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[TPOTPAMMA
PROGRAM

I[eHl) 3ae3la U perucrpanum y49aCTHUKOB
The day of arrival and registration of the
Conference participants

BropHuk, 27 ceHTsiopst
Tuesday, September 27, 2016

Cpena, 28 cenTsiops, 2016
Wednesday, September 28, 2016

9.00 OTKpL_ITne
Opening

Cexyusn |. Ceepxmonkue e3aumooeiicmeus 6 puzuke meepoozo mena u MazHemu3me
Ilpeoceoamens — llabawos B.A., Caovikos 3. K.
Topic 1. Hyperfine interactions in the solid state physics and magnetism
Chair — Shabashov V.A., Sadykov E.K.

9151 I-1

Yyee M.A. Cnexktp BO30OYXIeHMH W MarHuTHas JMHAMHMKAa HEEJIEBCKOTO aHcaMOuis
aHTU(EepPOMArHUTHBIX HAHOYACTHUL B MECCOAYIPOBCKON CIIEKTPOCKOIINH

Chuev M.A. Excitation spectrum and magnetic dynamics of the Néel’s ensemble of
antiferromagnetic nanoparticles in Mossbauer spectroscopy

9451 1-2

Pycaxos B.C., Iloxamunoé B.C., Cucos A.C., bemux A.A., Maynes M.E., T'anouxa A.M.,
I'naskoea A.C. IlpocTpaHCTBEHHas CHMH-MOAYJIMpPOBaHHasi CTPYKTypa M CBEPXTOHKHE
B3aUMOJICHCTBHS A1EP SFep myabsTH(epporkax BiFeOs u BiFe; 4TxO3 (T = Sc,Cr,Mn)

Rusakov V.S., Pokatilov V.S., Sigov A.S., Belik A.A., Matsnev M.E., Gapochka A.M.,
Glazkova la.S. Spatial spin-modulated structure and hyperfine interactions of °’Fe nuclei in
BiFeO; and BiFe;TxO3 (T = Sc, Cr, Mn) multiferroics

10.15 O 1-3
Seidov Z., Krug von Nidda H.-A., Tsurkan V., Filipova I, Giinther A., Aliyev M., Vagizov F.,

Kiiamov A., Tagirov L., Gavrilova T., Loidl A. Magnetic properties of the chain antiferromagnet
RbFeSe;
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10.30 O 1-4

Ceodvix B.J[. AHOManbHblE OCOOEHHOCTH CTPYKTYPHBIX IpPEBpaIleHUi B ciIab0 JErMpOBaHHOM
OapreM MaHTaHWTE JJAaHTaHa ¥ UX KOPPEIALus ¢ GU3MUECKIMHU CBOMCTBAMHU

Sedykh V.D. Anomalous features of structure transformations in Ba-doped lanthanum manganites
and their correlation with physical properties

1045 O I-5

Tposn H.A., Taspumox A.I., Riiffer R., Yymaxoe A.HU., Jhooymun H.C. HabmogeHue
CBEpPXIIPOBOAMMOCTH B CEpOBOAOpOAe ¢ moMollbio 3ddekra MeéEccbayspa mHpu  BBHICOKUX
JIABJICHUSIX

Troyan 1A, Gavriliuk A.G., Riiffer R, Chumakov A., Lyubutin 1.S. Observation of
superconductivity in hydrogen sulfide by the Mossbauer effect at high pressures

11.00 O I-6
Lindén Johan K. M., Karen P., Lindroos F.J. Valence mixing and charge ordering in the
RBaFe,0Os double perovskite (R=Y, Gd, Tb or Ho)

Kode-0Opeiik

11.15 Coffee-break

1135 1 I-7

Hokamunos B.C., Cucoe A.C., Kumaes B.B. UccrnenoBanue amopdHbIx cruiaBoB FegsCrBis (X =
0 — 20) meroom SIMP Ha sapax B u spdexra Mécchayspa Ha sapax ° Fe

Pokatilov V.S., Sigov A.S., Kitaev V.V. "B NMR and °'Fe Méossbauer study of amorphous
Fegs.xCryBi1s (x =0—20) alloys

12.05 O 1-8

Hokamunos B.C., Pycaxos B.C., Cuzos A.C. Ocobennoctu SIMP crekTpockonuy Ha sapax - Fe B
mynbTudeppouke BiFeOs

Pokatilov V.S., Rusakov V.S., Sigov A.S. Features of >’Fe NMR spectroscopy in the multiferroic
BiFeO;

12.20 O 1-9

Gainov R.R., Golovanevskiy V.A., Vagizov F.G., Khassanov R.R., Douglav A.V.1, Nemkovskii K.,
Prokes K., Yokaichiya F., Russina M. Zero-field NMR, Maossbauer effect and neutron diffraction
in CuFeS,

12.35 O 1-10

@ponos K.B., Jllooymun U.C., Cnupnosa E.C., Anexceesa O.A., Bepun U.A., beamamepuvix JI.H.,
I'youm HU.A. HuzkotemmepaTypHble MEcCOAYIPOBCKHE U PEHTTEHOCTPYKTYPHBIC HCCIETOBaHUS
dbeppoboparos RFe3(BOs3)s (R =Y, Nd, Sm, Gd)

Frolov K.V., Lyubutin I.S., Smirnova E.S., Alekseeva O.A., Verin I.A., Bezmaternykh L.N., Gudim
I.LA. Low temperature Mdossbauer and X-ray structural studies of the ferroborates RFe3(BOs),
(R=Y, Nd, Sm, Gd)
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12.50 O I-11

Muwenko U.H., Hyee M.A., Yepenanoe B.M., Ilonuxapnoé M.A. KBanToBasi MO/ieJib MAarHUTHOM
JTUHAMUKH  OJHOJOMEHHBIX YaCTUIl IS ONUCAaHWA WX KPUBBIX HAMarHUYUBaHUS U
ME&ccOayIpPOBCKHX CIIEKTPOB B CI1A00OM MarHUTHOM TOJIE

Mischenko I.N., Chuev M.A., Cherepanov V.M., Polikarpov M.A. Quantum model of single-
domain particles’ magnetic dynamics for description of their magnetization curves and Mdssbauer
spectra in a weak magnetic field

13.05 O 1-12

Knetinepman H.M., Cepuxos B.B., Bnacosa H.U., Ilonos A.I'. UccnenoBanme 0COOEHHOCTEH
(dbopMHUpOBaHUs CTPYKTYPBI yHOpsIounBatolierocs cruiasa FePd

Kleinerman N.M., Serikov V.V., Vlasova N.I., Popov A.G. Study of peculiarities of structure
formation in FePd ordered alloy

13.20 O I-13
Dobysheva L.V. First-principles calculations of alloyed cementite (Fe-Ni)sC

13.35 Ooen
Lunch-time

Cexyusn |. Ceepxmonkue e3aumooeiicmeus 6 puszuke meepoozo mena u MacHemusIme
(npoodonscenue)
IlIpeoceoamensy — JIrooymun U.C.
Topic I. Hyperfine interactions in the Solid state physics and magnetism
Chair — Lyubutin 1.S.

1500 I 1-14
Yymaros A.U. O630p paboT 10 siaepHOMY pe3oHaHCHOMY paccesiHuio Ha ESRF

Chumakov A.1. Review of nuclear resonance scattering studies at the ESRF

15.30 I 1-15

Cobones A.B., Pycaxos B.C., I'anouxa A.B., Inaskosea A.C., Maynee M.B., Ilanxpamos /[.A.,
Ilpecnakoe HM.A. MéccbayrpoBCKOE HCCIIEIOBAaHUE MOJYJIMPOBAHHON MAarHUTHOM CTPYKTYpbI
FeVO,

Sobolev A.V., Rusakov V.S., Gapochka A.V., Glazkova Y.S., Matsnev M.V., Pankratov D.A.,
Presniakov I.A. Méssbauer investigation of modulated magnetic structure of FeVO,

16.00 O I-16

Inaskosa A.C., benux A.A., Cobones A.B., Ilpecnsaxos HU.A. MéccbaydpoBCKOE HCCIICIOBAaHUE
CTPYKTYPHBIX MOAyJIsiiuid B Manranutax AMn;O1, (A = Ca, Sr, Cd, Pb)

Glazkova Y.S., Belik A.A., Sobolev A.V., Presniakov I.A. Mossbauer investigation of structural
modulations in AMn;O1, (A = Ca, Sr, Cd, Pb) manganites
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16.15 O I-17
Ovanesyan N.S., Nikitina Z.K., Shilov G.V.,Makhaev V.D., Li Ya. Localized and itinerant electron
ferromagnetism in two-dimensional organo-metallic networks

16.30 O 1-18
Cmenanos C.B., Bsaxos B.M., Ilepgunves FO.J[., Kyruxos JIL.A. JlokanbHBIA HArpeB Cpelbl B
HAHOOKPECTHOCTH si/ipa ° CO, IIPEeBPaTHBIIErOCs B SIAPO ° Fe B pe3ybrate mporecca E-3axBara

Stepanov S.V., Byakov V.M., Perfiliev Yu.D., Kulikov L.A. Local heating in the nanovicinity of the
>’Co nucleus, transformed into °'Fe as a result of the E-capture

16.45 1 1-19

bypxanoe I'C. Bo3MoxxHOCTM  mpuUMEHEHUs  MéccOay3poBCKOM  CIIEKTPOCKONHUU B
MaTepUaIoBEAUYECKUX UCCIEIOBAHUAX

Burkhanov G.S. Possibilities of application of Maossbauer spectroscopy in materials science
research

Kode-opeiik
Coffee-break
CrenpoBasn ceccusi. Cexknuu | - VIII
Poster session. Topics I - VIII

17.15

YxKuH
Dinner
3acenanue OpraHn3alMOHHOI0 KOMHMTETA
20.30 KOH(pepeHUNH
The Organizing Committee meeting

19.30

Yetaepr, 29 centsiops, 2016
Thursday, September 29, 2016

Cexyus |11. Ilepcnekmuenvie mamepuansl u cospemeHHble MEXHOIO0ZUU UX NOTYUEHUS
Ilpeoceoamensv — Pycaxoe B.C., Anopeesa M. A.
Topic I11. Advanced materials and modern technologies
Chair — Rusakov V.S., Andreeva M.A.

9.00 I I1I-1

Lyubutin I.S., Starchikov S.S., Gavriliuk A.G., Troyan lL.A., Nikiforova Yu.A., Naumov P.G.,
Struzhkin V.V., Chumakov A.1., and Riiffer R. High-pressure magnetic and structural transitions in
the iron containing langasite multiferroics observed by synchrotron Mdssbauer and XRD methods

9.30 I 111-2
Hlabawoe B.A. MéccbayspoBCKOE HCCIIeJOBAHWE aTOMHOTO TepepachpeesieHrs B CICIHATbHO
JIETUPOBAHHBIX Fe-Ni cruraBax Py WHTCHCHUBHBIX JeQOPMAIMOHHBIX W  PaJUAllHOHHBIX
BO3JICUCTBUIX

XIV Mossbauer spectroscopy and applications, Kazan, 2016
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Shabashov V.A. Méossbauer study of atomic redistribution in Fe-Ni alloys during intense
deformation and radiation effects

10.00 O I11-3
Dorofeev G.A., Lubnin A.N., Ulyanov A.L., Mukhgalin V.V. Accelerated mechanosynthesis of
high-nitrogen stainless steel: Mdssbauer and X-ray diffraction studies

10.15 O I11-4
Kosznos K.A., lllabawos B.A., Cacapaosze B.B., Ilunoeun B.11., JIawkos K.A.,3amamosckuii A.E.
JedhopmarnmonHo-yckopeHHoe aroMHoe niepepactpeaencaue B OLIK Fe-Mn crumaBax

Kozlov K.A., Shabashov V.A., Sagaradze V.V., Piliugin V.P., Lyashkov K.A., Zamatovsky A.E.
Deformation-accelerated atomic redistribution in BCC Fe-Mn alloys

10.30 O IlI-5

bapunos B.A., [Ilpomacos A.B., Cypuxos B.T. ViccnenoBanne MEXaHOCHHTE3UPOBAHHOIO
x-kKap6una Xerra

Barinov V.A., Protasov A.V., Surikov T.S. Studying mechanosynthesized Hagg carbide (x-FesC»)

10.45 O 1lI-6

, Vavanos A.JL, Hopces B.E., Konookun /].A., 3acaiinos A.B., Hemyosa O.M.
MéccbayrpoBCKHE WCCICOBAHUS MEXaHMUYECKOTO CIUIABICHHUS BBICOKOKOHIIEHTPUPOBAHHBIX
craBoB Fe-Cr

|Yelsukov E.P.|, Ulyanov A.L., Porsev V.E., Kolodkin D.A., Zagainov A.V., Nemtsova O.M.
Maossbauer study of mechanical alloying of highly concentrated Fe-Cr alloys

11.00 O I1I-7

Apocnasyes C.A., Bocmpos H.U., Cxynoun A.M., Kynosa T.JI, Apocnasyes A.b., Pycaxos B.C.
JIOKaJIbHBIE COCTOSIHUS ATOMOB KeJe3a i CBEPXTOHKHIE B3aUMOLCHCTBHS siep ° Fe B
Li.Fe1yM,PO4 (M = Mn, Co, Ni, Mg)

Yaroslavtsev S.A., Vostrov N.I., Skundin A.M., Kulova T.L., Yaroslavtsev A.B., Rusakov V.S. Local
states of iron atoms and hyperfine interections of °>’Fe nuclei in Li.Fei,MyPO4 (M = Mn, Co, Ni,

Mg)

Koge-opeiik

11.15 Coffee-break

11.35 1 111-8
Bajnéczi E.G., Bogdan Cs., Dedk L., Nagy D.L., Németh Z., Pdpai M., Vanké G. Optimizing Fe*
molecular switches by Mossbauer spectroscopy

12.05 O 11I-9

Heppunves FOJI., Yepnaeckuii I1.A4., Ilankuna [".B. VI3yuyeHue NpPOMOTHUPOBAHHBIX MEIbI0 U
KajeM Fe-HaHeCeHHBIX KaTalln3aTOPOB METOIOM MecCcOaydPOBCKON CIIEKTPOCKOTHH

Perfiliev Yu.D., Chernavskii P.A., Pankina G.V. Study of promoted by Cu and K iron-based
catalysts by means of Mdssbauer spectroscopy

XIV Mossbauer spectroscopy and applications, Kazan, 2016
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12.20 O 111-10
Yavanoe A.JI, Ynvanoe A.HU., Yyaxuna A.A, dopmupoBanue jerupoBanHoro Ni
LIEMEHTHUTA B MIPOLIECCE MEXAHOXUMHUYECKOTO CUHTE3a U MOCIEAYIOIUX OT)KUIOB

Ulyanov A.L., Ulyanov A.l., Chulkina A.A., Yelsukov E.P.|Formation of the Ni-doped cementite
under mechanochemical synthesis and subsequent annealing

12.350 11I-11

Hlanenxos U.U., Cuskos A.A., Heawymenko A.C. ITma3zMoauHaMHUYeCKUN CUHTE3
YIbTPAUCIIEPCHBIX MATHUTOMSTKHAX MaTEPUAIIOB B CUCTEME «KEJIE€30-KUCIOPOI»

Shanenkov I.I., Sivkov A.A., Ivashutenko A.S. Plasmadynamic synthesis of ultradispersed soft
magnetic materials in the system “iron-oxygen”

Ooben
12.50 Lunch-time

KyabTypHasi nporpaMmma (3KCKypPCHH)

YxuH (110 BO3BPAlICHUIO C IKCKYPCHil)
Dinner (upon return from trips)

IsatHuna, 30 cenrsiops, 2016
Friday, September 30, 2016

Cexkuusa I1. Iloeepxnocms, monkue njieHKu U HAHOCMPYKMYypol
Ilpeoceoamens — Uyee M.A.
Topic I1. Surface, thin films and nanosystems
Chair — Chuev M.A.

9.00 I I1I-1
Lancok A. Mgssbauer spectroscopy of iron-containing nanoparticles in different types of materials

930 I IlI-2

Popov V.V., Sergeev A.V., Stolbovsky A.V. Maossbauer spectroscopy of grain boundaries in
ultrafine-grained materials processed by severe plastic deformation

10.00 O 11-3

Jlumsunos A.B., llabawos B.A., 3asaruwun B.A., Agpanacves C.B., Kopwynos JI.I'., Kamaesa
H.B. CtpykrypHO-()a30Bble TIEpexXoJIbl NPHU METaIUIaCTUIeCKOr aedopManu a30THUPOBAHHOMN
HeprKaBeroIlel cTanu

Litvinov A.V., Shabashov V.A., Zavalishin V.A., Afanas’ev S.V., Korshunov L.G., Kataeva N.V.
Structural-phase transitions during megaplastic deformation of nitrided stainless steel

10.15 O 114
Yepenanos B.M., I'abbacos P.P., Muwenxo U.H., I[lonuxapnos M.A., Yyee M.A., IOpens A.FO.,

XIV Mossbauer spectroscopy and applications, Kazan, 2016
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Ilanuenxko B.A. Cunte3 m MEccOayIpOBCKOE HCCIEIOBAHUE HAHOYACTHUI[ MAarHETHTAa B BOJHBIX
KOJUIOMIaX, MPeAHa3HAUYCHHBIX JJIsl CTPYHHOU nevaTu

Cherepanov V.M., Gabbasov R.R., Mischenko I.N., Polikarpov M.A., Chuev M.A., Yurenya A.Y.,
Panchenko V.Y. Synthesis and Mdssbauer study of magnetite nanoparticles in water colloids
intended for jet printing

10.30 O II-5
Starchikov S.S., Gervits N.E., Lin C.-R., Dmitrieva T.V., Lyubutin 1.S. Structural, magnetic and

electronic properties of Fe1+xGay«O4 nanoparticles studied by Mossbauer and Raman spectroscopy

10.45 O 11-6

Bamwynwun A.A., Kawsun A.C., Taeupos. JI.P. ViccnenoBaHWsi MarHUTHBIX IUICHOK JJISt
CBEPXBBICOKOIIJIOTHOM 3amucu nH()OpMALIUN

Valiullin A.A., Kamzin A.S., Tagirov L.R. Research of properties of magnetic thin films for
recorders and storage devices

11.00 O II-7

3anyykuii A.A., Ceovmos H.A., llxonvnuxoe E.H., Mopo3zos B.B. ViccnenoBanue TUHAMHYECKUX U
(ha30BBIX IEPEXOIOB B CUCTEME <GKENIE30-TJICHKU BOJIBI-IIOBEPXHOCTh HAHOTIIMH))

Zalutskii A.A., Sed’'mov N.A., Shkolnikov E.N., Morozov V.V. The study of dynamic and phase
transitions in the «iron-water film-surface nanoclays»

11.150 11-8

Illepynos U.B., ®@ponosé K.B., Kopomxoe B.B., beoun C.A., 3acopckuu JJI., Jlwoymun U.C.,
Xmenenun J[.H., Apmémos B.B., Cynvsanoe C.H., Uyes M.A. ®a30BbIi COCTaB U MarHUTHbBIE
coiictBa Fe-Co u Fe-Ni HaHOTIPOBOIIOK, MOJTYYEHHBIX B IIOPaX TPEKOBBIX MEMOpaH

Perunov 1.V., Frolov K.V., Korotkov V.V., Bedin S.A., Zagorsky D.L., Lyubutin I.S., Khmelenin
D.N., Artemov V.V., Sulyanov S.N., Chuev M.A. Phase composition and magnetic properties of Fe-
Co and Fe-Ni nanowires, obtained in pores of the track-etched membranes

11.30 O 11-9

Pycaxos B.C., Kaovipocanos K.K., Kosznoecxuii A.JI., Kucenesa T.FO., 30oposey M.B., @adees
M.C., Jlykvanosa E.H. ccnenoBanue Fe u Fe-Co HaHOTpYOOK B MOJTMMEPHBIX MOHHO-TPEKOBBIX
MeMOpaHax

Rusakov V.S., Kadyrzhanov K.K., Kozlovskiy A.L., Kiseleva T.Yu., Zdorovets M.V., Fadeev M.C.,
Luk 'yanova E.N. Study of Fe and Fe-Co nanotubes in polymer ion-track membranes

Koge-opeiik

11.45 Coffee-break

Cexyus IV. bBuonozuueckue u MeOUUUHCKUE NPUMEHEHUS
Ilpeoceoamensv — Haow /I.J1.
Topic IV. Biological and medical applications
Chair — Nagy Dénes Lajos

XIV Mossbauer spectroscopy and applications, Kazan, 2016
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' 57~ 2+
Kawnes A.A., Tyeaposa A.B., Kynukos JILA., Ileppunves FO./[. CBsi3piBanre KaTHOHOB ~ CO™ B
AKTUBHBIX LIEHTPaX (PepMEHTOB: BO3MOKHOCTH SMUCCUOHHON MECCOayIPOBCKOM CIEKTPOCKOIUH B
SH3UMOJIOTHA

Kamnev A.A., Tugarova A.V., Kulikov L.A., Perfiliev Yu.D. Binding of *’Co?* cations in enzyme
active centers: potentials of emission Massbauer spectroscopy in enzymology

12.35 O V-2
Kamzin A.S. Magnetic nanoparticles for “theranostic” biomedical applications

1250 O V-3

baxose B.M., Ileppunves F0.J]., Kynuxoe JIL.A., Cmenarnos C.B. O BO3MOXHOCTH HCIIOJIb30BaHUS
SMHUCCUOHHOMN MECCOaYIPOBCKON CIIEKTPOCKOMUU ISl BBISIBJICHUSI XUMHUYECKUX KAaHIIEPOTEHOB

Byakov V.M., Perfiliev Yu. D., Kulikov L.A., Stepanov S.V. Emission Maéssbauer spectroscopy and
testing for potential chemical carcinogens

13.05 O IV-4

IHepghunves FO.J[., Konnviues M.A., Tamoues A.X. MéccbaypoBckoe M3ydeHHE IHaHOOAKTEpUit
Spirulina platensis

Perfiliev Yu.D., Konnychev M.A., Tambiev A.Kh. Mdssbauer study of cyanobacterium Spirulina
platensis

Oo0en

13.20 Lunch-time

Cekuyua VI. Cunxpomponnoe u3iyuenue u 2amma-onmuxa
Ilpeoceoamensy — Yymaxoe A.U.
Topic VI. Synchrotron radiation and gamma optics
Chair — Chumakov A.l.

1450 1 VI-1

Andreeva M.A., Baulin R.A., Chumakov A.IL, Smirnov G.V., Riiffer R., Babanov Yu.A.,
Devyaterikov D.l., Goloborodsky B.Yu., Ponomarev D.A., Romashev L.N., Ustinov V.V.
Maossbauer reflectivity investigations of [Fe/Cr], multilayers using synchrotron Mdssbauer source

15.20 1 VI-2

Baeuzos @.I", Illaxmypamos P.H. HoBbie nmpunoxxerus 3¢ dexra Méccbayaspa

Vagizov F.G., Shakhmuratov R.N. New applications of the Mossbauer effect

1550 I VI-3

Caovixos D.K., IOpuuyx A.A., Bacuzos @.I"., Mybapaxwun LU MéccbOayspoBcKkoe paccesHue
BIIEpE/I B MTOJIC 3ByKA: alIbTCPHATUBHBIC CXEMbI SKCIIEPUMEHTA

XIV Mossbauer spectroscopy and applications, Kazan, 2016
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Sadykov E.K., Yurichuk A.A., Vagizov F.G., Mubarakshin Sh.l. Méssbauer forward scattering
under acoustical excitation: alternative schemes of experiment

16.20 O VI-4

Nikiforova Yu.A., Lyubutin I.S., Gavriliuk A.G., Starchikov S.S., Sulyanov S.N., Ivanova A.G.,
Troyan I.A., Aksenov S.N. High pressure study of langasites BasMFe3Si>O14 (M = Ta and Nb) by
XRD, Mossbauer and Raman spectroscopy

16.35 Kodge-opeiik
Coffee-break

Cexyusn V1I. Munepanozus, nayku o 3emie, 3Kkonozusn u KyjabmypHoe Hacjleoue
Ilpeoceoamens — Jlanuok A.
Topic VII. Mineralogy geosciences, ecology and a cultural heritage
Chair — Lancok A.

17.00 1 VII-1

Yucmaxosa H.U., Lllankun A.A., Aumonosa A.B. Meoseyxasa U.IO. ITuenuna /|.1. I'pauesa M.A.,
Kucenesa T.IO. Kununa T.H., l'aspunos C.H., 3asapzuna J[.I'., Pycaxoeé B.C. buoreHhbie
npeoOpa3oBaHMs HKEJIe30COAEPIKAIINX MUHEPAJIOB B IIEIOYHBIX YCIOBHIX

Chistyakova N.I., Shapkin A.A., Antonova A.V., Medvetskaya I.Yu., Pchelina D.I., Gracheva M.A.,
Kiseleva T.Yu., Zavarzina D.G., Zhilina T.N., Gavrilov S.N., Rusakov V.S. Biogenic transformation
of iron-containing minerals in alkaline conditions

17.30 O VII-2

Maksimova A.A., Chukin A.V., Semionkin V.A., Oshtrakh M.I. The Fe** Occupancies in the
silicates M1 and M2 Sites in Chelyabinsk LL5 meteorite determined using XRD and Mdossbauer
spectroscopy

17.45 O VII-3

Qexnucmos /[.10., @ununnos B.I1., Kypuamoe U.M., Jlacynyos H.U., Caromacos B.A., [lepmaxos
IO.B., Owmpax M.H. Méccbay3pOBCKHE HCCIICIOBAHUS COCTOSHUS Keje3a B aTlOMOCHINKATHOM
peareHTe i OUYUCTKHU BOJbBI

Feklistov D.Yu, Filippov V.P., Kurchatov I.M., Laguntsov N.I, Salomasov V.A., Permyakov Yu.V.,
Oshtrakh M.I. Mdssbauer investigation of iron state in alumino-silicate reagent for water treatment

18.00 O VII-4
Gainov R.R., Khassanov R.R., Vagizov F.G., Golovanevskiy V.A., Pen'kov I.N. Application of X-
ray computed tomography, NQR and Maossbauer in studies of fossil wood

3acenanune OpraHu3alHOHHOI0 KOMHUTETA
18.15 KOH(pepeHUNH
The Organizing Committee meeting

XIV Mossbauer spectroscopy and applications, Kazan, 2016
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19.00 ToBapumecknii y:kKuH
Conference dinner

Cyo00oTta, 1 okT0ps, 2016
Saturday, October 1, 2016

Cexyun V. Xumus, negpmexumus, kamaius, CmpyKkmypa u cé:a3b
Ilpeoceoamensy — Ilpecnakoe U .A.
Topic V. Chemistry, petroleochemistry, catalysis, structure and chemical bond
Chair — Presnyakov I.A.

9.30 O V-1
Aganacoe M.U., Koponenxo M.B., @Dabpuunvii ILBE., Pyxcve A., Jlabproocep K.
Mécc6ayapoBeKasi CIIEKTPOCKOIMS 30HIOBBIX KATHOHOB ~°SN Ha MOBEPXHOCTH KPHCTAILIHTOB
ZnO: »IeKTPOHHOE COCTOSHUE, JIOKAJbHOE OKPYKCHHE W XHMUYECKHE PEAKIHH IPUMECHBIX
100aBOK 0JI0Ba

Afanasov M.l., Korolenko M.V., Fabritchnyi P.B., Rougier A., Labrugere C. Mossbauer
spectroscopy of **°Sn probe cations located on the surface of ZnO crystallites: electronic state,
local surrounding and chemical reactions of tin dopant

945 O V-2
Heovwenxo C.K., Ilepgpunves FO./]. O HEKOTOPBIX acTEeKTax UACHTU(GUKAIIUN CTETICHU OKUCICHHS
xelesa 1o MéccOay3pOBCKUM U30MEPHBIM CIIBUTaM

Dedushenko S.K., Perfiliev Yu.D. On the identification of iron oxidation state by Moessbauer
isomer shifts

10.00 O V-3

Heppunvese FO.J1., Bbanooxun FO.B., Kyauxos JI.A. N3otonHblil 3((}eKkT Npu BOCCTAHOBICHUU
OKCH/Ia JKeJe3a BOJOPOIOM

Perfiliev Yu.D., Baldokhin Yu.V., Kulikov L.A. Isotope effect for iron oxide reduction by hydrogen

10.150 V-4

Hoxonox K.B., @uaumonos J[.C., Pososa M.I., Tabauxoe O.A. Zn-3amemieHHble (HEeppUTHI
CTPOHIIMS CO CTPYKTYpPOii THIIa OpayHMUIITIEPUTA

Pokholok K.V., Filimonov D.S., Rozova M.G., Tyablikov O.A. Zn-substituted strontium iron
brownmillerites

10.30 O V-5

Koponenko M.B., ®abpuunwiii I1.b., Aganacoe M.HU., Acmawxun P.A. Tlpumenenue
MéccbayrpoBCKOH CIIEKTPOCKONIUN 1218h s pasrpaHuyeHus BIUSHUS 100aBOK XpOMa U CypbMbI
Ha (OTOKATATUTHYECKHE CBOMCTBA MOPOIIKOB aHaTazHoi Moaudukamuu Ti0O;

Korolenko M.V., Fabritchnyi P.B., Afanasov M.1., Astashkin R.A. Application of ?!Sh Méssbauer
spectroscopy to discrimination of the effects of Cr and Sb co-dopants on the photocatalytic
properties of anatase-type polycrystalline TiO;

XIV Mossbauer spectroscopy and applications, Kazan, 2016
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10.45 O V-6

Epémuna M.A., Jlomaesa C.®D., YVavanos AJI., |Encykos E.II.| MéccOayrpoBcKasi CIIEKTPOCKOIIHS
CTPYKTYpHO-()a30BBIX MPEBPAIICHHH IPU MEXaHOCIUIABICHHH MEIH U JKelie3a B KHUIKOU cpeie

Eremina M.A., Lomayeva S.F., Ul'vanov A.L.,| Yelsukov E.P. Mossbauer spectroscopy of structural

and phase transformations during copper and iron mechanical alloying in liquid medium

11.00 O V-7

Hunseun M.B., Baxumos U.P., [{ynoeé E.H., Tacupog JI.P. be3zokucnurenbHas TepMOOOpadbOTKa
METaJUIOB B BO3JIyIIIHOM cpesie

Pilyagin M.V., Vakhitov I.R., Dulov E.N., Tagirov L.R. Nonoxidation annealing of metals in an air
atmosphere

Koge-opeiik

1115 Coffee-break

Cexyusn V1. Texnuka sxcnepumenma u memooonozus
IlIpeoceoamenv — Cemenoe B.I'.
Topic VII1. New experimental methods and techniques
Chair — Semenov V.G.

11.50 O VIII-1
Shakhmuratov R.N., Vagizov F.G. New model for acoustically induced Mdssbauer sidebands from
a single parent line

12.05 0 VIII-2

Povawxuna UJL, Kosun M.I., Koweney B.Il, @urunnenxo JI.B. Peructpauus crekrpa
M3IydeHHsT  MEccOAayIPOBCKOrO  MCTOUHMKA SN CBepXIPOBOMAIIMMH  TyHHEIBHBIMH
JNETEKTOpaMH

Romashkina I.L., Kozin M.G., Koshelets V.P., Filippenko L.V. Registration of the radiation from
Massbauer **™Sn source with superconducting tunnel junction detectors

12.20 O VIII-3

Kosun M.I"., Pomawxkuna M.J1. nektpoHHas MéccOay?poBCKast CIEKTPOCKOIHUS

Kozin M.G., Romashkina I.L. Electron Mdssbauer spectroscopy

12.35 O VIII-4

Jlesun J[.M., [deoywenxko C.K., Ilepgunves FO./[. KomnbroTepHas mporpamma Juisi IpyHIOBOR
06paboTku MEccbayspoBckux crekTpos «Happy Slothy

Levin D.M., Dedushenko S.K. and Perfiliev Yu.D. Happy Sloth PC program for the collective
fitting of Moessbauer spectra

12.50 O VIII-5

bokos A.B., Ilepgunves 10./]., Qununnog B.I1., Yyee M.A. MeTo KOPPEKTHOrO Y4YETa TONIIUHBI
MOTJIOTUTEIISI TPU 00paboTke MEccOayIpoBckux criekTpoB B mporpamme DISCVER

Bokov A.V., Perfiliev Yu.D, Filippov V.P., Chuev M.A. Method of the correct account for the
absorber thickness when processing Mossbauer spectra in the program DISCVER

XIV Mossbauer spectroscopy and applications, Kazan, 2016
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13.05 O VIII-6

Oshtrakh M.I., Semionkin V.A. Application of Mdssbauer spectroscopy with a high velocity
resolution: principles, problems and advances

13.50 3aKp_LITHe lc_OHQ)epeHupm
Closing session

XIV Mossbauer spectroscopy and applications, Kazan, 2016
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CTeHa0BbIe TOKJIAAbI
Poster contributions

Cexkyusn 1. Ceepxmonkue e3aumooeiicmeus 6 puzuke meepoo2o mena u MacHemusme
Ilpeoceoamens — Ilokamunoe B.C., @ponosé K.B.
Topic I. Hyperfine interactions in the Solid state physics and magnetism
Chair — Pokatilov V.S., Frolov K.V.

Pl-1
Singh C., Zaki H. M., Abdel-Latif I. A., Singh J., Bindra Narang S., Joshi R. Structural, magnetic
properties and Mossbauer spectra of BagsSrosCoxAlFer12-2x019 (x=0.2, 0.4, 0.6, 0.8 and 1)

P I-2

Axynenko A.A., Cobores A.B., Ilanxpamos J[.A., I[nasxoea A.C., I[lpecnsaxos H.A.
MéccbayrpoBckoe HCCleOBaHHE JOKAIBHBIX KPUCTAIOrpaUuecKoil U MarHUTHOH CTPYKTYp
okcodocdara xenesa (I1I) FesPOy

Akulenko 4.4., Sobolev A.V., Pankratov D.A., Glazkova I.S., Presniakov I.A. Mdssbauer study of
the local crystallographic and magnetic structures of iron (I11) oxophosphate FesPO7

P 1-3
banyan T.I, Hosaxoea A.A. VccnenoBaHue MarHUTHBIX (DAa30BBIX INpEBpallleHUH B YacTHULIAX
CeJICHH/1a JKeJe3a, MOTYYEHHBIX METOIOM BBICOKOTEMIIEpAaTypHOU TBepA0(ha3HOM peakuun

Baluyan T.G., Novakova A.A. Investigation of magnetic phase transition in the solid state reaction-
obtained iron selenide particles

P I-4

Pycaxos B.C., Iloxamunos B.C., Cucoe A.C., benux A.A., Maynee M.E., ['anouka A.M., Kynaxos
K.B., Jlykesnosa E.H. TemnepaTypHble wucciaenoBanus Mynbtudepponka BiFeggpMng 1003
MeTo1aMU MEccOayIPOBCKOM CTIEKTPOCKOHH

Rusakov V.S., Pokatilov V.S., Sigov A.S., Belik A.A., Matsnev M.E., Gapochka A.M., Kulakov K.V.,
Lukyanova E.N. Temperature study of BiFeggMng 1005 multiferroic by Mossbauer spectroscopy
methods

P I-5

Fo0osukos C.K.| TlapamarsuTHast MATHUTOCTPHKIHS B TEPOUM

Godovikov S.K.| Magnetostriction of Tb in paramagnetic state

P I-6
Kiseleva T.Yu., Kabanov V.M., Zholudev S.I., Novakova A.A., Markov G.P. Mdossbauer study of
polymer composites with spatially oriented ferromagnetic particles of different composition and
shape

P I-7
Kiiamov A.G., Vagizov F.G., Tagirov L.R., Lysogorskiy Y.V., Tsurkan V., Loidl A., Taurskii D. 4.
Low temperature Mossbauer study of Fep s Te

XIV Mossbauer spectroscopy and applications, Kazan, 2016
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P I-8

Knyazev Yu.V., Kazak N.V., Bayukov O.A., Bezmaternyh L.N., Solovyov L.A., Platunov M.S.,
Ovchinnikov S.G. Study of cation distribution in single crystals Mn,..Fe,BO, (x = 0.34, 0.53, 0.72)
through Mdssbauer spectroscopy

P I-9
Lysogorskiy Y.V., Krivenko S.A., Nedopekin O.V. and Tayurskii D.A. Ab-initio study of electronic
correlations and disproportionation in the x=2/3 phase of sodium cobaltates

P 1-10
Kupuuenxko B.I. Meéccbay’poBcKasi  CIIEKTPOCKONHMSI ~ BKJIIOYECHUN HMHTEPMETAJUIMIOB B
LUUPKOHHUEBBIX CIIJIaBaX

Kirichenko V.G. Masshauer spectroscopy of intermetallic phases inclusions in zirconium alloys

P I-11
Kirichenko V.G., Kovalenko O.V. Structure of surface nanolayers of yttrium iron garnet films

P 1-12
Jlexuna 10.0., Inazkosa A.C., Beaux A.A., Cobones A.B., Ilpecnaxoe H.A. WccnenoBanue
nokajapHON CTpyKTyphl BiNiO3 MeTom0M 30H10BOM MECCOAyIPOBCKON CIEKTPOCKOMUU Ha sAApax
57

Fe
Lekina Yu., Glazkova la., Belik A., Sobolev A., Presniakov I. Investigation of bismuth nickelate
BiNiO; local structure by °’Fe probe Massbauer spectroscopy

P 1-13

Jexuna 10.0., I'nazkosa A.C., Beu U., benuk A.A., Cobones A.B., Ilpecnarxoe U.A. Viccnenoanue
xpomutoB RCrO;3 (R = T, Bi) co cTpyKTypoii IEpOBCKUTAa METOIOM 30HI0BOM MECCOAYIPOBCKOM
CHEKTPOCKOIUH Ha Apax = Fe

Lekina Yu., Glazkova la., Wei Yi, Belik A., Sobolev A., Presniakov I. °’Fe probe Mosshauer
investigation of RCrO3 (R =TI, Bi) perovskites

P I-14
Maxkaposa A.O., Ilokamunoe B.C., Cuzoeé A.C., Kumaeg B.B. JlokanbHble CTPYKTYPHBIE COCTOSTHUS
MIPUMECHBIX aTOMOB ele3a B nmepoBckuTax LajxCoggg 57Feo_0203 (x=0-0.50)

Makarova 4.0., Pokatilov V.S., Sigov A.S., Kitaev V.V. Local structural states of Fe — impurity
atoms in the perovskites Lai.xC0o.0s > Fe.0203 (X = 0 — 0.50)

P 1-15
Haywmoe C.II., Bepwunun A.B., Cepuxos B.B., Knetinepman H.M., Mywnuxos H.B.
MéccbayspoBcKoe UCClieI0BaHHEe MAarHUTHOTO (a3zoBoro nepexoaa B coeauneHnn Ce(Fep 93Sip o7)2

Naumov S.P., Vershinin A.V., Serikov V.V., Kleinerman N.M., Mushnikov N.V. Mgssbauer study of
magnetic phase transition in Ce(Feo 93Sio.07)2

P 1-16

Hoxamunoe B.C., Pycaxoé B.C., Cucoeé A.C.., bemux A.A., I'naskosea A.C., Maynes M.E.,
Apocrasyes C.A. MéccbayspoBckue uccienoBanus MyiabTudepponkoB BiFeOs; mommpoBaHHBIX
xpomom: BiFe;4CrO3 (x = 0.0 — 0.30)

XIV Mossbauer spectroscopy and applications, Kazan, 2016
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Pokatilov V.S., Pusakov V.S., Belik A.A., Sigov A.S., Glaskova J.S., Machnev M.E., Yaroslavtsev
S.A. Mossbauer study of Cr-doped BiFeOs: BiFe;CryO3 (x = 0.00 — 0.30)

P I-17

Pycaxoe B.C., Ilokamunoe B.C., Cucosé A.C., benux A.A. TemmnepaTypHble HCCIEI0BAaHUSA
MPOCTPAHCTBEHHOW  CIUH-MOJIYJIMPOBAHHON CTPYKTYpbl MynbTtudeppouka BiFepgsCroosO3
MeTo1aMu MEccOayIPOBCKOI CIIEKTPOCKOHH

Rusakov V.S., Pokatilov V.S., Sigov A.S., Belik A.A. Temperature studies of the spatial spin-
modulated structure of multiferroic BiFeg ¢5Crp 0503 by Méssbauer spectroscopy

P 1-18
lanuyk B.B., Jlomanosa H.A., Cemenos B.I"., I'ycapoé B.B., Hpkaee C.M. PactipenenieHre aTOMOB
xKenes3a B (pazax AypuBHIIIHYcCa 1O JaHHBIM crieKTpockomnuu SI'P

Panchuk V.V., Lomanova N.A., Semenov V.G., Gusarov V.V., Irkaev S.M. Distribution of Fe atoms
in Aurivillius phases obtained with Mdéssbauer spectroscopy

P 1-19
Sobolev A.V., Belik A.A., Glazkova Y.S., Ovanesyan N.S., Presniakov I.A. Local crystal and
magnetic structure of AgoFeO, and Ag,Gag.es” Fe.020,: a °'Fe Massbauer study

P 1-20
Cobones A.B., H. Bou, Ilpecusxoe H.A., I'nasxosa A.C., benux A.A. MeéccbayrpoBckoe
HCCIIeIOBaHUE pacIpe/ieliCHUs] KaTHOHOB B KoOanbTuTaX-peppurax SCCO1.4Fe,O3

Sobolev A.V., Yi Wei, Presniakov I.A., Glazkova 1.S., Belik A.A. >’Fe Mssbauer investigation of
cation distribution in ScCo;.«FexO3 cobaltites-ferrites

P 1-21
Conuna IO.B., Ilozopenvyes A.HU., [lImuom C.B., Mamyxun B.JI., [lImuom E.B. OcoOGeHHOCTH
pacnpenenenus cniuHoBoi iotHocTH B CUFeS; mo nanaeim SIMP 63%Cu B noxansHOM TMOTTE

Sopina Yu.V., Pogoreltsev A.l., Schmidt S.V., Matukhin V.L., Schmidt E.V. Peculiarity of spin
density distribution in CuFeS; by results of NMR ®3®Cu in the internal magnetic field

Xacanos P.H., T'unbmymounos MU.®., Baeuzoe @.I., Myxameowun H.P. WccnenoBanue
MarHUTHBIX CBOMCTB HATPUEBBIX KOOATHTATOB, JOMMPOBAHHBIX HOHAMH XKelle3a

Khasanov R.N., Gilmutdinov I.F., Vagizov F.G., Mukhamedshin I.R. Magnetic properties of Fe-
doped sodium cobaltates

P 1-23
HUlunkxo M.H., Kopoeywixun B.B., Cmenosuy M.A., Kocmuwwun B.I'. MéccbayspoBckue u
PEHTTeHOCTPYKTYPHBIE UCCIIeI0OBaHusI coenuHeHnit B cucteme BaO-Fe,O3

Shipko M.N., Korovushkin V.V., Stepovich M.A., Kostishin V.G. Méssbauer and X-ray diffraction
analysis of compounds in the system BaO-Fe,03

P 1-24
Volfova L., Cesnek M., Lancok A. Study of nanocrystallized NANOPERM-type metallic glass

XIV Mossbauer spectroscopy and applications, Kazan, 2016
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P 1-25

Voronina E.V., Chistyakova N.l., Pyataev A.V., Chumakov A.l., Ivanova A.G., Arzhnikov A.K.
Magnetic phase separation in systems with long-period magnetic structures exploring by
Maossbauer spectroscopy

Cexyus 1. Iloeepxnocmsv, monkue nieHKu U HAHOCMPYKMYPbl
Ilpeoceoamensv — Yucmakoea H.U.
Topic Il. Surface, thin films and nanosystems
Chair — Chistyakova N.I.

P Il-1
A6oynnun A.@., [Iamaes A.B., Jompauesa H.E., I py3oes M.C. MéccbayrpoBCKOE HCCIEIOBAHNE
MOBEpXHOCTH HaHodacTuil core-shell Tuma

Abdullin A. F., Pyataev A. V., Domracheva N. E., Gruzdev M. S. Mdssbauer study of the surface of
core-shell type nanoparticles

P 1I-2
Baskakov A.O., Starchikov S.S., Shih K.-Ya., Lin C.-R., Lyubutin 1.S. Mgssbauer and Raman
spectroscopy study of graphene - magnetite nanocomposites

P 11-3

Gaifullin R.R., Deminov R.G., Tagirov L.R., Karminskaya T.Yu., Kupriyanov M.Yu., Fominov
Ya.V. and Golubov A.A. Distribution of condensate functions in superconducting triplet spin-valve
switching modes

P Il-4
Gervits N.E., Starchikov S.S., Lin C.-R., Lyubutin 1.S. Magnetic, structural and electronic
properties of FeGa,0, - FeGaO3; nanocomposites

P 11-5
3amamosckuu A.E., [labawos B.A., Kopwynos JI.I. Méccbay3poBCKUI aHANIU3 CTPYKTYpPHI B
00JTaCTH KOHTAaKTHOTO HArpy>KEHHUS BHICOKOA30THCTON XPOMO-MapraHIIeBOi ayCTEeHUTHOH CTan

Zamatovsky A.E., Shabashov V.A., Korshunov L.G. Mossbauer analysis of the structure in contact
loading of high chromium-manganese austenitic steel

P 11-6

Sunnamyniun AJIL., 'vmapos A.U., ['unemymounos U.®., Banees B.®., Xaibyrun P.U., Bacusos
@.I'. MéccbayspoBCKUE HCCIAEAOBAHUS MArHUTHBIX CBOMCTB TOHKHUX IUICHOK OKCHA IMHKA,
WUMIUIaHTHPOBAHHBIX HOHAMH KeJie3a

Zinnatullin A. L., Gumarov A. 1., Gilmutdinov I. F., Valeev V. F., Khaibullin R. 1., Vagizov F. G.
Maossbauer studies of magnetic properties of iron implanted zinc oxide thin films

P Il-7
Jlamvinosa P.U., Jlynoe E.H., Xauibyninun P.M. MUKpOCTPYKTYpa U MarHUTHBIE CBOMCTBA MICHOK
TUTAHATa CTPOHLIMSI, UMIUIAHTHPOBAHHOTO KEJIE30M

Latypova R.l., Dulov E.N., Khaibullin R.I. Microstructure and magnetic properties of strontium
titanate implanted with iron ions
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P 11-8

JIa0oe H.M., Bazapos B.B., Bacuzos @.I'., [[lycmos B.A., /{ynoe E.H., Hockoe A.H., Xaubyiiun
P.U., @aiszpaxmanos M. A. Ananu3 CTPyKTypbl W MarHUTHO-()a30BOTO COCTaBa IUIEHOK =Y
c(hOPMHUPOBAHHBIX MO TEXHOJIOTHH HOHHO-CTUMYIUPOBAHHOTO OCAXKICHUS

Lyadov N.M., Bazarov V.V., Vagizov F.G., Shustov V.A., Dulov E.N., Noskov A.l., Khaibullin R.1.,
Faizrakhmanov I.A. Analysis of the structure and magnetic phase composition of the films grown
by ion-beam assisted deposition technology

P 11-9
Ozepnoti A.H., Bepewax M.®D., Manaxoea U.A., Theybepeenos K. K. UccnenoBanue COCTOSHUSA
MMIUTaHTHPOBAHHBIX aTOMOB ° Fe B METa/NIMYECKHX MAaTPUIIAX

Ozernoy A.N., Vereshchak M.F., Manakova I.A., Tleubergenov Zh.K. Study of *’Fe implanted
atoms state in metal matrix

P 11-10

Tneyoepeenos JK.K., Manaxosa H.A., Oszepnoii A.H., Bepewax M.®. Kouepcuonnas
AIIEKTPOHHAst MEccOay?pOBCKasi CIIEKTPOCKOIHNS METAIUTMYECKUX HAHOKOMIIO3UTOB

Tleubergenov Zh.K., Manakova I.A., Ozernoy A.N., Vereshchak M.F. Conversion electron
Maossbauer spectroscopy of metallic nanocomposites

P 1l-11
Useinov A., Esmaeili A., Lai Chih-Huang, Useinov N., Lin Hsiu-Hau Tunnel magnetoresistance
related with nanoparticle size distribution in magnetic tunnel junctions

P 11-12

Tonobopoockuii b.10., lllabawos B.A., Maxapos A.B., I'aépunos H.B., Koznos K.A., Mamaes A.C.
KOMC noBepXHOCTHOTO CJIOS ayCTEHUTHOM HEpKaBEHOUIEH CTalau, a30THPOBAHHOW B ILIa3Me
AJIEKTPOHHOIO MyYKa

Goloborodsky B.Yu., Shabashov V.A., Makarov A.V., Gavrilov N.V., Kozlov K.A., Mamaev A.S.
CEMS of the surface layer of austenitic stainless steel, nitrided in the plasma electron beam

Cexyus I11. Ilepcnekmugnvie mamepuaivl u cO8pPeMeHHbIEe MEXHO0ZUU UX NOTYYEHUS
IlIpeoceoamens — /lopoghees I'. A.
Topic I11. Advanced materials and modern technologies
Chair — Dorofeev G.A.

P 1ll-1

bonmaxosa H.B., [Iamaes A.B. ViccnenoBanue ycnoBuid 00pa3oBaHMs KIMHKEPHBIX MUHEPAIOB B
nporecce 00XKura KepaMuKu

Boltakova N.V., Pyataev A.V. Study of conditions for the formation of clinker minerals during
ceramic firing

P 111-2

Apocnasyes C.A., Bocmpos H.U., Ckynoun A.M.,Kynoea T.JI, fpocrasyeé A.b., Pycaxos B.C.
M¢éccOayspoBcKue MccaeIoBaHUs JITUPOBAHHBIX aTOMaMU MarHusi JUTHUEBBIX (GochaToB xene3a
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IIprU ACUHTCPKAIALNHA JTUTHUA

Yaroslavtsev S.A., Vostrov N.I., Skundin A.M.,Kulova T.L.,Yaroslavtsev A.B., Rusakov V.S.
Maossbauer studies of lithium iron phosphates doped with magnesium under lithium deintercalation

P 111-3
Unowun A.C., Kucenesa T.IO., Pycaxos B.C., Kabanos B.M., Canecaa /., Xupazasa X.
MéccbayrpoBCcKoe HCCIIEJOBAaHHE KATHOHHOTO pacHpe/ieieHHs B 3aMEIICHHOM MAarHheBOM

beppute

llyushin A.S., Kiseleva T.Yu., Rusakov V.S., Kabanov V.M., Sangaa D., Hirazawa H. Mossbauer
study of cation distribution in substituted Mg-ferrite

P 111-4

Usanosa A.I'., Ilamaes A.B., Jompauesa H.E., I'py3oes M.C. CiiHOBBIE CBOWCTBA HEKOTOPBIX
komruiekcoB Fe(ll1l)

Ivanova A.G., Pyataev A.V., Domracheva N.E., Gruzdev M.S. Spin properties of some complexes
of Fe(lll)

P I1I-5

Voronina E.V., Ikal Ali Kadim, |Yelsuk0v Eu.P.J Arzhnikov A.K., Korolyov A.V. The synthesis of
metastable quasi-ordered ternary alloys FegsAlssxSny (x = 5,10 at.%) with the use of mechanically-
alloyed materials as precursors

P 111-6

Kosznos K.A., lllabawos B.A., Maxapos A.B., 3amamosckuii A.E., Jlumeunos A.B., Cacapaoze B.B.
MéccbayrpoBckuil aHallM3 CTPYKTYPHO-(a30BBIX MPEBpAllleHuH B BBHICOKOA30THUCTOM CTalld
08X22I"'A1.24 npu Tepmuyeckoit 00pabOTKe M OOJIBIINX IIACTHYECKUX JePOpMaLIUiX

Kozlov K.A., Shabashov V.A., Makarov A.V., Zamatovsky A.E., Litvinov A.V., Sagaradze V.V.
Mossbauer analysis of the structural-phase transformations in high-nitrogenous steel
08X22I"A1.24 during heat treatment and large plastic deformations

P 17

Kyopun C.I1., Paesckuii U.I1., Cmawenxo B.B., I'yces A. A., Hcynos B.I1., H. Chen, C.-C. Chou,
Capviuee J[.A., Tumos B.B., Paescxaa C.H. MéccOay?poBckoe HCCIEIOBAaHUE BIHUSHUS
MEXAHOAKTUBAILIMY HA MarHUTHBIE cBolcTBa PbFeg sNbo 503

Kubrin S.P., Raevski I.P., Stashenko V.V., Gusev A.A., Isupov V.P., Chen H., C.-C. Chou,
Sarychev D.A., Titov V.V. and Raevskaya S.I. Mossbauer Study of the Effect of Mechanical
Activation on the Magnetic Properties of PbFeysNbg 503

P 111-8

llabawoe B.A., Cacapaosze B.B., Jlumseunos A.B., 3amamoscxkuii A.E., Jlawuxose K.A., Kamaesa
H.B. BnusiHue teMriepaTypbl MeTrarmiacTUueckon aedopmaliuy Ha repepacnpeieiieHue yriaeposa u
nosumopdubie dazoseie nepexoan! B ['TIK Fe-Ni-C crmaBax

Shabashov V.A., Sagaradze V.V., Litvinov A.V., Zamatovsky A.E., Lyashkov K.A., Kataeva N.V.
The effect of temperature megaplastic deformation on the redistribution of carbon and
polymorphic phase transitions in FCC Fe-Ni-C alloys

P 111-9
Casuenko A.., Medsedesa T.M., Koposywxun B.B., [llemunun HU.B., Menywenxos B.II.,
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bopowowcun  HU.I. TucrepesucHsle cBoiictBa U  3pdexkt MeéEccbayspa B  MOpOIIKAx
ObICTpO3aKaieHHOTO HaHOKoMMo3uIroHHoro cruiasa (Nd,Zr)-(Fe,Co)-B

Savchenko A.G., Medvedeva T.M., Korovushkin V.V., Shchetinin 1.V., Menushenkov V.P.,
Bordyuzhin 1.G. Hysteresis properties and Mossbauer effect in rapidly solidified (Nd,Zr)-(Fe,Co)-
B nanocomposite alloy

P 111-10

Hasunos P.A., lllycmoeg B.A., bamanos P.U., baszumos P.M., [lamaes A.B. I3meHeHne OIMKHETO
nopsAKa B aMOp(hHOM CIIsIaBe Ha OCHOBE JKeJie3a MPU UMIYJILCHOM HOHHON MOIU(UKAIINH

Nazipov R.A., Shustov V.A., Batalov R.l., Bayazitov R.M., Pyataev A.V. Change of short-range
order in iron-based amorphous alloy under the pulsed ion-beam modification

P 111-11

Ilempos B.U., @unrunnog B.I1. KOHTpOJb pacripesieeHus jkee3a B peakTOpHOM OepHILTHU

Petrov V.1., Filippov V.P. Iron distribution control in reactor beryllium

P 111-12

Casuenxo A.I'., Pagpanvckuii A.U., ll]emunun U.B., Menywenxos B.Il. I'nctepe3ucHbie CBONCTBA
u Méccbayspckasi CHEKTOpocKomus HaHokoMio3utoB tuna NdFejsB/o-Fe, cunHTe3npoBaHHBIX
METOJI0M MEXaHOAKTUBAIUHU

Savchenko A.G., Rafalsky A.l., Shchetinin 1.V., Menushenkov V.P. Hysteresis properties and
Maossbauer spectroscopy of Nd,Fe14B/a-Fe nanocomoposites synthesized by a mechanical alloying
technique

P 111-13
Cmawenko B.B., Paescxuti U.11., Kyopun C.II., Capviues J[.A., Paesckas C.HU., Manuykas M.A.
Crenens atomuoro nopsiaka B Pb,FeNbOg, momuposansom Li

Stashenko V.V., Raevski I.P., Kubrin S.P., Sarychev D.A., Raevskaya S.I., Malitskaya M.A. Atomic
order in Li-doped Pb,FeNbOg

P 111-14
Cmawenxo B.B., Paescxuu H.I1., Kyopun C.I1., Capwiueg /[.A., Paesckas C.H., Maruyxas M.A.
Méccbayasposckue uccienobanus neposckutoB A;FeNbOg (A = Pb,Ca,Ba,Sr)

Stashenko V.V., Raevski I.P., Kubrin S.P., Sarychev D.A., Raevskaya S.l., Malitskaya M.A.
Maossbauer study of perovskites A,FeNbOg (A = Pb,Ca,Ba,Sr)

P 111-15

Cmonap C.B., bawxoe O.A., Hcxaxoe P.C., Apocrasyes P.H., Jlaovieuna B.I1. VI3menenue
($azoBoro cocraBa OWOTEHHBIX HAHOYACTHI[ (QEPPUTHIPHTA B pE3yJIbTaTe YIbTPAa3BYKOBOU
00paboTku

Stolyar S.V., Bayukov O.A., Iskhakov R.S., Yaroslavtsev R.N., Ladygina V.P. The change of phase
composition of biogenic ferrihydrite nanoparticles as a result of ultrasonic treatment

P 111-16

Hlabawos B.A., Cazcapaose B.B., Kosnoe K.A., Jlumseunos A.B., Kamaesa H.B. PenakcanmoHHbIe
cTpykTypHO-(basoBbie  mpeBpamieHuss B Fe-Ni-Al(Ti) cmmaBax mnpu  MerarmiacTHYECKOH
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neopmanuu. BrusHIe TemMmepatypbl 1 CKOPOCTH JiehopMaruu

Shabashov V.A., Sagaradze V.V., Kozlov K.A., Litvinov AV., Kataeva N.V. Relaxation of
structural-phase transformations in Fe-Ni-Al(Ti) alloys under megaplastic deformation. The effect
of temperature and rate of deformation

P 111-17

Quaunnos B.I1., Xacanoe A.M. Paznuuuss B COCTOSIHUM aTOMOB J>Kejle3a B HAHO 4YacTHIAX B
IUPKOHUEBBIX CIUIABaX MPHU MaJBIX M OOJIBIINX COACPKAHUAX HKee3a

Filippov V.P., Khasanov A.M. Differences in iron state in nano particles in zirconium alloys with
small and large iron contents

P 111-18

Cmonap C.B., bawkoe O.A., Hcxaxoe P.C., Apocnasuyes P.H. HuzkoremneparypHble
MCCIIeIOBaHMsI HAHOYACTHUI] (peppUrHApHTa METOAOM MECCOAYIPOBCKOM CIIEKTPOCKOITUH

Stolyar S.V., Bayukov O.A., Iskhakov R.S., Yaroslavtsev R.N. Low-temperature studies of
ferrihydrite nanoparticles using Maossbauer spectroscopy

Cexyusn |\V. Buonozuueckue u MeOUyUHCKUe NPUMEHEHUS
Ilpeoceoamensy — Kamnee A.A.
Topic 1V. Biological and medical applications
Chair — Kamnev A A.

P IV-1
Axmemos M.M., I[lemyxos B.IO., I'ymapos I'.I"., Konos A.b., Konvieun I'.H., Poioun JI.C. 'H amP
HCCIIeIOBaHNE pacTBOpa JiekapcTBeHHOro npenapata MAKID

Akhmetov M.M., Petukhov V.Yu., Gumarov G.G., Konov A.B., Konygin G.N., Rybin D.S. 'H NMR
study of the drug solution MACG

P IV-2

Honuxapnos J[.M., ['abbacos P.P., Yepenanos B.M., Yyes M.A., Jlocunosa H.A., Jlocesa E.B.,
Huxumun M.IIL, Ilanuenxo B.A. llepepacnpeneneHue 3K30T€HHOTO KEIe3a MEXIYy MO3roM H
CEIIe3EHKOM MocIe BBeeHHS ° FegOy (beppOKUIKOCTH B MO3TOBOMU KEITy0YEK KPBICHI

Polikarpov D.M., Gabbasov R.R., Cherepanov V.M., Chuev M.A., Loginova N.A., Loseva E.V.,
Nikitin M.P., Panchenko V.Y. Exogenous iron redistribution between brain and spleen after
administration °'Fes0, ferrofluid in the ventricle of rat brain

P IV-3
Kamzin A.S., Nazipov R.A. Méssbauer studies of core/shell nanoparticles based on Fe-Fe;O,4 for
biomedical applications

P IV-4
Hosaxosa A.A., [onxcukosa A.B. CpaBHUTENbHOE MECCOAYIPOBCKOE HCCIEA0BAHNE CTPYKTYPHOTO
COCTOSIHMSI OMOTCHHBIX U CHHTE3MPOBAHHBIX HAHOYACTHI] T€THTA

Novakova A.A, Dolzhikova A.V. Comparative Mdssbauer analysis of biogenic and chemically
prepared goethites structural state
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P IV-5

Cemenos B.I'., Ilanuyx B.B., Mypun U.B., Koponres JI.B., Agonun M.B., Toponosa A.I.,
Ileynukosa H.A., I'anaeyoza M.M. MéccOayspoBcKie HCCIeI0BaHUs HAKOTIICHUSI HAHOPa3MEPHBIX
YacTHIl TUAPOKCHU/IA XKelle3a B OpraHu3Me J1a00paTOPHBIX )KMBOTHBIX

Semenov V.G., Panchuk V.V., Murin 1.V., Korolev D.V., Afonin M.V., Toropova Ya.G., Pechnikova
N.A., Galagudza M.M. Massbauer study of iron hydroxide particles accumulation in laboratory
animals

P V-6
Ypaznuna JI.H., [Iamaes A.B., Xabubpaxmanosa B.P., I'apaes P.P., Axmedocanos H.J[., Cvicoesa
M.A. MéccbayspoBckoe Hcciiel0BaHne KOMILUIEKCO00pa30BaHUs JKeJie3a C MEJJaHUHOM Yaru

Urazlina L.N., Pyataev A.V., Khabibrakhmanova V.R., Garayev R.R., Akhmedzhanov
I.D., Sysoeva M.A. Méssbauer study of chaga melanin complexation by iron

Cexkyusa N . Xumusn, Hegpmexumus, kamaiuz, CmpyKkmypa u c63b
Ilpeoceoamensv — @aovpuunviit I1.5.
Topic V. Chemistry, petroleochemistry, catalysis, structure and chemical bond
Chair — Fabritchnyi P.B.

P V-1

Heovwenxo C.K., Ilepgpunves FO./]. O HEKOTOPBIX CBOMCTBAX KOMILJICKCHBIX ITHAHUIOB JKeJe3a

Dedushenko S.K., Perfiliev Yu.D. On some properties of iron complex cyanides

P V-2

3axapuna H.A., Bpoockuui A.P., Acxkeeuu B.U., Komawrxo JI.B., Bonxoea JIJ[., Kum O.K.,
Manakosa U.A. V3yyeHne HU3KONPOLEHTHBIX IUIATMHOBBIX KaTAJIM3aTOPOB HM30MEPHU3ALUU H-
QJIKAHOB Ha MIJUTAPUPOBAHHBIX JKEJI€30M MOHTMOPHUIUIOHUTAX

Zakarina N.A., Brodskii A.R., Yaskevich V.I., Komashko L.V., Volkova L.D., Kim O.K., Manakova
LA. Study of low grade platinum catalysts supported by montmorilonite pillarired with iron for n-
alkane isomerization

P V-3
Kamvnee A.A., Tyeaposa A.B. WccnenoBanme xomruiekca sxene3a(lll) ¢ wmamommn-3-macisHoi
KHUCIIO0TON MeToaMu MécchayspoBckoit 1 MK-cnekTpockonuu

Kamnev A.A., Tugarova A.V. Mossbauer and infrared spectroscopic study of iron(l1l) complex
with indole-3-butyric acid

P V-4

Meocyes E.M., Apanacos M.U., Bammuo A., @abpuynwiii I1.b. JIokanbHOE OKPY>KEHHE 30HIO0BBIX
woroB °Sn** B oGbeMe M Ha MOBEPXHOCTH OPTOXPOMHTA WTTPHSI IPH TETEPOBAICHTHBIX
3aMEILEHUAX

Mezhuev E.M., Afanasov M.1., Wattiaux A., Fabritchnyi P.B. Local surrounding of *°Sn** probe
ions in the bulk and on the surface of yttrium orthochromite upon heterovalent substitutions

P V-5
Usanosa A.I'., Baxum A.B., Boponuna E.B., Ilamaes A.B., Hypeanuee /[ K., Onuwenko A.B.
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MéccbaypoBCcKHEe  HCCIICIOBAaHUS  MPOMYKTOB  TEPMOKATAIUTUYECKOTO  BO3JCHCTBHS ~ HA
KEpPOTEHCOIEPIKaLIYI0 IOPOIY

Ivanova 4.G., Vakhin A4.V., Voronina E.V., Pyataev 4.V., Nurgaliev D.K., OnishchenkoY.V.
Maossbauer study of products of the thermocatalytic exposure to kerogen-containing rocks

Cexyusn VI. CunxpomponHoe uznyuenue u 2amma-onmuKa
IIpeoceoamensv — Bazuzoe @.I.
Topic VI. Synchrotron radiation and gamma optics
Chair — Vagizov F.G.

P VI-1
Caovikoe D.K., Apunun B.B., Ilempos [ M. MéccbayspoBckoe paccesHue Bnepea Ha FeBOs B
pexume PU nepexiroueHuil noss Ha siape

Sadykov E.K., Arinin V.V., Petrov G.l. Méssbauer forward scattering on FeBO3 in RF hyperfine
field reversal regime

P VI-2
Caovikos O.K., HOpuuyx A.A., Apunun B.B. Dddext Tonmmuel B MEccOAyIPOBCKOH
CHEKTPOCKOIUY B PEKUME BIIUSHUS BHEITHUX TOJICH: 3aKOHBI COXPaHEHHS

Sadykov E.K., Yurichuk A.A., Arinin V.V. The thickness effect in Mdossbauer spectroscopy in
external field influence regime: exact results

Cexyusn V1I. Munepanozus, nayku o 3emne, 3Konozus u KyjabmypHoe Hacieoue
Ilpeoceoamensy — Ouwimpax M.H.
Topic VII. Mineralogy geosciences, ecology and a cultural heritage
Chair — Oshtrakh M.1.

P VII-1

Anmonosa A.B., Yucmsaxosa H.U., llankun A.A., Poouonos U JI., Kununa T.H., 3asapsuna /].I.,
Pycaxos B.C. VccnemoBaHus TpOIECCOB OaKTEPHATLHOTO BOCCTAHOBJICHHS aTOMOB JKelie3a B
CTPYKTYpE€ MarHeTura

Antonova A.V., Chistyakova N.l., Shapkin A.A., Rodionov I.D., Zhilina T.N., Zavarzina D.G.,
Rusakov V.S. Studies of bacterial iron reduction process in magnetite structure

P VII-2

Anyuuna M.M., Bopobwvesa H.A., Ilankpamoe /].A. TepMmudeckue npeBpaiieHus HAHOPa3MEPHOTO
Fe3O4 B mpUCyTCTBUU T'YMUHOBBIX BEIIECTB

Anuchina M.M., Vorobyeva N.A., Pankratov D.A. Thermal transformations of nanosized Fe3;O,4
with humic substances

P VII-3

Yucmsakosa HU., [pauesa M.A., Aumonosa A.B., lllankun A.A., Kununa T.H., 3asap3zuna /[.I,
Pycakos B.C. MéccbayspoBCKHUE HMCCIIEIOBAaHUS IPOILIECCOB BOCCTAHOBJICHHSI aTOMOB JKeje3a B
deppurunpute ankanoGuibHOM OaKkTepHeit

Chistyakova N.l., Gracheva M.A., Antonova A.V., Shapkin A.A., Zhilina T.N., Zavarzina D.G.,
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Rusakov V.S. Mossbauer studies of iron reduction process in ferrihydrite by alkaliphilic bacterium

P VII-4

Iyceiinoe M.M., Tackaes C.B., Kamunoe HU.K., Kazanoeéa 3. VccrnemoBanue (parMeHTOB
MeTeopuTa «YenssOnHCKUID) METOIOM SIACPHON TaMMa-pe30HAHCHOM CIIEKTPOCKOITUH

GuseynovM.M., Taskaev S.V., Kamilov 1.K., Kasanova E. Study meteorite fragments
“Chelyabinsk” by nuclear gamma-resonance spectroscopy

P VII-5

Ceobmos H.A., 3anyykuu A.A., I[lxorvnuxoe E.H., Mopozos B.B. MéccbayspoBckas
CHEKTPOCKOMUSI MAarHUTHOW (Ppakinu U3 TIryOOKOBOJIHBIX OKEAHUIECKUX OTIIOKEHUHN

Sed’'mov N.A., Zalutskii A.A., Shkolnikov E.N., Morozov V.V. Maossbauer spectroscopy of the
magnetic fraction from deep ocean sediments

P VII-6
Meoseyxas H.IO., Yucmaxoea H.HU., Buiukos A.IO., |Kosepenko C.B|, Pycaxos B.C.
MécchayapoBCKHEe UCCIICIOBAHMS XaIbKOTCHUIOB XKelie3a

Medvetskaya I.Yu., Chistyakova N.I., Bychkov A.Yu., [Kozerenko S.V], Rusakov V.S. Mossbauer
studies of iron chalcogenides

P VII-7
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CrnexTp B0O30yKAeHU M1 MATHUTHAsI IMHAMMKA HeeJeBCKOIo
aHcaMO0Ji1 AaHTU(EPPOMATHUTHBIX HAHOYACTHUIl B MéCCOAYIPOBCKOMI
CIIEKTPOCKONMH

Yyes ML.A.

Quzuxo-mexnonocuueckuut uncmumym PAH, Mockea (Poccus)
chuev@ftian.ru

Excitation spectrum and magnetic dynamics of the Néel’s ensemble of

antiferromagnetic nanoparticles in Mossbauer spectroscopy
Chuev M.A.
Theoretical approach for describing the excitaion spectrum, magnetic dynamics and Mdssbauer
spectra of the Néel’s ensemble of antiferromagnetic nanoparticles with uncompensated magnetic
moment will be discussed.

Pa3paborana KOHTHHYyaJbHasE MOJIE]Tb MATHUTHON JTUHAMUKA aHCAMOJIs aHTH()EPPOMAarHUTHBIX
(ADM) nHa"oyacTHll B JBYXIOAPEIIETOYHOM MPUOJIMKEHUHN, OCHOBaHHAsI HA PEUIEHUH ypaBHEHUM
JBHKEHUS JUUI1 HAMarHW4eHHOCTEN MOAPEIIETOK ¢ HEKOMIIEHCUPOBAHHBIM MArHUTHBIM MOMEHTOM B
YCIIOBHSX HENPEPBIBHOTO PEIAKCALMOHHOIO Ipolrecca. B paMkax 3TOH MOJEIM IPEMJIOKEH M
peanu3oBaH (GopMau3M [UIS ONUCAHUS CIEHU(PUUECKOr TpaHCcPopManuu MeccOayIpPOBCKUX
CIIEKTPOB TOIJIOIIEHUS TAaKMX CUCTEM B 3aBHCHUMOCTH OT TEMIIEpaTypbl, KOTOpas MHOTOKpPaTHO
HalJo1anach B AKCIIEpUMEHTax. B yacTHocTH, HeTpuBHadbHas (OpPMa SHEPTETUYECKOTO CIEKTpa
BO30YX/IEHUI B BHUJE YETHIPEX HOPMAaJBbHBIX MOJ OJHOPOIHOW MPELUECCHH, OJETBHIX «IIyOOi»
HyTalUi OHOPOJHBIX HAMArHUYEHHOCTEN noapenieTok [ 1], mo3Bosser aath PEeHOMEHOIOTHYECKOE
00BsICHEHHE MAaKPOCKOIMMYECKNX KBAHTOBBIX 3((EKTOB, HAOIIONAEMBIX B CIIEKTPAX IMOTJIOMICHUS U
ONMCAaHHBIX paHee B paMKax KBAaHTOBO-MEXaHMYecKoW mojenu aHncamOiasi ADM Hanouactur [2].
[TogTBepkmaercss Takke enle OAWH INPUHLIHINHMAIBHBIA BBIBOJ, CIEIYIOIIUNA M3 «KBAaHTOBON»
MOJIEJIM, YTO HAJIM4YHE HECKOMIICHCUPOBAHHOIO MAarHUTHOTO MOMEHTA HE MEHSET KaueCTBEHHOI'O
XapakTepa IBOJIIOIHUHA POPMBI CTICKTPOB «UACATBHBIX» ADM YacTHIl ¢ TeMIIepaTypoid, a IPUBOIHT
JMILIB K HEOOJBIIMM KOJIMYECTBEHHBIM ITOIPAaBKaM.

Bripaxato Oirarogapaocts PODU 3a prHAHCOBYIO TIOICPKKY ITOM paOOTHL.

JIUTEPATYPA

1. Yyes M. A. Hyrtaumm HaMarHWYEHHOCTEH IOAPEIMIETOK M UX POJIb B (OPMHPOBAHUHU
MeccOayIpOBCKHX CIEKTPOB aHTU(eppoMarHuTHEIX HaHodacTull / M. A. Uyes // [Tucema B XKOTD.
—2016.—T. 103. — Ne 3. — C. 194-199.

2. Ypee M. A. O TrepMoavHAMHKE aHTU(EPPOMATHUTHBIX HAHOYACTHI] HA TNpPUMEpE
MeccOayapoBckoii ciekrpockonuu / M. A. Uyes // [lucema B dKOT®. — 2012, — T. 95. — Ne 6. — C.
323-329.
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IIpocTpaHcTBeHHAas CHMH-MOAYJIUPOBAHHASA CTPYKTYpPa U
CBEPXTOHKHME B3aMMOJACUCTBHSA siep 'Fe B MYJabTH(epporKax
BiFeO; u BiFe,_. 7,03 (T = Sc, Cr, Mn)

PycakoB B.C.l, IToxkaTuiaoB B.C.z, Curos A.C.z, beank A.A.3, ManHeB M.E.l,
I'amouxka A.M.l, I'n1askosa S1.C.!

"Mockoscrui 2ocyoapcmeennwiil yrusepcumem um. M.B. Jlomonocosa, Mockea (Poccus)
’Mockosckuii mexnonoeuueckuii yuueepcumem, Mockea (Poccust)
SInternational Center for Materials Nanoarchitectonics, National Institute for Materials Science,
Tsukuba (Japan)
rusakov(@phys.msu.ru

Spatial spin-modulated structure and hyperfine interactions of °'Fe nuclei

in BiFeO; and BiFe,_,.7,O; (T = Sc, Cr, Mn) multiferroics
Rusakov V.S., Pokatilov V.S., Sigov A.S., Belik A.A., Matsnev M.E.,
Gapochka A.M., Glazkova Ya.S.

The results of the Mossbauer studies of BiFeOs and BiFe; 7,03 (T = Sc, Cr, Mn) multiferroics
in a wide temperature range including the temperature of magnetic phase transitions have been
presented. The Mossbauer spectra have been analyzed in terms of the model of an incommensurate
anharmonic spatial spin-modulated structure (SSMS) of cycloid type. Information about the effect
of the substitution of Sc, Cr and Mn atoms for Fe atoms on the SSMS and hyperfine parameters of
the spectrum has been obtained.

Metomom MEccOayIpOBCKOI CHEKTPOCKOITUHN MPOBEACHBI JICTAIBHBIC HCCICIOBAHUS BIIUSHUS
3ameneHust aromoB Fe aromamu Sc, Mn u Cr Ha HNpOCTPaHCTBEHHYIO CIHMH-MOAYJIMPOBAHHYIO
ctpyktypy (IICMC), a Takxe 3J€KTpUUECKHE U MarHUTHBIE CBepXTOHKHE B3auMozeicTBus (CTB)
sAep 'Fe B myiabTudeppouke BiFeO; B mmpokoMm amama3zoHe TeMmmeparyp, BKIIOYAIOIIEM
TEMIIepaTypy MarHUTHOTO (ha30BOrO mepexona. [ Bcex mcciemoBaHHBIX (EPPUTOB OMpPEIeIICHBI
TeMIlepaTypHble  O00JacTH  CYIIECTBOBaHHWS  Hecopa3MmepHoil  aHrapmonmueckoir [ICMC
LUKIOUIHOTO THUHa. TemmepaTypHble 3aBUCUMOCTH mapameTrpa asHrapmonuszma I[ICMC wu
napameTpoB CTB yka3bIBaroT Ha TO, YTO BO BCEX MCCIIEAOBAaHHBIX (heppUTax B 0OJIACTH TEMIIEPATYP
~ 350 K mpoucxoaut niepexo ot IICMC tumna «iérkast ock» k [ICMC Tuna «iérkas miocKocTb.
[Ipn Bcex Temmeparypax cyiuiecTBoBaHUs aHrapmonuuyeckoil IICMC oOHapy:XeHO yBeIWYEHHE
rapamMeTpa aHrapMoHu3Ma c 3amenieHueM atomoB Fe Ha atomsl Sc, Cr unum Mn. Tlokazano, uto
3HaYEHUE aHU30TPOMHOIO BKJIA/la B CBEPXTOHKOE MAarHUTHOE I10JI€ MOXKET ObITh OOBSICHEHO TOJIBKO
npu ydere aHuzoTpornuu marHutHoro CTB sizpa ¢ 31eKTpoHaMH MOHHOTO OCTOBAa COOCTBEHHOTO
aToma. Y CTaHOBJIEHO, YTO 3ameleHne aroma Fe Ha arom Sc, Cr uinu Mn B OmmkaiiiemM okpyKeHUH
aToMa Fe npUBOIUT K YMEHBIIIEHUIO U30TPOITHOTO BKJIa/1a B CBEPXTOHKOE MarHUTHOE TOJIE.

Paborta BemonHena npu nopuepxkke PODU (rpant Ne 14-02-01109a) m MunucrepcTBa
oOpa3oBanus u Hayku PO (roczaganue Ne 2014/112, npoekt 1066).
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Magnetic properties of the chain antiferromagnet RbFeSe,

Seidov Z.l’z, Krug von Nidda H.-A.l, Tsurkan V.1’3, Filipova I.3, Giinther A.l,
Aliyev M.4, Vagizov F.S, Kiiamov A.S, Tagirov L.5’6, Gavrilova T.% and Loidl A.

'Experimental Physics V, Center for Electronic Correlations and Magnetism,
University of Augsburg, Augsburg (Germany)
*Institute of Physics, Azerbaijan Academy of Sciences, Baku (Azerbaijan)
3 Institute of Applied Physics, Academy of Sciences of Moldova, Chisinau (Moldova)
*Baku State University, Chair of the Solid State Physics, Baku (Azerbaijan)
Y Institute of Physics, Kazan Federal University, Kazan (Russia)
SE.K. Zavoisky Physical-Technical Institute, Russian Academy of Sciences, Kazan (Russia)

zsyu@rambler.ru

Single crystals of the ternary iron selenide RbFeSe, (with linear chains of FeSe, tetrahedra)
have been investigated by means of X-ray diffraction, Mossbauer, magnetic susceptibility and
specific heat measurements. Our Mdssbauer experiments performed from room temperature (RT)

down to 4.2 K have shown that the compound undergoes a magnetic phase transition near 248 K.
Mossbauer parameters determined in the entire temperature range indicate that iron in RbFeSe; is in
ferric (trivalent) state having strong covalent bonding to selenium ligands. The measured hyperfine
field of 216 kOe at 4.2 K is quite reduced compared with that in high-spin ferric compounds. The
SQUID susceptibility and specific heat measurements confirm that RbFeSe, exhibits 3D collinear
antiferromagnetic order below 7y =248 K with magnetic moments oriented perpendicular to the
chain direction. The strict linear increase of the susceptibility to high temperatures strongly suggests
a one-dimensional metallic character of RbFeSe; along the chains.
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AHOMAaJIbHBbIEC 0COOCHHOCTH CTPYKTYPHBIX NPEBPALIeHU B €J1a00
JIETUPOBAHHOM 0apyeM MAHTAaHUTE JIAHTAHA U UX KOPPeJIsAlus C
(pu3nyecKuMHU CBOMCTBAMU

Cennix B.J1.

HUncmumym guzuxu meepooeo mena PAH, Yepnoeonoska (Poccus)
sedykh@issp.ac.ru

Anomalous features of structure transformations in Ba-doped lanthanum

manganites and their correlation with physical properties
Sedykh V.D.

In the given work the results of investigations of structure transformations in low Ba-doped
lanthanum manganite LagsBagosMnOs.s (with a small amount of Mdssbauer isotope STFe (2 %))
after different heat treatment conditions are presented by Mossbauer spectroscopy and X-ray
diffraction analysis. Interrelation of anomalous features of magnetic and transport properties with
structure transformations in low Ba-doped lanthanum manganite is discussed.

Cpenu nerupoBaHHBIX MaHTAHUTOB JIAHTAHA COEIMHEHUS, JIETUPOBAaHHbIE O0apHeM, BBI3BIBAIOT
MOBBILLIECHHBIA HMHTEpec. B mepByro ouepenp 3TO CBA3aHO € HAJIMYUMEM B HUX psAla aHOMAaJbHBIX
OCOOEHHOCTE! MAarHUTHBIX U TPAHCHOPTHBIX CBOMCTB. OOHApyX eHO, YTO B ITUX OKCHUAAX
MPOUCXOIUT CTPYKTYpHO-(pa3oBoe paccioeHne B 00JaCTH HU3KHX TEMIIepaTryp, MarHUTHOE
pacciioeHre ¢ 00pa30oBaHMEM CMECH ABYX (eppOMarHUTHBIX (a3 ¢ pa3HBIM HaMarHUYCHHUEM,
aHOMAJIbHOE TOBeNeHHE JPPEKTHBHON TEIIOEMKOCTH u BocrnpuuMunBocTH [1]. Hambonee
CYIIECTBEHHBIC U3MEHEHUS MPOUCXOIAT B cliabosiernpoBaHHOM MaHranute LaggsBagosMnOs [2], B
00JIaCTH HU3KUX TEMIIEpaTyp COCYIIECTBYIOT (eppo- W aHTH(PEppPOMArHUTHOE YIIOPSIOUYCHHUE:
(Tn=123.6 Ku Tc = 136.7 K), T.e. mpoucXoauT MarHuTHoe (pa3oBoe paccioeHUeE.

B nmannoii pabore TmpeACTaBiICHBI  pE3yJbTAaThl  HMCCIENOBAHUNA  MEccOayIpPOBCKOM
CTHIEKTPOCKOMHUEH U PEHTICHOBCKOW AM(paKIieid CTPYKTYPHBIX IEPeCTPOeK B cIa00IernpOBaHHOM
OapueM MaHTaHWTe JaHTaHa LaggsBagosMnOsis (¢ mobaBkoit MEccOayIpOBCKOTO HM30TOIMA STFe
(2 %)) B pabote obcyxnaercsi CBA3b aHOMAJBHBIX OCOOCHHOCTEH MAarHUTHBIX W TPAaHCHOPTHBIX
CBOWCTB CO CTPYKTYPHOM MEPECTPONKON B CIa00JICTHPOBAHHOM OapueM MaHTaHUTE JJaHTaHa.

JIUTEPATYPA

1. Beznosov A.B. Magnetic and neutron diffraction study of La,;Ba;sMnO; perovskite
manganite / A.B. Beznosov, V.A. Desnenko, E.L. Fertman, et al. / Phys. Rev. B. — 2003 — V. 68. —
Ne. 5. —-P. 054109.

2. younun C.®. da3oBoe pacclioeHHe B KpHUCTaluie MaHraHuta LagosBagosMnO; / C.D.
Hy6unun, A.B. Kopones, C.I'. TemmoyxoB u ap. // @TT. —2008. — T. 50. — Ne. 1. — C. 69.
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Habaronenne cBepXnpoBoAUMOCTH B CEPOBOAOPOAE C MOMOIIbIO
3¢ dexra MéccoOayrpa npu BLICOKHMX IABJICHUAX

Tposin I/I.A.l, I'aBpuirok A.F.l’z, Riiffer R.3, Yymakos AN} ’4, JIro0yTuH n.c.!

'"®HUI] «Kpucmannozpagpus u pomonuxa» PAH, Mocksa (Poccust)
?Unemumym sideprvix uccnedosanuii PAH, Mockea (Poccust)
3 European Synchrotron Radiation Facility, Grenoble (France)
‘HUI] “Kypuamoecxuii uncmumym”, Mockea (Poccus)
itrojan(@mail.ru

Observation of superconductivity in hydrogen sulfide by the Mossbauer

effect at high pressures
Troyan [LA., Gavriliuk A.G., Riiffer R, Chumakov A.I., Lyubutin L.S.

High temperature superconductivity remains in focus of experimental and theoretical research.
The hydride H,S has been reported to be superconducting at high pressures and with a high
transition temperature. We report on the direct observation of the shielding of the magnetic field in
H,S compressed to 153 GPa. A thin ''”Sn film placed into the H>S sample volume was used as a
sensor of the magnetic field inside the superconductor. The magnetic field at the ''”Sn sensor was
monitored using nuclear resonance scattering of synchrotron radiation from the Mdssbauer ''’Sn
nuclei. Our results demonstrate that an external static magnetic field of about 0.7 Tesla is screened
from the '"’Sn foil due to the shielding by the H,S sample at temperatures between 4.7 and
approximately 145 K, revealing a superconducting state of H,S.

Pabora mocBsiiieHa HCCIIEJOBAaHUIO CBEPXIPOBOJMMOCTH B CEPOBOJOPOJIE, B KOTOPOM IIpH
BBICOKOM JIaBJICHUH MPEICKA3bIBAIOTCA PEKOPIHBIC 3HAUCHHS KPUTHUYECKOW TEMITEpaTyphl (BBIIIE
200 K). Mcnonp3oBaHa CHHXPOTPOHHAS MECCOAyIPOBCKAsT CIIEKTPOCKONHS IJIs JIETEKTUPOBAHHS
MarHWTHOTO TIOJSI B O00BEME CBEPXIPOBOMSIIETO CEPOBOJIOPOJIA, HAXOAAIIETOCS TPU JIaBICHHU
150 TTIa. IlpennmoxkeH © peaidu3oBaH CHOCOO HW3MEPEHHS] MAarHUTHOIO TMOJsI  BHYTpU
cBepxmpoBosmero oopasmna H,S, Haxosmmerocs: mpu BEICOKOM JIaBJICHUU B KaMepe ¢ aIMa3HBIMU
HakoBaJbHAMU [1]. B KauecTBe ceHcopa (1aT4rKa) MAarHUTHOTO ITOJISI KCIIOIh30BaHa (oJibra 0JI0Ba,
oboramenHas MéccOay’poBckuM u3oTornoM Sn-119. VccnenoBanbl 3Ha4€HUs] MarHUTHOTO TIOJIS B
CBEpXMPOBOsIIEM cepoBogopoae mpu nasienun 150 I'Tla B 3aBUCHMOCTH OT TeMIEpaTyphl.
VY CTaHOBIIEHO, YTO CHUJIBHO CXaTblii CEPOBOAOPOJ 3PPEKTUBHO IKPAHUPYET MATHUTHBINA MOTOK 10
temneparypbl 145 K npu Benunuune MarnutHoro nois 0.7 Tn. [lokazaHo, 4TO 3TOT Marepuan
SIBIISIETCSI CBEPXIPOBOJHIKOM BTOPOTO POJia C BRICOKMMHU KPUTHIECKUMU TTapamerpamu [1].

Pabora nonnepxusaercs rpantamu PH® Ne 14-02-00848 u PODU Ne 14-02-00483.

JIUTEPATYPA
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Valence mixing and charge ordering in the RBaFe,O5 double
perovskite (R=Y, Gd, Tb or Ho)

Lindén Johan K. M.l, Karen Pavelz, Lindroos Fredrik J.!

'4bo Akademi university, Physics Department FI-20500 Turku (Finland)
University of Oslo, Department of Chemistry N-0315 Oslo (Norway)
jlinden@abo.fi

Fe-based double-perovskites of the general formula RBaFe,Os, where R is a rare-earth element
increasing in size from holmium to neodymium, can be synthesized under reductive conditions. The
structure was originally synthesized using equal amounts of Fe and Cu [1]. The 100% Fe-based
samples exhibit charge-ordering of divalent and trivalent Fe below a Verwey-transition temperature
Ty and valence-mixing above a premonitory transition temperature 7,. Both 7y and 7}, depend on
the size of the chosen R element, but typically 7), is slightly below room temperature and 7y is
30—40 K below that. Between 7v and 7}, intermediate iron valences of +3—8 and +2+9, respectively
are observed.

In the charge-ordered state the structure is strongly orthorhombic, but upon passing 7y the
orthorhombicity decreases substantially. Upon passing T}, no discernable changes in the structure,
determined by synchrotron XRD, is observed, yet the Mossbauer spectra changes substantially. It
turns out that the 6th d electron of iron is mainly responsible for the changes observed in the
quadrupole splitting, internal magnetic field and isomer shift. A small stiffening of the lattice is also
observed upon passing 7y, witnessed by an increase in the Debye temperature, obtained from fitting
the second order Doppler shift to the isomer shift data.

We have modelled the population of the 6th d electron using the experimentally obtained
hyperfine parameters. Theoretical values for the contributions to the EFG when the d electron is
located in mainly the d.., a’xz_y2 and dz2 orbitals and point-charge estimates for the lattice EFG: s
were used. Spin-only field values were obtained from the 5 K Mdossbauer data. Dipolar and orbital
fields were calculated from the d-electron populations. In the charge-ordered state the d electron
occupies the d,. orbital of the divalent Fe species, explaining the large orthorhombic distortion,
while above T, the a’z2 orbital is favored, with some presence at dxz_yz. This is in accord with DFT
calculations reported in the literature [2].

REFERENCES

1. Er-Rakho L. YBaCuFeOs.s: A novel oxygen deficient perovskite with layered structure / L.
Er-Rakho, C. Michel, P. Lacorre, B. Raveau // Journal of Solid State Chemistry. — 1988. —V. 73. —
Ne 2. —P. 531-535.

2. Spiel C. Density functional calculations on the charge-ordered and valence-mixed
modification of YBaFe,Os.y, / C. Spiel, P. Blaha, K. Schwarz // Physical Review B. — 2009. —V. 79.
—Ne 11. - P. 115123—-13.
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HUccnenoanue amoppubix cruiaBoB Fegs (Cr,Bis (x = 0—20) meToaom
SIMP ua siapax ''B u apdexra méccbayrpa na sgpax ° Fe

ITokaTnj0B B.C.l, Curon A.C.l, Kuraes B.B.”
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"B NMR and *"Fe Méssbauer study of amorphous

Fegs..CrBs (x =0—20) alloys
Pokatilov V.S., Sigov A.S., Kitaev V.V.

Local atomic and magnetic structures of Fegs xCriBs (x = 0-20) amorphous alloys were studied
by nuclear magnetic resonance at ''B nuclei at 4.2 K and °’Fe Mdssbauer spectroscopy at °'Fe
nuclei at 16 K and 7 > T¢. These alloys consist of nanoclusters. Boron and iron atoms have short-
range order of the tetragonal (Fe,Cr);B and a — Fe(Cr) phase type. It has been found that the
substitution of Fe atoms by Cr atoms disturbs the local magnetic moments of iron atoms.

Ilenp paboTBl — HCClIEeOBaHUE BIMSHUE 3aMELICHHs aTOMOB JK€Je3a aToMaMHM XpoMa Ha
JIOKAJIbHYI0 aTOMHYIO M MarHMTHYIO CTPYKTypy B aMopdubix cruiaBax Fego..CrBis (x = 0-20)
METOJIOM SIEPHOTO MATHHTHOTO pe3oHarca (SIMP) Ha siapax ''B mpu 4.2 K u addexra Méccbayapa
Ha siapax °'Fe mpu 16 K u T > Tc. Amopdmbie crumassl Feg,Cr,Bis (x = 0-20) 6blmn m0TydeHs!
METOJIOM CBepXOblcTpol 3akanku pacmiaBa. Crnektpbl AMP usmepsiiuce npu 4.2 K B obGnactu
gactor 1-50 MI'u. Cniektp crutaBa FegsBis mmeeT cierka acuMMeTpuuHy0 GopMy ¢ MaKCUMYyMOM
mpu fy = 37.6 MI'1. 3amenienne aTOMOB jkKejie3a Ha aTOMbI XpoOMa MPUBOJUT K YIIMPEHHUIO
CHEKTPOB, CMENIEHMI0 HMX B CTOPOHY MEHBIIMX YaCTOT U TMOSBICHHUIO JONOJHUTEIHHOIO
HEpa3peleHHOro MUKa CO CTOPOHBI HU3KUX YacToT. [Ipu x = 15 u 20 MakcuMyMbl CHEKTPOB CUIIBHO
CMeEIIeHbI K HU3KUM YactoTaM u jexat rpu 20.0 u 18.5 MI'n, coorBeTcTBeHHO. BBEeneHne atomoB
XpoMma B aMOp(HBIE CIUIaBbl yHIHpsieT MEccOAyIpPOBCKUE CIIEKTPHI. PacmpeneneHus CBEpPXTOHKUX
MaruuTHbIX nonei (CTMII) noka3zeiBatot, uro npu 16 K cpennue CTMII ymensiatores ot 290 k9
mpu x = 0 no 100 xO mpu x = 20, a mupuna pacnpenenenuit CTMII yBenuuuBaercs ot 90 1o
200 k2, coorBercTBeHHO. V3 maHHBIX MECCOAYIPOBCKUX HCCIEAOBAHMA aMOP(HBIX CILIaBOB IpHU
TeMIepaTypax Bbllle TeMieparyp Kioopu onpesenensl 1oKaabHble CTPYKTYPHBIE COCTOSIHUSL aTOMOB
xKene3a B aMOpQHBIX CIUlaBax. B pe3ynbTrare mccineqoBaHnil yCTaHOBICHO, YTO aMOP(HBIE CIUIaBBI
Fego..CrBis (x = 0—20) cocrosT u3 HaHokiactepoB tumna o — Fe(Cr) u TeTparoHanbHOro 60puaa
(Fe < Cr);B. IlonyueHs! 1aHHbIC O JIOKAJIBHBIX MAarHUTHBIX MOMEHTaX aToMoB Fe 1 BIusiHUM Ha HUX
JOTTUPOBaHHU aMOpHBIX crutaBoB aromamu Cr.

Pabora Beimonnena npu nojaepxke PODU (rpant Ne 16-02-14016) u MunoOpuHayku PO
(mpoext Ne 3.1137.2014K).
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Oco6ennoctu SIMP cnexTpockonuu Ha siapax > Fe B
myJabTU(eppouke BiFeO;

IlokaTnjioB B.C.l, Pycakos B.C.z, Curos A.C.!

1 . .
Mockosckuit mexuonoeuweckuil ynueepcumem, Mockea (Poccust)
2 . .
Mockosckuii cocyoapcmeennwiii ynusepcumem um. M.B. Jlomonocosa, Mockea (Poccus)
pokatilov@mirea.ru

Features of >'Fe NMR spectroscopy in the multiferroic BiFeO,

Pokatilov V.S., Rusakov V.S., Sigov A.S.
The influence of concentration of *’Fe isotope and dynamic effects on the shape of the NMR

spectrum in the multiferroic BiFeOs was studied by pulsed nuclear magnetic resonance at 4.2 K.

Metonom HelTpoHorpaduu ycTaHoBI€HO, a MeToioM AMP Ha siapax *"Fe MIOATBEPKIACHO, YTO
mynsTH(eppork BiFeOs; o0namaer mpoCTpaHCTBEHHOW CHHH-MOIYJIHMPOBAHHON CTPYKTYpOU
(IICMC) uuxnouanoro Ttuna. ®opma AMP-criekTpa MO3BOISET YCTAHOBUTH CYIIECTBOBAHUE
[ICMC u onpenenuts napameTp aHrapmonusma m. Henasnue uccnenosanus [ 1] nokasanu, yto s
KOPPEKTHOTO OTpE/eICHUsl TMapaMeTpa m mpu aHamu3e ¢opmel crekrtpa SIMP HeoOxomumo
YUUTHIBATh BIUSHUE JTUHAMUYECKHUX 3()(eKToB.

Llenbto maHHOW pabOTHI SBISETCS M3YYCHHWE BIUSHHS JAWHAMHYECKUX >PQPeKToB Ha (Gopmy
SAMP-cnextpa u napametpsl [ICMC B mynbsTudepponke BiFeOs. MccnenoBanus npoBoAUIuCh Ha
nByx oOpasmax coeauHeHust BiFeO; ¢ oTHOCHTENFHBIM COlepKaHHEM CTAaOMIBHOTO U30TOMA 'Fe B
xommuectBe 95 ar.% u 10 ar.%. V3mepeHus ObImM BBINOMHEHH Ha spax ~ Fe MeToxoM
umnyiscHoro SIMP mpu 4.2 K. HccrnenoBanue nuHamMuyecKuX S(PQEKTOB IMOKA3al0 CHIBHOE
BJIUSIHUE aMILUTUTY/bl BBICOKOYACTOTHOTO MAarHUTHOT'O MOJIs, BpeMeHHU 7> MONEpPEeYHOoll penakcaiyuu
M 3HaueHW kod(p¢unmentoB ycwieHus Ha ¢Gopmy crektpa SMP. CymiecTBeHHBIH BKIaa B
HaOmoiaeMoe 7> BHOCHUT CyJI-HaKaMypPOBCKOE€ KOCBEHHOE B3aUMOJICHCTBUE, KOTOPOE 3aBUCUT OT
KOHLEHTPAUUHU SAAEP ’Fe B WMCCIICIOBAHHBIX obpasmax. Pacumdposka AMP-ciekTpoB ¢ yueTom
BKJIQJIOB AMHaMU4eckux 3¢pdexroB mposenena B pamkax mozaenu [ICMC mukiIongHOTO THTA,
peanu3oBaHHON B nporpaMmMe SpectrRelax. B pesynbTare nonydensl pacnpeaeneHue CBEpXTOHKOTO
MarHuTHOTO TMOJs W 3HAaUYeHHE mapameTpa anrapmonmsma m = 0.25+ 0.07, koTtopoe XOpoIiio
COTJIACYIOTCS C pe3yJIbTaTaMU HEUTPOHOTpaPUUECKUX HCCIEA0BAHUM.

Pabora BemonHena npu nogaepxkke PODOU (rpant Ne 14-02-01109a) 1 Munobprayku PO
(roc3amanme Ne 2014/112 mpoekt Ne 1066).

JIUTEPATYPA
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Zero-field NMR, Mossbauer effect and neutron diffraction in CuFeS,

Gainov R.R.l’z, Golovanevskiy V.A.3’4, Vagizov F.G.l, Khassanov R.R.l,
Douglav A.V.l, Nemkovskii K. , Prokes K.z, Yokaichiya F.2, Russina M.”

'Kazan Federal University, Kazan (Russia)
?Helmholtz-Zentrum Berlin fiir Materialien und Energie GmbH, Berlin (Germany)
ICurtin University of Technology, Kent St., Bentley, Perth (Australia)
*Tomsk Polytechnic University, Tomsk (Russia)
> Forschungszentrum Jiilich GmbH (JCNS), Jiilich (Germany)
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Recent low-temperature studies of antiferromagnetic semiconductor CuFeS; with 7y =823 K
by NMR and Mossbauer effect have revealed the second-order phase transition around 50 K [1].
Antiferromagnetism is caused by Fe electronic spins. The transition observed is connected, likely,
with Cu electronic spins having quite small magnetic moments (less than 0.05 pg), which is in
agreement with previous powder neutron diffraction results [2, 3]. On the other hand, the nature of
the low-temperature magnetic state of chalcogenides in general is still unclear. For example, XAFS
investigation points to the lack of influence of Cu spins on the phase transition at 50 K [4]. As
result, preliminary neutron diffraction studies of a unique single-crystal sample of natural CuFeS,
have been carried out at low temperatures in order to clarify the previous data for powder samples,
including structural and valence state properties. The single-crystal neutron diffraction data is
preferable to that of the powder samples because of the gain in the Bragg peak intensities. First
results prove the presence of the 50 K phase transition. The character of the temperature
dependence points to the structural transformations, which influence on the behavior of electronic
spins. The report presents the results of experimental studies of chalcopyrite CuFeS, and a
discussion of the observed electronic and magnetic properties.

This work is supported partly by the project BMBF-05K12CBI1.
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HuskoremneparypHbie MécCOAyIPOBCKHE U PEHTTEHOCTPYKTYPHbIE
uccjaenosanus peppoodooparos RFe;(BO3), (R =Y, Nd, Sm, Gd)

DpoJioB K.B.l, JIro0yTuHn I/I.C.l, CmupHoBa E.C.l, AJlekceeBa O.A.l, Bepun I/I.A.l,
Be3marepHbIx JLH.?, I'ynum N.Az

IHHcmumym kpucmannoepaguu um. A.B. [Llyonuxosa ®HHUL] « Kpucmannoepaghus u pomonuxay
PAH, Mockea (Poccus)
Unemumym gusuru um JI.B. Kupenckozo CO PAH, Kpacrosipek (Poccust)
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Low temperature Mossbauer and X-ray structural studies of the

ferroborates RFe;(BOs)4 (R =Y, Nd, Sm, Gd)
Frolov K.V., Lyubutin I.S., Smirnova E.S., Alekseeva O.A., Verin L. A.,
Bezmaternykh L.N., Gudim [.A.
The dynamics of phase transitions, structural, electronic and spin states of iron ions in the rare
carth ferroborates RFe3(BOs)s (R = Y, Nd, Sm, Gd) were performed by the *’Fe Mdssbauer
spectroscopy and single crystal X-ray diffraction methods in the low temperature range of 5-295 K.

Merogamu  MEccOay’pOBCKON  CIIEKTPOCKONIMM Ha  SiApax 'Fe u MOHOKPHUCTAJIbHOTO
PEHTTCHOCTPYKTYPHOTO aHAJN3a MCCIEIOBAHBI KPUCTAILTMYECKAS CTPYKTypa, NWHAMHKA (ha30BBIX
MEPEeX00B, CTPYKTYPHBIE, DJIEKTPOHHBIE M CTUHOBBIE COCTOSIHHS MOHOB KeJie3a B PEAKO3EMETbHBIX
deppobdoparax RFe;(BOs)s (R =Y, Nd, Sm, Gd) B urTepBaine remmeparyp 5 — 295 K. O6Hapyx)eHO
aHOMAJIbHOE BO3pacTaHWE IapaMeTpa dIIEMEHTAPHON SYEHKH ¢ TPU TOHWKEHUH TEMIIEpaTyphl
Hmwke 80 K Bo Bcex nuccneioBaHHBIX MOHOKpHUCTaUIax. M3yueHo B3auMoIeicTBUE PEIKO3EMETbHOM
W OJKEJIe3HON MarHMTHBIX MOJCHCTEM M €ro BIHSHHE Ha (OPMHUPOBAHHE MYIBTH(EPPOUITHBIX
CBOMCTB peKo3eMeIbHBIX 00paToB xenes3a. B coenmunenusx YFes;(BOs)s u NdFes3(BOs)4 B 0Omactu
MarHuTHOTO (pa3oBOro mepexoma OOHAPYXKEH TEMIIEPAaTypHBIH THCTEPE3NC CBEPXTOHKHX
MéccOayIpOBCKHX ITapaMeTpoB, He HaOmoAaromuiics B coenuHeHussx SmFes;(BOs)s u GdFes3(BO3)s.

HccnenoBanue BoIONHEHO pH prHaHCOBOM nouepkke PODU (mpoekt Ne 14-02-00483a) u
PH® (rpant Ne 16-12-10464).
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KBantoBas MOJ€JIb MATHUTHOM AUHAMHUKHA OJHOAOMECHHBIX YaCTHUI
AJIA ONMUCAHUS UX KPUBbIX HAMATrHUYUBAHUS U MéCCﬁayE)pOBCKI/IX
CIICKTPOB B cJ1a00M MarHMTHOM I10J1€

Mumenko ML.H.', Yyes M.A.', YepenaHos B.M.%, IHonukapnos M.A.2
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Quantum model of single-domain particles’ magnetic dynamics
for description of their magnetization curves and Mossbauer spectra

in a weak magnetic field

Mischenko I.N., Chuev M.A., Cherepanov V.M., Polikarpov M. A.
On the base of solution of the quantum-mechanical problem concerning particle with spin S,

possessing intrinsic magnetic anisotropy and being placed in non-collinear external magnetic field,
we proposed a universal approach to describing relaxation Mdossbauer spectra and equilibrium
magnetization curves of magnetic nanoparticles for consistent analysis of magnetometry and
gamma-resonance experimental data.

HccnenoBanusi CTPYKTYPHBIX, MAarHUTHBIX U JAMHAMUYECKUX CBOMCTB MaJIbIX YaCTUL[ METOJOM
MéccOayIpOBCKOM CIIEKTPOCKONUU OOBIYHO MPOBOJSAT, OCHOBBIBASICH HA TEMIIEPATyPHOM IBOJIIOLIMU
X KPHUBBIX PE30HAHCHOTO moriouieHus. [Ipm uHTEprnpeTanuu 3KCHEPUMEHTAIbHBIX JAaHHBIX O
MOOOHBIX O0BEKTaX €CTECTBEHHO IPUBJIEUEHUE MHOTOYPOBHEBBIX MOJENEH, OMMCHIBAIOLIUX
TEIJIOBbIE BO30YXXJEHUsS CNUHOB HaHouactull [1]. OmHako cCymiecTByeT W Jpyras, HE CTOJb
pacmipocTpaHéHHas, HO He MeHee HH(OpPMaTHBHAas METOAMKA HM3MEpPEHHs CIIEKTPOB B ciaboMm
BHEILIHEM MAarHUTHOM II0JI€, BBISBIIAIONIAS KaK BHYTPEHHHE IOJI CAMUX YACTHIl, TaK U OOMEHHbIE
B3aUMOJICHCTBUSL B MX aHcaMOmsx. [[ns ommcaHusi TakoW CHUTyalluu HEAABHO OBLIO MPEIOKEHO
00o001eHne crangapTHoil Mozdenu [1], rae cHUMaeTcss OrpaHUYEHHE aKCHAJbHOM CHUMMETpPHM Ha
SHEpreTUYecKuil npoduib yactuipl [2]. Pa3paboTraHHblil OAX0J NPUMEHUM HE TOJIBKO B Cilydae
paBHOBECHBIX MEcCCOay3pOBCKUX CIEKTPOB MM KPUBBIX HAaMarHWYMBaHUS, HO U JOIYCKAaeT
paciupeHue B 00J1acTh JMHaMUYeCcKuX 3((PeKTOB, HAapUMeEp, MAarHUTHOI'O THCTEPE3NUCa.

Pabora BeinmonHeHa npu noanaepxkke Poccuiickoro Hayunoro ®@onna, rpant Ne 14-15-01096.
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HccaenoBanue ocodeHHOCTEH (POPMUPOBAHUS CTPYKTYPHI
ynopsiaouuBampmerocs ciiiasa FePd

Kuaeiinepman H.M., Cepuxosn B.B., Biracosa H.U., Ilonos A.T'.
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Study of peculiarities of structure formation in FePd ordered alloy

Kleinerman N.M., Serikov V.V, Vlasova N.I., Popov A.G.
The aim of the work is to ascertain and compare, in terms of Mossbauer parameters, structure

changes in the process of annealing of FesoPdsy alloys at T = 450—500°C from different initial
states: as cast and quenched from 950°C; subjected then to severe plastic deformation by shear
under pressure, and melt-spun. Conclusions on the difference in the kinetics of the processes of
phase transformation depending on the initial state of the material are made.

B macrosmee Bpems mHTepec K L1y cruraBam, m B yactHocTH FePd, cBs3am ¢ mowmckom
MaTepHUaIoB JUIsl IOCTOSTHHBIX MarHUTOB, HE COJEPKALIUX PEIKO3EMEIbHbIEC 3JIEMEHTHI. Y POBEHb
MarHUTHBIX CBOMCTB 3aBUCHT OT TAaKHX CTPYKTYPHBIX (DakTOpoB Kak (pa3oBbIi cOCTaB, CTENEHb
MOpsIZIKa, pasMep 3epHa, HUCKaKeHus pemerkn W T.4. OmHoit w3 ocobenHocteit Al-Lly
npeBpaileHus, oOHapyxeHHOH B pabote [l], sBisiercst popmupoBanue npomexxyrounoit OL[T-
¢a3el Tuna 46. VccnenoBanus ¢ moMoIibo MEccOay?pOBCKON CIIEKTPOCKOITNH MO3BOJISIOT BBISIBUTH
TOHKHE OCOOECHHOCTH CTPYKTYPHBIX MPEBPALICHUN, aHAIN3 KOTOPBIX MOXET IIOMOYb B pa3padoTke
CHOCOOOB  TIOBBIIICHHS MAarHUTHBIX XapakTepucTHK. Llenpio pa®oThl OBUIO  ONpenenuTh
CTPYKTYpHBIC H3MEHEHHS B TIpoliecce oTkura craBoB FesoPdso mpu T = 450—500°C u3 pa3nudHbIxX
HCXOJHBIX COCTOSIHMM: JINTOro M 3akajeHHoro oT 950°C; moaBeprHyToro 3areM HMHTEHCUBHOU
IUTACTUYECKOM nedopMmary; ObICTpO3aKaJeHHOTO U3 pacmiaBa. C MOMOIIBIO MPOTrPaMMHOTO
naketa MSTOOLS [2] npoBoaWIN KaK MOCTPOCHUE ABYXbAJIEPHBIX pACTIPEEICHUI BEpOSATHOCTEMN
CBEPXTOHKHMX IIOJIEH, TaK M Pa3jIOXKEHUE CIIEKTPOB Ha MaplualbHblE BKIanabl. 13 comocraBienus
JAHHBIX, IOJyYEHHBIX IOCIE OTKMIOB PA3HON NPOJOJIKUTEIBHOCTH, BBISIBJICHBI HOBBIE JIE€TaJIH
CTpykTypHOTrOo Tmiepexona Al-Lly w caemaHsl BBIBOJABI O pa3lIWYMsIX B KHHETHKE (Ha30BbIX
IIPEBPALLEHUH B CIIJIaBE B 3aBUCUMOCTH OT UCXOJJHOT'O COCTOSIHUS.

Pa6ota Bemonnaena npu noanaepxke YpO PAH (mpoekt Nel5-9-2-19).
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First-principles calculations of alloyed cementite (Fe-Ni);C

Dobysheva L.V.

Physical-Technical Institute, Ural Branch, Russian Academy of Science, Izhevsk (Russia)
lyukal 7@mail.ru

Cementite, which exists as a dispersed phase in a carbon steel, strongly affects its mechanical
and magnetic properties. Alloying elements in a steel can also enter a lattice of cementite, thus,
affecting size, form, and properties of the cementite particles. In particular Ni, which is used in
steels for improving their mechanical properties and is not a carbide former, was shown [1] to enter
the lattice of cementite and change its magnetic properties.

In [2] cementite with Ni was obtained by mechanical alloying followed by a thorough
annealing, the method being able to produce samples with a high content of cementite (up to 95—
100 %) [3]. The samples obtained were studied in [2] by X-ray diffraction and magnetic
measurements and Mdssbauer spectroscopy. Interpretation of experiments and understanding the
underlying processes is hindered by the fact that distribution of Ni in the samples was not uniform:
the susceptibility curve showed two Curie temperatures at 220 and 240 °C, both being a bit higher
than that of pure cementite. So, the authors considered this as evidence of two types of cementite,
namely, Ni-enriched and Ni-depleted cementite.

In this work we have conducted first-principles calculations of electron structure of cementite
with Ni replacing iron atoms with concentration close to that in [2]. The unit cell was fully relaxed
through finding minimum of total energy over the lattice parameters and atomic positions. The
calculated values of atomic magnetic moments, hyperfine parameters at Fe nuclei are used for
interpretation of the magnetic and Mossbauer experimental data.

This work was supported by the Ural Branch of Russian Academy of Sciences Ne 15-6-2-16.
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O030p padoT o siIepHOMY pe30HAHCHOMY paccessHui0 HAa ESRF

Yymakos A.H.
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Review of nuclear resonance scattering studies at the ESRF

Chumakov A.L
A review of recent studies of superconductivity [1], nanomagnetism [2], strongly correlated
systems [3], magnetism and dynamics of 2D systems [4], geophysics [5], etc., performed at the
Nuclear Resonance beamline of the European Synchrotron Radiation Facility is presented.

Crannus simepHoro pezoHaHcHoro paccesnusi ID18 Eppometickoro Ilentpa CUHXpOTPOHHOTO
W3nyuenuns (ESRF) nosBonser Poccuiickum yu€HbIM IPOBOAUTH UCCIIEN0BAHUH (@) AIEKTPOHHBIX U
MarHUTHBIX CBOWCTB U (0) aTOMHOM AMHAMUKHA METOJAaMU SIJIEPHOTO PE30HAHCHOTO PACCESHUS.

3asBKM Ha MPOBEIEHUE DKCIIEPUMEHTOB MPUHUMAIOTCS OT JIF000T0 MccienoBarens. Pabora B
lentpe He TpeOyeT omuaThl OT MOAAIONIMX 3asBKUM POCCHICKMX WHCcienoBarenel, Tak Kak
¢unancupoBanue LleHTpa ocymiecTBsieTcss B paMKax IPaBUTEIbCTBEHHBIX IPOTPaMM CTpaH-
y4aCTHHUI, B YHUCJIO KOTOpbIX BXoAMT Poccus, W BKiIO4aeT B ceds oOmiaTy BceX 3aTpar
I0JIb30BATENIEH, B TOM YUCIIE IPOKUBAHUE, TUTAHUE U MTPOE3.

B noxmagme pacckaspiBaeTcsi 00 HCCIEIOBAaHUAX B O0JacTH CBEpXIPOBOIUMOCTH [1],
HaHOMarHeTu3Ma [2], CUCTEM C CHJIbHBIMHU JJIEKTPOHHBIMU KOppeisiusmMu [3], marHetusma u
JTUHAMUKHU 2-MEpPHBIX cucTeM [4], reodusuku [5] u Apyrux, BHIIOJIHEHHBIX HA CTAHIUU AJIEPHOTO

PE30HAHCHOT'O paCCCAHUAA.
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MécchayspoBcKoe ucciaeq0BaHue
MOAYJMPOBAHHON MArHUTHOM CTPYKTYpbI FeVO,

Co0oJ1eB A.B.l, Pycakos B.C.l, I'amouka A.M.l, I'nmaskoBa }I.C.l, ManuHeB M.E.l,
IHankpartos JI.A.', IIpecusikos M.A.'

1 . .
Mockosckuii eocyoapcmeennuiii yHusepcumem umenu M.B. Jlomonocoea, Mockea (Poccust)
ipresniakov(@rambler.ru

Maossbauer investigation of modulated magnetic structure of FeVO,

Sobolev A.V., Rusakov V.S., Gapochka A.M., Glazkova Ya.S., Matsnev M.E.,
Pankratov D.A., Presniakov [.A.
We report new results of the >’Fe Mossbauer study of powder sample FeVO, that demonstrates

two successive magnetic phase transitions at 7x; = 22 K, and Tn; = 15 K. The analysis of the very
complex Zeeman structure for magnetic hyperfine spectra is consistent with planar elliptical
(T<Tn2) and collinear (7n2 <7< Tn1) modulated magnetic structures, that is in qualitative
agreement with a previous neutron diffraction study. The obtained large anharmonicity parameter
ma sk ~ 0.88 of the helicoidal spin structure results from easy-axis anisotropy in the plane of the iron
spin rotation. Analysis of the experimental spectra was carried out assuming an anisotropy of the
magnetic hyperfine field Hyy at the >'Fe nuclei when the Fe’" magnetic moment rotates with respect
to the principal axis of the electric field gradient tensor.

[IpeacraBnensl pe3ynbTaThl MEccOay’pOBCKOro wuccienoBanus MynbTudepponka FeVOy,
MPOSIBJISIIOIIETO J1BA MarHUTHBIX (ha30oBbIX mepexoma npu Ini =22 K u Tne = 15 K, mepBorii u3
KoTophiX (7N1) CBS3aH C MEPEXOAOM MapaMarHeTHK-aHTU(deppoMarsHeTuk, a BTOpor (7n2) — co
CMEHOI THNa MPOCTPAHCTBEHHON MOIYJSAIMM MarHUTHON CTPYKTypbl BaHanata. Ha ocHoBaHuun
JIAHHEIX pacueTa Ten3opa I'DI1 Ha sapax ° Fe mpoBeeHa KPUCTALIOXMMUYECKAs HCHTH(UKAIS
NapUUalIbHBIX MECCOAyIPOBCKUX CHEKTPOB, OTBEYAIOIIMX Ppa3IMYHBIM KpHCTAIOrpaduyecKuM
noummaM katnoroB Fe''. CriexTpsl, m3MepeHnsie B uuTepBane Ty < T'< T, aHATH3HPYIOTCS B
MPENOI0KEHNN 00 aMIUTUTYAHON MOAYJISLIMY MarHUTHBIX MOMEHTOB aTOMOB jkeje3a. Pe3ynbraTsl
MOJIeNIbHOM pacmu@poBkH crieKTpoB Mpu I < Tnz CBUAETENBCTBYIOT O BBICOKOW aHTAPMOHUYHOCTH
(ma4 gk ~ 0.88) renuKkonJaIbHOM MarHUTHOW CTPYKTYPBl M aHU30TPOIUH CBEPXTOHKOI'O MAarHUTHOTO
nomst (Hyp) Ha siapax ° Fe, IeMOHCTPHPYS XapaKTePHbIE 0COOEHHOCTH MYJIbTH(HEPPOHKOB BTOPOTO
pona. IlomydyeHHble TeMmIiepaTypHble 3aBUCUMOCTH MapaMETPOB CBEPXTOHKUX B3aUMOIECHCTBUIA
sinep ° Fe aHATH3MPYIOTCS B paAMKaX MOJIENIH MOJIEKYJISIPHOTO 1moist Beifcca i B IPEAonokeHuu 06
OpOUTATLHOM BKJIa/leé B MArHUTHBIE MOMEHTBI KATHOHOB XKeJle3a.

Pabota BrimonHeHa npu noanepxke Poccuiickoro ®onga dynnamentanbHbeix McciaenoBanuid,
rpanT Nel4-03-00768.
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MécchayrpoBcKoe ucc/ieJ0BaHue CTPYKTYPHbIX MOAYJIALIUI B
MaHranurax AMn,0,, (4 = Ca, Sr, Cd, Pb)

I'J1a3koBa H.C.l, benuxk A.A.z, Co0o1eB A.B.l, IIpecusikoB A

"Mockosckuii I ocyoapcmeenublil yuueepcumem um. M.B. Jlomonocoesa, Mockea (Poccust)
? Hayuonanvnwiii HUncmumym Hayx o Mamepuanax, Llykyoa (Anonus)
janglaz@bk.ru

Maossbauer investigation of structural modulations

in AMn;0,, (4 = Ca, Sr, Cd, Pb) manganites
Glazkova Ya.S., Belik A.A., Sobolev A.V., Presniakov [.A.
We discuss the results of Mossbauer study of the iron-doped manganites AMn;0,, (4 = Ca, Sr,

Cd, Pb) in temperature range of orbital ordering (7o0) where the structural modulation is observed.
In accordance with modulations of quadrupole splittings A4 driven by structural modulations we
determined quadrupole splittings profiles versus temperature and its distributions at 7' < Too.

Hns mynsTudeppouka CaMn;0,, xapakTepHa HecopazMepHasl CTPYKTypHasi MOYJISIIHS BIOJTb
reKcaroHajJbHOM OcH B 00JacTH HMXKE TEMIEpaTypbl opOUTaIbHOro ynopsanoueHus oo = 250 K.
[TonoOHbIE CTPYKTYypHBIE CUTHAJBI B 3TOW 00JIACTH TEMIIEpaTyp, CBUAETEIbCTBYIOINE O HAIMYUU
MOJYJISIIUH JTaJbHETO TOPSIKa, OBLIH TOJXYYECHBI C MCIOJIb30BAHUEM PEHTTCHOBCKOW NU(PAKINN
Ha CUHXPOTPOHHOM H3JIY4YCHHHM W JUIS JPYTHX ABOWHBIX MaHTaHUTOB — SrMn;0;,, CdMn;0i; u
PbMn;0,, HeAaBHO CUHTE3UPOBAHHBIX U HCCIEIOBAHHBIX HAMHU.

[ nony4eHus JOMONMHUTEIbHON HH(POPMALIUU O MIPUPOIE U3MEHEHNH JIOKAJIbHOU CTPYKTYPBI,
MPOTEKAIUX B MaHraHuTax AMn;0;, (4 = Ca, Sr, Cd, Pb) B o6mactu cTpykTypHOTO (hazoBOro
Nepexoa, CBA3aHHOTO C OpPOWTAIBHBIM YIOPSJAOYEHHUEM, OBUIM TPOBEJCHBI JIETAJIbHBIC
MEccOayIPOBCKHE HCCIIEIOBAHMS JOMMPOBAHHBIX ATOMAaMHK ~ Fe 00pa3IioB MAHTAHATOB B IIHPOKOM
nuana3zoHe temneparyp. /laHHble TOTYSMIUPUUECKUX PACUETOB PEHIETOUYHBIX BKJIAJOB B TPAJAUEHT
snexTpraeckoro moms (1) Ha syapax ° Fe MO3BONMIH, B YaCTHOCTH, OOBACHATH HAOMIOTAEMBIC
BBICOKME 3HAYCHHS KBAJPYINOJBHBIX paculielieHuii B MéccOayspoBckux crekrpax (MC),
M3MEPEHHBIX B 00JIaCTH MPEAIOaraéMbIX TeMIepaTyp OpOUTaIBHOTO yrnopsnodeHus. [lapamerps
I'OI1 6bun ompeneneHsbl B paMKax KPUCTALTUYECKON PEMIETKH C MOIYJISIIIMEH aTOMHBIX MO3HUITUH.
B cooTBeTCTBMM € W3MEHEHUSMHM 3HAYEHHUM KBAJPYNOJbHBIX PaCUICIUICHU /4, BbI3BaHHBIMHU
CTPYKTYpPHOM MOJyJsilMed, Mbl MOCTPOMUJIM 3aBUCHMOCTH KBAJPYHOJbHBIX PpACLICIUIEHUH OT
TeMIiepatyp u3MepeHuss u ux pacnpeaenenus npu I < Too. Cpennme 3Hauenuss 4 B MC,
n3MepeHHbIX B auamnaszoHe temmnepatyp oT 90 K no 300 K, okazanuch 3HAUMTENBHO BBIIIE, YEM
paccuuTaHHbIE TEOPETUUYECKHU AJI1 HEMOAYIMPOBAHHON CTPYKTYpbl. OnieHeHHble 3 MC 3HaueHus
Too XOPOILIO COTIIACYIOTCA C pe3yJibTaTaMu (PU3NUYECKHUX METOIOB UCCIICAOBAHMUS.

Pabota BeImonHeHa npu nojuaepxkke Poccuiickoro ®onna dynnamenransabix MccnenoBanui,
rpasT Ne 14-03-00768.
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Localized and itinerant electron ferromagnetism in two-dimensional
organo-metallic networks

Ovanesyan N. S.l, Nikitina Z .K.l, Shilov G. V.', Makhaev V.D.l, Li Ya.

Institute of Problems of Chemical Physics, 1, Akad. Semenov av., 142432, Chernogolovka (Russia)
’Institut Parisien de Chimie Moléculaire, 4 place Jussieu, 75252, Paris Cedex 05 (France)
kolya44@mail.ru

Metal compounds containing (DHBQ)>, choranilate (ClAn)* etc., as bis-bidentate ligands
having delocalized n-system are attractive for constructing new molecule-based magnets. Recently,
both bimetallic (NBus),[MFe(ClAn);], M = Mn-Cu, and monometallic [(H30).(phz);] [M2(ClAn)s],
M = Mn, Fe, compounds with extended networks were synthesized [1, 2]. Here we report a
characterization of a new family of monometallic compounds with TBA counter cation,
(NBuy)2[M>(CCl1,04)3], M = Mn, Fe, Cu. They possess a stack of [MZ(C6C12O4)3]2', highly distorted
honeycomb layers, separated by a double (NBuy)' cationic layer. Exchange interaction of
Cu*/Mn*" localized moments via (ClAn)* bridge reveals the expected antiferromagnetic long-
range ordering. For Fe-derivative, contrary to the expected Fe’™ charge state, the Mdssbauer
spectroscopy reveal delocalized mixed-valent Fe>> state related to a valence tautomeric transition
Fe*" (ClAn)* = Fe’" (ClAn)”". Electron delocalization leads to a ferromagnetic long-range ordering
of iron magnetic moments (7¢c = 12.5 K) following the double exchange (electron transfer)
mechanism. Ammonium cation replacement of NPny for NBuy does not affect the ferromagnetic
transition temperature, while the bromanilato substituent, (NBus)),[Fex(BrAn)s;], leads to the
lowering of 7 to 8 K.

In contrast to many molecular magnets usually belonging to the category of insulators the
electronic exchange between the metal centers favors a semiconducting behavior with low
activation energy. Coexistence of ferromagnetic ordering and electric conductivity within the same
sublattice are in accord to the double exchange mechanism for mixed-valence anilato-bridged
compounds.
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1. Nikitina Z.K. Bimetallic chloranilate complexes (R4E)[M"FeHI(C604C12)3](R4E = BwyN,
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2. Shilov G.V. Phenazineoxonium chloranilatomanganate and chloranilatoferrate: synthesis,
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JlokaJbHBIH HArpPeB cpeabl B HAHOOKPECTHOCTH s1Apa >’Co,
57
npesparuBLIerocd B 1Apo - Fe B pesyibrare npouecca E-3axBara

Crenanos C.B."”, Bsikos B.M."*, Ileppunnes 10.]11.", Kynukos JLA.

"MTY um. M.B. Jlomonocosa, Xumuueckuii paxynvmem, Mockea (Poccust)
’I'HI] PO UTA®, Mockea (Poccust)
I Hayuonanshuiii uccredosamensckuii sdephuiii yhusepcumem “MHUDH ", Mockesa (Poccus)
‘PXTY um. JI.U. Menoeneesa, Mockea (Poccust)
stepanov(@itep.ru

Local heating in the nanovicinity of the >’Co nucleus, transformed into

>’Fe as a result of the E-capture

Stepanov S.V., Byakov V.M., Perfiliev Yu.D., Kulikov L.A.

We have estimated a local heating which takes place owing to the ionization energy losses at
the terminal part of a fast positron track and at nano-vicinities of the °’Fe Mdssbauer nuclei in case
of the emission Mossbauer spectroscopy. It is shown that in experiments close to the melting point
one may expect local melting near the probe species.

B snepHO-QM3MYECKHX METONaX WCCIEOBaHUS KOHJICHCHPOBAHHBIX cpen (TakWx, Kak
MO3UTPOHHAS W MIOOHHAs CHEKTPOCKOIMM, MArHUTHBIA PpE30HAHC Ha TOJSPU30BAHHBIX
pPaIMOAKTUBHBIX SApaxX, METOA BO3MYIIEHHBIX TaMMa-KOPPEJSIHiA) BIMSHUE OTHOCHUTEIBHO
OOJIBIIOTO JIOKAIBHOTO YHEPTOBBIJCIICHUS] B MECTE PACIOJIOKECHUSI YaCTHIBI-30HAA (TIO3UTPOHA,
MIOOHA, UMIUTAHTHPOBAHHOTO Spa) MOXET OKa3aThCs BeChMa CYIIECTBEHHBIM. JTa OCOOCHHOCTH
MMEEeT MECTO U B 3MHCCHOHHOM BapuaHTe MéccOayspoBckoi cnektpockonuu (OMC), xorga B
M3y4aeMyl0 TBEpPAYI0 Cpedy TpEeABAPUTEIBHO BBOJATCS B HHYTOXXHO MaJjoOW KOHIEHTPAIUU
PaIMOAKTHBHBIEC SAPA, HApUMED,  CO, KOTOPHIE MOCIe SMEKTPOHHOTO 3aXBATa MPEBPAIIAIOTCS B
BO30Y K ICHHBIE MECCOAayIPOBCKHE sIapa Kenesa, - Fe*. B 3aBHCHMOCTH OT IPHPO/IBI 30HANPYOIICH
YaCTHUIIBI M XapaKTepa ee BBEACHUS B U3yUaeMyIO Cpey BOKPYT 3TOH YaCTHIIBI MOTYT 00pa3oBaThCs
1100 MOH-3JIEKTPOHHBIE TAPhI, THOO MPOUCXOANTH KaCKaIbl aTOMHBIX CMEIIeHHA. TeM He MeHee, U
B TOM WM JPYTrOM CIy4ae 3TH TPOILECCHl COMPOBOXKIAIOTCS 3aMETHBIM JIOKAJIHHBIM TOBBIIICHHEM
TEMIIEPaTyPhI CPEIIBL.

Paccmotpen mporecc obpazoBanusi Oke-0100a (HAHOPA3MEPHOTO CKOIUICHHS U3 JBYX-TPEX
COTEH HOH-3JIEKTPOHHBIX Map) BOKPYT PaIMOAaKTHBHOrO atoma ' Co, mperepresmero E-3axpar ¢
TOCITEAYIOMMM HCIIyCKAHHEM TOYEpHHM aToMoM ° Fe kackama Ose-31eKTporHoB. O6CyKaaeTcs
3pdeKT  JTOKaTPHOTO  TOBBIIEHUS  TemmepaTypsl B Oxe-0mobe,  0OyCIOBICHHBIN
SHEPTOBBIJICIIEHUEM B X0/I€ HOHU3AIMOHHOTO TOPMOXKEHUsT OXKe-3JIeKTPOHOB M TIOPOKICHHBIX HMHU
BTOPUYHBIX 3JCKTPOHOB. OD(PQEKT TMpeaIuIaBIeHUs MOXKET MpPOSBUTHCS B HCUYE3HOBEHHUHU

0€30TIaYHOM 10JIM raMMa-u3IydeHus: MEccOayIpOBCKUX SEP.
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B03M0XHOCTH MPUMEHEHHSI MECCOAYIPOBCKOM CIIEKTPOCKONINH B
MaTepHAIOBEYECKHX HCCIeJ0BAHUAX

Bypxanos I'.C.

Hncmumym memannypeuu u mamepuanogeoenusi um. A.A. batikoea Poccuiickotl akademuu Hayx,
Mocksa (Poccus)
genburkh@imet.ac.ru

Possibilities of application of Mossbauer spectroscopy

1n materials science research

Burkhanov G.S.
Possibilities of Mdssbauer spectroscopy for the study of new superconducting compounds, such
as iron selenides, and Nd-Fe-B-based magnetic materials are discussed.

Ha ceromnsimauii 1eHbp ¢ moMomibio 3ddekra méccbayrpa Hamboiee aKTUBHO HCCICAYIOTCS
XUMIYECKHE COSIMHEHHNS, B COCTAB KOTOPBIX BXOIAT H30TOMbI ¢ ' Fe  '°Sn. Kpyr Hcmoms3yempix
HU30TONOB MOCTENEHHO PACIIUPSIETCS: 61Ni, 67Zn, lnga, 187W, wlIr, 197Au, ]SlEu, 155Gd, 166Er, 19Tm.
OcoOblif HHTEpEeC HAUMHAET MPOSBIATHCS K U30TONAM PEIKO3EMENbHBIX U IUIATHHOBBIX METAJUIOB.
Mertammdeckne (a3pl ¢ y4acTHEM OTHX METAJUIOB OTJIUYAIOTCS MPOSBICHUEM aHOMAaJIbHBIX
3¢pdeKTOB, OCOOCHHO TPH HHU3KOM COJIEPKAHMM MPHUMECEH, KOTOpBIE YacTO OKa3bIBAIOT
Mackmpyromiee jaelicteue. Oddekr MéccbOaydpa OTKpBIBaeT OOJBIINE BO3MOXKHOCTH  JUIS
HCCIIEIOBAaHUSl TPUPOJBl AaHOMAIbHBIX (a3, MarHUTHBIX M DJIEKTPUUECKUX IOJeH OKOJIO
M3JIy4aTesel-a/1ep, MarHuTHOW CTPYKTypbl W MArHUTHBIX CBOMCTB COEAMHEHUMM M CIUIABOB,
0COOEHHOCTEH XMMHUYECKOHN CBSI3U M JMHAMUKN KPUCTAILTMUECKON PEIIETKH ATHX (a3.

BecbMa nepcrneKTUBHBI C 3TOM TOYKU 3pEHUS] HOBbIE CBEPXIIPOBOJHUKU Ha OCHOBE CEJIEHU]IOB
xene3a (FeSe), koToppie 00agar0T CIOMCTON KPHUCTALTUYECKOH CTPYKTypoil. B mpomexyTku
MEXIy CJIOSMH MOTYT OBITh WHTEPKaUTUPOBAHBI aTOMBI MIEJOYHBIX METAJUIOB, YTO MPHUBOAMT K
pocty kputudeckoi temmepaTtypsl oT 6 1o 40 K. B 3aBucumMoctr oT mpupoas! Ga3sl MarHeTU3M
MO>KET HE TOJIbKO HE MOJIABIIATh, HO M YJIy4IllaTh CBEPXIPOBOAUMOCTD.

Metox MéEccOayIpOBCKOM CIIEKTPOCKONMN MOXET OBITh HCIIONB30BAaH IPH HCCIIEJOBAHUT
CTPYKTYPHBIX 0ocobeHHOCTeH BBICOKOKOIPLIMTUBHBIX MarHUTHBIX MaTepUasos,
MarHUTOCTPUKIMOHHBIX 3((dekToB. bomplioe BHUMaHWE TPHUBIEKAIOT PEIKO3EMENbHBIC (a3bl
JlaBeca ¢ TWraHTCKOM MAarHUTOCTPHUKLMEH, B KOTOPBIX CIHMH-IIEPEOPUEHTALIMOHHBIA IEPEXOL
COIPOBOXKAAETCA PE3KUM M3MEHEHHEM IIMPOKOT0 KOMILIEKCA CBOMCTB.
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Structural, magnetic properties and Mossbauer spectra of
Bao.s Sl'().s COxAlx Felz_zx 019 (x = 0.2, 0.4, 0.6, 0.8 and 1)

Singh C.', Zaki H. M.>*, Abdel-Latif I. A.**°, Singh J.°,
Narang S. B.”, Joshi R.!

'Department of Electronics and Communication Engineering, Rayat Bahra Institute of Engineering
and Nanotechnology Hoshiarpur (Punjab India)
? Department of Physics, Zagazig University , Zagazig (Egypt)
Department of Physics, King Abdul Aziz, Jeddah (Saudi Arabia)
*Department of Physics, Najran University Najran (Saudi Arabia)

7 Reactor Physics Department, NRC, Atomic Energy Authority, Abou Zabaal, Cairo (Egypt)
Department of Electronics and Communication Engineering, Yadavindra college of Engineering,
Punjabi University Guru Kashi Campus, Talwandi Sabo (Punjab India)
thab_abdellatif@yahoo.co.uk

The structural, magnetic and Maossbauer spectroscopy analysis of barium-strontium
hexaferrites; Bags Sros Co,Al; Fejao, O19 (x = 0.2, 0.4, 0.6. 0.8 and 1) prepared using conventional
solid state method is presented in this work. There is variation in lattice constants with substitution
that is an indication to we achieved the substitutions in the crystallographic sites. It also implies that
casy magnetized c-axis undergoes more contraction than a-axis with Co>” and Al’" ions
substitution. Hysteresis loops showed, in our case, that all the samples exhibit sharp increase in
magnetization at low applied field followed by a slow variation at high field; this is a typical
behaviour of multi-domain particles. Our results showed maximum BHy.,x in undoped
Bay sSrosFe 2019 ferrite (x = 0.0) due to highest coercivity. Thus, composite, x = 0.0, stores more
energy than composite Co—Al substituted in Ba—Sr ferrite compositions. The same reason applies
for the highest remanence magnetization (M;) or retentivity of 7.48 emu/gm in undoped
composition x = 0.0 and it decreases with substitution of Co®" and A’ ions. Five magnetic sextets,
deduced from fitting of Mossbauer spectra, are corresponding to five crystallographic position.
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MécchayrpoBcKoe ucCaeI0BaHUE JIOKAJIbHBIX
KPHUCTAIOrPa(pUYeCKOM U MATHUTHOM CTPYKTYP
okcodocdara xeqesa (III) Fe;PO,

AKYJIEHKO A.A.l, Co0oJeB A.B.l, IMankpatoB I[.A.l, I'nmaskoBa }I.C.l, IIpecusikoB n.A!

"Mockoscrui 2ocyoapcmeennwiil yrusepcumem umenu M.B. Jlomonocosa, Mockea (Poccus)
alena.akula3@mail.ru

Maossbauer study of the local crystallographic and magnetic structures of

iron (IIT) oxophosphate Fe;PO;

Akulenko A.A., Sobolev A.V., Pankratov D.A., Glazkova Ya.S., Presniakov [.A.
We report new results of the Mdssbauer study of the iron (III) oxophosphate Fe;PO; which

demonstrates unusual non-collinear magnetic structure. Mossbauer spectrum in paramagnetic
temperature region was compared with local crystallographic structure of Fe;PO5, in particular with
parameters of electric field gradient on *'Fe nuclei. At T < Ty Mossbauer spectra were discussed in
terms of non-collinear helical and conical magnetic structures of Fe;PO.

B pabore mpencraBineHsl pe3yiabTaThl  MECCOAYIPOBCKOTO HCCienoBaHus okcodocdara
xenesa(Ill) FesPO;, obnagatomero HekommHeapHO MarHUTHOHN cTpykTypoil. FesPO; aBnsercs He
TOJIbKO MEPCIEKTUBHBIM MaTEpUajoM JI UCIOJb30BAaHUS B JIMTUNH-MOHHBIX aKKyMYJsTOpax, HO U
MIPUBJIEKATEIIbLHBIM O0BEKTOM ISl UCCIIEI0BaHUS (PyHIAMEHTAIbHBIX MAarHUTHBIX CBOWCTB.

MéccbayspoBckasi TMarHOCTHKA TIO3BOJIMIIA 0XapaKTEPH30BATh BAIIEHTHOE COCTOSHHE XKele3a,
a TaKkXKe JIOKAJbHBIE KPUCTAIUIOrpapUUecKyl0 M MarHUTHYIO CTPYKTYpbl TaHHOTO (ocdara.
MéccOayapoBCckuil  CIEKTP *’Fe NoJIMKpUCTAILTNYeckoro  obpasna FesPO;, u3MepeHHBIH B
rapaMarHUTHOM 00JIaCTH TEeMIeparyp, MPEACTaBIseT cOOO0W KBaApPYIOJBbHBIA TyOJeT, KOTOPBI
MOYKHO OTHECTH K KaTHOHaM Fe’ B BBICOKOCITHHOBOM COCTOSIHHH B TPHTOHATBHOM OHITHPAMU/IE H3
QHUOHOB  KHCJIOpO/Ja,  YTO  COOTBETCTBYET  KpHCTalIM4eckod  ctpykrype  Fe;POs.
DKCrepuMEHTAIbHOE 3HaYEHUE KBaIPYIOJIBbHOIO PACILEIIICHHUS] HAXOAUTCS B XOPOILEM COTJIaCUH C
paccuuTaHHBIMU B paMKaX HOHHOM MOJIETH MapaMeTpaMy rpajgueHTa snexkrpudeckoro mouss (I'9I1)
Ha sapax *TFe. [Tonmyuennass mHpOpManusi O B3aUMHOW OpHeHTanuu KommoHeHT [DI1 Obura
WMICIIONTB30BAHA MPH HHTEPIPETAIMH CIEKTPoB ~'Fe B  MArHHTOYIOPSIOYCHHOH 06IacTH
TEMIEPATYP.

MéccbayaspoBckue criektpbl FesPO; mpu Temmeparypax m3aMepeHus: Huxe 1N MPEeaCTaBIsSIOT
co00il CIOXKHYI0 aCHMMETPHUYHYIO YIIMPEHHYI0 MarHUTHYIO CBEPXTOHKYIO CTPYKTYypy, KOTopas
Oblla MHTEpPIPETHpOBaHA B paMKaX HEKOJUIMHEApHBIX TeJIMKOUJAIbHON M KOHYyCOOOpa3HOM
MarHUTHOM CTPYKTyp coenuHeHus. llpencrtaBieHbl M NpoaHAIM3UPOBAHBl TEMIIEPATypHBIE

3aBUCHUMOCTH CBCPXTOHKNUX MArHUTHBIX TOJIeH.
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HUccnenoBanne MArHUTHBIX (PA30BbIX MPEBPALIEHUI B YACTHIAX
CeJICHU/IA KeJjie3a, MOJIyYeHHbIX METO/I0M BbICOKOTEMIIEPATYPHOM
TBepAO(a3HOUN peaKkuuun

Bbaaysu T.I'., HoBakoBa A.A.
Mockosckuii cocyoapcmeennwiii ynusepcumem umernu M.B. Jlomonocosa, @usuueckuti paxyromem,
Kageopa ¢puzuxu meepooco mena, Mockea (Poccust)
tarinax(@yandex.ru

Investigation of magnetic phase transition in the solid state reaction-

obtained iron selenide particles
Baluyan T.G., Novakova A.A.

In this work Fe;Seg particles were investigated by means of X-ray diffraction, electron
microscopy and Mdssbauer spectroscopy. The structure of the particles was discovered to be the 3C
superstructure, the size of the particles was in the interval on 2—50 pm. Analysis of Mdssbauer
spectra show that the spin transition in this system occurs smoothly in the temperature range from
120 to 150 K and behaves in a different way for different sublattices.

B nmanHOii paboTe MeToIaMH 3JIEKTPOHHOW MHKPOCKOIIMH, PEHTI'CHOBCKOW AU(paKIuH MU
MEccOayIpOBCKOM CHEKTPOCKONMUHU uccienoBancs obpaszenr FesSes ¢ 3C  cBepXCTpyKTypoid,
MIOJIyYE€HHBIM METO/1I0M BBICOKOTEMIIEPATYpPHOM TBEpAO(Da3HON peaKIMU ¢ IOCIEAYIOLIEH 3aKaIKOil.

ONeKTpoHHAs MHKPOCKOIHUS IOKa3aja pPacHpeieiIeHHe YacTHI[ 10 pa3MepaM B IIMPOKOM
uHTepBaie OoT 2 m0 50 MkM. MéccOay’poBCcKkre CHEKTphl oOpas3la CHUMAalUCh B HWHTEpBAJC
temneparyp ot 80 mo 297 K, nmpu 3TOM npu KOMHATHOW TeMIIepaType ObUT TaKkKe IMOTydeH CIEKTP
oOpa31a BO BHEILIHEM MarHUTHOM 1osie BenuunHoit 1 T

Maremarnueckast 00paboTKa M aHAIM3 MeccOAy3POBCKUX CIEKTPOB IMOKA3alIM HAINYHE TPEX
MOJpenmeTok B CTpykType Fe;Seg, COOTBETCTBYIOMIMX pPAa3IWYHBIM TIOJOXKECHHUSM BAaKaHCUH B
KPUCTAJUIMYECKON pemeTke oOpas3na. AHalu3 TEeMIIEpaTypHBIX 3aBHCUMOCTEH 3(h(EeKTHBHOTO
MarHWTHOTO TIOJIS TTOKa3al, YTO TIEPEOPHEHTAIMS CITMHOB, ONMChiBaeMas B [1, 2], mpoucxomuT He
npu Ttemneparype 125K, a B unrepBane temneparyp ot 120 mo 150 K. Ilpum srom mus A
HOJpEIIeTKN HaOMIoJaeTcsl CHayajla yBEJIWMYeHHE, a 3aTeM yMeHblleHue 3(dexTuBHOrO
MarHMTHOTI'O NOJISl Ha siApax skene3a npu temneparypax 150 K u 125 K cooTBeTcTBEHHO, B TO BpeMs
kak C moapereTka NoKa3bIBaeT TOJIBKO CKaukooOpa3Hoe yBenuueHue nois npu 130 K.

JIUTEPATYPA

1. Boumford C. Magnetic properties of the iron selenide Fe;Ses / C. Boumford, A.H. Morrish //
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2. Ok H.N. Mossbauer study of “3¢” superstructure of the ferrimagnetic Fe;Seg / H.N. Ok, K.S.
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TemneparypHblie uccienosanus myjabtudeppouxa BiFej9Mng 1905
METOIaMH MECCOAyIPOBCKOI CIIEKTPOCKONUHA

Pycakos B.C.l, IToxkaTuiaoB B.C.z, Curos A.C.z, beank A.A.3, ManHeB M.E.l,
Camouka A.M.', Kynaakos K.B.., JlykbpsiHOBa E.H.'

"Mockoscrui 2ocyoapcmeennwiil yrusepcumem um. M.B. Jlomonocosa, Mockea (Poccus)
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Temperature study of BiFej 99Mny 1003 multiferroic by Mossbauer

spectroscopy methods

Rusakov V.S., Pokatilov V.S., Sigov A.S., Belik A.A., Matsnev M.E.,
Gapochka A.M., Kulakov K.V., Luk’yanova E.N.
The results of the Mdssbauer studies of BiFeooMny 1003 multiferroic in a wide temperature

range including the temperature of magnetic phase transition have been presented. The Mossbauer
spectra have been analyzed in terms of the model of an incommensurate anharmonic spatial spin-
modulated structure (SSMS) of cycloid type. Information about the effect of the substitution of Mn
atoms for Fe atoms on the SSMS and hyperfine interaction of °’Fe nuclei has been obtained.

Meroagamu mMEccOayIpOBCKOM CHEKTPOCKOMUU Ha SApax >"Fe nccrenoBana MPOCTPAHCTBEHHAS
cnuH-MoayiaupoBanHas ctpykrypa (IICMC), a taxke 3I€KTpUUECKUE U MarHUTHBIE CBEPXTOHKHE
B3aumozeiicteuss (CTB) B mynbrudepponke BiFepooMng 003, YcTaHOBI€HO, YTO MpPUMECHBIE
atoMbl Mn pacnpenenensl no no3unusaMm atoMoB Fe B ctpykrype BiFeO; cinyuaitHpiM 00pazom.
[Ipu TemmepaTypax HU)KE TEMIEpaTypbl MarHUTHOTO YHOPSAOYEHHs] 00pasyeTcss HecopazMepHas
anrapmonnyeckas [ICMC nuMkiIouaHOro THma, B KOTOpOH y4acTBYIOT aTOMBI JKeJie3a ¢ pa3IndHbIM
KaTHOHHBIM OKpyxeHueM. [Ipu Bcex temneparypax cyuiecrsoBanusa [ICMC ¢ 3amerienneM aToMOB
Fe Ha atombl Mn mapameTp aHrapMoHu3Ma yBeJIMYUBaeTcCs. B pamkax MoJenu Hecopa3MepHOM
anrapmonnyeckoil [ICMC UMKIOMZHOTO THIIA TMONY4YEHbl TEMIIEpaTypHbIE 3aBUCUMOCTHU
M30TPOMHOTO ¥ aHU30TPOIHOIO BKJIAJI0OB B CBEPXTOHKOE MarHUTHOE MoJie. AHU30TPOIHBIN BKIAJ C
MOBBIIICHUEM Temmepatypsl cHaudana (¢ ~ 5 K) cmabo Bozpactaer, a 3arem (mocie ~ 300 K)
yOBIBaeT, cTpeMsCh K HyJIto Ipu ~ 565 K. TemneparypHble 3aBUCUMOCTH ITapaMeTpa aHrapMOHU3Ma
[ICMC u napametrpoB CTB yxka3siBatoT Ha TO, uto npu ~ 325 K nmpoucxoaut nepexoxn ot IICMC
tuna «Jjerkas ocb» k [ICMC Tuna «ierkas miockocTh». 3amenieHue atoma Fe Ha atom Mn B
OnmxkailiieM KaTHOHHOM OKpY’KeHHHM aroMa Fe mpHBOAUT K YMEHBIIEHUIO U30TPOMHOIO BKJIaJga B
CBEPXTOHKOE€ MAarHMTHOE II0JIe, IPU 3TOM HE MPHUBOAUT K 3aMETHOMY H3MEHEHMIO JPYIHX
napametrpoB CTB: aHM30TpONHOrO BKJIaJa, CABUIa U KBaJAPYIOJIBHOIO CMEILEHUS.

Paborta BemonHena npu nopuepxkke PODU (rpant Ne 14-02-01109a) m MunucrepcTBa
oOpasoBanus u Hayku PO (roczamanue Ne 2014/112, npoekt 1066).
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IlapamMarHuTHasi MArHUTOCTPUKIUSA B TepOUn

|l“0z[013mc03 C.K.‘

HUUAD um. /1.B. Crobenvyvina MI'Y um. M.B. Jlomonocosa, Mockea (Poccus)
godov(@srd.sinp.msu.ru

Magnetostriction of Tb in paramagnetic state

\Godovikov S.K.|
This study is a part of a search for various manifestations of self-organization in crystals. Long-

period oscillations were observed for site populations of Sn atoms in Tb single crystal.

Haiineno mnpuHIMNUAILHO HOBOE  SIBJIGHHE B  PSAY  PEIKO3EMENIbHBIX  METaJIJIOB
(MOHOKPHUCTAITMYECKUNA TEpOMil): MarHUTOCTPUKIMS B TMapaMarHUTHOM COCTOSIHMH, KOTOpas
WHULIMUPYET aBTOKOJEOATECIbHBIA MPOIECC MEPEMEIEHUs aTOMOB IpuMecu (Sn) Mo CTPYKType.
[IpnunHa KonebGaHuii — HABEJEHHOE, B JAaHHOM CJIy4ae MAarHUTOCTPUKIUEH, JIOKaIbHOE JaBJICHHE
[1]. [Tepuoxn xonebanwmii ~ 11 qHEH, JTUTSIBHOCTH ~ 3 MecCsIIIa.

W3mepenuss mpoBeneHbl INpu KoMHaTHoW Ttemmeparype; 7Tn=230 K. MaruutHoe mnone
MIPUKJIABIBAIIOCH BJIOJIb OCH JIETKOIO HaMarHu4YuBaHus B TeueHue | vemenu no 97 nus (1 kO) u B
teduenne 11 nueit go 281 mus (8 kD), yto ormeueHo Ha puc.l. McxomHesle mnapamerpsl
ME€ccOayIpOBCKOTO CrieKTpa oOpasiia MoHOKpucTaummueckoro Tb, neruposannoro 0.5 at. % Sn,
oGoramteHHoro ' ’Sn, cBeneHbl B TabumIy 1.

3aBUCUMOCTh OTHOILIEHUS 3acelIEHHOCTEN
nonoxxenuii (A2/A1) mpumecHoro aroma Sn
B TI.aLy. cTrpyktype Tb oT BpemeHu
npeacrasieHa Ha puc. 1. Ilpmpoma stmx

ABYX Pa3JIUYHBIX IIOJIOKCHUH A0IMyCKaeT

A2/A1

Pa3siINIHbIC TOJIKOBaHU n KACT

NATbHEUIINX UCCIIEJOBAHMIA.

1kOe 8 kOe

Tabauya 1. TlapameTpsl MEccOAYIPOBCKOTO 5
crekTpa 06pasua MoHokpucramia Tb 0 100 200 300t days

Ssn, MM/C [, mm/c Puc. 1. 3aBUCUMOCTb OTHOIIIEHUS 3aCEIEHHOCTEN
Cunrner 1 | 1.8044+0.038 | 0.655+0.044 nostoskennid (A2/A1) mpumecHoro aroma Sn B T.ILY.

Cunruer 2 | 2.222+0.025 cTpykType Tb ot Bpemenu

JIUTEPATYPA

1. Godovikov S.K. The formation mechanism of a time order in the activated BiFeO3
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Mossbauer study of polymer composites with spatially oriented
ferromagnetic particles of different composition and shape

Kiseleva T.Yu.l, Kabanov V.M.l, Zholudev S.IZ, Novakova A.A.l, Markov G.P.}

"Moscow M.V.Lomonosov State University, Faculty of Physics. Moscow (Russia)
’Technological Institute for Superhard and Novel Carbon materials, Troitsk (Russia)
ISchmidt Institute of the Physics of the Earth, RAS, Moscow (Russia)
vm.kabanov(@physics.msu.ru

Elastic metal-filled polymer composite materials combining the elasticity matrix and filler
functionality show special significance in the modern technologies for the purpose of formation of
the protective coating, the magnetic sensor technology, positioning systems. In addition to the
concentration of the filler particles, their spatial orderly arrangement in the polymer matrix, specific
properties of the particles such as shape anisotropy, size and phase composition, interfacial and
interparticle interactions plays a significant role in the formation of the achieved functional
properties. Our earlier studies [1, 2] have shown that the use of particles of magnetostrictive phase
composition in combination with shape anisotropy and its directional orientation in the
polyurethane matrix allows to form magnetically anisotropic elastic material showing significant
magnetodeformational effect. In this paper we analyzed the influence of the particle’s form factor
and size on the achieved magnetomechanical effects and its anisotropy. Composites were formed on
the base of the polyurethane filled with spherical and platelet iron- containing particles that were
spatially oriented by external magnetic field during polymerization in the chains inside polymer
matrix. In order to identify the structural and morphological factors that affect the anisotropic
effects, we analyzed the interaction of particles with a polymer matrix and the effects of the
magnetic anisotropy using Mdossbauer spectroscopy in the geometry on the absorption and with
registration of conversion electrons by CEMS. Magnetic texture along the particle’s chains in which
the particles are located along theirs anisotropy axis has been established. The different anisotropic
magnetic and mechanical effects of elastic modulus, viscosity and saturation magnetization have
been revealed.

REFERENCES
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Low temperature Mossbauer study of Fe osTe

Kiiamov A.G.l, Vagizov F .G.l, Tagirov L.R.l, Lysogorskiy Y.V.l, Tsurkan V.2’3, Loidl A.3,
Tayurskii D. Al

"Institute of Physics, Kazan Federal University, Kazan (Russia)

*Institute for Applied Physics, Academy of Sciences of Moldova, MD-2028, Chisinau (Moldova)
Experimental Physics V, Centre for Electronic Correlations and Magnetism,
University of Augsburg, Augsburg (Germany)

AiratPhD@gmail.com

FeTe is actively investigated after discovering superconductivity in FeSe which has similar
layered crystal structure [1]. FeTe shows antiferromagnetic order at low temperatures [2]. It is well
known that FeTe always grows with excess iron atoms [3] which affect the electronic properties [4]
and complicate magnetic order of Fei+,Te compounds [2]. Mdssbauer measurements at low
temperatures (LT) were carried out in order to investigate the features of magnetic ordering in
Fe; ¢sTe compound which contain excess iron atoms. Mdssbauer spectrum collected at 4.2 K has
complex shape with a number of lines which could be attributed to several magnetic sextets. The
minimal number of sextets which allows us to describe accurately the LT spectrum was found equal
to four (with following partial sub-spectra areas distribution: 0.46, 0.31, 0.17, 0.06). The occurrence
of the four contributions into the LT spectrum also could be a signature of intrinsic property of the
Fei+yTe compound. Existence of the four magnetically non-equivalent iron positions in the lattice is
confirmed by our ab initio calculation of the Mdssbauer spectra parameters.

The support by the subsidy allocated to Kazan Federal University for the state assignment in
the sphere of scientific activities and by the Program of Competitive Growth of Kazan Federal
University is gratefully acknowledged.
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Study of cation distribution in single crystals
Mn,_.Fe,BO,4 (x = 0.34, 0.53, 0.72) through Mossbauer spectroscopy

Knyazev Yu.V.l'z, Kazak N.V.z, Bayukov O.A.Z, Bezmaternykh L.N.Z, Solovyov L.A.3,
Platunov M.S.z, Ovchinnikov S.G.’

!Siberian Federal University, Krasnoyarsk (Russia)
’Kirensky Institute of Physics, SB of RAS, Krasnoyarsk (Russia)
I Institute of Chemistry and Chemical Technology, SB of RAS, Krasnoyarsk (Russia)
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Single crystals Mn,_Fe,BO4 (x = 0.34, 0.53, 0.72) with warwickite structure have been synthesized
by flux-method [1] for the first time. The obtained lattice parameters from X-ray diffraction are agreed
with that for MnFeBOy [2]. Scant information about ion distribution and valent state supplemented by
Mossbauer spectroscopy at room temperature. Each of all spectra can be represented by the
superposition of four Fe*" doublets (D1-D4) that indicates different magnetic environment of Fe’" ions
(Table 1).

Table 1. Hyperfine parameters obtained from RT Mdssbauer spectra of Mn,_Fe,BO4

X Doublet I5(=0.01), 05, (£0.02), W, (£0.02), A, (£2.0), % Position
mm/s mm/s mm/s

D1 0.395 1.26 0.314 35.2 M1
0.34 D2 0.401 1.56 0.297 20.1 M1
' D3 0.411 0.54 0.304 16.2 M2
D4 0.401 0.92 0.349 28.3 M2
D1 0.399 1.11 0.329 31.7 M1
0.53 D2 0.398 1.42 0.344 17.3 M1
' D3 0.399 0.51 0.304 18.9 M2
D4 0.401 0.82 0.323 32.1 M2
D1 0.402 1.02 0.282 32.1 M1
0.72 D2 0.404 1.31 0.291 14.2 M1
' D3 0.411 0.55 0.301 20.2 M2
D4 0.405 0.76 0.292 33.5 M2

This work has been financed by the Council for Grants of the President of the RF (SP-938.2015.5),
the RFBR (Ne 16-32-60049 mol a dk, Ne 16-32-00206 mol a), SB RAS program Ne II.2P contract
0358-2015-0005 and by “UMNIK” program.
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Ab-initio study of electronic correlations and disproportionation in the
x=2/3 phase of sodium cobaltates

Lysogorskiy Y.V., Krivenko S.A., Nedopekin O.V. and Tayurskii D.A.
Institute of Physics, Kazan Federal University, Kazan (Russia)

s.a.krivenko@mail.ru

Recent *’Co nuclear magnetic resonance (NMR) measurements have detected an unusual
metallic state with a regular arrangement of the 3d(Co) electrons in the triangular cobalt lattice of
the CoO, slabs of the lamellar cobaltate Na,;3Co0O; [1,2]. Namely, at 7 < 400 K the Ilattice

13

disproportionates into the spin-less sites Co [Sd(tégg)] with the occupied electronic #,, cubic levels

and the remaining magnetic sites Co2’**"*

which form the kagome sub-lattice, containing the
itinerant holes C04+[3d(t52g)]. Experimentally, a transition to this phase concurs with the ordering of
Na' cations in the single-ion Nal and six-ion Na2 positions within the sodium planes, alternating
with the CoO; slabs in the layered material [3].

In the present work, we have theoretically studied a formation of this unusual metallic state of
the Co planes. In particular, we have investigated an interplay between mutual correlations of the
itinerant d electrons and their coupling to the sodium superstructure. To this end, the electronic
states have been calculated ab-initio for the system with an exact crystallographic cell containing
264 atoms [1] in a dependence on the energy U of the Coulomb repulsion within the 3d shells,
employing the GGA+U approximation. We have found that the ground state possesses a crossover
from a uniform to the spin/charge non-uniform regime at U > U.=2 eV. At the realistic U = 5 eV
the disproportionate metallic state appears, with the completely suppressed magnetism of the Col
sites and the extended spin-active holes hopping within the magnetic kagome lattice Co2. We have
established concurrent transitions of Co2’" ions to virtual higher-spin S = 1 states ¢'»e,, which
enhance correlations in the d-shells due to the Hund’s coupling and substantially reduce the energy
of the non-uniform state of the metal. Both the calculated magnetic/charge structure of the Co
lattice and the magnitudes of spin moments are in conformity with those observed in the NMR
experiments [1,2].
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MéccOayIrpoBcKasi CIEKTPOCKONMS BKJIYEHU HHTEPMETAJINI0B
B IIUPKOHUEBBIX CIJIABAX

Kupuyenko B.I'.
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Maossbauer spectroscopy of intermetallic phases inclusions

in zirconium alloys
Kirichenko V.G.

In work the interrelation of processes of growth of inclusions of intermetallic phases and their
surface segregation in binary and threefold alloys on the basis of zirconium is found. We determine
the diffusion coefficient of iron atoms in intermetallic inclusions as Dg. = 3.5-10° ¢cm?/s, which is
an order of magnitude below the diffusion coefficient of Fe in alpha- zirconium.

OOHapy>keHHasl IPUIOBEPXHOCTHAsI Cerperanus HHTEPMETANINYECKUX BKIIOYEHUH B CIIJIaBax
LUPKOHMSI TO3BOJIAET HA MHUKPOCKOIMYECKOM YpPOBHE MOHATh U HM3YyYHUTh POJIb BBIIEICHHIH,
MEXaHU3Mbl M IYyTU TMOBBIIICHUS PAJAMALMOHHOW M KOPPO3HMOHHOM CTOMKOCTH IMPKOHUEBBIX
cIuiaBoB. lccnenoBaHuWe TNPUNOBEPXHOCTHBIX CIIOEB CIUIABOB IUPKOHMUS HEOOXOJUMO s
IeJICHATPABICHHOTO BEIOOpA THTIA B BUa 00pabOTKH MOBEPXHOCTHU CIUIABOB IUPKOHUSI.

Jlyist ipoBeieHust ucciieIoBaHusl ObUTA U3roToBICHBI cruiaBbl: Zr — 1.03a1.% Fe; Zr — 0.51 at.%
Fe; Zr—0.51 a1.% Fe — M (M = Nb, Sn, Ta). Ucnonb3oBanace Méccbay’poBcKasi CIIEKTPOCKOMHUS
Ha sapax 'Fe B reOMETPUU OOpPATHOTO PACCESIHUSI C PETUCTpaLUed 3JIEKTPOHOB BHYTpPEHHEH
koHBepcun (MCKD). Ananu3 moBEpXHOCTH OOpPAa3IOB MPOM3BOAMUIN C MOMOIIBIO CHEKTPOMETpA
«Camebax MBX 268» u ckaHupyOUIHX IEKTPOHHBIX MUKpockornmoB JEOL JSM-840 u «Quanta
3D».

OOHapy>X€HO yBEIMYEHHE TOBEPXHOCTHOW KOHIIEHTpAllMM aTOMOB JKeje3a B COCTaBe
BKITIOYCHUN MHTEPMETAINTUIECKUX (a3, KOTOPOE KOPPETUPYET C POCTOM Pa3MEpPOB BKIIFOYCHHUN TIPH
TEPMHUYECKOM OTXKUI€ CIUIABOB. YBEJIMYEHUE IOBEPXHOCTHOW KOHILIEHTpAllUM AaTOMOB >KeJe3a
HaynHaeTcd ¢ TemnepaTtypsl okura 900 K mpu pazMepax BKIIIOUEHUH OKOJI0 45 HM.

B pamkax npocTol MOJEIM acCUMMMETPUYHOIO pOCTa HMHTEPMETALIMYECKHX BKIIFOYCHMI,
MPUBOSAIIETO K MX MHUTPALMU M B3aMMOJCHCTBHIO C TPaHUIIAMU 3€PEH, orpeneneH Koddduiment
maddy3ur aTOMOB Kene3a B HHTEPMETAIUTHYECKOM BKTIOUeHHH Dg. = 3.5-107 cm’/c, uro Hmxe,
aem kodddumment muddysun aromos Fe B anbda - mapkonnu (2.5-107 cm?/c).
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Structure of surface nanolayers of yttrium iron garnet films

Kirichenko V.G., Kovalenko O.V.

Karazin Kharkiv National University, Kharkiv (Ukraine)
val_kir48@mail.ru

The aim of this work was to study the elemental composition of the transition layers in yttrium
iron garnet (YIG) films on substrates of gadolinium gallium garnet (GGG), modeling and analysis
of the effect of irradiation by helium ions on thin-film structures.

YIG films was obtained by the method of ion-beam sputtering of YIG target enriched to 25%
*’Fe isotope and by pulsed laser deposition on the substrate as GGG (111) orientation. Elemental
analysis of subsurface layer YIG films produced with the use of spectrometry of Rutherford
backscattering (SRBS) using proton beams (E=1 MeV) or a-particles (E=2.2 MeV). Phase
composition of the surface layers of YIG thin films was determined by Mdssbauer spectroscopy on
’Fe nuclei in backscattering geometry of detection of internal conversion electrons (CEMS).
Irradiation of thin films carried out by He" ions with an energy of 26 keV.

Analysis of the Mdssbauer doublet scattering spectra of three groups prepared thin-film
structures (option 1 — Y3FesOj, ion-beam sputtering target Fe,O3-Y,0O3; and deposition on a
substrate GGG, option 2 — pulsed laser deposition of Fe,O3—Y,03 on the substrate GGG, option 3 —
ion-beam deposition of Fe;O; on GGG substrate gives different results. Option 1 is characterized by
the scattering spectra with the mean values of the isomer shift (relative to the matrix Cr) equal to
0.4 mm/s and quadrupole splitting — 1.25 mm/s. Option 2 and Option 3 are characterized by
scattering spectra with average values of isomer shift about 0.25 and 0.2 mm/s and quadrupole
splitting — 0.5 and 0.6 mm/s, respectively. Comparison of data indicates that the formation of films
in the case of options 2 and 3 gives the iron ions with increased s-electron density at the nuclei.

When using the SRIM analyzing the ion ranges and recoil atoms it is obtained that the peak
recoil atoms toward the surface is displaced relative to the ions. The peak of implanted ions of
helium it is locatel at a depth 2154 A. Parameters stopped ions in the form of the projected range
and radial section depending on the depth of the layer exhibit non-monotonic behavior at a
maximum depth of penetration of ions. The number of oxygen atoms is significantly greater recoil
than yttrium and iron atoms. The resulting two-dimensional graphics can be represented in the
program SRIM as 3D-distribution in the depth target range O ... 1 micron width and pads 100 A.
The scattering spectrum of the YIG film after annealing at 800 K leads to the formation of a
magnetically ordered phase. After that ions H' and He" were implanted. From the intensity ratio of
the spectral lines of the magnetically ordered phase were estimated average value of the angle 0
between the normal to the film surface and the direction of the magnetic moment of the iron atoms,
which coincides with the direction of the easy axis. The results obtained using the methods SRBS,
CEMS agree well with each other and show significant heterogeneity YIG films. Implantation of
helium ions leads to a change in orientation to the ¢ = 90° only in Bi, ,Gdg sFes 4Gag6O1».
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HccaenoBanue jiokaabHou cTPyKTYpbI BiNiQ; MeTogoM 30H10B0#
. . 57
MéccOayIpPOBCKOI ClIEKTPOCKONUM HA saapax ~ Fe

JIleknHa IO.O.I, I'naskoBa SI.C.I, beank A.A.z, Co0oJ1eB A.B.l, IIpecusikoB AL

"Mockosckuii I ocyoapcmeennviil Ynusepcumem umenu M.B.Jlomonocosa, Xumuueckuti
¢axynemem, Mockea (Poccus)
’International Center for Materials Nanoarchitectonics (WPI-MANA), National Institute for
Material Science (NIMS), Llyxyba (Anonus)
yuliyalyokina@gmail.com

Investigation of bismuth nickelate BiNiO; local structure by >'Fe probe

Mossbauer spectroscopy
Lekina Yu.O., Glazkova Ya.S., Belik A.A., Sobolev A.V., Presniakov [.A.

The local crystallographic and magnetic structures of BiNiO; perovskite were investigated for
the first time by *'Fe probe Mdssbauer spectroscopy. It was shown the presence of ferric ions in
distorted octahedral sites of BiNiOj; structure. Using a semi-quantitative nearest neighbor cluster
model, the information about strength and sign of the super-exchange interactions between Fe’ and
Ni*" ions has been obtained. A consistent description of the results in the framework of the Weiss
molecular field model allowed to estimate exchange integrals.

Hukenar BiNiOs mposiBisieT HEKOTOpbIE OCOOCHHOCTH IO cpaBHeHUI0 ¢ apyrumu RNiOs co
CTPYKTYpOIl TUIIa MEPOBCKUTA, TNI€ R — peKO3eMeNIbHBIN AeMeHT. HTepeC K 3TOMY HUKENATy U
€ro KaTHOH-3aMEIIEHHbIM IPOU3BOJHBIM OOBSICHSETCA HAOMIOAAEMBIM JUIsl HUX OTPULIATEIbHBIM
KOX(QQHUIUEHTOM JHHEHHOTO TEMIIEPaTypHOTO pACIIMPEHUs, OOYCIOBJICHHBIM CIICIU(PUKON
MPOIIECCOB 3apsIOBOTO yropsiodeHus. COriaacHO NTaHHBIM HEUTPOHOTpahUIECKUX HCCIIeTOBAHUN
U PEHTTEHOBCKOW abcopOmmMoHHON criekTpockonuu, BiNiO; mpu OOBIYHBIX YCIOBHSIX OOJagaet
TPUKIMHHON CTPYKTYpO#, B KOTOPOH JUCIPONOPLUOHMPOBAHHE 3aTPArMBacT MOAPEUIETKY
BuemyTa: (Bi' o sBi” 05)(Ni*" )O3 mpn koMHaTHO#T Temmepatype.

B sTo0ii pabore ObuTa BriepBBIE MCIIOJIB30BaHA 30HI0BAas MECCOAyIPOBCKAst CIIEKTPOCKONHUS Ha
sapax *'Fe Ui M3YdeHHs JOKAaNbHBIX KPUCTAIOrpaduuecKoil M MArHUTHON CTPYKTYp HHKENATa
BiNi0.9657Feo,o403 B IIMPOKOM HHTEpBajie Temneparyp. [lokaszaHo, 4ToO mpUMECHBIE aTOMBI KeEe3a
HaXOJATCS TOJBKO B TPEXBAJIEHTHOM COCTOSSHMM. Ha OCHOBaHMU MOJyIMIHPUYECKUX PAaCUETOB U
COIOCTABJICHUA MX C JKCIEPUMEHTAIbHO OLICHEHHBIMH 3HAYEHHSIMH CBEPXTOHKHX I1apaMETpOB
OBLTH HCCIIEI0BAHBI OCOOCHHOCTH MATHHTHBIX COCTOSHUH IPHMECHBIX aTOMOB ~ Fe,

UccnenoBanme  nopaep:xkano  rpantamu  Poccuiickoro  @onaa  DyHAaMEHTaAIbHBIX
UccnenoBanuii Ne 16-33-01028 u Ne 14-03-00768.
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HccaenoBanune xpomutoB RCrQO; (R = T1, Bi) co crpykrypou
MEPOBCKUTA METOA0M 30HA0BOM MECCOAYIPOBCKOM CMIEKTPOCKONNM HA
57
sapax ~ Fe

JleknHa IO.O.I, I'naskoBa H.C.l, Beii I/I.z, beaux A.A.z, Co0o1eB A.B.l, IIpecusikos AL

"Mockosckuii I ocyoapcmeennviil Ynusepcumem umenu M.B.Jlomonocosa, Xumuueckuti
¢axynemem, Mockea (Poccus)
? International Center for Materials Nanoarchitectonics (WPI-MANA), National Institute for
Material Science (NIMS), Llyxyba (Anonus)
yuliyalyokina@gmail.com

>’Fe probe Mossbauer investigation of RCrO; (R = Tl, Bi) perovskites
Lekina Yu.O., Glazkova Ya.S., Wei Yi., Belik A.A., Sobolev A.V., Presniakov . A.

Perovskite-type compounds of R**B**0; general formula have been attracting a lot of attention
for decades because of their physical and chemical properties. Chromites with R*" = TI*" and Bi*"
have been investigated by °'Fe probe Mossbauer spectroscopy in comparison with rare-earth (REE)
perovskite-type chromites. It has been shown, that saturation °'Fe hyperfine field Hy(0) of
TICrgos° FegosO; is far above of those for REE chromites. This feature was discussed in terms of
TI**-O bond covalence. BiCrpos  FeposO; exhibits an unusual behavior of hyperfine field
temperature dependence which was connected with spin-reorientation transition.

Coemuaennst ¢ obuieit gopmyioit RBOs (R =Y, La-Lu, B = V, Cr, Mn, Fe, Co, Ni u
NipsMng5) O CTPYKTYypOii MIEPOBCKUTA YK€ JOJITO€ BPEMS IIPUBJICKAIOT MHOTO BHUMAHHUSI B CBS3U C
WX BaXHBIMH U HHTEPECHBIMUA XUMUYECKUMH U (PU3NYECKHUMHU CBONCTBAMU.

B Hacrosielt pabote nmpuBeeHB MECCOAYIPOBCKHE UCCIICTIOBAHUS 00PA3IOB TICrg05° Feg 0503
Hu BiCr0.9557Feo,05O3 B IIUPOKOM HHTEpBaje TeMmieparyp. M3 TemmepaTypHBIX 3aBUCHMOCTEN
CBEPXTOHKUX TIapaMeTpoB ObLIM OIlleHEeHbl 3HaueHus Temmepatyp Heemst 7N, CBEPXTOHKHX
MarHuTHBIX 1osei HackimeHus Hy(0) 1 CBEepXOOMEHHBIX UHTETPAIOB Jre-0-Cr-

CpaBHeHue 3HaueHuil Temneparypbl Heenst 7 U CBEpXTOHKMX MAarHUTHBIX IOJIEH HACHIIICHUS
Hy(0) xpomwuToB TlCr0.9557Feo.0503 u BiCr0.9557Feo,05O3 CO 3HAQYEHUSAMH ISl APYTUX XPOMHUTOB
RCrO; (R =Y, La — Lu) moka3aJo CyIIecTBEHHO 60jee HU3KHE 3HAUCHMS, 9eM OKHIAEMBIC JUIS
3TUX coenuHeHWH. Takue pa3inuuus ObUIH CBSI3aHBI C OCOOCHHOCTSIMH DJICKTPOHHOTO CTPOCHHS
nonos TI" u Bi*".

Kpome Toro, Ob1J10 TIPOJEMOHCTPHUPOBAHO HEOOBIYHOE MOBEICHHE CBEPXTOHKOM MAarHUTHOMN
CTPYKTYpbl XpPOMHUTAa BHUCMYTa BiCro,9557Feo.o5O3, CBSI3AHHOE CO CHHUH-NIEPEOPUEHTALIMOHHBIM
MePEeX0I0M MPU HU3KUX TEMIIepaTypax.

Pabora nognepxana rpantom Poccuiickoro @onna dynnamenransubix Mecnenoanuit Ne 14-
03-00768.
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JloxkajibHbIE CTPYKTYPHBIC€ COCTOAHHUSA IPUMECHBIX aTOMOB JK€JI€3a B
57
IMEPOBCKUTAX Lal_xCOO.gg Fe0,0203 (x =0- 0.50)

MakapoBa A.O.l, IToxaTnioB B.C.z, Curos A.C.l, Kuraes B.B.

1 . .
Mockosckuit mexuonoeuweckuil ynueepcumem, Mockea (Poccust)
2 . .
[Ooicnviii pedepanvruiii ynusepcumem, Pocmos-na-/lony (Poccus)
pokatilov@mirea.ru

Local structural states of Fe — impurity atoms in the perovskites
La;«Cog.os” Fep 0203 (x = 0 — 0.50)
Makarova A.O., Pokatilov V.S., Sigov A.S., Kitaev V.V.
The perovskites La;,Co 0.9857Feo.0203 (x = 0—0.50) were studied by Mdssbauer effect on

impurity nuclei of °’Fe at room temperature and 12 K. The octahedral and pyramidal positions of Fe
atoms were detected.

AHaIM3 JINTEPATyPHBIX JTaHHBIX ITOKA3bIBACT, YTO MPOOJIeMa JIOKAIBHBIX CTPYKTYPHBIX U
BAJICHTHBIX COCTOSIHH, KOTOPHIC CYIICCTBCHHO BIUSIOT HA MAarHUTHBIC, SJICKTPHUECKHAC U JPYTHE
(u3HUecKre CBOWCTBA, B CHCTEME MTEPOBCKUTOB Lal_xerCoo,gg5 7Feo,0203_y (x =0.00, 0.15, 025, 0.30
u 0.50) ocraercst otkpsiTOi. Llenbro mpencraBieHHON PaOOThI SBJISIOCH UCCIIEIOBAHUE BIIUSHUS
3amemenust HoHOB La’” momamu Sr** Ha JIOKaIbHBIC CTPYKTYPHBIC H BAJTCHTHBIC COCTOSHHS HOHOB
JKese3a B TEPOBCKUTAX CUCTEMBI Lal_xerCoo,gg5 7Feo,0203_y (x = 0.00, 0.15, 025 u 0.50) meTonom
s dexra MéccOayspa Ha IPUMECHBIX siapax ° Fe.

MetosoM cTaHZapTHOTO TBEpAO(]A3HOTO CHHTE3a IPHUTOTOBIECHBI OJHO(A3HBIE 00pPAa3IIBI
CHUCTEMBI TIEPOBCKUTOB La;Sr,Co00s° Feo 0203 (x =0.00, 0.15, 0.25 u 0.5). Penrrenorpadpudeckue
WCCIICIOBAHUE TIOKA3AJIH, YTO KPUCTALTUYECKAs CTPYyKTypa 00pas3IoB Lal_xerC00.9857Feo,0203 (x =
0.00, 0.15 u 0.25) — pomOo3ApUUECKasi, a Lag 50Sr0.50C00.95° Feo0203 — KyOudeckas. [1epoBCKUTHI
ObuTM HccienoBanbl MeToZoM 3¢ddekra Méccbayrpa Ha MPUMECHBIX SIPAX *"Fe IIPU KOMHATHOMN
temneparype (KT) u 12 K. [lns o6paboTkn 1 aHanm3a MEccOayIpPOBCKUX CHEKTPOB HCIOIB30BAHA
mporpamma SpectrRelax. B mepoBckute LaSrC00,9357Feo,0203 atoM Fe 3amumaer mosumuu Co’.
[TIpu KT oOHapykeHO OJHO TPEXBAJICHTHOE JIOKAIBHOE CTPYKTYPHOE COCTOSHHE aTOMOB Fe’" B
c11aG0 MCKAKEHHOM OKTA3IPUIECKOM KHCIOPOIHOM OKPYXKEHHH. 3aMeIeHne HoHOB La® " Ha HOHBI
Sr** MPUBOJIUT K TOSIBJICHUIO Co*. Ilns cocraBoB x = 0.15 u 0.25 atomer Fe’" maxomsrcs B
MCKa)KCHHOM OKTadJIPHUYECKOM M MUPAMUAATBFHOM KHCIOPOAHOM OKpYKeHHH, a st x = 0.50 — B
nupamuiaibHbiX nosuiusx. [Ipu 7= 12 K B nepoBckuTax 00Hapy KeHbl TpU Hanbojee BEPOSITHBIX
COCTOSIHUSI TIPUMECHBIX aTOMOB Fe, CBEpXTOHKHE MapaMeTphl KOTOPBIX 3HAYUTEIHHO OTINYAIOTCS.
OTHU COCTOSIHUS AaTOMOB JK€J1€3a COOTBETCTBYIOT 6 -, 5 - U 4 - KUCJIOPOIHBIM OKPYKEHUSIM.

Pa6ota BbmonHena npu nopnepxkke PODU (rpant Ne 14-02-01147a) u Munobpuayku PO
(mpoext Ne 3.1137.2014K).
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MéccOays3poBckoe ucciiel0BaHue MAarHuTHOro ¢a3oBoro nepexoaa B
coequHeHun Ce(Fe( 0351 07)2

Haymos C.I1., Bepmunnun A.B., Cepukos B.B., Kneitnepman H.M., Mymnukos H.B.

HUncmumym uzuxu memannoe YpO PAH, Examepunoype (Poccus)
naumov_sp@imp.uran.ru

Maossbauer study of magnetic phase transition in Ce(Fe 93S1.07)»
Naumov S.P., Vershinin A.V., Serikov V.V., Kleinerman N.M., Mushnikov N.V.

Aiming at the ascertainment of interrelation between the magnetic state and local structure
peculiarities of the compounds Ce(Fe;..M,),, the antiferromagnet-to-ferromagnet transition in
Ce(Fep93Sig07), has been studied using Mossbauer spectroscopy. The experimental results show
that rhombohedral distortions characteristic of the antiferromagnetic phase are locally retained in
the ferromagnetic state as well.

Wutepec k coemmuenusm Ce(Fe..M,), (M =Si, Co, Ru u T.1.) 00yclnOBIIEH WX CIOKHOM
MarHuTHOM (a30BOM JuarpaMMmoii. 3aMemieHue 4actd aromMoB Fe aromamu Si mpHBOAWT TpH
MOHMKCHUU TEMIIepaTypbl K MarHuTHoMy ¢a3zoBoMy mnepexomy u3 ¢deppomarautHoro (F) B
antudeppomarautHoe (AF) cocTosiHuE, KOTOPBIN COMPOBOXKIAETCS H3MEHEHUEM KPHUCTAILTHYECKON
CTPYKTYPbI (Fd§ m-R3 m).

B mannoii pabote mpoBeneHo MEccbayIapoBckoe uccienaoBanue (azoporo nepexona AF —F B

COEIMHEHUN Ce(Feo.93Si0.07)2. 5 €3 CIIEKTPOB, T T T Tt

i T=100K AF |
MOJYYCHHBIX TIPU TEeMIIepaTypax, COOTBETCTBYOIIUX
AF, AF-F wm F cocrogausiM, BOCCTaHOBJICHBI T ! 2 3 7
OJTHOSIICPHBIC  PACTIPE/ICTICHUAS CBEPXTOHKHX ITOJICH g 0K P
P(Hyf), mpuBenennsie Ha puc. 1. CormacHo mogenmu AF = r : .
CTPYKTYpHI, ipeiiioskeHHoH B [1], Tpu o6nactu B P(Hyr) % - -
MOKHO TIpUIICATh K pE30HAaHCHBIM aromaM Fe B §
pa3IMIHBIX KpHUcTauorpapuaecKmx TIO3HIIUSX. i =130k k]
Hab6momaembie mipu  daszoBom mepexome AF—F i i
m3mMeHeHuss B P(Hyf) CBUACTENBCTBYIOT O TOM, YTO Ha L F ,
JIOKaJbHOM YpPOBHE pOMOOSAPUYECKHE HCKaXKECHHUS 0 20 40 60H 2418061)00 120 140 160
COXPaHSIOTCS U B eppOMarHuTHON KyOuueckoit dase. "

PaGora momepikana PODU, mpoekt 15-02-05681. Puc. 1. Pacnpenenenns P(fy),
BOCCTaHOBJICHHBIC U3 CIICKTPOB
Ce(Fe0.93510.07)2

JIUTEPATYPA

1. Paolasini L. Magnetic Ground State of Pure and Doped CeFe; / L. Paolasini, B. Ouladdiaf,
N. Bernhoeft, J-P. Sanchez, et al. // Phys. Rev. Lett. —2003. — V. 90. — Ne 5. — P. 057201-1-057201-
4.
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MéccoayspoBckue ucciaenoBanus MyJabTugeppouxon BiFeO;
nonupoBaHubix xpomoMm: BiFe_ Cr,O; (x = 0.0 — 0.30)

IlokaTnjioB B.C.l, Pycakos B.C.z, Curos A.C.l, beaux A.A.3, I'1askosa $1.C.2

MannueB M.E.z, SpociaBuen C.A2
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Maossbauer study of Cr-doped BiFeO;: BiFe  Cr,O3 (x = 0.00 — 0.30)
Pokatilov V.S., Rusakov V.S., Sigov A.S., Belik A.A., Glazkova Ya.S.,
Matsnev M.E., Yaroslavtsev S.A.
Study of the effect of substitution of Fe atoms by Cr atoms on spatial spin-modulated structure,

as well as electric and magnetic hyperfine interactions of the °’Fe nucleus in multiferroic
BiFe;,Cr,O3 (x = 0.0 — 0.30) was carried out by Mossbauer spectroscopy at room temperature.

VYcunenue aHarapMOHHU3Ma IPOCTPAHCTBEHHOW CIMH-MoAyupoBaHHOU cTpykTyphsl (IICMC) B
MynsTH(QeEepporkax Ha ocHoBe BiFeO; yBenmumBaeT MmarHuTOdNeKTpudeckuii 3¢ddexr. Irtor
pe3ynbTaT JOCTUraeTCsl HECKOJBKUMH CIIOCO0aMH, OJMH M3 KOTOpPBIX — 3aMmelieHue atoMoB Fe
aToOMaMU TEPEXOAHBIX d-3eMeHToB. Mepoit paspymenuss [ICMC  saBisieTrcss mapameTp
anrapmoHusma m. B pabote uccrnenoBano BiusHue 3amenieHus atromoB Fe aromamu Cr Ha [ICMC
B wmyinbtudeppoukax BiFe;,Cr,Os (x=0.0-0.30). MynbTH)EppOUKH CHHTE3UPOBAIUCH TPHU
nasnennn 6 ['Tla. Kpucrammmyeckas pemerka o0pa3moB — poMOO3ApuIecKast C MpOCTPAaHCTBEHHOU
rpynnoii R3c. MéccOay3poBCckue CIEKTpbl HU3MEPSAJIUCh NpU KOMHATHOM Temmepatype. g
00paboTKy U aHamu3a MECCOAYIPOBCKUX CIIEKTPOB UCTIOIB30BaHa mporpamma SpectrRelax.

[Ipu 3amenieHny 4acTu aTOMOB jKejie3a Ha aToMbl Xpoma B kommuectse x = 0.05, 0.10, 0.20,
0.25 u 0.30 mEccbays’poBCKUE CIEKTPhl 3HAUUTEIBHO YIIMPUIUCH MO cpaBHeHHIO ¢ BiFeOs;. B
3aMeIIeHHBIX (eppuTax oOpasyercss aHrapMOHWYECKas MOJIYJHPOBAHHAS CIIMHOBAs CTPYKTYpa
LUKJIOUIHOTO TUIA, B KOTOPOM y4acTBYIOT aTOMBI XKeJle3a C Pa3IMYHbIM KaTHOHHBIM OKPYKEHHEM.
VYcraHoBIEHO, YTO MapaMeTp aHrapMoHH3Ma m JuHEeHHO yBenuuuBaeTcss oT m = 0.09 £ 0.02 mpu
x=0.00 o m = 0.78+0.02 mpu x = 0.20, a pu x = 0.25 u 0.30 m = 1. OueHEeHbl KOHCTAHTHI
MAarHuTHOM OJHOOCHOM aHW30TpPONMH K, B 3aBUCUMOCTH OT COJEp>KaHHUS XpOMa: IMPHU KOMHATHOMU
temmeparype Ky ~ 0.36-10° spr/em® mst x = 0.0 u yBemmumBaercst 10 Ky ~ 4.22-10° apr/ em’ mpu
x =10.20.

Pa6ota BemonHena npu noanepxkke PODU (rpant Ne 14-02-01109a) u Munobpnayku PO
(roczamanue Ne 2014/112 npoekt Ne 1066).
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TeMnepatypHble HCCJIEIOBAHUSA MPOCTPAHCTBEHHOM CIIUH-
MOYJTMPOBAHHOM CTPYKTYPbI MyJbTU(peppouka BiFe( ¢sCrg o503
METOIaMH MECCOAyIPOBCKOI CIIEKTPOCKONUHA

Pycakos B.C.l, IlokaTnjioB B.C.z, Curos A.C.z, Beauk A.A.}
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Temperature studies of the spatial spin-modulated structure of multiferroic

BiFe( 95Cr( 0503 by Mossbauer spectroscopy
Rusakov V.S., Pokatilov V.S., Sigov A.S., Belik A.A.
The effect of substitution of Fe cations for Cr cations in BiFegosCrgsO3; on hyperfine
interaction parameters and the spatial spin-modulated structure was investigated by the method of
Massbauer effect on °’Fe nucleus in temperature range 5650 K.

B pabore MeTogaMu MEccOaydIPOBCKON CIIEKTPOCKONHH Ha sApax ° Fe MCCIeTOBAHO BIIHSHIE
3aMEIICHUs] aTOMOB KeJie3a aTOMaMH XpOMa Ha JIOKaJbHBIE MarHUTHBIC M BAJICHTHBIE COCTOSHUS
aTOMOB JKeJe3a, a TaKKe NapaMeTphl IMPOCTPAHCTBEHHOW CIIMH-MOAYJIMPOBAHHOW CTPYKTYPHI
(ITICMC). O6pa3isl MyIbTUGEPPOHKA Bi>"Feg 10Fe0 s5Cr0.05s03 nosry4yeHsl nipu aasiennn 6 I'lla u
T=1250 K. Ilapamerpsl KpHUCTALINYECKON pPOMOOJAPUYECKON pemeTku olpasma ¢eppura
Bi’"Fey,10Fe0ssCroosO3 paBHbl a = 5.57621 A u ¢ = 13.8564 A. Jlns oGpabotku u aHammsa
MeccOayIpOBCKHX  CIIEKTPOB  HCIIONB30BaHa  mporpamma  SpectrRelax. B pesynbrare
BOCCTAHOBJICHHS PACIIPENICIICHUSI CBEPXTOHKOT'O MAarHUTHOTO OISt H,, OTIpeIeNIeHbI TeMITepaTypHbIC
3aBHCUMOCTH CPETHUX 3HAYCHHUI CBEPXTOHKUX MAapaMeTPOB (CABHUra, KBAJAPYIIOILHOTO CMEIICHHS U
MarHuTHOTO 1oJisi). MéccOayrpoBCKHe CIEKTPHI GeppuTa pacmupOBHIBAINCH B PAMKAaX MOJIEIH
anrapmonmyeckod [ICMC UHUKIOMAHOTO THIIA HECKOJBKMMHU TapIHUaTbHBIMA  CIIEKTPAMH,
COOTBETCTBYIOIIUMH TMO3UIHMSIM aTOMOB JKelie3a, B MEPBOM KAaTHOHHON KOOPIMHALMOHHOW cdepe
KoTopeix pacnpezaeneHsl 0, 1 u 2 aroma npumecu Cr. B pesynpTaTe MOIEIbHON pacIMppOBKU
MOJTyYeHBI TEMIEpPaTYPHBIE 3aBHCHMOCTH HM30TPONHOTO His M aHu30TpormHOro H,, BKIAJOB B
CBEPXTOHKHE MArHHTHBIC MONS Ui aTOMOB ~ Fe C pasiMdHBIM KOiHYecTBOM atomoB Cr B
OmKalieM KaTHOHHOM OKpYKeHHH. B pamkax BBIOpaHHOH MOJenu TMOJydeHa TeMIlepaTypHas
3aBHCUMOCTh TapaMeTpa aHTrapMOHHM3Ma 7 CIIMHOBOW BOJHBI. lIpu yBEmTWYEHUHM TeMIIEpaTyphl
napameTp anrapmonusma m ymenbiaetcs ¢ 0.50 + 0.05 (mpu 7'= 5.2 K) no nyns npu ~ 425 K.

Pa6ota BbmonHena npu noanepxkke PODU (rpant Ne 14-02-01109a) u Munobpnayku PO
(roczaganue Ne 2014/112 mpoekt Ne 1066).
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Distribution of Fe atoms in Aurivillius phases obtained

with Mossbauer spectroscopy
Panchuk V.V., Lomanova N.A., Semenov V.G., Gusarov V.V., Irkaev S.M.

The present investigation considers Fe distribution over the nonequivalent sites in the
perovskite-like block for a large group of the Aurivillius phases Big+1)Fe(,-3)Ti303,+3) and analyzes
the Fe ions fraction and condition as a function of the octahedral layers number (n) in the
perovskite-like block. The observed results are in a good agreement with previously published
theoretical considerations [1].

CrnoucTteie TIEPOBCKUTONONOOHBIE coeauHeHUss B cucrteMe Biy03-TiO0,-Fe O3  sBustores
MEPCIEKTUBHBIMHU [IJIS1 CO3/IaHMsI HOBBIX MaTepHaloB, TaK Kak O0Jalal0T KaTaIUTHUYECKUMH,
MOJTyIIPOBOTHUKOBBIMH, CETHETORJICKTPHUUSCKAMHU, MarHUTHBIMEH cBoWicTBamMu. CrpoeHue a3
AypuBmwinyca ¢ oomei popmyioit BiyFe,3Ti303,13 MOXKET paccMaTpuBaThCS Kak YepeIOBaHHE
(ITFOOPUTONIOTOOHBIX CIIOCB (BizOz)2+ U TIEPOBCKUTOIOO00HBIX OJIOKOB (Bin+1Fen_3Ti303nﬂ)2'. Kaxk
MBI YK€ TMOKa3alnu paHee [2] mapameTpbl MeccOay pOBCKUX TMOACTIEKTPOB sl aTOMOB JKejie3a BO
BHEITHUX M BHYTPCHHUX MO3UIUSIX MEPOBCKUTO-TIOJOOHBIX CIIOCB OTIWYAIOTCS KAaK IO BEIUIMHE
XUMHUYECKOTO CABUTA, TaK M IO BEJIMYMHE KBAJAPYMOJBHOTO paciieryieHus. B Hacrosmen padote
MIPUBOJIATCS  PE3yJIbTaThl  OOpPabOTKM IKCIIEPUMEHTAIBHBIX CIIGKTPOB B COOTBETCTBHU C
TEOPETHUUECKUMU TIPEANOI0KEHUSIMH, BBICKA3aHHBIMU B [1].

Pabora BemonHeHa pu mogaepkke porga PODU (rpant Ne 16-03-00532 A).

JIUTEPATYPA

1. Birenbaum A.Y. Potentially multiferroic Aurivillius phase BisFeTi;O;s: Cation site
preference, electric polarization, and magnetic coupling from first principles / A.Y. Birenbaum, C.
Ederer // Phys. Rev. B—2014. - V. 90. — Ne. 21. — P. 2141009.

2. Lomanova N. Structural changes in the homologous series of the Aurivillius phases
Bin+1)Fen-3Ti303n+3) / N. Lomanova, V. Semenov, V. Panchuk and V. Gusarov // J. Alloys Comp.
—2012.—-V.528.—P. 103 -108.
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Local crystal and magnetic structure of
Ag,FeO, and AngaO,9857Fe0,0202: a >’Fe Mossbauer study

Sobolev A.V.l, Belik A.A.z, Glazkova Ya.S.l, Ovanesyan N.S.3, Presniakov LA.'

"Department of Chemistry, Lomonosov Moscow State University, Moscow (Russia)
’International Center for Materials Nanoarchitectonics (WPI-MANA), National Institute for
Materials Science (NIMS), Tsukuba (Japan)

3 Institute of Problems of Chemical Physics, Chernogolovka (Russia)
ipresniakov(@rambler.ru

We have studied the local crystal structure and magnetic properties of new disilver layered
oxides Ag,FeO, and Ag,GajosFep 020, demonstrating metallic conductivity. The S"Fe Mossbauer
measurements have shown that in both structures iron ions are stabilized as Fe’” which assumes the
similarity of the formal valence distribution in (Ag,)[(Ga,Fe)*O,]. The observed in spectra of
Angao,9857Feo,0202 the line-area asymmetry is entirely associated with the texture effects, i.e.,
preferred orientation of platy crystalline in the plane of sample surface. Single Zeeman pattern in
the °'Fe Mossbauer spectrum of Ag,FeO,, measured at 7 < Ty = 20 K, reflects the equivalence of
magnetic positions occupied by Fe’* ions with the hyperfine field Hhifaox) = 485 kOe acting on the
>"Fe nuclei which is directed perpendicular to the c-axis (parallel to the principal axis 77z of the
EFG tensor) with planar (XY)-anisotropy. The spectra of the ferrite show unusual magnetic
relaxation behavior below Ty, as if the long-range magnetic ordering coexisted with rapid spin
fluctuations. We discuss a phenomenological Kosterlitz-Thouless model, assuming that ideal 2D
planar magnet, besides spin-wave excitations, exhibits a specific non-linear excitations in a form of
coupled vortex pairs with opposite helicities freely moving in a plane.

This work is supported by the Russian Foundation for Basic Research Ne14-03-00768.
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MéccOayIpoBcKoe ucCiaeI0BaHue pacipeaeeHUus] KATHOHOB B
kob0aabTUTax-peppurax ScCo; Fe, O;

CoboJ1eB A.B.l, Beii I/I.z, IIpecusikos I/I.A.l, I'naskoBa H.C.l, Beank A.A.2
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>’Fe Mssbauer investigation of cation distribution

in ScCo,_Fe, O; cobaltites-ferrites
Sobolev A.V., Wei Yi, Presniakov I.A., Glazkova Ya.S., Belik A.A.

We report the results of >’Fe Mossbauer studies on perovskite-like cobaltites-ferrites
ScCo;Fe, O3 (x = 0.05, 0.4), where the partial "inversion" of the positions of cations with similar
size A7 (= Sc) and M>" (= Fe, Co) is possible. It was shown that >’Fe’” ions occupy two
crystallographic positions corresponding to the 4 and B sublattices of ABOs perovskite.

Kobanptur ScCoO3; OTHOCHTCS K CHIBHOKOPPEIMPOBAHHBIM CHCTEMaM, OoraTas Qu3uKa
KOTOPBIX CBSI3aHAa C DOJEKTPOHHBIMH IIPOIECCAMHU 3apsI0BOTO, CHHHOBOTO H  OpOWUTAIBHOTO
ynopsiaodeHuil. Mcnonb3oBaHMe BBICOKOTO JaBJI€HHS B IPOLECCE CHUHTE3a IO3BOJISET
CTAOMIM3MPOBATh HEOOMBIINE KATHOHEI SC°° B HEXapakTepHBIX IS HHX "HPOCTOPHBIX"
KUCIOPOIHBIX mosmdapax (ScO,)” ¢ BBICOKMMHU KOOPAWHAIMOHHBIME dnciamu (n = 8—12), 4to
MPUBOJIUT K MPUHLMIIMAIBHO HHOMY, IO CPaBHEHHIO C M30CTPYKTYpHBbIMU okcuaamu RCoO; (R =
P33), uckaxxeHui0 NEpOBCKUTOMOAOOHOM CTPYKTYpbl. YCTaHOBJEHO, YTO B paccMaTpHUBAEMBIX
IIEPOBCKHTAX BO3MOXKHA YACTHUHAS "MHBEpCHs" MOHMIMHA ONM3KHX 10 pasMepy KaTHOHOB A (=
Sc) u M*>* (=Fe, Co).

Vcene[oBaHms CBEPXTOHKHIX B3aHMOIEHCTBHIT Ha siapax - Fe (~ 1 a1.%) B kobanstaTe ScCoOs
npu 7T>7Ty 1OKa3alu, 4YTO aTOMBl  Jkeje3a  CTaOWIM3HMPYIOTCS B JBYX  Pa3HbIX
KpUCTauIorpauyecknx MO3UIUAX, MepBasi U3 KOTOPBIX OTBEYAET BBICOKOCIIMHOBBIM KAaTHOHAM
Fe’", HaxomsumMcs B MOAPEIIETKE ¢ OKTAdAPHUECKOH KHCIOPOJHOH KOOPAMHAIMCH, a BTOpas —
TAaKKe BBICOKOCITHHOBBIM KAaTHOHAM JKENe3a, HO 3aMEIAiON(MM KATHOHBI SC’' ¢  BBICOKHM
KOOP/AMHAIIMOHHBIM YHUCIOM. YCTaHOBJEHO, YTO IOMHMO KaTHOHOB JeJie3a CKaHIUM Tarke
YACTHYHO 3aMEICH HA BHICOKOCITHHOBBIE KaTHOHBI Co’' (S = 2), B TO BpeMs KaK B OKTadAPHIECKUX
TO3HUIMAX KATHOHBI Ko6anbta Co’' (S ~ 0) HAXOAATCS B HU3KOCITMHOBOM COCTOSHHH. YBETHUCHHE
comepxanusi kene3za B ScCoosFep4Os; He TPUBOAUT K CYIICCTBEHHBIM M3MEHEHHUSM B
Mé&ccOayIpOBCKHUX CHEKTPAX.

Pabota BrimonHeHa npu noanepxke Poccuiickoro ®onga dynnamentanbHbeix McciaenoBanmid,
rpanThl Ne 14-03-00768, Ne 16-33-00760, Ne 16-03-01065.
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Oco0enHocTH pacnpeneneHuss ciuHOBOM I0THOCTH B CuFeS; mo
HaHHbIM SIMP 63.55Cu B T0KATLHOM TOJIE

Conuna 10.B., lToropeasues A.U., HImuar C.B., Matyxun B.JI., lImuar E.B.

Kaszanckuii cocyoapcmeennulil snepeemuueckuti ynusepcumem, Kazanv (Poccust)
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Peculiarity of spin density distribution in CuFeS, by results of

NMR ****Cu in the internal magnetic field
Sopina Yu.V., Pogoreltsev A.l., Schmidt S.V., Matukhin V.L., Schmidt E.V.

The resonance NMR spectra of **®Cu were studied experimentally in a local field. The
experimental values of quadrupole frequency vo and parameter of asymmetry n were used for
research Laplacian of the electron density in area of quadrupole nuclei in position of Cu. For the
cluster CuoFe oSss”, maps of the electron density distribution and maps of the spin density
distribution were built. Based on the analysis of the resulting electron density distribution and spin
density distribution for two Fe positions, it is suggested that the bond in chalcopyrite is intermediate

type.

B Hacrosmeir pabore mpencTaBlIeHbl PE3yJIbTaThl UCCIIENOBaHMM criekTpoB SIMP 636Cu B
JIOKQJIbHOM I10JI€ B XaJIbKONIMPHUTE. BblT HCIONb30BaH KIAaCTEpHBIN moaxo. PacueTsl npoBeneHbl B
paMKax caMOCOTJIACOBAHHOTO OTpaHMYEHHOTO MeToxa XapTpu - Doka ¢ OTKPBHITHIMU 000JI0YKAMH
(SCF-LCAO-ROHF) ¢ omopoii Ha KBaJIpyHOJbHBIE NapaMeTpbl (KBagpymoibHas 4acToTa Vo U
napamMeTp aCHMMETPHH TEH30pa IPaiieHTa sieKTpudeckoro mous 1). T xnacrepa CuoFe;oSys™
CTPOWJIUCh KapThl PAacCHpEleNICHUs AJIEKTPOHHOW IUIOTHOCTH, CHMHOBOM IUIOTHOCTH, a TaKKe
penbedHbIe KapThl Jlammacuana 3JIeKTPOHHOHN TIOTHOCTH B OOJIACTH KBAJPYIIOJIBHOTO SIApa MEIH.
OO06Hapy’>KeHO, YTO paclpeiesieHHe 3JIEeKTPOHHOW IUIOTHOCTH I pa3nuuHbIX 1ernodek Cu-S-Fe
MOJKET 3aMETHO OTIMYaThCs. B 9acTHOCTH, A OMHUX O0JIACTeW pacmpesieieHne AIEKTPOHHOU
IUIOTHOCTH HOCHUT MOHHBIM XapakTep, a JUIsl JIPYTUX — XapakTep paclpeneieHUs! 3JIeKTPOHHOU
IUIOTHOCTH OJIM30K K KOBAJIEHTHOMY. B pesynbrate HaOMIOZAaeTCs 3aMETHOE pa3niue B
pacrpeiesieHu CIMHOBOW IJIOTHOCTU JUIsi pa3nuuHbiX 1ernodek Cu-S-Fe. Tlostomy MmoxHO
MPEATNONOXKHUTh, YTO CBSI3b B XaJIBKOMHPUTE HOCUT MPOMEXKYTOUHBIM XapakTep. OTOT BBIBOJ
MOATBEPKIACTCA U aHATU30M penbedHOM KapThl Jlammacuana 37MeKTPOHHOM TIIOTHOCTH B 00JacTH
KBaJIpYNOJIBHOIO S7pa MEHU.
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Magnetic properties of Fe-doped sodium cobaltates
Khasanov R.N., Gilmutdinov L.F., Vagizov F.G., Mukhamedshin L.R.

We report magnetic properties and °'Fe probe Mossbauer studies of the sodium cobaltate
NaCop99Fep010,. The Mossbauer spectra at room temperature are characterized by two electric
quadrupole doublets corresponding to two Fe sites. The existence of two different values of the
quadrupole splitting could be related to the charge ordering of Na ions.

CubHO-KOppEIUpPOBaHHBIE CUCTEMBI  00JIaAl0T YHUKAJIBbHBIMH  TEPMOXJIEKTPUUECKUMHU
cBorictBamu. Tak HaTpueBble koOampTaThl Na,CoO, couetaloT B ceb€  BBICOKYIO
ANEKTPONPOBOAUMOCTh W Oosbmoir  koddpduiment tepmo-O/C. Tlocnemuuii  CBSI3BIBAIOT ¢
HaJM4YUEM BBICOKOM CIMHOBOM SHTPONMHM B JaHHOM coeluHeHud [1]. JlomupoBaHue HaTpUEBBIX
KOOaJIbTaTOB MOHAMU MEPEXOIHBIX METAJUIOB SIBJISIETCS OJIHUM U3 CIIOCOOOB BIUSHUS HA CIUHOBYIO
SHTPONMUI0 W TIO3BOJIIET HU3MEHATH TEPMOUIEKTPUUYECKUE XapaKTepUCTUKH. CyIIECTBYET psij
TEOPETUYECKUX M SKCIEPUMEHTAIBHBIX pabOT, HUCCIEAYIOUIMX BIMSHHE JONHUPOBAHUS HOHAMHM
Keleza Ha TEPMOIJIEKTPHUYECKHE CBOMCTBa HaTpueBoro KoOamprata. OmHAKO HEACHO, Kak
pacrmpenensiroTcss HOHBI jKeJle3a M0 KPUCTALIOrpauIecKuM TO3UIUSAM, U KaKUe MUCKAKCHUS OHH
BHOCSIT B KPUCTAJUIMUECKYIO peIIeTKy. TaKke ocTaeTcst OTKPBITHIM BOIIPOC O 3apsiIOBOM COCTOSIHUM
MOHOB eJie3a U BIUSHUU YIIOPSAIOUEHHUSI HOHOB HAaTpUs Ha HETO.

B pabore mpencraBieHBl pe3yNbTaThl HCCICIOBAHWUS MAarHUTHBIX CBOWCTB HATPHEBOTO
koGanbrata Nag 7C00,, nomupoannoro 1% Fe u addexra Méccbayspa Ha 30HIOBBIX aToMax ~ Fe.

[TomukpucTammyeckuii  oOpasery ObBUT TNPUTOTOBICH METOJOM TBEpAo(]a3HOro CHHTE3a.
PentrenoBckas nudpakTorpamMmma COOTBETCTBYET coeauHeHuto Nage7Co0,. MéccbOayrpoBckuit
CHEKTp INpH KOMHATHOW TEMIEpaType COCTOMT M3 JBYX KBaJApPYHOJbHBIX TyOJETOB, KOTOpBIE
COOTBETCTBYIOT Pa3JIMYHbBIM 3apsA0BbIM COCTOSHUSIM MOHOB KeJie3a. 3apsI0BOe PacCIOCHUE MOXKET
OBITh BBI3BAHO YIOPSAJOYEHUEM HOHOB HATPUSI.

Pabora BbINOIHEHA B paMKax MpOrpaMMbl HOBBIIMIEHUS KOHKypeHTocrocooHocTH KDY u npu
yacTUuHOU (puHaHcoBoM noaaepxkke PODOU Nel14-02-01213a.

JIUTEPATYPA

1. Kaurav N. Seebeck coefficient of Na,CoO,: Measurements and a narrow-band model /
N. Kaurav, K. K. Wu, Y. K. Kuo, G. J. Shu, F. C. Chou // Physical Review B. — 2009. — V. 79. —
Ne. 7. —P. 075105.
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MéccOay3poBcKUe U PEHTTEHOCTPYKTYPHbIE HCCIACA0BAHNUSA
coequHeHui B cucreme BaO-Fe,0;

IHInnko M.H.l, KopoBymikun B.B.z, CrenoBu4 M.A.3, Kocrumun B.I'.2

"Heanosckui 20Cy0apcmeenHbvlll IHepeemuyeckutl ynusepcumem umenu B.U. Jlenuna,
Hesanoso (Poccus)
? Hayuonanshuiii ucciedosamensekuii mexHono2uyeckuti yuusepcumem « MUCuCy,
Mocksa (Poccus)
3Kaﬂy9fc07<uﬁ 2ocyoapcmeenuslil yrusepcumem umenu K.3. [{uonkosckozo, Kanyea (Poccust)
ivrgteu_nir@mail.ru, krvsch@mail.ru

Mossbauer and X-ray diffraction analysis of compounds

in the system BaO-Fe,0;
Shipko M.N., Korovushkin V.V., Stepovich M.A., Kostishin V.G.
The studies of the structures of compounds enriched in barium in the system BaO-Fe,O3; were
performed. As a result of the research showed the possibility of synthesis of stable in a wide
temperature range single-phase compounds nBaO-mFe,O3 (n>1,m=2).

Hccnenosansl coenunenus cuctemsl BaO-Fe,0;, oboramiennsie 0aprieM U NpeaHa3Hau€HHbIE
JUTSL CHHTE3a ()EPPUTOB C TEKCArOHAILHOUM CTPYKTYpoil. JlaHHbIe MEccOAyIPOBCKOM CIIEKTPOCKOITHH
U PEHTTCHOCTPYKTYPHOTO aHaji3a TOBOPSAT O BO3MOXKHOCTH CHHTE3a OJHO(DA3HBIX COeIWHEHHN
nBaO-mFe,O3 (n>1,m=2), ycTOWYMBBIX B HIMPOKOM HHTEpBajle TeMIleparyp, (HOopMHUpOBaHHE

KPUCTAJUTMYECKON CTPYKTYpPBhl KOTOPBIX MPOUCXOAUT B PE3YJIHTATE€ MPOIECCOB, OCHOBHBIM W3
KOTOpIX sBsiercss aubdysus momoB Ba® m O B kpucrammmueckyio pemretky o-Fe,Os.
[Ipemnoxensl ABEe MOJETM KPUCTAIUIMYECKON pemieTku coeauHenuit nBaO-mFe,0;. B mepsoit
MOJIEIM B KauyeCTBE CHUCTEMATHU3HPYIOIMIETO KPUTEPHUS HCIOIb30BaH XapakTep COWICHEHHS
AQHUOHHBIX TMOJUAAPOB: OKTAIPOB U TeTpa’ApoB. OmpesereHa WX 3aCeICHHOCTh MOHAMHU JKelie3a,
CTEMNEHb UX JIOKAJTHbHOTO MCKAKEHHS U AJICKTPOHHASI KOH(UTypalus HOHOB kene3a. Bropas mozaens
CTPYKTYpPBl COCIMHEHHM MCXOJUT U3 CIOUCTOTO paCHpeiesieHuss aHUOHOB M KaTHOHOB B
HaIpaBJIEHUU OCU ¢ KPUCTAJUIOB M MO3BOJISIET OLEHUTh KOHIICHTPAIMIO U XapaKTep pacrpeaeacHus
KaTHOHHBIX M aHWOHHBIX BakaHcHil. [Ipenno’keHHbIE MOJENU TMO3BOJSIOT OMPEACIUTh MEXaHU3M
(dbopmupoBanus U TpaHCHOPMAMKA KPUCTAUTMUSCKUX penieTok coenuHeHuit BaFe,O4, BasFe,0s,
Ba,Fe;0g, a Takxke uX yCTOWYMBOCTh IPU KOMHATHOU TeMIIepaType. Y CTAHOBJICHO, YTO B CUCTEME
BaO: Fe,0O; B untepBane temmneparyp 1250—1450 K naunbonee BEpOSTHBIM MPOIECCOM SBIISIETCS
oOpasoBanue coenunenus Ba,Fe,Os Ha ocHoBe nmonmumopduoi moaudukamnuu BaFe;Oy.

HccnenoBanusi mpoBeeHbl Tpu (puHAHCOBOM moauepkke MunoOpHayku P® (6a3oBas dacTth
roc3ananus, 3amanue Ne 340/2015, mpoekt Ne 1416, a Takke NPOCKTHAS YacTh TOC3aJaHMS,
cornarieHue o npeaocrasiennn cyocuanu Ne 1457521003005 ot 27 utons 2014 r.).
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Study of nanocrystallized NANOPERM-type metallic glass
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The amorphous NANOPERM-type alloy of composition Fe;sMogCu;Bs was prepared by

single-roller technique in the form of thin ribbon. “As-quenched” sample also was investigated by

Mossbauer spectroscopy (MS). MS spectra exhibit broadened lines what indicates amorphous

structure of material. Neither MS spectrum obtained from air side or wheel side exhibit presence of

crystalline components. This assignment is in good agreement with results obtained by X-ray

diffraction (XRD). Thus, the spectrum was refined by several spectral components. Magnetic and

XRD measurements were performed to confirm this assumption. The ribbons of about 20 pm

thickness were annealed at several temperatures.
Structural arrangement was studied by scanning
electron  microscopy with energy  dispersive
spectrometry and transmission electron microscopy.
The nanocrystallized samples contained up to 60 % of
the crystalline phase with the mean size of the crystals
equal to about 10—15 nm.

Financial support by the research grant GACR
14-12449S is acknowledged.
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Magnetic phase separation in systems with long-period magnetic
structures exploring by Mossbauer spectroscopy

VYoronina E.V.l, Chistyakova N .I.z, Pyataev A.V.l, Chumakov A.I.3, Ivanova A.G.l,
Arzhnikov A.K.*

"Institute of Physics, Kazan Federal University, Kazan (Russia)
Faculty of Physics, M.V. Lomonosov Moscow State University, Moscow (Russia)
3 European Synchrotron Radiation Facility, Grenoble (France)
*Physical-Technical Institute, Ural Branch, Russian Academy of Science, Izhevsk (Russia)
evoronina2005@ya.ru

Non-collinear and collinear disordered and ordered long-period modulated magnetic structures
have aroused considerable interest in modern physics of magnetic phenomena. Varying topological
and electronic properties of the Fe-Al system we aimed to understand the origin of the spiral spin
structures observed in this system. Doping of isoelectron to aluminum M, atoms (Ga, B) varies a
lattice constant (similar to external pressure), whereas doping of M, atoms (V, Mn) varies the
number of d-electrons. The Mdssbauer spectra of the binary alloy and ternary quasi-ordered
FeesAlss..M, and Fess,AlzsM, alloys (M = Ga, B, V, Mn; x, y = 3, 5, 10 at. %) were measured at
variable temperature (3.3 — 80 K) and magnetic field (0 — 7 T). At first, we studied the possibility of
interpretation of the Mdssbauer spectra within the model of spatially separated magnetic states
(phases) (of nanometer scale), one of which is ferromagnetic or ferrimagnetic, and the second
relates to the structure of the static incommensurate spin density wave.

Analysis of the Mossbauer spectra measured under the applied magnetic field showed clearly
that the spectra contain components corresponding to the atoms of Fe, with the orientation of the
magnetic moments coinciding with the direction of the applied field. °’Fe hyperfine magnetic field
(HMF) By, values of these atoms are in the range [15.0 + 33.0 T]. Besides, in spectra there are
components exhibiting the behavior non-characteristic of ferromagnetic magnetic moments. These
components show the values of HMF in the range [0 + 15.0—17.5 T]. From these considerations the
model of magnetic microstructures is supposed. Mossbauer spectrum is represented as a
superposition of discrete components (associated with the >’Fe atom in a particular local
environment) and the contribution from the resonance of atoms whose magnetic moments (and the
values of HMF) vary from site to site in proportion to the value of the static incommensurate spin
density wave. The calculations showed that the Mossbauer spectra of the binary alloy FegsAlss and
ternary alloys can be fitted in the assumption of a two-phase magnetic structure: one phase is
ferromagnetic and the second phase refers to the static incommensurate spin density wave. The
parameters of the calculated spin density waves having rectangular form have been determined.
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Mossbauer spectroscopy of iron-containing nanoparticles in different
types of materials

Adriana Lancok

Institute of Inorganic Chemistry CAS, Husinec-Rez (Czech Republic)
ada@iic.cas.cz

Nanomaterial is interesting material for artworks, biomedical and industrial applications
especially in the field of nuclear installations. Our aim was to study of iron-containing nanoparticles
in different type of materials; e.g. disks, powders, thin films etc. The methods for preparing of
nanomaterials have attracted considerable scientific interest in recent years. These materials are
structurally well ordered with very well-defined and exhibit unique physico-chemical properties
determined by their practically applications. The aim of the lecture is to give an overview of current
trends and perspectives in the research of above mentioned classes of nanomaterials.

Mossbauer spectrometry was chosen as a principal method of investigation. Complex
behaviour of magnetic and non-magnetic phases of nanomaterials was identified in the samples by
Conversion Electron Mossbauer Spectrometry and transmission technique. Chemical composition
was checked by neutron activation analysis and X-ray fluorescence technique. Structural
arrangement was studied by scanning electron microscopy with energy dispersive spectrometry and
transmission electron microscopy. In the presentation, I will discuss the properties of different type
of nanomaterials for various applications.

Fig. 1. Different type of nanomaterials
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Mossbauer spectroscopy of grain boundaries in ultrafine-grained
materials processed by severe plastic deformation

Popov V.V., Sergeev A.V., Stolbovsky A.V.

M.N. Miheev Institute of Metal Physics, Ural Branch of RAS, Ekaterinburg (Russia)
vpopov(@imp.uran.ru

One of the most important features of materials processed by severe plastic deformation (SPD)
along with their ultrafine-grained (UFG) structure is the specific state of grain boundaries (GBs).
These GBs are often referred to as “non-equilibrium”, and their specific feature is an excess free
volume [1]. Emission Mdossbauer spectroscopy is one of few investigation methods enabling to
reveal the non-equilibrium state of grain boundaries [2].

The present study demonstrates capabilities of investigation of GBs in UFG Mo and W,
obtained under the SPD by high pressure torsion, by the method of emission Mossbauer
spectroscopy on °’Co(’'Fe) nuclei.

According to the data obtained, after the SPD there are two components in the Mdssbauer
spectra of UFG Mo and W, one of which, component 1, is formed by the Mossbauer atoms
localized in grain boundaries proper, whereas another one, component 2, by the atoms located in
near-boundary areas of crystallites. The isomer shifts of both lines in the materials under study,
processed by SPD, are considerably lower than in case of coarse-grained Mo and W annealed at the
same temperatures, which is probably due to the excess free volume connected with the non-
equilibrium grain boundaries and their near-boundary areas formed under the SPD. Beginning from
773 K in case of UFG W and 673 K in case of UFG Mo there appear two more components in the
spectra, components 3 and 4. The isomer shifts of these components are considerably higher than
those of components 1 and 2, and there appearance is probably due to the recovery processes in
GBs formed under the SPD and their near-boundary areas, resulting in the decrease of the excess
free volume. With the increasing annealing temperature the intensities of components 1 and 2
decrease, whereas those of components 3 and 4 increase, and at 873 K in case of W and 823 K in
case of Mo components 1 and 2 disappear from the Mdssbauer spectra, which indicates that at these
temperatures there are no more non-equilibrium GBs formed under the SPD, and only the
boundaries which have undergone the recovery are present.

The work was supported by the State Program “Spin”, the Program of Fundamental Research
of UB RAS (project 15-9-2-44) and by RFBR (project 15-03-03103).
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CtpykTypHO-(ha30BbIe epexoabl MPH MEramiacTu4eCKoOM
aedopmMany a30THPOBAHHON HEPKABEIOIEH CTAIU

JlutBunoB A.B., lllagamos B.A., 3apaiqummnn B.A., Apanacses C.B.,

Kopmynos JL.T'., Kataesa H.B.
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Structural-phase transitions during megaplastic deformation of nitrided

stainless steel

Litvinov A.V., Shabashov V.A., Zavalishin V.A., Afanas’ev S.V., Korshunov L.G., Kataeva N.V.
The influence of deformation on structural transformations in the surface layers and the volume

of iron alloys with FCC crystal lattice (Fe-Ni, Fe-Ni-Cr, Fe-Mn-Cr, etc.) containing the nitrides
Fe4N and CrN.

OcymiectBiaeHo TBepao(a3HOEe MEXaHUYECKOE JISTHPOBAHUE a30TOM HEP)KABEIOMIMX CTalieH U
crumaBoB Jkene3a (Fe-Ni, Fe-Ni-Cr, Fe-Mn-Cr u 1p.) B npouecce nedopManmOHHOTO PaCTBOPEHUS
HUTPHUIOB, C(POPMUPOBAHHBIX B METAJUIMYECKUX MAaTUIAX P MOHHO-TUIA3MEHHOM a30THPOBAHUH U
C MCIMOJIb30BaHUEM NPOTUBOJIABICHHUS.

B azotupoannoii noBepxHoctu craneit Fe-18Cr-8Ni u Fe-22Mn-18Cr-0.8N mpu ucnonbp3oBaHuu
CIBUIa TOJ| JIaBIE€HHMEM U (QPUKIMOHHOTO BO3ACHCTBUS OOHAPYKEHO PACTBOPEHUE MPOAYKTOB
sraencroro pacnana (CroN) ¢ popmupoBaHrEeM MEPECHIIIEHHOTO a30TOM ayCTEHUTA. Y CTAaHOBJICHA CBSI3b
comnpoTuBieHusl u3HammBaHus ctamu Fe-22Mn-18Cr-0.8N co cTeneHbio pacTBOpEHHsI MPOIYKTOB
staerctoro pacmnana (CroN) B TBepIOM pacTBOpE ayCTEHUTA.

Co3mana KBazuOMMeETAIMUECKasi IJlacTWHa B aszotupoBaHHOM cruiaBe Fe-30Ni-12Cr c
HCIIOJIb30BAHUEM CYXOI'O TPEHUSI CKOJIbKEHUS. Pe3ynbTaToM a30TUpOBaHUS CTAHOBUTCS MOSIBJICHUE
MIPUINIOBEPXHOCTHOIO  (peppomMarHuTHOro ciost Fe-Ni  aycreHuta HHBapHOro cocraBa cC
BKIIFOUCHUSIMU  tucniepcHbIXx  HUTpunoB FesN m  CrN. ®puknnonnas o00paboTka TpeHUEM
CKOJIBKCHHUS a30THPOBAHHOM CTOpOHBI 1acTuHbl Fe-30Ni-12Cr mpuBOIUT K paCTBOPEHUIO YACTHIL
HUTPHUIOB B TPUIIOBEPXHOCTHBIX A30THPOBAHHBIX OOJIACTSX CIUIaBa. 3aBEPIIAIONINA OTKHUT TPU
600 °C yBenuuuBaeT OOBEMHYIO JI0JII0 KOMIIOHEHTHI, OTBedaromuM OuHapHoMy Fe-Ni cruiaBy
HMHBapHOTO COCTAaBa.

Bbutn  mpoBeZeHBI U3MEPEHUs CTPEeibl Mporuda OMMETAITMYECKOW TUIACTHHBI TOJIMHON
60 MKM 1J1 pa3TuYHBIX 00pabOTOK CIIaBa B MHTEpBasie TeMreparyp ot — 65 mo + 78 °C.

[IpennoxxenHass cxema 00pabOOTKM MO3BOJMIA CKOHCTPYHUPOBaTh TEPMHUUYECKH YCTONYMBYIO
JMCTIEPCHO-YIIPOYHEHHYIO ~ HUTPHIAMH  CTPYKTYPY  KBa3HMOMMETA/NTMYECKON  IUTACTHUHBI  C
perynupyemoii cTpenoi nporuoa.

Pab6ota Beimonuena npu nogaepxxke PODU (nmpoext Ne 15-08-07947) u rpanta YpO PAH (Ne
15-9-12-45).
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CuHTe3 1 MéccOayIPOBCKOE MCCICI0BAHNE HAHOYACTULl MATHETUTA B
BOJHBIX KOJJIOMIaX, PeIHAZHAYEHHBIX JIsl CTPYHHON nmevyaTH

Yepenanosn B.M.l, I'ab0acos P.P.l, MuiieHko I/I.H.l’z, HHonukapnos M.A.l, Yyes M.A.l’z,
IOpens A.JO."?, Ianuenxo B.A."*

"Hayuonansmwiii uccneoosamenvcrui yeump «Kypuamoescxuii uncmumymy, Mockea (Poccust)
 Qusuro-mexmonoeuueckuii uncmumym PAH, Mockea (Poccus)
 Mockosckuii 2ocyoapcmeenuslil yrugsepcumem um. M.B. Jlomonocoea, Mockea (Poccust)
cherepanov_vm(@mail.ru

Synthesis and Mossbauer study of magnetite nanoparticles in water

colloids intended for jet printing

Cherepanov V.M., Gabbasov R.R., Mischenko I.N., Polikarpov M.A., Chuev M.A., Yurenya A.Y .,
Panchenko V.Y.
Inks for jet-printing, containing water dispersion of the magnetite nanoparticles were prepared.

The inks were ejected on a standard paper at room temperature and external magnetic field ~ 3 kOe
by means of a piezoelectric ink jet head. Magnetic properties of the prints were measured using
vibration sample magnetometer and by the Mdssbauer spectroscopy method. The difference in
magnetic behavior of the prints is discussed in connection with interparticle magnetic interactions.

IIporpecc B pa3paboOTKe MHUKPOMEXAHWYECKUX IUCTAHIIMOHHO YIPAaBISIEMBIX YCTPOMCTB IS
MpOBEJIEHUSI pabOT BHYTPU UEJIOBEUECKOIO OpraHuM3Ma CErojHd TOPMO3HUTCS OTCYTCTBHEM
COOTBETCTBYIOIIMX MaJIOradapUTHBIX HCTOYHUKOB PHEPTUU. AJIBTEPHATUBHBIM IyTEM JJIs1 PEILICHUS
MONOOHBIX 3aJay SIBJSETCS MAaHUITYyJIMPOBAHME MHUKPOOOBEKTaMHU IIPU TIOMOIIM BHEIIHETO
MarHuTHOro mois. [loatomy pa3paboTka TEXHOJOTMH CO3/aHUS MHHHATIOPHBIX MAarHUTHBIX
O0OBEKTOB SIBJISIETCS aKTyaJdbHOU 3ajmaueil. [l ee peleHus Bce yalle MCIOoNb3yITCs alTUTUBHbIC
3D TtexHONOrMM, MO3BOJSIONIME, HANPUMEp, MyTEeM JIA3epHOH ABYX(POTOHHOW MOIMMEPH3AINN
MarHUTHBIX KOJUIOMJIOB CO37aBaThb MAarHUTHBIE MHUKPOTYPOWHBI WM CIHPAJbHBIE TPYKUHBI C
xapakrepHbiMu pasmepamu 10 —30 MukpomeTpoB. B KkadecTBe anpTEpHATUBHOTO MYTH
paccMaTpuBaeTCsi MHOTOCIIOWHAs CTpyHHAs NledaTh BOJHBIX KOJJIOUIOB.

Ilenb paboThI cocTosa B UCCIENOBAHUU MEPCIEKTUB MCIOJIb30BaHUS TEXHOJOTUU CTPYHHOU
nedatd Epson Micro Piezo nmiast MHOTOCIOWHOW Te4YaTH BOJIHBIX KOJUIOMIOB, COJEpIKAIINX
HAaHOYACTHUI[Bl MarHeTuta. MarHuTHbIE 4YEepHWIA OBUIM CHHTE3HPOBAHBl IIyTEM COOCAXACHUS
BonHBIX pacTBopoB FeCl, n FeCls B pacTBOpe amMmMmuaka rmpu HHTEHCHBHOM IiepeMennBannu. Jlanee
MOJy4eHHas CyCIIeH3HMs ocaxaanach Ha MarHute. IlomydeHHbIH ocagok ObIT cTaOMIM3UPOBaH
BOJIHBIM PacTBOPOM LIUTpata U pa3dasiieH BoAou. [leyats ocyuiecTBisiachk Ha CTpyHHOM NPUHTEPE
Epson L110 Bo BHemrHeM MarHUTHOM mojie ~ 3 k3. Pe3ynbpTarhl uccneqoBanuii 00pa3LoB mneyaTu
MeToaMH MEccOayIPOBCKOM CIEKTPOCKOIIUU U MAarHUTOMETPUHU 00CYKIAIOTCS.

Pa6ota Bemonnaena npu noaaepxke POOU, rpant Ne 14-29-10226-o¢pu-m.
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Structural, magnetic and electronic properties of Fe,.,Ga, 0,
nanoparticles studied by Mossbauer and Raman spectroscopy

Starchikov S.S.l, Gervits N.E.l, Lin C.—R.z, Dmitrieva T.V.l, Lyubutin LS.

'FSRC “Crystallography and Photonics” RAS, Moscow (Russia)
’Department of Applied Physics, National Pingtung University, Pingtung (Taiwan)
sergey.s.starchikov@gmail.com

It is known that magnetite Fe;O4 nanoparticles are the most acceptable material for application
in cell separation, drug delivery, hyperthermia and as a contrast material in magnetic resonance
imaging MRI. The inverse spinel structure of magnetite is very flexible and can absorb a huge
variety of ions on several crystallographic positions (on the [B] and (A) crystal sites). Magnetic
structure of spinels can be varied in a wide range from ferro-, ferri-, and antiferromagnetic to canted
and frustrated magnetic structure in the case of disordered state of magnetic ions. Thus, the
properties of cubic spinel nanomaterials can be tuned, by replacing the different ions (Co*", Ga’",
Ni*", Cr’", Mn”" and others) on the [B] and (A) crystal sites.

Here we report on synthesis of Fe;;,Ga, 04 nanoparticles with cubic spinel structure by
combustion method. The physical properties of the materials were studied by a complex methods,
such as XRD, TEM, electron diffraction, EDX, Magnetic measurements, Raman and Mossbauer
spectroscopy in temperature range 10— 300 K. XRD and electron diffraction revealed that the

samples have the cubic spinel-type structure (sp. gr. Fd3m) with an average nanoparticles size of
28.0 nm. Mdssbauer spectroscopy was used to evaluate the iron valence and spin states, the
magnetic ordering temperature, phase composition of the sample and cation distribution. Basing on
XRD, Raman and Mdssbauer spectroscopy data we concluded that not only FeGa,O4 phase but a
new phase y-FeGaOj; similar to cubic spinel y-Fe,O; and y-Ga,Os is presented in their samples. The
low temperature Mossbauer data revealed that Fe;,Ga,,O4 nanoparticles is non-homogeneous
magnetic system with frustrated interactions specific of spin-glasses with ordering temperature at
about 26 K. The transformation of the shape of low temperature paramagnetic Fe’" doublet
components was found under heating from 30 K to room temperature. This transformation occurs
due to unusual temperature behavior of the Fe’™ ion quadrupole splitting at tetrahedral sites, which
was initiated by the Jahn-Teller effect. The distortions of tetrahedral Fe*" iron environment due to J-
T effect was found in many spinels containing Fe’" ions in tetrahedral coordination [1], however, to
our knowledge, this effect was not observed in bulk FeGa,O4 material.
Support by the Russian Scientific Foundation (Project #14-12-00848) is acknowledged.
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HUccnenoBanus MArHUTHBIX IVIEHOK ISl CBEPXBbICOKOIJIOTHOM
3anMcH MHpopManuu

Baanyjuina A.A.l, Kam3un A.C.z, Tarupos. J.p.!
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Researching of properties of magnetic thin films for recorders

and storage devices
Valiullin A.A., Kamzin A.S., Tagirov L.R.

A great many studies of thin film magnetic materials focus on increasing their magnetic data
density. The data density is often raised by minimizing the size of grains. However, the minimum
possible size of granules is limited by the emergence of the superparamagnetic effect, which
prevents the magnetic data density from increasing. The exchange interaction between granules is
another limiting factor. Various methods are used to overcome these limitations.

MHorue ucciegoBaHUs MAarHUTHBIX MaTE€pUalOB, CBS3aHHBIE C CO3JaHUEM TOHKHUX IUICHOK,
HaIpaBJICHbI HA MOBKIIICHNE TUIOTHOCTA MAarHUTHOM 3anucy uHpopMauu. [1oBbIIICHHE MITOTHOCTH
3allMCH JOCTUTAeTCs 3a CYET MHUHUMU3ALMU pa3MepoB 3epeH. OAHAKO yMEHBIIEHHE pa3MEpOB
TpaHyJl OTPAaHMYEHO BO3HUKHOBEHUEM cymeprapamarHutHoro 3¢ dekra. J[pyrum orpaHudeHHeM
JUTSI TIOBBIIICHHSI TUIOTHOCTH 3aIKCH SBJSETCS] 0OMEHHOE B3aMMOJICHCTBHE MEXy TpaHyiaMu. s
MIPEOJIONICHUS STUX OTPAHUYCHHUIM U3yYEHBI PA3IMYHbIC CIIOCOOBI CO3/aHUS CIICIIMATBHBIX CTPYKTYP
U TIOJIyY€HBI CIIEAYIOLIUE PE3YIbTATHI:

1. OpuenTanuei 1erkoi OCu HaMarHUYMBAaHUS HAHOYACTHUI] B TOHKOH TieHKe ¢a3bl L1 MoxHO
MaHUITYJIUPOBATh MPU OCAXKIEHWU C TOMOUIBI0O BHEIIHET0 MArHUTHOTO moJia. Meroauka
KOHJICHCAIIMHU TIA3MBI B Ta30BOH (ha3e ¢ MCIOIB30BaHUEM BHEITHUX MArHUTHBIX MOJICH, TO3BOJISET
JIETKO TONYYUTh TOHKHE TUICHKHM Ha ocHoBe FePt coctosmus L1, ¢ HeoOXoammol MarHUTHOM
CTPYKTYpO#i, TpeOyeMoii 1Jis1 BRICOKOIIJIOTHOW MarHUTHOM 3aMiCy HHPOPMAITUH.

2. OgauM U3 HauOolee MePCHNEKTUBHBIX METOJIOB YBEITUYCHHUS TUIOTHOCTH MarHUTHOW 3amucH
SIBJIIETCSL UCTIOJIb30BAHUE CTPYKTYPUPOBAHHOTO HOCHUTENs MHGopMalnuu. B aToMm ciydae B TIIeHKE
co3marTcst (peppOMarHUTHBIE TPaHysbl (HAHOTOYKM) OJUHAKOBBIX pasmepoB. [loOaBneHue pomus
(Rh) B cmmaB FePt mo3BosisieT OoNTHUMHU3MPOBATH MAarHUTHBIE CBOWMCTBA TOHKUX IUJICHOK 0Oe3
CYILLIECTBEHHOTO YMEHBLIEHUS YHEPrUM MAarHUTOKPUCTAUIMYECKONM aHU30TPONUH, YTO IO3BOJISIET
WCIIOJIb30BaTh JAHHBIN COCTaB B KAYECTBE CTPYKTYPUPOBAHHOTO HOCUTEIS HH(POPMAIIUH.

3. B pesynbrare ucciaenoBaHUN CUHTE3UPOBAHHBIX TOHKUX IUIEHOK FeCoAION ycraHOBIEHO,
9TO MIeHKU TonmuHOW 320 nm 001agar0T OJHOOCHOH MEPICHIUKYISIPHOW aHU3O0TPOMHEH, UTO
JeNaeT WX TPUTOTHBIMU JUISl MCTOJIB30BAaHUS B KAUeCTBE MArHUTHBIX TOJIOBOK 3allMCH/YTCHHUS

I/IH(I)OpMaI_II/II/I CO CBGpXBbICOKOI’I IINIOTHOCTBIO HA MarHUTHBIX HOCUTCIIAX.
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HccaenoBanne TMHAMMYECKHUX U (Pa30BBIX NEPEX0/10B
B CHCTEMe KeJIe30-IJIEHKH BOAbI-IMIOBEPXHOCTH HAHOTJIMH))

3anyuknii A.A., CenbmoB H.A., llIkoasaukoB E.H., Mopo3os B.B.
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The study of dynamic and phase transitions

in the «iron-water film-surface nanoclays»
Zalutskii A.A., Sed’mov N.A., Shkolnikov E.N., Morozov V.V.

The report presents the results of studies of phase transitions in water nanofilms adsorbed in the
clay. For the first time from the analysis of the temperature dependence of the parameters of the
spectra the ratio ortho/para-spin isomers in the frozen water and the localization of the Mossbauer
probe on the surface of natural aluminum silicates have been determined.

[IpuponHble  HaHOCHCTEMBI  (CIIOMCTBIE  AJIOMOCHIIMKATBI)  HEAOCTATOYHO  M3Y4YEHBI
(U3NYECKMMH METOJIaMH M TPEJCTABISIOT MHTEPEC, KaK MPUMEpP 0co00ro crocoda opraHU3auu
TBEPAOrO Tela, TaK M Kak TOTOBble (HEIOpOTHE IO CeOECTOMMOCTH) MaTepuanbl JJis
HaHOMH]IyCTpPUH.

B noknazne paccmaTpuBaeTcs KOMIIO3ULIMOHHOE IMPEACTaBICHHUE, 3aKIIOYAIONIEECs] B TOM, UTO
CWJIMKATHBIE CJIOM TJIMHBI U MEKCJIOEBbIE KOMILIEKCHI JK€JIe3a B COBOKYITHOCTU C BOJIOM 00pa3yroT
eIUHBIM KOMIUIeKC. [l aHamm3a «CTPYKTYphD» aJICcOpOMPOBAaHHOM MHHEPAIOM CETKU BOJIBI
IpHUMEHEHa 30H0Bas METOINKA, pa3paboTaHHas Ha Oase MEccOayIpOBCKOro m3oToma °'Fe B AByX
dopmax (Fe*" n Fe’"). Boga B manomacmrabax mpencTaBisieT coboif (IyKTyHpYIONIYIO CMECh
KJIACTEPOB C TETPA3APUUYECKON CTPYKTYpOM M accouuaToB C HApYyLIEHHBIMU BOJOPOIHBIMU
cBsi3aMu. Dusndeckast MPUYMHA TAKOW CTPYKTYPHOH muddepeHnraniu o0yCciIoBIeHa HATHIUEM Y
MOJIEKYJIbl BOJABI JIBYX SIEpHBIX CHOHMH-U30MepoB. BmepBbie wmerogoM MéccOayIpoBCKO
cnekrpockonuu (MC) mpennpuHsATa MONBITKA KOJUYECTBEHHON OIEHKH OTHOIICHHUS OpTO/mapa
criuH-u30MepoB (R) B «mepeoxnaxaéHHo» Bozae. [lomyueHHoe OTIMYHME BEIUYMHBI R OT
paBHOBecHOro 3HaueHus (3:1) ykas3blBaeT Ha HEYCTOMYMBOE METACTaOMJIBHOE COCTOSIHHE
HAHOIUIEHOK BOJBI HA MOBEPXHOCTH TIIMHBEL. TemmepaTypHas TpaHchopMmarms MEccOay’pOBCKUX
CHEKTPOB HUCCIIEyEMON CHUCTEMbl KaUyECTBEHHO OOBSCHSETCS B paMKaxX TPaJULMOHHBIX MOJENEH,
aJICKBaTHO OIKMCBIBAEMbIX (pa30BbI€ MEPEXObl JBYX THUIIOB («IIOPSIOK-OECTIOPSIIOK» U «IIOPSII0K-
MIOPSATIOK).

Jlns aHanu3a HEPaBHOBECHOI'O IEPEXoa «IHMOpalus-BpalieHe» B 3aBUCUMOCTH OT TOJIIHUHBI
afgcopObupoBanHoir minéHku H>O wucnonb30BaHbl KBAaHTOBBIM («OWHApHBII» MEXaHU3M) W
KJIACCHUECKHUI («CBOOOJHBIN» MEXaHM3M) TMOJXOJbI. Y CTaHOBIEHHbIE MeTojgoM MC 3HadeHHS
kpuTHueckux Temneparyp Tc (—23;—6 °C) yIOBIETBOPSIOT PE30HAHCHOMY YCIOBHIO PABEHCTBA
KMHETHYECKOW »HEPrUu OpTo/mapa CHUHOBBIX H30MepoB H,O M 3Heprum ux BpaliaTeslbHOTO

KBaHTa.

XIV Mossbauer spectroscopy and applications, Kazan, 2016
80



II Surface, thin films and nanosystems O 1I-8

da3oBbIii cocTaB 1 MarHuTHbIe cBoiicTBA Fe-Co u Fe-Ni
HAHONPOBOJIOK, MOJYYEHHBIX B IOPAaX TPEKOBbIX MeMOpaH

IlepyHoB I/I.B.l, DpoJioB K.B.l, Koporkos B.B.l’z, benun C.A.1’3, 3aropckmii I[.JI.I, JIro0yTun I/I.C.l,
Xwmesenun JLH.', AprémoB B.B., CynbsinoB C.H/, Yyes M.A.*

IHHcmumym kpucmannoepaguu um. A.B. [Llyonuxosa ®HHUL] « Kpucmannoepaghus u pomonuxay
PAH, Mockea (Poccus)
? Poccutickuii Xumuko-mexnono2uueckuti yuueepcumem um. /[.M. Menoeneesa, Mockea (Poccus)
 Mockosckuii nedazozuueckuil 2ocyoapcmeennwlil ynusepcumem, Mockea (Poccust)
! Ousuro-mexnonoeuueckuii uncmumym PAH, Mockea (Poccus)
qazqwerl @mail.ru, green@crys.ras.ru

Phase composition and magnetic properties of Fe-Co and Fe-Ni nanowires,

obtained in pores of the track-etched membranes
Perunov I.V., Frolov K. V., Korotkov V.V., Bedin S.A., Zagorsky D.L., Lyubutin I.S., Khmelenin
D.N., Artemov V.V, Sulyanov S.N., Chuev M. A.

The phase composition and magnetic properties of the arrays of iron-cobalt and iron-nickel
alloy nanowires obtained by the electrochemical deposition into pores of the polymer track-etched
membranes were studied. It was revealed that the phase composition of nanowires consists of bcc
and fcc cubic phases of Fe-Co and Fe-Ni alloys. All samples of nanowires arrays were magnetically
ordered and have preferred orientation of the magnetization, which was formed without application
of an external magnetic field during the electrodeposition.

B nanHOM paboTe MeToAaMu AJIEKTPOHHOW MHUKPOCKONMM, PEHTICHOBCKOW Iu(pakiuy,
BUOpAIIMIOHHONM MAarHUTOMETpUU U MEccOaydpOBCKOM CIEKTPOCKONMM Ha  [apax *"Fe  Gbum
uccnenoBanbl (a3oBbIii COCTaB W MarHUTHBIE cBoiicTBa MaccuBoB Fe-Co m Fe-Ni HaHOIpPOBOIIOK,
MOJIyYEHHBIX 3JEKTPOXUMHUYECKUM OCaXJIEHHUEM METANIOB M3 PACTBOpAa B IOPbI MOJIUMEPHBIX
MOJUATWIEHTEPEe(TANaTHBIX TPEKOBBIX MEMOpaH MpU pa3iMyHBIX YCIOBHUSX. YCTAHOBIIEHO, 4TO
TuamMeTp HaHOMpPoBOJOK cocTaisul 30 — 200 HM, mrHA 0K0JIO 10 MKM, MOBEPXHOCTHAS TUIOTHOCTh
HAHONPOBOJIOK B MaccuBe — okoo 10° cM™, cpejHee paccTOsHIE MeX/Ty HAHOMPOBOTIOKAMHU — OKOJIO
1 Mmxm. OGHapyxeHo, 9yTo (ha30BBIil COCTaB HAHOMIPOBOJIOK MpeCTaBisieT codoi komOuHanuio OLK
u I'lIIK ¢a3 Fe-Co m Fe-Ni cruiaBoB ¢ pa3in4IHbIM JIOKAJIEHBIM OKPY)KCHHEM HOHOB kele3a. Bce
JKCIEpUMEHTAJbHbIE 00pa3lbl MAacCUBOB HAHOMNPOBOJOK ObUIM  MarHUTOYNOPSJIOYEHBl U
JIEMOHCTPUPOBAJIA BBIJIEJIEHHYIO OPHEHTAIMI0 HAMAarHUYEHHOCTH BHYTPU HAHOMNPOBOJOK, KOTOpas
CTIIOHTAHHO (POPMHUPYETCS B TPOLIECCE AIEKTPOOCAKACHHUSI 0€3 TPUIIOKEHHST BHEIITHETO MarHUTHOTO
nosisi. HanmpapneHne HaMarHM4€HHOCTH 3aBUCUT OT YCJIOBUI CUHTE3A.

HccnenoBanue BbINMOIHEHO Npu (puHaHcoBoi moanepxkke PODU (mpoekt Ne 15-08-04949),
PH® (mpoext Ne 14-12-00848), ¢ wucnomb3oBanuem obopynoBanus LIKIT ~ ©OHUIL]
"Kpucramnorpadus u poronuka" PAH npu ¢punancoBoit noaaepxke Munodpuayku PO.
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UccaenoBanue Fe u Fe-Co HaHOTPYOOK B MOJTUMEPHBIX HOHHO-
TPEKOBbIX MeMOpaHax

Pycakos B.C.', Kaxbip:kanos K.K.?, KoznoBckwuii A.LZ, Kucenera T.1O.!,

3noposen M.B.2, ®agee M.C.!, Jlykpsinosa E.H.'

1 - .
Mockosckuii cocyoapcmeennwiii ynusepcumem um. M.B. Jlomonocosa, Mockea (Poccus)
2 .o .
Eepasuiickuti nayuonanvuwii ynueepcumem umenu JI.H. I'ymunesa, Acmana (Kazaxcman)
rusakov(@phys.msu.ru

Study of Fe and Fe-Co nanotubes in polymer

ion-track membranes
Rusakov V.S., Kadyrzhanov K.K., Kozlovskiy A.L., Kiseleva T.Yu.,
Zdorovets M.V., Fadeev M.C., Luk’yanova E.N.
The iron and iron-cobalt nanostructures synthesized in polymer ion-track membranes were

studied by Mdossbauer spectroscopy with attraction data of scanning electron microscopy, energy
dispersive analysis and X-ray diffraction. The obtained nanostructures are single-phase with a high
degree of polycrystallinity Fe;,Co, (0< x <1) nanotubes with a bcc structure with a length of 12 pm,
diameter of 110 £ 3 nm and a wall thickness of 21 =2 nm. For Fe nanotubes is observed a random
distribution of directions of magnetic moments of Fe atoms, and Fe-Co nanotubes — magnetic
texture along the nanotubes axis. The substitution of Fe atom to the Co atom in the immediate
environment of the Fe atom results in a significant increase of the hyperfine magnetic field and a
small decrease of the isomer shift. Two mechanisms were revealed and the separation of the
contributions to the changes of hyperfine magnetic field and isomer shift with the change in the
concentration of Co atoms were carried out.

MetonamMun  MEccOay>pOBCKOM  CHEKTPOCKONUU € TPHUBJICYCHHEM JaHHBIX PpacTPOBOM
3JIEKTPOHHON MUKPOCKOIHMH, SHEPTrOJUCIIEPCHOHHOTO aHAJIN3a U PEHTT€HOBCKON TU(PPaKTOMETPUU
WCCIICZIOBAaHBl  KENE3HbIE U  KeNe30-KOOATbTOBbIE HAHOCTPYKTYpBl, CHHTE3MPOBAHHBIE B
MOJMMEPHBIX MOHHO-TPEKOBBIX MeMOpaHax. [loiyueHHbIe HAaHOCTPYKTYpBI MPEICTaBISIOT COOOU
onHOda3HbIe ¢ BBICOKOH crerneHbio nonukpuctammanocta Fep ,Co, (0<x< 1) Hanotpy6ku ¢ OLIK
cTpykrypoil mnmuHoi 12 mxm, muamerpom 110+ 3 HM u TommmHOM cteHku 21 +2 um. Jlnsa Fe
HaHOTPYOOK HabOmIOgaeTcst cioydailHOe pachpeielieHue HAnpaBiIeHH MAarHUTHBIX MOMEHTOB
atomoB Fe, a mis Fe-Co HaHOTpYOOK — MarHUTHasi TEKCTypa BAOJb OCH HAHOTPYOOK. 3amelieHue
atoma Fe Ha atom Co B OnmkaiinieM okpyXeHuu aroma Fe mpHUBOAUT K 3aMETHOMY YBEJINYECHUIO
CBEPXTOHKOr0 MArHHTHOTO MOIs Ha sjpax ~ Fe (Ha 8+ 12 kD) M HeGONBIIOMY YMEHBIICHHIO
caBura méccbaysponckoii uHun (Ha A ~ 0.01 mwm/c). BeIsiBiIeHO 1Ba MeXaHU3Ma, U MPOBEACHO
paszeneHre BKIAJ0B B M3MEHEHUS! CBEPXTOHKOI'O MAarHUTHOTO MOJIS M clIBHUra MEccOay3pOBCKOM
JMHHUM C U3MEHEHUEM KOHIeHTpaluu atomos Co.

PabGoTa BeIMOTHEHA B paMmKax mpoekra MuHHCTepcTBa 00pa3oBaHUS M HaykKu PecmyOnuku
Kazaxcrtan Ned5 or 12.02.2015 1.
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MécchayapoBcKoe ucciaeJ0BaHuEe MOBEPXHOCTH HAHOYACTHII
core-shell Tuna

Abayainn A.®.', Ilstaes A.B.', JdompauyeBa H.E.T py3aeB M.Cc.?

1 . .
Kaszancxuii ghedepanvuwiii ynusepcumem, Kazanv (Poccust)

2 . .

Kaszancxuii pusuxo-mexnuuecxuti uncmumym KazHIL] PAH, Kazanv (Poccust)

3HHcmumym xumuu pacmeopos um. I'.A. Kpecmosa PAH, Heanoso (Poccus)
ayazik@bk.ru

Mossbauer study of the surface of core-shell type nanoparticles
Abdullin A.F., Pyataev A.V., Domracheva N.E., Gruzdev M.S.

The properties of the surface layer of core-shell nanoparticles (<d>=2.5+0.5 nm)
incorporated into the matrix of macromolecules of 3,4-bis(decyloxybenzoyl)poly(propylene imine)
derivative of the second generation are studied by Mdssbauer spectroscopy at low temperatures.
The spin states, the details of the phonon spectrum and the Debye temperature of surface layer
atoms are discussed.

B  paGore  wmcciaenmoBaH — KOMIO3HMIIMOHHBIM — Marepuan  Ha  0a3e  HAHOYACTHIL
core(a-Fe)—shell(y-Fe,O3) Tuna (<d> ~ 2.5 £ 0.5 HM), UHKaNCYJIUPOBAHHBIX B MaKpPOMOJIEKYJax
KHUJIKOKPHCTAILITUIECKOTO JIeHIpUMEpPa BTOpOH reHepalnuu MIPOM3BOTHOTO
3,4-Ouc-neunnoxkcubenzomn nonu(nponwieH umuHa) [1]. IIpomeMoHCTpUpOBaHO MpOSIBIEHKE
HU3KOCTIMHOBBIX ~ CBOWCTB B  IOBEPXHOCTHOM  MOHOAQTOMHOM  CJO€  BBICOKOCITHHOBOTO

HAHOPAa3MEpHOTro Marepuaia (IyOler co CpeaHHM

3HAUEHUEM KBAJIPYTOIBHOTO pacuierieHus 2.93 Mmm/c u 100 §
nzomepHoro casura 0.21 mm/c Ha puc. 1). Onenka
temneparypbl Jlebas 3THMX aTOMOB Ja€T 3HAYEHHE

565K. B pabore moka3aHO, YTO MEXaHU3M o8 |

[Iponyckanue, %

BO3HUKHOBCHU HU3KOCIIMHOBBLIX LHCHTPOB -

La~ I

“MOBEPXHOCTHBIN’, a He “O0BEMHBIN’, Kak MHJid 2 . 0 |
TPaAMIIMOHHBIX  CIUH-KpoccoBep  cucteMm.  Jloms V, mm/c

aTOMOB B HHU3KOCIIMHOBOM COCTOSHUH CJIa00 3aBUCHUT Puc. 1. MéccbayspoBckuii criekTp
HaHovacTull core-shell Tuma, moxy4eHHbIN

OT  Temmeparypsl M  OOYCJIOBJIE€HAa  TOJBKO
npu Temneparype 79 K

OTHOCHUTEJIbHBIM KOJIMUYECTBOM aTOMOB IOBEPXHOCTH,
KOTOPBIE OTJIMYAIOTCS OT 0OBEMHOI0 MaTepualla CBOMCTBAMH (D)OHOHHOT'O CIIEKTpA.

PabGora BbImonHEHa npu (QuHaHCOBON mnopaepxkke nporpammsel [Ipesmaumyma PAH Ne 24
«DyH1aMeHTaIbHbIE OCHOBBI TEXHOJIOTHIl HAHOCTPYKTYP U MaTepuajioBy.

JIUTEPATYPA

1. Abdullin A.F. Mossbauer study of the surface of core-shell type nanoparticles / A.F.
Abdullin, A.V. Pyataev, N.E. Domracheva, M.S. Gruzdev // J. Surf. Invest. — 2016. — V. 10. — Ne. 1.
—P. 35-38.

XIV Mossbauer spectroscopy and applications, Kazan, 2016
83



I Surface, thin films and nanosystems P 1I-2

Mossbauer and Raman spectroscopy study of graphene - magnetite
nanocomposites

Baskakov A.O.], Starchikov S.S.], Shih K.—Ya.z, Lin C.-R. 2, Lyubutin L.S.!

'FSRC “Crystallography and Photonics” RAS, Moscow (Russia)
’Department of Applied Physics, National Pingtung University, Pingtung (Taiwan)
arseniybaskakov(@gmail.com

The new discovered allotropic 2D form of carbon — graphene (G) gained much interest from
different scientific groups in the last decade due to its unique properties, such as high electrical
conductivity, mechanical, optical and thermal properties [1]. Therefore, G attracts much attention in
the fields of physics, biology, chemistry, medicine and material science. Nanocomposites of G-
inorganic nanoparticles (NPs) have opened up a completely new field in the study of graphene. The
composites of G modified with magnetite (G-Fe;O4 nanoparticles) can be very promising in the
terms of their application in the field of targeted drug delivery and materials for anodes in lithium-
ion batteries due to special properties of both graphene and magnetic nanoparticles.

Mossbauer study of such composites could provide an important information about specific
interaction between nanoparticles and graphene, the particular structural and magnetic properties
determined by nanoparticles composition, size and specifics of synthesis. In addition, with such
powerful investigation methods as XRD and Raman spectroscopy (that is extremely useful while
studying graphene structures and iron oxides) we can gain much information about the G-Fe;04
nanocomposites and its properties.

In our study the series of graphene-magnetite (G-Fe;O4) and graphene-oxide-magnetite (GO-
Fe;04) nanocomposites were synthesized at different conditions, and the Mdssbauer and Raman
spectra were investigated at different temperatures. It was found that the maghemite (gamma-
Fe;Os) phase is the present in all samples along with magnetite phase. In the magnetic field
distribution, the Mossbauer components with low magnetic fields values are present, which can be
connected to the surface effect in nanoparticles and can probably contain information about
interaction between graphene and magnetic nanoparticles. The presence of the paramagnetic
doublet component can be explained by superparamagnetic properties of small particles (with size
< 10 nm), which can be present in the sample due to the particles’ size distribution.

This study is supported by the Russian Scientific Foundation (Project #14-12-00848).

REFERENCES

1. Singh V. Graphene based materials: Past, present and future / V. Singha, D. Jounga, L. Zhaia,
S. Das, S.I. Khondakera, S. Seal // Prog. Mat. Sci. —2011. — V. 56. — Ne8. — P. 1178-1271.
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Distribution of condensate functions in superconducting triplet
spin-valve switching modes

Gaifullin R.R.", Deminov R.G.', Tagirov L.R., Karminskaya T.Yu., Kupriyanov M.Yu.> !,
Fominov Ya.V.** and Golubov A.A.>*

"Institute of Physics, Kazan Federal University, Kazan (Russia)
“Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow (Russia)
I Moscow Institute of Physics and Technology, Dolgoprudny (Russia)

L.D. Landau Institute for Theoretical Physics RAS, Chernogolovka (Russia)
Faculty of Science and Technology and MESA+ Institute of Nanotechnology,
University of Twente, Enschede (Netherlands)
gaifullin.rashid@gmail.com

We investigate SF1F2 and FI1SF2 structures (S is a singlet superconductor, F1 and F2 are
ferromagnetic metals, identical in our case), where the long-range triplet superconducting pairing is
generated at canted magnetizations of the F layers [1]. Earlier we demonstrated that transition
temperature 7, in the semi-infinite SF1F2 structures can be a non-monotonic function of the angle o
between magnetizations of the two F layers [2], against the monotonic 7,.(a) behavior obtained for
the FISF2 trilayers [3]. It was shown a short time ago [4] the existence of the anomalous
dependence of the spin-triplet pairing correlations on the angle a in SF1F2 structures in a limit of
thin F layers. We examine comparatively the spin-singlet and spin-triplet pairing distributions and
amplitudes as a function of the layers thicknesses at different values of the angle a in SF1F2 and
F1SF2 structures to clarify which one of the pairings and how may impact on the superconducting
spin-valve switching modes in the both heterostructures.

The support by RFBR (grants No. 16-02-01171-a, 14-02-31002-mol a, 15-32-20362-
bel a ved), DFG and by the Program of Competitive Growth of Kazan Federal University is
gratefully acknowledged.
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1. Bergeret F.S. Odd triplet superconductivity and related phenomena in superconductor-
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2. Fominov Ya.V. Superconducting triplet spin valve / Ya.V. Fominov et al. / JETP Lett. —
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Magnetic, structural and electronic properties of FeGa,0,4- FeGaO;
nanocomposites

Gervits N.E.!, Starchikov S.S.!, Lin C.-R.%, Lyubutin LS.
Gervits N.E._ y

'FSRC “Crystallography and Photonics” RAS, Moscow (Russia)
’Department of Applied Physics, National Pingtung University, Pingtung (Taiwan)
ngervits@gmail.com

Iron gallate nanoparticles are very prospective material which can find applications in medicine
and electronics due to its specific magnetic and magneto-optical features. The combustion method
was used to prepare a precursor powder of iron-gallium oxide compound which further was heat
treated in order to obtain the Fe;,Ga, ,O4 nanoparticles. The Mdssbauer spectroscopy revealed only
ferric Fe*" ions in the smallest 1.8 nm particles implying a Fe*'. Ga*'i.. O3 composition. The
cation distribution in the pure FeGa,Os compound obtained from the Mossbauer data at room
temperature can be given as (Fe*"o7¢Ga’ 0.24) [Fe* 024Ga’ 1 76]°" Oa.

Magnetic measurements reveal hysteresis loops in M(H) only at lowest temperature of 5 K. The
maximum in the ZFC magnetization curves appears in all samples at temperatures of about
20—-30 K which are only slightly dependent on the particle size. At high temperatures (7 >> T,) the
I/M(T) dependence for the 1.8 and 28.0 nm particles follows the Curie-Weiss law, and the
estimated @c¢ values are rather high and positive, which indicate the ferromagnetic interaction.
Because of a large value of @¢and small value of T,, the magnetic frustration parameter f'is rather
high (up to 7), which supports spin-glass type of magnetic ordering. The low temperature

Mossbauer data (Fig. 1)
reveal magnetic ordering of Fe ions in all samples
Feq4xGap.Oy Feq.4xGazx04
o,
15K

11K
20K
20K 25K
rather than the superparamagnetic relaxation [1]. 205K 'V ML 5.4 nm 28nm
1.8nm

. T . (b) (c)
Support by the Russian Scientific Foundation _foa) ) e )
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Fig. 1. Representative Mossbauer spectra of
Fe :,Ga,..O4 nanoparticles in the temperature
region of magnetic transition.
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with the magnetic transition temperatures from 20

to 26 K depending on the nanoparticle size. At low
temperatures the <H;~>(T) dependence is well
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MéccOayspoBCcKHiA AaHAJIU3 CTPYKTYPHI B 001aCTH KOHTAKTHOTO
HArpPY:KeHUS BBICOKOA30TUCTON XPOMO-MAPraHIeBO
ayCTEHUTHOM CTAJIH

3amarosckuii A.E., lla6amos B.A., Kopmynos JL.I'.
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Maossbauer analysis of the structure in contact loading of high

chromium-manganese austenitic steel

Zamatovsky A.E., Shabashov V.A., Korshunov L.G.
Mossbauer spectroscopic study of structural phase transitions in austenitic steels Fe-22Mn-

18Cr-0.8N in the surface layers during friction and wear products, as well as the high pressure
torsion in Bridgman anvils.

[TpoBeneHo MEccOay3pOBCKOE MCCIEAOBAHUE CTPYKTYPHO-(A30BbIX IMEPEX00B B ayCTCHUTHOM
ctann Fe-22Mn-18Cr-0.8N B MOBEpPXHOCTHBIX CJOAX MPU TPEHUU CKOJBXKEHHUS M MPOIyKTax
M3HOCA, a TAaK)KE TIPH CIIBUTE IO/ IaBJICHUEM B HAKOBAJIbHAX bpumkmena.

[Toce nedopmaruu ciaBurom B 00BEME oOpasiia, TPEHUS CKOIBXKEHUS B IOBEPXHOCTHBIX
CJIOSX W TMPOAYKTAX M3HOCA MPOUCXOIUT pacTBopeHue HUTPUI0B CroN M yBEeTUUYEHHE CPEIHETO
COJIEp)KaHWsI a30Ta B AayCTCHUTHON wmatpuie. B mpomykrax wu3HOca cramu (OpMUPYETCs
3HAUYUTENIbHOE KOJIMYEeCTBO o-(pa3bl. OIMHOBPEMEHHO B MOBEPXHOCTHBIX CJIOSIX M OCOOCHHO B
OpOAYKTaxX H3HOCAa O0pa3yercss 3HAUUTENbHOE KOIUYECTBO AaHTU(EPPOMArHUTHOTO AayCTEHHTA
BCJIe/ICTBUE OOCHEHHSI YaCTH METaUNIMYECKON MaTPHUIIbl XPOMOM U a30TOM.

Cnenan BbIBOI, 4TO B coctapeHHO# ctamu Fe-22Mn-18Cr-0.8N TpeHue, Kak U CHBHUT O]
JaBlICHHEM CO37aT YCIOBUS Ui PAcTBOpPEHHs] MPOAYKTOB sueuctoro pacmaga (CraN) c
o0Opa3oBaHMEM BTOPUYHBIX HUTPHUAOB. PesynbpTHpyromasi cTpykTypa GopMUpYeTCs B pe3yibTare
KOHKYpeHUUH JedOPMAlMOHHOTO pACTBOPEHUS U JUHAMHYECKOrO CTapeHHs B  CTaJH.
HeonHopoaHoCTs pacmpesneneHus a3oTa M XpoMmMa B MaTpUIle OOBACHSAETCS HEOAHOPOIHOCTHIO
yCIIOBUH (TeMIlepaTtypbl M CKOpPOCTH JAedopmarviv) B PA3NUYHBIX OO0NACTAX TMOBEPXHOCTH.
KoHTakTHBIE pacTAruBarolue HAMPSHKEHHUSI CIMOCOOCTBYIOT PAa3BUTHIO B METACTAOMIIBHOHN CTalu
Y—0. TpeBpallleHud, HWHULUUPYIOIUX o0pa3oBaHHME U PACHPOCTPAHEHHWE MHKPOTPEIIUH B
MOBEPXHOCTHBIX CJIOSIX.

Pabora BblmonHeHa B pamkax TeMbl «Ctpykrtypa» (rpant YpO PAH (Ne 15-9-12-45)) u
¢unancoBoi mopnepxkke PODU (mpoekt Ne 15-08-07947).
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MéccOayIrpoBCcKHe UCCICI0BAHUSA MATHUTHBIX CBOMCTB TOHKHX
IJICHOK OKCH/Ia IUMHKA, MMIIJIAHTHPOBAHHBIX HOHAMH KeJjie3a

3MHHATYLJIMH A..JI.I, I'ymapos A.I/I.l, I'mabmyTaunoB I/I.(I).l, BaneeB B.d).z,
Xauo0y/uiuH P.1."%, Baruzos ®.I'.!

1 . . .
Kaszancxuii (Ilpusonsicckuti) ¢pedepanvroiil ynusepcumem, Kazamo (Poccus)
2 . . .
Kaszancxuii puzuxo-mexnuuecxuti uncmumym um. E.K. 3asoiickoeo, Kazanw (Poccus)
almaz.zinnatullin@gmail.com

Maossbauer studies of magnetic properties of iron

implanted zinc oxide thin films

Zinnatullin A.L., Gumarov A.IL., Gilmutdinov L.F., Valeev V.F., Khaibullin R.1., Vagizov F.G.
In this work we investigated magnetic properties of ZnO thin films implanted with iron ions

with energy 40 keV and ion fluence of 1.25:10"7 ion/cm® and 1.5-10"" ion/cm®. A sample was
studied by conversion electron Mdssbauer spectroscopy, vibrating sample magnetometry and X-ray
photoelectron spectroscopy.

Pa30aBneHHble MarHuTHbele mnoaynpoBoaHuku (PMII) sBistoTCS aKTUBHO HCCIEAYEMBIMU
Matepuanamu. Takue mMaTepuasbl MPOSBIAIOT OJHOBPEMEHHO MOJIYNPOBOJHUKOBBIE U MarHUTHBIE
cBoiicTBa. Ha ux 6a3e mpenmnonaraercss co3gaHue YCTPONCTB CHIMHTPOHUKH — CIIMHOBBIX MOJIEBBIX
TPAH3UCTOPOB, KOTOPBIE MO3BOJIAT YIPABIATH TOKOM 3JIEKTPOHOB 0€3 paccesHusl HaIpaBJIEHUS UX
cnuHa [1]. B pabore [2] TeopeTHUECKH MPEATTIOIOKUIHN, YTO OKCHUJ IIMHKA, JIETUPOBAHHBIA HOHAMHU
MEPEXOAHBIX METAJIOB, MOXKET MPOSBIATH (eppOMArHUTHBIE CBOMCTBA Ja)xe MPHU TeMIIEpaTypax
BhIIIe KOMHATHOH. [locie 3Toro ObIIO OIMyOIMKOBaHO OOJIBIIOE KOJMYECTBO AKCIEPUMEHTATBHBIX
paboT, 4TO FOBOPUT 00 aKTyalIbHOCTH MPOOIIEMBI.

B mnHacrosimeit paboTe ucciemoBaHbl TOHKHE IUICHKH OKCHJA IIMHKA, MMILIAHTHPOBAHHBIE
poHaMH kenesa ¢ oHeprueil 40 kB u gosamm 1.25-10" mow/em® m 1.5-10" mom/em’.
NMnnantupoBaHHble U OTOXOKEHHBIM BHocneactBuu npu  Temmeparype 500 °C  oOpa3siisl
HCCIIEIOBAINCh MeToJaMu MEccOay’pOBCKON CIEKTPOCKONMM KOHBEPCHUOHHBIX AJIEKTPOHOB,
BUOPAaLlMOHHONM  MarHUTOMETPUM U PEHTICHOBCKOM  (POTORJIEKTPOHHOM  CIIEKTPOCKOIIHHU.

[IpuBoaUTCS aHAIN3 PE3YIABTATOB UCCIEA0BAHUI MAarHUTHBIX CBOMCTB U MUKPOCTPYKTYPHI.

JIUTEPATYPA

1. Wolf S. Spintronics: A Spin-Based Electronics Vision for the Future / S. Wolf,
D. Awschalom, R. Buhrman et al. // Science. —2001. — V. 294. — Ne 5546. - P. 1488-1495.

2. Dietl T. Zener Model Description of Ferromagnetism in Zinc-Blende Magnetic
Semiconductors / T. Dietl, H. Ohno, F. Matsukura et al. // Science. — 2000. — V. 287. —P. 1019-
2022.
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MuUKpOCTPYKTYpPa M MATHUTHBIE CBOMCTBA IJICHOK TUTAHATA

CTPOHIUHA, UMINVITAHTUPOBAHHOI'0 KEJIC30M

Jareimosa P.H. ', Hyaos E.H. ! XaiOyamn P.U. 2
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Kasanckuii ghedepanvuwiii ynusepcumem, Kazanv (Poccutickaa @edepayus)

2 . - .
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roilatypova@gmail.com

Microstructure and magnetic properties of strontium titanate implanted

with iron 1ons
Latypova R.1., Dulov E.N., Khaibullin R.I.

Studies of microstructure and magnetic properties of thin magnetic films were synthesized by

means of implantation of iron ions into single-crystalline substrates of strontium titanate have been

carried out.

C uWCnonp30BaHWEM MAarHUTHO-OPHEHTAIIMOHHONH MECcOAydIpOBCKOM  CIIEKTPOCKONHH |

MarauTHBIX I/I3Mep€HI/Iﬁ BBIITIOJHCHBI HCCICAOBAHHA TOHKUX IIJICHOK, IIOJTYYCHHBIX HOHHOM

I/IMHHaHTaHI/Ieﬁ JKCJIC3a B MOHOKPUCTAJLJI TUTaHAaTa CTPOHIIUA (TOJ'IIIII/IHa HMIUTIAHTUPOBAHHOTO CJIOA

60 M [1]). O6paboTKa CIEKTPOB, MOJYYEHHBIX MPH
HOPMAJIFHOM U KacaTeJIbHOM TMAJCHUU IIyYKa Y-
KBAaHTOB Ha IUIOCKOCTh IJICHOK, ITOKa3anaa OTCYTCTBHE
MarHuTHOTO MOpsika B oOpasle C J030# »kenesa
D=0.75 10" non/cm® 1 (beppoMarHuTHBIA TOPSIOK
B oOpa3ie ¢ no3oit D=1.5"- 10" non/cm>.

Ha pucyHke moka3aH pa3HOCTHBIM CHEKTp
BBICOKOJIO3HOTO 00pa3lia, NOJIY4YEeHHBIH JIMHEHHOU
KOMOMHAIMed CHEeKTpOB MHpU  HOPMAJIbHOM H
KacaTeJIbHOM Ia/IeHUH ITy4YKa Y-KBaHTOB.

Bbutn BeIMOTHEHBI MECCOAYIPOBCKUE U3MEPEHUS

Ipru  HAJIOXKXCHHMM  BHCIIHCIO  MArHuMTHOI'O  IOJIA

o wnors Ty gl T o n st v
R A R KA A

R A T A
V, mm/s
Puc. 1. PazHOCTHBII ciekTp

BBICOKO103HOTO 0Opa3zna SrTiOs «— Fe®

o < 1
BETMUMHO# B 3 KD MEepPHeHINKYISPHO IITOCKOCTH MieHoK. O6paser ¢ 1030if xenesa D = 0.75 - 10"

I/IOH/CM2 IIOKa3ajJl HaJIu4uec 3(1)(1)€KTI/IBHOFO MarHuTHOTO II0JIS INIOCKOCTHOM AHU3O0TPOIIMNH MOPAAKaA

1 k9, o6paser ¢ go30ii D = 1.5 - 10" mon/cm” — 10 k2.

JIUTEPATYPA

1. Dulov E.N. Magnetic phase composition of strontium titanate implanted with iron ions /
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s 57
AHaJIM3 CTPYKTYPbI M MATHUTHO-()230B0r0 cocTaBa miI¢Hok - Fe
c(popMHUPOBAHHBIX MO TEXHOJOTHH HOHHO-CTUMYJIMPOBAHHOIO
OCaK/ICHUS

Jsgos H.M.!, Bazapos B.B.!, Baruzos ®.I', Illycros B.A.!, Jly;os E.H.?, Hocko A.W.?,
XaiOy1JInH pP.1., daiizpaxMaHoOB HA
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I Kazanckuii HayuonanbHblii ucciedo8amenbeKuii mexHudeckutl yuusepcumem um. A.H. Tynonesa,
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Analysis of the structure and magnetic phase composition of the films

grown by ion-beam assisted deposition technology
Lyadov N.M., Bazarov V.V, Vagizov F.G., Shustov V.A., Dulov E.N., Noskov A.L.,
Khaibullin R.I., Faizrakhmanov [.A.

The main aim of our work — the studies of phase composition and magnetic properties of the
thin iron films obtained by ion beam assisted deposition, and the same films is then subjected to
thermal annealing under vacuum. Thin iron films >’Fe with 120 nm thickness has deposited on glass
and element-phase composition and magnetic properties both as-deposited and subsequently
annealed in vacuum films has been investigated. As-deposited iron films *’Fe are in a stressful
thermodynamically unstable state with nanocrystalline structure containing nanosized inclusions of
a-phase iron. Strong contribution of perpendicular magnetic anisotropy in magnetic behaviour of
>"Fe films is observed due to stress in films which become stress-free after thermal annealing only.

AHanM3 TPEJCTABICHHBIX PE3yJbTATOB HCCIICIOBAHUS TIOKA3bIBACT, YTO TOHKHE IUICHKU
kerne3a °'Fe, MONy4eHHbIE METOZOM HOHHO-CTHMYJTHPOBAHHOTO OCAXICHHS HA CTCKISHHOM
MTOJITIOKKE, MTPOSIBIISIOT PSAJT OCOOCHHOCTEH B CTPYKTYype M MAarHUTHBIX XapaKTepucTUKax. McxomHo-
OCaX/ICHHBbIE TUIGHKH HWMEIOT HAHOKPUCTAUIMYECKYIO0 CTPYKTYpY, NpPEICTaBISAIONIyI0 CO00M
TEPMOJMHAMHYCCKH-HECTAOMIBHYIO IPU HOPMAJIBHBIX yCIIOBUSAX aMmopdHyto cpeny (hasy) kenesa
¢ HaHopa3MmepHbIMU ( ~ 10 HM) KpucTauIMuecKUMU BKItoueHusMH o-(das3el Fe. [1nenku naxoasarcs
B HampsHDKCHHOM COCTOSHUHM, KOTOPOE OKa3blBaeT CYIIECTBEHHOE BIIMSHHEC HAa KPHUBBIC
HAMarHWYWBaHUs ITUICHOK W TPOSBISETCS B (OpME OJHOOCHOH MArHUTHOW aHU3OTPOIIHH.
[Tocnenyromuii TEePMUIECKUI OTXKUT B yCIIOBUSX BaKyyMa CTUMYJHPYET KPHCTAJUIM3AIMIO BCETO
o0beMa IUJIEHKH W pa3Mmepbl KpuctaumrtoB o-(a3el Fe Bozpactator g0 ~ 20 HM. Octaro4yHbie
MEXaHMYECKHUEe HAMPSHKEHUS B TUICHKE CHUMAIOTCS M OTOXOKEHHBIE 00pa3ilbl MPOSBISIOT THITMYHOE

IJI KPUCTATINIMYCCKHUX TINICHOK KEJIC3a MAIHUTHOC ITOBCACHUC.
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I/ICC.]'IEI[OBZIHI/IE COCTOAHMA UMILVIAHTUPOBAHHBIX aTOMOB 57Fe B
METAVIMYECCKUX MaTpUIax

Osepnoii A.H., Bepemak M.®., ManakoBa U.A., Tiaey6eprenos 7K.K.

Hncmumym soeproii pusuxu, Armamot (Kazaxcman)
manakova@inp.kz

Study of °’Fe implanted atoms state in metal matrix

Ozernoy A.N., Vereshchak M.F., Manakova [.A., Tleubergenov Zh.K.
This paper provides the study of the processes of surface layers structure formation using the

conversion Mdssbauer spectroscopy during *'Fe ion implantation in metallic foil of beryllium,
aluminum, copper, zirconium and tantalum.

B mnacrosimeit pabore C MOMOIIBIO KOHBEPCHOHHOW MECCOAYIPOBCKOM CHEKTPOCKOITUH
(KBOMC) wuccnenoBamuch Mpolecchl (OPMHUPOBAHUS CTPYKTYPHl TIOBEPXHOCTHBIX CJIOEB MpHU
MOHHO# MMIUIaHTaIuy ~ Fe B MeTautuueckie (oIbri GepHILTHS, aTIOMHUHHAS, MEIH, HPKOHUS U
TaHTana. VIMIUTaHTamus HOHOB °'Fe B domeru pazmepom 10x10x0.05 MM ocymiecTBisIach Ha
ANEKTPOCTATUYECKOM Iepe3apsiAHOM yckoputene Tspkenslx noHoB YKII-2-1 MA® PK. ITnotHoCTH
HOHHOro ToKa coctaBmsia 20 HA. DHepruss HempepblBHOro MmoToka HOHOB 50 k3B, ¢mroenc
BapbUPOBAJICS OT 5-10" 10 410" now/em?.

JlokasibHOE OKpY’>KEHHE aTOMOB jKeJle3a M0 3aBEPILIEHUU Mpoliecca UMIIAaHTALUK ONPEEIIsaIn
MeronoM KOMC na cnextpomerpe MS-110Em npu xomnHatHO! Temmneparype. McTouHukoM v-
KBAHTOB CIyXHI °'CO B MaTpuie Xpoma. AHAIM3 U 0OpPabOTKY MECCOaydPOBCKHX CIICKTPOB
MPOBOMIIA C TOMOIIBI0 MporpaMmMbl SpectrRelax. Jlyis pacdera cTeneHW BO3ACUCTBHS HOHHOTO
Iy4Ka Ha KPUCTAUIMYECKYIO PELIETKY MaTpUIlbl Hcioyib3oBainu nporpammy STRIM-2008. YcnoBus
o0Jy4eHus MOHaMU KeJie3a ObLIM BBIOpaHBI TakK, YTOOBI INyOWHA MPOHMKHOBEHHSI MOHOB BIIyOb
MOJUTOKKHK ObUTa COM3MEpHMa C TOJIIMHOW, JOCTYNHOW aisi mccienoBanusi merogqom KOMC
(~ 100 HM). DneMeHTHBIM COCTaB HIPUIIOBEPXHOCTHOIO CJOS ONPENEsUId € MOMOUIBIO
ANEKTPOHHOIO0 pacTpoBoro Mukpockona JEOL JSM-6610.

KOMC-cnekTpel €OCTOAT W3 CHHIJeTa U JyOjera, uYTO YyKa3blBa€T Ha JBa COCTOSHUS
UMIUIAHTUPOBAHHBIX ~ aTOMOB  JKejie3a B MOJUIOKKaX. Pe30HaHCHbIE CIEKTpPbl  HMOHHO-
MMIUIAHTUPOBAHHBIX CJIOEB HE BBIBUJIM MPUCYTCTBUS B HUX KpucTayuyeckoro o-Fe. OnuHouHas
auHMS o0yciioBieHa aromamu Fe, He UMeroIuMH B OJInKaiilieM OKpY>KEHUU COOCTBEHHBIX aTOMOB
(MoHOMepBI xene3a). MéccbayspoBckue mnapaMerpbl yOJaeToB ONM3KH, 4YTO YyKa3blBaeT Ha
OTCYTCTBHE B3aUMOJEMCTBHUSI HMMIUIAHTUPOBAHHBIX AaTOMOB C KPUCTAJUIMYECKOW peIIeTKON
MaTpulbl. MOXHO MNpPEaNoIOKUTh, YTO B XOJE OOJy4eHHs MOSBISETCS YIJIEpoJHas IUICHKA,
CrocoOCTBYIOMIAss 00pa30BaHUIO MEJIKOIUCIIEPCHBIX KapOUIOB KeJie3a B MPUIIOBEPXHOCTHOM CJIO€
00JIy4EHHBIX MaTEpPHAJIOB.
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KonBepcuoHHas 3J1eKTPOHHAsSE MECCOAYIPOBCKAsI CIEKTPOCKONMUS

METAJVNINYECCKUX HAHOKOMIIO3UTOB

Taeybeprenos K.K., Manakosa U.A., O3epnoii A.H., Bepemaxk M.®D.

Hncmumym soeproii pusuxu, Armamot (Kazaxcman)

manakova@inp.kz

Conversion electron Mossbauer spectroscopy of metallic nanocomposites
Manakova [.A., Tleubergenov Zh.K., Ozernoy A.N., Vereshchak M.F.

This paper presents the results of the studies of nanoscale composite coatings produced by

deposition technology of two metals on the metal substrates.

B Hacrosmeir pabore MpencTaBiI€Hbl PE3yJIbTAThI
HCCIIEIOBAaHU HAHOPA3MEPHBIX KOMITO3UTHBIX MOKPBITHH,
MOJIyYEHHBIX C MOMOUIbIO Pa3pabOTaHHON OpUTHMHAIBHOU
TEXHOJIOTHMH OCAXKIEHUS JByX METAJJIOB Ha MOJIOKKHU C
BO3MOKHOCTbBIO peryaupoBaHus COOTHOIIEHUI
KOMIIOHEHTOB IpU TEMIlepaTypax 3HAUYUTEIbHO HIXKE
TeMIneparypbl IuiaBieHus. OcaxJAeHHe OCYILECTBISUIOCH B
BaKyyM€ M3 JIByX OJHOBPEMEHHO pabOTaroIMX UCTOYHUKOB
- MarHeTpoHa U TEPMOBAKyyMHOTro ucrapurens. B kauectse
MHIIEHEH B MArHETPOHHOM TEXHOJIOTMM MCIOJIb30BAIH
QTIOMUHHMMA, XpOM, Me€Ib M TaHTal. [epMOBAaKyyMHBIN
ucnapurenb — o0ecneuMBal B KaMepe  MarHeTpoHa
HEO0OXOMMOE IaBJICHHE MapoB 00oranieHHoro 10 92 % TFe.
CooTHOIIEHHE METaUIOB B  IUIGHKaX MOXKHO  OBLIO
BapbUpPOBaTh, U3MEHSS CKOPOCTh pacibuieHus. B kauecTBe
MOJJIOKKM HCIOJIBb30BaJM aJIOMUHUEBYI0 WM MEIHYIO
¢donmpry, UYTO HE OKa3blBAJIO BIMSHUS Ha KAdyeCTBO U
CTPYKTYpPHOE COCTOSIHUE HAHOCHUMBIX IOKPBITUH, T.€. HE
OOHapy»EHO XHMMHUYECKOE B3aUMOJCHCTBHE MOJJIOXKKA-
MOKPBITHE.

CrtpykrypHO-(hazoBoe COCTOSIHUE 30H]I0BBIX
MECCOAayIPOBCKHX aTOMOB ~ Fe MONyYamd C MOMOIIBIO
Merona KOMC c perucrpanueil 371eKTpOHOB BHYTPEHHEH
koHBepcuu (Puc. 1.). IlomyueHHble 3KCIEpUMEHTaIbHbIC

JaHHBIE CBUJIETEIILCTBYIOT 00 00pa3oBaHUU B pe3yjbTare

TEPMO(IIYKTYaIIHOHHOTO TUIABJICHUS TBEPAOTO pacTBOpa JKejle3a B MaTpHUIAX MaTepHajoB

MMUIIIEHEN.

Puc.

N, %
180 .

g
160 ,-,_gc._ a
140 :

120 ’ .'g*,
100 SRRt TR

100

108 A B

v, MM/C

>’Fe HAHOKOMITO3UTHBIX
TUICHOYHBIX TTOKPBITHIA
a) Al+"Fe na Cu MMOJIOXKKE;
6) Cr+”'Fe Ha Cu mOJIJIOKKE;
B) Cr+"'Fe Ha Al mommoxke;
r) Cu+’'Fe na Cu moioxke;
1) Ta+>'Fe na Cu nmoioxke.
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Tunnel magnetoresistance related with nanoparticle size
distribution in magnetic tunnel junctions

Useinov A.N.]’z, Esmaeili A.Z, Lai C.-H.l, Useinov N.K.z, Lin H.-H.

'MSE & Phys. departments, National Tsing Hua University, Hsinchu (Taiwan)
*Institute of Physics, Kazan Federal University, Kazan (Russia)
nuseinov(@mail.ru

The simulations of the tunnel magnetoresistance (TMR) in magnetic tunnel junctions with
embedded nanoparticles (NPs) were done in the range of direct electron tunneling model in the
system FM/I/NP/I/FM, where FM is a ferromagnet and thickness of the I/NP/I varied within
1 —5nm, (I) is an insulating layer 1 nm. The simulation includes different NP distributions by NP
size (with diameters d = 0.2—3.0 nm), quantum well (QW) states and small temperature impacts.

The model can explain the experimental

observations of the TMR suppression at zero bias, 28

which depends on the NP size distribution at low

N
[}

temperature [1]. The electron transport through NPs is
closely similar to the double barrier and point-like

TMR (%)
N
~

contact models. The present results were developed

on the basis of our previous model, where only 22 D
averaged NP size per tunneling cell was considered 030z 0T 00 0T 0z 03
[ 2] Voltage (V)

The figure 1 shows example of the TMR Fig. 1. TMR via applied voltage

suppression with NP dispersion (inset), where electrons tunnel through NPs with d < 1.7 nm having
QW statesn=1,and for NPsd > 1.7nm,n=2at T=2.5 K.

The model can serve as a basement for tuning of the TMR amplitude, bias-dependence of TMR
in novel MTJ-based structures. The presented data are in high contrast to the Coulomb blockade and
Kondo-assisted consecutive tunneling models [1]. Magnetic states of the embedded NPs made of
metallic iron or an iron alloy can be checked making use of Mdssbauer spectroscopy of conversion
electrons.

This work was funded by the subsidy of the Kazan Federal University for the state assignment
in the field of scientific activities and granted by MOST, Taiwan (No.104-2221-E-007-046-MY2,
103-2112-M-007-011-MY3).
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KI9OMC noBepXHOCTHOIO CJIOA AYyCTCHUTHOM HEePKABEIOUIECH CTAJIH,
a30THPOBAHHOM B IJIa3Me JJIEKTPOHHOI0 MY4YKAa

TI'ono6opoackmii B.10., llla6amos B.A., Makapos A.B., I'appusios H.B.,
Ko3zao0B K.A., MamaeB A.C.
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CEMS of the surface layer of austenitic stainless steel, nitrided in the

plasma electron beam
Goloborodsky B.Yu., Shabashov V.A., Makarov A.V., Gavrilov N.V.,
Kozlov K.A., Mamaev A.S.
The structure of the nitrided in the plasma of an electron beam the surface layers of steel with
the use of additional pre-processing friction is discussed.

A30OTHpOBaHHE B IIa3Me DJIEKTPOHHOTO Iy4YKa AyCTEHHTHBIX CTaliei SBISIETCS OIHUM U3
Croco00B MOIM(PHUIMPOBAHUS TOBEPXHOCTH CTPYKTYPHI [UIS YIyYIICHHS €€ SKCIUTyaTallMOHHBIX
XapaKTePUCTHK.

3amadeil OBLIO HCCIENOBAHWE CTPYKTYpPhl a30THPOBAHHBIX IOBEPXHOCTHBIX CIIOEB XPOMO-
HUKEJIEBOM HEpXKAaBEKOIIEW CTamud, B TOM YHCIE, C HCIOJIb30BAHMEM IPEIBAPUTEIBLHON
¢bpuknroHHON 00paboTkm. Vcronp30BaHME CYXOro TPEHHS CKOJBKEHHUS IMO3BOJSET MOIYYHTh
HaHOCTPYKTYPHPOBAHHYIO MMOBEPXHOCTH CTANM TITyOHHOH 5—10 MKM.

A3OTHpOBaHHE TPOBOAWIM C  HCIOJB30BAaHUEM aBTOHOMHOTO HMCTOYHHKA  IJIa3Mbl
3NeKTpoHHOro myuka [1]. MéccbOayspoBckue n3mMepeHus: NpoBOIMIM IPU KOMHATHOM TeMIleparype
Ha s7pax °'Fe B reOMETPHH 0OPATHOTO PACCESHHS M PETHCTPALIHH SIEKTPOHOB KOHBEPCHHL.

B 30He BbIXOJIA 3JEKTPOHOB BHYTpeHHeW KoHBepcuu (~ 100 HM) B pe3yibTare HOHHO-
IUTa3MEHHOTO a30TUpoBaHus cTamu ¢(opmupyercs npeumyinectBeHHo o(OLIK) ¢aza Fe-Cr. B
cTpykType coxpansercs (~5-10%) azorucroro aycrenurta. I[IpoBeneHO comocTaBieHHE C
pe3yJbTaTaMy a30TUPOBAHMs CTAlIM C MpeABApUTEIbHONH OOpabOTKON TpeHHEM CKOJBXKEHUs, a
TaKXXe JaHHBIMU a30TUPOBAHUS CTPYKTYPhI B TOKE TJICIOLIETO pa3psia.

PaGota BbImonmHeHa B pamkax TeMbl «Ctpykrypa» (rpant YpO PAH (Ne 15-9-12-45)) u
¢unancosoit nognepxxkke PODU (nmpoekt Ne 15-08-07947).
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High-pressure magnetic and structural transitions in the iron
containing langasite multiferroics observed by synchrotron
Mossbauer and XRD methods

Lyubutin LS.", Starchikov S.S.', Gavriliuk A.G."?, Troyan I.A.", Nikiforova Yu.A.",
Naumov P.G.l, Struzhkin V.V.}? , Chumakov A.L*® and Riiffer R.*

'FSRC “Crystallography and Photonics” RAS, Moscow (Russia)
*Institute for Nuclear Research, RAS, Troitsk (Russia)
Geophysical Laboratory, Carnegie Institution of Washington, Washington DC (USA)
*European Synchrotron Radiation Facility, Grenoble (France)
’National Research Center “Kurchatov Institute”, Moscow (Russia)
lyubutinig@mail.ru

Langasite La;GasSiO,4 crystals are of considerable scientific and applied interest owing to their
outstanding piezoelectric, acoustic, optical, and laser characteristics. The langasite type compounds
containing magnetic cations currently receive widespread attention. The studies of the physical
mechanisms underlying an interplay of electrical and magnetic order parameters in such systems
can stimulate the development of novel multiferroic materials. In our study, a series of compounds
AsMFe3X>014 (A = Ba, Sr; M = Sb, Nb, Ta; X = Si,

70

Ge) with the langasite type structure were o et g: e
synthesized with magnetic iron ions at the tetrahedral =~ = | iz e ‘?‘m \

3f sites. The low-temperature magnetic and structural E 40 E iﬁmilifag’;":?f,.;“
properties of these compounds at ambient pressure 3 st %

have been investigated by the transmission :L:; w0} i
Mossbauer — spectroscopy  (TMS). The crystal 10f

structure and magnetic transitions induced by high afy 0% A . : ;
hydrostatic pressures (up to 60 GPa) at different T "T'empa;ra{u:;{K)mo e
temperatures (4.2 — 300 K) have been investigated in ~ Fig. 1. Temperature dependences of H at
diamond anvil cells by the nuclear forward scattering different pressures. The Ty value

dramatically jumps up to 120 K as the

(NFS) of synchrotron radiation technique (in APS, o
result of the structural transition at 20 GPa

Argonn, USA) and by synchrotron Mdssbauer
spectroscopy (SMS) in ESRF (Grenoble, France). In addition, the high-pressure properties of these
compounds were investigated by synchrotron X-ray diffraction and Raman spectroscopy. Several
transitions have been discovered at different P-7 conditions. In particular, high magnification in the
Neel temperature 7y from 27 to about 120 K was discovered in the antiferromagnetic phase of
BasTaFe;Si,04 at pressure of about 20 GPa (Fig.1). The pressure-induced magnetic and structural
transitions are very sensitive to the atomic composition of the langasites. Tentative magnetic P-T
phase diagrams of these compounds are proposed.

This work is supported by the Russian Scientific Foundation (grant Ne 16-12-10464) and
Russian Foundation for Basic Research (grant 14-02-00483a).
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MéccOays3poBckoe ucciiel0BaHue aTOMHOI0 Nepepacnpeae/IeHust
B CHIeNUATBLHO JierupoBaHHbIX Fe-Ni ciiiaBax npu HHTEHCHUBHBIX
Ae(poOpMaALMOHHBIX U PATUANUOHHBIX BO3AEHCTBUAX

[IIaoamos B.A.

@I'FYVH Uncmumym ¢huzuxku memannoe umenu M.H. Muxeeea ¥YpO PAH, Examepunbype (Poccust)
shabashov(@imp.uran.ru

Mossbauer study of atomic redistribution in Fe-Ni alloys during intense

deformation and radiation effects
Shabashov V.A.
The regularities of deformation and radiation-induced structural transitions in aging Fe-Ni
alloys on the way of dissolution of particles of intermetallic compounds in the matrix of the alloys
with aging related dynamic and streamlined are investigated.

Oco0eHHOCThIO TPOLECCOB AMCCUIALMU OOJBIION MEXaHUYECKOW SHEPTUHM M MHTEHCHBHBIX
paldalMOHHBIX BO3JICHCTBUM SIBJISIETCS AKTHBHBIA ATOMHBIM MAacCONEPEHOC IMPU OTHOCHUTEIBHO
HU3KUX TeMmIiepatypax. B TeopeTuueckux MOENsIX BO3AEHCTBUSI BHICOKOIHEPTUTUYECKUX YACTHUIIL
Ha BEUIECTBO MOIYT [pPHUBJIEKATbCS MOJEIM  CTPYKTYpoOOpa3oBaHMsS MpU  OOJBIIMX
(Merarutactuuecknx) neopmanusax. ITo 0OBICHIETCS, BO-TIEPBBIX, OOMIMM (PAKTOPOM HACHIILIEHUS
CTPYKTYpbl TOYCYHBIMU Je(EeKTamMH, W, BO-BTOPBIX, OOIMMMU 3aKOHOMEPHOCTSIMH JIWCCHITAINN
MaTepUaIOM BBICOKHX SHEPTUU 1O MyTH TUHAMUYECKUX CTPYKTYpHO-(Da30BBIX MepexoaoB. Takoro
polia CTPYKTYypHO-(a30Bble MEPEXObl XapaKTEPU3YIOTCSA CTaJUITHOCTBIO, pa3HOHANPABIEHHOCTHIO
U, B pAJIE CITy4aeB, HUKINYHOCTBIO.

B HacrosmieM HccleAOBaHWM — YCTAHOBJEHBI 3aKOHOMEPHOCTH  A€(POpPMALMOHHO- U
paauanMoOHHO-UHIYITUPOBAHHBIX CTPYKTYPHBIX MEPEXoJoB B cTaperommx Fe-Ni crmnmaBax mo myTtu
paspyleHus obnactel OJIMKHETO aTOMHOTO MOpsiIKa U paCTBOPEHUS YAaCTUL[ UHTEPMETAUIUIOB B
MaTpHIaX CIUIABOB MPHU COMYTCTBYIOIMIMUX JUHAMUYECKOM CTAPCHUH U YIIOPSIA0UYCHHUU.

B oskcnepumeHTax 1o OO0Jy4EHHIO HEWTPOHAMHU BBISBIEHBI IPOLECCHl  PaJIUALMOHHO-
UHAYLUPOBAHHOTO PpAaCTBOPEHUS U YCKOPEHHOTO CTApEHUsi HWHTEPMETaUINJO0B, MEHSIOIINE
HanpaBJieHUE B 3aBUCHMOCTM OT TemIepaTypel oOinydeHus. B skcnepumeHTax 1o
METaIIaCTHYECKON AeopMaIiiy YCTaHOBIICHO, YTO M3MECHEHHE TeMIleparypsl aedopmarmu ot 80
no 573 K wusmensier HampaBieHue (a3oBBIX MEPEXOJ0B OT pa3pymICHHS € PACTBOPECHUS
UHTEPMETAUIMAOB K MX JOMOJHUTEIbHOMY BBIJIEJICHUIO. YCTaHOBJIEHO, 4YTO XHMMHYECKas
AKTUBHOCTb U IOJBM)KHOCTb AJIEMEHTOB, YYaCTBYIOIIMX B IpOLECCaX, ONpPEJEIsieT CMEHY KaHaia
peNaKcalyy SHEPTUU OT JUHAMUYECKOTO CTAPEHUS K CIABUTOBOMY OTUMOP(HHOMY Y— 0L IIEPEXOY.

Pabora BrinonHeHa mpu ¢puHAHCOBOW moanep:kke Poccuiickoro HayyHoro ¢onaa (mpoekt Ne
14-13-00908).
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Accelerated mechanosynthesis of high-nitrogen stainless steel:
Mossbauer and X-ray diffraction studies

Dorofeev G.A., Lubnin A.N., Ul’yanov A.L., Mukhgalin V.V.

Physical-Technical Institute, Ural Branch, Russian Academy of Science, Izhevsk (Russia)
gadorofeev(@mail.ru

Mechanical alloying (MA) in high-energy ball mills is the important processing method for
synthesis of various novel materials with a controlled microstructure. The possibility of obtaining
highly expanded nanocrystalline solid solutions and observation of unusual low-temperature phase
transformations are attractive features of MA. In recent years, there has been an interest in powder
metallurgy of advanced high-nitrogen nanocrystalline austenite stainless steels using MA powders
as precursors. The great number of studies on MA of nanocrystalline Fe-Cr-N based alloy powders
due to a mechanochemical solid-gas (nitrogen) reaction was published. The austenite structure of
the alloy was produced beyond 100 h of MA in these works. Here we show that a fully austenitic
structure of the powder high-nitrogen alloy 74Fe25Cr10MnIN can be obtained in record time of
8 hours when the manganese nitride is used as the nitrogen source in MA process.

In the present contribution, the investigation of the defect structure evolution and body-
centered cubic (bcc) to face-centered cubic (fcc) transition during MA of high-nitrogen
nanocrystalline nickel-free Fe-Cr-Mn-N alloy by Mdssbauer spectroscopy and X-ray diffraction
(XRD) is represented. The main component of the °’Fe Mdssbauer spectra after 1 h of MA is the
sextet with a wide hyperfine field distribution in range of 20—35 T. However, since 0.5 h the
paramagnetic peak near 0 mm/s appears in the Mossbauer spectra. The relative peak area increases
with the duration of MA reaching 100% by 8 h. It is evident that sextet and singlet should be
attributed to the ferromagnetic bcc (ferrite) and paramagnetic fcc (austenite) respectively. The
Mossbauer spectrum of a nitrogen-containing austenite was represented by the superposition of
several contributions with different isomer shifts: one singlet (from the Fe atoms with no nitrogen
interstitial atoms as the nearest neighbors) and one doublet (one nearest nitrogen atom, isomer shift
+0.07 mm/s with respect to singlet, and the quadrupole splitting 0.39 mm/s). Additionally in the
XRD spectra of ferrite and austenite, anisotropic effects (4k/-dependent broadening and
displacements of the reflexes) caused by the presence of stacking faults were found. The grain size,
microstrains and stacking fault probabilities were determined from the analysis of the line profiles
and anisotropic effects. Thus the deformation dissolution of manganese nitride, the formation of
nanocrystalline (grain size about 15 nm) supersaturated with nitrogen iron-base bcc phase
containing a lot of stacking faults as well as bcc to fcc phase transformation occur under MA.
Faulting increased as the saturation of the bcc phase with nitrogen rose. It is concluded that the
atomic mechanism of the bcc to fcc transformation has deformation nature. Our results showed that
an important role in the bcc to fcc transformation during MA of high-nitrogen Fe-based alloys is
played by the deformation stacking faults.

The work was supported by RFBR (grant Ne 16-32-00487).
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JlepopMaATHOHHO-YCKOPEHHOE ATOMHOE NepepacnpeaejeHue
B OIIK Fe-Mn cniiaBax

KozuoB K.A., [llabamos B.A., Carapanze B.B., IInarorun B.I1L., JIsmkos K.A.,
3amaToBckuii A.E.

@I'BYH Uncmumym ¢huzuxu memannos um. M.H. Muxeesa YpO PAH, Examepunbype (Poccus)
kozlov@imp.uran.ru

Deformation-accelerated atomic redistribution

in BCC Fe-Mn alloys

Kozlov K.A., Shabashov V.A., Sagaradze V.V., Piliugin V.P., Lyashkov K.A., Zamatovsky A.E.
It is established that deformation of the binary Fe-xMn (x, mass.% 4, 8, 9, 10) alloys during
milling in a ball mill and shear under pressure in Bridgman anvils leads to the near bundle of atoms
of Fe and Mn.

MetomoMm MEccOayIpOBCKOM CIEKTPOCKOIIMU YCTAHOBJICHO, 4TO JedopManus OMHapHBIX Fe-
xMn (x, macc.% 4, 8, 9, 10) cmaBoB mpu MOMOJIE B HIAPOBOM MEIBHUIIE M TPHU CABUTE O]
JABJICHWEM B HAKOBaJbHAX BpukmeHa MpUBOAMT K OJNMDKHEMY paccioeHuio atomoB Fe m Mn,
BO3pACTAOIIEMy MPHU YBEIMUCHUU TeMIiepaTypsl aedopmammu ot 77 mo 573 K. JlebopmannonHoe
BO3JICHCTBUE CIIOCOOCTBYET HACBIIICHUIO CTPYKTYPHI TOYCUHBIMH JePEKTaMH, a YBCINICHHE
TeMIEpaTypbl jaeopmanuu NPUBOAUT K HWHTECHCUPUKAIUK AUPPY3UOHHBIX MPOILECCOB M
YCKOPEHHUIO aTOMHOTO pacciioeHus BcienctBue HecmemmBaeMoctd Fe u Mn B OLIK TBepmom
pactBope (cMm. puc.l).
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Puc. 1. 3aBucumoctsb 3(ppexTuBHOM KOoHIIEHTpauu Mn B crutaBe Fe-7Mn
OT TCMIICPATYPhI CABHUIA IO AABJICHUCM

PabGoTta BeImoNHEHAa Tpu ¢GuHAHCOBON momuepxkke Poccuiickoro HaydHoro ¢oHma (TIPOEKT
Ne 14-13-00908).
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UcciienoBanne MeXaHOCMHTE3MPOBAHHOIO ¥-KapOuaa Xerra

bapunos B.A.!, IIporacos A.B.', CypukoB B.T.

"Hnemumym usuxu memannos um. M.H.Muxeesa YpO PAH, Examepun6ypz (Poccus)
 Unemumym xumuu meepoozo mena YpO PAH, Examepun6ype (Poccus)
protasov(@imp.uran.ru

Studying mechanosynthesized Hagg carbide (y-FesC,)
Barinov V.A., Protasov A.V., Surikov T.S.

Methods of thermomagnetic analysis and Mdssbauer spectrometry (*'Fe) were used to
investigate the formation of Hagg carbide (y-FesC,) under the conditions of mechanical milling of
a-Fe in a medium of liquid hydrocarbons. It has been established that, with the employed
parameters of milling, the synthesis of y carbide begins after the completion of the stage of the
formation of cementite (0 phase). The optimum temperature of heating of the synthesized Hagg
carbide is 775 K; the Curie temperature is 7¢c = 520 K. Under the effect of anisotropy field, the
crystallographically equivalent atoms Fe(4e) become nonequivalent (Fe(e;) and Fe(ey)) in the
magnetic sense. As a result in the distribution of hyperfine fields P(H) there were observed
additional Mdssbauer components p(e;) and p(e;) with equal fractions of iron atoms in each of the
components fre(e1) = fre(e2) = 0.1, the strength of the fields H~ 11 and 16 T, respectively.

MeTtogaMu TEpPMOMAarHUTHOIO aHalu3a M MEccOAyIPOBCKOM CIIEKTPOMETPUHU IPOBENIEHO
uccienoBanue mporecca (opmmpoBanus kapbuma Xorra (y-FesC,) mnpum  MexaHUYeCKOM
u3MenbueHu o-Fe B cpene *KMIKUX YIJIEBOJIOPOJOB. YCTaHOBJIEHO, YTO INPH HCIIOJIb30BAaHHBIX
napaMeTpax M3MeNbUCHHsS CUHTE3 Y-KapOuaa HauWHAETCs 10 3aBEPUICHHUIO CTaIuu 0Opa3oBaHUs
nementuta (0-¢aza). OrmpeneneHa TIpaHUIA TeMIEpaTypHOH yCTOMUMBOCTH MOHO(A3HOTO
cocrosiHus y-kapOuna, He mnpesbimaromas 800 K. Ilpu 7> 800 K y-xapOupn pacnagaercs Ha
LEMEHTUT W CBOOOAHBIM yriepoa. OnTuManbHas TeMIlepaTypa HarpeBa CHHTE3MPOBAHHOI'O
kapouna Xorra cocraBuser 775 K mpu Benmumne temneparypbl Kroopu 7Tc =520 K. Ananus
MEccOayIpOBCKUX JAHHBIX M PE3yJbTaTOB T'€OMETPUUYECKOIO MOJETUPOBaHMUS KOH(Urypauun
atomoB Fe B oanemeHTapHON sueiike y-kapOuaa MO3BOJIMI YCTAaHOBUTh, 4YTO HJEalbHOE
cooTHoweHue 3aceneHHocTH no3uuui (0.2 : 0.4 : 0.4) BeIMONHSETCS MpPU ydyeTe aHU30TPOIHOMN
COCTaBJISIIOLIEH /1,y TOJSI CBEPXTOHKOTO B3amMmojeicTBus. lloj BiMsHHEM MO aHU30TPOIUU
KpUcTautorpaguyecki SKBHBAJCHTHbIE aTOMbl Fe(4e) CTaHOBATCS HEIKBHBAJICHTHBIMH B
MarHUTHOM OTHOIEeHHWH. JlaHHas OCOOEHHOCTh TPOSIBIACTCS HAIMYUEM JOMOJHHTEIBHBIX
KOMIIOHEHT NpH aHaIM3€ paclpeneseHus cBepXToHkux nosei P(H): p(e)) u p(ez) ¢ paBHBIMU
JIOJISIMHM aTOMOB KeJie3a B KaX/I0OM M3 BKIANOB fre(e1) = fre(e2) = 0.1 u 3HaueHussmu noseit H ~ 11 u
16 Ti cOOTBETCTBEHHO.

Pa6ota Bemonnena npu noaaepxke YpO PAH (nmpoekt Nel5-9-2-19).
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MécchoayspoBcKHe MCCIACTOBAHUS MEXAHUYECKOT0 CILIABJICHUS
BbICOKOKOHIICHTPUPOBAHHBIX cILIaBoOB Fe-Cr

| EncykoB E.IL| Yabsinos A.JL, IlopceB B.E., Koaoakun JI.A., 3araiinos A.B., Hemuosa O.M.

DedepanvHoe 20Cy0apcmeerHHor 010AHcemHoe yupexcoerue Hayku PusuKo-mexHuuecKutl
uncmumym Ypanovcxoco omoenenus Poccuiickoti akademuu nayx, Ucesck (Poccust)
porsev@ftiudm.ru

Mossbauer study of mechanical alloying of highly

concentrated Fe-Cr alloys

| Yelsukov E.P|, Ul’yanov A.L., Porsev V.E., Kolodkin D.A., Zagainov A.V., Nemtsova O.M.
The kinetics of mechanical alloying of Fe and Cr mixtures (Cr content was varied from 20 to

48 at. %) has been studied by means of Mdssbauer spectroscopy, X-ray diffraction and temperature
measurements of the dynamic magnetic susceptibility. The differences in mechanical alloying
process for samples with Cr content higher than 30 % and below that value have been detected for
the first time.

Meromamu  ME&ccOay’pOBCKOM CIIEKTPOCKOIIUHU,  PEHTICHOBCKOW  nudpakmuu  u
TEMIIEPATYPHBIMU U3MEPEHUAMH JUHAMUUYECKON MarHUTHOM BOCIIPUMMYMBOCTU M3y4Y€Ha KMHETUKA
Mexanndeckoro criaBienus (MC) cmeceit mopomkoB Fe u Cr ¢ conmepxanuem Cr B MCXOJHBIX
cmecsax ot 20 mo 48 at. %.

BriepBbie 0OHapy»KeHbI pa3iuyus B MPOLECCE MEXaHWYECKOrO CIUIABJIECHUS AJs 00pasLioB C
conepxkanueM Cr B ucxomuoit cmecu < 30 % um > 30 %. B mepBom ciyuyae Habmromaercs
OJIHOCTOPOHHUH mpouecc pactBopeHuss atomoB Cr B Fe Ha BceM MNpOTSDKEHHMH Ipoliecca
MEeXaHH4ecKoil 00paboTKM cMecH B IIAPOBOW IUIAaHETapHOM MeibHULE. BTopoil ciydail Ha
Ha4yaJIbHOM JTalle TaKKe XapakTepusyercss pacTBopeHuem atoMoB Cr B Fe, olHako, HauMHas C
OTIPENICJICHHOT0 3HAYEHUS BPEMEHH H3MENbUCHHS Imi =2 Y HPOMCXOJUT OOpaTHBIA Mpolecc
pactBopenusi atomoB Fe B Cr. OO6pasupsl mocie MC XapakTepu3yloTcsi KOHIIEHTPAIMOHHO
HEOJHOPOAHBIM pactpenenenuem atomoB Cr u Fe B yactunax, ocobenno npu konueHrpaiuu Cr B
nucxogHou cmecu > 30 %.

I[Ipu MC cmeceit Fe u Cr HeoOXOQUMO YUYUTHIBATH MOSBICHHWE 3HAYUTEIBHOTO H3HOCA
MaTepHualia U3MeNbYaroIuX TeJ U CIIOCOOHOCTh MPOIYKTOB M3HOCA y4acTBoBaTh B MC ¢ MCXOHOU
CMECBIO.

Pa6ota BeimonHeHa B pamkax npoekta PODU 16-03-00655.
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JIoKkaJIbHbIE COCTOSIHUSI AaTOMOB KeJjie3a U CBEPXTOHKUE
B3aUMOJCHCTBUS sI/Iep “TFe B
Li.Fe, ,M,PO, (M = Mn, Co, Ni, Mg)

SpocaaBueB C.A.l, BocTpos H.I/I.l, CxyHauH A.M.z, KyJoBa T.JI.Z,

SlpocnaBuesn A.B.'?, Pycakos B.C.!

"Mockoscrui 2ocyoapcmeennwiii yrusepcumem um. M.B.Jlomonocosa, Mockea (Poccust)
2HHcmumym Gusuueckoti xumuu u snexkmpoxumuu um. Ppymxuna, Mocxea (Poccus)
3HHcmumym obwetl u Heopeanuueckou xumuu um. Kypnaxosa, Mocxea (Poccus)
YaroslavtsevSA@gmail.com

Local states of iron atoms and hyperfine interactions of >'Fe nuclei in

LiFe, ,M,PO4 (M = Mn, Co, Ni, Mg)
Yaroslavtsev S.A., Vostrov N.I., Skundin A.M., Kulova T.L.,
Yaroslavtsev A.B., Rusakov V.S.
Lithium iron phosphates doped with different metals and exposed to the charging process
LiFe;,M,PO4 (M = Mn, Co, Ni, Mg) have been studied by >"Fe Mbssbauer spectroscopy. It has
been established that the presence of impurity atoms leads to significant changes of hyperfine

parameters for Fe’ cations. Noticeable changes in the hyperfine parameters for Fe*™ have not been
observed. It is shown that the distribution of transition metal atoms is not statistical — no more than
one in the nearest cationic environment of Fe atom.

Jlutuessiii pocdar xemeza LiFePO4 ¢ yacTHUHBIM 3aMeICHHEM KaTHOHOB Fe’" Ha KaTHOHEL,
OKHUCJISIIOIIUECS 7O TPEXBAJICHTHOT'O COCTOSHMSI TMPU 00Jiee BBHICOKOM HAMNPSDKEHUH, YeM Fe™,
SIBJIICTCS OJTHAM U3 HAamOOJIee MEePCICKTUBHBIX MATEPUAIOB IS UCIIOJb30BAHUS B JTUTHI-HOHHBIX
akkyMmyJsitopax. PaboTa mocssiera MEccOayIpOBCKUM HCCIICTOBAHUSM BIIHSIHHS JISTHPOBAHMS HA
IPOLIECCHI, MPOTEKAIOIINE MIPH DIIEKTPOXMMHUYECKON 3apsake B Marepuanax cocrtaa LiFe; ,M,PO,
(M =Mn, Co, Ni, Mg; 0 <y <0.3). Ciektpsl 00pabaThIBaINCh METOJOM MOJCIHLHOU paci(poBKU
Ha0OpOM KBaJPYMOJIbHBIX TyOJIETOB U METOJIOM BOCCTAHOBJICHHSI PACIIPEACIICHUS] CBEPXTOHKUX
rapaMeTpoB TaMWJIbTOHHAHA KOMOWHHPOBAaHHOTO MAarHUTHOTO JUIIOJIBHOTO M DJIEKTPUUECKOTO
KBaJIpyIOJIBHOTO B3aUMOAEHCTBUIN. Y CTAHOBJIEHO, UTO MPH 3JIEKTPOXUMHUYECKON 3apAIKE I BCEX
HCCIEI0BAHHBIX COCTABOB HAOJIIOIAaeTCSI BOCCTAHOBJICHHE KATHOHOB JKEJIE3a — Li;FeifyFef_: M i+Po K

B cnyuae nerupoBaHus aTtomMamMu Mn fanbHellee TOBBIIICHHE HAMPSKEHUS TPUBOIUT K
BOCCTAHOBJICHHIO KATHOHOB MapraHiia. BHeapeHrne mpruMecHbIX aTOMOB 3aMETHBIM 00pa30M BIIHSIET
Ha CBEPXTOHKHE [apaMeTphl MAPIHAIbHBIX CIIEKTPOB KATHOHOB Fe’' MpH pasmMuHBIX CTEMeHsx
3apsaku. [TokazaHo, 4TO MpUMECHBIE aTOMBI MIEPEXOIHBIX METAJIOB pacIlpeieeHbl MO MO3UIUIM
aTOMOB JeJe3a He CllydallHbIM 00pa3oM — He OoJiee 0JTHOrO B OynKaiilieM KaTHOHHOM OKPY>KeHUU
aroma Fe.

Pabota Bemmonuena mpu noaaepxxkke PODU (rpant Ne 16-32-00707moi_a).
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Optimizing Fe?* molecular switches by Mossbauer spectroscopy

Eva G. Bajn()czil, Csilla Bogdénl, Laszlo Deékl, Dénes Lajos Nagvl, Zoltan Némethl,

Mityas Papai'?, Gyorgy Vanké'

"Wigner Research Centre for Physics, Hungarian Academy of Sciences, Budapest (Hungary)
’Department of Chemistry, Technical University of Denmark, Kongens Lyngby (Denmark)
nagy.denes@wigner.mta.hu

Switchable molecular compounds are potential candidates in the design of new, quick
switching devices and high-density data storage systems. One of the most important family of these
materials is formed by transition metal, especially Fe** centered organometallic complexes of
medium ligand-field strength, the so called spin-crossover systems which — under certain
circumstances — can undergo switching between low- and high-spin states. Regarding their room-
temperature functionality, they became even more hopeful since the discovery of the LIESST
phenomenon which allows for switching the molecules back and forth using light pulses of different
wavelengths.

One of the most promising candidate for practical usage is the tridentate polypyridne ligand
containing [Fe(tpy):]*" (tpy: 2,2":6',2"-terpyridine) complex which, in spite of its strong ligand field,
has — at low temperatures and in certain matrices —a 10 orders of magnitude longer lived light-
induced HS state than other similar strong-field complexes like [Fe(bipy):]*" (bipy: 2°,2”-
bipyridine). In this complex the iron(II) center is surrounded by two pairs of 3 N donor atoms in D4
symmetry as, due to geometrical constrains, the 6 N atoms cannot form an ideal octahedron around
it. However, as proposed by McCusker and coworkers', releasing this geometric constrain may lead
to a more relaxed and close-to-ideal local structure with enhanced ligand-field strength, a key
requirement to get longer-lived excited states thus a real potential for room-temperature
applications.

The terpy ligand can be modified based on both chemical intuition and quantum chemical
calculations to design more efficient molecular switches. The iron(II) complex of 2,6-di(quinolin-8-
yl)pyridine (dqp) where an extra (condensed) side ring shifts the donor atoms further out thereby
allowing for a less strained coordination is a probable candidate. The new molecules can be tested
by various methods including Mssbauer spectroscopy. We present detailed comparison of the local
symmetry, electronic structure and vibrational behavior of the tpy and dqp complexes of iron(II)
with different (SO4* and PF¢") counter ions based on the analysis of hyperfine interactions, second-
order Doppler shift and the temperature dependence of the Lamb—Maossbauer factor as taken from
*’Fe transmission Mdssbauer spectra in the 77 K < T'< 300 K temperature range. These results give
us a more solid basis for ligand design and further development of molecular switches.

REFERENCE

1. Jamula L.L. Synthesis and Characterization of a High-Symmetry Ferrous Polypyridyl
Complex: Approaching the *T,/°T; Crossing Point for Fell / L.L. Jamula, A.M. Brown, D. Guo,
J.K. McCusker // Inorg. Chem. —2013. =V 53, - Ne 1. — P. 15-17.
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N3y4yeHue npoMOTHPOBAHHBIX MeAbI0 U KajiMeM Fe-HaHeceHHbIX
KaTaJM3aTOPOB METOAO0M MECCOAYIPOBCKOM CIIEKTPOCKONMH

Ilepduiases 10./1., Yepnasckuii I1.A., [lankuna I'.B.

Xumgpax MI'Y um. M.B. Jlomonocosea, Mockea (Poccust)
perf@radio.chem.msu.ru

Study of promoted by Cu and K iron-based catalysts by means of

Mossbauer spectroscopy
Perfiliev Yu.D., Chernavskii P.A., Pankina G.V.
Promotional influence of K and Cu on chemical state of iron in catalysts for Fischer-Tropsch
synthesis is studied by using Méssbauer spectroscopy.

Cunre3 @umepa-Tpornma sBisercs 5()(EKTHUBHBIM METOJOM IPEBPAIICHUS CHHTE3-Ta3a
(H,+CO) B XHMIKO€ TOIUIMBO C HCIIOJIB30BAHUEM JKEJI€30-COACPKAIINX KaTaJIu3aTOPOB, IS
KOTOPBIX KaJIu 1 MEOb HanboJliee 4yacTo HCIOJIB3YCMbIC XUMHNYCCKUC ITPOMOTOPLI. Wx Bnusnue Ha
COCTOSIHUE JKelle3a,

HAaHECEHHOI'O0 Ha CHUJIMKaresb, MW3YYE€HO METOAOM MéEccOayIpoBCKOM

cnekTpockonuu. [TapameTpbl crieKTpoB NpuBeIEHBI B TadbauLe 1.

Tabnuya 1. TlapaMeTpbl CIEKTPOB

Karanuzatop | ®opwmsbl xeneza 0, MM/C A, MM/c I, mm/c H, x0 A, % X

15% Fe Fe 1 0.34(4) 0.90(14) 0.73(18) 6 1.5
Fe 2 0.29(10) 0.48(18) 0.62 4
Fe 3 0.59(4) 0.37(8) 2

Fe 4 0.365(3) -0.21(1) 0.27(2) 501.1(3) 88 1.5

15% Fe, Fe 1 0.30(1) 0.93(7) 0.54(8) 13 1.0
1% K Fe 2 0.35(1) 0.46(4) 039(5) 9

Fe 4 0.374(5) —0.20(1) 0.25(3) 502.0(4) 78 1.2

15% Fe, Fe 1 0.336(7) 0.91(1) 0.58(3) 19 1.4
1% Cu Fe 2 0.367(6) 0.47(2) 0.39(3) 12

Fe 4 0.368(5) -0.17(1) 0.36(4) 504.7(5) 69 1.6

OCHOBHOII KOMIIOHEHTOH CIIEKTPOB SIBJISIETCSI CEKCTET C MAarHUTHBIM IIOJIEM Ha siIpax xKele3a
ot 493.7 no 504.7 kO (popma Fe 4, Tabn. 1). B ciekrpax npuCyTCTBYIOT JUHUU MapaMarHUTHBIX
¢dopm xenesa. PaznokeHHe CIEKTPOB JIOIMYCKAET MPEATNOIIOKEHHE O HECKOJIBKHX COCTOSHHSIX
xene3a (popmer Fe 1 u Fe 2). Tlo m3omeprnomy casury (0.29 — 0.37 mm/c, Tabn. 1) ux ciemyer
orrectH Kk noHam Fe'"', HAXOAAMMXCS B OKTA3[PHUECKOM OKPYKEHHH HOHOB KHCIOPO/IA.

Pabota nonnepxana rpantom PODU (mpoekt Ne 16-03-00215).
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dopmupoBaHne JerupoBaHHoro Ni HeMeHTHTA B mpolecce
MEXaHOXHUMMYECKOr0 CHHTE3a U MOCJAeTYOIUX OTKUT0B

Yabsnos AJL, Yabanos A.U., YUyaknna A.A, [E.HcyKOB E.H.|

DedepanvHoe cocyoapcmeennoe 0100dcemuoe yupedcoeHue Hayku Quzuko-mexHuecKuil
uncmumym Ypanovcxoco omoenenus Poccuiickoti akademuu nayx, Uxcesck (Poccust)
ulyanov@ftiudm.ru

Formation of the Ni-doped cementite under mechanochemical synthesis

and subsequent annealing
Ul’yanov A.L., Ul’yanov A.I., Chulkina A.A., Yelsukov E.P.

The structure and thermal stability of Ni-doped (Fe;.,Ni,)75Cos (x = 0; 0.01; 0.03; 0.05; 0.10;
0.15 u 0.20) cementite obtained by mechanical alloying and subsequent annealing of Fe, Ni, and C
elemental pure components have been studied by means of Mdssbauer spectroscopy, X-ray
diffraction and magnetic measurements.

MetomamMun MEccOayIpOBCKOM CIIEKTPOCKONHH, PEHTTEHOBCKOM AM(paKIuy W MarHUTHBIX
M3MEPEHUH W3YYEHBl CTPYKTYpa, IMapaMeTpbl CBEPXTOHKHX B3aWMOJCHCTBHHA M TepMHUYECKas
CTaOWJIBHOCTh JIETHPOBAaHHOTO Ni IIEMEHTHTa, TOJIYYEHHOTO B YCJIOBHAX MEXaHUYECKOTO
CIUIABJICHUSI DJIEMEHTApHbIX YHCTHIX KoMmoHeHToB Fe, Ni, C u mocienyromux OTKUTOB
CUHTE3UPOBAaHHBIX HAaHOKOMITO3UTOB coctaBa (Fe; Ni,)75Cos, Tme x = 0; 0.01; 0.03; 0.05; 0.10; 0.15
n 0.20.

[TokazaHo, 4TO B pe3ysibTaTe MEXaHOXMMHYECKOTO CHHTE3a IOPOIIKOB COCTaBa LIEMEHTHTA
(Fe;xNiy)75Cys B 0o0pas3max COJEp)KUTCS JICTUPOBAHHBIM HHUKEJIEM HAHOKPUCTAUTHYSCKHNA C
MCKa)XCHHOM KPUCTATNIECKOH peméTkoi ieMeHTuT u amopduas Am(Fe,Ni,C) da3za.

[Mocne omxkura mpu 400 °C B coctaBe KOMIO3UTOB € X > 0.10 comepkuTcs Kak 00eHEHHbIH
(Tc = 220 °C), tak u oboraménnsiii (7c = 240 °C) uukenem nemenTuT. OGOTaICHHBIA HUKEIEM
[EMEHTUT 00pa3yeTcst B pe3yibTare KpUcTau3anuu amopuoi ¢aser. [Tocie omkura mpu 500 °C
B KOMIIO3UTaX OCTa&TCs eMEHTHT ¢ Toukoi Kropu 220 °C.

JlerupoBaHre KOMIO3UTOB HHUKEJIEM TOHIKAET TEMIIEPaTypy pacraia COACPIKaIIerocs B HUX
neMeHTurta. LleMeHTUT nmoiaHoCThIO pacnanaercs B kommno3utax ¢ x = 0.05; 0.10; 0.15; 0.20 mocme
Y4acoBOIr0 OTXKMIa IPH TeMIeparypax omkura 650; 600; 575; 550 °C, cOOTBETCTBEHHO.

Pa6ora Beimonnena npu noanaepxxke YpO PAH (mpoext Ne 15-6-2-16).
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IasMoaMHAMUYECKUI CMHTE3 YJIbTPAAUCIIEPCHBIX MATHUTOMATKUX
MATEpPHAJIOB B CHCTEME <GKeJIe30-KUCI0PO1»

IHlaHeHKOB I/I.I/I.l, CuBkoB A.A.l, HNBamyrenko A.C.!

] . . . .
Hayuonanenwiii uccreoosamenvckuii Tomcexuil nonumexnuyeckuil yhusepcumem, Tomcx (Poccus)
Swordi@]list.ru

Plasmadynamic synthesis of ultradispersed soft magnetic materials in the
system “iron-oxygen”
Shanenkov LI., Sivkov A.A., Ivashutenko A.S.

The possibility is shown to implement the synthesis of soft magnetic materials of iron oxides,
including magnetite Fe;O4 and epsilon phase &-Fe,Os, using iron-containing plasma jet, flowing
into oxygen atmosphere. These materials exhibit promising radio-frequency properties and can
absorb an electromagnetic radiation in giga- and terahertz range.

Marnutomsirkue (a3el okcuaa skeneza MarHeTuT FesOs u e-Fe,O3 xopomo u3BeCTHBI,
Omaromapsi CBOMM OTJIMYHBIM COpPOIIMOHHBIM CBOMCTBaM, IO3BOJISIIONIMM MM  3(PPEKTHBHO
MPEMNSTCTBOBATh PACIPOCTPAHCHUIO 3JIEKTpOMarHuTHOro u3nydenus (OMU) B obmactu HU3BKUX
(emuHuIBI TUTarepir) u BeIcOkuX 4actoT (0.1-0.2 Teparepir), cooTBeTCTBeHHO. | 1aBHOI MpobiemMoin
SBIISIETCSI TO, YTO MarHeTUT HambOosee >((PEKTUBEH, KOT/la MPEACTABICH B BHJIE TOJBIX YaCTHII, a
ANCWIOH (ha3za MOXET CYIIECTBOBATh TOJNIBKO B amama3oHe q0 200 M [1]. YHUKambHBIA METOX
MPSIMOTO TIJIa3MOJMHAMUYECKOTO CHHTE3a MO3BOJISIET MOMy4yarh pasnuunbie ¢asbl B cucreme Fe-O,
IIpUYEM, MEHSs SHEPreTHYECKHe IMapaMeTpbl Ipolecca CHHTE3a, MOXHO YBEIMYUTH BBIXOJ
HeoOxomumoii  (asel. IlpoBeneHHBIE WCCIEAOBAaHHS IO TMOJYYCHHIO MAaTEpHajoB IOKA3aJIH
MEPCIEKTUBHOCTh METO/la, TaK KaK OH I03BOJSET CHHTE3UPOBaTh IOPOLIKM C YacTHIAMH,
Tpedyemoii (popmbl (puc. 1), KOTOpBIE TPOSBIAIOT OTIUYHBIE COPOIIMOHHBIE CBOWCTBa (pHC. 2).
AHaMTUYECKUE UCCIIEIOBAHUS 00pa3IOB OBLIM MPOBEACHBI C HUCIIOIB30BAaHUEM MECCOAYIPOBCKOM
CIIEKTPOCKOIHIH, PEHTI€HOBCKOTO (ha30BOT0 aHAN3a, JIEKTPOHHOW MUKPOCKOIIHH.
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HccaenoBanue ycjioBuil 00pa3oBaHuA KJIMHKEPHbIX MUHEPAJIOB
B Mpoliecce 00:Kura KepaMmmuKu

boarakosa H.B., IIsTaeB A.B.

Kaszanckuii (Tlpusonsiccxuil) pedepanvruiii ynusepcumem, Kazanwo (Poccus)
Natalya boltakova@rambler.ru

Study of conditions for the formation of clinker minerals

during ceramic firing

Boltakova N.V., Pyataev A.V.
The aim of the study is to provide a simplified tetracalcium alumina ferrite 4CaO-Al,O3-Fe;Os3

(C4AF) technology. Samples were prepared by dry pressing of powders of the respective oxides in a
weight ratio close to the stoichiometric composition C4AF. Mossbauer spectra of samples obtained
at room temperature.

OcHoBHBIMU  (pa3amu, (OPMHUPYIOIIUMH KIUHKED, SBISIOTCS JBYX- M TPEXKaJbIHEBBIE
CWIHMKATBl, a TaKXke uYeThlpexkaibiueBbiii amomodeppur 4Ca0O-Al,05-Fe,O; (CsAF) [1].
[IpencraBnsier MHTEpEC OCYIICCTBICHHE HANPABICHHOTO CHHTE3a MUHEPAIOB IPH MOJYYCHHU
BBICOKOTIPOYHON KepaMuKu. J[si 3TOro HamMu OBUIM TIOCTAaBJIEHBI MOJIENBHBIE SKCIIEPUMEHTHI IO
MOJTYYSHHUIO OJTHOTO M3 yKa3aHHBIX MHHEPAJIOB B JTaOOpAaTOPHBIX YCIOBUSAX. B kauecTBe 0OBeKTa
uccinenoBanuii BeiOpan C4AF, MOCKOJIBKY HalM4yue B €0 COCTaBE KAaTHOHOB JK€JI€3a IMO3BOJISET
HapsAIy C PEHTreHO(A30BBIM aHAIM30M IMPHUMEHSITH 00Jee YyBCTBHTEIBbHYIO — MECCOAYyIPOBCKYIO
cnekTpockonuio. [lomydeHne KiMHKEpa B TNPOMBIIUICHHBIX YCIOBHAX MPEICTABISET COOOU
CIIOKHBI MHOTOCTYIIEHUATBI TIPOLIECC, 3aBEpINAloIas CTaaus KOTOPOTO MPOTEKaeT MpHu
temneparypax okoio 1400 °C.

OO0pasipl Moydand METOJOM IOJyCYyXOTO TPECCOBAHMS M3 TOPOIIKOB COOTBETCTBYIOIIMX
OKCHJIOB B MAacCOBOM OTHOIICHWH, OJNM3KOM K crexuomerpuueckomy coctaBy Ci4AF.
CripeccoBaHHBIC B BUJC IIA0 AHAMETPOM S5 ¢M U BbICOTOM 0.5 cM 00pa3iibl 00KUTATUCh B TCUCHUE
2 4 pu pa3nuyHbIX 3HaYeHUsIX Temnepatypsl 700 — 1300 °C.

M¢gccbayspoBCKHE CIEKTPhI OOpa3IOB, TMOJY4YCHHBIE MNP KOMHATHOW TeMIIeparype
NIOKa3bIBAIOT 00pa30BaHKME HA MPOMEXKYTOUHBIX CcTaausx oopaborku cuctemsl tumna CaFeOs [2] ¢
HEPaBHOBECHBIM 3aCEJICHUEM OKTa- U TETPa- MO3UIUI B CTPYKTYpE.

JIUTEPATYPA

1. Canaxoe A.M. lHHOBallMOHHBIE MaTepHaibl: coBpeMeHHas kepamuka / A.M. Canaxos, P.A.
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2. Hirabayashi D. Formation of brownmillerite type calcium ferrite (CayFe,Os) and catalytic
properties in propylene combustion / D. Hirabayashi, T. Yoshikawa, K. Mochizuki, K. Suzuki, Y.
Sakai // Catal. Lett. — 2006. — V. 110. — Ne. 3—4. — P. 269-274.
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MécchoayrpoBcKkue UCCIEeTOBAHUS JIETHPOBAHHBIX ATOMAMHU MATHM S
JUTHEBBIX (pocdaToB xesne3a Npu JeMHTEPKOJIANUMN JTUTHS

Spocaasues C.A.', Bocrpos H.IL.', CxyHauH AM., KyJoBa T.JL?,

Spocaasues A.B."?, Pycakos B.C.'

"Mockosckuii eocyoapcmeenHulil ynugepcumem um. M.B.Jlomonocosa, Mocksa (Poccus)
ZHHcmumym @uzuueckoti xumuu u 2nekmpoxumuu um. Ppymxuna, Mocksea (Poccus)
3HHcmumym obwetl u neopeanuueckou xumuu um. Kypnaxoea, Mockea (Poccus)
Nik.vostrov@gmail.com

Maossbauer studies of lithium iron phosphates doped with magnesium

under lithium deintercalation
Yaroslavtsev S.A., Vostrov N.I., Skundin A.M., Kulova T.L.,
Yaroslavtsev A.B., Rusakov V.S.

Using doped lithium iron phosphate as a cathode material in Li-ion batteries can potentially
lead to enhancement of their properties. Lithium iron phosphate doped with magnesium atoms
Li,FepsMgo2PO4 was studied by Mossbauer spectroscopy. Three samples with different degrees of
delithiation were investigated in this work. Results show that hyperfine parameters of Fe’*
subspectra change drastically during the process of delithiation.

B pabote mpoBeneHsl uccnenoBaHus JdUTHEBOro (ocdata sxene3a, JErHpOBAaHHOTO aTOMAaMH
maraus LiFeosMgo,PO4, moaBepKeHHOro pa3iuyHBIM CTEHEHSIM DIEKTPOXUMHUUYECKOW 3apsiKu
(LiFeosMgo,PO4; x =1, 0.5, 0.2). M3BecTtHO, 4TO 3amenieHue KaTuoHOB xene3a B LiFePO4
KaTHOHAMHM, HMEIOIUX CTaOMIbHOE 00jee HU3KOE OKCHUIHOE COCTOSHUE, YeM Fe3+, MOJKET
VAy4YIIATh  XapakTepUCTUKH  akKymyistopa. MccnenoBaHusi — NPOBOAWIMCH — METOAAMH
MEccOayIPOBCKOI CIIEKTPOCKOIUH Ha siapax ~ Fe MpH pasindHbX TemmepaTypax (300, 82 u 5 K).
OcHoBHas 11eNlb pabOThl — OMPEACNUTh XapaKTep BIUSHHUS JICTUPOBAHUS aTOMaMH MarHus Ha
MpoLIeCC NIETUTUPOBAHUSI B CPAaBHEHHUU C HEJIETUPOBAHHBIM JHUTHEBBIM (ocharom xkeneza. [Ipu
aHaJIM3€ CHEKTPOB, OBLJIO YCTAaHOBIEHO, YTO B MPOIECCE 3apsIKH YMEHBIIAeTCS OTHOCHUTEIbHOE
COJIEpXKaHUE JIBYXBAJICHTHBIX aTOMOB JKeJie3a. Y CTAHOBJIEHO, YTO JISTUPOBAaHUE aTOMAMHM MAarHus
cnabo BIUSIET HAa CBEPXTOHKOE B3aMMOJCHCTBHE JBYXBAJICHTHBIX aTOMOB >keie3a. B cmekrtpax,
NONyYeHHBIX Mpu TemmnepaTtype 82 K Habmromaercss mapuuanbHbIi CIIEKTP peIaKCallMOHHOTO THIIA,
HEXapaKTepHBIN Ui HEIEerHpOBaHHOIO JIUTUEBOro (ocdaTa xeneza. ITO SBISETCS CIEACTBUEM
IPUCYTCTBUS B 00pasilie HaHOpa3MepHbIX yacTHil. COOTHOIIEHWE MHTEHCHBHOCTEH MapIHalbHbIX
CHEKTPOB MPHU pa3HBIX CTEMEHAX 3apsAIKd oOpaslla yKa3plBaeT Ha TO, YTO B HaHOPa3MEPHBIX
YacTUIIAX TMPOLIECC ACTUTHPOBAHMS MPOTEKAeT MeajieHHee, ueM B Ooyiee KpymHbIX. JlerupoBanue
mutueBoro ¢ocdara keime3a aroMaMHd MAarHus TMPUBOJUT K CYHIECTBEHHOMY HM3MEHEHUIO
CBEPXTOHKHUX IMApaMETPOB MapIUaIbHBIX CIEKTPOB, COOTBETCTBYIOIIMUX TPEXBAJICHTHHIM aTOMaM
Keres3a, P Pa3InuHbIX CTEMEHX ACIIUTUPOBAHUS 00pasIia.

Pabota Beimmonuena mpu noaaepxxkke POOU (rpant Ne 16-32-00707moi_a).
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Mossbauer study of cation distribution in substituted Mg-ferrite
Ilyushin A.S.l, Kiseleva T.Yu.!, Rusakov V.S.l, Kabanov V.M.l, Sangaa D.Z, Hirazawa H.}

'M.V.Lomonosov Moscow State University, Department of Physics, Moscow (Russia)
*Institute of Physics and Technology, Mongolian Academy of Sciences, Ulan Bator (Mongolia)
INational Technological Institute, Ehime (Japan)

Kiseleva. Tyu@gmail.com

Specific structural, electrical and magnetic properties of ferrites are determined as by the type
of metals, included in their composition, as well the cationic distribution and interaction between
them. Besides the classical use of Mg-Cu-ferrite as a soft magnetic material, it is used as a
component of ferrocolloids, catalytic systems and gas sensors. An attractive application of ferrites is
their use as magnetocaloric components in systems for thermocoagulation therapy.

In our work, polycrystalline ferrite powders of Mg;_,Cu,Fe,O4 (x = 0.2 — 1) system obtained by
ceramic technology have been investigated. Synthesized samples showed the non-monotonic
dependence of magnetocaloric effect with increasing concentration of copper. To identify the
causes of such behavior we performed Mdssbauer spectroscopy and X-ray diffraction investigation
of the Mg, ,Cu,Fe,O4 (x = 0.2, 0.4, 0.6, 0.8, 1.0) samples structural state. The increasing of the
lattice parameter and the change in grain sizes of the main cubic phase with the rise of copper
concentration was found. This was consistent with a large radius of Cu*" compared to Mg*". Model
fitting of Mossbauer spectra obtained at different temperatures and in an external magnetic field
was carried out by analyzing the hyperfine parameters distributions in accordance with their mutual
correlations. The results allowed us to estimate the cation distribution in the samples as a function
of the concentration of copper and correlate it with the specific behavior of the magnetocaloric
effect.
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CnuHoBbIe CBOMCTBA HEKOTOPBIX KoMILIekcoB Fe(I1I)

Wpanora A.I.", ITaraes A.B.", JdompauyeBa H.E., I'pysnes M.C.}

"Kasancruii pedepanvhuiii ynusepcumem, Kazanw, (Poccus)
’Kazanckuii Gusurxo-mexnuuecxuti uncmumym KasHI] PAH, Kazans, (Poccus)
3HHcmumym xumuu pacmeopos um. I'.A. Kpecmoea PAH, Hsanoso, (Poccus)
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Spin properties of some complexes of Fe(III)
Ivanova A.G., Pyataev A.V., Domracheva N.E., Gruzdev M.S.

The novel dendrimeric iron(Ill) complexes have been investigated for the first time by
Mossbauer spectroscopy in the wide (300-79 K) temperature range. It has been shown that each
compound consists of two types of iron centers: low-spin S = 1/2 and high-spin S = 5/2. A partial
thermally driven spin transition was observed in these complexes.

B pabote meromom MEccOayIpOBCKOM CHEKTPOCKOITMU HCCIIEOBAHBI JBA KEJIE30COACPIKAIIIX
koMmIuiekca. Jluneinsiii kommieke xxene3a(lll) ¢ nporuBononom BF, u d6ucxenatusiil xene3o(I1)-
COJIepKAIIHMA KOMILJIEKC c ouc-3,4,5-tpu(TeTpageiuiokcH )0eH30mI1-4-0KCH-2-THAPOKCH-
CAMIIITUACH-N -3 TUI-N-3THJICHINAaMIHOM C BHEIIHec(hepHbIM aHuOHOM NO; ObUIM H3Y4YEHBI B
nuanazone Ttemrepatyp ot 300-79 K. TemmneparypHasi 3aBHCUMOCTH MapaMeTpPOB AyOJICTHBIX
KOMIIOHEHT, COOTBETCTBYIOUIMX BBICOKOCIIMHOBBIM ¥ Hu3KocmmHOBEIM (LS) mentpam Fe'™,
JEMOHCTPHUPYET YaCTUYHBIN CIIMH-KPOCCOBEp mepexoa B komruiekcax. Kak u B pabotax [1, 2] B
M3YYEHHBIX cucTeMax (popma JMHHUM MaplyalbHON KOMIIOHEHTHI, COOTBETCTBYIOLIEH LS 1eHTpam,
JIEMOHCTPHUPYET 3HAYUTEIHHYI0 aCUMMETPHI0. ABTOpaMu paboThI [1] 3TOT pakT 0OBACHSICS CIIUH-
CIMHOBOM peJjakcalueil ¢ XapakTepHbIMH BpEMEHAMHM, IONaJaloluMMH B MéEccOayIpoBCKOe
BpEMEHHOE OKHO. {11 KoMITIeKca ¢ aCHMMETPUYHBIM BXOX/IeHUEeM Jnranaa ocHoBanus udda B
pabote [2] aBTOpamm OBIIO OOHApYKEHO JABE SJICKTPOHHBIX KOH(PUTYpaAIHH (dxy)z(dxz,dyz)3 u
(dxz,d_yz)é‘(dxy)1 st LS mentpos Fe'”, kak pe3ybrar BHYTPHMOICKY/SIPHON IHHAMUKH. M3ydcHHbIC
CHUCTEMBl B OTJIMYHE OT KOMIUIEKCA, MCCJIEAOBAHHOTO B paboTe [2], IeMOHCTpUPYIOT ciadyro
3aBUCUMOCTh (POPMBbI JIMHUM MapLUaIbHOTO ayosera H LS oT TeMneparypsl.

PabGora BbImonHEeHa npu (QuHaHCOBON mnozaaepxkke mnporpammsel [Ipesmaumyma PAH Ne 24
«DyH1aMeHTalbHbIE OCHOBBI TEXHOJIOTHIl HAHOCTPYKTYP U MaTepuaioBy.
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The synthesis of metastable quasi-ordered ternary alloys FegsAlzs  Sn,
(x=15,10 at.%) using mechanically-alloyed materials as precursors

Voronina E.V.', Al Saedi Ali Kadim Ikal, Yelsukov E.P.}, Arzhnikov A.K.?, Korolyov A.V.}

"Institute of Physics, Kazan Federal University, Kazan (Russia)
?Physical-Technical Institute, Ural Branch, Russian Academy of Science, Izhevsk (Russia)
IM.N. Miheev Institute of Metal Physics, Ural Branch of RAS, Ekaterinburg (Russia)
alialhulul3@gmail.com

The melting in the liquid phase is not always the universal way of intensification of interactions
between metals by converting heterogeneous processes in homogeneous analogous to solutions [1].
There are many examples where the boiling point of low-melting metals below the melting
temperature of the second reagent — a refractory metal, so that an interesting alloy or intermetallic
compound cannot be obtained by conventional methods of metallurgy. A suitable and promising
way to solve this problem is the method of mechanical alloying or mechanochemical synthesis.
Further, by means of special heat treatments it is possible to obtain a stable homogeneous partially
ordered substitution alloys in a sufficiently wide range of concentrations. In this work we
investigated the problem of synthesis of the single-phase ternary quasi-ordered FegsAlss.Sn, (x = 5,
10 at. %) alloys.

X-ray diffraction (XRD) patterns of the samples after mechanical synthesis («as-preparedy)
contain only the A2 structure reflections. Mdssbauer spectra of these alloys show the hyperfine
magnetic splitting, typical for the binary disordered nanocrystalline alloys Fe;,Al, with x ~35
at. %. Synthesized in a planetary ball mill disordered alloys FegsAlss, Ty (T=Sn, x =15, 10 at. %)
were heat treated at 7=800, 500 u 400 °C. XRD analysis showed that a heat treatment of the
single-phase structurally disordered alloy FeesAl3oSns in all cases results in the precipitation of the
antiferromagnetic phases FeSn, FeSn, with well-defined structural reflections in X-ray
diffractograms. Mossbauer spectra of annealed alloys measured at 7= 300 K preferably contain a
single line, meaning the absence of magnetic hyperfine splitting, which is characteristic for the
room-temperature Mdossbauer spectra of ordered alloys Fe;.Al, with x> 35 at.%. Analysis of the
results of X-ray diffraction and Mossbauer measurements suggests that on the heat treatment some
quantity of Fe atoms of the "as-prepared" disordered alloy forms the compounds of the Fe-Sn
system. This leads to an effective decrease in the Fe atoms concentration in the Fe-Al system and,
accordingly, to the increase of Al atoms content in the compound Fegs_ ,Alssy,.
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MéccOayIpoBCKHMd aHAJIU3 CTPYKTYPHO-(a30BbIX NPEeBpPaIlleHUH
B BbICOK0a30TUCTOM cTasm 08X221'A1.24 npu TepMu4ecKon
00padoTKe U 00JIBIINX IUIACTHYECKUX AedopManusix

KozuoB K.A., [llabamos B.A., Makapos A.B., 3amatoBckuii A.E.,
JlutBunoB A.B., Carapanze B.B.

@I'FVH Uncmumym ¢huzuxku memannoe umenu M.H. Muxeesa ¥YpO PAH, Examepunbype (Poccust)
kozlov@imp.uran.ru

Maossbauer analysis of the structural-phase transformations in high-
nitrogenous steel 08X221'A1.24 during heat treatment and

large plastic deformations
Kozlov K.A., Shabashov V.A., Makarov A.V., Zamatovsky A.E., Litvinov A.V., Sagaradze V.V.
The thermally activated processes of precipitation and subsequent deformation-induced
dissolution of chromium nitrides in high-nitrogenous austenite steel have been investigated.

Metonom AI'P uccrnenoBaHbl CTPYKTYpHO-(a30Bble IMEPEXOAbl B BBICOKOA30TUCTOM CTalu
08X22I'A1.24 mnpu WU30TEPMUYECKMX OTKHUrax M TMOCJIEIyIOIle MHTEHCUBHOM XOIOIHOMN
negopManMi BO BpAIIAIONIMXCS HAKOBAJNBHIX bBpumKMeHa Npu KOMHATHOH M KPHOTEHHOU
Temneparypax. CTajb NOJyuyeHa METOJOM JIMThs C IPOTUBOIABIEHUEM a30Ta.

Crapenue npu 450 °C u 550 °C, 30 MUH 1 MHTEHCHBHAs XOJOJHAs JNedopMamus MPUBOAIT K
LUKINYECKOMY BbIIETICHUIO (IIPU OTXKUTE) U PACTBOPEHUIO (TIpU CABUTE MO/ 1aBJIEHUEM ) HUTPUIOB
XpoMa B MaTpHIIE ayCTEHUTA.

Pesynprarom omxkura mpu 650 °C, 2.5 4 cTaHOBUTCS MOJHBIA TOTUMOPQHBIA Y— 0L TIEPEXO]T C
BbiesieHneM B OLIK matpuue cocraBa 19.6 at. % Cr, Hutpuaos CrN. B skcnepuMenTte o caBury
10 JIaBJIEHUEM IIpu Temrepatypax 573, 292 u 77 K npoucxonut poct copepxkanus xpoma B OLIK
MaTpULIE Ha HECKOJBKO IPOLEHTOB. bojee MoiHOE pacTBOpEHHE HUTPHUIOB XpOMa B Cllydae
negopManuy Mpy KPUOTEHHBIX TeMIIEpaTypax CBSI3aHO C OCJIA0JCHHEM JAMHAMHUYECKOro CTapeHMs,
KOHKYPHPYIOIIETO ¢ HEPABHOBECHBIMU IIPOLIECCAMHU PACTBOPEHHUS.

PaboTa BbImosHEHa npu QUHAHCOBOM nojuaepkke Poccuiickoro HayyHoro ¢onga (mpoekt Ne
14-13-00908).
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MécchaypoBcKoe ucCiaeI0BaHUEe BJIUSHUAS MEXAHOAKTUBAIIUU HA
MarHuTHble cBolicTBa PbKFeysNby O3

Kyopun C.H.l, PaeBckuii I/I.H.l, CrameHnko B.B.l, I'yceB A. A.2, Hcynos B.H.z, H. Chen3,
Chou C.-C. 4, CapblueB I[.A.l, TutoB B.B.l, Paesckas C.1.!

IHaylmo—ucmet)oeameJlbcmn? uncmumym ¢huzuku u puzuuecxkuii gpaxynomem, FOoxuchwiii
gedepanvuviii ynusepcumem, Pocmos-na-/ony (Poccus)
Unemumym xumuu meepoozo mena u mexanoxumuu CO PAH, Hosocubupck (Poccus).
I University of Macau, Macau (China)
“National Taiwan University of Science and Technology, Taipei (Taiwan, China)
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Mossbauer study of the effect of mechanical activation on the magnetic

properties of PbFe( sNbj 503
Kubrin S.P., Raevski I.P., Stashenko V.V., Gusev A.A., Isupov V.P., Chen H.,
Chou C.-C., Sarychev D.A., Titov V.V. and Raevskaya S.I.

Mossbauer studies of PbFe( sNby sO3 samples prepared by mechanical activation of PbO, Fe,0;
and Nb,Os mixture and subsequent annealing at various temperatures (7,) were performed. The
room temperature Mossbauer spectra and the temperatures of magnetic phase transitions (7y) were
measured for each sample.

Metogamu  MEccOaydpOBCKOM  CIIEKTPOCKONHMH  IMPOBEICHO  HCCIEAOBaHHWE  00Opa3IoB
PbFe( sNbysO; MpUTrOTOBIEHHBIX MeXaHOaKTHBammen cmecu okcuaoB PbO, Fe,Os m NbyOs ¢
MOCJIEIYIOMIUM OTKUTOM TIPU Pa3IMUHbIX Temrepatypax (7,). s xkaxmgoro oopasia ycTaHOBIEHA
TEMIIepaTypa MarHuTHOTO (azoBoro mepexoxaa (7v) (Puc. 1).

250 1 Huskoe 3Hauenme Ty, TpPH  CaMbIX  MAabIX
200 1 e e é TEMITEpaTypax OTXKHTa, MO-BUANMOMY, CBS3aHO C MaJIbIM
v ® ® pasmepom gactuil PbFeysNbysOs (15—20 MkMm), a Takxke
= 150 1 ®
= C HAJIMYKEM B MCXOIHBIX mopoikax npumecu FeNbOy, n
100 4 KHCIOpOAHBIM jaedummrom. [lpu Temmeparypax OTKHUTA
& ® 600—700 °C, Tn ngocthraer MakcUMyma, a 3aTeM
400 600 800 1000 MeJJIeHHO YObIBaeT f0 3HaueHui =~ 150 K, xapakTepHbIx
Ty g PbFe( sNbg sO;. Benmmunna 7y B OKCHIaX 3aBHCHT OT
Puc. 1. 3aBucuMOCTE TeMHepaTypsl yucia nemnouek Fe-O-Fe, kotopoe B PbFesNby ;O3 TeM
y
MarHuTHOro (ha3oBOro nepexoaa ot 0OJIbIlIe, YeM HHUXKE CTCICHb YIOPSIOYCHUS KATHOHOB

TCMIICpATyph OTKHTA Fe/Nb. Takum o0pa3zom, mpH TemmepaTypax OTKHTa

Hmwxke 700 °C, B MeXaHOaKTUBUPOBAaHHBIX mopomikax PbFe)sNbysO; mpucyTcTBYyIOT KiacTtepsl ¢
HU3KOH crenenbto ynopsnoueHus Fe/Nb.
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Binsinue remneparypbl MeramjiacTu4eckoi gegopMaunm Ha
nepepacnpenejieHue yriepoaa u noumopgusie ¢pa3oBbie nepexoabl
B I'LIK Fe-Ni-C cnuiaBax

Hla6amos B.A., Carapaasze B.B., lutBunoB A.B., 3amaToBckuii A.E.,
JIamkoB K.A., Karaesa H.B.

@I'FYVH Uncmumym ¢huzuxku memannoe umenu M.H. Muxeesa ¥YpO PAH, Examepunbype (Poccust)
shabashov(@imp.uran.ru

The effect of temperature megaplastic deformation on the redistribution of

carbon and polymorphic phase transitions in FCC Fe-Ni-C alloys
Shabashov V.A., Sagaradze V.V., Litvinov A.V., Zamatovsky A.E.,
Lyashkov K.A., Kataeva N.V.
By means NGR-method for high-carbon Fe-Ni alloys of the Invar range of compositions

studied structural phase transitions induced by megaplastic deformation in temperature region from
77 to 473 K.

Metonom SAI'P B BeIcOKOyrnepomucThix Fe-Ni craBax WMHBapHOTO AHMana3oHa COCTABOB
WCCIIEZIOBAaHBl  CTPYKTYpPHO-(Da30BbIe  MEPEeXO]bl,  HHIYNHWPOBAHHBIE  METaruIaCTHYECKOU
nedopmarueit B oostactu remmepatyp ot 77 mpo 473 K.

OOHapyKEHO aKTHBHOE JMHAMHYECKOE CTapeHHE CIUIAaBOB IPH YBEIHMYCHHH TEMIIEpaTypbl
negopManMy  CABUTOM TIOJ] JaBJICHHEM B HaKOBaIbHAX bpumkmdHa. B mpeaBaputensHO
cocrapeHHoM mipu 873 K, 1 u crumaBe Fe-35Ni-0.5C mocne nedopmanuu mpu 473 K npoucxoaut
aKTUBHU3AIMs BeIxoAa yraepona uz ['LIK maTpuis! TBEpIOro pacTBopa BCICICTBIE HEMTPEPHIBHOCTH
ropsiueil n1eopManui M HACHIMICHUS CTPYKTYphl TOYEUHBIMU Je(eKTaMH, CTHMYJIHAPYIOUIMMU
muddy3nonnasie mpouecchl. Jledhopmanys B 00JACTH KPUOTEHHBIX TEMIIEpATyp CIIOCOOCTBYET
BO3BpaTy yriepoja B mosioxkeHue TBepaoro pactBopa ['IIK martpunbl. DHeprus aedopmarun
YaCTUYHO PEJIAKCUPYET MO KaHATy MAapTEHCUTHOTO Y — Ol IEPeXo/a.

B meractabunbsHom crutaBe Fe-31Ni-0.5C nedopmanus B untepBasie remnepatyp 473...573 K
aKTUBU3UPYET BBIXOJ YIJIepoJa M3 IOJIOKEHUH BHEOPEHUs TBEPAOIO pacTBOpa, M BCIEACTBHE
noBblieHus 7y (TeMreparypsl paBHOBeCHUS o U Y (a3) JecTaOMIU3UpyeT ayCTEeHUT MO0 OTHOLIEHUIO
K Y — o [epexoay npu acGopMariim.

Pabota BbImonHeHa npu (uHaHCOBOM monnepxke Poccuiickoro HayyHoro ¢osga (IpoexkT
Ne 14-13-00908).

XIV Mossbauer spectroscopy and applications, Kazan, 2016
113



ITIT Advanced materials and modern technologies P II1-9

I'mcrepe3ucHbie cBoiicTBa U 3P PeKT MEéccOayIpa B MOPOIIKAX
OBICTPO3aKAJEHHOT0 HAHOKOMITIO3MIIUOHHOT 0
ciiasa (Nd,Zr)-(Fe,Co)-B

Caguenko A.I'., Measenesa T.M., Koposymkun B.B., lllerunun U.B.,

MenyumienkoB B.I1., boparoxun U.I'.

HUTY « MUCuC», Mockea (Poccus)
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Hysteresis properties and Mdssbauer effect in rapidly solidified (Nd,Zr)—

(Fe, Co)-B nanocomposite alloy

Savchenko A.G., Medvedeva T.M., Korovushkin V.V., Shchetinin I.V.,
Menushenkov V.P., Bordyuzhin 1.G.
Complex studies of phase composition, structure, magnetic properties and analysis of the

Mossbauer spectra of the rapidly solidified powders of Ndjo4ZrsoFess1Co41Bg4 nanocomposite
alloy in the as-solidified state and annealed in the temperature range 380 — 700 °C for 30, 60 and
120 min state have been carried out.

C ucronp30BaHUEM METOJIOB PEHTTEHOBCKOM Iu(pakmuu, MEccOaAyIPOBCKOW CHEKTPOCKOINH,
AJIEKTPOHHONW MHKPOCKOITUM W MarHUTHBIX W3MEPEHHUN BBITIOJHEHBI KOMIUIEKCHBIE HCCIIECIOBAHUS
(ha3oBOTO COCTaBa, CTPYKTYPhl 1 MAarHUTHBIX CBOMCTB MOPOIIKOB ObicTpo3akanénHoro (b3) craBa
Ndjo4Zr40Feocr Cos.1Bs.4 B UCXOTHOM COCTOSIHUM U TIOCJIE OTXKUTOB B MHTEpBasie Temneparyp ot 380
1o 700 °C pmutenbHOCThIO 30, 60 1 120 MunyT. Ilokazano, uto B cocrosiuuu nocie b3 B cruiase
npUCyTCTBYIOT MarHuToTBEpHas ¢aza Nd,Fe 4B (~54 % 006.) u amopduas daza (~40 % 006.).
Hannune 3HaumTenpHOro KojmdyecTBa amMop(dHOU ¢a3pl 00yCIaBIMBAIOT HU3KHE THCTEPE3UCHBIC
CBOWCTBAa TOPOIIKOB CIUIaBA B HCXOJHOM COCTOSIHWH, OIHAKO TOCJIE TEPMOOOpPaObOTOK pa3zHOU
JUIMTENIbHOCTH B  uWHTepBaie Ttemneparyp 520—560°C nHabmomaercss pe3koe BoO3pacTaHUE
KOAPUUTHBHOHN cuiibl Hi (1o 740 kA/M) 1 yenbHON OCTaTOYHOW HAMarHU4EHHOCTH Gp — JI0 65 —
70 A-M*/kr. COOTBETCTBYIOIAs y/AeTbHAS HAMATHHYCHHOCTh HACHILCHHS O HIMEET BEIHUHHY
~ 112 A-MY/kr, T.e. OTHOIIEHHE O/G, >0.5. ITocme oTxura mpH Temmeparypax Bbime 600 °C
oTMedaercsi pe3koe maneHue Hg (mo ~ 50 xkA/M u HIKe) B pesynbrare (a30BOrO MPEBPALICHUS
Nd,Fe ;4B — a-Fe + Nd,Fe;7 + ZrB; ¢ oOpazoBanuem 3HauuTebHOTO KomuecTBa (ha3el Nd,Fe,s,
COITPOBOKIAIOIIEECS] PE3KHM YMEHBUICHHEM O, W BEIMYMHBI OTHOIICHHA G,/Cs. [lo pesympraram
BBITTOJIHEHHBIX MCCIIEIOBAHUN IMOCTPOEHBI TUarpaMMbl (ha30BO-CTPYKTYPHOTO COCTOSIHHUS, a TaK ke
IPOAHATH3NPOBAHBI MECCOAYIPOBCKIE CIIEKTPHI Ha spax ~ Fe mopomkos b3 criasa.

PaboTta BbInmonHeHa nmpu (UHAHCOBOU MoAJiepKKe MuHUcTepcTBa 00pazoBaHust U Hayku PO B
pamkax ®LIT «MccnenoBanus u pa3pabOTKU MO0 MPUOPUTETHHIM HANPABICHUSAM Pa3BUTHs HAYUYHO-
TexHoJiornyeckoro komimiaekca Poccumu Ha 2014 — 2020 ronel», cornamenue ot 22.07.2014 r.
Ne 14.579.21.0038, ynukanbublil uaentupukarop cornamenns RFMEF157914X0038.
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Change of short-range order in iron-based amorphous alloy under the

pulsed ion-beam modification

Nazipov R.A.l, Shustov V.A.z, Batalov R.I.z, Bayazitov R.M.z, Pyataev AV.S

'Kazan National Research Technological University, Kazan (Russia)

’Kazan Physical-Technical Institute, Russian Academy of Sciences, Kazan (Russia)
I Institute of Physics, Kazan Federal University, Kazan (Russia)
rusnazipov(@kstu.ru

Pulsed ion modification (PIM) of the
Fe77Cu1Nb38i13B6 as
technology

amorphous  alloy

produced spinning leads to
variation vector magnetization from parallel to
normal plane ribbon [1]. This is due to the
occurrence of compressive stresses in the
ribbon volume. X-ray studies have shown
persistence of the amorphous state. Mossbauer
studies have shown a decrease 2 and 5 lines of
broad ferromagnetic sextet with an increase in
the number of pulses (Fig. 2-4). Form curve of
hyperfine fields of the distribution P(Hys) for
the samples after PIM is changing: disappears
small maximum at about 120 kOe field, but
instead there are "oscillations" of curve P(Hpy)
(Fig. 2*—4%*). Likely this is due to a decrease in
the intensity of lines 2 and 5 in ferromagnetic
sextet, but not structural changes. For ribbon
after PIM in that case if Mdssbauer spectrum
obtained with external magnetic field along the
ribbon and transversely to y-rays, it is seen

recovering 2 and 5 lines in ferromagnetic sextet

Transmission, %
nun 12y ‘C“H)d

A6 5 0 5 100 100 200 300 400
V, mm/s Hpr, kOe

Fig. 1. Mdssbauer spectrum (without labels)
and curve of hyperfine fields of the
distribution (* - label right-over number): 1 —
as is; 2 — 2 pulses (pls.); 3— 5 pls.; 4 — 10
pls.; 5— 10 pls. spectrum obtained with
external field

(Fig. 5), and on the curve P(Hys) reappears small maximum (Fig. 5*). The emergence of unresolved

peaks on the curve P(Hye) after the PIM can be attributed to "fast reamorphization" ribbon, which

leads to appearance a locally ordered regions of the remaining X-ray amorphous, which is also

confirmed by the increase in the share of Lorentzian contribution to the X-ray halo in the diffraction

pattern.
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KoHTpoas pacnpenesieHus xeje3a B peaKTOPHOM OepHJLIIHU

Ilerpos B.U., Puiaunmnos B.I1.

Hayuonanvnuiii uccneoosamenvcxuii soepuuiil ynusepcumem « MUD Uy, Mockea (Poccus)
vipetrov@mephi.ru

Iron distribution control in reactor beryllium
Petrov V.1, Filippov V.P.
Mossbauer spectroscopy is used to investigate distribution of iron atoms in reactor beryllium. It
is shown the difference in iron state on near surface layers and in volume.

Bepnﬂnnﬁ HCIIOJIB3YCTCA B pAAC AACPHBIX PCAKTOPOB M ABJISACTCA KIIIOYECBBIM MATCpUAJIOM B
TEepMOsIIEpHOM TipoekTe. i oOecrieueHuss yAOBICTBOPUTEIIBHON IKCIUTyaTallui  OCepUILIAEBBIX
OJIOKOB TIpM BBICOKHMX MOBPEXKIAIOMIMX J103aX HEOOXOAMMBI 3HAaHUS O CTPYKTYPHO-(a30BbIX
repexojiax Mo BO3ACHCTBUEM 00IydeHusl U TepMooOpaboTok. Hamu HaKOIJIEH ONBIT MOTYyUYEeHUS U
pactmmdpoBkr MEccOAYyIPOBCKUX CIIEKTPOB TEXHHUYECKOTO OCpUIUIHS TOCIE TEPMOOOPaOOTKH.
HaubGonee kayecTBEHHbIE CIEKTPbl MPOMYCKAHUSA TMOIY4YEHbl C PE30HAHCHBIM JETEKTOPOM,
OJICKTPOHBI KOHBEPCHUUN PECTUCTPUPOBAIIMCH I'a30IMPOTOUYHBIM HPOITOPIHOHAIBHBIM ACTCKTOPOM.

N3-3a  CII0)KHOCTH  IOCJIIEPEAKTOPHBIX  M3MEPEHHM IIPOBEAECH  PAJ  MMMTALMOHHBIX
OKCIICPUMCHTOB. HpeILCTaBJ'IeH OAVH U3 TaKUX SKCIICPUMCHTOB, B CBA3U C IMPCATIOJIaraCMbIM
OCHAIIICHHEM PEaKTOPHOro Oepuyuiisi 000JI0YKOU M3

amOMHUHIS — BhIIepKKka Oepmmins (¢ 0.1 % °'Fe) B e 32

ﬁ.—l

1.00

KoHTakTe ¢ amomuHueM npu 650°C u 3arem
JUTUTEITEHBINA OT)KHT.

Ha puc. 1 nokasansl CIeKTpbI 'Fe B oOpa3uax el
Oepwinusi, rae 1) JWMHWUM OKele30CoepiKalen -
BTOpUYHON (a3pl, mnpexanonoxurensHo FeBejj, 2) 05
muann AlFeBey 3) muaum TBepaoro pacteopa xeiesa 076
B Oepwummu. Cpoektp mnponyckanus (a) H
KOHBEPCHOHHBI CIIEKTP TPHUIIOBEPXHOCTHBIX CIIOEB
(b) cocToaT B OCHOBHOM W3 JIMHUM BTOpUYHBIX pa3z u  1.008

OCTaTOYHOTO  TBEpAOro  pactBopa.  Mmerorcs | oy

HEKOTOpBIE pa3Nuus B 3HAYEHUSIX MECCOAYIPOBCKUX i G0
napamMeTpoB (a3, HaxOIAIIUXCS B 00beMe U B

IPUIIOBEPXHOCTHBIX cllosAX. B oObeme xenes3o B daze 90 —10 60 10 2.0 i

1 cocraBnser 80 % or obmero coaepkaHusi, a B

MPUMIOBEPXHOCTHBIX ~ CIOSIX — OKojJo 68  %. Puc. 1. Criektpst “Fe s Oepunims

TEXHUYECKOH YMCTOTHI: a) MPOITYCKaHHUS;
b) Ha KOHBEPCHOHHBIX JICKTPOHAX JI0
riyOuHbl — 0.8 MKM OT TOBEPXHOCTH

[lonmyuyeHHble AaHHBIE MOTYT OBITH MOJE3HBI JUIS
00BSICHEHUS paguanuoOHHBIX MIOBPEXKACHUN

pEaKTOpHOTO OepHILIHSL.
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I'mcTepe3ucHbie CBOMCTBA K MECCOAYIPOBCKASA CHIEKTPOCKONUSA
HaHokoMmo3uTOB TUNa Nd,Fe4B/a-Fe, cuHTe3MpOBaHHBIX
METOAO0M MEXaHOAKTHUBALMH

CaBuenko A.T'., Padanbckmii A.U., letunun U.B., Menymenkon B.II.

HUTY « MUCuC», Mockea (Poccus)
909bcla@gmail.com

Hysteresis properties and Mdssbauer spectroscopy of Nd,Fe 4B/a-Fe

nanocomoposites synthesized by a mechanical alloying technique
Savchenko A.G., Rafalsky A.I., Shchetinin 1.V., Menushenkov V.P.
Nanocomposites based on Nd2Fel4B/a-Fe alloy system attract researchers’ attention up till
now because of the possibility of obtaining of hard magnetic materials with high remanence
magnetization values and therefore with high values of magnetic energy product and reduced rare
earth metals content.

HcxogHsIM — MaTepuanoM A MCHOJIb30BAaHUS  CIYKWUIM  TOPOLIKM  IPOMBIIUIEHHO
BhIITyckaemoro cruiaBa cucreMbl Nd-Fe-B mapku NQP-D u kapbonunsHoro a-Fe, mpu 3ToM cocras
MOPOIIKOBBIX KOMIO3ULIME onuckiBaeTcs Gopmyiot (1 —x)ngp-p + Xe-re, € X = 0, 0.1, 0.3 macc. %.
Kommno3umuu nosmydanu MerogoM Mexanoaktuauu (MA).

bbutn  BBINOJIHEHBI KOMIUIEKCHBIE PEHTICHOBCKHE M MECCcOAy’pOBCKHE MCCIIEOBAHUS,
U3MEpPEHUs] TUCTEPE3UCHBIX CBOMCTB HAHOKOMIIO3MLIMOHHBIX IIOPOIIKOB B COCTOSIHMSIX IOCIE
BBICOKODHEPIeTUYECKOro Iomojaa anuTenpbHocTbio 30 m 60 MMH, a TakKe I0oClie OTKUIOB
murenbHocTeio 5, 10, 20 MuH B uHTepBane temneparyp 500—750 °C. da30Bblil cOCTaB IOPOILIKOB
ONpEACNAAN METOAOM PEHTTEHOCTPYKTYPHOI'O  aHajiM3a, a TakkKe C HCIOJb30BaHUEM
MéEccOayIpOBCKOIl crieKTpocKonuu. M3MepeHre MarHUTHBIX CBOMCTB MPOBOIMIIN Ha BUOPAIIMIOHHOM
MarHuromeTpe B mnojisx 1o 2 Tiu. YcraHoBieHo, yTo B mporecce MA ructepe3ucHble CBOWCTBA
MOPOLIKOB ¢ X = () CYIIECTBEHHO MOHMKAIOTCS, TOTAAa KaK y HAHOKOMIIO3UTOB ¢ X > ( Habmogaercs
HEOOJIBIIOE CHUKEHUE KOIPUUTHUBHOM CHUJIBI Hi W 3aMETHOE TOBBIIICHHE YJIEIBbHBIX OCTaTOYHOU
HaMarHMYEHHOCTU G 1 HAMarHM4E€HHOCTH HAChIILIEHUs Gs. [locne oTxura npu remnepaTtypax BblllIe
650 °C H.i u o, MmexaHoakTuBupoBaHHoro cruiaBa NQP-D noBsimnatorcst, a y HAHOKOMIIO3UTOB C X >
0 — HaoOopoT, 1 H.i, U G; YMEHBILIAIOTCS B pa3bl. [lodydeHHbIe pe3ynbTaThl 00CYkKAAIOTCS ¢ yUETOM
cBe/IeHU 0 (pa30BO-CTPYKTYPHOM COCTOSIHUM HAHOKOMITO3HIIMOHHBIX TTOPOIIKOB.

Pabota BbinonHeHa nmpu (UHAHCOBOU MoJiepKKe MuHUCTepcTBa 00pazoBaHust U Hayku PO B
pamkax ®LIT «MccnenoBanus u pa3pabOTKU MO0 MPUOPUTETHBIM HANPABICHUSAM Pa3BUTHs HAYUYHO-
TexHoJiornyeckoro komimiaekca Poccumu Ha 2014 — 2020 ronel», cornamenue ot 27.06.2014 r.
Ne 14.575.21.0043, ynukanbubliil unentugukarop cornamenust RFMEFIS7514X0043.
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Crenenb atomHoro nopsinka B Pb,FeNbQg, nonupoBannom Li

Cramenko B.B., Paescknii U.I1., Kyopun C.II., Capbiues /I.A., PaeBckas C.HU.,

Mauunkasa M.A.

Hayuno-uccneoosamenvcruti uncmumym usuxu FOxcrnoeo gpedepanvroeo ynusepcumema,
Pocmos-na-/lony (Poccus)
z_machine@mail.ru

Atomic order in Li-doped Pb,FeNbOg
Stashenko V.V., Raevski I.P., Kubrin S.P., Sarychev D.A., Raevskaya S.I., Malitskaya M.A.
Li-doped Pb,FeNbOs demonstrates the presence of a singlet in Modssbauer spectrum in

distinction of pure composition. This evidences on possibility of partial long range ordering of
atoms Fe and Nb in sublattice B.

Panee Obi10 mokazano, uyto yncteii Pb,FeNbOg pu 300 K nmeer méccOayspoBCckuid CHEKTp,
OINMCBHIBAEMBIA JIByMsI TyOieTaMH, 4TO IMOATBEPIKAACTCS HU3KOTEMIIEPATYPHBIMH H3MEpPEHUSIMH,
OOHapYXKUBIIMMH J[Ba XOpomio paspemumbix cekctera [1]. Crmektp Pb,FeNbOg, nommpoBanHOTO
JUTHEM, COACPKUT TIOMHUMO JIByX IyOJIETOB — CHHIJIET, KOTOpBIH OOYCIIOBIEH ABYMS
KOHQUrypanusiMu OJIMKalnX coceneil B mopapemeTke B, ogHa W3 KOTOPBIX COOTBETCTBYET
MOJTHOMY aTOMHOMY YTOPSZIOYEHHUIO B cOocTaBe. Tak Kak OHM HEPA3IUIUMBI [T MECCOAYIPOBCKOM
CHEKTPOCKONHUH, HA OCHOBAHWHU ITHX JAHHBIX HEJb35
100.5

OOHO3HAYHO YTBCPXKIATh (1)aKT HYaCTHYHOI'O aTOMHOI'O
1000+

YHOPSAOYEHHUSL. Opnnako TeMIeparypa 2 s
aHTU(PEPPOMArHUTHOTO ¢dazoBoro nepexoja é’ 99.0
ymenbimnack or 150 K s ancroro Pby,FeNbOy 110 g 2:2
120K nmna  pomupoBaHHOro JmutHeM  [2], dTO = sl
00yCJIOBJICHO YMEHBIIICHHEM KOJIMUecTBa cBsizel Fe- 97.0-

96.5 - e At oo T P ot bt sl
O-Fe BBUy 4aCTUYHOTO aTOMHOTO YIOPSTOUCHHUS. . : , :

v, MM/C

Puc. 1. PacumdpoBka MEccbayrpoBCKOro
cnekrpa Pb,FeNbOg, nonmpoBanHOTro

JIUTEPATYPA JIUTHEM

1. Raevski I.P. Magnetic properties of PbFe;,Nb;,03: Mdssbauer spectroscopy and first-
principles calculations / I. P. Raevski, S. P. Kubrin, S. I. Raevskaya, D. A. Sarychev, S. A.
Prosandeev, M. A. Malitskaya // Phys. Rev. B —2012. — V. 85. — P. 224412-1 — 224412-5.

2. Raevski I.P. Dielectric and Mossbauer studies of perovskite multiferroics / I.P. Raevski, S.P.
Kubrin, S.I. Raevskaya, D.A. Sarychev, V.A. Malitskaya, M.A. Seredkina, V.G. Smotrakov, [.N.
Zakharchenko, V.V. Eremkin // Ferroelectrics. — 2008. — V. 373. — P.121-126.
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MéccoayspoBckue ucciaeaoBanus nepoBckuToB 4,FeNbQg
(A = Pb, Ca, Ba, Sr)

Cramenko B.B., Paescknii U.I1., Kyopun C.II., Capbiues /.A., PaeBckasa C.HU.,
Maaunkas M.A.

Hayuno-uccneoosamenvcruti uncmumym usuxu FOxcrnoeo gpedepanvroeo ynusepcumema,
Pocmos-na-/lony (Poccus)
z_machine@mail.ru

Maossbauer study of perovskites 4,FeNbOg (4 = Pb, Ca, Ba, Sr)

Stashenko V.V., Raevski I.P., Kubrin S.P., Sarychev D.A., Raevskaya S.I., Malitskaya M.A.
Complex paramagnetic Mossbauer spectra structure of perovskites 4,FeNbOg (4 = Pb, Ca, Ba,

Sr) was revealed allowing one to estimate order degree in these compositions on the base of
proposed model of Fe and Nb atoms distribution around the probe *'Fe. All of the objects of this
investigation have demonstrated total absence of long-range ordering.

MéccbayspoBckue crekTpsl nepoBckHUTOB A>FeNbOs (4 =Pb, Ca, Ba, Sr) B numamazone
temmneparyp or 300 mo 700 K uUMEIOT CIOXHYIO CTPYKTYPY, COCTOSIIYI0 H3 TpeX IyOJIeTOB,
COOTBETCTBYIOIIUX OWHOMHAIBHOMY PpAaCHpeleNCHHIO KOH(PUTypaluidi, TOJIOBHHA W3 KOTOPBIX

npejcraBieHa Ha puc. 1, a BTOpas IOJIOBHHA MOJyd4aercs 1. A
HWHBEPCHUEH COpPTa COCEIHET0 aToMa. :;F‘L(:: :;F:e(: ::: F|I< ::Y
B Tabnuie 1 mpencTaBiaeHo cOOTBETCTBHE KOH(DUTYpaI[Hii reoox woox X
(puc. 1) n nyGmeroB B cnekrpax. Haubomburyto 61mM30CTh K 1 TZ\, LY Nf g v S .
CTATUCTHYECKOMY  pacuery  0e3  ydera  JHEpPrud m;z: e MFF:"/ . N ::iitb N

B3aMMOJEUCTBUSI CIeAyeT OTHOCUTh K HauOoJbLIEMY
Puc. 1. Kondurypamuu pasmenieHus

pasynopsimoueHuio atoMoB Fe u Nb B cocrase.
atomoB Fe u Nb B nmo3unusax B

Tabnauya 1. 1011 KOMIOHEHT B PACYETHBIX M SKCIIEPUMEHTAIBHBIX CIIEKTPaX MEPOBCKUTOB JIJIS
pa3MYHBIX KOHPHUTyparuii pasmenieHnst aToMoB Fe n Nb B BX KUCITOPOTHBIX OKTa’Ipax

Howmepa kondwurypammii pasmemienust atoMmoB B’ u B''(cm. puc. 3)
Kondurypamuu
2ud | 6 | 3 1us
Jlonu KOMIOHEHT B TpEX my06I1eToB, % o
cunriera, %

CIIEKTpax: I — Qv 2-0 3 — Quaxc
pacu€THOM: 56.3 18.8 9.4 15.5
IKCIEPUMEHTAIBHOM (OTHOILICHUE K PACUETHOM J10JIC) JJIs1 TPOMHBIX MIEPOBCKUTOB:

Pb,FeNbOg 65.4+1.1(1.16) 31.5+ 1.1 (1,68) 3.1+0.3(0.33) 0(0)

Ca,FeNbOg 53.9+2.1(0.96) 389+ 1.5(2.07) 7.2+0.7 (0.77) 0(0)

Sr,FeNbOg 27.8 +1.5(0.49) 59.7+1.6(3.18) | 12.5+£0.6 (1.33) 0(0)

Ba,FeNbOg 30.1 £0.5(0.53) 55.4+0.3(2.95) | 14.5+£0.8(1.54) 0(0)
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N3menenue Ga3oBoro cocrapa 0MOreHHbIX HAHOYACTHIL

(eppurnapura B pe3yabTare yJIbTPa3ByKOBOH 00padOTKH

Croasp C.B.l’z, bawkos O.A.l, HcxakoB P.C.l, SpociaBuen P.H.Z, Jaapirnaa B.I1.

"Hnemumym ¢usuxu CO PAH, Kpacrosipek (Poccust)

? Cubupcruii pedepanvhoiii ynusepcumem, Kpacnospex (Poccus)

3

3 . . . .
MedicOyHapoOoublil HayyHbILL YeHMP UCCIe008AHUL IKCMPEMATbHBIX COCMOSIHULL OP2AHUZMA NPU

IIpesuouyme KHI] CO PAH, Kpacnospck (Poccus)

stol@iph.krasn.ru

The change of phase composition of biogenic ferrihydrite nanoparticles as

a result of ultrasonic treatment
Stolyar S.V., Bayukov O.A., Iskhakov R.S., Yaroslavtsev R.N., Ladygina V.P.

Recovery of iron of the ferrihydrite nanoparticles was found as a result of ultrasonic treatment.

B pesynbpTare ynbTpa3BykoBOi 0OpabOTKH B peKMME KaBUTALWH, IICHTPU(DYTrUPOBaHUS U T. II.

[1] 6buomacchr GakTepuii 00pa3yrOT yCTOMYUBBINA BOIHBIN 3071b 1 OCAI0K. 30J1b MPEICTABISET COOOM

HAHOHACTHIb! - ()CPPUIMIPUTA  MOKPLITHIC Tabnuya 1. [TapameTpsl MEccOaAyIPOBCKUX CIIEKTPOB
opraHudeckoil obonoukoii. B pabote S H oS |w A Tos
W3y4eHBI  METOIOM  MEccOayIpOBCKOM - 0346 | = 1051 1037 10358 | Fel
CIEKTPOCKONMK  BBICYIICHHBIE 30JI0 U 0348 | =~ 1081 1029 027 T2
ocanku. Ha puc. 1 npuBeaeHsl HOTydeHHbIE 0'351 1'14 0'30 0.15 o
criektpbl, B Tabmuie 1 gaHbl pesynbTaTsl ' - : :
3+ | ocamok | 0.008 | 323 | 0.03 | 0.23 | 0.07 | a-Fe

pacmmgpoBKy. [To3urmm Fe™", 0314 053 1036 1038 [ Fel
obo3nauennble kak Fel, Fe2, Fe3, 0'349 0.85 0.28 0'24 fo
XapaKTEPHBI JUIst HaHOYaCTHI] i _ - i i ©
deppuruapura [2]. B ocagkax oOHapyxeHa 0.343 | - 118 1029 [0.11 | Fe3
OLIK ¢a3a Fe.

PabGora mnoanepkana CrenuanbHOM Mporpammoi
Munucrepctea OOpaszoBanuss u Hayku Poccuiickoii ssadok 1 !
denepanun TUTSt Cubupckoro denepanbHOTO g s
YHUBepCHTETA. g i

zol \ ['“

JIMTEPATYPA

1. [Tatear Ne  2457074. Cnocobd mnosydeHus “
nanouactun, (eppuruapura. B. II. Jlagemrmna, K. B. 6 N

[lypros, C. B. Cromsp, P. C. UcxakoB u gp. — COY. —
2012.
2. Stolyar

S.V. Mbossbauer study of bacterial

Puc. 1. MéccbayspoBckue CrieKTpbl
BBICYIICHHOI'O 30JI 1 OCaJiKa

ferrihydrite / S.V. Stolyar et al. // Inorg. Mater. — 2007. — V. 43. — P. 638.
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PesakcanmonHbie CTPYKTYpPHO-(a3zoBbie npespaienns B Fe-Ni-Al(Ti)
CILIABAX MPHU MeramiacTuyeckoi aepopmanum.
Biausinue Tremneparypbl U CKOpocTH AedopManuu

Hla6amoB B.A., Carapaase B.B., Kozios K.A., /IluteunoB A.B., Kataesa H.B.

@I'FVH Hncmumym ¢huzuxku memannoe umenu M.H. Muxeesa YpO PAH, Examepunbype (Poccust)
shabashov(@imp.uran.ru

Relaxation of structural-phase transformations in Fe-Ni-Al(Ti) alloys
under megaplastic deformation.

The effect of temperature and rate of deformation

Shabashov V.A., Sagaradze V.V., Kozlov K.A., Litvinov A.V., Kataeva N.V.
The kinetics of deformation "dissolution-allocation" of intermetallics in the metal matrix is

governed by the dynamic ageing, increasing with increasing temperature and decreasing rate of
deformation.

Metonom mMéccOay’poBCKOI CIEKTPOCKONUU HUCCIIEI0BAHO BIUSHUE TEMIIEPATYPbl U CKOPOCTH
MeraruiacTudeckoil  medopmammu  Ha  (a3oBbIE  NEPEXOABl  «PACTBOPEHHUE-BBHIICICHUE)
WHTEPMETAJUIUAOB B CTAPEIOIINX ayCTEHUTHBIX cruiaBax Fe-36Ni-9Al u Fe-36Ni-3Ti.

VYcraHoBiieHo, 4TO IpH JedopMaliiy BO BpallaloIINXCcs HAaKOBaIbHIX bpuakMaHa B uHTEpBaje
TEeMIIepaTyp OT KpUOTCHHBIX (kuakuil a3ot) Ao 573 K npoucxonut cMeHa HampaBiieHUsT (a30BBIX
MIEPEXO/IOB  OT ATOMHOIO pa3ymnopsii0YeHHss M PACTBOPEHUS HMHTEPMETAUIMAOB K  HX
JIOTIOJIHUTEIBbHOMY ~ YCKOPEHHOMY  BblaedeHuto. [Ipoueccom, BAMSIONIMM Ha  KUHETHKY
«pacTBOPEHUS-BBIICICHUSD)  MHTEPMETAUIUOB B METANIMYECKOW  MaTpule,  sBIAETCA
JUHAMHYECKOE CTapeHue, aKTUBU3MPYIOIIEEeCs IpU YBEJIWYEHUM TEMIIEpaTypbl U CHUKEHHUH
CKOpocTH Jiepopmaliuu.

JlepopmanimoHHOE pacTBOpPEHUE HHTEPMETAIUTHIOB OOBSACHICTCS MUTpaIen aeopMauoHHO-
MHAYLHMPOBAHHBIX MEXY3€JIbHbIX aTOMOB M3 YacTULbI B MaTpHlly B TIOJ€ HaNpsKEHUH
JBIDKYIIUXCS TUCIIOKAIMNA, KOTOPask CMEHSETCSI YCKOPEHHBIM TOYEYHBIMU Je(EKTaMH BBIICTICHHEM
WHTEPMETAJUTUAOB TP TOBBIIICHUN TEMIIEPaTyphl AepopMaIinum.

Pabora BblnosiHeHa Mpu (uHAHCOBOM noajep:kke Poccuiickoro HayyHoro ¢gonaa (mpoekt Ne
14-13-00908).
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Pa3jnuusa B COCTOSIHUM aTOMOB JKeJjie3a B HaHOoYaCcTuuax B
HUPKOHMUEBLIX CIIaBax NP MaJbIX U 00JIbIIUX COACPRAHMUAX KEJIC3a

DOuunmnos B.H.l, Xacanos A.M.’

"Hayuonanvmwiii uccnedosamenscruii s0epuviil ynueepcumem « MUDH», Mockea (Poccus)
? Yuusepcumem ceseproii Kaponunwl, Jweuns (CILLA)
vpfilippov@mephi.ru

Differences in iron state in nanoparticles in zirconium alloys with small

and large iron contents
Filippov V.P., Khasanov A.M.
Mossbauer spectroscopy was applied to study the formation nanoparticles and their
transformation under annealing. Influence of zirconium doping to iron stabilizes grain growth and
decreases the activation energy for growth.

[{upkoHUEBBIE CIIJIaBbI HAIIUIA IIUPOKOE MPUMEHEHUE B TEXHUKE. VICTIOMB3YIOTCS CIUTaBbI KakK C
MaJIbIM COJICpKAHUEM KeJe3a, TaK C TMOBBIIIEHHBIM COJACpPXKAaHWEM, KyJla IUPKOHUNU BXOIUT Kak
aerupyromas mo6aBka. s momydeHWs HEOOXOTUMBIX CBOHCTB CIUIABOB B HHX JIOOABIISIOT
JICTUPYIOIINE DJIEMEHTHI U TPOBOJAT TEPMOMEXAHUICCKUE 00pa0OTKH. B IUPKOHHUEBHIX CITIaBaX
00pa3yroTcsl BBIICICHUS, KOTOPBIMH MOTYT OBITh Pa3IMYHbIC WHTCPMETALTUIHBIE COCIUHCHUS
CIIO)KHOI'O M IMEPEMEHHOro cocTaBa. [Ipu ManbIXx KOHIEHTpalusx Kejle3a NpU 3akajke c Oera-
obnacTu 00pa3yroTCsl IEPECHILICHHBIE TBEPIBIE PACTBOPHI JKelie3a U YaCTUIIbl MHTEPMETAJIUTHBIX
coequnaenuii. [TapameTpbl MEccOayIPOBCKHUX CIIEKTPOB NMEPECHIIICHHOTO TBEPIOTO PAacTBOpa OJIU3KU
K IapaMeTpaM TBEPAOTO pacTBOpa eleza B anb(da-IUpKOHUU. B mporecce OTKUTa MPOUCXOAUT
pacrajg TepechIeHHOr0 TBEPAOro pacTBOpa HAa TBEPABIA pacTBOP W HMHTEPMETAJUIMIHBIC
coeMHEHUs. B oTiam4mre oT OOBIUHBIX METAUIMYECKHX CHCTEM, B KOTOPBIX O00pa3ylOTCS TOJIBKO
TBEpJbIC PACTBOPHI 3aMEIICHUsS, B IUPKOHUEBBIX CIUIABaX BO3MOXXHO OOpa30BaHUE U TBEPABIX
pactBopoB BHeApeHus. CKOpOCTh Mpoliecca pacmiaaa 3aBUCUT OT MPUCYTCTBHS TPETHUX JIEMEHTOB
B CIUIaBE M, KaK MPaBWJIO, IPU HAIMYKUU TPETHETO dJEMEHTa OHa CHukaeTcs. [Ipu mexaHudeckom
NepeMalbIBAaHUN Kelle3a ¢ J00aBKaMH IIMPKOHUS 00pa3yloTcs HaHOpa3MEpHBbIE KPHCTAJIBL.
Jlo6aBKY IUPKOHUS BIMSIOT HA MPOIECCHl pOCTAa HAHOYACTHI] M SHEPTUIO aKTUBAIIMH POCTA YACTHII.
[TokazaHo, 9TO MpH OTXKUTax B CIUIaBaxX, KaK ¢ MajbiM, TaK ¥ C OOJBIIMM COACpP)KAHUEM Keje3a
MPOUCXOIAT CTPYKTYpPHO-(Da30BbI€ TMpEBpaliCHUs. BBISBICHO HW3MEHEHWE JHEPTUU aKTHUBAIMHU
pocTa yacTHIl pu 100aBICHUN IUPKOHHS B kene30. MéccOayspoBCKUe MaHHBIE TAIOT OCHOBAaHHE
npeanojararb, 4YTo B CIUIaBaX C OOJBIIMM COJIEp)KAaHUEM >Kelie3a IHPKOHHWM BBIJIEISETCS IO
IpaHULaM 3€pEH B HAHOKPHUCTAJUIAX JKEJe3a.
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HuskoremneparypHbie HCCIACA0BAHUS HAHOYACTUL (DEPPUTHAPUTA
METO/I0OM MECCOayIPOBCKOI CIIEKTPOCKONUN

Croasip C.B.l’z, bawkos O.A.l, HcxakoB P.C.l, SIpocaasues P.H.

"Hnemumym ¢usuxu CO PAH, Kpacrosipek (Poccust)
? Cubupcruii pedepanvhoiii ynusepcumem, Kpacnospex (Poccus)
stol@iph.krasn.ru

Low-temperature studies of ferrihydrite nanoparticles using

Madssbauer spectroscopy

Stolyar S.V., Bayukov O.A., Iskhakov R.S., Yaroslavtsev R.N.
Ferrihydrite nanoparticles were studied by Mdssbauer spectroscopy in the temperature range

from 4 to 290 K. It is shown that the occupation of iron positions essentially depend on temperature.

B pabote n3ydeHbl HaHOYACTHIBI PEPPUTHIAPUTA METOAOM MECCOAY3POBCKOM CIEKTPOCKOIUH.
Hanouactuiis! ObIIH MOJyYEHBI B PE3yJIbTaTe THAPONIN3A COMH XKene3a. Pasmep wactun coctapisut 2
oM. Temmeparypa OmoxupoBku coctaBisier 7~ 50 K. Yactuusl ¢eppurunpura copepxkar Tpu
HEIKBUBAJICHTHbIE MO3ULMM XKeye3a: Fel 3aHMMaroT CIBOEHHbBIE CIIOM JIMTAHAOB C KyOHWYecKoi
(ABCABC) ynakoBkoii; Fe2 — oauHOuHBIE

0,8

ciou ¢ rekcaroHanbHoi (ABAB) ynmakoBkol; o
(0]
Fe3 — kaTuoHBI, BBIIIEAIINE B MEKCIOHHOE %0'4'
0,24
npoctpanctBo [1, 2]. OOHapykeHO, dYTO 0ol
3aCCIICHHOCTH HO3UIUH 3aBUCST oT 03l I —
<0,
Temrepatypsl (puc. 1). g
So2]
PaGora  mommepkana — CneuuaibHOU
0,1
nporpammoii Munucrepctea OOpa3zoBaHus U 08
i PN
Hayxku Poccuiickoi ®denepaunun IS 506y S
< R
Cubupckoro ®@enepanbHOro Y HUBEpPCUTETA. e %“8
0.2 Qfoé
o)
0 50 100 150 200 250 300
T, K

Puc. 1. 3aBUCHMOCTE 3aCEIIEHHOCTH TO3UIINI
xKeje3a OT TeMIepaTypbl

JIUTEPATYPA

1. Jansen E. The structure of six-line ferrihydrite / E. Jansen, A. Kyek, W. Schafer,
U. Schwertmann // Appl. Phys. A: Mater. Sci. &Process. —2002. — V. 74. — P. 1004—1006.

2. Stolyar S.V. Mossbauer study of bacterial ferrihydrite / S.V. Stolyar, O.A. Bayukov, Y.L.
Gurevich, V.P. Ladygina, R.S. Iskhakov, P.P. Pustoshilov // Inorg. Mater. — 2007. — V. 43. — P. 638.

XIV Mossbauer spectroscopy and applications, Kazan, 2016
123



Topic IV

Biological and medical applications




IV Biological and medical applications I IV-1

57~ 2+

Cesa3piBaHue KAaTHOHOB - C0” B aKTHMBHBIX HEHTPaX (pepMEHTOB:

BO3MOKHOCTH SIMHCCHOHHOM MECCOayIPOBCKOI CIIEKTPOCKONUY B
IH3MMOJIOTHH

Kamnes A.A.', Tyraposa A.B., Kynukos JLAZ, Iepduiaven 10.]1.2

'oreyH Hncmumym 6uoxumuu u gpusuonocuu pacmeruti u Mukpoopeanusmos Poccutickoii
akademuu Hayk, Capamoe (Poccus)
‘@r’BOY BO Mockosckuii 2ocyoapcmeennwiii yrugsepcumem um. M.B. Jlomonocosa,
Mocksa (Poccus)
aakamnev(@ibppm.ru; a.a.kamnev(@mail.ru

. g 57 ~ 2+ . . . . .
Binding of °’'Co”" cations in enzyme active centres: potentials of emission

Maossbauer spectroscopy in enzymology
Kamnev A.A., Tugarova A.V., Kulikov L.A., Perfiliev Yu.D.
Applications and potentials of *’Co emission Mdssbauer spectroscopy are discussed for
studying sophisticated biocomplexes including metalloenzymes with >’Co*"-doped active centers
having two and more different types of cation-binding sites.

B cepum Hammx mpeauIecTBYIONIMX PadOT OBLIO MOKAa3aHO, YTO C IMOMOIIBI0 AMHUCCHOHHOTO
BapuaHTa MECCOAYIPOBCKOM CIIEKTPOCKOIUU Ha spax 'Co (OMC) MOXXHO MOJTyYaTh YHUKAIBHYIO
CTPYKTYpHYIO HHGPOpMAIMI0 O OMOKOMIUIEKCaxX pa3iaudHou ciioxHoctu [1-3]. BrepBbie Obun
M3y4eHBI 00pa3ibl pepMeHTa (0aKkTepruaIbHON NTyTAMUHCHHTETA3b) C IBYMS Pa3TUYHBIMHU THITAMH
caiitoB cBs3piBanus katnoHOB (CCK) B akTuBHBIX IieHTpax (cM. o030p [1]). B mpomomkenue
naHHBIX padboT Metomom DMC OblT M3ydeH (epMeHT mienoudHas ¢ocdaraza mociae JONMUPOBAHUS
KaTHOHaMHu °'Co”' ero aKTHBHBIX IIEHTPOB, OT/IHYAIOLINXCS HammaneM Gombiero gucia CCK.

JIUTEPATYPA
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Kovics, Z. Homonnay, E. Kuzmann // Spectrochim. Acta Part A: Mol. Biomol. Spectrosc. — 2016.
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Magnetic nanoparticles for “theranostic” biomedical applications

Kamzin A.S.

loffe Physical-Technical Institute of RAS, St.-Petersburg (Russia)
Kamzin@mail.ioffe.ru

This review gives a short overview of the research results achieved for magnetic nanoparticles
in the last years as well as the research activities in progress, especially in regard to
superparamagnetic iron oxide nanoparticles (SPIONs). This is attempt to highlight the most popular
and efficient synthesis approaches for magnetic nanoparticles, which can be used in biomedical
fields, such as hyperthermia, magnetic resonance imaging (MRI) and drug delivery.

Magnetic nanomaterials have attracted great attention from many research fields. Due to their
superparamagnetic property and low toxicity, magnetic iron oxide (Fe;O4 and y-Fe,Os)
nanoparticles (MIONP) are especially interesting to biomedical applications, such as diagnostic
magnetic resonance imaging (MRI), magnetic hyperthermal therapy, and drug delivery. For these
applications, Fe;O4 and y-Fe,O3; nanoparticles are usually smaller than 20 nm, where they exhibit
superparamagnetic properties, i.e. a high magnetic saturation moment and nearly zero coercivity at
room temperature. The external magnetic field can readily induce self-heating (hyperthermal effect)
of iron oxide nanoparticles, and also move magnetic nanoparticles along the field. These behaviors
actually highly depend on the quality of the iron oxide nanoparticles, such as crystallization, size,
and shape. It indicates the importance of synthesis approaches of iron oxide nanoparticles, i.e. the
synthesis approaches that can produce well-crystallized and size-controlled iron oxide nanoparticles
offer more opportunities for these applications. On the other hand, after synthesis, iron oxide
nanoparticles need surface modification to make them more compatible in biosystems for molecular
conjugation, functionalization, bio-compatible and stable. Therefore, the techniques for building a
strong, but biocompatible surface protection layer are highly desirable.

In review considered applications of Mossbauer methods for characterization and control at
different stages of the preparation process of nanostructured materials and their evolution under
different post growing treatments. Mdssbauer spectroscopy can provide valuable information on the
behavior of superparamagnetic iron oxide nanoparticles.

The advantages of surface modification are demonstrated with several MRI, hyperthermia and
drug delivery examples. In addition, building smart structures with the abilities of diagnosis and
therapeutics based on magnetic nanoparticles and SPIONs are considered.
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O BO3MOKHOCTH HCIOJIb30BAHUA IMUCCHOHHON MECCOAYIPOBCKOM
CIIEKTPOCKONNH /IJI BbISIBJIEHU XUMHUYECKUX KAHIIEPOTeHOB
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Emission Mdssbauer spectroscopy and testing for potential chemical

carcinogens
Byakov V.M., Perfiliev Yu. D., Kulikov L.A., Stepanov S.V.
A method for detection of carcinogenic properties of chemical substances based on the
Emission Mossbauer Spectroscopy is briefly discussed.

OCHOBHOW TPUYHMHONW OHKOJIOTUYECKUX 3a00JEBAaHUN CUYHUTACTCS TIOMAJaHHWE B OPraHU3M
YermoBeKa XMMHUYECKHX KaHIeporeHoB. [losromy pa3paboTka crmocoboB uX  OBICTPOTO
JNETEKTUPOBAaHUSl — aKTyajbHas 3agadya. MHorme XHMHMUYECKHE KaHIIEpOT€Hbl — CHJIbHBIE
aneKTpomiIbl. Mepol 31eKTpOPUIBHOCTH MOXKET CIYXKUTh BEIIMYMHA KOHCTAHTBI CKOPOCTH HMX
peakuuu ¢ 3JEeKTPOHAMH, ONpeensieMasl B YCIOBUAX HMMITYJIbCHOTO paauonusza. Ho mosurponHas
cnekTpockonusi Oonee mnpeanouturenbHa [1]. beicTpeiii mo3utpoH (et), mpoxods uepes
KOHJICHCUPOBAaHHYIO Cpelly, B KOHIIE CBOEro Tpeka (B oOnactu muka bparra) okaswiBaeTcsl B
OKPYXEHHM MHOTUX BTOPUYHBIX 3JIEKTPOHOB €. Pearupys ¢ OoAHMM U3 HHUX, €+ C BbBICOKOH
BEPOATHOCTBIO 06pa3yeT aToM Mo3UTpoHus: ¢ + ¢ => Ps (1). Ho B KOHIIGHTPUPOBAHHOM PacTBOpE
kanmeporeHa S peaknus (1) momasnsercs: S + ¢ => S™. U atom Ps npaktudecku He 0OpasyeTcs.

bruodusnueckue nmaHHbIE YKa3bIBAIOT, YTO CPEIOM, MOJCTUPYIOMIEH BHYTPUKIETOUYHYIO, MOTYT
CIIyXHUTb 3aMOPOXEHHbBIE CTEKJIOO0Opa3Hble pacTBOpbl. MBI MOKa3alid, UTO MPOLECCHI,
VHULMAPYEMbIE PACTazoM sziep - CO, CXOKH C TEMH, 9YTO MPOMCXOISIT B TPEKaX OBICTPHIX
103UTPOHOB. Peakuust 06pasoBanns nouos ° 'Fe’', cxomna ¢ (1): Fe’™ + ¢ => “"Fe’ [2]. [TosTomy
JUISL  BBISIBJIGHMS ~ XMMMYECKHX  KAHILIEPOTEHOB  MOYKHO  HCIIOJIb30BaTh  3MHCCHOHHYIO
MEccOayIpOBCKYI0 CHEKTPOCKOMUI0. Takum oOpazoM, MéEccOay’poBcKass W TMO3UTPOHHAS
CHEKTPOCKONUU OKA3bIBAIOTCS B3aUMO/IONOJHSIIOUIMMHI METOAAMH.

JIUTEPATYPA
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MéccOaypoBckoe usyuenue nuanodakrepuu Spirulina platensis

Ieppuases 10./1., KonnbrueB M.A., TamOnen A.X.

Mockosckuii cocyoapcmeennwiii yrusepcumem um. M.B.Jlomonocoea, Mockea (Poccust)
maxim-kedr@mail.ru

Maossbauer study of cyanobacterium Spirulina platensis
Perfiliev Yu.D., Konnychev M.A., Tambiev A.Kh.
Dry biomass of Spirulina (Arthrospira) platensis was investigated by Mdssbauer spectroscopy.

It is established that the form of Spirulina iron is a modification of ferrihydrite.

MéccbayspoBcKasi CIIEKTPOCKOIHUSI IUPOKO HMCIONB3YETCs Ui MCCICIOBAHUS COCTOSHUN U
MpEeBpalleHNi COeAMHEHWH JKene3a B OHMONOTHYECKHX OOBeKTax. B  Hacrosmed pabote
dotorpodHass 1wmaHoOakrepust Spirulina  (Arthrospira) platensis KynbTUBHUpOBajach Ha
MUHEpAIBHOW cpene 3appyka C LEeNbI0 HM3YYECHHUS OTACIBHBIX META0OJHMYECKHX MPOIECCOB C
y4acTHEM >KeJie3a, KOTOpoe Haxoauioch B cpeae B Buae komruiekca ¢ DJITA (kontposs). Cpok
KyJIbTUBUpPOBaHUS — 21 /eHb.

I[OHOJ'IHI/ITCJ'II)HOG KEIC30 1o OTHOIICHHIO K

KOHTPOJIBHOH  KOHIEHTpAalMd  BBOAMJIOCH B  (pasze
sKcroHeHuManpHoro pocrta (7 cyrtku). Ilo oxoHuaHum

KyJIbTHBUPOBaHUsI Onomacca S. platensis GuibTpoBaliach,
MoJcylmMBagack Ha mnpoToyHoM Bozayxe (70°C, 20-25 =

MUHYT) W TOMenlajach B (PabKOHBI C MOJICKYJISIPHBIMH

-1‘EI -EII5 dD EII5 1‘EI Tlﬁ W, /e
cutamu CaA nJ1s TIOJIHOTO BBICYIIIMBAHUS.

OcHoBHOM  nyOner, MpOSABISAIOIIMNCA BO  BCEX Puc. 1. Criekrp obpasua cyxoi
CIEKTpax, HWMEET W30MEpPHBI CIBUT B  Mpeaerax Guomaccet Spirulina

0.32-0.35MmM/c W  KBaIPYNOJBHOE PACIICIUICHUE B .

mpenenax 0.5-0.6 mm/c (puc.1). Kak w qusa  psaga
OMOJIOrMYECKUX OOBEKTOB, BKIIIOUEHHUE JKE€J€3a B KIIETKH
IMaHOOaKTepHid CIeayeT OKUAATh B (hOpME KUCIOPOIHBIX
COCIMHEHUM — TUAPOKCUIOB. [l HMX IO HM30MEpPHOMY

CABUTY COCTOSIHHEC MOHOB KECJIC3a MOKXHO IMPHUIIMNCATb NOHY

+ o
Fe? , HaxomfAmeMmycs B OKTadapuueckor mo3unuu. C

1.0 05 00 05 1 15 W, e

MEHBIIEH HHTEHCUBHOCTBIO B CHEKTPAX OIMPEAECIACTCS
Puc. 2. Cnektp ocaka,

BBITNA/IAIOIIETO IPU U30BITOYHON
KOHIIEHTpAIlMU BBOJIUMOTO KeJe3a

IpyToil JyONeT C TakuM Ke HU30MEPHBIM CABHIOM, HO C
OoBIIMM KBaApYTONbHBIM pacmerieaneM (1.0—1.1 mm/c).
bnu3kue K 9TUM  3HAUEHHWSIM  TapaMeTpbl  MMEEeT
beppuruapur.

[Tpu n30BITOYHOM KOJMYECTBE Kene3a (Oonee 25 MKI/MI) B KyJIbTypadbHOU Cpelle OTYETIUBO
BUJCH Oypblil 0CagoK, MapaMeTpbl KOTOPOTO TakXke Majlo OTIMYAIOTCd OT IapamMeTpoB
¢beppuruapura (puc. 2), HO COOTHOILIEHHE ABYX y0JI€TOB PE3KO U3MEHEHO.
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"H SIMP ucciieioBanune pacTBopa JekapcTeeHHoro npenapara MAKID

AxMeTOoB M.M.l, ITeryxos B.10."* , F'ymapos F.F.l, Konon A.B.l,
KoHbIiruu F.H.Z, Pui6un I[.C.z
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'H NMR study of the drug solution MACG

Akhmetov M.M., Petukhov V.Yu., Gumarov G.G., Konov A.B., Konygin G.N., Rybin D.S.
NMR spectra of aqueous solution of the novel drug calcium gluconate indicate changes in

molecular conformation, whereas the decay of the molecule was not revealed unlike EPR data.

Panee [1] meromom OIIP Hamm ObUIO TMOKa3aHO, YTO B pE3yJbTaTe MEXaHOOOPAOOTKH
[JIIOKOHATa Kajbplusi B 00pa3lax BO3HUKAIOT [apaMarHUTHbIE LEHTPbI, OOYCIOBIIEHHBIE
JNECTPYKIIMEH MOJeKyabl ¢ paspbiBoM 1o cBs3u Ca-O. B Hacrosmedr paboTe MpUBEIEHBI
pe3ynbratel IMP-nccnenoBanuii BogHoro pactsopa jekapcrsenHoro npenapara MAKI (Puc.1).

H 4 ,H 5

Puc. 1. 'H SIMP cnextp pactopa MAKT (50 mMmoris)

[IpencraBieHHblE peE3yNbTaThl CBUICTENBCTBYIOT O TOM, YTO TNpPH MEXAaHOAKTUBALUU HE
npoucxoauT paspbiBa xumuueckux cBszed C-C u C-H, B KommyecTBax, IOCTAaTOYHBIX IS
pEruCTpalvid METOJOM 'H SIMP. Onnako ¢ usMeHeHHEM KOHIICHTpAIlMU PAcTBOPOB HaONIOAaeTCs
HEOOJbIIOE pa3nyue B MPOTOHHBIX CHEKTpax: B XMMHUECKHUX cABUTax g rpynmsl H2 u H3,
BCJIC/ICTBUE BIUSHUSA MEXMOJCKYISIPHONH BOJOPOAHOM CBA3M [2], a TakKe B 3HAUCHUSAX KOHCTAHTHI
CIIUH-CITUHOBOTO B3aWMOJICHCTBUS M B (OpMe TPYNIbl JIMHHN, COOTBETCTBYIOIIMX OJHOMY U3
KOHIIEBBIX TPOTOHOB H6.

JIUTEPATYPA
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Ilepepacnpenesenne IK30reHHOI0 JKeJie3a MexKIy MO3IOM U
ces1e3eHKoii mociie BBenennsi ° Fe;04 (eppoKHIKOCTH B MO3TOBOi
KeJYA0YEK KPbICHI
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Exogenous iron redistribution between brain and spleen after

administration of °'Fe;0, ferrofluid in the ventricle of rat brain

Polikarpov D.M., Gabbasov R.R., Cherepanov V.M., Chuev M.A.,
Loginova N.A., Loseva E.V., Nikitin M.P., Panchenko V.Y.
Drug delivery through the blood-brain barrier (BBB) is a challenge in the treatment of brain's

disorders. Magnetic nanoparticles are considered to be one of the possible delivery systems for
passing through the BBB and the study of the biodegradation and/or clearance of the magnetic
nanoparticles from the brain is the key task to support the safety of this medical technology. We
used a recently developed method based on joint analysis of the Mossbauer for precise
characterization of >’Fe-enriched iron oxide nanoparticles [1]. Using this technique together with
histological data we able to quantitatively describe the biodegradation processes and iron
redistribution in the rat brain and spleen and to estimate concentrations of exogenous and
endogenous iron.

MarHuTHbIe HAHOYACTHUIIBI CYUTAIOTCS OJHUM M3 BO3MOXKHBIX KOMIIOHEHTOB CHCTEM JOCTaBKH
JIEKapCTBEHHBIX CPEACTB udepe3 remaTtosHuedannueckuil Oaprep. B mpenpiaymux pabotax Mbl
pa3paboTand METOA OICHKH pacClpeNelIeHUus] M CKOPOCTH BBIBEJICHUS MAarHUTHBIX YacTHIl U3
OpraHu3Ma Ha OCHOBE COBMECTHOTO aHAJIM3a TPYIIBI MECCOAyIPOBCKHUX CHEKTPOB OJTHOTO 0Opasia
B paMKax €IMHOW MOAENN MarHUTHOW nuHamuku [l]. B nokmaze mpencTaBieHBl pe3yibTaThl
MOJIPOOHOTO M3YYECHHs TapaIeNbHBIX IPOIECCOB OMOAETPAallMd MAarHUTHBIX HAHOYACTHI[ B
MO3re M CeNe3eHKe MOCNe BBEACHHS OGOraleHHOH H30TonoM ' Fe GepposKHIKOCTH B HKeTyI0ueK
rOJIOBHOTO Mo3ra KpbIc. PaboTa Obiia yactuuno noanepxana PODU, rpant Ne 15-02-08171-a.
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Mossbauer studies of core/shell nanoparticles based on Fe—Fe;0, for

biomedical applications
Kamzin A.S.', Nazipov R.Az

"Toffe Physical-Technical Institute of RAS, St.-Petersburg (Russia)
’Kazan National Research Technological University, Kazan (Russia)
Kamzin@mail.ioffe.ru

Hyperthermia is a promising method for generating heat, including that for therapeutic
treatment of cancers at elevated temperatures (from 42 to 45°C), which in the last decade has been
widely used for different purposes. The efficiency of magnetic hyperthermia, as method of heating
with magnetic particles, depends on the composition of nanoparticle, their size, magnetic properties,
and degree of aggregation. For biomedical applications it needs to use not only more effective
magnetic nanoparticles, which have a high saturation magnetization and make it possible to
decrease the dose of introduced nanoparticles, but also so-called “theranostic” nanoparticles in the
biomedical field, which are able to carry out simultaneously diagnosis and therapeutic functions in
diseased areas of the human body.

In this work, we have investigated the structure and magnetic properties of Fe/Fe;O4 magnetic
nanoparticles of the core/shell type which are promising new objects for biomedicine. Interest in
these particles is caused by their high degree of crystallization and chemical stability in the low and
high-frequency alternating magnetic fields.

Magnetic nanoparticles of Fe/Fe;O4 synthesized by the solar physical vapor deposition have
been studied. Targets have been prepared from tablets pressed from Fe;Os or Fe powders.
Relationships between the structure of nanoparticles and their magnetic properties have been
investigated in order to understand principles of the control of the parameters of magnetic
nanoparticles. Mdssbauer investigations have revealed that the nanoparticles synthesized from
pellets of both pure iron and Fe;O4 consist of two phases: pure iron and iron oxides. The high iron
oxidability suggests that the synthesized nanoparticles have a core/shell structure, where the core is
pure iron and the shell is an oxidized iron layer. The synthesized nanoparticles have a higher heat
performance than Fe;O4 or Fe particles separately. A high heat release efficiency of Fe;O4 particles
will allow the use of smaller amounts of a biomagnet for clinical application in hyperthermia
therapy. Thus, nanoparticles of the core/shell (Fe/Fe;O4) type form a class of materials with a high
hyperthermic effect. Preliminary estimates demonstrated that the parameters of core/shell particles
are one order of magnitude higher than the corresponding parameters of the individual magnets
forming these particles.
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CpaBHuTeIbHOE MEccOayIPOBCKOE HCCIeJOBAHUE CTPYKTYPHOTO
COCTOSIHMSI OMOT€HHBIX U CHHTE3MPOBAHHBIX HAHOYACTHI] T€THTA

HoBaxoBa A. A., JlozxknkoBa A. B.
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Comparative Mossbauer analysis of biogenic and chemically prepared

goethites structural state

Novakova A.A., Dolzhikova A.V.
Comparative analysis of biogenic and chemically prepared goethites structural state,

morphology and particles sizes was performed by means of Mossbauer spectroscopy, X-ray
diffraction, and SEM.

B nmaHHOil paboTe CpaBHUBAIOTCS CTPYKTYpHBIE, pa3MepHble H MOP(OIOTHUECKUE
XapaKTePUCTHKH OMOTEHHBIX TE€TUTOB, BBIJICICHHBIX W3 KOpHI BhIBeTpHBaHus JlanpHero Bocroka n
BreTHama n HaHOYACTHIL T€TUTA, TIOTYUYEHHBIX THAPOTEPMATIbHBIM CIIOCOOOM.

Mopdornorus dactur Obula HCCIEIOBaHA C TIOMOIIBI0 CKAHHUPYIOUIEH DIIEKTPOHHON
MHUKPOCKOIHH, a CTPYKTypa ObuLIa omnpeiesieHa 3JIEKTPOHOrpaUUIECKH.

Jist TOro 4TOOBI ONPENENUTh YUCTOTY U COCTaB NMpUMeceil B OMOTEHHBIX TeTUTaX OBUIN CHATHI
PEHTTeHOBCKUE AMQpaKTorpaMMbl. bbulo moka3zaHo, YTO y 3TUX 00pa3lloB COCTaB IpUMeECcEH
OTJIIMYAETCsA, Yy BRETHAMCKOTO OMOT€HHOTO reTuTta mpeobnanatot npumecu ruddcura Al(OH)s, a 'y
JTAIBHEBOCTOYHOTO MpeodnanatT npumecu kaomuanuTa Al,Si,OgHy.

Onenka pa3MepoB dYacTWI] OblJa MPOBEACHA C MOMOINBI0 H3MEpeHHs MEccOay’IpPOBCKHUX
CHEKTPOB IpH KOMHAaTHOW UM a30THON TemmeparypaX. CHekTpsl OMOr€HHBIX TE€TUTOB MpU
KOMHATHOM TeMIepaType UMEIOT pPelIaKCalMuoOHHYI0 GopMy co cpenHuM 3()pPEeKTUBHBIM MarHUTHBIM
nosieM 280 kKD M MHTEHCHBHBIM MapaMarHUTHBIM JyOJETOM ¢ M30MEpHBIM casurom 0.37 mm/c u
KBaJIPYTOJIBHBIM paciieruienreM 0.7 Mm/c, a Tpu a30THOM TeMIlepaType HaOJII01aeTCsl CBEPXTOHKOE
pacuierieHie co cpeaHuM d(P(QEeKTHBHBIM MarHUTHBIM mojieM 486 kD. MaTemaTHuecKkuid aHaJIn3
MeccOaydIpOBCKUX CIEKTPOB OWOTEHHBIX TE€TUTOB IOMOT YCTaHOBUTb, YTO pa3Mepbl YaCTHIL
BBETHAMCKOTO 0Opasia OoJble pa3MepoB YacTHIl JaJbHEBOCTOYHOTO oOpasma. Pazmep uactui
reTUTa, IPUTrOTOBICHHBIX THAPOTEPMATILHBIM CIIOCOOOM, OKa3aJiCs 3HAUUTENbHO OOJIBIINM, TaK KakK
IIpM KOMHATHOW TeMmIepaType B CHEKTpe HaOJI0aeTCsl TOJIBKO CBEPXTOHKOE MAarHUTHOE
pacuierieHie co cpegHuM 3(GEeKTUBHBIM MarHUTHBIM ToJieM 386 k3.

Takum 00pa3zom, pa3Mepbl OHOTCHHBIX T€TUTOB CYIIECTBEHHO 0OoJiee MEJKHE, YeEM pa3Mepbl

JacCTul, MMOJTYYCHHBIX THAPOTCPMAIbHBIM CII0co0oM.
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MéccOay3poBcKue HCCICI0BAHUA HAKOIJICHHSI HAHOPA3MEPHBbIX
YaCcTHI THAPOKCH/IA JKeJie3a B OpraHu3Me J1a00paTOPHbIX dKMBOTHBIX
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Maossbauer study of iron hydroxide particles accumulation

in laboratory animals

Semenov V.G., Panchuk V.V., Murin .V, Korolev D.V., Afonin M.V., Toropova Ya.G.,
Pechnikova N.A., Galagudza M.M.
In this work we applied Mossbauer spectroscopy to study the distribution of colloid particles

containing *'Fe in different organs of laboratory animals after intravenous injection. Quantitative
data on accumulation and excretion of colloid particles from different organs (liver, kidneys, lungs,
milt, heart and brain) were obtained. The difference was observed in the areas under the resonance
peaks. Spectral decomposition into individual parts shows that magnetically ordered state (without
magnetic sextets) is almost absent in lungs and liver.

B Hacrosiiee Bpemsi JOCTUTHYThl 3HAYUTENbHBIE YCIIEXH B HCHOJIb30BAaHUM MAarHUTHBIX
HaHouacTul] B MeaunuHe. Hanbonee mupokoe npuMeHeHre B ONOMEINLIMHE MTOJTyYUIId MarHUTHBIE
HAHOYACTHUIIBI HA OCHOBE KeJe3a, YTO OOYCIIOBIIEHO WX HHU3KOW TOKCHYHOCTBHIO M CTaOMIIbHOCTBIO
(U3NIECKUX XapaKTEPUCTHUK.

B pabore ¢ momomipro MEccOAyIpOBCKOM CHEKTPOCKONUU HU3Yy4dajoCh pAaCHpPEIENICHUE I10
HECKOJIbKMM  OpraHaM KOJUIOMJHBIX YAacTHI], COJEpXKallMX H30TOI  Xkenesa-57, Iocie
BHYTPUBEHHOTO BBEICHUS J1a0OpaTOPHBIM >KUBOTHBIM. OTHOCHUTENBHOE paclpeiesieHue aTOMOB
JKere3a MO PA3NMYHBIM OpPraHaM Mbl IIOJIYy4Yaldd W3 ONpPEAENCHUs IUIOAAW IO PE30HAHCHOMU
yacTbto crekrpa. [Ipu 3Tom 00s13aTenbHO MPOBOAMIACH HOPMUPOBKA CIIEKTPOB JIJISl YUETa Pa3HOTO
KOJIMYECTBA BEILIECTBA [UIsl pPa3HbIX OpraHoB. JlONMONHUTENBHO BEJICA KOHTPOJIb H3MEHEHMS
MIOTJIOIIEHUS B 3aBHCUMOCTH OT TOJILIMHBI 00pa3ia 1o aMIUIUTYTHOMY CIIEKTpY.

ITommydyeHbl KOJNMYECTBEHHBIE JaHHbIE O HAKOIUIGHUHM M IIOCIEAYIOUIEM BbIBEICHUU

KOJUIOUJHBIX 4aCTUL JJI pa3JIMYHbIX OPraHOB: IICYCHb, ITOYKH, HéFKI/Ie, CCHCBéHKa, cepaue U MO3r.
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MeécchayapoBckoe HCCIeT0BAHNE KOMILIEKCO00Pa30BaHUS
JKeJjie3a ¢ MeJJAHMHOM Yaru

Ypasiauna JI.H.I, IIsaTaeB A.B.z, Xa0ubpaxmaHoBa B.P.l, CrbIcoeBa M.A.l, I'apaes P.P.l,
AXMeIKaHOB I/I.I[.1

1 . . .
Kazanckuii nayuonanvuwiil ucciedosamenvckuti ynusepcumem, Kazans (Poccus)
2 . .
Kaszancxuii ghedepanvuwiii ynusepcumem, Kazanv (Poccust)
151Eu@mail.ru

Maossbauer study of chaga melanin complexation by iron

Urazlina L.N., Pyataev A.V., Khabibrakhmanova V.R., Sysoeva M.A., Garayev R.R.,
Akhmedzhanov 1.D.

In the present study we investigated hyperfine interactions and local environment of iron ions
in the iron-based composite of chaga melanin.

Kommo3uTel Ha OCHOBE MeNaHMHA O0JIAAAI0T Pa3IMYHBIMU BHJIAMH  OHOJIOTHYECKON
AKTUBHOCTH: aHTUOKCHJAHTHOM, IIPOTUBOBUPYCHOM, HIMMYHOMOAYIUAYIOIIEH U Ip. B HacTosee
BpeMsl aKTyalbHOW 3amauyeil sBiseTcs MoAM(UKAIMS MEJaHWHA Yaru C IeNbl0 IOJTYy4YEeHHUs
(YHKIIMOHATBHBIX MaTE€pPHAaJOB C TOBBIIIEHHONH OMOJIOrMYECKOW aKTUBHOCTBIO. Takxke sBIsEeTCS
BaXHBIM M3YUYCHHE CBS3BIBAHUS JKeJle3a IyTeM KOMILUIEKCOOOpa30BaHUS C MEJIAHWHOM BBUIY
KATATUTHYECKON aKTHBHOCTH MOHOB Fe’' IpH IEepeKHCHOM OKHCICHHH OPraHHYeCKHX BELICCTB
(peakuus denrtona). llenpro wuccnenoBaHUS TakuX KOMIIO3MTOB SBIISIETCS  ONPEIEIICHUE
MEXaHU3MOB B3aUMOJICHCTBUS U UIEHTH(PUKALNS TUTIOB KOMIUIEKCOB jKeJe3a ¢ (pyHKIIMOHAIBHBIMU
rpynnamu MenanuHa. B paGore meronamm mMEccOayIpoOBCKOM CIEKTPOCKOMHMM ObUT MCCIIEIOBaH
KOMIIO3UT, TOJYYEHHbIH IIyTEM B3aUMOJEHCTBUS  HachllleHHOoro pactBopa FeSO4 co
CBEXEOCAXIECHHBIM MEJIAHMHOM 4aru B quana3one temmneparyp 25—300 K. CrnekTpsl npeacTaBistor
coGOii  CymeprmosHMio ABYX KBAAPYNONbHBIX IybIeToB cooTBercTByrommx Fe'™ u  Fe®'
[IapaMarHUTHBIM LIEHTpaM C OTHOIIEHHWEM NapLMajbHBIX IUIOIIAAEH paBHbIM ~ 7+ 1
COOTBETCTBEHHO. [IoHMKEHNE TemmepaTypsl MPUBOIUT K BOZHUKHOBEHUIO MAarHUTHOTO MOPsAKa B
CHCTEMe BBICOKOCIHHOBBIX S =5/2 Fe LIEHTPOB TOJIBKO TIpu TemmepaTrypax okojo 25 K, B
OTIMYHHA OT HU3BECTHBIX IPUMEPOB KOMIUIEKCOB MEJIAHWHOB MPUPOAHOro [l] u XUBOTHOrO
MPOUCXOXKACHUS [2].

JIUTEPATYPA

1. bacupos P.M. KowmruiekcooOpa3oBaHHs HMOHOB JKejie3a C MEJIaHMHOM PACTHTEIBHOTO
npoucxoxacHus / P.M. barupos u np. // Fizikanin miiasir problemlori VIII Respublika konfransi
«II B6lma kondenss olunmus miihit fizikasi», Baki —2015. —P. 107-110.

2. Double K.L. Iron-binding characteristics of neuromelanin of the human substantia nigra /
K. L. Double et al. // Biochem. Pharm. —2003. — V. 66. — Ne. 3. — P. 489-494.
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V Chemistry, petroleochemistry, catalysis, structure and chemical bond O V-1

MécchayrpoBcKasi CIEKTPOCKONMS 30HI0BbIX KATHOHOB "Sn na
MOBEPXHOCTH KPUCTA/LIUTOB ZnO: 3JIEKTPOHHOE COCTOSTHHUE,
JIOKAJIbHOE OKPYKeHHE M XUMHUYECKHEe PeaKIu MPUMECHbIX 100aBOK
0J10Ba

AdanacoB M.I/I.l, Kopoaenko M.B.l, DadpHUHLIA H.B.l, Pyxbe A.z, Jlaéproxkep K.
Y y p P

"Xumunecrui ¢daxynemem MI'Y umenu M.B. Jlomonocosa, Mockea (Poccus)
2CNRS — Université de Bordeaux, ICMCB, Pessac (France)
ICNRS — Université de Bordeaux, PLACAMAT UMS 3626 (France)
pf@radio.chem.msu.ru

Mdssbauer spectroscopy of '°Sn probe cations located on the surface of
ZnO crystallites: electronic state, local surrounding and chemical reactions

of tin dopant

Afanasov ML.1., Korolenko M.V, Fabritchnyi P.B., Rougier A., Labrugére C.
"9Sn*" dopant ions were for the first time stabilized on the surface of wurtzite-type ZnO — an

oxide involving tetrahedrally coordinated metallic sites. This has allowed us not only to characterize
the pristine electronic state and local surrounding of the ''*Sn probe but also follow their evolution
during chemical reactions of the dopant with different gases.

Paspaboran Merox cuHTe3a 00pastoB Zn0:0.3 at. % ''°Sn, MO3BONHMBIIMI  BIIEPBBIC
JOKaJIU30BaTh 30H/0BBIE aTOMBI 0JIOBA HA IMOBEPXHOCTH OKCUIA, COIEPHKAILErO mempas0puyecKu
KOOPAMHHUPOBAHHBIC KATHOHBI. 3aCENCHNE OBEPXHOCTHBIX MO3MIMIT HOHAMH SN’ POUCXOUT TIPH
narpesanun B Hy (320 < T < 400 °C) 06pasioB, coaepKaBIIkX HOHEI Sn° B 00beme uyacThi,. B
TOJTYUEHHBIX in Sifu MECCOAydIPOBCKUX CIEKTPax ' SN, BBIXOJ ONOBA HA MOBEPXHOCTh OTPAKEH
MOSIBICHUEM YIIMPEHHOW TyONeTHOW KOMIIOHEHTbI C M30MEPHBIM CIBUTOM M KBaJAPYIOJbHBIM
paclleryieHMeM, OTBEYAIOUIMMM CIEAYIOUIMM YCPEIHEHHbIM 3HadeHUsAM: J=2.8 MM/c W
AEp=2.0 MM/c. DTH 3HA4YeHUs YKa3blBalOT HAa CTEPEOXMMHUYECKYIO AKTUBHOCTb HEMOJENICHHON
SNEKTPOHHOI Mapbl 070Ba M, COOTBETCTBEHHO, HA MPHCYTCTBHE SN° B KOOPIMHAIHOHHO-
HEHACHIIEHHBIX MO3MIHsX. JIoKanmmsamust Sn°" Ha MOBEPXHOCTH KPUCTATUIATOB MOATBEPIKICHA
criextpamu ''°Sn, momydenHbIME mocie sxcnosumun ZnO:Sn® Ha Bozayxe, a Takke — B aTMochepe
H,S, 0GHapyKHBIIMMH JETKYI0 JOCTYIHOCTh SN’ /s MONEKyT Tra3oBOil Cpelbl. 3aceleHme
MOHAMH Sn° TOBEPXHOCTHBIX TNO3MIMH TAaKKe MPOSBUIOCH NPU AHANM3E PEHTTCHOBCKHX
(OTO3IEKTPOHHBIX CNEKTpoB 00pa3uoB ZnO:Sn, otoxokeHHbIX B H,. Takum oOpas3om, Hamm
JIAaHHBIE MO3BOJIAT CUUTATh BIOPLUUTHYIO Moaudukanuio ZnO cyObcTpaToM HOBOTO TUIA MPUTOIHBIM
JUTSL HCCITEI0BAHHS TOBEPXHOCTH C IPMMEHEHHEM 30HIOBBIX sep | Sn.

Hacrosmas pa6ora noaaepxana rpanrom POOU (mpoext Ne 16-03-00003).
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O HeKOTOPBIX acCHeKTaX HIeHTH(HKAINY CTeNIeHH OKHUCIEHHUS
Kejie3a Mo MéccOayIpOBCKUM M30MEPHBIM CIBUTaM

Hexymenxo C.K.', Iepduaven 10.]1.°

! JTanun nep. 24/26-43, Mockea (Poccust)
Xumuueckuii paxynomem MI'Y um. M.B. Jlomonocosa, Mockea (Poccust)
dedushenko@mail.ru

On the identification of iron oxidation state by Mdssbauer isomer shifts

Dedushenko S.K. and Perfiliev Yu.D.
Correlations isomer shift - iron oxidation state have been compared for a number of compounds

of high-spin and low-spin iron, some regularities being observed.

Xopo11o U3BECTHO, YTO M3oMepHbIi caBur (IS) 3aBucur ot crenenu okucienus xenesa (OS),
€r0 CIIMHOBOTO COCTOSIHUS W Tpounx ¢axTopoB. OmnHako ompenenenue OS mo IS crankuBaercs ¢
psanoM cioxHocted. Hanpumep, kpacHas kpossiHas coisb, K3[Fe(CN)g], sBnsercs kiaccuuecKum
npuMepoMm coeauHenus HuzkocnuHoBoro skeneza(lll). Onnako ee IS HaxomuTcss MeXAy CIABUTOB
HU3KOCTTMHOBBIX KoMiuiekcoB xkene3a(ll) - mutpompyccupa Hatpusi, Nay[Fe(CN)sNO]-2H,O, u
xentoil kpoBsiHoit conu, Ky4[Fe(CN)g]-3H,0. IIpu 3ToM, mpsIMBIX JOKA3aTENbCTB TOTO, YTO KEJIE30
B KpacHOW KpPOBSIHOM COJIM HAXOJUTCSI B CTEIIEHU OKHUCIIEHUS +3 HaMM B JIUTEpaType HE HaWJIEHO.
Ecim ke paccMOTperh KoMmiurekcHbie ammoHbl [Fe(CN)s(NO")]*, [Fe(CN)s(CN)]* wu
[Fe(CN)s(CN)]* kax psix mpomsBomubix HuskocrmuaoBoro xenesa(ll), wuurepmperarms IS
ynpoluaercs; usMmeHeHue IS MokeT ObITh JIErko OOBSICHEHO YBEIMUYEHUEM aKIENTOPHBIX CBOWCTB
OJIHOTO 3 JIMranaos B psagy NO'™ >> CN’ >> CN'.

Jiss BHeCeHHMsS SICHOCTHU B OTy W Jpyrue
nmoAoOHBIE MPOOJIEMBI I1€JIECO00pPa3HO CTPOUTH

FeOSs ® K2FeOd
Koppersimn, ces3pBafomme IS u OS mmst pasueix | o K3Nate0h?
o ® "E3FeO4"
KJIACCOB  POJCTBEHHBIX  COeAMHEHUH.  Mpbl ® Ba2FeO4
® NadFeO4
IOCTPOMJIM HECKOJIKO TaKuX KOppelmsauMd u o N § Baleh
2T iLa2Fe6"
oOHapyKWiM, YTO M psAfga COECJUHEHUH gt Dt
aFe03
BBICOKOCTIMHOBOTO skemesa OS u IS cemsamer | | N, g
® alpha-NaFeO2
COOTHOIIICHUEM: 0 SPFeO4
© beta-MNaFe()2
RT -1
[Sgre #-0.33-OS+ 1.11 [mMMm:-c™] 31 ®oe o

Usmenenus IS mHa BCJIMYMHBI, KPATHBIC

(5]

Oy o MM 57!

KO3ppULHEHTY V =0.33+0.34 Mm-c”’ -1 03 0 0.5

HaONIOJAI0TCT B MpoIeccax  OKHUCIICHUS-
Puc. 1. Bzaumocss3b OS u IS 118 oxkcunos

BOCCTAHOBJIEHMSI JKeJie3a, HaXOJSIIErocss Kak B .
Pa3IMYHON MPUPOIBI

BBICOKOCIIMHOBOM, TaK HW B HU3KOCIIMHOBOM

COCTOSAHHH.
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N3oTonHbii 3P eKT NpH BOCCTAHOBJIEHUN OKCH/IA kKejie3a BOAOPOAOM

Ilepduinen IO.I[.I, bangoxun IO.B.z, Kyankos JLA.

"Xumpax MI'Y um. M.B. JTomonocosa, Mockea (Poccust)
2anmumym xumuyeckou ¢puzuxu um. H.H.Cemenosa, Mockea (Poccus)
perf@radio.chem.msu.ru

Isotope effect for iron oxide reduction by hydrogen
Perfiliev Yu.D., Baldokhin Yu.V., Kulikov L.A.
Existence of magnetic isotope effect was established by means of the Mossbauer effect in
reduction reaction of iron oxide by hydrogen.

CymiecTBOBaHHME  MarHMUTHOTO  M30TOMHOTO  3¢¢dexra  TMOATBEPKIACTCS  MHOTHMH
JKCIIEPUMEHTAIbHBIMU  JaHHbIMM  [1]. B nmanHoil pabGoTe mpencTaBi€Hbl  PE3yJbTATh
BOCCTAHOBJICHHS B BOZOPOJE OOpA3lOB C pasiMuHBIM COAEpXKaHHEM H3oToma - Fe. OGpasisl
okcuga okeneza Fe,O; ObUIM  OPUTOTOBIICHBI  BBICYIIMBAHMEM THJIPOKCHIA OKeJe3a, a
BOCCTAHOBJICHHE BEJIU B TOKE BOJIOpOJA npu 500 °C. MéccbayapoBckue
CIEKTpbI NpeacTaBieHbl Ha puc. 1. [lapameTpsl criekTpoB cBeneHbl B Tabnuiy 1. M3 Hee crnenyer,
YTO 00pa30BaHME METAINIMYECKOrO KeJIe3a MPOUCXOIUT Jierye

A, %
B oOpa3te 1 ©, BEpOATHO, CBS3aHO CO CIHUHOBBIMU o L

B3aUMOJIEHCTBUSIMU.

Tabnuya 1. TlapameTpsl CIIEKTPOB (KOMH. TEMITEpaTypa)

O6pasups! | Popmsl | §, MM/c, A, mm/c | Hog, KO | S, %
Fe;O; | xenesa | oru. o-Fe 3)

1.2% | FeO3 | 0.41(1) | -0.16(1) | 513(1) | 40
Fe) Fe;04 | 0.33(2) | -0.06(2) | 490(1) | 20
Fe;04 | 0.67(2) | -0.10(3) | 455(1) | 7

Fe 0.06(1) 0.01(1) | 333(1) | 33 o

2.(95% | FeOs | 0.42(1) | -0.14(1) | 514(1) | 36 RIS T S
'Fe) | Fes04 | 0.38(1) | -0.01(1) | 489(1) | 38
Fe;04 | 0.67(1) | -0.04(1) | 454(1) | 17
Fe 0.09(1) | -0.01(1) | 333(1) | 8

Puc. 1. Criektpsr 06pa3ios 1
(camu3y) u 2 (cBepxy)

Pabota nonnepxana rpantom PODU (mpoekt Ne 15-08-04881).

JIUTEPATYPA
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Zn-3aMmenieHHbIe GeppUTHI CTPOHIMSA CO CTPYKTYPO#l THIIA
OpayHMIWLJIEPUTA

IMoxojok K.B., ®uaumonos /I.C., Pozosa M.I'., Tao6aukos O.A.

Xumuyeckuil paxkynomem MI'Y umenu M.B.Jlomonocosa, Mockea (Poccus)
kpokholok@gmail.com

Zn-substituted strontium iron brownmillerites

Pokholok K.V., Filimonov D.S., Rozova M.G., Tyablikov O.A.
The solid solutions Sr_,La,Fe; Zn, 0,5 (0.0 < x < 0.4) were prepared by various techniques at

different temperature/atmosphere conditions. The cations distributions among the tetrahedral and
octahedral sites were investigated by absorption Mdssbauer spectroscopy.

Metonom MEccOay’pOBCKOH CHEKTPOCKOIUM HCCIEIOBAHBI OCOOCHHOCTH PacIpeeIeHuUs
KaTHOHOB MO MojapenieTkaMm opayuMmieputHsix $a3 SriLaFe; Zn,0,5 (0.0 <x < 0.4). OGpa3ubl
psna TBepaeix pactBopoB Sri,La,Fe;..Zn,O,s momydeHsl kak TBepAOo(a3HBIM CHHTE30M W3
COOTBETCTBYIOIIMX KonuuecTB okcuaoB Fe, La, Zn u SrCOs;, Tak 1 MOJEpHU3UPOBAHHBIM METOAOM
[leuynHn, B KOTOPOM HCIIOJI30BAJIUCh PACTBOPHI LUTPATOB COOTBETCTBYIOIIMX KaTWOHOB. Ha
KOHEYHOM 3Tare CIpecCOBaHHBIC B TAOJETKH 00pa3ibl OTXKUTAIHMCh Ha Bo3ayxe npu 7' = 1473 K B
TE€YEeHUU 24 4acoB, MOCJE YEro 3aKalMBaJIMCh HA BO3AYX WM B KMIKHHM a30T. B cnekTpax stux
06pasios 4éTko BuAHBI THHMKA Fe'. KommuecTBO ueThIpEXBaIeHTHOrO XKele3a 3aBIHCHT OT METO/Ia
3akanku. [locnenyromuii omkur 3Tux 00pasnoB B atMochepe Ar npu 973 K mo3BoiwiI moayduTh
onHo(azHble 00pasIbl, B KOTOPHIX BCE KeIe30 TPEXBaJEHTHO. X CHIEKTphl, M3MEpPEeHHbIE NpU
T'="78 K, npeacrtaBisitoT cOOON CyNepno3uLHI0 TPEX MOJACHEKTPOB IO TUIY U CBEPXTOHKUM
mapaMeTpaM OTH3KHX K CrekTpaM Fe'', 3aHMMAlomuM TeTpasapHuecKie, MeHTATOHANBHBIC H
OKTa3/IpUueCKHE MO3ULUHU B POJICTBEHHBIX IEPOBCKUTONOI00OHBIX COEITUHEHUSX.

JanpHeimuii omxur B BoccTraHoBUTenbHOW atMmocdepe (Hr + Ar) mpu pasnudsbIx
TeMnepaTypax s Pa3IMYHbIX CTENEHEW 3aMElICHUS Fe’" ma Zn*" mnosommn MOJIYYUTh
onHOo(a3HbIe 00pa3lbl, KOTOPbIE HWMENH KPUCTAIUTMYECKYIO CTPYKTYpy THNAa OpayHMHIIICPHUTA.
CriexTpbl 3TUX 00pa3ioB, u3MepeHHbsle npu 78 K, mpeacTaBisioT coOoil Cynepro3uiuio IBYX
VIIMPEHHBIX ~ TOACIIEKTPOB, ~COOTBETCTBYIONIMX KaTHOHaM Fe’!, B OKTa’ApHUecKoid u
TETPA’IPUUYECKON KHUCIOPOJHOW KOOpAWHAIMU. [IOACHEKTphl JOCTATOYHO XOPOIIO Pa3peIICHBI
OTHOCHUTENILHO APYT ApPYyTa, YTO MO3BOJIUJIO ONPEAEIUTh KaTUOHHOE PACIIPE/EIICHUE B CTPYKType
6payHMIILIepHTa. [IpH OTHOCHTENBHO MaloM cogepxkanui Zn> (x = 0.1; 0.2 u 0.3) COOTHOIICHHS
IIoLIa/1el MOJCHEKTPOB COOTBETCTBYET CIy4aro, KOI/ia MPOUCXOAUT KATUOHHOE YIOPSA0YEHHE IO
MoJIpelieTKaM B CTPyKType OpayHmwmiiepurta. Ilpu 3TOM KaTHOHBI JABYXBaJ€HTHOIO IIMHKA
3aHUMAIOT IPEUMYILECTBEHHO TETPAdAPUUECKUE MO3UIMH, a TPEXBAJIECHTHOI'O JK€Jie3a MOJIHOCTBIO
OKTa3JIpUUYECKHE€ M YaCTHUYHO TETPAdAPUUYECKHE KHUCIOPOAHBIE MOJIM3APHI CTPYKTYphl THIIA
OpayHMUILIEpUTA.

Pabora nonnep:xkana I'pantom PODU Ne 16-03-00326.
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Ipumenenne MéccGayIpoBeKoii criekTpockonnu >'Sh s
pa3rpaHn4yeHusi BJAMSAHUSA 100aBOK XpOMAa U CYPbMbI Ha
(oTokaTaIuTHYECKHE CBOCTBA MOPOIIKOB
aHaTasHoil moaudukauuu TiO,

Kopojenko M.B., ®a6puunsiii I1.b., Apanacos M.U., Acramkun P.A.

Xumuyeckuil pakynomem MI'Y umenu M.B. Jlomonocosa, Mockea (Poccus)
pf@radio.chem.msu.ru

121

Application of *“'Sb Mdssbauer spectroscopy to discrimination of the

effects of Cr and Sb co-dopants on the photocatalytic properties of

anatase-type polycrystalline Ti0O,
Korolenko M.V., Fabritchnyi P.B., Afanasov M.I., Astashkin R.A.

A set of synthetic anatase-type TiO, samples, simultaneously containing both chromium and
antimony co-dopant additives, has been investigated. In all cases, chromium was introduced in the
trivalent state in the crystallites bulk whereas heterovalent Sb>" (Sb*>") cations were distributed in a
different way with respect to the surface, as evidenced by '*'Sb Mdossbauer spectroscopy
measurements. The presence of Sb>" is shown to decrease the Cr catalytic activity, especially in the
case when antimony was located at surface sites.

HccnenoBana cepusi 0Opas3lOB CHHTETHYECKOIO aHaTa3a, OJHOBPEMEHHO COJEPKaBIIUX
MouuIHpyonme 100aBKA XpoMa 1 CypbMbI. Bo Beex ciydasix XpoM BBOAWJICS B TPEXBAJICHTHOM
COCTOSIHMM B OOBEM YacTHII, TOrJA KAK HAXOMBIIMECS B HHX I€TEPOBANCHTHBIC KATHOHBI Sb>'
(Sb®) uMmenu pasaMYHOE MPOCTPAHCTBEHHOE PACIPEICICHHE OTHOCHTEIBHO IOBEPXHOCTH. Jlst
OTIpeICNICHUS AIEKTPOHHOI'O COCTOSIHUS CYPbMBI U XapaKTepa €€ paclpeaesieHus] B UCCIIEI0BaHHbIX
oOpa3uax HCHOJb30BaHA HH(GOpMalMs, T[ONy4YEHHAas AaHaJIW30M 3HAUYEHUH [apaMeTpoB
MECCOAYIPOBCKMX 30HIOBBIX KATHOHOB ~'Sb, ¢ mNpHBICUEHHEM [AHHBIX PEHTTEHOBCKON
(OTOATIEKTPOHHOHN CHEKTPOCKOMUN 00 OTHOCHUTEIBHOM COJICP)KaHUHM CYpPbMBI M TUTaHa B TOHKHX
MOBEPXHOCTHBIX cOsiX. CpaBHeHHE (OTOKATATUTHUYECKOW AaKTHBHOCTH OXapaKTePU30BaHHBIX
STHUMHU JIByMsI METOAaMHU 00pa3IoB OCYMIECTBISUIOCh MOCPEICTBOM CHEKTPOPOTOMETPHUECKOTO
OINpeseNICHUs] CTENEHU OO0ECLBEUMBAaHUS pacTBOpa METHJIOpaHXka IpU BO3ACHCTBUM CBETOBBIX
MOTOKOB pa3JMYHOW JUIMHBI BOJIHBI W WHTCHCHUBHOCTH. YCTaHOBJEHO, YTO KaTaJIUTHYECKas
aKTUBHOCTbh 00pa3lioB BO3pacTaja C YBEIMUYEHUEM COJAEpKaHHUS XpoMa, MPUCYTCTBUE KOTOPOIO
OJTHOBPEMEHHO CMEUIAI0 HAOIIOJABIINNCS KaTAIUTHIECKUH d3PPEKT B BUIUMYIO 007IacTh CIIEKTpA.
TIpy 9TOM HEOXKHJAHHO OKA3aJI0Ch, YTO NPUCYTCTBHE HOHOB Sb’', KOMICHCHPOBABIIMX Ae(HIAT
sapsima Cr'', CyINECTBEHHO WHIHOMpOBANO BO3JACHCTBHE XPOMa, OCOGEHHO, KOrIa CypbMa
HaXO0/MJIach B MO3ULUAX HA MIOBEPXHOCTH KPUCTAIITUTOB.

Hacrosimas pabora noaaepxana rpanrom POOU (mpoext Ne 16-03-00003).

XIV Mossbauer spectroscopy and applications, Kazan, 2016
138



V Chemistry, petroleochemistry, catalysis, structure and chemical bond O V-6

MéccOayrpoBcKasi CIEKTPOCKONUA CTPYKTYPHO-(a30BbIX
NMpeBpPALCHUN PU MEXaHOCILUIABJICHUM Me/IU U KeJjie3a B :KUAKOU

cpene

Epémnna M.A., JlomaeBa C.®., YiabsanoB A.JL., Eacykos E.II.

Qusuxo-mexuuueckuti uncmumym YpO PAH, Hxcesck (Poccus)
mrere@mail.ru

Maossbauer spectroscopy of structural and phase transformations during
copper and iron mechanical alloying in liquid medium

Eremina M.A., Lomayeva S.F., Ul'yanov A.L., [Yelsukov E.P.

The methods of Mdssbauer spectroscopy and X-ray diffraction have been used to study the
kinetics of structural and phase transformations in Cu + 2 at. % >'Fe during mechanical activation in
liquid media (heptane, distilled water) and subsequent heat treatment (600 u 700 °C).

[Iponieccyt mexanmueckoro cmiasienus (MC) B cucreme Cu-Fe B o0mactu HUBKHX
KOHIIGHTpauui xene3a (1o 2 ar. %) K HACTOSIIIEMY BPEMEHHM OCTAalOTCS Majou3ydyeHHbIMU. Ha
kuHetuky MC B paszbaBienHbIx cuctemax Cu-Fe cyliecTBeHHOE BIMSIHME OKa3bIBAalOT MPHUMECH.
OnauM u3 Hambosee MPOCTHIX M APPEKTHUBHBIX CIIOCOOOB HMCCIECIOBAHUS BIUSHHUS TpUMecer
KHCJIOpOJIa U YIJiepo/ia SIBJSETCS UCIOIb30BaHUE MECCOay?POBCKOM CIIEKTPOCKONMH C BBEIECHUEM
u3otona ° Fe. ICTOYHHKOM IPUMECH CITY’KHT CPeia H3MeNbUeHHMs (KHUIKHE YIIeBOAOPOIBI, BOA),
KOTOpBIE MCHOJB3YIOTCS JJI MPEIOTBPALCHHs] HaJUMaHUsI MEU HAa MOBEPXHOCTU M3MENbUaOIINX
T€Jl U CTEHKA KOHTEHHEPOB.

B nanno# paboTe MeTogamu MECCOAYIPOBCKOM CIIEKTPOCKOIUN M PCHTTEHOBCKOW AU(PPAKIIHH
nccneosana kurerrka MC B cucteme Cu + 2 at. % °'Fe B rentase u JUCTHITHPOBAHHOM BOJE, a
TaKXKe CTPYKTYpHO-(ha3oBoe coctostHre o0pa3ioB mocie omxkura mpu 600 u 700 °C. HavanbHbie
ctaauu MC cBsi3aHbl ¢ IEPEXOJIOM KOMIIOHEHTOB B HAHOCTPYKTYPHOE COCTOSIHME U HAKOIUIEHHEM
MIPOJAYKTOB AECTPYKLMH Cpelbl Ha noBepxHocTH yactull. [locnenyromue craguu MC 3aBuCSIT OT
cpenpl u3MenbueHud. Ilpy MC B renrtaHe mepBOHayalbHO BOJM3UM MEK3EPEHHBIX TPaHULL
00pa3yloTcsi TPYNNHPOBKH W3 2—3 aroMOB jkKeje3a, Ha Oojiee MO3JHUX CTaausX mporecca
MIPOUCXOUT MPOHUKHOBEHUE XKeJle3a B BU/IE€ N30JIMPOBAHHBIX aTOMOB OT I'PaHUL] HAHO3EPEH MENU B
0osee rimyOoKue npurpaHuyuHble 30Hbl. POPMUPOBAHHUE BBICOKOAMCIIEPCHBIX BKIIOUEHUI KapOU10B
1 OKCHUJIOB ITPOMCXOJUT TOJIBKO B Ipoliecce TeEpMOooOpabOTKH U, B IEPBYIO OYEPE/lb, 32 CUET AaTOMOB
xKenesza, HaxoAsmuxcs B rpynnupoBkax. [Ipy MC B Boje NMpoMCXOIUT OKHMCIEHUE MOBEPXHOCTH
qactum u (GopmupoBanne Cu,Fe; O4, 3aTeM pacmag TpPOWHOTO OKCHIA W OOpa3oBaHHE
BbIcokoaucnepcHoro Fe;Oy4. TBEPIBINA pacTBOp KeIe3a B MEAU TaKke o0pasyeTcs.

PaGota BeIMONHEHa B pamkax rocyaapctBeHHoro 3azanusi ®AHO Poccum, Ne roc.
peructpauuu 01201157504, vactuuno nogaepxana Ilporpammoii Ilpesuanyma YpO PAH, npoekt
Ne 15-17-12-26.
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Be3okncauTebHass TEPMOOOPaAdOTKA MEeTA/UIOB B BO3IYIIIHOI cpe/e

IInasirun M.B., Baxutos U.P., [lynos E.H., Tarupos JI.P.

Kaszancxuii gpedepanvuwiii ynusepcumem, Kazano (Poccust)
Itagirov@mail.ru

Nonoxidation annealing of metals in an air atmosphere

Pilyagin M.V., Vakhitov [.R., Dulov E.N., Tagirov L.R.
We report on unconventional results on metal oxides reduction when heated up to 1000 °C in
ambient atmosphere inside an open metallic muffle. The reduction process was studied giving
evidence of electrochemical reaction where air plays a role of gaseous electrolyte.

HarpeBanue meTamioB B aTMocdepe, coaepKaiieid KUCIOpoa, MPUBOANUT K UX OKUCIEHUIO. B
YaCTHOCTH, TP HarpeBaHuu xemnesa o temmneparyp 800—1000 °C B Bo3ayxe, Ha €ro MOBEPXHOCTH
oOpa3yercs okucHasl IuieHka toauuHod 120—520 mxMm 3a 1 yac. Mbl npeacTaBisieM pe3yJbTaThl
9KCIIEPUMEHTOB 10 BOCCTAHOBJIEHUIO OKHCHOM IJIEHKU MPHU TEPMHUYECKONH 00pabOTKE B OTKPHITOM
Ha BO3JyX MeTammueckoM myene. MccnenoBana KMHETHKA IpoLecca, CTEXMOMETPUS U TOJIIMHA
YIBTPATOHKOW OKCHUIHOM TIJIEHKM BOCCTAHOBJIEHHBIX OOpaslloB MeToaaMu MEccOayIpOBCKOI
CTHIEKTPOCKONNHM KOHBEPCHOHHBIX 3JeKTpoHOB (CEMS, rmyOmna 3oHmupoBanus — 200 HM),
CKAHMPYIOLIEH  DIIEKTPOHHOMN (SEM) u CHEKTpPOCKONMH PEHTTEHOBCKHUX
¢doroanexTporoB (XPS, rmyO6una 3oHmupoBanus 3 HM). Hamm pe3ynbTaThl CBHIETENBCTBYIOT 00

ANEKTPOXUMHUYECKON MpHupoae HaOII0JaeMOro SBJIEHHUS, B KOTOPOM BO3JyX MWIpaeT poJib
ra3000pa3HOro JIEKTPOJINTA.
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0] HCKOTOPbIX CBOMCTBAX KOMILJIEKCHBIX IUAHHU/IO0B 2KeJie3a

Hdenymenko C.K.", Ilepduianven 10.]1.°

! JTanun nep. 24/26-43, Mocxkea (Poccus)
Xumuueckuii paxynomem MI'Y um. M.B.Jlomonocosa, Mocksa (Poccust)
dedushenko@mail.ru

On some properties of iron complex cyanides

Dedushenko S.K., and Perfiliev Yu.D.
We have observed the self-dehydratation of three iron complex cyanides which leads to

changes in their Mdssbauer parameters.

KommnekcHble 1uaHuabl keneza Obliu Xopomro u3BecTHbl eme B XIX Bexke. OnHako U B
HACTOSIIIIEE BPEMsI HMEIOTCS BOIIPOCHI OTHOCUTEIIBHO UX CTPOCHUS.

KoMmrekcHble IMaHUABI JKeje3a MUPOKO UCIONB3YIOTCS B MECCOAyIPOBCKON CHEKTPOCKOIHH.
Hurponpyccun narpusi, Nay[Fe(CN)sNO]-2H,0, ucnons3yercst 1151 KanTuOpOBKH IIKaJIbl CKOPOCTH.
I'excanmmanodeppar(Il) kamus, K4[Fe(CN)s]-2H,O (kentas kpoBsiHasl coJib), U TekcanmaHodeppar
Hatpusi, Nas[Fe(CN)¢]-10H,O, wucmnonw3ytoTcs B KadyeCTBE CTAaHAAPTHBIX MOMJIOTUTENICH MpH
MPOBEICHUH SMHUCCHOHHBIX 3KCTIEPUMEHTOB. OUYEBUIHO, UYTO JJIsi UCIIOJIb30BAHUS B JAHHBIX LIETISAX
MEccOayIpOBCKHE MapaMeTPhl COJCH TOJKHBI ObITh HEM3MEHHBI BO BPDEMEHH.

I[Ipu pabdore ¢ Nay[Fe(CN)e]-10H,O w™Mb1 HaOmomamu mporecc OBICTpO  TOTepH
KPUCTAJUTM3aLIMOHHOW BOJIIBI KPUCTAJUIAMU COJNH. B mporiecce 00e3BOXKMBAaHUS KPYIHBIE JKEIITHIC
KPUCTAJIJIBI COJIM TIPEBPAIAOTCS B O€TbIi MopoIIoK. Jleruaparamusi IpoXoaUT KOJIMYECTBEHHO, UYTO
MOATBEP)KAAETCsl rpaBUMeTpudecku. CpaBHeHHE MEccOayIpOBCKHX CIIEKTPOB CBEKEOCAXKIEHHOM
COJIM U TOJHOCTBIO JETHUAPATUPOBABIIETO BEIIECTBA TOKA3bIBAET, YTO TMPHU JETHUApPATALUU
HaOo1aeTcs yIIMPeHUe JTMHUY TOIVIOICHUS], a TAKXKE €€ CMEIICHHUE.

B cinywasx HuTponpyccua HATpUsl M OKEITOM KPOBSAHOW COJMM JeruapaTauus HAET
3HAYUTENIIBHO MEIJICHHEE, OJHAKO, OHa TakkKe HaOIoJaeTcs. YIIMpEeHUE JIMHUN MOIJIOMICHUS
Ha0Jt01aeTCsl OTYETINBO. MI3MEHEHEe H30MEPHOIO CABUTA, @ TAK)KE KBaAPYIOJIbHOIO PacIlEIICHUS
eciu 1 HaOJo1aeTcs, TO TpeOyeT UCCIeIOBaHUS.
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I/I3yquHe HUBKOINPOUCHTHBIX IVIATUHOBLIX KaTa/JIn3aTOpPOB
H30MEPpU3allui H-AJIKAHOB HA MW/JIAPDUPOBAHHBIX KE€JIC30M
MOHTMOPDUW/IVIOHUTAX

3akapuHa H.A.l, Bpoackuii A.P.l, SlckeBHY B.I/I.l, Komamko JI.B.I, BoakoBa JI.,Z[.I,
Kum O.K.l, Manakosa M.A.2

1
Hncmumym monnuea, kamanuza u anekmpoxumuu um. /[.B.Coxonvcrkoeo, Anmamul (Kazaxcman)
2 .
Hncmumym soepnoii pusuxu, Armamor (Kazaxcman)
albrod@list.ru, i.manakova25@mail.ru

Study of low grade platinum catalysts supported by montmorilonite

pillarired with iron for n-alkane isomerization
Zakarina N.A., Brodskii A.R., Yaskevich V.I., Komashko L.V., Volkova L.D., Kim O.K.,
Manakova [LA.
Mossbauer spectroscopy and transparent microscopy were used for study of 0.1 % and 0.35 %

platinum catalysts supported by Na- and Ca-form of montmorilonite pillarired with iron and treated
with acid. It was found that after isomerization the catalyst contains iron in different oxidative state.
It is supposed that main role in isomerization of n-hexane into Cg isomers plays the bimetallic active
site consisting of Pt and Fe’".

HuskonpouentHsle  Pt-  karanm3atopbl Ha  OCHOBE  NHJUIAPUPOBAHHBIX  JKEJIE30M
MOHTMOPWIIOHUTOB (MM) B Na- n Ca-gopmax mokaszanu BEICOKYIO aKTUBHOCTh B M30MEPH3AINU
H-rekcana. Merogom TEM B 0.1 % Pt- kaTtanuzaTopax 0111 0OHAPYKEHBI YACTHIIBI Pt’ ~ 40-50 A,
dassl Pt, Pt;Fe, a-Fe u okcumos xkene3a. C poctom copepxkanus Pt unér arperanus MEIKUX YacTHII,
9t0 ocobeHHo 3ametHo i 0.35 % Pt/Fe(2.5)CaHMM.

Jns  wu3yueHus OCOOCHHOCTEW W30Mepu3aluu Oblla HCIOJIb30BaHA MEccOayIpOBCKast
ciexrpockonus. Tak, B 0.1 % Pt-katanusaropax Hapsiiy ¢ mapamareuTHeiM Fe'' mpucyTcTByioT
OCTaTO4YHBIE (POPMBI TUIPOKCOKOMIUIEKCOB keine3a. Mx coxepxkanue 80 u 56 % nns FeNaHMM u
FeCaHMM, cootBercTBeHHO. Y 0.35 % Pt-katanu3atopoB 3TH GOPMBI OTCYTCTBYIOT.

Conepxanne Fe'" cocrasmsier 73 u 57 % mis Na i Ca-(hopM MHILTapHPOBAHHEIX MATEPHANIOB.
KonTakThl mocie ombita comepxkar Fe?™. Tmst 0.1 u 0.35 % Pt/Fe(2,5)NaHMM coxepxanne Fe**
cocraBisieT — 20 u 27 %, mis 0.1 u 0.35 % Pt/Fe(2.5)CaHMM — 38 u 43 %, cooTBeTCTBEHHO. Y
0.1 % Pt/Fe(2.5)CaHMM — koHTakTa 3apuKCUpOBaHO, KpOME TOTO, 0OpazoBanue o-Fe.

Mo>xHO mTonarath, YTO KaTalu3aTOpOM TMpolecca BOCCTAHOBJICHHS TMpU MpeaodopaboTke
(500 °C) u B m3omepusanuu H-rekcana B Hy (400 °C) sBisercs Pt. Poct conepxanus Pt Bemer K
aKTUBU3AIMM TPOIEcca BOCCTAHOBIEHUS >kerne3a. MuHuUManbHas KOHBepcHsl H-Tekcana — 19.8 %
ormeuena i 0.1 % Pt/Fe(2.5)CaHMM, Ha koTOpOM Kpome Fe** IIPUCYTCTBYET Fe. BbickasaHo
MpeNNoNoKeHHe, YTO 3a IMpouecc wuzoMmepusauuu H-rekcaHa B Cg-M30MEpbl  OTBEYAET
OMMETAINTMYECKHUH [IEHTP, BKIIFOYAFOIITHI Pt’ u Fe*™.
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HNccaenoanue komiuiekca keqaesa(lll) ¢ magonmn-3-macasinoi
KHCJI0TON MeTogamMu MéccoayspoBckou u UK-cnnekTpockonuu

KamueB A.A., Tyraposa A.B.

@I'BYH Uucmumym ouoxumuu u gpusuono2uu pacmeHuti u MUKpoop2aruzmos Poccuiickoti
akademuu Hayk, Capamoe (Poccus)
aakamnev(@ibppm.ru; a.a.kamnev(@mail.ru

Maossbauer and infrared spectroscopic study of iron(IIl) complex with
indole-3-butyric acid
Kamnev A.A., Tugarova A.V.

Coordination of iron(IIl) with indole-3-butyric acid (an auxin phytohormone which can also be
produced by soil microorganisms) was studied by Mossbauer and FTIR spectroscopic techniques.

N3y4yeHne KoMIIEKCOOOpa30BaHNsl HU3KOMOJIEKYJISIPHBIX OPraHUYECKUX COEIMHEHUHN, HEPEAKO
oOnanaromux OMOJOTMYECKOW aKTUBHOCTHIO (BHEKJIETOUHBIE CUTHAJIBHBIE MOJIEKYJbl, ayKCUHBI U
T.J.), C Pa3JINYHBIMU MEPEXOJHBIMU METAJUIAMH aKTyaJIbHO BCIIEACTBHE SKOJIOIMUECKOIO 3HAUECHUS
JAHHBIX B3aMMOJICHCTBHUM B MOYBaX U BOJOHOCHBIX ciosix [1-3]. B Hacroseit pabore ¢ mOMOIIBIO
MeTos10B MéccbayspoBckoid U MK Qypre-cniekTpockonuu mHoKa3zaHO, YTO HWHAOIMII-3-MacisiHasl
kuciora (MMK; ¢uroropmon psima ayKCHHOB, IPOAYIHUPYEMBIA TaK)Ke HEKOTOPBIMU TTOYBEHHBIMU
MUKpoopranusmamu) oopasyer c xene3oM(IIl) numepnsiii kommekc cocraBa Lr,Fe<(OH),>Fel,
(rme L — anmoH aenpotoHupoBaHHod MMK), B KOTOpoM aTOMBbI Kejle3a COEJUHEHBI IBYMS |[L-
JUTUIPOKCOMOCTUKOBBIMU CBSI3SIMM, C YYacTHEM JEHPOTOHUPOBAHHBIX KapOOKCHIIBHBIX TIpyMI

I

UMK B xoopauHaimy Kak OMIEHTATHBIX JIMTAHJOB, B OTJIMYHME OT KomIuiekca Fe' ¢ mumommi-3-

ykcycHol kucinoroit (MYK) cocraBa FeX; (rne X — annon aenporonuposannoit UYK) [3].

JIUTEPATYPA

1. Kamnev A.A. Redox interactions between structurally different alkylresorcinols and iron(III)
in aqueous media: frozen-solution >’Fe Mdssbauer spectroscopic studies, redox kinetics and
quantum chemical evaluation of the alkylresorcinol reactivities / A.A. Kamnev, R.L. Dykman, K.
Kovacs, A.N. Pankratov, A.V. Tugarova, Z. Homonnay, E. Kuzmann // Struct. Chem. — 2014. — V.
25,N 2. —P. 649-657.

2. Kamnev A.A. Cobalt(I) complexation with small biomolecules as studied by >’Co emission
Mossbauer spectroscopy / A.A. Kamnev, Yu.D. Perfiliev, L.A. Kulikov, A.V. Tugarova, K.
Kovécs, Z. Homonnay, E. Kuzmann // Spectrochim. Acta Part A: Mol. Biomol. Spectrosc. — 2016.
—DOI: 10.1016/j.saa.2016.04.031.

3. Kamnev A.A. Spectroscopic investigation of indole-3-acetic acid interaction with iron(III) /
A.A. Kamnev, A.G. Shchelochkov, Yu.D. Perfiliev, P.A. Tarantilis, M.G. Polissiou // J. Mol.
Struct. —2001. — V. 563-564. — P. 565-572.

XIV Mossbauer spectroscopy and applications, Kazan, 2016
143



V Chemistry, petroleochemistry, catalysis, structure and chemical bond P V-4

119¢g 4+
JlokajibHOe OKpY:KeHHEe 30HA0BbIX HOHOB SN B 00beMe M Ha
MOBEPXHOCTH OPTOXPOMMTA UTTPUS MPH reTEPOBAJIEHTHBIX
3aMelleHUsX

MexyeB E.M.l, AdanacoB M.I/I.l, BarTHo A.z, DadpuyHbIi ILB.!

"Xumuuecrui ¢daxynemem MI'Y umenu M.B. Jlomonocosa, Mockea (Poccus)
*Institut de Chimie de la Matiére Condensée de Bordeaux, Pessac Cedex (France)
mezhuevdzeko@gmail.com

Local surrounding of '”Sn*" probe ions in the bulk and on the surface of

yttrium orthochromite upon heterovalent substitutions

Mezhuev E.M., Afanasov M.1., Wattiaux A., Fabritchnyi P.B.
1960 Mossbauer spectra of an Y 9Cag ;Cros97Mgo.1Sng 00303 sample, containing Sn*" in the

bulk of crystallites, have provided the original indirect evidence for the statistical distribution of

Cr’" and Mg”" ions over the octahedral sites and permitted characterization of the occurring

associates of Sn*". Neither highly oxidized Cr*" nor Cr®" species, expected to compensate for the

M?*" (Ca, Mg) positive charge deficit, is found in the vicinity of the ''*Sn*" probe. A drastic
. . . . . . 4+ . .

weakening in spin polarization is observed for the Sn™" ions on surface sites.

VYcraHoBNIEHHE peabHBIX MEXaHW3MOB 3aps0BOM KOMIICHCAIIMM IPU Te€TEPOBAJICHTHBIX
3aMENICHUSIX B 00bEME YacTHIl M BBISICHEHHWE MX BIMSHHS HA COCTaB IMOBEPXHOCTHU OCTAIOTCS
aKTyaJabHOU mpobseMoit. CeleKTUBHAS JIOKATU3alKsl 30HI0BBIX HOHOB OJIOBA KaK B 00bEME, TaK U
Ha MOBEPXHOCTU KPUCTATUTUTOB Y (9Cag 1Crog97Mg0.1Sn0,00303-5 MO3BOMIMIA TPUMEHUTH 30HIOBYIO
MEccOayIpPOBCKYIO  CIIEKTPOCKOIIHIO "9Sn  nns  amarnocTuku MPOLIECCOB, TMPOTEKAIINUX B
COOTBETCTBYIOIIUX 00JIACTSAX BEIIECTBA.

Anamn3z CTC wmécchayspoBckuX crneKTpoB 00pasnoB Yo oCag 1Croge7Mgo 1Sn0.00303 BBISIBUT
CYILIECTBOBaHHE y MOHOB Sn** JIByX OCHOBHBIX MAarHUTHO-HEIKBUBAJICHTHBIX TUIIOB OKpYKeHus. B
MO3UIUSAX TIEPBOTO TUIA MOHBI Sn** OKPYEHbI IIECThI0 KaTHOHAMU cr’ " CO3IAIOIIMMH Ha Aapax
0JIOBa CBEpXTOHKOEe Tmone Hiox =81 kD; mnd mno3uuuil BTOporo Tuna Hiox =67 KD, 4TO
COOTBETCTBYET OOPBIBY OJIHOM M3 MAarHUTHBIX CBSI3Ei Sn*". CpaBHeHmne MEccOayIPOBCKUX CIIEKTPOB
00pa31oB, MOJIYYEHHBIX 0 W TMOCIE IOMOJHUTENBHOTO OTkura B Hj, ¢ mpuBinedeHnem mojenu
CTaTHUCTUYECKOTO paclpeAesieHuss MOHOB MarHus M XpoMma B OKTa’ApUYECKON MOJpelieTke, U
naHHbix POOC mnokaszano, uto cekcrer ¢ Hiox =67 KO CBs3aH C 3aMEHON B OKpPYKEHUU Sn**
oxsoro uoxa Cr'” Ha Mg2+ WiH ¢ 00pa3oBaHUEM acCOIMATOB {(Cr’"-0)5-Sn*"-0-Sn*"-(0-Cr*);s}.

OTXHT IPeKypcopa, MOTYyUYEHHOTO [IUTPATHBIM 30J1b-TeJIb METOAOM, B aTMocdepe H, mpuBogut
K cTaOWIn3aIun 981" Ha MOBEPXHOCTU KPUCTALIUTOB Y o9Cag 1Cro.897Mg0.15n0,00303.5. B noknane
pacCMOTpPEHBI CBEPXTOHKHE B3aUMOJICHCTBUS 990 1 '%Sn*" B ToHKEX MMOBEPXHOCTHBIX CJIOSX C
MIPUBJIEYEHUEM JIAHHBIX 00 X aTOMHOM COCTaBe, MOIy4YeHHbIX MeToaoM POOC.

Pabota nonnepxana rpantom PODU (mpoekt Ne 16-33-00501).
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MéccoaypoBcKkue HCCIeT0BAHUS MPOAYKTOB TEPMOKATAIUTHYECKOT0
BO3/J1efICTBHS HA KEPOTreHCOAEePKAIIYIO IOPOAY

HBanoBa A.F.l, Baxun A.B.Z, Boponuna E.B.l, IInTaes A.B.l, Hypranues I[.K.z,

OHHIIEHKO S1.B.

Hncmumym ¢uzuxu, Kazanckuii hedepanvusiii ynueepcumem, Kazanw (Poccus)
Hncmumym eeonoeuu u negpmeeaszoswvix mexnonozuil, Kazaunckuti gpedepanvrulil yHusepcumen,
Kaszanwv (Poccus)
evoronina2005@yandex.ru

Maossbauer study of products of the the thermocatalytic exposure to

kerogen-containing rocks

Ivanova A.G., Vakhin A.V., Voronina E.V., Pyataev A.V., Nurgaliev D.K.,
OnishchenkoY.V.

In-situ treatment of the kerogen-containing rocks is aimed at the production of synthetic oil.
One way of stimulation of in-situ transformations of the kerogen - use of nanoscale metal catalysts
based on transition metals. The results of the Mossbauer study of the original kerogen samples and
after thermocatalytic exposure show a significant change in the phase composition. It is found that
cracking catalysts based on cobalt along with influence on organic substances promote the
transformation of the pyrite into mixed iron oxides, which are also hydrocracking catalysts.

O0paboTka BHYTPHUIUIACTOBBIX KEPOTE€H-COJEPXKALIUX MOPOJ HalleJeHa Ha MpOIyLHUpPOBaHHE
cuaTeTndeckor HedTu. OauH U3 crocoO0B MHTCHCHU(PUKAIIMK BHYTPUILIIACTOBBIX MTPEOOpa3OBaHUMA
KeporeHa — MpUMEHEHUE HAHOPA3MEPHBIX METAINIMYECKUX KaTalIU3aTOpPOB HA OCHOBE MEPEXOJHBIX
MetaiioB. HMccnenoBanHble 00pas3ibl MPEACTaBISUIM  COOOM KEPOTreH-COAEPXKAIyI0 TOPOAY
Oa)XCHOBCKOM (opManuu A0 W TOCIE TEPMOKATATUTHYECKOTO Bo3zcicTBuA. JlabopaTtopHoe
MOJIETUPOBAaHUE TaKOro BO3JAEWUCTBHUA Ha oOpaszel MpOBOAWIOCH B aBTokiIaBe. lcmosib3oBancs
KaTaJau3aTop Ha OCHOBE KoOanbTa.

PesynbpTatel MEccOayspOBCKMX HCCIEAOBAHUNA OOpPa3IOB HCXOAHOTO KEporeHa MU IOCIie
TEPMOKATAJTUTHUECKOIO BO3JCHCTBUS CBUAETEILCTBYIOT O 3HAYUTEILHOM H3MEHEHUH (Pa30BOro
coctaBa. CriekTp mpormyckanus o0pa3ia UCXOJIHOTO KEPOreHa COOTBETCTBYET MOHOMUHEPATILHOMY
nuputy. B crekTpe obpasma, MoABEPrHYTOr0 TepMUUYECKOW 0OpaboOTKe, MapiyaibHas IUIONIAdb
nuputa cocraBisier <51 %. Jlpyrue KOMIIOHEHTBI CHEKTpa, IEMOHCTPUPYIOIIHE CBEPXTOHKYIO
MarHMTHYIO CTPYKTYpPY, COOTBETCTBYIOT HEOKBHUBAJICHTHBIM MO3UIUSM aTOMOB >Ke€jie3a B CTPYKTYpe
mmuHenu tuna FesO4 (cymmapHO# mapuuanbHON IUIOmaneio ~ 6 %) U NUppoTHHA (CyMMapHOM
wiomaaeo ~ 43 %). OO0HapykeHO, YTO KaTaJau3aTOphl KPEKHHra Ha OCHOBE KOOAJbTa HapSIy C
BO3/ICHCTBHEM Ha OPraHMYECKOE BEIIECTBA IMOPOJBI CIOCOOCTBYIOT NMPEOOpPA30BAaHHUIO NMHPHUTA B
CMCHIAHHBIC OKCHUIBI JKEJIC3a, KOTOPBLIC, B CBOIO OUYCPCIAb, TAKKC SABJIAIOTCA KaTaJlu3aTOopaMu
TUIPOKPEKUHTIA.
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VI Synchrotron radiation and gamma optics I VI-1

Mossbauer reflectivity investigations of [Fe/Cr], multilayers
using Synchrotron Mossbauer Source

Andreeva M.A.l, Baulin R.A.l, Chumakov A.L>* , Smirnov G.V.z, Riiffer R.} , Babanov Yu.A.4,
Devyaterikov D.I.4, Goloborodsky B.Yu.4, Ponomarev D.A.4, Romashev L.N.4, Ustinov V.V.*

"Faculty of Physics, M.V. Lomonosov Moscow State University, Moscow (Russia)
’National Research Centre “Kurchatov Institute”, Moscow (Russia)
3 European Synchrotron Radiation Facility, Grenoble (France)
‘M.N. Mikheev Institute of Metal Physics RAS, Ekaterinburg (Russia)
Mandreeval @yandex.ru

Mossbauer reflectivity is the very advanced method for investigations of the magnetic ordering
in  magnetic multilayers (see e.g. [1]). 4 multilayers, prepared at IPM RAS:
["Fe(1.2 A)/Cr(10.5 A)]s0 (A1), [*'Fe(2.1 A)/Cr(10.5 A)]zo (A2), *'Fe(8 A)/Cr(10.5 A)s0 (A3),
[°"Fe(8 A)/Cr(20 A)]so (F2) — were investigated at the Nuclear Resonance beamline (ID18) of the
ESRF in a wide range of low temperatures and applied magnetic fields.

The Al and A2 samples (having the thinnest *’Fe layers) did not show any periodicity (no
Bragg maxima in the reflectivity curve). Mdssbauer spectra of reflectivity for these samples have
been measured near the critical angle of the total reflection. The nuclear reflectivity curve for the
samples A3 and F2 showed the Y2-order “magnetic” Bragg peaks confirming the doubling of the
magnetic period (initially F2 was supposed to have ferromagnetic interlayer ordering).

Synchrotron ~ Mossbauer  Source  has  n-
g~ Feddonghesean  Fedpependedariomeseam  polarization, so for hyperfine fields (Bu) aligned
% a0 2500 wa perpendicular to the reflection plane just 2™ and 5™
E%’m 00T | som al lines should be presented in Mdssbauer reflectivity
E‘Tg 1200 .—N"\: /“\;' Y {/’%’\.{” spectra but for By directed along synchrotron beam
B o 0.15 T|**% 0.075 T we can see only 1%, 3, 4™ and 6™ lines. The example
§ % . - o oo “‘\xf\fi of the BpY reorientations under the applied field Hex
§ - i W{‘va_%T - i {0“ 307 is presented in Fig. 1. Spectra confirm that at weak
E i i & T

~ Velocity, mm/s Velocity, mm/s Hex, Bhf(l) in antiferromagnetically coupled STFe layers

Fig. 1. Mossbauer reflectivity spectra for get almost perpendicular orientation to Hex. At higher

A3 sample near the critical angle Hex the ferromagnetic alignment appears.

The joint fit of the nuclear resonance reflectivity curves and Mdssbauer spectra measured at the
critical angle and at the “magnetic’ maximum reveals details of the reorientation of the
magnetization in separate layers under the applied field in the investigated samples.

The work is supported by RFBR (No.15-02-01674-a and 15-02-01502-a).
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Hosble npusio:xkenus 3¢ dexkra méccoayrpa

Barusos ®.I.", HIaxmypaToB P.H.
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New applications of the Mossbauer effect
Vagizov F.G., Shakhmuratov R.N.
The propagation of a single-photon wave packet in a resonant absorber undergoing piston-like
vibrations or rapid displacement at a certain instant after the beginning of a wave packet emission is
investigated experimentally. The possible applications of the observed effects are considered.

B mocnennee Bpemsi 3(GQEKThl KBAHTOBOW HMHTEPGEPEHIMU MPUBJICKAIOT TOBBIIICHHOES
BHHMaHHE HCCIICAOBATENICH B CBSI3M C IIMPOKUM CIEKTPOM BO3MOXKHBIX MPUMECHEHHI B KBAHTOBOW
onThke. PeKopHO BhICOKass MOHOXPOMATHYHOCTh M PE30HAHCHBIA XapakTep B3auMOICUCTBHS
MECCcOAyIPOBCKOTO  M3JIyYCHHsS, CPAaBHHUTEILHO  OOJIBIIOE  BpeMs  KHM3HM  THITUYHBIX
MEccOayIpOBCKUX  M30TOMOB  TO3BOJISIOT — PACIIMPUTh OTH TNPHIOKEHUS W B Ooiee
KOPOTKOBOJIHOBYO 00JIaCTb.

B naHHOW paboTe MpUBOIATCS PE3yJbTAaThl IKCIEPUMEHTANBHBIX HCCICIOBAHUI HEKOTOPBIX
3(pPEeKTOB KBAHTOBOH HHTEPQEPEHIIMU, KOTOPbIE MOTYT HAWTH MPAKTHYECKOEe NpUMeHeHue. B
YaCTHOCTH, HA OCHOBE OKCICPHUMCHTAJBHBIX JaHHBIX OyJeT TIOKa3aHa BO3MOXKHOCTb
ucnonb3oBanus dpdekra Méccbayspa mans U3YYCHHS ONTO-aKyCTHUSCKHX sBICHWA [1],
BO3MOXKHOCTh YJIYUIICHHS pa3pelIeHHsl MPH OMPEACICHUH CIBHIa PE30HAHCHOW JIMHUM 32 CUCT
uHTepdepeHMOHHbIX  3(P(eKTOoB,  BO3MOXKHOCTH  YIpPABJICHUS  TPYIIOBOH  CKOPOCTBHIO
MEccOay3pOBCKOro (OTOHA C TIOMOIIBIO ONTHYSCKH IUIOTHBIX Cpel, HMEIOMIUX IyOJeTHYIO
CTPYKTYPY JMHHU TOTJIOMICHHSI, BOBMOXXHOCTh MEPEKITIOUCHHUS IECTPYKTHBHOW UHTEPPEPCHIIUK HA
KOHCTPYKTHBHYIO U, HA00OPOT, IyTeM CMEUICHUI PE30HAHCHBIX SIIEP B OMPEICICHHbIE MOMEHTHI
BpEeMEHU (OPMHUPOBAHHUSI BOJHOBOTO MakeTa. ByJIyT MpHBEACHBI pe3ysbTaThl 3KCIICPUMEHTOB MO
HaOJIIOIeHNIo/co3lannio  time-bin  qubits  pasmepnoctn d (d=2,3,...) Ha OJHO(DOTOHHBIX
COCTOSIHMSIX HM3JIyYCHHS, CTPYKTYPUPOBAHHBIC BO BPEMEHH Pa30MCHHMEM Ha BPEMEHHBIC CTPATHI
(time bins), KOTOpBIE COIEPKAT U3TyUEHUE WK HEeT [2, 3].

Pa6ora BeinonHena npu noajaepxxke PO®U rpant Ne 15-02-09039a.
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MécchayspoBcKoe paccesiHie BIiepe/l B MoJie 3BYKAa:
aJbTePHATHBHBIE CXeMbI IKCIIEPUMEHTA

CaapikoB J.K., IOpuuyk A.A., Baruzos ®@.I'., Myoapakmun III.H.
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Maossbauer forward scattering under acoustical excitation: alternative

schemes of experiment
Sadykov E.K., Yurichuk A.A., Vagizov F.G., Mubarakshin Sh.I.
The Mossbauer response models of thick targets in external fields for various experimental
schemes using the natural source are proposed.

Mopenupyetrcsi MEccOayd pOBCKUN OTKJIMK TOJCTOM MHUIIEHHU, BO30OYXICHHOM 3BYKOM,
BKJIIOUasi: a) CIeKTphl paccestHus Braepen (PB), 6) crnexTpsl, u3MepsieMble B CXEM€ MOTJIOLIEHUS, a
TaKXe B) BPEMEHHBIE CIIEKTPHI B CXEME 3aIa3/IbIBAIONINX COBMaaeHHNA. D(PPEKThI TONCTOM MUIIEHN
B 3THUX CIEKTpax OOYyCIIOBJIEHbl KOTE€PEHTHBIM YCHJIEHHEM paMaHOBCKOTO MEcCcOayIpOBCKOI0O
paccessHust Brnepen [l1]. IlocnenHee 3aBUCUT OT CTENEHM KOTEPEHTHOCTU (Koppensuuu ¢a3)
3BYKOBBIX KOJIEOAHUH AJ€p B MMILEHU M MaKCUMAJIbHO BBIPAXEHO i CHH(Da3HbIX KojebaHuil. B
aToM ciydae crektp PB  coxmepxkur careumtel [1], OmXHOPOTOHHBIH BpPEMEHHOW CIICKTP
IpeTeprieBacT pacuielyicHue [2], a CHEeKTp IOTJIOMEHUS COMSPKUT WHpopManmu o (a3oBoi
KOppeJSLIMM  3BYKOBBIX KojeOaHuil simep B MumeHd [3]. Mopgenu, mnpeioxKeHHbIE s
MPOU3BOJILHOM CTEMEHU KOPPENSIHUH [2] U JOMyCKalolue pachpeeseHue aMIUTUTY] KoieOaHuit
s,Iep B MUILIEHHU, IPEJICTABISIIOT MHCTPYMEHT 00paOOTKU CIIEKTPOB B IIMPOKOM JIMAINIA30HE YCIOBUM
sKcrepuMenTa. Pag méccOay?pOoBCKUX 3KCIEPUMEHTOB MOCIEIHEr0 BPEMEHH, a TaKKe OTACIbHBIC
TEOPETUYECKHE pe3yibTaThl [3] SBISAIOTCA WUIIOCTpALME BOCTPEOOBAHHOCTU OOCYXKAAEMBbIX
Mojneneil. B menom, monenu ¢GopMUpPOBaHHS TPAIUIIMOHHBIX MECCOAYIPOBCKHX CIEKTPOB (HA
€CTECTBEHHOM UCTOYHHKE) OKa3bIBAIOTCS MPUOIMKEHHBIMU K MOJIESIM MECCOay3POBCKOT0 OTKIIMKA
Ha MMIIYyJbChl CHUHXPOTPOHHOrO u3nydeHus. Pabora mopnepxkana POOU (IIpoektr Ne 14-02-
01078a).
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High pressure study of langasites Ba;MFe;Si,0,4 (M = Ta and Nb)
by XRD, Mossbauer and Raman spectroscopy

Nikiforova Yu.A.!, Lyubutin L.S.!, Gavriliuk A.G.'?, Starchikov S.S.', Sulyanov S.N.!,
Ivanova A.G.', Troyan L.A.', Aksenov S.N.?

" FSRC “Crystallography and Photonics” RAS, Moscow (Russia)
’Institute for Nuclear Research, RAS, Moscow (Russia)
juliadavudova@gmail.com

Langasite La3;GasSiO;4 gave the name to the big family of crystals, which have the unique
piezoelectric properties in combination with luminescent, laser, and nonlinear optical properties.
Recently, a strong interest was attracted to the langasite-type compounds containing magnetic ions
[1, 2]. Coexistence of electric and magnetic order parameters in these materials provide a new type
of multiferroics. In our study, the iron containing langasite compounds Ba;MFe;Si,O14 (M = Nb,
Ta) have been prepared and investigated. The trigonal crystal structure of BasTaFe;Si,014 is shown
in Fig. 1. The studies of the magnetic and structural properties of BazMFe;Si,0,4 were performed
by Mdssbauer and Raman spectroscopy and X-ray powder diffraction under high pressure up to
55 GPa created in the diamond anvil cells.

Two structure transitions induced by high hydrostatic pressures have been found and
investigated by the synchrotron X-ray diffraction in DESY (Petra-IlII, Gamburg, Germany). The
high-pressure Mdssbauer and Raman spectroscopy data also reveal anomalies in magnetic and
electronic properties of these compounds
at about 5 and 20 GPa. It was established
that the pressure-induced magnetic and
structural transitions are very sensitive to
the atomic composition of the langasite-
type compounds.

This work is supported by the
Russian Scientific Foundation (grant Ne
16-12-10464) and Russian Foundation for
Basic Research (grant 14-02-00483a).

Fig. 1. The unit cell of the iron langasite (sp. gr.
P321, Z=1). All Fe*" ions are in the tetrahedral
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MéccoayspoBckoe paccesinue Brnepén Ha FeBO;
B pexxume PU nepexirouyeHuil noJs Ha siape

Canpixos J.K., Apunun B.B., [letpos I'.H.
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Mossbauer forward scattering on FeBO;

in RF hyperfine field reversal regime
Sadykov E.K., Arinin V.V., Petrov G.I.
Mossbauer forward scattering spectra on iron borate under RF reversals of hyperfine field are
measured. The mechanisms responsible for temperature dependence of spectra are proposed.

B nmaHHOM cOOOmIEHHH MBI 00CYX/IaeM pe3yiIbTaThl HOBBIX MECCOAYIPOBCKUX M3MEPEHHH IO
cxeme paccesnusi Brnepén (PB) na Oopare xemesa B pexume ero paauodactotHoro (PYH)
nepemarunuuBanus [1] npu Temnepatypax Huxke 7. M3MepeHus mokasajid, 4TO ¢ MOHUKEHHEM
TEMIIEpaTypbl TPOUCXOAUT AOCTATOYHO OBICTPOE YMEHBIICHHE WHTCHCUBHOCTH CaTEJUIMTOB B
cnektpax PB. Omnucanue mnosydeHHON TeMIepaTypHOl 3aBUCUMOCTH JIOCTUTHYTO Ha OCHOBE
MOIU(UKAIIMA MOJEIH, BIIEPBBIE MCIOIb30BaHHOW B [1]. Bo3MOXXHBI 1Ba MexaHW3Ma, KOTOpBIE
BeAyT K Habmomaemomy 3¢dekry. BOmmsu temmepatypsl Heenst (CHW3y) MarHWUTHas CHCTEMa
MOXKET OBITh IPEACTaBIEHA KaK COBOKYIHOCTh MArHUTHBIX KJIACTEPOB, CIa00 CBSI3aHHBIX JIPYT C
IpyroM. B aTux ycioBusx cienyeT 0XHuaaTh OAHOBPEMEHHOIO ITE€pEMarHnYMBaHUs BCEX KIACTEPOB
MpU OTPENENICHHBIX 3HaueHUsX ¢a3bl BHemHero PY mons, BBI3bIBas KOTEPEHTHOE YCHIICHHE
paMaHOBCKOTro paccesiHus ramma (potoHoB Brepén. ONHAKO ¢ MOHMKEHUEM TEMIIEpaTypbl pacTeT
MEXKJIaCTEpPHOE B3aUMOJICHCTBUE, YTO MOXKET IMPUBECTU CHadasla K paca3zupoBKe MEPEKIOYCHUM
HaMarHMYEHHOCTH KJIACTEPOB M, Jajee, K CPhIBY MEPEKIIOYEHUN MOJs Ha OTAEIbHBIX KIacTepax.
O6a mporecca yMmeHbIIAOT 3PPEKT PaMaHOBCKOTO paccessHusl MECcOAyIpOBCKHX (POTOHOB,
yMEHbIlIasg, B KOHEYHOM Cu€Te, MHTEHCHUBHOCTb CaTeUIUTOB. ONMCaHHBIE MPOLECCH CIIOCOOHBI
O00BSICHUTh OOHApPYKEHHYIO TEMIIEpaTYpHYIO 3aBHCHMOCTH criekTpoB PB, mo kpaitneld mepe, Ha
HavyaJIbHOM CTaJi U3MEHEHMSI TEMIIEPATYPhI.

Pa6ota nonnep:xana PODU (IIpoekt Ne 14-02-01078a).
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P PeKT TOMUHBI B MECCOAYIPOBCKOM CIIEKTPOCKONMUH B peKUMe
BJIMSIHUS] BHEHIHUX MMOJIEH: 3aKOHbI COXPAHEHUS

Canpikos J.K., IOpuuyk A.A., Apunus B.B.
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Edgar.Sadykov@kpfu.ru

The thickness effect in Mdssbauer spectroscopy in external field

influence regime: exact results
Sadykov E.K., Yurichuk A.A., Arinin V.V.
The new possibilities of Mdssbauer experiments with thick samples in external fields are

analyzed. The confirmation of matter by analytical and model calculations is presented.

M¢éccbayspoBCKHe OKCIIEPUMEHTHI Ha MPOTSHKEHHBIX 00pa3lax OTIMYAIOTCS  OOJBIIHM
pazHooOpa3ueM QGopMUpOBaHUS MECCOAYIPOBCKOTO OTKJIMKA H Omaromaps 3TOMY HECyT
JOTIONTHUTENbHYI0 WHpopManuio. [IpuMepom CIy’)KUT YHCTO SIEpHO-PE30HAHCHAS TU(PAKIUS
MéccOayrpoBckoro manydeHus. Jpyrum 3hhekToM TONMUHEL SBIsSETCS GOPMHUPOBAHUE YaCTOTHOU
WIM BPEMEHHOW CTPYKTYphl B clekTpe paccesHus srnepen (PB) Ha mumienu, noasep:keHHOM
BIIMSIHUIO BHENTHETO repeMeHHoro mois [1]. Oba addekra — cnencTBue KOTEPEeHTHOTO YCHUIICHUS
Mé&ccOayIpOBCKOI0 OTKIMKA Oaronapsi KOHCTPYKTUBHOM MHTep(EpEeHIIMH aMIUIUTY 1 paccesiHus. B
TaKUX 3KcrepuMeHTax [l] pe3ynbpTaT (Hampumep, CTENEHb KOI€PEHTHOIO YCWJIEHUS) 3aBUCUT OT
cTerneHu (pa3oBOil KOPPEISLUHU MPOLECCOB, HHAYLIUPYEMBIX BHEIIHUM IOJIeM. B aToM coobmiennn
paccMOTpeHbl MOIUQPUIIUPOBAHHBIE MOJEITH MECCOAYIPOBCKOTO OTKIWKA (BKJIIOYAsl CIEKTP
MOTJIOLIEHUS, M3MEpSieMbId 1O  TPaJWLMOHHOM  CXEME), YYHUTHIBAIOLUIME  BO3MOXKHYIO
MIPOCTPAHCTBEHHYIO KOPPEJALMI0 AMHAMUYECKUX MPOIIECCOB B TOJICTHIX MuIlIeHsX. OOcyxnatorcs
TaKXKe XapaKTepHOe MoBeneHue dPPeKTa TOMMUHBI UTS TOJICTHIX MECCOaYyIPOBCKHUX MOTIIOTHTEICH
BO BHeIIHUX mnoisix. Hampumep, oOpalieHO BHUMaHME Ha B3aMMOCBSA3b MEXIY WHTErpajibHbIM
TIOTJIONICHAEM TOJICTOTO TIOTJIOTHTENS M XapaKTepoMm KoJiebanwii simep B obpasue [2]. [TokazaHo
IIOCTOSIHCTBO ~MHTETPAJBHOTO TIOTJIOMIEHWSI B cioy4dae CHH(A3HBIX 3BYKOBBIX KOJICOaHHN
(aHanuTveckn) u B cioydyae cuH(asHbpIX PY mepexitoueHuii CBEPXTOHKOTO TIOJSI [0 HAIPaBJICHUIO
(uucnenno) [3]. Pabora wactuuno noanepxkana POOU (Ne 14.02.01078 a).
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Biogenic transformation of iron-containing minerals in alkaline conditions

Chistyakova N.I., Shapkin A.A., Antonova A.V., Medvetskaya [.Yu., Pchelina D.I.,
Gracheva M. A, Kiseleva T.Yu., Zavarzina D.G., Zhilina T.N., Gavrilov S.N., Rusakov V.S.
Biogenic transformation of iron-containing minerals such as synthesized ferrihydrite,

magnetite, biotite and glauconite, iron sulfide by different alkalophilic bacteria were investigated. It
was found the formation of hematite in the case of F. ferrireducens. In the case of the binary culture
C. alkalicellulosi and G. ferrihydriticus on biotite and glauconite the formation of magnetically
ordered phase was caused by the oxidation of divalent atoms. The change in the number of cells per
one particle lead to a change in the size of the particles formed and the ratio between biogenic
magnetite and siderite.

B Hacrosmeir pabore meromamu MECCOAYIPOBCKOM CHEKTPOCKOMHUHU OBLIM HCCIIETIOBAHbI
OuoreHHbIe TPeoOpa30BaHU JKEIE30COJEPKAMUX MHUHEPAIOB, TAKUX KaK CHUHTE3MPOBAHHBIN
GbeppuruaApuT, MarHeTUT, (WUIOCWIMKATBI OWOTHT ¥  TJAyKOHHUT, cynbdum xenesa.
[IpeoOpa3oBaHnsi MUHEPATIOB OCYLIECTBISUINCH ankanopuiubHeIMU Oaktepusimu G. ferrihydriticus,
F.  ferrireducens,  C. thermautotrophica,  Ownapuoit  kynbryport  C. alkalicellulosi m
G. ferrihydriticus.

[Ipu pocte OakTepwii Ha CHHTE3UPOBAHHOM (EPPUTHIPHTE MPOIECC BOCCTAHOBICHUS
MPUBOAMI K OOpPa30BaHMIO CHJEPUTAa M MarHuToynopsgoueHHou (azer (MYD), koropas, kak
MPaBUJIO, SBJSIACH CMEChIO MarHeTHTa U MarreMuta. B ciyqae F. ferrireducens 61710 00Hapy>kKeHO
oOpasoBanue remaruta. Habmroganoce oopasoBanue HaHouacTuiy MY O.

B cimydae pocra OunapHoi kymnbTypsl C. alkalicellulosi w G. ferrihydriticus Ha Ouotute W
[JIayKOHUTE ObUIO YCTAaHOBJEHO, 4TO oOpa3oBaHue MY® BbI3BAaHO HE BOCCTAHOBJIEHHEM
TPEXBAJIICHTHBIX aTOMOB elie3a, YTO OOBIYHO HAONIONANoCh B JKCIEPUMEHTAX, a OKHCICHHEM
JIBYXBAJICHTHBIX aTOMOB.

Bbutn mpoBeIeHBI HCCIIEIOBAHUS BIMSHUS KOJIMYECTBAa OAKTEPHiA, PUXOMALINXCS HA YACTHILY
(dbeppuruapuTa Ha mporecc kenesopeaykuuu npu pocte G. ferrihydriticus Ha Qeppurugpure.
Y CTaHOBIIEHO, YTO U3MEHEHHE KOJIMYECTBA KIIETOK, MPUXOASIIUXCS HA OHY YaCTHUILy, TPUBOANT K
M3MEHEHHMIO pa3Mepa (OPMHUPYIOUIMXCS 4YacTUI, a TaKKe H3MEHSIET COOTHOIICHHE MEXIY

COACPKaHUCM OHOTreHHO CUHTC3UPOBAHHBIX CUACPHUTA U MAIrHCTUTA.
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The Fe’* occupancies in the silicates M1 and M2 sites in Chelyabinsk
LLS meteorite determined using XRD and Mossbauer spectroscopy

Maksimova A.A., Chukin A.V., Semionkin V.A., Oshtrakh M.I.

Institute of Physics and Technology, Ural Federal University,
Ekaterinburg (Russian Federation)
aliaS5@bk.ru

Ordinary chondrites are stony meteorites which consist of various iron-bearing phases such as
silicates, troilite, Fe-Ni-Co alloy, chromite and some other phases. Silicates (olivine (Fe, Mg),SiOy,
orthopyroxene (Fe, Mg)SiO; and clinopyroxene (Fe, Mg, Ca)SiOs) have two crystallographically
non-equivalent positions for Fe*” and Mg”" cations denoted as M1 and M2. The knowledge of the
Fe’ and Mg”" partitioning between the M1 and M2 sites in silicate phases is important for
estimation of silicates thermal history. Therefore, evaluation of the Fe*" and Mg®" partitioning in
silicate phases in ordinary chondrites could be used for analysis of their thermal history. We
consider the results of the study of four Chelyabinsk LL5 meteorite fragments (No 1, No 1a, No 2,
No 3) using X-ray diffraction (XRD) and Mdssbauer spectroscopy with a high velocity resolution to
evaluate the M1 and M2 sites occupations by Fe*". Components related to the M1 and M2 sites in
olivine, orthopyroxene and clinopyroxene were revealed in the Mdssbauer spectra of Chelyabinsk
LL5 fragments (see Fig.1). The Fe*" occupations of the M1 and M2 sites in silicate phases (X"
and Xp.'”, respectively) were determined from XRD patterns of Chelyabinsk LL5 fragments.
Similar evaluation of Xp."' and Xp.'> was done using corresponding relative areas of the
Massbauer spectra components. A comparison of X" and Xg."~ values obtained using XRD and
Mossbauer spectroscopy appeared to be similar or of the same order. For instance, Xpe" /Xpe
values for olivine were 1.17 (XRD) and 1.18 (MS), for orthopyroxene were 0.20 (XRD) and 0.25
(MS) and for clinopyroxene were 1.78 (XRD) and 1.90 (MS) in fragment No 2.

o) The results obtained demonstrated
P rreite R— . that ordinary chondrites thermal history
orm‘.p_\?ul_.i;f:.i 2 could be evaluated using XRD and
Clinogrovene M1 Mossbauer spectroscopy with a  high

Clinopyroxene M2 . .

Hercynite and/or Fi(m"&?&.}.’:)iic velocity resolution.
Paramagnetic y-Fe(Ni,Co)

00 TV N Ya o
1.0 t \| | fﬁ“ "‘-/—\ Contribution to the study was funded
::; i P by the RFBR according to the research
E w0 W Project No. 16-32-00151 mol a. This
= 50 I work was supported in part by the

Ministry of Education and Science of the
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VELOCITY. mmve Russian Federation (Project No. 2085).

Fig. 1. Mossbauer spectrum of Chelyabinsk LL5
fragment No 2. T=295 K
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MécchoayspoBcKue UCCIACTOBAHUS COCTOSIHUS JKeJie3a B
AJTIOMOCHJINKATHOM PeareHTe 1Jisl O4UCTKH BO/bI

DeKINCTOB I[.IO.I, POuannmnoB B.H.l, Kypuartos I/I.M.l, Jlarynuos H.I/I.l, CaynomacoB B.A.l,
IlepmskoB 10.B., Omrrpax M.u.?

"Hayuonansmwiii uccnedosamenscruii sa0epuviil ynueepcumem « MUDH», Mockea (Poccus)
? Beepoccutickutl HayuHO-UCCI1e008amenbeKUil WHCMUMYm (QusuKo-mexHu1eckux u
paouomexnuyeckux usmepeHutl, 3enenoepao (Poccus)
 Vpanwckuii pedepanvhviii ynusepcumem, Examepunéype (Poccus)
vpfilippov@mephi.ru

Maossbauer investigation of iron state in alumino-silicate reagent for water

treatment

Feklistov D.Yu, Filippov V.P., Kurchatov [.M., Laguntsov N.I, Salomasov V.A.,
Permyakov Yu.V., Oshtrakh M.I.
The iron state in the new-made alumino-silicic reagent for the contaminated water treatment

before and after reaction with water is investigated. It was revealed that iron is in trivalent and
divalent states. The spectra parameters of reagent and products are different. Existence of
superparamagnetic particles is shown.

B HOBOM HaHOCTPYKTYpHMPOBAaHHOM aJIIOMOCHUJIMKAaTHOM peareHte [1] m3ydanoch cCOCTOSIHME
JKeresa J0 U MOcie B3auMOJICUCTBHS C 3arpsi3HEHHOM xkene3oM Bojaod. HoBbwili copOeHT Ha 0aze
u3BecTHOro koarynsHra-guokynsiuta AK®K cuHTesupoBan u3 HedennHa B CMECH €
KOHLEHTPHUPOBAHHOM CepHOM KucioToi. OnpeneneHo CoCTOSIHUE Kele3a B MCXOJAHOM peareHTe, B
KOTOPOM OHO HaXOAMTCS B ABYX M TPEXBAJEHTHOM COCTOSIHUAX, MPUYEM OCHOBHas a0is (~ 90 %)
Kelle3a HaXOAUTCS B TPEXBAJIEHTHOM COCTOSIHMM. B mpoaykTax peakuuu oOHApyKEHO JKEJe30,
KOTOPOE HAaXOJUTCS TAK K€ B IByX U TPEXBAJIEHTHOM COCTOSIHUSIX, HO IapaMeTPhl CIIEKTPOB JKeJie3a
B 0CaJKaxX 3HAYMTEJIbHO OTIMYATCSA OT TAKOBBIX B peareHTe, HallpuMep, 3HAUUTENbHO (IPUMEPHO B
JIBa pas3a) BO3pacTaeT 3HAYCHHE KBaAPYMNOJIbHOIO PACLIEIUIEHHUS B CHEKTPE ISl JIBYXBaJIEHTHOTO
coctosiHus. TemmnepaTypHble MCCIEA0BaHUS MOKa3alM, YTO ONpeAesieHHas JOoJis JKele3a B 0CajKe
HaXOJUTCS B BUJIE CyleprapaMarHUTHBIX HAHOYACTHLL.

PabGora BhimonHeHa mnpu (QuHAHCOBOM moxanaepxkke MuHoOGopousl P®, cornamenue
Ne 14.575.21.0086, unnuBuayansHblii uaeHtudukatop npoekta RFMEFI57514X0086.
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Application of X-ray computed tomography, NQR and Mossbauer in
studies of fossil wood

Gainov R.R.l’z, Khassanov R.R.z, Vagizov F.G.Z, Golovanevskiy V.AG , Pen'kov LN.!

'Kazan Federal University, Kazan (Russia)
Curtin University of Technology, Kent St., Bentley, Perth (Australia)
g ramil@mail.ru

The samples under the study represent the fossil wood from the sediments of the Sarmanovskii
ore-formation (Permian deposits of the Volga-Ural region) in their original local geochemical
environment. The combined application of X-ray micro-tomography, nuclear quadrupole resonance
(NQR) and Mossbauer techniques allows to evaluate the evolution of the geological processes in
these sediments [1, 2].

X-ray computed topographic 3D images of the fossil wood demonstrate presence of a zonal
structure characterized by an inhomogeneous mineral composition. The wood cells were found to
be filled by copper and minor iron minerals as shown by the NQR and Mossbauer studies. More
detailed studies show that there are original copper sulfides of the non-stoichiometric family Cu,.,S,
(0 <x <), which have been sealed inside the external "envelop" from CuS and other compounds,
and, as the consequence, preserved in the close to the original ultra-dispersed state at the central part
of the clusters. These non-stoichiometric Cu,.,S compounds reflect the initial geological processes
of the ore-formation due to their bacterial sulfate-reduction nature in the early diagenesis stage.
Based on the studies made, it appears feasible to consider the original binary Cu sulfides as mineral-
indicators which show the evolution of geological processes in sediments.

The results of studies are presented and discussed.

The work is performed according to the Russian Government Program of Competitive Growth
of Kazan Federal University.
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HccaenoBannst mpoueccoB 0aKTEPUATbLHOI0 BOCCTAHOBJIEHUS aTOMOB
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Studies of bacterial iron reduction process in magnetite structure

Antonova A.V., Chistyakova N.I., Shapkin A.A., Rodionov I.D.,
Zhilina T.N., Zavarzina D.G., Rusakov V.S.
G. ferrihydriticus (strain Z-0531) is a dissimilatory iron-reducing bacterium that can get energy

through reductive transformations of ferric iron in different compounds. During processes of
bacterial iron reduction in the presence of synthesized magnetite, natural magnetite in the
cultivation medium the formation of new phases was observed.

Hacrosimass paGora mocBsiieHa HCCIEIOBAaHUAM OaKTEPUAIBHOTO BOCCTAHOBJICHUS AaTOMOB
&KeJe3a B CTPYKTypaxX CHHTETUYECKOTO U MPUPOAHOTO MarHETUTA MPH PA3IMIHBIX yCIOBHUSX.

st mpoBefieHUsT MCCIIEOBAaHUM ObLT CHHTE3MPOBAH MArHeTHT, W 3aTeM J00aBIeH B Cpedy
pocta Gakrepuu G. ferrihydriticus (mmramm Z-0531) [1]. B psime 3KCIepUMEHTOB B Cpeay pocTa
KyJBTYpBl, COJEP)KAIIyl0 CHUHTETHYECKHH MAarHeTurt, noOamisiack cepa. Kpome Toro, Obur
MCCIIEZIOBAH POCT OaKTEpUH B MPUCYTCTBUU MPUPOTHOTO MarHeTuTa. MéccOay>poBCKHE U3MEPEHHUS
IPOBOIMIINCH TP KOMHATHOW TemnepaTtype u mpu 81 K, a Takke BO BHEITHEM MAarHUTHOM II0JIE
1.03 Tn. beun uMccnenoBaHbl Tak)Ke MarHUTHBIE CBOMCTBA OOpasllOB: MPOBENEHBI MCCIEAOBAaHUS
3aBHCUMOCTH HAMAarHMYEHHOCTH OT TEMIEpPaTyphl BO BHEITHEM MarHUTHOM 1oiie 10 kD B pesxumax
ZFC/FC B guanazone temnepatyp 80 + 300 K, momydeHsl KpUBbIe TepeMarHiIHBaHHS.

HccnenoBanust pocta OakTepud B MPHUCYTCTBUM CUHTETUYECKOTO MAarHETHTa MOKAa3alid, YTO
HABII0NAeTCA BOCCTAHOBICHHE aToMOB Fe'' ¢ 06pasoBaHMEM CHIEPHTA, B IEPBHIX IEPECEBAX
KyJIbTypel C (eppuruaputa. B mocinegyrommx mepeceBax CIIOCOOHOCTh  OakTEepUu K
BOCCTAaHOBJICHHIO aTOMOB JKeie3a yracaer. B mporecce pocra OakTepuu B TNPHCYTCTBHU
CHHTETUYECKOTO0 MarHeTuTa U Ccepsl B cpele oOpa3oBaHHMe CyIb(OUIOB Kejne3a He ObLIo
obHapyxeHo. Ilpum pocre OakTepuu B TPHUCYTCTBUU MPHUPOJHOTO MArHETUTA TPOUCXOIMIIO
BOCCTaHOBJICHHE aToMoB Fe’™ B cTpykType MarHeTnTa ¢ 06pasoBaHHeM HOBBIX (a3, COIEpIKALIAX

2+
atoMmel Kak Fe“', Tak u Fe'".
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TepMmuueckue npespamenuss HaHopasmepHoro Fe;Oy
B NPUCYTCTBUHM T'YMUHOBBIX BellleCTB

Anyuynna M.M., BopoobeBa H.A., Ilankpartos /I.A.
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Thermal transformations of nanosized Fe;O, with humic substances

Anuchina M.M., Vorobyeva N.A., Pankratov D.A.
The aim of the work was to research Fe;O4@HS particles with the size ~45 nm and ~90 nm

formed as a result of thermal transformations by means of Mossbauer spectroscopy. The size of
initial particles, content of organic substance and presence of metallic iron impurities were shown to
be the key factors affecting composition of transformations products formed by Fe;Os@HS
nanoparticles heated in air.

bnaronapst HamU4YKIO B CBOEM COCTaBe Kak THAPOPHIBHBIX, TaK U TUAPO(HOOHBIX (hparMeHTOB,
rymuHoBele BemiectBa (I'B), oTHocsmmecs K NpPUPOJHBIM MOJUAIEKTPOJIUTAM, CIIOCOOHBI
BbICTyIaTh B kKauecTse [IAB, mupoko npumeHseMbIX A5 CTaOMIN3a Ui HAHOPAa3MEPHBIX YacTHUL, B
YaCTHOCTH JKejie3ocoiepxaiiux. PaHee HamMu MoOkKa3aHO, 4TO MNpU B3aUMOAECUCTBUU BOJHBIX
106 s pactBopoB I'B ¢ MeTaIUIMYECKMM XKETE30M MOTYT
ObITh  MOJYYEHBl  CYCIEH3MM, COJEpIKallue
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Puc. 1. JlanHbIe TEpMUUECKOTO aHANIN3A JUIsS

Fe;04@I'B ¢ pa3amepamu gactui ~45 HM [IPETEPIIEBAIOT TEMIIEPATYPHBIE MIPEBPALLECHUSA
(cmomHas nuHUA) U ~90 HM (MyHKTUPHASA)  oTiIMYHBIE ApYT oT apyra (puc. 1). Tak, ecan mus

4acTUIl C pasMmepamMu ~ 45 HM HaOIOAaCTCs

temmeparyp ot 200 °C mo 800 °C Ha Bo3myXxe OHU

MOTEPSI MACCHhI, TO JUIsl 4acTHI] C pazMepamMu ~ 90 HM dukcupyercs ee Bo3pactanue. O4eBUIHO, UYTO

pasznuuus B MEXaHU3Max TEPMHUUYECKHX NpPEBpAlleHHH 3TUX MpenapaToB O0YCIOBIEHbI TaKHUMHU

(dakTopamMM, Kak pa3Mep 4YacTHIl, COJep>KaHHWE OPraHWYeCKOro BEIECTBAa, HajJUuue IpuMecein

HCXOJIHOTO METAUTMYECKOTO Kene3a. B Hacrosmed pabore MerogoM MEccOayIpOBCKOM

CHEKTPOCKONMUU HM3YyYEHbl MPOAYKTHl OTXKHIa IMPH Pa3IUYHBIX TeMIepaTypax HaHOpPa3MEPHBIX

gactull Fe;04@I'B, ¢ 11e1p10 yCTaHOBJICHHS BIMSHUS HA UX COCTaB BBIIIE YKAa3aHHBIX (haKTOPOB.
Pabora BeinonHeHa npu noanaepxke rpanra PH® 16-14-00167.
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Maossbauer studies of iron reduction process in ferrihydrite

by alkaliphilic bacterium

Chistyakova N.I., Gracheva M.A., Antonova A.V., Shapkin A.A.,
Zhilina T.N., Zavarzina D.G., Rusakov V.S.
Alkaliphilic bacterium Fuchsiella ferrireducens (strain Z-7101), capable of iron reduction, was

isolated from the bottom sediments extracted from soda lake Tanatar III (Altai, Russia). Two sets of
samples were investigated: in the first set ethanol was added to the cultivation medium, in the
second set acetate was added.

B Hacrosmelr pabore OblTM TpOBENECHBI MECCOAYIPOBCKHE HCCIECIOBAHUS IPOIECCOB
KENE30peAYKIUN TPH  POCTe IUCCUMWIATOPHON  anmkanopwibHOW Oaktepun  Fuchsiella
ferrireducens (utamm Z-7101) B cpeie ¢ MOHMKEHHOW KHCIOTHOCTBIO. bakTepus Oblia BBIEICHA
W3 JOHHBIX 0CaIKoB comoBoro o3zepa Tanarap III (Anraii, Poccus). B cpeny pocra Obut qoGaBicH
cunternueckuii peppuruaput (CD). beutn viccnen0BaHbl 1Be ceprr 00pa3loB: B NIEPBOM Cepur B
cpely pocTa KyJIbTyphl ObUT JOOABJICH ITaHOI, BO BTOpoM — amerar. s obewx cepuii Obun
MIPOBEJIEHBI UCCIIEI0OBAaHUS PU KOMHATHOM TemnepaTtype u npu 7 = 82 K.

IIpoBeneHHbIE MCCIENOBaHUS MOKa3alM, YTO MPH pocTe OAKTEpUH Ha 3TAHOJIE MPOUCXOAUIIO
(dhopmupoBanre HOBOW (a3bl (CHIEpHUTa), COACpXKAIIeH aTOMBI Fe*', u MAarHUTOYIOPSI0YEHHON
¢daser (M®D), coneprkarieid aToMbl Fe’". Anamms cnektpa nipu 7 = 82 K mo3Bonmi cienath BBIBOJ,
yT0 (popmupyromasics M@ sBisieTcs CMeCblo reMaTUTa U MarreMuTa, U B IIPOLECCe pocTa OaKTepuu
IPOUCXOAMNIIO 00pa30BaHNE HAHOYACTHII, JEMOHCTPUPYIOIIUX CyllepapaMarHUTHOE MTOBECHHE.

HccnenoBaHusl mokasanu, YTO MPHU POCTE Ha aleTaTe TaKKe MPOUCXOJUIO BOCCTAHOBJIEHHE
atomoB Fe’™ B ctpykrtype CO u Oosblias 4acTb OOpa30BaBIIUXCS aTOMOB Fe’" maxomurcst B
CTpyKType cuueputa. AHanu3 cnekrpa npu 7 =82 K mokaszan, uro B 3Toii cepunn M®D He
oOpazyercs.

JIUTEPATYPA

1. Zhilina T. N. Fuchsiella ferrireducens sp. nov., a New Haloalkaliphilic, Lithoautotrophic
Homoacetogen Capable of Iron Reduction, and Emendation of the Description of the Genus
Fuchsiella / T. N. Zhilina, D. G. Zavarzina, E. N. Detkova, E. O. Patutina and B. B. Kuznetsov //
Int. J. Syst. Evol. Microbiol. —2015. — 65. — P. 2432-2440.
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HUccnenoBanue pparMeHTOB MeTeopuTa «Ye a0MHCKU I
METOA0M SI/ICPHOIl rAaMMAa-Pe30HAHCHON CIIEKTPOCKOIINH

I'yceiinoB M.M.l, TackaeB C.B.z, Kamuion I/I.K.l, Ka3anosa D.'

"Hnemumym usuxu JHL] PAH, Maxauxana (Poccus)
"Yenabunckuii 2ocydapemeentviii ynusepcumemy, Yensounck (Poccus)
gusmagm(@yandex.ru

Study meteorite fragments “Chelyabinsk™ by nuclear

gamma-resonance spectroscopy
Guseynov M.M., Taskaev S.V., Kamilov L.K., Kasanova E.

The results of the Mossbauer studies of one of the fragments (Ne 2) meteorite "Chelyabinsk"
over a wide temperature range showed presence of iron ions in the fractions of different
crystallographic positions and physical-chemical conditions. The temperature dependences of the
main parameters of the Mossbauer spectra of *’Fe nuclei in certain temperature ranges undergo
jumps, indicating the structural phase transitions, contributing to the formation of favorable
conditions for the magnetic ordering. As a result, the effective magnetic field in the iron nuclei in
the temperature range (570 — 650 K) grow from 100 to 500 kOe.

Pe3synbpTarel MEccOAy’pOBCKUX HCCIIENOBaHUN (parMeHTOB MeTeoputa «YensOuHCKuil» B
IIUPOKOM HHTEpBAJIC TEMIICpATyp IMOKa3aJld HAJIWYWEe B HUX (PAKIUI HOHOB JKeje3a B Pa3HBIX
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Puc. 1. TemneparypHasi 3aBUCUMOCTb 3((PEKTUBHBIX MAarHUTHBIX MOJIEH Ha siipax *’Fe Bo
¢dparmenTtax Nel(B) u No2(A) meteopura «HensiOuHCckuii»

KPUCTALIOTPAQHUECKUX TMONOKEHUSIX U (PUIUKO-XUMUYECKUX COCTOSHUSX. TemmeparypHbIe
3aBHCHMOCTH OCHOBHBIX I1apaMETPOB MECCOAYIPOBCKHMX CIEKTPOB siaep 'Fe B OTHCNBHBIX
WHTEpBaJIaX TEMIIEpaTyp MPETepHeBAIOT CKAYKH, YKa3bIBAOIIME HAa CTPYKTYpHBIE (Ha30BbIC
nepexopl, cnocoOcTByoNMe (HOPMUPOBAHUIO OJNATONPUSATHBIX IS MAarHUTHOTO YTOPSIOYCHHUS
cocrossHuil. Ha puc.l manwl TemmeparypHble 3aBUCUMOCTH 3()PEKTUBHBIX MArHUTHBIX IOJICH Ha
sapax °'Fe Bo dparmentax Nel(B) u Ne2(A). CrieKTpbl H3MepsIuch Ha criektpomerpe MS-1104Em
B PEKHUME MOCTOSIHHBIX YCKOpEeHUH. VMCTOYHUMK Y-U3IIyyeHus — >TCo(Cr). OO0pasibl TOTOBUIKCH
M3MENTBUYCHUEM B araToBOM CTyIme mopoiika (pparmeHToB MeTeoputa (pasmep gactuil ~ 0.01 — 0.02
MM). MopenbHas pacmu@poBKa CEKTPOB OCYIIECTBISIACH ¢ MOMOIIBI0 mporpaMMbl UnivemMS.
3HayeHue xz He nipeBbImano 1.5. J{ns kanuOpoBKY KAkl CKOPOCTEH UCIIOIb30BaNIOCh o-Fe.
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MéccOayIrpoBcKasi CIEKTPOCKONUS MATHUTHOMN (ppakuuu
U3 I1yOOKOBOJHBIX OKCAHUYECKUX OTJIOKECHU M

CeabmoB H.A., 3aayukuii A.A., lIkoasHukos E.H., Mopo3os B.B.

Apocnasckuti cocyoapcmeeHtblil mexHuyeckutl yuusepcumem, Apocnaénv (Poccust)
zalutskii@mail.ru

Maossbauer spectroscopy of the magnetic fraction

from deep ocean sediments
Sed’mov N.A., Zalutskii A.A., Shkolnikov E.N., Morozov V.V.

By Mdssbauer spectroscopy, scanning electron microscopy and thermomagnetic analysis 13
samples of the magnetic fraction have been studied. The samples were extracted by magnetic
separation from deep-sea clays of the Indian and Pacific oceans. Non-stoichiometric magnetite and
hematite are the main minerals of the samples. Mossbauer data indicate isomorphic substitutions in
the lattice of magnetite.

Metogom MéEccOaypoBCKOM CIEKTPOCKOINHU, 3JIEKTPOHHOW pacTpOBOM MHUKPOCKONHUU H
TEPMOMAarHUTHOTO aHAJINW3a M3y4Y€HbI JIB€ MAPTHUM MAarHUTHBIX MUKPOUYACTHUI] U3 INIyOOKOBOIHBIX
JOHHBIX oTiokeHuil. [lepBas maptus (5 00pa3LoB) MOJy4yeHa METOJIOM MAarHUTHOM Cemapanuu u3
riTyOOKOBOAHBIX TJIHMH, NOAHATHIX ¢ rryomHbl 5000 M B 3amamHo-ABCTPaNIMHCKON KOTIOBHHE
Wupniickoro okeana. Bropas nmaptust (8 00pa3noB) u3BjeueHa U3 TIAMHACTHIX JOHHBIX OTIIOXKCHHUN
Tuxoro okeana, MOJHATHIX ¢ TIIyOuHBI 5700 M.

C noMmouipl0 pacTpoBOM  AJNEKTPOHHOM MHUKPOCKONMM  H3ydaluch Mopdonorus u
IpaHyJIOMETPUYECKUI COCTaB O0Opas3loB. YCTaHOBIEHO, YTO O00paslbl COCTOAT M3 YEPHBIX
HENpPO3payHbIX YacTULl HENPaBUIbHOU popmbl. MIHOrIa BCTpeUaroTCss KpUCTAUIbl OKTa3ApUYECKOM
(hOopMBI CBOWCTBEHHBIC MAarHETUTY. Psii 4acTHIl HMEIOT MpaBHIBHYIO chepuyeckyro hopmy, HO UX
KOJIMUYECTBO He mpeBblaeT 1 — 2 % ot o01ero yucia yacTull.

MéccOayspoBCKHE CHEKTphl BCEX HM3YYEHHBIX OOpa3llOB BeChbMa CXOIHBI MEXKIy COOOM.
OCHOBHBIM MHUHEpAJIOM, BXOJSIIMM B COCTaB MarHUTHOH (pakuuu W3 JOHHBIX OTJIIOXKCHHH,
SIBJIIETCS MarHeTuT. B HeKOTOphIX 00pa3nax oOHapyKEHO HE3HAUYUTEIbHOE KOJINYECTBO IeMaTuTa,
KOTOPBII 00pa3oBasICsi, BEPOSATHO, MPU OKUCIICHUU MarHETUTA.

OTnuunTenbHas 0OCOOCHHOCTh MarHeTHTa, 3aUKCHPOBAHHAS IO MECCOAYIPOBCKUM CIIEKTpPaM,
€ro HEeCTEOXMMETPUYHOCTh. B OOJBIIMHCTBE CIEKTPOB HMEETCS 3aMETHOE YIIMPEHUE JIMHUMN
CEKCTETa, OTBETCTBEHHOTO 3a MAarHETUT. OJTO MOXET CBHUJAETEILCTBOBATH 00 W30MOP(HBIX
3aMEILIEHUSX B pEeIIeTKe MarHeTuTa. JlomoJHUTENbHO MEXaHU3M 3aMEIEeHUs TOATBEPKIAETCS TEM,
YTO MO JAHHBIM TEPMOMArHMTHOTO aHanu3a Temneparypa Kropu OosbLIMHCTBA HCCIIEJOBAaHHBIX
obpasuoB Hmxe Ha 30 —40°C, yeM y «uucroro» Maraetuta. C MareMaTudecKod TOUKH 3pEHUS,
IIPE/ICTABIEHHBIE CIIEKTPBI MOXKHO C JOCTATOYHO XOPOIIEH TOYHOCTHIO ONUCATh HE ABYMsI, a TPEMS
cekcteraMu. [Ipy 3TOM MONYIIMPHHBI TUHUNA B CEKCTETaX MAarHETUTa OJIM3KH, a BETUYMHA KPUTEPUS

2
X HCCKOJIBKO HHIKEC, YCM IPHU alllIPpOKCUMAIIUU UCXOAHOT'O CIICKTPa ABYMA CCKCTCTAMM.
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MéccOay3poBcKHe HCCIeI0BAHUA XAJIbKOTCHUIO0B Keje3a

Measenkas ML.YO.!, Uucraxosa H.N.', Berukos A.JO.', [Kozepenko C.B.]] Pycakos B.C.'

1 . .
Mockosckuii eocyoapcmeennwiii yHusepcumem um. M.B.Jlomonocosa, Mocksa (Poccust)
2 .
Hncmumym ceoxumuu u ananumuyeckou xumuu um. B.U.Bepnaockoeo, Mockea (Poccus)
irina.medv94@gmail.com

Maossbauer studies of iron chalcogenides

Medvetskaya I.Yu., Chistyakova N.I., Bychkov A.Yu.,|[Kozerenko S.V.]|Rusakov V.S.
Three different types of hydrothermal synthesis of iron sulphides and selenides were

investigated. Amorphous hydrated iron monosulfide; aluminum sulfide Al,Ss; aluminum selenide
Al,Se; were used as precursors for these syntheses.

Peakiun cynbpuaooOpa3zoBaHus CUMTAIOTCS BaXXHBIM (AKTOPOM B TJIOOQIBHBIX ITUKIIAX
yTJIEpOAa, CEPHI U XKeje3a B YCIOBUAX 36MHOU KOpbl. CelleHn bl Kele3a He TaK paclpOoCTPAHEHBI,
OJTHAKO WX TMOJYTIPOBOJIHUKOBBIE CBOHCTBA MPEICTABISIOT OTPOMHBIM HHTEPEC [T N3yUEHHUS.

Ilenbto naHHOM pabOTHl OBLIO HCCIENOBAaHHE METOJaMU MECCOAay’POBCKOM CIIEKTPOCKONHUU
Pa3NUYHBIX CIIOCOOOB THAPOTEPMAILHOTO CHUHTE3a CyNb(OUIOB M CEICHHIIOB JKejle3a B clydae
WCTIOJIB30BAaHUS B KAQ4eCTBE MpPEKypcopa: aMOp(HOTO THAPATHPOBAHHOTO MOHOCYJIb(GHUIA JKele3a;
cyneduna amomunus Al,S;; cenennma amromuaus Al,Ses.

MéccbayspoBCKHE  HMCCIEIOBAHUS  NPOBOJWIMCH TIPM  KOMHATHOHW  TeMmIeparype C
HCIIONIb30BaHMEM HMCTOYHMKA ~ Co B Martpuue Rh Ha crextpomerpe MC11019. B pesyibrate
MIPOBEJICHHBIX MCCIEA0BAHNN NOMYUEHBI CIENYIOLINE PE3YIbTATHI:

1. B ciydae mcronb30BaHMsl Ha HAYalIbHBIX JTanax CHUHTE3a aMOp(HOrO THAPATHPOBAHHOTO
MOHOCYJb(H/IA jKeIe3a B Ka4eCTBE MPEKypcopa YCTAHOBJICHO, YTO TPU TEMIIEpaTypax CHHTE3a OT
20 °C no 140 °C u3 cynbpuaHbIX MHUHEpaJIOB 00pa3yrTCsl TOJIbKO TPEHIUT U MAKKMHOBUT, IPU
9TOM: a) yBEJIMUEHUE BPEMEHHU CUHTE3a, a TaK K€ MOBBIIIEHHE TeMIiepaTtypsl cunresa ot 120 °C no
140 °C npuBOIUT K YBEJIMYEHUIO OTHOCHTEIIBHOTO COACPXKAHUSA Tpeuruta; 0) mpu Temmeparype
cunte3a Huxke 80 °C oOpazyeTcs m10X0 cOpMUPOBAHHBIM MaKKHMHABUT, Npu TeMieparypax 120°C
u 140 °C cTenenb ero pacCKpUCTaUIN30BAHHOCTH MOBBIIIAETCS.

2. B cinyyae ucronb30BaHMs Ha HAYAJIBHBIX 3TAllaX CHHTE3a B KAUECTBE MPEKypcopa Cyabduua
amromuHus Al,S; ycTaHOBIIEHO, YTO: a) OCHOBHBIMH (hazaMu, KOTOpbIE OOpasyloTcsi B IpoIiiecce
CHHTE3a, SBISIOTCS MarHeTHT, MUPPOTUH W NMHUPHUT; 0) OTHOCHTENBHOE COICpKAaHUE CYIb(UIOB
JKeJle3a BO3pacTaeT MpH 100aBJIEHUH CyJib(paTa MarHusi B peaklIMOHHYIO CMECh.

3. B ciyuae ucnosibp30BaHUs Ha HadaJdbHBIX dTalax CHHTE3a B Ka4eCTBE IIPEKypcopa ceaeHHu1a
amroMuHus AlySe; yCTaHOBIIEHO, YTO: a) OCHOBHBIMHU (ha3aMu, KOTOpPBIE 0Opa3yloTcs B IpoIecce
CHHTE3a, SIBJIIIOTCS MAarHeTUT, MAaKKMHAaBUT, 'eMAaTUT WU CMeElIaHHas ¢a3a CEJICHHUIOB Kele3a
FeSe+FeSe,.,; 6) nmpu no0aBieHUH B PEaKUMOHHYIO CMECh MarHusi OTHOCUTENIBHOE COJEpKaHHE
CEJICHUJIOB JKene3a Bo3pacrtaeT ot 37.5 aT. % 1o 47 at. %.
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MéccOoayrpoBcKkue UCCIECI0BAHUS MIPOILECCOB OMOTEHHOTO
BOCCTAHOBJICHUSI ATOMOB KeJie3a B CTPYKTYpPe NPUPOIHOT0
IJIAYyKOHHUTA

YucraxoBa H.I/I.l, ITyeanna I[.I/I.l, HlankuH A.A.l, 3aBap3una J.I' .2,

I'aBpuiios C.H.?, Pycakos B.C.!

"Mockoscrui 2ocyoapcmeenusblil yrusepcumem umenu M.B.Jlomonocosa, Mockea (Poccus)
Unemumym Muxpo6uonozuu um. C.H. Bunozpadckozo PAH, Mockesa (Poccus)
di.pchelina@physics.msu.ru

Maossbauer study of biogenic reduction processes of iron atoms in the

structure of natural glauconite
Chistyakova N.I., Pchelina D.I., Shapkin A.A., Zavarzina D.G., Gavrilov S.N., Rusakov V.S.
Mossbauer study of biogenic reduction processes of iron atoms in the structure of natural
glauconite were carried out for different times (0—960 hours) of cultivating the bacterium
C. thermautotrophica. Changes in the structure of glauconite were not observed in the first stage.
The formation of siderite FeCO3; was observed on the second stage, further there was an increase in
the relative concentration of FeCO:s.

B pabote MeTomamu MEéccOay?pOBCKON CHIEKTPOCKOITMH BIEPBbIC OblIa MCCIeI0BaHa KHHETHUKA
npouecca OaKTepUaJIbHOIO NPeoOpa3oBaHUsl CTPYKTYypbl TIJayKOHHUTAa B IPOLECCE poCcTa U
XKU3HenesTenbHocTn Oaktepuent Carboxydocella thermautotrophica, BBIIECTCHHOW W3 HA3EMHBIX
ropsiYMX MCTOYHMKOB JojuHbl ['eiizepoB Ha Kamuartke. Bpems KynbTuBHpoBaHMs OakTepuu
M3MEHSIOCh B mpenernax ot 0 yacoB 10 960 yacoB. MéccOaysapoBCcKre HCClIeIOBAaHUS IPOBOIUINCH
TIPU KOMHATHON TEMIIEPAType C HCIONb30BAHAEM HCTOYHHIKA ~ Co B MaTpuiie Rh Ha criekrpomerpe
MC11013, paboTaromieM B peskuMe MOCTOSHHBIX YCKOpeHuid. OO0paboTKa CIIEeKTPOB MPOBOINIACEH B
paMKax MOJEIBHOW pacHIM(PpPOBKU TMAPIHAIBHBIX CHEKTPOB C HCIOJIB30BAHUEM MPOTPAMMEI
SpectrRelax. beuto ycraHoBiIeHO, YTO MpoIecc pocTa OakTepwH pasfensiercs Ha Tpu dtama. Ha
MEPBOM JTare He HAOIIOAAIOTCS M3MEHEHUS B CTPYKTypE TJIAyKOHHUTA, YTO OOYCIOBIEHO POCTOM
C. thermautotrophica 3a cuer oxucienus CO. Ha BTopom stamne nocie nosHoro ucuepnanusi CO
Oakrepuet C. thermautotrophica nHabmonaercs QopMupoBaHHE HOBOW (a3bl, SBISIOMIEHCS
cugeputoM FeCOs;. Ha tperbem sTame mpoucxoauT aOUOT€HHOE YBEJIMYEHHUE OTHOCUTEIHHOTO
comepxaHus cupepura. Ha BTOpoM W TpeTheM »dTamax pocta OakTepud C pPOCTOM BPEMEHHU
Ky/bTHBHPOBAHNS GAKTEPHH BO3DPACTAET OTHOCHTEIBHOE COfepieHHe aTtoMoB Fe’' B crpykType
IIIAyKOHHTA M yMEHBIIAETCS OTHOCHTEIBHOE COJACpKeHHe aToMoB Fe’', Haxomsmmixcs B Iuc-
OKTadJIpax CTPYKTYphI IIayKOHUTA.

XIV Mossbauer spectroscopy and applications, Kazan, 2016
162



VII Mineralogy geosciences, ecology and a cultural heritage P VII-8

MécchayIrpoBcKoe UCCIeI0BAHME TIMHBI CTHIKOBOI0 COCIMHEHUS
OpeBeHYaTOro coopykeHust Topenkoro nmocejieHust

IlsaTaeB A.B., Basimyauna C.U., UBanoBa A.I'., Boponuna E. B.

Kazanckuii gpedepanvusiii ynusepcumem, Kazanwo (Poccus)
151Eu@mail.ru

Maossbauer study of the clay from the log butt-joints of log building at the

Toretskoe settlement
Pyataev A.V., Valiulina S.I., Ivanova A.G., Voronina E.V.

Comparing the clay samples from the log butt-joints and the samples of ceramic sherds from
the Toretskoe settlement has been performed by Mdssbauer spectroscopy. It is shown that the clay
from log butt-joints of log building at the Toretskoe settlement and the clay used in the production
of the old-Russian and "Slavyanoidnaya" pottery are identical.

C uenpio onpeaeneHus: MECTa M3TOTOBIIEHUSI COCY/IOB JIPEBHEPYCCKOTO U, TaK HA3bIBA€MOTO,
CJIaBSIHOMTHOTO TUIOB, 0OHAPYKEHHBIX Ha TopenkoM ropoJckom noceieHuu panHero Kazanckoro
xanctBa  [1], wmeromom  mé&ccOay’poOBCKOM

CIICKTPOCKOIINU BBITTIOJIHEH CpaBHI/ITeJ'IBHHﬁ

aHanu3  oOpasna TJIMHAHOW  OOMa3ku |3

MEKBEHIIOBOTO IIIBA CTOPEBIICH OpeBeHYATOM
MOCTPOMKH U 00Opa3loB KepaMUYECKHUX COCYAOB,
MaccoBO  MpEACTaBICHHBIX Ha  Topeukom
noceneHuu. B pabore mokazaHa WACHTUYHOCTH

Transmission, %

JIMHBl W3 MEXBEHIIOBOTO IIBA COOPYXKCHHS H s i o N s
[JIMHSTHOTO ~ CBIPBS,  HCIIOJIB30BABIIETOCS — TIPH 05 0 5 10
V, mm/s

WU3rOTOBJICHUM TOPLICYHOM JPEBHEPYCCKOM U
Puc. 1. Méccbay>poBCcKuii CEKTp

oOpa3ua riIuHbl U3 MEKBEHIIOBOT'O 1IBa

OpeBeHUYaTOro coopyskeHust Topenkoro
IIOCEJICHM ], IOJYYEHHBIN IPY KOMHATHOU
Ne 16-06-00453 a. TeMIIepaType

CIaBSIHOMAHON Tmocyasl Topemkoro mnoceneHus

[2].

Pabota moanepxana rpantom PODU, npoekt
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Eastern Europe “triangular” lead-silica glass beads of the 11-early
12th centuries: Mossbauer studies

Valiulina S.I., Pyataev A.V., Ivanova A.G., Voronina E.V.

Kazan Federal University, Kazan (Russia)
151Eu@mail.ru

Within the large framework of problems concerning the genesis of the lead-silica (Pb-Si) glass
production in the Eastern Europe, including the glass of the ancient Russia, the origin of the so-
called "triangular-shaped" beads has recently emerged full blown. Elegant red-brown, dark gray or
green beads (diameter 4—8 mm, 3—5 mm in height) look like triangles for three equally spaced
convex yellow-green eyelets. There is a version that the triangular beads are of Byzantine origin,
especially considering similarity of the color palette of opaque beads with coloring brown, yellow
and green Byzantine mosaics and glazed ceramics. Triangular beads and Byzantine glazes are
similar in chemical composition also. It is important to note that the area of the considered beads
often coincides with the area of other Byzantine necklaces, bracelets, coins, parts of the belt
headset, icons. In general, the list of sites and arecas where the triangular beads were found,
delineates a sufficiently wide area from the Rhine (Espenfeldt) to the Middle Volga and from the
lower reaches of the Danube (Preslav) and the Azov Sea to Beloozero, to the Baltic States and
Scandinavia. The largest number of triangular beads were found in Izmerskoe Village - large trade
and handicraft factory in the late 10 — 11 centuries located in the Middle Volga at the mouth of the
Kama. There are many successful examples of Mdssbauer spectroscopy application for lead-silica
glass analysis. MoOssbauer spectra for a series of triangular beads were measured. The presence of
the high-spin iron-oxides in the beads is convincingly demonstrated. As an example, spectrum of
the sample prepared from beads of Izmerskoe Village obtained at room temperature. The spectrum
of this sample contains the component corresponding to the magnetite — Fe;O4 with a partial area
~ 20 %. This fact suggests that a significant proportion of the bead material has a crystal, but not an
amorphous structure, in contrast to the alkali glass, which is amorphous in its nature. The presence
of the oxide in the glass composition can be correlated with the features of the raw base for the
glass or can characterize the technological process of this type of glass. The Mdssbauer study of
triangular beads series from various sites (the Beloozero, the Mari burial mounds and the north-
eastern Russia) allowed to differentiate the origin of the glass products of these monuments.
Combined with petrographic and SEM methods the Mdssbauer research provides an opportunity to
determine the different sources of lead-silica beads of the same morphological type that were in use
during the 11th - 12th centuries.

This work was supported by the Russian Foundation for Basic Research (grant 16-06-00453 a).
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New model for acoustically induced Mossbauer sidebands from a
single parent line

Shakhmuratov R.N."?, Vagizov F .G.2

'Kazan Physical-Technical Institute, Russian Academy of Sciences, Kazan (Russia)
’Kazan Federal University, Kazan (Russia)
shakhmuratov(@kfti.knc.ru

Splitting of Mdossbauer single parent line of the vibrated absorber into many sidebands was
observed long time ago [1]. The intensity of the sidebands has not been yet satisfactory explained.
There are two models of coherent and incoherent vibrations of nuclei in the absorber [2]. Coherent
model implies piston-like vibration of the absorber giving the intensity of the n-th sideband
proportional to the square of Bessel function J(m), where m is the modulation index. Incoherent
model is based on the Relay distribution of the nuclear-vibration amplitudes in the absorber giving
the intensity proportional to exp(—m®)I, (m”>), where I,(m?) is the modified Bessel function. Both

models and their combinations cannot describe accurately the absorption spectrum of vibrated
absorber (see Fig. 1). We proposed a new distribution of the nuclear vibration amplitudes, which
gradually changes depending on a particular parameter ¢. Our distribution tends to delta-like,
inherent to coherent model if ¢ — 0, or it tends to Relay distribution inherent to incoherent model if
o — 1. With this distribution we obtained excellent fitting of the experimental spectra (see Fig.2).

¢
10 Ia + * 4 1.00
' Wﬁ“ﬁ#ﬁ&» ‘. #H“M'M‘%*m 005
KEHANEENIER O
SRR
S 09 4 "+‘ 'f | S_‘:nm
; "# { Nf ‘J"* *’ tﬂ ¢ -é 085
] RA AN - T
ook . L -
= [emhm) Y =10z S !
non coherent *‘ m = 3.66 OB F =10V , :
o7l G =0.31 mm/sec ool MTA3 B e
n717mos o a=085 2
=17 1. 1564E5394624554
T T T e S B N S S R
Velocity, mm/sec Velocity, mm/sec
Fig. 1. Experimental spectrum for enriched Fig. 2. Experimental spectrum for enriched
K4Fe(CN)g-3H,0 (dots) and conventional fitting K4Fe(CN)6-3H20 (circles) and fitting with
(solid line) [2] the help of our model (solid line)
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Registration of the radiation from Mossbauer ~~~Sn source

with superconducting tunnel junction detectors

Romashkina I.L., Kozin M.G., Koshelets V.P., Filippenko L.V.
Pulse-height spectra from ''"™Sn Mossbauer source were registered with Nb-based

superconducting tunnel junction detectors.

Panee HaMu IpOJEMOHCTpUPOBaHA BO3MOKHOCTh PETHCTPAIMM PEHTIE€HOBCKOIo n3iyueHus Fe
Ko u Kg, y-nmyueii 14.41 x3B ot ucrounuka ’Co(Rh) [1], a Takxke KOHBEPCHOHHBIX JIEKTPOHOB,
BO3HHKAIOIINX IPH OOJYYEeHHHM ATHM HCTOYHHKOM pe30HaHCHOro paccewBarenss RhFe [2], ¢
nomortesio CTII-gerekropoB Ha ocHOBe HHOOUS (CTII — cBepXTIpOBOASIINI TYHHETBHBIN TIEPEXO]).
B nmanHO#l paboTe ¢ MOMOIIBIO TaKUX JETEKTOPOB IMPOBEICHA PETUCTpAIMs CIEKTpa W3ITyUYCHHUs
MEccOaydpoBCKoro uerounuka | Sn (puc. 1).

B kadecTBe [€TEKTOPOB HCIOJIb30BAIUCH

Sn L Sn y escape

CTII pazmepom 100 u 150 MKM co CTpyKTypoii 34dkeV 7.25887352keV
. N Jiinte | caka hsn i

Ti/Nb/Al,AlO/Al/Nb/NbN (TONIIMHBI I i Llaaekeu \ Fsgsgmggm
30/100/8.1/13/150/30 um). Ucrounuk
pacmojiarajcsi HaJ YWIIOM C JETeKTOopamMHu B »« | ‘

2004
HU3KOTEMIIEpaTypHOH Kamepe, 3aloJHEHHOMN k Sn Kp escape

11,874 & 11,968 keV

TETI00OMEHHBIM rejiueM. N3mepenus _ gy g

1004 '.a, / 23,87 keV/
npoBeaeHbl npu 7'=1.4 K B MarHutHoM IoJje 'Wﬁ. expected
nopsiaka 100 D, NOpUIIOKEHHOM B IJIOCKOCTH M‘*m- /

o . . . Phlhsdatibionon )
TYHHEJBHOTO Tiepexona. MeéccbayspoBckas Y- 200 400 600 800

channel number

JMHWIA - HE  BHIHA  W3-3a  Malon  TOIIUHBL  ppe | Chexrp n3myuenns mécc6ay3poBCKOro
JIETEKTOpa ¥ HU3KON aKTMBHOCTH MCTOYHHKA. rcToynnka ' "Sn B Matpuie CaSnOs,

nosyueHHbIi ¢ momorisio CTII-nerekTopa
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DJIEKTPOHHAs MéccO0ayIpPOBCKasl CIIEKTPOCKONUA
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Electron Mdssbauer spectroscopy
Kozin M.G., Romashkina I.L.
State of the art in the conversion electron Mdssbauer spectrometry (CEMS) is briefly surveyed.
Application of superconducting tunnel junction detectors for this method is proposed.

Metomuku CEMS paccmorpenst B 003ope [1]. B mokmname mpenmnomnaraercss naTh KPaTKYHO
XapaKTePUCTHKY Ppa3IMYHBIX CIIOCOOOB PErHCTPallMU AJIEKTPOHOB C aKIEHTOM Ha T€ W3 HUX,
KOTOpBIC MOTYT OBITh HCITOJIb30BAHBI TIPU TEMIIEPATypax HIKE KOMHATHOM.

Mpbl  uWIeM BO3MOXKHOCTH TIPAMEHEHHS B OTOM METOJE JETCKTOPOB HAa OCHOBE
CBEPXMPOBOAIINX TyYHHENbHBIX nepexoaoB (CTII). Dta paboTa HaUMHAETCS C PErUCTPALMU C UX
MTOMOIIIBIO CTIEKTPOB M3IIy4eHUSI MECCOAYIPOBCKUX UCTOUHUKOB. VICTIONB3ys IETEKTOPHI HA OCHOBE
Nb, s °’Co Ham yanoch 3aperiucTpUpOBaTh EKTPOHHBIE CHIHAIBI, BO3HUKAIOLINE PH PaspsiIke
méccbayapoBckoro spa ~ Fe [2]. Anamormunas pabora mist SN HAXOAMTCS HA HAYAIBHOM
JTarne.

N3-3a manoii momaau u tommuubl CTIT neTekTopoB uccienyeMblit oOpasell Hajlo TOMeNIaTh B
KpHOCTaTe B HEMOCPEICTBEHHON OJIM30CTH K HHMM, a MCTOYHUK BHE KPHOCTAaTa JOJDKEH UMETh
JIOCTaTOYHO BBICOKYIO aKTHBHOCTh. OcHOBHBIM mpeumytiecTBoM CTII neTekTopoB sBISETCS UX
BBICOKOE DHEPreTHUECKOE paspellieHHe, MPEBBIIIAIONIee pa3pelIeHne HE TOJBKO Ta30BBIX, HO U
MOJTYTIPOBOTHUKOBBIX JIETEKTOPOB. DTO MO3BOJSET OTAEIBHO PErHCTPUPOBATH IIEKTPOHBI PAa3HBIX
SHEpruii u Onarojapsi TOMy IMOIy4aTh CEICKTUBHYIO 1O TITyOHHE HHPOPMALIUIO.

Pesynbratel, momydaemble ¢ momorbto CTII gerekTopoB, MOTYT OBITH COMOCTABIEHBI C
JMOCTHXEHUSAMHU Tpynnbl CaBHIIKOTO, TOMYYCHHBIMH C HCIOJIB30BAaHUEM KaHAJITPOHOB, U C
pe3yibTaTaMu TPYIIBI SIIOHCKAX aBTOPOB, JUTUTEIIEHOE BpeMs pa3palaThIBABIIMUX 3aIllOJIHCHHBIC
reJINeM I'a30Bble CUETYUKY (CM. CCBUIKHU B [1]).
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KoMmnbrorepHas nporpamMMa uisi F[pynnoBoi o0padoTku
MéccoayspoBckux cnekTpoB «Happy Sloth»

Jesun .M., Teaymenko C.K.', Ilepduiases 10.]1.°
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Happy Sloth PC program for the collective fitting of Moessbauer spectra

Levin D.M., Dedushenko S.K. and Perfiliev Yu.D.
New PC software allowing to fit several Mossbauer spectra together can be downloaded from

the web-site www.HappySloth.ru.

XOopoIIo W3BECTHO, YTO MpU 00paboTKe MECCOAYIPOBCKUX CIIEKTPOB HA MapaMeTphbl (PyHKIHH,
OITUCHIBAIOICH IKCIIEPUMEHTAIBHYIO KPHBYIO ITOTIONICHUS, HAJIAraloTcs cBsi3u. HajoxeHue cBsizeit
MOKET TMPUHECTH IMOJIb3y U MPH COBMECTHOH 00pabOTKEe HECKOJIBKUX CHEKTpoB. Ecium, Hanpumep,
Ha0Op CIEKTPOB COOTBETCTBYET CTAIUSIM PA3JIOKEHUs BEIIECTBA, TO CBS3BIBAHUE MEXIY COOOM
1apaMeTpoOB KOMIIOHCHT pa3JIMYHBIX CIEKTPOB (M30MEpHBIX  CJIBUTOB, KBaJPYIOJBHBIX
paclieIUIeHHd U Tp.), OTHOCSIIMXCS K OJHOMY XHMHYECKOMY COCTOSIHHUIO MECCOaydpOBCKOTO
ANIeMEHTa (B YaCTHOCTH, K MICXOJHOMY COCTOSIHHIO) MOJKET OBITh pa3yMHBIM U TTOJIC3HBIM.

Bo3MokHOCTH 00pabarhiBaTh OJHOBPEMEHHO HECKOJBKO CIIEKTPOB C HAJIOKCHUEM YKa3aHHBIX
cBszell mpenocraBisier mporpamma Happy Sloth, koropas amantupoBana s pabotrer ¢ OC
Windows 10. ITporpamma pacripoctpansieTcs: 6ecriatao yepe3 caidt www.HappySloth.ru.

ChoekTpsl B TporpaMMme amnmpoOKCHMHUPYIOTCS TONbKO ayOneramu. dopma Kakaod JWHHH
nyonera coorBeTcTByeT mnpodmmo Doiirra. 3nauenue ¢ynkiun Doiirra ompenensercs MmyTeM
OPSIMOTO YUCIICHHOTO HMHTErpupoBaHus. [ yCKOpPEHUs BBIYMCICHHH TeHEepHpyeTcs Taliuia
uHTErpasioB o0beMoM okosio 110, koTopas 3arpykaercsi B ONEpAaTUBHYIO MaMsTh. JI0ObIC maphl
MapamMeTpoB OIHOTO WJIM PAa3HBIX CIHEKTPOB MOTYT OBITh CBSI3aHBI MEXIY COOOH JIMHEHHBIM
ypaBHEHUEM JIMOO HEPABEHCTBOM C JOIOJHUTEIBHBIM ILIABAIOIIAM CJIaraeMbIM, MO3BOJISIOIIUM
HporpaMMe BapbHpOBaTh YCTAHOBICHHOE COOTHOIICHUE B HEKOTOPOM MHTepBaie. [IpenycmoTpena
BO3MOXKHOCTh  «3aMOpPO3KW» JIFOOOTO KOJWYECTBAa 3arpy’KeHHBIX CIEKTPOB, YTO IO3BOJIAET
00pabaThIBaTh TOIBKO HEOOXOAUMYIO BBIOOPKY, HAIIPUMED, OIUH CHEKT.

[lpu pa3paboTke CTaBHJIACh II€7h MaKCHMAJBHO YNPOCTHTh HHTepdeiic. B mporpamme He
UCTIONIB3YIOTCSI Pa3MEPHOCTH, HET CIEIHalbHOrO BBOAA Uil KaluOpoBoK W mp. OOmeHune c
MPOrpaMMOi OCYIIECTBISICTCS] CTaHAaPTHON MBIIIBIO C JAByMs KHOIKaMHU M KOJISCOM; KJIaBHATypa
HEoOXOoIMMa TONBKO JUIs BBOAA OyKBEHHO-IM(poBoW uHpopMmanuu. s ymobctBa pabOTHI
PEKOMEHTyeTCSI UCTIONB30BaTh HECKOJIBKO MOHUTOPOB, YCTAHOBIICHHBIX B PS/I.

[lporpamMmma uMeeT BO3MOXKHOCTH JUIsi BBIOOpa ajirOPUTMOB BBIYMCICHHS, a TaKXKe s
onTtumu3anuu B3aumozeicteus ¢ OC.
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MeToa KOPPEKTHOr0 y4€Ta TOJIIMHBI MOIJIOTHTEISI IPU 00padoTKe
MéccOayspoBckux cnekTpoB B nporpamme DISCVER
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Method of the correct account for the absorber thickness when processing

Maossbauer spectra in the program DISCVER
Bokov A.V., Perfiliev Yu.D, Filippov V.P., Chuev M.A.

Method of the correct account for the thickness of the Mdssbauer absorber is applied to analyse
spectra of reference samples for establishing fraction of resonant y-quanta in total radiation flux.
The correction procedure for the experimental data is compared with the direct calculation of the
spectra of thick samples to determine its effect on the correlation properties of the original data.

B HacTosmeit paboTe permaercs 3agava onpeaesieHUs 0 Pe30HAHCHBIX Y-KBAaHTOB B OOIIEM
IIOTOKC H3ITYy4YCHUA HYTéM HN3MCPCHUA CIICKTPOB J3TAJIOHHBIX 06pa311013 BaﬂaHHOﬁ TOJIIIUHBI C
MOCIICYIOIMUM aHAIM30M B IMporpamme oopaboTku MéccOayspoBckux manHbix “‘DISCVER” [1].
Takoil TOIXOJ OCHOBaH Ha BO3MOXHOCTH MPOTPaMMBI pabOTaTh CO CIEKTPaMH «TOJCTBIX)»
00pa3moB Onarogapsi Npoleaype KOPPEeKIUH JaHHBIX Ha TONIUHY MOrioTHTeNs. [IpemiokeHHbIi
METOA BbI'OAHO OTJIHNYACTCA OT paCHPOCTpaHéHHOFO, HO TIPAKTHYCCKH HCKOHTPOJIUPYEMOIro
Croco0a «IOYTH IMOJIHOT0» OTCEYEHUS] PE30HAHCHBIX KBAaHTOB. OOCyk1aeTcsi BIUSHUE IPOLEAYPbI
KOPpPCKIOMHN HAa KOPPEIALUOHHBIC CBOMCTBA SKCIICPUMCHTAJIBHBIX CIICKTPOB HAa NMPUMECPE CPABHCHUA
HOFpGHIHOCTGfI MOZACJIbHBIX IapaMCTPOB, OLNCHCHHLIX II0 «JIWHCAPU30BAHHBIM» JIAaHHBIM, C

HaWJIEHHBIMH Ty TEM TPSMOTO pacyéTa KPUBBIX MOTIIOMIEHHUS «TOJCTBIX» 00pa3ioB (cM. Tabnwmiry 1).

Tabnuya 1. MéccbayspoBckue napamerpsl oopasua K4[Fe(CN)g] ¢ miotHocThI0 30 Mr/cM” U HX
HOTPEIIHOCTH TIPU 00pabOTKE CKOPPEKTUPOBAHHOT'O CIIEKTPA U MPU aHAIM3E UCXOAHBIX JaHHBIX

D¢ dekTuBHAS TONIINHA OmmOka rnpu KOppEeKIUH CIIeKTpa 0.697 0.002
MIOTJIOTUTEIIS Hctuanas ommbka ’ 0.003
OmmbKa npu KOPPEeKLUH CIIeKTpa 0.0003

nu i 21
30MCPHBLI CABHI, MM/C HcTtunnas ommubka 02198 0.0003
JlopeHuieBo yimmpenue Ommbka Mpu KOPPEKITUH CIIEKTPpa 0.0249 0.0009
JIMHAH, MM/C Hctnanas ommoka ' 0.0009
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Application of Mossbauer spectroscopy with a high velocity
resolution: principles, problems and advances

Oshtrakh M.I., Semionkin V.A.

Institute of Physics and Technology, Ural Federal University,
Ekaterinburg (Russian Federation)
oshtrakh@gmail.com

One of the ways of further development of conventional Mossbauer spectroscopy is related to
increase in velocity resolution (discretization of the velocity reference signal) for both spectrometer
and the spectrum. This leads to more precise adjustment to resonance due to a smaller Doppler
modulation energy step for resonant y-rays. An increase in velocity resolution provides a decrease
in the instrumental (systematic) velocity error and larger number of spectral points which fit much
better the features of the absorption line shape [1]. We compare the results of the high velocity
resolution and conventional Mdssbauer spectra measurements (see Figs. 1 and 2) as well as discuss
problems and difficulties of the high velocity resolution Mdssbauer spectra measurement.
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Fig. 1. Comparison of the RT Mossbauer spectra  Fig. 2. Comparison of the RT Mossbauer spectra
of Mount Tazerzait L5 meteorite measured with  of Ascofer® medicament measured with a low
a low (a, [2]) and high (b) velocity resolution (a, [3]) and high (b) velocity resolution
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Onrumu3anus MEccO0ayIPOBCKOI0 IKCIIEPUMEHTA B FTeOMEeTPUU HA
NPONMyCKaHue
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IHHcmumym ananumuyeckozo npubopocmpoenus PAH, Cankm-Ilemepoype (Poccus)
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Optimization of the Mdssbauer experiment in the transmission geometry
GrebenyukA.V., Panchuk V.V., IrkacvS.M.,Semenov V.G.
The technique of numerical determination of the optimum absorber thickness based on direct

calculation of the transmission integral is proposed. It allows us to receive a given signal/noise ratio
in the minimum experimental time. The influence of the matrix atoms on the value of the absorber

optimum thickness is discussed.

The influence of the geometry of experiment on the different parameters of spectral lines is
considered. Methodical recommendations on the selection of the optimum geometry depending on
the nature of the sample are given.

OmHMM W3 BaKHEHIINX MapaMeTpoB, BIHMSIONIMX Ha KAdeCTBO CIEKTpa, SBISETCS TOJIIMHA
WCCIIEAyeMOTO TOTJOTUTENs. B  Hacrosimeil paboTe mpemyoxkeHa METOAWKa YHCICHHOTO
OTIpeIeIICHUS] ONITUMAIIFHOM TOJIIMHBI U3 TIEPBBIX MPUHIIATIOB, KOTOPAs JAaeT JIyYIliee COBIAICHHIE C
HKCIIEPUMEHTOM TI0 CPAaBHEHHIO C UMEIOIIMMUCS B JINTEpAType MmoaxomaaMu. B xoze uccienoBanus
OBUT C/IeJIaH BBIBOJ O TOM, YTO MPHOETaTh K MPEeIBAPUTEIHHOMY PacdyeTy ONTUMAIBHOW TOJIINHBI
HauboJlee IeTIeco00pa3HoO B CIydae TSDKENBIX MATpPHUIl W HU3KAX KOHIEHTpAIMH PEe30HAHCHBIX
aTOMOB WJIHM MaJIbIX 3HaueHui (paxropa JIramba—MeéEccOayapa. [lokazano, uro Hanmmuue GOHOBOTO
W3IY4YCHHUsST HE BIWSICT HA TIOJOXXCHHE MaKCHMMyMa OTHOIICHWS CHTHAJ/IIyM, KOTOpOE
COOTBETCTBYET 3HAUCHUIO ONTHMAaIHHOMN TOJIIIHHEL.

JpyruM BaXHBIM (aKTOPOM, BIHSIOMIAM Ha HWH(OOPMATUBHOCTH CIEKTpA, SBISIOTCS
TeOMETPUYECKHE YCIIOBUS OSKCIIepuMeHTa. B Hacrosmell paboTe Ha OCHOBE HMEIOIIUXCS B
JUTEpaType aITrOPUTMOB OBUIM CMOJCIHPOBAHBI CIEKTPHI Pa3IMYHBIX COCAMHEHHWH jKesesa,
MOKa3aHbl 3aBUCUMOCTH HCKKEHUS PA3IUYHBIX MapaMEeTPOB CIEKTPAIBHBIX JIMHUH OT CTETICHU
HEKOJUTMMHUPOBAHHOCTH ITydYkKa. J[aHBI METOAMYECKHE PEKOMEHAANWU TI0 BBIOOPY ONTUMAIIbHOU
TEOMETPHUH MPOBEACHUS MECCOAYIPOBCKOTO IKCIIEPUMEHTA.
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IIpumeHneHnune HelpoceTel B 3aa4ax MEéccOayIpOBCKOH
CIIEKTPOCKONMH
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Artificial neural networks applied to Mossbauer spectroscopy
Gostev R.A., Bakirov B.A., Dulov E.N.
Preliminary results of artificial neural networks applications in the field of Mdssbauer
spectroscopy have been discussed. There are two applications considered in this work: digital pulse
processing and spectral data fitting.

HckyccTBEeHHBIE HEHPOHHBIE CETH, B COOTBETCTBMM C M3BECTHOM TeopeMor Koimoroposa,
KoTopas B cepeanHe XX Beka Mo3Boimwiaa pemuth 13-t0 mpobnmemy [mimsbepra, Moryt
paccMaTpuBaThCs Kak 3((GEKTUBHBINA CIOCO0 MOCTPOSHHS aNMpPOKCUMAIMK Uit QyHKIMA MHOTHX
nepeMeHHbIX. B cBOIO ouepenp, anmpoKCHMaNus SKCIIEPUMEHTAIBHBIX JaHHBIX (3a7a4da (GUTTHHTA)
MOXKET OBITh pacCMOTpPEHa Kak 3ajJada IOCTPOCHHS BEKTOP-(PYHKIMI MHOTHX IEepEeMEHHBIX,
apryMeHTaMHd KOTOpOW SBJISIFOTCSL BXOJHbBIE JaHHBbIE, a pE3YyJbTaTOM — YIOPSIOYEHHAas
COBOKYITHOCTb OIPEJENISIEMbIX [1apaMETPOB.

B MéccOayspoBCKON CHEKTPOCKONMM HEHPOCETH MOTYT OKa3aThCsl IIOJIE3HBIMU B JIBYX
oOmactsix. Bo-mepBhIX, 3T0 3a/1a4a pacro3HaBaHUs UMITYJICOB B CUTHAJIE C JIETEKTOpa M aHAJIN3a UX
ammutya. B mudpoBoit 00paboTke MMITyJIbCHOTO CHTHalla MPUMEHEHUE HelpoceTeil M3BECTHO
okouio 20 siet [1] 1 UMeeT Kak MPEeuMyIIeCTBa, TaK U HEJAOCTAaTKU. B HacTosee BpeMs 3JeMeHTHas
6a3a nupPOBOI AIEKTPOHUKHU TO3BOJIIET TOBOPUTH O BCTPAaWBAEMBIX MPHUMEHEHHSIX HEUPOCETEH,
MIPU STOM aKTyaJbHBIM JJIsl IPUMEHEHUH B MECCOAYIPOBCKOM CIIEKTPOCKOIMH OKa3bIBACTCsI BOIPOC
OLICHKH BBIUHCIUTEIbHON CII0KHOCTH HEMPOCETEBBIX AJITOPUTMOB, B YACTHOCTH, IPUMEHUTEIBHO K
CUTHAITy C TUIOXUM OTHOIICHUEM CUTHAJI/IIyM.

Bo-BTOphIX, 3a7aua anmpokcuManuu (QpyHKIUI BO3HHMKAaeT mpu o0paboTke MEccOay’pOBCKHUX
CHEeKTpoB. B 3Toif 0o0nacTu mpuMeHeHHe HeipoceTei, o KpalHeill Mepe, MO3BOJIIET TOBOPUTH O
MOTEHINAILHOM COKpAIlEHUH PYTUHHOM paboThI pu 00paboTKe MPOCTHIX CIIEKTPOB.
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Peanm3anusi 3agaBaeMbIX 10J1b30BaTe/IeM MoOJeJIeil MapuuaIbHbIX
CIIEKTPOB B nporpamme SpectrRelax

MauuneB MLE., Pycakos B.C.

Mockosckuii cocyoapcmeennwiii ynusepcumem um. M.B. Jlomonocosa, Mockea (Poccus)
mike@haali.su

Implementation of user-defined subspectrum models in SpectrRelax
Matsnev M.E., Rusakov V.S.

SpectrRelax has a large number of built-in models and a way to express linear and not linear
dependencies between model parameters [1]. Unfortunately it becomes rather difficult to work with
models as the number of subspectra and analytical expressions of model parameters increases. To
overcome this difficulty we implemented a way to extend SpectrRelax with user-defined models.
These models are written in Lua language and are transparently integrated into the application.
Extension mechanism demonstrated on the example of the Laves model for processing and analysis
of spectra of >'Fe nucleus in the rare earth laves phases with a C15 structure.

ITporpamma SpectrRelax npemnazHadena s o0paboTku W aHanm3a MEccOaydPOBCKUX
CHEeKTpoB. B mporpaMme npeaycMoTpeHo OO0JIBIIOe YMCIIO MOJIeNel MapIHaabHBIX CIIEKTPOB, TAKMX
KakK CHHIJIET, Ty0JeT, CeKCTET, pellakCallHOHHbIE MOJEIH, MOJIENIM CIIMHOBBIX BOJIH, U T. 1. Kpome
3TOTO €CTh BO3MOXHOCTh C TIOMOLIbIO BBEIEHHUS BapbHUPYEMBIX IapaMeTPOB MU CO3IaHUS
AQHAJTUTMYECKUX BBIPAXCHUN 3a/laBaTh MPAKTUYECKHU NPOU3BOJIBHBIE CBS3U MEXIY IapamMeTpamu
napIyaibHBIX CIEKTPOB [1]. DTUX BO3MOMKHOCTEH MOCTATOYHO JUIsi KOHCTPYUPOBAHMS MOJENIEH
0001 CIIOKHOCTH, HO TIO MEpe YBEIWYCHHs 4YHCIa TMapIUabHBIX CIEKTPOB, aHATUTHUYECKUX
BBIPQXEHUM U CBA3EM MeXay HapaMeTpaMH 3aMETHO PAcTET TPYJAOEMKOCTb COCTaBJIEHHS OOIIeH
mojenu. st ynpomeHust paboThl ¢ MPOTrpaMMO HAMH pealn30BaHa BO3MOXKHOCTH PaCIIMPEHUS
HaOopa Mopenell mMmapuualbHBIX CIEKTPOB 0€3 W3MEHEeHHWs camMod mporpamMmel. llomb3oBarenb
MOJKET CO37aBaTh COOCTBEHHBIE MOJIENIN Ha sA3bIKe Lua, Mpyu ’TOM OHU MPO3PAYHO HHTETPUPYIOTCS B
SpectrRelax, u pabora ¢ TaKUMU MOJEISIMHA HE OTJIMYAETCS OT pabOTHI ¢ MOAESIMH, BCTPOSHHBIMHU
B mporpammy. Takoil crmocob pacmupeHus Bo3MOkHOCTel SpectrRelax mpogeMoHCTprpoBaH Ha
npumepe Moaenn Laves i 06paGoTKM M aHANM3a CIIEKTPOB sjep  Fe B PeIKO3eMeNTbHBIX (aszax
JlaBeca co crpykrypoit C15. Co3manme momenu Laves B mHTepdeiice SpectrRelax mo3Bosmio
COKpATHTh YHCIIO TMapIHMaJIbHBIX CHEKTPOB ¢ 4 10 1, n30aBUTHCA OT HEOOXOIMMOCTH BBEACHUS
BapbUPYEMBIX NMAPAMETPOB M aHATUTHYECKUX BBIPAKECHUH CO CBSI3SIMHU MEXKTy ITapaMeTpaMu.

JIUNTEPATYPA
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HeonpeaejieHHOCTh H3MepPEeHNH U HOBbIE MIPABUJIA COCTABJICHUSI
METPOJIOTMYECKNX CTAHAAPTOB AJIsl METOAUKH KAJTUOPOBKH
cnekTpoMeTpoB Mécchayspa

Hasumnos P.A.l, BbrxumoB IO.M.I, 3103un H.A.2

"Kazancruii HAYUOHAILHBIL UCCTe008AMeNbCKULL meXHoI02udeckull ynusepcumem, Kasano
(Poccus),
’Kazanckuii pedepanvuoiii yrusepcumem, Kazanw (Poccus)
rusnazipov(@kstu.ru

Uncertainty of measurement and new rules drafting documents of

metrological standards for calibrate Mossbauer spectrometers
Nazipov R.A., Vyzhimov Yu.M., Zyuzin N.A.
The report addresses issues of standardization and uncertainty of measurement in calibration
for Mdossbauer spectrometers from the point of view recomendations of Russian and international
metrological organizations.

K Hacrosmemy BpeMeHHW METOJMKAa KaauOpoBKH criekrpomerpoB MeéEccbayspa (SITPC) ne
MpUBEICHA K E€IUHOMY MEXKIOCYJapCTBEHHOMY CTaHAApPTy COTJIAacHO peKoMeHpaanusMm Joint
Committee for Guides in Metrology (JCGM) [1]. Takke u B I'CH1 P® HeT HOpMAaTHBHBIX
JIOKYMEHTOB, B KOTOPBIX ITPUBEAECHBI peKoMeHaauuu 11 kanuoposku AI'PC.

B P® B HepaBHee BpeMsi IPUHAT psii JOKYMeHTOB [2] cornacyromuxcs ¢ JCGM u BBoasmue
HOBOE IOHSTHE: «HEONPEAETIEHHOCTh U3MEPEHUS» BMECTO MPHUBBIYHOIO MOHSATHUSL IIOIPELUIHOCTH
n3MepeHui». Ha HeonpeeeHHOCTh N3MEPEHUI KaTMOPOBOYHBIX [TAPaMETPOB BIUSIOT MapaMeTPhI
SAT'PC u TOYHOCTH OIpEIENICHUs] MOJOXKEHHUS JIMHUM OO0pa3lOBBIX MOTJIOTHTENECH WM TOYHOCTH
U3MEpeHusi CKOopocTH HHTepdepomerpoM. B Hacrosmee Bpems He chopMmynupoBaHbl oOIIHe
TpeOOBaHUS HEOMPECIICHHOCTH U3MEPEHUM, ONpeesieMbIX B mporecce kanmmoposku AIPC, uto
CO3J1aeT OmpeeNieHHbIE TPYIHOCTH MPH COCTaBlIeHHH MeToauKku KanmuOpoBku. B TOCT 27681-88
ObuTa MonbITKA chopMypoBaTh o0IIHe TexHuueckue TpedoBanus k AI'PC, B ToM uncie ¢ TOUuku
3peHusi TOYHOCTH M3MEPEHUi, OJTHAKO B ATOM JIOKyMEHTE HE IPHUBENEHBI METOJIbl KaJUOPOBKU U
HEKOTOpBIE IIOJIOKEHUSI B HEM SBISIOTCA YCTAapeBIIMMM, B YaCTHOCTU OTCYTCTBYET OLIEHKa

HEOMNPEEIEHHOCTH U3MEPEHUIL, ¥ TO3TOMY OH TpeOyeT nepecMorpa.
JINTEPATYPA
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Onucanue CIICKTPOB € YYC€TOM KBaJipaTa JOpCHIIMaHa

IerpoB B.U., MapTbinenko C.C., ®uannmnos B.I1.

Hayuonanvnuiii uccneoosamenvcxuii soepuuiil ynusepcumem « MUD Uy, Mockea (Poccus)
vipetrov(@mephi.ru

Lorentzian square in description of spectra
Petrov V. 1., Martynenko S. S., Filippov V. P.
A linear combination of the Lorentz's line and a square of the LorentZ's line has been chosen for
describing the Be-Fe spectra registered with the use of the resonant detector. This function
decreases the characteristic distortion of the differential spectrum.

Pe3onaHCHBIN neTeKTOp co3maeT crnenupuieckyo GopMy JUHHH, OOYCIOBICHHYIO BKJIAOM
kBagpara ¢yHkuuu Jlopernma [1]. B Hacrosmed pabore sl OMUCaHUsS CIIEKTPOB HMCIOJb30BaHa
dyrxups L+kL?, sBstomasicss InHeHHON xomOuHammedl dyrxupn Jlopena L u eé KBampara.
Haiinensr smmupudeckue kodpduiimenTsl k& st 20 CIEKTPOB CIUTABOB OCPHILIUS C COACPIKAHHEM
skenesa ot 0.1 go 0.8 macc. %.

MéccOayapoBckre u3MepeHusi mpoBeneHbl Ha crnektpomerpe MC1101D ¢ pe3oHaHCHBIM
netektopom RSDU (Putpepir). CnekTpbl CIUIaBOB MPEACTABISIOT COOOH XOpOIIO pa3pemiéHHbIE
TyOJIeThl TIEPECHIIIEHHOTO TBEPAOrO pacTBOpa jkene3a B Oepwmtuu. /[ OIEHKH KadyecTBa
OTIMCAHMS PACCUNTHIBAIIN BETHUNHY - ¥ OTHOCHTE/BHYIO IIOIIAAb PASHOCTHOTO CIIEKTPA.

Marematuueckas moaronka koddduimenta k maet, B 001eM, yI0BIECTBOPUTEIIBHOE OMMMCAHNE
CIICKTPOB, XapaKTepu3yeMoe 0ojee HHU3KHMH 3HAYCHISIME Y- (He Oonee 8) M OTHOCHTEIBHOIL
IUIOLIaAU PA3HOCTHOTO crekrpa (He Oonee 7 % ), ueM mpu oOpabOTKE MPOCTHIM JIOPEHLIUAHOM.
Koaddumment k cocrasnser ot 1.2 10 2.9. 3HadeHus k HECKOJIBKO U3MEHSIOTCS B 3aBUCUMOCTH OT
MHUKPOCTPYKTYPBI 00pa3iia OHOTO M TOTO K€ CIUIaBa, TAKXKe MPETEPIICBAIOT H3MEHEHUSI CO CMEHOU
WCTOYHHKA, HO HE OOHAPYKMUBAIOT 3aBUCHMOCTH OT COZICP)KaHUS jKele3a B CIUlaBe. BrrancieHHbIe
MeccOayIpOBCKHE TTapaMeTphl IPUHIMAIOT 3HAYCHHUSI, COBIAIAIONINE C JINTEPATYPHBIMH JTaHHBIMH B
npejennax JoImyCTUMON TIOTPEITHOCTH.

OO6cyxmaercs 3(OPEKTUBHOCTD Pa3TUYHBIX METOJIOB OMHCAHHUS CIEKTPOB, MOTYUYEHHBIX IS
WCXOJHBIX TBEPIBIX pACTBOPOB IKele3a B OCpWLIMH, a TaKKe IOCIe MHOTOATAITHOU
TEPMOOOPAOOTKH CIUTABOB, COMPOBOXKIAIOIMICHCS BBIACICHUSAMHA BTOPHYHBIX (a3. Pe3yibrars
MOTYT OBITh TIOJIC3HBIMH TIPW aHAJIHM3€ TPOIECCOB PACTBOPEHHS M BBINEICHHUS, KOTOPHIE MOTYT
MIPOUCXOIUTH MPH IKCIUTYATAINH JKEIE30COIEPKAIIUX CTIABOB.

JIMTEPATYPA
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ONTHMHU3ANMs XaPAKTEPHCTHK Pe30HAHCHOTO AeTeKTopa ° Fe

Cramenko B.B., Capbrues A.Jl., Capsiues JI.A.

Hayuno-uccneoosamenvckuii uncmumym guzuxu FOdxcrnozo pedepanvroeo ynusepcumema,
Pocmos-na-/lony (Poccus)
z_machine@mail.ru

Performance optimization of resonant detector > Fe

Stashenko V.V., Sarychev A.D., Sarychev D.A.
On the base of first-principle calculations influence of effective thickness, isomer shift and

different cation surrounding of *’Fe of resonant converter on the basic emission ant transmission
Mossbauer spectra parameters were considered.

B pabore, Ha OCHOBaHMM NPOBEIEHHBIX PACUETOB, PACCMOTPEHO BIHSHHUE APPEKTHBHON
TOJIIMHBI, BEJIMYMHBI H30MEPHOTO XUMHUYECKOTO CIBUTa M PA3IMYHOTO KATHOHHOTO OKPYXCHHUS
aTOMOB JKeJle3a B MaTepuajle KOHBEPTOpAa PE30HAHCHOTO JIETEKTOpa Ha OCHOBHBIC IapaMeTphl
M3MEPSIEMBbIX C MX MOMOIIBI0 SMUCCHOHHBIX M TPAHCMHUCCHOHHBIX MECCOAYIPOBCKUX CIIEKTPOB, a
MMEHHO, BeMUUrHY d(p(deKra pe30HaHCHOTO TMOTJIOUICHHUS, IUPUHY SKCIIEPUMEHTAIBHBIX JTUHUNA U

MPOU3BOAUTCIIBHOCTD I/ISMepeHI/If/'I.
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Puc. 1. 3aBUCUMOCTH CENEKTUBHOCTH () U
MIPOU3BOIUTEIILHOCTH U3MepeHuii (0) B
AMHUCCHOHHBIX IKCIEPUMEHTaX OT 3P PeKTUBHOIM
TOJIIIMHBI KOHBEPTOPA C OAUHOYHOM JIMHUEN
MOTJIOLIEHUS I7s: 1 — «4rcToey xeneso; 2 —
oeprutueBsiil peppormanua Be,Fe(CN)g; 3 —
kanuii-marauessiil peppoumanug KoMgFe(CN)g;
4 — xamuesiid peppormanna K4Fe(CN)g

Puc. 2. 3aBucuMocTi HaOJIIO1aeMOM
OTHOCHUTEIILHOW BEJIMIHHBI Pe30HAHCHOTO
MOTJIOUICHHS TaMMa-U3JIy4eHus B oopasiie (a) u
MIPOU3BOIUTEIILHOCTH N3MepeHuit (0) B
TPAHCMHUCCUOHHBIX SKCTIEPUMEHTAX OT
3¢ PEKTUBHOM TOJNIIMHBI KOHBEpTOpa IIst: 1 —
«UHCTOE» KeTe30; 2 — OepUIUeBbIT
deppormannn Be,Fe(CN)g; 3 —
KaJMi-MaruueBblil peppouranug
K;MgFe(CN)g; 4 — xanueBblii hepponraHua
K4Fe(CN)g

B pacdere npuHATH BO BHUMaHHE KOHKYPHPYIOIIUE KaHAIBI SIEPHOTO U (POTOIMOTIIOMEHUS, a

TaKKe BKIAA (DOHOBBIX JIMHHIT HCITyCKAHMs ncTodHmKa - Co. HanGonee 5 deKTHBHO MpuMeHeHne
PE30HAHCHBIX JIETEKTOPOB MPHU HCCIET0BAHUN HEOONbIINX 3(H(HEKTOB pe30HAHCHOTO MOTJIOIMIECHHUS,
MO3BOJISAIONIEE CYIIECTBEHHO, B 1.8 pa3a, COKpaTuThb BpeMs M3MEPEHHUs 110 CPaBHEHHUIO C
WCTIOJIH30BAHNEM HEPE30HAHCHBIX JETEKTOPOB.
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000 «KpuoTtpena UHXNHUPUHT
CRY@TRADE r. Mocksa, MNonecckuii npoe3sn, z 16, cTp. 1, atax 2, ocp. 32

engineering Ten./dakc: +7 (495) 374-69-52
WE MAKE IDEAS WORK Web: www.crvotrﬁie.ru E-mail: sales@cryotrade.ru
OBLWMUE CBEOEHUA O KOMINAHUU NOAPOBHEE O HEKOTOPOM OBOPYOOBAHUU
Komnanus OO0 «KpunoTtpena MHXUHUPUHM» KpuoreHHoe o6opyagoBaHue n
ob6pasoBaHa B 2008 roay. OcHOBHbIe HanpaBneHus * uccnepoBaTesibCKMe Komnnekcbl attocube

AeATeNbHOCTU KOMMNaHUU:
OCHOBHbIe XxapaKTepUCTUKM:

v' Npou3BOACTBO KPMOreHHOro ob6opyaoBaHNs Ha OCHOBE = v AvanasoH TemnepaTtyp ot 20 MK
COBCTBEHHbIX pa3paboTok v MarHuTHbele nons go 12 T

v/ NocTaBKka KPUOTeHHOro 1 aHanMTU4Yeckoro v BakyyMm [0 10" mbap
o6opyaoBaHMs Nyylmx 3apybexHbIx = v MeToabl uccnegosanusa: AFM, MFM,
npounssogutenen. «Kpnotpeng MHKXUHUPUH» SHPM, STM, CFM, RAMAN
ABMNSETCH 3KCKNIO3MBHBLIM NpeacTaBuTenemM KoMnaHum
Cryomech, Inc. u Lake Shore Cryotronics, Inc. a .

Takke npeacTaBUTENEM KOMMNAaHWUK
attocube systems AG

KomnaHus OTKpbITa K COTpyaAHM4YeCTBY U y4YacTuio B
UHTEepeCHbIX NMPOoeKTax.

COBCTBEHHbIE PABPABOTKU

v KpuocTtaTtbl AnAa Hay4HbIX
necnenoBaHuil KpuoreHHble 3oHOoBbIe cTaHUuum Lake Shore gna
«KpUOTPEiz MHKUHMPUHI» LUMPOKOro Kpyra Hay4HbIX UccriegoBaTenbCKMX 3agay
npon3BoaunT KpuocTtaTthbl AN OCHOBHbIe XapaKTepUCTUKN:
Hay4HbIX UCCregoBaHNNA. v [OnanasoH Temneparyp oT
KprocTtaTbl NpOeKTUpyTea n 1,6 1o 675K
M3roTaBnMBaKOTCH No v' 0o 6 3oHOoB
TEeXHUYECKOMY 3aJaHuio nUnu v MarHuWTHble nona go 3 T
acknsam 3akasuduka. )
v KpuoreHHble BaKkyyMHble csM;X)e(H:g'q)x
Kamepb! . v" MUKPOBOJTHOBbIE U
«KpuoTtpeng HXMHUPUHM»
OCYLLIECTBNSAET NPOEKTUPOBAHME, :IJ;“e,II;TpeoHOMI'IﬂTVI‘-IeCKVIe
MIKEHEPHEIS PACcHeTEI 4 MaFHETO-TpaHCHOpTHbIe
N3roTOBINEHNE KPUOTEHHbIX
“ BaKyyMHbIX kamep no T3 v VISMEpEHN
3aKasumKa n3mepeHus XonmnoBCKMX TOKOB Ansi onpeaeneHus

NoABUMXHOCTU HOCUT n
v/ CBepxnpoBoasiune MarHUTHble CUCTEMbI oA oc ocutene

BubpauunoHHbie marHuTomeTpbl Lake Shore Ha 6ase

MMMNOPTHOE OBOPY[JOBAHUE PEe3NCTUBHOrO 3MEeKTPOMarHuTa ¢ U3MeHsAeMbIM
3a30pom
v" KpuoreHHble pedpuxepaTopbl. P
KpnopedpuxepaTopbl 1 MUKpOOXaguTenu BegyLumnx OCHOBHbIe XapaKTepUCTUKU:
MMPOBLIX Npou3BoguTenen, Takmx kak Cryomech, Inc., v MarHutHble nona go 3,42 T
SHI Cryogenics, Ricor, MMR u gp. v [manasoH TemnepaTtyp
v' AHanuTtuyeckoe o6opypoBaHue oTt4,2p001273 K
BrnbpomarHMTomMeTpbl U 30HOOBbLIE CTAHLMMK
. U3mepeHus:
npoussogcTea Lake Shore Cryotronics, Inc. v o 2
MarHWUTHbIN rMcTepesunc T T
KproreHHble 30HO0BblE MUKPOCKOMbI U v o \
uccnegoBaTenbCKne KoMMnekcbl NponssoacTea MArHUTHEI MOMEHT "
» v/ ocTaTouHas "‘"l <
HemeLuKou komnaHuy attocube systems AG —
HamMarHM4eHHOCTb
v' KomnakTble cTaHLMU AN NONYy4YeHUs XKUAKOro v
HaMarHM4yeHHOCTb
asorta v renus P
HacblLLeHns {
KomnakTHble a3oTHble cTaHuun MMR, nabopaTtopHble v
MarHWTHas aHM3oTponus - -
CTaHumM oxvxeHus asota u renusa Cryomech, Inc., v Touka Kiopn
BbICOKOMNPOM3BOANTENbHbIE KOMMNEKehl Linde v Nepexof B CBEPXMPOBOMSILLEE COCTOSHME
Kryotechnik AG u Stirling Cryogenics v
MarHUTHas penakcaums
v' [JaT4MKu, UHAUKATOPbI U KOHTPONepbI v
MarHWTHas BA3KOCTb

TemnepaTtypbl Lake Shore Cryotronics, Inc.
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