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Electrochemical SysteragSuzdal, Russia, 2016),

4) 1V [ iYHEZRZOEH tOY Is dzQ kzigdzB8Y (S jedmidivic J dfzyff 8 OC Isd € C
Ldzj Slstetsn dd3d ud Me(H OdE s g b 516 RIS sMind W

5 100w Il mMjtesmmd?2 M¢ Ow dzO z y dzO W C sdzW § o] daydnvdzts diz
Rdzdzso Oyde (| setsmdedtemsc, (smmdw, 2016) ,

6) I |1 [ 1 HEdOtBH dg@L O - ihtsiPidainXE P ¢ IsaPlg yghAsO w ¢
cmddBBdud MSdd bijrdetsdzsedd W EdeS ydesdzOdzr dz" = dB3OIs §

7) [ i HEdZOtBH dzesVj n ddgOUz i UfipiEsO W Codzs o) dzf W ditsfigls iz H g
cf BdZBHY ! . 1 0ECO. uvjrndsdizsceddé (1 soetsmMdedtems

8) 5™ International Conference on Nanomaterials and Advanced Energy Storage Systems, INE
2017 (Astana, Kazakhstan, 2017)

9) International Battery Association (IBA) Conference (Jsjand, South Korea, 2018)

100)V International Conference ¢Fundamental- B
2018 (Novosibirsk, Russia, 2018)

11) 69" Annual Meeting of International Society of the Electrochemistry (ISE) (Bologna, Italy, 2018)

12) RussiaJapan J oi n't S e mequildorium  prdtessing of materials: experiments and
model |l ingo (Novosibirsk, Russia, 2018)

13) 22" International Conference on Solid State lonics (PyeongChang, South Korea, 2019).

10 HBMisdedzzlsr § dzOlz ydzH g M js pls @ezly e\ izeg H g Tzl 8 ¢
ltojLdHjdlsO d 1tOeadlsj dz Mlsa © t A. tJLkzdz IsOIsr ,
tcOB tsls j Brdzd or MtsCts tsyj daj dz L CMmY J telsdets?2 € ts5 dic
ftocsotsHdBSets St Odzedd 2 mOdz Histe dest My J (d¢f@ dzd dzts ;
Csd3f Odedd o dtsB3dZOYydd ¢L O ftOSIsdyd MEky L dzOyd o

[ dyder 2 oC dzOH OoltstcO

ltedoajHjdedg' § o HdMMjtlsOYdd disjdidrsdy! tdsfQdsisOfetsg
Oolststesds ddzd Htd Jjots dajffdouipey H@esls Grtdataly 3" Jzfyl©Odndeyd
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OROdzdL dzd Is j to O, tald® dZq teHs® RalE = dzj B b 4§ s dzilzj 62 gl ciedsdj
COlBHd » QNG HEFESBlesdd BdUud MEda Mo 52 MES® dzdzRJs
~lesdtsy sisj dzydsdii stedd  d( A 9 iz clO@AE Yo j Caistsal) ISidsdcfu 4 i &
s ddss o OdzBMT), ( dL &3 toj dzd j Ldzj CSleteduj MS 52  dffj tstiseH st
MYy 4 € IsteidisYletgs- d &3d ud M¢ se.t (dofife Caztf @ (g Gzl j dzts
OROd&d A ¢f) klstyds dzdj € tedfmlsOdzdzd wj M d 7, ikt kG ekste T
HOdzsdz'djdzl 6 OC tOMdzs?2 Ml g § JteEdEstlsd b O dzf ¢ @ Gecatiglz § 1 j
ftesmeo j udoe @Y T pBtsdedets? , BJIE jetsdyk 4 if Yts ¢ fsB M@ dp®@ drdfiad Q

fsdyj deder & o] L dz Is@dsksts tusitely sisHgsdzd i) @ dz0 & y dz'd o

MsOo lssEOBd .4 &lsfd L Oy§@s & &z toj L b dz' Isipsj dzrois BIT w2 jt
@O CwmdW jtoj deydw s d Shkh jMsodvd fsHeslssa Sk MisO

sl CbHmB j 3 ©OBEEMM] tlsOydsddkzoYy ©O0sisE@SE T
L OC dz Y MS O ydlsdlkj ds2 ddls | tcOISZAES tc O dEHOMIEE § @c
78t d ifEd6ls OB dzdy d MY d fesTo Qis(rlse) ESEHQRALTj dzs o O dzd 2 .

{ OBlsO B’ &0 &'t dds daBOIsy tod O-duts dadz’ Hadzw O Syt
R&MisdlsklsO oy tHEEE Isj @ de Odigs B G®d GOG sl O 4
Mo ts2Mlse datsor & WhkdS ydtsdzOdz dz 7 KOl jted Odztse, dzO
tcOL dzd ydetse s dzOL dzOyj dedwv e ( desd3j to Gislffit W0IDRIOPE ) 1 dzdz
WOz s d 2 MC sE 5 A R Odz' ATz deHiPhyif ks § § @dBH20020 1 tots

108-00748.

dbolsstc o e B¥BPAdssH O des ls!  dzO k2 wjdaEmiizfs ts 150 dgRy &34 d
ddEE. 1. steas?2 L O toACusildsGidygtsdyYsj, tc df dsjlzisld @ dz'odzr 7t
Bz HJ ddd ,tejtejzyy dafQfistdfed@Eitdzo § d i O dzdfigfls QiER) 220N I ts W
HdMMj elsOydd

o lsE®&OC MO EETsaEy [ o [C .(Md 1.k I Eddead s’
C.o.dz 0. 6,S. FOkd §y deasiizsts. dz. 5. ) te@smMOdzBo dz. @ . o
4. 0. IQjtsteddadRl€ Rf OAwE R W.ad 4 .kHz OGS Ofsdts
fsfmsOdseo S d e jHjddd BlHjd d 8 1ShYjteddkjd

bolstste ftodL dzOlsj dzj dz Mo tsdd tosHdlsj dzv s oy &lizy kb
Clster 7 &zOf qMOdzdj dzOMsswh j2 HdMmijttsOoydd BT dt
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| ZOo PRt vt 3B J411 Tt
1.1 v fyls te s 2df)jldo@ftizizdz’ 7 OC Sk Bz dzv ststetso

111 Y teddzydyf OBk’ d ROwLOSkjtedhisdsd

[ dlsdBdzdz | - safdsdfRtedz j) OSSkEdBzdvistter o o da
BiLOd kjtedzOdody o3 dMmlssydzdCtsd §dlOoddy Moot d
feSHEd O ls fswoadvis! Mw ofy dse’ j dhmidjHEss Ols,
bazzyh j dds fROpCOCkptzd Ctistste’ j  Ydshtofdanylsi o j i3
nOOCkjtedmisdSdHPOR Gukkdzy EOB@ U g &t Is p gl 5 @ ik g
) OwOdzdzj dz' dets o jHjlMw §dMS Od IsjtdzOlsdods 7 Isjr
plststod ydz & ¢ dstgudifCefss gt O g BhkHEl Msslse j sk
fsktejedlsjdy 5 Msdhshisd d WkdSydsdod dasflkd
Bj sQdedlzdz’ | OCC kY HEBY ) 6 foddydflkz OB’
sqf cdBifdtaE@snyud.C Ol HdEd HOL dOdetsdij BdkdLSdn
sjndsdzscd?2 [ RO dz2O0 dzOfls 5w htdzdesRisdzEAlls @ ¢ v j Is fiyw

lted dzydf OB’ ZE BsEts cOdz 9 Odzd yj ME BE s
~rdBdud M dr (e jECsyafisdH GCBQ L O Myjlb yjets ML HOJ s
fio] SBEOL o Odedj 1dzjtecdd 7 ddsdyi MSidejstc §f &y I
OCC Bz ststc® 1 dzj StetsHdr j 8 OSydd wWodwe lsmw
Bdse s dofsriases §@igo j L dzj €ISt selddn B b 8 jeris sl jo
( d dzls j ©9 O dfvsylzfs o -4of5j UsjOdisifpwd C 50 L OBWHO o Mkl
W dzv j lsfwOw O Ciissiplad agRisy] e @y S Is B HIOed dzydf OB sl
ftetsd dzdzs s ted tots o Qs © dzezOtzlf M RiSEdeS ¢ 5 O € RIBZIDY Is 516 O

McTOYHMK TOKa £ J

AHop,

®OparmeHT MaTepuana katoga LiFePO4 OnekTponuTt Ha ocHoBe LiPF6 YrnepoaHblit MaTepuan aHoaa

t Mz dzesdn IAB3AISdyd M8y Gtej HMISOo dzj dad 4 1 tec
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| HOGdezsd HauiuBEe jo &GOk ted OO ¢ O fsdd)-da is i ks
LiFePQ, Of tesls o 54 dzj S IstosHEB R Wodv jlsfw cwo¥dls. [BO
ChdsOCIs] ) bBOGHESES@EOBIEHc Bl Hiadke Ouf $BEDS 6
oMo sletsds | dzj Chtesdzd s O, o ¢ Qusiditsocits COSIE tretats Is
COMmise 5t ddlsdj o PR da] , 5 elECRdEifub e 5 &5 O Y.t thstzdadat
d s @ dzd BEtsdz OF ¢ b sl fjdstste Oy JHC 5665 4 dzj S stetsdzd Is ©
U dzj C s iftdrcildyls Oo dzw s h g2 B2 ddlsdj aSEO€ tsh 1§ RO B t 4
f sded OC tod s dedelste s H OU) 2O OF i botbcktdsoisigs BITEShEEasY o
Hddzlsj o YBdshdr MR OblBhGEe s | EEPEd Q8O He 5y j d
L dzj Clstetsdzdls o dzj Hitsj dzdj ( d dzlsj toC ORI C to  dEBJS:
GOV dsjs bissdr g { A Ho dpyalshpinmMdss o 8 s &S dy
q s dal-cgj Is O tierq sty (© Fe), f o Aflactis f T 5 DS C iz Gtz v s 15 1o
COL GFBEIMoSHY IS § tse e Plsldr Lj* HgEdgls j 66 Odedteles Is L«
oMistOdo O siyw o Mkt ¢ @it Gd® &6 KIS Oa
JfdmMOdedetsj o' M j sy dets § ep @b)Pleed 6 fdzj Hiz¥ M d d3q

LiFePQ, f LiFePQ+xLi"+x0: FE'f Fe'+ U
6 u x4 +xUf LiCs Li*+ 40 Li® 1. 18

1 BlsjdzydOdz dazlsjteC Odzw ydisdadztse s L dzj € Istets HLD), e
CtedMmils Odzdzd y4 M¢ 82 to j-A 18 Us'C ¢ =P ), ts(isHf ffdpi” dedoq de@®)fy fn o yJ f
sjtedBtsHd &ZzOB] Yyj MSdd L OF tsdzts d3:

ww ——— WwEEIN O 1.2
GHJ @G tBSL A&ZOYOjls L d3j dzj oZffy ts f Isif) etc cidof SEPEIBB+HND
mo Qi nd&dud M¢d2 . § ®OCAE OEA) tc O SO Oj(s L O dfd &
Ldzj Sltoxsf Bdztflgj Miso O ((Hj) d delsljitgFemdtolz j dsse s dzd s d v

RLOjMloRs sMmdetso dz' 7 d3j » Odzd L 36Y ( te jj dets{fidalsqj AetS 6O daw ¢
YydS dzdtetse Odzgd v 1 dzj S lsicmmwden ¥ O s gzts WO dztizo 2 I adyj tHHO d
cOMdshtpslz i W OL dz" 2 d3i - Odzd sedztf 56 fo @i tzdgls § O Mz Nij fls
ZOYyOd dzts?2 dtech tsidisusiaiggsitisdgf W @1 dze te O dzd y©9 dIsfijiyls tots @)s
desos@L ' . [ Hdzs% OL dzr 2 &) 2 O dzdslod® gty tiids ttmj & eHj @sjr | fightts «
tOmMbsotstetse f §sMmisjyjdedzr di3 L B dgj dedj &3 ~d d&3dud Mt
Jdztsets o) n Oded L BO By dzts -HRHGBH dzf B Fisdgaj s L Ol W j o
V), StbteOY L OH OQ.B.ips OdydasO y i g dszz %@ dzts af B g
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LOBS dzzlsts2  MdMisj i3 Mbslsdash j dedj fddi ywidzh dascn daisjds
C 53 tsdzjtafelf (5o o @A Mz “o™ ded® ¥ 8] | B

f=ci p+n, 1.3

GHR-yudmdzts Nt @ Mdz® ddalsj demdo dz" = H j tej d3j dedz" =, dzj 5B
dmSCdzt yjdedj s Isdz! dz" = Htsdzj 2 S t@Eftsdzj dzlsseo o € Oy¢F
ddels j dzipd o dz" ~ ¢ jtej tBlsdedglid c@OBFEB dwvH OB dzj dzdf Jdzj S b to
OO @ o O Ezr € sy tsdzj dzldndstinls sHdizlsds @i yw d dzGn= Is
2 . 1 tod dzd &3O o ts o dzgd 3O dzd J , Yylsts © ~"fBSHJ LSy j
dzj dL 3 dgdz" 3, ydmdzs Misjf jdzgi 2 MosBESHT BEHJjIs or
f=21 p+271 2=27p, 1.4

Il MmkzEyoj , CSEHO ddalsjteC Odzv ydw dzdilsdvw ff tedsd fr
ydfmdzs W OL tOodats 1, sscHO Ctdzduyd Mise sf =Misy § J da
Slste O O Isfw o jdd tsiz] dgfp dz I ts dzdztad® o d ) d d3tsffiglidsd) tot€ 1O dzd3te L
dzd lsxq(taf . , B R@FE<U) . ¥ Htokzets?2 Miststetsdy , Pwd2 HoEBE
f= 0, Is. i. fljdydoOod 1 djSlstcsHO HBdjd tMisOs
V(X)=constl 1 Istsd3 Mz y@&@OL de® HABRW K dgt] o 52 (dpdB dz¥8 8 @Ok 5
U<n<ho COYHB2 btySj Sthtsttsets Mtsizh j fls srzdztdse
L O dmdWy Misd dpitgdsfgztsy dz" 2 e dH f ftswodzjdzdd &3 dzj
ftslsj ddd@dz® j tjLSCdr MI@GBHNS sd . &ZOF tow 3 j dzd W

d a 0 A

thaza

I thaza

11

hasa Pasa

HanpsxxeHne
HanpsxxeHne

/

Cocras, x CocTaB, X

t dmMEzdsér fBRIsd ydetsy dL 5B tc &), dzdtg Is te @p @*id jjts MasdiH
Yydgeazdteseo Odedv ftod tOL dzd ydz' &) weizgs-HOAE L Qg By CRE LA § o ¢
0, t©OLH] d d=AURS<bp(ZF) P fiz 50 Odzd j dzj MS kUOdTK 1

odx>U) d Ho zZU¥TXbdA<m<WtsB &ZOfBls j 2
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glzh Moz s dgj MEtsdz €5 tsMdetsodz" = tOBBYdn &
syjdéd COyimsaO OCCEBEzEYISSEKO. { Hdets 2 dL dz0
dZOf oWy j dzdgls DLVl . 1 d&zv ©OMMd3OIsted o O dBs?2 1 dzj
SftHjdYjlshy ©OL dsfis! ¥ 7 dlddySipsdsH difstslis jddz\@idasat
[71:

., _m 15
GHZESE eOF nddBdud MEdd §lsidydOoUndls stfizBeigs H dgpilsd e d ®
Mssise j sgsagfias, zyOfise ks h 5 o F ic§ OGS @ dzls QIEFMBH inE
s dz/ ¢ssdz!  ddzd B U/ Bz ) .

t OBtsudd dOfom 'y P ded gizj Clstetsn ddi3d Ud MEB2 Wy k2 Isd ¢
fsljdydOd {djSkesHse fiod fwsksjCoddd bs¢o
ZOT Wy jdzdw L O Mmujl sdJujmises msfeslsds dj ddw
My tetslsdo dzj ded[8]: { dzj ClstetsH 5o

®'g W-x C¥h 1.6
GHIjsC tOL BVHOMdzH) , M eslsdo dzj dad j ([ &) .
VHj dzidd@diwsq | sy/ Cc¢), Ctlsstolzy sy jls B M j

sftejHjdwjlksmy dL L dzOyj dedwv tcOBtsYjcets dzOff tow y j dac
y &3¢ s@lseu/ ¢ ddzd &y ¢):
W ® gl 1.7
sittejlsdyj NSOV kH gz o @GEdOMs' T OwOCI ] o f
BOC Mg BOd detsj Stsdzdyujfmlsots L dzjSkteduj MCBEE L OteW H
0 ——h 1.8
CHN | B dzY e dzOY BOMMO 1 dzj G tesh P2 (K § w6 izl ) sy Someny
COMMBOstede O dss2 wyj2¢d dd dkdls diEeR®.h d 5c & dzfp § 15 t6 i

EHjd O Y B siist , e OfhEd s GooE@sen 1668/

3.4 | kzHlgted dPwcdj Clstesnd B UWhmSCHZA4vY YL .

[ Bh dzsfifs{ 1 Is) 1 dzj Slstetsn d dizd yj S 52 wyj2¢d fte
Ldzj Clsted yJ fipfdeOd o WisNgBHf ™ 2 L dzj ClstctsH Od3( :

P=IA V 1.9

ClsO o9 jddyddd ~O0tOCIsjtedLiEzjls Ists, ZOMmE sdz ¢ &5 |
ftesyjmmr o wyj2¢j, o b3 ydmdj (HJ) ddsj s Ood
sO0Cdd3 tsBtOL A, yYjd3 9" hj oL @dsy dZ2OvY MEtesfmis: L
L odzj o34 dzls ©. S BtesMis! 9 L QusH O, @jjcdgi@aeyy G MY § dzs|
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fsHO Oj dBsets dg@ wyj20k o sy yYyds dzdtosd® od
9Nty Ojlsmw o MEBtesMmisd yYydsdzdtetseo Odzdw n C: ftcd
ttcOLteY"H OCCkBzdYistste® o (jtoimuyilsy dzO Isjtstejlsdy.
1 Ofted &3d e, W yJLFERD, (dzQ tstisfy dztsfoyjj M < OV 6 7 o308 imldf ‘drts ts @zts ¢
ssCTBHO S BEZHjIS L Otwy Ols; fipf tsde slhylsvyj dpgadf £ dztf G s @fdad ¢
¢ OF10.

t ifmMkztei OCCERBEzdYIsstO® ISOCY] Wodw jlsMmw o Oy dzts
mMkzlsd, {1kt SCStdduydMmlsets yd¢ dztse LhOfds''H OO LDk dgl? dz'Ols t
fted {Itsds dzgj BBdzjj] 20% Bl dOYOdz dets?2 Y BE sMisd .
L WWJClsdiodsigEd ' j dzad j t©OL W HAS?2 d L OteW H dats 20 D0AKE s

112 Sdzj SlstesHdz j BOj ted Odzr

bCCERBERY sstedgBMsEPlOtdi VY dzgj MEtsdz! €drn 1 dzj Slstets
Mtsd Hddzj dzdzr =  OtcOdzdzj dz! dets d/ ddzd § sMdzj Hise Ols§ dz
dzOf tew 3 j dad W . [ Mdzso dz" i3 C B tsdzj dz2ls Oz L dzj € Isite s A
COtsH d OdetsH, toddzdily sixfy,dzdan 1 jl ez @hlscfeds §f SHo d 3 dz"
1 dzj Clstetsdz . , oF dip & tstte 5 #f gl B fNHs'O o dzwdgOxlzj fipts eladZ 8¢ dzO@ 34
ssC tstslso tsH fmdsj Mm: 1 dzj Slstetsn d A3 | jdinSCdls tc ©K dzt © Hzts G
1L dzj Sstesf tesotsHWN j 2 HEBDO®aLS? Jq@ze dzj esHisd3) d
Cdzj CIstetsH dgr 2 BOIjtedOdz wWodzw jIsfyw fjtojmBSHE
1L dzj Sstesdzdlssds d dBjlsOdzzdyimMSéddz bsltstslso sHEBES].
YIstsB ' ~ndBduiMEtsy MBjHddzj dedy Bscdzs o' Miskzf Ols
Hsdz) dets tsB dzOH Ols! tsfftej HJ @d7)dzde” &3 - Ot OCIsjtedMmisd ¢ O
- 9r MBS L odzj C Istets dedats Bits fifls ! déts dAdafst j ¢f odz® 5w af S O o
dZzOf to gLif) to
- My s dshis: ¢ ¢ BttOd®Bs? Jddisj tLiQdzy ydd B E
- fMstckzClskztodats? Hfidits w @ a w3 «f dals j 16'¢ Odzv yd d d tsc
-9 mMdzz y O J COlstsHidzs e fgts Cogfods | Bd Gdz@j M ¢ daci™) f tsHsdpv
sBd MY j ujddy BOCMHdBOd dtscts dzOff teW y j dedW W yj
- fslsj deg§ @ lipdzd Is jsdg'mdz® dzts o d Is j dz' dets?2  {ff @Hg® - tsiHAHjIsS Id
ftoj Hj dzO Mizj t€ Usde® 7 dfigds{Auej ' st flsd { dzj S lstetsdzd Is O
- B3OIsj tod Odzr 1 dzj ClstctsH 59 H ts dzy dz' BI Is! dzj H
Bj L sf Ofdz d3d .
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[OkjttdOdr fodsydlsjd dscts { djClkttHO

[ Mdeso 52 dzt BSEts CObBHdES dOIlsj tcd O dzadzjwseCidrd
5B dZOH O h 2 58 o f)filplg © gztzo dzlbs jiplz! fddY] dfyQ@ftea=2s d3, dzO - tsH
sCdzO 1 dzj Slstesnd disd uj MS 52 . fls106 f @) lsiirssn,ls d Is @ Uaf Rds to th
f4te]ntoBids Qdetiyf j ed S @d sHdU) S 530 OhgleOmtis]jvdgtf.C | sizOls 5 H
BOIs jted Odzr sy degts tcOL H j dzd s€ Mdz@dzH § | d B 1 tetzt] @ gzd &5 tiplk

[SMdudzr | BEOJjtedOd ftojHMisOodzwe s HBPOS?2 eyt
P4 Ists hj dztsydzN@d delffi, MO dedla, dz d dzd dajnl§ ®dizzt€ds. s tcj H (
Ho 82 dz" n sCMdHBo MistsdIsts C dnefim p @Eh)isizd Idndi®oPA lss'C M d H
kO tc g @Id4V)-dzd IslqMh,0O,ts Mistc B Y lsfxfgftel2 = f tetsdL o sH dz" | .

1l 1980J]Goddentughn MtsQolststcORRd f sC OL Odzd o tsL Bisy dets s
Hiddzlsj o€ Odzv y JldCoO0sizflE,d v € tfls tster 2 off smdzj HiMlsea dd
BOIsjted Odzsd3, MY sdz! L 59 Odedz" d3 9SONYIAEED, € t6 i N @ <zdzd R
o Isted ¢ tsdg@azcdssa] d REBM)tg. fplddelz € Is z-NaEe@  ldpdsfs U € d f
sBteOL EZtIs CkBdud MSks f dzslsdap dazksd Y ©O©@@EC B H YW s
sClsOt Hted yj MC 8and 3 5L dyydewj i iz h o Befrfryy.  frildzts3v@&®) . ( r W W
@O j ted Odzy tshmdeh piplsy Bzv [ 1§ fg2ts @ dztHGetHz - d3jdECA dEdB» dzj dzd v
st toj H jDdOL df tc dats fyls ! HdWW zu jotusteigds -y j @ ded dzstaHCpdz! dz
mMsMlsQoadzw jIs 274 & y/ ¢, Yylsts Mtstslse jIsMlsalzjls § tsc
Co0.. [HAZ2OC s HROME@OEJEs] yYdSddtetse Odzedj dzOB dz¥ ¢+
y BC tsfylsd o USj0H j O jcloTdigPiztcw 3 j ded d L Ot O 3dzjl e
Li*/Li(@ . 1.3B), 4yt Mistslse jlsmsolkzjls dL o dfiiyj dad>< d
sBtcOL 503, tc OB 5 UCYO, z2dfif lic@ ojdevdzlf . 5§ ©®dzs dzd 2" jJ dL o
ftedosHdl € dzj sBteOlsddir &3 MistckCIlskztodz &5 dmMSE Oy j dzd
BOjtedOzO d L dOydlsjd dzr d@3 fslsjewvd3 v B3S sMmisd dzO
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RM sdz! LLiMnOlse COyjMmisesy ddasj e Odzv ydtsdedetsa ts
f tcj H dz®lyThatkeraylf MO0 WH.ki0INEG, S ted MisOdzdzdL £jIsqw o Ck
( f to.Fd3dite,, MlstelzC Iskztcdzr MgAlsQf.f ¢ |lffogej A HzstesH O B (&
LOd B3O Is s ls®Of Bicd ydf dgOteg Oidzs ¢ Is O1 H to dledj ME df i . 1
atsjHJd dzdz’ | Y BMo@Q G tBL BOIH&®OwS O, 5 ¢ O0dzOdzO
HAWWELdY dodtse dzdlsd,w Is OGsdeg nts pizO@ustEdy iz fr oz s @addr vj
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X in LilMu=04

{ M decls bz GIsNnEON Q)i d R OwLOSIsjtdy 2 odH W
L dzj ClstesRidddui MS 2 fodkzwyj26,) [B3F. OdsHEd

[CMdH Bl &/PHAYO ¥ sfisBsB teOlsd iBs H j ddzls j 8¢ Ocdzd to
Zdlsdw o obHmBSEdBfOcds) d@f R 3| Gxlddz. I .15 fip.d 1 .Is4
kjstejlsdujMSOw EHjd doOv vy &Ssfls! MhlsOs dw jls 1E¢
Bjde "dj LdzOyjdedw, ftstewHEDR IRPO DS dzj tl to fizd dz@ t
otsL By dzO  dzals j t6C Odzv ydity dede ks f s dzaed Idhjsbi@tisds iz & & j
Mo Sy HOj MW dzj sBtOlsd R & MbstekzSbkzteds &3  j toj !
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rdzv  dL zyd dzdsvj neddscfly dedend df dz@ MtsmMisOe fesHEZGSS
V-P-O-F,  dMmftsd L so Odzd tej Oftyap® s 319 dets " o) dzff] 5 NAEWGROXL j
9 Otc! d teHsh@fdRL sdzj tsIs 1 HEB 1. 75:
VPO, + (1+x)NaF  fiNaVPOsF14,0, € @%j00.5 (4)

Vidzsp fisj OcG j delstse  d f tsfyokj Hidafs hdjHejtbictftoundd ¢ G 1§ S
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I sdzkyj dzdy Iso jtoHtSW OL dzr 3 dgidlsisH sd3 f tetse sH d dzd
2VPO, + (3-y)NaF+ yLiIF  (NaLi)sVo(PQy)sFs, & HQyOO 01 6 (5)
[6 d Blsyde HsosHmEslos jsMmiksded W drn  f tsdzizyj dzd ¥
NagVo(POu)oFsf)  sfydzj Hiz® M o3 d3j Hdzj dede’ 3 t5n dzOX H § ded § .
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NagVo(POy)s + LiBrg s (NaLi)sVo(POy)s + NaBr (7)
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Al(OH)s + (NH4):HPO,  AIPO, + 2NH; + 3H,0 (8)

Fe0s + 2(NHs) HPO,  2FePQ + 4NH; + 3H,0 (9)

La(OH)s + (NH4);HPO,  LaPQ + 2NH3 + 3H,0 (10)
103 fsdzzyjdeder j] WsMWOIr osotHddzd o tjOCyd

1.95VPO,4 + 0.05MPO, + 3NaF  NagV1.99Vl0.05(POy)2F3 (11)
1 mi sBtOL Y' , i sdzlz yJ dzdz" J§ so jtocHtSW OL dz" d@3 d3J

MsHj ey Odzd il Olstydes jC @usjdyflsg] i lsio dzj SO tedats §itadss i
&j ftjorhOshjj 3 &BOMm. %.
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Msf sMisOadzj dzad j &3  sdzz yOJ 3" = HgWtcOSCIstsetcOdizd3 M
l stetsh C s OW HQW OGS ydw, ) tsils dzd yd J tsls a3t dats €
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