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IIporpamma
X1 MexkayHnapoaHoii KoH(pepeHIIuu
«MeccOaypoBcKasi CIIEKTPOCKOIMA U ee
IPUMeEHEeHHUsD)



Cyo00oTta, 11 oxTsi0ps 2014 r.
JeHb 3ae31a y4YaCTHUKOB.

Bockpecenbe, 12 oxkTsiopst 2014 r.
9:30
OTKpbITHE KOH(pEPEHIIUH.

Cexkuus 1: «®u3uKa TBEPAOro TeJIa U MATHETHU3M»

9:45

POJIb BECIHIOPSIIKA B ATOMHOM TUHAMUKE U TEPMOJJUHAMUKE
CTEKO.JI

UymaxoB A.W., Monaco G., Fontana A., bocak A, Hermann R.P.,Bessas D., Wehinger B.,
Crichton W.A., Krisch M., Riiffer R., Baldi G., Carini Jr. G., Carini G., D’ Angelo G., Gilioli
E., Tripodo G., Zanatta M., Winkler B., Milman V., Refson K., Dove M.T., Jly0GpoBuHCKas
H., dy6posunckuii JI., Keding R., Yue Y.Z.

10:00

MAGNETIC PROPERTIES OF NEW MULTIFERROICS BazMFe;Si,0:,STUDIED
BY MOSSBAUER SPECTROSCOPY AND NMR

Lyubutin I.S., Naumov P.G., Gavriliuk A.G., Trojan I., Davydova Yu.A., Starchikov S.S.,
Mironovich A.A., Aksenov S.N., Tkachev A.V., Gippius A.A.

10:30

NCCIEJOBAHUSA NIEPOBCKUTA Lao,75Sro_25C00,9857Fe0,0203-y METOJAAMMU SIMP
U IYPDOEKTA MECCBAYJPA

Makapona A.O., [Tokatunos B.C., Pycakos B.C., Curos A.C. , [Tokatunos B.B.

10:45

MECCBAYJPOBCKHUE UCCJIEAOBAHUSA MYJIbTU®EPPOUKA CuCrO; HA
30HJAOBbIX ATOMAX °'Fe

PycakoB B.C., [IpecusikoB U.A., 'anouka A.M., CoboneB A.B., Maunes M.E., Jlekuna F0.0.

11:00

30HJAOBASI MECCBAYJPOBCKAS CIIEKTPOCKOITUSL
HEPOBCKUTOINIOAOBHbIX MAHI'AHUTOB

I'naskosa f.C., benuk A.A., CoboneB A.B., IIpecusikos N.A.

11:15

KNHETHUKA BOSGHUKHOBEHUSA BPEMEHHOTI' O ITIOPSJIKA B y-
OBJIYUYEHHBbBIX KPUCTAJIJIAX BiFeO;

T'ogoBukos C.K.

11:45
Kode-0peiix



12:05

EFFECT OF CONCENTRATION AND TYPE OF A DOPING ELEMENT ON THE
STRUCTURAL TRANSFORMATIONS IN LANTHANUM MANGANITES
La;xMexMnO3.; (ME = Ca, Sr, Ba)

Sedykh V.D., Rusakov V.S.

12:20
HYPERFINE INTERACTIONS AND MAGNETIC ORDERING IN Ce(Fe 1-x Six)2
Vershinin A.V., Serikov V.V., Kleinerman N.M., Mushnikov N.V., Rusakov V.S.

12:35

MATHUTHOE YIIOPAAOYEHUE MOHOB KEJIE3A B CBEPXITPOBOJAILIINX
COEJJMHEHUAX CEMEHNCTBA FeSeTe

®ponos K.B., Baciokos /.M., [Tlepynos 1.B., Haymos I1.I"., Kopotkos H.IO., JIro6yTun
N.C., benuxos B.B., Kazakos C.M., Ilynanos B.M., I'aBpunkun C.1O.

12:50

AHWU3OTPOITHBIE MATHUTHBIE CBEPXTOHKHE B3AUMOJIEMCTBUS B
DOOCDPU/E FeP

[pecuskor U.A., CoboneB A.B., Uepnsickuit 1.0., [TankpaTtos JI.A., Mopozos I.B.

13:05
Ooen

14:15

STUDY OF THE Si-RICH REGION OF THE Fe-Si SYSTEM WITH FIRST-
PRINCIPLES CALCULATIONS

Dobysheva L.V.

14:30
OXIDATION OF IRON. EFFECT OF DIFFERENT ISOTOP COMPOSITION
Baldokhin Yu.V.,Perfiliev Yu.D., Kulikov L.A., Burnazyan M.A., Pustov Yu. A.




Pacmiupennbie coo01eHsE
ITo cexiuu Ne7
14:45
YEM BAM MOXET BbITb ITIOJIE3BHA CUHXPOTPOHHASI CTAHIUA
SAIEPHOT'O PACCESAHUSA B I'PEHOBJIE
UYymakos A..

15:30
Kode-0peiik

ITo cexmum Ne8

15:50

JEMOHCTPAIIUSA ®YHKIIMOHAJIBHBIX BO3MOKHOCTEN ITPOT'PAMMBI
SpectrRelax ITIPU OBPABOTKE U AHAJIU3E MECCBAYJ3POBCKHUX CIIEKTPOB
Pycakos B.C., Mannes M.E

16:35-19:30
CreHa0oBbBIE JOKJIAABI

Cexnus Nel: «: «®Pusuka TBEpAOro Tela U MarHeTU3M»
Cexnus Ne2: «CtpyKTypa OBEPXHOCTH, TOHKHMX IUIEHOK, MHOTOCJIOMHBIX U HAHOCUCTEM)
Cexnus Ne5: «Xumus, KaTajins, CTpPYKTypa U CBSI3b)

Ioneneabnuk, 13 oxkrsadpst 2014 r.
Cexknus 2: «CTpyKTypa NOBEPXHOCTH, TOHKHX IJIEHOK, MHOTOCJIOMHBIX H
HAHOCUCTEM»

9:30

TEPMO- H MA'HUTHASI IMHAMUKA HEOEPPOMAT'HUTHBIX
HAHOYACTHI] B 3EPKAJIE MECCBAY3POBCKOM CIHEKTPOCKOITUU
Uyes M.A.

10:00

IRON AND IRON OXIDE NANOSTRUCTURED SYSTEMS —SYNTHESIS,
CHARACTERIZATION, APPLICATION

Mashlan M.

10:30

MECCBAYJ3POBCKHUE UCCJEIOBAHUSA MEXAHOAKTUBUPOBAHHBIX
NOPOHIKOB HA OCHOBE OKCHUAOB KEJIE3A,

Casuenko A.T'., Koposymkun B.B., llletunnn U.B., boparoxun U.I'.

10:45

EMISSION MOSSBAUER SPECTROSCOPY OF GRAIN BOUNDARIES IN
POLYCRYSTALLINE METALS

Popov V.V.



11:00

MECCBAY3POBCKHUE UCCJIEJIOBAHUS HAHOIIOPOIIIKOB OKCH/0OB
KEJE3A, CHUHTE3SUPOBAHHBIX XUMNYECKUMU METOAAMHA

Capuenko A.I'., I'pe6ennukoB U.C., Canuxos C.B., KopoBymkun B.B., llletunun 1U.B.,
IOpros E.B., Mypanosa A.I'

11:15

UCCIEJOBAHUE ®EPPUMATHUTHBIX HAHOYACTHUII ZnxFes.x.yOvOy,
MNOJYUYEHHBIX 30JIb-T'EJIb METOJ10OM

[Terposa E.I'., Kotukos /I.A., ITanbkoB B.B., ®unmumonos /I.C., [Toxonok K.B.

11:30

XAPAKTEPU3ALIUSA HAHOYACTHUIL OKCHUJA KEJIE3A ITPOU3BOJICTBA
“OCEAN NANOTECH” HOCPEACTBOM MECCBAY2POBCKHUX, MATHUTHBIX
U PEHTTEHOBCKHUX METO/J10B

["a66acos P.P., [Tonmukapmnos M. A., Uepenanos B.M., Uye M.A., JlomoB A.A., Banr A.1O.,
[TanuenkoB. 1.

11:45
Kode-0peiik

12:05

KBAHTOBO-MEXAHUYECKASI U KOHTUHYAJIbHAS MOJEJIN
MATHUTHOM JUHAMHUKHA AHTU®EPPOMATHUTHBIX YACTHUIL B AHAJIN3E
MECCBAYA3POBCKHUX CIIEKTPOB

Mumenko U.H., Yyer M.A.

12:20

HNCCIEAOBAHUE CYBMUKPO- U HAHOCTPYKTYPUPOBAHHBIX CIIJIABOB
HA OCHOBE XKEJIE3A METOJAMMU SAMP U DODPEKTA MECCBAYJPA
IToxatuios B.C.

12:35

POJIb MECCBAYJPOBCKOM CHEKTPOCKOIIUU B TEXHOJIOT MU
HAHOKOMITIO3UTHbBIX ®YHKIIMOHAJBHBIX MATEPHUAJIOB
Kucenesa T.1O., HoBakoBa A .A.

12:50

STUDY OF [001]-ORDERED L1, FePt;—y\Rhyx FILMS

Kamzin A.S. ,Ishio S., Hasegawa T., Valiullin A.A., Ganeev V.R.3, Tagirov L.R.Zaripova
L.D.

13:05
Ooben

Cekuus 5: «XuMus, KaTaJIn3, CTPYKTYpPa U CBA3b»
14:15
JIOKAJIbHOE OKPY’KEHHME 30HJIOBbIX HIOHOB B5n** B OPTOXPOMHUTAX
CO CTPYKTYPOM NEPOBCKUTA IIPU TETEPOBAJIEHTHBIX 3AMEILLEHUSIX
Dabpuunstii [1.b., Adbanacos M.U., Mexyes E., Bartro A., Jlabproxep K., [lensmac K.
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14:30

NPUMEHEHME MECCBAYAPOBCKHUX 30HOBBIX JIOBABOK *2'Sb 11151
JTUATHOCTUKU MEXAHU3MA JIEVICTBUSI ®OTOKATAJMU3ATOPOB HA
OCHOBE TiO;

Koponenko M.B., ®a6puunsiii [1.b., AdbanacoB M.U., JTabproxep K.

14:45

MECCBAYI3POBCKOE UCCIIEAOBAHUE OKCUJIHbIX CUCTEM,
MPOSIBJISIIOIINX MYJIbTU®EPPOUTHBIE CBOIMICTBA

Cob6oneB A.B., IIpecusikos N.A., Pycakos B.C., benuk A.A., ['maskosa f.C., ManeB M.E.,
T"armouxa A.M.,

15:15

HNCITOJIb30BAHUE AT'PC J1JIs1 AHAJIU3A ITPOAYKTOB
CAMOPACITPOCTPAHSIOUWEI'OCS BBICOKOTEMIIEPATYPHOI'O CUHTE3A
DOEPPATOB

[lepdunses 0. /1., Kynukos JI.A., Ilorosa E.B., lypsruna E.B. 306aun B.A.

15:30
Kode-opeiik

15:50

CHANGE OF IRON STATE IN FERROSPHERES UNDER THE INFLUENCE OF
THE REACTION MIXTURE IN THE PROCESS OF OXIDATIVE COUPLING OF
METHANE

Rabchevskii E.V., Pletnev O.N., Anshits N.N, Bayukov O.A., Anshits A.G.

16:05

KATAJIMTUYECKASA CUCTEMA TUIIA HUTJIEPA-HATTA HA OCHOBE TPUC-
AHETHUJIAINETOHATA KEJE3A U TPUDTUJIAJTIOMUHUSA

Bbponckuii A.P.

16:20

0 BO3MOKHOCTH UCITOJIb30BAHUA MECCBAYJ3POBCKOMN
SMHUCCHOHHOM CINEKTPOCKOIIAH JIJISI BBISIBJIEHAS XUMHUUYECKHUX
KAHLUEPOI'EHOB

bsaxos B.M., Ilepdunses FO./1., Kynuxos JI.A., Crenanos C.B.

16:35

®EPPOMATHUTHOE YIIOPSJIOYEHHUE 11O MEXAHU3MY JBOMHOI'O
OBMEHA B CMEIHIAHHO-BAJIEHTHBIX B COEJJUMHEHUSAX KEJIE3A C
PEJIOKC-AKTUBHBIMU JIMNT'AH/IAMM, [Fez(C5X204)3]2' (X=H, CI, Br)
Oganecsn H. C., Hukutuna 3. K., lunos I'. B., Angommn C. M., Tpoau C., JIu 4.,
I'prozens M.




16:50-19:30

CTeHI[OBbIe JORJIAABbI

Cexkuus 3: «HoBble MaTepHasbl 1 HHTCHCUBHBIC BO3/ICHCTBHS Ha BEIIECTBO (TEPMUYECKOE,
paauamonHoe, AehOpMaIlMOHHOE U JIP.)»

Cexnus 4: «buonoruueckue NpUMEHEHUS

Cexknus 6: «I'€on0rust 1 MUHEPATIOT S

Cexnus 8: «HoBble METOAMKY U TEXHHUKA SKCIIEPUMEHTA

BropHuk,14 oxkTsi0ps 2014 r.
Cexkuus 3: «HoBble MaTepuabl U HHTEHCUBHbIE BO3/1€iiCTBHSI HA BEeIIECTBO
(TepMuYecKoe, paIanuoOHHOE, 1e()OPMALIMOHHOE U JIP.)»

9:30

MECCBAY2OPOBCKHUE UCCIEAJOBAHUSA HAHOCTPYKTYPBI U
MEXAHUYECKOI'O CIIVIABJIEHUS B HAHOCUCTEMAX, COAEPKALIUX
KEJIE30

Encyxos E.IT

10:00

HIGH CORROSION RESISTANT STEEL FOR APPLICATIONS IN NUCLEAR
FACILITIES

Adriana Lancok, Milan Stefanik, Tomas Kmjec, Petr Svora, ubomir Sklenka,Marcel
Miglierini

10:15

MECCBAYJ3POBCKHE UCCJEIOBAHUS PATMAIITMOHHBIX HAPYIIIEHUI
B CJIOUCTOM CUCTEME Fe-Be ITPY OBJIYYEHUH NOHAMM KEJIE3A
O3zepnoit A.H., Bepemak M.®., Manakosa 1.A., Pycakos B.C.

10:30

PEJAKCALIUSA CTPYKTYPHBI ITPU HUKJIMYECKUX JTE®POPMALIMOHHO-
HHAYIHUPOBAHHBIX ®A30BbIX IEPEXOJIAX CIIJIABOB KEJIE3A
[HTaGamos B.A.

10:45

MECCBAY3POBCKUI AHAJIN3 TBEPJO®A3ZHOI'O MEXAHUYECKOI'O
CHUHTE3A ABOTUCTOI'O XPOMO-HUKEJEBOI'O U XPOMO-
MAPI'AHIHEBOI'O AYCTEHUTA

Koznos K.A., 3amaToBckuii A.E

11:00

MECCBAY2POBCKHUE UCCJTEAOBAHMUA LixFe;.yMyPO,/C (M=Mn,Co,Ni;
Y<X<1), KAK KATOAHbIX MATEPUAJIOB JIJIS1 Li-UOHHBIX
AKKYMVYJISITOPOB

PycakoB B.C., SpocnasieB C.A., Ckynaun A.M., Kynosa T.JI., SIpocnasnes A.b

10



11:15

HCCJIEJJOBAHUE OCOBEHHOCTEM CTPYKTYPHOI'O COCTOSIHUS
BBICOKOKOJ3PHUTUBHBIX MAT'HUTHBIX MATEPUAJIOB (Nd, Pr, Dy, Tb)-Fe-
B METOJIOM MECCBAYJ3POBCKOM CIIEKTPOCKOIIUH

bypxanos I'.C., Konbuyruna H.b., JIykun A.A., I'onoBukos C.K., Komkunasko FO.C.

11:30

NU3MEHEHUS COCTOSHUS OJIOBA B IIPUITOBEPXHOCTHBIX CJIOSX
INUPKOHUEBBIX CIIVIABOB HA HAYAJIBHBIX CTAAUAX KOPPO3UU
dumunnos B.I1.

11:45
Kode-0Opeiik

12:05

MECCBAYJ3POBCKUE UCCIIEJOBAHUSA ITPUITOBEPXHOCTHBIX CJIOEB
CTAJIM 20XT'HM ITIOCJIE BO3JIEVMICTBUS BBICOKOTEMIIEPATYPHOM
IJIA3MbI

®umunmos B.I1., bokos A.B.

12:20

MECCBAYJ3POBCKHUE UCCJIEJJOBAHUS ®OPMUPOBAHUS
JIETUPOBAHHOI'O CR(MN) HEMEHTHUTA B ITPOLIECCE
MEXAHOXUMMNYECKOI'O CUHTE3A 1 NOCJIEAYIOIUX OTKUT'OB
VapanoB A.N., YaeaaoB A.JL., Uynkuna A.A., IIporacoB A.B., Encykos E.II.

12:35

MECCBAYJ3POBCKHE MCCJIEJOBAHUS MEXAHUYECKOI'O CIIJIABJIEHUS
B BUHAPHBIX IOPOILIKOBBIX CUCTEMAX Crgs’ Fe M CrgoFes

Encykos E.IL., YnbsnoB A.JL., Kononkun J[.A., [lopces B.E.

Cexkuus 4: «buosiornyeckne nNpuMeHeHUs»

12:50

METABOJHUWYECKHUE IIPEBPAIIIEHUS )KEJE3A U KOBAJIBTA B
MUKPOBHBIX KJIIETKAX: HCCJIIEJOBAHUE PUSOBAKTEPUU
AZOSPIRILLUM BRASILENSE METOJIOM MECCBAY2POBCKOW
CIIEKTPOCKOIINA

KamueB A.A., Tyraposa A.B.1, Kopau K., Ky3mann 3., Xomonnau 3., Kynukos JL.A.,
[lepdpunbes 0. /1.

13:05

ANOMALOUS BEHAVIOR OF MOSSBAUER PARAMETERS FOR HUMAN LIVER
FERRITIN AND ITS PHARMACEUTICAL ANALOGUE FERRUM LEK IN THE
TEMPERATURE RANGE 295-90 K: AN ANALYSIS WITHIN THE
HOMOGENEOUS AND HETEROGENEOUS IRON CORE MODELS

Alenkina 1.V. Oshtrakh M.I., Klencsar Z., Kuzmann E., Semionkin V.A.

11



Cexnus 6: «I'eosiorusi 1 MUHEPAJIOTUsS»

13:20

MOSSBAUER SPECTROSCOPY OF CHELYABINSK LL5 ORDINARY
CHONDRITE FRAGMENTS WITH DIFFERENT LITHOLOGY

Maksimova A.A., Oshtrakh M.1., Klencsar Z., Petrova E.V., Grokhovsky V.I., Kuzmann E.,
Homonnay Z., Semionkin V.A.

13:35

SIIEPHASI TAMMA-PE3OHAHCHASI CIIEKTPOCKOIIUS HA Fe®' U
MATHUTOMETPHUSA HA ATOMAX ECTECTBEHHOM CMECH B IIOYBAX.
babdanun B.®., UBanos A.B., Banos I1.A., Mopo3os B.B., 3anyukuit A.A.

13:50

CI)IPI)EBI)IEUPECYPCI)I TPAI[PIIIHOHEJOFO I'OHYAPHOI'O TPOU3BOACTBA
BWISIPCKOU MOHOUEHTPUUYUECKOU ATJIOMEPAILIUU

Mamnanos P.A., [laraes A.B., Banuynuna C.U., UBanoBa A.I.

14:05
Oo0en

15:15
IKCKypCcHH

20:00
Banker

Cpena, 15 oxrsiops 2014 r.
Cexkuus 8: «HoBble METOAMKHN M TEXHUKA IKCIIEPUMEHTA

9:30

KOT'EPEHTHBIA METO/I YIIPABJIEHUA MECCBAY3POBCKUMH
®OTOHAMH

Baruzos @.1'., [lTaxmypatos P.H., Kouaposckas O.A., Hypmexamuros P.H

10:00

MECCBAY3POBCKHUE UCCJIENJOBAHUSA MPOTAKEHHBIX OBPA3IIOB -
UCTOYHUK JONOJHUTEJIbHON UH®OPMAILIUU

Canpixos O.K., FOpuuyk A.A.

10:15

MNOUCK P,T-HEMHBAPUAHTHOI'O MEKHYKJIOHHOI'O B3AMMOJIEMCTBUS
B SI/IPE “**Tm METOJ0OM MECCBAY3POBCKON MOJISIPUMETPUU

Iunoes B.I'., UepemanoB B.M., PeixkoB A.B., [lanun FO.H.

12



10:30

PETUCTPAIIUSA MECCBAY2POBCKHUX DJIEKTPOHOB KOHBEPCHUU CTII-
JETEKTOPOM

Ko3zun M.T"., Pomamikuna N.JI., CmupnoBa-IIuauykosa N.0.,Komener B.I1., ®ununmnenko
JL.B.

10:45
IMPOITOPLHHIMOHAJIBHBIE 'ABOHAITOJIHEHHBIE JTETEKTOPBI
Bopo6sesa 1.B., ['oranos [I.A., ['oranoB A.Jl., Upkaes C.M., Cemenos B.I'., [lanuyk B.B.

11:00
JUCKPETHU3ALIUSI CKOPOCTHOM LIKAJIBI
Cemenos B.I'., Upkaes C.M., Ilanuyk B.B., ['olinenko A.A.

11:15
IlepepsbiB

11:35

OIITUNYECKOE JETEKTUPOBAHUE MECCBAYJ3POBCKHUX CIIEKTPOB
PACCESIHUS

Kupuuenko B.I'., KoBanenko O.B.

11:50

OCOBEHHOCTHU MATEMATHYECKOMN OBPABOTKH MiECCBAYJPOBCKHUX
CIIEKTPOB KOMITO3UILIMOHHBIX CUCTEM KPUCTAJINIMYECKAS-
AMOP®D®HAS ®A3A

Hemiiosa O.M.

12:05

OBPABOTKA MECCBAYJ3POBCKHWX CIIEKTPOB COEJIMHEHUM C
MMPOCTPAHCTBEHHOM CIIMH-MOYJIMPOBAHHOM CTPYKTYPOI B
SpectrRelax

MauneB M.E., Pycakos B.C.

12:20
3akpbIiTHE KOH(peEpeHI N

13



CTEHJOBBIE TOKJIABI

Bockpecennbe, 12 oxkTsiopsi 2014 r.
Cexnus Nel: «: «@u3uka TBepAOro Tejia U MAarHeTU3IM»

C1-1

BJIMAHUE BHEIIHEI'O JABJIEHUSA HA TTPOIECCHBI CAMOOPI'AHU3AIIUU B
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ROLE OF DISORDER

IN ATOMIC DYNAMICS AND THERMODYNAMICS OF GLASSES
In the late 50-ies, scientists found that at low temperatures glasses have much larger
heat capacity than the corresponding crystals. Soon after, the higher heat capacity of glasses
was attributed to the glass-specific group of low-energy atomic vibrations, the so-called
‘boson peak’. This launched an impressive amount of studies which, however, still do not
converge to a unified answer to how disorder causes these anomalies. The results of our work
[1] show that disorder does not do that, actually. We studied atomic vibrations of SiO,
glasses and crystals using inelastic x-ray scattering with nuclear resonance analysis. The
results clarified that the higher heat capacity of glasses is not caused by disorder: It appears

simply because glasses usually have a lower density than the corresponding crystals.

B xon1e 50-x 0b1710 0OHAPYKEHO UTO MPH HU3KUX TEMIIepaTypax TEeIIOEMKOCTh CTEKOI
CYIIECTBEHHO OOJbllIe TEMI0EMKOCTH KPUCTAUIOB. BCKope MOBBIIEHHAS TEIUIOEMKOCTh
cTéKon OblIa HIEHTU(GUIUPOBAHA C OCOOON TPYMIbl HHU3KO-DPHEPIeTUYECKUX AaTOMHBIX
KoJIeOaHMii, Ha3BaHHBLIX ‘OO030HOBCKMM ITHKOM’ . DT  HaONIOCHUS WHUIUUPOBAIN
rPOMAJTHOE KOJIMYECTBO HUCCIEAOBAaHUM, KOTOPhIE TEM HE MEHEE TaK M HE IPUBEIU K OTBETY
Ha BOIMPOC KaKUM k€ 00pa3oM OeCropsiOK BBI3BIBACT IaHHBIC aHOMAJUH.

Pesynbrarer Hameit paboThl [ 1] moka3bIBaoOT, 4TO Ha CaMOM JieJie OECIOpsIIOK ATOTO He
nenaet. Mbl UCCIeIOBaIM aTOMHYIO TUHAMUKY CTEKOJ M KPUCTAIIOB OkucH kpemuus (SiO,)
METO/IOM HEYNPEroro pacCcesHusl pEHTTEHOBCKUX JIy4el ¢ SAEpPHBIM PE30HAHCHBIM aHAIM30M
pacCessHHOTO U3JTyYeHUs. Pe3ynbTaThl MOKA3bIBAIOT, YTO B 00JIACTH HU3KUX YHEPTUN CTEKIIA U
KPUCTAIIBl UMEIOT OJIMHAKOBOE KOJIMYECTBO KONEOATENbHBIX COCTOSHUH. B cTékmax stu
COCTOSIHMSI MsITUe, JIET4e 3aCeJIeHbl MPU HU3KUX TeMIeparypax U, TAaKUM o0pa3oM, MPUBOJIAT
K TIOBBIIIEHHOW TEIJIOEMKOCTH. B TO ke BpeMs, MATKOCTb COCTOSIHMI BBbI3BaHA HE
OeCropsIKOM, a MPOCTO MEHBIIEH IUIOTHOCTBIO: YEM MEHBIIE IUIOTHOCTh, TEM MsTrue
Kosie0aTenbHbIe cocTosiHUS. bosee Toro, konedarenbHbIe COCTOSHUS CTEKON U KPUCTAJUIOB C
OJIMHAKOBOM TUIOTHOCTHIO MMEIOT OJMHAKOBBIE DHEPTUU M, COOTBETCTBEHHO, MPHUBOMIAT K
OJIMHAKOBOM TEIJIOEMKOCTH. TakuM 00pa3oM, MOBBIIMICHHAs TEIIOEMKOCTh CTEKOJ HE
CBs3aHa C aTOMHBIM OecmopsimkoM. OHa BbI3BaHA MPOCTO TEM, YTO IUIOTHOCTH CTEKJIA
0OBIYHO MEHbIIIE TNIOTHOCTH COOTBETCTBYIOIIETO KpHUCTalIa.

Jluteparypa:
1. A.1. Uymakos u ap., Physical Review. Letters, 2014, 112, 025502-5.
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The BasMFe3Si,O;4 compounds have the trigonal crystal structure and belong to the iron
containing langasite family. Langasite LazGasSiO14, Which gave the name to the whole family,
is a crystal with unique piezoelectric properties that exceed those of quartz, and it also has
interesting combination of luminescent, laser, and nonlinear optical properties. A strong
interest is attracted to the langasite-type compounds containing magnetic ions. Coexistence of
electric and magnetic order parameters in these materials provide a new type of multiferroics.
Neutron diffraction studies of BasNbFe3;Si,O14 revealed the effect of spin rotation related to
magnetic chirality in the helical magnetic structure in the magnetically ordered phase [1].

In our research, the magnetic properties of iron-containing langasite compounds
BasMFe;Si;014 (M = Sb, Nb, Ta) was performed by the low temperature Mossbauer
spectroscopy and NMR. Temperature dependences of the hyperfine magnetic fields Hys at
iron nuclei and the Ty values in the range 27-38 K have been obtained [2,3]. Two
magnetically nonequivalent Fe sites were revealed by Maossbauer spectroscopy in the
compounds with A = Nb and Ta, and the Fe spins reorientation effect was found in the
magnetically ordered state.

The further study of the BagMFe3Si,O14 samples by zero-field (ZF) NMR spectroscopy at
*"Fe nuclei and field-sweep NMR spectroscopy at *’Fe and *2'Sh nuclei were performmed.
The line shape of ZF NMR provides an exact profile of the internal hyperfine field Hys
distribution at >’Fe nuclei. In all compounds the magnetic field profile deviates from simple
model of two independent peaks. Probably, this effect can be attributed to the spin-density
wave in the helical magnetic structure. Field-sweep NMR spectroscopy data is in agreement
with ZF NMR observations.

The high-pressure magnetic states of the langasite-type powdered sample BasTaFes;SioO14
were also investigated in a diamond anvil cell by the nuclear forward scattering (NFS) of
synchrotron radiation technique in the temperature range of 20-300 K and in hydrostatic
pressures from ambient to 38 GPa. In the pressure range of 0 < P < 19.5 GPa, an increase of
the Neel temperature Ty from 27 to 41 K was observed in the antiferromagnetic phase of the
material. At pressures ~19.5 GPa, a transition to another magnetic phase with huge increase in
the Neel temperature to ~120 K was found. This change correlates with the structural
transition at ~19.5 GPa which was found from XRD and Raman spectra at this pressure. The
pressure dependence of the Neel temperature was calculated from the experimental data and
magnetic P-T phase diagram of BaszTaFe3Si,O14 was plotted and analysed.
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NMR AND MOSSBAUER STUDY OF PEROVSKITE Lao_75Sro_gg-,Coo,ggwFeo_ogOg_Y
Makarova A.O., Pokatilov V.S., Rusakov V.S., Sigov A.S., Pokatilov V.V.

Local lantanium and iron states in the La0_75Sro_25C00_9857Fe0_0203JY perovskite were studied by
3% a NMR and *"Fe Mossbauer methods in the temperature range 4 — 295K.

B Hactosiee Bpemsi OoJibIlloe BHUMAaHWE HCCIIEAOBATENCH TNPHUBICKAET CHCTEMa
nepoBCcKUTOB La;.xSrkCo0O3; mpu(X = 0 - 0.5). B aTux mepoBckuTax OOHAPYKEHO OTPOMHOE
MarHHTOCOIIPOTHBIICHUE M Oonbinoe 3HadeHwe 3ddekxra Xomra [1]. Tleporckur LaCoO3
SIBIIICTCS aHTU()EPPOMArHETUKOM M TOJYNMPOBOJHUKOM TMPH HU3KHX TeMIIepaTypax.
Samentenne noHoB La®" Ha Sr** NPHBOMT K 3HAYMTEIBHBIM H3MCHEHHSAM SJICKTPHUYCCKHX
MArHUTHBIX CBOMCTB, K OOPAa30BAHMIO JOMOJIHHTENbHO noHOB COY, Kk 0OpasoBanmio
cyOMuKpooOiacTedi, O0OCeIHEHHBIX | oOorameHHBIX Jeipkamu [1]. Pa3mepbr  aTux
cyOMukpoobnacteit nexar B obnactu 8-40 um[2] . Llens paboThl — M3ydeHHUE JIOKATBHBIX
CBEPXTOHKMX TapaMeTPOB COCTOSHHUI HOHOB JIaHTaHa M jKeje3a B CyOMHUKpOOOJacTsx B
IIEPOBCKUTE LaQ75Sr0,25000_9857|:60_0203.y.

[Monukpucraminueckue o0Opa3Lbl Lao,75Sro,25C00,9857Feo,ogOg-Y OBLTM TIPUTOTOBJICHBI
METOJIOM TBEPAOTENbHON Kepamuueckoil TexHonoruu. [lomydenHbie 00pasibl, Kak MoKa3anu
PEHTTEHOBCKUE W3MEpeHUs, ObUIM OJHO(A3HBIE M MUMETH POMOO3PUUYECKYIO0 CTPYKTYPY C
napameTpamu a = 5.444 £0.001A nu ¢ =13.174 £ 0.001A.

H3mepeHusi CBEPXTOHKHX MapaMeTpPOB OBLIM BBIMOJHEHBI METOJAMU WUMITYJIBCHOTO
SMP nipu 4.2K nHa ﬂz[paxl3gLa u 3 dexrom MeccOayspa Ha spax =" mipu 87-295K. Criextp
SAMP sinep ¥ a8 Lag 755r0.25C003 COCTOUT M3 aCUMMETPUYHON MIUPOKOH JIMHU U JIGKUT B
obmactu yactor 15-33 MHz. Illupuna cmektpa paBHa 6 MHz. CrnekTp comepxut nBa
MOJICTIEKTPa, 0OYCITOBICHHBIE PE3OHAHCAME SIAEp - La B IBYX CYOMHUKPOOOIACTSX C Pa3HBIM
CoJIepKaHUEM HOHOB Sre, N3mepena 3aBucuMocTh aMIIuTy bl 9xa Ag(N1) oT amrumntyasr PU
nonst h; HaGmioganuch aBa muika B 3TOW 3aBUCHMMOCTH. OmnpeseiieHbl JOKaIbHBIC MOJIS
MarHUTHOH KpUCTAJUIOTpagpuuecKor aHM30TPOIHH IJIS IBYX CyOMHKPOOOIIACTEH.

W3 temmepaTypHBIX 3aBHCHMOCTEH MIMPHH MECCOAYIPOBCKHX CHEKTPOB M CPEIHHX
CBEPXTOHKUX IoJiel u3MepeHa Touka Kiopu marautnoro nepexona 7c = 212+2 K. B obnactu
temneparyp 87-210K HabmronaroTcs HIMPOKME M aCHMMETPHYHBIE MeccOayIpOBCKHE
cnekTpbl. [lpy TOHIWKEHHH TemmepaTypbl IIUPHHBI CHEKTpoB cyxatorcsa. [lpu 87K
pacrpenenenre nojei copepkaT y3KHM MUK M MUPOKUH XBOCT. MeccOayIpoBCKUE TaHHBIC
TaKk)Ke YKa3plBalOT HAa TO, YTO MOHBI JKejle3a HaxoNIATCA B JBYX CYOMHKpPOOOIAcTAX C
pa3IMYHBIM  COJIEP)KAHHUEM HOHOB Sr2*, Jns  aHanmu3a COCTOSIHUKM HOHOB  JKelesa
UCIIOJIb30BAIUCh  METOJBbl  PACHpPEeNICHU CBEPXTOHKMX TOJeH W  MHOTOYpOBHEBOM
cynepnapaMaraiutHoi penakcauus. lanusie AMP u sddexkra Meccbayrpa ykas3bpiBaloT Ha
CYIIIECTBOBAHHUE B TIEPOBCKUTE Lao,75Sroyg5Coo_gg57Feo_o203.Y JBYX THIIOB CyOMUKpooOmacTeit ¢
pa3HBIM COAEP)KaHUEM B HUX JIAHTAHA U CTPOHITHSL.

Pa6ota Beimonnena npu noaaep:kke POUU rpant Ne 14-02-00690.
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MECCBAYJ3POBCKHUE UCCJIIEJOBAHUSA MYJIBbTU®EPPOUKA CuCrO;
HA 30HJIOBbIX ATOMAX °'Fe
Pycaxos B.C., IIpecusikoB U.A., ['amouka A.M., Cobones A.B., MamaeB M.E., Jlekuna 10.O.
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*’Fe PROBE MOSSBAUER STUDY OF MULTIFERROIC CuCrO,
Rusakov V.S., Presniakov I.A, Gapochka A.M., Sobolev A.V, Matsnev M.E., Lekina Yu.O.

This work presents the results of detailed Mossbauer studies of = doped CuCrO,
powder sample in the temperature range, including the Neel temperature of magnetic phase
transition. Using the method of fitting in the incommensurate proper-screw spiral type model
it was found that the value of anharmonicity parameter (0.58 + 0.03) practically no change
with temperature in the range of 5-21 K. At isotropic contribution H;s = 482.4 + 0.3 kOe a
relatively large anisotropy is observed: Hy, = 19.2 + 0.6 kOe (at 4.96 K). The anisotropic part
Han Of the hyperfine field H, only partly (~12 kOe) results from dipolar effects and seems to
involve an electronic intrinsic contribution.

B  paGore mpencraBieHbl — pe3ynbTaThl  MECCOAYIPOBCKHX  HCCICTOBAHHIMA
mynbtHdepporka CuCrO; Ha 30HIOBBIX aToMax °'Fe B JMamasoHe TeMIepaTyp,
BKIIIOYAIONIEM TEMIEepaTypy MarHuTHOro (azoBoro mepexopma. s oOpaboTku M aHaANM3a
MeccOay?pOBCKUX CIEKTPOB HCIOJIb30BAIMCH METOJbl BOCCTAHOBJIEHUS PpaCHpECIICHUS
CBEPXTOHKUX MarHUTHBIX mojiei Hp 1 pacimdpoBku B MOJENN HECOPAa3MEPHON CIIUPAIbHOM
CIIMHOBOM CTPYKTYPHI, pealn30BaHHbIe B mporpamme SpectrRelax [1].

MéccOay3poBCKHil  CIIEKTP CuCr0_9957Feo_0102, CHATHIM B TMapaMarHUTHON 0O0JacTH
temneparyp (T >Ty) cocrouT wuW3 KBagpymoabHOrO 1y0jeTa ¢ W30MEPHBIM CIBHTOM
A(33K) = 0.485+0.003 mm/c, KOTOPBI COOTBETCTBYET aTOMam Fe** B BBICOKOCTIHHOBOM
coctossHud.  Bemuuwmna — kBagpynoibHoro — cmemeHus  &(33K) = 0.300+0.003 mm/c
CBHUJICTEJILCTBYET O BO3MOXXKHOM CHJIBHOM HMCKOKEHHH OKCHAHBIX OKTadapoB (FeOg).
CrnexTpsl, moigydeHHble npu T < Ty, MPEnCcTaBIsIOT cOO0H acCHMETpUUYHbIE 3eeMaHOBCKHE
CEeKCTEThl C HEOJHOPOJHO VYIIMPEHHBIMU JHHUSAMHU. TakodW BHUJ CIHEKTPOB B paMKax
HECOpa3MEPHOU MOAYIAIUUA CHUHOBOW CTpyKTypbl CUCrO; reamkougHOTO THUITA CBSI3aH C
MOAYJSIMENH CBEPXTOHKUX OAJIEKTPUUECKUX B3aMMOJEHUCTBUM MNpHU MOBOPOTE MArHUTHOTO
momenTa Fe®' oTHocHTenbHO TiIaBHOW ocu (Z) TeHszopa rpaaMeHTa JJIEKTPHUYECKOTO OIS
(I'DII), a Takke u3-3a AHU3OTPOIIUU CBEPXTOHKUX MArHUTHBIX B3aMMOJICHCTBHI B MO3UIUSIX
Fe®* B1I0JIb BOJTHOBOrO BEKTOpA TEITHKOMIBI (X):

£(9(X)) = &, (3cos® I(x) -1 /2, H (X)) =H, +H_, (3cos* 9(x)-1)/2.
31ech &at — KBaApYNOJbHOE CMelleHue, BbI3BaHHOe [OIl, cozmaHHBIM pachpenencHueM
3apsiia BOKpYT simpa B pemerke, His and Hay — M30TpOnHBIH 1 aHM30TPOIHBIN BKIIaabl B Hp,
H(X) — yroi Mexay HarpaBlICHHEM CBEPXTOHKOTO MArHUTHOTO TOJIS U OCBhIO Z, TOJTyYCHHBIH
U3 COOTHOUIEHHUsI COSF(X) =sn((i4K(m)/l)x, m), rae Sn(x, m) — ammnTudeckas QyHKIHs
Sxobu, m — ee mapamerp, K(M) —MOIHBIA SIUIMNTHYECKHM HMHTErpal IEpBOro pojaa. B
pe3ynbrare 00pabOTKH CIIEKTPOB ObLT HaiieH mapameTp anrapmonmyHoctu M = 0.58 + 0.03,
KOTOpBI B auamazoHe Temreparyp 5-21 K mpaktudeckn He mamensiercs. [Ipu m3orpormHOM
Bkiage His=482.4+0.3kD wHabmogaeTcss OTHOCUTENBHO  OONbIIAs  aHU3OTPOIIHSL:
Han = 19.2 £ 0.6 kD (ipu 4.96 K). Anmzorponsslii Bkiaa Ha, B cBepxToHKOE 1osie Hy TombKO
gacTU4HO (~12 kD) sBisieTcss pe3ynbTaTOM AMIOJIBHBIX 3(P(EKTOB U, MOXO0XKEe, HMEET
BHYTPEHHUH AJICKTPOHHBIN BKJIa].

Pabora BeIONMTHEHA TpH MOAJIEpkKKE TpaHTOB Poccuiickoro ¢gonma (yHIaMeHTanbHBIX
ncciengoBanuii: Ne 14-03-00768a n yactuano Ne 14-02-01109a.
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5Fe PROBE MOSSBAUER SPECTROSCOPY OF PEROVSKITE-LIKE MANGANITES
Glazkova 1a.S.}, Belik A.A.2, Sobolev A.V.%, Presniakov LA

We report new results of Fe probe Mossbauer studies on powder BiMno_9657Feo_o403,
TIMnogs Feo 0403 and BiMnggs® Feo0sO12 samples. These manganites have attracted a great
interest due to their multiferroic properties as well as phenomena of cooperative orbital
ordering, caused by Jahn-Teller Mn** ions in its structure. Mossbauer spectra were measured
in wide temperature range including the points of magnetic (Ty) and orbital ordering (Too)
phase transitions.

[IpencraBneHsl pe3yiabTaThl MeccOAydIPOBCKOTO HCCIENOBAHHUS Ha SApPaX 30HIOBBIX
aTOMOB 57Fe MAaHT'aHUTOB BiMn0,9657Fe0,0403, TIMn0,9657Fe0,0403 u BiMnG,%S Feg04012. Bee
paccMaTpuBaeMble COCTUHEHHS MPUHAANEKAT K OONBIIOMY Kiaccy MEePOBCKUTOMOIOOHBIX
okcuoB Mapranna (l11), uHTepec k KOTOpBIM CBS3aH B MEPBYIO OYEPEab C BXOJSAIMIMMU B UX
COCTaB SIH-TEIUICPOBCKMMHU HOoHaMu MN®*, [u1si KOTOPBIX XapakTepHO HposiBieHHe d(pEeKToB
KOOIIEPaTUBHOIO OpOUTAIBHOTO ynopsaodeHus. Manranutsl BiMnO3z u BiMn;O1; siBisitotcst
MyIbTU(GEPPOUKAMU TIEPBOTO POJIA, IS KOTOPBIX TEMIEpaTypa CIIOHTAHHOM AIEKTPUYECKOM
nossipuzanuu (Tc), CBA3aHHOM €O “CTEPEOXMMUYECKON aKTUBHOCTBIO” 5S-3JIEKTPOHHOM Mapbl
katroHoB Bi®", 3amerHO npeBbimaeT TemMmneparypy MarautHoro ynopsgouetns (Ty < Te).

Meccbay3poBckre CreKTpsl 00pasia BiMng o6° Fe0,0403, M3MEpEHHBIC B MMapaMarHUTHOU
obmactu Temmneparyp (T > Tyn) Hmke Temmeparypsl (a3zoBoro mepexoaa npu loo = 413K,
OBUIH OINCAHBI B BUIE CAMHCTBEHHOTO AyOJeTa ¢ KBAAPYIOIbHOro pacmeruiennem 4°° =
1.22 £0.01 mwm/c. Tlpu mepexome B 00JacTh TEMIEpaTyp BHIIMIE oo, COOTBETCTBYIOIIYIO
OpOUTANIbHO-PA3yNOPSA0YCHHON (Da3e MaHraHuWTa, B CHEKTPE IO MPEKHEMY MPUCYTCTBYET
€IMHCTBEHHBIIN TYOIIET, HO C CYIIECTBEHHO MEHBIIIMM KBAJPYHOJIbHBIM pacIierieHueM 4~ =
0.64 £ 0.01 mm/c. AHasu3 TeMnepaTypHOW 3aBUCUMOCTH CIIEKTPOB, M3MEPEHHBIX B PEKUMaX
“oxnaxenns” (¥) n “Harpesanus’” (1) moKa3an HaNMUYME MIMPOKUX HHTEPBAIOB TEMIIEPATYP
ATty = 65K u ATy) = 50 K, B KOTOpBIX COCYIIECTBYIOT OpOUTAIbHO-PA3yHOPsIOUCHHAS
(T>Too) u ynopsnouernas (T < Tpp) dazer BiMnOs, nipu 3ToM HaOIHOAAaETCSl 3aMETHBIM
THUCTEPE3UC B TEMIICPATYPHBIX 3aBUCUMOCTSIX TTApIIHATBHBIX BKJIAI0B COOTBETCTBYIOMUX (a3.

[IpoBeneHHbBIC HAMU pacUeThl B paMKaX MOHHOW MOJENHU MapaMeTpoB TEH30pa rpagucHTa
anextpudeckoro mois (I'911) Ha sigpax 30HI0BBIX aTOMOB 57Fe, 3aMeIIaroIKX KaTHoHs! Mn®*
B CTPYKTYPHO-HEIKBHBANEHTHEIX MOSHIAX MoHOKTHHHOI pemrerku TIMnogs® F€0s0s u
BiMn6.965 Fe.04012, CBHIETENBCTBYIOT 3HAYUTEIILHOM BKJIaae B [ D1 TUNOIBHBIX MOMEHTOB
noroB OF u Bi**. PaccMOTpeHBI pasiudHbie BKIabl B TEH30DbI MOJIIPU3YEMOCTEN 0o, Olgi U
OLT], CBSI3AHHBIE CO CICTIM(PUKOMN IJEKTPOHHOU CTPYKTYPHI pAaCCMATPUBAEMbBIX MAHTAHHUTOB.

[Tpu Hu3kux Temneparypax T < Ty MC criekTpsl BiMn0,9657Feo,o403 u TanO.9657FeO.O4O3
MPEJICTaBISIIOT COOOM CYMEepHO3UIHNI0 HECKOIBKUX 36€MaHOBCKUX KOMIIOHEHT, OTBEUAIOIIUX
CTPYKTYPHO-HEIKBHBAICHTHBIM 03uImsiM HoHOB Mn>". [Ipeamonaraercs, uro HabIoxaeMast
CIIOKHAsi MAarHUTHAs CTPYKTypa ° Fe BbI3BaHA 0Opa3oBaHHeM (pyCTPHPOBAHHBIX COCTOSHHIL
MPUMECHBIX LIEHTPOB Fe*' B matpuiax BiMnO3; u TIMnOs.

PaGora BemonHena mpum mnomnepxkke Poccuiickoro ®onma DyHIaMEHTAIBHBIX
Uccnenosanwuii, rpant Ne 14-03-00768.
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KHUHETUKA BOSBHUKHOBEHUWS BPEMEHHOI'O ITIOPSA/IKA B
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KINETICS OF TIME ORDER BEGINNING IN THE y-IRRADIATED CRYSTALS BiFeO3
Godovikov S.K.

It is shown that the local pressure resulted in the time order in BiFeOs.

Iamma-o6nyyenne kpuctamia BiFeOs; oOnapyxuBaer 3(pQeKT BO3HHKHOBCHHS YETKOTO
BPEMEHHOI'0 MOPsI/IKa B aTOMHBIX nepeMenieHusix [1]. 3nydeHne uMeno BepXHIOW I'pPaHUILY

55 MbB, Bpemst obOmydenust ~ luac, mnoromenHas no3a 100I'p. IlepBoHauanbHO
-9

B030yxaaercss menee 10~ uwactu oObema oOpasma. Jlanmee ofHaKko, ¢ TEYEHHEM BpPEMEHHU

BO30YXKJEHHE  OXBaThIBa€T BeCh O0BEM. ODTO BpeMs COCTaBiIseT ~ 6 MecsAleB, IO

MPOIIECTBUM KOTOPHIX BO3HHMKAET KOJEOATENbHBIM MPOILIECC B MapaMeTpax CBEPXTOHKOTO
MarHuTHOTO pacuieruieHust Her 1 kBagpymonsHOro cMmemenns Q ¢ mepuomom ~ 40 mgHEH.
Konebanust mpOUCXOIAT MEXKTy IBYMs TUIIAMU JIOKATbHBIX aTOMHBIX cTpykTyp locl u locll,
CUMMETpPHsI KOTOPBIX CYIIECTBEHHO pasznuuaercs. Ha Puc. mpencraBinena 3aBUCHUMOCTH OT
BPEMEHU OTHOCHUTENBLHOTO cozepskanus l0Cll. BoIsBiasiroTcss mo MeHbIIeH Mepe 5 MHKOB €O
crialaronied aMInTynoi. Jlamee HacTymaeT nepruo; OTHOCUTEIBHOTO CIIOKOMCTBHS, OJTHAKO,
yepe3 6 mecsneB koinebanus Tuna Puc. onsTh BOZHUKAIOT, U IPUTOM CIIOHTaHHO, 0€3 KaKuX-
nubo  BHEmHWX  Bo3nedcTBui.  Ilpemmaraercst  ciieqyroomas — MOJENb  Ipolecca.
B3aumopeiicTBie y-KBaHTOB HPOUCXOAUT HauOoliee BEPOSITHO C OOJBIIMMHU IO pa3Mepy
aromamu Bi. B oTmenpHbIX sueiikax (~10'9 4acTu 00beMa) MPOUCXOJIUT CIABUT ITHX aTOMOB.
Cnur Bl SKkBHBaJCHTEH CO3JaHUIO JIOKAJILHOTO naBjicHus B 7-10 kOap, Kak mokazaiu
pacyeTsl ANEKTPUICCKUX T0JICH Ha MOJIOKEHUU aToMa e 1 SKCTIepUMEHTHI 110 IaBJICHHIO [2].
Janee 5T0 naBiieHHE HUHIYIUPYETCS HA COCEIHHE SUCWKHU, BBI3bIBAsl CABUTH TEIEPb YiKE
mo0bIx aromoB. HambGomee BepositeH caur Jjerkoro aroma O. BoO3HHKalOT KpymHBIC

KIACTephl, BHYTPM  KOTOPBIX  HapyIlleHa

e ; ; UCXOJHAsl  JIOKaJIbHass  cumMmeTpus. llpwm
f ‘ JOCTM)KEHUM TIOpora TMpPOTEKaHUs, KOTOPBIN
08 f MOXXHO oOLeHHTh Kak ~ 0,4, Kiacrepsl

CIIMBAIOTCS M JaBJIEHUE OXBATHIBAET TENEPh
YK€ BeCh 00beM. DTO HEM30EKHO MPHUBOJIUT K
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L,*fﬁk - g 200 240 280 320 [ 380 [lepecTpoiika CTaHOBHUTCS «BUAUMON» IS

0 A sddexra  Meccbaydspa,  [OCKONBKY — OHA
OXBaTBIBACT TETEPh YK€ Bce aToMbl Fe. [lepnoa maTeHTHOCTH (~ 6 MECsIIeB) 3aKaHYUBACTCS U
HAUYMHAETCSl CHHEPreTHUeCKUil KonebaTeabHbIi mporecc. [Inurcs oH Takxke ~ 6 MecsIieB 10
pa3pbiBa CBSI3U MEXIy KJIacTepaMM HUXKE rmopora npotekanus. «Pemeiik» mporecca yepes 6
MECSIIEB BO3MOXKEH IIOTOMY, YTO paHee BO3HHKIIEe M00aBOYHOE [aBIEHHE OCTaeTci W
MMEHHO OHO TeNeph, a He Y-00JyueHue, MHULIUUPYET KosieOaHus [2].

JIureparypa:
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EFFECT OF CONCENTRATION AND TYPE OF A DOPING ELEMENT ON THE
STRUCTURAL TRANSFORMATIONS IN LANTHANUM MANGANITES
La; xMeyMnOs.; (Me = Ca, Sr, Ba)

Sedykh V.D.*, Rusakov V.S.2
" Institute of Solid State Physics, Russian Academy of Sciences, Chernogolovka, Russia
2 Lomonosov Moscow State University, Moscow, Russia
sedykh@issp.ac.ru

We have investigated by Mossbauer spectroscopy the effect of ionic radius and
concentration of a doping element on the features of structural transformations in
polycrystalline lanthanum manganites La; x\MexMnOs.; doped with a divalent impurity (Me =
Sr, Ca, Ba).

According to the X-ray data the synthesized samples with a wide concentration range of
a doping element are single-phase and have rhombohedral structure, except for two Ca-doped
samples with x = 0.20, 0.30 which have the orthorhombic Pnmal structure.

The main factors affecting the structural features of lanthanum manganites are (1)
relation of Mn valence states since Mn has a mixed valence, Mn®" (Jahn-Teller ion) and Mn**
[1]; (2) interstitial oxygen (3); and (3) ionic radius of a doping element.

Varying the synthesis and heat treatment conditions it is possible to obtain one or
another structural modification in manganites, the main of which are rhombohedral (space
group R-3c) and two orthorhombic Pnmal and Pnmall (common space group Pnma) phases
[2]. On the transition from Pnmal to Pnmall the additional orthorhombic Pnmall* phase
appears which is not independent [3]. Each phase has the definite quantity of Mn*" ions.

It has been shown that for the stoichiometric composition, when interstitial oxygen is
absent (5 = 0), the quantity of Mn*" ions is equal to that of a doping element; it means that the
Pnmall phase in doped lanthanum manganites, in which only Mn** ions are present, must not
be formed. For the stoichiometric composition a mixture of three orthorhombic phases is
formed in all the compounds studied. The Mossbauer spectra and the corresponding
distributions of quadrupole splittings P(A) are strongly differ from each other for different
types of a doping element. For the low concentration of a doping element (x = 0.05 and 0.10),
P(A) strongly differs for different types of a doping element. For the higher concentration of a
doping element (x = 0.20), P(A) differs insignificantly for the different type of doping
element. We assume that in the compounds with the different type and concentration of a
doping element, the different factors affecting the structural transformations will dominate.

It is known that the change in ionic radius of a doping element leads to the change in
unit cell volume, in the bond angle Mn-O-Mn [4], and in orbital overlapping [5]. We suppose
that the orbital overlapping is the prevailing factor for the low concentration of doping
element that results in a great difference in P(A) for the different types of a doping element.
With increasing the doping element concentration, the quantity of Mn** ions breaking the
orbital ordering increases, and the ratio Mn®**/Mn** becomes the prevailing factor, therefore
the distributions P(A) are rather similar for the different types of impurity.
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Ce(FeixMy)2 (M =Co, Ru, Si, Al, Cu) compounds attract much attention due to a
sophisticated magnetic phase diagram and anomalous magnetic properties. The binary
compound CeFe; crystallizes in the cubic MgCu,-type Laves phase. It is a ferromagnet (FM)
with a Curie temperature of 230 K. Upon partial substitution of Fe atoms by impurity atoms
in the compounds Ce(Fei1xMy),, antiferromagnetic (AF) ordering at low temperatures is
observed [1]. The FM-AF phase transition is a first order transition. It is accompanied by a
cubic to rhombohedral structural distortion and discontinuous change of the unit cell volume.
Due to a competition between the FM and AF exchange interactions and strong
magnetostructural coupling, this system is very sensitive to alloying, application of magnetic
field and pressure. The aim of this work was a comparative study of the crystal structure,
magnetic properties and hyperfine interactions
for two compounds of Ce(Fe;«Six), family: with 1.00 s
ferromagnetic (x=0) and antiferromagnetic k
(x =0.07) ground states.

Figure 1 shows Mossbauer spectra of the
compounds measured at 130 K. At this
temperature, the binary CeFe; is in the FM state,
while for the ternary Ce(Feo93Sioor)2 the AF
state is realized. In spite of a relatively simple
cubic structure of the binary compound, its :
Maossbauer spectrum cannot be treated well in 0.98
the model of distribution of hyperfine fields.

The amount of magnetically nonequivalent 0.96
positions of iron due to different orientations of ot et o A Attt
the local symmetry axes and the second-order 3 2 1 o0 1 2 3
quadrupole coupling constants were taken into Velocity, mm/s

account to get best fitting of the spectrum in the

direct problem (Fig. 1a). Fig. 1. Mossbauer spectra for Ce(Fe1-xSix)2

With addition of silicon, the spectrum Wwithx =0 (a) and x = 0.07 (b) at 130 K.
changes drastically (Fig. 1b). Because of the
rhombohedral distortions, there are no reasons to consider high-order quadrupole coupling.
Instead, different environment of resonant atoms depending on the number of impurity atoms
in the first coordination sphere should be taken into account. Therefore, the spectrum was
fitted with the distribution function of hyperfine fields. The obtained results are discussed in
the model of competition of the FM and AF couplings between different pairs of the Ce and
Fe spins [2].

0.98
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MAGNETIC ORDERING OF IRON IONS IN THE SUPERCONDUCTING COMPOUNDS
Fe-Se-Te FAMILY
Frolov K.V., Vasyukov D.M., Perunov I.V., Naumov P.G., Korotkov N.Yu., Lyubutin L.S.,
Belikov V.V., Kazakov S.M., Pudalov V.M., Gavrilkin S.Yu.

In this work we present the results of studies of the Fei.,Te and FeSe;.,Tey, compounds
by the absorption °’Fe Mdssbauer spectroscopy in the temperature range of 5 — 295 K. We
revealed that only interplanar Fe ions are responsible for strong magnetic ordering in the
Fei+yTe system.

OTKpbITHE CBEpPXNPOBOAMMOCTH B XaJbKOI€HUJAAX M MHUKTHAAX xene3a [1,2]
WHUIMHPOBAIO MHTCHCUBHBIC MCCIICIOBAHUS ITHX MATCPUATIOB U BO30OHOBWIIO OOCYKICHHE
BO3MOXXHBIX ~MAarHUTHBIX MEXaHHW3MOB  BBICOKOTEMIIEpATYpHOW  CBEPXIIPOBOIMMOCTH.
CeepxmpoBomsine coeauHenus: FeSeTe sBnsioTcss Hambosiee CTPYKTYPHO NPOCTBIMH U
paccMaTpuBaIOTC KakK yJOOHBIE MOJENbHbIE OOBEKTBHI ISl HCCIEAOBAHUN B3aMMOCBS3HU
MEXIY CBEPXIIPOBOJUMOCTBIO, CTPYKTYPHBIMU M MarHUTHBIMH COCTOSTHUSIMA MOHOB jKelie3a.
OOGHapyKeHHOE OTCYTCTBHE CBEPXIIPOBOJIMMOCTH B 00BEMHBIX (pa3zax coenuHeHus FeTe, u eé
HAJIMYUE B U30CTPYKTYPHBIX coequHeHusx FeSe u FeSeTe npusnekaer oTneapHOe BHUMAaHUE.
B paGore mpencraBieHsl pe3ynbTaThl MCCIeqOBaHMN coenuHeHuil Fei..Te u FeSeiyTey
metooM ' Fe MEccOayIpPOBCKOM CIIEKTPOCKONUH B HHTEpBase Temmneparyp 5 — 295 K.

MéccbayspoBckre CHEKTphl 00pa3lioB HECBEPXMPOBOISALIETO COEAUHEHUS] FeiTe
(x=0.075, 0.100, 0.125, 0.175, 0.225) ¢ u30BITKOM KeJie3a MPU KOMHATHOM TemIepaType
UMEIOT MapaMarHUTHBIA BHUJ M XOPOIIO ONMCHIBAIKMCH CYNEpHo3uiueil ayoOeTos,
COOTBETCTBYIOIIMX HOHAM KeJe3a, pACIOJIOXKEHHBIM B CBEPXIIPOBOJSALIUX IJIOCKOCTSIX
KPUCTAJUIMYECKON pemETKn n mMexay HuMH. 1Ipu temmniepatypax Huke 70 K criekTpbl Beex
00pasmoB JAEMOHCTPUPYIOT CJIO)KHOE MAarHUTHOE pAacCIICIUICHHWEe, YKa3bIBalollee Ha
BO3HUKHOBEHHE CHJIBHOTO MarHMTHOTO YHOpsAOYeHHEM Bcex HoHOB Fe. MéccOayspoBckue
CIIEKTpBI 00pa3oB cBepxmpoBoasmero coexunenus FeSei,Te, (y=0.5, 0.8) 6e3 m30bITKA
JKele3a UMEIOT CXOXKYI0 MapaMarHuTHoro ¢opMy Bo BcEM HHTepBaie Temmepatyp 5 — 295 K.
B oOnacti HH3KHX TeMIiepatyp JOaxe JUisl coeanmHEeHUs FeSep,Teps, Xumudeckn HamOolee
onu3koro k OmHapHOMY cocTaBy FeTe, B cmekTpax HaOmOaeTcs JHIIb MaJIOMHTEHCHBHAS
MarHuTHasi KOMIOHEHTA. MBI mpe/mnoiaraeM, 4yTo 3a (OPMUPOBAHNE CHIBHOTO MAarHUTHOTO
yrnopsiiodeHusi B cucreMe Fejy, Te OTBETCTBEHHBI MMEHHO H30BITOYHBIE MEKIUIOCKOCTHBIE
MOHBI XKene3a.

PaGora momnepkana mporpammoii Ilpesmmnyma PAH "CunbHo KoppemupoBaHHBIE
AJIEKTPOHHBIE CUCTEMBI".
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ANISOTROPIC MAGNETIC HYPERFINE INTERACTIONS IN PHOSPHIDE FeP
Presniakov I.A., Sobolev A.V., Chernyavskii 1.0., Pankratov D.A., Morozov I.V.

In this work, we present the results of the °"Fe Mdssbauer study of FeP phosphide which
attracts much attention because of its unusual magnetic structure. The spectra were measured
in temperature range including the point of magnetic phase transition at Ty ~ 120 K. The
spectra of FeP measured in the paramagnetic range (T > Ty) consist of one quadrupole doublet
indicating that all low spin ferric ions occupy in the phosphide lattice equivalent crystal
positions. The °’Fe spectra measured at low temperatures T < Ty demonstrate very Zeeman
magnetic hyperfine pattern with inhomogeneous line broadenings and sizeable spectral
asymmetry. Analysis of the experimental spectra was carried out assuming the modulation of
the electric hyperfine interactions when the Fe** magnetic moment rotates with respect to the
principal axis of the EFG tensor, and the anisotropy of the magnetic hyperfine field Bni(9) at
the *'Fe nuclei (9 is the angle between the direction of the hyperfine magnetic fields Bps and
EFG at °’Fe nuclei).

[IpencraBiaensl  pe3yabTaThl  MECCOAYIPOBCKOTO  HCCIEAOBAHUS  CBEPXTOHKUX
B3aUMOJICHCTBUI sCp >Fe p dbochune FeP, obGnamaromero HEOOBIYHON TeTUKOWIATBHOM
MarHuTHOH CTPYyKTypoii [1]. MeccOayspoBckre n3MepeHus MOJMKPUCTANTMUECKUX 00pa3IoB
dbocduaa mpoBeaeHBI B IIMPOKOM WHTEPBAJIEC TEMIIEpaTyp, BKIIOUYAOIIEM TOUYKY MarHUTHOTO
¢dazoBoro mepexoma Ty~ 120K [1]. Anamm3 u pacmudpoBKa NOTYYEHHBIX CIEKTPOB
IPOBOJIUIICS C UCIIOJIB30BAHUEM MMPOrpaMMHOIo KoMiniekca SpectrRelax [2].

Bce meccOayspoBckue CHEKTphl, U3MEpPEHHBIE B IMapamMarHuTHOW obOmactu T > Ty,
MIPEICTABISIIOT COOOM OMHOYHBIN KBaAPyHOJbHBIN 1y0meT (d300k = 0.31 £ 0.01 mm/c, Aspok =
0.66 £0.01 wmm/c), oTBewaromUii HU3KOCIIMHOBBIM KaTHOHAM Fe** B uCcKaxkeHHOM
OKTa3JApUYECKOM OKpPY)KEHHH aHMOHOB (ocdopa. B pamkax HMOHHONH Mojaenu Hamu ObLTH
paccuMTaHbl MOHOTIOJIBHBIE W JTUIIOJIBHBIC BKJIAJABl B TPaJAMEHT dJekTpuueckoro mois (I'II1)
Ha sapax Fe. Amanms TEMIIEpAaTypHON 3aBUCUMOCTH KBAIPYIOJBHOIO PACILICIIICHUS
CIICKTPOB IIO3BOJIMJI OXapaKTCPU30BATHb BKJIaJ BAJICHTHBIX d-SJ'IeKTPOHOB KaTuOHOB F63+ B
I'OI1. B obnactu T < Ty B criekTpax >’Fe nosBsercs HEOJHOPOJHAsI MAarHUTHAS CBEPXTOHKAS
CTPYKTYpa, BBbI3BaHHAs B3aWMHOHN KOppessiiell 3HaueHHWH KBaJPYIOJBHOIO CMEHICHUs (g)
KOMITOHEHT 3€€MaHOBCKHX CEKCTETOB U MAarHUTHOT'O CBEPXTOHKOTO ToJist (Bpf) Ha siapax =)
HpCIU'IO)KCHHaH MOJCIbHAaA pacmn(prBKa OKCIICPUMCHTAJIbHBIX CIICKTPOB B MPCAIOJIOKCHUN
0 CHUHMOJYJIUPOBAHHOM MAarHuTHOM cTpykType FeP mo3Bonmia oueHuTh mnapamerp
AHMAPpMOHHUYHOCTHU (m), KOTOprfI MMPOsBJIACT CJ'I8.6YIO TCMIICPATYPHYIO 3aBUCUMOCTD.
[TokazaHo, 4T0O CBepXTOHKOE T0JIe Brs 0OmamaeT 3HaunTensHoOM anusorponuei Bpi(93) (roe 9 -
HOJ'IHpHLIﬁ yroj1 MEXKAY HallpaBJICHUAMHU CIIMHOB HOHOB F93+ U TJIaBHOM KOMIIOHEHTOM
tenzopa ['DII). [IpoBeneHHbIe pacyeThl MOKa3aau, 4TO HaOI0gaeMasi aHu30Tponusi Bps He
MOeT OBbITh OOBsICHEHA C IMPUBJICYCHUECM TOJIBKO JIMIIb MAIrHUTHOI'O AUIIOJIBHOI'O BKJIaJa W,
NO-BHIMMOMY, CBsi3aHa ¢ opOutambHbiM BkiagoMm (Bp #0) 3d-smexktpoHHON 0005109KH
katnoHoB Fe**, a taxke AHU3O0TPOIHEH KOCBEHHBIX B3ammojeicTBuii Fe-P-Fe B maruutHoin
CTPYKTYpC FeP. Amnanus MOJIYYCHHBIX PE3YJIbTATOB IPOBOAUTCA B CPAaBHCHHUU C pPAHEC
MMOJIYYCHHBIMH JAaHHBIMU JIA APYTUX MArHuTOoyHnopsaaO4YCHHBIX COGI{I/IHCHHﬁ JKeiie3a C©
KOHKYPUPYIOIIUMHU 0OMEHHBIMU BSaHMOHeﬁCTBHHMH.
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There are few compounds of a close composition possible in the Si-rich region of the
Fe-Si system. Their diverse properties make them interesting for both science and technology.
Mechanical alloying (MA) is a unique technique which allows one to produce stable and
meta-stable materials depending on conditions of experiment. Substances obtained during
MA, especially before a heat treatment, are often imperfect and, along with stable and
metastable compounds, regions with many defects can appear. The size of the homogeneous
regions is rather small, especially at initial stage, and this obstructs a study of the MA process
in details with usual X-ray diffraction. Mossbauer spectroscopy gives unrivaled insight into
the structure presenting information on a local atomic environment of iron. But interpretation
of Mossbauer spectra is much more difficult for MA experiments, because one has to take into
account, together with the compounds from phase diagram, those unobvious metastable
compounds and variations of stable compounds with structural defects.

As experiments of SizpFeso with mechanical alloying [1] show, during initial stages of
MA found were a- and B-FeSi,, as well as e-FeSi. Considering the Fe-Si phase diagram and
experimental results found in literature, we assume that, in addition, possible are y-FeSi,
(CaF, lattice type), and its variant FeqsSi (FeSi with CsClI lattice type with a random Fe-
deficiency, that is, with disordered vacancies in Fe-sublattice). Both the latter phases can be
produced by other technological methods only if epitaxially stabilized. Also, we consider iron
as separate impurities in silicon, as such defects are detected in experiments on ion
implantation, though there is no a solution of Fe in Si in the phase diagram.

The aim of this work is to consider different possible compounds that can appear
during MA of Fe-Si, taking into account possible defects of structures, in order to analyse and
interpret Mossbauer spectra. The isomer shifts and quadrupolar splittings are calculated for
the above mentioned systems with structural defects. The first-principles calculations are
conducted with method [2], the structural relaxation of the unit cells being made beforehand.

Considered are:

1) for the system a-FeSi,, the vacancies in iron and silicon sublattices, and the
hypothesis on Si atoms replacing iron [3];

2) for the system B-FeSi,, the vacancies in two iron and two silicon sublattices;

3) an ideal y-FeSi, and few variants of disorder in FegsSi;

4) substitution and interstitial positions of iron atoms in the diamond lattice, as well as
an interstitial iron with a vacancy on a neighboring site [4].
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The aim of work was finding out features of iron oxidation with a various content of the
isotopes prepared in the form of foils, bulk samples and powders. Impurity of other elements
in samples of pure usual iron and iron (enrichment up to 95 % by *'Fe) practically were
identical (less than 0,1 %). Isotope composition of a >’Fe-containing foil: >'Fe - 95,1 %; (**Fe
+ *°Fe) — 3,0 % and *°Fe — 1,9 %. Structural states are studied by methods of X-ray
diffraction, Méssbauer spectroscopy of conversion and Auger-electrons, as well as on
absorption of Méssbauer y-quantums, Electron Microscopy and Electrochemical
investigations . Isotope effect i.e. steadiness to iron oxidation of the samples with different
isotope content was obviously expressed. Usual iron is oxidized exposed to air whereas the
iron foil of °’Fe remains stable for more then 40 years. A possible reason of the effect is the
different spin of nuclear magnetic moments of the isotopes °’Fe and *°Fe, 1/2 and 0
respectively.
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THE EXTERNAL PRESSURE AND THE SELF-ORGANIZATION IN Bigg Lag1FeOs
Godovikov S.K., Prosvirnin D.V., Nikitin S.M., Lagutina E.S., Pokatilov V.S.

It is concluded that the external pressure resulted in a self-organization in Bigg
Lag1FeOs.

Panee Obuim OOHAapYKEHBI M  HCCIENOBaHBI MPOLECCHl CaMOOPTAHU3AIMU B
myiabTudepporke BiFeOs; mom neiictBueM snekrtpuueckoro yaapa [1] wam oOmydeHus
y-nydamu [2]. HaOmromanuce mpeBpalieHus JTOKAIbHON aTOMHOW CTPYKTYpBI, MMEIOIIUE
nepuoauueckuii xapaktep. Hanpumep, y-o0nydyeHue npuseno K konedaTeabHOMY MpoLeccy ¢
nepuoaoM ~ 40 nueit. [lpeamonaranock, 4yTO MEPBONPUUYMHON 3TUX IMPOLIECCOB SIBJISAETCS
BHYTpPEHHEE JIOKaJIbHOE JaBJICHHE, BOSHUKAIOIIEE U3-3a HAPYIICHHUS SIEKTPUUECKOTo OanaHca
B pe3yjpTaTe BHEIIHEro BO3JACHCTBHs. lIpsMONM mnpoBepke 3TOro MPEANONOKEHUS H
NOCBSIIIEHAa HacTosmas pabora. beu1 BeiOpaH oOpaser, B koropom Bi Ha 10% 3ameriex
MOHaMH La, XaoTMYHO pacnpeneNeHHbIMU IO penieTke. JTo o0ecnevyrBaeT yBEIUYECHHE
M3HAYAJIbHON «Xa0THMYHOCTHY» 00paslia, K KOTOpOMY ObLIO MPHUIIOKEHO JaBJjeHHe B ~ 7 KOap.
JlaBneHue co3znaBajgoch B INPOMBILUIEHHOM IIpecce Npu HajlokeHuun ycuius B 35T k
peaibHOMY MeccOayd pOBCKOMY TMOTJIOTUTENO B TedeHue 1 MuH. WMmnynbc naBieHHs
HapyIIWJI HEBO3MYIIICHHOE COCTOSIHME 00pasiia, KOTOPOe MCCIIEe0BAJIOCh B TeueHHe 17 aHei.
3aBucuMocTh Hep OT BpeMeHn 0OHapyKuiIa Cepuro MUKOB, 0003HAYCHHBIX CTpesikaMu Ha Puc.
XapakTepHO, YTO TMKA B TIOBEJACHUU KBaJIpYMOJbHOTO pacmerieHuss Q derko
KoppenupoBanu ¢ ukamu Hg, , u3menssice B npeaenax — 0,05 mm/c —+0,02mm/c.Yetkoid
MEePUOIUYHOCTH, TTOA00HON (D dekTy B y-00aydeHHBIX oOpasznax (~ 40 mueid) [2] 3aech He
Ha0JI10/1a710Ch, OJHAKO HEKHMI CPEeHUN Mepro]l KoJeOaHuil BBIBISIETCS M 31€Ch M PABEH OH ~
50 gasm (uku 1-2, 2-4, 5-7). [IpoBeieHHBIN OIBIT €CTh MPSAMOE JOKA3aTeIbCTBO TOTO, YTO:

1. JlokaibHOE AaBJIEHHE €CTh MPUYMHA

SP%%]T KO CaMOOPTaHM3allMH aTOMHBIX MEPEMEIICHHI
s00 | L&\(\ * ¢.',+* ! ; | B g—o@;yqume 06pa3é1ax;
i : 44\ . 3amepkka B MECSILICB  MOCTIe
AN sep :
490 : 00JIydeHHss W HEMEJICHHOE IPOSIBIICHUE
sbpcdekta B AaHHOM  choydae = —
480 CBUJETEIBCTBO MPENEIbHO HU3KOH (~ 10'9)
0 50 100 150 200 ey ppenenbHO  BBICOKOH (~ 1)  momm
BO3MYIIEHHBIX 00JIacTel B TOM U APYTOM CIy4ae;
3. JlaBnenne B ~ 7 KkOap XapakTepHO /Uil TapameTpa WH()OPMAIUOHHON BOIHBI,

pacIpoOCTpaHSIONMEHCS M0 00beMy B OOOMX THIIAX JKCIIEPUMEHTOB, HO OHO 3HAYUTEIBHO
MCHBIIIE JTABJICHUS B DKCICPUMEHTAX IO DIICKTPUYECKOMY yaapy, Tlie KOJeOaHUS HMEIOT
NEPUOJ B HECKOJBKO MecsieB. TeM caMbIM IKCIIEPHUMEHTAIBHO JOKA3aHO, YTO MPUYUHOM
BO3HMKHOBEHHUSI CaMOOpPraHM3aliid aTOMHBIX mepemenienuii B BiFeO3 siBisieTcst mokaibHOE
BHYTpEHHEE JIaBIICHUE.

1.C.K. I'ogoBukoB, C.M. Hukutun u ap. U3zsectus PAH, cep. dus., 2013, 77, Ne6, 751-754.
2. S.K. Godovikov, S.M. Nikitin at al. Nanomechanics Science and Tech., 2012, 3, 341-351
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OIEHKA MAPAMETPOB KOJIEBATEJIBHOI'O ITPOLUECCA B
MYJIbTUPEPPOUKAX HA OCHOBE BiFeO3
Huxkutna C.M , 'ogouxos C.K.
HUUAD um. JI.B. Ckobenvyvina MI'Y um. M.B. Jlomonocosa, Mockea, Poccus
nikitin.sergey@gmail.com

EVALUATION OF VIBRATIONAL PROCESS PARAMETERS OF MULTIFERROICS
BiFeO;
Nikitin S.M., Godovikov S.K.
Vibrational spectra of multiferroics BiFeO3 and it La doped analogs were calculated.
Difference between spectra discussed in terms of rigidity of crystal structure.

Mynbstudeppouk Bi g9 Lag; FeO3 , aktuBamusi kotoporo Oblla CO3[aHa BHEIIHUM
naBieHueM [1], oOHapyui ropa3fgo Oosblliee YMCIO MHKOB KOJeOaTeabHOro Ipolecca
(6onee 8), uem

BiFe0s , monBepruyThiii y-00ay4enuto (5 mukoB) [2]. s 0ObsICHEHHUS BO3MOXHBIX MPUYUH
3TOro sBieHUs Obl1 mpeanpuHAtr pacuer MK-cnexkTpoB sTux MarepuanoB. Mognenb 1is
pacueToB OCHOBBIBAJachb Ha PEHTIEHOCTPYKTYPHBbIX JaHHbIX [3]. Pacuer mnpoBoaumics
METOJaMH MOJIEKYJISIpHOW MeXaHuku U mnoxymnupuku (PM3). O6cuutsiBancs kiacrtep,
BKJIIOYAIOILUI YeThIpe 3JeMeHTapHbIX siueiiku (80 aTomoB). BHemrHuii Bua Takoro kiacrepa
IPEJCTaBIEH Ha pUCYHKE ciieBa. Ha pucyHke HauMeHbLIME IIApUKH 0003HAYalOT aTOMBI
KHCJIOpO/a. CpeHME - XKele3a, a Oospline - BUcMyTa JlJii MOAEIMPOBAHUS JJONMUPOBAHHBIX
JAHTAHOM CTPYKTYp, JIBa aTOMa BHUCMYTa ObUIM 3amernieHbl JantaHoM. Pacuer UK cnekTpos

il )

| 2
28 et | 3.1 cu™
30.81
MIPOBOAMJIICS C MCIIOJIb30BAHUEM MEPHOAMYECKUX TPAaHUYHBIX
ycioBuil. Pe3ynbTarhl peAcTaBieHbl Ha pUCYHKeE cipasa (a -
BiFeOs, 6 - Bi o9 Lagp; FeOz). IlpaBeie wacTu CreKTpOB
CBs3aHBl C KOJIEOAHMSIMM TsDKEIBIX aroMoB Bi u La
‘ XapakTepHo, 4To B criekTpe 0 BozHukaeT dactoTa 30,81 1/cm
' (B otmume ot 8,19, mpucymeit Bi), cBszannas ¢ La Kak
ObUTO TIOKa3aHO paHee [4], KojebaHWUs MPOUCXOIAT 3a TMpeaeTaMH «MEPTBOM 30HBI»
cMmemeHnii mo koopauHare X - (-a, ta), rme a= fo/k, K —kospdunmeHT xkectkocTu
KosiebarenbHOM cuctembl, fy -cuima, mpensTcTBYyMOIAs mepeMenicHuio atoMoB. M3 Puc.6
OYEBUJIHO, YTO K, CBSI3aHHBINA ¢ La , 3/1eCh YBEJIMYMWICS B CpaBHEHHH C K, CBS3aHHBIM C B,
NP ydeTe Macc aTOMOB M, MO MeHbIIeH Mepe B 9 pa3 (k/M=wmq’, rae oo —dactora). [pu
ydeTe OTHOCHTENLHOTO conepxanusi La , cpennee 3HaueHwe K mpu BBefcHuu B BiFe03
atomoB La yBenmumBaeTcsi B ~ 2 paza. ITO O3HAYAET, YTO «MEPTBAsi 30HA» PE3KO CYKAETCs,
YTO M TMO3BOJISIET NPOJIUTH BpeMs Kosie0aTeslbHOro Impoiiecca. [lepemenieHuss TsHKEIbIX
aTOMOB HamOoJiee CYIIECTBEHHBI 371€Ch, IMOCKOJIbKY, KaK BHJIHO W3 PUC., OHU CBSI3aHBI C
MUHUMAaJIbHBIMU 3aTpaTaMyu SHEPTUU.
Jluteparypa
1 C.K. I'onoBuxos, [.B. IlpocBupuuH u ap. CM.HacTosAIIMi cOOpPHUK
2 CK.T'onoBukoB CM. HacTOAIIMIA COOPHUK
3. D.C. Arnold, K.S. Knight, F.D. Morrison, P. Lightfoot The ferroelectric — paraelectric
transition in BiFeO3:Crystal structure of the orthorhombic B-phase. arxiv.org/pdf/0811.1501
4. C.K. I'omosukos, A.H. Epmakos u a1p UzBectus PAH, cep.¢pus.,2013, 77 Ne6, 730-735
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JIOKAJIBHBIE COCTOSAHUSA NOHOB KEJIE3A B MYJIbTU®EPPOUKE
Bio.s15E U 0gsl-a0.10F€03
IlokaTunos B.C.,*1 Pycakos B.C. 2, Curos A.C. 1, [okarmnos B.B.*
"Mockosckuii 20CY0apCmeEeHHblll MeXHUYeCKUll YHUgepcumem paouomexHuK,
1eKmpoHUKU u agmomamuxu, Mockea, Poccus
2Mockosckuii 2ocyoapcmeennwiil yHusepcumem um. M.B. Jlomonocosa
E-mail: pokatilov@mirea.ru

LOCAL STATES OF IRON IONS IN MULTIFERROIC
Bio.s15EUo 0g5L-a0.10F€03
Pokatilov V.S.}, Rusakov V.S? Sigov A.S.%, Pokatilov V..

Study of valence and magnetic states of Fe ions in multiferroic Big gisEug ogs5La0.10FeO3
by method of Mossbauer spectroscopy in the field of temperatures 5 — 700K.

N3BecTHO, dYTO 3aMelleHWe WOHOB BHUCMYTa Ha PEIKO3EMENbHBIC HOHBI B
MyIbTU(GEPPOMKAX HA OCHOBE BHCMYTa NPUBOAUT K 3HAYUTEIBHBIM H3MEHEHUSM
INEKTPUYCCKON TOJSIpU3aMd W HaMarHWIeHHOCTH. OJIHAKO BAJICHTHbIC W MAarHUTHBIC
COCTOSTHUSI MOHOB Kelle3a B JTUX COCTUHEHHSIX MPAKTUYECKH He H3yuyeHbl. Llenp nanHOi
paboThl — WCCIEIOBaHWE BAJICHTHBIX W MArHUTHBIX COCTOSIHMM WOHOB JKejie3a B
mynbTudepporke BiggisEUgogslag10FeOs meromom sddexkrta Meccbayspa B obiaactu
temmneparyp 5 — 700 K.

Hccnenyemble o00pa3ipl  OBLTM  MOJYY4EHBI METOJOM TBEPIOTEIBHOTO CHHTE3A.
Penrenorpaduueckue uccieqoBaHus MOKa3ald, 4TO 0Opasibl ObUTM OJHO(A3HBIC U WMEIH
pOMOOIIpHYECKYI0  CTPYKTYpy ¢ mapamerpamu  pemertkn:  a = 0.5556 +0.0005 A
c=1.3770+0.0005 A. Omnpenenena TemmepaTypa MarHUTHOro mnepexoja (Touka Heens)
Tn=635+2 K. Jlns aHangW3a CIEKTPOB  HCIOJb30Bajack mporpamMma  SpectrRelax
(BoccTaHOBJIEHHUE paclpeieieHne cBepXToHKKX moser P(Hy) u MoaenbHas oopadoTka [1] ).

Crnextp ipu 700K cOCTOMT U3 CHMMETPUYHOTO KBAIPYIOJIBHOTO AyOseTa ¢ mapaMeTpaMH:
caur cnektpa o = 0.106 +0.007 mm/c, xBaapynonbubii casur ¢ = 0.080 + 0.006 mm/c u
mupuHod JuHUE [ = 0.313 £0.012 MM/c. DTH naHHBIE TIOKA3bIBAIOT, YTO HMOHBI JKele3a
HaXOZATCS B OAHOM KPUCTAJIIOrpapuuecKkoM COCTOSHUU B HCCIEAYEMOM MYJIbTHU(HEPPOHKE.
OOHapy»XeHo, 4TO MpH BCEX TeMIlepaTrypax HMXKe TeMreparypsl 1y pacnpexaenenue P(Hn)
COCTOHT U3 TPeX JIOKAJIBHBIX MAKCUMYMOB JUIsI TPEX HAnOOJIee BEPOSITHBIX COCTOSIHHI MOHOB
xene3a. B coorBercTBuu ¢ manHbiMu P(Hp) BBITOTHEHBI MOJCIBHBIE PACHIM(POBKH CIIEKTPOB
B BHUJIC CYIEPIO3UIMA TpeX MapIHabHBIX CIIEKTPOB s Bcex Temmeparyp 1 < Ty. [Ipu
KaXKI0U TeMIepaType JJisl TPeX COCTOSIHHI MOHOB Keje3a CIIBUTH ¢ B APIUATIBHBIX CIIEKTPax
paBHBI, KBapynoJibHbie caBUrK Takke paBHbl ¢ = 0.00 £ 0.01) Mm/c, HO CBEPXTOHKHE OIS
CYIIECTBEHHO OThnu4aroTcs. [Ipy koMHaTHOM TeMmeparype A TPeX pa3lTuYHbIX MarHUTHBIX
COCTOSIHMH HOHOB skene3a cauru paBHbl o0 = (0.40 +0.02) mm/c W, ciiemoBarelibHO, B
Bio.g1sEUo0ss5La010FEO3 MOHBI Kkene3a HAXOAATCS B BBICOKOCIIMHOBOM TPEXBaJCHTHOM
COCTOSTHUM B OKT3JPUUYECKOM KHCIIOPOJIHOM OKpYXeHHH. CBEPXTOHKHUE TOJIS JIJISl OTUX TPeX
cocTossHUM MOHOB kene3a paBHbl: 501.10 £0.20 kO, 488.67 +£0.35kD u 462.9 + 1.8 xD.
OTHOlIEHNE WHTEHCUBHOCTEH I OSTUX COCTOSHMM MOHOB JKeine3a paBHO 61:36:3,
COOTBETCTBEHHO. MpbI monaraeM, 4To O3TH d((exTsl 00yCIOBIEHBI MPEXKIE BCETO
CYIIECTBEHHOI pasHuIel >(peKTHBHBIX HOHHBIX pammycos: R(Bi**) = 1.45 A, R(La®") =
1.37 A, R(EU*") = 1.23 A and R(EU*") = 1.44 A B 12-KHCIIOPOIHOM OKPYKCHHH.

Pa6ora monnepxkana PODU, rpant Ne 12-02-00977.

Jluteparypa
[1] M.E. Matsnev and V.S. Rusakov. AIP Conference Proceedings, 1489 (2012) 178-185.
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MATHHUTHBIE COCTOSIHUSA UOHOB XKEJIE3A B IEPOBCKHUTAX
Bi 0,758r0_25Fe1.XCrX03-y(x =0, 005)
IToxatunos B.C., ITokarunos B.B., Curos A.C.
Mockosckuii 2ocyoapcmeeHubill yHugepcumen paouomexHuKu, d1eKmpoHUKU u
asmomamuxu, 119454 Mockea, np. Bepnadckoeo, 0.78
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MAGNETIC STATES OF IRON IONS IN PEROVSKITES
Bio_758r0_25Fe1-XCrX 03.y (X =0, 005)
Pokatilov V.S., Pokatilov V.V., Sigov A.S.

In cubic perovskites Big.75Sro2s5Fe1xCry Os.y (x =0, 0.05) *"Fe hyperfine interactions have
been measured by Mdssbauer method in the temperature range 87 - 700 K

Jlis monydeHus HOBBIX MaTepUaioB, OOJaNalOIUX HEOOXOIUMBIM COYETAHHUEM
(u3ryeckux cBOMCTB, Ha 0cHOBe BiFEO3 CHHTE3UPYIOTCSI COSTUHEHUSI, B KOTOPBIX HOHBI Bi**
3aMEIAIOTCS Ha TpeX- WU JBYXBAJICHTHbIE HOHBI. B nutepaType Mano HaHHBIX 00
HCCIIEIOBAHUAX ONHO(A3HBIX 00pa3noB cucteMsl BiiSryFei (T,Ozy (T-mepexonHoii atom)
metonoMm 3 dekra Meccbayspa. Llenp Hactosmieil paboTel — HcCCleIOBaHUE JOKAIbHON
ATOMHOM, 3JICKTPOHHOM ¥ MAarHUTHON CTPYKTYPBI 3aMEIIEHHBIX TIEPOBCKUTOB Big 75Sr0 25F€03.
y ¥ Big755r0.25F€0.95Cr00s03.y MeToz10M MeccOay?poBCKON CIIEKTPOCKONUM HA SApax Fe B
nuarnaszone temneparyp 87 — 700 K.

OO6pa3isl nepoBcKUTOB Big 75510 25F€03.y (01) 1 Big 75Sr0 25F€0.95Cr0.0s03.y (02) Ob1H
PUTOTOBJICHBl HA BO3IYyXE METOJAOM TBEPAOTEIBHOTO CHUHTe3a. PeHTreHorpaduueckuii
aHaju3 00pasIoB mokasaj, uto oopasen O1 Ob11 0THO(DA3HBIM B ¢ KyOHYECKON CTPYKTYPOH, a
obpaszerr (02) comepxail nmpumMech BTOpoil ¢asbl B konmuectBe 2-3 %. [lapamerpsl permeTku
CHHTE3MPOBAHHBIX MEPOBCKUTOB paBHHI @ =3.9511 A (O1) m 0.3951 A (02). 3amemenue
aToMa JKeJie3a Ha aToOMbl Xpoma yBenudmBaeT mapamerp a. OOpaboTka meccOay’pOBCKUX
CIIEKTPOB MPOBOHMIACH C TOMOINbI0 mporpamm MSTools [1]. Usmepensr Temmeparyps (Ty)
MarHuTHOTO (azoBoro nepexoaa oopasuos: Ty = 670(£3) K) (01) u - 637(£3) (02). Ananu3
MeccOayspoBckux crekTpoB obpasma 01 mpu 700K mokazarn, 4To B 3TOM o0Opasiie UMEITCS
JIBA CTPYKTYPHO HEIKBHBAJICHTHBIX COCTOSHHM, a B oOpasiie 02 — OJHO COCTOSHUE HOHOB
kene3a. AHanmu3 crnekTpoB npu 295K mpUBOIUT K BBIBOJAY O HEOOXOIWMOCTH BBEICHHS
CYINEpHO3UINA KaK MUHUMYM YEThIpeX MapIHalbHBIX CIIEKTPOB Ui YIOBIETBOPUTEIHHOTO
WX OMUCAHUS IO KPUTEPHUIO XZ. YcraHoBIEHO, YTO MMPU KOMHATHOM Temmieparype B oOpasiie 01
Tpu noHa xenesa ¢ bonprmmu CTII H=510-485 kD HaxoasTcs B TpeXBaJICHTHOM COCTOSTHUU
B OKTa3pUYECKUX MO3UIMAX, @ YeTBEPTOE COCTOsIHNE HoHa xene3a ¢ H =417 k3, 6 = 0.2200
mm/c 1 €= 0.1322 Mmm/c - B TETpaspUUYECKOM COCTOSIHUM C BaJIEHTHOCTHIO +3. B 06pasue 02
BCE MOHBI JKeJe3a HaXOITCS B TPEXBAJECHTHBIX COCTOSHUSAX U B OKTAdPUUECKUX MO3UIIUSAX.
YacTnyHOE 3aMelleHHe HWOHOB JKejle3a Ha HOHBI XpOMa TMPUBOAAT B TICPOBCKUTE
Bio.755r0.25F€0.95Cr0.0s03.y K pocTy mapamerpa pemeTKH, yMEHBIICHHIO CBEPXTOHKUX MOJICH
JUTSL BCEX COCTOSIHM MOHOB XKeJie3a, a TAKKE K CTA0MIH3AINH OKTadIPUICCKIX COCTOSHHM.
PaGora nonnepxana PODU, rpant Ne 13-02-00690.

Jluteparypa
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LOCAL CHARGE AND SPIN STATES OF IRON IONS IN MULTIFERROICS
Big.glag1FeOs u Big.gi5ThoossLa0.1FeO3
Sigov A.S., Pokatilov V. S., Makarova A.O., Pokatilov V.V.

In the temperature range 295-900 K local charge and spin states of iron ions in multiferroics
Big.glag1FeO3z and Big g5 ThoogsLap.1FeO3 have been studied by Mossbauer method.

[Tpu uccnenoBaHuK U MOMCKE HOBBIX MyJbTH()epponkoB Ha ocHoBe BiFeO3 Gosbiiioe
3HaUEHUE MPHOOPETAIOT IKCIEPUMEHTAIBHBIE METObI, KOTOPHIE MO3BOJIIOT OOHAPYKUBATh
I[ICMC wu wuccnenoBaTh JOKaJbHBIC 3apsI0BbIE M MAarHUTHBIE COCTOSIHHS HWOHOB. llenbro
HACTOSAIICH pabOTHI SBISUIOCH UCCIIEIOBAHNUE BIUSHUS 3aMEIIICHUSI HOHOB Bi** nonamu La** u
Tb** ma cymecrBoBanne IICMC, KpHCTAIHYECKYIO CTPYKTYPY, a TAKKE HA JIOKATBHBIC
3aps/IOBbIC U MAarHUTHBIC COCTOSIHHS MOHOB keje3a B MyibTHdepponkax Bigglag1FeOs; u
Bio.g15 ThoossLao 1FeO3 meTomom apdexra Méccbayapa Ha sapax "Fe.

O6pasiisl 1epoBCKUTOB Bigglag 1FeO3 u Biggis Thoosslag 1FeO3 npurorasnuBanmcey Ha
BO3JyX€ METOJAOM OOBIYHOW TBEPIOTEIbHON KEepaMUYECKOW TexHomoruu. W3mepenus
s¢dexra Mécchayspa Ha sipax - Fe GbLIH BHITONHEHBI B 00nacTi Temmeparyp 295 — 900K.
O0OpaboTka  CHEKTPOB  MpOBOAWJIAch C  moMmoumibio  mporpamm  MSTools  [1].
Penrrenorpadpudeckue ucciemnoBanus oopasmnos Bigglag1FeOs u Biggis Thoggslag1FeO3 mpu
KOMHATHOW TEMIIepaType TMOKa3alid, YTO O0O0pa3bl SBISIOTCA OAHO(MA3HBIM U HMEIOT
POMOOIAPUUYECKYIO CTPYKTYDPY..

Temmepatypa Heens mepoBckuta BiggisThgogslagiFeOs paBra Ty = 628 + 5 K, a
Bigglag1FeO; Ty =655+ 5K.

IIpu TemmepaTypax Bbllleé TN  pacupeleseHHs KBaJgpyIHOJbHBIX cIBUIOB  P(g)
cojiepaT OJWH CUMMETPUYHBIA THK, U, CJIEIOBATEIbHO, B ATUX MEPOBCKUTAX CYIIECTBYET
OJIHO CTPYKTYPHOE COCTOSIHUE MOHOB KeJie3a.

U3 pacnpenenenunii cBepxtonkux mnojei P(H) mpu T = 295K crmeayer, yro B
BipgLag1FeOs  cymiecTByroT J1Ba  MArHMTHBIX  COCTOSHHUM  HOHOB Fe?’*, a B
Bio.gi5ThoossLao1FeO3 - kak MHHHMYM YeThipe HanbOjee BEPOSTHBIX COCTOSSHUN HOHOB
xkene3a. Ha ocHOBe 3TMX [aHHBIX Oblla MPOBEIEHA TakKe MOJelbHas o0padoTKa, MpH
KOTOPOi MEcCOayIPOBCKHI CIIEKTP OMUCHIBACTCS COOTBETCTBEHHO BYMsI (1151 Big gl ag 1FeO3)
U ueThipbMst (17151 Big g15 T Do 0ssLag 1FEO3) cekcretamu, COOTBETCTBYIOIIUMHE JIBYM U YEThIPEM
MarHUTHBIM HEIKBHUBAJICHTHBIM COCTOSHUSM HOHOB Kelie3a B ITHX B ITHX TEPOBCKHTAX.
CpaBHenue ¢GopMbI U HMIMPUHBI paclpesieNieHus, a TakKe 3HaYeHHH CBEPXTOHKUX TMOJNeH U
KBaJPYMOJBHBIX CMEHICHUH s oOpasua Biggis ThoossLag1FEOs ¢ coorBercTByrOmmMMU
napameTpami, xapakrepubiMu 11t [ICMC, koTtopeie HabonaroTes B BiFeO3 [2] ykasbiBaeT
Ha coxpanenue [ICMC B BigglagFeO; wu paspymenune [ICMC B Biggi5Tho 0g5Lag.1FeO3 mpu
COXPaHEHUU POMOOSAPUIECKON KPUCTAIITUIECKON CTPYKTYPHI.

Pabora nonnepxana PODU, rpant 12-02-00977.

Jluteparypa
1]. PycakoB B.C. MéccOay3poBckasi CHEKTPOCKOMNHS JIOKAJIbHO-HEOJHOPOIHBIX CHCTEM.
Anmarter: USA® HALL, 2000, 430 c.

[2]. Hoxarunos B.C., Curos A.C., KonoBanosa A. O. Uzsectuss PAH. Cepust ®usnueckas,
2010, T. 74, Ne3, c. 377-381.
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MOSSBAUER STUDY OF MULTIFERROICS BiFe;xTxO3 (T = Sc, Mn; x=0, 0.05)
Rusakov V.S., Pokatilov V.S., Sigov A.S., Matsnev M.E., Gapochka A.M.,
Kiseleva T.Yu., Komarov A.E., Shatohin M.S., Makarova A.O.

The effect of substitution of Fe atoms to Sc and Mn atoms on the structure and on the
hyperfine interactions of °’Fe atoms in multiferroic BiFeOs; were studied by Mossbauer
spectroscopy. The parameters of hyperfine interactions for all the samples were determined. It
is established that 70.8+1.8% of Fe atoms surrounded only by Fe atoms in the first cationic
coordination sphere in BiFe;4TxOs, participate in SSMS of cycloidal-type. It is shown that
21.8+1.2% of Fe atoms have one substitutional atom in the first cationic coordination sphere.
For these atoms hyperfine field at 23.5 + 0.6 kOe is smaller than for atoms involved in the
formation of SSMS. Found that 6.2 + 0.8% of the iron atoms in BiFe;«TxO3 belong phase
a-Fe;03, and 1.2 + 0.2% — phase BizsFeOq, formed during the synthesis.

Mynsrudeppouxk BiFeOs ¢ BBICOKMMH TeMmIepaTypaMu CETHETORIEKTPHYECKOTO U
MarHUTHOTO TEpPEXOJ0B COJIEPKUT B ceOe TpOMaIHbI MOTEHIMAN A MPaKTHYECKUX
npuMeHeHuid. OIHAaKO B O3TOM COEIMHEHUHM CYIIECTBYET IPOCTPAHCTBEHHAs CIUH-
monynupoBanHasg crpyktypa ([ICMC) nuxiouaHOro Ttuma, KOTOpas MPEnsTCTBYET
NPOSIBJICHUIO ~ MarHUTOYJIEKTpHUueckux  dddexroB.  Jnsg  mosiBIEHUS  JHUHEHHOTO
MarHuTOdJIeKTpudeckoro 3¢ddexra HEeoOX0AUMO pPa3pylIUTh IUKIOUJAHYI0O MAarHUTHYIO
CTPYKTYpPYy. OTO MOXHO JIOCTHYb IIyT€M YaCTUYHOI'O 3aMelleHus aToMoB Fe napyrumu
aTOMaMHU MePeXOIHBIX 30-3JIEMEHTOB.

B pabore wmeromamm MeccOaydpOBCKOW CHEKTPOCKOIWU HCCIEAOBAHO BIHSHHE
3amemieHnsi atomoB Fe aromamm SC m Mn Ha TICMC, CBEpXTOHKHE AJICKTPUUYECKUE H
MarHUTHbIE  B3aUMOJEHCTBUS aTOMOB *"Fe B MyJbTU(DEppOHKe BiFeO:s.
[Monukpucrammueckue o0pasipl  coctaBoB  BiFe;4TxO3 (T = Sc, Mn; x=0, 0.05) 6bun
MPUTOTOBIIEHBl METOJOM TBEPJOTEIbHONW Kepamuueckoi TtexHomoruu. s obpaboTku u
aHanmM3a MeccOaydpOBCKHX CIIEKTPOB OBUTM HCIOJIB30BAHBI METOIBI BOCCTAHOBIICHUS
pacmpeieieHuii CBEPXTOHKUX IMapaMEeTpOB U pacliM(pPOBKU CHEKTPOB B paMKaxX MOJAETH
I[CMC uumkionIHOTo TUIA, pealn30BaHHbIe B porpamme SpectrRelax [1].

B pesynbraTe NpOBEACHHBIX HUCCIEIOBAHHI OMPEIEICHbI MapaMeTpbl CBEPXTOHKUX
B3aUMOJICVCTBUI siIEp >Fe Bo BCex HUCCIICIOBAHHBIX COCIMHEHHAX. Y CTAaHOBJICHO, YTO
70.8+1.8% atomoB Fe, okpykeHHBIX aToMamMH F€ B mepBOW KaTMOHHON KOOpAMHAIIMOHHOU
chepe B crpykrypax BiFe;4TxOs, yuactByror B obpazoBanuu [ICMC 1MKIOWAHOTO THIIA.
[Toxa3zaHo, uro 21.8+1.2% aTtomoB Fe& umeroT B nepBoi KATHOHHOM KOOPAMHALMOHHOU cdepe
OJIMH 3amernaromuii arom SC unu Mn. J{ns 5Tux aTOMOB 3Hau€HUE CBEPXTOHKOTO MOJIA Ha
23.5+0.6 kD MeHbIle, YeM sl aTOMOB, y4acTBYIOIKX B oOpazoBanuu [ICMC. O6HapyxeHo,
yro 6.2+0.8% artomoB keje3a B obOpasue BiFe;4TxO3; mpunamiexar ¢ase o-Fe,Os, a
1.2+0.2% — da3ze BixsFeO40, 00pa3oBaBIInXCcs B Mpoliecce CUHTE3a.

PaGora BemonmHeHa mTpu Tmoanepkke Poccuiickoro ¢onma (yHIaMEHTAIBHBIX
uccienoBanuii, rpadTel: Ne 14-02-01109a u Ne 12-02-31918.

[1] M.E. Matsnev, V.S. Rusakov. AIP Conference Proceedings, 2012, 1489, 178-185.
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INVESTIGATIONS OF SPATIAL SPIN-MODULATED STRUCTURE BY
>"Fe MOSSBAUER SPECTROSCOPY AND NUCLEAR MAGNETIC RESONANCE
Rusakov V.S., Pokatilov V.S., Sigov A.S., Matsnev M.E., Gubaidulina T.V.

The paper deals with methods of diagnostics SSMS cycloid type in multiferroics based
on Nuclear magnetic resonance (NMR) and Mossbauer spectroscopy (MS). On the example
of ferrite BiFeQg it is shown that when using NMR techniques one must consider the dynamic
effects, primarily the transverse spin-spin relaxation, that significantly affects the
measurement result. It is established that by means of MS the anharmonicity parameter of
SSMS cycloid type can be determined with no less accuracy than by NMR, which has higher
resolution. MS methods with sensitivity to the hyperfine quadrupole interaction of the nucleus
in an excited state provide additional information about the features of SSMS, including the
type SSMS — "easy axis" or "easy-plane”.

B mHactosmiee BpeMs B HU3YYEHHH MYIbTU(GEPPOMKOB MPUOOPETAIOT OOJBIIYIO
3HAYUMOCTDb METOAHI, KOTOPELIC IIO3BOJIAIOT JAUardioCTupoBaThb n ucciaea0oBaTb
MPOCTPAHCTBEHHYIO CHUH-MOAYyaupoBaHHYlO cTpykTypy (IICMC). Takumm wMeromamu,
Hapsy C AUQpPAKIUEHd HEUTPOHOB, SBISIOTCS SACPHBIM MarHUTHBIA pe3oHanc (SIMP) u
mecchayspoBckas criektpockornus (MC).

B pabore paccmarpuBatorcss Meronbl auarHoctuku [ICMC UUKIOMAHOTO THHA B
mynbTa(epponkax Ha ocHoBe AMP u MC. Metonamu AIMP u MC npoBenieHbI HCClieIOBaHUS
I[ICMC B kepamuyeckoMm obpasie ¢eppurta Bucmyrta BiFeO3; BOMM3M TeMeparypbl KUTICHUS
)uakoro remus. st o0paboTKy M aHaM3a MeccOaydIpPOBCKUX CIIEKTPOB U CHeKTpoB SIMP
HCIIOJIB30BAJIMCh MCTOABI YyUCTa Honepequﬁ CIIMH-CIIMHOBOU pcirakcanini, BOCCTAHOBJICHU
pacopeneneHnil CBEepXTOHKUX MapaMeTpoB U paciii(pOBKU CHEKTPOB B paMKaxX MOJAEIU
[NCMC muknouanoro tuna [ 1], peanu3zoBanHbix B mporpamme SpectrRelax [2].

Ha npumepe depputa BiFeOs mokazaHo, 4yTo mpu HCMOIB30BaHUH MeTO10B AMP mist
uccienopanust [ICMC B  mynbTHQeppoukax HEOOXOIUMO YUUTHIBaTh JIMHAMHYECKHE
3¢ ¢eKTl, B MEPBYIO OYepe/b IMONEPEUHYI0 CIHMH-CIMHOBYIO PEIaKCalUIo, CYIIECTBEHHO
BIMSIOUIYI0O HA pe3yibTaT U3MEPEHHH. YCTaHOBJIEHO, YTO C IOMOIIbIO MeccOay’pOBCKOI
CHEKTPOCKOMUU MOXKHO OIpeaensaTh napamerp anrapmonusma [ICMC nUKIOHIHOTO THMA C
HE MEHbIIIEH TOYHOCTHIO, YeM ¢ momoinbio SIMP, obnanaroiiero OONBIIMM pa3pelieHUEM.
Metonet MC, o06magas 4YyBCTBUTEIBHOCTBIO K  CBEPXTOHKOMY  KBaJPYIOJIbHOMY
B3aHMOHCfICTBHIO sAapa B B036Y)KI[6HHOM COCTOsIHHUU, ITO3BOJIAOT IMMOJIYYUTb
JOTIOTHUTENBHYI0 HH(popManmio 06 ocobennocTsx [ICMC B mynbTHuhEppOUKaX, B TOM YUCIE
o tune [ICMC — «1erkast 0Ch» HIIH «JIeTKasl TUIOCKOCTHY [1].

PaGora BoimonmHeHa mnpu moxanepxkke Poccuiickoro ¢onma (dyHIaMeHTaNIbHBIX
uccnenoBanuid, rpanThl: Ne 14-02-01109 a u Ne 13-02-00690a.
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[2] M.E. Matsnev, V.S. Rusakov. AIP Conference Proceedings, 2012, 1489, 178-185.
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COMPOUND BazTaFe3Si;O14

Naumov P.G.*2, Lyubutin 1.S.%, Ksenofontov V.*, Medvedyev S.* and Felser C.*?

Max Planck Institute for Chemical Physics of Solids, Dresden, Germany
ZShubnikov Institute of Crystallography, Russian Academy of Sciences, Moscow, Russia
%Institute for Inorganic and Analytical Chemistry, Johannes Gutenberg University of Mainz,
Mainz, Germany
pghaumov@gmail.com

Recently, a great interest was attracted to the langasite family compounds containing 3d
ions as potential new type of multiferroics. The langasite LazGasSiOy4 crystal know by its
unique piezoelectric properties exceeding quartz gave the name to the whole family [1].

The magnetic [2] and Mossbauer spectroscopy [3,4] measurements revealed an
antiferromagnetic ordering in a number of these compounds at temperatures between 7 and 38
K. Supposed coexistence of electric and magnetic order parameters in such materials would
provide a creation of a new class of multiferroics [5,6].

The high-pressure Mdssbauer spectroscopy measurements were performed in the iron
containing langasire family compound BasTa> FesSi»O14 in diamond anvil cells at pressure of
about 18-30 GPa. At room temperature and ambient pressure the Mossbauer spectra of
BasTa>'FesSi,014 are split by the electric quadrupole interaction into a doublet with narrow
symmetrical lines. The quadrupole splitting parameter is AE = 1.255 + 0.005 mm/s, which is
very high for Fe®*" ions. This indicates that the oxygen tetrahedrons with iron ions are
essentially distorted. The isomer shifts value is 6= 0.23 = 0.1 mm/s (relative to metallic a-Fe)
which supports the ferric iron state. AE value shows non-monotonous behaviour with pressure
increase. At pressures below 5 GPa value of AE remains almost unchanged followed by rapid
value decrease to about 0.85 mm/s at further pressure increase up to 7 GPa. The origin of this
decrease is apparently the pressure induced symmetrisation of local crystal field of Fe*® ions.

At further pressure increase at P < 18 GPa, the AE value remains almost stable at the
level of 0.85 = 0.03 mm/s. At pressure above 20 GPa AE suddenly increases with subsequent
gradual increase reaching the value of about 1.3 mm/s at highest experimental pressure P = 30
GPa. The high pressure behaviour of the quadrupole splitting parameter indicates structural
phase transition in BasTa> FesSi,O14 occurring at pressure above 18 GPa in accordance with
results of high-pressure structural studies.

We deeply thank Dr. B.V. Mill for his help in the synthesis the BazTaFe3SioO14 Sample
with >’Fe isotope. This work is supported by the Russian Foundation for Basic Research
(grant 14-02-00848) and by RAS programs “Strongly correlated electron systems”.
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The recent discovery of a new class of layered high temperature superconductors
based on iron with Tc up to 56 K [1] is currently in the focus of research interest. The
theoretical suggestion that the superconductivity is unconventional and induced by spin
fluctuations [2-3] and the fact that there is an unusual combination of magnetic ordering and
superconductivity in the same material [4] stimulate high interest and intensive studies of
these compounds. K-doped BaFe,As, is the firstly reported oxygen-free iron-pnictide
superconductor with T¢ = 38 K [5]. Recent studies of iron based superconducting system of
122 family revealed high potential of these compounds for strong magnetic field applications.

Data obtained by Mossbauer spectroscopy is of great value for understanding the
relationship between superconductivity and magnetism because it can be obtained without
application of an external magnetic field.

We report Mossbauer spectroscopy measurements of optimally doped polycrystalline
BaFe; gNig1As; sampleswith Tc = 19.5 K. BaFe; gNig1As, crystals were grown using the self-
flux method described in [6]. The absorption °’Fe-Mdssbauer spectra were obtained at
temperatures between 5 K and 295 K in the transmission geometry with a standard
spectrometer operating in the constant accelerations regime. All measurements were
performed using a °’Co y-quanta source in a Rh matrix. The isomer shift values of the
experimental Mdssbauer spectra were measured relative to standard a-Fe absorber at room
temperature.

The computer analysis shows that low temperature Mdossbauer spectra can be
represented as a superposition of an paramagnetic doublet that correspond to iron ions of the
main superconducting phase and a magnetic sextet which transforms to a doublet at
temperature above 77 K. This magnetic component corresponds to the iron ions of the
nonsuperconducting impurity phase FeAs [7-8]. The quadruple splitting value of the intensive
doublet is nearly zero which implies that the d-electrons of Fe are arranged isotropically and
that the distortion from the regular tetrahedral configuration of As is very small.

This work is supported by Russian Foundation for Basic Research #14-02-31647
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MOSSBAUER EFFECT IN CoFeBO; WITH WARWICKITE STRUCTURE
Knyazev Yu. V., Ivanova N. B., Kazak N.V., Platunov M. S., Bezmaternykh L. N.,
Lyubutin I.S., Korotkov N.Yu., Ovchinnikov S.G.

Temperature Mossbauer studies have been performed on warwickite CoFeBO,4. The
experiment found tightened temperature transition in establishing the Zeeman splitting due to
the spin relaxation.

Monokpuctaminsl CoFeBOs co cTpykTypoll BapBUKHTA, TOIyYE€HHBIE METOJIOM
CIIOHTAHHOW KpPHCTAJUTM3allMUd M3 pacTBOpa—paciuiaBa B cucteme BiM0301o—B,03—Co0-
MgO-Fe;03, o6magarotT poMOuyeckoii cuMmeTprelt (mpocTpaHcTBeHHas rpymma Pnam) [1].

N3mepenns r¢dexra Méccbayrpa nmpoBeeHbl HAa MOPOIIKaX TOMMUHON 5—10 mr/cm?
II0 €CTECTBEHHOMY COJep>KaHMI0 jkeneza Ha cnekrpomerpe MCI1104Em B umHTepBaie
temriepatyp 300—6 K ¢ ucrounukom 57Co(Rd). KanuGposka mposesnena mo o-Fe.
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Pucynox 1 — MéccbayapoBckue ciekTps nornonieHus FeCoBO,
a) [TapamMarHUTHBII CIIEKTP U BEPOATHOCTH KBAAPYIOJIBHOIO PACIICTUICHUS
0) CriekTpsbl MOTJIoNeH!sT BOJIU3M NEPEeXo0/ia U BEPOSITHOCTh CBEPXTOHKOIO MOJIs

Cnektp mnornomenuss SAI'P B mapamMarHUTHOM COCTOSHMM —TPENCTaBsieT  coOOM
COBOKYITHOCTb KpPaMEpPCOBCKUX TyOJETOB TPEXBAIEHTHOro >keneza (cM. pucyHok 1 a). Ilpu
OXJIKJICHUM 00pasiia, CIEeKTPhl (CM. PUCYHOK 1 0) TpOSIBIISIOT pelakCallMOHHBIN Xapakrep [2].
Becriopsimounoe pacnpenenenne MoHOB Fe m CO B KpUCTAIMYECKON CTPYKType oOpasia u
CIWIbHBIE (PyCTpalui OOMEHHBIX B3aHMMOJCHCTBUN TPUBOJUT K 3aTSIHYTOMY MAarHUTHOMY
nepexoay. OlieHKa BEpOSTHOCTHOTO COCTOSIHUSI MO0 HESKBUBAJIEHTHHIM MArHUTHBIM TO3HUIIMSM
KOCBEHHO yKa3bIBAaeT Ha CYIIIECTBOBaHHUE (a3bl CIMHOBOIO CTEKIIa, Kak, Harpumep, MgFeBO, [3].

PaGoTa BeITIONIHEHA TIpH PMHAHCOBOH Mozaepkke mpoekta PODU (mpoektbr NeNe 12-
02-00175-a. 13-02-00958-a. 13-02-00358-a. 11-02-00605-a, 14-02-31051-mol a) u rpanTa
IIpesunenra PO (HIII-2886.2014.2).
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MOSSBAUER STUDY OF SrFesNbys03 AT THE TEMPERATURE RANGE FROM 300
TO 700K
Raevski I.P., Sarychev D.A., Stashenko V.V.

The paper presents Mossbauer study of SrFepsNbosOs in the temperature range
300-700K. With respect to behavior of Mossbauer parameters depending on temperature it
was figured out that Mossbauer spectra of SrFeosNbgsOs; counts three doublets with
approximately equal isomer shift and different values of quadrupole splitting corresponding to
nonequivalent iron positions. Obtained results state the problem of comparative analysis of
SrFepsNby 503 and it’s analog PbFepsNbosO3 with similar superfine Mossbauer structure and
formulating a crystallographic model accounting for observed results and high quadrupole
splitting value (0.9 mm/s) of one of the doublets.

[IpoBeneHbl HW3MEpeHUs] MeccOayIpOBCKHX CHEeKTpoB kepamuku SrFepsNbpsO3 B
qmarasone Temmeparyp 300-700K ¢ mcrounmkom > Co:Cr B MHTEpBaze CKOpPOCTH +5,045
mm/c. [To peHTreHOCTPYKTYPHBIM JIaHHBIM YCTaHOBJICHO, YTO B 3TOM JIMANa3oHE TEMIIEpaTyp
WCCJICJIOBAaHHBIN 00pa3el] HaXOAUTCS B TETPAaroHaIbHOU (pa3e, 4TO COOTBETCTBYET CHMMETPHUU
I4/m [1]. O6paboTka creKTpa OAHUM M JBYMs IyOJieTaMH HE JaeT XOPOIIEro COTJIacus
MEXIy PACUETHBIM M IKCIIEPUMEHTATBHBIM CIIEKTPOM. VIcXo/s U3 mupuHbl U (POpMBI TUHUH,
a TaK JKe€ BEJIMYMHBI OCTATOYHOrO YJeHa MHHMMM3AlMK (QYyHKIMOHAIa ¥~ M pPa3HOCTH
pacdyeTHOT0 U JKCIEPUMEHTAIBHOTO CIIEKTPOB, HamOoJee KOPPEKTHON OKa3bIBaeTCs
o0paboTka Tpemsi aybOneTtamMu ¢ OJU3KMMU 3HAYCHHUSIMH HM30MEPHOTO CABHUTA, HO Pa3HBIMH
KBaJIPYIIOJILHBIMU PACHICTUICHUSMHU.

Hanuuue tpex ny0seToB, ¢ Hallel TOUKH 3pEHUs], COTIacyeTCsl C MPeICTaBICHUSIMU O
Me30ckonuueckoit ctpyktype SrFepsNDbp503, 0c00EHHOCThIO KOTOPOH, KaK M B KJIACCHYSCKOM
ero ananore PbFeysNbosO3z [2], sBasercs Hammume o01acTeil ¢ HECTEXHOMETPUUYECKUMHU
COOTHOIIECHUSMHU MEXIy MOHAMH Kelle3a U HuoOus. [Ipu 3TOM HOH jKene3a OKa3bIBaeTCs B
HECKOJIBKUX KPUCTAIIOrPaUUeCKd HEIKBUBAJICHTHBIX IMO3UIUAX, YTO M IPOSIBISICTCS B
MeccOayIpOBCKUX cCIieKTpax. IloirydeHHBIE pe3yabTaThl CTaBAT 3ajlady CPaBHUTEIHLHOTO
anam3a SrFegsNbosOs u PbFegsNbpsO; ¢ menbio ompeneneHuss 0COOCHHOCTEH HMX
CTPYKTYphI, OOYCIOBJIMBAIOIINX pa3jldde B MeCCOAyIpOBCKHX CIIEKTpaX, a TaKKe
MOCTPOCHUS  KpHCTauiorpaduyeckoil  MOJeNH, OOBSICHSIOMIEH  BBICOKOE  3HAYCHHE
KBaJpymonbHOro pacmeruieHus (0,9 Mm/c) omHOTO U3 AyOIETOB.
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Some latter papers point out that ferroelectric phase transition takes place with the
sample’s mossbauer parameters variation [1-4]. Among these parameters are Mossbauer
factor, isomer shift, quadrupole splitting. Obtained results for some samples appeared to be
ambiguous and denial of the phenomenon had followed it’s revealation [3-6].

Application of Mossbauer spectrometer MS-1104Em along with special technique
(application of resonant detector and moving furnace, thing sample preparation) allowed us to
carry out more precise investigation than it was done before. In particular it was found out
that Mossbauer spectra of PbFeqsNbys03 is being fit with two doublets correctly instead of
one [8].

On the base of possibility in principle of observation of ferroelectric phase transition
using Mossbauer effect together with refined data on fitting model an attempt to detect this
phase transition in PbFeysNbysO3 was carried out.

The measurements were taken at the temperature range from 300 to 700K. With fixing
of line shape and approximation of isomer shift at the points of unstable Mossbauer spectra
fitting in indicated above temperature range the variation of quadrupole splitting exceeding
inaccuracy was registered nearby ferroelectric phase transition (AQs = 0.039+0.007 mm/s) at
the temperature T¢ = 390K and Burns temperature (AQs = 0.053+0.007 mm/s) Tg = 670K. At
the rest of temperature regions quadrupole splitting maintains it’s value.
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ABaKymMoB ETI2 I'yces A.A? Hcynos B.I17 KyOpun C.IL." Paesckmii WLIT. %, Cappbiues I[.A.1
1Haqu0-uCCﬂeaoeamerbCKuL? uncmumym ¢puzuxu FOducrnoeo ¢hedepanvrnozo ynusepcumema,
Pocmoe-na-/Jony, Poccus
2H;Ltcmumym xumuu meepooeo mena u mexanoxumuu CO PAH, Hosocubupck, Poccus
stasskp@gmail.com

THE EFFECT OF MECHANICAL ACTIVATION ON THE SYNTHESIS AND

PROPERTIES OF MULTIFERROIC LEAD IRON TANTALATE
Avvakumov E. G., Gusev A.A., Isupov V.P., Kubrin S.P., Raevski I.P., Sarychev D.A.

The present work studies the effect of high-energy mechanical activation using the
planetary-centrifugal ball mill AGO-2 and subsequent annealing on the synthesis and
magnetic properties of PbFegsTagsO3(PFT). This technique enables one to perform the
mechanically activated synthesis of PFT at much shorter time. The results of X-ray phase
analysis, electron microscopic studies and transmission Mossbauer 57Fe spectra measurement
are presented and discussed. Mossbauer studies show that the temperature of magnetic phase
transition in PbFeysTags03 powders can be changed by mechanical activation and subsequent
annealing.

& 149 O6p213HI>I PbFeo.5Tao.5O3 (PFT)
& i MOJIyYeHbl MEXaHOAaKTHBAllUEW OKCHJIOB
g: 10 $ if% + PbO, Fe;,O3 um Ta,Os B 1uiaHerapHOM
é 08 : ¢ + MenbHule Al'O-2 ¢ mocienyromum
.§ ’ é . i OT)KUTOM TIPH PA3JIMYHBIX TeMIIepaTypax.
s 06 1 . 2 i [lo pgaHHBIM  peHrTeHAU(PPAKIIMOHHOTO
§ 041 & ¢ z ] i A WCCIIE/IOBAaHUSl  MOJyYEeHHbIE  0Opa3ibl
2 0.2 ‘ KepaMHUKHU o0rnanarot CTPYKTYpOii
N , , , , neposckuta. [Tpu 300 K meccOayspoBckue
100 150 200 250 300 CHEKTpbl 00pa3lioB MPEACTaBISAIOT CcOOOM
T(K) napaMarHuTHBIE JTyOJeTHl, ¢ na?aMeTpaMH

COOTBETCTBYIOLIUMU B
OKTa’ApUUECKOM OKPYKEHUH, 6JII/I3KI/IMI/I K
rnapaMmeTpam MoHOKpucTtaiia [1].

Puc. 1. Temnepamypuas 3asucumocmso
uHmencugHocmu 0yonema 6 meccoay’apo8cKom
cnexmpe obpaszyos PFT,

MeXaHOaKmueuposanHvix 6 meyenuu 20 murym Ha puc.1. TpuBeacHa
¢ nocneoyrowuii omacuzom npu 500°C (@), TeMIepaTypHast 3aBUCMOCTD
600°C (m) u 700°C(a) WHTEHCUBHOCTHU nyonera B

MeccOayIpOBCKOM CHEKTpe, MOJTydYeHHas
METO/JIOM HM3MEPEHUsl CIEKTpa Ha MPOW3BOJILHO 33JaBAaE€MbIX CKOPOCTHBIX HHTEpBaiax [2].
Cnag WHTEHCHMBHOCTH COOTBETCTBYET TMEpexoay B aHTU(EppOMarHuTHyI ¢hasy, cpemHss
temriepatypa Ty KOTOPOTO COOTBETCTBYET cepefuHe CTyneHbKU. [[oBBIIIIEHHE TeMIepaTypsbl
omxkura ot 500 °C mo 700°C mpHBOAUT K IMOBBIIMICHUIO T, YTO CBSI3aHO C 3aBHCHMOCTBIO T\
OT cTeneHn Kimactepusary noHos Fe** n Ta” [3].
PaGora BemonHeHa npu yactuyHou noanepxkke PODU (nmpoextsr 13-03-00869 a, 12-
08-00887_a).
1. S. P. Kubrin, S. I. Raevskaya, S. A. Kuropatkina, D. A. Sarychev, and I. P. Raevski.
Ferroelectrics.-2006.-V.340.-P.155-159.
2. C.A. bproreman, B.B. Kutaes, C.I1. KyopuHn, JI.A. CaperaeB Matep. IX MexayHap.
KoH(}. MeccbayspoBckast criekTpockonus U e€ npumenenus. EkarepunOypr. 2004 . ¢ 180
3. I.P. Raevski, S.P. Kubrin, S.I. Raevskaya, D.A. Sarychev, S.A. Prosandeev, M.A.
Malitskaya, Phys. Rev. B85, 224412 (2012)
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TEPMO- U MATHUTHASA TUHAMUKA HE@EPPOMAT'HUTHBIX
HAHOYACTHII B 3EPKAJIE MECCBAYJ3POBCKOM CHEKTPOCKOITUA
Uyes M.A.

Duzuxo-mexnonoeuveckuti uncmumym Poccutickoti akademuu nayk, Mockea, Poccus
chuev@ftian.ru
THERMO- AND MAGNETIC DYNAMICS OF NON-FERROMAGNETIC
NANOPARTICLES IN A MOSSBAUER SPECTROSCOPY MIRROR
Chuev M.A.

Theoretical approaches for describing the excitaion spectrum, magnetic dynamics and
Mossbauer spectra of non-ferromagnetic nanoparticles will be discussed. A number of
qualitative effects experimentally observed in the spectra for almost half a century can be self-
consistently explained within the approaches, which allows one to characterize a large variety
of magnetic nanomaterials.

B Teuenume mocnegHero TmoilyBeKka MeccOAyIpOBCKAs CIEKTPOCKOMHS — YCIEUTHO
HCIIOJIB3YCTCA IJIA UCCIICAOBAHUA CTPYKTYPHBIX, MArHUTHBIX U TCPMOJANHAMHNYCCKUX CBOICTB
MarHUTHBIX MaTEpPHAJIOB, COJEPKAIIMX YACTULIbI WM KJIACTEPhl HAaHOMETPOBOTO pa3Mepa.
[Ipu sTOM BecbMa pa3zHOOOpa3Hble (HOPMbI MecCOayIpOBCKUX CIEKTPOB M UX 3BOJIOLUS C
W3MEHEHUEM TeMIepaTypbl W BHEIIHEr0 MAarHUTHOIO TMOJS JUIsi HAaHOYAaCTHI] pa3HOU
MarHUTHOM IPUPOJBl MHTEPHPETUPOBAIUCH, 3a PEAYAWIINM MCKIIOUYEHHEM, B paMKax
YHHUBEpPCATbHONW HEEIEeBCKOW (CyneprapaMarHUTHON) pelakcalid OJHOJAOMEHHBIX YacTHII,
deppomarauTHeix (PM) mo npupose. JIumbs coBceM HeAaBHO OBLI CIENaH BBIXOJ 32 PaAMKH
npuOIKeHUs. 0THOTOMEHHBIX DM 4YacTuIl U MpeyioKeHa KBAHTOBO-MEXaHUUYeCKas MOJIeNb
JUIS OIMCaHUs TEPMOAUHAMUKA u MeccOayIpOBCKUX CIIEKTPOB aHcamOs
aHTUGeppoMarHuTHeIX (ADPM) wyacTull ¢ MEIICHHO PEJaKCUPYIOUIMMH MaKpOCHUHAMHU
MarHuTHBIX mojpemeTok [1], 4To cpa3y NO3BOJNIMIO KAayeCTBEHHO OMKMCATh pa3jindue
TepMOJUHAMUYECKUX CBOMCTB HaHo4yactul ®M u AD®M npupo/ibl, B 4aCTHOCTH, KBAHTOBBIE
3¢ deKThI, KOTOphle HEOJHOKPATHO HAOIIOMAMCH B CIIEKTpax saep ~ Fe MCKIIOUUTENHHO B
A®M HaHOYaCTHIIAX.

B nokmage Oymer oOcyxnaatbcs HENaBHO pa3paboTaHHAs KOHTHHYaJIbHAs MOJEIh
MarHuTHOW NUHaMHUKK aHcamOyis ADM HaHOYACTHI], OCHOBAaHHAs Ha PEIICHUH YpaBHEHUU
JABUXXCHUSA JJIA HaMarHU4eHHOCTEH IoAPCHICTOK B YCII0BUAX HCIIPCPBIBHOT'O
penakcanuonHoro mporecca [2]. HerpuBuanphas ¢dopma crmexTpa BO30YKIEHUS B ITOM
MOJIEJIH TO3BOJISIET KAUeCTBEHHO OMUCATh XapaKTepHbIe (HOPMBI MeccOayIpPOBCKUX CIIEKTPOB
B 3aBHCHMOCTH OT TEMIIEPATYpPbl, UX pa3Inyuue B pexXuMax MeAJIEHHOW U ObICTPON MarHUTHOM
penakcanuu, a TakXke JaTh (PEHOMEHOJOTHYECKOe OOBsICHEHHWE paHee OOHAPYKEHHBIX
MaKpOCKONUYECKUX KBAHTOBbIX d(dekroB [1]. TlonTBepkmaercs u eme OIUH
MPUHIUIIHATIBHBIA  BBIBOJ, CICAYIOIIMA W3 «KBAaHTOBOW» Mojenu [1], yTo Hammume
HECKOMIIEHCUPOBAHHOTO CITMHA (MATHUTHOTO MOMEHTA) HE MEHSET KaUeCTBEHHOTO XapakTepa
3BOJIIONMH (POPMBI CIEKTPOB «HIeanbHbIX» ADM yacTull ¢ TeMIepaTypoil, a IpPUBOJUT JIUIIb
K HEOOJBIIUM KOJMYECTBEHHBIM MompaBkaM. [l onucanus pazMepHbIX 3G (HEeKToB, KOTOphIE
TAaK)XXC€ B TCUCHUC IIOYTHU IOJYBCKAa HCOAHOKPATHO H3.6JHOI[8,JII/ICI) B O3KCIICPUMCHTAJIbHBIX
CIIEKTpax MOIJIOUICHUS siiep "Fe B (beppUMarHUTHBIX HAaHOYACTHUIAX, ObUIa MPEJIOKEeHA U
peanu3oBaHa YETHIPEXYPOBHEBAsl peJaKCallMOHHAas MOJENb B  JIBYXIOJPEIIETOYHOM
npuOIKeHUH B yclnoBHsX MeramarHetusma [3]. bynmer oOcyxnaTtbes 00oOIIeHHE STOU
MOJICNIA Ha CIIy4ail HEMpPEpPHIBHOTO PEJIAKCAIMOHHOTO TPOIlecca B paMKaxX KOHTHHYaJTbHOU
MOJIeIN TMHAMUKY aHCamMOmsi eppUMarHUTHBIX YaCTHUIl IO aHAJIOTHH ¢ [2].

1. M.A. Uyes. ITucema B XKOTD, 2012, 95, 323-329; Joxmanst AH, 2012, 447, 22-27.

2. M.A. Yyes. [lucema B XKOT®, 2014, 99, 319-324.

3. M.A. Yyes. [Tucema B XKDOT®D, 2013, 98, 523-528.
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IRON AND IRON OXIDE NANOSTRUCTURED SYSTEMS - SYNTHESIS,
CHARACTERIZATION, APPLICATION
Miroslav Mashlan
Department of Experimental Physics, Palacky University, Olomouc, Czech Republic
miroslav.maslan@upol.cz

Iron oxide is example of structural polymorphism. There are different iron oxides, as
a-Fe,O3 (hematite), PB-Fe,Os;, y-Fe O3 (maghemite), e-Fe O3, Fe O3 (magnetite). The
properties of nanostructured iron oxides are different from bulk iron oxide structures. The
different synthesis methods of iron oxide nanosystems can be presented. The XRD,
Maossbaauer spectroscopy, SQUID magnetic measurement, optical measurement are used for
characterization nanostructured iron oxide systems and will be presented. Application sphere
of nanostructured iron oxides is very wide. Magnetite nanoparticles are used as contrast agent
for MRI, hematite electrodes are used in electrochemical call for water splitting, &-Fe;O3 is
interesting and perspective magnetic material. Application of zero-valence iron nanoparticles
for underground water remediation will be presented also.

References:

1. Zboril R., Mashlan M., Petridis D.: Iron(l11) oxides from thermal processes-synthesis,
structural and magnetic properties, Mossbauer spectroscopy characterization, and
applications, Chem. Mater., 14, No.3, (2002) 969-982.

2. K. Kluchova, R. Zboril, J. Tucek, M. Pecova, L. Zajoncova, | Safari, M. Mashlan, I.
Markova, D. Jancik, M. Sebela, H. Bartonkova, V. Bellesi, P. Novak, D. Petridis:
Superparamagnetic maghemite nanoparticles from solid-state-synthesis — Their
functionalization towards peroral MRI contrast agent and magnetic carrier for trypsin
immobilization, Biomaterials 30 (2009) 2855-2863.

3. J. Frydrych, L. Machala, M. Hermanek, 1. Medrik, M. Mashlan, J. Tucek, J. Pechousek,
V.K. Sharma: A nanocrystalline hematite film prepared from iron(l11) chloride precursor
under dynamic air atmosphere, Thin Solid Films 518 (2010) 5916-5919.

4. B. Marsalek, D. Jancula, E. Marsalkova, M. Mashlan, K. Safarova, J. Tucek, R. Zboril:
Multimodal Action and Selective Toxicity of Zero-valent Iron Nanoparticles against
Cyanobacteria, Environmental Science and Technology 46 (2012) 2316-2323.
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MECCBAYA3POBCKHME MCCJIEJJOBAHUSI MEXAHOAKTHBHPOBAHHBIX
MMOPOHIKOB HA OCHOBE OKCHUAOB KEJIE3A
Capuenko A.T"., Kopoymkun B.B., Hletunun U.B., bopatoxun N.I'.
HUTY « MUCuCy», Mockea, Poccus,
algsav@gmail.com

MOSSBAUER SPECTROSCOPY OF MECHANOCHEMICALY SYNTHESIS IRON
OXIDE-BASED POWDERS
Savchenko A.G., Korovushkin V.V., Shchetinin I.V., Borduzin I.G.

Structure formation and magnetic properties of Fe-O-based materials after high-energy
ball milling and annealing are investigated by Mdssbauer spectroscopy. This combination of
treatments leads to formation of the magnetite (Fe3O,) nanostructured powders with hard-
magnetic properties.

MarHuTHblE HAHOKPUCTAIIMUECKUE MaTepuaibl HaXOAAT Bce OoJjblliee MPUMEHEHHE B
Hayke M TexHuKd. [lpu sTOoM OHM MoOryr ObITh MOJY4YeHBI U 0€3 HCHOIb30BaHUS
JIOPOTOCTOSIIIIMX KOMIIOHEHTOB, B TOM YHCIIE, Ha OCHOBE cuctembl Fe-O, — T.e. chlpbeM Juis
HUX MOJKET CTaTh OOBbIYHasl prkaBuMHA. B 3TOW CBsA3M 3aKOHOMEPHOCTH (HOPMHUPOBAHUS
BBICOKOKOIPLIUTUBHOTO COCTOSIHUSL B HAHOIOPOIIKAaX OKCUIOB JKele3a MpPeCTaBIsAIOT
3HAUUTENbHBII UHTEPEC HE TOJIbKO C HAY4YHOM, HO M C IPAKTHUYECKOH TOYKU 3pEHUs, — IS
neneil pa3paboTku 3(PQPEKTUBHBIX TEXHOJOTMH MX MPOMBIIIICHHOrO MoyyuyeHus. B 31oii
CBSA3M 1I€JIbI0 HAcTOsIed paboThl SIBISETCS M3YyYEHHE 3aKOHOMEpPHOCTEH H3MEHEHUS
CTPYKTYpbl W MAarHUTHBIX CBOICTB IOPOIIKOB Ha OCHOBE OKCHJIOB Keje3a B Ipolecce
BBICOKOAHEPIeTUUECKOTI0 NU3MEIbUYEHNUS.

Vccie1oBanms IPOBOIMIN METOIAMH MECCOaydPOBCKON CIIEKTPOCKOIIH Ha sApax > Fe
Ha crektpomerpe MC-1104 EM, peHTreHOCTPYKTYpHBIN aHaIU3 MOPOLIKOB MPOBOJMIA Ha
MHOTO(yHKIIMOHATBHOM Audpakromerpe Rigaku Ultima IV. MarnuTHble CBOWCTBa mpH
KOMHATHOW TeMIIepaType ONpeiessiii Ha BUOPOMarHUTOMETPE M3MEPUTEFHOTO KOMILIEKCA
PPMS-9 B mossix Hanpspk€HHOCTHIO 10 9 T

VY cTaHOBIIEHO, YTO B MPOIIECCE BHICOKOAHEPIEeTHUECKOTO U3MeNnbueHus: cMmeceit a-Fey0Os
(rematut) U o-Fe nporekaroT MEXaHOXMMUYECKHUE PEAKIIMH, PE3YIbTATOM KOTOPBIX SIBJISETCS
obOpazoBanue Bioctuta (FeO) wu amopdnoit ¢as3el. Ilpu sTOM U3  pe3yabTaToB
MeccOayIpOBCKUX HCCIIEIOBAaHUM U PEHTTEHOCTPYKTYPHOT'O aHajIM3a CJelyeT, 4To amopgHas
¢aza npencrasnseT coO0i TBEPBIH pacTBOP KUCIOPOJA B XkKele3e, a €€ XMMUYECKUN COCTaB
om3ok k FeO. Ilocnenyromuii KpUCTAUTM3AIMOHHBIA OTKUT MEXaHOAKTHBUPOBAHHBIX
MOPOLIKOB MPUBOJIUT K pacnaay MPUCYTCTBYIOIMX B HUX METAaCTaOMIbHBIX (a3 Ha Kele3o U
marHeTHT (Fe304) u Kk pOpMHUPOBAHUIO BEICOKOKOAPIIUTHBHOTO COCTOSHHSL.

Pabora BemonHeHa B pamkax ['ocymapcTBenHoro 3amxanus Ne 2014/113 Ha BBITOTHCHHE

roCyJapCTBEHHbIX paboT B cdepe HAydyHOM JEeATENTPHOCTH B paMKax 0a30BOM wyacTu
[Nocynapcreennoro 3aganus Munoopnayku Poccun.
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EMISSION MOSSBAUER SPECTROSCOPY OF GRAIN BOUNDARIES IN
POLYCRYSTALLINE METALS
Popov V.V.
YInstitute of Metal Physics, Ekaterinburg, Russia
vpopov@imp.uran.ru

The absorption nuclear gamma-resonance (NGR) spectroscopy is the most widely used
mode of the Mdssbauer spectroscopy. However, it cannot be applied for the studies of grain
boundaries (GBs) in coarse-grained materials in which the volume fraction of boundaries is
too small, and this version of NGR spectroscopy appears not sensitive enough. In principle,
there is a chance to apply the absorption NGR spectroscopy for the studies of grain
boundaries in ultrafine-grained (UFG) materials, in which the fraction of boundaries is much
higher, but even in this case there are certain limitations. In particular, as demonstrated in a
number of studies, in case of the absorption NGR spectroscopy it is quite difficult to separate
the grain-boundary part of the Mdssbauer spectrum, based on the hyperfine parameters of
which one could judge on the state of GBs [1, 2]. Besides, this method is mostly used for the
materials with high fraction of iron.

The emission Mdssbauer spectroscopy in which a specimen serves as a y-quanta source
gives more opportunities for grain boundary studies, as the source of high enough activity can
be obtained at quite low concentration of a radioisotope. The method of investigation of GBs
and near-boundary areas based on the use of accelerated diffusion along grain boundaries
together with the emission Mdssbauer spectroscopy was worked out in [3]. Since then a great
number of studies of GBs in coarse-grained and UFG polycrystalline materials have been
carried out. In particular, these studies have shown that the existing models of grain-boundary
diffusion are not always in good agreement with the results of the Mdssbauer experiments,
and a specified model of GB diffusion have been worked out [4], which adequately describes
the data of both diffusion and Mdssbauer experiments.

The present paper is a brief review of capabilities of the emission Mdssbauer
spectroscopy for the studies of GBs and of the data obtained by this method up to now.

The emission Mdssbauer spectroscopy is most capable for the studies of grain
boundaries of recrystallization origin in coarse-grained materials. In this case based on the
NGR data one can make certain conclusions on the GB diffusion mechanisms, determine
temperature dependence of grain-boundary segregation factor, estimate local Debye
temperatures in GBs and near-boundary areas and judge on the composition of grain
boundaries and adjacent areas. It is more difficult to apply the emission NGR spectroscopy
for the studies of grain boundaries in UFG materials in which grain boundary migration and
recovery cannot be excluded even in the process of specimens-sources preparation.
Nevertheless, our investigations demonstrate that in spite of some possible changes of
structure and properties of GBs at annealing required for the specimens-sources fabrication
the method of the emission NGR spectroscopy enables to observe certain differences in the
properties of non-equilibrium grain boundaries in UFG materials obtained by severe plastic
deformation compared to the equilibrium boundaries of recrystallization origin in coarse-
grained polycrystals, and to study the non-equilibrium boundaries evolution at heating.

This work is supported in part by the Program of Fundamental Research of Ural Branch
of RAS, project No. 12-P-2-1016.

1. G. Rixecker. Solid State Comm., 2002, 122, 299-302.

2. E.P. Elsukov, G.N. Konygin, and V.E. Porsev. Phys. Met. Metallogr. 2008, 105, 141-149.

3. V.N. Kaigorodov and S.M. Klotsman. Pisma v JETF (Let. to J. Exp. Theor. Phys.) 1978 28,
386-388 [in Russian].

4.V.V. Popov. Phys. Met. Metallogr. 2006, 102, 453-461.
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MECCBAY3POBCKHUE UCCJIEJOBAHUS HAHOIIOPOIIIKOB OKCH/10B
KEJE3A, CHUHTE3UPOBAHHBIX XUMNUYECKUMU METOAAMHAX
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lernann U.B., OproB EB? Mypanosa A.T. .
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MOSSBAUER SPECTROSCOPY OF CHEMICALY SYNTHESIS
IRON OXIDE NANOPOWDERS
Savchenko A.G., Grebennikov I.S., Salikhov S.V., Korovushkin V.V.,
Shchetinin I.V., Yurtov E.V., Muradova A.G.

Structure of the iron oxide nanopowders with size distribution from 10 to 85 nm
synthesized by various chemical methods were studied by Mossbauer spectroscopy, x-ray
photoelectron spectroscopy, transmission electron microscopy and x-ray diffraction analysis.
Was found that the nanopowders are the non-stoichiometric compounds of magnetite-
maghemite series, described by equation - Fe** [Fe?*1.3 sFe**1.2xV,] Os, where V and x -
marking and fraction of vacancy. Quantity of vacancies increases as the average particle size
of the nanopowders decrease.

3a mocyeHUE ro/ibl HHTEPEC K MAarHUTHBIM HAHOMOPOILIKAM OKCHOB JKe€jie3a 3aMETHO
BO3pPOC BCIEACTBHE PACHIMPEHHUS CIEKTPAa UX BO3MOXKHBIX MPUMEHEHHH B OHMOMETUIIMHE
(MarHuTo-pe3oHaHCHas ToMorpadus, aapecHas 10CTaBKa JeKapcTB, runeprepmus u ap.). [pu
3TOM HaunboJsiee MepCrneKTUBHBIMU AJI MEIULMHCKUX MPUMEHEHUM, Oaroapsi yHUKaIbHOMY
COUYETAaHUIO CBOWCTB U JIOCTaTOYHO HHU3KOM TOKCHYHOCTH, SBJISIOTCS HAHOIOPOIIKU
Marseturta u MarreMuta. OJTHOM M3 aKTyallbHBIX 3a]]a4 UX W3YUYECHHUS SBIISETCS OIpe/eeHHe
3aKOHOMEPHOCTEH  NPOTEKAaHUS  OKUCIMTEIbHO-BOCCTAHOBUTEIBHBIX  IIPOLECCOB B
HAHOYACTHIIAX PA3UYHON JUCHEPCHOCTH B TMpOllecCe HX MOITYYCHHsS] XHUMHUYECKUMHU
metonaMu. CeronmHsi Afsi MX OOBSICHEHHUS Yalle BCEr0 HCIOJB3YIOT JIBE HPUHIUIHAIBHO
pazIuYHblE  MOJENW: B  OJHOW M3 HHUX  HAHOYACTHIIBl  pacCMaTpUBAIOT  Kak
HECTEXHMOMETPHUUECKUI MarHEeTUT, a B IPYToi, — Kak cMech (pa3 MarHeTuTa 1 MarrTeMmTa.

B mHacrosmeidn pabore wmertomamu  MéccOaylspoBckoit (JIIPC) m  peHTreHoBCKOM
dorornekrporHoit  cnekTpockonmu  (POIC), SIEKTPOHHON MHUKPOCKOMHH  BBICOKOTO
paspemenus (OMU) u penrrenoBckor nudpakmuu (PCA) uzyueHo ¢ha3oBO-CTPYKTypHOE
COCTOSIHUE HAHOIIOPOIIKOB OKCHJOB Kejne3a jJucnepcHoctbo or 10 mo 85 Hw,
CHHTE3UPOBAHHBIX PA3INYHBIMU XUMHUYECKUMU METOIaMH.

Metonamu PCA noka3aHo, 4TO BCe MCCIIEOBAaHHBIC HAHOIIOPOLIKU OAHO(A3HbIE, a UX
CTPYKTypa OTHOCHUTCS K CTPYKTYPHOMY THUIly IINUHEIH. B pe3ynpraTe MEccOay’poBCKUX
MCCIICIOBAHMII HAa sApax ° Fe yCTAHOBIGHO, YTO BCE MCCICIOBAHHBIE HAHOIOPOLIKA
OTHOCSITCSI K HECTEXHOMETPUYECKHMM COEJMHEHMSIM MarHeTUT-MarreMUTOBOTO  psJa,
OTHCHIBAEMOTO KPUCTATNIOXUMUYECKON (PopMymoif Fe3+[Fe2+1-3xFe3+1+2XVX]04, rire Vux—
0003Ha4YeHHE U J10JI1 BAKAHCUI COOTBETCTBEHHO. Y CTAHOBJIEHO TAK)K€, YTO IIPH YMEHbILIEHUU
CpeIHEro pasMepa 4YacTHI] HAaHOMOPOIIKA J0Jig BakaHCUW yBenuuuBaercsa. llopomrku co
cpeaHuM pazmepoM yactull 10 HM OJIM3KH MO COCTaBy K MarTeMUTY, a C pa3MepoM 85 HM — K
maraeruty. Ilociaennee noarBepkaaeTcs Takxke pesyiapTaTaMu HezaBUCUMbIX POOC nu OMU
UCCIIEI0BAHU.

PaGora BoimonmHeHa mnpu (uHAHCOBOW moanepkke MunoOpHaykun Poccun 110
[Iporpamme mnoBbimeHus: koHKypeHtocrnocoonoctu HUTY «MUCuC» cpenn Bemymmx
MHPOBBIX Hay4HO-00pa3oBarenbHbIX eHTpoB Ha 2013-2020 rr. (Ne K1-2014-022).
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UCCIEIOBAHUE ®EPPUMATHUTHBIX HAHOYACTHIL ZnxFes.x.yOyOy,
MHNOJYYEHHBIX 30J1b-T'EJIb METOAOM
IletpoBa E.F.l, Kotukos IL.A.l, IIanbkOB B.B.l, ®unumonos /1.C. 2, [oxonok K.B.?
benopyccxuii ecocyoapcmeennuiii ynusepcumem, Munck, berapyce
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AN INVESTIGATION OF THE FERRIMAGNETIC ZnxFe;.x.y[dvyOs NANO PARTICLES
PREPARED BY SOL GEL METHOD
Petrova E.G, Kotikov D.A., Pankov V.V., Filimonov D.S., Pokholok K.V.

Ferrimagnetic ZnyFez.,0,04 spinel type nano particles were prepared by sol gel
technique from inorganic salt precursors in aqueous media. Their phase compositions and
magnetic properties were investigated depending on the Zn content.

B nannoii paboTe ObLIM CHHTE3UPOBAHBI HAHOYACTHIIBI cocTaBa ZnyFez.x.y[1y04 (x = 0;
0.09; 0.18; 0.45; 1) ans MOTEHIIMAILHOTO HCIOIb30BAHMS B KQUECTBE KOHTPACTHBIX areHTOB
JUIsl MarHUTHO-pe3oHaHcHoi Tomorpaduu (MPT). CunTe3 HaHOYACTHIl OCYILIECTBIISIIN 30J1b-
rejib METOJIOM W3 HEOpraHM4YecKuX cosield coorBercTByrommx metamwioB (Fe(NOs)s-9H0,
Zn(NO3)2-6H,0 u FeSO47H,0, B3saThix M3 pacuera Ha crexuomerpuio ZngFes04) ¢
o0Opa3oBaHHeM 30JIell CMEHIAHHBIX THIPOKCHIOB. JTO TMO3BOJIWIO MOJYYUTh CTAOUIIbHBIC
30J1M HAHOJHMCIIEPCHBIX YaCTHUI[ C Y3KHM pacrupejieiecHneM 1o pa3mepaM. CoriacHO JaHHBIM
pentrerodaszoBoro ananu3a (PDOA), Bce mosydeHHbIe 00pa3ibl 00J1aal0T KPUCTATUTHIECKOM
CTPYKTYpOM THIA IINUHENIW. Pa3Mepbl HAHOYACTHIl, COIVIACHO IPOCBEYMBAIOLIECH
3JIEKTPOHHOM MUKPOCKOINH, HAXOIATCS B npeaenax 5-10 HM.

N3BectHO, uT0 HaHO4acTullbl Fe304 JETKO OKUCIAIOTCS HA BO3JyXe MPH KOMHATHOM
TeMriepatype ¢ obpazoBanuem y momudukanuu Fe;O3 co CTpyKTypoil KaTHOHACHHUIIUTHON
mmnuHenn.  MeccOaydpoBCKre CIEeKTphl oOpa3na 1pu  X=0 omnuceBaroTCsI HaOOpOM
36€MaHOBCKHUX CEKCTETOB C TapaMeTpaMH CBEPXTOHKHX B3aWMOJCUCTBUM, OTBEYAIOIINX
karnonam Fe** u Fe?>* (mpu 298K) nnm Fe?* (n%m 78K). 3HaunTeIpHOE YBEIUUYEHUE BKJIAI0B
Fe®* kommomenT mo orHomenmio k Fe**/Fe** B cpaBuennn ¢ FesO4 m ux mapamerpbl
YKa3bIBalOT Ha okucieHue yactu FesOy (~ 45%) no y-Fe;03. 3amemenne Fe Ha Zn npuBeno k
MOJTHOMY OKHCIIeHHI0 Fe u 00pa3oBaHMI0 BaKAaHCHOHHBIX IIMMHHEIBHBIX TBEPIBIX PACTBOPOB
ZnyFesxy,04. Crextper mpu x=0.09, 0.18, 0.45 mpm 298K wumeroT pelrakcalnOHHBIN
XapaKkTep M OIHUCHIBAIOTCS pACHpECICHUsIMUA CBEPXTOHKMX MarHUTHBIX moned P(H) ¢
XUMUYECKUMH caBuramu 0~0.35 MM/C, COOTBETCTBYIOIIMMH KaTHOHAM Fe3*. ITpu 78K wux
CIEKTPBl CO 3HAYUTEIIFHO VINUPCHHBIMH 3CEMAHOBCKHMMH KOMIIOHCHTAMH OIMCHIBAIOTCS
cynepnosuinueit 1Byx P(H) co 3nauenusimu H <450-550> k3; 6~0.45 mm/c u <200-500> kD;
8~0.34 Mm/c, cooTBercTByIOmIX Fe>* B OKTasIPHUYECKHX M TETPAdAPUUECCKHX MOBUIHSIX.
Brutazsl Terpasapudeckoro Fe*t; yMeHbIIatoTes (KaueCTBEHHO) ¢ YBEIMUCHHEM X BCICACTBHE
npeanouTeHus ZN K TeTpa’aApuueckoi koopauHauu. <H> Hanbonpmme nmpu X=0.18, Tak kak
npucyTCTBHE ZN B TETPAdAPUUYCCKOM TMOJPEIICTKE B IIMAHEISIX YBEJIWYUBACT HX
HAMarHWUYeHHOCTH [ 1], HO IpU STOM MOHIKAET T BCIEACTBHE MarHUTHOTO pa30aBiieHus. ITO
XOpOIIIO COTJIACYETCSl C pe3yJibTaTaMM MarHUTHBIX M3MepeHui: oOpazer; ¢ X=0.18 umeer
HanOoJIbIIIee 3HAYCHUE MaKCUMaIbHON HamarHuieHHoctu (M=59 Fc-CMS-r'l) IIPU KOMHATHOMH
TEMIIepaType, MPEBBIIIAIOIIYI0 TaKOBYIO Ut oOpa3noB ¢ X=0 u 0.45, a obpazer; ¢ X=0.45 —
npu 5K (M=86 I'c-em®17).

Jluteparypa:
1. Goldman A., Modem Ferrite Technology, 2"Ed, Springer, 2006, 438p.
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XAPAKTEPU3ALIUA HAHOYACTHUIL OKCHUIA KEJIE3A ITPOU3BOJICTBA
“OCEAN NANOTECH” NIOCPEACTBOM MECCBAY3POBCKUX, MATHUTHBIX
N PEHTTEHOBCKUX METOJA0OB
I'a66acos P.P. 1, [TonukapnoB M.A. 1, UYepenanos B.M. 1, Uyes M.A.Z, JlomoB A.A. 2, Banr
A.1O. 3, Manuenxo B.S. 1.
CHARACTERIZATION OF IRON OXIDE SHP-TYPE NANOPARTICLES FROM
OCEAN NANOTECH BY MOSSBAUER, MAGNETIZATION AND X-RAY
DIFFRACTION METHODS
Gabbasov R.R., Polikarpov M.A.,.Cherepanov V.M., Chuev M.A., Lomov A.A., Wang A.Y .,
Panchenko V.Y.
National Research Center “Kurchatov Institute”, Moscow, Russia
?Institute of Physics and Technology, Russian Academy of Sciences, Moscow, Russia
*0cean NanoTech. Springdale, Arkansas, USA  E-mail: gabbasov-raul@yandex.ru
We investigated the set of water soluble iron oxide nanoparticles with amphiphilic
polymer coating produced by «Ocean NanoTech» company [2] with average diameters in the
range of 5-25 nm, previously determined by transmission electron microscopy. The
Mossbauer, magnetization and X-ray diffraction measurements of each sample were carried
out. The comparative analysis of the results showed that the Mdassbauer data are absolutely
necessary for the correct interpretation of the results of the magnetization or the X-ray
diffraction measurements. T ~
B npenpinynmux pabortax [1] omHOBpeMEHHOE (GUTTHPOBAHUE wi| % a) ;
KPUBOH HaMarHWYMBAaHUS W TPYHIBl M3 TPEX MeccOaydIPOBCKUX  w: \/‘, /""-\,-\x_,"\. AN
CIIEKTPOB CHATBIX IMPHU JIBYX PA3IUYHBIX TEMIIEpaTypax U B CIA0OM  wi| ViR
BHCITHEM MarHMTHOM TIOJI€ TIO3BOJIMIIO KONMYECTBEHHO OIHCATh 1™\ o »nwi N, o 7™
nporecc OuoJerpagay B TICUCHHU MBIIIH, ONMPEACIUTh IBOTIOIHUI0 § | SRR AR VIR ¥
PasMEPOB HAHOYACTUIL U KOHICHTpAWA 5K30TCHHOI'0 U SHAOI'CHHOI'O
Kejie3a € TCUYCHHEM BPEMCHH II0CIIC BHYTpHBeHHOﬁ NHBEKIINN

w
90 !

Transmission, %

% t

bepposkumkocTn. CrelyeT OTMETHTb, 4TO HAiJeHHBIH pasMep ¥ b,) I i
HAHOYACTHULl, 3aBUCHT OT €€ KBAaHTOBBIX MArHHMTHBIX CBOICTB W E\,--”‘.. f‘;\‘""‘ 5‘""7,\;
MOKET OTJIMYAThCS OT 3HAYEHUS MOJy4EHHOTO JAPYTMMH METOJaMH. | i X

B manHO# paboTe MBI CpaBHUIIM PE3YIbTAThl UCCIENOBAHMS OJHOIO | J F) Y

M TOrO XK€ AHCAMONs HAHOYACTHI[ JBYMsS pAasHBIMH MeTogamu: ., Vo C
BBINIEYNIOMSIHYTBIM ~ MAarHUTHBIM M HEMarHUTHBIM ~ METOAOM & , f : d)
TUGpaKUu  PEHTTEHOBCKUX Jiydeld. Mpbl wucciaenoBamu  Habop g A \“MW

0o0pa3l0B BOJOPACTBOPHUMBIX HAHOYACTHI] OKCHJa JKelmeza ¢
aMOUOUIBHBIM THIIOM MOJMMEPHOTO TOKPHITHSA, MPOU3BEIEHHBIX "
kommanueit «Ocean Nanotechy co cpelHUM AMaMETPOM B JHAINIa30HE 3 :
5-25 HM, MpeABAPUTEIBHO ONPEIEIEHHBIX TPAHCMHUCCHOHHOM 3.
ANEKTPOHHOUW MHKpOCKOMHel. bpimn mpoBeaeHsl MeccOay’poBCKUE, i":
MarHUTHblE W JAUQPPAaKIMOHHBIE HU3MEPEHMs] KaxkJIoro ooOpasua. »-/ e
CpaBHUTE/IBHBI aHANM3 pE3yNbTaTOB [OKA3al, 4YTO JaHHBIE Fedos
Meccb6ay?poBCKOH CIEKTPOCKONUHM KpaiHe HEOOXOMUMBI JIJIsi MPABHIILHOW HHTEPIPETAIIUU
pe3yNbTaTOB M3MEPEHH HAMAarHUYEHHOCTH WJIM PEHTTeHOBCKOM audpaknuu. Ha pucynke
IMOKA3aHBI OKCIIEPUMEHTANBHEIC AaHHbe s 20 HM HAHOYACTHI[ OKCHIA JKelesa: a) ° Fe
MecchayspoBekuil criektp, m3Mepennbii mpu 300 K, b) *’Fe mecc6ayspoBckuii criektp,
usmepennsii npu 78 K, C) = MeccOay’IpOBCKUI CHEKTP, U3MEPEHHBI BO BHEIIHEM
marauTHoM mojie 3.4 kD npu 300 K, d) pentrenoBckast audpakiponHas KkaptuHa, €) Kpusas
HaMarHU4eHHOCTH, u3mMepenHas npu 300 K. 1. R.R.Gabbasov, V.M.Cherepanov et
al. IEEE Transactions on Magnetics, V. 49, N. 1, 2013, pp.394 — 397.

2. http://www.oceannanotech.com/product.php?cid=69&pid=122
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KBAHTOBO-MEXAHUYECKASI U KOHTUHYAJIbBHAA MOJEJIN
MATHUTHOW TMHAMMKA AHTU®EPPOMATHUTHBIX YACTHI]
B AHAJIM3E MECCBAYJPOBCKHX CIIEKTPOB
Mumenko U.H., Uyes M.A.
Quzuxo-mexnonozudecku uncmumym Poccutickoti akademuu nayk, Mocksa, Poccus
IlyaMischenko@rambler.ru

QUANTUM-MECHANICAL AND CONTINUAL MODELS OF MAGNETIC DYNAMICS
FOR ANTIFERROMAGNETIC PARTICLES IN ANALYZING MOSSBAUER SPECTRA
Mischenko I.N., Chuev M.A.

Recently developed quantum-mechanical [2] and continual [4] models of magnetic
dynamics for antiferromagnetic particles were applied to analyse temperature series of
Mossbauer spectra of y-Fe,Oz based nanoparticles. Advantages of the new models, their
comparison and further generalizations [3] are discussed on the example of the particular
experiment.

C mepBBIX JIE€T CBOEr0 BO3HUKHOBEHHsI M MO HacTosmiee Bpemsi MEccOayIapoBcKas
CIICKTPOCKOIIUA HAXOAUT NPUMCHCHHUEC B UCCIICJOBAHUN MArHUTHBIX YaCTUIL[ MaJIbIX pa3MCpPOB.
[Ipu »TOM YacTo, HE3aBUCHUMO OT MarHUTHON MPHUPOABI 00pa3loB, TEMIEpATypHas SBOIIOIH
CIICKTPOB HOCUT YHI/IBepCElHBHI)IfI XapaKTEep U YAOBJICTBOPHUTCIBHO OITMCBIBACTCA B paMKax
MHOTOYPOBHEBBIX PEJIaKCAI[MOHHBIX MOJeleil MarHUTHON AuHamuku [1], mo cBoeit cytu
MMPUMCHUMBIX JIMIIb K q)epI)OMaFHI/ITHI)IM qacTULaM. B 10 Xe BpEMs B IKCICPHUMCHTaxX
HAOMIOIaeTCsl M MPHUHIMIIHMAILHO HHOE MOBEACHHE KPUBBIX PE30HAHCHOTO TOTJIOMICHUS
anTugeppoMarHuTHEIX (ADM) dacThil, OCHOBHAas dYepTa KOTOPOTO 3aKIIOYaeTCsl B
MOSIBJICHUM M HAapacTaHUM C TEeMIIepaTypoll LEHTPAIbHOTO MUKa (MO0 KBaJAPYMOJIBHOTO
nyonera nauHMAKA) Ha QoHe cnabo MEHSIOMEHCS pa3peléHHON MarHUTHOW CTPYKTYpHI.
OObsicHEHHE TaKoro TOBEACHHUS B paMKax CTaHAAPTHBIX JAMHAMHUYECKUX IOIXO0/0B
HEBO3MOXKHO 1 TpeOyeT pa3paboTku crenuuuHbIX Mojenei MaraetnsmMa ADM dvacTuil.

HenaBHo Takue Monenu ObUTHM TNPEUIOKEHBI, CHayalla Ha OCHOBAaHMHM KBaHTOBO-
MexaHu4yeckoro paccmorpenus AD®M wyactuil ¢ paBHbIMU [2] U pa3nuuHbIMU [3] cniuHaAMU
MarHUTHBIX TTOAPEIIETOK, a 3aTeM Ha 0a3e HEMPEPHIBHOTO (KJIACCUYECKOT0) onucaHus [4].

Lenp HacTosimeld paboTel — ampoOamust S3TUX Mojened B MNPUMEHEHHH K
COIJIACOBAaHHOMY aHaliM3y TemmepaTypHoil cepuu crnektpoB ADPM wactun. B nepByro
ouepeslb ObUIO KCIOJIB30BAHO HauOOJee MPOCTOE KIACCHUECKOE OMHCAHHUE B MPUOIUKCHUH
PaBHBIX MArHuTHBIX MOMCHTOB HO)IpeHIéTOK 1 MCIJICHHOI'O PEIIaKCAllMOHHOI'O IIpouecca.
OpnHako, HECMOTPsI Ha KaueCTBEHHOE OTIHYME OT (epPOMArHUTHOM MOJENH, TaKOM MOIXO
OKa3aJICsd HE€AOCTATOYHBIM JIA JOCTHIXXCHUA KOJIHMYCCTBCHHOI'O COIJlaCcuia C HMMCIOIIMMUCS
JaHHBIMA B 0O0JAcCTU MEPEXOJIHBIX U BBICOKUX TeMIeparyp. Y4ér AudQy3uu yrmydiumia
@opMam)Hoe OIMMMCAHUC BBICOKOTCMIICPATYPHBIX CIICKTPOB, HO OKa3aJICAd U3JIWIIHUM JJId
ocTanbHOW cepuu. B 2Toi cBs3u ObLIO pemieHO mepeiiT k Oosiee MOTHOMY KBAaHTOBO-
MEXaHUYECKOMY  ONMCaHUIO, OOECHeuMBIIEMY  YIOBJIETBOPUTEIBHOE  COIJIacMe ¢
JKCIIEPUMEHTOM BO BCEM TemIiepaTypHOM Juana3one. JlanbHeliiee yToyHEHHE HAMIEHHOTO
PEeIICHNA BO3MOXKHO HYTéM BBCACHUS PACIPCACIICHUA 10 HCCKOMIICHCHUPOBAHHOMY CIIMHY, a
TaK)Ke TOCPEICTBOM YUETA MEPEX0A0B MEXK 1Yy KBAHTOBBIMU COCTOSTHUSIMU ADM 4acTUIlb.

Jluteparypa:

1. D. H. Jones, K. K. P. Srivastava. Phys. Rev. B, 1986, 34, 7542-7548.

2. M.A. Yyeg. ITucema B XKOT®, 2012, 95, 323-329.
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HNCCIEAOBAHUE CYBMUKPO- U HAHOCTPYKTYPUPOBAHHBIX CIIJIABOB
HA OCHOBE KEJIE3A METOJAMMU SAMP U D®PEKTA MECCBAYJPA
[Toxarunos B.C.
Mockosckuil 2ocy0apcmeenviil mexHUYecKuil yHugepcumem paouomexHuxi,
1eKmpoHUKU u agmomamuxu, Mockea, Poccus
pokatilov@mirea.ru

STUDY OF SUBMICRO- AND NANOSTRUCTURED ALLOYS BASED ON IRON
BY NMR and MOSSBAUER EFFECT
Pokatilov V.S.

Study of local atomic and magnetic short-range order and effect of short-term
annealings above the crystallization temperatures of amorphous samples of Feg;Biz u
Fes,TsB1s (T =Cr, Ni) alloys by X-ray, NMR and Mossbauer effect has been carried out.

OKCIIepUMEHTAIbHBIC JIaHHBIC, TIOJIYYCHHBIC TPU  HCIIOIB30BAHUU  SIIEPHOTO
MarHuTHOro pesonanca (IMP) u, wactuuno, apdpexra Méccbayspa (OM) ycTaHOBUIIH, UTO B
pentrenoamoppHbix (PA) geppoMarHUTHBIX METaUIMYECKUX CIUIaBaX HAa OCHOBE JKeje3a
UMEETCsl SIPKO BBIPAKEHHBIN JIOKATbHBIA ONMKHUNA ATOMHBIA W MarHUTHBIM TOPSIAOK Ha
ypoBHE 1-3 KOOpAWHAIIMOHHBIX cep, T.e. B Cerperanusx 1 MEKpOOOIacTx (HaHOKJIacTepax)
pasmepamu 3-4 A (0.3-0.4 um). Oanako paGoT, BHIIONHEHHBIX MeTogamu SIMP u DM, u
MOCBSILEHHBIX U3YYEHUIO JIOKAJIBbHOTO OJIMKHETO nopsijika B PA craBax Ha OCHOBE Xelesa,
KpaifHe MaJlo, 4TO CACPKUBAET MOHUMAaHUE MPUPOABI (PU3NUYECKHX CBONCTB U TOMCKA HOBBIX
CIUIaBOB 3TOT0 Kjacca ¢ IIUPOKUM CIHEKTPOM CBOMCTB. B nmaHHOW paboTe uccieaoBaiach
JIOKaJbHAasl aTOMHAasi M MarHUTHas CTPYKTypbl PA M HaHOKPUCTAJNIMYECKHUX CIUIaBaxX Ha
octoBe Fe-B (Feg7B13 u FegyTsBiz T = Cr, Ni) BOIHM3U KOHIICHTPALIMOHHOTO Tiepexoaa (¢, =
12 at. % B) u3 mukpokpucrammuueckoro B PA cocrosiHue.

PA crmaBer FegiBiz m FegTsBis T = Cr, NI ObUiM MOJMIydeHBI METOAOM
COUHHUHrOBaHUA. [[ns monydeHus CyOMHUKpPO- U HOHOKPUCTAJIMYECKOTO COCTOSIHHM
00pasibl (JIeHTOUKH MHUpUHON 10 MM 1 ToNuHON 20 MKM) KPaTKOBPEMEHHO OTKHUTAJIUCh B
TEUEHHE 5 MHUHYT IpU TeMIlepaTypax HUXKE€ M  BBIIIE MEPBOM W BTOPOM TeMIeparyp
KPUCTAJUIM3aLUNA C IIOCJIEAYIOIEH 3akalkod B Boxe. M3mepsuiuch HaMarHU4EHHOCTH
HachlllleHUs npu KomHaTHOM Ttemmepatype u 77K. Mamepenuss merogom SAMP u OM
nposoaunuce npu 4.2K, 77 n 295K. Kpucramindeckass cTpyKTypa CILUIaBOB HCCIEI0BAIACh
METO/IOM PEHTTeHOTpa(uu.

CpaBuenne nannbix IMP u OM s crutaBoB Fe-B, conepikamux 60p HMKe U BBIIIE
C, TIOKa3ano, uto PA crmaBbl cocTOST U3 cyOMHKpooOiacTel ¢ OIMKHUMU TOPSAIKaMU THIIA
a-Fe u terparonansHOro (T) U opropomOuyeckoro (0) 6opunos FesB. KparkoBpemeHHbIi
oTxkur obpasnoB PA cmnaBa FegyBis mpuBoauT K (OpMUPOBAHHIO HAHOKPHUCTATUIMYECKOM
CTPYKTYphl, coJaepkallell HaHOKpuctayasl (a3 o-Fe wu  OGopumoB t- u  0-FezB.
KpatkoBpemennbie oTxkuru oOpasnoB PA crnaBoB Feg,CrsBis u FegyCrsBis cymecrBenno
MU3MEHSIOT WX JIOKAJbHYI0 aTOMHYIO M MAarHUTHYIO CTPYKTYPHI 10 CPaBHEHHUIO CO CILIABOM
FegoB13. 3amemienue aToMoB JKkene3a aToMaMud XpomMa B PA M OTOXIKEHHBIX CIUIaBax
MPUBOANT K CYIIECTBEHHOMY YMEHBIIICHHUIO JTOKAJTbHBIX MAaTHUTHBIX MOMEHTOB, a 3aMEIICHHE
aTOMaMHu HHKEJS - K CYIIECTBEHHOMY YBEJIMYEHUIO JIOKAJIbHBIX MAarHUTHBIX MOMEHTOB JJIs
Pa3IUYHbBIX COCTOSHUI aTOMOB JK€Je3a.
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POJIb MECCBAYJ3POBCKOM CHEKTPOCKOITMHA B TEXHOJIOT AU
HAHOKOMIIO3UTHBIX ®YHKIIMOHAJIBHBIX MATEPHUAJIOB
Kucenesa T.FO.*, HoBakoBa A.A.

MockoBckuii rocyiapcTBeHHbI yHuBepcuTeT uM. M.B.JIoMmoHocoBa, ®uznueckuii
dakynbrer, Mocksa, Poccust
Kiseleva. TYu@gmail.com, novakova.alla@gmail.com

MOSSBAUER SPECTROCOPY ROLE IN FUNCTIONAL NANOCOMPOSITES
TECHNOLOGY
Kiseleva T.Yu., Novakova A.A.

Scientific and technical areas, including the development of technologies for the
production of iron nanostructured materials (nanoparticles, nanocomposites, nanostructured
film and bulk metal-polymer and hybrid materials) with unique magnetic, electrical,
mechanical, catalytic and other functional properties find wide application in industry,
biotechnology, life support systems and monitoring. Facilities of Mossbauer spectroscopy in
the development of technologies for the synthesis of multicomponent composites containing
iron compounds as consistuents or structural units are highly effective. Data obtained so far
by means of Mossbauer spectroscopy technique on the study of iron nanoscale structures and
regularities carried out for nanostructured state influence on the parameters of hyperfine
interactions in simple systems, multicomponent systems- and hybrids, are the basis for the
algorithms creation of multifunctional nanostructured materials with the required set of
properties targeted synthesis. We discuss the contribution of Mdssbauer investigations in the
development of technologies for synthesis of new iron-containing materials on the examples
of mechanochemistry, chemical metallurgy and SHS technological algorithms.

HaydHo-TexHWYecKne HampaBleHHs, BKIIOYAlOUME B ceOs pa3pabOTKy TEXHOJIOTHH
MOJIYYEHHUS JKEJIe30CoaepKaIux HAHOCTPYKTYPHBIX MaTepuaioB (HaHOYACTHIL,
HaHOKOMIIO3UTOB, HAHOCTPYKTYPHPOBAHHBIX IUICHOUYHBIX U OOBEMHBIX METAILI-TTOIMMEPHBIX
n FI/I6pI/II[HBIX MaTepI/Ia.HOB) C YHUKAJIbHBIMU MarduTHBbIMU, QJICKTPUYCCKUMU,
MEXaHWYECKUMH, KaTATUTHYECKUMHU U JIPYrMMH (DyHKIMOHAIBHBIMH CBOMCTBAMH., HAXOMSAT
mypoyYaiiliiee MpUMEHEHHE B IMPOMBIIUIEHHOCTH , B cepax OMOTEXHOJOrMH, cHCTEMax
KHU3HEeoOecIeueHNsT 1 MOHUTOpPHUHTa. B pa3paboTke TEXHOJOTWi CHHTE3a MaTepHalioB IPH
HUCIIOJIB30BaHHUHN COCI[I/IHGHI/Iﬁ JKCJIC3a B KA4YCCTBC COCTABJANOIMINUX CTPYKTYPHBIX CIWHHIL
CJIOKHBIX MHOTI'OKOMIIOHEHTHBIX CHCTEM BO3MOXKXHOCTHU Mecc6ay3p013c1<0171 CIICKTPOCKOITNH
OKa3bIBAOTCs BI)ICOKOBC];)(l)eKTI/IBHBIMH. HOJ'Iy‘IGHHBIG K HacTodgmemMy BpPEMCEHU C ITOMOIIBIO
MeccOayIpOBCKOW  CIIEKTPOCKONMU  JaHHbIE IO HCCIEIOBAaHMIO KeNe30COAEpIKaIINX
HAaHOPA3sMEPHBIX CTPYKTYP W BBIABJICHHBIC 3aKOHOMCEPHOCTU BJIMAHHA HAHOCTPYKTYPHOIO
COCTOSIHUSI BEIECTBA Ha IapaMeTpbl CBEPXTOHKUX B3aUMOACWCTBUII Kak B TPOCTHIX
CUCTEMAaX, TaK W B MHOI'OKOMIIOHCHTHBIX H FI/I6pI/I)IHI)IX, SIBIITIOTCS  OCHOBOM JIIs
GopMupOBaHUS ~ aNTOPUTMOB  IEJICHANPABIEHHOTO  CHHTE3a  MHOTO()YHKIMOHAIBHBIX
HAHOCTPYKTYPHBIX MaTE€pHaJIOB C HEOOXOAMMOM HaboOpoM cBOICTB. B pabore obcyxmaercs
BKJIaJT MeccOay’pOBCKMX HCCIEIOBaHMA B pa3palOTKy TEXHOJOIMH CHHTE3a HOBBIX
KENe30CoAePIKAIINX MaTepHUaioB Ha MPHUMEpPax TEXHOJIOTWYECKHX IIeTIOYeK MOTYYECHUs
HaHOKOMIIO3UTOB METOJJaMU MEXaHOXUMHUH, Xumuueckoi metamutypruu u CBC.
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STUDY OF [001]-ORDERED L1, FePt;—\Rhy FILMS
Kamzin A.S.* ,Ishio S.%, Hasegawa T.?, Valiullin A.A.>, Ganeev V.R.3, Tagirov L.R.?
Zaripova L.D.}?
!loffe Physical-Technical Institute, Russian Academy of Sciences, St. Petersburg, 194021
Russia
’Department of Materials Science and Engineering, Akita University, 1-1 Gakuen-machi,
Tegata, Akita 010-8502, Japan
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Bit-patterned media (BPM), which consist of ferromagnetic (FM) nanodots regularly
arranged in a nonmagnetic matrix, are a promising candidate to replace continuous film media
for ultrahigh density magnetic recording. For the fabrication of BPM, lithographic patterning,
chemical methods, and flat patterning methods that modify the physical properties of films
while maintaining a smooth, flat surface, have been proposed. An L1, (CuAu I type) FePt

alloy, which features a face-centered tetragonal (fct) structure (a=b>c), has a high
magnetocrystalline anisotropy (K, =~ 7.0x 10 erg/ cm®) owing to the atomic arrangement of
alternating Fe and Pt layers along the [001] c axis. The large K, value is suitable for BPM
because of its implied good thermal stability. By substituting Rh for Pt in the equiatomic
alloy, the L1, phase is stabilized. The FePt;—Rhy bulk alloy with x < 0.8 has the L1 structure,
and it exhibits three different magnetic phase transitions depending on the temperature: (1) a
second-order ferromagnetic (FM)-paramagnetic (PM) transition (0<x<0.19), (2) a
first-order antiferromagnetic (AF)-FM transition (0.19 < x < 0.28), and (3) a first-order AF-
PM transition (0.28 < x < 0.80) [1,2]. The physical properties of a thin film frequently differ
from the bulk behavior due to dimensionality effects.

In this work, we report the magnetic properties of a thin [001]-oriented L1, FePtRh
film (trepirn =20 nm) and the FM-AF transition. FePt;Rh, films were deposited onto
MgO(100) single crystal substrate by a magnetron sputtering method. The composition (x) of
the FePt;—«Rhy films was controlled by changing the Rh thickness (tRh). An energy dispersive
X-ray spectroscopy, a transmission electron microscopy, X-ray diffraction (XRD), a vibrating
sample magnetometer (VSM), a superconducting quantum interference device (SQUID)
magnetometer, an X-ray magnetic circular dichroism (XMCD) and Conversion Electrons
Mossbauer Spectroscopy (CEMS) were used for studying film properties. The temperature
variation of the hyperfine field was investigated in the films in range 0 < x < 0.40.

The conclusions: [001]-oriented L1, FePt,_ Rh, films with a degree of long-range
chemical order parameter of S ~ 0.83 were prepared. At room temperature, the films with
0<x<0.32 showed ferromagnetism (800<Ms<1100 emu/cm®) with a high
magnetocrystalline anisotropy, and the films with 0.34<x<0.40 were in an
antiferromagnetic (AF) phase. At x=0.32, Mg were about 500 emu/cm?®,

This materials system has enough thermal stability for future use in high-density
magnetic storage media, and its K, can be controlled easily by changing x.

This work was supported by the Russian Foundation for Basic Research (project No.
14-02-91151 GFEN _a).

[1] T. Hasegawa, J. Miyahara, T. Narisawa, S. Ishio, H. Yamane, Y. Kondo,

J. Ariake, S. Mitani, Y. Sakuraba, and K. Takanashi. J. Appl. Phys., 2009, 106, 103928.
[2] S. Yuasa, H. Miyajima, and Y. Otani. J. Phys. Soc. Jpn., 1994, 63, 3129.
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MOSSBAUER SPECTROSCOPY STUDY SUPERLATTICES Fe/Cr
WITH ULTRATHIN Fe LAYERS
Goloborodskii B.Yu., Lebedev N.O., Milyaev M.A., Romashev L.N.,
Ovchinnikov V.V., Ustinov V.V.

In this work, the effect of the decrease of the Fe layers thickness on the mossbauer
spectra is investigated on the series of the Al,Os/°'Fe/Cr superlattices with tee < 5.2A. The
analysis of the mdssbauer spectra of the cluster-layered nanostructures has shown that
magnetic clusters, responsible for the superparamagnetic behavior, consist of not only Fe
atoms forming the main body of the clusters, but also include the neighboring Cr atoms
exchange coupled with Fe, which form the (Fe-Cr) covering.

MarHuTHbIC HCCIIE0BaHMUs, BBIOJIHEHHBIC HAMH paHee Ha cBepxperinetkax MgO/Fe/Cr
C HOMHHAJIBHOH TOJIIMHOMN cioeB xkenesa tre < 5 A [1], mokasanm, 4To CTOIb TOHKHE CIOU
JKene3a He SIBISIOTCS CIUIONIHBIMHU, a COCTOSIT M3 OTIENbHBIX (DEpPOMArHUTHBIX KIACTEPOB
(ocTpOBKOB) Fe. Takue KJIACTEPHO-CIIOUCTHIE HAHOCTPYKTYpbI HIPOSIBIISAIOT
cyleprapaMarHuTHblE CBOMCTBA M Ui HUX IIpH tre < 2 A, xapakrepo Komnjpo-nomo6Hoe
MOBCACHHUEC JJICKTPOCOMPOTUBJIICHUS. HpI/I IMMOHMKCHUN TCMIICPATYPbl MPOUCXOAUT BHAYAJIC
YMEHbILIEHUE COMPOTHUBIEHUS, a 3aTeM - HikKe HekoTopoil Ty - yBenuuyeHwe, T.e.
HaOJIr0/1aeTCsl MHBEPCHS 3HAKa TEMIIepaTypHOro Kod(h(UIIMEeHTa IEKTPOCOPOTHBICHH. JTa
AQHOMAJIUSI COMPOTHUBIICHUSI YMEHBIIIAETCS UM UCYE3aeT COBCEM IPU HAJIOKEHWH MAarHUTHOTO
1oJIs1, M0I0OHO TOMY, UTO UMEET MECTO Y CIIaBOB, oOnanaromux ¢ pexrom Konno.

B nmanHOl paboTe Ha CHENHAIBHO MPUTOTOBICHHOW CEpUM  MYJIbTHUCIOMHBIX
cBepxpeerok Al,O3/°'Fe/Cr, 0TIMYarOIIIXCsl HOMHHATBHON TONIIMHOI ciioeB ° Fe (tre=0.8-
15)A npu nocrostauoi Tonmune cnoes Cr (10 A), nccnenosano nsmMeHeHne Mecc6aypoOBCKUX
CHEKTPOB MpU YMEHbIIEHUU lre. HaHOCTPYKTYpBI MPUTOTOBIIEHBI B CBEPXBBICOKOM BaKyyMe
METOZIOM MOJICKYJISIPHO-TTyYeBOH OSIMUTAKCHH TI0 TEXHOJIOTHH, OOECICYHBAONIEH UM
MaKCHMaJbHYI0 BEIUYMHY TUTaHTckoro MarauropesuctuBHoro (I'MP)  osddexra.
MeccbayspoBcKre H3MEpPEHHS TPOBOIMIINCH TIPH KOMHATHOHM TeMIepaType.

AHanu3 mapaMeTpoB MeccOayIpPOBCKUX CIIEKTPOB KIACTEPHO-CIOUCTHIX HAHOCTPYKTYP
A|203/57Fe/Cr MOKa3aJl, YTO MAarHUTHBIE KJIACTEPhI, 00ECIIEUNBAIOIINE YTUM HAHOCTPYKTYpam
cyleprapaMarHUTHBIE CBOMCTBA, BKJIIOYAIOT B ceOs HE TONbKO atoMmbl Fe, cocTaBmsromue
PO KJIAcTepa, HO M COCEACTBYIOIIME OOMEHHO-CBsI3aHHBIe ¢ HUMH aToMbl Cr, oOpasyromiue
(Fe-Cr) o6Gomouky. Takuwe KiacTepbl SBSIOTCA TPEXMEPHBIMH, 4YTO OOECIeUHnBaeT
HAaHOCTPYKTypaM YMCHBIICHUC MAardHuTHOI'O TUCTCPE3UCa )51 HE3aBUCUMOCTDH
MarHUTOCONIPOTUBIICHUS OT HAMpPaBIEHUS BHEIIHETO MAarHUTHOTO TOJs, a 3TO 3HAYUTEIHHO
pacmmpsieT PyHKIIMOHATBHBIE BO3SMOYKHOCTH TAaKOTO THITA HAHOMATEPHAJIOB.

Pabota BeImotHeHa TIpu YacTuaHOW mojaep:kke PODU (mpoekt Ne 13-02-00749-a) u
[Mpesuanyma PAH (mpoext Ne 12-11-2-1051).

1. V.V. Ustinov, L.N. Romashev, M.A. Milyaev, et. al. IMMM, 2006, 300, 148-152.
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Last decades the attention of scientists was focused on magnetic nanomaterials with
unique and desirable properties. This is primarily due to their promises applications in various
fields of science and technology, ranging from magnetic memory and spintronics to biology
and medicine. Nanoparticles of iron sulfides can be used in devices with high-density
information storage, in energy-powered devices (as anode material in Ni-MH batteries), in
addressing environmental pollution, in biology and medicine (hyperthermia, targeting drug
delivery) etc.

In our work the single crystalline iron sulfide nanoparticles doped with chromium Fe;.
xCrS (0 < x < 0.15) were successfully prepared by thermal decomposition method. The
electron microscopy images (Fig. 1) show that the particles are self organized into the single
crystalline plates with the accurate hexagonal shape and dimensions up to 1 micron (u) in
plane and about 30-50 nm in thickness. The XRD data indicate that particles have the NiAs-
type crystal structure (sp.gr. P63 /mmc) at all Cr concentrations up to x = 0.15.

Y L -
STUST 100KV X10,000 WD 10.9mm

Fig. 1. The scanning (left) and transmission (right) electron microscopy images
of the Fe;xCryS nanocomposites.

The Fe>’-Mossbauer spectroscopy data reveal four nonequivalent iron sites in these
nanocrystals related to different number of the cation vacancies in the iron neighboring. We
found that the 2C - type superstructure or a mixture of the 2C and 3C superstructures of the
vacancies ordering can be present in these samples. It was established that the Cr atoms,
replacing iron, prefer to occupy the place of Fe in the layers containing vacancies which leads
to vacancies redistribution. The crystal structure does not change when Cr atoms were
introduced to the compound; however, the magnetic properties were significantly changed.

Acknowledgments:
This work is supported by the Russian Scientific Foundation (grant #14-12-00848)
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Magnetic nanostructures are considered as promising materials in high-density magnetic
storage devices, magnetic heads, sensors, targeted drug delivery, hyperthermia treatment,
magnetic resonance imaging (as contrast media), separation of biochemical products and gene
manipulation and immunoassays. Most important of such materials are magnetite Fe3O,,
maghemite y-Fe,O3 and gregite Fe;S,. These compounds have the spinel type crystal structure
and often it is difficult to distinguish magnetite from maghemite phase or greigite from Fe,S;
phase by the XRD method. Mdossbauer spectroscopy is a powerful tool that can help to
separate these phases and also to give information about magnetic structures and properties of
such nanostructures. Comparative analysis of the properties of iron sulfides and iron oxides
could be useful in view of their application in modern magnetic devices and biomedicine.

In our study, greigite (FesS,) and magnetite (Fe3O,4) nanoparticles with the spinel type
crystal structure were synthesized by the polyol mediated process and thermal reduction
method respectively. The in situ synthesis of maghemite (y-Fe,Os) nanoparticles in a
suspension of polyelectrolyte capsules was performed using the EImore method of magnetite
fabrication. The estimation of the crystallite size was made by the Scherer’s method from the
XRD-peak broadening and gives values of about 20 nm and 40 nm for FesS, and Fe30,.
Average size of the y-Fe,O3 nanoparticles was calculated by TEM and found to be 7.5 nm.

Mossbauer spectra were recorded in temperature range of 10-297 K. The
superparamagnetic behavior of small particles was observed. All spectra of magnetite and
greigite have revealed Zeeman magnetic splitting indicating the magnetic ordering state of Fe
ions in the 80-297 K temperature intervals. Two six-line magnetic patterns in the Fe3O,
spectrum at room temperature originate from iron ions in the tetrahedral (A) and octahedral
[B] magnetic sublattices. The Verwey transition in Fes0, sample was observed at 136 K. In
the Mossbauer spectra of greigite, the (A) and [B] magnetic sublattices are not clearly
resolved. Contrary to magnetite, the Mdssbauer spectra of greigite do not distinguish the Fe”*
and Fe* ions in B-sites at both 300 and 90 K, thus supporting the fast electron Fe** & Fe®*
exchange. The hyperfine parameters indicate an absence of the Verwey transition in greigite
in the 90 — 297 K.

The Mossbauer data revealed that the vy-Fe,O; nanoparticles have marked
superparamagnetic behavior which was retained up to room temperature due to slow spin
relaxation. Based on the Mdssbauer spectroscopy data, the spin blocking temperatures Tg Of
about 70 and 250 K were found for the particles with size of 5 and 6 nm, respectively, and the
anisotropy constants K were determined using the superparamagnetic approximation and in
the low temperature approximation of collective magnetic excitation.

Acknowledgments: This work is supported by the Russian Scientific Foundation
(grant #14-12-00848) and by Russian Foundation for Basic Research (grant 14-02-01217a)
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Further miniaturization of electronic devices (including recording/reading heads),
progress in spintronics and increase of information recording density require fundamental
understanding of magnetostatic interactions in the thin magnetic films employed in these
devices. Films based on the FeCo alloy stand out in the high saturation magnetization and low
coercivity, features that account for making them of the most promising materials for the
design of magnetic heads providing superhigh-density information recording/reading on
magnetic carriers. The magnetically soft properties of thin films, as well the process of
magnetization reversal are mediated strongly by the magnetic domain structure. It is known
that the magnetic softness of FeCo films can be varied by incorporating into them additional
elements which can control not only the composition but the internal strains governing the
magnetic properties of the films as well.

In this paper were studied effects of adding Al, O or/and N, influence of film thickness
and annealing temperature on structure and magnetic properties of FeCo films.

The FeCoAION thin films were fabricated by reactive RF magnetron sputtering of a 6-
in Fe;oCog alloy disk covered with 12 pieces of Al,O3 (10x10x2 mm?) chips. The sputtering
gas was a mixture of Ar+N,. The background pressure in the chamber was below 5.0x107
Torr and depositing pressure was 4 mTorr. The sputtering power density was 14.2 W/in% A
DC magnetic field of 1500 Oe was utilized to induce a uniaxial anisotropy.

The magnetic properties of the films were measured using Vibrating Sample
Magnetometer. The film structures were identified by X-ray diffraction with Cu K, radiation
and the magnetic structure by Conversion Electron Mossbauer Spectroscopy with °'Fe. The
magnetic domain structure was observed using Magnetic Force Microscopy.

e S Fig, 1. Mossbauer spectra FeCoAION thick films (a) 55 nm,
s AL A & (b) 320 nm and (c) 550 nm. Curves (d, e and f) is the deviation
po N YR of the model spectrum from the experimental.

Analysis of anisotropy of FeCoAION films shown that
if the film thickness smaller than 55nm, the magnetization
7 N o A A vector lay in film plane. As the film thickness increased to 210
LS AN | nm, there was a fine irregular dense stripe domain, but it was
4. .| notcontinuation in length direction. With a further increasing

. A of the film thickness, the clear and regular stripe domain
a A r structure formed, and the width of stripe became wide.

A RTAC IRV AN Mossbauer study of the properties of the films on the
.. . =4 annealing temperature, held to 300 °C, showed a complex
- ¥ PR N dependence of the film properties of the duration and the

annealing temperature.

Intensity (arb. units)
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STUDY OF NANOCOMPOSITES BASED ON IRON OXIDES,
HUMIC ACIDS AND PECTIN
Chistyakova N.I., Shapkin A.A., Sirazhdinov R.R., Gubaidulina T.V., Matsnev M.E.,
Kiseleva T.Yu., Kazakov A.P. and Rusakov V.S.

Mossbauer investigations, XRD and magnetic measurements of nanocomposites
prepared using Fe3O4 nanoparticles, humic acids (HA) and pectin (PC) were carried out. The
nanocomposites particles exhibit superparamagnetic behavior. The sizes of these particles
decrease with increasing HA concentration and with decreasing PC concentration. The core of
the nanocomposites is a mixture of non-stoichiometric magnetite and maghemite. The “iron-
polymer” interface is formed on the surface of the particles as the result of the interaction of
iron oxides and HA. The maghemite concentration increases with the increase in PC
concentration.

HonyquI/Ie HAHOYaCTULl OKCHUAOB JKEJIC3a B NPUCYTCTBUU ITOJIUMCPOB oOecreunBaer
I[OCTyrIHLIfI CHOCO6 CO3aHurs YHUKAJIbHBIX HAHOKOMIIO3UTHBIX MaTCPHUAJIOB, KOTOPBIC MOXKHO
HUCIIONB30BaTh B TEXHHUKE MarHUTHOM CCllapalu, MaTCpHaJIOBCACHHH, B MCIHUIMUWHCKHX
TEXHOJIOTUAX U (bapMaHeBTHHGCKOfI XUMHH. I/ICCJIGIIyeMBIG HAHOKOMITIO3UTEI OBLIN IMOJIYy4YCHBI
METOIOM XMMHYECKOTO OCAXIACHUS C MCIoIb30BaHueM HaHovactull Fes04, rymuHoBBIX (I'K)
kuciioT u nektuHa (I1K) [1]. Konuentpanuu 'K u I1K B HaHOKOMIIO3UTax BapbUPOBAIKCH.

MeccbayspoBCKHE HCCIICIOBAaHNWS HAHOKOMIIO3UTOB IMPOBOAWINCH B TEMIEPATYPHOM
muanazone ot 300 K mo 5 K. Ananu3 ¢a3oBoro cocraBa HAHOKOMIIO3UTOB HCCIICJIOBAJICS C
WCIIOJIb30BAHUEM  PEHTTEHOBCKOW  AUGPPAKTOMETPHH. Uccnenosanue MarHuTHBIX
XapaKTCPHUCTHUK HAaHOKOMIIO3UTOB IMPOBOAUIIUCH Ha BI/I6paL[I/IOHHOM MaramuToMeTpe.
N3mepenre HaMarHWYEHHOCTH OCYIIECTBIsUIOCh B uHTepBaje Temmeparyp 80-300 K wu
MarHutHoM 1osie 1o 10kD. beuim  mpoBedeHBl  MCCIEIOBAHUS — 3aBHUCHUMOCTHU
HAMarHM4eHHOCTH OT TEMIIEpaTypbl BO BHEIIHEM MarHUTHOM mnojie 10 kD B pexumax
ZFC/FC B nuana3zone temmnepatyp 80 + 300 K.

bruio YCTAHOBJICHO, UYTO YaCTUIbl HAHOKOMITO3UTOB IMPOSABJIAIOT CYyIICpIIapaMarHuTHBIC
cBOMCTBA. Pa3mepsl 3THMX 4YacTHIl yMEHBIIAKOTCS C yBennueHueM KoHueHtpaunu ['K m ¢
YMCHBIICHUCM KOHUCHTpALIUN TIK. }L:Ipo HAHOKOMITIO3UTOB MPCACTABJIIACT co0o0li cMech
HECTCXUOMETPUUCCKOTIO MArHe€TuTa WU MarrcMuTa. B pPE3YyIbTaTC BSaHMOI[GfICTBHSI OKCHUJI0B
xkene3a U 'K Ha moBepXHOCTH YacTUL] HAHOKOMIIO3MTA (I)OE)MI/IpyeTCSI uHTepdeiic "xene3o-
nonumep". IlapameTpsl mapuuaIbHOrO CIHEKTpa SApPEp Fe B CTpYKType HHTepdeiica
COOTBCTCTBYHOT aTOMamM Fe3+ B OKTaA3ApPHUYCCKOM  OKPYXKXCHHUH aTOMOB KHCJIOpOJA.
OTHOCHTENBHOE COAEPIKaHUE aTOMOB Kelie3a B MHTepdeiice BO3pacTaeT ¢ yBETUYCHUEM
KOHICHTpAlUH I'K. B ClIydac HCIIOJIb30BaHUSA IIK B HaHOKOMIIO3HUTE 06pa3OBaHI/IC TakKoIro
untepdeiica He HaOmoganocs. Ilpu yBenmnuenun xoHuentpauuu [IK nHabGmomanocs
YBCIUYCHUC OTHOCUTCIIBHOTO COJACpKAHUA MAITCMUTA W YMCHBIICHUC OTHOCHUTCIBHOI'O
COACPpIKaHNA MAriHe€TUTa B HAHOKOMITIO3UTC.

Jlureparypa:

1. A.D. Pomogailo, K.K. Kydralieva, A.A. Zaripova et. al. Macromol. Symp., 2011,
304, 18-23.
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ON THE VERVEY TRANSITION IN NANODISPERSION MAGNETITE
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Magnetic and Mossbauer studies were carried out for magnetite powders with the different
average particle size from 24 nanometers to 1 micrometer. It was shown that in the case of
nanoparticles the Vervey charge transfer has not been observed. The first order phase transition was
detected for nanoparticles with the size 24 nanometers when studying temperature dependence of their
magnetic moment in the weak field (ZFC-curve).

Margetur  FesOs  orHOCcHTCS,  Kak
H3BCCTHO, K YHUCITY y,[[O6HBIX MOICIbHBIX -

00bekTOB wuccienoBadusl. C  €ro IOMOIIBIO - "
yIATOCh Pa3rajaTh HEMAIO TailH, KAaCAIOIIIXCS 1 rkrn . .
polmM  JKene3a B KPYroBOpOTE SIBJICHHA B £
npupone. Ero porms B KadecTBe MHCTpyMEHTa N .
WUCCIICJIOBAHUSI  HENb3S, OJHAKO, CUMUTaTh . ]

HcYepriaHHoi. B 3TOM 10KIane Mbl XoTean Obl
o0paTuTh ~ BHUMaHME Ha  BO3MOXKHOCTh e w
BCPBEEBCKOrO  (TIEPECKOKOBOI0)  MEXaHH3Ma ¢
MEKTPUIECKOTO 3apsina, HCTIONB3Ys! .—jn.}u.. '|=
COBpPEMEHHbBIC cpezcTBa JIOKAJILHOM .'r.
JMArHOCTUKU TBEPIBIX Tel. OOBEKTOM HAIlMX 24 nm .
uccnenoBanuii Obin yactuibl FesO, (pazmepom 4 - \
ot 24 uM 10 1 MkM). OCHOBHBIMH CPEICTBAMU A G

VCCIIC/IOBAHMS  CITY’KHIH  MECCOaydPOBCKHIT 330 360 390 420 450 430 510
CIIEKTPOMETP u CKBU/I-marauTomerp. Hy, kOe
[TomydeHHbIe pe3yabTaThl MPUBEACHBI HA pUC. |
(mpu T =300 K) u puc. 2.

B ciyuae «vaccuBHBIX» YacTHI] (QyHKIIUS
pactipenenenust p(Hp) MarHUTHBIX Tonel Ha
sapax ~ Fe mpencrassier co00i Cynepro3uIiio
JIBYX MapIUATBHBIX (byHKITI -
COOTBETCTBYIOLIMX  B-mecram  CTPYKTypbl
nmuHenm (cieBa) U A-mectam (cripasa). JIeBbiit
«amk» pacnpenenenus p(Hn) — JpesymLTar
YCpE/IHEHHs] BaleHTHOCTel oHoB Fe™ i Fe™" B
B-mecrax. IIpu Tepexoe oT
«MACCUBHBIX»  YacTWI] K  HaHOYacTHLaM D 10D 200 20D 40D
pazmepoM 45 1 24 HM 3TOT  <«QIMK» paciiagacTcs Temperature, K
Ha JIBa <«IIMKAa» BIBOE MEHBIIEH HHTCHCUBHOCTH
KaKIpli (OHM yKazaHbl cTpenkamu). Ortcroma
HEIMOCPEZICTBEHHO CIIEYET, YTO B HAHOYACTULIAX
BEPBEEBCKHUIT MEXaHI3M MEPEHOCA 3aps/IOB HE 33/IeHCTBOBAH.

Uro kacaeTcsi MarHUTHBIX CBOMCTB HAHOYACTWIl, OHM YKAa3bIBAIOT HA HAIMYME MArHUTHOIO
dazoBoro mepexona mepBoro poxa. Hamm ObuM mpoBeneHbI MeccOay>pOBCKHE U MArHUTHBIE
MCCIIEZI0BAHUSI HAHOAMCIIEPCHOT'O MAarHETUTA.
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OCAXJIEHUS
HypmexamMuToB P.H.l, JIsmoB H.M.Z, daiizpaxmMaHOB I/I.A.Z, Baruzos @.I" .1,
'Kasanckuii geoepanvuwiil ynugepcumem, Kazanwv, Poccus
2Kasanckuii Qusurxo-mexnuuecxuti uncmumym KHI] PAH, Kazanwv, Poccus
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MOSSBAUER EFFECT STUDY OF °’FE THIN FILMS GROWN BY IBAD TECHNIQUE
Nurmekhamitov R.N., Lyadov N.M., Faizrakhmanov I.A., Vagizov F.G.,

The results of Mossbauer effect study of °'Fe thin films grown on glass substrates by ion
beam assisted deposition (IBAD) technique are presented. Besides the metallic iron, a
subspectrum with broad hyperfine field distribution is revealed. X-ray measurements show
that the films are in a disordered amorphous state. The strong surface magnetic anisotropy of
deposited films is observed.

ToHkHe MeTauIMUeCKHWe IUIEHKM HaHoMmaciirada HHTCPCCHBI KaK C TOYKH 3pPCHUA
(dyHIaMEHTABHBIX CBOWCTB TaKHMX OOBEKTOB, TaK M C TOYKU 3PEHUS MPAKTUYECKHUX
npunokeHuit [1]. DOto cBsizaHo ¢ TeMm, uTO (U3MUECKHE CBOICTBA TOHKUX IJIEHOK
CYIIECTBEHHO OTJIMYAIOTCI OT CBOMCTB OOBEMHBIX MOHOKPHCTAJUIMYECKUX METAIOB U
TOJICTBIX IIJICHOK, KOTOPLIC OOBIYHO SIBIIFOTCS MOJIMKPUCTATINIMYCCKUMMU. CyHIeCTByeT IIGJ'IBIfI
PS5 METOZIOB MOJTYYEHHS] TOHKUX IJICHOK Ha MOJJIOXKKax pa3Horo cocraBa. Cpeau HUX METOJ
HOHHO-CTUMYJIMPOBAHHOI'O OCAKACHHA IMO3BOJIACT MMOJIY4aTbh TOHKHE IIJICHKH C HGO6I>I‘~IHI)IMI/I
(U3UKO-XUMHYECKUMHU CBOWMCTBaMH [2]. DTO 0OyCIIOBJIEHO TEM, YTO HAMNbUICHUE M POCT
TUICHKH COTIPOBOKIACTCSI MOHHOW O0MOApIMPOBKOI MMOBEPXHOCTH, TIO3BOJISIONICH TOCTHTATh
Takhe TePMOJIMHAMUYECKUE YCIOBUS, KOTOPhIE HE BO3ZMOXKHBI IPU HUCIOJIb30BAHUN OOBIYHBIX
METOMOB CHHTE3a. VIHTEHCHMBHOE IepeMellMBaHue, WHAYIHMPOBAHHOE OOMOapIupyIOIIUMH
MOHAMHU, CTUMYIUpPYeT (opMHpOBaHME IUIEHKH C MOBBILIICHHOW CBSI3bI0 C IOJJIOXKKOM,
CHUMACT HANPSAXKCHUS, BOSHUKAIOINEC BO BPEMA POCTA HA TOBCPXHOCTHU MOAJIOKKHU, U BCACT K
amop(hu3aly CHHTE3UPYEMOTO CIIOSL.

B nanno#i pabote cooOImaOTCs pe3ynbTaThl MECCOAYIPOBCKUX MCCIEIOBAHUNA TOHKHX
IJICHOK JKeJie3a, CHUHTEe3MpoBaHHBIX MeTogoM IBAD. bombapampoBka ocymiecTBisiiach
noHamu kceHoHa (Xe") ¢ aueprueit 1 kaB. [110THOCTH HOHHOTO TOKa cocTaBsiia 150 uA/CMZ.
HamnpuleHre IJIEHKH OCYHIECTBISUIOCH MOHAMHU *Fe (95% oOoraienue) Ha CTEKISIHHYIO
[OJJIOKKY IIPY KOMHATHOM TEMIIEpaType U JABICHUU 107 mm. pT. CT.

CrnexTpsl KOHBEPCHOHHBIX OJIEKTPOHOB  PACKIAABIBAIOTCS HAa JBa  CEKCTETa.
CBerTOHKI/Ie napamMeTpbel OAHOr0O M3 HUX OYCHb OJIM3KH K napamMeTpamM MCETATNIMYCCKOTO
xkenesa. Jlpyroil cekcrer uMeEET IIHMPOKOE paclpelesieHHe CBEPXTOHKUX TMOJeH C
ACUMMETPUYHBIMM KpBUIBSIMH, M, BEpPOSTHO, OTHOCHUTCS K sAnpaM Fe ¢ HeperymspHbIM
JIOKAJIbHBIM OKpykeHueM. COrJlacHO pPEHTIeHOBCKMM U3MEpEeHHs M B JudpakTorpamme
HaOJII0JIaeTCsl TOJIBKO OJIMH CIAObI U CHJIBHO Pa3MbIThIM MUK MPHU 22°, 4o YKa3bIBaeT Ha
OTCYTCTBHE JanbHero mopsaka. CelekTHBHbIE MO TJIYyOMHE W3MEPEHUs HE BBIIBUIM
NU3MCECHCHHUC OTHOLICHUS HHOHIaI[Cﬁ OTUX CCKCTCTOB IJI IMTOBECPXHOCTHBIX U FJIy6OKOJIe)KaHII/IX
cnoeB TwieHKH. OTHOIIEHWE WHTCHCHBHOCTEH IMHUN CEKCTETOB CBUIETEILCTBYET, YTO
MAariuTHbIC MOMCHTBI aTOMOB JKCJI€3a OPUCHTUPOBAHBI MNPCUMYIICCTBCHHO B IIJIOCKOCTHU
TUICHKH.

Jlureparypa:

1. J. Sarkar, P.S. Gilman, “Sputtering Materials for VLSI and Thin Film Devices”
Published by William Andrew (Elsevier Science), 2013, 608 p.
2. M. Ding, F. Zeng, F. Pan, Nuclear Instruments and Methods, B, 2000, 170, 79-84.
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RBS AND CEMS STUDY OF YTTRIUM IRON GARNET THIN FILMS
Kirichenko V.G., Kovalenko O.V.
Karazin Kharkiv National University, Kharkiv, Ukraine,
val_kir48@mail.ru

Magnetic ferrite’s films in particular iron-yttrium garnet’s (YIG) films are the
materials of the magnetic microelectonics and they are used widely under manufacturing of
magneto optical and microvawe technology devices. The interest in ferrite-garnets driven by
the possible application of the nanofilms in spintronics. YIG films deposited by ion beam
sputtering of massive Y1G target which was riched by isotope Fe>’ to 25% on GGG substrate
with (111) orientation. The rate of deposition changed in the range 0.05-0.2 nm/s. Elemental
analysis of the surface layers of YIG films were made by Rutherford backscattering
spectrometry (RBS). The beams of protons (E = 1 MeV) or a-particles (E = 2.2 MeV) are
used. The depth of the analyzed layer was up to 3 um. The phase composition of the surface
layers of thin films of YIG was determined by Mdssbauer spectroscopy on °'Fe nuclei in the
backscattering geometry at conversion electron detection (CEMS).

According to RBS spectra the attention is drawn to the difference in the content of Fe
and other components of the YIG and deposition the gadolinium which diffuses onto the
surface already on the initial state after preparing iron garnet films. Perhaps this is due to the
penetration of the elements in the GGG substrate layer Y1G. The segregation of iron in YIG
layer depth may be another reason for this. Segregation of iron atoms is actually observed in
the depth range of 400-600 A layer of YIG films. In addition, the segregation of Y is
observed in the same range of YIG layer thicknesses. Graphs of the concentrations of
components in layer depth used to determine the diffusion characteristics corresponded to
steady-state growth of the films during their deposition. Our values of the diffusion
coefficient is much smaller than the above published data for bulk polycrystalline samples.
Perhaps this is due to a minor role on the rapid diffusion paths in the case of single-crystal
thin films of YIG.

Under Mossbauer data the iron-garnet films obtained by different methods of spraying
are in the paramagnetic state immediately after preparation. CEMS spectra are presented by
broadened doublets. Magnetic hyperfine splitting CEMS spectra of YIG thin films
immediately after the preparation is missing. Defectiveness of films can be related to the
magnitude of the quadruple splitting of the spectra, which is confirmed by comparing the
spectral parameters CEMS YIG films and bulk samples of iron garnet. Scattering spectra of
paramagnetic iron garnets can be represented as a superposition of two doublets, relevant to
the provisions of the ions Fe** in the octahedral sites and tetrahedral sites. Quadruple splitting
Aexp for iron in octahedral sites in about 1 mm/s, for tetra-knots — about 0.3-0.5 mm/s. Since
the magnitude Ay, Was closed to the value for the tetrahedral positions then we can conclude
that in the case of the amorphous state the octahedral are distorted significantly stronger than
tetrahedral. The concentrations of iron in the thin surface layer of YIG, derived from a
comparison of the effect of scattering are maximum for mode 1 (film deposited to the
substrate immediately after ion thermal treatment) and low in the case of mode 2 (ion source
with a cold cathode). Since the magnitude of the effect of scattering is proportional to the iron
content in the surface layer thickness of 0.1 pm it is follows that the YIG films differ in their
iron content. Thermal annealing of obtained YIG films in the range 970 — 1070 K leads to the
crystallization of amorphous layers and to YIG transition to magnetic ordered state at that
films are polycrystalline ones. It should be noted that the presence of gadolinium in the
surface layer does not prevent the transition of the amorphous initial state of film to a
magnetically ordered state in the annealing process.
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PHASE COMPOSITION AND MAGNETIC PROPERTIES OF IRON NANOWIRES
OBTAINED IN TRACK PORES OF THE POLYMER MEMBRANES
Frolov K.V., Zagorskii D.L., Lyubutin 1.S., Korotkov V.V., Sulyanov S.N., Bedin S.A.,
Artemov V.V.

The arrays of iron nanowires were obtained by the electrochemical filling the pores of
the polymer track membrane by sodium salts of iron. The phase composition and magnetic
properties of nanowires were studied by electron microscopy, energy dispersive X-ray
microanalysis and Mdssbauer spectroscopy methods. The formation of a defined orientation
of the magnetization in iron nanowires array was revealed

HccnenoBanbl MacCHMBBl HAaHOPA3MEPHBIX IPOBOJIOK KeEje3a, MOJIYyYEHHBIE METOJ0M
raJbBaHMYECKOTO  3alOJHEHUS METaUIOM TIOp TIOJMMEPHOH TpPEKOBOW MeMOpaHbI
(MaTpUYHBIN CUHTE3), IPU PA3IUYHBIX PEKUMAX AIEKTPOJIU3a U TeMIlepaTypax AJIEKTPOJIUTA.
N3yuensl ycrnoBus CHHTE3a, HAWJEHbI ONTUMAJIbHBIA COCTaB U TEMIIEpaTypa 3JIEKTPOJIHTA.
MeromamMu  AJEKTPOHHOW MHUKPOCKOTHH, PEHTTCHOBCKOW  MuMpaKIHK, 3JIEMEHTHOTO
HHEProJUCIEPCUOHHOIO MHUKpOaHaiu3a U MEccOayIpOBCKOM CIEKTPOCKONUU H3YYEH
($a30BBIl COCTAaB M MarHUTHBIE CBOMCTBA HAHOMPOBOJOK. CpenHUN TUaMeTp HaHOIPOBOJIOK
paBen 100 - 200 HM, qnuHa BapbupoBasiack OT 6 10 10 MKM, NOBEPXHOCTHAsl IUIOTHOCTb
cocrapmia ~ 108 cm™ MIPY CPEJHEM PACCTOSAHUU APYT OT JIpyra OKoJio 1 MKM. YCTaHOBIICHO,
yTo OcHOBY HII cocCTaBisIeT HAHOKOMITO3UT METAJUIMYECKOrO KEJe3a, KOTOPBIM IMPOSBIIAECT
MarHuTHbele CBoWcTBa oOBeMHOTOo o-Fe. OOHapyXeHO BO3HUKHOBEHHE BBIJICICHHOM
OpUEHTAIlM HaMarHWYeHHOCTH BHYTPU HAHOIIPOBOJIOK jKelie3a JJIsi MAacCHBa, IMOJTYYEHHOIO
IIpY BEJIMYMHE noTeHuuana -750 MB.

HccnenoBanue BbINOIHEHO Npu (uHaHCOBOU mojuaepkke PODU (mpoext Ne 13-08-

01448), Poccuiickoro nHayyHoro ¢onma (mpoext No 14-12-00848) m MunucrepcTBa
oOpa3oBanus u Hayku PO ¢ ucnons3oBanueM obopynoBanus LIKIT UK PAH.
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MECCBAY2POBCKUE UCCJIIEAJOBAHUSA HAHOCTPYKTYPBI U
MEXAHUYECKOT O CIUTIABJIEHUS B HAHOCUCTEMAX, COAEPXKALIUX
KEJE30
Encyxos E.II.

Quzuxo-mexnuyeckut uncmumym YpO PAH, Uxceeck, Poccus
e_yelsukov@mail.ru

MOSSBAUER STUDY OF NANOSTRUCTURE AND MECHANICAL ALLOYING IN
NANOSYSTEMS, CONTAINING IRON
Elsukov(Yelsukov) E.P.

Review of the results performed from 1995 to nowadays is presented in this report. It consists
of three parts. Structural peculiarities of nanomaterials with grain size of ~10 nm on the
example of mechanoactivated pure Fe and mechanical alloying of Mo+8at.%0+1at.%"'Fe
mixture. Initial stage of mechanical alloying on the example of binary Cr(Mg, Al, Si)-based
with Fe systems. Microscopic model of mechanical alloying on the example of binary Fe-
based with B, C, Mg, Al, Si and Sn systems.

B Hacrosimiem gokiaze mpeicTaBieH 0030p pe3ysibTaTOB MCCIIEI0BAaHUM, BBIMOJHEHHBIX B
nepuoj ¢ 1995r. no Hacrosiee Bpemsi. O630p COCTOUT U3 TPEX pa3zeiioB:

1. CTpykTypHBIE OCOOCHHOCTH HAHOMATEpUAIOB C pa3MepoM 3epHa ~10 HM Ha mpumepe
MEXaHOAKTUBUPOBAHHOTO 4ucToro Fe wu wmexanuueckoro cruiaBnenus (MC) cmecu
Mo-+8ar.%0+1ar.%"° Fe. [loka3aHO, YTO MOKHO BBIICIHTH TpU 00JIACTH - TpaHUIA 3€pHA U
NpPUTrPaHUYHBbIE HMCKAKEHHBIE 30HBI C OOIIMM Ha3BaHHEM «MHTepdeicy, cBOOOIHOE OT
nedexToB Tenmo 3epHa. CrenaHa OLEHKAa XapaKTepHBIX pa3MepoB rpaHuisl B 0.2 HM U
uHTepdeiica B 1 HM;

2. Hauanbnas cragus MC Ounapubix cucteM Ha ocHoe Cr, Mg, Al u Si ¢ Fe. YcranosieHo,
YTO TpPU YCIOBUU B3aMMHOM pPACTBOPUMOCTHM Ha CaMOM paHHEW CTaJUM MEXaHWYECKOM
00paboTku (pOpMHUPYIOTCS OKCUIBI B MECTE€ KOHTaKTa yacTwil. JlaHHas peakius He TpeOyer
dbopMHUpOBaHHST HAHOCTPYKTYPHI B 0a3oBoM sjiemeHTe. C (hopMUpOBaHHEM HAHOCTPYKTYPHI
MIOCJIEIOBATEILHOCT TBEPAO(A3HBIX PEAKIUU  OCYIIECTBISACTCS NMPOHHUKHOBEHHUEM Yepes3
TpaHMIlBl 3epeH B MHTepdeiic aToMoB Fe ¢ 0Opa3zoBaHMEM H30JMPOBAHHBIX aTOMOB F€ B u
KJIacTepOB C JIOKAJbHOM aTOMHOW CTPYKTYpOH, XapakTepHOW Ui [1ehOpMHPOBAHHBIX
metactabuibHbIX (a3 (cuctembl Al-Fe u Si-Fe). DkcriepuMeHTaNbHO MPOAEMOHCTPHPOBAHA
OTIpeieNIAoNasl pojib XMMUYECKOTO B3auMojieiicTBusl B mpoueccax MC, MOBBIIIAIOIIANACS B
psany Mg—Si—AIl—Cr;

3. Muxkpockonndeckas monenb MC Ha mpumepe OnHapHBIX cucTeM Ha ocHOBe Fe ¢ B, C, Mg,
Al, Si u Sn. Mozenp Brimo4aet B cedst popMUpoBaHUE HAHOCTPYKTYPHI B F€ ¢ XapakTepHbIM
pa3MepoM uHTepdeiica 1 HM, MIPOHUKHOBEHHE aTOMOB BTOPOTO KOMIIOHEHTa B MHTEpQeic
yepe3 rpaHully 3epHa, ¢opMupoBaHue B uHTep(deiicax u Tene 3epHa AePOPMUPOBAHHBIX
MeTacTa0MIbHBIX (a3.

HccnenoBanus B TaHHOM HampaBJICHUH ObLTH MojepkaHbl rpaHTamMu PODU 97-02-33483a,

00-03-32555a, 03-03-32081a, 07-03-083993, 09-03-082283, 10-03-00077a n 11-03-082363.
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HIGH CORROSION RESISTANT STEEL FOR APPLICATIONS IN NUCLEAR
FACILITIES

Adriana Lancok ), Milan Stefanik @, Tomas Kmjec @, Petr Svora ™, Cubomir Sklenka ),
Marcel Miglierini®*

(1) Institute of Inorganic Chemistry AS CR, Husinec-Rez, Czech Republic
(2) Faculty of Nuclear Science and Physical Engineering, Czech Technical University in
Prague, Czech Republic
(3) Faculty of Mathematics and Physics, Charles University Prague, Czech Republic
(4) Faculty of Electrical Engineering and Information Technology, Slovak University of
Technology in Bratislava, Slovakia
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svora@iic.cas.cz, lubomir.sklenka@fjfi.cvut.cz, marcel.miglierini@stuba.sk,

The long-term reliability of construction materials operating in nuclear facilities under harsh
conditions such as intense irradiation, high temperature, and in the presence of corrosion
agents is a serious technologic, economic, and environmental demand. In this work, we
elucidate the structural features of advanced corrosion resistant LC 200N steel. High Crand N
content provide high hardness and wear resistance of this perspective material which can be
considered for possible applications in nuclear installations.
Mossbauer spectrometry was chosen as a principal
method of investigation. Surface as well as bulk
properties were studied using CEMS (Conversion
Electron Madssbauer Spectrometry) and transmission
techniques. While the material’s bulk shows presence of
martenzite-type magnetically active phases only,
substantial ~ contribution of central paramagnetic
component is found in the surface layers.
Structural arrangement was checked by scanning electron
microscopy (SEM, Fig. 1) and transmission electron
microscopy (TEM). Chemical composition was inspected
Sl = : by X-ray fluorescence technique as well as by neutron
Fig. 1 — SEM image of the L 200N activation analysis. The impact of cutting upon the

steel. Dark precipitates represent surface of the specimens is also discussed. Apart from the
regions with higher Cr content. declared chemical composition, presence of residuals

from the cutting process was identified. After a
consequent removal of the affected layers, the original structural and magnetic characteristics
of the base material were resumed.

Financial support of the grant GACR 14-121449S is acknowledged.
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MECCBAYA3POBCKHUE UCCJIEJJOBAHUS PAIUAITMOHHBIX HAPYIIIEHUI
B CJIOMCTOM CUCTEME Fe-Be ITPH OBJIYYEHUU NOHAMM KEJIE3A
O3zepHoit A.H.l, Bepemak M.CI).l, ManaxkoBa I/I.A.l, Pycakos B.C.2
lHﬁcmumym s0epuou puzuku KAD MUHT PK, Aimamul, Kazaxcman
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MOSSBAUER INVESTIGATIONS OF RADIATION BREACH IN Be-Fe LAYERED
SYSTEM AT IRON IONS IRRADIATION
Ozernoy A.N., Vereshchak M.F., Manakova I.A., Rusakov V.S.
The results of influence of irradiation with *’Fe ions with energy of 350keV on the phase-
structural state of the three-layer system Be(1 um)-Fe(10 um)-Be(1 um) after irradiation and
following isochronous annealing are presented in the work. The results were taken by the
methods of Mdssbauer spectroscopy.

Merogamu meccOayIpOBCKOM CHEKTPOCKONUU Ha SApax =" MPOBEJICHBI HCCIIEIOBAHUSA
CTPYKTYpHO-()a30BOT0 cOCTOsIHUS TpexcioiHon cuctembl Be(1 mxm)—Fe(10 mxm)-Be(1l mxm)
T0CJIE OOJTYUCHHS HOHAMI °' F@ M TI0CIIE/yFOIIEro H30XPOHHOTO OTXKIIa.

OO0pa3upl g MCCIeI0BaHUN OBUIM M3TOTOBJIEHBI C MCIIOJIb30BAaHHMEM TEXHOJOTUH HMOHHO-
rutazMeHHoro HambuteHus. Ha 10 MxM Qobry apMKo-kese3a HaHOCHITH OepUILITHIA TOIIIUHON
1mxkMm ¢ obeux cropoH. llocnemyromuii OTXKUT BCleACTBUE B3auMHON uddy3un
KOMITOHEHTOB MPUBOIWII K (HOPMUPOBAHHIO TEpMUUECKH cTabmibHoM mpu T<650°C crouncroii
CUCTEMbl. B IpPUNOBEPXHOCTHOM CJO€ CHUCTEMBI C 00€Hx CTOpPOH oOpa3oBajics
unrepmeraing FeBep, a B 00beme — TBepablii pactBop Oepuiiust B skenese o-Fe(Be).
OO6pa3ibl 00ayyamu A0 10361 5.10"uon/cm? My4KOM MOHOB Fe ¢ sueprueit 350 k3B u TokoM
10 HA/cM® Ha DIEKTPOCTATHYECKOM MEePE3apsuiHOM YCKOpHTENe TsKenbix uoHoB YKII-2-1
NA® PK. Crenenb BO3IEUCTBUS HMOHHOIO IMydyKa COCTaBWJIA BeIWYMHY mopsiaka 10
CMEIICHUH Ha aToM, a MpPOEKTHBHBIA mpoler HMOHOB jxene3a — okoio 400 um. Ilocme
00JrydeHust o0pasipl MOABEPraaIl H30XPOHHOMY OTKHUTY TIpH Temmeparypax ot 200 go 650°C
¢ maroM 50°C.

YCTaHOBIEHO, YTO BO3/EICTBIE HOHOB ° Fe Ha cioucTyro cucremy Fe—Be, kak u B citydae
00JTydeHHsI MOHAMU TeIus U KpunToHa [1, 2], IpUBOIUT K HAPYIICHHIO MATHUTHOTO TOPSIKA
B 30HE MPOEKTUBHOrO Impobera HMOHOB. bonblias yacTh aTOMOB Jkeile3a W3 00JacTu
paZMaliOHHOTO TOBPEXKICHHUS HAXOMUTCS B TAPAMarHUTHOM COCTOSHUH. OTXHT TpU
temneparype 650°C Bo3BpaiaeT MeccOay’poBCKHE MapaMeTpbl 00JydeHHOTO Marepuana B
UCXOHOE COCTOSIHHE.

B noknane o6Ccyk1ar0TCsl BO3MOXKHBIE MEXaHU3MbI, PUBOIALINE K HaOII01aeMOMY 3D DeKTy.

Jlureparypa:

1. K.K. Kadyrzhanov, M.F. Vereshchak, I.A. Manakova, A.N. Ozernoy, V.S. Rusakov. J.
Phys. Chem. Solids, 2013, 74, 1078-1085.

2. A.N. Ozernoy, M.F. Vereshchak, I.A. Manakova, K.K. Kadyrzhanov, V.S. Rusakov.
Phys. Met. Metallogr., 2014, 115, 765-774.
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PEJIAKCAIIUA CTPYKTYPbI 1PU HUKJIMYECKUX JTE®@OPMAILIUOHHO-
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[Ta6amoB B.A.
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RELAXATION OF STRUCTURE AT CYCLIC DEFORMATION-INDUCED PHASE
TRANSFORMATIONS OF IRON ALLOYS
Shabashov V.A.

Megaplastic  deformation-induced cyclic phase transformations with  dissolution
(precipitation) of disperse particles in metal matrices and formation of the secondary phases
as a result of relaxation of supersaturated with defects structure were considered using
Mossbauer spectroscopy method. Diffusionless phase transformations of martensite type in
the iron alloys also have been considered.

B GosbinHCTBE padoT, MOCBSIIEHHBIX BO3EHCTBUIO MHTEHCUBHOM XOJIOAHOM IMJIAaCTUYECKON
negopMani Ha BEIIECTBO, JIENACTCS AKICHT Ha W3MEHEHHH €r0 CTPYKTYPHI M CBOMCTB.
3HaYMTeNbHO MEHbLIE BHUMaHUs yaeisercs (a30BbIM NPEBPALCHUSM, COIPOBOXKIAOIINM
«3aKauKy» B METAUTMYECKHE CHUCTEMBbl TUTAHTCKOW MEXaHWYeCKOH sHepruu. B kadecTBe
peakuMyM BellecTBa, B YAaCTHOCTH, METAJUIOB U  CIUIABOB, SBISIIOTCS — IPOLIECCHI
HAHOCTPYKTYPUPOBAHUS, HHU3KOTEMIEPATYPHOTO AaTOMHOTO MAacCOMEpPEHOCa, aHOMAaJbHBIX
HOJMMOP(HBIX MPEBpALIEHUH, MEPEeXo]l M3 KPUCTAIIMYECKOTO0 COCTOSHUS B amopdHoe u
HaoOOpoT H J1p. Bcerpewaromasici B JMTepaType HEOIHO3HAYHOCTh HWHTEPIPETALUi
1e(pOpMaLMOHHO-UHAYIIUPOBAHHBIX IPOLIECCOB YacCTO OOBACHAETCS KaK CJIOXKHOCTbIO U
MHOTOCTaIMHHOCTBIO CaMHX TIPOLECCOB TpaHCHOpMAIMK, TaK U pa3InIMeM YCIOBHM
BO3/I€HCTBUS Ha BewlecTBO. [Ipy ycTaHOBIEHMM 3aKOHOMEPHOCTEH B KaXKJA0M KOHKPETHOM
cllyyae pedb MOXET MATH JIMIIb O MPEBAIMPYIOLIEeM BKJIaJe KaKoOro-IMOO MeXaHu3Ma
CTPYKTYpPHO-()a30BbIX MPEBpPALIECHUHN, 0€3 UCKITIOUCHHSI JPYTUX MEXaHU3MOB.

B mHacrosimiem wuccCleJOBaHMM Ha JIOKAIBHOM AaTOMHOM YPOBHE C HCIIOJIb30BaHHEM
MEccOayIpOBCKOW CHEKTPOCKOIIMM PAaCcCMOTPEHbl HMHIYLIMPOBAaHHBIE MeErarjiacTH4ecKon
nepopmanumeil muKIndyeckue (pasoBble MEpPEeXopl C PACTBOPEHHEM JUCIEPCHBIX YACTHIL
(MHTEpMETAIITUIOB, OOPUAOB, KapOWIOB, HHUTPUIOB, OKCHUIOB) B MATPHUIAX METAJIIOB,
(dopMHpOBaHHEM TBEPABIX PACTBOPOB M BTOPHYHBIX (pa3 Kak CJIEJICTBHE peEJIaKCAILIH
NepechIIeHHOW  aedeKkTaMi  CTPYKTYpbl. PaccMOTpeHBI Takke Ipyrue MeXaHH3MBI
penakcaluu CTPYKTYpBI, 3aKitoyaroiyecss B NoJuMopdHbIX O0e3nnddy3noHHBIX (a30BbIX
TPEBpAIICHHUSX, THUITA MapTeHCHTHBIX, B cuctemax Fe— Ni(Mn). Haceimenune cTpykTypsbl
negekTaMd TPUBOJUT K 3HAYMTEIBHOMY THUCTEPE3UCY MOIMMOP(HBIX MEpPexXo/loB U
BO3MOXXHOCTH TIOJIy4aTh HOBBIE METACTAaOMIIBHBIE CTPYKTYpHI, HE OOHApYKCHHBIC B CIUIaBaX
py OOBIYHBIX Ae(POPMALMOHHBIX BO3JCHCTBUSAX.

Pabora BemonHeHa npu puHancoBoi nomnepxke npoekra PH® Ne 14-13-00908.
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MECCBAYA3POBCKUM AHAJIN3 TBEPJJO®A3ZHOT'O MEXAHUYECKOI'O
CHUHTE3A ABOTUCTOI'O XPOMO-HUKEJIEBOI'O 1
XPOMO-MAPI'AHIEBOTO AYCTEHUTA
Kosnos K.A., Illa6amos B.A., JIutsunos A.B., JIasmkos K.A., 3amaToBckuii A.E.
Huemumym ¢usuxu memannos YpO PAH, Examepunbype, Poccus
kozlov@imp.uran.ru

MOSSBAUER ANALYSIS OF SOLID-PHASE MECHANICAL SYNTHESIS OF
NITRIDED CHROME-NICKEL AND CHROME-MANGANESE AUSTENITE
Kozlov K.A., Shabashov V.A., Litvinov A.V., Lyashkov K.A., Zamatovsky A.E.

Structural phase transformations at mechanical synthesis in the ball mill and subsequent
annealing of powder mixtures of BCC Fe—Ni(Ti) and Fe—Mn alloys with nitrogen-

containing addition - CrN nitrides have been investigated with the help of Mossbauer
spectroscopy method.

B cBsi3u ¢ MOTPEOHOCTHIO B AKOHOMHO JIETUPOBAHHBIX CTASIX MEPCIECKTUBHBIME SIBIISIOTCS
pa3paboOTKH BBICOKOA30TUCTBIX CTajJedl W KOMIIO3UTOB. B YacTHOCTH, aKTHBHO BEIYTCS
MCCIICJIOBAHKS 0 CO3JaHUI0 HOBBIX KOPPO3HMOHHO-CTOWKHX a30TCOMCPIKANINX AyCTEHHTHBIX
craneit cuctemel Fe—Mn—Cr—Nu Fe—Ni—Cr—N. B coBpeMeHHO#l TeXHOJIOTUU
NPOM3BOJCTBA  CTaliell, CIUIABOB W  KOMIIO3WIIMOHHBIX ~ MATEPUAIOB C  OCOOBIMH
(ynayduieHHbIMA)  QYHKIIMOHATBHBIMU ~ CBOWCTBAMH aKTHBHO [PHUBICKAIOTCS — METO/IbI
MEXAHOCHHTE3a KaK aJlbTePHATHBA TPAJUIIHOHHON METALTYPIHH.

Llensio HacTosimieil paboOThl OBUIO HCCIEIOBAHHE CTPYKTYPHO-(A30BBIX MEPEXOIO0B TMPU
MEXAaHUYECKOM CHHTE3¢ B HIAPOBON MENBHHIE W TIOCIEAYIOIMX OTKUTAX MOPOIIKOBBIX
cmeceit OIK cruaos Fe—Ni(Ti) u Fe—Mn ¢ asorcomepaiieii 100aBKONH — HUTPUIAMU

CrN. [Topormrok CrN MOJTYYeH METOJIOM caMopacmpOCTPAHSIONIETOCS
BBICOKOTEMIIEPATypPHOTO CUHTE3A.

MeToioM ~ TPAaHCMHCCHOHHOW  MEccOaydpOBCKOWM  CIEKTPOCKONHUUM W DIIEKTPOHHOU
MUKPOCKOIIUM YCTAHOBJIEHO, YTO NPU MEXaHOAKTHUBALlMU B CMECSAX TMOPOLIKOB CIUIaBOB
Fe—XNi (X =6,8,12,20)u Fe—XMn (X =4,7,9, 10) c 20 macc.% CrN mnpoucxomur
dopmuposanne OIK u I'LIK tBepapix pactBopoB Fe— XNi—Cr—N u Fe— XMn—Cr—N..
KonraecTBO BHOBH 0OOpPa30BaHHOTO a30THCTOTO AyCTEHWTA BO3PACTaCT C YBEIUYCHHUEM
COJIep>KaHUsl HUKEJIS ¥ MapraHila B UCXOAHON MaTpUIle CTIIABOB.

Temneparypuble OTXUTH B uHTepBaie temmeparyp 500 - 700°C wmexaHuuecku
CUHTE3UPOBAHHBIX MMOPOIIKOB MPUBOIAT K AU(PPY3MOHHO-KOHTPOIUPYEMOMY OL—>Y TIEPEXOY
¢ (dopmupoBaHMEM HAHOCTPYKTYPHUPOBAHHOTO JAHMCIIEPCHO-YIIPOUYHEHHOTO ayCTEHUTA.
Cneuuduxa cuHte3a cruaBoB Fe—Mn—Cr—N 3akmiouaercs B aKTHBHOM  y4acTHH
MPOIIECCOB PACCIOCHHUsI TBEPBIX PACTBOPOB IO Maprasily, CIeICTBUEM KOTOPOTO SIBISETCS
HEOOXOUMOCTh MOBBIIEHUS TemmepaTypsl oTxkura a0 800°C s 3aBeplueHUs o—>Y
nepexoa.

HccnenoBaHo BIMSHUE CUHTE3WPOBAHHBIX MOPOIIKOB MPEABAPUTEIHHOIO KOMITAKTUPOBAHHUS
B HAKOBAIBHIX BpuKMAIHA HA MTPOIIECCHI 0—>Y MepeXxoia U CTAOMITN3aINI0 ayCTCHUTA.
Pa6ota moaaeprkana rpantaMu POOU (Ne 12-03-00040-a) u YpO PAH (Ne 12-Y-2-1020).
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MECCBAY2POBCKHUE UCCJIEJOBAHMUA Li,Fe;.yM,PO4/C (M=Mn,Co,Ni; y<x<1),
KAK KATOJHbBIX MATEPUAJIOB JJIA Li-UOHHBIX AKKYMVYJIATOPOB
Pycakos B.C.}, Spocmapues C.A.% CkyHIMH AM? Kynosa T.J12 Apocnasues ABM
1 . .

Mockosckuii 2cocyoapcmeentuiii ynusepcumem um. M.B.Jlomonocosa, Mockea, Poccus
2Hﬁcmumym Qusuueckoti xumuu u snekmpoxumuu um. Ppymxuna, Mocxkea, Poccus
3HHcmumym obuetl u Heopeanuyeckou xumuu um. Kyprnaxosa, Mocksa, Poccus
YaroslavtsevSA@gmail.com

MOSSBAUER STUDY OF LixFe1yM,PO,/C (M = Mn, Co, Ni; y < x <1)
AS CATHOD MATERIALS FOR Li-ION BATTERIES
Rusakov V.S., Yaroslavtsev S.A., Skundin A.M., Kulova T.L., Yaroslavtsev A.B.

Lithium iron phosphates doped with different transition-metals and different lithium content
LisFe;yMyPOJ/C (M = Co, Ni, Mn) have been studied by Mosshauer spectroscopy.
Substitution of some Fe atoms leads to emergence of new states, due to appearance of
impurity atoms in nearest cationic environment of Fe. Relative intensities and hyperfine
parameters of new states have been determined. Detailed study has shown that ordering
phenomena in dopant atoms distribution in Fe positions takes place in this material.

Jlutuessiit ¢pocdar xemeza LiFePO, saBnsercs ogHuM H3 Hambolee MEPCIEKTUBHBIX
MaTepHaJIOB JUIsl MCIOJB30BaHUSI B JIMTHM-UOHHBIX akKymyssTropax. OIHUM U3 CIOCOOOB
YIY4IIEHUs] KAaTOJHBIX CBOWCTB JIAHHOIO MaTepuala, TaKHMX, HalpuMep, Kak ITMKOBas
MOIIIHOCTbD, SIBJIIETCS YACTUYHOE 3aMEIIIEHUE aTOMOB JKeJie3a Ha aTOMBI JPYTUX MEPEXOJIHBIX
METaJIOB.

B nmanHoil pabore MeTomamMu MeccOay’pOBCKOM CIIEKTPOCKONHH HCCIEIOBAIOCH BIUSHUE
JISTUPOBAHUS Ha MPOIECCHI 3apsaKu Marepuanos coctaBa LiFe,.,MyPO4/C (M = Mn, Co, Ni;
y=0; 0,1; 0,2). WccnenoBaHHble COSAUHEHHUS OBUTH TOJYYEHBbI 30J1b-Telib MeToaoM. [lo
JAHHBIM ~PEHTTeHOCTpyKTypHoro asamuza LiFe;yMyPO,/C cocrour wu3 xaByx oas:
OpPTOPOMOMYECKOH C MPOCTPAHCTBEHHOM rpymmoil Pnma u amopdnoro yriepoaa. B mponecce
3apAJIKM MPOUCXOJUT JEHHTEPKOJSLHUS JIUTHUS, CONPOBOXKIAIOIIASCA CMEHON BaJEHTHOTO
COCTOSIHHSI aTOMOB skenesa u3 Fe’* B Fe®* — LixFe;yMyPO4/C. MeccbayspoBcKHe CHEKTpEI
anep *"Fe Beex coexuHEHMH ObLIH MOJTY4CeHBI TPU KOMHATHOW TemriepaTtype u nipu 5 K (Bbiire
U HUXKE TemIrepaTyp MarHUTHBIX (a30BBIX MEPEXO0JIOB COOTBETCTBEHHO). Bce cmekTpbl
MPEICTABIISIIOT COOOM COBOKYIMHOCTH MapIUATIBHBIX CIIEKTPOB, COOTBETCTBYIOIIHUX JIBYX- H
TPEXBAJICHTHBIM aTOMaM J>Ke€Jie3a, COOTHOIIEHHWE MHTEHCHUBHOCTEM KOTOpPBIX 3aBUCUT OT
KOJM4ecTBa JUTUA B oOpasme. OO0paboTka CHEKTPOB MPOBOAMIOCH METOJAMHU MOJACIBHOU
paciupOoBKU U BOCCTAHOBIICHUS PACIIPEICTICHHS CBEPXTOHKOTO MATHUTHOTO MO B PaMKax
raMuJIbTOHHAHA KOMOMHHPOBAHHOTO  CBEPXTOHKOTO  B3aUMOJCHCTBHS C  IMTOMOIIBIO
nporpammel SpectrRelax [1].

VYcTaHOBIEHO, UTO JIETUPOBAaHUE NMPHUBOAMT K MajlblM M3MEHEHHUSM MNapLHUAIBHOIO CIEKTpa
atomoB Fe?*, HO B 3HAYNTEIIBHOMN CTEIICHH BIIHSET HA NapUUaIbHBIA CIIEKTP aTOMOB Fe*, uro
INPUBOAUT K 3aMETHOMY YIIMPEHHIO U PACUICIUICHUIO JIUHUN 3TOTO CIEKTpa. DTO CBSA3AHO C
MOSIBJICHUEM HOBBIX TO3UIIMNA aTOMOB >KeJie3a, KOTOPhIE BO3HUKAIOT MIPHU 3aMEIICHHH aTOMOB
Fe Ha atombl mpuMmecu B OnuxkaiilieM KaTHOHHOM OKPY>KEHHH aTOMOB xkeine3a. [lapameTpsr
CBEPXTOHKUX B3aUMOJAECHCTBUI IS HOBBIX IO3MIUH Fe** samerno ommmuarorcs ot
apamMeTpoB, COOTBETCTBYIOLIUMX HEJIIETUPOBaHHBIM Marepuaiam. llokazaHo, 4TO aTombl
NPUMECH  PACHpECNAIOTCS IO TO3MIHMSAM  aTOMOB  JKeje3a HE CTaTUCTUYECKUM,
KOppEeIHpPOBaHHBIM 00pa3oM.

Jlureparypa

1. M.E. Matsnev and V.S.Rusakov. AIP Conference Proceedings, 2012, 1489, 178-185.
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HCCJIEJOBAHUE OCOBEHHOCTEM CTPYKTYPHOI'O COCTOSIHUS
BBICOKOKOJSPIIUTUBHBIX MAT'HUTHBIX MATEPUAJIOB (Nd, Pr, Dy, Tb)-Fe-
B METOJIOM MECCBAY3POBCKOW CHHEKTPOCKOIINH
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STUDY OF PECULIARITIES OF THE STRUCTURAL STATE OF HIGH-COERCIVITY

(Nd, Pr, Dy, Tb)-Fe-B MAGNETIC MATERIALS BY MOSSBAUER SPECTROSCOPY

Burkhanov G.S., Kolchugina N.B., Lukin A.A., Godovikov S.K., Koshkid’ko Yu.S.

The aim of the present study consists in determining changes in the crystal lattice of the

material during treatments and incorporation of Th atoms into the 2-14-1-phase lattice. The

studies have showed the redistribution of Fe sites occupancy in the lattice and existence of

nonuniform occupancy of Fe lattice sites over the volume of 2-14-1 phase.

Crneuennsle MarHuThl Ha ocHoBe cucteMbl (Nd, Pr, Dy, Tb)-Fe-B Obumm u3roToBieHBI IO
OMHApHOM TEXHOJIOTUU U3 00ETHEHHOTO PEIKO3EMEIbHBIMU METAJNIAMU CILJIaBa, OJy4YEHHOTO
MeToIoM “‘Strip-casting”; serupoBaHue TUAPHIOM TEPOHS OCYIIECTBISIIOCH HA CTAJWU TOHKOTO
IIOMOJIa TTOPOIIKOBOK cMecH. Mcrmonmp3oBanue [00aBOK THApUIA TEepOUsS IO3BOJISET
CYILIECTBEHHO YBEIMYHBATh KOIPIUTUBHYIO CHIIy 110 HAMarHUYEHHOCTH MPU HE3HAYUTEITHHOM
YMEHBIIIEHUN OCTATOYHOW MArHUTHOW WHAYKUMH. MeTOJaMH 3JIEKTPOHHOW CKAHUPYIOLIECH
MUKpOcKonuu 1 Oxe-CreKTPOCKONHHU AJIsl JaHHBIX MaTepuanoB 0OHApYKEHO HEPaBHOMEPHOE
(pasmep HeomHopomHocTeir 50-150 M) pacmpenencHue Heoauma (Tpa3eoguma) U TepoOus
(mucnpo3usi) B oObeMe 3epeH MarHuToTBepaou (aser 2-14-1. MccnemoBanusi MCXOTHOTO
crulaBa  “strip-casting” u creyeHHOro MaTepHana, JETMPOBAHHOIO TepOMEM, METO/I0M
PEHTI€HOBCKOM TM(PaKIMU IOKA3ald W3MEHEHHMs IapaMETPOB DEINETKH C a=8.80A nu
c=12.23A 1o a=8.81A u ¢=12.20A & pe3yabTaTe BXOXKICHHUS TEpOMs B COCTAaB Marepuaia.
3amauell W3ydeHHs JAHHBIX MaTEepPHAJIOB METOJIOM MeCcCOAyIPOBCKON CIIEKTPOCKOIHMH OBLIO
OnpeJieNICHUE U3MEHEHUI B KPUCTAINIMYECKON PEIIeTKE MPH JIETUPOBAHUH.

MeccOayspoBckue wHcciaenoBaHusi ObUIM  BBIMOJIHEHbI NpPU KOMHATHOM TeMIlepaTtype C
Wcronb3oBaHkeM ncrounnka Co°' B marpume Rh. O6paGoTka CIEKTPOB MPOBOIMIACH T10
MOJIEJIM 4YEThIPEX 3E€EMaHOBCKHUX CeKcTeToB. (TMEYeHbl CleNylolle HW3MEHEHUs B
3aCEJICHHOCTU MO3ULUN aTOMOB B KpUCTaNIMYECKON CTpykType (cMm. Tabnuiy). [Ipoucxonut
3HAYMTEJIbHAS HOpMaU3alus CTPyKTyphI (mo3ummu K; + j; + €, C, J2).

Wcxoaubiii crutas (Strip-casting) Cneuennbiid Maraut C 4 mac.% ThH;
Io3umus 3aceneHHOCTh, % ITo3unus 3aceneHHoCTh, %
J2 9.33 (nopma 14.28) J2 11.0
K, 36.25 (HopMma 28.6) K, 35.77
Ki+ji+e 36.67 (Hopma 49.98) Ki+j+e 43.39
c 17.75 (nopma 7.1) c 9.83

Cy1iecTBOBaHNE HEPABHOMEPHOT'O 3aMOTHEHUS MMO3ULIUN aTOMaMH >keje3a Mo oobemy ¢asbl 2-
14-1 B crieueHHOM MarHWTe YCTAHOBJICHO Ha OCHOBaHWH yiupeHus jimauu ¢ 0.36 mm/c 1o 0.42
mm/c. HabimojaeMbie 3aKOHOMEPHOCTH MOTYT SIBIISITHCSI, ITO-BHIIMMOMY, OJTHOW M3 (pU3HUYECKIX
MPUYWH YITY4IICHUs KauyecTBa JaHHOTO MaTepralia MPHU ero JICTUPOBAHUH.
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N3MEHEHUSA COCTOSHUSA OJIOBA B TIPUITOBEPXHOCTHBIX CJ1OAX
HUPKOHHUEBBIX CIINTABOB HA HAYAJIBHBIX CTAUAX KOPPO3UU
O®ununmnos B.I1.

Hayuonanvnuiii uccredosamenvcxuii soepuwiit yrusepcumem « MUDHy, Mocksa, Poccust

vpfilippov@mephi.ru

CHANGING OF Sn STATE IN SURFACE LAYERS OF ZIRCONIUM ALLOYS AT
BEGINNING STAGE OF CORROSION
Filippov V.P.

The changes of tin atoms state in subsurface layers of tin-containing zirconium alloys
in the process of corrosion in the autoclave conditions is discussed. It is shown that solid
solution tin — o-Zr is transformed to the state of Sn™, Sn*? and B-Sn. The relative content of
these phases is changed during growth of oxide film.

B nupkoHMeBbIX CriaBax B Ka4eCTBE JIETUPYIOIIUX 100aBOK HCIIONb3yeTCs 0J10BO. Posib
0JI0OBa B M3MEHEHUE KOPPO3MOHHBIX CBOWMCTB LIMPKOHHUEBBIX CILJIABOB JI0 KOHIIA HEBBISICHEHA.
Jlis moHMMaHHsS MEXaHuW3Ma BIIMSHHUS OJIOBa HAa KOPPO3MOHHBIE MPOIECCHl HEOOXOIUMBI
JAaHHBIE O COCTOSIHUU OJIOBA B IIUPKOHUEBHIX CIIJIaBaX U 00 M3MEHEHUU COCTOSHUS OJI0Ba HA
HAuaJbHBIX CTAAUsX KOppa3uu B IPUIIOBEPXHOCTHBIX ciosx. /[l wuccrnenoBanmii
MPUTOTOBJICHBI  JBOMHOW Zr-Sn um derBepHol Zr-Sn-Fe-Cr nupKOHHEBBIC CILIaBHI,
COJiepKaHHEe OJIOBa B KOTOPBIX OJHM3KO WJIM COBMAJAeT C COACPKaHUEM OJ0Ba B
MPOMBINIUICHHBIX cIutaBax Tuma 2635, NSF, mupkanoi -2. CrjaBbl TOTOBWJIM IyTEM
IUIaBJICHUS MCXOJHBIX KOMIIOHEHTOB B AJIEKTPOAYTOBOW MEYM M MOJBEPrajii HEOOXOIUMBIM
TepMOMeXaHH4eckuM obOpadotkam [1,2]. M3 ToncThix (onbr TOTOBMIM OOpa3Ibl IS
KOPPO3HOHHBIX UCIBITAHUN, U3 TOHKHUX (DOJIBI TOTOBHJIM MOTJIOTUTENHN Il MeccOayIpPOBCKUX
uccienoBanuii. OOpasiibl CIUIaBOB MOJBEPrajivch KOPPO3UH B aBTOKJIAaBaX MpU TEMIIEpaType
350-360°C wu pnaBnenum 16,7 MIla. TommuHy o0O0pa3oBaBIICHCS OKCHUAHOM IUICHKH
OTIpeNIeIISIIN 110 MpHUBeCy 00pasua. M30MepHBIi CABUT MPUBEIEH OTHOCUTEIHHO COCAMHEHUS
SnOs.

B ncxoaHOM cOCTOSHUMM OJIOBO HaXOAMUTCS B TBEPAOM pacTBope B a-Zr. Ero cmekrp
MpeACTaBIsIeT ciaabopa3pekKeHHBIM AyOner, mpudyeM B 00paslax JIBOWHOTO CIlIaBa
0=1.72+0.02 mm/c, AE=0.32+0.02 mm/c, a B 0Opasuax yerBepHoro cmiasa 6=1.69+0.02 mm/c,
AE=0.30 £0.02 mmM/c. [TapameTpbl MeccOay?pOBCKUX CIIEKTPOB COBITAJIAIOT KaK B FEOMETPUU
MPOIMYCKaHMsI, TAK ¥ B TEOMETPUU PACCESHUS MPH PErHCTPaIiK dJIEKTPOHOB KOHBepcHu. B
IpOLECCE KOPPO3HOHHBIX HCIBITAHUM HA IMOBEPXHOCTU 0Opa3loB 00pa3yeTcsi OKCHIIHAs
IUICHKa. AHANu3 CIEKTPOB TOKa3ad, YTO HA HAYalIbHOW CTaAMM KOPPO3UHM HA CIEKTpe
UMEIOTCSl JINHUU JIByXBQJIEHTHOTO OJIOBA, YETHIPEXBAJIECHTHOIO O0JIOBA, TBEPAOrO pacTBOpa
onoBa B a-Zr u $-Sn. B mporiecce pocta OKCHIHOM TJIEHKH OTHOCUTENbHBIE coepkaHus a3
U COeTUHEHMH oJoBa M3MeHstoTcs. K MOMEHTy mepexoja K KaracTpo(UYecKol KOoppo3uu
YMEHBIIIAETCS JIOJIS IBYXBAJICHTHOTO OJIOBA U B-SN M pacTeT 01l YETHIPEXBAJICHTHOTO OJIOBA,
YTO CBHUJIETEIBCTBYET O B3aWMOCBSI3M M3MEHEHHSI COCTOSHHS OJIOBA C MPOLIECCOM KOPPO3UHU
ITUPKOHHUEBHIX CITJIABOB.

Jlureparypa:

1. V.P. Filippov, A.B. Bateev, Yu.A. Lauer, N. I. Kargin. Hyperfine Interaction, 2013,
217, 45-55.

2. D.Pecheur, V.P. Fiippov, A.B. Bateev, Yu.Yu. Ivanov, Zirconium in the Nuclear
Industry: Thirteenth International Symposium. ASTM STP 1423, Gerry D. Moan ad Peter
Ruling, Eds., ASTM International, West Conshohocken, PA 2002, pp.135-153.
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MECCBAY2POBCKHUE UCCJIIEAJOBAHUSA MNPUITOBEPXHOCTHBIX CJIOEB
CTAJIH 20XT'HM ITOCJIE BO3JIEHCTBHS BBICOKOTEMIIEPATYPHOM
IJIA3MBbI
®Oununnos B.I1., bokos A.B.,

Hayuonanvnuiii uccnedosamenvckuti sioepuwiil ynueepcumem « MUDH», Mockea, Poccus
MOSSBAUER STUDY OF 20XI'HM STEEL NEAR SURFACE LAYERS AFTER
INFLUENCE OF HIGH-TEMPERATURE PLASMA
Filippov V.P., Bokov A.V. vpfilippov@mephi.ru

The changing of phase composition in near surface layers of the steel 20HGNM was
investigated after influence of high-temperature plasma irradiation. It was found that the
irradiation leads to the formation of sub microcrystalline cellular structure on the surface.
Massbauer studies of the surface layers show that after plasma irradiation there are the lines
of magnetic hyperfine splitting of magnetic phases and the lines of paramagnetic phases on
the spectra. This indicates the presence of magnetic and paramagnetic austenite phase. The
austenite phase was formed as a result of the plasma treatment. After removal of 20 micron
layer the spectrum contains only the lines of the magnetic hyperfine splitting.

O6pa3usl cranu 20XI'HM noasepranuch BO3A€HCTBUIO
BBICOKOTEMIIEPATYPHOM  HMMIIYJIbCHOM  IUIa3Mbl B
IUTa3MEHHOM ycKopuTesne Tuna Z-nuH4ya — «JlecHa-M»
IIOTOKaMHu BLICOKOTGMHepaTypHOfI HMHyHBCHOﬁ
i f A30THOM IUIa3Mbl C YAEJIBHONW MOIIHOCTBIO IAAAKOLIErO

nmotoka ¢ = 0,85 MBr/cM® npu IIUTENTBHOCTH

i A umnyinsca 7,= 20 wmkc [1, 2]. BeiBieHo, 4TO

o0nyyeHue  OpUBOAUT K  (GOPMUPOBAHHIO  Ha
MOBEPXHOCTH  CYOMHUKPOKPHCTATMYECKON — SYEUCTOMN
o0s PPNy L i CTPYKTYPBI C XapakTepHbIM pazmepom sideek 150-200
MKM. [ myOrHa MOAM(UIMPOBAHHOTO CIIOSL COCTABIISAET ~
15 mMxMm. MeccOayapoBCKHE HCCICIOBAHUS TTOKA3aJIH,
6 i 4ro mocje OoO0pabOTKM TMIa3MOW Ha  CIEKTpax
1,06 ‘ MIPUIIOBEPXHOCTHBIX CJIOEB 00pa31oB CTaJIN
HaOJIIOMAI0TCS  JIMHUM ~ CBEPXTOHKOTO  MAarHUTHOTO
L04 - l ﬁ pacuieIICHU MarHUTHBIX da3 u JIMHUU
‘ napamMarHuTHeIX  (a3. Ha pucyHke mnpezacraBiieHbl
CHEKTPbl IMPHUIOBEPXHOCTHBIX CJIOEB, IOJIyYEHHBIE
METOJI0OM KOHBEPCHUOHHOMN 3JIEKTPOHHON
MmeccbayspoBckoit cnektpockonuun (KOMC), rme: a)
CHEKTp 1mocjie 00paboTku IuIa3Mod, O) CHEeKTp
UCXOJHOTO Marepuana. BumHo, 4to mocie oOpaboTku
IU1a3MOM Ha CHEKTPE HMEIOTCS JUHHH CBEPXTOHKOTO
MarHuTHOTO PACLIEIJICHUS, CBUICTEIbCTBYIOLIUE O
NPUCYTCTBUM MarHUTHOM  (a3pl Kelne3a W IMapaMarHUTHOW ayCTEHHUTHOW  (a3bl,
oOpa3zoBaBliieiics B pe3yiabTaTe 00paboTku muasmoi. Ilo mepe ynmajeHusi OT MOBEPXHOCTU
MHTEHCUBHOCTh JIMHUM MapamMarHuTHOM (a3bl yMeHblIaeTcs U nocie cHATHS 20 MKM ciost
CIEKTP COAEPHKUT TOJIbKO JUHUU CBEPXTOHKOTO MATHUTHOI'O PACILIEIICHHUS.
1. I'pubkoB B.A., I'puropees .M., Kamun B.A., Axymun B.JI. IlepcnextuBHbIC
paaraIMOHHO-TTYYKOBBIE TEXHOJOTUH 00paboTku MaTepuanoB. Kpyrisiii roa, Mocksa, 2001.
528 c.
2. A.B. bokos, B.Il. ®umunmno, M.C. IOpnoBa, B.JI. fkymun. «fnepHas ¢uzuka u
WHXUHUPUHTY, 2013, Tom 4, Ne 11-12, ¢. 1106-1111
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MECCBAY3POBCKHME UCCJIEJJOBAHUSI ®OPMUPOBAHUSA
JJETUPOBAHHOI'O Cr(Mn) HEMEHTHUTA B NIPOLECCE
MEXAHOXUMUWYECKOI'O CUHTE3A U HOCJIEAYIOIUX OTKUT'OB
YabsiHos AWM., Yabsos AJT L, Uynkuna A.A ', [Ipotacos A.B 2, Encykos E.IT !
Ydedepanvroe cocyoapemeennor Gioducemnoe yupesicoenue nayku OusuKo-mexHueckui
uncmumym Ypanockoeo omoenenus Poccutickou akademuu HayKk
2@edepanvhoe ocydapcemeentioe Grodxcemuoe yupesxcoerue nayku Opoena Tpyoosozo
Kpacnozco 3namenu Uncmumym uzuxu memannos Ypanvckoco omoenenus Poccuiickoti
axkademuu HayK
ulyanov@ftiudm.ru

MG6SSBAUER STUDY OF FORMATION OF THE Cr(Mn)-DOPED CEMENTITE UNDER
MECHANOCHEMICAL SYNTHESIS AND SUBSEQUENT ANNEALING
Ulyanov A.l., Ulyanov A.L., Chulkina A.A., Protasov A.V., Yelsukov E.P.

The structure, hyperfine interaction parameters, Mn(Cr) atoms localization, coercive force and
specific saturation magnetization in mechanically alloyed and annealed Cr(Mn)-doped
cementite of Fe(;.xCrx)sC (X=0.01-0.10) and Fe(1.xMnx)sC (X=0-0.12) compositions have
been studied by means of Mdssbauer spectroscopy, X-ray diffraction and magnetic
measurements.

Metonamu MEccOay’pOBCKON CHEKTPOCKONUHU, PEHTI€HOBCKON AU(PPAKIMM U MAarHUTHBIX
U3MEPEHUI M3y4eHbl CTPYKTYpa, MapamMeTpbl CBEPXTOHKHUX B3aHMMOJCHCTBHM, JIOKaTH3aIUsI
atomoB Mn(Cr), KOPpUHMTHBHAs CHJIa M yJAeJIbHAas HaMarHUWYEHHOCTh HACHIIICHUS B
MEXaHUYECKH CIUIABJICHHOM M  OTOXOKEHHOM LIEMEHTHUTE, JIETUPOBAHHOM XPOMOM
(mapranmem) coctaBoB Fe(1-xCrx)3C (X=0.01-0.10) u Fe(1.xMnx)sC (X=0-0.12).

[TokazaHo, YTO B pe3yJIbTaTe MEXaHUYECKOTO CIuTaBiacHus 00pa3noB cocraBa (Fei-xCrx)75Cos
NPOMCXOIUT yMeHbleHue nonu aromoB Fe B amopduoit Am(Fe-Cr-C) ¢aze mo mepe
Bo3pacTanus B oOpasmax comepkanus Cr. Ilpm stom kommuectBo kapOuma (Fe,Cr)sCs
yBenuuuBaetcs, a nementura (Fe,Cr);C B mpeaenax MOrpelIHOCTH HM3MEPEHUH OCTaeTcs
MOCTOSTHHBIM. AHAJIOTMYHBIE M3MEHEHUsI HaOo1atoTest u 1t HaHokommo3uTa (Fe,Mn)75Cas.
N3 méccOayIspoBCKMX JaHHBIX YCTaHOBIEHO, 4YTO pacmpeaencHue aromoB Mn(Cr) B
LIEMEHTUTE,  MOJYYEHHOM B  pe3yibTare  4YacoBOIO0  OTXKUIra  IpH 800°C
MEXaHOCUHTE3UPOBAHHBIX 00PA3IOB IOCTATOYHO OJIM3KO K CTATUCTUYECKU OJJHOPOTHOMY.
[TokazaHo, 4TO yCTOHYHMBOCTh IEMEHTUTA K TEPMHUYECKUM BO3JICHCTBUSM ITOBBIMIACTCS IO
Mepe yBenuueHus B HeM coaepxkanust Mn(Cr).

[Tokazano, 4To CHILHOAESHOPMHUPOBAHHBINA I[EMEHTHT HAXOIUTCS B HU3KOKOIPIHUTHBHOM
coctostHnm, a mocie omkura B obmactn 500°C — B OTHOCHTENBHO BBICOKOKOIPIUTHBHOM
cocrossHuu. JlermpoBanne Mn(Cr) TOHMXKAeT KOIPIUTHBHYIO CHUTY  IIEMEHTHUTA,
HAMarHWYEHHOCTh HACHIIICHUS U TeMnepatypy Kiopu meMeHTuTa.
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MECCBAY3POBCKHUE UCCJIEJOBAHUS MEXAHUYECKOI'O CIIJIABJIEHUS
B BUHAPHBIX ITIOPOIIKOBBIX CUCTEMAX Cr9957Fel M CrgoFey
Encykos E.IL., YabssnoB A.JIL., Komoakun JI.A., [Topces B.E.
Dusuko-mexuuueckuu uncmumym YpO PAH, Hxcesck, Poccus
porsev@ftiudm.ru

MOSSBAUER STUDY OF MECANICAL ALLOYING IN Crgg°'Fe; AND CrgoFeso
BINARY POWDER SYSTEMS
Yelsukov E.P., Ulyanov A.L., Kolodkin D.A., Porsev V.E.

The solid-state reactions in the mechanically alloyed Croe° Fe; and CrgoFego binary systems
have been studied using Mossbauer spectroscopy, X-ray diffraction and Auger spectrometry.
MetonamMun  MEccOay’pOBCKOM  CIIEKTPOCKONUHU, PEHTIeHOBCKOW auppakiuu u - Oxe-
CHEKTPOMETPUM U3YyYEHbl TBepAO(da3Hble peakluud B OWHAPHBIX CHUCTEMax Crog’'Fe1 u
CrgoFe mpu mexanuueckoM crutaBieHMH(MC) B 1I1apoBOM IUIaHETapHOM MeEJIbHUIIE
Pulverizette-7. BspisicHeHO, 4TO B 0O0OHMX CIy4asX MpPOIECC MEXaHHMYECKOTO CIUIABJICHHS
HOPUBOAUT K (POPMUPOBAHHIO HAHOCTPYKTYPHOT'O COCTOSIHUS, YTO MOATBEP)KIAAETCS TaHHBIMU
PEHTTEHOBCKOW Au(paKkiuy, TJe ¢ YBEIUYCHHEM BPEMEHHU IOMOJIA TPOUCXOIUT YHIMPEHHE
ocHoBHBIX OLIK-pedexcos.

MetogoMm MEccOay’pOBCKOM CIEKTPOCKOINUU MOKA3aHO, YTO C YBEIUYCHUEM JJIUTEIHLHOCTH
MexaHuueckoro cruiaBieHus (tMc=0-4 4) B o0eux cucTeMax HPOUCXOTUT HHTEHCUBHOE
pacxo/l0OBaHWE YHCTOTO Kejie3a M 00pa3oBaHME Ha HAYAIBHBIX ATalaX HEMarHUTHBIX (as.
[TocnenHee nmposiBiseTcss B HAIMYUM JyOJIETOB U CHHIJIETa B MéccOayIpoBckux cnekrpax. C
YBEJIMYCHHUEM BpeMeHu crutaBiaeHus (tmc>1 49) BKIag OT CHHIVIETa CTAHOBUTCA
npeo0IaJaroiuM U, 10 BCEH BUIUMOCTH, 3TOT CHHIJVIET COOTBETCTBYET TBEPAOMY pPacTBOpPY
xeneza B Xxpome. Hanmmuume ke mapamMarHUTHBIX AyOJ€TOB Ha paHHMX CTaausAX Mporecca
MOXHO CBs3aTh C OOpa30BaHUEM CIOXKHBIX OKcHIOB c ywdactueM Cr u Fe, xoTtopbie B
JanbHEHIIEM pacriagaroTcsl ¢ BBICBOOOXKIEHUEM UHCTHIX KOMIOHEHTOB. KOCBEHHO 3TOT
BBIBOJI MOJTBEPIKAACTCA HEGOMBIINM POCTOM KOHIIGHTPAIMH ° F€ B TPOIEcce pasMoa TpH
MaJibIX BpeMeHax (10 30 MuH. BKIIIOYUTENIBHO) Ha (hoHe obmiero ee maaenus. [lannpie Oxe-
CHEKTPOMETPUU TaKXKe CBHUJETEIbCTBYIOT B TMO0JIb3y JaHHOM THIIOTE3bI, IOCKOJIBKY
MOBEPXHOCTh TOPOILKA XpOMa COJAEPKHUT OOJIbIIOE KOJIMYECTBO aTOMOB KHCIOPOJa, a Ha
M300pKECHHUSAX YACTHUI[l TIOPOIIKAa B CHCTEME Cr9957Fe1 B mporecce MC oT4eTnuBO
NPOCIEKNUBACTCS CHaYala UX YKPYIHEHHUE 10 CPABHEHUIO C MCXOHBIM MOPOIIKOM XpoMma, a
3aTeM BO3BpAT K MPEKHUM pazMepam.

Ha OCHOBAHWM IONYYCHHBIX NAHHBIX JUI cHCTeMbl Crgg’ Fey TOCTpOeHa 3aBHCHMOCT
PACXOOBAHHS YHCTOTO °'F€ OT [03bI MOABOAMMOII SHeprum. IIpM CpaBHEHHH NAHHBIX
pe3ynbratoB ¢ TakoBbiMu it cucteM Si(Al,MQ)-Fe BwisiBieHa onpexensionias poib
xumuueckoro B3aumopenicteus AlSI,Mg u Cr C sxeme3oMm, KOTOpasi yCHJIMBAeTcsi B psay
Mg—AIl—-Si—Cr.
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MECCBAY3POBCKHI AHAJIA3 CTPYKTYPHO-®A30BBIX IIEPEXO/IOB
B 30HE BO3JIEMCTBHS CYXOI'O TPEHUSA CKOJIL)KEHUSI
CIVIABOB Fe—Mn IIPHU 300 K
[la6amoB B.A., 3amatoBckuii A.E., Kopmrynos JI.I'., JlutBunos A.B.
Hncmumym ¢uzuxku memannos YpO PAH, Examepunbype, Poccus
zamatovsky@imp.uran.ru

MOSSBAUER ANALYSIS OF STRUCTURAL-PHASE TRANSFORMATIONS
IN THE DRY SLIDING FRICTION AREA OF Fe—Mn ALLOYS
Shabashov V.A., Zamatovsky A.E., Korshunov L.G., Litvinov A.V.

Under condition of dry sliding friction in Fe—40Mn steel the compressive stress is
initiated which results in the formation of chaotic stacking faults which are & (HCP)-phase nuclei.

Friction in the aging Fe—22Mn-18Cr—0.8N steel provides conditions close to
deformation by shear under pressure which lead to dissolution of Cr,N nitrides and to
mechanical alloying of austenite by nitrogen. Contact tensile stresses promote the development of
y—a. transformations in this steel.

OcHOBHBIM (haKTOPOM, OOYCIIOBIMBAIOIIMM Pa3BUTHE YIIPYTO-TUIACTHUYECKOH edopmariiu
Y paspylieHust (M3HAITUBAHKMS ) IOBEPXHOCTHOTO CJI0S1 KOHTAKTUPYIOIIMX MaTepUaIOB MPU TPEHUH
CKOJIBXKCHUSA, ABJIAIOTCA BBICOKHC JIOKAJIBHBIC HAIIPSKCHUA B 30HC (pr/IKI_[I/IOHHOl"O KOHTAaKTa.
MUKpPOHEPOBHOCTHU B IIOBEPXHOCTHOM CJI0€ KOHTAKTUPYIOLIMX Te (POPMUPYIOT 30HY CKUMAIOIIUX
Y pacTATUBAIONIMX HanpspkeHui [1]. B pabdote [2] Ha 0cHOBE COMOCTaBICHUS CTPYKTYPHO-(a30BbIX
MIEPEXO/I0OB B METACTAOWIILHBIX CIUIABAX MPEIIOKEHO PacCMaTpHBaTh CXeMmy JehOpMaIiOHHOTO
HAarpy>xCHus CABUI'OM IIOA AABJICHHMCM BO BpAlIdarOIUXCS HAKOBAJIBHAX BpI/II[}KMBHa B Ka4y€CTBC
MAaKpOCKOITYECKOH MOJIENH 1ehopMaIiy MeTallia B IEPBOi 30HE (PPUKIIMOHHOTO KOHTAKTA.

B nacrosiieit paboTe nmpoBeeHO CONOCTaBICHUE CTPYKTYPHO-(ha30BhIX MPEBPAIICHUN TTPH
TPEHUH CKOJILKEHUS M CIIBUTE TIO IABJIICHHMEM B CTAOMIIbHBIX ayCTEHUTHBIX cTasix Fe —40Mn u

Fe—-22Mn—-18Cr —0.8N. Hapsyry co cTpykTypoii B 00BeMe OOpa3lioB aHAIM3UPOBAIN
HNPOLYKTEI U3HOCA IIOCIIE TPEHUS CKOIBKEHUS.

HOKaSaHO, 4YTO B IOBEPXHOCTHBIX CJIOAX cTajiei mocie TPCHUA CKOJIBXKXCHUS HE ITPOUCXOAUT
necraOwim3alii aycteHuTa. B mpomykrax m3Hoca cramu Fe —40Mn  dgopmupyercs no 10%
xaotuueckux nedektoB ynakoBku (X/Y), sBusronmxcs 3aponsiiamu € -(hazel. B ycrmoBusix
clBUTa TOJ JaBiieHueM ctaib Fe —40Mn npereprieBact HeoOpaThMbId ¥ — £ -tiepexon. Caenan

BBIBOJl, YTO TPHU TPEHUH CKOJIbkeHuss B cramm Fe—40Mn  uHuImupyroTes CXKUMaroIme
HaINpsDKEHUSI, MPUBOAIIHE K oOpazoBanmto X1V, seistromuxcs 3apogpimamu & (I'TIY)-aszebr.

[Tocne nedopMupoBaHUs TPEHHEM CKOJBKEHHUS B TOBEPXHOCTHBIX CIOSIX M IMPOIYKTax
U3HOCA, TAKXKE KaK U MPU CABUIE 0] JaBjeHHeM cocTapeHHoi cramun Fe —22Mn—18Cr —0.8N
IPOMCXOUT PAacTBOpPEHHE MpoayKToB staercroro pacrana (Cr,N ) u yBenmmueHne conepskaHus
a30Ta B ayCTCHWTHOM Marpurie. B TpomykTax u3HOcAa cTamm (OPMHUPYETCS 3HAYUTEIBHOES
KOJM4ecTBO o-¢a3pl. Crenan BBIBOJ O TOM, 4TO B crapetomieid cram Fe —22Mn—18Cr —0.8N
TPEHHE CO3/1aeT YCJIOBUs, ONM3KUe K JedopMalii CABUTOM IOJ JABJICHHWEM, MPHBOMASAIIEMY K
pactBopenuto HuTpraoB Cr,N 1 MexaHH4ecKoMy JISTHPOBAHHUIO a30TOM aycTeHHTa. KOHTaKTHbIC
pACTATMBAIOIIME HANPSHKEHHS CIIOCOOCTBYIOT Pa3BUTHIO B 3TOHM CTalM ) — ¢ MIPEBpaIlleHUs U
WHUIMHAPYIOT 00Pa30BaHUE U PACIIPOCTPAHEHHE MUKPOTPEIIHH B TIOBEPXHOCTHBIX CIIOSIX.

Pabora BemosHeHa pu ¢prHaHCcoBOM moaepkke mpoekra PHD Ne 14-13-00908.

1. Kparensckuii 1.B. Tpenune u nzHoc. 2 n3a. M.: Manmnoctpoenue, 1968, 480 c.

2. JLI'. KopmrynoB, B.A. Ila6amos, H.JI. Uepaenko, B.I1. [Twmorua. MuTOM, 2008,
12(642), 24 — 34.
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JAE®@OPMAINUMOHHO-UHAYIIUPOBAHHOE ATOMHOE PACCJIOEHHUE B OLIK
Fe — Mn CIINTABAX B ITPOIIECCE HHTEHCUBHOM IIJIACTUYECKOM
JTE®OPMAIIAH B IIAPOBOM MEJBHUIIE

[la6amoB B.A., Ko3nos K.A., Carapanze B.B., [leuepkuna H.JL.
Hncmumym ¢uzuxu memannos YpO PAH, Examepunobype, Poccus
shabashov@imp.uran.ru

DEFORMATION —INDUCED ATOMIC SEPARATION IN BCC Fe—Mn ALLOYS
UNDER INTENSIVE PLASTIC DEFORMATION IN THE BALL MILL
Shabashov V.A., Kozlov K.A., Sagaradze V.V., Pecherkina N.L.

Processes of deformation-induced atomic redistribution of manganese by the near
short ordering separation type in terms of single-phase alloys Fe— XMn (X =4, 7) have
been stated in the investigation by Mossbauer spectroscopy method.

B pab6orax [1, 2] Ha mpumepe cTaperolux C 00pa30BaHUEM HHTEPMETaIN/IOB
aycrenutHeix Fe — Ni—Me(Ti, Al,Zr) [1] u Fe —Ni—Cr [2] cruiaBoB GbUIM yCTaHOBIICHBI
o0mue 3aKOHOMEPHOCTHU WHyLIUPOBAHHOTO nedopmarueit u o0ydyeHuem
BBICOKOOHEPTUTUYECKIMH ~ YaCTHIIAMH  aTOMHOTO  TIepepaclpeiesieHHs, BBI3BAaHHOTO
dbopMupOBaHUEM B CTPYKType OONBIIOT0 KOJTUYECTBA TOUCYHBIX 1e(DEKTOB.

B mHacrosimmem wWccieoBaHMM  METOAOM  MEcccOaydpOBCKOW  CHEKTPOCKOIUHU
YCTaHOBJIEHBI MPOIECChl Ae(POpPMAIIMOHHO-UHIYIIUPOBAHHOTO aTOMHOTO TepepacipeaeacHus
Maprafiia 1mo TUIy OJIMKHErO paccaoeHus Ha mpuMepe oaHodasHeix crmaBoB Fe— XMn - (
X =4,7,9).

N3BecTtHO, uTo B Fe —Mn cmiaBax B o0nactu coctaBoB 4...10% Mn mocie 3akainku
dopmupyercst «; (OLIK) TBepaslii pacTBOp, KOTOpBIA IpeTepleBaeT pachajg 0 THILY
OmmxHero paccioeHus: B ycnousix omkura mpu 300 - 500°C [3]. C Tepmuyecku
AKTUBUPYEMBbIM OJMKHUM AaTOMHBIM pAcCCIO€HHEM CBS3aHO, B YAaCTHOCTH, SBJICHHE
HeoOpaTuMoi XpynkocTd B Fe —Mn cruaBax.

Onenka mapaMeTpoB OJMKHEro ymopsiaodeHus (mapamerpsl Kaynm) mokasbiBaer
3aMETHOE CMEIIEHHE B MOJIOKUTEIbHYIO 00J1aCTh B YCIOBHIX YBEJIMYEHHS] BpPEMEHH ITOMOJIA.
[Ipu 5TOM B CcrieKTpe HE MOSBIAETCS AyCTEHUTA.

B cmmaBax cocrtaBoB Fe— XMn (X =9, 10) B mporecce momosia HaOIIOIaeTCs
NOSIBJICHHE AyCTEeHUTAa M AaKTUBU3UPYIOTCS TPOLECCH IMepepactpepesieHus MapraHua c
obenHeHneM « -¢asbl. B nedopmupoBanubix cruaBax Fe—XMn (X = 7, 9, 10) nocie
omxkura npu 500°C dopmupyercst aHTU(EppOMArHUTHBIA (MpU KOMHATHOM TeMIlepaType)
aycreHUT ¢ coaepkanueM 20% u Oonee Mn. [lomoOHble H30TEPMHUYECKUE BBIIEPKKHU
3aKaJICHHBIX CTJIABOB HE M3MEHSIOT 3aMETHBIM 00pa3oM COJIepKaHue MapTaHIia B ayCTEHUTE.

JlaHHBIE HACTOSIIETO WCCIIEOBAHMS MO3BOJISIIOT CIENaTh 3aKIIOYEHHE O TOM, YTO B
HeujealbHOM TBepAoM pactBope ¢« Fe—XMn (X = 4...10), obnagaromem
TEPMOJMHAMHYECKIM CTHMYJOM AaTOMHOTO pAacClIO€HHs B YCIOBHAX WHTCHCHBHOU
IUTACTUYECKOW AepopMalii MPOUCXOAUT HACBIIIEHUE CTPYKTYphl JAe(pOpMariOHHBIMU
BaKaHCUSMHU, YCKOPSIONIMMHU MPOIIECChHI OIMKHEr0 aTOMHOTO YIOPSI0YEHUS.

PaGota BeimonHeHa pu puHAHCOBOM mouiepskke poekta PH® Ne 14-13-00908.

1. B.B. Carapanze, B.A. lllabamos. ®MM, 2011, 112, 2, 155 — 176.

2. B.A. 3aBammumuH, A.W. Jlepsrun, B.B. Carapaaze. ®DMM, 1993, 75, 2, 90 — 99.
3. OBunnnMKOB B.B., JIutBuno B.C., Yapymaukosa [.A. ®MM, 1979, 47, 5, 1099 — 1102.
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CTABMWJIM3ALIUA AYCTEHUTA BOJOPOJAOM INPU JAE®OPMALINOHHOM
PACTBOPEHUU I'NAPUIOB TUTAHA B CIIJTABAX KEJIE3A
IITabamos B.A, JIurBunos A.B.

Hncmumym ¢uzuxku memannos YpO PAH, Examepunobype, Poccus
litvinov@imp.uran.ru

HYDROGEN STABILIZATION OF AUSTENITE AT DEFORMATION DISSOLUTION
OF TITANIUM HYDRIDES IN THE IRON ALLOYS
Shabashov V.A., Litvinov A.V.

The possibility of hydrogen saturation of austenite of Fe —Ni and Fe—Mn alloys
under deformation dissolution of titanium hydrides in austenite matrices and austenite
stabilization with respect to polymorphous phase transitions y —« and y —¢ at strong plastic

deformation was investigated.

Bomopon B cramsix u crjaBaX OKas3blBaeT 3HAYUTENLHOE BIHSHHE Ha (pOopMHpOBaHUE
CBOWCTB M, B YaCTHOCTH, ITPOYHOCTh KOHCTPYKITHH. SIBISISICH 3JIEMEHTOM BHEAPEHUS, IIO00HO
yraepoay u a3ory Boaopon crabunmmsupyet ['IIK a3y B crmaBax »xenes3a Mo OTHOIICHHIO K
noauMOp(HBIM (Pa30BBIM TIEpEXoiaM ¥ — & U ¥ — & TPU OXJIAXKICHUH.

M3BecTHO, YTO MEXaHUYECKOE JICTUPOBAHME TO3BOJISIET CO3/laBaTh CBEPXBBICOKUE
KOHLEHTPALMU 3JIEMEHTOB BHEJIPEHMSI B TBEP/IbIX METAJUIMUECKUX pacTBopax [1-2]. B cBs3u ¢
ATHM IEJIBbI0 HACTOSIIEH paboThl OBUIO MCCIIEOBAHUE BO3ZMOXKHOCTH HACBHIIICHUS ayCTCHHUTA
Fe—Ni u Fe—Mn cmmaBoB BOIOPOAOM B YCIOBHSX Ae(GOPMAIMOHHOTO PACTBOPCHHS
TUAPUIOB THTaHA B AyCTEHUTHBIX MATPUIAX W CTAOMIM3AlUU AyCTECHUTA IO OTHOIICHUIO K
noluMOp(HEIM  Ga30BBIM TEpexoaM Y —Q HW Y —& TPU CHIBHON IUIACTHYECKON
nedopMaruu.

DKCHEPUMEHT 3aKJIIOYAJIC] B MHTCHCHUBHOM XOJIOJHOM TUIacTUYECKOU aedopmariuu
CIBUTOM IIOJ JaBJE€HHEM B HAKOBaIbHAX bpumkmdna matpui ciiaBoB Fe —32(36)Ni u

Fe—2IMn B cmecu ¢ rugpugamu TiH,. Jlus cpaBHEHHSI OCYIIECTBISUIM AHAIOTHYHYIO

nebopmarmio Metamutnaeckux marpuil (6e3 TiH, ) u B cmecu ¢ TuTaHoM.

W3BecTHO, YTO OIHUM U3 CIOCOOOB YIAJICHUS BOAOPOAA W3 CTalM SIBIISIETCS
MOHIDKEHUE TeMIlepaTypbl U MapTEHCUTHBIE (a30BbIe MEPEXOHbI, MPU KOTOPBIX BOIOPOJ
nepepacnpeziensieTcss B TOBEPXHOCTHBIX CJOSX O0Opas3loB ¥ BBLIEISIETCS B atMochepy
G y3MOHHBIM ITyTeM. JTUM METOJIOM, B YACTHOCTH, MOJIB3YIOTCS 7Sl yaaleHus (IyKeHOB
U3 CTPYKTYphI ITOKOBOK WM MPOKATHBIX Npoduieii. Bogopox B marpuiie aycTeHHTa CO3AacT
pacTITrMBaIONINE HAMPSHKCHUS, KOTOPBIE, MO-BUAMMOMY, HPEMATCTBYIOT MAapTEHCUTHBIM
da3zoBeIM TiepexosiaM mpu JedopManuu. TakuM 00pa3oM, OCYIMIECTBICHHE MOIUMOP(GHBIX
¢da30BeIX TMepexoa0B TpeOyeT MOMOTHUTENbHOW HSHepruu Ui auddy3un Bogopona u
yIaJICHUS €T0 U3 MATPHIIBI.

Pa6ota moaaeprkana rpantaMu POOU (Ne 12-03-00040-a) u YpO PAH (Ne 12-Y-2-1020).

1. [lTa6amoB B.A., Carapanze B.B., Mykocee A.I'., bapunos B.A., [Tumtorun B.I1.,
[Teuépkuna H.JI. U3B. PAH. Cep. ®us., 1999, 63, 7, 1440 — 1445.

2. Shabashov V.A., Borisov S.V., Litvinov A.V., Zamatovsky A.E., Lyashkov K.A.,
Sagaradze V.V., Vildanova N.F. High Pressure Research, 2013, 33, 4, 795 — 814.
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MEXAHOXUMHWYECKHNE PEAKIIUU ITPU METATIVIACTUYECKON
NE®OPMALIMU CMECEN HUTPUJIOB XPOMA, MAPI'AHIIA 1 BOPA
CO CIIVTABAMMU KEJIE3A
[I1aGamros B.A.l, Koznos K.A.l, JHopodeen F.A.Z, JInTBUHOB A.B.l, JIsmkos KA.
1HHcmumym @uszuxu memannos YpO PAH, Examepunbype, Poccus
2 Dusuro-mexnuueckuii uncmumym YpO PAH, Hoicesck, Poccus
kozlov@imp.uran.ru

MECHANOCHEMICAL REACTIONS AT MEGAPLASIC DEFORMATION OF
CHROMIUM, MANGANESE AND BORON NITRIDES WITH IRON ALLOYS
Shabashov V.A., Kozlov K.A., Dorofeev G.A,, Litvinov A.V., Lyashkov K.A.

Mechanically activated in the ball mills structural-phase transformations in nitride
mixtures (CrN,MnN u «—BN) with specially alloyed (Cr, Al,Ti,V) iron alloys were

investigated. It was stated that the special alloying of initial matrix by nitride-forming
chromium, aluminum, titanium and vanadium accelerates considerably the processes of
dissolution of initial nitrides.

B cBsi3u ¢ aKTUBHBIM Pa3BUTHEM TEXHOJOTHUHU CO3JAHMs AUCIIEPCHO-YIIPOUYHEHHBIX U
KOMITO3UIIMOHHBIX CTaJiel W CIUIABOB IIIMPOKOE PACIPOCTPAHCHHE TIOMYUYWIH METOIBI
MEXaHOXMMHYECKOTO cuHTe3a. B pabortax [1-2] mpeanoskeHbl HOBbIE MOIXO/bI IO CO3AAHUIO
JUCIIEPCHO-YIIPOYHEHHBIX CTAJIEW C PACTBOPEHHEM MAJIOYCTOMUYMBBIX IIPU HMHTEHCHUBHOU
IIacTUYeCKO nedopmanii OKCUIOB U HUTPUIIOB B MaTpHIAX CIJIaBOB U (POPMHUPOBAHUEM
BTOPUYHBIX YIPOUHSIOIINX HAaHOpa3MepHbIX (a3.

Llenbto Hacrosimiel paboOThl OBUIO HCCIEAOBAHHWE MEXaHWYECKU AKTUBUPYEMBIX B
IIAPOBBIX MEJIBHUIIAX CTPYKTYpHO-(a30BBIX IMepexonoB B cMecsax HUTpuaoB CrN, MnN u
a—BN) co crnemmansro neruposannsivu (Cr, Al,Ti,V ) crutaBamu kennesa. Y CTaHOBJIEHO,

YTO CHEIHUAbHOE JIETUPOBAHME WCXOIHOW MATPHUILI HUTPUI000PA3YIOMUMU XPOMOM,
QIIOMUHUEM, THTAaHOM M BaHAIUEM 3HAYUTEIILHO YCKOPSET IMPOIECCHl PAaCTBOPEHHUSI
MIEPBUYHBIX HUTPHUIIOB.

OCHOBHBIM (aKTOPOM, BIHUSIOIIMM Ha KHHETHKY PACTBOPCHHUSI TIEPBUYHBIX HUTPHIIOB
U CTPYKTYpHO-(Da30BBIH COCTaB MEXaHWYECKH CHHTE3UPOBAHHBIX O0Opa3IoB, SBISICTCA
XMMHAYECKasi CBS3b B YACTHIAX, XapaKTepuzyemas HHTaJblIMel O0Opa30BaHMs HUTPHUIOB.
YcTaHoBIEHO, YTO TpoIecchl (HOPMHUPOBAHKS BTOPUUYHBIX YIPOUHSIONMX (a3 UAYT YKe BO
BpeMsl MEXaHWYeCKOro TmoMona. llocieayronmuii HarpeB CHHTE3WPOBAaHHBIX OOpPa3IoB
no3BoJiAeT Cc(HOpMHUPOBATH HAHOCTPYKTYPOBAaHHBIC TUCIEPCHO-YIMPOYHEHHBIE HUTPUIAMU
CTaJI ¥ HAHOKOMITO3HUTHIL

Pabora nogneprkana rpantamu PODOU (Ne 12-03-00040-a) u YpO PAH (Ne 12-Y-2-1020).

1. Carapanze B.B., JlutBunoB A.B., llla6amoB B.A., Bunpganosa H.®., MykoceeB
A.T'., Kosznos K.A. ®DMM, 2006, 101, 6, 618 — 629.

2. Shabashov V.A., Borisov S.V., Litvinov A.V., Zamatovsky A.E., Lyashkov K.A.,
Sagaradze V.V., Vildanova N.F. High Pressure Research, 2013, 33, 4, 795 — 814.
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MECCBAYJ3POBCKAS CHEKTPOCKOIIUS MATEPUAJIOB
MOCJIE MATHUTO-UMIIYJIbCHOM OFPABOTKH

lunko M.H., Kopoymikun B.B.2, Crenosua M.A>*
! Hsanoscrui ¢unuan Poccutickoeo sxonomuuecko2o ynueepcumema um. 1.B. Ilnexanosa,
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Mockea, Poccus
3Kaﬂy9fCCKuL7 2ocyoapcmeennuiil ynusepcumem um. K.O. [Juonkosckoeo, Kanyea, Poccus
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MOSSBAUER SPECTROSCOPY FERROMAGNETIC MATERIALS
DUE TO MAGNETIC-IMPULSE PROCESSING
Shipko M.N., Korovushkin V.V., Stepovich M.A.

Here are studied the properties of magnetic materials crystal structure through the
example of magnetic iron in the initial condition and after magnetic-impulse exposure. Effects
of a weak (10...100 kA/m) low-frequency (10...20 Hz) pulse magnetic fields on a spin
condition of Fe atoms as well as crystalline structure and physical and mechanical properties
of ferromagnetic materials have been investigated.

B nacrosimieit paboTe mpoBeeHa 3KCIEpUMEHTalIbHAs MPOBEPKa TUIOTE3bl O TOM, YTO
HN3MCHCHHEC CIIMHOBOI'0 COCTOAHHA AaTOMOB B IMOJIMKPpUCTAUIAX IMOA BJIHUAHHUEM HMITYJIBCOB
MarHUTHOTO TOJISl CIOCOOCTBYET YCKOPEHHIO MPOIIECCOB PEKOHCTPYKIINHN KPUCTATUIMYECKON U
MHKpocTpyKTyphl. Ha mpumepe crmaBa cenpact Fes(SiAl), marnerura FesO4 u THTaHOBOTO
cumaBa  BT23  meromom  MEccOay’pOBCKOM  CHEKTPOCKONMUU  H3YYEHBI OCOOCHHOCTH
KPUCTAJUIMYECKOM CTPYKTYpPhl MAaTepUaJIOB B HCXOJHOM COCTOSIHUM M IIOCJIIE€ MarHuTo-
MMITYJIbCHOTO BO3JEHCTBHUS.

CHCKTpLI HUCXOJHBIX MOJIMKPUCTAJIIIOB F6304 CBUACTCIILCTBYIOT O JIOKaJIU3alluh MOHOB
JKee3a B OKTa- M TETPAdIPUUECKON TMOJPEIIeTKe CTPYKTYpbl oOparieHHoW mmuHenu. [Ipu
9TOM HOHBbI F63+ u F62+ B OKTAa3ApHUUYCCKUX TMO3UIUAX CBA3aHbI JJICKTPOHHBIM OGMGHOM.
[Tpouiecc  penmokanu3alUy  DJIEKTPOHOB  OOECEUMBAET  OMNPEIENICHHBI  ypOBEHb
MMOJIYIIPOBOJHUKOBBIX CBOMCTB MAarHETHTA. HaI/I6OJILH_II/Ie HU3MCHCHHUA IIOCJIIE MArHuToO-
UMITYJIbCHOM 00pabOTKH HCHBITHIBAET BeposATHOCTH dddexra MéEccbayspa. Habmomaemoe
MOBBIIIIEHHE BEPOSTHOCTH 3(PPeKTa MOKHO CBS3aTh C U3MEHEHHEM aMIUIUTY/bI KoJeOaHUn
aTOMOB, YTO B CBOIO Ouepe/b OOYCIIOBJIEHO YMEHBIIEHHEM KOHILIEHTpAallud BaKaHCUW U MX
yrnopsiiodeHreM. Takoe NpeanosioKeHUe COrjlacyeTcsi C YMEHbBIIEHHUEM OTHOCUTENIbHOM
MHTEHCUBHOCTH KOMIIOHEHT OT TeTpa- W OKTajapuyeckod mozpemerok (¢ 0,55 no 0,52) u
KBaJIPYIIOJIbHOTO PACHICIJIEHUS] CIIEKTPOB OT ATHX MojpemeTok. Kpome Toro, usmeHeHue
IIMPUHBI CIIEKTPOB OT OKTAdIPHUUECKON TOJPEHIETKH CBUACTEIHCTBYET 00 H3MEHEHUU
CTENCHN JIeNOKAIN3alMi HIeKTpoHoB B mapax Fe®*-Fe’, uro crmocoGcTByeT H3MEHEHHMIO
3JIEKTPOMAarHUTHBIX ~ CBOMCTB  HcclieqyemMoro Marepuana. llomydeHHble  pe3yabTaThl
HOJITBEPKJIAIOT IPEINOJI0KEHUE O TOM, YTO MAarHUTO-UMITYJIbCHas 00paboOTKa MaTepuasoB
MOKET SIBJISITHCS IEPCIEKTUBHBIM HAIIPABIEHUEM HAaHOTEXHOJIOTUH.

WccnenoBanus mpoBeneHbl NMPU YAaCTUUHOM (UHaHCOBOWM monnep:kke MuHoOpHAayKu
P® (mpoekr Ne1.6107.2011), a Takxke Poccuiickoro ¢donaa QyHIaMEHTATbHBIX
uccre0BaHui 1 mpaBuTebeTBa Kamykckoii oonactu (mpoekt Ne 14-42-03106).
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CHUHTE3 METACTABMJIBHBIX KBA3SUYHOPSIIOYEHHBIX TPOMHBIX
CIIVTABOB
FE-AL-M (M=GA, B, SN, V, MN): CTPYKTYPHBIE U MECCBAY3POBCKHE
UCCJIEJOBAHUA

Boponunna E.B.l, Encykos E.H.z, MacienHuKoBa A.E.l, Kopones AB?
YKasanckuii (IIpusonsicckuii) @edepanvhuviti Ynusepcumem, Kazans, Poccus
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evoronina2005@ya.ru

THE SYNTHESIS OF METASTABLE QUASIORDERED TERNARY FE-AL-M (M=GA,
B, SN, V, MN) ALLOYS: STRUCTURE AND MAGNETIC CHARACTERIZATION
Voronina E.V., Yelsukov E.P., Maslennikova A.E., Korolyov A.V.

The study is directed to exploring the conditions for the synthesis of metastable
quasiordered ternary FegsyAlss«Myy (M=Ga, B, Sn, V, Mn; X, y = 0, 3, 5, 10 ar.%)) alloys.
The detailed synthesis scheme and the results of structure and Mossbauer studies of the
obtained systems are presented.

Lenbto maHHON pabOTHI SBISUIOCH MOJYYEHHE W aTTeCTaIllsl CTPYKTYPHO-OTHO(A3HBIX
TPOMHBIX YIOPSIOYEHHBIE CILIaBOB Fegs.yAlss.xMyy crmaBoB ¢ mpumecsto Ga, Sn, B, V win
Mn (x, y =0, 3, 5, 10 at.%). DT cucrteMbl MPUBIEKAIOT WHTEPEC B KaueCTBE OOBEKTOB
M3Y4YEHUs] IPUPOJIbI IPOCTPAHCTBEHHO-HEOJHOPOAHBIX MAarHUTHBIX COCTOSIHUIM M YCIIOBUN UX
(dbopMHpOBaHUs B CTPYKTYpHO-0THO(A3HBIX MarHeTHKAaX.

OguuM u3  cnocoOOB  TONMYYEHHUS CTPYKTYPHO M XUMHYECKH OJHO(A3HBIX
HEPaBHOBECHBIX HAHOKPUCTAJUIMYECKUX HEYHOPSJIOYCHHBIX CIUIABOB SIBJISIETCS METO]
MEXaHOXMMHMUYECKOro cuHTe3a. CIUlaBiIeHHE pacIiUlaBOB HE MOXKET pacCMaTpUBATBCA Kak
YHHUBEpCAITbHOE CPEICTBO HHTEHCU(DUKALMU B3aUMOJCHCTBUS MEXKAY METallaMU ITyTeM
MepeBo/ia TeTEPOreHHBIX MPOIIECCOB B TOMOTEHHBIE MO aHAJIOrMM ¢ pactBopamu [1]. MoxHO
MIPUBECTU P IPUMEPOB, KOTJa TEMIEPATyphl IJIABJICHHUSI PEAreHTOB CUJIBHO Pa3IMYaloTCs U
MOJTy4YEeHHE HWHTEPECYIONIEro CIUIaBa WM HHTEPMETAUINAAa B OAHO(PA3HOM COCTOSHUM C
33JJaHHON KOHIICHTpalMel KOMIIOHEHTOB TPaJUIMOHHBIMUA METOJIaMH METAJUTYPIHH PaCIIaBOB
COCTaBJISIET CEPhE3HYIO0 TPYAHOCTh. B manHOM ciydae, Temreparypsl riaBienus Ga u Sn (302.93
K u 505.05 K) cymectBenHo Hke Temmeparyp miasienus Fe, Al u B (1812 K, 933.5 K u 2573
K, coorBercTBeHHO). MexaHocmaBieHne 00eCneurnBaeT CHHTE3 OAHOPOIHBIX MO CTPYKTYpe
HEpaBHOBECHBIX (a3 B MeTAUIMUYEeCKUX cuctemax. Ha crienyromem »srtane  BbIOOpOM
COOTBETCTBYIOIICH CXEMbI TEPMOOOPAOOTKH, BO3MOXKHO MOJIyu€HHE CTAOWIBHBIX YACTHYHO-
YIOpsAIOYCHHBIX CcIutaBoB 3amemieHus ¢ OLIK pemerkoil B AOCTaTOYHO HMIMPOKOM 00JIacTH
KOHIeHTpanuii. B  pabore mpencraBieHa JeTalbHas CXeMa CHHTE3a  CIUIaBOB.
CuHTE3MpOBaHHBIE MaTepHaIbl MPEJCTABISUIN COO0M CTPYKTYpHO-01HO(]A3HBIE OOBEKTHI C
DO; unmn B2-cBepxctpykTypoit. JlanHble MeccOay?pOBCKON CHEKTPOCKOMUU MOTYyYEHHBIX
CIUIAaBOB TOJTBEPAMIN WX XHMHUYECKH-OJHOPOJHOE OaHO(a3HOe cocTostHue. Pe3ynbraThl
TEMIEPATYPHBIX MeccOaydPOBCKUX M MArHUTOMETPHUECKHX HCCIEIOBAaHUM YKa3bIBAIOT Ha
HEOJHOPOIHOCTh MarHUTHOW MUKPOCTPYKTYPHI JJAHHBIX CUCTEM.

Pabota nonnepkana rpanramu POOU Ne 09-02-00461-a u 12-02-01316-a.

1. I'puroppeBa T.®., bapunoa A.Il., JlaxoB H.3. MexaHOXUMUYECKHII CUHTE3 B
MeTayumueckux cucremax, HoBocubupcek: [Mapamnens. 2008. 311 c.
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MECCBAYA3POBCKOE MCCJIEJIOBAHUE BJINSHHUSA JTJOKAJBHOM
CTPYKTYPbI MEXAHOAKTUBUPOBAHHOI'O NIPEKYPCOPA HA
MUKPOCTPYKTYPY KOMIIO3UTA Fe/Zr/Fe;O3; COOPMUPOBAHHOI'O
METOAOM CBC
Kucenesa T.1O, l, I'puropreBa T.CD.Z, Tanaxo T.H.B, Kosanena C.A.4, Jletnko A.I/I.a,
Curenxos H.B %, Maitopos M.I1.*

"Wockosckuii 2ocyoapcmeennulil yuugeepcumem um. M.B.Jlomonocosa, Mockesa, Poccus
2H;Ltcnftumym xumuu meepooeo mena u mexanoxumuu CO PAH, Hosocubupck, Poccus
Hncemumym nopowkogou memannypeuu, Munck, berapyco
* O6vedunennviii uHcmumym mawiunocmpoenusi, Mumnck, berapyco
Kiseleva. TYu@gmail.com

MOSSBAUER STUDY OF MECHANOACTIVATED PRECURSORS LOCAL
STRUCTURE INFLUENCE ON THE MICROSTRUCTURE OF Fe/Zr/Fe,03
SYNTHESISED BY SELF-PROPAGATED HIGH TEMPERATURE SYNTHESIS
Kiseleva T.Yu., Grigoryeva T.F., Talako T.L., Kovaleva S.A., Letsko A.N., Sitenkov N.V.,
Maiorov M.I.

The method of functional multicomponent nanostructured powder materials formation
for its subsequent application in functional coatings with special properties is a self-
propagating high-temperature synthesis (SHS) . Preliminary mechanical activation (MA) of
precursor powder is effective in modifying the parameters of the SHS and structure and
morphology control of the synthesized products . Mdssbauer study of the local structure of the
iron particles and compounds through structural transformations occurring in the system
(Fe203-Fe/Zr) in a two-step precursor mechanoactivation with the formation of binary Fe/Zr
and multicomponent composites Fe203/Fe/Zr and their impact on SHS synthesis parameters
and structure formation have been performed.

B MNOoCJICAHUC TO0Abl HAMCTUIIMCh HOBBIC HAIIPABJICHHA IOBBIIICHUA CBOIICTB
KOHCTPYKIITMOHHBIX MaTEpPHAIOB 3a cueT (OPMHUPOBAHHS MHKPO- M HAHOKPUCTATUTMYECCKOU
CTPYKTYPHI. OI[HI/IM U3 MCTOHAOB IMOJYHYCHUA (PYHKL[I/IOHB.JILHBIX MHOTOKOMITIOHCHTHBIX
HAaHOCTPYKTYPHBIX TMOPOIIKOBBIX MaTEPUATIOB [IJIsl MOCIEAYIOMEro (GopMUpPOBAHUS U3 HHUX
HOKpBITI/Iﬁ pa3sjindHoro Ha3HAa4YCHHUA CO CIICHUaIbHBIMU CBOMCTBAMU SIBJISIETCS METO
camopachpocTpasstonierocs BbeicokoTemreparyproro cuare3a (CBC). Kommo3utsl B
pe3yJbTaTe Takoro CUHTE3a (OPMHUPYIOTCS B pe3yibTaTe peakiMd IOpPEeHHus, MpOoTeKarolen
CaMOITPOU3BOJIBHO C 00110 CKOPOCTBIO oe3 3aTpaT SHEPruru U3BHE, 3a CUCT COOCTBEHHOTO
teroBeinenenus. [IpeaBaputenpHas mexaHoakTuBanus (MA) MOPOIIKOBBIX TPEKYPCOPOB
aBisieTcs dPPEKTUBHBIM CpeacTBOM MoaupunupoBanus napamerpoB CBC u ynpasienus
CTPYKTYypoil U Mopdosiorueii NpoayKTOB CHHTEe3a. B cucremax, coaepKalmx >KeJes3o,
3¢ (EeKTUBHBIM METOJOM JUIl aHalIW3a CTPYKTYPHBIX NPEBpallleHUHd NOpU ONTUMH3ALUU
TEXHOJOTMYECKUX YCJIOBUH CHHTE3a sBIE€TCS MeccOayldpoBckasi chekTpockonus. B
HaCTO}IH_Ieﬁ pa60Te IMpOBCACHO MGCC6ay3p0BCK06 HCCIICOOBAaHUEC HW3MCHCHMU JIOKaJIbHOM
CTPYKTYpPBl ~ YacCTHI[ KeJle3a W €ro COCAVMHEHUN IIPpU CTPYKTYPHBIX IIPEBPALLCHHUSX,
npoucxosamux B cucteme (Fe,Os-Fe/Zr) B mpouecce AByXCTyneHYaToil MEXaHOAKTUBALUH C
oOpa3oBaHueM JIBOWHBIX Fe/Zr u TpoitHbIXx MexaHokoMno3uTOB Fe,OzFe/Zr n ux Biusiaus Ha
napametpsl CBC cuHTe3a 1 cTpyKTYypy (POPMUPYIOLMIUXCS KOMIIO3UTOB. AHAIU3 Pa3MEepOB U
MOpP(OJOTHH  YACTHUI[ MPOBOMWICSA METOJAaMH TIPOCBEUYHMBAIONICH W  CKAaHHPYIOIICH
BJIGKTPOHHOI‘/'I MHUKPOCKOIIHUU. YcTaHOBIIGHO BIIMSAHHUC MMPOAOJIKUTCIIBHOCTH 3TarloB
MCXAaHOAKTHUBALIMN TIPU HNPCKYPCOPOB HAa HMHTCHCHUBHOCTL IPOTCKAHUSA MEXAHOXUMHUYCCKUX
peaknuii Ha IOBEPXHOCTH YACTUII M B HMHTEPPEHCHBIX 001acTsIX, 00YyCIaBIMBAIOIINX
M3MEHEHUE IHEPreTHYeCKUX Xapakrepuctuk npouecca CBC.
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MECCBAYQPOB(;KAH CIHEKTPOCKOIIUA CTPYKTYPHO-®A30BbIX
INPEBPAINEHUU ITPU MEXAHOAKTHUBALIUU B CUCTEME Cu-Fe-C

Epémuna M.A., JlomaeBa C.®., EncykoB E.I1., Yaeanos A.JIL.
Quzuxo-mexnuyeckuti uncmumym YpO PAH, Hxceeck, Poccus
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MOSSBAUER SPECTROSCOPY OF STRUCTURAL-PHASE TRANSFORMATIONS
UNDER THE MECHANICAL ACTIVATION OF Cu-Fe-C SYSTEM

Eryomina M.A., Lomayeva S.F., Yelsukov E.P., Ul’yanov A.L.

The Mossbauer effect has been used to study the structure and phase composition of
mechanically alloyed and annealed Cu-Fe-C nanocrystalline alloys. The formation of
supersaturated solid solution of iron in copper and iron carbide phases are found.

Meton MéccOay3pOBCKOM CIEKTPOCKOMHMU SBISETCS YYBCTBUTEIBHBIM K JIOKAJIbHOMY
OKPYKEHHMIO aTOMOB JKeJle3a M HCIIOJIb3YeTCsl JUIsl M3Y4YeHMs] MEXaHM3MOB CIUIABJICHUS Ha
aTOMHOM ypoBHE. OCcOOEHHO aKTyaJbHO €ro HCIHOJb30BaHHWE B TEX CIyyasX, KOTJa METOA
PEHTTEHOBCKOW Audpakiuy MpakTHIeCKH He MaéT MHPOPMAIUU O paclpelelIeHUuH JKeJesa,
HaIpUMep, B CIy4yae MEXaHOAKTUBHPOBAHHBIX CIUIaBOB cucTeMbl CU-FE€ mpu OTHOCHTENBHO
HEOOJIBIIIOM COJIEPKaHUH JKeJe3a.

B npannoit pabore Meromamu MEccOay’pOBCKOM CHEKTPOCKOMUHU, PEHTTEHOBCKOM
TUQpPaKIUU, DJIEKTPOHHOW U ONTHYECKOM MHUKPOCKONHMH, HW3MEPEHUs JWHAMHYECKOU
MarHUTHOM BOCHPUMMYUBOCTH OBLIM HCCIEAOBAaHBI CTPYKTypa U (a3oBBIi COCTaB
MEXaHOAKTUBUPOBAHHBIX M OTOXOKEHHBIX HaHOKpUCTaundeckux cmaBoB Cu-Fe-C ¢
coJlep’kaHueM kene3a M yraepoaa, omuskum 30 00.% FeszC. Ilokazano dopmupoBanue
NEPECHIILIEHHOr0 TBEPIOTO pacTBOpa >Kejle3a B MEAM Ha HayalbHOW CTaguM Ipolecca
MEXaHUYECKOTO CIIaBJICHHs U 00pa3oBaHue KapOUIOB XkKele3a Ha MOCIeAYIOLIEel cTaauu.

PabGora BeITIONIHEHA TIpW TOJAJEP)KKE MporpamMMbl ucciemoBanuii I[Ipesumnyma YpO
PAH, npoekt Ne 12-M-23-2043.
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O®OPMUPOBAHUE KBABUBUMETAJUJIA B CIEHHUAJIBHO JIETUPOBAHHBIX
Fe — Ni CIIJTABAX UHBAPHOTI'O IUATTABOHA C UCITOJIb30OBAHUEM
HMOHHO-TIJIASMEHHOI'O A3BOTHPOBAHUS U XOJIOJJHOM IIVIACTUYECKOM
NJE®@OPMAILIUN
JlutBuHoB A.B., [lIa6amoB B.A., AdanaceeB C.B., Koprrynos JI.T.

Huemumym ¢usuxu memannos YpO PAH, Examepunbype, Poccus
litvinov@imp.uran.ru

FORMATION OF QUASIBIMETAL IN SPECIALLY ALLOYED Fe—Ni ALLOYS OF
INVAR RANGE USING ION-PLASMA NITRIDING AND COLD PLASTIC
DEFORMATION
Litvinov A.V., Shabashov V.A., Afanasyev S.V., Korshunov L.G.

The scheme of nanostructurization of the nitrided surface and formation of the gradient
with respect to composition structure of quazibimetal was realized on Fe — Ni austenitic
steels of invar range with additional alloying by chromium and titanium. The scheme is based
on the deformation-induced dissolution of phases formed in the samples at ion-plasma
nitriding with the subsequent formation of secondary nitride phases and matrix composition
changing in sample depth.

Ha Fe—Ni aycTeHHMTHBIX CIUTaBaX MHBApHOTO JMana3oHa C  JOMOJHHUTEIHHBIM
JISTUPOBAaHUEM XPOMOM M THUTAaHOM pEaM30BaHA CXeMa HAHOCTPYKTYPHUPOBAHHUS a30THPOBAHHON
MOBEPXHOCTU U (DOPMUPOBAHUS TPAAUEHTHOM O COCTaBY CTPYKTYphI KBazuOnMeTaia. B ocHOBY
CXEMBI TIOJIOKEHO Jie(hOpMaIMOHHO-MHIYIIUPOBAHHOE pacTBopeHue (a3, cHopMHUpOBaHHBIX B
o0pasiax Mpu MOHHO-TJIA3MEHHOM a30THPOBAHUH C TOCIIEAYIOUMM OOpa30BaHUEM BTOPUYHBIX
HUTPUIHBIX (a3 U U3MEHSIONIMMCS Ha TITyOHHY 00pasiia COCTABOM MAaTPHIIBL.

B ormmune or GunapHbix crutaBoB  Fe— XNi (X, mace.% = 32...38), a3zorupoBaHue
KOTOPBIX TPUBOJIUT K (POPMHUPOBAHUIO TBEPAOTO PACTBOPA a30Ta B AYCTCHUTE, B JIOTIOJTHUTEIHEHO
nerupoBanHbix Cr m Ti Fe—Ni cruaBax oopasyrorcs Hutpuasl CrN u TiN . Hutpuiansie
(a3el pacnpeaesieHbl B MOBEPXHOCTHBIX 00JIACTSIX MATPHUIIbI, MECCOAYIPOBCKUI CIIEKTP KOTOPOM
O0MM30K K crekTpy OmHapHoro crutaBa Fe—36Ni. Buyrpennss (He a30THpoBaHHAs) 4acTh
MAaTpHILIbl COXPAHSIETCS B MTapaMarHUTHOM COCTOSIHUM, T.€. B HEil HE MPOUCXOIUT 3HAYUTEIILHOTO
HU3MCHCHUA COCTaBa U 06pa3OBaHI/ISI HUTPUIOB.

IMocnenyromee aehopmupoBanre casurom mon gasieaneM Fe—Ni—Cr  crmaBoB
BbI3bIBacT pactBopeHre HUTpHI0B CrN Bo (hparMeHTMpOBAaHHOW MaTpHle C YMEHbIICHHEM
HEOJHOPOAHOCTH COCTaBa 00pa3iia MO COACPIKaHUIO XpoMa M a30Ta, a OTXKUT TIpU SZOOC, 44
NPUBOIUT K MOBTOPHOMY (POPMHPOBAHMIO HHUTPUAOB XPOMA, PACIPEICICHHBIX Ha OOJBIIYIO
r1yOMHY B HAHOCTPYKTYPUPOBAHHON MaTpHIIE, UMEIOLICH cOoCTaB, Oim3Kkuii k coctaBy Fe —36Ni
. JlebopMarmst CIBUIOM I0J1 IaBIICHUEM a30THpOBaHHOTO criaBa Fe — Ni —Ti conpoBoskmaercs
pactBopenueM ¥’ -aser ( Ni,Ti), coxpanusmieiicst B oopasie. [Tocnenyromuii omkur odpasua He

IPUBOMUT K HHTEPMETAUIMIHOMY CTAPCHUIO MATPHIIBI, TaK KaKk  BMECTO OOpa3oBaHHsI
unaTepmerauaoB Ni,Ti dopmupyrorest autpunst TiN .

[Ipennoxennass nedopmarioHHass 00pabOTKa TIO3BOJISIET TOJy4YaTh TPAJAUEHTHYIO T10
COCTaBy CTPYKTYPY, YIIPOUHEHHYIO JHCIICPCHBIMH HUTpUAAMHU. JIJIsl CIUIaBOB C 3aBUCHMBIMH OT
cocTaBa (PU3MYECKUMHM CBOHCTBaMH, TaKWMH, HaIpUMep, KaKk WHBApPbL, A3TO TO3BOJISIET
perynuposatbk KTP Ha riryOnny oOpasiia, T.e. co3/1aBaTh KBa3UOUMETaILIbL. BaKHO OTMETHUTB, 4TO
ILe(bopMauw{ CABUIOM B OHNPCACICHHBIX OTHOLICHHAX MOACIMPYCT YCIOBHSA ITPAKTUYCCKU
3HAQUMMBIX WHTCHCHBHBIX JIe(OPMAIMOHHBIX BO3JCUCTBUH, TaKWX, KaK (PPUKIMOHHOE WIN

yIapHOe BO3JICUCTBHUS Ha TOBEPXHOCTH METAJJIOB U CILIABOB.
Pa6ora nomaepskana rpantamu PODOU (Ne 12-03-00040-a) u YpO PAH (Ne 12-Y-2-1020).
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METABOJIMYECKUE NPEBPALLIEHUS KEJIE3A U KOBAJIBTA B
MUKPOBHBIX KJIETKAX: HCCJIEAOBAHUE PU3OBAKTEPUU AZOSPIRILLUM
BRASILENSE METO/JIOM MECCBAY3POBCKOI CHEKTPOCKOITUU
Kamues A.A.l, Tyraposa A.B.l, Kosau K.Z, Ky3mann 9.2, XoMoHHau 3.2, KynukoB H.A.3,
Iepdumses 10112
1HHcmumym ouoxumuu u guzuonocuu pacmeHnull U MuKpoopeanuzmos Poccuiickotl akademuu
nayk, Capamos, Poccus
2 Institute of Chemistry, Eotvos Lorand University, Budapest, Hungary
*Mockosckuii 2ocyoapcmeennulil yuugepcumem um. M.B.Jlomonocosa, Mocksa, Poccus
aakamnev@ibppm.sgu.ru

IRON AND COBALT METABOLIC TRANSFORMATIONS IN MICROBIAL CELLS:
MOSSBAUER SPECTROSCOPIC STUDY OF THE RHIZOBACTERIUM
AZOSPIRILLUM BRASILENSE
Kamnev A.A., Tugarova A.V., Kovacs K., Kuzmann E., Homonnay Z., Kulikov L.A.,
Perfiliev Yu.D.

The °’Fe-transmission (TMS) and °’Co-emission (EMS) variants of Mdssbauer
spectroscopy are very promising for revealing metabolic transformations of iron and cobalt in
live bacteria. We monitored metabolic transformations of *>'Fe'"'/*’Fe'" species (by TMS) and
of *"Co" species (by EMS) in live cells of Azospirillum brasilense (frozen at 80 K). Its two
wild-type strains were used which differ by their ecological niches in the rhizosphere (strain-
endophyte Sp245; epiphyte Sp7). TMS of cells (grown with >’Fe'""-NTA complex as the only
Fe source) showed intracellular °’Fe"" reduction to two high-spin *’Fe"" forms in both strains;
"Fe!' Mossbauer parameters were typical for ferritin-like components. A 3-day storage of
cells at room temperature in nutrient-free dense wet suspension resulted in further >’Fe"-to-
*"re! reduction in Sp245, while no reduction continued in strain Sp7, showing their different
Fe metabolism under similar conditions. In EMS studies, both strains showed metabolisation
of >’Co" within 1 hour, but their Mdssbauer parameters differed, showing different metabolic
responses of the strains also to cobalt [1], in line with our previous FTIR spectroscopic data.

Bapuanter m€ccOayspoBCKON CHEKTPOCKONMUU — aOCOPOIIMOHHBIN (57Fe; AMC) u
smuccronnsii (*'Co; DMC) — GbUIM HCIIOIB30BAHBI JUISL HCCIICIOBAHHS METabOIMYECKHX
npesparennii °'Fe''/°'Fe"' (AMC) u °’'Co" (3MC) B xierkax pusoGaxrepun Azospirillum
brasilense (3amoposxennbix; 80 K). M3yueHsl aBa mTaMMa, OTIMYAIONIHECS ‘IKOJOTHUSCKUMHE
Humamu’ B pusochepe (3HmopuTHBIN mramm Sp245; srmdut Sp7). Kinerkn 06oux mramMmoB,
BBIPALIEHHBIE C KOMILIEKCOM SEe_NTA kax €IMHCTBEHHBIM MCTOYHUKOM Fe, uepe3 18 u
CONepI KA 110 TPeTH *’Fe B BHe IBYX BBICOKOCIMHOBBIX (opM ° Fe'; mapamerpsl (popMsI
"re!!!' coorBercTBOBAIM beppuTHHONIOAOOHBIM KOMIIOHEHTaM. [Ipu XpaHEeHWH BIAXKHBIX
(puspacTBOp) MIIOTHBIX CYCHEH3MH KIIeTOK SP245 6e3 MuTaTeabHbIX BEIIECTB B T€UEHUE 3 CYT
BoccranoBiernne > Fe'' no *'Fe' npoaokanock. Jims mramma SP7 W3MEHEHUH B ITHX
YCIIOBHUSIX HE OTMEYEHO, YTO YKa3bIBACT HA PA3IUUHBIN MeTaboaM3M Fe y TaHHBIX MITaMMOB B
aHAJIOTUYHBIX ycioBusiX crpecca. [lannbie DMC yka3plBalOT Ha METa0O0JIM3AIUIO co' B
TEUYEHUE Yaca O0OMMH IITAMMaMH, OJTHAKO MapaMeTpbl CIIEKTPOB Pa3IUYaINCh, YTO TAKKE
OTBEYAET PA3TMYHBIM META0OIMYECKUM OTKJIMKAM IITaMMOB Ha KOOANbT [1], B cOOTBETCTBUU
C pa3UUUsAMH, OOHAPYKEHHBIMU JUTSI 3TUX IITAMMOB paHee ¢ momoIibio MK-crnekTpockonuu.

(MccnenoBanus gacTuaHO noaep>kansl rpaHToM POOU Ne 13-04-01538-a.)

Jlureparypa:
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ANOMALOUS BEHAVIOR OF MOSSBAUER PARAMETERS FOR HUMAN LIVER
FERRITIN AND ITS PHARMACEUTICAL ANALOGUE FERRUM LEK IN THE
TEMPERATURE RANGE 295-90 K: AN ANALYSIS WITHIN THE
HOMOGENEOUS AND HETEROGENEOUS IRON CORE MODELS
Alenkina 1.V.}?, Oshtrakh M.1.12, Klencsar Z.3, Kuzmann E.*, Semionkin V.A.}?
Department of Physical Techniques and Devices for Quality Control and
Department of Experimental Physics, Institute of Physics and Technology,

Ural Federal University, Ekaterinburg, 620002, Russian Federation;
*Research Centre for Natural Sciences, Hungarian Academy of Sciences,
Magyar tudosok kérutja 2, Budapest, 1117, Hungary;

*Institute of Chemistry, Eétvés Lordnd University,
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Ferritin is an iron storage protein which consists of a nanosized ferrihydrite iron core,
with a size usually ranging from 3 to 8 nm, surrounded with 24 protein subunits shell. Some
iron-containing pharmaceutical products for the treatment of iron deficiency anemia can be
considered as ferritin analogues because these compounds consist of akaganéite iron core with
a size of about 8 nm surrounded with polysaccharide shell. The iron core structure in ferritin
was intensively studied for a long time; however, due to its apparent complexity and
variability, a general model has not been accepted yet for the iron core. There are various
results of ferritin structural studies that suggest different iron core models ranging from
monocrystalline to polycrystalline and polyphasic cores. Therefore, we put forward two
models for the fit of the paramagnetic Mossbauer spectra of ferritin and its analogues: 1) a
one quadrupole doublet fit within the homogeneous iron core model (an approximation
reporting about average values of the parameters) and 2) a superposition of several
quadrupole doublets within the heterogeneous iron core model (see [1]). For further
investigation of the iron core structure the human liver ferritin in lyophilised form and its
pharmaceutical analogue, an iron-polymaltose complex Ferrum Lek (Lek, Slovenia) produced
in the tablet form were studied using Mdssbauer spectroscopy with a high velocity resolution
with spectra registered in 4096 channels in the temperature range 295-90 K. The fit of the
measured spectra of human liver ferritin and Ferrum Lek using the model 1 demonstrated
anomalous line broadening below ~150 K for human liver ferritin and below ~130 K for
Ferrum Lek with changes in the slopes of quadrupole splitting temperature dependences
below these temperatures [2] and maximum for the spectral area temperature dependences at
115 K for human liver ferritin and at 105 K for Ferrum Lek. The fit of these spectra within
model 2 was modified in comparison with previous fits [1] and equal line widths were used in
the fits with a superposition of five quadrupole doublets. These quadrupole doublets can be
related to various iron core regions or layers. The results demonstrated similar anomalous line
broadening and maxima for the total relative area temperature dependences. Moreover, it was
observed that the relative area, quadrupole splitting and isomer shift for some spectral
components also demonstrated anomalies in the temperature range 295-90 K. The anomalies
are considered to be a result of a low temperature phase transition in the iron cores.

References:

1. LV. Alenkina, M.I. Oshtrakh, Z. Klencsar, E. Kuzmann, A.V. Chukin, V.A.
Semionkin, Spectrochim. Acta, Part A: Molec. and Biomolec. Spectroscopy, 2014, 130, 24—
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2. M.l. Oshtrakh, LV. Alenkina, E. Kuzmann, Z. Klencsar, V.A. Semionkin, J.
Nanopart. Res., 2014, 16, 2363.
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LOW-TEMPERATURE IN-FIELD MOSSBAUER SPECTROSCOPIC EVIDENCE
FOR FERRITIN IN THE RHIZOBACTERIUM AZOSPIRILLUM BRASILENSE Sp7
Kovacs K., Pechousek J.2, Kamnev A.A.%, Tugarova A.V.?, Kuzmann E.}, Machala L.?,
Zboril R.2, Stichleutner S.**, Homonnay Z.%, Bir6 B.?, Lazar K.*

Ynstitute of Chemistry, Eétvés Lordnd University, Budapest, Hungary
’Regional Centre of Advanced Technologies and Materials, Departments of Experimental
Physics and Physical Chemistry, Faculty of Science, Palacky University in Olomouc, Czech
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*Centre for Energy Research, Hungarian Academy of Sciences, Budapest, Hungary
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An earlier study by transmission Mdssbauer spectroscopy (at 80 K) indicated, for the
first time for the ubiquitous widely studied rhizobacteria of the genus Azospirillum, the
presence of a ferritin-like species as one of the components in the spectra of A. brasilense
(strain Sp245) cells [1], which was later complemented by room-temperature high-velocity-
resolution Mdssbauer measurements on lyophilised biomass of strain Sp245 [2].

Our further transmission Mossbauer spectroscopic study (at 80 K) on another strain of
this bacterium, Sp7 (which often shows ecological behaviour somewhat different from that of
strain Sp245, even under similar conditions; see, e.g. [3] and references cited therein), showed
the presence of a similar ferritin-like component. The aim of this work was to elucidate the
correct assignment of this component. For this study, low-temperature (and in-field)
Mossbauer spectroscopy was applied.

In the Mossbauer spectrum measured at 5 K, a dominant magnetically split component
appeared with the parameters typical of ferritins from other bacteria [4], together with a
quadrupole doublet of a superparamagnetic iron(l11) component and a small contribution from
a high-spin iron(IT) component. The Mdssbauer spectra recorded at 2 K (with or withouta5 T
external field) confirmed the assignment of ferritin. It was also established that about 20 % of
iron(111) in the lyophilised cells of A. brasilense strain Sp7 were present in forms different
from ferritin (i.e., superparamagnetic even at 2 K) and/or as ferritin-like components with
very small particle sizes of the core.

Acknowledgements. This study was performed under the Agreement on Scientific
Cooperation between the Russian and Hungarian Academies of Sciences for 2011-2013
(Projects # 28 and # 29), as well as partially supported by The European Regional
Development Fund (Project CZ.1.05/2.1.00/03.0058), The European Social Fund (Project
CZ.1.07/2.3.00/20.0017) and The Russian Foundation for Basic Research (Grant # 13-04-
01538-a).
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MOSSBAUER STUDY OF EXOGENOUS IRON REDISTRIBUTION BETWEEN THE
BRAIN AND THE LIVER AFTER ADMINISTRATION OF FERROFLUID IN THE
VENTRICLE OF THE RAT BRAIN
Polikarpov D.M., Gabbasov R.R., Cherepanov V.M., Chuev M.A., Nikitin M.P. and
Panchenko V.Y.

The biodegradability of the ferrofluids based on iron oxide nanoparticles and their
complete excretion from a live organism depend crucially on a method of their synthesis. In
ref. [1], a magnetic iron oxide based ferrofluid was administered into a cerebral cavity of a rat
by a direct transcranial injection. Three months later the brain was extracted and analyzed
with the histological and Mossbauer spectroscopy methods. It was found that Fe;O,
nanoparticles, which comprised 92% of all the iron content of the ferrofluid, had completely
biodegraded or had been excreted from the brain, while the iron chemical compound
attending the process of ferrofluid synthesis remained intact in the brain. In the present study
we tried to elucidate the mechanism, by which 92 % of the particles released the brain. FezO4
based ferrofluid was synthesized and proved to be free from the concomitant chemical
compound [2]. It was injected transcranially in the ventricle of the brain of male rats.
Maossbauer spectra of the liver and brain measured in different time intervals after the
injection are shown in Figure. It was found that in the brain (left column) the dextran coated
intrinsic nanobeads first of all break up into separate superparamagnetic nanoparticles. Then
the concentration of the particles monotonically falls with time. In a few hours after injection,
the liver spectrum (right column) demonstrates an appearance of a weak six-line component
corresponding to the initial nanobeads and central superparamagnetic doublet corresponding
to the separated nanoparticles. Then the concentration of exogenous iron in the liver continues
to rise, reaching its maximum in 1 day spectra. With further increase in time after injection
the concentration of nanoparticles in the liver begins to faII Joint analysis of the Mdssbauer
spectra within the previously developed method ' BeSfrmfmmns 100,0%;»:!-%%
[3] allowed us to determine the quantitative *° e
characteristics of the biodegradation process. '
>"Fe Mosshauer spectra measured at 300 K of:
brain (a) and liver b) before injection; brain in 2
hours (c) and liver in 2 hours (d) after injection;
brain in 1 week (e) and liver 1 day (f) after
injection; brain in 1 month (g) and liver in 2
weeks (f) after injection.

[1] D.M. Polikarpov et al. IEEE Trans. on
Magn. 49 (2013) 436-439. X ;
[2] D.M. Polikarpov, et al. Hyp. Int., 2014. R R T
DOI: 10.1007/s10751-013-1002-7.

[3] R.R. Gabbasov et al. IEEE Trans. on Magn. 49 (2013) 394-397.

93



HNCCIIEJOBAHUE BUOJAEI'PAJAIIMN MATHUTHBIX HAHOKOHBIOT'ATOB C
MOJIMMEPHBIM MOKPBITUEM ITPU ITIOMOIIIA MECCBAY3POBCKOM
CHEKTPOCKOIINU
I'a66acos P.P. 1, Ilonukapnos M.A. 1, Uepenanos B.M. 1, Uyes. M.A. 2, Huxntuu M.H.g,
JHee C.M. ® Tlanuenxo B.SI. .

! Hayuonanvnoui Uccneoosamenvckuii Lllenmp « Kypuamosckuti Mncmumymy, Mockea
2@usuko-Texnonoeuueckui Hncmumym PAH, Mockea
3I/IHcmumym ouoopeanuyeckou xumuu PAH um. [llemaxkuna — Osuunnuxosa.

E-mail: polikarpov_imp@mail.ru
MOSSBAUER STUDY OF BIODEGRADATION OF POLYMER COATED MAGNETIC
NANOCONJUGATES
Polikarpov M.A., Gabbasov R.R., Cherepanov V.M., Chuev M.A., Nikitin M.P., Deyev S.M.,
Panchenko V.Y.

A comparative analysis by Mdossbauer spectroscopy of the biodegradation process of
two types of ferrofluids based on the citrate and silica coated iron oxide nanoparticles was
carried out. We measured the Mdssbauer spectra of intrinsic ferrofluids and samples of mice
liver tissues at different time intervals after its injection. The study showed a significant
diversity in the behavior of the nanoparticles in the liver.

B Hamumx mpeaplIynmx HCCIeA0BaHUIX METOJIOM MeccOaydpOBCKOM CHEKTPOCKOMHH
OBLJIO [MOKA3aHO, YTO HAHOYACTHUIIBI OKCUJIA JKEJIe3a, UMEIOIINE MTOJIMMEPHOE MOKPBITUE, I1OCIIE
UHDBEKIIMN B XBOCTOBYIO BEHY MBIIIEH HAKAIIMBAIOTCS B OCHOBHOM B MEYEHH U CEJIE3EHKE C
nocneayrouiel ux ouonerpananueit [1]. IlepBbiit ObICTpBIN 3Tanm mpouecca Ouojerpaganiu
3aKJII0YAeTCs B Pa3pyLICHUHM BHEIIHEH MOJIMMEpPHOM OO0OJOYKH, YTO MPUBOAMT K YMEHB-
[ICHUI0 MAarHUTOJUIIONIBHOTO B3aUMOJACHCTBUS MEXIY COCEIHUMHU CyIeprapaMarHUTHBIMU
HAHOYACTHIIAMU B TEUEHHE HECKOJIBKMX YacOB MOCJIE€ BHYTPUBEHHOI'O BBEACHMS MAarHUTHOU
xunkoctu [2]. B pesynprare MeccOaydpOBCKHE CHEKTPhl M3y4aeMbIX OOpas3IOB IMEYEHU U
CEJIE3eHKU TPaHC(HOPMHUPYIOTCS M3 MarHUTOPACIICIUIEHHOTO CeKcTeTa, HalJIi0aeMoro B
CIEKTpaxX MCXOJHOW MAarHUTHOW >KUIKOCTH, B AYOJIET C pacTyIIled CO BpeMEHEeM Ioclie
WHBEKIMA MTHTEHCUBHOCTHIO [3].

B nanHo#i pabore mpu momomu MeccOaydpOBCKOH CHEKTPOCKONUU OBbLT MpPOBEIEH
CpPaBHMUTEIbHBIM aHaNU3 Ipoliecca Ouojerpafaluy JABYX THUIOB (EppOKUIKOCTEH: C
MOKPHITHEM HAa OCHOBE Ha OCHOBE IUTpaTa U C IMOKPHITUEM Ha OCHOBE KpeMHHUA. Mbl
U3MEPWIM MeCCOayIPOBCKHE CIIEKTPhl HCXOIHBIX (HEPPOKUIKOCTEH M 00pa3IOB MBIIICH
TKaHell TMeYeHW B pa3IMYHble HHTEpPBaJbl BpEMEHU Iociie HHbeKuuu. VccnenoBanue
M0Ka3aJ0 3HAUUTEIbHOE PAaCXOXKJACHHE B MOBEJCHUM HaHOYacTUll B nedeHu. Hampumep, B
MeccOayIpOBCKOM CIEKTpe TKaHEH TIeUeHHU, COoAepXkallluX LUTpPaTHble HAHOYACTHULIBI,
MarHUTOpPACIUICTNIEHHAsT KOMIIOHEHTa, COOTBETCTBYIOIIAS HMCXOAHOH  (eppOKUIKOCTH
MOJIHOCTBIO MCYE3aeT B TEUEHHE 3 4acoB MOCIE MHBEKUUU. DTO O3HAYAET, YTO B TEUCHHE
9TOTO0 BPEMEHM TIOYTH BCE BBEJACHHBIE MAarHUTHBIE HAHOKOHBIOTAT OBLIM PACTBOPEHBI B
OMOXMMMYECKOW cpefe OpraHu3Ma. 2-il THI MarHUTHOW JKUIKOCTH JEMOHCTPUPYET
MPOTUBOMOJIOKHYIO KapTHHY. COOTBETCTBYIOIINE MecCOAYIPOBCKask CIIEKTPhI TKaHEH MeueHu
JEMOHCTPHUPYET HAIMYNE UHTCHCUBHOTO CEKCTETAa, UICHTUYHOTO CIIEKTPY HAYaJIbHBIX YaCTHUII
naxe B 30 pgHe mocne UWHBEKUMH, TO €CTh 3HAYMTEIbHOE YHCJIO MAarHUTHBIX
HAaHOKOHBIOTAaTOB BCE €I11€ COXPAaHSIOT CBOIO LIEIOCTHOCTb.
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SYNTHESIS OF BIOGENIC MINERALS PARTICLES WITH DIFFERENT SIZES
Shapkin A.A., Chistyakova N.I., Kiseleva T.Yu., Zavarzina D.G., Zhilina T.N., Rusakov V.S.

The ratio between number of cells and the available for reduction volume of bacterial
growth medium with ferrihydrite has a great influence on phase compound and particle size
distribution. The samples were obtained during bacterial growth in vessels with a different
Mossbauer and XRD measurement showed that the variation of available for reduction
volume leads to different particle size distribution.

OpHol U3 BaKHEHIINX 33]1a4 COBPEMEHHOW (PU3UKU SIBJISIETCS UCCIIEIOBAaHUE CBOMCTB
HaHOMAaTepPHAaJIOB, OJYYEHHBIX B pe3yJIbTaTe MUKPOOHOIOrHYecKoro cuure3a. Kak u3BecTHo,
JUIsL TpOBEACHUs OOJIBIIMHCTBA PEAKIMM IO HCKYCCTBEHHOMY CHHTE3Y HEO0OXOAUMBbI
KaTaJn3aTtopsl. B To ke Bpems MHUKpOOMOJOTMUYECKHIl CHHTE3 MOXET OBbITh NpPOBEIEH B
YCIOBUSX, ONM3KUX K MPUPOJHBIM, C HCIIOJIB30BAHUEM JIETKOJOCTYIHBIX COEJIUHEHUH.
[TponykTamu OGMOCHHTE3a MOTYT OBITh TaK)kK€ HAaHOYACTHUIIBI MHMHEpaJoB. Tak Kak mporecc
OakTepraibHOro InpeoOpa3oBaHMsl MPOTEKAET B OPraHMYECKON Cpele, JaHHbIE YacTHUIlbI
001ajal0T OpraHu4ecKoil 000JIOUYKON U MOTYT OBITh MCHOJIB30BAHBI B KAUe€CTBE HOCHUTENIEH
JUTISE TOYCYHOMN JIOCTaBKHU JiekapcTB. KpoMe Toro, 3a cuer OOJbIION XUMHUYECKOW aKTUBHOCTH
TaKM€ HAHOYACTULBI MOTYT MCIIOJIb30BAaThCS I YAAJIEHUS HOHOB TSDKEIBIX METaIOB U3
IIOYB U BOJIOEMOB.

baktepus, OKuCIsAs aneTaTr, OCYILECTBISET NMEPEHOC IJJIEKTPOHA HA aToOM JKele3a,
HAXOJALIMICSA Ha TIOBEPXHOCTH YaCTHUIIBI THAPOKCHIA Kele3a — peppuruapura. KommuecTBo
JIEKTPOHOB Ha MOBEPXHOCTH YACTHIIBI 3aBUCUT OT KOJMUYECTBA OAKTEPH, BO3IEHCTBYIOLINX
Ha Hee. [loaTomy mpouecc OuomnpeoOpa3oBaHusl OOYCIOBICH KOJMYECTBOB OaKTEpHIid,
NPUXOISIIUXCS HA YacTULy GeppUTrHAPUTA.

OOpa3ipl ObUIM TOJMYYEHBI B pe3yjbTaTeé BOCCTAHOBJICHUS AaTOMOB Kele3a B
CTPYyKType (eppUruapura Hpu €ro KoHUeHTpauuu Nreqny= 10;45; 100 MM Gakrepueil
Geoalkalibacter ferrihydriticus (mramm Z-0531) [1]. M3meHeHue KOJIMYECTBA KJICTOK,
IPUXOIAIIMXCSA HAa OAHY YacTHIlY, JOCTUIal0Ch € IOMOILIBI0 U3MEHEHHsI OPUEHTALUU COCYAA,
B KOTOPOM OCYIIECTBJISIIICS POCT (TpU OPUEHTALUMU — FOPU30HTAIBHO, KPBIIIKOW BBEPX WIIU
nHoM).  OOpasipel  ObUIM  UCCIEIOBaHbBI C  IMOMOIIBIO  METOJOB  MeccOayIpOBCKON
CTIIEKTPOCKOIUH U PEHTIeHOBCKON AudpakTomeTpuu. O6padoTka MeccOaydIpOBCKUX CIEKTPOB
cyleprnapaMarHiTHBIX 4aCTHULL IIPOBOAMIIACH B MOJIEH MHOTOYPOBHEBOM
cynepriapaMarHuTHON penakcanuud [2], W PEHTIeHOBCKHE HW3MEPEHMs IOKa3aiH, 4YTO
M3MEHEHUE KOJIMYECTBA KJIETOK, IPUXOAAIIMXCA HA OJHY YacTHUILy, IPUBOJUT K U3MEHEHUIO
pazMepa (OpPMHUPYIOMIMXCS YACTHUL], @ TAK)KE€ MEHSET COOTHOILEHHUE MEXIY COJep:KaHUEM
CHJIEpUTA U MAarHeTUTa B 00pasiax.
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A COMPARATIVE STUDY OF LIVER AND SPLEEN TISSUES FROM NORMAL
HUMAN AND PATIENTS WITH SOME HEMATOLOGICAL MALIGNANT
DISEASES USING MOSSBAUER SPECTROSCOPY
Alenkina I.V.}?, Oshtrakh M.1.*?, Vinogradov A.V.3, Konstantinova T.S.?, Semionkin V.A.}?
Department of Physical Techniques and Devices for Quality Control and
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Liver and spleen tissues contain a large amount of iron storage protein ferritin. This
protein consists of the nanosized iron core in the form of ferrihydrite. The size of the core
may vary up to 8 nm depending on the iron content. Usually, the core in ferritin contains of
about 2000 iron atoms in normal case while the largest iron atoms amount in the core may be
up to 4500. There are several human diseases leading to the iron overload in tissues and
ultimately to organ failure. Application of Mdssbauer spectroscopy to study iron storage
proteins and tissues containing these proteins is very useful in order to evaluate the iron
content and structural features in the core for normal and pathological cases [1]. Therefore,
we carried out a comparative study of liver and spleen tissues from normal human and three
patients with mantle cell lymphoma stage IVB, acute myeloid leukemia subtype M4 and
primary myelofibrosis using >’Fe Méssbauer spectroscopy with a high velocity resolution.
Lyophilized samples of liver and spleen tissues in the form of powder were measured at room
temperature. These Mdssbauer spectra of liver and spleen tissues were fitted in two ways
using a one quadrupole doublet fit within the homogeneous iron core model and a
superposition of two or more quadrupole doublets within the heterogeneous iron core model
(see [2, 3]). The results obtained demonstrated an increase in the iron content in spleen tissue
from patients with primary myelofibrosis (up to 7 times) and acute myeloid leukemia (about 2
times) in comparison with that for spleen samples from norm human and patient with mantle
cell lymphoma. However, in case of primary myelofibrosis an increase in the iron content in
spleen was not related to increase in the iron core size [4]. In contrast, the iron content in liver
tissues was found about 6 times higher for patients with acute myeloid leukemia and mantle
cell lymphoma in comparison with normal liver tissue. Some small variations in Mdssbauer
hyperfine parameters was also found for normal and patients’ liver and spleen tissues for two
fitting models. These results may be related to the changes in the iron core formation in
ferritin during studied cases of hematological malignant diseases.
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AN ANALYSIS OF THE FEATURES OF THE LEGHEMOGLOBIN MOSSBAUER
SPECTRA LINE SHAPE IN RELATION TO PROTEIN STRUCTURE
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Monomeric plant hemoglobins (leghemoglobins) bind oxygen molecule to protect the
nitrogenase enzyme complex from oxygen toxicity during the process of nitrogen fixation.
Leghemoglobin contains heme, an Fe(ll)-porphyrin complex which reversibly binds oxygen
molecule. It is well-known that, different leghemoglobins demonstrate variations in oxygen
affinity and heme iron stereochemistry. In this work we present the results of the study of
leghemoglobin using >"Fe Massbauer spectroscopy with a high velocity resolution at 90 K.
An analysis of the features of the soybean leghemoglobin Mdssbauer spectra line shape for
both oxy- and deoxy-forms was done in comparison with the spectrum of the standard
absorber sodium nitroprusside demonstrating a pure Lorentzian line shape. Basing on this
analysis it was shown that the Mdssbauer spectra of soybean leghemoglobin in both oxy- and
deoxy-forms cannot be fitted well using a one quadrupole doublet fit and required at least two
quadrupole doublets. However, in contrast to the features of the Mossbauer spectra of
tetrameric hemoglobins with accounting for the different Fe(ll) electronic structure in o~ and
B-subunits with the equal subspectral areas for corresponding quadrupole doublets (see [1, 2])
in case of monomeric soybean leghemoglobin the areas for two spectral components were
different. Moreover, these areas for two quadrupole doublets were different for oxy- and
deoxy-forms. To explain the reason of these features in the Mdssbauer spectra of monomeric
soybean leghemoglobin the corresponding structural models for the heme iron local
microenvironment were supposed. In case of leghemoglobin oxy-form there are two options
related to i) two conformations of imidazole ring of the distal His E7 or ii) two orientations of
oxygen molecule frozen at 90 K with relative probabilities of about 60 % and 40 % while for
leghemoglobin deoxy-form there are two possible orientations of imidazole ring of the
proximal His F8 with different angles between the imidazole ring plane projection on the
heme plane and the line between two opposite nitrogen atoms of porphyrin pyrrole rings
frozen at 90 K with relative probabilities of about 80 % and 20 %.
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JIOKAJIBHOE OKPYKEHUE 30HOBbIX HOHOB *Sn** B OPTOXPOMHUTAX
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SAMEHIEHUSX
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LOCAL SURROUNDING OF THE °sn** PROBE IONS IN THE PROVSKITE-TYPE
ORTHOCHROMITES UPON HETEROVALENT SUBSTITUTIONS
Fabritchnyi P.B., Afanasov M.l., Mezhuev E., Wattiaux A., Labrugere C., Delmas C.

The main feature of *°Sn Méssbauer spectra of the studied Y1.xCaxCrixTixSNg 00303
samples is the occurrence of a sextet pattern characterized by a hyperfine field Ha,ox (*°Sn) =
65 kOe. This spectral component is accounted for by the formation, in the chromium
sublattice, of the {(Cr®*-0)s-Sn**-0-Sn**-(0-Cr®*")s}associates, bearing no relation to the
considered Ca*" deficit charge compensation schemes.

[puMeHeHIe MeccOayIPOBCKOI CIIEKTPOCKOIMH Ha SApax SN mo3Bosmio
pa3paboTraTh YCIOBHSI CHHTE3a, 00SCIICUMBAIOIINE CEJICKTHBHYIO JIOKATU3AIIHIO 30H/I0BBIX
WOHOB 0JIOBA, KaK B 00bEME, TaK U Ha MIOBEPXHOCTH KPUCTAJUIUTOB OPTOXPOMHTOB P35,
RCrOs [1]. D10 cenano BO3MOKHBIM MPUMEHEHHE 30HIOBBIX SIIIEP 981 s cenextuBHOM
JIMarHOCTHKY MPOIIECCOB, MPOTEKAIOIIMX B COOTBETCTBYIOIINX 00JacTsAX BemecTna. J{is
pa3BuTHs pabOT B TOM HAIIPABICHUH MPECTABIISIOT HHTEPEC U30CTPYKTYPHBIC (hasbl Oosiee
ci1okHOro coctaBa, R1.yMyCrOs, ¢ YacTHYHBIM 3aMeIEHHEM R¥*maM? (M= Cawmu Sr). B
JITEpaType OTCYTCTBYET SAMHOE MHEHHIE O MEXaHM3Me KOMIIeHcauy neduiuta 3apsga M 2,
CIOCOBHO! IIPHBOINTE B OKHCITHTEIBHBIX YCIOBHSX K 06pasoBannto kak Cr'*(3d?), Tak u
Cr6+(3d0). [TosiBnenue psiaom ¢ 11951 11106010 U3 ITHX TOUCHHBIX NeEKTOB JIOJDKHO BBI3HIBATH
cnenuduyeckoe H3MEHEHUE CIIEKTPa, CTAHOBSIIETOCS UCTOYHUKOM CBEJICHHI 00 H3y4aeMOM
npoiiecce 3amenieHus. B 1ok1aae paccMOTpEHbI OPUTHHAIIBHBIE PE3YIbTAThI, OTHOCSIIHECS K
06pasiaM Y1.,CayCriTixSnooosOs, comeprkarum rons! ~2Sn*" B mosummsx Cr¥* B oGbeme
KpHCTAILIATOB. OCOGEHHOCTBIO CIIEKTPOB - SN 06pasoB ¢ X' = () 0Ka3a10Ch MOSBICHHE B HAX
JIOTIOJTHUTEIIFHOTO CEKCTETA, OTBEUAIOIIETO OO0 H4,0K (msn) = 65 k3. J1151 BBISICHEHHS €0
MPOMCXOXKICHHUS PACCMOTPEHO BIIMSIHUEC HA 3HAYCHUS NOJIsl H U CIEKTPaIbHOTO BKJIa1a
COOTBETCTBYIOIIETO CEKCTETA, PA3IHIHBIX CXeM KOMITeHcawun 3apsiaa Ca’t, ¢ npusieucHnem
MOJIEIIM CTATHCTHYECKOro pactpenenenns noHos Cru Cr** B okrasgpideckoii mogpererke.
[osy4eHHbIe pe3y IbTAThl COMOCTABIICHBI C SKCIIEPUMEHTAIBHBIMH CIIEKTPAMHU ~-2S1, a TakKe
— o 3HaYeHnsAMHU KoHLeHTparmu Cr®t, onpeneeHHBIMU TOCPEACTBOM aHAIHN3a LIOMANCH
coctaBHbIX KOMIIOHEHT PDOOC nuka Cr2ps;. OTOT mpreM He MO3BOJIUII, OJHAKO, IPEII0KHUThH
OTHECEHUE CEKCTETY ¢ mojem H = 65 k3 B MeccOay?poBCKOM criekTpe. [lokazarenbcTBoM,
YTO ATO T0JIe He OBLIO 00YCIOBICHO aCCOLII/IaTaMI/I{Sn-O-CI’6+}I/IJ'II/I {Sn-O-Cr**}, siBrmocs
OTCYTCTBHE H3MEHEHHIA B CIIEKTPE 30HIOBBIX HOHOB - SN*" mocie omxura oGpasios B Hy B
yei10BHsIX, obecreunBarommx Boccranosienne Cr®* u Cr** no Cr®*. Tokasauo, uto cexcrer ¢
Ha,ox = 65 K MoKeT 6bITh OTHECEH K acconuaram {(Cri'-0)s-Sn**-0-Sn**-(0-Cr¥*)s}, ube
TIOSIBJIGHUE HE CBSI3aHO C PACCMOTPEHHBIMU CXeMaMH KoMIeHcaruy aedurmra 3apsama Ca”'.

Pabota momnepxkana rpantom POOU (mpoekt Ne 13-03-00040).
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MNPUMEHEHUE MECCBAYYPOBCKHUX 30H10BBIX JJOBABOK *#'Sh 1151
JTUATHOCTUKU MEXAHU3MA JTEMCTBUS ®OTOKATAJIU3ATOPOB HA
OCHOBE TiO,
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APPLICATION OF THE %'Sb MOSSBAUER SPECTROSCOPIC PROBE TO STUDYING
THE WORKING MECHANISM OF TiO,~BASED PHOTOCATALISTS
Korolenko M.V., Fabritchnyi P.B., Afanasov M.l., Labrugere C.

In the presence of H,O, UV activation of antimony-doped anatase-type TiO, powder
samples is shown to result in room-temperature oxidation of Sb** dopant ions located on
surface sites of crystallites. Moreover, the effects of the valence state of the antimony dopant
on the kinetics of the photocatalytic oxidation of oxalic acid in dilute aqueous solutions are
discussed.

OO6maaromuii MOTYITPOBOHIUKOBBIMU CBOMCTBAMH JIMOKCH]I TUTAHA MMEET HIUPOKYIO
3arnpeleHHyo 30Ho# (3,2 3B), BciieacTBHE Yero OH MOXKET NMPOSABIATh POTOKATATUTHIECKYIO
aKTUBHOCTH Jinilb B Y D-nuarna3one npu aiauHax BojH A < 387 M. OOpa3zyromuecs B 3TOM
CJIydac DJICKTPOHBI U JABIPKU CIIOCOOHBI Y4aCTBOBATb B OKUCIIMTCIBHO-BOCCTAHOBHUTCIIBHBIX
peaKuusx ¢ OKPYKAIOIMMMHU MOJCKYJaMH IOJ00HO TOMYy, KakK 3TO HMMEET MECTO IpHU
QJICKTPOJIN3C. O,I[HaKO paGOqu XApPaKTCPUCTUKHU TaKUX KaTaJlu3aToOpOB MOI'YT OLITh B
3HAYUTEIILHOU CTEICHU OrpaHHUYCHbI HM3-3a BJMUAHUA Pa3JIAYHBIX q)aKTOpOB, CBsI3aHHBIX B
MNepByro oduepcab C IMPOCTPAHCTBCHHBIM pPAa3AaCIICHUCM 3apsaJ0B W BPEMCHCM JKHU3HU
(OTOreHepUPOBAHHBIX AIEKTPOHOB W JABIPOK. [lo3TOMY co3maHue W onTHUMH3AIUs paboThI
COOTBETCTBYROIIIHUX q)YHKHI/IOHaJ'IBHBIX MaTcpualioB Q)aKTH‘IeCKI/I CBOIATCS K BBIICHCHHUIO
3aBHCUMOCTH 3THX (PaKTOPOB OT OOBEMBIX M TTOBEPXHOCTHBIX CBOMCTB YaCTHIl KaTalU3aTOPA.
Kpome Toro, misi Oojiee mMPOKOro TpUMEHEHUs (oTokaranm3aTtopoB Ha ocHoBe T10;
HGO6XOI[I/IMa BO3MOXHOCTHh UX aKTHUBallUN C UCIIOJIB30BAHUEM BUIUMOI'O CBETA. I[HSI PCIICHUA
9TOM 3a/1auu B OOJILIITMHCTBE OMYOJMKOBAHHBIX K HACTOSIIEMY BpEMEHU pabOT MPUMEHSIIOCH
BBEJCHUE DPA3IUYHBIX MOIUPUIMPYIOUMX 100aBoK. OJHAKO, MEXaHH3M HX BO3ICHCTBUS
4aCTO OCTaBaJICA HEBBIICHCHHBIM HM3-3a OTCYTCTBUA JOCTOBEPHBIX CBCILGHI/II\/’I KaK O BaJICHTHOM
COCTOSIHUHM, TaK W O XapaKTCepe paclpCACICHUSA JICTUPYIOIIUX aTOMOB OTHOCHUTCIIbBHO
noBepxHoctd vacturl T10,. Jlmg Toro, dYroObl BOCIOJHUTH YyKa3aHHBIA MPoOEI,
OOYyCIIOBJICHHBII1 HEJOCTaTOYHOW UYYyBCTBUTEJIBHOCTHIO paHee MPUMEHSBIIMXCS METO0B
(I)I/ISI/IKO-XI/IMI/I‘-ICCKOI‘/’I JUAarHOCTHUKH, MbI MpCATIpUHSAIIN IIOIIBITKY BOCITIOJIB30BAaThHCA
uHbOpMAIlHeii, coxepKaleiics B MeccOayd)POBCKHX CIIEKTPAaX 3OHAOBBIX KATHOHOB - Sb,
HUKOT'ZIa HC TIPUMCHABIINXCA JId H3YUCHUA (bOTOKaTaHH3aTOpOB YKa3aHHOI'O THIIA. B
JIOKJIaJie MIPECTABIIEHBl PE3YJIbTAaThl UCCIE0BAHUS MOMUKpUCTaIndeckux oopasuos Ti0; co
CprKTypOﬁ aHarasa, COACpiKallux 0.6 at.% wnoHOB CYPbMBI, CCIICKTHUBHO JIOKAJIM30BAHHBIX
b0 B 00beMe, TUO0 HAa MOBEPXHOCTH KPUCTALIUTOB. [IpoBeneHHbIE HAMU HCCIEIOBAHUS
IMMO3BOJIMJIM BIICPBLIC Ha6J’IIOI[aTL IMPOSBJICHUC (bOTOKaTaHHquCKOﬁ AKTHUBAllUKU TIpU YO-
0GIIyYCHIH TIOPOIIKOB aHATA3a B MeccOaydPOBCKHX CIEKTPAX 30HIOBBIX KATHOHOB 2Sh**
JIOKAJIM30BAHHBIX B IIO3HMHOUAX ITOBCPXHOCTHOI'O THIIA. KpOMC TOro, B AOKJIAIC 6yz[eT
PACCMOTPCHO BJIMAHUC BaJICHTHOI'O COCTOAHUS MNMPUMCCHBIX HOHOB CYPbMbl Ha KHHCTHKY
pe€aKkuuun (I)OTOKaTaJ'II/ITI/I‘leCKOFO OKHCJICHUA maBeneBoﬁ KHCJIOTBI.

Pa6ora moxnep:kana rpantom PODU (mpoext Ne 13-03-00040).
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MOSSBAUER SPECTROSCOPY OF MULTIFERROIC OXIDES
Sobolev A.V., Presniakov I.A., Rusakov V.S., Belik A.A., Glazkova la.S., Matsnev M.E.,
Gapochka A.M., Gubaidulina T.V., Gorchakov D.E., L'okina Yu.O.

This work is devoted to *'Fe Mdssbauer investigations of oxides multiferroics of
transition metals having different crystal types. Several models of spectra fitting were
proposed and global analysis of hyperfine parameters were performed under these models.

B nanHnoit pabote mpoBezeH 0000MIAIONIHMI aHAIM3 HETaBHO MOJYYE€HHBIX PE3yIbTaTOB
MeccOaydIPOBCKUX HCCIIEIOBAHMIT CBEPXTOHKHX B3aMMOICHCTBHIT siep ° F€ B HECKOIBKHX
CeMEHCTBaX CIIOKHBIX OKCHUIOB IEPEXOAHBIX METAIOB, MPOSIBISIONINX MYIbTU(EPPOUTHBIE
cBoiicTBa. B xauecTBe 00BEKTOB MCCIIEJOBaHMSI ObUIM BHIOPAaHbI COEMHEHMSI, OTHOCSIIUECS K
MyYJIbTH(QEpPPOUKaM TEPBOTr0O pojJa co CTpyKTypoil Tuma mnepoBckura BiMOs; (M = Fe, Mn) u
xkopyHaa AFeOsz (A = Sc, In), a Takke BToporo pojaa — co CTpyKTypamu Tuma jaenadoccura
AMO; (A = Cu, Ag, Li; M = Fe, Cr, Mn) u “nBoitabix nmeposckuto” AMn;O1, (A = Ca, BI,
La). MeccOayspoBckre M3MEpeHHs MPOBOJMIMCH Ha SIIPaX aTOMOB JKeJe3a, SIBIISIOIINXCS
OCHOBHBIMHM KOMIIOHEHTaMH HcclieAyeMbIX (a3 (peppuThl), a TakKe BBICTYNAIU B KauecTBE
30H/I0B, BBOJIUMBIX B MUKpoKoaudecTBax (~ 1 ar.%) B CTpyKTypy M3y4aeMOro COEIUHEHUS
(MaHTaHUTBI U XPOMHUTHI).

H3mepenne MmeccOayIpoOBCKUX CIIEKTPOB pacCMaTPUBAEMbIX OKCUIOB B TapaMarHUTHOM
obmactu remnepatyp (T > Tn) mokazanu HHAYLHUPOBAHUE HA AIpax >’Fe BBICOKHX I'PAaJIUEHTOB
anextpudeckux nosei (I'II1). [IpoBeneHHbIe pacueTsl B paMKaX HOHHOW MOJIENN TTapaMeTPOB
tern3zopa ['OI1 cBuaeTensCTBYIOT O TOM, YTO HauOonbiuii Bkiaa B ['DI1 cBsa3aH ¢ AUMIONBHON
COCTABIISIOLLEH, 00YCIOBICHHOM BHICOKOI Mmomsipu3yeMocTsio noHoB O (0o) u Bi®* (agi). B
paboTe paccMaTpUBAIOTCS BKJIAJbl B TEH30PBI 0o U Olgj, OCHOBHbBIE M3 KOTOPBIX CBSI3aHBI CO
CMEIIEHHEM COOTBETCTBYIOIIMX MOHOB U3 MX IIEHTPOCUMMETPUYHBIX IMO3UIUH (peIIeTOYHbII
BKJIan) W Jedopmarueii uX AJIEKTPOHHBIX 000JIOYEK (RJIEKTPOHHBINH BKIan). Y CTaHOBJICHO,
YTO MEXAHHM3MBI MHIYLMPOBAHMS HCHYICBBIX JHIONBHBIX MOMEHTOB Ha monax O° u Bi®'
HETIOCPEACTBEHHO CBSI3aHBI CO CIEIU(PUKON AIEKTPOHHON CTPYKTYPBI UCCIEAYEMBIX CHCTEM
(opOuTanpHOE M 3apsA0BOE YIOPSAIOYCHMS, AHU30TPONHsS OOMEHHBIX B3aUMOJCHCTBUH,
YIIOPSIOYCHHE “‘CTEPEOXUMUIECCKH aKTUBHBIX ~ HETOACTICHHBIX dJIEKTPOHHBIX Tap).

MeccbayspoBCKUE CIIEKTPbI, U3MEPEHHBIE B MAarHUTOYNOPs1oueHHOI obsactu T < Ty,
JEMOHCTPHUPYIOT YITUPEHHYIO, KaK MPaBUJI0, ACHMMETPHUYHYIO 36€MaHOBCKYIO CBEPXTOHKYIO
CTPYKTYpY, XapaKTEepHYIO ANl MAarHUTHBIX CHUCTEM C MPOCTPAHCTBEHHO MOAYIHPOBAHHBIM
HEKOJUIMHEAPHBIM CIIMHOBBIM YIOpsiioueHneM. Hamu paccMOTpeHBl KOHKPETHBIE MPUMEPHI
MOJIeJIbHOU pacu(pPOBKH SKCIEPUMEHTAIBHBIX CIEKTPOB, OCHOBAHHON Ha MPEANONIOKECHUH
0 KOpPPEeJSIUH 3HAYCHUH KBAJIPYNOJIHHOTO CMEMICHHUS (€) U MATHUTHOTO CBEPXTOHKOTO ITOJIS
(Hnf) Ha smpax >"Fe, H3MEHSIOLINXCS BIIOTb pacnpocTpaHeHusT MOAYJIMPOBAHHON MAarHUTHON
CTPYKTYpHI (remuKousl unn nukionasl). [Tokasano, 94to cBepxTtoHkoe none Hys mposiBisieT
cymiectBeHHY0 aHu3oTporuio Hpf(3) (9 - mosmspHbIH yron Mexay HampaBICHUSMH CIHHOB
nosoB Fe** u raBHol KoMmoHeHTOH Tersopa I'II1). B paboTe paccMaTpHBAIOTCS PA3IHUHBIC
MeXaHU3MBbI TOJJOOHON aHU30TPONHHU, BKIOYAs AUIMOJIBHBINA M OpOUTAIBHBIN BKIIAJIBI, a TAKKE
AQHU30TPONHIO CBEPXOOMEHHBIX MAarHUTHBIX B3aUMOJICUCTBUN NEPEXOTHBIX METAILIOB.

Pa6ora npoBoauiacek npu GpuHancooi nomuepkke PODU (rpant Ne14-03-00768a).
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USING MOSSBAUER SPECTROSCOPY FOR THE ANALYSIS OF SELF —
PROPAGATING HIGT TEMPERATURE SINTESYS FERRATES
Perfiliev Yu.D., Kulikov L.A., Popova E.V., Duryagina E.V. Zobnin, V.A

The work is devoted to application of the express method of obtaining ferrates Na and
K. Due to its oxidizing properties they recently found practical application especially for so-
called ferrate technologies of water treatment. A method of self-propagating high temperature
synthesis (SHS) was used. SHS is the process of moving chemical reaction wave on the
mixture of reagents with the formation of the final products. Sample preparations were
implemented in different conditions: changing molar ratio of the reacting substances, time and
temperature of a reaction. Mdessbauer spectroscopy was used for analysis of the reaction
products.

Pabora nocesieHa NpUMEHEHNIO YKCIIPECCHOT0 MeToj1a rosydeHus gpeppatos Na u K.
brnarogaps cBOMM OKHCIHUTEIBHBIM CBOWCTBAM OHU B TIOCIEAHEE BpEeMsl HaXOISIT
NPaKTUYECKOe NpPUMEHEHHE, OCOOCHHO JUIsi TaK Ha3blBaeMoW (eppaTHOH TEXHOJIOTHH
OUYHUCTKHU BOJIBI. beun UCIOJIb30BaH METO/T camMopacHpOCTPAHSIOLIETOCs
BbicokoTemneparypHoro cunreza (CBC). CBC — 3To0 mporecc NepeMelieHusl BOJIHBI
XUMHYECKON peaklMd MO CMECH pPEeareHToB ¢ 00pa3oBaHMEM KOHEYHBIX MPOAYKTOB. [lns
nonyueHus: (epparoB OBLIM HWCHOJIB30BaHBI METOAWKH MPHUTOTOBICHHS o0pasia mpu
pa3IMYHBIX YCJIOBHSX: HW3MEHEHHE MOJIBHOTO COOTHOUICHHSI pEearupyromux BelIeCTB,
TeMIieparypa CHHTe3a U Bpems HarpeBaHusi cMecu. beum miyuenst cmecu FeyOz u NaO, B
MOJILHOM cooTHomenuu 1:4, 1:10, 1:20, 1:40, 1:70 u 1:100 npu temneparypax 500 — 600°C u
BpemeHu HarpeBa 1- 1.5 muHyT. OOpaboTka MeccOaydIpOBCKMX CHEKTPOB IOKasaia, 4To B
pe3yabpTaTe peakiuuu o0pa3yloTcs HECKOJIbKO (OpM COCTOSTHUS OKHCICHHs (C. 0.) XkKenesa.
Hapsiny ¢ Fe™ u Fe™ IIPUCYTCTBYIOT JIUHUU C.0. +6,+7 1 +8 [1]. MoKHO npeAnonaokuTh, 4To
9TO MPOMCXONUT B pe3yibTaTe AUCIPONOPLMOHMpoBaHus (opmel Fe™. Omnnm  u3
HOJTBEPKICHUHN ITOMY SIBIISIETCS YMEHBIICHUE BBIXOAA (DOPMBI Fe™ u YBEJIIMYEHHUE BBIXOJa
Fe'?, MOJIy4YE€HHBIE IIPU PA3IMYHBIX BpeMeHaxX u3MepeHusx oOpas3uos oT 1 1o 20 nHel mocie
cunteza. Cmech KO, u Fe;,03 B MonsHOM cooTHomenuu 4:1 mpu temneparype 600°C wu
BPEMEHH BBIIEPKKU | MUHYTa IPUBOJUT K 00pa3oBaHuio (HOpM C.O. Fe”u Fe™. Cunres, B
KOTOpOM HucmoJsib3oBaiach cMech KO, m Fe,O3 B MombHOM cooTHomeHuu 6:1 mpu
temmneparype 600° C u Bpemenu 50 ¢, IPUBOAUT K 0Opa3oBaHuio HopM C.O. Fe™, Fe™ u Fe™®
B cnywae ucnonb3oBanus cmecu KO; u Fe B MonpHOM cooTHomeHuu 7:1 mpu Takux ke
TEeMIepaType M BpeMeHH oOpasyercs TOIbKO (OpMBI C.O. Fe®u Fe™. Ilpu momnbHOM
cootHomenun cmecu KO u Fe;O3 10:1 mpoxykramu peakuuu SBISFOTCS Hapsgy ¢ Gopmoit
c.0. Fe™ take Fe™ u Fe™® . Opnaxo, coziepkanue (GopMbl B C.0. Fe* IIPUMEPHO B IIATh pa3
OoJbI1e.

Ha ocHOBaHuM 53KCHEPUMEHTANbHBIX JaHHBIX, MOJTYYEHHBIX ISl PA3UYHBIX COCTABOB
cMecen u YCJ'IOBI/II\/JI IMMPOBEACHUA CUHTEC3a, MOXKHO CA€JIaTb BBIBOJ, YTO HpeI[J'IO)KeHHI)If/'I croco0
nosyueHus: (GeppaToB SIBISIETCS OBICTPHIM U yIOOHBIM M MOXET OBITh HCIIOJIb30BaH IS
IIPaKTUYECKUX LETIEH.

1. C.K. denymenko, 0. /1. Ileppunpes,M.A.Uyes, A.M.Adanacees, K. Heopr. xumuu, 2010,
55, Ne 6, 1009-1016.
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CHANGE OF IRON STATE IN FERROSPHERES UNDER THE INFLUENCE OF
THE REACTION MIXTURE IN THE PROCESS OF OXIDATIVE COUPLING OF
METHANE
Rabchevskii E.V.%, Pletnev O.N.?, Anshits 0.V.}, Bayukov O.A.,* Anshits A.G."?
YInstitute of Chemistry and Chemical Technology SB RAS, Krasnoyarsk, Russia.

2 Siberian Federal University, Krasnoyarsk, Russia
Kirensky Institute of Physics SB RAS Krasnoyarsk, Russia
rabchev@icct.ru

A preliminary research of relationships between composition, morphology, structural
characteristics of iron-containing phases, and catalytic properties of narrow fractions of
ferrospheres separated from four known types of ashes (S, FS, CS and FCS) allows us to find
common dependencies of composition and function properties of ferrospheres [1, 2].

In particular, it was shown that ferrospheres with Fe,O3 content <80 wt.% are deep
oxidation catalysts, and those with Fe,O; > 89 wt.% are catalysts of preferential
transformation of methane to C, — hydrocarbons [2].

The report presents the results of a systematic study of the population of the iron

positions of a-Fe,03 and Fe3+gA+B),

0,16 Fe>**(B), Fe"®"(B), Fe"***(B),

. 22 o Fe™**(B), Fe"**(B) positions of
012 | % magnetite spinel phase, diluted with

' T 3+ 2+ 2+ : -
S 8 18 £  AI’, Mg®™ u Ca™ cations in the
= o = € initial ferrospheres and after the
=008 - m |14 € catalytic reaction at 750°C and
‘E@ o 8 CH4/O; =9 in the reaction mixture.
L goal o o 110 The  comparison  of the
I ° m ] 5 catalytic properties of ferrospheres
m 1os with Fe,O3 content 36-97 wt. % and
0,00 ——ea-—mmm e the population of the different

76 80 84 88 92 96 100 .- .
positions of iron was performed.

Content of Fe,Og, wWt. % In particular, it was shown that
Figure 1. Dependence of the population of Fe"*" positions gp ferrospheres of FexO,~CaO
in ferrosphgres (O) and yield of C,- hydrocarbons (H) in systems simultaneous increase of the
OCM reaction on total Fe,O3content. yield of Cy-hydrocarbons and
amount of structural defects Fe'"**
(B) was observed leading to the changes of methane conversion route (fig 1.)

The report discusses the role of structural defects in the stabilization of various oxygen

forms, which are active in the conversion of methane to form a CO, and/ or C, hydrocarbons.

This work was supported in part by the Siberian Branch of Russian Academy of
Sciences (Interdisciplinary Integration Project No. 52)

Literature:
1. Sharonova O.M., Anshits N.N., Solovyov L.A., Salanov A.N., Anshits A.G. Fuel 111
(2013) 332-343.
2. Vereshchagin S.N., Kondratenko E.V, Rabchevskii E.V, Anshits N.N., Solov’ev L.A.,
Anshits A.G. Kinetics and Catalysis. 53 (4) (2012) 449-455.
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KATAIMTUYECKASA CUCTEMA TUIIA IUTJIEPA-HATTA HA OCHOBE TPUC-
AOETUJALHETOHATA KEJIE3A U TPUDTUJIAJTIOMUHUSA
bponckuii A.P.
Hnemumym opeanuueckozo kamanuza u snekmpoxumuu um. /{.B.Coxonvckoeo, 2. Aimameol,
Kazaxcman
CATALYTIC SYSTEM OF ZIEGLER NATTA TYPE BASED ON IRON
ACETYLACETONATE AND TRIETHYLALUMINUM
Brodskii A.R. albrod@list.ru

The mechanism of interaction of the components of Fe(CH3;COCHCOCH;); —
Al(C;Hs)3 system in toluene at 293K was studied using Mossbauer spectroscopy. Al/Fe ratio
was varied from 1 to 8. It was found that polynuclear complexes (associates) bring great
contribution to catalytic activity of the system in cyclohexene and phenylacetylene
hydrogenation.

Metonom MeccOayIpOBCKOM CHEKTPOCKOIUHU MIPOBEJICHO WCCIIEIOBaHHE
katamuruaeckor cucrembl Fe(CH3COCHCOCHj3); — Al(CoHs)s [Fe(AcAc)s — AlEt;).
PacTtBoputenem ciayxun toayos. Cuctema GpopMupoBanack B aTMocdepe aproHa u BOJ10poJia
no Meroauke, omucanHod B [1]. Temmeparypa dopmupoBanus 293K. CooTHomieHue
kommoneHtoB Al/Fe BapbupoBamoce or 1 mo 8. IlpoOsl s meccOay’pOBCKOIA
CIIEKTPOCKOITUU TOTOBWJIMCh 10 MeTonuke, onucanHod B [2]. ChoekTpsl ObICTPO
3aMOPOXKEHHBIX MPOO, CHUMAIUCH MPU TEMIIEpaType JKUIKOTO a30Ta Ha crnektpomerpe CM
2201. HcrouyHukoMm ciyxuia KobampT 57 B Marpuie Xpoma, aktuBHOcThiO 100 MKw.
Bennuunbl n3omepubix cauroB (IS) mpuBeneHbl oTHOCUTENBHO a-Fe. QS — kBampymonpHOE
paclerieHue.

Crextp ucxoaroro Fe(AcAc); npu 80K — ymupennsiii cunriet ¢ IS ~ 0,53 mm/c. Tpu
ornomennn Al/Fe = 1 mpoucxoaut BoccranoBienue Fe(ACAC); mo Fe(AcAC),, mpuuem
coJiepkaHue mocieaHero Aoxoaut a0 75 — 80%. OcranpHOe MpuXoauTcs Ha Gopmy Fe** ¢
napametpamu IS ~ 0,49 - 56 mm/c, QS ~ 0,80 — 0,90 mm/c (hopmMBI HECKOJIBKO MEHSIIOTCS B
3aBHCHMOCTH OT aTMoc(epbl (POPMHPOBAHHS CHCTeMbI). MOXkHO momarath, 4to dopma Fe®*
SBIsICTCS pe3ynbraTtoM 3amerieHust B Fe(ACAC)s omaoro ACAC Jurania Ha aJKUIbHBIMH.

VYeenmuuenue coxpepkanusi AlEt; B cucteme mpuBOIUT K OJOKMPOBAHHMIO MapiipyTa
B3aUMOJICHCTBHS KOMIIOHEHTOB, TIPUBOIAIIEro K oOpaszoBanuio Fe(ACAC), u npu Al/Fe > 6
ero mpakruiyecku Her. Haumnas c¢ Al/Fe > 2 nosmisercs ¢opma mo meccOayd?pOBCKUM
napameTpam aHajorudHas Gopme Fe(X), HaOmomaBmielicss B CHCTEMaXx Ha OCHOBE
KapOOKCHIIaTOB Jkene3a M ankwioB amomunus [3]. Popma Fe(X) Obuta cBszaHa c
MarHUTOYIOPSA0YCHHBIMA TIOJHSIIEPHBIME 00pa30BaHUSME, KOTOPBIE, OJTHAKO, HE SBIISUIUCH
MEJIKOIUCTIEPCHBIMH YaCTHYKAMH METAJTHYECKOTO Kee3a.

B nacTosimieii pabote 00CyKIaeTcsi MEXaHHU3M B3aUMOJICUCTBUSI KOMIIOHEHTOB CHCTEMBI
Fe(AcAc); — AlEts, ero cxoacTBO M OTIMYMS OT TOrO, YTO HAOJIIOJIATIOCH JUIS CHCTEM Ha
OCHOBe KapOokcmiaToB kene3a. [TokazaHo, 4TO MMeeT MeCTO OJIM3Kask aHAJIOTHUS MPOIECCOB,
MPOTEKAIOIIUX TPU B3aUMOJICHCTBUU KOMIIOHEHTOB 3THUX CHUCTEM, OJHAKO C OMpeAelIeHHBIM
TEMIIEpaTypHbIM CIBUTOM. /I CHCTEeM Ha OCHOBE KapOOKCHIATOB XKele3a, MapIipyT,
npuBo i K oOpazoBanuio Fe(Ci7H3zsCOO), peamusyercs TOIBKO NpU TeMIeparypax >
333K [3]. Ha npumepe ruapupoBaHus MHUKJIOTEKCeHa U (heHUJIANETUIICHA YCTAaHOBIIEHO, YTO
OTPEICTSIONIYI0 POJIb B KaTATUTHYECKOW akTuBHOCTH cucteM Fe(ACAC); — AlEt;, kak u B
cllydae CHCTeM Ha OCHOBe kapOokcuinatoB [3], urpaer gpopma Fe(X).

1. A.P. bpoackuii, H.®. HockoBa. Koopaunanmonnas xumus, 1995, 1. 21, Ne 2, 83-94.

2. A.P. bponckuii. BectHuk Ka3zaxckoro HalMOHAJIBHOTO YHUBEpPCHTETAa WM. Allb-
®dapabu (cep.xum.), 2011, Ne 1(61), 43-49.

3. A.P. bpoackuii. U3Bectust PAH, (cep. ¢pus.), 2013, 1. 77, Ne 6, 827-833.
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TO THE APPLICATION OF THE EMISSION MOSSBAUER SPECTROSCOPY FOR
DETECTION OF CHEMICAL CARSINOGENS
Byakov V.M., Perfiliev Yu.D., Kulikov L.A., Stepanov S.V.

Chemical carcinogens are now considered as the main cause of cancer. Usually they
are electrophiles, having high electron affinity. We have shown that positron annihilation
spectroscopy (PAS) can detect chemical carcinogens by means of inhibition of positronium
(Ps) atom formation in liquid media under the presence of dissolved carcinogens.
Electrophilic carcinogens intercept thermalized track electrons (Ps precursors) and thus
efficiently inhibit Ps formation [1]. Awvailable biophysical data indicate that as an
investigating medium (water; simulates intracellular environment) it is also possible to use
frozen aqueous solutions. So Emission Mossbauer Spectroscopy (EMS) may be used for
identification of chemical carcinogens. It allows to determine the final output of the charge
states of °'Fe?* and *’Fe®" ions, formed in reactions with secondary thermalized electrons in
the Auger blob [2]. Therefore, EMC and PAS can be considered as complementary methods
in screening of chemical carcinogens.

OCHOBHOW NPUYMHON OHKOJOTHMYECKUX 3a00JeBaHUN B HACTOAIIEE BPEMs CUMTAIOTCS
XUMHNYECKHUEC KaHICPOTCHEI. Kax IpaBuJo, XUMHNYECKHUEC KaHICPOTCHEI SIBIISTFOTCSI
ANIEKTPOUIaMH, TO €CTh 00J1a/Ial0T BBICOKUM CPOJICTBOM K DJIEKTPOHY. MBI Moka3zaiiu, 4To
MO3UTPOHHAS aHHUTWIAIHOHHAs crekTpockonus ([TAC) MoOXeT BBISBIATh XUMHUYECKHE
KaHIIepOTreHbl 10 MHTUOMPOBAHUIO OOPA30BAHUIO aTOMa IMO3UTPOHHS B KHUIKHUX Cpelax B
[IPUCYTCTBUNA pacTBOPEHHBIX KaHILIEPOI€HOB. DnekTpoduIbHbIC KaHLIEPOr€HbI
MEPpCXBATBIBAOT TCPMAJIN30BAHHBIC TPCKOBLIC 3JICKTPOHBI, ABJIAOITUECA
MpEAMCCTBEHHUKaMU PS, " B PE3YJIbTATC B UX MPUCYTCTBHUU aTOM IMO3UTPOHUA IMPAKTUICCKU
He oOpasyercs [1]. Umerommecs Onodu3nyeckne MaHHBIE YKa3bIBAIOT, YTO B Ka4yecTBE
I/I3y‘laeMOI71 CpCabl (BO,Z[a), MO,Z[CJ'II/IpyIOH_Ieﬁ BHYTPUKJICTOUHYIO, MOKHO HCIIOJIb30BATh HC
TOJIBKO >KMJIKOCTh, HO U 3aMOPOKEHHBIN CTEKI000pa3Hblil pacTBop. Toraa [uisi BBIIBICHUS
XUMHUYCCKUX KAHOCPOICHOB MOXHO HCIHOJB30BATH SMHCCUOHHYIO MeCC6ay3pOBCKYIO
crnektpockonuio  (OMC), TMO3BOJSIOIIYIO OMPEACNATh BBIXOJ KOHEYHBIX 3apsIOBBIX
COCTOSIHUM HMOHOB 57F62+ u 57Fe3+, 06p8.3y10H_II/IXC$I B pcaKnuiax C€ BTOPHUYHBIMU
TEPMAJIM30BaHHBIMH JJICKTPOHAMH B 0xke-01100¢ [2]. [IpomenaHHble HAMU HCCIICIOBAHUS
IMoKa3aJii, 4YTO IPOLCCChl, HHUIUHUPYCMBIC pacClagoM AACP 57CO, CX0XH C TEMH, YTO
IPOUCXOAAT B TpeKax OBICTPBIX MO3UTPOHOB M AeKTpoHOB. lloatomy OMC u ITAC
OKa3bIBAKOTCsA B3aUMOAOITOJIHAIINMA METOJaMU.

1. V.M. Byakov, S.V. Stepanov, O.P. Stepanova. Phys. Stat. Solidi C, 2009, 6(11), 2503-
2506.

2. C.B. Cremanos, B.M. bsxkog, 10./1. Ilepdunses, JI.A. Kynukos. 13B. PAH. Cep.
¢buszuu. 2013, 77(6), 847-851.
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DOUBLE EXCHANGE DRIVEN FERROMAGNETIC ORDERING IN MIXED-VALENT
IRON NETWORKS WITH REDOX-ACTIVE LIGANDS, [Fes(CeX204)3]*
Ovanesyan N.S.*, Nikitina Z.K.%, Shilov G.V.*, Mushenok F.B.}, Aldosin S.M.},

Train C.%, Li Y.2 Gruselle M.

An intermediate valence state of iron (~ Fe**") related to the rapid electronic exchange has
been detected by the Mossbauer spectroscopy in Fey(CX204)3]* networks leading to a
ferromagnetic long-range order of iron magnetic moments following the double exchange

mechanism.

Hamueit LIEJIBIO SIBIISIIOCH CHCTEMATHYECKOE
UCCIICIOBAaHHE CEMEHCTBA OKCAJIaTHBIX MAarHETHKOB
KacaTeJIbHO COCYIIIECTBOBAaHUS B OJIHOM Marepuale
HECKOJIBbKUX (DU3NYECKUX CBOKMCTB M PE3YNbTHPYIOIINX
Kpocc-a(b(beKTOB[l]. [Mocnemyromas 3a1a4ua 3aKIr09YaIaCh
B 3aMCHE OKCAJIAaTHOTO JIMTaHJa Ha PEIOKC-aKTHBHBIMN
MOCTHUKOBBIN JIATAH[ CEMENCTBA  JUTHAPOKCH-
Gensoxnnonos, (CeX,0.)>, X = H, CI, Br.
CrpyKkTypHBIE UCCIIEI0BaHUs [IOKa3ally, 4TO
UCIIOJIB30BaHUE  XJIOpAaHWJIAT-TUAHHOHA TPUBOAUT K
06pa3oBaHnio CcOTOMONOOHBIX cetok, [Mo(ClAN)s]*
M=Mn, Fe, pa3aeneHHBIX 3apsA0-KOMIICHCUPYIOIIUMHU
OpraHWYECKUMU KaTHOHaMH. MeToaoMm Me006ay3£>o13c1<0171 CHEKTPOCKOIHUH YCTAaHOBIIEHO
MIPOMEKYTOUHOE BAJIGHTHOE COCTOSIHHE *kene3a (~Fe '5+) B pe3yJbTaTe AIEKTPOHHOTO 0OMEHa
Mexay cocrostmsive Fe* . Fe®*. TTonoGublii 0OMeH NpHBOANT K (EeppOMATHHTHOMY
YIHOPAAOUYCHUIO MArHuTHBIX MOMCHTOB JKCJI€3a B COOTBETCTBUHM C MCXaHU3MOM )IBOﬁHOl"O
obmena o Anaepcony. bonee Toro, ’TOT HEOXKHIAHHBIA PE3YJIbTAT CBSA3aH C 00Opa30BaHUEM
CEMUXHMHOHA, COOTBETCTBYIOLIEro TpranuoH-paaukana (CA) ¥, crocoberByrowero yeunenuo
0OMEHHOTO B3aMMOJICHCTBHSI B CHUCTEME. leMmIepaTrypHble MeccOaydpOBCKHE W MarHUTHBIC
uzmepenust M(T), M(H) u AC(T) Beimosiensl B unTepBaie Temmeparyp 1.5 — 300 K u B
MarHuTHBIX TTOJIsIX 710 70 K3.

B omnuume OT OOJIBIIMHCTBA MOJICKYJISIPHBIX MArHETUKOB, OOBIYHO OTHOCSIIUXCS K
KaTeropuu JIUAJIEKTPUKOB, OBICTPBIA JJIEKTPOHHBIH OOMEH MeXAy IapaMarHUTHBIMU
HEHTPaMU TPernoiaraeT MoJynpoBOJIHUKOBBIN XapakTep MPOBOAMMOCTH C Malloil dHeprueu
AKTHUBaAILIUU. Takum 06pa30M, BIICPBBIC ITOJYUCHBI HOBBLIC Q)YHKHI/IOH&HI)HI)IC MOJICKYJISIPHBIC
MaTepHalbl, COUYCTAIOIINE B OAHOM MmoaperieTke peppoMarHeTu3M U 3JICKTPOIPOBOIHOCTb.

1. C.Train, R.Gheorghe, V.Krstic, L-M.Chamoreau, N.Ovanesyan, G.Rikken, M.Gruselle, M.
Verdaguer, Nature Mater., 2008, 7, 729.
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Y Xumpax MI'Y, Mockea,; > HUUA® MI'Y, Mockea; ° THL] TPUHUTH, Tpouyx, Mockea
lakulikov@mail.ru
STUDY OF THE COMPOSITION OF MAGNETIC IRON OXIDE RECEIVED
THERMOCHEMICAL METHODS USING MOSSBAUER SPECTROSCOPY
Kulikov L.A., Melikhov L.V., Perfiliev Yu.D., Pall A.F., Peretyatko P.I.

In this paper a thermochemical method was used to obtain magnetic nano and submicron
iron oxide. The obtained sample has a high specific surface area and magnetic characteristics,
convenient for its using as a magnetic sorbent in particular for cleaning, for example to
clean water surfaces from pollution by oil products.

B nanHo#i pa®oTe Uil MOJy4eHHsS MarHMTHBIX HAHO M CYOMHUKPOHHBIX OKCHJOB XKelle3a
OBLII HKCIIOJIL30BAaH TepMOXI/IMI/I‘{eCKI/II\/'I METOA. B ocHoBe METOHa JICKUT OCYIICCTBIICHUC
CHUJIbBHOHCPABHOBCCHBIX OKHCIUTCIIBPHO-BOCCTAHOBUTCIIbHBIX IMponIccCcoB BO (1)p0HTe
camopacnpocTpaHstomeics TBepaodaszHoil peakuun. Mcxomnas cmech cocrosiia u3 o-Fe;03
(HamonHMUTENS) UM TETEPOreHHOM TEePMUTHOM cmecu (OeprosieToBa COJIb, CTEKJIO MOJIOTOE,
CYpHK, KJeW KOCTSHOMW, cepa, Oelnia IMHKOBBIE, XPOMIMK). AHAIU3 NPOJYKTOB PEAKIIUU
MIPOBOJIMJICSL € TIOMOIIBI0 MeccOayIpOBCKOM crieKTpockomnuu. Ha puc. nmpeactaBieH CriekTp
MMPOAYKTOB TCPMUUCCKOT'O IIPEBPALICHU. Ero ananuz IMOoKa3all, 4TO OH COCTOUT U3 YCTBIPCX
CEKCTETOB, TPH M3 KOTOPHIX IO MapameTpaM oTHocsTcs K FesO4 [1], a  dgeTBepThil K O-
Fe,O3 . A Takke 1ByX 1y0JI€TOB, KOTOPHIE TI0 ITapaMeTpaM MOKHO OTHECTH K
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napaMarHuTHBIM opMam Fe*® n Fe* Conepxanne Fe3O4 coctaBuno 54 %. IlomydeHHsblit
oOpaserr 001a/1aeT BBICOKOU YEIbHON MOBEPXHOCTHIO U 00J1a/1a€T MarHUTHBIMU CBOMCTBAMU,
MO3BOJIAIOIIMMU MPEATIOKUTH €ro B Ka4eCTBE MArHUTHOTO COPOEHTa, HAIPUMEp ISl OUYUCTKU
BOJIHBIX TIOBEPXHOCTEH OT 3arpsi3HeHUsT HeTenpoayKTaMu. B cuily mpoCcTOTHI CHHTE3a METO
MO’KET HATH MTPAKTUYECKOE IIPUMEHEHHUE.

Jlureparypa:

1. Sei J.Oh, D.C. Cook, H.E. Townsed. Hyperfine Interations, 1998, 112, 59-66
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MECCBAY2POBCKOE UCCJIIEJOBAHUE U3MEHEHUSA COCTOSAHUSA
KEJIE3A B HAHECEHHBIX FeSO4SiO; CUHCTEMAX B 3ABUCUMOCTHU OT
TEMIIEPATYPbBI TEPMOOBPABOTKHA
[lernes O.H., BbyxTusposa A2 [IlyBaeBa M.A.%, Batokos O.A.2
! Cubupckuii ghedepanvhwiii ynusepcumem, Kpacnospck, Poccust
2 Hncmumym xamanusa um. I'.K. bopecxosa CO PAH, Hosocubupck, Poccust
3 Huemumym ¢pusuxu um. JI.B. Kupencroeo CO PAH, Kpachospck, Poccus
helg@iph.krasn.ru

The impregnation of silica with the aqueous solution of FeSO, and the subsequent drying at
110°C gives two iron-containing phases, Fe,O (SOy4) ,*nH,O and FeOHSO,, on the silica
surface. According to MS data, the transformation of the phases Fe,O (SO4),*nH,O0 —
FeOHSO, — ¢-Fe O3 is observed with the rising the annealing temperature. This data
provides a deeper insight in the peculiarities of iron-containing catalysts preparation from
FeSO,.

Karanutuueckue M ancopOLMOHHBIE CBOWCTBAa HAHECEHHBIX Fe-comepkaliux CHUCTEM
ONpEAeIAIOTC MNPUPOJOH OOpa3yoIUXCsl COEIMHEHUH Kene3a. VI3yueHue mpoLeccos,
HNPOMCXOJAIINX MPU MPONUTKE HOCUTENEH (OKCHA aTIOMUHHUS, CUIIMKAresb) COJISIMU JKeje3a U
UX JabHeHei TepMooOpadoTKe, BHOCAT BKJIA/ B pa3BUTHE HAYYHBIX OCHOB IPUTOTOBJICHUS
KaTaJIn3aTopoB. B 1aHHOM paboTe M3y4YEHBI IPEBPAIICHUS JKEIe30-COACPIKAIINX COSTUHEHHIH,
NOJIYYSHHBIX B PE3yJIbTaTe MPOMUTKH CHIIMKArelsi pactBopom cyibdara Fe(ll).

Metogom MC ycTaHOBIJIEHO, YTO TPH TMPOIUTKE CHIIUKATreIs BOJHBIM PAaCTBOPOM
FeSO, ¢ mocnenyromieit cymkoi mpu temmeparype 110°C Ha MOBEpPXHOCTH CHITUKATeIls
bopmupyercst aByxdasHas cucTeMa, cocTosiias u3 okcu-cyibpara Fe,0(SO4).*nH,O0 u
ruapokco-cynbpara FeOHSO,. ®aza FeOHSO, wmarHuToynopsimoueHa TMpU HHU3KUX
temneparypax. ®aza Fe,0(SO,); mapamarautHa BO BCEM TeMmiiepaTypHOM auamnazone. C
MIOMOIIBI0 MecCOayIPOBCKUX U3MEPEHHH OIICHEHO M3MEHEHUE 3aCeICHHOCTH KaXKJ0U (hasbl U
U3MEHEHHE COCTOSIHMSI JKelie3a TPHU  IOCIEeNIOBATEIbHOM  YBEJIHUEHHH TEMIEpaTyphl
TepMooOpaboTku. B mpomecce omkura B uHTEepBase Temmeparyp 110-500°C  dasa
Fe,O(S04)2,*nH,O  pasmaraercs ¢ oOpa3oBaHMeM cHayana amMopdHOi, a 3aTeM H
ynopsinouenHo  ¢a3zer  FEOHSO,. Ilpm  nmanmpHeiimeM  yBEIMYEHUHM  TeMIIEpPaTypPhI
TEPMOOOPAOOTKU MaTepUa TepsAeT KaKk THIPOKCUIIbHBIC, TaK U CyIb(aTHbIe IPYMIIbI, 00pa3ys

okcun e-Fe;0Os. MneHTudunupoBaHbl MO3UITMH
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ctpyktype FeOHSO, 3a cuer motepu
Cyib(aTHBIX TPYNI B mpolecce oTxura. Takum
obpazom, METOJ] MC TTO3BOJTAIT
UACHTUPUIIMPOBATH Fe-conepxarue
COeIMHEHUs, OOpa3ylommecss Ha pa3HbIX
CTausIX TPUTOTOBJICHUS KaTalIU3aTOPOB, W
YCTaHOBHTH HOPSIZIOK  MX  B3aMMHBIX
npeBpamieHuii. COINOCTaBICHUE IOJTYYCHHBIX
JMAHHBIX C KaTAIUTHYECKUMH  CBOWCTBAMH
00pa3IoB B peakiMu OKHCICHHS CEpOBOAOPO/IA
1oKasaio, 4To OKcuj xenesa e-FeyO3 mposiBisier
R T e e e 0oJiee BBICOKYHO aKTHBHOCTH T10 CPaBHEHUIO C
vV, mm/s H, kOe COCIMHEHUSIMH, B COCTaB KOTOPBIX BXOJUT
cyibdarHas rpymma.
Puc.1. MeccbayapoBckre CIEKTphI KaTanu3aTopoB 3FS, u3MepeHHbIe pU TeMIIepaType
YKUIIKOTO TeJINS — &), U pacIpe/Ie/ICHUEe BEPOSTHOCTH CBEPXTOHKHX MoJieH— D).
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MECCBAY3POBCKAS CIIEKTPOCKOIINMA B U3YUYEHUU KATAJIN3ATOPOB
KPEKHUHI'A HA OCHOBE ITWJIJIAPUPOBAHHBIX KEJIE30M
MOHTMOPW/IJIOHUTOB
3akapuna H.A., bpoackuit A.P., SAckesuu B.U., Bonkosa JI./., Kum O.K.
HUncmumym opeanuueckoeo kamanusa u snekmpoxumuu um. /[.B. Cokonbckoeo, Anmamut,
Kaszaxcman
volkova_ld@rambler.ru, kimolya82@mail.ru

MOSSBAUER SPECTROSCOPY STUDY OF CATALYSTS OF HEAVY VACUUM
GASOILS CRACKING BASED ON IRON PILLARED MONTMORILLONITE
Zakarina N.A., Brodsky A.R., Yaskevich V.1., Volkova L.D., Kim O.K.

Study of the catalytic activity of the acid-activated iron pillared of Tagan
montmorillonite in Ca and Na- form in the cracking of heavy vacuu gasoils and determination
of iron states before and after the process by Mossbauer spectroscopy.

Karanutudeckuii KpEeKHHT SIBIISICTCS TIPOIIECCOM, T/I€ ONTHMAaIbHO HCIIOIB3YOTCS
pecypchl BOIOpO/Ia UCXOIHOTO ChIphsi. Ha mpumepe Fe-Conepikanix KaTaan3aTopoB yaIo0HO
IPOCIIENTH 32 MEXaHU3MOM IIPOIIECcca C HCIOJIb30BaHHEM MeTo1a MeccOayapoBCKoi
cnekTpockonuu. L{enb paboTsI - Hccne0BaHue KaTaTUTUIECKOH aKTHBHOCTH KUCJIOTHO-
AKTUBUPOBAHHON U MUJUIAPUPOBAHHOM kKene30M (2,5 MKMOIb Fe¥*/r riunbl) Ca u Na-popm
Taranckoro MOHTMOPHJUIOHUTA B KPEKHHT€ YTSXKEIIEHHBIX BAKYYMHBIX Ta30MIeH 1
OTIpeIeIICHNE COCTOSHHIA JKelie3a 10 U TocIIe Tporiecca.

Ha karammsarope Fe(2,5)NaHMM mponecc kpexnsra uaér mpu 500°C ¢ BbIXog0M
6ensuna 4,8%; nérkoro razoias — 59,2%; rasza — 14,5% u kokca — 5,5%. Ha Fe(2,5)CaHMM
KPEKUHI HAYMHAETCS IIPU 550°C. IIpn 550°C CyMMapHBIi BBIX0]1 O€H3MHA U JIETKOTO Ta30MJIs
Ha Fe(2,5) NaHMM cocrasnser 67%, a na Fe(2,5)CaHMM — 33,5%. CoctaB OeH3uHa
kpekunra Ha Fe(2,5)NaHMM Bxonut Hapsay ¢ H-ankanamu (39% mac.), 21,0%
HETPEIEeNbHBIX YIIE€BOI0POA0B, 33,0 apomatndeckux u 13,5 nzo-ankanos. [Ipucyrctue
0JIC(MHOB B MPOJYKTAaX KPEKUHTa CBUICTEILCTBYET O MPOTEKaHUH B CUCTEME TIpoliecca
JETUAPUPOBAHHS YTIIEBOIOPOIOB BAKYYMHOTO ra30iist. [Ipr 7TOM BBIIEISIONIHIACS BOIOPO.T
CHOCOOCH BOCCTAHABIIMBATS JKEJI€30, HAXOSIIEECs B KaTAIU3aTopax. ITOT MPOLECcC ObLI
3a(pUKCHPOBAH C TTIOMOIIBIO MECCOAYIPOBCKOM CIIEKTPOCKOIIHH.

O6pazent Fe(2,5)NaHMM, npoxanéunsiit mpu 500°C, 10 ombITa CONEPHKAT
MEJIKOAHCIIepCHOE Kene3o Fed (1o 95%) u ~ 5% Fe*, a Fe(2,5)CaHMM - 37% kpymHbIX
YaCTHI] pa3IMYHBIX OKCHIOB M THIPOKCHUIOB JKeJe3a JAfOIINX B CIIEKTPaxX 36€MaHOBCKOE
CBEPXTOHKOE pacluiernieHre. YacTb OKCUIOB Kejle3a HaXOAUTCS B METIKOIUCTIEPCHOM
COCTOSIHUH | JIaeT KBaAPYIOJIbHBIC Ay0eTsl. Clie1oBaTeIbHO, HCXOIHBIE CHCTEMBI COJIEpKaT
npenmyIecTeHHo Feo .

[Tocne kpeknHTa BaKyyMHOT'O Ta30iIIs ¢ 00pa30BaHHEM OOJIBIIOTO KOJTUYECTBA
MPOJYKTOB KPEKUHTa, B TOM YHCJIE apPOMATHYECKHUX YTIIEBOIOPOIOB, OJC(PHUHOB M U30MEPHBIX
alIKaHOB, B ciyuae cucreMsl Fe(2,5)NaHMM o6rapyskero 35,3 % Fe?u 42,5% Fe®* s
cucremsl Fe(2,5)CaHMM.

Taxum 00pa3oM, ¢ TOMOIIBI0 MeccOayIPOBCKOM CIIEKTPOCKOMTUH YIAIOCh OKA3aTh, YTO
B TIPOIIECCE KPEKUHTA JACHCTBUTEIBHO TIPOUCXOUT BOCCTAHOBJICHUE 3HAUNTEIILHON YaCTH
Fe®* 10 Fe?*. Bo3MOXHO, HIMEHHO BOCCTAHOBIICHHE JKEJIE3a BEI3BIBACT IIOCTEIICHHYIO
JIC3aKTHUBAIIMIO CUCTEM.

TakuM 0Gpa30M, MOKHO BBICKa3aTh IIPENoIoKeHne, uto Fe?* orseuaer, mo-
BUIMMOMY 32 00pa30BaHKE OOJBIIOTO YHCIIA IPOAYKTOB KPEKHUHTa, B TOM YHCIIC
apOMAaTUYECKUX YTIIEBOJOPO/IOB, OJC(PHHOB  H30MEPHBIX AJTKAHOB.
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MECCBAYA3POBCKOE MCCJIEJJOBAHUE JEHJIPUMEPHOT O JKEJE3O (I11)-
COJAEPKAHIEI'O KOMIIVIEKCA C BHEIHHEC®EPHBIM AHUOHOM NO3
HBanosa A.T. 1, IIaracs A.B. 1, Mamnanos P.A. 1, Hompauesa H.E. 2, I'py3nes M.C. 3,
UYepBoHoBa y.B.2
'Kasanckuii geoepanvuwiil ynugepcumem, Kazanwv, Poccus
°Kazancruii Qusurxo-mexnuuecxkuti uncmumym um. E.K.3asotickoeo KazHI] PAH,
Kasanw, Poccusa
3I/Ichmmym xumuu pacmeopos Poccutickoii akademuu nayk, Heanoso, Poccus
MOSSBAUER STUDIES DENDRITIC IRON(I1) COMPLEX WITH
OUTER-SPHERE ANION NO3
Ivanova A.G., Pyataev A.V., Manapov R.A., Domracheva N.E., Gruzdev M.S.,
Chervonova U.V. 19ivanova9l@gmail.com

Iron(I1l) complex based on bis[3,4,5-tri(tetradecyloxy)benzoyloxy-4-salicyliden-N’-
ethyl-N-ethylenediamine] with outer-sphere anion NO3z™ was investigated by the methods of
Mossbauer spectroscopy, differential scanning calorimetry, polarizing microscopy. It is
shown that the iron ions (I11) complexes are probably form a dimeric structure. The complex
undergoes phase transitions of the type of "glass-hard" at 41.14°C "hard-hard" at 49.52°C and
the melt at 144°C in the cycles of heating and cooling. Part of the centers experiencing the
spin transition high spin (S = 5/2) state to low spin (S = 1/2). The magnetic spin correlations
begin to establish at about ~ 70 K, and with decreasing temperature a complete ordering of the
antiferromagnetic type is observed.

Metogamu MéEccHay’poBCKOM CIeKTpocKonuu, auddepeHInaTbHOl CKaHUPYIOIIeH
KaJOMETpUEeH W TMOJSAPU3ALMOHHOW MHUKPOCKOMHUEH OBbLT HCCIeI0BaH OMCXENaTHBIN Kee30
(II)-comeprkamuii komIuieke ¢ ouc-3,4,5-Tpu(TeTpaseuIokcH )0eH30MI-4-0KCH-2-THIPOKCH-
camnumuaeH-N'-3tun-N-sTeH-aguamuaoM ¢ BHermHechepHasiM annonoM NOj™ [Tokasawo,
yTto noHkbI xene3a (I11) B komruiekce HaxoasaTes B BeicokocninHOBOM (BC) S=5/2 cocTosinum wu,
BEPOSITHO, 00pa3ylOT TUMEpPHYI0 CTPYKTypy. Kommiekc B IUKIax HarpeBa M OXJIaXICHUS
npeTepreBaeT (a3oBbIe MEPEXOAbl MO THIMY ' cTeKio-TBepAbid’’ mipu 41.14°C, "TBepmprii-
TBepabll’ npu 49.52°C n B pacruaB npu 144°C. MéccOayspoBcKue HcCiIe10BaHUS
KOMITIEKCA, 0GOTaIeHHOro 110 °' Fe U30TOIYy A0 =~ 6 %, ObUIM BBIIIOJIHEHBI B TEMIIEPATYPHOM
muanazone 5-285 K. Cnektp, moiydeHHBI mpu Temmeparype obpasua T=285 K, co
cpeauumMu napamerpamiu: Ore = 0.37 mm/c u AEq = 0.73 mm/c, nemonctpupyet BC cocrosnue
(S=5/2) napamaruuTHbIX nentpoB Fe®* B kommaekce. C MOHIKEHHEM TeMITEPATypbl, HAYHHAS
¢ 235 K, B cnekTpe nosiBisieTcs AyOsieTHas KOMIOHEHTa ¢ mapameTrpaMu: Ope = 0.12 Mm/c u
AEq = 2.89 mMm/c, xotopas coorBercTByeT HuskocnuHoBoMy (HC) ¢ S=1/2 cocrosuHuro
NapaMarHUTHBIX ~ HOHOB Fe**.  Dror dakT  CBUAETENLCTBYET O  Hayale
TEPMOCTUMYJIUPOBAHHOTO CIIMH-KPOCCOBEP Mepexoja B KoMIUieKkce. B criekTpe, nonyueHHOM
npu 80 K mapumansnas miomans BC nentpoB (6re = 0.47 mm/c u AEg = 0.81 mm/c)
cocraBiuseT 91.1 %. JlanpHeilliee NOHMKEHNE TEMIIEPATypbl HE OOHAPYKUBAET TEMIIEPaTyphl
CIIMHOBOT'O PaBHOBECHSI, YTO, BEPOSTHO, CBUAETEIHCTBYET O TOJIbKO YaCTHUYHOM yuactuu BC
IEHTPOB B cIuHOBOM mepexoxae. [Ipu Temmeparypax Hmwke 70 K HabGmromaercs ¢a3oBblit
nepexoj MnapaMarHeTUK-aHTU(EPPOMArHUTHBINA TUIT YHOPSAAOYEHUs, B KOTOPOM Y4YacTBYIOT
kak BC tak u HC uentpsl. Ilpu 5 K nHabmromaercs accuMETpUUHBIA CHEKTP CO CPEAHUM
3HAUEHUEM CBEPXTOHKOTO MarHUTHOro mois 479 kD u ay6ner, coorBercTByromuii HC
nenTpam ¢ napamerpamu Ore = 0.25 mm/c m AEg = 2.8 MM/C M mapruanbHON IUIONIAIbIO
S~3%.

PaboTa BBITIOJHEHA TIpU MOAJIEPKKE MPOrpaMMbl (HyHIAMEHTAIBHBIX HCCIIEIOBaHUN
[Ipesumuyma PAH No 24 "dyHnameHTalbHbIE OCHOBBI TEXHOJIOTUH HAHOCTPYKTYp H
Marepuaios".
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MECCBAYJPOBCKHUE U MATHUTHBIE UCCJIEJOBAHUSA MOHO- 1
BUAAEPHBIX )KEJIE30-CEPHBIX HUTPO3UJIBbHbBIX KOMIUVIEKCOB
Osanecsa H.C., lllunos I'.B., Mymenok @.b., Canuna H.A, Annommn C.M.
HUncmumym Ipoorem Xumuuecxou @uzuxu PAH, Yepnoeonosxa 142432, Poccus
kolya44@mail.ru

MOSSBAUER AND MAGNETIC STUDIES OF MONO- AND BINUCLEAR IRON-
SULFUR NITROZYL COMPLEXES
Ovanesyan N.S, Shilov G.V., Mushenok F.B., Sanina N.A., Aldoshin S.M.

Correlation of Mdssbauer spectral parameters and SQUID magnetization data with the
structural and chemical parameters reveal a magnetic and electronicstate of nitrosyl
complexes. Charge and spin state of iron centers has been established.

[IpuBonsaTCcs pe3ynbTaThl MeccOayIPOBCKUX M MarHUTHBIX MCCIETOBAHHUM CEPUU CTPYKTYpPHO
OXapaKTEPHU30BAHHBIX MOHO- M OHSJICPHBIX JKEJE30-CEPHBIX HUTPO3HIBHBIX KOMIUICKCOB C
obmeit popmymoii [Fe(SR)2(NO)2]n-1 (n=0, 1, 2) u [Fe2(SR)2(NO)2]n-2 (n =0, 2), rne R —
pa3IUYHBIC JOHOPHBIC WJIM AaKIENTOPHBIC 3aMECTUTENIA. Y CTAaHOBIICHA KOPPEISIUSI
MeccOayIpOBCKUX TapaMeTpPOB C€ OCOOCHHOCTSIMH CTPYKTYpPhl W XHUMHUYECKOH CBSI3U
KOMIUIEKCOB, 3aps0BOTO W CIIMHOBOTO COCTOSIHHS JKEJIE3HBIX IIeHTpOoB. Ha ocHOBaHWU
nanHbpix CKBUJ[ mMarHuTOMETpHH yCTaHOBJIEHA CBS3b MAarHUTHOTO COCTOSIHHMSI KOMILIEKCOB
(Ima- WM mapamMarHeTu3M) ¢ UX KPUCTAUIMYECKUM CTpOSHUEM. {7151 HEKOTOPBIX KOMILIEKCOB
orpezeneHsl 3HaueHus: 3P(GEeKTUBHOIO MAarHUTHOTO MOMEHTAa MapaMarHUTHBIX ILIEHTPOB B
untepBaiie remnepatyp 1.5 K - 300 K u mapameTpsl 0OMEHHOI! CBSI3H.

Pa6oTa BemoaHeHa npu nogaep:xkke PODU (mpoekt Ne 11-03-01033) u nmporpamMmbl
[Ipesunnyma PAH «®yHnnameHTalIbHbIE HAYKH — MEAUITUHE.
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MOSSBAUER SPECTROSCOPY OF CHELYABINSK LL5 ORDINARY CHONDRITE
FRAGMENTS WITH DIFFERENT LITHOLOGY
Maksimova A.A.}, Oshtrakh M.1.%2, Klencsar Z.3, Petrova E.V.}, Grokhovsky V.1.%,
Kuzmann E.*, Homonnay Z.*, Semionkin V.A.}?

Department of Physical Techniques and Devices for Quality Control and
Department of Experimental Physics, Institute of Physics and Technology,
Ural Federal University, Ekaterinburg, 620002, Russian Federation;
3Research Centre for Natural Sciences, Hungarian Academy of Sciences,
Magyar tudosok korutja 2, Budapest, 1117, Hungary;

*Institute of Chemistry, Eétvés Lorand University,

Pazmany sétany1/A., 1117 Budapest, Hungary
aliab5@bk.ru, oshtrakh@gmail.com

Ordinary chondrites are the most numerous group of stony meteorites. These meteorites
contain various iron-bearing phases such as olivine (Fe, MQ),SiO,, pyroxene (Fe, Mg,
Ca)SiOs, troilite FeS and metal grains with o-Fe(Ni, Co) and y-Fe(Ni, Co) phases. Ordinary
chondrites were divided into three groups with respect to the total iron and metal content: H
(high iron), L (low iron) and LL (low iron and low metal). On February 15, 2013 a large
meteorite fell near Chelyabinsk, Russian Federation. This meteorite was classified as ordinary
chondrite LL5 group, shock stage S4 and weathering grade WO. Various fragments of this
meteorite were immediately collected by the Meteoritical Expedition of the Ural Federal
University. These fragments demonstrated different lithology ranged from the light to black.
Some of these fragments were studied using metallography, scanning electron microscopy
with energy dispersive spectroscopy, X-ray diffraction and Mdossbauer spectroscopy with a
high velocity resolution. These techniques showed the presence of olivine, pyroxene, troilite,
metal and small amount of chromite (FeCr,O,4) in various fragments, while the content of
corresponding iron-bearing phases was slightly different for fragments with different
lithology. It was observed that the fit of the Mossbauer spectra of Chelyabinsk LL5 fragments
using the UNIVEM-MS program with the quadrupole interaction treatment as a perturbation
to the first order on the nuclear Zeeman levels the spectral component related to troilite
magnetic sextet cannot be fitted satisfactorily. Therefore, these Mossbauer spectra were
additionally fitted using the MossWinn program [1] applying numerical diagonalisation of the
full static Hamiltonian of the hyperfine interaction (magnetic + quadrupole) for the excited
and ground nuclear states. In this case the spectral component related to troilite was fitted
correctly and hyperfine parameters were determined for this component in the studied
meteorite fragments similarly to recent comparison of the hyperfine parameters for troilite in
some ordinary chondrites [2]. A comparison of the hyperfine parameters and relative areas of
spectral components for corresponding iron-bearing phases in the studied Chelyabinsk LL5
fragments with different lithology was carried out using the results of both fits. The obtained
differences were related to the breccia structure of Chelyabinsk LL5 ordinary chondrite and
its formation as a result of collisions of different parent bodies in the space.

References:

1. Z. Klencsar, E. Kuzmann, A. Vértes: J. Radioanal. Nucl. Chem., 1996, 210, 105-118.

2. A.A. Maksimova, M.I. Oshtrakh, Z. Klencsar, E.V. Petrova, V.I. Grokhovsky, E.
Kuzmann, Z. Homonnay, V.A. Semionkin. J. Mol. Struct. 2014, DOI:
10.1016/j.molstruc.2014.05.049.
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SIAEPHASI TAMMA-PE3OHAHCHASI CIHEKTPOCKOIMS HA Fe*' U
MATHUTOMETPHS HA ATOMAX ECTECTBEHHOM CMECH B
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babanun B.®., MIBanoB A.B.l, NBanos I1.A., Mopo3zos B.B., ITandunos A.C.
Apocnasckuil I'ocyoapcmeennviil Texnuyeckuti Yuusepcumem

"Wockosckuii I ocyoapcmeenuwlil Ynusepcumem um. M.B. Jlomonocosa
vbhabanin@bk.ru

NUCLEAR GAMMA-RESONANCE SPECTROSCOPY ON Fe®’ AND
MAGNETOMETRY ON ATOMS OF NATURAL MIX IN SOILS.
Babanin V.F., Ivanov A.V., lvanov P.A., Mikhaleva N.V.

There is presented data of origin of iron compounds and the reasons of increasing of
magnetic parameters in magnetic profiles of soils of medium climatic zone. The experimental
data on Nuclear Gamma-Resonance spectroscopy for different soils is also presented.

EHIG B Haydaji€ HOpOILIOro CTOJCTUA HCCICHOBATCIIM 3aMCTHUIIM, YTO B YMCPCHHBLIX
00J1acTAX MOYBBI HAa OTHOCHUTEILHO CIIA00OMAarHUTHBIX MATCpHUHCKUX IMOpOodax HUMCHOT B
T'YMYCOAKKYMYJISITHBHOM TOPHU30HTE YICIbHYIO HAaYaJIbHYIO MAarHUTHYIO BOCHPHUHUMYHBOCTH
X0, Ppa3JIuYHbIC BHUAbl HAMArHM4€HHOCTH G, B 3+10 u Oomee pa3 MPEBLIMIAOIINC
COOTBETCTBYIOILIME IOKa3aTeau B MaTepuHCKOW mnopoze. CyliecTByeT HECKOJIbKO BepcHid
[1,2], oOBACHAIOMIMX YBEIMYEHHE MArHUTHBIX MApaMETPOB B BEPXHUX TOPU30HTAX IOYB:
OuoreHHass u kocmuueckas. [lociennsisi oOocHoBana ¢ mnpusneueHueM SAI'PC u
MarouTOMCTpPHUH. CoriacHo OKCIICPUMCHTAJIbHBIM ~ TAHHBIM, IIOBBIICHHAA MAIrHUTHAasA
BOCIIPUUMYUBOCTHb TYMYCOBBIX TOPU30HTOB IIOYB CBsA3aHA C IPHUCYTCTBUCM B HUX MArHUTHBIX
YaCTHUll, KOTOPLIC IIOIIAAA0T B IMOYBY U3 aTMOC(l)CpBI. B cocras qacTul BXOJAT MarHeTur,
IeMaTuT, MCTAJUIMYCCKOC O-KCJIC30 W YaCTHUlbl TUAPOKCHUIAOB B CyICplapaMariHuTHOM
cocrosianu (Puc.1).
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Puc.1 Cnextpsl SAI'P MarHuTHBIX Qpakiuii u3: 1-MbUTb U3 )KUIOTO MTOMELEHUS; 2-13
SIHBAPCKOT'O CHETa; 3-u3 MecKa Ha IOBEPXHOCTHU Kapbepa; 4-u3 ropuzoHTa Ag NOUBbI

Jluteparypa:

1.J1.O. Kapnauesckuii, B.®. babanun u np. [TousoBenenue, Ne10,1972, ¢.110-120.
2.Mullins C.E. J. Soil Science, 1977, v.28 Ne2, pp.223-246.

114



CBIPBEBBIE PECYPCbI TPAJJULHUOHHOI'O TOHYAPHOTI'O ITPOU3BOACTBA
BWJISIPCKOM MOHOIIEHTPUUECKOM ATJIOMEPAIIAH
Mamnanos P.A., [Iaraes A.B., Banuynuna C.W., UBanoBa A.T.
Kaszanckuii gpedepanvuwiii ynusepcumem, Kazamw, Poccus
151Eu@mail.ru
TRADITIONAL POTTERY RAW MATERIALS OF BILYARSK
MONOCENTRIC AGGLOMERATION
Manapov R.A., Pyataev A.V., Valiulina S.1I, Ivanova A.G.

Investigated the samples of pottery Bolshie Tigany burial IX-X centuries and
multifunctional production complex in the center of the settlement Bilyarsk X-XIII centuries.
For the production of the studied samples used local red and grey clay. MS spectra of red clay
are typical for clays of mainly montmorillonite composition. Parameters MS spectrum of gray
clay are almost identical for MS spectra of monomineral illite. Clays significantly differ in
content in the structure of iron ions Fe?*, less than 10% in the red and over 20% in the grey
clay. Samples of ceramics from all monuments inherit these structural features of clays and
are divided into groups containing and not containing the following oxides of iron and,
consequently, small and large content of ferrous iron, which indicates a relatively low (up to
400°C) firing temperature.

MeTtomoMm MEccOayIPOBCKON CIIEKTPOCKOIMH HCCIICIOBAHBI 00PA3Ibl apXEOIOTHISCKUX
KEepaMUK W TPYHTOB ITaMATHUKOB Bomxkckoit BynrapHH. B X04€ HCCICOAOBAaHUA
HCIIOJIB30BAJIMCh MAaTCpUalibl KIIFOYCBBIX ITAMATHHKOB EI/IJISIpCKOFO MUKPOPETHUOHA B paJjuyce
25 xM: 0Opa3lpl KepaMHUKH U3 TOTpeOeHUi paHHEeBEeHrepckoro bombire-Turanckoro
MorwibHHUKA 9-Had. 10 BB., KEpaMHKa U ChIPhEBas TJIMHA U3 TOHYAPHON MACTEPCKOM B IIEHTPE
croimuHoro bwspa 10-nau. 13 BB., kepamuka W rmHa ropoja bymnymepa (Toperkoe
nocesnenue) 15 B.

Jnst MEccOayapOBCKHUX MCCIIEIOBAaHUN ObLT BBITIOJHEH 300D CHIPhEBBIX PECYPCOB BO3JIS
apXeoJIOTHYECKUX MAMATHUKOB (cepod W KOpuuHeBOM riumH). Jliga onpeneneHus
MUHEPAIBHOIO COCTaBa JKEJIE30COJAEpKAINX KOMIOHEHT U OTHOIIECHUS Fe*/Fe** Gbum
npoBeieHbl MEccOayIPOBCKUE U3MEPEHHS 00pa3LOB ITMH U YepenKkoB. MUHEpaIbHBINA COCTaB
OTUX TJIMH II0 AdaHHBIM PEHTTCHOCTPYKTYPHOI'O aHajln3a THIHWYCH IJId YCTBEPTUUYHBIX
CYIJIMHKOB M COAEPXHUT KBapIl, TUOKTAdIPUYECKHE CIIOJbI, AJUIOTUTEHHBIA (00JIOMOYHBIN)
XJIOPHUT, H€60J'H>I_HYIO MNPHUMECH KAOJIMHHUTA, @ OCHOBHBIM KOMIIOHCHTOM SABJISAFOTCS I'NTMHUCTBIC
MHUHEpaIbl, B KOTOPBIX IIMPOKO PacHpOCTPaHCHBI CTPYKTYPHI, IPEACTAaBICHHBIC COUCTAHHEM
pa3IMYHBIX THUIMOB HEpa3Oyxaromux ¢ pa30yXawluxX CJI0eB, 4YTO O0OYCIOBIMBAECT
BO3HHUKHOBEHUE CMEIIaHO-CIOMHBIX O6paBOBaHI/H71 - MOHTMOPHJIJIOHUT-TUAPOCITIOAUCTBIX
CMEIIaHOCIOMHBIX (1)8.3. MC-CHCKTpH KOquHeBOﬁ TJINHBI TUITUYHBbI JJIs1 TJINH
MPEMMYIIECCTBCHHO MOHTMOPHUJIJIOHUTOBOI'O COCTaBa, AJId KOTOPBIX XapaKTCPHO IMPUCYTCTBUEC
B MCIXKCIIOCBOM IIPOCTPAHCTBE OKCHIOB IKCJIC3a. CepLIe TJIIAHBI  TPCUMYHICCTBCHHO
TUAPOCIIOJUCTOrO COCTaBa, I KOTOPBIX XapPaKTCPHO OTCYTCTBUC OKCHIOB JKCJIC3a,
CBA3aHHOC, I10-BUAUMOMY, CO 3HAYUTCIBHO MEHBIIIEH MEXCI0EBOM €MKOCTBIO TUAPOCIIIOA.
[Tapamerper MC crekrtpa cepblX IVIMH HPAaKTHUYECKW UAEHTUYHBl i MC-crekTpoB
MOHOMMHCPAJIIBHOI'O HWJUIATA. I'munbl CYLICCTBCHHO PA3JIMYAIOTCA TAKKC IO COJACPKAHHUIO B
cTpykType noHoB skenmesa Fe?', menee 10% B kopuuneBoii i Gonee 20% B cepoil IiHHE.
O6paSI_lbI KEpaMUKH BCECX TPCX MAMATHHUKOB HACJIICAYIOT 3TU CTPYKTYPHBIC 0COOEHHOCTH TJIHH
U PpasaciaroTCd Ha TIpPyHdIbl, coACpXKalMEe W HE COACPKAIIUMC OKCHUAbI KCJIC3a WU,
COOTBCTCTBCHHO, C MaAJIbIM H OO0JIBIIUM COACPIKAHUCM ABYXBAJICHTHOI'O JKCJIC34, YTO
CBHIETENLCTBYET 00 OTHOCHTENBHO HU3KHX (10 400°C) TeMmeparypax o0Kura.

PaGota BeimonHeHa nipu oaepxkke PODU, npoekt Nel3-06-00686a, «CpegHeBekoBoe
ctekio Cpennero [10BoIXbs Kak HCTOPUYECKUIT HCTOUHUK.
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OCOBEHHOCTHU MATHETUTA B COEPUYECKUX MATHUTHBIX YACTHULIAX
CenbpmoB H.A., 3anynkuit A.A., Mopozos B.B.
Apocnasckuti cocyoapcmeeHtblil mexnuueckutl yuusepcumem, 2. Apocaaeéns, Poccus.
zalutskii@mail.ru

MAGNETITE FEATURES IN SPHERICAL MAGNETIC PARTICLES
Sed’mov N.A., Zalutskii A.A., Morozov V.V..

The results of the study of magnetic spherules from different sources, the character of
the distribution of their sizes in various time intervals are cited. According to data of
Mossbauer spectroscopy magnetite in particles is nonstoichiometric. The value of
nonstoichiometry is 0,05-0,14.

[IpoucxoxaeHue, cocTaB M CBOMCTBA  CHJIbHOMAarHUTHBIX C(HEPUUECKUX YaCTHII
MPOJOHKAIOT BBI3BIBATH JOCTATOYHO OONBINION HHTEpeC y Treo(HU3UKOB, MUHEPAJIOTOB,
aCTPOHOMOB M IOYBOBEJOB. BHHMaHME K 3TUM 0OBEKTaM YCHJIMBAETCS BO BpEMS M IOCIIE
NPOTEKaHUs Ha TMOBEPXHOCTU HAIEH MMIaHEeThl 3eMisl TIOOANbHBIX ACTPOHOMHUYECKHX U
reopu3nUecKux MpOLECCOB, KAKOBBIMU SIBIISIFOTCS IaJIEHUE METEOPUTOB U H3BEp)KEHHUE
BynkaHoB. [locneqHuM TakuM coOBITHEM OBLIO TaJIeHHE BHE3EMHOTO KOCMHUYECKOTO 00bEeKTa
B paiioHe r. YensaOMHCK, pe3yiabTaThl MCCIEAOBAHUNH KOTOPOTO METOI0M MEccOay3pOBCKOM
cnektpockonuu (MC) mpuBoastcs B [1].

Mecto cbopa, MPOUCXOXKIECHUE, Pa3Mep MUKPOUACTHUI] MOTYT OBbITh pa3nudHbiMU. [1o
MOp(}ONOrMM OHU MOTYT OBITh CIUIOLIHBIE U TOJbIE, C TIAAKOM pPOBHOI W
CTPYKTYPUPOBAaHHOW TMOBEPXHOCTBIO, pPA3IMYaTbCs IO L[BETOBOW OKpacke.  YeTkux
KpUTEpUEB, KOTOpbIE TO3BOJWIM OBl  OJHO3HAYHO  JUATHOCTHUPOBATh  HMCTOYHUK
IOPOMCXOXACHUS JaHHBIX O00pa3oBaHMU K HACTOALIEMY BpPEMEHH HE TIPEAJIOKEHO.
EnMHCTBEHHBIM PU3HAKOM, KOTOPBI OeccCropHO 00beUHSET BCe n3ydyaeMble chepruueckue
MHMKPOYACTHUIIBI  SBJISETCS TO, YTO MX OCHOBHOM KOMIIOHEHT - 3T0 MarHeTuT (Fes0y
Pa3IMYHOTO MUHEPAIOTMYECKOT0 COCTABA.

C momompto meroa MC HaMH M3y4eHbl CHIIBHOMAarHUTHBIE c(hepUUeCcKHe YacCTHIIbI,
BbIJIeJICHHbIE JIMOO M3 TMOYBBI U TOPHBIX MOPOJ METOAOM MAarHUTHOM cemapanuu, Judo u3
NPU3EMHOT0 CJ0si atMocepsl ¢ TOMOIIBIO (QHIBTPOB Pa3IMYHON KOHCTpyKuuu. I[lpu
penieHuu Bormpoca o auddepeHnuany MOYBEHHOT0 U KOCMUYECKOr0 MarHeTuTa HaMu ObLIO
YCTaHOBJICHO, YTO OJHUM M3 OCHOBHBIX MAarHUTHBIX MHHEPAJIOB B MCCIIEIOBAHHBIX
CHUJIbHOMArHUTHBIX YACTUIIAX SBJSIETCS HECTEXMOMETpuueckuil wmarnetut. I[lokaszaTenb
HectexuomerpuuHocTd  (lg/lp)  (OTHOIIEHHE WHTEHCHBHOCTEW MApIMATIbHBIX CIIEKTPOB
MarHeTuTa, COOTBETCTBYIOIIMX OKTAdApUUYecKuM (B) u TeTpadapuueckuM (A) TO3UIHIM
aTOMOB JKeJie3a B €ro CTPYKTYPE) MOXKET SBJISATHCS KOJIWYECTBEHHBIM KPUTEPHUEM OTINYMS
chepyn KOCMHYECKOTO M TEXHOTeHHOTo mpoucxoxaenus [2]. Tak, Hampumep, mnpu
WCCJICJIOBAaHNH MarHUTHBIX (DPaKIUi, BBIACICHHBIX U3 PA3JIMYHBIX THUIIOB MOYB 3€MIIH, HAMHU
OblIa ompejenieHa CTeNeHb BaKaHCUN B CTPYKType mpupoaHoro Marterura (v = 0,05+0,14).
[TonyuyeHHbIe BEIMUMHBI MTapaMeTpa L MO3BOJISIIOT HAM 3aKJIIOUYHUTh, YTO MAarHETUT B BEPXHUX
FOPU30HTAX IOYB HAIIEW IJIAHEThl UMEET TEXHOTECHHOE, BYJIKAHMYECKOE WJIM KOCMHYECKOE
npoucxoxaeHue. B nokiane mpuBOIATCS BO3MOXKHBIE NMyTH JIuddepeHnuanuu reHesuca
MPUPOJHOTO MarHeTUTA.

VYcraHoBNIEHHAs  YAOBJIETBOPUTENbHASI KOPPEISLUs B WM3MEHEHUHM IapaMeTpoB
MEccOayIPOBCKUX CIEKTPOB C TEHE3MCOM U TpaHchopMalmel MarHUTOYMOPSI0YSHHBIX
MUHEPAJIOB B IPUPOJHBIX CHUCTEMaX 3€MJIM 10JI€3HA I TIOYBOBEOB U MUHEPOJIOIOB.

1. B.IL JIrotoes, u np. BectHuk Ypansckoro yausepcurera, 2013, 7, 2-9.

2.  A.A. 3anyuxuit u ap. IAH, 2011, 441, 95-97.
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A COMPARATIVE STUDY OF SIKHOTE-ALIN, ALISKEROVO, ANYUJSKIJ AND
STERLITAMAK IRON METEORITES USING MOSSBAUER SPECTROSCOPY:
PRELIMINARY RESULTS
Goryunov M.V.12 Oshtrakh M.1.>?, Chukin A.V.3, Grokhovsky V.1.1, Semionkin V.A.}?
'Department of Physical Techniques and Devices for Quality Control,
Department of Experimental Physics and
®Department of Theoretical Physics and Applied Mathematics,

Institute of Physics and Technology, Ural Federal University,

Ekaterinburg, 620002, Russian Federation
oshtrakh@gmail.com

Iron meteorites consisting of Fe-Ni-Co alloy demonstrate variations in phase
composition (a-Fe(Ni, Co) and y-Fe(Ni, Co) phases) and Ni concentration within the single
phase [1]. These variations are the result of iron meteorites formation, shock effects, reheating
and extremely slow cooling in the space. Therefore, Mdssbauer spectroscopy appeared to be a
useful tool to study meteorites in order to detect the relationship of Mdssbauer parameters and
features of the phase composition for various meteorites [2, 3]. In the present work we studied
the samples of iron meteorites Sikhote-Alin IIAB, Aliskerovo IlIE-an, Anyujskij I1AB and
Sterlitamak 1IAB. The slices of these meteorites samples were investigated using
metallography and scanning electron microscopy with electron dispersive spectroscopy. Then
the powders were prepared from the thin surface layer of meteorites slices. These powdered
samples of meteorites were studied using X-ray diffraction and Mdssbauer spectroscopy with
a high velocity resolution. The results of metallography and scanning electron microscopy
studies demonstrated the presence of a-phase in Sikhote-Alin 1IAB and Anyujskij 11AB iron
meteorites while Aliskerovo IlIE-an and Sterlitamak IIIAB iron meteorites showed the
presence of both o- and y-phases. Sikhote-Alin IIAB and Anyujskij IIAB meteorites contain
also rhabdite microcrystals in kamacite matrix. X-ray diffraction study also demonstrated the
presence of a-phase in Sikhote-Alin 1IAB and Anyujskij 11AB iron meteorites and small
amount of y-phase in addition to the main a-phase in Aliskerovo IlIE-an and Sterlitamak
IIIAB iron meteorites. Preliminary Mdssbauer spectra of these meteorites measured at room
temperature showed six-line patterns with visual asymmetry of the second and the fifth peak
intensities. The Mossbauer spectra of Aliskerovo IIIE-an and Anyujskij IIAB iron meteorites
were better fitted using three magnetic sextets while the Mossbauer spectra of Sikhote-Alin
IIAB and Sterlitamak IIIAB iron meteorites were better fitted using four magnetic sextets.
These spectral components were related to the phase composition and possible variations in
Ni concentration within the one phase.

References:

1. V.F. Buchwald. Handbook of Iron Meteorites. Berkley: University of California
Press, 1975, 1418 pp.

2. V.1. Grokhovsky, M.I. Oshtrakh, E.V. Petrova, M.Yu. Larionov, K.A. Uymina, V.A.
Semionkin. Eur. J. Mineral., 2009, 21, 51-63.

3. M.I. Oshtrakh, V.I. Grokhovsky, E.V. Petrova, M.Yu. Larionov, M.V. Goryunov,
V.A. Semionkin. J. Mol. Struct., 2013, 1044, 268-278.
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YTO MOXKET JATb MECCBAYJ3POBCKAS CIIEKTPOCKOIIMA IJIsA
OBBbSICHEHUSA THCTEPE3UCHBIX CBOMCTB B ECTECTBEHHBIX
CJIOUCTBIX HAHOCTPYKTYPAX (KOHKPEIIMH IOKHOI'O BBETHAMA)
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WHAT THE MOSSBAUER SPECROSCOPY CAN GIVE US TO EXPLAIN THE
HYSTERESIS PROPERTIES OF NATURALLY OCCURRED LAYER
NANOSTRUCTURES (CONCRETIONS OF SOUTH VIETNAM)

Gendler T.S., Bortnikov N.S., Novikov V.M., Novakova A.A., Krivenkov M.S., Lomov A.

The Mossbauer spectroscopy (MS) at room temperature and 90K was used to study the
layered concretions from weathering crust (CW) of South Vietnam (Bao-Lok). Different
relative content and grain size fitted from MS in two-phase system (goethite-hematite)
determined the variability of hysteresis loops (HL) shape (linear, constricted, “pot-bellies”
and usual SD types). After heating up to 750°C and cooling in magnetic field being formally
single phase (hematite only) the system revealed exchange anisotropy reflected in HL shift.

Meccbayaposckas cnekrpockonus (MC) Ha uzorone Fe-57 u SEM Obutn mpuMeHeHb! 171
U3YyYCHHsI TPUPOIHBIX >KEJIE30COACPIKAIINX KOHKPEIMHA M3 KOPbI BbIBeTpUBaHMUA HOKHOTO
Brernama (bao-Jlok). M3ydaemblii 00BEKT OKa3ayics Ype3BBIYAiiHO MHTEPECHBIM HE TOJIBKO C
TOYKH 3pEHHsI SIBHOTO MPOSIBICHUsI OMOTeHHOTO BIMAHUS Ha (hopmupoBanue Fe-comeprxaniix
MHUHEpAJIOB, HO M HEOOBIYaifHO pa3HOOOPA3HBIX MX MAarHUTHBIX CBOMCTB. OCHOBHbIMHU Fe-
coJepkaMu (pazaMu 1O JJAHHBIM PEHTIeHOBCKOW audpakiun, MC U TepMOMarHUTHOTO
aHaJIM3a SIBJISIIOTCS TeTHT M FeMAaTHT B Pa3IMYHBIX Mponopuusx. PaznooOpas3Hble coueTaHus
3TuX (a3 u MeHsrommecss MOP(HOCTPYKTYpHI, MPOSBHIUCH B MHOTOOOpPa3sWH MarHUTHBIX
CBOMCTB M B MEPBYIO ouepe/lb CKa3aauch Ha popMax u mopeaeHuu netenb rucrepesuca (I10).
PaznooGpasue dopm I1I" oT npsMONMHEHHBIX 0 TIEPETSHYTHIX U pacimpeHHbix ("potbellied"”)
U BBIICHEHHE NMPUYMH WX TEHEPAIMW CBS3aHBI CO 3HAYMTEIBHBIMH CIOXHOCTSIMHU. 3a CUET
oOpabotkn MC  ynanoch  BBISIBUTH  KOPPENSALMIO  MEXKAY COOTHOLIEHHEM  JIBYX
BBICOKOKOIPLUTHUBHBIX (ha3 U cynepnapamMarHUTHbeIX (SP) dacTuil B ecTecTBEHHBIX 00pa3lax
u ¢popmoii I1T".

OCOOEHHOCTBIO M3Y4YEHHBIX 00pa3loB, KOTOpbIE OOPa30BalIMUCh MpPH CYIIECTBEHHOM
OMOTEHHOM KOHTPOJIE U HAJIMYUHM OPTaHUKH, SBISIETCS TAK)Ke CYIIECTBEHHBIH CIBUT TIETENb
rucTepesrca mocjie oxJaxkaeHus B MarHuTtHoMm mosie. MC Bcex 00pas3ioB Mmocie IUKIa
HarpeB-OXJIaXKJACHUE JEMOHCTPHPOBAIM TOJBKO YIIMPEHHBIA CEKCTET TéMaTHTa, TO eCTh 3a
cyeT retuta U SP- yacTull B MAarHUTHOM T0JI€ MPOU30IIIJIa KPUCTAIUIM3AlMs TeMaTUTa BTOPOH
rerepanuu. [lo ganaeiM SEM OH HaciemyeT MCXOTHYIO CIOMCTYIO MOPQOJIOTHIO, TaKUM
o0Opa3om, oOpasyercst ¢opManbHO-KpUcTaUIOrpaduyecku oaHO(a3Hasi CIOUCTasi HaHO-
cucTreMa, B KOTOpoil B MHTep(eiice MeXIy pasHbIMH T€HEpalMsIMH OJHOW M TOH ke (hasbl
CYILIECTBYeT OOMEHHAasi aHM30TPOMNHUs, YTO sBisieTca npuunHoi cnsura [T nns oOpasios,
OXJIXK/IEHHBIX B MAarHUTHOM TIOJIE.

118



CEKILIUS 7
CHUHXPOTPOHHOE U3JIYUYEHUE
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YEM BAM MOXET BbITb ITIOJIE3HA
CUHXPOTPOHHAS CTAHIIUA AAEPHOI'O PACCESIHUS B I'PEHOBJIE
Yymakos A.U.

Eeponeiickuii Ilenmp Cunxpomponnoco Mznyuenus, I penoonn, @panyus
chumakov@esrf.fr
THE WAY YOU CAN USE
THE SYNCHROTRON BEAMLINE OF NUCLEAR SCATTERING IN GRENOBLE
Chumakov A.l.

The talk presents a review of synchrotron-based techniques of nuclear resonance
scattering and examples of their applications.

Haunnast ¢ centsops 2011 r. Epomeiickuii Llentp CunxporponHoro W3mydenus
(ESRF), Bxmrouas Snpepnyto Pezonancuyro cranmmio [1], oTkpeiT ans  Poccuiickux
uccienopareneil. Pabora B LleHTpe ocymiecTBisieTcss HA OCHOBE UHOUBUOYAILHBIX ABTOPCKUX
3aBOK U He mpebOyem (HPUHAHCOBOW MOJIEPKKU CO CTOPOHBI MccienoBatenell. B pokmnane
IpeJICTaBIeH 0030p METOAOB CUHXPOTPOHHON MEccOayIpOBCKOM CIEKTPOCKOINHU, TPUMEPOB
UX TpUMEHEHMsT M TmpaBwil [2] mnoxayu 3asBOK Ha DSKCIEpUMEHTHL..  Paccmarpusas
BO3MO>XHOCTH MPOBEIEHUS HCCIIEIOBAaHUI C HCIOJIb30BAHUEM CHUHXPOTPOHHOTO U3Iy4YECHMUS,
clieflyeT UMETh B BUIY CIEIyIOUIee: CHUHXPOTpOHHass Mé&ccOayspoBcKasi CHEKTPOCKOIUS He
3aMeHseT TpaJulUuoHHYyl0. McciaenoBaHus, KOTOpbIE MOXKHO IPOBOJUTH C PAIUOAKTHUBHBIMU
UCTOYHUKAMH, CIEAYyeT IPOBOJUTH HWMEHHO C pPaJUOAKTHUBHBIMU HCTOYHMKamMH. Poib
CUHXPOTPOHHOTO H3IyYEHHUS COCTOMT B PACIIUPEHHUH BO3MOXKHOCTEH MeEccOayapoBcKoii
CHEKTPOCKONUK M0 HCIONB3YyeMBIM SIIEPHBIM PE30HAHCAaM, HCCIIEIyeMbIM 00pa3iam,
YCIIOBHSIM IKCIIEPUMEHTAa M MeTojaM uccienoBaHus [3]. llepedeHb siiepHBIX pE30HAHCOB
JOCTYIHBIX JJISi UCCIIEOBAHUM C CHHXPOTPOHHBIM H3ITyYEHHEM BKIIOYAaeT Oojiee JIecsiTKa
n30TonoB. JlJIA MHOTMX W3 HMX paJUOAaKTUBHbIE WCTOYHMKHA B HACTOSIIEE BpEMsS HeE
[IPOU3BOJSATCA. B Esponeiickom Ilentpe CunxporpoHHOro HM3mydyeHus BO3MOXKHO
NPOBEICHUE SKCIIEPUMEHTOB C HM30TOIMAMHU >Fe, 8INi, "Ge, *Ru, 1°Sn, 1?'sh, *Te, °Xe,
129 19gm, By, n "®'Dy. B 6Gmmkaiiiree BpeMs MIaHAPYETCS HAYAIIO 4paGOT C H30TONOM
1890s. [Ipy HamMuMm 3asBOK BO3MOXKHO OBICTPOE OCBOEHHE H30TOIOB OK, 83Kr, 9Tm u
“'Hg  IIpuMeHeHHe CHHXPOTPOHHOTO H3IydeHHsS MO3BOJSET HCCIICIOBAHME MPEICTHHO
Manbix o0pa3noB. B oTinune OT paguoaKTHUBHOIO MCTOYHHMKA, CHHXPOTPOHHBINM HMCTOYHUK
U3JTy4aeT HalpaBJICHHBIA U KOJUIMMHMPOBAHHBIN My4oK ¢ ceueHueM ~0.5x1.0 MM, KOTOPBIN
Jerko (oKycupyercss B MATHO ¢ pazMepamu ~5x10 (M2 DTO TO3BOISET HCCICIOBAHUE
00pa3loB MpU BBICOKHMX JIABJICHUSAX C UCIOJIb30BAHUEM aJIMAa3HBIX HAKOBAJICH, KOMOWHAIIMIO
BBICOKMX JIaBJIEHUH M BBICOKMX TEMIIepaTyp C TNPUMEHEHHEM JIa3epHOr0 HarpeBa U
UCCIIeIOBaHMs (B CKOJIB3AIIEM MAaJeHUN) CBEPXTOHKUX IUIEHOK, BIUIOTH 10 OJJHOI'O aTOMHOTO
MoHOCO0s.  KpoMe TOro, KOJJIMMHUPOBAHHOCTb IIy4yKa OOJeryaer HPUMEHEHHE KpUOo-
MarHUTHBIX CUCTEM [yl SKCIIEPUMEHTOB IpPH HU3KUX Temmeparypax (BmioTe a0 2K) u
CUJIbHBIX MarHUTHBIX NOJsIX (~7T), a TakKe B YCIIOBUSIX CBEPXYUCTOTO BaKyyMa (10'9 TOpP).

Metonsl  CUHXPOTpPOHHOUW MéEccOay?poBCKON CHEKTPOCKONMUHM BKIIOYAIOT B cebd
TPaJULIMOHHYIO CBEPXTOHKYIO CIEKTPOCKONHIO, KOTOpas MOXET HPOBOAUTHCA Kak BO
BPEMEHHOH TaKk W B OOBIYHON SHEPreTUYECKOW IIKalle; HeKO2epeHMH)0 CBEPXTOHKYIO
CHEKTPOCKOIHIO, KOTOpas MO3BOJISIET U3y4aTh 00pasibl ¢ Hynesvim Kodhduimentom JIrmoba-
Méccbayapa, Heympyroe paccesHue JUisi MCCIEeOBAaHHUS CIEKTPOB aTOMHBIX KoseOaHUH,
MaJIOyIJI0BOE€ paccesHue sl MCCIEAOBAHUS MAarHUTHBIX JIOMEHOB, SIIEPHYIO PE30HAHCHYIO
TUGPAKIUIO, pacCesHUE CKOMB3SIIEIO MaJCHUs, KBa3U-YIPYroe paccesHue, U HEKOTOpPbhIE
JPYTU€ METOJIbI.

1. http://www.esrf.fr/UsersAndScience/Experiments/DynExtrCond/ID18

2. http://www.esrf.fr/UsersAndScience/UserGuide/Applying

3. R.Riiffer, C.R.Physique 2008, 9 595-607.
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KOT'EPEHTHBIA METO/I YITPABJIEHUSA
MECCBAY3POBCKUMHU ®OTOHAMUA
Barusos @.I'., [[TaxmypatoB P.H? Kouaposckas 0.A3, Hypmexamuton p.H!
'Kasancruii Geodepanvuwiii ynugepcumem, Kasanw, Poccus
2Kasanckuii ¢uzuxo-mexnuuecxuii uncmumym KHI] PAH, Kasanwb, Poccus
3HHcmumym npukaaonou gusuxu PAH, Huxcnuti Hos2opoo, Poccus
vagizov@hotmail.com
COHERENT CONTROL OF MOSSBAUER PHOTONS
Vagizov F.G., Shakhmuratov R.N., Kocharovskaya O.A., Nurmekhamitov R.N.

We present the experimental results on the coherent control of Mdssbauer photons and
photon shaping of the recoilless radiation using stepwise mechanical shift and uniform
ultrasonic vibration of the resonant absorber.

B macrosimiee BpeMs HaOIIOMAaeTCsl TOBBIMICHHBIH HHTEPEC K HM3YUYEHHUIO METOJOB
yIpaBiIeHUs] OAMHOYHBIMU (OTOHAMH C TOYKH 3PEHHUS MPAKTHUYECKOrO MPUIOKEHHUS B
KBAaHTOBBIX BBIUMCIICHUSAX W KOMMYHHKAIUsaX. [lolydeHue © perucTpamus OJMHOYHBIX
¢doToHOB (KyOUTOB), a TAaKXKE yIpaBIeHUE UX MapaMeTPaMH, SIBJISIOTCS HEJIETKUMH 3aJa4aMu
JUISL OTITUYECKOT0 JAMAara3oHa BCJIEACTBUE HEOOXOJUMOCTH HUCIIOJIb30BAHUS KaK MOKHO OoJee
Y3KUX CHEKTpPalbHBIX JIMHUA B BEIIECTBE W KaK MOXHO 0OoJjee Y3KOMOJOCHOTO
0THO(OTOHHOTO M3My4deHHs. B raMMa nuana3oHe eCTECTBEHHBIC PaIHOAKTHBHBIC UCTOYHHKU
HU3KOW  AKTUBHOCTH TMPEACTABISIOT COOOM  MIeanbHbIE HMCTOYHUKH  OJMHOYHBIX,
U30JIMPOBAHHBIX JPYr OT Jpyra BO BpPEMEHH, KOTEPEHTHBIX (OTOHOB, a MIMPUHBI
CHEKTPAJIbHBIX JIMHUNA MOTJIOMICHHS MECCOAYIPOBCKUX SJEP JOCTATOUYHO MaJIbl.

ba3oBbIME 37€MEHTaMU, C MTOMOIIBIO KOTOPBIX MPEIOJITaeTCs COBEPIIATh KBAaHTOBBIC
oriepaly, SIBJSIIOTCS JMHUU 33/1€PKKU C MUHUMAJIBHBIMU MOTEPSIMHU, YCTPOHUCTBA, KOTOPHIE
pacLIeISIOT BOJHOBOM MakeT OoTOHA BO BPEMEHU Ha KBaHTOBBIC OWHBI (time-bin qubits) u
ap. Cpemum HHX 0co00O€ MECTO 3aHUMAIOT pa3IMYHbIE CIOCOOBI YMPaBJIEHUS BOJIHOBOMN
dopmoii dotona (photon shaping), Tak Kak OHH PACHIMPSIOT BO3MOXXHOCTH KOJUPOBAHUS U
pacrpeziesieHus: KBaHTOBOM MH(OPMALIUU B CETH.

B nmannoif pabore coOOIMIAIOTCS pe3yabTaThl AKCHEPUMEHTOB 10  YIPABICHUIO
OJIMHOYHBIMH MeccOayspoBckuMHu (oToHamMu. B dacTtHOCTH, OBUIO OOHApPYXEHO, YTO
NPUMEHEHUE CIEUHAIbHBIX AUCIEPCUOHHBIX CpeJ IMO3BOJSET CYIIECTBEHHO 3aMeIJIUTh
rpymnmoByo ckopoctb ¢otona [1]. Ilpu ompeneneHHBIX YCIOBUSAX OBICTPOE CMEIICHUE
PE30HAHCHOTO MOTJIOTHTENS MPUBOAUT HE TOJIBKO K YCHUJICHHIO MHYIIMPOBAHHOTO CUTHAJa
9Xa, HO JIaJKEe K TAIlIeHUIO0 KOTEPEHTHOTO M3Ty4eHHUs [2], 9TO OTKPHIBAET HOBBIE BO3MOKHOCTH
yIpaBiIeHUs] OAMHOYHBIMU (oTOHaMH. MHTEpEeCHBIMH B 3TOM OTHOIIEHUH SBIISIOTCS TaKKe

pe3ynbTaThl,  JEMOHCTPUPYIOIIME  BO3MOKHOCTH  HCIIOJB30BAHUA  OCOOEHHOCTEH
IPOCTPAHCTBEHHOTO PACIIPE/IeIEHHS A1EPHOIl IONAPU3ALUH :

o - 1 L~
BJIOIb MHOTOCTIOMHOTO KOMIO3MTHOTO oOpasna mmpu o ), ¢

OBICTPBIX cMmelleHusx noriotutens [3]. OOHapyxeHO, YTO
yIBTPa3BYKOBAs MOMAYJSIUS TaMMa HW3JIYYCHUS SBISICTCS
I0CcTaTOuHO S()PEKTUBHBIM CPEICTBOM 10 YIPABICHUIO
BOJTHOBOM (popmMoit (hoTOHOB [4], YTO MO3BOJISET CO3/1aBAThH
KBAHTOBbIE OMHBI (CM. PUC) JTOBOJIBHO MPOCTHIM CITIOCOOOM.
Jlureparypa:
1.R. Shakhmuratov, F.Vagizov, et al., Phys. Rev.A, ©, nsec
2009, 80, 063805(15).
2.R. Shakhmuratov, F.Vagizov, et al., Phys. Rev.A, 2011, 84, 043820(15).
3.R. Shakhmuratov, F.Vagizov, et al., Phys. Rev.A, 2013, 87, 013807(12).
4.F. Vagizov, V. Antonov, et al., Nature, 2014, 508, 80.
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MECCBAY2POBCKHUE UCCJIIEAOBAHUSA ITPOTAKEHHBIX OBPA3LOB -
HMCTOYHMUK JJOMOJHUTEJIbHON HHO®OPMAIIUU
CaapikoB O.K., FOpuuyk A.A.
Kaszanckuii (Ilpusonoicckuii) @edepanvroviil Ynusepcumem, Kasanwo, Poccus
Edgar.Sadykov@kpfu.ru

MOESSBAUER INVESTIGATIONS WITH THICK SAMPLES AS A SOURCE OF
ADDITIONAL INFORMATION
Sadykov E.K., Yurichuk A.A.

The new possibilities of Moessbauer experiments with thick samples in external fields
are considered. The confirmation of matter by experiments and model calculations is
presented.

B meccbay’poBCKOil CHEKTPOCKOIMM HCTOYHUKOM HHpOpManuu o (QU3NYECKOM
CUCTEME SIBIISIETCA, KaK MPaBWIIO, PKCIEPUMEHT Ha TOHKUX TorioTurensx. Ha stom done
BBIJICIISIIOTCS.  OKCIIEPUMEHTHI Ha TIPOTSHKEHHBIX 00pasiax, OTIHYaromuecs OOobIIei
CTETMEeHbI0 CBOOOJBI (HOPMUPOBAHMSI MecCOAYIPOBCKOrO OTKIWKA, M, Olarojaps 3TOMY,
HeCyliue  JOINOJIHUTeNbHYI0  mHpopmammio.  [lpumepom  sBisiercs  Audpakius
MeccOayIpOBCKOTO M3IyUeHUsS Ha Apax W MPUHIMIHUAIbHAS BO3MOXKHOCTh Ha 3TOH OCHOBE
U3y4aTb  KOPPEJSIHMIO  KOOPJMHAT  MecccOaydpOBCKMX  IIEHTPOB  CHCTEMBI  (ee
KPUCTAJUTMUECKYIO CTPYKTYpy). Takas BO3MOXXHOCTb — CJIEACTBHE€ KOHEYHOM TOJIIIMHBI
NorJIOTUTENs (MUIIEHH); OHAa OTCYTCTBYEeT B Cily4yae TOHKHX TMOTJOTHTENeH. [pyrum
3¢ (}eKToM TONIIMHBI MOTJIOTUTENS sBiIsSeTcs (QOpMHUpOBAaHME B HEM OTKJIMKa Ha
MeccOayIpOBCKOE H3ITydYeHHE (MMEIOIIEro YacTOTHYIO WM BPEMEHHYIO CTPYKTYpY) IOJ
BIIMSIHUEM BHEIIIHUX TMEPEMEHHBIX IMOJIeH. Y 1auHON WILTIoCTpanuei 3Toro 3¢ dekra sBasercs
o0pa3oBaHUe CATEJUIMTHOW CTPYKTYpBI CIEKTpa MeccOay’pOBCKOTO pacCcesHUs BIepea Ha
MOTJIOTUTENIC  (HEepXKaBelIasi CTajib), IOJBEPKEHHOM 3BYKOBBIM KojeOanusm [1].
AHaJOTUYHOE SBJICHHUE B PEKUME MIEPHOJNIESCKOTO BO3/ICHCTBUSI HA MATHUTHYIO MOJICHCTEMY
oOpa3ua BHemHUM PY monem u nocienoBaTenbHas Gpuandeckas MoJieib, aKIEHTUPYIOIIas Ha
OCHOBHBIE 3aKOHOMEPHOCTH MPOUCXOSIINX MPU 3TOM IMPOIIECCOB, OMUCAHBI B padore [2]. B
9TOM COOOIIEHHH OOCYXKIAIOTCS HOBBIE 3aKOHOMEPHOCTH IOBEJCHHUS MeccOay3pOBCKHUX
CIEKTPOB TOJICTHIX MOTJIOTUTENEH BO BHEITHUX Mosix. OOpalieHo BHUMaHue Ha B3aUMOCBSI3b
MEXy WHTETPAILHBIM TIOTJIONMICHHEM CITEKTpa TOMJIOMICHHUS TOJICTOTO TOTJIOTUTENS |
xXapakTepoMm KosieOaHuii simep B oOpasue [3]. DTo JaeT NMPUHIMIHAIBHYIO BO3MOXKHOCTH
MOJIy4aTh JOMOJHUTEIbHYI0 MH(QOPMAIMIO O CTENEHH KOPPENSLHHU 3BYKOBBIX KOJeOaHUI
saep B oOpasie (WM KOPPENSIHA JIPYTHX MPOIECCOB, HHUIMUPYEMBIX Ha SApax BHEITHUM
MoJieM) MyTeM 00pabOTKH SKCTIEPUMEHTATBHBIX MECCOayIPOBCUKX CIIEKTPOB.

PaGora yactuuno nonnep;xkana PODU ( Ne 14.02.01078 a).
JIureparypa:
1. Yu.V. Shvyd’ko, G.V. Smirnov. J.Phys.: Cond. Matt., 1993, 4, 2663-2685.

2. 2.K. Canpikos, A 5. [I3106muk u ap. [Tucema B dKOTD, 2010, 92, 279-284.
3. D.K.Canpikos, A.A.lOpuuyk. [Tucema B XKOTD, 2014, 99, 195-200.
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IOUCK P,T-HEMHBAPUAHTHOI'O MEKHYKJOHHOI'O B3AUMOJIEMCTBUSA
B SIJIPE **Tm METOJ0OM MECCBAYJPOBCKOM NOJSIPUMETPUM
[unoes B.T'., Yepemanos B.M., PeokkoB A.B., ITanun FO.H.

Hayuonanvnuiii uccredosamenvcxuti yeump « Kypuamoeckuii uncmumymy, Mockea, Poccus
Cherepanov_vm@mail.ru

SEARCH FOR P, T-NONINVARIANT INTERNUCLEON INTERACTION IN **Tm
NUCLEUS BY MOSSBAUER POLARIMETRY METHOD
Tsinoev V.G., Cherepanov V.M., Ryzhkov A.V., Panin Y.N.

The formulation of the experiment to measure P-and P,T-odd polarization of gamma-
radiation emitted at the Mdssbauer (3/2-1/2) M1 transition of deformed ***Tm nucleus with
energy 8.4 keV by gamma-optics methods is discussed. The expected accuracy of measuring
the relative magnitude of P,T-odd contribution is about the order of 0.1% of the ordinary
weak nucleon-nucleon interaction.

CormacHo teopeme Jlnoitna, mns perymspaoro Ml-nepexona P, T-HeueTHbIit uneH B
SIIEPHOM TIOTEHLMANe JacT HeperyisipHeld El mepexox ¢ 4MCTO MHHMBIM MaTpPUYHBIM
3JIEMEHTOM, MO3TOMY IJIOCKOCTh MOJIAPU3ALUU M3IyYeHHs] OPUEHTUPOBAHHOIO siapa OyaeT
OTJIMYATBCS OT TIOCKOCTH PACCESTHMS, 337aBa€MOI UMITYJIbCOM (POTOHA U OChIO OPHEHTALUU
aapa. YTrojl OTKJIOHEHHUS IMPOIMOPLUOHANEH IPOU3BEICHNUI0 CTENEHU HEecOoXpaHeHus P-
4eTHOCTH U T-uHBapuaHnTHOCTH. [Ipu MOBOPOTE MIIOCKOCTH paccesHus Ha MPSIMON yroi, (T.e.
Opyu CMEHE 3Haka JuHeiiHoW mnomsipuzauun Pj) P, T-HedyeTHoe OTKIOHEHHE MOKHO
3aperucTpUpoOBaTh C IMOMOIIBI0 KOMIITOHOBCKOTO MoiisipuMmerpa. [lmanupyercss mpoBecTH
TaKOW AKCIEPUMEHT Ha MeccOayspoBckoMm (3/2-1/2) M1-niepexone neopMUPOBAHHOTO sijipa
9Tm ¢ sueprueii 8.4 k3B Meronamu ramMma-onTHKH. B oKane 06CYKIACTCS OCTAHOBKA
IKCIIEPUMEHTA, HUJEsl KOTOPOro COCTOUT B cieaymwoueM. HenonspusoBaHHOE H3JIydyeHUE
BO30YXKICHHBIX SA€p TYyJIUsS OT MOJUKPUCTAIUIMYECKOrO MCTOYHHMKA TPOXOAMT uepe3
pe30HaHCHBIN (PUIABTP (MOHOKPUCTAIUI, COAEPKAIIMN sIIpa TYNHS B CHIBHO HEOJHOPOIHOM
JNEKTPUYECKOM TI0JI€), CBEPXTOHKAs AyOJIeTHAsI CTPYKTypa KOTOPOTO OINpPEAENseTCs] TOIbKO
KBaJIPYIOJIbHBIM B3aumojeicTBueM. OCylecTBIIsIsl SAEPHbII raMMa-pe30HaHC O0YEPEIHO
Ha pa3HBIX JIMHUAX [AyOJieTa, MOXXHO MEHATHh 3HAK IOBOPOTA IJIOCKOCTH MOJISIPU3ALUU
nmpomeauicro N3JI1yudcHus. I[HH MIPOBCACHUA SKCIICPUMCHTA CO3/JaHa YCTAHOBKA, BKIIFOYAKOIIas
MOAM(UIIMPOBAHHYIO CHCTEMY CHHXPOHHOro nerektupoBanusi [1]. Oxumaemass TOYHOCTh
U3MEpEHHs] OTHOCUTENbHON BenuunHbl P, T-HederHoro Bkiiama mopsaka 0.1% oT BemuduHBI
00BIYHOTO c7ab0ro MEXHYKJIOHHOTO B3aumozeiicTBus. Ouenka P, T-HedeTHoro moreHuuana
TpeOyeT HEe3aBHCHMOIO OIpejeNieHUs] BelIUuuHbl P-HeueTHO#l kpyroBoil momsipuszauuu P,
KOTOpast OyZeT Takke U3MepeHa Npu HeOOJbIIOW MOIU(HUKAIMKA YCTaHOBKU. Pa3paboTanHas
HaMM OBKCICpUMCHTAJIbHAasA MCETOJUKa [JIA ITOUCKa P-neuetnelx m P,T—HGI/IHBapI/IaHTHBIX
KOppEeJSLUiA y)Ke MpUMEHsJIach [l aHAJIOTHYHOM 3a/1aun Ha puMepe M1 MeccOayIpoBCKOro
(3/2-1/2) ramma mepexoga mOYTH CQEPHYECKOro spa °Sn, The ObLIO  IOXYYeHO
OTrpaHHuYEHUE CBepXy Ha oTHouieHue P, T-HeueTHOro Kk P-He4eTHOMY MaTpHUUYHOMY DIIEMEHTY
HYKJIOH-HYKJIOHHOTO B3anmoeiicTeus <V' ' >/<V'> = -(1.6+4.1)-10° [2]. DkcrepumenT pact
IpsIMO€ JI0Ka3aTesIbcTBO Hanuuus P,T-HeueTHOro uieHa B SIEPHOM TaMUJIbTOHUAHE, B
OTJIMYMUEC OT KOCBCHHBLIX METOJ0B, OCHOBAHHBLIX Ha ITOHMCKEC DJJCKTPHUYCCKOI'0 JAUIIOJBbHOI'O
MOMEHTa HYKJIOHOB U aTOMOB.

Pabora Bemonaena npu noaaepxkke POOU, rpant Ne 14-02-00989a.

Jluteparypa

[1] Hunoes B.I'., Uepenano B.M., Cno6noB C.U1. Jloknaa Ha 3TON KOH(EPEHITUH.

[2] V.G. Tsinoev, V.M. Cherepanov, E.V. Rogov, G.S. Vidyakin, V.I. Shtanov. S®,
1998, 61, 1357-1362.

124



PETHCTPAIIUA MECCBAYJ3POBCKUX 9JIEKTPOHOB KOHBEPCUH
CTII-AETEKTOPOM
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REGISTRATION OF MOSSBAUER CONVERSION ELECTRONS
WITH STJ-DETECTOR
Kozin M.G.}, Romashkina I.L.}, Smirnova-Pinchukova 1.0.%,
Koshelets V.P.2, Filippenko L.V.?

For the first time conversion electrons from RhFe scatterer under irradiation with
>’Co(Rh) Méssbauer source were registered with Nb-based superconducting tunnel junction
detector.

Mpg1 3aHMMaeMcst pa3pabOTKOM U UCCIIEIOBAHUEM JACTEKTOPOB MATKOTO PEHTTE€HOBCKOTO
U TaMMa JHara3oHa Ha OCHOBE CBEPXIPOBOISAIIMX TyHHeNbHbIX nepexoaoB (CTII). Panee
HaMu OblIa MPOJEMOHCTPUPOBAHA BO3MOKHOCTh PETUCTPAIIMM PEHTTEHOBCKOTO HM3Ty4YEHHUsI
Fe K, u Kp, a Ttakke y-nyueit 14,4 x3B or wucrounuka *'Co(Rh) ¢ momomibio
CBEPXIIPOBOJSIIIIETO TYHHEJIBHOTO JIETeKTOpa Ha ocHoBe HuooOus [1]. Hamm Takke
IpeyIokKeHa Uesl UCTOIb30BaTh MOTJIOTUTENb U3 TaHTAlla C LEJIbI0 CO3/IaHusl PE30HAHCHOTO
KPUOTEHHOTO JETEKTOpa Il MeccOayIpOBCKOM CIIEKTPOCKONUHU Ha lTa [2]. B manHoii
paboTe BepBbie MpoBeAeHa peructpanus 3pdexra Meccbayaspa ¢ nomorunsio CTII-nerexropa
Ha OCHOBE HHOOUSI B TEOMETPUU PACCESHUS C UCTOUYHUKOM 57Co(Rh) u nornotutenem RhFe.
HcTOYyHMK W JETEeKTOp pachojlarajiuch MOJ MPsMBIM YyIJIOM JApPyr K Apyry, a
pacceuBaTtens — moj yrioM 45° k oOoum. PaccenBarenem ciy’kMil Kycouyek cIlaBa
RhFe(20%), oborarieHHOro >"Fe, pasmepoM  5*5*4 mv®. B kauectse JETEKTOpa
ucrons3osancs CTII pasmepom 100%100 mxm® co crpykrypoii Ti/Nb/AILAIO/AI/Nb/NbN
(tommuuer 30/100/8,1/13/150/30 HM). DkcnepuMeHTaJIbHAs IIMPUHA JTUHUU Ha TIOJIOBUHE
BbICOTHI - MeHee 80 3B mns nunum 5,94 xoB (Mn K,). Ilpu komHaTtHOW Temmeparype
JaBJIeHWE TETUIOOOMEHHOro Tenusi B padoueM oOwbeMe coctaBimsuio okojo 0,01 arm.
N3mepenust npoogmuck npu T=1,4 K B marautHOM mone nopsiaka 100 D, HeobxonuMom
JUIst paboThl JETEKTOpa U MPUIIOKEHHOM IMapalljieNIbHO IIOCKOCTH TYHHEJIBHOI'O MEpexona.
[TosyueHHBIN CHEKTp MPUBEIEH B BEpXHEH YacTW puUCyHKa (OTMEUYeHa JHMHMS TeHepaTopa
TOYHOW  ammutyabl). Hwuxe nokaszan

N CIEKTp, IIOJYYEHHBIH B KOHTPOJIBHOM
8001 e OIBITE C UCIIOJIB30BAHMEM YHUCTOTO POJUS B

Pulser — Ka4ecTBe paccenBares (oT™MeueHbI
600 / PEHTICHOBCKUE JMHUU >keie3a). Pasnuuue

CIICKTPOB, CBJA3aHHOC C MPUCYTCTBUCM
400 4 KOHBCPCHUOHHBLIX  3JICKTPOHOB  OTMCHCHO

CHMBOJIOM € U CTPEIIKaMHU.

Fe K

200 °
Jluteparypa:

Fe K, 1. M.T. Kosus u p. TITD, 2006, NeS, 1-5.

2. M.T'. Kosun u np. U3B. PAH. Cep. ¢us.,

2007, 71, Ne9, 1336-1338.
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GAS-FILLED PROPORTIONAL DETECTORS
FOR MOSSBAUER SPECTROSCOPY
Vorob'eva I.V., Goganov D.A., Goganov A.D., Irkaev S.M.,
Semenov V.G., Panchuk V.V.

Design and parameters of effective gas-filled proportional detectors for Mossbauer
spectroscopy are described.

Jlnamna3oH sHepruil raMMa-nu3JIy4eHuH, UCI0JIb3yEMbII B HACTOSLIEE BPEMS B
Mecc6ay31é)01301<0171 CIEKTPOCKOIUH, OXBaThIBAaeT 00acTh oT 6,237 k3B (mepexon B
msotore *°-Ta) 1o 186,718 k3B (mepexoz B m3otomne ~ 0s). CTOIb MHUPOKHIA JIHATA30H
SHEPruil U3Iy4eHUs TpeOyeT Uit CO3JaHus ONTUMAIBHBIX SKCIIEPUMEHTATbHBIX YCIOBUN B
Pa3HBIX ONTHYECKUX CXEMaX PEeruCTPaluy, IPUMEHEHHS PA3INYHbIX JIETEKTOPOB
U3ITyYEHUSI.

Jnist peructpannu MeccOay3poBCKOTO H3ITyUYEHHs B 9TOM JHANa30HE YHEPTUI
UCIIONIB3YIOTCS TPU THUIA JETEKTOPOB: 1) MpONOpIHOHATIbHBIE Ta30HANIOIHEHHBIE
JETEKTOPBI, 2) CUUHTWUISIIMOHHBIE JETEKTOPHI U 3) MOJIYIPOBOJHUKOBBIE JETEKTOPHI.

OCHOBHBIM MEXaHHU3MOM PETUCTPALUUA MeccOAYIPOBCKOIO U3IYUYEHUS SBISETCS
¢doroanexTpuueckoe mnoriomenue. Kpome Toro, HeoOXOIUMO NPUHUMATH BO BHHUMaHHE
BJIMSTHUE HA OTKJIMK JIETEKTOPOB MPOIIECCOB PEIEEBCKOIO U KOMITOHOBCKOTO PacCEesTHUS

Bri0op THMa geTeKkTopa 3aBUCUT IIIaBHBIM 00pa3oM OT SHEPTUHU PErUCTPUPYEMOTO
ramMma-u3JIydeHus, CIeKTpa N3TyuyeHUs] UCTOYHUKA, 3aTPy>KEHHOCTBIO CIIEKTpa U3TyUeHHS
UCTOYHHKA COITyTCTBYIOIUMH U3TyYCHUSMH, BDEMEHEM JKU3HU MPUMEHIEMOT0 U30TOIIa.

Onucanbl KOHCTPYKIUU U 00CYXK/I€Hbl TEXHUUECKHUE XapaKTEPUCTUKHI
(3 dexTuBHOCTD, pazpemaromias criocOOHOCTh, OBICTPOACHCTBHE, OTHOIICHHE
IIUK/IOJTMHA, paJUAIlOHHBIN pecypc) MPOIMOPIHOHATBHBIX Ta30HAIOHEHHBIX JETEKTOPOB,
pa3paboTaHHBIX CHENHATBHO TS TPUMEHEHHS B MecCOayIPOBCKOW CIIEKTPOCKOITHH.

Pa3pa0OoTanHble 1€TEKTOPHI, ABISIOTCS ONTUMATbHBIMU ISl UCCIIEIOBaHUH C
M30TOMAMH, 0618 1afOIMMH MaJIBIMHI SHEPTHAMH raMMa-H3/TydeH s, TAKAMH, Kak ~o Ta
(6,238 x3B), °Tm (8,401 x3B), ¥Kr (9,40 x3B), **'La (10,560 x3B), 1**Ba (12,322 x»B),
*Ge (13,284 x3B) n Fe (14,413 x»B). l511 BBICOKOAHEPT€TUUECKIX TaMMa-KBAaHTOB,
U3ITy4aeMbIX TAKUMH H30TONIAMH KaK, HampuMmep, 121gp (37,133 x3B), 125Te (35,492 x3B),
129%e (39,578 ©B), 1**W (46,484 ©3B) 1 *’Np (59.541 k3B), pa3pabGoTaHHBIC JETEKTOPHI
MOTYT OBbITh IPUMEHEHBI, €CJI IPU PErHCTPALUH UCIOIB3YETCs] HE UK MOJIHOTO
MIOTJIOIIEHHSI, & OTKJIMK JIETEKTOpa Ha MUK BBIJIETA, 00pa3yIOIIUICS B
HU3KOIHEPTreTUUECKON 001acTH CIEKTPa U3IIyuYeHUsI HCTOYHUKOB.
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JIMCKPETHU3AIINSA CKOPOCTHOM INKAJIBI
B MECCBAY3POBCKOM CIEKTPOCKOIINH
Cemenos B.I."?, Hpkaes CM2 [Tanuyx B.B." Toiinenko A.A."
1CaH1<m-Hemep6yp2c1<uﬁ yuugsepcumem, Canxm-Ilemepoype, Poccus
2HHcmumym ananumuyeckozo npubopocmpoenus PAH, Cankm-Ilemepoype, Poccus
val_sem@mail.ru

DISCRETIZATION OF THE VELOCITY SCALE
IN MOSSBAUER SPECTROSCOPY
Semenov V.G., Irkaev S.M., Panchuk V.V., Goydenko A.A.

Selection criteria for optimal discretization step in the measurement of the Mossbauer
spectra are suggested.

IIpencraBnenue crnekTpadbHOW HMHMOpPMANMM B JUCKPETHOW ¢dopme IMIHPOKO
UCIIOJIb3YETCSI B COBPEMEHHOM CIEKTPOCKOINUU. BpIOOp ONTUMANBHOrO 1ara JUCKpEeTU3aluu
Av = Vi1 — Vi B 3KCHEPUMEHTAIBHOM CIEKTPE WUIPAeT BAXKHYIO POJIb, TaK KakK MO3BOJISET
U3BJIEKATh (PU3HUECKYI0 HH(POPMALIMIO C MAaKCUMAJIbHON JI0CTOBEPHOCTHIO.

Cnenyer OTMETUTB, YTO NPHU MaJOW BEJIMYMHE IAra JUCKPETU3allUU KOJIMYECTBO
TOYEK B HAOIIOAaEMOM CIHEKTpE CTAHOBUTCA OOJBIINM, YTO MPHUBOAUT K YBEITMUYECHUIO
TOYHOCTH  BOCIIPOM3BEICHUS CHEKTPaJIbHOH (QYHKLUMHU, coJepxkaliedl HeoOXOquMyro
aHaMTHYEeCKyl0 MHpopManuio. OqHaKo, B 3TUX YCIOBHSX OyIeT YMEHbINAThCS MHTEPBAJ
BPEMEHM HAKOIUIEHUS B KAKIOM KaHajle, 3TO B CBOIO OYepellb NMPUBOAUT K YBEIMUYEHUIO
o0IIero BpeMeHH, HEOOXOIMMOro JUIsi HAaKOIJICHHWS CIEKTpa C 3aJaHHOW CTATHCTUYECKOM
TOYHOCTBIO. YBEIMYEHHUE IlIara JUCKPETU3alUU BEIeT K YMEHBIICHUIO KOJINYECTBA KaHAJIOB,
a TOYHOCTH BOCIPOU3BEACHHUS CIEKTPAIbHOW (YHKIMHM CHIDKACTCS M3-32 CHIBHOTO
YCPEIHECHHsS U3MEPSEMON CIIEKTPaIbHOM (PYHKITUU BHYTPU UHTEpBaja Ay.

Takum o00pa3om, ONTHUMaidbHAs AUCKPETH3alUs 3aKJIIOYaeTcss B TPEACTaBICHUHU
CHEKTPaIbHOM (PyHKIIMHU C TpeOyeMOil TOUHOCTBIO U MUHUMAJIBHBIM KOJINYECTBOM KaHaIoB. B
TOM CJly4a€ BCE TOUYKM CIEKTpa SBJSIOTCS BaXKHBIMHM JUIsl BOCCTAHOBJIEHMSI HCKOMOM
(GyHKLUH, TPU MUHUMAJIBHOM BPEMEHM UX HakoIuleHus. ONTUMAaNIbHBIN [Iar OLIEHUBAETCS M0
MHUHHMHU3ALUHU OMIMOKY MPH BOCCTAHOBIICHUH CIIEKTPATbHON (PYHKITHH.

IIpeioskeHsl fBa HE3aBUCHMBIX IOJAXOJa JJsl  pelleHus MpoOiemsl BbIOOpa
ONTUMAJIFHOTO 3HAYEHUs] LIMPUHBI KaHaja MpHU HAKOIJICHWHM MeccOay’dpOBCKHMX CIIEKTPOB.
OnuH U3 HUX OCHOBaH Ha 4acTOTHOM Kputepun KortenpHukoBa-llleHHOHa, BTOpoH - Ha
aHaJIM3€e OIMOOK, BOZHUKAIOIINX B ciaydae AuddepeHInaabHOro npeacTapieHus crnekrpa. B
000MX MoAXoaax BbIOOp KpUTEpHs MPOBOJUTCA B JBa JTara: Ha MEPBOM - PacCMAaTPUBAETCS
BbIOOp 1ara JUCKPETH3alUM JJIs HACATBbHOIO CIIEKTpa, Ha BTOPOM - IPOBOJUTCS €ro
KOPPEKIHMsI, KOTOpas Y4YWUTBHIBA€T BIMSHUE CTAaTUCTUYECKOro pa3dpoca B  CHEKTPE,
MOJy4YeHHOM C TpeOyembIM KauecTBOM. [lokazaHo, 4uro 00a moaxona MO JUCKPETHU3ALUU
MeccOayIpOBCKUX CHEKTPOB MPUBOJIAT K OJIM3KUM pe3ysibTaTaM.
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OIITHNYECKOE JETEKTUPOBAHUE MECCBAYJPOBCKHUX
CIIEKTPOB PACCESIHUSA
Kupnuenxo B.T"., Koanenko O.B.
XHY umenu B.H. Kapasuna, Xapvkos, Ykpauna
E-mail: val_kir4d8@mail.ru
OPTICAL DETECTION OF MOSBAUER SCATTERING SPECTRA
Kirichenko V.G., Kovalenko O.V.

It is proposed a method of optical detecting nuclear y - resonant spectra of dispersion
at the analysis of a surface of pure iron. | The technique of registration of the optical spectra
connected with the gas discharges in CEMS proportional detector is developed. It is revealed
that optical spectra are registered from thin layers about 100 A.

Perucrpanus crnekrpoB MCKD mpou3BoauTCst ¢ NOMOLIBIO JETEKTOPOB JIEKTPOHOB,
MO3BOJIAIOIINX JOOUTHCS BBICOKON 3(()EKTUBHOCTH PETUCTPALUU 3JIEKTPOHOB BHYTpPEHHEH
KOHBCPCHH, IPHU 5TOM ra3oBbIi pa3pgaa CONMPOBOKAACTCA U3TTYUCHUC CBCTOBBIX KBAHTOB. HpI/I
OINTUYCCKOM ACTCKTHUPOBAHHU CIICKTPOB PACCCHUBAHUA IMPOUCXOAUT OT60p DJICKTPOHOB 110
T J'Iy6I/IHe. MNHTEeHCUBHOCTh CBEUCHUS pa3pgaa B CUCTYHUKE 3aBUCUT OT SHCEPIUU DJICKTPOHOB,
HCITYCKAaCMbIX B PC3YyJIbTaTC KOHBCPCHUU 7Y-KBAHTOB B IPHUIIOBCPXHOCTHOM CJIOC U
ONPCACIICTCA BCPXHUMH CJIIOSAMU, HauOoyee OMM3KUMH K IMOBCPXHOCTHU. HapaMeTpLI,
OTIpeNIeNIAIONINE YCIOBUSl HAOMIOIeH!s (DOTOHHBIX CIIEKTPOB, MPUBEIECHBI HA PUCYHKE B BHJIE
3D pacnpeneneHuss MHTETPaIbHONM WHTEHCHMBHOCTH (DOTOHHBIX CIIEKTPOB pACCESHHUS B
3aBUCUMOCTH OT JUIMHBI BOJIHBI CBETa, HAa KOTOPOM PEruCTPUPOBANICS CIIEKTP H OT
HaIps’KCHUA Ha HUTHU Ta30BOI'0 ACTCKTOPA. Taxon MCTOJ OITHYCCKOI'0 JACTCKTUPOBAHUSA C
HUCIIOJIB30BaHHUEM CBCETOBOAOB /JIA BbIBOJAa OIITHYCCKHUX (bOTOHOB MO3BOJICT YCTPAHUTH
BJIMAHUC PAAXOAKTUBHOTO HMCTOYHHKA 7Y-KBAHTOB Ha (bOTOKaTOI[ DOY. HpI/IMeHeHI/Ie
MOHOXPOMATHYECKMX (UIBTPOB MO3BOJWIO OOHAPYKUTh, YTO (DOTOHHBIE CIEKTPHI
PETUCTPUPYIOTCA B CIIy4yae JJIEKTPOHOB, M3JIyYEHHBIX U3 CaMbIX BEPXHUX IOBEPXHOCTHBIX
cnoes. Tommuua >Tux cnoeB okono 100 A mns neopMHPOBAHHBIX (OJIBT KeIe3a, yTo

MeHbIIIe, YeM TOJIIIMHA TIPH PETUCTPAINH YIEKTPOHOB BHyTpeHHeil kousepcuu (1000 A).
(U
&, Yo

U,B
Pucynok. 3D nuarpamma pacnpesneneHus BeTUUMHBI 3 deKTa paccesHus €
MeccOayIPOBCKUX CHEKTPOB B 3aBUCHMOCTH OT JUTMHBI BOJIHBI A QOTOHOB U HaNPSYKEHUS
U Ha aHOZE nEeTeKTOpa
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OCOBEHHOCTHU MATEMATHYECKOUW OBPABOTKHN MECCBAYAPOBCKHUX
CIIEKTPOB KOMITIO3UIIUOHHBIX CUCTEM KPUCTAJINIMYECKAS —
AMOP®D®HAS ®A3A.

Hewmioa O.M.

Du3zuro-mexnudeckutl uncmumym Ypanockoeo omoenenus Poccutickoti akademuu Hayk,
Umxncesck, Poccus
olganemtsova@nm.ru

FEATURES OF MATHEMATICAL PROCESSING OF MOSSBAUER SPECTRUM OF
COMPOSITE SYSTEMS THE CRYSTAL-AMORPHOUS PHASE.
Nemtsova O.M.

The original technique of processing the Mossbauer spectrum of composite systems the
crystal — amorphous phase is offered. In it all features of such spectrum are considered and
the design method on the test model, allowing to define changes in an amorphous component
is stated.

OfHMM W3 JIOCTOBEPHBIX METOJIOB KOJUYECTBCHHOTO aHaJIM3a KOMITO3UIIMOHHBIX
CUCTeM Kpucramnundeckas — amopdnas Qasza sBiseTcss MEccOaydpoBCKasi CHEKTPOCKOMUSI.
Maremarnueckass ~ oOpaboTka  MEccOaydpOBCKHMX  CIIEKTPOB,  XapaKTEPHBIX U
KOMIIO3UIIMOHHBIX CHUCTEM KpHCTaulnyeckas - amopdHas ¢(asza, uMeeT ompeaeieHHbIe
ocoOcHHOCTH. DYHKIUS pPACIPEICICHHS] CBEPXTOHKOTO MAarHUTHOTO IIOJS, IOJiydaeMas B
pe3ynpraTe 00pabOTKM TaKUX CHEKTPOB, COCTOUT U3 OONacTeil, NpUCYIIUX IS
KpHUCTATNYecKo 1 amopdHOil (azpl. COOTHOIIEHUE TUIOMAACH 3TUX O0JIaCTel MO3BOJISET
MIPOBECTU KOJIMYECTBEHHBIN aHATN3 KOMIO3UIIMOHHOM CUCTEMBI.

Takum o00pa3oM, [UIsi TIONYyYEHUS JOCTOBEPHOTO KOJWYECTBCHHOTO aHaIM3a
KOMITO3UIIMOHHBIX CHUCTEM KpHCTajulnyeckas - amopdHas (aza HEoOXOAMMO MpPOBEICHUE
TaKOH MaTeMaTUYECKOW 0OpabOTKH CIIEKTPOB, KOTOPAs: a) MO3BOJISIET Pa3AeisiTh BKIAILI OT
KPUCTAJUTMYECKOW M aMOp(HON COCTaBIAIONICH;, O) MO3BOJIIET ONPEICNSITh CYIIECTBECHHBIC
U3MCHEHHUsT B aMOpQHOW COCTaBISIONICH (B CepUM JKCIEPUMEHTOB); B) OOECIeYnBaeT
MUHUMAJIbHYIO IOTPEIIHOCTh PE3yJIbTaTOB.

B Hacrosimeii paboTe s pemieHus 3TUX 33724 MpeIjiaraeTcs: a) pa3IeJIeHHe BKIaI0B
OT KpUCTaJUIMUYeCKOM U  amoppHOil  (a3pl  OCYyIIECTBISATH aHAJIOTMYHO  METONY,
CYIIECTBYIOIIEMY Uii OOpabOTKM CHUCTEM C JIOKAJIBHBIMU HEOJHOpOAHOCTsMH [1], T.e.
UCIIOJIb30BAaTh QJTOPUTM  ONpEIeICHHS JBYX (YHKIUWA pacmpefesieHuss W3  OJIHOTO
IKCIIEPUMEHTAIILHOTO CIIEKTPa C CYIIECTBEHHO-PA3IMYHBIMU CBEPXTOHKUMH IapaMeTpPaMH,
0) wuTepalMOHHAs TMpoleaypa MPOSKTUPOBAHUS Ha MOJelb (B KadyecTBe KOTOPOM
UCTIONB3YyeTCs (YHKIHUS paclpesielieHus, MOMyYeHHas: JUIs TECTOBOTO OOBEKTa) IO3BOJISIET
OTpeeNsiTh CYIIECTBEHHbIE HW3MEHEHHUs B aMopdHON cocraBistomeir (B cepuu
SKCIEPUMEHTORB); B) pa3JielieHHe TapaMeTPOB PETYJSIPU3AUH I KaXKI0W COCTABIISIONICH U
HE3aBUCHUMBII TMOMCK ONTUMAIbHBIX 3HAYeHWH OOECHeurBaeT MaKCUMAaIbHYIO TOYHOCTH
pe3yabTaToB [2].

Jlureparypa:

1. O.M.Nemtsova. NIMB, 2006, 244, 501-507.
2. O.M.HewmmoBa, A.JI.Arees, E.B.Boponnna. N3B.PAH, Cepus ®wus., 2007, 71, 1330-1332.
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OBPABOTKA MECCBAYJ3POBCKHUX CIIEKTPOB COEJIUMHEHUM C
IMPOCTPAHCTBEHHOM CIIUH-MOAYJIUPOBAHHOM CTPYKTYPOM B
SpectrRelax
MaineB M.E., Pycakos B.C.
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FITTING MOSSBAUER SPECTRA OF COMPOUNDS WITH
SPATIAL SPIN-MODULATED STRUCTURES IN SpectrRelax
Matsnev M.E., Rusakov V.S.

SpectrRelax is an application for analysis and fitting of absorption, emission and
conversion electron Mossbauer spectra. The paper discusses the details of using special
models for fitting Mossbauer spectra of isotopes in spatial spin-modulated structures and
demonstrates the models' usage for analyzing the spectra of BiFeOs;, CuCrO.:>'Fe, and
CaMn;012:**°Sn compounds. These structures contain periodic spin density or spin direction
changes that are incommensurate with the underlying lattice. SpectrRelax now includes
models for Spin/Charge Density Wave, Anharmonic Spin Modulation and Spiral-like Spin
Structure.

SpectrRelax — mporpamma aas oOpabOTKM M aHajdM3a MeccOaydIPOBCKUX CIIEKTPOB
norjiomeHust, pacCesaHrusd W KOHBCPCHOHHBLIX OJJICKTPOHOB I HM30TOIIOB C IICPCXOJaMU
1/2 <> 3/2 [1]. B Hacrosimee Bpems B SpectrRelax moOamieHbl Monenu [uis paciiudpoBKU
CIICKTPOB  H30TOIIOB B COCAMHCHUAX C HpOCTpaHCTBeHHOﬁ CHI/IH'MO,I[YJII/I[)OBEIHHO?I
CTPYKTYpO. B Takux CTpyKTypax CIHMHOBas IUIOTHOCTb WJIM HAIPaBICHUE CIIMHA
NEpUOANYCCKU H3MCHACTCA BAOJIb BBIACICHHOTI'O HAIIPpABJICHUSA, IIPH 2TOM IICPHUOJ ITOTO
HU3MCHCHU HECOPASMCPECH C ICPUOAOM KpHCTB,JIJIH‘-ICCKOfI PCIICTKU.

B uwnciio qo0aBiieHHBIX MOJIEIEH BXOIST:

e BoyHBI CHOMHOBOM W 3apsa0BOH IUIOTHOCTEH, Ui KOTOPHIX (opMa BOJHBI
MIPEICTABIISIETCS B BUJIE CYMMBbI IIPOCTPAHCTBEHHBIX TAPMOHUK [2];

° AHrapMOHI/I‘ICCKaH CIIMHOBAass MOAYJIAIHWA, OINHCBIBarOIIasds IMIPOCTPaHCTBEHHYIO
CIIUH-MOJYJIUPOBAHHYIO CTPYKTYPY LMKIOUIHOTO WJIM TeIMKOMAHOTO Tuma [3];
MOJIeNIb peajn30BaHa TaKkkKe i 00pabOTKM CHEKTPOB SIEPHOIO MarHUTHOTO
PE30HaHCa;

e (CnupanbHas CIIMHOBAas CTPYKTYypa, B KOTOPOM IPOEKIUHM CIMHA B IUIOCKOCTH,
HepHeH,Z[HKyJIHpHDfI HAIIPaBJICHUIO PACTIPOCTPAHCHUS BOJIHBI, IPCACTABJISAIOTCA B
BHUJI€ CYMMBI ITPOCTPAHCTBEHHBIX TAPMOHUK [4].

B pa60Te paccMaTpruBaOTCS BOIIPOCHI UCIIOJIb30BAHUA 3THUX MOJICJ'ICI\/'I JJIs1 MOI[GJ'ILHOﬁ
pacuudpoBku meccobayrpoBckux U AMP criektpoB B SpectrRelax Ha mpumepe coennHeHwmit
BiFeO3, CuCrO2:*'Fe u CaMn;01,:°Sn.

PaGora BemonHeHa mTpu momnepxkke Poccuiickoro ¢oHma (QyHIaMEHTaIBHBIX
uccienoBanuii, rpanT Ne 14-02-01109a.
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MOJINP®UKAIINA METOJA CHHXPOHHOI' O HAKOILJIEHUSA B SITEPHON
OU3UKE
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MODIFYING OF SYNCHRONOUS ACCUMULATION METHOD IN NUCLEAR
PHYSICS
Tsinoev V.G., Cherepanov V.M., Sdobnov S.I.

The advantages and peculiarities of the synchronous detecting method with a key mode
of operation are considered. It is shown that for this method the signal/noise ratio in a 2
times larger than for a counting one, increased accuracy is achieved by fixing the signal center
of gravity. In addition, this modification of synchronous detection allows one to carry out
two-dimensional analysis of the signal.

B nocnennue rosbl caMble HHTPUTYIOIINE PE3YIbTATHI [0 U3YUEHHUIO CIa00ro sSepHOro
HYKJIIOH-HYKJIOHHOTO  B3aUMOJAEWUCTBHs, npU moucke 3S(P(PEKTOB  OTKIOHEHUS  OT
(byHIaMEHTaIBHBIX 3aKOHOB COXPAHEHHs B SJIEPHBIX B3auMOJAEHCTBUsIX (HapywmeHue P, T- u
P, T-unBapuanTHOCTH) ObUIM OOHApY’KEHBI B 001acT (pu3uku Masbix 3Heprui [1]. Ouu ObLIH
MOJIYYEeHbI [TPU U3MEPEHUSIX CTETIEHU KPYTrOBOM U IMHEWHOM MOJISIPU3aLUU FraMMa-u3J1y4eHHs,
ACUMMCTPHUHU BbUICTA KBAHTOB M3 MOJISIPU30BAHHBLIX AJCP, YTO obecIeunno PEKOPAHO HU3KHUC
BepXHHe Tpejenbl 1t Hapymenus T- u P, T-uuBapuanTHOCTH 10 ypoBHS 10™, B OCHOBHOM
MOJTyYeHHBIE METOAOM MeccOay’pOBCKOW CHEKTPOCKONMUH M moisipuMeTpuu [2]. Bee atn
SKCHEPUMEHTBI TPENOaraloT BbIJEICHUE BECbMa MAajoro W3MEHEHUS HMHTEHCUBHOCTHU
U3JIy4CHHsS] Ha ypOBHE 10° - 107 IIPYU PEBEPCHUPOBAHUM 3HAKA IPWIOKEHHOTO MAarHUTHOIO
MOJIs WJIM M3MEHEHHS] 3HaKa CKOPOCTU IMPHU HCIIOJIB30BAHUM MEcCOaydpOBCKON METOIUKH.
HO3TOMy CCTCCTBCHHBIM IMPCACTABIIACTCA OTKa3 OT HMHy.HBCHOfI TCXHUKU PCTrUcTpanun
coOBITHI (KOTOpasi MPU BBICOKMX 3arpy3Kax JaeT MPOMYCKH TpPH cueTe) W Tepexoi K
UHTETPaIbHOM (TOKOBOI) TEXHUKE JETEKTUPOBAHUS, KOTOpast MPEICTABIAET COOON pe3ynbTaT
yCpeaHeHHsl MO OOJIbLIOMY YHCIY perucrpanuil kBaHToB. Crartuctuueckue (IyKTyaluu
WHTCHCHUBHOCTHU ITYYKa HNPUBCAYT K C.]Iy‘-IﬁﬁHBIM OTKJIOHCHUSIM CUTHAJIa OT €ro CpCIHCro
3HAYEHHUs U CO3AaAyT NOMEXY, KOTOpasl aJJIUTUBHO HAJOKUTCS HAa NPUHUMAEMBbI CUTHAI U
OyZeT BOCHPUHUMATHCS PETUCTPUPYIOIIUM YCTPOHCTBOM KakK IIIyM, OTPaHUYMBAIOLIMNA
TOYHOCTb U3MepeHuil. [Ipu 3ToM cpeqHee 3HaYeHHE WK K€ €ro MOCTOsIHHAsI COCTaBJIstoNIasl,
OYEBUJIHO, paBHA HYIIIO, @ €ro JAMCIEpCUsl MPEACTaBIsAeT c000i MHTEHCHUBHOCTH Iryma. J{is
BBIJIEJICHUSI I0JI€3HOT0 CUTHAJIA, IPONOPIUOHAIBLHOTO CTENIEHU HapyILIEHUsI MHBAPHUAHTHOCTH,
IPUMEHSAIOT pa3jIUYHbIE CXEMbl BpPEMEHHOW CENEKIUM CHUTHajla, CHUHXPOHHOM C
NepPUOANYECKUM HM3MEHEHHEM BHEIIHEro BO3JCHCTBUs, M €ro HakomjieHus. B poknazne
paccMOTpEHbl MPEUMYIIecTBa U OCOOEHHOCTH YCOBEPIIEHCTBOBAHHOI'O aBTOpaMM METOJa
CUHXPOHHOT'O JACTCKTUPOBAHWA CO CTYINCHYATBIM PCKUMOM TMNEPCKIIOYCHUS CHUIHalIa,
[I0/IaBa€MOr0 HA OMNEPALMOHHBIA YyCUIUTENb-UHTErpaTop. llokazaHo, 4YTO OTHOILIEHHE
CHUTHQJI/IIYM B 3TOM METOJE B V2 pa3 Oouiblie, YeM TPU CUETHOH PETHCTpallii COOBITHH,
TAaKXKE YBCIUMYCHUC TOYHOCTH AOCTUTIaCTCAd 3a CUCT (1)I/IKCEIIII/II/I HOCHTpPaA TAKCCTU CHUI'HAJIA.
Kpome Toro, sra momudukanus CHHXPOHHOTO JAETEKTHPOBAHHS IO3BOJISIET IMPOBOIUTH
JIBYMEPHBIN aHAJIN3 CUTHAJA.

PaGora Bemmonnena npu nogaepxke PODU, rpant Ne 14-02-00989a.

Jlureparypa
[1] B.I'. [lunoes, B.M. Uepenanos, E.B. Poros. SI®, 1999, 62, N9, c. 1541-1545.

[2] V.G. Tsinoev, A.V. Tsvyashchenko, A.E. Ugrovatov, and S.N. Vostrikov. Phys.Rev.,
2007, C76, 045503 (6).

131



THE FEATURES OF NUCLEAR GAMMA-RESONANCE OBSERVATION
OF ROTATING OBJECTS AND EXTENDED RELATIVISTIC THEORY
Kirichenko V.G. !, Kovalenko O.V. !, Gofman Yu. I.

'Kharkov National Karazin University, Kharkov,61108, Ukraine.
2Jerusalem College of Technology, Jerusalem, Israel
E-mail: val_kir4d8@mail.ru

The unique resolution of the Mossbauer effect [1] is expressed by the ratio AE/E (I" =
AE - line width and the energy of gamma - quanta E) and for the isotopes Fe>” and zZn®’
reaches 3,1-10™ and 5,2:10™™°, respectively. It is noted that in experiments using the
Mossbauer Effect for information on the spatial curvature it is necessary to use more accurate
experiments, which should include the measurement of geometrical lengths and angles.

The aim of this study is to improve the accuracy of the determination of small energy
shifts at the observation of the Mossbauer Effect in physical systems related with moving and
rotating objects. As the source of the Mosshauer isotope Fe>’gamma - rays was used the
nuclei Co®” in Cr matrix. The rotating body in form of a disk is the absorber of gamma rays. It
takes a fixed absorber crossing the axis of the beam vy - rays emitted by the peripheral part
rotor-source. As the objects of experimental study were used the foils and powders of iron
enriched with isotope Fe®’ up to 85% and austenitic steel foils.

The source and absorber, characterized by single lines of emission and absorption, and
a rotor rotating at a frequency @ were used. The dependence of the resonant transmission of
gamma rays on the parameter X = no. [107 rad/s] for the determination of small displacements
was obtained, where the o- plane tilt angle of the rotor disk for different frequencies of
rotation of the disk. The reached accuracy evaluation is 6 10 rad/s at measurement accuracy
of the resonance transmission a within the statistical error.

The values of the contributions from the quadratic Doppler Effect for Fe57 nuclei are
small and approximately equal to 0.00005 mm/s. We note that at the measurement of small
linear and angular displacements of objects the cross Doppler effect with the Mdssbauer
technique obstacles arise first of all due to the vibrations, the pulses, disturbance of the strict
orientation of objects in space. leadings as to get rid of these vibrations is impossible. In
addition to measuring the linear velocity and displacement by nuclear gamma - resonance it is
possible to carry out measurement and control of angular velocities and accelerations.

The maximum high accuracy of electromagnetic irradiation frequency measurement
using Mossbauer effect allows to test of one of the consequences of general relativity -
"transverse Doppler effect” [5]. As shown Doppler shift between inertial system K' and

accelerated system K moving together is determined by the coefficient (1 - a/A) due to the

acceleration K relatively K'. Evaluation of maximum acceleration a = (1.006 + 0.063) 10*°

m/s?, using experimental data was carried out.
N,
uvn. 10

N, We reached the values of minimum
"™ measurable linear velocity of about 5 - 10°°
mm/s and angular velocities of 6 10° rad/s
using the isotope Fe>’. It confirms the real
possibilities of measurement method
Doppler shift using the Mossbauer effect
e to determine the maximum acceleration
pan n,¢" and the prospects for development of such

Figure. 3D-diagram which illustrate the researchers.
dependence of pulse rate from disk
orientation
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MHNPAKTUKA UCITOJB30BAHUSA MECCBAY23POBCKOT'O CHEKTPOMETPA
YAAJEHHOT'O JOCTYIIA
CunaeB A.A.(mn.), CunaeB A.A., 'ogoukos C.K.
Hayuno-uccreoosamenvckuii uncmumym sioeproui pusuxu um. /1.B. Ckobenvyvina MI'Y um.
M.B. Jlomonocosa, Mockea, Poccus
godov@srd.sinp.msu.ru
REMOTE ACCESS MOSSBAUER SPECTROMETER PRACTICE
Silaev A.A. (Jr.), Silaev A.A., Godovikov S.K.

Practice of use of the remote access mossbauer spectrometer for the science and
education are presented. Internet address: http://www.efmsb.ru

B HUMAD MI'Y B 2011r. B pamMKax rocyAapCTBEHHOI0 KOHTpakTa ¢ MunoOpHayku PO
ObLIa TIpOBE/IeHa paboTa MO CO3JaHUI0 CUCTEMBl YIaJIEHHOTO JOCTyIa K MeccOayd pOBCKOMY
cnekTpomeTpy . Llenp mpoBeneHHOM paboThl — oOecreueHre BO3MOXKHOCTU IPOBEICHHUS
HAYYHO-HCCIIEIOBATENILCKON U yueOHOM pabOThl B peKUME PEaTbHOTO BPEMEHH, C PEaIbHBIM
UCTOYHUKOM JUIs JTF000T0 MoJIb30BaTess Ha Tepputopun PO.

Oco0OeHHOCTBIO JKCHEPUMEHTOB IO MeccOayIpOBCKOW CIEKTPOCKOIUU  SBIISETCS
JUINTENIbHBIA HA0Op CTAaTHUCTUKU JUISl KaxJaoro obpasua. OmHOM H3 1ened MCHOoiIb30BaHUS
YJIQJIEHHOTO JIOCTYIIa OBUIO TaK)KE€ YMEHBIICHHE BPEMEHU Ha TOATOTOBKY M Ha CIEKEHHE 32
skcnepuMeHToM. CuctemMa mojayu oOpa3loB U YAAJIEHHOTO JOCTYNA IMOJHOCTBIO MEHSET
CXEeMy IPOBEJEHUS AKCIEPUMEHTa. 3a BpeMs dKciulyartauuu B nepuon ¢ 2012-2014 r. Osbi,
Harpumep, IPOBE/IeH Hay4YHbII SKCIEPUMEHT ¢ Hcrob3oBaHueM 10 o6pasnos. Bee oOpasibl
ObUIM  Cpa3y 3arpy>XeHbl B YCTAaHOBKY. Y JQJIEHHO ObUIM YCTaHOBJIEHBI TapaMeTpbl paboThI
CIEKTPOMETpA U 3aIylLieHbl u3MepeHus. [1o 1ocTukeHun onpeneneHHol CTaTUCTUKY, CIIEKTP
U3MEPEHHOr0 o00pas3lia COXpaHsUICSA, MOCIE YEero CHEKTPOMETP AaBTOMATHYECKH IOAaBajl
cleAyromMid  oOpazel] M IPOM3BOAMWJI M3MEpeHHs ¢ HUM. Takum oOpas3om, 0e3
HETIOCPEACTBEHHOIO  Y4acTHsl JKCIEpUMEHTaropa Ha paboyeM MecTe YCTaHOBKA
aBTOMAaTHYECKH TpoJiesiaja BCIO M3MEPUTEIbHYI0 padoTy co BceMH oOpaszuamu. B 3amaun
UCCleioBaTessl  BXOJIWJIAa TOJBKO  MEpBOHAyYalbHas 3arpy3ka o0OpasloB, 3ajJaHue
II0CJIEI0BATEIbHOCTH HM3MEPEHUsl 00pa3loB M KPUTEPUEB OKOHYAHMS M3MEPEHMH KayKIoro
oOpasia. Kpurepriem MOXKET OBITH BpeMsl M3MEpPEHHs, YUCIO COOBITUH, WM JOCTHKCHHE
HEOOXOMMBIX CTaTUCTHUYECKUX IApaMETPOB CIEKTPa, KOTOPble OOCUNTHIBAIOTCS B PEATbHOM
BpeMeHu. bpuia ompoOoBaHa cucteMa yBEIOMIJICHHS 00 OKOHYAHMM pabOThI C TMOMOIIBIO
OTIIPABKH MUChMa CHEKTPOMETPOM Ha DJIEKTPOHHYIO TIOYTY BMECTE CO BCEMH ITOYYCHHBIMHU
pe3yJbTaTaMH.

B yue6Hoii paboTe ycTaHOBKOM MOJIb3yeTcs OOJbIIOE KOJUYECTBO CTYACHTOB. B ciyuae
OOBIYHOTO TMPAKTUKyMa CTYICHT 3aHUMAeT CHEKTPOMETP B COOTBETCTBUU C Y4YeOHBIM
pacrimcanueM. B ocrampHOe BpeMsi YCTaHOBKa IpocTamBaeT. Kpome TOoro, B ciydae
OOBIYHOTO CIIEKTPOMETpa, 0e3 CHUCTEMBI 10/1a4 00pa3lioB, B y4eOHOM Mpolecce MOCTOSHHO
3azeicTByeTcs 1a00paHT, KOTOpbI MeHseT oOpa3ipl. Ha mMeccOayspoBCcKOM CHEKTpOMETpe
YIAJIEHHOTO JOCTyHa CTYAEHTbl CaMOCTOSITEIbHO BBIOMpAIOT 00paslbl M BBIMOIHSAIOT
U3MEpEeHUsl B JI000E BpeMsl CYTOK M BHE NIPEAENOB y4eOHOTO WHCTHTYTA, €CIH YCTaHOBKA
cBOOO/IHA WM 10 pacnucaHuio. Ha BbimonHeHue paboThl CTyIEHTY BblAeIseTCs 3 yaca.

Bce nannble 1 mapaMeTpsl HACTPOEK COXPAHAIOTCS M nepenatorcs B popmare XML. Ot
¢aiinel MOry Takke ObITh OTPEIaKTUPOBAHBI KaK B IMPOrpaMMe KIMEHTE, TaK U B MPOCTOM
TEKCTOBOM pelakTope. JlaHHBIE WMIOPTUPYIOTCS B TEKCTOBBIA (popMaT W B HEKOTOpHIC
nomnyispaeie  ¢opmarbl. OneIT pabOThl MOKa3ajd, 4YTO YAAJIECHHBIH TMOJb30BaTelb [UIs
KOM(OPTHOH paboThI JoKeH UMeETh Internet co ckopocthio He Menee 500 kbut/c.
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AHAIUTUYECKASA YACTH MECCBAYJPOBCKOI'O CIIEKTPOMETPA HA
OCHOBE CTAHJIAPTHOI'O AYAHOUHTEP®EVCA ITEPCOHAJIBHOTO
KOMIIBIOTEPA
Jynos E.H., UBoiinioB H.I'., Xpunynos /.M., bukuantaece M.M.

Kazanckuiit @edepanvhviti Ynusepcumem, Kazanwv, Poccus
E-mail: fe57@rambler.ru, 57fe@rambler.ru

DATA ACQUISITION UNIT FOR MOSSBAUER SPECTROSCOPY BASED ON
STANDARD AUDIO INTERFACE OF A PERSONAL COMPUTER
Dulov E.N., Ivoilov N.G., Khripunov D.M., Bikchantaev M.M.

Data acquisition technique and related software for counting rate below 2000 cps are
presented. The technique has some advantages in comparison with traditional data collection
way. They can be used for educational purposes as well as for scientific experiments with
limited counting rates. Some practical applications are demonstrated in this work.

Wnes ucronb30BaHMs CTaHIAPTHOTO ayauouHTepdeiica MepcoHaJIbHOTO KOMIIBIOTEPA
(ITIK) B 1106MTENBCKON raMMa-CIIEKTPOMETPUHN B HACTOSIIIEE BPEMsI YCIEIIHO pealn30BaHa U
UCTIONb3yeTcs mocienHue Heckoiabko Jer [1]. IlpeaBapuTensHO afanTHPOBaHHBIM MOJ
MI0JIOCY TIPOIYCKaHUsl ayAMOBXOJla CUTHAl C JETEKTOpa MOHU3UPYIOLIEro M3JIy4eHHUs, Kak
NpaBUIO, CUUHTWUIALMOHHOTO, aHanu3upyercs 1K, BeicTynaromnero B poiu mporpaMMHOTO
MHOT'OKaHAJIbHOT'O aHAJIN3aTopa.

B Hacrosimeit paboTe J€MOHCTpUpPYETCs MPOCTOE B anmapaTHOM 4YacTH MPOrpaMMHO-
amnmapaTHOe pelleHHe, MO3BOJISAIONIee MOCTPOUTh Y3l cOOpa JaHHBIX MeccOaydIpOBCKOTO
cnekTpoMmerpa Ha Oaze ayaumounrtepdeiica IIK. Ilpemmaraemoe pemieHue MOXKET ObITH
UCITIOJIb30BaHO JIMOO B KAauecTBE JOMOJHEHHS K CYIIECTBYIOUIMM MeccOaydpOBCKUM
CIEKTPOMETpPaM, MO0 KaK OCHOBA JJIsl y4eOHBIX MM CHEIHMATU3UPOBAHHBIX CIIEKTPOMETPOB.

Cpenu mpenMyIIecTB MpeaaaraeéMoro crnoco0a MOKHO BBIJCIUTS:

e BO03MOXHOCTP OJHOBPEMEHHOM pPETUCTPAllMM MHOYKECTBA MeccOay3pOBCKUX
CHEKTPOB, COOTBETCTBYIOIIMX OOJIBLIIOMY YHCIY JUCKPETHBIX aMIUIUTYA
UMITYJIbCOB C JI€TEKTOpa. IJTO CYIIECTBEHHO OOJerdaer CeJIeKTUBHBIC I10
rIyOMHE UCCIENOBAaHMMs Ha JJEKTPOHAX KOHBEPCHUHM, a Takke JaéT
BO3MOYKHOCTb  HMCKJIIOUUTH  IIPOLEAYpPY TOYHOM  HACTPOMKH  IIOPOrOB
JTUCKpPUMUHATOpA TIepel HAauaJIoM U3MEPEeHUN;

e Jlerko MoauUIUpPyEeMbIil IPOrpaMMHBIN y3€1 MHOTOKaHAJIBHOIO aHaJIU3aTopa,
CMOCOOHBIN BBICTYNHMTh B KauyecTBE IOJUTOHA JJIi OTPAOOTKU Pa3IMYHBIX
anropuT™MOB U(poBoit 00padoTk nummyascoB (Digital Pulse Processing, DPP);

e VYjayHoe coyeTaHUe CHEKTpa CUTHAJA OT ra30pa3psIHbIX JIETEKTOPOB U MOJIOCHI
NpONYyCKaHUs, He Tpelyromee, Kak MPaBUJIO, JOMOJHUTENBHOH 00paboTKU
CUTHaJIa Mepe nojayeii Ha ayInoBXO/.

Cpenu HEOCTaTKOB:

e OrpanuueHHas npeaenabHas cKkopocTh cuéra (okono 2000 mmrr/cek), 94To IenaeT
MIPEAJIOKEHHBIM CIIOCOO0 MaJIONPUTOIHBIM JUIsl CTAaHAAPTHON MeccOay?pOBCKOM
CIIEKTPOCKOIIMHU MOTJIOIIEHUS B UCCIIE0BATENIbCKUX 3a/1auax;

e Heo0xoauMOCTh NpeaBAapUTENBHOM aHAJIOroBOoW 00pabOTKM CHUTHAJIA CO
CHMHTUUISIIMOHHBIX JI€TEKTOPOB.

Jlureparypa:
1. Marek Dolleiser. Pulse Recorder and Analyser — PRA [Daekrponnsiii pecypc] //
URL: http://www.physics.usyd.edu.au/~marek/pra/
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NCITIOJIb30BAHUE METOJA JTPOBHBIX MOMEHTOB IJ1s1 OLIEHKH
KAYECTBA MECCBAY2OPOBCKHUX CIIEKTPOMETPOB
XpamoB A.C., Baruzos @.I"., ®arxymiun b.D.

Kaszancxuii (Ilpusonoicckuti) ghedepanvroviii ynueepcumem, Kazanw
askhramov@mail.ru

APPLICATION OF THE FRACTIONAL MOMENTS FOR THE QUALITY
EVALUATION OF MOSSBAUER SPECTROMETERS
Khramov A.S., Vagizov F.G., Fatkhullin B.F.

A method of the fractional moments for the quality evaluation of Mossbauer
spectrometers is suggested. The results of the fractional moments analysis of Mossbauer data
obtained with WissEI spectrometer is presented.

B Pa3sHbIX o0JracTax HAaYKH HaXOAWUT IMPUMCHCHUEC MCTO/] I[pO6HI>IX MOMEHTOB, OCHOBBI
KOTOPOT0 M3J0XeHbl B paboTax [1,2]. B maHHOM NOKIJIazie pacCMOTPEHO MPUIIOKEHUE ITOH
TEOpHUH K  OIEHKE  «KauecTBay  MeccOaydpOBCKMX  CIIEKTPOMETPOB  Ha  0ase
OKCIICPUMCHTAJIbHBIX JaHHBIX, ITOJYUYCHHBIX Ha JaHHOM an/I60pe.

JI1s1 OLIEHKU KOPPEeTsUA MEXKIY CIEKTPaMH HMCIOJIb30BajIach 0000IIeHHAs (DYHKIIHUS
koppemsiuuu [Inpcona (ODKII):

502
P J6AD,/G,(22)

1
/p
1
Gp(k, 1) = <N2(yki — V)P — }_’l)p>

TOE Yk, Yi Y, - OJE€MEHThl CPaBHUBAa€MbIX MaccuBOB, Yk, ¥l — COOTBETCTBYIOIIHME

MaTEeMaTUYECKHe OKUJIAaHUs, P - Mopsgok MoMeHTa, 0 < p < co. ODKII naer HenpepsiBHOE
pacnpenesieHMe 3HAYEHUM, 3aBHCSIIEE OT TMOopsAaka MoMeHTa. JlJIsi KOJW4YeCTBEHHOH
XapaKTEePHCTHKU KOPPEIALUHM MaCCUBOB HCIONB30BANIC MUHUMYM QyHKIMU Fp.

AHanmmM3 «KadecTBay MpoOBOAWICS s cnektpomeTrpa ¢upMbl  «WissEl».  Bbeumm
nosiy4eHsl 20 KaTnOpOBOYHBIX CIIEKTPOB CTAHAAPTHOIO 00pa3iia MEeTAIUIMYECKOro xeme3a (o-
Fe). Vcnonb3yst MeToq ApOOHBIX MOMEHTOB, ONpENENsUIach B3aUMHAas KOPPEISIHS MEXITy
MeccOayIpOBCKUMHU CIEKTpAaMU W CTPOUJIUCH pPACTpEACNeHUS MO 3HAYCHHI0 MUHUMYyMa
Gynxuun Fp.

AHanu3 NOCTPOCHHBIX PACTIPEEICHHUIN MoKa3a:

1) OOKII sBasercss 0Oojice YyBCTBUTCIBHBIM IMapaMETPOM IO CPAaBHEHHUIO C
KJIACCHUYECKUM KOA((HULIMEHTOM KOPPETAIIY;

2) Tlonyuennbie pacipeecHus MO3BOJISIOT aTh KOJTMUYSCTBEHHYIO OIICHKY «Ka4eCTBa»
CIIEKTPOMETPA;

3) ®opma pacmpefeseHdsT TO3BOJISACT MPEANONIOKUTh XapakTep MOrPEHTHOCTEH,
JTAIOIIUX OCHOBHOM BKJIAJT B OIIMOKY MU3MEPECHHUIA;

4) Ucnonp3oBanue 0000IIEHHOr0 KO3 PHIHEHTa KOPPEIALUN O3BOJISIET ONPEIAETUTh
3HAYCHHE KPUTEPUSI CXOAUMOCTHU CIIEKTPOB, MOJYYCHHBIX HA JAHHOM CIIEKTPOMETPE.

Takum 00pa3oM, UCTIOIB30BAHHE METO/Aa APOOHBIX MOMEHTOB JaeT JOMOJHUTEIbHBIC
BO3MOYKHOCTH OIIEHKH PE3yIbTaTOB IIPH 00pab0oTKe MeccOayIPOBCKHX CIIEKTPOB.

1) R.R. Nigmatullin. Signal Processing, 2006, 86, 2529-2537.
2) R.R. Nigmatullin. Commun. Nonlinear. Sci. Numer. Simulat., 2010, 15, 637-648.
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TEPMOCTABWUJIN3ALIUS AJIAIITUBHOM CUCTEMbBI YIIPABJIEHU S
JOIJEPOBCKOM MOAYJISIMUENA MECCBAYSPOBCKOI'O
CHEKTPOMETPA
3exuep M.IO., Pesskun A.C., Capbiues /. A.

HUU ¢uzuru FOxcnoeo gpedepanvroco ynusepcumema, Pocmos-na-/[ony, Poccus
mzekhtser@gmail.com

THERMOSTABILIZATION OF ADAPTIVE CONTROL SYSTEM OF MOSSBAUER
SPECTROMETER DOPPLER MODULATION
Zekhtser M.Yu., Revyakin A.S., Sarychev D.A.

The paper presents the method developed to stabilize the velocity of an electrodynamic
Doppler modulator for application in an adaptive control system. It is shown that the new
adaptive control system with thermostabilization can improve the accuracy of Mossbauer
measurements.

B pabote omuceiBaeTCcs cioco0 TeMmepaTypHOW CTAOMIM3alUUA CKOPOCTH JBHKECHUS
HOJBM)KHOM YacTU 3JEKTPOJUHAMUYECKOIO JOIUIEPOBCKOTO MOAYIATOpa MECCOayIpOBCKOTO
CHEKTPOMETPA, pealu3yeMblil B CaMOHACTPAUBAIOLIEICS CUCTEME YIIPaBICHUS MOAYJISTOPOM.
Ha ocHoBe ypaBHeHUs IBIKEHHS €r0 MOJBMKHOW 4acTH pazpaboTaHa aJanTUBHAs CUCTeMa
yIIpaBJIEHUS] MOIYJISATOPOM, HE TpeOyromash pydyHOH HACTPOWKH NpPU HM3MEHEHWH YCIOBUIN
skcriepuMenTa. Jlns  GopMHpoBaHUST HYKHOTO CHTHalda CKOPOCTH — HCHOJB3YEeTCs
paccunTaHHas IO 3TOMY YPAaBHEHHMIO CHJIa TOKa, IPUJIOKEHHAs K 33Jalollell KaTyllke
monynaropa. Koaddunmentamu ypaBHEHHMs JIBIDKEHUS CIy)KaT Takue MapaMeTphl
KOJICOATEIbHON CHUCTEMBI KaK KBaJpaT MUKINYECKOW COOCTBEHHOW YaCTOTHI KOJeOaHWUU U
kodduimeHT 3aTyxanus. OHU ONPEAENAIOTCS CIIEKTPOMETPOM aBTOMAaTUYECKU U3 IKCIpecc-
aHanmM3a cBOOOIHBIX 3aTyXaIOMUX KOJEOaHUH, BHIIOIHIEMOT0 TIepe/1 3aIlyCKOM MOAYJIATOPA.
Ha ocHoBe mostydeHHBIX KO3(P(UIIMEHTOB PACCUMTHIBAIOTCS HHUQPOBBIC IMIA0JIOHBI CHIIBI U
UJI€aTIbHOW CKOPOCTH.

PabGora ¢ »sTumMu miabioHaMu TMO3BOJISIET pEAM30BAaTh CXEMYy TeMIlepaTypHOI
cTabunm3anuu ABMKCHUS CO BCTPOSCHHBIM B KOPITYC MOAYJISITOPA TEPMOMETPOM, HEMTPEPHIBHO
U3MEPSIONIMM  €ro Temreparypy. V3HauanpHO, TmTpu Hajmagke MeccOayIpOBCKOIO
CIIEKTPOMETpPA, U3MEPSIOTCS M 3aIIOMHHAIOTCS TeMIepaTypHbie KOA((DUIIMEHTH W3MEHEHUS
mabsoHOB (U1 KaXJ0ro malioHa CBOM KOA(PGUIMEHT). YTIPaBISIOMUNA MOIYJIITOPOM
MUKPOKOHTPOJUIEP, OCHOBBIBAsICh Ha 3allOMHEHHBIX TEMIIEPATYpPHBIX KOX(PQPUIIMEHTAX, B
peaJbHOM BPEMEHHU MEPECUUTHIBAET II1A0JIOHBI CUJIbI U CKOPOCTH, MAcIITa0UpPysl UX Tak, 4TO
M3MEHEHHUE TeMIIepaTyphl NEPeCcTaéT BIUATh Ha ABMKEHUE MOYJIATOPA.

[Tpu paboraromieii TepMOCTA0MIN3ANYA CAMOHACTPANBAIOIIASCS CUCTEMA YIIPaBICHUS
JOTIEPOBCKON MoayJsinueld B coctaBe cnekrpomerpa MS1104EM [1] mo3BomsieT moayduTh
CJEYIOLINE XapaKTEPUCTUKHU JBUKEHUS:

- HETMHEWHOCTh CKOPOCTU MOy siTopa He nipeBbitaeT 0,02% oT e€ aMIIuTy/Ibl;

- omKOKa 3ajaHusl AUana3oHa CKopocTu Moaynaropa He 6omee 0,03%;

- TeMIIePaTypHBIN APEi] HyIsT CKOPOCTH HE TPEBBIIIAET TOYHOCTH €r0 H3MEPECHHUS;

- TeMIepaTypHbli Apeiid nensl kanana He npesbimaet 0,003%/°C.

(y opurunansHoro criekrpomerpa MS1104EM 6e3 TepmocTadbummzaruu 0,068%/°C).
Jlureparypa:
1. Kumaes B.B., Pocozes b.U., Capviues J.A., Xpucmuu C.B. IKcupecCHbIN
MméccbayspoBckuii ciekrpometrp MC1104Ewm // B kH.: MéccOayapoBckasi CIIEKTPOCKOIIHS
u e€ npumenenus. [lox pen. B.I'. Ceménona. — CI16: HUM xumuu CIIOI'Y. 2002. C. 211.
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JEMOHCTPAIIMA ®YHKIIMOHAJIBHBIX BO3MOKHOCTEM ITPOI' PAMMBI
SpectrRelax TP OBPABOTKE U AHAJIM3E MECCBAYJ3POBCKUX CIIEKTPOB
Pycakos B.C., Mamnes M.E.

Mockosckuii eocyoapcmeennwiii ynusepcumem um. M.B. Jlomonocosa, Mockea, Poccus
http://haali.su/SpectrRelax/; http://vsrusakov.professorjournal.ru/SpectrRelax/
rusakov@phys.msu.ru, mike@haali.su

DEMONSTRATION OF SpectrRelax APPLICATION FUNCTIONALITY FOR THE
PROCESSING AND ANALYSIS OF MOSSBAUER SPECTRA
Rusakov V.S., Matsnev M.E.

SpectrRelax is an application for analysis and fitting of absorption, emission and
conversion electron Mossbauer spectra in the case of isotopes with 1/2 « 3/2 transitions
under static and relaxation models, as well as for recovery of the distributions of the
parameters of these models and improving the resolution in the spectrum. The report
describes and demonstrates the functionality of the program SpectrRelax for the processing
and analysis of the Mossbauer spectra of various classes of complex systems: phases of
variable composition, implant systems, relaxation systems, compounds with spatial spin-
modulated structure. Illmpokoe npumeHeHne MeccOaydpOBCKOW CIIEKTPOCKOIHU  JUIS
HCCIICAOBaHUsA CJIOXHBIX CHCTEM Tpe6yeT KOMIIJICKCHOT'O HMCIOJIb30BAHUA PA3JIMYHBIX
METOJIOB aHalu3a U 00pabOTKU SKCIEPUMEHTaIbHBIX CcHekTpoB. IIporpamma SpectrRelax
co3maHa Il paciM(@pPOBKH  CIIEKTPOB TIOTJIOMIEHUS, PACCEIHHS M KOHBEPCHOHHBIX
9JICKTPOHOB B CIIydae H30TOMOB C Tmepexomamu 1/2 <> 3/2 B paMmkKax CTaTHYECKUX |
pelaKkCallMOHHBIX MOJEIIEH, a TaKXKe JUUIl BOCCTAHOBJICHHS PACIPEACIICHHN TapaMeTPOB ITUX
Moneneﬁ W IMOBBIMICHUSA pa3spCHICHUA B CIICKTPC.

Hekoropeie w3 OTIUYMUTENBHBIX OCOOeHHOCTEH mporpammbl. 1. KommiekcHoe
(mocnenoBaTeNbHOE WM OJHOBPEMEHHOE) MPUMEHEHHE pPa3UYHBIX METOJIOB 00pabOTKH
na"anu3a. 2. MHoroobpasue CTaTUYeCKHX M peNIaKCAllMOHHBIX Mojeiel. 3. Beruucienue u
OIICHKAa OIMMOOK TPOMU3BOJIBHBIX AHAIUTHYECKHX BBIPAKCHHUM IapaMeTpPOB MOJEIECH ¢
HCIIOJIb3OBAHUCM  MHPOBBIX KOHCTAHT, XapPaKTCPUCTHK MCCCGayI)pOBCKI/IX HU30TOIIOB,
apuMETUYECKUX OIepanuii W dIeMeHTapHbIX (yHKIui. 4. Bo3MOXHOCTh (UKcaruu u
OTPAaHUYECHUS 3HAYEHUU IIPOU3BOJIBHBIX I1ApaMETPOB MOJENCH, HAJIOKECHHUE CBI3EU MEXAY
napamMeTpaMmu H IO0Jb30BATCIbCKUMH AHATUTUYCCKUMH BBIPAXKCHUSIMU. 5. Bo3MOXHOCTD
BBCJICHUS BapbUPYEMBIX I[1APaMETPOB I CO3/aHMS HOBBIX MOJEIEH U CIIOXKHBIX CBs3€d
MEXIy TMapaMeTpaMy pa3IUYHBIX MOJENICH, HAJOXKECHHUsI OTpaHWYeHHEe oO0JacTell ux
B3aMMHOI'0 M3MeHeHusA. 6. Boluncienmne 4acTHBIX MMPOU3BOAHBIX MECTOAOM aBTOMATHYECKOI'O
I[I/I(b(bepeHLlI/IpOBaHI/IH C HMCIIOJIB30BaHUECM «I[BOﬁHLIX yucea». /. BeruucieHue MaTpUulbl
JUHEMHBIX KO3(DPUIMEHTOB KOppessiiMM, a TakXke OPTOHOPMHUPOBAHHOIO Oa3uca U
CUHTYJISIPHBIX 3HA4YCHUN U3 npoucaypbl pasjio’KCHUA [0 CHHTYIISIPHBIM 3HAYCHUAM JUIA
pelIeHus CUCTEM JIMHEWHBIX ypaBHEHUN. 8. OTpaHUYEHHI Ha YHCIIO KCHEPUMEHTATHHBIX
TOYCK, YHUCJIO0 3aJaBaCMBbIX Moneneﬁ U 4YHUCIIO0O aHaAJIUTHYCCKHUX Bpra)KeHI/Iﬁ HCT, YHCIIO
OOAHOBPCMCHHO BapbUPYCMBIX IIApaMETpPOB OTpaHUYMBACTCA JIMIIb YHCIOM TOYCK B
OKCIICPUMCHTAJIIbHOM CIICKTPC. 9. Ucnoyp30Banue peiKumMa MHOT'OIIPOICCCOPHBIX
Beruncnennit. 10. CoBpeMeHHBIH uHTEp(deiCc Mmomp30BaTeNss B ONEpPAlMOHHBIX CHCTEMax
Microsoft Windows.

B noknmame wm3naralorcs M JEMOHCTPUPYIOTCS — OCHOBHBIE  (DYHKIIMOHAIIBHBIC
BO3MOXKHOCTH mporpamMmbl SpectrRelax mpu o0OpaboTke u aHammse MeccOay3pOBCKHUX
CIICKTPOB pa3H006pa3HBIX KJIaCCOB CJIOXKHBIX CHCTEM: (1)213 NEPEMCHHOTO  COCTaBa,
HMIUIAHTAOWMOHHBIX CHUCTCM, PCIAKCALITMOHHBIX CHCTCEM, COGI[I/IHCHI/Iﬁ C HpOCTpaHCTBeHHOﬁ
CIIMH-MOZAYJIUPOBAHHOU CTPYKTYpOM.
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MOSSBAUER STUDY OF MAGNETIC ORDERING IN Ba(Fe,Nb)O;
AND Pb(Fe,Nb)O; MULTIFERROICS

T. Kmje&', J. Kohout!, K. Zavéta®, D. Kubaniova®, P. Bezdicka®, V. V. Laguta®,
l. P. Raevski®
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! Faculty of Mathematics and Physics, Charles University in Prague, V Holesovickdch 2,
Prague 8, CZ 180 00

2 Institute of Physics, Academy of Sciences of the Czech Republic, v. v. i., Cukrovarnickd 10,
Prague 6, CZ 162 53

% Department of Physics and Research Institute of Physics, Southern Federal University,
344090 Rostov on Don, Russia

* Institute of Inorganic Chemistry AS CR, v. v. i., Husinec-Rez 1001, CZ 250 68

The multiferroic materials Ba(Fe,Nb)O3 (BFN) and Pb(Fe,Nb)O3 (PFN) were prepared by
ceramical method with final sintering for 2 hours at 1350 and 1065 °C, respectively. The
phase composition, crystal structure and lattice constant of the samples were characterized by
XRD and the chemical composition and its homogeneity were confirmed by ED XRF
spectrometry. The crystal structure of BFN at room temperature was found to be cubic with
the space group Pm3m and a=4.06(3) in agreement with [1]. The main phase (Pb(Fe,Nb)O3
97.3%) in the PFN sample was monoclinic with a=b=5.67 and c=4.02 A and f=89.83° and
the impurity phase (LiFeO, 2.7%) was cubic with a=4.16 A at RT.

Our Méssbauer spectrometer worked in the transmission-mode with *’Co source in rhodium
matrix moving with constant accelaration and was calibrated by a-Fe foil at room temperature
with respect to which the Isomer Shift was given. The Mdossbauer spectra of the =" isotope
in our multiferroic materials were acquired in the temperature range 4.2 through 300 K with
the aim to receive information about the temperature dependence of the magnetic state, in
particular to estimate the value of the magnetic transition temperature between the ordered
and paramagnetic states. The measurements were complemented by in-field spectra taken in
external fields up to 6 T at the temperature of 4.2 K in order to specify in more detail the
character of the magnetic order.
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MOSSBAUER SPECTROSCOPY ANALYSIS OF AMORPHOUS IRON-BASED ALLOYS
Baldokhin Y.V, Vavilova V.V., Zabolotny V.T., Kannykin S.V., Korneev V.P

The crystallization and formation of clusters and nanocrystals in amorphous Fe—P—M
(M: V, Mn, Si, C) alloys during annealing, photon treatment and corrosion in 0,1 M Na,SO,,
which is an analog wet industrial atmosphere contaminated SO, is studied by Mossbauer
spectroscopy, x-ray diffraction and TEM. The results permit the choice of optimal
compositions with soft magnetic properties, hardness and corrosion resistance.

Metogamu  MEccOaydpOBCKOM  CHETPOCKONHM, PEHTICHOBCKOM  nudpakiuu U
IPOCBEYUBAIOIIEH AJIEKTPOHHOW MUKPOCKOIHH HCCIIEIOBAHBI CTPYKTYPHBIC TPEBPAICHHUS B
ObICTpO3aKalieHHBIX ciiaBax cucrem Fe-P-M (M: V, Mn, Si, C) npu omxkure, GpoTOHHOM
obopabotke (PO) u kopposum B 0,1 M NaySO4, sBAsIOMICHCS aHATOTOM BIAXKHON
MIPOMBIIIUIEHHOM aTMocdepsl, 3arps3sHeHHON SO;.

Jnist mpuroToBieHus aMopHBIX cu1aBoB (AC) HCIIONBb30BaIN TPUPOIHOIECTHPOBAHHBIN
(V, Mn, Si, C) deppodochop, 94TO CYIIECTBEHHO CHHKAET X CTOMMOCTh, 110 CPAaBHEHHIO CO
criaBamMu  tuna  Finemet. MéccOayspoBckue CHEKTpbl CHUMalM Ha CHEKTPOMETPE C
MOCTOSTHHBIM YCKOPEHHEM B PEXHME «IBYXCTOPOHHEH MUJIbI» A1 UCKIIOYeHUs (oHa OT
reOMETPUH SKCIIEPUMEHTa IPH JABHKeHHH mcTounumka ° CO(Rh), axtuHocThIO 15 MK
O6cuer crekTpoB mpoBoawad B mporpammax Univem MS u Normos Dist (pacnpenencuue
CBEPXTOHKHUX IOJIEH), TP ATOM YUHMTBHIBAJIU MapaMeTPbl CEKCTETOB O-TBEPJBIX PACTBOPOB U
Tpex cekcretoB (asel FesP (T.e. ObLIO ONpeAeacHO TMPOLEHTHOE COAEepKaHHE BHOBb
MOJYYEHHBIX HAHOCTPYKTYp, UX NPEBPAIICHUS MPU OTXKUre U (POTOHHOH 0OpaboTke, 10 U
nocie kopposuu B 0,1 M Na,SO4 Bo Bcem quamnazone H,g ot 0 10 330 kD).

Hcxonnele amopduble Matpunbl umenn  H,;=240-260 kO, xak B OOIBIIMHCTBE
aMOp(HBIX MarHUTOMSTKHUX CIU1aBoB. lIpu oTxure u ¢potoHHOM 00paboTke AC MOSIBISIIOTCS
knacrepel (H,p=50 k3), HaHouacTuubl pasauyHoro cocrtaBa (H,3=90-170 xO) u HoBas,
obenHeHHas sxene3oM amopdHas ¢asza Ha ocHoBe FesP. Beiopansl pesxxumbl oTxura 1 @O AC
Ha ocHOBe Fe-P W onmTuManbHBIN COCTaB CIJIAaBOB B TPEXKOMIIOHEHTHOW cucteme Fe-P-M,
KOTOPBIMH MOXKHO 3aMEHHUTh JOPOTOCTOsAIIMEe aMOp(dHbIe CIuiaBbl TUNa Finemet, u moay4uTh
HAHOKPUCTANIMYECKHE CIUIaBbl C pa3MEpoOM YaCTHUI[ MOpsAKa 2 HM, C YIy4IIEHHBIMU
XapaKTEPUCTUKAMHU MATHUTHBIX CBOWCTB, IPOYHOCTH U KOPPO3MOHHON CTOMKOCTH.

Pabora nomneprkana rpaatrom PODU Nel13-03-97523-p nientp a
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Kopotkos H.1O, 30, 43
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Kopmynos JL.T', 80, 88
Korukos JI.A, 53
Kouaposckas O.A, 122
Komenen B.II, 125
Komkuasko 0.C, 75
Kpusenkos M.C, 118
Ky6pun C.I1, 46
Kysmann 3, 90

Kymuxos JILA, 90, 102, 105, 107
Kynosa T.JI, 74
Jla6proxep K, 99, 100
Jlaryruna E.C, 34
Jle6enes H.O, 59

Jléxuna 10.0, 25, 101
Jleniko AU, 86

JIu 51, 106

Jlutsunos A.B, 73, 80, 82, 83, 88
Jlomaesa C.®D, 87

JlomoB A.A, 54, 118
Jlykun A.A, 75

Jrobytun U.C, 30, 43, 67
JIsnos H.M, 65

Jlsgmkos K.A, 73, 83
MaiiopoB M.U, 86
Makaposa A.O, 24, 38, 39
Mamnaxkosa U.A, 71
Mamnamnos P.A, 110, 115
Macaennuxosa A.E, 85

Maunes M.E, 25, 39, 40, 63, 101, 130, 137

Mexyes E, 99

Menuxos 1U.B, 107
Munses M. A, 59
Mumenko U.H, 55
Moposos B.B, 114, 116
Mopo3zos U.B, 31
Mypanosa A.T", 52
Mymenok @.b, 106, 111
Haywmos IL.I", 30
Hemiosa O.M, 129
Huxwrna MLUIT, 93, 94
Huxkutua C.M, 34, 35
Huxkwnrnnaa 3.K, 106
Huxomnaes B.U, 64
Hosaxosa A.A, 57, 118
Hosuxos B.M, 118
Hypwmexamuros P.H, 65, 122
Osganecsan H.C, 106, 111
Osunnankos B.B, 59
Osuunnukos C.I', 43
Ozepuoit A.H, 71



ITane A.®, 107 Curenkos H.B, 86

ITanun FO.H, 124 Cxynaua A.M, 74
[Mankparos [I.A, 31 Cwmupnosa-ITunaykosa 1.0, 125
[Tandwumos A.C, 114 Cobones A.B, 25, 26, 31, 101
ITanuenko B.S1, 54, 93, 94 Cramenko B.B, 44
[Tanuyk B.B, 126, 127 Crenanos C.B, 105
ITanskoB B.B, 53 Crenosnu M.A, 84
[TepersTeko I1.1, 107 CynwsinoB C.H, 67
[Tepynos 1.B, 30 Tanako T.JI, 86
[Mepdumses 0./, 90, 102, 105, 107 Tepsu M.E, 64
[lerposa E.I', 53 Tpan C, 106
[Meuepkuna H.JI, 81 Tyraposa A.B, 90
[Mnarynos M.C, 43 Vuesnos AU, 78
ITnetues O.H, 108 Viesuaos A.JI, 78, 79, 87
IToxatunos B.B, 24, 36, 37, 38 VYcrunos B.B, 59
IToxatunos B.C, 24, 34, 36, 37, 38, 39, 40, ®abpuunsrtii 1.6, 99, 100

56 @aiizpaxmanos 1.A, 65
[Toymkapmos /.M, 93 Odarxyma b.®, 135
[MonukapnoB M. A, 54, 94 ®dunumonos J[.C, 53
ITonosa E.B, 102 Oununnenko J1.B, 125
ITopcer B.E, 79 ®umunmnos B.I1, 76, 77
[Toxomnok K.B, 53 ®ponos K.B, 30, 67
[IpecnsikoB U.A, 25, 26, 31, 101 XomonHnau 3, 90
IIpocBupnun /1.B, 34 XpamoB A.C, 135
[Iporacos A.B, 78 XpunyHos /.M, 134
[Tynanos B.M, 30 Hunoes B.I', 124, 131
IIstaes A.B, 110, 115 Yepsonosa ¥Y.B, 110
Paesckuit U.I1, 44, 46 Uepenanos B.M, 54, 93, 94, 124, 131
Pepsixun A.C, 136 Yepnssckuii 1.0, 31
Pomarmes JI.H, 59 Yuctsakosa H.U, 63, 95
Pomamkuna 1.J1, 125 UyeB M.A, 48, 54, 55, 93, 94
Pycaxos B.C, 24, 25, 36, 39, 40, 63, 71, Uynkuna A.A, 78

74,95, 101, 130, 137 Yymakos A.U, 22, 120
PookkoB A.B, 124 ITabamos B.A, 72, 73, 80, 81, 82, 83, 88
Casuenxo A.T', 50, 52 lankua A A, 63, 95
Carapanze B.B, 81 IITatoxua M.C, 39
CagsixoB D.K, 123 [Maxmypatos P.H, 122
Canuxos C.B, 52 IIumos I'.B, 106, 111
Canmna H.A, 111 Hymma A.M, 64
Capsrues /[.A, 44, 46, 136 [Iunko M.H, 84
Cnoonos C.H1, 124, 131 [yBaeBa M. A, 108
CempmoB H.A, 116 Ilerunun 1.B, 50, 52
Cemenos B.I', 126, 127 Opuuyk A.A, 123
Curos A.C, 24, 36, 37, 38, 39, 40 OproB E.B, 52
Cunacs A.A, 133 Spocnasues A.b, 74
CunaeB A.A.(mi.), 133 Spocnasues C.A, 74
Cupaxaunos P.P, 63 Slckesnu B.1, 109
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Mécc6ayapoBckme NCTOUHUKA 1
06pasL0Bble NOMIOTUTENN

Méccbayaposckme NcTouHmKm: *’Co
Mécc6ayapoBckmia pe3oHaHC Ha >'Fe

AKTVBHaS YaCTb UCTOYHIKA W3MOTaBAMBALTCS NYTEM 3NEKTPOANTAYECKOTO OCAXJEHNS 1
nocneytoLedt guddy3un ’Co BbICOKOIA YACTOTbI 63 HOCUTENS Ha TOHKYIO METanAUECKyto MaTpuLly
(TonwMHa He 6onee 6 MKM). VICTOUHIMKY NOCTaBASIOTCS B MATPULIAX POANS A XPOMA. BO3MOXHa
NOCTaBKA C MATPULLAMI 113 APYTUX MATEPUAN0B MO CMELNanbHOMY 3aKasy.

Tun HomuHanbHas aktueHocTh *  LUMpuHa anHnn,
kopnyca DxH, mm d, mm MKn MBk mMm/c Kop
Martpuua n3 pogus
1 11,213 8 5 185 011013 MCo7.1M
10 370 MCo7.112
25 925 MCo7.113
50 1850 MCo7.114
100 3700 MCo7.115
2 14x14 8 5 185 0,11-013  MCo7.121
10 370 MCo07.122
25 925 MC07.123
50 1850 MCo7.124
100 3700 MC07.125
6 6x13 4 5 185 0,11-0,15  MCo7.161
10 370 MCo7.162
25 925 MCo7.163
50 1850 MCo7.164
100 3700 MCo7.165
9 414 1 5 185 0,13-0,15  MCo7.191
10 370 MC07.192
10 6x17 1 5 185 0,13-0,15  MCo7.1101
10 370 MCo07.1102
Matpuua ns xpoma
1 11,2x13 8 5 185 0,13-0,16  MCo7.511
10 370 MCo07.512
25 925 MCo07.513
50 1850 MCo7.514
2 14x14 8 5 185 0,13-0,16  MCo07.521
10 370 M(C07.522
25 925 MC07.523
50 1850 MC07.524

U

* - Jlonycmunoe omknorenue +10, -5%

®aktop Méccbayapa and matpuupl: 0,75

BbIXOA raMMa-KBaHTOB C 3Heprveil 14,41 k3B u3 ucroynuka: > 75%
Knaccudmraums IS0

Kopnyc 1,2, 6: (54243

Kopnyc9, 10: (34243

[nanasoH pabounx remneparyp

Kopnyc1,2,6: 4,2-700 K

Kopnyc9, 10:  220-700 K

HazHaueHHbIi cpok cnyx6el: 10 net

Bce MCTOUHMKI CepTMONLIPYIOTCH Ha aTTECTOBAHHOM NMPeL3MOHHOM MECchay3poBCkOM CrekTpoMeTpe.
KaxbIii MCTO4HYMK NOCTaBASETCS C NPOTOKONOM WCTbITAHWI 11 Yka3aHeM NapaMeTpoB U3MepeRHOi
MEéccbay3poBCKoii imHIN.

WWW.ritverc.com

bepunnnesoe okHo

AKTBHOE NSTHO

— nrRiYR ATy

TUTaHoBbIN (Nnas

M4 naw # 10-32 UNF

(BapHoii o

Kopnyc muna 1,6

bepunnesoe okHO

AKTUBHOE NITHO

TUTaHOBbIA CNNaB

(BapHoii Wwos

M4 un # 10-32 UNF

Kopnyc muna 2

AKTUBHOE NSTHO

(BapHoIi Wwos

TiTaHoBbIA CNas

Kopryc muna 9

AKTUBHOE NSTHO

L (BapHoIi Wwos
& A ;
| TWTaHoBbIA CN1N1aB

- M4 v #10-32 UNF

Kopryc muna 10




MéccbayapoBckume UCTOUHMKK: "P™Sn &

Mécc6ayapoBckmia pe3oHaHC Ha "°Sn

AKTMBHASt YaCTb UCTOYHNKA M3rOTABNMBAETCA HA OCHOBE MATPULIbI U3 (TaHHaTa kanbLus [CaSn0,],
CMHTE3MPOBAHHOI C MCTIONb30BAHMEM PAAMOHYKINAA SN BbICOKOI yAeNbHOI

akmeHocn (> 300 mKu/r).

Tun HomuHanbHas aKTMBHOCTb *
kopnyca DxH, mm d, mm MKn Mbk
1 11,2x13 10 2 74
5 185
10 370
2 14x14 10 2 74
5 185
10 370
15 555
3 18x14 15 10 370
15 555
20 740
6 6x13 5 2 74
5 185

<

RITVERC
N v

isotope products

BepwmmeBoe OKHO

AKTBHAS YacTb

L NAKkiWbrdA Hdtib

TuTaHoBbIi CnaB

—_'Wlanuoblvl LIVldb

H M4 nu # 10-32 UNF
(CBapHoli wos
' N i
Koprycmuna 1,6
LivprHa nnHAK, D
Mm/c Kop
0,38-0,54  MSn9.211
MSn9.212 bepuanmesoe 0kHo
MSn9.213
0,38'0,54 M5n9221 AKTUBHAS YacTb
MSn9.222
MSn9.223 TuTaHoBbIif CNaB
MSn9.224
0,38-0,45  MSn9.231 H (BapHoif wos
MSn9.232
MSn9.233 M4 wm # 10-32 UNF
045054  MSn9.261
MSn9.262 Kopyc muna 2, 3

* - Jlonycmumoe omknoxerue +10, -5%
®aktop Méccbayapa and marpuubl: 0,50

BbIXOA raMMa-KBaHTOB C 3Heprueit 23,87 k3B u3 ucroynuka: > 75%

Knaccnduraums 1S0: (54243
[nanason pabouwx remneparyp: 4,2 - 700 K
Ha3HaueH Hbli cpok cnyxoel: 10 net

Bce MCToUHMKM CepTMONLMPYIOTCA Ha aTTECTOBAHHOM NMpeLy3MoHHOM MECcbay3poBCkoM CneKTpoMeTpe.
KaxgbIii MCTO4HMK NOCTaBASETCS € NPOTOKONOM WCTbITaHMI 1 Yka3aHEM NapaMeTpoB 3MepeHHoi

MEccbay3poBCKOM MMHIM.

O6pasuoBble nornoTUTENN

TonuwuHa,
Onucanue mr *"Fe/cm’
06pa3LioBble MOFIOTMTENN C 060raLLeHHbIM )Kee30M
K,MgFe(CN)g 0,25-1,00
Fe(,0,x2H,0 0,50-1,00
Fe;03 1,00-2,00
06pa3Li0BbIe MOFOTMTENN C NPUPOAHBIM XKEeNe30M
FeG,04x2H,0 0,13-0,25
Fe,05 0,13-0,25
K4Fe(CN)ex3H,0 0,13-1,00
a - Fe donbra 28 MKkm

Kop

MRA.1.1
MRA.1.2
MRA.1.3

MRA.2.2
MRA.2.3
MRA.2.4
MRA.2.6

250

[TonnummaHas
nnéuka

ANKOMUHMIA

Marepuan

nornotutens

0bpa3LioBble noroTUTEN
Ang n3yuenmst 3dexra Méccbayspa MommitaHas
MNeHKa

(OAEPXAT XMMUYECKie BeLLeCTBA CUHTE3NPOBAHHbIE
Ha 0CHOBE BbICOKOOOOTAWEHHOTO *'Fe (> 95%) nau npupoaHOTo Xenesa. 3T BellecTsa
PABHOMEPHO pacnpejenersl No 06bEMY MOANITUNEHOBbIX AUCKOB AUaMeTpoM 20 MM,
MOMELLEHHbIX B aMOMUHMEBbIE AepXaTenit. PeppoLuaHinibl Kanua u kanug-maruus
[K,Fe(CN) x3H,0; K. MgFe(CN) J xapaktepu3ytrca y3kumn CuHreTamu
MéccbayspoBckux abcopoLMOHHbIX CnekTpax. Auruapar okcanara xenesa
[FeC,0,x2H,0] xapaktepu3yercs kKBaApynonbHeIM paclienneqnem, NpuBoAALLMM K
nossnexuto gybnera B Meccbaysposckux abcopbUMOHHbIX CnekTpax. MeTtannuyeckoe
xene3o nokcng xenesa [aFe; Fe,0.] xapakTepu3yoTcs CBEPXTOHKUM MArHUTHbIM
paclyeniennem CnekTpanbHoi AMHUM, NPUBOAALIUM K NOABACHUIO CeKCTeTa B
Meccbay3poBckix abcopbLMOHHbIX CNeKTpax.

WwWw.ritverc.com
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