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[1] Z. Hongweietal. Advanced Materials 36 (2023) 2306466.
[2] W. Zhaojinet al. Communications Materials 5 (2024) 1
[3] S.Severinet al.SolarRRL7 (2023) 14.
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[1] H. Zhao, L. Liu, X. Lin, J. Dai, S. Liu, T. Fei, T. Zhar&CS Sens(2) 2020 346 352

[2] D. Kuranov, V.Platonov, NKhmelevsky, I. Bozhev, S. Maksimov, M. Rumyantseva, V.
Krivetskiy. ChemistrySelect(36) (2022202202644
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Ces04(OH)4(piv)12(detd, d CasO4(OH)4(piv): (Hpiv i §f d © Odzj © OWdet&id ) dz
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B ) Olssdidz = t©WOfgldwy e Ddapdff sdctse Ols!  dzj
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Btsdz! h d dzlse s dmmdzy wPBP Pzt 8 | HgJdSSSH B A3 d MY
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HJOM] ste® dzgOdesyOMmlsdy M twshissd Isj @B j toC
Elseo j tey HOIs | Ylsts tsmhdztso dzts? WOoL ts2 ot 9
Mistetsdzyd v . tdLEzd sOIsT BAC dadOs dsdzj Isuple[ts] LiSC
Ctsi teydlsdodets?2 Mddzr sfmdzy HdMY jtcedese O
Misj CdzsC jtecOBISCd ftod OdzOdzsedydzr = Isj BY § to

H oj dzd yd dzdj &3 Isj B3 4 e Olskzter slsy dc O

slsCkdC O oL LOMISOjls HEY HEJREHEE]ROL d
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uBteded ¢ XMicE®B Y j toj dzyd d ¢ ¢ Sjlsly O delzjcis tgc AfdimfspjdinS 52 = d &Bd d -
Hdzw Mmjtedd cte] =2¢& tsdzO BCOLT 90jIsmw dady J
¢cter =2e fwOCIsduiméd daf dLBjdwjlsmw, vy
ftoejH]dz desets tOL BB 6O dzOdesyOMmisdy, MisOB
fnd dzr .\ Jd Mdsslsydy's de@Odlstasdz! M jj L dzOyd dedd |
myjtedd c¢ctel =4¢e, f sz yd dedzetse s d L sSlstsy YV (
dmf sdz L s9 Odzd j J G H dzw ftcOCIsd Yy MS ¢
BOdztse jtotswisdzg" d3 oo dHEZ CtcO? ddic/ diaf L C[H2Us d W&
Eiddwesd Mddzlsj L © o sOCtd3 Mk Y@ tdf tejdn f
BOSC M B3O dz! dets?2 S tsdegyd dzglstcOydd d o MsS tSE S

t OBBIsO or ftsdzdzgj dzO § tod W d dzO dzfiPRigIID04S SH H J

[1] R.C. PullarProgress in Materials Science. &7 (2012) P. 11911334.

[2] S.E.Kushnir et alJournal of Materials Chemistry Royal Society of Chemistry 22(36) (2012)
18893 18901.
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uB Sl ¢ XKeE B &Y | o) deydd ¢ ¢ Ol O dtejots g C Qdmfmpidn C 52 R B d
] OdzdzOHdjor ] dOdesdzdIlsd o  steC
Odzt iEd ded W, o dzzyg dedze" jJ 1 dzj €k
fted fjtcj d3j dedzscls dzOf oW ¥ §

4 jtocHBRE. . zdtediz 1T sV sp ORsd. S 2 s

INOSCbkd Isjls dzOkS & BOjtedOd&OE [ u ddj da
t smiydw
‘md By MScd2 WOSkd Isjls [Luv ddgjded [. 1.

serdyukovis@my.msu.ru
1 Odzetsdzd Is d f ©dzdzOH d W 9" L" 908 s d dzls §

M sMse dzsMisj 2 B sOdzdzO, O Oy Mitshmsse d
Clsts tBEMdzOo dzdo Ojls  jtemtfjSIlsder ftod &3 &
o BHBEEBHO, COlOddi Olsdkiw O& Ot ) e jod@ paRRd v .
fsdkzzyj dzdw §OdzczOHd jor 7 dOdetsded s j2 W o dzw
f ster OdztsH dzts @ 5 sCMdHO Odz¢ d3d dzd v (od 9
Hd!l dzj Sl sBe s dMisd Lseo Odedd o Isj &3 o
1 dzj € Is tc s s fijsdgy jHBj Igdlefw  dzOdzj MJ dzd § ftotso sHWH
ftesyj f tsdzkz yj dzd w ZOdzts dzd Is j 2 . O dz' Isj
L dzj SstestsMOYHjded] Htod jtcj 3] dedatlizfs K@ &
dZzOfr dzj dzdw IS tftesosHYN jegts Mmdsw, 5 H dzC

Gddutegts o Odzd v SMOY Hj dzd v dzj SBABHJ B k&) dz
[0 Ht dzjMCtsd Cdn Ods®B) stetse o fteisyj f
Ajd' v HOdsles2 t©OBBIST wodwjlmw §dizy.
Ldzj CstessMOYHYdedY o §ster ¢f¢ fted ¢4 toj o3

< Q

a)m 200 0) —
g150 N _
5100 F
250 +
Q,

c% O L L 1 1 1 X

Tonumaa AOA, MKM -

B)xm 200 :

g'150 S

5100

2 50 ,

D‘ 1

E 0 ,

T 0 1 2 3 4 5 6 7

Tomunzaa AOA, MKkM

wd LOedMmdaisimisd dzOf W 3§ dad v
Odz¢ 3 dedw (o6f¢d) (O, 9©) d WlstscteOWdd { ts
OdzsHdtetseo Odzdw Hted HBMIsdyjddd 5 1 (0O, E
ftcd 5 1 (8, ¢@).
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eBStedzd ¢ XMicG Btz | o) dzydd ¢ ¢ Sjlsolyr O drizjdis tg¢ Adimfspjdn S 52 = d Bq d :

Rfpmn SHW gL dzd dzj 2 dats 2 dzl O o BfGntel’ dFjistindstsc s Is
2O oWy Ydgd " Ifsdeyd dzdj B Ot jtodzse s U dztEsH 4
OdetsH d tc & otd@dpdj*m ) f to s HIPG:Y tzd C.&5 \ROY Odz! datd)j L
LOHOo Odzd tOoeder d@3 150 1 M Mmdzj HEze h Jdd3
Il Lfjdg dz. ItcOBtsdls] B dzd Y tsdzkyjdz" Hoj ] tec
OdzsHdtetseo Oded™w Htod HBMIsdyjdedd 5 1 (twdfm.
sBtcOL s Odzgd W Mdzsw Istsdzh ddes?2 1 HBC B ftoed de

Cdzj ClstetstsMOY H Jj ded ftoseo tsH d dzd ftcd
HoZritecdgH@des?2 WwWyJ2¢€d. CcUJ2C¢Ek L O tsdzdgw dzgd ¢
0,28 I NpH = 9). 1ltd BMOyHjdkdd {§&H
Yyofmsslss?2 50 41y o© ©jyjddjy 30 d&Bdalzls.
o' BtcOdzs o Hid O 6L tsldgj] s C tsdz! SdzOf flete of | dip
L dzj CtestsMOyHjded dej fJtetslsj COdzs, O fted
Odzt 3 dzdwv . [Isdgjlsddzs, vyt o EZCOL Odzdesdz HJ
dzj odzdw jls dzO BstoW sdzsecds dzOdetsdzdsj 2 .

I fkzky0O] slhklkMmlssdy HEf sdddls d dzts
f jotcrn detsfmisd ¢ [ o o dHdz L Od3j Isdz | dzj tsH dzts
fstslse jlsMsobkshdj LjtedzOR dMftsd L] B
L dzj CtetssMOY Hj dedd ftesyjmm ©OCYj] fBat
BjsOdkdzsd dz0 tlsHj dz dz & L j b dz@ezzdgd j f ©zhn
fl orHjteyCts?2 ftd 5 1 f§smdi MsOHJ(J

dzi SHdeStetsSH dzgsisj 2 dai dzOB dz6 HOdzd (ted M. 1

(ted m. 2B, 9) . [ dzd dz©@ f OdzdzOH d J 8 " = dzQlgiieizd

ftod f totsHtsdzy d IsH jdddzdfias M3saf dgq‘r]c@bals (teq’fn. 2G)
5) R |

a)

1 \ll\\l

t dBASSsScOW dd ¢,[¢ fi) tsfnoxHyddefdsltj (07

ftocd dMftd Lsea0Oddd o GCOyJ MmMlsej J B @O s
Hsf sdzded Isj dz! dz" d3 Otz H §totslo OCzg ) O3 t¢l dL s
fsojterndtsiisd ¢ [Yodzdg' e Q@O Yy i3 ftod dzOt
JLBBOY jdzd] MEtsdZO (¢) BBKOL YO, HtojHMIS

1 J SHdzStotsSH dzts | sMOY HJ dzd 4 i tcd fJtegdc
ModHjIsjdzt Mlsoaso Ols! 5 tOL dzd ydets?2 Istsdzh d dzj
tcOL dzd ydz' n L j tc dfOsts Ofges iz jdis(jwdz! Mlse zj s s
OdzsHJtetso OdzdWw L jtejdz Odzte dzddzedw M tOL dzs?

[ S sdzdzd Is j dz! dzts § OdzsHdtetso Odzd j ftod f Mmls
mMdedy j dedw fHtodotsHdls € o' tcOoadzdo Odzeds f Ote
stsdatz’d B Otc! jtodesets Mmdzsw, ylsts Hj dzOjls otsL
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uBGtodd ¢ XMy jtoj dzydd ¢ ¢ Sjlly O dezjdis tg¢ QdmmpidnS 52 & ddsdd:
gdflsj BO oMy sL dzO0o Odzd ™ dzj sk yd
2O Mmdese j cdBtedHdzr 7 dzOdzets € s B ©

gCter fded§ J d®ktsdtse 1.1 ., 1 OMmdd

mdaBdyud Mcd2 WOoSlkzd! Is) Bofescd @) dzff 19991, |

skrypnikm@my.msuru

[ftejHjdjd]] ttcOoddujmSds &sdjSkzd :
Cskf OCkder & d dzjHssEdr bknsts?2mlss W
MjesHdWh dzd?2 HJjda B rdfgf 5 dzsucsOsizde 57 d d3d
sptsdgvIsjdz dzf = tojyjtflststceOn HAEW HBMIsdy j da
Mlsjfjdd MmjdjCldodesfisd o t©OMY L dzOo Odzd C
GjhOjlsMw f foksh ! ¥ fodkkfttsossHddS S0 o
BjlsOdkdzss f EyOMmisdjd 5 j BsMstks dicso Odzdzts @
sj B j cOlskter d ©BE&OHOYIS dzj HEMisOlssYds
sctOddyjdedjds df dMfsd LseoOddw [2] . |

Csdzyj f ydw OBl ¢ OL soas@dsd j iz disis®s Off
CoOdzssor o bksYySOR (suv) M §jt] dshsd
scOdhf stelsdzz &Osdyk sSSMdHdses §sdkkzf s

J HOdzdzts?2 tcOBftslsy dL EZyj dz cdBtodHdzr j
zO dzts ff dzO BASEfgzts & to ¢ O dzd W j MA GBI  dzcz® EetizHINBY j te
[BHjd d&s2 ©j0Cydj?2 Hdiv YsksCOkOoddL C
Odzd¥ OldyujMSdn Mfdlstse o ddzj clsdets? Ols dsts
stejBEZj B J © IbOHdydtsdzdz = G OL 9" n Mmj dzfm

sddzsjL suv d dgoset fodz® fisla qf exizdets pH dfs?2 M
Codzlstetsdzj &3 teOL d3j teseo )  sdish 1 8 tsflsdyd ME
Hdzd dedes y j f syj ydets?2 tdzj Jdesots?2 Cdmdzsist dz
B dzd L Od3d dzj dz' dzO toW H CotetslsC sy f sy
mMdz WdedHtcdH dzzs ¢ tovz il zf m1adgwic ~ipatyi s ‘o8O dadu
CdSed COteBtsSCMddz dzzt ctokzffz2 Hdzvw MeawL T o O
Yylsts HsC OL Odzts L j X de tdds@nE @ dd dr s

1 Odetsf dzOfMlsddzS d or Miskf Odzd © COyJ Mlso
ted OCydd Wkttt dmigzddd© ols@hEHsEdF tc] Otca
L jdzj dese s fmo j 5O, A tsls s C OC®IBedrd LA Is 1fs e dzizde() dzt
d@tsBddzdL Oydd d rndBdujmisets MmoawL' o Oc
2 dz' 156 OH d MSHcs M dzasts 575 ¢ s uj MEd 8§ OF ydd
fsojtrndetsiisd fadfiplg Sdsdtese Odzd M flzlsjy B3 ¢
sSCMdHME?2 dOlsted yr . RLEyYyjdzts oL Odd3sH j 2 Ml
COLBoaB2 WOLt?2 dzO f ted d3j tcj2 ,d3) G PjdksExRO . 1 [lse
L dzj Sstedyd MEsets Mftetslsd o dzj dzd v IsHe'sckdnls L
ZOdzj Mjdedd WS OlOddL Oststc® dz0 &l te s
BsHJWdydtetse Odadz" | suU, qdasg s Is 3 dz' " §§
sBEzMmdzsodzj dets ff jtoj nSHBA 1 dzj S Istetsdzgse dt s

127


mailto:skrypnikmy@my.msu.ru

uBteded ¢ XMicE®B Y j toj dzyd d ¢ ¢ Sjlsly O delzjcis tgc AfdimfspjdinS 52 = d &Bd d -

1000 ppm §f Otcts ® OdzOdzd L d te Iz | 1Wi3s@ jsis iy (ectis®@' h d2O@B
o jdzd yj ded W Mtsf tetsisd o dzj dad v fts MtcOo dzj dz
sftej HJdY jIsMw oL Odd@BsHj2Msoadj 3 WilssatsL B
v OC Y J dimmdzy HSd OdzZO® S tsdzyd dzlstc Oy d tsdedzOW L
d34 Is Odats dzO.  RLdAsUlsdzO fryj Qipfipfidiic dzts ¢ 5 (5 IsT WRds @ yt
sCMdHO &jlsOdzdzO fklsjd dL d3j daj dedw H dzd dz'
dgmmdzj Hsoa Odzs o dzdwWw dzdjy SCtBHddZOYdd dzdecoO
HECOLOd ftetsyjmm WelsstsC dmdzj dad v IsiEdef talls =
OkOdzdL sd3 fsHEZzCIstse WislssGOBRIFE] O ¢t
MydSbesmisidd.

t OBBIsO or f tsdzdzgj dzO § tod W d dzO dzfr) 5-230Q101Y SH H j

[1] C. Bushdid et alScience 343(6177) (2014) 131872.
[2] Y. Yuan et al.The Journal of Physical @mistry Letters 12(30) (2021) 71-8093.
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uBtstoded ¢ XMl ded j toj dzydd ¢ ¢ Cjlsiyr O dezjdis tg6 Qfdimfousidn € 52 = d o&3d d :
ltedetsssodzj dzdd d dMmMmdzi Hise Odzd J
MisOBddzdL qetseo Odzdze” = dzOdzstcOL d3d te d
odzdwdzedj HtsBOOCd 1) o COYJMm

MisOBddzdL Olsstc® dzO Mls OB d d

sCltednd®@OsEOofdo St ¢. [ .

lRdzeflsdlskls ksdSdr SdddujmMSdn Isjr dsdsc(d:
[ sMMd2MSd?2 bjndodscdujmsd2 kddoj e

Daria.skurikhindd3@gmail.com

C sz dz dd, MisOBddzdL Jtotsds@dp@BH , Is azpP
L dgzdzr mdwdsd 1 dGC jted dze O. Czdz? mMdd 1 dGCj te
CteOdzd yd ®©WOLHJjAEZO dHEdr WOL, Colsster j
OG j dzls tsoH Odzdets? OB SIS BN dzd f sdzlzyj dz [
MisoOB ddzdL s Odzdz" Ju Odg® aptstOEI] d3 H td dg"TCigrfs @ s
HgSSCMdHO IsdlsOdzO B &ZOHOE s kdzd ¢ Odz dzr dzd
Cslste’ j] dMmf sdz' L8 s Hdzv teOL dztsy j dzd VvV s
HjLOSCIkdeo Oydd odtkzmse, BOSIjtd?2 [1].

17T 20 fdzizyl 20 Mmjtedw sH jo) i3t Bz dz'dFpdhdzts
BOMdzw dzgts2 W OL T Brdz eaLwls 6JJSCMOHJ ¢ Odg, S
1T dzO dmMmdzj H s OdzO dn MlsOB d dz' detsfyls )
Mils OB d dzg ZOHASEEOL RBj tcdzsets HdSEMdHO IsdIls OdzO

sOC Y] BT ZOOdMmig@p d dzo @ztzfmis! + Bzdz md2 o

sf z2fmlsw 24 yYyoOMmO 1 Bzdz Mdd dzj tcOMmf
dud Médd3 BBdCtesMEsyfsd3 B dzd adHde COf
m. 2, 0O).

s OBz sd3j o L Bz dzr Mdd, Mts B is dztsdzts dzd W O
MtsH jte Oded ] dzOdetsteOL dB3j tedesets HIBSCMdHO Isd

d pH.
sils
(td

4 S ls dats | v
e OB by
9 BH dzts 2 N0
1 0,25
2 0,5
3 1/1 1
4 2,5
5 5
Lo jdzd yJ ded j Ctsdzyd dzlstcOyd d O detstc O L ¢

fsdsy dlsj d des o dzd v j lez' dg@ df)ls @B & @ dp§ ) 620 e

COf jd &BOMEO o | &kzd Mdd. I td H-NBOs d

Hqdsj Isd dzH O dzczd ZO BB dzf 2 R dzstedH) © € Oy f
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aBBtoded ¢ XKD j t6j dydd ¢ ¢ Cjlsdy Odezjdis tge Qfdmfspidn ¢ 52 = B3 d :
COf dzd HBOMdZO o  &kzdz' Mdd MisOdzd oj d " j
fsCOL Qs &ils OB d dz! detsils! o McOoedzj dzgdd M
HgSMdHO IsdlsOdzO, BJjL HEBSBO9 dzj dzdv 1 ¢,
[ Jcnycra 1 uac

1,0 l:l CnycTa 24 vaca —

0,8 4 —

0,6 I—

0,4

0,2 -

0.0

1 2 3 4 5

tdiy S MOBqdr das2 { Bkzdz Mdd o Bi Y

> -
'('o

ah K a -
3 g ’-‘ g 100 MM

tdBS @gzd Mdd §n sfbduimMidd GdCLsn
M Hejsdebjdez 1 ¢l (8B) .

‘ CnycTa 1 4ac I

Cnycrta 24 yaca

1,0 4

0,8 4

0,6 4

0,4

0,2

0,0
C poGaenennem MAB Bes3 pobaenenna NAB

t B sdzv MisOB ddz! dets?2 { dszdz? Mdd M HESB(C
101 o w©BI Y &34 .

[1] ¢. d dilbekova, A. YertayevaChemical Bulletin of Kazakh National University 100(1) (2021)
30-49.
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uBttdd ¢ XM B Y j o) dzydd ¢ ¢ Sjlsdy O delzjdis tgc Ofdmfsgjdn S 52 S ddsdd:
g dzlsj L dzO dzts By dd3 j Jtasdists clftdec d d3j dzg

9 CBYimMtcj yjfbstodesdts € sBY tsdzj
COLU ] destcdzO ff Oter 1 Isd dztso 5G

dtsdzs BOIEa dij e & w.dehts dzjldeS sts§ ek i, d dz ¢ .
ud di3tsdzj dz§ 5 | Biefis.e Y s ou qradgtsddzjidzS s . 1 .

lRdzisdlsizls tBh j2 d dzj stecOdzd ug®bs2 = d
11991, [sMCo O, { wMMmdw

20 OydtsdzOdz! dz" 2 dMmfMmdzj Hise Olsj dz' dgfd 2

clrfhow hCsdkO {SCtdsBdcde, 10100

ivan.solomato@outlookcom

SsOC dLodEGupttn VB dAs sy tc | 'B dydg Aisizdss dpO dz
GOL o 52 frfjtgingsic d € 1§ df tddyvoH@de® dzd Isls @ dzts o s s f
O SHBRE®M®SSE MdH Q Heddg CtdxHH@D OL B8IsO d Htel
Codzlstetsdzy Csdzyj dzstcOydd bsSChdyd » OEPL B
Bsdzed Isstcd dze O 1 tCBtfatiss@ ¢ ) JONECHPE Z 6 s 1Y toaf @) dzdp
i dzhstese o tsL dzd € O Is ddg © Ty joiz 1€ tists(te phzisdrlflsls € O
BOIs j tcd OdBlz&Edzdels@zL, 2 dzd L € OW o tsMmf tetsd L o tsH d d3t
Isj B j cOIEZztcO d 1 dzgj cetsf slstcj B dzj dzd | md
i tc gtsjdzMmIste d e s 0 O dz' tcOL dzd ydz | B3 sStsHT d
sdzco © d jets ftodd3zjdejdzdjy o COyjmlsay Wiy
ftiosweodwes hdrn or MsC ke Mk Rusodts cifiadiiistf @ Gis &
Isj B j cOls2®BE®R. 200

1 Odztstc OL BB ez I dzls j L Jietseo Odz Mtsdz! 9 5iIsj to
B ssHBER ~dBdud MStsets MO HJ ddwj v j fiflg s
B' dz dmMytsdz L soaOdz Oyjllsd tzORS BB deCdsgz i 15 gz 6 |
sMOYHJ] dzdv dig® igdB3n®iste @udB O o fzjs dattztdzl 2 6% dzts
osH dz" 2 tcNBHEE® stc C Oy j Miso j1 tafnOE qfEdpdz® S Is j to d
fsdzlzyj dzdz' = d3OIsj te d@aizte dz =W SERBgstiaY drod)C [9fts H
OdzOdzd :fiAf: j SRIstes M sf dWw, toj dzlsg j desW OL s 2 C
OdzOdzdL, tOMstctse OV d ot fighd S dedsen@ stshf @zt 6 GE
BBd € tots ¢ (suf @ v dz. vwlQC y j tc@L te®B B33 Bdz@ d € O fn
ZOdetstc OL di3j todese s HIdtSECMdHO izsa® B L d
SBtOB IS d Md3HG didig’dzj si&dd) i) dzjlldzd “H S 15 BEREDED(Q 6
fsLotdvjls kdj e YBHEs d gD LIs OC ¥ ¢ - daf dafdsn |
Oc dzsdzj e OYydd.

vsdzils T | SO rdRd] MY ekt Odr B lssH s d
fj YUOkEHs shEBY o kit dzls to s dzd s 0 Ols ! O H sty dyhdafsdzlzdzOc
dMmmdzd Hizj 3" 20D IOdEEZO dz 5B dZOMIs ! § sy @A} d y d te
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eBtedzd ¢ XMic&BdRY j toj dzyd d ¢ ¢ Cjlsdly O deizjdis tg ¢ Qfdimfojdn S 52 5 d 3q d

COBIzuos2 MES@B" SS9 f sdzlz yJ dedz’ - B Is s

%g%sgu%f_n@tsms tsem@is) * H () et e GatfdiafiflsHte@®@ o d 6 4 OC yd s
4 a3 .

stsdzyj dzls|] wtsMmisd) esMmistcOdef t OL A3 z dted dz
H,0, o ftotsH Iz Gtz f O Yyofmls/L Of toj b
tej OC yd ts otz L tscz |
mMd mils § dgts
2 Srs0,(OH), P42c 3N 04, 4,32
4 SnG P4/mnm 2N @, 4,82
6 SnG P4/mnm 2N @, 4,85

r dzv ML HOddw WEdS ydosdOdz! dzf = yJj tedzed dz
J G dUﬁSSJSt@IdE[ daej TSdZJ o 1 |9 cfedf\injlzds @ty @ 8 if tscz O W
Hts2 WOLT MsmlsOo dzv d&zO 25 %) . l t0OBTts
qedquqm/mmmZdszf tcOL dzd ydzts?2 € sdzfls
ton desfils! ydfftse BT dzd dzOdzPri) dz'ff tstflaizn gzl
Editsh ' & ©OLd" » &3j fsdisk Y] g Maz] B3 E dem
BOIjtcedOdzse ftod HJIs]j € Isd tcts €@ s, dCcHE) Aelfe®, [z & R
C,HsOH, Hj; CH,. ) tcjLzdz sOIsj B' dzO ftctsHJ
fMd dzd SIsdo dzsMmis! Y dzZEy) dzgdezr = BOLJ ted Odzse €
SBteOL YO j dfdesdz s d3j ssHtsdz ~d A3y MEsets s
osMftesdL o sHd dBBtsMiIs! Md ¢ dz0dzO.

—=— 100 ppm CO —#— 100 ppm NH, —A—100 ppm CeH;  —m—100ppmCO  —o—1
v— 100 ppm H, —#— 100 ppm C,H,OH 100 ppm C;H;O  —4— 100 ppm CyHgO —¢

Hd MY
so Vv to
Y dy
ftseJ
fn ¢

m NH, —¥— 100 ppm CyH,

gg

(0) 300°C

150°C

175°C

100°C

150°C 200°C 225°C

tdfy; Ot OBR Mj dejstelOd) OdaSiipigtsn | das)ls Godiaf @
i dzy dets ¢ d36Q, ts ifdaxbizjy J dzdztsc 5 Mtsdz! o(sds)) tedfizOddg I
fewdses ~ddd u@d’rIVEBB)GIS 0l Oto| QY dz@ dgdzls § ¢ ©d
Isd &3 J4 tGOlsmt@G).-.
[1] N.P.Simonenkcet al.Sensor2 (2022) 3473.

[2] N.A. Fisenkoet al.Sensor22 (2022) 9800.
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uBGtdd S XMt BdY j o) dzydd ¢ ¢ Sjlsdly O dezjdis g QfdmfopjdnS 52 o ddsdd:
sddzsjL d dMmimdzj v s SICezgdCi <0160 dzts L
x= 2, 4 , 6 d 8) dj 2d3@e@izddis-dz’ ts-fr

g AL Pidsdrgd ysd, Otclimiss,s PL ¢ dZ (1dzdifng j2 ¢ . ¢

INOC &z A0S 5 BPIg jute FOEE@E [ . 1. [ sdsdsnt
t smfipdw
‘md B3d Uy M d2 WS fddsjladgdls [ . 1. [ sdBsdshtse O,

1606298850@g.com

[ OcdzdIstslsoay tcHT J 64 SMOW j tc Bab®d(M fBatSg " |
Phi o Oy dzj2hdj d&OIsj ted Odzr Hdzw ftesdL o sH MIs
ddzlsj .o M ftcj HiNIsOo dzv j Is f sdzlz yd dzd 4 dz0O dzt
slsdgdsipwy ¢ jHSCBSBRBE Sdfkz d@BOIjtcdOdztse, ¢ 5ls
MmMos2Mlso ®© §ted ByJ dz BOdzj dz28 Cdr tOL d3j tcO
~rdBdUdMed d bjtedBdyd mMsd EMmlss2ydor oi3d. .
dzj edteso Odzdw ¢ j ¢ MOWjjtdded IsS@O - fg js d3ts d3dzv Nl da] -
tcOB tsls, f§tsmowh jdadplsdstcr Ets2 ols sdgizd yds ls C
dzj MY Otc jtzde § Is tc s dz" Yyksts ftojHf O O]jIs
BOIjtcdOdzO. { OHdEMr _"tetsd3ZO d Y JdzjL O B dzd
Mk CdiziFOW j ctcdIsO Htsdzy dets ff tetsd M
mMdd&z0 ke j &zdydoe O©j Ismw . 1 0detsdzj j ¢
CJEMOoONY tiggEsets COyYJ Mise O WadeJlsfr]
sSOCtsd3 fsHAtSH] §tdzzyOj d&3" j o da® falk
odH] MlsOBddz dz@r » €S tsdzdzsdH dz" = ts@fnls

ststslso jIsflse j dedats, yj dz@ ® dZ@ff]lStSWhJ? tc OF
SHdSHEBMR] ddze' = 9" MisC 5¢ tsStEapLCls@fogxdz’ 2 , dz@ dzts G
CodzdzsdH dz' 7 tOMlseotstetseo dzO@ dr tsMdatsoe j .

[ BtoOL yj ¢ diz®ls { s dzlz yOdzd B' Mistets 2 LOCC
otcOh O h qalsdmMw MlsOdz' dzr B o0k OBI. [ Odzj
yomlsdy, MmMlsjCdts sy dcOdd b8 Hoddsyj.tco Pifirs
sj B jtcOlkEte® se¥tcd &BjlssHsR vl 0 o dOGdzdls
CtedMisOdzazd L Oydd d MlsjSdzso Odzd™ Bj IstsH Oc
g uj dedd Mmisjff jded dzj cdteseo Odzd™ Riesdise
A, yYlsts Mow L Odzs ff odzdwdzed j &3 r tetsBO
fjtcOkztr f zOo dzj dzd W , j S €zts f ) bz tzdzd dzjOryd
dZdydo Qs lsmw. 1t HOdzdz" d&3 t A O Misj S dzisC j
jey 0Ol yjdzjokzs WOLEZ GjSCMOW, jtiedlsO d
¢cBSiOl dzOW &OlstedyOe.

1 sfmdzj tcOMmlilso tstcj dad W BistcOls dzts 2 BOIstcd y
tzlz y J dz' MisOB d dz' dzr j Codzdzsd H dzr § tcOMls o
sdzy] dzlstceOydd SCdzzsdHd -~ tOMmlssa st dzO

GteOo ddij By dzdi3d uj MS d2?2 ©WOHPES) Y E&Eils ddrd
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uBttdzd ¢ XMl B Y j o) dzyd d ¢ ¢ Sjlsdy O deizjdis tgc Afdimfsejdn S 52 5 d Bd d:
Isj B J tcOlskztcOr Blsyde O YOMmisdyr tc Odndgjotsléc ™ d3jt
Csdzyj dzlstcdtctso Odz" . 1 ted o MsCdr Isj B j cOls
BOG dzd Is dz" 2 Besdzj dzZls YyOmlsdy BECOLT 9 O Isw
MisOBddzdL qtclzt sy o wWOMseatstej, yYlss ftedots
st lsd 30 dz! dzts § pg Jgzls@@ygd €6 tcOL d3j tc © u
ddzls j tco Odzlz Is jid®fQjOcs.ztel F OO dzdz d3 t A ¢ tMC
dzO dzs yOMmisd y ZMmls Odzts 9 dzj dzts, Yylsts f smdzj H dac
GJECMOW jttedls Mlstesdzyd W . Clsts fYBHIso jJtoy HO
slsdthiyw € WOL] 6 CMOW jiedlsO.

pH=3 Hc, k3

B

- 10.7

13.0

11.8

w

- 9.5

8.4

x, SrFe,,,Cr,04

N

- 7.2

- 6.1

I )
| 3.8

650 700 T7é°OC ' 8(l)0 . 850
tdm. 1 Ao dmddssMmisd Ctsiteydlsdoe des?2 fd dz
s jf LRI V] EsdEsd sSls Isj & jcOskte’ sy dec
15 HOddz &3 BOCdzdlstsdgjstedd St teydlsds
bod ddyde O0j smw M tesMlistsdls jfipsfdiftg Qi edzj ctld
e jlsMlsokjls vJjdzd tc@E@E?2 H © Gedits Beo s OB B
fsdkeyj & Coddsdud j of MCsSst tydlsds.
flstesdzydw f) toj SttoHd 3 L dzOQfted 1 BSCYtejor

{ OBslkO orf f sdzdzj dz0 § 89 & ¢ ¥ AP dzf) &I3AMASY SH H

i
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uBStedzd C XMleT B Y j toj dzyd d ¢ ¢ Cjlsdyr O deizjdis tge fdmimgjdnS s52 & d i3d d:
i OLtOBBISCO dzj 2tetsdedets?2 MmJjIsd H dzw
MtclkzS sztcdats?2 e OdzgdL Oydd S tststet

dL WEdSydd ff Otcdzssets tcOMi t

Z Ok dz' S OW Jftejrs.j tgs Cs 5 dztRg S R dge Ot Jf dzS &

md B3 YNIQE Az Isjls [ v dd3jdd [ . 1. [ Bdisds
2 Faculty of Materials Science, MSBIT University, Shenzhen 518172, China

¢/ cRdAdWtsujsue, 127273, [tMmCecC

1 OydesdzOdz! dzf 2 dMmMmdzj Hse Olsjdzr MSd2 kdado j i

ddzmisdélszlst 11250, [tmMCo0O, [ MM

shaulskayan@inboxru

it OLoadIsdj Mo o] 3 dzdzts G 1 GO jtcd Odzts o §
f sded 30dzd j i3 Ol B@Rds?2 MlstckzCIskzter BOIE e @d
gL GCdzt ydor -~ d3gJ dzds'H tsfgls td nGinlsidg te'ts,0 Odzts IsStc OH d "
SCOL" 908 Ismw  dzjt WWJ CIsdo dgr Hdzw dL Ekyd ded
BOIsj tcd Odzts 9 O OS¢y J dztsy dz" - B dzj ¢ 2 dz
tcj dzZlse J dizsoa MEBEts wOMMIWwWdzedy M OdOdzdL B
Dist ri bution Function, PDF) [1, 2] lsCter
BOSjdOdizsesa, o Istsdz ydmdzy BOLjtdOdzses Mt
JHAZOSCS dLodzj yd dedd ddeh stedsOydd dL PDF B
L OHOYJ 2.

[ Oh ddedetsy tsBLAGEZ(ly YWl HAWAsdodzr J tjhj
b dze sted Is d3f BOh d dzdesc s tsBEYJ ddw kM jh dets
ftesmMistcOdzise j dzdzr =« ckzdff d MmMddetsdd?2 [ 4
sfisdd3dL Oydd Hdzw tjh jddw Oltdid = Mistelz¢
d L o fzgzd v MiczC sktcdzse s BBsls d 9 GRay[ Effractiaf,ts
toj dzsc j dzso MEC OW HdWtOSydw) d PDF.

A j dz dZOoMmissw h j ¢ t5- tedom fieddjBHsEseE Gbdzd dzj 2 to ts dz
gL o dzj yJ dzd v ddzt stedsOydd ts Mistelz € Is Iz tc dzts 2
s v ddzaj dead 2 2O s ) dzts oS AoiEd]j ok d te3Q foals Plezdz'dh = d H
HOdzdz" 2 d3tsd3j dzls EZM jhdets toj OdzdL 59 OdzO € 5d
sftcjHjdzwes h Ow tcOL 3] tedzts M is CostcHd dzOyd ts
LOC dzt yOjlsmw 9o OHOYIsOydd OdetstedIlsdiiteo 3
Mdztsy dz' 7 vwditsdizj & kfigls j 1 d dzd dzd 2 .

10 9~BH &sHjdd THOJIMW o] Clstste tC
Coltete s mMtsH j ey dIs 9 J dzd yd dzkz o j tlotsW s dats
sftej H] dz] dzdetsd3 tcOfmMmilstswdzedd ©ls 1.5 H S
Isd Misdtetseo Odzd W dzj 2tctsdzdets? s g Isd Y ddg S df Jts dz
MlsteczClskzte CtststeH d dzOyd tsdadz’ R Mtsd Hddzj dzd 2
Crystallographic Data Centre (CCDC).
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#Btsteded ¢ XKD j toj dzydd ¢ ¢ Cilsdy Odedzjdis tge Qfdmspidn ¢ 52 ~dd3dd:
] fjwoky ®yjtejH' BT &O tj OdzdL 5o OdzO

1. 2), GHJ dzj 2 etsdzdzOW MJ Is! Qs didg dadgtxigw | filpts jv
i tsdzd d3j te ts 3. 10 IsjMmlstse 52 9" B tssmfej = (BB MIs
[ BHdW S Oydw ftsdzzyj dedets?2 d3tsH j dzd H dzv i to
2 d 3D) IsOC Y J ftcdo j dzO ¢ BdBchkphlfcOs? |
HMisde dzzlsts 158 dz@my ¢ decj OF 7 5, SH dzOC 5 dzO B
tcOMY sL dz0o Odzed f sdzd d&3j tets o mMsfmj Hded A tc O]
HOdz! dzgj 2h jets dLizyj dedw .
(1) PDFCNN
| &xConvid, 256 |
| BatchNorm1d | (2) BuHapuas knaccudnKaums (3) Knaccudmkaumana0,1,2u 3D
| 4x1 Convld, 128 | e
| BatchNormid | § " "
| 4x Convid, 64 5 05
| Dropout(D.4) | g e 0
| FC 4096 - 04
| Dropout(D.4) | g o 03
| FC 512 5 o2 02
| Dropout(0.4) | o o

Fc 2 HE NonuMep nonuMep

dtendlsjSkzte® dzj 2 tetsdzdzs?
]

(1) J Is
CaomMmd¥ dSsoydd (2) &Otedy® R d6 wOMEH Y

stsots?2 o' BtsteCj (3) RBOdYyO thds1
COMMIW S Oydd dO Isjfistseats?2 o' BiSteS j .

it OBtslsO or f sdzdzj dzO f tod W d dzO dzf) s#B-HED89Y tSH H j

bolststc 0" O Ojls B EZzZOGCBHOtdzsMiIs: W ts daHsien Iscizr
C o ydmdzdilsjdz dzr @3 toj MkrtemMOB Hdzv o' § tsdzdzj
BOh ddzdetse s tsB EZyYJ ded W .

[1] S. J. L. Billinge.Philos. Trans. R. Soc. A Math. Phys. Eng. Sci. 377 (2019) 20180413.
[2] S. Billinge.Powder Diffr. 16 (2008) 464193.
[3] M.W. Terban, S.J.L. BillingeChemical Reviews. 122(1) (2022)120372.

[4] C. H. Liu, Y. Tao, D. Hsu, Q. Du, S. J. L. BillingActa Crystallogr. SectA Found. Adv. 75
(2019) 633643.

[5] M. Klove, S. Sommer, B.B. Iversen, B. Hammer, WDanonelli. Adv. Mater. 35 (2023) 18.
[6] A.S. Anker, etal. Comput Mater. 8 (2022) 111.
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uBSddC XMicbB e j 6) dzydd ¢ ¢ Sjlsdy O dezjdis e Qdmfspjdn S 52 5 ddsdd:
U] B dzOlsdzsj] 1 dzj SIstetssmMOY H J dzd |
d dLradteddedd dm { dziSilstedud ME

z Oh C ol swhdh 2| Of sdz'stgdY 2

"mdddud MSd2 WOSkd Isjls [Luv disjded [. 1. |

2A0Ckd Isjls WdLdSd Jr MhljoB 06®Bs df S m RS

SANOCkd il dzOk S i cxodsijdedd QizQR. [ & &S dzts )
t sifmdw

shashkova@my.msuru

fidbOmzazd yd ME¢dyd dOdesdedIlsd e HMIsOo dzw &
o Mdzj HMEspEHE] d@dsufi-MSc dn d MistelzC Ilskztedz
yd mMédd MmMot2mMlso® dOdetsdzdlilsy ? Blsdzd yos
sSHOtW Motsddz tMtse j dzdetsmilsw d3 dzO dzts dzd Is
~nfftcso sHWh j2 3 S 1 tedf jofj Idete ts dzef € jC Oy j fr
JWhttdeso MG d ~ ¢ tsodziz@ dzts Wsis Is B gy € 5.0 Siygits Y
mise Od3, LOadMmwh ddz tls tOL d3j t5,0 Mo Bis dzts
yJ dzi ¥ HOdzdzs?2 tcOB ISt BN dzs tOL tcOB sl
sdzdlsd 2 d dL B tedls! ydty tetsis o oddd) ddidgd Is
HdOd3j Istc ©

I sdzlz yd dzd 4 BOMMdo tse dqdzHdj o' A dz0O dzf
L dzj ClstessMOY Hj dzgdv © BOtedykz OdtsH dasc s
OB ‘WWjChdods & dBjlssHdS MddasLC
P steWHSYJ dedz” § dzlg® I d ay'd dzde@edzs d yJ ME 52 W st
GJB%JB&dqugd%d f Ot O] Is ta GHAGE S HHAfED' 3 J Us) tadtd
tcOBSIsjy BT dzd { tsdizOGZEsARz] Isd] dzHnd0HEEdO B 01D iggs. 4 1
Ldzj € Is te fs o fif Qopso jsdaddLdzint 2 dz B @@ K eztizs ¢ 5 O ff tzg € |
st ddzs g  j 3 QDT dglv 3 j dzd d o

rdzv  dL 3y tzj Gaded fsHhhtstsg o dzj dzd v di®@digis fafl
s sftcsotsHWh d2 Mdzs?2 daOsra 3 dodedzd | y Bfiplen j
ftod tOLo jtelsCj-libwtsj tzyzOdzOl stsjL zdz' sOIs
M etslsd o dzj dzdn dz@ieESEdlojs?e WOL dzsets HJ Od3j |
My tetsilsd o dzj dzadfozO dptyodfisfin@elg H dztsy J dzO d3d IStsH € ¢
dLodzi yd dzdv dOdesdzdIlsj 2 dL Isj B 200 J tc dz
n OtcOC Is j tdafdinIstef@L o j tols € | 1§ lisq Dmg@@HPdr@Ld ints tc d tc
HdMCtejIsder § MEOYUsd btst O, Mtsslse j Isflse z&
420 dzfs dzd Is § 2 adzzbtmdsﬂmbd3$dz®@®hjd3mw tsls € dzs
q’lsis w9 dzj dfddgts Ofthryafted@ s+ Mtsf teslsd o dzj dzd |
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uBtstodad ¢ XM B W j toj deyd d

0 25 50 75
Potential (mV)

100

125

¢ ¢ Cjlsdy O dezjdig tg ¢ Qfdmfsupjdh ¢ 52

0,0030

~dgdd:

r
0,0025 A

0,0020- "

*
& 0,00154 *
*

1R ()

0,0010 *

0,0005 -

0,0000
0

LMLl §tejnjdjdadj Mfsisdo djddy jndded:

tiLkd sOIsr
ftcjHilsOo dzj dz

dL a3 g ded 2

o sOBd&dyj 1.

dz0 dzts dzq Is j 2

ff]

s OBzt jLEd IsOIsT dL d3j tej dad 2 L dzj € Inted y
dzO dzts dzd Is j 2
r O3y Ro ([ dg |1 dzd (RQR 4 (RS (A3
40 N 3[4620 (0, 00413, 4 N
50 N 3[/2550 (0, 00411, 4 N
0

) ts dzlz U J dedeyl | e 43 dzls Oz dz J

sj st ilsdyj NS &2 -Sogtheighai]. » n
H deddss ¢ ) offstetisB | ¢ OF 517dzjNC ISt wlzd o

syd dzf O

[1] E.H. SondheimerAdvances in physics 1 (1952)4P.
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uBtstoded ¢ XMl ded j toj dzydd ¢ ¢ Cjlsiyr O dezjdis tg6 Qfdimfousidn € 52 = d o&3d d :
sOyjMmlse jdedets] d €Ctsdzdyj Mlse j dedats
9 O R sL dls dMNnOftsmisOe O
HdzV cOLtser a MJj dhMsteso

z it dlssoh gOT 0 [ . 4., AddOE:

mdadud mMe¢d2 wOSkd Isjls [Luv dojdd [.1. |

SherstobitovA@my.msuru

J fcdzzftccotsHdzgd S tso" n GOLBo " n Mmj dzfts!
O jtedOdzO dMmf sdz' L ¥ Isvindte ¢ fipdliesiod@id | ds 1O dztize
Mitsd Lkzj®k o &BOjtedOdss. 1 jMdislstew d&zO
Bddls twWH dzj HisMIsOIsC 59, ZfmlstcOdzd 3" A
ObOoddisdud MsddB3d 5ECMdHOB], o YOMsdzshisd
J
f
o

ssHsdnfEOBERd M dJdzHEzSIsdeodzs Mo WL Oda
Mz Hse Odzts tcOMYtcj Hjdzj ded] dZOtcE OdMNOx d3j
Ctoed Mis Odzdzd y j ipads 2 Gn ldgICOsjlz tatfte j H j dzj dats -
e OdzyO o MddzlsjL dtctseo Odzdz" = dzZOdets S S RBY sL
[ Olsj tc GrEEMNO ) Olstsdzdzr d3 Mt H J toMBJdMnFSH: BO
0; o, 1,; 0, 25; 0, 5; 1,0 d 1,5 OIs. % gt
fnljc{telstsafd3 tcOfMmiso ttotsd OyJ Isd dzm(gckds dzO IO
fesmdzj ke P ddz Bls)ydetsd dzO0 otsLHEZAR ] §taag 6
i sdz
G s

&-Q-Q&- No .o

ZyoOdzd GRteOLg@mOLMMO M MtsHjtey Oded j d3 1

Btsc j dzed L Oyd d Snfplzds Mnacady) @3] fifdicts C Odzd @ Odzd j d
Emdzse dw = . 1 5 HOdzdzr &3 R 4l [ ¢ MtsH j toy C
Msslse jlsmisalzj Is MsH J oy Odzd & i ts tf etedf jo dz" |
Ctsdzd yj Mlseo jdzdz" j| R OtcOCIsjtedMmisdSd twWOMY tcj H
(0)) .

g jtodw sBtcOL Yytso M 8 8 Is (ffztst; @zd JB 0zO
tcOL dzd ydze" &3 otcj d3j dzj d3 Bslsy d & 1, 3 d
SR OtcOCIsjtcdL 50 Odz0 tOMmls st ﬂj@anSJtsq’ﬂ];oteGlOc
1 sCOL Odets, yYbts BOweOdzj y teOMftcj HY dzj dz d3j
dzj ©Oo dzsd3j todets, Gwodud 3, M kZojddujddyd3 o
Cesdzdyj Mlsoa © BOte Odzy® o tsBI j d&3J .

lted ©OMMBEs o MzBs] i) s ozl bt vzaly’ s | dgkk § das
stsi dzj S Istetsdzdets? MY j SlstesMEtsfidd (f AC4)
J S lstSnC d® 0 8nJMN1 0 s Witedsdy) Mn syMnG@y. Mt
mMétsdz! S 5 HOdzdzr A3 toj dzlsc j deso ME 82 HOW
Cu sMmesisiigo i Is sC MYl HEBtcdOHzES 0O
d3®tsGOdzJu o 1 59 tc~MaOfdssdidIRL 2] jIsG taVjG5L Uzy diid ¢
Mn20s).

g4 S tesmMEsfdwyw 1 dzj Cticsdzdzse s ff Otc OBOG
ftedmizlsmilse d 4 dzd L € ts Mg dzts off) dhe dz© @els WRESREPts dz
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B C XMicGB Y j 6] dzydd ¢ ¢ Cjlsdy O dezjdis tg e Qfdimfspjdn S 52 5 d 3 d
tjcdMmsted e siwd tefjrdzd v dzd dzd 2. stsdduj flse
Jedd modHjlsjd Msakjls 5 Issd, vyt o] M
Mlstek§ Is & &SN, ©ZOS sHdls W 9 L Is s 8
I dHd BsdBz, MPOIJdEERY OHOW o (o] IS skl fil
1 dzj Clstotsdzts @ dtsdzed L dtetso Odzdz” ~ CdMmMztste s H da'
fnded % § dzed ¥ fd ¢ dzO dzO* { WO D) eIy ded j &3 tsB M
BOLEOdzy® o &EOljtedOdOS (tedhm. 2, (B)).

9- 0.8
(@ %7 « wn C ()
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7. MnE,HyT
p=cd i 07
B i =) i =— Obuwee
© ! *— Ha nosepxHocTu
E 2 R 0864 4— PaccuutaHo B obbeme
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2
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Mn Bcero, at. % Bpems oTXura, cyT.

t dfﬂ--( Q)OMY ted HJ dzj ded § odjAccidsdS@ fots dYO=lz

OodqHO JMOQ s d3 IssHEz Kmd dzlifilsMn s Odzd L 5¢
Qth'fr]ISOdZdZdLLJfI’]QB?_2,fl’j\{Ef1tGUZt§£fS|Z|\lbr]j, Sdatd¢ O dzd L 1_38
ftseojtorndesmisdzts? Mjcetej cOydd; (B) tOMftcj H
sBl jBsds 9 LOsdpdedisiglsfdesB. otcj d3
(8) oo™ “=— snoz_mnio (©)
Sn02_500 Sn02_600
|G oo M HC\ Sh02 N6
j L | E \ ? ‘ '——Sn3+
: AT L Doy 8 i AT
| T W g S
é Annpokcumaums 24 § % ”‘“J mﬂ W w WM‘” NM WWWM ! ‘ M
£ J £ () i
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doH / [ [ i -
e e vy
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E, sB H, 'c

{dfE (O¥Y jSlster [ ACH §so ] toh daSAHTE 00, H &
SN®@ MNLO, MfjClkt (ERYTHECHESOI [ H G GG O
Sn®_Mn0,25,SnC® Mnl,5.

{ OBslkO orf {sdzdzj dz0 §tod W d dzO dzf) s-a3O0L1Y SH H
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4B Bdzd ¢ XMl BaY j 6] dzyd d ¢ ¢ Sjlsdly O delzjdi g fdmisgjdinS 52 R d &3d d
l dedw dzdj oL OddBsHj2Msoadw ¥ slstsdad

ykzeflsodlj d dsfmls: sfldyimsdn
fjtoWctodtotso Odedz’ 7 IStsdeS dn  ff o

zsCts9 O, [1LBYyJdeStso 1. .

mdadud mMe¢d2 wOSkd Isjls [Luv dojdd [.1. |

shokovamasha&@mail.ru

JHdzdd3 dL fjtemif jSIlsdodzr = oadHBo Mtso o] «
HOIlkydStseo WwWodws Isfpw f dzOL dssdzdzr | B dtsfj daMmt
sdse Odz &zO0 &Bj kOddzd yj MS dr  dzO dzts fjlsds 2B 45 [z |
otsLBEZYHOE IsMw Codzdzj CIsd o dz" j smyd dzdew yd
fsojten dztsfls dz 2 f dzOL d3ts dzdz" 2 tc j L t5dz0 dzfm
nOOCIjtedMmMlsdSd OSSR BdtsMmj diftstetses &MY
Cslstster 2 tsftcjHjdzwjlsmw My j Cdstis Ofdr DL dgeChzds
dL d3j dagj ded § a3 § 5C OL Olsej alzv te ff ucly diztsisgodg pzd 'O H fopts
Odz0Odzd s @E. Srelaw j Misdets, yYlbsts k2§ stew H s Y(NHAR |
5B dzZOH O Is kd3j toj dedets? ykoefmlseo dlsj dzv detsfls &
f stcWHJIDOR WO dzdz [ 1], SCtslststcOW B3I BO Isf
zd3j dz' h § ded W LWWjCkOo f sHdzsy € d flzlsj d3
Hdt dzj Slsted yj MS ¢ tsH Oftalis? DB sls j f f tsd
BsHj Zzdteso Odzgd W 3j ssHisd Stdej ydz' o t©OL dztsfr
fHftcddzIsO ftsfrIsCO HBf tsdzdedIlsj dz! daets ff so T
LO fMuydls 99 jHjdedw HEBftsdzddlsj d dscts Mmdzsw
RLEYJ 20 yYkefmlsodlsj dz' datsfls 5td s fipdfte 2 dfst@ |
Lsdzslsts ) R3OMMdoe Oi3d deougsitpistads tadi lsodj2te ~odzjHd -
Mdztsw 3 (tedfy. 1) . stsdzh 20 Mmdztsj o L sdzts Is
Hdt dzj Slsted yj MSsets Mdzsw h 9 0Ot! dqtelzjlsmw s

tdfm. adj BOIdyd MEsy dL s5BtOy J deq J d3ts
dzj 3 dzls Ot dzOW /WA 21§ OzAdztEdSIse0;] ds s Y de gz d3j |
Hd{ dzj

1
q i Cltedyj MSsds Mdzsw h .
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Au/Si0:/Au
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B
g
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! !" ™ = -$#- 100 nm
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I
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Thickness ol the dislectne S0, layer, nm

tdi) dfvdedj btsdh dd HJhdepSEHEedQhdtsg
f5COLOLj dv §t]dsddj ddw .

stedor j ykzefmlseadlsj dz2 detsflisd, f s5C OL Odzdz'
COL dzdydz' &3 HJ OB stes B tsls o giticdglipls(td d 8L, Is 119 j0
BOC d Bz Bs 3 te SiOs A 2 @lzj dzdg,dzs¥lsts fo W L Odzts
COL dzsfisd WOL, dz2OC Y] dj dzdets? o sdzdes? f teq
sBtOLtsd3, © HOddds?2 ttoOBtlsy f{ftCOL Odts, yls
tOMMmls &y dgchz slso j emisdY &3 @y des s lsddi3dL
Bdtsmj demMistce® d HEBMIsdyY'i7.HBBeSIsdztsmisd f tstew

t OBBSISO o' §f sdzdzj dzO {itoldn {1BAOHG. 1 € j] CtOdzls O

[1] V. Bochenkov, D. Sutherlan@ptics Express 26(21) (2018) 27101.
[2] V.E. Bochenkov, M. Fregriksen, D.S. Sutherlan@ptics Express 21 (2013) 14763.

142



4B Steded ¢ XWlebw RS | to] doydd ¢ ¢ Cjlsdyr Odazjdis tge Admisejdn ¢ 52 - dBdd:

[ Ols j tc dSD@ZSIO/MNOxH dz OL sy emtstets o
ChdvOSCBp | dzOL S B [ . .

mdgddyd M&d2 wWOolkd!Isjls [4uv ddi3ddd [.1. |

rodion.eshmako@chemistrymsuru

1 sdzlz yJ dzr d dmmdzj Hise Odg sBtOL YT dzt
SnQY/SiG/MnOy, MtsH ] tcBPSi+$F = [L50K JMn|[Mn+Sn =
0.250 9%, ftod tOLdsdh fstewHC] 99 jH S
Mddzlsj L Jictgo @tedzf B s s j tc d30 dzb-HEEND L ts Bzl G5B 1€ 165G di30
Cdmdsisr M fshdjHizsehdkd iz feXf{disE€iby d &
tc Ofls oMNEEIER.)sd Sisy d e s § Bt BEMWOSH s dzlz Y O dzd
ftetsf dIs¢ d tc IDfdsHyAs)te ttsds 5 ) j dzdzts ¢ 15 fSw@ f) 6 0
fsmdj HEs M ddi3d Glsy d SOMO Ao dzs & §f  fztzdsj dg dzv
sBtcOL Yo tBtcOLtsd3. vOCYy] M yjdzz v MmMtcOo daj
dzO dzts ¢ ts i3 BWOMBO.  d  SnQ/SIO, f  Isd B] A 4 ARSI
BsHdW JdSC Osteso .

Htsslse jIsmilse d 4 1 dzj d3 glzls dzts & 5 O dizpis frils O dz0 dzt
L OHOdzdzs dzz § SHIso JTERFH Okk@ tc @ s jsedidlz©Oydvw 8B
o] dzZscj dzso ME B2 HIWteOCydd, Ctsdzj BOIs] dz' dzts
OHMtsteBYydd OL SISO s BBsHjdzd 1 Cu fsCOL Odz
BsHJdW dEDIsthz® d3d ¢ tc Bils(tez@hlgle. tc BRI C , 9 9 SH d d3'
CedMmMsOz&D, Ogdf f sdzdzV jIs tesdzr MiIsi®@B d dzdsLd( lints
SN s BtV sdzsedd Mtstslseo jlsMmisakzjls Btsdzj |
f szt yoOj sz fted IsjJ B j Okt sy deO 30

OB OOdj stsr &ISteshsickSbker d Ml

: 1 ©O2HJ 1 O2HJ ¢
L Od B Y G | deer  Q Sew ¥ dg [SY[SHSH, | MnY[Mn+Sn,
Ols . O 1%
SnO2_600 14 60 14 - -
SnMn025 14 85 10 0 N4 0. 19NO
SnMnSi 14 - 40 15N 1 0.21NO0
SnSi 3.6 - 110 16N 1 ONO. O

SnSiMn 3.6 - 110 16N 2 0. 18NO
Si02_HT - 0.3 330 - -

#j dzftstodz j

CdLitjddv fsetsHddd §f
5 B j cOEGOAy 14
ud

OLdzOyj dzdvw n Blsdzsd Is j dz' dz
fdsd M$%.0 ko j dzd dzd d3 o dzOy Getizf 5 d H BVMRD 80
dSn@® 600 dzOB dzs HOJ Is sBh OW Isj dzH j d&Od W
Ylsts MowL Odets My ledzglztegdzlsdztsli OHMtsteB yd
fsoj tcrBRBMlcd M-¢)1 B Odz! dzj 2" jj ko jdzdyd &
dL d3sd dgv dpjzl® mds dIsj & sl , flssdkkz yYlst,
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4B Bdzd ¢ XMl BaY j 6] dzyd d ¢ ¢ Sjlsdly O delzjdi g fdmisgjdinS 52 R d &3d d
Slsdesfdlsj dz dzts?2 o zOy desfylsd 30% HEMsOlts:
OCIlsdody RSN deetstsafls Slsdjlsdls: , Ykt dzj ¢ Ol
Mj deMtedy j Mo 52 fls Srn &6 dztyCteyfotrrvdg iy v Ui
dzj BsHdW d yd Brie Odzdzts ¢ 5

5,04 5,0 4 A
RH=0% 6" = Sn02_600 RH=30% (=’ ) = SnO2 600
453 cO20maA. *—SnSi 454 co20m.a o SnSi
¢ 4 SnMn025 T o
4,0 4 ¢ SnSiMn 4,04 4  SnMn025
> v  SnMnSi
3,5 s * 354 ¢ SnSiMn
3,04 3,04 !
c c
[ @
254 A £ 254
3 i 3
2,0 AT R 2 2,0
& |
1,54 = m A 1,54
- - o o8 -n
1,0 — 0, 1,0 s, R
o 1 R A m" o o\v_ e
0,54 . 1 b4 0,5 : v ey R
T e —— o o I S S S SRS AW
150 180 210 240 270 300 330 360 390 420 450 480 510 540 150 180 210 240 270 300 330 360 390 420 450 480 510 540
1% T.°C
504 RH=60% ( ) B3 RH=85%
= SnO2 600 ] = Sn0O2_600
451 CO20m.A. ol e 49 CO 20 m.A. ) ®  SnSi
4,04 4 SnMn025 4,0 4— SnMn025
' v SnMnSi v— SnMnSi
3,5 s> SnSiMn 38 *— SnSiMn
3,04
5 3,0 4 %
Zas £ 2,57
= 5
© 2,04 2,04 &
1.5 1,54 X
: . a
1.0 i % N 1,04 B o\’
A K, @ = ° L |
0.5 PY : . A " o B ¢ 0,54 i —2—F &+ o , % e :
6' & L4 —
& A, ¥ i——— —
150 180 210 240 270 300 330 360 390 420 450 480 510 540 150 180 210 240 270 300 330 360 390 420 450 480 510 540
T°C T.°C

tdf. vj &3 j 6OZztedzOW L Oo dING d3fs ) I4f+ ts dzigf Je ¢
ZOdtsC s sL dlstseo ftod HJCOHC l&zdnertsee QdzdRd tsAsdz
o zOy desmisd: ©) 0%, B) 30%, ©) 60%, G)

[ dzw sBtOL YO SnsSi § 2@y dasOis'dd tc i © O tizlf
ftesdmMrtsHdls dL dgjdzj dedv ykeofmlse dlsj d datsfyls d
slsdesh jdzgd¥ € CO k2 HoBs2desets dzOdesC sz s
MtcOo dzj dzd d ) dzj di3sH LW d Y PE tsalg) dzdz’ dis e Czts 2
SnSi Mn ftetsH Pdgts difQls[tabmBsdzs yYkzo Mise dlsj dz' dat
CO C0O0¢ 9 MmMka tsd3, sO¢C d ot o d&zOy dzsdz o 5L
fsdzsy dlsj d dtsj Hj2fMsodj Hobkn d&sHIY dC OIS
HASSCMdHO S tej didad v .

{ OBBlkO orf {sdzdzj dz0 G tod W § GO tizin S-3O0L2IE SH H
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WB Edd S XelcbBd® | 6] deydd ¢ 6 Sjldy O dezjois tg ¢ sy S 52 5 d &3 d :
gddzlsjL Wlssdzdz =« SCtedMisOdzdzse {
Al o HBSO,M H

Il ZLH" ¢ Qdz stz hpdztfote wOff sdz' S 2 s . & .

INOCkd bjls ®OES & ROLjtedOdkOR [ 4Ptk @
{ smipdw
‘mddBdud MSd2 WOoCkd Isjls fquv daijdd . 1.1

BuzdyganAA@my.msu.ru
ASlssdzdzr 2 Ctodf B Odzs ) MistczC IskztcO® € IS

fdtwdsHdyuyd MSdd3 dLjdglgvdz]fdmljjddis dfdxjCdafivOlsl ¢ j to
H dzd dzts 2 o ts dzdz' hme j O. ] ZOo dzr @3 Mo 2 Milso t
LOftej My dzadets? L sezcdzOfflad 1 YOMistsls W islstsdatsoe ,
tcOMf ctsMistcOdgw Is+ Mmw o dzz Iste d BOIsj tcd OdzO.

fdtemyfjSlsdo Frozp BROIsijity dMmY sdz L 59 Odzd ™V
f 1 Istd3kz f sdm¢ L WWJiClsde dztsc ts mMf smMtse O
fesdztsy Jdedd d3 A W dzw jIsfpw OCIskzOdz dzts?2

Odz¢ g ded ¥ M BsHEZAYydy? dOfwwY Yy sHgdz |
zz yh R lssHtso §tsdzzyd dzedWw tSHdsdBj tedz’ = AS
Odz¢ d3d dzd ¥ ¢L¢), UomSiod Sk, o sldduyd]
Bisdz! M 52 tsudz,tsfr]lsJB ftSHHjtey do Ols! J H( dats,

(
s
fjtedsHO 5 offj2 Iwsd ddj As. J[G§rs d&§s
dMfcd L co OdedU(l teziy dfROL o scdzv s s sz yd Is
scdh sl © wiets Cwi¥Wdydjdls s zms Oded
HEMlsOlssydets Bd b d B

] RBHj d@Ofmistwh j2 OBl oSS rcd dzd

Codeyj delstefoydq o 4 B ACOletej YOGsMls 5w dadzts d3
Hd Of OL tsdzj 10 1 15 1. ¢ oz a3 dzd J o Iz & f ts
ZOM" h j dedegsds cOMlso st RastedHO dgj H. 1 50
fssh s MijSChtesMSsidd fosflmoddw ¢t
tcj L zdz' sOIsj COde@dzd L Pt sfif thziin ¢ O dzd W BN dzd s
ILWWiClsdodz 2 fsCOLOIjd o dsddj ddw { d

1 0 sMmdtse | dzzyd dzdzr = HOdzdz" = BT ZO o
Al p BOtfted 0 AC, fHted fodishd (Slststes?2
fJtedsHOBd M L QuAdzdgddsdh 1t sdesyf dzlsj o Odzy H
3 (tdm. 1).

1 sdztsy J dad W A tsls € dzts dzv dzd fiy ! tsls L OH
fesfmMCOddY Mo jlsO o tBdOMId Ay daf (tc,
Z As, § dzkzyd dede .50 ftagXfdzi2j AC 2 [ HdsRi(Ll) so
[1]. 1 deOyj dedw Ctsi1 WWdydj delstse HtsBtosls datsls d
mMotslse jIsMmiseazs h dj L dzOyJ ded W H dzw sBtcOL
dMf sdz' L soOded j 3 Hiczdedr tjy ddtse OdatsH dtets

Cei WWdyudjdzesO (s My Oddgflsddo dazezOfls ¢ %
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4B Bdzd ¢ XMl BaY j 6] dzyd d ¢ ¢ Sjlsdly O delzjdi g fdmisgjdinS 52 R d &3d d
COL OB IsOddzz® BjlssHdCE §jtemy jClsdo dats?
shdzseo g ¢ [ ¢.

100 1 v 1 v 1 v 1 4 1 v 1
X
<
= 3apaHHoe
o 50 nonioxxeHne
S 7] ®33 (HMm): 7
> — 250
o — 450
o N
- 700

05

200 300 400 500 600 700 800
[1nvHa BOMHbI, HM
t et jSlste’ ftsflmMCOddY ftdzyj ddzyr 5
100 | ; | ; | ; 10

3 *
] A[] A

A2 [9] [1]
**

A

[4 B Hacroswas paboTta
Y [aHHble pexxuma U(L)
A [lanHble op. pexumoB

|

1 I L] I L] I L] I 2

20 40 60 80
KoadbduymeHT oobpoTHOCTH

t dB. ussisdatsh j dgd W d3d dzd d3iz d30 ftesf 2M¢ C
HsBtoslsdzsMmisd | eézde" = § SBzZEQL Yytso d sBtOL Y
Mddels j L Jietseo Odzdz' = fted d My fdldzd L sac@dEfd s
O dzts H d to 95D dzd W

|
—
OnTnyeckas NNOTHOCTb

MwuHuMyM nponyckanua, %
—
o

[1] S.E. Kushnir, T.Yu. Pchelyakova, K.S. Napolsliburnal of Materials Chemistry C 6 (2018)
1219212199.

[2] S.E. Kushnir, KS. NapolskiiMaterials & Design 144 (2018) 14050.

[3] P. Yan, G.T. Fei, G.L. Shang, B. Wu, L.D. Zhadgurnal of Materials Chemistry C 1 (2013)
1659 1664.

[4] C.S. Law, S.Y. Lim, A. SantoScience Reports 8 (2018) 4642.
[5] A. Santos, C.S. Law, D.WChin Lei, T. Pereira, D. Losi®Nanoscale 8 (2016) 183608375.
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uBBteded C XMic&B WY j toj dzydd ¢ ¢ Sjlsdly O deizjdis tgj¢ Qfdimisgjdn S 52 5 d &Bd d -
gfsmMse’ OCIdoOydd cOdzdazzOL dIs
mts Mmls tc 2 MEIzdiEBURd

Il ZdZzce O ts9 s[OMR W dzso R . ¢ .

mdadud mMe¢d2 wOoSkd Isjls [Luv doijdd [.1. |

BulhakauM@my.msuru

1 jtoj ntsHT df tagpdfipztcmtsmMB jtoj O h ddg d 1+ W W
dzj otsL sy jdz BjL ftsdmMCO desor 7 dfistsydzed € ts
~n Ot OCIsjtedMmisdS Odzd . 10 {§tsMmdzj Hdzj | Hj fqw I
BsHdWdydetseo Odzd® d MY tshtss Od3 ¢ ted diNdizj dzd
Al,SibOs(OH)AHO 9 " tetsdzts o  dzj ) O ds fifists | tdLdats Mdfy 2
hJiesSsets ©GOMfsmMistOdz] dzdW[ U]l @M &
Ozt BsMddzd S Ol dMmMytsd L ksl Hd& §tsdzyj ddw
dz0 Iz y dzts 2 dzdlsj cOlskztcj Midas(fs B 'H j dalzO  ddg jHd
MdMmilsj 3OIsdL dqteso Odz" JqdzscHO wWodzws Isfmw
dzj  ts dzdats . AJdz HOdzdzats?2 tcOB SIS wo dzw jIsfr
COdzdzz OL dIs©® Hdzv ML H OdzdMFI dFAWK AR, Is tHfote dirpls) diy
CO¢ COOdZdLOBstsEwzd bty j Mmtse dzj Wisj n
sftej HJdzj degdJ o dzdwdzedw OCISdo Oydd 6 Odzdzz OL

| Odzdz OL dIs dzgj WwWoeodzw jIlsqw toj OC yd tsdzdats Mt
fsilssdisz o t©OBBIs] B" dzd dMf sdz’ L s9 Odz' 3
Ctgs d d&zOyd d , ftcdo jHY dgdzr | © IsOBdzdyg 1:
hy dzsWNa®H) ( f ted tOL dzdyde" = Isj B j cOkzteOr (
CmdzshIo) M §ohdjHzyhj2 kjedduyjnis? 6
ddals§ L FAUSG ltisas o sH d gzd 20 Mk HhEdzd ©F yg I dz
Mistclz ¢ MEIRG2 Isjyjdedjy 3 MmMklsts¢ fted 175 A
IMfsd LsoOdzdj 5 L Ote®oCd, KOS d B j L dzj
d dzchee¢ Mtstslse jIsMmilse j dadats) .

[BWGOL Yr , fsdzzyd dedz" | o dAHJG O digrzddls jdLis
SNO0EOClkjtcdL 5o OdF CodifdjSsd &) SHBo
HgW©OCydw (tAd), tjdidscjdesW debtstej fiyyj dzls
L Clsj i3 j ©OkicdzOY MswBydw OLBlSO, MC
(aCf) d HdJdzOd3dmiyd fvidmlji fesjpisis O Hd MY j teind

l Otc! qteso Odzedj EMmMdzsed?2 Isjtedzdyj MSs2 SE
dMrtSHdSEts CcOdzdzEOL dlsO® Mt hy dzsy! s f L ®
dMrtsHdESEE 5B tcOLARE,094505 00RAMO s dzdlsds B ' dzfs
HOdzdzr d3d bkBedPmisects OdzOdzd L O. 1 sCOL
otsLHj2Msadd dadyj ESOLOdzdetsets Isj dif j tcOls|
MlstczC Iskzter dzj CtodMisOdzdzd L 28 Isfyw . 1 s HOC
nOtcOCIsjtedmisd¢ sBO yYjtsdzdlsO MmtsHj ey Ols
Colsster 2 yoOmlsqduydzets L OB dzsC dJicso Odz & OdzO dzr
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uBBtoddC XMie&B Y | o) dzud d ¢ ¢ Cjlsdy O deizjd tg e OfdmfspidnC 52 5 d &3 d :

s OB & uff sMise’ OCkdoOYydd MbtekClkter ¢
OOd&dL 59 fecHES s®Hsls§ todifih Plrdrdy OF d h@s wis
5jUj zdjiBcBE® SBLOL yse fMjtds? Sdndsksts
ftodd ABO o Isj wj daflgpts 1), ulsts o o . 4, Lk

kjted3d Uj MS 52 tBtc@mtslOS W) wijtedi 5 $Odzd j
hy tesy! ¢ fted twOL dzd ydes?2 Isj B j cOlskzte .
[ sdz' dat LHJ dz ¢
[ JIstsH b liste slsdgsh j| § dzsh Of
cOCkdo| sk ~OL" UG 5T e on
MFl | j tsdzd IsZSI4-§ | 37 390
U J tedsd y ns GCo Oty
(9) |FAU |s yjYszdls |Si4 s: 370

G Odzdzz OL d Is
MFI A j tsdzd IsZSM-§ | 41
s d mMdzts I ns G Odzdzlz © _ 1 Jd

(1) |FAU sy Ysud s }sj'tGJHJ(tSUtGJHJ(
G Odzdzz OL d Is
MFI A J tsdzd IsZS-§ | 38

s d fipds. j : : 1 d
ns:¢ 9 Ote . .
(19) |FAU b lLd Isftej HJC
s:C o0y SYted HJ(
MFl | A | & dzd 5ZSK-§
2 J dzts Yy 400A b . OB

14 14

Isd 6d3. |FAU |450Au: yY s(BiKIHJ ST HJ
500Au: Yy ts¢

Its tjLizdz SOIsOd3 WOLBasets OdzOdzdL © dits
Mistelz ¢ MEKEREZOESE § sddj te UZSMSE ¢ B EsH B ki
fsdzeyjdz ftcd dMftsdz LseOdedd dz#BBGEtS (L
COdkzz OL kO, krEkin @ SO W duizgsy zddsse Odz B j L
dzd fted COCBB dqL MfsmMtsetses OCIlsde Oydd dac
Yyjsdkdls0 Mt FAUEEE Gl tesd dzs Istsdz ¢ o )zt
hjazsydes?2 d bjtedgdyj MSts?2 tsetwcOBtsBaGd §tod

RiMmdzj Hise Oded ] o' ff sdzdzj dzts 1 toc f73J0%60H j toX € §
[1] [ .A. o¢bwshja®ptop B3P dadzs P dep § &z dzv teilza3dj Mdls
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RL 034 dzj ded J erjfasdfdglj dets) » Mo 52 Mise
Hsf qtetse Odzd W Mdzisy detse ts 9 O dzO

dzd s BCOQE] HIEO

] OCh ddz o Rzdzw dstso €. [ ., uvdlkStse .

mdaBdyd Mcd2 wWOoSkd! Isyls [Lv ddiddd [.1. |

artemfoe7@ymail.com

Il dzOfmlstswh jj otejdW ojh jMmMlsoa O @tso Mistcle €
dqdzls jtoj M kL By gl @By detsMmisd dL d3j dzj dzgdv Mo t
o jhjMmlse O tsB dzOH Ots fsls d udpjiRddgd? dzts M j ¢ dzj Is
dzs &3 dzj My J delsdz” d3d Mo s2 Miseo OdRd, didadzs?2 { to
mMeots2MmMlse L Oo dRd I3 dgds ddmiss@a @ . By jIs o dzd W
mMesjHddzj dzd?2 o hdqosCtsd3 HJOY OL tsdzj . Il tsls
9 OdzZOH OIsT MmMlstetsdzydw™w MisOs Ismw L dzOydlsj dz' oz

Il COyjmbej dMmntsH et M dzSeyderd) ksl o 0ls40d
dzj H tf es@deddd dzj dz" yJ dzd ko j dzdud dedv ( dzls,
tes?2 BilsduyujmMéits? eO0teddtsdzedSd (411), duL
n Yyddzj?2 Brdzs tejhjdes f ted o dzj fryis iz digf tslA
sHWYM! o Odzdtsdzdets? 1 tsH tefjohdesldflsy', frajecjdaéo
Is d 5 dzdzlz & Yyofmls HtsSB Qo dzj dzes dzj B sdz! h t5§
ZsC O dsets Sty jddvy. | s tsdddlsj d dts
dzj SHdzsW OL detsfyls d .

tdLizd OIsT fsCOL Odfls d ylds d gizj dirppdisj? 2tz
otsL tc OffpdsdO ttflstc dffo dzj M j dzed d dzd sB d W , f smdzy 1 Ist
Hts GteOded yr dzj sHdetsW OL detsfyls (.

v OBIlg. o dMmMd cssMmls ddzls j dzid o detsiisd Mmd ¢ dzO
H dB8¥%Yhy.odE Uy 01(VOs)7x(NDOy)x.
X 0 [0.07| 0.14 |0.21| 0.28

#dedeOdz 14| 20| 20 | 20| 20
(Co0Otyjor

v OCdd3 tsB tOL 5d3,SkYH6E.o(MDE)NENEG) M Is O dats 9 dz
Mesise | Ismis offly tc z &fielris’@pls o ©. -5 Jsdfdudn® dftg fi
ftcjotsMaHWYIls CoaQteyjor 2 1 IsO0dzsdz 9 L dzOydls

{ OBBISO of {sdzdej dz® fted V¥ d dzO dzf] c-AB@O148] S H H j

[1]) . R. [.OLuEgwiSRd Rddsdd3265(4) (1996) 307
[2] A.A. Belik. Chem. Mater17(1) (2005) 122129,

150


mailto:artemfox57@gmail.com

4B Steded ¢ XWlebw RS | to] doydd ¢ ¢ Cjlsdyr Odazjdis tge Admisejdn ¢ 52 - dBdd:

sz yd dzdd bitedB3dud mMéd d &4 -~0
fstedMmls' & f & dzgsS OdesH dzsE 5 15
9 WemMW¥stdhiss?2 Cdmdsls|

I dlsS 50 M& dudieldE L[ Ald.dzd §f Rseshez S50 Rr. |
1 0 sdz' MEY2 s. u.

IWOoCkdz Isjls dzOz ¢l v dzfdsijdedd O dzQIR119991 digipigtsefids
{ smipdw

ARR [jrOdedSd [ ddijded [ . 1. [ shsdesf

Mddidyj Med2 WOCkdz Isjls [ | vl 1d9d9jodid, [[.t=I < of

vitalyvitkovsk2003@mail.ru

l sted milsr j i dzy dz€ OdztsH dzts G 5 s
COdz) dets? Mtslstsf sHtsBdas?2 MistclzCls
dzd ydz' = B ZPRHKYS ddzOk EMffj Silsdodzr a3 W o
9 COyjmlse j dzj Mih j 2 Mhdtser Hdzv ¢
ssCMdHdy = Issfdzdedsr » 1 dzj d&3j delstso .
Isrj fdzvdeSd dzgj sBrtsHdBE GlsyJ Yy, fi
dydsj » Oded u 4 MG 28 flsOB d dz' dzsfls It
ZOlsOydd. JIsH jdz' des?2 90Oy dzts?2 L OHOVY
sk 6[0 Wsttdkdtkzjlkmw f o' MsS2 MC
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Uy Mesds d djrOdedyuj mMStsd §tsojHjdd
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%fglstsﬂsP@s)dfnmﬁzisdﬁfnfndZEHisa'@dédiuﬁﬁ‘id: d
o .

SHJ dmmdzj His Odzd W Odz¥ d3d dzd § o k2 &

dzd & o IPOJY lefOfipld edyftg s s ztcy O AC (
Edzse v B MCtstetsmis! W sAtdfk s sy® dzduts ¢
ssRs e dadzs? BICtsMSsfdd ttOMmMmlssw da
dzdz, HJOMjIstc fstc dzO o jtendzd 2 Mlstsct
j2 MmMstetsdgy 153 N 13 dzos (fsted Mistsfls

ts HOdzdz" @3 toj dzlsc j dgsW OL S BSG s O dz0O dzqd
B s @dsds 3018 jtete[d Asgalkd yj ME 52 BiCOB S
| cOBRECAL ftesdmMotsHdl §isdMHARREZzdd L N
fNd BOdz! dzs? Isj B j eOlskztes?2 1BALO: ) A&C

"3 wOMmistetse 52 4 dzj € I to 9 dzpsts L ds L tistOfn Sy
stc fstc o jaduyudeo Ojlsmw dzO 25% (tedf
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#Btstedzd € Xlﬁll@ﬂ‘zudz%c; tej dzydd ¢ ¢CJIsdngdziz4dEtQG Gj'dmﬂSlBJdﬁ]C s2 ndddd:

tdft CHL BB OY j dad W oJtornded 2 Ytsojton detst
fted Isj&Bf jcOlsktey 1310 Awd.

Jiroddujnid] fOLOdjte’ {swedhls' 3 fd
dL &3 tej dzd 2 dzO SHAESIsEMd B HelOdIs Y 5y dzts s
dmMrtsHdesets ¢ ¢ bsdzhddes?2 100 &EECd3 MsmlsO
mMstslso j sMise | dadzts. Vo J dzd yJ ded 4 f stcdmistsmlsc
Misj des¢ fol:PEHB, 66 % fHtocdotsHdls € Zdzj dz' |
:OtsOQIth%anl'éc[Qseae. lted Ijtedzdduyud ME 2 Bt
AC dsHbkzd dSdz¢e0O fw6OCIsdyjmsSd daj dL d3j dav j
cOL O.

sO0Cdds BBEOL t5d3, OdatsH dats | 15 GRON S 1z t§ dzwC

"stedidtetse Ols!  Isjtedsdud M¢d d deﬂiﬁ]@dzdumrﬁtaﬂ
ftcd e BHdz j H dzw dmf sdz L tso Odzed W )
or MsS slsj B j cOlskzteds 7 §tod d3j daj dzd v 7 .
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uBtstoded ¢ XMl ded j toj dzydd ¢ ¢ Cjlsiyr O dezjdis tg6 Qfdimfousidn € 52 = d o&3d d :
l dzdw dzadj w©OHdEMO dsdzO HtsH Od;
L dzj d3j dels Otecdets?2 wyj2¢dj ok ls:
CsdzdzsdH dzr & yOMmksdy Ldj2 H.
MisOBddzdL qtetseo Odzdz" = § tsdzd 9 d dzd

I SteHj i, s k¢ dg) ysoa © o. ¢.
mddBdyjmMSd2 YOCkd sjls 1R uwjuv, 634

gaal99&ukhmo@mail.ru

[BtoOL SO PialfgtcsHdz = 9 OC OdzMd?2 o Ctod MmliscC
HdBSSMdHO yjtedw Mtsftetsoatsy HOJjIlsmw E dgjitdetsh j
g J [ 1] . J MewLd Mt Mftshmcse dsMmis! & Y oOfm
otsmMmMisOdzOo dzd 9 Ols! MW d oL otcOn Ols ! Minded J , &
sBEMmdzseo dzj dzdzts]y §tsHody dzsmls! ¢ Ostsiise ¢ (d
wWodwelsimw fjtmtfjSisdods d3d Odzlsd ¢ MdH Odzls C
Ltsdzd HIdSSEMdHO yjtedw, MlsOB ddzd L d tets o O dzd
ftesWodvsls OdidsdtsS MdH Odgledadds €L Is ddoLdatsififids dz
ddzdyj dzdv fosHod)y dzsMisd Obtditse v & d'f)idst
fdtesoOdzdjy HdBECMdHO yjtedw JoodOdBd Istcj
16) [1]. I mewiLd fm {lsdd3, ydd'*® da
dzd W dzd W d@@d%(dlzm]@u’c)dzlsc) ZO0 CdmdzstctsH dzlz®
dzj d3j dels Otedets?2 wyj26¢d d OdzlsdsS MdH Odzls dzlz &
yjtedw o L tsdzva, MO ddzdL Jtetso Odzdz" = 1 1 & .
d ts dz’ mdzj v sl S Qd¥,:Er*, Yb3 o fMdzj H 2t Gz Sats ke
Meslsdztsh jdzdd w4/t C: 9/ 1. sO0Cdds BBALOL
teOila, e®Sm e®:Gd e®@Er, e®@:Yb.

AOL SO 2 MsmlsOo f sdzlz yj dgdz" = sBtcOL
toJ dzlsG J desW OL soatsGts OdzZOzdL O (HJWtOCIstsd3j Is
Cu KUdL dzz yj dedw (1, 5405 ) ftod dzOf tew 3 j
fstslse jlsMise j dedzets. i9Qf O Ofptisdz ME B tctsmld:08 5
L dzj d3j delsOtcdz" = wydJj& d tOL d3j ter sB dzOMiIs d
By ssHtsdz t dlse j dz2 HO. b ¢ tsf tc] HgOdRSAE] Ok
Mse dzOMmdets o3 ssHdSCj, ftoede jHjdzdes?2 o tcOBT

H5C ZOMdets toj L Ezdz sOOd3 A D, Wistedzd to lz
Cstetej dzdtelzé Is Mts L dzOyJ dedw d3d B3OS Md d3z dizts o
MlstczClskzte] Wdzt stcdls©O, HIH G @adyj isdYy tch s
HgBsECMdHO yYyJjtedw M (16 YsHIsea JteyHOJIsmw M
9 B d&ZOMIs! BBdZ hdr kZcdzses s MtcOo dzj dzd
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4B Steded ¢ XWlebw RS | to] doydd ¢ ¢ Cjlsdyr Odazjdis tge Admisejdn ¢ 52 - dBdd:

CeO, CeO,:La Ce0O,:Sm

CeO,:Er CeO,:Yb

MHTEHCUBHOCTD

| I |
20 20 20

t dMmt JHadse j dzsctc OBBA 2B B OL ftsdelz o j dedz” 7 ¢
[ilssHBd { dE®QUOB®, fylsts ke j ddyj dzdJ

ftcdotsHdls ¢ tcsmislz f O tc@fdiy iyt sw Y7 t@ @ ef dzj( disdf
syjdej 20 Mlsjrdtdj stedw s CdMmdzstotsH Iz dz,
ydmzs CdmazstesHdzr = 9 OC Odzind 2 , o ts Htg @& i@ H
u;tsc{w d diBj dgv jIsfqwy HJOf OL tsdej tsIs 0, 038 HI
m 1) ftcdo jHJ dadz J )] IsOB dzd Yy Ji 513,00dz@i§d2
] dZIZ'L{J dzdz" j L dzOy 4 dzd W Cstete ] dzd ezt Is n d L
tcOMlsostetse d (uzfdayghpgy s lb gtRkzEPIsdsdz (28

v OB d4 J Ulzdz! sOIsT OQdzOdzg L mas i  Bftsle Pgzdas s [s

 sf 0 R,dzd3| O, 0 ANBtoed3dzdzO Ise jteHS| ¢ [ ¢, /6d3

1 4(0, 092 05423 CeQ 3 3226

La 0,106 0,5430 Cep glLap,101,%2 5215

Sm 0,096 0,5429 Cep,9Smy,101 %2 5062

Gd 0,094 0,5425 Ce,9Go,101,9m 4017

Er 0,088 0,5423 Cen oEr0,101,975 4289

Yb 0,086 0,5414 Cen,9Ybo,101,967 4473

[ 1] ¢. 1. 2z jutdtsedffCtootsRy fEHAE-Is @5 t<1ffl.6 H{d2016) 118.
[2] A.A. Gordeev et alCeramics Internationad9(5) (2023) 758(/588.
[Blr ¢.AOH jdr Oz yde" § | jHtsdshisd wjted” [ jHdylguzo,
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4B Steded ¢ XWlebw RS | to] doydd ¢ ¢ Cjlsdyr Odazjdis tge Admisejdn ¢ 52 - dBdd:

gddzsjL d dmmdzj Hise Odzedj + f dlIs
W jtlotlesetcOdzOIs O dz¥ Is j y d:Al.GdgBn, ff S H

Iz r smOddL 58 . .Oies j dsdD@dd 21A. P.

INOCkd sjls dzOEC & &kOljtedOdOR [ 1u ddj da
t sifmdw
‘mdsduimMed2 WOoSkdr Isjls [Luv ddgjdd [ . 1. |

grxuar69@utlookcom

o dztsy dz' 2 ERe@HulGldudsy j s S ted Mis Odzdzd yd M< Iz
CteOdzOO d Wodw jlsfw tw©OL dso dH dzsflss ¥  BOG
o IbjrdedSyj wlvy. 1 tod tMOYHj dad 6FesOk fHaPls O
Bisdzts € o Mls O dzdzd YJ MS d J :GaOf s H BSGEY d 0@E I Iz
or MisS 5ls j dBYdidic Cdsjizidcsis Odzsd BB dz h 52 ff totspldzj o3
dd3d dIs IsjdeHj dzyds bazj szyde Ol v M
Slsted YyOlsj dz! dzts o dzdw jIs dzO Tls tsBefOls. Iz & Iz Is ¢ d3tiz O
of jteor j ffrlsOddm MOHJIl! CeElESGRD, § &
( GAGG) * , 9 (bt n yYyofmls! G OHlasatyy dziz Ofi3g «

Zd3j dz' " dIs! dmf Otej dzd J sCMdHO G Odzdzd W d
Edgi dg' " j dede Ctsdzgyj desteOydd totsfyls ssotd d3jH JIVts
yomilsd ydatsJ LOdJ M J dzd 4 Gac z dzAA | d3jHdis dydd2s  tYf
d3j dz' h j dzgd ¥ tcOMMmise dz® fiag a3y dias O toiikBER @S juds iR EEdE
f dzj dzC O/ f BH dzsY € O d d3 dz' h j dad ® 1 fdlsO¢
LU3F65012.

I dzOh j2 OB BeiOL(ldaj )] dudzd MmddasjL d

~d B ud ME gl Vs @fas o -tBp s Odzdzyd M d - (MOB/PE Iz te
M dmMftd Lo Odedj d3 o COyj Mo j i sfdzj H da
Y JdzjL O, [ dzW sMOY Hj dd W dmf sdz’ L s Odzd
GAGG(110) d GAGG(100), O OS¢xj GGG( 11
l sdzlz yJ dzdz J sBteOL Yr dezc{ d i dajFHMs 9 @fdz
W;tstelsd3®ddzdlsdzisl—'¢/l8) toj L sdzOdzlm © (

I Ml jismisedd fm dzd §Q # OksOERgzistzgd € @
Bjdz' My, YiB & fsHdsyj¢ GGG d GBGBGH dmi «
UBHSJ'[GG’G)“ Ismw tOMmlswy j ded ¢ othtsuzizs ¥ COdaff y' «
MY Olsdy  jtef j dzH d € 2z dzw tc dztsls @ &s 0 § &BF dafsdn Isufj W s
Eftczed?2 .q[OteDTlds] totc j LRDAf' LA 9 O Is, yls ts
f sdzz yj dedz’'its H ddEDI GABG ( 11 0) d G A3 G (O1s0 0 Yz,
Msslse jlsmisakzs hdrn ¢ tsd utleGH [ ¥ 6 tc digdstdas o Q b

fSXRD { stesh §Bs L &zOYOjls, ybts §O0LO®R]Is
bojddyudeo O lsmv oHtd  dastc dgd deds L @ts ydes j 8
odzdwdzdd a3 L YA ls@ONEORidgd2. [ MudlsOj &,
bojddyjdd” §OwOk)lstese Cc §dzj dzs5¢ ¢ tsOdzO
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uBSddC XMicbB e j 6) dzydd ¢ ¢ Sjlsdy O dezjdis e Qdmfspjdn S 52 5 ddsdd:
Nsfls0o O §dzj desC ks Mmisjrdsdjlsiedd 3: 5
Hj WS is slarsld ds62) b

X g =
i = =z S —_
N = (&) oo, (=)
j < S &} ]
- S ! =T ‘ ! 35 | =
= - P S g
=31 ° ) ! ! [
o 3 ’ i i i i . I =0
2 1 : i ; ; | | - GAGG(100)
S 3 Iz s ! r =
= S 3 - z
51 ci2 R NE] ]
S 4 g ! z ! bLZ 2
B 3 | o | | 4} <
5 1 i i i e=0
[&] 3 i 5
= Y | \ i GAGG(110)
[ 1 I i i
= | | I = I ) I
20 3 i i i = g i
ol EE TR T - 1 S
1R s
3 o |
L i | i i i | e=1%
1 . . rasviobndd | * GGG(111)
Hopmanbheiid LUIG i J j T 1
20 40 60 80 100

& = paccorimacoBaHHue

20 (rpan.)

t 4.0 1 d% 6 OS s 5 ¢ RMEBOE dA d 7 Lusfep (28G) dzO
f SHdsy ¢ @AY GJ G dzr 2 J110( G A@G dz' 2 J100f MGAGG ) .

razv ftetse jtosd f tsMmdzj HudRd deylf sG®geOdzd B ™ f
j dzlsc j deso MSC sets Wdze stej My delsdetse s Oded glzds
ANdzg 1)), M fikshi & Colssteset EZMis Odz
jdi3jdzelsse Fe/ Lu o WOSIduyjmed f sdzizyj da
| sty sduyud MSBBEets L dzOyd dedw 1, 67) , Yls ts
desmdIs§ dz! detsd3 dzj H 13 i€ @I ¢ j6 OHERISIOO g dzif dz
Mz Hse Odzgdw o dzdwWw dzgdv MBMIsO O dzO ff O OC
J dzd yg dedz” d3 d kzd3j dz' N j dzdz’) dg dzigty {5 Hzdzts ) j ded .
Losdzddzd ftesH | Bsdemistcdtetso Ols+ , ylsts Lul
toffsts C s, HJjAMsoadlsj dz des B EZOHOjIs € Olsc
813Ld313>|d2,13fr]|81 tcOL HJ dzd Is 9 C dzOH d L
~ntdi3j stedd d 9©¢ d&zOH &Oftwy jdzd?2 dzC
dzj sfbdddLoydd MisMisOs O FiOtOGA GCL j1¢]
f dzj dafed{L s 2o jCdstiedidiats? dzd ded d A S
] SH dztsy € dzAIGe0, @k B j L dzs ftoj HisisOo dzj dz" - € s
[ Olbj ediO@B 8IsO o'  sdzdzj 2O Htcd W JddzOdhtse 52
fs Msdfjduidvd (CSC).

[1] K. Kamada et alCrystal Growth & Design 11(10) (2011) 448490.
[2] S.Gellerzei t schri ft f-Qrystallihe Masetiaksll29(16)y(19067pM1. e
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uBtStoded ¢ XMl BERY j t6j dzyd d ¢ ¢ Cjlsly O dedzjdis tgj¢ Qfdimogjdn S 52 S dd3dd:
l " MsCsls] B J tcOskztedzt] dMMmdz] Hiso (
Mots2MmMlse CjtOBIS
dZO0 tmhdtse j Mmpdi@Qlsj d3" CeO
r d dzS d dz2@) [z. ez 'R e 1uQdp@B A dzg o jQ dikle ¢f SO IRd dz

Rdzfilsdlskls T dddd, ) Bijus ) elBoAE3 4,1 s
Rdzmisglskzls o ddsdd ,indldeocomBsisp sy @it e, [

ozhinking@gmail.com

sdwABhcdy MdMmisj B3" dzO BMdese j HIBSE M)

1 dzj Cstesdzd Ists o H dzw Iso JtcHiSSE Md Hdzr = Is s {f
CdMmMzstesHO [ 2] , dz¢ d3d dzy My J dzlsdz" = EMlstes2 1
COOdzd L Olstster [ 4] , CCMmf dz O G&xig v s i) B blzgizin E
ftcd or MsCdr Ij BB jtcOlskztcOr ffted CBlststc’ n
fJjteintsH o Ot St sdzj dzlstse MmdMmilsj d3r . 1 dz
d HdzY ds BGdzjJ (dzdtsects SfdmOddww dzj 5B -
Ctsdi3lf tsdzj dzls s OUzsatz? j &P t&ts o

Il &Omlksswh j2 OBtsls] dBjISBHESH Iso j tcH BW (
sBtOL Y 9 Ceflyfx@pls.) (3g HXx#F 0. 1860. 9 n h O¢ tsd3
qLtskjttdddyi Mets?2 orHjty¢] © Ijuyddedd 12.
mMsmilsOor f sdzlz yj dedzr B dzdpigtc Oyt as Bisff tc § H foge dz
tcj dzlsG j desW dzt stcj My j dzls dzts G s OdzOdzd L O, Mt
¢ dmazCapd)wy TIV) o otjdBY MddzlsjL O Y tsHIse
tcj dzlse § dzso MC 52 Wislstst dzj € Is to ts dzdzts 2 MYy j ¢ Ist
sSBOL Yyse jeHjddej dastf talzO o' MsESls BB J e Ols Iz te ¢
odLEZOdz dzse s Isjtedddyj MEtsets OdzOdzdL © [ 5] .

dddzlsj L Jlctse Odedz" § sBic@L.Yylr'd 09 5 H df @3fff @ad ts
Sslsls j dzts €, x=tDB. t@LOY '8 BJYJdXEQ, 9 OB 'k tc®) gzly
dmrtsH@Sc 1 tcd o tsL BiRQLHYE] Jdz@&BH dzd d&zO~ 9
Wslstsdzs d3gd dzd My dzydw dzj B"™ d&zO L OtejcdMmisted ts

ltetsyd MMpr dmf Otej dedw d Isj todstsH d dzOToRd U j |

B dzd dL EZzvyy dz.r d3cilst5Hts_d3 ar-mgcc@sjstqmyg;;lsa@qu
RMMdzj Hise Odzd j i tc ts offsfHjdCdisdgyy d3 41f3G0 1 d3Qffpdiyf L
dgsdzdL Oydd 30 +]. RMf Otcj dzadj BGBtOL ytse t
SHdzSIs ] &3 j o Ols 2z to dats 2 otsdz WicOss o t52 LWWE
1 dzj € Is te s dzdzts 2 Bsd3B OtcH Jtetso C 52 . v J i3 J te
fJtetsd3j Ste® @3 @[ b tsydatoflst bO fRNALOS digj 19 25EK] tc O L

J IO Clstcj dzOH tBtOL YyOdd -2500kK] B rIsdgzdd3t

L Otej ¢ d Mis tc d i@, TIOTHZ,". )} Otc d&zOH BEOL Y
B dzj CepeQ TiIO Ti0,, 0, 0. 1 t6d dL s j e yj MC 2
CefqtgHey Oh d o yOMmls dy Tiihs Hdg! OB | dzGBs O fls O
sBjHdz] dzgdj CtsdeH j dzlMdJtetse Odzdets?2 W OL "™ ECMdH
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eBtedzd ¢ XMic&BdRY j toj dzyd d ¢ ¢ Cjlsdly O deizjdis tg ¢ Qfdimfojdn S 52 5 d 3q d
RMftsdzr L v dqdzHdodHEZOdz dzr 2 SEMdH o
gwwjtd dydod dse B3 ssH O luvfw, B dz
Oo d Md i3t idMI€R© Is § 5deH | dzf d tc 59 O dzdzts 2= OW. GBLHO .
Hd Of OL tsdgj sP&D PtcClszf § 6z yj dz' L dzO"
s Odz' f d2 Md&3j " jdedWw HdzW HOdgdz [ 5@ jcd®Q YH
stsets Y4 HJdOY OL s5dz0 € sdzyj dzlstc OTji@.d, tcEOmdidiz
fted Isj B jtcOlskztej 2150 s. RMfsdz? L v L &
HOdzdzts?2 Isj 3 j e Olskzter , B'" dzd tOMMydlsOdz !
L dgjteedwy 1 dBBMO HA&zYW BBEOLEZEMNJAaMW o MmdM

1T dzs § 5C OL O dzsCeO-TiBE O ORlisjjldzigr slsted yo
SlsC dztsdzj dzd j 8 tSIs dHj Odz desfls( .

it OBtslsO o ftsdzdzj dzO ftcd W d dzOdzemtse R2000§7AS H H
bolstster 9" Oy O ls B A&ZOGBHOtsdzisMls mMslstclzH
ftoctseo j Hj dad j tcj dzlsc j dzgsW OL ts9 56 15, tc j dzls
tcj dzlsc jXzsh € 51 dzj CIstetsdadets? MY J ClstesME sy dd
1 Ozydzsets §OC O wvlBlJ UL LO BjMY jtoj B2 dzglz®

H
L
9
1

[1] Y. Zhang, J. Liu, M. Singret al NanoMicro Lett. 12 (2020) 178

[2] N.A.M. Fadzil, M.H.A.B. Rahim, G.P. ManiarMater. Res. Exp@ss5 (2018) 085019.
[3] L. He, Y. Su, J. Lanhong, S. Shi.Rare Earths 33 (2015) 70799.

[4] T. Montini, M. Melchionna, M. Monai, P. Fornasie@hem. Revl116 (2016) 598i7/6041.
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uBGtodd ¢ XMy jtoj dzydd ¢ ¢ Sjlly O dezjdis tg¢ QdmmpidnS 52 & ddsdd:
MmMOdz! CStsejdzdH" dzO s frHAZEEOO dz jidsjoL
MowLwdsd: detser j Hobkd3jtodzr J 3O

s Odzd B sdzts },€C dRJ tdj H dzd?uJ iz 5 3. s Blsd2f, 0 O ¢
uGBGdjY O.djhMd'Csgjr, @St byujss .

'md B Ui MEd2 WOCkd Isjls f4uv ddidd [.1. [

2508 jHtO WdLdujMCe?2 d StdasdHds?2 o ddad
fsmMCo0O, (shdw

Raghisdlsbkls ©Bh j2 WdLdSd d&jdd ¢6.f. 1"

bdedo jtemd IBjllsR Zoyda yy+ dzgj, 518175, 2z dz

kanibolotskiy&list.ru

2D-d30Is j e Ot fyls O dzdzd yJ ME 54§ oJhjMmbe ts, fn
OlstszZOtcdats?2 Istsdzh d dzr . [ mMdzd oL wls! dz¥ B t52
Mo ts2Mlseo OGEdzOIsd HrRzOdj s O&ZD Ists ftod ¢ tsd3c
BOcdzdIsdzr | Mo 2 gy @figwp,jjLiadiE28Hs digfjif Wz ¢ Iz Oy
Colstsirj FCB5 tOLWkZh Osls BOcddlsdz 2 § SW H S
30O ¢ dzd XD Qjls | to[d-8,dizZB s dz' h d daiip & jskz ) lots 2 Wefo o tsL
Ybts @ih0ojl fwLosisdud Mkl fted ki dzj dad®
Hi BsdeMmistcdtelzs Is detser j dBOcdedIlstst dzj Clsted yJ f
Cslsster | € tcO2gl d deloty tslztzd & fizw

AJjdz 8 dgOfplstswh j2 tcOBBISrT WwWodzw jlsfpw duL
M H d dzj ER4LS, FeAlLSe, FeGa,CrS,, tcOL tc OB SIS $iPY dzgjj I t
dMmMmdzi Hise Odedd Mistetsjdedvy o Medsdmistes H dfdajl
Bsy des dMf sdz' L 59 Ols ‘30 dzte d Pizizla Y fndzd s ddsD /¢
slsmdzOdeo Odzd v, 1§ tsM¢C sdz' € @dzdsjiedzde’lsjz tc@ds t§ d3@nd
MowL Odzr djyHE MtsB sXH jHac®@dA s iz W &d Oo &
l HsCdZOH] BERHEIL ftjHMIsOodzj dz"@ EMmdzse W
O OCYJ w©MISO Bl Y @Bl » Ctod Mis@Edahy s tyls
6] O¢ weX[.Mls Odzdzd yd MS& 54 Mistets jfdzdzjud ezfgj A fift
fstosh Cso t52 toj dzlsc j degtso M¢C 52 dsy i @iy diadts,
ff jSbesmMisfdd d ftesmejudeoOoOr " j2 1dzj¢
COL tej hjdedw Hdzv Misrydgdzj Mizdls 40eS, wiffadiyar § dzj
B8 d&zOMiIs! ctBseg] s sdzdzj dZ@ CoOdzlstso tsa d
MlstczClskter , IstcOdMf stelsde" = d BOScdedIsdz = M
sBl Yy Bdzr » tSBKGOL Yt fsCOLr 9081l dzdL Cslsj o3
Mlsj CdzO M L Ostetsy j dede’ @dgd BOEC ®ad s wAS §i3d B 'd3tkid
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