlhkBim Zglb

1154 Kbkl_&#Ge

Ih™M\ecgZ kiZi3dGe "hkee® m\ZeZky \ jh[hlZ®@ >f_|h"Z
fedjhkljmdImjgh]lh |_jfeqgh]lh 1Z j_gl]l_ghnZah\hlk0 Zg
Ijb\_~ gZ maZ]Zevg _gZ "eZ]jZfZ klZgnm ha]Zra]tin Nij@plev kK
NZgbfb jhRel > @ KiezZ\b ey “"hkeem\Zgb HIljlhi*hf ~m
iez\db \bdhjbklh\mxqgb Ggba pyink hin | h x aZ fZkh&d &z
gbklhlhx76 aZ fZkhx

M kbkl_fe miI\hjx}Ivky re«KGiiG&jBaBGed GdGe GA,Ge;, Gd:Ge;s
GdGes; a ydbo GkGe ieZ\blvky dhg]jml dfighzd&djb fK
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Gd Amomni % Ge Ge

JbK20 >¢Z]jzZfZ klZgmG#B&l fb
G_ i*M\_jA _gh skgm\ZggGdlGegfZgjetnydbc ih\e*"hfmye
jh[hl1235. ;9ZjgZ nN&ASEs; ckgm} m \mavdhfm gl _j\Zes | fi
"h fK
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LZ[elyhl5
DjbklZegkljmdImilze kkd k| b&d-Ge
Kihem KL Kl | = 1ZjZf ljb dhfejdb EeljZ
a b C
GdGe, | SmGe, | oP36 Pnma | 0,7697(5) | 1,4831(1)| 0,7785(5)| 186,235,236
GdGe MnsSis hP16 | P6s/mcm | 0,855 0,855 0,641 | 173,237-240
GdGe CrB oC8 Cmcm 0,434 1,078 0,397 232
GdGe Tl 0S8 cmcm 0,4328 1,077 0,3967 | 181,241,242
Gdi/Gey | Gdi/Gey | OF368| Fdd2 0,5833(6)| 9,9280(1) | 1,3749(1) 200
GdGe 5, DyGe; 0S16 Cmecm 0,410 2,093 0,394 232
-GhGe | Y3Ge oF64 Fdd2 0,5796 1,7403 1,3807 200, 202
-GkGeg | .-ThSh t112 4,/amd | 0,4122(1)| 0,4122(1)| 1,3738(2)| 150,204,243
-Gd:Ge; | .-GdSh | 0l12 Imma 0,4103 0,4096 1,3760 234
GhGe ErsGe, 0S28 | Cmcm | 0,4095(1)| 1,0735(3)| 1,4335(4) 771
-Ga,Ge; AlB, hP3 | P6/mmm | 0,3943(1)| 0,3943(1)| 0,4294(4)| 232,243,244
Gd;1Gep | Ho11Gep | 184 [4/mmm 1,093 1,093 1,667 235
Gd,Gey; - oF152 | Fdd2 1,3759(4)| 4,092(2) | 0,5833(9 245
Gdy5Ge | ZrGa 0S12 | Cmmm | 2,0897(5)| 0,4088(1)| 0,3947(1) 243
GdGe LaGe; ol12 Immm | 0,39687) | 0,6130(1)| 0,98473) 770
>ey KkKihenGtiGes \klZgh\le _gh <kgm\Zggy Ijvho

fhrbnedZpec

| j_I\hj_day[m¥z}Ivky ijb |_fi_jZueixpoK \

aZe “ghkle \e G&fekIm j I\hj ggy <.

|Zdh"

ekgmxlv

| fi_jZImjs fK

M

ih[hI[23]

A\ e

iheefhjnge

egnhjfm}Ivifi
djbklZesam}lvky m kljmdOrgghfimgZb

Zhibp-dBp-ggy <.

ijhoh?pKv>&G0Ge;

mli\hj ghyfZge"GdGe

sh

ekgm

[eevrhkle

im[eed

kihemdm \erghkylv ~h kljmidliI[iglg B4h 24Rim\ I hjZffR00] |Zdh”
\klZgh\e_gh djbklZeeqgmZlBd@dmijvh jZpyo dhgn_[24fp-<€
"hkeergbdb gZ\h”*ylv "ZgGdiGa.kihemdm

jbk 1.

KieZ\b

1.1.

A Zighl€ flix

Kbkl _TZGe
>e71jZ21tZ klZdnibkbGe "hkee”" m\ZeZky[24gh{iHdZazZgZ

[meb

\bieZ

\e _g-

\

_€_

dljh~n



ZIfhkn_je hgbs_gh]hTZ jlthigliml lax

Z|

>hkes”" _ggy ijh\h~"bebky aZ ~hihfhlhx f_1Zeh]jZn-
| _jfeqgh]h » j_gl] _ghnzZah\DjbkZg&reljgnidjzf ljb ~hkeen

kihemd ih~\ecgh€Ttk®kg ZAb ~ gh \1hB[e

2000
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JbK21 >Z1jZfZ klZgmTikG&l fb

LZ[elhl6
DjbklZeggkljmdIlmijlze kkd k1 bTb-Ge
Kihem KL Kl | = 1ZjZf ljb dhfejdb Ee«ljZ
a b C
ThsGey SmGe oP36 Pnma 0,7633 1,4707 0,7720 246, 247
ThsGe; MnsSiz hP16 | P6s/mcm | 0,8483(5)| 0,8483(5)| 0,6384(2)| 161,173,248
Tb11Ge | HO1Ge | 184 [4/mmm | 1,0880 1,0880 1,6475 235, 246
TbGe CrB oC8 Cmcm 0,4300 1,0717 0,3950 222, 246
ThGe T 0S8 Cmcm | 0,4280(3)| 1,0671(3)| 0,3919@) | 135,208,249
ThyGe; YiGeg oF64 Fdd2 0,5742(3)| 1,7226(3 | 1,3682(1)| 200,202,250
ThGey ErsGey 0S28 Cmcm | 0,4046(8)| 1,0634(3)| 1,4207(3) 772
ThGe, 7 DyGe; 0S16 Cmcm 0,4053 2,080 0,3922 246
TbhGe; DyGe; 0S16 Cmcm | 0,4061(2)| 2,0837(6)| 0,3938(1) 251
ThGe ThGe 0S24 | Cmmm | 0,4113(2)| 2,9878(9)| 0,4003(1)| 251, 252
ThGe gs | DyGe gs | 0524 Cme&; 0,41131 2,982 0,40043 153
-ThGe ;| .-ThSh ti12 14,/amd 0,4075 0,4075 1,3745 246, 254
-TbGeas| .-ThSh tI12 [4,/amd | 0,4069(1)| 0,4069(1)| 1,37697) 254, 255
-ThGe s AlB» hP3 | P6/mmm | 0,3942 0,3942 0,4148 204, 246
ThGe LaGeg oll12 Immm | 0,3957() | 0,6111(2)| 0,9836(3) 773
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M kbkl_fe miI\hjx}Ivky \ekef ] jfZgene\ \ IhfNbfhjhge -
<ke kihemdb ihfelgbo h[eZkl_c ]Jhfh]_gghkle g_ mlI\hjx:
L j[e}f ] _jfZdbkGe ieZ\blvky dhg]jm_glgh ijb | _fi fXIm
KihemdinxGe, Thi1Ge, ThGe mlVhjxxlvky azZ ~hihfhlhx i_jbl._
j_Zdpr*egZjge mMBG@Gds °TbhGe; aZagZxlv iheefhjnge i_j _I\hj_gi
| Z fK\erih\ergh GZclkleMbxjfZgelfgl jf 1ZEGe,; ckgm} r
Am°_ \mavdhfm | _fi_jZImjghfm ¢gl _j\Zee <eg ml\hjx}lv
880 fKih i_jbl _dlbggec j _Zdpe+€ =+ ijb agb _gge | _ffK j.
jhadez"Z}Ivky

1.16. KIZg+}brdekgha f evgbo f |Ze-\
1.16.1. Kbkl _flzZSn

>ey [*gZjgh€ kiEBhihgmA"rh\ZgzZ "NeZ]jZfZ kIZ@B6, 26, h[h
ydZ gZ\h"blvky gZ22jbkjZzadb "~hkee" m\Zebkv aZz
A"bn_j _gpeZevgh]h fedjhkljmdIimjgh]lh 1Z j _gl] _ghkljmdIm

Alergh "Zgbo pbo im[ekdZApemIi\tmjX}Ivky kef [egZjgb
ljb a yd&dn, La;Sns sLaSny ieZ\eylvky dhg]jm _glgh ijb | _fi_jZ

| Z fK\erih\eMgjb kl22). KIZgel&Sn sLaSn mI\hjxxlvky &
i _jbl_dlbqgbfb j Zdp9Glf Hjd fK

JbK2 >2]jZfZ klZgmLk®kl fb
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Djef Ih]h \ kbkl_fe 1thje\gygh g_"Z\gh \klZgh\elbgh
kihemd djbklZeh]jZnegge 0ZjZdl _jbklbdb ydbo ijb\_* g
LZ[elypl7
DjbklZegkljmdImilZe kkd k| bfa-Sn
Kihem KL Kl | = 1ZjZf ljbhtkjdb gf EeljZ
a b c
LasSn, SmGe | 0P36| Pnma | 0,8429(7)| 1,619(2) | 0,8624(9) 256-258
LasSny W5Sis t132 | I4/mcm | 1,2755(4)| 1,2755(4)| 0,6336(3) 256-259
LasSny MnsSi; | hP16 | P6;/mcm| 0,9435(5) | 0,9435(5)| 0,6961(5) | 258, 291
LazSn AuCu; cP4 | Pm3m | 0,5102(6)| 0,5102(6)| 0,5102(6) | 264, 265
La;Sny | Ho1Geyp | t184 | 14/mmm| 1,2089(5) | 1,2089(5)| 1,81669) 260
LaSn TII 0S8 | Cmcm | 0,4782(3)| 1,194(1) | 0,4422(3) | 256, 257
LaSn CrB oC8 | Cmcm | 0,4763(6)| 1,1911(2) | 0,4409(6) 260
La,Sry Nd,Sn; | aP20| P-1 0,6518 0,8592 1,1296 261
=107, f| =9, f| =100 f
LasSny PuPd | 0S32| Cmcm | 1,0352(5) | 0,8290(6) | 1,0652(2) | 256,258,267
LaSn AuCu; cP4 | Pm3m | 04769 0,4769 0,4769 | 256,262,263
La,Sny CeSn, | 0S28| Cmmm | 0,4623(8)| 3,5742(7) | 0,4682(8) 266
LasSry ThsSn, | 0S28| Cmmm | 0,4564(1)| 2,615%(6) | 0,4671(1) 266
LaSn ZrGa 0S12| Cmmm | 0,4427 1,5855 0,4514 266
LasSn, Ers;Ge, | 0S28| Cmcm | 0,4514(4)| 1,1904(9)| 1,5838(2) 260
1.16 Kbkl Ge&Sn
>eZ]jZfZ klZgm GeSal\dbgZeZkv m jy~e jh[le23 ¢ZA b kgl
NeZljZfm klZgm a]e~"gh 26&@bo jfeZkde \eN Nh Zl
[269@ \ h[eZkls \eA N h Z| klZgmfm M im[eed:
mi\hj_ggy jy"m KeSpe"+\ @), CeSn @), CesSn, G 1z

Ce; Sy (Y 8 ijbghO&aSn, iezZ\blvkgghdm _ glgh _dlbggZ |
ANl _d*h€”rgZ je\gh\Z]b [meh agZc”™ _gh ijb f& a ZI
6Q \eNih\DjbklZeh]jZneqges 0ZjZklihjbrkjdb\dB* g+ \ 1Z][e

M ~h\ergbt@n i3b\_~ gh ijbdezZ” s_ h~ge}€ "eZ]jZfb |
ljvhGedn hGyB |Z CeSn
fReMNiIIZ\e2*ghaqgbggark\yv

gZ ml\hj_ggy ebr_ yde ieZ\eyl

dhg]jm_glgh ijb I _fi_jZImjZo

Ceg_i_jJ_\bsm} Z|
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g.)
g f: neze
E 1004 + %'
§ wen 840°C
S vl fodl_mse
AN Eil
500 &
?? :‘n i:i; {5: (%: wﬂ ~250°C (pSn)j- 231,9681°C
6130{-('??—}--'--—-—--—'--- . . ‘ .U 1 | Ifas“)\wc
e 10 20 30 4;}310"{:; % SHSO ki a0 90 1 ;n
JbK23 >7]1jZfZ klZgmC&®rkl fb
LZ[e lypl8
DjbklZeggkzljm dIZnik e mkdb k | bEe-Sn
Kihem KL Kl | = 1ZjZf Ijb dhfejdb Ee«ljZ
a b C
CeSny SmGe | 0P36 Pnma | 0,8333(4)| 1,6001(6)| 0,8473(3)| 268,270,271
-CeSng W5sSi; t132 [4/mcm | 1,2582(2)| 1,2582(2)| 0,6202(2) 270272
-CeSng MnsSi; hP16 | P6s/mcm | 0,9316(8)| 0,9316(8)| 0,6833@) | 270272273
CeSn AuCus cP4 Pm3m | 0,4948(1) | 0,4948(1) | 0,4948(1) | 268270272
CeSn Cu cF4 Fm3m 0,5052 0,5052 0,5052 | 270272274
CeSrt « « 0,624 0,624 0,582 275, 276
Ce1Sny | Hoi1Gep | t184 [4/mmm 1,220 1,220 1,790 268 272
CeSng Nd,Srg aP20 P-1 0,6444(1)| 0,8510(2)| 1,1195(2)| 261, 275
=107, f| =96 f| =99 f
CeSny PuPd 0S32 Cmcm | 1,0248(9)| 0,8200(6)| 1,0569(8)| 270, 272
CeSny CeSn 0S28 | Cmmm | 0,4591(4)| 3,52708) | 0,4649(8)| 266,27Q277
CeSry CeSry 0SS Cmmm | 0,4541(1) | 2,5775(6) | 0,4623(9)| 266,270277
CeSng AuCuw; cP4 Pm3m | 0,4725(6)| 0,4725(6)| 0,4725(6) 277-281
*| ljZlhgZevgZ kbglhgey
1.16.3 Kbkl _PZSn

>Zgifh ml\hj_ggy [*gZjgbo kihé&m3himbkbklg#e\ “h\e/g

[17, 35, 45 nez1jZf287k | 2gn

ljhl

gZcleevr

hkgh\e ydh€ e _ "blv[2Bf ejpKkl.pb)y

ih\gh hibkzgh
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JbK. >eZ1jZtZ klHd gnhiPk3n
DijbklZeh]jZnegge ~Zge sh™"h agZc” _gbo m}Agokdv
Ijb\_~ g+ \ 149e
LZ[elyhl9
DjbklZeggkljmdI|mijlZe kkdo k| blPr-Sn
Kihem KL Kl | = 1ZjZf ljb dhfejdb EeljZ
a b C

PsSn, | SmGe, | 0P36 Pnma | 0,8270(8) | 1,5940(1) | 0,84296) | 276, 282
~PrsSrs | WsSi; t132 [4/mcm 1,2512 1,2512 0,6146 276
-PrsSrs | MnsSi; | hP16 | P6y/mcem | 0,9281(5)| 0,9281(5)| 0,6779(5)| 273 282
Pr;Sn AuCus cP4 Pm3m 0,4716 0,4716 0,4716 264, 282
PrSn Cu cF4 Fm3m 0,4974 0,4974 0,4974 274

PrSn « « - - - 282
PrLSn CeSny | 0S28 | Cmmm | 0,4585(8) | 3,5178@) | 0,4634(7) 266
PrSn, | ThsSrny, | 0S28 | Cmmm | 0,4511(7) | 2,5823(5)| 0,4604(8) 266
-Pr;Sn; | PuPd; | 0S32 | Cmcm | 1,018(2) | 0,821(2) | 1,054(2) 282
-Pr;Sny « « « « « « 282
PLSn, | Nd,Sny | aP20 P-1 | 0,6405(1)| 0,8452(1)| 1,1140(1) 261

=107, f| =96 f| =99 f

PrSrg AuCus cP4 Pm3m | 0,4719(3)| 0,4719(3)| 0,4719(3)| 282284,285

PrSn ZrGgp | 0S12 | Cmmm | 0,4482(1)| 1,58976) | 0,4590(7) 266
>eZ1jZfZ KIZ$m oZjZdl_jbam}livky mli\hj _ggyf r_ kIt

kihenmPSn PrSns, PrsSny, PrSn PrSns 1 ZPrSn NZab Kk dPe3 mPrRSn
ekgmxlv m \bJey”e A\ ho (fbkihakid gheacvdhl_fi_jZImjh€
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M  klzZI[274 gz~Z}Ivky esgnhjfZpty iglh Kkihehp8Z
djbklZeeam}lvky m dm[eqgec kbg]lhge€ \ kljmdIlmj@geéum
280 "Zgm j_qgh\bgm \e~rghkylv ~h kljAuGlynjdHhhth 266
\klZgh\e _gh <kgm\Zgbe &k €rnSn PrSn, yde \ke fZxlv jhi]
KimdImjm 2tGanCeSns | ZThsSn, \eih\e”~gh

PedZ\bf } ih\erhf26lggph mli\hj _ggy kihemdRLSkd & i
[Z]ZIvho[eedZpaBdp 282, 284, 285 i~I\_j~ " m}lvky gZy\geklv
kbkl _fe [egZjgh]hPiSRZgedm[eqghXx kljmdImjhx

1.1.6 Kbkl _G&Sn
>eZ1jZ2fZ klZgm &O-8h _filb k1. ih[m~"h\ZgZzZ \ [28dh¢Z
hkgh\e ~Zgbo gZ\ _~ gbo [@B8728Ye-&KZ@ZyYlb “hke<" m\Ze
Ahihfhlhx | _jfeqgh]h fedjhkljmdImjgh]lh 1Z j_gl]_ghkljn
|Zdh™ reyohfjxhEeggy fedjhI\_jrhkle

1400

1BFEc AGd}

q
S i 124000
1200 4 e b ki

1no3e 1141°C

1000

500

400

Teunepamypa, ° C

400

231.8°C 231.9681°C

200
{430 )=

ra——{orGd)

Gdgfng
Gdging
Gdpiny
GdpBne
GdsSng
Gdsng
Gdgny
GdZng

GdgSn

~geg (eEnd- 13°¢
o IID 2‘0 3‘0 4‘0 5‘0 GID i BID 9‘0 100
Gd Amouni % Sn sn

0

Jb K. >eZ1jZfZ klidghiGEBn
Al*~gh jeaghfZgelgbo " _j e m kbkI_Kylm lihjxg onvkay
djbklZeh]jZneqge 0ZjZdl_jbklbdb *ey [sevrhkl$28.gbo gZ
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AjZadb ih™\ecgh€ GkHSRI"HBZIdh\hkee"" m\Zeb az | _fi
\ e Z2wb00, 600 12800 f K292 293] ijhl_ ml\hj_gd3kSmZ@dSn, 1Z
GhkSn, g 1M\ _jyhDjbklZeeqgZ klpbhadlkijZemd g_ \klZgh\e _

LZ[elyp20
DjbklZegkljmdI|mijZe kkd k| b&d-Sn
Kihem KL KIl | = 1ZjZf ljb dhfejdb g| E-<«l|jZz
a b C
GdsSny SmGe, | oP36| Pnma 0,8046 1,553 0,8192 290
GoSns MnsSis | hP16 | P6s/mcm | 0,9032 0,9032 0,6595 | 273 291
Gd;Sn « « « « « « 286
GdsSny « « « « « « 286
Gd;Sny « « « « « « 286
Gd;Snp | HOiGep | 1184 | 14/mmm 1,167 1,167 1,715 290
GdSn ZrSi 0S12| Cmcm | 0,4428(2)| 1,6410(5) | 0,4322(2) 291
GdSn s | GdSn7s | 0S16| Amn2 | 0,4355(1)| 0,4404(1) | 2,2044(9)| 287,288
Gd;Sry GdSn, | 0S20| Cmmm | 0,445%(1) | 2,6523(5) | 0,4382(9)| 287, 294
GdSng AuCus cP4 Pm3m 0,4670 0,4670 0,4670 | 278 285
1.165 Kbkl_TESn
AZ | _amevlZIZfb ~bn_j gpecgh]h | _jfeggh]h feoc

j_gll]_ghnzZah\h]h NeZljZfZ
ih[m~"h\ZgzZ \[RAF |ljb kl.26). Mkbk| fe
ThsSn,, ThsSrg, ThaSn,, ThySny, TSy 1ZTbSn, djbklZeeqgZ kljmdlIm|
gZ\_~ _gZ \1PA[e

KihemTthé&Sny ieZ\blvky dhg]ljm_glgh ijb | _fi_jzdhZge"b
ThsSny *Thy;1Sng miVhjxxlvky aZ ~hihfh]lhx i_jbl_dlbggbo j_Zd
1590 f K\eMih\e~rgh 1jb | _fjie jZImMMKaZ i_jbl_dlbgghx j_Zdp-e}
NZgbo pe}€ " jh[hlb miI\hjx}Ivki8rZadjkkleZZemgzZ kljmdlr
g_ \klZgh\e _gZ Ytg¥ §dHna

>eykihembasn mklZWMd285, 29¢ gZ~Z}Ilvky ijh
\hgdjbklZeeamjhlvdliy[eqgec kbg]hg+€ \ kljAuCunjoihigz Ib\ilh
[288 294 ~Zgm j_gh\bgm \e*ghkylv "h kiGdsd LM hihhlEZas
299 ih\e~rhfey}lvky ijh | h}eteg B profymbn, a q
mI\hj _ggy \bkhdhl_fi_jZI|rATphgOm€ean Yaabkgbf kljmdImjgbf Ibi

klZgrb-9r gmetZ€
mlI\hjx}Ivky peebc jy”

ZgZeesas\

*gnhjfZpey

| fi_jZImjgbc
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JbK.
DijbklZeh]jZnegge 0ZjZdI|l_jbklbdb "ey [*gZjgbo Kkihe
1.21.
LZ[elh2l
DjbklZeeqgZ kijmdImjZ kiteSnd kbkl _ fb
Kihem KL Kl | = 1ZjZzf _1jb dhfejdb Ee«ljz
a b C
ThsSny SmGe | oP36 Pnma 0,8010 1,5410 0,8141 290, 295
ThsSny MnsSi; | hP16| P6s/mcm | 0,8937(2)| 0,8937(2)| 0,6531(3)| 273,291295
~ThsSry | ThsSny, | 0SB | Cmmm 0,4363 2,6347 0,4441 2N
-ThsSn, | \eZkgl « Pmmm | 04335(1)| 0,4425(1)| 2,6700(9)| 298 299
Tby1Shyg | HO11Gep | t184 | 14/mmm 1,160 1,160 1,700 295
ThSny AuCus cP4 Pm3m | 0,4661(2)| 0,4661(2)| 0,4661(2)| 285 29%
TbSny GdSn s | 0S16| AmnR2 | 0,4413(4)| 0,4377(8)| 2,1937(9)| 288 294
TbSn ZrSi, 0S12| Cmcm | 0,4404(2)| 1,6301(5)| 0,4307(2)| 295, 297
Th,Srg « « « « « « 295
TbSn « « « « « « 295

Dhfihg _glpds \azZ}fhrexlv

AhrZlidiZ[\ebpe

lhljecge kbkl_fb
Kbkl Ribi-M (M=Si, Ge, Sn)

0Zjzdl_jbgbodbkihemd]

\eMjeagyxlvky e dEsheggh>
dhfihg_glhf ea ijhfe gbf agZqg_ggyf jhafejm ZIhfZ m \e"¢
_e_f_glDjbklZeh]jZneqg-

gzZ\_"



55

Cbkl fZa-Li-Si. NZah\e je\gh\Z]b \ ~Zgec kbkl_fe kb
\b\qZebkv >hkees?rgbdzZfb30en3¢q ziihyo*rfey}lvky ijh ml\h
ihljecghhemdb KkldelZ,Sm

Cbkl fzZlLa-Li-Ge. IhljecgZ kbxlIL&#Li-Ge kbkl_fzZlbggh
"hkee" m\ZeZky Eel jZImjge "~Zge \dZamxdeh]lgzZ jyy
egl_jf_lZee"e\ ,/[B01. 8B4, LaLi,Ge [302], LajiLi;.Ges [309, LayLiGe,
[311], LasLigGey[311], Lagli,Gey [311] | A-a,Li,Ge; [303.

Cbkl flAa-Li-Sn. Mee*|l _jZImje \erkmlge "Zge ijh "eZ]jZfm
m kbklL&di-Sn M jh[h[30B 307 ijhZgZeeah\Zgh hdj_ fe |
th\erhfey}lvky ijh ml\hj_ggy ihljtalg®h klZge"m

Cbkl fXK-Li-Si. 1ahl_jfeqgbc i_j jea "¢Z]jZfb KZgsn k
ijb fKgzZ\_"~ ghjhgkz127 [303. DjbklZeh]jZneqge o0ZjZdl
ghlbjvho | _jgZjgbo kihemd vyde ekgmxlv ijb pec |I_fi_jZI
| Z [ 8.1.

Si

1. LiCeSi2

A CeSiax 2. Li2Ce2Sis
Y 3. LiCeSi
1 4 \CeSi 4. Li0.34CeSi1.66
7|/ _— \CesSis
Li12Si7 Je———1Ce3Si2
1281 2 3 ——CesSi3
Li14Sie/”

Li13Sia/
Li22Sis%Z — - -

y \j\

Li Ce

Jbk 27 dhl_jfeqgbc i_j_jea "eZ]jZfb KbLig®nikd200 ffK
HlezZklv g_aZgrgqwy\ea ihM\ecgh& kbkjlhKby]Z}Ivky \ ihlje
N h S L\ _jreaaglbgb gZ hkgh\e [egZjgbo kihemd g_ kih
Cbkl fER-Li-Ge. NZah\e je\gh\Z]b ~Zgh€ kbkl_fb ih[fK~h
jbKL28) [303. E«l_jZImjge "Zge \dZamXlguggyZ <kigljecgbo ]_jf
"ey ydbo \bagZq_gZ djbklZeeqgZ kljmdIimjGe [302y |
\dZam\ZeZkv jhf[egqgZ difZ-fjluizZ 1387438jld = 0,6926,c gf
leager_ m k3Zl@ Pmeh \bagZqg_gh €€ klijmdIimjm |4isGEhqg
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(Z=1,885b=0,67,c=04769gH. 1 _j_mlhgg _ggy djbklZegglE€k
nZaigb\_eh "h kdeldw [&B]. M jh[EPH310] 14311 ih\e*hfey}lvk
ijh mI\hj_ggy peeh]h jy"m gh\Bo j<x jEKg>e), CelisGey,
CeLi1.Geg | Zeili ,Ge,.

HleZklv g_aferm\Zggy *a ih"\edgh@g KilykZlfloky \ ihlje
"h Zl% Ge L\ _j~eaglbgb gZ hkgh\e [egZjgbo kihemd 1Z
]hfh] _gghkle "ey | _jgZjgbo g_ kihkl_je]Zxlvky

Ge

1. Li2CeGe

5. % 2. LiCe2Ges

o 2 —\CeGe2x 3 [iCeGez
Loty Ay 4. LiCe2Ges

5. Li2Ce2Ges

—— CeGe 6. LisCe26Ge22+x

_ /A CesGes

Li12Ge7/~& = & 6 —\Ce4Ges

LioGed / / 6 —CesGes

LioGeo /7 1 = i L
Li7C 20— 2 Ce3Ge
5(

e /
( iC-lv:
1€5 /7

LiGe /2=

L
Li S \.Cc

JbK.28 dhl_jfeqgbc i_j_jea "eZ]4Ekb_EbLig@e ijb200 f K

Cbkl fzK-Li-Sn. >ey pe<}€ ihljecgh€ Kkbkl_fb eahl_jfe
NeZljZfb klZzgm g_ ih[m~h\Zgh M kbkl_fe \b\gZebkyv
ekgm\Zggy kihemd ~_yde kieZ\b <by\e_ gh «\Kdi8NF306y k
307 | ZeLi,Sn, [335].

Cbkl fzZPr-Li-Si. IhljecgZ kbkIPEE-Si kbkl_fZlbggh
"hkee" m\ZeZky \[30pab kbgl _ah\ZgZz | jgZjgZ y&dr
0ZjZd!l_jbam}lvkyPidd8iZz hf

Cbkl fRr-Li-Ge. >Zge ijh "hkee”" ggyPib&e fblh"Zfb
j_gl] _ghkljjgtlltm ZgZeeam ijb\_~ gp318 |k[<d}PjZfZ nZat
je\gh\Z] ih[m~h\2@Xf K pbbkL29. AgZc”™ _gh | jgZjgbo <gl_|j
djbklZeh]jZneqge 0ZjZdl_jbklibdb ydbolijb\_BZghe"felgme
kbkl fl®lLi-Ge g_ agZchZpRwlisGe, Ze <kgm} | _dhZgéhfgh]
kdezZPmnGe ea kijmdIimjhx [3U@L K®Z|1y210 14311 "hkees*gbdZz
ith\erhfey}lvky ijh mi\gdkbgygbojfZge"byZa_h"™bPmLiGe,
PrLigGey, PriiLioGeg | PrliGe.
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Hlezklv g_afsrm{Zg@in 6 akbkPrlib ijhkly]Z}Ivky \ ihljec
fZdkbfZevgh]hGenkim %.

Ge
\ 1. Li2PrGe
21\ 5 2. LiPr2Ges
LitGenzfe=— 11— APrGez 3. LiPrGe2
Y/ 4. LiPr2Ges
LiGe /# ¥4 2 PrGe. 5. Li2Pr2Ges
— [ ———A\PrsGes 6. LiPrGe
LinGerf=—— 8 — ,]l rljﬁz
L.Lig\(}e{k = 71’—* }.’:,ff =N\ TAIE]
6 e ‘) —
LinGerff K ==\ PriGe
LiisGes a—— :
Li22Ges # §
X ~\
Li Pr

JbK29 dhl_jfeqgbc i_j_jea "eZ]jZfb RiZieGe ikibaOD ffK
Cbkl fRr-Li-Sn. M el _jZImje g _fZ} "Zgbo ijh "eZ]jZfm 1
m kbkIPHli-Sn M h[hl1Z806>307, 335 @ ijhZgZeeah\Zge hdj_ fe
ih\erhfeyl}lvky ijh miI\hj_ggy ihlPutig®m | KRHESm.d
Cbkl fRd-Li-Si. >eykbkl bMNd-Li-Si *«Z]jzfZ klZgm g_ ih]Jr
>hkee® m\Zebkv hdj _fe ajZadb gzZ ij_~f_| ml\hjdggy
<klZgh\e _gh <kgm\Zggy "\ho Ndgdl,Sjf [IBe NesLiSi, [318 |Z
\bagZqg_ge €0 djbklZee-qge kljmdImjb
Cbkl fMd-Li-Ge. Ijb "hkee”" gge+ KNail-Gebijb200 f K319 aZ
Ahihfh]lhfx Th”e\ j gl] _ghkljmdIimjghhki2@ Abyaen klgm\Zgg

] _jfZgene\

Ge
B o NdGe2-x 1. Li2NdGe
LinGeiz f—73 2. LiNd2Ges
. 3/ 3. LiNdGe2
LiGe — —— NdGe 4. Li2Nd2Ges
_t==— % NdsGes 5 LiNdGe
Lii2Ge? A —— \ Nd<Ger
LioGes _ T ==\NdsGes
Li1aGes 1 5
Li7Ge2 —r
LiisGe4 | = -
Li22Ges
Li ‘Nd

JbK30 dhl_jfeqgbc i_j_jea ~+Z]jZfb NtZgGe kibbROO FiK
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GZ \eNfegm \eM Phbkd}fflepza _h~rbthf agZc”_gh kili@egpdb
:\lhjzfHd310, 311] "hkee”" m\Zebkv hdj_fe ajZadb gz ij_"
ihljecgboh&md <« ijb pvhfm \klZgh\e_ gh <kgmiZlg.gdesg ZKk
Nd,LiGes, Nd/LigGep |ZNdsLisGe,. Kihkl _je]Z}Ivky h[eZklv g_afe
ihljecege kbkIMHie % Ge

Cbkl fMd-Li-Sn. IhljecgZ kbKNd-fizSn kbkl _fZlbggh g_ \b\qg
\lhjzZfH306, 3071 ijh\_~ gh kbgl_a hdj_fbo ajZade\ « \klZg
k1Z g «NdiiSns,.

Cbkl fZSmlLi-Si.i NZah\e je\ghWZ]bljecg kbkl e fSmLi-Si
kbkl fZlbggh g_ “hkkeyeM mMAEBOY ih\e~ hfey}lvky ijh ml\h
| jgZhdh kb e-Bmlinsis.

Cbkl fBmlLi-Ge. >ey ih[m~h\b eahl_jfeqgh]h i_j jeam
ihljecgh€ kbBmlikGe ijb200 f K319 Z\lhjb \bdhjbklh\m\Zeb
j_gl] _ghnzZah\h]h « j gl] _ghkljmdljmkg3i}h ZgZe-sa-\

Ge

: 2 3. Li2Sm2Ges
LiGe / S~ SmGe 4. LiSmGe
2 = = = SmsGe4
llljnl(::?fi/ : /’ﬁ:‘ 2 SmsGes
~\
Li Sm
JbK31 dhl_jfeqgbc i_j_jea ~e«Z]jZIfbf BhEiGe kjbR0O f K
<by\e gh | jgZjgbo kihemdb GZ \e~rfegm gie”

\klZzgh\e_gh ml\mZ agdgeyZRiriGe; | ZRLi,Ge LZdh ™ m jh[hlZo :
> @ "hkee~rgbdzZfb ih\erhfey}lvky ijh mlI\hj_ggdZfZjebvl
SmyLigGe, SmiLiGes | ZSmliGey.

Cbhbkl fBmlLi-Sn. M el _jZImje \erkmlige ~Zge ijh "NeZ]]
je\gh\Z] m kIBkILi{Sn < jh[h[206, 307, 35] ijhZgZeesah\Zge h
kieZ\bhder"hfey}lvky ijh miI\hj_ggy IKShkie KBmaldSm
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Cbkl fEu-Li-Si. NZah\e je\gh\Xpkk | mEWLI-Si kbkl_fZlbggh
"hkee” " m\ZeMkklZ4336] "hkes~rgbgimhjkmhvijh kgm\Zggy ihljec
Kihe mEhiSis.

Cbkl fRu-Li-Ge. IhljecgZ kblEuliZze kbkl_fZlbqggl\gZeZk
Mgedb[ejdh\h \b\gZebkv gZgm\Zfgyekihemd jy® ajZade\
| jgZjgbo gl _jf Bl e3[801, 322] | ZEwLiGe; [323].

Cbkl fEu-Li-Sn. E«l_jZImjge ~"Zge sh”h \b\g_ggy nZah
ihljecgec kbEWLFESN \er*kmIMejh[HB87@ ih\e hfey}lvky ijh ml
| _jogjfbo klZgEdled;Srse | ZEWwLisgSny yde djbklZeeamxlvky n
kljmdIimjgbo IbiZzo >hk@&38Blgbadditfbgrhjfm}livky ijh ekgn
kihemdb kEw®eZSm

Cbkl f@d-Li-Si. Ijb ih[m~h\e eahl_jfeqggh]h i_j jeam 7"eZ]

200 f KjbKL32) Z\IhjZ[324] \by\e gh | jgZjgbo kbeepb”b
Si
b, GdaSiox L. LiloGdsSi7
A/ A\Gdsiis 2. LiGdSi>
e e
- 1 2_—=2 )\ GdsSis
LS ¢ ~ )\ GdsSis
Li14Si6 /Z o
Li13Sis 4 4
Li22Sis / ;
./// ‘.
: ™~
Li Gd

JbK.32 dhl_jfeqgbc i_j jea "eZ]jZfb kA g8 ikiba0D ffK
KljmdIimjb kih@khidSi; |Z~GdLisSiz g_ \klZghle_gh <b:
h[eZklv g _aferm\Zggy Sth Z|
Cbkl fxd-Li-Ge. >Z¢g ijh "hkee"" _ggy G@dbliiGdbf Ih”rZfb
j_gl]_ghkljmdIimjgh]l]h ZgZeeam ijb{32¥4 ge><Z]jEfHAI*nZal
je\gh\Z] ih[m~h\ZIgZi ijBIMRQ® fK jbkl33). [+A\_j~" _gh <kgm)\.
kihem@&tLiGe ea KkljmdInZfRiRAl [326] |Z agZc™ _gh s_ gZjgho
gl _jf _1Zee"b 3G2ZGH,HGe, H[eZklv g_aferm\[g@dyghE€E kbkl,
GdLe ijhkly]Z}Ivky \ ihljecgm ~h fZdkiG&gm2ghHYh \fekIm
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) GdGez

Li7Gen2 f—— — s R 1. LiGdGe2
0\GdGels 5 1iGdGe
LiGe = 12~ \Gdge 3-LiGd4Ges
LinG J— ‘} % GdsGes
i12Ger = 3 < i
LisGes f————0 — ——— =\ GdsGes
LiaGes —————>
LirGe2 /. — Z
LiisGea /2 -
122Ges 4
- \
Li ' Gd

JbK33 dhl_jfeqgbc i_j_jea "eZ]jZfb kA g®e kjibR0OO fiK

Cbkl f&d-Li-Sn. M el _f@je \erkmlge ~Zge ijh "eZ]jZT
je\gh\Z] m kB#Li-Bn < jh[h[Z06 307 ijhZgZesah\Zges hdj_ fe
ih\erhfey}lvky ijh miI\hj_ggy kiGdeiBredb kdeZ”™m

Cbkl fZb-Li-Si. >eykbkl bfTb-Li-Si ~«Z]jZfZ klZgm g_ ih]Jr
Eel jZImige~*sh™h mlI\hj_ggy ihljecgbo kihemd \e*kmlge

Cbkl fAb-Li-Ge. NZah\e je\gh\Z]b m ihljec@b-ti-Geblgl f-
\b\qZebkv <klZgh\e_gh3-<kgm¥{glhy ]|_|jfZDoLiGé& [316],
ThsLi,Ge; [328], ThyLiGe, [311,328@ |Z \bagZq _gh €0 djbkjdheeqgm |

Cbkl fZb-Li-Sn. M ee«l_jZImje \e~rkmlge ~Zge ijh "NeZ]]
je\gh\2 kbkITbfli-Sn < jh[h[30f ijhZgZeeah\Zgh j _gl] _ghklj
f IhAhf hdj _fe kieZ\b ¢ ih\e*hfey}lvkyZaldre EVbiiSg.g y

Cbkl fDy-Li-Si. >ey ihljecdt&l| fDy-Li-Si "«Z]jZfZ klZgm
th[m~Ah\Zg2hfhkl_c ijh mlI\hj_ggyy ihljecgbo kihemd g_f.

Cbkl fzDy-Li-Ge. lhljecgZ kbkIDy-kZi-Ge kbkl_fZlbqggh
"hkee” m\zZBIZkvagbo jh[hlZo ijhZgZeeah\Zgh hdj_fe kie
kgm\Zggy | jgdjgbdZe-DyliGe [316], Dy,LiGe, [311, 328 |Z
DyslLi Ge; [329].

Cbkl fRy-Li-Sn. NZah\e je\gh\Z]b mykb&l kfbkl_fZlbqggh
"hkee” m\Zebkv A]le*"gh el jBOGjgmo kbkdb kihkl je]
ml\hj_ggy klZg-"DyLiSde Z”m
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Cbkl fAHo-Li-Si. 1ahl_jfeqgbc i_j _jea "eZ]jZfb20KkIZKm
ijb\_~_gh jd&k 134 M |jh[h[328] ih\e*hfey}lvky ijh ml\hj_
gl _jf 1Zeenre\ <bagZq_gh djbklZeeqgm kljmdIimjm kiher
=UlL$O | Z3eShR/LKklIjmdImjgbc .-Mhbb Jhaqbgghkle 1j_
dhfihg_glm m [egZjgbo nZaZo g_ kihkl_je]Z}Ivky

HleZklv g_aferm\Zggy vydZ oZjzZdl_jgZ "eHo-Lh"\e
ijhkly]l]Z}Ivky "h fZzdkbfZe®gim]h \feXllm

Si
nHoSiz
[\HoS 2 1. LisHoSis
\// 2. LizHoSi
Y4\ HoSi  3.LiHoSi
: 4. Lio3sHoSi1.64
St 1
Li2Si7 /=¥ ‘ ‘
LioSis /2 /7 7 ———N HosSis
'I,1|4.Sl(. f— 3
LiisSis f—=0 B

Li22Sis /4

Li Ho
JbK.34 dhl_jfeqgbc i_j_jea "eZ]jZfb KbAg& ikiaOD ffK
Cbkl fHo-Li-Ge. Ijb "hkee”" _gge nZah\bo je\ghad]-Gekb|
[328] i1jb200 f K jbKL35) \by\e _gh <kgm\Zggy | jgZj.gheoyn]Z af 2
HoLiGe [320], HoLi,,Ge, HosLi,Ge;, HoLiGe, [328] \klZgh\le gZ djbklZ
kljmdImjzZ Ke¢hxk}lvyky h[eZklv g_aferm\Zgegy ~h Zl =

Ge

1. LisHoGe3

nHoGesx 2. LisaHoGes
. 3. LisHo2Ge3
- _% HoGe2-x .
Li7Gei2z f==——735 2\ e 4. LiHoGe
\» T . Ho4Ges 5. LiixHoGe2
LiGe /= % HoGe 6. Li2Ho3Ges
N\ HonGeo 7 iHoaGes
. ‘ 6 =~ ~HosGes ’
Li2Ge7/ ‘ o—_1 Co
LisGes l 0 Do HosGes
LilsGes f—=—=7—=74
Li7Ge2 /
LiisGes S,
Li22Ges //
Li Ho

Jbk 35 dhl_jfeqgbc i_j _jea ~+Z]jZfb KbAgGe kibbROO FiK
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Cbkl fHo-Li-Sn. >ey kbklIHdHhi-Sn "eZ]jZfZ klZgm g_ ih[r
Alergh "A&JBb[80g m kbkl _fe kihkl_je]Z}IvkyZmi¢thm kde.
HoLiSn.,.

Cbkl fZEr-Li-Si. NZah\e je\ghhZ]biljecg kbkl e fEr-Li-Si

kbkl_fZIbggh Ahkblyijm\Ze&i jZ180D f Km jh[778]. Mkbkl fe
kihemdb « kihkl _je]Z}Ivky h

mli\hjx}Ivky | jgZjgbo
dhfihg_gle\ *"h%SiZjb k.36).
Si
1. ErLiSi
2. Er(LiSi)2
3. ErLisSi

Li Er
JbK36 dhl_jfeqgbc i _j jea "eZ]jZfb KEkEigShijki2@0 f#b
ih[m~h\b eahl_jfeqgh]h i_j_ jeam
ihljecgh€ kbldr-likGe ijb 200 fK[328 \bdhjbklh\m\Zebkyv
j_gll _ghnzZah\h]h] eghjklgmdImjgh]h Zbopkdad8a):\1ljb pvhfm
| jgZjgbo Ki@é2Z2kldbg aferm\[Aggygh& KkbHEiL &b

Cbkl fEr-Li-Ge. >ey

f

\by\e_gh
ijhkly]Z}vky \ ihljecgm ~h fZdkb{Gee®gyE]%. \fekIim
Ge
1. LilxErGe2
2. LiErGe
3. Li2Er3Ges
LiGef— /) \prGers 4 LiErGes
LiGe fF——_ |
LizGe7 || 3 ErnGeio
T fe———c I 7—Er5Ges
e L 4
LisGes ———x—0
LiaGee /—— ‘2’
Er

Li
Jbk 3 dhl_jfeqgbc i_j jea ~+Z]jZfb EiZigGe ikb200 fiK
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Cbkl fE&-Li-Sn. Meel_jZImje \eAkmlge "Zge ijh "eZ]jZfm
m kbkIEMs-Sn < jh[BOG "hkee”" gh hadgddbih\e*hfey}lvky
ml\hj ggy kihemddLi8ae Z*m

Cbkl fZTm-Li-Si. IhljecgZ kbkIThZi-Si kbkl_fZlbqggg _
"hkeer m\ZegrklyjfZigh€mIi\h) _ggy | _jgZjgbo kihemd \ el

Cbkl fAm-Li-Ge. >Zge ijh "hkee”" ggyTnkbiGe ffb Ih"Zfb
j_gl] _ghkljmdIimjgh]l]h ZgZeeam ijb\329 ge><Z]jEfHI*enZatl
je\gh\Z] ih[m"h\20Zf KpbKkL38). AgZc*4dhjgZjgbo gl _jf _IZ
>ey \keo mlI\hj _gbo kihemd oZjzZdl_jgbfb } \mavde h[eZk

HleZklv g_aferm\[Agdygh& kbl-Lbijhkly]Z}Ivky \ ihlj
"h fZdkbfZevgh]Ge\idXZndo.

Ge
__» TmooGe2 1. Lil«TmGe2
Li7Ge12 /4 2. LiTmGe
i L= . 3. Li2TmaGes
LiGe / 2 I i\ TmaGes 4. LiTmaGea
Y 3 A/ TmnGeio
L35G ~ =\ TmsGe4
]j‘l;[(}el.;w‘" —"———) TmsGe3
LilaGes 0 ="
LizGe2 /

LiisGed /2
Li22Ges //

% \
Li Tm
JbK38 dhl_jfeqgbc daj”{Z]jZfb klZgninklbhdde ifjin200 f K

Cbkl fZAm-Li-Sn. M el _jZImje g fZ} "~Zgbo ijh 7~eZ]j
je\gh\Zmh kbkITrheLi-Sn M jh[k[306@ ijhZgZeeah\Zge hdj_ fe
th\erhfey}liyhymI\hj _ggy ihlpZaHnleSn,.

Cbkl f¥b-Li-S. >ey kbklYH-hi-Si "eZ]jzfZ klZzgm g_ ihlMm?”
jh[hIp328@ \klZgh\e _gh <kgm\ZYliSkbepdbé mdjbklZeeam]
kljmdImjghfmmbiGe,.

Cbkl f¥b-Li-Ge. GZbk ijb\_~ gh eahl_jfeqggbc i_j_ jei
(30 Zl *H NeZljZdlhhikee”" m\Zgh€ ikbkl_ f{328. M pec
hlezZkle ih\erhfey}lvky ijh lkppgdjgbo ] _jfZge"re\ >ZgZ
\eNjeagyl}lvky \e” ihi_j "gvh hibkZjddgekbklZy\geklx kihe
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hibkmxIvky nhjfMeldfe «YbgliGeis. Djeflh]h\ im[ee+d 34§
Z\lhjb egnhjfmxlv ijh ml\hj _ggy *gl_ NMbLiGes"m kdeZ"m

Ge

A
1. LiYbGe
2. LiYbsGe13
3. LiaYbsGes
4. LiYb4Ges

LitGerzf— 2\ \Yb3aGes
o “ = ;i“.}'t.;;YbGel.s
LiGe f— _ |
=87 ; |/ _YbuGeis
LinGerp=—______ 14 4
=&

Li Yb
JbK.39 d4hl_jfeqgbc i_j_jea "eZ]jZfb KbAg®&e kjibR0OO fhK
Cbkl fzZYb-Li-Sn. lhljecgZ kbklIYHW-EZi-Sh kbkl_fZlbqggh
"hkeer m\ZIhXkYhfe gv sh™h gulyhlj_jgZn@oesl jZImje g f-
Cbkl flAu-Li-Si. M el _jzZIntjlemlgy egnhjfZpeyZElZzfbh nZah
je\gh\Z&fZgec kbkl _fe IZ mlI\hj_ggy \kghemhiljecgbo
Cbkl flu-Li-Ge. 1ahl_jfeqgbc i_j jea ~¢Z]jZfb lu-EiegGa ki

ijb 200 fK jbk1.40 ijb\_~ gbc \ jH32Ae Ih\e~hfey}lvky

\klZgh\e _ggy <k4gm\ifyzggbo >ey \keo ml)\

egl_jf _1Zeene\

0Zjzdl_jgbfb } \mavds h[eZkls Jhfh] gghkle

Ge

‘ )\ LuooGe2 l. Lit«TmGe2
Li7Ge12 /—_ o o 2. LiTmGe
= ;:—’[li(’ecll 3. Li2TmsGes
LiGe =" NN\ 11U 4. LiTmaGes
4 LunGeio
—L—\ LusGes

LinGer e ——

——\ LusGes

LisGes /| —=—r——

LiluGes f—————1>
LisGe2 f_—=

LiisGes j7—— =

Li22Ges /

Li

JbK.40

Lu

dhl_jfeqgbc i_j jea ~+Z]jZfb kiZig@e kbZ10 fiK
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HleZklv g_aferm\[2gg@ygh& kbUutL$¢bijhkly]Z}Ivky \ ihlj
"h fZdkbfZevgh]Ge\iBdXZivo.

Cbkl fRu-Li-Sn. NZah\e je\gh\Z]b nmu-kib3l kfokl fZlbqggh
"hkee” " m\Zebkv A]e"gh el _jB06)jgmo kbkdb> Kihkl _je]
ml\hj ggy klZgeMNuLibobe Z"m

1.22. Kbkl bBR-LM(L &R 1L &X=StQe, Sn)

Ihljecge kbkl _fb aZ mqgZklx je*dekgha_ f _evgbo f_1Z¢
|1Z -f e _f_gle\ ,9% ]jmib \b\g_ge “hkblv ~h[j_ >ey ~_yd
NeZljZtb nZah\\dplo\4] yde hibkZge gb ' q_ >ey [esevrhkle J.
hdj _fe | _jgZjge kihemdb a f_lhx \b\gq_ggy €og-o
o0ZjZdl _jbklbd IZ neabggbo \eZklb\hkl c

1.2. Kbkl _RK M (M=Si, Ge Sn)

DjbklZemigigmdimihljecgbo kbeepbtele\ IAAIZDPaTZeVIM
ijb\_~ _ghh\zZldhz[\bp8.2.

Cbkl fZa-KkSi. NZah\e je\gh\Z]b \ ~Zgec kbkl_fe kb
\b\gZebkv >hkee~rgbdzZfb m klZllyo ih\e~hfey}lvky ijh
ihljecgbo kihlakb®i [338 339, Lakog.Sie [340], LaCo;:Si, [341, 344,
LaCoSp [342 343, LasCxsSix7[345, LaCoS [346@ M jh3s@ >gnhjfm}ly
IjhnZaafegghlte ZllaB® 2510555475 YdZ djbklZeeam}livky \ kij
Ibi€eNigsSiys kbflhe [+jKIBGZ

Cbkl fZla-Co-Ge. lhljecgZ kbklL#zZoGe kbkl _fZlbggh
"hkee” m\ZeZky Eel jZImjge ~Zge \dZamxlv gZ i
egl_jf_1ZedaCoGe [342 347 349, LaCoGe [348, LaCoGeg [350, 351],
LaCoGe [347, La;sCoGe [357), LasCoGe [197 @ UagCosGe[354.

Chkl fZa-KFBn. M eel_jZImje \erkmlge ~Zge ijh 7eZ
je\gh\Z] m kh&CofSn M [eevrhkle jh[el [meh ijhZgZe-a
kieZ\b ¢ ih\erhfey}lvky ijh ml\hj _ggy |h]l]h qgb egrh]h
Ahdj_ fZ\IhjB5435 \dZamxlZskgm\Zgipe nLd;Co3Sn LazCo,Snys,
LaCqysSn PedZ\hx } egnhjfZpey sh™h ml\hjnHayCdhSpdToA b o
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| A.a;C0o,SM, [358@ yde djbklZeeamxIvky m \eZkgbo kljmdImj
"hkeerghbd3B0@® >\klZgh\le _gh <kgm\Zggy peeh]lh jktmemd
kde ZRifCosunSN 4 k_j_" ydbaa£ogShisa

Cbkl fX-KKSi. 1ahl_jfeqgbc i_j _jea "eZ]jZfb KI-KgBi Kkl
ijb200 fK[meh ih[m~h\Zgh [B60h[h\lej~e ghbgb gZ hkgh\e [«
kihemd g_ kihkl_je]Zxlvky

Cbkl fEK-Co-Ge. NZah\es je\gh\Z]b “Zgh€ kbkl_fb700 fr{" h
[373, 374 azZ ~"hihfh]Jhxlh”e\y gl] _ge\lEvdtbnjZdp+<€ 1Z KkdZ
e _dljhggh€ fedjRkddhipZImjge "Zge \dZamxlv gZ <kgm\Z
] _jfZzgene\ o ~\ho ijhfe'gbo I\_jrGedjlGagbgs\ o "~ | Z
CeCaqsGe "o 7 "ey ydbo \bagZq_gZ djbk{ZeXqc
ihljecgZ NnZaZ; @ GH&R o " [mel "klZ\e\gi4Zp374 dhgZ
dibklZeeam}lvky \ | _d¢d]hglhglmy ]jmsl4dmcm a izZjzf |jZfl
d h fj«d bZ= 0,7974 (5)gf k=1,1856 (5)gfijb o KihemZeGe ihoh”blv
\eN &EERiks- Ibim Ze a bt @delviyrdm\iZggihfe\ gZ
djbklZeh]jZntigghbpesyo

Cbkl fZ -€o-Sn. J _amevlZIb ~"hkee*”" _ggy ihljecGt8n kb
ijb fK\ hezZkle ~h 2 . fKa [sevrbf \fellhAgmfm
gZ\_"~_ge+ \ jh380/381@ H[eZkle Jhfh]_gghkle ki@ Bm, hd]j
jhagbggeklv dhfihg _gle\ \ J[egZjgbo kihemdZo g _ ag:
"hkee”  ggyo \klZgh\le_gh skgmkZggy”" &ClBng+a tkdjmdImjt
Ibima,CoSn 1 Z KLo:Sn, kljmdIimjZ ydh]h \e”ibDywe/Ch}Shhi m

Cbkl fRZ-KKSi. IhljecgZ kblWArCsSi kbkl_fZlbggh "hkee”™ ' n
Z\IhjzfB862 f_IhZfbj_gl]_ge\kvdh€ ~bnjZdp+EZ _kildggh€
fedjhkdhliel[eZkle dhgp_gljZpec Pth<klZdh\e-«lgdxggiyyb
liZgbqggb\o j*bghagbg€dez4 kijmdImeij@rbafylbkbeepbfmeZz
\klZgh\ejZogZer _

Cbhbkl fPr-KhGe. >Zge ijh ~hke*”" ggyPrkbiEe fbIh"Zfb
j_gl]l _ghklpmgh]h ZgZeeam ijb\_~ {387@ jh$mke]jZfZ nZ
je\gh\Z] ih[m~h\ZgZ0 ijfiK jbk 142). AgZc”™ _2h | _jgZjgbo
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egl _jf_1ZeenNe\ BgklXéjmdIimjZz ~ey \keo mlI\hj_gbo ]_jfZ
\erhfbo kljmdIimjgbo GBiderfegm \e"L&k®kGeflZ CeCoGe
agZc” _gh kihaemdmPrh€o,Ge,, ydZ djbklZeeam}lvky \ kij
| biTbiFeGernn.

Cbkl fr-Co-Sn. M el _jZImje g fZ} "Zgbo ijh MeZ]jZfm 1
m kbkIPHKKSNn >hkeergbdZgfbe\ e hwdj fe kieZ\bh€rKQgkl_fb
ih\erhfHYky ijh mi\hj_dlgyhljecgbo kihRr@a.Sn.,, PrCoSns;,
Pr;CosSny | 2Pry17/C0s54 55M 15 2

Cbkl fRd-KHKSi. NZah\e je\gh\VZAg ihljecxr kbke\b\gZebk)
ijb 00 fK jbkl14l) azZz "~hihfh]hx j_gl]llg¢bnj&eemsh f Th*m
ihjhrdf89q. Ijb ~Zgec | _fi_jZImje [\m&itZe\lby\e _gh kef ihl
kihemd KgpoagZch ®M\ZI\ _j*0 jhagbgZ hkgh\pgZjgbo n:
NdCoi3,Si; (2,5 "X "4) » 1G&Bi; (1,2 "x "1,8. gnhjm}Ivk¥dh  ijh
dijbklZeeqggm kljbalmp Mi@os,Si, ydb&} | _ljZlhgZevgm klji
ih\ yazZdgmjmdImjdbihfNazZns «aizZjzf _1jZzfb dhf23d{F8110,7763
gf k=114301,1464gf+ ZIlhfg_\ihjy*drhkdhgZ NH,Si.

Cbkl fZNd-Co-Ge. IlhljecgZ kbkl NOLoGe kbkl _Iftzqgh
"hkeer m\ZezZky f _Ih~Zfb j_gl]_ghkljmdIimjgh]JAmZgdda
[404@ M kbkl _fe \klZgh\e_ @oth] ckfZgvZg\gyijbkimfermdZ kde
NdeCosGe,, djbklZeeam}lvky m \eZkghfm kljmdImjghfm Ibie

Chbkl fANd-KhSn. NZah\e je\gh\Z]b cmgechljekINdF«K KN
"hkee” " m\Zebky \ ih\ghfm dhgp_gljZpe&bsImjbgl fHKDe-

ya 6Qijbz fK\bs_ ya 6 QameviZIib ijb\im Ik
[408. M kbkl_fe ml\hjx}IvKkyjgkjgbo kihemd NdCoZarY,
oZjZgbam}lvky agZqgghx hl[eZklx ]Jhfh] _gghkle [hilje
Ijbey]Zxlv ~h h[E&Sre - Nd:Sn oefeqgh g_klecde |[Z
jhadez”ZxIvWdnijb jh[hIb[359 egnhjfmxlv ijh e<kgm\Zggy
Nd;17C0s455Mi153 1] b f K

Cbkl f2mCo-Si. NZah\e ja¥db \ ihljecgec kbiCb-SiijdP
fKImeb ~hkee”" ge \ hkgh\ghfi l&aZmpighdhdE j gl]_g-\
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ijhf_gq411] 1l1lahl_jfeqgbc 7*Zjgleek|l fb\[aZijhihgh\Zgbc pb
Z\lhjzfbjbk14l). <klZgh\e_gh e<kgmiZiggogbo kih&mCoSi,
SmCoS}, SMCoSi, SMC@4Siy s, SMCRSI,, SMCESL, « 6PHR G _jgZjgZ
nZa2€mcCaSi; oZjzZdl_jbamllVvikdihgzdevdgljmdhmja ijhklhjh\h>
JimihMd/mcecme iZjzZf 1j4fBIdBE=07786(1 gfk=11506((2 gf417.

o Sm
1. SmCoSi
2. SmCoSi2
) 3. SmCoSi3
;. Egggassiiv Sm3Co 4 4. SmCo04Si1.6
A 2812 g s 5. SmCo2Si2
3. NdCoo4Si16 6. SmCo9Si2

Q: 4. NdCoSi2 N SmsSi3
MNdsSi3 : . 7.SmCo9Si4
NdsSi4 5. NdCoSi3 SO1

NdC ’ d‘l 2 SmSCmo(i //A
asCos ® .‘\. Sm2Co7 4 =

NdsCo19/4 a9
NdCos SmsCo19
Nd2Co174 Sm2Co17

Co Co2Si  CoSi  CoSi2 Si Co Co2Si  CoSi CoSi2 Si
Z

Gd Si 1. Er2Co17
1. GdCoSi 2. Er2Co7
2. GdCoo04Si16 3. ErCos
3. GdCo2Si2 4. ErCo9Si4
4. GdCoSi2 5. ErCosSi2
5. GdCoSi3 6. Er1-x(Co,Si)s5+2x

6. GdCossSi2s 7. ErCo2Si2

8. Er2Co3Sis

9. ErCoSi3
10. ErsCo4Si4
11. ErCoSi2
, sSis 12, ErCoSi
Va _ 13. Er2CoSi2
GdCos f—=— 14. Er3CoSi3
(G;éléCc_) 15. EraCoSi4
GdzColvo g, 16. ~ErsoCo10Si40
.- LU YA
Co Co2Si  CoSi  CoSiz Si Co 1 23 ErCo2 Er12Co7 Er3Co Er

\
JbKRA41 1l1lahl_jfeqge i_j_ jeab "eZ]jZf khzkd Mo-Col$r(chy b o
SmCo-Si([), Gd-Co-Si()Y), Er-Co-Si()

Cbhkl f28mCo-Ge. >ey ih[m~h\b eahl_jfeqgh]h i_j_jeam
ihljecgh€ kbbBmG®hGe ijb fK> @ Z\lhjb \bdhjbklh\m\Ze
j_gll_ghnZah\h]h « j _gl]_ghkljmdkbjdle]hgZ gg&ébadZjgbo
kihemd GZ \e~fegm \e™ egrbo kbkl _f \klZgh\le_gh ml\h
SmCoyesGeE, SMCOsGE | ZSMCoGes.
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Cbkl f@mKhkSn >ZgZ kbkl_fzZ \dhe_dEb\hf "hkee”*gbde\
[424@ \ h[eZkls ~h ZI 6Q i1j@00If Kia j[Abrajof \feKllhAgmfm
tijb fK jbk1.43. Ijb pbad _fi_jZImjZo ml\hjxxlvky |
klZgene\ KiBm@ud3n., 0ZjZdl_jbam}lvky agZgqghx h[eZklx
(SMC@ 46S5M g5 - SMCQ 305N g4 sh g \dexqgZ} SkCexty, mfeynZab
SmCoSn, h[eZklv Jhfh] _gghkle ijhkly]Z}Ivky ~h ZI \anl
Sm 1gre klZge"b ml\hjxxlvky ijb ihklecghfm kdeZ"e
dhfihg_glm \ [egZjgbo kihemdZo \«*"kmlgy

Cbkl fFu-Co-Si. NZah\e je\gh\KH k| sEu-Co-Si kbkl_fZIlbggh
\b\qgZebkv GZ ~Zgbc fhf_gl \klZgh\e_gh «kEg0as3igds2q, kb
EuCaSi, [427 @ HUICq S, 4[414).

Cbkl fZu-KhGe. >Zge ijh "“hkee”  ggy EklKkKiefhijb
| fi_jZImje fKf_Ih~Zfb j_gl] _ghkljmdImjgh]l]h ZgZeeam ij
[428]. <by\e 2lh jgZjgbo gl _|jh Bulon&y[428 | ZEuC0o,Ge, [428 429.
Mim[esdABEE€Z\Ihjbh\erhfeyx]jmlI\hj glgyfZgHFuBg Ge.

Cbkl fRu-Co-Sn. IhljecgZ kbiEuG&ZSn kbkl_fZlbggh g_ \b\qg
>Zgbo ijh mI\hj _ggy ihbHpmodby kZ}

Cbkl fAd-Co-Si.i M jh[hl«438@ ih[m~h\Zgh eahl_jfeqgb
NeZljBkIZghbkl bGdCoSiijb | _fi_jZImjefKjbklL4l). < [Z]ZIlvh
egrbo im[eedZpZgeamxlvky hdj fe ajZadb gZ ij_~f_ | ml\t
pvhfm ih\eAhfeyijlvkmI\hj gmeyeh]h jyWwYreepb”e\ jeaghfZg
kdeZ"m ”"ey ydbo \klZgh\e ge* djbklZeh]jZneqge i1ZjZf 1]

Cbkl f@&d-Co-Ge Jlahl_ jfeqdbic j¥aZ]jZfb kkddkin fb-CdGe
ijb 600 fK jbkl42) [meh ih[m~h\Zgh azZ “4JhgiihphmzZab\h]
fedhahg”h\h]h ZgR2@ amkbZgh\le _gh mi\h]j_ggy osCof3 g’
KL <&), GdCagGe (CL CeALGy), GACoGe (CL /X0:Siks), GCoGes
(CLYb3sRhSN3), GdCoele, K LCeNiSh *G&R*H KL 7LCh6E KLG
Hf:NioSis), G,CoGe KL £BSi, « 3@Ge KL {NIGe,).
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Kihkl_je]lZxlvkpjhagbgZ hkgh\e [egZjgbo kihem&Rklsk
"ey kiheGadgbl; 1gre [cg2Z9gZglglykl fb-Ca&s*H g ihdZamxlv
ydbo \b~bHfagZha g blkd

1. Pr2Co17 11. PrCo1-xGe3

2. PrCos x=0,136

3. Pr2Co7 12. ~Pr0.23C0021Geo,56

4. PrCo3s 13. ~Pro.285C00,185Ge0.53

5. Pr1Co4 14. ~Pr025C00.15Ge0.6

6. PrsCo2 15. ~Pr027C00,15Ge0,58

7. Pr3Co 16. PrCo1xGe2

8. Prix(Co2Geyis  x=0,1-0,52

x=0,31 17. PrCoGe

9. PrCo2Ge2 18. PrCoo5Gel s

10. Pr2Co3Ge3s 19. Pr117Co52Ge112
20. Pr3CoGe2

Ge 1. GdosCoeGeo
i 2. GdCo2Ge2
3. Gd2Co3Ges

4. Gd3Co4Ge13
ANGd22Gers 5. GdCo044Ge2

6. GdCoGe
dGCZ 7. Gd3Co2Ge3
CosGerf / N\Gda 8. Gd2CoGez

9. Gd3CoGe2

Co GdCo2  GdaCos GdsCo Gd Co \ErCoz EriCox \ EnCo Er
Gd2Co17 dCos Er2Co17-x ErCo2 Er12Co7
GdCos Gd2Co7 Er2Co7
D \

JbK.42 lahl_jfeqge i_j _jeab ~eZ]jZf klZgm ihljecghb
Pr-Co-Ge(a), Gd-Co-Ge( |), Er-C hGe())
Cbkl f&d-Co-Sn. >Zge ijh "hkee”" ggyGdk®dSn ffbo Ih*Zfb

j_gl] _ghkljngdillinj ZgZeeam ijb\_~ gp293. pheh]pZfZ nZah
je\gh\Z] ih[m "h\ZBQ& fKjhbkl.43. Mkbkl fe agZc™ gh kef |_
kihemd a ydbo ihfelgm h[eZklv ]J]hfh] _gghkle 3ARIN&* gea
fz} dM9ZgG®kCos SN , 0 - GZgihk [<gZjgh]lh GBge"r
miI\hjx}lvky I\_jrbc jhagbgGd€elmy "hgyfekim Dh[Zevlsn

0,44280,4436, b = 1,64101,6420, c = 0,43220,4332 ¢f ljb ih”~"Zevrk
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"hkee”  ggyo \klZgh\le _gh sh GdLEZB kihemd¥zZ} nhjfn
Gdi1/C0s6SM12[448].

Cbkl f¥b-Co-Si. 1ahl_jfeqgbc i_j jea "eZ]jZfb KdZgH ki
[meh ij_~klzZ\e_gh[A74]hkkllZgh\e _gh <ki2ri\4dgdygkbeepb”e
|Z \bagZq_gh €0 djbklZeeqgm kIjmdImjm

Cbhbkl fZb-KhGe. NZah\e je\gh\Z]b m ihljetegibeK Hok K |
kbkl_fzZlbggh g_ \b\gZzdkeeah\Zgh jeaghfzZgelgbfb f_II
kieZz\b \klZzgh\e_gh 1Zdh" e<kgm\Zggy | jgZjgbodHhojf
dibklZeeamxlvky m \e~"hfbo kljmdNZjagdkd e 4 HizCo,Ge,

o0ZjZdl _jbam}lvky \eZkmgpgbikljmidfed@ <+ ijhklhjh\hx ]jr
C12/m1.

Cbkl fZAb-KkSn. M el _jZImje \erkmlge ~Zge ijh 7"eZ]
je\gh\Z] m kbKtCdh6n M Jeevrhkle jh[el iIjbk\yg_gbo
dhfihg _gle\ \ pec Kgkdetamxlvky j gl] _ghkljmdIimjgbd f
kieZ\b Ijb pvhfm gzZ~Z}Ivky egnhjfZpey ijh ml\hj _ggy
kdeZ"m «a \e~hfbfb kljmdImjgbfb IbizZfb

Cbkl fZDy-KHKSi. J gl]_ghnEah\ fedjhahg”®h\bc ZgZe-
\bdhjbklZge ijb ih[m~h\ehdbh|_ jreagyg ~eZ]jZfhbKIZdmCd
6L 1j600800 f K[468. lahl _jfeqgibg jeleklblv \ethdl jf |Zeen
DyCog5Sip 5, DyCoSiy, DyCo:Si,, Dy,C0sSis, DyCoSi, DyCo,Siz, Dy,CoSh, DyCoS,
Dy3C0,,Siig * ghilaljec kb e p k'de ZDy80;Si, K ICeCaB,), DyCo 56 Sigas
K ICeNk), Dy;Co,Si; K lLagCo,Sry), DyCoSg K BaNiSny Z 1Z&h}rgZggy
g_\erhdfhkljmdImjh x,@0\Si.

L\ j%jhagbgZ hkgh\e [egZjgbo kihem&RblaZfbhbg\lylc
Dy:Co) 1Z gZ hkighéeplDy8, [meklXgh\leijge*hkee™" gge "eZ
klgmlgreih”\ecge kih&hidibDy-Co-6L gjhyleyxM\o”*bfbbagzZd
jhaqblukd

Cbhkl fZDy-KhGe. IhljecgZ kbkIDyZoGe kbkl _fZlbggh
"hkee” m\ZBIZkvagbo jh[hlZo ijhZgZeeah\Zgh hdj_fes kie
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ekgm\Zdldy | _jgZjgbo gl _jf\ IZgedre djbklZeeamxlvky m
kljmdImjgbo. lbiZo

Cbkl fDy-KkSn >+Z]jzZfZ nZah\bo je\gh\Z] DynKHShkKI _
ithfm~h\ZgZ \ ih\ghfm dhgp_gljZpecg®OOy K@!|_ jXZeSnijbZ
ijb fK[eevr_ Z8n m jh[AYg M kbkl_fehdaZijm¥ ~ gg
_dki_jbf_glm ml\hjx}Ivky niha¢eybydbo \bagZq_ _gZ d
kljmdImjZ KIRgyKhSn , oZjZdl _jbam}lvky g \ _ebdhx
J]hfh] _gghkle Zth \a”h\" eahdhgPpPy gl@Zbhkgh\es €kgtZg gid b
DySn mli\hjx}Ilvky bcjjhagbg \dexqg_ggy h[eZklv ]hfh]
klZgh\blv Zh Kh

Cbkl fHo-Co-Si. E«l_jZImjge *"Zge sh”h eahl_jfeqgh]h i_
klZzgm ~Zgh€ kbkl _fb \e*kmlge M [Z]Zlvho ijZpyo "hke
ijb pvhfm ih\erhfey}Ivklyjipg3megl jf 1Zee"e\ ~ey ydbo
djbklZeeqggZ kljmdImjZ

Cbkl fHo-KkGe. 1gnhjfZpey ijh kbkl_fZlbqgg _ i'hH ke _
kbkl biHo-Co-Ge \e*km.ld¥ jeagbo Z\lhje\ ijhZgZeesah\Zgh h¢
\klZgh\e _gh <kdMm\AZjgdyjghojfZge\ yde djbklZeecamxlvky r
kljmdImjgbo. lbiZo

Cbkl fHo-Co-Sn. >ey kbkIHdoSn "eZ]jZfZ klZgm g_ ih[r
Al*~gh el _jZImjgbm kbdkbofe kihkl je]Z}Ivky nml¥hge"oqd
ijbghfm kihemdZH&CGa&IpsmdjbklZeeam}livky mkledldghjghf
Ibie

Cbkl fEr-KKSi. NZah\e je\ghzZhbjecgc kbkl <Er-CoSi [meh
kbkl fZlbglm\ng_gh m [4p>Z2]jZfZ klZgm pe}€ kbkl _fb il
Ahihfhlhx f_lh”e\ j gl]_ghnzZah\h]h IZ j_gl]_ghkljmdImj]j
fK(jbk 141). >ey g_€ o0ZjZdl_jg_ ml\hj_ggy ”“hklZlgvh
| jgZjgbo kihemd <« I\ _j*"bo jhaqgbge\ gZ hk«gH\ejfegd
ekgm\Zggy \hkvfb | _jgZjgbo kihemd \e"hfbo m el jZ
gh\bo EBI&E: «(C0y4Siy)s.2 ErCoSE, ~ErCoSiy | Z as(CbieSise. DjbklZeeqqg
kKljmdIimjm kbEnRB86,§5i)s2 Yydbc oZjZdl_jbam}lvky agZqg
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]hfh]_gghkle <« djbklZeeam}livky \ kbed)n pgdhim\bldgZ q
f_ Ih~"hf fhghdjbklZem EeyCosSZm

Cbkl fEZr-Co-Ge. Meel jZIMid ih\er*hfey}liyhy*eZ]jZfm nZal
je\gh\Z] m kBkCo6Ge ydZ ih[m~h\ZgZ ijb |00 f K]l «42).
F_IThrzfh_gl]_ghnzZah\h]h ¢ | gl] _ghkljmdlmjgh]lh Zg:
kgm\Zggy | jgZjgbo kihemd 1Z \bsygdbggphklargdqglwv
dhfihg _glm \ [¢egZjgbo kiheBnr@Z cEk®ek Il b pvhfm ebhZzaZ
ErCaGe, djbklZeeam}lvky m \eZkghfm kljmdImjghfm Ibie

1. Sm,Co,Sn
2. Sm,Co,Sn
3. Sm,Co,Sn,
4. Sm,Co.Sny
5. Sm,CoSn,
6. SmCo, ,Sn,
n, 7. Sm,Co,Sn,,

Co _ ==

1. Gd,Co,Sn
2. Gd,Co,Sn,
3. GdCoSn

4. Gd,Co,Sn,
5. Gd,CoSn,

b GdSn, 6. GdCo,Sn,
7. Gd,Co,Sn,,

E D
! U n,

) A/ Z. =)\
Co Gd,Co,; / 1\ GdCo,  Gd,Co, Gd\;Co, Gd,Co Gd
GdCo, Gd,Co, GdCo,

\
JbK.43 lahl _jfeqge i _j jeab ~eZ]jZf klZgMd-QotpncHbo kb
SmCo-Sn([), Gd-Co-Sn( ), Er-Co-Sn()
Cbkl fZEr-KhSn. lahl_jfeqgbg jta "eZ]jZfb klZgm

ith[m~h\Zgbc \ ih\ghfm dhgp_gljZpecghft fdgibj1Z4 \ijb
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kKlZ1149q Ijb |_fi_jZImje ~hkee”  _ggy \byle_gh <kgm\:
kihemd "ey ydbo \klZgh\le _gZ djbklZeeqgZ kljmdImjZ
fZxv ihfelgbo h[eZkl_c ]Jhfh] _gghkKlgZdeggZgge jAgbgyxly
dhfihg_olhkes*gbd3goijb | _fi_jZIndp® fKkbgl_ah\Zgh kih
kde ZBEyiyKBSn, ca kljmdlmjhRylbKrigSn,.

Cbkl fZTm-Co-Si. IhljecgZ kbkITLoSi kbkl _Iftzqgh g_
"hkeer m\ZezZky GZphdhipefbkv ~hkee”" ggy gZ ij_"f_
| jgZjgbo kihemd <« ijb pvhfm \by\¥) gbecphbm\Zgggy
\klZgh\e _gZ djbklZeeqgZ kijmdImjZz

Cbkl fZm-Co-Ge. >Zge ijh ~“hke*”  ggylnk®kGeftb Ih"Zfb
j_gl _ghkljmdIimjgh]h ZgZeeam ijb\[499g° >\ Z[nZlhZs nZal
je\gh\Z] ih[m~ "h\BeZf KPAgZcM2dhjgZjgbo gl _jf_Ieee"ydb
\klZgh\e _gZ djbklZeeqgZ kIjmdImjZ

Cbkl fAm-KhSn. M el _jZImje g fZ} ~Zgbo ijh "eZ]j
je\gh\Znkb k|l Tm-KSn ;mebhZgZeecah\Zge hdj fe kieZ\b « if
ijh mIi\hj fogyjeclgokihemd

Cbkl fAb-Co-Si. >ey kbklYbECoSi \e*kmlgy egnhjfZpey
ih[m~h\b eahl_jfeggh]hMi jh[hBa8&® \klZghle _gh <kgm\Zgg
YbCo,Sh, ydbc djbklZeeam}lvky \ kljmdAbGa h Zm\ [bnq ekedBF p « €
ih\erhfey}lvky ijh mIRbeeghs@oSi, ca kljmdlmjhkud@oy8h,.

M jhpe Z\Ihjzfp5x]Z2bgmhjfm}lvky ijh kihend@o ke * m

Chbkl f¥Yb-Co-Gee M mm[esdZhk&«"gp@3\ijb\ "~ gh eahl_jfec
i _j_jea "NeZ]jZfb kl1QniKiMo pec kbkl_ fe ih\erhfey}lvk8 ij
| jgZjgbo ] _jfZge”e\ 7~ey ydbo \bagZq_gZ djbklZeeqgZ ¥k

Cbkl fzZYb-KhSn. IlhljecgZ kbkIYHFKKn kbkl_fZlbggh
"hket " m\Zedkhys "hfey}lvky ijh ml\hj_ggy nZapdgjgblobkl _
\eNjeagy}lvky \e™ ihi_j ~gvh hibkZgbo kbkl_f a heh\hf
hibkmxIvky nhjfYb£5,8m; Yb;CoSn.

Chbkl fZu-Co-S. M ecl_jZlImpskmlgy egnhjfZpeyeZhZhb
nZah\bo je\gm\’Zdgec kbklJfagbfB\IhjZzfbh\erhfey}lvkly
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mI\h] gdyjgZjgkohemgdbghfmeeagbmZjZdl jbambhighgesggh
kiljmdIimjhxdjbklZeeamxhwleyY kglkdjmdImjgboZ oLusCoSiys |1Z
Lu,CosSis.

Cbkl fFu-Co-Ge. NZah\je\gh\Z]b m kb&obGe kbkl_fZlbqgg
"hkee® m\Zebkv m jh[hle > @ lahl _jfeggbc i_j jea "
Ijb fK A]e*gh el _jZImjgbo ~Zgbo m kbkl_fe kih
1_jfZge"buCorgsGey15 LUCO66GE 35 LUuCossGe, LuCoGe LuCoGe,
LuCosGe;, Lu,CoGe, LuCoGes | ZLusCo,Gey yde djbklZeeamxlvky r
kljmdImjgbo IbiZo

Cbkl flail-Co-Sn. 1ahl_jfeqgbc i_j jea "eZ]jZfb UutXdgdm Kk
ijb600 fKO50 ZI Sn 1Z i40 fK[eevr0O Zl Sn ih[m~h\Zagb
jh[h1Z[880 381]. Ih\er*hfey}lvky ijh \klZgh\e_ ggy lekg@mhj\gmc
egl_jf_1ZeeMe\ifytbya gbo \bagZq_gZ djbklZe-«qglh i Spmd]
LuCoSn, LugCo,Sn LUCosSrs | 2.usCo777.Sny). Mim[eed B3pS€cgnhjfm}lvky i
mI\hj_ggy ijbjlZlimj«00 fK _jgZjgh]lh kILagAoHSng 3

1222 Kbkl _REi-M (M=Si, Ge Sn)

DjbklZeeqgZ kljmdImjZ ihljecgbo kbeepb”e\ GedfZzge-
ijb\_~Zg~rh~rZ1dhz [\b p8.3.

Cbkl flAa-Ni-Si. NZahjssagh\ZJbhljecgec Kb KII-Siijb f K
[meb ~hkee”” ge aZ "hihfh]l]hx f_Ih”e\ j gl] _ge\kvdh€
ZgZeeam kdZgmxgh€ _e _dljhggh€ fedhigk’hA he]§) fedgh d b
jh[hls512@ =+ ij "klzZ\ejlglldgZ Ijb pec | _fi_jZImje ie"NI\_j
kp\Zggy ihljecgbo kihen&ZidbkbfZevgZ jhagbggeklv \
klZge 6L \ LMk, LdNlis « LOL6L klZgh\blv [ebavdh
\erih\ergh DeevdZ ihljecgbo kihemdepif\hjxxdh kKipe 4/idle f|
[mib \bjZ" g+ yideddD dsls, LaNigggsSis 246 * / D7kbsSis 265

Cbkl flka-Ni-Ge. Jahl_jfeqgbc i_j_jea |jbdhtithig __ glleghi€
GeazZ | _fi_jZImjf K"hkee m\ideihZ[pt7 f _|hZfbj _gl] _ge\kvd
ithjhrdh\hW8njZdp+€ I|hjhZgg@edZd kdZgm& _e dljhegighkdhi-e




jbkl4H5. <eg kdezZ”"Z}Ilvky a
h[eZkl &kgm\Zggy \hkvfb
LasNiGe,, LagNisGe,, LaNiGe;,
feN |\

*% \eZ'lih\ "

h”~gh
ihljecgbo
LaNiGe,, LaNi,Ge,

| fijZImje
klzgh\lfebavdh

La

[meh

gh

. La1aNieSin
9. La1sNi4Sii3
10. La7Ni2Sis
11. La2NiSi
32 12. LaoNi2Si3
13. LaNiaSi
14. LaNioSi2

MSi:

N\ NiSi
T\nbl’

LU
NiNdNiv7/ | \NdNn- NdNi

NdNis [ NdNi3

NnSl

_JFZdakbfZejhgaqgbgg«ddWwW Ni

,g‘j/f— \NdSn

/ B\
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nZagbo
Kih&N@e, Fa;KiZGe;,
La(Nio,¢Gey 1)13
e LaNis

1. LaNi11.6-955114-35 o
2. LaNis8-84Si42-46 l EST‘:“IMZIN

3. LaNi78-6,55152-6.5 2. NdNissSi4s

4. l.:N;:;i‘:‘ n 3. NdNi7,6-6,6Sis54-64
5. LaNiSi2 ~_l NdN!JS!

6. LaaNiSi3 | 5. NdN!:§1:

7. LaNiSi Mflgl/w NdSii s 6. NdNiSi3

8

7. NdNiSi2
8. Nd3NieSi2
9. NdNi1.aSioe
10. NdNiSi
11. NdNi0,75-0,59S11,54-1 38
12. NdNi1,1Si04
13. Nd2NiSi
\ 14, NdeNi2Si3
\ 15. NdNio,17-0,43Si0,83-0,57

\
—

/NdNi | Nd

Nd7Ni3

"hbdac

ijb pec

NmSmT\l Si Nd2Ni7
Z
Si
A I. GANi10Si2 11. GdNiSia
71N\ 2. Gd2Ni60-128Si1,042 12, Gd3NisSi
yalR 3. GdNisSi3 13. Gd3NieSi2
/ ‘ \ 4. GdNisSis 14. GdNiSi
\ 5. GANi7,0-66Si6 15. GdNiSi2
N\ GdSin 6. GdNiesSi6 16. Gd2Ni2,35Si0,65
= /N 7. GdNi4Si 17. GdNi0-0,8S11,76-1,2
7 / 8. Gd3Ni11.5Si42 18. Gd3NiSi2
) - 9. ~GdaNisSi3 19. Gd3NiSis
10. GdNi2Si2 20. GdeNi1 66Si3
Ni l/ | GaNiz GdNi GdaNiz GANi Gd
GdNirn/  |GdNis
GdNisGdNiz
\
JbK44 lahl_jfeqge i_j _jeab ~eZ]jZf klZgm ihljecghb
La-Ni-Si ( Z, Nd-Ni-Si (), Go-Ni-Si ()
Cbkl fZa-Ni-Sn. M im[e-dBRBR€ijb\_~ gh eahl_jfeqgbc

NeZljZfb klZgm ~Zgh€ kbklfkb< igrc mi\hjx}Ivky I
egljf _IZes»NaNisSn LaNisSrnp, LaNi,Srp, LaNiSrp, LagNiSry, LagNio Sy,
LaNiSn ¢LaNiSns a g _\**hfhx kljmdimjhx GZ hkgh\es l[aNiZ]g
mi\hjx}lvky I\ _j~bc jhagbg aZfes_ggy ijhlysngeA|x g ~Z{

_ic
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jh[hIp380@ \ h[eZkle laf \\dkkIhEZglZgm mliI\hjx}Ivky klZg-
LagNizsSnys sh djbklZeeam}livky \ kljmddBajghfm Ibie &U

Cbkl fK-Ni-Si. NZah\e je\gh\Z]b m \bs_a]JzZz~Zgec kbkl _f
\ h[eZkle- ZI K\ jh§39.e< pec h[eZkle agZc”™ _gh
kbeepbfi\ j*eghgbgb gZ hkgh\e [egZjgbo kihemd g_ kihkl_

Cbkl fE-Ni-Ge. NZah\e je\gh\Z]b ~Zgh€ kbkl_fb6dd [frK"h
jbk145 m ijZps0@ aZzZ ~"hihfh]Jhx f_Ih”~e\ j gl]_ghkljn
j_gl]l _ghnZah\h]h E®pZEeefas\ZImj¢iZem ml\hjxxlvkhecgbo
] jfZgene\ [Yeewrhklypddbo \bagZq _gZ djbklZe+sqgZ kljmdImj

Cbkl fZ-Ki-Sn.J_ameviZlb “"hkee”" ggy ihljeaNgB8ikib k|
400 f K\ ih\ghfm dhgp_gljZpecghfmZygl pidde-d 54 M
kbkl feklZgh\e _gh <kgm\Zggy |_jgZjgbo KiMigBnd,
0ZjZdl _jbam}lvky agzZklghkhh gghlklpf -~ ghx kdeKNiBibe
K Nig 335n >ey kKlZgKMiSn, o0ZjZdl _jgbf } iheefhijnec
\bkhdhl_fi_jzZImjgZz fhrbnedZpey ae kljriaBaBgh x ¢ |l
gbavdhl _fi_jZImjgZ «a kljrmaPb@¢H5dbim

Cbkl fRr-Ni-Si. M el _jZImje g _fZ} ~Zgbo ijh ~eZ]jZfm 1
m KkbkIPANI-Si. >hkee*gbdZfb ZgZeeam\Zebkv hdj_fe kieZ
ih\erhfey}lvky ijh ml20jilgigycgbo kithe ijbghfm Ijb -a ¢
PrisNi;Siyo, PrigNigSiyy | PNi-Siy djbklZeeamxlvky m \eZkgbo kljmd]l

Cbkl f2r-Ni-Ge. >Zge ijh ~hke*”  ggyPri-lce fblh"Zfb
j_gl] _ghkljmdIimjgh]l]h ZgZeeam ijb\Ss8d@e+ XA<ZhNflZ nZ:
je\gh\Z] mifh\ZgZ GQifF K\ h[ez@s ZI1 P 1Z ijb fK  h[eZkle
(50- Z1 Pr). ljb | _fi_jZImjZo ~“hkee”" @@y rhth jgZjgbo
egl _jf _1ZeenNe\ BklXéjmdIimjZ ~ey \keo mlI\hj_gbo ] _jfZ
\erhfbo kljmdImjgbo IbiZo

CbklfZ Pr-Ni-Sn. IhljecgZ kbkIPfXi-Sn kbkl_fZlbqggh
"hkee”" m\ZeZky Ih\erhfey}lvky 1Qhl_fgoXhgbopgywT}*gZgv
kbkl fzZ \e~jeagy}lvky \e”N ihi_j ~gvh @iklkZZggnbdyf&pkd Kl x
KihemRiNigSn ydZ djbklZeeam}livky \ Kij8ndNiglng hfm
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Cbkl fRd-Ni-Si. NZah\e je\gh\Z]b \ ihljecgeeNiktlk!|[rheel
"hkee""ij@pe00 fKO- ZI 1G <409k K50 Zl 1GjbkL.449 az
Ahihfhlhx j_gl] _dhkbdpZzaemgeh]hi_ITh* mhjhrdf®67]. Ijb ~Zgbo
| fi_jZImj206iZemeh \by\&5 ghljecgbo kihémyl [eevrhkle a
\klZgh\e _gZ djbklZe+sqg® kijpeddFGpdeE sgnhjfm}livky ijh k&
kdeZ"MdgpNiyerSisy | Z NdgNipgeSis yde 0ZjZdl _jbamxlvky
kljmdImjgbfb IbizZfb

Cbkl fZ Nd-Ni-Ge. I|hljecgZ kbkl N&ENi-Ge kbkl_fZlbqgg
"hkeer m\Zezky f |h~Zfb j _gl] _ghkljmdImjgh]hb AgZ erman
jh[hI®58@ M kbkl fe \klZgh\e Qh pfkZggm?Z\g giy byenykirh e im d
Ijb[ebaglkjde ZNNiI;Geg kIjmdImjXbggZq gZ

Cbkl fZANd-Ni-Sn. NZah\e je\gh\Z]b m ihljecgNENi-Bbkl_
"hkee” m\Zebky \ ih\ghfm dhgp_gljZpe6@hfiKD-+glZI1j\Z Qi
1 Zijb500 f K\bs _ Zl n6Q@IzZbIIR] > ah[jZ  _ge dA46jMk kbk| f
mIVhjx}IvIByl_jgZjgbo kihemMNdNNB@aZ oZjZdl_jbam}lvky a
hleZklx Jhfh] _g@Bkhkgh\e [¢gZjghMdNidhK makhs) mI\hjx}Ivky
I\ _j~"bc jhagbg aZNdBisgayijhly geklx "~hZl 6Q@haqgbggh
lj _Ivh]lh dhfihg_glm \ egrbd&iithe'medyfydkoihkl je]Z}Ivky

Cbkl fZSmNi-Si. NZah\e je\gh\Z]b \ ihljecgec -NidBk| 1
kbkl _fZlbggh g_ \b\gqZebky >hkee*"gbdzZfb \KIZghVYggbb
kbeepb”e\ ~ey ydbo \klZgh\e_gh djbklZeeggm klIjmdImjn

Cbkl fZAmNi-Ge. Ee<l_jZImjge ~Zge ijh kbkl_fZlbggy
ihljecgh€ kb&hNikGe \e*kmIGZmdh\pyfb \by\e ghl pjedbijghyp
] jfZgerdybghfnZa\gb®mNiGe | ZSmNkGe;- djbklZeeamxlvky m \
kljmdImjgbo. lbiZo

Cbkl f@mNi-Sn. >Z2gZ kbkl_fz \dhe dgEZb\hf "hkee~gbde\
[580@ \ h[eZkle ~h ZI 6Q ij@d0If Ki ajZ4eyebf \fekllBAGmfm
tijb fK Ijb pHdofi_jZImjZo miivkjgeebc jlyjgZjghd a‘ ey
N kylb a ydbo \klZgh\e _gZ djbklZzZ2qgkgklpm[igZjjgh€ |
SmNis \klZgh\le _gh e<kgm\Zigdgyh jhaqbgm aZzZ%mblisgSny
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ijhly geklx ~hZzZl 6Q< im[esdBffe€gnhjfm}lvky ijh ml\h
gh\h]h klZge”nsnkMi8iZ." m

Cbkl fEu-Ni-Si. NZah\e je\gh\ERkI fEWNI-Si kbkl_fZlbggh
\b\qZebkv GZzZ "~Zgbc fhf_gl gmXgiybekpbkr\hkeergbdz
\klZgh\e _gh sh KkihemBEulNi8ideddmklZeeam}lvky m | _|jZ
kbgl]hge€ m \eZkghfm kljna8imjghfm Ibie

Cbkl fZu-Ni-Ge. Kbkl_fZlbgg_ "hke<”" gdyNkB&I[nie h
Ijh\_~ _gh \ jopOle <klZgh\ekgm\ZggyjfZgenre\ ~ey ydbo \k
djbklZeeqgZ kljmdImjZ

Cbkl fRu-Ni-Sn. IhljecgZ kblEuNEZSn kbkl_fZlbggh g_ \b\qg
M kl1Z1891]>gZmdh\pih\b*hfey}lvky ijh miI\hj_ggy ~\ho | _jg
EWNi1 35505 | ZEWNI; 40STE.

Cbkl f@d-Ni-Si. Kbkl mGd-Ni-6L [meh ~“hkesPh[lgim92@ ijb
800 fKazZz “~hihfh]lhx jegdVdfpihfedahhg”rh\hdbZerajbkl.44.
leA\ _j~° _gkhgm\Zggy \erhfbo kihe®dNiShh BdNigSis, GdNisSis,
GdNi;Sis, GdNiSis, GANySi, GdNpSh,, GdNiSk, GkNigSi,, GdNiSi, GdNiS;,
GdNig 4Siy 5, GNi2 355ip 65, GANISi;, GAENISiz ¢ *Wii6;Sis. Djef IThlh i ylv gt
nZa [mé _glbnedh\\ppgc kbkl fe Djklgedimjey ghlbjvho a
[meh \bagZqNauk»sSiG, (K LThyZny7), GdNieSie ( K LGANi;Sig), G&NigSi
(KLY3Cos6L  *3NifsSis, (KLGKRWGa,). Kbeepltie i* GANiLSi; “hke
aZebrZ}lagy\**hfhx kljmdIimjhx DVaabtgZfe jhaqgbgb |
\by\le ige800 fKgZ hkgh\e [¢gZ]gGuNgj BdMi,dGdNp, GdNi, GdSh *
GdSkez \ lhc_ qZk "h~rgh€ ihfelgh€ jhagbgghkle g_ kihkl _
[*gZjghd &bkl _fb-NiG&i.

Cbkl f@d-Ni-Ge. NZah\es je\gh\Z]b mGdhb&e kibkl_ fZlbggh
\b\qgZebkyv GZ ~Zgbc fhf_gl \klZgh\&_dghjf2ggm\Zgyg
dipklZeeamxlvky m \e~"hfbo kljmdImjgbo IbiZo

Cbkl f&d-Ni-Sn. >Zge+ ijh “"hkee”" ggyGkhiiGn fb Ih*Zfb
j_gl]l_ghkljmdIimjgh]l]h ZgZeeam ijb\599.g>A]jdfihlnZah
je\gh\Z] ih[m~h\ZgZ \ ih\ghfm dhgglgjl\Zigkd&&gh ffrK jbk
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146). M kbkl _fe agZc”™_gh | jgZjgbo kihemd a ydb
]hfh]_gghkle \a”h\" eah dizZgyh eglg 2AiZE&0:Nig SN, 0 -0,25).
GZ hkgh\e [€gKilgd@dNg mI\hjx}Ivky I\ _j*bc jhaqbgGdNisfes
Snijhly geklx ~h RKilgmfmlJhagbggZkilveeg&dSn klZgh\blv
Z| GdkSmy | ZGdNiSnp 75 £f _gr Z|

Cbkl fZb-Ni-Si. >ey kbkITHDi-Si ~«Z]jzZzfZz klZgm g_ ih]Jr
<klZgh\e _gh <skdM\ZggXjglkdeepbtZ\ \bagZq_gh €0 djb!
KljmdImjm

Cbkl fZIb-Ni-Ge. NZah\e je\gh\Z]b m ihljecglteNi-Gbkl _
kbkl _fzZlbggh g_ \b\gZzdkeeah\Zgh jeaghfZgelgbfb f_ Il
kieZ\b \klZgh\e_gh <Kgm\yphigbo | _jfZgetybkhZecamxlvi
\e hfbo kljmdImjgbo IbiZo

Cbkl fZb-Ni-Sn. M el _jZImje \e~rkmlge ~Zge ijh N"NeZ]]
je\gh\Z] m KkbKINiESN M J[eevrhkle jh[el ijbk\yg_gbo
dhfihg _gle\ \ pec kbkl fe ZgZeeamxlvky j gl] _ghkljmd
ajZadbjb pvhfm gZ~Z}Ivky egnhjfZpey ijh mi\aghdgdgelgk]
kdeZ"m <a \e~hfbfb kljmdImjgbfb IbizZfb

Cbkl fZDy-Ni-Si. J gl]_ghnBEah\ fedjhahg”®h\bc ZgZe-
\bdhjbklZge ijb ih[m~h\ehdqbh] jtaquy "«Z]jZfbbklZ fjlmaNi-Si
ijb800 f K613. Ale~gh "Zgbo pe*}€ ibhkllefdZiplk€b k\e*hfbo Kkihe
DyNiy0Si;, DyNisSis, DyNigSis, DyNisSi, DyNi,Si,, Dy>NisSis, DyNiSi;, DysNigSiy,
DyNiSi,, DyNiSi, DysNiSis, DysNiSi; ¢ gh\rZabyNigsosSiis12 (KLAIBY),
Dy,Niis2.141Sh g29 ( K LThyZNg7), ~ Dy11NigsSizg, ~ DyigNig2Si, g _RYhfe kljmdIimj
DyNi;Sis (KL GdNi;Sig), DysNigSi (KL CeCaosSi), DyNiL,Si (KL YPdSI), ~
Dy4oNig7Siiz © a eNiSiz g \endkiljmdIimijb _j¢jhagbgmeb \byle g-
800 fK*ey+*gZjgbo kibyMng DyNis, DyNi;, DyNis, DyNi,, DyNi, DySi *
DySihe;. >ey egrbo [egZngbdhkee” m\Zgh€ kbklihfkd je]Z}Iv
jhagbggtkliwh]h dhfih,g_glm
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1. LasNiGes 1. NdoNiz
S 2. NdNis

2. LaiNisGes e
N 3. NdaNi7

3. LasNiGe2 4 NdNi3

4. LasNisGes

5. La2NiGes

6. LaNiGe2

7. LaNi2Ge2

8. La(Ni09Geo,1)13
9. Ni3Ge

10. Ni2Ge

11. NisGes

AN 12. Ni1oGe12

M\ LaGess 13.NiGe

5. NdNissGes,s

6. NdNi2Ge2

7. Nd2Ni3Ges

8. NdNiGe3

9. Nd2NiGes

10. NdNi1-08Ge2-22
11. NdNiGe

9 12. NdNio6Ge1 4
2UES 13, NdaNiGez

/«L ] SN W SN
Ni 9 101112 13 Ge

1. CeNissGeas  11. Ceo47Ni0.13Geo40

2. CeNi2Ge2 12. Ce2NiGe

3. Ce2NiGes 13. CesNiGe2

4. Ce2NiGeo 14, Ceo,50Ni0,08Geo .42

5. Ce2NiGeo 15. Ceo0,50N10,04Geo.46

6. CeNiGeo 16. Ce1NiaGeo

7. CesNi2Ge7? 17. Ceo,52Ni0,08Geo40

8. CeaNiaGea 18. Cen,55Ni0,14-0,25Ge0,31-0,20
9. CeNiGe 19. CesNi2Ge

10. Ce(Ni,Ge)2 20, CesNiGe2

(L LLL Lt LLL L o
Ni  CeNis/ | CeNi2 CeNi Ce7Nis Ce
Cc:N/i7 CeNi3

\

JbK45 1lahl _jfeqge i _j jeab "eZ]jZf klZgim-NnrGe(cfybo kb
Nd-Ni-Ge( [), Ce-Ni-Ge()

Cbkl fZDy-Ni-Ge. IlhljecgZ kbkIDy-Ri-Ge kbkl fZlbggh

"hkee m\zZBIZkvagbo jh[hlZo ijhZgZeeah\Zgh hdj_fe kie
ekgm\Zdidy | _jgifybo gl _jf 1ZesNe\ yde djbklZeeamxlv
kljmdImjgbo. lbiZo

Cbkl fDy-Ni-Sn. >¢Z]1jZfZ nZah\bo je\gh\Z] DmNi-Bb k| _
ithfm~h\ZgzZ \ ih\ghfm dhgp_gljZpecghfnf Kg50 jA ReSnijbZ
ijb fK[eevr0O ZI Sn m jh[61gd ™M kbkl _fe aZ mfh\ ijh
_dki_jbf_glm mli\hjx}lvky nihajeegbgdbo \bagZq_gZ d
kljmdIm&Z hkgh\e [egZjgh€DyNihemvdbjx}Ivky I\ _j~bc jh
aZfes _ggy ijhly geklx ~hSn ZdZ hk®ySm = I\ _j*bc jhaqgh
\dexqg_gyyWNiSn (Mh ZI| Ni). KihemOyNiSny ea kljmdImjhx |
Lu,NiSns ekgm} ijbf K
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Cbkl fHo-Ni-Si. E«l_jZImjge ~Zge sh”™h eahl_jfeqgh]h i_
klZzgm ~Zgh€ kbkl _fb \e*kmlge M [Z]Zlvho ijZpyo "hke
Ijb pvhfm 4thfey}llvky ijh mli\hpgdggpM [Zeere\ "~ey ydbo |
djbklZeeqgZ kljmdImjZ

Cbkl fHo-Ni-Ge. Kbkl fZ-Ni-RH [meh “hkerjb80Qfike “h a
ZI Ho m jh[hEdd azZz ~hihfhjfhxh”e) gl] ge\kvdh€ ~bnjZz
fedjhZgZeémhamogeDfe\hkvfpZger\erhfbo kihkddd o HotlisGe;
(KLYNIisSk), HONib,Ge, (K LCeALGa), HoNiGe; (K LCeCuGe), HONIGeg (KL
SmNiGe), HoNig,06Ge ( K LCeNiSh), H0z7.34Ni6 24565742 ( K LAIB,), HONiIGe (KL
TiNiSi), HosNiGe, ( K LLasNiGe, ihljecgZ kbhkelklfdv ghlbjb qiz\bo
HosNi11Ge (K LSgNi11Gey), HONiGe, ( K LErNisGe), Ho:Ni,Ge; ( K LHf3NiLSi;s ¢ a
HosNi,Ges g _\e"hfZ kljmdImjZ

Kihkl_jehEemI\hj gldyj~bo jhaqlblggh\e kilHehig, HoNis,
HoNi;, HoNi;, HoNi,, HONi |ZHo,Ge;. >ey rlgo [egZjgrbdag  \by\eh
jhaqgblikdlj Ivh]lh dhfihg_glm

Cbkl fHo-Ni-Sn. >ey KkbKkIHOMNi-Sn *eZ]jZfZ klZgm ih[mA~l
klZ11p25] az | _fi_jZIimjb fKe ij _~klzZ\e_gZ gZ46jbKR]e"gft
eel jZImje6BEgbm kbkl _fe kihkl _je]Z}IvkyYy kA ggyyd o
0ZjZdl _jgbHkjlebgkdezZz"

Cbkl fEr-Ni-Si. J _amevlZlb ~hkee”" gv nZah\bo je\gh
kbkl_ &Ni-Si ijb | _fi_jZImje fKijb\_~ g \ jH6DQe >ey g_
oZjZdl _jg_ ml\hj _ggy | jgZjgbo kihemd yde"kfbél
kljmdImjgbo IbiZo < "~"Zgefmeh[eadRpj€ gh <kgm\Zag
\erhfbo jZger_ |Z agZc’'ErNdi¢ySisgsh\ m

Cbkl fZr-Ni-Ge. M el _jZImje \erkmlge 2Z4gyZiph nZah
je\gh\Z] m kiEkNi-Ge M [eevrhkle jeaghfdelglzdpeth”Zfb
j_gl]l] _ghnzZah\h]h « j gl]_ghkljmdImjgh]h ZgZeesa+\ "hke
ljb pvhfm \by\E dhjgZjgbo kihedndoZzZjzdl _jbamxlvky \
kljmdImjgbfb lbiZfb
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Cbkl fZEr-Ni-Sn. 1ahl_jfeqgbc i_j_jea "eZ]jZfb klIZ
ih[m~"h\Zgbc \ ih\ghfm dhgp_gljZpecghf f| kiNZIfgPHi]b
ljb | _fi_jZImje "hkee”" _ggy \by\e8 ghjoXxgpboZ gglyemd ~"e
\klZgh\e_gZ djbklZesqgZz klIjmdimjz <kml\ihjlxxdgky kIt
ihklecghfm kdezZ"e

Sn 1-Nd, Ni Sn Sn I - Gd,,Ni, Sn
2 - Gd/Ni,Sn
3 - GdN1Sn
4 - Gd,Ni,Sn
5 - GdyNi-Sn,
6 - Gd;NiSn,

7 - N, NigSn o 7 - GdNi;Sn,
& - NdNiSn 8 - GdNiSn
9 - NdNi Sn, 9 - GaNi,Sn,

10 - N, Ni;Sny; 10 - Gd,NiSn,
11 - NdNiSn, 1 ':l‘" 11 - GdgNi, Sne
12 - Nd;Ni,Sn, NisS ST 12 Ganisn,
13- NdNis 80, PN 13 - GANiy Sns 44

/ 14 -GdNiSn,
4 =2 /
- A/A’R\‘\ A\ ¢ AN
Ni N&Ni; N&pNi Nd NI/ GiNig| Gd

Nd,Ni, NaNi; Gd,Niy;  Gd,Niy GdNig

] 1 - HogNi,Sn - Lu Ni,Sn
1\ Ho,Ni,Si - LuyNi,Sn
' 3 -H(L“li,S‘ﬂ 'L“Ni§S“
4 - HoNi,_Sn - LuNiSn
5 - HoNiSn - LuNi,Sn
6 - HoNiSn, g - :.u:Ig.Sn
7-HoNiSn; Yooy
8- Ho,NiSn, 9-LuNiSn.
10- Lu,NiSn,

y -/'/ .’/ ) o = &
I =) Ni  /LuNigh \(LuNi;  LuNi LugNiy LuNi Lu
Ni /HoNiy \{ HoNi,  HoNi HoyNiy HosNi Ho LuNij; LuNi, LuNi,

Ho,Ni\>  Ho,Ni, HoNi,

\

JbK.46 lahl_jfeqge i_j jeab neZ]jZf klZgMd-NidGachHhbo kb
Gd-Ni-Sn( ), Ho-Ni-Sn( ), Lu-Ni-Sn()

Cbkl fZTm-Ni-Si. IhljecgZ kbkITmANi-Si kbkl_fZlbggh
"hkee m\ZeZkydh\pyfb ijh\h*bebkv ~hkee”" _ggy 9Z ij.
| jgZjgbo kihemd <« ijb pvhfm \by\8 Iglhe cpkiayym\ Z g'gey
\klZgh\e _gZ djbklZe+sqgZ kljmdImjZ

Cbkl fAm-Ni-Ge. >Zge ijh "hkee*”" _ggyTnkKikde fflo Ih"Zfb
j_gl]_ghkljmdIimjgh]l]h ZgZeeam ijby{631 ge>Z]jBEfHI*nZal
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je\gh\Z] ih[m~h\z6pa fiKbAgZc”_gh ijb pec |_18B |jZjlggprgbo
gl _jfZeenre\ 7~ey ydbo \klZgh\e _gZ djbklZe+sqgZ klIjmdIm

Cbkl fZAm-Ni-Sn. M el _jZImje g _fZ} ~Zgbo ijh 7"eZ]j
je\gh\&A] kbkITni-Ni-Sn ;mebhZgZesah\Zge hdj_fe kieZ\b < it
ijh mi\hj &gy jeclgokihemd

Cbkl fADb-Ni-Si. >ey kbkbYb-Ni-Si \e*kmlgy egnhjfZpey
ih[m~h\b eahl_jfeqgh]lh M [pejvamkle hijZpvh\Zgbo jh[el
j_gll _ghkljmdImjgh]h ZgzZwZeimk?htkejfe ajZadb >ey \ke
kbeepb”e\ \bagZqg_gZ djbklZeeqgZ kljmdImjZ

Cbkl f¥Yb-Ni-Ge. 1ahl ejfgbc i_j _jea "Z]jZfb klZgm ~Zgh
ih[m~A"h\ZgHODjlh K634. | h\«~hfey}Ivky ijh kbgl_a ijb | _fi_jZI

| jgZjgbo ] jfZge"e\ ~ey ydbo \bagZq_gZ djbklZeeqgZ

Cbkl fZYb-Ni-Sn. lhljecgZ kbkIYH-Ri-Sn kbkl_fZlbqggh
"hger" m\ZeKy~rhfey}lvky ijh mlI\hj_ggy l._}d D)L blob klZ .
\eNjeagyl}lvky \e™ ihi_j ~gvh hikkkdgiomfigikd\dgeklIx kihemc
hibkmxlvky nhjfYos#NL$Sho, YbNio,Sn ¢Yb;Ni Sy

Cbkl flAI-Ni-Si. M eel_jZ\ntjltmIgy egrlyjshprmzZ]jZfb nZah'
je\gh\BZgec kb.kG Zfe[seMr\gkbk| EZNi-Si hibkZygjph[hl[e43.
Mgec ih\eAhfey}lvky ijh aZlZevgh\e"hfbo kbeepb”e\ [Z
af}”gdgNiSi KITiNiSi), LuNigg:Siize KIAIB, 1EUNiSi; K ISmNIGe;).

Cbkl fZu-Ni-Ge. NZah\e je\gh\Z]b mLuiNiee Kbkl fZlbqg
"hkee® m\Zebkv \ oegh{dle A}e~*gh el jZImjgbo ~"Zgbo
Kihkl _je]Z}Ivky mlI\hj_ggy LUNi{zfeZ d uNmGe,, LUNiGe;, Lu,NiGes,
LuNipsGe, LusNijjGey, LuoNigglSes14 LUsNi,Ge, LuNiGe, |1Z LuNisGe;, yde
djbklZeeamxlvky m \eAhfbo kljmdIimjgbo IbiZo

Cbkl fRu-Ni-Sn. 1ahl_jfeqgbc i_j_jea "eZ]jZfb lu-KigSn Kkl
1jb500 fKO50 ZI Sn |1Z i490 fK [eevrO ZI Sn ih[m~h\Zgbc
im[eed{M8E » ah[jZgbc gZ 3j#&k Ih\erhfey}lvky ijh \klZgt
kgm\Zgagy | _jgZjgbo gl _jf_|Zees”\60Lr dneerh \k | B pHive _
sh kihemdZ ijbLudpENSn; djbklZeeam}lvky m \eZkghfm |
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IbieLuNiSn, » 0ZjZdl_jbam}ivky fhRiredhmZ gk x Kdeiisms
\eAih\eAZ} KIENESH +a kijmdIl meCuAL649.

1.2.23 Kbkl _RBCuU-M (M=Si, Gg Sn)

DjbklZemkiigmdimipljecgbo kbeepb?e\ ] jfZge/Driiljzn fkhz
ijb\_~ ghhzldhz[\bp84.

Cbkl fXa-Cu-Si. NZah\e je\gh\Z]b \ ~Zgec kbkl_fe kb
\b\gqgZebkv GZc[eevr ih\gh ijh mlI\hj_ggy ihljecgbo kihel
[65. AgZc”_gh gh\m |_jgZjla@u 140665k 83102 KL DThSh),
e\ _jA" _gh ekgm\ZgghaduSh elfndiBeSi " ekyb e e p haGu 6Si; 33
K AIB, \byle gh agZqgm hl[eZkltaChkkSgglskleJhaqbggel
lj _lvh]lh dhfihg_glZ \ [*gZjgbaCukiliKkdeMBLZ otaSh o195 KLD
ThS, g_ i_j_\bsm} %Z\«~ZH\«"gh

Cbkl fZla-Cu-Ge. I|IhljcegZ kbkl L&LuGe kbkl_fZlbggh
"hkee®” m\ZeZky Eel jZImjge ~Zge \dZamxlv gZ i
gl _jf_l1Zek'dhéd ZLlaCwy,,Ge, LaCuGe LaCuGe, LasCuGe, La,CuygGe;,
La,CuGeg | A.asCuGe.

Cbkl fAda-Ku-Sn. >e<Z]jzZzfaZah\bo je\gh\Z] m Lak@®k3n f
ih[m~Ah\ZgzZ ijb | _fi_jZImje 14K ajbk”~hihfh]lhx f_1I
j_gll_ge\kvdh]h nZah\h]h fedjhkljmdImjgh]h 1Z | _jfeqg
dhgp _gljZpecghfm papt] j\BGée | _fi_jZImje ~hkee™ ggy \k
kgm\Zggy klZgetld\ kHewa@mSn [ZLa;CuSn, oZjZdl_jbamxl
hlezklyfb J]hfh] _gg@kle "ZICu\e~ih\e~gh

Cbkl fX-Ku-Si. 1ahl_jfeggbc i _j jea "eZ]jZfb Kl-XKg& Kkt
ijb fKgz\_ ~ gh \ im[@eeZdZp-£r>ghbgb gZ hkgh\e [egZjgl
g_ kihkl_je]Zxlvky

Cbkl fX-Cu-Ge. Kbkl _fZlbaZpey sh™”h “hkee”"" _ggy nZa
ihljecegkbkl «K-CuGe ijh\_~» gZ \ im[[B6FZpPeE£ | _fi_jZImjb \e-
\ kbkl _nmdi\hK}Ivk8/l _jgZjgkichemd
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Cbkl fZ-Bu-Sn.J _ameviZlb "hke+lyecgbh¥g iKbkI-CbSrKaZ
"hihfhlhx j_gl]_ge\kvdh]h nZah\hdhkdZgmhagde® dljhggt
fedjhkdhijb@800 fKgZ\_~ g+ \ef6ophlAe~*gh mfh\ “"hke*”" ggy
mI\hjxxlvky |_jgZjgbo kihemdKCuShZ ge="b KCu;,Smn.y
0ZjZdl _jbakgxtwmkblv agZqgbfb h[ezZklyfb Jhfh] _gghkle J
dhfihg_glm \klZgh\e gZ Nhe&yK [Cug ZKg,Bra,.

Cbkl fPr-Ku-Si. >Zge+ sh”™h kbkl_fZlbqgghlihl\btgkdsy fZ
PrrCuSi \e"kmligby\e gkgm\Zhy gyl jf IZesxe¥PrkuSi \klZgh\e ¢
mli\hj ggWwho iheefhjngbo fh”bnedZp-c Al gh 66%ghb
gbavdhl_fi_jZImjgZ fh”bnedZpey djbklZecam}lviZyBeSiklj
\bkhdhl_fi_jzZimjgZmdImjghfABLPI?G.

Cbkl fPr-Ku-Ge. <aZ}fh”ey dhfihg gledg#t ikbkdr-CeGe
ijb f KO,5 Zl qZRrldbz fKO5 Zl qZRddbhkee”"m\Ze
aZ j_amevlZIZfghngah\h]lh 1Z qgZklgdo\thkljmdIimjgh]l
fedjhkljmdImjgh]h Z6GyZle<Ag9\Zc”™ _gh | jgZjgbo gl _|
DijbklZegXxljmdImjZ 7~ey \keo ml\hj_gbd dj{PLEriSks)
\bagZqg_gZ m \erhfbo kijmdkkjpghojgbBndamI\hjxxlvky ijl
ihklecgbo kdezZ”"Zo ebr_ % jfZge"b aMBXKfiZxd¥mghx Elbi
hlezZkle JThfh] _gghkle \bly]Jgmle gbZHb'jZzahkdhlgipn Jhaqb

lj _Ivh]lh dhfihg_glZ \ [egZjgbo kihemdZo } f _grhx Z|
Cbkl fPr-Cu-Sn. lhljecgdkKd APr-Ku-Sn [meZ \b\q_dgd0if K\
im[eed4eprE >hkeergbdXkfiZgh\e _gh mli\hj_ggy | jogZjg

KIZgPrQu,Sn.y 0ZjZdl_jbam}lvky agZgghx h[eZklx ]hhlZalyc
IjZdlbggh g_ jhagbgyxlv Ij _lec dhfihg_ gl

Cbkl fMd-Ku-Si. NZah\e je\gh\Zj@ihljeceg klbke\b\qZelky
\kvhfm dhgp_gljZpecghfm e<gl_j¥XKetbkjlbd?) azZ ~hihfh]h
j_gllge\kVYdhbnjzagh]h_Ih*mhjhrd@®77. Ijb ~Zgec | _fi_jZI
\eNriZepmeh \by\é& ghljecgbo kihNd€dSi,, NdCugSii4, NACuSi,
NdCuw7Siia3 | Z 1 Go&ees:Sis214s
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Si Si ;s
1. NdCu2Si2 A 1. ~EusCu77Siis
2. NdCu16Si1 4 2. ~Eu7CuesSi2s
3. NdCusSi 3. EuCu2.25-15Si1,75-25

4. EuCuSi
5. EuCu0s8-02Si1.2-1.8
6. ~Eu40Cu40Si20

4. NdCuo,67Si1.33
5. NdCuo,18-0,52S11,82-1,48

.
) — /
Cu /NdCusNdCu: NdCu Nd
NdCus Cu EuCusx EuCu2 EuCu Eu2Cu Eu
: Si
A 1. Dy17Cu76Si7 £ i ]
2. Dy33Cus3Si4 I. Tb3Cul1Sia
3. Dy3Cu1iSi4 2. TbCu2Siz
4. DysCusSis 3. Tb21Cus4Siis
5. DyCu2Si2 4. Tb24Cu47Si29
.. 6.DyCu1.05Sil..15 TbSi2 5. Tb2s5Cu2sSiso
. 7. DyCuosSits A\ 6. TbeCusSis
7. TbCui-12Si1-08
.‘ é TbSi 8. TbCuo,75-0,60S11,25-1,40
)’;" sSia 9. TbCuo0,56-0,08S11.44-1,92
Cu19Sie
C U‘)
Cu DyCus DyCu2 DyCu Dy Cu TbCus TbCu2 TbCu Tb

Jbl.47 1ahl_jfeqge i _j_jeab ~eZ]jzZf klZgMNdiGu$rcgbo kb
Eu-Cu-Si (), Dy-Cu-Si(Y), Tb-Cu-Si ()

Cbkl Z Nd-Cu-Ge. IhljecgZ kbkl NOZLu-Ge kbkl_fZlbqgg
"hkeer m\ZezZky f _ITh~Zfb j_gl]_ghkljmdIimjgh]JdmZpgdda
[663@ M kbkl_fe \klZgh\le_ _ghekgkhp@dbDhyfyjfZgereyde
dijbklZeclamy s AfbloljmdIirphbizo

Cbkl fANd-Ku-Sn. Nah\e jel\gh\Z]b m ihljecgNd- KBkl _f
"hkee® m\Zebky \ ih\ghfm dhgp_gljZpec@B9mijlg! jfXem
klZ1168% M kbkl_fe mi\hjXkhlyg¥jgbo kiGEaga b kdbZysn,
NdCu,Sn, | ZNdCuy«Snp.y 0ZjZdI_pdakny _agZqgbeZ kifb]hfh]_gghkl
JhagbggSkhw [egZjgec kNd@umnplkky]Z} ZI K_j_" nirde
kbkl_RNd-Snleevdlt;Sng NdSnjhagbgyxlv g_agZqg@Gu.deevdekl
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Cbkl fZAmCu-Si. NZah\e je\gh\Z]b \ ihljecgec -Quisk| _f
kbkl_fzZlbggh g _bkp\gZlkekee~rgbdZfb \klZgh\e2dhjgkggba
kbeepb”e\ 7“ey ydbo \klZgh\e_gh djbklZeeggm kljmdIm]
Pr-CuSi, \ kbkl_fe ml\hjx}Ivky kihemddSikdedZ"no Z6P&l jbart
M hfzZ iheefhjngbfb fh*b{3WwH69yfb

Cbkl ZSmCu-Ge. Ee°l_jZImjge "~Zge ijh kbkl_fZlbqgg_
ihljecgh€ kbBMmGbBGe ij _~klZ\e_ge+ jh[@8PhxMygecij_"klZ\e_ g
eahl _jfeqghcjvaeZ]jzkbZgipb | fi_jZIlje fK [jbKRY. <aZ}fh"ey
dhfihg _gle\ \b\gZezZkv azZ | _aneghalZdb\h]hgllZ qZ
j_g¥%oghkljmdImjgh]lh « fedjhkljmdImjghThl 4gZpp&ihemé
mI\hjxxlvky ijb ihklecgbo kdeZ"Zo SOy %o jtdga-
kljmdIimjhx MBmMfZ g \_ebld[eZk|hfh]_gghkle \lnyd¢ml
cahdhgpjZ8m

Cbkl f@mCu-Sn. >ZgZ kbkl_fzZ \dhe_dkb\hf "hkee~rgbde\
[684@ ij®0 fK Ijb pec | _fi_jZImje mi\hjkxjgKygbo klZg-
Jhagbggeklv Ij _Ivh]h dhfihg_glm \ [egZjgbo kihem«<dZo
im[eed4@B7E ijb | _fijZImpoO0 fKegnhjfm}lvky ijh ml\hj_ggy
kdeZ8mCu,Srpg, ydbc \erih\enrZ} kihempe SiphsClpehBrEp ol Z
\b\qg_gh ch]h djbklZeegqgm klIjmdImjm

Cbkl fZEu-Cu-Si. GZ hkgH\edhm j gl] _ge\kvdh€ ~"bnjZc
fedjhkljmdIim@ghdbe-am qfelmag | jea ~eZ]hEZZblob k| _fb-QUSI
ijbl_fi_jZImje K[m\ ih[m~ h\kgbchle8e@ jbk7 [\ _j~" g
ckgm\Zgg@wbuCuySi, (KLCeALGa) |1Z \bagZq _gZ kEgZklv gghkl
(BEUCW 251505l 75250). Kbeepb” kdEBUEHEb020Sk20180 (KL < |Zdh”
0ZjZdl _jbam}lvky afeggbmifmiehfibeepeDjef Ih}Meyhlbjho
gh\bogl_jf_1Zee”e\ \klZgh\blb kIjmdIimjm g_ \*"Zehky

Cbkl fEu-Cu-Ge. Kbkl _fZlbgg_ ~hkes”" gGguCuB&l[mleh
ijh\_~ gh \ jHe8BAs a2z ~hihfh]lhxgl]_ge\khcdbnjZamh]HZ
fedjhkljmdImjpgdhgdeealahl_jfeqgbc i_j_jea ~eZ]jZfb klZgm
ijbl_fi_jZImje K gZ\_" gh 448jbkbkl|_ fZUXH feklblv ghlb
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ihljecge kihermkidppm\DggBuCuGe (K LCeALGa) [meis"NI\_jA " hpz
hleZk€Ehfh]_bikge\bagZgmgZ ~EwClhsiesGesess Djef Thirhpec =~ _
im[eedZp€agZchIgb egerihljeceg] jfZg+*HuCuGe K LHONIGa),
EuCwgosGer215( KLAIB, « aGuGe+a g tfxkljmd I

Cbkl fEu-Cu-Sn. 1ahl_jfeqgbc i_j _jea ~eZ]jZfb klZgm ih
ith[m~h\BdhjZImjge ~Zge \dZamxlv 6gEZ jgkZgmh 4

EuCu-Sn g
kihemd 7~ey ydbo \bagZq _gh djbklZeh]jZneqqge iZjZf _Ijb
(/}\‘3 1. SmCus Ge
: 2. SmCus PR
/M
/| \\\ 4. SmCuzGe2 711\ 3. EuCu0s-0,5Ge12-15
& \ 5. Sm2CuGes /1 \\ 4, ~Eu2Cu2Ge
/ 6. SmeCusGes 7 | \
/ 7. SmCuo556Ge2 ya
8. SmCu1,3Geo,7
9 9. SmCuo,62-044Ge1.38-1,56
10. SmCuo27Ge1,73

Cus

CuossGeo,1s
/

2 4 [~ 7Y
Sm Cu EuCus EuCu2 EuCu Eu2Cu

Ge 1. ErCu2Ge2

I 2. EreCuGes

3. ErsCusGes

4. ErCuo39Ge12
5. ErCuo,67Ge1.33
6. ErCuGe

1. TmCu2Ge2

2. Tm2CuGes

3. TmeCusGes

4. TmCui,24Geo,76

f \ .
ATmooGe2
o VA

74 5.’:;I‘m(ic1_5
A Tm3Ged

\\ e .
A TminGero
Z ji%’l msGe4
~_ATmsGes

7"\

7"\

\{‘\

Tm

Cu ErCus ErCu2  ErCu

\
JbKA48 1l1lahl_jfeqge i_j jeab NeZ]jZf klZg®BmiCu{Fefdbo kbl
EuCu-Ge( ), E-Cu-Ge( ), Tm-Cu-Ge()

Cbkl f&d-Cu-Si. M jh[hle692@ ih[m~h\Zgh eahl_jfeqgb
NeZ]jBfklZgnkbkl bf GdCu-Si ijb | _fi_jzZIn6p® fK \ ih\ghfm
dhgp_gljZpecghfm <gl_j\Zee aZ ~hihfh]hx j_gl& lghklZ &h
\klZgh\e ngihhj _ggyl _jgZjgbo kihemdydbomagZq _gZ djbklZ
kljmdImjZaqbggeklv Ij _Ivh]h dhfihg_glzZ \ [4gZkobgykihen
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Cbkl f&xd-Cu-Ge. >ey kbklGHLCUHGe \e*kmlgy egnhjfZpey
ih[m~h\b eahl _jfeqgh]h >hkej¢am\Zebky hdj fe ajZadb
ml\hj _ggy ahibljecgbo kihemd ijb pvhfm \klZgh\e ¢
1_jfZge"e\

Cbkl f&d-Cu-Sn. >Zge ijh “hkee”" ggyGdk®kSn ffb Ih"Zfb
j_gl] _ghkljmdImjgh]h ZgZeeam ijb{69Y. g>»A]jHphlinZahn
je\gh\Z] ih[m~h\Zge ijb |_5%00 jZKIZ4@o f KM kbkl_ fe agZc”_
| _jgZjgbo kihem@d0 iffk GdCuSn Gd LUy S g, GACuSn Gd;CuSn,
GOo,CuSny  ijb 00 fKkbkl_fZz ozjzdl_jbam}lvky ml\hj_ggyf
k1Zge*BdCuSn Gd; Clg Sy g, GACUSH GA;CuSh.

Alergh j_ameviZle\ ~bh _|_jdpagbh] ZgZe-a@dCaSnnZ:
oZjZdl_jge "\zZ | _fi_jZImjge i_j_pKId ijpK yde \eNih\enrZ
mli\hj ggx |Z gZklmighfm jhaiZ”m \bs_a]lZ”*Zgh€ kihe
aZfes ggy gZ hkgh\e [«@GdCugh®IgZeplkIix *h ShllZ \l j*bc
jhagbg \dex®dQuSn gZ hkdgdubn ca kijmdImjhXrSipimZgbqggb«
kdeBACw 1S mI\hxkxvky ijb h[ho |_fi_jZImjZo

Cbkl fab-Cu-Si. F_Ih~hf j _gl]_ghnZah\h]im ZbZea8m
ith[m~h\Zgh eahl_jfeqgbc i_j jea ~"eZ]|4dDb 7&EZIm ijkb
| fi_jZImge0 fK jbk147 \ ih\ghfm dhgp_gljZpecghfmM «g
im[eedZip¢€\ _j~ gh <kgm\Zggys:CkiBig (KoL S&:Ni1,Siy), TbCuySi,

(K LCeGaAl,), ThsCusSis ( K LGA:CusGes), ThCu.g6Sii133 (KLAIB,) *agZc”_g
gh\e blep b BIbCu 560085i1.44192 ( KL .-ThSh) |1 ZTbCu1,Si08( K LAIB, Djef
lh]h \by\le _gh <kgm\Zggy Iljvho ghalog ZgVpgZuygSng
ThosCW7She, TrsCpsSisy kljmdImjZ ydbo g afykh\zZgZz

Kbkl fz ozZjzdl_jbam}lvky \erkmlgeklkhge\\_ jadodDqQg
ijhly ghkle Mke kihemdb o0ZjzZdl_jbamxlvkynklghejtakde Z
ZI 7TE ea kljmdImjZfb, ¢+biFiSL$OA e 0ZjZdl_jb amg by
\feklhf dhfihg_gle\

Cbkl fZb-Ku-Ge. NZah\e je\gh\Z]b m ihljecgbeku-lcbkl _
kbk fZlbgqgh \b\gmehpkyHT¥5]. MgecjhZgZeesah\Zgh jeaghfZ
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f_ Ih~"Zfb hdj_fe kielk\Zghle_gh <kigin\iggggbo | _jfZgd"e)
djbklZeeamxlvky m \eAhfbo kljmdIimjgbo IbiZo

Cbkl fZb-Ku-Sn. M eel_jZImje \er"kmlge ~Zge ijh beoZ]
je\gh\Z] m kbHtCo&Nn M [eevrhkle jh[el ijbk\yg_gbo
dhfihg_gle\ \ pec Kogkdetaemxlvky j _gl] _ghkljmdIimjgbf f
kieZ\b 1jb pvhfm gzZ”*Z}Ivky egnhjfZ@Gkihjdmmljhagh§zg-
kdeZ"m «a \e~ hfbfb kljilmddfibjgbfb

Cbkl fDy-Ku-Si. NZah\e je\gh\Z]b \ kEkl6lfe "Akee” m\
j_gl]l_geWkbd IhAbihjhrdm « ehdZevgh]h j_gl]_ghki_dljZz
mih[hl¥0a@atl jfeggbc i_j jea [meh hljbifZjgHmijb fKjbk
1.47. I M\ _j~° _gh\gZiggw igimbgkihemd 58 XK ICeAlL,Ga), DyCu,.
059015 KIAIB,), DyCuSi K 1ZrBeSi), DyCu;Sis K ISaNiiSis) ¢ "8CuSis KL
Gd:CusGe).

L jogZjgZab '"\&S{is KL -ThSh) * "}CusSis, KLCeCy) fZxlv
\erghr_ggy ~h jharbj_ghlfhfh]Jegghkle [mMNhgbk gBEkgh\e
I\_j~bo jhagbge\ ij_"K+g¥YGgoblw kiheDy8iZ fKL-ThSh) » '\ &X
KLCeCuy) \¢"ih\ergh AZfes @@¥L&XIZ[seeam} \bkhdhl_fi
] dkZ]lhgaewvdgnedZkihemdb s\&8KXCaCy). A pe}€ ijbgbgZaZz
kdeZDynCu,eSi; KICaCy 1Zdh™ kihkl _je]Z}Ivky gZ pec NeZ]jZf

Cbkl fBy-Ku-Ge. <azZ}fh”ey dhfihg _gle\ m ihljbygueGe&kb k
ijb fKhkeer" m\ZezZkv [@7fjhgdBl*hihfh]hx%jglghZah\h]h
gZkldh\h %gdilkljmdIimjgh¥fmdjhkljmdIimjgh]l]h ZgZe-sa-\
kihemdb ml\hjxxlvky ijb ihklecgbo kdezZ"Zo dly€Cuyz %o |

013G€31140 @* KkljmdIimjhx AByiniz} g _\ rathdezZkI]hfh]_gghkl
\bly]Jgmkha~h\" eahdhgp _gljZlb JAF JhaqgbggeklvglZ IV
[*gZjgbo kihemdZo } f_grhx ZI

Cbhkl fDy-Ku-Sn. >+Z]jZfb nZah\bo je\gh\Z] Dy KuiSnk | _
thfm~h\Zge \ ih\ghfm dhgp_gljZpecghOmf KigZ ij\Ze o Kirb
jh[hIp707 Ijb fK kbkl _fe mi\hjx}Ivky ihljecgbo &}~

DyCusSn, Dy; Cug ,Srp g, DyCuSn DysCwSny *Dy,CussShss; i) b fKkbkl fZ




92

o0ZjZdl _jbam}lvky e<kgm\Zggyf | _ jDVClgSno Dyk bZug Shed
DyCuSn DysCu,Sn,.

Alergh | _amevlZle\ “bn_j gpecgh]h | _iffkjggy¥h nZg
Dy,CwsSns ekgm} m \mavdhfm |_fi_jZImjghfmf Kg\_jt*Be-jhaql
aZfes _ggy gZ hkgh\e [+gDyfhe KIiDaCm)diphly geklix "~h Z|
Snml\hjx}lvky ijb h[ho | _fi_jZImjZo “hkee”" _ggy

Cbkl fHo-Cu-Si. E«l_jZImjge ~"Zge sh”™h eahl_¢b&mghe]d]jiZ
klZzgm ~Zgh€ kbkl_fb \e*kmlge M [Z]ZIlvho ijZpyo "“hke
ijb pvhfm ih\erhfey}lvky ijh5m@\hjfglyee”\ "ey ydbo
djbklZeeqgZ kljmddmpZalHokuSi \klZgh\e _gh <kgm\Zgg
iheefhjngbo fh "bmed&Jp*gh "Zgbo 7dh[@Ibgbavdhl_ fi_ jZI
fhrbnedZpZ2yzd!l _jbankllljwkdlmfdbihfzZzrBeSi \bkhdhl_fi_jZImj
kljmdIlrfdbihfAIB,[70§.

Cbkl fHo-Ku-Ge. 1gnhjfZpey ijh kbkl_fZlbqgg_ i'hH ke _
kbkl bfHo-Cu-Ge \e"km.ldWw jeagbzZ\lhje\ ijhZgZeeah\Zgh hdj_
\klZgh\e _gh <k§m\iggggbo gl _jf.1Zee e\

Cbkl fH0-Cu-Sn. >ey kbkIHdBEuSn *eZ]jZzfZ klZgm g_ ih]Jr
Al**gh el jZImjgho KZiglbde kihkl je]Z}Ivky kdRAd9g" o\gy”
ydbo \bagZqkbhedjpZneqge iZjZf _1jb

Cbkl fZr-Ku-Si. NZah\e je\ghizZ]bljecg kbkl « fEr-CuSi
kbkl _fZlbggh \b\gZebMky[eevrhkle jeaghfZgelgbo fidikedZ
j_gll_ghkljmdImjgh]im "Eg&e*an\Zebkv hdj.f<kbdfgatd g
ckgm\Zggeyhjh " jgZjgbo kidlemhdix djbklZeeqghx kljmdImj]

Cbkl fZr-Cu-Ge. F_Ih~Zfb j _gl]_ge\kvdh]h nZah\h]h
ehdZevgh]h j_gl] _ghki_dljZeXgjin]ih]|Zgzerlaer™ gh \azZ}f
dhfihg _gle\ m kbkfLuise (iPo | fi_ jZImpeO fK jbk 1.48.
leM\ _jA" _gh eskgm\Zggy r_klbkilhgeowdgb@& XL & bGBD
ErnCuGe KL &HGe), ExCusGe KL *¥QxGe), ErCyhsGes KL &HILG6L
(U&X*H Hry), &@weGezs KL $0%GZ hkgh\e [egZjgh]lhGejfZ
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KL Q%k \by\le _gdgm\Zggy I\ _j*h]h jhaqbgm aZfes gg:
D mijmfm0~aAl%.

Cbkl fZEr-Ku-Sn. l1ahl_jfeqgbc i_j jea "eZ]jZfb KklZ
ith[fm~h\Zgbc \ ih\ghfm dhgp_gljZpecghfm fdgibR1Z4® \jb
klzZ1[6e84 Ijbped fi_jZImje \by\emdBEg®ky jgZjgbo kihemd
ihljecge klZge”"b g_ fZxlv ihfelgbo h[eZkl_c ]mfAh3algggh
jhagbgyxlv 1j_lec dhfrihggegtgbd@d ijb | _fi_jzZImdjie fK
kbgl _ah\Zgh kihenkdpkukBmegZ * m

Cbkl fZTm-Cu-Si. IhljecgZ KkbkITmMZLuSi kbkl_fZlbggh
"hkee” m\ZeZky GZmdh\pyfbBrhikb¥h*bgdhkvgz ij _~f | m
| jgZjgbo kihemd <« ijb pvhfm \by\@é klhe epkym\ Z g'gey
\klZgh\e _gZ djbklZeeqgZ kljmdImjZ

Cbkl fFZm-Cu-Ge. Iahl_jfeqgbg jeasZ]jZkdZgrhkk fbm-Cu
Ge ijb600 fK[m ih[m~"hbZxgjbkl.4d a\bdhjbklZzggyf j_gl]_ge\
nZah\hdpgzZeeam_"klzZ\e_dgmdevdZM%€ Mkbkl_fe ijb | _fi_jZI
AhkeeN  ggM\ _j~ _ghgm\Zggy Ijvho ihljecgl@mCiGee (ikd
CeAlLGa), TMCuGe (KLCeCuGg °*TmCuGe; (KLGACuGe). Djef Ih]h
"hkeergbdZfb ih\erhfey}lvky ijhh\WmIhhjjogyghgh ] jfZg
TmCuGe76 (KLCaln, ijhklhjh\Z [p&iAmc kbflhe |ejkgZ
iZjZf _ljb dhfgrdd@4225gf k=0,70477gf). M[egZpgnZamyGe (KL
ZrSi, jhagbgy}lvky % ZI

Cbkl fAm-Ku-Sn. M el _jZImje g fZ} ~Zgbo ijh 7"eZ]j
je\gh\A| kbkTnf&-Sn ;mebhZgZeecah\Zges hdj_fe kieZ\b « it
ijh mi\hj gy jeclgokihemd

Cbkl fAb-Cu-Si. >eykbkl f¥b-CuSi \e*kmlgy egnhjfZpey
ih[m~h\b eahl_jfeqggh]HMjeggjrfazgelgbo jh[hlZo \klZgh\e

| _jgZjgbo kb e¥hwSs) YbCuSi YbCuy 26Sii 506 YDsCUsSig | ZYD3Cuy;Siy.

Cbkl fzYb-Cu-Ge. M jh[h|663 ih\er"hfey}lvkiz ih[m~h\r
eahl _jfeqggh]lh i _j_ jeam 7"eZ]jZfb klZgmd400Zfgkid bkl kbkli]
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egnhjfm}lvkykbgl _a | jgZjgbo ] _jfZge~e\ ~"ey ydbo \ba
kljmdImjZz

I. LaCuSn
2. LaCuySn,
3. LaCuSn
4. LaCu,Sn,
5. La,CuSn,
6. La,CuSn,

La

1. Luy 4Cuy,Sn,,
2. LuCuSn
3. Lu,Cu,Sn,

1. ErCuSn
2. ErCuSn
3. Er,Cu,Sn,

“Lu

JbK49 1l1lahl_jfeqge i_j _jeab ~eZ]jZf klZgie-CH§nchbo kb
Nd-Cu-Sn( ), E-Cu-Sn(Y) 1 4.u-Cu-Sn()

CbklfZ Yb-Ku-Sn. IlhljecgZz kbkl YbZKu-Sn  kbkl_fZlbqg
"hkee” m\Ze¢lzkly fi_jzIiadops fKazZz ~hihfh]lhx f_Ih~e\ j gl]_g
nZah\hl]h ZgZeeam 1Z kdZgmxgh€ _e dljhggh€72%f-dj
lh\e~rhfey}lvky ijh ml\hj_ggy ijb | _fi_ jZImje IdkgZjbbc
al™ g Z:gribsCursSiy, YBCuy 4Sry e, YD14CUsoSpe, YDCloSty, Yb3sCuseSie;, YbCuSn
YbsCuSn, YbosCupSres, YhCwSny | ZYDzeCisSie. M im[eed22@KEb gl _ah\Zc¢
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gh\e KIZgd"p[*xYbsCuSrs, YbsCu;;Sms, YbsCugSn, 1Z "“hkee”" gZ
dijbklZzgZgkljmdImjZz

ljb ih"Zevrbo "hkee”" ggyYb-KiSkI\ flbjeZkl- ZI S&n
[723 \klZgh\e _gZ djbklZeeqgZ kljmdImybCghn br,CkiInesnd

YD363Clhs 155Mogs  YD7 .ChioSrs,  YD144LCUigShys, ijbghfm ljb hklZ
djbklZeeamxlvky on Kigdkigtmjgbo MNMdhjdfd723 aZagZq_gh
a"gZgg¥yo; CueSne 1Z Ybis CugSnis ij_"klZ\eyxlv "~\e iheef]

fhrbnedZpe+€ yde ml\hjxxlvky \ aZe_ “ghkle \er f [h"Ne\ Kk
j_ " bfe\ M im[df2ZpgBhjfm}livky ijh miI\Zjg d¥imCukIn.

Cbkl fZu-Cu-S. M el _jZlmjskmligy egnhjfZpegyeZ|hZhb
nZah\bo je\gm\Zigec kbklJsfagbfB\IhjZfbh\e"hfey}lvikly
mI\hj ddyjgZjghohenydldjbklZeesammisktyfbkojmdImjgoid o

Cbkl flAal-Cu-Ge. NZah je\gh\Z]b m lkub&UtGékbkl fZlbqggh
"hkee® m\Zebkv A]e*gh el jZImjgbo "Zgbo m kbkl4fe
] _jfZge"e\ kbdeEaGeluCuyy 1466, LUCW s/Ge 33 | A usCusGeas.

Cbkl fla1-Cu-Sn. 1ahl_jfeqgbc i_j jea "NeZ]jZfibUutZgIn kL
ijb 1l _fi_jzIm@e fK\i_jr_ ih[m~h\Zgbc \67#f[hIrj_~klZ\e _gbc
jbk1.49 :\lhjz{fhr27) ijh\_~ gh ~ 1Zevg_ "hke*""  _ggy p°}€ ¥k
CuLuCus-LuCuSnSn 1 Zdh™ igb0 fK \ j _amevlZle gh]l]h \bagZqg_gtl
kljmdImjkre o\ ml\hj gbo kihemd GZ hkgh}¢glgidyCui]h
mlI\hjx}Ivky I\ _j~bc jhaqbg aZfes _ggy ijhlySmgeklIx ~h Z

M jh[h[l/27 ih\e*hfey}lvky ijh ekgm\Zggy WLZgSHme akd
kljmdImjhx CiBetGe.

1.2.24 Kbkl _Rn-M (M=Si, Ge, Sn)
DjbklZesqgZ kljmdImjZ ihljecgbo kbeepb”e\ Rbgfdmg:
ijb\_~Zy~rh~rZ1dhz [\b p8.5.
Cbkl fZa-Zn-Si. NZah\e je\gh\Z]b \ ~Zgec kbkl_fe kb
\b\qgZebkv >hkee~rgbdzZfb788@ ajhphitrfh]lhx f_Ih*m fhg
\klZgh\e_gh <kgm\Zggy *\ho ihB2re giQs k deZmdljbklZee+sam
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kljmdImjghfm Ibie | ZB 98N 4650054, YdZoZjZdl_jbamdhklyf
kKljmdImjdtifh CezZnyy, 48Sio s6

Cbkl fZla-Zn-Ge. IhljecgZ kbklILaZn-Ge kbkl_fZlbqggh
"hkem\ZeZky E-°l _jZImjge ~"Zge \dZamxlv gZ <kgm\Zgc
LasZnGe; [197], LapZnsGe; [73]] | A.a,ZnsGe; [733.

Cbkl fFa-Zn-Sn. NZah\e je\gh\Z]b \L&k#kiSnfdbagZq _gh
ierklZ\e "hkee™" gv ih~"\ecgbo « ihljecg[B99 kjbK\3A mMjh
kbkl _fe az | _fi_jZImjb \e?iZem <kgm} keEaZn$g ZagrisSo, Kil

LaZn,Sne (x = 0,58,6), LaZmSn (x = 0,449,74), La(Zn,Sn),, LasZn,Sn
LaZng 265 40

K_j_~ "“hkee”  _gbo nZa ihfelge h[eZkle ]hfh] _ggh
kihedblLaZm,Snp < LaZn,Sn, (x = 0,5+ KRBAB, [z I\ _j~« jhaq

aZfes_ggy 9Z hkgh\e [eglgdhEnkxFddmd KHHg, kaZn,s3; m
f_ V4 baZn12,37 iLaanlBSrb,g; KlLlaang)
Si

1. Ce7Zn21(Zn1xSix)2
/ 2. Ce(ZnxSiix)2

/ 3. Ces0Zns 5-12,2S141,5-38,8
4. Ced0Zn37Si23
i,|0-ThSi2|  / 5.CeZns
Cesk a-GdSiz| >/ 6. CesZnii
b \\\ 7. Ce13Znss

\ 8. CeZns
\ 9. CesZn22

\ 10. Ce2Zn17
N \I .CeZnn
N \'\‘\ \ \\ \

JbK50 lahl_ jbegg jepZklbgb "eZ]jZfb klZhKmZrk®i k
\ h[eZkls ZI K_

Cbkl fX-Zn-Si. 1ahl_jfeqgbc i_j jea qZklbgb 7~eZ]jZfb
K-Zn-Si \ h[eZkle ZI K _ijb800 fKgZ\_~ gh gE50(WR8@ NZah
je\gh\Z]b \ pec kbkl_fe ih[m~h\Zge aZ "hihfldjhahge hdhj
ZgZeeam <+ | _gl] _ge\kvdh€ ~bnjZdpe+€ ihjhrdml_NoZaahxbv k
jharbj _gbfb I\_jibdgEdgb\a~h\” jhajeapCeZh.6MbeepklZ[eesan
ihljecgm kih e rZomZn&$i,), " o " "ed/j bkdhe«qg
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kljmdlmpezZ hljbfzgz f_Ih~hf fmyted)kid&2/Zm,(&HSi), o0
\eZkgbc kljmdImjgbc Ibi ijliPhdmjhDyef]jimiB \ kbkl
ijb ~Zgec | _fi_jZImje ml\hjxxI\vdeyZniSihke hkdlb$ O,u "0
0,76) CeZnSiy. o "0 32 ¢ &HN3 Sy “ey ydh€ kljmdImjzZ g_ \b
Cbkl fXK-Zn-Ge. NZah\e je\gMedbrZ&bRl fdp ih[m~rh\Zgtl
Eel jZImjge ~"Zge \dZamxlv gZ <kgm\ZggyCelAneegbyddc
djbklZeeam}lvky m \eZkghfm klyBilH I®eZgGd[m34],bCe,GrZn,,
[732@ C&Zn;Ge; [733.
Cbkl fZ -Rn-Sn. J _ameviZlb "hkee”" ggy ihljecgm®n kb

ijb 400 fKgZ\_ "~ g+ \ <j[7BHI « ij "klZ\e_ge .glB1LjAKZ mfh)

"hkee” ggy \ kbkl _fe ml\hjx}lvky | jgZjg€CeknBpmdb

CezZn;6Q FZdkbfZevgZ jhRmbpdmgekipfegZjghfm klbkZdZyh \DHG
ZI egre ihfh\ade jhagbgyxlv |Ij _lec dhfihg_gl

Cbkl fzZPr-Zn-Si. IhljecgZ kbkIPfzZn-Si kbkl_fZlbggh
"hkeer m\ZeZyhklijlemlI\h) gi@pyjecglkoremg fZ}

Cbkl fPr-Zn-Ge. >Zge ikibkl_fZlbfilgke*"" ggy kBrn-Gé
\erkmlige AdefgjlZIimjgbo madghaxlvikyjfZgeklade ZPwnGe;,
PrznGe PrZn,:Ge, | PrZnsGes.

Cbkl fr-Zn-Sn. M el _jZImje g _fZ} ~Zgbo ijh "« AQGE¥A] |
m kbkIPH2Zn-Sn >hkee"gbdZfbeaabkw | fe kiezZ\b ~Zgh€ ki
ih\erhfHYkyijh mli\hj ggy ih&kdibgmRZnSn[729 Z m k[P -
Z\lhjzfb \klZgh\e _gh ekgm\Zggy s_ ""Phans8n Z4P¢Zm\Skd e Z " |

Cbkl fRd-Zn-Si. GZ hkgh\e j gl]_ge\kvdh]h nZah\h]h
[736) aZz | _fi_jZzI®@Jbf Kih[m~h\Zgh eahl_jfeqgbc i_j jea "e.
e\ _j~° _gh eskgmtggpgkihemdb 1Z agZc™ _gh Ijb gh\bo

>ey kihemdhs:dk® 7@ \bagZq_gh h[eZklv JhfhZjgghkl
e f glZjgh€ dhfejdb af_grmxlvky ea ajhklZggyf \feklim
[revrbo aZ jhafejhf ZIhfe\ =Q f_grbfb azZ jhafejZfb ZIhfZz

Cbkl fZNd-Zn-Ge. IhljecgZz kbkl NOZn-Ge kbkl_fZlbqgg
"hkeer" m\ZezZky f _Ih*Zfb j_gl]_ghxéradimijohf]dmpghle
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[736]. 1™\ _j~" _gh e<kgmjpZg@dgec |_fi_jKilmgmdb 1kGes=Q Z
agZc”™_gh qghlbjb gh\e | _jgZjge kih&83@b e«dvh hjlifh}lle ky
mi\hj_ggy ]_jfZg-+"Nd20e3Z " m

Cbkl fANd-Zn-Sn. NZah\e je\gh\Z]b nrcihdip&kdd\ideZn-Sn
"hkee” m\Zebky \ ih\ghfm dhgp_gljZpedfb ffnike g meXe¢z |
Ijb\h”rylvky kIZIT4Q.>1«™I\_j~° gh <kgm\Zggy Kifx®mydbz 1
\byle_gh gh\m kihemdm _d\«ZIMfgm]beskA@SZ "mE\IhjZfb
\klZgh\e _gim\ekggy s "\ho klZJNd2nisSnd eNblszmy,Srp.

Cbkl fZAmZn-Si. NZah\e je\gh\Z]b \ ihljecgec -ZaiSk| 1
kbkl _fzZlbggh g_ \bMg2Zebl¥Imje egnhjfm}livky ijlhjmZygh¢
kihemd®ZnSi yd oZjZdl _jbam}jvékZ]hgZevigihmdlhx a
ijhklhjh\hx ]jnPemmm[74]].

Cbkl tBZmZn-Ge. >ey pe+}€ ihljecgh€ kbkl_fb eahl_jfs
NeZljZfb klZzgm g_ ih[m~h\Zgh M kbkl_fe \b\gZebkyv
ekgm\Zggy kihemd ~ _yde kigdl@ iM YkibVe mgh j amevl
|_jgigh€nZa®mznGe Z "hkee-"gl8d@dbegnhjfm}livky ijh ml
kihemShznGe

Cbkl tBZmZn-Sn. M el _jZImje g _fZ} ~Zgbo ijh "eZ]j
je\gh\Z] m kiskiZitSn M jhphA29@ ijhZgZeeah\Zge hdj_ fe
ih\erhfey}lvky ijh ml\hjjecopgdy€ i kilhSmAmSn

Cbkl fBu-Zn-Si. NZah\es je\gh\Z]b mmukib&i kfokl fZlbqggh
\b\qZebkv GZzZ ~zZgbc fhf_gl \klZgh\e_gh <EgmSiZ/@dgylZ k
EuzZnSi, [743.

Cbkl fRu-Zn-Ge. >Zg- ijh kbkl_fZlbgg_ "hkee<"Eugdm@ekb
\erkmlgby\le gH _jgZjgbo <gl_ jklIEERBGe (742, EuZnGe [743
744, EuZn, 10Ge g0, EUZNGe | ZEuZn goGey 20 [74Y.

Cbkl fRu-Zn-Sn. IhljecgZ kbl&udrESn kbkl fZlbgqgh g_ \b\qg
Eel _jZImjge ~Zge egnhjfmxlv ijh mil\hj_ ggykl|Z\di«a**ihljee
EuzZnSn[746 @ BEEZnSn, [747].




99

Kbkl fZ #685i. Al~gh j_amevlZls\ j_gl] _ge\kvdh]h
hdj fbo \bizAdZo ehdZevgh]h j_gl]_ghki\ chljiz[en g8gh :

ithfm~h\Zgh eahl_jfeqgbc i_j jea "eE]jZfjZ kbigg mKKjok| fZ
o0ZjZdl _jbam}lvky ml\hj _ggyf ~\ho | _jgZjgbo kihemd
\i_jr_ 1Z I\_j~h]lh jhaqgbgm aZfes _ggy 9Z hkgh\s [

Jhagbggeklv Kbeepex m [egZjghijeiNgexthpeZt1G=Q=jZgbqgghb
I\_j~h]h jhaa®dkspZnsg;Sis.

Kbkl fZ #6£e. lahl_jfeqgbc i_j jea "eZ]jZfb klZgm
ih[m~h\Zgbc f_ Ihr"Zfb j_gl]l_ge\kvdh]h nZah\h]h
j_gl] _ghki_dljZzevghth hZzlgk£gbhc \ im[¢AOzZpderI\_j~ gl
cekgm\ZgglyemdhZnit@e; 1Z agZc”™ jghgh\bo | _jgZjgbo | MfZ¢
jh[hIp734 egnhjfm}livkymilijthj gg¥abG=Q*HZ JjbklZesam}lvl
] dkZ]l]hgZevgec kbg]hge€ \ kMPAEBImjghfm Ibie

Kbkl fZ #64£n. lahl_jfeqgbc i_j jea "eZ]jZfb klZgm
ih[m~"h\Zgbc az ~"Zgbfhvohgh _ mZeBgtZdeam Z\Ihjhf \ im
[750. Kbkl _fazzjzZzdl_jbam}lvky ml\hj _ggyf I\ _j*h]h jhagbgm
nZab *G(EDKHQ, NZagZnmG\ ihljecgbo kiezZ\Zo kbkl _fb g_
L\ j*bc jhaqbg aZfes _ggy KlZgmjifom \ *&K=Qhg'bovky r
dhgp_gljZpecghfm «gl_j\ZEe 60Q

M jh[HT29 ih\«*hfey}Ivky ijh mlI\hj_ggy |_jg@G{gnigne &l
kljmdImjhx Ibim <B3W%hkeesrg8ZfbklZghle_gh <kgmAZly
GdZnSn «a kljmd | kfCuSh.

Cbkl fPb-Zn-Si. >ey kKbkbrb-Zn-Si *«Z]jzfZ klZgm g_ ih[m?”
jh[hlv4:@ \klZgh\e_gh <kgm\Zggy _d\efhl@dnsyhdh\ikdbgeZpgb:
ch]djbklZeeqgm kljmdImjm

Cbkl fZb-Zn-Ge. NZah\e je\gh\Z]b m ihljecdbentebkl
kbkl _fZlbggh g_ \bigZeb&m\WplalghfZgelgbfb f _Ih~Zfb
kieZ\b 1Z ih\er"hfew}livki7®1@ ijh mli\hj _ggy | _jgZjgh]h
ThyZnsGe;, cahkljmdIm{d®dBEnsGes Z khZ1[¢34 \klZgh\e_gh <kgm
kihemldbBnGe
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Cbkl fAb-Zn-Sn. NZah\e je\gh\Z]b \Th&rkiSnfeijb f K
\bagZqgq_gh gZ jeWKlZghkljmdImhgkeer gv ih~\ecgbo <« il
kieZ\e\ kdez”dB)) jimk jh[H299] AZ | _fi_jZImjb \e®iZem '
miI\hjx}lvky kef | _jgZjgbo kihemd

L jgZjge kih&pbzdBn, 1Z TbZn,Sn, fZxlv g _bde hl[eZk
J]hfh] _gghkle 1jhkl_"m}lvky ml\hj _ggy I\ _j"bo jhaqgbge\
[*gZjgbo kiTh&m®n (x = 086,30), TbZn.,Sn (x = 06,17),ThyZn7,Sn, (X =
0+ e klZ[+ee+ah\ b B8 Hb< 2,4).

1. CeSnyZn,
2. CeSnZn
3. Ce>SnZn;

CesSn3
CesSna f/ \
CenSnio L3 N\
2013 N\
Snsps =
~~~~~~~ 2
CeSnf——xr= \ CeZi
- SCe- E Cesz%n
eSn3 CenZnss -.74s
N Coszna eZn:
—\ Ccézzfnn
CeZnii
Sn Zn
g . . Sn
o 1. LaZnixSn2 A 1. ~TbZn3Sn
/ \ 5 (x=0.44-0,74) 7\ 2. TbZnSn2
/N s LaZnSn2 /7 N\ 3. Tbo.83Zno.14Sn2.86
\ 3. LaZn2-xSnx / W\ 4. TbZn1,5-1265n05-0,76
V4 \ LaSn3 (x=0.5-0,6) / 330\ TbSn3 5. TbZnSn
4 ——=4LaSns | g 4. LaZnSn e ———"N\Tb3Sn7 6. Th7 yichs o
. aisns = iR AN Th<nA . TbZno2-037Sn18-1,63
7\ /] ss 5. LaZnSn)2 7\ /mIbSn2 :
\ /) (2205 6. LasZnaSn / 7"\ 7. Tbi13ZnSn13
/ . Lasane // \\ Y /7, :7\\:‘ 5 PER
\ Y 7. LaZno.26Sn0.49 / 2/ 70N ‘T%"{g" 8. TheZn23xSnx

{ A > = =0 Zn ,A A TBin: 1:b"Zn Tb
z N\ LaZm Laz asZ r [\
2 \LazmkeZnz LaZn Laszn = ToZnz | | \TbZns
/ LaZnii| LasZn22 LaZna Tb2Zm7 | ThsZnii
LaZn12,37 La2Zn17 Tbi13Znss

[

JbK.51 lahl_jfeqge i_j jeab "eZ]jZf klZgQehi§nchbo kb
La-Zn-Sn([), Tb-Zn-Sn())
Cbkl fRy-Zn-Si. NZah\e je\gh\Z]b ry&bksi kibkl fZlbggh

\b\qZebk GZ ~Zgbc fhf_gl \klZgh\e _gt\-fkhem)\Tkide nb *
DyZnSi[755.
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Cbkl fzZDy-Zn-Ge. lhljecgZ kbkIDyzZn-Ge kbkl_fZlbggh
"hkeer m\ZeZkvim[eedZ[@EsF \klZghle _gh e<kgm\Zggy |
gl _jf_1Ze By@EnGe; ydbc djbklZeeam}li¥fleyggec jRbg]hge:
kljmdImjghfmGdiZnsGe, Z mijZp¢734 egnhjfm}livky ijh ml\h
] jfZgDy@inGea ] _dkZ]hgZevghx KdbigiPta }x

Cbkl tDy-Zn-Sn. M el _jZImje \eAkmlge ~Zge ijh "eZ
je\gh\Z] m kbkkEniSn My~ im[@edZhZgZesah\Zgh hdj fe
thlerhfeyl}lvky ijh miI\hj_ dogpy | tng®ONSN | DyZnSn.

Cbkl fHo0-Zn-Si. E<l _jZImjge im[eedZp*€ sh”h eahl_ jfe
NeZljZfb klZzgm ~Zgh€ kbkl_fb \erkmlge >hk[@4llgb
th\erhfey}lvky,iyh]j _ggy kbdefnsim

Cbkl fHo-Zn-Ge. 1gnhjfZpey ijh kbkl_fZlbqgg_ i'hH ke _
kbkl bHo-Zn-Ge \e*"km.Igy im[ed{{p8y bZ[734 \klZgh\e _gh <kgm
| jgZjgbo ]| _ jfH0ZNGe | HoZnGe

Cbkl fHo0-Zn-Sn. >ey kbkIHd-En-Sn "«Z]jZfZ klZgm g_ ih[r
Al*~*gh el jZImjghw KiZlglbde kihkl _ je]Z}Ivky ml\pZgSny K
| 2HoZnSn yde djbklZeeamxlvky m kljyirthsn AdfiCaoSitbiZo

Cbkl fZr-Zn-Si. NZah\e je\ghkiZ]bljec kbkl «fEr-Zn-Si
kbkl fZlbgghb\qZebkK\nfhkl ¢ ijh ekgm\Zggkihegmdijfghdo

Cbkl fEr-Zn-Ge. M el _jZImje \eAkmlge ~Zge ijh 7"eZ]
je\gh\Z] m kBkdn-Ge M im[edZPpiHy*e _gh mi\hj _ggy |
] _ifZge*BMnGes | ZErsZn,Ge;,, ydedjbklZaenxlvikykljmdImjdboZo
GdyZnsGes *EusCkBig < jh[[rB4@ \klZghY&kgghZggy kEfZeGedb

Cbkl fFr-Zn-Sn. 1ahl_jfeqgbc i_j jea "eZ]NZdh€k kbdkmh fb
ih[fm~ "hhwZgM jh[BEb[752 1Z[734 ijhZgZeecah\Zgh hdj_fe Kk
ith\erhfeyylvkh mi\hj_ggy blokjleZgeErZnSn, | ZErZnSn

Cbkl fFm-Zn-Si. NZah\es je\gh\Z]b mmkZbiSi kibkl fZlbqggh
\b\qZebM¥Yhj ggy ihljekptbeomd g_ kihkl. je]Zehkyv

Cbkl fZIm-Zn-Ge. IhljecgZ kbklITni-Zn-Ge kbkl_fZlbqggh
"hkee® m\ZeMdkvm[eedZps8g \klZghle_gh <kgm\Zggy |
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egl_jf_lZePriydinGe, Z "hkee"ghdb@ ih\erhfeyxlv ijh ml\l
] jfZgeTmznsGe. LZdh™ m jh13f eegnhjfm}livky kihemdm _d\
kdeZMmmnGe ydZ djbklZe e arhjnhdkyn j\g h f i PtAsi e

Cbkl fAm-Zn-Sn. M el _jZImje \e~rkmlge ~Zge ijh 7eZ
je\gh\Z] m kbktzZri-6n M jh[hlIZB2@> 1Z34@ ih\«"hfey}lvky
mI\hj _ggy ihljecghbolkZZINIZFMZNSn.

Cbkl fZb-Zn-Si. >ey kbklYbezZn-Si \er*kmlgy egnhjfZpey
ih[m~h\b eahl_jfeqgh]h M_jjhjflal#7@& \klZghle _gh <Bgm
kbeepb”e\ gZklmigbdZh@G®i,.aADZN, Sy s | 2YbZn,Si,.

Cbkl f¥b-Zn-Ge. NZah\es je\gh\Z]b mnb-Kbr&é Kbkl fZlbggh
\b\qZebkv M pec kbkl_fe ih\erhféydMMvkyggjgblkobg jfZg:
cde Z™zZnGe[742], YbZn,Ge, [757], YboZnsGe; [758] | ZYbZnsGes» [758] ey
ydbo \bagZq_gZ dkdkmadrmygZz

Cbkl fzZYb-Zn-Sn. IlhljecgZ kbklIYH-Zn-Sn kbkl_fZlbqggh
"hkeer m\ZimZXkyhfey}lvky ijh mi\hj_gboyh}ahggybznsSn.

Cbkl fZu-Zn-Si. M ec°l_jZIm{pskmigy egnhjfZpegyeZ|hZhb
nZah\bo je\ghkglec kbkl _fe IZ mlI\hj ggy | .jgZjgbo kihem

Cbkl flau-Zn-Ge. NZah\e je\gh\Z]b rmu-Kir&eé kibkl fZlbqggh
"hkee”" m\Zebkv A]e~rgboe¢lZgbhbmjm kbkl fe kihkl _je]Z}I
| jfZgeblusZn,Ge; [753 | A.uZnsGe; [756.

Cbkl fla1-Zn-Sn. 1ahl_jfeqgbc i_j_jea ~*Z]jZfb UutZg3n ki
\eAkmigM im[eedZp?fyd 1Z2[729 ih\e~ hfey}lvky ijh \klZgh
ekgm\Zlggy Zppk | Z ge=\tuZnSn «LuZnSnp.

<e"hfe ghlbjvhodhfihg glge RAB{LKNKCU,Zn}-M
GZ ~Zghfm _1Zie ghlbjvhodhfihg_ glgR-Lk-b&d _Nib Cld e :
Zn}-M "M =Si,GeSn ijZdlbggh g_ “hke**" m\Zebky
M im[eedZpe€ > @\ p'or4baqpiRbi,CuM,(R=La Ce M =
Si,Ge yde ml\hjxxlvky \ j_amevlZle &ufgZ_Jilgwfdhl ANbed"gb
| jgZjgbo kih&AwM,0 kljmdIimjgbcCdMiGa "h fZdkbfZevg
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agZq_ggy o CeLli4CkHSi ia_ j*bc jhaQdlLgCu,,Sh agZoh” blv]
\ je\gh\Zae+s a ghlbjvhodhfihg _glghx kihemdhxCeliCuShag
kljmdImjZ ydh€ g_ \klZgh\e _gZ

M jh[hle > @ \klZgh\e_gh peebc jy® | _IjZjgbo kih
ydbo [meZ \klZgh\e_gZ azZ ~hihfh]lhx f_Ih~mfZh gkt gnk
ErsLi Co,Ge; | ZErLi;4Ni,Ge, gZe "ZIlv ~h jhf[eqgh€ kbg]hg-£€
ErlioNipGeg djbklZeeam}lvky m
Ibi

af
| IjZl]hgZevgec kbglhge£€

ClyjmdImBiZioNiggGe [meZ jharbnjh\ZgzZz \ g_p_gljhkbf_1
Ima2. >Zge ighbklgfignkljmdIimkihemgd ~klZ\e\ §Z[e22.

LZ[ebh2
DjbklZeeqgZ kljmdImjZ kRHe{cd, NipGul Zri}-M

Kihemdj KL Kl | = 1ZjZf _|Ijb dhfejdb Ee«ljZ
a b C
1 2 3 4 5 6 7 8
LaLi,Cw.,Sih | CeALGa | tlI10 | I4/mmm| 0,4153 0,4153 0,9918 776
"1 0,4163 0,4163 0,9928
LaLi,Cw.,Ge | CeALGa | tI10 | 14/mmm| 0,4265 0,4265 1,0170 776
"7 0,4275 0,4275 1,0178
CeLi,Cw.,Si, | CeALGa | tI10 | [4/mmm| 0,4103 0,4103 0,9986 776
" 04111 04111 0,9996
~CeLiCuSp CljmdIimgZ \bagZq_gZ 776
keLi,Cw.,Ge | CeALGa | tI10 | 14/mmm| 0,4172 0,4172 1,0212 776
"1 0,4185 0,4185 1,0222
ErLi,Co,,Ge; | Hf3NiLSi; | 0S32| Cmem | 0,41548 | 1,03696 | 1,38029 778
01"[” 2 0,41563 | 1,03806 | 1,38095
EriiLiosNip ¢Ges|EriLiogaNip gl t184 | 14/mmm| 1,07360 | 1,07360 | 1,6122 778
Ge
ErLigs4Nip46Ge| CeNiSp h K Cmcm | 0,40700 | 1,60196 | 0,39873 778
ErLigssNig43Ge| CeNiSp h K Cmcm | 0,40719 | 1,60625 | 0,39891 778
ErLi,,Ni,Ge& CeNiSbh h K Cmcm | 0,40719 | 1,60625 | 0,39891 778
0,43"[” 455 0,40700 | 1,60196 | 0,39873
ErLio iNigoGe |ErLi;«NiyGe o0l12 Ima2 0,41963 | 0,7268 0,6870 778
01"[” 3
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<bkgh\db a eel_jZImjgh]h h]Jey”m

'gZe+a el _jZImjgbo ~Zgbo ”~halheb\ ajh[pde kyZe
[Zah\bfb prmgZoge f Ib jh[hlb

>ey [eevrhkle ih”\ecgbo kbkigh ihJfm}Bhib klZgm e
kbkl_ 6i-{Na, K, Rb, Cs \hgb \e*kmlge q_j_a kdeZ”gekly
_dki_jbf_glm M gbo mlI\hjXxXivky \[*gZjgbo kihemd A~
\bagZq_9gZ djbklZe+sqgZ kljmdImjZ

| hljecge kbklkdbZ AR £Si, Ge Snt \b\g_ge* glZlgvh
OZjzdl_j nZah\bo je\gh\Z] \klZgh\e kiptk | StAriLiI 5S¢ y ey -
JARLizGe Z m kbkJAfEDSN *Zge ijh eahl_jfeqge i_j _jeab "o
\aZ]Ze*kmlge 123e >ey kbkl_f £NaFK} £Si, Ge Sn} "«Z]jZfb
nZah\pragh\g] "hkees”ahgkefe ebr_\b\gZebky hdj_fe | _jgZ
eax JbZgtiKIZgmfhf

LZ[ebp\
Kimiegv "hkee”" ghkle ihljddghbieMk W HECo, Ni, Cu, Zn}-M
("M=Si,Ge Sn | Zdeevdeklv | jgZjghbshKilgdmdmlI\hjxxlvky

M JAF
la | Ce | Pr | Nd [ Sm|Eu] Gd [ Tb | Dy | Ho | Er [ Tm | Yb | Lu

Kbkl fhAFLI-M

Si| 4 [ ua] A4 #£2 ] A4 [ A UL 4] 4+ U4 UB| 4+ #a [ 4=

Ge| #7 [umoluio| us | uir| #| uB | # | ¥ | U7 | U4 ] U4 ]| U5 | U4

sn| #1 | 2| 2] A ] 2| B A ] A A A A ] A A #A
Kbkl fbAFCo-M

Si | # [ UA3[ U6 [ UA3] UA0[ #3 [ U4 un2] u21] #2 [ uis| #10] 43 [ 46

Ge| #7 |un4| uns| unii|uiae| U/B| UML| #1 [ #1 ] #10 | #4 [ u12] U8 | U9

Sn| #6 | U4 | #4 | U7 | U7 | #+] UB | #0| U9 | #9 [ UB| ¥ | 43 | UM
Kbkl fbAFNi-M

Si [ U2] u/5] #20 ] U9 #12 ] #8 [ UM9[ #12 [ U24] 49 [ u/ie| #8 | 47 [ #10

Ge | un2| un9| un2| v | #7 | ul| 47 | #0 [ #1 [ uUn2| #2 [ U/5] UA4]| UO

Sn | UA0[ U/10| #10 | UA3| U/A5| #2 [ UM4| #10 | UA3| U | UL | #8 | #7 [ UM12
Kbkl fbAFCu-M

Si| 5[ u4a] #2 [ uUs| ¥ Jul] uelulo] UL # | 5] 47 | 455 | #4

Ge| #7 [ us | uB | ue| u7|ual 45 | 47 [ U] 4 | U6 | U6B | UA4A]| +#4

Sn| us[uni|umio|l v u7 | 46 U | #6 | US| 45 | U4 | 45 [un4]| U4
Kbkl fbAFZn-M

Si| 2 us] #x] ua] A [ #2] U] 1] 4] # | 4+ 4] 43 [ #+

Ge| #3 | # | #4 | U | 2 | 5| U | # | 2 | 2 | 3] 3| 3| #

snlu9 | us| Bl ual A Ju2lus| 2] £2 ] £2 | £2 ] &4

ljbfeldZ

G- \b\g_gh nZah\e je\gh\Z]b \ kbkl_fe
pbnjZdeevdeklv 1FK
fegmkZge \erkmlige
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M [|Z[e 4 ijheexkljh\Zgh jhaniZ’alebkl_ fIJAHRI-M aZz
kljmdImjgbfb Ibizfb >ewillZkZdl«pgbfb } kljmdIQejlg.Gebib
|Z .-ThSh, *gre ml\hjxxlvky m ihh”bghdb®h\kiZ*"dgdonZ dZj
Kihkl_je]Z}Ivky m \biZ"Bii-Gebkin fydbo mi\hjxxIvky |
kljmdImjgh]h Thli®Ge, <kgm} ih\gbc jy” eahkljmdIimjpglio
kbkl fHua ¢ kihbklgmdIimjgh]hZrNbAm djef kbkl _Iaae Eu).
Kihemdb -«a kljnCdli®y Celi,Ge, LalisGeo, GhCuGe j Zesamxlv
Ney kbkl _f p_je}\h€ ie”]jmib ZHfsMi, 3 jTmiiknGda x \ kb kl_ fZc
elje}\h€ iebHjmi

LZ[ebp34
Jhaih”?ee kihemB-lidklaZz kljmdImjgbfb IbizZfb

ClimdImjgtl JAF
lbi la [Ce | Pr | Nd|[Sm|Eu|[Gd|Tb | Dy |Ho | Er [Tm | Yb | Lu

R-Li-Si

Celi.Ge; + + + + +

CalLiSh +

-ThSh ++ + +

MosFeB, +

EwLiSiz +

AlB, "

ZrNiAl +

Tm4L|Ge4 +

CaLiSh

CrAIC

Celi,Ge;

CeyiliGess

Tm4L|Ge4

LaLisGeg

e e S S I

Gd;Cu,Gey

o IR N S AR I T

++|+|+

Fl [+ |+ +

CeMnGeg

PrzLiGee

|+

ZrNiAl

+
+
+
+
+
+
+
+
+
+

Hf3Ni,Sis + + + + + +

TmLi,Ge + + + +

CeNiSp + + + + + + + + + + + +

CelLi,Sny + + + +

EuLig71Sns 29 +

EwsLisSny +

[jbfeldZIml « 2Ze-
+-gZy\geklv kihemdb pvh]h kljmdIimjgh]h Ibim
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Kbkl _fIR-Li-Sn ih~e[ge aZ k\h€fb o0zZjzdl_jbklbdzZfb ~h
kbkl_f MighbcghZeecany}kdkmdIimjgiCeNiBi djekbkl_ EuwlZ
Yb) Z \ hklZgge jhdb \klZgh\e ghnZlkagmkZjggd/l nGeamSn,.
MI\hj_ggy egrbo kljmdIimjgbo Ibie\ g_ kihkl_je]Z}Ivky

Kbkl _fb sh ozZjzdl_jbamxlvEpgBkHaXi) Zap{Si Ge Sn},
\b\q eggZ[Z]ZWk _djlZ[e3 LzZzd "ey KRAKL KhNi} £Si, Ge Sn}
Snt ih[fm~h\Zigh eahl_jfeqgbo i_j jeab *a "efhA BEDUDHSI, Ge
Snp * eahl_jfeqgbo i_Mgdaor\agZc™ _gh khlge gl _jf |Ze-
"eyeevrhkle a yddoekghgdjbklZeeggm kljmdImjm

M |Z[e25 ihdZaZjdglih?**e kihemdRiCoM d&Z kljmdIimjgt
Ibizfb >ey gbo oZjzdl_jgbf } \_ebd_ jhafzZ€lly kljmdl
kbkl fZo gZc[eevr qZklh a@dNiglZxGadGa. Kihemdb
KIjmdImjAR, *CeNgsSiys j_Zeeamxlvky "ey kbkl_f p_je}\h€
KljmdImj®pCoSh, Smlr,Si,, HfsNiSiz - \ kbkl _fZo elje}\h€ i»é}m
kbkl_ f kdedl&AYKhGe 1Zdh™ kihkl _je]Z}Ivky mi\hj_ggy [Z9dZ
KljmdImjZENiSp, |ZCeAL,Ga Djeflhlh fh gZ azZm\Z blb <k
"hklZlgvh€ deevdhklkilhgegudbajbklZesamxlvky \ kljmdl
TiNiSIi, Lu,CosSis, Sc,CoSb, Hf3Ni»Sis, YbsRhSny3, YCosGes.

> sh \eMjeagyxlvky \e”r \bs hibkZgbo kbkl_f kihemt¢
JARKHRSN \ ydbo djef djbklZeesqgb¥bRh8nd,I8eNiSp 7L1L6L
YCosGes afy\leyxlvky kljmdIimjb yde } o0ZjZdl _jgbfb el
Dy11/C05:SMi 12 LusCo7 7S, HosCo, * D | Z 3Q0sST.

< ebdevdeklv jeaghfégitghbo kihrelmdix}Ivky m Zobkl
JAWNI-M 1Z[e 26 Ahdj fZz "ey kbkl RiNiKEIeaZZ\jrAd!l _jgbf
ml\hj ggy peeh]h jy*m eahkljmdIimjgbo kihemdCeliSkl§m c
CeALGay Z ~ey kljmdImjgQelMisSipAm*kmligy ebr_ kihe@QadXkla
amkljeqzZxlvky IZdlg°nZgbyde fZxlv djbklZeeqgm klIABdImMm
| ZU,C03Sis, CljmdImjb INazms CeNgeSh, | ZCeNiySiz (ih \biz~de\
Kihkl _je]Zxlvky m _e f gle\ p_YNiABI£L£NIFE]MDi BY NigSis £ ey
_e_f_gle\ elje}\h€ il jefoid dZ41bjhkl _ "m}lvky m R-bBkGefZo
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GZc[eevr qZklh agZc™ _gh kihemdb yde 0ZjZdl_jbamxl
CeNiSp, CeAlLGa, AIB,, TiNiSi, SmNiGg 1ZCeCuGg M Kkbkl _fZo -Ij
ier]jmib ihimeyjgbfb } djbklZeeqge* KNS} kfiNi-Sib ik
SGNiy;Sis.

;eevr geldbc ih?ee ih ie?]jmiZo j_Zee-aRfNl-5ky BEbkbk
kKljmdImjgeTINiED | ZCeNiS, amkljeqZxlvky ijZdlbggh \ mkeo K|
_gqZkhe&mdb ea kljnCdBeGd XAu,Smn, LagNiuShe kih k1 _je]Z x Melyy
kbkl _f p h€}\ie*]jmib Z e<a kHogGCb@g CeCuy zdn;g, LUNISH,
LUNiSny, LuNiSry *YbNio,Sn- \ kbkl_fZo ¢lje}\h€ KdfmaBagZqblb
kbkl f4dAMi-M «kgm} 1Zdh™ \ _ebq_agZ deevdeklv djbklZe:
ihhA"bghdbfb « amkljiyDelovigyp ~  deev(dha Al igb[e

LZ[ebp3b
Jhaih”ee kihem®&-GdbWIaZ kljmdImjgbfb IbiZfb
(6 [eevr_ij ~klZ\gbde\

ClimdImjgh JAF
Ibi La | Ce | Pr | Nd | Sm|Eu|Gd ]| Tbh [ Dy | Ho | Er [Tm | Yb | Lu

R-Co-Si

AlB, + +

+
+
+
+

CeNiSp

+ +

+
+

+ |+ |+ +
+ |+ |+ +
+
+

+ |+ [+ |+
+ |+ [+ |+
+ |+ [+ |+

CeA|2Ga2

CeNE’58i4V5 +

+ 4| +]+

TiNiSi

U,Ca05Sis

ScCoSh +

+

+

+
+ 4|+ +
+ 4|+ +
||| ||+
+ 4|+ +

+

Hf3Ni,Sis

+

R-Co-Ge

TiNiSi

+
+
+
+
+
+
+
+

CeNiSi, +

+
.
+
+
+
+
+
+

BaNiSny +

CeAlLGa, +

+
+
+
+

+ |+ |+ |+

G&NiSi,

+ |+ + |+

+| |||+ ]+

LUZCQJ,Sis

ScCoSh

Hf3Ni,Sis

||| |||+

ngR h48n_|_3

+ [+ ||+
[+ ]+ [+ +
|+ ||+ ]+ +
+ |+ [+ |+ +
+ |+ [+ |+ +
+ |+ [+ |+

+

YCosGes

R-Co-Sn

YbsRh,Snis + +

CeNiSjp

+
+

Dy1:1/C057:S112 + +

++|+]+

LusCor77Sn,

++ [+ ]+

HosCo,Ga

+| 4|+ |+ ]|+
+| 4|+ |+ ]|+

DysCosSns

TiNiSi

||+ +
+

|||+ ]+
e S R A o
|||+ ]+ ]+
|||+ ]+ ]+
|||+ ]+ ]+

YCosGes
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LZ[ebp36
Jhaih”?ee kihemB-NMiklaZd kljmdIimjgbfb Ibizfb
(5 [eevr_i]j ""klZ\gbd-\

CljmdIimjg JAF
Ibi Lla [ Ce | Pr [ Nd |Sm|Eu|Gd | Tb | Dy |Ho | Er [Tm ]| Yb | Lu
R-Ni-Si
TiNiSi + + + + + +
AlB» + + + + + + + + + +
-ThSh + + + + + +
NaZns + + + + + + +
CeNiSp + + + + + + + + + + + + + +
CeAlLGa + + + + + | ++ |+ + + + + + + +
CeNE’GSiZA + + + + + +
Y NigSis + + + + + + + +
BazAl,.Ge + + + + + + + +
U,C0osSis + + + + + + + + + +
YNi 4Si + + + + + + +
CaNigSi + + + + + + + + + + + + +
YNisSis + + + + + + + +
NdFe oMo, + + + + + + +
R-Ni-Ge
AlB» + + + + + + + + + + + +
TiNiSi + + + + + + + + + + + +
CeNiSh + + + + + + + + + + + + +
CeALGa + + + + + + + + + + + + + +
G&NiSi» + + + + + + + + + +
CeNisSiss i I O +
SmNiGe + + + + + + + + + + + +
CeCuGe + + + + + + + + + + +
YNisSis + + + + + +
HfzNi>Sis + |+ |+ |+ ]+ +
SgNi11Sis + + + + + + +
R-Ni-Sn
TiNiSi + + + + + + + + + + + + +
CaBeGe, + + + + + +
CeNiSh + + + + + + + + + + +
KAuUsSnp + + + + +
W,CoB, + + + + +
LagNi2aSnyg + + + + + + +
SmyoNigin + + + + +
HosCo,Ga + + + + + + + +
CeCu,zdn1 62 + + + + + + + +
LuNiSmn, + + + + + + +
LuNiSn, + + + + + + +
LuzNiSrg + |+ |+ |+ +
YbNi,.xSn + |+ |+ + |+

[jbfeldZIiml « 2Ze-
+-gZy\geklv kihemdb pvh]h kljmdIimjgh]h Ibim

++-\ kbkl_fe skgmxlv ~\e kihemdpgp ¥t JioikijmdIm
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Yd \brgh [|2Te gZcoZjZdl_jgerbfb R@uBbiInmil\hj gg
kihemd kljmdImjgGdAaL,Gimkgm} ih\gbc jy”® eahkljmdimjg
kihemd kljmhi]mhgnRlB, djef kbkdatu \ kbkl_NtpGd Th, Dy,
Ho}-CuSi ekgmw ~\e Kkihemdb pvh]h Ibim ijb azZ”Zg-
\eNiZex\ZgayBeSii .-ThShL 0ZjZd!l_jge ey kbkl_f p_je}\h€ o o|
KIjmdIimjges QdChsGeasi SeNi1Siy j Zeeamxlvky \ kbkl _fZo elje})
i_jeh”"bggh€ kbKlihfdomdb ae kxXjrilGa@y i CeCy ijhkl_"m}fh
ebr_ \ kblkDy-€CuSi.

Ih~re[gZ dZjlbgZ } 0ZjZdl_jghxR-Ce@e kitkdcfeevr qZ
amkljeqZxlvky kljmdi@ebealbdyef kbklLdCuGe), AIB, djef
kbkl_ Yb-CuGe I|IBAdCuGeg djef Kbkl ZEuGe | ZEuCuGe GZ \e/Mfeg
\eN kbkl Si e@Zklh amkljeqZxlvky kljmdImsg&CGleeh &Hlenbd
ca kKIjmdImThS, j Zeeamxlvky ey kbkl_f p_je}\h€ ier]jmil
Caln, - \ kbkl_fZo elje}\h€ ie”r]jmib Je~rdh amkljeqBEXxIv
La;sFeGeg, HfsCuSns ebr_ \ kb klIZGuwGe), Ke,CuGe | HoNiIGa

GZ[Z]ZIh [eevr_ jhafZ€lly kljmdImjgbo Ibie\ | RARNam
Sn GZcqgZkler_ ijhkl_"m}Ivky mli\hj_ggy Gdirmddmfghkbklb!
{La Eu, Yb}-Cu-Sn), kkCuAu djefbkl {fSm Eu, Lu}-Cu-Sn), G&Cu,Ge; djef
kbkl {Eu, Lu}-Cu-Sn) | Dy, Cuy,Srpg djef kbk{lLaf Nd, Eu}-Cu-Sn). Je/r_

j _ZeeamxbkkylmiglB, LaFeSi, CaBeGe, Nd,CwSny ¢ NaZnis J rlZ
kljmdImjgbo Ibie\ amkljeqgZxlvky a”_[e¥ewvaKihkl HZ@ec qgb
<jZoh\mxgb Ijm~ghse ih\YyaZge ea kbgl_ahf 1Z 7t
kbkl fZo -daAW klZ} ajhamfeehx ihje\gygh fZeZ deevde
ihljecgbo kibemda&lhd]e Ahdj fzZz "ey RBkS §ZcgzZkler
amkljeqZxlvky mklgmdDbAIB,, .-ThShb, CeALGa >ey kbIR-Zi-Ge
kihkl_je]Z}Ivky mli\hj_ggy |_jgZjgbo kihemd -<ea djbkl
CeZnsGe;, YPtAs | ZGdyZnsGes kljmdIm g AlBb,ilba,Zn;Ges *CeZnys 48Sio 56
j_Zeecamxhhkh&[lghlbjvhmiZzrd¥dihergh
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Mkbkl_ fR-dn-SngZc[eevr o0ZjZdl_jgbf } kijmY¥WRmmgglydbd
miI\hjx}lvky fZc '~ a mkefZ EULAFRYbhdDfbklZelelgodlbmljim
AlB,, LayZnsSn «CeZny, 4Sihss amkljxgzknf [ZeZpb je}\bkr€]jmiblhc
gZkdkljmdImg gloiHfCuSL oZjZdl_jbam} | _jgZjge kihemdb «lIj
| Z [ e 28).

LZ[ebhd7?
Jhaih”ee kihemB-GbMla®Z kljmdimjgbfb Ibizfb
5+ [+evr_ ij "klZ\gbde\

ClimdImjg JAF
lbi La | Ce | Pr [ Nd|Sm|Eu|Gd | Tb | Dy |Ho | Er [Tm]| Yb | Lu
R-Cu-Si
-ThSh + + + + + + + +
AlB> + + + | ++ | + + | | | | |+ + +
ZrBeSi + + + + + + + + + + + + +
CeAlLGa + + + + + + + + + + + + + +
GdCusGes + + + + + + + +
SaNi11Sis + + + + + + + +
R-Cu-Ge
AlB, + |+ ||+ | |+ + | ++ | + + + + +
-ThSh + + + + +
Calnp + + + + + +
CeAlLGa + + + + + + + + + + + + +
CeCuGe + + + + + + + + + + + +
CeNiSh + + + + + + + + + + + +
GdCusGes + + + + + + + + + + + +
R-Cu-Sn
NaZn s + + + + +
Calnp + + + + + + + + + + +
keCuAu + + + + + + + + + + +
LaFeSi, + + + + +
CaBeGe + + + + + +
CeNiSp + + + + + + + + + +
GhCuGe + + + + + + + + + + + +
Dy;.6Clg 2Sib g + + + + + + + + + + +




111

LZ[ebh3s
Jhaih”ee kihemB-Zob\klaZ kjdImjgbfb IbiZfb
ClimdImjg JAF
Ibi Lla [Ce | Pr [ Nd |Sm|Eu|Gd | Tb | Dy |Ho | Er [Tm]| Yb | Lu
R-Zn-Si
AlB» + + + + + + + +
-ThSh + ++ + +
CeAbGa + + +
R-Zn-Ge
A|Bz + + +
Ce’ZngGes + + + + + +
Lay,ZnsGes + + + +
CerZNnp2,44510 56 + |+ | F
YPtAs + + + + + + + + + +
GdyZnsGes + + + + + + +
R-Zn-Sn
AlB > + + +
YPtAs + + + + + + + + + + + +
La,ZnsSn + + + +
CerZnppaSiose | + | + | + | +
HfCuSh + + + + + + +

<boh”ygb a \bs_ ijbnzdlgbédh \b\g_ ghbipecgbkobkl «
gZy\gbo ~"Zdghbqg_#kgbo kbkl_fzjw \bdhgzZgge _dki_jbf_«
"hkeenr” gkl fZo -LAMNa K}-{Co, Ni, Cu, Zn}-{Si, Ge Sn} fh gZ

hgedm\idlbhj ggy\ ebdh€ deepgdhglrollZ | IjZjgbo>kivhema
gl _jf 1ZeefgAc[eevr \ejh]ergbfb [Mm mlv djbklZee+sqQg-
0ZjzZdl_jbamxlvky jhf[eqghx | _|j4Z]dW&ZéwvgBevghx kbg]

lzdh™ fh eb\_ ml\hj _ggy I\ _j*bo jhagbge\ \dexqg _ggy Z[
ihr\ecgbmpbihljecgbroZalgl jf IZekglgemdl hkghReF |Z E-e°l-
fh mlv fZIlb pedZ\<onfeamiygdh\ezZzklb\Hkleeb\h \bdhjbklh\m\
ydhkdelschggbo e dljh?e\ Z~Akhj[mxgbo IZ f_|Zeh]e*jb"
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JHA>PE
F?LH>BD: ?DKI?JBF?&LV.GH=H >HKE1>@?GGY
2.1 <boe”ge fZl jeZeb
>ey \b]Jhlh\e _ggy kieZ\e\ m ~hkee”" m\Zgbo kbkl_ f
f 1Zeb a gZklmigbf \feklhf hkgh\gh]h dbfiHggglm f4dR K

Eelet fZk q GZljec fZk ¢ xZeec fZk q [ZB 499,97
fZk ¢ Gead ev fZk q FZ&]gec fZk ¢ B¥OE fZk q Dmdjm
9P fZk q exf«£8909 fZk ¢ Kbedq9o®d fZk ¢ = 109,99

fZk ¢ KlzZgmf fzZklgj \Z ' gZ [+sevreklv ea gbo j Zeean
SigmaAldrich.

2.2 <b]lhlh\e_ggy IZ | _jfeqgZ h[jh[dZ kieZ\e\
MaZe_ "ghkle \enr oefeqgh€ Zdlb\ghkle dhfihg_gle\
\bdhjbklzZges jeage f _ Ih*"b Ahdj_fZ kiezZ\b yde g_ feklyl
\fekl g agZggbc \b]hlh\eyeb regyhb&lileZaledbos*"gbo dhf
\ e dljh*m]h\ec i_qe gZ ferghfm \h*"hhoheh”"m\Zghfn
_e_dljh~rhf \ ZIfhkn_je hgbs_gh]lh Zjlhgm ij&\Znk\dhg g
iIjh\h”bedZl ogeqgbo |I_j aZo a ,hgpbkigljhev kdeZ"m k
ijh\hbeb reyohf ihje\gyggy fZkb rbolb a fZkhx kieZ\m
ieZ\pe g_ i _j \b@Wo\A&kldeZ” kieZ\m ijbcfZeb je\gbf jha
kdeZ”m rbolb
>ey kbgl am kigzlyv}r@Ze}¥Z[h agZgghx de&vidxkl
rfZlhgdb qgbklbo f _I1Ze+\ a th¥gbjffockgbd kdezZ"hf ij_Kkr
|Z[e Idb yde [meb mdeZ”™ g \ [ZglZeh\bc Ib] _ev =« |
| fi_jZImjgbf dhgljhrR\bjhdeklv gZ]je\m \e” defgZIgh€400 fi_
ZK hje\gx\ZeZK o\bebgm |Ijb pec | _fi_jZImje kieZjlp]hidfr
Aho ~ge\ Z ihlef | _fi_jZImjm ieM\bsai®heb X&jhly]hf
]hdgb HljbfZgbc ajZzahd \«*iZex\Zeb ijb pec ~_ | _fi _jZIm
e ih\eevgh hoheh” m\Zeb ~h defgzlgh€ | _fi_jZImjb Kie
eg”"bn_j _glghlh fihkkej_"~gvh hqgbs_gh]lh IZ ag_\h”~g_gh]h
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=hfh]_geamxqgbc N\eMilZebeb ijbdki_jbf_glZevgh iene
| fi_jZImje \jZoh\mxgb | _fi_jZImjb ieZ\e _ggy mkeo dF
_\l_dlbd aZa\bqgZcl gi_ j2hEmYy f "~Z200 fK+£400 fK ijhly]hf
N _dvdhdb g\ KieZ\b ihfesZeb \ dhglZeb\sb  azizx\
d\Zjph\e Zfimreib ja*gvhx \ZdmZpelx jh\ggim h[jh[dm ijh\]
\ fmn_evgbo i_qZo-IMima ZNIhfZlbggbf j_]Jmex\Zggyf |
lhqgeklv ZK Z[hFI- a Z\IhfZlbgghdmegx\Zgdyfi_jZImjb
(lhggekb ZK <eniZe g+ kieZ\b azZ]zZjlh\m\Zebkv m ‘dh&hd
kieZ\e\Gzdje}fDZe}f Z[h agZqgbfErfeklhZjim\Zggy ijh\h”b
oheh~ghfm fZDkegljhev ]hfh] _gghkle ¢ je\gh\Z ghkle ajZz
j_gl]l _ghljzZnlZgdgndjhkljmdIimjgh

23 J _gl]l]_ge\kvdbc nZah\bc ZgZe-a

J gl] _ge\kvdbc nZah\bc ZgZee+ea \bdhjbklh\m\Z\ky "e
je\gh\Z] :gZeea ijh\MYogE dalZ]jZfZalgylbflz ~bnjzZzdlihf_Ij
HZG-4a (CuD-\bijhfegx\Zgd)RD-6 (CuD-\bijhfegx\ZggyJH@,0F
(F_ D-\bijhfegx\Zggy reyohf ihje\dyggylbEgoglafb ~bnjZdlih]j
"eyybklbo dhfihg[-gplZYghd * ydbo | _jddhgbogde ] g jm\Z
kljmdImjgbfb [ZaZfb edgbo | Z\daqyZdIh]jifjhrhd ajzZad
Ijb]hlh\Zgbc m \ yadhfm <g”bn_j glghfm k gZ*"dxhstm g2
\biZz*dm oe<feqgh Zdlb\gbo kieZ\+\ ihjhrhd ihfesZ\ky m dz

24 Mlhgqg _ggy djbklZeeggh€ kljmdImjb kihemd f_Ih"

>ey \bagZqg_ggy 1Z mlhgg_ggy djbklZeeggh€lhkRMm
ihjhrdm \bdhjbklh\m\Zebky ~bHjGdd {CuKjBbijhfegx\Zggy
STOESTADI P (CuK-\bijhfegx\ZggWRDB (CuK-\bijhfegx\Zg&y|
aZih[e]lb | _dklmjm\Zggx ajZadb gZghkbeblRh€gaAxhh\bj
\blJey”e iZklb a ihjhrdm &liejZhih \Yheg”bn_j glghfm fZ
mkmg_ggy egkljmf_glZevgbo ihfbehd sh \ieb\Zxlv gZ
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\eN[blv gZ *"bnjzZdlh]jzfe \ “hkee” " m\Zgbc kiezZ\ \\h*b\k\
ithjhrh&beespex

JhajZomgdb 1Z <g” dkm\Zggy ihjhrdh\igb\Hbng B VI
\bdhjbklZggyf ijb]iLKM > @ mlhgg _ggy i_j*hPOWDER Z I
CELL- > @ jhajZzomghd |_hj_Ibqgbo Jhlanzoddp fjiz f
mlhgg_ggy kljmdIimjb ajZade\ ijh\h?*bebkv az "RASh@h ]IlZx
FullProf 98 [782.

25.<bagZq_ggy djbklZe+sqgh€ kljmdImjb kihemd f_Ih”h
< hdj_fbo \biZz*dZo \bdhjbklh\m\z\ky f Ih® fhghdjb
fhghdjbklZevgh]l]h “~hkee~” ggy ijh\h”"b\ky nhlh]jZneqg
h[_jlZzggy dzf_jZ JBEMs\bijhfegx\Zggy [|Z gjhgl]lhf ljbqgl
~d\egZobe gbf f Ih"hf <Zck_g[_j}ZCuKZibjhflegR@KZggy
f_ I1h~b “ha\heyxlv \klZgh\blb ydeklv djbklZem ~bnjZdp:
dhfejdb>bnjZdpecgbc dezZk [Z fh eb\e ijhklhjh\e Jjmib
j_amevlZle KpkéebAibggbo ihT&dr 785y 78p

?dki_jbf _glZevge fZkb\b +gl _gkb\ghkl ¢ ey ~jm]h
hljbfm\Zeb gZ Z\lhfZlbgghfm NIXCALIBLARE (MoK 5
\bijhfegx\Zggy ]jZnelh\bc fhg&djyHfahHh) kdZgm\Zggy |t
gZ Z[khj[pexckaXx\ZeZky azZ "hihfh]hBIFABS|Z8D@ Fh eb)
ijhklhjh\e ]jmib \b[bjZebky azZ "hihABBEXK[VBB@Zfbharbnjh\
dijbklZeeggh€ kljmdImjb ijh\h*"bezky ijyfbfb f_Ih~Zfb
ijh]jZfBHELXS97[789.

Mlhgg _ggy dhhj~rbgzZl dZiZ2j4€hh\b\ ZIhfe\ \ eahljhic
Zgeahljhighfm gZ[eb  _gge ijh\h”beb ih\ghfZljbqgbf F
ijh]jZfbSHELXL-97 [790. H[gbke glgyeh\bo dheb\Zgv ZIhf
\bagZqg_gge kljmdImjgbo nZdlhje\ a”*eckgx\Zehky aZ nhjf

WeprUeq(sin 7o
N Ueq(Biso ey f_Ih~m ihjhirdjdf_1j eahljhigh]h I_ieh\h]h dhe
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7tdml "bnjZdpe-£€
O+t"h\"bgZ o\be-
2= exp{-1/4Uph%a*® «  U,Klb*c*)}

AU xdhfihg_glb I_gahjzZ Zgeahljhigbo |I_ieh\bo dheb\Zg\
hk, £eg”™_dkb \e”[blv
a*, b*, c* xizZjzZf _Ijb h[_jg_gh€ ]jZldb djbklZem

Pe ihijz\db \oh”¥(hkl m yd fgh gbdb ijb Zlhfgbo
jhakex\Zggy Djbl_jec ~hklh\ejghkle fh” e« kljmdImjb hy
"h~rzZldh\bo fZdkbfmfe\ gZ jeagbim\l§¢ kb@lZaaZgpZq_ggyfb
jha[e ghRle

. | IRl IR
NZdlhj jha[s ghkls RL RO el
| Fo
‘ . -1 RI(F2 F“@
A\Z' gbc nzdlhj Jha[/szghg_gtL-lf?TFz)g)@A
I 0 é
} 2 272
>h[jhIg-kI]vhm‘m\ZevghSI-@R’(Fo F) 4
-~ (hp

NFolZ ¢ xkihkl _j_ "m\Zge I1Z jhajZoh\Zge kljmdImjge nZ
w x\Z]h\bc dh_nep-}gl
ntdeevdeklv j ne dke\
ptdeevdeklv jhajZomgdh\bo 1ZjZf _Ije\
>ey klzgrzZjlbAZfedje\ dhfejdb \bdhjbklIh\m\ZS&Yijh]
[791].
26.KdZgmxqZ _e _dljhggZ fedjhkdhiey
>ey fedjhkljmdImjgh]lh "hkee”” _ggy kieZ\e\ \bdhjbkl
_e _dlihbg fedjhkdhi K?F a j_gl]_ge\kvdbf fedjhZglD&e«aZ
1Z e ddhtrdejh kd AESCAN a fedjhZgZea®WDYEIX.
KdZgmxqgbc _e_dljhggbc fedjhkdhi “halhey} ijh'
"hkee”" _ggy fZkb\gbo ajzZade\ |Z fedjhijly[de\ iIN\hGge M
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thi_j _~"gkh_peZevgh ie"]shirajlgreedZgm\Zggy ih)ZpogZ
a"eckgx}lvky a “hihfhlhx _e_dljhggh]lh imgdzZ ~«Zf _Ijhf
~g_jl*}x _e _dljbg®d\ d< >e¢ZiZahg afegb djzZl a£3@0000,99
jhareevgZ a”Zlgeklv kdezZz”"Z} [ebavdh gf

ljb [hf[Zj"m\Zgge h[fT}dIm _e dljhggbf Jzegtehfyh]
g_i_j_j\ghlh j_gl]l_ge\kvdh]imljikimdfpm ki_dIlj ozZjzdl_jbk
\bijhfegx\Zggy ee+ge€ ydh]h \byleyxlv ijbkmlge oefeqg-
gl _gkb\ghkl ¢ \e?*ih\e*gbo eegec “ey ajZadm e+ ey _|I.
"hkee" m\Zgh]lh _glm ~hal\hey} ijh\h~blb deevdekgbc Z
ydh]h *df

lkgm} ~\Z f_Ih”b ijh\_ "~ ggy j_gl]_ge\kvdhi]h
_g_jlh*bki_jkeEDX®»dZ o\bevIWDS). | _jrbc } _dkifi_Ilh~*hf ea
hrghgzZkgbf \by\le ggyf \keo ijbkmlgeoijh[e f 7jm\ b
0ZjZdl_jbam}ivky gZ ihjy*hd \bshx gmleb\eklx ijb ydec
Ahferdb m SSP

>eZiZahg ZgZeecah\Zgbdeye f\p@leV fh ebleklv hljbf
djb\e jhaih”eem \dZaZgbo ijbkmlgeo e f gle\ZihZedh(
ah[jZ _ggy ajZadm m j_gl] _ge\kvdbo ijhf_gyo jhaih”"ee

H[T}fgZ ehdZevgeklv f_ Iha® kidz~ZlkhexlgZ ehd:
gmleb\«KO#A0™ ] |hggeklv \bagdo259gy Z| Keer \e~rfe|b]
sh p_c f_Ihn fZ} k\h€gdyf 1Zd ijh[e_ fZlbqgbf } \bagZ«
e _f _gle\ a ihjy*dh\bZzghtf EDXA [1Z<4 WDS).

27. lhemf_g \Z nhlhf_ljey
Hkdeevd&blec g_fh eb\h \bagzZgblb azj "glihi\kxd
ki_dljZevgbo fedjhZgZeeaZlhje\ |h ch]hk\ZgH\ex\ daétdZ
Ahihfhlhx ithemf_g_\h€ nbdifjblkdB\mikxeonf_g_\bc nhCarf_1Ij
Zeiss Flaphoe Gef _qqbgZ
>ey _dki_jbf_glZevgh]h \bagZEglegglidZdkfmkhx "h
ithi_j_"~gvh jhagbgyeb \ fe F +&@]hkh\Ziglpkagbg
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Ah&e”r m\Zeb azZ ~hihfh]hx ihennff_djmh)®MSWRhjbkIh\mx
*gl_jn_j_gpecgbc neevlj gf <bfejyg_ &glrg_gmg
\b]hlh\e _ghfm jHefqpdZehky ésh ha\hépeéokgblb i _j jZom
m Zlhfges Z[h fZkh\e i’ gi]iZie i kieZ\e

28. <bfejx\Zggy |mklbgb kieZ\e\
>ey \bfejx\Zggy Imklibglbd AjElaldh\m\Zeb \hexf_Iljbggbc
fejgbc pbefgklidekixfe f_"Z Ihgghkle © fe ]jZ7Zpey il

gZeb\Zebneg”glgiZjZnegh¥Zkeh h[f}fhf *h fe
AjZahd i_\gh€ a\ZKb g ZgZeesldggbazon\ ihfes gbc
]liZ"mch\Zgbc pbeeg”j qgZkldh\h aZih\g_gbc gbklbf iZjZ
fe' M\ hfzZ h[f}fZfb ~h ¢ iekey Ih]h yd ajZahd [m\ ihfes
ajZadZ =mklbgZ jhayaoli\dn\b&lZggyf nhmf®eblhob[dm
\bagZqg _gbo agZq_ggyo |mklbg kieZ\e\ hpegx\Zeb azZ ljv

29. L _jfeqgbc ZgZe-a

>ey \bagZq ggy | _fi_jZImjb ieZ\e _ggy hdj _fbo kb
\klZgh\e _ggy | _fi_jZImjb fh eb\bo nZah\bdhjibllh\dm\lgyg v
f_ IhB bn_j _gpecgh]lh | _jfeqghDPAAZglZeé¢dm j gpecgh€ kd
dZehjbf_ DOS&.

>ey \bdhgZggy _dkiaZkfhkghim\kZekd k V2T & Netzsch404S~
sh kdez”~Z}lvky a ijbklhkm\Zgv |ZgyZahXbddngl tg _ j-°
klg~"ZjlnmMo g _jlgbc ~h E Ihfej | _fi_jZImjb a”eckgx)
"hihfh]hxPt®PYRh | jfhiZzj >ey h[jh[db hljbfZgbo | _ a
\bdhjbklh\m\Zeb ijh]jzfg_ aZ[_ai_q_gbh\gpth jfh]gXH&ye
|Zdh]jZned aZe_"ghkle "bn_j gpeZeWwghWkrkbllgZdem \ZIm
j_amevlZl \bfejx\Zggy \bjerZevgbc \ieb\ fZxlv fZkZ
| _jfhizjb 1Z r\b~rdeklv ijhp_ke\ hoheh”  _ggy 1Z gZ]je\Zgg

DTAf\bfejx\Zggnyh\h*bebky \ j_"bfe gZ]je\Zggy hoh
r\brdeklx & o\ lhob[dZ \bfejkiZgpybilvza& L _ieh\e _n_dlI
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djb\bo gZ]j*\Zggy hoheh”” _ggy “h[j_ ma]l]h® m\DEMdRicefe
ajZadb "hkee”" m\Zebky j gl] _gh]jZneqgh |Z f IZeh]jZ
rbjhdh g_ \bdhjbklh\aX Zbkyh dh€ o<feqgh€ ZdIb\ghkle hdj

F Ih™bn_j gpecgh€ kdZgmxqh€D8ZeHphb\f¥ YpEhjbklZ
1Zdh™ ~ey \b\q_ggy | _jfegqgh€ klZ[eevghklehkeilgy\e\ \ ZIfh

210 ?e _dljhoesfegge "hkee” " ggy kieZ\e\

?e_dljhoefeqge "hkee”" ggy kieZ\e\ ijh\h*behky a f
hkgh\e gh\bo Je*jh]_gkhjjpjegée\ fZ 1Zdh " \bkhdh_g
_e_dljh~rgbo fZl_jeZees\ "ey f_|Zeh]=Hglgbpbd dDn ferdydhje\

<ke e _dljhoefeqge \bfejx\Zggy [meb ijh\_~ g
e _dljhoesfeqgh€ CKIAnppuients KR: >hkegQy _n_dlb\gh
_e _dljhoesfeqggh]h ]Je*jm\Zggy ijh\h”"bebwagelokijKR:lbiZa
kdez”~"Zxlvky a dhfihablgh]l]h Zgh”m sh &fktBbh]h <a&ZeZ
\Z]hx \m]eevgh]h iMjlyddrkle dZIh m [m\ \bdhjbklZgbc _e
Ni(OH),. Fe~ e dljh~Zfb agZoh”b\kyZKkhogZjghbj F jhaqbghf
ydhkle e dljheelZz

ljb hkee” egqg_dlb\ghkle _e _dljho=fdgghyhrmesidhkle c
[m\ \bdhjbklZgbc e _ dljh?LIQXD, h&kghliZjzZlhj azZfhgm\Zz
e _dljheyldbc kdez*&@\Ky jhagbgirF; \ kmfere jhaqgbggl
(_Ibe_gdzZj[hgzl "bf_1Hé&dezgdhgZl

>ey \bagZg_ggphaj¥ywbo ozZjzdl _jbklibd | _klm\Zggy
ajZade\ ijh\h~*beb m ]Zev\ZghklzZ\Bglghémdjjhbdbo ijhlhl
ljhp_k azZjy"m ijh\h~bedh]hh gizkbqg _ggy fZI nmy&Eegn fZghhH
eele}f ]JhjbahglZevg_ 3%ieZlh” gZ azZjy~gec djb\ec

/fgeklv Zgh”m \bagZqgqZeZkv aZ nhjfmehx

K ot

N K ighfegZevgzZ ¥fig™dklv
lpb £kljmf jhajy”*m
t+qZk jhajy”m ]h~
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IblhfZz _g_jley jhajZola\dnhbé¢iakeh x
W, = (U p t)/m,

N pxiblhfZ _g_jlfh <]
U tk_j_"gy jhajy”gZ gZijm]Z <
l, *kljmf jhajy”m
t+tqZk jhajy*m ]h~
mzzfzZzkzZ d]

En_dlb\gekév dljhosfedkin€E[pe€ \hegkhpnZoh\ggKImighbf
gbghf

Jff — qH,OX :I_j-oo %

H red
N d-dh_nepe}gl n_dlb\ghkle ih]JebgZggy \h”*gx
Quox- IMklb@Zjy*m hdbkEéhfoh” gx
O red- IMklbgZ adpihriddh\b”ree ggy. \h” gx

<hevlZfi _jhpbdeeqge HWljbdpdFZigriheyjbaZpecges djb\e
h”n j"Zgkbkl _fe a ljvhfz _e xéyphfZfBeh]e"jb~rgbo ykdlkK | «f
ijhlbe_"ghlh _emddhlibklih\m}livkyhibZldbgdljh™® m \b]jey~e
*m ydhklZehggh]h _en-ddihk'bq gbc dZehf _evgbd D)2 d
>bkdh\s _e dljh~b jBZhqZ *kdfmedZklhkh\Zgedhkle jh[hq
_e_dljhne)\ | j_~ dh gbf \bfejx\Zggyf jh[hgZ ih\_joc
_e _dljhre\Zz{meheejhZgg \h "hkitwdZ ~Zlgfgmi Zi_jeijhfbl Z\
"bklbevhcdgte |ZdblemregZ

Ihl _gpdgZfgr iheyjbadge djb\e [meb \bfejyge \
ihl_gpeZesl \+*h < \ ihje\gygGDaijb r\brdhkle kdZgm\z
f<k d =Zev\bdgbdgr aZjy” jhapjyhrkes”" ggly\h~*bebky jyeéyn
ajZade\ azZjy® Zxqb €0 \h~g_ f ijonby(Imklibghtjmfm B h
f: Ff? Z ihlef jhZjgBl kljmfhff: cf®* P<: &9 djb\e
f _1Zlge"~jbrgbe dljh”e\ ijh\h”*bebky \ h[eZkls ihl_gp=<Zetl
ihje\gygd@Da? ijb r\b~rdhkle kdZiPniikg gly
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>ey esthggbo kbkldhkle ijhibe “ghlh _@ZklikhIm\z
f 1Zesq@Ewl,cZ\ydhkl4Zehgghlh _el\lidpibklh\miCook

211. =Zah\_ ]J**"im\Zggy kieZ\e\
<bfejx\Zggy Z[khj[pe€ 1Z ~ _Kkhj[pe€ \h”*gx KkieZ\Zfh

\bdhjbklZggpeZ*"inFX25 iden ,VRFKHPD :glJeey a WEgh
ZgZe+aZlhjhf ydbc "halhey} \bdhjbklh\m\&Jb kfd «l\h ® hK e\
[Z] \ "eZiZahge | _fi_jZImj \e~ fK ~h fK Je\gh
\bagZqgZeb "ey jeagbo | _fi_jZImj IZ \bdhjbklh\m\Zeb *
_gljhie€ ijhp_km gZhKpk€e je\gygmulynkZgl

INP;j.1g=-0HA_knfRT B _knfR
N Hi knj(0Sa knjp _9l1Zeviey o _gljhiey ~_khj[pe€ fhey ]J]Zah
]**jb*"gh€; nZab
Ritmge\ jkZEAmkX¥Zede\gZ > Hhev
L+l _fi_jZImjZ ijhp_k[mpe+£Dkhj
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JHA>1E
1AHL?JF1QG1 I?J?J1AB >1:=J:F KL:GM >HKE1>@"
IHLJ1CGBO KBKL?F

3.1 Ihljecge kbkR-ILibSi
Kbkl L&Zi-Si
l1ahl_jfeqgbc i_j jea jbk NeZ1jZUidt KEZ fjim K b kfI K f

gl _j¥de&8 "hkee”" gh gZ hkgh\e j_
fedjhZgZeesam

\ dhgp_gljZpecghfm
j_gll] _ghnZah\h]h ZgZeeam IZ
ihljecgbo kieZ\e\

M j_amevlzle _dki_jbf_glZevgbo
NI\ _j~° _gh ekgm\Zggy [*gZjgbo nZalLaHkSi\l£ZLg®do KbkZdh'
| jgZjgh€ WAb®bLI,Si; ydZ [meZ "hkee" 30 3pAjgHdjsf pvh]
kbeepb bk lfadtidiSiijb fK \klZgh\e _gh
| jgZjgbo kihemd

ith\_joge

"hkee™ gv p

kgm\Zggy s_
[meh \bagZqg_gh 7"ey
KLaPtSi |4Vt

kbkl fe g_
[*gZjgbo n

DijbklZeeqgm
"hkeem\Zgh€ kbRVzEBLISI
LaLlipssSihes KL.-ThSk ljb |1 _fi_jZImje \eNiZem \
ekgm\Zggy I\ _j~bo jhagbge\ gZ hkgh\e
0ZjZdl_jbklbdb ihljecgbd\kimhegmd\ijZ[e

KIjmdImjm

K LCaLiSh); W xLaLiSi

LZ[ebpy
DijbklZeh]jZnegges 0Z]Zk h gkl k dibfa-Li-Si

Kihemdz KL Kl | = 1Zjzf_ljb dhfejdb g

a b Cc
W=LaLiSi, CaLiSh oP16 | Pnma | 0,7721(2) | 0,3887(4) | 1,0632(5)
W+lLa,Li,Si; | Celi,Ge; | 0S28 | Cmcm | 04500(8)* | 1,8803@)* | 0,6896(1)*
WzLaLiSi LaPtSi tl112 [4,md | 0,4186(2) | 0,4186(2) | 1,4232(5)
W+laliossSivgs | ~ThSk | t112 | I4/amd| 0,4194(3) | 0,4194(3) | 1,4103(7)

*AZge Z\lhje\[300] 805]
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Ti— LaLiSi,

T2 LazLiESi3
T3— LaLiSi

T4- LaLig 35Si) 65

[a
JbB.1 4ahl_jfeqgbc i_j_ jea ~+Z]jZfb k[Zig3niKdRO fKb

. A - il
" h $0 y "
- “ 4 X

Jbk 2. Nhlh]jZne€ fedjhkljmdIimjb kieZ\s\
ZL Zeli1Siss k\eleZ nRAZ fghejAZaZaSh | fgZ nZaSE
DL ZoLiSiy k\eleZ RBaX\et&hjhiZaZV | fgZ nEaSh

Kbkl TbhZi-Si
lahl_jfeqgbc i_j_jea 7eZ]jZfb kbegumSikbbl_ fb fK \
dhgp_gljZpecghfm 3@l_j\ZE+*Si "hkee”" _gh gZ hkgh\e j_
j_gll] _ghnZah\h]h |ZgZekjdmdgZesam ih\_joge ith~\ecghb
kieZ\s\ jbk
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M j_amevizle _dki_jbf

_glZevgbo “"hkee<”" JghtibSijec
ijb °C[meh ienI\_jn°

~gh ekgm\Zggy [*9gZjgbo nETaSihZ\ e
LisSie \byle _gh ekgm\Zggy\e*"pdhor kipemd DjbklZeeqgm |
\bagZqgq_gh ey kWe¥plbhsSky\ WxTbLi:Si gZlhfeklv | _jgZjge¥kih

+TbLiSi,, W £TbLiSi |ZW +TbLigsSiies djbklZesamxlvky \ kljmdIm]

NdRuSh, ZrNiAl 1Z -ThSh \+Aih\eAghb | _fi Zlmjs \e”AiZem \ kbkl

\by\le _gh jhagbgghkle |j Ivh]h dhfihg _glZ m [egZjgbo nZ
DijbklZeh]jZneqge 0ZjZdl_jbklbdb agZc”_gbo Bihemd

Ti— TbLisSiy

\ T2— TbLi;Si
\\Tbsb T3- TbLiSi,

\ ,«\TbSlz « T4—TbLiSi
-.;5\/: Ts—TbLig 35511 65

3L \%Tb&
. /// 2%

Tngl3

Li

JbIB3 dhl_jfeqgbc i

_j_jea "eZ]jZfb KbZLigSh i kKO frK

LZ[ebpy
DjbklZlgBneqge 0ZjZdl_Kinlelikdik | bTh-Li-Si
KihemdZ KL Kl =

1ZjZf _1jb dhiejdb gf

a b Cc
W+TbLisSiy « « « « « «
W=TbLi5Si « « « « « «
W<=TbLiSi, NdRuSp | mP8 | P2/m

0,4015(1) | 0,3874(1) | 0,8122(2)

= 10232 f
W £TDbLiSi ZrNiAl | hP9 | P-62m | 0,7016(1) | 0,7016(1) | 0,4202(1)

W=TbLigssShes -ThSh | t112 | 14/amd| 0,4046(3) | 0,4046(3) | 1,3917(7)
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Kbkl Dy4i-Si
AZ hihfh]l]hx _ITh~*m _gl] _ghnZahAgZredamihljecgbo ajZa
"hkee”" mbhah\e=\gh\Z]h kbkl_ My-Li-Si ijb 400 fK Py kbkl fZ
oZjZdl _jbam}lvikyy ggyf jgZjglilmemUde*kmlgeRIx*bphaqgbge\
gZ hkgh\le [egZjgbo HAXa>epbk XatDyLisSi;, W £DyLisSi |ZW £
DysLiSiy djbklZeeqgm klijmdIimjm g_ \bagZq_ g&zQByliBibj Wee |
DyLiSi 1 ZW=+DyLig3Sihes djbklZeeamxIvky \ kljmd IMdRySip ZtKiAZ o
|Z .-ThSp \e~ih\ergHeZklv g_afermdBAbidng geethkl je]Z}Ivky
\feklm ZI Si
DjbklZeh]jZneqge 0ZjZdl_jbklbdb nZa3ijb\_~ gh \ IZ]

T1 - DyLisSi,

. 12— DyLi,Si
\DySi,  T3-DyLiSi,
[nDySiy ,  T4-DyLiSi

/ T5—DyLig 35Si1.65
£ :_\7 DySl Tg— D)/4L|SI4

Li Dy

JbiB.4 dhl_jfeqgbi jea ~+Z]jZfb kl|Z gDy-LiiSkijbio0 f K

LZ[ebpy
DjbklZeh]jZneqge+ 0Z]jZk h &k k i bDy-Li-Si
Kihemdz] KL K| |= 1ZjZf_Ijb dhfejdb g
a b C
W+DyLisSi, « « « « « «
W=DyLi3Si « « « « « «
W=DyLiSi, | NdRuSp | mP8 | P2/m | 0,4010(1) | 0,3869(1) | 0,8119(2)
= 10232 f
\W+DyLiSi ZINIAL | hP9 | P-62m | 0,7011(2) | 0,7011(2) | 0,4193(1)
W=DyLiossShes | -ThSh | 112 | I4/amd | 0,4039(2) | 0,4039(2) | 1,39125)
W=Dy,LiSi, « « « « « «
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3.2.1hljecges kbkl Rflh-Ge

| _jre klZlle ijh cabbejfi_j _jeab nZah\bo ~Z]jZf"KkIdgr
j_amevlzIiZfb nZah\h]h j_gl]_ge\kvdh]h ZgZeeam KkieZ
ieZ\dhx [meb him[eedh\ZgC€ede Sk B&I[303], Prii £5e [315],
{Nd, Sm} +i %5e[319],Gdt.i £ Si, Ge} [324], { Tm, Lu}-Li-Ge[329].

M pbo kbkl _fZo [meb \by\le g+ jy*b eahkljmdimjg
\klZgh\e g+ djbklZe-+qg RLUGeMEALN jRLIGe [303, 313] R4LIGe,
[327], RLiGe [321], RiLi,Ges > @ RKiGes [308, 315,780] leager nZab
RLiGe, R.Li,Ge | ZR,LIGe, [meb mlhgg _ge ca *@ibhfdld4KF agZc”_
gh\e kihelbadlh;,.Gee (Immm gh\bc kljmdIimjgbc Ibi bDaligGey, @
(Cmmm gh\bc kljmdImjgbc Ibi >LaslisGe @nmm K LGA:Cu,Ge)
[311].

Gb qg_ ijb\_~ _gh hibk eahl_jfaggbhaZahjbo ~«Z]jzZf kb
jZger_ g_ \b\gqZebky IZ ey mlhqg_gbo kbkl _f

Kbkl L&Zi-Ge
J_ameviZlb nZah\h]h j_gl]_gkajihd b« 7 § Zkewati e
ijb | _fi_jzImj¥K ihdzazZge m 1Z[e l1ahl_jfeqgbcjZfp j:

ijb pec | _fi _jZImje ij _"~klZ\e _gbcfgdhklymdImjzZ kg2 Z\rk
3.6.>Zgbc cahl_jfeqgbc i _j jea \ "hkee”" _gec h[eZkle kde
"\hnZagbo - hr"ghnZa[@®2p84v]e Zkl c

ljb \b\g_gge kbkiifse\ h[ezkthgp_gljZpec \e~ ~h
*H fb ie?I\_j*beb <kgm\Zggy gZklmigbo W tddfgdes Ki
(Cmmm K LPrLiGeg), W=LaLiGe, (Pnmg K LCaLiSh), WtLaLi,Ge (Cmcm KL
Celi,G&), W=LigLa;,Geo (Cmmm gh\bc KWitlLayli,Gee (Immm gh\bc KL
WtLasliGe (Immm K LGARCwGe WiLasliGe, (Pnma gh\bc KyliGey),
yde [meb hibkzge \ [Z]Z[3080 308,[81Z 813, 315, 327, 329, 793].
DjbklZeh]jZneqge "Zge* | _jgZjouadinkIeag Kbkt g» \ [Z[ebp-
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LZ[elyp

GhfegZevgbc kdeZ” kieZ\EPMA and&kv|4bd_glZevgDdnkibg
j_gl] _ge\kvdbc nZah\bc ZgZe+sa "ey » _ydbo kieZ

Lati®e \e"iZe gb@0°D
GhfegZevgbc NZab KU KI 1ZjZf ljb dhfejdb g
I ImklbgZ Kig a b | C
LigolasGess W Gd,Cu,Gey, 0122 0,4512(1) 0,6927(3) 1,4995(8)
LioGey LioGey, 0S52 0,4494(1) 0,7869(2) 2,4439(5)
Li;.Ge Li1,Si;, 0P152
LissLasGey W LiCaSk, oP18 0,78508(4) 0,40104(2) 1,0884(5)
LiGe MgGa, 1132 0,9763(1) 0,57842(2)
Li,sLasGeyo W LiPr,Ge;, 0S18 0,4187(1) 2,1113(8) 0,4391(1)
W LiCaSh, oP18 0,7850(2) 0,4010(1) 1,0884(6)
Li-Gey, Li;Ge,, 0P76
LigolayoGesg Y Gd;,Cu,Gey, 0122 0,4513(1) 0,6928(2) 1,4997(5)
LioGey LioGey, 0S52 0,4495(1) 0,7870(3) 2,4440(9)
LisolayoGexo Li.Ge, Li;,Si;, 0P152 0,8765(1) 2,011(1) 1,4643(6)
W Li,CeGes, 0S28 0,4512(1) 1,8993(7) 0,7024(2)
Li goL210G6s0 W LiCaSi, oP18 0,7851(1) 0,40105(6) 1,0884(2)
LiGe MgGa, 1132 0,9764(1) 0,57841(3)
LipslaoGess W LiPr,Ge;, 0S18 0,4187(1) 2,1112(6) 0,4391(1)
Li7Ge_|_2 Li7GQ27 o*
Li 4sLausGexo W LigLa,Gey;, 0S50 0,69743(2) 3,4018(8) 0,45154(2)
Li 12Ge Li 128i7, oP152
LizolaysGess W LiCaSi, oP18 0,7851(2) 0,4011(1) 1,0882(6)
Li7Ge_|_2 Li7GQ2, o*
Li psLaysGeso W LiCaSi, oP18 0,7851(1) 0,4011(1) 1,0881(7)
W LiPr,Ge;, 0S18 0,4188(1) 2,1113(6) 0,4391(1)
Li-Gey, Li;Ge,, 0P76
LisolaygGesg LigGey LigGey, 0S52 0,4494(1) 0,7869(3) 2,4439(8)
W GdCu,Gey, 0122 0,4513(1) 0,6922(4) 1,4996(9)
LasGe FeC, oP16
Lisslay0Gess w Gd;,Cu,Gey, 0122 0,4513(1) 0,6922(4) 1,4996(9)
LiyGey LioGey, 0S52 0,44941) 0,7869(3) 2,4439(8)
LizglaxoGesg W LiCaSi, oP18 0,7849(1) 0,4009(1) 1,0883(4)
LiGe MgGa,t132 0,9764(1) 0,57841(3)
Li1sLayGess W LiPr,Ge;, 0S18 0,4187(1) 2,1111(5) 0,4390(1)
Li;Ge, Li;Gey,, 0P76
Li1oLa,Gess W LiPr,Ge;, 0S18 0,41871(1) 2,11132(6) 0,43912(1)
ILig1Aap o656
Dex=5,75 ] c 3
Li p5La,5Ges0 W LiCaSk, oP16 0,78512(3) 0,40103(1) 1,0884(4)
/Dex=5,81 ] c 3
LiglaxsGey W Liila;1Geg, 0178 0,45239(1) 0,69899(2) 5,3038(9)
w Ligla;Ge 4, 0S50
LiyglaysGeys W Li,Ce,Ge;, 0S28 0,45117(1) 1,8993(5) 0,70243(2)
IDex 6,04 Jcf3
Lislay,Gey, w LigLa;Ge 1, 0S50 0,69742(2) 3,4018(9) 0,45156(1)
" Liola;1Ge, 0178
Li s6L20sGess w GdsCu,Gey, 0122 0,45117(1) 0,69267(3) 1,4994(5)
Li yoL8ssGeys W LiCaSi, oP16 0,7851(1) 0,4010(1) 1,0881(7)
Ww
Li1oLawGess " LiTm,Gey, oP36 0,76194(3) 1,5521(1) 0,81696(4)
Li JLagsGess Li,La:Ge; HfsCuSn, hP18 0,895308(6) 0,689200(6)
ILi4 1l ase G863
Dex=6,35 ] cf
Lag,Geg/Lagy G637 o LasGey MnsSi;, hP16 0,894142) 0,687971)

Dex=6,42 ] ¢
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LZ[ebpy
DjbklZeh]jZnegges 0ZjZkhgibkiktibiati e
Kihemdz KL K| | = 1ZjZf _Ijb dhfejdb g
a b c
LagLi Ge; HfsCuSn; hP18 | P6;/mcm |0,895308(6)0,895308(6) 0,689200(6)

(x=0-0,5)

WL a,LiGeg PrLiGes; | 0S18 | Cmmm | 041871(1)| 2,11132(6)| 0,43912(1)

W+lLaliGe, | CaliSh, | oP16 | Pnma | 0,78512(3)| 0,40103(1)| 1,0884(4)

W+lali,Ge; | Celi,Ge | 0S28 | Cmcm | 045117(1)| 1,8993(5) | 0,70243(2)

W+layLi;,Gep |LaulizGes o178 | Immm | 0,45239(1) 0,69899(2)| 5,3038(9)

W+lLaLigGey | LasLigGep | 0S50 | Cmmm | 0,69742(2)] 3,4018(9) | 0,45156(1)

W+lalli,Ge, | GkECwGe, | o022 | Immm | 0,45117(1) 0,69267(3)] 1,4994(5)

W+La,LiGe, | TmiLiGe, | oP36 | Pnma | 0,76194(3) 1,5521(1) | 0,81696(4)

Ge t1—LiLa>Ges-x
12-LilLaGe2
t3—Li2La>Ges
t4—LizLa1iGeis
ts—LigLa7Gei1
t6—LisLazGes
t7-LiLasGey

Li La

JbB5 dhl_jfeqgbc i _j jea ~+Z]jZfb kaZig@e ikbd00 fK

————

:5_47-—"n¥,777_7"'f7 = %
o »‘ v.: — - ‘ x "

Ib186. Nhih]jZne+€ fedjhkljmdimjb kieZ\e\
Zlayli;Ges (W kdeZ”™ EHRNAbay,LiigGesse);
([ LasolisGess (LasLi,Ge; kdezZ”™ ERMA basgelis1Gesss);
(c) Lag.Gesg (LasLiyGe; kdeZ”™ &ERMA bas;1Ges70)

T ISRV 20nA

S0um BSE1 15KV 20nA




128
M pec kbkl_fe 1Zdh™ kihkl_je]Z}Ivky mlI\hj_gghi®Ge, j™h
ydbc nhjfm}livky aZ jZomghd gZkldh\h]h \dexq_ggy "h
hdlZ_ ~jbqge imklhlb [+gZ£GgfBd8hZab /D
H[edk g _aferm\Zggy Ecelex 1Z EZglZgm ijhkly]Z}Ivky
" h ZI *H sh "hkblv “h[j_ ma]l]h®” m}lvky ea el _jZIm
je"dekgha_ f _evgbo f_|Ze-\

Kbkl NbAi-Ge

F _Ih~Zfb j_gl] _ghnZah\h]h [Z fedjhkljmB2 mhgjh thy b
ajZaddhkes" gh nZah\e je\gh\Kdhi-Ge kjok | _fef K

lahl_jfeqgbc i_j_jea nzZah\h€ ~eZ]jZfb ijb "K_fi
ij_"klz\e _gbc gZ jbigbkljmdIimjzZz ~ ydbozxlki2z\wk 1Ijb
\b\q_gge* kbKdifice \ h[eZkle dhgpeg \" “h Zl
\klZgh\e _gh mli\hj_ggy ijb | _fi_jZImje ~hkeNdLi,"dgylzZ*
Nd,LiGes yde ekgmxlv ijb | _fi |RImje@

T1—LiNd2Ges-x
T—LiNdGe;

T3 Lix:Nd>Ges
T4—L11oNd11Geg
ts—LisNd-Gejo
Te—LiuNd3Gey
t7—LiINdGe
Ts*LiN (IJGC.J

Nd

JbR7 dhl_jfeqgbc i_j jea ~+Z]jZfb NtZgGe kjitbkoo FiK
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S0um BSEL 15KV 20nA S0um BSEL 15KV 2nA

S0um BSEL 15KV 20nA

JbB.8 Nhih]jZhie€jhkljmdImjb kieZ\s\

ZNdzoLI 15G 655 ke j AZ a AV kdezn" eE]PM,g NdzzsLl 11,36%6'1 I _f g Zn EQ,Z
I) NdeoLiloGego k‘j Az &Z\Id5LiXG% kdez”" d':]PM,g Nd59,6|_i4,1663,6,3 |_bg k‘j Z nZaZz
W kdeZ”" EHPMANdzdizGesn, | fgZ nZ@Z

\ Nd4o|_| 10(3650 k 'j %4 &NdG% [ _ f)g k ‘j Z nZWZ kdez” aE]PM,g Nd243|_| 256650,2).

DjbklZeh]jZneqge 0ZjZdl_jbklbdb ydd <jkghaela*ah kbk
400"K ijb\_~ _ghzZYebps
M pec kbkl_fe IZdh™ kvikkl nib\Zj}Iggy [\_j~h]Ndsih@e,bgr
ydbc nhjfm}ivky aZ jZomghd gZkldh\h]h \dexq_ggy ”h
hdlZz_"~jbqge imklhlb [N&Egh€ nZab
LZ[ebpt
DijbklZeh]jZnegqges 0Z)Zk h ik B dlbNd i e

KihemdZz KL Kl | = 1ZjZf ljdhfejdb gf
a b C
NdsLi,Ge; HfsCuSn, | hP18 | P6/mcm | 0,88206(2)| 0,88206(2)| 0,67802(1)
(x=0-0,4)
W+Nd,LiGeg., PrLiGes | 0S18 | Cmmm | 0,41674(1)| 2,11087(7)| 0,43713(1)
W=NdLiGe, CaLiSh oP16 Pnma | 0,77301(1)| 0,39181(1)| 1,0566(2)
W+Nd,Li,Ge; | CeliGes | 0S28 | Cmcm | 0,44153(1)| 1,8632(3) | 0,6899(1)
W=+Nd,Li;,Geg |LaiiliiGegl 0178 Immm | 0,44136(1)| 0,68691(1)| 5,1988(7)
W+Nd,LigGe, | LasLigGeo | 0S50 | Cmmm | 0,68672(1)| 3,3484(7) | 0,44156(1)
W=+NdsLi,Ge, | GkCu,Ge | 0122 Immm | 0,43927(1)| 0,68141(1)| 1,46201(6)
W=NdLiGe ZrNiAl hP9 P-62m | 0,72669(3)| 0,72669(3)| 0,45514(2)
W+Nd,LiGe, TmyLiGe, | oP36 Pnma | 0,73684(2)| 1,5118(1) | 0,79496(3)

NZah\e je\gh\Z]b Y\ #bish ifb
j_gl]l]_ghnZah\h]h ZgZeeam |Z fedjhZgZeeam ih\_joge \

3.3.1hljscge kbkl Rfli-Sn

Kbkl YfZ-Sn

fK [meh “hkee”" _gh -
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30- Zl Sn jbk 9 Z [849] >ey pvh]h ~“hgefmehp kbgl ah\:
ith"\ecgbo « ihljecgbo kieZ\e\

lib 1 _fi_jZImje \e”riZem m ihljecgec kbkl_fe [meh ie”
[*gZjgbo nZa ih*\ecgbhBnkAkST Z |Zdh™ | _jgZjoW£YliShab
ydZ [meZ ~"hkee”" gZ jZger_ > @ kHHj¥TipSrEijmZab fK
\klZgh\e_gh <kgm\Zggy s_ *\ho gh\bo W H¥Yl4$gblZ Wither
Y 4LiSn, DijbklZeeqgm KkljmdIimjm \bagZdyV gh YIrey wnIAb
dibklZeeam}lvky m kljmddeNjSphfpp llbifsi jZImje \eriZem \ |
|Zdh\klZgh\e _gh <kgm\Zggy I\ _j~h]h jhagbgm \dexqg_g
nZawSns. =jZgbqggbf kdeZ~hf I\_jAh]WsliBagkgmdimjZ ydh
\ihjy"dh\Zghx <« gZe_ "blv ~h kljmdfsGugr.]bA f#lgirm FH
e _f glZjgh€ dhfejdb e<a a[eevE-«dgyfijbfektrmgh gZ jbk
DijbklZeh]jZnegge 0ZjZdl_jbklbdb agZc”®_gbo nZa ijb\_"_

Sn
\ a
T YLanz
YSn27 2 Ylsn
Li2Sns \ Y2Sns Ts Y4LiSn4
YSn2
LiSn Y11Sn10
Y5Sn4
. Ys5Sn3
LisSn2 ksl e VAL Ve . W
Li13Sns
Li7Sn2 Lhfh
Li17Sn4
Li Y

JbB.9 ahl_jfeqgbc i_j jea ~+Z]jZfb NHA@GMijKbk| file gZ
\k1Z\pe- fihlh]jZney fedjhkljmdIimjb kieZ\m Ys8nfieSnlv N
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LZ[ebp¥

DjbklZeh]jZneqge 0Z]jZk h el tb¥ +i Sn

Kihemd| KL K i |= 1ZjZf_1jb dhfejdb gf
a b C
YsLi Sy HfsCuSn | hP18 | P6/mcm | 0,89056(2)| 0,89056(2)| 0,65143(1)
(x=1,0)
W=YLiSn CeNiSp 0S16 Cmcm | 0,4252(1) | 1,8001(7) | 0,4339(2
W+YLiSn | YLiSn | hP24 | P6mc | 0,9802(1) | 0,9302(1) | 0,7%H1(1)
0,92968 0,929@* 0,7346
WY ,LiSn, « « « « « «

*AZge Z\lhje\ [A94iIb

0.445

0.444

0.443

V, Hm?

0442

0.441 |

044 —— : : —
0 02 0.4 0.6 0.8 1 12

x, Li

Jbk AfegZ h[f}fm _e f glZjgh€ dhfejdb ea a[eevr_g
m I\ _jAhfm jhvalqpge " 01,0)
Kbkl CeLi-Sn
lahl _jfeqgbc i_j jea nZah\h€ "eZ]jZflCekilBymjbkb

| fi_jZImje"K[849] ij _~klZ\e _gbc 8Z1jhjkb \b\g_gge "Zgh€ k
\ h[eZkle dhgp_gljZpec \e® Sn*he?I\ ZI" gh <kgm\Zgdy "
+K_ B |ZWxCeli,Sny, ijh yde } egnhjfZpey m el jZIBGGbO
307, 335].Hdjsf pbo nZa \Celiki®Snfejb fK \byle_gh mlI\hj_
"\Nho gh\bo | _jgZjgboWki@Gelmsny |Z W = CeliSn,
shyirZealdsSnn gZe_ "blv ~h kljmdImjgdligSnb ik
dibklZe+sqgZ kljmdImjzZ+tWwHle€iSnZab \klZgh\e _gZ

>hkee"" g
ihdZamxlv



132
M pec kbkl_fe 1Zdh  nhjfm}ivky ICelix®re (§Falq®hs) az
jZomghd gqZkldh\h]h \dexq_ggy “h o Z |ty § e\ mikel e 1%
[*gZjgh€ CelSab
DijbklZeh]jZneqge 0ZjZdl_jbklbdb nZa yde <kgmxl
| fi_jZImje"Kijb\_~ gh \ 1Z]e

Sn

T1 CelLiSn2

T2 CesLisSno
T3 CesliaSn7
T4 CesLiSn4

LiSn /__ Ce11Sn10

Ces5Sn4

L- Sn3/- - A L N LN __~_ ....... N
I__|5§n2 """"
Li13Sns
Li7Sn2
Li17Sn4

Li Ce

JbB.11 dhl_jfeqgbc i j jea ~+Z]jZfb KEZigsmikbkIl fiK

LZ[ebp§
DjbklZeh]jZneqggejbK|EHIne mkdo k| b€Ceti £5n
Kihemd:? KL K | = 1ZjZf ljb dhfejdb gf
a b C

Celi,Sn, | HfsCuSn | hP18 | P6/mcm | 0,88206(2)| 0,88206(2)| 0,67802(1)
(x = 0:0,5)
W=CeliSn CeNiSh | 0S16 Cmcm 0,4445* 1,8068* 0,4524*
W+CelicSn, | ELicS | 0S80 | Cmcm | 0,4852(1) | 2,8961(4) | 1,50092)
W+CelLi,Sn, | CeLi,Sn, | oP56 | P2;2:2; | 0,62768(1)| 1,38392(2)| 1,74659(3)
0,62772* | 1,38384** | 1,74663**
W=+CeLiSn, « « « « «
*AZge Z\Iht§4]306, 307]

*x AZge Z\IH§hI[B35]
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Kbkl EtiAi-Sn

K_j_" "hkephBo ihljecgbo kbkl Ritk#hafyZma[sevrZ deev
| jgZjgbo kihemd agZc”_gZ ijb Hudg 8nge kbkl _ fb

lahl_jfeqgbc i_j_jea nZah\h€ 7~eZ]jzfb Kb hkie<}Z1mp
gZ kbgl _ah\Zgbo ikiékKANZ\ce _gbc g3.1314849]. < hgZkle
dhgp_gljZpec \e/ AMenie N jAT gh <kgm\ZWHBuslt Sey, W
+EusLi,Sry | ZW+EuLig7:Snso9 yde hibkZge m i[83&887.psyo

AgZc™ _gh "\e gh\bo | _jgZjyboEWiSe mdN £ EwLiSn,.
ljh\_ " dhkee”r ggWwamxlv shWwhgZaeZ "blv ~“h kljmdImjgh
CeNiSp, Z djbklZeeqgZ kljmdImjXVLEwUEE qqZaZgbc fhf_ gl
\klZgh\e _gZ

L\ _jrbc jh&ghigSs fZ} h[eZklv Jhfh] _gghkle sh ijkkly
=06.DjbklZeh]jZneqge 0ZjZdla jbkdbrlkgmZx|v Eukth Kn ifjb
| fi_jZImjs"Kijb\_~ _gh \ 1Z[e

Sn

71 EuLiSn2

T2 EusLisSno

T3 EusLi2Sn7

T4 Eu4LiSn4
EuSns3 Ts EuLis.71Sns.29

Eu3Sns

\

L. Sn3; SN N
Li13Sns

Li7Sn2
Li17Sn4

Li

Eu
JbIB.12 d4hl _jfeqgbc i _j jea "eZ]jZfb EuLg®mikbkl fiK
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LZ[ebpYy
DjbklZeh]jZneqgges 0ZjZkiheibklktibEuiti Sn
Kihemdz KL K | = 1ZjZf _ljbhfejdb gf
a b C
EusLi, Sny Hf<CuSn | hP18| P6ymcm | 0,88134(3)| 0,88134(3)| 0,67785(2)

(x = 0-:0,6)

W=EuULiSn, CeNiSp | 0S16| Cmcm | 0,4439(1) | 1,8055(3) | 0,4519(1)

W+EWLiSn, | EWLicSn, | 0S80 Cmcm | 0,4827(1)* | 2,8948(1)* | 1,5006(1)*

W+EWLi,Sn, | Celi,Sn; | oP56 | P2,2,2; |0,61681(3) |1,35597(3) | 1,71342(4)
0,6165(1)** [1,3562(2)** [1,7128(1)**

W=Eu,LiSn, « « « « «

W2EuLig 1S 29 [EULig71STs2d 0564 Cmcm |0,4723(1)*|2,7125(1)**|1,1435(1)*

*AZge Z\IPHERIE837]
**AZge Z\INGfh835]

3 Kbkl ThZ4i-Sn
>ey "“hkee” ggy nZah\bo je\ghdZi]®Sn kjiibkl fefK [me
kbgl _ah\Zgh ihljecgbo kieZ\b yde [meh \b\g_gh &

j_gl] _ghnZah\h]h ZgZeeam |Z fedjhZgZeeam ih\_joge \
30- Zl Sn jbk

ljb I _fi_jZImje \eriZem m pec kbkl_fe [meh ie”I\
| jgZjgh€ WAdDbLiSn, |1Z \klZgh\e _gh gZy\geklv s_ ~\ho gFr
nZay/ £TbLiSn « W+ThyLiSn, > @ DjbklZeeqgm kljmdimjm \
kihem@bydZ djbRidelvky m kljmdIm¥jlag$nf m> oy <k | ZTdpsl2tSn,
\bagzZqgblb kljmdimjm gZ ~“ZghfmLZ&hejly | ¥4 ZjeHkyje f K
kbkl_ fe \by\e _gh miI\hj _ggy I\_j~h]h jhagbgm \dexq_ggy
ThsSrne  kijmdlimdh]h ijb ]jZgbqg&ZfmbkiSe } \ihjy*dh\Zgh
K IHfsCuSn).

Afegmitim _e f glZjgh€ dhfejdb ea a[eevr_ggyf \fekl
gZ jbk DjbklZeh]jZneqge 0ZjZdl _jbklbdb \keo | _jgZj
ijb\_~_gh \ IZ]e
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Sn
T1 TbLiSn2
N Y
LizSns ThSn2.7 ri %kll_.ssnm
Th3Sn7
TbSn2
LiSn Tl Tb11Sn1o0
3 TbsSn4
. b ThsSn3
LizSn3 o N\ L e >
|[535] P 20 isortlid b vl VAN VAR, e - VRO TS N W
Li13Sns5 e\ Th3Sn
Li7Sn2
Li17Sn4
Li Th

JbB.13 dhl_jfeqgbc i [ej&]jZfb klZgnTklidehijb  fK

0.46

X, Li

Jbk  AfegZ h[T}fm _e f glZjgh€ dhfsjdb *a a[*evr_g

m |\ _j~Ahfm jhraiodns o I
LZ[ebpd0
DjbklZeh]jZnegges 0ZjZkih gkl ktibTbti Sn
Kihemd: KL Kl | = 1ZjZ |jb dhfejdb gf
a b C

ThsLi, Sy HfsCuSny | hP18 | P6/mcm | 0,9012(1) | 0,9012(1) | 0,6574(1)
(x=1,0)
W=+TbLiSn CeNiSh | 0S16 Cmcm 0,4301* 1,803* 0,4401*
W+TbLiSn | YLISn | hP24 | P6smc | 0,9308(1) | 0,9308(1) | 0,7%6(1)
W+Thb,LiSn, « « « « «

* Az gelEje\ jh[l3as]
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JHA>1E
N:AH<1 J1<GH<:=B M >HKE1>@?GBO
QHLBIJVHODHFIHG?GLGBO KBKL?F:O
Kb k| RFbi-Co-{Si, Sn}
Kbkl LAZi- K FSi
NZah\e je\gh\Z]b"Kbm kbKla-lfi*CoSi *hkee”*"m\Zebky \ h
LaSkLiSi-CoStSi g Z ghlbjvihlg hglgbo 1Z ljbdhfihg _glgbo
\bdhjbklzZzggyf j_gl]_ge\kvdh]h nZah\h]Jh [1Z fedjhkljmec
ij_~klzZ\e_gh gZ jbk Iml « ~Zee Jeihl_Ibqgge je\gh\Z]b
Li

| ST — |
100um

Jbk ljh_dpey gZklbgb nZah\bo je\gh\Z] ijb ZK i
La-Li-Co-SigZ klhjhgm dhgp_gljZpecgdlalh-Qo IgZ "jZ
_e_dljhgge fedjhnhlh]jZacCé&Ski¢ ZXeaLio ,C0opeSi; \
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ljb nZah\hfm ZgZeeae+ ajZade\ [meh \byl\e _gh sh gz
LaLiSi, 1ZLaKBi, mlI\hjxxlvky h[f_~_ge I\_j"eLallma@oSpb(ea
kljmdImjhx ChLli®,) | Z.aLi,Co,S, (kljmdImjzZz N8, K Ijhly gekl\
pbo I\ _j*"bo jhagbge\ g \ _ebdZ « €0 ]jZgbpe* \klZgh\e _g-
e f glZjgbo dhfejhd |jbk |Z "M\ _j~" _ge aZ "h
j_gl] _ghki_dljZzevgh]h ZgZeeam < f_"Zo ckh@ambldg\yy hHjZa
afegb h[Y}fm _e f glZjgbo dhfejhd } fZc _ eegecgbc -
< J]zj~"Z g_ kihkl _je]Z}Ivky

0,2921

0,2916 -

0,2911 -
0,2906

0,2901 ©

V, Hw?

0,2896 -

0,2891 -

0,2886 +

O ) 2 8 8 1 IS N (S U [ —— U U U U T S U N

03193
0,3188 |

03183 |

V, Hw?

0,3178

0,3173 -

0,3168 |

Jbk 2 P gZ h[f}fm _e f glZjgbo dhfejhd nZa
LaLi,Coy,4Si, "0 Zi LaLi,4Co,Si, "0 [
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DjbkEh]jZneqges 0ZjZdlkjbRANedB\ jAbo jhaldlLasSi (x

=0 ILALi, «CoSi, (X = 0 Ijb\_~ ge \ IZ]e
LZ[ebpy
DijbklZeh]jZnegges 0ZjZKileZhk\ddbj*bo jhagbge\
LaLiyCo4Sir (x =0 IL.AaLi,CoSh (x = 0-0,32)
KihemdZ KL Kl | = 1ZjZf ljb dhfejdb g
a b | c
LaLi,Co,.,Si (x = 0-0,28)

LaCoSp CeNiSp 0S16 | Cmcm | 0,42571) | 1,6548(4) | 0,40991)
LaLig1C0yeSin CeNiSb 0S16 | Cmcm | 0,42631) | 1,6554(5) | 0,41041)
LaLig CaygSip CeNiSh 0S16 | Cmcm | 0,427(1) | 1,6561(4 | 0,41091)
LaLiy sCay7Sin CeNiSp 0S16 | Cmcm | 0,42742) | 1,6568(6) | 0,41141)
LaLig 4C0peSin CeNiSb 0S16 | Cmcm | 0,427%3) | 1,6568(8) | 0,411%2)

LaLi,,CoSi, (x =0-0,32)

LaLiSi, CaLiSh oP16 | Pnma | 0,7721(1) | 0,3886(1) | 1,0633(2)
LaLigdCap 1Sip CalLiSh oP16 | Pnma | 0,77181) | 0,3882(1) | 1,06304)
LaLipgCoyoSip CaLiSh oP16 | Pnma | 0,771%1) | 0,3877(1) | 1,06268)
LaLig/C0ysSih CaLiSh oP16 | Pnma | 0,771X2) | 0,3873(1) | 1,06236)
LaLig¢Cp 4Sin CalLiSh oP16 | Pnma | 0,7710Q) | 0,3872(1) | 1,06216)

\b\gqgZeZky gZ hkgh\e

kieZ\e\

m dhogpljZpecgec I5heS£lkIeCoStSi ijb
M ijhp_ke

[Zamxqgbkyv

Kbkl ShELi- K FSi
<aZ}fhrey dhfihg _gls\ SmLkBE&S fie h[e Z BNSILISI-COSHSi

ih[m~h\b

AneZ1jZfb klZgm

"hkee™ " ggy

ghlbjvhodhfihg ¢
gZ "Zgbo j_gl]_ge\kvdh]h nZah\h]h
fK ah[jZ  _ge* gZ jbk

oA\ _jA

| jgZjgbo kihemdSrk6&Si #SmLi-Si 1Z \by\e gh

kihemdBnyiSh |ZSmKBi, mi\hjxxIvkyf ~ g
,CoSh (*a kljmdImjh>CaltiSin | ZSmLi,Cow,Sir (kljmdIimjZ

ljhly geklv pbo €0 ]jZgbp-

I\ _ j*bo jhagbge\ -

IN_j7e

_gh

sh gz i_j_

jhSmin.g b

| INiBI,).K
\klZgh\e

h[T}fm _e f glZjgbo dhfejhd [9iSL g_ KibBZ§hfZadeklbly
Ahferdb [¢egZjgh8m8Zadbe ijb "h*"Z\Zgge g \ _ebdbo deev
kieZSmLipCa:Si, klZ} h”rghnZaghbf LZdZ ih\_7negdZz \dZ
\eA[m\Z}Ivky klZ[eeeaZpey miI\hj_ ggSmli\, G6Bi}.h jhagbgm
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9

DjbklZeh]jZneqge olbbj@idie ZAk\ 1\ _jAbo jISeigCpe,Si; (x

o IFLi1..COSh, (X = O-

ijb\ A

ge \ IZ]e

Jbk

ljh_dpey qZklbgb nZah\bo je\gh\Z] ijb
SmLi-CoSigZ klhjhgm dhgp _gljZpecdg@nih-Coljz "jZ

SILi C01,Si, (X = 0-

zK |

LZ[ebpy
DjbklZeh]jZneqge 0oZjZKiegzhkVHtbj*bo jhaqbge\
|Zm_i; Co,Sip (X = 0-0,32)

KihemdZz KL K | = lZjZf ljb dhfejdb g
a b Cc
SmLi,Co.,Si, (x=0-0,28)

SmCoS} CeNiSp 0S16 | Cmcm | 0,42571) | 1,6548(4) | 0,40991)
SmLip1C0yeSip CeNiSp 0S16 | Cmcm | 0,42631) | 1,6554(5)| 0,41041)
SmLig CopgSiy CeNiSp 0S16 | Cmcm | 0,427(Qq1) | 1,6561(4) | 0,41091)
SmLiy3C0y 7Sk, CeNiSp 0S16 | Cmcm | 0,42762) | 1,6568(6) | 0,4111)
SmLip 4CopeSip CeNiSp 0S16 | Cmcm | 0,427%3) | 1,6568(8) | 0,41152)

SmLi1,CaoSi, (x=0-0,32)

SmLiSh CaLiSh oP16 | Pnma | 0,7721(1) | 0,3886(1) | 1,0633(2)
SmLip.oCay1Sip CaLiSh oP16 | Pnma | 0,771§1) | 0,3882(1)| 1,06304)
SmLiy gC0yp oSk, CaLiSh oP16 | Pnma | 0,77181) | 0,3877(1) | 1,06268)
SmLiy /0y sSi; CaLiSh oP16 | Pnma | 0,771X2) | 0,3873(1) | 1,06236)
SmLigeCyp 4Siy CaLiSh oP16 | Pnma | 0,7710Q) | 0,3872(1) | 1,06216)




140

0,2700 |

0,2695 |

0,2690 F

HMW?

0,2685 |

v

0,2680 |

0,2675 |

0,2670 °©

03125 [
0,3120

0,3115

Hm?

0,3110 +

\")

0,3105 |

0,3100 -

0,3095 T T S T T S T T N T O SO N SO S SO O T S SO S SO T SOy SO SO (NN T SO T N O SO Y N |

X, Co

[
Jbk feg” h[f}fm _e f glZjgbo dhfejhd nZa
SmLi,Co.,Sip "0 " Zi SmLi,Cao,Shy "0 7 [

Kbkl TiéLi- K K5n
NZah\e ha¥gb m kbkh-Lf«<CoSn \ h[eZKMmMSnLiSn-CoSnrSn
ijb\_~ g gZ jbK oh”e kbkl fZlbggh]h ~"hkee”~" ggy nZ
kbkl Tm-Li-Co-Snijb "K [meh \by\e gh skgm\Zggy ljvho g
N Z &mLig 71 K01 2651, TMelLios6C01144SMo, TMLICOsSNy [Z hArge}€ gh\h€ |_]
nZabTm,,CoSn, > @a ZTriLig 71 KOp 20SML
o0ZjZdl_jbami}IMEyhgZevghx kbglhge}x ¢« gZe_"blv ~h Kkl
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CaBeGe, Z kihelmglseCoi144SMo } kihjerg_ghx “habym NZab
TmLi,CosSnyo | ZTm, »8C0sSpe } kihjerg _gbfb « gZe “ZIlv “h jh”bg
\b\h2ylvky ea kijmdIimjgdidh <btfergighkle m “bnjZdpecgec
kihjerg gbo nZa eexkljm} jbk

M kbkl The-Co-Li-Sn ijb "K 1Zdh> kihkl _je]Z}vkyy m
I\ _j~h]h jhaDigrCoSn, ydbc mi\hjx}lvky reyohf gZkldh\h
Zlhfe\ Eelex ZIhfzZfb DA{gEVvhiT}fm _e f _glZjgh€ ThiLfejdDb
«LoSn ij _"klzZ\e _gZ gZ [bklZeh]jZnegges 0ZjZdhkjddb dgb
nZ&bkl Th-CoLi-Snijb\_* gh m |Z[e

<klZgh\e_gh sh m ihljedgrCo8bklid?Z|jgZ MmA@AL;Sn }
liZgbggbf kdez”hf I\_j~h]h jhagbgm \dexq_ggy gZ hk
TmSn.

Li

L T.mz_zzCOGShzo e : ) TmSn,
COS nn .’ ’ pa— "‘ TRl o Va
s TmCoo:;;Sn;‘:I:msn

Co Tm

Jbk5 1Ijh_dpey qZklbgb nZah\bo je\gh\Z] ijb ZK iho
Tm-Li-Co-SngZ klhjhgm dhgp_gljZpecdgimthi-ColjZz_ "jZ



142

3000 v : : : T e
s Qe G ) 4
000 F Ry Tm2. 20065020
E Pt N ]
27000 | ) - 3
F i D T \\ Yeale ]
2 2000 F | S A Yohe-Yedo =
> 17000 A4 : | ' Bragg R= 476 =
g i\ 4 Rf=3.76 ]
2 2000 F =1 VAl Rp=7.18 e
E | | SOum BSEL 15V Rwp= 9.97 *
g 0 F ; | SEM x2= 8.27 7 B e S
= 2000 R jh poaivy oo llig E 15000 = 04;4 -
i \ (O ] 3 !
3000 | I E 13000 ' E
| | 1 .
8000 p——+ j»l-l,; Al VRS TSNS = -E oo F 2%6
1 - \
13000 1 A'l :l 1 L 1 1 1 1 " 0000 B J
T I I I T £ 006
, b) o : 000 "] 1?5 + -
& s » 3
4 Loy TmLi2C06Sn20
48000 T B 5000 = 'l l.‘ ] -
1 = 1 |} m2.22C065n20 ]
42000 | L ‘ ',,, ! Tm n20 [l 3
R RV i)
| l Nl ™ <\ AN
36000 - : 00 B\ ) VN ~ J o]
_ 30000 - | om0 F -
4
g 24000 E | 000 b ) W 1 1 1 !
. F | 364 F4 0 384 394 404 414 424 434 M4 454 404
£ 18000
5 | 20 ()
212000 |
7
1~ o I
26000
=
0
6000
12000 | T : :
19 9 39 | 9 M M 8 9 109 119
' i 20 ()
Jbk bnyZdlh]jZfb « _e_dljhgge fedjHMmhiLHAREE “ ey

TmLi,CosSrpo(l 1

Jharbj_ggy **ZiZahgm dmlegZ\_ "~ gh gZ \k
gZ ydec ihdZazgh \eMegpiglgklo\ghklyfb ~ ydbo jlnell)dke\

LZ[ebpy

DjbklZeh]jZneqge 0ZjZuhkjrkIb dib & brkZ aTm-Li-Co-Sn

KihemdZzZ KL Kl = 1ZjZf 1jb dhfejdb ¢

a b C
TmLig71 Ko120Sn, | CaBeGe tP10 | P4/nmm | 043086(6) | 0,43086(6) | 0,9123(2)
TmgLi o 56C011 445N LagAl 11 0128 Immm 0,4272(1) 0,9594(4) 1,2270(5)
0
Tmy 2L 0sS o Tmy oSy K116 | Fm3m | 1,35365(7) | 1,35365(7) | 1,35365(7)
0
TmLi>,C0osSipo TmLi,CosSn | 116 | Fm3m | 1,35371(16)| 1,35371(16)| 1,35371(16)
0
TmLi;«CoSr (X =0-0,31)

TmLiSn, CeNiSp 0S16 Cmcm | 0,426%1) 1,803%14) 0,435941)
TmLig oCap 1Snp CeNiSp 0S16 Cmcm | 0,42621) 1,80285) 0,435%2)
TmLigeCap S CeNiSp 0S16 Cmcm | 0,42541) 1,80246) 0,435@1)
TmLio /Cp Sy CeNiSp 0S16 Cmcm | 0,42541) 1,80187) 0,43441)
TmLig gCy sSrp CeNiSi, 0S16 Cmcm | 0,42532) 1,80178) 0,43442)
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0,3354
03349 |-

0,3344 |

V, Hm?

0,3338 -

03334 |

0,3329 L -
0 0,1 0,2 0,3 0,4 0,5

X, Co

Jbk fed” h[Y}fm _e f glZjgh€ TahifsCdtS S Zabo

Kb k| RFbi-Ni-{Si, Ge, Sn}
Kbkl L&Zi-Ni-Si
>e71jZfZ klZgm ihq_I\ejglaéi-Nbssi ilgm~h\ZgzZ qgqzZkld
h[eZkle [Z]Z]ecC Kbeepe}f gz hkgh\e Nhiklge€ g bogy
ghlbjvhodhfihg _glgbo kiezZ\e\ \+e”iZe gbo Ko bk _jZImg
[eNKIZ\e j_amevlZle\ j_gl] _ghnZah\h]h j_gl]_gh
fedjhkljmdImjgh]h ZgZeea-\

Li

Ll

' . .
' LaLiSi,
. . -
Si =l
A ;
’o \“ ~~ \
. I -~

e | /4
- \ Q. \

"
|

. \ Lasi,
‘ o LaNiSi; s "!_anI
% LaNiSi,
Ni “La
Jbk ljh _dpey gZklbgb nZah\bo je\gh\Z] ijkl _fbzK |

La-Li-Ni-Si gZ klhjhgm dhgp_gljZpecdlalih-Ni_IjZ_ "jZ
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L jgZjgZ bali®ié jZger g _ [meZ "“hkee”" _gZ €€ kljr
\i_jr_ <hgZ gZe_"blv "h kljmdImSig h]hhalgihng geXlv Ged _e
nZae kylZ} ZI LZdh™ g ®dgZpygdgbd\ mi\hjx}Ivky g.
| jgZjgh€ naNidi, ljhly "geklv pbo I\ _jA"bo jhaqgbge\ -
\klZgh\e g aZ ]jZnedZfb afegb h[T}fm _e f glZjgbc
DjbklZeh]jZnegge 0ZjZ#8leiklbldbj*bo jHalgMNgsSi, (x = 0
0,29 | FaLi;«NiSi, (x = 0 ijb\_"~ _ge \ IZ]e

0,2921
0,2916 |
0,2911

0,2906

HW3

0,2901 [

V

0,2896

0,2891

0,2886 |

0,2881 - I i P! S CANRY W tHN! MR SN N SY S S S S S T S T S T L

[
Jbk feg® h[f}fm _e f glZjgboLalhiNtjlsd nZao ” Zi
LaLiNi,Sh " 0 " [
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LZ[ebpy
DjbklZeh]jZneqge* 0ZjZKiezhkVHtbj*bo jhaqgbge\
LaLiyNiSi, (X = 0 ILALi,«Ni,Si; (x = 0-0,30)

KihemdZz KL K | = 1ZjZf _1jb dhfejdb ¢
a | b | c
LaLiyNiy,Si, (x = 0-0,29)

LaNiSi, CeNiSp 0S16 | Cmcm | 0,42231) | 1,66142) | 0,410231)
LaNigglig1Si CeNiSp 0S16 | Cmcm | 0,423@1) | 1,66143) | 0,410291)
LaNiggLig Sl CeNiSp 0S16 | Cmcm | 0,423%1) | 1,66232) | 0,410361)
LaNig 7Lig 3Sih CeNiSp 0S16 | Cmcm | 0,424%1) | 1,663@4) | 0,410441)
LaNigeLio4Si CeNiSp 0S16 | Cmcm | 0,424@2) | 1,66297) | 0,4104%2)

LaLi;«Ni,Si, (x = 0-0,30)

LaLiSi, CaLiSh oP16 | Pnma | 0,7721(1) | 0,3886(1) | 1,0633(3)
LaLig.gNig.1Sh CaLiSh oP16 | Pnma | 0,7728(1) | 0,3894(1) | 1,0639(3)
LaLiggNigoSi CaLiSh oP16 | Pnma | 0,7734(1) | 0,3901(1) | 1,0644(4)
LaLig7Nig.3Sh CaLiSh oP16 | Pnma | 0,7740Q@) | 0,3910(1) | 1,0649(4)
LaLig gNig 4Si CaliSh oP16 | Pnma | 0,7740(3) | 0,3909(2) | 1,0648(7)

M j_amevlZle

gzkldh\h

Ij_~klZ\e _gh gZ

Kbkl LaZi-Ni-Ge

ijh\_"_ggy
f 1Zeh]jZneggh]h
je\gh\Z]b m klekli-NisGe \ h[eZka&elLiGe-NiGe-Ge ijb
jbk
LaLip NipgGe, ihdZazZgh gZ jbk

LiGeé

?e _dljhgge
Z |

Li

LaLiGe,

'
'
Ge J:La_.LiG;s
o’ 4 . Y

j_gll] _ghnZah\h]h

ZgZee+a*\ kbgl _ah\Zgbo

.
.
&

Jbk

—La
ljh_dpey gZklbgb nZah\bo je\gh\Z] ijb

j_gll

~

C

Cf yde
fodjhbhaNiBgj ZIiXe €

La-Li-Ni-Ge gZ klhjhgm dhgp _gl][4dp2c §jadhn-Ni
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™ 100pm ! 100pm
Z [
Jbk ?e _dljhgge fedjhnhlh]g¥iGe€ Kl Z\isNiysGCe, |
M ijhp_ke \b\q _ggy nZah\bo je\gh\Z] \iZ2gby j? j@hjg
kiheraNiGe, LaNiGe; i LaNipsGe s kb k|l _th-Ni-Ge [Z kihemalite, »a
kbkl_fla-Li-Ge <by\e_gh LaNibe, jhaqbgy} Eelec “h Z
jhagbggeklv GtdLi@x }Jm" sh \bshx « klZgh\blv Z|

I\ _j*"bo jhagbglZgh\le g-
jbk Z h[ezklv ]hfh] _gghkle
ieMI\_j~° _gZ fedjhkljmdIimjgh G _agZqgZ
|Zdh™ kihkl_je]Z}Ivky m | _lLaldGges cjmkZ ae \
0ZjzZdl_jbkkbed\s\ I\ _jrbo jhpm\bdge\ge \ IZ[e

aZ ]ljZnedZfb afegb h[f}fm _e
ey LaLi,NuhGE [Bdlybg
jhagbgatklv G
DjbklZeh]j

LZ[ebpy
DjbklZeh]jZneqge 0ZjZHiezhk\Hdbj*bo jhalghbigGe
(x =0-0,30),LaLi; «Ni,Ge, (x = 0 IA&,Li 4 Ni,Ges (X = 0-0,21)

KihemdZz KL K | = |Zjzf Ijb dhfejdb gf
a | b | c
LaLixNi;xGe (x =0-0,30)

LaNiGe, CeNiSp 0S16 Cmcm | 0,4307%1) | 1,690%4) | 0,423741)
LalioiNigoGe CeNiSp 0S16 | Cmcm | 0,4308%71) | 1,69092) | 0,423811)
LaLioNigsGe CeNiSp 0S16 | Cmcm | 0,430882) | 1,694(4) | 0,4239@1)
LalLiosNip/Ge CeNiSp 0S16 | Cmcm | 0,4309%1) | 1,69193) | 0,423981)
LaLio 4NigsGe CeNiSp 0S16 | Cmcm | 0,430963) | 1,69197) | 0,4239§3)

LaLiixNiyGe (x = 0-0,31)

LaLiGe, CaLiSh oP16 Pnma | 0,78512(3)| 0,40103(1)| 1,0884(4)
LaLipoNip1G& CaLiSi» oP16 Pnma 0,7846(1) | 0,4006(1) | 1,0881(3)
LaLipgNioGe CaLiSk oP16 Pnma | 0,7841(1) | 0,4001(1) | 1,0876(4)
LaLip/Nip3:Ge CaLiSh oP16 Pnma 0,7837(1) | 0,3996(1) | 1,0868(3)
LaLipgNioGe CaLiSk oP16 Pnma | 0,7836(3) | 0,3997(2) | 1,0866(7)

LaoLixNixGes; (x = 0-0,21)

LayLiGes PrLiGes 0S18 | Cmmm | 041871(1) | 2,11132(6)| 0,43912(1)
LayLigoNip1Ges PrLiGes 0S18 | Cmmm | 041868(1) | 2,1112(2) | 0,43909(1)
LayLio gNip Ges PrLiGeg 0S18 | Cmmm | 041861(1) | 2,1110(5) | 0,43904(1)
LayLioNipGes PrLiGes 0S18 | Cmmm | 04189(1) | 2,1110(7) | 0,43903(1)
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0,3092 .
03091 +
0,309 ©
0,3089 -
£ 0,3088 |
S

0,3087

0,3086 ©
0,3085 -
0,3084

X, Li

'

0,5

X, Ni

\
Jbk feg¥ h[T}fm _e f glZjgbolLalhNtjlce, nZ'ao ” Z
LaLi,,NiGe, "0 7 [ 1 LaoLi«NiyGes "o " \
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Kbkl _Lia2li-Ni-Sn
<aZ}fh”ey dhfihg_gle\ \ LabikNi#m ijb fK \
dhgp_glegmdém gl _ jA&SmLiSn-NiSnSn \b\gq_gZ \i_jr_ gZ h
j_gl] _ge\kvdbo f_Ih”e\ "hkee”r" ggy yde ih}*gm\Zebkv
ih\_johgv ki&SEM\ 1Z ydekgh]h « deevdekgh]h \klZgh\e gg
ijbkmligeo MBS NZah\e je\gh\pplw h[eZkle kbkl fb 1Z
fedjhnhlh]jZne€ kieZ\e\ ijb\_~ gh gZ jbk
Li

/"».\
iy

LaLxSn2

La N|Sn2

AT e
z:%{ &5 Zg.:«‘i‘ =
r 100pm 1 r 100pm L) r 100um 1
Jbk ljh_dpey gZklbgb nZah\bo je\gh\Z] ijb zK
La-Li-Ni-SngZ klhlgjlh dhgp _gljZpecgh]halliNZz 2|z
~e_dljhgge fedjhnhlh]jZuaN&Srki ¢,Z\ e\
LaLioyzNioygsnz \IZ_aLioygNiojsnz ]
M ijhp_ke \klZgh\le _ggy nZah\bo je\gh\Z] ie"I\_

| jgZjgbo Kkl|ZagMNiSm) LagNi,Sry i LaNiSry m ihilggec kbkla-N+-Sn | Z
kihemldhiSn, ea kbklLdhi-Sn AZ mfh\ \b\g_ggy \ ihqg_I\ejc
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mI\hjxxIvRy j~e jhadblgdli;Sn (x =0 ILALi;«Ni S (X = 0-0,33)
djbklZeh]jZneqge 0ZjZd!l_jbklbdb IZ kdeZ” ydblaigb\g g™k
Ged_ ekalibn, *hky]Z} ZI e } [*evrhx m ihje\gygge *a
m,aNiSn, ydZ kdez”~zZ} fegb h[8fm _e f_glZjgbo dhfejhd
jhagbge\ ijb\_~ ge gZ jbk

0,3728 |

03723 -

HmM3

> 0,3718

Vv

0,3713 r

03745
03740 |

03735 |

HMW3

0,3730 |

-

V

03725 |

03720 -

03715 |

Jbk 14 PRgZ h[T}fm _e f glZhglboZdhfe|
LaLiyNiiSmp "0 " Zi LaLi;xNi,Sn "0 " [
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LZ[ebpy
DjbklZeh]jZneqge* 0ZjZKiezhkVHtbj*bo jhaqgbge\
LaLiyNi;Smp (x = 0- ILALi,4Ni,Sn (x = 0-0,33)

KihemdZz KL K | = 1Zjzf 1jb dhfejdb ¢
a | b | c
LaLiyNi,,Sn (x = 0-0,20)

LaNiSn, CeNiSp 0S16 | Cmcm | 0,4307%1) | 1,690%4) | 0,423741)
LaLigNigoSn CeNiSp 0S16 | Cmcm | 0,430821) | 1,69092) | 0,423811)
LaLigoNiggSn CeNiSh 0S16 | Cmcm | 0,430882) | 1,69144) | 0,4239@1)
LaLig 3Nig7Sn CeNiSh 0S16 | Cmcm | 0,4309%1) | 1,69193) | 0,4239%1)

LaLi;«Ni,Sn (x = 0-0,33)

LaLiSn, CeNiSp 0S16 | Cmcm | 0,4551(1) | 1,8184(6) | 0,4523(2)
LaLipdNig1Sn CeNiSp 0S16 | Cmcm | 0,454(1) | 1,818X7) | 0,4519(1)
LaLiggNig o Sn CeNiSp 0S16 | Cmcm | 0,4542(1) | 1,81716) | 0,45141)
LaLioNig3Sn CeNiSp 0S16 | Cmcm | 0,453(2) | 1,81721) | 0,451@2)
LaLig eNig4Sh CeNiSp 0S16 | Cmcm | 0,4338(4) | 1,81736) | 0,45@((3)

Kb k| Pf-Li-Ni-Ge

Qzkldh\h nZah\s je\gh\ZAkiMi-B& kjilb f« "K "hkeer"m\Ze
\ dhgp_gljZpecge®rG¢leB&NiGe-Ge gZ ghlbjvhodhfihg glg
ljbdhfihg _glgbo kiezZ\Zo a \bdhjbklZggyf | _gl]_g-\k
fedjhkljmdImjgh]lh ZgZeesaes\ |jbk MP1i il ecldBrai Gk |
mI\hjxxlvky | _jgZjge nZab h”rgZdh\h]h kdeZbmrNiGe Kkag
CeNiSp | 2PrLiGe, K LCaLiSk), PpNiGes KLCeCuGe |PrLiGes \eZkgbc
KL Ihfm gZ pbo N 1Zevgh "~hkee”” gh
I\ _j~bo jhagbge\

J amevlZlb

| _j_jeaZo [meh
nZah\h]l]h ZgZeeam kbgl ah\Zgbo kie.
i _j_qae fe ' KihenRiNiGb-PrLiGe, |Z PrNiGes-PrLiGegs ml\hjxxIvky
h[f_~_ge I\ _j"e ljhly geklv I\_j”bo
PrNiGe-PrLiGe, } €0 ]jZgbpe \klZgh\le_ge aZ ]jZn-e
_e _f _glzjgbo dhfejhd jbk |y i*éh\d4d®Vvg
j_gl] _ghki_dljZzevgbf ZgZeeahf M f_"Zo <kgm\Zggy

oZjzZdl_j afegb h[f}fm _e_ f _glZjgbo dhfejhd } fZc _ ¢
g_I\_jlh]lh dhfihg_glZ m |_jgZjN6Ge [ZPeliE3e; \**ih\e*gh (
I_j_\bsm} ZI

jhagbghb jhaqgb

[evrhX
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Djbkleh]jZn+qges 0ZjZdkipgZdl:ddB _jrbo jPaiNigGe (x

= 0-0,32),PrLiy4«NiyGe, (x = 0-0,33),PrLi4«Ni,Ge; (x = O IZrLixNi Ges (X =
O- ijb\_~ ge \ 1Z]e
Li

= Pr,Ni,Ge

________________________________ £y

et
P

F’er(Be2 r

-
* -
* -
- ~
- B

100um ' 100um '
D )
Ibk lih_dpey qZklbgb nZah\bo js\gh\Z] ijb 2K

Pr-Li-Ni-GegZ klhjhgm dhgp_gljZpecdgirlhNi (d)jZ_ " Z
_e_dljhgge fedjhnhlh]jZRrkigiNig &B\ |\ | ZPrLig NipsGe \
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0,3012

0,3002

V, Hm3

> 0,2992

0,2982

0,2972

=
W
]
[#9]
[#9]
L e

0,5

0,3606
0,3606 [
0,3605 |

0,3605 |

Hm?

0,3604 |-

V,

0,3604 |

0,3603 [

0,3603 |

0,3602 ©
0,0 0,1 0,2 0,3

x, Li
0,3776

0,3775

0,3774

Hm?

0,3773

v

0,3772

0,3771

0.377 P PSS S S S T

Jbk feghi h[T}fm _e f _glZjgboPdihNr®e nZao ” Z PrLiy.
«Ni,Ge "o " [, PrLiyNiGes "o " \ | ZPrLi 4Ni,Ges "o ]
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LZ[ebpy

DjbklZeh]jZnegges 0ZjZKileZhk\H¢bo jhaqbge\

PrLi«Ni,Ge (x = 0

PrLixNiGe (x = 0-0,3), PrLi;«Ni,Ge, (x =0-0,33),

I,Niq4Li,Ges (x = 0-0,19)

KihemdZz KL K | = 1Zjzf 1jb dhfejdb ¢
a b | c
PrLiyNi,Ge, (x=0-0,32)

PrNiGe CeNiSp 0S16 | Cmcm | 0,422741) | 1,67923) | 0,41921)
PrLip 1NigoGe CeNiSp 0S16 | Cmcm | 0,42331) | 1,68232) | 0,41971)
PrLig NiggGe CeNiSp 0S16 | Cmcm | 0,42381) | 1,68513) | 0,420Z1)
PrLig aNig/G& CeNiSp 0S16 | Cmcm | 0,42441) | 1,68914) | 0,4201)
PrLip 4NigsGe& CeNiSp 0S16 | Cmcm | 0,424%2) | 1,689(06) | 0,42082)

PrLi.4Ni,Ge, (x=0-0,33)

PrLiGe CalLiSh oP16 | Pnma | 0,7812(2) | 0,3949(1) | 1,069%(4)
PrLip oNig1Ge CaLiSh oP16 | Pnma | 0,7809(1) | 0,3945(1) | 1,0692Q)
PrLip gNig .G& CaLiSh oP16 | Pnma | 0,7805¢) | 0,393(1) | 1,06893)
PrLip NigsGe CaLiSh oP16 | Pnma | 0,78083(2) | 0,393%6(1) | 1,0684(5)
PrLip gNigsGe CaLiSh oP16 | Pnma | 0,7803@) | 0,3935() | 1,06830)

PrLi1,Ni,Ge; (x=0-0,22)

PrLiGeg PrLiGes | 0S18 | Cnmm | 0,41871(1)| 2,11132(6)| 0,43912(1)
PrLig oNig1Ges PrLiGeg 0S18 | Cnmm | 0,41868(1)| 2,1112(2) | 0,43909(1)
PrLiggNigGes PrLiGes | 0S18 | Cnmm | 0,41861(1)| 2,1110(5) | 0,43904(1)
PrLigNig:Ges PrLiGes | 0S18 | Cnmm | 0,41859(1)| 2,1110(7) | 0,43903(1)

PrLiyNi;,Ge (x=0-0,19)

PrNiGe; CeCuGg | 0S18 | Amn2 | 0,41117(3)| 0,40339(1)| 2,1721(4)
PrLigiNigsGe | CeCuGg | 0S18 | AmnR | 0,41121(4)| 0,40343(1)| 2,1724(5)
PrLigNigsGe | CeCuGg | 0S18 | Amn? | 0,41124(2)| 0,40345(3)| 2,1728(7)
PrLigaNig/Ge | CeCuGg | 0S18 | AmnR | 0,41123(5)| 0,40346(4)| 2,1727(9)

Kbkl NHAi-Ni-Ge
Kbkl RNA-Li-Ni-Ge “hkes”""m\Zebky "§b\ gp _gljZpscgesc h]

NdGeLiGe-NiGe-Ge g Z ghlbjvhodhfihg glgbo 1Z ljbdhfihg_
a \bdhjbklZzggyf j _gl] _ge\kvdh]h nZah\h]h ZgZeeam Q.
je\gh\Z]b ijb\_~ _gh gZ jbk Yd « \ ihi_j _"gvh hibkZ
kbkl_ fRadNi-Ge |ZNd-Li-Ge |1Zdh" | jgZjge nZab
kdeZ"m <a jeaghx djbklZee+qdNdXiGej KdTaNjBbx | KdLiGe, KL

CaLiSk), Nd:NiGes K LCeCuGeg | ANd,LiGes K LPrLiGeg AZ
j_gl]l_ge\kvdBhath\h]h cAgZ &ieZ\+s\ \klZgh\le_gh h[f_ "~ g- |
NdLixNi«Ge (x = 0-0,30), NdLi.NiyGe (x = 0-0,33), Nd,Li1Ni,Ge; | ZNd,LiNij.

Ge& L\ _j7e jhalNdigNi;,Ge <NdLi4Ni,Ge fZxlv [eevrphly geklv

ml\hjxxlvky

j_amevlZ
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ibk Jhagbggekliv gq_I\_jlhhh Idh§idhjgbe! HiNGe | Z
Nd,LiGes g i _j \ba&ZI
DjbklZeh]jZneqge o0ZjZdkigEktbdhb\ j*"bo jhakhlg-Ab
Nd-Li-Ni-Ge ijb\_~ g+ \ 1Z[e
Li
/ \
LiGe:
i NdLiGe,
Nd,LiGeg
Ce =55 ,
NleGea‘
P NdNiGe, 7 '.~\NdGe2_x
NiG"e."' Nd,Ni,Ge,_ ‘ ' ‘"\.NdGe
NdNiGe, “NdNi, Ge,.
Ni - - Nd

Jbk ljh_dpey gZklbgb nZah\bo je\gh\Z] ijb zK

Nd-Li-Ni-Ge g X lhjhgm dhgp_gljZpecghNd&LI-NijZ_ "jZ
LZ[ebpy

DjbklZeh]jZneqge* oZjZKkiezhkIHtbj*bo jhagbge\

NdLixNi1,Ge (X = 0- INLi1Ni,Ge, (x = 0-0,33)

KihemdZz KL K | = 1ZjZf ljb dhfejdb g
a b | c
NdLi4Ni;«Ge& (x = 0-0,30)

NdNiGe, CeNiSp 0S16 | Cmcm | 0,4191) | 1,674X2) | 0,417Z1)
NdLig1NigoGe CeNiSp 0S16 | Cmcm | 0,420X1) | 1,67643) | 0,41741)
NdLig NigsGe CeNiSp 0S16 | Cmcm | 0,420%1) | 1,679Q2) | 0,41811)
NdLig Nig7Ge CeNiSp 0S16 | Cmcm | 0,42091) | 1,681@4) | 0,4181)
NdLig4NigeGe CeNiSp 0S16 | Cmcm | 0,421(¢1) | 1,680%6) | 0,41871)

NdLi,,Ni,Ge& (x = 0-0,33)

NdLiGe, CaLiSh oP16 | Pnma | 0,7812(2) | 0,3949(1) | 1,069(4)
NdLigoNig1Ge CaLiSh oP16 | Pnma | 0,7809(1) | 0,3945(1) | 1,0692Q)
NdLig gNig :G& CaLiSh oP16 | Pnma | 0,7805@) | 0,3939(1) | 1,06893)
NdLig Nig:Ge CaLiSh oP16 | Pnma | 0,78083(2) | 0,3935(1) | 1,0684(5)
NdLigeNig4Ge CaLiSh oP16 | Pnma | 0,7803@) | 0,3935@) | 1,06830)
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0,296 -
0,2955 |

0,295 |

HMm?

20,2945 |

\)

0,294 |

0,2935 |

0,293

0,3196 |

0,3191 |

V, Hw?

0,3186 |

0,3181 |

0,0 0,1 0,2 0,3 0,4 0,5

[
Jbk 8 PRegZ h[f}fm _e f glZjgbo dhfejhd nZa
NdLiwNi,Ge 7 o "0) ZiNdLiiu\Ni,Ge( " o "3) [

Kbkl TbZi-Ni-Sn
<azZ}fh~ey dhfihg_ gle\ Th-LkNik3n \e dhgp_gljZpecgec h
TbSnLiSn-NiSnSn\b\gZeZky gZ hkgh\e “hke*”" ggy ghlbjvlt
ihljecgbo kieZ\e\ ;Zamxqbkv gZ ~Zgbo | _9l]Zg2Z\&kva
thfm~h\Zgh nZah\e je\gh\Z]b m pec dhgp_gljZpecgec |
ah[jZ _ge* gZ 9bk
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M ijhp _ke “hkees™" ggy i*M\_jr _gh <kgm\ZgboliSih, jg 2
TbNiSrp, | ZTbNiSn, NZaLigSn } ]jZgbggbf kdezZ”hf I\_j~h]hA |
hkgh\e [egZjgh®EOoSnZa®Z i _j jeae feo  kimlmdiBihZIEDTbNISH
mI\hjxxIvky h[f_"_ge I\ _j*e jhaqbdhtli,aMSrs (ggykljmdIimjl
| binCeNiSh) | ZTbLiyNii,Srp (kljmdIimjZ LiNiBn, ljhly geklv I\_j»
jhagb@bhi,Ni;, S, g } ebdhx ¢ jhagbggeklv Eelex g_ i_j_\
GZlhfeklv jhagbggeklv Ged_ex m |_j§dj9e &k ch&Za»ZRde ZZnt
jbk

ljb "hke*”" gge hdj _fbo kieZ\s\ \fekl KIZgmfm m vy
kieZ\Zo a h[@3klien-NiSnSn \by\le ogHhH\hj ggy | _ljZjgh€
TbLigsdNiy 505 ydZ djbklZeeam}lvky m k1jm dTCaBegetf m
DjbklZeh]jZneqge oZjZ&liejb\lehbt\b j*bo |hldhiiNgsSn (x=0-
0,11), TbLi;4Ni,Srp (x = O | Z nPohigsNiyseSp ijb\_~ _ge \ 1Z]e

Jbk ljh _dpey gZklbgb nZah\bo je\gh\Z] ijb zK
Tbh-Li-Ni-SngZ klhjhgm dhgp_gljZpecgjh-Ni_ IjZ_ "jZ



DjbklZeh]jZneqges 0ZjZdZ ablddNMipsoSnpi kieZ\e\ I\ _j2bo jhac
TbLi1Ni,Srnp (x = 0-0,

| ZbLi,NiySm (x=0-0,11)
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LZ[ebpy

Kihemdz| KL K = 1ZjZf_1jb dhfejdb g
a b C
TbLigsoNizscSh | CaBeGe, | tP10 | P4inmm| 0,43282(4)| 0,43282(4)| 0,96265(12
)
TbLiyNi,Sr, (x=0-0,32)

TbLiSn, CeNiSp 0S16 | Cmcm | 0,426%1) | 1,803%4) | 0,43591)
TbLiooNig.Sry | CeNiShb | 0S16 | Cmcm | 0,42621) | 1,80285) | 0,43552)
TbLioeNios,Sr» | CeNiSh | 0S16 | Cmcm | 0,42591) | 1,80226) | 0,435(1)
TbLigNigsSn CeNiSp 0S16 | Cmcm | 0,42541) | 1,80187) | 0,434Q1)
TbLioNio.Sn, | CeNiSh | 0516 | Cmcm | 0,42532) | 1,81178) | 0,43442)

TbLi,NiySm, (x=0-0,11)

TbNiSn, LuNiSn, | oP48 | Pnma | 1,5971(1)| 0,4402(1)| 1,4455(2)
TbLioNiooSr, | LUNiSn, | oP48 | Pnma | 1,61091) | 0442795) | 1,4591(1)
TbLioNiosS, | LUNiSn, | oP48 | Pnma | 1,6117%1) | 0,443316) | 1,4624(1)

0,3413 4
0,3408 |
s
503403
03398 |
0,3393
0,5
1,0500 ¢
1,0450
1,0400
_ 11,0350
%1,0300 .
> F
1,0250 -
1,0200 -
1,0150
1,0100
0,0 0,1 0,2
X, Li
D | |
Jbk 20 RAgZ h[f}fm _e f _glZjgbo dhfejhd nZa
TbLi«Ni,Snp "0 "2) ZTbLiyNii,Smn o0 11 |
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Kb k| D4.i-Ni-Sn

QZkldh\h ~“hke*”" ge nZah\e je\@Py-LZENDSmMIjloh k! fgh g
jbk >7Z9gZ kbkl _fzZ ~kRkeiripb miBeb dhgp gljZpecgec
DySnLiSn-NiSn-Sn g Z ghlbjvhodhfihg_glgbo 1Z ljbdhfihg
\bdhjbklZggyf j _gl] _ge\kvdh]h nZah\h]h ZgZeesam

M ihljecgbo kbby-NiZsm | ZDy-Li-Sn mlI\hjxxIvky | _jgZjge
hrgZdh\h]h kdedgdmx sédjgklZesqghx klIpyhibhg j BDyNiSn,, yde
dijbklZeeamxlvky m KkljmdI|m@¢NiSe |FbiuNiSn, \e”ih\erghAZ
j_amevlzIizfb j_gl]_gma/md\h]lh ZgZeeam kieZ\e\ \klZ
h[f_~_gbc I\_jrbc PykigdbgSn (X = O fZlielvrmjhly geklv
ihje\gyghDyla,Ni;,Sn, jbk Jhagbgghkle qg_I\_jlh]lh dt
| jgZjgec DyANaSns ijZdlbggh g_ kihkl_je]Z}Ivky

DjbklZeh]jZneqge oZjZdkigEktbdb\ _j~*bo jhalbklg-b
Dy-Li-Ni-Snijb\_~ g \ IZ]e

ﬁDyS n,

Dletr Sn Dysn

Aoy

Jbk 21. Ijh_dpey qZklbgb nZah\bo je\gh\Z] ijb zK ihq
Dy-Li-Ni-SngZ klhjhgm dhgp_gljZpecdyili-Ni |jZ_*jZ
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LZ[ebpi0
DjbklZeh]jZneqgges 0oZjZKkieZhkVNdUbj*bo jhagbg-e\
DyLi4«Ni, S (x=0-0,3L | ByLiNiSmn (x=0-0,11)

KihedZ KL Kl | = 1ZjZf Ijb dhfejdb g
a b | c
DyLi4Ni,Sn (x=0-0,31)

DyLiSn, CeNiSp 0S16 | Cmcm | 0,432%1) | 1,80285) | 0,441X1)
DyLiooNio:Sne | CeNiSp | 0S16 | Cmcm | 0,43211) | 1,802%4) | 0,44062)
DyLiggNig Sy CeNiSp 0S16 | Cmcm | 0,431%1) | 1,80196) | 0,44041)
DyLig7NigaSn CeNiSp 0S16 | Cmcm | 0,43091) | 1,80145) | 0,439§2)
DyLioeNiosSn: | CeNiSp | 0S16 | Cmcm | 0,431Q3) | 1,80159) | 0,43974)

DyLi,Niy,Srn (x=0-0,11)

DyNiSn, LuNiSn, | oP48 | Pnma | 1,60271) | 0,4412(1) | 1,45463)
DyLigNigeSe | LUNiSn, | oP48 | Pnma | 1,6067(1) | 0,44262(6) | 1,4%1(1)
DyLig NiggSnp LUNiSn, oP48 | Pnma | 1,6095(2 | 0442238) | 1,4564(1)

03437 |
0,3432 |
503427 -
=
03422 |
03417 |
03412 *
0 0,1 0,2 03 0,4 0,5
X, Ni
Z
1,0380 .
1,0370 -
1,0360 -
1,0350 ©
. 10340 |
%1,0330
> 1,0320
1,0310 |
1,0300 -
1,0290 |

1,0280

Jbk

DyLi 14N

xS

X, Li

[
fegh h[f}fm _e f glZjgbo dhfejhd nZa
"0 "1) ZI|ZDyLiyNiySnp

' 0 1))

[




160
Kbkl H&Li-Ni-Sn

>ey \b\q_ggy \azZ}fh”«€ dhfihgHagli=NiASrkijkl feCf[menh
\b]Jhlh\e gh kieZ\e\ o\ljZphgpec hl[eZkle h[f_ ~ ge¢
HoSnLiSn-NiSnrSn A Z j_amevizZIZfb j_gl]_ge\kvdh]h nZah\r
h[feZkle gh\bo | _|jZjgbo kihemd g_ agZc” _gh Z kihkl_
I\ _j"bo jhagbge\ gZ hkgh\e | HaiSng bld HoMi@n. Q Zk I\dh
"hkee”" ge nZah\e je\gh\Z]Ho-LmNidSbkiljbf\* ~ gh gZ |jBKk
ljhly geklv I\_j~rh]h jhaqlHphiShklgh\e.agZqghx « g_ i_j_\b:

Jhagbggeklv GddjeXjgmc HA#E:N, } agZqgh [eevrhx e« Kk
ihgzn Zl DjbklZeh]ggmeo0ZjzZdl_jbkiedb\ I\ _jrbo jhat
HoLixNi,Srp (x = 0-0,32 | HoLixNiSn (x =0-0,1  ijb\_~ g+ \ 1Z]e
afegZfm _e f glZjgbo dhfejhd ihdZaZgZ gZ jbk

AZ j _amevlZlZfb _dki_jbf _glZevgh]h ~“hke*”  ggy |
Zlhfb Ged_ex \dexqgZxlvky m kljmdIkg3n [KdZ$gh€hnKadZ’
HoNip 165 K ICeNiSh Keer aZagZqgblb sh h[eZklv ]hfh] _ggh
jhagbgm g _agZqgh ijhkly]Z}Ivky \ ghlbjvhodhfihg glgn
jhagbggeklv Eebenzmap

HoSn,
- - HoNi; 15$h'2 HOS”
HoNiSn, T

N

Ni & o
Jbk2 Ijh_dpey gZklbgb nZah\bo je\gh\Z] ijb zK ih
Ho-Li-Ni-SngZ klhjhgm dhgp_gljZpecgiolli-Ni |jZ_*jZ



HoLi,4Ni,Snp (x = 0-0,3

| AoLi,Ni, S (x = 0-0,11)
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LZ[ebpM
DjbklZeh]jZneqge* 0ZjZKiezhkVHtbj*bo jhaqgbge\

KihemdZz KL K| |= 1ZjZf_Ijb dhfejdb g
a b | c
HoLi«Ni,Sn (x = 0-0,32)

HoLiSn, CeNiSh 0S16 | Cmcm | 0,42941) 1,802¢6) | 0,43911)
HoLio dNio,1Sr CeNiSbh 0S16 | Cmcm | 0,42911) 1,80214) 0,43842)
HoLiogNio S CeNiSbp 0S16 | Cmcm | 0,42881) 1,80195) | 0,43841)
HoLioNiosSre | CeNiSp | 0S16 | Cmcm | 0,42842) | 1,801%7) | 0,43812)
HoLio eNio,4Srp CeNiSbh 0S16 | Cmcm | 0,42834) 1,80149) 0,43815)

HoLi,Ni .S (x = 0-0,11)

HoNiSh LuNiSr, | oP48 | Pnma | 1,6001(4) | 0,4403(1) | 1,4465(3)
HoLio,1Nio,0Sn, LuNiSn, | oP48 | Pnma | 1,6062(3) | 0,440915) | 1,4478(3)
HoLio oNiogSm LuNiSn, | oP48 | Pnma | 1,6069%1) | 0441047) | 1,4484(1)

0,3398 |

0,3393
E
> 0,3388 |

03383 |

0,3378 S S S S S S S S SR W

0 0,1 0,2 0,3 0,4 0,5
X, Ni
a)

1,0270

1,0260 -

1,0250 -

1,0240 -
s 1,0230 -
z :
51,0220 -

1,0210 -

1,0200 -

1,0190 #

10180 b

0,0 0,1 0,2
X, Li
[ - -
Jbk 24 PgZ h[T}fm _e_ f _glZjgbo dhfejhd nZa

HoLi1.«Ni,Sn, " 0 "2) ZI|ZHoLiyNipSn "o 11 |
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Kbkl EfZi-Ni-Sn

Kbkl fZErLi-Ni-Sn \ dhgp_gljZpecgec HEHSeAKINISNHSn
0ZjZdl _jbamiplikky gghf j*"bohagbgazfes gg¥hkghVWdj fbo
| jgZjgkohemd\e "kmlgeklZjglkohemigb | _fi_jZImpsiZem r
[meZ j+\400XK(jbk

=jZgbpk _j*bohaqbderhi «Ni,Sn, | ZErLixNipSn \klZgh\e agh
liZnedreffegh [ffm_e f glZjgihdejh(dbk4.26), ydfZxlveegecgbc
0ZjZdI"hkdeZ®m 030 "efrLi,\Ni,Sn, 120=0 N eEyLiyNiSm).
ljhly geklv I\ _j~h]h jhaqlEgWtm k gh\e[gh “h \bs_ hibkZgh:
aHo, } f _grhx « g i _j \bsmPjbKklZeh]jZneqge olbjdldie i k\
I\ jAbo jhad&EdgsNi,Sn | ZrLiyNi,Sn ijb\_* g \ IZ[e

Jhaqgbggeklv Ged _ex m B KLrSBZ&Kihkl je]Z}Ivky Z
kdeZ YN gSn, K ICeNiSh).

o e eNiSf. 77/
NS, g/

.
.
.’ |
|
. 2* 1
.
IS n ‘
.
. ——
’
.
.

Ni ~Er

Jbk 25 Ijh_dpey gZklbgb nZah\bo je\gh\Z\l*jigih€ klzkl _ihh
Er-Li-Ni-SngZ klhjhgm dhgp_gljZpecdEr-LRNI_|jZ_7jZ
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LZ[ebpy

DjbklZeh]jZneqge 0ZjZKieZhKIHubj*bo jhagbge\

ErLi«Ni,Snp (x = 0

IEALi,Ni S (x = 0-0,11)

KihemdZz KL K | = 1Zjzf 1jb dhfejdb ¢
a b | c
ErLiNi,Sn (x = 0-0,30)

ErLiSn, CeNiSp 0S16 | Cmcm | 0,42741) | 1,80247) | 0,43691)
ErLigoNigiSrp CeNiSp 0S16 | Cmcm | 0,427X1) | 1,80246) | 0,436%2)
ErLiggNigSn CeNiSp 0S16 | Cmcm | 0,42661) | 1,80218) | 0,43611)
ErLig/Nig3Srp CeNiSp 0S16 | Cmcm | 0,42582) | 1,80199) | 0,43583)
ErLigeNig4Srp CeNiSp 0S16 | Cmcm | 0,425743) | 1,80189) | 0,43594)

ErLiXNil_Xsnz (X = O'O,:IJ.)

ErNiSn, LUNiSn, oP48 | Pnma | 1,5986(4) | 0,4392(1) | 1,4411(3)
ErLigNigoSmp LUNiSn, oP48 | Pnma | 1,6044(3) | 0,43981(5)| 1,4422(3)
ErLig NiggSn LUNiSn, oP48 | Pnma | 1,60492) | 0,439886) | 1,4424(2)

0,3366 #

0,3361
s 0,3356
=

0,3351

0,3346

0,3341 e e

0 0,1 0,2 0,3 0,4 0,5
X, Ni
a)

1,0190

10180 —

1,0170

10160
%1,0150 -
> L

1,0140 ©

1,0130

1,0120 4

1,0110 : : : :

0,0 0,1 0,2
X, Li
[ | .
Jbk 26 RAgZ h[f}fm _e f glZjgbo dhfejhd nZa

ErLi«Ni,Sn, "0 "0) ZI|ZrLiyNiSmn "0 1) [
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Kb k| TiELi-Ni-Sn

M oh”e kbkl _fZlbggh]h ~hkee* "TmgigNi-Sab[khetb \by\e
ekgm\Zggy |_IljZjgmEi,ANiaddn, ydZ djbklZeeam}livky \ Kkij
IbisCaBeGe. L _|jZjge nZab e<a |1Zdhx °~ kljmdIimjhx [meb
kbkl_feLi- KFSn | ZTb-Li-Ni-Sn.

Ozjzdl _jghx hkh[eb\ekIx pe}€ kbkl _dbgyeRlgvZ el
Ged_ex m [egZjdmSnn AKaYrSi;). =jZgbqggbf kdeZ”~hf pvh]h
jhaqbg®™mUigoNig;z;Sne sh ie”M\_j~" _gh fhghdjbklZevgbfb ~h
[797, 854. NZah\e je\gh\Z]b mmibNiShe h|[e ZKhEnLiSn-NiSn-Sn
ijb\_~ g jbk GZ[cevr ijhly gbf I\_jAbf jh algiig iNi,Jn, *a
kljmdImjhx OeNiS, [853] h[eZklv ]hfh]_gghkle ydh]h ijhk
agZq_ggy d

=jZnedb afegb h[f}fm _e f glZjgbo dhfejhd ijb\_-
ljhly geklv I\_j~h]tbgjhagkgdgm\iSn, ih”~e[gh ~h \bs_ hib

kbkl _} g_agZqghx « g_ i_j \bshppklZdh]jZneqge 0ZjZdlI
"hkee”r gbo kieZ\eTnklbWNi-Sibijb\_~ ge \ IZ][e
Li

L’ i LN .{._/_. !

. TmNiSA, 7/ /5 g

<" TmNiSm®" f A T 12blo 2SN,
| / 4 BImSn,

................ ] meN|o +Sha -TmSn

TmNiSn,

Ni < S -
Jbk 2 Ijh_dpey gZklbgb nZah\bo je\gh\Z] ijb bkl Zf ih
Tm-Li-Ni-SngZ klhjhgm dhgp_gljZpecgimthi-Ni IjZ_~jZ
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LZ[ebpds

DjbklZeh]jZneqge oZjZuhkjrklbdbo kie Z\«TrklhNi-Sib
Kihemdz KL Kl | = |Zjzf Ijb dhfejdb gf
a b c
TmLig 2Nig 125 CeNiSb 0S16 Cmcm | 0,43£25(19)| 1,609(5) | 0,43128(15)
TmLig71Ni120Sp CaBeGe tP10 | P4/nmm | 043151(3) | 043151(3) | 0,961%1)
TmLi1.«Nix Sy (x=0-0,32)

TmLiSn, CeNiSp 0S16 Cmcm 0,42741) 1,80277) 0,43691)
TmLig oNig 1S CeNiSp 0S16 Cmcm | 0,427X1) 1,80246) 0,436%2)
TmLig gNig Sy CeNiSi; 0S16 Cmcm | 0,426Q1) 1,80218) 0,43611)
TmLig 7Nig S CeNiSp 0S16 Cmcm | 0,42582) 1,80199) 0,435843)
TmLig gNig 4Srp CeNiSb 0S16 Cmcm | 0,42573) 1,80189) 0,43594)

TmLixNi1x S (x=0-0,10)

TmNiSn, LUNiSrn, oP48 Pnma 1,5980(3) | 0,43811(4) | 1,4348(8)
TmLig 1Nig oSy LuNiSn, oP48 Pnma | 1,602743) | 043855(5 | 1,44681(3)
TmLig NiggSnp LUNiSrn, oP48 Pnma | 1,60285(11) 0,43862(4) | 1,43684(10)

0,3354

0,3349 |-

HMm?

V

03334 |-

0,3329 L

0 0,1 0,3 0,4 0,5
X, Ni
Z
1,0110
—
0,0 0,1 0,2
X, Li
[
Jbk feg h[f}fm _e_ f _glZjgbo dhfejhd nZa
TmLi;xNi,Sn o’ Z1ZTmLiyNi,Snn(0” o " [

0,3344

0,3339
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JHA>1E
DIJBKL:E1QG1 KLIJMDLMJB 1GL?JF?L:E1>1<
DjbklZesqge kljmdRinj¥M, hZR (Na/K)M,

51.1. Kihemdb ae« kljmdImZ, [bim
CljmdImjgbcziSi,i ijhklhjh\Z ]@mcHk kbflhe l¢jkdSf1Z }
"hkblv  ihrbj_gbf k_j MAmjkljkceepb el ] _jfZgelZ\e"\zZ
jerdekgha f evgbo f IZee\ ¢ "hkee m\Z\KY dZlZIx¥[fa@&@n |
\by\le _gh <kgm\Zggy ih”\ecgh€ KihaddbhjhE&Q\bfb *Z

aZjZom\Zeb €€ kljmdImjmzr&Zfa = 0M406(@nb = 1,6301(5, c =
0,4307(2) gf AZm\Z bfh pgshfvbiZz*dm djbklZeeqggm kljmdlIn
f Ih~hf ihjhrdm

M oh”e kbkl_fZlbggh]lh “hkee”" ggy "*Z]jZfb nZah\b
Na-ZnsSn ea ajZade\ HKlkeBdn ThsZn;Sryo | ThyNaeSnss gZf \*Zehk
h~ j "Bl fhghdjbklZeb sh fZeb g _ijZ\bevgm ieZklbgqgZk
FZkb\b j _gl] _ge\kvdbo “bnjzZdpecgbo "Zgbo hljbfZeb a-:
gZ Z\IhfzZlbgghfm fhghdjbklZevghfm XCAUWBUR | (MoKjs
\bijhfegx\Zggy J]jZnelh\bc fhghojfhflAtkgZgm\Zggy Kljn
\bagzZqgbeb ijyfbfb f_Ih~rZfb \ ijhkiIBptinc a]jhbidhjbklZg
dhfie_dkm ijBHELK £97.

J amevlZlb h[gbke ggy IZ mlhgg _ggy djbklZ&bs$gh€
ier"\_jrbebh \hgZ djbklZeeam}livky \ kljzmSiimj)ghZhibbie
aZcfzZxlv iheh  _gg¥3r Zbhe\Bfib 1 ZS2 t\erih\eNihieh™ ggy ZIhi
6L [1Z 6la 1Zdhx kljmdIimjhx j Zeeamxlvky nZab yd
aZfes gge KIZgmimTiZASRR)gdAZ[h ijb aZfes _ge L _j[*x gZ \.
f 1Zeb h d&EjeleXb,NaSn).

> |Zee _dki_jbf_glm « j _amevlZlb mlhqgg_ggyifhdhdh
ea klijmdImjhxzr8pim_~klZ\e_ge m 1ZDehhj*bgZlbeallZljhige
1ZjZf _ljb afes_ggy Zlhfe\ m ~hkee”i] gtkdZkéZg"XolZ][e
ZgeahljhigezZf Ijb | _ieh\h]h dheb\ZgglZ [Blhfe\
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LZ[ebply
> |Zee _dki_jbf _glm « j amevliZlb mlhgg_ggy f_Ih”"l

kihemd as kljmdI@iSi,{798,i789

?fiejbqgZ nhjfn TbSn TbZn Sy, TbyNaSn,
(x=0,2) (x=0,1)
KljmdImjgbc | ZrSi, ZrSi, ZrSi,

Kbf ljey Jhf[eqgZ Jhf[eqgZ Jhf[eqgZ
ljhklhjh\Z ]jm Cmcm Cmcm Cmcm
Kbf\he I<jkhg 0S12 0S12 0S12

Jhafejb djbkIZ%| 0117 61 0,137 91 3| 0097 41 1
L fi jZImjZ 293(2) 293(2) 293(2)
1ZjZf |jb dhfe]

Z gf 0,44118(5) 0,4407(1) 0,4412(1)

b, gf 1,6312(2) 1,6308(3) 1,6314(2)
c, gf 0,43138(6) 0,4306(1) 0,4314(1)

V, gf 0,31044(7) 0,3095(1) 0,3105(4)

Z 4 4 4
LbikdZgm\Zgg Z Z Z
<bijhfegx\Zgg MoK MoK MoK
"h\'bgZ o\pfe- 0,071073 0,071073 0,071073
F_"«Tijb achfp| 4,8 y31,91 4,79y26,73 4,80 y32,00

djbklZem f
F_hkl -6 "h "6, - "h” 6 "h "6,
-k -k -k
47 "4 - 74 47 "4
AZ]ZevgZ dee 1568 2356 1585
j_ne dke\
G _aZe_ "ge jbn|297 (Ry=0064)| 203 Ry =0,026)| 297 (R = 0,045)
J ne_dkb a , ! 263 182 261
(Rsigma=0,035) (Rsigma=0,019) (Rsigma= 0,027)
NZdlhj ~h[jhlgh 1,36 1,33 1,24
R(F) [F? > 2\(F?)] 0,0470 0,0500 0,0481
wWR(F?) 0,0931 0,0924 0,0965
GZelevrz gZcf | 2, 10°/ 3, 10°/ 1, 10°/
aZebrdh\z _e d -1, 10%e/gf | -7, 10°e/gf | -1, 10°e/gf
]mklbgZz
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LZ[ebphy
lhfgdhhjrbglAdilZzjzf Iljloieh\hdimheb\Zgdlyfe\
lThf KL x/a y/b zlc Uiso, G
(gf1 )
ThSn,
Tb 4c 0 0,0091(2) 1/4 0,0077(1) 1,00
Snil 4c 1/2 0,2485(3 1/4 0,0097(2) 1,00
Sn2 4c 1/2 0,0625(3 1/4 0,0106(1) 1,00
ThZn,Sn,, (x=0,2)
Tb 4c 0 0,096(1) 1/4 0,0083(7) 1,00
Snil 4c 1/2 0,254(1) 1/4 0,0092(5) 1,00
Sn2/Zn 4c 1/2 0,064(3) 1/4 0,0086(4 |0,63(5)/0,37(5
Th,,Na,Sn, (x=0,1)
Th/Na 4c 0 0,096(1) 1/4 0,0102(2) |0,89(6)/0,11(6
Snil 4c 1/2 0,254(1) 1/4 0,0109(3) 1,00
Sn2 4c 1/2 0,064(3) 1/4 0,0114(2) 1,00
LZ[ebpy
:geahljhige iZjZf _ljb | _ieh\h]h dheb\Zggy ZIhf
hf ‘ Up ‘ Uz, ‘ Uss ‘ U, ‘ Uis ‘ Uzs
TbSn,
Tb 0,0072(1) | 0,0091(1) | 0,0067(1) 0 0 0
Snil 0,0106(2) | 0,0124(2) | 0,0086(2) 0 0 0
Sn2 0,0080(2) | 0,0154(2) | 0,0056(2) 0 0 0
ThZn,Sn,, (x=0,2)
Th 0,0082(8) | 0,0094(5) | 0,0071(7) 0 0 0
Snil 0,094(5) 0,0103(5) | 0,0092(6) 0 0 0
Sn2/Zn 0,0080(4) | 0,0084(5) | 0,0067(5) 0 0 0
ThyNa,Sn, (x=0,1
Th/Na 0,0102(2) | 0,0108(2) | 0,0088(2) 0 0 0
Snil 0,0109(3) | 0,0114(2) | 0,0095(3) 0 0 0
Sn2 0,0108(2) | 0,0113(2) | 0,0096(2) 0 0 0
GZc[eevrbc aZ jhafejhf ZIhf je~rdekgha f_ @&Wgh]

o0ZjZdl _jbam}lvky dhhj*bgZpecgbf gbkemidezZzé gh]hm 2\
kihl\hj_gh€ qghlbjvholkjbildhg\h€vgh€ ijbafb Dhhj*bgZpecg
NeyZlhfZz 6Q } ih™\ecgZ ZglbljblhgZeQqgZ ijrai grbo Z
heh\Z 6Q dhhj*bgZpecgbf fgh]lh]jZggbdhf m ~Zgec k
ijbafZz a DQ ?e_f_glZjgZz dhfejdZ KbhSndlahjdhhj*bgZp-
fgh]lhljZggbdb Zlhfe\ ijb\_"51.«GdL dibjhlre fe ZIhfge \e/k
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kihenmipSn, } Ibih\bfb ~ey gl _jf 1Zeeqgbo kihemd « €0 acg
f IZeeggbc Ibi a\fyadm :gZeea fe Zlhfgbo \e""Ze ¢ aZ
pbo agZq_gv ca kmfZfb Zlhfgbo jZ*emke\ \aZ}fh”exqgbo c

Jb. Ijh_dpey kljmdImjbb8ihgin dédhshblyhz dhhjr*bgZp-ece
fgh]lhljZggbdb ZIhfe\

AZfes ggy L _j[*x em gbfb f_|Zezfb g. i ljahlsjmidIlm
nZam.,NaSn ml\hjxxlvky a e<grbfb je*dekgha f ev@dHo, f |
Dy, Er, Tm mlhqg _ge i _jeh”b djbklZeesqgbo ijbkel’/hdghely I¥(

Z afegm 8pflifen f gl Zjgb oxdylzZf4jhkd

R; _Na._Sn
1-x""9%x7""2
0.32005
0.31505 F
0.31005 F
E 0.30505
=
=~
0.30005 F
0.29505 F
0.29005
63 64 65 66 67 68 69 70
Z (gna P3M)

Jb. PegZ h[f}fm _e f _glZjgbo dhfejhd «&hN&SmdImjg
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LZ[ebp4y
| _jeh”b djbklZeesqggbo j_relhd cahRlMaShmjgbo nZa
NZaZ Z gf b gf c gf V, gf°
GdixNasSn 0,4430(1) 1,6386(6) 0,4320(1) 0,3135(2)
ThixNaSn | 0,44118(5) 1,6312(2) 0,43138(6) 0,31044(7)
Dy.xNaSn 0,4393(1) 1,6243(4) 0,4301(1) 0,3069(2)
Ho.xNa,Snp 0,4379(1) 1,6142(6) 0,4297(1) 0,3037(3)
Er.xNasSn 0,4361(1) 1,6079(4) 0,4292() 0,3009(2)
TmiNaSn, | 0,4348(1) 1,6011(5) 0,4288(1) 0,2985(3)

5.12. Kihemdb a-+ kljmdImCeXiSiim
N Z aRLi;. T\M, | Z Ry (Na/K), TM,

Eel jZImjge "~ 306,e387@ \dZamxlv gZ <kgm\Zggy | _jc
kdeZRMmSn \ ihljecgbo kbkRAZm " R xje*"dekgha f evghbc
p_je}\h€ Z[h elje}\h & ii]jjmoig® f 1Zeb M ihljecgb®-{dok!|
Ni, Cu-Sn mlI\hjx}Ivky | _jgZjgRT,®&ZaXxljmdImjgbc CeéNiSh,
ijhklhjh\Z JGmckh <a qZkldh\bf aZk_e _ggyf Zlhfe\ Ge#d e
M ihljecgbo kbRLi-&aoI\hjxxlvky eahkljmdIimjge RLI$ALgm n
ydbo ZgZeh]eqg_iheh _ggy } ih\geklx aZk_e _g_ ZIhfZfk

>hkee” " mxgb nZah\e je\gh\ZRHisCk Nk ICU Zm ijb f K
gZ jhaj*RE®®n-RLISn,, RNiSn-RLiSn, i RCuSn-RLiSn, [meh \by\e
ekgm\Zggyl jWZngm&Z a «a limpmh x | €eiiSk.

lezklbgqZkle fhghdjbklZeb ijZ\bevgh€ nhjfb \eMe[jZ
TmysliagNizsSnso, TMaslizsNiyeSrso, TbLioesC0p20SMp | ThLipolCl 255N, >hkee”" g
aZ “hihfhl]hx f_Ih”e\ EZm_1Z < _ckk_g[_j]Z i*"I\_j*beb
"h jhf[eqgh€ kbg]lhge€ FZkb\ j gl] _ge\kvdbo "bnjZdp-«
Z\IhfZlbgqghfm fhghdjbklZevghfm "YOABUR T _ I(MoK 5
\bijhfegx\Zggy 1]jZnelh\bc fhgAojhflhthjkdZgm\Zggy Kl
\bagzZgbeb ijyfbfb f_Ih”~"Zfb \ ijhkiIBptirc a]jhbidhjbklZg
dhfie_dkm ijBHELK 197

> |Zee _dki_jbf_glm <« j _amevlZIbImNihiggSeJd§s51 ey
Ijb\_~ _ge \ 1Z[& ~8PLigesC0y20Sn | ThLigedlUy 255 [856] £+ m [Z[e
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| _ieh\+thfeXjzZ¥febNi L) 3.5
Z TBld 3ps&dh 4B ThLig ol 2sSnH = m [ Z ] e

DhhjrbgZlb
ij ~"kliz\e _gh \ I1Z[e
5.8.

Zgeahljhige

LZ[e bRy

> |Zee _dki_jbf_glm ¢ j_amevlZlin(NnlibgHrggy "ey
f Ih~hf fhghdjb[K9Z em
?f|°qugZ nhjfme TmLioyzzNiollzsnz TmLi0’21Ni0'13snz
KljmdImjgbc lbi CeNiSp CeNiSh
FheyjgZ fZkZ ] fh 41493 41494
L fi jZImjzZ T=293K T=293K
Kbf ljey Jhf[eqgZ Jhf[eqgZ
lihklhjh\Z ]jmiZ Cmcm cmcm
Kbf\he lejkhgZ 3 0S16, 4 0516, 4
Jhafejb djbkfZ% m 0,1810,11 10,03 0,2310,1610,02
1ZjZf Ijb dhfejdb

Z gf 0,43425(19) 0,43734(7)

b, gf 1,6099(5) 1,6121(3)

c, gf 0,43128(15) 0,43170(7)

V, gf 0,30151(19) 0,30437(8)
JhajZzo JmibihgZ] Kj 9,674 9,583
Dh_n ih]eb@gZbfdy 48,30 47,85

LbikdZgngyg Z Z
<bijhfegx\Zggy MoK MoK |
"h\"bgZ o\pfee 0,071073 0,071073
F_"eTijb achfpe djbkl 4,42 y32,27 4,54 y31,91
F(000) 738 738
F_hkl - "h” - "h”
-k -k
- -
AZ]ZevgZ dejencee kdk 1056 1016
G aZe 'ge*j ne | 222 R,=0,064) 221 R =0,017)
J ne dkb a , ! 1 200 Rygma=0,034) | 184 Rygma= 0,014)
<Z]h\Z ko _fz w S(Ey) + w >(B,°) +
(0,0416°)° + 2,463@)] | (0,026%P)* + 5,734 P]
>Zge iZjZf_ljb 221/18 222/18
NZdlhj *h[jhlghkls 1,300 1,299
RnZdlhijb! >1)] R, = 0,034 R, = 0,023
wR, = 0,083 wR, = 0,058
RnZdlhjb hki) R, = 0,044 R, = 0,027
wR, = 0,091 wR, = 0,060
Dh nepe}gl dklb 0,0015 (4) 0,0009 (2)
GZc[sevrZ gZcf_g w01z 10° w01z  10°
aZebhtZz e dljhggZ elgf elgf
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LZ[e bph6
>_1Zees _dki_jbf_glm < j_amevIZLigp-Ougpsbr, @ GoLidheEYo 255
aZ “hihfhfhbkh~m fhghdjh3omZ e m

’?fl‘qugZ nhjfm TbLioy05CQ)lggsnz TbLi(),ogCUO,25snz
KljmdImjgbc Ib CeNiSh CeNiShp
FheyjgzZ fZkzZ ] 41377 41283
L fi_jZImjz T=293K T=293K
LbikdZgm\Zgagy Z Z
<bijhfegx\Zggy MoK MoK
A"h\"bgZ o\dpfee 0,071073 0,071073
Kbf _ljeyihklhjh\Z Jhf[eqd&hcm(63) Jhf[eq,ghcm(63)
Jimiz
1ZjZf _ljb dhfejdb a=0,44425(7) a=0,44300(13)
b=16463(3) b=16414(5)
¢ =0,43898(7) c=0,43769(14)
H[ffdhfejdbf: 0,32105(9) 0,3183(1)
JhajBbZganklbgZ 8,558 8,614
(Dinai ] kf°)
Dh_n ih]ebgZfdy 24,76 21,87
F(000) 487 391
F_"eTijb achfpe 4,8y27,5 4,8y27,5
djbklZem
F_"hkl -5 "h "5, -5 "h "5,
-21 "k 16, -21 7’k 717,
5" "5 47" "5
AZlZevHZ d 1100233 1042/229
j_ ne dige\aZe "¢
>Zge iZjZf_ljb 233/17 229/18
NZdlhj "h[jhlghk 1,23 1,27
R[F* > 2 \(F?)] 0,025 0,055
WR(F’) 0,061 0,132
Dh_nepe}gl _dkl 0,0041 (4) 0,0002 (4)
GZc[eevrZ gZcf | 20310°/-2, 10°e/gf 10°/-  10°e/gf
aZebrdh\z e dl
]mklbgZ

GZ ihqZldh\bo pddgdoggy kljmdIimjb [meh \bagZq_

aZk_e _ggy Zlhfe\ a f |hx i_j \ejdb \e*obe _ggy \e/ e~ Z,
\eN ih\geklx aZk_e _gbo ihabpec [meh \e~rfeq gh Kelyhhrhg

gZ hklZggeo klZ”eyo mlhqgg_ggy ijo\difbeéjrEv «aeyq ZKll
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aZk_e _ggyf pe<}€ ihabpe€ klZlbklbgghx kmferx a ZIh
Dh_nepe}gl _dklbgpe€ [1Z Zgeahljhige | _ieh\e {iZjZf 1]
Jeagbp \bc kbgl a NmjY} g_ feklb\ agZqgbo aZebrd
mlhgg _ggy klIjmdilmhff fhghdjbklZem [meb ih\geklx
ihjhrdh\bfb ~Zgbfb

<e~Njh\ergh ~h Zlhfgh]h jhafejm dhhjrbgZpecg
gZc[eevrh]lh ZIIAE p_ ik_\"h NDPZkd je\kvdbc ihee_7~j D
lhfb KlIZgmfm hlhgq_ge dm[hhdlZ_"jhf |E ZIKdém 4[lEg
\lee _ge m imkle | _ljZ]hgZevge Zglbijbafb [Ijh_dpey ¢
dhhjrbgZpecge fgh]h]jZgodbjZd BNy o:Co2eSe ijbV\_"_g° ¢
jbk

Fe Zlhfge \errZee fZxIv "himklbfe "ey ogl_jf _|Zeh"e
g_ \eMjeagyxlvky \er kmf Zlhfgbo jZ"emke\ sh k\e/¢
f 1Zeeqgbc |Ibi a\fyadm 1I1Z][e Djbbklofegbkqid ZI EEjmd\nf
ieM\_jA° _gZ 1Zdh™ f_Ih~hf ihjhrdm

LZ[ebp¥

DhhjrbgZlb 1Z Zgsahljhigs | _ieh\e iZ}Zf_ITI(NI L) sSng

Ihf G IKL | x/a y/b zlc Ull U22 U33 U_d\
TmLig2Nig 155m,

Tml 1 4c 0 0,09929(6) | /4 | 1,23(7) | 1,58(7) 1496) | 1,43(5)

Snl 1 4c 0 0,4366(1) (14| 10(1) 4,3(1) 1,04(9) | 2,14(6)

Sn2 1 4c 0 0,7487(1) |14 | 1,8(@Q) 3,0(1) 2,3(2) 241(6)

Nil 0,12 4c 0 0,3@(1) 1/4 0,7(6)*

Lil 0,22 4c 0 0,3((1) 1/4 0,7(6)*
TmLig2iNig135m,

Tml 1 4c 0 0,09934(4) | /4| 1,24(4) | 1,00(4) | 1,17(4) | 1,14(3)

Snl 1 4c 0 0,43655(8) | /4| 1,12(6) | 3,48(9) | 0,90(6) | 1,83(4)

Sn2 1 4c 0 0,74872(8) | 1/4 | 1,88(6) | 2,319) | 2,03(7) | 2,07(4)

Nil 0,13 | 4c 0 0,3021(8) | 1/4 1,0(5)*

Lil 0,21 | 4c 0 0,3021(8) | 1/4 1,0(5)*

*+mlhgg_gh \ eahljhighfm. gZ[eb  _gg-
U g\bagZqgzZ}livky yd Ij_IbBlyZ :lgemaijEigbc |_ieh\bc iZjzZf_Ij fZ} \b]ey
Uij = -2 @f(h%a*)?Us + ...+ 2hka*b*U;5]. Uro = U1z = Ups = 0.
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LZ[ebhd
Dhhj"ngZ[Z)g°ahIjHi_g'ehiZjZf_IjZf)lhf(\gl2 )
" e YbLioosCop 29SS, | ZTbLigdClp 255
lhf | IKL | xla | y/b | zlc | Ugo/Ueq | G
TbLigpsC0y 205,
Tbl 4c 0,0000 | 0,10091(5) | 0,2500 | 0,0144(4) 1
Snl 4c 0,0000 0,43898(10) 0,2500 0,0264(5) 1
Sn2 4c 0,0000 | 0,74923(8) | 10,2500 | 0,0250(5) 1
Col 4c 0,0000 | 0,3040(5) 0,2500 | 0,018(3)* | 0,292(12)
Lil 4c 0,0000 0,3040(5) 0,2500 0,018(3)* 0,04
Ull U22 U33 U12 U13 U23
Tbl | 0,0154(5)| 0,0126(5) | 0,0152(6) 0,000 0,000 0,000
Snl | 0,0139(8)| 0,0528(14)| 0,0126(9) 0,000 0,000 0,000
Sn2 | 0,0181(8)| 0,0349(12)| 0,0220(10) | 0,00 0,000 0.000
lhf KL x/a y/b zlc Uiso*/ Uegq G
TbLig,0fCUg 255
Tbl 4c 0,0000 0,10081 (10) 0,2500 0,0200 (7) 1
Snl 4c 0,0000 0,4392 (2) 0,2500 0,0356 (10) 1
Sn2 4c 0,0000 | 0,7490 (2) | 0,2500 | 0,0380 (10) 1
Col 4c 0,0000 | 0,3044(9) | 0,2500 | 0,024 (5)* 0,30 (2)
LiL 4c 0,0000 | 0,3044(9) | 0,2500 | 0,024 (5)* 0,03
Ull U22 U33 U12 U13 U23
Tb1l |0,0186 (10] 0,0259 (11)] 0,0156 (9) 0,000 0,000 0,000
Snl |0,0156 (16] 0,081 (3) | 0,0107 (13)| 0,000 0,000 0,000
Sn2 |0,0282 (18] 0,055 (2) | 0,0312(17)| 0,000 0,000 0,000

U a0bagZqZ}ydkly_IbgZ | gahggahljhigbc I_ieh\bc 1ZjZf_1j fZ} \b]e\
@(hza*)zull + ...+ 2hka*b*U12]. Ui =U13=Uy3=0.

Uij = -2

Jbls.

fghlhljZggbdb Zlhfs\

ljh_dpey kljmhlLig{dm .S gZ iehshlighz dhhj*bgZpec



LZ[ebpy
Fe ZIhfg@frZee T CopoSnH gf
Tb12 Sni 0,31910(5) Sn22 Li1*™ 0,2363(3)
Th12 Sn?' 0,31910(5) Sn22 Col™ 0,2363(3)
Th12 Sni" 0,31910(5) Sn22 Li1" 0,2363(3)
Tbh12 Sn1Y 0,31910(5) Sn22 Col” 0,2363(3)
Tb12 Sn? 0,33009(12) Sn22 Li1™ 0,2397(3)
Th12 Sn2" 0,33009(12) Sn22 Co1* 0,2397(3)
Tb12 Sn2" 0,33022(13) Sn22 Li1* 0,2397(3)
Tb12z Sn2™ 0,33022(13) Sn22 CoI* 0,2397(3)
Tb12 Col 0,3343(8) Sn2z Sn¥ 0,31228(4)
Th12 Sn1” 0,34699(14) Sn22 Sp2® 0,31228(4)
Th12 Sn¥’ 0,34699(14) Sn22 S 0,31228(3)
Sni12 Col 0,2222(8) Sn2z Sn2V 0,31228(3)
Sn12 sn1” 0,2976(2) Col2 Sn2" 0,2363(3)
Sn12 Sni™ 0,2976(2) Col2 Sn2" 0,2363(3)
Sn12 Th?' 0,31910(5) Col2 Sn?" 0,2397(3)
Sn12 Th1" 0,31910(5) Col2 Sn? 0,2397(3)
Sn12 Th1¥ 0,31910(5) Col2 Th1' 0,3493(4)
Sn12 Th1" 0,31910(5) Col2 Tb? 0,3493(4)
Sn12 Th1* 0,34699(14) Col12 Th1" 0,3493(4)
Sn1z Th1* 0,34699(14) Col2 Th1" 0,3493(4)
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N Z aRLi;Zn, S, | Z Ry gMNay 122N 375,

M kbkl fe ea Pbgdhf |Z Eele}f mThhijxZnNSk{BITEIZAh  a-
kKljmdIm{JeMiSi, Ze_ gZ \e"fegm \e” \bs_ hibkZgbo nZa ZI
klZlbklbggh ih\geklx aZih\gxxlvkiBOhljggdpdhjbklZgges G
MmI\hjx}Ivky nZazZThdNa&E Mms:Sne m ydec kihkl_je]Z}lvky
klZIbklbggh€ ToN&srgZlhfwkdlhfb Pbgdm azZih\gxxlv h”*g_
kebr_qgzZkldh\h > |Zee+ _dki_jbf_glm « j amevIiZIlb mlh
TbLig76ZNg2:SMy | ZThg gMNag 152N 35S 1jb\_~ ge \ 1Z2Pe Z dhhjr*bgZlk
Zgeahljhige | _ieh\e iZjZf _Ijb ZIhfe\ I\ "~ g+ \ IZ][e




> |Zes
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LZ[e b®i0

~dki_jbf_glm « j _amevlZlb mlhqg _ggy f_Ih”~hi

TbLiyxZnSny | ZTbgg7N@p,13ZN037SM

’)fl’qugZ nhjfn TbLio,7ano,21Sr]2 Tb0187N30,1gzn0137snz
KIjmdIimjgbc Il CeNiSp CeNiSp
FheyjgzZ fZzkz ] 415,48 402,83
L fi_jZImjz T=293K T=293K
LbikdZgm\Zgg Z Z
<bijhfegx\Zgagy MoK MoK
"h\"bgZ o\dfee 0,071073 0,071073
Kbf_ljeyyhklhjh\] Jhf[e*qg@mcm(63) Jhf[eqg,g@ncm(63)
JimiZz
1ZjZf _1jb dhfejdn a=0,44495(7) a = 0,44504(3)
b= 1,7699(3) b= 1,7698(8)
c=0,43978(7) ¢ = 0,43984(2)
H[ffdhfejdgf 0,34633(9) 0,34643(1)
Dh epe}gh]lebgZg 35,55 36,82
—ffH
F_"eTijb achfpe 4,61y27,95 4,61\y27,95
dijbklZefm
F_hkl -5"7h "5, -5"h "5,
-17 "k " 23, -17 "k " 23,
57175 57 "5
AZ]ZevbZ d 1198261 1142/281
j_ ne _dge\azZe ~
>Zge 1ZjZT_1jb 261/20 281/18
NzZdlhj “h[jhlgh 1,18 1,25
R[F% > 2 (F?)] 0,027 0,034
WR(F?) 0,054 0,062
Dh_nepe}gl _dk 0,0039(4) 0,0042(5)
GZc[.evrZ gzZcf| 215%0%/- 10° 10°/-  10°
aZebhdZ e dljhg elgf e/gf
]mklbgZ
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LZ[e b
DhhjrbgZlb 1Z Zgeahljhigs | _ieh\e iZ}Zf 1B eFlhfs\

TbLi;ZNn S, *Thy gNay 157Ny 3:5n

lhf] IKL | xa | y/b | zlc Uiso/Ueq | G
TbLig 792N 21SMp
Tb 4c 0,0000 0,39911(5) 0,2500 0,0156(4) 1
Snl 4c 0,0000 0,06101(10) 0,2500 0,0296(6) 1
Sn2 4c 0,0000 0,75076(8) 0,2500 0,0274(6) 1
Zn 4c 0,0000 | 0,1960(5) | 0,2500 0,022(3) 0.21(1)
L 4c 0,0000 | 0,1960(5) | 0,2500 0,022(3) 0,79(1)
T U2 0 T T VL
To | 0,0152 (5)| 0,0167(5) | 0,0149(6) | 0,000 0,000 0,000
Sn1 | 0,0132 (8)| 0,0638(16)| 0,0119(9) 0,000 0,000 0,000
Sn2 | 0,0180 (8)| 0,0423(14)| 0,0220(10) | _ 0,000 0,000 0,000
Zn | 0,019 (5) | 0,024(5) | 0,022(6) 0,000 0,000 0,000
L | 0,019(5) | 0,024(5) | 0,022(6) 0,000 0,000 0,000
lhf] IKL xla y/b zlc Uiso*/ Ueg G
Tho gMNap, 132N 3755
Tb 4c 0,0000 | 0,10094(2) | 0,2500 0,0189(7) 0.87(2)
Na 4c 0,0000 | 0,10094(2) | 0,2500 | 0,0189(7) 0.13(2)
Snl 4c 0,0000 0,4387(1) 0,2500 0,0196(5) 1
Sn2 4c 0,0000 | 0,7494(1) | 0,2500 | 0,0203(4) 1
Zn 4c 0,0000 0,3052(7) 0,2500 0,028(6) 0,37(1)
T T 0 T s T
To | 0,0199(6)| 0,0239(8) | 0,0179 (9) | 0,000 0,000 0,000
Na | 0,0199(6)| 0,0239(8) | 0,0179 (9) | _ 0,000 0,000 0,000
Snl | 0,0198(5)| 0,031(6) | 0,0147(3) 0,000 0,000 0,000
Sn2 | 0,0282(3)| 0,045 (7) | 0,022 (7) | 0,000 0,000 0,000

lahkljmdIimjge TEaEZnSm |ZThyg/Nag13Znpz7Sn mliVhjxxlvky
egrbfb JAGd Ho, Dy, Er, Tm mlhqg _ge i _jeh”b djbklZeeqggbo
Ijb\_~ gh \ 1Z2e Z afegm €0ty ZY}ihka

LZ[ebpi2
| jeh”~b djbklZeesqggbo j jmdHhjgdhkinZa

RLi 1.xZnSn i Ro.gN@g.15Z2N0 375N

NZaZ Z gf b gf c gf V, gf°
GaLi 1 ZnShp 0,4468(1) 1,7760(5) 0,4399(1) 0,3491(3)
ThLi1,Zn,Sh, 0,44495 (7) 1,7699(3) 0,43978(7) 0,34633(9)
DyLi 1,ZNST, 0,4431(1) 1,7623(5) 0,4381(1) 0,3421(3)
HoLi1xZNS 0,4417(1) 1,7522 (6) 0,4376(1) 0,3387(3)
ErLi1.ZNSM 0,4398(1) 1,7459(7) 0,4372(1) 0,3357(2)
TMLi 15ZNSM 0,4386(1) 1,7391(6) 0,4368(1) 0,3332(2)
Gt gNao1ZNo 39 | 0,4466(1) 1,7764(4) 0,4399(1) 0,3490(3)
Tho,sNao1ZN03:5M | 0,44504(3 1,7698(8) 0,43984 (2) 0,3464(1)
Dyo,87N80,132n0,37Sr}2 0,44340(7) 1,7636(4) 0,43941(6) 0,3436(4)
Hoo 8@ 177N 579N | 0,4419(1) 1,7602(6) 0,4388(1) 0,3413(4)
Er0,87Nao,132n0,37Sr}2 0,4402(1) 1,7556(4) 0,4382(1) 0,3386(3)
TmosNao17ZMo2:Sn | 0,438816) 1,7511(7) 0,43768(5) 0,3364(3)
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RLi;Zn,Sn, i Ry g;Nag 13ZNg 3,50,
0.3505
0.3485
0.3465
0.3445
0.3425

0.3405
0.3385 —.—RLwl_xZﬂxSﬂz

V, Hw3

0.3365 —8—Rg g7Nag 13200 375M

0.3345

0.3325
0.3305

63 64 65 66 67 68 69 70

Z (ana P3M)

Jbl. PRegZ h[T}m e f glZjgbo dhfejhd ~ahkljmd]
RLi1xZnSmn i Rog7Nag 13720 37SM,

>ey nRBZnNSn kihkl _je]Z}Ivky [eevr kmll}\_ &ffngr_
e T glZjgbo j_ydhdamfh\le g [cevrbflkdmaZps€€ Zlhfe\
ihje\gygge ca GZIje}f

513. L_1jZjge nZab a+* kljmdIlnygNisSnbbim

Qhlbjvhodhfihg_ glddiiyNiZ8l <R, ,NaNiSn, a fZebf \feklh
Eelex 1Z GZIljex a RLjSp+&NiSn, | ZRNaSn - RNiSn, \by\e ge* m ijhj
kbklfZlbggh]h \b\q_ggy kieZA=-Ni{&nKkFRMNaNi-Sn H”* _j Zge ~
hdj fbo nZa fhghdjbklZevge “bnjZdpecge "Zge ihdZam
dibklZeeamxlvky \ jhf[eqgec ijhkanm& eec\ J{hpmdImjghfm
LUNiSn, [651].

>ey kbgl_am kmed\\\bdhjbklZgh dhfiZd\ge fa lgghefog Z e
gbklhlhx [eevr _ fZk RfZlhgdb qgbklbo f_|Zee\ -
kdeZ”"RELisNixSnsg | ZRsNasNixoSnsg i) _km\Zeb \ 1Z[e _Idb yde [m
\ 1ZglZeh\bc Ib] _ev ¢ ihfes _ge \ ifiqgpZlmihgimf adhigljhe
R\b~Ardeklv gZ]je\m \e”~ defgZlgh€ | _fiCjZHmj\igxA*BeZ gZ7
o\bebgm Ijb pec | _fi_jZImje kieZ\ \bljbfm\Zeb ijhly]hf
| fi_jZImjm ie*\bsm\Zel® Y Czjhly]hf ]h~*bgb HIjbf
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ajZahd”iZex\Zeb ijb pec ~_ |_fi_jZImje ijhly]hf Jh”
hoheh” " m\Zeb ~h defgzZlgh€ | _fi_jZImjb Ilekey ijhp_"m
aZlZevgZ \ljZI1Z \Z]b [meZ f_grhx G _\ _ebde ~hJjh

[meb \b”"ee ge* acsTnkdleKheSng |Z TmpsNaNixSne aZ “hihfh]h
f o0Zgeqgh€ njZ]f _glZp-£

Kbgl_ah\ZgbcTre NSy [m\ ijZdlbggh h*ghnZagbf 1
e\ _j*"blbdez” kieZ\m \blag&lg_gh ch]h ]mklbgm a \b
\hexf ljbggh]lh f Ih“m <bfejygZ ]mklbgzZ WiZehpblagzZq_
\eNjeagy}lvky f gr ge gZ \er Imklbgb jhajZoh\Zg
"NZgbfb Kee” aZagZqblb sh ]mklbgZ pvh]h kieZ\m }
Jmklbghx | _jgZjgA@NiSdhabydZ klZgh\blwf sh k\ergblv i
gZy\geklv Brlpxc nZa-

KljmdImjZ h[ho "hkee”" m\Zgbo nZa [meZ \bagZqgq_gZ
dhj dpe+€ ih]JebgZggy GZ i_jrhfm _|ZlimysmNigIn gAj¥ fn Zja
| ieh\h]h dheb\ZggyNteyaglhdqgh \+"jeagy\ky g+ ~eNiegr
sh “ha\hey}mkibblb sh py ihabpey gZkldh\h aZcgylz
aZdexqggbo pbdeZo mlhgg _ggy iZjZf _ljb \keo ZIlhfe\ [n
Zgeahljhighfm gZ[eb gge > @

>ey nZapNasNiSne gZ i_jrhfm _1Zie mlhqgqg_ggy iZjZf_
dheb\Zggy 7*eyTr3d h\eZjeagy\yegrbo ZIhfe\ Lmeex AZ
j_amevlZlb h~_j Zge ebr_ Ih”e dheb py ihabpey }
kmferrx Zlhfe\ Lmeex IZHGZIjemlI\hj ggy pbo nZa m aZ
em ghlh f_IZem \e"[miZdglviny iRLLAIKR,SHL MI\jxxIvky reyohf
aZfes ggy Zlhfe\ Ged_eR NaANESDhjAmxlvky reyohf aZfe:
Zlhfe\ jerdekgha f evgh]h f IZem gZ GZljec

> |Zee _dki_jbf_glm ¢ j _amevlZIlb mlhqg_ggy f_Ih:
TmysLisNixeSrsg | ZTmpsNagNi oS ijb\ A ge m [Z[e M[ebpylkl | 515
\eNih\ergh feklyhkdbgzlb iZjzf lje\IZIlZfgtahljhige iZjZ
| ieh\h]h dheb\Zggy ZIlhfe\
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LZ[ebpy
> |Zee _dki_jbf _glm « j amevliZlb mlhgg_ggy f_Ih”"l
N e YmLiyNiy xS sTmy NaNiSn,

2fiejboggnhjfme Z| TmLiNi; xS (x=0,035)| Tm,..NaNiSn, (x=0,05)
KljmdImjglbic LUNiSn, LUNiSn,
FheyjdgZk@ fheyv 462,41 457,71
L fi_jZImjZz T=293K T=293K
<bijhfegx\Zggy MoK MoK
"h\"bgZ o\be- 0,071073 0,071073
Kbf _ljeyjhklhjh\Z JhfpqgRnma(62) Jhf[+q,dPAma(62)
1imiz
1ZjZf _ljb dhfejdb a=1,60285(11) a=1,60B0(1)
b=043862(4) b= 04381(5)
c = 1,43684(10) c=1,438(1)
H[ffdhfejdgf: 1,01016(14) 1,01073(2)
Dh_nepe}gl Z[kh 4577 ff1 46,03 ff+
F_"°Tijb achfpe| T [ Tax i hin=36f hax=278f
djbklZem
F_akl -20 "h " 20, -20 "h 7 20,
-3 "k 5, -3 "k 5,
-18 71 718 -18 71 718
AZ]ZevbZ d 67371304 6471/1289
j_ ne _dge\aZe ¢
>Zge iZjZf_Ijb 1304/76 128975
NZdlhhpjhlghkls 1,18 1,38
R[F%> 2 (F?)] 0,026 0,037
WR(F?) 0,060 0,068
Dh_nepelgl _dkl 0,0030(3) 0,029(4)
GZc[eevrzZ gzZcf | 207%0%/- 10° 1,9810°%/-2,0510°
aZebrdh\z e dlI elgf elgf
]mklbgZ

ljh_dpey _e f glZjgh€ d¢hTmdNi;.85® < dhhj*bgZp-
fghlhljZggbdb ZIhfe\ ihjbkazZge giftbmdezZ”_g=+ 18 « -
\_jrbggbdb yde } A nhjfh\Zgbfb -DkZRirhjNjZdldfb ihes -
Dhhj*bgZpecge ihee_"Bm LhiAgfSn SM - p_ -\_jrbgghbc
AN nhjfZgbc dm[hhdlZ_’"Sn :jilmndfes _gbc \ i_glZ]hgZevgec
ljvhfZz ~h~Zldh\bfb ZlpffpZevipmfZlbgqgZ dhhjogZptyjg.
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Ney ZIBMZ DhhjrbgZpecgbf hlEghfgNiyZ klZIbklbggh®ikkmfe
} ghlbjvhorZidh\e ljb]hgZewagdhphhablyZpecgbf dNDTkeSIf]. >

| _jeh”~b djbklZeeqgbo j_relhd ecahkljmdIlnRLyNig,InZ &
R, «NaNiSn, 1Z[e Z afegZ h[f}fm _e f
ithdZaZgZ gZ jbk

Ijb\_~ ge m

LZ[ebpy
DhhjrbgZzZlb « iZjzf_ 1jb ThhifNi\ .Sy Tm,,NaNiSn
lhf| IKL| xa | vyb | zlc | U /Uy | G
TmLiyNii xS,
Tml k | 0,35386(4)| 0,2500 | 0,10177(4) | 0,01166(15) 1
Tm2 k | 0,15061(4)| 0,2500 | -0,02797(4) | 0,01120(15) 1
Tm3 k | 0,12704(4)| 0,2500 | 0,22713(4) | 0,01269(15) 1
Sn4 k | 0,02119(5)| -0,2500 | -0,07931(6) | 0,0105(2) 1
Sn5 k | 0,46864(6)| -0,2500 | 0,23607(7) | 0,0158(2) 1
Sn6 k | 0,21452(6)| -0,2500 | 0,10507(6) | 0,0129(2) 1
Sn7 k | 0,32559(6)| 0,2500 | -0,13071(6) | 0,0118(2) 1
Sn8 k | 0,31632(6)| 0,2500 | 0,32114(7) | 0,0157(2) 1
Sn9 k | 0,45722(6)| -0,2500 | -0,05229(7) | 0,0154(2) 1
Ni10 k 10,29945(11] -0,2500 | -0,04622(13)| 0,0133(4) 1
Nill k |0,05291(10] -0,2500 | 0,10639(12)| 0,0122(4) 1
Nil2 k |0,30709(12] -0,2500 | 0,24440(14)| 0,0162(7) |0,895(8)
Li12 k |0,30709(12] -0,2500 | 0,24440(14)| 0,0162(7) |0,105(8)
lhf| | KL x/a y/b zlc Uiso*/ Ueq G
TmyNayNiSn,

Tml k | 0,3540(1) | 0,2500 0,1018(2) | 0,01032(11) 1
Tm2 k | 0,14992(5)| 0,2500 | 0,97324(4) | 0,0103(2) 1
Tm3 k | 0,1268(1) | 0,2500 0,2272(2) 0,0114(1) | 0,85()
Na3 k | 0,1268(1) | 0,2500 0,2272(2) 0,0114(1) | 0,15(1)
Sn4 k | 0,02113(6)| -0,2500 | -0,07928(6) | 0,0112(3) 1
Sn5 k | 0,46858(5)| -0,2500 | 0,23594(6) | 0,0136(3) 1
Sn6 k | 0,21442(7)| -0,2500 | 0,10498(7) | 0,0122(4) 1
Sn7 k | 0,32562(6)| 0,2500 | -0,13069(5) | 0,0119(3) 1
Sn8 k | 0,31630(5)| 0,2500 | 0,32112(6) | 0,0144(2) 1
Sn9 k | 0,45727%) | -0.2500 | -0,05232(6) | 0,0135(3) 1
Nil10 k | 0,2995(1) | -0,2500 | -0,0462(1) 0,0125(5) 1
Nill k | 0,0530(1) | -0,2500| 0,1064(1) 0,0131(6) 1
Nil2 k | 0,3069(1) | -0,2500 | 0,2444(1) 0,0148(5) 1
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LZ[e bHhib
:geahljhiges | _ieh\e iZjZf 1jB ZIhfMNeygf

TmLiyNii xS e TmNaNiSn,

1hf Ul | Uz | WES | U2 | Ul | Uz
TmLixNi1 xSnp
Tml 0,0109(3)| 0,0140(3)| 0,0100 (3) 0,000 0,0005(2) 0,000
Tm2 0,0107(3) | 0,0124(3)| 0,0105(3) 0,000 0,0011(2) 0,000
Tm3 0,0157(3)| 0,0136(3)| 0,0087(3) 0,000 -0,0028(2) 0,000
Sn4 0,0092(3 | 0,0106(4)| 0,0117(4) 0,000 0,0002(3) 0,000
Sn5 0,0162(5) | 0,0174(4)| 0,0138(5) 0,000 -0,0035(4) 0,000
Sné 0,0117(5)| 0,0124(4)| 0,0145(5) 0,000 0,0009(3) 0,000
Sn7 0,0140(5) | 0,0106(4)| 0,0107(5) 0,000 0,0014(3) 0,000
Sn8 0,0114(5)| 0,0231(5)| 0,0127(5) 0,000 -0,0001(3) 0,000
Sn9 0,0087(5)| 0,0174(5)| 0,0201(5) 0,000 -0,0015(4) 0,000
Ni10 0,0117(9) | 0,0143(8)| 0,0138(9) 0,000 -0,0009(7) 0,000
Ni1l 0,0116(8)| 0,0124(8)| 0,0127(9) 0,000 -0,0004(6) 0,000
Ni12 |0,0220(12) 0,0148(11) 0,0117(11)| 0,000 -0,0044(8) 0,000
Li1z2 | 0,0220(12) 0,0148(11) 0,0117(11)| 0,000 -0,0044(8) 0,000
TmyxNayNiSn,
Tmil 0,0098(4) [ 0,0120(4)] 0,0099(4) 0,000 0,0007(3) 0,000
Tm2 0,0105(4) | 0,0119(4)| 0,0102(4) 0,000 0,0010(3) 0,000
Tm3 0,0123(5) | 0,0128(5)| 0,0094(5) 0,000 0,0008(4) 0,000
Na3 0,0123(5) | 0,0128(5)| 0,0094(5) 0,000 0,0008(4) 0,000
Sn4 0,0089(4) | 0,0102(4)| 0,0114(4) 0,000 0,0004(3) 0,000
Sn5 0,0134(5) | 0,0153(4)| 0,0122(4) 0,000 -0,0032(3) 0,000
Sné 0,0121(5)| 0,0119(5)| 0,0139(4) 0,000 0,0010(4) 0,000
Sn7 0,0134(4)| 0,0101(4)| 0,0102(4) 0,000 0,0011(3) 0,000
Sn8 0,0121(4) | 0,0126(5)| 0,0122(4) 0,000 0,0001(4) 0,000
Sn9 0,0108(4)| 0,0165(5)| 0,0194(5) 0,000 0,0005(4) 0,000
Ni10 0,0112(6) | 0,0133(7)| 0,0134(7) 0,000 -0,0002(7) 0,000
Ni11 | 0,0111(7)| 0,0119(7)| 0,0123(8) 0,000 0,0002(6) 0,000
Ni12 0,0112(5)| 0,0139(5)| 0,0116(6) 0,000 -0,0033(7) 0,000
LZ[ebhpd6
| jeh”~b djbklZeeqgbo j _relhd cahkljmdIimjgbo
TmLiyNii,Sn Tmy,NaNiSn, *ey o
NZazZ Z gf b gf c gf V, gf°
GdLixNi; 4Smp 1,6141(1) 0,444135) 1,468(1) 1,05292)
TbLixNi; xSM 1,6117(1) 0,44331(6) 1,4624(1) 1,048(3)
DyLiNi; 5SM 1,6095(2 0,442238) 1,4564(1) 1,03643)
HoLixNi1 xS 1,6069(1) 0,44101(7) 1,4484(1) 1,02642)
ErLixNi; »Sh 1,6049(2) 0,439896) 1,4424(2) 1,018(4)
TmLi,Ni; xS 1,60285(11) 0,43862(4) 1,43684(10) 1,01016(14)
GdiNaNiSn, 1,6151(1) 0,44501(4) 1,4604(1) 1,05611)
Tb1xNaNiSn, 1,6124(2) 0,44370(6) 1,4624(1) 1,04622)
Dy...NaNiSn, 1,6101(2 0,442437) 1,4554(1) 1,038(3)
Ho. xNaNiSmn, 1,6079(1) 0,44121(7) 1,4494(1) 1,02822)
Er.NaNiSn, 1,6064(2) 0,44001(6) 1,4434(2) 1,01963)
TmyxNaNiSn 1,6080(1) 0,4381(5) 1,436(1) 1,01073(2)
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@ ™
.Sn
@ Ni
() NilLi
Jb&S5. Ijh _dpey e f glZjgh€ dhliigNd S @y ie hskkm

« dhhjrbgZpecges fghlh]jZggbdb ZIhfe\

RNi,_,Li,Sn, i R;,Na,NiSn,
1.06
1.05
1.04
m
=
T 1.03
> o2 —a—RNiy_,Li,Sny
== Rq_xNayNisn,
1.01
1
63 64 65 66 67 68 69 70
Z (ana P3M)

Jbi. AfegZ h[T}fm _e f_ glZjmb@Lidnish R, NaNiSn,
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5 DjbklZeesqgjgrndkimjb Rldd, M-
Kihemdb ae* kljmdIl@gAbGalbim

e qZk “hkee”" ggy nZah\bo je\gRMY¥arSi RbllefZgh
kgm\Zggy I\ _j*bo jhagbge\ gZ hkgh\RChSig Z Fdb & b kimhgear
ih\ge kljmdIimjge ~"hke*”" _ggy pbohrZja gdk g hkhvidj]h f
fhghdjbklZem j _ameviZlb ydbd8@\ ~ gh gb ' q_

AjZadb ~ey ~hke*”" ggy fZkhx ] kbgl _am\Zeb f_|
ieZ\e _ggy rbolb a dhfiZdlgbo f 1Zes\ \bkhdh€ qgbklhlL
dhfihg _glm g_ f _gr_ kZkh \hi§bpgdh\e _gm rbolm ea
gbklbo dhfihg gle\ ieZ\beb \ e dljh”m]h\ec i _ge* a \he
gZ ferghfm \h"hhoheh” " m\Zghfm ih”e \ ZIfhkn _je hgb:

h[T}fgbo $U i” Ibkdhf ZIf Yd ]_I_j \bdhjbkl&gn\
<ljZlb i*" qZk ieZ\e_ggy g_ i_j_\bsm\Zeb fZk \e A
HA jZge ajZadb \e?riZex\Zeb m \Zdmmfh\Zgec d\Zjph\ec¢

€ \ijh~h\" ]h*"bg <e<”iZe_ge* kieZ\b ]1Zjlm\Zeb \

jha[b\Zxqgb Zfime

lezklbdkgle fhghdjbklZeb ijZ\bevgh€ nhjfb [meb \e
kde ZRppLi 0C0Sigo. | _jrbc _1Zi ~hkee”™” _ggy ijh\h”"beb nhll
f IhA"Zfb EZm_ |1Z h[_jlZggy- dZ¥=€bK J®@B<\bijhfegx\Zggy
ljb pvhfm [meh \klZgliM&gggmgab Av hl_I|jZ]hgZeklgdlhge€
A"bnjZdpecgbf deZ kKmhmeZ m _

?dki_jbf _glZevgbc fZkb\ e<gl _gkb\ghkl ¢ ea I
g aZe_ gbo \eKWHlbI®ey jharbnjm\Zggy kljmdIimjb h~"
Z\IhfZlbgqghfm fhghdjbklZevghfm "KOAJBURT |j#FoD-
\bijHegx\Zggy ]jZnelh\bc fhghofHfahhj k&Zgm\Zggy K
\bagzZqgbeb ijyfbfb f _Ih~Zfb \ ijhklHkjmhstaljvichjbklZgg
dhfie_dkm ijBHELK 97

> |Zee _dki_jbf_glm <« j amevlZIib mGhg,gogsy |Z2ey
DyLi,C0,,Si, gZ\_"™ § 1Zpd7 DhhjrbgZlb 1Z Zgeahljhige | _ieh
Zlhfe\ gzZz\ _~ gb.l8iZ[e
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LZ[ebply
?dki_jbf_glZevge "Zge |Z djbklZeh]jZnegha oZjZdl
GdLiyC0,4Si, | DyLiC0,,4Si,

?fiejbggZ nhjfmeZz GdLi,C0,.,Si, DyLi,C0,.,,Si,
KljmdImjghc Ib CeALGa, CeALGa,
ljhklhjh\Z JjmiZ [4/mmm [4/mmm
Kbf\he lejkhgZ t110 t110
1ZjZf _1jb dhfegdb a=0,3929972) Z=0,381(1)
¢ = 0,97206(3) c=0,9103(1)
Dh _nepe gl ih]JebgZgg 40,291 15,521
Lbi kdZgm\Zggy & &
F_"oT 1jzZ7 4,19- 34,00 4,19- 26,00
F_hkl -4”"h"6,-5"k"6, | - "h” - k"5,
14 71" 14 -
AZ]ZevgZ deevdeklv | 692 684
G _aZe_ 'ge* j_ne_dl 107 (Ry=0,0394) 61 Ri; = 0,0318)
F_Ih” mlhgg_ggy lh\ghfZljbqgghb lh\ghfZljbqggk
FGD i FGD i
>Zge h[f ~ ggy iZ] 107/0/10 61/0/9
NZdlhj "h[jhlghkle 1,113 1,154
Degp R\mZd!Ih[ib2sigma(l)] R, = 0,0223, R, = 0,0211,
wR, = 0,0499 wWR, = 0,0487
Dh _nepe gl dklbg 0,021(1) 0,0016(2)
GZc[eevrZ gZcf_grZ aZ 110810° «1,72310° |1, 10°«1, 10°
e _dljhgmklibgZ elgf elgf
LZ[ebpis

DhhjrbgzliZjzf ljlbieh\h]h dhebyZgldyZIhfe\
N e BdLiCo,,Sh, | DyLiCo,,Sk,

1hf | IKL | xa | yb | zlc | Uy | Up | Ug

GdCo..Li,Si,

Gd 27 0 0 0 6,81) | 6,92) | 7,93)

0,75Cd0,25Li | 4e 0 1/2 1/4 6,41) | 622 | 7,2(4)

Si 4d 0 0 0,3752(3) | 6,5(1) | 6,82 | 7.802)
DyCoy,.,Li, Sk

Dy 27 0 0 0 43(2) | 43(2) | 530)

0,75Cd0,25Li | 4e 0 1/2 1/4 41(2) | 42(4) | 51(5)

Si 4d 0 0 0,37292) | 42(5) | 42(6) | 49(1)

J _ameviZlb ehjgogyk 1Z mlhgg_ggy djbklZeeqgh€ klj
kihemd aZk\e*qbeb sh \hgb } gZ*kljmdImjzZB8aAh kljmdl]



186

lheh™ _ggye aZcfzZxlv \erih\erghCoZIBib klZIbklbqggl
Dhhj*bgZpecge fgh]h]jZggbdb ZIlhfe\ jerdekghsa 22-ev
\_jrbggbdb DF Zlhfe\ KbbdihgZevgZ ijbafZ ea ljvhfz 7t
ZlhfZfb DQ ~ey klZlbklbggh€ kmfere Zlhfe\ Eelex |1Z Dh
\eNih\ergbf DF } ~ _nhjfh\Zgbc dm[hhdlZ _7j

Deegh]jZmiglg_dpdhfejdZdhhjr*bgzZggddh]jZggbdb\ Hlh f
ijbdeznZz dyLi,Co,Sib ah[jZ  _gh gZ.jbk

L\ _j*e jhaqbdb,Co,Si, ¢ DyLiyC0nSi, mlI\hjxxlvky reyo
aZfes _ggy Zlhfe\ Dh[ZevIim ZIhfZfb Eelex AfegZ i_jeh"
ij_"klZ\e _gZ 51%[e

Jbk ?e_f_glZjgZz dbmpgd,dop.,Si, |Z dhhj*bgZpecge
fghlhljZgbdb AFHiDySig(Ca/Li)eSiDyy],
[-*_nhjfh\Zgbc dm[hRdLESIAGToki)Dy,],
\- 1 _ljZ]hgZevgZ ZglbijbafZ a h~gbf "S[Si(C@oLY S Byh fhf
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GdLi,Co,_,Si, Ta DyLi, Co,_,Si,

0.152

0.151 — -
0.15 &"A'
“ 0.149

=

T 0148
N 0147 ——GdLiyCo,_,Si5

0.146 —8—DyLi,Co5_,Siy

0.145

0.144

0 0.1 0.2 0.3 0.4 0.5 0.6
X, Li
Jbk AfegZ h[T}fm _ & hfegh@Z@dtinCo,,Si, | DyLiC0,.,Si,
LZ[ebhio
AfegZ i jethfrklZe+sqgbo je@iCo,,Si, | DyLi,CoySi
Kdez” | a, gf | k gf | VvV g¥
GdLchOZ_XSIZ

GdCoSh, 0,291072) 0,98130(3) 0,15008
GdLio1Cor oShy 0,3017§3) 0,98141(5) 0,15064
GdLig 1C01 :Siy 0,302372) 0,98153(4) 0,15111
GdLiosCor sSiy 0,3929§2) 0,97206(3) 0,15012

DyLi,C0,,Si,

DyCo,Si, 0,33601(3) 0,97081(4) 0,14465
DyLi1C0y Shy 0,336652) 0,974823) 0,14573
DyLio sC01 1Sk 0,38721(3) 0,97541(4) 0,14625
DyLi;.<COy 5Si, 0,337902) 0,9759Q3) 0,14684

5.22.Kihemdb a-+ kljmdIm{aRedei m
M oh”e kbkl fZlbggh]h "hke*”" ggy nZah\TheLir€ogh\:
Sn [meh \by\e _gh <kgm\Zggy | _I|jZjgh€ nZalkaBaGdljmdEn
0ZjzZdl _jbam}lvky | _IjZlhgZevghx kbg]lhge}x >ZgZ kljn
ijhklhjh\hx %o jdiimme } ihrbj _ghx k_j_ ™ kljmdImj ihljecgt
%o _jfZgene\ 1Z klZgene\ jerdekgha f _evgbo f _|[Zee\ o Eele
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Kiez\b \b]Jhlh\eyeb f_Ih~hf Ib]_evgh]h kbgl_anzZeab:«
gZkimigh€ gkl e Eelec B ZevD,999 KIZgmd,9999
fZkh\bo qgZklhd hkgh\gh]lh dnffZhdb glopbklibo f _|Ze-
kKl _oehf_Ijbgghfm Kkie\\emgdhinCpgSn,7[meb kij_kh\Zge \ 1]j.
mdeZ”~ g+ \ I1ZglZeh\bc Ib]_ev ¢ ihfes g« \ ieq a |_jfhiZz
\eN defgBE | _fi_jZImOO ZEkdeZek \ o\bebgm Ijb pec | _fi_
kieZ\ [m\ \bljbfzgbc ijhly]lhf 2~e[ Z ihlef |_fi_jZImQ@ [1
£ "MBO00 L ijhly]hf0 ]h"bg Iekey pvh]h ajZahd \«"iZe gbc
400 ijhly]hf ]h*"bgevigh hoheh”beb ~h defgzZlgh€ |_fi_

lekey ieZ\eegphyp_"mjb \e”riZem aZ]ZevgZ \ljzZIzZz fZ
2 %. NZah\bc ZgzZeea ijh\h”*beb \bdhjbklh\mxqgb “bn|
hljbfZge gZ ihjimfdtb\njZdIhfUR®-6 (CuK - \bijhfegx\Zggy

FhghdjbklZe ieZklbggqZlh€ nhjfb \e~e[jZeb ea ih”"je[g
ajZadm reyohf f oZgeqgh€ njZ]f _glZp-€ >hkee™" gc¢
< _ckk_g[_j]Z i*™I\_j*"beb gZe_"geklv ch]lh kljmdImjb ~h
FZkb\ j_gl]_ge\kvdbo “bnjzdipkibdBeb"2gbdfgZigh€ |_fi_
Z\IhfZlbgqghfm fhghdjbklZevghfm A"YOAKBUR T I(MoK 5
\bijhfegx\Zggy ]jZnelh\bc fhgHAojfhflAthjkdZgm\Zggy Kl
\bagzZqgbeb ijyfbfb f_Ih”rzZfb \ ijhkIPghrhec a]jhbidhjbklZgg
dhfie_ dkmjZjBHELX 97.

J amevlZlb h[gbke ggy 1Z mlhqg _ggy djbklZeesqgc
TmLig71 K125 aZk\er*gbeb sh \hgZ } eahkljmdIimjghx *h
CaBeGe, N ZIhhb aZcfZxlv iheh kggyZI®hb 153 tiheh”™ _ggy
k1Z2b \e~ih\erghlZtMec fh” _ee kljmdImjb djbklZeh]jZhAqg
azZcgylh ZlhtdfbZK\ iheh 2cgamggZoh”blvky klZlIbklbggZ kn
Co5 sLi5 [804]

Mfh\b _dki_jbf_glm 1Z j_amevlZIib mlhgg_ggy Kklj
kihemdb ijb\_~ gh5.20 DHkej*"bgzZIbaldjhige iZjz1_ligh\h]h
dheb\Zgdglyfe\ m kljmdIimje agZc”_gh]lh «gl_jf_1581"m gZzZ\
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LZ[ebpy
> |Zee _dki_jbf _glm « j amevliZlb mlhgg_ggy f_Ih”"l
?fiejbggZ nhjfme TmLig 71 KOp20SH
KljmdlImjgbc Ibi CaBeGe
FheyjdZkZ ] fhev 4871,18
L fi jZImjZz D 293(2)

Kbf ljey L ljZlhgZevgZ
ljhklhjh\Z ]jmiZ P4/nmm
Kbf\he IejkhgZ tP10

Jhafejb djbkfE® m 0,131 1
1ZjZf ljb dhfejdb

Zgf 0,43086(6)

b gf 0,43086(6)

c, gf 0,91228(18)

V, gf 0,169346)

Z 2
LbikdZgm\Zggy Z
<bijhfegx\Zggy MoK
"h\"bgZ o\dpfe- 0,071073

F_"<Tijb achfpe djhkf] 4,47 y27,48

F_"hkl - "h”

- "k
-
AZ]lZevgZ deevdeklv 1110
G aZe 'ge*j_ne_ 315 Ry = 0,033)
J ne _dkb a), ! 1 263 (Rsigma= 0,024)
NZdlhj *h[jhlghkls 1,21
RF)[F°! F9) 0,0553
wWR(F?) 0,0662
GZc[eevrZ gZcf g 10° 124, 10°e/gf
aZebrdh\Z e dljhgd
LZ[ebpal

lhfge dhhj*bgZlb IZ iZjZf _Ijb I _ieh\h]h dheb\Zggy
TmLig 71 KO1 205N

Ihfb| KL x/ Z y/b zlc Uisor (g £ ULO)
Tml 2c 1/4 1/4 | 0,22808(15)  0,0276(5)
Sre 2c 3/4 3/4 0,1207(2) 0,0286(6)
Sr3 2b 1/4 3/4 1/2 0,0783(19)
Co4 2a 1/4 3/4 0 0,0296(10)
Co5 2c 1/4 1/4 0,6226(12) 0,028(4)
Li5 2c 1/4 1/4 0,6226(12) 0,028(4)
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:geahljhige iZjZf _Ijb I _ieh\h]h dheb\Zggy Zlhfe\ m Kk
kKlZge"m ijb\_"~ ge 5R22|IZFe Zlhfge \eMrZee |Z]e [
A"himklbfe "ey ogl jf 1Zes”e\ agZqg_ggy * g_kmll}\h \e/je

jZNemke\ sh k\ergblgmkgbhffe [Zeeqgbc Ibi a\fyadm [Z
dh\Ze glgh€ kdeZ”"h\h€ m a\fyadm
LZ[ebpy
:geahljhige 1ZjZf_1ljb I _ieh\h]h dhete\¥hg gy Kal&m\
Ihf Uis Uy, Uss Ui Uis Ugzs
Tml 0,0323(6)| 0,0323(6) | 0,0181(7) 0 0 0
Sn2 0,0243(7)| 0,0243¢) | 0,0372(13) 0 0 0
Sn3 0,092(2) | 0,092(2) 0,051(3) 0 0 0
Co4 0,0243(11) 0,0243(11)| 0,040(3) 0 0 0
Co5 0,038(5) | 0,038(5) 0,010(6) 0 0 0
Li5 0,038(5) | 0,038(5) 0,010(6) 0 0 0
LZ[ebpy
Hkgh\ge fe Zlhfge \eM""Ze TrhlLilj KOS *
1hfb /| gf

Tml Co4 0,29986(4)

Tml Sn2 0,31798(6)

Tml Sn3 0,328724)

Tm1l Co5 0,333843)

Sn2 Li5 0,234175)

Sn2 Cob5 0,234175)

Sn2 Co4 0,241943)

Sn2 Tml 0,31798(6)

Sn3 Li5 0,24273(3)

Sn3 Co5 0,24273(3)

Sn3 Sn3 0,304660)

Co4 Sn2 0,241943)

Co4 Tml 0,29986(4)

Co5 Sn2 0,234175)

Co5 Sn3 0,24273(3)

?e_f_glzZjgZz dhfejdZ kljmdImjb

Qbkeh kmke~rgeo ZIlhfe\
Hihg_ggy gZc[eevinm]h mal\Zbhife\
\_jrbggbd ydbc } ik_¥W¥YIN|4g\kvdbf fgh]lh]jZggbdhf

gZ\_"_g-
p_gljZevgbo

9Z jbk

Zlhfe\

|1Z dhhj*bgZpecge f
“hij_

d

H/\

SnmdeZ”_gbc m ~_nhjfh\Zgbc dm[hhdIZ_"j] 8h@@Zoh"b1y
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\ hlhg_gg- Zlhfe\ kmke~e\ m nhjfe IljbrZidh\h€ Ijb]h
i_jrh]lh ah#eh KR o0Zjzdl_jgbf fgh]h]jZggbdhf |Zdh™ } dm][
gZk klZlIbklbggZ kmfer a egrbo Zlhfe\ KR 1Z /L } IljbrZ
ijbafhx a DQ

JbI.9 1jh_dpeyf glZjdghEjdpZ iehsbghZdhhj*bgZpecgs
fghlh]jZggbdb &llkidl | i z; KOy 20STY

DjbklZee+qgZ Kkl jonklémjdinyLi,C0z,,Shg O

NZah\e je\gh\Z]b HMHo-KbI6IL fm ih\ghfm dhgp _gljZpecgh
gZ "~Zgbc i_jeh™ gqZkm g_ "~hkee”"  _ge \b\gZebkyjbebr
AhrzZNZgge g I\ _fillhgh gdin Eelex \klZghle_gh ml\hj_ggy
Kihe mtbkli,Cos1,Siig 0 [805].

>ey \bjhsm\Zggy fhghdjbklZem [m\ aZklhkh\Zgbc f_
f I Zem AferZgbc ihled Eelex 1Z af0a3d \kidieX\Ahg e gg-e
[m\ihfes gbc \ IZglZeh\bc dhgl cg j yd \boe~rge fZI j
d\Zjph\e Zfimeb a ihi_j_~gvhx _\ZdmZpe}x ih\eljy Kiez
fmn_evgec i_qe I|lbimaFEZ\IhfZlbggbf j_]Jmex\Zggyf | _fi
lhggeklx £ =hfh]_geamxqgbc \eMAebijipph |l _fi_jZImje
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ijhlylhf h~rghlh Ib gy lekey pvh]h \e?iZe _gbc ajZahd ]Z
g_ Jjha[b\Zxgb Zfimeb

FhghdjbklZe ieZklbgqZlh€ nhjfb \eMe[jZeb ea ih™je[C
ajZadm reyohf f oZgeqgh€ njzZ]f _glZpe@Imnmjgblomc »hlke -k
M\ _j2b\ gZe_ "geklv ~hkee* m\Zgh€ kljmdimjb ~h ]_
FZkb\ j _gl] _ge\kvdbo "bnjZdpecgbo "Zgbo hljbfZeb aZ «
Z\IhfZlbgqghfm fhghdjbklZevghfm A"YOABUR T I(MoK 5
\bijhfegx\Zggy J]jZnfHghlmghfzZIk}f f _Ih™ kdZgm\Zggy K
\bagzZqgbeb ijyfbfb f Ih”Zfb \ ijhkIR@®ihec a]jhbidhjbklZg
dhfie_dkm ijBHELK 97

Mfh\b _dki_jbf _glm I1Z j_amevlZlb mlihgg_ggy kljmd]
m | Z[ el

LZ[ebp4
> |Zeki dbf glm « j amevlZId mihhg flgglydjbklZem
?fiejbggZ nhjfmeZ | Hogli,C031.,Siig O
FheyjgZ fZkZ ] fhe 329374
Kbf ljey = dkZ]hgZevg
ljhklhjh\Z ]jmiZz P6/m
Jhafejb djbkIZ%®m f{ T
1ZjZf ljb dhfejdb
Zgf 1,48766(2
b gf 1,48766(2)
c, gf 0,36843(1)
V, gf 0,820872)
JhajZzo 1miDihgZ] Kj 6,543
Lbi kdZgm\Abgjyhfegx\Zg Z MoK
>h\"bgZ o\bee gf 0,071073
F_"eTijb achfpe djbklZ}{ 2,7 y26,4
F_#akl -18 "h 718,
-18 "k " 8,
2774
AZ]ZevgZ deevdeklv | 4620
G aZe 'ge j _ne_ d} 568 (Rn = 0,(28)
J ne _dkb a , ! 1 548 (Rsigma= 0,082)
NZdlhj "h[jhlghkle 1,32
R[F*> 2 {F?)] 0,020
WR(F?) 0,048
GZc[eevrZ gZcf_grzZ aZ 1,2010° 120,9410%e/gf
_e _dljhggZ ]mklbg
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J amevlZlb jhajZomgde\
HoeLiyC314Sihig aZk\ergbeb shjbkigZZeeamplvbkyeg”aihjyrdh\Zgtl
\ZjeZglm ] dkZ]hgZevghsBis (Bbfm 8&BCoP9 (3 ydekgh
ih\ yazgweerafbfb kimmdbfbbiZfb €6¢Shs * CasRhgShe. HkghlgZ
\erfeggeklv fe' "\hfZ hklZggefb |IbiZfb « "hkee”®" ghx nZe
Zlhfe\ \ g \ihjy*dh\Zgbo djbklZeh]jZneqggbo
dhfihg_ogtmelex ydbc ml\hjx}

1Z mlhgg_ggy djbklZeeq:

ithabpeyo
ea Dh[Zeydimf kindkbk|G Zy\

kmfe gbo \aZ}fh\bdexqgZxgbo iheh  _gv Zlhfe\ yde g_
hr"ghqgZkgh- KR e &h&R \dZam} gZ kbevg_jhamihjy
kljmdImjb

Dhhjrbgzlb 1Z izjzZf_ljb 1 _ieh\h]h dher\Zkglgmd

Ahkes" m¥ZgkihemdBklZ\e ge \bd&PS. :geahljhigzjzf ljb

| ieh\h]h dheb\Zggm XKlhied Holr,C031,Siig 0 ijb\_~ g
|Z[ebpe
LZ[ebhp3b
:lhfge dhhj*bgZzZlb |Z izjzf _|ljb | _ieh\h]h chZeLﬂ)O)Zggy Z
lhfb| IKL G X y Z Uiso™/ Ueg
Hol 6h 1,00 | 0,29627(3)| 0,39701(3) 0,7500 | 0,00390(15)
Si2 6h 1,00 | 0,31837(15) 0,55702(16)| 0,2500 0,0039(4)
Si3 6h 1,00 | 0,56805(15) 0,62905(15)| 0,7500 0,0044(4)
Si4 6h 1,00 |0,25511(16) 0,11857(16)| -0,2500 0,0051(4)
Col 6h 1,00 | 0,46586(8)| 0,54(B9(8) 0,2500 0,0040(2)
Co2 6h 1,00 | 0,14919(8)| 0,41638(8) 0,2500 0,0047(2)
Co3 6h 1,00 | 0,27196(8)| 0,22139(8) 0,2500 0,0045(2)
Co4 6h 1,00 | 0,42662(8)| 0,65176(8) 0,7500 0,0046(2)
Co5 6h |0,50(1)] 0,1612(2) | 0,03154(17)| 0,2500 0,0037(5)*
Cob6 6h |0,50(1)] 0,12%(2) | 0,02501(18)| 0,2500 0,0068(5)*
Co7 2a |0,23(1)] 0,0000 0,0000 0,2500 | 0,0059(13)*
Li7 2a [0,27(1)] 0,0000 0,0000 0,2500 | 0,0059(13)*
?e f _glzjgZ dhfejdZ kljmdIimjb [zfgh]jjBEgdp ddgZI|

"hkee* m\Zgh€ kihemdb ah%fia. Hyrqqg ¥glhke\ Glhgm} m nh
21-\ _jrbggbdz ydbeck WhNjzZzgBzZki_je\kvdbf Jighpbdhf
Lib]JhgZewviplafZlbegdhhj*bgZdahk!| je]Z}MelkFlIhfeKbeepxey
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Zlhfe\ fZe_gvdh]h jhafejm p_c \b”» dhhj*bgZp+<€ } 0ZjZzd
kljmdlngjZe “blv ~h deZkm deZkbnbdigme € bgfdDh[Zevin
\eNih\erghZdh\X&kebevgh nhjfh\Zgm[hhdlZ_~jb Z[h €0 " _1
ithoenge
LZ[ebhp36
:geahljhige | _ieh\e iZjzZf HppCZ | Eien kihemp-
HogLiC031:4Shis, (9 f u0)

‘| hf b Ull U22 U33 U12 U13 U23

Hol | 0,0036(2)| 0,0048(2) | 0,0034(2) | 0,00217(14)] 0,000 0,000

Si2 | 0,0028(9)| 0,0054(9) | 0,0036(9) | 0,0021(8) | 0,000 0,000

Si3 | 0,0043(9)| 0,0049(9) | 0,0041(10)] 0,0023(8) | 0,000 0,000

Si4 | 0,0067(10) 0,0064(10)| 0,0043(9)| 0,0049(8) | 0,000 0,000

Col | 0,0036(5)| 0,0033(5) | 0,0051(5)| 0,0017(4) | 0,000 0,000

Co2 | 0,0046(5)| 0,0044(5) | 0,0049(5)| 0,0020(4) | 0,000 0,000

Co3 | 0,0047(5)| 0,0040(5) | 0,0047(5)| 0,0020(4) | 0,000 0,000

Co4 | 0,0042(5)| 0,0048(5) | 0,0053(5)| 0,0027(4) | 0,000 0,000

Jb1610. 1jh_dpeg f glhj@hfejul gZ iehsbdm dhhjrbgZpec
fghlhljZggbdb ZIhfe\ nHdlij@oghBijse
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54.DjbklZesqgZ kljmlidkingsdC0:; 455M

M oh”e kbkl_fZlbggh]lh “hke*”” _ggy nZah\IneLif€ogh\.
Sn[meh \by\le _gh skgm\@glggynZalhpzZzge kijmdLagAhx Ibim

KljmdIimjgbcLddhi,;, oZjZdl_jbam}lvky ZlhfZfb \ ¢
dhfejpe MI\h]j _ggy kihemd ea pe}x kijmdimjhx } 0ZjZc
egl jf 1Zeene\ kepZ™ MM, > @ Z |Zdh™ ”"ey ihljecgbo
gZlknigbo kbkl_-Ag®l, B-CuAl [807], RT-*D ~_ L &X $J $X
Rh, Ir) [808], YbZn-Al [809], R-Zn-Ga [810].

Kiez\b \b]Jhlh\eyeb f_Ih~hf Ib]_evgh]h kbgl_anzZeab:«
gZkilmigh€ gbkiéddb L Eelec P[Zev0,999 KIZg#0f9999
fZkh\bo qgZklhd hkgh\gh]lh dnffZlhdb glopbklbo f _|Ze-
kl_oehf _Ijbgghfm kie\\eMphrCopns 1meb kij_kh\zZge \ ]j.
mdeZ”~ g+ \ I1ZglZeh\bc Ib]_ev ¢ ihfes _ge \ ieq a |_jfhiZ
\eN defgZlgh€ | _t 0 kdeZeZ gZ o\bebgm |Ijb pec | _fi
kieZ\ [m\ \bljbfzgbc ijhly]lhf 2~e[ Z ihlef | _fi_jZImQ&@ [1
£ "800 Z ijhly]hf0 ]h~"bg Lh”e kieZ\ \e"iZe_gbc 40D E fi_
ijhly]hf ]h*"bg ih\eevgh hohdbZbgl€ ~h fdejZImjb
ieZ\e _ggyjhp_"mjb \e?iZem aZ]ZevgZ \IjZIZ \ZWZhd#héBZe
ZgZee+a ijh\h~beb \bdhjbklh\mxqgb ~bnjzdlh]jzfb aj.
ihjhrdh\fmtbnjZzdlhfURDP-6 (CuUK-\bijhfegx\Zggy

FhghdjbklZe ieZklbgigZNa€enRjeb «a ih”je[g _gh]h ijb
ajZadm reyohf f oZgeqgh€ njZ]f _glZp-€ >hkee™" gc¢
< ckk_g[_jlZ i**I\_j"beb gZe_ "geklv €0 kljmdImj ~h I
FZkb\ j _gl] _ge\kvdbo "bnjZdpecgbo ~"Zgbo hljbfZelbadZ
Z\IhfZlbgqghfm fhghdjbklZevghfm A"YOABUR T I(MoK 5
\bijhfegx\Zggy 1]jZnelh\bc fhgXidiHhZlkjdZgm\Zggy

KljmdIimjm \bagZqgbeb ijyfbfb f _Ih”*Zfb \ Immkil[A9G.\ec
Mfh\b _dki_jbf glm |IZ j_amevIiZlb mlhagd €gkiyh &y chia lifnk b_
m | Z ber.
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LZ[ebhir
> 1Ze+ _dki_jbf_glm « j_amewI|Zht il hlggh djjgpk 1 Zem

?fiejbggZ nhjfme 2 TmgLig56C011,445M0
KljmdImjgbc Ibi LagAl 14
Fheyjgz fzkz ] fh 2878,79
Kbf ljey ijhklhjh\Z | Hjlhjhf[eqlgntdhm(71)
Kbf\he lejkhgZ 0l28
Jhafejb djbkIZem 0,07 10,04 10,02
|ZjZf 1jb dhfejdb

Zgf 0,42723(11)

b gf 0,95942(39)

c, gf 1,22703(52)

V, gf 0,50295(32)
JhajZzo ImibhgZ Kj 9,50402
F_"eTijb achfpe djbkl] 2,73 y28,05

F_hkl - "h”

-k
R
AZlZevgZ deevdeklv 3296
G aZe_ 'g*j _ne_ ( 355 R = 0,062)
J ne dkb a , ! 1 270 Rsigma= 0,042)
NZdlhj *h[jhlghkle 1,118
RnzZdlhjbl >1)] R, = 0,056, iR, = 0,086
RnZdlhjb hkk)e R, = 0,081, iR, = 0,107
GZc[eevrZ gZcf_grzZ a 10° 1z 10%e/gf
~e _dljhggZ Jmklb

J amevlZlb h[gbke ggy 1Z mlhqg _ggy djbklZeesqgc
TmeLips¢C011 4850 aZk\ergbeb sh \hgZ } ecahkljmdIimjghx rhh
LagAly;, » ZIhThl [ZTm2 aZcfZxlv ihehdi &y \«~ih\e~*gh Z ZI
Sn2 £t2d M 1Zdec fh” _ee kljmdIimjb djbklZeh]j@nedgqgy lilr
ZIhfZf@nl 1ZklZlbklbgghx kmferrx sh kdezZ"ZGollklila ZIhf
iheh  _dibaegZoh”blvkiykkdggZ kmferCol hii2\

DhhjrbgzZlb 1Z eahljhige iZjzf _ljb afes_ggy ZIh
"hkee " m\Zgh]lh e<gl_jf _|Zee"m gzZ\_"~ _ge+ \ I1Z]e
| _ieh\h]h dheb\Zggy Zlhfe\ m KkITmdi}esGe, £I3ZgejDr_ " g
| Z [ .29
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LZ[ebp38
:lhfge dhhjrbgzZlb IZ izjzf _Ijb | _ieh\h]h dheb\Zgg
N e YmgLio 56C011.445Mi0

Ihf | K L x/a y/b zlc Uiso, (g £ ULO)
Tml 4i 0 0 0,31601 0,020(1)
Tm2 2a 0 0 0 0,023(2)
Snl 8l 0 0,34376 0,32272 0,020(1)
Sn2 2d 1/2 0 1/2 0,020(1)
Col 8l 0 0,27331 0,10889 0,018(2)
Lil 8l 0 0,27331 0,10889 0,018(2)
Co2 4h 0 0,19875 1/2 0,02(3)
Li2 4h 0 0,19875 1/2 0,02(3)
LZ[ebp30
:geahljhige iZjZf_ljb afes_ggymdlifstCo218mo
Ihf Ui Uz, Uss Ui, Uis Uzs
Tml 0,0222) | 0,019(1) | 0,0192) | 0,00000 | 0,00000 | 0,00000
Tm?2 0,028(2) | 0,018§2) | 0,024(2) | 0,00000 | 0,00000 | 0,00000
Snl 0,0211) | 0,0142) | 0,024(2) | 0,00000 | 0,00000 | 0,0@®(9)
Sn2 0,0263) | 0,0143) | 0,021(3) | 0,00000 | 0,00000 | 0,00000
?e f glzjgZ dhfejdZ kljmdIimjb IZfgh|hj)jEggpeddg ZI
agZc™ _gh€ kiljbmdbge gZ 5Bk Qbkeh kmke~rgeo Zlhfe

dhj _ex}Ivky a jhafejZfb p_gljZevgbo Zlhfe\ GZc[edmre |
mdeZ” geZX -\ _jrbggbdb vyde Jihks\"pZfb N{jEBGHIZ jZ

HAbg ZBnfZlhf mdezZ”® gbc \ dm[hhdlZ_ "] a DQSn
jZahf ae klZlbklbgghx kmferrx KR |Z /L agZoh”blvky \ h
m nhjfe kihl\hj_gh]h dm[hhdIlZ_~jm DQ M lhc
klZlbklbggh€ kmfere sh kdez”"Z}Ivky /A Zkh\hdrRidh
| ljZ]hgZevghx Zglbijbafhx ea DQ
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O—Cg—ﬁ
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Lc—‘c—e—c‘—ﬁ

JbE1 Ijh_dpey _e f glZjgh€ dhfejulilZyAtibrsggdpecg
fghlhljZggbdb &l Hki§n dkitje milorliossCouasSno

55 DjbklZeeqgZ kljmidlemjddRLi,Cu,s,Sny

M ihlggec kbkITbf€u-Sn mi\hjx}Ivky | _jgZjgZbCuisSaZ
kljmdImjgb Gd®u,Ge, ijhklhjh\Z JmmnZ kbf\he |¢jkdl22Za =
0,4443,b = 0,6908,c gf e<a \ihjy*dh\Zgbf aZk_e _ggyf Z
itheh  _g®gdZz4 \erih\er"gZHhfe«Quy iheh _g8edZ "\ho g_aZe_
Zlhfe\ KlZgmfm m ihdh’lZggyo @ M eelec\fekgbo |
eahkljmdIimjge nZab mi\hjxxlvky m kbRiLifGep (Ra=+aiNd, g-}
Sm > @ >hke** mxqgb nZah\e je\lip\i A biSmi kb k]l fifejZIm|
40 fK gZ jh&C@Sn, - ThsLisSny [meh \by\le _gh kgmABglgyhaqb

ThbsLiyCusSn, 0 ca kljmdIlmGth&uie i812.
>ey kbgliaz\+sk \bdhjbklh\m\Zeb f 1Zeb gZkdmd§9¥E q
Ku +£0,9999,Li +0,999,Sn + fZkbo gzZklhd hkgh\gh]h dhi

ljbl]hlh\e _gmolm <a gZ\Z hd qbklbo dhfihg_gle\ ieZ\beb
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I_ge a \hevnjZfh\bf _e _dljhAhf gZ ferghfm \h”hhohe

Zlfhkn_je hqgbs _gh]h ZjlJhgm yd ] | _j \bdhjbklh\m\Z
DhgljhevZkfb kieZ\s\ ijh\h*beb reyohf ihje\gyggyfZKBkDb
kieZ\m jeagbpy g_i_j \bsm\ZeZ

=hfh]_geamxqgbc \*"iZe ijh\h”*beb ijb | _fi_ jZImje
Ib g\ KieZ\b ihfesZeb \ I1ZglZeh\es dhgl _cg_jb « aZiZx\z
thi_j "ogwvh\ZdmZpe}x 42l e ijh\h*beb m fmn_evge®60 ¢
a Z\IhfzZlbggbf j_Imex\zZggyf |_fi_jZzImjKa dhgigeklge Ki
]1Zjlm\Zeb m oheh”~gec \h”e g jha[b\Zxgb Zfimeb D
je\gh\Z ghkle ajZade\ afegklghd\Zabgilzah\bc ZgZeesa ijh\
\bdhjbklh\mxqgb AbnjzZdlh]jzfb ajZade\ hljbfZge
AbnjzZdlhf_ljZzo -20HG@G&-\bijhfegx\Zggy URD-6 (CuKp
\bijhfegx\Zggy

FhghdjbklZeb g_ijZ\bevgh€ ijbafZlbggh€ nhjfb \e/e]
Th,-Li10Cl7Shyg lh\g_ kljmdImjg_ "“hke*” ggy 1Z h"_j
j_gl] _ge\kvdbo A"bnjZdpecgbo NZgbo ijh\h~beb g
fhghdjbklZevghfm AbnjZ XKAALIBPYR (MoKp\bijhfegx\Zggy
liZnelh\bc fhghojhfIH] Ih® kdZgm\Zggy KljmdImjz jl
ijyfbfb f_ITh~Zfb \ ijhklhjhlmoni®d]«lZ mlhgg_gZ a \bdhjb
dhfie_dkm ijBHELK +97.

Mlhgg _gbfb izjzf |jzfb [meb nzZdlhj rdZeb Zlhfge
| ieh\h]h dheb\Zggy Zlhfe\ \ Zgeahljhighfm gZ[eb _gg-
e« aZkggeklv djbklZeh]jZneqgbo ihabpec HklIZIhggbc jear
feklb\ agZqgbo fZdkbfmfe\ « ¥eYbZMTEO3e/gf).

> |Zees _dki_jbf_glm <« j amevliZlb mlhqg_ggy <Z
eahljhige iZjzZf _|jb afes _ggy Zlhfe\l ege\ahiphizg |jb ZIhf
ThsLi,CuySny ijb\_~ g \ IZ[ebpyo | Z \eNih\e
Zlhfgbo jhafeje\ dhhj*bgZpecge fgh]h]jZggbdbTigZq[ee\
ik _\"h NpDgkKi_ je\kvde ihee ~jb ea DQ Tbh 1Ze QIht2Yy
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Zlhfab lhfb KlZgmfm hlhg_ge* IljblJhgZevghx ijbafhx
Zlhfzfb Z Zlhfb DmijmfmzZX[he Egpdexn ~ _nhjfh\Zge dm]l|
ljh_dpey e f _glZjgh€ dhfejdb 1Z dhhj*bgZpecge fgh]h]j
gZ jbk

LZ[eb$30
> Yee dki _jbf glm « j amevliZIib mlhgg _ggmf _|Ih”h

?fiejbgghjfmeZ TbsLi,Cu, Sny 0
KljmdImjglic Gd;,Cu,Gey
FheyjdZk@ fheyv 1193,92
Kbf ljey Hjlhhf[eqgZ
ljhklhjh\ZmiZz Immm(71)
Kbf\he lejklZgZ 0122, 2
Jhafejb djbhl ZYf 0,09 0,07 0,04
1ZjZf ljb dhfejdb

Zgf 0,44568(5)

b gf 0,69226(8)

c, gf 1,46820)

V, gf 0,45298(9)
JhajZzo ImibhgZ K 8,507
Dh_n ih]eb@Zbfgy 42,99

Lbi kdZgm\Zgagy Z
F_"eTijb achfpe djbkl 48 y27,3
F(000) 1025
F_"hkl -4 "h"”
-8 "k "8,
-18 "1 719
AZ]lZevgZ deevdeklv 1550
G aZe 'g°* j he 322 (R = 0,40)
J ne dkb a , ! 1 273 (Rsigma= 0,024)
<Z1h\Z ko _fZ |w=l[s(Fy) + (0,023%P)° +
3,9723F]
>7Zge iZjZf ljb 322125
NZdlj "h[jhlghkle 1,18
RnzZdlhjbl >1)] R, = 0,0
wR, = 0,043
RnZdlhjb hkk)e R, = 0,081
WR, = 0,60
Dh nepe}gl dklb 0,0006 (1)
GZc[eevrZ gZcf_g|26310° 121,7310%e/gf
aZebrdh\Z e dljhggd
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LZ[ebp3l
‘Ihfgdhhjrbgzlb 1Z iZjzf_ljb | _ieh\h]h dheBAZigluy,Shlhfs
lhf G IKL x/a y/b zlc U q\
Thl 1 2a 0 0 1/2 0,0110(3)
Th2 1 4 0 1/2 0,36873 (5)| 0,0112(2)
Sn3 1 4h 1/2 -0,29875(16) 1/2 0,0120(3)
Sn4 1 4i 0 0 0,28410 (7)| 0,0128(3)
Cu5 0,8 8l 0 -0,6877(2) | 0,17007 (9)| 0,0159(5)
Li5 0,2 8l 0 -0,6877(2) | 0,17007 (9)| 0,0159(5)
U g\bagZqgZ}lvky yd Ij_IBgZ :lgepenijAigbc |_ieh\bc iZjZf_Ij fZ} \b]e)
U|J =-2 &(hza*)zull + ...+ 2hka*b*U12]. Ui2=U13=U3=0
LZ[ebhp32
:geahljhigpzZitZljb afes _ggy ZIThd:thCugysn
Ihf Ui Uz Uss U Uiz Uz
Thl 0,0124(5) | 0,0096(5) | 0,0109(5) 0,000 0,000 0,000
Th2 0,0101(4)| 0,0149(4) | 0,0087(4) 0,000 0,000 0,000
Sn3 0,0119(5)| 0,0116(5) | 0,0125(5) 0,000 0,000 0,000
Sn4 0,0101(5)| 0,0191(6) | 0,0092(5) 0,000 0,000 0,000
Cu5 0,0153(8) | 0,0129(8) | 0,0195(8) 0,000 0,000 -0,0036(6)
Li5 0,0153(8) | 0,0129(8) | 0,0195(8) 0,000 0,000 -0,0036(6)

¢
¢
.

Jb1b.12

lih_dpey _e f _glZjgh€ dhfejlchZg Ak psbgzpecg
fghlhljZggbdb Zlhfs\ nTbilij@ugmje
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56. DjbklZee+sqgZ kljncdthmp8dLigsoNi;e1Sh

J _gl]_ge\kkke"" ggy ghlbjvhodgldkiregZ\¢g\jhajs@ehiSF
&HI1L6L \dZamxlv gZ <kdm\Zggm&ah\hsEEtNi, S, HljbfZge
rZgshghdjbklZevgihkle«” ddyebsh pynZadjbklZeeam}lvk
] dkZ]hgZenbgrlhgméjhklhjh\egmif-6m2 a reklvfZZIhfzfh
e f glzZjdmc¢ejpe} gh\bfkljmdImjgbihf ydbdekghh\yazZglac
kef ckl\klffmd|rkihje~g_@bldirAlB,[813.

> |Ze- mlhqg _ggy f _Ih~Ahf f
|Z eahljhigt_i2jdh]hHbdheb\Z
"hkee”" m\Zgh]lh gl _jf |Ze*B584 g.
| ieh\h]h dheb\Zggy ZlIhfe\b”m

_dki_jbf_glamesvIZIb
ijb\_"~ g+ \ bZBBe DhhjrbgZIlb
Zlhfe\ m

:geahljhige

kljmdimje
iZjzf _1jb
ijheexkljh\Zges 63Z[e

LZ[ebp.B
> |Zee dki_jbf glm « j amevliZib mlhgg _ggy f_Ih”"l

?fiejbggZ nhjfme CelLigadNip 1Sk
KIjmdImjgbc Ibi <eZkghbc
FheyjgzZ fZzkz ] fh 433,38
Kbf ljey = dkZ]hgZev¢q
ljhklhjh\Z JjmiZz P-6m2
Kbf\he lejkhgZ hP6
Jhafejb djbklZ%m 0,07 10,06 70,01
1ZjZf ljb dhfejdb
Zgf 0,40596(3)
c, gf 0,84011(17)
V, gf 0,1385(3)
LbikdZgm\Zgagy Z
<bijhfegx\Zggy MoK
"h\"bgZ o\bee ¢ ,071073
F_"eTijb achfpe djbkl 2,42 y27,89
F_#akl "h” - 7k
R
AZlZevgZ deevdeklv 1089
G aZe 'g*j_ne_ 141 R+ =0,11)
J ne _dkb a , ! 1 133 Rsigma= 0,05)
NZdlhj *h[jhlghkls 1,30
RFE)[F°! F9)] 0,0254
wWR(F?) 0,0989
GZc[eevrZ gZcf_g| 10 10°1z  10°
aZebrdh\Z e dljhgg elgf
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LZ[ebp$#4
:lhfge dhhjrbgZlb [Z iZjZf_Ijb I _iteh\h]h dh@dlidg\y%:SL1hf:
Ihf | K L x| Z y/b zlc Uiso, (g £ ULO)
Cel 29 0 0 0,24999(12) 0,0090(7)
Ni2 le 2/3 1/3 0 0,011(6)
Ni3 1f 2/3 1/3 1/2 0,022(9)
Li3 1f 2/3 1/3 1/2 0,022(9)
Si4 1c 1/3 2/3 0 0,012(10)
Si5 1d 1/3 2/3 1/2 0,011(10)
LZ[ebh3b
:geahljhige 1ZjZf_1ljb I_ieh\h]h dheMNe\¢Zaeg o) yN\T kiSie \
Ihf Us Uz Uss U Uiz Uzs
Cel 0,0121(8) | 0,0121(8) | 0,0064(7) | 0,0061(4) 0 0
Ni2 0,0084) 0,008(4) 0,010(6) |0,0038(18) O 0
Ni3 0,013(7) 0,013(7) | 0,019(11) | 0,006(3) 0 0
Li3 0,013(7) 0,013(7) | 0,019(11) | 0,006(3) 0 0
Si4 0,026(11) | 0,026(11) | 0,013(15) | 0,013(6) 0 0
Si5 0,029(12) | 0,029(12) | 0,005(13) | 0,015(6) 0 0

?e_f _glzZjgz dhfejdz Zpdbthpijrthgh]lh]jZggbdhgZEtrfedt
kljmdImijlopdZaZge gZ jbk Ce aglzibh”~"ylvky m iBgHZ @g
dhhj*bgZpe}x m \PD]gyBggh€ r_ klIb]jZggh€ ijbafb \ ydec
p_gljh\zZge reklvfZ kmkenrgefb ZIhfZfb P _jex Pbhhgj2 bchhzep
Ged _ex klZlbklbggh®i/tlkmfereZlhfe\ Kbeepex e<kgmxlv
ljb]hgZevgbo ijbaf a ~h”"Zldh\bfb ZIhNLfb iheedy gy 2
klZlbklbggbo knNfAr _c\ iheh  _HglybrzZidh\e Ijb]l]hgZevge i
fZxlv kdeRiRBeSi; @(Ni/Li)3CeSis@ \*"ih\e*gh Si:lhfbeh  _fdagy-
Si itheh™ _ddy IZdh™ mdeZfbgzZzitdhVlyb]l]hgZevge ijbafb Kkt
[S4CeNi; @ Si5Ces(Ni/Li)s@ ;_jmqgb ~h m\Z]b dhhj*bgZpecg
gZcf_grbo ZINife\Si py kljmdIimjz fhVer"dmkbgZ ~h deZk
ljbl]hgZevgZ ijbafzZz « €€ ihoe"ge a]e“gh a deZkbnedZp-
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Jbb13 ?e f_glZjgZ dhfejdZ CellipmNiigifSiblZ dhhjr*bgZpecc
fgh]lhljZggbdb ZIhfe\

OhqgdjbklZeggmdImjmjZjgm& a®elipsNiieSih, "hkee" m\Zq
aZhihfh]hfx IhAfhgHdjbklZdhdhkbgl ah\ZgbZlm\i_j \e¢j gbc
aZhihfhlhkhjhrdh\iménjzZzdgeHnjzZzdlihf SMOE STADI R CuK -
\bijhfegx\Zgafy Ilhxi_j \ejailgZy\gehWamfZkbkieZ\MIhqg_g:
f _Ih~hithjhrdijhafejbe f_ glZjghf€jddZ k|1 mieg=0,406054(8)g f c =
0,83894(2)gf R-nZdlhjm® =478, R, =685 Ch’=578 GZbk ah[jZz" _gh
_dki_jbf_glZevgm jhajZoh\Zgm [Z jeagbp_\m “bnjZdlh
k d e ZCsshi g 39Ni1 61So.

?dkijbf_glZevdhekl Eclexm kieZ\dbagZqZab " "hihfh]hx
themf g \hiahlhf_ |jZlaphe4 (Carl Zeiss, Jena) aZ “hihfh]hx
gl _jn_j_gpecyde\nlj@B7l g a jhaqgbgydbdeklb03 ] kieZ\m
jhagbg _ghhkfiHClI a dhgp_gljApfief. <bagZq_ gh f] Rf
Eelex sh \enNih\enrZ} ZI m kieZ\e

=mklbgm kieZ\+s\ \bagZqgZeb a héxhjgkbhgdhdhh"m >e
"hkeer"m\Zgh]lh ajZadZ \bfejygZ ]mklbgZ %kIZPgh\bgZ q_«
f gr_ ge¢ g9gZ \eNjeagyl}lvky \eN Imkldbgbgljjhajdékddbph’
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MazZ]Zevgxxgb j _amevlZlb "hkee”" ggy fhghdjbklZem

i _amevliZlb igekhi€hlhf lj+€ \bfejx\PgkhpoghZ j amevlz
ihjhrdh\h€ ~bnjihdgZEh~ghagZqgh kI\ nj2&Zbf«&liblv

l7(m :l L] L LJ l L] L) 1 L] l L L 1 L] l L 1 L L] l L) L] L L l Ll 1 L L I L] 1
P A
15000 b Ce2Niy.s1Lio.29Siz Yob -
3 a=4.6054(8), c=8.3894(2) Yeale :

000 Ry=4.78, Rup=6.85 Yobs-Yeale
3 Atom x y z Biso Bragg_position 3
11000 F -
o Cet 0 0 0.2507 0.81 3
B 9000 b Ni2 2313 0 1.02 -
= ; (NiILi)3 213 13 12  1.85 -
& 7000 F Si4 13230 114 i
= ; ' Si5 1323 12 111 ]
T 5000 F S
= E >
E 3000 F -
1000 F ‘ '5
s I (0 LA A A 3
-1000 = -
-3000 —WWWMMMM -
-5000 : 1 2 s 2 l 1 2 s s l L 4 1 s l 2 1 L 2 l 2 s 2 s l s 4 2 4 l 2 s 2 4 :
0 20 40 60 80 100 120 140

20 (°)

Jbls.14.?2dkijbf _glZellhgdbhajZoh\(XKgpeewgdehZjeagbp \Z
(kmp'eegg*gbambandIh]erza@@Jo,ggNhﬁlSlz
< jlbdZevge ecge€ \dZamxlv ;j _]Je\kvdehkheh  ggy

DjbklZeeqge kljoitdbemiih,,,CoSny | Z TmLi,CosSryg

ljb ~“hke*”" _gge peeh]h jy™m heh\ ygbo kCeoH\®\ -l
ihg _I\ejgh€i-C&6Q kbkl_f fb \by\beb «kgm\Zggy ~“\ho gh
Tmy 2 C0sSIy © | _1jZ ] g h €,C0E5he.

AjZadb "ey kbk{ofbQ7Pmeb hljbfZge "m]h\hx ieZ\¢
_e_fle\ Z kieZ\b-rieGo-8B8R [meb ijb]hlh\e_ge \ IZglZeh\b
[meb ihfes g \ i_ge hihjm a dhgljhe_jhf | _fi_jZImjb F
defgZlgh€ | _fi_jZImjb ~h zK "hje\gx\ZeZ zK \
| fi_jZImje kiez\ \bljbfm\Zeb ijhdgyYhf Z ihlef | _fi_jZ
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ie"\bsm\Zeb a ZK ~h ZzK ijhly]lhf ]1h~bg Ilekey pvh
ijb pec " _ I _fi_jZImje ijhly]hf ]h"bg ¢ ihleevgh hoheh:
| fi_jZImjb KdeZ” dhgljhex\Zeb reyohf ihje\gyggy dZ«kl
ijblhlh\Zgbo kiezZ\s\ AZ]lZevgZ \ljzZ1Z fZkb kdezZ"ZeZ f_

?e_dljhggig”h\bc fedjhZgZe+sa gZ &DPHBOhGhbklIZgbc
\bagZq_ggy fheyjgbo ijhihjpec feSn {MPngsiB0RosSteo11 " €Y
ljbdhfihg_glgh€ nZghe.8ColRSnKe0 "€y qghlbjbdhfihg_glgh€
<fekl Eelex h[gbkex\Zeb aZ jeagbp_x

H[bA\Z kieZ\b ijZdlbggh h~ghnZage ¢« Ihfm ”"ey ie"
kdeZ"m [meZ \bagZq_gZ €0 ]mklbgZ >ey ljbdhfihg_gl
klZgh\blv Ikf o "ey ljZjghEZzahl Ikf P+ agZq_
\eNMjeagyxlvky f gr g g9Z m ihje\gygge a ]mklbg.:
j_gl] _ge\kvdbfb ~Zgbfb Iekey f_0Zgeqgh]h ih&oiSworgy
TmsLisCo,Snyy [mMmeb \b”ee ge fhghdjbklZeb ijbafZlbqgh
j_gl]egkvdbo "hkes"" gv

Ale*gh a j_gl]_ge\kvdbéaherZgbfb Iyd kihe md0:Shk

: |Zd 05y ,, djbklZeeamxlvky m dm[eqgec kbf I
Jimibm3m a gZklimigbfb iZjZf _1jZfbZj _reldb gf "eyZs o
1, "ey[799.

< h[ho kIjmdImjzZzo Zlhfb Dh[ZevIim jhalZrh\Egg \ ¢
itheh™ _dgi8h ih\geklx ihkerZxlv Zlhfb KlZgmfm 6Q e A
iheh  g3¥%ijbk\h}ge ZIhfZf66Q \ kljmdImjzZo ,, 1Z , Z\Ihe
h[ho kdjiimjZo aZcgyle AhfZifbbfymL \ nZae , qgZkldh\h a
iheh”™ _g3ya dhhjr"bgzl1Z06869y = 0,73031+z =0,26969 yde "m"
[ebavde *h O zm ireh” 8gyyd aZcfzZxlv Zlhfb
nZae- ,, Hg_\b~rgh jesMdekffrg Zf _evgbo Zlhfe\ Eele}f \o/]
\erghkgh g _\ _ebdm jeagbpx m jhafejZo €0 ZIlhfe\ 1Zd s
pvhifm \biZz*dm } "hfegmxqbf
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LZ[ebpy

_dki_jbf_glm ¢« j amevlZlb mlhqg_ggy f_Ih~]
N e ¥m; 2 C0sSno *TMLICosSipo

?fiejbgqgZ nhjfmeZ Tmy 2oC0sSpo TmLi,C0osShyo
KljmdImjgbc Ibi Tmy2oC0sSpo TmLi,C0osShyo
FheyjgzZ fZzkz ] fhe\ 3102,13 2910,59
Kbf ljey Dm[eqgZ Dm[eqgZ
ljhklhjh\Z JjmiZz Fm-3m Fm-3m
Kbf\he lejkhgZ 116 o P116

Jhafsjb djbkfZ%em

0,08 1 0,057 0,04

0,0910,06 10,05

|ZjZf _1jb dhfejdb

Zgf 1,35365(7) 1,35371(16)
V, gf 2,4804(2) 2,4807(9)

Z 4 4
LbikdZgm\Zggy Z Z
<bijhfegx\Zggy "“h\'bgz MoK ,071073 MoK ,071073

F_"<Tijb achfpe djbklZe 4,2 y27.,4 4,3 y27.,4
F_"hkl -17 "h " 5,-17"k " 5, |-17 "h " 7,-17"k " 7,
-1571 17 -1771 17
AZlZevgZ deevdeklv j | 3055 4784

G aZe_ 'ge* j _ne dk

184 (R, = 0,082

184 (R, = 0,034)

J ne dkb a , ! 1, 152 (Rsigma= 0,081) 154 (Rsigma= 0,21)
NZdlhj "h[jhighkle 1,08 1,00
RF)[F°! F9] 0,080 0,028
WR(F?) 0,081 0,060
GZc[eevrZ gZcf_grzZ az{ 15210°1z21 10° 12310° | 21,47 10°
e dljhggZ Imklbg2 elgf elgf
LZ[ebpy

lhfge dhhj*bgZlb 1Z iZzjzf Ijb | _iggyhkXhhdh\eb\Z
N e Ymy o CosSny ¢ 7 PA0sSmy

Thf | IKL xl Z y/b zlc Uso (g F LLO) | G
Tmy 2LC0sSyo
Tml 4a 112 112 0 0,016%5) 1
Tm2 32f | 0,26969(18)| 0,73031(18) | 0,26969(18)[ 0,0192) 0,152
Sni 48h | 0,32706(5) 112 0,17294(5) | 0,01934) 1
Sn2 32f | 0,36584(7) | 0,63416(7) | 0,36584(7) | 0,00936) 0,64
Sn3 32f | 0,41092(12)| 0,58908(12) | 0,41092(12)[ 0,01049) 0,36
Col 24e 112 112 0,25537(18)| 0,0156) 1
TmLi>,CosSinpg
Tml 4a 112 112 0 0,029%5) 1
Sni 32f | 0327154) 112 0,1728%4) 0,028L(3) 1
Sn2 48h | 0,365005) 0,63440(3 | 0,3656Q5) 0,01674) 0,67
Sn3 32f | 04105413) | 05894413 | 04105413) | 0,0277(10) 0,33
Col _ 112 112 0,25461(15) 0,019(5) 1
Lil 8c 1/4 34 1/4 0,040(12) 1
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LZ[ebh3s
:geahljhiges iZjZf ljb | _ieh\h]h dheb\Zggy Zlhfe\

Tmy22C0sSnye © 7 PX10sSnyg

lhf | Uig | U Uss Ui Uiz | Uzs
TmMy22C0sSpo

Tm1 | 0,0165(5) | 0,0165(5) | 0,0165(5) | 0,00000 | 0,00000 | 0,00000

Tm2 | 0,0195(17)| 0,0195(17)| 0,0195(17)| 0,0044(8) | -0,0044(8) | 0,0044(8)

Snl | 0,0185(5) | 0,0208(6) | 0,0185(5) | 0,00000 | -0,0005(4) | 0,00000

Sn2 | 0,0094(6) | 0,0094(6) | 0,0094(6) | -0,0021(4) | 0,0021(4) | -0,0021(4)

Sn3 | 0,0104(9) | 0,0104(9) | 0,0104(9) | -0,0022(6) | 0,0022(6) | -0,0022(6)

Col | 0,0150(8) | 0,0150(8) | 0,0168(13)| 0,00000 | 0,00000 | 0,00000
TmLi>,C0osSnyg

Tm1 | 0,0295(5) | 0,0295(5) | 0,0295(5) | 0,00000 | 0,00000 | 0,00000

Snl | 0,0216(3) | 0,0410(5) | 0,0216(3) | 0,00000 | -0,0021(3) | 0,00000

Sn2 | 0,0162(4) | 0,0162(4) | 0,0162(4) | -0,0@2(3) | 0,0022(3) | -0,0022(3)

Sn3 | 0,0277(10)| 0,0277(10)| 0,0277(10)| -0,0021(8) | 0,0021(8) | -0,0021(8)

Col | 0,02016) | 0,0201(6) | 0,018%(10) | 0,00000 | 0,00000 | 0,00000

Lil 0,040(12) 0,040(12) 0,040(12) 0,00000 0,00000 0,00000

Yd i _jrZ 1Zd « "jm]Z kljmdgm\ihjkbdhghge g j a g
\aZ}fh\bdexgzZxgbo Zlhfe\ m ~ ydbo ihabpeyo LZdbf

KljmdImjZeLhf8n, ¢ 7PL0Sny fh mlv [mlb \b”ree ge ~\e jend]
\erghr_ggy i**dhfejhd $
kis\\e*ghr_ggy >ey ljbdhfihg_glgh€ nZab i«"dmfsjd:
Col,Sn |&BmR, Ze \e"k@ige®! ier*dhfejpe : jhalZrh\Zgdmis"ih
Tm2, Col, Sn |1Z5m3, Ze_ \e~kndhgecP_ fh gZ
kljmdImjgbo \ZjeZgHtZbe"IZck v 661 gf } f_grhx gZz

g kmfzZ Zlhfgbo jZ2emke\ LZdbf qbghf pe Zlhfb \aZzZ}
h"bg h~gh]lh 1| _jrbc kljmdImjgbc \ZjeZgl i_j_"*[ZqgZ} g_\i
$ \ ydbo Zlhfb 6Q mlI}HjdgdveQaZgbZbr_ qghlbjb a \f

< mk_j "g_gec kljmdImje

egl_jij_Im\zlb

\ jrbg SO&M[Z >im]bc kljmdImjgbc \ZjeZgl i _j "~[ZqZ
ierdhfejdm $ ydZ } 1Zdhx yd ¢ ierdhfejdzZ $ m yc
\ jrbgb dm[Z

L IjZjgZ nzZaz ,, } [*evr hjl]Zgeah\Zghx g+ | _j

feklblv ZIFrb Lil,Col,Sn I1Bn Ze \e"kKSmdgierdhfejdzZ ; fekl
Zlhfbml, Lil,Col,Sn |IBn Ze_ \«~kSmdge¢h_ dpey $ - ierdh
dhhj*bgZpecges ihee "jb ZIlhfe\ ¢ dhhj*bgZpecgbticQiheey
nZab ,, ihdZ&kge gZ
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> |Zevgbc djbklZehoefeqgbc ZgZe+sa ihdZam} sh ZI
kbevgh » _nhjfh\Zgm ~\hrZidh\m r_klIb]jZggm ijbafm a d
je\ghbf e h*ghrzZidh\m r_klb]jZggm ijbafm a DQSnl
dh\Ze glges AlZat_a@=" hlZIhfZfb 6Q &R /L« 7P
\erklZggx ~h p_gljZevgh]lh ZIhfZ ~h gf >ey Zlhts\ |
Ib\_jrbggbd ~ey h[ho ie~dhfejhd yd $ [|Zd « $ :Ihf &
Zglbijbafzlbggm dhhj*bgZpex a h*rgkffiMh "RIRIh\bf m \bi
ierdhfejdb : £\ jrbggbd "ey ie"dhfejdb $ < h[homhZa
hlhg_g- kmkergefb ZlIhfZfb m \b]le)kiike\\KNWndIN|jlzglde o
16-1b\_jrbggbc NXgIdi je\kvdbc ihee ~j 0ZjZdl _jgbc "ey
, ¢ /tey ,, M pbo ihee_ 7~jZo ZIhfb LP Z[h /L hlhg_g-* |
yde ml\hjxxlv gz@P6Qey , Z[h@>/l'&¢® ,, dezZkl jb |
16-1b\ _jrbggbo deZkl jel\o\ejrbggbo ik _\"h-.Nkdg\kvdb
ihee ~je\'\ e f dghZippc kihemdb ihdZ&Z§Z gZ jbk

”.-' aram n-.%_':E E"-,
[ 'St Waan 10|

033 Lo

Minkowipkra A =T =g Ihj'l 2

[ Sromna E;DE".ll

(3
I|' Sni [ 48h 10 oy dﬁ
snz o Toa7 | LR
Snd ."f'fl 033 (LS
Colp24a 1100 |

- . ; . 4 o e N~ T
: ||| I @ d = il J' - B -.-ﬁl-" &
;1 - i Irrl. b | - : - T i i, 1 TR x = ]

LI Ing B 1.0

{ aTom n-a (GOF A FL
{81 g 48hy{10 !
1 il B .
ibkd

.u' i

os7 R
! LI CECRAD
' Tm1 Fda §1.0
Jbk ler"dWANfdpdh dhhj*bgZpecge ihee_ _"~jb gZ\dheh Zlhfe)
Snl2 Sn " elymLiCosSny (11).
l[jb\_~ gh jhaih”ee ZIhfe\ ih djbklZeh]jZneqgbo ihabpeyo *e
1Z "ey ierdhfegEdfh\bdexgZxqge iheh  ggy-KZpblw dkhel€h
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Jbk MiZdhibbA grbggbo deZkl-Ip\\ prbggbo
ik_\"h NprZD#i_je\kvdbo ihee_ "je\ \ e f_ dgmliGeSnghfejp
DjbklZe+sqgZ KkljenidEemijinCosSis;;
NZahjs\g¥Z]bm ihljecgec kbrGo$rijbl_fi_jZImje [nEKb
"hkee” agdhihfh]lhix gl]_ghnzahXlh]igl] _ghkljmdInZjghékea -\
hibkZge m [48/hIe
>79gZ kbkl _fzZ oZzZjzdl_jbam}lvky ml\hj_ggyf ~"hkb
| jgZjgbo kihemd “boejh\agbge\ gZ hkgh\e [¢egZjgbo nZa
ErCoSi; g_ [mee™I\ _j~° _gh m pec kbkl_fknjlmajZadm ghfegZz
kde ZEmiCos,Sizs Fb jhalJeygmeb [eevr ~ |Zevgh kieZ\b [
ekgm\Zggy aZagZg_gh€ \bs_ nZab } <ki\lbgmideb a sk g Zkeg
] dkZ]l]hgZevghx kljmdIimjhx Ze_ kdeZ” €€ ~ sh afes_
ahg”h\h]h fedjhZgZe+sam kkaZlfoffS:kde@d®h \bjer _gh "hke¢
A"hrZldh\h px  kihemdm a \bdhjbklZggyf f_IhAm fh
_dki_jbfmgle j _amevlZIib mlhgECaSy, BZbjb\ _~ gh m |Z
539. :lhfge dhhj*bgzlb 1z izjzf ljb | _ieh\h]J]h dheb\
Zgeahljhighfm gZ[eb  _gge ijb\_~_ge \ IZ[ebpyo .
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LZ[ebpy

_dki_jbf_glm « j amgegyZlblmhfqighghdjbklZe
kihe rTEt(DQ')Si3117
?fiejbqgZ nhjfmeZ
KljmdImjgbc Ibi Kihje"g gbSxCHSiie
FheyjgZ fZkzZ ] fhe 550,93
Kbf ljey = dkZ]hgZevg

> |Zes

ErCo,Sis.1

ljhklhjh\Z JjmiZ P6s/m
Kbf\he lIejkhgZ hP56
Jhafejb djbkIZ%m f T i
L fi_ jZImDpz 293(2)
1ZjZf ljb dhfejdb
Zgf 1,48841(1)
c, gf 0,36850(1)
V, gf 0,81636(2)
Z 6
LbikdZgm\Zggy Z
<bijhfegx\Zggy MoK
"h\"bgZ o\bee gf ,071073
F_"eTijb achfpe djbklZ 4,2 y28,3
F_"hkl - h” - k"9,
- "
AZlZevgZ deevdeklv | 10399

G aZe 'g*j ne_d 670(Ry = 0,034)

J ne dkb a, ! 1 623 Rsigma= 0,011)
NZdlhj “h[jhlghkle 1,15
RFE)[F°! F9] 0,0164
wR(F?) 0,0389
GZc[eevrZ gZcf_grZ al 10° 1z  10°e/gf
~e _dljhggZ Imklbg
LZ[ebpy
lhfge dhhj*bgZlb |Z iZjzf |ljb | ieh\h]h dhElRbBggy ZIt
‘lhfb | IKL Xl Z y/b zlc Uiso, (g £ ULO) G
Erl 6h | 0,39695(2) | 0,10079(2)| 1/4 0,005550) 1,00
Co2 6h 0,65185(6) | 0,22502(6) 1/4 0,00499) 1,00
Ca3 6h | 0,45957(6)| 0,92548(6)| 1/4 0,0048Q) 1,00
Co4 6h | 0,27174(5)| 0,22128(6)| 1/4 0,00499) 1,00
Co5 6h | 0,14892(5)| 0,41630(6)| 1/4 0,00499)) 1,00
Cob 6h | 0,16064(18)] 0,0315(2) 1/4 0,00595) 0,51
Co7 6h | 0,12521(19)] 0,0253(3) 1/4 0,0067(5 0,49
Si8 2a 0 0 1/4 0,00740) 0,50
Si9 6h | 0,44280(11)| 0,76103(11)] 1/4 0,0027(3) 1,00
Si10 6h | 0,13621(11) 0,25488(11)] 1/4 0,00383) 1,00
Sil1 6h | 0,43194(11) 0,37082(11)] 1/4 0,0046(3) 1,00
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LZ[ebp4l
:geahljhige iZjZf_Ijb | _ieh\h]h dhe‘e\#G@SisZ | hfe\
Ihf Uis Uy Uss Ui Uis Uzs
Erl |0,00602(13) 0,00534(13) 0,00581(14) 0,00324(9) 0 0
Co?2 0,0044(3) | 0,0035(3) | 0,0067(3) | 0,0019(3) 0 0
Co3 0,0035(3) | 0,0039(3) | 0,0069(3) | 0,0018(3) 0 0
Co4 0,0044(3) | 0,0041(3) | 0,0063(3) | 0,0020(3) 0 0
Co5 0,0037(3) | 0,0049(3) | 0,0065(3) | 0,0024(3) 0 0
Cob 0,0062(13)| 0,0040(9) | 0,0065(8) | 0,0019(12) 0 0
Co7 0,0064(13)| 0,0051(9) | 0,0081(8) | 0,0024(12) 0 0
Si8 0,0050(13)| 0,0050(13)| 0,012(2) | 0,0025(6) 0 0
Si9 0,0043(6) | 0,0022(6) | 0,0028(6) | 0,0026(5) 0 0
Sil0 0,0030(6) | 0,0032(6) | 0,0050(6) | 0,0012(5) 0 0
Sill 0,0040(6) | 0,0040(7) | 0,0058(7) | 0,0020(5) 0 0

HA j°Zge "Zge ihdZaZeb
] dkZ]l]hgZevgec
\ZjeZglhf

kbglhge€ \
kljmdImjgHUCoEki {R65/m
kihjeAg ghx khjmd|8¢CosSio [815

sh hlgECaSp 4 kjilhleldd Zam}lv
ijhRGhm hhZc }]jonikihjy~rdh\Z
*YbeC030P19 ( J6),
» CeRhgoShy [816]

Z 1zdh® )
libkmlgekl

\azZz}fh\bdexqgzZxqh€ iAW-Grhlfi2\* n_dlgeklv iheh  _ggy VY
ZIhfZfb Kbe¥dgZamxlv gZ jKieawighjy”dmKkggogy raj®aSi; ;-

<

Kie\\er*ghr_ggy fe"
(ErCaosSis
aZcfzZxlv
ErsCoz0Sig *
aZcfZxlv iheh6h ¢g®8 m

_j_"g_g-c

| b i MbgCosPs0.

Dhhj*bgZpecge fgh]lh]jZggbdb ~ey \keo Zlhfe\ ijheex
ihee "NjHEErely iKIN"h N-j2Z@dHi_je\kvdbc
oZjZdl _jghibgfZljbdbe

Dhhj*bgZpecghbf
\ jrbgghbd
dhhj*"bgZp-y

>ey Zlhfe\
‘lhfb Dh[ZevIim mi\hjxxIv ~_nhjfh\Zgs dm[}

kljmdimje
ydbfb }

Kbeepex

fh gz
bk

\b[jZIb

/\\.

ie”dh

| e A dBECPETs: |
e feklblv ZArb,fB02, Ca3, Cod, Ca5, Co7, Si9, Si

Si yde

iheh6hgggZeh]eqgh UGbsSt; \le*dhfejdZZ} kdeZ:
feklIblv f&E BN, Co2, Co3, Co4, Cos, CI6, Si9, Si
itheh™ _dgesh } ZgZeh]eqgbf ~h kljn

oSi yde
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Jbk 2e f _glZjgZ dhfejdZ mk_jErapSgh€ kljmd]
1Z ierdhfey@UCOSi ¢ (YheCOsPro)

Jbk lih_dpey _e f_glZjgh€ dhésjldb dh jiethgdmee g
fghlhljZggbdb Zlhfs\ Ei¢mSilm|b
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5 DjbklZesqge kljoidbemipdhiGes *R,LiGes. Siy

>hkee” mxqb nZah\e je\gh\Z]ha \N#}bkiGef ZD L&, Ce Pr,
Nd}-Li-GeSi [meh agZc”®_gh | _jgZjge kilyle@Geg by ked e&ZWkdjmdIn
jZger_ hibkZgbfb kiGeisdliPrLiGes > @ 1Z 1 _1jZjg
k d e ZRhiGe,Si, [845].

Ydekge fhghdjbklZeb [meh KklegliGesh\NdlgGest a5LiGe,Sis,
a fzZkb\b _dki_jbf_glZevgbo NZgbo hljbfzZge gZ
"bnjzZdlhf XQALIBUR (MoKp\bijhfegx\Zggy 1]jZnelh\bc fhghfio]j
- f _Ih kdZgm\@ggy gf DjbklZe+sqgZ kljmdImjzZ Kkikh
jha\ffyazgz ijyfbfbfbf _d&@"Z22hihfh]lhx iZd_ImSHEbYZf GZ
aZdexqgbo pbdeZo mlhgg _gh dh_nepe}gl _dklbgpe-£€
iZjzZf_ljb ~ey \keo ZIlhfe\ ijb pvhfm jeagbp_\bc kbgl
aZebrdh\bo iede\

> |Zee _dki_jbf _glm ¢« j ameviZlib mhiydgg lgkZiéol hZla
ijb\_~ gh m IZ[elhfge dhhj*bgZlb 1Z izZjzf_ljb |_ieh\h]
Zlhfe\ \ Zgeahljhighfm gZ[eb _gge ijb\_~ ge \\ls2[inb pyph

FhghdjbklZevge ~Zge ihdZaagibes,sNd,lnFeg b LaLiGe,Si,
dibklZmxdvky m jhf[eqgec kbg]hg+€ m Giimohajh\-ZIRjfAfb
e _f _glZjgec dp92jp#93] :Ihfb EZglZgm 1Z G_h”bfm Kk
aZk_eyxlv hrgm « Imdi~ gHhblpexelex jhalZrh\millvklypt€

| jgZjgbo nZaZo \ke Zlhfb xIMZdbeh adgogiwh”e yd \ | _|jZ
h"g a pbo iheh  _gv ih\geklx aZcfZxlv ZIlhfb Kbeepex
OhgZ kihemdb “m” _ ih”e[ge h”gZdh\e ijhklhjh\e

dhhjrbgZlge ihabpe€ 1Z [ebavdes iZjZf _Ijb j_reldb h~g:
jhaley~Zlb yd dWjkhimh | _jgZjgh€ nZab <erih\eAgh ~h
Djbifid \bgqZ gZ kljmdIimjb jhaley”rZxIvkR e« ykiihgm e bl bfifb
jhaley”~ZIb yd ij _~klz\gbde\ Jhfheh]eqghlh jy"m gZ hk
lbieCak, ZrSi, AIB, ?e_f_glZjgZ dhfejdZbdgZpdhb}i fghlhl]jz
ZIhfe\ kljm dbphi®e,Sh ijb\_~ ge gZ jbk
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L Z[e bh4R

La,LiGegy, Ndo,LiIGeg | AaLiGe,Si, T ThAhf fhghdjbklZem

?fiejbqgZ nhjfmy¢ La,LiGeg., Nd,LiGeg La,LiGe,Siy
(x=0,79)
KljmdIimjgbc Ib PrLiGeg PrLiGeg \eZkgbc
FheyjgzZ fZkzZ ] f 66319 731,26 631,38
Kbf ljey Hjlhjhf[egg Hjlhjhf[eq Hjlhjhf[eqg
ljhklhjh\Z ]jmiZ Cmmm <65 Cmmm <65) Cmmm <65)
Kbf\he lejkhgZ 0S18 2 0S18 2 0S18 2
Jhafejb djbkfE¥ m T 7 0,1810,1110,04 1 i
1ZjZf |Ijb dhfejdt
Z gf 0,41871(1) 0,41674(1) 0,41462(1)
b gf 2,11132(6) 2,11087(7) 2,10674(6)
c, gf 0,43912(1) 0,43713(1) 0,43704(1)
V, gf 0,38820(2) 0,38454(2) 0,38175(2)
JhajZo ]mklbg 6,032 6,181 5,493
(Dinai 1 Kj
Dh_n ih]eb@gZtfdy 32,732 35,436 26,689
Lbi kdZgm\Zgg Z Z Z
F_"<Tijb achfpe djb 3,86 y27,65 3,86 y27,65 3,86 y27,65
f
F(000) 605 617 546
F_hkl - "h” - "h” - "h”
-k 27 "k -k
- - -
AZ]ZevgZ deevd 1770 1770 1770

j_ne_ dke\

G aZe 'ge* j _nhe]

290 (R, = 0,034)

290 (R, = 0,033)

290 R,y = 0,0748)

J ne_dkb a , ! 289 289 289
(Rsigma= 0,028) (Rsigma= 0,026) (Rsigna=0,041)
<Z]h\Z ko _fz 1/ MF,)? + 1/ (F,)* + L[ MFo)? +
(0,0311PY + (0,0198WPY + (0,0327WPY +
10,341P] 11,43P] 8,92P]
>7Zqge iZjZf_ljb 289/21 289/21 289/18
NZdlhj “h[jhlghk 1,20 1,32 1,27
RnZdlhjbl >1)] R, = 0,0244 R, = 0,0303 R, = 0,0204
wR,=0,0586 | wR,=0,0699 | wR,=0,0445
RnZdlhjb hWde R, = 0,0244 R, = 0,0303 R, = 0,0204
wR,=0,0586 | wR,=0,0699 | wR,=0,0445
GZc[eevrZ gZcf_ 10° 1z 10° 12 10° 12
aZebrdh\z _e dlI| - 10%e/gf |- 10%e/gf| - 10%e/gf

]mklbgZ
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LZ[ebpy
‘Ihfgs dhhjrbgZlb 1Z iZjzf ljb |_ieh\h]lh dheb\Zggy
LazLiGee_X, NdzLiGea I Z_azLiGe4Si2

hf [IKL] xz | yb [  zZic | Un(gPWwo | G
LaoLiGegx (Xx=0,79)
Lal 4i 0,0000 0,16551(3) 0,0000 0,0114(2) 1
Gel 4] 0,0000 0,05806(7) 0,5000 0,0179(5) 0,896(8)
Ge2 4] 0,0000 0,44262(6) 0,0000 0,0152(3) 1
Ge3 4i 0,0000 0,28626(6) 0,5000 0,0155(3) 1
Lil 2a 0,0000 0,0000 0,0000 0,018(6) 1
Nd,LiGeg
Nd1l 4i 0,0000 0,16552(4) 0,0000 0,0116(3) 1
Gel 4] 0,0000 0,06804(9) 0,5000 0,0201(4) 1
Ge2 4j 0,0000 0,44260(7) 0,0000 0,0120(4) 1
Ge3 4i 0,0000 0,28626(8) 0,5000 0,0124(4) 1
Lil 2a 0,0000 0,0000 0,0000 0,015(7) 1
LazLiGe4Si2
Lal 4i 0,0000 [0,165371(18) 0,0000 0,01556(16) 1
Gel 4] 0,0000 0,05651(3) 0,5000 0,0146(2) 1
Ge2 4] 0,0000 0,44330(3) 0,0000 0,0140(2) 1
Si1 4i 0,0000 | 0,28647(10)] 0,5000 0,0159(4) 1
Lil 2a 0,0000 0,0000 0,0000 0,011(3)* 1
LZ[ebpy

‘geahljhige iZjzf_ljb | _ieh\h]lh dheb\Zggy Zlhfe\
LazLiGEG_X, NdzLiGEG | Z_azLiGe4Si2

lhf | Unx | U2 | Uss | Up | Uis | Uzs
LasLiGegsx (x=0,79)
Lal | 0,0096(3) | 0,0127(3)] 0,0118(3) | 0,000 0,000 0,000
Gel | 0,0164(8) | 0,0201(8)| 0,0171(8) | 0,000 0,000 0,000
Ge2 | 0,0131(6) | 0,0185(6)| 0,0140(6) | 0,000 0,000 0,000
Ge3 | 0,0132(6) | 0,0194(6)| 0,0139(6) | 0,000 0,000 0,000
Lil 0,022(15) | 0,015(13) 0,018(15) 0,000 0,000 0,000
NdzLiGee
Nd1 | 0,0097(4) | 0,0132(4)] 0,0120(4) | 0,000 0,000 0,000
Gel | 0,0186(8) | 0,0227(9)| 0,0191(9) | 0,000 0,000 0,000
Ge2 | 0,0100(7) | 0,0153(7)| 0,0109(7) | 0,000 0,000 0,000
Ge3 | 0,0103(7) | 0,0160(8)| 0,0109(7) | 0,000 0,000 0,000
L1 | 0,018(18) | 0,011(16)| 0,016(18) | 0,000 0,000 0,000
La,LiGesSip

Lal | 0,01090) | 0,0230(2)] 0,0128(3) | 0,000 0,000 0,000
Gel | 0,0125(3) | 0,0203(4)| 0,0112(5) | 0,000 0,000 0,000
Ge2 | 0,0122(3) | 0,0193(4)| 0,0105(4) | 0,000 0,000 0,000
Sit | 0,0131(7) | 0,0249(9) | 0,0099(12) | 0,000 0,000 0,000
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Jbk lih_dpey _e f_glZjgh€ dhésjldb dhd jiethgdmee g
fghlhljZggbdb Zlhfe\ kajliGe)Sn]b

Mlhgg _ggy djbklZesqgbo kijmdImj \eAhfbo
cihemd kbkLafth e
ljb "~hkee”" _gge Kkh&ti¥be hdjef \klZghle_ggy Kkl]
\bs_hikZzgh€ |_jgZjglegdi@egalhmeh mlhgg_gh kljmdIimjb jZ
kihemdZge ijh yde gZ\ _~ 545\ [Z[ebp-

TZ[ebpys
MIhgqg_ge iZjZf_ljb ZIhfe\ A _ydbolLkthedad kbkl fb

Ihfb | KL x/a y/b z/c Uisd/Ueq
La,LiGeg,*

La 4i 0 0,16551(3) 0 0,0114(2)

Gel 4] 0 0,05806(7) 0,5 0,0179(5)

Ge2 4 0 0,44262(6) 0 0,0152(3)

Ge3 4i 0 0,28626(6) 0,5 0,0135(3)

Li 2a 0 0 0 0,018(6)
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;lhfb | IKL | xla | y/b zlc Uiso/Ueq
LaLiGe,

La 4c 0,1418(1) 1/4 0,3658(1) 0,009(1)
Gel 4c 0,1594(1) 1/4 0,6817(1) 0,012(1)
Ge2 4c 0,2172(1) 1/4 0,0709(1) 0,016(2)

Li 4c 0,496(2) 1/4 0,613(2) 0.020

La,LiGe,
Lal 8d 0,0197(1) 0,5970(1) 0,1864(1) 0,011(1)
La2 8d 0,3273(1) 0,1278(1) 0,17937 0,010(1)
Gel 8d 0,1604(2) 0,0367(3) 0,4670(4) 0,014(1)
Ge2 4c 0,0169(2) 1/4 0,0821(3) 0,016(2)
Ge3 4c 0,2755(3) 1/4 0,8645(3) 0,015(1)
Li 4c 0,158(3) 1/4 0,525(4) 0.020
La/LigGeg™**
Lal 2a 0 0 0 0,012(2)
La2 4 0 0,4419(1) 0 0,012(2)
La3 4 0 0,2791(1) 1/2 0,012(2)
La4 4j 0 0,1602(2) 1/2 0,012(2)
Gel 4h 0,3165(3) 0 1/2 0,012(2)
Ge2 4 0 0,0939(4) 0 0,012(2)
Ge3 4 0 0,3730(3) 1/2 0,012(2)
Ge4d 8p 0,1815(3) 0,2155(4) 0 0,012(2)
Lil 8p 0,311(4) 0,143(6) 0 0,012(2)
Li2 8q 0,186(3) 0,073(5) 1/2 0,012(2)
La,Li,Ge
Lal 4c 0 0,4484(2) 1/4 0,0101(2)
La2 4c 0 0,6583(1) 1/4 0,0084(4)
Gel 8f 0 0,0611(4) 0,0688(3) 0,0139(6)
Ge2 4c 0 0,2801(3) 1/4 0,0143(5)
Li 8f 0 0,191(3) 0,559(5) 0,019(5)
LasLi Ge**
Lal 2a 0 0 0 0,011(1)
La2 4 1/2 0 0,3681(1) 0,009(1)
Gel 4 0 0 0,2134(1) 0,012(2)
Ge2 4h 0 0,1827(1) 1/2 0,015(2)
Li 8l 0 0,310B) 0,330(1) 0,020
LayLi Geegt***
Lal 2a 0 0 0 0,014(3)
La2 4 0 0 0,3579(4) 0,014(3)
La3 4 0 0 0,2828(3) 0,014(3)
Lad 4j 1/2 0 0,4630(6) 0,014(3)
La5 4j 1/2 0 0,1791(4) 0,014(3)
La6 4 1/2 0 0,1028(7) 0,014(3)
Gel 4h 0 0,1801(5) 1/2 0,014(3)
Ge2 4i 0 0 0,4182(4) 0,014(3)
Ge3 4i 0 0 0,060(1) 0,014(3)
Ged 4j 1/2 0 0,2401(6) 0,014(3)
Geb 8l 0 0,318(1) 0,182(1) 0,014(3)
Geb 8l 0 0,182(1) 0,139(1) 0,014(3)

Lil 8l 0 0,310(7) 0,451(8) 0,014(3)
Li2 8l 0 0,312(6) 0,092(5) 0,014(3)
Li3 8l 0 0,187(9 0,227(6) 0,014(3)

*_~"Zge fhghdjbRIZ¥me+"gZ fh”_ev kljmdimjb \BYMZ*¥a jhphlMgZ fh~_ev kljmdimjb

ih[h1B10],*** -\boergZ fh~_ev kljmdImjb \[8Y8]Z *a jh[hlb
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DjbklZe+sqgZ kljRaldMzjlZ Rs {Na/K),M3

<e"hfh sh kihemdhTkd@&zZLim "8ha f evge f- ROebS I « F
-*H 6Q 3E djbklZeeamxlvky \ ] _dkZ]hgZevghsOuSrkljn
gZ kljmdImjZ&Gah <@L ijhklhjh\hx ]JpP&/ncm Pe egl_jf_IZe
kihemdb oZzZjzdl_jbamfZlvjkeyagb\fb djbklZeh]jZneqgbfb ih:
Zlhfe\ JABRBd <69, \e*ih\ergh :IBb6Q Z[h 3E aZk_eyxlv
itheh™ _gépgy Z Zlhfibj _oe~gh]h _e f glm aZcfzZx2y iKZhb ¢
aZih\g _ghx \_jke}x [sgZjgMo IsihembkIZesamxjlmkym\jdhfr
Ibie Q8 LZdh  azZagZgbfh sh Zlhfb i _j oe*gbo f |Zee*
aZih\gxxlv hdlZz_~jbqgge imklhlb

Fb "hkee”"beb ih”e[ge nZab \ ydbo aZfeklv i_j ¢
\bdhjbklZgh Ee<lec Ahdj TZ2 Li2kdnHiméh <~ glbnedhjZgbym
ihNe[gh€ mihjy*"dh\ZgEISnpZa&kldjmdIimjZz ydh€ ~hkee” g

fhghdjbklZem > @ ?dki_jbf_glZevge ™ _1Zee ijh
gZ\_" g \ IZ[ebpdhhj2rbgzZlb « izZjZf _|ljb | _ieh\h]h dheb)
Zgeahljhighfm gZ[gbheegklkjh\Zge \ |Z[ebpyo. | Z

ljb "hkee”" gge eahkljmdimjgbo nzZa a e<grbfb J,
iheh g8y m kihemdZo <a e ]Jdbfb JAF } aZcgyle ebr
iZjZf _ljs\ djbklZeeqgbo j_relhd [1Z]e k\ergblv ijh
jhagbg\«dexq _ggy Ijbghfm \dexqg_ggy Zlhfe\ Eelex \ ho
fh gz ijh\h~blb ~\hfz f_Ih~Zfb |_jfeqgh [Z _e_dljhoefs
[mM”_ hibkZgh \ jha*eee- F_oZgeaf \dexq_ggy Zlhfe\ E
ijb \bdhjbklZgge h[ho f_IMMgZihdkEazZg

ljb "h"Z\Zgge “h kWeZ\gkbd em gbo f_|Ze*NauZKkKZf.
hr j"mxlvky I\ _j2e jhaqgbgb s@rhflts lggym :Ihfb JAF aZfe
gZ Zlhfb GZljex Z[h DZeesx Ijhly geklv pbo ml\hj gbo
l1Z[e , jbk 1) Ijb aZfes_gge Zlhfe\ JAF gZ GZljec jh
af_grmxlvky Z aZfes_ggy Zlhfe\ JAF ZlhfZfb DZe-x
aleevr_ggy jhafeje\ j reldb P_ ~h[j_ ma]l]h® " m}lvky ea Z
em gbo f_|Ze-\



TZ[ebpyb
?dki_jbf_glZevge "htdbklfZheggh]h "hkeeTbBLi®ky "ey
?fiejbggZ nhjfme] ThsLiSn;
KljmdImjgbc Ibi HfsCuSn
Fheyjgz fzkz ] fh 115772
Kbf ljey = dkZ]hgZev
ljhklhjh\Z ]JjmiZz P6s/mcm
Jhafejb djbkfZm i 7
L fi jZImjz D 293(2)
|ZjZf 1jb dhfejdb
Zgf 0,90122(14)
c, gf 0,65744(13)
V, gf 0,533972)

Z 2
LbikdZgm\Zggy Z
<bijhfegx\Zggy MoK
"h\"bgZ o\bee ¢ ,071073

F_"eTijb achfpe djbkl] 4,2 y27,9
Dh_n ih]eb@Zbfgy 45,56
F_hkl - "h” - 7k
- 1710
AZlZevgZ deevdeklv 1907
G aZe_ 'g* j_ne_ 216(R = 0,021)
J ne dkb a , ! 1 207 Rsigma= 0,012)
NZdlhj “h[jhlghkle 1,33
RF)[F°! B9 0,0354
WR(F?) 0,066
GZc[eevrZ gZcf_g| 1,0810°1z14710°
aZebrdh\Z _e dljhgg elgf
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TZ[ebpy7

‘lhfge dhhjrbgZlb 1Z izjZf 1jb | _ieh\h]h dheb\
ZhfeteybsliSns

lhf x/a y/b zlc Uiso"/ Ueq

Thl 0,25088(10) 0,0000 0,2500 0,0479(3)
Th2 0,3333 0,6667 0,0000 0,0535(3)
Sn3 0,60694(14) 0,0000 0,2500 0,0493(4)
Li4 0,00® 0,0000 0,0000 0,055(13)
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LZ[ebp\8
:geahljhige iZjZf _Ijb | _ieh\h]h dheb\lbhg®n:Zlhfe\ "e
Tbl 0,0478(4) | 0,0481(5) | 0,0479(5) | 0,0241(3) 0,000 0,000
Th2 0,0536(4) | 0,0536(4) | 0,0532(6) | 0,0268(2) 0,000 0,000
Sn3 0,049(5) | 0,0493(7) | 0,0496(6) | 0,0247(4) 0,000 0,000
Li4 0,07(2) 0,07(2) 0,03(2) 0,033(11) 0,000 0,000
TZ[ebpyo
| jeh”~b djbklZesqgbo |j_ rRhidM3BFONZa
AT,
KieZz\ K L K I | = '—th b’—rc'hd
LasGe; MnsSis, hP16 P6y/mcm | 0,89418(1) | 0,687981)
LagLiGe;, (x=0,1) HfsCuSn, hP18 P6;/mcm | 0,89441(1)| 0,68820(1)
LasLi,Ges, (x=0,2) HfsCuSn hP18 P6:/mcm | 0,89476(2) | 0,68861(1)
LagLi Ge;, (x=0,3) HfsCuSn hP18 P6;/mcm | 0,89502(1) | 0,69890(1)
LasLi,Ges, (x=0,4) HfsCuSny hP18 P6;/mcm | 0,89531(2) | 0,689212)
GdGe MnsSis hP16 P6;/mcm | 0,85488(1) | 0,64391(1)
GasliGes, (x=0,1) HfsCuSny hP18 P6;/mcm | 0,89513(1) | 0,64430(1)
GdLi,Ge;, (x=0,2) HfsCuSn hP18 P6;/mcm | 0,89539(1) | 0,64471(1)
GasliGe;, (x=0,3) HfsCuSn hP18 P6;/mcm | 0,89564(2) | 0,64506(1)
GdLiGe;, (x=0,4) HfsCuSn hP18 P6;/mcm | 0,89590(2) | 0,64541(2)
LasSns( G L Iy WnsSis t132 14/mcm 1,2748 0,6344
LasSry(<L B MnsSis hP16 P6s/mcm 0,9435 0,6961
LasLi,Sn, (x=0,4) HfsCuSny hP18 P6;/mcm | 0,94417(1) | 0,69652(1)
LasLi,Sns, (x=0,5) HfsCuSn hP18 P6/mcm | 0,94456(2) | 0,69694(2)
GdsSns MnsSis hP16 P6:/mcm | 0,90305(1) | 0,65942(1)
GasLiySns, (x=0,1) HfsCuSn hP18 P6/mcm | 0,90341(1) | 0,65968(1)
GasLi S, (x=0,2) HfsCuSn hP18 P6;/mcm | 0,90376(2) | 0,65996(1)
GasLiySns, (x=0,3) HfsCuSn hP18 P6/mcm | 0,90384(1)| 0,66021(1)
GsLiySns, (x=0,4) HfsCuSn hP18 P6;/mcm | 0,90420(1) | 0,66056(1)
GasLiySns, (x=0,5) HfsCuSny hP18 P6;/mcm | 0,90458(2) | 0,66097(1)
Gds,Na, S, (x=0,1) MnsSis hP16 P6:/mcm | 0,90284(1) | 0,65941(1)
Gds,Na,Sr, (x=0,2) MnsSis hP16 P6/mcm | 0,90255(1) | 0,65936(1)
Gds ,Na, S, (x=0,3) MnsSis hP16 P6;/mcm | 0,90253(2) | 0,65934(1)
G, K,Sh, (Xx=0,1) MnsSis hP16 P6/mcm | 0,90217(1)| 0,65947(1)
GdsK4Sr, (X=0,2) MnsSis hP16 P6;/mcm | 0,90325(2) | 0,65959(1)
Gds K, S, (x=0,3) MnsSis hP16 P6s/mcm | 0,90326(3) | 0,65959(2)
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Jbk F_oZgeaf \dexqg_ggy Zlhfe\ Eelex Z 1Z "k
\bdhjbklzZzgge | _jfeqgh]h |Z _e_dljhoefeqgh]h f_Ih"e
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0.4619 O
Gdg Na,Sn,
0.4617
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

X, Na/K

Jbk lihly geklv I\_j”b@djNaggs\x ”
| Z505x QS % 7



223

512. DjbklZesqgZ kmjZdkih &hidiGe,
(R=La, Ce Pr, Nd, Sm)

M oh”e kbkl _fZlbggh]lh \b\g_ggy Kkilga-A\-AHKkbix|I\ig\bE
h[f_"_gbc I\_j*bc jhaqbg lAthee*m ¥D/L gZ dhgp_gljZp-
I _j_jeae /| DEADIGH.

EZglZg E-elec :exfegec <k= gfgphtegllevghx gqbklhlhx

fZk [meb \bdhjbklZge \ ydhkle \boe?rgbo _e_ f_ ¢
kiez\e\ KihqgzZldm rfZlhgdb gbklbo f_IZe*\ ij_km\Zeb \
|ZglZeh\bc Ib] _ev ¢ ihfesZeb \ ieq hihjm a dhgljhelyhf
gZ]je\m \eN defgZlgh€ | _fi_jZImjb ~h ZK "~hje\gx\ZeZ
| fi_jZImje kieZ\b [meb \bljbfZge ijhly]hf Age\ e
afeevrm\Zeb \e~" ZK "~h ZK ijhly]hf ]h*bgb AjZ:
ijb pec | _fi_jZImjqhifjhlylh*bg e+ ih\leevgh hoheh” " m\Zeb
| fi_jZImjb lekey ijhp_"mjb ieZ\e _ggy °* \**iZem aZ].
f_gr_

lhjhrdh\e "bnjZdlh]jZfb ihdZaZeb sh pe kieZ\b [metk

>ey |h]lh sh[ \klZzgh\blb f_oZgegfvimphfmM\4Qlglh jha
gZfb [meh \bjer_gh ~h”~Zldh\h \b\gblb px nZam aZz
fhghdjbkI[Z60mMn

>hkee”" m\Zges djbklZeb [meb ~h[jh€ ydhkle Z fzZkl
NZgbo [meb hljbfZzge gZ fhghdjbklZevgKECALIBUM [MaKpf |
\bijhtgx\Zggy J]jZnelh\bc fhghejhflhl’hjkdZgm\Z&EOPY1073
gf ijb  defgZlgec |_fi_jZImje KlijmdImjge 1Z _dki_j
ijh\_~ gh]lh ~“hke*”™" _ggy ij_"klZ\e_ge+ \ IZ]e Kljm
ilekey ZgZeeslbggh€ dhj _dpe+€ ih]JebgZggy

GZ i_jrhfm _I1%kmazZggy kljmdIimjb azZ ~hihfh]lhx ijyfb
hljbfzZge iheh  _ggy ey Zlhfe\ /D *H $0O « /L Ijhl_2Z%e:
e Eele@b \fZeb iZjzZf _ljb | _ieh\h]h afes _ggy yde agZqgh
egrbo Zlhfe\ sh ~hai\jlbem&lblb sh pe ihabpe€ klZlbklb
Zlhfb /L « $O MlIhqg_ggy aZk_e _ghkle \dZam\Zgh gZ |



224

Zlhfe\ $O o Zlhfe\ /L a\hjhlgy dZjlbgZ kihkl2ps]Z
Jeagbpy fe' aZk_e_ghklyfb $O /L mgmmoild ek | Zgeghy]g Z resfdp
} ijbgbghx agb  _ggy kbf_lje€ ~h ijlnkhR j\l_M&nidididd Z[h
Imma \ ydbo djbklZeeamxlvky kihje?*g ge* kljmdImjb

Kijh[b mlhqggblb kljmdImjm \ fh eb\b d4yarhdZI}mgdZeey g
14, Z[h jhf[edmmaijhklhj\bo ]jmiZo \by\bebky [_amldifangbfb
1Z 14md ]jmi k_j_~ kihkl_j_"m\Zgbo j_ne_dke\
kbkl_fZlbggh ih]Zr_ge I&eé%Z]jmine 0OGKH06 ihjmrmxlv mfh)
"ey kbkl_fZlbggbo ih]ZkZgv

HlIjbfZzge fhghdjbklZevge 7Zye shdPamxhlI\hj gZ Kk
La,LiAIGe, > @ djbklZesam}livky \ jhf[eqg-ec lifhXdh}jhkeac §grh
\er kljmdImjgbo-G#Se\ -7K6L <+« /D3IW6L MIlhgg _ge Zlhfg
1ZjZf _Ijb €0 | ieh\bo dheb\Zgv ijb\_~ g \ |Z[ebpyo

ljh_dpey _e f glZjgh€ dhfejdb <« dhhj*"bgZpecge fi
ihdZaZge gZ jbk >ey Zlhfe\ /D o¥ZjgttlgggbNGZy:
DZki_je\kvde fgh]h]jZggbdb Hkdeevdd_ InZ]dgZévdghx\’
kljmdImjzZz mlhggx\ZeZky 1Zdh" « \ fh veglo\d of hi* | eA/]d g He
gZcdjZse j_amevlZlb h™ _j Zgh ey ijZdlbgqgh mihjy*rdh\Z
ijhklhjh\ec Jimmi>

KdezZ” kikeaglimGe, [m\ ie”I\_j~r" _gbc f_Ih*hf -ahgMmhdgl
fedjhZgZeealamardSX- AN [meb h~™_jTZge fheywhr dggen
EZglZgm cexfegex o = jfZgex <fekl E-°lex jhajZoh\n
\bagZqg_gbc kdezZ” ajZadm Ldss.@)dknigdiieses \ ZI
?2dki_jbf_glZevgh \fekl Eelex 1Zdh" \bagZgZeb a jhadbg
FHCl aZ “hihthjhemf_g_ \h€ nhHephégs€arlZeissJena AZ pbf
j_amevlZIZfb \bagZq_gh \fekl Eelex ni jeho\bgrh\erZf] Af
\ "hkeer*" m\Zghfm kieZ\e-

lahkljmdIimjge kihemdb IKeddr, Hh\Zgh (lZ[e . AfegZ
h[T}fm _gl4djgbo dhfejhd eahkljmdIimjgbo nZa ihdZaZgZ ¢
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LZ[ebpy

> |Zee dki_jbf glm « j amevIZilBhlLimMGegg ggy "e\
?fiejbqgZ nhjfmeZ La,LiAIGe,
KljmdlImjgbc Ibi La,LiAlIGe,

FheyjgZ fZkZ ] fhe 45712
Kbf ljey Hjlhjhf[eag
ljhklhjh\Z JZmi Imm?2
Kbf\he lejkhgZ = ol12, 2
Jhafejb djbklZem P 0, 1 i
1ZjZf ljb dhfejdb
Zgf 0,43459(4)
b gf 0,43461(5)
c, gf 1,4792(3)
V, gf 0,27939 (7)
JhajZo 1mklhgZ] Kj 5,441
Dh n ih]ebg@gzZffdy 25,63
Lbi kdZgmVyZ Z
F_"eTijb achfpe djbklZ 2,80 y27,70
F(000) 605
F_"hkl - "h” - k7
- 7
AZ]lZevgZ deevdeklv j 889

G _aZe_ g j_ne_dl

353(Rint = 0,029

J ne dkb a , ! 1

285 Ruigma= 0,021)

<Z]h\Z ko _fZ

w = 1/[V(F) + (0,051P)° +

20,525

>Zg- 1ZjZf _1jb 353/24

NZdihj] ~h[jhighkis 1,16
RnZdlhjbl >1)] R, = 0,0400
wWR, =0,1071

RnZdlhjb hWdp R, = 0,0498
WR, =0,1126

GZc[+sevrZ gZcf_grzZ a?z 10° 1z  10°e/gf

_e _dljhggZ Imklbg

LZ[ebpy

lhfge dhhj*bgZlb 1Z iZjZf ljb | ieh\h]h dhlesbl\XIGey ZIlh
lhf KL x/a y/b zlc Uiso*/ Ueq G

Lal 2a 0 0 0,58335(13) | 0,0089(6) 1

La2 2b 0 1/2 0,83320(14) | 0,0072(6) 1

Ge3 2a 0 0 0,0001(3) | 0,0140(12) 1

Ge4 2b 0 1/2 0,2500(3) | 0,0170(14) 1

Al5 2a 0 0 0,1663(19) | 0,040(11)*| 0,69(6)
Li5 2a 0 0 0,1663(19) | 0,040(11)*| 0,31
Al6 2b 0 1/2 0,435(4) 0,040* 0,35(5)
Li6 2b 0 1/2 0,435(4) 0,040* 0,65
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LZ[ebpy
:geahljhige iZjZf _ljb | _ieh\h]h dheb\lagpNG&Ihfe\ "e\
. | hf Ull U22 U33 U12 U13 U23
Lal 0,0060(11) 0,0068(10) 0,0139(12) 0,000 0,000 0,000
La2 0,0093(12) 0,0081(10) 0,0043(10) 0,000 0,000 0,000
Ge3 0,018(2) | 0,0130(19) 0,011(3) 0,000 0,000 0,000
Ge4d 0,017(2) | 0,018(2) | 0,016(3) 0,000 0,000 0,000
LZ[ebp®3

| _jeh”™b djb&keggbo j _relhd cahkljnRdliAitgbo nZa
(R=La, Ce Pr,Nd, Sm)

NZaz Z gf b gf c gf V, gf°
La,LiAIGe, 043459(4) | 043461(5) | 14792(3) | 0,27939(7)
CeLiAlGe, 043441(7) | 043446(8) | 1,4781(4) 0,2790(3)
PLLAIGe, 043434(6) | 043432(7) | 1,4773(6) 0,2787(4)
Nd,LIAIGe, 043418(8) | 043418(9) | 1,4762(7) 0,2783(6)
SmLiAIGe, | 043402(9) | 043404(8) | 1,4753(6) 0,2779(5)

Jbk lih_dpey _e f _glZjgh€ dhbejd b hghd AitedhZ g

fghlh]jZggbdb ZIhfe\ nakipiGddmie





















































































































































































































































































































































































































































































