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sjstd® d fLOSlkdsO" 2021 ([8sMCo0O, {
BsdsH' & kyjdr o "6SkkOd d j] e dj '
WidsS yd s dzOdz dzts OGydee dzts2 2R tofE Stde O iy dzts o
I j esmind 2 MR OC @Ry e s2 Ctdgl jtoj dzydd
BOljtedOdzr 2O d8 hdase j: Isj 7 dzts dzts20fLY , |
2021 ([&MSo0O, (wfmdw).

1 dzO G 5 H O.c dzts fiflsedls s te or O Oj Is B-d&2O dzfs H
dlsj wOdpaLlzy . (~ d Bd ud ME oo dy QA dz 1§ jslsi3ts dzts
fsd3sh ' o dL B3 tegBdede? » [ shkdsskzy ¢. 1. (~d
[luoddgjdzed ] . [ sditsdetsmise O) LO f tsdsh ® H
1T Ctsolz [.¢. LO tdsh! o ftotsw(jH] ] figfS
WOCkd Isjlg dfdqy b . d fiss di3BidzsmEe O)f iets( &9 B3d 4 4
wOCkdz Isils [fi.ul . d dgitddgfs{detsChy sy gQiedrden j detso 2 &
(s1 /A tuWQ) fsdsh o ddisjteftcjlsOyddd. fidste
sf OmMmMSE Bz 1. ¢. (1L RRCA d &34 ded 3. He
[ icdzgfr s®. (RMUUf ] t6¢1) LO fdBsh: o
dMmmdzj Hise Odzd 2 .

bolstste B dZOEGtSHOtedls L O vyjdadz j fiyedj Idijo =
&Zokzydzr = tkzCsoHdIsjdzj?2 €. -. d& , HBY. 71
J]OLBEGYW O 1 BGHO®RO RtMdysedyo.

dlstclzClsiztc® d  tsB i .jrogl fiHng fiefl jOta)lsf ylafizPw  tc OB
99 JHJddWw, zdlsj cOlskzticdzsets B L St60O, 1 Cf
tcjLbiztkolsOBMdzcodzr = tjL kzdz IsOIstse d 9" 9 SHE
(134 dhbstsydd$O) d fteddzsy j dzifF fls t¢ @dpofmy G
Mo jtydls 96 wdmMkzditse d 31 IOBddykz (dL
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2 [BLEA]Ils j 6Okt
21 A% Ol COd yqw
A @l Hink @9 dzjsdg Mistelz§ Is Ee@E R BiMgiERIEAsT
[32, OY[8BI3d])sk] tcte d [Eakd Iso 5§ 3B Qfslsts [B,Is o d Is dzts §
38,39/ Hts.

AW OB d sy MistclzC Iskz tc@ 2 dzd Iszts 6 §f Y J tc
BsH W dDOa(fG).d d3j § Is BwpdiMdsdgls j sd ud MS[EE O
41, ¢ ted fyls @&daq LtdzL hdioftay @R3M Rof R3m, Rod hR3, Ro [472],

9 LOsadMmMddsmisd s Isdf O € Olsd =@z jo offdsHic
tsls dzd y O fipeny | dfias Mistc s j dzfdd]. 1 ¢ toff & tsH ) Isfa Otds H dat
Htczg lz¥ BB ymjsle dzsGEMigd ( sdiksh d Bl OO
fsMmtej Hinlse sd3 ¢ Ols d[Bzdzty AtO cijaBlgdfApfiafny d3j 2 f
odlsdzBC Bls zZO s dMHOPEK) (( @MkADO i3 tcd ¢ tsd3dz
Isd &3¢ § 6 Ols Iz tc j B Oizthef @Ry {Zj=121)M Is tc Iz Shjs Afa®R3Mmd

f OcORj stc Odgd  wdgjj BAC-HEROE td dpts B8; . ltod ko j dzo
Isj &3 | oot iz®0 R Bf esdMmMroBHdIs IstcOdzMW tstc dBO Y C
tcjh jB8EHb=bd cZco twjLEd IsOIsj tsBtcOLRE Isf!
Z= 3). 1 0ttOd3jIster { dzj d3j dzlsPte dztzd 3O ls 2 € dz
f OtcORRjasteld; d M ~ 19 . 1 smMesdz Sk dzdL € sls,
9" MsCtslsy A3 J cOls iz tc dzOCx(PBIN d iz € By d MA &y d
sB L dzA LR Iff MB&GIso | Is his ¢ P bip@etx(jvdzlsdZ@ dzts ¢ tc O d3¢
ff tas.tedRoc d R3c, Romd Row o dzwv ¢ Isfyw S sl gl e vd y d Is
i tas. tdiRoc, R3cdRomd3j y HEz [W5SsB 52
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t MEz2AAsC 1 J OCtc ORIIOH CwzHHF @ o MmJj &3j 2 Mlse i o
CaFe(PQ); i-s 1 Ists dL sditstel dzOO d3tis® 56 tedzdf L §OB-8 1S
dzj L sBsteW dzOvY fsHEtkzf f O; dzOf tcOo dgdlded j i

2.2 ¢ Is tc Iz € AsCa(EP Q).

sted Mls Odzdzd y4 M & OW MistcCskEtc® WisMi OO
sfdmr o0 Ismw o tcOLb@e(RQY (2 = W) EOIdYEE-Gedz! Iy d v
B kUsOdzd BZ3OIs+  fwis! tOL dzd ydz = St d, B EBzdsc
df{5, QCugbtMe vt siv { 5 dzdathfislOistd i isigoiyy uspRtpdd
L Ofpjzf dgdzd L4{(8.50 &+05 , chHijlsts 9 OC Odeimd)vl o |
s to iz Clds@rCteyjj difdgiLjdigufvw C slsstcOwW w9 dzv j $5hw @
tdmza@s Eujlssd ¢ tednls @dedsi-imsdsisdd ke t
Wsteditgtz®P j Is B ISOMdzj Otz Hddg tsBtcOL ts5d3

Cas(1)Ca(2)Ca(3)Ca(5)Cas(4)o5(4)(PQy)7 (Z = 6).
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t dmz2adssCtied Mis Odzdzts 6 s OW d afCasP@up [46). 5L d yd d

gstezCliztel s @ d@s Y afBUEPHigdOstcdo Ols:
Csdesdar§ ) §sLdydd fMasjses. t OL dzdyos s H
fejHMsOadvsls dL M B dd WP M40 d5d"
M60.3i é ] d 1MLGs M30si M20gi P2Qi P3Qiié ] , Mistslse j Isfls o
( dMz2ARS eishissdls kstd' St dL  IEipsdplstsgls |
UjtejHks hdomw MBosdsS ¢ d |
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t dmMkzeds@abf tetsj Cydw MmBag.Is(k)terdzs® |, Mmsh
ssdr S5 dL EsRsS 1) ,ftdj HilsOo dzj dzdzr 2 S 1
M4A wodw jlsiw L OdAss? dzOf sdzse d dzlz

I fMlstekf b-BagPQ), dzOf tsdztso o @l SLL@dfdls H O Is
oL sy desmlst Htoj HY SdzOdQlsd dzip daf BT 1§ litiste s
fsLdydwy wodw jlsfmw Bt § sddtsils: s [46).0 dgv
1 d 4 ftcj HiNlsOo dzj dzr teOL dzd ydz J GJjlsj tets
dmfsdz: LEzjd3r J Hdzv LOMJ dzj dzedw dadzd W sted3( t
1.3c&'Y 2R+ [ (R*= ¢ Ols d [RQA6,BHX58], AI3 [56],Cr*[57])  C1)
2.3C&"+0Y R*+3A* (AT Li, Na, K)[58-63 (C2)

3.Ca&*+ 1Y 2A* (Ai Li, Na, K) [64, 65] (C3)
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ltcjHMisOodzjdede" j orhj MRjd dagj Wodwe
hdtes¢ d?2 MydiLsd tzj Balf dar Od3j " j dzd 2 , O 6 OC >
SHdzts 0 to f g jsdigfstsc | Is | to twas0aid; jdils)desd
1. C&*yY M?* (M?* = Mg, Sr[18, 28, 66, 67], PI?* [68] , CcP*, Zr?* [69]) (C4)
2.4C&*Y M? + [ + 2R®** [15, 69-71] (C5)
3. 2C&+ 0 Y M*+2A"[72 73 (C6)
4.5C&*Y MZ*+2A"+ 2R, My s iz jmfip v j B[] j d3 (C7)

v 0O¢, ftod thmkh jMmise dzj dzd g 1iL 603 juM5] dzd 2
fesdmrtsHdls dL d3j dzj dzd § {4 O juddj$dfddss msedtec O t
fsLdydwy dd@Esyjls B IS, ¢ OC { fgmiigids iPISIs@its 2L O
vsO0Cdd3 tsBtOL 503, ftcd tjJOdzdL Oydd I1s0¢da
Mtesjddy, ubts ojH]jkks, sEPwBGEESEEEE] ]
odzdwdzdy dzO OB AdZEHOj B J Mott2MmMlse O, { tsdzt

23 ulstokzClszt® Hot2dyr 7 WMy Ot
231ulstclk CHseztieDdz' & WCadiPO)s s o

] wOpfEBHEKESB s S dn oPF ISP 3aFEE " | dz
CHQT L s N j dzfs y dase s Uslp'ls jO datiasobRCAR0 = LG Ala, K)
CtodMmlsOdkzdzdL ¥ sfyw o IstdctdOd des?2 fyd dzc t
b-Ca(PQy).. | v blsQlzgzekdy Ot ORd ®1MWRBO o
2] &zsyde | RjlOdd o MmlstkSlskte] L Oded BO*
M(4)Ows, b H dzd tz§ alatias &z T d stejls! j ¢ HfldswaydajCda
Cted Mis Odzdzd wd ME 52 fls te iz Quidsiaste r - fsi Sf@A@z)s 1
teOMmh j § dzj dzdzs ¢ odd®@ Ordln)j jdzlsdigi(4.) MW ( d dndz 2 ¢
o MALAOFsdtse N j dzis iy dakO dzikdzels © dedgts § (lzdis). d5 e
4 ko jddyujddjd Isj difgNaGd it dEgEcedspledia’ o dziz Is
fsL du4 df s MOEOMY) o B OIS dzs & . B HE B ok
COHdEn KBsHsdq (5 s @y deis dsdn te O M dC
COddzOid M j dztsyde B B sOdzdzOBd, Ists ff 5+
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t dMzaAs@)MAd Miisdzdt His' o fs6 Lismfudzds ' M4 @ H ts
3cts f tsdp(b)aby @& tsj {6qd W

) OO®j Ister | dzj d5j delsOtedzs?2 wyj26d dzOR
COdddzscts ©OHJEMEG offfjxREsLds ¢ tsls dzd 15 ©dzda®ls
Ldzy di3d dzls Otedeta? d W islg D df@2O U j dzd §  thinCoterCrigg j szt
bdsjdz' h Of Isfw kK otjlst cz@siizjsiy o ' s dziz B 52
[4 oHtlp fpdgHyDOGg fMcOo daftadisw fipdz'sd smw Mmizh j
COldddzs? d3q ¢ ts O dhji2f 4 fote CoOm@ D j dzd U J
f OOl sth @O dd L HOED(dzE Li, Na k)L dd L dzOyj dzd 2 4
L dzj Bj QB desE @y g BsMisd ls oddses ttOH
St Hd ddls! € 5isteH((sADQ IH dENazlzBY] s {sfdndgizs dzO L
f OOk steso | dzj d5j dzls Otedas?2 W yj2Cd §tojHl
Na.
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Livy Nay Nayx Kix
1

10'4%.? 0.9 1.1 1.3 1.5 1.7
r, A15]

V/

t {ME2BSS0s d Md BsMis! § OwO®j stetse 1 dzj dsj dzls ©
eddzsc s ©OHdEMO h j dzts ydats ¢ SCassfPRP tkdz0, o |
Na, K) [64].

232u stz CHselztisddz" 7 W Sy (OB o

| Bitse Odzj dzls dats Jff tois @ g Fifsty el ujddsy § tod dzj Ists
zyOfmise @Y Bdzd v g fiplOE f%3s eesjtc QU s 2 i § is d e
LOMJ dzj dzdB§nis¥ tcfo His@®oa3d Md d3ts M lsizfc g lds CLDIB fias dz
d §jtjotH o SHidSAR “,c. B Rohdj 8 Isfe? Is
Ltej dzdW Holzrn o Odzf thls dz'dzP u§ @ ¢ s de'tisdzdigis dnt Is (§ @
Ca',ditsy dzts tOL Hj dzdls! ree@ah) 9 j Cc Rlisfsster dil 3ts
COlsd 8 Pbd HtEr<r(C®), ¢ ¢ tslststc™MdzCdshdammw Is
[27].

I wOoRgH Hndzj rolgdleigefdgd " $rdap@ te d fls O dzdzd u d

MlstekSbztelz d W OL SISHROYL /S PUAES O xid 012/ 7
MsRteOdéls MsikSlskbttk kdfO o dlRBIEA] 1L 0 ;S

cd 38 ). o Izoj dzdSP BAPxAO BH/ jTic 300 datg ¢ ts |
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SBOL EZj My J dodRomlkidlz C1IedAg QL9 fitg.. |t of
fsL B L OMjdvsls ftseCajdls ds 1SS0 lodagddgy ¢
[5 LOMmjdvjls B&gnsotoldidiclzSIskzicdodL s
L OC dzs YO, Is wis dafpOS ds dzly deldjfy 2 8¢ s t5 dsfig@ o
Mstelz $ Is@agPOy), tsls dzd yOj smw sls -Cas8rs(RO)Y o ¢
sted j dzls Oy d JP1® Isjtc Q1 OHifg @Y dzdzs fiflbd § SL d Yy d 2

emMm O-m G-Mm O-Ms G-Ms

t dmzaesC 1l tetsj Cydw Cted Mis O dzdzp-L&HRA)2 (b)bils tc Iz ¢
CasShgdPOy).9 H B[A21]. 4 dzd Il € sdAg@S § &3 yJj dz@ Mmiste g
Wdceltodzr &3d MC B C OdYE]. Mbtslse jIsMmise j dadats

1 O3 h jdedw dz0 C Olsdtds o3 dBwhtgfedsh) e jdldz
[78]. stedMis Odzazts » d di3d U J MCaBWs(PAs s sdzEzd Jz Is B gz
Bj ssHESR t dlcotgRAziar©:1 0 83d9(37F. 1898 ( 3)
[0 52 i CHCU(PQy); W o dzv jdls fievi Is to'z & isCadPd). d
CasCu(PQ);. 1 tsL d ME W {f ts dzdztshijlsdzjs dz@ Gs 5 MW aiglw S I<OR
Z2Of s dzts dnd) dity dadPBsd A a3 1 sSLMIMBd f tsdzdets fipls @ &
COldtCetudy s OW L O dMmd dzgtsls! . MQEAs[FOB().Is iy w
sdmizstesHdes ] S @B pdzdisL TR & Gz iz 88 S
ftcjHMlsOodzw jIs MsBts?2 8d&kd o jtehddeded S d
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1 OBdz¥ HOj Isfyw Cujdgj " sladffA4 d G lsdzsmdls j dz! dets s
fsevHC O, o Ist CartdgQif)y LdOty SdOystE@sda)fiy of

{ dME2AZSC A 606 B dzisCafflsPRE G %d MdzsttsH datsj  5€
5L diyd 3.

) 6d L OBEE fa@BfPdMg* f tsd Mo sHdls kdj dz " j o
L dzj d3j dels Otedas 2 Wy, 2 SsfO S sdOCH devdzvdzCdgjdad 2 L O
OB dz5 HOj IsMw  dzd dzj 2 dats | bz oRgzilzes ) dzldnag GRIESE O to
B ted ko jCosufin@a®) fmistddsfy HABKL]].
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t d 1 O dMd d3tsmis‘a=bf P & © dgjj l83tg Hals O tc dzts 2
Slsdesmd s §i fiztc ge@MEHHCL " o b-Cas(POr)2 [81].

1 O3y M Cazdig@r®  s5C OL Odats [89).
o d H dzts Yls ts fn
ftocd dzOH dzj ¥ Ols

4

Mlstel € Is z te dzts A3z
6] dzls ¢ j dzts & to O d3FOLE oz’ o'tz cifticfsat @ gl dz' b j dzd v

L dzj ogj dzls Otc s i baig @ S d

6

PO K] dzls ¢ j dat
o j dzd Znf*daf jj 3} Mg O] ol ©Ead
Ishfj o] j o off lsfcRztasg
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t dmMezaABsC { j dals ¢ § datOastB@BO(X + @zB00, 2900, 4100, 7000,

2 theta

9300, 10100@pmin s H | te 2B VEE2.
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] tOB4SI8PRtsHcsB dzts 5§ T o O] Is fip ® Mffylstd s O
L OfMj dzj dzdzts fls o R (B YL@ ls cbts JE afs10%  sls o3l jL O dz
ftod LOBECEH jz@fd s MaPiBIL dyd WmisOdeso dlsmw
9 0C OBt ysts SOCYJ 4§ SHIso [46.ytHIO UsdpOC O
{5COL OB s | HS QS FiE(dets g S OC ftetsyj dzls tsls
t 16 Caln(PQ)7;, B N HE (ipls tefleizge® H Odzdets?2 L C
dzOB dz¥ HOP Y d¥j Yz ©OL d3j tets dis dfds Lol yte(@H d X
L Ofnd dzj dzdzts s £ O f sdz ydayoOodzO twWWHO [ 6 f
tOHdEiggeNt) §s5COL " o OF IsdzOls P tiph grgzupd $ s dy OIS
fsLdygGd, ( scEEd@® U tiH @O Wi§ dz' " d (ku, tc OH
Yb) ftcd HY By ushPdztisoCdss Htod Ui < §5). sfCHds s
fMd ted Hdde" (BWTMO M @ANHely HYdes jtc OF Ry gl J2 o
ftodd3j todets SHJdZOSCsotsdz Mistsisdatsh j ded d, dats i
Lisdes L dyd?2 f tagivesdzd Ins v J Ezdistcts dzO st
. §oudfgd Mmkh jmise j dedets 6 OL dzd yOuddmw ,
L Ofd dgidddf csz 3 HoJ t6OL dzdyds § §YsLdydd o
Lisdnan § QldGsuesiziz’ tels dzd yOjlsw 65 ttOL diBj to
(tcOL ddyoO o dJdtdzdzr » tOHFgEMPa Misfhls Gy Is
ddsj dedzts OS2 Isdf teOMytej Hj dzj dad W .

22



distribution (%) i
110 - —_ M 5
I e 3 /i
80 - _ M5 : i
r | 3+ /i i
\ {iTm ; i :
- {01 E+ Dy% B4 .
Pl T, Hod . Tb i
60 ' \ L H? H . Gdd+ Nd3+ ! !
i . Eu® 3 g i
» | Sm n
40 | i i ‘
r L ¢ 1
20 -_ : i

O [ I SRR | [
1.2 1.25 1.3
rLn® (A), coord. 8

t dMEz2A2B8C { OMf tcj H] dzfrid | C OOtz dzls tsls 51
Ln®* © Caln(PQy);, i HE (ML Yd8 BdM5. wlsOdzH Ot
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o j dzd ydptOg Isy d 3 § dzd d LuffStda de W HzD - tisHsW ISTyW 9
LOoadMmd zffsdafee ®@is MO 9 o s5H (id3fcigsEANCO Is dquEstiz
Slsdzd sdls! , Ukt §td &R @8 g4 off lssagis @'z t
i tes. tdR3c.

3520 [

3510

3500 LL 1 1 I 1
1.10 1.15 1.20 1.25 1.30

L+ (A), coord. 8

fzadtq Os d mdEst fPkEdzy 34 dzly Qg @SEPLN(POy); S IS
dzdzs ¢ 5 LEEG4d & f) O
J
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fistcts i dédzidd§ W s dz0dz' dzr d3d fpeo 52 Mise O3] .

] ©OBEsfdmn o0jlsmw stk SLERP®WASYTHR o 52
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[1i 3. [HMEBOSB&RS bodilkjls o C&'@fsixkf dadzs i ly ds
f1.d4 2.
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i Iz dal8 t j dzls ¢ j dzfs ¢ to OCRRDGO.1506 2 CLPC.0.30Tb3":
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stod MisOdzdzd yj ¢ Ow  fdedetzi§ bs'iz tc @ tc df i) Is 1O Gritizis
L duthd jdg Mimdzi H EEOO de@if 3] toj CaMgRP@)dz) dzdi)
RICOdsdadt 1 QolsstcOBRd tlsdd uOk fiyodsiYlg szd
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fsLdyd 3.5 Olsd tsdaH ol ls Ols d M dsdOut figSi i J dzv & Is
[1 B L dydw &dd, EsLulstsdze & dfl ({ SO S
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S, ifiiEi i ;
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0.97 1.02 1.07 112 1.17

t dimkz@=s { Oy toj H j dzj REJds] %N @&is dfts=igictpy @8 o3
Lo dmd istsfisd tsls MdPn  of todfdzts dsts totel QHIEREY & dzdzts

I ) Gk bMIEU(PO); f tod ¢ jlsj oo Odzj dastdde o5 L
EB" dzs § 5C OL Odgs, ylsts Mddsdsj stedw € foif fiyls ¢
df2 orhj, fts MBOs dajteigdr dedfpy [ &0 Ml W dad
bdsjdz M Of lsfgw Hg, o oo His=lzdd & dsts O RyldDslskzg.p), O
UOCYj, 1kt fsHlo jyHOjlsMw ©wOMUjlssd d
fsddi HicO ( diDYt airdevi deOLide Fe xs,Y :

,O.,Oég @tdds

GHEBS sy Y] dbtchibmse@nMBbs®E],] s yjd
Ol s ®@dai{lst Mtcj Hdzj § tOMMISE Y ded PEtdP gty Idno W
otej B COC HiNd[Rdidd3jtdasg smw dzj L dzOydls
fMtsH | o >ETRI®B d2f1) O
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v OB A2YGQ Y OlssBdz" | tOMMIsswddw o €CtodflsOdz
dms Oy jddv S tststeH d dzCD o tE®ada sMIER(BQH87H o5 o

4 SHtGY ©4d0.12 022 030 053 067 0.72 1.00

X

M1i O 2481 2482 2480 2471 2466 2474 2.464
DI <M1iO> 0.038 0.041 0.040 0.038 0.035 0.039 0.037
M2i O 2469 2461 2456 2455 2455 2458 -
DI<M2iO> 0.038 0.037 0.040 0.038 0.036 0.036

M3i O 2511 2519 2520 2531 2527 2536 2.829
DI<M3iO> 0.024 0.029 0.028 0.027 0.023 0.046 0.052
M4i O 2594 2582 2621 2621 2688 2.743 -

Mgi O 2.083 2.100 2.087 2112 2.114 2.090 2.097
P1I O 1.548 1575 1599 1569 1571 1.585 1.518
P2 O 1.551 1554 1560 1.552 1.553 1541 1.525
P3 O 1.538 1531 1526 1.539 1545 1.538 -

T4 L zdzd B30s T

]l SHIso jey Hjdad j &3 Istsets, yYlsts {CBHZOS Hdstdzen
d sty 7o Odzj dasQids @1 £ O JSIASSH) L fijwigvsj s o,
dsdzdzs Bz tOHdEfME $ OGH & dzdzv ff t5 it tH0R By @ED'B t
fed o tod d3j ) dztEts"/ T 9jCadndg®@ @), ¥ sMW Ols Cted fMyls O dzt
Mtz bzodsdr QS B dEOdE BPE /s PHddzmlse j dac
HdzZw fjB W [ 5L H QGO dgj 63 dzls O to dast? O L 1pj Sl w
fted MmOo dzj dzf-CP. Iy JWBjESEEEsQo dzd o O IsEp* d o dzo
Mg>dzO® CtedfmlsOdzdzd yj MS ks MbtekzSkztekz. ¢olsts
Caro(Mg1 :Zn)CePQy)70.1EW* C tod fls Oczdzd L 2 j Isfyw & Mistekz$
YlstissH Is o j 6y H O] Is s j tfizs dzli dzjfigdafomiaBie O O
5B O ¢ ChisfotstgzCh Is dzts Sta dCirisj Codrdtdss o P& of Y3 HE 24 to d
ZOdzd udd o P4 ®Gigdaptdyls Ols d i) SOy fif€idn J dzv § Is i

shisCoh ddidmMw( I-SA.HQEOd3g Ister + dzj d3j dzls Ote dats 2
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Cay of(Mg1 1Zn)Ce(POy)7:0.1EF d3d dzv ¥ Is W Mdzdzdejj daipts| j dzd § d35
Zn*, Yt eteotstedls 8 fMikh jMlsotseo Odedd dzj ff toj

(a) s (b)
LL AraAm M

R R e f"! S i
AN TR s el "’“’;,-:?;‘
l ' I ‘ l l \-7(1).4 ‘ = “rf# Lt% S = ¢
i T T T T ' ] ("‘: ’ of . '..‘ * e _9® ° :gagei
Pl IIA{AL prntdtgutam i ' o.f\. ..";/o. .‘i :‘ ’k\ﬂ tﬁagiea
— T TSN DN OSSRV W d ..' o/. g * :g

T 1
‘ PDF#46-0409
P T [ P

10 20 30 40 50 60 70 80
20 (deg)

d fnkz dz<l6. ( O) t § dzls €g My GInPOdgES,),:0.1EF" o
CjeesomMSdj PR IRPErgr 46 A9 ; s t(dEn)ls O dzdzd  j
s

o

to Iz COssMitg, ZN)Ce(PQy)7:E* o H ts dz'ad St tc H d dzO0 y d ts dzdzts j
s d €#ES* Mg>*dZnt*e Mls e P1Q|s 2 te j

I wOoOpMBEHmdz) HizjlspZnligB@®)sEPs ¢g delsc j daesc
ftsdzz yj dzdz = { s8E @BOL 9y@®® Is, Yylsts oMy ojhJjMm
MistczClskztcdzs 3 Isq Nz @&Epis.dzts § Pls L Oo d Md s MIis
1 dzj d3j dels Otedz" = W Yy jijos. 6o drEOB® O] Isthw 4 d L dzi
LOCsdzz O]9l OEmo seffglzldsiplso dd dzj f toj tor o dzts
tOMmMlse stetse o dMdzidHMzAEEB sSMsEEOH J fdso j +
LOoadMmMddiismisd § OtcOd3j Istcts azO B dzff a3 gizks ) dzts[ 2
CapZnlaoo(PQy)7:0.1Te* [29]. t Ol&g]], jH &zZ"Ca.,MgR(PQ); B " dzts
tsls 3 Ud dats n= Iplisthy zfstiyds o 2 j Is M d ¢ dzGips HYj)teph © dad W
0, GHJ MdedzOdz | 17110.9 fi) s f 2@ a dz¥< jo 1O tc | Jodzfs G 1S
LOo dMd iigsMisd tsls ¢ @ lishitsdp@dis] tstSHo oCHEEd 1 dzd fuEz" -
Motsj dilplstcts j dAf® L : dzj yj dzls to ts fr) diajdgj ASde d o dats 2
Y J dzls tets fy o dsasifs Rof Y det 2 M@sH j MorOlded v D - 1.0,
Mtsslse j Isdnlsfgd fddzifd Ols s o .

t
I
m
¢
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20, degree

Mz aass (O) AtcOcKj dbs toj dilscj descteOBBE o
dzj 3§ dzls O tc datsl2v o, ZDnaR(RCE)EF* [42)].

{ftinjdjdadj dmdmlsj i VMOl Mt
wodw jlsfw  dzj bktedeo d Odz dzS Zus@®r@RY jj .M v @Y
Ca15MgEW(PQO)7a= 0. 75 d3j stsH sy | &ftisbgiR3da{ \pffBCc. © H
I )] (O0LOd)Ilster Eklstsydz dzdv Wwodzws lsfgw  H-
blstsydsj ded By dzts fMH j dzOls[, Clasdsds o0 t§  tods GtdzQsfr
d dzv d € OGtsicts ik k& bzt iy MGlzd W sMC sd € k- e ® ) bzt
MshlsOo dzv 5! ~1 .v50 8. z8)@Ste do dorrdeSs te(j] H Wiy b
fttcRoc cOMMmistsw dgdw MmEh jMmlse j dedets 3d dg' h § ,
dimdzj Hizj BsG tod B P dGatizd SARIS. MY o § t6.

[
1
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v OB dz3JO stcdMlsOdzdzs e e OW d M SOd j7 5H Qfdmdd j Iz IsH
BsH j B3 FRocd MY sdz! L 2#C dejtedz! jCas(MA¥M4  f sL dydd
Mg#*(M5 ¢ sLdydw) .

l esMmistc OdzMmis o j dzdi R3c R c
RJRy (%) Hd&¥ 113.36/3.24 5.03/4. 87
e W dzd RiRmd (

Re, Rup; Rexp (%0) 2.19,2.87,1.70 3.09, 4.07,1.70
Goodness of fit (ChiQ) 1.69 2.40
Max. / mi n. 0.55£0.57 1.10£1.05

{ dzts Is dzts f Is
[ Odzdz S s s Ocdzdzed U MS 52 MskS kG

Nr.caM1 1.215(9) 1.231(8)
nf-CaMZ 1160(9)

Nr.caM3 1.149(9) 0.544(5)
Nt-.caM4/Uiso 0.1494/0.08(3)

Nt.caMb5 ~1 ~1
Uiso(P1) 0.018(3) 0.10(1)
P1-01 1.55(2) 1.42(2)

vOCdd3 SHEEL sy deso toj d3j dadetsdz L Od3j M j dad d
okToOdj delsdz 2 € Olsd s, Mg2tien & drgtstalOn sy
ts to 3q te supOteizdioC.

25 udddsjL WesmMY Osse Mt MsekSkkts

I

==

251uv9 JtcHtSW OL dz" 2 Mmddzlsj L .

1 OdBtsdzj § f thytff bsdg'iste ds'd3ls W tisdp\Qjlsdsch” s Ml
qlsdzsC dls©O W o dzv j lsdfpvis sla o jfridfHadEfjc LBz R dzkz y O
Odzz ydjoer j, IsOKsfgW Gdstesdzydj or j

bolsstdBdsdf dm" o OJ Ismw Ciyeh.als(BQ); g Oelf6q1/3,
1/2, 2/3, 5/6, 1, 7/6, 43 15 | SCOyjMmlsej dMosHd o o
CaP,0;, CaCQd CuO. wlsj o dtsdjug sy, sh dag jO ¢S iz
9 OcOktsots?2 MiskfSj, L Olsj dKof ssijoy jeddofizd9
) ey EssydzOY ey ted d @QLGY yjejL €O
C SOl dzs? Isj & j eOkts] .

N o
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sOC Y J s JtcHBEWOL M i3 B IssHsd3 BSGlzls
Wi Ol . [9lp®E dfip" o O] Is iy to HrifelftO,).1 SrFe(PQ).,
SFes(PQy); d SksFe(PQ)y B™ dzd Mddzlsj L dtetse Odzr dL
¢ s dzd ygrRBR), FePQ d Fe (99.999%)f tc ff1707 1190K o Is j yd dzd J
Yyofmtse M GHdddR sk ykzlssydy &3 § jtojlsdtcC
dddzlsjL fHftosotsHddzd o Odz 3ddedjor - Isdc dzv -
fsdzz yddzd  stetshts¢ Bj dzsgts Yo jlsO.

1 tcOg3d 4 js dzz Yy O dzd-L. Gydigis™ palzdzr | W sMW Olsr
odldzsS dlsO f CadslhtPdOtEd =tay Nd, Smi Lu). o j tod®
f sdzz yadzd ils j m dscd3d sted ud MS g6 (99.824), yJads o
(99.9%), Zn QO;(L6*9=La1Nd, Sthi LunCeQ, POy, ThiO7)
(99.9%) Ctslsster | B dzd cedii3sej dzdL dqtetseo Odz” o
Mskzf j dzyOlssislz dzOc tcj o OKizd & Is ) U g RD) s o1
or Hjteydo OdzdmK o fisgdyjldedri3 10 yoOmtse. [ B to
Cdi3dzOIls dgs?2 Isj 3 j e Olskzter .

252 ) JHBIsj tcd3Odz! dz 2 d3j IstsH .

J OB K] tfdhr o0jlsihw f 5dzlz yj dzd §
Ca(FesMgos)HosAPQ); G dHEels j edBOdz! dof &8 3j SBH kR
dmMf sdz L soe Odzd MlsOdz' dzr | OolstsC dzOoar B J
1 Of sdzdzj dedj] OolstsC dzOo © f sH B d tc O dzts fiy! IsO¢
BN dzts  sfylstsw dzdz" df3. g ddzlsjL f 8 s80s H iz d3.1f
s j B j tc OdsdglémdptOdtij553K4 3 3 dz2v v s j B j e Ols &z te dzO W
] SddzjsdSts?2 SdiRduimMSts?2 tjosydd, o Is
CteOdzdy® BBl Whdw jlsiqw ftedettedy &3 = Ots
s fls ©OoQf dztst dzj2?2 , Ylsts Bl widgw jIsfqw  f t5dzdz
RMAEZ i3 6 Oc j dzls OaB@, NifiP S, ekl 18,0, MgCOs,

HsPO, d b-TCP, Odz0dzdlsd uj M 2 H-AORsE sz . srfzAYS
Misd ndtsd3d sted Ui MCaCRy d NELEPQ jffipldse] d3 Iso j toH t5

Mddelsd OTBKY 6 J ) wWRMS o
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v dZlsf csasHddz © B d&ZOMIsd MmMEkh j Mise so Odz
Mt ls dzts CoRPsAL: (223 ) d Bsdzv todetsdz M s sUalkaNg] dzd
=91 LpH=8.J ndzO)Hjded ] §tsMmMdzj Mddzalsj L O HB €K
24 yOMmoO. Bt fzy doffr dHisjGilisj dz W d dz! Istictts®@ O dzd jf dg s
dzj MSECsdz? Cts5 tOL GEBtewW yj?2 HJMIsddzdzd tetso O dzdz
sj &3 jtcOlskztej. 10 o' AatsH] §tsdzzyOdd mazj fi:
B jtuidf stetg.h Cstcd MisOdzdzr B'" dzd wSlssBteOdz” H dzW

2531 sdt'j &z B IstsH.

Il tOgMIlsif dmMr 9o OjIsmMw MddelsjL WMWY Olstse
COlsd sdzts i-q Fdz2 L tsd Is om tS#zd tcts otOWzdzl § Ols T
b-Ca(PQy)Ce' G M dals j L Jtclzs sy sfdfds M s
Slsy d cips Bd MY 5 dzd3L.CONIDEz]l] ¢ OuJ ffldprish d2' = 6] C
d MY sdz' L @ENB3,W (NH)HPO:, Gd(NO3)sBHO  CeNOs)sBH:0
QdzOdzd Isd yd M& 52 udmissish . L GHB]disdaaf § o3 el O
¢ s dzd s jdGENO:)BH.O (0.5, 10, 30 dO0 5S5ditsdz’ %)  dfts dt ¥
Ce(NO3);BH,0 tc Ofisdedsote W H d fyls d dzdzd te ts © O dzdzts 2 9 tSH
fsdgjd o Odzd H S SBtOL 59 Odzd W kM ts
v st Isdud MEsj ktcOo difleadlg ¢ IsalO)slp dejOn st hOjd;
3CaNOs), + 2(NHa),HPO, + 6CO(NH.), Y Cas(PQy), + 6CO, + 60, + 22NH;

] sz y j d2dglsd st o dzdf joif 35 ()i @ visdpdiy 2 te O I8z to j
ltod  OBdgo sl dEjL lesls Of#pe OB jL Oty do
tc OL dzts )l WA dzw & Is fqw  Is OGO NH; fH sk 3 8RO is ts
CRAOIsdzts? s B j O kzter ¥ Iy fisdstdts ysdztsf jdf
fiskzy ¢ d, 9 ted L zdz! Jskpis | dspudpdy s totff)tsauaR Y©C
g d dzls j L d totsee jOhdgdh s PH MHsIOfn 2w =2 dz' Pstesh ¢
stz ¢ B-EagR), o § ttisdeue) RGO 5 ol §f K5 0 H s
50 dgtsdzt %, O WC& z15 ) tzhs # Qzte@0 d a3t @15 Yd dzdzd Is j d
o i st tsHd d dz@z0 ts L HilzSldjj A3t j telOL.tc j
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26 sos2Mlsa O MsjHddzi dzd?2 o MskzCIskzte
2611 di dzj Slstedud MSdy Meats2Mmlse O.

] twwWHj tcOBgjdzdg", A st iPdsOds 1§ to d OB KA Iy IO® df
sdfz odlsdstdls dMmimdy HEzE IsMY o is & w82 "Isded] y
ftotso jwfjdgjte dzd™ H gy sl MY J ClstesMC sy dc
CaRPO), R = SCObdtdzf g t Mz@RELfsCOLT 80
ROtOCIsjteds j Ia jOdgtdjfel@bidsiAntdsdr ju ¢ dzj € Is te d)u g fn
d bOdedd@Odzi CIsted ud Mad H &EAY s dzv o fn
GWHO HoB2dF 7 VMW Odstisds0 daip® B dalz® j Is 9w d g
LOodMmMditsMis: sy jls ctottedls!t tad dedrdgmipdod®
Isj B j c@BEZEsSRMsf cso sy HO sw L diPad¥) dzd j
Roc [93]. ¢ dzs BO dzckme dez®2 H 1 dzj Sisted uj YIER ¢ § @
Eh dtew jlsfgw o L Ooadmdditsmisd tsls fted dztsy j dz
o' MO § JC©®, § tsezEaPE dzd j csfis Of Is B)dzO dzy §f dzdsg
dZOGted o Oded d § tsdztsy § dedf g34 dpf £ 1O Wis O (58] alslses texBe g
5j B jtcOEte® B' dZO  tod dzv Iy Ols | BY jstg @Y i @ Isk
fjJtd ~BHO.

. (a) e (6)

40 r 10k
35 10 kHz

30 100 kHz

3
T |

4

2

100 Hz

251 0.5 MHz

500 Hz
20+
15

A/m'
10 0

1 i 1 A ’
400 600 300 1000 'K 400 600 300 1000

—

t Mz dBL7.  (a) v j i3 j 6 OlskztcdzOW L Os9
f to ts dgdcgim(s d ) ( B) d IsOdec j delm© H 1 dzj
CaPr(PQy); [93].

1 O dMd ggslinIsQ@ Olsd sdzO 1 ¢ B " dz@52d frfnfigiiz) datdsG:
218). 1 OB s HOjIsMw bdjdy " jdedj Isj &3 jteOlskzt
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Csdzyl t"wICORPOY.S 1 Mw Mmjtedy YsmyOkss ot
St OH T . IS SCHE deySIRsH jls L O o wfsfipd dstOm e[z i® € O
weodzw j kv dzd dzj 2 des 2 . My @ElEtG O He Ofy w jj reiaf diggf dzd
LOodMmddismisd ks da WL dudMédr d [BAdR] Y.
sy s BriIs! B Widzj dzs tsBOL 89 Oded § d3 teW

T.K
890 -
880
870 -
860 -
850 -
840

830

820 L I L 1 1 L 1
085 090 095 .00 105 1L.10 115
R, A

P&t 1 0odmdaissmls: IsjdifjwObkzer WOL
d sdz0 {1 CaRP@Y 53 tod d

l dnts e d3d Mmis-dzts 3 tdifdse O dzd d w5 dsOIs ;ndst M Ols Iz te
L Oo d d Bstfsdz@s iz H O Is v, il =R ijtd @addej dzd ¥
s MmelBhdmnlsj HEU(RD, dz@ni(T) dzj dzOB dz¥ HOJ IsMmW
tdmzaa9s o slsdfiudd figls L Os dmddshisddfjc
BOSMddBzdz o Isj BY j tcOlskztcdztsds . d dasQ SteDVO dzj O ot
Catstedls s Mistelz € Is Iz tc dztsdizn fif dz JOH s jo dstsizles rjdf tgodsj
[31. ([ IsizlsMmise d jtani® dastslpOsimw(dls dO Isdf j 4t n
fdzy Hize " dds oL dgjteBardzfRgnds Y BHSB A § L OodMmd
B' dzd L Otej ¢ d Mis @rROM 98 dz' oowMEPOF (x=1, 1.5M =
Mg, Zn, Cd;R=1Ln, Y) [69].
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Temperature, K

t d iz dz®.19. (a)

f to ts dagddg(s gy ( &)

CaZnEWPO,), [31].

1 O
Ca515MIEU(PQ)7,
Yls s maldipp dz" §

i tes. tdR3c. o

~= 0. 72
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10 kHz

50 kHz

100 kHz

[ ! I 24 & _J ' AL

800
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vj B jcOlsktdOw

L Oo d dssm 4 @) & 22se)

mdtedd.

20

1 Odzd udJ

1(a)
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1050

Temneparypa, K

G4 dzlm O

L O ( ezt @) i ) 2 3&200)
¢ Esd],

H dzw

oMmd nm

L Oo d (g

Hdt dzf Clsted yd M

SB tcOI

dzOB dz¥ H O § st v Iz @S dzEO0z] |

T a5 MaMEHSL(PQy); 0 OR < 1
99 jBEU def j dglzOB dzt HOj Isyw
Ctod fMls Odzdzd yj ME 52
fSHIso Jte HOJ Ismw

dzO0OB dz¥ H O] Isfyw
B' dz

Ctod fls O dzdzyf iy Iz

dL &3 dzaj

t©j P=j KIS izO By dgaHORISEY L ysAs
f sdzde" &3 tsladnl s Isp dfy d3 i s

420 D@L Js | wddn i3 | d3adk

LOtej edMmMistcdtetso Odz

3 QIECM qizEglnzgd QY dizi ¢ GVLO L ot jHT s
©)

750 kHz

750 900 1050
Temneparypa, K

600

tdmz2azes ( 0) UJ%@@@Qﬁ%B@@WGWm@@w@@@dHJ
f sls LalsMgEu(POQ);x= 0.22 (1), 0.30 (2), O.
750¢C 1 y; oMisOa & O UBQ@MESOJBZHJI$®CIZJ qztg !
ftosdzd yoj dzs ! H dzw
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I 7 o) &3 j tc Ols@dcdidn g dis(ip)dzy o fMjn WishW Olsts
o d s dzt8 © iy 'slsi ffvizOkds od H | i3 a6 d B E B d Bz d3,
ECOL" o Onlkh jdk  ieOCQdsh tSG s fjtejntsHO, fn t
dL 3 dzgj dechjtedy fOdzdudy ddzd sls mta(frudaidigd IsC
ddeW stedz®@ydstd §f | W IOO SStefdgtetey risLed oz v iy dz0 1
By dets s tcjadtg.dzdls: f tc.
2621 J dzd dzsI g yd MSdd Mos2Mise O
t OBtsls’ , ¢ o wh jsifdis djy jdbySdrdogz]iPedss? s o O
MistczClskztes?2 Isa § ©M detlfds dizs @ldeldz Yjdflad smistcz € Is kz
9 OdzOH Olsts 9, ) odHEZz Itcts, Yylsts mMdc dzOdz
Hy i3sdzMistedtelzj Is Mtc Oo dzd Is Jf Az dizEzisBORIREdLBM 11O
Md v dd@ddzd ) 2Oy ded ¥ H g dz@ds@3dzP b qizts 2 H dsvj 3
M3 " OdedzyY VB P@)x Jted o j HJ dzr g OB ELdql6l.j
[ BT ydets MdedzOdz | 1| dLdBBjtewesls tslsdesmdlsj dz
Slsdatsfd s dz' dalz® e dsBuedDHBIC)) J |Is(HgB te QU Jsip)
Mdcec dzOdz tslixSioEiGa QYOO fteddwilsr 2 L O jHJ

v OB &ZQY O | dzOyJ ded v M d ¢ dAQMG)7 (PO« 1Y te H dzte O C de
tcOL d3j e ©A46]. yoOMmisdy

n MtsH j to FADzdoj 111 Mdedzog
CaY(VO4)7.(POy)yx 3-50m 40-60 O

0 6 30

1 5 8

3 0.5 15

4 0.02 0.02

7 0.3 1.6

s 0O¢ o dHHddRyY VW(sHE EH{DOtOCIsjtcj dz dzj Bz
111 fstcwWHCO d MECdz €58 jJHJdzd Y, 5 Is dzts fy
o9jHjddd o MlstckzC sktclz Za/lMdAfooQiglifiisldes = CCC
t1¢ ftesdmn sHd(jls firds D dxQ.,dz o f dzf69. HIB OF &
ftsojH]dd] Mo wL Oadeshistcaztt @fiAtdcRamizda] d3fn dzlz y O J

L Od3d M jCdEtidgaiy* d dAdg®, 5 fteOo dzj fEade tudis daQfdy s |
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slso j YO h dITb*S Ol Edeplstcd ok sfqw § F&'j f &y
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Bdy dzff L d3j tod oA B dz' of 566 @ dzdf fodsdztsipsmy j.dzing ® o L d3j 6]
ftesotsHddzd fts h jMmls: tcOL .

3.2 Ats W GBMSMEu(PQy)7 (M = Mg?*, Zn?).
3.2.1 4 d dzlSEMSMy; Eu(PQOy)7 (M = Mg?*, Zn?).

d j to BHMgSMy(PO)7XEWE (SMSMixEW) d SZnSmix(POy)7:XEUY
(SZSmiEuw) 0 xO0 1 B' &zZO f(todzzyj dz0 Istej dgw
GdHtotsls j oy dz'L-dgljdfze)d Iso j toH Y. OLRAB)RSH dz2" | o
(NHsH.PQu (99.9%), SICQ; (99.9%), MgO (99.99%), ZnO (99.99%), SmOs
(99. 9FH): 99Y9%)B " dzd fHtetso jtoj da@ Bj IsSSHESA
ftedd3sd Mdzr = W OL .

rdzv Iseo jtcHsW OL dzese s Bj ssHO ofMmj dMmatsH
Csdzdui kg sdted@dedzy $J M HBBOodzj dadf §J 3 dzaj T
1 IsOdets dzO f s B3l Wz stczdzH s ™ 2 Isde j dz . { Is>
otsLHEZR] fMmtcjHMmisotsd MisHi3KdOlstg doty d 620 dz
fted HOdzdzs?2 Isj d3f jteOlskztecj 50 y. 1dx4 o]
MemMlsOo tso :
16SrCQ + 14NHH,PO, + 2MgO + EuO; Y  2g8BIgEu(PQ); + 16COYy  +
14NHy§y + @91 H
16SrCQ + 14NHH.PO, + 2ZnO + EWOs Y 2gBnEu(PQ),+16CQYy + 4 NH
+ 2110V

rdazis s 4§ d tets offfidaps j~d3

16SrCQ + 14ANHHPO, + 2MgO + (EX)SmO; + XEwOs; Y
2SEMgSMy«(PQy)7:xEWR®* + 16CQY  + 4 NH,Q 1 H

16SrCQ + 14NHH.PO, + 2ZnO + (2X)SmOs; + XxEwOs Y
2SEZNSMi (PO XEWR* + 16CQY  + X4 NHQ 1 H

1 tod Mddzsd iy LdsiStSHESd ofj dMotHAG j

o) Cteft v dzdpOMNDe (& o, 2 W Stodsd o5 o Odzd v

SNGO3)2 yH2O, Mg(NOs)2, Zn(NOs);, SMINOs3)3, EU(NO3)s. S tcOMmls o
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Is§ B3 j Ol Ktwj IS3j58) dedd 24 U sty " o s@yitaes o
sBd MY J U dzdfi"s telifyfdetiseo Rz v ¢ § dzva ' fi) shdzifougdofidzfiz
573Ke Isjujdedj 12 y. 1d3J ftjHnmlsOs dzj dg

8Sr(NQ),; yH,O + Mg(NGs), + (I-X)Eu(NGs)s + XSmM(NOs)s + 7NHH.PO, +
14NHsoqY  SMQEULSM(PQy)7 + 2INHNO; + 8yH,0

8SI(NQ), yH.0 + Zn(NQ); + (1-XEU(NOs)s + XSm(NOs)s + 7NHH.PQ, +
14NHsagY  SZNEw,SM(PO); + 21NHNO; + 8yH;0

) totsH 26 jsOC ad o Jto 08z 4173 Ko Is j y j 8lagdz® 5L HHz &Y
ZHOEZNHGYG, 5 ©] O¢ydd dadxd

2NH4NO3 Y 2+ O, +4H,0

) sfidzi Glsy d 6O O8EEL §BEdOsds? Isj i j tols
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nOwLOCIsjtedy j o ddf ldtgdicyjndEsite s o € P lsd@diEs® dz’
Ld&zOyj dzdj BN j2 ddzsjcteOdz dets?2 ddzlsj dzfpd
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Mmddzlspg dz®j dzd o dzetsmy Is ! W ts Is Riokey i3 dfiag thoyQ dizig'd ]
o hj ¢t ntec\ysidsjHdpdey GOl QdsdsH Mmddzlsj L O
odzdW jIs dzO ddelsj dzind o ditgflg s dz'Od3dsdejddPw Odz s
CteOMmdets?2 dzt digd dzj Myd deyd d 2, ftcd otSLBEYHYJ
fjthy jSisdody dsd duvdzve deiyusdij lsotgjo Gdis O iy dz o

3.3 Afts Y CaMSmyEW(PQs); (M = Mg?*, Ca).
3.3.1 & d dzlCEMSMEu(PQy)7 (M = Mg?*, Ca™).

A 5 f) W @aMSmy,Eu(PQy)7 (M = Mg?*, Ca*) (00x01 ) { tsdzlz y O dzd
fstetsh Cts9 Iso j toH 5 CaHRAERO (BI.95%) ,CHCE (99.99%),
MgO (99.99%), R:0s (R = EW**, Sni*; 99. 99 %) . Higjse gath O
By ssHtsd (AP ted dzlsc j digc toi@uzEz) o Odzd § tod d
glsjrndtdi stedud MSdy SCosdzduifmMbeaO (jitjlsdts
ftesdL otHddnNY o ¢ isiclzdgHHsdj @dstdssdss dRREG adfj ols
sd ud dzdd 15 yOmse M Yotsfisdri(imB{hyls ddsjoH daji de
SRd&ZOYHjddj B3 HES Ctsd3dzOldes? Isj o3 j cOlskzter .

332( jdzascj desctwOW duiMSdj H Odade

t J dals ¢ j dztsHede@aeMgsm (PO XER f 5C OL OdzO® d3A2 tocd |
I dHdets, WdOCoypfjsdadd” § ¢ dOHg® sisp kbiz@ digsic
st d fl O dideshigiitz0dMgSm(PQ); (PDF2 card no. 46399),2 ¢ OQrlso  dzO
SHdsW OL datsfyls ! fsdzzyj dedz" = WsMWOlstse d
sdf iz o dis@s§tdisw !  dz@ L td3)j tclg dizd B3Ol A  d3tsy dz
Ylsasi j W sGgMEBBy (PO XEE* S to d M ls O dzdzd o kas. iRATYy dev
ofd 2 Mmi ted dCamMgSM RGBS 6 ¢ d Mis te thtq i fzls fipvdad L
fd ¢ az® dz{l. {Si0) <0.05¢ OB dBPBYIPsY sMisOo &' 2 ) kis
sty otd &3V Mgzt dHmEROY.MERI 6| cifditslz s sw
111 ~ 1CopPoddeg ptsg s YlsldsO dzts dd@d tntec. @3 v @O0 d o3
sBteOL ®8d3,j " judzed | BO G dzd W &z ¢ 0Odz yq2 fi) ts
Md B3d3J Is oz © o MBWODHRPIMARY ¢ OL Odz -3 U),dzj ¢
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Clstster 2 Md&3j M O smw e difstet] ©s3gzlf § G deSdz -
(rv||| = 1. 08 i ) 3mlll = G:“SC[GS?C]Z |E)U

MHTEHCMBHOCTb, OTH. ea.

i .Ll.|||| I s ||I|.||L N
T T + T T

T

40 50 60

t d ik dasle A o OCG 34 telglsdzls ¢ | dOsMASOAERD) XEW" i)
Itejetsoms ddid toj WsMgSHMO)REPDFH 45899):G a9 filsjOo ¢
f s OQsdzy " j ded § ®@RB)Azj CMO (

s OB dZB3yYl0j dzd QRO dz@s oyjltgH ' & CAONSD,EIPDY,
(M = Ca*, Mg?).

. I {12 {SIO,)

" | CaMgSm Eu(PQs)7 | CaSm Eu(PQy);
0 0.01N0.01 1.02N0.1
0.25 0.02N0.01 1.05N0.1
05 0.02N0.01 1.01N0.1
0.75 0.03N0.01 1.02N0.1
1.0 0.01N0.01 1.04N0.1

VOB EZBYPsCOL" 90l dzOMEBsdz €8 Mistslis dats
(CaMg:Sm:E) Hdzw fd dzls jCalMyBrs o FRDdzokRE fists o f OH O
LOdztsy j dedets? Msjrdtdjlstedj 2. 1 dHdets, ylbst
LdzOyjdzdw BdZdLSCd] € LOSCSdEZOHTM 90 d&3s?2 Mlsj -
ftseted N detsfyls . gy dd LOSCBdsd] tedesMmisd d
so jtoH" n 6 Ofiplsfadtstgtgeatzd j ~ 1) .
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U OB dzi3Y.0 u stsis dzt€a: MdzdBn: Eu @ CaMgSnmyix(POy)7: XEU,
f sz yj dzdz’ o5 lso j toH &WIAZ0.85, G5.05j ISSH S H dzv

X Misj - dtsd3 4 s tsls dets 'Cg: Mgf: Sm : Eu _
0.5 MmMddalsd L dte 8. 04NOD. DENO . DANO0 . DHN
LOdztsy 4 d . 8:1:0.75:0.25 .
075|mMddzls j L d g 8. 0O5NO0. 12 023NX0.. 0BN@M3 0 8
L Odztsy 4 d 8:1:0.25:0.75
333ABlstsdzs B3 dzy My dzlsdz” § Mo 82 Misce
uf | CIster otsLBEYH] ddW d dL dzlz yJ dzd

CaMgSm~(PQ)7XEL" f sC OL Oded Midz@S ) 8 JBIstc o fsSL E
(&= 611 dzdzgMgSePQ,):C2BEGE" MtsH | to(l d Iz &k30:)
hdetsG zy o sigasiiz? ddalsg dzmd o desmisd o ddzlsy
Meslse § kiglss BOdslfts fle "i-@©%g ELOLOS s j wdz j
362, 378, 394 d 417, YdaBy, Foff SGls HoVishdsfo Iz
FoV *Dsf jtoj DtsH O3 3C Olg dstyf dp@zdAefus j dz' dzts dzO 3 6 E
dzOB dz8 H OB Isyw { j BEfhctizHe'ts PREPAE D06, “Gor, °Ps/2,
Meslse jIsflse j dedzs. 1 Mj dzddedd wo dzwes lsiw
L dzj G jlsduimMSdr ksodz?2 Hokn COldsdise
¢ Ols d s dz0O a3, fted Hddedoglgite J et diadzagodzd v °Y 6§ -
ModHjlsjd Miselzjls 5 dOdzd yd Gmadpfute j lzB6M @Y § |
Wislstsdz® B3d dad Myd deydd thicd 8 &5 H sz jdXiEERd)
ftod mMizls Al ¥ F¥(l= O, 1, 2, 3% MOPL ts jj dotda
Hd8m*dzj L OtejedMmistcdtetso Oder o9 dHEZz dr d3Odzt
EX". [ BNh OW ddzlsj ¢ tcOdz' dz@Wd3dcfizldniydeigz)jcddfsiigle O j |
Zo j dzd W dzd § o3C Ots e FsiAP @ dgdz BABC o ) lsHO® CHPY fikls O o
= 0.75.1tcdH Odz! dgj 2 h j di3 Mpts ) gzefwEpPdad i mdsdRls | ¢ to O dz!
d dzls § dzfnd o detsis dajls tfdzd f ez 3Bl v O,dets ) L 0
Cdeyd dzlstc Oy d sdzdzts 6 s IStz h j dadf dzls j dziy) @ Sstipiiirds #f
L Otej ¢ dMisted tistwg Qedzats ~d tEBINs.EUFROZ0
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s Sm*  Eu®*
(@) — (6)
q- R INR :[L?'
q e ‘n:
I -
= £
5 2 T8 8
o ® ¥ = 'a )
2 . S & 7 b
[+0] QR @ VS (o] o
s e, / 8. l I 1)
Q < 5 0 ' [+]
I 2 o ' / a" g ‘ =T
s N LV 23
I \l j ~:" \ lq_)
= v \ e
T T T T T T T T T S —
240 270 300 330 360 390 420 450 480 575 600 625 650 675 700 725

[ONVHa BONHbI, HWM [ONnHa BONHbI, HM

i dMz@A8S (O) wf jClkitc oL BLYH,aEY 6WHls i
(8B) My JdSu iy § Yo 18 ts dz¥ 3 dzd Magd dey d d3 9 5( dz
CaMgSm+«(PQy)7: XEU,

{ MZABESS OL * 9 Oj Bo Y Hote jBaMgSmuq(POy)7XEW,
N d&z3OC Mdsdigf dgch 79 , dedislststsfH M o B j HzigTO Iz MGER o
CEiRf SdzFEAS SRS OL T 9 O s dzO  ffkzté dfj fijds® deo ki Q) W
fsLdydf > Eus Olsdtsdeg” {101 O@dzdidsQrdlsyd d, o
¢ Odz ydrd @lzdz" J fscdydd d az3d & Is ety dd
nOwLOCIsj e g &S dkicOdAs j M gl j o jjt®y ¥ Fo,
LOjcdMmistcfctho edzsds wWOEC B § gzt tcOMY toj H J
CtedMisOdzdzscte OF Jud MEddsd s dydw azd gf Mmis

f . tdRoc. u OC d d3 B rOM Fdlg3j] S ted f)ls O dzdhflsyg HfCdeg2tc
gL dgj dzv jIsfpfvy ots oeMmjd3 lso jtcHBBAdZ tcOMlso BStc] .

MHTEHCUBHOCTb, OTH.e4.

575 576 577 578 579 580 581 582
ONVHA BONHbI, HM
t dMEzB S 1 j B0 ¥ BFgH d@aMgSmo(PQy)7:XEU.
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1 0 tod BESHCSS Of Otdg Dist "Fo H dz@aSmu(POy)7xEW,
Clststwrodd j sy c¢hbkdjtef sL,dydkPTdd dodes &
COMf s ®§dr J BEDHK PRt ntsH s§dMmr o 0j s
C i3y sdzaj dzls O R3dzd of fsefrfhdsidg! I 2dzj Md c3d3d Is e d Y dzts §
LSOLT 90jls dz®@ Mkh jfMlse so Odzd j2 Slsdsi gtz « ¢
MistezC s REJER L Odzed A fs2 3 § sL d 1BF.d o ol s
COoOdz ydd &3, bOECB] fjtdtomyteH] didd' Cds:
dy fif tes 6R3c. u OC d 3 BB e OL s 6 te dyif lsERgzdzd: o ¥ 1 S 45 2
so jtH' 0 CRBis4POEEER dzj L d3j dzv j Isddzls jdet® O
Ml OptusdaktEy jls B' Is! SRELJHJ dzj 2O § OC

HHTechBHGCTB, OTH.€J

575 576 577 578 579 580 581
JInMHA BOJHBI, HM

Nk &EEL 1 | ©P§ B HFo H &2CaSma(PQ);XER, O Is0O¢
MftcjJHjdzjdzad] COIdtsdzse 5 ftsLdydw dzd.

33448 jChkeOdbidsd yjiMSdj L Oodiddsf
{ Mk dzs%16 &S OLT 90O Is Cddzj sq¢ L |
CaMgSm~«PQO)xEl*f ted otsLBEZYHjdadd dzO 39 4dzdgeds
CUWiClkdodetsj otej kW Mmoff ) Heste sE@iMydlsr o C
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0 Q0

Hit) tIsts ddalsj demdo detsfls it ¢ f s fRsER Tas? o deg
ftosddals j ctod totso @B (g, ¢ §ldzlsy BELDP iz Msslse j Is Ml
WistedBz dzts?2 o' hj twOMMyudlsOdadz j W% j S RDJo dzr
Piotso dzv  Eud&ChREgEdL{(PO)XEP ( 0. 26 D) Ml 0o dwv
1.404, 1.541 d 1. 643 rdipddsj Deksihy lse@j Js dgof
ftod ko Jj dzdudadEdf,'mEists By jls Brils! MowL Od
dB3d N HE dz¢ 3] dzj My dABRA108d 18 G1Pdgldss (] dzcky ¢
LOER Oded ™ W tsls tsteds dyd Wiy thisydzjdziag( {0 dz' dZs D.25L O o
1075 OL " 9 O Is  dzO jfy Afh tg tftfulsjebigpdisdgd dgnied d d
Eu.

1.643

1.541

vvvvvvvvvvvvvvvvvvvvvvvvv

s 25\%%“ X, conepmaﬂne Eu?t

x=0.5

HopMupoBaEHasi HHTEeHCHBHOCTD,
log(oTH.ex.)

x=0.75 a-
Weid o o
x=1.0 q-“ff
1E'3 T T = .l
0 5 10 15
BpeMs#, MC

{ dMEMBS sddzj SdCO LOETOddY W lstsdt B3d daj
Y dL dedts oB Iz 3 Hinjdfpsesly d2esMgSmydd®Oy)-: xEu3+( 0. 26 D).

335fp jlstsa’ j ¢ OWOXle Oeksisod d o S sH
rdzv  fMmddalsj L ¢ st @dsMAISELHER(PO,):0.25E0" Yo j Istse '
" O OC I eafddsildSd § S tOfdas B ( Ol ©zH O s 2
CoBdi oy MC 5B YDy B dOSB5s t91345). s OC &5 5B to ¢
fMdalsd L dtelzj &3 Jf teg HMisPls alz® & Is ¢  dg i tsy Jnfy SHpE
dzt d3d dets Wi sdeftsoiaf) ¢
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1Oy dzs2 FOwOSkjtedMisdSs?2 HdY CwOmdscs
o' R BQAY) .( ) dzOQYJ WACaMgSMi(PQ)7xEW" d d3j J Is o' Mt
L Z2OyMd4dd 5% d 4B= 906 7HHdM ] slsle. jOIs fyls o j dzdzts.
L dz0yj ded W  §tad Bj tcwaBL Qj &g ¢ 5 B3d3] & K igWhigds
¢ Bd ZOY.ER, Hd&Y (WsERHECHE %. v OSdj o f
H j dzOW tsfy ¥ QaMgSMu(PO)XEW* § silsj dzyd Ozt dzr &k S O
COoyjMmbej StkOMmdr.7 dzf B iy Stets

0.9 y

520

0.0 460360
0.0 0.1 0.2 0.3 04 05 0.6 0.7 0.8

X

{ dME&ES Aojlsar j € 66sidgSfregaPe)0.25E@w 1) Cad
Y203:EU3+ (2)

I r otsH {5 foaMSni@BuP0o), (M = Ca2*, Mg¥): ofni
Mddzs j L Jtetso Oczdz” j] WM Ol  CtodMmls Odzdzd L k2 5
LIl Odzs o dzj dzfg § te d laygsjtste H © R tc O MpldgSmiERLPQ); C a
¢ tod f)ls Qlsthgry L dztdRtfcts . OV 8 gy OBSMiEW(PQ); 0 1 tBR3C.
uff jCIstor Wislstsdzt d3d dzj mMyd dzydd MmMtsH j ey @ls
fjtoj nds@lIsdtsdztso Ridalsy dzmd o dzEslslz] MY sdRBEac H
ttOfmso stetse, §tod iystPtazded L ZH § o gvise j HM D ¢
f tsdzV to dipfd f tad. tc.] tsczlz yj daeds j QeGP BO) 7 XEL®*
nOwOSIsjtedL 28 sfqw o' Mts$ d dis BSAPODIARS tdso T dizlzlsej !

11 13113
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CtcOMmdes?2 geelzagd gz My ftcd oL BEZYHJjddd B dzd
f4tmf ¢ lnddaidgy dgaiz’ Lots oCORafj Miso § CteOMde” ~ dzs

3.4 Ats W AasMThEuw(PQy)7 (M = Mg?*, Cat*, Zn?).
3.4.1 v d dBlE€EMThEU(POy)7 (M = Mg?, Catt, Zn?).

A s ) W GBMTbyEu(PQy); (M = Mg?*, Ca2*, Zn*) (00x 01 ) 1 &5 dzz y O
odH] f(tkshCse Iso j tcH EAHPQLHEO d99.98%)SCRB d5
(99.99%),MO (M = Mg, Zn; 99.99%),Eu,0; (99.99%) Th,O; (99.99%) I fn j
dMotsHdg @S Isdo v daffig tlsasjits 8 ¢ A ¢ o fdzls ¢ j dals € ts
fsH jtey Oded fteddsj Mder = WOL. wlefymdEd Etsc
fjtejlsdtcOdkzdf! o OdkzdHter a fMbkzfcon. [l
fzlsj dd d3j H dzj dzdets ¢ 5K ez2Q dsfig jdad@ HIS yPOMIBse M
o Hjtey Cts2 fthd 340 dzy@iglso 52 ZOYHOd&] HIE5 S
1 Odztsy J dzdzOW Mlsjrndtsd3j Istedw™ § sHIse jtey Hj dzO
MyfdShtesmMisfdi?2 (Iteddsyjddjy ~1).

342t jdzlscg j desW OL s 2 0OdzOdzd L

Iy Mmddzls L dtctso Oy fFu(ROBMW @Ma<jMgl, azn,
C&(0x0O 1) wodwelsmw SHAtsW OL dzr i3 d 1 tec
b-TCP. [ dzv NOpdbyEUu(PQy), s dzts ) $ @ghjd W tc O ¢ \Rdetg dizditgjol )
G dMzBBD) OS] Nj CROIEUPA)z(PDR#2 4555 1) d
CaMgTb(PQy); (PDR2 No. 481 130) . 1 OttOdj Ister 1 dzj d3j of
CaMTbyxEW(PQy); dzd dzj 2 dzts Iz o jyomfch@cfimn) ety =1 . 0 4
dzO *Bmw =1. 0Tt diz 8A8L)d L o3 dgf @G Q3j steso dzj
wWyj26¢d dOBdzE HOjlsfw Istsdz Cts Y[8O[ Iz ©r dzto O
Zz@&B tcOL jUBjCfdm]j te 9 dzts?2 Mjtedd o jtoH™ 7 tOMmls
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. (a) 10,46 - a, A (6)
i )
§ : 3.
z 10,45 - &
) \ . h, A 5
E -L.LA ' R A L_J 10,44 -“
- . IR wa&wﬁ 10,37 3 2 a
= 4
5 JJ&JLW_L.._JJJ uy LL.J hbw.w\ululwﬁuwii o
éu o | L\JWW 10,36 ~ U . 1.

R e @
A—J At ko 1) F --------- o
I % ] il ! I' Jum Ll lJH Ml g 10,35 L . . . '
» 20 30 40 50 60 0,00 0,25 0,50 0,75 1,00
26, rpaga. X, copepxaHue Eu®*

t dMz@&8S (O) t J dzlsc jCabgThs Bufesh); dH davtc j ¢ G 59
sSlste Oy j dzd ¥ sMgTb(R®,); EBF2, No. 481 130) ; (B)a fC

L dzj o] dzls Ote dzts 2 eMTiy JERP )7, H dits MDE (1), ZrP* (2), C&*
3).
3431 j dzd dzs T et§ yj MSC dj Mots2Mmise O.

llso jteHT 7 tCOTsBUROP OB dz8 H Odzhw M dzOB ' 2
(vOB azdYOOdd]. wdd MdecdOdz |14 ModHilsd dz fy
Md®RBjIstedd k& +1Ikdm WOoL. 16MmStd Sk ¢t
CaR(PQ); (R = Eu, Th) StedMmlsOdzdzdL z6 sfqw o Isted G
(f@wtR3c) [46], ss d fJesdjykzbsyds j MsmMisOer E
fd dsds steaf§f g dedd o MistekzZA HiMg* § Odaf tswafls
dmud L dzso gz@edz® e, Ulsts My fHsiclisij dizdfigls oldze)
tc O ls oaGxMTOe.EU(POy);,. O SBOL so Odzgdj fto. cto. ¢
L O3 Misfgs ¥rgzed @ b5 otej d3¥ COSC ftod L O3
Hiczedds dzOB dzs H O] Isdnis. OB § e Bazje @ S i oo i
CaThiEu(PQy); € ted Mis Odzdzd L 2 Is @) #R3cp  @MWTAzEER(P@)ic .
(M =Mg?, ZrY) e s tBRoc.
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U OB dZB5 0| dzO Y ded W ) CesMIBGED(PQ); (M = Md2 Cat,
Zn?").

. I {1, {SIOy)
" CaThy LEu(PQy); | CaMgTby LEUu(PQy)7 | CasZnThy xEU(PQy);
0 050N 0. 04 0 0
0.25 0.60N 0. O ¢ 0 0
05 0.70N 0. 01 0 0
0.75 050N 0. 0§ 0 0
1.0 0.60N 0. O 6 0 0

344nslstsdzs B dzj Myj delsdzr j Mo 52 Mlse

1 0 td BIoEfCHS OL Odzr M j Clster YWCaMTbE@®)kd dz
(M = Mg?, C&, zn?) . 1 fj My jCltr dytsitsyDisH n C
COlsdtstizO Wyl CdvdbosEws(POy); (M = Mg?*, Ca&*, Zn*) , f tec
oLBEYHjddd dO 377 & fedhkzkshsoksls t
Th*, OB ( Mk &EE) AddSMsHjeyOhdj ojh
dzOdB tsdz’ h j 2 d tdzlstj teizf drpted@ figlis  dzd © f COdz
Hisf dtctse Odzdzr d3d . vsOCts] ftsojHj dad §f H IRistS|dfL
BEd dd3 dMCOxjdedj &3 YGudAstcdzs j { dzd ddad ef O dztd fr
b-u bt BOIlsted yon . H HEP &R j BlststzBdes s«
| dzj kst yOlsj dz dzgsfyls: § 5 fedb.d dadfdes BT as
HdzWw 2*Mge = 1. 6 HZew Apsisigtsytfirsd o sHdls € ko
d dzls j ¢t dzls gz dzh  Zntdg s j o ON d A tood jdd gmmyistsd 5%
fntc © o dzNGEY Mg?".
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[
WUHTerpanbHas
(a) . | (0) T
» M OTH. eA.

) [ Mg | [ Vg
5 I | 5 —
Sd Sd ]
oo m e
SE SE
e A Ca a2
£ Zn £
s & 7 rd & 7 s rd 7 7 7 4 '/

450 500 550 600 650 700 450 500 550 600 650 700 750
[nuHa BONHbI, HM [nuHa BONHbI, HM

{ dMEz8a8s wfj Cilster Wdsusdeipizy f3dpdizy B d G2 qhiozB)
CaMTb(PQ)-d  (CaMThosEus(PQs)7 (M = Ca¥, Zn?, Mg?").

t dMEZIBESCOL T 8 0jIs M j CIster oL BEYHJ da
CaZnTbhixEu(PQy)7. [ dgfssls o j isdtstodzjsC Istctsdader d3  f
C Ol dEta00tj cdMmistcdtetso Odzr thisdls @ ifEpz@ASAH dzv
Hd®= 0.5 d 1). zdtstow {fosdshO M &EOS Mdc
l B OIS’ € slftstsB@W j Y fij cojtirzje) tc ¢ dIH tc the dis &0
O dzO f Htctso dzq CEs d st S sdz! € s isils® d A O sd
o dzz Isted y j dBKtE 5 1] BsQ OB MO d i z32BE ) FRedz® dzv
5He (318 dz03°Hs (327 dzd3°D4 (3620205°G; (377 dz(3°Gs (382dz035L6 (39523
5D5 (415 dzdq 5D, (466 dz0310, 1200. [ d dzd d o 5L B [z 3p@dgdgdzfdzd " tc
¢ ) , dadgdid dadf ¥d 368 dzdfdzd dzef ¥ { (flz 8204 Mtstsis dats W Is
otsL BlzYHJj dd j dibPtdBs YOGS SldpjMtssis o | s [B% 2] dzdzts
124. 1 ed fmMzlsmilse d j sOCdr dzddzed?2 CR2® d EdEQ C Is
ECOL" 90jls dzO {Tbttde®@&Mm 1 dzj e dd fi

VeddeaMiseOoydd MYJEscO oL B BHH] dad
Slso j YO} pRrtHk TEO®RGEHOH GF B#HSG § jtoj - SH!
t dinkz ®%e08) . | tBEOHE &KO jcdhstedtlzs Isf
Meslse jlsmisezs M dj {(Hdd - isE@%E) 6 eGP ALY  dzt:
"D1( 3 2 9 °Ga{d§) 4 3 “DefdP) 5 3 “Gekd) 6, 2 "LaAdsd 7 2 “GeeFpdzd3) |
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Ds( 3 8 2 ¢ @adz) YA, 125 126. 1 5§ s dzded Is j dz' dzr395420d dzd
Bds Misslse jlshlso ks dssEE) 6 j T sHOER €O
(a)

A

4f75d"

Intensity, a.u.

—1

I T
300 350 400
=D /

e Wavelength, nm

HNHTEeHCHBHOCTD, OTH. €.
HNHTEeHCHBHOCTH, OTH. €.

250 300 350 400 450 500 250 300 350 400 450
JA1HHA BOJHBI, HM JAHHA BOJHBI, HM
t d iz dz8.20. gl J Clster o GiL B ldzts|datj dgzfjdzi mHydevdzy

CaZnThosElos(PQy)7 ( 1 CHANEUPQOy)7( 2 ) &en=0)6 1 5 &adB; S@#) dz
1 Oo dfd Bsfils! ddzlsj ctcOdz’ dats?2  °BlglsYj &&nd o «
(E¥Y) d °Ds Y 7Fs (Th®") H dz@aZnThiEU(PQ); ff 5C OL O dz® dzlzd . & d :
R dzls § dzfn f ezeztgff) Bzi )y jCdsiddbls] ¢ sdzyj dzls e O Yhf*'df € O
Ew. 4 ko jddujddjd nHsEE c@ufsr OF O3 t
d dzls j dzid o dats i BDEY fF4 tc jo8 tsiicwd dglQiCdzi d o dzts fiyls
D4 Y Fszdzjder hOjlsmw. vOCB] ftsojHjdedj o
dzOB dz8 H O§ Isfw WUstOfW GPFYMPID1 BUL D)7, CaThrEUu(POy)r.
Iy 1l tsBi Wihdaw j sMWTPtC U destsds 1 dzj te @ d C

5 '\ _
- 7-:‘.:{»_;»’
E 1\ a0, 7F,
E" '\\ sl Eu™ Ay ™ 396 nm
=) \/ 5
E // \\ 5 7
8 / & D, — 'F,
£ // e » Tb* A, =377 nm
S
E o— —<
0 0.25 0.5 0.75 1

x, Ew** B Ca ZnTh, Eu (PO)),

{ Mz dAL | Oo dMEets Jqdasj ctcOd dzr 7 dzofdakig dzfm
BOS g BOdz dzts?2 delsiz) dzitf p gs@isd Ead20d Th* o
CaZNnThy EW(PQy)r.
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| fdzz O H j oy Oh dindsj WaPuzd j ddzlsj ¢ teOdz' dzts
LOoadMmdls ls dMS Oy JjddwVw € toH dHe® distzdzts
slsjfjd dmMSOyjddY CosterddOoydsdds &
WOCtsttORd QM &HE EAeMEUPO); d CaeMTh(PG); (M =Ca
Zn,Mg), mtstsils o j Is (glOs patgest® tc O d3j h j adzd M ¢M = Zn,
Mg) ftesdfmrtsudls BMjj Ekeojdduyjddi Mddd
(R3&c Y Roc) b j dzef @ jdsiifvOy § ez tcH d dz0y d s dzdd®'c 51 o |
W s W CCRIORAPQY), (M = C&, Zn?*, Mg?) dzOB dzé H O s iRIOdz o j
GBo to'WMgly CaV¥Y zn, <yt bkSCOzg jpddisj dafQ d f
CssteHd dZOyd s dedzsc & -OS BH g O REBGUAO B ¢ § dag M ¢
CaZnR(PQy); d3sy jIs B ' Is¢ sB) Wfdzj dzs B Az h j 2
yddz O, f 5 MtcOo dzj ks d t§dz@xifls Oldds telar t83d dzOB
bojddujddj S$toOdj dlsdsnOontsik®s b 5 d
fedzzs sz S OwOCIjtol Mavw Lifdcddishe® j et Oj di
Wislstsdzs d3d dzj Myd dzydd.

v OB dB6YQ dzd WIRR s stots o  ORMJBB H Kzts d &) d dals j L  to
WY Olsso .

G/B { tag t RIO { ta. tc.
CaZnTb(PQ); 2.63 Row CaZnEu(PQ); 5.46 Row
CaTh(POy), 245 R3c CaEu(PQy); 4.34 R3c

CaMgTb(PQ)); 2.36 Row CaMgEu(PQy); 4.23 Ro®

rdzv ozt B deBY tesBo S OtcOC s jtedMisdS 52 wo dz

Oo dMmd Btsfmls dz# €Y dAp GSRI2AY F § OL OdzO s § &Y |
L Oo d Moilififldstetso  dz® dgdfilgZitpdEdzy(ROY7 (= 3 7 7 dac
¢ ko jdzduyd ddj 3 Isip&fzi 8O ksin™ Isj B § 6OIsk
dz¢ d3d dzj Myud oz o § dzd ud ded v BJ L dL dzlzyQuay. dz' d
R dzls § ddifn) l4f '] to JCPIB Y "FC OlsdBRAZ@ 0o dzts 3§ todets Iz 3
5OCYj, C0OC d BhOW ddasj ¢ tcOdz Py ofpripldsj
ftcd K.0OSH ISBOOY S dzts o3 jdOdztstiy 5100 j Is ipwn Wds W @l s
CaMTbuy Eu(PO:)7 (M = Zn, Mg, Ca).

-
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UHTEHCUBHOCTb, OTH.€4.

d fykz dzt8.22. vj i j Ol ktcdzOwW L O9 df iy dizztsfi) l8zc
s tsdzé d3d dzj ) GagZddtpgEdos(FORE(Es= 3 7 7 dads) .

345uf j CleOduzidsd yj MSdj L Osdmd ks
{ I ME2BA SCOLSg@ibdSlk LOEROddY Wslkt
fddels§ L d teWs@fQeifdz'ter) ¢ fffy stz Quuipidfdacs o ® L B Iz 3 ¢z dzd

377 dzds 1 M LOs dfiddiisisd esBEHwsh B 268§ iRy &
1 Clpdz] dals ts 2

:

1(t) = 1o + Arexp(-t/Q) + Asexp(-t/3),
G HIft) d dzls j dzfn Jead3tasty) s d3tj lezid3ts o3 jodms) d3ti=dadU d U
CelWWvdydj delst 9AsdARY Hzg § o defifadiOdelsi’j o toj 3w
o SL B Iz HinjtliEpiststly @Agffigu o s Y & O dpuzfiia s M j[2B 128t tc A3z «

0z 0z
o0t 0z

.I.

I WOReEW'j 99%, Ykt E2SOLTro0Ojl dzO
1 C MY tsdaj dals dzts I dzWCEMFDEGA(PO); Uf Otc O s fgls O o dzv
2.06 Mg?"), 204 gn*) d 1.Co3. udBHKEE& Isdls! , MMtej H
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Ny dLded dzd mMddz dzets L OadMmdls s HoMzn @ Oc
C%MTb1'|'XELIX(PO4)7.

WS )W OGHEBTOyEWPO); S d dzjOsld@s 28 Odzd v @ te jla®f
tod Mz dd2FB. rRL d3j dzj dzd J d dzls § dzind o dats i Isidfs to xR (=i
sfdMmr o0 s HobkR CBRY tsdzj dzlsdzts?2 1 € MY tsdzd
EF* dzOB dzs H Oj sfw ¢ dsdej dzdj ks 6B gz
ftsojHjdadj dBSYjls Brils! Bl Wipdsj dats Mkzh j Ml
fTh®* dz @,

14 (a) ~ 1 - x=1.0
3 GO
d =
= A, =377 nm 8 o
K
S5 . =544 = ®
E = 0.1 Wy A‘em - nm E =. 01
- X by O, ' o2
= b g 5 i
g 2 AR ’ 2 3 \
=< Ca MTb, Eu (PO,) “&fieais . ... = = .
= = 8 0.5 0.5 47 TSI N S 2 iy
é go.()l = Zn bt : % E 0.01 4 A’ex =377 nm & A
(3 ] :
= £ . Mg =5 | A,=544nm
= ] : g
= A Ca = f
(o] — £
= T T T T ] 1E-3 r T T — ]
0 2 4 6 8 10 0 2 a 6 8 10
BpeMsI, MC BpeMs, MC

{ IM328S sddzjlsdC O LOEROddY ftod S ts5dBdzOLk
DaTh™f ted t6] 6 dMistcOysfdzds alef Mty f ez@zdzds ( O)
C%MTbO.SEUO.S(POO? d (C&anTblT xEux(PO4)7-

346Ko jssor j ROLOCkjtedmsdecd

1 O yo jilssor n § o thitz HER G OHs A asZNnThy; EU(PQy)7
zOB dz¢ HOJ Isfyw My " j dedJ  dTb®" HLtSj o] talias)0 ditgie teliC
Y4 dztstsOdzy j o 28 tsB dzGifigtBE H 65 f ¢ te ® ) tBeaflz B0 | dzd y
MtsH § toy Oded W EFOIs  msd@Attstgo j H j dzl 5 sBi Wi
fJ @it 6 Hj dzj ded j 5 off dplicyj RMERPasEEsTS j@ s OC Y,
fzh jMmlsetse Odzdd 8 ey MO FHw Bels,m@s L dzj
ficdotsHdls & disdisdz] ioydl s Sip@ W sils tsdzé d3d dzd M
CtsteH  dzOIs .
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" CIEx
it dMEz32dC Ao jlssor § C s ts g W @aEzE L EuKiPd)-.

I r otsH s @pMiTbuiEd{PO); (M = Ca®*, Mg, Zn?): o fj

MddzlsjL tetso Odzdz’ | WsMW Ol CtodimlsOdzdzdL ks
[ dzWls e j teH " A tc CaiyBm ER(BRG); (M = Mg?, Zn*") { t& te.
sftcj Hj dzvRols fwe COE & WPasfb,EG(PQ); f tar tR3c. € Is ts
fsHlso jteHO]j v dual trazGuegy), (M + Mg, Zn)

d dzd voly dzd i diaGz0 dzdsL2€ Ptetso dz¢ YlsszOEZ S Ounr o C
Midstg dzd jo Ists o WhEBUWPQLOERJGEEe dz0dz ¢ sdzs | H
ZCOL" 9 OJ Islgym fpdstg dedj ROzl Gt Odz' dzOW d dzls §
CaZnTbhi,EW(PQ); § tod d3j tedzs  dzO, UJ BBaThELPO),. § st
By dIs BN Ist 5B Wi oty Scisfty wilsh f dz@Y dsteaifdzH As ts
fted f§torh jdzdd BN OBpel iz Es@)d s B dzOs1 O
hdE€efd3 MY j Shtetsds Yo jlstser L Bjsdstsjalsji Isizts 2 S
CteOMmdalz s us@WOIM IS dzi M § dededs yiismdpysEEEHd da@u”.
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3.5 A s )W @IMGLEU(PQ,); (M = Mg?", Ca*). *
3.5.1 & d dzl€EMGAL,EU(PQY); (M = Mg?*, Ca?).

A s iy W GaMGdy Eu(POy)7 (M = Mg?*, C22") (00x 01 ) ff ts dzkz y O dzd
f stetsh Cts9 Iso j toH t5Y @aHROHRO (BI.9s%s) &M (99.99%),
MgO (99.99%),El,Os (99.99%),Gd0s (99.99%).] iy tj OCIsdo " dzj
ftod®d Mdz" ~f WO LY tetso j t6C.J udiyls-tdhtasgy Iftedoud M&
fjtejlsdtcOddm! o OdkkzdHtesr o MbikzfCOn. [Is)y
flzlsj s o3 Hdzj dedets G 5K eizOdstg jug @zd i s 153 YUPMso
9" HJ toXs s®] uditzd Y Qfiies y | dedzOW  fMisj n dd3d Iste
L dzj e sHd MY jtemd tdedets? toj dzlse j dzso S 52. Mt
1 OB d&zE HOjIsfw Atstetsh j j Msotf Onjdadj + S M
L dzOyj dzd?2 MtHjEyg OdzdW 1 dzj d3j dzls

3521 jdzglsG j dzsW OL s 2 0OdzOdzd L

l sdzzyj dzgdz" | HAWteOS Is ts dotulyBR5  {f stots{dzdjdn jJ fight
f sdzts) Jedet) fizj sl o j IsMis e & j.(PA)S(RDHR 8E2066)0
vsOCdd3 BKOL 3, iy fodglyy Ouse s o B ipdzr jtsH dzts W C
CtedMsOdzdzd L 25 siyw 9 Mlis todz  tis iz de @ty Iy Akl ls @ @
U9 J tgjHtg O f Is aCm@dy-EW(PQy); S tod Mis Odzdzd L ez j Is gt . o
R3c, o Ists 9o @& EWRDH,m OBOSCIsjtedL zj Isfw todzj
Roc. Clsldis o' o tsH MH] &zOdz O GMhdzsoe | O dz0O dzd
COteissdzd € d, CAsulSd B (PQy); Hiden Is © eadzW zd5 j H d d
C 90Oty 9 t5G tsHEVsBGESEZEQ(POy); S Is Iy Iz Is M Iste Gsfig iDwizf]Is © dz
f OcOdzj Ister 1 dzj d3j daisGpectzEPOH dzwy j AsSd tcH BGE B
CaMgGdy-Eu(PQ); Mmih j Mise j dadats dzd dz' h § fts

Mted fsHeBlstsoC ] HOdzdztsEts tOLHJ 2O HdMMjtesOydd
1dSd% stdts,e R 2ddj S 5uf OMMS d 2 OL.Rey € Ofydes 3 dzs W st r
(Ca, MQYGdiixEw(PQy)7, OCIsd o d o Ciiliz’j ste@d dzd yj M < @ j201K0 s j
8 u55, 8.8 u 859 864.
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CaGdi:Eu(PQ),, Yt feowL Odets M CaO@y =J dzd D& § ¢
Mg* fp Bjde "ddZ wL@HGgEMBHEBIRY.i) Wehiobs
CaMyGhyEU(PQ), d  GeuEu(PQ); f OO B Ister 1 dzj d3j dzls

dBj dzv ¥ Isfw  dzddzj 2 dzts, yYlsts ESOLT 90jls dzO ts1
Mjtedwn MMlsOo 5o .

5

2

S

g

g_

E_AJ«._J

E bt

& L

=

10 1l5 ZIO ZIS 3l0 3l5 410 4'5 SIO 5l5 GlO

20, rpan.

i dMz8AS.G dW tcOC Is 5 ¢ tc@yBdgrEU(RQIE(x = 0.75 (1), 1.00 (2))
CaMgGdii:Eu(PQ);(x= 0. 75 ( 3) , 1.00 (4)). Z IsteC
H dzW ;0P Q)7 (PDR#2 70-2065).
U OB 2B YOt O3] Iste’ 1 dzj d3j dzls O sviEGds -EuPQu);, 4 ¢ F
CaGdyi-Eu(PQy)s.

CasMgGai FEU(P Q)7 CaGhizEW(PQy)7

n a, C, i V, 3 a, C, i

V, 3

0.00

10.358(1)

37.078(4)

3445.1(4)

10.453(1)

37.3778)

3536.6(2)

0.25

10.3585)

37.0810)

3445.62)

10.4536)

37.3844)

3537.42)

0.90

10.3548)

37.0836)

3446.Q9)

10.4542)

37.3915)

3538.64)

0.75

10.3592)

37.0841)

3446.57)

10.4547)

37.3986)

3539.65)

1.00

10.359(5)

37.088(7)

3447.0(4)

10.455(2)

37.405(7)

3540.6(7)

353Atslstsdz® dzd dzj My j dzls dzr j

gl JClster oBLBEYHJ Y W istsdd O dagzlizy § dzy
C&Mngl'l'xEL&(POil” Cf &dl'l'xEux(PQl)7 U tGJ H fr] IS QjEQjZJ mgﬁ}zw

zdtetsC OW 6B dzDfygs dzd tzls | o H3DAA] d2dR Oftstsise j Is il
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Mo s2 Mis ¢



CTB, Ctbisfy@moddgjCdic falz WsH s sls ¢ d ifdzs te
COkdtdtse (15, o HO b FEEY O] u jies] wi o
fted 362, 378, 394, d 415 dzB BBy YO
FoY 5Go4 'Fo¥ SLe, RJY D3 C Ols (Esdz0

#f j S ster Wslstd® d&3ddzj Myd dzydd j meaev - M)kl
L Otej ¢ d Misted tatso OB Ft ol 8A8H. 1 dzv Ise jtoH' 7 to
CaGdixEW(PQy)7 d CaaMgGaiEW(PQ)7 (x> 0) dzO@ MY j ClstcOr ff to«
n O OCIsjtedzr J dzd d2frds do oldtei@fuilseds tEfdp C stc O |
d 695 dads, Cobste’ | Mitlsdtsmw s w D 'Fo dalz
(J=014)C Ols dEs’tizO Mtstslso jIsMise j dedets. [ sz ded telz
615 dads H davd t1 txidg ClstatSDY fotc j - SH O

10 coWdcon ddzsj ¢ O ds) des®O B fizizls jOdzfisdne”
bojddujddjd MEH, cBUDdY Mk 4B s da0s dzOH €
CaGhi-EWPO) H j Bsdzhisted el j Is  dsts dztils s dedzElg ts beotg
CaMgGdi-EL(PO): R Ot OC s j tod L k2 j Is wR=&T59 figd dx 'l o5t dig tst
fteds sdz' M j 2 € sdEy] deBred@y@J smw fesyj M ¢
sizh jdedw dz8 Bdded Myd dzeydd, L O Mmudl MsCC
Mo d ud dedw, efmdzinMmlsadd Ekd3j dz@ " j deyO B telAf LYE
377 ddzd tBEOLSo Oddw WOEHK) dastse Mistslz g
COsdudse jotwsfdw a §sLdydvs MswbkClkzir
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(@ ©)

i ey

x=10.25

x=0.50

NHTEeHCHBHOCTDL, OTH. €1.

x=0.75

x=1.00 (])

- K : 4 : 7 77 77 77 7.7 °.7
250 300 350 400 450 575 600 625 630 675 700 735 )

I[.Jll/ll-[a BOJHBbI, HM Jyimua BOJIHBI, HM

t d iz dz18.26. (@)Y j CIste 9L BEYHJ dad W dz¥ d3
CaGth75EUW29PQr)7 ( 1 CaM Go7sEW2fPQs)7( 2 gm= 26 1 5  dec3; ( B)
W Bsls id;“s%ddzdggi ) yQatzay Fd(POP7dgVl ) CalgGdiixEU(POy)7 (2)

A = :

[ dz'CaMgGdixEu(PQy)7 L dzO Y JRI2J (Y d I 2 &&BO ) d3d dz' M j
Mtc Oo dzy dzG&Gd (PO, yls ts csotsted Is ts z3j dz
CotstcH d 2Oy sdedisoh tc 1 | to PSSy 5SS OL ' o @ jykzts
dzj 1 CodoOdzj delsdzr 7 ff SEUY oy d X tc f fipls O &R jsigfots
t d ik @€ ) 1. dz'CaGduEu(PQy); dzO B dz¥ H B Isff§¥O] tho " 1 o O
Md3j h jdesdzg j] Hdzd dzdeso sdzdzB & B ¥ 5 wagzedz®)fd lel3d3j (S5
ichizfjtef st dydvye (EPFE ] RO oy dOQ Dyt
foLdyqwER o s 71 wilsl) j yOjls f J toj[R3EHOE o
CaEU(PQy)7[83].1 dzv o fj QaMiGdisEEPO),dz0 B d2éIsHi'e |  dzd dac
o BBAZOBIEP . W7 WYL d M IsjfdR tfulsds fsste @Lyts(e
MisOdzso dilsmw 1B IPPifir ddsEHzS B dz0 dzj o desdls
DY Fod Hdzw 1 Isdn YoLdyd?2 HBdYjd dzOB dzt
5795795dzdd H dzOC s, © M j CIlstcj dzOB dz¥ H O Hefigy H
lswodzjdzedjy Hoeobkzr fdSCtsyMmhosle BizZzsOM & QH] (s
[3 dgj BBdetse s Ma3d " § dz"  dLLO drdj dg@sstadO  HifpRiatf fiidbtdst tedch
Coltster | BOdzs wlsdzd yOs Ismw  Htolz a fiptS s 21y tg eax]
[ B oyffsdzdt His] daj By j s Pty o dzv Issiy
oyfipstezSlskztcj toj OdzdL 2 Isfyw EweO s feflapdiddd
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d o34 defdad 3 o [ 1 3. 1t 1lts?2 ftdyddaj7995 i

dzOB dz¢ HOJj Ismw Ho O
] 2 o
] N —eo—(D) @
1 o ;
d . 5
4 \\ m‘
1 N s
- S~ 4
Q T S
5 Sl S
E ] ~\\\ E
1 . . hE"S 5
/\ =
-]
™
=
=

025 0.50 0.75 1.00 576 577 578 579 580
3+ JuHa BOJIHBI, HM
X, KoHneHrpauus Eu

t dM32BC O) st Wi dydd ) Opd@rRgEusRO), ¢ 1) d
CaMgGhiEWPO)( 2) ; ( B DoV VFGeq € dEStB@ aG i xEU(POy),
( 1 CaMyGdiEu(PQs), (2) 5= 0.75

354uf jSIsteOduzidsd uj MSdi L Oodfmd kst

lte B34 dzO0 p dL dedz X Bf EAdASER dzd d e OMMud s Oc
Ctedo' R LOEZROdY ft ¥stdzdj:

.I.

GHI) ddalsj deid o detsfyls' dz¥ d3d dzj fyy jdddalsdj 6 O dasts
o ddzlsj to<@ngzi YOtc thapd dEL17).

1 Ged MEz}UBY toj H fMis MeOdigdatzj Hdzv Iso j teHT=R fo
0. 75 .CaWgRthEwPO); o t6 j d3j dzO® ¥ chi=dzd2 60tc ddzd® d
MeMlsOodzwe lsikfif)f B 2. 80608 &M, Mtsslsse jlsfmls
CaGdixEw(PQ);: U = 1.682 de 8 260D. 82830 st M Y
U feviLOd f fsyj NGBy BF] tL&ONO o O 44
LWWjCrls steyj MM § jtoj HOYd 1+ dzj te SOFYY, Eufds iyt
teOdzj § dLO&BMISOEGEULPO) W s Ol OR .
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(1) A, =260 M T = 1.682 mc

(3) Ae =260 um T = 1.804 Mmc
(4) 1, =395 Hm T = 1.608 mc

® * D =

Aem = 611 HM

HNuTeHcuBHOCTD, log(oTH. ena.)

Bpems 3aTyxanus, mc

t dMz32Betedo’ j L Olsk R Odzd "CaGrs 4B 200y L dz9 § d
CaMgGh st 7POy)7 ( 3T 4 ) .

3550 jlktso’ j] ROw©OClkjtdmsdSd, §wOSls

1 ddals j L deso Odzdz j
T O OS s taddplsEdR) o £ &zdL Cqj S
CdzdBi teud MS 5 BizY. OaEdOdRESY O3 4bly

v OB dzd 3.8 ~ O Mg EG(RIRd ¢ df
CaGdiizE(PQy)7.

o jtHT j 60O
¢ D88 fls

Ao jlssor j

CaMgGadii -Eu(PQy); CaGdyiEu(PQy)7
M Y X Y
x=0.25 0.634 0.356 0.639 0.338
x=0.50 0.645 0.348 0.646 0.343
x=0.75 0.653 0.343 0.648 0.343
x=1.00 0.650 0.342 0.646 0.344
] Oy dzts?2 R OLOSCIKjtdMmisdC 2 O dweuddfy r o

dL d&3j tej dz H dzV
CoOdzlstsor A
Mtstslse j sMise j dadats,

1 2Oy d dad ¥

QY =29.5 %.

ts K80 drjus€P O § CRdI@BARE W 75POy)7.
QY '=0 54 & o 50 & Bds8%9 d &z
tOL @,09E0 j

Yls ts

o 1.



' otsH {5 kM@ BP0y, (M = Ca®* Mg?®): o fj

fddzs j L Jietso Odatizs o Ol Ml Oldzj T toj tof o dz’ 2 oW H
CubsGhghmsOdddL s kMY o Misth® e dzpd O
CaGh,EWPQ), BB LOL tzyHlstelC Sk R3) Y o d
fMd cda Istst dzf € Isted yuls(d) y ddin ¢ dil dzdipiajts22dEds © O .

CaMgGaLEWPO), € te d s O dzdzdififsstddrf§vs katRpe) ( ff to f to & & o
Odels M j ¢ dzj st dzj S Isted YRMGAsq & o O dij ods®@i Is o @ .dzk
dz¢ B3q dzj My J OpMIGAEGRPQ); § tod i3j tedets dzO 5 o
CaGdi,Eu(POy)r. Cfgasw L Odets dz'fi) i3 dMC Oy jdedj a3 ¢
ftsorh jddd tBh j12t dixfgickEds tgds.ds@n @dsls  d dzls j
CteOMmdes?2 2z B ded Myd dzydi2 M or MsCdsd Co
fJjtehy j S lsdidedsdgd tuj MSdR SwOmde 7 dzv B dats

3.6 A s W @EMGADy(PQy)7 (M = Mg?*, Ca*, Zn?Y).

3.6.1 4 d dzI€EMGdLDY(PQ)7 (M = Mg, C&*, Zn?*).

As W OdseeGd.Dy(PQy)7 (M = Mg?*, Ca&*, Zn?") (00x01) f sdzlz yO
odH] fstesh Ctse Iso j toH E€HHPQLHZO d99.91%)sARBCE d3
(99.99%),MO (f = Mg, Zn; 99.99%),R.0; (R = G, Dy**; 99. 99 %) .
tej OCIsdor dzf MtsHJ toy Ofce(df feddjdsy fgteH Bd3 W O
glsjrndtdi stedud MCdy SCtsdzduifmMbeaO (jitjlsdts
fesdLotsHddNY o C(ttkdHtses' 7 Isdcdv XKefkzls
sdudddd 15 yYyOMmtee Hig tefpts fifsdd i idzdfui® BEzs X | dzdz
filsjndtsdsjlstedw B' 2@ ftHlse jteyHj dO 1 dzjt
MyjSbesmMisyfdy? ( NMte@edssy H Agdlgmw - 17 tstetsh |
sjittejlsdyuimMSdn d SMfjteddj desOdzr dz@ & H Oc

3621 j dzlsc j dzs ¥ OL @GMGAR.DyQREP (i iMg®*, Catt, Zn?),

1 0 ] dzsc i (eE(dz@EEasdzd ud Miso 5 fd 4 tdizts X
ofin 1 dHpjaey Heaslse j silsokzjls t©Odzj
4 Dy(PQy); (PDR2 49-1081). u O¢C dd3 ©BLOL 53, mMddalsj L d
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wodwe Isfipw tSHdshi®Odzzdsd ZJls ifwcdo Mistclz Cds iz to «
sB dzOMiIsd MHOIPE.Aastmy) o ' 7 O EQEWSBYIAE,), 9 j dzd y d dz
Mde dzOdipPs mId Qoldzv2j 1§ Hddzd Yy € o Qtcylsdsts &€ OL 5 O ¢
f tsdzt tffcis. tR3c. ] Iso j toH ™ § CaMEgsDy &Sep M = Mg, Zn)
slsmizlsMlsokjls MdedzOdkz oltstor? cui£) tdf destttrky ofcCoz
i tas. tdkoc.
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t Ik E W tc OC Is s ¢ EEEEHDY o 5P (1), CarGh.1Dyo.o(POs)7

(2), CaMgGh.sDyo.5(POs)7 (3), CaaMgGh.1Dyo o POs)7 (4), CaaZnGab sDYo s(POu)7

(5), CaZnGadh.1Dyoo(PQy)7 ( 6 ) d J1teicaetsemMS d bDy(RO)NW dzj
(PDR2 49-1081).

10BN jddw o MbtekzCIlsktc] dBsclkls Brils!
O — pTmP

GHIdrgl ss dtsdeder § twWOHdEM" Hdzw L Od3j N O

Metslse j sMmise J dedas,. ) szOdggdashgioiis § dz! dzts?2 t©OL

tcOHJdEB)se dzgf HBdzdzets f [dg% " heOlsh dzB3W@4  + W W

LOBI " jdzedw COIsdidztseo o  SHEQABIjHIEQ .1 tq jdrCny
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ca, Colstster j L Wdnflilez8s Is 1 s HddcMisOj Ismw  { t
L Ofyj dzv dzdzOwZnX Mg, @=stisoodzn d Is j dz' dzOW tcOL dzd y O
BdzdL CORE F®eho jH]dedzr = HOdzdzr 7 &€ OdsGHE y J
Bsydls MisOlsdMmlisd Wilshiiisf 3 HO M st k' dz daj + € o
fsLdyff-fdgde MlstckzCIskzte], Ylsts Mse dzOmizj Is mw
[46].

v OB dAB[10. 0 | dzd ys[lslazs M d Is j dzd dats? tcOL dzd yr d tsdad
Dr, %

[ s Jtelz| { OH ] Gd* ca? Zn?* Mg?*
COsd § s/y |1.0580.941.1791.0(0. 74 |0. 72
/8 /6 /8 /6
0.92/6 |i 2.17 T 8.69 24.3 28.1
1.04/8 |0.96 T 7.69 i T i

Dy3*

RL 03] dzjdzdijiday 3] dzls O tc dise?2j tevH jn? SHfi@shg e telis
tc dfzBB0H dzv M dzls j L d o5 0 O dzdzCEMGH DY, (P @) dzd 2 .
Mg, Zn*) L dzO Y fsded ¥ dgtb9 J U LaGAduDEPO);, {E®OL ' 9 O
ZO ontyH BREFIYyE COldtdtse M diBivilECE)ER d
1. 00wm(Mg?) = 0rul(@Zm)=)074[27) . It eofmjn Istjn
L dzj d3j dels Otedzs?  wWyj2Sd 3§z pileds e dzjssd
dzj ftojtor oadets?2 Mmjted d, Isfigty dedz® f§ dztic Offrfi@d asdedztp |

3540 -

V, A3 " = B [ C
3530 -
m (1)
A (2)
3520 & e (3)
A A A A A A
3440 -
®
3430 - ® ® ® ® o
3420 1) L] Ll L) Ll L
0.0 0.2 0.4 0.6 0.8 1.0

X, conepaanme Dy**

tdmz &8 [Bl j ¥ 1 dzj 3 dzls O@ay@th Dy (PO (2).S d
CaMgGdixDyx(PQy)7 ( 2 JCaaNGa.«Dyx(PQy)7 (3).
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3.63ABIstsdz BB daj My dalsdz" | Mo ts2 Mise

t M3 5C OL " o O dsts M b X ks jodzd W ¥ 5l t5 dz®
CaZnGd.Dy(PO)7 ( &= 57 2 dzd3) dzd dztfffiedsit @) daff dzls jstiso O «
220 HEB3IDBBIse jIsMmise &z B o ikzd®f dap R2Edtefd o, dzdf
COlsdsdzse 1 ¢ 9 H Odzes Gl [fipdflanOY(POf; B8 O fipez® v
ftsdzsMO tkizlsmMisokjls f tsddesmls: §, < Wb sigao"
dzj ¥ Ols dzed % § 2 jieds®. [ Iz 8 tseHdap dats j dzOB dz¥ HOJ Is
Ca.MDy(PQ); (M = Zn*, Mg?¥) . [ ddedw Hted 274  da
odzzlsted yj dzlstetso s iz GBFEH e EHE OOBHfEPR)
slso j yos h j 2GS Oldfdaxfdzizte j ¢ d MisteOydd MY j ClstsC
o tsdzdaln, = 572  dzdi, slso j yos h j Dy ( j e sl
Mizh j Mise 5o Oda] df | ey wlakjifiPGd™ ¥zjDe’t d du L§ d j  dzd
5B &ZOMiIsid4 BR 0dzed3 f tcd HBOSMHI BzBO- d&&O 325,
nOtOCIsj tedz o o dzifilsAdldjugjjdBlekgHd o163, HhsY *“Miss,

Pi2, ®His Y 112, *Hisp Y %lisp SF72 € Ols dByHz0 Mtstsls o j dsAntssp df joz
M iClster d ddzlsj cteOdzt dzOW d dBacdeD (& @gsdn Is -
CaMgGdi.«Dy«(PQy).

1 O tod BEBAG] HMIS O dzF dritcdziz WY tsidsfty dz¥ 3 dzd My
H ZCaZnGd,DY(PQ):, L Otej cdMEGE S8R dd. 1 O
Ud st tej dzd dzd o 659de 70548 L BT s sls das W s fiypw
I tc ts 9%Bg¥ dzC°H152, ®Hiszp SHip  ®Hop S OIsdBYBO 1 0 9 Mis O
tc effzBBB 4§ 5C OL Odz0 L Qo dfd Bsls: ddzlsj ¢ teOdz
For Y CHispsls € sday | dals 6 Oy dessipdsudizdzPdzls t Oy d d
Dy** o j d&zdyde Oj smw  (dzls § ¢ to®ifzezea@y  frpfiials) | aigfy
n=10,Is. j. dzgj d@OBIE HOjlMw ftsyj NeEdyYygd
M j Slter d ddasj ¢ tcOdzr dzOwls fiyfvazBai@dpef, @ gsdn Is
CaMgGdi,Dyx(POy)7.
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( B dzlz wy wis(dzs 3d dzi(Eu3p @2y dafglanGd.Dyx(POy)r.

SOC B d&zs Gldydidas § Bty j ddj dzd dzd 2
W slstsdz¥ d3d dzd fpugd deyaffdd = Md ted? o himlse ¢
RLABjdz" jlsMY kid S Bh OW ¢ deif-figtisHOdts S ¢
oJ N idndsle] ¢ tePdas gz@fd o dztg s’ HezW M § tolz @ ff A kzWozEsh§
33B)r dzv  efMmin Mmddzlsj L dtetkp Odaezs ¥ @ HK B s
C sdzyj dzlste Oy d ts dadass cash jlstz h t§ ez GO §1. UrptsjindsdOw jtsdz
ddzls j Gt Odz! dzgs?2 dzls j dzf) d oGiEts &g, ff B f H d BEREE
MowLOdts M dmMEeOyjddi B3 CstcH-PLBY g O thikzis®
bojddudddd tBhj2 MdBkikstedd + BHEEFEIscd.o
Mizezy dls wOMujls € st W WH= G g MzEHD:)/@ R ot Js te d
I dH e MEZ3BRA) , ylsts ftod BHJAROS sOEds dfig OHs jis
(Dy3") H Ca¥ZnGd..Dy(PQy); dzO B dzslsHi® dzOdB tsdz! h j j L
csotstedls 5 Bd hjd& dMCOYjddd StttHddzO
| j Bsdeslstsdzdzts j L oBj dzj dzdj St WWdydj deso
SHSo toj i3 deczats 2 & Glstaf iz d@FdGF¢Dy°2 f to . O j dizj dac
Cted s Odzdzts & tc AWUFRHMBS d 5 ¢ L
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1.64 (a) 100 - (6) ®

5 X(1) +(@2) @) .
o
S 160 g 80 ¢(1) ©(2) AQ) X
g ; | O o
5 F1.56 4 T 060 &
e ) L =
5 E1.52 - S E a0 t &
o ) )
o 148 T 20 ™
m 48 A -
= 1.44 . - 12
0.2 04 0.6 0.8 1 0.2 0.4 0.6 0.8 1
X, cogepaxaHue Dy X, cogepaxaHue Dy**

t dimzdaRC YV W dydjdls OBdEGEEBtedp" OV dd
d dzls j dzfd o dzfs iDeZnGa.BWd™Qy)7 (1), CaGdDy(PQ)7  (2),
CaMgGdiDyx(POy)7 (3).

3649 jlssor j ROwLOSkjwdmisdsd.

]l vOB dz@AUUQ tcd o J yp dels solE) ] S(ttstc HdyPlds'tso O
yd mssdg®@. afj2 Mjtedd yojltsar j CtststoH d dzOls
e WL OdzsO MYy WijHejjdej dzed j o3 #f fds j <zl B alzts f)ls Y de.
sB ZOMlswrn odHddBsets M jCktcd, Mtslse jlsmlis
C OlsdBydzOr dzv  aldg RtcH ™ 7 @S DBB@); L dzO0yj dzd
Yyo jlssoar n CtststeHddzOls dzj d3dzse s fMHo ddzzls™
dr ftoddsj dzj dzd® o COuUJMmisej tIlemzdASE. B | dzv
CaMgGdiDy«(PQy); sdzed 1SOS Y j] Yo OHOBIs o B d&ZOMIS
s ls dzd Y JCRGAEBY(PO), L dz2Oyd dzedwWw Hdzw CBlsStetse s
s B dzOMds j Is saf B)(wler@urity) My d s OdzOMm!' 5 W stc 3z dz,

we anea | Qo & ; ; ; pmtmp
W w W

G H jXsY9){ (Xd:Yd) &y)( 1 Ists Yo jbtsor j CteHd dzO
dzs B3 des W stc @, HBRRJdedtelzes M j 2 HAzddzr o tsdzdz
CEHdOGtcOdi3d3dd (0. 310, 0.316), mMetslse j Ist
oj M j oo Istso OV MiyfBasERO sz G pddets | LRMO Y J
OCIsdodtetseo Odzdz’ » B dRdZdhtl S ftc j H MISjOD d Is
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WM Oktse MmJj dsd 2 fnisa(BQ),Dyfld tBG cafds @urity =540%),
Ca(PQy)2:Dy3" [49 (color purity = 50%),.

v OB d&zdA]1 O Ao jlssor § C 5k H JHadSH. Dy(PRy)7,
CaMgGai.Dy(PQy)7, CaZnGdiDyx(POy)7.
CaGdixDyx(PQy)7 | CaMgGaLxDyx(PQy)7 | CaaZNnGah«Dyx(POy)7
X Y X Y X Y
x=0.25 0.363 0.418 0.362 0.422 0.363 0.422
x=05 0.359 0.400 0.362 0.422 0.361 0.423
x=0.7 0.366 0.421 0.362 0.422 0.362 0.423
x=0.9 0.364 0.417 0.358 0.414 0.361 0.414
x=1.0 0.362 0.411 0.364 0.410 0.363 0.413
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it dMEzdzt883 CIE CttstcH d dzOIsT™ CaGdy 4 (POy); (1),
CasMgGdy.1Dyo o(PQr)7 (2), CaeZnGah 1Dy o POu)7 (3).

]l " 9 SH f 5 @pdViGdigiPOs), (M = Ca?*, Mg?', Zn?"): o My
MddalsjLdJetso Odadz" j| WisMW Olsr CtedMlsOdzdzd L Iz &
AW OMEMGH, Zn?* S e d Mls Ocdzdzd L 2% Isfyw o vy j dRscls ts i«
OCaGdi EW(PQ);o dzj yJ dzls tc s ) i tgdfi8deldfnddaiEds?j L d tots o C
W s Ols’B &ZOH O s d dzls j dzid o dats 2 dz¢ Bd dzj My

Cdzyj delstcOydsdzdese s Iskh jdgdW. 1 OB dz¥ HOE Is
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5B &OMisd sdHdEses MfjSlktcd, lsojyoshdj
Dy**. R dzlsj ¢t Oadz! dzOW dzvddgirflsig]daimifj scmaBrisEu(P Q)

971 h |  InCaygGdDy(PQ) d CaGlEWPQ);. Sl &y jls
sBi Whdaj des Bsd hdds dMS Oy, jdedjds o sczdi
ki stedd. 1 jhjiMmss0O ©B&ZOHOS I tjL kzd Isd
Yyo jlstsor i CttteHddzOIls f o MsCdd3 L dzOyj dzgd
f4dtwmyfjCilsdodz d3d H dzydrfisfoty dz'BLj S Gdzdir dpd dbtsC

3.7 Ats W A MEUPQ); (M = Mg, Zn?).
3.7.1 ¢ d ZI€GHIMEUPOy)7 (M = Mg?*, Zn?Y).

g Mmlsj &3 WOBIMEAR®A(M = Mg?*, Zn**) (00x01 ) { tsdzlz y
® odH] fotesh e I[seo j GaRQBH.OIIE %iidac® H s d
(99.99%) MO (f = Mg, Zn; 99.99%),Ew0s( 99 . 99 %) . 1 fMmj "igfO¢<
B sBSHEBER A, dn ) dalsfigty Higstexe@®agfz™ § ted d
dlsjrnddj sted yd M A3 s« de'dXf g BEBPE®d dd ! o
Mlszf COn. [Iydcec ftesdL o tsH ddzfz a3 ¢ Hag Hazst
Hi8373Ke Isjyjdzedj 15 yoOmtse Mme{ tsffdtjodzdygcmjse

372t jdalsg j desW OL s 2 0OdzOdzd L .

1 O tod B&@e)j H MisOo dzj dz" t6] @is.Hg.ERPG)e Linds’
tej W dzjdgCte § dezls ¢ | fizls § ks © (BISDE dsbf «f ) OtdiPisigldzj dzd
CaMgEu(PQy); (PDR#2 70681) 1 O tcj dzlsG j dets G tc O BAZO
Hisf sdzdzd Is§ dz' dz" - o Wdzy) Qs OC Jifistcd BB I s
mddzlsj L dtct as@diedIsf fteod dzOH dzj ¥ Ols MlstckzCIsk
s " jddj wjWdzj SMse o Miststethdalzlz dgj gz " i
f OOl stetso 1 dzi ds igalRjOHslgasR d jv O] @ Blf™. & @F s J
fdsj " j (e ) 2 ABMESF, S e wh@aBj s dgs dz® G dzOo des of to j ¥
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20, rpan.

t dmMz®BL (O) 4 dalsc j GasMgEQRBO] H izt j ¢ tso fr
tslstc O j dzdsMgEu(ieY); (RDE2 @ardno. 766 8 1) ; ( B ) (0)2d8) 9 dz'
dz0 tcj dzls ¢ | dzCa . MEEFERP)7. H dzW

1 O tcd MEWCftc] HMIsOo dzj dz W tcOG d3j dzls tc j
CaZnEUPQ)7. | Mj tjWdzj SMmr dzO0 toj dglgcCjQits ¢ &g O«
CaEu(PQy); (PDF2 46399) v OC dd3 B wOL 53, o fMj fdipels
yddzSlss§ 3 j 1§ to JSdp@®Hedz Ss@ s dets Bz s f 2 o  Isdzts §

A Al ‘M x=1.0

A Lj ALL“&M“A._—_ x=0.9

HHTCHCEBHOCTB, OTH. €IH.
f

PDF 46-399
S ) TTNT N I TN N 1A I 001 IOV T O T O

10 20 30 40 50 60
20, rpan.

t dMEz8AS.C  J dzls G | dztSCai/@EROy), ¢f dz¥ .o e Boa MG dJ ¢
H dzV oEWER0); (PDR#2 46-399).

) @Od3j st | dzj o3 dzlsteOadiE B s @dgj j SH v e
difmdzj Hizj &g Rl ¥ipinEaMBREO); (M = Mg?*, Zr?) (t d Iz dzts €
336. 1 OB A&z HOjIsyw  §tsfmisj §j dedetsj “zwhijjd@ b jya
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