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JeHb 3ae31a y4aCTHUKOB

Bockpecenne, 7 okTsaopst 2012 r.
9:30
OTkpbiTHE KOHEPEHIHU

Cexuns 1: «®u3nka TBEPAOIo TeJIa U MATHETHU3M))

9:45

HEKOTOPBIE METAJIVIMYECKHUE OB BEKTHBI 1JI1 ®YHAAMEHTAJIBHBIX
UCCJIEJOBAHUN C UCITIOJIb30BAHUEM Y®®EKTA MECCBAYJPA
Bbypxanos I'.C

10:15

MECCBAY3POBCKASI CIEKTPOCKOIIUS MATHUTHBIX HAHOYACTHUII :

OT YHUBEPCAJIBHOI'O KAYECTBEHHOI'O OIIMCAHUS K PEAJIMCTUYHBIM
MOJIEJISIM MATHUTHOM IMHAMUKHN YACTUI] PA3SHO MATHUTHOM ITPUPOJIbI K
JUATHOCTUKE HAHOMATEPHUAJIOB

Uyes M.A.

10:45

MECCBAYJ2POBCKHUE UCCIEIOBAHMUS 3APATOBOTO, OPBUTAJIBHOI'O U
CIIMHOBOI'O YHOPSAJIOYEHUI B MAHI'AHUTAX CaCu,Mn;O1, (0 < x <1)
Pycaxos B.C., IIpecusikos N.A., Co6oneB A.B., I'maskoa f.C., Demazeau G, Mannes M.E.,
lNamouka A.M., I'y6aiinynuna T.B.

11:15

JIOKAJIBHAA AKTUBAIIUSA KPUCTAJIJIOB y-TITYYAMMU U NTPOLECCHI
CAMOOPTAHU3AIINA
lonosukos C.K., EpmakoB A.H., Hukutun C.M., Hukutuna E.A.

11:45
Kodge-opeiik

12:05

TPAHCMUCCHUOHHAS 1 CHHXPOTPOHHASI MECCBAYJPOBCKAS
CIIEKTPOCKOIIUS B UCCJIEJOBAHUU OKCHUJOB 3d METAJIJIOB ITPU BBICOKUX U
CBEPXBbBICOKHUX JJABJIEHUSAX

JIro6yTun U.C.

12:35

X-RAY DIFFRACTION, MOSSBAUER AND DIELECTRIC STUDIES OF CERAMIC (Co;-
xNix)Cr204 SYSTEM

Cherepanov V.M., Bush A.A., Shkuratov V.Ya., Kamentsev K.E.

12:50

FIRST-PRINCIPLES CALCULATIONS OF HYPERFINE PARAMETERS AT IRON
MECHANICALLY ALLOYED WITH MO, AL, OR SI

Arzhnikov A.K., Dobysheva L.V.




13:05
Oo0en

14:15

MECCBAYYPOBCKHUE UCCJIEJOBAHUS CBEPXITPOBOISIIIINX COEJIUHEHUN
CEMEMCTBA FeSeTe

®posos K.B., Baciokos JI.M., [Tepynos U.B., JIrooytun 1.C., Kopotkos H.IO.,

benmukos B.B., KazakoB C.M., Autunos E.B., Kamoxnas I'.A., ['onyoxkoB M.B., Pomanosa T.A.

14:30

CBEPXTOHKHWE B3AUMOJIENCTBUS IPUMECHBIX SIIEP °'Fe BHUKEJIATAX TmNiO;
M YbNiO3; B OJTACTU MATHUTHOTI'O U CTPYKTYPHOI'O ®A30BBIX IEPEXO10B
Pycakos B.C., IIpecusikoB N.A., anouka A.M., Co6ones A.B., Tonmaues T.JI., Demazeau G., Alonso
J.A.

14:45

CAMOOPI'AHU3ALINA ATOMHBIX HAHONEPEMEIIEHUI B MYJIbTU®EPPOUKE
BiFeO; IO AEMCTBUEM DJIEKTPUYECKOI'O YIIAPA

I'ogosukoB C.K., Hukutun C.M., Hukutnna E.A., ITokatunos B.C., TroTioHHNKOB A.A.

15:00

OCOBEHHOCTH JIOKAJIBHBIX KPUCTAJ/UIOT'PA®UYECKUX, MATHATHBIX U
BAJIEHTHBIX COCTOSIHUU MOHOB KEJIE3A B IIEPOBCKHUTAX Bi,SryFeO; ITIPU X =0
+1

Curos A.C., Iloxatunos B.C., Konosamosa A.O.

15:15
MXa-IBM MOJIEJIJMPOBAHUE ITIAPAMETPOB MECCBAYJPOBCKHX CIEKTPOB
SITEP *" Fe B SmFeAsOy.Fy

IOpnera 3.1.

15:30
Kodge-opeiik

15:50

AHTUO®EPPOMATHUTHBIE ®JIYKTYAIIUU B TSDKEJIOQEI:MI/IOHHOM
COEIUHEHMMH CePdSn ITO JAHHBIM MECCBAY3POBCKOU CHEKTPOCKOIINHA
Mumenko U.H., [lonukapnos M.A., Yepenanos B.M., Uyer M.A.

16:05

MECCBAYJ3POBCKOE UCCJIEJOBAHUE HEMOHOTOHHOTI'O IIOBEJIEHUS
CTPYKTYPHBIX IPEBPALIIEHUM B Lag gsBagosMnogs” Feg.0203+5 IIPHA
TEPMOOBPABOTKE

Cenbix B.JI., Pycakos B.C.

16:20

MECCBAY3POBCKHUE UCCIEJOBAHUA MYJIbTU®EPPOUKOB HA OCHOBE
CUCTEMBbI BizO3-TiOz-Fezo3

Cewmenos B.I'.,, [Tanuyk B.B., JlomanoBa H.A., I'ycapos B.B.



16:35

MAT'HETH3M KBA3UYHOPAJOYEHHBIX CIIJTIABOB FE-AL C JIOBABKAMU GA, VU
MN: MECCBAYJ3POBCKUE U MATHUTOMETPUYECKHUE UCCJIIEAJOBAHUA
Boponuna E.B., Encykos E.II., Kopones A.B.

16:50 - 19:30
CTeH10BbIE JOKJIAIBI.

Ceknus 1: «®Pusnka TBEPAOrO TeNa U MAarHETU3IM
Cexnus 2: «CTpyKTypa MOBEPXHOCTH, TOHKHX IJIEHOK, MHOTOCTIOMHBIX U HAHOCHUCTEM)
Cexuus 8: «HoBble METOMKH U TEXHUKA SKCIIEPUMEHTA

IloneneabHNK, 8 OKTAOPA

Cexknns 2: «CTPYKTypa NOBEPXHOCTH, TOHKHX IJIEHOK, MHOTOCJIOMHBIX M
HAHOCUCTEM»

9:30

30HAOBASI MECCBAYJPOBCKAS CIIEKTPOCKOIIUS T'PAHUILL 3EPEH U
HAYAJBHOM CTAJIMHA MEXAHUYECKOT' O CILJTABJIEHUSI B HAHOCUCTEMAX HA
OCHOBE Mg, Al, Si 1 Mo C Fe

Encykos E.IL

10:00

MOSSBAUER STUDIES OF MICROSTRUCTURE AND MAGNETIC PROPERTIES OF
FessCozs THIN FILMS DEPOSITED ON DIFFERENT UNDERLAYERS

Kamzin A.S., Wei F.L., Ganeev V.R., Zaripova L.D.

10:15

COMPARATIVE STUDY OF MAGNETITE NANOPARTICLES AS-PREPARED AND
DISPERSED IN COPAIBA OIL USING MOSSBAUER SPECTROSCOPY AND MAGNETIC
MEASUREMENTS

Ushakov M.V., Oshtrakh M.1., Semenova A.S., Kellerman D.G., Sepelék V., Rodriguez A.F.R.,
Semionkin V.A., Morais P.C.

10:30

KOMILJIEKCHBIN CTPYKTYPHBII AHAJIN3 HAHOMATEPHUAJIOB HA OCHOBE
OKCHUAOB KEJIE3A

Caguenko A.I'., FOptoB E.B., Aroakun 0./

Ceknusn 3: «<HoBble MaTepuaibl U HHTEHCUBHBIE BO3/IeliCTBHE HA BEIIECTBO
(TepMuUecKOe, pAIUAIIUOHHOE, 1e(opMAaLIMIOHHOE U JIP.)»

10:45

HCCJIEJOBAHUE JIOKAJTBHONU ATOMHOM 1 MATHUTHOM CTPYKTYPbBI
AMOP®HBIX CILTABOB Fe-B METOJJAMMU SIMP U D®PPEKTA MECCBAYJPA
TTokatunos B.C. Curos A.C.




11:15

TBEPJO®A3ZHOE MEXAHUYECKOE JIETUPOBAHUE A30TOM CTAJIEHN C
NCHOJb30BAHUEM NUKJINYECKHX ®A30BBIX IPEBPAIIIEHUN «PACTBOPEHUE-
BBIIEJIEHUE» HUTPUIOB

IITabaros B.A.

11:45
Kodge-0peiik

12:05

MOSSBAUER ANALYSIS OF Fe ION STATE IN LiFePO, CATHODE MATERIALS FOR Li-
lon BATTERIES

Kamzin A.S., Bobyl A.V., Ershenko E.M., Terukov E.I., Agafonov D.V., Valiullin A.A.

12:20

HOBBIE AHU3OTPOITHBIE MATHUTOCTPUKIIMOHHBIE KOMITIO3UTHI AJIsA
®YHKIMOHAJBHBIX UHTEJJIEKTYAJIBHBIX YCTPOUCTB

Kucenera T.1O., XXonynes C.U., Unbunbix U.A., I'puropseBa T.®., HoBakosa A.A.

12:35

O®OPMHUPOBAHUE KPI/IC"I:AJI.JII/I‘IECKOFO TBEPJ1OI'O PACTBOPA BOPA BTI'IIK FE-NI
CILIABE ITPU XOJIOJHOU MEI'AJE®OPMAILINA

JInteunoB A.B., Illab6amos B.A., JIsmkos K.A., Karaesa H.B.

12:50
MOSSBAUER AND X-RAY STUDIES OF MgO-Fe NANOCOMPOSITE
Nadutov V. M., Vojnash V. Z., Perekos A.O., Svistunov E. O.

13:05
Ooen

14:15

EMISSION MOSSBAUER SPECTROSCOPY OF GRAIN BOUNDARIES OF POLY- AND
SUBMICROCRYSTALLINE Mo

Popov V.V., Sergeev A.M.

14:30

INTERPLAY BETWEEN LOCAL STRUCTURE AND MAGNETIC INTERACTIONS IN
NaFeAs STUDIED BY *’Fe MOSSBAUER SPECTROSCOPY

Presniakov I.A., Morozov I.V., Sobolev A.V., Roslova M.V., Volkova O.S., Vasiliev A.N.

14:45

CTPYKTYPHO-®A30OBBIE IIPEBPAIIIEHUS B CUCTEME FeCo/SiO; ITPA
BBICOKODHEPTETUYECKOM PA3MO.JIE

Jlomaesa C.®., Maparkanosa A.H., Encykos E.I1., ITetpos [I.A., Pozanos K.H.

Ceknus 4: «IIpumeHennsi B 0M0JIOTHM U MeTUITMHE)

15:00

HNCCIEAOBAHMA ITPOLUECCOB BUOI'EHHOI'O OBPA3OBAHUSI MUHEPAJIOB
KEJE3A

Uuctsxkora H.U., Pycakos B.C., lllankun A.A., KazakoB A.Il., Kununa T.H., 3aBap3una J.T".,
Lancok A., Kohout J.




15:15

SEPARATION OF PARTIAL COMPONENTS OF MOSSBAUER SPECTRA OF MAGNETIC
NANOPARTICLES IN LIVER OF MICE

Gabbasov R.R., Cherepanov V.M., Chuev M.A., Polikarpov M.A.,Panchenko V.Ya.

15:30

IMUCCHUOHHAS MECCBAYIPOBCKAS CIIEKTPOCKOIIUS B MHK?OBHOHOFHH:
TPAHC®OPMAIIUS HOHOB KOBAJIBTA(I1) KIETKAMU BAKTEPUHU

Kamues A.A.

15:45
Kodge-opeiix

16:05

NMPUMEHEHUE MECCBAYJ3POBCKOM CHEKTPOCKOIINU B UCCJIEJJOBAHUU
I'EMOI'JIOBUHA IlOHOPCKOfI KPOBUA

XBactynoB C.M., Kucenesa T.1O., HoBakoBa A.A.

16:20

MECCBAY3POBCKAS CIIEKTPOCKOIUS KAK METO/I IUATHOCTUKHA
MAT'HUTHBIX HAHOYACTHII B )KMBOM OPI'AHU3ME

Mumenko M.H., Uyes M. A., Uepenanos B.M., Ilonukaprnios M.A., ITanuenko B.4.

16:35

COMPARATIVE STUDY OF NORMAL OXYHEMOGLOBINS WITH DIFFERENT
MOLECULAR STRUCTURE AND OXYHEMOGLOBINS FROM PATIENTS WITH SOME
BLOOD SYSTEM MALIGNANT DISEASES USING MOSSBAUER SPECTROSCOPY WITH
A HIGH VELOCITY RESOLUTION

Oshtrakh M.1., Berkovsky A.L., Kumar A., Vinogradov A.V., Konstantinova T.S.,

Kundu S., Semionkin V.A.

16:50

MECCBAY3POBCKHUE UCCJIEJOBAHUS MPOIIECCA BAKTEPUAJIBHOI'O
BOCCTAHOBJIEHUA KEJE3A B ITIPUPOJHBIX BUOTUTE U TJIAYKOHUTE
[Mankun A.A., YuctskoBa H.U., Pycakos B.C., XKununa T.H., 3aBap3una J1.I".

17:05

MOSSBAUER STUDIES OF POLYFUNCTIONAL BIOCERAMICS BASED ON M-TYPE
HEXAGONAL FERRITE PARTICLES FOR MEDICAL APPLICATIONS

Tkachenko M.V., Tyutereva K.V., Zyman Z.Z., OI’khovik L.P., Kamzin A.S.

17:20 — 19:45
CTeHaoBbIe JOKJIAAbI

Cexkmmst 3: «HoBble MaTepraibl 1 HHTEHCUBHBIC BO3/ICHCTBHE HA BEIMIECTBO (TEPMHUUYECKOE,
pamuanuonHoe, AehOpMaIMOHHOE | JIP. )»

Cexknus 4: «[IpuMeHeHust B OMONOTHH Y MEIUITHHEY

Cexknust 5: «XuMHsI, KaTanu3, CTPYKTYpa U CBSI3b)»

Ceknus 6: «['eonorus 1 MUHEPATOT U



BropHuk, 9 okTsa0ps 2012 r.

Cexkuus 5: «XuMus, KaTaJIU3, CTPYKTYPA U CBA3b»

9:30

CBEPXTOHKHUE B3AUMOJIEHCTBUSA, MEXAHU3M KOMITEHCAIIUU 3APSIJIA U
PACIIPEJEJIEHUE TIPUMECHBIX KATUOHOB OJIOBA B OPTOXPOMUTAX
PEJIKO3EMEJIBHBIX 9JIEMEHTOB RCrO; (R = Sm, Eu, Gd, Ho)

®abpuunsii [1.b., ApanacoB M.., Mexyes E.M., Actamkus P.A., Bartrno A., bopnep C.,
Jlab6proxep K., Jlenpmac K.

10:00

BBICHIUE COCTOSIHUSA OKUCJIEHUA KEJIE3A, U3YUYEHHBIE C IIOMOIIbIO
IDDPEKTA MECCBAYJPA

[Mepdunwes 10.J1., Henymenko C.K.

10:30
IPUPOJA ACCOIIMAPOBAHHBIX ITOJIUSIJIEPHBIX OGPA3OBAHUI B
KATAJIMTUYECKUX CUCTEMAX THUITIA HUTJIEPA-HATTA

Bponckwii A.P.

10:45

OEPPOCO®EPBI DOHEPTETUYECKUX 30J1 KAK KATAJIU3ATOPBI OKUCJEHUSA
METAHA

Ocetpos E.N., Anmui H.H., Pa6uesckuii E.B., ConosseB JI.A., Epemun E.B., batokoB O.A.,
Anmun AT

11:00
HN30MOP®HOE 3AMEIHIEHUE KEJIE3A B TPUT'OHAJIBHOM BAHAJIATE KEJIE3A
[MankparoB /ILA., IOpreB A.N.

11:15

KATHOHHOE YIIOPSAJIOYEHHE B Sr(Fe; «C0,)09Ga 10,5 CO CTPYKTYPOM THITA
BPAYHMWJIJIEPUTA

Ioxonok K.B. ,®unmumonos /JI.C., bynuesa .M.

11:30
FEATURES OF MAGNETIC HYPERFINE INTERACTIONS OF *Fe IN AFeO; (A=Sc, In)
Sobolev A.V., Belik A.A. Presniakov |.A.

11:45

KWHETUKA BHYTPUTPEKOBOM NOH-3JIEKTPOHHON PEKOMEUHAIIMU 1
ANODPY3NOHHOI'O PACHIMPEHUSA OXKE-BJIOBA, OBPAZOBAHHOTI'O B PE3YJIBTATE
PAJIMOAKTHUBHOI'O ITPEBPAILEHUS SIJIPA °'Co B 3AMOPOKEHHOM BOJHOM
CPEJIE

B.M. bskos, 0.l [Tlepdunses, C.B. Crenanos, JI.A.Kynukos

12:00

EFFECT OF SWIFT HEAVY ION IRRADIATION ON THE SHORT RANGE ORDER IN
NOVEL ELECTRODEPOSITED TERNARY AMORPHOUS ALLOYS

Stichleutner S., Kuzmann E., Lak G.B., EI-Sharif M., Chisholm C.U., Havancsak K., Skuratov V.,

Sziréki L., Homonnay Z.,

10



12:15
Kodge-0Opeiix

Cexknus 7: «CHHXPOTPOHHOE H3JIyYeHHE U TAMMAa-ONTHKA)

12:35
SWITCHING RECIPROCITY ON AND OFF IN A SCATTERING EXPERIMENT
L. Deak, L Bottyan, T. Filop, G. Kertész, D.L. Nagy, R. Riiffer, H. Spiering, F. Tancziko, G. Vanké

13:05
CUHXPOTPOHHAS MECCBAYJIPOBCKASI CHEKTPOCKOIUS
Uymaxos A.U.

13:35

HCCJIEIOBAHUE NEPEOPUEHTAIIMY CIIMHOB O] AEVICTBUHEM
IPUJIOKEHHOI'O ITOJIS B [Fe/Cr], AHTU®GEPPOMATHUTHOM CTPYKTYPE
METO/IOM SITIEPHO-PE3OHAHCHOM PE®JIEKTOMETPUH

M. A. Aunapeera,A. Gupta,G. Sharma,S. Kamali,K. Okada,

13:50
QUANTUM BEATS GAMMA RAY IN MOSSBAUER SPECTROSCOPY
A.V. Mitin

14:05
O0en

15:15
IKeKypeust

20:00
Banker

Cpena, 10 oxrsiops 2012 r.

CeKIII/Iﬂ 8: «<HoBble METOAUKH H TEXHUKA IKCIICPUMECHTA)

9:30
CTII-AETEKTOP PEHTTEHOBCKOI'O U3JIYUEHMUS C ITOACJIIOEM U3 B-TAHTAJIA
Ko3zun M.T"., Pomamikuna N.JI., Komenen B.I1., ®ununnenko JI.B.

9:45

YUYET UCKAXKEHHUSA ®OPMbI PETUCTPUPYEMOM JTUHUU MECCBEAY3POBCKOI'O
CIIEKTPA

I'magxos B.I1., Mapteinenko C.C., Ilerpos B.U., ®umunnos B.I1.

10:00

MNMPOT'PAMMA OBPABOTKHU U AHAJIN3A MECCBAYJ3POBCKHUX CIIEKTPOB:
SpectrRelax

Marnnes M.E., Pycakos B.C.

10:15
YCTAHOBKA 1151 HABJIIOJEHUS Y®PPEKTA MECCBAYJPA B XOJE HOHHOI'O
OBJYYEHUA
Pomanos N.1O., Cemenknn B.A., OpunnnukoB B.B.
11




10:30

PAJIMOYACTOTHBIE MECCBAYJ3POBCKHUE CIIEKTPbI PACCESsIHUS BIIEPE/l B
MAT'HUTHBIX MATEPUAJIAX

2.K. Canpikos, I'.1. Tletpos, B.B. Apunun, ®.I". Baruzos

10:45
MECCBAYJ3POBCKHNM CHIEKTPOMETP YJAJIEHHOI'O JOCTYIIA
CunaeB A.A.(mn.), Cumaes A.A., 'ogosuxos C.K.

11:00

AJIALITUBHASI CUCTEMA YIIPABJIEHUSA JONIIJIEPOBCKOU MOAYJISAIMENA
MECCBAYJ3POBCKOI'O CHEKTPOMETPA

3exuep M.IO., Pepskun A.C., Caperues [I.A.

11:15
IlepepsbiB

Cexkuus 6: «I'eos10rusi ¥ MUHEPAJIOTUsSD)

11:35

FINE STRUCTURAL PECULIARITIES OF 2:1 DIOCTAHEDRAL Fe-RICH trans-VACANT
PHYLLOSILICATES USING MOSSBAUER SPECTROSCOPY COMBINED WITH THE
CRYSTAL-CHEMICAL MODEL

L.G. Dainyak, V.S. Rusakov, V.A. Drits

11:50

MECCBAY3POBCKHE UCCJEJOBAHUS MATHUTHOM ®A30BOM TUATPAMMBI
MATHE3UOBIOCTUTA (Mg,Fe)O I1PU BBICOKUX JABJIEHUAX, HU3KUX U BBICOKHUX
TEMIIEPATYPAX

lappuiok A.T., JIroOytun N.C., Ctpyxkun B.B., Haymos IL.I"., OBunnaukos C.I.

12:05

MECCBAYJPOBCKAS CIIEKTPOCKOIIUS COEI[I/IHEHI/IFI KEJIE3A B «ITIPUPOJHBIX»
JIABOPATOPHUSX IIJIAHET 3EMHOM I'PYIIIIbI

3anyukuit A.A., Ky3smun P.H., CenqpmoB H.A.

12:20
3akpbiTHe KOH(epeHInH
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CTEHIOBBIE JTOKJIAJBI

Bockpecenne, 7 okTsaops 2012 r.

Ceknus 1: «®Pu3uKa TBEPAOro TeJa U MATHETH3M))

Ci1-1

MECCBAY3POBCKHUE UCCJEJOBAHUA UMIIIAHTUPOBAHHBIX CJIOEB Fe*—ZnO
E.H. dynos, A.W. I'ymapos, JI.M. Xpunynos, H.I'. Boitnos, B.®. Banees, P.1. XaiiOymnuH,

JL.P. Tarupos

C1-2

MECCBAY3POBCKHE U CTPYKTYPHBIE HCCJIENOBAHUA MYJIbTUPEPPOUKOB
CEMEMUCTBA RFe3(BO3),

®posos K.B., Jlro6ytun U.C., AnexceeBa O.A., Bepun N.A.

C1-3

HCCJEJOBAHUSI MATHUTHBIX CBOMCTB HAHOYACTMHII Fe;Ses U Fe;Ses METOJOM
MECCBAYAYPOBCKOI CHEKTPOCKOIINN

®ynros K.O., JTiooytun U.C., Lin C.-R., Kopxeukuii }0.B., Crapuukos C.C., JImurpuena T.B.,
Hyounckas FO.JI.

C1-4

HU3KOTEMIIEPATYPHBIE UCCJIIEJOBAHUSA XAJABKOIIUPUTA CuFeS, METOJAMMX
MECCBAYJYPOBCKOI CHEKTPOCKOIIUU U SIMP

laitnos P.P., Baruzos @.I"., IlenskoB U.H., lyrnas A.B., KnexoBkuna B.B., 'onoBanesckuii B.A.

C1-5

ABTOKOJIEBAHUSI ATOMHBIX HAHOIIEPEMEIIIEHUI B KPUCTAJLIE Nd,Fe,,B IO/
BJIMUAHUEM OBJIYYEHUSA y- KBAHTAMU

lNomosukos C.K., Jlarytuna E.C., Epmakos A.H., Hukutun C.M.

C1-6

UCCJIENOBAHUE MYJIbTU®EPPOMKA Bigslag.,FeOs METOIOM 9®PEKTA
MECCBAYJPA HA SIIPAX °'Fe

Curos A.C., Ilokarunos B.C., _Konosanosa A.O.

C1-7

BAJIEHTHBIE U MATHUTHBIE COCTOSsHUS NOHOB KEJIE3A B IIEPOBCKUTE
Bio.g15 Tho.0ssL-a0.1FeO3

IToxatmnos B.C., Konosanosa A.O., Curos A.C.

C1-8
JIOKAJIBHBIE COCTOSHUS UOHOB KEJIE3A B IIEPOBCKHUTE Biggi5Yo0g5a010F€03
ITokatunos B.C., Konosanosa A.O., Curos A.C.

C1-9

MATHUTHASA U KPUCTAJLNTIMYECKAS CTPYKTYPA HAHOPASMEPHBIX MATHUM-
HUHKOBbBIX ®EPPUTOB, IOJYYEHHBIX 30J1b-I'EJIb METOA0OM

Komnaes A.B., Ocraduituyk b. K., Mokmsik B. B., Bymxkosa B. C.
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C1-10

HCCJIEJOBAHUE COCTOSIHUI NOHOB KEJIE3A B HOBBIX
BBICOKOTEMIIEPATYPHBIX CBEPXITPOBOJHUKAX CEMENCTBA GdOFeAs
METOJ0M MECCBAYA3POBCKOM CIEKTPOCKOIINU

Kopotkos H.1O., ®ponos K.B., Jlrooytun U.C., Xnwi60B E.I1., [Tyxanos B.M., Canakos A.B.,
ITepBakor K.B.

C1-11

ELECTRIC AND MAGNETIC PHASE TRANSITIONS IN STRONTIUM-DOPED
LANTHANUM COBALTATE PEROVSKITE

Z. Németh, D.L. Nagy, G. Vanko

C1-12

HU3KOTEMIIEPATYPHBIE MATHUTHBIE CBOMCTBA HOBOI'O CEMEVCTBA
MYJAbBTU®EPPOUKOB HA OCHOBE KPUCTAJIJIA JIAHT'ACHUTA

Haymos IL.T"., Jlro6ytun U.C., ®ponos K.B., Muis b.B.

C1-13
AP u 1P CIIEKTPBI ®EPPOMAHI'AHUTOB TYJIUA
Hapdenos B.B., Epemuna P.M., Hurematysmmna U1, I1ataes A.B.

C1-14

MECCBAY3POBCKUE UCCJIIEAJOBAHUSA CBEPXITPOBO/ISIINEIO COEAUHEHU S
FeSei,Teyx

Hepynos U.B., ®ponos K.B., JIro6yrun U.C., Koporkos H.1O., benmukos B.B., Kazakos C.M.,
Awntunos E.B.

C1-15

CBEPXTOHKME IIOJISI 1 MAFHI/ITHHE MOMEHTHBI B UHTEPMETAJJINMYECKHNX
COEJUHEHMUMSX ScFe; C KYBUUECKOU U TEKCAI'OHAJIBHBIMU CTPYKTYPAMU
IToxatunos B.C.

C1-16

NCCJEJOBAHUE JIOKAJIBHBIX COCTOSIHUM ATOMOB HUKEJISI M ’)KEJIE3A B
TBEPABIX PACTBOPAX NiFex (X =0-0.1) METOOAAMMU SAMP U DOPEKTA
MECCBAY2PA

IToxatuios B.C.

C1-17

INVESTIGATION OF DYNAMICAL EFFECTS ON °’Fe PROBE NUCLEI IN LAYERED
PEROVSKITES La;LipsMys04 (M = Co, Ni, Cu)

Presniakov I.A., Rusakov V.S., Moskvin A.S., Sobolev A.V., Matsnev M.E., Demazeau G., Volkova
0O.V., Vasiliev A.N.

C1-18

ELECTRIC AND MAGNETIC HYPERFINE INTERACTIONS OF *’Fe ATOMS IN
FeVO,, AgFeO, AND CuFe; ,Al,O, MULTIFERROICS

Sobolev A.V., Rusakov V.S., Gapochka A.M., Presniakov I.A., Demazeau G., Glazkova Ya.S.,
Usvaliev A.G., Volkova O.S., Vasiliev A.N.

C1-19

HYPERFINE MAGNETIC FIELD IN DILUTE LAVES PHASES Tb (Fe1xAly),.
Solodov E.V., Opalenko A.A., Firov A.l., llyushin A.S., Umkhaeva Z.S.
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C1-20
HYPERFINE MAGNETIC FIELD IN DILUTE LAVES PHASES Nd(Fe;.xAly),
Solodov E.V., Opalenko A.A., Firov A.lL., llyushin A.S., Umkhaeva Z.S.

C1-21

NCCIEJOBAHUE ®EPPUTA BUCMYTA B LINPOKOM JUAITA3OHE HU3KHUX
TEMITIEPATYP METOJOM MECCBAYJ3POBCKOI CIIEKTPOCKOITUH
Epemxun B.B., Capsiues JI.A., Cmotpakos B.I'., Cramenko B.B.

C1-22

CPABHUTEJIbHBIE MECCBAYJ3POBCKHUE UCCJIEJOBAHUSI COEJUHEHUM Fe, ., Te U
FeSeyy

Bacrokos JI.M., ®poinos K.B., Jlrooyrun U.C., Kopotkos H.1O., benukos B.B., Kazakos C.M.,
Antunos E.B., Kamoxnas ['.A., ['omyokos M.B., Pomanosa T.A.

C1-23

MECCBAY3POBCKOE UCCJEJOBAHUE CTPYKTYPBI COEJIUHEHUM La(FeggsSixAlo 1.
x)13 BIIAPAMATHUTHOM COCTOSIHUU

Bepumnun A.B., CepukoB B.B, Kneiitnepman H.M., Mymnukos H.B., I'aBuxo B.C.

C1-24

3®DEKT BBEJEHUA IPUMECH BOPA HA MATHUTHBIE CBOMCTBA
YHOPAAOYEHHBIX CIIJIABOB FE-AL

Boponuna E.B., Encykos E.II., Kopones A.B., Pycakos B.C.

C1-25

PACIHHPEJIEJIEHUE MPUMECEM MN, AL, SI,C BAYCTEHUTE U I/IXvB.JII/ISIHI/IE HA
9HEPI'MU JE®EKTOB YIIAKOBKH U CBEPXTOHKHUE B3AUMOJIEUCTBUA
Mensenesa H.1.

C1-26

MATHHUTHBIE CBEPXTOHKHUE B3AUMOIEMCTBHS 30HJI0OBbIX ATOMOB °Sn B
MAHI'AHUTAX CaCuz;Mn,01, 1 CaMn;015

Pycaxos B.C., IIpecuskos 1.A., Co6oneB A.B., I'mazkoBa f.C., Demazeau G., 'anmouka A.M.,
I'y6aiinynuna T.B., Bonkosa O.C., BacunbeB A.H.

C1-27
MECCBAY3POBCKHUE UCCJIEJOBAHUA ®OPMUPOBAHUSA CJIOEB Fe
B MATHUTHBIX CBEPXPEHIETKAX

ypun B.A.,|Pomames JI.H., Yctunor B.B., 'ono6opoackuii b.1O., OBunnnukos B.B.

Cexkuns 2: «CTPYKTypa NOBEPXHOCTH, TOHKHUX IJIEHOK, MHOTOCJIONHBIX U
HAHOCUCTEM)

C2-1

MATHUTHBIN IEPEXO U CBOMCTBA MOJIBIX MUKPOCPEP CoFe,0,-SiOy,
NCCIEJOBAHHBIX METOJ0OM MECCBAYJPOBCKOU CIHEKTPOCKOIINHU
Cepeuit H.E., JTro0ytun U.C., Chun-Rong Lin, T'unmuyc A.A., Koporkos H.1O., Tkaues A.B.

C2-2

JOKAJIBHAA ATOMHASA U MATHUTHASA CTPYKTYPA HAHOKPUCTAJIJIMYECKOT O
CIIJTABA Fe;5CrygBys

Hokarunos B.C., Imutpuesa T.I'.
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C2-3

STUDY OF THE SUPERPARAMAGNETIC FEROXYHYTE NANOPARTICLES
FORMATION IN PRESENCE OF HUMIC SUBSTANCES BY MOSSBAUER
SPECTROSCOPY OF THE FROZEN SOLUTIONS

A.Yu. Polyakov, T.A. Sorkina, A.E. Goldt, D.A. Pankratov, 1.VV. Perminova, E.A. Goodilin

C2-4

STRUCTURAL, MAGNETIC AND ELECTRONIC PROPERTIES OF IRON SULFIDE Fe3S,
AND CuFeS; NANOPARTICLES STUDIED BY THE MOSSBAUER SPECTROSCOPY
Starchikov S.S., Lyubutin I.S., Lin C.-R., Funtov K.O., Dmitrieva T.V., Dubinskaya Yu.L.

C2-5
MOSSBAUER STUDIES OF MAGNETIC PROPERTIES GARNET FILMS
Kamzin A.S., Kostishyn V.G., Valiullin A.A., Medved V.V.

C2-6

MECCBAYJPOBCKOE UCCJEJOBAHUE CTPYKTYPbI, MATHUTHBIX CBOMCTB U
KATAJIUTUYECKOM AKTUBHOCTH Fe:Ni/Al,O; U Fe:Co/Al,O HAHOKOMITIO3UTOB B
NPOLHECCE ITUPOJIN3A

XKo6anoB B.A., Kucenesa T.10., HoBakoBa A.A.,neunbix 1.A., JleBuna B.B., Ky3nenos /I.B.

C2-7

MECCBAYJ3POBCKASA CIIEKTPOCKOIIUSI HAHOKPUCTAJIVIMYECKUX
MATEPHUAJIOB HA OCHOBE FE

Encyxos E.IL

Cexkuus 8: «HoBble METOAMKHM U TEXHHKA IKCIIEPUMEHTA)

C8-1

STANDARD TRANSITION MOSSBAUER MEASURING FOR NANOCOMPOSITES
MATERIAL BY SPECTROMETER IN THE STANDARD "EUROMECHANICS"
Belov S.E., Ershov K.V

C8-2

PACIIUPEHUE BO3MOKHOCTEM PE3OHAHCHOT'O JIETEKTUPOBAHUSA ITYTEM
KOMIIEHCALIUU CABUT'A UCTOYHUK - KOHBEPTOP

Hanuyk B.B., Cemenos B.I'., Upkaes C.M., An¢epos I1.B.

C8-3

INPUMEHEHHUE METOJIA KPUOABTOPAAUOT PA®UU JJISA JUATHOCTUKHU
MECCBAYJ3POBCKUX UICTOYHHUKOB

IMankparos JI.A., Kopo6kos B.U., Kynukos JLA.

C8-4

CHAMBER FOR IN SITU MOSSBAUER STUDY UNDER PRESSURE AND SHEAR
DEFORMATION UNDER PRESSURE

V.P.Pilyugin, V.A.Shabashov, A.l.Ancharov, E.G.Chernyshev, A.M.Patselov, T.P.Tolmachev

C8-5

ONTUMM3ALIMSA KOHCTPYKIIMA U TAPAMETPOB PE3SOHAHCHOI'O
CIMHTUJIJISIHAOHHOI'O JETEKTOPA HA OCHOBE *'Fe

Kwuraes B.B., Caporues A.Jl., Cramenko B.B.
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C8-6

19 Au MOSSBAUER EXPERIMENT AT THE NEW IN-BEAM MOSSBAUER
SPECTROSCOPY STATION AT THE BUDAPEST RESEARCH REACTOR
Stichleutner S., Belgya T., Lazar K.

C8-7

MOAYJAIUSAA MECCBAY3POBCKOI'O U3JIYYEHUS UMITYJAbCHBIM JIASEPHBIM
BO3BYXIEHUEM

Baruzor @.T", CagsixoB 3.K., Kouaposckas O.A.

C8-8

VELOCITY RESOLUTION IN MOSSBAUER SPECTROMETRY. AN INCREASE IN THE
QUALITY OF MOSSBAUER SPECTRA MEASUREMENT WITH INCREASE IN VELOCITY
RESOLUTION

Semionkin V.A., Oshtrakh M.I.

IloHenebHUK, 8 OKTAOPA

Cexuns 3: «HoBble MaTepuaJibl 1 HHTEHCHBHBIE BO3/I€iiCTBHE HA BeLIECTBO
(TepMuUecKoOe, pAIUANIMOHHOE, Te(OopPMALIIOHHOE U JIP.)»

C3-1

MECCBAY3POBCKOE UCCIEJOBAHUE IMPOIECCOB CTAPEHUSA AYCTEHUTHBIX
CIVTIABOB KEJIE3O-HUKEJIb-TUTAH

Carapanze B.B., 3emmioBa H.JI., Anydpuesa E.1., [1labamos B.A.

C3-2

30HIOBAS ME?CBAYBPOBCKAH CIIEKTPOCKOIIUSA CTPYKTYPHO-®A30BbIX
INPEBPAIIEHUU ITPU MEXAHOAKTUBALIMA MEJIA B PA3HBIX CPEJAX

Encykos E.IL., JlIomaeBa C.®., YabsuoB A.JL., Epémuna M.A.

C3-3

MECCBAYJPOBCKOE UCCIIENJOBAHUE CTPYKTYPHbBIX MPEBPAIIIEHUN B
IMPOIECCE OTXXHUTI' A CIIVIABA FePd ITIOCJIE MHTEHCHUBHOM IVIACTUYECKON
JE®OPMAIINN

Kueitnepman H.M., Cepukos B.B., Bnacosa H.U., Ilonos A.T".

C3-4

MECCBAY3POBCKHUE UCCJEJTOBAHUSA ®OPMUPOBAHUSA ®A3 ITPU
BBICOKOSHEPTETHYECKOM MEXAHUYECKOM OBPABOTKE IIOPOIIKOB Fe M Al B
ATOMHOM COOTHOIIEHNH Fengleg n Fel Algg

Encykos E.IL., IIpotacoB A.B., YiubsHos A.JI., Kononkun JI.A.

C3-5

BJIUSIHUE ®PUKIIMOHHOI'O BO3JENCTBHUS HA PACHPEJEJIEHUE A30TA

B BBICOKOA30TUCTOM XPOMOMAPIAHIIEBO AYCTEHUTHOM CTAJIA
[Ta6amor B.A., Kopmynos JI.I'., Carapaaze B.B., Uepuenko H.JI., JlutBunos A.B., Jlsmkos K.A.,
3amatoBckuii A E.
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C3-6

HUCIHOJb30BAHUE ITPEJIBAPUTEJIBHOI'O IOBEPXHOCTHOI'O OKUCJIEHUSI J1J1A
MEXAHOCHHTE3A YIIPOUHEHHBIX OKCUJAMU MATEPUAJIOB

Kosnos K.A., Carapanze B.B., llla6amos B.A., Jlureunos A.B., Kataesa H.B.

C3-7
A30TUPOBAHHUE CTAJIEM TP MEXAHOAKTHUBAIIMU B IIIAPOBOM MEJIbHUIIE
JIamkoB K.A., Ko3zinoB K.A., [ITIa6amos B.A., JIuteuHos A.B.

C3-8

BBIJIEJIEHUSI BTOPUYHOM ®A3bI B CIIJTABAX BEPWIJIMS IO JAHHBIM
MECCBAY3POBCKOM CHEKTPOCKOIINH

I'maaxos B.I1., Mapteinenko C.C., ITerpos B.H.

C3-9

CBEPXTOHKHME I10JIAA 1 JIOKAJBHBIE MATHUTHBIE MOMEHTHBI HA ATOMAX
KEJIE3A U IIPUMECHBIX ATOMAX B AMOP®HBIX CIIVIABAX Fe;oTsB,s (T= Al, Sc, Ti,
V, Cr, Mn, Fe, Co, Ni, Cu)

ITokatmios B.C., ITokatunos B.B

C3-10
JIOKAJIBHASI CTPYKTYPA AMOP®HBIX CIIJTABOB Fe75B5.,Siy (X = 0-20)
Iloxatunos B.C., ITokatunos B.B.

C3-11

INITIAL STAGE OF MECHANICAL ALLOYING OF Si WITH Fe AND STRUCTURAL
DEFORMATION-INDUCED TRANSFORMATION IN Si

E.P. Elsukov, A.L. Ulianov, A.V. Protasov, V.E. Porsev, D.S. Rybin, D.A. Kolodkin

C3-12

KHHETUKA ATOMHOI'O MACCONNEPEHOCA ITPU PACTBOPEHUUA
UHTEPMETAJLJINJIOB B CILTABAX KEJIE3A B YCJOBHUSX HU3KOCKOPOCTHOM
XOJIOJJHOU METAJIE®@OPMAIIUN

[la6amos B.A., Carapanze B.B.

C3-13

PACCJIOEHHME 110 HUKEJIIO ITPU MEJJVIEHHOM OBPATHOM MAPTEHCUTHOM
INPEBPAIIEHHNMU B CIIJIABE Fe-32%Ni U U3MEHEHUE TEMIIEPATYPHOI'O
KODP®PUIIMEHTA JUHEMHOT'O PACIIUPEHUS

[TabamoB B.A, Carapamze B.B., Kocureiaa HM.1.

C3-14

WU3MEHEHME KPUCTAJIJIMYECKOM CTPYKTYPhI HIEMEHTHUTA IIPH OT)KUT'E
YIJIEPOJIUCTOM CTAJIUN

Cuactmusues B.M., Tabaruukosa T.U., Axosnesa N.JI., Kneitnepman H.M., Cepukos B.B.

C3-15

MATHUTHOE YITIOPAJOYEHHUE ABOTUCTOI'O AYCTEHUTA B UBOTEPMHUYEKHUX
YCJIOBHUAX

H.A. Tepemenko, B.A. [1la6amoB
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C3-16

MECCBAY3POBCKHUI AHAJIN3 AE@OPMAIIMOHHOI'O PACTBOPEHUSI KAPBUIOB B
Fe-Mn CTAJIM TPU ®PUKIIUOHHOM BO3JIEUCTBUHN

[Ma6amos B.A., Kopuryno JL.I'., 3amaroBckuit A.E., Jluteunos A.B., Carapaaze B.B.

C3-17
THERMALLY INDUCED PHASE FORMATION IN FE-BASED LAYERED SYSTEMS
Zhubaev A.K., Rusakov V.S., Kadyrzhanov K.K.

C3-18

BJIMSTHUE UCXOJHOI'O COCTABA HA CTPYKTYPHO-®A30BbBIII COCTAB
HAHOKOMIIO3HUTOB Fe-VC-Fe;C

Jlomaera C.®@., S3o0Bckux K.A., MaparkanoBa A.H., YibsinoB A.JI., Encykos E.II.

C3-19

MECCBAYJ3POBCKHUE UCCJEJTOBAHUSA PAJIMAITMOHHBIX HAPYIIIEHWUH B
CJIOUCTOM CUCTEME Fe-Be ITIPU OBJIYYEHUHA HOHAMHU KPUIITOHA
Ozepnoii A.H., Bepemak M.®., Manakosa U.A., Pycakos B.C., Kagsipxanos K.K.

Ceknus 4: «IIpuMeHenust B 0M0JIOTUM U MeIUIIMHE)

C4-1

COMPARATIVE STUDY OF NANOSIZED IRON CORES IN HUMAN LIVER FERRITIN
AND ITS PHARMACEUTICALLY IMPORTANT MODELS MALTOFER® AND FERRUM
LEK USING MOSSBAUER SPECTROSCOPY

Alenkina I.V., Oshtrakh M.I., Kuzmann E., Semionkin V.A.

C4-2

BJIMSAHUE pH HA CKOPOCTb B3AUMOJEMCTBHUS 4-5-TEKCUJIPE30OPIIMHA C
JKEJE30M(111) B BOJHBIX PACTBOPAX: POJIb CPE/IbI B OKUCJUTEJIBHOM
JEI'PAIJAINN MUKPOBHBIX AYTOPEI'YJIATOPOB

Kamues A.A., Ieikman P.JI., Kosau K., Ky3manu 3.

C4-3

MPUMEHEHUE MECCBAY3POBCKOM CHEKTPOCKOIIUNUN AJIS1 THTEPIIPETALIUU
PE3YJBTATOB I'NCTOJIOTHYECKOI'O AHAJIU3A ) KEJE3OCOJAEPXKXAIIUX
COEJJMUHEHUI B 'OJIOBHOM MO3I'E KPBIChI

Monukapnos JI.M., 'a66acos P.P., Jlee C.M., Hukutun M.I1., Kopmrynos B.A., Uepenanos B.M.,
Uyes M.A., [1anuenko B.51.

C4-4

MN3YYEHUE OBPA30BAHUA 3EJIEHBIX P2)KABYMH B IPUCYTCTBUU I'YMUHOBBIX
BEIIIECTB METOJ0OM MECCBAYJ3POBCKOM CIIEKTPOCKOITUH

Copkuna T.A., ITonsxos A.YO., T'onear A.E., Ilankparos JI.A., Ilepmunosa 1.B.

Cexuus 5: «XuMusi, KaTajInu3, CTPyKTypa U CBA3b»
C5-1
AMINOLYSIS OF Z-4-FURYLIDENE OXAZOLIN-5-ONE DERIVATIVES-

CONFIGURATION AND KINETICS
Abedelrhim Elsayed Mahmoud
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C5-2

HNCCIEAOBAHUME AKTUBHBIX IEHTPOB \I'(ATAJII/ITI/I‘IECKOI‘/'I CUCTEMBI Cu-Fely-
Al,O; C TIOMOIIBIO MECCBAY3POBCKOU CHEKTPOCKOIINHA

Bbponckuii A.P., llanmosanosa JI.b., Tyktun b., flckeBuu B.1.

C5-3

N3YUYEHUE KATAJIN3ATOPOB KPEKUHI'A HA OCHOBE Al - Fe —
MUIJIAPUPOBAHHOI'O MOHTMOPWIJIOHUTA METOJIOM MECCBAY3POBCKOM
CIIEKTPOCKOIINHA

B.A SckeBuu, A.P.bponckuit, H.A.3akapuna, JI./[.Bonkoga, I11.2K.Aiityranosa

C5-4

MN3YYEHUE METOJOM 3MHCCHQHHOI71 MECCBA§’3POBCKOI71 CIIEKTPOCKOIINHN
BJIMSIHUS KOHAEHCUPOBAHHOMU ®A3bl HA CBOUCTBA AKIIEIITOPA

B.M. bskos, 0. 1. [lepdunses, C.B. Crenanos, JI.A. Kynmnukos

Cs-5
IMUCCHUOHHAS MECCBAYJOPOBCKAS CHEKTPOCKOIIUS V,05, JOIIUPOBAHHOTI'O
57
Co
Henymenko C.K., Kynukos JILA., [lepbunbes 10./1.

C5-6
IMPURITY CENTERS OF TIN IN GLASSY ARSENIC CHALCOGENIDES
M. Kozhokar, N. Anisimova, A. Marchenko, P. Seregin

CSs-7

JAUATHOCTHUKA KATAJIN3ATOPOB HA OCHOBE BUAJIEPHBIX KOMIIJIEKCOB
KEJIE3A C MAKPOLUMKJIMYECKUMHU OCHOBAHUAMU HIN®DPA METOJI0OM
MECCBAYJ3POBCKOM CHEKTPOCKOIINH

[Mankparos JI.A., Poguonosa JI.U., bopucosa H.E., CmupHoB A.B.

Cs-8

MOJIEJTMPOBAHUE OKHCJIUTEJIbHO-BOCCTAHOBUTEJIBHBIX ITPEBPAIIIEHUAN
KEJIE3A B OPTAHO-HEOPTAHUYECKUX COEJMHEHUAX C 'YMUHOBBIMH
BEINECTBAMUA

IMankpatos JI.A., Copkuna T.A., Kapenuna E.E., Auyunna M.M., U6parumona 3.X.

C5-9

TWO-STEP w-n STACKING IRON(II1) COMPLEX WITH LIQUID-CRYSTALLINE
PROPERTIES!

Pyataev A.V., Manapov R.A., Domracheva N.E., Gruzdev M.S., Tukmakova N., Chervonova U.V.

C5-10

IRON-CONTAINING PARTICLES WITHIN THE STRUCTURE OF MULTIWALLED
CARBON NANOTUBES WITH VARIOUS MORPHOLOGY

Sobolev A.V., Cherkasov N.N., Presniakov I.A., Savilov S.V., lvanov A.S., Lunin V.V.

C5-11

MOSSBAUER SPECTROSCOPY OF NEW LAYERED ANTIMONATES A4FeSbOg (A = Li, Na)
Sobolev A.V., Presniakov I.A., Zvereva E.A., Evstigneeva M.A., Nalbandyan V.B., Savelieva O.A.,
J.-Y. Lin, Vasiliev A.N., Biichner B.
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Cexuus 6: «I'e0JI0rMs 1 MUHEPAJIOTUSD»

Co-1

STUDY OF CHINGA METEORITE FRAGMENT USING X-RAY DIFFRACTION AND
MOSSBAUER SPECTROSCOPY WITH A HIGH VELOCITY RESOLUTION:
PRELIMINARY RESULTS

Goryunov M.V., Oshtrakh M.I., Grokhovsky V.I., Chukin A.V., Shtolz A.K., Semionkin V.A.

C6-2

IPUMEHEHHUE MECCBAY3POBCKOM CHEKTPOCKOIINU JJIS1 JTUATHOCTUKHA
®OPM KEJIE3A BI'YMYCOBBIX IPOOWISIX JIECOCTEIIHBIX IIOYB

IIataeB A.B., Mananos P.A., lluakapes A.A., 'uaustymnun K.I'.

C6-3
BJIMSIHUE JIMCIIEPCHOCTHU HA MECCBAYJPOBCKUE XAPAKTEPUCTUKU MATHETHUTA
Mynumis ML.A., 3axaposa NLH., Anekcees B.11., [Humumun A.M.

Co6-4
MECCBAY3POBCKAS CIEKTPOCKOIIUS ITPUPOJHBIX MATHETUTOB
3anyukuit A.A., Kyssmun P.H., Uyes M. A.
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CEKIIUA 1
OU3SUKA TBEPZ[OFO TEJIA U MATHETU3M
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HEKOTOPBIE METAJUVIMMECKHUE OBBEKTHBI 1JISI ®YHAAMEHTAJIBHBIX

HCCJEIOBAHHMM C UCHOJIb30BAHUEM Y®PEKTA MECCBAYJPA
bypxanos I'.C.

Hncmumym memannypeuu u mamepuanogeoenus um.A.A.batikosa Poccuiickoti akademuu

nayk, Mockea, Poccus
genburkh@imet.ac.ru

SOME METALLIC SUBJECTS FOR FUNDAMENTALS INVESTIGATIONS BY
MOESSBAUER SPECTROSCOPY
Burkhanov G.S.

Metallic alloys and compounds, which exhibit specific properties, in particular, magnetic
(magnetostrictive and magnetocalloric), superconducting (combined magnetic and superconducting), etc., are
discussed as potential subjects of inquiry for Moessbauer spectroscopy. Materials containing rare-earth
metals, their borides (synthesized under a high pressuer), and monoisotope pure rare-earth metals too are
among the subject

Dddexr MeéEccbayrpa HaOMIOZACTCS TPU HMIYUYCHUU KPUCTALIMYCCKHX, aMOP(HBIX U
MMOPOIIKOBBIX 00pa3loB, COAEPXAIMX OAUH U3 87 M30TONOB 46 3JIEMEHTOB IEPUOANYCCKOM
CHUCTCMBEI.

Dddext Méccbayrpa wucnonbdyercs B (GyHIAMEHTAIBHBIX HCCIEJOBAHUSIX B O00JIACTH
(1)I/I3I/I‘-IGCKOFO MCTAJUIOBCACHUSA, XUMHUH, MHHCPAJIOTUU U 6I/IOJIOFI/II/I. I/IHTepeCHI)IMI/I o0ObeKTaMu
npuioxkenus 3¢dexkra MéccOayspa B METaNIOBEACHHUH MOTYT OBITh MarHUTHBIE MaTepHalbl U
CBEPXMPOBOJHUKH, OCOOCHHO C Yy4YaCTHEM PEIKO3EMEIbHBIX METAJIOB. bonbiiol wuHTEpec
MPEACTABIISIIOT MOHOU3O0TOITHBIE PEAKO3EMENIbHBIE METAIbl — IMPa3eoJiuM, TEepOWid, TOJbMUH,
Ty.HI/If/'I, OTIIMYAKOIINCCS OOJIBIIINM AACPHBIM MAarHuTHbIM MOMCHTOM U aHoMaJIbHOH TCMHGpaTypHOfI
3aBUCHMOCTBIO TEIUIOEMKOCTH B obOyiactu Temmeparyp Hiwke 10 K. B cBa3u ¢ stum orMetrum
BO3MOXHOCTb HU3Y4YCHHA IIPUPOALI B3aHMOI[efICTBHﬂ AACPHOIO0 MArHuTHOro MOMCHTaA C
ANEKTPOHHOW CTPYKTYpOH, a TakkKe CBEPXTOHKOIO pacIlerJeHUs] PEe30HaHCAa Ha HECKOJIBKO
IIOAYPOBHEM.

[IpuHnMnUanbHOE 3HAUY€HHWE WMeeT OoJiee JAeTaabHOE HCCIEIOBaHUE BO3MOKHOCTH
COCYyHIECTBOBAaHMA B OJHOM BCHICCTBE MarHUTHOH H CBGpXHpOBO}IﬂHIGI\/'I CHUCTEMBI, POCT BEPXHETO
KPUTHUYECKOTO MOJIS C MOSABICHUEM MarHUTHOTO YIOPSI0YeHUS, TapamMarueTusM MelicHepa u T.1I.

lNamma-pe3onancHbii  3G(EKT MOXKET OBITh TOJIE3€H TMPU HUCCIEAOBAHUU TUTAHTCKOM
MarHuTocTpukiuu JlaBec-(ha3 U B3aMMOCBSI3U MAarHUTOCTPUKIIMOHHOTO ¥ MarHUTOKaJIOpPHUYECKOTO
s dexTos.

MéccbayapoBckasi CIEKTPOCKOIHSL MOKET ObITh A(h(HEKTHBHON TIPU UCCIIETOBAHUU 00pa3lloB
CHUHTC3UPOBAHHBIX IO BBICOKHUM JIaBJICHHUCM. I/IHTepeCHO OTMCTUTDH, YTO CUHTC3NUPOBAHHBIC TAKUM
00pa3oM CIIOKHBIE OOPHUIBI C YYaCTHEM PEIKO3eMEIbHBIX METAIJIOB PaauKaIbHO M3MEHHIN CBOU
CBOfICTBa, CTAHOBACH CBEPXMNPOBOJHHUKAMH, II0 CPABHCHUIO C aHAJJOTMYHBIMU COCIAWHCHUAMU,
MOJIYYEHHBIMH METOJIOM IPSIMOTO CIUIABJICHHUS.

TBopueckoe COTPYIHUYECTBO CIEIHAINCTOB PE30HAHCHONW TaMMa-CHEKTPOCKONHUU C
MeTanmopu3nKaMu, MeTalioBelaMd W (DU3UKO-XMUMHUKAMH MOXET TPUBECTH K HOBBIM
(yH1TaMEHTaJIbHBIM OTKPBITHSIM.
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MECCBAY3POBCKAS CHEKTPOCKOIIUS MATHUTHBIX HAHOUYACTHI] :
OT YHUBEPCAJIBHOT'O KAYECTBEHHOI'O OITUCAHUSI K
PEAJIMCTUYHBIM MOJIEJIIM MATHUTHOM TMHAMUWKHU YACTHIL PASHOHN
MATHUTHOM NPUPOJIBI U JUATHOCTUKE HAHOMATEPHAJIOB
Uyes M.A.
Qusuxo-mexuonocuueckuil uncmumym Poccutickoii akademuu nayx, Mockea, Poccus
chuev@ftian.ru
MOSSBAUER SPECTROSCOPY OF MAGNETIC NANOPARTICLES: FROM
UNIVERSAL QUALITATIVE TREATMENT TO REALISTIC MODELS OF MAGNETIC
DYNAMICS FOR PARTICLES WITH DIFFERENT MAGNETIC NATURE AND
CHARACTERIZATION OF NANOMATERIALS
Chuev M.A.

Approaches for describing the magnetic dynamics and Mdssbauer spectra of nanoparticles
with different magnetic nature will be discussed. A number of qualitative effects experimentally
observed for almost half a century can be self-consistently explained within the approaches, which
allows one principally to characterize a large variety of magnetic nanomaterials.

Hecmotpss Ha 4pe3BbIYAHO MIUPOKYKO O0JIACTh MPUMEHEHHS MarHUTHBIX HAHOYACTUIl B
COBpCMeHHOfI HAHOTCXHOJIOTHNHU, OIHUH U3 HauboJiee MNPUHOUIINAJIBHBIX BOIIPOCOB O BJIIMAHHUHU
MPUPOABI MAarHeTU3Ma MaTEpUAIOB YACTHI[ Ha MX CBOMCTBA OCTAeTCsl B 3HAUUTENIBHON CTENEHU
OTKpBITBIM. K HacTosimemMy BpeMeHH XOpoIo npopadoTana Iuib Teopusi heppomMarauTHeIX (OM)
YacTUIl, OCHOBBI KOTOpOi ObUIH 3anokeHbl Heenem B koHie 40-x mpouuioro Beka, TOraa Kak
TeopHsi (peppUMArHUTHBIX (11O TMPUPOJE) YaCTHIl (PAKTUYECKH OTCYTCTBYET, a PsS YHPOIIECHHBIX
Mozeneil anTudeppoMarHuTHeIX (APM) dacTUIl peanbHO OCHOBaHbBI Ha TPEJCTABICHUU
HECKOMIIEHCUPOBAHHOTO CIIMHA, Takxke BBeAeHHOM Heenem eme 50 ner Hazan. B To ke Bpems, B
TEYCHHE [OCIEHEr0 TMOoJyBeKa ObUIM HW3MEpPEHBbl THICAYM Pa3sHOOOpa3HbIX 10  ¢opme
MeccOayIpOBCKUX CIEKTPOB HAHOYACTHUIl pPa3HOM MAarHMTHOM NPHUPOJbI, HO IOAABIIAOIIEE
OONBIIMHCTBO M3 HHUX HHTEPHPETHPOBAIOCH B  paMKax YHHMBEpPCAJIbHOIO  (OpMaJIbHO-
MAaTE€MaTUYCCKOro nmoJaxoaa ¢ BBEACHUCM HCIIPCPBIBHOI'O paCnpeaciIiCHus BEINYUHBI CBEPXTOHKOI'O
Mol Ha SiApe W/WIM HEeeNeBCKOW (cymeprnapaMarHUTHOW) perakcaliil OJHOJOMEHHBIX (DPM)
YaCTHUIl HE3aBHUCHUMO OT HUX MarHUTHOM IMpUPOABbI.

B nocneanee Bpemst Mbl pazpabaTbiBaeM €AMHYIO (DEHOMEHOJIOTHUYECKYI0 MOJIeNIb MarHUTHOM
JAUHaAMUKH aHcaMoOIIs HaHOYaCTHL, MPUECMIIEMYTIO IJId aHaJINn3a KaK KPUBbIX HAMAarHn4uBaHUWs, TaK U
MeccOayIpOBCKUX CIEKTPOB B 3aBUCHUMOCTH OT TEMIIEpaTypbl M BHEIIHero mois. Takas MoJenb
M03BOJIMJIa HE TOJBKO BKJIIOYUTH B aHAIM3 CIEKTPOB (PU3NYECKUE MEXAaHU3Mbl (POPMHUPOBAHUS
MarHUTHOM CBEPXTOHKOH CTPYKTYpbl W OOBSCHUTH LENbIA psiJ KaueCTBEHHBIX OCOOEHHOCTEH,
HalOmoarouxcst B 3KkcnepuMeHTax [1-4], HO M pa3paboTaTh AHATUTHYECKYIO METOIUKY IJIs
JMAarHOCTUKM MAarHUTHBIX HAHOYACTHUIl B Pa3IMUYHBIX Cpelax, Hampumep, WX Ouojerpajgaluu B
*KuBOM opranm3Me [5]. HemaBHo »sTOT moaxox Obl1 0000mieH Ha ciaydait AOM wyacTuil, 4To
MIO3BOJIMJIO KAUECTBEHHO ONMCATh Pa3JIMYMe TEPMOAMHAMMUYECKHUX CBONCTB HAHOYACTHIl PAa3HOU
MPUPOBI, B YACTHOCTH, KBAaHTOBBIE A (EKTHI, KOTOPbIE HEOJTHOKPATHO HAOJIOJAINCh B CHEKTpax
saep °'Fe 8 AOM mamouactnuax [6]. Byaer ob6cykaaThest Takke 0GOGLICHHE STOM TEOPHH HA
cllydail HeCKoMIIeHCHpoBaHHOTO criiHa B ADOM yactunax u peppruMarHuTHBIX YacTHULL.

1. M.A. Uyes. XKXOTd, 2009, 135, 280-292.

2. M.A. Yyes, B.M. Yepenanos, M.A. ITonukapmnos. [Tucema B XKOT®D, 2010, 92, 21-27.
3. M.A. Chuev. J. Phys.: Condens. Matter, 2011, 23, 426003(11pp).

4. M.A. UyeB. X KOT®, 2012, 141, 698-722.

5. L.N. Mischenko et al. Hyperfine Interact., 2012, 206, 105-108.

6. M.A. Uyes. [Tucema B XKOT®D, 2012, 95, 323-329.
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MECCBAY2DPOBCKUE UCCJIIEJOBAHUA 3APAOBOI'O, OPBUTAJIBHOTO N

CIIMHOBOTI'O YHOPSIIOYEHU B MAHI'AHUTAX CaCu,Mn;,03, (0 < x <1)

Pycakos B.C.l, [IpecHsikoB I/I.A.l, Cob6oieB A.B.l, I'maskoBa 5{.C.1, DemazeauG.Z,
Maunses M.E., Fanouka A.M.%, ['y6aiinynuna T.B.

"Wockosckuii eocyoapcmeentulil yrusepcumem um. M.B.Jlomonocosa, Mocxkea, Poccus

2Universily Bordeaux 1 “Sciences and Technologies,” Centre de Ressources Hautes

Pressions ICMCB_ENCPB 33608, Pessac Cedex, France
rusakov@phys.msu.ru
MOSSBAUER INVESTIGATION CHARGE, ORBITAL, AND SPIN ORDERING
IN MANGANITES CaCuxMn7.401, (0 < x <1)
Rusakov V.S., Presniakov I.A., Sobolev A.V., Glazkova Ya.S., DemazeauG.,
Matsnev M.E., Gapochka A.M., Gubaidulina T.V.

TFe probe Mossbauer investigation of the double manganites CaCuxM No.96x F€002012 (0<x<1)
including the range of their structural and magnetic phase transitions, have been carried.Mossbauer
studies of *'Fe doped CaCuMn;,O1, (x<0.4) confirms two phenomena: (i) the structural phase
transition of the rhombohedral (R3) phase to a high-temperature cubic (Im3) structure in vicinity of
charge ordering temperature T ~ Tco with coexistence of both the phases; (ii) the existence of only non-
distorted (MnOg) octahedra at T > Tco due to the fast electronic exchange between Mn® and Mn*
cations. The magnetic and structural results for CaCuxMn;,O;, manganites are summarized in a T-x
phase diagram.

HepOBCKI/ITOHOI[O6HBIe MAaHI'aHUTHI, COACPIKaAIIKC Pa3HOBAJICHTHLIC KaTHUOHBI MapraHia
Mn®*/Mn*, npusnexaroT k cebe GONbIIOE BHUMAHHE, KAK C TOUKH 3PEHHS (DYHIAMEHTATBHBIX
HCCHCHOBaHHﬁ, TaK W BECbMa MUPOKHUX MNEPCIHEKTUB HUX IMPAKTUYCCKOIO IMPUMCHCHUA. CoriacHo
COBPCMCHHBIM IIPCACTABICHUAM, HCO6I>I‘IHI>IC QJICKTPUYCCKHUEC U MAIHUTHBIC CBOMCTBA dTUX COCI[I/IHCHI/Ifl
BO MHOI'OM CBiA3aHBI C HAJIMYUEM B UX 3J'I€KTp0HHOI71 IIOACHUCTEME 3ap;m0B01”4, Op6I/ITaJ'IBHOI71 M CIIMHOBOH
“crenenelt cBoOoabI”. Llenpio HacTosMmIEeH paboThl OBLIO IeTaTbHOE MeccOayIPOBCKOE UCCIICIOBAaHKUE Ha
spaxX 30HIOBBIX aTOMOB SFe ABOJIIOLIMN JIOKAJIBHOW CTPYKTyphl MaHTaHuTtoB CaCuxMn;4 O,
(0<x<1) B mupoKoi 00NaCTH TemIlepatyp, BKIIOYAIONICH KaK CTPYKTYpHbIC, TaK M MAarHUTHbBIC
(ha3oBbIC TEPEXOIBI.

MeTOI[OM MCCC6ay3p0BCKOI7I CIICKTPOCKOIINH Ha AJpaxX 30HAOBBIX aTOMOB 57Fe IMMOJIYYCHBI HOBBIC
JaHHBIE O JIOKAJIBHOH KpUCTALIOTPaUUECKOl W MarHUTHOW CTPYKTypaxX JBOWHBIX MaHTaHUTOB
CaCuyMnggexFe0 04012 (0<x<1). Jus manrauurtoB cocraBoB 0 <X <0.3 moka3aHo, YTO HIXKE
TeMmmeparypbl  3apsiioBoro  ymopsimoueHusi  (Tco) 30HIOBBIE  KaTHOHBI Fe** sammmaror B

poMBodpHYecKkoil cTpykType (R3) STHX OKCHIOB [BE KPHCTAIIOrPAMYECKH HEIKBUBAJICHTHBIC
TMO3HIMK, yKa3biBas Ha obpasoanme mpu T < Tco 3apsanoBbix cocrosamit Mn®* w Mn*'. Amanus
HKCHEPUMEHTAIBHBIX 3HAYCHUH KBAAPYMOJIHHOTO pACIICIUICHHUsS] TMapHUabHBIX MeccOayIpOBCKUX
CIEKTPOB MCCIIEOBAHHBIX MAHTAHUTOB ITO3BOJIMJ TMOJYYUTh MH(DOPMAIHIO O XapakTepe H3MEHEHHS
SHEPIUU SH-TEJIEPOBCKOH cTabunmsammn (ggr) KaTHOHOB Mapranma B nommapax (Mn®*Qg) mpu
Bapualuu cocraBa. [lomydeHHbIE pE3yNbTaThl CBHICTEILCTBYIOT O Ba)KHOH PpOJM  IJIEKTPOH-
PEIICTOYHBIX B3aMMOCIHCTBHU, BIHSIONINX KaK HA JUHAMHUKY 3JIEKTPOHHOro mepenoca Mn®* <> Mn*",
TaK U Ha 3HaYEHUE TEeMIEpPaTyphl yNOPSI0YEHUs |co. YCTAHOBIECHO, YTO JJIsi MAHTAHUTOB COCTaBOB

0<x<0.15 B obmactu Temneparyp T =~ Tco cTpykTypHOTo (hazoBoro mnepexomga R3 <> Im3 ¢ pocrom
TEMIIEPATypPhl IPOUCXOAUT ‘3apOKICHUE” U TIOCTETICHHOE YBEIIMYCHHUE COJIEPKaHUsI KyOndeckon (a3sl
(Im3), B KkOTOpOHl 3a cuer ObICTPOro snekTpoHHOro obmena Mn®* <> Mn** Bece nosuumn B
OKTadJIpUUYECKOIl MOJIpelIeTKe CTaHOBATCS AKBHUBaJeHTHbIMU. Haunnas c cocraBa X > 0.4 cyiiecTByer
mumrb Kyondeckas ¢aza. [lo mepe yBenmmueHus cogaepkanus Mean (X) remmneparypa $ha3oBoro nepexosa
Tco yMeHbIIIAETCA.

Ha ocHOBaHWYM MOTYy4YeHHBIX PE3yIbTaTOB MOCTPOEHA T-X Tuarpamma pa3IndabIX (a3oBbIX MOJIEH
MaHTaHHWTOB, a TakKXKe MPEINPHHATA TOMBITKA OOOOIIEHHOTO aHaliW3a W3MEHEHHUS CTPYKTYPHBIX H
MarHMTHBIX TAPaMETPOB ITHX COCTUHEHHH.
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JIOKAJIbBHASA AKTUBALIUSA KPUCTAJIJIOB y-1IYYAMMU U ITPOLECCHI
CAMOOPT'AHMU3AIINHA
I"'o10BUKOB C.K.l, EpmakoB A.H.l, Huxutun C.M.l, Hukutuna B.A.2
1 Hayuno-uccnedosamenvckuti uncmumym soeprou ¢uszuxu um. /[.B. Crkodenvyvina MI'Y um.
M.B. Jlomonocosa, Mockea, Poccus
2 Uncmumym npuxnaornou mexanuku PAH, Mockea, Poccus
godov@srd.sinp.msu.ru
LOCAL ACTIVATION OF CRYSTALS BY y-RAYS AND THE PHENOMENON OF
SELF-ORGANIZATION
GodovikovS.K., ErmakovA.N., NikitinS.M., NikitinaE.A.

The phenomenon of self-organization of molecules, atoms and ions was discovered by
Belousov (1959) as a chemical reaction with the periodic change of color of the reaction mixture.
Individual manifestations of this effect in the mechanics and physics of solids were also observed in
recent decades. As a .rule the kinetics of collective transformation is appropriate to the simplest
kinetics of phase transitions. It is assumed that in solids the scenarios like Belousov-Zhabotinsky
reaction accomplished by structural transformations seem highly unlikely. The reason is a low rate
of diffusion of atoms in solids compared to their high mobility in the liquid.

This opinion, however, has been greatly shaken in the recent years. In a series of studies of
Nd,Fe14B crystals, treated by an external electric or magnetic pulse, vibrational motion of atoms
with two periods of ~30 and 12-13 days, in the course of 150 and 190 days was observed [1,2].The
perturbation acts on the whole atomic ensemble of the sample initiating an ordered motion in it. It is
of extreme interest to treat a small part of atoms and to observe peculiarities of system self-
organization. Treating of the material by high energy y rays provides such an opportunity. This is an
experimental approach for the current work. The main research method applied was the Mossbauer
spectroscopy of *'Fe nucleus.

The paper presents the first observation of nano-range periodic self-oscillation of atomic
displacements in Nd,Fe14B crystals irradiated by y rays with energy up to 6 Mev. The oscillation
period takes 15-20 days in the course of 60 days after the end of irradiation. The phenomenon was
discussed in terms of the creation of vacancies and their motion. The calculated vibration spectrum

was analyzed to consider

A% possible mechanisms of the
A2 motion of vacancies.
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~285 kOe). Mossbauer spectrum has been processed according to the Zeeman four sextets. There
are two «wavesy in the hyperfine interaction parameters.

1. S.K. Godovikov, E.S. Lagutina. Phys. Metals Metallography, 2009, 108, 67-76.

2. S.K. Godovikov, E.S. Lagutina. Bull. Russ. Acad. Sci. Physics, 2010, 74, 421-425.

3. S.K. Godovikov, A.N. Ermakov, S.M. Nikitin , E.A. Nikitina. Nanomechanics Science and
Technology: An International Journal, 2011, 2, 91-103.
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TPAHCMUCCHUOHHASA U CUHXPOTPOHHAS MECCBAYJPOBCKAS
CHEKTPOCKOIIUSA B UCCJEJOBAHUU OKCHU/JIOB 3d METAJIJIOB ITPU
BBICOKHUX U CBEPXBBICOKHUX JTABJIEHUAX

JroOytun U.C.
Hncmumym kpucmannoepaghuu um. A.B. [llyonuxosa PAH, Mockea
lyubutin@ns.crys.ras.ru

TRANSMISSION AND SYNCHROTRON MOSSBAUER SPECTROSCOPY IN STUDY
OF 3d METAL OXIDES AT HIGH AND ULTRA HIGH PRESSURES

Lyubutin I.S.
Shubnikov Institute of Crystallography, RussianAcademy of Science, 119333 Moscow, Russia

A short review of experiments with 3d-metal oxides at high pressures, low and high
temperatures will be presented. Complex studies have been performed at high pressures up to 200
GPa in diamond anvil cells by several experimental methods. The magnetic, structural and transport
properties, electronic and spin transitions have been investigated in materials with different crystal
structures. Thanks to the Mossbauer spectroscopy, the transitions from the magnetic to a
nonmagnetic state (magnetic collapse) was discovered in many crystals at pressures of about 40-55
GPa. The magnetic collapse is accompanied by a transformation of electronic and spin structures
due to the spin crossover in 3d electron system at the transition of iron ions from the high-spin (HS)
to the low-spin (LS) state. At the same pressures, the structural phase transitions were found in
several crystals. It was established that the metallization process is very complicated. In the pressure
region of the HS-LS spin crossover, many crystals are transformed from the dielectric to a
semiconducting state. The direct insulator-metal transition was also found in some of the crystals.
These effects are explained by the Mott-Hubbard type transitions with the extensive suppression of
strong d-d electronic correlations.

B noknage mnpencraBiaeHbl pPe3yibTaThl JIKCHIEPUMEHTAIBHBIX HWCCICIOBAHUN BIUSHUS
BBICOKOI'O JaBJICHHUA, HA MAIrHUTHYIO U KPUCTAJUIMYCCKYIO CTPYKTYPY, Ha DJICKTPOHHLIC 1 CIIMHOBLIC
COCTOsIHM, a TAaKKC Ha TPAaHCIIOPTHBIC CBOHCTBA IMPOCTBIX U CJIOKHBIX OKCHUI0B 3d METAJIJIOB C
Pa3IMYHON KPUCTAJIIMYECKON cTpyKTypol [1-3]. Beicokue u cBepxBbicokue aasinenus no 200 I'Tla
CO3aaBaJiIUCh B KaM€pax € aJIMa3HBIMU HAaKOBaJIbHSIMMU. HpOBeIleHI)I KOMIIJICKCHBICUCCJIICAOBAHUS C
NPUMCHCHUCM HECKOJIBKUX OSKCIICPUMCHTAJIbHBIX MCETOAUK. C IIOMOIIIBIO MeCC6ay3pOBCKOﬁ
criekTpockonuu B obnactu nasineHuit 40-55 I'Tla BoBcex uCCIeNOBaHHBIX KpUCTANIax OOHAPYKEH
nepexoa M3 MArHuTHOIO B HEMAIHUTHOC COCTOSAHUC (Mal"HHTHHfI KOJ'IJ'IaHC). yCTaHOBJ'IeHO, qTo
MarHMTHBIN KOJUIAIC COMPOBOXKIAETCSI MPE0Opa30BaHUSAMU 3JEKTPOHHOM M CHIMHOBOW CTPYKTYpBI
HMOHOB Xee3a. B 0oibIHCTBE CJIY4acB 3TO CBA3aHO CO CIIMHOBBIM KPOCCOBEPOM 3d SJICKTPOHHBIX
COCTOSSHUU U nepexoaoM HOHOB IKCJI€3a M3 BBICOKOCIIMHOBOI'O COCTOSIHHMSA B HU3KOCIIHMHOBOC.
yCTaHOBJ'IeHO, 49TO B KpHTquCKOﬁ o0iacTu ,Z[aBJ'IeHI/Iﬁ OAHOBPEMCHHO CO CIIMHOBLIM KPOCCOBEPOM
B psJie KPUCTAUIOB MPOUCXOJUT CTPYKTYPHBIA NEPEXOM, a TAKKE MEPEeXOJ] TUIA TUIIEKTPUK -
MOJIYIIPOBOAHUK WM HOHUBJICKTPUK — MCETAJI. O6CY)K,Z[8.IOTC${ TCOPCTUUCCKHUEC MOAXOAbl JJIA
00bsicHeHUsT YPPEeKTOB MmoaaBieHus] CHIbHBIX O-0 AJIEKTPOHHBIX KOPPENSAIUA MPH BO3ICHCTBHU
BBICOKHX I[aBJ'IeHHﬁ.

Pa6ora BemonHeHa pu nmojyiepxke PODU rpanter Ne 11-02-00636a u 11-02-12089-odu-Mm.

[1] LS. Lyubutin and A.G. Gavriliuk, “Research on phase transformations in 3d-metal oxides
at high and ultrahigh pressure: state of the art”, Physics — Uspekhi 52, 989, (2009).

[2] I.S. Lyubutin et al. , "Quantum critical point and spin fluctuations in the lower-mantle
ferropericlase”, Submitted on 18 Oct 2011 to arXiv:1110.3956v1, (2011).

[3] I.S. Lyubutin, S. G. Ovchinnikov,A. G. Gavriliuk, V. V. Struzhkin,Phys. Rev. B 79,
085125, (2009).
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X-RAY DIFFRACTION, MOSSBAUER AND DIELECTRIC STUDIES OF CERAMIC
(COl_xNix)Cl"zo4 SYSTEM
Cherepanov V.M.!, Bush A.A.2, Shkuratov V.Ya.%, Kamentsev K.E.?

'National ResearchCenter “Kurchatov Institute”’, Moscow, Russia
“Moscow State University of Radiotechnics, Electronics, and Automation, Moscow, Russia
cherepanov_vm@mail.ru aabush@yandex.ru

PEHTTEHOI'PA®UYECKUE, MECCBAY2POBCKHUE
1 JUDJIEKTPUYECKUE UCCJIEJJOBAHUS KEPAMUYECKOU
CUCTEMBI (COl.xNix)Cr204
UYepenanos B.M., by A.A., llIkyparoB B.4., Kameniies K.E.

Spinel compounds with Jahn-Teller cations reveal structural phase transitions caused by
removal of the orbital degeneracy that leads to ordering of the d-orbitals and to lowering the crystal
lattice symmetry. As a result, some low-symmetry phases become polar ones and reveal
multiferroic properties [1]. Cobalt and nickel chromites, CoCr,O4 and NiCr,O4, belong to the
normal spinel family with the general formula AB,O, in which Co®* (3d") or Ni** (3d®) cations
occupy tetrahedral coordinated by oxygen A-sites and Cr** cations — octahedral B-positions. At

higher temperatures these compounds crystallize into a cubic phase with the space group Fd3m.
When lowering the temperature, the symmetry of the nickel chromite decreases to tetragonal at
~320 K, while the cobalt chromite remains cubic down to 10 K [2]. In NiCr,Q,, the phase transition
between cubic and tetragonal states is of the first-order type, near to second order phase transition,
with the tetragonal form relating to ferroelastics. It is driven by a cooperative Jahn-Teller effect in
the array of Ni** cations in tetrahedral positions (for Cr** (3d°®) cations the Jahn-Teller effect in the
octahedral crystal field is not observed). The transition into the ferrimagnetic state takes place at
Tn~93 K for Co- and at Ty=70 K for Ni-chromite [2].

Ceramic samples (Col-xNix)Cr204:O.0157Fe203 with 0<x<1 were prepared according to a
standard solid state reaction technique. X-ray diffraction, dielectric characteristics (on frequencies
of 0.1-200 kHz) and thermally stimulated depolarization currents (TTSD) were carried out in the
temperature interval 100-350 K. It is found that in the system at 0<x<0.98 and 0.99<x<1 cubic and
tetragonal solid solutions with spinel structure are formed, respectively. At 0.98<x<0.99 the mixture
of cubic and tetragonal solid solutions is formed. The increasing of the Ni concentration, X, in the
samples causes appreciable growth of their factor of dielectric losses tgd and conductivity 1/p. The
temperature dependences €(T) and tgd(T) of the samples with 0.2<x<0.6 show maxima at T1=220 K
and T,=240 K which positions doesn't depend on frequency. In the same temperatures TTSD peaks
are observed. Features of the temperature dependences of TTSD indicate that the (Ni;-xCoy)Cr,04
samples with 0.2<x<0.6 below T2 (T1) show pyroelectric effects. The conclusion on existence in
considered solid solutions of ferroelectric properties with the Curie point T,~240 K and
ferroelectric-ferromagnetic multiferroic properties was made. The Méssbauer spectra of the °'Fe
doped samples were studied at temperatures 54-330 K. The obtained spectra parameters testify that
the doped *"Fe* ions occupy the B-sites of the spinel structure. The temperature of magnetic phase
transition showed a nonmonotonic dependence Ty on X with minimal Ty=74 K at x=0.5 and Tn~88
K at x=1. For the nickel chromite near the room temperature there is an anomaly in the temperature
dependence of the isomer shift and quadrupole splitting.

In conclusion, we have found ferroelectricity in the (Ni;xCox)Cr,04 solid solutions with
x=0.2, x=0.4 and x=0.6. In contrast to conventional relaxor ferroelectrics, the relaxor behavior seen
in (Ni;xCoy)Cr,0,4 is driven by a dynamical structural disorder. Our observation offers new
perspectives of studying electrically and magnetically ordered states in the (Co;xNix)Cr,O,4 family.

1. K. Singh, A. Maignan, C. Simon, C. Martin.Appl. Phys. Lett., 2011, 99, 172903.

2. M. Kataoka, J. Kanamori. J. Phys. Soc. Japan, 1972, 32, 113.
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FIRST-PRINCIPLES CALCULATIONS OF HYPERFINE PARAMETERS
AT IRON MECHANICALLY ALLOYED WITH MO, AL, OR SI
Arzhnikov A.K., Dobysheva L.V.

Physical-Technical Institute, Ural Branch of Russian Academy of Sciences, Izhevsk, Russia
lyu@otf.pti.udm.ru

There is a large number of experiments on the mechanical alloying of a small quantity (~1 at
%) of iron with molybdenum, silicon, or aluminium, for example, [1-2], which use Mossbauer
spectroscopy for studying the process of alloying through local environment of iron. Interpretation
of such experiments is difficult, as the study is conducted during the process itself, when the system
is not in equilibrium yet, and metastable compounds with unknown hyperfine parameters may
realize and give a contribution to the spectra. The presented work is devoted to analysis of the
Mossbauer-experiment results for these systems with use of first-principles calculations of
hyperfine parameters: isomer shift, hyperfine magnetic field and quadrupole splitting. The
calculations are conducted with method of linearized augmented plane waves realized in the
program package WIENZ2K [3]. The hyperfine parameters are calculated for the iron atomes located
in different positions of the matrix of initial material and compounds that are possible in the systems
under study. A possible effect of contamination by oxygen and formation of oxides is taken into
account.

1. E.I1. Encykos, A.B. IIpotacos. [Tucema B XKOT®D, 2010, 92, 827-832.

2. E.IL. Eacykos, A.B. IIpotacos. ®DMM, 2011, 111, 526-535.

3. P. Blaha, K. Schwarz, G.K.H. Madsen, D. Kvasnicka, J. Luitz. WIENZ2k, an augmented
plane wave + local orbitals program for calculating crystal properties. Wien: Wien Techn.
Universitat (2001) ISBN 3-9501031-1-2
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MECCBAYJPOBCKUE UCCIIEJOBAHUSA CBEPXITPOBOJAIIINX
COEJUHEHHUUN CEMEVICTBA FeSeTe
®Pponos K.B.!, Baciokos J|.M.}, Ilepynos nB. JIrobyTun n.ct, Kopotkos H.10., BenukoB
B.B.Z, Kazakos C.M.Z, AHTHUIIOB E.B.Z, Kamroxxuas F.A.3, ['omyOkoB M.B.S, Pomanosa T.A.°
1HHcmumym Kkpucmannoepaguu Poccutickoii akademuu nayx, Mockea, Poccus
2Mockosckuii 2ocyoapcmeennwiii yrusepcumem um. M.B.Jlomonocosa, Mocksa, Poccust
S Dusuueckui uncmumym Poccuiickoti akademuu nayk, Mockea, Poccus
green@crys.ras.ru
MOSSBAUER STUDY OF SUPERCONDUCTING COMPOUNDS OF THE FeSeTe
FAMILY
Frolov K.V., Vasyukov D.M., Perunov L.V., Lyubutin I.S., Korotkov N.Yu., Belikov V.V.,
Kazakov S.M., Antipov E.E., Kalyuzhnaya G.A., Golubkov M.V., Romanova T.A.

The recent discovery of superconductivity in the iron-based pnictides and chalcogenides has
generated considerable research interest and initiated a new discussion about possible magnetic
mechanisms of the high temperature superconductivity. The FeSeTe compounds are considered as a
structural simplest superconducting system, but large number of experimental works shows
structural phase diversity even in the binary FeSe and FeTe compounds. The investigations of
structural, electron and spin states of Fe ions allow getting new important information about
possible mechanisms of formation of the superconducting state. In this work we present the results
of studies of the powder samples of Fei.,Te, FeSeiy and FeSes.,Te, compounds by the absorption
>"Fe Mossbauer spectroscopy at the 5 — 295 K temperature range. The data on structural, electronic
and spin states of iron ions for the different structural phases were obtained. Two non-equivalent
states of Fe?* ions in the Fe-planes were found. It is shown that the hexagonal FeSe-phases are
magnetically ordered at room temperature in the selenium-containing samples.

HenaBHee OTKpBITHE CBEPXITPOBOJUMOCTH B IMHUKTHAAX M XaJbKOTEHHJAX JKEJIe3a BBI3BAJIO
3HAYUTENbHBIM MHTEpecC HucclenoBaTeNel M O0XHMBHIO JTUCKYCCHIO O BO3MOXKHBIX MAarHUTHBIX
MeXaHU3MaX BBICOKOTEMIIEpATypHO cBepxmpoBoguMocTd. CoOeAMHEHUs, NpUHAIJICKAIINE
cemeiictBy FeSeTe, B 3Tolf CBSI3M paccMaTpUBarOTCS B KauecTBE YIOOHBIX 3KCIEPUMEHTAIbHBIX
O00BEKTOB B TEPBYIO OYEpENb HM3-3a MPOCTOTHI UX KPUCTAIUTMYECKOW CTPYKTYphl. OmHAKO maxe
O6unapuble coeauHenus FeTe u FeSe nemoncTpupyror Gonbuioe ¢a3zoBoe pasHOOOpasue, CUIBHO
3aBUCAIEE OT YCIOBUM cuHTe3a. M3BecTHO, uYTo B OOBEMHBIX coeauHeHusix FeTe
CBEpXMPOBOAIIMI Tepexos OTCYTCTBYeT, B TO BpeMs KaKk B CTPYKTYpHO aHaJIOTHYHBIX
coenuHeHUsX FeSe on Habmomaercs mpu temmeparype okoso 8 K. OnHOBpeMEeHHOE MPHCYTCTBUE
HMOHOB CeJIeHa U TeUlypa MOMKET YBEJIMYMBATH KPUTHUECKYIO TEMIIEpaTypy CBEPXIPOBOJSIIEIO
nepexona no 14 K. TouHoe ompeneneHne CTPYKTYPHBIX, DJIEKTPOHHBIX W CIIMHOBBIX COCTOSHHA
MOHOB JKeJe3a MO3BOJIUT IMOJIyYUTh JIOTMOJHUTENbHYI0 WH(POPMAIMI0O O BO3MOXKHBIX MEXaHH3Max
(bOopMHUPOBAHUS CBEPXITPOBOISIIETO COCTOSHHS.

B nanHOli paboTe mpencTaBiieHbl pe3yabTaThl HCCIEIOBAaHUNA IOPOIIKOBBIX 00pa3loB
coenunenuit FeiTe, FeSeiy, u FeSei,le, merogom abcopOLUMOHHON MeccOay’pOBCKOil
CTIeKTPOCKOITHH Ha sjpax ° Fe B maTepBane Temmeparyp ot 5 K 1o 295 K. Ionyuens! qaHHbIE O
CTPYKTYPHBIX, SJICKTPOHHBIX M CTUHOBBIX COCTOSIHUSIX MOHOB JKeJe3a JUIs Pa3IMIHbIX CTPYKTYPHBIX
a3. OGHApyKEHBI [Ba HEIKBUBAJICHTHEIX COCTOSHUS HoHOB Fe”" B Fe-muockoctsx. MccmenoBansl
0COOEHHOCTH CBEPXITPOBOISIINX, MATHUTHBIX M CTPYKTYPHBIX (pa30BbIX nepexonoB. [TokazaHo, 9To
B o0Opaslax, cojAepkallux CeJieH, NPU KOMHATHOM TemrepaTrype rexcaroHaibHble (a3br FeSe
SIBIISTEFOTCSI MATHUTOYIIOPSIOYEHHBIMHU.

Pabora Bemonnena npu nogaepxxke PODU (rpantsr Ne 10-03-00681 u Ne 11-02-00636) u
[Iporpammer OOH PAH "CunbHO KOppenupoBaHHBIE 3JIEKTPOHHBIE CHCTEMBI'.
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HUKEJATAX TmNiO3; U YbNiO; B OJIACTU MATHUTHOI'O U CTPYKTYPHOI'O
®A30BbBIX IEPEXOJ0B
PycakoB B.C.l, [IpecusikoB I/I.A.l, I"ammouka A.M.l,
Co6ones A.B.}, Tonmaues T.J1., Demazeau G.?, Alonso J.A.2
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HYPERFINE INTERACTIONS OF *’Fe PROBE ATOMS IN TmNiO; AND YbNiOs IN
TEMPERATURE RANGES OF MAGNETIC AND STRUCTURE PHASE TRANSITIONS
Rusakov V.S., Presniakov |.A., Gapochka A.M.,
SobolevA.V., Tolmachev T.D., DemazeauG., AlonsoJ.A.

The local structure of Perovskite-like nickelates TmNiO; and YbNiO3; both sides of the
insulator (T <Ty) <> metal (T>T,) and antiferromagnetic (T < Ty)<>paramagnetic (T > Ty)
phase transition was studied by probe >’Fe Méssbauer spectroscopy. The character of change in the
hyperfine interaction parameters of °’Fe probe atoms specifically near the phase transitions
temperatures (Tyw and Tyn) was analyzed. These results have been interpreted in terms of charge
disproportionation of Ni** cations associated with the electronic localization in monoclinic distorted
nickelates at T < Tym.

[epoBckuTonoo0HbIe peako3emenbHbie HUKenaTbl RNIOs, comepikaiine HHU3KOCITHHOBBIC

KaTHOHBI HHKENsS B HEXapaKTepHOH i HUX (OPMATbHOH CTENEHU OKUCICHUS Ni®* (tgge; ),

nposBISIIOT  oOpatuMmbie  (a3zoBeie mepexonapl: uzonmsaTop (T<Tpw) <« wmeramn (T>Ty) u
aatudeppomaraetuk (T < Ty)«> mapamarueruk (T > Ty). Hecmorpst Ha GoJjbimoe 4mcio pabor,
MOCBSIIICHHBIX MCCIICOBAHUIO 3TUX COCJAMHEHUI, BOIIPOC O MPUPOJIE UX OCHOBHOTO AJICKTPOHHOTO
COCTOSIHMSI Ml IBMDKYIIMX CHJIaX HAOJI0aeMOro JJisl HUX Mepexojia METall <> M30JISATOp OCTaeTCs
OTKpHITBIM. B nmaHHOW pabGore wmeromamu MeccOayIpOBCKO  CIIEKTPOCKOITUHHCCIIEIOBAHBI
CBEPXTOHKHE B3aMMOJICHCTBHS IPUMECHBIX siziep ~ Fe B Hukenatax TmMNiOs u YbNiOs B o6nactu
TeMIIEpaTyp MarHUTHOTO W CTPYKTYpPHOro (ha30BBIX MepexonoB. MeccOaypoBCKHE CHEKTPBHI
00palaThIBATUCh METOJAaMHU MOJEIBHOW pacidpOBKA M BOCCTAHOBJICHUS paCIpeIe/ICHUN
CBEPXTOHKHMX MapaMeTPOB MapIUAIBHBIX CIEKTPOB. B pe3ynbpTraTe BOCCTAaHOBIECHHS paclpeaeIeHus
CBEPXTOHKMX MAarHWUTHBIX IOJIEH, a TAKXKE ONPENENICHUs CPEIHUX 3HAYECHUW IOJIEW W JHUCIIEpCUi
pachpeeneHuii, onpeieneHbl TeMIIepaTyphl epexoia aHTU(EPPOMATHETHK <> TapaMarHeTHK s
aukenatoB TMNiO; (Ty=133+3 K) u YDbNiO; (Tn=127+2 K). B pesynbrate MOJEIbHOM
pactmppoBKU MeccOayIPOBCKHUX CIIEKTPOB U ONPEICICHHS H30MEPHBIX CIBUTOB U KBAJIPYIOJIbHBIX
CMEIIECHHUH MapIUaIbHBIX CIIEKTPOB OIPEIEICHBI TEMIIEPATYPhI IIEPEX0a U30JISATOP <> METAILT JUIs
nukenaroB TMNIO; (Tyy = 53543 K) u YbNIO3 (T\m = 590+5 K). YcTaHoBI€HO, YTO MPUMECHBIC
atomsl °'Fe 3ameraror katiossl Ni®* B HCCIeI0BAHHBIX HUKETATax M JOKANMH30BaHbL pH T > Tiy
— B Kpuctaiuiorpadudeckoii mosunuu (4b) opropombuueckoit ctpykrypst (Pbnm), a mpu T < Ty —
B JIBYX HEIKBHBAICHTHBIX oOKTadapuueckux mosumusx Nil (2d) u Ni2 (2¢) moHOKIHMHHOM
ctpyktypbl (P21/n). [Ipu moBsbIIeHHH TeMIIEpaTypsl B 00JIACTH CTPYKTYpHOTO (a30BOro mnepexoa

P2:/n — Pbnm, HpI/IT[:A <T <1T,,, HabmomaeTcs TOCTENEHHOE OE3rHCTepe3NCHOE H3MECHEHHE

MapIuaIbHbIX MECCOayIPOBCKUX CIIEKTPOB, OOYCIOBIECHHOE (HOPMUPOBAHHUEM OPTOPOMOMUECKOM
(a3bl ¢ eTMHCTBEHHBIM THUIIOM KaTHOHHBIX MO3UIMK B MoapenieTke HuKems. [Ipu aTom monydeHo,

yTO JUIS TmNi03TI:,[ =485+5K, a musa YbNiOgTI:,[ =530+ 5K. Pe3ympTarhl TpOBEICHHBIX

HCCIIeIOBAHMI HHTEPIPETUPYIOTCS B paMKaxX MexaHu3Ma (pa3oBOro mepexojia MeTaul — U30JIsATop,
B OCHOBE KOTOPOTO JICKHUT TMPEIANOJOKeHHE O Hamuuud 1pu 1< Ty  3apsmoBOro
mucnponopuuornposarms: 2Ni°T <> Ni®™W* + Ni®*™W* (0 <n < 1).
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SELF-ORGANIZATION OF ATOMIC NANODISPLACEMENTS IN MULTIFERROIC
BiFeO; UNDER THE IMPACT OF ELECTRIC SHOCK
Godovikov S.K., Nikitin S.M., Nikitina E.A., Pokatilov V.S., Tyutyunnikov A.A.

The long-term oscillatory relaxation of atomic nanodisplacements in BiFeO3 crystals under
the impact of electric shock was observed by the method of Mossbauer spectroscopy.

BrniepBeie Habmonanacek qonroBpemennas (~ 4001uHeil) konebaTenbHas pejakcaus aTOMHBIX
NEepEeMEIEHUI MOJ| JAEWCTBUEM JJIEKTPUYECKOTO YyAapa B KJAcC€ HEMETAJUIMYECKHUX BEIIECTB.
SIBnenue OBUIO BBISBICHO B KpUCTaTHueckoM MyibTudeppornke BiFeOs; mpu T=293K metomom
MeccOaydPOBCKOil CIIEKTPOCKONMHM Ha siupax > Fe. IIpomsBeieH pacder S1eKTPOHHOH CTPYKTYpHI
BiFeO; B ycOBHSIX TaHHOTO SKCIIEPUMEHTA, KOTOPBI BBIABHJI B3aMMOCBS3b JJIEKTPOHHBIX H
YIPYTUMX CBOMCTB JAHHOT'O MaTepHaIa.

OOpazenr mojaBeprajics 5SJIEKTPUYECKOMY yIapy B Y3KOM 3a30pe KOHAEHcaTtopa ¢
HATIPSDKEHHEM dJIekTprueckoro momss E ~ 700 kB/cm B Teuenne 10° ¢. Jlanee mpomssommcs
MeccOayIpOBCKUT MOHUTOPUHT oOpasua B TeueHue ~ 400 mueil. CnekTp mpeactaBisiia coboi 1
CEKCTEeT JIMHMM, MMEIOIUX Claldblii KBaApynoJbHbIi caur. Ilpm oOpaboTke ObUIM MOITY4EHbI
cpenHue 3HaueHus mapamerpoB: Hg, - cBepxToHKoro momsi, O - H30MepHOro ciusura, Q —
KBaJIpyNnoybHOrO pacuierienuss 1 ' — mupunbl auHMM. 3aBUcUMOCT  Her OT BpemeHu
npencrasiena Ha Puc. Ilapamerp Q wusmensiercs antudazno He, , a 0 MMeeT TEHACHIMIO K
HEMPEPBIBHOMY pPOCTY, COINPOBOXKJIA€MOMY CKaukaMHU B XapakTepHbIX Toukax. [loBeneHue
napamMeTpoB CBEPXTOHKOTO B3ammojeicTBusi B BiFeO; mo3BONMIO BBISIBUTH KOJIEOATESTHHBIN
nporuecc, umerommuid 3 craguu. CpeaHss npoJoHKUTEIbHOCTh uX: 1 — 99 nHelt, 2 — 136 gueit, 3 - 95
nuei. [omubril ks konebanuit cocrapisier 330 quei. Pacder 31eKTpOHHON CTPYKTYpPHI MOKa3al,
YTO Ha CTAAWHM 2 MOXKET MPOUCXOJUTh YAaCTHUYHAs «METajUIM3alus» marepuana, a craguud 1 u 2

OTPaKalOT COCTOSHHE H30J1ATOpa. VICTOYHMK aBTOKOJIEGATENBHOTO IPOIECCa — CHIILHOE
BHYTPEHHEE JaBJE€HUE, BO3HHKAIOLIEE H... kOe

B pesyabTate u3MeHeHms !

3JIEKTPUYECKOM TOJIAPU3ALHH

CHUCTEMEI 0. IEUCTBHEM 510 4

5JIEKTPUYECKOro  ymapa.  Bomma 909 ]

JIOKAJBHOTO JIaBJIEHUS €IUHO0Opa3zHo 500
«BBICTPAMBAET» BCE DJJIEMEHTAPHBIE 495 -

AYEHKH.  OTO  SBIEHHE  HOCHUT 4qq -
CHUHXPOHHBII XapakTep, ,oo |
OXBaTBHIBAIOIIMI  BECh O00Opaszer; B 280
nesnoM. CKOpOCTh  IBMIKEHHMS 3TOM 475 days

BOJIHBI ~ | HaHOMeETp 3a 10 c.

Hab6mronaembie
pelaKkcallMOHHBIE U KojiebaTelabHble TMpOIecChl B  Kilacce MYIbTU(GEPPOUKOB  SBIISIOTCS
NPUHIUIHNATILHO HOBBIMH B CPaBHEHUHM C KjaccoM MetamwioB [l]. DTo mpumep dYpe3BbIUaiiHO
JUIMTENIBHON AJIEKTPO-YIIPYrOd CaMOOpTraHN3aluy B KpUCTaIaxX

0 30 60 90 120 150 180 210 240 270 300 330 360 390

1. C.K. TI'onosukos. U3Bectust PAH, cepust pusuueckast, 2010, 74, 344-349.
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OCOBEHHOCTMH JIOKAJIBHBIX KPUCTA/UVIOTPA®UYECKHUX, MAT'HUTHBIX
U BAJIEHTHBIX COCTOSIHUM NOHOB KEJIE3A B IEPOBCKUTAX Biy,SryFeO;
NnPUX=0+1
CuroB A.C., ITokatuios B.C., Konopanosa A.O.
Mockoeckuii 2ocyoapcmeenHvlii meXHU4ecKul yHugepcumem paouomexHuKu, 2J1eKmpoHUKU u
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FEATURES OF LOCAL CRYSTALLOGRAPHIC, MAGNETIC AND VALENCE STATE
OF IRON IONS IN THE PEROVSKITE Bi14SriFeO3 FOR X =0+ 1
Sigov A.S., Pokatilov V.S., Konovalova A.O.

Bi1xSrFeO3; compounds were studied by Mossbauer spectroscopy at room temperature and at the
temperature above Ty. The BixSrkFeOs (X = 0.07 — 0.67) compounds have two different crystal states for
iron ions, i.e. the octahedral states and the tetrahedral states. Substitution of Sr** for Bi** results in oxygen
deficiency.

O6pasipl  cucreMbl  BiyySrFeOs; ObUIM MPUTOTOBICHBI METOAOM TBEpAO(A3HOro CHHTE3A.
Pentrenorpaduyecknii  aHanmm3 MCClIeMyeMbIX O0paslOB TOKa3al, YTOo BCE OOpaslbl SIBISIIOTCS
omHodazHbMu. [Ipu koHreHTpamu crpoHmmst X < 0.1 oOpasipl UIMEIOT POMOOIPUIECKYIO CTPYKTYPY,
no00HO KpHcTaumyeckoi crpykrype BiFeOs; mpu x > 0.14 - kyOuueckyro. [lapameTpsl perierku a u
yroid oun B paMKax pOMOODJPUYECKON CTPYKTYpPbl TPAKTUYECKH HE W3MeHstoTcs. s oOpasioB c
KyOuueckol ctpykTypoil npu X = 0.14 - 1 HabmonaeTcst NpakTUYECKH JIMHEWHOE YMEHBIIIEHUE ITapaMeTpa
PEIIETKH & PH YBEJIMUCHUH CONICPYKAHMUS CTPOHIIHS.

JUi1st oriperiesieHrs KOIMYECTBA HEOKBUBAJICHTHBIX KPHCTAILIOTPAQUUECKIX COCTOSHII HOHOB JKeJie3a
B nepoBckuTax Bip,SrFeOs; (x = 0.07-0.67) ObLmM MpoBeIEHBI HCCIEIOBaHMA MeToaoM dddekra
Meéccbayspa npu Temneparypax Bbiie Temreparypbl Heenst (Ty). Beutn BoccTanoBieHbI pactipeaeneHus
P(v) momnoxenust MéccOay’pOBCKOM JIMHUUK KBAIPYIOIbHBIX CIBUTOB P(s). Anamus dynkiuii P(V) u P(g)
TOKa3aJl, 4To MECCOayIPOBCKHE CHEKTPHI MCCIEyeMbIX OOpa3lioB COCTOSIT M3 JBYX KBAIPYIOJIBHBIX
TyOJIETOB C pa3NMYHbIM PACIICIUICHUEM. JTU JIaHHBIE TOKA3bIBAIOT, YTO TMPU TEMIepaTrype BbIlie Ty B
nepoBckuTax Bi,SrFeOszy(x = 0.07-0.67) cymecTByloT nBa Hamboiee BEPOSTHBIX COCTOSHUSI HOHOB
xernesa. Ha ocHOBaHWMM JaHHBIX, TOMyYEHHBIX W3 aHanm3a pactpeneneHuii P(V) u P(e) Obuta BbimosHeHa
MoJIeNibHasT 00paboTKa MEccOayIPOBCKOro criekTpa. MéccOay poBCKHE CIIEKTPBI MPH TEMITIEPAType BBHIIIIE
Ty  omnuceBarOTCs  IBYMsS — AyOneTamy, COOTBETCTBYIOIIMMH  JIBYM  KpHCTaLIOrpaduueckum
HEOKBHBAJICHTHBIM COCTOSHISIM HOHOB Fe™".

JUtst ompereneHusl 3aps/OBBIX COCTOSIHMM HOHOB JKele3a B mepoBckuTax BiySrFeOs., Obum
MpoBeNieHbl MEccOAYIPOBCKHE MCCIENOBaHMs OOpa3loB MpHU KOMHATHOW Temmeparype. Pacmpenenenue
CTTI P(H) B nepoBckutax BiyxSryFeOs.y ipu 295 K, KOTOpOe COCTOMT M3 HHTEHCHBHOTO aCCUMETPHYHOTO
MMMKa W JIByX TNHKOB C MEHBIIEH HHTEHCHBHOCTHIO, OBbLIO Pa3OMTO Ha YEThIpE TayCCOBCKHUX IHKa,
COOTBETCTBYIOIIMX YETHIPEM HaWOOIee BEPOSTHBIM COCTOSIHMSM HOHOB Jkere3a. Ha OCHOBE IaHHBIX,
HOJTy4eHHbIX 13 aHamm3a (ynkimn pactpenernenus CTIT P(H), Obuta npoeneHa mozesbHas 00padoTKa
MEccOaydIpPOBCKUX CIIEKTPOB. MéccOayspoBCKUE CIIEKTPhI NP KOMHATHOW TEeMIIEparype OIMUCHIBAIOTCS
TPEMsi CEKCTETAMH, COOTBETCTBYIOLIMHU TPeM HOHOB Fe®* B OKTanIpHUeCcKoM KICIIOPOIHOM OKPY/KEHHIL,U
JBYMS CEKCTETAMH, COOTBETCTBYIOIMMH OJHMM COCTOSHHEM HOHOB Fe* B  TerpadapideckoM
KUCIIOPOJTHOM OKpyeHHU. CpaBHEHHE JTaHHBIX, TIOMYYEHHBIX MPU aHaM3e MEcCOAYIPOBCKUX CIIEKTPOB,
M3MEPEHHBIX TP KOMHATHOW TEMIleparype, C pe3yibTaTaMu MECCOAyIPOBCKHX HCCIIENOBAHUM TIPH
TEMIIEpaType BbIIIIE TEMIIEPATYPhI T MOKA3bIBAET, YTO /1B COCTOSIHUS MOHOB Fe mipu T>Ty COOTBETCTBYIOT
COCTOSIHHSIM HOHOB Fe®* B OKTas[piaecKkoM 1 TeTpasIpHIecKOM KICIIOPOHOM OKPY/KEHIH.
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MXa-DVM MODELLING OF *' Fe MOSSBAUER SPECTRA PARAMETERS IN
SmFeAsO;.xF«
Yuryeva E.I.

Results of MXa-ZIBM quantum-chemical calculation of the charge and spin of iron and
arsenic atom states and quadrupole splitting (AEq) of *"Fe Mossbauer spectra are reported in this
work for the newly discovered SmFeAsO;.xFx (P4/nmm space group, N 129). The largest
probability of existence of La-O(F) and Fe-As sublattices is in the form of semimetal [FeAs4]* or
metal [FeAs,]°.

B Hacrosiiee BpeMsi akTyalbHBIM SIBIISIETCS BbISIBICHHE (PAKTOPOB, POPMUPYIOMINX BETUUHHY
Temreparypsl niepexoaa B cepxmnpoBogsiiee (CII) cocrosiuue T¢. Panee nmpupoaa Mexx4acTUUHBIX
B3aumojeiicteuii B CII cucremax M 3Ha4eHHs] TeMIIEpaTypbl IMEpPexXojJa B CBEPXIIPOBOJSILIECE
cocTosiHue T paccMaTpuBajinch B pamkax Teopun bapanna-Kynepa-Llpuddepa (BKIL) [1].

B [2] mpemnoxena dopMmyna ans pacuera TemIepaTypsl mepexoaa (parmenrta (asbl
koHgeHcupoBaHHOH cpenpl (DDKC) B cBepxmnpoBoasiee cocrosiHue Tc. B mpencrasnsiemoit pabore
yKa3aHHBIM MOJXOJ MCIIOJIb30BAIM KaK JAJsl pacuera 3HAUeHUN TeMIlepaTypbl CBEPXIIPOBOJSIIETO
nepexona ¢, TaK M A TEMIEPATYPbl [pew, HPH KOTOPOH CTAHOBUTCA BO3MOXKHOW IIOTEPS
B3aMMOJICICTBHS METAIUI-THraH/. Bapharmn MeccOayd pOBCKHX CIIEKTPOB siaep - Fe MOryT ObITh
WCTIOJB30BAHBl JUIS BBISIBICHUS OCOOCHHOCTEH TaKOro JBM)KEHHS. BO3MOXXHOCTD MSTKHX
MIPOCTPAHCTBEHHBIX MYTAIlUil B IBHKEHUH SIACP 83%5¢cuy paHee oOCy»xaanack B [2] U yuuThIBaeTcs B
[3] mpu MoaenpOBaHUU MTPOIIECCOB IBOJTIOIMOHHON METaIMHAMUKH.

B nannom cooOieHun mpenctaBieHbl pe3ynbTatel MXa-JIBM [2] KBaHTOBO-XMMHYECKOTO
MOJIETTUPOBAHUS 3apsA0BOrO U CHMHOBOIO COCTOSIHHSA aroMoB Fe u AS B cTpykType cemelcTBa
cBepxnpoBoaHukoB LNFeAsO;4F rme Ln = Sm (P4/nmm space group, N 129 [4]). Anamu3
COCTOSIHUS aTOMOB F€ 1 AS IpOBOINIIM Ha OCHOBE COMOCTABJIEHUSI PE3YJIbTaTOB IKCIIEPUMEHTATbHO
HaOII0JaeMOro KBaJpynosbHOro pacuierienuss AEg meccOayspoBCKoro crekTpa saep Fe ¢
pe3yJibTaTaMH pacuyeToB, IPECTABICHHBIMY B HIKEIPUBEIEHHOM TabnuIe.

OOKC JuaroHajibHble KOMIIOHEHTHI TEH30pa rpajuenHTa AEq AEq
ANIEKTPUIECKOTO TIOJIS (pacu), Mmm/c (9kc), mm/c
O /a0 Oy, 1/ag® Oz, 1/20°
[FeAs, "> | 0.5993 1.0833 -1.6827 - 2.7587
[FeAs,]" -0.0068 -0.0196 0.0264 0.0443 0.0324 [5]
[FeAs,]’ -0.1021 0.1390 -0.0369 0.2329 0.6600 [6]

W3 monydeHHBIX NaHHBIX cliefyeT, yTo Haubosnee BeposTHbIMH siBisitoTcs DPDOKC Buga
[FeAss]* u [FeAs,]’.

1. Bardeen J., Cooper L.N., Schrieffer J.R., Phys. Rev., 108, 1175 (1957).

2. D.IOppeBa. YcrtoifunBoCTh (pparMeHTOB KOHJEHCHpOBaHHBIX cpea. CaapOprokeH: LAP

Lambert Academic Publishing. 2012. - 557 c.

3. Q. Zhu, A.R. Oganov, A.O. Lyakhov. CrysEngComm., 2012, 14, 3596 - 3601.

4. S. Margadonna., Y. Takabayashi, M.T. McDonald, et al. June 2008, arXiv: 0806.3962.

5. McGuire M.A., Christianson A.D., Sefat A.S., et al. June 2008, arXiv: 0806.3878.

6. 1. Nowick, 1. Felner. June 2008, arXiv: 0806.4078.
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ANTIFERROMAGNET FLUCTUATIONS IN HEAVY-FERMION CePdSn BY
MOSSBAUER SPECTROSCOPY
Mischenko I.N., Polikarpov M.A., Cherepanov V.M., Chuev M.A.

We have studied the transition from a single-ion Kondo behavior to a regular magnetic state
in the heavy-fermion CePdSn compound by **Sn Méssbauer spectroscopy. Temperature evolution
of the experimental spectra agrees well with their evaluation in the framework of the two-level
relaxation model. This fact allows us to interpret the «spin-slip» magnetic structure model earlier
suggested for CePdSn as a simple fragmentation of the whole sample’s volume into nanometer-size
antiferromagnetic domains.

MHuorue TsKeno(hepMHOHHBIE COCIUHEHHUS TMEpexXonaT MpU HU3KUX TemIepaTypax B
MarHUTOYIOPSIOYCHHOE  COCTOSHUE,  KOTOpOe  MOXKeT  OBITh  aHTH(EPPOMArHUTHEIM,
(beppOMarHUTHBIM WJIH JaXe «CIHPAIbHO YHOpsAgoueHHbIM». [lox BiMsSHHEM HaBlIeHUA,
JICTUPOBAHWA, BHCIIHCTO MArCHUTHOIO 11O TEMIICpaTypa YHOPAAOUCHUA MOKCT IIJIaBHO
WU3MEHSTHCS BILIOTH JIO0 MOJIHOTO MCUE3HOBEHUSI MAarHUTHOTO IMOPSJIKA B CUCTEME. JTa «KBAHTOBAs
KpUTHYECKasi TOYKa» pa3felisieT MarHUTOYIOPSIOUYEHHYIO (a3y, COOTBETCTBYIOIIYIO CHUCTEME C
B3aMMOJICHCTBYIOIIMMU  HOHHBIMH ~MAarHUTHBIMH MOMEHTaMH, M IapaMarHuTHyo (dasy,
COOTBETCTBYIOIIYIO BBIPOXKIEHHOW CHIIBHO KOPPEIHPOBAHHON (epMHUOHHON cucteme. M3ydenue
MEXaHH3Ma BO3HHMKHOBEHHS TaKOM KPUTHYECKONW TOYKH B PEIKO3EMEIbHBIX HHTEPMETaInIax
MPEJCTABISAET aKTyaIbHYIO 337a9y (PM3UKH KOHJICHCHPOBAHHOTO COCTOSIHHSI.

OCHOBHOH 11€TBI0 HACTOSIIEH pabOThI SBISIIOCH HCCIEIOBAHUE CIUHOBBIX (DIYKTyaruil B
TsokenopepmuonHoMm  coequHeHnn CePdSn mpu T>Ty ¢ momompio  JeTalbHOTO —aHalnM3a
MeccOaydpOBCKMX ~ CIIEKTPOB IIOMIOLICHUS saep 'S B paMkax (OPMansbHO TOTO IKe
CTOXAaCTHUYECKOTO T0/X0/a, KOTOPBIA HCIONB30BAICS paHee Ui KOJIMYECTBEHHOTO OIHMCAHUS
CIMHOBBIX (DIYKTYyaIMil MeN0KaTu30BaHHBIX ST-31eKTpoHOB B TshkenodepmuonHoii cucteme U(Ing-
«SNy)s [1]. B 4acTHOCTH, METOXOM MeccHay3pOBCKOil CIIEKTPOCKOIHMH Ha spax -°Sn mccnenoa
nepexoa OT OAHOMOHHOTO KOHIOo-TOBeeHHs K MarHUTOYMOPSJOUYEHHOMY COCTOSIHUIO B
TsokenodepmuonHoM uHTepMetaumae CePdSn. YcranoBineHo, uTo TemmeparypHas 3BOJIIOIUS
AKCIIEPUMEHTATbHBIX CIEKTPOB C XOpOIIEH TOYHOCTHIO COTJIACYeTCs C pacueTaMd B paMKax
JIBYXYPOBHEBON PEIAKCALIMOHHONW MOJEIN OJHOAOMEHHBIX YAaCTHIl IIPH HAJIWYUU CBEPXTOHKOTO
KBaJIPYTMOJBHOTO B3aUMOJAEHCTBUS [2]. DTO MO3BOMNSAET TPAKTOBATh MPEINIOKEHHYIO paHee «spin-
slip» Moniens MarHuTHOM cTpyKTypbl CePdSn [3] kak npoctoe pazbueHue Bcero oobeMa odpasiua Ha
aHTU(EPPOMATHUTHBIE JIOMEHBI HAaHOMETPOBOTO pa3Mmepa. I[IpsMbIM clencTBHEM aIeKBaTHOTO
OIMMCaHUsA CIICKTPOB B Takou MOACJIN CTaJla BO3MOXHOCTH Ha6J'IIO)IeHI/I$I TeMnepaTypHoﬁ
3aBUCHMOCTH 4YacTOThI (UIYKTyallii HaMarHWYeHHOCTEH MOAPENIETOK JIOMEHOB M pacrpeeieHus
TUTOTHOCTH KOJUIEKTUBU3UPOBAHHBIX AJIEKTPOHOB IMPOBOJAMMOCTH BOJIM3M aTOMOB OJIOBA B TIpOIIEcCe
ycranoBienust RKKY BzaumopeiictBus.

Mp1 6naronapasl PODU 3a hrHAHCOBYIO MOACPIKKY ITOM pabOTHI.

1. M.A. Polikarpov, V.M. Cherepanov, M.A. Chuev, S.S. Yakimov. JMMM, 1994, 135, 361-366.
2. M.A. Chuev. J. Phys.: Condens. Matter, 2011, 23, 426003 (11 pp).
3. D.R. Noakes, G.M. Kalvius. Physica B, 2000, 289-290, 248-251.
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MOSSBAUER STUDY OF NONMONOTONIC BEHAVIOR OF STRUCTURAL
TRANSFORMATIONS IN Lagg5Bao.osMno.es’ Feo.0203:5 UNDER HEAT TREATMENT
Sedykh V.D., Rusakov V.S.

Metogamu  MeccOay3pOBCKOM  CIEKTPOCKONHMHM W PEHTTEHOBCKOW  IU(pPaKTOMETPUU
HCCIICIOBAaHBl  CTPYKTYPHbIE HM3MCHEHHS B JICTHPOBAHHOM OapuMeM MaHTaHWTE JIaHTaHa
Lag 95Bag.0sMng 9sFe0,020345 B 3aBUCHMOCTH OT PEKUMOB TEPMOOOPAOOTKH (HETPEPHIBHBIA U
CTYICHYAThI HM30TEPMUYECKUN BAaKyYMHBIH OTXKHT M HM30XPOHHBIA OTXHT). CHHTE3UPOBAHHBIH
30J1b-T€JIb  METOJOM, TIOJUKpHCTAUTHUeCKud  oOpaszery  LaggsBagosMngosFep 020345, uMeer

poMOo3IprUecKyr0 cTpyKTypy (mp. Tp. R3C). IIpu BakyymHOM OTxHre pomOo3apuyeckas (aza
CHayaJla MEePeXOoJUT B CMeCh poMOO03JpuYeckoil u opropombuyeckoit Pnmal ¢a3. Hauwmnas c
HEKOTOPOU JJIMTENBHOCTH BaKyyMHOI'O OTXKHUTa, poMOodApuyeckas (asza ucuesaet u GopMupyercs
cMmech opropomOmuecknx (a3 Pnmal, Pnmall* u Pnmall (o6mast mp. rp. Pnma). Jlanubie mo
TUTPOBAHUIO MOKA3bIBAIOT, YTO TaKOW 00pazell MMEeT CTEXMOMETPHUECKU COCTaB MO KUCIOPOLY,
T.e. KOTMIecTBO HOHOB Mn*" paBHO KOIMYCCTBY IpHUMECH Gapusi H MEKy3elbHBIA KHCIOPOI,
OTBEUAIONIHii 32 a30BbIC MEPEXO/IbI, OTCYTCTBYET.

JlanbHENIINI BaKyyMHBIN OT)KUT, HE3aBUCUMO OT YCJIOBUM OTXKWIa, IPUBOIAUT K U3MEHEHUIO
COOTHOIIICHHUSI OPTOpOMONUECcKUX (a3 (T.e. MPOUCXoaIT 0OpaTuMbIe (a30BbIE MEPEXOJIbl), KOTOPOE
MMeeT HEMOHOTOHHBIH XapakTep.

MeccbayspoBCKHE CHEKTPbl CMECH OpTOpoMOMYecKHX (a3 mpencTaBiIsroT coOOW crerka
aCHMMETPUYHbIE CHJIBHO YITUPEHHBIE KBAJIPYMOJIbHO-PACHICTIIICHHBIE AYOJETHI, YTO MOXXET OBITh
O0yCJIOBJIEHO HAJIWYMEM HECKOJBKHUX NOJACIEKTpoB. (OO0paboTKa CHEKTPOB MPOBOAWIACH C
ucrnons3zoBanueMm mporpammbel DISTRI u3 kommiekca mporpamm MSTools [1] u onpenensiioch
pacripeieieHue KBaIpynoJIbHBIX pacIeryICHUH.

W3 pacnpenenenus KBaapymnoibHOro pacuierieHust P(A) ciaenyer, 4yTo uisl BceX PEKUMOB
BakyyMHOro omxura: (1) mosyyaroTcst JUCKpETHbIE paclpesieleHuss A, UMEoIe TpU MaKCUMyMa,
KaXJIbIi MAKCUMYM OTBEYAET OMpeIeNIeHHON opTopoMOuueckoii ¢ase; (2) ¢ pocToM IIUTETHFHOCTH
OTXKHUTa (M30TEPMUYECKHI PEXUM, T=6500C) WIK TeMIEepaTypbl OTXKUTA (M30XPOHHBIM pPEXKHUM)
MPOUCXOIUT HW3MEHEHHE COOTHOIICHWS HWHTCHCHBHOCTEH MaKCHMyMOB A, KOTOpoe HWMeeT
HEMOHOTOHHBIN XapakTtep; (3) BEIUYMHBI KBAAPYMOIBHBIX PACHICTNIEHUH KaXXIOTO0 MaKCHMyMa
MPAKTUYECKH HE MEHSIOTCS C JUTUTEIBHOCTBIO OT)KUTA, TO €CTh JIOKATBHOE OKPYXEHHE B KaKIOH
(aze MpaKTUUECKU COXpaHIETCs HEM3MEHHBIM IIPU JIIOOOM BaKyyMHOM OTKUTE.

Hamu 5SKCHEepUMEHTAIBHO YCTAaHOBJEHO, 4YTO B JISTHPOBAaHHOM OapWeM COCTUHEHHUU
Lag o5BagosMngosFeo 0203 mpu  BakyyMHOM OTXKUTE TPOUCXOJUT HEOOBIYHOE W3MEHEHHE
COOTHOIIIEHUS] OPTOPOMONUIECKUX (pa3, KOTOpoe UMEeT HEMOHOTOHHBIH XapakTep.

Bonpoc o mpuunHax HEMOHOTOHHOTO TIOBEJICHUS CTPYKTYPHBIX NMPEBPAILICHUN B COETMHEHUN
Lag 95Bag.0sMng 9sFe0.0203moka octaeTcst OTKPHITHIM.

Msbl  mpenmonaraeMm, 4YTo HaOmOAaeMblii B JaHHOW pabore dPdexT o0ycroBieH
CTOXAaCTUYECKUMH TPOIIECCAMHU.

1. B.C. Pycakor M3B. PAH: cepus ¢u3. 7, 1093 (1999); V.S. Rusakov, K.K. Kadyrzhanov.

Hyperfine Interactions 164, 87 (2005); B.C. PycakoB. MeccbOayspoBckasi CIEKTPOCKOITHS JIOKAJIbHO
HeogHopoaHbix cucteM. Otnedarano B OITHU USAD HALL PK, Anvater (2000) 431 c.
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MOSSBAUER STUDY OF MULTIFERROICS ON BASED Bi,03-TiO,-Fe,0;SYSTEM
Semenov V.G, Panchuk V.V., Lomanova N.A, Gusarov V.V.

The perovskite-like compounds in the Bi,Os-TiO2-Fe,O3 system possess semiconductor,
ferromagnetic, ferroelectric and catalytic properties which determine the potential of their wide
practical application. The Aurivillius phases Bin+1Fen-3TizOsq+3 have been synthesized via solid state
reactions. Mossbauer spectroscopy and X-ray analysis have revealed the dependence of Fe ions
distribution over the nonequivalent sites and of unit cell parameters on the number of perovskite-
like layers in the Aurivillius phases. The Aurivillius phases become unstable when the perovskite-
like block thickness increases up to ~3.5 nm (n = 9). It correlates with the leveling of the Fe-O bond
ionicity in two nonequivalent sites occupied by these ions. A decrease in the Aurivillius phases
stability also correlates with the ¢ value verging towards the corresponding parameter of the BiFeO3
unit cell.

CroucThie MEPOBCKUTONOA00HBIE coeauHeHus B cucreme BiyO3-TiO,-Fe,O3  (dassr
AypuBuiuinyca ) SIBISIFOTCS MEPCIEKTHBHBIMU IS CO3JaHUST HOBBIX MATEpUANOB, TaK Kak
001a1al0T KATAIUTUICCKUMU, TOJYIIPOBOIHUKOBBIMK, CETHETOIICKTPHUSCKUMU, MAarHUTHBIMU
cBOMcTBaMH. DTO ompezenseT OONbIION MHTEpeC K MCCIEIOBAHUSM CTPOCHUS U CBOWCTB ITHUX
coenunenuii. Ctpoenue ¢a3z AypuBwuimyca ¢ oomieir dopmymnoir BiniiFen3TizOsneg  MOXeT
paccMaTpuBaThCs ~ KaKk ~ uepeloBaHHE  (IIOOPUTOIMOJOOHBIX  CJIOEB {(Bi202)2+}@O u
MIEPOBCKHUTOIOI00HBIX OJIOKOB {(Bin+1Fen_gTi303n+1)2'}0O .

[TpumeneHne MeTo1a MeccOay3pOBCKOM CIIEKTPOCKOIHH MTO3BOJIMIIO UCCIICIOBATh HE TOJIBKO
JIOKAJIbHBIE COCTOSIHUSI aTOMOB Kelle3a B IEPOBCKUTOMOIO0OHBIX OJI0Kax {(Bin+1Fen-3Ti303n+1)2'}w u
WX  TepepacipelielicHHe B 3aBUCUMOCTH OT COCTaBa, HO TaKXK€ M BO3HHUKHOBCHHE MAarHUTHOTO
YIIOPSI0YCHHUS.

AHanu3 SKCNEPUMEHTAIBHBIX CIIEKTPOB TOKa3ajl, YTO YIOPSAOYCHHOCTh B paclpeciicHuN
HMOHOB MO BHEIIHUM TO3MIIMIM MEPOBCKUTONOA00HOTO OJI0KAa YMEHBIIAETCS C YBETUYCHHUEM €ro
tomuuHsl. Ipu 3HaueHmsix N=9 pacmnpenenerne noroB Fe** u Ti*' o BHemHnM u BHYTpeHHEM
MO3UIUSAM MEPOBCKUTONOJO0HOTO 0JI0Ka CTAHOBUTHCS OJM3KUM K CIy4aitHOMY.

JleTanpHbli aHaAIM3 OCOOEHHOCTEM CTPOEHUS CIOUCTBIX NMEPOBCKUTONOAOOHBIX COEIMHEHUI
Bin+1Fen-3Ti303n4+3 IOKa3an HamMuMe PE3KUX CTPYKTYPHBIX M3MEHEHHH MPHU YBEITUUYCHUH TOJIIIMHBI
MEePOBCKUTOINOI00HOTO citost Ha ocHoBe BiFeO3; 1o ~2 um (N=5). /laHHbIC U3MEHEHHS KOPPEIUPYIOT
C YMEHBIICHHEM TEPMHUYCCKOW YCTOHYHMBOCTH (a3 AypuUBHIUINYCA W TPHOIMIKEHHUEM CHCTEMBI K
COCTOSIHMIO, ONM3KOMY K 0Oe3pa3lIuyHOMy paBHOBecuio. [Ipu  yBeNMUYEHWUH  TOJIIMHBI
MEePOBCKUTONONO0HOrO0 ©Omoka 1o ~3.7 HM (N=9) ¢a3pl AypuUBWILIMYCA CTaHOBSTCS
HEYCTOMYMBBIMU. DTO KOPPENUPYET C MPHOIIKEHUEM paclpeaeNeH!s] HOHOB Fe** u Ti* MEXITY
BHYTPEHHUMH W BHEITHUMU CJIOSIMHU TIEPOBCKUTOTIOIOOHOTO OJI0KA K Pa3ynopsI09eHHOMY TTpH N<9.
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MAGNETISM OF THE QUASIORDERED FE-AL ALLOYS WITH ADMIXTURES - GA,
V AND MN: MOSSBAUER AND MAGNETOMETRIC STUDIES
Voronina E.V.}, Yelsukov E.P.?, Korolyov A.V.2

Making of Ga, V or Mn (My,=0, 5,10 ar.%) additions to the ordered Fegs.yAlzsxMyy alloy is
aimed at the study of general and particular features of the temperature (5-300 K) and in-field (up
to 9 T) behaviour of magnetic characteristics of these ternary alloys. The treatment of the
magnetometry and Mdssbauer spectroscopy results within frames of magnetic phase separation and
in terms of localized magnetic moments model is discussed.

[IpoBeneHHOE HCCIIEIOBaHME OTHOCUTCS K MpoOJieMe BO3HUKHOBEHHUS U CTaOMIM3alUU
CIUpPATBHBIX  CIHHOBBIX  BOJH W CTaTHYECKUX  BOJH  CIOUHOBOH  IUIOTHOCTH B
KOJUIGKTUBU3UPOBAHHBIX MAarHeTUKaX C CHJIBHBIM DJIEKTPOH-3JIEKTPOHHBIM B3aHMOJICHCTBUEM.
Habnronenue B ynopsiioueHHbIX criaBax FeigoxAlx (x>34 at.%) Hecon3mMepuMoi BOJHBI CITHHOBOM
IUIOTHOCTA METOJIOM PACCEsIHHSI HEUTPOHOB, aHATN3 JAaHHBIX MarHUTOMETPUU CBUICTEIHCTBYIOT O
TOM, YTO B YCIIOBHUSIX OJJHOPOJTHOCTH CTPYKTYPHI U XUMHUYECKOT'O COCTaBa B CUCTEME (POPMUPYIOTCS
MIPOCTPAHCTBEHHO-HEOJHOPOHBIE MArHUTHBIE COCTOSIHUS. BBeneHHe B TBOMHOM YyIOPSIOUEHHBIH
criaB FegsAlss mpumeceit Ga, V win Mn, BeI3bIBaoliee U3MEHEHHE MapaMeTpa PEIIeTKA U Yuciia
SNIEKTPOHOB B (-30HE, HAmMpaBlICHO Ha HCCIACIOBaHHE OOIIMX M YaCTHBIX OCOOCHHOCTEMH
TEMIIEPATYPHOTO U IOJICBOTO MOBEJICHUS MATHUTHBIX XapaKTePUCTHK 3THUX CILIABOB.

B pabote mnpexacraBneHbl pe3yabTaThl PEHTTEHOCTPYKTYPHBIX, ToNeBbIX (1o 9 T) u
TEMIIEPATYPHbIX ~MeccOayIpOBCKMX M  MarHuToMmerpuueckux wucciegoBanuit  (5-300 K)
ynopsiiodeHHbIX Fegs.yAlzsxMyy crimaBoB ¢ mpumecsro Ga, V wi Mn (X, y =0, 5,10 at.%).

Martepuansl  ObUIM  TOJIyY€Hbl € TIOMOIIbIO  CIEHUAIbHOM  TepMOOOPaOOTKHU
pa3ymopsiI0YCHHBIX ~ HAHOKPHUCTAJUIMYECKUX  CIUIABOB, MPEIBAPUTENLHO  CHHTE3MPOBAHHBIX
MeXaHOCIUTaBlieHneM. Bce o0pasisl mpeacTaBisin coboit ogaodazapie 00bekThl ¢ DO3 wm B2-
CBepXCTpyKTypoil. MakcumanbHoe uzmenenue mnapamerpa OLIK pemerku cocraBuiio 0.2% npns
crutaBoB ¢ 1o6aBkoit 10 at.% Ga (yBenudenue) u V (yMEHBIICHHE).

AHanu3 pe3ynbpTaTOB MAarHUTOMETPUH MOKAa3all, YTO CUCTeMa MarHUTHBIX MOMEHTOB CIIJIAaBOB
FessAlss u  FegsAlssGay  (Xx=5,10) xapaktepusyeTcss ABYMS pPa3IMYHBIMH  MarHUTHBIMH
COCTOSHUSIMH C CYIIECTBEHHO OTJIWYAIOMIMMHCS THCTEPE3UCHBIMH IUKIAMH M 3HAUYCHUSMU
JTUHAMHYECKOH MarHHUTHOW BOCIPUUMYHBOCTH. 3HAYCHHS TEMIIEpaTyphl U BHEITHETO MarHHUTHOTO
TOJIsA, TIPH KOTOPBIX MPOHMCXOAUT TMEPEXO0Jl U3 OJHOTO COCTOSIHUS B JPYroe€, BBHIIIE B CIUIaBaX C
npuMechio Ga 1Mo CpaBHEHHIO ¢ UCXOAHBIM criTaBoM. 3amerinenne Ga atomoB Al B FegsAlss criase
MPUBOJIUT K TOSBICHUIO HOBBIX KOMIIOHEHT CIEKTpa C 3aMETHBIM CBEPXTOHKHUM MAarHUTHBIM
pacierieHHeM. 3aMelleHHe JKelie3a BaHaJWeM | MapraHieM MPUBOJUT K YMEHBIICHHUIO
MOJYIIIMPUHBI CHHIJIETA B MeccOay3poBCKOM crieKkTpe ciutaBa FegsAlss m x koitarcy ciaboro
CBEPXTOHKOTO MarHUTHOTO PACIICTUICHUSI.

B pabore oOcyxmaeTcs BO3MOXKHOCTh HMHTEPIPETAMA COBOKYITHOCTH pE3YJIbTaTOB
MarHMTOMETPUU U MeccOaydpOBCKON CIIEKTPOCKONHUM B paMkax 3(PQPEeKTOB MarHUTHOro (ha30BOro
paccioeHus U Ha OCHOBE MOJIeNIel JTOKATM30BaHHBIX MAarHUTHBIX MOMEHTOB.

Pa6ora monnepxana PODU (rpant Ne 12-02-01316-a) 1 MuHMCTEpCTBOM 00pa30oBaHUs U
Hayku PO (roc.konTpakt Ne 16.552.11.7008)
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MOSSBAUER STUDY OF ZINC OXIDE IMPLANTED WITH IRON IONS
Dulov E.N.', Gumarov A.1.}, Khripunov D.M.%, Ivoilov N.G.",
Valeev V.F.?, Khaibullin R.I.»? | Tagirov L.R.*?

In this study, the single crystalline (0001)-face oriented plates of ZnO (CrysTec) were
implanted with 40 keV and Fe® ions to the high fluence of 1.5x10'" ions/cm? at high (900 K)
temperatures of substrate. Implanted iron was enriched by resonant isotope *'Fe to ~30 at.%. CEMS
study was carried out on a standard Mdssbauer spectrometer with gas-flow (He+5%mol.CHy,)
proportional detector of conversion electrons.

The experimental spectra show that most of the implanted ions belong to ferromagnetic phases
(>80%). Belonging of the ferromagnetic phases detected to diluted magnetic semiconductors are
discussed.

Support by RFFI and TUBITAK Programme, grants No 10-02-01130 (Russia) and RF
Ministry of Education and Science (gov. contract Ne16.552.11.7008).

Oxkcu 1IMHKA, UMIUIAHTUPOBAHHBIM MOHAMH MEPEXOAHBIX METaNIOB, pacCMaTpUBAETCs Kak
HOBBI IIEPCHEKTUBHBIM MaTepuan Uil CHUHTPOHMKH, BO3MOYKHO IPOSIBIISIIOIIMN CBOWCTBA
pa30aBIeHHOr0 MarHUTHOTO MOJIYIIPOBOJIHMKA MIPU KOMHATHOW TemriepaType. B HacTosmee Bpems
pa60TbI [0 UMIUIAHTUPOBAHHOMY  IKCJIC30M OKCHAY HIHWHKa O6HaPY)KPIBaIOT HCKOTOPLIC
npotusopeuns [1,2], HO cXomATcs B 3aKIIOYEHMH, 4T0 B F&'—ZnO BO3MOXKHO (hOPMHUpOBAHHE
(beppOMarHuTHBIX PU KOMHATHOW TeMmeparype (a3, SBisromuxcs pa30aBIeHHBIMA MarHUTHBIMU
MOJIYTIPOBOTHUKAMH.

B nacrosmeit pabote ¢popmupoBaHue xene3ocoepKamux (a3 B UMIUIAHTHUPOBAHHOM CJIO€
Fe'—Zn0 u3yuaeTcs ¢ MOMOIIBIO MeccOaydpPOBCKOH CTIEKTPOCKOITHH KOHBEPCHOHHBIX SIIEKTPOHOB
(MCKD) B coueTaHuy ¢ MarHUTHO-OPUEHTAIIMOHHONW MeccOay?pOBCKOI CIIEKTPOCKOIHEH.

O6pasusl Fe'—ZnO momydeHsl BBICOKOIO3HOI (1.5x10" I/IOH/CMz) uMiiantanuenn 40 k3B
noHoB Fe' B Mmonokpucrammmueckyo (0001) mommosxxky ZnO (Crystech) mpm Temmeparype
noutokku 900K. Mmmmantupyemoe sxene3o Obulo 00OraiieHo pe3oHaHCHBIM H30TomnoM ' Fe mo
30%.

MCKD-u3MepeHuss BBIOJHEHbBI Ha CTaHAAPTHOM MeccOay3pOBCKOM  CIIEKTPOMETpPE C
razonporoudbiM  (He+5% wmom. CH4) mnpomopuHoHaIBHBIM — JIETEKTOPOM  KOHBEPCHOHHBIX
3JIEKTPOHOB.

PGSYJ'II)TaTI)I I/ISMepeHI/Iﬁ ITOKAa3bIBAIOT, UTO IIOJABJIAIOIICC OOJIBIINHCTBO BHCIPCHHLIX aTOMOB
kKelesa BXOIAT B cOCTaB (ePpOMArHUTHBIX TMpH KOMHATHOM Temmepartype da3. OOcyxmaercs
MIPUHAICKHOCTh KOMITOHEHT CIIeKTpa K (aze pazdaBaeHHOTO morynpoBoaHuka (FexZn;)0.

Pabora Bemonnena npu mnomuepxkke POOU u TUBITAK, rpant Nel0-02-01130, wu
MunuctepctBa oopasoBanus 1 Hayku P® (roc. konTpakt Nel6.552.11.7008).

1. H.P. Gunnlaugsson et al. Paramagnetism in Mn/Fe implanted ZnO”, Appl.Phys.Lett.,

2010, 97, 142501.
2. Krishanlal Bharuth-Ram et al. “A CEMS search for precipitate formation in >'Fe implanted
ZnO”, Hyp.Int., 2012, 207(1-3), 49-52.
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MECCBAYJDPOBCKUE U CTPYKTYPHBIE UCCJIEJOBAHUA
MYJIbTU®EPPOUKOB CEMEMCTBA RFe;(BO3),
®ponos K.B., Jlio6yrun U.C., AnekceeBa O.A., Bepun N.A.
Hncmumym kpucmannoepaghuu Poccuiickoti akademuu nayx, Mockea, Poccust
green@crys.ras.ru
MOSSBAUER AND STRUCTURAL STUDY OF THE MULTIFERROICS OF RFe3(BO3)4
FAMILY
Frolov K.V., Lyubutin I.S., Alekseeva O.A., Verin LA.

There is a great interest in the multiferroic compounds and in mechanisms of the magnetic-
ferroelectric coupling in view of promising wide technological applications of such materials. A
large number of experimental and theoretical works were devoted to the family of rare-earth
ferroborates RFe3(BOs)s (R =Y, Pr-Tm). In particular, a cascade of the magnetic and structural
phase transitions were discovered in the new multiferroic GdFe3(BO3)s. However, the relationship
between magnetism and structure of RFe3(BO3), is still unclear.

In this work, the RFe3(BO3)s (R=Y, Nd, Gd) single-crystals were investigated by the
absorption °’Fe Massbauer spectroscopy and X-ray diffraction in the temperature range between 5
and 295 K. The structural, electronic and spin states of iron ions, and peculiarities of the structural
and magnetic phase transitions were studied.

HoBble  mynbTH(deppouMgHBIE  COSAMHEHWS W TNpUpoAa  HAOMIOAaeMBIX B HHUX
MarHUTO3JIEKTPUIECKUX F(PPEKTOB BHI3BIBAIOT 3HAYUTEIBHBII HHTEPEC MCCIIEA0BaTeNel B CBSI3H C
IIUPOKHM CIIEKTPOM BO3MOXKHBIX TNPHUMEHEHHH MOJOO0HBIX MarepuasoB. boibplioe KOJMYecTBO
OKCIIEPUMEHTANBHBIX M TEOPETHYECKHX paldOT TIOCBAIIEHO CEMEICTBY pPEAKO3eMEIbHBIX
dbeppodoparo RFe3(BO3)s (R=Y, Pr-Tm) [1] B mepByio odepenb B CBSA3M C OOHAPYKECHHUEM
KacKaJia MarHUTHBIX U CTPYKTYPHBIX (pa30BBIX Mepexo0B B HOBOM MyabTuhepporke GdFe;(BO3),
[2-4]. Opnako B3aMMOCBSI3b MEXKIy MarHeTH3MOM M CTPYKTYPHBIMH CBOWCTBAMH B COCAMHCHUSIX
cemeiictBa RFe3(BO3)4 ocTaéres HeonpeaeaéHHOM.

B nmanHO#M paboTe mpeicTaBiIeHbl Pe3ylbTaThl UccienoBaHus MOHOKpucTamioB RFe;(BOs)s
(R=Y, Nd, Gd) merozamu a6copOLUUOHHON MeccOaydPOBCKOH CIIEKTPOCKONNM Ha SIpax ° Fe u
PEHTIeHO-CTPYKTYpHOTO  aHaiu3a B  MHTepBaje Temmeparyp 5 —295K. HccnenoBaHbl
CTPYKTYpPHBIE, DJICKTPOHHBIE W CIUHOBBIE COCTOSHHS HOHOB JKeJle3a, a TakkKe O0COOEHHOCTH
CTPYKTYpPHBIX M MarHMUTHBIX (a30BbIX nepexonoB. B wactHoctu mis coeauHenus: GdFe;(BOs)s
MOKa3aHo, YTO B OTJIMYHE OT ONMYyOJMKOBAaHHBIX paHEe Pe3yJbTaTOB CTPYKTYPHBIX HCCIETOBAHHM
[3], MmeccOay3poBcKHE JaHHBIE OOHAPYKHUBAIOT JBE HEAKBUBAJICHTHbBIE MO3UIIMK HOHOB F€ BO Bceil
obomactu Ttemmeparyp S5 —295K. Kpome toro B coemunenun GdFe3(BOs)s oOHapyxeHbI
CTPYKTYpHBIE U MarHUTHBIC aHOMAJIMM NpHU Temieparypax Hike Touku Heens (Ty = 38.1 K), u B
paiione 80 K Hmxe Temneparypsl CTpykTypHOro (a3zoBoro nepexona (Ts = 155 K).

Pa6ora BemonHena npu noaaepxke POOU, rpantst Ne 11-02-00636a u 11-02-12089-ODU-
M.

[1]JA.M. Kanmomresa, 10.®. TTonos, I'.I1. BopooreB u ap. ®uszuka auskux tremmeparyp, 2010,
36, 6, 640-653.

[2]R.Z.Levitin, E.A. Popova, R.M. Chtsherbov et al. JETP Lett, 2004, 79, 9, 423.

[3]S.A. Klimin, D. Fausti, A. Meetsma et al. Acta Cryst. B, 2005, 61, 481.

[4]D.Fausti, A.A. Nugroho, P.H.M. van Loosdrecht. Phys. Rev. B, 2006, 74, 024403.
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UCCJEIOBAHUS MATHUTHBIX CBOMCTB HAHOYACTHII Fe3Se, MFe;Seg
METOJIOM MECCBAY3POBCKOM CIEKTPOCKOIINH

DyHTOB K.O.l, JIroOyTuH I/I.C.l, Lin C.-R.z, Kopxerkwmii IO.B.l, CrapuukoB
C.C.l,I[MI/ITpI/IeBa T.B.l, JyOuHckas 01!
lHHcmumyprucma/woepaqbuuPAH , Mockea, Poccus
?Institute of Nanotechnology and Department of Mechanical Engineering,
Southern Taiwan University, Tainan County 710, Taiwan
E-mail: funtov.ko@gmail.com

MAGNETIC PROPERTIES OF THE Fe3Ses AND Fe;Ses NANOPARTICLES STUDIED
BY MOSSBAUER SPECTROSCOPY

Funtov K.O.}, Lyubutin 1.S., Lin C.-R.2, Korzhetskiy Yu.V.}, Starchikov S.S.*, Dmitrieva
T.V.}, Dubinskaya Yu.L.
Shubnikov Institute of Crystallography, Russian Academy of Sciences, Moscow, Russia
’Institute of Nanotechnology and Department of Mechanical Engineering, Southern Taiwan
University, Tainan County 710, Taiwan

Iron selenides Fe-Se have generated much interest in recent years as the materials with the
peculiar electronic, optical, and magnetic properties. In our study, the Mdssbauer spectroscopy was
applied to examine the phase composition, structural, magnetic and electronic properties of the
FesSes and Fe;Segnanoparticles with different particle size. The °’Fe-Mgssbauer spectra were
recorded at temperatures between 90 and 300 K in the transmission geometry with a standard
spectrometer operating in the constant accelerations regime.All spectra at 90 K consist of six-line
magnetic patterns typical of a ferromagnetic iron state. The spectra at 300 K for all samples consist
of central doublet, which is typical of a paramagnetic state. The temperatures of magnetic phase
transitions as well as the electronic states of iron ions were investigated for all samples.

CeneHuzpl jkene3a BBI3BIBAIOT OOJBIIOW HMHTEpEC H3-32 WX YHUKAIBHBIX JIIEKTPOHHBIX,
ONTUYECKUX M MarHUTHBIX CBOICTB. HaHOWacTHIBl CENEHUIOB JKejle3a pacCMaTPUBAIOTCS Kak
BO3MOJKHBIE TIEPCIIEKTHBHBIE CTPYKTYpHBIE OJIOKM HAaHOYCTPOMCTB, B MEPBYIO OYEpEeh IS Ieneit
CIMHTPOHUKHU. B nanHol pabore HaHodacTuubl FesSes n Fe;Seg Obuin CMHTE3MPOBAaHBI METOJIOM
TEPMUYECKOTO Pa3IOKEHHS HCXOIHBIX KOMIIOHEHT B BEICOKOTEMIIEPATYPHBIX pacTBopax. Bapeupys
BpeMs TeMIepaTypHOil 00pabOTKH, ObLIM CHHTE3UPOBAaHbI 00Pa3libl HAHOYACTHIL C TeKCaroHaJIbHON
(Fe;Seg) u wmonokmmaHOW (FesSes) kpucTammmueckoil CTPYKTypoH, a Takke JBa oOpasia
COJZIepKAIINX CMEIIaHHYI0 CTPYKTYpy. [IpHCYTCTBHE YKa3aHHBIX THIIOB CTPYKTYp B OOpasmax
YCTAQHOBJICHO PEHTIreHO-()a30BbIM aHAIU30M U MeccOay’pOBCKOW CHEKTPOCKOMUEH. 3aBUCUMOCTh
HaMarHWYEeHHOCTH OT BHEIIHEr0 MAarHUTHOTO moJjisi npu Ttemmeparypax S u 100 K oGnapyxuBaer
rucTepesuc, xapakrepHelii ans ¢eppomarnerukoB. [Ipu 300 K BuI KpHBBIX HaMarHWYEHHOCTH
HOCHUT TIapaMarHUTHBIA XapakTep ¥ TUCTepe3rc He HaOmonaeTcs. Takum 00pa3oM, MOKHO OKHAATh
HaJIMYMe MarHUTHHIX (pa30BBIX MEPEX0I0B B Auana3zone Temreparyp ot 100 xo 300 K.

MeccbayspoBckre 3KCHEPUMEHTHI (Ha spax 57Fe) BBIITOJIHEHBI B MHTEPBAJIE TEMIIEpaTyp
90 - 295 K. Bo Bcex obpasnax mpu temneparype 90 K oOHapyxeHO xapaKTepHOE MarHUTHOE
paciierieHue MeccOaydpOBCKHX CIEKTPOB, yKa3bIBAIOIIee HAa MAarHUTHOW YIOPSIOYCHHE HOHOB
&KeJleza B PA3MYHBIX CTPYKTYpPHBIX Mo3MIMAX. [Ipu KOMHATHOM TemmepaTrype CIEKTphl BCEX
00pa3IoB WUMEIOT BU, XapaKTEePHBIA JJIs MapaMarHUTHOTO COCTOSIHUSI MOHOB Jkene3a. [lomydeHsl
TeMIIepaTypHble 3aBUCHUMOCTH TapaMeTpPOB CBEPXTOHKOTO B3aUMOJCHCTBUS M  OIpEesIeHbI
TeMIepaTypbl MarHUTHBIX (Da30BBIX MEpexoqoB. [IpoaHalM3UPOBAaHBI DIIEKTPOHHBIE COCTOSIHHUS
MOHOB JK€JI€3a B PA3IUYHBIX CTPYKTYPHBIX MO3UIHUSIX.

PaGora BeimomHena mpu momuepkke I[Iporpammbr Ilpesummyma PAH Ne 24-3(3.1)
«Hanoauarnoctuka.
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HU3KOTEMIIEPATYPHBIE UCCJIEJOBAHUS XAJIBKOIIUPUTA CuFeS,
METOJAMMU MEC CBAYSPOBCKOM CIIEKTPOCKOIIUHA U SIMP
laitnos P.P., Baruzos @.I'., [lenskoB 1.H., /Iyrnas A.B.,
Knexoskuna B.B., I'onoBanesckuii B.A.*
Kaszanckuii (Ilpusonscckut) ghedepanvuviii ynusepcumem, Kpemnescxasn 18, 420008 Kazanv,
Poccus
* Texnonoeuueckuti ynugepcumem Kepmuna, yn. Kenm, U1987 Ilepm, WA 6845, Aecmpanus
g_ramil@mail.ru
LOW-TEMPERATURE STUDIES OF CHALCOPYRITE CuFeS; USING THE METHODS
OF MOSSBAUER SPECTROSCOPY AND NMR
Gainov R.R., Vagizov V.G., Pen’kov L.N., Dooglav A.V.,
Klekovkina V.V., GolovanevskiyV.A.*
Kazan (Volga Region) Federal University, Kremlevskaya str. 18, 420008 Kazan, Russia
* Curtin University of Technology, Kent str. Bentley, GPO Box U1987Perth, WA 6845,
Australia

This report describes preliminary studies of CuFeS; provided by application of two nuclear
resonance spectroscopic methods simultaneously: *’Fe Mossbauer Effect and ®*®°Cu nuclear
magnetic resonance (NMR). It has been found that some nuclear-resonance parameters have
anomalies at about 50 K, pointing to the presence of transformations in the electronic structure of
chalcopyrite. On the basis of our data, some aspects of theCuFeS; electronic structure are discussed.

AnTtudeppomaruutHelii  momynpoBogHuk CuFeS; ¢ temmneparypoit Heems Tn=823 K
NPUHAUICKUT K TPYIIIE TPOMHBIX XalIbKOTeHUIHBIX coequnenuii Tuna ABC,, rioe (Cu, Ag), B = (Al,
In, Ga), C= (S, Se, Te). DuekTpoHHas CTpyKTypa camoro xambkormuputa CUFeS; Bo MHOrom
ocTtaercsi Bce emie HesacHoW. [lo ogHUM MaHHBIM €ro 30HHAsE CTPYKTypa HMeeT OeclesieBon
xapakrep [1], mo apyrum nanasiM CUFES; siBIsieTcsi MOTTOBCKUM H301sTOpoM [2]. M3BecTHO, UTO
CuFeS; nmeMoHCTpUPYIOT HEOOBIYHBIC CBOWCTBA MPH HU3KUX Temmeparypax [3]. JlelicTBUTENBHO,
MarHuTHas BOCIPUUMYHMBOCTG Npu Temmneparypax Huxke 100 K mokassiBaeT pe3kuil poct, mpu 3TOM
[0 JJaHHBIM HEHUTPOHHOW Audpakiuu npu Temneparypax okoyio 50 K ¢ukcupyercss MarHuTHbIN
¢azoBeIil epexon [4]. HuzkoreMmneparypHble aHOMaJIHH MPOSBISIOTCS TaKKe MPH M3yUYEHUU Kak
AJIEKTPUYECKOTO COMPOTHBICHUS, Tak MarHeroconpoTuBieHuss [3]. Kpome toro, pannHmue
Meccbay’poBCKHE HCCIIEOBAaHUS MPH KOMHATHOW TeMIlepaType YKa3bIBalOT Ha TPEXBaJIEHTHOE
COCTOSIHHE JKeJie3a [2], 0IHaKO dKCIepUMeHTaIbHas BETUYMHA MAarHUTHOTO MOMEHTA KeJjie3a paBHa
3.85 4B [4], uyTo 3HaUMTENBbHO MEHbIIIEe BeNUUnHBI uFe = SuB, nmeromiero mMecra ObITh A7 YUCTOTO
TPEXBAIIEHTHOT'O COCTOSAHUS Fe¥".

JlanHast paboTa MOCBAIIEHA OMHCAHUIO M COMOCTABUTEIHLHOMY aHAIHM3y MPEIBAPUTEIHHBIX
pe3yJIbTaTOB HMU3KOTEMIIEpAaTypPHBIX MCCIEAOBaHUN XalbKONUpPUTA MeTogaMu MeccOayspoBcKoi
CIIEKTPOCKOIHHY Ha sIpax kernesa (° Fe) U sIepHOro MarHHTHOTo pe3oHaHca (SIMP) Ha suxpax Meu
(®*®Cu). CormacHo MONyYCHHBIM JaHHBIM  HEKOTOPHIE  IapaMeTpbl,  ACHCTBHTENHHO,
JEMOHCTPUPYIOT aHOMalMu npu Temneparype okoino 50 K. HMx aHanu3 ykasplBaeT Ha
CYLIECTBOBAHME B XaJbKONMUPUTE HU3KOTEMIIEPATYPHBIX (DIyKTyaluii 3J€KTPOHHBIX MarHUTHBIX
MOMEHTOB. Ha OCHOBE BBIABICHHBIX PE3YJIbTaTOB OOCYXKIAIOTCS MPHUPOJA HU3KOTEMIIEPATypHOTrO
(ha30BOro MarHUTHOTO MEPEX0/1a, a TAK)KE BaJICHTHOE COCTOSIHHE NOHOB >Keje3a U MeJH.

[1] L.V. Kradinova, A.M. Polubotko, V.V. Popov, V.D. Prochukhan, Yu.V. Rud, V.E. Skorukin.
Semicond. Sci. Technol. 8, 1616 (1993).

[2] C. Boekema, A.M. Krupski, M. Varasteh, K. Parvin, F. Van Til, F. Van der Wonde, G.A.
Sawatzky. J. Magn. Magn. Mater. 272-276, 559 (2004).

[3] B.B. Ilonos, C.A. Kuxaes, }0.B. Pyap. ®.T.T. 53(1), 70 (2011).

[4] J.C. Woolley, A.-M. Lamarche, G. Lamarche, M. Quintero, I.P. Swainson, T.M. Holden. J.
Magn. Magn. Mater. 162, 347 (1996).
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NANO-RANGE SELF-OSCILLATIONS OF ATOMIC DISPLACEMENTS IN Nd,Fe4B
CRYSTALS IRRADIATED BY y-RAYS
Godovikov S.K., Lagutina E.S., Ermakov A.N., Nikitin S.M.

A typical synergetic effect was observed in the paper presented. Namely, the perturbation
of a small part of the crystal (~ 10 is extended to the whole sample by the self-oscillating process
of nanodisplacement of atoms and by changing the structure of their local environment.

W3ydeHue mpoieccoB camMoOOpraHU3allid B KOHACHCUPOBAHHBIX CpEAax MpeanojiaraeT ux
MEPBOHAYAIBHYIO AKTUBAIMI0O KAKUM-THMOO BHEIIHUM Bo3jaeicTBueM [1]. DTo MoxeT ObITh
ANEKTPUYECKUN WM MarHUTHBIA yAap, NaBJieHHE, TemIrepaTypHoe Bo3zeiicTBue u T.O. Takas
aKTUBAaLlMs JEUCTBYET HA BCE aTOMbI 00paslia eIMHOO00pa3HO, BHOCS B CUCTEMY 3JIEMEHTHI Xaoca U
noOyxaass ee K JalbHeWlleMy YHOpSJOYEHHI0 BO BpeMeHM H mpocTpaHcTBe. OO0BeMHOE
BO3JICHCTBUE [JICHCTBUTENBHO J(PQPEKTUBHO, YTO BHIHO, Hampumep, B ciydae NdyFesB,
MOJIBEPrHYTOMY 3JIeKTpuueckoMy yaapy [2]. UpesBbuaitHO 3((HEKTHBHO TaKKe HCIIONIb30BAHHE
Metona 3 dexra MeccOayspa A U3ydyeHUs] caMoOpranu3anuu B kpuctauiax. C Ipyroi CTOpOHBI,
00bEMHOE BO3JICHCTBHE HE IIO3BOJSIET OIEHHUTh HIDKHHNA Tpeaes BO3MOXKHOCTEH Marepuaia
OTHOCHUTEIILHO BBIXOJIa €r0 U3 COCTOSTHUS Xaoca. A UMEHHO, CKOJIb MaJl0 aTOMOB HYKHO BO30YIUTH,
9TOOBI SBJICHUE MPOSIBUIIOCH?

B 3TOM OTHOIIEHHH BeCbMa HHTEPECHBIM MPEACTABISAETCS UCCIIEOBATh PEAKIUI0 00pasiia
Ha OOJIydeHHE 3JIEMEHTapHbIMU yacTHlaMu. OrpaHUYeHHE KOJIMYECTBAa BO30Y)KIEHHBIX aTOMOB
MO>KHO BapbUpOBaTh BEJIMYMHOM MOTOKA YACTHIl U MJIOLIA/IbI0 00JydaeMoil OBEpXHOCTH 00pa3ia.
CunpHBIA OTKJIMK CUCTEMBl HAa TaKOE€ TOYEYHOE, JIOKAJIbHOE BO3MYILIEHHE OblI Obl XOPOIIMM
apryMEHTOM B I10JIb3y CHHEPIeTUYECKOIO XapaKTepa 0XKHIaeMOro Iplecca.

OmnpiT ¢ obonyuenuem NdoFei4B motokom y-nmydeit ¢ sHepruei 10 6 M3B HOATBEPAUI 3TH
cooOpaxkenus [3]. IIpu oOaydeHHUH YacTHIBI BO3/IEHCTBOBAIM HEMOCPEICTBEHHO JIMIIb HA Maylo
gacte oOpasua (~0,05 oOwbema), OOmydyeHHe MNPOUCXOAMIO B TeueHHue ~ | daca, oOmas
TOTIIONIEHHAs 1033 cocTaBmia 655p. Jlist uncia B3anMozeicTBri momydaem ~ 8 - 10°, o Ha 10
MOPSAKOB MEHbIIIE YHCIIa aTOMOB B 00Jy4eHHOH yacTu oOpa3ua. TeMm He MeHee, BO3MYIIEHHE JHIIb
OJIHOTO aTroMa W3 MWUIMapAa MpHUBEIO K SPKO BbIpakeHHOMY 3ddexty nocueayronieit
camoopranuzauu. [Ipurom, Bo3MylieHne pacnpoCTpaHUIIOCh Ha BeCh 00beM B 1L1eIoM. TeM caMbIM
OBLIO JOKa3aHO, YTO MPOIIECC CAMOOPIaHU3allMK B IAaHHON CUCTEME HOCUT TPUITEPHBINA XapakTep U
BO3MOKHOCTH CHUCTEMbI IIPU paHee MPUMEHEHHBIX OOBEMHBIX CIIOCO0aX AKTUBAIMM COBEPILIEHHO
HEJ00IIEHUBAJINCH.

B cBA3u c mosyuyeHHBIMH pe3yabTaTaMH JIOKAIbHBIM CIIOCOO aKTHBAIlMM C ITOMOIIBIO
AJIEMEHTApHBIX YaCTHUIl CIIEyeT PeKOMEHJ0BaTh K IIMPOKOMY HCIOJBb30BAHUIO B MCCIEIOBAHUIX
110 CHHEPTETHUKE.

1. N.C. llpuroxun, U. Crenrepc. Ilopsnok u3z xaoca, Mocksa, YPCC, 2008.

2. CK. T'ogosukos, E.C. Jlaryruna. ®MM, 2009, 108, 71-80.

3. S.K. Godovikov, A.N. Ermakov, S.M. Nikitin , E.A. Nikitina. Nanomechanics Science and
Technology: An International Journal, 2011, 2, 91-103.
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MOSSBAUER EFFECT STUDY OF Bigglag2FeOsMULTIFERROIC ON *’Fe NUCLEI
Sigov A.S., Pokatilov V.S., Konovalova A.O.

The hyperfine interactions parameters in the Bigglag,FeO; multiferroic have been measured
by Mossbauer spectroscopy in the temperature range of 87-850 K. It has been found that the spatial
spin-modulated structure that exists in BiFeOs is destroyed in the substitution of La for 0.2 mol %
of Bi and the homogeneous antiferromagnetic structure appears. The temperatures of the magnetic
(Neel temperature, Ty = 677 £ 3 K) and ferroelectric (Curie temperature, Tc = 773 £ 3 K)
transitions have been measured.

O0pasipl epoBckuta Bigglag,FeO; npuroraBiuBainch Ha BO3MyXe METOIAOM OOBIYHOMN
TBEPAOTENBHON KepaMHuecKoil TexHonoruu. PentreHorpaduueckue wuccienoBanus o6Opasia
BipglLag,FeO3 mpu KOMHATHOW TemIieparype MOKasaid, 4To oOpasell SBISETCS OJHO(A3HBIM C
POMOHMUECKOW CTPYKTYpO# 1 apamerpamu, a = 5.596, b=5.619 u ¢ = 3.902.

BoccTaHoBiieHHBIE pacrpe/ieieHlsl CBEPXTOHKMX MarHuTHbIX moneidP(H) mpu 87 u 295 K
uMerT (opMy, XapaKTepHYIO JUIS OJHOPOJIHOM CIIMHOBOW CTPYKTYpPHI, W COBMAJAIOT C
pacnpenenenusimu  CTII, mnonydeHHpiMu wmetogoM SAMP  mis Bigglag,FeOs; [1]. 3nauenus
CBEPXTOHKHUX moJieit H, cooTBercTBytomue Mmakcumymy B pacrnpenenennu P(H) npu 87K, paBno H
= 543.6 + 0.2 kDO, a npu komHatHO! Temmneparype H = 497.5+ 0.2 k3. [lna yrouHeHUs 3HAYEHUs
MapaMeTpPOB CBEPXTOHKUX B3aMMOJCHCTBHIA ObLIA MPOBEICHA MOJICIIbHAs 00pabOTKa, MPU KOTOPO
MEccOAYIPOBCKHUE CIEKTPHl OMMCHIBAIOTCS OJHHM CEKCTETOM, COOTBETCTBYIOIIUM OJHOMY
COCTOSIHUIO MOHOB JKe€je3a. 3HadeHHe CABUra MECcOAYIpPOBCKOM JIMHUM NP KOMHATHOMU
TEMIIEPAType COOTBETCTBYET TPEXBAJCHTHOMY COCTOSHUIO HMOHOB jKelie3a B OKTadAPUUYECKOM
KHCIIOPOJIHOM OKPY>KEHUHU.

W3 TemmepaTypHBIX 3aBUCHMOCTEW IIMPUHBI MECCOAYIPOBCKOTO CIEKTpPa, MU3MEPEHHOM Ha
MOJIYBBICOTE OT MaKCHMyMa TIOTJIONICHHS, W TapaMeTPOB CBEPXTOHKUX B3aWMOJCHCTBUN
(KBapyMOJIBHBIX CMEIIEHUH M CBEPXTOHKMX MArHUTHBIX TOJIeH) OMpeJeNieHbl TeMIepaTyphl
MarauTHoro niepexona (7Ty = 677 = 3 K) u cerneroanexrpuueckoro nepexona (7¢c =773 + 3 K), mns
nepoBckuta Big glag 2FeO3. O6HapyxkeHo, uto Temmneparypa Heenst 7TN3HAUUTENBHO YBEIUYMINCH, B
TO Bpemst kKak Temnepatypa Kiopu Tc ymeHbIuiach mo cpaBHenuto ¢ BiFeOs.

beut  mpoBemeHbl  MEccOayIpOBCKHE — HMCClenoBaHus — oOpasiia Bigglag,FeOs; mpu
temneparypax 680 K (Bbiue temmneparypsl Heens) m 825 K (Bbime temmnepatrypsl Kiopu) u
BOCCTAHOBJICHBl paclpe/ielieHuss CABUTOB M&ccOayspoBckoi nuHuUU P(J), KBaapymonbHBIX
cmemiennii P(g), a Ttaxke pacrpenenenne P(V) MONOKEHUS OJWHOYHOW PE30HAHCHOW JIUHHH.
AHanu3 BOCCTaHOBJICHHBIX paclpeesieHnid mokasai, yTo MéccOayspoBckue crekTpsl npu 680K u
825K cocToAT W3 KBaJpymoJIbHOTO AyOieTa ¢ pa3IuyHBIM pacuieruieHuem. M3 pacnpeneneHus
KBaJIPYTIOJBHBIX CMEIIeHN P(g) HarnsaHo BUIHO pe3koe yMeHbIeHue € (TIOYTH B JIBa pasa) mpu
nepexoye uepe3l¢. [losBiaeHHe Maloro KBaApymoibHOro pacmerieHus Qs=2¢ = 0.2 mm/c mpH
825K B mapasnektpudeckoid (aze 0OYCIOBIEHO JOKAIbHBIMH HCKOKEHUSMU B KyOHUYECKOM
pelIeTKe 3a cYeT OTIMYMS B MOHHBIX pajnycax manrana R (La*") = 1.36 A sucmyra R (Bi**) = 1.45
A npu xucnopoanom okpyxenun N = 12 [2].

[1] A.B. 3anecckuii, A.A. ®ponos, T.A. Xumuny, A.A. bym. ®TT45, 134 (2003).
[2] R.D. Shannon. Acta Cryst.A32, 751 (1976)
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VALENCE AND MAGNETIC STATE OF IRON IONS IN Bigg;5ThgogsLag 1FeOs
PEROVSKITE
Pokatilov V.S., Konovalova A.O., Sigov A.S.

Bio.s15Tho.ossLag 1FeO3 perovskite was studied by Mossbauer spectroscopy in the temperature range
87-925 K. Substitution of Tb** for Bi*" in Bigglap:FeOs compound leads to the destruction of spatial spin-
modulated structure. The magnetic (Ty= 628 + 2 K) and ferroelectric (7= 790 = 5 K) phase transition
temperatures were measured.

MeTtogoM  TBEpAOTENBHOIO CHHTE3a OBUIM IPUTOTOBJICHBI  OJHO(A3HbIE  00paslbl
BipgisThoossLag1FeOs.  Kpucramnuueckas cTpykTypa 0OpaslioB  HCCIIEAO0Balach METOJIOM
pentrenorpaduu. CTpykTypa oOpa3ioB HCCIEAyEeMbIX MEPOBCKUTOB ObUIa poMOO3IpHuUecKas C
napamerpamu pemetku @ = 0.5549 vm u ¢ = 1.379 um. M3mepensl Temneparypa MarHUTHOTO
nepexona (temneparypa Heenst) Ty= 628 = 2 K u remnieparypa ¢dazoBoro nepexoja (Temmneparypa
Kropu) Tc = 790 £ 5 K. OOHapyKeHbI J1Ba HEAKBUBAICHTHBIX KPUCTAIUIOTPAYUICCKUX COCTOSHUS
BbIIlIe TemrepaTypsl Heenst u Tpu HEIKBUBAJICHTHBIX MAarHUTHBIX COCTOSHUSI MOHOB JKeje3a Mpu
KOMHATHOW TeMIEpaType.

Wownsl xenes3a Ui COCTOSIHUI ¢ OOJBIINM CBEPXTOHKUM IOJIEM HAXOJATCS B TPEXBAJICHTHOM
COCTOSTHUM B OKTa3JJPUUYECKOM KHCIOPOJIHOM OKpyxkeHuH. OIHAKO HE3HAUMTEIbHASI YacTh HOHOB
JKelle3a, CO CBEPXTOHKMM MAarHUTHBIM mosieM, paBHbIM 407 k3, UMEIT cABUT MEccOAyIPOBCKOMN
JUHUHM O TIOYTH B J[BA pa3a MCHbBINE. DTH 3HAYCHHUS O YKa3bIBAIOT, HA YTO, YacTh MOHOB JKeJe3a
HAXOJUTCSI TaKK€ B TPEXBAJICHTHBIX COCTOSIHHSIX, HO B 5-TH KUCIOpPOJHOM Okpyxkenuu [1]. JIBa
COCTOSIHMSI HOHOB JKelie3a C OOJBIIMMH CBEPXTOHKHMMH TIOJNSIMA OTHOCSTCS K OJHOMY
KpUCTAIIOTPaQHUECKOMY COCTOSIHUIO, O0INas 0Nl KOTOPBIX COCTaBiseT mpumepHo 92 %.
OTHOCcHTENBHAS JIONSI COCTOSHUI HOHOB JKejie3a B ISITHKUCIOPOAHOM OKPY)KEHHUU COCTaBIISET
npuMepHo 8 %o.

B meposckute BiggisThoosslagi1FeOs dopma pacmipenenenuit cepxtonkux moneir P(H) u
3HAYEHUS! CBEPXTOHKUX TMOJIEH OTIMYAIOTCS MO CPaBHEHHUIO C COOTBETCTBYIOIIMMHU MapaMeTpaMu,
KoTOpble HaOmomanmucs B cucreme BijxLaxFeOs; ama x=0, 0.1 mpu Hanuyuu MPOCTPAHCTBEHHOU
cnuH-mMoaynupoBaHHoU cTpykTypbl (IICMC) [2]. DTu pasnuuus coctosT B ¢opMe U IIHUPUHE
pactpenenenuss P(H). OrtHomieHre KBaapymoONbHBIX CMEHICHUH (€) JUIT WOHOB JKeje3a B
BijxLaxFeO3 mpu x = 0 u 0.1, MarHUTHbIE MOMEHTHI KOTOPBIX MepreHAUKYIsIpHbl Fe(l) u
napauiensubl Fe(2) ocu pacnpoctpanenust [ICMC paBHo npubmusutensHO -2 [2]. B mepoBckute
Bio.g15 Tho.0s5L20.1FEO3 3TO cooTHOIIEHHE s KBAAPYIMOJBHBIX CABUTOB He coOuogaercs. Takum
obpa3om, (hopMa U MUPHHA PACTIPEACTCHUS CBEPXTOHKHX TIOJICH, a TAKKe 3HAYCHUS CBEPXTOHKUX
mojiedl M OTHOIIEHHE KBaAPYMOJbHBIX cMemieHni € B BiggisThopssLag1FeO; He cooTBeTCTBYIOT
CBEPXTOHKHUM MapameTrpaMm HoHOB xkene3a Fe(l) u Fe(2) npu nanuuuu [ICMC, HabmogaemMbiM B
obpasmax cuctembl BiyxLaxFeOs mpu x = 0 u 0.1. DT0 03HAYaeT, YTO 3aMEIICHUE HOHOB BUCMYTa
Ha HOHBI TepOust B KoamuectBe 0.085 ar.% B coequnenuu Bigglag1FeO; paspymaer IICMC. Crour
OTMETHTb, YTO KpUCTAJUINYECKas CTpykTypa BiggisThpossLag1FeOs ocraercs pomOosaprueckoid,
kak u 'y BiFeOs.

[1] Menil F. Isomer shift evolution in Mossbauer Spectra // J. Phys. Chem. Solids. — 1985. — V. 46. —
P. 763-789.
[2] B.C. TTokatunos, B.B. TTokatunos, A.C. Curos // ®TT.—2009. —T. 51, Ne3. —c. 518-524.
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LOCAL STATES OF IRON IONS IN Biggi5Y00ssL.801FeO3 PEROVSKITE

Pokatilov V.S., Konovalova A.O., Sigov A.S.

Biosi5Yo0esLag1FeOs perovskite was studied by Mossbauer spectroscopy. Substitution of Y** for
Bi** in BigsLag1FeO3 compound leads to the destruction of spatial spin-modulated structure. The magnetic
(Tn= 666 + 2 K) phase transition temperatures were measured.

IepoBckut BiggisYoosslag10FeO3 ObLT CHHTE3MPOBaH METOIOM TBEPAOTEIBHON KEpaMHUCCKOM
TexHoJIornU. PeHTreHorpaduyecknii aHamm3 mokasaj, 4ro oOpasell sBIsieTcs OXHO(A3HBIM M HMEET
POMOOSIPHUECKYIO CTPYKTYpPY, MOMOOHYI0 KpHcTaumueckoi crpykrype BiFeOs ¢ mapamerpamu
pemterku a = 0.5564 u ¢ = 1.379 (£ 0.0005) Hwm.

Temneparypa wmaruutHoro ¢asoBoro rmnepexofa (temmeparypa Heems Tn) ams  oOpasia
BiosisY0.0s5L8010F€O3 ObUta M3MepeHa ¢ TOMOIIBIO TEMIIEPATYPHOTO CKAaHMPOBAHHUS WHTEHCHBHOCTH
criektpa MéccOayspa B 00nacTh HyNIEBOro kaHaina M oHa paBHa Ty = 666+2 K. Takum oOpazom,
sameIenne gactd uoHoB Bi*T ma momsr Y¥* u La® IPUBOAUT K HEOOJBLIOMY YBEIWYEHHIO [N MO
cpaBuenmto ¢ BiFeOs3.

IepoBckutr  BiogisYoossLagioFeOs wuccnenoBaicss  meromoM  sddekra Méccbayspa mpu
temrieparypax 87, 295 u 670 K. 13 méccOayspoBCKUX CHEKTPOB, U3MEPEHHBIX BBIIIE TEMIIEPATYPHI
Heest, Ob1 BOCCTAHOBJIEHBI PACTIPEICIICHUSI CIIBUTOB MECCOAYIPOBCKOM JIMHUH P(J), KBaapyNOIBHBIX
cmerniennii P(g), a takke pacnpenernenue P(V) MONOXKEHUsST OMMHOYHOW PE3OHAHCHOW JIMHUH. AHAIH3
BOCCTAHOBJICHHBIX pacrpeiesieHnil okasail, uyro MéccoayspoBckue cektpsl ipu 670 K cocrost u3 asyx
KB/IPYTOJILHBIX JyOJIETOB C Pa3IMYHBIM paciieruieHrneM. Ha ocHOBe MOTy4eHHBIX U3 BOCCTAHOBIICHHBIX
pacrpeniesieHuil TaHHBIX ObUla BBINOJMHEHA MOJIENIbHAs 00paboTka MEccOay’pOBCKOTrO CHEKTpa. bbuio
YCTaHOBJIEHO, BBIIIIE TeMIEpaTyphl Heens cylecTBYIOT 1Ba HEOKBUBATIEHTHBIX COCTOSIHHSI MOHOB KeJie3a,
OTHOCHUTEJIbHBIE JIOJIM KOTOPBIX COCTaBISIOT 942 1 91+2%.

AHan3 BOCCTaHOBJIEHHBIX PACIIPEECTICHHI CBEPXTOHKMX MarHUTHBIX monei P(H) mokasan, uro
npu 87 1 295 K cymiecTByIOT YeThlpe Haubosiee BEPOSITHBIX COCTOSIHUS MOHOB jkene3a. dopma U MpHrHa
pacrperienieHns: CBepXTOHKMX MarHUTHBIX Toniei H, a Takoke 3HaueHus: H 1 oTHOIIIEHHE KBAIPYTIOIBHBIX
cMertieHui € B Biggis Yo o580 1F€O3 HE COOTBETCTBYIOT CBEPXTOHKHM MapaMeTpaMm JjIsi COCTOSIHUI HOHOB
ene3a npu Hammaru [ICMC, HabnrogaembiM B o0pasuax cuctemsl BigyLaFeOs mpu x =0 u 0.1 [1]. D1o
03HAUaeT, YTO 3aMElIeHHE MOHOB BHCMYyTa Ha MOHBI UTTpHs B KoiudectBe 0.085 ar.% B coenmHeHnH
Bioglag1FeOs paspymaer ITICMC.

Ha ocHoBe nanHbIX, nomyueHHbIX U3 P(H), Oblia npoBeieHa MojienbHas 00padoTKa, TP KOTOPOi
MEccOayIPOBCKHE CIEKTPhl OMHCHIBAIMCH YETHIPhMSI CEKCTETaMH, COOTBETCTBYIOIMMHU YETHIPEM
MarHUTHO HEIKBUBAJIEHTHBIM COCTOSHHSIM HMOHOB JKeJie3a B MCCIENyeMOM oOpasiie. 3HaYECHHsI CIIBUTOB
MEccOay’pOBCKON JIMHUM YKa3bIBaeT Ha TO, YTO BCE HOHBI >KeNe3a HAXOMATCS B TPEXBAJICHTHOM
cocrostHUM. VOHBI Keme3a Ui TpeX COCTOSHHWN C TPUMEPHO paBHBIM 3HAUYCHHEM O HAaXOISTCS B
TPEXBAIEHTHOM COCTOSIHUM B OKTa3/IpUUECKOM O-TH KHCIIOPOTHOM OKpYyXeHHU. OJTHaKO He3HAUMTENIbHAS
4acTh HMOHOB JK€J€3a, CO CBEPXTOHKMM MAarHWTHbIM TojieM, paBHbIM 407 kD, HMEIT CIBUT
MEccbayrpoBckor muHUE 0~0,18 MM/C. DTH 3HaueHHUS O YKa3bIBAIOT HA TO, YTO YacTh MOHOB jKeie3a
HaXOJIUTCSI TAK)KE B TPEXBAJICHTHBIX COCTOSHHUSX, HO B TETPAdIPUIECKOM KHUCIIOPOIHOM OKPYXKEHHH [2].
Tpu cocrosHHMs HWOHOB kene3a C OOJBIIMMU CBEPXTOHKMMH TIOJSIMH OTHOCSTCSL K OJHOMY
KPUCTAIIOrpaUueckoMy COCTOSIHMIO, OOIiast J0isl KOTOpbIX cocTaBisier npumepHo 90 %.
OtHocuTeNbHAs 01 COCTOSIHMI MOHOB JKeJe3a B TETPA3APUIECKOM OKPYKEHHH COCTaBJISIeT MPUMEPHO
10 %.

[1] B.C. Ilokarunos, B.B. ITokaruios, A.C. Curos // @TT. —2009. — T. 51, Ne3. —c. 518-524.

[2] Menil F. Isomer shift evolution in Mosshauer Spectra // J. Phys. Chem. Solids. — 1985. — V. 46. — P.

763-789.
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MAT'HUTHASI 1 KPUCTAJUVIHYECKASI CTPYKTYPA HAHOPASMEPHbBIX
MATHUM-IUUHKOBbBIX ®EPPUTOB, IIOJTYYEHHBIX 30JIb-I'EJIb METOJOM

Tpuxapnamcxuit ynusepcumem, Meano-@panxosck, Ykpauna

Komaes A.B., Ocraduituyk b. K., Moxkmsk B. B., bymkosa B. C.
iskander.vened@rambler.ru

MAGNETIC and CRYSTALLINE STRUCTURE of NANOSIZE MgZn FERRITS, GOT by
SOL-GEL METHOD
Kopaev A.V., Ostafiychuk B.K., Mokljak V.V., Bushkova V.S.

Ferrite nanopowders of compositions of Zn, Mg; _xFe; O 4, x =0, 0.2, 0.44, 0.5, 0.6. They are
investigational by means of diffraction of x-rays and effect of Mossbauer. Powders are got sol-gel
by a method with auto combustion. It is shown that their structure and properties differ from
ceramic powders.

MgZn-deppuThl B mocaeaHee BpeMs NMpu3HaHbl Kak () PEeKTUBHBIC MaTepHANIbI C IMUPOKUM
CIEKTPOM MAarHUTHBIX CBOWMCTB Ha BBICOKMX dYacToTaX. B Hacrosmed paboTe wuccieqoBaHbI
(dbeppuTOBBIE MaTepHalbl, MOTYYCHHBIE MOKA €IIe Mall0 W3YYEHHBIM METOJIOM IO 30IIb-Telb
TexHojoruu ¢ ydactueM aBroropeHuss (3['A). CuHre3upoBaHbl IOPOIIKM  COCTABOB
ZnyMgi1xFe204, x = 0, 0.2, 0.44, 0.5, 0.6. Pasmepbl 9acTHI] TOPOIIKA JJII Pa3HBIX COCTAaBOB
HaxoaaTcs B npegenax 20..50 Hm.

CornacHo JTaHHBIM PEHTTEHOCTPYKTYPHBIX UCCIIeTOBAHUM B pe3ynbTaTe
HU3KOTEMIIEpaTypHOTO CHHTe3a 00pazoBasioch 95 — 100% ¢a3bl mmuHenu (B OTAETBHBIX CITydasx
npucyrctByeT A0 5% da3bl Ha ocHoBe ZNnO). [lapamerp pemieTkd MIMUHEIH COOTBETCTBYET
JUTEPATYPHBIM JTaHHBIM C YYETOM XMMHYECKOTO COCTaBa M MepepacnpeiesieHus] KAaTHOHOB MarHus
U OKeJe3a M0 OKTadIpUYeCKUM M TeTpa’pUyecKuM mo3unusM. KaTHoHHOe pacmhpezneneHue
WCCIIE/IOBAHO PEHTTCHOCTPYKTYPHBIM H  MECCOAydpOBCKMM METOJaMH. BBIACHWIOCH, YTO
UCIOJIb30BAHNE TUHAMUYECKOTO aBTOTOPEHMsI MPUBOAUT CTPYKTYPY B COCTOSHHE 3aKalKU I1OCIIe
BBICOKOW TEMITEpaTypBhl.

MeccbayspoBckue crekTpsl 3I'A-QpeppUToB OTIMYAIOTCS OT TaKOBBIX, HO MOJIYYEHHBIX 10
TPaIUIIMOHHON Kepamuuecko TtexHonoruu. Y 3l A-dbepputoB cmibHO ocmabnen sddexr
penakcalii MarHUTHON CBEPXTOHKOM CTPYKTYphl (puc., BHU3Y). B cnekTtpax (eppuTOB TOro xe
XUMHAYECKOTO COCTaBa, HO IOJNyYEHHBIX II0 KepaMHUYECKOW TexHojoruu [l] mpu yBenndeHun
coz[epncaHI/m IIMHKa B COCTaBe SIBHO OTOOPa)KalOTCS pEJIaKCAI[MOHHBIE SIBJIEHUS (PUC., BBEPXY).

= 3HAYNTETHHBI pacxoKACHUs B napameTpax
MeccOayIpOBCKUX  CIEKTPOB M B CTENEHHU
YIIOPSIIOYEHHOCTH MAarHUTHOW CTPYKTYpPHI 00pasIoB,
MOJyYEHHBIX [0  Ppa3IMYHBIM  TeXHoJorusiM. B
HacTosmel  paboTe  MPUBOAATCA  OOBSICHEHUS
yKa3aHHbIM 3¢ dekram.

Puc. MeccOayspoBckue crieKTphbl Ha sapax
SFe (depputoB coctaBa ZngsMgo sFe204.
BBepxy kepamuueckasi TEXHOJIOTUS, BHU3Y —
3TA.

[1] B.K.Ostafiychuk, I.M.Gasyuk, O.V.Kopaev,
: V.M.Nadutov, L.S.Yablon. Physics and Chemistry of
. Solid State (2001)2, N.3, p.387
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HCCJEIOBAHUE COCTOSSHUM NOHOB KEJIE3A B HOBBIX
BBICOKOTEMIIEPATYPHbBIX CBEPXITPOBOIHUKAX CEMEUCTBA GdOFeAs
METOJIOM MECCBAY3POBCKOM CIEKTPOCKOIINA

Koporkos H.IO.%, ®posioB KB., JroOyTun U.C.%, Xnei6os E.IT.2, [Tynanos B.M.3, Canaxos
AB2 ITepBakoB K.B.2
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MOSSBAUER SPECTROSCOPY STUDIES OF THE NEW HIGH TEMPERATURE
SUPERCONDUCTING MATERIALS BASED ON GdOFeAs

Korotkov. N. Yu.}, Frolov K.V.}, Lyubutin 1.S.}, Khlybov E.P.2, Pudalov V.M. Sadakov
A.V.?, Pervakov K.V
! Shubnikov Institute of Crystallography, Russian Academy of Science, 119333 Moscow,
Russia
2 Institute for High Pressure Physics, Russian Academy of Sciences, 142190 Troitsk, Moscow
Region, Russia
¥ Lebedev Physical Institute, Russian Academy of Sciences, 119333 Moscow, Russia

The recent discovery of a new class of layered high temperature superconductors based on
iron with T¢ up to 56 K is currently in the focus of research interest. The theoretical suggestion that
the superconductivity is unconventional and induced by spin fluctuations and the fact that there is
an unusual combination of magnetic ordering and superconductivity in the same material stimulate
high interest and intensive research of these materials. One of the key issues under investigation is
magnetic state of Fe ions in the superconducting state.

The °’Fe-Mossbauer spectroscopy measurements on the polycrystalline superconducting
materials based on parent compound GdOFeAs with the bulk critical temperature up to T, = 53 K
were carried out at temperatures between 5 and 300 K. Two nonequivalent Fe?* sites were revealed
in the Fe-As superconducting planes. Iron ions show clear nonmagnetic behavior in all temperature
range. There were no observed significant changes in the hyperfine Mossbauer parameters below
and above Tc¢. Magnetic component appearing below 75 K indicates the presence of small fraction
of impurity phase FeAs.

OtkpeiTeie B Havame 2008 T. HOBBIE CIOUCTBIE CBEPXMIPOBOISIINE COEIUHEHHS
OKCUITHUKTHIBI Ha OCHOBe FEeAS ¢ MakCUMalbHOW KpHTHYECKOW Temmepatypoir T¢~ 56 K
NpeACTaBJIAOT 3HAYUTEIbHBIN HHTCPECC KaK IJid Oonee FJIy6OKOFO TECOPCTUYCCKOTIO MMOHUMAaHUSA
mexann3moB BTCII, Tak u B CBS3M C HaAeXKJAOW HaA JadbHEUIIUH TIPOrpecc B CHUHTE3E
NMEPCICKTUBHLIX BBICOKOTCMIICPATYPHBIX CBCPXIIPOBOAHUKOB.

B manHOll paboTe mpencTaBieHbl PE3yJIbTAaThl WCCIAEIOBAHUS HOBBIX CBEPXIPOBOISIINX
coenunenuii Ha ocHoBe GAOFeAs c¢ Tc¢ Bmioth 10 53 K. M3mepeHUs BBINOJHEHBI METOIOM
MeccOaydpOBCKOil CIIEKTPOCKONIMM Ha sapax ' Fe B wmHTepBame Temmeparyp 5—300K ¢
HCIIOJIb3OBAHUEM HCTOYHHUKA HU3ITYUYCHUA 57C0 B CTaHHapTHOﬁ CXEMC IMOITIOMICHUA B PCKUME
ITOCTOSIHHBIX YCKOPEHHM.

PC3YJ'ILT8.TBI 9KCIICPUMCHTOB YKAa3bIBAKOT Ha CYIICCTBOBAHUC MaTHHTHO-YHOPﬂﬂOquHOﬁ
MIPUMECHOH HECBEepXMpoBOsIIeH da3pl FEAS ¢ TemmepaTypoit MarHUTHOTO (ha30BoOro mepexona 77
K. O6Hapy)KCHO HaJIMYHUC JIBYX HC3KBUBAJICHTHBIX HOSI/II_II/Iﬁ HOHOB JKCJIC3a, MNMPUHAMJICIKAIINX
ceepxmpoBozsmiei  ¢aze coemunenuss GAOFeAS. VYcraHOBIEHO, 4YTO HWOHBI JKele3a B
CBEpPXIPOBOJAHUKE OCTAIOTCSI HEMAarHUTHBIMHU BO BCEM MHTepBasie Temmeparyp 5 — 300 K.

PaGora BemonHena npu noguepxkke PODU, rpant Ne 11-02-00636, u IIporpammer OOH
PAH «CunbHO KOppenupoBaHHbIE JIEKTPOHHBIE CUCTEMBIY.
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ELECTRIC AND MAGNETIC PHASE TRANSITIONS IN STRONTIUM-DOPED
LANTHANUM COBALTATE PEROVSKITES
Z. Németh, D.L. Nagy, G. Vanké

Wigner Research Centre for Physics, Hungarian Academy of Sciences, P.O.B. 49, H-1525
Budapest, Hungary

naqgy.denes@wigner.mta.hu

Since more than five decades, extensive research has been conducted to understand the
electronic and spin state of cobalt ions in cobaltate perovskites, however, numerous unresolved
questions are still pending. One of the most frequently investigated basic oxides, LaCoOs, still
raises many questions [1]. Moreover, besides the external parameters such as temperature and
pressure, intrinsic doping on the rare earth site can drive the cobalt ions to change their spin and
valence states, resulting in many interesting physical features. Replacing less than the half of the
trivalent lanthanum ions with divalent strontium oxidizes the CoOgs sublattice, and, due to the
different size of the La** and Sr** ions, favours the higher spin state of cobalt [2]. Consequently,
bulk properties of these La; xSrCoO3 perovskites change drastically. Above a percolation threshold
of about x = 0.18 these oxides show bulk ferromagnetism and metallic conductivity while below
this limit of Sr doping they show spin-glass-like behaviour and higher electric resistivity. However,
all compositions exhibit complex magnetic structure i.e. a mixture of both paramagnetic and
ferromagnetic regions [3].

>’Co emission Mssbauer spectroscopy proved to be a useful tool to investigate the local state
of cobalt ions in doped lanthanum cobaltates [4] but a throughout study of the doping as well as
temperature-driven bulk electric and magnetic phase transitions via the °’Co ions may give a novel
view into the complex interactions and nanometer scale cluster formation processes in the cobaltate
perovskites. In the present work we demonstrate the detailed description of the intriguing bulk
simultaneous phase transitions with the help of emission Mdssbauer spectroscopy on strontium
doped lanthanum cobaltate samples with doping rates below and above the percolation threshold.

[1] G. Vanko, J.P. Rueff, A. Mattila, Z. Németh, A. Shukla, Phys. Rev. B 73, 024424 (2006).

[2] J. Wu, C. Leigthon Phys. Rev. B 67, 174408 (2003).

[3] Z. Németh, Z. Homonnay, F. Arva, Z. Klencsar, E. Kuzmann, A. Vértes, J. Hakl, S. Mészaros,
K. Vad, P.F. de Chatel, G. Gritzner, Y. Aoki, H. Konno, J.M. Greneche, Eur. Phys. J. B 57, 257
(2007).

[4] V.G. Bhide, D.S. Rajoria, C.N.R. Rao, G. Rama Rao, V.G. Jadhao, Phys. Rev. B12, 2832
(1975).
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HU3KOTEMIIEPATYPHBIE MATHUTHBIE CBOMCTBA HOBOI'O CEMEHCTBA
MYJIbBTHPEPPOUKOB HA OCHOBE KPUCTAJIJIA JIAHT'ACHUTA

HaymoB H.F.l, JroOyTuH I/I.C.l, ®poJioB K.B.l, Mws B.B.2
1HHcmumym Kkpucmannoepaguu Poccutickoii akademuu nayx, Mockea, Poccus
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LOW-TEMPERATURE MAGNETIC PROPERTIES OF THE NEW MULTIFERROICS
BASED ON LANGASITE FAMILY CRYSTALS
Naumov P.G., Lyubutin L.S., Frolov K.V., Mill’ B.V.

The langasite family materials attracted a great interest due to their piezoelectric properties
with better electromechanical coupling and weaker impedance than quartz [1]. A strong interest is
attracted to the langasite-type compounds containing magnetic ions. With the help of Mossbauer
spectroscopy, the occurrence of the long-range magnetic order of high-spin Fe** ions is found in
iron-containing langasite family crystals AzMfe3X;014 (A = Ba, Sr; M = Sb, Nb, Ta; X = Si, Ge) at
T < 40 K [2]. Splitting of iron positions into two magnetic sublattices is established in
BazTaFe;Sio014 and BagNbFes;SioOy4 crystals at T < Ty. Iron magnetic moments in two sublattices
are directed at different angles to the local crystal axes with amean value=45°. At the temperatures
between 4.2 and 20 K, the iron spins in two sublattices rotate in opposite directions [3]. The
presence of the polar threefold axis at this transition provides the conditions for the occurrence of
the ferroelectric state. Such crystals can be considered as magnetically induced multiferroics.

Kpucrayuiel  cemeiictBa nanracuta (LazGasSiOi1s) BBI3BIBAIOT  OOJBIIONH HAy4YHBIA H
IIPAKTUYECKUM MHTEPEC U3-32 BBICOKMX MAPAMETPOB IbE30IEKTPUUYECKUX, AKYCTOONTUYECKUX H
na3epHbIX cBOMCTB [1]. B mociennee Bpems NpPUBICKAIOT BHUMAaHUE COCAMHEHHS 3TOTO THIIA,
CoJieprKalllfe MarHUTHbIE KaTHOHBI. COCYIIECTBOBAHUE DJIEKTPUUECKOIO M MArHUTHOT'O N1apaMeTPOB
MOPSAJIKA B TAKUX CHCTEMaX MOXKET MIPUBECTH K CO3[JaHUI0 HOBBIX MYJIbTU(EPPOUKOB.

B nanHo#i paboTe MeTog0M MeccOayIpOBCKOM CIIEKTPOCKONUHU B TEMIIEPATYpPHOM JHMana3oHe
4.2 — 300 K uccrenoBanbl CTPYKTYpHBIE 1 MarHUTHBIE CBOMCTBA KEJIE30COACPIKAIINX JIAHTACHTOB
AsMfesX;014 (A = Ba, Sr; M = Sb, Nb, Ta; X = Si, Ge). B o0nactu HHM3KUX TemIeparyp
oOHapy»KeH JalbHUI MarHUTHBIN MOPSI0K BO BCeX coenuHeHusx ¢ Toukoit Heens Ty B oOnactu 27-
37 K [2]. B HEKOTOpBIX COEIMHEHUSX MPU MarHUTHOM IMepexoje OOHApPY>KEHO pacIierieHue
MO3UIMH KeJle3a Ha JIB€ MarHUTHbBIE MojpemieTky. [IposiBienrne HeAKBUBAJIEHTHBIX MO3UIIUI HOHOB
Fe** cesspiBaercs co cTpykTypHbIM P321 — P3 mepexoJoM, KOTOpPbI MHAYLMPOBAH MarHUTHBIM
ynopsaodeHueMm. IIpu TakoM mepexoje CO3Jal0TCs YCIOBHSI JUISl  CETHETORIEKTPUYECKOTO
COCTOSIHMSI, M TakKuW€ COECIMHEHUsS MOIYyT pPacCMaTpUBaTbCs KAaK MarHMTHO-MHAYLIMPOBaHHbBIE
MyJIbTU(EPPOUKU. Y CTAaHOBJIECHO, YTO MarHUTHBIE MOMEHTHI JIBYX MOJpPELIETOK jKele3a B TaKHX
KpUCTaJIJIaX OPUEHTUPOBAHBI IOJ Pa3HbIMM yIiaMH K JIOKaJIbHOW OCH KpUCTaJIa CO CPEIHUM
3HaueHueMm ~45°. Ilpu temneparypax mexay 4.2 m 25 K cnusbl Kene3a B JBYX MOJpeHieTKax
BpalalOTCs B pa3HbIX HAlpaBJIEHUSX, YTO CBA3aHO C OCOOCHHOCTSIMM Te€IMKOUIATbHON MarHUTHON
CTPYKTYpHI [3].

Pabora BeimonHena npu nojaepxkke [Iporpammbr OPH PAH «CunbHO KOppenupoBaHHBIE
3NEeKTpOHHBIEC cUcTeMbl», PODU rpanter Ne 11-02-00636, Ne 09-02-00444a u 11-02-12089-0du-m.

1. B.V.Mill, E. L. Belokoneva, and T. Fukuda, Russian J. Inorg. Chem., 1998, 43, 1168.

2. L. S. Lyubutin, P. G. Naumov, and B. V. Mill’, Euro Phys. Lett., 2010, 90, 67005(1-6).
3. L. S. Lyubutin, P. G. Naumov, B. V. Mill’, K. V. Frolov and E. I. Demikhov Phys. Rev.
B, 2011,84, 214425.
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MOSSBAUER and ESR SPECTRA of THULLIUM FERROMANGANITES
Parfenov V.V., Eremina R.M., Nigmatullina I.1., Pyataev A.V.

Strontium substituted ferromanganites of thulium Tmg gsSro 35sMn;- xFexOs were investigated.
Stratification of the magnetic subsystem was observed from Mdossbauer and ESR spectroscopy.

MeccbayspoBCKHE ~ HM3MEPEHHS  CTPOHLMK-3aMEIICHHBIX  (EPPOMAHTAHUTOB  TYJIHA
TmogsSrossFexMn; O3 (X=0.3-0.4), uMEOMUX KPUCTAUIMYECKYID CTPYKTYpy HIIBMEHHUTA,
BbioaHeHsl npu temmeparypax 300K u 80K. M3mepenust cnextpoB OIIP BeinmosnHeHbl B
temnieparypaoM auanazone 100-450K na wactore 9.4 I'Tu. B MeccOayspoBCKHX CIEKTpax
(eppOMaHTaHUTOB TYJHs NPH KOMHATHOW TeMIleparype HaOMIOJaroTCs JBa «IapaMarHUTHBIX»
ny6nera (puc.la). BenmuunHa KBagpynoJlbHOTO paclleIUIeHHUs AJ OJHOTO U3 AYyOJIeTOB OJM3Ka K
TAaKOBOMY JJISl TIEPOBCKUTONOAOOHBIX (PEPPOMAHTAHUTOB, JJII BTOPOTO OHA OOJIbIIE MPUMEPHO B
nBa pasa. Tak ke, kak U B (QeppoMaHraHutax Ooyiee JIETKUX JAHTAHOUIOB, HaOIIOIaeTCS
paccioeHre MarHUTHOM IIOJICUCTEMBI — B CIIEKTpax MpOSBISETCS MarHuTHas ¢a3za B BUJC
3€€MaHOBCKOTO CEKCTETa.
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Puc.1. MeccbayapoBckre crieKTpbl T Mg 65500 35F€0 3MNg 703 ipur T = 300 K(a) u 80K(0)

MeccbayapoBckuid  CHeKTp (PeppoOMaHTaHUTOB Mg g5Slo 35F€0 3MNp 703 mpu T=80K
npencrasieH Ha puc.16. Huskoremnepatypusie cnektpbl (HTC) xopomo onmuckiBaroTcsl Temepb
CYTIEPIIO3UIINEN JBYX 3€€MAaHOBCKHUX CEKCTETOB U OJHOTO KBaJIPYyMOJIBHOTO AyOnera. Bemwmuunbl
M30MEPHBIX CIABUIOB COOTBETCTBYIOT TPEXBAJIEHTHOMY COCTOSIHUIO KaTHOHA »kene3a. M3 BennmunH
OTHOCUTENbHBIX WHTEHCUBHOCTEH KOMIOHEHT CiellaH BbIBOJ, 4To cekcteT B BTC cooTBercTByeT
cekcretyl B HTC. MbI monaraem, 4To JaHHAsi KOMIIOHEHTA CIIEKTpa OTBeUaeT aHTU(PEepPOMAarHUTHO
ynopsiioueHHo wmatpuie ¢eppomMaHraHuToB. CpaBHHBass OTHOCHTEIBbHYIO HMHTCHCHUBHOCTH
ny6neroB BTC ¢ unteHcuBHOCThIO cekcreTa?2 HTC ¢ manbiM 3hpekTUBHBIM TOJIEM U OONBIINM
KBaJPYIOJBHBIM PACIICTIIIEHUEM, MOXKHO CJIEIaTh BBIBOJ, YTO B CEKCTET PACIICIUIICTCS TIEPBBIA U3
MapaMarHUTHBIX JyOJIETOB, MMEBIIWN MPU KOMHATHON TeMIEeparype HauOOIBIIYI0 BEIUYHHY
KBagpynonbpHOTO pacmeruieHus QS =~ 1,8 mm/c. Mpbl cunTtaem, 4To IyOJIETHBIE CTPYKTYpPHI B
MeccOayIPOBCKHUX CIIEKTpaX, COOTBETCTBYIOT CYIEpIapaMarHUTHOMY COCTOSIHHIO KIIACTEpOB
Majoro pasmepa ¢ (EeppOMArHUTHBIM YIOPSIOYCHHEM, TMPHUUYEM KJIACTepbl C HOHAMU Fe** B
TeKCadIPUYECKONH U OKTadAPUYECKOM KOOpAMHAIIMEH WMMEIOT pasHble pasmepbl. CpenHuil oobeM
KJIACTEPOB OMPEIETICH U3 TEMIIepaTypHBIX 3aBHCUMOCTEH MoJIoKeHus U mupuHbl Tuauid JI1P. Tlo
HALIIMM OLICHKAM OH cocTaBsieT ~400HM",
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MOSSBAUER STUDY OF THE FeSe;.xTex SUPERCONDUCTING COMPOUND
Perunov L.V., Frolov K.V., Lyubutin I.S., Korotkov N.Yu., Belikov V.V., Kazakov S.M.,
Antipov E.E.

The recent discovery of superconductivity in the iron-based pnictides and chalcogenides has
generated considerable research interest and initiated a new discussion about possible magnetic
mechanisms of the high temperature superconductivity. The FeSeTe compounds are considered as a
structural simplest superconducting system. The investigations of structural, electron and spin states
of Fe ions allow getting new important information about possible mechanisms of formation of the
superconducting state.

In this work we present the results of studies of the powder samples of FeSe;.xTex compounds
by the absorption *’Fe Mossbauer spectroscopy at the 5 — 295 K temperature range. The data on
structural, electronic and spin states of iron ions for the different structural phases were obtained.
Two non-equivalent states of Fe?* ions in the Fe-planes were found. It is shown that the hexagonal
FeSe-phases are magnetically ordered at room temperature in the selenium-containing samples.

HenaBHee OTKpBITHE CBEPXIPOBOJUMOCTU B MHUKTUIAX M XaJIbKOTCHHJAX Kelle3a BHI3BAIO
3HAUUTENIbHBII HMHTEpEeC HuccienoBaTeNell W O0XHMBWIO JUCKYCCHIO O BO3MOXHBIX MarHMTHBIX
MEeXaHM3MaxX BBICOKOTEMIEpaTypHO cBepxmpoBoguMocTu. CoenuvHEHUs, MpUHAATIEKAIINE
cemeiicTBy FeSeTe, B 3Toil CBSI3W pacCMaTPUBAIOTCS B KAueCTBE YTOOHBIX JKCIICPHMEHTAIBHBIX
O00BEKTOB B MEPBYIO OYepe]b M3-3a MPOCTOTHI UX KPUCTAJUIMYECKOH CTPYKTYphl. B TOXe Bpems
cucrema FeSeTe nemorcTpupyeT 60bIoe hazoBoe pasHOOOpa3ue, CHIILHO 3aBUCAIICE OT YCIOBUI
cuHTe3a. M3BecTHO, UTO CBEPXMPOBOAALIMM Iepexo] B coeAuHeHusx FeSe nabmiomaercs npu
temreparype okoio 8 K, a ogHOBpeMEHHOE MNPUCYTCTBUE HOHOB CEJieHAa W Telypa MOXKET
YBEJIIMUMBATh KPUTHUYECKYIO TEMIIEpaTypy cBepxmnpoBozsmero mnepexona no 14 K. Tounoe
OTIpe/IeNIEHUE CTPYKTYPHBIX, DJEKTPOHHBIX W CIMHOBBIX COCTOSIHUM MOHOB >Keje3a MO3BOJIUT
MOJyYUTh  JIOTIOJIHUTENbHYI0 HH(POpPMAlMI0O O BO3MOXHBIX MEXaHHU3Max (OPMHPOBAHUS
CBEPXITPOBOSIIETO COCTOSHUS.

B nanHOll paboTe mpencTaBiieHbl pe3yabTaThl HCCIEIOBAaHUNA IOPOIIKOBBIX 00pa3loB
coequHeHni FeSe;Te, mMeromoM abCOpOIMOHHON MeccOaydpOBCKOW CIEKTPOCKOIMU Ha sIpax
>"Fe B unrepsane Temmepatyp ot 5 K 10 295 K. Tloy4eHs! JaHHBIE O CTPYKTYPHBIX, HTEKTPOHHBIX
U CIIMHOBBIX COCTOSIHMSIX MOHOB elie3a JJIs Pa3iM4HbIX CTPYKTYpHBIX (a3. OOHapyKeHbl 1Ba
HEOKBHBANCHTHBIX COCTOSIHMSL HMOHOB Fe’' B Fe-mmockoctsx. MccieaoBaHBl OCOGEHHOCTH
CBEPXITPOBOSIINX, MATHUTHBIX U CTPYKTYPHBIX (Pa30BbIX mnepexoaos. Ilokazano, 4to B oOpasmax,
COJZIepKAIMX CeJIeH, NMpPU KOMHATHOM TeMIleparype rekcaroHaibHbele (aszbl FeSe sBusiorcs
MarHUTOYTIOPSIOYCHHBIMH.

Pabora Bemonnena npu nojuaepxxkke PODU (rpantsr Ne 10-03-00681 u Ne 11-02-00636) u
[Iporpammel OOH PAH «CuiibHO KOppenupoBaHHBIE SJIEKTPOHHBIE CHCTEMBIY.
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CBEPXTOHKHJE I10JI151 U MATHUTHBIE MOMEHTHBI B
UHTEPMETAJIJIMYECKHUX COEIUHEHMUSX ScFe;, C KYBUUECKOHN N
TI'EKCAT'OHAJIBHBIMU CTPYKTYPAMM
Iloxatmnos B.C.
Mockoeckuii 2ocyoapcmeenHlii mexXHU4ecKull yHugepcumem paouomexHuKu, 21eKmpoHUKU U
asmomamuxu, 2. Mockea, Poccus
pokatilov@mirea.ru
HYPERFINE FIELDS AND MAGNETIC MOMONENTS IN INTERMETALLIC
COMPOUNDS ScFe, WITH CUBIC AND HEXAGONAL STRUCTURES
Pokatilov V.S.

Laves ScFe, phases with different crystalline phases were studied by 45Sc, 57Fe and 27Al
NMR.

B nurteparype umeroTcsi mpoTMBOpEUMBBIE JaHHbIE O MarHUTHbBIX cBoMctBax u CTII B
crutaBax SCFe€; ¢ pa3smUYHBIMU KPHUCTAJUIMYECKUMHU CTpyKTypamu. llens uccrnenoBaHuii B 3TOM
pabote — momyuerne oxHo(a3HBIX 00pa3oB SCFe; ¢ pa3sHBIMH KPUCTAUIMYECKUMHU CTPYKTYpaMH,
M3MEpEHUE CPEHMX MArHUTHBIX MOMEHTOB Ha (opmyny coenunenuss u CTII na sgpax 45Sc u
S7Fe, onienka paznuunbix BkiIaa0B B CTII 57Fe u MarHUTHHIX MOMEHTOB aTOMOB KeJie3a U CKaH U
B 9THX COCIMHEHUSX.

CmnaBel SCFe, BOMM3HM CTEXMOMETPHYECKOTO COCTaBa BBILIABISUIMCH B JIYTOBOH TIeUd B
atMoctepe aproHa. beuim momydeHbl 00pasubl coeAMHEHU SCFey:  co  clenyromuMu
Kpuctaumdeckumu cTpykrypamu: 1) MgCu, (C15); 2) MgNiy; 3) MgZn, (C14).

B cnektpe SAMP 45Sc coegunenus MQCu, HaOmromaeTcss ogHa WHTCHCHBHAs JMHUS (B
COOTBETCTBUH C OJHHUM KPHUCTAIOTpa(UIECKHM COCTOSIHHSIM aToMOB SC B pemietke MgCu,) mpu
gactote 104,5 MI'u (CTIT 45Sc pasno H(Sc) = -101,1k3). Hdus ScFe, co crpykrypoit MgNi;
CYHIECTBYIOT JIBa KPHUCTAUIOrPaQUUSCKUX HEIKBUBAJICHTHBIX COCTOSIHHS aTOMOB CKaHIUSI C
OTHOIICHHWEM YHCell 3aMoJHEeHUs dTuX cocTossHui 1:1. IMP criekTp conaep>KuT ABE pa3perieHHbIe
JUHUN C MHTEHCUBHOCTIMH, Om3kumu K 1:1. CTII pasusr H(Scp) = -95,0 kD (98,2 MTI't) u H(Scy)=
-98,1kD (101,44 MI'n).B coemunenun ScFe; co crpykrypoit MQ@Zn; cymiecTByeT OAHO
Kkpuctayuorpaduyeckoe cocrosiaue ckauaus u H(Sc)=-71,6x3 (74,7MTI )/

B crpykrype MgCu, mmeercs onHO KpHUCTaLIOrpadUyecKoe COCTOSIHHME aTOMOB JKeTe3a,
OTHAKO W3-32 MAarHWTHOW HEIKBHBAJCHTHOCTH aTOMOB JKelle3a 10 OTHOIICHUIO K
kpuctanorpaduueckoit ocu 111 (ock nerxkoro HamarunuuBanus) AMP ciekTp comep XUt qBa MuKa
¢ otHoureHneM nHTeHcuBHOCcTel 1:3 co CTII 57Fe ms nByx nukos: H(Fe)= -189,7x3 (26,1 MI'm)
u H(Fe) = -200,3 kD (27,6 MI'). B pemerke MgNi, comepkarcsi Tpu KpHCTaLTOrpadUuecKu
HEIKBHUBAJICHTHBIX PABHOBEPOSITHBIX COCTOSIHMSI aToMoB xene3a. SIMP cnektp 57Fe B stom
COETMHEHUH COCTOUT U3 Tpex paspentenHbix muko: CTIT H(Fe;) = -175,2 kD (24,1 MTI'n), H(Fey) =
-189,0 kB (26,0 MI'm) u H(Fe3) = -197,0 kD (27,1 MI'). Atomsl xene3a B pemerke MgZn,
HAXOJATCS B JBYX KPUCTAIIOTPaQHUUECKd HEIKBHBAICHTHBIX COCTOSHUSX C OTHOIICHHUEM YHCET
sanosnaenus 1:3. SIMP cnextp 57Fe comepxut nunun: CTIT H(Fep) = -172,6 kD (23,8 MI'n) u
H(Fe;) = -175,9 kB (24,2 MI'm) ¢ oTHomieHueM HWHTEHCHBHOCTEHW 3:1. OIICHEHBI JIOKAJIbHBIC
MarHUTHBIE MOMEHTBI aTOMOB SC U Fe B aTux ¢a3zax Jlaseca.
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NCCJIEJTOBAHHUE JJOKAJIBHBIX COCTOSSHUI ATOMOB HUKEJIS 1 ')KEJIE3A B
TBEPABIX PACTBOPAX NiyFe, (X = 0-0.1) METOOAMHU SAMP U DODPEKTA MECCBAYJPA.
IToxatunos B.C.

Mockosckuii 20cy0apcmeenHvlil mexXHUYecKull yHugepcumem paouomexHuKu, 21eKmpoHuUKU u
asmomamuku, Mocxkea, Poccus
E-mail: pokatilov@mirea.ru

NMR AND MOSSBAUER STUDY OF Ni and Fe LOCAL STATES IN SOLID SOLUTION
NiyxFey (x = 0-0.1).
PokatilovV.S.

CBepXTOHKHE TMOJIEH Ha sapax “Ni u °'Fe 6bum u3Mmepenbl merogamu SAMP npu 4.2 K, a
Takxke MeTogoM 3¢dexra Meccbaypa npu 87K 1 KOMHATHOH TemnepaType.

B wnacrosimee BpeMs Oouibllioe BHUMaHHE YIENSETCS MCCIEIOBAHUIO CBSI3U (PU3MUECKHX
CBOWMCTB C ONIDKHUM aTOMHBIM TIOPSAKOM B CIUIaBaX. BiusHue Ommkaiiliero OKpyXeHUs Ha
ceepxtoukue nons (CTII) 57Fe B Ni-Fe crmmaBax wucciemoBaiuch BO MHOTHX paborax. DTh
pe3ynbratel nokasanu, yto CTII Ha sapax 57Fe u nokaabHbIE MArHUTHBIA MOMEHT aTOMOB JKelle3a
3aBUCAT OT ux Ommkaiitero okpyxkenus. CTII va sapax 61Ni B Ni-Fe crutaBax mccienoBaiuch
MeccOay?pOBCKMM METOJIOM B IMUPOKOM obOnacTu KoHueHTpauuid [1]. MeccOayspoBCKkUe CHEKTPBI
61Ni B Ni-Fe crutaBax oueHp mHMpOKH, U B pabore [2] He yaaqoch MOIYYUTh HH(POPMAIUIO O
BAMSIHUN JT0KaiabHOTO OKpyxeHuss Ha CTIT 61Ni. Takue maHHBIC MOXHO TOJYYHTh U3 OIMBITOB IO
SIMP, Tak Kak 3TOT METOJI IO CPAaBHEHUIO C APYTUMHU JaeT Jyuliee paspeuienue. Llenp Hactoseit
pabothl — uccienoBath BausHue okpyxkenus Ha CTII 61 Ni B Ni-Fe crutaBax B o0yiacTii cOCTaBOB
NixFex (x =0-0.1).

Hccnenyempie o0pasubl — jeHTOYKH TOMmuHONH 10-20 MM, oroxoxennbie mpu 1100C
HECKOJIbKO 4YacoB B arMocdepe BOIOpoAa U 3aTeM 3akaiuBanuch B Boxy. Cmektpol SIMP
m3mepsumch ¢ noMouipro  SIMP  cmektpomerpa i MarHUTOYIOPSIAOYEHHBIX — BEILECTB.
MeccbayapoBcKkre CHEKTPhl M3MEPSUIHCh ¢ MoMolIbio cnektpomerpa Ms-1104m (HUNOuzuku
Pocrog- Jlon).

SIMP cnektpst 61Ni npu 4.2K conepskar psia paspelieHHbix nukos.. Hanpumep, IMP criextp
®INi B 3akanennom crurae Ni+10Fe pacronoxker B mmpokoif oGmactu wactor 25-70 MIm u
COJZIEPKUT MATh XOPOLIO pa3pelieHHbIX MUKoB. IllupuHa nukoB Ha ypoBHe 0,5 0T MakCMMyMOB
OJIMHAKOBA JUIsI BCeX MUKOB W paBHa ~ 2,5 MI'm. Paspemennsie muku SIMP cmekrpa crumaBa
90Nil10Fe oO0ycioBieHbI MOSBICHHEM aToMa jKelie3a B MepBoi koopauHarmonuoi chepe (KC)
aToMa Hukens. [losiBieHne aromMoB jkene3a B Omkaiiiei cgepe aToMa HUKEINsl IMHEHHO CIIBUTalOT
CBEPXTOHKHE MOJIS *INi Ha BenmnuuHy AH ~ 20 kB/arom Fe. CepxTonkoe moine Ha sapax 57Fe B
crutae Ni+1 ar.%Fe pasro 284 kD npu 4.2K.

B mpencraBnennoit pabore BwiaeneHsl Bce casuru CTII, oOycroBineHHble MNOSBICHHEM
aTOMOB J>Keje3a BO BCEX OMKAWIIMX YeThIpeX KOOPAMHAIIMOHHBIX cepax aToMOB Xkeie3a U
MOCTPOEHA 3aBUCUMOCTb 3THX CABHIOB OT KOOPIMHAIMOHHOM cdeprl. Onpenenens! Bkiaaasl B CTII
HUKeNsl OT pa3nuuHbIX BKiagoB B CTII u oneHeHbl JOKalIbHbIE MarHUTHbIE MOMEHTBHI Ha aTOMax

HUKCIIA U KCJIC3a B 3aBUCUMOCTHU OT KOHUCHTPALIUH CILJIaBOB.
[1]. Love J.C. et al. Phys. Rev. 1971, v.3B, p.2827.
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INVESTIGATION OF DYNAMICAL EFFECTS ON *'Fe PROBE NUCLEI
IN LAYERED PEROVSKITES La;LiysMo5° (M = Co, Ni, Cu)
Presniakov .A.}, Rusakov V.S.}, Moskvin A.S.2, Sobolev A.V.}, Matsnev M.E.},
Demazeau G.*, Volkova O.V.}, Vasiliev A.N.

! Lomonosov Moscow State University, Moscow, Russia
2Ural State University, 620083, Yekaterinburg, Russia
$University Bordeaux 1 “Sciences and Technologies,” Centre de Ressources Hautes Pressions
ICMCB_ENCPB 33608, Pessac Cedex, France

ipresniakov@rambler.ru

Perovskite-like oxides containing cobalt, nickel and copper atoms in unusual high formal
oxidation states demonstrate the relationship between their local crystal structure, the parameters of
chemical bonds and electronic state of transition metal cations. The objectives of this work are to
characterize the electronic state and local surrounding of >’Fe Massbauer probe atoms within iron-
doped perovskite-like La,LiosMos04 (M = Co, Ni, Cu) containing transition metal cations in
unusual formal oxidation states “+3”. In spite of the fact that these oxides are characterized by
similar crystal structure, the behaviour of *’Fe probe atoms in these lattices appears essentially
different. In the case of LayLip5C00504 and La,LiogsNigsO4,the observed isomer shift () value
corresponds to Fe** (3d°) cations located in an oxygen octahedral surrounding. In contrast, for the
cuprate La,Ligs0Cugs004, the obtained & value is comparable to that characterizing the formally
tetravalent high-spin Fe**(3d*) cations in octahedral coordination.To explain such a difference, an
approach based on the qualitative energy diagrams analysis and the calculations within the cluster
configuration interaction method have been developed. It was shown that in the case of
La,LiosMos04 (M = Co, Ni), electronic states of cobalt and nickel are dominated by the d®(Co) and
d’(Ni) configurations correspondingto the ionic “Co>*-0%* and “Ni**-O?” states. On the other
hand, in the case of La,Liys50Cugs004a large amount of charge is transferred via Cu-O bonds from
the O: 2p bands to the Cu: 3d orbitals and the ground state is dominated by the d°L configuration
(“Cu®*-O™ state). The dominant d°L ground state for the (CuOs) sublattice induces in the
environment of the *’Fe probe cations a charge transfer Fe** + O(L) — Fe** + 0%, which
transforms “Fe®™ into “Fe**™ state.

The Maossbauer spectrum of the La,Ligs50Cug5004 0Xide doped with "Fe underlines at 300 K
the presence of three different components: two corresponding to the substitution of >'Fe probe
atoms for respectively “Cu®*” [Fe(1)] and Li* [Fe(2)] and the third attributed to *>Fe associated with
oxygen vacancies. Decrease of the temperature up to 77 K, does not lead to essential change of
Maossbauer parameters corresponding to the Fe(1) and Fe(3) sub-spectra. On the contrary, a drastic
change of Fe(2) sub-spectrum has been interpreted by the displacement of charge transfer
equilibrium Fe**(2) + 0% — Fe**(2) + O(L) at the Li" sites. Decreasing temperature leads to a sharp
change in the profile of the Fe(2) spectrum, indicating the occurrence of relaxation processes. The
experimental spectra in the entire temperature range 77-300 K were described with the use of the
stochastic two-level model based on the assumption of dynamic equilibrium between two valence
states Fea®*«<>Feg"" related to the iron atom in the [Fe(1)O4]* center. The relaxation frequencies
and activation energies of the corresponding charge fluctuations were estimated on the basis of
Maossbauer data. The results are discussed assuming a temperature-induced change in the electronic
state of the [CuO,4]> complexes in the cuprate La,LiosCugsOa.
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ELECTRIC AND MAGNETIC HYPERFINE INTERACTIONS OF *’Fe ATOMS IN
FeVO,, AgFeO, AND CuFe;xAl,O, MULTIFERROICS
Sobolev A.V.}, Rusakov V.S.}, Gapochka A.M.}, Presniakov I.A.*, Demazeau G.%, Glazkova
Ya.S.}, Usvaliev A.G.}, Volkova 0.S.%, Vasiliev A.N.!

! omonosov Moscow State University, Moscow, Russia
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Spiral magnets, noncollinear magnets, and geometrically magnetic frustration system in
various oxides materials have been attracting attention because of the multiferroic properties shown
in those materials. The spontaneous electric polarization induced by configuration of magnetic
moment that appeared in those materials was explained by the ‘‘spin current model’’. Recent
investigations were devoted to FeVO,, AgFeO, and CuFe;xAlO, multiferroics.

>’Fe Mossbauer spectra of all multiferroics measured above the magnetic ordering
temperatures for all compounds were best fitted as a single quadrupole doublet for both AgFeO,
and CuFe;xAlO, and as three quadrupole doublets in the case of FeVO,, according to structural
positions occupied by Fe** cations in these three systems.

Moreover, the calculations of the EFG of iron cations were carried out for all compounds.
Calculations of EFG tensor have been realized within ionic model in view of monopole
contributions from each t-ion, occupied crystallographically non-equivalent positions. Components
(V) of a tensor were calculated as follows:

XXM =68, (r')°

vy =y Yz | S X)) &)
T ) (r)

where Z* is the charge of t-ion, K(t) is the summarized index on all positions of t-ion, x{ and

r“ are the Decquarte’s coordinates and radius-vector of t-ion in position k(t), & — Kroneker’s

symbol, y. correspond to the Schterheimer’s antishielding factor. The EFG tensors, calculated for
each °'Fe nuclei localized in the corresponding crystallographic positions of Fe** ions of the
FeVO,, AgFeO, and CuFe;xAlLO; structures, have been used to estimate the quadrupole splitting
values A for the partial spectra of iron cations.

Morover, for all the compositions *’Fe Mossbauer spectra below the magnetic ordering
temperature were measured. In all cases the spectra were complex superposition of several Zeeman
sextets, whose appearance suggests a complex magnetic substructure in the studied multiferroics.
Based on the analysis of the dependence of the mean values of hyperfine magnetic fields (H ) and
the dispersion (D) of its distribution obtained by reconstructing p(H) distributions. Also the
magnetic ordering temperatures for all samples were evaluated and are in a good agreement with
those estimated from a magnetic measurements.

The complex structure of >’Fe Méssbauer spectra of all studied multiferroics, measured below
the magnetic ordering temperature can be associated with the deviation from the collinear magnetic
structure due to, for example, the formation of incommensurate spin density waves, the spiral
magnetic structure, etc.
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HYPERFINE MAGNETIC FIELD IN DILUTE LAVES PHASES Tb (Fe1xAly)2.

Solodov E.V. !, Opalenko A.A., Firov A.1.%, llyushin A.S.}, and Umkhaeva Z.S.?
! Faculty of Physics, Moscow State University, Moscow, 119991 Russia
2 Chechen State University, ul. Kievskaya 33, Groznyi, 364907 Russia
solodov@phys.msu.ru

In frame of this work alloys based of the intermetallic compound TbFe, with replacement of
the iron atoms by nonmagnetic aluminum atoms: Tb (Fe;xAlx), with concentrations x = 0.05 + 1
were synthesized. X-ray analysis showed the presence of a single-phase cubic C15-type structure in
the concentrations x = 0.05 + 0.25, then — two-phase region, for x = 0.4 + 0.5 the structure is
hexagonal C14 type, and for x > 0.6 cubic structure type C15 again.

Mossbauer spectra were obtained in the temperature range 90+450 K. Mathematical
processing of each spectrum gives the superposition of several sextets of hyperfine magnetic field at
the nucleus Fe®’. For the concentration x = 0.05 at T = 300 K there are four sextets with the values
of the hyperfine field H; = 214ke, H, = 200ke, H; and H, = 175ke = 140ke. The first two fields with
intensity ratio close to 3:1, we refer to the case when in the immediate vicinity of the iron atom
there is no aluminum atoms (m = 0). The third field corresponds to case of one aluminum atom (m
= 1) in the immediate vicinity of the iron atom and the fourth field corresponds to case of two
aluminum atoms (m = 2). The total intensity of the H; and H; is 73%, the intensity of the H3 is 20%
and H, — 3%. These values are fully consistent with a uniform distribution of impurity atoms in the
immediate vicinity of the iron atom, determined by the binomial distribution P¢ ™ (x) for the
probability of finding m(Al) in the first coordination sphere, consisting of six atoms in the cubic
C15 structure, and concentration x = 0.05. Finally, the intensity ratio of first two sextets 3-1 shows
the direction of the easy axis of the crystal axis [111]. We obtained the dependence of H (T) for the
concentrations x = 0.2 and x = 0.4. These curves are similar to the Ne¢l curves for the saturation
magnetization of antiferromagnets. However, our curves were found in local regions of the alloy
and allow us to judge the Curie temperature for each configuration environment (450K and 250K).

As a result of the experiment the contribution to the magnetic field of different configurations
surrounding the iron atom was determed. It turned out that the field decreases linearly with
increasing m by a factor of AH/Am = (35 + 2) kOe/atom.
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In frame of this work the system of alloys Nd(Fe;-xAlx), was synthesized under pressure
8Gpa. Alloys were studied by the X-ray measurements and by low temperature Mdssbauer
spectroscopy.

X-ray analysis showed that at concentrations 0 < x < 0.1 alloys are isostructural to the cubic
Laves phase C15. At concentrations 0.2<x<0.5 the structure is hexagonal C14 type. There is two-
phase region at concentrations 0.5 < x < 0.7. And finally at concentration 0.8 < x < 1 alloys are
isostructuralto the cubic Laves phase C15 again.

Maossbauer spectra were obtained in the temperature range 100450 K. Mathematical
processing of each spectrum gives the superposition of several sextets of hyperfine magnetic field at
the nucleus Fe*’. It is well known that in the cubic lattice isostructural to the cubic Laves phase C15
each iron atom has six iron atoms in the immediate vicinity. In case of uniform distribution of the
impurity atoms in the cubic C15-type lattice the probability of finding m aluminum atoms in the
immediate vicinity can be obtain using the binomial distribution Pg™ (x). And for concentration x =
0.1 these probabilities are: 53% for m = 0, 35% for m = 1 and 9.8% for m = 2. In this case the area
ratio of sextets in the spectrum should be the same. But due to the magnetic nonequivalence of four
iron atoms in tetrahedron of C15 structure spectrum of alloy is equal to spectrum of pure NdFe; and
the area ratio of two sextets is 3:1. That why magnetically ordered state of this alloy should contain
four sextets in the Mdssbauer spectrum.

At temperature T = 100K expected area ratio of sextets in the spectrum was found within the
accuracy of experiment. But on further heating resolution of spectrum worsens and the contribution
of paramagnetic doublet increases. Finally at temperature T = 450K alloy becomes fully
paramagnetic.

Processing of spectra x = 0.1 showed that for m = 0 (1 iron atom in the immediate vicinity)
the hyperfine field H = 200ke, at temperature T=100K, when m =1 H = 200ke and whenm =2 H =
110ke. We obtained the dependences of H (T) for m = 0, 1, 2. These curves are similar to the Neél
curves for the saturation magnetization of antiferromagnets. However, our curves allow us to judge
the Curie temperature for each configuration environment.

For alloys with concentrations x = 0.2 and 0.3 transformation of spectra is similar and at T =
270K for x = 0.2 and T = 150K for x = 0.3 alloys become paramagnetic. If we take the total area of
all sextets as characterization of magneticordering we can obtain the dependence of the relative area
of sextets onthe temperature. This curve is similar to the Ne¢l curve and the Curie temperature can
be found. On the basis of these data the dependence of Curie temperatures on the concentration of
aluminum was obtained.
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BISMUTH FERRITE MOSSBAUER STUDY IN WIDE LOW TEMPERATURE RANGE
Eremkin V.V., Sarychev D.A., Smotrakov V.G., Stashenko V.V.

There are some anomalies in bismuth ferrite observed by dielectric, elastic method and
Raman spectroscopy and regarded as phase transitions [1,2]. However the it’s nature and
characteristics of originating phases are not totally clear up to now. Obtained Mossbauer data
together with existing data allow one to expand our understanding of the phases inherent to bismuth
ferrite at low temperatures.

B ¢eppure BucmyTta IUAIEKTPUYECKHMH, YIBTPa3BYKOBBIMH METOJaMM, a TakK IKe
UCCIIEIOBAaHHUEM pPaMaHOBCKUX CIEKTPOB TMpPH psAle TeMIepaTyp OOHApY>KEHbl aHOMAIUH,
MHTEepIpETHpyeMble, Kak ¢a3zoBele mnepexoasl [1,2]. OpnHako, mpupona 3THX MEPEXOA0B U
XapaKTePUCTHKU BO3HUKAIONMX (Pa3 K HACTOALIEMY MOMEHTY BPEMEHHM HU3y4YeHBI HEJIOCTATOYHO.
[IpencraBnennblie B JaHHOH paboTe MeccOayIpOBCKUE MCCIIEIOBAHUS TIO3BOJISIFOT B COBOKYITHOCTH C
MMEIOIUMUCS JIaHHBIMH TMOJIYYUTh OOJiee IMOJHOE MPEJCTaBICHHE O BO3HHUKAIOMIUX (Da30BbIX
cocTosiHusAX. Jlst 3TOro OBUT MOJYyYeH METOJOM MEJIKOKpHCTaInueckoro cuHtesa BiFeOs,
0GOTaIICHHbIA H30TOMOM ' Fe 10 90%[3] u mpoBeneHBl MeccOAYIPOBCKHE HCCIENOBAHUS TPU
temneparypax 12..300K. OOnapykeHO H3MEHEHUE 3HAa4YeHMsI KBaJPYHOJbHOI'O MOMEHTA, YTO
yKa3bIBaeT HAa W3MEHEHHE OpPHUEHTAlMd MAarHUTHOTO moiig oTHocutenbHo ['DI1 HabGmomaemoro
OKCIICPUMCHTAJIBHO, MCKIY KPUTHYCCKHUX TOUYCK, A€ APYIru€ MCETOAbl MPCANOIararOT HaJIu4due
(ha30BbIX MEPEXOJIOB.

[1] S.A.T. Redfern, Can Wang, J.W. Hong, G. Catalan and J.F. Scott J. Phys. Condensed
Matter, 2008, 20, 452205.

[2] J.F. Scott, M.K. Singh, R.S. Katiyar J. Phys. Condensed Matter, 2008, 20, 322203.

[3] J. Chen, X. Xing, A. Watson, W. Wang, R. Yu, J. Deng, L. Yan, C. Sun, X. Chen
Chemistry of Materials, 2007, 19, 15, 3598.
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COMPARATIVE MOSSBAUER STUDIES OF THE Fe1.xTe AND FeSe;., COMPOUNDS
Vasyukov D.M., Frolov K.V., Lyubutin I.S., Korotkov N.Yu., Belikov V.V., Kazakov S.M.,
Antipov E.E., Kalyuzhnaya G.A., Golubkov M.V., Romanova T.A.

The recent discovery of superconductivity in the iron-based pnictides and chalcogenides has
generated considerable research interest and initiated a new discussion about possible magnetic
mechanisms of the high temperature superconductivity. The FeSe and FeTe compounds are
considered as a structural simplest superconducting system, but large number of experimental
works shows structural phase diversity in these binary systems. The investigations of structural,
electron and spin states of Fe ions allow getting new important information about possible
mechanisms of formation of the superconducting state.

In this work we present the results of studies of the powder samples of Fe;.xTe and FeSe.y
compounds by the absorption *>'Fe Mossbauer spectroscopy at the 5 — 295 K temperature range. The
data on structural, electronic and spin states of iron ions for the different structural phases were
obtained. Two non-equivalent states of Fe?* ions in the Fe-planes were found. It is shown that the
hexagonal FeSe-phases are magnetically ordered at room temperature in the selenium-containing
samples.

HenaBHee OTKpBITHE CBEPXNPOBOJUMOCTU B ITHUKTHUIAX M XAJIBKOICHMJAX JKEJIe3a BBI3BAJIO
3HAYUTENIbHBII HMHTEpEeC HCClenoBaTeNell W O0XHMBWIO JUCKYCCHIO O BO3MOJKHBIX MAarHUTHBIX
MEXaHM3MaxX BBICOKOTEMIEPATYpHOU cBepxmpoBoauMocTh. CoennHeHus, MNpUHAAIEKAIIEe
cemeiicTBy FeSeTe, B 3Toi CBSI3M pacCMaTPHBAIOTCS B KAYeCTBE YJOOHBIX IKCIIEPHUMEHTATBHBIX
O00BEKTOB B INEPBYIO OYepe/b M3-3a MPOCTOTHI UX KPUCTAUIMYECKOH CTPYKTYypbl. OnHaKo aaxe
ounapHbie coenuHeHus FeTe um FeSe nemoHcTpupyroT Oosbmioe (ha3oBoe pazHOOOpa3ue, CHIIBHO
3aBHCAIee OT YCIOBMM cuHTe3a. M3BecTHo, 4TOo B 00BEMHBIX coequHeHusx FeTe
CBEPXIIPOBOJSAIINNA TEpexo] OTCYICTBYeT, B TO BpeMsi KaKk B CTPYKTYpHO aHaJOTUYHBIX
coequHeHusix FeSe on Habmonaerca npu Ttemmneparype okosno 8 K. TouHoe ompenenenue
CTPYKTYpPHBIX, OJJIEKTPOHHBIX W CIUHOBBIX COCTOSHUM HOHOB JK€jie3a IO3BOJIUT MOJYYUTh
JOMOJTHUTEIbHYIO MH(OPMAIIMI0 O BO3MOXHBIX MeXaHU3MaX (HOPMUPOBAHMS CBEPXIPOBOSIIETO
COCTOSIHUSI.

B nanHoi#t paGote mpencTaBieHbl pe3yabTaThl CPAaBHUTEIBHBIX HCCIIEIOBAHUI MOPOLIKOBBIX
00pa31ioB HECBEPXIPOBOAMIETO COSAUHEHUs FE14+,T€ 1 cBepxmpoBoasiiero coequHeHus FeSep.y
METOZOM aOCOPOIMOHHON MeccOayIPOBCKOH CIEKTPOCKONHH Ha sapax ° Fe B HHTepBaie
temmneparyp ot 5 K ngo 295 K. IlomydeHbl JaHHBIE O CTPYKTYPHBIX, JJIEKTPOHHBIX M CIIMHOBBIX
COCTOSIHUSIX ~MOHOB JKele3a Ui pasIMYHbIX  CTPYKTYpHBIX  (a3. OOHapykeHbl JBa
HEDKBUBAJIEHTHBIX COCTOSHMS HOHOB Fe’' B Fe-miockocTsx. HccnenoBansl 0COOEHHOCTH
CBEpPXIMPOBOSAIINX, MATHUTHBIX U CTPYKTYPHBIX (pa30BbIX mepexonoB. [TokazaHo, yTo B oOpa3uax,
COZIepKalINX CelleH, NMPH KOMHATHOM TeMIlepaTrype TeKkcaroHaibHbie (a3bl FeSe smusrorcs
MarHuTOYIOPSI0YEHHBIMHU.

PaGora BemonHaeHa npu nojuepkke PODU (rpanter Ne 10-03-00681 u Ne 11-02-00636) u
ITporpamMmbel O®H PAH «CunbHO KOppenupoBaHHbBIE JIEKTPOHHBIE CHCTEMBIY.
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MECCBAY3POBCKOE UCCJIEJOBAHUE CTPYKTYPbI COEJJUHEHUM
La(FeogsSixAly.12x)13 BITAPAMATHUTHOM COCTOSIHUU
Bepunnun A.B., CepuxoB B.B, Kneitnepman H.M., Mymnukos H.B., I'aBuko B.C.
Hnuemumym guszuxu memannos YpO PAH, 620041, Examepunbype, Poccus
vershinin@imp.uran.ru
MOSSBAUER STUDY OF STRUCTURE OF La(Feg g5SixAlo.12.x) COMPOUNDS IN
PARAMAGNETIC STATE
Vershinin A.V.,Serikov V.V., Kleinerman N.M., Mushnikov N.V., Gaviko V.S.

Fitting of the Mossbauer spectra obtained at 300K showed that the process of substitution of
Si atoms for Fe is different from the process of substitution of Al atoms. The structural ordering of
Si atoms is observed in La(FepgsSixAloi2x)13 With x=0.12, whereas Al atoms are randomly
distributed in the compound with x=0.

Panee B pabore [1] Obuto mokaszano, uro B coeauHeHun La(FepgsSixAlpiox)13 B
MarHUTOYIOPSA0YEHHOM COCTOSHMM mpu 3ameirneHud Al Ha Si M3MeHseTcs THII MarHUTHOTO
VIOPSAOYCHHS,  KOTOPBI  CONMPOBOXKIASTCS  M3MCHEHUEM  CBEPXTOHKHX  IapaMETPOB
Meccbay?pOoBCKUX CHEKTPOB. DTH U3MEHEHHS MOTYT OBbITh CBSI3aHHBI C U3BMEHEHUEM CTPYKTYPHOTO
WJIM MarHUTHOTO COCTOSIHUSA. J[JI1 MCKITIOYCHHSI BIMSIHUAS MAarHUTHOTO COCTOSIHHSI HA OCOOSCHHOCTH
CTPYKTYpbl OBLIM MpPOBEICHBI H3MepeHHs CrekTpoB coemunenus La(FeggsSixAloiox)13 mpu
TEMIIEPATyPE BHIIIEC TEMIIEPATYPbl MATHUTHOTO YIIOPSIOUYCHHSI.

Crnektpel ObUTM TONy4YeHBI ¢ momoilisio crektpomerpa MCI1101 B pexuMe MOCTOSHHBIX
YCKOpeHUH. VICTOYHUMKOM Y — M3Iy4EHHs SBILUICA Co” B MaTpule Xxpoma. MeccOaypoBckue
CHEKTpPBbI AJISl BCErO psifa KOHILEHTPALMU MPEICTABISIIOT COO0H XOPOIIO pa3peni€éHHbIE TyOJIeThl.
O6paboTka CIEKTPOB MPOBOAMIACH C MOMOIIbI0 makera mporpamm MSTOOLS [2]. B pabore
MpOaHaTM3UPOBaHA UHTETpalibHAs HHTEHCUBHOCTD Iy0JIETOB S B 3aBUCUMOCTH OT KOHIICHTPAIUH X.
Kaxxnpiii gy0sieT COOTBETCTBYET Pa3IMYHOMY OKPY)KEHHUIO aTOMOB JKelie3a, a S XapaKTepu3yer
OTHOCHUTENIbHOE KOJIMYECTBO aTOMOB JKeJie3a B TIO3UIMH C JaHHBIM OKpyxeHHeM [3]. YcTaHoBIeHO,
YTO MPOUCXOAUT 3HAYMTEIbHOE HM3MeHeHHe BenudyuH S npu 3amenieanu Al Ha Si. DToT dakr
CBUCTENHCTBYET O TOM, 4YTO TMPOIECC 3aMEUIeHHs >Keie3a HMMEeT pa3NUYHbIA XapakTep, B
3aBUCUMOCTH OT aToMa PUMECH.

OcHoBBIBasiCb Ha pe3yibTaTax, MOTYy4eHHBIX C momollbio 3hdexra Meccbayspa mnpu
temneparypax 300 u 100 K, a Taxxe mpoBojsi cpaBHEHHE ¢ OMHOMHAJIBHBIMH KOA(pPUIIMEHTaAMU
JUIS TaHHOM KOHIIEHTPAllUd aTOMOB NMPHUMECH B PEHIETKE, MOXHO CIENaTh BBIBOJ, YTO MPOLIECC
3aMelieHuss aToMoB Fe Ha Si oTimuaercs oT mporiecca 3amerneHus Ha atombl Al. B coennnennn
La(FeossSixAlg12x)13 ¢ x=0.12 HabmogaeTcss CTPyKTypHOE yHopsjaodeHue Si, Torma Kak B
coenuHennu ¢ X=0 arombl Al pacripeenstoTcs CTaTHCTUYECKH.

PaGora BeimonHena npu nomuepxkke PODU (mpoektsr 10-02-96019 n 12-02-00864) u mporpaMmbl
VpO PAH (mpoekt Ne 12-T-2-1012)

1. V.V. Serikov, N.M. Kleinerman, A.V. Vershinin, Mdssbauer study of changes in the magnetic
structure of the compounds La(Fe0.88SixAl0.12-x)13, Solid State Phenomena (2012) (in
press)

2. B.C. PycakoB, MeccOayspoBcKasi CIEKTPOCKOIHUS JOKAJIbHBIX HETOMOTEHHBIX CUCTEM, AJMa-
ArTa, (2000)

3. H.H. Hamdeh, H.Al-Ghanem a, W.M. Hikala, S.M. Tahera, J.C. Hoa, D.T.K. Anhb, N.P.
Thuyb, N.H. Ducb, P.D. Thang, Maossbauer spectroscopic evaluation of chemical and
electronic distributions in La(Fe0.81Si0.19)13, J. Magn. Magn. Mater. 269 (2004) 404-409
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THE EFFECT OF BORON ADMIXTURE ON MAGNETISM OF THE ORDERED FE-AL
ALLOYS
Voronina E.V.}, Yelsukov E.P.?, Korolyov A.V.3, Rusakov V.S.*

The study is directed to examination of the effect of boron admixture in the FegsAlss alloy on
magnetic characteristics by magnetometry and Mdssbauer spectroscopy. Comparison of the boron-
doped alloys with the initial alloy showed the considerable increase of all magnetic parameters Tk,

i, and H . The interpretation of the results in terms of localized Heisenberg model is discussed.

YnopsimoueHtsie criaBel FejpoxAlx (25<x<35 ar.%) npuBiekaroT HHTEpEeC B KadyeCcTBE
OOBEKTOB H3Y4YEHHS] MPHUPOABI MPOCTPAHCTBEHHO-HEOJHOPOAHBIX MArHUTHBIX COCTOSIHHUM U
ycnoBuid HMX (OPMHPOBAaHUS B CTPYKTYpHO-OJHO(A3HBIX MarHetukax. HelitpoHorpaduueckue
UCCIIeIOBaHMs aTlOMUHUAOB xene3a (34-43 at.% Al) cBunerenbcTBoBamu 0 GOpMUPOBAHUHU B HUX
HECOM3MEPUMOMN BOJIHBI CIIMHOBOM TUIOTHOCTH C JUTMHOW KorepeHTHocTd 5 HM [1]. s gactuano-
YIOPSIOUCHHBIX CITaBOB FejgpxAlyx (25<x<35 ar.%) Ha OCHOBE KOMILIEKCA MCCIICOBAHUN ObLIO
MOKa3aHo (OPMHUPOBAHME MArHUTHBIX HEOJHOPOJHOCTEH HaHOMETpoBOro Macmraba [2].
Hacrosiiass paboTta mocBsiiieHa W3y4YeHUIO BIUSHUS BBEACHHs MpuMecH 0opa B cruiaB FegsAlssHa
€ro MarHUTHBIE XapaKTEPUCTUKH METOJIaMUA MarHUTOMETPUH U MECCOAyIPOBCKOM CIIEKTPOCKOTIHH.

OO6pasubl npeactaBisaoT coboil ogHodazusle 00bekThl ¢ DO3 umm B2-cBepxcTpykTypoit.
[Tapamerp pewetku cminaBoB ¢ npumecbio B HesHauutenbHo (~0.01%) Belle, yem B CIUIaBe
F965A|35.

Anamuz meccbayspoBckux crekTpoB FegsAlgs My (M=B, x=5,10) Ha s3bIke JOKAIbHBIX
aTOMHBIX KOH(QUTypaluii aroMoB Fe moka3zan, 4YTO HHTEHCHBHOCTh KOMIIOHEHT CIIEKTPOB
COTJIaCyeTCsl ¢ COOTBETCTBYIOUIMMH BEPOSITHOCTSIMU HEIKBHUBAJICHTHBIX JIOKAIBHBIX OKPY)KCHUU B
crutaBe ganHoro cocraBa ¢ DOjs cmepxcrpykrypoit [3]. ComocraBieHHE STHX pPe3yJIbTaToOB C
JAHHBIMH PEHTTE€HOBCKOW AU(PAKIIMH CBHUIETENBCTBYET O BBEICHHHUATOMOB OOpa B HMCXOJHYIO
pEeLIeTKY.

Ha ocHoBe cpaBHEHUS pe3yabTaTOB U3MEPEHUN CILIABOB, TOMHPOBAHHBIX OOPOM, CO CILIIABOM
HCXOJHOTO COCTaBa YCTAHOBJIEHO, YTO BBeAcHHME B ciiaB FegsAlss 5 ar.% B npuBoaut k
3HAYUTEIBHOMY POCTY MarHUTHBIX XapakrepucTuk: Tc — ¢ 340K no 630K, cpenHero MarHuTHOrO

MoMeHTa Ha aroM Fe ., — ¢ 0.34pgno 1.12up, cpenHero CBEpXTOHKOIO MAarHUTHOTO IOJIS >"Fe

(T=5K) H ¢ 14.0 10 20.0 T, mst FegsAlss n FegsAlsgBs crutaBoB, COOTBETCTBEHHO.
TemmepaTypHbIe U TOJIEBbIC 3aBUCMMOCTH HAMarHWYCHHOCTH M BOCIIPHMMYUBOCTH CITJIABOB,
JOTIUPOBAHHBIX OOPOM, MO CPABHEHHUIO C AHAJIOTUYHBIMHU XapaKTEPUCTUKAMH HMCXOJHOTO CIIaBa
JIEMOHCTPHPYIOT Kak cXoACTBO: 1o noBeAcHuio ZFC u FC kKpuBBIX, TaKk W OTJIMYUS: 11O TTOBEICHUIO
KpUBBIX HaMarHuuumBaHus. OOCYyX)HaeTcs BO3MOXHOCTh OOBsCHEHUS HaOM0gaeMbIX d(P(HEKTOB B
paMKax JIOKaJTU30BaHHBIX MOJIEICH raii3eHOeproBCKOTO THUIIA.
PaGora nonneprxkana rpantom PODU Ne 12-02-01316-a.

1. D. R. Noakes, A. S. Arrott, M. G. Belk, et al. Phys.Rev.Let., 2003, 91, 217201-1-4.

2. Encyxos E.I1., Boponuna E.B. u 1p. ®MM, 2007, 104, 38-55.
3. A.K.Arzhnikov, L.V.Dobyshevaetal. Phys.Rev.B, 2002, 65, 024419-8.
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PACIIPEJEJIEHUE IPUMECEM Mn, Al, Si, C BAYCTEHUTE U UX BJIUSIHUE
HA DHEPI'MH JIEGEKTOB YHAKOBKH U CBEPXTOHKHWE B3AUMOJENCTBUSA
Mensenesa H.1.
Hnemumym xumuu meepooeo mena YpO PAH, Examepun6ype (medvedeva@ihim.uran.ru)
DISTRIBUTION OF Mn, Al, Si AND C IMPURITIES AND THEIR EFFECT ON
THE STACKING FAULT ENERGIES AND HYPERFINE INTERACTIONS IN
AUSTENITE
Medvedeva N.I.

By ab initio method in electronic density functional model it was investigated distribution of
impurity (C, Mn, Al, Si) in austenitic phase and found a impurity position corresponding to full
energy minimum.

[lepBONpUHIMITHBIM ~ METOAOM B pamMkKax (yHKIMOHaJa 3JICKTPOHHOW IUIOTHOCTH
uccienoBano pacnpenenenue npumecerd (C, Mn, Al,Si) B aycTeHuTHOI (a3e 1 HailICHbI MO3ULIUH
MPUMECEH, COOTBETCTBYIOIIME MHHMMYMY TOJHOW SHepruu. Jlias Bcex ¢a3 mnposeicHa
ONTUMH3AIMA KPUCTAUTMIECKON CTPYKTYpHl, HAaWICHBI MapaMeTpbl PEIMIETKH W JIOKaJIbHbIC
UCKa)XCHUs, O0YCIIOBJICHHBIC MPUMECSIMHU. Y CTAHOBJICHO, YTO B3aUMOJICHCTBUE MEXIY aTOMaMu
yriaepoja pacroJIOKEHHBIX B OKTadAPHUECKUX MEKIOY3JIUAX SBISETCS OTTAIKHBAIOIIUM,
KOH(Uryparus ¢ OJmKAHIIIM PacioyioKEHUEM aTOMOB yIJIepojia sSBISETCS HAaMMEHEEe BEPOSTHOM.
B Fe-Mn-C yrnepox 3anmmaer HambOosiee OJIM3KYIO TMO3WIHUIO0 K Maprafily, a NpU YBEIUYCHUHU
KOHIEHTpaluu 00pasyrorca cBsasanuble 180°Mn-C-Mn mapel. Kpemunii u amomunuii B Fe-C
3aMEIIal0T aTOMBI KeJie3a BO BTOPOW KOOPAMHAIIMOHHOW cdepe OTHOCHUTEIBHO YIJIepoia, TakKas
CTPYKTypa COOTBETCTBYET YIOPSJIOYEHHOMY K-KapOuay co crpykrypoit E21. IlpoBeneno
mojenupoBanue pacnpexaenenus Al u Si otHocurensHo Mn-C map. YcranoBieHo, uto o0e 3p-
MPUMECH 3aMEIIAlOT JKEJIe30 BO BTOPOM KOOPAMHAIIMOHHON cdepe ¥ HE 3aHUMAIOT MO3HIIUU
OJIM3KUE K MapraHiry.

Paccuntansl sHeprun neekToB HecTaOWiIbHON yrnakoBku B Fe-Mn-Al-C B 3aBucumocTH oT
TUIIA TIPUMECH, KOHIIEHTPAIIMN U UX MOo3ulnii BOm3u nedexra ymakoBku (Y). Ycranosneno, 4to
Ha BEJIIMYMHY OHEpruM JeeKTa YHNAKOBKH Yisg  OKa3bIBAIOT BIMSHUE TOJIBKO MPUMECH,
pacrmpesiefieHHble B TIpeAesiax OJHOTO MeXcloiHoro paccrostHust BOMm3u JIY.  [lomydena
napabonuyeckas 3aBUCHUMOCTb Y|sg OT cojiepxkaHus Mapranua Ha J[Y. Benuuuna sHeprum
yMeHbIaercst B uHTepBaie ot 0 1o 12 at.% Mn, u yBenu4uBaeTcsi ¢ BO3pacTaHUEM KOHLEHTPAIHUH.
Munumym cootBeTcTByeT 13 ar.% Mn, 9To coBmamaer ¢ MpOTHO3aMHM, CIEITAaHHBIMH HAa OCHOBE
TEPMOJIMHAMUYECKMX OLEHOK. ATOM yriepoja B IUIOCKOCTH J[Y cyliecTBEHHO MOBBIMIAET Y|sEI0
3HayeHusa +49 mJ/mz, a YCpEeIHEHHOE TI0 TpeM cliosiM  Yispiutst Fe-4 at.%C na 300mJ/m? Bemre yem
s OecnpumecHoro Fe. Oto o3nauaer, uyto I'LIK crpykrypa B Fe-C saBnsercs Gosee BBITOJHON YeM
I'TIY u yrnepon siBiseTcsi CHIIbHBIM CTaOMIM3aTOpOM aycTeHuTa. [lokazaHo, 4TO alFOMUHUH TaKkKe
yBEJIMUYUBAET YiskB cpeaHeM Ha 70 mJ/m® 1o cpaBHeHnto ¢ uyucteiM ['TIK. Takum oOpa3zom,
ATIOMUHUM TakXke NOJaBlIseT Y — € IMEepexoJ U CIOCOOCTBYET MEXaHU3My IUIACTUYHOCTH
CBSI3aHHOMY C JIBOHHKOBAaHHUEM.

Jqna T'IK Fe-Mn-Al-C cmaBoB mony4eHbl TEOPETUYECKUE 3HAYEHHs KBaIPYMOJIbHBIX
pacuieryieHnii 1 W30MEPHBIX CIBHTOB, OOCYKIAIOTCS JIOKAJIbHBIE aTOMHBIE HMCKa)KEHUS BOJH3H
pUMecei U MPOCTPaHCTBEHHOE paclpe/ieeHne 3JIEKTPOHHOM MIIOTHOCTH.
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MAGNETIC HYPERFINE INTERACTIONS OF "*SN PROBE ATOMS IN
MANGANITES CaCuzMn;O;, AND CaMn;O1;
Rusakov V.S., Presniakov I.A., Sobolev A.V., Glazkova Ya.S., Demazeau G.,
Gapochka A.M., Gubaidulina T.V., Volkova O. S., and Vasiliev A. N.

The double manganites CaCuzMn401, and CaMn;01, doped with **°Sn atoms were studied by
Maossbauer spectroscopy. These manganites are the end-members in the series of the ferromagnetic
perovskites CaCu,Mn7.xO1, (0 <x < 3), which have attracted interest of the scientific community
due to the interplay between their magnetic, electronic and structural properties. The covalency
effects on the magnetic interactions like superexchange in Cu?*-O-Mn*" and Mn**-O-Mn** bonds
and super-transferred hyperfine interactions of the °Sn probe atoms in the manganite
CaCusMn4O1, structure are discussed. In the case of CaMn;Oy, the *°Sn spectra measured at
T << Ty show a broad magnetic structure, indicating a distribution of the hyperfine magnetic fields
Hsn on the °Sn nuclei, induced by manganese cations. It was assumed that wide hyperfine fields
Hs, distribution for CaMng 06°Sng 0401, is due to its modulated magnetic structure.

Metogamu  MeccOayIpOBCKOW  CIIEKTPOCKOTIMHM ~ TPOBEJACHBI  HCCICHAOBAHUS  JIBOMHBIX
manranutoB CaCusMnsO1; u CaMn;Oi,, nonmMpoBaHHBIX aTOMaMH Y98, D1 maHraHuThH
SIBJIIIOTCSL KpaWHUMH WieHaMu psga (eppomarHuthix mnepoBckutoB CaCuxMn;O1, (0 <x < 3),
KOTOPLIC MPHUBJICKAIOT 0OJIBIIIOE BHHMAaHUE I/ICCJICIIOBaTeJIeﬁ B CBs3HM C B3aUMOCBA3BIHO HUX
MarHUTHBIX, JJIEKTPOHHBIX U CTPYKTYPHBIX CBOMCTB.

CoriacoBaHHOE OINMHMCAHHWE TEMIIEPATYPHBIX 3aBUCHMMOCTEH CBEPXTOHKOIO MArHUTHOTO ITOJIS
Ha siipax 30HJI0BBIX aTOMOB 11961 » HAMarHMYEHHOCTH MaHTaHWTA CaCuzMn3 gsSnp 04012 B pamkax
MOJICJIM MOJIEKYJISIpHOTO TOJs Belicca ¢ yueToM 0COOGHHOCTEH JIOKAJIBHOTO OKPY)KEHHS aTOMOB
0JI0Ba T03BOJIMJIO OLEHHTh WHTErpalbl KOCBEHHBIX OOMEHHBIX B3ammogeiictsuii Cu®*-O-Mn*
Goumn ~=51.1203K) . Mn*-O-Mn™  (Jwnmn = —0.6£0.2 K).  Boicokoe  3HaucHHe
MEXKITOJIPEIIETOYHOTO OOMEHHOTO MHTerpana Jcymn CBHUACTEIBCTBYET O BBICOKOW CTETCHU
KOBaNGHTHOCTH cBsiseii Cu-O, oOpasyeMbix karTHoHamu Cu?* ¢ KBampaTHOH KHCIOPOXHOI
KOOP/IMHAITHCH. AnTH)EpPPOMArHUTHBIN XapaxkTep Ccl1a0bIX BHYTPHITOIPEIIETOYHBIX
3ammozeiicteuii Mn**({)-O-Mn**(T) kauecTBeHHO cormacyercs co CTpyKTYPHBIME MTapaMeTpamMu
HCCIIEIyeMOTr0 MaHTaHWTa, CPEAN KOTOPBIX OMPEACSIONIYI0 POJIb UTPAeT yroj OOMEHHBIX CBs3ei
Mn-O-Mn.

B MeccOaydpoBCKHX CIEKTpax saep -Sn B CaMn;Oi; M3MEpPEHHBIX NpH TEMIepaTypax
T<<Ty, OOHapyXeHa IIMPOKas MarHUTOYIOPSIOUEHHAS CTPYKTypa, KOTOpas CBHUICTEIbCTBYET O
pacnpeacii€CHuu CBEPXTOHKHUX MArHUTHBIX HoJIer HSn Ha dapax 1198“, BBI3BBAHHOM BKJIaaMHU OT
CIIMHOB KaTHOHOB MapraHiia. CHelaHo MPEANoioKEHHEe O TOM, YTO MIUPOKOE paclpeeieHUe
CBEPXTOHKHX Tmoner Hs, mis manranura CaMn6.961198n0.04012 CBSI3aHO C €r0 MOJYJIMPOBAHHOMN
MarHUTHOM CTPYKTypou. [Ijis 00pabOTKK M aHaIM3a MAarHUTHBIX MeCCOayIPOBCKUX CIEKTPOB sCP
1199 Gpit0 nemonp30BanHo Mpeobpazosanne Oypbe CBEPXTOHKHX Toieii Hsy(X), Tie q — BOTHOBOI
BEKTOP BOJIHBI CITMHOBOM TIOTHOCTH (SDW), X — KOOpIMHATBI aTOMOB MapraHiia. B cooTBeTcTBUM ¢
ATOH MOMAEIbI0 aHaIu3 MeCCOAyIPOBCKHUX CIIEKTPOB, HM3MEPEHHBIX B MIMPOKOM JHala3oHe
temmepatyp (4.5 K<T< 90 K) no3Bonmn onpenenuts ammuntyny ®ypbe-rapmornkHsn(0x), a Takxke
TEMIICPATYPHYIO 3aBUCUMOCTb CPCIHCTO 3HAYCHUSA CBCPXTOHKOIO MArHHUTHOI'O I10JIA. Ananns
pe3yIbTaTOB MPOBOAMIICS B CPAaBHEHHUHU C JIAHHBIMU HEUTPOHHBIX TUPPAKIIMOHHBIX HCCIICIOBAHUN
MarHUTHOHN CTPYKTYpPHI HEJAOMMPOBAHHOTO aToMaMu ojioBa ManTanuTa CaMn7015.
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MOSSBAUER SPECTROSCOPY STUDY OF THE FORMATION OF Fe LAYERS
IN MAGNETIC SUPERLATTICES
Tsurin V.A.|,Romashev L.N., Ustinov V.V., Goloborodskii B.Yu., Ovchinnikov V.V.

The formation of Fe layers in Fe/Cr superlattices has been studied by Maossbauer
spectroscopy. It is established that magnetic clusters, which appear in the initial stage of formation
of Fe layers and impart superparamagnetic properties to these nanostructures, involve not only Fe
atoms constituting a core of the three-dimensional cluster but also the neighboring Cr atoms
exchange-coupled to this core. The thicknesses of Fe layers corresponding to their transition from
superparamagnetic to ferromagnetic state are determined.

W3BecTHO, YTO B3aMMHOE MAarHUTHOE YIOPSJAOYEHHE COCEAHUX (DePPOMArHUTHBIX CJIOEB B
CBEpXpELIETKAX, a CJIEJOBATEJbHO U BEJIMYMHA UX TUraHTCKOro MarauropesuctusHoro (I'MP)
sddekTa, CyIeCcTBEHHO 3aBUCAT OT aTOMHOM CTPYKTYphl MEXCIOWHBIX rpaHull (uHTepdeiicoB). B
CBSI3U C 3TUM aKTYyaJbHBIMU SIBIISIFOTCSI MCCIIEOBAHMSI, HAIPaBJICHHbIC HA BBISICHEHHE aTOMHOU U
MarHUTHOMN CTPYKTYpHI CJIOEB Ha HAYaJIbHBIX CTAIUSAX UX (GOPMHUPOBAHUS U OINpE/eiIeHHE B KaKoi
Mepe 3Ta CTPYKTypa HAcIeAyeTcs B JNaibHeWmeM uHTepdeiicaMu U CIIONHBIMEA CIIOSMHU. Takue
CBE/ICHUS HEOOXOAMMBI 7Sl pa3paboTKu 3PPeKTUBHBIX CIIOCOOOB YIpaBieHUsT (PYHKIIMOHAIbHBIMU
XapaKTepUCTUKAMHU CIOUCTBHIX HAHOCTPYKTYP (CBEPXPELIETOK, CIIMHOBBIX KJIAIIAHOB).

B nannoit pabore ¢ momombto apdexra Meccbayspa ucciaenoBaHo GopMUpOBaHUE CioeB F€
B cBepxpeierkax Fe/Cr u Fe/Cu. Cepxpeuierku Fe/Cr Obun BbIpallieHbl METOJIOM MOJICKYJISIPHO-
JY4EeBO# SMUTAKCHU Ha MOHOKpHCTAJUTMUECKHX Momiokkax u3 Al,O3 u MgO npu onTuMaibHBIX
TEXHOJIOTMUYECKHUX YCIIOBUSAX, OOECHEYMBAIOUINX IOJYYEHHE COBEPIIEHHOW CTPYKTYpbI CIIOEB U
uHTepQeiicoB. Y NpUTOTOBIEHHBIX HAHOCTPYKTYp TojuHa ciaoeB Cr Obu1a mocTosHHON — okouto 10
A, a nomunanbHas tommuHa cnoes Fe (dre), ycpenHeHHas 1O BpeMEHHM HambLICHHS, OblIa
paziuunoit — ot 1 A no 15 A. Cepus cepxpemerok Fe/Cu ¢ dre ot 1 A 10 35 A npu nocrostaHolM
tonmune cnoes CuU, paBHoit 14 A, momyueHa MarHeTpoHHEIM paclbUIeHHeM Ha moauoxkkax Al,Os.

HccnenoBanus mokasaid, YTO MeccOayIpOBCKUE CIEKTPHI, OJyyaeMble Ha CBepXpeleTKax ¢
KJIACTEpHBIMU ciosiMU Fe, obnamaromuMu cyneprnapaMarHUTHBIMUA CBOMCTBaMH, IPEICTaBIISIOT
coO0oif MOHOMMHMM. AHaiu3 (OpPMBI TaKUX MOHOJUHMH, CHATBIX B PACTSHYTOM CKOPOCTHOM
JMana3oHe, C HUCIHOJb30BAaHMEM METOAA BOCCTAHOBIEHHUS (DYHKIMHU IJIOTHOCTH paclpeaeieHus
M30MEPHOT0 CIBUTA, MIO3BOJISIET CIENIaTh BHIBOJ, YTO MArHUTHBIE KJIACTEPhI, 00€CIeUnBaIOIINE YTUM
HAaHOCTPYKTYpaM CyleprnapaMarHUTHbIE CBOMCTBA, BKJIIOYAlOT B ceOsd HE TOJBKO aromsl Fe,
oOpasyromue sAapo KiacTepa, HO M COCEJCTBYIOIIME OOMEHHO-CBSi3aHHBbIE ¢ HUMH aroMmbl CI,
obpasyromue (Fe-Cr)-o60mouky. OTIHYATEIBHOM 0COOCHHOCTRIO Tporiecca GOPMHUPOBAHUS CIIOCB
Fe B cBepxpemeTkax Fe/Cu siBnsiercss BO3MOKHOCTh 00pa3oBaHMs U3 aTOMOB Fe, ocaknaromuxcst Ha
MoBepxXHOCTh ciioeB CU Ha HadalbHBIX cTagusx, kinacrepoB Fe ¢ I'LIK cTpykTypoii, KOTOphIe 1O
Mepe yBenuueHus pasmepoB mnpuobperator OLIK cTpykrypy. Pesyabrarsl meccOay’poBCKHX
UCCIIEIOBAHUM XOPOIIO KOPPEIUPYIOT C Pe3y/IbTaTaMH MarHUTHBIX U3MEpPEHUH.

Paborta BhimonmHeHa mnpu yacTuyHOM nomnepxkke PODU (mpoekr Ne 10-02-00590-a) u
[Mpesuanyma PAH (mpoekt Ne 12-T1-2-1051).

1. UstinovV.V.,, RomashevL.N., MilayevM.A., KorolevA.V., KrinitsinaT.P., BurkhanovA.M.
JMMM, 2006, v. 300, Iss. 1, pp. 148-152.

2. Uypun B.A., PomameB JI.H., YcrunoB B.B., TankeeB A.Il., OBunnnukoB B.B. IIucema B
KTd, 2009, T. 35, BBIIL 3, C. 74-81.
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PROBE MOSSBAUER SPECTROSCOPY OF GRAIN BOUNDARIES AND INITIAL
STAGES OF MECHANICAL ALLOYING IN THE Mg, Al, Si AND Mo-BASED
NANOSYSTEMS WITH Fe

E.P. Elsukov (Yelsukov)
Physical-Technical Institute UrB RAS, Izhevsk, Russia

The localization of Fe atoms in mechanically alloyed Mo powder composite containing 8 at.
% O at the Mo grain boundaries and initial stages of mechanical alloying (MA) in the Mo-O-Fe
ternary system and in the binary Mg, Al and Si-Fe ones have been studied by Maossbauer
spectroscopy on impurity >’Fe (1 at. %) and X-ray diffraction. In the all systems, MA includes
formation a nanocrystalline state (< 10 nm), penetration of Fe atoms along grain boundaries,
formation of supersaturated solid solution and/or different nature clusters in the distorted close-to-
boundary zones of interfaces.

In the Mo-O-Fe system widths of the grain boundary and interface have been estimated as 0.2
and 1 nm, respectively.

MeToaamu MeccOay’pOBCKO CIIEKTPOCKONMU Ha PHMECHBIX aToMax m3oToma ° Fe (1 at. %)
Y PEHTICHOBCKOW TU(PaKIUK M3ydeHBbl JoKanm3anus aromoB Fe Ha rpanumax 3epen OLIK Mo B
npouecce Mexanuudeckoro criasienus (MC) Fe ¢ xommosutom Mo/(8 at. % O) u HayanbHbIE
craguu MC B TpoiiHoit cucteme Mo-O-Fe u GuHapHbIX cucTtemax Ha ocHoBe Mg, Al, u Si ¢ Fe.

Bo Bcex cucremax mnpoueccy MC mpenmecTByoT (GOpMHpPOBaHHE HAHOCTPYKTYPHOTO
cocrosiHus (< 10 HM) U IPOHUKHOBEHUE aTOMOB F€ 1o rpaHuiam 3epeH 0a30BOr0 3JIEMEHTa MpHU
U3MENIbUYEHUH CMecel B IIapOBOM MIaHETapHON MEJIbHUIIE.

Hanuuue kucnopona B rpanunax 3epeH OLIK MO npuBoautr k HEOOBIYHO OONBIIOMY
3HAYEHUIO0 U30MEPHOTo cABHUra (2 MM/C OTHOCUTENBHO O-Fe) A 3epHOrpaHnYHON KOMIIOHEHTHI B
MeccbayspoBckom criekrpe. [Iporecc MC B cucteme Mo-O-Fe Brirodaer B cebst hopMupoBaHme
nepecsiienHoro tepaoro pactsopa (IITP) ¢ atomamu Fe B mo3unmu 3amenienust u aromamu O B
MO3UIIMK BHEJPEHUS] CHadaja B NMPUTPAHMYHBIX MCKAKEHHBIX 30HAX, a 3aTeM M B Teje 3epHa. B
pe3yibTaTe B MEXaHOAKTUBUPOBAHHOM HAHOCHCTEME BBIJIENIEHBI TPH CTPYKTYPHBIE COCTABIISIOIINE:
TpaHMIla 3epHa W MPHUTPAHUYHBIC WCKaXCHHBIC 30HBI C OOIIMM Ha3BaHWEM HHTepdelc, 3epHo ¢
coBepiieHHON (0e3 nedekToB) cTpykTypoil. C HCMONb30BaHHEM 30HIO0BON MeccOay’poBCKOI
CTIEKTPOCKOIIMH TIOJTydeHa OIEHKAa CpPEeIHUX MO OO0BhEMYy 4YacTHI[ IIUPUH TPAHUIBI 3€pHA |
unTepdeiica B 0.2 u 1 HM, COOTBETCTBEHHO.

B cucremax na ocioBe Mg, Al, u Si MC nauunaetcs ¢ obpa3oBanusi B uatepdericax [1TP B
Mg, IITP u knacrepoB no Tuny nepopmupoBanHbix (a3 AlgFe, u AlgFe B Al, knactepoB mo tumy
nepopmupoBanHoi ¢as3el o-FeSi; B Si. YcraHosieHo BiausHHE THIa 0a30BOr0 3JEMEHTa Ha
CKOpocTh pacxogoBanus o-Fe mpu MC, koTopas pe3ko Bo3pacraeT B psiay Mg — Al — Si. Crnenan
BBIBOJ, YTO XUMHUYECKUH (HaKTOp ABISETCA OJHUM M3 ONPENENSIOMUX PH MIPOTEKaHUU MPOLIECCOB
MC.

Pabora BbimonHeHa npu ¢uHaHcoBol nozuepxkke PODU (mpoextsr 10-03-00077 u 10-03-
00942).
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OF FegsCozs THIN FILMS DEPOSITED ON DIFFERENT UNDERLAYERS
Kamzin A.S.', Wei F.L.2 Ganeev V.R.% and Zaripova L.D.?

!loffe Physical Technical Institute, Russian Academy of Sciences, St. Petersburg, 194021

Russia

2Research Institute of Magnetic Materials, Lanzhou University, Lanzhou, 730000 China

®Kazan Federal University, Kazan, Tatarstan, 420008 Russia
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In order to write information in the high
coercivity media, the core materials in writing
heads are required to have high saturation
magnetization, high permeability, and low
coercivity. The bcc Fe;xCox alloy system have
been studied extensively because they have the
highest saturation magnetization in the
composition range of 0.3<x<0.5. However, it is
difficult to obtain FeCo films with excellent soft
magnetic  properties due to its large
magnetostriction constant.

In this work, the microstructure and soft
magnetic properties of FegsCoss films deposited
at 360 °C onto glass substrate on different
underlayers (UL) have been studied in a
magnetron sputtering system. The UL materials
are CogsFe7, NigoFe,0, Cu, and Fe. The thickness
of FessCoss soft magnetic layer maintains 100
nm and that of UL is 0-10 nm. A magnetic field
of 240 Oe is applied to induce an in-plane
uniaxial magnetic  anisotropy.  Magnetic
properties and structure are measured by
vibrating sample magnetometer and Conversion
Electron Modssbauer spectroscopy (CEMS),
respectively.

Figure 1 exhibits the dependence of Hch
on the intensity ratio 1(110)/1(200) of XRD
patterns FegsCoss films deposited on different
underlayers. We can see that, as the intensity
ratio of 1(110)/1(200) decreases, the coercivities

of FegsCoss films with different underlayers
decrease on over trend.

Figure 2showsthe CEMS spectra of two
typical FegsCo3s5(100nm)films  with  different
UL, from which have been calculated, that the
angle Obetween the magnetization vector and
the normal of film plane can be determined as
(@) 76.74° and (b) 70.06°. The hysteresis loops
exhibit good soft magnetic properties for
FessCoszs films and, wusually, it can be
understood that the magnetization vector of
FeesCogs films should lie in film plane.
However, this is inconsistent with the results of
CEMS measurement. The presence of
perpendicular component of the magnetization
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vector is likely caused Dby the interface
anisotropy at the interface between the FegsCoss
films and Uls.

In  conclusion, the soft magnetic
properties of FegsCoss films were improved by
UL. Small angle between the effective
magnetization and the film plane shown that the
lattice deformation of FegsCogss film with (110)
texture is larger than that with (200) texture.
Calculations confirmed that the total anisotropy
energy density of Fe65Co035 film with (110)
texture is larger than that with (200) texture.
Therefore, the soft magnetic properties of
Fe65Co35 thin films with (200) texture are
better than that with (110) texture.

CogzFey
Cu

Fe
NiggFez9

Hch (OE)

210 215
1(110)/1(200)

Figure. 1. Dependence of Hch on the

intensity ratio 1(110)/1(200) of XRD patterns for

FessCoss films deposited on different UL.
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Figure. 2. CEM spectra of typical films:
@ Feg5C035(100nm)/CogsFe7(3nm), (b)
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COMPARATIVE STUDY OF MAGNETITE NANOPARTICLES AS-PREPARED
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MAGNETIC MEASUREMENTS
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Magnetic fluids are intensively used and developed for various biomedical applications, as for
instance in MRI imagining as a contrast agents, in tissue and cell targeting and drug delivery,
hyperthermia in cancer therapy, cell separation, etc. Magnetite (Fe3O4) nanoparticles are commonly
used for preparation of magnetic fluids. Therefore, Mdssbauer spectroscopy and magnetic
measurements are useful techniques for investigation of magnetic fluids based on magnetite. In this
work we study samples of magnetite nanoparticles as-prepared and dispersed in copaiba oil. These
samples were characterized using X-ray diffraction (XRD) and transmission electron microscopy
(TEM). Whereas XRD demonstrated ferric oxide structure TEM analysis showed the average
particle size of 8 nm. Mdssbauer spectra of magnetite nanoparticles as-prepared and dispersed in
Copaiba oil were measured at 295 and 90 K using automated precision Mdssbauer spectrometric
system [1] on the base of SM-2201 spectrometer with a high velocity resolution and spectra
registration in 4096 channels. Additionally, spectra were recorded at 20 K using Wissel
spectrometer with a low velocity resolution and spectra registration in 512 channels. It was shown
that these spectra are very complicated and can be better fitted using a large number of magnetic
sextets whereas well-known models for magnetite Mdssbauer spectra fits taking into account the
*"Fe in octahedral and tetrahedral sites did not fit spectra well. Therefore, in this study we used the
best spectra fits which cannot be explained well at present. However, these fits can be used for
comparison of Mdssbauer spectra of both samples. Magnetic measurements of both magnetite-
based samples were carried out using VSM-5T (Cryogenic Ltd.) magnetometer. Magnetization
measurements at 295 and 8 K demonstrated clear differences for magnetite nanoparticles as-
prepared and dispersed in Copaiba oil. Saturation magnetization values appeared to be different for
both samples at 295 and 8 K. Mdossbauer parameters demonstrated some differences for magnetite
nanoparticles as-prepared and dispersed in Copaiba oil. Small increase in the magnetic hyperfine
field (Her) for the sextet components with the largest values of Hes in the spectra of magnetite
nanoparticles dispersed in Copaiba oil may be related to the interaction of polar molecules of
Copaiba oil, such as kaurinic acid, with nanoparticle’s surface [2]. This interaction may also be a
reason of differences in the recorded magnetic data. We can suggest also that a large number of
components in Mdssbauer spectra may be a result of complicated nanoparticles structure with
different areas and/or surface and internal layers, nanodomains, size variation, etc. However, we
pointed out that further investigations are required.

1. Oshtrakh  M.l., Semionkin V.A. Spectrochim. Acta, Part A, 2012, DOIL:
10.1016/j.saa.2012.03.020.
2. Oshtrakh M.I. et al., Spectrochim. Acta, Part A, 2012, DOI: 10.1016/j.saa.2012.02.080.
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COMPLEX STRUCTURE ANALYSIS OF THE IRON OXIDE-BASED
NANOMATERIALS

Savchenko A.G.,' Yurtov E.V.2, Yagodkin Yu.D.!

National University of Science and Technology “MISIS” (MISIS)
2D. Mendeleyev University of Chemical Technology of Russia, Moscow, Russia

B pabore mnpoBeneHO KOMIUIEKCHOE WCCIEAOBAaHHE METOAaMU PEHTI€HOCTPYKTYPHOTO
aHallM3a, MPOCBEYMBAIOIICH DSJIEKTPOHHOM MHUKPOCKONHUU M MeccOaydpOBCKOM CHEKTPOCKOMUU
CTPYKTYpPbl HaHOCTPYKTYPHUPOBAHHBIX MOPOIIKOB M HAaHOIMOPOIIKOB Ha OCHOBE OKCHJIOB JKele3a,
MOJIYYEHHBIX MEXaHOXMMHUYECKOH 00paboTKO#l ¢ MOCHEeNyIOIMM HU3KOTEMIIEPATyPHBIM OTKUTOM,
¥ HAHOIIOPOIIIKOB OKCHJIOB JKeJIe3a, MOMyYSHHBIX XUMHUECKUM (COOCAKICHHE) U COHOXUMHYECKUM
criocobamu. Mi3MepeHbl MarHUTHBIE CBOMCTBA YKa3aHHBIX MOPOLIKOB MPY KOMHATHON TeMIepaType.

[TokaszaHo, 4TO MOCPEICTBOM MEXaHOXMMUYECKOW 00paboTku cMecelt mopomkos Fe,O3 u Fe,
a taxke FeyO3, Fe u Co unu FeO, Fe u Co ¢ nocieayomum OTKUTOM yIaeTCsl TOTYyYUTh MOPOLIKH,
COCTOSIIIME M3 OTHOCUTEIIBHO pPaBHOOCHBIX uactull pasmepoMm 0,1-1 Mkm, coaepxkamux
HaHOKpHUCTALUIUTHI pazmepoM 10-30 HM, B ocHOBHOM, (a3bl Fe30y.

Otmedaercs, 4TO MeXaHOXHMHUYECKas 00paboTka cmecelt Fe+Fe,03, Fe+Co+Fe,03, Fe+FeO,
peaiuzyemMasi U3MENbYCHHEM B BBICOKODHEPI€TUYECKON MeNbHUIIE, BEAEeT, B KOHEYHOM HTOTe, K
obpazoBannto (a3 Fe, FeO u amopdHoit cocrapmstomnieit. [Ipu oTkure u3mMenb4eHHBIX MOPOIIKOB
Habmonaetrcs pacnag FeO u amopduoit ¢dasbl Ha 1Be CHIBHOMArHUTHBIX (hasbl (peppoMarHUTHOE
o-Fe u ¢eppumarautaeiii marsetut FesOs ) ¢ pa3MepoMm dacTHIl 3aMETHO MEHBIIMM, YeM
COOTBETCTBYIOIIME KPUTHUYECKHE pa3Mepbl OTHOJOMEHHOCTH. KonmdecTBEeHHOE COOTHOIIEHUE
oOpasyromuxcsi ¢a3 U CBOMCTBAa OKCHJIHBIX HAHOMATEpHajOB 3aBHCAT, MPEX/IE BCEro, OT COCTaBa
M3MeNbYaeMOl CMeCH. Y CTaHOBIICHO, YTO B cIUIaBax ¢ conepkanueM ¢asbl (FeCo)30,4 okomo 80 006.
% xospunTHBHas cuia gocturaet poHg= 80 MTn. Kpome Toro, mockoibKy peHTI€HOCTPYKTYPHBII
aHaJM3 HE JaeT BO3MOXXHOCTh BBIICHUTH BOMpPOC O pacrpeneneHun Co mMexay ¢a3zamu CIiaBa, B
paboTe ObUTH IPOBEIEHBI MeCCOaAyIPOBCKUE UCCIIEJOBAHUS TTOPOIIKOB.

B pesynbTare KOMIUIEKCHBIX HCCIIEIOBAaHHN HAaHOIOPOIIKOB OKCHJA JKele3a YCTaHOBIICHO,
YTO MOPOIIKH, MOJTYYEHHBIE METOJOM COOCAXKJEHHS, COJEp’KaT YacTUIBl CO CPEAHUM DPa3MEpPOM
okomo 10 uM 1 mousr Fe**, a ux oCHOBHBIM (a30BBIM KOMITOHEHTOB SIBIIsieTCS MarreMut y-Fe;0s.
W3MepeHne MarHMTHBIX CBOWCTB  TOPOIIKOB  IIOKa3ajo, 4YTO JUISI HUX  XapaKTepHO
cyneprapaMarHuTHOe ToBeZeHHe. B To ke BpeMs 1o pe3yibrataM MeccOay3pOBCKOM
CTIEKTPOCKOIIHH aTOMBI JKeJe3a B MCCIIEyeMbIX MOPOIIKaX HAaXOAATCS B MarHUTOYIOPSIOYEHHOM
COCTOSIHMU. Pa3nnyHoe MarHUTHOE MOBEJEHUE MOPOIIKOB MPU MU3MEPEHUH HAaMarHM4YE€HHOCTH U B
mporecce MeccOaydIpOBCKUX HCCIETOBAHUN MOXKET OBITh OOBSICHEHO CYIIECTBEHHBIM OTIMUHEM
BpPEMEH PErucTpalliy, XapaKTEPHBIX IS TaHHBIX METO/I0B.

B oTiimdme oT 3TOr0 MOpOIIOK, MOTYYEeHHBIH COHOXUMHYECKUM CIIOCOOOM, COCTOHT H3 Oolee
KPYIHBIX M OTPaHEHHBIX YAaCTHUIl CO CPEJHUM pa3MepoM OKOJIO 25 HM, COJIEPKUT Kak
JBYXBAJICHTHBIE, TAK M TPEXBAJICHTHBIC MOHBI JK€JIe3a, a €ro OCHOBHBIM (Da30BBIM KOMITOHEHTOB
apnsiercas MarHeTuT Fe3Os. DTOT MOPOIIOK SBHO JEMOHCTPUPYET MarHUTOTBEPJbIe CBOMCTBA.
YkazaHHBIC BBIIIE Pa3INUUs B XapaKTEPUCTHKAX MUCCIIETOBAHHBIX HAHOIIOPOIIKOB, MOKHO CUUTATH,
00yCIIOBJIEHbI pa3MePHBIM YD PEKTOM.
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MATHHUTHBIN EPEXO/ 1 CBOUCTBA MOJBIX MUKPOC®EP CoFe,04-SiO,,
HCCJEIOBAHHBIX METOJOM MECCBAYJ3POBCKOIN CIEKTPOCKOIIUH
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MAGNETIC TRANSITION AND PROPERTIES OF HOLLOW MICROSPHERES
CoFe,0,4-Si0; INVESTIGATED BY THE MOSSBAUER SPECTROSCOPY

Gervits N.E., Lyubutin I.S., Gippius A.A., Korotkov N.Yu., Tkachev A.V., Chun-Rong Lin

Hollow spheres of micro- and nano- dimensions display specific physical and chemical
properties, which make them prospective material for applications in different fields such as
medicine and construction [1,2]. Many methods had been developed to produce uniform magnetic
microspheres [3], magnetic properties of which are heavily dependent on the way they were
prepared. In this work we used the methods of Mossbauer spectroscopy to study the magnetic
behavior and superparamagnetic transition in the series of CoFe,04-SiO, samples prepared in
different conditions [4].

[Tonmsie cdepbl MHUKpPO- W HAHO-PAa3MEPOB NPOSBIAIOT cnenuduyeckne Qusnyeckue u
XUMHUYECKHE CBOWCTBA, YTO JEeNaeT WX MEPCIEeKTHBHBIM MaTepHalioM JJis HCIOJIb30BAaHUS B
pa3IUYHBIX 00JIACTAX, HAIPUMEDP, TAKUX KaK MEIUIIMHA U CTPOUTENsCTBO [1,2]. Ha manHbIit MOMEHT
pa3paboTaHO MHOXKECTBO METOJMK IO M3TOTOBJICHHIO MOHOAMCIEPCHBIX MarHUTHBIX MHUKpocdep
[3], MarHUTHBIE CBOMCTBA KOTOPHIX CHJIBHO 3aBUCAT OT CIOocoOa M3roToBleHus. B manHoi pabote
CHUHTE3MPOBaHbl KallCyJbl, CEpAlleBUHA KOTOPbIM COCTOMT M3 KOJUIOMJA MOJIMMEPHOIo JaTeKca
auametpom 200 Nm, a ob6ostouka cocToUT U3 HaHouyacTull hepputa kobansta (CoFe;04) pazmepom
okoj0 4 nm. H3yyeHbl KpUBbIE HaMarHMYMBaHUS U MeccOay’pOBCKHE CIEKTpPhl B O0JIACTH
temneparyp ot 15 1o 300 K. ITogpo6Ho uccrienoBansl cyneprnapaMarHUTHbIE CBONCTBAa HAHOYACTHI]
U151 00pa3IloB, MPUTOTOBICHHBIX B PA3JIMYHBIX YCIOBHUSX [4].

1. X.W. Zheng, Y. Xie, L.Y. Zhu, X.C. Jiang, A.H. Yan, Ultrason. Sonochem.9 (2002) 311.
2.Y.Yang, Y. Chu, F.Y. Yang, Y.P. Zhang, Mater. Chem. Phys. 92 (2005) 164.

3. C.X. Song, G.H. Gu, Y.S. Lin, et al., Mater. Res. Bull. 38 (2003) 917.

4. Cheng-Chien Wang, I-Han Chen, and Chun-Rong Lin, “Preparation and characterization of
hollow magnetic silica (SiO2-CoFe204) microspheres”, Journal of Magnetism and Magnetic
Materials 304 (2006) 451.
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JIOKAJIBHAA ATOMHASA U MATHUTHASA CTPYKTYPA
HAHOKPUCTAJUVIMYECKOI'O CIIJIABA Fe75CrioBis
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LOCAL AND MAGNETIC STRUCTURE OF NANOCRYSTALLINE FessCryioBis ALLOY
Pokatilov V.S., Sigov A.S., Dmitrieva T.G.

Distribution of hyperfine fields in nanocrystalline alloy Fe7sCr10B1s annealed at 473°C within
for 5 minutes have shown, that the alloy contains two types of nanocrystals : a-Fe(Cr) and t-
(Fe,Cr)3B) with size 26 and 47 nm, respectively.

Crpyktypa  aMOpdHO-HAHOKPHUCTAUTMYECKUX W HAHOKPUCTAUIMYECKHX  CIUIABOB,
dbopMupyromascs Mpu KPaTKOBPEMEHHBIX OTKUrax amMop(HBIX CIUIAaBOB BOJIH3U TeMIlepaTypbl
KpUCTANIN3AllMM, OCTAeTCAd Majlo Hu3y4eHHOH. OJHaKo Takue MaTepualibl IPeICTaBIsIOT
3HAYUTENBbHBII MHTEpeC Kak [UIsl HCCIeNOBAaHUS MPUPOJbl (U3MUECKUX CBOWCTB CIUIABOB B
aMOp(PHO-HAHOKPUCTAIUIMYECKOM M HAHOKPUCTAUTMIECKOM COCTOSIHUSX, TaK U JUISI TOMCKA HOBBIX
MaTepuajoB ¢ Oojiee BBHICOKMMH (U3NYECKUMU, HAPUMEpP, MArHUTHBIMHU CBOWMCTBaMU. BrusHue
NPUMECHBIX 30-aTOMOB Ha JIOKAJbHYIO aTOMHYIO U MAarHUTHYKO CTPYKTYpY, a TaKXKe COCTaB
HaHOKpHCTaUINYecKuX a3 B aMOp(HHO-HAHOKPUCTATMYECKUX U HAHOKPUCTAINTUYECKUX CIUIaBax
Ha OCHOBe Fe-B nmpakTtnuecku He HCciaeq0BalIoCh.

Llenp maHHO#M paboThl — HCCIEIOBAaHWE BIUSHUS AaTOMOB XpoMa Ha KPUCTAJUTMUECKYIO
CTPYKTYpPY, JIOKaIbHBIH aTOMHBIH W MAarHUTHBIA TOPSJOK HAHOKPUCTAJUIMYECKHX CIUIABOB
Fe7sCrioBis.

Kpucrannuueckasi, JokanbHas aToOMHash U MarHuTHas CTPYKTypa OTOXOKEHHBIX mpu 440-
473°C B Teuenue 5 munyt craBoB FezsCrigBis Obuta uccnenoBaHa MeToiaMu peHTreHorpaduu u
s dexra Meccbayspa Ha sapax *"Fe. [Tpu Temnepatype oxura 73 = 440°C B criiaBe BBIIEISIOTCS
HaHokpucTamiel $assl a-Fe (~1%) B amopduoit marpuue. IlonHas kpucramauzanus aMoppHOro
crutaBa HaOmoaercs ipu 1, = 473°C, npuuemM o0Opa3yroTcs HaHOKpUcTauibl a-Fe pazmepom 26+2
HM M TeTparoHaisHoro 6opuna t-Fe3B pazmepom 47+2 M. OGHApYKEHO, YTO aTOMBI XpOMa BXOJST
Kak B HaHOKpucTaisl a-Fe, Tak u B HaHOKpUcTaibl t-FesB. Pacnipenenenus cBepXTOHKUX 1oiel B
HaHokpuctamdyeckoMm crmiaaBe FezsCrioBis (mpu 75=473°C) mokasan, 4TO CYIIECTBYET TpHU
pa3pelIeHHbIX COCTOSIHMS ~aTOMOB Jkenme3a B ¢a3ze o-Fe W Tpu  paBHOBEPOSTHBIX
KpUCTAIOrpadMuecKnX HEIKBUBAJICHTHBIX COCTOsIHMET skenme3a B ¢asze t-(Fe,Cr)sB. Beuia
ompejenieHa KoHIEHTpaus (X) xpoma B ¢ase o-Fe(Cr) m X ~ 10at.%. OnpeneneHsl JIOKaabHBIC
MarHUTHBIE MOMEHTHI aTOMOB jkeje3a B t-FesB. 3amemenue aromoB xene3a aromaMu Xpoma B ¢aze
t-(Fe,Cr)3;B mpuBOAMT K CyIIECTBEHHOMY YMEHBIICHHIO JIOKAJIbHBIX MArHUTHBIX MOMEHTOB IS
COCTOSIHUM aTOMOB JKeJie3a B 3aBUCHMOCTH OT KOJIMYEeCTBa aTOMOB jkene3a M Oopa B OumKalIImx
KOOPJIMHAIIMOHHBIX cepax.

beuta umccnenoBaHa JoKajmbHash aTOMHAas W MarHUTHas CTPYKTypa aMop(HOro CIulaBa
FessCrioBis YcraHoBieHO, uTO aMOpHBIA CIUIaB COCTOUT U3 HaHOKiIactepoB tuma o-Fe(Cr) u t-
(Fe,Cr)sB. OmnpeneneHbl OTHOCHUTENBHBIE JOJIM OSTHUX HAHOKJIACTEPOB B aMOp(pHOM  CILIaBe.
OreHeHBI JIOKaJIbHBIE MAarHUTHBIE MOMEHTBI aTOMOB JK€Je3a W BIMSHHE HA HUX aTOMOB XpoMma B
3THX HaHOKJIacTepax.
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STUDY OF THE SUPERPARAMAGNETIC FEROXYHYTE NANOPARTICLES
FORMATION IN PRESENCE OF HUMIC SUBSTANCES BY MOSSBAUER
SPECTROSCOPY OF THE FROZEN SOLUTIONS
A.Yu. Polyakov', T.A. Sorkina?, A.E. Goldt*, D.A. Pankratov?, I.V. Perminova?, E.A.
Goodilin*?
! Faculty of Material Science, Lomonosov Moscow State University, Moscow, Russia
?Faculty of Chemistry, Lomonosov Moscow State University, Moscow, Russia
E-mail: a.yu.polyakov@gmail.com

Superparamagnetic iron oxide nanoparticles are widely used for biotechnology and medical
applications, including contrast agents for MRI, cell recognition and separation and drug delivery
[1]. In the preparation and storage of biocompatible nanoparticles in colloidal form, the stability of
the colloid is of utmost importance, whereas magnetic nanoparticles are inclined to strong
uncontrollable aggregation which considerably limits their practical application [2]. In order to
solve this problem some stabilizers such as surfactants, polymers or other macromolecular
compoundsare usually added directly at the time of particles preparation [3]. However, it’s very
complicated to control the formation of required magnetic phase during such one-pot preparation
especially in the case of iron oxides which are prone to numerous interphase transformations.

Mossbauer spectroscopy has been extensively used for the investigation of frozen aqueous
solutions (FAS) [4]. This technique is highly effective for studying of intermediates in synthesis of
iron compounds. Therefore we suggested Mossbauer spectroscopy of FAS for the stepwise control
in preparation of magnetic feroxyhyte (6’-FeOOH) nanoparticles stabilized by humic substances
(HS)during one-pot synthesis. HS (natural polyelectrolytes) were used in a whole number of
researches as stabilizers to prevent nanoparticles agglomeration and precipitation. For example, HS
have been applied as an effective stabilizing agent for iron oxide nanoparticles [5].

The synthesis of feroxyhyte nanoparticles involved rapid oxidation of FeCl,solution at pH 8
by 30% H,O, in presence of potassium humate. A set of aliquots was taken from reaction mixture at
different stages of synthesis, rapidly frozen by immersion into liquid nitrogen and studied by
transmission Mossbauer spectroscopy for identification of intermediates formed. Final feroxyhyte
nanoparticles were also characterized by XRD, TEM, magnetic measurements and cytotoxicity test.

Mossbauer spectra obtained showed that ultradispersed Fe(OH), was formed from FeCl,
solution in alkali medium before oxidation and became stabilized by humic macromolecules,
whereas no complex formation between ferrous ions and HS was registered. Rapid oxidation of
Fe(OH), with 30% H,0, plays significant role in the synthesis and leads to direct formation of
feroxyhyte (6'-FeOOH), while slower oxidation results in a number of impurities (e.g. y-FeOOH, p-
FeOOH). TEM images show that the feroxyhyte nanoparticles obtained represent nanoflakes with
the size along the largest axis about 20 nm and thickness 2-3 nm. According to Mossbauer spectra
registered at 298K, 78 Kand 5K, humic-stabilized &'-FeOOH nanoparticles are found to be
superparamagnetic at room temperature.The MTT-tests on fibroblasts show that the nanoparticles
are not cytotoxic. The results obtained show evident efficiency of Mossbauer spectroscopy of FAS
for controlled one-pot preparation of biocompatible magnetic nanoparticles.

References
[1] S. Laurent, J.-L. Bridot, L.V. Elst, R.N. Muller, Future Med. Chem., 2 (2010) 427-
449

[2] A.K. Gupta, M. Gupta, Biomaterials, 26 (2005) 3995-4021

[3] J.-F. Lutz, S. Stiller, et al., Biomacromolecules, 7 (2006) 3132-3138

[4] S. Morup, et al., J. Chem. Phys. 65 (1976) 536-543
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Iron sulphide nanoparticles FesS, with the spinel type crystal structure were synthesizedby the
polyol mediated process.The particle size depends on preparation conditions and varies from 9 to 20
nm. Mossbauer data revealed that the dominating fraction of iron ions in the 9 nm sample is in the
high spin ferric state. This implies an occurrence of the cation vacancies in nonstoichiometric
greigite. Most probably, in small particles (< 9 nm) all iron ions are oxidized to ferric state and a
vacant Fe,S3 spinel-type structure appears analogous to the oxide maghemite y-Fe,Oj3 structure. The
stoichiometric phase of greigite FesS, dominates in the 18 nm — size nanoparticles. Magnetic
measurements reveal a ferrimagneticbehavior of all samples at temperatures between 78 and 300 K.
The estimated value of magnetic moment of the stoichiometric greigite nanoparticlesis about 3.5 ug
per Fe3S, unit.

The Maossbauer spectra indicate a superparamagnetic behavior of small particles, and some
fraction of superparamagnetic state is observed in all samples synthesized which may be caused by
the particle size distribution. The blocking temperatures of Tg~ 230 and 250 K are estimated for the
9 and 14 nm particles, respectively. For the larger particle size the Tg value is above room
temperature. The Mossbauer parameters indicate a great degree of covalency in the Fe-S bonds and
support the fast electron Fe**S Fe?" exchange in the B-sites of greigite. An absence of the Verwey
transition at temperatures between 90 and 300 K is established in the greigite nanoparticles,
supporting a semimetal type of conductivity.

A thermal pyrolysis route has been developed to synthesize the tetragonal phase of
chalcopyrite CuFeS, nanoparticles. The bulk CuFeS, compound is known as a magnetic
semiconductor with a very small optical gap energy (0.5-0.6 eV) and very high Neel temperature
Tn = 823 K. It was found that all nanoparticles synthesized have the brick-like morphology, and the
“bricks” are self-organized in a certain orientation creating well ordered nanocomposites. High
resolution transmission electron microscopy and electron diffraction data show that each nanobrick
is a single crystal with a layered atomic structure, and the characteristic dimension of nanobricks is
about 5 x 20 nm? in plane. Magnetic measurements support the antiferromagnetic spin structure and
reveal an appearance of a small ferromagnetic component below 60 K. The maximum in the ZFC
magnetization curves observed at low temperatures may be related to superparamagnetic properties
of the CuFeS; nanoparticles. The Mdssbauer spectra of the nanobricks show that only about 50 %
of iron atoms are in the magnetically ordered a-phase of chalcopyrite. The remaining iron is non-
magnetic and it may be located ether in the y-phase of chalcopyrite or in the intervening matter
separating the single crystal nanobricks.

Acknowledgments: This work is supported by the Russian Academy of Sciences under the

Program “Nanotechnology and Nanomaterials” (grant Ne 21-4.1.7). We also thank the National
Science Council of Taiwan (NSC96-2112-M-218-001-MY 3) for financial support.
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Yttrium iron garnet (Y3Fe5012) also
known as YIG has attracted extensive attention
due to its interesting applications in microwave
communication devices such as circulators,
gyrators and phase shifters because of its small
ferromagnetic resonance line width, high
electrical resistivity and low dielectric loss in
microwave regions.The physical properties and
operational parameters of these materials are
determined in many respects by the type and
concentration of uncontrolled impurity that
enters the film structure during growth.

The effect of various non-magnetic
substitutions on the structure and magnetic
properties of YIG have been studied. However,
here in this work, we have investigated the
effects of substitution of Pb for iron ions on the
structure and magnetic properties of Y3FesO1,
garnet. Y3FesO1, films were grown by liquid-
phase epitaxy method from the PbO-BiO-based
solution in the melt on GGG-substrates of the
(111) crystallographic orientation. A different
Pb-ion concentration was achieved in films by
growth-temperature variation. Various
techniques: vibrating sample magnetometer and
two-crystalline X-ray spectrometer mode were
utilized. Lattice constant was measured by
Bond method on the radiological apparatus
URT-l. Conversion Electrons Mossbauer
(CEM) spectra were measured by the specially
desined detector [1].

The results of X-ray diffraction study
show that the decreasing of growth temperature
results in increasing of lattice constant. The
increase of lattice constant with decrease of
growth temperature was explained by the large
ionic radius of Pb ions.

The Mossbauer spectrum of pure
Y3FesO12 garnet consists of superposition of
three sextets: from a;, a, and d-sublattices. The
lead enters both in dodecahedral, and in
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octahedral sublattice. The calculations carried
out have shown that the isomer shift,
quadrupole split and hyperfine field for a;, a,
and d-sublattices are identical for all samples.

In the Mdossbauer spectroscopy, the
directions of magnetic moments can be
determined from the ratio of the intensities of
the 2" (5™) and 1% (6™ lines in the Zeeman
sextet. Using the results of mathematical
processing of the CEM spectra we have
calculated the deviation angles 0 that are
presented in the Fig.1.

Thus, it has been established that, in
Y3Fes01, epitaxial films the orientation of
magnetic moments of iron ions depends of
growing temperature and Pb-ion concentration.
The substitution of small amount of Pb for Fe in
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Figure 1. Plots of the angle 6 calculated from the Mossbauer spectra

YIG is believed to initiate spin canting giving
rise to the decline of Ms.

[1] A.S.Kamzin, L.A.Grigor’ev, Pis’ma
Zh. Tekh. Fiz.1990, 16 (16), 38.{Sov. Tech.
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MOSSBAUER STUDY OF STRUCTURE, MAGNETIC PROPERTIES AND
CATALITIC ACTIVITY OF Fe:Ni/Al,03 AND Fe:Co/Al, 03 NANOCOMPOSITES IN THE
PROCESS OF PYROLYSIS
Zhbanov V.A., Kiseleva T.Yu., Novakova é.A. Y I’inykh I.A., Levina V.V., Kyznetsov

D.V.

Mossbauer spectroscopy was applied to the study of the iron containing carbon
nanostructures in the pyrolysis process on composites catalysts Fe:Ni/Al,O3 and Fe:Co/Al,O3,
Catalysts have been obtained by metallurgical method from co-precipitated hydroxides
aFeOOH/Ni(OH),/Al(OH); and aFeOOH/Co(OH),/Al(OH); mixtures with subsequent reduction
in hot hydrogen. Comparative evaluation of obtained composites catalysts activity in carbon
fibers synthesis to hydroxide precursors activity have been analyzed.

OnTtuMu3aiusi MPOIECCOB KATATUTHUECKUX PEaKIUd TMOTydeHUs: (PYHKIIMOHATBHBIX
YIJIEPOJHBIX HAHOMATEPUAJIOB TPEOYET NOMCKA MyTeH MOBBIICHUS aKTUBHOCTH M CEJICKTUBHOCTH
reTEPOreHHBIX KaTalIn3aTopoB. PelieHue 3Toi 3a1a4i HEMOCPEACTBEHHO CBS3aHO C OCO3HAHHBIM
peryarupoBaHUEM pabOYUX XapaKTEPUCTUK KaTaau3aropa Kak Ha CTAJHU €ro MOJyYeHHUs], TaK U B
pe3yabTaTe ero HENOCPEACTBCHHOTO HWCIOJIb30BAHUSA.  ODTO HEBO3MOXKHO 0O€3 MOHUMaHHS
MeXaHu3Ma JCWCTBUS KaTaM3aropa, JUHAMHKH W3MEHCHHUH €ro cocraBa W CTPYKTYpPBI TOJ
BJIMSIHUEM Pa3MyYHBIX (DAKTOPOB KATAJTUTHYECKOTO Tpoiiecca. B TEXHOIOTHYECKHUX IMPOIEccax
JMCIIPOTIOPITHOHMPOBAHKS YTIICBOIOPOI0B MpuMeHeHne oumeramumdeckux yactui NiCo, FeCo,
FeNi, sakperiennbix Ha HocuTenasx Tuma Al,Oz, SiO;, TiO; mo3BoasieT pe3KO YBEIHUYHUTH
AKTUBHOCThH KaTaJIU3aTOPa U €ro CEIEKTUBHOCTh 110 OTHOIICHHIO K APPEKTHBHOMY MOTYYCHHIO
YIJIEPOAHBIX ~ HAHOTPYOOK ©  BOJOKOH. HeoObIuHBIE CBOWCTBA TAaKMX  KOMITO3HTHBIX
KaTAIUTHYECKUX CHUCTEM CTUMYJIMPYIOT HCCIICOBAHUE B3aUMHOTO BIUSHHS HMHIMBHIYaIbHBIX
KOMITOHCHTOB Ha TPUPOAY M PEAKIIMOHHYIO CIIOCOOHOCTh MaTepuaia. IIpH HCIOIb30BaHUM
Kene3a B KadyecTBE OJHOTO M3 KOMIIOHEHT B TAaKUX CIIOXKHBIX CHUCTEMaxX MeccOay’poBCKas
CIEKTPOCKOIHUS  SBJISIETCS  caMbiM  3()()EKTUBHBIM CTPYKTYPHO-UYBCTBUTEIBHBIM METOJIOM
JIMarHOCTUKU (a30BOT0 COCTaBa KaKk CaMOro KaTajlu3aTopa, TaK M COJCPXKAaHUS B TPOJIYKTAX
OUPOJIM3a — YIVIEPOJAHBIX HaHOMaTepHallaX- YacCTHI[ KEJIC30COACPKAIIUX COCIUHCHHUH, WX
XUMHYECKOTO U MArHUTHOTO COCTOsIHUSI. B jaHHON paboTe MeccOayIpoBCKash CHEKTPOCKOIHUS
Obula TpUMEHEHA I HCCIACIOBAaHMS IMpoIlecca TONYYEeHHS YIIEPOJHBIX HAHOBOJOKOH
IUPOJIM30M IMporaHa Ha KoMo3uTHbIX Katanusaropax Fe:Ni/Al,O3 u Fe:Co/Al;O3, momydeHHbIX
XUMHKO-METAUTYyPTHYECKMM  CIOCOOOM M3 COOC@KICHHBIX  CMeceil  THIPOKCHIOB
aFeOOH/Ni(OH),/Al(OH); u aFeOOH/Co(OH),/Al(OH); ¢ mocieayronmmM BOCCTAaHOBICHHEM B
TOKe Bojopoxa. IIpoBemeHa cpaBHHUTEIbHAas OIEHKA aKTHBHOCTH O3THX KOMITO3UTHBIX

KaTaau3aTopoOB ISl CHHTE3a YIJIEPOTHBIX BOJOKOH, C AaKTHBHOCTHIO K TaKOMYy MpOIECCY
rugpokcuaoB-npexkypcopoB aFeOOH/Ni(OH),/Al(OH); u aFeOOH/Co(OH)./Al(OH);,

1.HoBakoBa A.A., Kucenera T.1O., u 1p. ISJAEE Ne3(11) 2004 ¢.34-43.

2.byxtusipo B.H., Ciiuabko M.I". Venexu xumuu 70 (2) 2001 ¢.167-181.
3.Kucenesa T.1O., Cunoposa E.H., HoBakoBa A.A, ITogepxrocms. 2003.Ne3.¢.61-66.
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MOSSBAUER SPECTROSCOPY OF FE-BASED NANOCRYSTALLINE MATERIALS
E.P. Elsukov (Yelsukov)
Physical-Technical Institute UrB RAS, 1zhevsk, Russia

Massbauer spectroscopy, X-ray diffraction and magnetic measurements were used to study
hyperfine interaction parameters and magnetic properties of bulk and mechanically activated
nanocrystalline (< 10 nm) bce Fe, FegoGero and Fez7Al 3.

It has been established that nanocrystalline state does not influence the formation isomer
shift, hyperfine magnetic field (HFMF), specific saturation magnetization and Curie temperature.
No additional sextets in Mdssbauer spectra as well as special features in temperature dependences
of a.c. magnetic susceptibility have been found. A slight broadening (20 %) in the Mdssbauer
spectrum of the nanocrystalline pure Fe is explained by random-in-sign-magnetic anisotropic
contribution to the HFMF from the Fe atoms located in close-to-boundary distorted zones.

On the base of the results obtained and published literature ones it is supposed the interface
model of nanostructure in which grains are divided to each other with an interface including a
boundary and close-to-boundary distorted zones.

Metonamu MeccOayIpoOBCKOM CIEKTPOCKONMH, PEHTICHOBCKOM AU(paKIMU U MAarHUTHBIX
WU3MEPEHHUM UCCIIEI0OBAHbl ITapaMeTPbl CBEPXTOHKMUX B3aUMOJECHCTBUI U MAarHUTHBIE CBOMCTBA B
MHUKPOKPUCTANINYECKUX U MEXaHOAKTUBHPOBAHHBIX HAHOKPUCTAJUIMYECKUX (pa3Mep 3epHa <10
HM) MaTepuanax o-Fe, FegoGeyp u Fer7AlL3,

VYCTaHOBIIEHO, YTO HAHOKPUCTAINIMYECKOE COCTOSSHUE HE OKa3bIBacT BIMSIHMUS Ha
dbopMHpOBaHHE H30MEPHOTO CJBUTA, CBEPXTOHKOro MarHuTHOro mnojis (CTMII), ynenpHOM
HaMarHMYEHHOCTH HachlllleHus M TemnepaTypsl Kropu. Ha MeccOayspoBckuX —cHeKTpax
HAHOKPUCTAUNIMYECKUX MAaTEpHUaJoB HE OOHAPYKEHO HUKAKHX JIOMOJHUTEIBHBIX CEKCTETOB, KaK
U JIONOJHUTENBHBIX OCOOCHHOCTEH Ha TeMIepaTypHbIX 3aBHCHUMOCTSAX JIMHAMHUYECKOM
MarHuTHOM BocnpuuMunBocTH. HeGonbmioe ymupenne muauil (~20 %),Habmonaemoe B
MeccOayIpOBCKOM CIIEKTPE YUCTOrO HAHOKPUCTAJUIMYECKOTO o-FE, 0oObsCHsAeTCs HaaudueMm
NIEPEMEHHBIX 110 3HaKy U HallPaBJICHUIO aHU30TPOIHBIX AUNONIbHBIX BKIagoB B CTMII ot atomoB
Fe, pacnionoxeHHBIX B IPUTPAaHUYHBIX UCKAKEHHBIX 00J1aCTAX.

Ha ocHOBaHMM TIOJIyYEHHBIX pE3YyJbTATOB M M3BECTHBIX JIUTEPATYpPHBIX JIaHHBIX
npeioxkeHa uHTepdericHas MoieNb HAHOCTPYKTYPBI, B KOTOPOH 3€pHa OTAEIEHBI IpYT OT JIpyra
uHTe(eHCHBIMU 00J1aCThIO, BKIIOYAIOLIEH B c€0s IpaHHIly U IPUTPAHUYHBIE UCKa)KEHHBIE 30HBI.
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UCCJEIOBAHHUE JJOKAJIbHOM ATOMHOMW 1 MATHUTHOM CTPYKTYPBI
AMOP®HBIX CIIVIABOB Fe-B METOJAMM SIMP U D®PEKTA MECCBAYDPA.
IToxatunos B.C., Curos A.C.
Mockosckuii 20cy0apcmeenHvill meXHUYeCKull yHugepcumem paouomexHuxu,
91eKmpoHUKU u aemomamuxu, Mockea, Poccus
E-mail: pokatilov@mirea.ru.
NMR AND MOSSBAUER STUDY OF LOCAL AND MAGNETIC STRUCTURE OF
AMORTHOUS Fe-B ALLOYS
Pokatilov V.S., Sigov A.S.

Amorphous Fe-B alloys (5-25 at.%B) were studied by 11B, 57Fe NMR and 57Fe
Mossbauer methods. The amorphous alloys were found to consist of nanoclusters with short-
range order similar to that in tetragonal, orthorhombic and a-Fe phases.

AMopdHBIE ¥ MHKPOKPUCTAJUTMUECKHE CIUIaBbl Fe-B  sBisOTCS OCHOBOW MHOTHX
MarHUTHBIX CIUIABOB, KOTOpPbIE€ MMEIOT IIHMPOKOe mpuMmeHeHue. OJHAKO JOKaJdbHAsg CTPYKTypa
THX CIUIABOB OCTA€TCS HEBBIICHEHHOHW NPAKTUYECKH JUISI BCEX CHCTEM aMOpQHBIX
METAJUIMYECKUX MAarHuTHBIX CIulaBoB. Llenb HacTosmiel paboTbl — MCClIeOBaHUE JOKAJIbHOMN
CTPYKTYpbl aMOP(HBIX M MHKPOKpPHCTAUIMYECKUX cIiiaBoB Fe;.Bx (X = 4 — 25 ar.% B) B
HIMPOKOH 00J1aCTH COCTABOB METOJIOM SIEPHOTrO MarHUTHOro pe3oHanca (SIMP) Ha sinpax 11B u
57Fe, a Taxke metogoMm s dexra Meccbayapa.

bbbt npuroToBiieHbl MOJIENIbHBIE 00pa31bl aMOPGHBIX M MUKPOKPUCTAIUIMYECKHX CIUIaBOB
13 cMecu u3otoros “°Fe — B u °’Fe — °B (o6oramenne nsoronamu 10 95% B u 95% 57Fe)
s SIMP uccnenoBanuii u paszneneHus criektpoB SIMP uzoronor 11B u 57Fe npu 4.2K. CrutaBsr
NPUTOTABIMBAINCH B MHEPTHOM cpele M Ha Bo3ayxe. M3mepeHsl meccOay’pOBCKHE CIIEKTPHI B
aMOp(dHBIX ¥ MUKPOKpHCTaUTHYecKuXx cruiaBax Fe — (5 — 25 at. %)B u3 ecTecTBeHHOU cMecH
uzotornoB npu 87K u komHatHOM Temneparype. OOHapyX eHO, 4YTO IMpPU YMEHBIUIEHUH
coziepkaHusl 6opa B aMop¢HBIX criaBax oT 25 no 12%B pacnpeneneHust pe30HaHCHBIX YacTOT
Ha sapax 11B u 57Fe, a Takxke cCBEpXTOHKUX Nojeil Ha sapax 57Fe ciaBuratorcss B 00JacTh
BBICOKMX YaCTOT U CBEPXTOHKHX MOJIEH.

Onpenenena JoKalbHas aTOMHas CTPYKTypa aMOpPQHBIX U MHUKPOKPUCTAIITMYECKHX
CIUIaBOB B 00J1aCcTH cocTaBoB 5 — 25 ar.% B. YcraHoBneHo, 4To aMop(HbIe CIIaBbl COCTABOB 22
— 25% B cocrodaT u3 kiactepoB ¢ OMmKHUM nopsiikoMm tuna t — FesB, B obmactu coctaBoB 16 -
22%B - wu3 xnacrepoB tuna t — FesB u o - Fe3B, amopdubie crutaBsl coctaBoB Huxke 18%B
COJIepKaT elle JONOJHUTEIBHO KIAcTepbl C OMMXHUM mHopsakoMm Tumna o — Fe. Omnpenenensl
OTHOCHTEJIbHBIE JOJIM ATUX HAHOKJIACTEPOB B 3aBUCUMOCTH OT CO/IepKaHus Oopa.

N3mepenus meccbayspobckux crektpoB npu 87K u 293K u ux o6paboTka mokasaniu, 4yTo
aMOp(QHbIE JIEHTHl UMEIOT SPKO BBIPAKEHHYIO MAarHUTHYIO TEKCTYpY, IPHUYEM INPH KOMHATHOM
TEMIIEpAaType OHA HE 3aBUCUT OT cOocTaBa, HO pu 87K mmeeTcs cuiibHas 3aBUCUMOCTb CPETHETO
HalpaBJIeHUs] MATHUTHOTO MOMEHTA 110 OTHOIIEHUIO K TNIOCKOCTH JIEHTHI.

OO6HapyxeHa KOppesdlus KOHUEHTPAlMOHHBIX 3aBHUCHUMOCTEH CBEPXTOHKHUX TMOJEeH U
CPEIHMX MarHUTHBIX MOMEHTOB B aMOpP(HBIX CIlIaBax Kak NMPH KOMHATHOM TemrepaType, Tak U
npu 87K; CBEpXTOHKHE TOJNS M MarHHUTHBIE MOMEHTBI PAcTyT TIPH YBEITHYEHUH CpPEIHUX
MarHUTHBIX MOMEHTOB aTOMOB XeJle3a.
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TBEPJJO®A3HOE MEXAHUYECKOE JIETHPOBAHUE A30TOM CTAJIEM
C UCHOJIb30BAHUEM IIUKJINYECKHNX ®A30BBIX TIPEBPAIIIEHUI
«PACTBOPEHUE-BBIIEJEHUE» HUTPUOB
[[Ta6amor B.A.
Hnemumym ¢usuxu memannos YpO PAH, Examepunbdype, Poccus
shabashov@imp.uran.ru
NITROGEN SOLID-PHASED MECHANICAL ALLOYNG OF STEELS USING
CYCLIC NITRIDES “DISSOLUTION-PRECIPITATION” PHASE TRANSFORMATIONS
Shabashov V.A.

Nitrogen supersaturated crystal solid solutions and secondary extremely disperse nitrides —
high-nitrous nanocomposites have been obtained during the process of deformation-induced
phase transformations of the type “dissolution — precipitation” of nitrides. The effect of special
doping (Ni, V, Al) on the processes of solid-phase alloying has been studied. It has been stated
that nickel promotes the formation of nitrous austenite; vanadium and aluminum accelerate the
processes of nonequilibrium dissolution of chromium nitride in FCC iron.

BriepBeie unccienoBaHa BO3MOXKHOCTh MEXAaHHMUECKOTO JIETUPOBAaHUS a30TOM CTaleld u
crutaBoB ¢ OLIK u I'IK kpuctannnueckumu pemerkamu. Metonamu AP, TOM u PCA B xenese
u cmrasax Fe-(Cr, V, Ni, Al) moka3aHo MeXaHOAKTHBHPYEMOE PACTBOPEHHE IHCIEPCHBIX
HUTpuoB FE4N u CrN B MOBEpXHOCTHBIX CIIOSX M TOPOIIKOBBIX cMmecsx craneit [1, 2]. B
npouecce J1ehopMalMOHHO-UHAYIUPYEMBIX (Da30BBIX MPEBpALEHUN THUIA «PACTBOPEHUE-
BBIJICTICHHEC)» HUTPHUJIOB TIOJTYyYEHBI ITEPECHIIIICHHBIE 230TOM KPUCTAITMYECKHIE TBEPBIC PACTBOPHI
U BTOPUYHBIC, YPE3BbIYAWHO JUCIEPCHBIE HUTPUIBI — CPOPMHUPOBAHBI BHICOKOA30THCTHIE
HAHOKOMITO3UTHI. MccaemoBano BiusHue crieruanbHoro seruposanus (Ni, V, Al) Ha mporecch
TBepA0(a3HOTO CIUIABIICHUS. Y CTAHOBJICHO, YTO HUKENb CIIOCOOCTBYET 00pa30BaHHUIO a30THCTOTO
AyCTCHHWTAa, BAaHAAWA W ATIOMHHHNA — YCKOPSIOT MPOIECCHl HEPaBHOBECHOTO PAaCTBOPEHUS
Hutpuaa xpoma B 'K xeneze [3]. OTKur MexaHWYeCcKH CIUIABICHHBIX 00pa3lloB CIIOCOOCTBYET
MOJTHOMY BBIXOJy QJTFOMHHHSI M BaHAIHUSA C COXpaHCHHEM Xpoma B mo3uiusax 3amenienuss OLK
TBEPJOTO PacTBOpa Kelle3a U BBIACICHUIO YPE3BBIYANHO AMCIEPCHBIX BTOPHUYHBIX HUTPHUIOB
XpoMa, aTFOMUHUS ¥ BaHATUA.

Pabora BemmonHeHa npu nojaaepxkke mpoektoB POOU (Ne 10-03-00113, 11-02-00224 u 12-
03-00040), mexxauciummHapHoro poekra 12-M-23-2031, TIpesuguyma PAH (Ne 12-11-2-1043)
u [Ipesuaunyma YpO PAH (Ne 12-Y-2-1020).

1. B.A. [llabamos, C.B. bopucos, A.B. Jluteunos, A.E. 3amaroBckuii, H.®. Bunsnanosa,
B.U. Boponwus, O.I1. Hlenatkockuii. ®MM, 2009, 107, 6, 645-656.

2. B.A. llla6amos, C.B. bopucos, A.B. Jlutsunos, B.B. Carapanze, A.E. 3amatoBckuii,
K.A. JIsmkos, H.®. Bunsganosa. ®DMM, 2012, 113, 5, 517-531.

3. V.A. Shabashov, K.A. Kozlov, K.A. Lyashkov, A.V. Litvinov, G.A. Dorofeev, S.G.
Titova. Mat. Sci. Eng A, in press.
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MOSSBAUER ANALYSIS OF Fe ION STATE IN LiFePO, CATHODE
MATERIALS FOR Li-lon BATTERIES
Kamzin A.S.", Bobyl A.V.}, Ershenko E.M.}, Terukov E.L !, Agafonov D.V.?, Valiullin

AASZ

!|offe Physical Technical Institute, Russian Academy of Sciences, St. Petersburg, 194021
2Saint Petersburg Institute of Technology (Technical University), Saint Petersburg, 190013,
Russia
®Kazan Federal University, Kazan, 420008 Russia
kamzin@mail.ioffe.ru

Among the available stationary power
sources, rechargeable lithium-ion batteries
substantially impact the areas of energy storage,
energy efficiency and advanced vehicles.
Lithium iron phosphate (LiFePO4) [1], is
gaining significant attention as cathode
materials for rechargeable lithium-ion batteries,
because of its relatively low cost, high
discharge potential (very flat voltage curve
around 3.4 V versus Li/Li+), large specific
capacity (170 mAh/g), good thermal stability,
excellent cycling performance, low toxicity, and
safe nature. The purpose of this paper is to
study the state of the valence and local
coordination states of Fe ions in the cathode
materials lithiated iron phosphate consisting of
crystals of LiFePO,, and the search for
correlations  between structural, physical-
chemical properties of the original rechargeable
LiFePO, and performance (capacity and
efficiency). For studies were selected for the
four industrial cathode material LiFePO, for
rechargeable lithium-ion batteries and sample
LiFePOy, obtained by the original technology
SPbSTI (TU) [2]. Mathematical processing of
experimental Mossbauer spectra (Figure 1)
showed consisting of two doublets of
overlapping and not observed lines, indicating
the presence of another phase. From the
experimental spectra using the special program
were obtained hyperfine parameters listed in
Table 1. The obtained values of & and ¢, similar
to the crystal structure of olivine LiFePOy. This
means that the crystallization of LiFeP
predominantly formed crystals of LiFePO4. We
can assume that the mechanism of formation of
the cathode material based on LiFeP could be as
follows: First, LiFePOy crystals are formed with
a large number of ions Fe?*, and then
precipitated  crystals  LisFe,(POg4)s;.  Heat
treatment at high temperature accelerates the
process and, therefore, to suppress the oxidation

of Fe?* to Fe*" in the reducing atmosphere is
required.
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Figure 1. Experimental Mdssbauer spectra
of cathode material LiFePO4: industrial (1-4)
and obtained at SPbSTI(TU) (5).
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Table I:
N Fe &, mm/s & mm/s I''mm/s S (%)
1 Fe3+ 0.983 2.932 0.336 92
Fe2+ 0.306 0.628 0.575 8
2 Fe3+ 0.961 2.880 0.342 93
Fe2+ 0.613 1.035 0.468 7
3 Fe3+ 0.985 2.973 0.315 95
Fe2+ 0.525 0.874 0.490 5
4 Fe3+ 0.981 2.926 0.281 96
Fe2+ 0.218 0.762 0.565 4
5 Fe3+ 0.982 2.930 0.277 98
Fe2+ 0.200 0.921 0.342 2

Sample 1 — OCELL Techn, China, 2 — P1
Canada, 3 — P2 Canada, 4 —SpbIT(TU), 5 —

Golden Light, China.

[1] M.S. Whittingham, Lithium Chemical
Reviews. 2004, 104, 4271. [2] Yu.A.Bistrov,
E.N.Kudriavtsev, B.V.Kirianov a.o., Izvestia of
Institute of Technology (in Russian) 2010, Ne7,
3
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HOBBIE AHU30TPOITHBIE MA'HUTOCTPUKIIHOHHBIE KOMITIO3UTBI JJI51
OYHKIIUMOHAJIBHBIX UTHTEJUVIEKTYAJIBHBIX YCTPOUCTB

Kucenesa T.IO"., Konynes C.1Y., Unbuneix A2 I'puropreBa T.®.%, Hosakosa A.A™.
"Wockoscruii I' ocyoapcmeennbiil Yuueepcumem um. M.B.Jlomonocosa, Quzuueckuii
gaxynemem, Mockea, Poccus,
2Haylmo uccredosamenvckutl Texnuueckuii Yuueepcumem, MUCHC, Mockea, Poccus
3HHcmumym xumuu meepooeo mena u mexanoxumuu CO PAH, Hosocubupck, Poccus
Kiseleva. Tyu@gmail.com

NEW ANISOTROPIC MAGNETOSTRICTIVE COMPOSITES FOR FUNCTIONAL
SMART DEVICES
Kiseleva T.Yu.!, Zholudev S.I*., II’inykh L.A.2, Novakova A.A.

'Moscow M.V.Lomonosov State University, Department of Physics, Moscow, Russia,
“National University of Science and Technology “MISIS”, Moscow, Russia
%Institute of solid state chemistry and mechanochemistry SB RAS, Novosibirsk, Russia
Kiseleva. Tyu@gmail.com

Metall/polymer composites have been synthesized combining a polymer with polycrystalline
powders of well-known magnetostrictive material Fe-Ga to achieve a considerable magnetic
response. Magnetostrictive Fe-Ga alloy particles have been obtained by optimized
mechanosynthesis.. Ultrasonic homogenization of particle distribution and their subsequent
orientation in a polymer matrix was performed.. The conditions of mechanosynthesis for the
controlled magnetostrictive microstructure and size formation of Fe-Ga alloy particles were defined
during a set of experiments by Mossbauer spectroscopy, X-ray diffraction and TEM. Spatial
anisotropy of the FeGa/polymer composite have been analysed by conversion electron Mossbauer
spectroscopy and SEM. Magnetostrictive response and mechanical storage modulus via matrix type
and particle orientation have been analysed by magnetomechanical and termomechanical analysis in
order to reveal the factors determining promising functional properties of the new material for
future applications as actuators, magnetic sensors and positioning systems.

B pabote uccnenoBainch HOBbIE METALI/TIONIMMEPHBIE KOMIIO3UTHI, MTPEACTABISIONINE COOOM
IIPOCTPAHCTBEHHO OPUEHTHPOBAHHBIE B MOJIMMEPHOM MAaTpHIE YaCTHUILIBI MATHUTOCTPUKLIMOHHOIO
crmaBa Fe-Ga. s co3manust Takoro KOMITO3UTa METOJIOM HAITPaBJICHHOTO MEXaHOCHHTE3a jKeJe3a
U Tajyus ObUIM MOJYYEeHbI YacTHUIBI OIpeielleHHOro (a30BOro coctaBa U pazMepa. OnrumanbHble
ycloBUs Uil MX  (OPMHUpPOBaHUS ObUIM  OIpeNeleHbl W3 CEpUU  IKCIEPUMEHTOB,
COIIPOBOKAABIIUXCA MeccOay?pOBCKUMH, peHTreHoBckuMu u TEM wuccnenoBanusimu [1-2]. B
KayecTBE CBA3YIOIIEH IMONMMEPHOW MaTpuisl Tpu co3fgaHuu FeGa/mommmep-KOMITO3UTOB
MCIOJIb30BAJIKCH JBa THUIA MOJMMEPOB, 00JIAAAIOMIUX PAa3HOM 3macTHUHOCTRIO. [IpocTpaHcTBeHHas
aHU30TpONUs cPOPMHUPOBAHHBIX KOMITIO3UTOB OblIa MpOaHATU3UPOBaHA METOJJaMU KOHBEPCHOHHO-
JIEKTPOHHON MeccOay’poBckoi criekTpockonuu 1 SEM. AHH30Tponus MarHUTOCTPUKIIMOHHBIX U
MEXaHMUYECKHUX CBOWCTB HCCIEAOBajJach B 3aBUCUMOCTH OT THUIA MAaTPHIlbl, KOHIIEHTpAlUU U
HaNpaBJICHHOW OpHEHTAalMU 4YacTull. Bce 3TO Mo3BOMMIIO ONpenenuTh (PakToOphl, ONpeAesstonne
(yHKIIMOHAJIbHBIE CBOMCTBAa KOMITO3UTHOTO MaTepuaia, KOTOPbIN IMpeICTaBiIseTcs] Ype3BbIYaiiHO
MEPCIIEKTUBHBIM U1l CO3AAHMSI MHTEIUIEKTYalIbHBIX MATEPUAIOB JJISl CUCTEM INO3ULMOHUPOBAHMS,
aKTIOATOPOB U CEHCOPHBIX YCTPOMCTB.

[1] I'puropresa T.®., Kucenera T.1O., Kopanesa C.B., u ap. ®TT 2012 1.113, Ne6
[2] Kiseleva T.Yu, Levin E.E., Grigoryeva T.F., Novakova A.A.et al., The 10" Bi-National
Workshop «The Optimization of Nano- and Amorphous Materials», 2011, Jeruslem, P.1-10.
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O®OPMHUPOBAHUE KPUCTAIVIMUECKOI'O TBEPJ1OT'O PACTBOPA BOPA
B I'lIK Fe-Ni CINIABE ITPU XOJIOJTHOM MEI'ATE®OPMAILIMA
JIutBunos A.B., [IIabamos B.A., JIsmkos K.A., Karaesa H.B.
Unemumym guzuxu memannos YpO PAH, Examepurnbype, Poccus
litvinov@imp.uran.ru
FORMATION OF CRYSTALLIC SOLID BOROB SOLUTION IN FCC Fe-Ni ALLOY
AT COLD MEGADEFORMATION
Litvinov A.V., Shabashov V.A., Kataeva N.V., Lyashkov K.A.

Deformation-induced dissolution of amorphous and crystal boron and also of orthorhombic
boron nitride in FCC Fe-Ni alloys matrix has been investigated with the methods of Mossbauer
spectroscopy, magnetic susceptibility and X-ray diffraction analysis by compression shear in
Bridgman anvils. Formation of boron solid solution in Fe-Ni alloy matrix has been revealed in the
mechanosynthesis process. Growth of inner effective magnetic field, Curie point and crystal lattice
period of invar alloys has been detected. Conclusion about formation of supersaturated crystal
boron interstitial solid solution in FCC Fe-Ni alloys has been made.

[lo panHbIM MEccOayIpOBCKOW  CIIEKTPOCKONHMM, MAarHUTHOW BOCIPUUMYMBOCTH U
PEHTIEHOCTPYKTYPHOI'O aHAJIM3a YCTAHOBJIEHO JAe()OpMalMOHHO-UHAYLIMPOBAHHOE PAacTBOPEHHE
gacTul] 00pa W HHUTpHAAa Oopa B METAUIMUECKUX MATPHIAX IpPU CIABUTE IOJ JIABICHHUEM BO
BpaIIAIONINXCS HaKoBanbHAX bpumkmana [1, 2]. B pesyibrate pactBopenus B I'LIK marpurie Fe-Ni
cruiaBa (hopMHUpyeTCs MEPECHILIEHHBIN TBEpAbIA pacTBOp BHEApPEHUs Oopa ¢ KoHueHTpauuel 1...3
at.%. llepechllieHHBI TBEpAbI pPAacTBOP HECTAOWJIEH U COCYLIECTBYET € MeETacTaOUIIbHBIMU
oopunamu tuma (FeNi)3B.

Poct <H> u Tc »kesle30HHKEIEBOro0 CIUIABA MHBApPHOI'O [UAala3oHa IMPU MEXaHMYECKOM
CHUHTE3€ €ro ¢ OopcoaepkalluMU KOMIIOHEHTAaMH COIOCTaBUM C AHAJOTUYHBIM POCTOM 3THUX
MarHUTHBIX XapaKTEPUCTUK Ul CIIy4aeB JISTMPOBAHUS YITIEPOJIOM U a30TOM.

[lo  naHHBIM = D2JEKTPOHHOM  MHUKpPOCKONHWHU,  OOHapykuBaeTcd  (OpPMUPOBAHUE
CYOMHMKpPOCTPYKTYphl B MaTpULle HHBapa C MHOTOYHCIEHHBIMH HAHOPAa3MEPHBIMH YacTULAMU
O0opuaHBIX (Pa3 ¥ BKIIOYEHHUI HEpAcTBOpPHUBILErocs 00pa. MexaHU4eCKUi CUHTE3 MEePEChIIIEHHOTO
TBEPJOr0 pacTBopa Oopa B KpHcTautnyeckoir Matpuiie Fe-Ni aycTeHnTa mo3BossieT UCIOIb30BaTh
XOJIOJIHYIO TIIaCTHUYECKYIO0 Je(OpMalUio CABUTOM IOJ JABJICHHEM JUIsl CO3JaHUsl BTOPHYHBIX
HaHOOOPUIHBIX (a3.

Pabora BrmonHeHa npu nojuepkke mpoektop POOU (Ne 10-03-00113, 11-02-00224 u 12-
03-00040), ITpe3uauyma PAH (Ne 12-11-2-1043) u IIpesuaunyma YpO PAH (Ne 12-V-2-1020).

1. B.A. IIIa6amos, A.B. JluteunoB, H.B. Karaesa, K.A. Jlsmkos, C.1. HoBukos, C.I".
TuroBa. DMM, 2011, 112, 3, 262-272.

2. V.A. Shabashov, A.V. Litvinov, K.A. Lyashkov, N.V. Kataeva, S.I. Novikov, S.G. Titova.
High Pressure Research, 2011, 31, 4, 620-633.
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MOSSBAUER AND X-RAY STUDIES OF MgO-Fe NANOCOMPOSITE
Nadutov V. M., Vojnash V. Z., Perekos A.O., Svistunov E. O.

G.V. Kurdyumov Institute for Metal Physics, NAS of Ukraine, Kiev, Ukraine
nadvl@imp.kiev.ua

This work aimed to consider the structure, phase composition and hyperfine interactions in MgO—
Fe nanocomposite. The method for mixed magnesium—iron oxides (MgooFeo1)O and (MgosFeos)O
synthesis with the variation of iron concentration within the wide range by means of decomposition
of mixed magnesium—iron [(MgxFey)C,0,4-2H,0] oxalates as precursors was proposed. The MgO —
a-Fe composite was derived by selective reduction of (MgogoFep1)O and (MgosFeos)O powders in
Ar + H, gas mixture at 600, 800, 1000°C. In order to reveal the effect of oxygen on phase content of
powders the treatments were carried out in air, pure argon (99,999%) and vacuum.

Phase detection and identification was carried out by X-ray diffraction analysis (Co radiation).
The nature of iron species in powders was determined by *>'Fe Massbauer spectroscopy. The spectra
were recorded at room temperature with constant acceleration spectrometer using >'Co(Cr) source.

It was revealed that the >’Fe Mdssbauer spectrum of the mixed magnesium—iron oxides
consists of two doublets (64; = 1,07mm/s and Ag; = 0,70 mm/s, 842 = 1,06 mm/s u Ag, = 1,20 mm/s)
and singlet (8 = -0,06 mm/s). The doublet d1 corresponds to Fe?*in (Fe,Mg:.x0)O solid solution
and the doublet d2 is related to clusters of defects. The singlet was identified as superparamagnetic
a-Fe particles of 5-6 nm in size. It was shown that Mdossbauer spectrum of the MgO — a-Fe
composite (after 100°C) consists off two doublets (§4; = 1,07 mm/s and Aq; = 0,34 mm/s, 84, = 0,31
mm/s and Ag, = 0,79 mm/s) corresponding to Fe** except Mg®* and Fe** positions respectively and
the sextet with the hyperfine parameters corresponding to a-Fe.

It was shown that decomposition of mixed magnesium—iron oxalate in Ar of high purity
results in appearance of large-scale magnetite of approximately 100 nm of particles, which at low
temperature decomposition in  Ar + H, gas mixture transform to large-scale iron. The MgO — a-Fe
composite after high temperature decomposition contains two type of Fe particles: large-scale ones
decomposed from magnetite and small-scale particles obtained by lamination of magnesium-—iron
oxide on a magnesium oxide and iron.
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EMISSION MOSSBAUER SPECTROSCOPY OF GRAIN BOUNDARIES OF POLY-
AND SUBMICROCRYSTALLINE Mo
Popov V.V., Sergeev A.M.
Institute of Metal Physics, Ural Branch of Russian Academy of Sciences, Ekaterinburg,
Russia
vpopov@imp.uran.ru

Grain boundaries in poly- and submicrocrystalline Mo have been studied by the emission
nuclear gamma resonance (NGR) spectroscopy. The studies were carried out with the *'Co
Maossbauer isotope which was inserted in grain boundaries by electrolytic deposition and further
diffusion annealing. The first annealing was carried out at temperatures when the volume diffusion
is suppressed. After this annealing heat treatments were carried out at sequentially increased
temperatures, and after every annealing a NGR spectrum was taken. The procedure of specimens-
sources preparation is described in [1].

The specimens of polycrystalline Mo before the specimens-sources preparation were
subjected to the stabilizing annealing at 1200°C. Grain sizes after such treatment were about 30 pm,
and the state of grain boundaries was close to equilibrium. The specimens of submicrocrystalline
Mo were obtained by high pressure torsion at 350°C and the pressure of 6 Gpa by 5 revolutions of
anvils.

In the emission spectra of polycrystalline Mo there are two components at all the annealing
temperatures studied, one of which is formed by the Méssbauer atoms located in grain boundaries
and another one by the atoms localized in near-boundary areas. Based on the values of isomer shifts
of these components it has been concluded that Co atoms diffuse in Mo grain boundaries by the
interstitial mechanism. Based on temperature dependences of relative intensities of spectral lines the
segregation factor of Co in Mo and its temperature dependence have been determined. Besides, the
temperature at which the outflow of Co atoms from grain boundaries into the crystallite volume
starts.

The emission Mossbauer studies of submicrocrystalline Mo have shown that after the
annealing at 350°C there are also two components in the spectrum as in case of polycrystalline Mo,
and the grain-boundary diffusion also proceeds by the interstitial mechanism. However, the state of
grain boundaries in poly- and submicrocrystalline Mo after such annealing considerably differs,
because at severe plastic deformation the non-equilibrium boundaries are formed and their state is
retained after the 350°C annealing. It has also been found that at HPT at 350°C the zone of
predominantly grain-boundary diffusion is enriched in impurities, particularly, in oxygen, as well as
in structural vacancies.

In specimens annealed at 400°C, along with components formed by the atoms located in non-
equilibrium grain boundaries and their near-boundary areas there appear two additional components
the parameters of which are close to those of spectral components of polycrystalline Mo. These
additional two components are formed because at heating a part of boundaries lose their non-
equilibrium state, and interstitial impurities disappear in them. It is demonstrated that beginning
from 600°C there are practically no more initial non-equilibrium boundaries formed at severe
plastic deformation, and the state of grain boundaries is practically the same as in the
polycrystalline Mo.

The work has been done with partial support of the Presidium of RAS and RFBR (project No.
10-03-00530).

1. V.V. Popov, Defect and Diffusion Forum, 2006, 258-260, 497-508.

85


mailto:vpopov@imp.uran.ru

INTERPLAY BETWEEN LOCAL STRUCTURE AND MAGNETIC INTERACTIONS
IN NaFeAs STUDIED BY °’Fe MOSSBAUER SPECTROSCOPY
Presniakov I.A., Morozov I.V., Sobolev A.V., Roslova M.V., Volkova O.S., Vasiliev A.N.
Lomonosov Moscow State University, Moscow, Russia

Detailed °'Fe Mdssbauer spectroscopy measurements on superconducting (Tscr 10 K)
NaFeAs powder crystals have been performed. This compound shows successive phase transitions:
tetragonal-to-orthorhombic structural transition at Ts~ 57 K and antiferromagnetic (AFM) transition
at Tyr 45 K [1]. The *’Fe spectra recorded in the paramagnetic temperature range (T>Ty) were
discussed supposing Fe®" ions are located in distorted tetrahedral (FeAss) polyhedra. Our results
reveal that the structural transition (T~ Ts) has little effect on the electronic structure of iron atoms
while the development of the AFM order (T <Ty) induces a redistribution of the charge at °'Fe
nuclei. In the low-temperature range, the spectra show a diffuse resonance absorption structure,
which evidences for the existence of a continuous distribution of hyperfine fields Hee at >'Fe nuclei.
The shape of these spectra could be fitted with an incommensurate spin density wave (IC-SDW)
distribution, or as superposition of a magnetic and nonmagnetic component (30 —40 % area
proportions), which perhaps appears owing to the formation of a microdomain structure or phase
separation [2]. Using the simple two site model, we find the Mdssbauer spectra give consistent and
physically reasonable >’Fe hyperfine parameters over the whole temperature range. By fitting the
temperature He(T) dependence we showed that magnetic phase transition (T~Ty) is more second-
order-like than that for another iron-based superconductors [2].

[1] K. Kitagawa, Y. Mezaki, K. Matsubayashi et al. J. Phys. Soc. Japan. 80 (2011), 033705
[2] M.D. Lumsden and A.D. Christianson. J. Phys.: Condens. Matter22 (2010) 203203
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CTPYKTYPHO-®A3O0BBIE IPEBPAILIEHUSA B CUCTEME FeCo/SiO;
TP BBICOKOOHEPI'ETUYECKOM PA3MOJIE

Jlomaesa C.®. %, Maparkanosa A.H. 1 Encyxos E.II. L ITerpos JI.A. 2 Posanos K.H. 2
Y dusuro-mexnuueckuii uncmumym Ypansckozo omoenenusn Poccuiickoli akademuu Hayx,
Hocesck, Poccus
2HHcmumym meopemuyeckou U NPUKIAOHOU 21eKkmpoounamuxku Poccutickoti akademuu HayK,
Mockea, Poccus
LomayevaSF@mail.ru
STRUCTURAL AND PHASE TRANSFORMATIONS IN FeCo/SiO, SYSTEM
UNDER HIGH-ENERGY MILLING
Lomayeva S.F., Maratkanova A.N., Yelsukov E.P., Petrov D.A., Rozanov K.N.

The Fe7oCo30/SiO; alloy produced with high-energy milling is studied. It is shown that the
particles obtained with the maximum milling time have sizes of 0.5 — 5 mcm. The particles are
coated with a thin layer SiO, and contain up to 10% mass of the Fe carbide. The saturation
magnetization and coercivity are governed by the phase composition of the particles while the
microwave permittivity of the composites does not change significantly in the studied frequency
range. With the decrease of particles size the imaginary part of the microwave permeability reduces
significantly at frequencies below 1 GHz.

CrmunaBel FECO mmpoko MPUMEHSIOTCS B Pa3IMYHBIX 00JAacTAX HAYKH M TEXHHKH Onaromaps
CBOMM CBOHCTBAaM — BBICOKAs TEMIICpaTypa KIOpI/I, BBICOKAasd HaMarHM4C¢HHOCTL HACBIIICHU,
BBICOKasA MPOHUITACMOCTD. CBY MmargurtHble CBOKWCTBA HAaHOKPHUCTATNIMYCCKUX MArHUTHBIX CIIJIABOB
Ha OCHOBC FeCo, MOJIYYCHHBIX BBICOKOOHCPICTUYCCKUM PA3MOJIOM, ABJIAIKOTCA B IMOCJICIHEC BPEMH
O00BEKTOM WHTCHCHBHBIX HCCIICIOBaHHA. METO] BBICOKOIHEPIeTHUECKOTO pa3MoJia, OCOOCHHO B
MNPUCYTCTBUH PA3TIAYHBIX ,I[O68.BOK K cpcac paismojia, IIO3BOJIACT ,I[O6I/ITI>C}I H606XO,Z[I/IMBIX
pa3MepoB, aHW30TPONMHUU (OPMBI YACTHI[, YTO OOECIICUMBACT BBHICOKHME 3HAYCHUS MArHUTHOM
MMPOHUIACMOCTH MOJTY4IaCMbIX KOMIIO3UTOB.

B JTaHHOU pabore METOJIaMU

PEHTIEHOCTPYKTYPHOTO aHalun3a,

W 1 w/\ Mecc6ay3poBcKoii u OsKe-CIIeKTPOCKOTINH

v WCCIIEIOBAaH CTPYKTYPHO-()a30BbIii COCTaB CHCTEM
-7-6-5-4-3-2-101234567 o] 100 200 300 400 -

Fe70C030/SiO,, MOJTYYCHHBIX

W , BBICOKOYHEPI€TUUECKUM pPa3MOJIOM B aleTOHE B
: J TeueHue 6-48 u.

-7-6-5-4-3-2-10123 45 6 7 (o) 100 200 300 400 B Hpouecce pa3MO_]'Ia HpOI/ICXOHI/IT
- YMEHBIIIEHUE pa3Mepa YacTHIl, KarCyJIHUpOBaHUE
\/W\\N 3 ux B 1uieHky SiO,, HacblllleHWe  CIUTaBa
7-654-32-101234567 0 100 200 300 400 HPOAYKTAMH NECTPYKIUHU alCTOHA — YINIEPOJOM H
KHUCTIOPOJIOM, 00pa3oBaHUE OKCHIOB, KapOWAOB U
CUJIMKOKapOHUI0B Fe. Vxon HEKOTOPOTO
KoiuuyecTBa Kenmeza w3 cmiaBa  Fe;qCO3p B
OKCHJHbIE U KapOuaHble (a3pl TNPUBOAUT K
obOorameHnio criaBa kobanbToM 10 40 at. %.
N3menenne (a3oBOro cocraBa 4acTHIl BIUSET HA
yAEIbHYI0 HAMarHMYE€HHOCTb HACBHIIIEHUS U
KOIPIMTUBHYIO CHIJIy, HO HE CKa3bIBaeTCs Ha
JTURJIEKTPUYECKON U MarHUTHOM npoHunaemoctu B quanaszone yactoT 0.1 — 10 I'T'u. YMenbmenue
pasmepa (heppOMarHUTHBIX YAaCTHUII MOJABIISET MAarHUTHBIC TTOTEPH MpH YacToTax Huxke 1 1.

—
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é
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MéccOayspoBckue cHexkTpsl U (PyHKUIUU
pacnpenenenus P(H). 1-4 — t,,,= 6, 12, 24,
48 94 COOTBETCTBEHHO.
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MECCBAY2POBCKOE UCCIIEAOBAHUE MPOLECCOB CTAPEHUSA
AYCTEHUTHBIX CIIJTABOB KEJIE3O-HUKEJIb-TUTAH
Carapanze B.B., 3emmiosa H./I., Anydpuesa E.1., llabamos B.A.
HUncmumym ¢uzuxu memannos YpO PAH, e. Examepunbype, Poccus
korshunov@imp.uran.ru
MOESSBAUER STUDY OF THE AGING PROCESSES OF AUSTENITIC ALLOYS
IRON-NICKEL- TITANIUM
Sagaradze V.V., ZemtsovaN.D., Anufrieva E.I., Shabashov V.A.

Investigated the development of diffusion processes during the aging is evaluated the nature
of the concentration and magnetic heterogeneity of the aged alloy N36T2. Besides the general
depletion of austenitic matrix during the aging, Moessbauer data reflect the appearance of essential
concentration gradients on nickel in the separate microvolumes of alloy. This made it possible to
explain high Invar strengthening of the aged alloys with a decrease in the temperature lower than
the Curie temperature.

HccnenoBano paszputue nup@y3MOHHBIX IPOLECCOB MPU CTAPEHUH M OLEHEH XapakTep
KOHIEHTPAllMOHHOW W MarHUTHON HEOJHOPOJHOCTH COCTapEeHHOTO CIUIaBa MHBAPHOTO COCTaBa
H36T2. Kpome ob0miero oOemHEeHUs ayCTCHHUTHONW MATPHIBI TPU CTAPSHHUH, MeccOaydpOBCKHE
JaHHBIE OTPAXKAIOT TOSIBJICHHWE CYIIECTBEHHBIX TPAJUEHTOB KOHIIGHTPAlMM IO HHKEI0 B
OTIENBHBIX MHUKPOOOBEMax cIuiaBa. AHaIM3 MeccOayIpPOBCKUX CIIEKTPOB IO3BOJISIET CIIEIYIOIIUM
0o0pa3oM MpenCcTaBUTh KapTUHY (OPMUPOBAHUSA KOHIIEHTPAIIMOHHBIX HEOJHOPOIHOCTEH B CILJIaBE
H36T2. Bokpyr BeinenuBimxcs npu crapennu y'-dactui (NizTi) popmupyercst oOenneHHas y-dasza
(~5% ), conepxkarast menee 25% Hukens. [IpuMepHO Ha MMOJOBUHE PACCTOSHHS MEXIY YaCTHIIAMH
umeetcs ~I5% y-daspl ¢ comepxkanuem Hukens 30,5...32,5%. Mexny OeaHsIMH U OoraTbIMU
HUKEJIEM Y4aCTKaMHM pacriojiaraeTcsi OCHOBHAsI Macca ayCTeHHTa ¢ KoHIeHTpamueit Hukens 30,5% u
MenbIe. [Ipu koMHaTHOM TeMIiepatype coctapeHHsbli criaB H36T2 cocTouT u3 nmapamMarHuTHBIX U
¢deppomarHuTHeIXx oOnacteid. [lapamarnuTHbele 7y'-yacTunbl AuamerpoM 10 HM  OKpY»KEHBI
MapaMarHUTHBIMU MAaJIOHUKEIEBBIMU oO0NacTMU Y-(ha3pl. Mexay uacTULaMU paclojararorcs
deppomarauTHbie ipu 25°C y4acTKU ayCTEHUTa, COM3MEPHMBIE 110 pa3MepaM ¢ YacTULAMH Y -(hasbl
[1].

[TonydyeHHbIe JaHHBIE TO3BOIMIN OOBSICHUTH BBICOKOE HHBApHOE YIPOUHEHUE COCTAPEHHBIX
CIUIaBOB TpU TOHWXKEHMHM TemrmepaTypsl Hike Ttemmeparypsl Kropu. Kak mokazamm
TWIIaTOMETPUYECKHE W3MEpEHHus, C yAaJeHueM OT TemnepaTypsl Kropu pasHuma Mexay
TUHEHHBIMU pa3MepaMu (EeppOMArHUTHBIX M MapaMarHUTHBIX YYacTKOB B OOpa3liax BO3pacTaer,
YTO SIBJSETCS] IPUUYMHON BO3HUKHOBEHUS MUKPOUCKAKEHUH M MPOTPECCUPYIOLIEro pocTa npejaena
TEKYYECTHU C MOHMKEHUEM TEMIIEPATYPBHI.

1. Carapamze B.B., 3emmoBa H.J., Anyppuesa (Crapuenko) E.U., IllaGamor B.A.,
IOpunkos E.E. ®DMM. 1983. T.57. C.113-121.
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30HJIOBASI MECCBAYJPOBCKAS CHEKTPOCKOIIUS CTPYKTYPHO-
®A30BBIX IPEBPAIIIEHUI TP MEXAHOAKTHUBAIIUU MEJIHA
B PABHBIX CPEJAX
Encykos E.IL., JlomaeBa C.®., YibsnoB A.JL., Epémuna M.A.

Quszurxo-mexuudeckuu uncmumym YpO PAH, Uoxcesck, Poccus
mrere@mail.ru

PROBE MOSSBAUER SPECTROSCOPY OF STRUCTURAL-PHASE
TRANSFORMATIONS UNDER MECHANICAL ACTIVATION OF COPPER IN DIFFERENT
MEDIA

Yelsukov E.P., Lomayeva S.F., Ul’yanov A.L., Eryomina M.A.
The results of the probe Mssbauer spectroscopy study of phase formation during mechanical
milling of copper in heptane and water in a high-energy planetary ball mill are presented.
Z[I/ICHepCHO-YHpO‘IHeHHI)IG Kap6I/II[aMI/I MNEPEXOAHBIX MCTAJUIOB MCIHBLIC CIUIABbI Hapsaay C

BBICOKHMH TBEPJOCTBIO U 3JIEKTPOIPOBOJIHOCTHIO XapaKTEPU3YIOTCS MOBBIIIEHHBIMU MPOYHOCTHIO,
TEPMO- M H3HOCOCTOMKOCTBIO, CTOMKOCTbIO K OKHCJICHMIO W UCHOJBb3YIOTCS B KauecTBe
OTHOCUTENIHO HEJIOPOTUX KOHTAaKTHBIX MarepuaioB [1]. B mocnennee Bpemsi ocoboe BHUMaHUE
YAEISETCs MOJIyYEHUI0 TaKUX CIUIABOB KOMITAKTUPOBAHUEM YJIbTPATUCIEPCHBIX MOPOLIKOB MEJH,
[IEPEXO/IHOT0 MeTajlla M rpaduTa, MPUTOTOBIEHHBIX BBICOKOPHEPIETUUECKUM pa3MoJIOM B
MEJBHULIAX pa3uyHOro tuna. HanMmeHee M3ydeHHBIMH SIBJISFOTCSI HAHOKOMITO3UTHI IOJYYEHHbBIE
MEXaHOCIUIABIIEHUEM CMECH JIEMEHTapHBIX ME/H, jKee3a U rpadura, a uccieqoBaHus MPOLEecCoB
($azoo0pa3zoBaHus MPU MEXAaHOXMMHUYECKOM CHHTE3€ MEIU U >Kejie3a B KUAKUX YIIIeBOAOPOJaxX B
KauecTBe MCTOYHHKA yriepoja 0 HACTOSIIEro BPpEMEHU He NpoBOAMIKCh. C Ipyroil CTOpOHHI,
M3BECTHO, YTO HEW30eKHOE NPUCYTCTBUE MNpPHUMECEH KHCIOpoAa M COPOMPOBAHHOW BOIBI B
MOPOIIKOBBIX HAaHOKOMITIO3MTAX 3aTpydHsieT mporecc oOpasoBaHusi (a3 KapOUIOB MEPEeXOIHBIX
MeTaJJI0B. MexaHU3Mbl COBMECTHOTO B3aUMOJIEHCTBUS XKeJjle3a U MEU C YIJIEPOJIOM U KUCIOPOAOM
MIPU MEXaHOXUMHUYECKOM CHHTE3€ MaJl0 U3yUYCHBI.

[enpro maHHOI pabOTHI CTajJO HCCIEAOBaHHE OCOOCHHOCTEH Tpollecca MEXaHUYECKOTO
CIUTaBIeHMs Meau U keresa B rentane (C7Hig) u B Bome. McrmombsoBanue msoroma ° Fe (~1.5
Macc.%) mo3BOMWIO APPEKTUBHO MPUMEHUTh MeTOJ MECcOayIpOBCKON CHEKTPOCKONMUH K
U3Y4YECHHIO JIOKAJIM3allMd aTOMOB XKeJle3a, T.K. METOAbl CTPYKTYPHOTO aHaln3a IpPHU H3y4EeHUU
nporeccoB (pa3000pa3oBaHUs MPH MANbIX KOHLEHTPALMAX JIETHPYIOIIET0 KOMIIOHEHTa SIBIISIOTCS
ManonHpopMmaTuBHBIMU. [loka3aHo, dTo ¢ yBenmuyeHueM AIUTENbHOCTH  (tvc=0-24 u)
MEXaHIYECKOTO M3MEIBUYCHHS CMECH sIeMeHTapHbIX CU 1 ° Fe B renTaHe W MepexoioM MEIH B
HAHOCTPYKTYPHOE COCTOSHHE TMPOMCXOANT WHTCHCHBHOE DACXOOBaHHE ° Fe u 06pasoBaHNe
HeMarHUTHBIX (a3. [locnennee nmposBusercs B Hammuuu ayosera (1S=0.19 mm/c, Q=0.50 mm/c) u
cunriera (1S=0.22 mm/c) B MéccOay’poOBCKUX CHEKTpPaxX, KOTOPbIE, MO-BUJUMOMY, COOTBETCTBYIOT
COCTOSIHMIO HM30JHMPOBAHHBIX B MaTpuUIle MEAM aTOMOB JKejle3a M KiacTepam ¢ JIByMms u Ooiee
aToOMaMH jkelie3a B OmmkaimeM okpyxkeHud. Tepmuueckas o0padoTka (Tq=600°C, tox=1 q)
npuBOAMT K GopmupoBannto ¢a3 nementuta FesC u okcunma xenesa FezO,. IIpu mexanmueckom
cruraBieHnn B cucteMe CU-"'Fe B Bojie pacxoI0BaHHE JKeNe3a MPOMCXOXUT 3aMETHO MEICHHEE C
o0Opa3oBaHHEM HEKOTOPOH JO0JM HEMarHUTHBIX ¢a3 U ¢ (HOpMHUPOBAHHEM 3HAUUTEIHHOU TOJIU
okcuna Fe30,4. Pabora BeImomHeHa npunoanepxkke nporpammsl [Ipesuauyma YpOPAH (mpoekt Ne
12-M-23-2043).

1.Copper and copper alloy castings — Properties and Applications. Publication TN 42. 1991.
60 P.
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MECCBAYJ3POBCKOE UCCJEIOBAHUE CTPYKTYPHBIX IPEBPAIIIEHUI B
MPOLIECCE OTKWTI' A CILTABA FePd IIOCJIE FHTEHCUBHOM IIJIACTUYECKOHN
JAE®OPMALIMN
Kneitnepman H.M., CepuxoB B.B., Binacosa H.U., [Toros A.T'.

Hnemumym ¢pusuxu memainnos, ¥Ypanvckoe Omoenernue Poccutickou akademuu Hayk, Examepubype,
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MOSSBAUER STUDY OF STRUCTURE TRANSFORMATIONS UPON ANNEALING
OF FEPD ALLOY AFTER SEVERE PLASTIC DEFORMATION
Kleinerman N.M., Serikov V.V., Vlasova N.l., Popov A.G.

Mossbauer spectra of the Fe50Pd50 alloy after quenching, high-pressure torsion and
annealings for different times, measured at 300K and treated both in the P(H) representation and by
fitting with a number of subspectra with the aim to follow transformations, show up in details the
appearance, along with the ordered tetragonal phase, of another partially ordered one, whose
presence may affect magnetic properties.

DkBuatomHble cruiaBbl FePd ymopsimoumBatorcss mo tuny Llg w mpu  ymopsmoueHUH
MpUOOPETaOT MarHUTOTBEP/bIE CBOWCTBA, KOTOPHIE CYIIECTBEHHO 3aBUCST OT CTENEHH JaJIbHETO
nopsiaka. B Hacrosiieii padote Ha obpasiiax FePd mociie HHTEHCHBHOM TUIACTHYECKON e opMaIiiu
kpyuenus (MIIJIK) u nocnenyroniero oTxura JOCTUTHYTO 3HAUEHUE KOIPLUUTUBHON cuibl H, = 1.75
kD, kKotopoe, B 2.9 pa3za Oombiie H, OTOXKEHHOro HeAeQOpMHUPOBAHHOrO oOpaslia, HO OHO
cocraBisieT Bcero 5% ot momst aHmzorpomuu (35 k3). B [1] coobmamock, uto mpu (aszoBom
npesparieHnn Al—L1:B crutaBe FePd obpasyercst MetacTabmibHas HEYNOpsAAOYCHHAs 00bEMHO-
LEHTPUPOBAHHAsl TeTparoHaibHas (as3a, NPHCYTCTBUE KOTOPOH MOXKET CIY)KUTh TNPHUUUHON
cHkeHus H.. Boimonnennsle panee MeccOay?poBCKHe UCCIIEOBAHMS KUHETHKH YHOPSIOYCHUS
aTOMOB B MOHOKPHCTAJUIMYECKHX, Je(HOPMUPOBAHHBIX NMPOKATKOH M a’3PO30JIbHBIX MOPOMIKOBBIX
obpasnax cmiaBa FePd He oOHapyxuBanu MOSBICHUS MeTacTaOWIBbHBIX (Da3 MpU MpeBpaIeHUN
Al—L1,[2,3].

B nannoit padote ¢ nomomnipio AI'P-ciekTpockonuu npoaHaIM3upoOBaHO Pa3BUTHE MpoIecca
YCTaHOBJICHHS aTOMHOTO TIOpsiika B 3akaneHHOM oT 950°C monmukprcramutinyeckoM oopasue FePd,
noasepruytoM UIIJIK u cepun omxuros mpu temmneparype 450°C c¢ Boiaepxkoit ot 0.5 mo 40
gacoB. Cnektpsl u3mepsau npu 300K; HCTOYHUKOM CITy>KHII Co’’ B matpuiie Cr. Maremaruueckast
00paboTKa CIEKTPOB MPOBOIMIIACE C TOMOIIbIO MakeTa nporpamm MSTOOLS [4].

IIpu 0OpaboTke pe3yibTaTOB SKCIIEPUMEHTAa Ha MEPBOM JTame i BCEX COCTOSIHUN ObuIN
MOCTPOCHBI JIBYXS/IEPHBIC (YHKIMH PACHpe/ICeHUs] CBEPXTOHKHX mojieir P(H) s BKIAZOB C
KyOW4ecKOol M TeTparoHalbHOM CHUMMETpHEH, aHaJu3 KOTOPBHIX IO3BOJIMJI OIHUCATh MPOLECC
nepepacnpeseneHus aromoB Mexay ¢azamu Al u L1y Ha crnemyromem srtame uist pa3aeneHus
BKJIQJIOB OT O0JIacTell ¢ pa3HOW CTENEeHbIO TEeTParoHaJbHOCTH IMPOBEICH aHaJIM3 MapaMeTpoB,
IIOJIYYEHHBIX U3 PA3JI0KEHUsA CHEKTPOB Ha IMOACHEKTPhl C I[IHPUHOM JIMHUN pPaBHOU
MHCTPYMEHTAJIbHON IIMPHUHE JIMHUM 3TaloHHOro oobpasna o-Fe. KommuecTBo moacnekTpoB
MEHSJIOCh B 3aBHUCHMOCTH OT BpeMEHHU oTxura. IlomyuyeHHble pe3ynbTaThl OMHMCHIBAIOT MPOIIECC
MOSIBJICHUS HEYTOPSIIOUEHHON TeTparoHaJIbHOU (a3bl, /Uil KOTOPOW 3HAUEHHs CBEPXTOHKHUX IOJIEH
YKJIQJBIBAIOTCSA B MPpOMEXyTKe Mexy 260 kD st L1p u 325 kD mst Al, a KBaipymoabHBIN CBUT
Ha 50% MeHbIIe YeM JUIsl yIOpSJOUEHHONW COCTABIISAIONIEH.

Pa6ora nonnepxkana YpO PAH (nmpoext Ne 12-11-23-2005).

1. H.U. Bnacosa, H.H. Illeronesa, A.I'. Ilonos, I'.C. Kangayposa. ®MM, 2010, 110, 470-
485.

2. B.A. Llypun, E.E. IOpuukos, A.3. MenbmukoB. ®TT, 1975, 17(10), 2915-2921.

3. B.A. Ilypun, A.E. Epmakos. ®DMM, 1980, 50(6), 1271-1275.

4, B.C. PycakoB. MeccbOayspoBckasi CHEKTPOCKOIUSI JOKATbHO HEOAHOPOIHBIX CHCTEM.

Anmartsr, 2010.
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MECCBAY3POBCKHUE NCCIEdOBAHUA ®OPMUPOBAHUSA ®A3 ITIPU
BBICOKOSHEPI'ETUYECKON MEXAHUYECKOM OBPABOTKE ITOPOIIIKOB Fe M
Al BATOMHOM COOTHOHNIEHUH F932A|68 n FelAlgg

Encykos E.ILY, TTporacos A.B.%, Yibstos A.JL.", Komogxun JILA .2
L Dusuxo-mexnuueckuii uncmumym YpO PAH, Hoicesck, Poccus
2 Woicescicuii I ocyoapcmeennvlil Texnuueckuti Ynusepcumem um. M.T. Kanawmnuxosa,
Hocesck, Poccus
E-mail: denchkol88@gmail.com
MOSSBAUER STUDIES OF PHASE FORMATION UNDER HIGH ENERGY
MECHANICAL TREATMENT OF Fe AND Al POWDERS AT 32:68 AND 1:99 ATOMIC
RATIO

E.P. Yelsukov', A.V. Protasov’, A.L. Ulyanov*, D.A. Kolodkin®
Physical-Technical Institute UrB RAS, Izhevsk, Russia
?|zhevsk State Technical University by M.T. Kalashnikov, Izhevsk, Russia

The solid state reactions under mechanical alloying of elementary Al and Fe powders in
FesAlgs and Fe;Algg systems have been studied by Mdssbauer spectroscopy, X-ray diffraction and
Auger-spectrometry.

The microscopic model of the initial stage of mechanical alloying in binary system on the
basis of Fe and Al is offered. The model contains nanocrystalline state formation in FCC Al,
penetration of Fe atoms along Al grain boundaries, the isolated atoms of Fe and Fe-Al clusters
formation in the distorted close-to-boundary zones of Al matrix interfaces, which are subsequently
transformed to amorphous phase.

Two stages of mechanical alloying process of pure components mixture of Fe and Al at 32:68
atomic ratio are defined.

Metogamu  MEccOay’pOBCKOM  CHEKTPOCKONUHM, PEHTI€HOBCKOM  Au@pakuuu, o0xe-
CIIEKTPOMETPUH OBLIH HMCCIIEOBaHbl TBepAoGa3Hbie peakiuu B cucteMax FeszpAlgg 1 FejAlgg mpu
MEXaHMYECKOM CIUIaBJICHUU 3JIEMEHTApHBIX mopomikoB Al u Fe.

[IpemioskeHa MUKpOCKOITMYECKask MOJIENIb HAYaJIbHOM CTaJMi MEXaHMYECKOTO CIUIaBJICHUS B
OMHApHON cHCTeME Ha OCHOBE AJIOMHHHMS C *kKejle3o0M. Mojienb BKItouaeT B ce0s popmMupoBaHuE
HaHoKpucTamyeckoro cocrossaust B LK Al, nponnkaoBenue atomoB Fe mo rpanumam 3epex Al,
(bopMupoBaHUE B MPUTPAHUYHBIX MCKAKEHHBIX 30HaX MHTepdericoB Al MaTpHUIIBI H30JIUPOBAHHBIX
aromoB Fe u knactepoB Fe-Al, kotopsie 3aTem TpaHchopMupyrOTCs B aMOpdHYIO (azy.

OmnpenerneHbl BE CTAJWU TPOIECCAa MEXAaHWYECKOTO CIIaBICHUS OMHAPHOW CMECH YHMCTBIX
komroneHToB Fe wu Al B atomuom cootnomienuun Fe(32)Al(68). Ha meproit cramuu B T'LIK Al
pactBopsiercst 10 2 ar.% Fe u B unTepdeiicax Gpopmupyercst amopdras dasza cocraBa FezsAlss B
konuyectBe 70 aT.% mpu 3aBeplIeHUH HavyalbHOW cTaauu. B umHTepdeiicax a-Fe dopmupyercs
pasynopsinouenHas OIIK ¢asza cocraBa FegsAlss, B muHTEpdeiicax KOTOpoi OOHApPyKECHBI
cerperaiiuu Al B kommdectBe 12 ar.%. Ha Bropo#i cragmm amopdHas ¢aza KpuUCTALIH3YeTCs B
opropombuueckuii uHTepMeTaina Fe,Als. Ocratounoea-Fe, OLIK FegsAlss 1 cerpermpoBaHHbIi
Al popmupyror OLIK da3y cocraBa FezsAlgs.

[TonTBepxknena runoresa byrsaruna, [loBTyrapa o KoppesisiMu CKOPOCTH PacXOJIOBAHMS
YHUCTBIX KOMIIOHEHTOB M BO3MOKHOCTH HUX CEIPEerMpoOBaHMs OT MPEeNOB TEKYUYECTH CIUIABISIEMbIX
anementoB Al u Fe.

Pabora BbeimosiHeHa npu ¢uHaHcoBoi noanepxke PODU (mpoektsr 10-03-00077 u rpanTa
[Mpesuanyma YpO PAH ams monmoasix yuensix (mpoekt 11-2-HIT-654)).
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BJIMSTHUE ®PUKIIMOHHOI'O BO3JENCTBUSI HA PACIIPEJEJIEHUE A30TA
B BLICOKOA3OTHUCTOM XPOMOMAPI'AHIIEBOM AYCTEHUTHOM CTAJIA
[Ma6amoB B.A., Kopmrynos JL.T'., Carapanze B.B., Uepnenko H.JL.,

JIntBunoB A.B., JIasmkos K.A., 3amatoBckuii A.E.

Hnemumym ¢usuxu memannos YpO PAH, Examepunbdype, Poccus
korshunov@imp.uran.ru
EFFECT OF FRICTIONAL IMPACT FOR NITROGEN DISTRIBUTION
IN HIGH-NITROGEN CHROMIUM-MANGANESE AUSTENITIC STEEL
Shabashov V.A., Korshunov L.G., Sagaradze V.V., Chernenko N.L.,

Litvinov A.V., Lyashkov K.A., Zamatovsky A.E.

The detection of the possibilities of deformation-induced dissolution of chromium nitrides
under frictional effect and the influence of this process on the tribological properties of steel
I'22X18A0.8 was the purpose of this work. It is stated that after the frictional effect (adhesive wear)
and shear under pressure deformation in Bridgman anvils the dissolution of chromium nitride and
formation of nitrogen solid solution in austenite take place.

HepskaBerome XxpomoMapraHIeBble ayCcTeHUTHBIE cTanu, conepxkamue 0,3-0,8 mace. %
azora, oOOmajgarOT  ONAaroNpUATHBIM  KOMIUIEKCOM  MEXaHMYECKHX, KOPPO3MOHHBIX U
TpUOOJOTHYECKUX CBOWCTB, YTO IO3BOJSET paccMarpuBaTh JaHHBIE CTald B KadecTBe
MEPCIEKTUBHOTO KOHCTPYKIIMOHHOTO MaTepHaja Uil HOBOW TeXHUKH. TpHOOJIOTHUECKUe CBOWCTBA
METAJIMYECKIX MaTepHalloB BO MHOTOM OIPEAENSIOTCS CTPYKTYPHBIMH TIPEBPAIICHUSIMH,
MPOUCXOJSIIMMHM B 30HE (PUKIUOHHOTO KOHTAKTa MaTrepuanoB. VHTEHCHBHas IuUlacTUYecKas
nedopmarusi 00yCIIOBIMBAeT OOpa30BaHHWE B TMPUIIOBEPXHOCTHOM CIIO€ METAJUIOB M CILIABOB
HAaHOKPHUCTAUIMYECKUX CTPYKTYp TPEHHS, a TAK)KE€ MHULIMUPYET Pa3BUTHE MPOLIECCOB PACTBOPEHUS
(IucconManuu) TaKUX BHICOKOMIPOYHBIX (a3, Kak creruaibHbie kKapOouasl [1].

Lenbto paboTHI SBISIIOCH YCTAHOBJICHHWE BO3MOXKHOCTH Je(POpPMAIIMOHHO-UHAYIIHPOBAHHOTO
pacTBOpPEHHUs HHUTPUJIOB XpoMa B ayCTEHUTHOHN BbIcOKoazoTtucTor crtanmu 05122X18A0,8 B
YCIIOBUSIX CYXOTO TPEHHS CKOJIBKEHHS Ha BO3JyXe MPH OTCYTCTBHUHM 3aMETHOTO (HPUKLIHUOHHOIO
HarpeBa. CTanp cojepaia pa3IuyHOe KoiludyecTBO HUTpuaHoON (assl — CrN, wumeroreit
TOHKOIUIACTUHYATYI0 MOpP(QOJIOTUI0O, KOTOpas ObUla TOJlydeHa B pe3yjabTaTe peaau3aliu
MpephIBUCTOrO (siuenctoro) pacnaaa aycrenuta npu 800°C [2]. B xadecTBe OCHOBHOTO MeToja
WCCIIEIOBaHMsl HMCIOJIb30BaHAa MeccOayIpoBCKas CHEKTPOCKONUS. YCTaHOBJEHO, 4YTO MpuU
(GPUKIIMOHHOM HAarpy>)kKeHHUH B  YCIOBUSIX MPEUMYIIECTBEHHO aJre3MOHHOTO MEXaHH3Ma
M3HALIMBAHUS CTaJId UMEET MECTO PACTBOPEHUE HUTPUJOB XPOMa U C IMEPEX00M aTOMOB a30Ta B Y-
TBEPJbI pacTBOP.

[IpoBeneHa KoIUYECTBEHHAs OIIEHKA a30THOW COCTABISAIONICH B MECOAYIPOBCKOM CIIEKTpPE
3akaneHHoil ctanu ot 1100°C cranu, a Takke BbISIBICHA KMHETHKA J1e()OPMALIMOHHOTO paCTBOPEHUs
TOHKOILJIACTUHYATHIX HHUTPUIIOB, BBIICIUBIIUXCS B CTaiM mpu crapeHuu. [loka3zaHo, dYTO
HauOOJBIINKA YpPOBEHb HACHIINIEHUS AayCTEHUTa a30TOM JIOCTUTaeTCsl y 3aKajleHHOW CTalu B
pe3ysibTaTe PacTBOPEHUS COXPAHUBILIMXCSA B HEW IMOCIE 3aKaJIKKM HUTPUAOB. YBEIMUYEHUE CTETECHU
SYEUCTOro pacmaja (00bEeMHON JOIHM €ro MPOIYKTOB) CHUXKAET YPOBEHBb HACHIIICHHS AyCTCHHTA
a30ToM. PaccMOTpeHO BO3MOXHO€  BIUsSHUE Je(OPMallMOHHOIO pPACTBOPEHHS HUTPUIOB Ha
M3HOCOCTOMKOCTh a30TCOIEPKALINX ayCTEHUTHBIX CTaJIEH.

Pabora mognepkana mpoekramu PODU (Ne 10-03-00113 u 12-03-00040) u Ilpesnamyma
YpO PAH (Ne 12-V-2-1020).

1. B.A. llla6amos, JI.I'. Kopmynos, A.E. 3amaroBckuii, A.B. Jluteunos, B.B. Carapanze,
W.N. Kocunpiaa. ®MM, 2012, B mreuatw.

2. JLT'. Kopmynos, FO.H. TNoitxen6epr, H.JI. Yepaernko. DMM, 2000, 90, 2, 107-114.
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HUCIHOJIb30BAHUE NPEJIBAPUTEJIBHOI'O TIOBEPXHOCTHOI'O
OKUCJEHUA AJISI MEXAHOCHHTE3A YIIPOUHEHHBIX OKCHUJIAMUA
MATEPHUAIJIOB
Kosnos K.A., Carapanze B.B., [1la6amos B.A., Jlutsunos A.B., Kataesa H.B.
Hnemumym ¢usuxu memannos YpO PAH, Examepunbdype, Poccus
kozlov@imp.uran.ru
USING OF PRELIMINARY SURFACE OXIDATION FOR MECHANICAL SYNTHESIS
OF OXIDE STRENGTHENED MATERIALS
Kozlov K.A., Sagaradze V.V., Shabashov V.A., Litvinov F.V., Kataeva N.V.

The alternative energy-saving method of production of oxide dispersion-hardened (ODH)
steels using the low-stable to deformation iron oxides is presented in the work. Oxides here can
either be added to the initial mixture in the powder form, or be formed at heating of steel powders in
the air. It is shown that in both cases the dissolution of initial iron oxides at mechanical activation
and the formation of disperse oxides of alloying elements under the subsequent thermal treatment
take place.

Co3aaHue HOBBIX MaTepHajoB, 00JaIal0IMX TOBBIIIEHHBIMUA XapaKTEPUCTUKAMHU IPOYHOCTH
U paJualMOHHOM CTOMKOCTH, SIBJISIETCS BaXKHOM 3ajmadeld matepuanoseneHus. OnHUM U3 Haubosee
IIEPCIIEKTUBHBIX  KJIACCOB  PAJUALMOHHO-CTOMKHMX  JKApONPOUYHBIX  MaTepUaJIOB  SBISAIOTCA
JaUcrnepcHo-ynpouHeHHble okcuaaMu ([IYO) cranu v criaBbl B KOTOPBIX YIIPOYHEHHE JOCTUTAETCS
3a cuer (OpMUpPOBaHMA B OOBEME MaTEpHaAIOB OOJBIIOTO KOJIWYECTBA MEJIKOJUCIIEPCHBIX
OKCHJHBIX yacTull. IloMMMO »3TOro Hamuuue AUCHEPCHBIX BKIOYEHUHM MPEMSTCTBYET
paiMalliOHHOMY pPacCIlyXaHHUIO BCJIEICTBUE TOIO, YTO OHM SBIAIOTCA HEUTPaIbHBIMU CTOKAMH
panuanoHHbIX Je(EeKTOB, CIIOCOOCTBYS UX PEKOMOMHALINH.

B wnacrosmee Bpemsa npu npousBoacTBe JYO-crameld B KauecTBE HOCHTENIEH KHUCIOPOJa
TPaJULIMOHHO MCIIONb3YIOTCSI OKCUABI UTTPHUSl C BBICOKOW JHEPruedl MeEKaTOMHOW CBSI3U. ITO
TpeOyeT OONBIIOr0 BpeMeHU 0O0pabOTKH MOPOIIKOBOM cMecH B IapoBbix MenbHulax (I1IM) mns
pacTBOpPEHMS UCXOAHBIX IOCTATOUHO KPYIHBIX OKCUAOB UTTPHSI B CTAJIbHOM MOPOLIKOBOW MaTpHIIE.
Hamu Obu1 mpensioxkeH albTepHATHBHBIN 3HeprocOeperarommii meroa noiydenus JYO-craneit ¢
WCTIOJh30BAHUEM MAJIOYCTOWYHMBBIX TMpH jaedopManuu OKCHIOB Xkene3a — remaruta Fe,Oz nm
marHetutra FesO4. bbulo mokaszano, uro aedopmarnusi OKCHAOB JKele3a B CMECH C YHCTBIMU
Metaimamu Y, Ti, Zr, a Takke CTalsMH, NPEABAPUTEIBHO JETUPOBAHHBIMU 3TUMH 3JIEMEHTAMH,
MIPOTEKAET C AKTUBHBIM PACTBOPEHHEM MCXO/IHBIX OKCHUJIOB XKeJie3a U MOCIeIyIoIUM 00pa3oBaHUEM
BTOPUYHBIX YIPOUYHSIONIMX HAHOOKCHUJOB UTTPUS (TUTaHA) NMPU BBICOKOTEMIIEPATYPHOM CIIEKaHUU
MEXaHWYECKH JIETUPOBAHHOTO MOPOIIKA.

Ora TexHonorus nonyueHuss JAYO-cranelr MoxkeT ObITh ewmé Oousblle YHOpoUleHa MpH
UCIOJIb30BAaHUU (B KayeCTBE HMCXOJHBIX OKCHAOB) MOBEPXHOCTHBIX OKCHJOB, MOJIYYa€MBIX MpHU
MIpeIBAPUTEIILHOM HarpeBe Ha BO3YyX€ MEJKOIMCIEPCHBIX MOPOILKOB PEaKTOPHBIX cTaynel. bpuio
YCTaHOBJIEHO, YTO MEXaHWYECKas aKTUBALUSA B IIAPOBOM MEIBHMIE IOBEPXHOCTHO OKHCIIEHHBIX
noporikoB ckene3a u craneir ¢ OLIK m T'IIK pemerkamu (Fe-12Cr-2W-Y-Ti, Fe-36Ni-3Ti),
COZIEPIKAIMX 3JIEMEHTHI C BBICOKMM CPOACTBOM K KHCIIOPOJY, IPUBOJUT K PACTBOPEHHIO MCXOTHBIX
MOBEPXHOCTHBIX OKCHJIOB JKeJie3a U MOCIEAyIoIIeMy O0pa30BaHUI0 HAHOOKCHIIOB WTTPHS U (WIIN)
TUTaHa npu omxure. OnpoOOBaHHBI METOJ MEXAHHUYECKOTO JIETMPOBAHUS MOXKET OBITh pean30BaH
IpU  CO3JaHUM OOBEMHBIX HAHOKPUCTAUIMYECKUX CTaled U CIUIaBOB Uil  PEaKTOPHOTO
MAaIIMHOCTPOEHHMS], a TaKXKE IPOU3BOJCTBY JACLIEBBIX BBICOKONPOYHBIX KOHCTPYKLMOHHBIX CTaJIEH,
VIOPOUHSIEMBIX ~ OKCHJAMHU JKejle3a ©0e3 JIOMOJIHUTENbHOIO  HCIHOJb30BaHUS  JACPHUIIMTHBIX
JETUPYIOIIUX 3JIEMEHTOB.

Pabora BeImonHeHa npu mojep:kke mpoektoB PODU (Ne 10-03-00113 u 11-02-00224),
MEKAUCIHUILTHHAPHOTO TpoekTa 12-M-23-2031 u [Ipesnaunyma PAH (Ne 12-11-2-1043).
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A30TUPOBAHME CTAJIEM TP MEXAHOAKTHUBAIIUH B IIIAPOBOM
MEJIBHULIE
JIsmkoB K.A., Kosnos K.A., Illa6amios B.A., JIurBunos A.B.
Hncmumym ¢puzuxku memannos YpO PAH, Examepunbype, Poccus
lyashkov@imp.uran.ru
NITRIDING OF STEELS DURING MECHANICAL ACTIVATION IN BALL MILL
Lyashkov K.A., Kozlov K.A., Shabashov V.A., Litvinov A.V.

Solid —phase mechanical dissolution of the disperse nitrides CrN in powder mixtures was
presented by the methods of Mossbauer spectroscopy and X-ray diffraction analysis of iron and
alloys Fe-(Cr, V, Al).

Metonamu MEccOayIpPOBCKOM CIIEKTPOCKONMU M PEHTIEHOCTPYKTYPHOTO aHanu3a (>kene3a u
crumaBoB Fe-(Cr, V, Al)) mnokasano TBepaodasHOE MEXaHHYECKOE PACTBOPEHHE AMCIIEPCHBIX
HuTpu0B CrN B mopomkoBsix cmecsx [1].

B mpouecce nedpopmManoHHO-UHIYIHPOBAHHBIX HUKINYECKUX (Da30BBIX MPEBpALICHUN THIIA
«pacTBOPEHHUE-BBIICIICHNE)» HUTPUAOB MOJIYUYEHHI nepechimennbie a3ortom OLIK kpucrammndeckne

TBEpAbIE PACTBOPhl W BTOPUYHBIC, YPE3BBIYANHO AUCIIEPCHBIE HUTPHUIBI — CHOPMUPOBAHBI
BBICOKOQ30TUCThIE HAHOKOMIIO3UTHI.
Hccnenosano BIIUSTHUE CIEIHAILHOTO JIETUPOBAHUS MaTpPHUIIbI xKenesza

HUTPHUI000PA3YyIONMMHU BaHaJAueM W amomuHHeM (10 5 atr.%) Ha mpouecchl TBepAo(da3HOro
MEXaHOCIUIABIICHUS. YCTaHOBJEHO, YTO, KaK BaHAIWW, TaK W ATIOMUHHHA YCKOPSIOT MPOIECCHI
HEpPaBHOBECHOTO pacTBopeHust HuTpuaa xpoma B OLIK maTtpure xenes3a. B crinase ¢ BaHaauem yxe
B PE3yJIbTaTe PACTBOPEHUsS NEPBUYHBIX HUTPHUIOB BO BPEMs MOMOJIA TIPOMCXOJUT BBIXOJ BaHAIUS
W3 MaTpHIbl ¥ (OPMUPOBAHUE BTOPUIHBIX HUTPHUOB BaHA U

[Mocnenyromuii  OTXKUT MEXaHUYECKH CIUIABICHHBIX O00Pa3IOB CIIOCOOCTBYET TIOJHOMY
BBIXOJy aJTIOMUHUS W BaHAIUs C COXpaHeHHEeM Xpoma B mo3unusax 3amemeHus OIIK Teepmoro
pacTBopa ’keje3a U BBIICICHHEM 4YpPE3BbIUAHHO JUCIEPCHBIX BTOPUYHBIX HHUTPUAOB XpoMa,
QTFOMHUHWS U BaHATHS.

PaGora BeimonHeHa mpu noanepkke nmpoektoB PODU (Ne 10-03-00113, 11-02-224 u 12-03-
00040), mexaucruminHapHoro mpoekta 12-M-23-2031, Tlpesugmyma PAH (Ne 12-11-2-1043) u
IMpesuanyma YpO PAH (Ne 12-V-2-1020).

1. B.A. [a6amos, C.B. bopucos, A.B. Jlursunos, B.B. Carapaaze, A.E.
3amartoBckuii, K.A. JIsmkos, H.®. Bunsganosa. ®MM, 2012, 113, 5, 517-531.
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BBIJEJIEHUA BTOPUYHOM ®A3bI B CINVIABAX BEPWJLTAA
11O JAHHBIM MECCBAYJOPOBCKOMU CIIEKTPOCKOIINU

I'mankos B.I1., Mapteinenko C.C., Ilerpos B.U.
Hayuonanvnoiii uccredosamenvcxuti soepuuiil ynusepcumem « MHUDU», Mockea, Poccus
Mephistt@mail.ru
SECONDARY PHASE PRECIPITATIONS IN BERYLLIUM
BY MEANS OF MOSSBAUER SPECTROSCOPY
Gladkov V.P., Martynenko S.S., Petrov V.1.

Supersaturated solid solution of iron (0,11-0,32 %) decomposition and secondary phase
growth in alloys based on beryllium during the long-term isothermal annealing at 500 — 600° C have
been investigated by means of Mossbauer spectroscopy. The dependence of the solid solution
fraction on the annealing time has been analyzed. The decomposition process by means of Avrami
kinetics and growth process based on diffusion models have been analyzed. The decomposition in
the coarse-cast alloys comes with the phase nucleation and growth on the dislocations. In fine-
grained hot-pressed material, decomposition proceeds with the significant second phase nucleation
on grain boundaries. Secondary phase Mdssbauer parameters are strongly dependent on the phase
precipitation location.

MeTtonom MeccOayIpOBCKOI CIIEKTPOCKOINU UCCIIEA0BANU Paca MEPECHIIEHHOTO TBEPI0TO
pactBopa xkene3a (0,11-0,32 %) u poct BrOopmuHOW (a3pl B CIUIaBaX Ha OCHOBE OCpHILIHS,
MPOTEKAIINNA B XO0JIe MPOJOJKUTEIbHBIX HU30TepMuueckux omkuroB mnpu 500 — 600 °C.
N3mepenust addexkra Meccbayspa mpoBomwm Ha crekrpomerpe MC1101D ¢ wucrouHukom
m3nyuenuss MUKX-6 (kobaneT-57 B xpome) u pe3oHaHCHbIM jgetektopom RSDU-2A mpu
KOMHATHOW TeMIeparype, B PEKHUME TMOCTOSHHOrO yckopeHus. CTaHIapTHBIM MOTJIOTUTEIEM
CIIy>kuJ1 HUTponpyccua Hatpus. O6paboTka CrieKTpOB MPOBEICHA C TOMOIIIBIO CBEPTKHU TPeX JIMHUMN
JlopeHua, mnpennokeHHOW HamMu B paboTe [l], 4TO NHOBBICMIIO JOCTOBEPHOCTH paciIU(pPOBKU
CIIEKTPOB.

CHsTbl MeccOayIpoBckue crekTpsl ropsiaenpeccoBannoro (I'TI) 6epummms ¢ 0,12 % — 0,20 %
xene3a u ymroro Gepwaus ¢ 0,11 — 0,32 %dkene3a mocie roMoreHU3ally, MPOBEAECHHONW MpU
1100 °C, a Taxxe mocie OTKUroB pazHoi mymrtensHocTy pu 500 — 600 °C. OOpasips! ObUH B BHIE
MJIACTUH TOJUIMHOM OT 2 10 10 mMm.

AHaMM3UpOBaAIM 3aBUCUMOCTBH JIOJIM TBEPAOTO pacTBOpa OT BpeMeHH oTxwura. [IpoBenen
aHallM3 TMpollecca pacnajga TBEpAOro pacTBopa Mo kiaccupukanuu ABpamu [2] U mpoiecca pocTa
BhITIaaromen (aspl, mo-sunumomy, FeBey, ¢ momorisio Moaeneit auddy3un BHYTpU 3€pHA U HA
I'paHMIIBI 3€peH, PEUI0KEHHBIX HaMu B pabote [3].

VYcraHoBIEHO, YTO pacraj B KPYMHO3EPHUCTHIX JIUTHIX CIUIaBaX HJAET C 3apOXKICHHEM U
poctoM (a3pl Ha AUCIOKAIUSAX. B MENIKO3EpHHCTOM TOpSYENPECCOBAaHHOM MaTepuane pocT
BTOPUYHOW (pa3bl B 3HAYUTEIHHOW YAaCTU HJET TAKXKE Ha TrpaHuIax 3epeH. MeccOayrpoBckue
xapaktepucTuku (IS — nsomepHslit casur, QS — KBaApyMoiabHOE paciiervieHue, [ — mupuHa THHUH)
BhImaaromei ¢asel FeBe, 3aBucaT ot mecra Boimaaeaus: IS = 0,50-0,54 mm/c, Qs = 0,12-0,16
mm/c, I' = 0,10-0,16 mm/c Ha gucnokanusx; Is = 0,56-0,69 mm/c, Qs = 0,27-0,47 mm/c, I' = 0,10—
0,19 MM/c Ha TpaHMIAX 3€peH. YCTaHOBJIEHO, 4YTO MecCOay’IpOBCKHE XapaKTEPUCTHKHU
BbIMaiaromeid ¢as3bl 3aBUCAT OT OTHOCHUTENBLHOTO KONMYECTBAa BhIMaBIIel (a3pl Kak Ha
JUCIIOKAIUSX, TAK U HA TPAHUIIE 3€PEH.

1. T'magxoB B.II., MapteiHenko C.C., IletpoB B.II. YTounenue (hopMbl perucTpupyemMoit
JUHUHN MeccOayIpoBCcKUX creKTpoB. XKypHan npukianHoii cnekrpockornuu, T. 78, Ne 2, 2011.

2. ®usmnueckoe marepuanosenenue. [lox pen. P. V. Kana u I1. Xaazena. M.: Meramnyprus,
1987. 624 c.

3. BummskoBa T.B., T'omuapenko M.C., Ilerpo B.W., TapanoB K.B. BrisiBnenue
0COOCHHOCTEM pacmaza TBEpJOrOo pacTBOpa >Kejle3a B TEXHHUYECKOM OepHUIMM  METOJI0M
MéccbayrpoBckoit criekrpockornuu. M3Bectuss PAH. Cepus pusuueckas, 2010, 1. 74, Ne 3, c. 458—
460.
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CBEPXTOHKHMUE IIOJISI A JIOKAJIBHBIE MATHUTHBIE MOMEHTHBI HA
ATOMAX KEJIE3A U IPUMECHBIX ATOMAX B AMOP®HBIX CIIVIABAX Fe;TsBos
(T=Al, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu)

ITokatmios B.C., Ilokatunos B.B
Mockosckuii 2ocy0apcmeenHvlll meXHU4ecKull yHugepcumem paouomexnuxu, d1eKmpoHuUKu u
asmomamuxu, Mockea, Poccus
E-mail: pokatilov@mirea.ru
HYPERFINE FIELDS AND LOCAL MAGNETIC MOMENTS ON Fe AND IMPURITY
ATOMS T IN AMORPHOUS Fe;oTsBys (T=Al, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu) ALLOYS
Pokatilov V.S., Pokatilov V.V.

Hyperfine fields and local magnetic moments of Fe and impurity T (T= Al, Sc, Ti, V, Cr, Mn,
Fe, Co, Ni, Cu) atoms were measured by NMR and Mossbauer methods.

B smTepaType OTCYTCTBYIOT CHCTEMAaTHUYSCKHE JaHHbIE O BiMsHuM 3d-puMeceid Ha
MarHuTHbIE CBOicTBa aMop(dHBIX crmiaBoB Fe-B. Llenp paboThl — wucciaenoBaHUE 3aBUCHMOCTH
MarHMTHOTO MOMEHTA Ha aTOMax jkejie3a W NMPHUMECHBIX aToMax B amop¢HBIX crutaBax FezoTsBos
(T=Al, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu) MmeTomamu sIepHOr0 MarHUTHOIO pe3oHaHca u > dekra
Meccbayapa.

bbutn u3roroBieHsl aMmopdHbIe CIUIaBbl cucTeMbl Fe7gTsBos mpu T=Al, Sc, Ti, V, Cr, Mn, Fe,
Co, Ni u Cu. HaMarHMYEeHHOCTb HACBHINICHHS G H3MEPsUIaCh HPU IMOMOIIHM BHOPAIIMOHHOTO
maraeromeTpa npu 77K u 239K B nossix 1o 10 k3. AMP cnekTpsl Ha sapax 11B, 27AI, 45SC, 51V,
*Mn u *Co u3Mepsuuch B obmactu yactor 5 — 300MI'p mpu TemmepaType KHUAKOTO Teus.
MeccbayapoBckre U3MEpPEHHS MapaMeTPOB CBEPXTOHKUX B3aHMMOJCHCTBHI OBbLTH BBINOJHEHBI Ha
criektpomerpe MS1104em mpu komHaTHO# Temneparype u 87K Ha spax > Fe.

3aBHCHMOCTh HAMAarHMYEHHOCTH M CPEIHEro MarHUTHOTO MOMEHTa Wqp(Fe) amopdHbIx
crmaBoB Fe;oTsBys (T= Al, — mpumecu ot SC mo CuU) oT Tuma IPUMECHOIO aToMa HMMEET S-
oOpasuelii Bux ¢ MuHuMyMoM mpu 1=V, Cr u makcumymom npu T=Fe, Co, mpuuem pip(Fe)
n3Mensiercs Ha 25%.

Namepennt CTII ma siapax mnpumecHsix atomoB Al, Sc, V, Mn, Co wmetonom SIMP B
amopHbIX crutaBax. M3mepeHsl cBepxToHkue mois Ha sapax S7Fe merogom Méccbayapa
amop¢HbIX cruiaBoB FezTsBos mpu T=Al, Sc, Ti, V, Cr, Mn, Fe, Co, Ni u Cu . O6napyxeHa
OCIIIUUTUPYIOIIAsi 3aBUCHUMOCTb CBEPXTOHKHX TMOJel Ha snpax S57Fe ot mopsiakoBoro Homepa
npuMmecu B Tabmune MenaeneeBa. OIeHEHBI JIOKAIbHbIE MAarHUTHBIE MOMEHTHI Ha MPUMECHBIX
atomax T B AC (FezTsB2s) u3 manneix AMP u addexra Meccbayspa Ha siapax 4580, 51V, 57Fe,
>Co.

OrneHeHo ycpeTHEeHHOE BO3MYIIIEHHE MATHUTHOTO MOMEHTa aTOMOB JKelie3a MPH MOSIBICHUH
B ero Onwkaiiniem okpyxenuu aromoB 3d-npumecu B AC FezgTsBgs. Hanbonbiiee orpunatensHoe
BO3MYyIlIEHHE  HalOiojaeTcss Npu BBeACHMM B ciulaB npumeced V. u Mn u Haubombliee
MOJIOKUTEITbHOE BO3MYyIleHue Ha0moaercs npu BeeneHuu Ni u Co .

OO6HapyxeHa KOppeNsius CBEpXTOHKUX Tojied Ha siapax S7Fe u cpegHero MarHWTHOTO
MoMeHTa B amopdHbIX crmaBax Fe70TS5B2S, mpuyem koHCcTaHTa CBEpXTOHKOM cBsizu D paBna 140
k[/pg.
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JIOKAJIBHAS CTPYKTYPA AMOP®HbBIX CIIJIABOB Fe7sB5.Six (X = 0-20)
ITokatmiios B.C., ITokatuios B.B.
Mockosckuii 2ocyoapcmeentblii mexHu4eCcKuil YHusepcumenm paouomexnuku, 2J1eKmpoHUKy u
asmomamuxu, Mockea, Poccus
E-mail: pokatilov@mirea.ru
LOCAL STRUCTURE OF AMORTHOUS Fe75B25.4Six (X = 0-20)ALLOYS
Pokatilov V.S., Pokatilov V.V.

Local atomic and magnetic properties of amorphous Fe;sBosxSix (x = 0-20)alloys were
studied by NMR and Mossbauer methods.

AmopdHbie crutaBel Ha ocHOBe FEBSI SIBIAIOTCS OCHOBOW MHOTMX MAarHUTHBIX CIUIABOB,
UMEIOIIMX MPAaKTHYECKUEe MNpUMEHeHHs. VI3yyeHue (U3NYECKHX CBOMCTB, B TOM YHCIE U
MarHUTHBIX CBOMCTB, M WX CBSI3b C JIOKAJIBHOM CTPYKTYpOH SIBISIETCS Ba)KHBIM JTarloM st
MOHUMAHMs TPHUPOJBI (PU3MYECKHX CBOMCTB ATOH CHCTEMBI CIUIABOB M pa3pabOTKHW HOBBIX
(beppOMarHUTHBIX CIIABOB C YIYYIIEHHBIMH CBOHCTBAMU.

Lenp HacTosmiel paboOTHl — MCCIEIOBAaHWE HAMAarHWYEHHOCTH HACHINEHUS U JIOKAJIbHBIX
MarHUTHBIX CBOMCTB aMOpPGHBIX (epPOMArHUTHBIX CIUIABOB Fe75B25.4Six(x=0-20) meTogamu SIMP
Ha siapax B u sddexra MeccOayspa Ha spax ° Fe.

AmopdHBIe U KpUCTAUIMYECKHE CIIaBbl Fe75Bos5,Six(x=0, 5, 8, 10, 12, 15 u 20) Obuin
IIPUTOTOBJIEHBI METOJIOM CBEPXOBICTPOI 3aKajku paciiaBa (METOAOM cHUHUHTOBaHus). CruiaBbl
MIPUTOTABIUBAIUCH Ha Bo3yxe. OOpa3ipl umenn Gopmy JeHTHl mupuHoid 10MM 1 TonmuHoM 20-
22mkM.  Kpucramimueckas CTpykTypa M amMoOppHOE COCTOSIHME CILIaBOB HCCIIEOBaJIach
peHTreHorpaguieckumM metrofoM. Bcee wuccnemyembie oOpasibl CIUIABOB ObUiM aMOp(HBIMU, 3a
uckimoueHneMm crmasa X = 20. OOpasen cmiaBa X=20 MOIXy4YMIICS MHUKPOKPUCTANIMYECKUM U
cojep:kaa B OCHOBHOM a3sel o — Fe u Fe;B, a Taxke nebonbne komudectBa FesSi u FeSi. beur
MIPOBE/ICH PEHTICHOCIICKTPAILHBIA aHAIN3 TONy4eHHBIX 00pasnoB. ConepkaHue KOMIIOHEHTOB
CIUIaBOB OIpPEAENsIOCh C TOYHOCThIO He Xyxke =+0,1 ar. %. M3mepeHbl HaMarHW4YeHHOCTh
HACBHIIIEHUSI Cp M CpPEAHHE MarHUTHBIE MOMEHTHI Ha aTtoM Fe | MeTogoM BHOPAIMOHHOTO
MarHeTomMeTpa mpu KoMmHaTHOW Temmeparype W 77K B marHutHbix monsx 10kD. JlokambHbIe
MarHUTHBIE U AJIEKTPOHHBIE CBOMCTBA M3ydanch MeTofoM 3ddexra Meccbayspa Ha sapax ="
npr 295 1 87K 1 GbUTH BBITOTHEHBI B T€OMETPHH TOMNONICH S, HCIIOIb3ys HCcTouHMK * CO(Rh) i
cnektpomerp MS1104em (paszpaborka HUM ®wusuku, r. PocroB-Ha-/{oHy). OOpaboTKa CIIEKTpOB
npoBojauiace o nporpammam DISTRI-M  [5]. Cnektpsl SIMP u3mepsuiuce ¢ nomoursio SIMP
cnektpomerpa mipu 4.2K.

B o6mactu cocraBoB (0 -8) aT.%Si HaMarHWYEHHOCTh Gy U CPEIHHUI MArHHUTHBIA MOMEHT L
cnabo 3aBUCAT OT coneprxanus Si B crutaBe. OnHako mpu 10 at.%Si | pe3ko ymenbmarorcs. Tak
KaKk aToMbl OOpa W KPEeMHHS HEMarHWUTHBIE aTOMBI, TO MBI TOJlaraeM, 4YTO 3TO OOYCIOBJIEHO
M3MEHEHHEM OJIIKHETO TOpsiKa B aMOPQHBIX CIIaBaX M KaK CJIEICTBHE M3MEHEHHEM IpPU STOM
JIOKAJIbHBIX MarHUTHBIX MOMEHTOB Ha aToOMax jKelie3a.JKCIepUMEHTAbHbIE CIEKTPhl aMOP(HBIX
CIUIAaBOB IIMPOKHE W COCTOST W3 IIECTH JMHWWA. B 3aBUCHMOCTH OT cocTaBa OHHM OTJIMYAIOTCH,
TJIaBHBIM 00pa3oM, CBEPXTOHKHUMH TMOJSIMH U M30MEpPHBIMU cABUTaMU. Dopma criekTpa yKa3bIBaeT
Ha 3HAYUTEIHHYI0 MAarHUTHYIO TEKCTYpPY, T.6 BEKTOp HAMAarHWYCHHOCTH JIS)KUT HE B TUIOCKOCTH
JICHTBHI.

OOHapy)xeHa KOpPPESIHs MEXAy KOHIIEHTPAIMOHHBIMH  3aBUCHMOCTSIMH  CPETHHX
MATHUTHBIX MOMEHTOB |l U CBEPXTOHKHM IoneM B Ha syupe °'Fe B, a MMEHHO, [P YBEIHYCHHH
CoZlep)KaHUsI KpeMHHUs L 1 B yMeHbIIatoTcsi. YBenWdeHHE COACpKaHUS KPEMHHsS yBEITHYHUBACT
CIBUT O TpU pocTe Si: 3Ha4eHWs O NMPH KOMHATHOW TEMIIEpaType YBEJIMYMBAIOTCS TPH POCTE
kommuectBa Si m wmaMmensroress ot 0.088 mo 0.144 wmm/c. Hambonpmme wuW3MEHEHUS B
KOHIICHTPAIIMOHHBIX 3aBUCUMOCTSIX W ¥ B oOHapyxuBatorcs mpu ~8 ar.%Si, obmactu rae
M3MEHSETCS TUT OJIVDKHETO TIOpsiKa. JTO YKas3bIBaeT Ha TO, YTO, BEPOSITHO, JIOKATBHBIA TOPSIOK
aMopdHBIX cr1aBoB Fe75B,5.4Six(x=0-20) pasiauuen mis coctaBos mpu x=0-8 u x=10 -20.
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INITIAL STAGE OF MECHANICAL ALLOYING OF Si WITH Fe AND STRUCTURAL
DEFORMATION-INDUCED TRANSFORMATION IN Si
E.P. Elsukov', A.L. Ulianov', A.V. Protasov?, V.E. Porsev’, D.S. Rybin*, D.A. Kolodkin®
Physical-technical institute UrB RAS, Izhevsk, Russia
?Institute of Metal Physics UrB RAS, Russia
%|zhevsk state technical university, Izhevsk, Russia
Protasov@imp.uran.ru

Presents study is aimed at examination of initial stage of mechanical alloying in binary Si-Fe
system and structural evolution of Si during mechanical processing in planetary ball mills.
Nanocrystalline and amorphous state was found to form in Si; however, the data on amorphization
mechanisms, amount of amorphous phase and its localization in the sample are controversial.
Moreover, contamination of the sample with the material of milling machines, which are commonly
Fe-based, should be taken into account, but its possible effect on the sample properties still remains
insufficiently explored. In present study mixtures of Si with Fe was chosen in atomic ratio 99:1.

We suggested that amorphous phase occurs not only at the particle surface, but also in so-
called interface region. Experimental data show that the formation of the amorphous phase is not
due to oxygen contamination of the sample. The data obtained suggest a mechanism of
amorphization induced due to a decrease in crystallite size (crystallite-refinement-induced
amorphization), proposed on the base of thermodynamic modeling with account of the grain
boundary excess energy [1].

Our experimental results and available literature data let us formulate a microscopic model of
initial stage of mechanical alloying in Si-Fe system. It includes the formation of nanocrystalline
state in Si, the formation of Si amorphous phase at interfaces and grain surfaces, diffusional
penetration of Fe atoms along the grain boundaries and the formation of Si-Fe clusters ate the
interfaces, with local environment of Fe atoms being specific for deformed a-FeSi, phase.

The study is supported by the Russian Foundation for Basic Research, project no. 10-03-
00077, the Presidium of the UrB RAS, project no. 12-P-23-2005.

1. T.D.Shen, C.C.Koch, T.L.McCormick, R.J.Nemanich, J.V.Huang, J.G.Huang, J. Mater.
Res., 1995, 10, 1, 139.

98


mailto:Protasov@imp.uran.ru

KHUHETUKA ATOMHOI'O MACCOITEPEHOCA ITPU PACTBOPEHUU
HUHTEPMETAJIJINIOB B CIIVIABAX KEJIE3A B YCJIOBUAX

HU3KOCKOPOCTHOM XOJIOJHOM METAJIE®GOPMALINH

[[Ta6amog B.A., Carapamze B.B.
Unemumym gpuzuxu memannos YpO PAH, Examepunbype, Poccus
shabashov@imp.uran.ru
ATOMIC TRANSPORT KINETICS DURING DISSOLUTION OF INTERMETALLICS

IN IRON ALLOYS AT LOW-RATE COLD MEGADEFORMATION

Shabashov V.A., Sagaradze V.V.

Deformation temperature and rate as a critical parameters of the process of anomalously low-
temperature deformation-induced diffusion in metals is investigated for low rates ¢ = 107...10™ ¢™.

Jlns MOHUMaHUsI MEXaHH3Ma MEXaHOCIUIABJIEHUS OOJbIIOE 3HAYCHHE MMEET KUHETHYECKHN
(akTop — 3aBUCHMOCTh UHTEHCUBHOCTH aTOMHOTI'O MacCOIlepeHOca OT YCIIOBUHM Ae(pOpMHUpPOBAHUSI.
Kputnuecknmu napamerpamMu aHoMalbHOW auddy3un B MeTauiax SBISIIOTCS TeMIleparypa u
CKOPOCTH Ae(pOpPMAIIIOHHOTO BO3ACHCTBHS. B yCIOBUSX UMITYIbCHBIX BO3IEUCTBUMN MIPH CKOPOCTSIX
nedopmaruu € ~ 10%...10° ¢* B CTPYKTYpE, MPEANOIOKUTEIHHO [ 1], TEHEPUPYIOTCA MEXKI0Y3JIHs,
o0ecrieunBaIIUe HHU3KOTEMIEpaTypHbI aTOMHBIM MaccornepeHoc. [Ipu  ManbIx CKOpOCTAX
nedopmarmn € ~ 1072...10" ¢* n B ycnoBHAX MOBBIMICHNS TEMIIEPATYPHI 3HAYUTEIBHYIO POJIb
UTpalOT  TOPOLECChl  pachafa, KOHTPOJIHMpPYEeMble  OONBIIMM  KOJUYECTBOM  BaKaHCHUU
nedopMaImOHHOTO MPOUCXOXKAEHUs [2, 3].

B HacTosiieM ucclieZJOBaHUM TOJy4€Hbl KMHETHUECKHE KPUBBIE PACTBOPEHHUS B MaTpUIIE
I'IK Fe-Ni crutaBoB uactun uatepmerauinaoB NisMe(Me=Ti, Al, Zr, Si) B 3aBucumocTu OT
TeMHepaT%’pBI U cKopocTu Aedopmanuu B uHTepBane Ttemmneparyp 77...470 K u ckopocteit 10°
2...10" ¢, Baustaue ckopocTn ¥ TemiiepaTyphl Ae(OpMALMK B HAHOOIBIIEH CTEIICHH IIPOSIBISLETCS
Ha KpPYTOM Yy4YacTKEe KHHETHYECKOM 3aBUCHUMOCTH PACTBOPEHHS HWHTEPMETALIUAOB, KOrja
npeobiamaeT poTanuoHHas MoAa jaedopMaruu. YCTaHOBIEHO, YTO KHHETHKAa pPACTBOPEHUS
KOHTPOJHMPYETCS KOHKYPEHTHBIM pa3BUTHEM aJIbTEPHATHBHBIX IMPOIECCOB pPACTBOPEHUS U
BoIZiesieHus a3 [2, 3]. VBenudeHue yria HakJIOHA KWHETUYECKUX KPHUBBIX MPOUCXONUT, MPEKIE
BCEr0, BCIIEJCTBUE YMEHbIICHHUS MOJBUKHOCTH HEPABHOBECHBIX Je(POPMAIIMOHHBIX BakaHCHH (TIpu
CHIDKEHHH TEMIIEpaTyphl) M COKpAIIeHUS BPEMEHU [EHCTBHSA aJbTEPHATHBHOTO TIpoIiecca
BBIJIETICHUS] UHTEPMETATUAOB (MIPH YBEIHMUEHUU CKOPOCTH Aedopmanmu). Kpome Toro, mokazaHo
BIMSIHME CKOPOCTH JaedopMalii Ha W3MEHEHHWE WHKYOAIlMOHHOTO Iepuojaa JedopMaluy,
HE00XO0AUMOTO ISl IPEABAPUTEIBHOTO APOOJICHHS YaCTHUL.

Pabora BeImonHEHa TpU ToepKKke mpoekToB PODU (Ne 10-03-00113, 11-02-00224 u 12-
03-00040), ITpe3uauyma PAH (Ne 12-11-2-1043) u IIpesuanyma YpO PAH (Ne 12-V-2-1020).

1. I'epupuxen [1.C., Ma3zauko B.®., TeiukeBuu B.M., ®@anbuenko B.M. Kues: PUO MO,
1999, 436 c.

2. V.A. Shabashov, V.V. Sagaradze, A.V. Litvinov. Mat.Sci.Eng. 2011, A528, 6393-6400.

3. CarapamzeB.B., Illa6amoBB.A., JlanmaaT.M., IleuepxkunaH.Jl., ITwrrornaB.IT. ®MM,
1994, 78, 6, 49-61.
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PACCJIOEHME 110 HUKEJIIO ITPH MEJJVIEHHOM OBPATHOM MAPTEHCUTHOM
NPEBPALLIEHUU B CIIVIABE Fe-32%Ni U U3BMEHEHUE TEMIIEPATYPHOI'O
KO2®PUIMEHTA JINHEMHOI'O PACIIIUPEHUS

[Ta6amoB B.A, Carapanze B.B., Kocumpbina 1.1.

HUnemumym ¢usuxu memannos YpO PAH, . Examepunbype, Poccus
kositsyna@imp.uran.ru

STRATIFICATION OF NICKEL IN SLOW REVERSE MARTENSITE
TRANSFORMATION IN THE Fe-32%Ni ALLOY AND CHANGE OF THERMAL
COEFFICIENT OF LINEAR EXPANSION

Shabashov V.A., Sagaradze V.V., Kositsyna I.I.

The methods of Mossbauer spectroscopy the analysis of the redistribution of nickel between
a and y phases in the process of slow reverse martensite transformation in the alloy Fe-32% Ni.
Defined enrichment thin y-crystals of nickel up to 40 wt.% that causes a change in thermal the
coefficient of linear expansion. The treatment can be used to creation of new pseudo-bimetallic
Sensors.

s co3maHust ceHCOpoB B IpuOoOpax M CPEICTBAaX TEIJIOABTOMATHKU HCIOJIb3YIOT
TepMoOuMeTalIbl. TepMoOuMeTamibl 0OOBIYHO 3TO KOMIIO3UIIMOHHBIE MaTepuaibl, COCTOSIINE U3
JIBYX M OoJjiee pazIUYHbIX METANIMYECKUX CIUIAaBOB (MJIM CJIOEB) C pa3HbIM TeMIEpaTypHbIM
kodpdurmentom nuneriHoro pacmupenus (TKJIP). B nHactosmielr paboTe mNpemiokeH crocod
MOJIyYE€HUsI TEepMOOMMETalUla Ha MaTepuaje U3 OJHOI0 MeTajlla, B KOTOPOM C IOMOUIbIO
TepMOOOPaOOTKH CO3AaHbI BA CJIOS CO 3HaUMUTEIbHOM pasHulei B TKJIP.

Takyto ABYXCIOHHYIO NCEBAOOMMETAIUIMUECKYIO KOMIIO3ULIMIO MOXHO IOJY4YHUTh, €CIH C
MOMOIIBI0 TepMHuueckoil 00padoTku u3meHaTh TKJIP B mMeTacrabuinbHOM MHBapHOM ciuiaBe, Fe-
32%Ni copMHUPOBATH IO TOJIIMHE 2 CTOS: OMH C AyCTEHUTHON cTpykTypoii (TKJIP =2,5-107°C
'), npyroit cQopMHpOBaTH TPH MEINEHHOM HArpeBe NpH O—) OOPATHOM MApTEHCHTOM
MIPEBPALCHUH, MOTy4asi KOHIIEHTPAIMOHHO HEOJHOPOIHOM ayCTEHUT C 00jiee BBICOKUM 3HAUEHUEM
TKIJIP.

B pabote uccnenoBan MeracTaOUIbHBIN aycTeHUTHBIN nHBapHBINH Fe-Ni cmnas, cogepxainii
32,2 mac.% nukens u 0,01 mac.% yraepoaa, Touka Mu= —-100 °C, Ar=360 °C, Ak=520 °C, Touka
Kropu = 140 °C. ®opMupoBaHue KOHLEHTPAIMOHHO HEOAHOPOAHOIO ayCTEHHTa IPOBOIAMIOCH B
HECKOJIBKO JTaIlOB: CIUIAB 3aKAJIMBAJIM M OXJIAKIAIN B KUAKOM a30T€ B PE3YJbTATE YEro MOJIydaan
B cTpykType 80 % MapTeHcHTa, KOTOPBIM MEIEHHO HarpeBaid co ckopocteio 0,2 °C/muH 10
temmepatyp 400-530 °C, 3atem juis 3aBepiueHus o—y npeBpaiieHus 10 MUH BBIIEPKUBAHUS [IPH
600 °C. Ilocne TepMoOOpabOTKM ayCTEHWTHBIM MHBap H32 ¢ mepBOHAYalLHBEIM 3HAUYEHUEM
TKIJIP=2,5 10 °C ! umen cymecTBeHHO Oombiiee 3HaueHue TKIIP mo 10,5- 10 °ct,

B pabore wmeromamum  MeccOaypOBCKOM  CIIEKTPOCKONHMHM  TMPOW3BENCH  aHAU3
nepepacnpeseieHls] HUKeNsT MeXay o M Y (asamu B mporecce 0oOpaTHOrO0 MapTeHCUTHOIO
npeBpauieHus. [lokazano, 4to oOoramieHHe TOHKHX Y-KPUCTAJJIOB HUKEJIEM Hpoucxomut ao 40
Mac.% u Ooyiee, MpU OJHOBPEMEHHOM OOETHEHHH HHKENIEeM OKPYXKAIOIEero MapTEeHCUTa, B
COOTBETCTBUM C JuarpaMMmoil paBHoBecHus. BHyTpeHHee s(ddexTuBHOE Mose Ha sape *Fe B
oOoraiieHHOM HHKeJeM aycTeHurte noBbimaercs oT 230 kO o 300 xkD. B cmekrpax MOXXHO
BBIJICIUTH TPH TOJCIeKTpa: cekereT ¢ Hoyg =300 k3, Temmneparypa Kropu T.- 400 °C, rmromiams
nozacnekTpa S; =20%, cekcreT ¢ Hypy = 230 kD A/m, Te= 140 °C, So =50% u cunrner ¢ T < 20 °C,
S2 =30%. Ilimomagu COCTaBISIONIMX IMOJCIEKTPOB MPUOIU3UTEIHPHO COOTBETCTBYIOT KOJHMYECTBY
CTPYKTYPHBIX COCTaBJISIOLIUX ayCTEHUTA.

Pabota BeimonueHa npu noaaepxkke POOU (nmpoextNe12-03-00013).
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WU3MEHEHUWE KPUCTAJNJINMYECKOM CTPYKTYPHI IEMEHTHUTA
IIPU OTKUTE YI'JIEPOJJUCTOM CTAJIA
CuactnuBueB B.M., Tabatuukosa T.U., SAxosnesa N.JI., Kneitnepman H.M., Cepuxos B.B.
HUncmumym ¢uzuxu memannos YpO PAH, e. Examepunbype, Poccus
tabat@imp.uran.ru
EFFECT OF ANNEALING OF CARBON STEEL ON CHANGES IN CRYSTAL
STRUCTURE OF CEMENTITE
V.M. Schastlivtsev, T.l. Tabatchikova, I.L. Yakovleva, N.M. Kleinerman, V.V. Serikov

It is shown that the NGR spectra of cementite undergo changes upon annealing of carbon steel
at a temperature below Ac; where no phase transformations occur in the steel. The distribution
function of hyperfine fields is considered. The changes in the NGR spectra of cementite testify to
variations in the nearest neighborhood of iron atoms in cementite and allow conclusions to be made
that the evolution of the cementite structure is related to a rearrangement of the carbon sublattice of
cementite in the course of annealing of carbon steel.

Panee namu Obu10 MoOKa3zaHo, yTo SAI'P criekTpel HEeMEHTUTA NpeTepeBalOT U3MEHEHUS TIpU
OT)KUTE YTIEPOJUCTOMN CTaIM P TeMIeparype Huxe Acq, KOrja B CTaal HE JOJIKHO IPOUCXOIUTD
HUKaKUX (a30BBIX MMPEBpAIICHUI. DTO yKa3bIBaJI0 HA W3MEHEHHE OJNMKANWIIETO OKPYKEHUSI aTOMOB
Jeje3a B PelIeTKe HEMEHTHUTA.

B mnacrosmieit pabore mnpeanpuHATa MNONbITKA Oojiee MOAPOOHO HM3YyUUTh 3TO SIBJICHHE.
HccnenoBann cramu Y8 um VY15, IlepnutHyro CTpyKTypy B HUX HOJIy4YaJd B pE3yJbTaTe
nzorepmuueckoro npespamieHus npu S5S00°C npu HauMeHbIIEH BBIIEPHKKE, JTOCTATOYHOM ISt
3aBepuieHus (azosoro npespanienus. [locneayrommue omxuru npooaunu npu 650°C u 700°C, to
€CTb HMWXKE€ TOYKM Aj, mpu Bblaepxkkax oT 5 no 1200 munH. M3ydyeHue CTpyKTypbl LIEMEHTUTA
MIPOBOJIMJIM C TIOMOIIBbIO peHTreHodazoBoro aHanusa Ha audpakromerpe STADI-P. AI'P cnekTpbl
nostydanu Ha cnekrpomerpe SAI'PC-4M, HCTOUHUKOM KBaHTOB CILYKHJI *Co s MaTpHLE XpoMa.

[IepBonauanbHO aHanu3 AI'P ciekTpoB MPOBOAWICS € yUYETOM MOJEIBHBIX IMPEICTABICHUHN,
TO €CTh IyT€M pa3JIOKEHHs CHEeKTpa LEMEHTUTa Ha pa3JIMyHOEe 4YHciIo cekcreToB. CrekTp
«CBEYKEro» IIEMEHTHUTA OIMCHIBAETCSI OJHUM CEKCTETOM, a CIHEKTp ILEMEHTUTa IIocie
JOTIONTHUTENBHOTO oTxKura mpu 650°C omuchIBaeTCsi IBYMsI CEKCTETaMHU. Takyr HBOJIIOIHUIO
CIIEKTpa MOXXHO OOBSCHUTH TE€M, UTO IOCJE MEPIUTHOrO MPEBpALeHNUs PU HU3KOH TeMmepaType
(500°C) arombl yriaepoja pacrojaraloTcsi B OKTAdJIPUYECKON KOH(UTYypaluu, KOTOPOM
COOTBETCTBYET OJIMH CEKCTET JIMHUM, TOrJa KakK IpU JONOJHUTEIBHOM OTKUIE pEan3yeTcs
MpU3MaTHYecKass KOHQUrypanusi B pacrnojoKeHUH aTOMOB YIJIEpOJia, XapaKTEepU3yIoIascs IByMs
CEKCTETaMHM JINHUN. AHQJIN3 CHEKTPOB LIEMEHTHUTA MOCJE JIUTEIBHOTO JOMOJIHUTENBHOIO OT)KATA
MOKa3ajl, YTO UX HE yJaeTcs JOCTaTOYHO HAJIeKHO OMHUCaTh JIBYMs CEKCTE€TaMH, MO3TOMY Obuia
paccMoTpeHa (PYHKIMSI BEPOATHOCTH paclpeieeHus] CBEpXTOHKHX MOJIEH.

HemnocpenctBenHo mociie 3apepiiieHus nepauTHoro npespaienus npu S00°C nmist memeHTuTa
HaOII0AaeTCsl MPAaKTUYECKH OJHOMOJabHas (QYyHKIMs pacupezenceHuss MarHUTHbIX noneit P(H).
HomnonuurenbHbll  oTxur nepiauta npu  700°C  mponosmkutensHocThio 240 u 1200 mMunH
cymectBeHHO wu3MmenseT ¢yHkuuioo P(H). HaGmromaromieecs MHOTOMOJalbHOE paclpeneieHue
HEBO3MOXXHO OOBSICHUTh B pPaMKaxX TPAJUIMOHHBIX MPEICTaBICHUNH O THUME KPUCTAIITMYECKON
pemeTky 1eMeHTuTa. Hen3MeHHOCTh KapTHHBI PEHTI€HOBCKOW AM(pakIiy, MPOUCXOASIIEH B
OCHOBHOM Ha aTomax keje3a, u m3MeHenue SAI'P cnektpa meMeHTHTa, CBUAETEIbCTBYIOINUE 00
U3MEHEHUU OKpPY)KEHHs aTOMOB J€Jle3a B LIEMEHTHUTE, MO3BOJIAIOT CHENaTh BBIBOJ O TOM, YTO
MPOUCXOASANIasl HBOJIONMS CTPYKTYpbl LEMEHTHUTA CBSi3aHA C MEPECTPOMKON  YriIepOIHOU
MOJIPEMIETKH LIEMEHTHUTA B ITPOLIECCE OTKUTa YIIIEPOJAUCTOMN CTaNH.

101


mailto:tabat@imp.uran.ru

MATHUTHOE YHOPAAOYEHUE ASOTUCTOI'O AYCTEHUTA
B N3OTEPMHUYECKUX YCJIIOBUSAX
H.A. Tepemenko, B.A. I1la6amos
HUncmumym ¢uzuxu memannos YpO PAH, e. Examepunbype, Poccus
labmet@imp.uran.ru
MAGNETIC ORDERING IN NITROGEN CONTAINIG AUSTENITE UNDER

ISOTERMAL CONDITIONS

N.A. Tereshchenko, V.A. Shabashov

When studying austenitic nitrogen containing steels by Mdssbauer spectroscopy, hysteretic
phenomena were found in curves of temperature scanning of y guanta in range of the paramagnetic
— antiferromagnetic phase transition. The width of hysteresis loop depends on alloying and
additional thermomechanical treatment. Mssbauer spectroscopy, X-ray diffraction, and tensile tests
reveal time instability of the properties of these steels. These effects are suggested to be due to
magnetic nonuniformities arising in the antiferromagnetic state.

N3BecTHO, 4YTO a30TCOAEpXKAILME AYCTEHUTHBIE CTAJIM MPU KPUOTEHHBIX TEMIIepaTypax
0o0JamaloT  BBICOKUMH  MPOYHOCTHBIMH  XapaKTEPUCTHKAMH  TIPU  YAOBICTBOPUTEIBHON
MJIACTUYHOCTU . [lOBBIIEHHBI KOMIUIEKC MeXaHM4ecKux CBOMCTB craimed tuma 10X18AI'18
coueTaeTcs C HHU3KMMH 3HAYCHUSMU MArHUTHOW TPOHUIIAEMOCTH, MajlbiM K03 (UIIUESHTOM
JIMHEWHOI'O paCUIMpPEHMs, a TAK)KE HE3aBUCAILIUM OT TEMIIepaTypbl MOAYJIEM ynpyroctu. biarogaps
COUCTAHMIO MEXAaHWYECKUX H (PU3UYECKMX CBOHCTB JTH CTall MOTYT HCIOJb30BaThCSA Kak
(GyHKIIMOHATBHBIE MaTepUabl AJ1 KPUOTEHHOW TeXHUKH U W31 CEeBEPHOr0 Ha3HAYCHUSI.

Bonpmoe 3HadeHne Ha (opMuUpoBaHHE (PHU3MKO-MEXaHUYECKUX CBOWCTB a30THCTOTO
ayCTeHUTa OKa3blBa€T MAarHUTHBIA Mepexoa  mnapa-aHTU(GEppOMarHeTUK. Y CTaHOBJICHUE
aHTHU(PEPPOMATHUTHOTO TOPSJAKA B MCCIEAYEMBIX CTalsiX NPOUCXOJAMT B JBa JTama Ipu
oxylaxxaeHuu Huxke temneparyp Ty u Tx. Ilpu temneparypax Tx<T<Tn marHuTHas crpykrypa
AyCTEHUTA COCTOUT M3 YETHIPEX MOJPEIICTOK , MArHUTHBIA MOMEHT Ka)KJIOM U3 HUX OPUEHTHUPOBAH
BJIOJIb OJHOrO U3 HampaBieHuit <111>. [lpum Oonee HUBKUX TemrmepaTypax HMeEEeT MECTO
KOJUIMHeapHas aHTudeppoMarnutHas cTpyktypa, u B ['LIK pemierke BO3HMKaIOT TeTparoHalbHBIC
HCKa)XEHHUSI C OTHOIIEHHEM oceil ¢/a>1. MarHuTHble HEOJHOPOIHOCTH, BO3SHUKAIOIIME MPU ITOM
Onmarogaps ONMM>KHEMY PAacCIOCHUIO TBEPIOTO PACTBOpA ayCTEHHUTA, CIIOCOOCTBYIOT MPOSBICHUIO
M30TEPMHUUYECKUX aHOMaJIUN (PU3NUYECKUX CBOWCTB.

B mporecce MarHUTHOTO YHOPSAOYEHHS] MECCOAyIPOBCKUM METOAOM OOHApPYKEHO SIBIICHUE
HHU3KOTEMIIEPATypPHOr0 TMCTEPE3UCa Ha KPUBBIX CKAHUPOBAHUS YKCIIa Y-KBAHTOB. JlaHHOE SIBIEHUE
CYLIECTBYET B OTCYTCTBHME BHEIIHErO0 MAarHUTHOTO TOJII IPH TeMIlepaTypax, HCKIIOYAROIINX
muddy3nonnsie mnporecchl. DakTopamMu, 3HAUYUMBIMUA JUJII €r0 TPOSBICHUS OKa3bIBAIOTCA
XUMUYECKUM COCTaB U COCTOSIHUE KPHUCTAIIMYECKON pemerkn wmarepuana. [llupuna nerim
TUCTEpE3Uca Ha KPUBBIX TEMIIEPATYPHOrO CKAHMPOBAHUSA 3aBUCHUT OT JIETHPOBAHUSA TBEPIOTO
pacTBopa ayCTeHHTa U  JIONOJHUTEIBHONH TEPMOMEXaHMYECKOH  OOpabOTKu:  HalIW4He
HUTPUI000PA3YIOLIEro 3JIEMEHTa BaHAJUsl yBEIMYMBACT, a TelUlas Iulactudeckas nedopmanus u
CTapeHHUE YMEHBIIAOT NPOSBIECHUE TUCTEPE3UCA.

[Io pe3ynpTaTaM pEHTTEHOCTPYKTYPHOIO aHajlW3a B TEMIIEPAaTypHOM  HMHTEpBaJIE
CYIIECTBOBAHMS KOJUIMHEAPHOTO aHTU()EPPOMArHUTHOTO COCTOSIHUS YCTAHOBIIEHO HAIMYUE
CTaTMYECKUX MCKAKEHUH KPUCTAJUIMUECKOHN peuieTku aycteHuTa. O nosiBieHun HanpspkeHuid |
poda W COOTBETCTBYIOIIMX KM CPEOHEKBAJPATUUHBIX CMELIEHUSIX aTOMOB CBHUAETEIBCTBYET
YMEHBIIIEHNE WHTETPATHPHON HWHTEHCHUBHOCTH OPATTOBCKUX OTPAXCHUH TMPH H30TEPMUUYECKON
BbIZIEpKKE HUKE Tx.

[Tocne pocTmXkeHUs YCTOMYMBOM MArHUTHOM M KPUCTAJUIMYECKOW CTPYKTYPHI B IMpOILECcCe
M30TEPMUYECKON BBLICPKKH MPOSBISETCS TEHACHIIUS K BO3PACTAHUIO COMPOTUBIICHUS Hayaia
JBUKEHUS TUCIOKAMN U YBEJIMYEHUIO MpeJiena TEKy4eCTH CTalei.
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MECCBAYJ3POBCKHUH AHAJIN3 TE®OPMAIIMOHHOI'O PACTBOPEHUSI
KAPBHJIOB B Fe-Mn CTAJIM ITPU ®PUKIIMOHHOM BO3JEVCTBUM
[Ta6amoB B.A., Kopurynos JLI'., 3amatoBckuit A.E., JIutBunos A.B., Carapanze B.B.

Hncmumym ¢uzuxku memannos YpO PAH, Examepunbype, Poccus
zamatovsky@imp.uran.ru
MOSSBAUER ANALYSIS OF CARBIDE DEFORMATION DISSOLUTION IN Fe-Mn
STEEL AT FRICTIONAL TREATMENT
Shabashov V.A., Korshunov L.G., Zamatovsky A.E., Litvinov A.V., Sagaradze V.V.

It was stated that the aging that leads to the ejection of carbon atoms from austenite to carbide
phase causes the increase of steels magnetism due to antiferromagnetic ordering in them. Frictional
deformation effect on the surface of the aged steels decreases essentially the average effective field
and the Neel temperature of ferrimanganese austenite. It can be explained by the deformation
dissolution of carbides MeC and transition of the part of carbon atoms to the y-solid solution.

MeTo0oM TPaHCMHCCHOHHOM MEccOayIpOBCKON CHEKTPOCKOMUU HCCIEAOBAHBI M3MEHEHUS
MarautHOi CTC cnextpoB craneit FeCogMnyV,oMo, u FeCygMnyyV,, BeI3BaHHBIE CTapeHUEM, a
Tak’ke HMHTEHCHUBHOM TIacTHUeCKOW nedopMaiuell B YCIOBHUAX CYXOTO TPEHUS CKOJBKCHHS.
Y CTaHOBIIEHO, YTO CTapeHUE, MPUBOMAIICE K BBIXOIY M3 AyCTCHHTAa B KapOWJHYIO a3y aToMOB
yriaeponaa, 00yCIOBIMBAET YCUJIICHHE MAarHETHU3Ma CTajeld BCIEACTBHE PAa3BUTHS B HUX IPOIECCOB
aHTU(PEPPOMATHUTHOTO  yHopsimoueHusi. DOpHUKIUMOHHOE AcPOpPMAIMOHHOE BO3JCHCTBHE Ha
MOBEPXHOCTh COCTapEHHBIX CTallell CyIIEeCTBEHHO CHUXaeT cpeaHee »¢(deKTHUBHOE TMojie u
temrieparypy Heens jkenme3omapraHIIeBOrO ayCTEHHTa, YTO OOBSCHSACTCS Je(OpMaIlMOHHBIM
pactBopeHneM kapOouaoB MeC 1 nepexo/IoM 4acTH aTOMOB YIJIEpoja B Y-TBEP/IbI pacTBOp.

Oddext nedhopmanoOHHOTO pacTBOpPeHHs KapOWUIOB HauOolee CHUIBHO TMPOSIBISETCA Y
cocrapenno cramu FeCogMnyoV2Mo,, xapaktepusyromieics MUHUMAIbHBIM pPa3MEpPOM YaCTHUIL
KapOuaHoil ¢aspl. [lomyueHHble pe3ynbTaThl MO3BOJIAIOT CAETIATh BBIBOJ O TOM, YTO HAOIIOJaeMblit
y coctapeHHo# aycteHuTHOU ctanu FeCpgMnyoV2MO0; Beicokuit ypoBeHb 3D PEKTUBHOM MPOYHOCTH
U M3HOCOCTOMKOCTH OOYCJIOBIIEH ONTHUMAIBHBIM COYETAHMEM B PAcCMAaTPUBAEMON CTadl ABYX
OCHOBHBIX  MEXaHHW3MOB JI€(POPMAIIMOHHOTO  YIMPOYHEHHS, JICUCTBYIOIIMX B  YCJIOBUAX
u3HammMBaHus: 1 — OapbepHOE NEHCTBHE MHOTOYHMCIIEHHBIX BBICOKOAMCIEPCHBIX uacTul] Me-C,
MPEMSATCTBYIONMUX TEPEMENICHUIO UCTOKalui; 2 — 3dQexkTuBHOE (MPUMECHOE) 3aKpEeTICHHUE
JUCIIOKAIlMi aTOMaMU YIJIepo/ia, HAXOAAIUMUCS B Y-TBEPJIOM PacTBOpE.

PabGota BeImonHeHa mpu Toanepxkke mpoektoB PODU (Ne 10-03-00113 u 12-03-00040),
[Mpesuanyma PAH (Ne 12-11-2-1043) u IIpesuauyma YpO PAH (Ne 12-Y-2-1020).
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THERMALLY INDUCED PHASE FORMATION IN FE-BASED LAYERED
SYSTEMS

Zhubaev A.K.}, Rusakov V.S.%, Kadyrzhanov K.K.?
Aktobe State University, Aktobe, Kazakhstan
’Moscow State University, Moscow, Russia
National Nuclear Center, Kurchatov, Kazakhstan
mosslab.kz@km.ru

In the present work the investigations of phase transformations in three-layered systems Sn—
Zr—Fe and two-layered systems Sn-Fe and Zr-Fe, subjected consequent isochronous thermal
annealing; have been carried out by methods of Mdssbauer spectroscopy on **°Sn and *'Fe nuclei.

At production of three-component systems, there were used metals: Iron (purity rate
99.8 at. %), Zirconium (purity rate 99.9 at. %) and Tin (purity rate 99.95 at. %). The application of
zirconium coating 2 mm thick and tin coating 4 mm thick onto a substrate of o—Fe was performed
by the method of ion-plasma sputtering. Sequential isochronous thermal annealings of three-layered
Sn(4 pm)—Zr(2 pm)-Fe(10 um) and two-layered systems Sn(4 pm)-Fe(10 um) and Zr(2 um)—
Fe(10 um) with duration of 5 h in a temperature range of 550-900°C were carried out in a vacuum
furnace with a residual pressure of 6x10°° mm Hg.

The Mossbauer measurements were conducted on an MSI1104ME spectrometer in the
absorption geometry at room temperature. >’Co(Rh) with an activity of ~5 mCi and ***"Sn(BaSnOs)
with an activity of ~1 mCi served as a sources of y quanta. The spectrometer was calibrated against
the standard samples of a-Fe and BaSnOj. The experimental spectra were processed using the
techniques of restoration of distribution functions of hyperfine parameters of partial spectra (for
*"Fe) and a model identification method (for **°Sn).

The succession of phase transformations and relative quantity of forming phases was
determined. The succession of phase transformations in Sn-Fe and Sn-Zr-Fe lamellar systems was
determined. The formation of iron zirconides in Zr-Fe layered system was established. The
formation of paramagnetic type iron zirconides and a-Fe (Sn, Zr) solid solution in Sn-Zr-Fe layered
system was established. The dependence of volume average concentration of Tin atoms in a-Fe(Sn)
solid solution versus temperature of thermal annealing was obtained.
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BJIMSTHUE UCXOJJTHOI'O COCTABA HA CTPYKTYPHO-®A30BBI COCTAB
HAHOKOMIIO3UTOB Fe-VC-Fe;C
JlomaeBa C.®., f3oBckux K.A., MaparkanoBa A .H.,YassnoB A.JIL., Excykos E.II.

Dusuxo-mexunuyeckutl uncmumym Ypanvckoeo omoenenusi Poccutickoii akademuu Hayx,
Hncesck, Poccus
LomayevaSF@mail.ru

INFLUENCE OF INITIAL MIXTURE COMPOSITION ON STRUCTURAL-PHASE

COMPOSITION OF Fe-VC-FesC NANOCOMPOSITES
Lomayeva S.F., Yazovskikh K.A., Maratkanova A.N., Ul’yanov A.L., Yelsukov E.P.

Mossbauer spectroscopy, X-ray diffraction, electron microscopy and atomic force microscopy
have been used to study the sequence of structural and phase transformations under mechanical
alloying, annealing, and compacting of iron-vanadium-carbon alloys produced from initial mixtures
of various compositions.

Ha CGI‘O[[HSII_HHI/Iﬁ ACHb IPOHCCChl MCXAHOCIIIABJICHUA B CUCTCMC X(GHG30-BaHaHHﬁ-yFHepOI[
HCCJIICAOBAHBI HEAOCTATOYHO, HECMOTpPA Ha TO, 4YTO BaHaI[I/Iﬁ ABIACTCA OJHHUM U3 HauboJiee
3(1)(1)€KTI/IBHI)IX JCTUpyOmMrX 3JICMCHTOB MW TPaAWUIIUOHHO HMCIOJB3YCTCA IIPU HPOU3BOJACTBC
6BICTpOpe)KyH_II/IX, TGHHOYCTOﬁHHBBIX, KOHCTPYKIHUOHHBIX BBICOKOJICTUPOBAHHBIX, KAPOIIPOYHBIX U
HCPIKaBCIOINX crainen. B cranax ¢ Kap6I/II[aMI/I BaHaaAus1 MOXXHO O6€CH€'~II/ITI> IOBBIICHUEC IIPEACIIa
TCKYYCCTH C OOAHOBPCMCHHBIM IMOHUKCHHUEM CKIIOHHOCTH MCTAJUIa K XPYIIKUM Pa3pyHICHUAM. C
TOYKM 3pEHUs YJIy4dlIEHUs HUX CBOMCTB IIPEACTABIIET WHTEPEC MCCIEIOBAHUE CTPYKTYPBI M
MCXaHHNYCCKUX CBOICTB HaHOKPHUCTAJTINIMYCCKHUX aHaJIOIr'OB Kap6I/I,HOCTaJ'IeI71, IMMOJIYYCHHBIX
KOMITAKTUPOBAHUEM MEXAaHUYCCKHU CINIABJICHHBIX ITOPOIIKOB.

B JaHHOM pabore METOJaMU
MeccbayapoBckoii CHEKTPOCKOIIUH,
PEHTICHOBCKON Mudpakiuy, 3JICKTPOHHON U
aTOMHO-CUJIOBOU MHKPOCKOIIMKM  HCCJICJOBAaHA
IHOCJICOJOBATCIIbHOCTD CprKTypHO-(I)aSOBBIX
MPEBPALICHUN MPU MEXAHUYECKOM CIUIABJICHUH,
| L T T Ty OTKHUI'C U KOMIIAKTUPOBAHUN CUCTEMBI KCJIC30-
v, e ¢ % % pamamuii-yriepoj, NONYY4eHHOM M3 cMecei

pasnuyHOro cocrasa: mopoinkos Fe (70 at.%) u

VHTEHCHBHOCTB, OTH. €]1.
P(H), otH. en.

| (Fe¥sc VC (30 at.%); OpOIIKOB YHCTHIX JIEMEHTOB Fe
f e (70 at.%), V (15 ar.%), rpadura (15 at.%);
° «  mopomkoB Fe (70 at.%), V (15 ar.%), Tomyouna.
% ¢ CoorHoeHue MCXOJTHBIX KOMITOHEHTOB
§ :_3 BBIOMPAJTIOCH TaKUM o0pazom, 4TOObI
E
=

‘ colepKaHue KapOuaa BaHaAMUA  COCTaBIISLIO
P \ | o T T nopsizika 30%.

-8 4 v. N 8§ 0 100 Hz(ioa 300 400 [TokazaHo, 4TO BO BCEX CiIydasiXx KOHEYHBIM
Mécchay3poBCKHE CIIEKTPBI 1 QYHKIHH pE3yJbTaTOM  MEXAHOCIUIABJICHUS  SIBJISETCS
pactipenenerus P(H) (hopMUpOBaHHE HAHOKOMIIO3UTHBIX IOPOIIKOB

[10CIIe Pa3MoJIa B TOIYOJIe ¥ OTHKHTa CO CJIOXHBIM (Pa30BBIM COCTaBOM — TBEP/bIi
500°C (cHu3y) pacTBOp Ha oOcHOBe «-Fe, peHTreHoamopdHas

¢aza Ha ocHOBe kapOu10B, kapoug VC.

OTXUT ¥ KOMIAKTHPOBAaHWE MPHUBOJAT K (opMHupoBaHHI0 HaHokommo3uTa Fe-VC-FesC.
Hcnonp30BaHne JKUIKHX OpPraHUMYECKUX CpeJ B KadyeCTBE MCTOYHMKA YIJIEPOAA I103BOJISIET
MoJIydyaTh MaTepuanbl C Yy3KUM paclpeiesieHHeM 3€peH [0 pa3MepaM U PaBHOMEPHBIM
pacripesieieHueM — KapOMOHBIX (a3, CIEACTBHEM YEro  SBISIOTCA  BBICOKHE  3HAYECHHUS
MHKpOTBepaoctT — A0 12 ['ma.
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MECCBAYJ3POBCKHUE UCCJEIOBAHUS PATUAIIMOHHBIX HAPYIIEHUIA
B CJIOUCTOM CUCTEME Fe-Be ITPH OBJIYUEHUW HOHAMM KPUIITOHA

O3epHoit A.H.l, Bepemaxk M.CD.l, ManakoBa I/I.A.l, PycakoB B.C.Z, Kanpip:xanoB KK.!
1HHcmumym s0epnot puzuxku HAL] PK, Animamel, Kazaxcman
2Mockosckuil 2ocyoapcmeenuwlil ynugsepcumem, Mockea, Poccus
manakova@inp.kz

MOSSBAUER INVESTIGATIONS OF RADIATION BREACH IN Fe-Be LAYERED
SYSTEM AT KRYPTON IONS IRRADIATION
Ozernoy A.N., Vereshchak M.F., Manakova I.A., Rusakov V.S., Kadyrzhanov K.K.

The results of influence of irradiation with krypton ions with energy of 280keV on the phase-
structural state of the three-layer system Be(0.9um)-Fe(10pum)-Be(1.0um) after irradiation and
following isochronous annealing are presented in the work. The results were taken by method of
registration of conversion electrons (CEMS).

MeTooM MeccGaypoBCKOH CIIEKTPOCKONMH HA sApax ° Fe MpOBEIEeHbI HCCIIEOBAHMS
CTPYKTYpHO-(Da30BOTO COCTOSIHHSI TpexcioiHo# cuctembl Be—Fe—Be mocme oGmydenus monamu
KpunToHa ¢ 3Hepruei 280 k3B u nociaenyromero H30XpoOHHOTO OTXKUra.

W3noxensl ycioBus (GOPMHpPOBAaHHUSI CIIOMCTOW cuctembl Fe-Be ¢ wucmonb3oBanuem
TEXHOJIOTUU MOHHO-IUIa3MEHHOTO HAaHECEHUs MOKPBITHH. Y CTaHOBJIEHO, YTO TepMoaAn((y3nOHHBIH
OTXKHT JKENe3HOH (oIbru, oGorameHHOH °'Fe 10 89%, ¢ GepHIUIHEBBIM MOKPBITHEM IPH
TEMIIEPAType 650C B BaKyyMe IXIO'GMM.pT.CT. B TeyeHHe 20 4acoB BCIEACTBHE B3aMMHOMU
migQy3un  KOMIOHEHTOB MNPHUBOAMT K TIPOCTPAHCTBEHHOH  HANpaBIEHHOCTH IIpoliecca
(ba3z000pazoBaHus U, KaK CIEICTBHE, HEOJHOPOJHOMY pacupezeneHuto ¢a3 no riyouHe oOpasua u
dopmupoBanmIo TepMudeckH cTabmIbHON mpr T<650 C croucroii crcremsr. TakuM 06pa3oM GbLIH
IIPUTOTOBJIEHBI O00pa3lbl, B MOBEPXHOCTHOM CJIO€ KOTOPbIX C OOEMX CTOPOH COJCPKHUTCA
IIPEUMYIIECTBEHHO uHTepMeTaiina FeBey, a B o0bemMe — TBepablil pacTBOp Ha OCHOBE JKeje3a .-
Fe(Be).

IIpu ob6myuenun cnoucroil cucremsl Be-Fe-Be monamu kpuntoHa no3oi 5x10" mon/m?
CTENEeHb BO3/EUCTBUS MOHHOIO Iy4Ka COCTaBMja 17 eIuHUIl C.H.d., @ IPOEKTUBHBIM MPOOer 3TUX
1nOHOB B cucteme Fe-Be cocraBun Bennunny nopsaka 72 HM. [TockonbKy riyOMHa NPOHUKHOBEHUS
HMOHOB B MaTepuasl Obula BbIOpaHa COM3MEPUMON C TOJIIMHOM JOCTYMHOW Al 30HIMPOBAHUS
MetonoM KOMC, To peructpanus 3J1€KTPOHOB BHYTPEHHEH KOHBEPCHM MO3BOJISATA JIETAIbHO
IIPOCMOTPETh 30HY, MOJBEPTrHYTYIO paguallMOHHOMY BozaeicTBuio. [locne oOiaydeHus oOpasisl
MIO/IBEPTraJIUCh U30XPOHHOMY OTXKUT'Y B BaKyyMe€ B T€UEHHE YETHIPEX YAacOB IPU TEMIEpaTypax OT
200°C no TemnepaTypbl CMHTe3a HCXOJHbIX 00pa3ioB (650°C) ¢ marom 50°C.

YcTaHOBNIEHO, YTO BO3/EMCTBHE HOHOB KPUIITOHA Ha CIOUCTYIO cuctemy Fe-Be mpuBoaut k
MOSIBICHUIO B IIGHTPaJbHOM YacTH CHeKTpa Ha (oHe KOMIIOHEHTOB HCXOAHBIX (a3
JIOTIOJTHUTENBHBIX CIIEKTPAIbHBIX JINHUH, CBUAETEIbCTBYIOLIUX O IEPEX0JIE YACTH aTOMOB XkKele3a B
HCCIIETyeMOM CJI0€ B MHOE, OTIIMYHOE OT MCXOJHOI0, CTPYKTYPHO-(a30BO€ COCTOSIHME MaTepuaa.
B 30He npoexkTHBHOrO Npodera HOHOB MPOUCXOAUT HapylleHne MarueTusma. Yactb aToMoB kenes3a
NEePeXOoaUT B MapaMarHUTHOE COCTOSHHE 3a CYeT 00pa3oBaHMs U OBICTPON 3aKaJKU pa3orpeThixX
oOnactel (TepMHUECKHUX MUKOB). YacTh — MEpPEeXOAUT B COCTOSHUS ¢ MEHBIIUMHU 3D (PEKTUBHBIMU
MOJISIMHU 32 CYET IMOBPEXIEHUS MaTepuaja B 00JacTsAX KacKaJoB aTOM-aTOMHBIX COYAAapeHHUU ¢
MOCJIEeNYIONeH cemaparueil aTOMOB MPU 3aJICYUBAHUM OATUX o0jacTeidl. M30XpOHHBIM OTXKUT
MPUBOANUT K BOCCTAHOBJIEHUIO MarHUTHBIX CBOWCTB 0OJlyueHHOro marepuana. Ilpu Temmeparype
400°C mapaMarHMTHas COCTaBJIAIOIAsl CIEKTpa BCJEACTBHE KpUCTAIIM3aluud aMopdHOM da3bl
MOYTH TOJHOCTBbIO HcuezaeT. OTxur npu temneparype 650°C BozBpamaer meccOayIpoBCKUeE
napaMeTpsl 00Jy4eHHOr0 MaTepuasa B HICXO/IHOE COCTOSIHUE.
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CEKIIUS 4
MPUMEHEHHUS B BUOJIOTUM U
MEJUIIAHE
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A.Tr.7,
Langok A.%, Kohout J.*
"Mockosckuii eocyoapcmeennulil yrusepcumem um. M.B.Jlomonocosa, Mockesa, Poccust
Hncemumym muxpobuonoeuu um. C.H. Bunoepadckozo PAH, Mocksa, Poccus
%Institute of Inorganic Chemistry, Husinec — Rez, CzechRepublic
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INVESTIGATIONS OF BIOGENIC FORMATION PROCESSES OF IRON MINERALS
Chistyakova N.I., Rusakov V.S., Shapkin A.A., Kazakov A.P.,
Zhilina T.N., Zavarzina D.G., Lancok A., Kohout J.

The processes of iron mineral biogenic formation by anaerobic thermophilic iron-reducing
bacterium T. ferriacetica and anaerobic alkaliphilic bacterium G. ferrihydriticus have been studied
by Mdssbauer and magnetic measurements. The processes of synthesized ferrihydrite (SF)
transformation by binary culture of G. ferrihydriticus and A. alkalilacustre and biotic alkalinolysis
of glauconite and biotite by binary culture ofG. Ferrihydriticus and C. alkalicellulosi were also
studied. Mossbauer investigations of SF in different cultivation mediums with different pH and
mineralizationwere carried out to understand whether the environment conditions affect the
structure of initial SF.

[Ipouieccel OMOT€HHOTO CHHTE3a, CBSI3aHHOT'O C BHEKJIETOUHBIM BOCCTAHOBJIEHHEM aMOP(HBIX
okcuoB U ruapokcunoB Fe(Ill) nuccuMuisTOpHBIMU Kelne30peAyKTOpaMH, SBISIOTCS OJHUM H3
BO3MOXXHBIX IyTell oOpa3oBaHHMs MHUHEpAJOB >keje3a. bbui mpoBeneHbl MeccOAy’IpOBCKHE U
MarHMTHBIE UCCIIEIOBAHUS MPOIIECCOB KEJIE30PEAYKIIMHU, BbI3BAHHBIX TePMO(HIBbHON aHa3pOOHOIM
Oakrepueir Thermincola ferriacetica (muramm Z-0001) nana’spoOHOM ankanopuibHON OakTepueit
Geoalkalibacter ferrihydriticus (mramm Z-0531). Jlnst cBoero pocra ob6e GakTepuud B KadyeCcTBE
aKIIenTopa JIEKTPOHOB MCIOJIB3YIOT CUHTEe3UpoBaHHbIN Qeppuruaput (CP), a B kauecTBe JTIOHOPA
— arterat CH3COO'. bbutn nmpoBezieHbl Takke MeccOayspoBckue uccienoBanus CP, 1006aBiIeHHOro
B pa3jMuHbIe Cpe/bl KyJbTUBUPOBAHUS OAaKTEpH, /Ui U3YUEHMsI BIMSHUS YCIOBUI OKpyKarolen
Cpelbl Ha CTPYKTYpY peppuruapura.

W3yuensl mporecchl  BocctaHoBienus C®  OunapHoi  KymsTypoir  Anaerobacillus
alkalilacustris (mramm Z-0521) u G. Ferrihydriticus B cpene ¢ HavanbHOW KOHIIEHTpAIUCH
CDPngeqy = 100 MM 1 Neeqpy = 10 MM. Takoke mcciieqoBaHa BO3MOXKHOCTh BOCCTAHOBIICHHSI aTOMOB
Fe(lll) B cTpykType TpPUPOAHBIX OHOTHTA W  [JIAYKOHUTA OWHAPHOH  KYJIBTYpOil
Clostridium alkalicellulosi (uramm Z-7026) u G. Ferrihydriticus.

MeccbayspoBcKkre UCCIIEJOBaHMS MMPOBOJWINCH IIPU Pa3IMUHBIX TEMIlepaTypax, a Takke B
MPUCYTCTBUM BHeHIHero MarHutHoro noist (60 k9) npu T =4.2 K. 3MepeHne HaMarHU4eHHOCTH
npoBoawinck B uHTepBane temmeparyp 80 — 300 K u marautseix nomsx o 10 k3. Kpowme Toro,
ObUIM M3MEpPEHBl 3aBUCUMOCTH HAMAarHMYEHHOCTH OT TeMIepaTrypbl B MarHMUTHOM moiyie 10 kD B
pexxumax ZFC u FC, u3aMepeHsl et THCTepe3uca Py ONPeIeIICHHBIX TeMITEpaTypax.

Bbu10 ycTaHOBJIEHO, B YAaCTHOCTH, YTO B IPOLIECCE pocTa OakTepuil, Kak YUCTON KyJIbTYpHI
G. Ferrihydriticus, tak wu Ounapuoit G. Ferrihydriticus u A. Alkalilacustris, npoucxomur
(dbopMHpOBaHHE MarHUTOYMOPSIOUYEHHON (ha3bl, SBISAIOUICHCS CMEChIO HECTEXHOMETPUYECKOTO
MarHeTHTa U MarreMuTa co cpeTHuM pazmepom dactull ~ 10 HM, a Takxe popmupyercs cuneput. B
cllydae COBMECTHOro pocTa Oaxrepuil npu Ny = 10 MM MarauToynopsinoueHHass ¢asa He
oOpa3yercs. YBelWYeHHE BPEMEHM WHKyOalMM OakTepuil NMPaKTHUUECKH He BIUSET Ha MpOIecC
BOCCTAHOBJICHMSI JKEJI€3a.
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SEPARATION OF PARTIAL COMPONENTS OF MOSSBAUER SPECTRA OF
MAGNETIC NANOPARTICLES IN LIVER OF MICE
Gabbasov R.R.!, Cherepanov V.M.}, Chuev M.A 2, Polikarpov M.A.}, Panchenko V.Ya.!
'National Research Center “Kurchatov Institute”, Moscow, Russia
?Institute of Physics and Technology, RAS, Moscow, Russia
E-mail : gabbasov-raul@yandex.ru

PA3JIEJIEHUE TTAPHMAJIBHBIX KOMITOHEHT MECCBAYSPOBCKOI'O CITEKTPA
MATHUTHBIX HAHOYACTUL B ITIEYEHU MBI
l'a66acoB P.P., Uepenanos B.M., UyeB M. A., [Tlonukapnos M. A., [Tanuenko B.41.

Previous studies of biodegradation in vivo of magnetic nanoparticles injected into the tail vein
of mice showed that they are accumulated mainly in the liver and spleen [1, 2]. It was found that the
shape of the Mdssbauer spectra of liver changes with time after the injection. Together with a six-
line spectrum of the initial magnetic particles, we found a strong additional doublet of lines, which
allowed us to talk about the biodegradation process. This doublet may indicate both appearance in
the liver of superparamagnetic nanoparticles, which size is smaller than the size of intrinsic
nanoparticles, and emergence of non magnetic ferritin—like proteins. In this work we used a new
experimental method for distinction of these components, measuring the Mdssbauer spectra of each
sample of mouse liver at two different temperatures and in an external magnetic field. We also
suggested a calculation procedure for simultaneous fit of these three Mdssbauer spectra,
corresponding to the same stage of the nanoparticles biodegradation, within self-consistent set of
parameters. As a result we separated the partial superparamagnetic component of the spectra, which
characterizes changes of exogenous magnetic nanoparticles in the process of their biodegradation,
from the partial paramagnetic component of the spectra, which characterizes changes of ferritin-like
proteins. In addition we have evaluated the particle’s magnetic anisotropy energy, the critical field
for their magnetization reversal and their volume concentration at each stage of biodegradation.
However Mdssbauer spectroscopy can not principally estimate the average particles size, which
requires for additional measurements. In this report was demonstrated that the efficiency of the
proposed technique can be increased by adding to the set of three Mdssbauer spectra a
magnetization curve measured on the same sample. The whole set of the data can be simultaneously
processed within the same model of magnetic dynamics with the same set of parameters so that the
additional measurements of magnetization curves allow one to determine the change in the
nanoparticle size during the biodegradation process.

1. M.P. Nikitin, R.R. Gabbasov, V.M. Cherepanov et al., AIP Conf. Proc., 1311 (2010), p. 401.
2. M.A. Chuev, V.M. Cherepanov, S.M. Deyev et al., AIP Conf. Proc., 1311 (2010), p. 322.
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IMUCCHOHHAS MECCBAYJPOBCKAS CIHEKTPOCKOIIUS B
MHUKPOBHOJIOT'UH: TPAHC®OPMAILINS NOHOB KOBAJIBTA(11) KJIETKAMHU
BAKTEPUM

Kamues A.A.
DeoepanvHoe 2ocyoapcmeerHoe DI00AHCemHoe yupedxcoerue Hayku Uncmumym ouoxumuu u
@usuonoeuu pacmenuii u Mmukpoopearnuzmos Poccuiickou axkademuu nayx, Capamos, Poccus
aakamnev@ibppm.sgu.ru
EMISSION MOSSBAUER SPECTROSCOPY IN MICROBIOLOGY:
TRANSFORMATION OF COBALT(Il) IONS BY BACTERIAL CELLS

Kamnev A.A.

Emission (°*’Co) Méssbauer spectroscopy, rarely used in biology-related studies [1-4], has
been applied for studying cobalt(Il) binding and metabolic transformations in live bacterial cells.
Emission Mossbauer spectroscopic data were obtained and compared for live and dead cells of
different strains of the soil bacterium Azospirillum brasilense with different ecological behaviour
[5, 6].

DMUCCHOHHEIH BapHAaHT MEccGayIPOBCKOI CIIEKTPOCKOmHH Ha spax - Co (*'Co-DMC) —
BBICOKOYYBCTBHUTEIbHBIN U UH()OPMATUBHBINA METOM SACPHON XUMHH, ITUPOKO HUCIOIB3YIOLIUICS B
MCCIICIOBAaHMSIX CaMBIX Pa3HOOOpa3HBIX MaTepuajoB. TeM He MeHee, ero MpUMeHEeHHe B OMOJIOTHU
OTPaHMYEHO eIWHWYHBIMU pabotamu [1, 2], 4TOo cBsi3aHO, B TEPBYIO OdYepenb, C
METOAO0JOTUYECKUMHU TPYTHOCTSIMU BBEICHUS PATUOHYKIIN]IA (>’Co) B Guonornueckue obpasipl. B
YaCTHOCTH, JO Hayalla HalluX wHcciaenoBaHui [3] uWMenoch BCEro HECKOIbKO paboT 1o
HCIIONB30BaHHI0  ° CO-OMC st W3y4YeHUs CBs3bIBaHUA HOHOB KoOambTa(ll) KiIeTKamm
MUKpoopranu3moB [2]. Tem He MeHee, TaKKe UCCIeI0BaHUS BaXKHBI B CBA3H C Y4acTHEM KOOalbTa B
pabote 1enoro psga ¢epMeHTOB [1—4], BO3MOXHOCTSAMU H30CTPYKTYPHOTO 3aMEIICHUS MOHAMH
koOanbTa(ll) MHBIX KAaTHOHOB (TaKMX, KaK ‘‘CIIEKTPOCKONUYECKHM MHEPTHBIA~ IUHK) [2], a Takke
0co00ro MexaHuW3Ma TOKCHMYHOCTH KoOanbTa g Oaktepuit (cM. 0030p [2]). B nHammx
VICCITEIOBAHMSX CBS3BIBAHHE HOHOB ' CO®* ¥ MX MeraGoiMdyeckne MNpPEBPAIICHHS B KIETKAX
pa3UYHBIX IITAMMOB JKUBBIX OakTepuil (MouBeHHBbIC a30TduKcupyrounme Oakrtepun Azospirillum
brasilense), oTmuuaromMXCs KOMOTMYECKHM MOBEACHUEM [5, 6], CpaBHHBAIUCH C JaHHBIMH,
MOJTyYeHHBIMH U1 OMOMAacchl MEPTBBIX KIETOK. llodydeHHBIE pa3iauuusi IUIsl KHUBBIX KIETOK
pasHbIX IITAMMOB COOTBETCTBYIOT HX pAa3JIMYHbIM OTKJIMKAM HA HOHBI TSDKEJIBIX METaJlIoB,
BKimouas Co>* [5, 6]. B oTnuune OT XMMHYECKOTO CBSI3BIBAHUS Cco* MEpPTBOM Ouomaccoil, B
KHUBBIX KJIETKaX IO M3MEHEHHUSM MapaMeTpoB CIIEKTPOB HAOMIONAINUCh MeTabOoIuYecKue
npeBpaiens ° Co”.

PaGora monaepxaHa B pamkax HayyHod mnporpammbel HATO (rpant ESP.NR.NRCLG
982857) u Corunamenust o HaydHoM coTpyaHudectse Mmexy PAH u Benrepckoit AH (mpoekt 28,
2011-2013 rr.).

1. A.A. Kamnev. J. Mol. Struct., 2005, 744-747, 161-167.

2. A.A. Kamnev. In: Mgssbauer Spectroscopy: Applications in Chemistry, Biology, Industry, and
Nanotechnology (V.K. Sharma, M. Takeda, Eds.). Wiley, New York, 2012 (Invited Chapter, in press).
3. A.A.Kamneyv, L.P.Antonyuk, V.E.Smirnova, O.B.Serebrennikova, L.A.Kulikov, Yu.D.Perfiliev.Anal.
Bioanal. Chem., 2002, 372, 431-435.

4. A.A. Kamneyv, L.P. Antonyuk, V.E. Smirnova, L.A. Kulikov, Yu.D. Perfiliev, I.A. Kudelina, E.
Kuzmann, A. Vértes. Biopolymers, 2004, 74, 64-68.

5. A.AA. Kamnev, A.V. Tugarova, L.P. Antonyuk, P.A. Tarantilis, L.A. Kulikov, Yu.D. Perfiliev, M.G.
Polissiou, P.H.E. Gardiner. Anal.Chim. Acta, 2006, 573-574, 445-452,

6. A.A. Kamnev, A.V. Tugarova, B. Biro, K. Kovacs, Z. Homonnay, E. Kuzmann, A. Vértes.
Hyperfine Interact., 2012, 206, 91-94.
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INPUMEHEHUE MECCBAY3POBCKOM CIEKTPOCKOIINA B UCCJEJIOBAHUA
TEMOTIJIOBUHA TJOHOPCKOM KPOBH
XBactyHoB C.M., Kucenesa T.1O., HoBakoBa A.A.
Mockosckuii cocyoapcmeennwiii ynusepcumem um. M.B.Jlomonocosa, Mocksa, Poccus
shvastunov@gmail.com
APPLICATION OF MOSSBAUER SPECTROSCOPY IN RED BLOOD CELLS STUDY
Khvastunov S.M., Kiseleva T.Yu., Novakova A.A.

The hemoglobin state degradation during red blood cells storage is presented. The main
process features were identified by means of Mossbauer spectroscopy. Kinetics of this process
varies for RBCs of different donors, that indicates the presence of individual donor factors influence
on red cells degradation.

XKenesoconepxamme OHOJIOTMUYECKHE MOJIEKYJIbl, KIETKM U TKAaHU JIaBHO SIBJISIOTCS
00BbEKTaMU MeccOayIpOBCKUX HCCIeoBaHU. bBonbmol wuHTEpec cpenad HUX MPEACTABISIOT
SPUTPOLIUTHI, OCHOBHBIM KOMIIOHEHTOM KOTOPBIX SBisieTcs OeloKk reMorio0ouH. ['emornobun
OCYIIECTBIISICT TPAHCIOPT MOJICKYJIAPHOTO KHCJIOPOAAa B OpraHM3Me U O00ecreuynMBaeT psf
(hepMEeHTaTUBHBIX CBOICTB.

OObexkTamMu HccieloBaHUS B Halllell paboTe CIyXWIM 00paslibl JTOHOPCKOM 3PUTPOLMTHOMN
Macchl. DputpouutHas Macca (OM) siBiseTcs OJJHUM U3 OCHOBHBIX IPENapaToB, UCIOIb3yeMbIX B
TpaHc(hy3HMOHHOU Tepanuu. B xnmmHukax DM xpaHuTcs B TeueHHe 35 qHEH (CpOK YCTaHOBIECH
I'OCTom), BIIOTH 710 €€ MPUMEHEHUS MIpU NepenuBaHuu. [ TaBHOE ee Ha3HaueHuEe — BOCIIOJIHEHHE
KHCIOPOAOTPAHCTIOPTHOW ()YHKIIMK KPOBU B OPTraHU3ME.

Pe3ynbratel OnoxumMuueckux uccienoBanuii [1,2] cBUAETENBCTBYIOT O TOM, YTO B Ipoliecce
AJIUTCIIBHOTO XPaHCHUA OM B OXJTAXKICHHOM BHJC NPOUCXOAUT Heﬂblfl pan (1)H31/IKO-XI/IMI/I‘~I€CKI/IX
MIpPEeBpALICHH, KOTOPbIE MPUBOASAT K JAeTpajallii MOJIEKYJ TeMOTrI001Ha, TOBPEXKICHUSIM MeMOpaH
SPUTPOLUTOB U HUX MPEKIACBPEMEHHOMY pa3pylIeHUIO. B pe3ynbTare 3TOro 3pUTPOLHUTHI TEPSIOT
(GYHKIIMOHATBHYIO AaKTHBHOCTh, a MpPUMEHEHHe JaHHOM DM s TpaHcy3uu CTaHOBUTCS
HeOe30IacHBIM Iopa3/io paHbllle OKOHYAHUS CPOKA XPAHCHHS.

B cBs3u ¢ 3TuM, mpencTaBisio OONBLIIOW MHTEpPEC MPOCIEAUTh 33 BCEMHM W3MEHEHHSIMU
(U3UKO-XMMHYECKOTO  COCTOSIHMSI ~ IeéMOIVIOOMHAa B DPUTPOLUTAX  JOHOPCKOH  KPOBH,
MIPOUCXOJISIIIMMH TP €€ XPaHEHUH.

B pabote Obln1 mpoBeACH KOMMYECTBEHHBIM aHAJIN3 OCHOBHBIX (POpM remorjoOuHa B psijie
o0pasioB DM Ha pa3HbIX 3Tanax MX XpaHeHHs. BbulM BBISBIEHB OCHOBHBIE XapaKTEpHbIE
ocobenHoctu. CopaepkaHue JeokcuremornoOvHa (¢opmel, oOecreyuBarole TpPaHCIOPT
KHCJIOPO/A) UCIIBITHIBAET SKCIIOHEHIIMANIBHBIN Cllajl Ha BceM 3Tane xpaHeHus OM. OaHOBpeMEHHO
MPOUCXOAUT 00pa30BaHUE TPEXBAJICHTHBIX OKHCIIEHHBIX (hopMm remoriiobuHa. B manmpHeiinieM Mbl
¢bukcupyeM yBenuueHHUE coiepKaHus 3TUX (GopM B oOpa3nax.

OKasanocr,, YTO KHUHCTHUKA IIPOUCXOIAAIINX N3MEHEHHNH CYIICCTBCHHO PAa3JIM4acTCAa IJid
o0pa3ioB DM, MOJy4eHHBIX OT Pa3HbIX JOHOPOB, YTO CBUAETENBCTBYET O HAIUYMM (PAKTOPOB,
OOyCIIOBJICHHBIX ~ WMHAMBUAYAJIbHBIMH  OCOOEHHOCTSIMM  JOHOpa (B  4YacTHOCTH, BO3pacT,
CaMOYyBCTBHE JJOHOpPA Ha MOMEHT CIauu KPOBH).

MeccbayspoBckass CHEKTPOCKOIHUS TOKa3ana BBICOKYI0 3((EKTUBHOCT, NpPU pELIeHUU
JTAaHHOM 3aJa4H.

1. Basran S, Frumento RJ, Cohen A et al. The association between duration of storage
of transfused red blood cells and morbidity and mortality after reoperative cardiac surgery. //Anesth
Analg 2006; 103(1), P.15-20.

2. Koch C.G,, Li L., Sessler D.S., Figueroa P. et al. Duration of Red-Cell Storage and
Complications after Cardiac Surgery. // The new England journal of medicine.2008; 358, P. 1229-
39.
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MECCBAYA3POBCKAS CHEKTPOCKOIIUS KAK METO/JI JMATHOCTHUKH
MATI'HUTHBIX HAHOYACTHUII B )KUBOM OPI'AHU3ME
MHuIIEHKO I/I.H.l, Uyes M.A.l, UYepenaHos B.M.Z, [Tonukapnos M.A.z, [anuenko B.5.2
L Dusuro-mexnonozuueckuii uncmumym Poccuiickoti akademuu nayx, Mockea, Poccus
2Haylmo-ucwze()oeameﬂbcmﬁ yeump «Kypuamoeckuii uncmumympy, Mockea, Poccus
IlyaMischenko@rambler.ru
MOSSBAUER SPECTROSCOPY AS A METHOD FOR CHARACTERIZING
MAGNETIC NANOPARTICLES IN A LIVING ORGANISM

Mischenko I.N., Chuev M.A., Cherepanov V.M., Polikarpov M.A., Panchenko V.Y.

We have developed a stochastic model accounting the relaxation effects in the system of
homogeneously magnetized single-domain particles, which is enough to analyze large amount of
Maossbauer and magnetization information, including biological data. The method allowed us to
reliably evaluate changes in the nanoparticles parameters and numerically characterized the
conversion of the iron to paramagnetic ferritin-like forms in animals’ organs in the course of time.

[TocTosiHHO BO3pacTaroLMii HHTEPEC K MArHUTHUKaM HAaHOMETPOBOI'O pazMepa 00yCIIOBIIEH UX
IIOBCEMCCTHBIM IIPUMCHCHUCEM B TCXHOJIOTMHM MAIHUTHBIX U MArHUTOOIITHYCCKHUX yCTpOﬁCTB, BcE
qauie OHHU HCIIOJIB3YIOTCA B 6I/IOM€ZII/IIII/IHCKI/IX MIPHUIIOKCHUAX . 910 nmpeaonpeacisacT
H606XO,Z[I/IMOCTB IMPOBCACHUA CHUCTCMATHYCCKUX I/ICCJ'IGI[OBaHI/Iﬁ KaK CTPYKTYPHBIX W MArbHuTHBIX
CBOMCTB 3THX MaTCepHraioB, TaK U BOIIPOCOB UX MeTa0oJIM3Ma B )KHBOM OpraHusme.

CYH_IGCTByeT HECKOJIBKO JKCIICPUMCHTAJIBHBIX MCTOHNOB, YYBCTBUTCJIBHBIX K HJOBOJIBHO
CJIOXKHBIM TpOIeCCaM MAarHUTHOW JWHAMUKH HaHodacTtull. Cpenu HUX OJHMM W3 HauOoiee
I/IH(bOpMaTI/IBHbIX ABJISACTCA MeCC6ay3pOBCKa}I CIICKTPOCKOIINA, YCIICHIHO IIpUMCHACMas JUIsd
HCCICA0OBaHUA CTPYKTYPHBIX, MArHUTHBIX U TCPMOJUHAMUYCCKUX CBOICTB HAHOMAarHeTHKOB.

B MMOCJICAHCC BpPCMsA MbI pa3pa6aTLIBaeM MOACIN MariuTHOH JUHaAMHUKHU a"HcamoOIs
HAaHOYACTHI] Pa3HOW MAarHUTHOM MPHUPOJIbI, IPUEMIIEMBIC ISl aHAJIM3a MECCOayIPOBCKUX CIIEKTPOB
[pU Pa3IMYHBIX TEMIIEpaTypaXx W MarHUTHBIX TMOJISX, @ TAK)KE KPUBBIX HamarHuuyuBauus [1-4]. B
OTJIMYHMEC OT CTAHAAPTHOI'O IMOJAXO0Ad, HAMH YYHTBIBACTCS OoJiplIasg BEIWYMHA CITMHA HCCICAYCMBIX
YaCTHULl U paCcCMATpUBAKOTCA IIEPCXOAbl MCKAY HUX CTAOUOHAPHBIMHU KBAHTOBO-MCXaHHYCCKUMH
COCTOSIHMSIMU (MHOTOYPOBHEBBIE MOJEIN pejakcanuu). Takod MOAXO0J HE TOJBKO TMO3BOJISIET
MIOHATH MHOTHE KadyeCTBEHHBIE OCOOEHHOCTH raMmMa-pe30HaHCHBIX CIICKTPOB MAIrHUTHBIX
HAHOYACTHI], HO U MPEAOCTABIISET anmnapar (cocTaiseT 0a3y) UX KOJIMYECTBEHHOIO aHAIN3a.

B HaCTOSII_I_Ieﬁ pa60Te pcaii3oBaHa aHAJIUTUYCCKAA MCETOAUMKA JId JUArHOCTHKU
6H0z[erpaz[aunn KEJIC30CcoACpKalluX HaHOYaCTvul B JKHMBOM OpraHnM3ME Ha OCHOBE TraMMma-
peBOHaHCHOﬁ CIICKTPOCKOIINHU [5, 6] Ha NpuMEpPE BBCACHUA MAIHUTHBIX YaCTUL B OpPTraHHU3M
MBIIITEN IIOKa3aHoO, 4YTO JaxeE MHUHUMAaJILHBIN Ha6op OKCIICPUMCHTAIIBHBIX OAaHHBIX M3 TpPEX
MCCC6ay3pOBCKI/IX CIICKTPOB, U3MCPCHHBIX IIPHU PA3HBIX TEMIICPATYpaxX U BO BHCITHEM MAIrHUTHOM
I10J1€, BMCCTC C KpI/IBOfI HaMaron4nBaHUsA IIO3BOJIACT HaJACXKHO OLCHUTH KIIFOUCBBIC
XAPAKTCPUCTHUKU HAHOYACTUI] U IIPOAYKTOB HX TpaHC(bOpMaI_[I/II/I Ha KaXXIOM 3Talle Acrpaaanv B
KUBOM opraHuszMe. MH@opMaTMBHOCT, 3TOMl METOIMKHM TIJIaBHBIM 00pa3oM OCHOBaHa Ha
OOIHOBPCMCHHOM aHaJIn3€ BCCTO Ha6opa SKCHICPUMCHTAJIbHBIX HAHHBIX IJId KaXXJ10r'o 06pa3ua B
paMKax e)II/IHOfI MOOean MAarHUTHOH AUHAMUKHU a"HcaMOIa HAHOYaCTHII.

1. M.A. Uyes. XKOT®, 2009, 135, 280-292.

2. M.A. Chuev. J. Phys.: Condens. Matter, 2011, 23, 426003 (11pp).

3. M.A. Yyes. XKOT®, 2012, 141, 698-722.

4. M.A. Uyes. [Tucema B XKITD, 2012, 95, 323-329.

5. M.A.Chuev et al., AIP Conf. Proc., 2010, 1311, 322 (7pp).

6. I.N. Mischenko et al. Hyperfine Interact., 2012, 206, 105-108.
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COMPARATIVE STUDY OF NORMAL OXYHEMOGLOBINS WITH DIFFERENT
MOLECULAR STRUCTURE AND OXYHEMOGLOBINS FROM PATIENTS WITH
SOME BLOOD SYSTEM MALIGNANT DISEASES USING MOSSBAUER
SPECTROSCOPY WITH A HIGH VELOCITY RESOLUTION
Oshtrakh M.I."?, Berkovsky A.L.%, Kumar A.*, Vinogradov A.V.°, Konstantinova T.S.°,

Kundu S.*, 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,
Russian Federation;

*Hematological Research Center of the Russian Academy of Sciences, Moscow, 125167,
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*Department of Biochemistry, University of Delhi South Campus, Benito Juarez Road, New
Delhi — 110021, India;
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E-Mail: oshtrakh@mail.utnet.ru

Study of the hemeFe(ll) electronic structure in various normal hemoglobins with different
molecular structure is very important in order to analyze structure-function relationship of oxygen
carriers. Moreover, possible variations of the heme Fe(ll) electronic structure in hemoglobins from
patients with molecular diseases may be related to pathologies. In this case Mdssbauer spectroscopy
is a good tool for investigation of the iron electronic structure. Recently, we demonstrated that
Maossbauer spectroscopy with a high velocity resolution increased the accuracy of evaluation of
hyperfine parameters [1]. The high velocity resolution also helps to reveal small variations in
hyperfine parameters as well as more reliable fitting of complicated spectra. Therefore, Mdssbauer
spectra of oxyhemoglobins with different molecular structure and functions obtained from normal
pig, rabbit and human as well as from patients with blood system malignant disease were measured
using automated precision Mdssbauer spectrometric system with a high velocity resolution (see [1])
at 90 K in 4096 channels. Additionally spectrum of a sample with partially deoxygenated rabbit
oxyhemoglobin was also measured at 90 K. For further analysis Mossbauer spectra were presented
in 1024 channels by consequent summation of 4 neighboring channels. Mdssbauer spectra were
fitted using two models with one quadrupole doublet for oxyhemoglobin (model of equivalent iron
electronic structure in o— and B-subunits of hemoglobins) and with superposition of two
quadrupole doublets (model of non-equivalent iron electronic structure in a— and B-subunits of
hemoglobins). Small variations of quadrupole splitting for normal and patients’ oxyhemoglobins
obtained within the first model are shown in Fig. 1. Similar differences were obtained using the
second model and compared with known structural and functional differences of normal
hemoglobins. Small variations of quadrupole splitting for patients’ oxyhemoglobins may be a result
of pathological changes and, therefore, useful for the study of molecular nature of diseases.
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HIankuH A.A.l, YucrakoBa H.I/I.l, Pycakos B.C.l, Kunnuna T.H.z, 3aBap3uHa I[.F.Z
"Mockoscruii 2ocyoapcmeennwiii yrusepcumem um. M.B. Jlomonocosa, Mockea, Poccus
2HHcmumym muxpoouonocuu um. C.H. BunoepaockoeoPAH, Mocksa, Poccus
alexeyshapkin@gmail.com

MOSSBAUER STUDY OF MICROBIAL IRON REDUCTION PROCESS IN IRON
CONTAINING NATURAL BIOTITE AND GLAUCONITE

Shapkin A.A., ChistyakovaN.l., RusakovV.S., Zhilina T.N., Zavarzina D.G.

The iron reduction process in natural iron containing biotite and glauconite was investigated.
In case of binary culture, the relative intensity of magnetically ordered phase is higher. The
magnetically ordered phase consists of maghemite and non-stoichometric magnetite.

Metonamu MEccOayIpOBCKOI CHEKTPOCKOMUHU OBUIO MCCIIEIOBAHO B3aMMOJCHCTBHE YMCTHIX
OaKTepHaIbHBIX KYJIbTYP C HMPHPOJHBIMH OHOTHUTOM W TJIAyKOHUTOM B TedeHWe 165 nHed B
MIETIOYHBIX ycinoBusaX ¢ PH 9.5 u munepanuzanueit 15 /1. Anaspobnas ankanopuinbHas OakTepus
Clostridium alkalicellulosi (mramm Z-7026) Gblaa BbIf€ICHA U3 JOHHBIX OCAIKOB COJOBOIO 03€pa
Bepxuee benoe (bypsarus). Jannas Oaktepust sBIseTCS Me30(DHIBHBIM TIPEJICTABUTEIEM
ankanoduisHoro coodmmecta (T=35-40 °C, pH 9.0) u ciocobHa cOpakMBaTh MUKPOIIEILUIIONO3Y, B
pe3ynbTaTe 4ero oopasyrorcs anerar, popmuar, Jakrart, 3traHol U Hy. AHaspoOHas ankaiopuibHas
oakrepuss Geoalkalibacter ferrinydriticus (mrramm Z-0531) Obuia BblgelieHa M3 JOHHBIX OCAIKOB
comoBoro o3epa XaneiH (TweiBa). Orta Oakrepusi sBisieTcss Me30(DHIOM H  OTHOCHUTCS K
ankanoduisHOMy coodtectBy (T=37°C, pH 9.5), ucnons3yer NpUpOAHbIMA ITTayKOHUT UK OHOTUT
B KAauecTBE AaKIENTOPOB W MPOAYKTOB COpaKMBaHUS MHUKPOIEIUTIONIO3bI B KadyecTBE JOHOpa
3JIEKTPOHOB.

M¢éccbayrpoBCcKue HCCIeNoOBaHUS TBEPAbIX (a3 00pas3loB NPOBOIMIMCH NPU KOMHATHOM
Temriepatype, a Takke T = 78°K u T = 5°K. J[ys1 06paboTKU CHEKTPOB UCIIONIB30BANACkH IPOrpamMMa
SpectrRelax. M3mepenuss mpu HU3KHX TeMIlepaTypax MO3BOJWIN OOHAPYXKHUTh HAIUYHE JIBYX
HEOKBUBAICHTHBIX MO3MIMIL U1 aToMOB Fe’’ B CTpYKType NMPHpPOIHBIX GHOTHTA M IIIAYKOHHTA.
W3mepenue criekTpoB 00pa3lioB NMPUPOIHBIX OMOTHUTA U TIAYKOHWTA, JUIsl KOTOPBIX HOpMallb K
MOBEPXHOCTH 00pasiia COCTaBIsIa ¢ HAllpaBJICHUEM IMPOJieTa Y-KBaHTa XapaKTepHbIN yron 9~54.7°,
MOKa3aJI0 HAIMYHE TEKCTYpPHI B HCCIIEAOBAaHHBIX 00paslax, MpUYeM CTENeHb TEKCTYPHPOBAHUS Y
OMOTHUTA CYIIECTBEHHO OOJIbIIIE.

M¢éccbayspoBCKHEe ~ CHEKTphl ~ OOpa3loB,  TOJYYEHHBIX B pe3ylbTare  pocra
MHUKPOOHOJIOTMYECKUX KYJIbTYp Ha HPUPOAHBIX TJIAYyOKOHUTE U OHOTHUTE, MPEACTaBIAIOT COOOM
CYNEPIO3UIIHIO MATH NapIHaATBHBIX CIIEKTPOB: IBYX KBAJAPYIOIBHBIX JTy0JIETOB, COOTBETCTBYIOIINX
atomam Fe®*, 1ByXx KBajpymoibHBIX IyGNETOB, COOTBETCTBYIOIMX atoMaM Fe’', u ommoro
3eeMaHOBCKOTO cekcTera. MéccOayrpoBCKHe HCCIENOBAHUS TIOATBEPAMIH OTCYTCTBHE IpOIecca
xene3openykiun B pesyabrate pocta Cl. Alkalicellulosi kak Ha rmaykonurte, Tak u Ha OHOTHTE.
beu10 ycraHoBieHo uto, B ciydae pocta G. Ferrihydriticus ¢popmupyercss MarHUTOYMOpsi0YeHHAS
(aza, OTHOCUTEIBHOE COZAEPKaHHE KOTOPOW MEHbIE, YyeM B cilydae OwHapHOW KyabTypsl Cl.
Alkalicellulosiu  G. Ferrihydriticus. HwuskoremmnepaTypHble HW3MEpPEHHs  IOKa3ai, YTO
MarHUTOYNOpPAOUYeHHAs (a3a SBIAETCS CMEChIO HECTEXMOMETPUUYECKOTO MarHeTUTa U MarreMMTa,
C MpUMECSIMHU AFOMUHUS M THTaHa. [Iporecc BoccTaHOBIEHHS Kelle3a UAeT 00jee WHTCHCUBHO B
IJIAyKOHUTE, YeM B OHOTHUTE.
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MOSSBAUER STUDIES OF POLYFUNCTIONAL BIOCERAMICS BASED ONM-
TYPE HEXAGONAL FERRITE PARTICLES FOR MEDICAL APPLICATIONS
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V.N. Karazin Kharkiv National University,Kharkiv, Ukraine
2A.F loffe Physico-Technical Institute of RAN, St.-Petersburg, Russia
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Bioglass ceramic powders are widely
used for the hyperthermy of cancer, whereby
heat generated in these ceramic particles under
the action of an external alternating magnetic
field kills (on reaching a local temperature of
42-45-C) tumor cells, while not affecting
healthy tissues. New promising materials for
these applications are ceramics based on
hydroxyapatite (HA) with various substituents.
Recently, we have developed physical and
technological principles of creating magnetic
particles for medicine [1,2], which made
possible the synthesis of microcrystalline M-
type hexagonal ferrite (HF) powders possessing
high magnetic characteristics that are necessary
for the creation of new, more effective
biomagnetic materials for medical applications.

This Report describes the creation of new
polyfunctional bioceramics based on an HA
matrix in which introduced microparticles of
barium M-type HF, which possess better
magnetic characteristics as compared to those
of iron oxides and spinels.

The proposed magnetic bioceramics was
obtained in two stages. The first stage are the
synthesis an M-type HF components of special
flaky configuration and a CHA powder as
bioactive component [3]. The second stage is
the temperature 1100 °C sintering of pressings
prepared from a mixture of powdered CHA
matrix and magnetic filled (M-type HF) taken
in certain proportions. Magnet phase content in
the ceramic composite made up from 10 to 50
wit%. The ceramics characterization was carried
out with the help of methods of X-ray phase
analysis, IR and Mossbauer spectroscopy,
electron microscopy, magnet static studies.

The Mossbauer spectra of obtained
samples shown at Figure 1.

As a result of our research, magnetic
bioceramics has been created, which comprises
a two phase composite based on hydroxyapatite
to the matrix of which particles of M-type
hexagonal ferrite are incorporated. It is shown
that a significant concentration of magnetic
filler has not substantially influenced the phase
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composition of the bioactive matrix of HA both
on the structural and molecular levels;
therefore, the created ceramics has preserved
the high bioactive properties of HA.

Thus, a new class of magnetic
bioceramics combining hydroxyapatite
Cas(PO4)30H,  which  exhibits  excellent

biocompatible and bioactive properties, and
particles of Mtype hexagonal ferrite, which
possess high magnetic characteristics, has been
created.
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Figure 1. Mossbauer spectra  of

CHA-+BaO-6Fe,03 bioceramic.
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Tkachenko, et al., Fiz. Nizk. Temp. 2010, 36,
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[2] L. P. OI’khovik, N. V. Tkachenko, and A. S.
Kamazin, lzv. Ross. Akad. Nauk, Ser. Fiz. 2011,
75, 303 [Bull. Russ. Akad. Sci. Fiz. 2011, 75,
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COMPARATIVE STUDY OF NANOSIZED IRON CORES IN HUMAN LIVER
FERRITIN AND ITS PHARMACEUTICALLY IMPORTANT MODELS MALTOFER®
AND FERRUM LEK USING MOSSBAUER SPECTROSCOPY

Alenkina I.V.}?, Oshtrakh M.1.12, Kuzmann E.3 Semionkin V.A.1?2
'Department of Physical Techniques and Devices for Quality Control and 2Department of
Experimental Physics, Institute of Physics and Technology, Ural Federal University, Ekaterinburg,
Russian Federation;
3Institute of Chemistry, Eétvés Lorand University, Budapest, Hungary
E-Mail: aguila07@mail.ru

Ferritin, an iron storage protein, consists of nanosized ferric hydrous oxide core in the form of
ferrihydrite-like structure (5Fe,O3x9H,0) coated with a protein shell. Some ferritin analogue
appeared to be useful as pharmaceutical products for iron deficiency anemia treatment. These
analogues also consist of nanosized ferric hydrous oxide cores in the form of akagenite-like
structure (B-FeOOH) surrounded with polysaccharides. Previous studies of ferritin and some of its
related compounds permitted the authors to suggest the core-shell model of the iron core structure
or two non-equivalent Fe positions in the iron core of mentioned species and to fit their Mossbauer
spectra using two components ascribed to the internal and surface regions of the core [1, 2] or two
non-equivalent positions of Fe** in the core [3]. However, our studies of ferritin and its
pharmaceutically important models using Mdssbauer spectroscopy with a high velocity resolution
showed capabilities of improved velocity resolution in the fit of measured spectra using
heterogeneous iron core model allowing more than two different regions in the core [4, 5]. Further
Maossbauer spectroscopic study was aimed to obtain more information about the iron core structure
in ferritin and its commercial pharmaceutical models Maltofer® and Ferrum Lek. In these models
B-FeOOH cores were coated with polymaltose shells. Mdssbauer spectra of purified human liver
ferritin, Maltofer® and Ferrum Lek were measured using automated precision Mossbauer
spectrometric system based on SM-2201 spectrometer with a high velocity resolution (registration
in 4096 channels) at 295 and 90 K and KFKI spectrometer with a low velocity resolution
(registration in 256 channels) at 40 and 20 K. The Mdssbauer spectra of ferritin and its analogues
measured with a high velocity resolution at 295 and 90 K exhibited similar doublet patterns.
However, the fitting of these spectra using heterogeneous model showed different numbers of
spectral components for ferritin and its analogues (4 and 5 quadrupole doublets, respectively) in the
case of the best fit. Mdssbauer spectra of ferritin and its analogues measured at 40 and 20 K
demonstrated differences in spectral shape. The Maltofer® and Ferrum Lek spectra measured at 40
and 20 K consisted of several paramagnetic doublet and magnetic sextet components while the
ferritin spectra remained paramagnetic at these temperatures. This fact demonstrated different
superparamagnetic behavior of the iron cores in studied samples resulted from the structural and
size differences. It was also interesting to observe that the Mossbauer spectra of Ferrum Lek and
Maltofer®, measured at 40 K, were slightly different. This may be a result of small differences
between the iron cores in these samples. The obtained results make in favor of the assumption about
heterogeneous iron core structure and differences in size of the iron cores in native iron storage
protein and its models. For instance, heterogeneous iron core model may be related to various
surface and internal layers, different degree of crystallinity, the way of iron core formation, non-
equivalent iron position, the terms of preparation, etc., however, further investigations for better
clarification are required.

1. Brooks R.A., Vymazal J., Goldfarb R.B., Bulte J.W., Aisen P., Mag. Res. Med., 1998, 40, 227-235.

2. Papaefthymiou G.C., Nano Today, 2009, 4, 438-447.

3. Kilcoyne S.H., Lawrence J.L., Z. Kristallogr., 1999, 214, 666—6609.

4. Oshtrakh M.1., Alenkina I.V., Dubiel S.M., Semionkin V.A., J. Mol. Struct., 2011, 993, 287—291.

5. Alenkina 1.V., Oshtrakh M.I., Klepova Yu.V., Dubiel S.M., Sadovnikov N.V., Semionkin

V.A.,Spectrochim. Acta, PartA, 2012, doi:10.1016/j.saa.2012.02.083.
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BJIUSAHUE pH HA CKOPOCTH B3AUMOJENACTBUA 4-u-T EKCHUJIPE3OPLIUHA
C KEJIE3OM(I11) B BOAHBIX PACTBOPAX: POJIb CPE/JIbI B OKUCJ/IUTEJIBHOU
JAETPAJAIIUN MUKPOBHBIX AYTOPEI'YJIATOPOB

Kamnes A.A.l, JIpIkMaH P.H.l, Kosau K.Z, Ky3mann D2
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THE EFFECT OF pH ON THE REACTION RATE OF 4-n-HEXYLRESORCINOL WITH

IRON(I) IN AQUEOUS SOLUTIONS: THE ROLE OF THE ENVIRONMENT IN OXIDATIVE
DEGRADATION OF MICROBIAL AUTOREGULATORS

Kamnev A.A., Dykman R.L., Kovacs K., Kuzmann E.

Mossbauer spectroscopy (MS) was shown [1-3] to be useful in monitoring oxidative
degradation of microbial signaling molecules in the presence of iron(lll) in acidic environments,
which is of importance for acidic soils and aquifers [4]. Interaction of Fe'"" with 4-n-hexylresorcinol
(4-n-HR), which had been found to undergo the most rapid oxidation by iron(lll) as compared to
some other alkylresorcinols [3], was studied within a range of pH (1.5 — 4.5) using MS in frozen
solutions. The redox reaction was shown to rapidly slow down at pH > 3 and virtually stop already
at pH > 4. However, the presence of 4-n-HR largely retarded aerial oxidation of iron(ll) even at pH
4.5.

B3aumopeiicTBue BTOPUYHBIX META0OJIMTOB MUKPOOPTAHMU3MOB, BBIIETSEMBIX KJIETKAMHU B
OKPY’KAIOIIYIO CPENly, C €€ KOMIOHEHTaMU UTPAeT BaKHYIO POJIb HE TOJIBKO B TEOMUKPOOUOJIOTUU U
MUHEPAJIOTUH, HO TaKXKe OKa3bIBaeT BIMSIHHIE HA KU3HEJCATENIbHOCTh CaMHX KJIETOK. B wactHOCTH,
3TO OTHOCHUTCS K aOMOTUYECKOMY (XMMHUYECKOMY) Pa3pyIIeHUI0 MUKPOOHBIX CUTHAJIBHBIX MOJIEKYJ
— “XMMMYECKOTO 53bIKa”~, TIOCPENCTBOM KOTOPOTO KJIETKH YYyBCTBYIOT APYT ApPYra U OKa3bIBaIOT
BJIMSIHUE HA MOBEACHHUE BCEro MUKpPOOHOro KoHcopuuyma [1]. B cepun Hammx mpeamecTByOIMX
paboT GBITO MOKA3aHO C MOMOIIBI0 MécchaydpoBckoit criektpockomuu (MC), uto Fe'"' B xucmpix
cpelax MOKET OKUCIATH psifi OMOMOJIEKYI, YYacTBYIOIIMX B MUKpPOOHOM curHamuure [1-3]. Otu
IIPOLIECCHI BaXKHBI Ul JOCTaTOYHO PACHpPOCTPAHEHHBIX KUCIBIX I10YB U BOJAOHOCHBIX cioeB [4]. B
YaCTHOCTH, CPEIu psja aakuipe3opuuHoB (1,3-I1MOKCHOEH30JI0B C AJIKWIHHBIM 3aMECTUTENIEM B
MOJIOKEHUSIX 4 UM 5) — XMMHYECKHX aHaJOroB MUKPOOHBIX ayTOPETrYJISITOPOB C a/1alTON€HHBIMH,
AQHTUOKCUJIAHTHBIMU W aHTHpPAIUKIbHBIMU GyHKUUIMH [3], — 4-u-rekcunpesopiuH (4-u-I'P)
Haubosee ObICTpo (B TeueHue MuUHYT npu PH~3) BoccranasiuBain >kene3o(lll). B nannoit padote
merogoM MC wu3ydena peakuus 4-u#-I'P ¢ Fe'"' B mmamasone pH 1.5-4.5 B BOmHBIX cpemax
(3aMOpO’XXKEHHBIE PAcTBOPBI) W TpH BbICYMIMBaHUU. [loka3zaHO, YTO peAOKC-TPOIECC Pe3KO
3ameuisiercs pu PH> 3 u npaktuyecku He unet npu pH > 4 (Bo300HOBISASICH NPU MOJKUCICHUH
cpensi). Tem He menee, B mpucyrcTBun 4-#-I'P oxucnenne Fe' Ha Bosmyxe TopMosuTes naxe mpu
pH 4.5 xak B BOZTHOM pacTBOpPE, TaK U MPU BHICYIIIUBAHUN CMECH.

Pabora monmepkana B pamkax HayyHod mnporpammbel HATO (rpant ESP.NR.NRCLG
982857) u Corunamenust o HaydHoM coTpyaHudectse mexay PAH u Benrepckoit AH (mpoekr 28,
2011-2013 rr.).

1. A.A. Kamnev, K. Kovacs, E. Kuzmann, A. Vértes. J. Mol. Struct., 2009, 924, 131-137.

2. K.Kovacs, V.K. Sharma, A.A. Kamnev, E. Kuzmann, Z. Homonnay, A.Vértes.Struct.Chem.,
2008, 19, 109-114.

3. A.A. Kamnes, K. Kosau, P.JI. JIeikman, 3. Ky3mann, Aeprent. V3. PAH. Cep.¢us., 2010, 74,
425-429.

4. D.B. Johnson, T. Kanao, S. Hedrich. Front. Microbio., 2012, 3:96
(DOI:10.3389/fmich.2012.00096).
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APPLICATION OF MOSSBAUER SPECTROSCOPY FOR THE INTERPRETATION OF
RESULTS OF HYSTOLOGICAL EXAMINATION OF IRON CONTAINING COMPOUNDS IN
THE BRAIN OF RAT
Polikarpov D.M.}, Gabbasov R.R.}, Deev S.M.2, Nikitin M.P.2, Korshunov V.A.2,
Cherepanov V.M.}, Chuev M.A.*, Panchenko V.Y.!

Nanoparticles of Fe3O, in ferrofluid were injected transcranially in the ventricle of the rat
brain. At three months the rat was sacrificed and its brain was investigated by histological and
Mossbauer spectroscopy methods. It was found that the nanoparticles completely degradated or
were cleared from the brain, while concomitant iron compounds remain intact.

Kiaccuueckas KOHIICITIHN A az[peCHoﬁ AOCTAaBKH JICKAPpCTB COCTOMT B IIPUCOCAWMHCHUU
JICKapCTBa K XHUMHUYCCKOMY COCAWMHCHUIO HJIM QAHTHUTCITY, CCJICKTUBHO CBA3BIBAIOUICMYCA C
B036y,Z[I/ITeJ'IeM 0OJ€e3HM WM MAaTOJIOTMYECKUMH KIETKaMH B OpraHusme. ITouck Takoro
aJPECYIOLIEr0 areHTa SABJISIETCSA TPYAHO pa3pelinMon 3anadyeil. B nmocneanee BpeMst 3Ta KOHUETIIUS
MCHACTCA B CBA3U C BHCAPCHUCM B MCAULUHCKYIO IIPAKTUKY MaFHI/ITHO-peL’»OHaHCHOﬁ TOMOl"pa(l)I/II/I,
CTIOCOOHOH OCYIIECTBUTH JIOKAJTM3AIMIO TAKUX IEJIEBBIX MATOJOIMYECKUX obnacteid. B pesynbrare
AJIE JUCTAHIITMOHHOTO MAHUITYJIMPOBAHUS JICKAPCTBOM OKA3bIBACTCA NOCTATOYHO IMPUCOCAUHUTH K
HEMY MAarHuTHYIO 4aCcTuny, a aJpe€CHasd AOCTaBKa U YACPIKAHHUE TCPANCBTHUYCCKOI0 arcHTa MOXCET
OBLITH BBITIOJIHEHA KOMITBIOTCPOM IIPpHU IMMOMOIINHN BHCHIHCTO MATrHUTHOIO IIOJIA. HpI/IHL[I/IHI/IaHBHHM
Tpe60BaHI/IeM TaKOM TEXHOJIOTHHU AOCTaBKM JICKAPCTB ABJIACTCA ITOCICAYIOIIad 61/10}161"})3}13111/15{ HIIN
BBIBCACHUEC MArHuTHOI'O HOCHUTECIIA. 910 Tpe6OBaHI/Ie OTrpaHU4YMBaCT CIIMCOK BO3MOKHBIX
MAariuMTHBIX MAaTCPUAJIOB, MIPAKTHYCCKU CBOAA €TI0 K OMOCOBMECTUMBIM MarHUTHBIM HaHOYaCTHUIIaM
Ha OCHOBEC OKCHAO0B KCJIC3Aa.

AnpecHas MarHuTHas JOCTaBKa JIEKAPCTB B TOJIOBHOM MO3I IpejAcTaBisieTcss Haubosee
aKTyaJ'ILHofI 3azlaqel71 pInb ONKCaHHOU TCXHOJIOTHUH, qTo CBsI3aHO C HaJIM4YuEM
remMatod’HIeainyeckoro Oapbepa, MPENsATCTBYIOIIETO BBEACHUIO JIEKAPCTB B MO3L 4epe3
KPOBCHOCHYIO CHUCTEMY, a TaKiKC€ CJIIO)KHOCTBIO W OIIACHOCTBIO TIPAMBIX TpPaHCKpAHUAJIBHBIX
WHBEKIMI. B Hacrosmelr pabore ¢ 1enbi0 000CHOBAHUS MPUMEHUMOCTH TEXHOJOTHU aJpECHOU
MarHUTHOM AOCTAaBKHU K TCpalinu 3a00JIEBaHUII TOJIOBHOTO MO3ra HUCCJIICOAOBAH IIpoLecc
C€CTCCTBCHHOI'O BBIBCACHUA MArHUTHBIX HAHOYACTHIl U3 MO3ra KPBICHI. q)eppO)KI/IJIKOCTI) Ha OCHOBC
HaHOYaCTHUI] Fe304 ObLIa TPAHCKPAHUAJIBHO BBCICHA B KCIIYJOYCK I'OJIOBHOI'O MO3Tr'a KPBICHL. ‘—Iepe3
TPpHU MECAla MOCJIC BBCACHUA MO3T IMOAOIBITHOTO U KOHTPOJIBHOT'O KUBOTHOI'O OBLIIM W3BJICUYEHBI U
WCCIIeIOBaHbl KaK THCTOJNOTMYecKd [1], Tak M MeTomoM MeccOayIpoBCKOW creKTpockonuu [2].
Ananmus IMOJIYYCHHBIX JAaHHBIX ITO3BOJIACT YTBCPXKAATh, YTO HAHOYACTHUIIBL FG3O4 IIOJTHOCTBIO
61/10pa3nar al0TCd HWJIM BBIBOJATCA H3 MO3Tra B TCYCHHEC TPEX MCCALCB, B TO BpEMI Kak
COIMYTCTBYIOIIIMEC CHHTEC3Y COCAMHCHHA KCEJIC3a OCTAOTCA B MO3TY HHTAKTHBIMHU. HOCJ‘IC}IHGG
00CTOSITENLCTBO HaKJIagbIBaAcT OrpaHH4YCHUA Ha CIIOCOOBI CHUHTE3a (I)CppO)KPII[KOCTCfI,
npe€aAHa3HAUYCHHBIX JJIA aﬂpeCHOﬁ JOCTAaBKHU B MO3T'.

1. E.V. Loseva, V.N. Vorobyev, I1.V. Ermakova, N.N. Lermontova, T.G. Alekseeva, I.S.
Zakharov, P.M. Balaban. Brain Research, 2001, Vol. 915, N 2, p. 125-132

2. M.P.Nikitin, R.R.Gabbasov, V.M.Cherepanov et al., AIP Conf. Proc., 1311 (2010), p.401.
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N3YUYEHUE OBPA30OBAHMUS 3EJIEHBIX P/KABYUH B IPUCYTCTBUU
T'YMHWHOBBIX BEHIECTB METOJIOM MECCBAYJ3POBCKOM CIHIEKTPOCKOIINN
CopkuHa T.A.", Homsikos A.JO.%, Tompar A.E.2, [Tankparos LA [IepmunoBa nB.!
Y Xumuueckuii daxynomem MI'Y umenu M.B. Jlomonocosa, Mockea, Poccus
2®akyﬂbmem Hayk o mamepuanax MI'Y umenu M.B. Jlomonocosa, Mockea, Poccus
sorkina@org.chem.msu.ru
STUDY OF GREEN RUST FORMATION IN PRESENSE OF HUMIC SUBSTANCIES
USING MOSSBAUER SPECTROSCOPY
Sorkina T.A., Polyakov A. Yu., Goldt A.E., Pankratov D.A., Perminova I.V.

Humic Substances (HS) are ubiquitous natural organic compounds of fossil fuel, soil and
water organic matter. They possess a set of functional groups, which provides an ability of HS to
function as a redox mediator in environment. In this study using Mossbauer spectroscopy it was
shown that the considerable part of Fe stabilized in organo-inorganic compounds with HS exist in
the form of layered double hydroxides Fe(Il)/Fe(Ill), also known as green rust. The Mdssbauer
parameters of Fe(ll) obtained for the sample of green rust are similar to parameters of Fe(ll) in Fe-
HS compounds.

I'ymunoBsie BemiectBa (I'B) — 3TO ciloXHBIE CMECH YCTOMYUBBIX BBICOKOMOJIEKYJISPHBIX
TEMHOOKPAIIEHHBIX OPraHMYECKUX COETUHEHUHN MPUPOIHOTO MIPOUCXOKIACHNUS, 00pa3yoLuxcs Ipu
pa3OKEHUU PACTHTENBHBIX M JKUBOTHBIX OCTAaTKOB TIOJ JEHCTBHEM MHKPOOPTaHU3MOB H
abunotnyeckux ¢aktopoB cpeiasl. I'B mpencraBistior co0oi OCHOBHYIO YacTh OPraHHYECKOTO
BEIIECTBA IMOYBEHHBIX M BOJHBIX IKOCHCTEM, a TaK)K€ TBEPIBIX TOPIOYMX HCKomaembix. OHHU
UTparOT 3HAUYUTENIbHYIO POJIb B OMOr€OXMMHUYECKHX IIpoleccax, MPOUCXOoALINX B Ouocdepe, B Tom
9uciae  BBINONHSS  (YHKIUIO TIEPEHOCYMKA TEPEHOCAa  JJIEKTPOHOB B OKHUCIHUTEIBHO-
BOCCTAHOBUTENIbHBIX Mpoueccax. Kpome Toro, I'B oka3blBalOT 3HAUMTENbHOE BIMSHUE Ha
OKCHJIOTeHE3 — Tmporecc (OopMHUpPOBaHUS OKCHIIOB XKelie3a B OKpykatomien cpexe. OgHuM u3
MaJIOM3y4YeHHbIX CBOICTB I'B sBnsieTcs X cnocoOHOCTh CTaOMIM3HPOBATH 3€JIEHBIE PXKaBUMHBI —
cMemmaHHbe  rmapokcucymbdarel  okemesa  (I)/(I) ¢ obmeir  (opmymoit[Fe? .
Fe* (OH), ] [x/2S04%, mH,0]x, KoTOpBIe MPHCYTCTBYIOT B cocTaBe MuHepana dyxepura [1].
Panee ObUTO MOKa3aHO, YTO JKEJIE30, COIEPIKAIIEECcs] B OPraHO-HEOPTaHWYECKUX COeNMHeHHIX «Fe-
I'B» siBnsieTcst OMOIOTMYECKH IOCTYIHBIM U1 pacTeHui [2].

Lenbto naHHOW pabOTHl OBLT CUHTE3 CyAb(ATHBIX 3€JIEHBIX P)KaBUMH, UX MCCIIEI0BaHUE
METOAOM MeccOayIpOBCKOM CHEKTPOCKONMM M  CONOCTaBJIEHHE TOJYYEHHBIX JaHHBIX C
AQHAJIOTUYHBIMU ~ XapaKTEepUCTUKAMU  OpraHo-HeopraHudeckux coeauHeHuit «Fe-I'By». Ilo
pesynbTataM paboThl OBUIO TMOKa3aHo, YTO MeccOayspoBckue mapamerpsl xkenesza (1) B
coenuHenusx «Fe-I'B» (6=1,25 mm/c, A=2,75 mm/c ipu 78 K) O6am3ku k TakoBbiM s skenesa (11) B
3eneHbIx pkaBunHax (6=1,28 mm/c, A=2,91 mm/c pu 78 K). Takum oOpazoMm, B cocTaBe OpraHo-
HEOpraHuyeckux  coenuHeHuit  «Fe-I'B»  crabunmsupyrorcss  QparMeHThl  CIOMCTBHIX
ruapokcucynbdatos sxeiesa (I)/(111). Buaumo, 310 o00bsicHseTcs Tem, uro ['B obmamaror
BOCCTAHOBHUTEIIEHBIMUA CBOHCTBAMH, KOTOPBIE MPETSATCTBYIOT OKHUCIICHUIO TBYXBAJIIEHTHOTO XKelle3a,
a TaKKe MOBEPXHOCTHO-AKTUBHBIMH CBOMCTBAMH, 33 CYET KOTOPBIX yKa3aHHbIE TUAPOKCUCYIb(ATHI
YIIEP)KUBAIOTCS B COCTaBE OPTaHMYECKOW MaTPHIIBI.

1. Gehin, A., C. Ruby, et al. (2002). “Synthesis of Fe(ll-111) hydroxysulphate green rust by
coprecipitation.” SolidState Sciences 4: 61-66.

2. Copkuna T.A., Kymukoa H.A., ®umunmosa O.U., [Tankpatos [I.A., [lepmunosa 1.B.,
ITerpocsu B.C. 2010. KoppekTopsl xene30Ae(@UIIMTHOTO COCTOSHUS pPACTEHUH HAa OCHOBE

T'YMHMHOBBIX BEIIECTB YIUIS: NOJY4EHHE M NPHUMEHEHHE. DKOJIOTMS W MPOMBINUIEHHOCTh, 2010,
¢bespaib, 33-36.

Pabora BrimonHeHa npu ¢puHancoBoi nmoguepxkke POOU (mpoexr 11-03-12177-o¢pu-m-2011).
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XUMMUS, KATAJIN3, CTPYKTYPA U CBSI3b
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B3AUMO/JEVCTBUS, MEXAHU3M KOMIIEHCAIINU 3APSIIA U
PACIIPEJAEJIEHUE IPUMECHBIX KATHUOHOB OJIOBA B OPTOXPOMUTAX
PEJAKO3EMEJIBbHBIX 2JIEMEHTOB RCrO; (R = Sm, Eu, Gd, Ho)
®abGpuussiii [LB. Adanacor MU MexyeB E.M.%, Acramkun P.A.Y, Bartio A%, bopnep
C.?2, Jlabproxep K2, Jlenmsmac K.2
YXumuueckuii ¢daxynomem MI'Y um. M.B. Jlomonocosa, Mockea, Poccus
2HHcmumym XUMuUU KOHOeHCcuposanro2o cocmosinust bopoo, Ileccax, Opanyus
pf@radio.chem.msu.ru
HYPERFINE INTERACTIONS, CHARGE-COMPENSATION MECHANISM AND
DISTRIBUTION OF TIN DOPANT CATIONS IN REAR-EARTH ORTHOCHROMITES RCrOs
(R =Sm, Eu, Gd, Ho)
Fabritchnyi P.B., Afanasov M.I., Mezhuev E.M., Astashkin R.A., Wattiaux A., Bordére S.,
Labrugére C., Delmas C.

The spin polarization of Sn*" dopant cations on Cr®" sites in the bulk of the studied RCrOz
compounds is shown to be mainly determined by a n-type overlap between the chromium tygand the
oxygen 2p atomic orbitals. The Sn*"charge compensation mechanism in the bulk of crystallites
involves formation of both the V¢, and Vr metal cations vacancies. The title compounds also allow
locating the dopant on surface sites which makes these compounds suitable for studying surface
phenomena by classical transmission ***Sn Massbauer spectroscopy.

Oxnnodasusie 06pasusl RCrO; ¢ paBHOMepHBIM pacmpenencameM 0,3 at.% Sn** mo o0vemy
KPHCTAJUIUTOB CHHTE3UPOBaHbI MeToIoM «Msrkor xumum» (la Chimie douce), ¢ momydenuem, Ha
[IEPBOM 3Tare CHUHTE3a, COOCAKICHHOTO THAPOKCHIHOTrO mpekypcopa RCrSngpos(OH)s 012-XH20.
[Ipn manpHEHIIEM MPOKAIMBAHUH MPEKYPCOP JIETKO TEepsSeT BOAY C 0Opa3oBaHHWEM OJIHOPOIHOMN
CMECH HAaHOAMCIIEPCHBIX OKCHIOB, B3aMMOJeHCTByIOMUX ¢ oOpazoBanueM (a3wl RrOs. [{ns atoro
npekypcop nocratouno omkeub 10 14 mpu 900 °C. HuskoreMriepaTypHbIE CIIEKTPBI 195 00pasIos.,
CHUHTE3UPOBAHHBIX OTXKHUTOM MPEKypcopa Ha BO3AyXe, MOKa3alu, YTO MOJaBJstolee OOIbIIMHCTBO
noHoB Sn**, HesaBucHMO OT npupoasl R*Y, 3aruMaeT nosurmn Cr¥* ¢ nonusM unciom coceneit Cre*

(n=6). 3HaueHus HT”ifOKHa sSIpax Takux Sn'* COrmacyroTes ¢ MpeacKasaHHBIM B [1] THHEHHBIM

yBenmmueHueM Hr_ox mpu yMeHbIeHun KBajapaTa kocuHyca yria 6 cBs3u Cr-O-Cr. Hamu nanHbIe
TEM CaMbIM TOATBEPAMIN BBIBOJI aBTOPOB O TOM, YTO CITMHOBAS TOJISPHU3AIIHS Sn** OTIpEICTIAETCS
IJIaBHBIM 00pa3oM T-NEepeKpbIBaHUEM tyg-opOuTaneit cri'c 2p-opouTaIsIMu O%. Tlomumo
YKa3aHHOH CEKCTETHON KOMITOHCHTHI B CIIEKTpax BCErJa MPUCYTCTBOBAIM MEHEE WHTECHCHBHBIC
cekcTeThl ¢ H_ o k< H?ifOK , OTHECEHHBIE K HOHAM Sn*" ¢ menbmmM unciom coceneit Cr (n<6), a

TaKkXe — cekcreT ¢ Hr_o k> HT”if’OK. Ero nosiBnenue o0bsSCHEHO JIOKAJIbHOW KOMIIEHCAlIUEH 3apsiia

HEKOTOPHIX HOHOB Sn’* Bakamcmei Vg, yMeHbImaiomieil cpeaHee 3HaueHHe yriaa O cBsaseil Takmx
sn*" ¢ cocexnmmn monamu Cr®'. TlomydeHHble iNSitU CIEKTpsI “-°SN MOKA3aNH, 9TO OTKHT
npekypcopa B Hp Bo Bcex ciydasx mpuBel K 00pa3oBaHMIO Sn®* ma IIOBEPXHOCTU B
KOOPJAVHAIIMOHHO-HEHACBIIICHHBIX TTO3UIIHASIX Cr’" u R®. Komtakt c Bo3ayxoM npu 297 K
3aBepIIIICS GBICTPEIM OKHCIeHHeM Sn°*. CIIMHOBas MONAPH3AIHs BTOPUIHO 0OpasoBasiixcst Sn'*
oKa3zajiach MO0 3HAYUTENbHO ciiadee, 4eM B 00beMe KPUCTAJUIUTOB, MO0 BOOOIE OTCYTCTBOBAIA.
TO 03HAYAET, YTO y BTOPHUHBIX MOHOB Sn**, Haxomsmmecs B mosmmmsx Cr, oGOpBaHa YaCTh
cBsI3eil ¢ cocenmumm monamu CrP', B To Bpems kak ocraBmmecs HoHbl Sn*' sammmaror Ha
MOBEPXHOCTHU MO3ULUH R, B KOTOPBIX OHM UMEIOT MarHUTHO-HEAKTHBHOE OKPYKEHHUE.

PaGora BeimonHeHa npu nojjaepxke Poccuiickoro ¢onna ¢pyHnaMeHTaNbHBIX UCCIEI0BAaHUI
(rpant PODU 0-03-00002).

[1] N.S. Ovanesyan, V.A. Trukhtanov, Proceedings of the 5" International Conference on
Maéssbauer Spectroscopy. Prague, Czechoslovakia, 1975, Part 1, p. 157.
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BBICHIUE COCTOAHUA OKUCJIEHUS KEJIE3A,
MN3YYEHHBIE C TIOMOUbIO DOPEKTA MECCBAYJPA
Hepdumnbes 10.J1., deqymenko C.K.

Mockosckuii eocyoapcmeennwiii ynusepcumema um. M.B.Jlomonocosa,Mockea, Poccus
perf@radio.chem.msu.ru
HIGHER OXIDATION STATES OF IRON
STUDED BY MEANS OF MOSSBAUER EFFECT

Perfiliev Yu.D., Dedushenko S.K.

Systematic studies on highoxidation states of iron (higher than +3) in Moscow University
were initiated in the beginning of the 1980s. Research of iron has been particulary fruitfull due to
application Mdssbauer spectroscopy. At present new Mdssbauer data are valuable not only from
fundamental point of view but also for industrial applications.

CucremMaTH4ecKkue HCCIEIOBAaHUS COCIUHEHMN »Kelle3a B BBICIIMX CTEMEHSAX OKHUCICHUS
npoBoJsATCsT B MOCKOBCKOM yHUBepcuTere ¢ Havaia 80-x rozos. IlepBoHauasibHO OHM ObUIH
YaCThIO TEMATUKHU 110 MU3YYCHHIO HEOOBIYHBIX CTEICHEH okuciieHus O- u f-mepexoHbIX MeTaylioB.
BriocnenctBum 61aroaapst ycnemHoMy IpUMEHEHHI0 MeccOay3pOBCKOM CEKTPOCKOIIUU TEMATHKA,
BKJTIOYAOIIAsl COCTUHEHHUS JKee3a, BBIACTIIACH B OTACIBHOE HANpaBIeHHE, KOTOPOE YCIICHIHO
pa3BUBaETCA MO HACTOSIIEE BpeMsl.

HccnenoBanusi Ha4amuch C AHOJHOTO PACTBOPEHMsS Kelle3a B IIEJOYHBIX pPacTBOpax ,
MO3BOJIMBIIMX YCTAaHOBUThH CYIIECTBOBAHME psla HEOOBIUHBIX (hOpM skeie3a, OJHOW U3 KOTOPBIX
Obu1a popMa BOCBMHUBAJICHTHOTO KeJle3a.

CIeAyIOIMAMH BaXKHEIMH pesylbTaTaMu Obutd craGummsamms Fe'® B pesynsrare pacmana
'Co B marpune Cs;FeQ,, a Takke OOHAPYKCHHE SBICHHS JMCIPOINOPLHOHUPOBAHAS TBEPIBIX
deppatos (IV) u (V) npu koMHATHOI TeMIieparype.

bbul ycnemHo mpuMeHEH Tak Ha3bIBaéMbli METOJ MaTpU4yHOM crabwin3auuu. Beenenue
MHUKPOKOJIMYECTB Kejle3a B pa3IMYHbIE BEIIECTBA, B YAaCTHOCTH B MAaHIaHATHl, IO3BOJIMIIO
CTAbHITH3MPOBATh MATHBAIICHTHOE XKele30. Y Aanoch 3adukcupoBath obpasoanne Fe'> Takke mpu
3akanke kenesocogepkammx pacmmasos V,0s . Kpome Toro, 6bito mokasano obpasosanne Fe*
MIPH PaTUaAMOHHON 00paboTKe KBapIa, JOMUPOBAHHOTO TPEXBAICHTHBIM JKEJIE30M .

Psan deppatoB (VI) momonHumics HOBBIM CMeIIaHHOKATHOHHBIM depparom (V1) kamus-
natpusi, K3Na(FeOy),, mns kortoporo 3ahUKCHpOBAH HEOOBIYHBIH MEXaHU3M DPA3IOKCHHS,
omuchiBaeMblii peakitueit KsNa(FeO,), — KyFeOy + [KnaFe3+Oz,5] +0.75 O21.

Hcnonb3oBaHnne Merofa  MeccOay’pOBCKOM — CHEKTPOCKONMU sl WIACHTHU(QHUKAUU
COEMHEHUIl »Kele3a TMO3BOJIMIO HAKONUTh 3HAUYMUTENBHBIM Marepual o MeccOayIpOBCKUX
nmapaMeTpax COeIWHEHHH J>Kele3a B BBICHIMX COCTOSIHHAX OKHCICHHS. B dYacTHOCTH, AN HUX
YCTAQHOBJICHA MPAKTUYECKH JHMHEWHas 3aBUCHUMOTh M30MEpPHOIO CJBHUIra OT CTENEHU OKMCICHUS
xene3a. B Hacrosmiee Bpems, Korga (eppaTbl HaXOAST NMPUMEHEHUS B NPOMBIIUIEHHOCTH, 3TH
CBEIIEHUS  MO3BOJSIOT HaM  HAampaBJIeHHO  IMOJyyaThb  BEIIECTBA C  HEOOXOJIUMBIMHU
XapaKTePUCTHKAMH.
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IMPUPOJIA ACCOIIMUPOBAHHBIX MOJIUSAJIEPHBIX OBPA3SOBAHUI B
KATAJIUTUYECKUX CUCTEMAX TUIIA HUT'JIEPA-HATTA
Bponckwuii A.P.
HUnemumym opeanuueckozo kamanuza u snekmpoxumuu um. /{.B.Coxonvckoeo, Anmamet,
Kazaxcman

albrod@list.ru

NATURE OF POLINUCLEAR ASSOCIATES IN CATALYTICAL SYSTEMS OF

ZIEGLER-NATTA TYPE

Brodskii A.R.

“In situ” complex formation in the catalysts of Ziegler-Natta type was studied using
Mossbauer spectroscopy and “instant freezing” technique. Information on the dynamics the
processes was obtained without impact to the system. The mechanism of formation and the nature
of the active complexes were studied without isolation of the catalyst from the medium.

Jlo HacToslIlero BpEeMEHUM HET E€AMHOIO0 MHEHHS O MPHUPOJE KaTaTUTUYECKH aKTHUBHBIX
KOMIUICKCOB B CHCTEMaXx ITUTIIEPOBCKOTO THUIIA U MEXaHW3ME MX 00pa3oBaHUs. B CBs3H C 3TUM C
MOMOIIBI0  MeccOAay?pOBCKOM  CHEKTPOCKONUHM  MPOBEACHO  HMCCIEJOBAaHHME  CIEIYIOIINX
KaTaJTUTHYECKUX CHCTEM:

Fe(St)s-AlEts; Fe(St)s-Al(i-Bu)s; Fe(St)s-Al(i-Bu),H; Fe(St)s-NaH,AI(OR);
[Fe(St)s+Ni(St),]-AlEts;

Fe(Pal)s-AlEts; Fe(Piv)s-AlEts/; us-okcokapookcunar {[Fe,Co(Osts)*3H,0]}*NOs-AlEts;

uz-oxcokapookcmiat {[FeCoy(Osts)*3H,0]}*NO3-AlEts, rae Et — CoHs, St — C17H35COO, Bu
— Cy4Ho;

OR -OCH,CH,0OCHs; Pal —C3sH3COO; Piv- (CH3)3CCOO. PacrtBopurenu: remnra,
OKTaJIeKaH, TOIYOII.

Cucremsl (hopmupoBanuchk B uHTepBajie 293 — 423K, armocdepa — aprou u Bogopoa, Al/ZM
BapbupoBaiocb oT 0,5 go 18. ['amma-pe3oHaHCHBIE CHEKTPhl CHUMAIUCh IIPU TEMIIEPaType
AKHUJKOTO a30Ta.

Bce chopmupoBaHHBIE KAaTaTUTHYECKHE CHUCTEMBI COJIEPIKAT BBICOKOCITHHOBBIC KOMILIECKCHI
Fe(I11), Fe(Il). Mx mapameTpsl HaxoasaTcs B obxactu OE=0,70 — 0,80 mm/c, AEg=0,70 — 1,15 mm/c,
COOTBETCTBEHHO (3HaueHus OE| mpuBeeHbl OTHOCUTENHHO HUTpOMpyccuaa HaTpus). Kpome storo
oOHapyxeHa (opma jxene3a obozHaueHHass kak Fe(X) ¢ oE, = 0,30-0,65 mm/c n AEQ=0,35-0,75
MM/C. 3HAYEHHUs TMapaMeTPOB BCEX IMEPEUUCIICHHBIX KOMIUICKCOB JKejie3a M WX OTHOCHTEIHHOE
cojiepkanue 3aBUCUT OT cooTHorneHui Al/Fe wiu Al/EM, ycnoBus mpUroTOBIEHHS CHCTEM, UX
MCXOJTHOTO COCTaBa U TeHE3MCA.

C moMoIipi0 MarHUTHOM BocmpunmuuBocTH ¥ DIIP mokasano, uro ¢gopma Fe(X) orBeyaer
00BeKTaM ¢ OOMEHHOCBSI3aHHBIM METAJUIOM W (PEeppPOMArHUTHBIM XapaKTEPOM B3aUMOJICHCTBUS.
OrneHka pa3MepoB 3TUX 00pa30BaHMI MOKa3ala, YTO OHU MOTYT BKIIOYATh J0 HECKOJBKUX COTEH
aToMoB (MOHOB) kene3a. B Toxe Bpems, ¢opma Fe(X) He sBIseTcs MeENKOAUCTICPCHBIM
METATUNYECKUMH YaCTHYKAMH, MOCKOIBKY Ja)Ke MPH TEMIEpaType *KHUAKOTO TelHs CEKCTETOB B
criekTpax He oOHapyxkeHo. [lapamerpsl ¢opmber Fe(X) Bechma 4YyBCTBUTEIBbHBI K arMochepe
(hopMUPOBaHUS, HATUYHUIO WK OTCYTCTBUIO B aIFOMHMHUMOPTaHMYECKOM KOMIIOHEHTE BOJOPOJIa,
MPUCYTCTBUIO TETEPOATOMOB MeTaJlIa B KaPOOKCHUIIATHBIX- M 1-OKCOKapOOKCHIIATHBIX KOMITJICKCaX.
Nmenno sta ¢dopma xkeileza HWrpaeT ONPEISISIONIYI0 POJIb B KATAIUTHYECKOH aKTUBHOCTH
WCCIIETOBAaHHBIX CHCTEM B IPOIECCaX THIPUPOBAHUS H MTOJIUMEPHU3AIUH.

Hcnonb3oBanrne meccOaydpOBCKOM CIEKTPOCKONUU C MPUMEHEHMEM TEXHUKH "OBICTPOro
3aMOpakKMBaHUA” CHENaJo BO3MOXKHBIM H3y4eHHE TMPOIECCOB KOMIUIEKCOOOpa3oBaHUS B
karanusaropax tumna llurnepa-Harra npaktuyecku B peskume "InSitu” Ge3 IOMONHUTETBLHOTO
BO3JICHCTBUS HA CUCTEMBI. Y JAJIOCh MTOJIYYHTh CBEACHHS O JUHAMHUKE IPOXOJISIINX MPOIECCOB, HE
BHOCSI BO3MYIICHHN B COCTOSHHE CHUCTEM, H3YYUTh MEXaHW3M OOpa3oBaHHUS U MPUPOAY
KaTaIUTHYECKH AaKTHUBHBIX KOMIIJIEKCOB II0 METOAMKE, oOOecleyuBaromieli HaOIIogeHue 3a
COCTOSTHHEM KaTalln3aTtopa 0e3 ero BBIJCICHUS U3 PEAKIIMOHHOMN CpeIbl.
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OEPPOC®EPBI DQHEPTETHYECKUX 30.1
KAK KATAJIM3ATOPBI OKHCJIEHUSA METAHA

OceTpoB E.I/I.l, AHIIHNI H.H.l’z, Pa0OueBckuii E.B.Z, Col10BbEB H.A.Z,
Epemun E.B.2, Batokos O.A.%, Aummn AT
1Cu6upc;<uﬁ geoepanvusiii ynusepcumem, Kpacnospck, Poccus
2HHcmumym xumuu u xumudecxou mexronroeuu CO PAH, Kpacnospck, Poccus
3HHcmumym Gusuxu um.JI.B.Kupenckoeo CO PAH, Kpacrnosapck, Poccust
helg@iph.krasn.ru
FERROSPHERES FROM FLY ASHES
AS CATALYSTS OF METHANE OXIDATION
Osetrov E.I., Anshits N.N., Rabchevsky E.V., Soloviev L.A.,
Eremin E.V., Bayukov O.A., Anshits A.G.

The iron states in phases of ferrospheres: aluminosilicate glass, hematite and spinel are
investigated by Mdssbauer spectroscopy. The iron positions in a spinel phase are found which
population is correlated with ethane quantity in reaction of partial oxidation of methane.

MetomamMun  MEccOaydpOBCKOM  CIIEKTPOCKONUH, XHMHUYECKOTO, PEHTTCHOCTPYKTYPHOTO
aHalM3a, TNPOBEACHO HCCIEIOBAaHUE B3aUMOCBSI3UM COCTaBa, CTPYKTYPHBIX  XapaKTEPUCTHK
KeNe30coiepkamux (a3 U KaTATUTUIECKUX CBOWCTB y3KUX (pakiuii ¢peppocdep, BEICICHHBIX U3
YEeThIPEX M3BECTHBIX THIIOB JIETYYHX 30J1 OT COKMraHus yrisl. Mukpocdepsl NpeacTaBisioT coooi
KPUCTAUTUTHl TeMAaTUTa W Je(PEKTHOTO MarHeTUTa B MAaTpHUIC ATIOMOCHIMKAaTHOro crekia. dasza
ATFOMOCHJIMKATHOTO cTekiIa cocTtaiseT oT 60 mo 10 %, ¢aza remarura — ot 2 no 40 % u daza
mmuHenmn ot 20 mo 70 % B 3aBucuMocTH OT oOmiero cojnepxkanusi Fe;O3 B deppochepax B
unrepsaie 30-92 mac. %.

HInunensHas dasa npeacTaBiser cOOON MarHeTUT, 3amenieHHbd kKaTnonamu Mg, Al, Ca, Ti.
B sT0i1 daze kpome no3uLui, IPUCYIIUX CTEXUOMETPUIHOMY MarHeTUTy

Fe**(A): 1S~0,23 mm/c, H~490 k3, QS~ -0,01 mm/c,
Fe?**(B): 1S~0,60 mm/c, H~460 k3, QS~ -0,03 mm/c,

OOHapyKEHBI TOTIOTHUTEIILHBIC TIO3HUIINH JKee3a:

Fe"**(B): 1S5~0,27 mm/c, H~475 k3, QS~ -0,15 mMm/c,
Fe'2°*(B): 1S~0,59 mm/c, H~430 k3, QS~ -0,01 mwm/c,

00yCJIOBJICHHbIE MOSIBICHUEM IHMAMAarHUTHBIX KaTHOHOB B TETPAdJPUUYECKUX MO3UIUAX (A)
LITTHHEIH, 1 Fe"2°*(B): 1S~0,57 mm/c, H~400 3, QS~ -0,04 mm/c,

Fe"**(B): 1S~0,36 Mm/c, H~400 kD, QS~ 0,40 mMm/c,

00yCIIOBJICHHBIE TOSIBIICHIEM KaTHOHHBIX BAKAHCUH B OKTadIpHUYeCKUX B-mo3ummsx.

AxtuBHOCTE (eppocdep cuctembr Fe,Oy-SiO,~Al,O; B peakunu riryGOKOTO OKHCICHUS
MeTaHa OMNpeeNseTcs KOHIEHTpaluell MarHuiaatoMOpeppUTOBOM IINMUHENIW M COJAEpKaHHUEM
crekioda3sl B y3Kux (pakuusx. Beicokoe conepkanue amop¢HOW (azbl NPUBOIUT K
OJIOKMUPOBAHUIO KATAaJIUTUYECKH aKTUBHOM (ha3bl U CHMXKEHHIO aKTUBHOCTH (eppocdep.B cucreme
FexOy—CaO karanmuTidecKu akTUBHOM sIBIIseTcs ABYX(asHas cucTeMa, BKIrodarolas fedektHbii a-Fe,03 u
nmmres (Ca,Fe)Fe,O4 ¢ mapamerpoM pelneTky, MPeBBIIAOIMM 3HaUeHHe TS MarHeTuTa. Peskuii pocTt
cesleKTHBHOCTH 0OpazoBanusi Cp- yriieBozioponioB 1 nasienue — CO, u CO onpenensiercss  (hOpMHUPOBAHUEM
AKTUBHBIX IICHTPOB Ha TPaHHUIIE pasziesa AeeKTHBIX (ha3 ITMHE U TeMaTHTa.

acenennocts mosuimii Fe''**, oGHapykeHHBIX B (eppochepax, KOPpEInpyeT ¢ BHIXOIOM
ATaHa B pEaKIU OKUCIUTEIFHON AUMEPHU3alliy MeTaHa.
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N30MOP®HOE 3AMEIIEHUE KEJIE3A B TPUTTOHAJIBHOM BAHAJIATE
KEJE3A

ankparos JLA.", IOpbeB AN

"Mockoscruii 2ocyoapcmeennwiil yrusepcumem um. M.B.Jlomonocosa, Mocksa, Poccust

2Mockosckuil nedazoeuueckuil 2ocyoapcmeennulil yHueepcumem, Mockea, Poccus
pankratov@radio.chem.msu.ru
ISOMORPHIC SUBSTITUTION OF IRON IN A TRIGONAL IRON VANADATES
Pankratov D.A., Yuriev A.l.

The results of a systematic study of ternary oxides of MyFe;4V3012, where M — Al, Cr, Mn,
Co are presented. It is shown that, at least for chromium satisfied sequential selective replacement
of iron atoms in the trigonal iron vanadates. The possibilities of isomorphic substitution of iron
atoms of different nature are discussed.

N3BecTHO, 9TO B KPUCTAIUTMYECKON pelIeTKe TPUTOHATIBHOTO BaHaaarTa xene3a — FeV Oy, kak
aTOMBI JKeJe3a, TaK U aTOMbI BaHAUS 3aHUMAIOT 110 TPU HEPAaBHOIICHHBIC KpHCTALIOrpaduyecKue
MO3UIMH. Pa3nuunbie kprucTamorpaguieckue Mo3ulMyd aTOMOB BaHAIMS M JKejle3a 00yCIaBINBaIOT

U pa3inyHOe OKPY)XCHHE 3TUX aToMoB. [Ipuuewm,
st eCITA B CIyYae BaHAIUSA M3MCHEHHUS B KHCIOPOTHOM
' OKPY)KEHHH 3aKIFOYAI0TCS JIUIIb B HE3HAYUTEIHHOM
U3MCHCHUU KHUCJIOPOTHOTO OKPYKCHHUS -
U3MEHSIOTCS  PAcCTOSHUSA  BaHAJAMH-KUCIOPOA C
| COXPAaHCHHEM TETPAdIPUUECKOTO MOTHBA, TO IS
xKeleza M3MEHEHHUs 0oJjiee CyIIeCTBEHHBI. Tak 1Ba
aToMa  JKeJe3a  HaxoIiITCsi B IO-Pa3HOMY
. HCKaXEHHBIX OKTadIPUYECKHUX OKPY>KEHHSIX.
vy [IpuueM pasMepbl MOJNOCTEH B  KUCIOPOIHBIX
’ OKTad/Ipax 3HAYMTEIBHO OTIMYAKOTCS — JIJISI OJJHOTO
aTOMa PACCTOSHUS JKEIe30-KUCIOPO BapbUPYIOTCS
ot 1,936 no 2,102 A, a gt BToporo — ot 1,960 1o
2,045 A. Tperuil aToM >kene3a HaXOJUTCSI BHYTPH
CHJIbHO MCK&KEHHOW TPUTOHAIBHON OMIUPaMUC C
paccrossHusiMu ot 1,869 nmo 2,019 A. ITlostomy
0ojiee TOYHO CBOMCTBAa BaHajaTa >eje3a IOoJDKHA
oruchBaTh popmyna — FesV30,.
. [ O4eBHIHO, YTO HHEPreTHUECKHUE COCTOSHUS
. \ aTOMOB xKeresa B KaXI0M u3
| L) KpUCTALIOTpaQUIeCKUX  TIOJOXKECHUH  JOJDKHBI
3HAUUTENBHO paznnyarbes. CreoBareiabHO, B
YCIOBHSAX HW30MOP(HOTO  3aMEIICHUS aTOMaMHU
JPYTOi TPUPOIBI U UHOTO 3JEKTPOHHOTO CTPOCHHS,
MOXKHO  OXHUJaTh H30UPATEIBHOTO 3aMEIICHUS
aTOMOB  JKejle3a B TOJBKO  OMPEICIICHHBIX
KPUCTAITOTpaQUUECKUX TO3HIUAX, B COOTBETCTBUU
C 3aKOHAMH TepMOJIWHAMUKW. JlaHHOE sBICHHE
XOpOII0 W3y4eHO Ha TMpHUMepe COEIUHEHUH Co

MeccbayspoBCKUE CIIEKTPbI TPOMHOTO
okcuma cocrasa CryFes V301, Te X
MeHsetcs ot 2 1o 0.

CTPYKTYPOU THIIA HIIUHENIH.

B mHacrosmeil paboTe MPOBOIUTCS CHCTEMaTHYECKOE HCCIIEOBaHUE TPOMHBIX OKCHIOB
coctaBa MyFe3 V3012, Tie M — Al, Cr, Mn, Co. Iloka3ano, 4To, 10 KpaiHel mepe, Uil Xpoma
BBITOJIHSAETCSl YCJIOBUE TIOCIIEAOBAaTENLHOIO HM30MpaTeIbHOTO 3aMEIICHUsT aTOMOB JKele3a B
TPUTOHAJIBHOM BaHajatre jxene3a (puc.). OO6Cyx)aaroTcsi BO3MOKHOCTH M30MOP(HOTO 3aMelleHUs
&KeJe3a aToOMaMy UHOU MPUPOJIBI.
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KATHOHHOE YIIOPAJTOUYEHHUE B Sr(Fe; «C0y)09Gag10,5 CO CTPYKTYPOM
TUITA BPAYHMUWJUUIEPUTA
[Toxomnoxk K.B., ®unumonos /I.C., bynuesa 1.M.
Xumuueckuui ghaxyromem MI'Y um. M.B.Jlomonocosa, Mockea, Poccus
kvp@radio.chem.msu.ru
CATION ORDERING IN Sr(Fe;-xC0x)0.9Gao1025 BROWNMILLERITES
Pokholok K.V., Filimonov D.S., Buntseva |.M.

The solid solutions Sr(Fe1xC0x)0.9Gap.1025 (0.2<x<0.9) were prepared by ceramic techniques
at different temperature/atmosphere conditions. The cation distributions among the tetrahedral and
octahedral sites were investigated by absorption and emission Mossbauer spectroscopy.

Merogamu  meccOaydpoBCKOM  aOCOPOIIMOHHOW U SMHUCCHOHHOM  CHEKTPOCKOTHH
UCCIIEeIOBaHbl OCOOCHHOCTH paclpeeNieH!s] KaTHOHOB IO MOoJpelieTkaM OpayHMUJUIEPUTHBIX (a3
Sr(Fe1-xC0x)0.9Gap 1025 (0.2<x<0.9). O6pasubl psaa TBepabix pacTBOpoB Sr(Fei1.xC0x)o09Gag1025
MOJIy4eHbl TBepAO(a3HBIM CHHTE30M W3 COOTBETCTBYyMOIUX KonumdecTB okcunoB Fe, Co, Ga u
SrCO3. CnpeccoBanHbIe B TaOJIETKH 00pa3ipl OTKUTAIHCh Ha Bo3ayxe mpu T = 1473K B Teuenun
24 yacoB, TOCJIE Yero 3aKaJIMBAJUCh B )KUIKUNA a30T. Bce momyueHHbie 00pa3iipl Obd 0qHO(Ma3HBI
U UMENU KPHUCTALIMYECKYI0 CTPYKTypy Tuna OpayHmmiuieputa. OOpasipl TBEpABIX pPacTBOPOB
Sr(Fel-xCox)0.9Ga0.103-y:*'Co, comepxamme °'Co, GbUIM IOIyYCHBl METOIOM HAHECCHHS
pactBopa °'CoCl, 6e3 Hocurenst aktuBHOCTBIO 1.0 — 1.5 MKn (~10‘8 MOJISI) Ha BBICOKOILJIOTHBIC
tabnetkn  (>94%) cooTBercTByOmMX  ¢eppur-kodanpTuToB. llocie  BeImapuBaHUS U
HEWUTpaIM3allii BOJHBIM pacTBOPOM aMMHaKa,00pa3iel oToxokeHbl pu T = 1473K B Teuenun 24 4.
3a 3TO BpeMs BeCh Co T GYHIUPOBAT B PEHICTKY CHHTE3MPOBAHHBIX COSAMHECHUM, TIOCIIC YET0
00pa3Ibl 3aKANUBAITUCH B )KUJIKUIA a30T.

AOCOpOLIMOHHBIE M SMHUCCHOHHBIE CHEKTphl 00pa3loB, usMepeHHsle npu 78 K,
MPEJCTABISAIOT OO0 CyNepno3uIuio IByX CHJIBHO YHIMPEHHBIX MOJCIEKTPOB, COOTBETCTBYIOLINX
karnonam Fe** | B OKTa’JIpUYECKON M TETPadJIpUuecKOl KHUCIOPOJHOW KOOpAUHALMH. OTU
MIOJICTIEKTPBl JTOCTATOYHO XOPOLIO pa3pellieHbl OTHOCUTENBHO APYr ApPYyra, a COOTHOLIEHHE HX
wiomaaed 6mmsko k 1:1. 3HauMTenbHBIE YIIMPEHUS JIMHUK MOJCIEKTPOB, COOTBETCTBYIOIIMX
no3unusaM Fe ¢ pasnuuHOM KoopAMHAIMEld BbI3BaHbI HEOJAHOPOJHOCTBIO MX OJMIKaiIero
KaTHOHHOTO OKPYKEHHMsI, KOTOpasi CBSi3aHa, B MEPBYIO OYepelb, C IPUCYTCTBUEM JUaMarHUTHBIX
katronoB Ga®*. Dror pe3yJbTaT CBUIETEIBCTBYET O CTATUCTUYECKOM PACIPENEIECHUN KaTHOHOB
Fe**, Co® u Ga®* o HeoKBUBATICHTHBIM TTO3HIMSM B CTPYKTYPE GpayHMIILICPHTA.

[Nocaenyronuii OT)KUT 00pa3lOB CO CTPYKTYPOH «KATHOH-Pa3yIMoOpsI0YeHHOI0» OpayHMHIUIEpUTA B
atMocdepe Ar npu 973K mozBonws monyuuTh ogHO(a3HBle 00pa3lbl CO CTPYKTYpPOH YHOPSIOYEHHOTO
Opayamuiuieputa. WX aOcopOImoHHBIE CHEKTphl u3MepeHHble mpu T=78K, mo THIy W CBEPXTOHKHUM
napamerpaMm ONHM3KM K CIHEKTpaM  pa3ylopsIOYeHHBIX OOpas3IoB, HO XapaKTEPU3YIOTCS Pa3IMYHBIMA
COOTHOIINCHUAMHU IMOACIIEKTPOB COOTBETCTBYIOIUX OKTA3APUUCCKUM U TETPASAPUICCKHUM KaTHUOHAM F63+.

IIpu otHOCWTEnbHO Manom conepxkann Ga = 0.1 m X <0.2 COOTHOLIEHHS TUIOIIAEH
MIOJICTIEKTPOB COOTBETCTBYET CIIydaro, KOrjaa g/HOpH,Z[O‘lI/IBaIOTCSI ToNBKO KathoHsl Fe** Ga?’.HpI/I
oompiux conepkanmsix Ga u Co katuonsl Ga * YaCTHYHO 3aMEMIalOT U KATHOHBI Co®.

B smuccuonnbix cnektpax (mpu T=78K), oTpakarommx pacnpeneieHue U COCTOSHUE
katroHoB Co, It TBEpIbIX pacTBOPOB ¢ X=0.6 u X=0.8 COOTHOIIECHMSI TUIOMIAICH MOACTIEKTPOB,
COOTBETCTBYIOLINX OKTA3JPUUYECKUM U TETPadJPUUECKUM MO3ULMSIM,COXPAHMINCH Oau3kuMu K 1:1.
[Ipu conepxanusix Co x=0.4 u X=0.2 BKIaAbl TETPadAPUUYECKUX MOJCHEKTPOB MPEBbIIIAIN BKIIA bl
okTasapuueckux (~2:3 u ~1:3 COOTBETCTBEHHO), YTO CBUJECTEIHCTBYET O YACTUYHOM 3aMEIICHUU
TeTpasapruuecknx katHoHoB Fe®' rtake m xatmonamum Co®', mMerommmu Gonee ciaGoe, deMm
katrons! Fe®, IPEIIIOYTEHUE K OKTA3IPaM.
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FEATURES OF MAGNETIC HYPERFINE INTERACTIONS OF *’Fe IN
AFeO3 (A =Sc, In)
Sobolev A.V.}, Belik A.A.? Presniakov I.A.L

! omonosov Moscow State University, Moscow, Russia
’International Center for Materials Nanoarchitectonics (MANA), National Institute for
Material Science (NIMS), Tsukuba, Japan

alex@radio.chem.msu.ru

Massbauer spectra of AfeO3 (A = Sc, In) oxides taken over a wide range of temperature have
been analyzed in terms of the different magnetic environments (Sc**/Fe* or In**/Fe®*) possible for
the *'Fe nuclei. The covalency effects on the magnetic superexchange Fe**-O-Fe*" interactions and
super-transferred hyperfine interactions of the *'Fe atoms in the ferrites structure are discussed.
Using a semi-quantitative nearest neighbor cluster model relating the hyperfine magnetic field He.
on the *'Fe nuclei to covalency parameters and angle characterizing the Fe-O-Fe bonds, it has been
shown how such analysis of supertransferred hyperfine interactions of iron ions can get fruitful
information about strength and sign of the super-exchange interactions between Fe®* ions. A
consistent description of the results in the framework of the Weiss molecular field model
considering the specific local environment of iron atoms has made it possible to estimate exchange
integrals (Jrere). The *'Fe spectra of the InFeO; oxide at T ~ Ty characterized by the simultaneous
presence of a pronounced central quadrupole doublet indicative of the paramagnetic state, and
Zeeman hyperfine structure characteristic of the magnetic ordered state of iron ions, have been
obtained. We supposed that the spectra found near Ty~ 370 K of the InFeO3 simple are the result of
collective spin flips of small regions of the oxide corresponding to the onset of superparamagnetic
effects as the temperature approaches Ty from below.

In the case of ScFeO3; the playable model for spectra fitting on the basis of six-state spin
relaxation phenomenon was proposed.

Finally, the relevance of our results to general measurements of critical phenomena is
discussed.
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KHHETHUKA BHYTPUTPEKOBOM MOH-3JIEKTPOHHOM PEKOMBHUHAIINU U
ANPDYINOHHOI'O PACIHUPEHUSA OXKE-BJIOBA, OBPA30OBAHHOI'O B
PE3YJIBTATE PAINOAKTHUBHOI'O ITIPEBPALHIEHUSA SIIPA *"CoB
3AMOPOKEHHOM BOJHOM CPEJIE
B.M. Bsixos 13, 10.]1. [Tepduiben ! C.B.Cremanos?, JL.A KynukoB !
YMIY um. M.B. Jlomornocosa, Xumuueckutl paxynomem, Jlenuncxkue eopwi, 119899, Poccus
2 THI] P® UTAD, b. Yepemywrunckas, 25, 117218 Poccus
3 PXTY um. .U Menoeneesa, Muycckas yn., 9, 125047, Poccus
stepanov@itep.ru , perf@radio.chem.msu.ru

KINETICS OF INTRATRACK ION-ELECTRON RECOMBINATION AND OUT
DIFFISION OF THE AUGER BLOB FORMED BY RADIOACTIVE TRACSFORMATION OF
*'Co IN FROZEN ACQUEOUS MEDIUM

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

It is shown that emission of the Auger-electrons after formation of the Moessbauer nucleus
>"Fe leads not only to formation of the multi-charged ion *>’Fe™, but to formation of a cloud of many
(200-300) ion-electron pairs (H,O", €) around this Fe ion. Such a cloud is called as Auger-blob. Its
radius is about ~100 A. Fast radiation-chemical reactions in the Auger-blob determine
experimentally observable ratio of yields of final chemically stable ions Fe** and Fe**. This ratio is
important for adequate interpretation of the data of the emission Moessbauer spectroscopy. Our
estimations are related to frozen aqueous solutions, but they can be easily applied to media of
another chemical composition.

TpekoBble paavallMOHHO-XMMUYECKHAE IIPOLECCHI, MPOUCXOJAIINE B 3aMOPOKEHHOW BOJHOU
cpelie, OKpyJKakolieil, HaprMep, MHOTO3apsiAHbI HOH ° Fe™, 06pa3soBaBIIHIiCs HEOCPEICTBEHHO
(<10 mc) mocme Toro, Kak mpomsomen 3axBar K-amekTpona supom > CO, ONPENeISIOT
HKCHEPUMEHTAIbHO  M3MEpsIeMOE  COOTHOLIEHHE KOHEYHbIX (K  MOMEHTY  HCIYCKaHUs
MeccOaydpoBckoro u3inyderus; ~107C) xumudeckn craGuIbHBIX cocTosamil moHoB (Fe** u Fe?").
VcryckaHne Kackaga OKe-3NIeKTPOHOB MPHBOAMT K (DOPMHPOBAHMIO BOKpYr moHa ° Fe™
cheponanbHOro objJaka HAaHOMETPOBOro paauyca a ~10 HM, COCTOSIIETO U3 HECKOJIbKUX COTEH
(No=200-300) HOH-3JIEKTPOHHBIX nap (H,0", €) [1]. CTaans MOHM3AIMOHHOTO TOPMOXKEHHUS OKe
SIIeKTPOHOB umiTesi mpuMepro 107°C u 3aBepmaercss dhopmmpoBaHHeM 0xe-6100a (CKOTLICHHS
OOJIBIIIOrO YMCIa HMOH-IEKTPOHHBIX Map), Cleays TEPMHUHOJIOTUH, NMPHHATOM B pajualiMOHHON
xumud. [lapauieTbHO HWIET TPOILECC BOCCTAHOBICHHSI MHOTO3apsSIHOTO HMOHA  JKelesa,
3aBEpUIAIONIEroCs JOCTHKEHHEM XUMHYECKH cTaGmibHOro cocrosums Fe®*. Dror mpomece muer
IIOCPEJICTBOM OTPHIBA HOHOM >TFe™ AIIEKTPOHOB OT ONmkanmx mosekyn H;O.

[Mocnenyromas, audPy3nOHHO-KMHETHYECKass CTaAMus D3BOMIONMU  OXe-0100a  JIuTCS
npumepHo 0,1 Mkc. OHa BKITFOYAeT PEaKIMI0 PeKOMOMHAIINHN SIeKTpoHOB ¢ HoHamu H,O" | a Takke
nporecc aMmOumnosipHoro audGy3MoHHOTO pacIulbiBaHUs 0ke-0100a. [Tpu 3TOM BO3MOXKHA Takxke
peaximst pekomGuHarmu Fe® ¢ ofHmM 13 25eKTpoHOB 0Ke-61106a, B Pe3yIIbTATE UEro MPOMCXOUT
BOCCTAHOBIICHHE MeccOaydpoBCKOTO HOHa sKenmesa 10 3apsgoBoro cocrosums Fe?'. Ecim cpenma
COJICP)KUT aKIENTOPBI AJICKTPOHOB, S, TO MX 3axBaT JJCKTPOHOB Oxe-0100a ¢ oOpazoBaHueM S
NPEIATCTBYET BOCCTAHOBICHMIO HoHAa Fe®'. HaxoeHHe COOTHOIICHHS MEKIY UHCIOM HOHOB
Keleza B JBYX M TPEXBAJICHTHOM COCTOSIHUM WMEET Ba)XHOE 3HAYEHHWE Ui IMHUCCHOHHOU
MeccOayIpOBCKOM CIEKTPOCKOIIUU U COCTABIISAET MPEAMET HACTOAIIeH paboThI.

1. B.M. bsxos, FO.JI. Ileppunses, JI.A. Kynukos, C.B. CrenanoB. BectHuk MockoBckoro
VYuuBepcurera, cep.2 Xumus, 2009, 50(5), 328-333.
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EFFECT OF SWIFT HEAVY ION IRRADIATION ON THE SHORT RANGE
ORDER IN NOVEL ELECTRODEPOSITED TERNARY AMORPHOUS ALLOYS

Stichleutner S.1?, Kuzmann E.}, Lak G.B.*®, EI-Sharif M.3, Chisholm C.U., Havancsak K.*,
Skuratov V.*, Sziréki L.}, Homonnay Z.,
YUnstitute of Chemistry, Eétvis Lordnd University, Budapest, Hungary

’Centre for Energy Research of HAS, Budapest, Hungary

*Glasgow Caledonian University, Glasgow, UK

*Institute of Physics, Eétvés Lordnd University, Budapest, Hungary
>Joint Institute for Nuclear Research, Dubna, Russia
E-mail: stichleutner.sandor@energia.mta.hu

Electrodeposition processes have the potential to produce ternary alloys which do not exist in
the thermal equilibrium diagram and cannot be obtained by the conventional thermal route. These
alloys are therefore non-equilibrium and thermodynamically metastable, often having amorphous
structure and advantageous properties from the point of view of technological applications. To date,
one of the most promising energy storage devices is the lithium-ion battery. Tin-based alloys have
attracted considerable interest as a more efficient alternative to pure tin or traditional graphite based
anodes for lithium-ion batteries because of their higher specific theoretical capacity and their better
cycling ability. We have succeeded in preparing electrochemically novel ternary Sn-Co-Fe [1] and
Sn-Ni-Fe [2] alloy deposits promising as alternative anode materials for lithium-ion batteries.

The amorphous nature of these novel ternary alloy coatings was identified by XRD as well as
*’Fe and °Sn Massbauer investigations. Magnetically split Mdssbauer spectra were observed in
both °’Fe and **°Sn cases from which information on the chemical short range order in these alloys
was obtained. Swift heavy ion irradiation is a well known method to modify the chemical short
range order in solids, resulting in materials with more favorable properties for technology. In our
previous work [3] we studied the effect of swift heavy ion irradiation on electrochemically prepared
novel ternary Sn-Co-Fe alloys. The aim of the present work was to further study the effects of swift
heavy ion irradiation on the short range order of the novel ternary Sn-Co-Fe electrodeposits, and
extend our investigations for the novel Sn-Ni-Fe coatings, too.

The coatings were deposited onto Cu substrates with constant current technique in a
continuous flow plating system using electrolytes containing sulphates of the metals, Na-gluconate
and peptone. The irradiation of the samples was carried out with 246 MeV energy Kr, 470 MeV Xe
and 710 MeV energy Bi ions at room temperature in a vacuum of about 10" Pa with fluences up to
10" ion/cm?at JINR in Dubna, Russia.

Small but significant changes were found both in the *’Fe and **°Sn Massbauer spectra due to
swift heavy ion irradiation. These represent changes in the chemical short range order attributed to
irradiation induced partial segregation, defect creation and rearrangement. The results will also be
discussed in terms of the models for interactions between solids and heavy ions.

[1] Kuzmann E., Stichleutner S., Doyle O., Chisholm C.U., El-Sharif M., Homonnay Z., Vértes A.,
Proceedings of American Physical Society, 765 (2005) 99-107

[2] Sziraki L., Kuzmann E., El-Sharif M., Chisholm C.U., Stichleutner S., Lak G.B., Stivegh K.,
Tatar E., Homonnay Z., Vértes A., Applied Surface Science, 256 (2010) 7713-7718

[3] Stichleutner S., Kuzmann E., Havancsak K., Homonnay Z., Vértes A., Doyle O., El-Sharif M.,
Chisholm C.U., Journal of Physics: Conference Series, 217 (2010) 12100, 1-4
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AMINOLYSIS OF Z-4-FURYLIDENE OXAZOLIN-5-ONE DERIVATIVES-
CONFIGURATION AND KINETICS
Abedelrhim Elsayed Mahmoud
Faculty of Science- Damanhour Universty, Egypt
sayed58691@yahoo.com

The Kkinetics of ring opening of 5-substituted furyl oxazolinonesl,. with piperidine in
acetonirile has been investigated in the temperature range (30-50°C) which were found to be a
second-order reaction, the estimated positive p values, thermodynamic parameters and reaction rate
constants are consisting with the suggested stepwise mechanism, where the first stage is a slow
perpendicular nucleophilic attack of piperidine on carbonyl group forming the intermediate (T%)
passing through a cyclic zwitterionic transition state followed by expelling of the leaving group. As
well asthe products of the reaction 3, will be identified and determined their configuration
assignments which based on NMR analysis, applying the *H-NMR additivy increment rules and the
gated decoupling technique **C-NMR (3Jcn) which indicates that the compounds 3a.c, exclusively
have the Z-configuration.
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UCCJEIOBAHUE AKTUBHBIX IIEHTPOB KATAJIMTUYECKOMU CUCTEMBI
Cu-Fely-Al,0; C TOMOIIBIO MECCBAYJ3POBCKOM CIHEKTPOCKOITUH
Bbponckuii A.P., [llanosanosa JI.b., Tyktun b., SlckeBuu B.H.

Hncmumym opeanuuecxkozo kamanusa u saekmpoxumuu um. /[.B.Cokonvckozo, Anmamui,

Kaszaxcman
albrod@list.ru
INVESTIGATION OF ACTIVE SITES OF
Cu-Fely-Al,0; CATALYTIC SYSTEM USING MOSSBAUER SPECTROSCOPY
Brodskii A.R., Shapovalova L.B., Tuktin B., Yaskevich V.I.

Effect of temperature to iron state of Cu-Fe/y-Al,O3 catalyst and to the products of CO,
interaction with natural gas was studied using Mossbauer spectroscopy. A mechanism of the
interaction is discussed.

[Ipu B3auMopelcTBU TUOKCHAA YIiepojaa U MPUPOIHOrO ra3a B MPUCYTCTBUU KaTajau3aTopa
Cu-Fe(1:1)/y-Al,03 ycTaHoBIIEHO, YTO KIMEET MECTO CYILIECTBEHHAs 3aBUCUMOCTh KoHBepcun CO; u
CH4 or Ttemmnepatypsl. B mpoaykrax peakuuu OOHapy>KE€Hbl pa3iMuYHbIE KHCIOPOJACOAEpIKAIINe
coequHeHUs: (GopManbAeru, METaHOJ, MypaBbUHAs KUCJIOTa, METHIOYTMikeToH, Csy -
OKCHT'€HAThl U YKCYCHOATWJIOBBIA 3up. MOXHO mojaraTh, 4YTO Takoe pazHooOpasue MpOIYyKTOB
CBSI3aHO C H3MEHEHHEM COCTOSHUS METaJUIOB aKTUBHOW (pa3bl KaTalUTHYeCKHX cucteMm. Jlius
NPOSICHEHHSI STOTO BOIPOCa MPOBEleHbBI uccienoBanus karanuzatopa Cu-Fely-Al,O3 ¢ moMorbio
MeccOayIpOBCKOM CIIEKTPOCKONUU. Y CTAHOBIICHO, YTO IMOCIE MPOMUTKH HOCUTENSI CMEChIO CoJiel
Cu(NOs3), u Fe(NO3); Gonbluasi 4acTh sKenesa HaXOZUTCs Ha moBepxHoctH Hocurens (Fei™), a
MEHbIIIasi — pacroyiaraercs B IIyOuHe (Fez3+). [Tocne o6paboTkmM KaTanu3aTopa BOJOPOAOM IPH
773K Kee30 BOCCTAHABIMBACTCS 10 METaILTHIecKoro cocrosuns Fe (~40%) u Fe?* (06e dhopmsr)
6outee 50%, ¥ UIIb HEGONbIIAS YaCTh OcTaeTes B BHge HoHOB Fe* (Taxxe nBe GOPMBI).

[Tocne xonTakTa ¢ Bo3myxoM obpasma Cu-Fely-Al,O3 B Hy mpu 773K, coxpansiercst JUIIIb
HEGONBIIOE KOJNMYECTBO BOCCTAHOBICHHBIX (opM, a mpeoGmaaror mousl Fe** (1o 88%). Ipu
nocneayromeil o0paboTtke cuctemsl B Bojpopoae npu 373K coctosiHue keneza MpPaKTUYECKU He
Mmensiercs. [Ipu 473K naOnromaercss yBeNWYeHHs] KOJMYECTBA BOCCTAHOBJIEHHBIX (OpM Keleza —
COZEp)KaHNE HMOHOB Fe?* nocturaer 65%. IIpn 573K npakTUuecku BCe JKEIEe30 B KaTaJIU3aTope
HaxoxuTCst B cocrossHum Fe?* (6onee 95%), a mpu 673K mosisiercs no0 15% Fe®, momHocThio
ucue3arT (HopMbl Fe**. B BYXBaNCHTHOM COCTOSIHMM HAXOIHTCS ~ 85% ieiesa, BXOMSIIETO B
cocraB Katanmsaropa: 38%Fe’" Ha moBepxHocTH katanmsaropa (Fei?"), a 47% Fe,®* - B rnyGuse.
ITo noctwxenun 773K xonmdecTBo xene3a B MetauinyeckoM coctostuuu (Fe®) yBennuuBaercs 110
30%. HeoGX0MMMO OTMETHTB, YTO 3TO IPOMCXOIHT, MPEHMYIIECTBEHHO 3a cuet popmbl Fe 2", Tpu
NOHMKEeHUU TeMieparypsl 10 293K konmdectso Fe® Bozpactaer 1o 36%, cyMMapHOe coaep:KaHue
000uX COCTOSTHUM F€2+YM6HI)HIaeTCﬂ 110 43%, u nosiBisiercs Gomee 20% Fe®'.

3aMeHa BOJOPOAHON aTrMochepbl Ha KUCIOPOAHYIO, a 3aTeM OMNATh Ha BOJOPOJIHYIO C
MOCJIEAYIOIUM H3MEHEHHEM TeMmmeparypbl B uHTepBasie 293-773K mnoka3pIBaeT, 4YTO JKEJIE30
IpeTeprieBacT 00paTUMble OKUCIUTEIbHO-BOCCTAHOBUTENbHBIE MTPEBPAILIEHHS, B KOTOPBIX BEPOSTHO
MpUHUMAET y4yacTHe U Medb. MOXKHO mojaraTh, YTO MEIb U JKEJI€30 HaXOAATCs B J1aOMIbHOM
OKHCIIUTEIbHO-BOCCTAHOBUTEILHOM PaBHOBECHH, JIETKO CMELIAIOIIEMCS] B TY WIM HMHYIO CTOPOHY
o JAeMCTBHEM pa3iIuyHbIX (pakTopoB (Hampumep, Temmneparypbl). IlomoOHbIE OKHCAUTENBHO-
BOCCTAHOBUTENIbHBIE  TpeBpalleHus  HauOojiee  BEpOSATHHL B  ClIydae  CYIIECTBOBAHUS
oumeraummuecknx Fe-Cu — ctpykryp. [Ipu 3ToM HEOOXOAMMO YYUTHIBATh, YTO HA MX DIIEKTPOHHOE
COCTOSIHUE BIUSIOT TaKXKe TUCIEPCHOCTh YacTHUI], JE(PEKTHOCTh MOBEPXHOCTH HOCHUTENS U PAL
npyrux (axTopoB. B yacTHOCTH, AJIEKTPOHHAS MPOCBEUMBAIOIIAs MUKPOCKOIUS MTOKa3ajia HaJuune
B ITHX KaTamuTHueckux cucremax (a3 Fe-Cu M Meap-alOMHHHMEBBIX CTPYKTYp, a TaKxke
yBEJIMUEHUE PAa3MEPOB YacTHUIl Ha HOCHUTENIE C POCTOM TemIiepaTypbl. Bce BbllienepeuncieHHOe
BEJET K H3MEHEHHIO KHCJIOTHO-OCHOBHBIX XapaKTEPUCTHK KAaTAIUTHYECKOM CHCTEMBI H, Kak
CIIEICTBUE K Pa3HOOOpa3zuio MpOAYyKTOB peakuuu.PaccMorpen MexanusMm B3aumoneictBus CO; +
IIPUPOJIHBIM a3 Ha OTON KaTaIUTUYECKON CUCTEME.
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N3YUEHUE KATAJIN3ATOPOB KPEKHUHI'A HA OCHOBE
Al — Fe - MMJIJIAPUPOBAHHOI'O MOHTMOPUJIJIOHUTA
METOJIOM MECCBAYJ3POBCKOM CHEKTPOCKOIINH
B.A. SckeBuu, A.P. bponckuii, H.A. 3akapuna, JI./l. Bonkosa, I11.K. Alityranosa
HUncmumym opeanuueckoco kamanuza u snekmpoxumuu um. /[.B.Coxonvckozo, Anmamul,
Kazaxcman
albrod@list.ru
THE STUDY OF CRACKING CATALYSTS ON THE BASIS OF Al-Fe — PILLARED
MONTMORILLONITE BY THE METHOD OF MESSBAUER SPECTROSCOPY
Yaskevich V.A., Brodskii A.R., Zakarina N.A., Volkova L.D., Aituganova Sh.zZh.

Catalysts of cracking of hydrocarbonic raw materials on the basis of bioxide aluminum — iron
pillared montmorillonites are investigated. It is shown that replacement by iron aluminum in the
first coordination sphere is observed for the most active sample in cracking of KGF with Al/Fe ratio
=11

OpHOBpeMEHHOE NPUCYTCTBHE MOHOB JKejle3a M allOMUHHS B CJIOUCTOM CHJIMKATE
3HAUUTENIBHO YyJydllaeT TaKUEe XapaKTEPUCTUKH KaTalu3aTopoB, KaK TEpPMOCTAOMIIBHOCTD,
BEJIMYMHA YJIETbHOW MOBEPXHOCTH, OCOOEHHO BOCTpPeOOBaHHBIE B KaTaIUTHUYECKOM KPEKUHTE.
CBoiicTBa TaKuX MAaTE€pUAJIOB 3aBUCIAT OT COOTHOIICHWW QJIIOMUHUA U JKene3a. Tak, mpu
cootHorrenun Fe/Al<0,5 sxene30 BCTpauBaeTCs B CTPYKTYPY MOJUTHAPOKCOKATHOHA ATFOMUHHS U
naxomurcs B Buge [FeOsAl 12(OH)24(H20)12]7+, a mpu Fe/Al>0,5 xene30 u aJFlOMHUHUN HAXOAATCS B
BUJIE CMECH IOJMOKCOKaTHOHOB. B MpuCyTCTBUM HMOHOB AI** Bo3MOXHa THApOIH3ALMS COJEit
xene3a(lll) ¢ oOpa3oBaHMEeM THIPOKCOKOMILJICKCOB. B3amMoeicTBHE KaTHOHOB B MEKCIOECBOM
MPOCTPAHCTBE TJIMH TpU TEepMOOOpabOTKE MOMKET NPUBOAMTH K OOpa30BaHUI0 OMOKCHIHBIX
CTPYKTYD, AKTUBHBIX B PA3TMYHBIX KATATUTHYECKUX MPOIIECCaX.

HauOonpireid akTUBHOCTBIO B KPEKHHTE KepocuH-TazoineBoi (pakmuu (KI'D), obmagaror
OeCIICOIMTHBIC U LEOJUTCOAepKalme o0pasibl ¢ cooTHomreHuem Al/Fe=1:1. Bwixon OeH3uHa
cocraBiseT 39,6 u 45,5%, coorBeTcTBeHHO. [Ipy 3TOM MMeeT MecTO KOppessius aKTUBHOCTEH ¢
CYMMapHBIM COJIEP’)KaHUEM CPETHUX U CHUIIbHBIX KHCIOTHBIX LIEHTPOB.

C nomomipro Mecchay?poBCKOl CIIEKTPOCKONUH MOJyYEHbI JaHHBIE 110 COCTOSIHUIO JKene3a B
aktuBupoBanHOM HMM u3 HatpueBoil (hopmbl, MUIUTAPUPOBAHHOM CMECHIO THAPOKCOKOMILJIEKCOB
ATIOMUHHUS W JKelle3a TMPU Pa3IMYHBIX HUX COOTHOLIeHHsX. McciaemnoBaHel 00pasmbl ¢
coornomenusimu Al/Fe=1:1 (o6pazerr Nel), ¢ Tem ke COOTHOIICHHEM METAJLIOB, HO C I00aBJICHUEM
HceY -ticonnta (06paser Ne2), Al/Fe= 1:5 (o6pazer Ne3) u Al/Fe=5:1 (o6pazerr Ne4).

CrieKkTphl Bcex HCCIeOBaHHBIX 00pa3loB 3a HckioueHneM Ne3 ¢ OoNbIIMM COJepKaHUEM
Fe, mpencraBnensl ny0neTamMu ¢ YUIMPEHHBIMH JTHHHUSAMH, MapaMeTpbl KOTOPBIX XapaKTePHBI IS
FIOHOB JeJie3a B aMOpMHBIX rHapokchaax Fe®t, uro, 4To MoXKeT CBHIETEILCTBOBAT O IIPHCYTCTBHE
HE/IOPA3JIOKUBIINXCS  THJIPOKOMIUIEKCOB JKeje3a W alioMuHusA. Y oOpasnoB Nel um Ne2 ¢
cootHorrenneM Al:Fe=1:1 3adukcupoBaHO BO3MOXKHOE TMPHCYTCTBHE HECKOJIBKUX aTOMOB
QJIFOMUHUS B TMEPBON KOOPAMHALMOHHOW cdepe ’keile3a O YeM CBHJIETENILCTBYET CYIIECTBEHHO
MEHbIINE 3HAYeHHUS A()(PEKTUBHBIX MArHUTHBIX TOJEH I OKCHAHBIX COCTOSHMMA. MIMeHHO Ha
KaTajau3aTopax ¢ TaKUM COOTHOIIEHHEM METalsIOB HaOII0JaeTcsl MOBBIMICHHBIH BBIXOJ] OEH3MHA.
Crextp obpasia Ne3 Al/Fe=1:5 ¢ MakcHMaIbHBIM COIEPIKaHUEM JKelle3a MOYKHO 0XapaKTePH30BaTh
KaK HAJOKCHHE JIMHHH, OTHOCAIIMXCA K HOHAM Fe>’ B MArHUTOYIMOPSIOYCHHOM COCTOSHHH H
nmapaMarHUTHOTO TyOsieTa. MarHMTOYHOpsIIOYeHHOE CcOCTOsiHME oTBedaeT o-Fe,03. O6 stom
CBUJIETENbCTBYET Benn4MHA 3 dexTnBHOro MaruuTHOro nois (Hogp~512 k3). JlyOneTs! B criekTpe
MOTYT OTHOCHTBCS K MEJIKOTUCTIEPCHOH (pa3mepsl MeHee 8-10 uM) yactu a-Fe,0s.

Takum o0Opazom, cootHomeHne Al/Fe B cMemiaHHOM  THIPOKCOKOMIUIEKCE —TpPH
MWUIAPUPOBAHUM MOHTMOPUJUIOHUTA OKAa3bIBa€T CYIIECTBEHHOE BIHMSHHE Ha (OPMUPOBAHUE
aKTUBHOHM KaTaimtudeckor (aszpl. DopmmpoBanue o-Fe;O3 NPUBOANT K CHUKCHHIO OOIICH
KHUCJIIOTHOCTH, YMEHBIIAET CYMMAapHOE COJIepKaHUE CPEIHUX M CHIJIbHBIX KUCIOTHBIX LIEHTPOB H,
KaK CIJIeZICTBHE, CHUKEHHUIO KPEKUPYIOIIEH aKTUBHOCTH 10 BBIXOy O€H3MHA.
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HU3YYEHHUE METOJ0OM SMUCCHOHHOU MEUCCBAYC)POBCKQFI
CHEKTPOCKOIINHU BJIUSIHUS KOHJIEHCUPOBAHHOM ®A3bI HA CBOMCTBA
AKIEIITOPA

B.M. Bsixos 13, FO. 1. [Mepdpunbes ! C.B. Crenanos'? JLA. Kynukos !
YMIY um. M.B. Jlomornocosa, Xumuueckutl paxynomem, Jlenuncxkue eopwi, 119899, Poccus
2 THI] P® UTAD, b. Yepemywrunckas, 25, 117218 Poccus
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INVESIGATION OF CONDENSED PHASE INFLUENCE ON ACCEPTOR PROPERTIES
BY EMISSION MESSBAUER SPECTROSCOPY
V.M. Byakov, Yu.D. Perfiliev, S.V. Stepanov, L.A.Kulikov

Theory of an elementary act of a chemical transformation in a condensed medium is much
more uncertain then that in gases. Usually energetic restrictions of a chemical reaction are rather
different in these cases. They are related with a deference of a free volume (steric restrictions)
around reactants. In a frozen medium spatial separation of the final products is not possible. We
have studied influence of addition of CCl, and I, on formation of a positronium atom in liquid
alcohols (methanol, ethanol, propanol) at room temperature and effect of addition of CCl, on the
yield of Fe*? ions in frozen (glassy state at 77 K) ethanol (moessbauer Fe-ions are produced from
radioactive decay of the °’Co atoms). It comes out that in alcohols at room temperature CCly is an
efficient acceptor of the quasi-free track electrons and it inhibits Ps formation as well. Contrary, at
low temperatures CCl, does not scavenge quasi-free electrons and does not inhibit yield of Fe*?
ions.

TCOpI/ISI QJICMCHTAPHOI0 XMMHYECKOI'O IIPCBpalliCHUA B KOHACHCHUPOBAHHBIX Cpclax
HaXOJUTCSI B HECPABHEHHO XYALIEM COCTOSHHH, YEM TEOPHs DJIEMEHTAapHOIO aKTa B Trase. JTO
IIPEXk/Ie BCEro CBSA3aHO C TEM, YTO B ra3oBOH (paze CONMIKEHHE U pa3ieT pearupyrollux 4YacTHUIl
ONMCBIBACTCS 3aKOHAMH MEXaHUKM, TOIJAa Kak B IUIOTHOM CpElE pPEaKUUU OCYILIECTBIAIOTCS B
mporecce CilydailHbIX ONIy’KAAHUN B pPacTBOPHUTENE, TO €CTb HOCAT CTOXACTUYECKUM XapakTep.
OpHako pa3iInyhe HE HUCYEPIBIBACTCS HM3MEHEHHMEM KHHEMaTukd BcTped. CylecTBYHOIIMHA B
KOHJICHCUPOBaHHON (pa3e TECHBbIM KOHTAKT CO CPEIOM B TEUEHHME DJIEMEHTApHOTO aKTa YCTpaHSET
SHEepreTUYecKue OrpaHHWYEHHUs, CYyLIeCTBEHHbIe B razoBoil (aze. Ho oH ke co3zmaer Ha nytu
peakuuu CTEepUYECKUEe TPYAHOCTH, CBSI3aHHbIE C JA€QUIMTOM CBOOOJAHOIO IPOCTPAHCTBA,
HE0O0XOAUMOTOo JUIsl OpraHu3alMM peakiuu. 3ajadell HacTosied paboThl COCTOSIIO B HM3Y4YEHUU
BIIMAHUA )Ie(i)I/IHI/ITa CBO60I[HOFO MMPOCTPAHCTBA, MOABJIAIOUICTOCA IIPU 3aMOpPaXKMBAHUU )KI/I)IKOI\/'I
Cpelbl Ha MPOTEKAHUE PEAKIUN JUCCOLMATUBHOIO 3aXBaTa HJIEKTPOHOB PACTBOPEHHBIM BEILIECTBOM.
O4eBHIHO, YTO MOSIBISIFOIIMNCA IPU 3aMOPaKMBAHUU AEPUIUT CBOOOAHOIO IMPOCTPAHCTBA MOXKET
CHCNIaTb HEBO3MOXHBIM DPAa3bEAUHEHUE IMPOAYKTOB IHUCCOLMALMA aHHOHA BO3HUKAIOLIErO B
pe3ynbTare 3axBara 3JekTpoHa. Hamu ObUiM M3ydeHbl, BO-TIEpBbIX, BiusHHe KoHieHTpaumii CCly u
|, Ha BepOATHOCTH 0Opa30BaHMs AaTOMOB MO3UTPOHUS B XKHUJIKHUX CIHPTaX — METAHOJE, dTaHOJIe U
MpOIaHoJIe MPU KOMHATHOW TeMIlepaType H, BO-BTOPHIX, BiusHue KoHueHTpanuu CCly Ha BbIxOn
MeccOayIpOBCKUX HOHOB Fe*? B 3aMOpOKeHHOM  (cTeksoobpazHom) mnpu 77 K »srtanorne,
o0pa3yromuMcsl IpH PaJUOAKTUBHOM pacraje aTOMOB *'Co. OKa3anoch, 4TO B JKHAKHX crmpTax
npu komHatHoW Temneparype CCls siBnsercs 3ddexkTHBHBIM aKIEnToOpoM KBa3UCBOOOIHBIX
NEKTPOHOB M HWHIHOMTOpOM O0Opa3oBaHMsI aTOMOB MO3UTpoHUs. HampoTuB, B TBepaoM
CTEKJI000pa3HOM dTaHoie 3amopoxxeHHOM mnpu 77 K wmonekymer CCls Tepstor cBom
AKLCIITUPYIOINEC CBOMCTBAa B OTHOIIECHUH KBHBI/ICBO6OJIHI)IX OJICKTPOHOB M XapaKTCPHU3YIOTCA
HU3KOH MHIMOUTOPHOM ClTOCOOHOCTHIO B OTHOLIIEHUH HOHOB Fe*2.
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OMUCCHUOHHASA MECCBAYJPOBCKAS CIIEKTPOCKOIIUSA V,0s,
JIOIMMPOBAHHOTI'O *Co
Henymenko C.K., Kymukos JI.A., [Tepdunbes 1O./1.
Xumuueckuui pakyromem MI'Y um. M.B. Jlomonocosa
perf@radio.chem.msu.ru

EMISSION MOESSBAUER SPECTROSCOPY OF V,05 DOPED BY >Co
Dedushenko S.K, Kulikov L.A., Perfiliev Yu.D.

The samples of vanadium (V) oxide doped by cobalt were synthesized by dissolving of cobalt
oxide in V,0s melted at about 700°C. Moessbauer study of the products shows, that oxidation state
of cobalt and its coordination polyhedron depend on the thermal treatment conditions.

Moudukamuss CBOMCTB  KPUCTAUIMYECKUX  BEIIECTB IMYTEM  3aMEIICHHS  YacTH
COCTaBJISIOUINX €r0 MOHOB Ha JIPyTue — BayKHOE HallpaBJIeHUE COBPEMEHHOM XxuMuu. B pamkax »toit
npoOJIeMBl HCCIIEOBAaHUS TPUMECEeH jkene3a M KoOanbTa B HEOOBIYHBIX CTETEHSX OKHCIICHHUS
3aHMMAIOT BEChbMa 3aMETHOE MECTO, 4YTO B TEpBYIO odepeAb OOYCIOBJIEHO BaJCHTHBIMU
BO3MOYKHOCTSIMH 3THX METAJIOB. BakHOI OCOOCHHOCTBIO jKeJie3a SIBJISCTCS] CYIIECTBOBAHHUE IS
HEro MeTo/1a HaJIeXKHOHM HIeHTU(UKALIUY CTEIICHH OKHCIEHUSI — MeccOay?pOBCKOI CIIEKTPOCKOIHUH.
IIp¥ [OMOIIH FeHETHYCCKH CBS3aHHBIX PaJIHOHYKINIOB, HapuMep ° Co—>°' Fe — MecchayapoBekast
CIIEKTPOCKONHS Ha sapax - Fe MoeT ObITh HCIIOIB30BAHA M IS MACHTHMUKALMHE CTCICHH
OKHCJIEHUS KOOaJbTa.

Oxcupn Banagust (V) — MOAXOAIIAS MAaTPHIA C TOYKH 3PEHHS BO3MOXKHOCTH CTaOMIIU3AIINN
xKeneza M KoOanbTa B BBICHIMX CTENEHSX OKHUCIEHHs. Bo-TIepBBIX, MOHHBIE pPaAMyChl BaHAIUs
ONMM3KU K paJrycaM HM30BAJICHTHBIX MOHOB >keie3a W KoOanbTa. [losToMy, Hampumep, oxumaHue
oGpasoBanms noHoB Fe>* u CO°* npn M30BaNEHTHOM H30MOP(GHOM 3aMEIICHHH STHMH dJIEMEHTAMH
BaHaqus B cTpykType V205 ¢ kpuctamnorpadguueckux no3unuit o6ocHoBanno. Bo-Bropeix, V05 —
BBICIIMI OKcuj BaHaaus. CremoBaTenbHO, OH HE MOXKET SBISTHCS BOCCTAHOBUTENIEM IS
M3y4aeMbIX BBICOKOOKHCIIEHHBIX MOHOB. Hakonen, V,Os miaBuTcs NMpH yMepeHHOH TemImeparype
(674°C), ocTaBasich YCTOMUYHMBBIM JIaKe BBILIE TOYKHU TUIABJIECHUS. DTO OMOTAET PENIUTh MPOOIEMY
PaBHOMEPHOTO pacHpeAesieHus MpUMecH Mo 00beMy OKCHJia BaHa/IWs NyTeM €€ pPacTBOPEHHS B
pacmuiaBe V0s.

Benen 3a u3ydeHuem moBeneHUs mpuMecH xkeieza B okcuae Banaaus (V) [1], Ml mpoBenn
MeccOayIpOBCKOE HCCIIEIOBAHNE TIPUMECH KOOaIbTa. Y CTaHOBIIEHO, YTO JIBYXBAJICHTHBIA KOOAIBT
croco0eH cTabuIM3UPOBaThCS MO KpaliHel Mepe B IBYX Gopmax. VIoHbI IByXBaJIeHTHOIO KOOabTa,
cTabmIM3upyrommecs: npu 3akainke pacmiaBa V;Os, HIMEIOT KOOpAWHAIMOHHOE 4ucio 6. Takum
oOpa3oMm, TMpu 3akajike JAonupoBaHHOro KobambToM V705 KOOambT SBISETCS LIEHTPOM
(bopMHpOBaHUS CTPYKTYPBl KOOAIbTCOAEPKAIIMX KPUCTAJUIUTOB. MeasieHHas KpHUCTaTU3aIUs
okcua BaHaaust (V) MPUBOIUT K TIOHMKCHUIO KOOPAMHAIIMOHHOTO YHCIIa KOOAIbTA, YTO TOBOPUT B
I10JIb3Y 3aMELICHNSI HOHAMHU Co®* nonos V°* B ctpykrype V20s.

B pacninaBe oxcuna Banaaus (V) OKHCIEHHE TBYXBAJICHTHOTO KOOAIbTa IO TPEXBAaJECHTHOTO
COCTOSIHUSI WJIM HE MPOMCXOIUT, WIM HOCUT paBHOBECHBIN Xxapaktep. llosiBieHue cocTosHus
OKHUCJIEHUS +3 MOXeT ObITh BBI3BAHO DPSIOM MPUYUH (YaCTUYHOE OKUCIICHHE Co?* B pacriase,
oGpazosanme Co>* B MOMEHT KPHCTAIUTH3AIMH 33 CYET BOCCTAHOBIICHHS BaHaIHs1, obpasosanue Fe**
B pe3yibTrare MOCT-3PPEKTOB paaMOaKTHBHOTO pacmana). B 3akaneHHBIX oO0pasiax MOXeT
MPUCYTCTBOBATH U MATUBAIECHTHBIN KOOAIBT (M, COOTBETCTBEHHO, MATUBAJICHTHOE KEJe30).

Pabota BrmonHeHa npu noaaepkke Poccuiickoro gonna GpyHIaMeHTaIbHBIX HCCIEAOBAaHUN
(mpoekt Ne 12-08-00771-a).

1. C.K. Jenymenko, FO. 1. ITepdunnes, M3Bectus PAH, cep. puznueckas, 2001, 65, 1039-1042.
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IMPURITY CENTERS OF TIN IN GLASSY ARSENIC CHALCOGENIDES
M. Kozhokar, N. Anisimova, A. Marchenko, P. Seregin
Alexander Herzen State Pedagogical University of Russia
191186, St. Petersburg, Russia
E-mail:m-kozhokar@mail.ru

Impurity **"Sn atoms produced after radioactive decay of '°Sh atoms in the structure of
As,S; xand As,Se;  « glasses are localized at arsenic sites in Sn3"and Sn;" charge states and play

the role of two-electron centers with negative correlation energy. The Sni* fraction increases with
the chalcogen content inglass.

To describe the behavior of impurity atoms in chalcogenide glassy semiconductors (CGS), the
concepts of the existence of two-electron centers with negative correlation energy (negative U
centers) in the glass structural network are widely used. Nevertheless, despite the large number of
published studies of negative U centers by Mdssbauer spectroscopy, a basic problem remains
unresolved: despite the efficiency of the theory of negative U centers for explaining CGS electron-
optical properties, such centers were not detected by Mdssbauer spectroscopy directly at CGS
structural network sites. This work is devoted to the study of tin negative U centers in glassy
chalcogenides of germanium by **Sb(**™"Sn) emission Méssbauer spectroscopy.

The objects of the study were glassy alloys of the AsxS;—x(AS0.45S0.55, AS0.450.6, AS0.28650.714,
ASo2S0.8) and AsxSer x(ASo.6S€0.4, ASo5S€05, ASo.4S€0.6, ASo.2865€0.714, AS0.2S€0.8) Systems. All
glasses were synthesized in evacuated quartz cells at 700°C. The melt was quenched in air. Glassy
beads of mass ~ 5 g were monolithic ingots; the cell top contained no sublimation traces. Mossbauer
sources were prepared by melting of ready glassy samples with carrier-free *'°Sb preparations, so that
the estimated concentration of atomic antimony in samples did not exceed 10*" cm .

The Mbssbauer spectra of As,Spx:"'°Sh and  As,Se :"*°Sb constitutes an overlap of an
isolated broadened line, the isomer shift of which is typical of six-coordinated compounds of
tetravalent tin (Sn;* ), and a poorly resolved quadrupole doublet, the isomer shift of which is typical

of three-coordinated compounds of divalent tin (SnZ*). The fraction of Sni" centers increases with

the chalcogen content in glass. To explain this fact, it should be kept in mind that the electron decay
of 1°Sb is accompanied by the Auger process and the formation of highly charged daughter **°"Sn
atoms. These atoms, for a time much shorter than ~18 ns, transit to the charge state corresponding
to the charge state of parent *°Sn®* atoms and, since the trivalent state is not typical of tin com-
pounds, the disproportionation process
2Sn**— Sn?* + Sn** (1)
occurs and manifests itself in the As,S,:**°Sb and AsSey ,:''°Sb Méssbauer spectra as lines
corresponding to the Sng* and SnZ*.
Expression (1) describes the behavior of two-electron centers with negative correlation energy
(the negative U centers). An essential feature of negative U centers is instability of their
intermediate (singly ionized) charge state. It is energetically favorable for each pair of neutral
centers to decay into ionized centers,
2X - X%+ X' (2)
Comparing expressions (1) and (2), it can be concluded that the Sn2* state in the As,Xq,:***Sh
Maossbauer spectra corresponds to a singly ionized acceptor, the Sni* state corresponds to a singly

ionized donor, and the unstable Sn** state is a neutral state of an amphoteric two-electron tin center
with negative correlation energy.
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METOJ0M MECCBAYJ3POBCKOM CIIEKTPOCKOITUA
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DIAGNOSIS CATALYSTS BASED B

INUCLEAR IRON COMPLEXES WITH

MACROCYCLIC SCHIFF BASES BY MOSSBAUER SPECTROSCOPY

Pankratov D.A., Rodionova L.

Mossbauer spectroscopy study of binuclear
with amino acids methionine and histidine has

l., Borisova N.E., Smirnov A.V.

iron complexes with macrocyclic Schiff bases
been made. The relationship of the observed

Massbauer parameters and catalytic activity of complexes have been

postulated.
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CrnekTpsl KaTaJIn3aTOPOB HA OCHOBE
OMsIEPHBIX KOMIUIEKCOB JKeJe3a MPU Pa3InYHbIX
TEMIIEpATypax U UX 3aMOPOKEHHBIX PaCTBOPOB

KaTAJIMTUIECKON aKTUBHOCTH.

KOMIIJIEKCOM (1)I/I3I/IKO'XI/IMI/I‘-ICCKI/IX MCTOOAOB H
KaK KaTalu3aTopbl B PEAKIUAX MapIHATBLHOTO
OKHUCJICHUS W300yTaHa JO TPeTOyTHUIIOBOTO
crnupra u Pa3IOKCHUS
TpeTOyTuiruaponepokcuaa. I[lokasano, 4ro
AKTUBHOCTh W CEJIEKTUBHOCTH IPOsBIIsieMast

, KOMIIIeKCaMu 3aBUCST oT MPUPO/IBI
s MOCTUKOBOM TpYNIbl MEXIy JBYMs HOHaMH

Kejeza U HE 3aBHCAT OT aMHHOKHCIIOTHOTO
OKDPY>KECHHS.

ITokasaHo, 410 MeccOayIpOBCKUE
CHEKTpPhl 00pa3LOB MPOSABISAIOMIUX OOIBIIYIO
KaTaJUTHUYECKYI0 aKTHUBHOCTb  3HAUYMUTEIHHO
OTIIMYAIOTCS. OT OCTAJIBHBIX SIPKO BBIPAKEHHOMN
acummerpueil. JlocToBepHyl0 pacumppoBKY
CIEKTPOB  YyJAJIOCh IPOBECTH TOJBKO Ha
OCHOBaHUU JAHHBIX CIEKTPOCKOIIUU PACTBOPOB

Ls o
10 ABYHACMBIX COCIMHCHMH. O‘ICBI/II[HO, 4TO OAMWH

U3 KOMIIOHCHTOB KaTaJIM3aTOPOB COACPIKAIINUX

Co B KpUCTAJNIMYCCKOM COCTOSAHHNHA

BbIcOKocninHOBOEe >kene30(1ll) u mepexonsamux
mocjae  coilbBaTallud B pacTBOpax B
HU3KOCIIMHOBOE  COCTOSIHME  OTBEYaeT  3a
KaTaJIUTUYECKYI0 AaKTMBHOCTb IIperapara B
uenoM. Takum oOpasom, MeccOay’poBcKas
CIEKTPOCKOMUS MOXKET paccMaTpHBaThbCs Kak
OKCIPECCHBIH  METOJ Ui JAMarHOCTHKH
KaTalu3aTopoB M  MNPOTHO3UPOBAHMUA  UX

Pabota BrimonHeHa npu GpuHaHcoBoi nmoguepkke POOU (mpoekt Ne 10-03-01198).
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I'YMUHOBBIMU BEHIECTBAMU

ankparos JLA.", CopkurHa T.AL Kapenuna E.E? AHyunHa M.M.%, HNo6parumona 3.X.2
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MODELLING OF THE REDOX TRANSFORMATIONS OF IRON IN ORGANO-
INORGANIC COMPOUNDS WITH HUMIC SUBSTANCES
Pankratov D.A., Sorkina T.A., Karelina E.E., Anuchina M.M., lbragimova Z.H.

Maossbauer spectroscopy of frozen solutions studied by redox transformation of iron (2) and
(3) in solutions of humic substances, salicylic acid and EDTA.

CuHTe3 OpraHo-HEOPraHWYECKUX COCIUHEHUU Ha OCHOBE T'yMHHOBBIX BemiecTB (I'B) —
aKTyaJlbHOE HaIlpaBJICHUE COBPEMEHHOM 3KOJIOTHYECKON XMMHH, coueTaroliee B ce0e MOIX0/bl, KaKk
3eJIeHOM XMMHUHU, TaK U HayK 0 Marepuanax. OHM HETOKCHYHBI BIIOTh /10 BBICOKMX KOHILIEHTpALU,
yCTONYMBBL B HIMPOKOM JHMAara3oHe KOHIEHTpaluil ayekrponutoB U pH, cmnocoOHbI
CTa0MIIN3UPOBATh OMOJIOTUYECKH JIOCTYIHBIE (POPMBI MHUKPOAJIEMEHTOB M OKAa3bIBAIOT 3AIUTHOE
JIeiCTBHE HA KUBbIE OPTaHU3MBI B YCIOBUAX cTpecca. OQHON U3 KIII0UeBbIX OMOoCcepHbIX (pyHKINN
I'B sBisiercst perynupoBaHue OMOTEOXMMHUYECKUX IMMOTOKOB METAIOB B TOYBAX M TOCTYIUICHUS
MUTATENIbHBIX ~ DJIEMEHTOB B  pAacTeHHs, YTO  OOECHEYMBAETCSs  MAKPOJIUTAHIHBIMH U
MOJINANEKTPOIUTHBIMU  cBolicTBaMu ['B. B coderanunm c¢ skojormyeckoi 0€30maCHOCTBIO H
OMOCOBMECTHUMOCTBIO, YKa3aHHbIE CBOWCTBA JaenaioT I'B BecbMa mpuBiekaTenbHON albTepHATUBON
CUHTETUYECKUM KOMILJIEKCOHAM M MOBEPXHOCTHO-aKTHBHBIM BELLECTBAM, IMIMPOKO HCIOJIb3YEMbIM
JUISL TIONMy4YEHUS] XEJIaTOB MUKPODJIEMEHTOB M CTAOWIM3allUK BOJHBIX TUCIEPCHI HaAaHOPa3MEPHbBIX
YacTUIl METAJIJIOB U OKCUJIOB METAJIJIOB.

OnHako BOIPOC O TOM, B KaKMX (OpMax CTaOUIM3UPYETCs XKelle30 B COCTaBE OPraHMYECKHX
Matpunl ['B, 1o cux mop He siBisieTcs 1O KOHLA penieHHbIM. [lonararor, 4To kene3o B cOcTaBe
coequHeHuil ¢ I'B  Haxoaurcs 15mb0 B BHUAE XE€JIAaTHBIX KOMIUIEKCOB, JHOO B BHUJE
BBICOKOJUCIIEPCHBIX THAPATUPOBAHHBIX OKCOTHMAPOKCOCOEAMHEHUH. OTKPBITBIM TaKXKe OCTaeTcs
BOMNPOC M BO3MOXHOCTH cTaOmnm3auuu B I'B kene3a B HU3KOBAJIEHTHOM COCTOSIHUH, a TaKKe
00paTUMOCTH €ro OKHCIHUTEIbHO-BOCCTAHOBUTENBHBIX MNpeBpalieHuidl. MeToa MeccOay’poBCKOM
CIEKTPOCKOIUM SIBJISETCS MPAKTUUYECKU E€IMHCTBEHHO BO3MOKHBIM Uil JUArHOCTHKU (opM
CYLIECTBOBAHMSI Kejie3a BIOJOOHOIO poJia COEAMHEHHSX, B TOM UHCIE M B PpPacTBOpax
(3aMOpOKEHHBIX).

B Hacrosimelt paboTe u3ydeHbl NPOAYKTHl B3aUMOJIEHCTBUS METAJNIMYECKOTO JKeJIe3a C
pacTBOpaMu I'yMHUHOBBIX BewecTB. IlokazaHo, 4TO B MPUCYTCTBUU BO31yXa IPOUCXOIUT MEPEXO]
JKejle3a B pacTBOPbl TyMaroB IIEJOYHBIX METAJJIOB, co crabunuzanuen B (Qopme
MEJTKOTUCTIEPCHBIX THaApaTHpoBaHHbIX okcuaoB xxenesa(lll) (6=0.45 mm/c, A=0.73 mm/c ipu 85 K).
C npyroii cTOpOHBI, B aHA3POOHBIX YCIOBUAX 110 64% jkene3a B pacTBOpE CTAOMIM3UPYETCS yiKE B
dopme ruapokcocoeaunenuit skeneza(ll) — (6=1.31 mm/c, A=2.79 mwm/c mpu 85 K). us
MOJICTTUPOBAaHUSl B3aMMHOTO TmpeBpaimieHus: coeaunnenuii sxenesa(ll)-xkenesza(Ill) B pactBopax
T'YMUHOBBIX BEIIECTB MTPOBEICHO aHAJIOTMYHOE HCCIIeI0BaHUE /1JIsl BOJHBIX U CHUPTOBBIX PaCTBOPOB
OpPraHMYECKUX JIMTAHJOB, CUMTAIOIIMXCS 11 HUX MOJEJIBHBIMU — CAJIHMLMIOBONH KHUCIOTOM M
KOMIUIEKCOHOM. [loka3zaHo, 4TO B aHa’pOOHBIX YCIOBHSX B PAcTBOPAX MOJENBHBIX XEJIaTHBIX
JUTaHJ0B C METAJUIMYECKHM JKEeJIe30M Takke oOpasyrorcs coenuHenus xenesa(ll), nmerko u
00paTUMO OKHCIISIFOIITMECS Ha BO3yXe ¢ oOpazoBaHueM coennuennii sxenesa(Ill).

Pabota BrimonHeHa npu GpuHaHcoBoi nmoguepxkke POOU (mpoekt Ne 10-03-01198).
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TWO-STEPr-rSTACKING IRON(I11) COMPLEX WITH
LIQUID-CRYSTALLINE PROPERTIES
Pyataev A.V.!, Manapov R.A.*, Domracheva N.E. ?,
Gruzdev M.S. 3, Tukmakova N.% Chervonova U.V.?
Kazan (Volga Region) Federal University, Kremlyovskaya St. 18, 420008 Kazan, Russia
2Zavoisky Kazan Physical-Technical Institute RAS, Sibirsky Tract 10/7, 420029 Kazan,
Russia
3Institute of Solution Chemistry, Akademicheskaya St. 1, 153045 lvanovo, Russia
151Eu@mail.ru

The control of magnetic interactions during of magnetic molecules self-organization with
spin-state conversion is among the most challenging themes in the field of molecular magnetism.
Considering a large variety of magnetically interesting molecules, special attention has been
directed to spin crossover (SCO) compounds that can be switched on the molecular level between
two or more states by using temperature, pressure or light. The SCO bistability is one of the most
promising for new electronic devices in molecular memories and switches as it may be controlled
by different physical perturbations.

The synthesis and characterization of a new iron(l1l) complex with liquid-crystalline
tridentate Schiff base ligands and octahedral N4O, coordination is reported.

Maossbauer spectrum of the compound measured at 297 K reveals a quadrupole doublet (AQ =
0.78 mms, isomer shift oge= 0.37 mms*and area under the curve of ~ 89%), representing the high-
spin state, and a singlet component (0ge= 0.12 mms-1 with ~ 11% area). At 80 K the area of the
singlet component (dg.= 0.27 mms-1) is ~ 4%.We believe that the decrease of this area is connected
with a relative temperature dependence of the Lamb-Mdéssbauer factor. The line shape of the
doublet at 80 K (Jg.= 0.49 mms?, AQ = 0.85 mms?) is not satisfactorily described by a purely
Lorentzian shape, and is treated as a mixture of Lorentzian/Gaussian shape with 0.8 coefficient. The
spectrum measured at 5 K reveals the hyperfine structure lines, the shape and positions of which
were characterized by line shape function of the uniaxial relaxation model. The area of spectrum
belonging to magneto-ordered phase is satisfactorily described by three relaxation sextets having
the hyperfine parameters dg.= 0.5 mms?, AQ < 0.025 mms?, Hobs = 436 kOe and distinguished only
by the average relaxation times and areas. The found parameters correspond to the high-spin state of
Fe(I1) ions.

The magnetic properties of the compound were investigated using the temperature
dependence of the EPR lines integrated intensity (). Two-step behavior of (IxT) product versus T
with an inflection point at about 75 K was observed. Above 80 K, the appearance of new EPR
spectrum arising from the thermally populated S = 2 excited state was revealed. Its appearance was
explained by a binuclear structure of Fe(l11) complexes coupled by a strong antiferromagnetic intra-
molecular (J1 = 162.1 cm*) interactions through n-nstacking between the pyridine rings. Below 80
K, iron(l11) complexes assemble in a one-dimensional antiferromagnetic (J2 = 2.1 cm*) chains due
to intermolecular interactions between the binuclear centers and n-rstacking between the pyridine
rings of the nearest-neighbors.

This work was supported by RFBR, project no.11-03-01028, the grant from the Program of

Presidium RAS RF no. 24 and the grant from the President of the RF, no. MK-893.2011.3 We
acknowledge the use of resources provided by Centre of the Collective Use no. 16.552.11.7008.
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IRON-CONTAINING PARTICLES WITHIN THE STRUCTURE OF
MULTIWALLED CARBON NANOTUBES WITH VARIOUS MORPHOLOGY
Sobolev A.V., Cherkasov N.N., Presniakov I.A., Savilov S.V., Ivanov A.S. and Lunin V.V.

Lomonosov Moscow State University, Moscow, Russia
alex@radio.chem.msu.ru

Application of magnetic materials based on micro- and nanometer complex metal oxides is
currently one of the most important areas of modern physics and chemistry of materials and
electronics. In addition, a particular interest in the investigation of oxides nanoparticles, put on an
indifferent substrate, due to the possibility of use such objects in catalytic processes.

In recent work multiwall carbon nanotubes by thermal decomposition of iron-containing
organic precursors in a reducing atmosphere and in virtually non-oxidizing one were prepared. The
obtained materials were characterized by a various methods.

>"Fe Méssbauer spectroscopy was used to analyse a phase composition of iron-containing
multiwalled carbon nanotubes (Fe-CNTSs) obtained over a wide temperature range. All spectra of
synthesized materials are a complex superposition of both magnetic and nonmagnetic components.
For all the samples we could eestimate a phase composition using calculated hyperfine parameters
of Mossbauer spectra. These data substantially supplement the existing information about the
structure of iron nanchastits obtained by other methods.

Particularly, in the Fe-CNT samples synthesized by the pyrolysis of aromatic hydrocarbons,
iron-containing particles are stabilized in the form of three phases (a-Fe, FesC, and FeCjy; )
magnetically ordered at T = 293 K and two phases (y-Fe and iron—graphite complex) paramagnetic
at this temperature. The qualitative compositionof iron-containing products is closely similar to that
of multiwalled Fe-CNT samples synthesized earlier with the use of iron-containing catalysts
deposited on various inert carriers. The quantitative ratios between the corresponding iron-
containing phases are, however, different and depend on the method for the introduction of
catalysts. In particular, our sample contained a substantial amount of the y-Fe. Low temperature
Mossbauer measurements didn’t show any significant differences of phase composition of Fe-CNT.

From the other hand, the samples of iron-containing multiwalled carbon nanotubes (CNT)
were synthesized using injection methodics with a solution of Fe(ll) acetylacetonate in benzene and
ethanol as a precursor and technical nitrogen as a purge gas exibits he different spectra structure.
Maossbauer spectra measured in a wide temperature range of the samples represent a complicated
magnetic structure, consisting of several magnetic subsystems. >'Fe Massbauer spectra best fitted as
a superposition of three magnetic Zeeman sextets and a quadruple doublet. Magnetic subspectra
correspond to Fe** cations within three different iron-containing phases (y-Fe;Os, “nano-Fe,03” and
FesC), doublet relates to nanosized iron oxide. The temperature dependence of phase relations was
obtained to estimate the nanosized phase.

In addition, it should be noted that the spectrum has no relaxation magnetic sextet component,
which is characterized for a case of superparamgnetic behavior with “coupling” time of magnetic
moment and has an activation character (t = 1oeXp(|Ke|V/KT)) [1]. The appearance in the spectra of
nanoparticles of this component is anticipated event, however, in the case of broad distribution of
particle size of this component may be negligible in comparison with the magnetic and
paramagnetic components.

[1] Predoi, V. Kuncser, G. Filoti / Romanian Reports in Physics, 56 (2004) 373.
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MOSSBAUER SPECTROSCOPY OF NEW LAYERED ANTIMONATES
AJFeSbOs (A = Li, Na)
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Savelieva O.A., J.-Y. Lin®, Vasiliev A.N.}, and Biichner B.*
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Iron antimonates A;FeSbOg (A = Li, Na) were investigated by Mossbauer spectroscopy on the
*"Fe nuckei. These new compounds have a layered structure with a o-NaFeO, superlattice type
with alternating layers of cations of different radii [1]. Such antimonates are promising electrode
materials for lithium power sources, or as solid electrolytes.

The *’Fe Mossbauer spectrum of the LisFeSbOg sample measured at T = 300 K can be
described as symmetric paramagnetic doublets with broadened components. In order to choose a
model for representing of this spectrum, we reconstructed the distribution p(4) of quadrupole
splittings (4) [2]. The analysis of the p(4), which is a combination of one main peak and two peaks
with a lower intensity, allows us to assume that the iron atoms occupy three nonequivalent positions
in LisFeSbOs.

The °’Fe Mossbauer spectrum of the NasFeSbOg sample measured at T = 300 K can be
described as asymmetric paramagnetic doublets with broadened components. The same procedure
to fit this spectrum was applied. Due to large asymmetry of the spectrum two p(4) distributions was
reconstructed, connected with different isomer shifts of spectrum components. One of the
distributions has the same profile as those for LisFeSbOg, and another one with quite narrow
dispersion was related to non-structural positions in A-cations layers of NayFeSbhOg.

The isomer shifts of all spectra correspond to high-spin Fe** (3d°, S = 5/2) cations in the
(FeOg) sites with octahedral oxygen coordination [3]. However, the noticeably different quadrupole
splittings corresponding tothe doublets suggest that the Fe** cations in the LisFeSbOg and for the
major distribution in NasFeSbOg structure are distributed over positions with significantly different
local symmetry of anionic polyhedra.

To independently verify the correctness of the assignment of the partial spectra Fe(i) to the
corresponding positions of iron cations in the crystal lattice of A4FeSbOg, we calculated a lattice
contribution to the electric field gradient (EFG) at Fe** cations in “normal” sites Fe** and “antisites”
Li*/Na*(« Fe**) or Sb>*(« Fe**) positions. Moreover, the calculations of the EFG were carried out
in a virtual position of iron cation having one oxygen vacancy in its nearest anionic surrounding.
The EFG tensors, calculated for each *’Fe nuclei localized in the corresponding crystallographic
positions of Fe** ions of the LisFeSbOs structure, have been used to estimate the quadrupole
splitting values A for the subspectra Fe(1), Fe(2) and Fe(3).

1. V. V. Politaev, V. B. Nalbandyan, Sol. State Sci., 11, 144 (2009).
2. 1. M.E. Matsnev and V.S. Rusakov, “SpectrRelax — an application for Mdssbauer spectra

modeling and fitting. International Conference “Mossbauer Spectroscopy and its Applications”,
Ekaterenburg, p. 181 (2009).
3. 2. F. Menil. J. Phys. Chem. Solids. 46, 763 (1985).
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FINE STRUCTURAL PECULIARITIES OF 2:1 DIOCTAHEDRAL Fe-RICH trans-
VACANT PHYLLOSILICATES USING MOSSBAUER SPECTROSCOPY COMBINED
WITH THE CRYSTAL-CHEMICAL MODEL

L.G. Dainyak®, V.S. Rusakov?, V.A. Drits*
Geological Institute of the Russian Academy of Science, Moscow, Russia;
?LLomonosov Moscow State University, Moscow, Russia.
dainyak@ginras.ru

Real cation distribution (CD) in octahedral sheets of phyllosilicates which are characterized
by wide variety of isomorphous substitutions (Al, Fe**, Fe**, Mg) is the fine structural peculiarity of
these minerals that may be used as indicator of physics-chemical conditions of their formation and
transformation. A 2:1 layer unit cell in phyllosilicates’s structure contains one trans- and two cis-
sites differing in arrangement of OH-groups. Being a probe of the local structure, Mossbauer
spectroscopy supplemented with the data of other physical and spectroscopic methods as well as
calculations of the electric field gradients (EFG) always has been considered to be promising for the
CD reconstruction. However, despite the use of advanced MO calculations of the EFG, independent
of the kind of approximation to fit Mdssbauer spectra of trioctahedral micas was used (discrete
Lorentzian-shaped doublets or quadrupole splitting distribution (QSD) analysis), this approach still
fails to justify the traditional cis-trans-assignment because of the lack of realistic modelled atomic
coordinates in the first coordination sphere for inhomogeneous distribution of isomorphous cations
nearest to the central Fe-octahedron. Because dioctahedral Fe-bearing phillosilicates consist of
trans-vacant layers with Fe cis-occurrence in the local cationic arrangements (LCA) consisting of
three nearest cations, also in cis-sites, the use of the cis-trans-model for the interpretation of their
spectra is not correct.

Basing on the representative mineral collection (celadonites, illites, glauconites, Al-
celadonites, muscovite, ferrypirophyllite), empirical approach to obtain the sets of individual
quadupole splitting, A;, for Fe** and Fe?* assigned to certain (LCA) turned out to be an alternative
for sophisticated EFG calculations. The increase of Fe®** A; with increasing local distortion is
assumed in the empirical equation which includes the terms taking account of the charge and bond
length heterogeneity. The A; assignment for Fe** to specific LCAs results from the correlation
between the octahedral cation composition and maximum quadrupole splitting Fe** extracted from
Madssbauer spectra.

Crystal-chemical model (CCM) for interpreting spectra of 2:1 dioctahedral trans-vacant micas
[1] incorporates A; for Fe** and Fe?*, and the occurrence probabilities for the correspondent LCAs
provided by two-dimensional CD simulation. As its initial parameters, the simulation uses the IR
spectroscopy data on the occurrence probabilities for the OH-linked cation pairs. This is an
advantage of the CCM providing a solution that satisfies the two spectroscopic methods. The CCM
proved to be successful when applied for interpreting both discrete Lorentzian-lineshape fitting and
QSD analysis.

The CD reconstructions obtained for the wide variety of dioctahedral trans-vacant
phyllosilicates display certain common features, namely, Fe-segregation and domain structure of
octahedral sheets. At the same time, the CDs are characterized by different extent of Fe-clustering,
different size and composition of the domains, and different trends to homogeneous charge
dispersion over octahedral sheet, with the presence or absence of the preference of divalent cations
for one of the two cis-sites. These results may have an applied significance implying grate care that
should be used when the concept of ordered distribution of di- and trivalent octahedral cations in
glauconites and illites is added to the mineralogical criteria to distinguish between altered and
unaltered varieties suitable for isotopic dating.

1. L.G. Dainyak, V.S. Rusakov, I.A. Sukhorukov, B.B. Zviagina, V.A. Drits. Eur. J. Miner.,
2009,21, 995-1008.
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MECCBAYJ3POBCKHE UCCJEJIOBAHUS MATHUTHOHN ®A30BOM
JIMATPAMMBI MATHE3HOBIOCTHUTA (Mg,Fe)O ITPU BBICOKHX JIABJIEHUSX,
HU3KHUX U BBICOKUX TEMIIEPATYPAX

Laspumok A", JIroOyTuH n.ct CrpyxKuH B.B?, Haymos IL.T.}, Ounanmkos C.I.*
1HHcmumym kpucmannoepaguu um. A.B. [llyonuxosa PAH, Mockea
2 Hnemumym soepuvix uccredosanuii PAH, Tpouyk, Mockosckas 001
% Geophysical Laboratory, Carnegie Institute of Washington, WashingtonDC, USA
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MAGNETIC PHASE DIAGRAM OF MAGNESIOWUSTITE (MG 75,Feg25)O AT HIGH
PRESSURES, LOW AND HIGH TEMPERATURES STUDED BY THE MOSSBAUER
SPECTROSCOPY
Gavriliuk A.G., Lyubutin I.S., Struzhkin V.V., Naumov P.G., Ovchinnikov S.G.

Magnesiowlistite (Mg,Fe)O is one of the most abundant minerals of the Earth’s lower mantle,
second only after silicate perovskite, (Mg,Fe)SiOs. The high-spin (HS) to low-spin (LS) transition
can dramatically alter the physical and chemical properties of (Mg,Fe)O in the deep mantle, thereby
changing our understanding of the Earth’s deep interior. To establish a fundamental understanding
of the ground electronic state of iron, the electronic and magnetic states of Fe?* in (Mgo.7s,Fe.25)O
have been investigated by transmission and synchrotron Mdssbauer spectroscopy at high pressures
and low temperatures (down to 5 K). The results show that the ground electronic state of Fe?* at the
critical pressure P, of the spin transition and close to T=0 is determined by a quantum critical point
Pq (T =0, Pc) where the energy difference between the HS and LS states (an energy gap for the spin
fluctuation) is zero. The deviation from T=0 leads to the thermal excitation for the HS or LS state,
suggesting a strong influence on the magnetic and hence the physical properties of the material.
Combining these with theoretical calculations, the results indicate that the existence of the quantum
critical point at zero temperature affects not only the low-temperature physical properties, but also
the strong temperature/pressure-dependent properties at conditions relevant to the Earth’s lower
mantle.

MarnesuoBtoctut (Mg,Fe)O sBisieTcst BTOpHIM IO PacpOCTPAHEHHOCTH MHUHEPAJIOM B
HIDKHEH MaHTHH 3eMyM Tocie cuiukaTHoro mnepoBckuta (Mg,Fe)SiOs. DiekTpoHHBIE CIIMHOBBIC
COCTOSIHUSI JKelle3a CYIIECTBEHHO BIMAIOT Ha CBOMCTBAa 3THUX (a3, W BaXKHBI I MMOHUMaHUS
IPUPOJBl COCTOSIHUS BeIIeCTBA B TJIYOMHHBIX ciosiX 3emiad. VHAyIMpOBaHHBIE BBICOKUM
JaBIIEHHEM TMepexoisl U3 BbicokocnuHOBoro (HS) B HHM3KOcmmHOBOEe (LS) cocrosHme moryt
KapJMHATbHO M3MEHUTh (U3MUYECKUe M XHUMHUYeckue cBoiicTBa muHepana (Mg,Fe)O. UroOb
M3y4HTh OCHOBHOE COCTOSIHHE HOHOB Jkele3a Fe’’ MBI MpOBEIH MCCIIENOBAHMS SICKTPOHHBIX H
MarHuTHBIX CBOMCTB Kpuctamia (Mgo7s,Fep25)O Metomamu  tpancmuccuonHON (TMS)
cUHXpOTpoHHOH (SMS) MEccOay’pOBCKOH CIIEKTPOCKONHMH IMPH BBICOKHX JABICHUSAX W HU3KHX
TeMIIepaTypax reJreBoro Juana3oHa. Y CTaHOBJICHO, YTO OCHOBHOE 3JIEKTPOHHOE COCTOSTHHE HOHOB
Fe?" mpu kputndeckoM naBienn PcHS-LS mepexosa i ipn HyJIeBOi TeMITepaType olpeIenseTcs
KBAaHTOBOW KputHdeckoil Toukoit Py (T=0, P¢), B koTopoii pasHocts sHepruil mexay HS u LS
COCTOSIHUSIMH (CITMHOBasi 1MIeib) paBHa Hym0. OTKIOHEHWE OT HYJIs TeMIepaTyp BemET K
TepMUYEeCKUM Bo30yxkaeHusM HS umu LS cocTosiHuil, 1 MOXET CHJIBHO BIMATH HAa (PU3NYECKHE
(MarHWTHBIC) CBOMCTBa Marepuaia. Hamm TeopeTwdeckwe pacy€rhl MOKA3bIBAIOT, YTO HAIUYHE
KBaHTOBOM KpuUTHUeCKOW Touku mpu T=0 ompenenser He TONbKO (pyHIaMEHTaJIbHBIE CBOMCTBA
OCHOBHOTO COCTOSIHHSI, HO TaKX€ CHJIBHO BIMSET HAa CBOWCTBA MHHEPAJIOB IIPH BBICOKHX
TeMIepaTypax 1 JAaBJICHUAX B HUKHEH MaHTUU 3eMITH.

Pa6ora Bemmonnena npu noxanepxkke [Iporpammser OOH PAH «CuiibHO KOppenupoBaHHbBIE
a5eKTpoHHbIe cucTeMb» U PODU rpant Ne 11-02-00636.
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MECCBAYJ3POBCKASI CHEKTPOCKONUS COEAMHEHM )KEJE3A
B «(IIPUPOTHBIX» IABOPATOPUSAX IIJIAHET 3EMHOM I'PYIIIbI
3anyukuit A.A., Ky3emun P.H., CenpmoB H.A.
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MOSSBAUER SPECTROSCOPY OF IRON COMPOUNDS
IN <NATURAL» LABORATORIES OF EARTH GROUP PLANETS
Zalutskii A.A., Kuzmin R.N., Sed’mov N.A.

The purpose of the work was to hold comparative analysis of minerals that contain iron
independently from place or character of sample origin in Solar system. There were found iron
containing phases: paramagnetic (olivine, pyroxene, and amphibole) and with magnetic order
(magnetite, goethite, hematite, acaganeite). There was done a conclusion about the unity of earth
and space body’s content and partially removed discussion hypothesis: the presence of water on
Mars surface in the past and the origin of higher magnetite content in organogenesis horizons of
Earth grunts.

lupokast pacnpocTpaHEHHOCTh COCIMHEHUM Keje3a B MPUPOJIEC MO3BOJIAET MPOBOIUTH
CpaBHUTEJIbHbBIE U3MEpEHUS METOJIOM MéccOay’pOBCKOM CHEKTPOCKOIIUU MO)
KEJIe30COIepPKaNX MUHEPAIOB HE3aBUCUMO OT MECTa WM XapaKTepa MPOUCXOXKACHUs o0pasiia B
ConHeuHol cucrteme.

Uccnenoanue ¢ nomomipto MC rpyHTOB 1 opoJl Mapca Hauanaoch CpaBHUTEIHHO HEIaBHO
[1], Torma kak st apyrux oobexkToB CONHEYHOW cHCcTeMBbl (Hampumep, 3emits, JIyHa, METeOpHTHI)
HAOJI0TaeTCS 3HAYUTENBHBIN MTPOTrpecc, U uMeeTcs oomupHas uadopmarus [2 — 4].

HesaBucumo oOT reorpaduui ¥ TPOWCXOXKICHUS HCCICAYEMBIX OOBEKTOB  Ka)IbIi
MEccOAYIPOBCKUI CHEKTP MPEICTaBIsul COOOM, Kak MpaBHJIO, COBOKYIHOCTb MapIHalbHBIX
CIICKTPOB oT HECKOJIBKUX napaMarouTHBIX u MAaroHuToynopsaa04C€HHbIX Ct)a?;. I[aHHOG
OOCTOSITENILCTBO TMOTPEOOBAIO CHENMAIbHO pa3padoTaTh pPa3IUYHbIE MOAXOJBl (COBpPEMEHHBIE
METOJIbl AJI1 MaTeMaTu4ecko oO0paboTKu MEccOayIpOBCKHX CIIEKTPOB, METOJUKA «MarHUTHOIO
oborameHus» 1 T.I.) Ul MOJy4YeHHUs KOPPEKTHONH MH(POPMALUU U3 SKCIEPUMEHTAIBHBIX JaHHBIX
MHOT0(a30BbIX MPUPOAHBIX cucTeM. [lo BHEHmIHEMY CXOJCTBY CHEKTpOB rpyHTOB Mapca u JlyHsl,
METEOPUTOB € 3eMHOT0 ciyTHUKAa U SNC-MeTeopuToB /17151 CpaBHEHMS OBbLIHM CIIELUAIBHO OTOOpaHbI
00pa3upl Pa3IMIHOTO 3€MHOTO T'€HE3HMCa C M3BECTHBIM MUHEpPAIOTHYECKHM cocTaBoM. s Gonee
KOPPEKTHOM HHTEpIpeTauuud MEccOay’ pOBCKUX CHEKTPOB M3 YacTH OOpa3loB ObLIa BbIJENEHA
MarHuTHas (bpaKuI/m, JOIMOJIHUTCIIBHO TMPOBOJUIICA HSOXpOHHLIﬁ TepMI/ILIGCKI/II\/’I OTXUTI' U
MO/IeJIbHBIE SKCIIEPUMEHTHI (HallpUMep, KOHTPOIUPYEMOE YBIaKHEHHE MapaMu BOJIbI ISl CUCTEMBbI
FeC|3-FeC|3'nHzo).

B pesynbrare aHanu3a crieKTpoB BceX MPOO 3eMHOT0 U HE3EMHOT'O BEIIECTBA OBbLIN BbISBIECHBI
cleayolue jkenezocoqepkamue (as3pl: NapaMarHUTHbIE (OJMBHH, HUPOKCEH, aM@uodon) u
MarHUTOYNOPSAJOYEHHbIE (MarHeTHT, €TUT, T'eMAaTUT, akaraHeut). [lomydyeHHBbIH CpaBHUTENBHBIN
aHaJIN3 PE3yJIbTAaTOB MO3BOJISIET CAENATh BBIBOJ O €IMHCTBE COCTABA 3¢MHBIX M KOCMHUYECKUX TEI, U
YaCTUYHO CHATh HEKOTOpPbIE JUCKYCCHOHHBIE Tumotesbl [5]. Hampumep, cymiecTBoBaHHE BOJIBI B
MMpoIIOM Ha MOBCPXHOCTH Mapca U TIPOUCXOXKIACHUA MOBBINICHHOTO COJACPKaHHWA MarHeTtuTa B
OpPraHOTEHHBIX TOPU30HTAX MOYB 3EMJIH.

[1] Morris R., Klingelhoefer, Bernhardt, et al. Science. (2004) 305, Issue 5685, 833

[2] B.®. babanun, C.B. Bacunbe, A.A. 3amyukuiinap. TexHOIOTHYECKHE W IKOJOTMYECKUE
pUMeHEeHUs MEccOayIpOBCKOM criekTpockonu. // Slpocnasns, U3a-so AI'TY. 2011. — 372 c.

[3] T.B. Mansimea. pdexr Méccbayspa B reoxumun u kocMoxumud. // M.: «Hayka», 1975 168
[4] B.C. PycakoB. Mé&ccbOay3apoBckasi CIEKTPOCKOIHS JIOKATbHO HEOMHOpOoAHBIX cuctem. 2000
Anmarsr. 431

[5] A.A. Banyuxkuit, uap. /[[JIAH, 2011, tom 441, Ne 1, ¢.95-97.

144


mailto:zalutskii@mail.ru

STUDY OF CHINGA METEORITE FRAGMENT USING X-RAY DIFFRACTION
AND MOSSBAUER SPECTROSCOPY WITH A HIGH VELOCITY RESOLUTION:
PRELIMINARY RESULTS

Goryunov M.V."2 Oshtrakh M.1.?, Grokhovsky V.1.}2, Chukin A.V.2, Shtolz A.K.*,
Semionkin V.A.}?

'Department of Physical Techniques and Devices for Quality Control, “Department of
Experimental Physics,®Department of Theoretical Physics and Applied Mathematics, and
*Department of Electrophysics, Institute of Physics and Technology, Ural Federal University,
Ekaterinburg, 620002, Russian Federation

E-Mail: goryunov_asd@mail.ru

Chinga iron meteorite (ataxite IVB) consists of Fe—Ni alloy with about 17 at.% of Ni and
about 0.5 at.% of Co. Previous analysis of Chinga metal demonstrated complicated structure with
various phases such as o—Fe(Ni, Co), a,—Fe(Ni, Co) and y—Fe(Ni, Co) and complex Mdssbauer
spectrum [1]. In the present study we analysed a fragment of Chinga meteorite which saw-cut
surface showed several visually different areas (Fig. 1a). These areas were denoted as 1, 2, 3, 4 and
5. Iron—nickel alloy from different areas at this surface was studied using scanning electron
microscopy (SEM) with chemical analysis, X-ray diffraction (XRD) and Mdossbauer spectroscopy
with a high velocity resolution (methodological features were considered in [2]) for comparison of
areas 1, 2, 3 and 5 (the area 4 was very small). SEM images were similar and demonstrated
complicated phase structure with Ni concentration in the range of ~17.5-18.0 at.% (Fig. 1b). XRD
analysis showed the same lattice parameters and the presence of some part of martensite o,—Fe(Ni,
Co) in addition to a—Fe(Ni, Co) phase. However, the full profile Reitveld analysis of the XRD
patterns showed small differences of y—Fe(Ni, Co) phase content beyond the error in different areas

(Fig. 1c). Fig. 1. Different areas on
N0 T B i i the saw-cut surface of Chinga
"l e _ | c fragment (a), SEM image of the
ol W T I area 3 in the fragment of Chinga
‘«—0q, Meteorite (b) and the peak of the
XRD pattern for the area 3
__A/ Y consisted of the lines for o—
o« = = Fe(Ni, Co) and y—Fe(Ni, Co)
_ _ ﬁhases (c).

Maossbauer spectra of powder samples of Fe—Ni alloy obtained from the areas 1, 2, 3 and 5
were measured at room temperature with spectra registration in 4096 channels. These spectra were
similar asymmetric six line patterns better fitted using 9 sextets. However, the results showed some
differences in components parameters for different areas. It was also interesting to observe different
shape of the first spectral peak of the spectrum of the area 3 and that of the spectra of the other
areas. These results indicated that visually observed areas in Chinga meteorite fragment may be
related to some variations of the phase composition and local Ni concentrations in various phases
with constant total Ni concentration in each area. This may be a reason of a large number of
magnetic sextets required for the better fit and variation of obtained parameters. However, the
nature of visually different areas in Chinga meteorite fragment is not clear yet and further studies
are required.

This work was supported in part by the Federal Grant-in-Aid Program “Human Capital for
Science and Education in Innovative Russia” (Governmental Contracts No. P1154).
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1. Oshtrakh M.1., Grokhovsky V.I., Abramova N.V., Semionkin V.A., Milder O.B. Hyperfine
Interact., 2009, 190, 135-142.

2. Oshtrakh M.I., Semionkin V.A. Spectrochim. Acta, Part A, 2012, DOI:
10.1016/j.saa.2012.03.020.

145


mailto:goryunov_asd@mail.ru

NMPUMEHEHUE MECCBAY3POBCKOUM CIIEKTPOCKONUU JJI51
AUATHOCTHUKHU ®OPM KEJIE3A B I'YMYCOBBIX TIPO®PUJAX JIECOCTEITHBIX
mo4yB
IIstaeB A.B., Mananos P.A., lllunkapeB A.A., 'maustyinun K.I'.
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APPLICATION OF MOSSBAUER SPECTROSCOPY FOR DIAGNOSIC
OF FORMS OF IRON IN THE HUMUS PROFILE FOREST-STEPPE SOIL
Pyataev A.V., Manapov R.A. Shinkarev A.A, Giniyatullin K.G.

A clay fraction isolated from the profiles of virgin chernozemic soils was used as the object
for the Mdssbauer spectroscopy experiments. Spectra of all the samples studied represent a
superposition of two quadrupole doublets and sextet. Parameters of doublets (~90% of the area of
the spectrum) are typical for ions of Fe™ and Fe*? in the octahedral layer of phyllosilicates in
nanoblocks of montmorillonite and chlorite. Sextet (~10%) with wide lines at 80 K is divided into 2
sextets, relevant nonstoichiometric iron oxide Fe,Os; and hydroxide, which are, perhaps, in the
interlayer labile space of organo-smectite. It is not fined qualitative and quantitative distinctions
between the upper and bottom parts of a soil profile and between variants with removal and without
removal of organic matter.

IIpu puarHocTMKE CTPYKTYpHO-BELIECTBEHHOW TpaHC(hOpMallM¥d MHUHEpPAIbHOM OCHOBBI
JIECOCTEIHBIX TOYB B Iporecce UX (HOPMUPOBAHHS MOSBISAETCS HEOOXOIMMOCTH ydeTa psijia
ceun(uyeckux ocoOEHHOCTEH IMOUBBI Kak O00bEKTa ucciefoBaHus. B BepxHel wactu mpoduis
KapTHHY MCKaKaeT OWOJOTHYEeCKas AaKKyMYJSIHS DSJEMEHTOB U JJIEMEHTHI, HE HMEBIIHE
OTHOILICHHSI K COOCTBEHHO MEJKO3EMY, CUMTAIOTCS BXOASILIMMM B €ro cOCTaB. B HukHel udacTu
npodwiIs KapTUHY HCKaXaeT BTOPUYHAS aKKyMyJAlnus KapOoHAToB. OHAKO ITOJIE3HBIM CHTHAJ
MOJKET OBITh YCUJIEH IIPU IPOOOIOATrOTOBKE BKIIIOYAOLIEH yarieHne KapOOHAaTOB U OPraHUYEeCKOro
BemecTBa. OcoOblli MHTEpPEC MPEICTABISET MOBEICHHE HAHOCTPYKTYPHPOBAHHBIX COCIMHEHHUN
&KeJie3a B TOHKOJIMCIEPCHBIX MHHEpalbHBIX (azax MeTonoM MeéEccOayrpoBCKON CIEKTPOCKOMUU
smep  °'Fe, TOCKONBKY OTOT METOX HE OrPAHWYMBACTCS  HCCICIOBAHHEM  XOPOILIO
3aKpUCTAJUIN30BAaHHBIX MAaTE€pPHAJIOB, HO MIPUMEHUM U K aMOpP(HBIM BEIIeCTBaM U K MaTepuaaMm ¢
TOOBIM pa3MepaM KPHUCTAIUTATOB.

B MéccOayspoBCKHX SKCIIEpUMEHTaX MCIOJNB30BAIM  00pas3lbl TIMHUCTOH  (pakuuu
LETMHHBIX YePHO3EMHBIX 1M0YB. [IpobonoaroroBka npoduiibHbIX 00pa3ioB BKiItoYaia 00paboTky 1
Monb/TCH3;COOH, oTMBIBKY, ynbTpa3BykoByto aucnepranuioo (22 Kl'n, 5 muH), momydyeHue
YCTOMYMBOM CYCHEH3UHM U OTHAeNeHHne (pakiuHu C pa3MepoM 4YacTull <2,5 MKM TOCJI€ PacyeTHOU
CeIMMEHTAIlUN B CTOJIOE XHUAKOCTH. VccaenoBaHbl mpenaparhl TIIMHUCTOW (pakUuu 10 U Mocie
yZaJeHusl OpraHNYeCcKOTo BEIIeCTBA MyTeM MHOToKpaTHoi 00paboTku HyO7 (30%) mpu koMHATHOM
TemIeparype.

MC-criekTpsl BCEX HCCIEIOBAaHHBIX 00pAa3IOB MPEICTABIAIOT COOON CYNEpHO3HIHNIO JBYX
KBaJIPYMOJNBHBIX 1y0neToB U cekcreta. [lapamerpbl nybnmetoB (~90% OT TmUIOmagu CHEKTpa)
THIAYHBL U1st HoHOB Fe™ 1 Fe™? B oKTasmpHueckoM CII0e CIOMCTHIX CHITHKATOB — B HAHOOIOKAX
MOHTMOPWIJIOHNTA U XJopuTa. CekcTeT ¢ mupokuMu auHusIMH (~10%) npu 80 K pasnensercs Ha 2
CEKCTEeTa, COOTBETCTBYIOIIMX HECTEXHOMETpHUecKoi okucu xkene3a Fe,Os; u ruapokcuny FeOOH,
KOTOPBIE HAaXOJATCS, BO3MOXHO, B TAOMIHPHOM MEXCIOEBOM TpocTpaHcTBe. [IpsiMoe 1 KOCBEHHOE
BJIMSIHME >KUBOTO BEIIECTBA HA IPOLIECCHl BHIBETPUBAHMS MHHEPAJIOB IpU IOYBOOOpPA30BaAHHUU
MOKET Ha MHOTO TIOPS/IKOB YBEJIWYHBATH CKOPOCTH IPOIIECCOB BBIBETPHUBAHUS, KOTOpas OyaeT
CHIKAThCS K OCHOBaHUIO mpo¢uieid. OnHako Ha MéccOayspoBCKUX CHEKTpax TOHKOAMCIIEPCHBIX
MUHEpPAIBHBIX (a3 JIECOCTENHBIX I0YB HE OOHAPYKEHBI KAYEeCTBEHHBIE M KOJIMYECTBEHHBIC
pa3nuuMs Kak MeXAy BepXHeH M HIDKHEH YacTAMH IOYBEHHOIO NpOQHIIsA, TaK U MEXIY
BapHaHTaMH C YAaJICHHEeM U 0e3 yJIalleHHsI OpPraHnYeCKOTO BEIIECTBA.

Pabora BrimonHeHa npu ¢puHaHcoBoi nmoguepxkke POOU (mpoekt Ne 11-04-00522).
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BJIMAAHUE TUCITEPCHOCTHU HA MECCBAYJPOBCKHE XAPAKTEPUCTUKH
MAT'HETHUTA
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INFLUENCE OF DISPERSITY ON THE MOSSBAUER CHARACTERISTICS OF
MAGNETITE
Shipilin M.A., Zakharova I.N., Alekseev V.P., Shipilin A.M.

As a result of Mossbauer study of magnetite (Fe3O4) samples with various dispersity (particles size
from ~1 mkm down to 7.5 nm) the characteristics of Mdossbauer spectra and distribution functions of
effective magnetic fields p(H,) on >’Fe nuclei were obtained. On this basis it was shown that lower values of
Hn correspond to iron nuclei in surface layer of nanoparticle because of their depletion with exchange bonds.

The termination of electron exchange between Fe** and Fe** ions in B-places of magnetite crystal
structure (spinel structure) was detected for magnetite particles with the sizes less than 45 nm. Apparently
this fact is due to the growth of Verwey transition temperature higher than room temperature for such
nanoparticles.

Hamu OpumM TIpOBENICHBI MeccOay’pOBCKHE HWCCIICNOBAHHUS IOPOIIKOBOTO MArHETHTa Pa3IAYHOMN
JMCIIEPCHOCTA TPUA KOMHATHOM Temreparype. AHAIM3UPOBATUCH WM3MEHEHUS MeccOaydIpOBCKHX
XapaKTEPUCTUK TP YMEHBIIEHUH CPEITHEro pa3mepa 4Yactuil oOpasioB oT ~l MkM g0 7.5 HM, 4YTO
TI03BOJIHIIO OOHApYXUTh MOC/IEIOBATEIIEHOE BO3pacTaHue .
OTHOCHUTEJIbBHOW ~ MHTEHCUBHOCTH  ONPENCICHHBIX  IApLUAIbHBIX ' )
BKJIQJIOB B MeCCOay’pPOBCKUE CHEKTPBL. DTU BKIAIBI, AT KOTOPBIX
XapaKTEpPHBI IOHMKEHHBIE 3HA4YEHHS Y(P()EKTUBHBIX MATHUTHBIX MOJIEN " 1 mkm
Hn Ha sopax 57Fe, O BCEil BUAMMOCTH, COOTBETCTBYIOT OO€THEHHBIM , & A
OOMEHHBIMH CBSI3IMHU MOHAM >KeJie3a, HaXOSIIMMCS B TIOBEPXHOCTHOM ] ] ]
o0NacTi HAHOYACTHI[, JOJS TaKUX HWOHOB YBEIMYMBACTCS TIPH , \

TIOBBIIIICHUH IMCTIEPCHOCTH 00pasiia.

Ha ocHOBaHMM HamMX SKCIEPUMEHTAIBbHBIX JAHHBIX MOYKHO . 45nm 7,
MPEIIONIOKUTh, YTO TPU YMEHBILIEHHMH Pa3MEpOB 4acTull Bce Ooree ]
3aMETHBIMU CTaHOBATCS 1) BKJIazbl, 0OYCIOBIEHHBIE HOHAMU JKeJe3a,
HaXOJSIIMMUCS Ha TOBEPXHOCTHU YaCTUI] M JIMILIEHHBIMU IOJIOBUHBI 24 nm i
OOMEHHBIX CBs3ed, a TalkKe 2) BKJIaJbl HMOHOB CIEAYIOIIEro 3a ALY &
MOBEPXHOCTBIO CJI0sl, COCTOSIHME KOTOPBIX OTJINYAETCsl OT COCTOSHUS I
HMOHOB  BHyTpeHHell  oOmactu. IlodydeHHble Ha  OCHOBAaHUU 4;5;1::{‘/‘/" F
MeccOay3pOBCKHX — CIIEKTPOB acnpeniesieHuss (P QeKTUBHBIX - B
MaFHI/ITyHGI:I;X noneit p(Hy), H;EIBe;[eHIiIe Ifa PUCYHKE, BI/I,ZL((}I)/I%)MCHHIOTCH 330 360 350 420 459 480- 510
MIPU YBEIWYEHUH JTUCIIEPCHOCTH UCCIIEyeMOr0 MarHeTUTa, IPUYEM X Hy
W3MEHEHUs  COOTBETCTBYIOT IPHUBEIEHHOM  BblIE TpakToBKe. IlomydeHHble Ha  OCHOBaHHUM
MeccOaydpOBCKHUX JTaHHBIX KOJTMYECTBEHHbBIE 3HAUCHUSI MOHIKEHHS S(PPEKTUBHBIX MArHUTHBIX TOJIEH IS
HOHOB TOBEPXHOCTHOM OOJIACTU COOTBETCTBYIOT TEOPETUYECKHMM pacueraM B paMKax TEOpUH
MOJIEKYJISIpHBIX opOuTaneii B mpuomokeHnu JIKAO.

Crienyer 3aMeTUTh, YTO TPU YMEHBILEHUH pa3Mepa YacTUI] U3MEHSIOTCS OCOOGHHOCTH (DYHKIIMIA
p(Hn), cBs3anHble ¢ pasimureM 3()(EKTUBHBIX MArHUTHBIX TOJICH Ha sIpax Fe** u Fe*" B Ppas3IMYHBIX
KpucTauiorpadyecKux MO3MLIUSIX MarHeTuTa. VIX aHanu3 MokasbIBaeT, uTo Temreparypa Bepses, Huke
KOTOPOH OTCYTCTBYET HJIeKTPOHHbIH 0bMeH Mexty Fe?* n Fe®* B B-nojpelrieTke MarHeTyTa, Uil JacTHIL ¢
pasmepoM Og, <45 HM NPEBbIIIACT KOMHATHYIO.

P (H.)
\
4
r
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MECCBAYA3POBCKASI CHEKTPOCKOITUSI ITIPUPOTHBIX MATHETUTOB
Sanyukuii A.A.% Ky3pmun P.H? Uyes M.AG
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3 .
Quzuxo-mexnonoeuueckui uncmumym PAH, Mockea, Poccus
zalutskii@mail.ru

MESSBAUER SPECTROSCOPY OF NATURAL MAGNETITES
Zalutskii A.A., Kuzmin R.N., Chuev M.A.

The purpose of this work was the collecting of data about magnetic and structural
characteristics from mossbauer spectra of magnetites that were obtained from 3 groups of natural
systems: soil of Earth, grunts of Mars and Moon. The mathematical processing of experimental data
was hold by DISCVER [1] method. Diagnostics factor of magnetite selection is Mossbauer
parameter S = Sg/Sa that characterizes the degree of deviation of magnetite structure from
stoichiometry. The quantity estimation of parameter S was done in 2 estimations: defects
concentration as cat ion vacancies and/or replace in magnetite structure.

OKCHEPUMEHTAIbHBIE CIEKTPbl MPUPOAHBIX BEIIECTB MPEACTABISAIOT  CYNEPHO3ULUIO
HENPEPBIBHOIO psAJia MEPEKPHIBAIOLIMXCS JIUHUN, YTO CYLIECTBEHHO OCJIOXKHSIET MaTeMAaTUYECKYIO
00paboTKy ¢ MPUMEHEHUEM TPAIUIIMOHHBIX aITOPUTMOB. B mokmane mpuBOASTCS pe3ynbTaThl MO
METOAMKE W3BJICYCHUS HWHGOPMAIMM O MAarHUTHBIX W CTPYKTYPHBIX XapaKTEPUCTHKAX U3
ME&ccOayIPOBCKUX CIIEKTPOB MAarHETUTOB, MOJIYYCHHBIX U3 TPEX TPYIII MPUPOIHBIX CUCTEM: MMOYBbI
3emun, TpyHTHI Mapca u Jlynel. Matematudeckas oOpabOTKa SKCHEPUMEHTAIBHBIX JTAHHBIX
MpoBOAMJIaCh B JBa dTamna. Jljig aHamm3a MHOTOKOMIIOHEHTHBIX CHCTEM HCIOJIb30BAIA METOM
DISCVER («[luckperasie Bepcuu») [1], oCHOBaHHBI HAa NPUHIUIEC OTPAHHYCHUS IIOTHOCTH
YHUCJA JIMHUI B 3KCIIEPUMEHTAIBHOM CIEKTPE B 3aBUCUMOCTH OT €ro CTaTUCTHYECKOr0 KauecTBa.
OmnpenensieMass TakuM CIIOCOOOM CHEKTpalbHas MOJIENb COJEpKajla HauOoJbIIee BO3MOXKHOE
KOJIMYECTBO JIMHUK M SBJISJIACh OCHOBOM ISl JAJbHEWILIEro aHajiu3a SKCIEPUMEHTAIbHBIX
CIIEKTPOB C BBEJICHUEM pacpe/IesIeHNs CBEPXTOHKUX MapamMeTpoB [2].

HccnenoBaHHbIE CHUCTEMBI 3€MHOTO IMPOMCXOXKICHUS JUIsL yJ0OCTBA MOXHO IPEICTaBUTH
CIIEAYIOIMMHU TpymnnaMu: 1) TeXHOTreHHble cdepynbl; 2) BEpXHUM MPUPOIHBIN CION (JIUCTOBOM
«OMaa» W BEpXHHE TOPU30HTHI MOYB); 3) MPUPOAHBIN «HMHKYOaTtop» (TOpdsiHbIE M MOTrpeOEHHbIE
1ouBkl); 4) ¢ppakuuu nMous (TJIMHA, CYTIIMHOK, CYNECh U T.I1.); 5) TIIyOOKOBOJHBIE IIMHBI THXOr0 U
WNunniickoro okeanoB. [locne mpumeHeHuss MeToAMKH MarHUTHoro obGoramienuss (MMO) [3] k
cucremaM (1-5) ycTaHOBJIEHO, YTO JUATHOCTHYECKUM (PaKTOPOM pa3AeiI€HUs] MarHETUTOB SIBIISIETCS
MEccOayIpoBckuit mapamerp S = Sp/Sa (OTHOIIEHHE TUIOIIaAel CHeKTpoB B- m A-momperiéTok
MUHEpasa), XapaKTepU3yloIIUil CTENeHb OTKJIOHEHMs CTPYKTYpbl MAarHeTHUTa OT CTEXHOMETPHH.
KonnyectBeHHast oOlleHKa MapameTpa S MPOBOAMIACH B JIBYX HPUOJIMKEHUAX: KOHLEHTpaIUU
nedexToB B BUJE KaTHOHHBIX BakaHcuil (C = (2-S)/(55+6)) w/unu 3amemennu () ¢S = 2(1-z)/(1+2)
B CTPYKTYp€e MarHeTura (Fe)Fe,_,Mg, |04-

OtcyrcTBue atmocgeps! (Tuapocdepsl) Ha JIyHe aBToMaTHYECKU MPeIoiaraeT u OTCYTCTBHE
OKHCHBIX (TMJIPOKCUAHBIX) (hopM skene3a B perosnute. OAHAKO, MPUCYTCTBUE B PETOJIMTE reMaTUTa
[4], a AOMOJIHUTENBHO U HAJIMYME €CTECTBEHHOM OCTaTOYHONW HAaMarHWYeHHOCTH y psjia o0pa3loB
JYHHBIX TIOPOJ — OJIHA U3 TUCKYCCHOHHBIX 3araJioK JIyHHOTO MarHeTusma, TpeOyromas OTAeIbHOro
paccmoTpenus. Jlns rpyHToB Mapca B orimuume OT 3emuin ¥ JIyHBI HET HEOOXOIUMOCTH
npumeHeanss MMO [3]. Maruetur B o6pa3iax rpyHToB Mapca (kparep ['yceBa) siBisieTcs Takxe
HECTEXHOMETPUYECKUM, YTO CBSI3aHO IO HAIIMM NPEIBApPUTEIbHBIM aHAJIM3aM C HaJU4ueM B
MUHEpaJIe IpUMecell MarHusl.

A.M. AdanacbeB, M.A. Uyes. XKOT®, 1995, 107, 989-1004.

M.AUyes. JI1AH, 2011, 438,747-751.

A.A. Banyukwuii u ap. JJAH, 2011, 441, 95-97.

T.B. MansimeBa. 9¢pdext Méccbayspa B reoxumun 1 kocmoxumuu. M.: «Hayka», 1975.
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SWITCHING RECIPROCITY ON AND OFF IN A SCATTERING EXPERIMENT

L. Dedk,* L Bottyan,* T. Fiilop,' G. Kertész,! D.L. Nagy,® R. Riiffer,? H. Spiering,®
F. Tancziko,' G. Vanko'

'Wigner Research Centre for Physics, Hungarian Academy of Sciences, P.O.B. 49, H-1525
Budapest, Hungary
2European Synchrotron Radiation Facility, BP 220, F—38043 Grenoble, France
3Institut fiir Anorganische und Analytische Chemie, Johannes Gutenberg Universitdit Mainz,
Staudinger Weg 9, D-55099 Mainz, Germany

nagy.denes@wigner.mta.hu

The reciprocity principle [1], which states that the interchange of source and detector does not
change the scattering amplitude, cannot be derived from first principles and, therefore, is not
necessarily fulfilled. Reciprocity is often confused with time-reversal invariance or with rotational
symmetry. However, reciprocity is a far-reaching generalization of time-reversal invariance and
very much different from rotational symmetry. Since the mid-nineteenth century, when the concept
of reciprocity appeared in acoustics [2], different reciprocity theorems were derived for various
scattering problems, which tell under which conditions and limitations the reciprocity principle is
valid in case of local and nonlocal electromagnetism, sound waves, electric circuits and radio
communication, as well as for local and nonlocal quantum mechanical scattering problems.

In a recent work of Dedk and Fiilop [3], a general reciprocity theorem was formulated, which
covers all cases of wave phenomena that can be represented by a Schrodinger equation with
Hamiltonian H = Hy + V where Hy describes free wave propagation and V the scatterer. Drawing
consequences, especially for wave phenomena with more than one spin/polarization degree of
freedom, like scattering of photons and of neutrons, they emphasize that reciprocity is more general
than time reversal invariance, and can occur for absorptive scattering media as well.

In contrast to scalar wave phenomena where the interchange of source and detector defines
the reciprocal process uniquely, for waves with more than one spin/polarization component, one has
a freedom in choosing the polarizations for the reciprocal process. Consequently, one may or may
not have reciprocity (invariance of the scattering amplitude), depending on this choice. Therefore,
the presence of the reciprocity property is decided by the scattering media and the polarization
conditions together rather than by the media only. It is not the media itself but the whole scattering
situation that is reciprocal or nonreciprocal.

Nuclear resonance scattering of synchrotron radiation with its high absorption cross section,
pure polarization conditions and sensitivity to nuclear magneto-optic Faraday effect is an ideal
method for demonstrating that neither time-reversal invariance nor a 180°-rotational symmetry is
necessary for fulfilling reciprocity. Conversely, by suitably changing the experimental geometry, a
very significant reciprocity violation can be created. We present an experiment performed at the
nuclear resonance scattering beamline ID22N of the European Synchrotron Radiation Facility using
a reciprocal and a nonreciprocal arrangement of two magnetized [1->'Fe foils, which had neither
time reversal invariance nor 180°-rotational symmetry. By simply rotating the orientation of the
magnetization of one of the iron foils, we could easily switch between the reciprocal and
nonreciprocal cases the latter violating reciprocity by as high as three orders of magnitude. The
experiment also shows that the presence of magneto-optic Faraday effect does not automatically
lead to reciprocity violation.

[1] R.J. Potton, Rep. Prog. Phys. 67, 717 (2004).
[2] G.G. Stokes, Cambridge and Dublin Math. J. 4, 1 (1849).
[3] L. Deak and T. Fiilop, Ann. Phys. (N.Y.) 327, 1050 (2012).

150


mailto:nagy.denes@wigner.mta.hu

CUHXPOTPOHHASI MECCBAY3POBCKASI CHIEKTPOCKOIIUSA
Yymaxos A.H.
Eeponeiickuui Llenmp Cunxpomponnozo HUsnyuenus, I penoonn, Opanyus
chumakov@esrf.fr
SYNCHROTRON MOSSBAUER SPECTROSCOPY
Chumakov A.1.

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

Hauunas ¢ centstopst 2011 r. Espomnetickuii Llentp Cunxporponnoro Wznydenus (ESRF),
BKIt04ast Snepuyro Pezonancuyto cranuuto [1], otkpeit 1y Poceuiickux nccnenosateneii. Padora
B lleHTpe ocyilecTBIsIETCS HAa OCHOBE UHOUBUOYANbHLIX ABTOPCKUX 3afABOK U He mpebyem
(uHAHCOBOW MOJAECPKKH CO CTOPOHBI HccienoBareneid. B nokmaze mpenacraBieH 00630p METOIOB
CUHXPOTPOHHOU MECCOAYIPOBCKON CHEKTPOCKONUHU, MPUMEPOB HMX IMPUMEHEHUS W TpaBui [2]
110/1a4M 3a5BOK Ha 3KCIIEPUMEHTHI.

PaccmatpuBasi ~ BO3MOXKHOCTM  MPOBEACHUSA  HCCIENOBAHUM  C  HUCIHOJIB30BAaHUEM
CUHXPOTPOHHOIO HW3JIyuy€HUs, CJeIyeT HMETb B BUIY ClEAYIoIlee: CUHXPOTPOHHAA
MéccbayapoBcKasi CIIEKTPOCKOMNHS HE 3aMEHSIET TPaaUuIIMOHHYI0. VlccnenoBanus, KOTOPbIE MOXKHO
IIPOBOAUTH C PaJMOAKTUBHBIMM HCTOYHHMKAMH, CIEAYET MPOBOJAUTH MUMEHHO C pPaJHOaKTHUBHBIMU
UCTOYHUKAMU. Poib CHHXPOTPOHHOTO W3IY4YEHHs] COCTOMT B PACHIUPEHUHM BO3MOXKHOCTEH
MeéccOay?poBCKON CHEKTPOCKONUU II0 HCIOJIB3YEMBIM SIIEPHBIM PE30HAHCAM, HCCIETYyEMbIM
oOpasiam, yCIOBUsM SKCIIEPUMEHTa U METOZaM uccienoBanus [3].

[lepeueHp sAEpHBIX PE30HAHCOB JOCTYNHBIX JUISI HCCIEIOBAaHUM C CHHXPOTPOHHBIM
U3Iy4eHUEM BKIItOUaeT OoJjiee 1ecsATKa U30TONOB. J[Is MHOTHX M3 HUX PaJIMOaKTUBHBIE HCTOUHUKH
B Hacrosiee Bpems He npousBojsarcsi. B Epomneiickom Ilentpe CunxporponHoro Wsnyuenus
BO3MOJKHO IIPOBEJICHHE SKCIEPHUMEHTOB C M30TOIAMH 57Fe, 61Ni, 1195n, 121Sb, 125Te, 129I, l498m,
ey n ¥'Dy. B 6mmkaifiree Bpemst IIaHHPYeTCs HAYATO0 PabOT ¢ H3omomamu 2 Xe u *°Os. Ilpu
HAJINYMU 3aBOK BO3MOXHO OBICTpOE OCBOECHHE M30TOINOB YK, BKr, Tm u 201Hg. Kpowme Toro,
HAYyaThl UCCIIENOBAHUSA BO3MOKHOCTH UCITOJIB30BAHUS U30TOIIOB 73Ge, 15Nd u °Gd.

IIpuMeHeHHEe CHHXPOTPOHHOTO M3JIY4YEHMsI IO3BOJIAET HCCIIEJOBAHUE MPENEIbHO MAaJIbIX
oOpa3uoB. B oTimMume OoT paguoaKTUBHOTO HCTOYHMKA, CUHXPOTPOHHBIM HCTOYHMK H3Iy4aeT
HalpaBJIE€HHbII ¥ KOJUIMMUPOBAHHBIA MYy4YOK C cedyeHuem ~0.5%1.0 MM, KOTOPBIM  JIETKO
(dhokycupyercst B MATHO C pazmepamu ~5x%10 uMz. DTO MO3BOJISIET HUCCIAEAOBAaHUE OOPa3IloB MPH
BBICOKHX JIaBJICHMSIX C MCIOJIB30BaHMEM alIMa3HbIX HAaKOBAJIECH, KOMOMHAIIMIO BRICOKUX JABICHUN U
BBICOKMX TEMIIEpaTyp € NPUMEHEHHEM JIa3epHOrO0 HarpeBa M HCCIEIOBAHUS (B CKOJB3SILEM
NAJCHUM) CBEPXTOHKMX IUIEHOK, BIUIOTH 1O OJHOIO aTOMHOro MoHocios.  Kpome Toro,
KOJUIMMHUPOBAHHOCTH ITy4yKa 00JIeryaeT NpUMEHEHNE KPUO-MarHUTHBIX CUCTEM JJISl SKCIIEPUMEHTOB
MpH HU3KUX Temneparypax (BmiaoTh A0 2K) u cunbHbIX MarHuTHbIX Tmonsix (~7T), a Takxke B
yenoBmsix ceepxurcroro Bakyyma (10”° topp).

Metoabl  CHHXpOTpOHHOW  MeéccOayIpoBCKOM  CIIEKTPOCKONMM  BKIIOYAOT B cels
TPAJULIMOHHYIO CBEPXTOHKYIO CIIEKTPOCKOIHIO, KOTOpasi MOKET MPOBOJUTHCS KaK BO BPEMEHHOU
TaK M B OOBIYHOM HHEPreTUUECKOM IIKaje; HEKOTePEHTHYIO CBEPXTOHKYIO CIIEKTPOCKOIMHMIO,
KOTOpasi MO3BOJISIET M3y4aTh 00pa3Ilbl ¢ HyJIeBbIM KodddummenTom JIramba-MéEccbayapa, Heympyroe
paccesHUE Js1 MCCIENOBaHMS CIEKTPOB ATOMHBIX KOJIeOaHUHM, MaJjlOyrjioBOE paccesHue s
UCCIIEIOBAaHUsI MAarHUTHBIX JOMEHOB, SIJEPHYI0 PE30HAHCHYIO AUQPAKIHI0, paccesHue
CKOJIB3SIIIIETO MaJICHUs, KBa3U-YIIPYrO€ PacCessHUE, U HEKOTOPBIE IPYTrUE METOMBI.

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. Availableonline at www.sciencedirect.com
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METO/IOM SIIEPHO-PE3OHAHCHOM PE®JEKTOMETPUM

M. A. Arzpeesa’, A. Gupta?, G. Sharma?, S. Kamali® K.Okada®, Y. Yoda®*
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INVESTIGATION OF THE SPIN REORIENTATION UNDER THE APPLIED FIELD IN
THE ANTIFERROMAGNETICALLY COUPLED [Fe/Cr], MULTILAYER
BY THE NUCLEAR RESONANT REFLECTOMETRY
M. Andreeva, A. Gupta, G. Sharma, S. Kamali, K. Okada, Y. Yoda

Two samples [°’Fe(2.0 nm/Cr(1.2nm)], and [*’Fe (3.0 nm)/ Cr (1.2 nm)];c have been
investigated at the Beamline BL0O9XU of Spring-8. The pronounced superstructure maxima (1/2 and
3/2) on the delayed reflectivity curves confirm the antiferromagnetic interlayer coupling. Surface
spin flop (SSF) transition has been detected by the variation of the time spectra under the external
field application (~50 Oe) measured at the critical angle.

DOddexT TrUraHTCKOro  MarHUTOCOTNPOTHBIICHHWS B~ MHOTOCIOWHBIX  IUICHKAaX  C
aHTU(EPPOMATHUTHBIM  MEXKCIOMHBIM  YIOPSJIOYEHHEM  JeNaeT  BaKHBIM  H3yueHUE
MOCJICIOBATEILHOTO  Pa3BOPOTAa HAMAarHMYEHHOCTH B OTACJIBHBIX CJIOAX IOJ JEHCTBUEM
MpUII0KEHHOTO 1moJis [ 1].

Haum o6pasust [*'Fe(2.0 nm/Cr(1.2nm)]xeand [*'Fe (3.0 nm)/ Cr (1.2 nm)]1o H3roTOBICHH! B
Wunope Uenrpe (HMumus). OxcnepumeHT mnpoBoawics Ha crannuun BLO9XU, Spring-8.
«MarnutHble» MakcumMyMmbl (1/2 u 3/2) Ha KpHUBBIX 3aJIepXKaAHHOTO SIEPHO-PE30HAHCHOTO
orpaxeHus (Puc.l) monrBepaunu yaBO€HHE MAarHUTHOTO IEepHoJa B CTPyKType. BpemeHnHble
CIEKTPBl SIEPHO-PE30HAHCHOTO OTPAXKEHUS, H3MEpPEHHbIE B CTPYKTYPHBIX M «MarHUTHBIX»
MakCUMyMaxX JEMOHCTPUPYIOT CYUIECTBEHHbIE pa3iWyuus, aHalu3 KOTOPBIX  IO3BOJIET
BOCCTAHOBHTH PACTIPE/IENCHIHE CBEPXTOHKOrO IO 10 TIyOHHE OTAeNbHBIX ci1oeB ° Fe[2].
W3menennss Ha BpeMeHHOM crekTpe (Puc. 2), u3MepeHHOM B KpUTHYECKOM yriie B mone ~ 50 D,
SIBUJIMChH MPSIMBIM CBUJETEILCTBOM 3(h(pekTa moBepXxHOoCTHOTO cMH-(ona. Kpuble 3aaepxaHHOTo
OTpPaXEHUs, U3MEPEHHbIE NP PA3HBIX 3HAYEHUSIX MPUIIOKEHHOTO TOJs, MOKa3ajah, 4TO B IOJE
~ 6003 aHTHdeppOMarHuTHasE CTPYKTYpa pa3BOpPAuMBACTCS MEPIEHAUKYISIPHO HAalpaBICHUIO
10JIs1, ¥ TOJIbKO B nosie 1500 O mpoucxoauT peppoMarHUTHOE BEICTpaUBaHUE B/IOJIb MOJISL.

4 Transverse geometry 1—]
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Pabora mongnepxana PODU Ne 12-02-00924-a u 10-02-00768-a.

[1] J. Meersschaut, et al, Phys. Rev. B 73 (2006) 144428.

[2] M.A. Andreeva, B. Lindgren, Phys. Rev. B 72 (2005) 125422.
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QUANTUM BEATS GAMMA RAY IN MOSSBAUER SPECTROSCOPY

A.V. Mitin
Kazan National Research Technological University, Kazan, Russia
E-mail:mitin@kstu.ru

Radiofrequency and ultrasonic quantum beats in Mossbauer spectroscopy are demonstrated.
The subject is presented as the ultrasonic modulation of gamma ray and gamma magnetic resonance
(GMR) method by absorption and scattering spectroscopy. The ultrasonic modulation quantum
beats theory of gamma radiation developed. The distance and phase dependence on simultaneously
a few vibrating absorbers as theoretical and experimental study is considered. The space ultrasonic
modulation is extended. The theory the ultrasonic Mdssbauer introscopy method is proposed. The
GMR absorption spectroscopy has coherent nature which reveals itself by interference of isomer
states, which  similar signs and sizes of g-factors. Another GMR effect is excitation magnetic
quantum into the thin absorber with limited harmonics number. The GMR spectral burning method
hole, which picks out narrow lines in unordered magnetic alloys is shown. GMR scattering
interference of quasi-energy states is demonstrated. That radiofrequency GMR excitation quantum
beats may be stimulated the time-reversal invariance study of isotopes is proposed.
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CTII-AETEKTOP PEHTTEHOBCKOI'O U3JIYYEHMUS C ITIOACJIOEM U3 B-
TAHTAJIA
Ko3un M.F.l, Pomamkuna I/I.JI.l, Komenen B.H.z, ®Owmnmenko J1.B.?
‘Hunsg® um. J.B. Crobenvyvina MI'Y um. M.B. Jlomonocosa, Mocksa, Poccus

2HPD um. Komenvruxosa PAH, Mockea, Poccusa
kozin@srd.sinp.msu.ru

STIX-RAY DETECTOR WITH B-TANTALUM SUBLAYER
Kozin M.G.*, Romashkina I.L.*, Koshelets V.P.?, Filippenko L.V.?

The first step was made in research and development of resonance superconducting tunnel
detectors for Ta-181 Maossbauer spectroscopy. B-Ta sublayer in the bottom electrode of the -
Ta/Nb/AlLAIO,/AI/Nb/NbN detector proved to be a good inactivating layer.

Mpbl 3aHHMaeMcs pa3pabOTKOH M HCCIEeIOBAaHUEM JECTEKTOPOB MSITKOTO PEHTI€HOBCKOTO U
raMma Jidara3oHa Ha OCHOBE CBEPXITPOBOANINX TyHHENIbHBIX mepexoaoB (CTII). B [1] namu Oblia
MpeIJIoKEHa HJesl MCIONb30BaTh IMOIJIOTUTENb W3 TaHTajla C LENbI0 CO3JaHHs PE30HAHCHOI'O
KpUOTEHHOTO JIeTeKTopa Il MeccOayspoBckoii cnekTpockonuu Ha 181-Ta. Jlns peanuzanuu 31oit
UJed HaMu pa3paboTaHa TEXHOJOTHs HANbUICHUS IJICHOK Ta MPUMEHHUTENIHHO K HMEIOUIEMYCS
00OpYIOBaHUIO U MPOBOJUTCS MOITANMHOE BKIIOUYEHUE UX B MCIOJIB3YEMYIO HAMU MHOTOCIONHYIO
CTPYKTYPY TYHHEJIBHBIX JETEKTOPOB Ha OCHOBE HHOOWA. B manHO#l paboTe MpuUBOIUTCS HAI
MIEPBBIN TOJOKUTENBHBIN Pe3yabTaT BKIOYeHHs] Ta B KOHCTPYKILIUIO JETEKTOpa, HO HE B Ka4eCTBE
MOTJIOTUTENS, a B KAdyeCTBE IOACIO0s, OOECIEUMBAIOLIEI0 WHAKTHUBALMIO HUYKHEIO AJIEKTPOja
JeTeKTopa (paHee HaMH B 3TOM KadecTBe uCrnoab3oBaiuch Al u Ti [2]). OTMeTum, 4TO HamMepeHue
MCIIONB30BaTh B-Ta /uis mogaBieHus CUTHAJIA OJHOTO M3 3JIEKTPOJIOB BBICKA3BIBAIOCH paHee B [3],
HO, HACKOJIbKO HaM U3BECTHO, TaK U HE ObLIO peaan30BaHo.

KauectBO Tpex M3 [SITHU  MHOTOCIOMHBIX  JETEKTOPOB €O  CTPYKTypod  [-
Ta/Nb/AlLAIO/AI/Nb/NbN  (tommuuer 30/100/8,1/13/150/30 HM), IpOTECTHPOBAHHBIX HAMH I10
BOJIbTAMIIEPHBIM Xapaktepuctukam mpu T=1.4 K, okazamoch J0CTaTOYHO XOPOIIUM YTOOBI
WCIOJb30BaTh MX B CIEKTPOCKONHWYECKHX MLENIX ISl PEruCTPallid PEHTT€HOBCKOIO HW3JTyYEHHS.
CrexTp oT ucTouHuKa 55-F€, mosydeHHBI Ha OJHOM U3 ATHUX 00pa3IoB, NMPUBEJIEH HA PUCYHKE

(OTMEYEeHBl JMHUU OCHOBHOTO H

Counts| ;- ive pulser WHAKTHBHPOBAHHOTO  OJIEKTPOZIOB |
1 reHeparopa TOUHOW ammuTyasl). He
600 - electrode oOcyxmas  Apyrue  MoApOOHOCTH
active CIeKTpa, OTMETHM, 4TO 3apsj,
electrode coOpaHHBII oT OCHOBHOTO
400 JIEKTpoZa, B 8§ pa3 MpeBbIIIAET
COOTBETCTBYIOIINI 3apsg oT
2004 MHAKTUBUPOBAHHOTO JIEKTPOAA. ITO
CBHUJIETEIICTBYET O TOM, YTO CJIOH U3
1 J B-Ta ocnabnser CUTHAJ

0 A

WHAKTHUBUPOBAHHOI'O JJICKTPOAa HE
XyXe 4eM ciioit u3 Ti U He HapyIaeT
CTPYKTYpYy H byHKIIIHT BCEX
BBIIICIICKAIIUX CIIOCB.
Pabora momnmepkana rpantoMm PO®U  Ne(09-02-01402 wu Toc. KoHTpakTom
Ne 02.740.11.0242.
1.  M.I. Kosun u gp. U3B. PAH. Cep. ¢us., 2007, 71, Ne9, 1336-1338.
2. M.G. Kozin, I.L. Romashkina et al. Nucl. Instr. & Meth. Phys. Res., 2004, A 520,
250-253.
3. S. Friedrich, P. Lerch, E. Kirk. Nucl. Instr. & Meth. Phys. Res., 2006, A 559, 477-
479.
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YUYET UCKAXKEHHUA ®OPMbI PETUCTPUPYEMOM JINHUU
MECCBAYJPOBCKOI'O CIIEKTPA

I'magkos B.I1., Mapteinenko C.C., Ilerpos B.U., ®ununnos B.I1.
Hayuonanvnoiii uccredosamenvcxuti soepuuiil ynusepcumem « MHUDU», Mockea, Poccus
Mephistt@mail.ru
MOSSBAUER SPECTRA REGISTERED LINE SHAPE DISTORTION CONSIDERATION
Gladkov V.P., Martynenko S.S., Petrov V.1., Philippov V.P.

The equations describing resonant line shape and taking into consideration the experimental
line distortion relative to the Lorentz line have been analyzed. The method of finding the parameters
necessary for processing the experimental spectra by the three Lorentz lines convolution has been
introduced. The results of the alpha iron, sodium nitroprusside and Be-Fe alloy (0.03%-0.80% Fe)
spectra processing within the bounds of the considered mathematical models were produced. A
comparative analysis of the experimental spectra processing quality has been done.

Pe3onancueie ACTCKTOPbI BHOCAT HOIOJHUTCIIBHOC MCKAKCHUC (1)OpMI)I p€3OHaHCHOI71 JIMHUN
[1]. HeuckaxxenHas pe3oHancHas tuHus onucbiBaercs ¢pynkuueit Jlopenna [2]. Mckaxenus: Gopmsl
nuanK JlopeHna mpeiararoT yYMTHIBAaTh C TOMOIIBIO CIEIYIOIUX (OPM pPE30HAHCHOW JIMHHH:
¢bynakun Qoiirta [3]; moaudunupoBannoil dynkiun Jlopenua [3]; nuHetHONW KOMOMHAIIMY TUHUU
Jlopenma u kBaapata smaun Jlopenna [1]; gyHakmmm, sBisromeics cBepTKkoi Tpex nuHui JIopeHma
[4]:

(E—E —E) A +(E—E, —E)  AyAy + 52AA, + ApAyAA oy,

((E—El—E3)2+Af3)((E—E2—E3)2+A§3)(52+A122)

rne E;, Ej;, Ez— oHeprum pe3oHaHCHBIX MEPEXOJ0OB JHHHUNA HCTOYHUKA, NETEKTOopa U
MOTJIOTHTENST COOTBETCTBEHHO; O = E; — Ep — M30MepHBIN CABUT MEXAY JUHHUSIMH HNCTOYHUKA U
nerektopa; Ay = 1112, Ay = 1512, Az = I'3/2, ipu 310M [, I, I3 — IMUPUHBI JIUHUA HCTOYHHUKA,
JETEKTOPa U TOIJOTHTENS COOTBETCTBEHHO; Ajj = Aj + Aj, Az = Ay + Ay + As. Ilpemnoxena
METOAMKA HAaXO0XJIEHUsS mapaMmeTpoB o, Ai, Ay, HEOOXOIUMBIX U1 00paOOTKH CHEKTPOB CBEPTKOU
Tpex nuHui Jlopenna.

C nomomnipto MeccbayapoBckoro crnekrpomerpa MC11012 (Pocros-na-Jlony, Poccus) c
pe3oHaHCcHBIM jieTekTopoM RSDU (Toro ke mpom3BojCTBa) B peKUME MOCTOSHHOTO YCKOPEHUS B
TEOMETPUU JIBIKYIIETocs o0paslia MojydeHbl MeccOaydpOBCKHE CHEKTphI a-Fe, Hutrpompyccuaa
HaTpus U cruiaBoB Be-Fe ¢ 0.03%—-0.80% Fe. Cniextpsl 00paboTaHbl yka3aHHBIMH (hOpMaMH JTUHUH.

Onenky kayecTBa OOpabOOTKM CHEKTPOB MPOBOJWIM IO CIEAYIOUIUM KPUTEPHSIM:
CPEIHEKBAAPATUYHOE OTKJIOHEHHE TEOPETUYECKOW JIMHUU OT JKCIEPUMEHTAIBHOM, OTHOLIEHUE
ioniaied pasHOCTHOTO CIEKTpa M PE30HAHCHOW JIMHHM, OTHOLIEHME pa3Maxa WHTEHCHUBHOCTU
Pa3HOCTHOIO CIIEKTpa K pa3Maxy HMHTEHCHBHOCTH PE30HAHCHOW JIMHUU. YCTaHOBJIEHO, 4YTO
MaTemaTthueckas o0paboTka MeccOayIpOBCKHX CIIEKTPOB, MOJYYEHHBIX C IOMOIIbIO PE30HAHCHOTO
JIeTeKTOpa, Hamboyiee TOYHO COOTBETCTBYET SKCIEPUMEHTAIBHBIM JIMHUSM IPU HCIIOJIB30BAaHUU
CBEPTKH Tpex JuHMM JlopeHIia no cpaBHEHHUIO ¢ TPAJUIIMOHHBIMH METOAUKAMH 00paObOTKH.

4. Tlerpo B.U., ®ununmo B.II., [lukanoBa I0.A. dopma nuHUE MeccOAyIPOBCKHX
CIIEKTPOB, CHATHIX C MIPUMEHEHUEM PE30HAHCHOTO JeTekTopa // MeccOayspoBckas CEKTPOCKOMUS
u e€ npumeHenus. COOpHHUK Te3ucoB AokianoB 10-if mexmyHaponnoit konpepenuuu. DTU YpO
PAH, Uxesck, 2006. C.74.

5. Beptxeiim I'. D dext Meccbayspa. — M: Mup, 1966.

6. PycakoB B.C. MeccOay3poBckasi CIIEKTPOCKOMHS JOKAIBHO HEOJMHOPOIHBIX CHCTEM. —
Anmarter. OITHUMAD HALIPK, 2000.

7. T'magxoB B.II., Mapteinenko C.C., IletpoB B.. YTounenue ¢Gopmbl perucTpupyemoi
TMHUK MeccbayspoBckux crekTpos. // XKIIC, 2011. T. 78. Ne 2. C. 316-320.
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MNPOI'PAMMA OBPABOTKHU U AHAJIN3A MECCBAYJOPOBCKUX CIIEKTPOB:
SpectrRelax
Maunes M.E., Pycakos B.C.
Mockoesckuii eocyoapcmeennwiii yHusepcumem, Mockea, Poccus
(rusakov@phys.msu.ru)
SOFTWARE FOR MOSSBAUER SPECTRA FITTING AND ANALYSIS:
SpectrRelax
Matsnev M.E., Rusakov V.S.

The SpectrRelax application was created for analysis and fitting of absorption and emission
Mossbauer spectra of isotopes with 1/2 <> 3/2 transitions. Available models include a single
Pseudo-Voigt line, doublet, and a sextet, a number relaxation models, and a distribution of
hyperfine/relaxation parameters of any model. SpectRelax can evaluate user supplied analytical
expressions of model parameters and their error estimates. Complex parameter constraints or even
new models can be implemented by setting parameter values to analytical expressions. Optimal
model parameters search is done using a maximum likelihood criterion in a Levenberg-Marquardt
(L-M) algorithm. In the search process a matrix of linear correlation coefficients between model
parameters is calculated along with the error estimates, this allows better understanding of
optimization results. Partial derivatives of the model functions are evaluated using “dual numbers”
algorithm, which provides exact derivatives values at any point and improves L-M method
convergence. SpectrRelax runs under Windows operating systems by Microsoft. The application
has a modern graphical user interface with extensive model editing and preview capabilities.

Co3nmana mporpamma SpectrRelax mns ananusza u 00paboTku MeccOaydpOBCKHX CIEKTPOB
MIOTJIONICHUST W PacCessHHs JUIsi M30TONMOB ¢ mepexomamu 1/2 <> 3/2. TlpegycMoTpeHO 3agaHme
JT000T0 Pa3yMHOT'0 KOJMYECTBA MaPIHATBHBIX CIICKTPOB U3 IOCTYITHOTO Habopa mojenei. B Habop
MOHeHeﬁ paCI_HI/IQ)pOBKI/I U BOCCTAHOBJICHUA pacnpeﬂeneHHﬁ CBCPXTOHKHX M PCIAKCAIWMOHHBIX
[IapaMeTPOB  BXOJSAT: CHHIJIET, KBAJpPYNOJbHBIA AYyOJIeT, 3€E€MaHOBCKUI CEKCTET, Pl
penakcalMoHHBIX Moxenei (two state paramagnetic and magnetic relaxations, single-ion spin
relaxation, many state spin and superparamagnetic relaxations, isotropic and anisotropic electric
field gradient relaxations, and isotropic hyperfine magnetic field relaxation). s
MeccOay?poBCcKoro (a3oBOro aHajau3a U JETAITHHOTO CPAaBHEHHS CIEKTPOB B KauyeCTBE MOJICIH
MOKET BBICTYIIATb HpOI/ISBOJ'IBHLII\/’I MeCC6ay3pOBCKI/II71 CIICKTP. I[O68.BJ'IGHI/IC OJB30BaTCIEM
BAPBUPYEMBIX [TAPAMETPOB U AHAIUTUYECKHUX BBIPAKEHHUM C UCIOJIB30BAHNEM IapAMETPOB MOJECIIEH
MO3BOJIACT CO3AAaTh HOBBIC MOACIIN U CIIOKHBIC CBA3HU MCKAY IapaMETpaMi pa3JIMYHbIX MO,Z[GJ'ICI\/'I, a
TaK)X€ HAJIOXKUTh OTpaHUYEHUs Ha (QYHKIMM OT mapamerpoB mozenei. [IpenycMoTpena duxcamms
MMPOU3BOJIBHBIX ITAPAMETPOB, OTPAHUYCHUC UX 3HAYCHUI U HaJIOKEHHE MPpOIMOPLIHUOHAIIBHBIX CBsI3eH
MCKIOY nmapamMeTpaMuu II0JIB30BAaTCJIbCKNUMU AHAJIIMTUYCCKUMHN BBIPpAXXCHUSAMU. ITouck
ONTUMAIbHBIX 3HAUYCHUM napamMeTpoB MOJCIIN OCYHICCTBIACTCA B COOTBCTCTBHU C KPUTCPUCM
MakCHMaJbHOrO TMpaBaonoaoduss wmeroaoM JleBenOGepra-MapkBapara. [lpy  MuHMMM3aNMH
UCTOJIb3YyeTCsl MPOLeAypa Pa3IokKeHNUs N0 CUHTYISpHBIM 3HaueHusM (SVD) s pemenust cucrem
JIMHEWHBIX YpaBHEHUM, YTO MPAKTHYECKH ITOJIHOCTBIO YCTPAHSIET HEYCTOMYHMBOCTH METOAA B
IIPUCYTCTBUU CUIIBHBIX KOPpEALUNA MEXAY IapaMmerpamu.B mponecce noucka Hapsay ¢ OLICHKaMHU
OIIMOOK BCEX MapaMeTpPOB BBIUMCISIETCS MaTpUlla JIMHEHHBIX KO3()(UIIMEHTOB KOPPESAIUN MEXKIY
HUMH, 4YTO IMO3BOJIECT IMPOAHAJTIU3UPOBATHL PE3YJIbTAT ONTUMH3AIIUHA. BrruncieHue 4acTHBIX
IMPOU3BOJHBIX METOJOM ABTOMATHYCCKOI'O )II/I(l)CbepeHHI/IPOBaHI/ISI C HCIIOJB30BAHUEM «HBOI\/’IHBIX
yrceln» 00eCIeunBaeT OIIPCACIICHUC TOYHBIX 3HAUEHUU MMPOU3BOAHBIX W YIIYUIIACT CXOAHUMOCTH
Metona ontuMuzanuud. CoBpeMeHHbIN rpadguueckuil nHTEp@eic Mmoib3oBaTes B ONepalMOHHBIX
cucremax MicrosoftWindows mo3BossieT oCymecTBIsATh MPEABAPUTEIBHBIN TPOCMOTP CIIEKTPOB U
Mojeliei TpH Toucke (HaiiyloB MaHHBIX. Peann3oBaHa BO3MOXKHOCTh TEpPEHOCA MOJENeH u
AHAIMTUYECKUX BBIpaXeHHH depe3 Oydpep oOmena Windows. IlpemxycMoTpeHsl GyHKIHH
OTMEHBI/TIOBTOPHOTO  BBIMOJHEHUST JEHCTBUM MpH pEeNaKTUPOBAaHMM CHEKTPOB U MojEjei.
HporpaMMa ONTUMU3HUPOBAHA JJIA paGOTLI Ha MHOT'OAACPHOM IIpOUECCOpPC.
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YCTAHOBKA JJIsI HABJIOJEHUS Y®DPEKTA MECCBAYJPA B XO/IE
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PomManoB I/I.IO.l, CeMCcHKUH B.A.Z, Osuunaukos B.B.!
1HHcmumym anekmpogusuxu Ypanvckoeo omoenenus Poccutickoti akademuu Hayx,
Examepunbype, Poccus
ZYpaﬂbCKuﬁ Deodepanvrulil Yrueepcumem, Examepunoype, Poccus
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SETUP FOR THE OBSERVATION OF THE MOSSBAUER EFFECT UNDER ION

IRRADIATION
Romanov LY., Semenkin V.A., Ovchinnikov V.V.

Abstract — To explain long-range effects taking place in ion-implanted metallic materials, a
setup for the observation of the Mossbauer effect under ion irradiation was created.

Habimonaembie B X01€ HOHHOTO 00ydeHUs «3(PPEKThI TaTbHOACHCTBHSY, 3aKIIIOUAIOLITUECS B
M3MEHEHNH CTPOCHHS H CBOWCTB MPUIIOBEPXHOCTHBIX CIOEB MATEPUATIOB MPOTSHKEHHOCTHIO 10 10%-
10° pa3s mpeBbImAONIEH MPOEKTHBHBIE Mpobern wacTuil [1,2] elne He HAILIM HCYEPIBIBAIOICTO
0O0BsICHEHUS. BBICKa3bIBAIOTCS THIOTE3bI O BO3MOXKHOH PO OOYCIOBICHHBIX TOPMOXXEHHEM
YCKOPEHHBIX HMOHOB BO30Y)KIEHHH, PAaCHpPOCTPAHSIOMMXCS HE TOJIBKO MO aTOMHOW, HO M TIO
AJIEKTPOHHOW TMOJICUCTEME, M CIIOCOOHBIX BIIMATH HA XapakKTep pacupeleNieHHs BHEITHUX
3JIEKTPOHOB aTOMOB [2].

C uenbto OOHapy)KEHHUSI DJIEKTPOHHBIX U (POHOHHBIX BO30YKIEHUN B KOHJECHCHUPOBAHHBIX
cpeaax mpu OOJy4YeHUH HOHHBIMU ITy9KaMH JIaOOpaTOpHel IyYKOBBIX BO3JCHCTBHHA HHCTUTYTA
anektpodusuku YpO PAH moarorosien skcnepuMeHT no HabOmogeHuto 3ddexkra Méccbayspa B
xoJe OOJy4eHHs] MUIIEHU U3 *Fe womamu Ar’. Nudopmanms 00 H3MEHEHUSX AaTOMHOH H
ANEKTPOHHON CTPYKTYPHl KPUCTAJJIOB MPOSBISETCS B CMEIIEHUU U CBEPXTOHKOM pACIICIUICHUU
SJICPHBIX YPOBHEH U COOTBETCTBYIOLINX U3MEHEHUAX (POPMBI MeccOayIpOBCKUX CIIEKTPOB.

Hcnonbs3yeMblil s 3TOM L€ MOHHBIA MMILIAHTEp [3] BKIIOUYAET IUIA3MEHHBIA MCTOYHHUK
«ITYJIBCAP-1M» [4], m03BONSIONINHN MTOTyYaTh B HEMIPEPHIBHOM PEKUME MTyUKH ¢ dHEeprueit m1o 40
k3B npu motHOCTAX MOHHOTO ToKa 110 500 MKA/cM?. TIoMEX03aIHIeHHas CHCTEMA perucTpanuu
PE30HAHCHOTO CIIEKTpa JaeT BO3MOXKHOCTb OTCE€Yb TOPMO3HOE H3JIy4Y€HHME, BO3HMKAIOIIEEe Npu
paboTe MOHHOI'O UCTOYHUKA. JIONIUIEPOBCKUI MOIYISATOP CKOPOCTH JIBUXKEHUS MECCOay?IpPOBCKOTO
HCTOYHUKA, JETEKTOP M HCCIEAYEMbI IIOIJIOTUTENb IIOMEIIAIOTCS B BaKyyMHYIO KaMepy
umIuianTepa. [IpoonapHas och MX Hampasisiomei mIaTGopMbl U MOHHOTO MyyKa MepeceKaroTcs
oz yriom 45°. Ilentp MéccOay?poBCKOro 00pas3ia-MUIIIEHN PACIIOIAraeTcs B TOYKE NEPECeUCHUs
yKa3aHHbIX  oceil.  Mcmomp3oBaHume — coenuanbHO — OOOralieHHOro  Marepuana s
CIMHTWUISIIUOHHOTO KpHUCTaJlIa-KOHBEPTOpa U NPUMEHEHHUE OBICTPOJCHCTBYIOLIUX MHUKPOCXEM
MO3BOJIMJIO YCTPAHUTh MEPETPY3KY JETEKTOpa OT BO3AEHCTBHs TOpMO3HOro mn3nydenus E< 20 ksB
Ha (oHe pe3oHaHCHOro Y-uznydeHus 14,4 k3B U TOBBICUTH CKOpPOCTh CUMTHIBAHHUS
MEccOayIPOBCKOI0O CIEKTPa MOYTH Ha MOPSIIOK.

Pabora BbmmonHeHa npu mnoanepxkke npesuguyma YpO PAH (Ilporpamma ODH Ne 5
«®Pu3HKa HOBBIX MAaTEPUAJIOB U CTPYKTYP»).

1. I'yceBa M.M. NonHas umiutantanus B Metauiax. — [loBepxHocTs. Du3uKa, XUMHs, MEXaHUKA,
1982, Ne 4, c. 22.

2. OBunnHukoB B.B. PanmanuonHo-auHamuueckue 3¢dexTsl. Bo3MoxkHOCTH (dopMHpoBaHUs
YHUKQJIbHBIX CTPYKTYPHBIX COCTOSSHUM W CBOMCTB B KOHJIEHCHPOBAaHHBIX cpenax. YcCIexu
¢uznueckux Hayk. 2008. T. 178. Ne 9. C. 991-1001.

3. PomanoB WM.}O. VYcraHoBka is HMOHHO-Ty4eBOH MoJM(HKAIIMK CBOWCTB pAacCIIaBOB U
TPaJUIIMOHHBIX BHJIOB MOHHO-Ty4eBOM 00paboTku matepuanoB //Tpyasl XX MexayHapoIHOTO
coBemianus «Pagnannonnas ¢pusnka TBepaoro tenay» (r. Ceacromnons, 5-10 urons 2010 r.). C. 455-
462.

4. Gavrilov N. V., Mesyats G.A., Nikulin S.P. et al. A New Broad Beam Gas lon Source for
Industrial Applications // J. Vac. Sci. Technol. 1996. Al14. P. 1050-1055.
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RADIOFREQUENCY MOESSBAUER FORWARD SCATTERING SPECTRA ON
MAGNETIC MATERIALS
E.K. Sadykov', G.1.Petrov?, V.V. Arinin®, F.G. Vagizov'

We analyze the forward scattering (FS) spectra on iron borate (FeBO3), subjected to influence
of the radiofrequency (RF) field in easy” plane of the sample. The theoretical model which
reproduces the form of FS spectra as display of RF collapse effect and of quantum interference
effect in gamma photon Raman scattering process is presented.

B nauaine 90 rogoB ObUIO MTOKa3aHO, YTO MeccOayIpOBCKuUE CIIEKTphI paccesinus Brepena (PB),
W3MEpEHHbIe Ha TOJCTBIX oOO0Opa3lax H3 HEepXKaBEIOIIeH CTaal B YCIOBUSX KOTEPEHTHOTO
BO30OYXKIEHUsI MX YIbTpa3BykoM [l], uMMeEIOT caTeJUIMTHYIO CTpPYKTypy. bosiee wnHTepecHbIM
0Ka3ajoCh BJMSHHE VYIbTPa3ByKa HAa HWHTEHCHUBHOCTb MPOXOJSIIETO B TaKUX YCIOBHUSX
MeccOay’pOBCKOTO HM3JIy4YeHUsi 4Yepe3 TOJICThIA oOpaszen [2]. B  ganHOM cooOIEeHWH MBI
aHAJIM3UPYEM Pe3yJbTaThl IKCIEPUMEHTOB 10 MeccOayspoBckomy PB Ha oboramieHHOM H30TOIOM
*"Fe Goparte xenesa (FeBOs), moaBepeHHOM BIUsHHIO PU OIS, IPUIOKEHHOTO BIOJb JICTKOM
wiockoctu obpasua [3]. Temeppr MBI MMeeM J€JO C TMOTJIOTUTENEM C MarHUTHOM CBEPXTOHKOMN
CTPYKTYpOi ¥ Cpa3dy C HECKOJbKMMH BO3MOXXHBIMU Mexanm3mMamu PU  wmomudukanum
MeccOayIpOBCKUX CIIEKTPOB. DTU OCOOEHHOCTU CTUMYIUPYIOT uccienaoBanus PY cnektpos PB ¢
N0 TTOBBIIICHUS WH()OPMATUBHOCTH TAKOH CXEMBI M3MEPEHUH NpPU MCCIICAOBAHUH MAarHUTHBIX
MaTEpUaJIOB.

Tunnunenii cnextp PB, nomyuyeHHbI
npu Temreparype obpasua ~70 C u yactore
PY mons 19 MI'n, npuBeaeH Ha pUCYHKE.
JlaHHBIN DKCIIEPUMEHT, KaK II0 METOJUKE,
TaKk U IO YCJIOBHSM NPOBEAEHUS, JONOJIHSIET
PY wusmepenuit nHa FeBO;, mnposeneHHble
panee [4] wmeromoM mnornomieHus. Hamu
IIPEJICTaBICHa  TEOPETHYECKas  MOJEIb,
KOTOpasi  BOCHPOU3BOIUT  HAOI0IaeMYIO
dopmy crnektpoB PB, unentuduuupys tem
o4 i i caMbIM  KOHKPETHbIM  Mexanusm  PU
E E JTUHAMUKH HaMarHM4€HHOCTH o6pa3ua.
CarennuTHas cTpykTypa cnekrpoB PB wu
Apyrue ux ocoOeHHOCTH 00BscHsA0TCS d¢pdexkramu PU kosanca v KBaHTOBOM HHTepdepeHInn
aMIUIATY]l PAMAHOBCKOI'O paccessHus MeccOayIpOBCKHUX (POTOHOB.

Pabota wactuuno nognepxkana POOU (mpoekt 02.11.00896a).
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MECCBAYJ3POBCKHH CIIEKTPOMETP YJIAJEHHOI'O JOCTYIIA
CunaeB A.A.(Mm1.), CunaeB A.A., 'ogoBukos C.K.
Hayuno-uccredosamenvckuili uncmumym soepuou guzuxu um. /1.B. Crobenvyvina MI'Y um.

M.B. Jlomonocosa, Mockea, Poccus
godov@srd.sinp.msu.ru
REMOTE ACCESS MOSSBAUER SPECTROMETER
Silaev A.A. (Jr.), Silaev A.A., Godovikov S.K.

For the first time there are presented a remote access mossbauer spectrometer for the science
and education. Internet address: http://www.efmsb.ru

MeccbayspoBCcKasi CHEKTPOCKOIUS MOBCEMECTHO CTajla B HACTOSAIIEe BpeMs OJIHUM U3
OCHOBHBIX SIZIEpHO-(PU3NUYECKUX METOJIOB HCCIIEA0BAaHUS KOHACHCUPOBAHHOIO COCTOSIHUS BEILIECTBA.
B psge crpan co3maHO TNPOMBINUIEHHOE IPOU3BOACTBO MECCOAyIPOBCKUX CIIEKTPOMETPOB U
MeccOayIpOBCKUX PaJUOAKTUBHBIX UCTOUYHUKOB. DYHKIIMOHUPYIOT U Pa3BUBAIOTCS HAI[MOHAJIbHBIC
LEHTPBl HCCIEIOBAaHUN MO MeccOayIpoBCKO# crekTpockomuu. C Apyroi CTOPOHBI, LENBIA Psi
YHHUBEPCHUTETOB, BY30B, HayYHBIX U 3aBOACKHX J1a0OpaTOpUil HE MUMEIOT JOCTyNa K 3TOMY METOAY
[0 TIPUYMHE JOPOTOBU3HBI TPHUOOPETEHHS Aanmaparypbl M CIOKHOCTBIO OQOpPMIICHHS pPadOT ¢
PaauOAKTUBHBIMUA UCTOYHUKAMH.

B cBs3u ¢ atum B HUUSAD MI'Y B 2011r. B pamkax rocynapCTBEHHOIO KOHTpPAKTa C
Muno6Hayku P® Obiia mpoBeneHa paboTa MO CO3/IaHUIO0 CHUCTEMBbl YAAJICHHOTO JAOCTyHa K
YHHUKAJIbHOMY MeccOay?pOBCKOMY CIIEKTPOMETpPY cOOCTBEHHOW pa3paboTku. Llems mpoBeneHHON
paboThl — o0OecreyeHne BO3MOXKHOCTH MTPOBEJCHNUS HAYUYHO-UCCIIE0BATENILCKOM pabOThl B pesKUMe
pearbHOr0 BPEeMEHH, C peabHbIM MCTOYHUKOM JIJIsl JIFOOOTO TMOJIb30BaTessl Ha Tepputopun PO (a
TakKXe 1oBceMecTHo). Kpome Toro, mpenocraBisercss BO3MOXHOCTb NPEIBAPUTEIBHOIO 00yUEeHUs
OCHOBaM MeccOaydIpOBCKOW CIIEKTPOCKONMM JJIi HAUYMHAIOMIMX T[OJb30Bareneil. Breixom k
YCTPONCTBY HPOU3BOUTCS IO ajpecy Www.efmsb.ru.

S YcrpoiictBo  obOecrieunBaeT  yJqalleHHBIN
JOCTyH Ul HCCIIE[OBaTeNeil, CTYJEHTOB U
acnupanToB. OpHa 3arpy3ka CHCTEMBI CMEHBI
00pa3noB (KaTMOPOBOYHBIX U IMPEIOCTABIEHHBIX
HCCJIEIOBATENbCKHUX) CIEKTPOMETpa IO3BOJISET
uccinenoBaTb 10 25 pa3NUYHBIX  OOBEKTOB

HETOCPEJCTBEHHO caMHUM II0JIb30BATEIIEM,
HaxojAdUleMcss Ha CKOJb YrOJHO OOJBIIOM
PacCTOSIHUN. OcHoBHbIE XapaKTepUCTUKU

CIIEKTPOMETpa: JWara3oH CKOpPOCTel BHOpaTopa
10 40 MM/, pexXuM JONTUIEPOBCKON MOTYIISAIIUN —
MIOCTOSIHHOE YCKOpEHHUe, HU(POBOE 3aJaHHE MTUIIBI
ckopoct,  HenuHelHocTh — g0 0,01%,
MakcuMaibHas ~ ckopocTh  cuera  200000/c,
paspsanocts ALl  amamuzatopa 10  Owur,
JIMana3oH YacTOT 3aJalollero MHJI000pa3HOTro
curHama ot 0,1 I'm go 50 T'm. IIporpammuoe
o0OecrieueHre CHOEKTpOMEeTpa BKJIIOYaeT B ceOs: CHCTeMYy YIPaBJICHHUS BCEMH MOAYJISIMU
CIIEKTPOMETPA B PEXKHME YyIAJEHHOTO IOCTYIa, B TOM YHCIE cCOOpoM W 00pabOTKOW TaHHBIX
JKCIIEPUMEHTa; CHUCTeMY OJKCIIOpPTa JaHHBIX B ¢opMaT pa3iudHbIX MporpamMm 00paboTKH
MeccOaydpOBCKUX CIEKTpoB, a Takke B XML dopmar; 5 sneKTpoHHBIX y4eOHBIX MOIYJIEH MO
TeMaM -  «TEOPETHYECKHME OCHOBBI  MeccOay’IpOBCKOW  CIIEKTPOCKOMHM»,  «MEXaHUKa
MeccOayIpOBCKUX  CHEKTPOMETPOBY»,  <AJEKTPOHUKAa  MeccOay’IpOBCKOIO  CIIEKTPOMETpay,
«TIPUHIUIBI PAOOTHI CIIEKTPOMETPaAy», HCIOIH30BAHUE CIIEKTpOMeTpay. BHentHuil Bua nmpubdopa u
€ro OCHOBHBIE Y3JIbI IIpe/ICTaBieHbI HAa Puc. 1.

Puc. 1 - BHewHW BUA cnexkTpomeTpa.
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AJJAIITUBHASI CACTEMA YIIPABJIEHUSA JOIJIEPOBCKOM
MOJAYJISIIMENR MECCBAY3POBCKOI'O CHEKTPOMETPA

3exuep MLIO., Pepsaxun A.C., Cappiues J[.A.
HUU ¢puszuxu FOxcnozo gpedepanvroco ynueepcumema, Pocmos-ua-/lony, Poccus
mzekhtser@gmail.com, anatolij-revyakin@yandex.ru, sarychev@ip.rsu.ru.

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

A new control system for an electrodynamic Doppler modulator in Mossbauer spectrometer
MS1104E has been developed. The modulation system automatically adapts to any changes in
configuration and ambient conditions, so no manual configuration is required. It has been shown
that the motion characteristics of the system are similar tothose achieved by accurate hand-tuning.

Pazpaborana HOBas cuCTeMa yIpaBJICHUS  OSJICKTPOJMHAMHYECKHM  JOTUIEPOBCKUM
MoaynaropoM MéccbayspoBckoro crektpomerpa MS1104E. [Ins ¢dopmupoBaHus CKOPOCTH
[EpEMEIECHUS] TOABM)KHOM YacTH MOAYJSATOpa, HEoOXOAuMOW Impu paboTe B pexXHUME C
IIOCTOSIHHBIM YCKOPDEHMEM, HCIIOJIB3YETCSl CHJla TOKAa, IPHUIIOKEHHAs K 3aJarolled KaTylke
MOJYJIATOPA, pACCUUTAHHASI TEOPETUYECKH 110 YPABHEHUIO ABUKCHUS:

¥+ yx + w?x + px3 = f(t)

VYpaBHEHHE BUXKEHUS MO3BOJIET BBIYMCIUTH (OPMY 3aBHUCUMOCTH IPUKIIAIbIBAEMOM CHUJIIbI
TOKa OT BPEMEHHM IO U3BECTHOH (>kemaemoil) (opme CKOpPOCTH, €€ HMPOU3BOJHOM M HHTErpaly.
Kosdduurentamu 3TOoro ypaBHEHHs ABMKCHMS CIyXaT I[apaMeTpbl KoyieOaTelnbHON CHCTEMBI:
KBaJpaT MMKINYECKOM COOCTBEHHOW 4YacTOThl KoyiebaHuih u kKoddduuument 3aryxanus. OHu
OIIPENIeNIAI0TCA aBTOMATUYECKU M3 HKCIPEcCc-aHalIn3a CBOOOHBIX 3aTyXaloLUX KojeOaHWH mepen
Ha4yaJioM U3MEpPEeHU. ITH K€ apaMeTpbl UCIOIb3YIOTCS IPU PACUETE MONPABOK K CHUJIE, BHOCUMBIX
OTpHLIATENILHOW 0OPAaTHOM CBS3BIO.

[lepBoHayalbHO  M3MEPSIOTCS  MapaMeTpbl  MOJAYJIATOpa: COOCTBEHHAs 4YacToTa U
kodpduuueHT 3aryxanus. Jlajmee 3amyckaercss TPEXCTYNEHYAThld MpOIecC aBTOMAaTHYECKOH
HacTpONKU JBHWXEHUS Monynaropa. Kaxnas crienyromasi CTyleHb HAacTPOMKH KOMIIEHCHPYET
HETOYHOCTH, JONYLUIEHHBbIE Ha mpeapiaymeM mare. Ha nepBoM »JTamne  aHaJIUTUYECKU
paccuuThIBaeTcd (QYHKIMS HACATbHOM CKOPOCTH M TNpUKIAJblBaeMas cuja, KOTopas [OoJDKHa
o0ecreynTh COOTBETCTBYIOLIYIO CKOpocTh. Ha BTOpoM »Tame omnpeaensiercs CTalMOHapHOE
OTKJIOHEHHE CKOpPOCTH OT HJ€albHOro 1Ia0JOHa W YMCIEHHBIM HWHTETPUPOBAHUEM U
i QepeHIMPOBaHUEM  BBIYMUCISIETCS MONpaBKa K MEPBOHAYAIBHO PAcCCUMTAHHOW — CHUUIE,
YCTpaHAIOIIAss OCHOBHOE PACXOXkKJIECHHE CKOpocTH. Ha TpeTbem Iiare aBTOMAaTH4YECKOM HACTPOUKH
MPOUCXOIUT Moadop Kod(hduIMeHTa ycuiIeHuss oOpaTHOW CBS3M, OKOHYATENIBHO YCTpaHsIOIEH
HecoBMaJeHue (aKTUYECKOW U 3aJaHHOM CKOpPOCTM JBMWKeHUs. Eciau Ha KakoM-To JTare
IIPOBEIEHHBIM PACYET OKAXKETCSI HE BIIOJIHE aJEKBAaTHBIM, CIEAYIOLIEH CTYNEHH aBTOMAaTHYECKON
HAaCTpPOMKM JIOCTaHETcs Ooiblie paboThl, HO OHAa B COCTOSHUM UCHPAaBUTh HEIOPaOOTKY
IIPEBIAYILErO LIara.

B wurore, He Tpebyercs py4HOH HACTPOMKH, M CHCTEMa MOJYJSLHMH CIEKTPOMETpa
aBTOMAaTHYECKH aJalTUPYETCs K JIIOOBIM M3MEHEHUSM KOH(UIypaluu U BHEMIHUX ycioBuil. [lpu
3TOM JIEMOHCTPUPYIOTCS XapaKTEPUCTUKU JIBUXKEHUS, HE YCTYNAIOU[Me 3HAYEHHSIM, JOCTHKUMbBIM
IIpY TIIATEJIBHON PYYHOU HACTPOMKE:

- HeMMHEWHOCTh ckopoctu Mmoxynstopa mo MHK we mpesbimaer 0,02% ot makcumalibHOM
CKOPOCTH JIBUKECHMUS;

- ommOKa 3a/IaHusl TUara3oHa CKOpocTu Moayssitopa coctaBisieT 0,087%;

- MAaKCUMaJIbHBIN IMana3oH CKOPOCTU MoAaynaTopa He MeHee 100 mm/c;

- TeMnepatypHsiid apeiid Hys ckopocTt coctapiser 0,0012%/°C;

- TemreparypHslii apeiid uensl kanana 0,037%/°C.
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STANDARD TRANSITION MOSSBAUER MEASURING FOR NANOCOMPOSITES
MATERIAL BY SPECTROMETER IN THE STANDARD “EUROMECHANICS”
Belov S.E., Ershov K.V
Faculty of Physics, S-Petersburg State University
E-mail: ingelle@mail.ru, belov@nuclpcl.phys.spbu.ru

1. Introduction

Early we presented the Mossbauer spectrometer based on CIP-51 in the standard
“Euromechanics” bin. Now, the series of the measurements had been carried out by means of that
spectrometer.

2. Mossbauer spectrometer

The Mossbauer spectrometer contains several modules: high-voltage power supply, the unit of
signal processing , the arbitrary waveform generator, the power amplifier for motion of the system.
All units are installed in the 3U-high Euro-mechanics portable bin. Detector, preamplifier and
Doppler modulator placed separately. The whole spectrometer is controlled via RS232 or USB.
Each unit contains 8051 processor with appropriate peripherals.

The power supply unit provides detectors with high voltage up to 2kV (current up to 2mA),
gradually increasing and decreasing the voltage.

The processing unit can operates in two modes: PHA and MCS acquisition. In PHA mode one
can adjust the spectrometer: to install the HV, gain, or thresholds of discrimination. Input rate in
PHA mode is up to 40 kcps. In MCS mode (measurement of the mossbauer spectra) the input rate is
up to 1Mcps (with an enough short pulse from preamplifier).

An arbitrary waveform generator has two output channels. The first one allows to specify an
arbitrary periodic law of motion (from 4096 points/12 bits/20 Hz to 1024 point/12 bits/80 Hz). The
using of the first channel only is gives the non-linearity of 0.1% (due to the coil feedback). The
second channel of the generator provides an additional signal which mixed in the system of
movement and produces the non-linearity of 0.01% or less.

3. Nanocomposites
List of the investigated materials is below:
Nanocomposite Fe/SiO2, matrix MS12, recovery temperature 300 oC
Nanocomposite Fe/SiO2, matrix MS16, recovery temperature 300 oC
Nanocomposite Fe/SiO2, matrix MS18, recovery temperature 300 oC
Nanocomposite Fe/SiO2, matrix MS12, recovery temperature 350 oC
Nanocomposite Fe/SiO2, matrix MS16, recovery temperature 350 oC
Nanocomposite Fe/SiO2, matrix MS18, recovery temperature 350 oC
Nanocomposite Fe/SiO2, matrix MS12, recovery temperature 375 oC
Nanocomposite Fe/SiO2, matrix MS16, recovery temperature 375 oC
Nanocomposite Fe/SiO2, matrix MS18, recovery temperature 375 oC
Nanocomposite Fe/SiO2, matrix MS12, recovery temperature 400 oC
Nanocomposite Fe/SiO2, matrix MS16, recovery temperature 400 oC
Nanocomposite Fe/SiO2, matrix MS18, recovery temperature 400 oC
Mesoporous matrix SiO2 were synthesized on the base of template CnH2n+1(CH3)3NBr
(n=12, 16, 18).

Acknowledgements
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PACIIUPEHUE BO3MOXHOCTEN PE3OHAHCHOI'O IETEKTUPOBAHUA
IIYTEM KOMIIEHCAIIUU CABUI'A UHCTOYHHUK — KOHBEPTOP.

[Tanuyk B.B.}, Cemenos B.I'., Hpkaes C.M.2, Andepon I1.B.3
1CaHKm-17e111ep6yp2c1<uﬁ eocyoapcmeennviil ynueepcumem, Cankm-Ilemepoype, Poccus
2HHcmumym ananumuyeckozo npubopocmpoenus PAH, Cankm-Ilemepbype, Poccus
3Hauu0HaJ1ben2 uccredosamenvckutl soepuuiil ynusepcumem « MUDHy, Mockea, Poccus
vitpan@mail.ru
EMPOWERMENT OF RESONANCE DETECTION BY SHIFT COMPENSATION
BEETWEN SOURCE AND CONVERTER
Panchuk V.V, Semenov V.G., Irkaev S.M., Alferov P.V.

In this work, to compensate for the isomer shift between the source and the resonant converter
is proposed to use a second system of doppler modulation with a constant velocity mode attached to
the source. It will be shown the influence of the shift between the source and the converter on the
parameters of the observed spectrum with theoretical calculations and experimental data. The
system of movement with programmable speed signals for synchronized operation of modulators in
the modes with constant velocity and constant acceleration are proposed.

VBenuueHne 4YyBCTBUTEIBHOCTH, pa3peniaronieii CrnocOOHOCTH, TIOBBIIICHHE TOYHOCTH
BOCCTAHOBJICHUA (I)OprI CHCKTpaHLHOﬁ JUHUHA MW PACHIHPCHUC I/IH(1)OpMaTI/IBHOCTI/I METOo4a
SIBIIAIOTCSI HanOoJiee BaXKHBIMU 3aladyaMi BO BCEX 663 HUCKIIIOYCHHA CIICKTPOMETPUUCCKUX MCTOAAX.

B Mecc6ay3p0Bc1<0171 CIICKTPOCKOIIMKM OTKPBLIBAOTCA YHUKAJIBHBIC TICPCIICKTUBLI IIPU
pPEeIICHUHU 3TUX 3aa4 U 3TO OAWH M3 HEMHOI'UX CICKTPOCKOIIMYECKUX METOJ0B, B KOTOPOM MOXKET
OLITH AOCTUIHYTa TCEOPCTHYCCKU  OXuJgaemasa Ui KJIaCCHYECKON CXEMBI perucrpanuu
YYBCTBUTCIIBHOCTb W paspeuiarouias CHOCO6HOCTI>, a TaKXE IMOABIISICTCA BO3MOXKHOCTH HpeBSOf/'ITI/I
OTOT HIpCAcCII ITPU UCITIOJIb30BAHHNHN pGSOHaHCHOﬁ CXCMbI ACTCKTUPOBAHH.

B pe3oHaHCHBIX JIETEKTOpax B paboumii 00beM OOBIYHOTO JETEKTOpPA IMOMEIACTCSl BEIECTBO
(KOHBepTOp), o6naz[a101uee PE30HAHCHBIM IOTJIONICHUEM W IMPOBOAUTCA PETUCTpALIUA BTOPHUYIHOI'O
U3JIYyYECHUS, THOYIHUPOBAHHOIO I1aJAIOIIHNM.

OILHI/IM N3 OCHOBHBIX YCJIOBI/Iﬁ 3(1)(1)CKTI/IBHOFO MPUMCHCHUA KOHBCPTOpA, ABJIACTCA TO, YTO
pa60qee BCIICCTBO KOHBEPTOpPA MOJKHO HMMECTH CIICKTPAJIbHYIO JIMHUIO, TOYHO COBIIAAArOIIYIO0 B
3HepFeTI/I‘{eCKOI>'I mKaJ€ C MMOJOKECHUEM CHCKTpaHLHOﬁ JJMHUU UCTOYHHUKA. Z[ax(e HEOOJIBIION CABUT
MCXKAY HCTOYHHKOM H KOHBCPTOPOM MNPUBOAUT K HUCKAKCHUIO (1)OpMI>I SKCIICPUMCHTAJIIBHOT'O
CIEeKTpa M MOTEPH YYBCTBUTEIBHOCTH, a OOJbIIME HM30MEpHbIE cABUrUM (>> I') mpuBOIAT K
rc4Ye3HOBEeHMIO Y dekTa.

Z[aHHOC yCiI0oBUC NTPHUBOAUT K TOMY, YTO, HC BCCra YHAAcTCHd HauTH ONTUMAJIbHYIO
«pe30HaHCHYI0 mapy». s Hanbosiee pacrpoCTpaHEHHOTO HU30TOIMA *"Fe moncku «PE30HAHCHBIX
nap», OpuBein K BbIOOpY ABoitHOrO eppornmannna kamus KoMgFe(CN)s, criekTpanbHas JTUHHS
KOTOPOTO TMOYTH MOJHOCTHIO coBmagaeT ¢ JuHuer ucrtounuka Co(Cr), oHaKO, K COXKaJICHUIO, IS
sTOro coenuHeHus f-gpakrop umeer HebGobIIyI0 BennuuHy ~ 0,4. Haunmyuymmmu napamerpamu ass
HKCIICPUMEHTOB C JKEJI€30M IMOKa3aau Obl KOHBEPTOpHI W3 cruiaBoB FespAlsy m FeGe,, nmerorme
CCTCCTBCHHYIO HNIUPUHY JIMHUU U f-(l)aKTOp ~ 0,6 OI[HE[KO CIICKTPAJIbHBIC JIMHHUU 3TUX CIIJIABOB HE
COBIMAAAaOT HU C OAHHUM H3 IIPUMCHACMBIX Ha ITPAKTUKE HCTOYHHUKOB.

B HaCTOﬂIJ_ICﬁ pa60Te IJId KOMIICHCAllMU H30MCPHOI0 cCABUIra MCKAY HCTOYHHKOM U
KOHBEPTOPOM IpeAIaracTCsa UCI0Jb30BaTh AOIMOJHUTCIIBHYIO CUCTEMY )IOHJIepOBCKOI)'I (001" 920005041
C MIOCTOSIHHOH CKOpPOCThBIO, HpHHaBaCMOﬁ HCTOYHUKY. Takas cxemMa MHO3BOJAET paCiipuThb Kpyr
MeccOayIpOBCKUX HM30TOMOB, JJII KOTOPBIX MOMKET OBbITh pealn30BaH NPUHIUI PE30HAHCHOTO
ACTCKTUPOBAHUA U CHU3UTH Tpe6OBaHI/I${, MMPEABABIACMBIC K BCIICCTBY PE3OHAHCHOI'O KOHBEPTOPA.
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HNPUMEHEHUE METOJA KPUOABTOPA/IUOT'PA®UHN JISA JTUATHOCTUKHU
MECCBAY2POBCKUX UHCTOYHUKOB
[MankpatoB JI.A., Kopo6kor B.U., Kymukos JI.A.
Mockosckuii ecocyoapcmeennwiii ynusepcumem um. M.B.Jlomonocosa, Mockea, Poccus
pankratov@radio.chem.msu.ru
APPLICATION OF CRYOAUTORADIOGRAPHY METHOD FOR DIAGNOSIS OF
MOSSBAUER SOURCES
Pankratov D.A., Korobkov V.I., Kulikov L.A.

Developed and tested technique of autoradiography of radioactive sources at liquid nitrogen
temperature. The possibilities of modern nuclear emulsion at cryogenic temperatures are studied.
Obtained cryoautoradiography real objects — the Mossbauer source and frozen alkaline solution of
>"Co without a carrier.

HccnenoBanne METOIOM SMHUCCHOHHOW MecCOay’pOBCKON CIEKTPOCKOINWHU, KaK IPaBUIIO,
MpearoiaraeT  M3rOTOBJICHHE HCTOYHMKOB  HW3Iy4eHUs, COJAepKaluxXx MeccOay’poBCKUM
PalIMOHYKJIHMJ B MaTpUIAX HCCIEAYeMOTO BemecTBa. lIpM 3TOM JOCTOBEPHOCTH MOTYyYaeMBIX
PE3yNbTAaTOB, KPOME MPOYET0, OMpPENesieTcs NeHCTBUTEIBHBIM paclpeielIeHHeM PaAuOHYKINIA B
BeniecTBe. Jlokanu3amus paguoHyKINa B OTJACIBHBIX (Pa3ax MHOTOKOMIIOHEHTHBIX 00pas3IoB WK
oOpa3oBaHHe KM COOCTBEHHBIX (pa3 MOXKET MPUBECTH K HENPAaBHIBHON HHTEpPIpPETALUU
MOJTy4aeMbIX IMHCCHOHHBIX MECCOAaydpPOBCKHX CIEKTpOB. OCOOEHHO OCTpPO 3Ta MpodiemMa CTOUT
IpyH  U3YYCHHH 3aMOPOXKEHHBIX pPacTBOPOB  METOJAOM JMHCCHOHHOM  MeccOay’pOBCKOM
CIICKTPOCKOIIUH. ABTOpaIlI/IOFpa(bI/IH ABJIACTCA, HABCPHOC, CIMHCTBCHHBIM JOCTOBCPHBIM U IIPSAMbBIM
METOJIOM OMpEeJIeICHHs PACIIPEIEICHUS IPUMECHBIX PAAUOHYKIUIOB B BemecTBe. OnHako oObYHas
METOAMKA aBTOpaauorpadguu mpearnonaraeT M3y4yeHHe TBEpAbIX 00pas3loB NpH KOMHATHOU
temreparype. M3ydeHue ke 3aMOpPOKEHHBIX PACTBOPOB JOJDKHO BKJIIOYATh MPOBEACHHUE BCETO
e . 1 TUKJIA HOJTyYECHUS]

E ‘.“ﬁ ) o aBTOPaUOrpPaMM npu

HU3KHX TeMIlepaTypax.
B wnacrosmieii pabote
& TPEICTABJICHBI PE3YJIBTATHI
aHaim3a BO3MOXKHOCTH
aBTOpaanorpaduIecKkoro
UCCIIEIOBaHUS ~ 00paslioB,

7

coJIepKaIInX S Co, c

. UCIIONIb30BAHHEM  COBpE-

L A 1 mm MEHHBIX (oTorpaduueckux

e N [CTCKTOPOB, B TOM YHCIE H

KpHOaBTOpa HOrpaMMBI: A — KapTHHA pacrpesienenus aromop PH TEMIICPaType KHIKOTO
a3o0Ta.

57
Co B 3aMOpOKEHHOM ILIENOYHOM pacTBope; b — cmemenne

CUMMETPUYHOCTH aKTUBHOM 30HbI CTAaHAAPTHOTO MeccOayIpOBCKOI0
uctounnka ° CO/Rh, a Takoke 3arps3HEHNE M0 ero MepUMETpy

[IpenyioxenHpie MeTO-
JUKHA MOTYT OBITh ITOJIE3HBI
npu W3y4eHUH
pacrpeseseH st aToMoB > CO B M3rOTOBJISEMBIX B TA0OPATOPHBIX YCIOBUSX PasTHUHBIX 0OBEKTAX
WCCIIEZIOBAaHMS, B YaCTHOCTH 3aMOPOKEHHBIX pacTBopax (puc.). KpoMe Toro, JaHHBINH METO] MOXKET
OBITH MCIIONIB30BaH U JUIs JUATHOCTHKHU CTAHAAPTHBIX MeccOayIpOBCKUX MCTOYHHMKOB. Hampumep,
MOTYT OBITh OXapaKTEepPHU30BaHBl TaKHWE TapaMeTpbl, KaKk CHMMETPHYHOCTh W PABHOMEPHOCTh
pacripeielieHus] aKTUBHOW 30HBI y MCTOYHHKA, @ TAKXKe CTETEHb 3arpsi3HEHHOCTH €ro MOBEPXHOCTH
paZMoOaKTUBHBIMU BEIIECTBaMU (puC.).

Pabora BrimonHeHa npu ¢puHaHcoBoi nmoguepkke POOU (mpoext Ne 10-03-01198).
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CHAMBER FOR IN SITU MOSSBAUER STUDY UNDER PRESSURE AND SHEAR
DEFORMATION UNDER PRESSURE
V.P.Pilyugin®, V.A.Shabashov?, A.l.Ancharov?,
E.G.Chernyshev?, A.M.Patselov!, T.P.Tolmachev*
YInstitute of Metal Physics UB RAS, Ekaterinburg, Russia;
?Institute of SolidState Chemistry and Mechanochemistry SB RAS, Novosibirsk, Russia
pilyugin@imp.uran.ru

The basis of design on the method of rotary F
Bridgman anvils used to study structural and BN
phase transformations during the deformation of
solids under pressure. In addition, the past quarter l /

L §

of 20™ century, this method was developed as
practically no alternative method to obtain the
deformation of nanostructured solid state by
megaplastic deformation.

To support applied anvil of VK-6 superhard
alloy with central apertures in the form of
spinnerets, the lower die in addition to the central IF%'I
aperture has a gap. I'-and X-rays pass through the Qtﬁ
anvils and sample by means of the input and
output apertures. Additional aperture in the %

obpazen

bottom of the anvil support to the Mossbauer
spectra and allows to obtain an X-ray diffraction
pattern from the samples using monochromatic i
synchrotron radiation and by X-ray tubes.
Applying the anvil of the c-NB with a diameter of 1-1.5 mm of working platforms in the foils of a
thickness of 30-50 microns, pressure up to 20 Gpa and high degrees of deformation are achieved.
The temperature range of study is 80-590 K. Such a high pressure can deform without breaking the
d-metals and alloys, including fragile or refractory. By the method of Mdéssbauer spectroscopy in
situ under pressure a significant increase of hysteresis is found in a (bcc) <> € (hcp) transition in
pure Fe and vy (fcc) < € (hep) transition in the alloys Fe-(40-55at.%) Mn in nanocrystalline structure
of the metal compared to conventional mono-and macrocrystalline state.
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OIITUMMU3ALIUA KOHCTPYKIIMU U TAPAMETPOB PE3OHAHCHOI'O
CIHUHTUVIAIIMOHHOI'O JETEKTOPA HA OCHOBE Fe
Kuraes B.B.l, CapebrueB A.I[.l, Cramenko B.B.’
1Haylmo-ucczze()oeamefzbcxuﬁ uncmumym ¢huzuxu FOucrnoeo ¢hedepaonvroco ynueepcumema,
Pocmoe-na-/{ony, Poccus
Z_machine@mail.ru
OPTIMISATION OF CONSTRUCTION AND PARAMETERS OF RESONANT
SCINTILLATION DETECTOR ON THE BASE OF °'Fe
Kitaev V.V., Sarychev A.D., Stastenko V.V.

With respect to recording background of Mosshauer source >’Co:Cr model of transmission
experiment was thoroughly analyzed. Parameters for best performance were determined through
investigation of series of sensitive elements with different thickness and layer quantity. Production
technique of sensitive element of resosnant scintillation detector was renovated with respect to
obtained data.

C yderom ¢GOHOBOI pErUCTpallUU U3MYYEHUS PATUOHYKIUIAHOTO HCTOYHUKA >'Co:Cr
paccMOoTpC€Ha MOJACJIb TPAHCMUCCHOHHOI'O M€CC6ay3pOBCKOFO OKCIICPUMCHTA C HCIIOJIB30BAHUCM
PE30HAHCHOT'O CUMHTWLISAIIMOHHOTO netekTopa (PC/I).

HOJIyquI)I BBIpaXXCHUA JJIA 3aBUCUMOCTH IMPOU3BOAUTCIILHOCTHU I/ISMepeHI/Iﬁ oT
CCJIICKTUBHOCTHU N 3(1)(1)6KTI/IBHOCTI/I peructpanuu p€30HAHCHOT'O ACTCKTOpPA U CPaBHCHUS CO ClIydacM
UCII0JIb30BaHUS TOHKOTO Hepe30oHaHCHOTO jieTekTopa Ha ocHoe Nal(Tl).

C LCJIBHO YIIYYIICHHUS IIapaMCETPOB PCI[ MOJCPHU3UpPOBaHA TCXHOJIOTHA HX HM3TOTOBJICHHA,
YMEHBIIIEH pa3Mep dacTull Kousepropa 10 0,1 MkM, pa3paboTaHbl TEXHOJIOTUS MOJIYYCHHUS TOHKUX
IUICHOK CHUHTUJIALKMHHOIO MaTCpualia TOJ'IH.[HHOf/i a0 1,5 MKM M HOBasg MCTOJHKA PaBHOMCPHOI'O
HAaHCCCHUA HAa YKA3aHHYIO IIJICHKY YaCTHIl pE30HAHCHOI'O KOHBCPTOpPA.

Nzrorosnensr cepun PCJl ¢ pa3auvHBIM KOJIMYECTBOM CIIOEB M PA3TUYHOU 3P (HEKTHUBHOMN
TOJIIIII/IHOﬁ. I/ISMepeHI)I HUX MapaMCTpbl U IMOJYUYCHBI OITHUMAJIBHBIC XAPAKTCPUCTUKHU ACTCKTOPOB,
cooTBeTCTBYIOIIME 3 (deKkTuBHONW TommuHe KoHBepTopa C; = 1.5 — 2.0 npu KoJMYecTBEe CIOEB,
paBHoM 15, oOecneuuBaroniyie MaKCUMaJbHYIO IPOM3BOAMTEIBLHOCTh TPAHCMUCCHOHHBIX
U3MEPEHUM.
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197 Au MOSSBAUER EXPERIMENT AT THE NEW IN-BEAM MOSSBAUER
SPECTROSCOPY STATION AT THE BUDAPEST RESEARCH REACTOR

Stichleutner S.}, Belgya T.}, Lazar K.
ICentre for Energy Research of HAS, Budapest, Hungary
E-mail: stichleutner.sandor@energia.mta.hu

Although, the Mossbauer effect has been shown on 108 transitions of 44 elements, the
majority of the measurements are performed with *’Fe and "°Sn. The main barrier of Mdssbauer
experiments with the rarely used Mdssbauer nuclei is the difficulty of their production in excited
state due to the short half-life. This problem can be solved by the help of in-beam Madssbauer
spectroscopy, where the Mossbauer source is produced by (n,[]) reaction by a continuous neutron
irradiation. For measuring the Mdssbauer effect of 29.4 keV transition of 40K, which is one of the
most promising Mdssbauer nuclide for the biological studies, is only possible by a continuous
irradiation.

A new in-beam Mossbauer spectroscopy station is being built at the Budapest Research
Reactor [1,2]. The continuous neutron irradiation of the target is ensured by a cold neutron flux
transmitted by a focused supermirror guide with a flux of 10° n cm™ s at the target position. The
diameter of the beam is 1x1 cm? The neutron beam enters through a thin vertical window into the
cryostat and leaves on its opposite side. A specially constructed liquid helium cryostat, working
between 1.4-325 K, is installed for the Mdssbauer spectroscopic measurements. A helium recovery
system was also constructed and installed for the collection and recycling of the helium gas. The
Mossbauer velocity transducer (WISSEL) is fitted at the top of the cryostat and an aluminium
moving rod, connected to the transducer, moves the source up and down in the neutron beam.
Mossbauer spectra are recorded by Nal(Tl) scintillation counters. The data acquisition system is
equipped with an 8K channel pulse height and Mdssbauer analyser, which is connected to a PC via
an USB port. An advantage of this in-beam Maossbauer station is the possibility of performing
simultaneous prompt-gamma measurements on selected nuclei.

The first Mossbauer measurements on the new in-beam Mdssbauer spectroscopy station were
performed in offline mode using the 77.34 keV of **' Au transition of a **'Pt source with a half-life
of 19.9 h at 80 K. The source was produced at the Budapest Research Reactor by neutron irradiation
of a2 100 mg, 50 [Im thick and 1 cm in diameter platinum foil 94.57% enriched in ***Pt. The neutron
flux applied was 6x10* n cm™ s with an irradiation time of 12 hours, which produced a **'Pt
source of 1 GBq activity. The absorber used was a 25 pm thick gold foil. ®’Au Mdssbauer
spectroscopy has promising applicability in the field of catalysts containing gold nanoparticles.

The in-beam Mossbauer facility will become a proper tool for the investigation of the
Mossbauer effect on a great variety of nuclides. A broad range of applications in structural
chemistry is also foreseen.

This work was supported by the Hungarian Scientific Research Fund under project No.
K91093.

[1] Belgya T., Lazar K., Hyperfine Interactions, 167 (2006) 875-879
[2] Belgya T., Lazar K., Journal of Radioanalytical and Nuclear Chemistry, 276 (2008) 269-272

167


mailto:stichleutner.sandor@energia.mta.hu

MOAYJAIUA MECCBAY2OPOBCKOI'O U3JTYYEHUSA
UMITYJIbCHBIM JIASEPHBIM BO3BYXIEHHUEM

Barusos ®.I'!, Cagpixos D.K.%, KouapoBckas 0.A?
'Kasancruii (IIpusonoicckuil) ghedepanvusiii yrnusepcumem, Kazano, Poccus
2HHcmumym npuxaaonou ¢uszuxu PAH, Huxcnuuii Hoseopoo, Poccus

vagizov@hotmail.com

MODULATION OF MOSSBAUER RADIATION BY LASER EXCITATION
Vagizov F.G., Sadykov E.K., Kocharovskaya O. A.

We present the first experimental observation of a modulation of the Mossbauer radiation by
pulsed laser excitation. The time domain spectra are in good accord with the model based on
frequency modulation of the Méssbauer radiation while one is propagating through a vibrated
resonant absorber.

B Hacrosiiee Bpemsi ONTHKO-aKycTUYeCKUH 3(D(EKT MHMPOKO HCHONB3YETCs B PAa3IUYHBIX
obnactsax Hayku u TexHUKHA. CyTh 3(ddekTa 3aKkiouaeTcss B TOM, YTO IMOTJIOIMICHUE HMITYJIbCHOTO
Ja3epHOr0 M3IY4YEHHUS B TBEPAOM TeJe M MOCIEAYIolasl pejaKcalis ONTHYECKOro BO30YXKACHUS
OPUBOAAT K JedopMalMy KPUCTAJUIMYECKOH pEeHIeTKH W BO30YKICHHIO aKyCTHUYECKUX BOJH.
Peructparusi akyCTHYECKHX CHUTHAJIOB JA€T BO3MOXKHOCTh MOJYYUTHh IEHHYIO HHQPOPMAIUIO O
(GU3NYECKUX CBOMCTBAX HM3y4aeMOTro OOBEKTa WM MPOIECCOB, HHIYIUPOBAHHBIX Ja3epHBIM
u3nydeHueM. lIpu uM3MepeHuu aKyCTUYECKHUX CHTHAJIOB OOBIYHO HCIHOJB3YIOTCS MbE30AATYUKH,
ONITUYECKHE CXEMBbI PETUCTPALNY, HHIYKIIMOHHBIE KaTyIku u Ap. Jlo cux mop s dext Meccbayspa
JUIS 3TUX LEeJIe He IPUMEHSIICS.

B nanHOI pabore cOOOLIAIOTCS SKCIIEPUMEHTAIBHBIE PE3YJIbTAaThl 110 HUCHOJIb30BAHUIO Y-
PE30HAHCHOTO MeETOoJa JUISl PEerucTpaly aKyCTHYEeCKHX KoJeOaHUl pe30OHaHCHBIX sJep,
MHIYLUUPOBAHHBIX MMITYJIbCHBIM Ja3epHbIM u3iydeHueM. llpeiaraemas MeTonuka MOXKET ObITh
MOJIE3HOM KaKk B TraMMa-ONTHKE, TaK U B HCCIEAOBAHUSAX OCOOCHHOCTEH MAarHUTHO-YIPYTHX
B3aMMOJICHCTBHI B TBEpAbIX Tenax. MHTepecHBIM mpuiokeHueM sl u3ydeHus 3¢dexron
KBaHTOBOM MHTep(epeHnn MOrjio Obl ObITh T€Hepalus IOCIEJOBAaTEIbHOCTH KOPOTKHUX Y-
UMITyJIbCOB, MHIYLMPOBaHHAs MMIYJIbCHBIM JIa3€pHBIM H3lydeHueM. Kak wu3BecTHO, mpu
. YIBTPa3ByKOBOU MOAYJSLUN HMCTOYHUKA,
1101 MIPOXO’KJEHHE YACTOTHO MOAYJIMPOBAHHOTO U3ITYYECHHUS

A : ! r ¢ ; $14¢ uepes MeccOaydPOBCKYIO JMCIIEPCHOHHYIO — CPEIy
105 \ q 1 A MIPUBOJIUT B OIpe/IETICHHBIX YCIOBUSIX K
s (OpMHUPOBAHHIO TOCIEIOBATENIBHOCTH KOPOTKHUX Y-
00} UMITYJIbCOB C  JIIUTENIbHOCTHIO MEHBIIE BpEMEHHU
XKHU3HU 47pa B BO30yK7eHHOM cocTosiHuH [1]. HegaBHo
0.5 3TO SIBJIEHHE OBLIO IKCHEPUMEHTAIBHO MOATBEPIKIEHO,
" J i V UCHOJb3Ys Mbe30-MIpeodpa3oBarens [2].

090F * ¢ } IR A Ha pucynke npuBeieHa BpeMEHHAas 3aBHCUMOCTb
57

N(t) /N,

—— 20 0 o 100 Y-M3JIydeHus, npolueamero yepe3 kpuctam MgO:Fe

Time, usec npu Bo3zaeiicTBur ummyibcHoro Nd:YAG maszepa €
gactoToii cinenoBanus 10 k', B padote obcyxnatorces

METOJIbl  aHallu3a BPEMEHHBIX CIEKTPOB, UX OCOOEHHOCTH MNPU PACCTPOHKE OT pe3oHaHCca U

BO3MOXHOCTb IIPUMEHEHUS METOAMKM JUIA H3YYEHUS MAarHUTHO-YIIPYTMX B3aUMOJECUCTBHIA,

VMHJYIIMPOBAHHBIX JIA3€PHBIM M3JIy4eHHEM. /[0 CHX MOp Takue HMCCIEeNIO0BaHUs IMPOBOAWIACH HA

OCHOBE PErUCTpAllM¥ CUTHAJIa UHIYKUUU C U3MEPUTENbHOW KAaTyIIKH [3], 4TO 3aTpyAHSIET aHaJIU3

BPEMEHHBIX 3aBUCUMOCTEH MPH HAIMYNUN HECKOJIBKUX MarHUTHBIX MOApEIeToK. MeccOayIpoBCKHid

METO]I PETUCTPAIIUU OCHUIUISAIUN TO3BOJIWI OBl BBISIBUTH OCOOEHHOCTH ITHUX B3aUMOJICHCTBUMN st

KaXJ0 MarHUTHOW MOJPEMIETKH OTIIEIBHO.

1. E. Kuznetsova, R. Kolesov, O. Kocharovskaya. Phys. Rev. A, 2003, 68, 043825.

2. F.Vagizov, et al., Phys. Rev. Lett. 2012 (to be published).

3. D.L. Dorofeev, G.V. Pakhomov, B.A. Zon. Phys. Rev. E. 2005, 71, 026607.
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VELOCITY RESOLUTION IN MOSSBAUER SPECTROMETRY.
AN INCREASE IN THE QUALITY OF MOSSBAUER SPECTRA MEASUREMENT
WITH INCREASE IN VELOCITY RESOLUTION

Semionkin V.A., Oshtrakh M.I.

Department of Physical Techniques and Devices for Quality Control and Department of
Experimental Physics, Institute of Physics and Technology, Ural FederalUniversity, Ekaterinburg,
Russian Federation

E-Mail: sval946@mail.ru

One of the main parts of Mdssbauer spectrometer is the Doppler modulation system (velocity
driving system) because it determines the energy shift of y-rays to reach resonance absorption.
Therefore, the quality of Mdssbauer spectrum depends on the quality of the Doppler modulation
system. Extremely high sensitivity of nuclear transitions in the case of hyperfine interactions to the
y-rays energy (down to 10°° eV for >’Fe) limits the velocity error for the driving system. Therefore,
in the present work we consider the quality of Mdssbauer spectrometers on the basis of velocity
driving system and velocity resolution. The methodological principles of velocity resolution as
additional characteristic of the quality of both Mdssbauer spectrometer velocity driving system and
Mossbauer spectrum are suggested. Velocity resolution is a term denoted the smallest velocity step
in velocity driving system in Mdssbauer spectrometer and velocity for the one point in Mdssbauer
spectrum. Velocity resolution in Mdssbauer spectrometer is constant while velocity resolution in
Mossbauer spectrum may be the same or less. Mdssbauer spectroscopy with a high velocity
resolution is a new method to measure precision high quality spectra. Usual spectrometers are used
sinusoidal or triangular velocity reference signal and 256 or 512 bits to form velocity signal. Such
velocity driving system provides spectra measurement with a low velocity resolution (registration in
256 or 512 channels) with possibility to decrease measurement time and to reach needed signal-to-
noise ratio by spectra folding on the direct and reverse motion. However, these driving systems do
not provide a low systematic error for velocity signal while folding increases integral velocity error
due to different velocity errors on the direct and reverse motions. These problems can be neglected
if high precision is not required for spectra measurement. Nevertheless, further development of
Mossbauer spectroscopy may be related to increase in precision and quality of spectra measurement
with less instrumental (systematic) velocity error and to increase in velocity resolution for both
spectrometer and spectrum. A new velocity driving system was developed for Mdssbauer
spectrometer SM-2201. This system uses saw-tooth shape velocity reference signal formed using
4096 bits. This velocity reference signal is formed using eleven-fold integration of the superposition
of Walsh alternating functions. An automatic regulation of this velocity reference signal combines
regulation in a negative feedback loop with direct force regulation by a reference signal, its the first
integral, and its the first and the second derivatives. On the basis of SM-2201 and liquid nitrogen
cryostat with moving absorber a new automated precision Mdssbauer spectrometric system with a
high velocity resolution was created [1, 2]. Characteristics of this system demonstrated a high
stability, precision and accuracy in the measurement of Mossbauer spectra in 4096 channels. In
spite of substantial increase in the measurement time, spectra measured with a high velocity
resolution permitted us to obtain Mossbauer hyperfine parameters with systematic errors at least 8
times less than in the case of spectra measurement in 512 channels as well as to fit complicated
Maossbauer spectra with better quality. Various applications of Mdssbauer spectroscopy with a high
velocity resolution in comparison with similar studies with a low velocity resolution demonstrated
new possibilities of this technique.

1. Semionkin V.A., Oshtrakh M.l., Milder O.B., Novikov E.G., Bull. Rus. Acad. Sci.:
Physics, 2010, 74, 416-420.

2. Oshtrakh M.I., Semionkin V.A. Spectrochim. Acta, Part A, 2012, DOL:
10.1016/j.saa.2012.03.020.
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123, 131, 132
126

23

28

47

128, 133
42,159, 168
39

64

30, 60
106

40

61

90

132

64

38, 62
109, 118
61

143

42

25, 31, 64,
71

146

71

95, 156
25, 64
26, 32, 43, 160
65

42

30, 60
119

82

25, 64

39

37



Henymenko C. K.
Hees. C. M.
Jmutpuesa T. B.
Hmutpuesa T. T'.
Hy6unckas 1O. JI.
Hyrnas A. B.
Hynos E. H.
Hpikman P. JI.
Encykos E. I1.

Epemun E. B.
Epémuna M. A.
Epemuna P. M.
Epemkun B. B.
Epmakos A. H.
XKo6anos B. A.
Kununa T. H.
Konynes C. U.
3aBap3una []. I
3akapuna H. A.
Samyukuii A. A.

3amaToBckuii A. E.

3axaposa U. H.
3emmosa H. JI.
3exuep M. 1O.
N6parumosna 3. X.
Hsoitnos H. T'.
Nnbunbix U. A.
Hpxkaes C. M.

Kanpipxanos K. K.

Kazaxos A. I1.
Kazakos C. M.
Kamoxnaas I'. A.
Kamennes K. E.
Kamnes A. A.
Kapemuna E. E.
Karaesa H. B.
Kucenesa T. 1O.
Kwuraepa B. B.

Kneitnepman H. M.

Krexoskuna B. B.
Koszuu M. T'.
Koznos K. A.
Konoaxun 1. A.
Konosainona A. O.
Komaes A. B.
Kopxenxnii 1O. B.
Kopo6kos B. 1.
Kopones A. B.
Koportkos H. 1O.
Kopmynos B. A.
Kopmynos JI. T'.

122, 134
118

41

72

41

42

39

117

38, 62,67, 77,
87, 89, 91, 105
124

89

o1

59

26, 43

76

108, 114
82

108, 114
132

144, 148
92,103
147

88

161

137

39

76, 82

163

106

108

30, 52, 60
30, 60

28

110, 117
137

83, 93
76,82, 111
166

61, 90, 101
42

155

93, 94

91
33,44, 45, 46
47

41

164

38, 62

30, 48, 52, 60, 71
118
92,103

172

Kocursma U. 1.
Kouapogckas O. A.
Komenen B. I1.
Kysuenos /l. B.
Ky3smun P. H.
Kynukos JI. A.

Jlarytuna E. C.
Jlesuna B. B.
JlutBuHOB A. B.

Jlomaena C. .
Jlomanosa H. A.
Jrooyrun U. C.

JIsmikoB K. A.
Manakosa U. A.
Mamnanos P. A.
MaparkanoBa A. H.
Mapreinenxko C. C.
Marnnes M. E
Mensenena H. 1.
Mexyes E. M.
Munns b. B.
Mumenko Y. H.
Mokisk B. B.
Mymnukos H. B.
HaymoB I1. T'.

Huremaryminna . W.

Huxutua M. I1.
Huxntun C. M.
Hwuxutnna E. A.
Hosakosa A. A.
Osunnuukos B. B.
OBunnHuKoB C. I
Ozepnoii A. H.
Ocetpos E. .
Octaduituyk b. K.
ITankpatos /1. A.

[Tanuenko B. 1.
[Tanuyxk B. B.
ITapdenos B. B.
[TenbkoB U. H.
IlepBakos K. B.
ITepmunosa 1. B.
IIepynos U. B.
[lepdunbes 1O. /1.

[Terpos B. U.
ITerpos I'. K.

100

168

155

76

144, 148
128, 133, 134,
164

43

76

83, 92, 93, 94,
103

87, 89, 105
37

27, 30, 40, 41
48, 50, 52, 60,
71,143
83,92, 94
106

146

87,105

95, 156

25, 157

63

121

50

35,112

47

61

50, 143

51

118

26, 32, 43
26, 32

76, 82,111
65, 158

143

106

124

47

119, 125, 136,
137, 164
109, 112, 118
37,163

51

42

48

119

30, 52

122, 128, 133,
134

95, 156

159



Ilerpos 1. A.
TToxatunos B. B.
TToxarmnos B. C.

[Tonukapnos 1. M.
[Tonukapnos M. A.
ITonsaxos A. 1O.
ITomoB A. T'.
IToxomnoxk K. B.
IIpecusxos N.A.
[Ipotacos A. B.
Ilynanos B. M.
IIaraeB A. B.
PaGuesckuii E. B.
Pepsaxun A. C.
Pomuonosa JI. U.
Pozanos K. H.
Pomanos U. 0.
PomanoBa T. A.
Pomames JI. H.
Pomamxkuna H. JI.
Pycaxos B.C.

CaBuenko A. T
Carapanze B. B.

Canakos A. B.
Canpixos 3. K.
Capsiues A. /1.
Capsrues /1. A.
Cenpix B. JI.
CenbmoB H. A.
CemenkuH B. A.
Cemenos B. T
Cepukos B. B.
Curos A. C.
CuinaeB A. A.
CunaeB A. A. (M11.)
CwmupnoB A. B.
Cwmortpakos B. T
CoboneB A.B.
Conosses JI. A.
Copkuna T. A.
Crapuukos C. C.
Cramenko B. B.
Crenanos C. B.
CrpyxxuH B. B.

Cuactinusues B. M.

Tabaruuxosa T. Y.
Tarupos JI. P.

87

96, 97

32, 33, 44, 45,
46, 53, 54, 72,
79, 96, 97
118

35, 109, 112
119

90

126

25, 31, 64,

91

48

51, 146

124

161

136

87

158

30, 60

65

155

25, 31, 36, 62,
64, 106, 108,
114, 157

70

88, 92, 93, 99,
100, 103

48

159, 168

166

59, 161

36

144

158

37,163

61, 90, 101
33, 44, 45, 46, 79
160

160

136

59

25, 31, 64,
124

119, 137

41

59, 166

128, 133

143

101

101

39

Tepemenxo H. A.
TkaueB A. B.
Tonmaues T. /1.
Tyktun b.
TroTIoHHUKOB A. A.
Vnesaos A. JI.
VYcrunos B. B.
®abpuunsiii I1. b.
®dunumonos /1. C.
@unnnmenko JI. B.
®ummmnmos B. I1.
®pouios K. B.

®ynToB K. O.
Xaitoymun P. U.
XBactyHos C. M.
Xnwi6os E. 1.
XpunyHos /[. M.
Hypun B. A.
Uepemnanos B. M.

Yepuenko H. JI.
Yucrsakosa H. U.
Yyer M.A

Yymakos A. U.
[la6amos B. A.

IManxuu A. A.
IITanosanosa JI. b.
[IInukapes A. A.
unumua A. M.
Iyummma M. A.
[IIxyparos B. 4.
IOproB E. B.
OpoeB A. U.
IOpbeBa O. N.
Sronxun 10. 1.
S3o0Bcknx K. A.
Sxosaera U. JI.
SIckeBuu B. W.

102

71

31

131

32

89, 91, 105
65

121

126

155

156

30, 40, 48, 50,
52, 60

41

39

111

48

39

65

28, 35, 109, 112,
118

92

108, 114

24, 35, 109, 112,
118, 148

151

80, 83, 88, 92
93, 94, 99, 100,
102, 103
108, 114

131

146

147

147

28

70

125

34

70

105

101

131, 132



HAYYHO-UCCNEQOBATENBCKUA UHCTUTYT GU3UKU
HOXXHOIo ®EAEPAJNIbHOINO YHUBEPCUTETA

Meccb6ayapoBckui cnektpometp MC-1104Em

MC1104EM  npepgHasHayeH  Aans
TPAHCMUCCUOHHBIX W 3MWUCCUOHHBLIX MEC-
cOayapOoBCKUX W3MEpPEeHUin ¢ (hUKCUpOBaH-
HOW reomeTpuen npu TemnepaTtypax oT
KomHaTHOW Ao 85 K. KoHCTpykuusa cnek-
TpomMeTpa MNo3BOMsieT NpoM3BOAUTbL M3Me-
peHuss meccbayapOBCKUX CMEKTPOB KaK C
nepemelleHnem meccOayapoBCKOro McC-
TOYHMKA, Tak U uccnegyemoro obpasua.

KonuuecTBo OfHOBPEMEHHO U3MEPSIEMBIX CMIEKTPOB 1 unm 2 (no BbIGopy)
MaKCMMEJ'Ibele 360"“49 3HA4YeHWHd CKOpPOCTU T1A 255 no, unana-
S P pOCTI A an 0.5 — 100 Mm/c

C NMOCTOSIHHBIM YCKOPEHWEM B pexuMax:
TpeyronbHOM; NunoobpasHoM; Ha 3a-
3aKoH ABWKEHWS NOrMOTUTENS MW UCTOYHKKA (Mo BbIGOPY) Npu [aHHOM WHTepBarne CKOPOCTEeW; Ha ABYX
n3mMepeHusx MeccbayapoBCKMX CNEKTPOB 3afaHHbIX MHTEpBanax ckopocTeli no-
nepemMeHHo C pasaenbHbiM HAaKonneHun-
€M CNeKTPOB B MHTEpBanax.
MakcumaneHan HeNnMHENHOCTL CKOPOCTHOW XapakTepUCcTUKN npu

MaKCUMasibHbIX CKOPOCTSX: <0.05% ot Vmax

0.5 —20 mm/c

20—100 mm/c <0.2% o1 Vmax

MpuMeHsemMbIe TUNbI AETEKTOPOB ch, PCO, Kamog*

YUucno kaHanoBs npv perucrpauum MmeccbayapoBckoro cnekrtpa (no 128, 256, 512, 1024

BbIGOpY)

Twn nopkntoveHus K MK ISA, USB

* lMpumevanune:C1 — cumHTUNNAUMOHHbLIA geTektop Nal(Tl) TonwwHon 0.1mm, PCL-

Fe,Sn,Eu — pe3oHaHCHble CLUMHTUNNALMOHHbIE AETEKTOPbI ANA 3TUX anemeHToB, KAM[ — ra-
30BbIN NPONOPLUNOHArbHLIA OETEKTOP KOHBEPCHMOHHLIX 3MEKTPOHOB.

CnektpomeTp MC1104E xapaktepu3yeTcs BbICOKOW MPOU3BOAUTENBHOCTLIO U TOYHO-
CTbl0 Meccbay3apOBCKUX U3MEPEHUIA, JOCTUraeMbIX 3@ CYET MCNONb30BaHUS «CXaToW» reo-
METPUU, @ TaKKe NMPUMEHEHUS BbICOKOIM(EKTUBHBIX M CENMEKTUBHBIX PE30HAHCHBIX CLWH-
TUNNSLUMOHHBIX BNOKOB AETEKTUPOBAHMWSA, NO3BONAKLWMX YNYYLWUTb SHEPreTUYECKoe paspe-
LUEHME NMUHMIA pe3oHaHcHoro nornowenunsa oo 30%. PaspaboTtaHHasa n ncnonb3yemas B Crek-
TPOMETpe METOAUKa NporpammHo-annapaTHoOW cTabunusaunm cnekTpoMeTpPUYEeCKoro TpakTa
No3BONSET NPOBOAUTL ANUTENbHbIE MeccbayspoBckue UamMepeHus 6e3 py4Hon NOACTPOMKM.
MeToa MoaynsiuMu B 3afa@HHbIX UHTEpBanax CKOpoCcTel No3BONseT CyLEeCTBEHHO NOBLICUTb
YyBCTBMTENBHOCTb U 3KCNPECCHOCTb M3MEPEHNI U B AIECATKN pa3 COKpaTUTbL Bpemsi onpeae-
neHns BenuuuH ad(peKToB pe3oHaHCHOro NOrMoWeHUs Npyu UccrneaoBaHuM TeMnepaTypHbIX
ha3oBbIX NEepexofoB C Manoil KOHUEHTpauuel Pe30HaHCHbLIX 3MEMEHTOB. INEeKTPOHHble
Bnokn cnekTpomeTpa pa3paboTaHbl HA OCHOBE COBPEMEHHOW 3reMeHTHOW 6a3bl ¢ ucnonb-
30BaHWeM nporpaMMuMpyeMbiX NOTMYECKUX MaTpul, U MUKponpoueccopoB. Perynupyembie
CNeKTpoOMeTpuYecKkne TpakThbl U BbICOKOBOMbTHbIE UCTOYHUKK NuTaHua ®3Y BCTpoeHbl B 6ro-
KM OETEeKTUpOBaHWs, MOAyNW ApaiBepa MoAynsaTopa W MHOrOKaHanbHOro HakKoNWTENs Bbl-
nonHeHbl B cTaHgapTe ISA 1 pacnonoxeHbl B npoueccopHoM 6noke komnbtoTepa nubo ycrta-
HaBnuealoTca B npeobpasosatens koaoB USB-ISA. 3agaHue M KOHTponb BCEX NapameTpoB
cnektpomeTpa U 06paboTka M3MEepeHHbIX CMNeKTPOB ocyuiecTBnAeTcs M3 paboynmx OKoH
ynpaenswLein n obpabartciBatoLien nporpamm.



HuskoTemnepatypHbIi MeccbayapoBCKUIA KOMMNNEKC

[JaHHaa moaucmkauma cnekTpomeTpa
MC-1104Em paspaboTtaHa ans wusMmepeHwuin
AO0EpPHbIX raMMa-pe3oHaHCHbIX CMEeKTPoB UC-
cnegyemMblX MornoTuTenen npu Temneparty-
pax 12-325 K v KOHCTPYKTUBHO COrnacoBaHa
Cc meccbayapoBCKON oOxnaxgawLllen cucte-
MO 3aMkHyTOro uwmkna. [lpeumyiecTBomM
CUCTEMbI, UCMONb3YILWEN renveBbld oXnax-
Jaowmin arperat 3amMKHYTOro LMKna siBMseT-
CAl BO3MOXHOCTb obecrneyeHusi HU3KUX Tem-
neparyp uamepeHus (ennotb ao 4.2 K) 6es
noTepb pacxofHbIX Matepuanos Npyv KOMNakTHOM pacnonoxeHnn obopyaoBaHus. Maonﬂuwﬂ
uccnegyeMoro nornotutens ot Bnbpauuu, cBA3aHHON ¢ paboTon komnpeccopa, obecneyn-
BaeTcAa 3a cyeT obecneveHns TennoobMeHa NOrnoTUTENS C OXNaxaalolen rofoBKown arpe-
rata yepes NpoOMEXYTOYHbIA CNon rasoobpasHoro renus u 3a cyet TwaTenbHon Bubponso-
NALMK cUCTEM MecchayapOBCKOro CNeKTpoOMeTpa, CBOAAWEN K MUHUMYMY OOMONHUTENbHOe
ylwmpeHue nNuHUA cnekTpa npu paboTte oxnaguTtenbHoro arperata. Bce pexumbl n xapakre-
PUCTHKN, CBONCTBEHHbIE MeccHayapoBckoMy crnekTpomeTpy MS-1104Em, npu aToM coxpa-
HAOTCA.

[lvana3oH BO3MOXHBIX TEMNepaTyp U3MepeHui 4.2-325K
Bpemsa oxnaxgeHus obpasua 40 MUHUManNeHOW TeMnepaTypel He Bonee 3 yacoe
JdononHuTenbHoe yLMpeHne NuHMin MmeccbayapoBCKOro cnekTpa

npu paboTe cUCTEMbl OXNaXAEHUS HEGanEe L WM

Pexum ckopocTHbIX UHTepBanoB cnektpometTpa MS-1104Em

Mcnons3oBaHue cneuunansHo paspaboTaHHbiX YHKUUA OBMXEHUS B Meccbay3pOoBCKOM
cnektpometpe MC-1104EmM »n ero cxemOTexHUKa MNO3BONWAWM peanu3oBaTb W3MEPEHUA
hparmeHTOB MeccHayapOBCKUX CMEKTPOB Ha NMPOWU3BOMbHO 3aJaBaeMblX OOHOM UMW AOBYX
CKOPOCTHbIX MHTEpBanax. MiamepeHua Ha ogHOM MHTEpBane CKopocTewn LenecoobpasHbl npu
MCCnegoBaHMM C BbICOKOW CTATUCTUYECKOW TOYHOCTbIO Haubonee uHdOpMaTMBHBIX dhpar-
MEHTOB MeccbayapoBckoro cnekrpa. Liuknuueckue namepenus Ha AByX 3agaHHbIX WHTepBa-
nax cKopocTen nonepemeHHo (HanpuMmep, B 30He pe30oHaHca U Ha Kpblfe CnekTpa) ocyLLlecT-
BMAKTCA C CYMMWPOBaHMEM pe3ynbTaToOB OTAENbHbIX LUKNOB Ha KaXaom WHTepsane Ans
YCTPaHeHUs MCKaXeHuin, obycrnoBneHHbIX ApeidomM CnekTPOMEeTpUYEeCKoro Tpakra. JTo no-
3BOSISAET OCYLUECTBMAATb U3MEPEHUs TeMNepPaTypHbIX 3aBUCMMOCTEA MHTEHCUBHOCTU JIMHUW
cnekTpa npu a3oBbix Nepexoaax ¢ AOCTaTOYHOW TOYHOCTLIO 3@ MUHUManbHOE BpeMs faxe
npu Manbix (okono 1%) BenuynHax pe3oHaHCHbIX 3PdeKToB.



.El,eTeKTop KOHBEPCUOHHbIX 3MNMEKTPOHOB NnpeaHa3Ha4YeH anAa perncrtpauun 3neKTpoHOB
BHYTpeHHeﬁ KOHBEpPCUK, CONpoBOXAAaKLKMX aKTbl pe€30HaHCHOro nornoLieHus Meccﬁayapoa-
CKOro u3ny4yeHua u nony4yeHuda VIH(bOpMaU,VIVI N3 NOBEepPXHOCTHbIX CrnoeB MUccneayembix 06-
pa3uoB. KOHCTPYKUMS OETEKTOpa OONYCKAaeT pasMeLleHME B YYBCTBUTENBHOM obbeme, Kak
TOHKUX 06pa3uyoB, TaKk U OTHOCUTENbHBLIX MAaCCUBHbIX.

[eTekTop coCcTOUT M3 ABYX GMOKOB - COOCTBEHHO NPOTOYHON KOHBEPCMOHHOW Kamepbl K
cneKkTpomMeTpuyeckoro Grioka, BKMOYaKLWEro NporpaMMHO yrnpaeBnsieMble YCUnuTenb, AWC-
KPUMWUHATOP W  BbICOKOBONMbTHbLIA  WMCTOYHWMK nuUTaHus. OpurnHanbHas nporpaMMHo-
annapatHas cuctemMa crabunuMsauum CnekTpoMeTpuyecKoro TpakTa no3sonseT obecne4yu-
BaTb MOCTOAHHOW 3(PPEKTUBHOCTL PErMCTPaLMN KOHBEPCUOHHbLIX 3MEKTPOHOB B 3aJaHHOM
OKHE OUCKPUMUHALMKN C BbICOKOW TOYHOCTLIO, HE3aBUCKMMO OT (hryKTyauumn ra3oBoro noToka u
OPYrMX NPUYKH, BAUSAIOWMUX HA BENWYUHBI aMNNUTYA BbIXOAHBIX MMMYNbCOB. KOHCTPYKTUBHOE
ncnonHenne KOM-geTektopa NO3BOMSET yCTaHaBNUBAaTb €r0 Ha YXe UMeloLeMcs rHesae
kpenneHusa cnektpometpa MC-1104EmM 0AHOBPEMEHHO CO CUMHTUNNALUWOHHBIM AETEKTOPOM
W Npy uCCNefoBaHWM TOHKMX 0Opa3LoB OOHOBPEMEHHO W3MEpATb TPaHCMWUCCUOHHbLIE W
K3M-cnekTpbl.




BbiwaeT 10-15Y%

TMeyb kpenutcs k nnute cnektpometpa MC1104EM HeBbiNafgawLWmMMM BUHTAMU U NpU Heob-
XOAMMOCTY FETKO CHUMAETCS U yCcTaHaBnueaetcs obpatHo. OTKMAHOE KpenneHue nevun no-
3BOnAeT NpousBoaNUTb OonepaTUBHYIO 3aMeHy obpaslos, 6e3 ee oxnaXaeHws, rpadyvMpoBKy
CNEeKTPOMETPa U U3MepeHue MecchayapoBCKUX CNeKTpoB 06pasLOB Mpu KOMHATHOW Temmne-
paTtype B reoMeTpun ¢ ABUXKYLLIMMCA MCTOYHUKOM nubo NornoTUTENEM, B TOM YUCTIE B «CXa-
TOWM» reoMeTpun 1 ¢ NPUMEHEHNEM PE30HAHCHBLIX ETEKTOPOB.

LIQUID - NITROGEN
CRYOSTAT

Po—Y

MS-1104EM N 30-10

MakcumanbHas paboyas Temnepartypa no 530°C
lasoBas cpepa okucnutensHas (Bo3gyx)
Tennowsonsauus MUHEepansHasi BaTa
BakyymMHas oTkauka He TpebyeTcs
OxnaxaeHwe ne4un BosgywHoe
YnpasneHue TeMnepaTtypon ne4u MUWKPONPOLECCOPHbLIA KOHTpONNep
[MorpeLuHoCcTb YCTaHOBKY U yAEep)KaHus Temneparypbl He Bonee +1°C
MoTpebnsiema MOLHOCTb Neyn He 6onee 40 Bt
Temnepatypa koxyxa u conaHues neuu (6es o6aysa) He Bonee 180°C
KoHTakTbI

Apgpec: 344090 r. PoctoB-Ha-[loHy, np. Ctayku 194
Ten.: 8 (863) 2975056
®dakc: 8 (863) 2434816
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Isotope Products

CepuiiHblie MeccbayapoBckue UCTOUHUKHU

5 7 “Co Tw=271.8d

-
o
5/2° ‘ 136.4 keV

3/ 14.4 keV

Yu

Meccb6ayapoBCKkuii pe30oHaHC Ha xenese-57

AKTWBHOIA 4acTbl0 MCTOYHMKA C KoBGanbToM-57  siBnsieTcs
TOHKas MeTannuuyeckas ¢onbra-maTpuua, B  KOTOPYIO
pagnoHyknua “'Co BHegpeH Tepmoanddysuell B BHICOKOM
Bakyyme. CtaHpapTHO marpuuei sisnsertca donbra poavs
TOALLMHOMK 6 MKM.

MaTpuupl U3 Apyrx MaTepuanos AOCTYMHbI MO 3anpocy.

Paamep AxT,

Kopnyca 4YacTb Tun ARTHBHOSTE Ko
DxH, d, Kopnyca i A
MM MM
5 185  MCo7.161
B ’ ® 10 | 370 | MCo7.162
5 185 | MCo7.111
10 | 370 | MCo7.112
1x13 | 8 5 25 925 | MCo7.113
50 1850 | MCo7.114
100 3700 | MCo7.115 |
5 185 | MCo7.121
10 370 | MCo7.122
14x14 8 1 | 25 925  MCo7.123 |
50 1850 MCo7.124
100 3700  MCo7.125
5 185 | MCo7.171
paladl R ’ 10 870 | MCo7.172
5 185 | MCo7.181
10 370 MCo7.182
12%6 10 8 25 925  MCo7.183
50 1850 MCo7.184
100 3700 = MCo7.185

OKCNepuMMeHTanbHasa LWWPUHA LEHTPasnbHbIX KOMMOHEHT B
crnekTpe nornowenna gonbru «-Fe TonwuHoi 27,3 Mkm:
0,23 - 0,25 Mmm/c.

+ Kopnyc TMna 1,3 4 Kopnyc Tuna 5,6

194223, CaHkT-leTepbypr, yn. KypuaToBa, 4.10
Ten.: (812) 297 4463, (812) 297 2269

chakc: (812) 297 5887

info@ritverc.com

"""Sh T.=293.1d

119m

— 8.5 keV

n

32t 23.8keV

Yu
12t 0

Hogn n.a. 8,59%

MeccbayspOoBCKUiA pe3oHaHC Ha onoBe-119

AKTWBHOW 4acTbio MeccbayapOBCKOro UCTOYHWMKA C ONOBOM-
119m siBnsietcst kepamuydeckas Tabnetka, conepxaiias
CTaHHaT  KanbLua, CasnO,, CUHTE3UPOBAHHLIA  C
MCNOJIb30BAHNEM PAOMOHYKIMAA SN C BbICOKOW YAENbHON
akTuBHOCTHIO (>300 MKun/r).

119m,

Paamep AxT.
Kopnyca 4acTh Tun

AxTUBHOCTE

Kon

DxH, d, XOpiyoa MK# MBk
MM MM
2 74 MSn9.261
LA 6 5 185  MSn9.262
2 74 MSng.251
11x13 10 5 5 185 MSn9.252
10 370 MSn9.253
2 74 | MSn9.211
5 185 | MSn9.212
| a0 1 10 370  Msn9.213
15 555  MSn9.234
10 370 MSn9.233
18x14 | 15 3 15 | 555 | MSn9.234
20 740  MSn9.235
SkcnepMMEHTaanaﬂ LnpurHa JTNHU I pe30HaHCHOro

nornoweHns, uamepertas ¢ BaSnO, 0,1 mr Sn/cm®  He
6onee 0,80 mm/cC.

Knaccudukaums no 1ISO: C54243

MpoTecTnpoBaHo ANg TeMNepaTyp XUAOKOro renus
MpoBepsinuce Ans NpUMeHeHUs B rnybokoM Bakyyme
HasHa4eHHbIr cpok cnyx0bl: 5 net

Kopnyc TMna 8

Kopnyc Tuna 7

www.ritverc.com
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Isotope Products
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MnhaHnpyemsbie Meccbayaposckne UCTOUHUKM

1 51 'sm Tw=93y

Sm

\

\
NP\
\ .
N\

72t \ 21.6 keV
Nt Yu
\5/2 0

Bigy n.a. 47,81%

MeccbayapoBCKuii pe3oHaHc Ha eBponuun-151

O6pa3uosbie Mornoturenn

nonuMmMuaHan
nneHKa

ANIOMUHUA

Xeneso TD’;‘;‘:;:; il Kon Marpuua
0,13-0,25 MRA.22 FeC,0x2H,0
MpupogHoe | 0,13-0,25 MRA.2.3 Fe,O,
© 0,13-0,10  MRA24 KFe(CN)x3H,0
0,25-1,00 MRA.1.1  K,MgFe(CN),
O6orateHHoe 0,50-1,00  MRA.1.2  FeC,0,x2H,0
1,00-2,00 MRA.1.3 Fe,0,

194223, Cankr-letepbypr, yn. Kypyatosa, 4.10
Ten.: (812) 297 4463, (812) 297 2269

dhakc: (812) 297 5887

info@ritverc.com

1 21 m “"Sn Tw=50y

n .\“'-, B j

N

+\
2T\ 37.2keV

Yu
szt 0

1%sh  n.a.57,21%

MeccbayapOBCKUIA pe30HAaHC Ha cypbme-121

maTepuan noroTuTeNs
___nonnmnmuaHas

nneHkKa

O6pa3uoBLIe NOrNOTUTENU copepXaT oboralleHHoe (CTeneHb
oborauwerus 95.5%) nnu npupoaHoe xeneso.

Gdeppoumarug kanus wnu  deppouraHni,  Kanus-marHus
MMEIOT  y3KYI0  OLMHOHYHYIO  JNIMHWIO  MOTMOWEHWA B
MeccBayspoBckom cnekTpe. Juruapar okcanata xenesa
UMEET KBaApYrNONbHOE PaclUEnneHne, 4YTO MPYMBOOMT K
NOABNEHUIO ABYX Y3KUX NHWUIA B Mecc6ayapoBCKOM CrekTpe.
MornoTutenu Ha OCHOBE METANNIMHECKOrO Xene3a W okcuaa
Xeneza WMEIOT LWeCTb Y3KWX JIMHWIA MOrJOoWEHNA B
MeccHayapoBcKoM CnekTpe.

Bce 06pa3uoBbie NOMMOTATENW TLWATENBHO W3MEpsioTea Ha
aTTecToBaHHOM  oGopygoBaHuu. Kaxaplii  nornotutenb
NocTaBnSETCS COBMECTHO C NacrnopToM, B KOTOPOM yKasaHbl
M3MepeHHble BEeNW4MHLI  NapameTpos  MeccbayapoBckoro
criekTpa.

www.ritverc.com
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COopHUK MaTepHaJIOB

XII MexayHapoiHast KOH(DEpEHIHs

“MECCBAYPPOBCKAS CITEKTPOCKOIINS
1 EE IIPUMEHEHU >

Marepuasibl onmyOJMKOBaHbI B ABTOPCKON PEAKITUU.

00O «Bam nonurpadudeckuii mapTHep»
127238, Mocksa, UnbMeHckuit 1ip, A. 1, cTp.6
[Tognucano B meuats 10.09.2012
Tupax 120 k3. 3aka3 Ne 228778
Otneuatano B Tunorpadguu «llevarait.py»
OO0O «OpurvHalibHasi KOMITAHUS»

r. MockBa, JICHUHCKUIA MPOCTIEKT, 11.35

ISBN 978-5-4253-0477-3

07785425"304773" >
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