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Crystal structure and oxygen nonstoichiometry
of oxides in the Ba-Me-Me'-Y-0
(Me, Me'=Co, Fe) system

Polycrystalline BaMe, Y 0, ,(Me=Co, Fe) samples were synthesized by a
conventional route and glycerol-nitrate technique. According XRD patterns of
single phase solid solutions BaCo, Y 0, , (0.1<x<0.4) and BaFe,, Y,,C00;
(0.05<y<0.15) were indexed using Pm3m space group. The unit cell param-
eters were refined using Rietveld full-profile analysis. Oxygen non-stoichiometry

of these solid solutions was measured by means of thermogravimetric tech-

nique within the temperature range 298-1273 K in air.
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Introduction

Compounds with a perovskite
structure currently provoke great interest,
due to the unique physical and chemical
properties. The prospect of using these
compounds as electrode materials of high-
temperature fuel cells and catalysts for

The experimental part

Synthesis of samples for research in
system Ba-Me-Me’-Y-O (Me, Me ‘= Co,
Fe) was carried out by standard ceramic
technology, and mortar method with the
use of glycerine as the organic precur-
sor. Under the standard ceramic technol-
ogy, the mixture of raw materials with
defined components ratio was thorough-
ly grinded and subjected to a graduated

exhaust gas after burning, pose aims for
optimizing the conditions of their synthe-
sis and complex study of their properties.
The objects of this study are doped by B-
sublattice cobaltites BaCo, Y O, ; and
barium ferrite BaFe, (Co,Y) O, ..

graded thermal treatment. The final an-
nealing was carried out for 120 hours at
1373 K in air with intermediate chafing.
In the synthesis with precursors, linkages
of the initial components were dissolved
in nitric acid while heated. Next, an equi-
molar amount of glycerine was added to
the solution, and it was evaporated. The
dry residue was slowly heated over the

139



Ne 2 | 2015
Chimica Techno Acta

Urusova A. S., Bryuzgina A. V.,
Aksenova T. V., Cherepanov V. A.

temperature range 873-1373 K. Further
annealing was carried out at a tempera-
ture of 1373 K during 60 hours, followed
by its cooling the samples to room tem-
perature with the speed 100° per hour.
For determining the phase composition,
the samples were analyzed by X-ray pow-
der diffraction, using DRON-6 and InelE-
quinox 3000 in Cu,  radiation (A= 1.5418
A). Filming was carried out in a range of
angles 10° <2 ® < 100° at speed from 1.0
to 0.02 degree per minute with a shutter at
a point from 1 to 10 seconds. Identifica-
tion of the phases was carried out using
filing JSPDS and software "fpeak". The

Results and Discussion

Barium cobaltite and ferrite, BaCoO, ,
BaFeO, ,, respectively, were synthesized
by solid-phase synthesis. According to
XRD, it was revealed that the complex
oxides slowly cooled from 1373 K to
room temperature in air are single phased.
X-ray data for BaCoO, ; were well de-
scribed in the hexagonal cell (pr. c.
P6, / mmc), with parameters: a = b =
5.665 A, ¢ = 28.493 A. Whereas bari-
um ferrite BaFeO, ; radiographic data
were described in the orthorhombic cell
(pr. c¢. P21212), with parameters: a =
5958 A, b = 16.502 A, ¢ = 11.008 A.
It has been found that administration
of yttrium into cobalt or iron sublat-
tice leads to the formation of solid so-
lutions BaMe, Y O, , (Me = Co, Fe),
stabilizing a cubic perovskite structure.
For determining the homogeneity of
oxides BaMe, Y O, . (Me = Co, Fe)
by solid-phase synthesis, the samples
in the composition range 0.0 <x <0.6
in steps of 0.05 were prepared.
According to the results of XRD, it was
found that the one-phase complex oxides
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unit cell parameters of single-phase ox-
ides were calculated in the program "Cel-
ref 3" and refined by full-profile Rietveld
analysis in the program "Fullprof 2008".
Oxygen non-stoichiometry of complex
oxides in the system Ba-Me-Me'-Y-O
(Me, Me '= Co, Fe) was studied by high-
temperature thermogravimetry as a func-
tion of the temperature in the range of
298 < T, K < 1373, at a pressure of Po,
= (.21 atm, on the machine STA 409 PC.
The absolute values of the oxygen non-
stoichiometry were determined by direct
recovery of samples in hydrogen flow and
iodometric titration.

BaCo, Y O, ; are formed in the range of
0.1=x<0.4 (Fig. 1.); the replacement of
ferrum into yttrium, there is formed only
one single-phase oxide BaFe Y O, ..

Diffraction patterns of single-phase
samples were indexed within the cubic
cell, space group Pm3m'. As an example,
Fig. 2 shows the X-ray BaCo Y0, .,
treated by the method of full-profile Ri-
etveld analysis.

Increase of yttrium content replacing
cobalt in complex oxides BaCo, Y O,
leads to an increase of the parameter a
and the unit cell volume, which can be at-
tributed to the size effects: »,>* = 0.9 A
(cn = 6) and r > * = 0.61 / 0.53 A
(cn = 6).

To determine the feasibility of the sub-
stitution of iron into cobalt and formation
of solid solutions of BaFeo_(,,yYo_ICOyO3,5,
by solid-phase synthesis, the samples
were prepared in the composition range
0.0<x<0.2 in steps of 0.05.

X-ray data states that the substitution
of iron for cobalt leds to the formation
of solid solutions of BaFeo_(,,yYo_ICOyO3,5-
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Fig. 1 X-ray data of solid solutions
BaCo, Y O,
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Homogenous spectrum of complex ox-
ides BaFeO_gnyO_lCoyO}6 extends to the
content of cobalt in 0.15.

With the introduction of cobalt in
the same sublattice in BaFe Y O, .,
a monotonic decrease of the parameters
and scope of the cells of solid solutions

BaFeO_()iyYO_ICOyOy5 is  observed,
which is explained by the size effect.

Change in the oxygen non-stoichiom-
etry (8) in BaCo, Y O, , and BaFe,, |
Y,,Co 0, from the factual tempera-
ture (in the range of 273-1373 K) was
studied by thermogravimetric analysis
(TGA) in air. The absolute value of the
oxygen deficit in BaCo, Y O, and
BaFeO_HYO_1C0yO3i5 is determined by io-
dometric titration. For the composition
of Ba-FeO, ; value of the oxygen content
was determined by direct reduction of the
sample in a stream of hydrogen.

With the gradual substitution of cobalt
into yttrium in BaCo, Y O, , within the
cubic structure at temperatures <700 K
a monotonous decrease in oxygen is ob-
served’.

It has been shown that the introduction
of cobaltin iron position in BaFe ,Y O, ;
leads to a decrease in the oxygen content

of the samples, (see Fig. 3).
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Fig. 2 X-ray pattern of the sample
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Fig. 3 The dependence of the oxygen content
of the cobalt content in BaFe , Y  Co O, ,

Because injected in B-sublattice co-
balt facilitates vacant disordering of
the oxygen lattice, it becomes fully or
partially electron acceptor (EO_, = 1.7,
EO, = 1.64)"

To compensate for the excess negative
charge of the acceptor defects in the struc-
ture of the oxide, an equivalent number
of positive ones appears from the oxygen
vacancies and / or electronic holes.
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Conclusions

Methods of synthesis are worked
out and the boundaries of the exist-
ence of solid solutions BaCo, Y O,
(0.0=x<0.4), BaFe, YO,, (x = 0.1)
and BaFe , Y, CoO,, (0=x<0.15) at
1373 K in air are determined. The pa-
rameters of the unit cells studied in solid
solutions are calculated and their de-
pendences on the composition of com-
plex oxides are built. It is found that by
increasing the degree of substitution of
cobalt into yttrium in BaCo Y O, ,,
a monotonic increase in lattice param-
eters is happening, when substituting

the reduction of parameters and volume
of the cells of solid solutions is happen-
ing that is explained by the size effect.
ForBaCo, Y O, ;and BaFe , Y ,CoO,
the dependence on the temperature of
the oxygen non-stoichiometry in the air
is obtained. It is shown that the oxygen
content in complex oxides decreases with
increasing temperature. By gradually
replacing cobalt into yttrium in BaCo,
LY O, ; oxygen content within the cublc
structures decreases monotonically. In
BaFeO_giyYO_ICoyO}5 with increasing co-
balt content oxygen decreases.

iron for cobalt in BaFeO_HYO_lCoyO}6
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Kpuctannumyeckas CTpykTypa u KMcnopogHas
HeCTeXMOMeTPUs CNOXKHbIX OKCUAO0B B CUCTEMe
Ba-Me-Me'-Y-0 (Me,Me'=Co, Fe)

BBeneHne nTTpus B nogpeLleTky KobansTa wim Xenesa NpueoauT K 06paso-
BaHMio TBepAbIX pacTBopos BaMe, Y 0, . (Me=Co, Fe), crabumsnpys kybuue-
CKY!0 NepOBCKUTOBYIO CTPYKTYPY. PaccumtaHbl napameTphbl 3/1eMeHTapHbIX Aveek
BCEX UCCMeyeMbIX TBepbIX PACTBOPOB M NOCTPOEHLI X 3aBUCUMOCTM OT COCTa-
Ba CNIOXKHbIX OKCWAO0B. [115 BCEX MCCeayeMbIX COCTABOB MoslyyeHsl 3aBUCMMOCTH
KMUCTIOPOAHOM HECTEXMOMETPUM OT TeMMepaTypsl Ha BO3yxe.
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Beepenue

CoenuHeHHsI C TIEPOBCKUTOIIO-
JIOOHOM CTPYKTYpO# B HacTosiIIee BpeMs
BBI3BIBAIOT ITOBHIICHHBIN HHTEPEC, O1aro-
JIapsi YHUKAJIGHBIM (DPU3UKO-XUMHUIECKUM
cBoiicTBaM. [lepcnexkTuBa HCIONB30BAHUS
JAHHBIX COEAMHEHUH B KaueCTBE MaTepH-
aJIOB 2JIEKTPOJIOB BBICOKOTEMIIEPATYPHBIX
TOIUIMBHBIX JIEMEHTOB M KaTajlu3aTopoB

JKCnepuMeHTaNIbHasA 4acTb

CunTe3 00pa3oB IS HCCIICTOBAHUS B
cucteme Ba-Me-Me’-Y-O (Me,Me’=Co,
Fe) Obl1 mpoBesieH 1Mo cTaHAapTHOHN Ke-
paMHUYECKON TEXHOJIOIMU U PACTBOPHBIM
METO/IOM C HCIIOJIb30BaHUEM IJIMLEpUHA
B KayecTBE OPraHUYECKOIO IpeKypcopa.
[To crangapTHOW KepaMHUYECKOH TEXHO-
JIOTMM CMECh UCXOJIHBIX BEIIECTB C OIIpe-

JIOYKHMTra BBIXJIOMHBIX T'a30B CTABUT 3aa4u
[0 ONTHMH3ALNK YCIOBHHA WX CHHTE3a U
KOMITIEKCHOMY M3y4YEHHUIO CBOMCTB.

OObekTaMy  HACTOSIILETO  MCCIIENO-
BaHUS SIBJISIIOTCS  JIONTUPOBAHHBIC 10
B-nonpemerke kobansrute BaCo, Y O, ;
u (eppurer 6apus BaFe, (Co,Y) O, ..

JICTICHHBIM COOTHOIIEHHEM KOMIIOHCHTOB
TIIATETIFHO TIEPETHPATH W TIOIBEPTalH
CTyICHUYaToOl TepMooOpadoTKe. 3aKiIro-
YUTENBHBIN OTKUT POBOIUIIN B TCUCHHE
120 u mpu 1373 K Ha BO3myxe ¢ mpome-
KYTOUHBIMH TIEPETHPAHUSIMH.

[Ipu cunTe3e dYepe3 mpeKypcopsl Ha-
BECKHU HCXOHBIX KOMITOHEHTOB PacTBOPSI-
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J¥ B a30THOH KHCJOTE NPU HATPEBAHUM.
Hamee x pacTtBOpy M00aBISUIN SKBUMO-
JSIPHOE KOIMYECTBO TIUIIEPHUHA U PaCTBOD
BbITapuBaiu. llomydeHHBIN CyXoil ocTa-
TOK MEUICHHO HarpeBald B WHTEpBajC
temrieparyp 873-1373 K. Jlanpuenmmii
OTXKHUT TPOBOIWIN TIPU TEMIIEpaType
1373 K B Teuenne 60 9, ¢ MOCIETYIOIIIM
OXJIAKICHHUEM 00pas3IoB 10 KOMHATHOU
Temneparypsl co ckopoctbio 100°/4ac.
Hns ompenenenust (a3zoBoro cocra-
Ba 00pa3lbl aHANIM3UPOBAIH METOIOM
PEHTTECHOBCKOW  TTOPOIIKOBOH UG paK-
WA, C WCIOJBb30BaHUEM TU(PPAKTO-
metpoB JlpoH-6 wu InelEquinox 3000
B Cu, -msmyuenmn (A = 1,5418 A).
CheMKy MPOBOAWIN B WHTEPBAJC YITIOB
10°<2 ® < 100° co ckopocthio ot 1,0°
10 0,02° B MHHYTY C BBIJEPIKKOW B TOU-
ke ot 1 go 10 c. Unentudukanuio ¢a3

PesynbTaTbl n 06cypeHue

KoGansrut 1 pepput 6apus BaCoO,
u BaFeO, ;, COOTBETCTBEHHO, OBbLIM CHH-
TE3MPOBAHBl METOIOM TBepaodazHOTO
cunresa. [lo ganneiv POA ycranosneHo,
YTO CJIOKHBIC OKCHABL, MEIUICHHO OXJIa-
sxnennsie ¢ 1373 K 10 xoMHaTHON TeEMIIe-
parypbl Ha BO31yXe, ObUTH OTHO(MA3HBIMH.

Pentrenorpaguyueckue maHHBIC IS
BaCoO, ; Xxopomio OmuchBAIMCh B TEK-
CaroHaJbHOM suelike (mp. rp. P6 /mmc),
¢ mapameTpamm: a = b = 5,665 A,
c = 28,493 A. Tornga xak mns ¢eppura
Oapus BaFeO,, pentrenorpapuueckue
JAHHBIC OMHCHIBAJIHCH B OPTOpPOMOMUE-
ckoi stueiike (mp. rp. P21212), ¢ napa-
metpamu: a = 5,958 A, b = 16,502 A,
c = 11,008 A.

Bruto ycraHOBIEHO, YTO BBEIACHUE
UTTPUS B TIOPEIIETKY KOOAIbTa MITH JKe-
Je3a IPUBOAUT K 00Pa30BaHMIO TBEPIBIX
pactBopos BaMe, Y O, ; (Me=Co, Fe),
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OCYIIECTBISUTH TPH TOMOIINA KapTOTe-
ku “JCPDS” m mporpamMMmHOrO makera
“fpeak”. [TlapaMeTpbl SIeMEHTAPHBIX SUC-
€K oTHO(a3HBIX OKCHIOB OBLIN pacCYnTa-
HbI B iporpamme “Celref-3” u yTouHeHBI
METOJIOM TOJHONPO(MIFHOTO aHaIH3a
Putsenna B nporpamme “Fullprof-2008”.

Kucmoponnass HeCTEXHOMETpHUS CITOX-
HBIX OKCHIOB B cucreme Ba-Me-Me’-Y-O
(Me,Me’=Co, Fe) m3ydeHa MeTomoM BbI-
COKOTEMITCPATypHOH  TEpPMOTPABIMETPUN
KaK (yHKIMSI TEeMIEparypsl B MHTEpBaje
298 < T, K <1373 npu [naBieHun
PO, = 0,21 arm. Ha ycranoeke STA 409
PC.

AOCONIOTHBIC 3HAYCHHUS KUCTIOPOTHOMH
HECTEXHOMETPHH OBUTH OTIPENICIICHBI ITy-
TEM TPSMOTO BOCCTAHOBJICHUS 00pasIoB
B TOKE BOAOpOJAa W HOJOMETPHICCKUM
TUTPOBAHHEM.

CTAOUIM3UPYS KyOUIECKYIO TTEPOBCKUTO-
BYIO CTPYKTYDY.

s ompenenenust 00IacTH TOMOTEH-
Hoctu okcunos BaMe, Y O, . (Me=Co,
Fe) meromom TBepmodasHoro cuHTE3a
OBLIM TIPUTOTOBIICHBI 0Opa3Ilbl B UHTEP-
Base coctaBoB 0,0 <x < 0,6 c marom 0,05.

[To pesympraram P®A ycranosie-
HO, 4TO OJHO(A3HBIC CIOKHBIC OKCHIIBI
BaCo, Y O, ; oOpasyiorcs B MHTEpBae
cocrasoB 0,1 <x < 0,4 (puc. 1), a npu 3a-
MEIICHHH XKeJe3a Ha HTTPUH oOpasyercs
€JIMHCTBEHHBIN OIHO(DA3HBIN OKCHII CO-
craBa BaF eO)QYO’IOH.

JludpakrorpaMMeI 0THO(a3HBIX
00pa31oB OB TIPOMHJCKCHUPOBAHBI B
pamMKax KyOWdYecKoW sSYeWKH, MPOCTpaH-
crBeHHas rpynma Pm3m [1]. B kagectBe
mpuMepa Ha puc. 2 IpeCcTaBIeHa PEHTTe-
Horpamma BaCo, Y O, ;, o6paboranHas
[0 METOIy IOTHOMPOMUIEHOTO aHAIH3a
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PutBennma.

VYBenuueHne ComepKaHUs —HTTPUS,
3aMeIIalomero Koo0ajabT B CIOKHBIX OK-
cumax BaColixYXOH, MIPUBOJUT K YBE-
JMYCHUIO TIapaMeTpa a W o0bema diie-
MEHTApHOU SYEHKH, YTO MOXKHO CBS3aTh
¢ pasmeprbivE dddexramu: 7> = 0,9 A
(ka. = 6) u r > * =061/0,53 A
(x.4. = 6)%.

s ompeneneHusT BOSMOXHOCTH 3a-
MEIIeHUs Kele3a Ha KoOalbT W o0pa-
30BaHUS TBEPABIX PAacCTBOPOB COCTaBa
BaFe, Y, Co O, ; mertonom TBepaodas-
HOTO CHTE3a OBUIN IIPUTOTOBIICHBI 00pa3-
16l B HTEepBasie cocraBoB 0,0 < x < 0,2
¢ marom 0,05.

N3  peHtrenorpadpuyeckux  JaH-
HBIX yCTAaHOBIICHO, YTO 3aMeIlCHHE
JKelle3a Ha KOOaJbT TMPHUBEII0 K o0pa-
30BaHMIO TBEPABIX PACTBOPOB COCTaBa
BaF eOHYO’lCoyOH. O0acTh TOMOTECHHO-
CTH CIIO’)KHBIX OKCH10B BaF eo)g,j,YO)lCoyO}5
MIPOCTHPAETCS N0 CONepyKaHMs KOOaibTa
B0,15.

[Tpu BBenCHNH KOOANBTA B IOIPETIICT-
Ky xenesa B BaFe Y O, ; nabnronaercs
MOHOTOHHOE YMECHBIIIEHHE IapaMeTpPOB
U o0peMa SYEeK TBEPIBIX PacTBOPOB
BaFeO,HYOJCoyOH, 4YTO OOBsCHSIETCS
pa3MepHBIM YPPEKTOM.

W3MeHeHne  KUCIOpPOIHOW  HecTe-
xuomerpun  (8) B BaCo Y O,. mu

x=0.4
_ n — A
2
2 J 03
£ N A y Wl
§
P
§ x=0.2
2 A A .
E

px=0.1

A J A x
20 30 40 50 60

20

Puc. 1. Penrrenorpaduueckue naHHbIE
TBepAbIX pacTBopoB BaCo lnyyOH

BaFeO’gnyO)lC0yO3i6 OT TeMMepaTypbl
(B nuamnazone 273-1373 K) uzyqanu me-
TOJIOM TEPMOTPABUMETPHUIECKOTO aHAJIH-
3a (TT'A) Ha Bo3IyXe.

AOCONMIOTHOE  3HAYCHHE  KHUCIIO-
pomnoro pepunura B BaCo, Y O, n
BaFeO’gnyOJCoyOH OTIPEICIISIIIA  METO-
JIOM  HOJIOMETPHYECKOTO THUTPOBAHHS.
Jis cocraBa BaFeO, ; snauenune comep-
JKaHHS KUCIOPOaa OBIJIO ONPEIeICHO Me-
TOJIOM TIPSIMOTO BOCCTAHOBIICHHS 00pa3-
12 B TOKE BOJIOPO/IA.

[Ipy mocTeneHHOM 3aMemeHHH KO-
Oanera Ha mrrpud B BaCo, Y O, B
pamMKax KyOWYecKOH CTPYKTYphl TIpH
temneparypax < 700 KK wabmromaercs
MOHOTOHHOE YMCHBIIICHHE COJICPIKaHUS
kuciopona [2].

[TokazaHo, 4TO BBeACHUE KOOANbTa B
MO3UIMIO JKeJie3a B BaFeongO’lO}8 pu-
BOJIUT K YMCHBIICHHIO COJCPKAHUS KH-
ciopojia B oopasiax (puc. 3).

BcenencrBue TOro, 4tro BHEAPSEMBIN
B B-mojpenierky kobanbsT oOiieryaer Ba-
KaHCHOHHOE DPa3ylopsI0ueHUe KHCIIO-
POJHON pENIeTKH, TaK KaK CTaHOBHTCS
MOJTHOCTBIO WJTM YaCTUYHO AaKIIETITOPOM
anextponoB (0., = 1,7; D0, = 1,64)
[3]. Mo KommeHcaluu H30BITOYHOIO
OTPHIIATEIEHOTO 3apsijia  aKIENTOPHBIX
JIe(EKTOB B CTPYKTYpE OKCHUJIA TIOSBIISICT-

4800 -

Intensity (arb. units)
H
T

°

g %
T
)

-1200 bt
19 28 3 37 43 49 55 61 67 RE) 79
2007
Puc. 2. PentreHorpamma odpasia cocraBa
BaCo,, Y, ,0, ,,00paboTanHas 110 METOIY

Pursenma

3-8
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€Sl DKBUBAJIEHTHOE KOJUYECTBO IOJIOKHU-
TEJIbHBIX 3apsA0B — KUCIOPOAHBIX BaKaH-
CHIA W/WJTH DJICKTPOHHBIX JBIPOK.

BbiBoabI

OtpaboTaHbl METOABI CHHTE3a W
OTIpEIICTICHBl TPAHUIIBl CYIIECTBOBAHMUS
tBepabIx  pactBopoB  BaCo, Y O, ;
(0,0 <x <0,4), BaFe, YO

Ix " x 3-8 (x = 0’1)
u BaFe, Y  ,CoO 0 < x £ 0,15

3-8 =
mpu 1373 K Ha )BO3IIYXC. Paccunranst
mapaMeTpsl  DIEMEHTApHBIX  sTIeeK
HCCIIEyeMBIX TBEPABIX PACTBOPOB H
MTOCTPOCHBI UX 3aBHCHUMOCTH OT COCTaBa
CIIOXHBIX OKCHIOB. YCTaHOBICHO, UYTO
IpA YBEIMYCHUN CTEIICHH 3aMEIICHHS
koOajpTa Ha WUTTPUH B BaCo, Y O, ,
MIPOMCXOAUT MOHOTOHHOE YBCIMYCHHE
apaMeTPOB PEIICTKH, a TIPH 3aMEIICHIH
JKene3a Ha koOansT B BaF eo’giyYO!lCoyO}6
MIPOMCXOANT YMEHBIICHUE MTapaMeTPOB H
o0beMa sYeeK TBEPIBIX PACTBOPOB, UTO
0OBSICHACTCS pa3MEPHBIM AP PEKTOM.

Hns BaColiyYyO}8 n BaFe
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Puc. 3. 3aBUCUMOCTb CONEPIKAHKS KHCIOPOIa
OT CcoJIeprKaHus KoOalbTa
B BaFe , Y CoO,,

0,9x " 0,1
Y,,Co 0, momydeHsl ~ 3aBHCHMOCTH
KHUCJIOPOZHOM ~ HECTEeXHOMETpUHU  OT
Temneparypbl Ha Bosayxe. IlokazaHo,
YTO COAEpIKAHHE KUCIOPOJAa B CIOXKHBIX
OKCHJAaX  YMEHbBLIAeTCs C  POCTOM
temneparypbl.  Ilpu  mocrteneHHOM
3aMeIleHnH KoOaimbTa Ha UTTPUHA B
BaColiy Y},OH collepiKaHre KHCIopoaa
B paMKax KyOWYecKOH CTPyKTypHI
MOHOTOHHO yMeHbIIaercs. B BaFeO’H
YOJCoyOHc YBEIMYECHUEM CO/ICPIKAHHS
KoOampTa  comepiKaHHE  KHCIIOpOAa
YMEHbLIAeTCs.
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