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Isj B | OOy Mlse jIsMmise j dzdets. YuReGsydPle Qb MO fd
Msmis 0o dzf60B 7TMOsIsdzgzets s ted  Istsds 99 jHjdedj dedlsteOls

5. 1 5COL Odzs, € juls@BRACY dzO s fdisfodg) dzf P o te KlOEo
MsH j oy Ol fssstesdzdzgdr WOL (LO dMCdzt yj dedj a3 dzj
tcOMmilse ste’ dz0 s dats-0 §f M tyHlEO HEAdsfO 1 distdsdis dfrdz j Is d3j Mists
f/JiLsWOL"T CoRBftsLdlste COdsdOBRBd, o~tsHWh JidgR 1o fi
(LO dMmS ¥ uj ded j &5 € cBEGRETIG:ICE s 00202 s Mdgse i OL desj o L
ftedosHdl ¢ BtcOL SodOuEl:ts HdembdE BRp alkifKD, o @AY ,TiO7 i ts
MtczClskztets?2 fdtotsn dzstc®. |1 tBdnr kdfORf SCtBftsL dls
Mudl ftojddilzh j Mmise j dadzts? HdWWELdd CObdtdtse, )
f@dLldChtedyj M¢ 52k HN@sjfdsipo difvts dzdptRfi IS A3 (Ba dfipdzin | @
BsHdWdydtese Odzdetsdts W jtetedlsO dedCjdzwv) ddzd 4§ tsylsd
rR]) ftojtsHtsdzjlk! fted fjtejrtH| $-3¢J ©] thsf)lstc ALk L
Mded % § dzd v Isj B § tOKGuc O § JOdadfpdzy fMMisodj dmYf sdz L
Odtsf stetsh C s BOGdzdIsdz’ = BOjtedOdzso . 1 totsyj MMmr
sfdetse | dzOdzls OdzltsH jtoy O df BOdee OdzedIstseo ftcdo sHW Is
tcOMmlso stej dzade W OL MbstpdddzgzR sOy Vo g COlsdtdatso,
dzd = , d ded¢0o0¢dj MmftsMmtse" { tsdziz \jjdg@dec OWay &gl iz jd Istfsts L
f sdzdetsflss 8 f tsHOodlIs’ .

6. Jfjteorj dO shdsej dLojfsds?2 §sdzt &fd
f sdzz yj ded § f tsdglf dizyls ity B €Os(e ¢ H3f = dr, Mn, S¢ Y, [NiosTios],
[MgosTios], [Nio.7sWo.25, [MQo.7sWo.25], [Mgo.sMNbo.3g, [NioeMNbozgd ) Mt MistickzCIskztets?
Ol s j edzgsd3 HOodzjdedd d M f§teddsj flzd @Y J dg dridsisds
IOIstelzH dzj dets d dzd dzj o sL dG3sy dets o Mdzj HMiIso d 4 Hj MisOB
O oWy j dedesisd, ddets 5 §OLOK) SOl d&Of O dzj dzd
ftcd OldtsMmWjtodzsds HOo dzj ded d Iz BiegNrp:0: i d sdsdzts fif dolds
dzj BtsadB MdsH j ey Odzd j 5 § sfylststetsdzdzd » W OL .

7. RfMfdzj Htso Odz oL sy desisd G jlsj tetseo Odzj dzls dzt
BOcdzdIsdzr 5 S OldtsdzOdizd 5 fsLdydwvds 1, EkfglsOdstso dzj
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9 md Mis j dFsTiiosNbi+1.s(Fer2Ni2)xO, Nao,51,5La0,5+15xBiaTisoxNixFeOrs,
BiaTiz2.s¢(Nb12Fe12)x(Nb2/sNi13)1.5012, BisTiz(TiF€)1-x(NiNb)xO1s d
Bim-1BioFem-3Tiz-u (NiaNb2/3)iOzmea. ] sCOL Odzts, yls ts Btsdz! h d dzmlilso 5

ftesHEZCIstso (Ctotsdzd s Bitd @455 0s(FeyNig @) o3"detgidzMm Is te  te |
41 JL0CIsddesdzesfillss7 . 5( f sgda/ ¢ , 0.35 @@/ 1) sjteOBdCd
BisTiz2(TiFe€)1-x(NiNb)xO1s d Bim-1BizFem-3Ti(z-u (NiwaNb2a)iOsmstf toj Is j tetf j 8 OB Is W OL 59
ddzls j o Odzj Is j B4G0ptc Olfztcf SBO0H j2Mlsoadj di3  sMfstsdrvdzd
ftejHY sdzsy dlsjdzt des o W jtetoedBOGcdzlsdets?2 IssySj st to
LWW Sk, ojdduddd C(shktttsects o &OSMHdBzdj HMls
BOcdzd sdztse s f tscdzv 1 u dz

1 teOCIsdyd MEOW L dzOyd dissmis! OB SIS’

{t OLtcOB slsOdz ¢ tsdidf jdg RSyiAs & dftizd Sdiy tc, sBj Mt jydeC
CGiljtesWOLd » dzd sdWjtetetsd ydzr » € tsdi3f wffLtafjysopAc O tseo
d LOHOdzdz" &g Hd1 dzj Sltedyi MSdadsd d 4 jLtstidzj Slsted
f sdzlz yJ ded W or MsC st WW jCIlsdoe dz' n ffdsgyfsiLod Ihts @ d  dz@n
BsHdW Jydteseo Odedetsets W jtetcdlsO dadC jdzv d ! jListdzj
BiMModdyse' n ! jLsBOjtcdOdzcofteicBptic@EE@dsgd W W (g ¢
mMots2MmMlso Oz, fjtemf jSlsdodz = Hdv duUscdswiskstm &j dd W jds
BOcdzdIsdzr = tsdzj?2, LkHoetdljdzj?2 yoOfmltslsr, ftodBtct
1 dzj Slstedyd MSdn COBJ dzwv R d Hte. ltoj HdzsY § dz2  dzOB ¢
CeRf sL dlsse Ml B2 8L dipMEMERE 'l so @cdzd zdzh § defsj o t &St
f sdzz yOls! ®BWOL Yyr HddW ftese jHjddWw dzgOEzydegr = dmmdz
sjtstejlsduimMédn dBsHjdi2, tfdhn’ e Of tdj~dgjdstsHhe dRdfy
BsHdWdydtetseo Odzdetsets W jtotedlsO dad ¢ gz@ritzg O dypdj sz b & tat
WitttedlsO odmdi3kzls O, fsLeotsdwe hdj f sdzz yOls f totsH
fjtemMtf jSlsdoder » Hdzv dMftsdz L so Oded™w o ftsCter Isdwan,
qdzls jtoj fpdzr 7 COC fslsjdzydOd dz@ j 8k g 8§ desfnlsH dzv {f e
cOLtcOBtSIsOdzdzr = SR SLdyddzdz" =« BOjtedOdzse o € (
BOcdzflsdzr 7 ftsdzj?2 GsHlo jteyHjdO o +CMfjteddsj dzlsOd
sSBKOL SO OIsj dz' desdy yj delste] ¢cf Ocdegdlsso @g Sl Ud MEd J
d [J{ ¢} jLcsdyBdz] . sMiste

l sdztsy jJdzdvw, or" desfpddz" § dzO L Oh sk

1. 1" dedL Sl Bf-dicsktdr | Mddedzi L O § stetsh €
BOIsjtedOdzseo ( d3sH dW d yd tets 9 NbodaEECIEer Dy, to to f [Fdids lsdmC) jo dx
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cts O dzOYEF&01», 3O dzé O dzd-dz @ dzlsiPheigffdr g @n O3) d &kzdz' Is Bifepiede ts d
ROdsteOL B tedzs B Mismistswdedd oL & jdzj2 dz@ tshdese j 11

2. Jr st W W jSCHRgap] 9" [ Sl s dBWY J tot eflgf ddg dziz,
d cf' jL i djlbistg@dzOlse Mt MisOBdd d&f &5 Mot Mmse:
BJMMeddzytseor a 4 jLtsBOI] tcd Odztso H] BBdzmistcdtelzs M d
L dzj Slstetsd3j m Oded Uj MS 5@ 5 € jisut & @ dghy )dzls s -zt ) (120 ) 5 Y
1008) | OBl s j dadets.

3. mdddud s dy BiyWOL dz" § 9L Od®sH| 2MlsedV
Wittt lytefedzj dzj 2 ( dzO Lkteseo dzj BHdsMsssddz 65 dzj ¢ te

emisOs ¥ jttedls®), yjdjLtsdksktedjotes ¢tOdOls
&t stod BEFSHBY OL) d &OdzlsOdzfisH jtey O g8 &30 dz¢ O dzg
LOdRBdetse s dzj e Jtetso Odzdwy WOL SR sLdlstse o ff dzsls!
T fSHO8 dzj dzd v .

4. sod@3fdzjtm -sg Fdlzse dud M& dn ftodd Bse, 5B J
LWWj Clsdo dftdnjlsfs tf AL 50 Oded ¢ BBHBMG 521 [ §- udfmdzj @
! jLsBOjtedOdzse; dMicd LseOddj © SCOuyjmlsej {
ftej ddkzh j ilse j dedets MJ & dzj Is ts d3w3e6e, d RK e jALitscRfd IsHj ts ) O, dz i
Cdif SLigis Odgls oz € Is ks ddrs gl OBt Mt -3Mo wa @sliss™, 0C
dzj ¢ Ols d o dats § o dzd W dzd J§ dz0 {f toij Ws¥B JoDls dco @REA 1y QG tej -
CjlbjemstelS skcOd fgRs IMp M ddzstEsy RO §toj H s 0o dw
fsesh¢d fdFOosdzifewedlso) ; Y sdtj 60 add g gk s
ftej Mise Oded v, dMEdsdis Hs® Owlad i ¢ dyls j 1€ EAsO o 5§ |

5. [jlbtsH dLeBltsodzj ddw Mtsdhisr 7 CsBftsL s,
dls: w, foLotdvshd?2 f sk ypdsw L dsfds § s MEs ek b dted
[Cftcj sBtoOL 5o Gydlzf Ofelss 190

6. uwfitsits f t5dzkz Y j dad W flsjtey ddfi ' & j Is jdte ts Mitpdet
cf' jLB! &z GBEdREIssMisted € yd tdgdzr 2 ol i daed)es, dg, 12,
ftoj di3zh jMisotsdy Cshtstetsets Vezglppeiy) HEH K] & eOBdq
fsdzvtedL 5o Odzdzgs? o Gilsd®kOd d 7 bkdksedwrn. wftshs
LWWiCkdodesmis: ¢ [ ¢ fto] 5B tcOBls/oOgaEle ) 1o 5PMmIs g
BsHdW dydtetse Odzdz” 2 W j Gtsq lezj izl JsrsE @l @A hsslso j Is

7. uvistikdujmSts] tetMmdse Oddj oL EBiFaashds | 2
( I=Cr,Mn, Sc Y, [NiosTio.s], [MgosTios], [Nio.7sWo.25, [MJo.79Wo.25, [Mgo.67Nbo.33, [Nio.6ANDo.33))

s MistekzChkztes? §jtesomMSdlso.

= ©

o ©
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8. [JHdsY Oklerdg sdW jtetesd € s Mistc z € IsfizdsfiPlsizid &30
BisTi(TiFe)1.x(NiNb)xO15 d Bim-1Bi2Fem-3Ti(3-u (Ni1/aNb2/3)iOzme3, sB dzOH O
BOcdzdIstsHd! dzj Slstedyj MEddz + WW jClstsd3, o j dzd yef3du € ts
Memis ObdWy l© f sMistswszdzsidds dO ¢ ldzddsdiz

bftesBOYdYwY tojL kzdz IsOIstso

[ Olsj ted Odzr HdMMJj elsOydd HEBSE ZOHT 9 Odzd My dzO0 M
omMjtesmMmMd2 MEBset d d3j N ant dizdte mtiodeicchiferenzdosraadgetoelectric
interactionphenomenan crytalls (Askona (Switzerland, 1993 and Novgorod 1996), International
symposiumandexibition ¢cFerro, piezoelectrianaterialsandtheir applicationg M@scow 1994), 122
[ Y HEdZOtesH dz" 20DPOY se R HC, BiMftSWHBSE d Mo
vtej st W B4 P 2z dDwdzi fac | deydy - Mistgdpy dzleg 1y ) Sldiffmo
dzj stec Odzd yd MSdm MmMtsj Hddzj ded 2, cdBtedHdzr » WEkdzC ydt
(kL HOd |, 2014) , Il nternational Conference on
Applicati pns201bphL tsovtejlsd? B34 Y HEZdZOtetsH dz" 2 d3ts O
BdMModdzytser a 4 jLtsOCIsdodzr = d ttsHMmilse j dzdzr = OIS
fitemtf jCIlsdoer tOLodlsdw) o (uvkOffmj, 2015) , X1
EyoOmlsdy @3 ¢} cs®dpffdgr dmtLdes dgfals] ¢ fssB tOL 59 Oded W o
tcOMmMlseo stcOr ¢ dzsor d3 BOLjtedOkzOBe (RO Oz 5, 201
ftod ¢ dzOH dets 21 SCQ@[lal3dtafd dgeclztce, 2016) .

lkedzd COydqd

I8 BBOIjtedOdzOdz HdMmMmj elsOydd s Ezm@E$s o ©dztyg | 828
esmMmd2mMSédes d LOEZBjYdzr = Y E2GdOZOR, dL fJj tej ydav
ydlsdtelkzjd3" = © Scopus d Web of ScieneceeQlz.0 IsOC )y,

dlstcCsktcO® d GBI jd&3d HdMMJjtelsOydd

r dmmj etlsOydwy MmMtsmissdqdOIsd e dzts & 5 H Jsded WSt O dzdfls j+ € M
LOCdz¢ yddzedv, Mfdme O ydbsdlzj B3s?2 dzdls | tc @ishipdas Q dzdife
BOh Jdetsf d MdetsciftsH 64 4 @5,08 dzd '], Mz deA Do . 1 dB dzd 56 to(
418d20d i3 detso Odzd 2 OB GBI AU OBEUzd » d L OtclzB j )
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JrRupt ovuvt13s Ja [t

Lfof 2o RA T tWRIY 8RBV [ 3 R [ OV RU[C] [ SUtRY[HSR
. 1. sdzOommd® d < Oyd dikzdlz' dsidtW dpgedbtsditchlsi d3

fed % jmictkdE @y dzO0 Hoj i fezdd diz@tzdzy i Mmts
Iseo jtoH" § tOMmiso tstg didz" jd  frpdjfisly jtady | fsmisswh dj qL
fi'jLildzg Sltedyj MEs?2 WOL (BOcdedIstst dzj Slstedyd MSdyg
oty &3 d Isj, d Hkz&Hdg I dEYdgpmedsdsdmztnls jodddsdsd, =~ tslsW
dzOz ydzts 2 dzd Is § ta@dsuzOaizd fiis dadf msdpwda d W dsd ¢ MJ 6 dzj IS ts 3O G dzj

U jtedsd dz ¢ 3z dz' Imudtiferjote)tc sff fteo §dzOyYOdz! dets B dz §7p j H -

Hdzv BtL dZOyj dzdw Mmtej HT 9 Chlststets? tSHddso tej d3j dz
g stewW sy datf j to tc ek G dats | ( Odzls d W j tc tetso(Bifenigd sydzasy), )
Md ¢ dzj stst dzj Cldsrmetarricim ¢ ) M} dsddjug onfedsighasticy  (lsdfjn. v O
sBtcOL 53, i sweo dzj dzd J C stedgw cWjtctetsd S e ) mMdzts e
COj et dtoz®Is j ted Odz ) Colstster A fsL 0 t5dzj dzts
fjtej Cdzs yoj o' = tsB d&zOMils j 2 . v 0O¢ co¢ sO¢dj tsB dzC
MicdzgiIstst dzj Clsted SO, W jitctcsBOGdzj IsdS O dlgebj Wi totcts d3gz
sHddz L kOGS doyjodeitse Ef StW H s

1 sdev Isd J ¢ i ¢ dzjskignegdnagizrgtits tfr€oelectronagnet)c dimf sdz' L
ftej Jdilzh jMilse jdadets o tekMMCw L ydes?2 dzdlsjteOlslztej
sjtocddddesdz ¢ dRBzdz! sdW jtctcsdSC e, [8F Ok tster  dzf miOmdizjLdz ¢
tc®dztsL dzOydz' § .

I toB[@ikfitjHfteddlsO §s§r lsqQ tcdpddztwes O dzdyy & diaj
cBzdz sd¥% jtetesdCe ddzd ¢ BOCdzd st S B tedizaz Isif &) e
mMdzjHizjls slsdztsmd Is BOIs j tod Odz fl OdzelsdW jtotetsd H dg’
sftej Hdzdls! COC oMlsOodzj dzdzr §j HWEkZGE © HEEEO W tot
pjHjl ¢ BOCEMSBldyujMSs2 § i dhonydd] dd'oF X
fowgtsy §Jt)cd yjddp dgPstwisde sy ydihss?2 iy d
Mtetsdtsdy M3 dzj dzj Htod dzOHdzj ¥ Ols § HOdzdats?2 cGtolztf {
hdiesCsets wwOMYf esfistc Odzj dad W .
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Ceraeroaiacruk

{dig.1. vtd §&OMMO rcity togihkjffidey i sCuGxdadz 2 dL S lst
mMeslse jiIsmiseze M ddsd f § Is dz¥ i dz'¢ f i) gD de of f) @zdzts i (s ¢
Ldzj Ssted Uy IS tsixds0 df @saized Wijod@tdyisp j dzdzts fls @ d3@(@ dzd Is dats
B~ Oded Ud M 54T HAp® isteeczaOycdEd . [ lzddg! Yis@llsy jdieAe SdiStali d U d
Bdzsy j Misép , isefdzOMis! , Meslse jlMsolkzeh Ow fjcdz
ts-re-Mdcded Istst dzj ClstedC OB M M 6 dzd Isss-q dzedmlddjvrts odgids
BOcdzdlsdzr o5 d fj cdej st ZOMB.dUI MSdd k1§ st

I.2. [OcddlsBCdjShe®qissHj2Msoady d d&OCdzdlssH
Bzd sd¥ fgasEsdq il GO

AdLdSO &Ocddltst dzj Clstedyj Mise © wldshmdlshy ¢

Ldzj SstedujmMSdae d @Ocdedlsdy @ wodzj dzgd?2. 1 JMBskts
fSHECOL Zdj o O saOL Bz fitcdftesHj 1+ WHjCIlsr . ©dzj S lstets ds
L dzj SstesHd dzOBBd S 82, 5. j. otLddSO¢l ktd $t ftd

L cBj dzj dzdd RBOGdzdlscdz = d 1 czj CBEBqUYMS ER iz LT 6O
H dOdd ud M¢ d i3 OY g dztiz@s gLy MSE 54 1 dzd € Is te ddedj vinjCdsdgts fifld
fMlsOlsduj NS sH + i) Cdedelefdgy jnC ¢ fodvedL Oyds . & §©OC
Brls! Bod hdd fjddkh jhsosd, f(omMSsd Ck §sLosd
Ldzj Clsted s Ot | 5L dzdCOjls oL sy dasfyls! st v Odzg
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or Cdz¢ yOdzd fy! f sHOYJ 2 dzd sts¢ O, O tfiagd M ls ¢ ,dzdztyf dst
f sMmissw dzdz" d3 BOG dzd Is Od3, dzJ stcj Btso Odzd tcOfMrHO
M Mmis §8].dzd W

[C o9LOddBsHj2MIsod | 9 9jhjMmlse OR f stetsy HOJ Is
mMetslse jIsMmilseo s h d A EmMdztse v A Bsc kzls B Is! ts IO tc Iz
fJdtedudmdzj dets 17 + f @€ dststoy 2. d dggdz8 &y dL Clstster n
fsHIse jteyxHjdedWw d BsdEE sdg sdzdry@lisidddgyr -~ ¢ &BOIsg tcd O dzO:
Bzdz' sdWJjtetetsd S OR .

lteinHy ofmjets MdzjHikzjls of Hjddls' inejmiz? j sl
dzd dzj 2 [dAsicWsY j Clis.O0j . dattsoLjddddf]  dzj Slstedyd MEts2 f sdzv tec
BOG dzd Is dets 3z ff s5dz¥ d dzO dz@6 dzd dgp 2zdzts fids § Is to f ¢ Js ) & ts a3
[CAWWiCls) :

Mi=ﬁEj Pi=ﬂHj

p -,  4p (1.1)

HJ -[dzOBBOG dad yJ dediOntlsc'v,y j dedats s 1 dzj € dstitcts{drj tnds Ls@ysd W
2O tow ) j dzdztsls ' dep & dzq lsalztSdoty Wi €S de@o j H dzdz” | W stcd3kz d
94 Clstster fl tOL dzd ydz dzd Istc O dzmW ts tdsidi @lzf dislzdzs iz to Anpdfts?
f tddstcOdzmiso © (1) d ot dzgjded (v) : fsdzwteds § 94 ¢
ftesMisteOdemiso © d wisOs " dj MY dzj dL d3ddada’] dschiz( A s’ vy )dz
OC M o Clstster-dzjfyud paaldils(deti ) . LOOSBRE thy tsB - S5H I B
fEzh j Mise 5o Qs 1AMz RQIsO o o jh jMisej -Vo eryyislsthels dp
SISH § dz! detsisd, dzs MO dedruz] diffdets i§lisdize quidsfestc j L S 5 Mz y

I'fjweor j s stejilsdud S sy f ey HIpCHQLCAsde] | B " ddzfsdzg
[ LW dzshdfdanCHO95 9 gl11], H@&w ysEejL cetH | .1. O¢MmMlstese L C
dzO o jdizjsdz + dzj ¢ Isted W& of S s fzj 3. A tsdzj dz, [12] d L d3jOt8 dsdzck
urpf 1 dzj SNty fsdzwicdL Oyde, dzOe jHj dzdzlz® BOG dzd Is dz'
wodwdziw ftosHBd dgr o5, Is. j. o] SCIlstster dzOo jHJ dgdz" 7 |

Il MtejHOR M dBOcdedlsdzr &3 d 1 dzj Clsted yj fifSCd df Wz S st
By des SHEHOB] CIsr Btsdzj j o' MsCdr YfotewHES 5 |
(C9OHOISd ydz' ~, Ceedyd MSdr) , O LOCYJ §jtj ¢ dzs-
fsdzy i3 d ROSBEBKESEE. ®Bsckls fteswedvis! Mw SOEJupMS
fsdzj 3 BOcdedIsdezr » WOLBSor o fjtojrntSHSO d tBtOIsds =~

MOtcOCIsjtcder @3 Mots2MmMlsoatsdy dBzdz sdW jtctecsdS s Wwao
LWWiCl, Is.JdJ. LOoadMmddsMmls: Hd1 dzj Sltedyd MEts2 tots
dL d3j dzj ded ¥ H d ff dejstis{tajdny jdisShs]  § ted f§teddzsy j dedd BOG
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HsMisdeOsls dgi MEtsdzr Cdmr HiMWIsCtse ddzd MmMslsjdz ot
BOdzc Odzd Is@Y RRMn [Eu, G@l3]. uvRPOcdRys)sH ! dzj Slsted Yy
ftesweodvjlsimw CO¢ dJLdi3jdejdedy HIt dzj Slsteduyj Méts?2
P stewHisYyj ddw d oetLddSCdetseo jdzdd MJjedzj ss€@iCIsted .

[ Ocded Ists1 dzj Slsted yj MSdJ d fj gdgj stst dzj Clsted yj fr
BOcdzdIsssfIsdyd MS dn Mo s2 Mise OR BOIsj ted OdzsioW. W | § B €
sB dzOtclzy o O ls MjBw © o9dHj dLd@jdej dzedW EcdzO otO
(1 dzj Clotstsdg@dsdpd j MSCd2 1+ WWJjCl) ddzd L Oadmddsmisd ¢
stedj dzZsOydd otdzdtsotsets o) IBEHO d IstesdHAdEt B

[Bh dqedzgs ctkzffkz dBzd W jttiesdSss SBLOL 25 IS
BOcdzd Isdzsets § OtcORI stc® ftsteWwWHC O. 1 j tod sHYj dedztisfipls,
fsHtcjh Y IstsC o IsOCdr ojh jMmMsoOn dsyjl dzO dzj M¢ tsdz
WyuJ 2 Qdi.cHdalstsjifHC oL Od di3tsH J 2 Mise d 4 ftotsweo dzw j Isfyw o
BsHEdEZJtese Odzdz 7 MY d desalz' = fiy lsiag € Asléclz{ta,j 6208 | H VisdkzW to
SBEOdscs i 1 W §6O Y] MSB2 §odvtedL Oydd, ddHbEyd
1 sfdzj Hdzd 2  fydpdd8Cde=e? ] dafts fMj cdzj Istst dzj SIstedyJ Mise O
Bzdz' sdW jtetesd C tso, Ylsts dzgOd3j yoOjlsmw Isj dgH j dzydw H
ftesdmaags H it dzf Ctedyud MEts2 § sdvtedhaffdds L G difsts j B dy
SHdstesH dsdiiz dde fkilz) QHidssHadsf tE s d2) §Is7 M IssySddd ts,
fsHsB dgj € st dzj C(sticls figk@EE .d 3 e dzgzls™ 2) Wodzj dgdwWdz o €
) o € datzd) j dzd d 1 dzj Slstedyd MS 2 f sz jodgs ®dgd dH j W 151
ré2mbedisj dz dets, § Mmded dzdzO fipf dyiq lsdisjtdas' 3 Shyafddhszd st d d
BinOdJUiMSshBE oasLHj2Misads, Ikt dBsyds LOKjlsdl’
ddzo j tefd tsdzdzO% fd d3d3 sted™ d o HJjdzW jlIlsmw, dzfytizd gzO by ez
CGtocOHdJ dzls O di3j » Odedi wWagdM S, s Gusls tsdzOMftde. H OY Is  dzj 5B - SH d d3ts
L dzjedflay MS 82 fsdvedrOydd. 1 mMezkEy®j mMtejH @ KO
f sz yoOjlsmw ftod dOdzdydd MmMfddsets?2 ydeddasdHr, ¢ 1
Odz0Odzs e s H j W tste,30aydH]j ®WejzlaljazdWied fls O dzdzj 1 t5dzv te dzfs j
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v OB YK S shf 5L Jydodeds | BOlsjtedOd , dLEBIst
Dt Dy,
MtsMis©o CBYf sL dlsO ) dmlstsyg
B/ Of)
1. |d tFeBaTi-O, dzOff tcOo dzj dzdzOW ¢ tod fi
, , 113 [28, 33]
LtoaljCIsduyuimMeédr tOmMf dzOo ts9o
2. |1 O TiO21 CoOi FeOs;, Ists ¥y j§ 3-5.6 [34]
3. |BaTiOsNiF&Os, 20: 80 Msd. % 12 [35, 36]
4. | BaTiOx-NiFe:Os 0,2 [44]
5. | A v 1wt 5e04(70:30 « 12 [45]
K 6 1 +NiFeOs « 60 [46]
6. | A U B6-Nioott B1FeOs, MY j COdedj ¢ t5t6¢ 3045 [47]
CjteOBBdyUiMSdr C Ot OMmtso
7. | K v B6-Nigot BIFeOs+ W ilststosP dz@Mmils A
ftoj Mitse Odedj Md3jMi2 Wjtedls 4-5 [48]
fsdzd B 6O, flsddod dz@ 2 Misf
MsH jtey Odedd ftsdzdd3jtce® 25 tsB
8. | BaTiO>-NiFeeOscH 5B O S Od3qf w5 d f
20-80 [29]
40: 60 dmsd %
9. | Cu(Fe,CnQi (Ba,Pb)(Ti,ZNQ 0.10.25 [551 60]
10. | BaTiOs + Nio.68C0002C o 0 €04 0.588 [62]
11. | (NioaCloaZnoFe0s) + [50% BaTiQ + 50% PZT] 0.692 [63]
12. | NiFexO4 - Ply.odag.o{Zro.eoli0.40){ 3 8.9 [64]
13. | Pb(Zr.53Ti0.47)Osi (Nio.sZNno.5)Fe04 0.537 [65]
14. | Bao.9sSlo.0sT103 1 Nio.7Zno 2C0.1F€04 2.58 [66]
15. | Nio.sZno sFe04 - Pb(Z10.48Ti0.52) O3 12 [67]
16. | 0.5Pb(Ni/3Nb2/3)Osi 0.35PbTiQi 0.15PbZrQ -CoFeO4 13.2 [96]
17. | x CoFeOu4i (1-x) [0.948(KosNao)NbOsi 0.052LiSbQ] 15.01 [73]
18. | Nio.sZNno.sF€1.904.4- Nao sBio5T1O3 0.87 [75]
19. | Nio.s€C00.15CU0.0F€1.904-5 T NaosBiosTiOs3 0.375 [76]
20. | Ba0.5S1.52r0.5Ti0.503 + Nio.12Mgo.16CUo.2ZNo.sF€:04 0.6 [77]
21. | NiFe1.oMno.104 - BaZIo.08Ti0.9203 1.18 [78]
22. | BaTiOsi1 Nig.7ZnosFe04 0.124 [97]
23. | Nio.sZno.2FeOa + PbZ52Ti0.4603 0.769 [98]
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2. | Pb(Zrn.52Ti0.49O31 CoFeOs - 226( z0 o [95]
toj L s5dzOdz
3. | CoFeO: - Ply.gobLlan.osdZro.58Ti0.42)0.979Nbo.0203 3-0 102 [101]
4. | Bap.ssCa.15Zr0.1Ti0.903 - CoFeOq 3-0 12.5 [102]
5. | CoMrosFe ¢0ai BaTiOs 03 851 [103]
6. | Bao.oSIo.1TiOs- Nio.oZno.1Fer 9804-i 0-3 144 [104]
7. | NiFe;04/BaTiOs i 72.49 [105]
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OB YD, [ dldzjSlted Wi NEEy dz) CEEECHNS ) (S sdmlsOdzlst §° j L 5BOL
es'/eo | tgd, % Kp -day, dss, -g31, 033, s11FQ0'2, Y3 A0, viF,
fsd/| fsdz/| @/ 1| W/ } @ 10 ¢ ds/

A v u24 1000 0.6 0.52 100 250 11.3 28.2 104 7.5 3.1
} st8 1100 0.3 0.52 105 240 11.0 24.8 10.2 7.5 3.1
AU w a2 2150 0.5 0.75 170 370 8.7 19.2 10.2 7.1 3.1
AU g u-d 3050 2.0 0.61 230 500 8.5 18.5 12.3 55 2.8
Auvd-1 1400 2.0 0.59 150 330 12.1 26.6 11.7 6.1 2.9
A v u83F 1290 15 0.43 105 250 9.1 21.9 14.0 5.9 2.8
A U 436 660 2.3 0.58 90 260 14.5 44.5 11.8 6.4 2.9
A v 419 1900 1.6 0.63 190 400 11.0 24.0 11.5 5.6 2.7
Y st7f (13 5000 | 20 | 071 | 350 760 7.9 171 : : :
Auosdugu 3300 2.2 0.48 - 520 - 17.8 - - -
} st 15 950 0.6 0.45 70 170 8.9 18.9 9.6 9.9 -
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ess'/en tgdQC? Kp -da1, dss, -031Q0°, g3:Q 3, s11FQ0'2, Y3 QO viF,
fsdz/| §sdz/| 1B/ 1@/ 1 & 10 ¢ o3/
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Yyd it sisaps@dzOls ©  fHoQ@f daty @z "djdedsse dzv j sfpw  yjtejL fjtejr
f d tc s~ dfts718]O dddzlsj L Jtetse Odadz" j cBsCter dzd e B IstsH
BB dz€ sL j toedzed Milskz© BISCtesMistezS sztclz l dZOdstcOL d3j to
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My J ¢ Odzdiwd0BOREN dzd y Y lsts fsdzj L dets Hdzv ftoj s o &80T dag
dstscj MEENse MbabyOkdzds @ jL 54 dzj S Istsd {RP5HIS &0 LD dz
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Yylsts k¢ dztsls dzj dzdNN dfispitg Bd3decdis ' K Hisfisde dzelsts d L O
Csdzdyd Mlse (BIs 0.5 Ht 4 &BOMM. %) EMdHO ¢ JNNBRBOdAz
MY J yd dzdzOv Of,tcd d d§jOj0l0 f dztsls dzts fy s 95. 6 % Bl tc
f!1 jLtsldzjCltedyjmMédrn Moat2Mmilse.

l dzdwdedy dzjedtekze h 3 &0 HislB®OE CIgz ek , T aOOL s §J ff j
Mo 52 KEN OL 2 yOd4d0E§209]e 1" dzs EMlsOdztse dzj dzts, Yylsts L Oc
dzlzyh j ded® 0 JL st dziCisted UNWRIDR &5 6 RADE apticOHNE,R] ¢
BsHdW dydtctso Oxpzdz@ivO j Isi TraOstk) ¢ B to iy jiM.Ctxfed = SB 8 @zd Cf s ¢
[ 5B Oo dzj dzeglzio jLzdfS\pefr ©j B7 8 212 dzf WYesc dj Oolstster dkyc
2O udmbsizs KRN @RBM4d ®isdj wOds] desmby tej v j dzv dzdats &3
Ctsdgyj delstcOyd?2 HBBOOCd d2O Witsdzgy Mmdedy j dedw Itsycd

v0OCY] dBescddizd OolststtOdRRd L zyOdzsm:! o dzdwdedJ ¢
CsdizBddzOydd Hoelkm ddzd Istcj = d NN [8d§i221] dzO B f) alzd 2 fiff Idseda
BesectssB jhOs hdj tjLEd sOIsT . NND € LiTaQz d csdiz®tezaf © dhfj
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V2 d® 0.93 - 168.3 | 364 131.9 - - -
cr* d® 0.755 - 251.2 | 55.7 1955 | 2248 | 67.0 157.8
Cré* a* 0. 94 - 100.5 | 29.3 71.2 - - -
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Fe?t d® 092o M | 0.77 | 47.7 31.4 16.3 49.8 33.1 16.7
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CU d® 0.87 0.71 92.9 27.6 65.3 90.4 26.8 63.6
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fted BO@®BO otLHEZAR] d uld bA&ftge - Jffdristdise] @ 4 tsdzkz yd
BjsBotsHdBES2 Misjhidsdjlsted] 2.

I 82 5] wWOMfwsmMiseOdzsj dzadj HdzW §sdzzyj dedw W j tete
ftoed sB tcj-azPdzL Sz} m desdzse W, GBI jHJdgvs h OW Btsdz h kzs
tcOMmilso stetso, Mizh jMmise jdede" o5 + dzj Bj delstsds Cslstster 7 Wo
feYyd @M O jtots?2 MOH]I t©j OCydd cdHtesddL O d
(ks Hdse BOGOMss s P MdHEBe, ©OLKBjte Ssltter A
ZOdetsdzj stetso (L tsdzt ). vejdzdyjdedj B j dBBdets?2 Ctsdzyyg
odzgidf Mz Efpdzsod2 (pH, LOR 2O tOMmlsetstedilsj dzvw) Htedo
BiYHE yYyomlsdyo®dd d BKLOL SO Oded ¥ Bs dzs dzd Is dzts 6 15
LOCdzs yjdz o cdBSEkE, s HEMsOsydks Ehsts2yde ks
CdH M . 1 sdz' b ddefls ods] dif to Sipdzdldsjisio© Ldsfigitf sdz! L 2 Isfw
ftod fdzeyjddd BC¢MdHdr n dOdsy stesh Ctso, Istsdbdn |

10detsdz hjji tOMftesMmisteOdz ded 4 1 to Peclipfiolidslyi'L j$ SV o
LOC dzt yOJ Ismwa BH Js s3] dzlsJs@@CothTdafls @dzds o o dzsfmw s o e
Cdfpzslsr o {sddzj degc dzdStsdzj. J[BLOLBO O] WHEBEQE G
dMmisj B34 tjOcydd 1 Ijted¥decoOydd Mmfsmsemisslzels |
MstezClskztcj Gjdw d dedoj dzdtelzjls twOL dedykz o ddgH doc
M smMseMmlsalzj s Btsdzj J f tsdzdets 3z iy o3 4tf e jtsdrd) 4 firHsjo dz' ff de@ i
Ctod fls OcdzdgO. Ofytefgczj Hizs h & fils Ote Qe ERCEM] flzs g L ®).d dzls j L j


https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%BA%D0%BE%D0%BA%D1%81%D0%B8%D0%B4%D1%8B

88

dB3J stsHPBalgni d e sHdz" 3 o4 M JMmlso OB weodzwe Isfpw dzd Is te C
dzd di3ts dzdzOw C dMMdzsls O, Borid&l) d dzdf tefizo sEE o dzjjdzd j 53 1 Is
af yj e o tc@REMsSBIRR284HtsB O dzvE s tcOMmlse ste Oqgdzd O
cOmMses stetseo. [ BLOLBSoaOdzdy ydmmlss2 WOLr Mt Mz ¢ I
ftoetsd3d Y Zlstsydes?2 WOL ", sO¢ d udtejL Mls@H dif tc dWdty tdrk
sCMdHBe YjdkiLO d dllstedw, Colstster j Hted HOdMz dzj :
rRJ . Il stesh €d GcLOdZOSO M dOdstOL d3j tedz" di3d yYOMmisd
8001100 ¢ .

RLOjMIsjde tWH §EBddSOYyd?2, sfidmr oOBBY - h tidf dk
B3 Is s Pashpid L dzd d3ts dzdzts € 2BH0296] ) 64 8y @ o dzj dzd J d3 [294ls2Pdk] dza
OCted d&zO 3 Hd®j Is/d ditj dOd O[RAR]INGX gt @5 d dzW S[ROFO B FIdRAIs j L d f
WOoL EZHOjIMmw tMmEGumise dls! fted 500

s tcOL dztso d H dzts -ty tts HLOS dzts Is dzts fr) el e s 1) s el d3 to
sBtcOL o Odzd] CGJdzv HBMIsdeOjlsmMw 99 jHjddid o dMm
fsmdzj ks " dds bk Otedo Oded j @8] fus@C , Mdakls jte@s S5 R 4
fsdzdl sddzj dzgc dzd S sz, W OLO Mts MistckzCbikztcm ctoOdzOIs

RLO®JMils] dezcw@iy difRze f smowh jdzdzgr =« MddalsjL & Iso j tol
ded € jdzv d r#pHgdcy DI §289201 289302] v j B jcOlskzter Mmd dal
0 hMdd:fd L Wjj Bze 8 Isfqw o " d ictslS 5 BIOPHASO f@AR0H.dzj RL G j dz
sdetse j 1 ] ¢[302|tstE @ megls0 jIs BT Is! ftsdzkyjd fstesh ¢
yofmlsdy 61  dz. [HAZOCts o HOdzdz" = tOBBISOR silsf
WOLtssBtoOL soa Odzgdw © ~AtsHj Mmddalsj L O, [302] nydlns@fsldtsate
YaFeO1,, Mddzlsy L dtctso Qudzdztlgtts) dfftstc i OBAjAs d Is! dzj B sz h 5%
2Q°33, Ctlstster 2 f) Bsd hts2 HBdzj 2 o tetsw IsYBEadyls db tissita
B dls sBKLOLBO" 90! MW COC Jtsdi ykzlssydze" 2 §tetsH Iz

[ JrOdetsmd dzls § L W dzw j Isfpw d i SsHdzdd3 Mftsmtse B
dZzO dzts tc ks d3j fg ts M[BOGIBOBI] d & 2z Is ¢ By ssHO L OCd&z6 yojlsmw o
gL &3 dz2 yoOs Isfpw o hOttse' 7 digj dz2 dzad yor ftod tcOL dzd ydz"
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O dzls d Wi Ostatiyj §Tdi & 587 PHFeIND)Os(bu= 38 7n=s 13, @GSy j vy df
MsiHddzj dzf Qtco " j tsBtsBN j dzd2{3L8]. 9 ftsBL tStedzts?2 OB SIS

2)1 st O yMsB7[ 13X (M =Mn, Fe Co,Ni; X=F, & 1Br,I)lsO¢ ¥ j ontSHWIs 9o
slsCtor Isdgzdz! sdW j.tctofsdzd so f toj Hisls O dndg's 4s 2 Md ¢ dzj Ists4
Wjtctetst dxOdglisdi'e dtetets 3O dzj Isd € d, 9 dzj Cslstster R fn dzlz 1
LA¥W g SCItsds. vOC, fiNsBOutfvde] dadijls fifts figld @@  ddzjCEdiEs d W J tote
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OdzOdzs ¢ ff tsdpcflgj H G SH T MisOdzd fteddgd dgwlils! ipw COC L WWJ
Zzdlsdjorn @Oz BeEy sés HOdEsR CtdlsjMmisi o Oy dzts,
Odzls d WaiQastadig] sd S Odzd ) Isj A Q teOIskztets?2 1 jjdzv 20

4)] j SMOesdzOdz! dzr | d § jteso M dlssy tsH BREINz jRFEZO dze
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fd cded Istst dzj CIstedud M&dJ Mo R il pOazizq jHisiagvds figQLup Hoi] B
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8)1 4 CMOW jlcjedtsydetsL J d3j dz¢ dz, M- JdBJsle[@ dedzts off totsW o dzw & [
Bzdz' IsdW J tetetsd € sBaMgFapPL ,(Y-Is  ¢zv f etsmisge3 Is fnd s irngls@ J
wJ toted i3OG dzd Is dats E{ stew HisYJ dzed JO tdm[Wwoejdz]5dBd3] so,d dZB tsdz
M JcCddsPeh j 2 oL ddSdtsejdd fsdvtdL Oydd, dts
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ddzo j iy d d, d oBLECOjI fsdzvtedL Oydw.

N kdz sdW jtotetsd S d dzO tctOffdgtezss tc § tets teth R 5B sSB
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WitctocsdBOGdzj IsdL 3O wodzw jlsfqw o MsC OW f dztsls detsflss i
sCidHde = W Jjtcted i3OG dzj Isd € tsion dofi  d&) d@ldscfiedjS taftc txfdgiefc dif | telsief Y
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ftedmklsmisedj o jet MMisOej d kjo, d tH®EzGEEL dBdC
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ftedujd o' hj CtidzOlsdy = Isj B jtcOlkzte ( dzOf ted Bj to, |

REOREzd sdW¥dertcjiesfats2iso ® otodj COjls dRdatsy j filk
WOChttotso diges i lOfip) dzj zfbbegizodg?2 o COoyjflsej ¢
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V. 3. (OLddydy j Mismee' SCskedddise Odd?Y BOCE

1 jteor 2, ZzOdetsdzy J tOdzdzd?2 d S[3RBlo d i de 2L OR Hfizts fg
fsdm¢d d MtsLHOddd Mdjh Oddzr = MdMmisj d3, MBHJ ey O«
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fsdBscOjIs ML HOIS! i dztsls dzlz & EfOCtsoCk MtokzS skt
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cMjcede st dzj SlstedyujMSd) BjlsOdd ¢. 1868 &syjl M
BOkjtedOdkss f kKOS ddid GOcddlsd &G MstekzSlkkziodd.
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CedMmsOdkzdse dH OIS o dMoGHd | GOl j 6 d Odr BT dzg

GOo ) stedud MEdd3 d lesch e d3jOlszOdiag j /S d dgdn § dsddas L s0 O
sfted Hdzf dzdW MBHJ Y Oded™w COIsdtsdetse 34 Is OdzdzO::

Difteingdjdd ddsjd' i fdiest Obpizdupht BE Vs
Bz fjtej desmdlsmw ddfjlis?2 10 &z O0dOddL dqtokzj d@3tsc E
Bl jtocdzsegts tOMlsoastc® (1 dz. twOMlsaste ndzstcdHO OdBBE
35 COofjdzr twcOMmMsotstce® dqdzHdSC Olsstc®, ©WOLB OO d&zV j IsMmw H
o, 1 [ tcOMmMlso stesd Cr v His ff J taijdrdigjH20 otsic dic) Gpfisdatdz ¢
4 BH ] toyd2diidizpp ¢ tod Mis O dzdzts 6 dordiQitsd talgg{fits o O lHABNIOthisiipdsHO & d
25.736° 0.066d30M M. %.

){ftejHjdzjddj YJddjLoO M Hokdyd b2 JUahd&Olt
2%dzr 2 Mfdulstsats? tOMIse tste O dzdsy d Wdtsdzesi2 &@ MG © d3c
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fdf jsCts2 10 oz fedetltso dzj edzscts tOMlso 5O dad st
qdzH S Ol tstedzs? BEROE)) 0,1 [ OyjlOlsdy 8 BEY j todz |
pBHEB2 HE 100 &k ) Shdj OH 6O QB df ted ¢z0-B0ags 6O gk e j
sqltekjlsfw. 1 ktySj (SodoOdj dsdesiisd dMmujL Ojls
Moddyddse 52 Cdmdslss?. uvdltkjlshv wisH dupuQidads ]
Cted fls Odzdzts & d bitg @SUL) Ofzd Wiy @O dzPeO tigfls1C20.0082 1,16 3O I . %

A{fteiHjdjdd IdlsOdzO cteOo dlizi Byl IOl sBfsb
fiojHo Otedlsj dz' dzts 1 tGis € OEz] e E s dzdzgs 2 0 ZOMMT d oL o
pj MO ) bkoydshls ' lkdzoa®, yjs®k thEshY f(stsh s¢ o
oL jNdoOjlsMw dz® kjR 3j ojMOR. 10kjd kdcdd §j
sj B j tOkA0E] 98 0sQ yj dzdj 2 yOMte HE §shlssw ddas? &

[Odzjj fesotHddkOM! &GOk &Odouj MO GV Hsdejed2dztsjs
BOMMEsos2 Hsdkd SSMdHO kdkOkO twommMudls' o Odsf:

A BTRTRIRTE (V)

O MjHdzj SoOHOdUdes] IS dsdj dedj St Hj dzw dzt

. J(nﬁ] a)2+<:m-n:2)12+---+(=m- %" wa)

GHNi ydmdzts dL d3jtej ded?2. [ soffpdpls d® @azBw d dzls j tco O
Siton

d= n (V.4),

CHEGT S SL WW dydj dzls  © 32 005, j =dBls,0= 278 to d

HUBH ey Odd] ©CMdHO IsdkOdO o StodlsOddsd
30.85° 1750 M. %.

Afftejnjdjdd ydtetsddy cwOf J sdaddd s f s a3y
OROdEse d ydets2 7 j dfjte d fRSTEdEizS oLt vdzd st Ols 0 yd ¢
ZrO(NQO3)22H,O. dBH jtey Odedy BECMdHO ydteStsdedw o Cted MmlsO
4115°08 9 &OMM. %.

S) {ftejHjdgdzdj S tsBOdZME@d3c BYdmfasleted yis 0¢ d
sftjHjdjddY kdsO0dd d ydeSsddv, B’ d& §tsOdOdd
Ctod Mls Odgs daf sE®ls 0 € 58 O&64IS0A3MEOM KO s6d s 2 7 .

6) [ftejhHnjdjdd] &BiHd ctcOo d dyjdsAartsejdinfddtsy mikjjdass H
s Hj toXadhd jdzd s Ols j . [4BR6° GMEGe B J s 6

Ny{fteiHjdddd &BOttcOdyO ¢ tcOw i d3kisfsdmig st tf 30 daj .
CodfsOdz&zse qHeOls] GBftejHj & dd YjMPOnsHOme) dzf§ h
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ftesC Odzd 0 Odaff2pdg Hits sNbre j IsMise P4 M B BEEHGEE BAd] BO
CtedimlsOdzkse dHeOls | {dpdagjdojs OdzEOGHugfn O Rl 74 O M.

7.1 0cdzdlstst dzj Slsted i MSdj dL dkjtej dedw

RfMdzj HESOdGY j Cls, LOSCd yOs hd2fmw o ftoj 5BOL
BOCdzd s dztsets s jo MddfjdEois gt dedy § eso sH d dzd
fsdvtedL 5o Odgdzr ° 5B teDL A OB ' R lzwD dds. B0 oWdigduds f
(B sLdlstse s dzOf Wy Yy dedzslsd § sMlstsw dzdgse s BOG

fjtoj i3] dedes e s BOC dz sdetsets ff tsdzw .
1

2

O

5
BBIXOJ1

td¥.1. eaj 30 wyj 2Acd Whidpagab jdgdeq @iz € d | j d2 @36t
Ldzj ClstesdBOGdzdIsr, ML HOs N dj FEMBHEdddzisgz’ dgO'6 dzd i
SBtOL-F BOCHJOdz dz" 2 Mmtsj H d-deq s alzsdr ¥ MY O dedridz’ Gt

10 tdh. ftej HMisOo dzj dzO W yjf2€ OW YHjdEOBJ tcdf[ERalisded |
[HdstosHdets ]  jtoj d3j dedets] dBOGdzgdsdetsj ftsdzj o dzgj2 M
fsmistswdzdetsjy M fsddsh ! 8 Hobkr 1 dzj CbtosdzOcdedlstsa ( 2)
1-56). cuyudj29¢0, o Coltstlkzr fodjh O Is tsB telOs ggyd dzt8?
3¢ 3. v O0C s fsCtcr Isdj dz] sBoBHd®BE HAEZY IssE s, Y
dfm¢dzs ydls! dL d3j dzgj ded¥ OBy dzd sz ' f4tej d3j dedetsG ts
dL Bj tedlsd dz' dz" d3 o' MsEC BB = jHOdMde &3 zZMd ddlsj dj &

[CClYydjdads Q9 ) Bic/OMmipdadlsr o Odzd 5 W stedslzdzj :

_ u 400+C .
bE. =~ A000(V.1),
éH 320092 C v-1)

CGHYT dzOf tew x j didig " 0B O B te QLY s(isd) ,s5BdsOL yO ([ A)
Csdels OdalsT EMmlsOdese § d .
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8. RfMdzj H jslg@xdefefdsdzj C Isted yj MO ts L W W j ¢

ltetso sSHdfOzdts H dzts W OL dz =7 BOIsj tod OzO R D fridsstddAd HsHiAde
1RR AdLdéd dSav ftod f§dshd -0 dgtctls By tc P gl O d
900 d yYyofqlstslsdesdz HdOY OL sdzj BIs 20 dgfysdaits 12 Ou df. | Y

9. 1 tdmediztfi MCd2 dBIlstsH ByjdSd fOttOd] stetsa  dzO
MowL j2 o Mmjcda Istsi dzjLCldstexf SHAER] 6] difif distsstdsts Hisdtd| O

[ dzw ddzls j ef tcj sOydd tcjLzdz sOIstse , f tsdzlz uJ dzdz
BiFeosBosOs, M sdz' L soOdzd dL o jMmlsdesyd de€ d dzf gl s D g ¢ & ts )
f4tese flY7I9Q | Jjosditedud Mcédd Stedisjtedd i3 J M OE fiplsts:
LOmMMudlsr 90 &2 (6 Witkdzdj

__(R*R)

t_\/E(RB-Il?ORO) (V.5),

GHRA Rg, Rf T dtsdzdzr § t©WOHdEMT COdtdzso © fwHtejh jls
Mtstslse j Isilse j dzdats. vtddste S I Astadz" 2 ) IsldsR iy DL s § ) dzdzO T ths et
ftejHjZOR ®& 0. 72 HB 1.

[ HdzOQ1®7, 6] s5C OL Odets, yYbsts Hdzw MlsOBddzdL Oydd 14
1Isdr citdiilbtedud MSdr Lkfmdzsed?2 dzj HsMIsOIlstsydats. Ut
MewiL 2, 0S¢ da dzQf &PdhgE@aEnis(0dddz’ ? §SHaBH B d&
Hdzw tsyj dzg€ d EMmilsts? Bidiasmfled O s f3gttsd MC dlstso

tOmMujls fOLLOR) steO dzO § 5V >IGPASBASH ¢ Payy iNsd j 1 O
ZOf tcOo dzj dedetsflsd Mo wLiL j2 wOMMdzOIstcdo O dissets Olsts BO

t (V.6),
CHjfRBEteO OdzdL slstetstf dd twOMmY tej H j &jjdaflyj @ te) & Istfic]mtilgdAtsts
yd mdzts 1 dzf -Gy st©Odzte es,L Bz h j ded v Olstsdider = BB dlsOdzj 2 .
Y o&s Btsdz hj Mmisjfjded OdedLtslstetsfdd, +dzjtecdy ¢t
otsL 3z h j dzdetsylst o Odzj dzlsdz" = tsteB dlsOdzj 2 .

I Coyimbej d@jter OddLsbtesfdd wOMY e HQjdsjfrd
o tc Oy jodekpeld|sgz CAHubsnPB Mtsdzt Isdatsj L dzgOyj dzdj o tsdzdztso
Ldzj Clstetsdzse 2@ twOMiistsw dzadd HBOC M BzBO t©OHJOd dafs
ROdBtd Nj2 C &y ste®yddgdy d&oft0s dj daf1s Odzd g3
Ldzj € Is tOfdamnillsqlgl Misd § 4 do'  @ed L tsie sy dizd € s gtz 0 0 |
fdzj Hiso OB=jNda'e élath B s dzé Isdz” j L dzOyy ded v (el ts dzdaizp ¢ 5 to Wk
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odzj Ndzgdr 1 dzj C Istetsdzdz’ n riigERtE jined d3lz@3tste O sl wHOME Yiits P tc d at
Is ©B &A1y 4
v OB dMIyO ¢BMisdze Isdz” § L dzOyJ daf] W 1 alag dzdgtisas'dzts oW sc
L dzj Clstetsdedz’ 7 fydzts jnig O CADJ dgOdRtHds tSt8 Ezef f Q dz! dzts 2

0 Is ts o " A
p d S p d S

12 Mg 0.25 o} 1.25 1.236 o} 0.07
13 Al 1.32 o} 104 0.107 o} 0.099
21 Sc 0.48 0.525 1.55 0.535 0.434 0.054
22 Ti 0.46 0.49 1.48 0.584 0.491 0.058
24 Cr 0.42 0.425 1.49 0.695 0.584 0.006
25 Mn 0.395 0.395 1.31 0.752 0.688 0.069
26 Fe 0.38 0.36 1.25 0.808 0.751 0.074
27 Co 0.36 0.35 1.18 0.868 0.825 0.079
28 Ni 0.34 0.32 1.17 0.928 0.922 0.082
31 Ga 1.29 0.28 0.96 0.111 1.175 0.112
39Y 0.65 0.84 1.7 0.378 0.239 0.049
41 Nb 0.57 0.74 1.635 0.455 0.292 0.05
74 \W 0.59 0.74 1.48 0.457 0.316 0.06

tlstcj d3dzj dzd | ¢ sSBtcOL So Odzd ® zOf tc Oo dzj dzdz" ~ fr
Cso Odzj dzls dgsets oL O dBsH j2flsoad?y, CtbsEcOY f @FE Bz L
n-uydmdzs | dzj S bpOtsdaEse H &S B [JiH @sUdmEdgss 5 £yo
fod L ds@ib sdima Mdsd) Skiesdss, (sMisd Sk HeMsOktYy
dasj ils Bjflsts ddh!' Hdv fehisswdd?2, f§tddOHdgy on
dqdzls j ctcOdz { jaeQ djtcdzlo s W stcB s GdEP HYO dadAsiE jsdzls@EsR d3 T
sCippddvl lsOBREJfgde j H dr dzls § ¢ tSOmaizy 1 jofl§ ' dc@®
By Osdd 7 wOmmlstwY dd?2, dnfsdSh dw Oy tc pls d'O) yc
cOMMissY dzd2 tOMMyudls' o Okd ' ddzlsj tof sdzw ydj 2.

[ Odalzjj 5B - 5H d &35 W ifisdid § w®ddfiag jdafidslz " j Mis e | dedzts 2
seBdlsOdj 2 OB®EO BkHEl oL ddSOl! ddh! o fMdkzyo,.
(6OL tekzh j dz’O)ls ts sy j dzd . 1 S Oyjflsej d3jter oL
ftedded 304 Isfpw o J dzd ud dzO
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v OB dA2y.0 | dzOyJ dzd W j deqelf jiod to @diAs[8? H dzW  tc OL dzd ydz' =
r B-O A-O
beBs 1,85 2 2,15 2,6 2,8 3
RdzZlsj cteOdzr f pBE& tfis ®rgzd v -5 g Bztf EABEAPR dfts o

21 Sc 0.139 0.121 0.103 0.059 0.043 0.03

22 Ti 0.127 0.106 0.087 0.045 0.039 0.021
24 Cr 0.11 0.092 0.073 0.036 0.025 0.016
25 Mn 0.088 0.068 0.058 0.022 0.014 0.009
26 Fe 0.076 0.058 0.043 0.018 0.011 0.007
27 Co 0.074 0.057 0.043 0.018 0.011 0.007
28 Ni 0.058 0.043 0.031 0.012 0.007 0.004
39Y 0.169 0.162 0.149 0.104 0.082 0.063
41 Nb 0.169 0.154 0.135 0.081 0.063 0.046
74W 0171 0.156 0.135 0.074 0.052 0.036

Rdzlsj ctcOdzr  jobpC flsOgdw ¢ dNdcipBlsBi3fo i
13 ¢ 0.146 0.147 0.142 0.119 0.105 0.091
31 Ga 0.151 0.154 0.151 0.127 0.113 0.097
83 Bi 0.2 0.2 0.191 0.149 0.124 0.1
t=1+10
(V.7),

¢ HEj- dzOY tow ¥ j dzdzts fyls ®

9 Odzj dzls dAs® dzdfs,fp BAtfIs jotfis L Bz h j dzd W

MsLHOo O BBBGE 5

Yt HIdve ]
oL dBBzM j dzO

8 Obtd®i Mudlsojlsmw
feddv st fydzj Hizs h g
A Z, Z

f=Lt

m

CHIh-BOHdE EOCHd B B0 ©OMY e Hj dj dad W
steB lsOdd t©OMMBOIEmds DY Z&kK o GlsE BOOLW H
ftcOo d dzOd3 R-dzjgids sty @zd J

2 % (R-1.)°

-0
2

(V.8),

B HE

Ols 5 dsuiyd WIS tp Epsyj dpghre | dzdzts ,

W2ts tasdis dolsGodgddzls dftss ftc O o dzj dief ©
| IStOE 5 jodze] Js OO oW 5 j dzdztsfyls d  f t5 dzw
fpWd tedud MSCd Mmdddsj Isted ydzy .

Bdr? | OO&GHd Bz BO ©OHJOd dzts 2
¢ 5ls s thots 320 1 © ) §) j@etzts i b
Ylsts f,yd d
Isfiy dp t=igd o
COMY toj

tcOH d Odz! dzts
steB (|
W H tc Gooisdis digo fifffy desldstalgf G

H dzw
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Zo(16) = o (1)
2 (V.9),

ror)-wOMYy ©d HJ dzj dedd
stsdz $t5 CadMmdstetsHMsH jtey O j

L dzj Sstetsdedets? f deslsdgsflsd o Olsts
fjtse MS dBk s BOsEdsHdst

1 dzOyJ dzd v folfolrizR™y dtefO L dzd ydao,dc OMmipQ s @dzez j ) d My sdz' |
WEdzC yd2 Oltsig®@tf cfffggzte j dV.3. 9 IsOB dzd yJ
v OB dM3yO | Oftew )y j dzdetsmis! f sdzv Ols s d3(
Z®BOL dzd ydz' = tOMMlOsw dpd W Af3. tsls W H te C
ro fo ro fo ro fo ro fo
0.6 1373 1.4 1.23 2.0 0.21 2.8 0.025
0.8 6.57 1.6 0.59 2.2 0.12 3.0 0.0165
1.0 3.37 1.8 0.34 24 0.070
1.2 1.84 2.6 0.043

Il J dzd yRfstfrtej Hy dzw dzd s + €Y Jted o3 dzlsOdz! dz" d3 H O dzd:
a:nALA+nBLB

n, +ng

(V.10)

GHLALeT &3 dted ud MEd BYftejHjdvjd j Hdzdd Vi 204 d) .
Hdzd dz" dzj dzOf tew 3 j dedz" J1L7M306) L, | 2 Mz L Gsdad@ degz” § H dzv
9 tOBBIS]. | dzd dzO dBj-CZP tow Q dedizdalg 2Is h)d W78 tedD.B BIsT o C

dzjrdzGrfotere. G O detkHE) s s H o
fdtesemCdlso (¢)

v OB dAM4y. O | dzd dgr sCMmdHC

s Olsd

Lo

s Olsd

Lo

s Olsd

Lo

s Olsd

Lo

s Olsd

Lo

Ni%*

212

sSct

2.12

Nis*

2.07

Y3

2.28

Nb°>*

2.01

Mg?*

2.15

cr*

1.99

Fe

2.03

Ti%

1.97

Wo*

1.97

A3

1.90

Co*

191

Mn3*

2.04

4 ZzdgO tc dzts |

BfwHjdvjlsmv

mMsMmMisOo .
dst dzj d3d dzlsts o

o dzd v ded J

dzd dzj 2 dzts 2
wdzjHbkjls Eyjfmls:,
o dzd W dzd J

dzO0f tc ©O9 dzj dzdets yls § 2
CsdsB d dzOyd 4 2

ofmin
f OcOd3j stctso

Yylsts ftcd tsHJdzOC ssp

o dzzlste j dzded d3d § 5 tslsdztsh j dad &

sCtolkzy j ded W

dzq'hJ

"hotsmMisOdid "

¢ MOk kL

RO 600 dzj dzdzts ls d-s ty® of 5 @ &J B &1
o dzj " dzj d3kz
cOmytej HJ dff @& W o © dizj &
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SteB dBOWEHO ofMjcHO sldsmwishy ¢ MOBs®EE o dzj h dzj iz

oLOdBEHj2Misokzy s Mdd des. ) silsskk ftd tyj dd
ZOf cOo dzj dzdztslsd fowL j2 fdzjHbkjls Eydlsr o OlsidzOf
L dedui MS 2 shdssj. sOC 1W¥W¥jChkdody 2 § OtOds

' Oy | dad J

n=a Cpin‘pi +a Cdjnt‘jj
i j (V.11)

CGH3jd3pi-HEsdZdd ¢fl sdztsy J dzd 2 , LOdgW Is™ 7 OHWss d3spezdizj it Hdls &

SBL WWdyQedddadsqd a3 * Is  fydzj HelzsChiskizete 2f) Is

Yo :1oepimp, Caj =26y 1 m, =1+02N,(N, - 3 (V.12)

{OMujls §O0EOdk]se0 &Of BBz thdthlsd j Nz Do ki
B0k jted OkOr fs MstkChbtts? §josomMCdsO L Odjlsd
fod®jdsscts &jlssHO ' -dsflsd fstkClsktr foslks jlsf
SB' Yydes ©OMAIE SO BROmalOls’ . o ko jddujddjd daj f
fdtse o QfLofsstsy 1§ dztsls dzj 2d2Q Rie v by f @RIsdNdsd Molwts Iy Pto s ¢
Efls@dmimisd flstkClskte’ ISdfO §jtesoamMSdlsO bkHEGBsds N
COMmlsw dzgzlsT & fowL j2, f ©OLEGr a5 dn §td daj Sctllssist
CHjce-pStedsduj MS OW HjWinico®@y gz® gy dzOttcw 5 j dadzts 2
QdlozOR tsHw I L 1 SCMmYf jtedd3j delsOcdz dzr 7 HOdzdzr 7. [ fydzq
fjtesoMSd0O, cwsifddwddeys p s orh jfteds jH  dzdzs?

dzj ZOf tewy jdedz' 7 Mewi j2. MmiSk ) §ijazd jR2dzdl sHsd s do®
dzj EMigdbo sMisd istsy dets Mk H dIs! dz @Y pjjdirfafiflsiz: § Ot Od3J Ist

.. D D
”Z:(_)s:4 n,—
Dgtﬁ \/_LO

(HeEOs s BEso ) (V.13)
. D 7 2y D
an:(D_)sp:(E\/n_S-l-gnp)L_

ce 0 (HeOl s d3ts 0 ) (V.14)
’72(1 = (Dﬂ)sd = (2ﬁ+6n3)L2

Ce 0 (HaOBdBEo ) (V.15)

[ Mdzd o MtekzSIiskzte] ddspJ ldmvic CdpjishySdelzde " Cdix] Grjotdg v

ZOY oWy j dedzshylsd Mmowi j2 ftsded 30) €N he] 6 pilidgd
0) -Hidd ddedf hztsy j dzd2, L Odvlsr o Mistsle jlsfise s h d d
MskS ke Hie ey o sccoddydso Ojisisdsidzoyj ddv &
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Vi.Lea RL U1 ALY SsAR[1VO[?13m JourtrOJ L) c¢cf st 3fR

V1. wqdasjL d3Q@iizdief Msdf Wrhizs s dkOls j e Odzso  dL & §
fsdzde ddzed eso ¢ 5 MY dslsO

sOC dLojMmisdes, Hdzv { tsdzkz yj dzdflr dz'dde diztffif( tshie ok Xldsjote of
dimf sdz' L 28 s¥ tcOc¢ dgtf Yuzs 3 e -dgpfhp@N v j ded j, G dHtEBIS]
tcOL destsBtc OC flztlzj sssdzt B mde. f sfdzj Hdedr ftcdodzj COJ Is
dmf sdz! L 28 h 7  gits BS@y jiffIS 9jjc ts¢ JOd& | dzls O Istf ts(dddlow)dzd dzts @
dzj HstesesMisswh dj tj OCIsdar d fsLetsdvshdn MmEhj
M j COdzdw dBOjtedOdzse, O dJqdsGHO L O Myudb {Istsets
Iso j tcHtsSW OL dz' n tej OCyd?2, CsEHO or MtsC sls j i3l fipjOX
ftej fwismMsolzjls ftsdzkbyj dzd¥ BGHdhsW OLd = fttsHikzCIlste.

Il sHdz" | t©OfMmlse tster 11w Mz Ols B zOE st tod W Is dats 2
L sdzj g dzls j L 59 . [ sdzj € &z dzr 11w MHJjty Ol ® tclnp s,
Cslsster | dBsekzls kEyOfMmlse sH@S'n dnotwa tg QL the @Fadla]] ¢ dztslzOts!
Modsr &3 M smMsefMiseaze s MisOIsdMisdyd MEsBE tWOMY te HJ
Gjgdzv, ftojfwismlsobkw t©wOLHJd ds?2 CtedMmMlsOdzdzdL Oydd «

I Coyimsej JMmisj Mk o jmzesdsfsiysPEHigEdusty ag dzj 2,
sj cdictsBtcOBBISCE ftotsotsH (I ) oftSLHENdats 2 fMted HJ ,
LWWiClksdeade d@3d Bsekls sCOL O Mw d Hkzed] ¢ dMmdd
dmf sdz! Lzj &3 2 o dOMistsw §y a3 iPEsHgszisHids of @@ d].Is My O Y to
169.6¢ d, fjteirHY ftod 1 Istsdz 9 OCkdodesy MtsMmissWw
stecOdzd yd MSdr BGMisOISE o . JSdMmdzdIsj dz dz" § Mmots?2 Mmls:
tcOL dzOc O] Isfls of jtalgdfszz iz o sHEZ d ECMdH OLtslsO (1)
LeLtljted3dyd MC Moz -86B% J Slselgdz( ) . 1" HjdveEh jjhw s,
Mo s2 Mo Gshizls M sMmMseMmMise so Ols! Bdzj j ddzlsj dzamd o dats«
Mdzd M d o Odzd Ms 9 o O figlixfalstdat® Is O A3 s dzd W tcOQo detsdzj todets tOf
sBjMfjydeOw oftsmdzjHMmlsadd <+ WWjCIlsdoe dets ftoslsj ¢
CMmitetse j dzj 2.

J H O dzdzts d3 tcOL Hj dzj sBtBh j dar tojL zdz' IsOIlsr
BsHdWJdydtetsao Odzdets GMNio dCg. i€ t8. (FdsdO04d, dzddE jidds 15 t5d j o S5 Gt O
Y3FesO2, dzOdzls OdzmtsH j to) OMlduaMn@3@ dzei @ Y Baxfodzd Sr ,-0 .R3 59 , (
sOC Y J BiBlzdz IsBiFeQdBFmgVihos®-d L IitmH j ey O dr 6jdzj 2 o
dzd stcOls WO BBER Y] Mlso j tCdMmdzdlsi dzv .
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rdzv  f sdzlz yj ded\io.Cd.1C8.1Eer 035 ¥aFesO12, MrLarzMnOs ( 6 H ji P Ba
d dzd Sr ;0.35),BiFeC:Qf.dMBiFensMnosOs ( M ts frpsee jlh)d @ Odzd dzj sB R tSH (
tcj O jdzstso: tCMdHtse Mo doddyiplzlz IscPls Is tCd'tg B tscADABldS® dz@B O
CtodmMlsOdzdzse dHicOIsse dzdIstcOlstso  ddt) € jfalrd R Bte OOz @ ,
MsHjtey Odzdj SCObdtdse o C(lststern ftojHOOtedlsj dz' dz
fn dziz BEEO: d BiFensMnosOs ld dzls J O dpdets g tesSH EZC IS T M dL B BBaydz
Gommny &hHte d1 @ jmY wntests Y& MdH" d ¢ OteBtsdOls” 6O
OL slsdets? € d mdas lsggd dzdiafGde'O&ts d3 ¢ sdzd yj Mlseo j o tsHT . [ Is
11w o d&OMMtse sdz HIPB B IsPdAS h 1. dedrffprottH W d L dedy j ftcd o j
PteOo dzj dzd 2, GftjHjdvdd djsBoitsHdBs] Stdadyjflss s

2

2+ 2+ 2+ 3+ - 4-d
ONi +0.1y 5s+0.1Cu +1.%e +7.NOs +

(CH,CHOH) + (8.0530)0z - é

- Nio.9C00.1Cuo.1F€1.904.¢+ 7.9NQ + 2(4d)H20 + 2(4d)d [> (VI.1.2)

3+ 3+ ;
3Y  +5Fe +24NQ + 22 (CH,CHOH), + 240,- é -
n

YaFes[ 12+ 24NQy + 24H:0 + 24 [ (V1.1.2)

3+ 2+ 2+ -
0.65La +0.35Pb +Mn +3.95NQ + > (CH:CHOH), + 7.025Q- é -
n

Lao.esPbo.3sMnO3 + 3.95NQ + 6H0 + & [> (VI.1.3)

.3+ 3+ - 3 ;
Bi +Fe +6NG: + = (CH,CHOH) +60:- € -
n

BiFeOs + 6NQ; + 6H0 + 64 [ (VI.1.4)

3+ 3+ 2+ -3 )
Bi +0.5Fe +0.5Mn +55NQ + = (CH.CHOH), + 6.25Q - € -
n

BiFeo.sMnos03 + 5.5NG + 6H:0 + 64 [ (VI.1.5)

vsOCdds sBtOL s, o35 (N 0y ICl® JFe @ dzi0ts ORLISH d d3ts ] € &
(CH.CHOH), s fyls O 8-@2\@345 lsz! ZzO Ists  YsFesOs B!&Gfgﬂsjzfn Iso 31 dzv  ff ts
n n

0.018515 dblansMnOs, BiFeOs d dBfFensMnosOs- > dss cdz! . | § sz uj dedzr 2 & §
n

8090u ootsHddzd tcOMmlseotste dzdlstcOlstso , f Otcdo Odzd { te
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oM Eyde Odedw tcj OC ydtsdades?2 BFOMMr LO Mmyjls B ktodsts
sj i3 j c-DOBE, o LjLbkd kO] §sdzkyOdd CMjtscj d

I smEe yj2z' v yOMmsdyuds? L O®Rjd SdhmdstsH O dz
tcOMmilseo stetso  dzd Is dHIMHNCTE, 1 I 8 dzdpwpj Miso 5 € s ts to EwRGERZ o
dMidBsets ftosHZC IS0 NpHd FeOdzB.04e3t (i) 0.12¢s dz! |,
MzLa;=MnOs, BiFeO: d BiFepsMnesOz i 0. 03  d3tsdz! . JwolssW jtotedls d
f 5z YO dzd lseo diiftcabifslsifL 8™ €O ©SCMdHO o dMdikzko.

o ff s s3emwdzls § L dNoCoo@dedre1 0044  BiFeGs;, ftod 1 Istsd3 f tetso ts
LOB) &gz S dMmizstetsH O d2O dzdlstcOls OBRBsdd Y, ¢ sdzd yj M
ZteOo dzj dzd W d3q :

+

2 2+ 2+ 3+ + -
09Ni +0.14 ts +0.1Cu + 1.%Fe + (16.26dNHs + 6(4dNOs +

L 4-d

(CH,CHOH)Y- é - Nio9C001CuUo.1Fer04.a+ 7.9NG + (40.2140)H,0 +

2(4-du [+ (16.160)N2  (VI.1.6)

3+ 3+ + -
Bi +Fe +12NH; +18NQ + = (CH,CHOH), - & -
n

BiFeOs + 6NO, + 30H0 + &4 [o+ 12N, (VI.1.7)

v O¢ dd3 tsefiptos fiss jtc BNy Isdits ddzO fipd d@isly L Jtelz j B s5  ff t
dzd stc Ols © O d3d3tNdzeCeh.1Cean.1Fdoida iy © fj) Is O VABFElsiz! | BiFeOs?v0.12d3ts dz! .

s midgitsdzd , dL ¢ silstso dzj 2zdaff jtBtsh§ fOrsthylto BORBY:  k)d " DE as d3
Is Jdwzd j-24Ofptse d §odzkzyjdedzr §j §steshCd dLEyOdd d&jls
ZO HIWtcOC stwiRE B CdRLdzz yj dzd d . g yYddz¥ wftejHJC
yofilsdy ftesotsHddd M jBSE ©YHO HWtOCydsdadz & d
¢ tobfCdis d Mls O dzdzA:Qy B C JUP ud Miso § L IsOdzsdz0 d HOdzj J
[ I BRytetcj tcO o Mstslse jIsmisodd [3®F MisOdzH Otcls dats2  d3j Is't

[ dzv L bkyj ddy WOLtBtoOL tso-CRag Vv ¢ $ tzd) z ' j dzdg'Opzd
HgWW jto] dzydOdz dzgs? MSOdegdtelzs h j2 COdzstedd3j stedd
(vl ¢) dzO H J BYQRE Oitend BEXTA (Perkin Elmer) . 1 Octejo o j dzd
Ctezdzitsor 0 Isdc d367 dfftz. MO s tdEAlg o Odzj S B j e Olskzts

smitscjdd dmhd g PUfcHHEEHEd REslssLr 2 o' f
Varian 1000F1 R Sci mi t ar S4004 @G0Lomdfdzls j oo Odzj
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s O¢ fsCOLr 90 N HOHzdzs ) ¢ BRI d o dzJ L O9 d d di
BOIsjtcdOdZzO o fm] GastdPU FOf@O HEOIEWaRIstcdtclzt Is B dz h ts
edl. B. ® COujMmbsoj ftodBEMEPCHE] HREPLEEddziRs (s
1 d 2 9 - BujadfozlicdOIls] 3f~J2W0sEz®] WA . GRgMY j ¢ ISts
diMrtsHdsec® Thteash § t5y dets  eofgffujjdslats lullsus HRS § Jtetsdzd L O
20 dzd ydejtez[if (M dqtetsC OV n§f HRHIHO. ol thpR sigtcORd ¢ j &S
f ¢ OL Odzdzts 2 f sdztsmts 2 (CBlsBtcOW IsjtfJts! Btsy 4 Is
Ctod Mis OdzdzARL OCoysjHY dzdalsdzd dzj H sB8C d Mdzj dzdzsets 1 1 &) dzOB
1650M B¢ sls s OV  [Bp8]d @ dgth)r o Of s Ofmd dsdsi Is eaftaldy gds S
sBtcOL ytso, i sdzlz yJj dzdzr =M it Ssldds's Oalzd y JL dztw{ds 2d H jrdgls d y d
CMjtesgjdzv 2 dBesydets L OB Isdls!  Hntsf 3d205H0B figns tizlz v ¢t
ftedtf dMPls! yblsl Msslse jlsMiseakzjls dzOdzdyds o MmMtsmisOe j
sBteOL Yytse dzOB dzt H Orolg MO hdsidAy fgzd@ dg.Adds v O ¢ d d3 tsB tc ©
RsMtf jSstesMEsfdd ESOLT 908ls dzO Ists, ylss o s
sCdmdzdilsy dz@ dzOwY H Jj MstezC ydw 11 &, Msf tctso sy HOs h OW
CoOwptsSCMddz dzf §j] cwkzffr . Olslistcdysddzdai@ditisiglidOdq) daty €z
11w ftod dOctjoOdzdd o Htdimizlsmisedd tOL dzd ydz n
HifMlstcSydd M tBKOLBOOdd] &3 M Oo jdjors?2 Cdmdslsr

1 4 Mdiislstew  dzO0 -k jsHIddsmas  Rfgj tetse j dzj 2, ftesyd MM
Isj B j cOlkzter MddelsjL © BBMEYHO] B 7 BOI] ted Odzts o,
stceOdzdyi M dr MtsMlsOodzwe hdrn C(Mjtesejdzj?2 ¢OL Odzd |

V1. 1. [sSHdq¥dydtetse Odgdzr 2 % jtetedls dzd§ j dzw

1 0 wWidiff. &, tcj HiNlsOo dzj dz¥ HOdzdz" | 1 § 5z Y pdede H oz
i) d dzlsNjobC@®1CFe s stsB O 1 d 2. VRL. X,tc@)o s®Bis > dats ¢
ftetsyj MM BCdMmdjddw ftsH Hj2fMsadjd CdMasttsHO ot
¢~3003204 . 1 d dzls j tco O€200309  deffti ftp@® lsGrfietplOj dgin d o dzts k& 3§ dz
Msfteso Y HOjIsfMY HobkzdWw o' Oy j dedzr B { TuL wHQjfdp@d sis
dej fteilsjtefjodjdOdC tgffdefsedpus OS] daj dzOB dz¥ H O]
sl jIsMmise j dzdes 5 VIHLOBzHZzr A3 § A if stz M.cB Y d @O daOs
HGWtcOC bk sEteOBBON fswWodws sl DL Y By ddj ¥ d) ¢ i
MistezC ke hyfddgj dzd, Gtod {lstsds LOBj sdgr dzdh ' dzO(
Il siibstetsdzdzd j WOL'™ ki ©fgla dz0ls tsd dzO@dzas § ¢ #4000k { s
(teifif.. 3, fJtsWdd 2), otlw ddjjlsmw IsjdzHj dzydw
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] sfypdzj 5B Y fGO&B/O0u] talfO HIW cOC stsE tcOBRBBOR dzOB dz¥ H
ted Wdzj €Mr  Mistep iz Wt dIyf df esW ddzz 3), o Iktsd3 udmdzj
vsOCdds sBteOL tsdz, BsHdWdydtetse Odader 2 W jtetedls dad ¢S
Hiso sdz! dets dzad L € t5BO0Is j dstfs tei@isliizs jdg [ &#s d v ¢ tsdz dzj
stce Odzd yJj MElEtRtc " WjOLIstc jSBtso Odzd BT HAEY Motjets EkH Oz



125
fted BBdzij orf MsC 2 J450d3kd %eiOls g j d3[404]ls s OrIADIS § j totc d Lk
zOyd dzO 4 Is sBtOL o " 8260, MW s HHFQSC 5 § O dzd Yy d stcg O
MR tcOdgv s h d R Mw odf, dzts 2] W s L o4tbdY j Is  frfyidtds@ldsz tc 2 H Ot
¢ sdyOlsj dz' dets2 .

30 35 40 45 50 55 60 65
2Q

{dWl. 3. 1 dW©OCksctOdd’ §stesh e, § sdkyj ddr -

o nGHj NipdCoskCiptF@Oiq ftod Isj s j cOE©LOR 300 (st

7008 (W dd 3)d Lifp§fgecQizictfizc efoidzr 4) d CfJ
sj B jcOBEff BB dd 5) .

10 Wdm.2, B ftcdotsHWIisMw HOdgdz" j 185 d uv] ¢ HO
45 sMis ©Oo dzjvidid. j2 , 0 tdafifi@L r e OjIs, ylsts o9 jHjdzdj dzdlst
Gjdzv dJqLdzgjdewjls ftsojrnjdedy tBELOLYO Hted dzOGtj 9O
~1704 OB dzs HOj IsfMw  dBsh dr 2 (1 CLtskjtedkdujmMSd2 <+ Wi
BZOMmMmr sBtOL YyO; orhj 1?2 IjkfjtcOkzter o fdm
t J s Quase s§ dMMmdzj Hise Odzdj BBKLOL YOVl § B,dzlz  jodzdz «
fsCOLr 90 Is, Yylksts dme sdzow WOLO W jtttedls® BBOL
Isj &3 j O l2BGar, I\Jlds Mtse zOMmizj s ) HOdedz" 3 s d
ZOsQ@f j ftodelstso dzj dzdV ¢ J dzvv~1A0H30 df tsdzvinitcl®© o ffdg Moz f Is emitsc
d d200f 5 MtcOo @lped MdztfL dIs! Isj BB j eOlsktek € t5dz2QO dzd »
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sddzsjL BsHqWdydtse Odzdetsets W jtetedlsO dzd S § dzw
fesHkSl ftd jhj BSdj-00wRdu.C sR o/ ds | ofodstMeddz? 5
HgW cOC kBCEtcOBBO §sdzyj ddscts ftod HOdds2 Isj & j s
o MmdMmlsj k] ddlkcOko0 O&R®BsddY o Gdd ¢diNgbj d
fsslse jlsMise dd #M.1e&)cOGdgEEdrkls (¥ stddtse Oded* Yy d
tj CteHdets dzgdL Sdrn Isj B jtcOkicOn .

VIL1. 2. edjlsdsjtads o7 2 c©0OdzOls

10 Wdim.4 ftede jHJ dg HOdgdz" J tAQ HAW CMmjtetsed
Mddzsj L O rrRY d HtesCOdzj dzdz’ = §tod tcOL dasftaysy G Istg fighy (
toj dzlsc j desOststeW dzr dzd o ff dzfsds.! IHtdsh) digjj ditfBj edOds@ teT ), j6 €T §
Btsy dzts o d H Vs . 4d, L0, to diffffadsWodad 5 Islifw W teYGREsP1o, te jdditsdz jSStdifs d3,
dfmis: d dgBtsd "dj 5 ddasj dzid o dzsilisdh j dzlsdnis dstpdstd
s sMisOo dz"w ftodo jH,dedzks HIWtcOSscteORBBE M HJW
ss2 X4 Is j i3 M@ Az 1), (Yidaftiy. d dz 2) . ) HOdzdztsdz fr
Moslse jIsMiseakzjls dzj EMlss2 ydoeas?2 ¢ J ¢ MOcslszOfn  dzts? ts lafp
zdlsj tOlskztedz” d3 H Odzdzr 3 sy JIs BT Is! fsdzeyd &z o o
tedWl. 4, © Hdzv McOodzj dzed¥w Htedo j Hj dzOYFeOd W GO tsWsds de
(HOdzd2SD) . |  j WFdzQ:Cddp H AW tcOCIstsctcOBBRBI 2 9 fdg s WHBdAED to &
NJddzjL O ftedimikzlsmsokjls o ftttshCj 2 o OdicteW desdz
toj dzlsc j detsctcOBBB] © lsdzdydj s ftstesh CO, ffdzyj d
jHO O L O®j Isdz

I Mmdzzyoj S$Mmjtsejday 1 sl fOgdsdyvmdd L sanfils) dhe'd
fstesh CO ftod Isjud3f( jMdelthsdztogi, 8POSW Jdzzr 1) . 1 Oftetsils(d
fted Ists?2 XNj bijuwWl,j&tObkztcfjtcbdtiy: 2) o tBteOL Yy,j dzC
MsrtcOdzv j Isfw B tsdz¥YPe®,) ¢ tsisifsimgiffifpldsoipdso zj s Isj f j to! )
stolsstes®BZBd Yy ME 2 BsSHIWJdSCOyYydd, o yjd& dkBsydes B j+
M HdWtcOClssectcOBBs?2 Yreds(ststpitg.seltd g MY twdstd d dz2  4) .

lted BO0QWAdM4, 0) dO HIWLOCKGEELOWE §BEEHC @
syYqHOI! , kxyj dzj @OBAEHOjlMw ddSOCdn WOLEBor 7
dMS ks YOL' doj Of Fuzz®isRLOdzw j sMw dzj B sz YRe@s C s
[l dzijj EHOjIMw dLBOOdIs! M .dzdh' §Mmdzy SBYJdEO |
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1 * (ftesWddd 2) fted Isj BfjtcObzEdDFE
McOo dzj dzd®) HAW ©OS ydsdedze j,IC§DeBY
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tdwl. 5. [ OdderJ wvi1¢ (Ctedord 1) d res (Stedoe’
rR; MismMsBOdRkd 1 ( ©O) d 2 (8B).

RIsOC, fHtedfmkzkmMsod)] o MtMmlsOesj Cigptizpdj dgis OB  «
stelstsW jtotecdlsO dllstedw, Ctlstste~1000w tf faBJd deB®fds fig j &K
ZORBHYh dd&Mw o MtsMisOesj otesh O o Odistc NHaNGE o fiyts f
CoyjMmisej Sdmddlsj dy ftod MddlsjrtgOr dy B HEzjls |

[Odedzr §| (Ad CGtej ddtekzs s M toil jzieasdsQisiPuEEc B &
tedW.l. B, Jtcj HMIsOoadzjdz SCtedoer j res d v, ¢ HdAv ¢MmJ
Mz yowrn ftod <HdQASPY tc@BE EOR O Isfyw  d dzls j dzf) d eBdE=QL YA
McftcsotsyHOE N jiMw orf tcOy Jdedz" d3d Isj f dzseor d3gd + CL 5
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9" EstOdzd ¥ GHESOERBPYMMBARSEjdj?2. wdzjHkjls tBKOISd
CMmMittsejdzv 24 odg@d CEdadBD rus dzOBdzE HOJjIsMw tBsh d
MsftesotsyHOs P d2Mw L Cdd Mdedy jdedj &5 BOMMr B tKC
CMijtesejdzv 2 dzdlstcOIsO OBRBBSdzd- 700w | dz@ dzBptho OFzj [ B «
fjtcotsdy, ded ot olbtstesd Mz yOJ dzi dzOB dz¥ HOM Jsthtdc i d
opdzdL g, 7T@GBCHO MBedzOMdzs HOdzdzr d3 t A ¢ o MdMmisy d3d
YoLr, dO Ctwdos2 rus LOMBIIsjdz Sslsyjlsdzdesr 2 1 CL s
>700 kxj daj dOBdzEHOjIsMw JwOCIsduyimMid dmESBSJ S
L zdz SOISOd t Ao .

Il tskddyd 6l C¢Mjtsejdv 1 HE&Y CMjtetsej dzw 2
7009008 dzOB &zt HOJjIsw h dqesC d2 BOSMHdBEzd, MoadHJlsj d&
fteslsj SO dn o MdMmisj B 2, deOs SHOEzd Yyl ©COMATYd
o' MBC ] B j OsLOR Ylste] & O& M Hlsfedsy dAf iz ls M tjL

s OB dM.101. uwlsOdzgH Otclsdz | Isjff dzslst tsBteOL

Mj ndde { FeOs | Y20s | BizOs | YsFeOr | YFeO: | BiFeQs | BioFeOs

??_;98/'15 dyts @z 8222 | 19050 | 577.8 | -4935.7 | -13738 | 7684 | -2476

r5_§|98/'15( &t dd 874 99.2 | 1515 | 12373 | 1157 269 757

d s & ded ¢ [398] [402] [403]
wdzjHEjls BBkOLdl' odd ORI, Ut Isj &Y GOl

Isj B | cHASEHGgOrSIsdztsMw h i Mmw ¢ Wstecdiddtetso Odeds rRrRy, €
dzsmwWils MdzOBBo " O J dzgdz" 2 ~OLOCIjte. CIss B3y 4 ls BT |
of f Gaale 3d M dMYftsd L tse Odzdj 5 ¢ tsdeyisiquass 402] Y tdhytocjdaq
Colstter @3 Isjffdztsor j 1 WWJjGCIlr C0OC tj0OCyd?2 BtOL 59
sO¢ d Wstdid tctsorBe@d'Fe@:misy Bso sy HO8 Isw  dzj L dz2Oyd Is,
LWWjSClksOodd, d ftslsj CO0dde tj OCyd?2 M shHOL igisdckz j(Is
otsL sy detsmisd My sMisOo dzj dedw toj L s dis O ICdsats dptsip] S taf jfry

1v,0:+ L Fe0s; = L YFeo (VI.1.8),
6 6 3

DH206=-3. 41 S [DShetzsd?., 47 [/ (Bsd Ls)

1 Y203 + > FeOs = iY3|:QsOlz (VI.1.9),
8 24 12

DH 296=-1. 90 C [ DSheelzsdz 2. 49 3/ ( @3sdz' Ls)
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1 Yreos+ LFe0s= L YsFa0On (VI.1.10),
2 12 12

DH 20s=0 . 6 5 € 1 DS/oelz6c'. ,89 [ %/ ( d3tsdz! L g)

1 0 Wiflih.6 ftede j Hj dz Is § a3t § B0 Ixdiyvdz" {fj tc dLoC oHd] frylgdes ts-
[ BYydets adHils!, ybts s MtcOo dzj &, Mc tyE@NHEENg@a tddp IOy
Isj ted3sH d 203 yd MSd wodzts B tsdz)Vli19e," cls@Uzsd ¢ PIH.10E 5 ©
(tcyYilb,ctcOWdSd 2 d 3) Mmstplste j MY Heazlstey HOj sfw  ff to
fted tBYde CMjtesejdv 10YdgOS YBO B W Adtids,ls fifsle @ &
OBisdzdY (SMjtesejdzd 2) sy dets ftoj H sdztsy dlsj dz' dzts
168 d o9 HOdEsR Mdzzyoj ttlstW j toted S900ks Istddovts do dafsdzl:
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Isj ted3tsH  dz20d3d yd M¢ KFemists2 ydo smis!
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V1. 3. [ OddsOdzltsH jy Ohdj d0dzc Odzqlse

15 HOdgdz' &5 (A O HIWELOCksELOREBOR COC CMjts
TEH] M adaPpa®Os § sfdzj d5 fsSOodlo OWdh .7 ftd cBY G
ZOB d&z* HOY sfw Wil dj tj ¥ s dadds,0ls @0 fi) ¢ ddup@.S
SHisH j 6y O 5 CMjtsejdj?2 f(ohd JdfF (s odds Oded:
Zdh ' §dS¢d ddlscOlsss BOWdY d fMtesdydwy. [ jWdjSH
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o-PbO
e - PO2(NO3)2
¢ - Pb(NG)2

i
15 20 25 30 35 40 45 50 5 60
2Q
tdWl. 7. 1 dUtOCBcOBE § Sosh ¢ ©hsdatdndiry | dzdz

Chjscjdy 1. §tsZ Ow)imascistcd tsQ ndzdad @020 497, 8Y j to
500.4-600C, d ( Hdzv R O)E4ICER] PDF#7S15260), 6 Pbaf 2(NOs)2 (ICSD,
PDF#400614), T PbO (ICSD, PDF#850711).
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