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NMPEOUCIIOBUE

Mbl xoTenu Gbl NPeanoXnTb BHUMAHUIO YnTaTenemn HaydHbli oTyeT JlabopaTopun HEMTPOHHOM
dusnkn um. N.M.®paHka 3a 2012 rog. lNepBas yacTb oTyeTa COAEPXKUT KpaTkMn 0630p pesynbTaToB
9KCMepUMEHTanbHbIX Y TeopeTu4eckux paboT no rmaBHbIM Hay4YHbIM HanpasneHusam JlabopaTopum —
dm3mka KOHOEHCUPOBAHHBLIX Cped, HEeWTPOHHas gaepHasd duauka, NpuKnagHble UccnefoBaHUa U
paspaboTka W Cco3gaHWe JNEMEHTOB  HEWTPOHHbIX  CMNEKTPOMETPOB  ANA  UCCreaoBaHUS
KOHAEHCMPOBaHHbIX cped. BTopas yacTb BkniovaeT B cebsi 0TYeTbl NO MOAEPHU3ALUU UMMYSTbCHOMO
peaktopa WBP-2 un passutuio HenTpoHHoro uctouHuka WPEH. [MpegctaBneHbl Takke CnNMcok
nyonukaumi 3a 2012 r., nHpopmauma O cemumHapax M KoHdepeHUusiX, opraHn3oBaHHbIX B JIHO, n
OaHHble O CTpyKType nepcoHana JIHO®. B nocnegHen 4yactu copepxatca 3KCnepuMeHTarnbHble
oT4eThl, 6onee nogpobHO oceellaroLme pag OCHOBHBIX HanpaBneHnn nccneaoBaHuin, NpoBOASALLMXCA
B JTabopatopun.

B 2012 rnaBHbiMK gocTmxkeHnamn Jlabopatopum SBNAOTCA:
* NosydeHne NNUEH3NM Ha perynspHyo akcnnyataumo peaktopa NBP-2M;
* BO30OHOBMEHME NOMNb30BaTENLCKON NporpamMmMel Ha cnektpomeTpax BP-2M;
* yCMELUHbIN 3anycK XONogHOro 3aMmeanuTens HeMTPoOHOB Ha peakTope NBP-2M.

Ob6a HeNTpOHHbIX MUcToYHMKa JIH®, — peaktop UBP-2M n yctaHoBka MIPEH, — otpaGoTanu
npmbnmanTtensHo no 1500 YyacoB Ha PU3NYECKNIA IKCNEPUMEHT.

JTabopartopus uMeeT cornaweHns o CoTpyaHMYecTBe B 00NacTu HEWTPOHHLIX MCCNeaoBaHUN
noytn ¢ 200 Hay4YHbIMN UHCTUTYTaMKN U yHUBepcuTeTamu n3 39 ctpad mupa. CyLlecTBEHHbIN BKNag B
3TO COTPYAHNYECTBO BHOCAT CTpaHbl-yyacTHULLI OUNAN.

B JIH® Ttpygatca 6onee 400 cotpygHukoB. B HayyHom wraTte JlabopaTtopumn coctoat 71
kaHangaT u 19 gokTopoB Hayk. B nabopaTtopun padotatot 70 cOTpyAHUKOB 13 cTpaH-ydacTHuY OUAN
(momumo Poccuiickon ®enepaumm), ns Hux donee aByx Tpeten monoxe 35 ner.

OpraHusaumsi exerogHblXx KOHMEepeHuun u Wwkon no Tematuke Jlabopatopum nomoraet
npvBneYyb Ha paboTy MonoAdbiX CneunanucToB, YTO SBMSETCS OAHOM M3 NPUOPUTETHLIX 3agad
anpekuun JTHO,

MOXHO C yBEpPEeHHOCTbIO ckasaTb, YTo JlabopaTopusa npoaormkaeT ycnewHoe U guHaMUYHoe
pa3BUTME, BbIMOSHASA Hay4YHble UCCNefoBaHMSA B MHTepecax cTpaH-y4yacTHuy OUNAN.

B 2012 rogy wucnonHunocb 80 net co AHA OTKpbITMS HeuTpoHa [k. Yeasukom. B yecTb 3TOro
3HaMeHaTenbHoro cobbiTus Ha 0OMoXKe roAoBOro oT4yeTa Hallen nabopaTopun NMOMeELLEH MOpPTPeT
Ihx.YeaBuka n oparMeHTbl ero ctaTbn, NpuHecllen emy HobeneBcKyo NpemMumto No uU3uke.

A.B. benywkuH
HAupekmop
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B koHue 2012 roga, gewnctBylowasa gupekuust nabopatopum 3aBeplumna cBoll cpok pabotbl. Ee
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1. HAYYHbIE UCCJIEAOBAHUA

®U3SNKA KOHOEHCUPOBAHHbIX CPE[]

OCHOBHbIE Lenn uccneaoBaHUn NO TeMe COCTOANM B U3yYeHUMU CTPYKTYpbl, AUHAMUKU U
MMUKPOCKONMUYECKNX CBOMCTB HAHOCUCTEM W HOBbLIX MaTepuasioB, UHTEPECHbIX C TOYKU 3peHUus
yHOAMEHTanbHbIX  MCCNeaoBaHUn, wunu  umewwmx 6Gonbwoe 3HadeHve OnNs pasBuTUSA
HaHOTEXHONOMMN B cdpepe 3NEKTPOHUKK, bapMakonorm, MeguunHbl, XMMUKN, COBPEMEHHON (PU3NKN
KOHOEHCMPOBAHHbLIX Ccped W CMeXHblx obrnactem MeTogamMm  pacCesiHus  HEeWTPOHOB U
KoMmnneMeHTapHelMn MeTogamun. B nepson nonosuHe 2012 r. 4O MOMEHTa NOMyYeHUS NULEH3UN Ha
perynsapHyto akcnnyataumio peaktopa MBP-2M HayyHasi akcnepumeHTanbHas pabota COTpyAHMKOB
H30O HUKC npoBoamnacbk B HEMTPOHHbLIX M CUHXPOTPOHHLIX LeHTpax B Poccum n 3a pybexom. OHa
OCYyLLEeCTBMANacb COrMacHO CyLECTBYHOLWMUM COrnaweHnssM O COTPyAHMYecTBe, a Takke B
COOTBETCTBMU C NPUHATBIMK 3asiBKaMu Ha akcnepumMeHT. C masa 2012 r. BO306HOBNEHO nNpoBeaeHne
nccnegoBaTenbckux pabot Ha ©ase peaktopa VMBP-2M B cOOTBETCTBMM C MOMb30BaTENLCKON
nporpammont JIHO OUAN. Takke npoBogunucb paboTbl MO MOAEPHM3ALMM CYLLECTBYHOLLMX W
CO3[aHUI0 HOBbIX CNEKTPOMETPOB B COOTBETCTBMM C MNaHamMu pasBUTUS KOMMMNEKca CNeKTpoMeTpoB
peaktopa MBP-2M. OcHoBHOe BHMMaHWe GbINo yaerneHo peanusauuy NepBONpUOPUTETHBIX MPOEKTOR
(cospaHue HOBOIO OndpakrTomeTpa ansd nccnegoBaHud MUKpPOOOpas3LoB [OH-6,
MHOrodbyHKLMOHanbHoro pednektometpa MPANHC, moaepHM3aLms KOMMeKca CnekTpoMeTpoB Ans
reopusnyeckmx nccnegosanunn CKAT/Oncunon).

B pamkax uccnegoBaHun no teme cotpyaHukum otgena HUMKC noggepkuBanu WMpPOKME CBA3N
CO MHOMMMW HayYHbIMW OpraHmM3aumsaMmmn B cTpaHax-ydactHuuax OUAN, a Takke gpyrux ctpaHax. Kak
npaBuno, COTpygHMYECTBO OCOPMNANOCH COBMECTHbIMU NPOTOKONamMuM wunu cornaweHunamu. B
Poccun HanbGornee akTMBHOE COTPYAHUYECTBO BESIOCb C OMM3KMMKM MO TeEMATUKE OpraHm3auusimu,
Takumm kak HAL, KA, MUAD, MI'Y, NoM YpO PAH, UK PAH, AN PAH v ap.

NaBHbLIMX HaNpaBNEHUsIMM HayYHbIX UCCReL0oBaHWIA, peanu3auns KOTOpbIX OCYLLECTBRsNach

cotpyagHukamum HOO HUKC, asnstoTca:

o lccnegoBaHne CTPYKTYpbl M CBOWCTB HOBbIX KPUCTAINIMYECKMX MaTepuanioB U HaHOCUCTEM
MeToaoM Andpakunmn HEMTPOHOB;
ViccnepoBaHne MarHUTHLIX KONIMOMAHLIX CMCTEM B 06beMe 1 Ha rpaHuuax pasnena;
VccnepoBaHne CTPYKTYpbl YrinepoaHbIX HAaHOMaTepuarnos;
MarHeTnam CrnoucTbIX HAHOCTPYKTYP;
MccnepoBaHne  HagMOSEKYNSIPHOM — CTPYKTYpPbl U DYHKUMOHANbHBLIX  XapaKTepUCTUK
OMOMNOrMYecKkmx, KONNOUAHbLIX U MONUMEPHbIX HAHOAMCHEPCHBIX MaTepMaros;
McecnenoBaHma HAHOCTPYKTYPbl U CBOMCTB NMNUAHBIX MEMOpPaH 1 NUNUAHbLIX KOMMNIEKCOB;
e lccnepoBaHve aToOMHOM [OWHAMWMKM HaHOCUCTEM UM MaTepuarnoB MeToOOM Heynpyroro

paccesiHusi HENTPOHOB;
o lccnepoBaHue TEKCTYPbl M CBOWNCTB MMHEPANOB M FOPHbIX NOPOL;
e AHanu3 BHYTPEHHUX HaMNPsPKEHUN B 00 BbEMHbIX MaTepmanax u n3genusx.

|. Hay4yHble pe3ynbTaTthbl.

CTpyKTYypHbIe uccneaoBaHUs HOBbIX OKCUAHLIX U HAHOCTPYKTYPUPOBaHHbLIX MaTepuasnos.
lNpoBeneHo nccnegoBaHWe KPUCTanSIMMECKOM W MarHUTHOW CTPYKTYpbl OEATEPUPOBAHHOIO
repbeptcmntnta  ZnCu3(OD)sCl, mMeTogoM HEeWTpPOHHOM Audppakumm, a Takke MarHUTHOW
BOCMNPUNUMYMBOCTU, B AManasoHe BbiCoknx gasnexui 0 - 10 'Ma n Temnepatyp 1.5 - 300 K [1]. JaHHoe
coeavHeHne nposiBNAeT Hauvbonee waeanbHY peanu3auuio B KPUCTarfIMYECKUX CTPYKTypax
MarHUTHON AByMmepHon Karome peweTtkn noHo Cu CO CIMHOM S = V2, UMEIOLLLE OCHOBHOE COCTOSIHWNE
KBaQHTOBOW CMMHOBOM >kuakocTtn. OBHapyKeHo, 4YTo npunoxeHue aasneHuna P = 2.5 Tla npuBoant K
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1. HAYYHbIE UCCIIEAOBAHUA

paspyLUeHN0 COCTOSIHUA KBaHTOBOW cnunHoBon kuakoctn B  ZnCuz(OD)sCl, n nosiBneHuio
aHTUeppoMarHMTHoOro ynopsgoyeHumst ¢ temnepatypon Heens Ty = 6 K 1 MarHMTHOM anemMeHTapHON
ayenkon 3 ax\/ga (puc. 1). B obnactn casoBoro nepexoga Habnwoganuce aHomanum 6apuyeckoro

noBeaeHnss MexaToMHbix pacctodHun Cu-O u yrnoB Cu-O-Cu, Cu-CI-Cu. [NpoaHanusmpoBaHbl
BO3MOXHble MEXaHW3Mbl 4aHHOTO SIBIEHUS.
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Puc. 1. a): MarHuTHas ¢asoBasd auarpamma
repbepTcMuTMTa, NOMy4YeHHass Ha OCHOBE W3MEPEHWN
MarHMTHOW BOCMPUMMYMBOCTU. b): MarHWTHbIN Bknag B
y4acTOK  HEWTPOHHOro  AUMPAKUMOHHOIO  CrnekTpa
repbeptcmMmuTUTa  NpuU P=2.7TMNa, Nony4eHHbIN
BblYMTAHNEM crekTpa, u3mepeHHoro npy T =50K u3
! crnektpa, wuamepeHHoro npu T =1.4K. TlokasaHbl
| | 3KCMEPUMEHTANbHbIE TOYKUM U pacyeTHble KpUBbIE AN

{4-20]&220: qa.zln (221) 20 - .
OBYX BO3MOXHbIX MoAeNlen MarHMTHOU CTPYKTYpbl.
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Ha gudpaktomeTtpe ®LBP npoBedeHo uccnenoBaHue CTPYKTYPHOro ¢hasoBOro nepexoa B
deppute mean CuFe,O4, KOTOPLIA MPOUCXOAUT C MOHWKEHUEM CUMMETPUM BbICOKOTEMMEpaTypHOM
Kybudeckon dasbl (np. rp. FA3m) oo TeTparoHanbHon (np. rp. l44/amd). Bbino ycTtaHOBNEHO, 4TO
CTPYKTYPHbIA (pa3oBbIN Nepexod u3 TeTparoHanbHoW ¢asbl B KybOuyeckyio (puc. 2) npoTekaeT B
OOBOMbHO  LUMPOKOM  uHTepBane Temnepatyp 400-440°C, npu atom Habniogaetcd
cocyuwlectBoBaHne 00eux CTPYKTYpHbIX a3, KOTOpoe MMeeT paBHOBECHbIN  XapakTtep.
VMccnepoBaHHbIM COCTaB SABNSIETCA MOMHOCTbIO MHBEPTMPOBAHHON LUNNHENDBIO B Kybudeckon dase, a B
TeTparoHanbHoON base napameTp UHBEPCUUN HE NMpeBbILaeT HeCKONbKMX npoueHToB (x = 0.06 £ 0.04).
B TO e BpeMsi, BO3HMKaloLLas Npu oxnaxaeHum asa MMeeT KnacCuyeckyo BeNnimHy
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Puc. 2. Oontouma gudpakumoHHbix cnektpoB ot CuFe;Os npu Harpeee o1 340 pgo 500 °C,
CBUOETENLCTBYHOLLASA O CTPYKTYPHOM (ha30BOM Mepexone 13 TeTparoHanbHow dasbl B Kybuyeckyto (BBEPXY).
Ocb «Homep kaHamna» CoOTBETCTBYET MEXMIOCKOCTHOMY paccTosiHWio. MHaekebl Munnepa AndpakLMoHHbIX
MVUKOB yKasaHbl CO 3Ha4kom T B TeTparoHanbHow dase n C B Kybuyeckon ase. 3aBUCHMOCTN MEXATOMHbIX
PacCTOSHUIA KaTMOH-KUCIOPOA B TETPasapax M OKTasgpax OT TemnepaTtypbl, onpeaeneHHble npu obpaboTtke
no metogy PutBenbaga (BHM3Y). B Pc dase teTtpasagpbl AOs n oktaagpbl BOgs perynspHbl, Torga kak B Pr
(hase oKTaagpbl BbITArMBAKOTCA BAOMb TeTparoHanbHonm ocu (B-O1) u cxumaloTcs B nepneHauKynspHoOwu
nnockoctu (B-02).
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1. HAYYHbIE UCCJIEAOBAHUA
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TeTparoHanbHoro wuckaxeHus (y=1.06). Xapaktep TemnepaTypHbiX W3MEHEHUA MapamMeTpoB
CTPYKTYpbI NpU Nepexoae u3 Kybuyeckon B TeTparoHarnbHylo a3y no3BonisieT roBOpuUTb O TOM, YTO B
€ro OCHOBe nexuT saH-TennepoBckoe uckaxeHne (Cu,Fe)Os okTasgpoB (puc. 2), HO He B3auMMHas
MuUrpaLms aToMoB Mean U xxenesa.

Ha pgudpaktometpe OOBP BnepBble npoBedeHbl AUdpPaKUUOHHble ex-situ u  in-situ
9KCMEPUMEHTbI B pearibHOM BpPEMEHW MO W3YYEHUIO CTPYKTYPHbIX WU3MEHEHWI, NPOUCXOOALMX B
XUMUYECKNX UCTOYHMKAX BNEKTPUYECKOrO TOKa (NUTUEBbLIE aKKyMynsTOpbl) ¢ paboynMm BeLleCcTBOM —
onueuHOM, ponuposaHHblM BaHaguem (LiFePO4+xV, x = 0, 0.75%, 2% wn 5%) B xoge wux
3apsiga/paspsiga (redox-npoueccoB) B pexume Bbicokoro paspelwleHust (Ad/d ~ 0.001). Ceepxmanoe
AonnpoBaHMe BaHagueM MO3BOMAET 3HAYUTENbHO YNydwWTb cBoncTBa onmBuHa (LiFEPO,) kak
KaTO[HOro MaTepuana — aneKTponpoBogHOCTL Bo3pacTaeT B 10° pas, a eMKkoCcTb yBenuumMBaeTcst Ha
33%. B pexume in-situ B npouecce 3apsga/paspsaga uccrniegosanucb ase 6atapen, B O4HOW U3
koTopblx LiFePO, 6bin Ha 0.75% ponupoBaH BaHaguem (puc. 3). Bo Bpemsi 3apsga 6GaTtapeu
anemMeHTapHas s4ellka rpaduta (BbIMOMHSAET pofib aHoda) yBENMYMBaAETCsl M3-3a BHeOpeHus B
CTPYKTYpY rpacomta MOHOB NUTUSA U HAOOOPOT, YMEHbLUAETCS 40 CTaHAApPTHbIX pa3MepoB B npoLecce
paspsga 1, COOTBETCTBEHHO, MUTPaLMN MOHOB NUTUS obpaTHo B anektpod LiFePO,. PacwwnpeHne n
BOCCTAHOBIIEHNE KPUCTanIMYeckon pelueTkn rpadura, a Takke KONMMYecTBO BHEAPEHHbIX MOHOB
nntua B Li,C ckasbliBalOTCs Ha MONMOXEHUN U MHTEHCUBHOCTU HEKOTOPLIX ANGPAKUMOHHbIX pednekcoB
oT rpadmTa. Yetko 3sadukcmposaH pasosbin nepexon LiFePO, « FePO,: npu d~24A B
3apsHKEHHOM aKKyMyrnsaTope MOSABMSITCA ABa CUIbHbIX AUGPAKUMOHHBIX pediriekca, XapakTepHble
ans gasbl FePO,. NMocne Heckonbkux UMKNOB 3apsiga/paspsna 6artapen He 3aMmeveHo derpagauumn
KpMCTanmMyecKkon CTPYKTYpbl paboymx anekTponos.

Thme | Hrs)

anode electrolyte cathode

Puc. 3. Beepxy: 9BOMOUUS HEWTPOHHBLIX ANGPAKLMOHHBIX CMEKTPOB, MOMYYEHHBLIX OT JIMTUEBOrO MCTOYHMKA
TOKa B NpoLiecce Tpex UMKIOoB 3apsaa/paspsaga. Kaxabii nonHbIi UMkn 3apsiga/paspsga 3aHuman okono 20
YyacoB. MHTEHcUBHLI MUk npu d = 3.5 A npuHagnexut rpacdutoBOMYy aHomy, muku B obnactn 2-2.5 A
npuHagnexaT onvBuHY. BHuU3y: MnniocTpaums murpauum MOHOB NUTUS BO Bpemsl paspsiga/3apsga Li-ion
b6atapen Ha ocHoBe LiFePO, (katom, cnpaBa). B npouecce 3apsga VMOHbI NUTUS BHEAPSIOTCA B PELUETKY
rpacuTa, 3acTaBnss ee pacwmpaTbes. M, HA06opoT, BO BpeMsi paspsakm 6atapen, MoHbI NNTUS BbIXOAAT U3
peLleTkn rpadmta U ero CTaH4apTHbIE CTPYKTYpHble MapamMeTpbl BoccTaHaBnuBatoTcs. V3 pabotbl Janina
Molenda and Marcin Molenda (2011).

MeTooomM HEWTpPOHHOW AndopakuMM NP KOMHATHOW TemnepaType uccrenoBaHbel 0COHEHHOCTH
KPUCTaNMMYeckoil  CTPYKTypbl  kpuctannodochopos  LusAlsO1:Ce®,  nonmyyeHHbIX  konnowaHo-
XUMUYECKUM METOAOM U WU3YYEeHO BMMSHME OCOBEHHOCTEN BbICOKOTEMMNEPATYPHOrO OTXWUra Ha
KPUCTanmMyeckylo CTPYKTYpY W CNeKTpanbHO JIIOMUHECLEHTHble CBOWCTBA 3TuUX 00pasuos.
PesynbTaTbl MccnegoBaHMs ykasblBaloT, YTO NpY ONpeaeneHHon TeMnepaType oTxura Habnogaercs
3amMefneHMe pocTa MEeXaTOMHbIX CBSI3€M KUCIOPOAHOrO OKTasapa W pocTa  WHTEHCUMBHOCTU
noMmuHecueHumn. [lNpegnonaraetcs, 4TO nNogobHoe sABMeHWe CBA3aHO C  OCOBEeHHOCTAMM
cbopMmnpoBaHusa aedekTHO cTPyKTypbl B LuzAlsO12:Ce® 1 BO3MOXHBLIM OcaxaeHUeM Lepust B Apyrue
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KpI/ICTaJ'IJ'IOFpaCbVI‘-IeCKI/Ie no3numn, OTNKNYHbIE OT NO3uuMn nTeums Lu. ItoT CbaKT nogreepxXxpaetcsa
noasneHnemM OONOJTHUTENIbHbIX MUKOB Ha CMeKTpax JIIoMUHECLeHLU NN, CBA3AaHHbIX C BO3SHUKHOBEHNEM
HOBbIX KaHanoB ONTUYECKOMN penakcaunn.

lMpoBeaeHo nccrnegoBaHne BAUSIHUSA YCITOBUIM CUHTE3a Ha CTPYKTYPY M COPOLNOHHbIE CBONCTBA
HaHocopOeHTOB Ha ocHoBe TutaHa (puc.4). OnpegeneHa MOpPAONOrMs CUHTE3NPOBAHHBIX
HaHOCOPOEHTOB MpX MOMOLUWM PacTPOBOrO 3MEKTPOHHOIO MUKpockona. M3ydeHa kpuctannuyeckas
CTPYKTypa U copbLMOHHbIE CBOMCTBA MNPY MOMOLLIM MOPOLLKOBOW PEHTIEHOBCKON Andpakumm.
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Puc. 4. Beepxy: HaHocopbeHThbl Ha ocHoBe TiIOSO4, TemnepaTtypa cuHtesa 120°C (cnesa) u TiOz, Temnepartypa
cuHTe3a 120°C (cnpaBa). BHu3y: audpakrtorpamMmbl HaHocopbeHTa (CUHSIA NUHUA — HaHOCOPOEHT nocrne
cuHTe3a TiOSO, ¢ NaOH B ataHone npu Temnepatype 120°C), (kpacHasi NMUHWSE — HaHOCOPGEHT nocne
NPOMbIBKM BOAOW) — crneBa. JudpakrorpaMMbl HAHOCOPOEHTOB, CUHTE3 KOTOPbLIX MPOMCXOAMI MPU pasHbIX
Temnepartypax, nocne copbuum Lesuns — cnpasa.

MccnepoBaHua MarHMTHbIX XXMAKOCTEM U HaHOYacTuUL,.

MeTogoM ManoyrnoBoro paccesiHusi HEMTPOHOB M3y4YeHbl pacTBOpbl MarHetodepputMHa —
NCKYCCTBEHHOr0 ©OMOMNorm4yeckoro Komnsiekca Ha OCHOBe anodepputuHa, B MOMOCTU KOTOPOro
WHULUUPYETCA CUHTE3 OKCUAOB Xefesa C NOMOLLbI XMMuYecknx metogoB. C nomollbio MeToaa
Bapuauum KOHTpacTa onpeferieHa cpefHsas MNNOTHOCTb AMMHbI paccesiHus marHetodepputvHa u
OTHOCUTENbHbIA COCTAaB KOMIIEKCa, B 3aBUCUMOCTM OT 3arpy3oyHoro dakTtopa LF (Loading Factor) —
CpeaHero 4vicna atoMoB Ha OAWMH KOMMMeKc anogepputuHa. MismepeHusa nokasanu cyllecTBeHHoe
CMeLleHne TOYKM KOMMEeHcauuMm Komnnekca ¢ pocTtoM LF, 4yTo, BO3MOXHO, CBSI3aHO C 4aCTU4YHbIM
paspyLeHnem obonoykn anogepputuHa (pmc. 5) [2].

B pamkax KOMMNMEKCHOro uccrnefoBaHus BIUSAHWS MarHUTHbIX HaHOYaCcTUL, Ha CTPYKTYypy
aMUNOMAHbIX arperatoB MpPOBEAEH aHanua CTPYKTYypbl CTabMnM3NMPOBaHHbIX  pMOPMINSPHbIX
aMuMnovMaoB nu3ouuma AnYHoro 6Genka B KUCNOWM cpede MeTodaMy MasoyrfioBOro  paccesiHus
HenTpoHoB (MYPH) n peHtreHoBckux nydvein (MYPP) B BoAHbIX pacTBoOpax, a Takke aTOMHO-CUITOBOW
MUKPOCKOMUK npu agcopbuum Ha NOBEPXHOCTb cnoapl [3].
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Puc. 5. 3aBMCMMOCTb MHTEHCMBHOCTM MAarioyrfioBOro paccesiHns HeWTpoHoB B Hyneson yron (FOMO, WUBP-2M) ot
OTHOCMTENbLHOIO COAEpPXKaHUs TSHKeNow KOMMoHeHTbl B cMecu D,O/H,O gna pactBopa MarHeTodheppuTuHa Npu ABYX
3HaYeHUsIX 3arpy3o4Horo daktopa LF. CTpenkamu oTMeYeHbl TOUKM KOMMNEHCALNN.

[MokasaHO, 4YTO MOJSIlYyYEHHbIE KPUBbLIE MAasnoyrfioBOro paccesHUs HeNTpPoHoB (puc. 6)
cornacytTcsi CO CrvpanbHON CTPYKTYpPOK NpOoTOUNaMeHToB, 0bpasyowmx aMmmnongHole undpuniebi.
Ana aHanusa npegnoXxeHo npocToe npubnumxeHuve, KOTOPOe MNO3BONSET onpeaendtb nepuog
NMOBTOPSIEMOCTU (LUar) M CPenHIo TOSWUHY COOTBETCTBYIOLLEN cnuvpanu, a Takke 3d(eKTUBHbIN
pagnyc OCHOBHbIX CTPYKTYPHbIX €4MHUL, COCTaBnsawowmx cnupanb. OB6HapyXeH «u3oton-adhdekT» B
CTPYKTYype cnuvpanu npu UCrosfib30BaHUN TAXENON KOMMOHEHTbl B pactBoputene (cmecu H,O/D,0),
NPOSBNSAOWUACA B CYLLECTBEHHOM YBENWYEHUM AMameTpa crnvpanu npu nepexoge K pacTtBopy CO
3HaunTenbHbIM cogepxaHunem D,0.

10 - 20 nm

0,14

I(q), cm

0,01 5

1E-3 — v — T

Puc. 6. KpuBble manoyrrnoBoro paccesHus HewTpoHoB (SANS-II, PSI) Ha dumbpunnspHbIx
aMUIIOMAHbIX arperatax nusouymMa sn4YHoro 6enka npu pasnuyHom cogepxaHun DO B pacTBope.
KpvBble npubnwkeHbl MoZenblo «crnupanb W3 OAHOPOAHbIX cdep», napameTpbl KOTOPOW
NpoOVNNIOCTPMPOBaHbl Ha Bknagke. CnpaBa npefgctaBneHo u3obpaxeHne ACM (IEPSAS) ans
aHanornyHblx arperaTtos, agCcopobUpoBaHHbIX HA MOBEPXHOCTbL cnogbl U3 D,0.

Mo paHHLIM  MarnoyrnoBoro paccedHuss HeWTpoHoB (ycTaHoBka Yellow  Submarine,
byoanewTcku HENTPOHHbIM UeHTP, U SANS-II, UHctutyT lNons Leppepa) nonyyeHbl 3Ha4YeHus
CTPYKTYPHbIX NapaMeTpOB PasfMyHbIX KOMMOHEHT MarHUTHbIX XWOKOCTEW Ha OCHOBE [eKanuHa C
N36bITKOM MNOBEPXHOCTHO-aKTMBHOIO BellecTBa (oneuMHoBas kucnota). [lokasaHo, YTO npu 3TOM
CTPYKTYPHblE M3MEHEHUs1 KacalTCs MNpPevMMYLLECTBEHHO XapakTepa B3auMMOAEWCTBUSA CBOGOOHbLIX
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1. HAYYHbIE UCCIIEAOBAHUA

monekyn [AB B obbemMe MarHuTHbIX Xugkocten. OOHAKO YyBENUYEHME MNPUTSDKEHUA MexXay
Monekynamu MNAB B NpuCyTCTBUM YacTUL, MarHUTHbIX XXWAOKOCTEN CYLECTBEHHO MEHbLUE B AeKarnuHe,
YyeMm B Crydae aHanormyHblX CUCTEM Ha OCHoBe GeH3ona. OTO Koppenupyet ¢ TeM (PakToM, YTO B
oTnnyme oT 6eH3ona, MarHMTHas XMAOKOCTb Ha AeKanuHe OocCTaeTcs arperauMoHHO-CTabunbHOW B
AnanasoHe KOHUEHTpauun nsbbiTka ONeMHOBOM KUCMOTbl BNoTb A0 25% (06.). Takum oGpasom, c
TOYKUN 3PEHUS MUKPOCTPYKTYPbl MarHUTHbIX XXWAKOCTEN Noka3aHo, YTO B3aumMogencTane pacTBopuTenb
- MAB vrpaeT cyLlecTBEHHYO ponb B CTabunusaumm gaHHbIX CUCTEM Mpu N3BbITOYHOM cogepXkaHum
MAB.

lMpoBeaeHbl 3KCNepUMEHTbI MO pednekTtomeTpun HenTpoHoB (ycTaHoBka NREX, peakTtop
FRM-II, MtoHXeH, C ropn3oHTasnbHOM NIIOCKOCTbO 06pa3ua) Ans nsyydeHns CTPyKTypHOW opraHmn3aumnm
HaHOYaCTUL, OBYX MarHUTHbIX XWOKOCTEW Ha rpaHule pasgena C KpuUcTaniuyeckum KpeMHUeEM.
WccnepoBanock BnusiHne BBedeHWss GMOCOBMECTMMOro nonvMmepa (MoNMaTUIEHTTIMKOMB) B COCTaB
YacTUL, WCXOOHOW  3NEeKTPOCTaTUYECKU-CTabUNM3MPOBaAHHON MarHUTHOW  XWAOKOCTU  (MarHeTuT,
MOKPbIThIN 0fieaTOM HaTpus, B BoAeE).

UccnepnosaHue yrnepoaHbIX HAHOMaTepuanos.

MpoOomKkeHo TeopeTndeckoe onucaHue KUMHETUMKU pocTa knactepoB B Cgo/NMIM n gpyrux
nonsipHbIX pacTteopax [4]. Ons paspaboTaHHbIX paHee ABYX MoAenen arperauumn dynnepeHa
BbINOMHEHbI 3KCTPanonsAuum no BPEMEHW YUCIIEHHbIX PEeLUeHUN KUHETUYECKUX YpaBHEHWW. JTO
NMO3BONNMIO BMEpBblE MOMYYUTb CTaLMOHapHble (PYHKUMKW pacnpedeneHns KrnactepoB No pasMmepam,
f(n), AN KOHe4YHbIX CTagui pocTa KnactepoB (puc.7). [na ogHow u3 Moaenen cTaumoHapHble
dyHKUMM f(n) XOPOLLO OMMCbIBAKOTCA TakK HasbiBaeMbiMn pyHKUMAMM CnésoBa Ons KNacCU4ecKown
KoanecueHumn. [ina BTopon mogenn 6bino nokasaHo, YToO cpeam NpPoCTbiX DYHKUMIA pacnpeaeneHus
HaunyyLen NOAroHKON sIBRsieTCs NorHopmManbHoe pacnpeneneHue. PacyeTbl f(n) Obiniv BbINOMHEHDI
ONA pasHblX 3HaAYeHW napamMeTpoB MoZenen T U T, COOTBETCTBYIOLUMX BpeMeHaM perakcaumu
XapakTepHbIX NPOLECCOB B pacTBOpeE.

BbinonHeH pacyet aontoumn kpuBbix MYPH gna pasnuyHblx Mogenen KnactepHoro pocrta B
pactBope Cg/NMI1 (puc.7). B cnyyae mogenu, ans koTopow komnnekcoobpasoBaHne Cgo-NMI
paccMaTpuBaeTCs Kak nepexon Mosiekyn dynnepeHa B COCTOsIHUE NepechbiLeHHOro pacteopa, BUAHO,
yTto npodounn MYPH He cOOTBETCTBYIOT 3KCNEPUMEHTASbHbIM AaHHbIM. [aHHbIN  pesynbTaT
obycnoBneH Manon NonnaMcnepcHocTbo f(n), YTO MOXeT 0OBACHATLCA OWKNBKOW aKkCcTpanonaumm (B
crny4dae BTOPOM MOAEenNun ata owmnbKka 3Ha4YMTENbHA, NOCKONbKY Aa)e NIorHopmanbHoe pacnpeneneHue
Nroxo onucbiBaeT YHKUMKM pacnpegeneHus). Pabota BbINONHANacbe B COTPyAHWYECTBE C
YHusepcuteToM YnaH-batopa (YnaH-batop, MoHronus).

Takke nNpoAOIKEHblI 3KCNEpUMEHTamnbHble WCCneaoBaHWss cBoWcTB pactBopoB Cgy B
CMeLLaHHbIX pacTBopuTensix. Tak, onsa cmewaHHoro pacteBopa Cgo / NMI1 / Tonyon oGHapyxeH
HeobpaTUMLIN CONbBATOXPOMHLIN 3dEKT, KOTOPbIA 3akniovaeTcsd B CYLIECTBEHHOM pasfnuunn B
noBeAEeHUN CNEKTPOB MOrMOLEHMS BUONUMOTO U yNbTpadnoneToBoro AnanasoHoB B 3aBUCUMOCTH OT
OTHOCUTENBLHOIO COCTaBa pacTBOPUTENS ANA pasHbIX MNocrnefoBaTenbHOCTEN MPUroTOBMEHUSA
pacteopa. Ecnn npu gob6aesneHnn NMI1 B HavanbHbii pactBop Cgo / TONyon MOXHO rOBOpUTH O
Knaccu4eckoM conbBaTOXpomuame (MPOMOpUMOHAnbHbIA  COBUM  XapaKTePUCTUYECKMX  MUKOB
nornoweHnst), To B obpaTHoM cnydae npu gobasneHun Tonyona B HavanbHbl pactBop Ceo / NMI
HabnogaeTca CenekTUBHbIM  CONbBaTOXPOMU3M: TOMYOS&T HayYMHAeT MPOHUKATb B COMbBaTHYIO
000MoYKy TOMbKO NpU O4YeHb BbICOKOM (> 95%) copepxaHun B obbeme pacTtBoputens. Takoe
noBeAeHNe CBA3aHO C CUMbHbIM pasfnMyYMEM B OUINEKTPUYECKMX CBOMCTBAX OBYX TWUMOB MOMEKYN
pacTBopuTens. BaxHOM KOMNOHEHTOM WuccnegoBaHUA SBUIIOCb OOHapyXXeHue 3aBUCUMOCTHU
nocnegHero agpdekrTa oT Bo3pacTa pacTBopa U BbiIBNIEHWE BIIUSHUSA Ha HEro KNacTePHOro COCTOSHUSA
B Cego / NMIT.
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Puc. 7. Bepxy: ctaumoHapHble OyHKLUMM pacnpedeneHus krnactepoB dynrnepeHa no pasmepam B pacTBope
Cso/NMTI1, nonyyeHHble METOAOM SKCTPaMoONAUMU PELUEHUA KUHETUYECKUX YpaBHEHWM ANA ABYX PasHbIX
MoZEenen M pasHblX 3HAYEHWA MapaMeTpoB T U Te. 3HAYEHWs T COOTBETCTBYIOT MO MOPSAKY pearbHbIM
BpEMEHaM pocTa KnactepoB. BHu3y: pacyeTHble kpuBble MYPH ona mMmogenbHbIX cTaumoHapHbIX dyHKumi f(n)
pacTtBopa Ceo/NMI ans pasHbix 3HAYEHWUIA NAapaMeTPOB T U Te.

UccnepoBaHMe MarHUTHbIX HAHOCTPYKTYP.

lMpoBedeHO wnccrefoBaHWe MPOMNYCKaHUSA HEMoNspU30BaHHbIX HEWTPOHOB HEKOMMaHapHOW
CTPYKTYpPON B 3aBMCUMOCTM OT nopsdka CrnegoBaHUs KOMMOHEHT HaMarHW4eHHOCTU Ha nyTu
pacnpocTpaHeHUs HENTPOHHOW BOMHbI. B aKkcnepuMmMeHTe HEeNTPOHbI OTpaxanucb OT ABYX 3epkan,
HaMarHM4YeHHOCTM KOTOpbIX MEepneHAVKYNspHbl ApYr APYry W nexat B MNIOCKOCTM OTpaxaroLimx
3epkan. MarHMTHoe none HanpaBfneHo nepneHAnKynspHO BeKTopaM HamarHuyeHHocten. Ha puc. 8
nokasaHbl KOahULUNEHTbI NOCNegoBaTeENbHOIO OTPaXeHUs HEMTPOHOB OT ABYX 3epKan Ans criyvyaes
ABYX MPOTUBOMNONOXHbBIX HanNpaBfeHUn MarHUTHOro nons. BuaHbl rmyGokne nposanbl, CBS3aHHbIE C
NHTepdepeHUMEeN BOMH Ha TOMWMHE MMEHKW, a Takke OCUMNNAUMK, CBA3aHHble C npeleccuen
HENTPOHOB BOKPYr BEKTOpa HanNpsKEHHOCTM MarHUTHoro nongd. Ha puc. 8 Takke nokasaHa
OTHOCUTENbHAsA Pa3HOCTb KO3(PPULNEHTOB OTpaxkeHusi. Pasamax konebGaHum pasHOCTU COOTBETCTBYET
nonspusauumn nydka npu oTpaxeHun HenTpoHoB, paBHom 0.2-0.25. lMNMepuog konebaHum cocTaenseT
0.7 A, yto cooTBeTCTBYET nepuody NapMOPOBCKOW MPeLeccun B MarHuTHOM none 27 3. Takum
o6pa3om, aKCneprMMeEHTarnbHO NMoKasaHo, YTO MPOMyCKaHWE Myyka Mosisipu3oBaHHbIX HEMTPOHOB AN
HEeKOMMNIIaHapPHOW CTPYKTYPbl 3@aBUCUT OT B3aUMHOW OpUeHTauumn TPEX MarHUTHbIX MOMEHTOB.
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Puc. 8. Cxema npoBefeHus aKcnepumeHTa (BepxHAs naHernb). KoadhduuMeHT oTpakeHWs OT ABYX 3epkan
HEMTPOHOB MONAPV30BaHHbIX NEPMNEHAMKYISIPHO NIIOCKOCTAM 3epKan B MarHUTHOM norne 27.5 3 (cuHsAs KpyBasi)
n -27.53 (kpacHas kpuBasl) U OTHOCUTENbHAs pPa3HOCTb KO3IMMULMNEHTOB [ABYKPATHOTO OTPaXKEHUS B
3aBMCUMOCTM OT AJIHBI BOJTHbI HEMTPOHOB (CPEOHSA N HWXKHSASI NaHenu).

UccnepnoBaHue 6MONormn4eckux HaHOCUCTEM, NMIUNUAHBLIX MEeMOpPaH U NUNUAHLIX KOMMNNEKCOB.
MeTogomM MarnoyrfnoBoro paccesiHusi HEWTPOHOB WccregoBaH npouecc opMUpoBaHUS
MULENS CBETOYYBCTBUTENbHBIM NMOBEPXHOCTHO-aKTUBHBLIM BeLLeCTBOM a306eH3051 TpMMeTUNaMMOHNI
opomngom (A30TAB). B TpaHc-koHdopmauun wmornekyna A30TAB dopmupyeT 3apsbKeHHble
annunconganbHble Muuennsl. Npu yBennyeHun koHueHTpaumm A30TAB pasmep n arperauyoHHoe
yncno muuenn pactyT. [loBbiweHWe TemnepaTypbl Bbi3blBaeT YMEHbLUeHWe 3TUX napameTpos.
CreneHb guccoumnaumm 6poma &, HaNpoTMB, NagaeT ¢ yBenuyeHue koHueHTpauun A3oTAB u pacteT

C noBblleHneM Temnepatypbl. Mpu o6nydYeHun ynbTpaduroneToBbiM cBeTOM opMa KpUBbIX
paccesHusi pe3ko U3MEHSIETCA B U3MEPEHHOM [Mana3oHe BEKTOPOB PacCesiHnsa (], YTO yKasblBaeT Ha

peopraHmnsauuto arperatoB A3oTAB. BoamoxHo, 4TO B gaHHOM cnyyae A30TAB hopmupyeT CUMbHO
aHM30TPONHble 00bekTbl. [lokazaHo, 4TO [obaBneHMe CBETOYYBCTBUTEMBHOMO CypdakTaHTa K
HYKNEMHOBbBIM KMCNOTaM BbI3bIBAET MX KOMNakTusaumio. Npu aToM 3apdeKT KOMNaKTM3auum Takke
ABNsaeTcs CBETOYYBCTBUTENbHbIM. CBeTo4yBCTBUTENBHOCTb o6bACHseTCS n3mMeHeHneM
KomdpopmaLmm cypdaktaHTa B 3aBUCMMOCTM OT ASIMHbI BOMHbI 06nyvyeHus. Tak, obnyyeHme cucTemsl
yNbTpadmoneToBbiM CBETOM MeHsieT KoHdopmauuio monekynsl A3oTAB M3 TpaHc- B uuc-, 4to
cnocobeteyeT oTpbiBy A30TAB ot PHK/OHK n gekoMmnakTnsauuio NoNMHYKNeoTUAHbIX Lenen.

lMpoBeaeHbl nccrnegoBaHnst hasoBoro nepexoda M3 Xuakokpuctannuyeckon casbl B punnn-
a3y B BOAHbIX pacTBopax nunuaHbix membpaH DPPC/D,O ¢ nomowbo ManoyrioBoro paccesiHus
HENTPOHOB 1 BontoMeTpuyeckux P-V-T — namepeHunin ogHoBpeMeHHO (puc. 9). OnpeaeneHbl ToNWWHA
nunngHoro 6ucnost (no gaHHeiM MYPH) 1 nameHeHue ero obbema (N0 AaHHbIM BOMOMETPUN).
Bnarogapsi 4OCTUrHYTOM BbLICOKOW TOYHOCTM OMNpeaeneHus uameHeHuss obbema yaanocb OLEeHUTb
N3MEeHeHMe nnowagnm Monekynbl nunuga B pesynbTate (phasoBoro nepexopga, KOTopoe COCTaBWIIO
6 A?, B cOOTBETCTBMM C pesynbTaTamm Apyrux pabor.

lMpoBedeHO uccriegoBaHME BIIMSIHUS COMM Ha CTPYKTYPY NMNUOHLIX MeMOpaH Ha npuMmepe
cuctembl DMPC/H,O/CaCl. TllokaszaHo, 4TO C yBenUYEHWEM KOHLUEHTpauuu WOHOB KanbLms
NPONCXOANT MEpPEexXon MYNbTUCIONHbIX MEMOpaH B HECBS3aHHOE COCTOSIHME, Kak B refnb, Tak U B
Xngkokpuctannmyeckon dasax. NMonydeHHble pesynbTaTbl CBUOETENbCTBYT O MPOAOIDKUTENBHOM
(He peskom) xapakTepe nepexofa. ogbeM ManoyrnoBoW 4YacTU KPUBLIX C POCTOM KOHLUEHTpauuu
TaKke CBMAETENbCTBYET B MOSb3y 3TOM rMNoTesbl. AHANMU3 KPUBbLIX MarnoyriioBoro paccesiHus ans
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MyNbTUCIIONHBLIX OM®X MemOpaH nokasan, 4YTo paspylleHue naMennsapHoOn CTPYKTYpbl W
obpasoBaHne OOHOCMOWHbLIX Be3uKyn umeetr mecto npu Cea+~0.3mM B Ly pase un npm
Ccaz+ ~ 0.4 mM B L, dase.
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Puc. 9. a) Kpueble MYPH, namepeHnHbie Ha cucteme DPPC/D2O npu pasnuyHbix faBneHusx. b) 3aBucumocTb
TOMNLWMHBI AIMAKAHOro BKCnosi OT TemnepaTypbl U €ro CXMMaemoCTb, paccyuTaHHble Mo AaHHbIM MYPH. c)
Kpuasi P-V-T uamepeHnun Ha cucteme DPPC/D0.

3HauveHnsa Ccqp+ 3aBUCAT Kak OT (Pa30BOr0 COCTOSAHWUSA CUCTEMbI, Tak U OT KOHLEHTpauuu
camoro nunuaa. [eTtanbHbli aHanu3 AnPakuMOHHBLIX MUKOB MO3BOMWU YTOYHUTb YUCIIEHHbIE
3Ha4yeHus KoHuUeHTpauum noHoB Ca2+ , Heobxogumble ANA nepexoda MUccregyemon CUCTEMbl U3
CBSI3@aHHOIO COCTOsIHUS B HecBsidaHHoe. [lokaszaHo, 4To B obnactu npegnepexoja yMeHbLUeHue
KOHUEHTpaumM nunuaa He BnvsieT Ha nepuoa MNOBTOPSEMOCTUM NUNMAHBLIX MemOpaH. TonwuHbI
NUNNOHbIX OMCNOEeB CMOHTAHHO 06pa3oBaHHbLIX U3 MYNbTUCIIOMHLIX MeMOpaH B obnacTtu nepexoga
CUCTEMbl B HECBA3aHHOE COCTOSIHME COOTBETCTBYIOT TOMWMHAM  OLHOCMOMWHbIX  BE3UKyn,
NPUroTOBMEHHbIX METOAOM  3KCTpyaupoBaHus. OTO ABNSETCS NpPsiMblM - [JOKa3aTenbCTBOM
06pa3oBaHNA OOHOCNONHBIX BE3UKYN NpU paspyLleHnn namennsapHon dasbl MynbTUCNONHbIX OM®OX
MeMbpaH Kak B refb, Tak U B Xugkokpuctannundeckon cbasax. [anbHenwee gobGaBneHne MOHOB
Kanbuus NpMBOAUT K YaCTUYHOMY CIMMNaHUI0 OANHOYHbBIX BE3UKYIT.

MeToooM ManoyrroBoro paccesiHAsi HEeWTPOHOB W PEHTFEHOBCKUX fydel uccrneaoBaHbl
MYNnbTUCIOMHbIE NunugHble memopaHel DPPC (1,2-dipalmitoyl-sn-glycero-3-phosphatidylcholine) u
cvecn  OMNOX/MODX  (1-palmitoyl-2-oleylphosphatidylcholine) B  130biTke BOAbl.  [Mony4yeHbl
TemnepaTtypHble 3aBUCUMOCTU NEPUOAOB MOBTOPSEMOCTM NUNUMAHbLIX OMCNOEB B Ananas3oHe oT 3 A0
60 °C. bBbbeino nokaszaHo, 4to pobaeBneHne [MOPX B cuctemy AMNOX/H20 B npegenax
9KCMepUMEHTanbHON OWNOKN HEe U3MEHAET TemnepaTypy rnaBHoro ¢gasosoro nepexoga ana OMNeX.
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Habnopaemoe ¢asoBoe pasgenenune npoucxoaut um B cucteme AMNOX/MOPX/H,O pno temnepatypsbl
npegnepexoda (renb-punnn dasa) MynbTUCIONHbIX MemOpaH AMNdX. O6HapyXeHo, 4To renb-gasa
ansa cmecn AMNOX/MODX umeeT MeHbLUMIA Nepmnod NOBTOPSIEMOCTU, YeM anst ymuctoro AMN®X. OaHHbIn
ahpeKT cyLlecTBEeHHO Bbile A5 06pasLoB, U3MepeHHbIX ¢ noMmoLbio MYPP.

lMpoBeaeHo wuccnegoBaHWe MOAENbHbIX NUNUAHBIX MeMOpaH, MOAENUPYIOLWMX JUNUOHYIO
COCTaBSISIIOLLYH CIM3NCTON OBOSTOYKM POTOBOW MOMOCTM MIIEKOMUTAOWMX Ha OCHOBE Lepamuga-6
METOAOM HEUTPOHHON Andpakuun (puc. 10). PaHee 6bino nokasaHo, 4To MogernbHas membpaHa oral
stratum corneum (OSC) coctaBoMm Lepamuz 6/xonectepuH/cynbgat xonectepuHa/nanbM1UTUHOBas
kncnota/ANOX/ON®3/cchuHrommend npu 37°C  u 99 %  OTHOCUTENBHOW  BRAXHOCTU
XapakTepusyeTcs COCYLLeCTBOBaHMEM HECKOSTbKMX CTPYKTYPHbIX da3 ¢ nepuogamu NOBTOPSIEMOCTMU:
55, 46 n 58 A. B pesynbTaTe npoBeAeHHbIX 3KCMEPUMEHTOB Ha OPWUEHTUPOBAHHbLIX Obpasuax B
n3bbiTKe BOAbI, OOHAPYXXEHO, YTO OAHA U3 CTPYKTYPHbIX ha3 AEMOHCTPMPYET NOBEAEHME, CXOXEe C
mMogenbHoM membpaHonm stratum corneum, nokasblBasi He3HaA4MTENbHOE YBENUYEHWE nepuoaa
NOBTOPSIEMOCTM B TEYEHME MNepBbIX HECKONMbKUX MUHYT ruapatauvm ¢ 44,9 no 45,6 A. Mockonbky
obuenpmaHaHo, 4YTo HM3Kylo rmgpatauuio B SC obycnaBnmBaloT B OCHOBHOM LiepamMuibl, AaHHbIe
NO3BONAOT NPEANONOXWUTb, YTO B JNUMMAHOW COCTaBNSAOLWEN MNPUPOLHON CrM3NCTON O0OOMOYKM
NPUCYTCTBYIOT Lepamua-oboralieHHble OOMEHbl M MMEHHO OHW SABNSAIOTCA OTBETCTBEHHbIMM 3a
KOHTPOINb NPOHULIAEMOCTW.

I ceramide 6
I cholesterol
I cholesterol sulfate
I pzimitic acid DPPE
I phospho-, sphingo-lipids

sphingomyelin

L1

hydrated membrane: d =716 £ 0.7 A =

L2 —— 15 min

——— 5.5 min

A
2 /II e 3
. A / - — — 3min
"dry” membrane: d=616+02A / T e
e "dry" membrane
d=449 A

T T T T T
0.05 0.10 015 . D20 0.25 0.“35 D_IID 0.15 0.‘20 D.|25
Bl

Puc. 10. Beepxy: coctaB MogenbHbIX nunuaHbix membpaH OSC. BHu3y: AndpakuMOoHHbIE CNEKTPbl OT MOAENbHON
MembpaHel DPPE/DPPC/SM B cyxoM M rmapaTMpoBaHHOM COCTOSHMM. MembpaHa MonHOCTbIO rmapaTtvpoBaHa
yepe3 2 MUHYTbl MOCre MOMELLEHMS B Kamepy C Bogol (creBa). OudpakumoHHblE CMEKTpbl OT MOAENbHOW
MembpaHel OSC = cer6/chol/PA/cholS/PL = 28/23/15/8/26 (PL= DPPE/DPPC/SM) B npolecce rugpartaumm
(cnpaBa).

UccnegosaHa metogom MYPH mopdonorna cmelwaHHbiXx OBOWMHBIX cuctem OM®X/ xonat
HaTpua (OCHOBa TpaHcOepMarbHbIX BE3UKYNAPHbLIX MNEepeHOCYNKOB nekapcTts). [lokaszaHo, 4TO B
AnanasoHe Temnepatyp 10-60°C npoucxoguT nepexon n3 namennspHon asbl B MULENSAPHYHO Npu
15°C, B gmanasoHe TtemnepaTyp 15-25°C cucrtema cywecTByeT B MULENMSIpPHOM ase 1 npu
Temnepatype 25°C npoucxoguT nepexog B namMennisipHyto dasy. BblikazaHo npegnonoxeHue, 4to
OCHOBOW TakoW HeOObIYHOW TeMMepaTypHON 3aBMCUMOCTU ABONHON cuctembl OM®X/ xonaTt HaTpus
aBnseTcs Hanmune mmHumyMm KKM xonaTa HaTpusa B obnactu Temnepatyp 15-25°C.
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1. HAYYHbIE UCCJIEAOBAHUA

ATOMHas 1 MoneKynsipHas AMHaMuUKa.

lMpoBedeHbl KBAHTOBO-XMMWYECKME pacyeTbl AUHAMWKM peLleTKM OKcuaa BaHagus B
nonumMopdHbIX hasax okcuaa BaHaans a-Vo0s 1 B-V,05 [5]. Okenabl BaHaaus LLUMPOKO UCMOMb3YTCA
B TOHKO-MNMEHOYHbIX 3NEKTPOXMMMUYECKNX npnubopax n B KayecTBe kaToda NUTUEBLIX BaTapen B cuny
BbICOKOM MSIOTHOCTM 3anaceHHOW 3HeprMm M yCTOMYMBOCTU K UMKNam nepesapsaga. PaccyuTtaHHble
konebaTtenbHble CNeKTpbl CPaBHMBANUCbL C 3JKCMEPUMEHTAsNbHbIMU  PaMaHOBCKMMU  CMEKTpamu,
YCTaQHOBMEHO YOOBMNETBOPUTENbHOE CcoOrnacne Mexagy HUMW. AHanmM3 pacCcyuMTaHHbIX CMEeKTPOB
MO3BONNST NPOBECTU COOTHECEHUE IKCMEePUMEHTarbHbIX FIMHUA W, BNepBble, MOMYYUTb XKECTKYIO
NpUBA3KY «CTPYKTypa-cnekTp» Ana AByX nonumMmopdoB neHTokcuaa BaHaamd. PaccuutaHa aHeprus
aktuBauum dasosoro nepexoga o-V,0s — B-Vo0s5 n npoBedeHbl LOMOSHUTENbBHbLIX pacyeThl,
HanpaBfieHHbIE Ha BbISBEHNE BO3MOXHOIoO MexaHmama asoBoro nepexoga a-Vo0s5 — -V,0s,

lMpoBeaeH HENTPOHHO-ANMHAMUYECKUA SKCNEPUMEHT Ha xwugkom Hatpum (T = 105-420°C) u
pacnnaese Hatpun — Bogopog (T =420°C, koHueHTpaumsa sogopoaa C ~ 0.04 % aT). YcraHoBneHo,
YTO BOAOPOA NpUCYTCTBYET M AndbdyHanpyeT B pacnsase B hopme rugpuaa Hatpma NaH. Ha ocHoBe
aHanusa LWWpUH NWKOB KBa3WyMnpyroro paccesHus nonydeHa WHdopMaums o AnddY3MOHHbIX
cBoncTBax BewecTsa (puc. 11).

18 WccnepoBaHa TemnepaTtypHas
6. ] % 3aBMCMMOCTb NAOTHOCTHU (POHOHHbIX
o) \j COCTOSIHWA caMOro TYronnaekoro meTanna —
) BoNnbdpama, NpencraBnsaloLlero MHTepec ang
' § peaKTOPHbIX MPUNOXEHWN. N3
”c'gm' 3KCNepuMeEHTanbHbIX  AaHHbIX, BNepBble B
g 08- i \2 NPAMOM SKCMEPUMEHTE OnpederieH CrekTp
%9 g 4acTOT  KpUCTanSIM4Yeckon  peweTkn  npu
041 ¢ Temnepatypax 293 n 2400 K. CnekTtp 4actoT
021 ® npu Temnepatype 2400K cmewaetca B
001" ; ; ; CTOpOHY ©Oorflee HU3KMX 4YacTtoT B Ccuny
00 02 04 06 08 1,0 9
@ A adbdekxTa aHrapmMoHu3ma KonebaHun,
' COXpaHsaa npu 3TOM OCHOBHble OCOOEHHOCTU
Puc. 11.  TonywwmpnHa  nukoB  KBa3nynpyroro AeTanbHOW CTPYKTYpbl, XxapaktepHble ans OLK
pacceaHus Hel7|'|:pOHOB B u4uctoM Hatpum (1) wu peLeTKu.
pacnnaBe HaTpui - BoAOPOA (2) Ans TemnepaTypbl
420°C. KpuBasg — pacdeT no mogenu CMmeLLaHHOMn
anddpyaunn.

MpuknagHble paboTbl.

K npuknagHbeim pabotam B otgene HUKC JIH® TpaguuMoOHHO OTHOCATCSA 3KCNepUMEHTasbHble
nccnegoBaHUA TEKCTYpbl TOPHbIX MOpPO4 WM MUHEParnoB, BHYTPEHHUX HaMNPsKeHUWn B HUX W
onpegeneHne BHYTPEHHUX HanpskeHMn B OObEeMHbIX MaTepuanax W u3genusx, BKoYas
WHXXEHEepHble MaTtepuanbl U geTanu MalivH U YCTPOUCTB. B OCHOBHOM, 3T nccrnegoBaHusi BegyTcs C
NoMoLLbI AndpakLnm HENTPOHOB.

PeannsoBaH HOBbIN KOMIMMEKCHbIA NOAXOA K MCCNefoBaHUIO (PU3NYECKMX CBOWCTB CIOUCTbLIX
TEKCTYPUPOBAHHbIX FOPHbLIX NMOPOA, OCHOBaHHbLIM Ha CO34aHUMU MOAEerbHbIX 06pa3uoB C 3a4aHHbIMU
XapaKTEPUCTUKaMKN, NPUBAMKEHHbBIX MO CBOEN BHYTPEHHEW CTPYKType M KpucTtannorpadguyeckomn
TEeKCType K peanbHbiM 0b6bekTaMm, CHOPMUPOBABLUMMCS B €CTECTBEHHbLIX YCMOBUSX NUTOCepsb
3emnn. C aTOM Uenbio NpoBedeHbl M3MEPEHUA CKOPOCTEeN KBa3UMpOAOSfbHbIX YNPYrnx BOMH Ha
ABYyXdasHbIX, CrOUCTbIX MoAernbHbIX obpasuax B opme Lwapa, U3roTOBIEHHbIX U3 MUHeparnbHbIX
MOPOLLKOBbLIX HanonHutenen (MycKOBWT, KBapL) M CBS3YIOLLEro MOCMOMHOro 3anokcuaa (puc. 12).
YcTaHOBNEH pasnuyHbIA TUM CBA3M CIIOUCTON CTPYKTYpbl B 06pasLax ¢ MyCKOBUTOBbLIM U KBapLEBbIM
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1. HAYYHbIE UCCIIEAOBAHUA

HarnoNMHUTENSIMU U XapakTepoM MPOCTPAHCTBEHHOrO pacrnpeneneHnsl CKOpoCcTen KBasvmnpoaonbHbIX
yNbTPa3BYKOBbIX BOJSIH, YTO OOYCNOBNEHO CaMMM MPOLIECCOM M3roTOBMEHNS Moaernei (ocaxaeHnem)

[6].

K1 K2
Biotite : — - - c—
11 prm—
e 11
’ 1 | | —
0,1 / & _ _-\' 7 S 7
MPa % ; - —
— _\_5_ L& ;& |}
/—__ — __’—
max: 3900 :<—= — e e—
foliation texture+foliation

min: 2560

Vp

— max I’})rll.m

25 T/pm ean

K, % \/\/\/
20

15

A=50

—k1
10 —k2

5 V\—\__\

0 2 5 10 20 50 100 200 300
p, MPa

Puc. 12. MNpocTpaHCTBEHHOE pacrnpedeneHne CKOpoCTeN MPOAOSbHBIX YNPYrMX BOMH AN MOAENbHbIX
o6pasuos K1 n K2.

CoBmectHo ¢ UHUATMALL B eppuUTHO-MAPTEHCUTHBLIX  XKApOMPOYHbIX  CTansax
10X9K3B2M®BEP n P91 Obinv un3yyeHbl npoueccbl 0obpasoBaHUA M pacnaga MapTeHcuTa nocne
HopMmanusaumm ¢ Temnepatypbl 1050°C 1 nocneaylowmnx OTKUIroB B MHTepsBane temnepatyp 500-
840°C. Takue cTanu SBMSIOTCA MNEPCNEKTUBHLBIMM MaTepvanamMmn Ans TEenroBoN UM aTOMHOMN
3HEpPreTUKM, NOCKONbKY OHWU MOTYT NPUMEHATLCSA B SHEPreTUYECKMX YCTaHOBKaX Npu Temnepartypax o
650°C n paBneHumn napa go 35 lNa, a ux pagnaumoHHas ctonkocte gocturaet 200 cHa. OBHapyxeHa
CUNbHasi aHM30TPOMUS LIMPUMH  AudpakunoHHbIX nukoB (puc. 13), obycroeneHHas GonbLUoN
NAOTHOCTLIO AUCIIOKALUMIA, BO3HMKAOLWMX NMPU MapTEHCUTHOM NpeBpaLleHun, onpeaeneHbl BENNYUHbI
MUKpoaedopMauunin U NAOTHOCTb AMUCIIOKALMIA U UX YMEHbLUEHWE NO Mepe YBenuMyeHus Temnepartypbl
n BpemeHu omxura. lamepeHHble cnektpbl MYPH BhisiBUnu 6o5blioe NoBepxXHOCTHOE hpakTanbHoe
paccesiHue B 9TMx MmapteHcutax. [Npu Temnepartype omxura 600°C, 1 yac HabnogaeTca MUHTEHCMBHOE
BblaeneHne o6beMHbIX dpakTanbHbIX YacTuL kapbugoB u HUTPUAOB. [Mpy ganbHenwem oTxure
Kapbuabl YKPYNHSTCS M yxoadat n3 nonsa 3pedns MYPH. MNpu aTom BoccTaHaBnuBaeTca paccesiHne
Ha NOBEPXHOCTHbIX (opakTanax BnioTb 4O BbICOKUMX TeMNepaTyp OoTKura.

C nomowblo andpakumm CUHXPOTPOHHOIO W3NyYeHUs MNPOBEAEHbl M3MEPEHUST FOKanbHOM
TEKCTypbl B ceveHusx psga obpasuoB u3 marHueBoro cnnasa MA21, nonyyYeHHOro MeToaom
WHTEHCUBHOW MIIacTUYeCKon Aedopmalmm MO TEXHONOIMM paBHOKAHAILHOIO YriioBOro NpeccoBaHUs
(PKYI). 3tor wMmetog [[edopMMpPOBaHMA WU3BECTEH Kak Ccrnocod® nomy4vyeHuss CTPYKTyp C
CYOMUKPOKPUCTANNNYECKMM U HAHOMETPUYECKMM pa3MepoM 3epeH. YCTaHOBMIEHO, YTO TeKCTypa
ncxopgHoro obpasua, noaseprHyToro aedopmupoBaHuio metogom PKYTI, xapaktepusyetca AByMS
CUNbHLIMW  KOMMOHEHTamu (6a3oBol M MpuM3MaTU4eckomn), copmupoBaBLLMMUCS B pe3ynbraTte
3KCTpy3umn ¢ npotmeogasneHmem. Npu gedopmupoBaHum no texHonorum PKYT 6asoBas komnoHeHTa
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Puc.13. BBepxy: o06pasen ¢eppuUTHO-MapTEHCUTHOW  >KapOMpoOYHOM  cTanu
10X9K3B2M®EP B 3epkanbHon neun Ha ®CL npu T=600°C (cnesa). N3mepeHHbIn
cnektp crtanm 10X9K3B2M®EP ¢ xapakTepHO YLWMPEHHbIMW ANDPAKLNOHHLIMU
nukamun. Ha Bknagke MokasaHO M3MEHEHME MONOKEHUs U popMbl AU PAKLIMOHHOIO
nuka (211) ¢ poctom Temnepartypsbl (cnpasa). BHu3y: Penakcauusa mukpoaedopmaumii
B ctanu 10X9K3B2M®EP c yBennyeHnem TemnepaTtypbl OTXura.

coBuraetca Ha 45° OTHOCMTENbHO HaMNpaBfeHUs JKCTPY3UW, YTO MOXET ObiTb 0OBbSCHEHO
peanunsaumen edopMaLMOHHOro MexaHnamMa NpoCTON CABWI.

Il. MeToanyeckue pesynbTaThl.

3aBepLUEeHO Co3aaHNe OCHOBHOWM KOHdMrypauum HoBoro andpakromeTpa ansi uccregoBaHns
MukpoobGpasuyoe [H-6 Ha kaHane 66 peaktopa WBP-2 (puc.14). OCHOBHble 3MneMEHTbI
AndpakTtoMeTpa — 3epKarnbHbIi BaKyyMHbIA HENWTPOHOBOA, MexaHudeckasi 4acTb, AeTeKTopHas
cucTema, CMOHTMpPOBaHbl Ha kaHane 66. MNpoBeaeHbl NepBble Hay4YHO-METOOUYECKME IKCNEPUMEHTDI,
KOTOpble MoOKa3anu YyBenuWYeHWe CBEeTOCUNIbl Ha MOopsAoK MO  CPaBHEHUIO C  aHanorMyHbIM
andpakromeTpom OH-12.

3aBeplieHa MacwTabHas mogepHusaumsa gudpakrometpoB CKAT/Oncunod n HEPA-TIP Ha
kaHanax 7a-1, 7a-2, 7-6 (pwuc.15), OCHOBHOW 3agjayen KoTopou Obina 3amMeHa 3epKaribHbIX
HEMTPOHOBOAOB, YCTAHOBKA MpepbiBaTenien nyvka u A-npepbiBaTenen, MoaepHU3auUnsa OeTeKkTopHOm
CUCTEMbI, SNEKTPOHUKM HaKOMMEeHUs Wu OKpyxeHus obpasua. Ha cnektpometpe HEPA-TP
WHTEerpanbHblii HEMTPOHHbLIN NOTOK Ha obpasue yBenuuuncs NpuMepHo B 2 pasa, NoToK B obnacTtu
XONOAHbIX HEUTPOHOB — B 4 pa3sa (B pexume paboTbl C KPUOreHHbIM 3amegnurenem). AHanormyHble
JaHHble no CKAT/3ncunoH YTOUYHSAIOTCS. YcTaHoBKU caaHbl B aKcnnyartaumio.
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Puc. 14. OnemeHTbl OCHOBHOW KoHdUrypauum pudpaktometrpa [OH-6 — 3epkanbHbiv
BaKyyMHbI HEWTPOHOBOA (BBEPXY CIEBA), MexaHuMdeckas 4acTb (BBepXy chpasa),
OeTeKTopHas cucteMa (BHM3y crieBa), CMekTp OT craHgapTHoro obpasua Ni (BHM3Y
cnpasa).

Ansa pacwmnpeHns aKkcnepuMeHTanbHbIX BO3MOXHOCTEN AudpakTomeTpa OINCunoH npuobpeteHa
Kamepa BbICOKOro aaesneHuns tuna “Mapmx-3amHbypr”.

Puc. 15. CnektpomeTpbl CKAT, SINCUINOH n HEPA Ha nydkax 7a-1, 7a-2 n 78 peaktopa
MBP-2M (cneea). CnekTp nagatoLmx HEMTPOHOB, U3MEPEHHbIN Ha obpasLe BaHagus Ha
cnektpomeTpe HEPA-TIP go mogepHusauum (YepHasi NMUHMS) U nocrie MoAaepHu3aumm
(kpacHas nuMHWA) — cnpasa.

MpogomkeHbl paboTbl MO CO34aHMKI0 HOBOTMO MHOrOMYHKLUMOHANbHOro pedrekTtomeTpa
GRAINS Ha peaktope IBR-2M, kaHan 10. BbinonHeHa gopaboTka y3roB cucteMbl (oOpMMPOBaHMS
nyyka B CBSI3N C OOHapyXEHHbIMW KOHCTPYKUMOHHbIMW HepocTaTkamu. [MpoBeaeHbl 3aBepluaroLime
paboTbl N0 CO30aHNI0 BUONOTMYECKON 3aLLMTbl, BEAYTCA 3NeKTpoTeEXHUYEeCcKne paboTbl, Heobxoaumble
ANd Havana nycko-HanagouyHblx paboT Ha ycTaHoBke. [lpogormkeHbl paboTbl MO PEKOHCTPYKUMU
ondgpaktomeTpa [OH-2 B gudpaktomeTp ANa UCCAefoBaHUA B pPeXUMe peasnbHOro BpeMEHW.
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YcTaHoBMneHbl npepbiBaTenb MNyyka, 3epkanbHbIi  HENTPOHOBOA, [AByxkoopauHatHbin MY c
YyBCTBUTENbLHON Nnowaabto pernctpaumm 200x200 mm. HavaTtel nepBble TECTOBbIE U3MEPEHMUS.

3aBeplleH nocrnegHui aTan PEKOHCTPYKUMM TFOMOBHOW YacTu HEWTPOHOBOAHOW CUCTEMbI
¢®[BP. Tllony4eH BLICOKMA BakyyM B HOBOM KONNMMaToOpe-KOHLUEHTpaTope, BbIBOASLLEM MyYOK
HENTPOHOB K doypbe-npepbiBaTento. MNMpogomkeHbl paboTbl No pas3paboTke anropuTMOB N CO34AHUIO
RTOF-aHanusaTopa HOBOro Tvna Ans pexuma peructpaumm scex cobbitun (“list mode”). MNMunoTHbI
obpasey aHanusaTopa yctaHoBneH Ha PC[I n BbINOMHEHbl NepBble AKCMEPUMEHTbI, B KOTOPbIX
nNpoBeAeHO OOHOBPEMEHHOE CpaBHUTENbHOE M3MepeHue ANPaKUMOHHbIX CMEKTPOB C MOMOLLbIO
cyulecTBytollero aHanmsartopa Ha 6ase DSP n HoBoro aHanusatopa “list mode”.
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Puc. 16. BBepxy: cxema npoBegeHuWs 3KCMEpMMEHTa MO 30HOOBON HEWTPOHHON
MUKPOCKOMMUW. BHU3Y: NHTEHCUBHOCTbL paccesiHHbIX HEWTPOHOB 6€3 M3MEHEHWUsA CMMHOBOrO
COCTOSIHMS (++) M C MEepeBOPOTOM ChuHa (—+) B NapanfieflsHoM U MepreHauKynsapHOM
MarHuTHOM rore.

lMpoBeageHa nepeHacTponka anemeHToB pednektometpa PEPIIEKC ¢ yyeTom abCONOTHBIX
N3MepeHun noTokoB Ha 9-M kaHane B 2011 r. [laHHble M3MepeHusi nokasanu, YTo NOTOK TensioBbIX
HENTPOHOB Ha 9-M KaHane 3HauYUTeNnbHO ynan no cpaBHEeHUKo ¢ nokasaTtensamu 2006 r. YMeHbLueHne
noToka MNpPOM3OLWINO BCMeACTBUE  M3MEHEHWss rabapuToB aKTMBHOW  30HbI W CMELeHUs
MEeCTOMNOSMOXeHNs 3aMeannTenen OTHOCUTENbHO ocn 9-ro KaHana. [ina ucnpasnexHvs cutyaunm 6oinm
nepeHacTpoeHbl Bce konnumaTopbl 9-ro kaHana. lNpoBeaeHHbIe N3MepeHus cnekTpa NpsiMoro nyyvka B
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G) 1. HAYYHbIE UCCIIEAOBAHUA

mae-utoHe 2012 r. nokasanu, 4TO NOTOKM TENOBbLIX HEMTPOHOB NPUHSANM T Xe 3HaYeHUs, kakne bbinu
0O OocTaHoBKM peaktopa B 2006 r. B TeyeHMe roga npogornkanacb HacTpOWKa, BbISIBIIEHWE U
NCNpaBrieHNs HeOOoCTaTKOB OMEKTPOHWKM W MporpaMMHOro obecneyveHus, YCTaHOBMEHHbIX Ha
pednekTtomeTp B koHUe 2011 .

lMpoBeaeHbl paboTbl NO CO34aHUI0 MHAPPACTPYKTYPbl BbIBOAA HEWTPOHHbLIX nyvkoB 13 n 14
kaHanos MBP-2M, Ha kOTOpbIX NfiaHMpyeTcsa pasmecTuTb audpaktomeTp FSS (nepemelwiaembin n3
GKSS) w©n MakeTHbIn BapuaHT YCTaHOBKM ANA  HEWTPOHHOW paguorpadun. YcTaHoBreHa
Buonornyeckasa 3awmuTa, 3aBepLUAOTCA ANEKTPOTEXHMYECKME paboThl.

3aBeplUeHbl u3MepeHus pabounx napameTpoB crekTtpomeTtpa OWH-2IM nocne yctaHoBkM
cynep3epKanbHOro HEWTPOHHOro KoHueHTpatopa. OUeHEeHHbI Ha OCHOBe NpuBEAEHHbIX LUndp
dhakTop BbIMrpbilla okasarncs pasHbiM G (3 maB) = 8.

[OCTUIHYT CyLLECTBEHHbLIA MPOrpecc B pasBUTUM 30HAOBOW HEWTPOHHON MWKPOCKOMUW.
QKCNEPUMEHT MPOBOAUICH C NMYYKOM MOMAPU30BAHHBLIX HEWTPOHOB C ANMHON BOMHbLI 4 A 1 WwupuHon
2MKM, chOPMMPOBAHHBIM CAOUCTBIM BOSTHOBOAOM, KOTOPbIA Hanpasnsanca Ha aMOpdHY0 MarHUTHYHO
npoBonoyky (CogosFepos)7255i125B15 aAnameTpom 190 MkM, cofepallyo ABa Tuna MarHUTHbIX
AomeHoB (puc. 16). B pesynbrate CKaHWPOBaHWS B HanpaBneHWM NEepneHAMKYNAapHO MyuyKy
HENTPOHOB BblN N3MepeH nonepeydHbli NPodunb yrna Nnpeueccun cnmHa HEMTPOHa B NPOBOSOYKE, YTO
Nno3BOMgeT aHanuManpoBaTb €€ MarHUTHYI0 MUKPOCTPYKTYpY (pacnpegeneHne MarHUTHOW WUHOYKUMW).
OKcnepuMeHTarnbHO MokasaHo, YTO 3a pasyMHoe BpeMsi uamepeHun (nopsigka 10 4acoB) MOXHO
NOMy4YnTb CTaTUCTUYECKN 0BecneyeHHble AaHHble O MarHUTHON MUKPOCTPYKTYpE.

PaccmoTpeHa TeopeTudeckasi 3agada no OueHKe CeYEeHUs paccesiHusl TEMMoBbIX HEWTPOHOB
HAa MarHUTHbIX BO3OYXOEHUAX B (PEeppOMarHUTHbIX CrOSIX TOJNWWHOM B HECKONbKO [OECATKOB
HaHomeTpoB. pennoxeH cnocob yBenMYeHUs cevyeHust 3a CHET PE30OHAHCHOMO YCUITEHMSI BOSTHOBOW
YHKUMM HEUTPOHA B CNIOUCTON cucTeme, obnagaroLen onTu4ecknm noTeHunanom ocobon gopmel.

PaccuntaHo ceyeHue paccesiHUsi HEWTPOHOB C MOrMOLWEHMEM MarHoHa, NPOCYyMMUpPOBAHHOE
Mo BCEM BO3MOXHbIM NepefaHHbIM 3HEPTUAM, B 3aBUCUMOCTM OT yrna paccesiHus Hg. MNokasaHo, 4To
npu OOCTaTOYHONW cBeTocune pedrieKToMeTpa BO3MOXHO HabniogeHue nodobHbIX NPOLeccoB npu
Habope CTaTUCTUKUN B TEYEHME HECKONBbKUX CYTOK.
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1. HAYYHbIE UCCJIEAOBAHUA

HEUTPOHHASA A0EPHAA ®U3UKA

B 2012 r. B JIH® Ha nMnNynbCHOM UCTOYHUKE pe30HaHCHbIX HenTpoHoB MPEH npogomkanuch
MeToamnyeckme paboTbl MO NMOATrOTOBKE 3KCMEPMMEHTOB. Ha BbIBEOEHHLIX Myvkax HENTPOHOB ObINK
ucnbiTaHbl MHOrogeTekTopHas cuctema «Pomawka»-1, npegHasHadeHHass AOnsi  U3MepeHus
HENTPOHHbLIX ceveHun, n yctaHoBka AYPA ana mnccneposaHus (n,e) paccesiHus. AKTMBHO BENUCH
npuknagHole paboTbl C NPUMEHEHMEM METOO0B HENTPOHHOW CMEKTPOCKOMMUMU.

3HaunTenbHas 4acTb yHAaMeHTanbHbIX UCCNefoBaHUM B 0OnacTtu HEWTPOHHOW SIAEPHOM
u13nKN NpoBoaunach Ha HENTPOHHBLIX My4ykax gAepHbIX LeHTpoB Poccuun, epmanumn, Pecnybnukm
Kopes, Kutasa, ®paHuun. PaboTbl BENUCb B TPaAULMOHHBIX HanpaBreHusX: udydeHume npoLeccoB
HapyLUEHNA NPOCTPAHCTBEHHOW U BPEMEHHOW YETHOCTM MPU B3aUMOAENCTBUN HEWTPOHOB C siapamu;
n3yyeHme npouecca OeneHus;  JKCNepuMeHTanbHoe W TeopeTuyeckoe  uccnegoBaHue
9NEKTPOMArHUTHbIX CBOWCTB HEWTpOHa M ero 6eTta-pacnaga; ramma-cneKkTpoCKONUsi HEWTPOHHO-
A0epHbIX B3aMMOAENCTBUN; CTPYKTypa aTOMHOMO s4pa; NoflyvYeHne HOBbIX OaHHbIX A5 peaKTOPHbIX
NPUMOXEHU U ONa A0epHOW acTPOMU3NKKU; SKCNEPUMEHTbLI C YNbTPaxONoAHbIMU HEWTPOHaMWU;
npuknagHble nccnegoBaHus.

l. I-)KcnepumeHTaanble n metToanyeckKkue umccriegoBaHus.

Co3pgaHue u ycoBepLueHCTBOBaHME MHOroueneBbIX AeTeKTOPHbIX CUCTEM ANsi U3SMepeHUn
HEMUTPOHHBIX ceyeHUn Ha yctaHoBke UPEH JTH®.

B pamkax coTpyaHundyectBa mexay OUNAN n NHCTUTyTOM siAepHbIX UCCnegoBaHUn U SOepHON
aHepreTukn (MANAD) Bonrapckon akagemun Hayk (BAH) B JIH® Begytca paboTbl no cos3gaHuio u
MOAepHM3aLUnN OeTEeKTOPHbIX cucteM Ha ocHoBe kpuctannos Nal «Pomawka-1» n «Pomaluka-2».
Mpepnonaraetca MCNonb3oBaHWE 3TUX CUCTEM ANS NPOBEOEHUS 3KCMEPUMEHTOB Ha BblBEOEHHbIX
HEeNTPOHHbIX Ny4ykax yctaHoBkn PEH.

«Pomawka-1» — 3TO nepegswkHas, NErko nepecrpamBaemasi, MHOroAeTEKTOpHas cucTema
Ana permctpaumm ramma-nyven, coctoswas m3 24 CUMHTUNASAUMOHHBIX cOopok (6-rpaHHbix Nal(Tl)
Kpuctannos Amcrys + ®3Y R1306 ¢ genutenem n reHepaTtopoOM BbICOKOBOSIbTHOMO MUTaHUS (pUpMbI
Hamamatsu) (puc. 17). lNpoBegeHa sHepreTudeckas n BpeMeHHas Kannbpoeku kpuctannos. Co3gaHa
cucTemMa HakomnmeHus AaHHbIX Ha OCHOBe ABYX 16-kaHarbHbIX oundgposmkos AF| Electronics,

F BT
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Puc. 17. «<Pomawkax»-1 Ha kaHane Ne3 yctaHoBku VPEH. Puc. 18. 3aBucumocTtb Bbixoga peakuumn Ta(n,y) ot
SHEpPrMM HEWTPOHOB, MOMyYeHHass B W3MEPEHUAX Ha
nponeTtHoun 6a3e 30 M.
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1. HAYYHbIE UCCIIEAOBAHUA

06beMHEHHbIX B OOUH 32-KaHanbHbIi MoAdynb. CucTema No3BONSeT 3anucbiBaTb HA >XECTKMW AUCK
BCIO MH(pOpMaLMIO, PErNCTPUPYEMYIO KaXabIM U3 24X KpUCTanmnos, C NocregyrolwmMm ee aHanM3om B
pexume off-line. 3To No3BONAET perncTpupoBaTh Kak BPEMEHHbIE, TaK U 3HEpreTudeckue CrekTpsbl,
NPOBOAUTbL aHanM3 HaroXeHWn, MHOXECTBEHHOCTW COBMageHuh, MepTBOro BPEeMEHU U OpYrux
napameTpoB, HEOBXOOUMBbIX ANS KOPPEKTHOro onpefeneHus HEWTPOHHbLIX CeYEeHUN U napameTpoB
HENTPOHHbLIX Pe30HaHCOB. B HacTosee BpemMsi cuctemMa UCMbITbIBAETCA HA NyYKke HEMTPOHOB KaHana
Ne3 yctaHoBkn PEH (puc. 18).

«Pomalika-2» coctout u3 asyx Habopoe no 6 moHokpuctannos Nal(Tl) TpaneuengansHoro
ceyeHusi, B popmMe poOMaLLKK, MOMELLEHbl B MeTannuyeckme UMNMHAPbI-KOHTEWHepbl AuameTpa
nopsagka 30 cm. K Topuy Kagoro kKpuctanna OnTUYEeCKM COeAMHEH 3NEKTPOHHbIA YMHOXUTENb
doTtoHoB PIY-110. Cuctema npepHasHayeHa ANs OMpeferieHUs KOHUEHTpauun pagmoaKkTUBHbLIX
9NEMEHTOB B OKpyXalollenh cpeae W uccrnegoBaHUs pagmauMoOHHOrO 3axBaTa HEWTPOHOB B
3KcnepumeHTax, npoBoAuMbIX Ha YyctaHoBke WIPEH B JIHO OWUAWM nytem um3mepeHus
MHOXECTBEHHOCTU ramma-ny4en pacnaga pagnoakTUBHbIX Saep.

PaboTbl B paMKax NOAroTOBKMU 3KCNEepUMEHTa No u3aMepeHuio (n,e) paccesHus.

3aBeplleHo pasmelleHue yctaHoBku AYPA Ha kaHane Ne2 VPEH. BeinonHeHa komnnekcHas
oTragka nporpaMmMHOro obecnevyeHnsa N3aMepuTenbHOro Moayrns ¢ HOBbIM 8-KaHanbHbIM BPEMEHHbIM
KOAMPOBLLMKOM. Mpu ucnbiTaHun yctaHoBku AYPA Ha kaHane Ne2 MPEH c¢ nomouibio *He-cueTtumka
(owameTtpom 30 MM n gasneHuem 8 aTt) OblnM BLINOSIHEHbI U3MEPEHUST CrekTpa nyyka HEWTPOHOB,
nepekpeiToro cepebpsiHbiM unbTpoM. NMydok Bbin orpaHMyeH napaduH-60pHBIM KOMMMaTOPOM A0
anameTtpa 80 mm. CdeTumk pacrnonarancs BepTUKarbHO Mo ocu nydka. [lnowaagb nydka,
nepekpbiBaeMas cyeTumkoMm, bbina ~ 22 cM®. Ha puc. 19 nokasaH CnekTp HeTPOHHOTO NyyKa.

*He counter in beam +Ag . ands
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Puc. 19. CnekTtp HelTpoHOB Ha kaHane Ne2 MPEH, Puc. 20. Y4acTok HEATPOHHOIO CMeKTpa C Pe30HaHCHbIMU
LUMPVHA BPEMEHHOTO KaHan 2 MKC. npoBanamu cepebpa, LuMpuHa BPEMEHHOIO KaHana 2 MKC.

Ha puc. 20 nokasaH y4yacTOK cCrekTpa C pPe30HaHCHbIMW MpoBanamu cepebpa, KOTopbI
ncnonb3oBarcsa ansa onpegeneHns nponeTHon 6asbl — PacCTOAHUSA MeXay HEUTPOHHBIM UCTOYHUKOM
MPEH n mectom pacnonoxeHusi renneBoro cyeTtymka. boino onpegeneHo, 4yto 6asa paeHa 13.75 m, a
BPEMS MeXAy CTapTOBbIM MMMYMbCOM U BCMbILWKON ~ 7 MKC. OLEHEHHbIN MHTErpanbHbIi HEMTPOHHbIN
noTok yctaHoBkn MPEH npu pa6oTe Ha 4acToTe noBTOpeHWst umnynbcos 25 Iy coctasun 1.2-10"" 1/c.
MpopomxatoTcs pacyeTbl C Lenblo YTOYHEHUS MONpaBoOK ANS 3KCNepuMeHTa No U3BMEYEeHWU OSIUHbI
n,e-paccesiHns 13 yrrnoBon aHU3oTPONUN MefeHHbIX HENTPOHOB, paccenBaeMblX aproHOM (TOYHOCTb
nonpaBoK AOMKHa OblTb He Xxyxe 10-4). lMonpaBka Ha pasnuune 3PdEKTUBHOCTEN OETEKTOPOB,
PEerucTpupyowmnx HEWTPOHbl NoA4 yrnamu Brnepen W Hasad, YTOYHSEeTCS pacyeTamu B pearibHOW
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reomMeTpum ¢ y4eToM TENSoBOro ABMXEHUst aTOMOB rasa. PacyeTbl npoBoastca Ha knactepe JIAT.
Heobxoammas TOYHOCTb Yyxe nonydeHa ans 20 3HepreTM4eckMx TOYEeK B AuanasoHe 3Heprum
HenTpoHoB oT 0,0065 go 0,8 aB. lNpou3BedeHbl OUEHKM paccesiHUs U NPOMyCcKaHUsi HEWTPOHOB
KagMMEM, MOKPbIBAKOLWMM CTEHKM KOMSIMMAaTOpPOB, AMs ydeTa COOTBETCTBYHOLLUMX MOrpeLlHOCTEeN Ha
OTpaXeHue HENTPOHOB B OEeTeKTOpbl OT «CBOUX» U NPOTUBOMOMOXHbLIX UM KONMMaTOPOB.

N3mMepeHue yrnoBow Koppensuuum Mexay CrnuHamMu OCKONKOB [AefleHUs W HanpasneHuem
BblSieTa MTHOBEHHbIX HEUTPOHOB AENeHUs.

M3BECTHO, YTO MIHOBEHHbIE HEWTPOHbLI OENEHUsI UCMyCcKaloTcs B nabopaTOpHOM cuUCTeEME
OTCYETA C CUIbHOM aHU30TPONMEN, KoTopasi B OCHOBHOM 0bycrnoBneHa ¢poKyCMpPOBKOM HEMTPOHOB MO
HanpaBfneHWo  BbifleTa  OCKONMKOB  geneHus.  OgHako  pasnuuyHble  MOMbITKM  aHanuaa
9KCMEePUMEHTanNbHbIX AaHHbIX MO AHW30TPONUN HEWTPOHHOrO W3MNyYeHUs MNpUBENU K BbIBOAY, YTO
aHu30TponNuA He MOXeT OblTb MOMHOCTBID OnucaHa TONbKO KUHEeMaTU4eckon (OOKYCUPOBKOWN
HENTPOHOB, UCMNYyCKaeMbIX ABWXKYLLMMCA dparMeHTOM. Bo3MOXHbIe MPUYUHBI, KOTOpble MOMMn Obl
00BACHUTL HAabMN4aeMble PAaCXOXAEHMS B SKCMEPUMEHTArbHbIX AaHHbIX — 3TO NMMBO cylecTBoBaHne
TaK Ha3blBaeMbIX «pPa3pbiBHbIX» HENTPOHOB, NMMOO HaNMuMe aHU30TPOMHOW KOMMOHEHTbl MCMYCKaHUA
HEMTPOHOB B CUCTEME LieHTpa Macc OCKOMKOB. [locrnefHas runotesa npoBepseTcs B HacTosAWEM
nccnegoBaHuu.

[MepBLIN MOUCKOBLIN 3KCMEPUMEHT, B KOTOPOM MCMOSb30Banachk aetektopHasa cuctema CODIS
ANs perncTpauumn OCKOSKOB AeneHus n Habop HenTpoHHbIX aetektopoB DEMON, 6bin npoBegeH B
2003 rogy B CTtpacbypre, 4tobObl NpoOBEpPUTE BO3MOXHOCTb TaKOro poAda 3KCnepuMeHTOB. AHanus
9TOro TECTOBOr0 M3MEPEHUs Mnokasasn, YTO aHM30TPOMUSA UCMYCKAHUA HEWTPOHOB MO OTHOLLUEHUIO K
CMMHY OCKOJlKa MOXeT ObiTb 3P(EKTMBHO M3MEPEHA C MOMOLLBIO TPOMHOW KOpPPENAUUn HEUTPOH-
HEWTPOH-OCKONOK AeneHus. OgHako Uu3-3a HU3KOW CTaTUCTMKM B 3TOM 3SKCMEPUMEHTE HUKAKMX
BbIBOJAOB OTHOCUTENbHO Hannuus aToro agpdpekta caenatb He yaanocb. OCHOBHbIE 3KCMEPUMEHTHI, B
KOTOpbIX OblNa HakomnneHa AocTaTouHasa cTtaTUcTuka, Obinym npoBegeHbl B Ctpacbypre B 2009-2011
rogax. B 2012 rogy Gbin nNpoBedeH aHanmmM3 3TUX OCHOBHbIX 3kcnepumeHToB. O6paboTka OaHHbIX
3akntovyanacb B ONpedenieHuMn YrioB BblfleTa OCKOSIKOB AeneHusi, obpasyowmx ocb AeneHus n B
nocneayroLemMm nNpOeKTUPOBaHUN HanpaBneHun BbinieTa ABYX wnu 6onee HEWTPOHOB AeneHust Ha
NOCKOCTb, MEPNEeHAMKYNSAPHY0 Ocu AerneHus. TeopeTudeckme pacyeTbl MnpeackasbiBaloT Hanuume
YrnoBOW aHM30TPONUKU B 3TOWM NIIOCKOCTU, onuckiBaemon popmynon W=1+a2*cos(2¢) (cm. puc. 21a).
JKkcnepumMeHTanbHaa kpuBas 6bina nofnydeHa TOMbKO ANA 4YacTW HAaKOMMEHHOW CTaTUCTUMKWU, 4YTO
CBSI3aHO CO CITOXXHOW METOAMKON 0OpaboTKM [aHHbIX, MU OEMOHCTPUPYET Hanvune aHu3oTponuu
aHanorn4yHoro Bmaa (cMm. puc. 216) ¢ kKoadhPULNEHTOM a2, xapakTepuayrLwwmM BenmunHy addekTa,
paBHbIM (6+3)%107, 4TO KaUeCTBEHHO COrMacyeTcs C TeOPETUYECKUMU pacdeTaMu.

%2 I ndf 108.2 /88
11 Constant 1£0.0

a2 0.02988 + 0.00071 0.56 ¥/ ndf 5435/18
Constant 0.509+ 0.000

a2 0.005225 + 0.000832
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Puc. 21. a) — pacyeTHas KpmBas YrnoBow aHW3OTPONUW BbifleTa ABYX HEMTPOHOB B NIOCKOCTW, NEPNEHANKYNSAPHON ocu
AeneHusi; 6) — akcnepyMeHTanbHas KpyuBas, AEMOHCTPYPYIOLLAS HanmMune NCKOMOW aHW30TPOMUN.
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PasBuTtue MetoaoB nccnegoBaHus (hM3nKn aeneHus.

Pa3paboTaH M MNpUMeHeH ANS WCCNeNOoBaHWsi CMOHTAHHOro AeneHus 2°2Cf HoBblii meTon
BOCCTAHOBMEHUSA 3HEPTUN MMHOBEHHbIX HEWTPOHOB AeneHusi, NPUMEHUMbIA K €AUHUYHBIM COBbITUAM C
N3MEepPEHHbIM BpEMEHEM NporieTa HEUTPOHA. SKCnepuMeHTarnbHble AaHHble ObINW NOMYyYeHbl C MOMOLLBIO
ABOVHON WMOHW3ALMOHHOW Kamepbl C ceTkamu Ppuia n OeTekTopom ObICTpbiX HEUTPOHOB Ha 6Gase
cunHTunnaTopa NE213. B kayecTBe 9nekTpoOHHOW annapaTtypbl MCNofb3oBanacb CUcTeMa BOCbMU
CUHXPOHHbIX OLUMAPOBLUUKOB C amMnnUTyaHbIM paspelleHneMm 12 6ut u yactoton amckpetmsaumm 100
Mlu. PacnpegeneHvust MrHOBEHHbIX HEWTPOHOB MO MHOXECTBEHHOCTM W 3Hepruu onpefensnucb C
MOMOLLBIO aHanu3a KUHEMaTWKU npouecca AefneHus C MCMNOMb30BaHMEM W3MEPEHHbIX 3HayYeHuin
KMHETUYECKNX SHEPrMN OCKOSKOB AeNeHUs, BENMYMHbI Yria Mexay HanpasrieHUeM OBMKEHUS OCKOMKOB
OeneHns N HENTPOHa U U3MEPEHHOW BENUYMHOW BpPEMEHU nporeta HEeWTPOHOM 3a[aHHOW NpPOfeTHON
6a3bl. Vloess BOCCTaAHOBMNEHUS] SHEPreTUYECKUX pacnpedeneHMn HEWTPOHOB OCHOBaHa Ha TOM, 4TO
n3MepeHHas BenNuYnHa BpeMeHu nporieta HemTpoHa B eOUHUYHOM COBbITUM AeneHns TpakToBanach Kak
CpeaHsasa BenuuMHa 13 U3BECTHOIO BPEMSAMNPONETHOro pacnpedenexus. icxoga M3 aToro, onpeaensncs
Habop OpyrMx peanu3auuMi AaHHOW BENMYMHBI C COOTBETCTBYIOLLUMMW BEPOATHOCTSIMU U C HUMM
NPON3BOAUIUCH BbIYUCIIEHUS HEODOXOOUMBIX KMHEMATUYECKUX XapaKTepuUCTMK coObITMA aeneHus. B
pesynbTate YycpeaHeHWs no COPMUPOBAHHOM BbIOOPKE MOMy4Yanucb AdaHHble, He cogepalume
CUCTEMATMYECKMX MOrPELUHOCTEN, CBA3AHHbLIX C HENIMHEWHOW 3aBUCUMOCTbIO MeXOy W3MepeHHbIMU
BENIMYMHAMM W BENWYMHaAMK, MOMYYEHHbIMM C WX NpuMeHeHvem. B npouecce aHanu3a
9KCNEepUMEHTAasNbHbIX AaHHbLIX OblN pa3paboTaH HOBbIN METOA pasfefneHnsl MTHOBEHHbIX HEUTPOHOB U Y-
KBaHTOB. MeTo4 OCHOBaH Ha KOpPPEensAuUMOHHbIX (DYHKUMSAX, napaMeTpbl KOTOPbIX MCMONb3ylTCcsa Ans
OTAENEHNs] MMHOBEHHbIX y-KBAHTOB OT MIHOBEHHbIX HEWTPOHOB AeneHus. Makcumym KoppensumoHHON
GYyHKUMN (MeXay OETEKTOPHbIM CUTHAriOM W 3KCMOHEHTOW C MOCTOSIHHOM BpeMeHu craga Onuskon K
aHanorMyHoMmy napameTpy AETEKTOPHOro curHana) peanusyetcsl nNpu 3agepkke 3KCMOHEeHUManbHOoro
CuUrHana Ha BpeMs, paBHOE BPEMEHM MNporeTa HENMTPOHOM 3adaHHOM nponeTHon 6Gasbl. Lndposas
peanusauusa KoppensuMoHHOro anroputma nossonurna 6onee yem Ha MNOPSAOK MOBbLICUTL PAKTOP
NoLaBMNeHNe MrHOBEHHbIX y-KBaHTOB AeneHus. BaXHbiM 4OCTOMHCTBOM MeToda SIBUNOCb TO, YTO U OH
NMeeT eAMHCTBEHHbIV NapamMeTp Ans Kputepust otbopa CobbITUN.

UccnepoBaHusa peakuuu (n,p), (n,anbda).

MpodomKkeHbl 3KCNEpUMEHTanNbHbIE N TEOPETUYECKME WCCrenoBaHNs peakumi (HEWTPOH,
3apshkeHHas Yactvua) Ha ObICTpbIX HeEWTpoHax. NamepeHust MpoBOASATCA Ha yckopuTenax BaH-ge-
Mpaadpa 3-5 B Jlabopatopun HenTpoHHOW puamkn OUAN n 3M-4.5 NHCTUTyTa PrsmKn TaXKenbix
noHoB [NeknHckoro yHnBepcuteTa. [laHHble 0 peakumsax C BbIFIETOM 3apsKEeHHbIX YacTul, Bbl3BaHHbIX
ObICTPEIMW  HENTPOHaMMW, MNPEACTaBMAT 3HAYUTENbHbIN MHTEPEC ANA U3YYEeHUs MexXaHU3MOB
A0EPHbIX peakumin, CTPYKTYPbl aTOMHbIX A4ep, BbIOOpa KOHCTPYKLUMOHHbLIX MaTepuanos U NpoBeAeHUs
pacyeToB NMpU CO30aHUN HOBbIX YCTAHOBOK AS1S SAEPHON SHEPTreTUKN.

MpoBeaeHbl nMamepeHus peakumii °'Fe(n,a)**Cr n ®Cu(n,a)®Co npu E, ~ 4.0 — 6.5 Ma3B,
HayaTa obpaboTka AaHHbIX. 3aBeplueHa o6paboTka JaHHbIX M3 U3MepeHuit peakumii *°Cl(n,a)*P u
“0Ca(n,a)* Ar, BbINOMHEHHBIX NPY 3HEPrN HENTPOHOB 4.5 - 6.5 MaB.

B pamkax cTaTucTudeckon Mogenn BbINOSHEH CUCTEMaTUYECKUM aHarm3 CevYeHnin peakuuu
(n,a) B 9HepreTnyeckoMm pamanasoHe ot 6 go 20 MaB. N3 cpaBHeHUs aKCMepUMEHTanbHbIX |
TEOPETUYECKNX 3HAYEHMI ceveHun Obin nonydeH akTop knacrtepusaumm a-dactuu. lNokasaHo, 4To
3TOT haKTOp 3aBUCUT OT SHEPINN HENTPOHOB.

UccnepoBaHusa CTPYKTYpbI sgpa.

MpooomkaeTca aHanua akcnepuMeHTanbHbIX [aHHbIX MO WHTEHCMBHOCTSM [BYXKBAHTOBbLIX
kackagoB B ~40 sgpax u3 obnactm macc 39<A<201. lNpoTecTMpoOBaHO HECKOSNbKO M3BECTHLIX W
npeanonaraemblXx (OEHOMEHOMOrMYECKUX IJHEePreTMYeckKnx 3aBMCUMOCTEN MIIOTHOCTU YPOBHEW U
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paanaLMoHHbIX CUIOBbIX (DYHKLMIA KackagHbIX y-NepexoaoB U BbisiBeHbl Hanbornee nogxoasiwine Ans
MaKCMMarbHO TOYHON annpoKCMMaLUK 3KCNepUMeHTarnbHbIX AaHHbIX.

PaspaboTka NPUHUMNUANbHO HOBbLIX MOAEMbHbIX MPEACTaBMNeHWn O MMOTHOCTU YPOBHEN K
lUMPUHAX SMUCCUMU Yy-KBAHTOB HeoBXoauma npexae BCero Ans OLeHKM NOTPeGHOCTM B HOBbIX
3KCMEepPUMEHTasbHbIX AaHHbIX U ONpedeneHns napaMeTpoB CBepXTekyyei asbl AOepHONn maTepum.
Mpexae Bcero, nopora paspbiBa KyNepoBCKUX Map C TOYHOCTbIO HE XyXKe HECKONbKO [eCSATKOB
npoLeHTOoB. JTO Aano 6bl BO3MOXHOCTb AeTanbHO MUCCNeaoBaTh NPOLECC M3MEHEHUs CBEpXTEeKyUnX
CBOWCTB TaKoro cneuudunyeckoro o6bekTa, kak HarpetToe aToMHoe SApo.

Mmetowasica B HacTosiwee BpeMsi MHdopMauus Ons NOSfIHOMAaclTabHOro pelleHust Takowm
3agaym HepgocTtaTodHa. Ho passuTue panbHEWwuX SKCMepUMMEHTanbHbIX WCCNeLOBaHUW B 3TOM
HanpaBneHnn He COAEPXUT MPUHLUMNUANbHBLIX TPYOAHOCTEN U BMNOSIHE MOXET ObiTb peanvM3oBaHO Ha
NCMNoNb3yeMon B OMU3MKE HU3KNX SHEPTUIA SKCMEPUMEHTaNbLHON OCHOBE.

MccnenoBaHMA BO3MOXHOCTU NMOUCKa HapyLeHUA NPOCTPAHCTBEHHOM YeTHOCTU B Audpakuumn
HeuTpoHoB Ha UBP-2.

BbINOMNHEHbI MCMbITAHUSA NPOTOTMNA YCTAHOBKU AOf1s1 MOWUCKA HapyLIEHUs NPOCTPaHCTBEHHOM
YeTHOCTU B Andpakummn HentpoHoB Ha 30-Tn meTpoBon 6ase 1-ro kaHana MBP-2. UcnbiTaHa cuctema
pernctpaummM n HakonneHus nHgopmauuun. OnpegeneHbl napaMmeTpbl fMyyka HeWTpPoHoB. [NonyyeHo
yKasaHne Ha MasiTHUKOBOE TMOBEAEHNE OTPaKEHHOro nMy4vyka HEWTPOHOB audpakuuu, 4To
CBMOETENBLCTBYET O XOpPOLLUEM KavyeCcTBe MOHOKpucTanna bpomuaga kanus M nyyka HEWTpoHoB. Ha
OCHOBaHWM MONYYEHHbIX Pe3yNbTaToOB CAenaHa OueHKa BpeMeHn, Heobxoaumoro Ansi obHapyxeHus
adpdheKkTa HapyleHUs NPOCTPaAHCTBEHHOW YETHOCTU B AUdpakuMM, Ha ypOBHE CTaTUCTUYECKOM
ToYHoCcTM 3107,

UccnepoBaHMe B3auMOOENCTBUA PENATUBACTCKOro rMy4vyka [OeATPOHOB C€ MacCUBHOM
pa3MHOXaKLWwen MULLEHbIO U3 eCTEeCTBEHHOro ypaHa.

B pamkax npoekta "E m T PAQO" maccumBHasa (512 kr) muweHHas cbopka KBWUHTA us
npupogHoro ypaHa (guametp ~ 30 cm 1 anuHa 65 cm) ¢ 10 cM CBMHLOBbLIM OrnaHkeToM B MapTe u
aekabpe 2012 r. obnyyanacb Ha HyknotpoHe OWVAWN pgentpoHamm ¢ sHepruen ot 1 go 8 IeB. C
nomoulbto getektopos JEMOH n M3OMEP-M Gbinu mM3aMepeHbl XapakTEpPUCTUKM 3HEPreTU4ecKnx
CMEKTPOB MIHOBEHHbIX HENTPOHOB N BPEMEHHbIE CMEKTPbLI 3anasbiBatolmnx HenTpoHoB (3H) genexHns
Mexay vMMnynbcamm yckoputensi. beina ycnewHo npoBefeHa onTMMU3auus 3aluTbl AETEKTOPOB C
Lenbio CHWXKEHUS YPOBHS PasfMyHbIX MCTOYHMKOB ooHa. PesynbtaTthl namepenunin gekadpsi 2012 roga
obpabartbiBatoTcs.

3aBUCUMOCTb OT 3Heprun Ey nagatolimx 0enTpoHOB OTHOCUTENbHbLIX MOMHbIX BbIX0A0B Ypy 3H,
naMepeHHblx B MapTe 2012 roga, cornacyetcsa BrfioTb A0 Eq= 8 [3B ¢ COOTBETCTBYHOLLEN
3aBUCMMOCTbIO MOMHbIX 4ncen geneHns Ny MonyYeHHbIX WMHTErpupoBaHWEM MNPOCTPaHCTBEHHbIX
pacnpedeneHMn CKOpoCcTU AeneHus agep mMuweHn no obvemy cbopkn KBUHTA. YkasaHHble
pacnpeaeneHns 6binm n3MepeHbl C NOMOLLBbIO TBEPAOTENbHbLIX TPEKOBbIX ETEKTOPOB U HE3ABMCHMMO
MeTodoM akTuBauuu. bbino yctaHoBneHo, 4TO BenuuuHbl Ypy U Nf (Npy HOPMUPOBKE Ha OAWH
nagalownn OenTpoH M Ha oguvH [9B ero sHeprun) ocTalTCss  MNOCTOSIHHBIMKM B npegenax
norpewHocten akcrnepumeHta (10-15)% BO BCeM WM3y4YeHHOM [uanasoHe 3Hepruin OEeWTPOHOB.
pynnoBor aHanu3 BpeMeHHbIX crnekTpoB 3H ykasbiBaeT Ha POCT CpefHEen 3HEeprun HEWTPOHOB,
BbI3blBAOLLNX AeNeHne aaep MULLEHUM C yBeNIMYEHWEM 3SHeprn najalolwmnx AeUTPOHOB. ITOT
pe3ynbTaT OyaeT YTOMHEH MpU aHanuse AaHHbIX M3MepeHun aekabps 2012 roga, NpoBeAEHHbIX C
MUHUManNbHOM NPOAOIMKUTENBHOCTBLIO MMMYbCa NagaroLWnX OENTPOHOB.
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PaboTbl no co3gaHulo YCTaHOBKU AN UccnefoBaHUA BO3MOXHOCTU HaKOMMEHUs XONOAHbIX
HENTPOHOB Ha KOHLE BbIBEAEHHOro Ny4yka HEMTPOHOB.

PaHee Hamu ©Obin  NpeanoxeH MNPOEKT HOBOMO BbICOKOMHTEHCUMBHOIO UCTOYHMKA YXH
NpPoOn3BOANTENBHOCTbLIO ~10® YXH/c, o6bemHas nnotHocTb YXH B KOTOpoM MoxeT gocTurate 10°
n/cm®, 4To Ha 3 nopsaKka NPEBLIWAET HbIHE CYLLECTBYIOLME WUCTOYHUKW. MICTOYHUK npeactaBnsieT
cobon cipepuyecknini cocyn, 3anofiHEHHbIN Xugkum renuem npm temnepatype 0.6 K, n okpyXeHHbI
3ameanuTenieMm M3 TBEpOOro MeTaHa. Takasi cxema MCTOYHMKA MNO3BONSIeT pacrnonaraTb ero Ha
BbIBEEHHbIX My4Kax TEensoBbIX HEWTPOHOB, YTO MHOFOKPATHO CHWXaeT TEMroBYyl Harpysky Ha
WCTOYHWK N, COOTBETCTBEHHO, CTOMMOCTb MCTOYHMKA. DTO NO3BONIAET MHOMOKPATHO PacLUMPUTL CMEKTP
npumeHeHust YXH He TONbko AN HayudHbIX Lernen, HO Takke AN NpuknagHbiX 1 obpasoBaTenbHbIX
uenen.

B pamkax uccrnegoBaHusi BO3MOXHOCTW CO34aHUsA HOBOrO reniMeBoro UCTodHmka YXH, Benucbh
paboTbl MO CO30aHMIO SKCMEPMMEHTANbHOW YCTAHOBKM [AM1s1 MPOBEAEHUS TECTOBbIX W3MEPEHUN.
TecToBble M3MeEPEHUs1 OOMMKHbI MOKa3aTb, KAKOW BbIMIPLIWL B MOTOKE XONOAHbLIX HEMTPOHOB MOXHO
oXmaaTb B MOMOCTU Ha KOHUE HEWTPOHOBOAA NPU OKPYXeHuu eé 3ameanutenem/otpaxarenem us
TBEpOOro MetaHa. Pa3spaboTaHbl 1 N3roTOBIEHLI OCHOBHbIE YaCTN YCTAHOBKU:

- KpuocTtaT Aansi CO3[4aHWsi METaHOBOW MOMOCTU U OXNaXAeHus MeTaHa [0 TrenuneBown
Temnepartypbl, BKIOYAKOLWNA CUCTEMY ModayuM MeTaHa M MCMapeHus meTaHa M3 KpuocTaTa
(punc. 22);

- npepbiBaTENb HEMTPOHHOTO NOTOKa (pUc. 23).

| Puc. 22. KpuocTtat (B pasobpaHHOM BUAE). ‘ | Puc. 23. lNpepbiBaTens HEUMTPOHHOIO NOTOKA. |

lNpoBeneHne unamepeHuit 3annaHmposaHo Ha 2013 rog. PeanusoBaTb M3MepeHUst MOXHO KakK Ha
peaktope VIBP-2 (ny4ok Ne2) Tak n Ha peaktope NP-8 (KA, Mocksa). B nepBom criy4ae MOXHO BECTU
n3MepeHus crnekTpa BblfeTaloWwmx U3 nNonocTu HENTPOHOB NMPU PasrnnyHbIX aHepruax ("MoHONMHUAX")
nagaroLmnx HeMTpoHoB. Bo BTopom crnyyae n3mepsaeTca METOAOM BpEMEHM NPonéTa CrNekTp Ha BXoAde
B MOJIOCTb U CNEKTP Ha BbIXOAE M3 NOMOCTU. [Na 3TUX M3MEPEHMIN N3FOTOBIEH NpepbiBaTENb.

CoTtpyaHuyecTBO B Konnab6opauun GRANIT B ILL (®paHuus).

Llenb konnabopaumu COCTOMT B PasBUTUM W CTPOUTENBLCTBE PaABUTALUOHHOIO HEWTPOHHOro
CNeKTpoMeTpa BTOPOro MOKOMEHUs C YNbTPaBbICOKMM 3HepreTnyeckum paspeweHnem — GRANIT
(TPABuTaumMoHHble HenTpoHHble WHayuupBaHHble [lepexodbl). JTOT CNEKTPOMETP MO3BONUT
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HabnoaaTb Nepexoabl pe3oHaHca Mexay HEUTPOHHbLIMU KBAHTOBBLIMU COCTOSIHUSIMU B NOMe TAroTeHus
3emnu. [naHupyeTcs BrepBble M3MEPUTb SHEPTU0 KBaHTOBBLIX COCTOSIHUA HEMNOCPEACTBEHHO.
OxnpaeTtcs, 4TO B CNEKTPOMETPE MOXHO OyaeT OOCTUYb BpemeHu xpaHeHuss YXH B KBaHTOBbIX
COCTOSIHUSIX NOpsAKa CEKyHAbI.

OTOT HOBLIN CNEKTPOMETP CTaHET WMHCTPYMEHTOM [OMs LUMPOKOro AuanasoHa uccnegoBaHuin B
dun3nKe aNEMEHTapHbIX YacTuy U dQyHOAMeHTamnbHbIX B3aMMOLEWCTBUIA, KBAHTOBOW MEXaHWUKM,
HM3MKN NOBEPXHOCTUM N METOANYECKMX npunoxeHuii. B pamkax konnadopaumm GRANIT npoBeaeHbl
paboTbl NO HACTPOMKE AETEKTOPOB CMEKTPOMETPa, a Takke Oblo NpuHATO yyacTue B paboTax no
BBOAY B aKCMfyaTauuio 1 HacTpomke NCTOYHMKa YXH cnekTpomeTpa.

B 2012 rogy konnabopauusa 3aHMManacb BBOAOM B 3KCMMyaTauMil pasfiMyHbIX 4acTen
cnektpometpa GRANIT. lNepBbiM BaXHbIM LWaroM LOSMKHO CTaTb rapaHTUPOBAHHO YCToON4YMBas
paboTa mnctoyHmMka YXH, npegHasHa4yeHHOro Ansi CrnekTpoMeTpa, U ero adeKTUBHOM CTbIKOBKU C
yctaHoBko GRANIT. [MpoBegeHbl paboTbl MO onTMMM3aUUM M Hanagke paboTbl renmeBoro
NCTOYHMKA.

JKCNEepPUMEHT NO NPAMOMY U3MEPEHUIO CeYEeHUs pacCessHUs HeMTPOHa Ha HEUTPOHe.

CoemecTHO ¢ Gettysburg College (Gettysburg, Pennsylvania, CLLA) npoBeaeH 3aBepLuaroLmi
aTan paboTbl MO aHanu3y [OaHHbIX NEepBON MOMbITKM WM3MEPEHUSA CEYEHUs N-n  paccesHus,
OCYLLECTBIIEHHON Ha YpanbCKOM MMNyrbCHOM peakTope AMYAP C uenblo nlyyvyeHust 3apsgoBOU
CUMMETPUM AAepHbIX cuil. [NokasaHo, YTo HabnAEHHbIN aHOMarbHO CUIbHBLIA 3¢hdekT Bo3pacTaHns
WHTEHCUBHOCTM paccesdHnss C pPoCToM 3Heprum umnynbca AMYAPa MoxeT ObiTb 0O6bSACHEH
pagvaumnoHHon gecopbuven Bogopoda C MNOBEPXHOCTM andMUHMEBOrO KaHana YCTaHOBKM Mof
Ae/CTBMEM MOLLHOW [03bl raMMa U3fyYyeHus BO BpeMms MMnynbca peaktopa. [lonyyeHa BenuuvHa
koadhdpmumneHTa gecopbummn, n(y) = 0.02, yto cornacyetcss ¢ nuTepaTypHbIMU SaHHBIMU U3 OPYIUX
9KCMepuUMeHTOB. BbinonHeH aHanua nutepaTypbl NO ob6e3raxumBaHuio W MeTogam o06paboTku
NMOBEPXHOCTEN METANMOB, YKa3aBLINA Ha BO3MOXHOCTb CHUXeHNA koaddurumeHTa n(y) A0 BEMNYUHBI
npvemMnemon Ansa n3sMepeHns ce4eHns N-n paccesiHns.

Pabota no u3y4YeHMIO BpPEeMEHHOM 3aBUCUMOCTM  KOHCTaHTbl  3JIeKTPOMarHUTHOro
B3anmMoaencTBuUs.

B coBmecTHOM paboTte ¢ locyHuBepcuteToM CeBepHon KaponuHbl (NCSU, Raleigh, North
Carolina, USA) BbInonHeHbl paboTbl MO UCNONb30BAHWIO M3OTOMHbIX AAHHBIX M3 30H MPUPOLHOrO
peaktopa B OKnMo Ana M3y4YeHUss WU3MEHEHMS CO BpeMeHeM (yHOaMEHTanbHOW KOHCTaHTbI
3NEKTPOMArHUTHOrO B3auMogencTenst «anbgax». PesynbTaTthl Ana «anbga» 3aBUCAT OT MNOXO
N3BECTHOI TeMnepaTypbl aKTUBHLIX 30H BO BpeMsi paboTbl peaktopa (10° net Tomy Hasan). Bbino
nokasaHo, 4TO Mucronb3yemasa «foTeumeBass TEPMOMETPUsI», OCHOBaHHas Ha  CUITbHOW
TeMmnepaTypHOil 3aBUCMMOCTW CEYEHMst BbDKMraHMs ''°Lu 1, COOTBETCTBEHHO, Ha M3MEHEHUM B
KOHLIeHTpaLumu u3otonoB '"°Lu u '"°Lu, cTpagaeT OT HEOOCTAaTOYHOW TOYHOCTW CeuYeHWii 3axBaTa
HENTPOHOB ntoTeunemM-175 ¢ obpasoBaHMeM rnoTeUMsS-176 B OCHOBHOM M M3OMEPHOM COCTOSIHUSIX.
BbinonHeHO MopenvpoBaHvMe MOTOKa ramma KBaHTOB B peaktope OKMNo € pesynbTaTom, YTO MX
BENMUYMHA HEAOCTaTouHa AN TOro, YToBbl BIMATL Ha BbbXWUraHue ' °Lu nocpeacTBOM ramMmma KBaHTOB,
Kak 9TO MMeeT MeCTO B 3Be34ax Npu MOLLHbIX BCMbILWKaX raMmmMa UsnyyeHui.

Il. TeopeTnyeckue uccriefqoBaHUA.
UccnepoBaHMe HEUTPOHHbLIX MOTOKOB, FreHEePUPYEeMbIX HEUTPOHHLIMM UCTOYHUKaAMU Ha Oase
FINHENHbIX YCKOpUTErnen 3NeKTPOHOB.

B 2012 rogy npopgorkanocb uccnegoBaHwe MNONyYEHUS HEUTPOHOB WM Pagnmomn3OoTOnoB Ha
WUCTOYHMKAX, WUCMOMb3YIOLWMX JIMHENHbIE YCKOPUTENW 3nekTpoHoB. WccnegoBaHbl OCHOBHbIE
usnyeckne xapakTepmcTnkM npoLiecca noydeHms HEMTPOHOB NOCPEACTBOM 06yYeHNsI NMOTOKOM
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9NEKTPOHOB MaTepuanoB ¢ 60MbWMMN aTOMHbIMU HOMepamMu. PaccMOTpPEHO TOPMO3HOE U3NyveHune
9NEKTPOHOB, KOTOpOE npou3BOAUT poTosaepHble peakumMu. OKCNepuMeHTanbHble OaHHbIe,
nony4YyeHHble B UCCnedoBaHUAX (OTOSAEPHbIX peakuuin, UCNONb3YTCA AN OnucaHus Bbixoda
HENTPOHOB MpW MOrnoLweHun y-u3nydyeHna aapamu. PacnpeneneHne (pOTOHEUTPOHOB MO 3HEPrUaMm
nuccnenyeTcsas Ha OCHOBE CYLLECTBYHOLIMX TeopeTudecknx mopenen. HeuTpoHbl, CTaTUCTMYECKM
pacnpefeneHHble No 3Heprum, COCTaBMSIOT OCHOBHYHD 4aCcTb BCEX MofnyyYyaemMblX HEWTPOHOB, AONSA
NPSIMbIX HEMTPOHOB TakKXe yunTbiBaeTcs B pacyeTax. CnekTp HEMTPOHOB, CPEOHASI AHEPTUS U NOSTHbIV
BbIXOZ, HENTPOHOB BbIYUCIIAIOTCA B 3aBUCMMOCTU OT 3HEPIrMM N TOKa SNEKTPOHOB N OT XapaKTepucTUK
obnyyaembix obpasuoB. WMccnegosaHue BbinonHeHO 6e3 obpaweHus K "ducneHHon MoHTe-Kapno
cumynaumn”.  PesynbTaTbl BbIMUCAEHUA  YOOBRAETBOPUTENBHO COMMacylTcss C  pesynbTaTaMu
COOTBETCTBYHOLUUX SKCEPUMEHTASBbHbIX U3MEPEHWUI.

O BO3MOXHOCTU NOBbLICUTbL NOTOK HenTpoHoB UPEH.

C wucnonb3oBaHnem nporpammbl FLUKA BbINONMHEHbI pacyeTbl BLIXOAOB HEWTPOHOB U3
BOSIbChPaMOBON N YypPaHOBOW MULLEHEN Pa3HOW KOHpUrypauun, pesynbtaTbl 418 BONb(PaMoBom
MULLEHN Oanu BO3MOXHOCTb COMOCTaBUTb UX C 3KCNepUMeHTanbHbIMW AaHHbIMW, NOMy4YeHHbIMU
paHee Ha byctepe MIBEP-30 no nporpamme OKOH. lNokasaHa BO3MOXHOCTb YBENMMYEHUS BbiXOoAa
HENTPOHOB B 2 — 4 pasa 06e3 UCnonb3oBaHMA BTOPOW CEKLUW YCKOPUTENS, €CriM TOPMO3HYIO
MU1LLEHb 13 BOMbdpamMa Unm ypaHa okpyXuTb ABYMS CrioaMu n3 18 nnyTOHUEBBLIX CTEPXKHEMN.

PaboTbl No BONHOBOW ONTUKe.

MpennoxeH HOBbIN 3 EKTMBHLIA CNOCOO aHANUTMYECKOro ONMCaHUS 3NEKTPOMAarHUTHbLIX BOSH
B aHM30TPOMNHbIX cpepax. [NokaszaHo, Kak paccyMTbiBaTb OTPaKEHME W MPENIOMIIEHNE Ha rpaHuue
pasgena mexay W30TPONHOW WM aHM3OTPOMHOW cpedamu. MccnegoBaHO pacllensieHne BOSMH MNpu
OTPaXEHMM WU MPENIOMIIEHMM U MOSIBNEHUS MOBEPXHOCTHbIX BOSH. OOCyxaalTCcs MOBEPXHOCTHbIE
BOMNHblI [bsSAkOHOBa M cnocoObl Mx HabnoaeHusa. lNMokasbiBaeTCsl Kak pacCYMThiBaTb OTpPaXkeHue U
NponyckaHue NIIoCcKo napannenbHbIX OOHOOCHLIX MAACTUH.

lll. MeToanyeckmne n NpuknagHble UccnenoBaHUs.

UccnepoBaHue cBOMCTB NOSyNpPOBOAHUKOBLIX AE€TEKTOPOB U CLUIMHTUINATOPOB.

B 2012 rogy wn3rotoBfneHbl anbda W ramMmma AeTeKTopbl M3 ObICTPbIX HEOpraHN4ecKnx
CUMHTUMNNATOPOB LFS Ha ocHOBE MUKPONUKCENbHBLIX NaBUHHLIX (POTOAMOO0B C BLICOKOW MNOTHOCTbLIO
nukcenen(15000 nuxen/mm?).

Pernctpauma anbga 4Yactuy wccrnegoBaHa C  MNOMOLLBID  ObICTPbIX  HEOpPraHU4ecKmx
cunHTUnNnaTopoB LFS-3 (2 x 2:x 10 MM) Ha OCHOBE MUKPOMUKCESbHBIX MaBUHHBLIX POTOANOLOB MpuU
KoMHaTHoM Temnepatype. lNony4eHHoe aHepreTudeckoe paspelleHne ans anbda 4acTul C aHeprmen
5.5M3B oT paamMoakTUMBHOIO MCTOYHMKA 21Am cocTtaBuno 9%. AMNAUTYOHBIA CNEKTP MOKa3aH Ha
puc.24  (cnesa). Pernctpauma  ramma-uanyyeHus ocylwiectenanacbs ¢ nomowbio  LFS-8
cunHTUnsaTopoM (3x3x0.5Mm3) Ha OCHOBE MUKPOMUKCENbHBLIX NTABUHHbIX (DOTOAMOAOB B LLUMPOKOM
3HepreTnyeckoMm aAmanasoHe (59.6-662kaB) npu KomMHaTHOM Temnepatype. OHepreTnyeckme
paspelueHne paBHsieTcsi 11.5% ans 662 kaB ramma KBaHTOB OT pafMOaKTUBHOMO MCTOYHMKA ' Cs.
AMNIMTYOHBIA CNEKTP MOKasaH Ha puc. 24 (cnpaBa). Pe3ynbTaTtbl Nokasanu, YTo TakMe OETEKTOPbI
MOXHO UCMonb3oBaTb B MO3UTPOH-OMUCCUOHHBIX CKaHepax, [ANs KOHTPOns pafuoaKkTUBHOMO
3arpsi3HeHns B pasnuyHbIX cpegax un obuiectBeHHon 6esonacHocTu (Associated Particle Imaging ans
06GHapy>XeHNs B3pbIBYATbLIX BELLECTB U HAPKOTUKOB).
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Puc. 24. AMnnuTyaHble cnekTpbl ot 2*'Am anbda (cneea) u '*'Cs ramma (cnpaBa) CTOUHMKOB.

Kpome atoro, 4ns uamepeHusi OCKOSKOB AeNeHUS U NIErkUX 3apsbKeHHbIX YacTuL, UCrnycKaeMblX
B npoLuecce [feneHus, co3gaH CTeH4 W3 TOHKOro MPOCTPENbHOro KpemHueBoro AE peTtekTtopa
TonwmHon nopsagka 12 mkm 1 600 MKM KpemMHueBoro getektopa Timepix (E) B KOTOpOM 3Hepruu
YyacTuL NOMHOCTLIO nornoulaeTtcs (puc. 25).

T~ E nevexrop

h

Puc. 25. NonoBrHHasg YacTb cTeHaa.

Takon cTeHp npefgHasHayYeH Ans U3yyYyeHnst BO3MOXHOCTU NnpumeHeHus metogda E-AE B kombuHaumm ¢
NO3MLMOHHO-YYBCTBMTENbHLIM AETEKTOPOM BbICOKOrO paspelueHns Timepix Ans n3yyeHus npouecca
AenexHvs. OTOT MeTOA4 MO3BONSAET MAEHTUMUUMPOBATL Nerkne 3apsbkeHHble YacTuubl Mo 3apsgy U
Macce, a Takke OTAensATb WX OT (POHOBLIX COOLITUA, CBA3AHHBIX C pacCesiHUEM OCKOIKOB Ha
nognoxke. OpgHOM M3 Haubonee CrNOXHbIX 3agady Mpu CO30aHUM [OAHHOro CcTeHaa sBwunach
opraHusaums cxembl COBNageHUn Ans ogHoBpemMeHHoun pernctpauun AE u E curHanos. Jetektop E
(Timepix) nmeeT COBCTBEHHYID CUCTEMY CUUTbIBAHWUSA, KOTOpasi MO3BOMSIET PerncTpupoBaTb BpeMs
ANga Kaxgoro cobblTusA, HO He npeanonaraeT MHTerpaumio ¢ BHELHWMW 3NEKTPOHHbIMKU BGnokamu.
CurHan oT AE pgeTektopa cuMTaeTcss C MOMOLLbK HactonbHoro oumdpoBwmnka CAEN (12 6wurT,
250Mrl'u/BbIB), KOTOPLIM TakkKe MO3BOSIIET PErucTpMpoBaTb Bpems npuxoga cobbitus. Ha gaHHoOM
aTane CcoBMNageHWsi OpraHu3oBaHbl 3a CYET aHanmu3a BPEMEHHbIX METOK ABYX TUMNOB cobbITuA,
3anuncaHHbIX Ha KomnbloTep, B off-line pexnme. BpemeHHoe pa3pelueHne 3aToro Metoga HeJoCTaTOuHO
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1. HAYYHbIE UCCIIEAOBAHUA

Ana adeKTUBHOM opraHusaumm cosnageHun. Begetcs paboTta no cosgaHuio 6onee adhpekTMBHOM
CXeMbl coBNageHumn.

AHanuTuyeckue uccnenoBaHus C UICMONb30BaHMEM METOAO0B HEUTPOHHOM CNEKTPOMETPUM.

Ha vMnynbCHOM WCTOYHMKE pe30OHaHCHbIX HenTpoHoB WMIPEH npopomkanuce paboTbl no
pasBUTUIO W MPUMEHEHUI0 MEeTOOOB 3JNIEMEHTHOr0 M M30TOMHOMo aHanusa C UCNoNb30BaHWEM
HENTPOHHOW cnekTpomeTpuun. NamepeHmsamn nponyckaHus HENTPOHOB 4vepe3 obpasubl NpoBOAMNICSA
aHanua copepxaHua 6Gopa B Kepamukax W3 HaHOKOMMO3WUTHbIX MarepuanoB, W3roTOBMEHHbIX B
Bbenopycckom rocygapctBeHHoM yHuBepcutete (MuHck). HoBble MHOrodyHKLMOHAarbHbLIE MaTepuarnbl
coyeTaloT B cebe cBoncTBa 3QHEKTUBHOIO HEMTPOHHOIO NPOTEKTOPA C BbICOKOW TEPMOCTONKOCTBIO U
MEeXaHN4YeCKOM MPOYHOCTLIO.

CoBmecTHO ¢ [ocygapCTBEHHbIM ACTPOHOMWYECKMM MHCTUTYTOM wuM. LUtepHbepra MIY
MEeTOAOM pPe30HaHCHOW CMeKTPOMEeTpuUM  NPOoJOoSKaNUCb  WUCCRedoBaHWUs  NPeanonoXUTErNbHO
KocMuyeckon nbinun B Npobax, B3ATbIX C neaHnka AnTas.

Mo 3anpocy LleHTpanbHol reonormuyeckon nabopatopmum MnuHucTepcTea NnpupoaHbLIX PECYpCOB
N 3HepreTkn MoHronumn NpoBeaeH aHanus pyabl Ha cogepXaHne peako3eMernbHbIX 3NIEMEHTOB.

AnepHo-husnmyeckue aHanUTUYECKMEe METOAUKM Ha 6ase NyYKOB 3apsiKeHHbIX YacTul.
Hepaspywatowme saepHo-busmyeckne aHanmTmyeckne MetToamky, 6asvpylolumecs Ha ny4dkax
3aPSHKEHHBIX YaCTULL HU3KMX SHEPTMI, LUMPOKO WCMONb3YTCA ANs WUCCneaoBaHus yOMHHBIX
npodunen 3MemMeHTOB MPU PELUEHUM PasHOro pofa TEXHUYECKMX M Hay4YHO-3KCNepUMEHTambHbIX
3agay. Mx aHanuTMuyeckue BO3MOXHOCTM ObiMM MccnegoBaHbl Ha crneuuanbHO NogobpaHHbIX
obpasuax. MeTtoauka pesepdopAoBCKOro ob6paTHOroO paccesHns MOHOB renns No3BONseT U3MepsATb
rnyGuHHbIE NPOUN NOYTU BCEX 3TEMEHTOB C JOCTAaTOYHO BbICOKMM paspeLleHneM Mo rnyouHe.

Kak MoxHO BnaeTb B Tabnuue, B pesynbTate 06paboTkm O4HOro CrekTpa paccesHHbIX NOHOB
renus Gbina nonyyvyeHa MHopMaumst o rMyObuHHbIX Npodunax 7 aNeMeHTOB, HAYMHas OT yrrepoda u
3akaH4MBasi BACMYTOM, C aTOMHbIMK KOHUeHTpauusmm oT 1 go 100 aT.%. B obpa3ue obHapyXeHbl
JBa Cnosi: CIov OKUCKU TuTaHa TonuwmHonm 140 HM M crnol kobanbTa TonwuHon okono 100 HMm,
HaHECEHHbIE Ha KPEMHMEBYO Noanoxky. Mexay aTuMn OBYMsI CIOsSIMU OBHapPY)XeH MPOMEXYTOYHbIN
CIONn, TOSWMHOM 0KOST0 20 HM, COCTOSALLIMI U3 BCEX TPEX IIEMEHTOB.

Tab6nuua Ne1.

TonwwHa cnos | Fny6uHa, KoHueHTpaunsa anemMeHToB, aT.%

10"° at./cm? HM c| o | si|Ti|col| Br]| Bi
50 55 8,0 89,3| 1,0 | 1,7
100 16,6 5,0 94 | 1,0
760 101,2 100
100 117,5 40 30 30
650 255,3 70 30
5000 10301,5 100

TOHKMIA CNOM Ha nOBepXHOCTU obpasua CoaepXMT HebOomnbLIOE KONMMYEeCTBO MNPUMECHbBIX
anemeHToB: yrnepoga — 9x10'° at./cm?, 6poma — 1,5x10™ at./cm? 1 BrucMyTa — 8,5x10™ aT./cm?. OToT
Cnon sBNsSeTcs [OEeMOHCTpauuen, Kak MpeMMyLlecTB MeTOAMKM pe3epdOopaoBCKOro obpaTHoro
paccesHusi, Tak U ee HedocTaTkoB. Habniogaemoe B 3KCnepuMeEHTe KOMMYECTBO aTOMOB BUCMYyTa
nokasblBaeT, YTO MeToamKka pe3epdopaoBCKOro 06paTHOro paccesHNsa oKasbiBaeTCs YyBCTBUTENbHOM
K TaKOMy KONIMYECTBY aTOMOB TSKENOro afieMeHTa, KOTOPOE MeHbLLE UX KONMYEeCTBa, COAEpXKaLlerocs
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B MoHocnoe. C [pyroil CTOPOHbI, AOBOMbHO 3HAuWTEnbHoe KonuuyectBo (~10'° ar./cm?) aTomos
yrnepoga He obecneunBaeT 3aMeTHOro BbIXo4a pacCesHHbIX MOHOB renus.

YnydlweHne aHanuMTUYeckux BO3MOXHOCTEN MeToauku pe3epdopdoBCKOro  obpaTHOro
paccesiHMst MHOrga [OoCTUraeTcss NyTEM MOBbIWEHUS HayanbHOW SHEpPrMM MOHOB renus. Tak,
Hanpumep, YyBCTBUTENbHOCTb METOAMKM K aTOMaM KACIIOpoAda MOXHO YBENUYUTb NyTeM NOBbILLEHUSN
3Heprnm noHoe renus Bolwe 3,045 MaB. QHepreTuyeckas 3aBUCMMOCTb CEYEHUS pacCesHNA UMeeTCA
Y3KU PE30HAHC C CeYEeHNEM B MakCUMyMe, NpeBbILLaLWUM ceveHne pe3epdopaoBCKOro paccesiHus
B 17 pa3. [Jns Halero anekTpocTaTUYecKoro reHeparopa aTa aHeprus aBngeTcs BnorHe AOCTYNHOWN.
M3mepeHusa npu HECKONMbKUX 3JHEpPrusx, MNPEBbILAKLINX PE30OHAHCHYI0, MO3BONSET AeTarnbHO
nccnegosaTb rMyOuHHBIN Npodunb KMCopoga B NPUNOBEPXHOCTHOM croe obpasua.

B obpasue TiO\Pt\Si BbINONHEHO uccnegoBaHue rinyobuHHOro NPoduns KMcnopoga ¢ NOMOLLbIO
pesoHaHca B YMNpyrom paccesiHuM WOHOB renus ¢ aHepruen 3,045 MaB Ha aTomax Kucnopoga.
lMoka3aHo, 4YTO NyTeM CKaHMPOBaHMSA MO AHeprun BOMM3N pe3oHaHca obHapyXeHbl 3 CNos TOMLWUHOM
10 — 30 HMm, cogepxawme kucnopod C KoHueHTpaumen 50 — 60 — 67 ar. % M oaMH cron ¢
KOHUeHTpaumen kucnopoga okono 10 at. %. N3mepeHne KOHUEHTpauMM KUCNOpPOAa BbIMNOMHEHO C
TOYHOCTbIO 2 aT. %.

MocnegoBaTenbHbI aHanu3 obpasua Ha Ny4ke NMPOTOHOB U MOHOB renunst NO3BONSAET MNOBLICUTb
TOYHOCTb OMpeaerieHns KOHLEHTpauun nerknx 3SfeMeHTOB U yBenuuuTb rmybuHy aHanusa. [Ons
AEeMOHCTpaunn 3TUX BO3MOXHOCTEN ObINT Mcnonb3oBaH obpasel, COCToSAWMA u3 AByX crnoeB Ag u
LiNbOj3, HaHeCeHHbIX Ha KpeMHMEBY NognoxKy. [locnegoBartenbHoe MCCnegoBaHMe OBYXCITOMHOIO
obpasua Ha nyyke WMOHOB renus KU NPOTOHOB MO3BOMMUSIO HE TOMbKO MOMAyYUTb MHGOpMauuto 06
9N1EMEHTHOM COCTaBe 3TUX ABYX CMOEB C 00LIEeN TONWMHOM OKOMO 2,5 MKM, HO 1 YBENUYUTL rNyouHy
aHanmsa obpasua go BenuumHbl npumepHo 20 mkM. OBpaboTka ABYX CNEKTPOB Mokasana Hanuive
3aMEeTHOM KOHLIeHTpauun kpemHusi kak B crnoe Ag, Tak u B crnoe LiNbO;. Nepexog mexagy atumu
cnosimu TonwmHom okorno 100 HM nMeeT NPOMEXYTOYHLIN COCTaB C NpUMeckto Si.

C nomouwubto metoamk RBS 1 ERD nccnegoeaHo BnvsiHue o6nyyYeHust ObICTpbIMU HEMTPOHAMM
c poson 1,4x10™ H/icm® Ha xapaktepuctukn SiC n SiC(N) nneHok. OBHapyXeHO W3MeHeHue
nposoaumocTtn crnoe B 100 pa3, B TO BpeMs Kak KOHLEHTpauus 3f1IEMEHTOB M TOMWMHA CroeB B
obpasuax He npeTepnena 3aMeTHbIX U3BMEHEHUIA.

C nomouwpblo sO0epHO-PU3NYECKUX aHANUTUYECKUX METOAMK MNPOBOAMIIOCH WUCCreAoBaHue
rnyOGuHHBIX NpodunNen KoHUeHTpauun aentepus B obpasuax, npegHasHavYeHHbIX A4S uccrneaoBaHns
acTpocunandeckoro S-hakTopa M 3KPaAHMPYIOLLEro 3NEKTPOHHOro noTeHuuana B peakuuu d(d, n)*He
Ha MULLEHSX 13 AeATepuaoB TUTaHa, TaHTana u LUMPKOHUS.

AHanuTuyeckue uccnegoBaHusi Ha peaktope UBP-2.

B nogoTyeTHbIM nepuopg paspabaTtbiBanca naket nporpamm Ans KOMMEKCHOM aBToMaTusaumm
HENTPOHHOIO aKTUBALMOHHOIO aHanm3a Ha peaktope MBP-2, Bkniovarowmn B ceba 6asy OaHHbIX,
CEpPBUCHblEe Mporpammbl Ansi 3anofiHeHust 0asbl [aHHbIX, NporpaMMbl ANS perucrpauun Beca
o6pa3uoB, M3MepeHWs CMekTpPoB, pacyeTa KOHUEHTpauuni anemeHToB. B npouecce paboTbl C
nporpammMamMu NpoBoAunack Ux mogepHusauus. MiccnegoBanvcb pasnuyHble HeCTaHAapTHbIE Cy4vau,
BO3HMKaloWwme npu obpaboTke ramma cnektpoB nporpammon Genie 2000 (Canberra). HavaTta
pa3paboTka MexaHU4eCKON YacTu YCTPOMCTBa ANsi CMeHbl 06pa3LoB Ha AeTeKkTopax U NpodosKeHa
paboTta no mogepHM3aL MM NHEBMOTPAHCNOPTHON YCTaHOBKM.

lMpoBeaeHbl 3MepeHnst NAOTHOCTU NMOTOKOB TEMMOBLIX U PE30HAHCHBIX HEMTPOHOB B KaHanax
o6nyyeHns NnHeBMOTpaHCNOpTHON ycTaHoBKM PEIATA n Ha HEKOTOpbIX My4Yykax HEWTPOHOB B HOBbIX
3KCnepMMeEHTanbHbIX YCIOBUAX MOCIE 3aBEPLLUEHNSA PEKOHCTPYKLMN pekTopa NBP-2.

B pamkax mexgyHapogHon nporpammbl « ATMOCEpHble BbiNageHUsl TSXKenbIX MeTasnnoB B
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1. HAYYHbIE UCCIIEAOBAHUA

EBpone — oueHkM Ha OCHOBe aHanm3a MxoB-OuomoHuTOopoB» B 2012 rogy 3aBeplleH aHanu3 u
onybnukoBaHbl paboTbl, oTpaxatwwmne Bknag cektopa HAA B eBponenckun atnac no MakegoHum,
Bbonrapuun, Xopsatum u Cepbun. B eBponencknin atnac nepegaHbl Takke AaHHblE MO HEKOTOPbIM
obnactam Poccum (TuxewuH, Koctpoma, MiBaHoBo, Mocksa).

B 2012 rogy B pamkax coBMecTHoro ¢ Ermntom npoekta «OueHKka 3KONorm4eckon cutyaumm B
genbte p. Hun ¢ wucnonb3oBaHnem sOepPHO-PUINYECKUX aHANUTUYECKMX METOLOB» 3aBepLUEH
MacCOBbIi MHOrO3J/IEMEHTHbIA aHanu3 MNOYB U [OOHHbLIX OTIIOXEHUN, OTOOPAHHbLIX B Pas3nU4HbIX
pernoHax oenbTbl HUNa 1 Boonb ero pycna. ViccnenoBaHbl Takke noysbl 3 oasuca Cusa B Caxape.
lMony4yeHHble pe3ynbTaThl NPEACTABASAT MHTEPEC ONA reosioroB 1 akonoroe Ermnra ¢ Touku 3peHus
HOBOW MHdopMaUumn o6 anemMeHTax, KOHLEHTpaLMm KOTOPbIX onpeaerneHbl Bnepabie.

B pamkax gorosopa o coTpygHuyecTtse ¢ VIHCTUTYTOM Buonorum 1oxxHbix Moper (CeBactononb)
npoBefeH aHanu3 obpasuoB MakpoBOAOPOCEN-GUMOMOHMTOPOB B NPUBpexHON 30He YepHoro Mops,
OT nonyocTtpoBa TapxaHKyT 0O KepyeHCKOro nomnyocTpoBa C Liefbio OLEHKN COCTOSIHUS NPUOpPEXHOn
akocuctembl Kpbima.

BnepBble nonyyeHbl pe3ynbTaTbl MHOMO3/IEMEHTHOINO aHanmM3a MXO0B-OMOMOHUTOPOB W
NULWanHKOB 13 panoHa rr. CtenneHbow n KenntayH, KOAP, onst oueHkn aTMocepHbIX 3arps3HeHni
B 9TOM pernoHe. [ns OLEHKM COCTOSAHUS BOOHOW SKOCUCTEMbI 3TOrO Xe pernoHa Obln npoBeneH
aHanua obpasuoB MOMIOCKOB U yCTpUL U3 ABYX 3anuBoB VHawuickoro okeaHa. lNpeaBapuTenbHble
pe3ynbTaTbl Nokaszanu 3PPEKTUBHOCTbL BbIOpaHHLIX OOBLEKTOB ANA  pa3paboTkM  CUCTEMbI
BGUOMOHUTOPMHIa B YCNOBUSX pa3BuBaloLLerocs nopta B KennrayHe.

MogroTtoBneH n onybnmkoBaH 0630p No pesynbTaTtam 6onee yem 20-neTHeEro coTpygHu4ecTsa
CHHAIN n aHanuTu4yeckoro ueHTpa [eonorudeckoro uHctutyta PAH B 0Gnactu umccrnegoBaHus
KayecTBa MPOAYKTOB MNUTAHUSA S0EPHO-PU3MYECKUMU aHaNUTUYECKUMUM MeTogamMun. AHanornyHble
nccnegoBaHUA HavaTbl COBMECTHO C  TOMMAWCCKUM FOCYAApCTBEHHbIM YyHMBepcuTeTOM wuMm. W.
xasaxuwsunu, Mpysus.

CoBmMecTHO cO cneuuanuctamyn byxapectckoro yHuBepcuTeTa Oblnn NpoaHanu3vpoBaHbl
obpasubl Mano W3y4YeHHbIX JIEeCCOBbIX OTMOXeHWW rmnyouHon go 20 metpoB u3 HOro-BocTtouHou
Hobpymkn AN OUEHKM M3MEHEHUS 3NIEMEHTHOrO cocTaBa 3TOro BMAa noys 3a nocnegHve 1,2 mnH
net. Peasynbtatel MHAA, npoBeaeHHoro Ha peaktope VIBP-2 B 2012 rogy, B coveTaHUU C AaHHbIMU
anP, POA, CKaHMpYIoLLLEN ANEKTPOHHOM MUKPOCKOMNUM, pagnomMeTpuyecKoro n
TEPMONIOMUHECLEHTHOIO aHanu3a no3Bonunn caenaTtb Lenbi psa BbIBOAOB, OTPaXeHHbIX B paboTte
(Duliu et al., 2012a). bbino ycrtaHoBneHo, 4TO o6pasubl pas3HOro BO3pacTa WMEHT CXOAHbIN
9NIEMEHTHbIN COCTaB, YTO CBMAETENbLCTBYET O MPOUCXOXOEHUM BbIBETPUBAEMOWN Mblfiv U3 OOHOro U
TOro e Hanbonee BEPOATHOrO UCTOYHMKA,— rop MauuH, pacnonoXeHHblix Ha cesepe Lobpymxku. Ha
mexayHapogHom cemuHape MUCUMHH-20 6bina gonoxeHa pabota no ndy4eHuto AOHHbIX OTOXEHUN U
rOpHbIX MOPOA ABYX MOMy3akpbIThbiX (semiclosed) skocuctemM: npunegHMkoBoro osepa bbinsa (ropbl
darapall) 1 o3epa kpaTepHoro npouncxoxgeHusa Ce. AHa (ropbl Xapruta) (Duliu et al., 2012b).

B 2012 rogy Ha yctaHoBke PEIATA nposegeH HAA OBYyX TOPMSHbIX KOMOHOK (MPUPOAHBIX
nnaHweToB), oToOpaHHbIX B 3anagHon Cunbupu, ¢ Uenbio OOHApPYXXEHUSI KOCMMUYECKOM Mbln. OTu
nccnedoBaHWss B KOMMMeEKce C  pesynbTaTaMy  SMNEKTPOHHOW  CKaHMpYOLWEN  MWKPOCKOMNUK
CBMOETENbLCTBYIOT O BO3MOXHOM MPUCYTCTBMM 4YacTWL, BHE3EMHOro MnpoucxoxaeHusi. bbin
npoaHanu3npoBaH Takke martepuar, MOSyYeHHbI C MOMOLLbI0 MArHWUTHbIX FOBYLUEK MpU TasiHAK
BbICOKOrOPHOro NnegHunka Ha AnTae co criejamum BeLecTBa BHE3EMHOTO MPOUCXOXAEHMS.

B pamkax npoekta PO®PUN cosmectHo ¢ MI'Y (HUN n Mysen antpononoruv nm. .H. AHyunHa)
BbinonHeH HAA Bonoc npepcraButenbHon rpynnbl ageterr OHryaanckoro pavoHa pecnyonukn Antanm,
a Takke MoYB U3 MECT UX NPOXMBAHUS C LENb0 YCTAHOBIEHUSA BO3MOXHbIX KOPPENALUN 3f1EMEHTHOMO
cocTaBa M BbISIBNEHUS 3HOEMUYECKMX OCOBEHHOCTEN BIIUSAHUS FEOXMMUYECKOW cpefbl Ha OpraHunsm
yernoseka.
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B coTtpyaHuyectse ¢ 6uocumsmkamm MHCTUTYTa Pusmnkm um. 3. AHAPOHMKALWBUNN [ PY3NHCKOro
rocygapcTBeHHOro yHmsepcuteta um. . hkasaxuwsmnu n Yuuesepcuteta nm. M. Yasyasagse B 2012
rogy npogospkanucb nccnegoBaHus no paspaboTke MeTOO40B CUHTE3a HaHovacTuL 3onoTa n cepebpa
HEKOTOPbIMU HOBbIMW LUTaMMaMn BakTepun - 3KCTPEMOGUITOB U CUHE-3eMNeHon Bogopochnbio Spirulina
platensis. B komnnekce ¢ psaomM onTUYECKNX U aHaNUTUYECKUX MeTO00B HENTPOHHbLIN aKTUBALMOHHbLIN
aHanu3 wucnonb3oBanca And paspaboTkMm TEXHOMNOrMM CUHTEe3a HaHovacTuy uccrnegyembiMn
MUKpoopraHnamamn. C uenbto OLEHKN BO3MOXHOCTU NPUMEHEHWS NOSTyYeHHbIX HaHOMaTepuanos Ang
MeauumMHCKNX 1 capmaueBTmyecknx uenen metogom HAA Ha peaktope VBP-2 nccnepoBancs Takke
3MIEMEHTHbLIN COCTaB MUKpoBUuanbHbIX 06pa3uoB, CoAepXKallMx HaHO4YaCcTULbI 30510Ta U cepebpa.

1. HAYYHbIE UCCJIEAOBAHUA
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CoBmecTHO ¢ Hay4yHo-npaktuyeckum ueHTpom HAHB no matepmnanosegenuio HauunoHanbHowm
akagemmn Hayk benapycu u cneuvanuctamm NO PEHTrEHOBCKOM AMdpakuun u  CKaHupyloLlen
9NEKTPOHHOM MUKpOCKonNuW yHuBepcuteTa B [anaue, PymblHMA, BbinonHeHa paboTta no U3yveHuio
N3MEHEHUS XapaKTepucTuk HUTpuaoB B cucteme Li-N npu pasnuyHom gasneHun cuHTesa. bbino
nokasaHo, 4YTO yBenuyeHwe AaBreHust asota B npouecce (OPMUPOBAHUS HUTPUOOB NPUBOOUT
06pa3oBaHUio CTPYKTYP C NOBbILIEHHBIM COAepXaHMeM a3oTa B 06bemMe 1 ¢ bonee Menkum pasamepom
Kpuctannura.

Ha 6asze CHAAIMW B 2012 rogy nposoguncs lNpakTukym Onsi CTyOEeHTOB CTapLUMX KypCoB
YHuepcuteta «[JybHa» n ctyaeHToB n yuntenen MexayHapoaHsix JleTHux LWkon (Man-utoHb, nionb 1
ceHTs10pb 2012 roga), opranunsyembix YHU OUNAWN, ona cnywartenen V Bbicwnx kypcoe ctpaH CHI
"CUHXPOTPOHHbIE U HEWTPOHHbIE MccregoBaHusa HaHocucteM (CUH-HaHo)" (17uoHs - 5 niona 2012,
Mocksa-[lybHa), a Takke ana MexgyHapoOHOW Hay4YHOW LUKOMbl A9 MOSIOAEXN MO HAHOTEXHOMNOMmMn
(ceHTa6pb, 2012). 3a oTyeTHbIN nepuon Ha 6ase cekTopa ObinM BbINOMHEHbI ABE KYPCOBbLIX U TpU
GakanaBpckux paboTbl. B cekTope BbINOMHATCA NATb KAaHANOATCKUX AnuccepTauun.
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NMEPCNEKTUBHbLIE PASPABOTKU U CO30AHUE OBOPYOOBAHUA ONA
CNEKTPOMETPOB UBP-2

XonogHble 3amennurenmu.

B nepBom kBaptane 2012 roga B pamKkax MpOEKTa KOMMfeKca XONoAHbIX 3ameanurenen
peaktopa NBP-2M Ha nonHomacliTabHOM MCMbITaTENbHOM CTeHAe Oblnn NpoBeAeHbl 3KCNEPUMEHTDI
Nno MOLENMPOBaHMUIO 3arpys3kM MeE3UTUNEHOBBLIX LUAPUKOB B KaMepy-umuTaTop 3amMeanuTens npwu
pasnuyHbIX pexumax paboTbl. bbina npovsBedeHa Takke MOAepHM3aUUA aBTOMaTU3NPOBAHHOM
cucTteMbl cbopa 1 perucTpaumm KOHTPONbHOW U U3MepuTenbHOM MHpopMaumm ¢ 4aTYMKOB CUCTEMDI
KOHTpONA  xonogHoro 3amegnurtens. Kpome Toro, yhyudlleHUMIO NOABEPrfiMCb  OCHOBHbIE
TEXHOMNOrm4yeckne CUCTEMbI 1 y3nbl XONOAHOro 3amenureng.

Ha ocHOBaHMM NONy4YeHHbIX pes3ynbTaToB Obln BblpaboTaH pexum paboTbl XONOOQHOro
3aMennuTensi, KoTopbld onpegenseT OCHOBHbIE NpeaeribHO AonycTMMble hn3nyeckne napameTpbl BO
BpeMs ero aKkcnnyaTtauuu, M NpoBefeH Myck nepBoro xonogHoro 3ameanutens K3-202 Ha ocHoBe
apoMaTn4eCKMX yrineBogopoaoB Ha MogepHu3npoeaHHom peaktope MBP-2M (Puc. 26).

Water pre-
mdmw ' l

Puc. 26. ®oto komnnekca 3ameanurtenen HeWTpoHoB K3- Puc. 27. HewtpoHHoe u300paxeHne 4Yactu

Grooved water
moderators

Membrane of
cold moderator

o
for beams 7,8
and 10

e
Flatwater /"

moderator

202 B HanpasneHun nyykoB Ne 7,8,10 u 11: 1 — BogaHON

komnnekca 3ameanutenen K3-202 ¢ KpMOreHHbIM

npegsavegnuten, 2 —  BoAsiHble  rpebeHyaTble 3aMennuTeneM, pPacrnofioKEHHbIM B HWXKHEN
3amennuTenu, 3 — XONoAHbIN 3ameanuTenb (BUAHA TOSbKO NonoBuHe, npu pasHOM YPOBHE 3aMOSIHEHUSI
NMOBEPXHOCTb  BakKyyMHOro  Koxyxa), 4 — BoAsHble LapukamMu: nyctas kamepa (cneea), 3anonHeHHas
nocr3ameanuTenu. Ha 2/3 (B ueHTpe) 1 nonHas (cnpasa).

OcHoBHblE u3ndeckne napameTpbl 3ameanutens K3-202 Bo Bpemsi 3arpysku kamepbl
3aMOPOXEHHbIMW  ME3UTUIEHOBLIMM  LIApukamu: 1) MaccoBbi pacxod renua B TPaHCMOPTHOM
Tpybonposoae coctaBun 1,5 r/cek, TemnepaTypa - He meHee 80K; 2) MakcmanbHasi CKOpoCTb nogayn
LapuKoB M3 pgosaTopa B TpaHCNopTHbIM TpybonpoBoa He npesbiwana 8 wTyk/cek. KoHTponb
ABWXKEHUS LapuKoB No Tpybonposody NpOM3BOAMIICA C MOMOLLBIO AaTYMKOB AuddepeHumansHoro
naenennd. HabniogeHve 3a npoueccoM 3anofiHEHWS KaMepbl Lwapukamyi (MOHUTOPUMPOBAHUE)
OCYLLECTBMANOCL  NyTeM  MONyYeHWss  HeWTpoHHoro obpasa kKamepbl 3amegnuTtens  Ha
AByxkoopauHatHom MY meTogom «kamepa-obekypa» (Puc. 27).

lMocne 3anonHeHust Kamepbl 3amMennuTensa peaktop Obin BbiBeAeH Ha MowHocTb 2 MBT.
CpegHsasa Temnepatypa 3amegnutens coctaBuna 30 K. B pesynbTaTe W3MEPEHUN CMNEKTPOB
HEWTPOHOB YCTAHOBMEHO, YTO BbIXOA ASIMHHOBOSIHOBLIX HEWTPOHOB C MOBEPXHOCTU KPWOFEHHOro
3amennuTena no CpaBHEHUIO C BOAsIHbIM 3amMeanuternem ysenuuunca go 13 pas (Pwuc. 28).
MpopomxatoTcss paboTbl NO onNpedeneHuMio MakCMManbHOro BpeMeHn paboTbl Ha OOHOW 3arpyske
mMaTepuana XOMnoAHOro 3amennurens.
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Gain factor of CM at T=30K.

Puc. 28. VIamepeHHbI BbINIPbILL B XOMOAHbBIX HENTPOHAaX
MpY MCMONb30BaHUN XONOAHOIO 3aMeanuTens.

PacyeTbl 1 MOgenupoBaHue CNeKTPoOMeTpPOB.

B teuenune 2012 roga npogorkanocb ycoBeplleHCTBOBaHNe cneunanbHblix VITESS mogynen,
NO3BONALLMX MOAENNPOBaTb NOBeAEHWE CMMHA HENTPOHA B MPOU3BOSbHbIX MarHUTHbLIX Nonsax. B atu
Moaynu 6binn gobaBneHbl BpeMeHHbIE 3aBMCUMOCTUM MarHUTHbIX NOMNen Ang MoAenMpoBaHUSA ChivH-
3X0 CMEKTPOMETPOB C BPEMEHHO-3aBUCALLUMU (UMMYNbCHBIMU) MarHUTHBIMU NONAMU (CTauMOHapHoe
none npuM 3TOM paccyYUTbIBAaeTCs BHeELIHeW nporpammon). [NpoussedeHo 60nblUIOE KOMMYECTBO
CUMYNALNIA YacTen HOBOIO CMNH-3XO0 CMEKTPOMETpPa C BpalLaoLLMMNCA MarHUTHbBIMU MOMSIMU Ha Ny4dKe
PE®JIEKC gnsa peaktopa MBP-2M (B coTpyaHuyectse ¢ B.bogHapuykom n A.PybuosbiM, HOO HUKC
JIHO®) B peanbHbIX MarHUTHbIX MOMSAX, pacCYMTaHHbIX BHELUHeEN nporpammoi. [poBeaeHo cpaBHeHME
C NepBbIMWU JKCMEepUMeHTaMmn (OOHO MNNEeYo CrMH-IXO CNEKTpoOMeTpa), Npyu 3TOM MOMy4YeHO Xopollee
coBnageHne 3KCNepuMeHTanbHbIX AaHHbIX C MOAENbHbIMW, paccyuTaHHbIMM HoBbiMM VITESS
mMoaynsmu. Ha ocHoBe NpOBEeAEHHbIX CUMYMAUUMA WM pacyeToB BblpaboTaHbl ganbHenwmne
pekoMeHOauun no MHXWHUPWHIY Y3I0B CMUH-3X0 CMeKTpoMeTpa C BpallarolmMMUCA MarHUTHbIMU
nonsamu.

BbINonHeH nepBbl 3Tan opurMHanbHOro npoekta: norpyxeHue VITESS moaynen B MarHUTHoe
none. MNpwu aTom Gbina paspaboTaHa cneumaneHas 6ubnuoteka VITESS nognporpamm, No3BonsoWmMx
peanusoBaTb [AaHHyl0 3agady. K HacToswemy BpeMeHM 3aBeplleHa paspaboTka moayns
‘nonapusaumnoHHoe 3epkano B MarHUTHOM none” (Puc. 29) 1 npoBeaeHo ero TecTupoBaHue, MOAYIb
OyneT BkmtoveH B cneaytowme Bepcun VITESS. Bee BbileonucaHHble paboTbl Obinyv NpoBeOeHbl B
cotpygHuyectee c npod. A.Nodbde (JCNS-MioHxeH).

‘ B rarsEnTHOS Done OTpawensnit Ty 90K

ITagare wr# oy dck Hefl Tp oHOB IlpoxomAmHH Oy eoK
— g o Puc. 29. ﬂonﬂpVIsaLl,VIOHHoe

/ 1 3epKasio B MarHUTHOM none
B

Zepranc

Bbinu paspaboTaHbl 4 HoBbIX VITESS Moayns, NO3BONAKOWUX MOAENMPOBATL U paccyYnTbiBaTb
BPEMEHHYIO (POKYCUPOBKY HENTPOHOB AN BPEMSANPONETHbIX CMEKTPOMETPOB Ha WMMYNbCHbIX
nctoyHmkax. OguH 13 Moayrnen no3BoMnsieT paccymTaTb NOBEPXHOCTb BPEMEHHOM HOKYCUPOBKU ANS
BbIGpaHHOM KOHUrypaumm BpeMANposieTHOro CNeKTpoOMeTpa B AeKapTOBbIX UIM MOMSAPHbBIX cUcTeMax
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1. HAYYHbIE UCCJIEOOBAHUA

koopauHaTt. C NOMOLLBIO APYrMX MOAYIEN MOXHO paccuuMTaTh annpoKCUMMMUpytoLme NoBEPXHOCTU ANs
NOBEPXHOCTU BPEMEHHOM bOKYCHMPOBKN. Mpwn 3TOM BO3MOXHa annpokcnmaums
MNOCKOCTLIO/NMIOCKOCTAMK,  LUmunuHgpoMm/uunuHgpamn  n - cpepon/cchepamn.  [JaHHbIN  KOMMSEKC
MOAynen HaxoguTcs B cTagum TectupoBaHus. Ha Puc. 30 npuBeaeH npumep nocTpoeHust naeanbHOn
NOBEPXHOCTU BpemMeHHon ¢pokycuposkn. B 2012 r. B komnnekc VITESS BBegeH n agantupoBaH u3
nporpammbl MCSTAS moaynb Ansa mogennpoBaHus rasoHanosiHeHHoro MY,

Gnuplot (window id : O) - | O
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Puc. 30. lNpumep nocTpoeHus

naeanbHown NMOBEPXHOCTU
BpeMEHHOW (POKYCUPOBKU Ans
NnpocTenLLEero naearnbsHoro

WHCTpPYMeHTa C GpEerroBckum
paccevBaTtenieM [Ans  OAHOrO
pUKCUPOBAHHOIO

MEXMIOCKOCTHOTO PaccTOsIHUS.

view: 450000, 55.0000 scale: 1.00000, 1.00000

TecTOBLIN NYYOK U HOBLIN (hypbe-audpakTomeTp.

Mpopomkanucek paboTbl No cosgaHuio Ha 13 kaHane peaktopa VBP-2M HoBoro dypbe-
AndpakTtomeTpa BLICOKOTO paspeLleHusi, OCHOBAHHOIO Ha yanax cnektpometpa FSS (GKSS,
Geesthacht, Germany). B cBsisu pelleHMeM O co3gaHuMM Ha cocegHeM 14 kaHane HOBOro
cnektpomeTpa NIS, 6binv cKoppeKkTUpPOBaHbl MPOEKTbl pa3MeLLeHNst yCTAaHOBOK M pa3paboTaHa HoBas
cxema Ouonorudeckon 3awmtbl 13 u 14 kaHanoB, paspaboTaHbl YepTeXu, W3rOTOBIEHbLI U
CMOHTMPOBaHbI 3reMeHTbl 3awmnTbl. K coxaneHuo, O cMX Nop He pelleHbl Npobnemsl, CBA3aHHbIE C
TpaHcnopTupoBkon obopyaosaHus FSS n3 Cankr-lNeTepbypra B [y6HYy.

KpuoreHuka.

3aBeplueHbl paboTbl MO CO3AaHMIO ycTaHoBku Ans ouncTkm He® (Puc. 31). YcTtaHoBka
npeaHasHayeHa Ans OuYMCTKM M nogroToBku He® ans BTOpPMYHOrO MCMOnb30BaHWUSI B AeTeKTopax
HelTpoHoB. CMech rasos 13 AETEKTOpoB, cogepxallas He®, coxpaHsieTca B pesepeyapax yCTaHOBKM
W NPy NOMOLUM KPUOTEHHOW CUCTEMbI WU CUCTEMbl Mepekaykn renmin ovuaeTcs OT ApYrux rasos.
3aTeM C MOMOLLBLIO CNeumMansHOro KpuoreHHoro Hacoca He® komnpemupyetcs go nasnequs 806ap,
AOCTaTOMHOrO ANS 3anpaBKyM HOBbIX AeTeKTopoB. Ha ycTaHOBke npoBefeHbl MycKo-HanagouvHble
paboTbl M Ha4yaTa ee aKcnnyaTaums.

MpoBeaeHo uccrnegoBaHue
BO3MOXHOCTU CO3aHUSA KPUOreHHOW roSfloBKM Ha
nynbcaumoHHon  Tpybe B  nabopaTopHbIX
ycrnosuax. B pesynbTate Oblna M3rotoBneHa
O[HOCTYNeH4aTas KpMoreHHass  roroska,
coeguHeHHas c komnpeccopom Leybold
RW4000. KoHeyHass TemnepaTtypa, KoTopas
JocTuraeTcsl Ha aTon rornoske, coctasnseTt 48K.
onoBKa MCNonb3yeTcs Ha KPUOreHHOM CTeHae

Puc. 31. YcraHoBka
ONSA OYNCTKN He®.

H3OKC NBP-2M.

Hauata paspaboTka ropusoHTanbHOro KpuocTaTa, npedHasHa4YeHHOro Ans OXNaXaeHus
Kamep BbICOKOro daBneHusi C candupoBbiMM HakoBanbHAMW Ha audpaktometpe [OH-6.
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PeKkoHCTpyKUUA HEMTPOHOBOAOB U MOAEpPHU3aLMA CMCTEM aBTOMaTU3aLMKU CMEKTPOMETPOB Ha
7 kaHane UBP-2M.

B 2012 r. 3aBeplUeHO W3roTOBMEHWE M BbINOMHEH MOHTaX 80-MeTpoBOro HeWTPOHOBOAA
HEPA-TP (Puc. 32). lNpou3BeaeHa I0CTUPOBKA ONTUYECKUX NIEMEHTOB.

Puc. 32. OkcnepumMeHTanbHbIv 3an 7 kaHana MBP-2M nocne Puc. 33. ®oTo konnumaTopoB AETEKTOPOB U
PEKOHCTPYKLUMKN (OncunoH — xxenTbii useT, CKAT - cuHuii n roHnometpa Huber Ha cnekTpomeTpe
HEPA-TTP — 3eneHbin; Ha nepegHeM MnaHe OeTekTopHas SMNCUNOH.

cuctema HEPA-TIP).

UsrotoeneHa perynupyemasa aunadparma HEeNnTPOHHOro nydyka. YnpasneHwe auadparmomn
OCYLLUECTBIISIETCS  WAroBbiMM  ABUraTensiMn, MOAKMOYEHHbBIMM K PC  4yepe3 koHTponnep u
npeobpasoeatenis CAN/USB. BbinonHeHa Takke MOAEPHU3AUMA MHOrOCYETUMKOBOW OETEKTOPHOW
cuctembl HEPA-TIP. U3mepeHbl amMnnuTydHble CNEeKTPbl U CYETHble XapaKTepUCTUKN  rernmneBblX
cyeTyMKoB geTektopa (36 npsiIMOYronbHbIX cyeTunkoB, 24 cdetymka CHM-17 n 4 MOHUTOPHLIX
cyetunka). Mo pesynbTatam U3MEPEHHUI XapakKTEPUCTMK Npon3BedeH oTbop CHETUMKOB B rpynnbl MO
rasoBOMy YCUMEHMIO U paboyeMy HanpshkeHWto, a Takke onpedeneHbl Noporn AUMCKpUMUHaumm ans
KaXK[oro cyeTymka.

BBeneHa B akcnnyaTtaumio cuctema ynpasrieHnsa KonnumatopaMmy eTEKTOPOB YU TOHUOMETPOM
Huber Ha cnektpometpe 3MNCUIIOH (Puc. 33). lNpu aTom BrnepBble B COCTaBe WCMOSHUTENbHbIX
MexaHu3moB cnekTpoMmeTpoB JIH® 6binn ucnonb3oBaHbl LWAPUKO - BUHTOBblE nepegauun (LUBIM) wm
LaroBble ABUraTteny C ynpaBnsieMblM 3f1€KTPOMarHuTHelM Topmo3oM. LWBIT cocTtoaT u3 xogoBoro
BMHTA, raku ¢ MHTErPUPOBaHHLIMU LLApUKaMU U MeXaHU3MOM BO3BpaTa LUapuKoB. Takue nepegadv
Hambonee 4acTo UCMNONb3YTCA B NPeUM3noHHoM obopyaoBaHun. OHK cnyxaT ansa npeobpasoBaHUs
BpaLlaTenbHOro ABMXEHMS B NOCTynaTenbHOe 1M HaobopoT. Mpn aToM OHM 06ecneunBatoT BbICOKYHO
TOYHOCTb M ©onbwon KA. BeinonHeHa nporpammHo-annapatHas paspaboTka, no3sonstoLlas
ynpaBnsiTb TOPMO30OM C WUCMOSMb30OBAHWEM YXe MNpPUMEHsieMblX Ha cnektpomeTpax WBP-2M
KOHTPOINEepOoB LWaroBbIX ABUraTenen.

OO6Liee KONUYECTBO KaHamoB ynpaBfeHUs UCMOMHUTENBbHLIMW MEXaHU3MaMu CNeKTPOMETPOB
Ha 7 kaHane VBP-2M gocturno 72 (3MNCUJTOH — 32, CKAT — 4 n HEPA-TP — 36 kaHanos). Cuctemsbl
aBTOMaTM3aLMN SKCMEPUMEHTAlbHbIX YCTAHOBOK Ha 7 KaHane KOHTPONMPYIOT TakkKe COCTOsiHME
npepbiBaTenen, wnbepa, NokasaHMs BakyyMHbIX OAaTYMKOB U OPYrMX 3NIEMEHTOB CMEKTPOMETPOB. B
HacTosiee Bpems Ha IAIMNCUINOH n HEPA-TP yctaHoBneHbl HoBble DAQ-cuCcTeMbl AN TOYEYHbIX
JEeTEeKTOpPOB, 3aBepLUalTCA HanagoyHble paboThl M NPOBOASTCS TECTOBbLIE M3MEPEHMSI.
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OTnaxeHbl Ha CTeHAEe M NOArOTOBMEHbI K MEPEHOCY HAa NyYKM KOMMMEKTbI annapaTypbl CUCTEM
aBTOMaTU3aLMM U cucTeM cbopa AaHHbIx Ans cnektpomeTpoB CKAT, TPEMHC n [OH-2 (RTD). Ons
MPEVHC BLINOMHEH TaKke MOHTaX W NPOBeAeHbl UCTILITaHNS 2-X MONSApU3aToOpoB M 2-x Aanadparm, a
ana [OH-2 paspaboTaHbl 4YepTexu CUCTEMbl KomnMMaumm nyyka. B coctaB MCNONMHUTENbHbIX
MexaHn3moB cnektpomeTpa RTD Bxoasr:

- nnatcopma ¢ getektopom ¢ yrnamm nosopota 0-180 rpag. (1 kaHan ynpaeneHus u 1 yrnosom
AaTyuK);
- roHmomeTp Huber (1 kaHan ynpasneHus);

- roHnomeTp [KC-100 (10 kaHanos ynpaBneHus, BKMNtovas pe3eps AN NogKyeHna anadparvbl
HENTPOHHOIO My4yKa 1 KOMMMMaTOPOB TOYEYHbIX ETEKTOPOB).

HeTekTopbl.
3aBepLUeH MNPOEKT CO34aHWs ra3oBOr0 KOMbLEBOrO CEKLWMOHUPOBAHHOIO AeTekTopa Ans
andpakromeTtpa [H-6 . B 2012 r. no NpoekTy BbINOIHEHBI CeAyoLmMe OCHOBHbIE paboThbi:

- pa3p360TaHbI N U3roToBN1€Hbl MeXaHNU4YeCKMe y3nbl OnA KpenneHua n HoCTUPOBKKU OETeKTopa, a
TakKke yCTaHOBJIEeHa ero d)OHOBaFl 3alunTa;
— BbIMOMNHEeHa Hanaaka 96-kaHanbHowm SNEeKTPOHUKN c6opa N HaKonneHna gaHHbIX;

— paspaboTaHbl NporpaMmMbl AN TECTUPOBAHWS [OETeKTopa, MOAEPHU3UPOBAHO MpOrpamMmHOe
obecneyeHne HaKoNMeHUs AaHHbIX 1 pa3paboTaH HOBLI NPOrpaMMHbIN MHTEpdeNc;

— MpoBefeHbl TECTOBbIE UCMbITaHUS geTekTopa Ha 66 kaHane WBP-2M ¢ pabouumn cmecamu npu
pasnuyHbIX AaBneHunsx He’.

B HosiOpe npoBeaeHbl n3amepeHnss 0bpasLoB C KONbLEBLIM AETEKTOPOM B (hOHOBON 3aliuTe C
paboueit cmecbio (4,0 6ap *He + 500 m6ap Ar + 30 m6ap CO,). Ha Puc. 34 npenctaBneHbl cnekTpbl
N3MEpPEHHbIX 00pa3uoB. B Hactoswee Bpems OeTekTop nepefaH usvkam aOnsa ganbHenwwero
TeCTUpPOBaHMSA N NpoBeaeHNa pabounx N3MepeHUNn.

12000

—— vanadium V |{ 10000 LaB6 V~50 mm3 || 0,8+ \
exp.time - 10 min 1 exp.time = 12 min ;

8000 { 0,64

LaB6 with vanadium norm
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Puc. 34. CnekTpbl M3MepeHHbIX 0bpasuos a) V, 6) LaB6, B) LaB6 ¢ koppekuuen no BaHaguio.

lNMpousBegeHa 3ameHa BblweAWNX M3 CTPOSi MO3ULMOHHO-YYBCTBUTENbHbLIX AETEKTOPOB Ha
¢BP n PE®DJIEKC. MNarotoBneHbl n nepenaHbl B AW, Pxex, Yexna aBe AeTEKTOpPHbIE CUCTEMBbI,
Bkntovarowme B ceba 2[1 MY, OeTEeKTOpPHYK 3NEKTPOHUKY, IMEKTPOHMKY cbopa u HakonneHus
AaHHbIX, a Takke nporpamMmHoe obecnedveHne. Ha pudpaktometpe [OH-2 (RTD) BBegeHa B
aKcnnyaTaumio aeTektopHas cuctema ¢ 2f1 MY (4yBcTBuTenbHast obnacte 225x225 Mm?) 1
3aBepLUEeHO U3roTOBMEHWE KOMbLEBOro renMeBoro Aetektopa obpaTtHoro paccesiHusa (Puc. 35), B
Aekabpe OyayT npoBedeHbl UCMbITaHMA 3TOr0 AeTekTopa Ha nydvke. M3rotoBneH u ucnbiTaH
CUMHTUIAALMOHHBIN CYETYUMK Ha ocHoBe ND-3kpaHa CcO CbEMOM CBETOBOIMO CuUrHamna C MOMOLLbIO
CMeKTpoCMeLLaloLWmMX BOMNOKOH. Havyata noarotoBka K U3roTOBNEHUIO CUMHTUMASUMOHHBIX CHETYMKOB
ans petektopa "AcTtpa”. bbin npoBegeH psg paboT Mo MOAEPHM3ALUMM YMCTOrO MOMELLEHUS!, ero
nnowaap yeennyeHa go 10 M2
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MpoBeaeHbl n3mepeHuns
npounen HEUTPOHHbLIX MNYYKOB Ha
kaHanax 2, 4, 6a, 66, 7, 9, 11, 12
MOAepHU3NpoBaHHoOro peaktopa WBP-
2M. N3mepeHns npoBoAMNNCL B 30HAX
BblBOAA ny4KoB ¢ NMOMOLLIbIO
OBYXKOOPAMHATHOIO My-moHunTopa
TENMOBbIX HEWTPOHOB. [na Kaxgoro
nyyka OblnM  M3MepeHbl  cpeaHss
WHTEHCMBHOCTb,  KOOpAWHAaTHoe MU
BpEMEHHOEe pacnpegeneHuns
HENTPOHHbIX NMOTOKOB.

Puc. 35. KonbueBon
netekTop ans OH-2.

Cuctembl c60pa AaHHbIX.

B 2012 r. npogomkanucb paboTbl NO BHEAPEHUIO HOBOrO MOKOMEHMS cucTeM cbopa U
HaKonneHnss OaHHbIX W CUCTEM aBTOMaTU3aUMW SKCNEepUMEHTOB Ha cnekTpomeTpax WBP-2M. B
COOTBETCTBMU C MraHOM-rpacukom 3TuX paboT, yTBepXOAEHHOM Ha COBMECTHOM 3acedaHuu HayyHo-
TexHundeckmx cosetoB otaenos KC n HUKC, ocHoBHble paboTbl Ha BCex cCrnekTpoMeTpax LOSMKHbI
ObITb BbINOSTHEHLI B 2012-2013 r.r. 310 03HA4YaEeT, YTo B YKa3aHHbIn nepuog DAQ-cuctembl nnmn 6yayt
cAaHbl B 3KCMnyaTauuio, unu ByayT M3roToBMeEHbl N OTNaXeHbl Ha CTeHAe BCe ANeKTPOHHble 6roku,
firmware nporpaMmmbl 1 NporpaMmbl NYCKOBOro MMHMMYyMa, a paboThbl NO NporpammMHOMY obecneyeHunto
Sonix+ ans KOHKPETHbIX CNeKTpoMeTpoB OyayT 3aBepLUEHbl B COrflacoBaHHbIe C 3aMHTEPECOBaHHbIMM
dm3nKamm CpoKu.

B Tekywiem rogy BBedeHbl UnM nNoaroToBneHbl K coade B akcnnyaTauuio DAQ-cuctembl ang
ToYeuHblX geTekTopoB crektpomeTpos HEPA-MP, RTD (OH-2), 3NCUNOH, CKAT, OH-6, AVNH-2I1U,
PE®JIEKC n ©CL (ons pa3paboTku 1 oTnagkm nporpaMmm KOppensunoHHOro aHanmsa u npoBegeHus
METOAMYECKMX UuccnenoBaHun). Bce ykasaHHble cucTembl, 3a ucknoveHnem PE®JIEKC n &C[,
COCTOAT U3 ABYX TUNOB 6NOKOB — OAHOrO LUGPOBOro, CNocoBHOro perMcTpmpoBaTtb U HakannmeaTb
AaHHble oT 1 0o 240 TOYEYHbIX OETEKTOPHbBIX 3NEMEHTOB, N HECKOSbKNX 32-XKaHalbHbIX aHanoroBbIX
OnoOKOB, B KOTOpbIX OCYLUECTBASKTCA NpUeM, OUCKPMMUHauus, npeobpasoBaHMe W nepegada
WHopmaumm guddepeHumnansHeiMU curHanamm manbeix HanpsbkeHun (LVDS) oT npeaycunutenen
AeTekTopoB B umdposon 6ok MPD-32. B aHanoroBom 6rioke OCyLWeCTBNASIETCA Takke nepexoq oT
pasbemoB LEMO Ha neHTouHbI Kabenb. B kauyectBe npumepa Ha Puc.36 nokaszaHa Grnok-cxema 96-
kaHanbHon DAQ-cucTembl Onsi KonbLEeBOro pgetektopa gudpaktomeTtpa [[OH-6, a Ha Puc.37 -
doTorpacdunsa 6110koB 3TOW CUCTEMBI, YCTAHOBMEHHbIX B kKpenTe NIM.

DAQ module

detector,

= Programmable

= R 3 x 32-channel logic matrix |~ Histogram
= —»n| discriminators | n | FPGA memory
= — —

= -

g 11

= = Interface

e

>

Optical fib er H

UsSB2.0 TheinterTace electronic block
<‘— Interface
—_— chip — FPGA

Puc. 36. briok-cxema DAQ-cuctembl KonbLieBoro getektopa OH-6.
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Ha cnektpomeTtpax PE®PJIEKC n ®C[, yctaHoBneHbl 6nokn MPD-16, B KOTOpbIX nevyaTHble nnatbl C
aHanoroBom W UWGPOBOM SNEKTPOHMKOM CMOHTMPOBaHbI B eguMHOM Kapkace. bnok MPD-16
npegHasHaveH 4ssl CNeKTPOMETPOB C YMNCITIOM OETEKTOPHbBIX anemMeHToB He bonee 16. brioku MPD-32
n MPD-16 nporpaMmMHO COBMECTUMBbI.

B 6nokn MPD BCTpOeH TeCTOBbI reHepaTop, UMUTUPYIOLWMIA paboTy CUCTEMbI HaKOMMeHUs
AaHHbIX. JTO MO3BOMISIET MPOBECTU ObICTPYHD NPOBEpPKYy paboTocnocobHOCTM annapaTtypbl nepeq
ceaHCoM, a Takke eé aBTOHOMHYI OTragky 6e3 noakmnoyYeHnss AeTeKTOpHbIX anemMeHToB. Nepenaya
AaHHbIX MexXay 9nekTpoHukon cbopa paaHHbiX M noptom USB 2.0 ocyuwectensetrca 4epes
MHTepENCHbIN BrOK MO MNocrneaoBaTeslbHOM BOJIOKOHHO-OMTMYECKONM nuMHMM cBAsu (Ha Puc. 37
BOJIOKOHHO-ONTUYECKN Kabenb opaHxeBoro upeta). CkopocTb nepedayn gaHHoix — 1.25 out/cek.,
MakcumanbHas yaaneHHoCTb komnbtoTepa — Ao 100m.

Puc. 37. ®oT0 anekTpoHHbIX 6nokos MPD-32.

OnekTpoHuka 6Gnokoe MPD  yHudmumpoBaHa, crneumdmyeckne OCOBEHHOCTM  KaX4oro
CrneKkTpoMeTpa YyuuTbiBalOTCA nNpu nporpammupoBaHun FPGA. HanomMHMM OCHOBHble napameTpbl
6nokoe MIMA:

e YactoTa BpeMeHHOW ANCKpeTMU3aunM BCEX CUrHANOB (OEeTeKTOpHble, CTapT peaktopa u ap.) —
nporpammupyemasi (makcumym 62,5 Mlru);

e MakcnmanbHoOe YNCo AEeTEKTOPHbIX afieMeHToB — 240;
e MaKcuMarbHasi CKOpOCTb perucTpauumm - 8:10° cob./cek.;
e BHYTPEHHASA rMCTOrpaMMHas namsATb 6rioka HakonneHusa - 64 MbawnTa;

e MakcuManbHas 3afepkka Hadana permcrpaumm OTHOCUTENBbHO BCMbIWKKM peaktopa - 0,268
Cek (MporpaMmupyeTcs, KBaHT BPpeEMEHMU - 16HCEK); C TaKOM e TOYHOCTbIO NMPOrpamMmMmpyroTCs
LWMpUHA KaHana Ang rMctorpaMMHOM NamMaTy U BeNMYMHA BPEMEHHOrO OKHAa, B KOTOPOM
pPErncTpmpyoTCs HEMTPOHDI.

Ha d¢ypbe-andppaktometpe PCL BeayTtca ucnbitaHusa «List Modex»-aHanu3atopa Ha ©Gase
6noka MPD-16 ans HakonneHWs «CblpbiX» AaHHbIX B CMMCOYHOM PEXUMME W OTfagka nporpamm
obpaboTtkn. [pegnonaraetcs, 4TO B Onukanwem 0Oygywem anekTpoHunka MPD  3ameHuT
cywectsytowyto DSP  anektpoHuky Ha Bcex ypbe-gudpaktometpax WBP-2M.  Puc. 38
UIMIOCTPUPYET XOPOLLEE COBMageHUe CMEKTPOB HU3KOrO paspelueHusi, namepeHHblix DSP- n MPD-
aHanusatopamu.
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1. HAYYHbIE UCCJIEAOBAHUA
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Puc. 38. CnekTpbl HU3KOro paspeLLeHnsi, UaMepeHHble Ha cnekTpomeTpe ®C/.

PasButue komnnekca Sonix+.

MoaroToBneHbl Bepcun Sonix+ M Hayata UX ONbITHAs 3KCMnyaTtauus Ha CnekTpomeTpax, rae
yctaHoBneHbol HoBble DAQ-cuctembl. CnoXHOCTb 3TUX paboT 3aknovaeTcs B TOM, YTO HA MHOMMX
CMEeKTpoOMeTpax OAHOBPEMEHHO C 3aMEHOW pPEerucTpupyroLlen W HaKONUTENbHOW 3NEKTPOHMKN
MEHSAeTCsl Takke annapatypa YynpaBfeHUss WUCNOMHUTENbHbIMW MeXaHU3MaMn ChekTpOMETPOB U
cucteMammn OKpyXeHmsa obpasua, a Takke ocyuwlectensietca nepexog or 0OS-9 k Windows. 3T1o
TpebyeT onpeaeneHHbIX YCUNUn n oT oU3MKOB, U OT MHXXEHEPOB U, B KOHEYHOM UTOre, MX COBMECTHOM
paboTbl NpU TECTUPOBAHUN 3NEKTPOHWKM U NpOorpaMMHOro obecrneyeHuss B TeYeHwe OOHOro-ABYX
PEeaKTOPHbIX LIMKITOB.

Cpe/:wl apyrmnx pa60T no nporpaMmmMmHOMYy obecrneyeHnto MOXXHO OTMETUTb cnepywowme:

— MNogroToBneHa TecToBas nNporpamMmma Aans UCNbITaHUW KOMbLEBOro AeTekTopa Ha crnektpomeTpe [H-
6 (ucnblTaHNA NpoLnK ycnewHo n getektop BMecte ¢ DAQ-cuctemon 6bin caaH B akcnnyaTaumio).

— PaspaboTtaHa TexHonorns cosgaHus NporpaMMHbIX KOMMOHEHTOB U MeToAMKa UX MUCMOSib30BaHUS
ONa co3gaHusa cUCTeM KCTUPOBKM criekTpomMeTpoB peaktopa WBP-2M. lNogrotosneHsbl BapuaHTbl
nporpamm rCcTupoBku ansi cnektpometpoe KOMO, PEMYP, PE®JIEKC. T[lporpamma HOCTUPOBKM Ha
KOMO 6bina ncnonb3oBaHa NPU HacTPOKKe HOBOrO MPMBOAA KOMbLEBOro KosmMmaTtopa.

— [pogomkanucb paboTbl MO COBEPLUEHCTBOBAHWIO MNpoOrpamMmbl  Bu3yanusauumm  OaHHbIX.
MogroToBneH HOBbIM BapuaHT nporpammbl SpectraViewer gnsi TodeyHbix getektopoB u MY[] Ha
ocHoBe PyQT mn Matplotlib. MNMporpamma BHeapeHa Ha cnektpomeTpax FOMO, PE®JIEKC, HEPA-TP,
AMNCUNOH, ONH-2IMA. Tpumepbl Mcnonb3oBaHUSA nporpammel SpectraViewer nokasaHel Ha Puc. 39,
40, n 41.

B e

[ =

Furc detecr | 0 5 et | 70 30 e

{200+« B

Puc. 39. Budyanusaums CneKkTpoB ¢ TOYEYHbIX AeTekTopoB (cnektpomeTp KOMO).
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— TllogroToBneHa HavanbHas Bepcusd nporpammbl Journal Ang aBTOMaTUYECKOW perucrTpauuu
N3MEpPEHUI Ha cnekTpomMeTpax. [NMporpamma npoxoanT ncnbitTaHne Ha cnektpometpe KOMO.

o oo - -

Eile Tools Help

Point detector | PSD 1D detector | PSD 2D detector |

iR 0O + 6

Puc. 40. Busyanusauus gaHHeix ¢ 1D MY/ (cnektpometp PEMYP)

A et e e Ry il

Eile Jook Heip

Pomtdetector | P50 I0detector | PSD 2D detecior

120

S R f

Puc. 41. Busyanusaumsa gaxHeix ¢ 2D MY (FOMO)

JlokanbHasa BblMMCNNTENbHas CeThb.

naBHasa 3apava B passuTum JIBC B Tekywem rogy — obecneveHne BO3MOXHOCTU paboThbl
KOHEYHbIX MNorb3oBaTtenen Ha ckopoct Ao 1T76ut/cek B OCHOBHBIX CerMeHTax ceTu (3gaHus
42,42a,43(IREN),44,117, 119), — ycnewHo BbinoniHeHa. ObecneyeHa Takke becnepebonHasa paboTta
BCero certeBoro obopygoBaHusi kak Ha cnektpomeTpax WMBP-2M, Tak M B odwmcax nepcoHana
JTabopatopun.

Mpogomkmnnce Havatele B 2011 r. pabotel no mogepHusaumm JIBC JIH®. OcHoBHbIMUK
npMYnHaMn ans MoAepHM3aumnmn ceTn ABnaTCA cregyowme:

e [lepexon B cetn OUAN k ckopocTtsaim 10 6uT/cek.
o CTpemMuUTENbHbIN POCT NPOU3BOANTESNIBHOCTU U BO3MOXHOCTEN NEPCOHANbHBIX KOMMbIOTEPOB.
¢ Bospoclume TpeboBaHusa K nHopmaunoHHoMy obecnedeHnio Nonb3oBaTenen.

e MopgepHusauuss peaktopa WBP-2 ¥ ero cnekTpoMeTpoB; cO3faHMEe HOBbIX WHCTPYMEHTOB;
TEHAEHLMS K HAKOMMEHUIO CbIpbIX AAaHHbIX.
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e ObecneyeHne OoCTyrna U COBMECTHOIO MCMONb30BaHUSA CETEBbIX YCTPOMCTB, apXVMBOB AaHHbIX U
nakeToB Mporpamm.

1. HAYYHbIE UCCJIEAOBAHUA
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e MaccoBoe ucrnonb3oBaHue VIHTepHeT

OCHOBHOW Lenblo TekyLen MoaepHN3aumMm cetu sIBNsieTcs: a) nokanusaumsi NOTOKOB AaHHbIX
N BblOENeHne CerMeHToB B NMOACETU C LiEeNbko obecnevyeHnss MakcMMarbHO BO3MOXHOW MPOMyCKHOM
CnocobHOCTM  KOMMYHMKaUMOHHOrO obopyaoBaHusi; 6) obecnedeHve nepepadn uHgopmaumm co
ckopocTbto go 10 but/cek. Atanbl MogepHU3aLUK:

e 3ameHa KOMMyTauMOHHOro obopyaoBaHunst 3 U 2 YPOBHA B OCHOBHbIX cermeHTax cetu JIHO
(3panwns 42, 42a, NBP-2M,119).

¢ 3ameHa cepBepoOB 1 AanbHeNLee paclumpeHme ceTu.
e B HacTtoswee BpemMs nepBblin 3dTan B OCHOBHOM BbIMOMHeH. Jlormyeckasas cxema
MOAEPHM3MPOBAHHON CETU MO COCTOSIHUIO Ha 1 aekabps 2012 r. nokasaHa Ha Punc.42 .
OTtmeTnm ocobeHHOCTU HoBOW kKoHGUrypauum J1BC:

% B cBA3M c yBenunyeHmem noToka QAaHHbIX OT cnektpomeTpoB WBP-2M noTtpeboBanoch
NOOKINIYNTL €ro HEMOCPEACTBEHHO K LieHTpanbHOMY KOMMYTaTOpy CeTu, YToObl obecneunTb
ckopocTb go 10 éut/c.

¢ Ha nopsgok yBenuMyeHa nponyckHasi CnoCOBHOCTL Ha Bcex ydacTtkax cetn (co 100 MouTt/cek.
0o 1 éut/cek. u c 1 out/cek. go 10 '6ut/cek. COOTBETCTBEHHO).

s TlpuobpeTeH n ycTtaHoBNeH HoBLIN cepBep SuperMicro 6047, npegHasHaAYeHHbIN, B NEPBYIO
oyepedpb, ANa XpaHeHusa gaHHbIX. O6bemM ANCKOBOM NaMATK cepBepa cocTtaBnseT 72 ToanTa.

Build. 42
D-link DGS-
3420-287

i i

Build. 42A

Cisco WS-
3560Ex 48TD

Clsco WS-
3560Ex 4B8TD

|
I Clsca W5- Cisco WS-
| 3560Ex 247D STEON.PATE
Cisco WS-
: 2% Sun Fire x4200 3560E-120
Cisco WS-
I File 3560Ex 48TD
| e
|
|
|
|
|
|

|

|

|

I Cisco 29605- D-link
I 247D DGS-1210-24
|

|

|

|

Comments:
10 Gbit's
1 Gbitls

SuperMicro 6047R-E24N D-link 0GS-
o 3420-28T
DNS

Server  sun 3000

Puc. 42. Jlornyeckas cxema cetu JIHO (2012rog).
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UMNYJNbCHbIA PEAKTOP UBP-2

MHdopmaumsa o paboTe nccnepgoBatenbCkon saepHon yctaHoBku UBP-2

1. TonyyeHa nuueHana PoctexHansopa NelH-03-108-2614 ot 27.04.2012 r. Ha akcnnyaTauuio
nccregoBaTenbCKon aaepHon yctaHoBkn MBP-2.

2. B cooTBeTCTBUM C YCMOBUAMU OENCTBUS NULUEH3MM Ha 3KCMnyaTauui uccrenoBaTenbCKon
agepHon yctaHoBkn VIBP-2 B TeyeHue roga cneuvanvMsavMpoOBaHHbIMKM OpraHM3aumsiMm COBMECTHO C
NepcoHarnioM YCTaHOBKW BbIMOSIHANNCL MNJlaHOBble paboTbl MO OLEHKE TEXHUYECKOrO COCTOSIHUS U
onpeaeneHnio 0CTaTOYMHOro pecypca TEXHONOrMYeckoro o6opyaoBaHnst YCTaHOBKM.

3. lpoBegeHa MogepHU3aLUS CUCTEMbI OXNaXKOEHUST KOXyxa MOABMXHOro otpaxartens 10-3:
M3ameHeHa cxema pasrpyskum HacocoB €O COPOCOM YacTu BOAbI HEMOCPEACTBEHHO B H6ak Anctmnndara u
npomnsBeaeHa 3aMeHa HAaCOCOB CUCTEMbI OXNaXKAEHMS KOXyxXa MoaynsaTopa peaktnsHoctu MO-3.

C maga 2012 r. npoBoasTca peryndpHble uuknbl pabotbl peaktopa MBP-2 Ha dusndeckui
3KCnepuMeHT Ha mowHoctn 2 MBT npu pabote K3-202 B pexvmme BOAAHOIO WKW KPUOFEHHOro
3aMefnuTenst B COOTBETCTBUM C NiaHOM-rpachmkoM hramyeckoro nycka XonogHoro saamennmrens.

B Tabnuue 2 npeacraeneHbl napameTpbl UAY MBP-2 BO Bpems NnpoBeAeHNsi peaKTOPHbIX LMKMOB.
Tab. 2. paHHble no pabote NAY UBP-2 Ha dhnsnyecknin akcnepumeHT

Ne p MowHocTs | Bpems pa6oTbi Bpems paGor

eXUM peakTopa Ha

LMKna Mepuoa pa6oTkl peakTopa peakTopa, peakTopa Ha 3

3ameanutens dmsnyeckum

MBT MOLLHOCTH, Yac
3KCNepUMEHT, Yac
1 Mau, 21 - uoHb, 1 BOOSIHOW 2 247 241
2 nions, 18 - nione, 29 BOASIHON 2 272 264
3 CeHTABPb, 24 - ceHTABPD, 28 Kpl/lOFGHHbIl:I 5 044 201
okTA6pb, 3 - OKTA0Pb, 9 KPWOTeHHbIN

4 oKTSA6pb, 22 - HOS6Pb, 1 BOOSIHOWM 2 179 171
5 HOS6pb, 12 - HOsI6pPb, 24 BOOSIHOWM 2 290 281
6 Hos10pb, 28 - nekabpsb, 4 KPWOTeHHbIN 2 171 131
7 nekabpb, 13 - nekabpb, 21 KPWOreHHbI 2 189 182
Total: 1592 1471

e C 21.05. no 01.06.2012 r. npoBegeH 1-n uwmkn pabotel UAY WBP-2 Ha duranyeckmn
3KCnepuMeHT Ha MowHoctn 2 MBT npu paboTte kpuoreHHoro 3samegnutens K3-202 B pexume
BoASAHOro 3aameanutens. B TedeHne uumkna paboTbl nponsoLwwno 2 cpabaTtbiBaHNS aBapunHON 3aLinTbl
(A3) n3-3a nocagkn HanpsHKeHN B LENN BHELLHEro NUTaHust yctaHoBkW. MpunymHa cpabartbiBaHna A3
— HapyLleHue 3MNeKTPoCcHabXeHWs B FOPOACKMX ANEKTPOCETAX.

e C 18.06. no 29.06.2012 r. npoBegeH 2-n uwmkn pabotel UAY WBP-2 Ha duranyeckmn
3KCNepumMeHT Ha mowHoctn 2 MBT npu pabote K3-202 B pexume BoadHoro 3amegnurens. bes
HapyLLEeHWUA.

e C 24.09. no 09.10.2012 r. npoBegeH 3-in uukn pabotel MAY WMBP-2 Ha dusnyeckun
akcnepumeHT. B TeyeHne umkna nposogunuch ucnbitaHna K3-202 B cootseTcTBuM ¢ «l1porpammon
nycka u MUCnbITaHUI KpUoreHHoro 3ameanutens peakropa MBP-2M K3-202» Ha mowHoctn 2 MBT. B
TeyeHune uukna paboTbl npon3oLwwno 2 cpabaTbiBaHNSA aBapunHOM 3alUMTbl U3-3a NOCaAKWM HanNpsXKeHus
B Uenu nuTaHus yctaHoBku. [puumHa cpabatbiBaHMa A3 — HapyleHue 9nekTpocHabxeHus B
ropoacKuX 3reKTPoCceTAX.
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e C 2210. no 01.11.2012 r. npoBegeH 4-n umkn pabotel MAY WBP-2 Ha dursmyeckun
3KCNepuMeHT Ha MollHocTn 2 MBT npu pabote K3-202 B pexnme BogsiHOro 3ameanutens. B TeueHne
uukna pabotbl Nnponsowno 3 cpabaTbiBaHUS aBapuiiHON 3awmThl. [1Ba cpabartbiBaHna A3 Npou3oLunm
BCNEACTBME OCTaHOBKM NoABWXKHOro otpaxatena [10-3 wu3-3a cboa B paboTe ycTponcTtea
ctabunu3aumm 0GOPOTOB M OTKIMIOYEHUA  3NEKTPOMArHUTHOM  MoOpowkoBoW  MydpTel.  OaHo
cpabaTbiBaHWe MO CUTHaNy CHWXEHUS YPOBHSI HATPUSA B KOPNyCe peakTopa, BbI3BAHHOIO HapyLLeHnem
B paboTe SNeKTpOHHOro ycTponcTBa o6paboTkM curHama ypoBHs HaTpusi B kopnyce peaktopa. Bo
BCEX cny4yasix cpabaTtbiBaHua A3 HeucnpaBHble Y3nbl ObiMM  3aMeHeHbl Ha 3anacHble W
npeanpuaTneM-pa3paboTynkomM nponsseneH HeoOXoaUMbIN PEMOHT M NPOBEPKa UX UCMPaBHOCTW.

e C 1211. no 24.11.2012 r. npoBegeH 5-n umkn pabotel NAY WBP-2 Ha dusmyeckun
3KCNepuMeHT Ha MollHocTn 2 MBT npu pabote K3-202 B pexnme BoasiHOro sameanutens. B TeueHne
uukna paboTbl NPOM3OLLNIO OOHO cpabaTbiBaHME aBapUNHONM 3aluMThl U3-3a NOCAAKM HaNpshKeHusd B
uenun nutaHna yctaHoBku. MpnumHa cpabaTbiBaHms A3 — HapyLLeHne 3NeKTPOCHabXeHWsT B TOPOACKNX
ANeKTpoceTAX.

e C2811.n04.12.2012r.nc 13.12. no 21.12.2012 r. npoBeaeHbl 6-1 1 7-i uuknbl padboTtsl UAY
MBP-2 Ha dwusnuecknin akcnepumeHT. B TeueHuMe UMKNIOB npoBoAMNUCh wucnbiTaHna K3-202 B
COOTBETCTBMM C «[1porpammMon nycka u UCNbITaHUA KpMOreHHOro 3ameanuTenst peakrtopa MBP-2M K3-
202» Ha MmoLHocTn 2 MBT. bes HapyLueHun.

2. ACTOYHUKN HEUTPOHOB
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MH(bOpMaLIMf-I (o] pa60Te CUCTeMbl KpUOoreHHoro samMmeagnurtens

1. B nepuog 24.01.+25.01.2012 r. BbiNnornHeHa 3amMeHa BOASAHOro rpebeH4aTtoro 3ameanutens
B3-302 (HenTpoOHHbIE kaHanbl 7+11) Ha KpUOreHHbIn 3amegnutens K3-202.

2. CMOHTUpOBaHbI KpMOreHHbI TpybonpoBoa Ans nogayn wapukos mesntuneHa CqH o B Kamepy
3amennutensi, obopygoBaHne ans cnvBa kugkoro CgoHi» n3 kamepbl K3-202, kpuoctat c
TennoobmMeHHMKOM W rasoayBkon renuvs. [poBedeHbl BaKyyMHble WCMNbITAHUA CMOHTMPOBAHHOMO
obopyaoBaHus.

3. CoBMeCTHO CO cneuvanuavMpoBaHHOW opraHu3auuen BbinonHeHa Hanagka KIy-700/15. B
pe3ynbTaTe paboT Nony4YeHbl cregywme pesynbrarhl.

3.1. MuHumanbHas [ocTurHyTas TemnepaTtypa renust Ha Bbixoge u3 KIY (npu pabote
«cama Ha cebsa») T min = 17,6 K.

3.2.  WNamepeHa npousBoguTenbHoCcTb komnpeccopa «KAESER». B 3aBucumoctn oT
pexuma paboTbl OHa cocTaBuna 660 — 770 m3/u.

3.3. PaspabotaHa M1 YycTaHOBfiEHa KOMMbIOTEPHAs CUCTEMA KOHTPONS MNapamMeTpoB
(TemnepaTtypa, AaBneHune, aBapunHasa curHanusauus, oobem renus B rasronbgepe, 06opoTbl TYpOMH)
pabotbl KI'Y 700/15.

3.4. T[lpoBeaeHbl 3KCNEPUMEHTbI MO 3aXONaXnBaHUIO KaMepbl 3aMeanuTens, rae nosyyeHol
MUHMManbHble TemnepaTtypbl A0 Kamepbl M nocne kamepbl 29 K un 32,8 K cooTBETCTBEHHO.
TepMoMeTpbl yCTaHOBMNEHblI B 3-X MeTpax OT kamepbl 3amennurtend. MNpu aTum TemnepaTypa Ha
Bbixoge n3 K'Y coctasuna 21,1 K. [laHHble npuBeaeHbl Npy paboTe peaktopa Ha MowHocTn 2 MBT n
MONHOCTbLIO 3arpyXeHHOW Kamepe 3amMeanutens Me3uTUIEeHOM nocrne 24 4acoB HenpepbiBHOW
paboThbl.

3.5.  Haubonbwasa gnutenbHoCTb HenpepbiBHOW paboTtel KIY 700/15 Ha oxnaxaeHune K3
202, B COOTBETCTBUU C MPOrpaMmon ucrnblTaHuin, coctasmna 160 vyacos.

3.6. [lpoBeaeHbl npoBepkn cpabaTbiBaHMS aBapUMHOM CUrHanM3auunm M aBTOMaTUYECKOM
3awuTbl TypOurH yctaHoBku KI'Y 700/15.

3.7. lpoBeaeHbl nNpoBepkM paboTocnocobHOCTM 3anacHoro TypOGuHHoro moayna Ky
700/15. PaboTa TypbuHbl yooBneTBOPUTENbHAA.
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3.8. llpoBeneHO 0byyeHMe n aTTecTaumsa NepcoHana Ha 3HaHWe YCTPOWUCTBA U MHCTPYKLMI
no akcrnyatauumn KI'yY 700/15, a Tak e gencTeus nepcoHana rnpy aBapunHbIX CUTyauusx.

3.9. KpuoreHHas renuesas yctaHoBka KI'Y 700/15 KOMUCCMOHHO MpuHATa B 3KCnyaTaumio
M NONHOCTLIO rOTOBA K paborTe.

4. PaspabotaHa «[porpamma nycka u ucnbiTaHUn KpmoreHHoro 3amegnutensa K3-202 NBP-2M»
N aKkcnnyaTaumMoHHas aokymeHTtaumsi no KIry-700 n K3-202. HasHadeHa rpynna nycka u McnbiTaHUN.
Pabouyasa komucensa paspeluunna npoeegeHme nycka K3-202.

5. Hauat nyck K3-202 npu paboTte peaktopa Ha mowHocTu. 10.07.2012 r. cocTosifnica NpoGHbIn
nyck Ha W = 500 kBT npu cpegHein TemnepaTtype B kamepe K3 30 K. B ceHTabpe - oktabpe
BbINOMIHEHME NporpaMmmbl nycka 6bino npogormkeHo Ha W = 2 MBT. Bbbino npoeegeHo 4 uukna
UCNbITAHUA: oOMH - npogosmknTenbHocTblo 39 vacoB (3,7 MBT-cyTOK), BTOpor — 133 yvaca (11,8
MBT-cyTOK), TpeTun — 131 yaca (10,9 MBT-cyTok) n yetBepThbin 159 yaca (13,2 MBT-cyTOK).

YCTAHOBKA UPEH

B 2012 r. yctaHoBka VIPEH oTpabotana 6onee 1500 4yacoB Ha OM3MYECKUI IKCMEPUMEHT.
Bbinv  NpogormkeHbl MeTogudeckme paboTbl MO MOArOTOBKE OKCMEPUMEHTOB Ha MMMYSbCHOM
WCTOYHMKE pe30oHaHCHbIX HenTpoHoB WPEH. lNMpoBeaeHbl MCMbITaHMS MHOMOAETEKTOPHON CUCTEMBbI
ONa M3MepeHust HENTPOHHBbIX cedeHnin «Pomaluka»-1 n yctaHoBku AYPA gns vuccnegoBaHus (n,e)
paccesHus. AKTMBHO BenUCb MpuknagHole paboTbl C NPUMEHEHMEM MeTOAO0B HEWTPOHHOM
cnekTpockonuu. Bbino npoaormkeHO COTPYOHUMYECTBO C HayYHbIMM LeHTpamu Poccun u cTpah-
yyactHuy, ONAUM B obnactv noaroToBKM U NpoBeAeHUs (PM3NYECKMX IKCMEPUMEHTOB N pa3paboTku
ANga 3TUX uenen HoBoro o6opyaoBaHuS.
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ONYBJINKOBAHHbIE CTATbU

OTOEN HEMTPOHHbIX UCCNEQOBAHUA KOHAEHCUPOBAHHBLIX CPEQ
1. ATOMHast © MarHMTHasA CTPYKTypa (andpakums)

BanarypoB A.M., HenTpoHorpadwusi: 3agaym n cnocobbl
peweHus. Mpupoga, 2012, 1. 7, c. 14-25.

Banarypos A.M., Mamcyposa J1.I"., Bo6pukos U.A., To TxaHb
INoaH, MomsikywwmH B.FO., Muransckuin K.C., Tpycesny H.I'.,
BuwHeB A.A., OddekTbl CTPYKTYPHOrO pasyrnopsifoyeHust B
menkokpuctannuyecknx BTCIT YBa,CuzO,. XXOT®, 2012,
T.141 (6), c. 1144-1155. (Balagurov A.M., Mamsurova L.G.,
Bobrikov I.A., Loan To Thanh, Pomjakushin V.Yu., Pigalskii
K.S., Trusevich N.G., Vishnev A.A., Disordering Effects in
Atomic Structure of Fine-Crystalline HTSC YBa,Cusz0,.
JETP, 2012, v. 114 (6), pp. 1001-1011.)

Bogdanov S.G., Gerasimov E.G., Skryabin Yu.N.,
Sherstobitova E.A., Sikolenko V.V., Schedler R., Pirogov
A.N., Commensurate—Incommensurate Magnetic Phase
Transition Induced in TbNis by an External Magnetic Field.
Physics of Metals and Metallography, 2012, 113, 228.

Burzo E., Vlaic P., Kozlenko D.P., Kichanov S.E., Dang N.T.,
Lukin E.V., Savenko B.N., Magnetic properties of TbCo2
compound at high pressure. Journal of Alloys and
Compounds, 2012, accepted for publication.

Clementjev E.S., Alekseev P.A., Efimov V.V., Troyanchuk
1.0., Ilvanov A.S., Lazukov V.N., Sikolenko V.V., Crystal
electric fields effects in PrysSrosCo0;. Journal of Surface
Investigations, 2012, 6, 553.

Oanr H.T., Kosnenko [A.M., Kuyanos C.E., JlykuH E.B.,
CaseHko b.H., CTpykTypHble # MarHuTHble a3oBble
nepexoabl Npu BbICOKUX AaBneHusix B Pr0.1Sr0.9MnO3.
MoBepxHOCTb. PeHTreHoBckue, CUHXPOTPOHHbIE "
HeNTpoHHble uccneposanus, 2012, Ne10, c.37-40. (Dang
N.T., Kozlenko D.P., Kichanov S.E., Jirdk Z., Lukin E.V.,
Savenko B.N., High pressure effect on the crystal and
magnetic structure of Pry1Sr;sMnOsmanganite, 2012, JETP
Volume 6, Issue 5, pp 817-820)

Oanr H.T., Kosnenwko .M., KnyaHos C.E., CaseHko B.H.,
Oy6posuHckuii J1.C., late C., MHOyuMpoBaHHbIN AaBneHneMm
CTPYKTYPHbIV ha3oBbIn nepexopn B MaHraHuTe
La0.25Ca0.75MnO3. M3BecTus Tynbckoro
rocyfapCTBEHHOTO yHuBepcuteTa. EcTecTBeHHble Haykw,
2012, Boinyck 1. cTp.184-193.

[xabapoe C.I'., Kosnenko [.MN., Knyanos C.E., Mamegos
AMW., CaBeHko B.H., Mextuesa P.3., lNate K., CTpyKkTypHbIE
uccneposaHus P-T casoBoi anarpaMmbl HMobGaTa HaTpus.
MoBepxHOCTb. PeHTreHoBckue, CVHXPOTPOHHbIE "
HENTPOHHble wuccnegoBaHus, 2012, Ne6, c.1-7. (Jabarov
S.G., Kozlenko D.P., Kichanov S.E., Belushkin A.V.,
Mammadov A.l., Savenko B.N.,. Mekhtieva R.Z, Lathe C.,
2012, Structural studies of the P-T phase diagram of sodium
niobate, Journal of Surface Investigation. X-ray, Synchrotron
and Neutron Techniques, Volume 6, Issue 3, pp 546-551.)

[xabapos C.I',, Kosnenko [.MN., Knyanoe C.E., Mamegos
AMW., Mextnesa P.3., lykun E.B., CaBeHko B.H., Nate K,
MHoyumpoBaHHoe [aBreHnem u3MeHeHue Tuna ¢as3oBOro
nepexoga B TWTaHaTe CBMHLA: CTPYKTYPHbIA aCMekKT.
AnekTpoHHasa obpaboTka maTepuanos, 2012, 1.48, Ne1 ¢.83-
87. (Jabarov S.G., Kozlenko D.P., Kichanov S.E., Mamedov
A.l.,, Mehdieva R.Z., Lukin E.V., Savenko B.N., Lathe C.,
2012, Pressure-induced change in the order of the phase
transition in lead titanate: Structural aspects, Surface

10.

1.

12.

13.

14.

15.

16.

17.

Engineering and Applied Electrochemistry, Volume 48, Issue
1, pp 69-73.)

xabapos C.I'., Kosnenko [.M., Knyanos C.E., Mamepos
AMW., Oavr T.H., MextueBa P.3., CaBeHko B.H., Jlate K.,
BrnvsHne BbICOKOrO  daBneHuss M TemnepaTtypbl  Ha
KpUCTaNmMYeckyto CTPYKTYpy MaHraHuta sucmyta BiMnO3.
News of Baku University, 2012, Ne2, 101.

Khomchenko V.A., Troyanchuk |.O., Karpinsky D.V., Das S.,
Amaral V.S., Tovar M., Sikolenko V., Paixao J.A., Structural
transitions and unusual behavior in Mn-doped Bii4LaFeO;
perovskites. J. Appl. Phys., 2012, 112, 084102.

Knyanos C.E., ®ponosa E.B., LleBuenko T.l., Ko3neHko

n.n., benywkuH A.B., JNykmn E.B., Manawkesuu T.E.,
PaxmaHoB C.K., maskoB B.M,, CaBeHko B.H.,
Wccnepnosaxune CTPYKTYPHBIX ocobeHHocTeln
kpuctannodgocdopa  Y3AI5012:Ce3+/Lu203 npu  ero

OPMMPOBAHUN KOMMOUAHO-XMMUYECKMM MeToaoM. dusnka
TBEepaoro Tena, 2012, npnHATO B nevathb.

Kozlenko D.P., Kusmartseva A.F., Lukin E.V., Keen D.A.,
Marshall W.G., de Vries M.A., Kamenev K.V., From quantum
disorder to magnetic order in an s=1/2 kagome lattice: a
structural and magnetic study of herbertsmithite at high
pressure. Phys. Rev. Lett., 2012, 108(18), 187207.

Kozlenko D.P., Kichanov S.E., Lukin E.V., Dang N.T,,
Smirnov A.l., Bykova E.A., Dubrovinsky L.S., Kamenev K.V,
Liermann H.P., Morgenroth W., Savenko B.N., High pressure
effects on the crystal structure, magnetic and vibrational
properties of multiferroic RbFe(MoO4)2. Physic Review B,
2012, submitted.

Jowak H.B., KuuaHos C.E., Koanexko .M., BoHcuukn A.B.,
Haspouuk B., NykuH E.B., NaTe K., CaBeHko b.H., bynaBuH
JILA, CTpyKTypHble W3MEHeHWss B Xxropnponamvae npu
BbICOKOM  gaBneHun.  [MoBepxHOCTb.  PeHTreHoBckue,
CVHXPOTPOHHbIE U HENTPOHHbIE MccreaoBaHus, 2012, Ne 12,
c.7-10. (Loshak N.V., Kichanov S.E., Kozlenko D.P.,
Wonsicki J., Nawrocik W., Lukin E.V., Lathe C., Savenko
B.N., Bulavin L.A., Structural changes in chlorpropamide at
high pressure, 2012, JETP Journal of Surface Investigation.
X-ray, Synchrotron and Neutron TechniquesVolume 6, Issue
6, pp 951-953)

JNowak H.B., KuuaHos C.E., Koanenko .M., BoHcuuku A.B.,
Haspouuk B., NykuH E.B., NaTe K., CaBeHko b.H., bynaBuH
LA, M3MeHeHnss B KPUCTamnmnu4eckom  CTPYKType
xrnopnponamuga npv BO3AeCTBUM TeMnepaTypbl U BbICOKOTO
naenexusi. NoBepxHocTb. PeHTreHoBckne, CUHXPOTPOHHbIE
W HEWTPOHHbIE nccneposaHus, 2012, HanpaBneHo B XXypHan.
(Loshak N.V., Kichanov S.E., Kozlenko D.P., Wonsicki J.,
Nawrocik W., Lukin E.V., Lathe C., Savenko B.N., Bulavin
L.A., 2012 Structural changes in chlorpropamide at high
pressure, Journal of Surface Investigation. X-ray,
Synchrotron and Neutron Techniques, Volume 6, Issue 6 , pp
951-953 )

Pirogov A.N., Bogdanov S.G., Rosenfeld E.V., Park J.G.,

Choi Y.N., Lee S., Prokes K., Golosova N.O., Sashin I.L.,
Kydrevatykh N.V., Skryabin Yu.N., Vokhmyanin A.P., Effects
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of magnetic anisotropy and exchange
2012, 1.142, Bbin.5(11), ctp. 951-963.

Pirogov A.N., Bogdanov S.G., Seongsu Lee, Je-Geun Park,
Choi Y.N.,, Lee H., Grigorev S.V. Sikolenko V.V,
Sherstobitova E.A., Schedler R., Determing the magnetic
ground state of TbNis single crystal using polarized neutron
scattering technique. Journal of Mag.Mat.Mat., 2012, 324,
3811.

Samoylenko S.A., Kichanov S.E., Kozlenko D.P., Belushkin
A.V., Haramus V.M., Trusova E.A., Shevchenko G.P., Gurin
V.S., Bulavin L.A.,, Rakhmanov S.K., Savenko B.N., The
studies of nanoparticles formed in silicate glasses doped by
cerium and titanium oxides by means of small angle neutron
scattering. Journal of Physics: Conference Series, 2012, 351,
012017.

Scheffzilk Ch., Hempel H., Frischbutter A., Walther K.,
Schilling F.R., A device for sample rotation under external
load for the simultaneous strain and orientation dependent
material properties by means of TOF neutron diffraction.
Journal of Physics, 2012, Conference Series 340, 012038.

Sikolenko V.V., Efimov V.V., Troyanchuk 1.0., Karpinsky
D.V., Neutron Scattering studies of magnetic properties of
the ProsSro5Co1xMnOs solid solution. Journal of Surface
Investigation, 2012, 6, 713.

Sikolenko V., Efimov V., Troyanchuk 1.O., Karpinsky D.V.,
Bushinsky M.V., Sheptyakov D., Structural and magnetic

in Tsze17. )‘KST®,

23.

24.

25.

26.

properties of LagsBagsCo0s4 cobaltites. J. Phys. Conf.
Series, 2012, IV quarter.

To TxaHb JloaH, banarypos A.M, Jlesun O.M., Kpayc M.J1.,
Bobpukos N.A., By Ban Xai, HryeH Xio WuHb, CTpykTypa u
CBOWCTBA CIIOXXHOMO MAarHUTHOro okcuaa LaysPbqszMny.
+C0,0s. N3BecTus Tynbckoro ocypapcTBeHHOro
YHusepcuteta, 2012, Bobin. 2. ¢.194 — 206.

Troyanchuk 1.O., Karpinsky D.V., Bushinsky M.V., Sikolenko
V., Efimov V., Cervellino A., Raveau R., The ferromagnetic
and antiferromagnetic phases in anion deficient Lags.
«PrBag sC00; 4 cobaltites. J. Appl. Phys., 2012, 112, 013916.

YaH T.A., Koanenko O.M., KuyaHos C.E., NykuH E.B., Jirak Z.,
CaBeHko bB.H., BnusiHne BbICOKOro [faBneHust Ha
KPUCTaNMYeckyld CTPYKTYpY W CNEKTPbl pamMaHOBCKOro
paccesiHns cBeta MaHraHuta PrgogNag.MnO;. WUsBectus
Tynbckoro NocynapcTBeHHoro YHusepcuteTta, 2012, Boinyck
1. cTp.194-202.

Hosak .M., CmupHos J1.C., KonecHukoB A.W., BopoHuH B.U.,
Beprep U.®., Nantaw H.M., Bacunees A.., ®népos WN.H.,
YTOuHeHue KpucTannmyeckom CTPYKTYpbI
BbICOKOTEMMNEPATYPHOMN hasbl GO B (NH4),WO3F,.
Kpuctannorpadwms, 2012, npunato B neyatb. (Novak D.M.,
Smirnov L.S., Kolesnikov A.l, Voronin V.I, Berger I.F.,
Laptash N.M., Vasilev A.D., Flerov I.N., Refinement of the
crystal structure of the high-temperature phase Gin
(NH4).WO,F4(powder, X-ray, and neutron scattering),
Crystallography Reports, Volume 58, Issue 1, pp 129-134)

2. HaHoCTpyKTypupOBaHHbIe MaTepuarnbl (ManoyrnoBoe paccesinue u gudpakuyms)

Anghel L., Balasoiu M., Ishchenko L.A., Stolyar S.V., Kurkin
T.S., Rogachev A.V., Kuklin A.l., Kovalev Yu.S., Raikher
Yu.L., Iskhakov R.S., Duca G., Characterization of bio-
synthesized nanoparticles produced by Klebsiella oxytoca.

Journal of Physics: Conference Series, 2012, 351(1),
012005(7).
Anghel L., Balasoiu M., Ishchenko L.A., Stolyar S.V.,,

Rogachev A.V., Kurkin T.S., Kuklin A.l.,, Raikher Yu.L.,
Iskhakov R.S., Arzumanian G.M., SAXS Studies of
Ultrasonicated Dispersions of Biomineral Particles Produced
by Klebsiella oxytoca. Solid State Phenomena, Trans Tech
Publications, 2012, 190, 621-624.

Balasoiu M., Lebedev V.T., Orlova D.N., Bica ., Raikher
Yu.L., SANS investigation of a ferrofluid based silicone
elastomer microstructure. Journal of Physics: Conference
Series, 2012, 351(1), 012014(9).

Balasoiu M., Kuklin A.l., SANS contrast variation method
applied in experiments on ferrofluids at MURN instrument of
IBR-2 reactor. Journal of Physics: Conference Series, 2012,
351(1), 012012(10).

Bica |., Balasoiu M., Kuklin A.l., Anisotropic silicone Rubber
Based Magnetorheological Elastomer with Oil silicone and
Iron Microparticles, Solid State Phenomena. Trans Tech
Publications, 2012, 190, 645-648.

BynasiH J1.A., Mopo3 K.O., Hegsk C.M., MetpeHko B.I.,
PiBHAHHA CTaHy MarHiTHOI PiAMHHOT CUCTEMM Ha OCHOBI BOAU
Ta MarHeTuTy, CcTabini3oBaHOi naypuvHOBOK KUCIOTOH.
YkpaiHcbkuin - disnyHni  xypHan, 2012, 57(3), 351-355.
(Bulavin L.A., Moroz K.O., Nedyak S.P., Petrenko V.I., The
equation of state for a water-based magnetic fluid stabilized
by lauric acid. Ukr. J. Phys., 2012, 57(3), 350-354.)

33.

34.

35.

36.

37.

lacobescu G.E., Balasoiu M., Bica I., Investigation of
magnetorheological elastomer surface properties by atomic
force microscopy. JINR Preprint, 2012, E14-2012-54.

lacobescu G.E., Balasoiu M., Bica I., Investigation of
magnetorheological elastomer surface properties by atomic
force microscopy. Journal of Superconductivity and Novel
Magnetism, 2012, accepted.

KasHaueeBckaa A.A., Kusauma O.A., bynasuH J1.A., Tomuyk
AB., Tlapamyc B.M., ABgeeB M.B., PeopraHusaums
KNacTepHOro COCTOSIHUSA B pacTBope C60/N-
MEeTUNNUPPONUAOH/BOAA: CpaBHUTENbHAA XapakTepucTuka
OaHHbIX AUHAMUYECKOro CBETOpacCesHUs U MarnoyriioBoro
paccesiHns  HEeWTpoHoB. [loBepxHOCTb. PeHTreHoBckue,
CUHXPOTPOHHbIE W HENTPOHHble uccnedoBanusi, 2012,
NpUHSATa K NevaTu.

Kapnenko O.B., CHerip C.B., Kusuma O.A., TponiH T.B.,

ABpeeB M.B., MokpoBCbkMit B.O., OcobnuBocCTi
ioHopopmyBaHHA  ynepeHy C60B Mmac-cnekTpomipii 3
nasepHoto necopbuito/ioHisadito. HaHocuctemsl,

HaHoMaTepwuarbl, HaHoTexHonoruun, 2012, NpuHsATa K nevaTu.
(A.B. Karpenko, S.V. Snegir, O.A. Kyzyma, T.V. Tropin, M.V.
Avdeev, V.A. Pokrovskiy, “Specific ion formation of fullerene
C60 in mass spectrometry with laser desorption/ionization”,
Journal of nanosystems, nanomaterials, nanotechnology,
2012 (accepted, in Ukrainian)

Kapnenko O.B., TpayeBcbkuii B.B., ®inoHeHko O.B.,
Jlo6aHos B.B., Aegees M.B., TponiH T.B., Kusuma O.A.,
CHerip C.B., AMP-pocnigXeHHs1 HepiBHOBaXKHOro CTaHy
dynepeHy C60 B N-meTun-2-niponigoHi. Ykp. di3. XypH.,
2012, 1. 57 Ne8, ctp. 863-866. (O.B. Karpenko, V.V.
Trachevskij, O.V. Filonenko, V.V. Lobanov, M.V. Avdeev,
T.V. Tropin, O.A. Kyzyma, S.V. Snegir, “NMR study of non-
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38.

39.

40.

4.

42.

43.

44.

45.

46.

equilibrium state of fullerene C60 in N-methyl-2-pyrrolidone”,
Ukr. J. Phys., V. 57, No. 8, pp. 860-863 ,2012)

Kichanov S.E., Kozlenko D.P., Belushkin A.V., Reutov V.F.,
Samoilenko S.O., Jirdk Z., Savenko B.N., Bulavin L.A.,
Zubavichus Y.V., A study of formation of iron nanoparticles in
aluminium matrix with helium pores. Journal of Physics:
Conference Series, 2012, 351, 012013.

Kyrey T.0., Kyzyma O.A., Avdeev M.V, Tropin T.V.,
Korobov M.V., Aksenov V.L., Bulavin L.A., Absorption
Characteristics of Fullerene C60 in  N-Methyl-2-
Pyrrolidone/Toluene Mixture. Fullerenes, Nanotubes and
Carbon Nanostructures, 2012, Vol. 20, 341-344.

Kyzyma O.A., Kyrey T.0., Avdeev M.V., Korobov M.V.,
Bulavin L.A., Aksenov V.L., Non-reversible solvatochromism
in  N-methyl-2-pyrrolidone/toluene mixed solutions of
fullerene C60. Chem. Phys. Lett., 2012, accepted.

Melnikova L., Mitroova Z., Timko M., Kovac J., Koralewski
M., Pochylski M., Avdeev M.V, Petrenko V.I., Garamus V.M.,
Almasy L., Kopcansky P., Physical characterization of iron
oxide nanoparticles in magnetoferritin.
Magnetohydrodynamics, 2012, accepted.

HaropHbein A.B., MNMeTpeHko B.W., Aepees M.B., bynasuH J1.A.,
Powrta J1., AkceHoB B.J1., O6 onpepeneHWn CTPYKTYpHbIX
napameTpoB MOMMANCNEPCHBLIX MArHWTHbIX XXWMAKOCTEW Mo
OaHHbIM MaroyrrioBoro paccesiHus HENTPOHOB.
MoBepxHOCTb. PeHTreHoBckMe, CUHXPOTPOHHbIE "
HEWTPOHHble uccnegosaHug, 2012, B nevatn. (A.V.Nagornyi,
V.l.Petrenko, M.V.Avdeeyv, L.A.Bulavin, L  Rosta,
V.L.Aksenov. On determination of structural parametrs of
polydisperse ferrofluids by small-angle neutron scattering
Journal of Surface Investigation. X-ray, Synchrotron and
Neutron Techniques (2012), in press.)

HaropHbin A.B., MeTpeHko B.W., bynasuH J1.A., ABgees M.B.,
Almasy L., Rosta L., AkceHoB B.J1., CTpykTypa MarHWTHOMN
XMOKOCTM  MarHeTuT/onevHoBasi  kucrota/gekanvH  C
M36bITKOM KWUCMOTbl MO AaHHbIM MarnoyrnoBOro paccesiHusi
HenTpoHoB. ®usnka Teepporo Tena, 2012, npuHsATa K
neyarwu. (A.V.Nagornyi, V.l.Petrenko, L.A.Bulavin,
M.V.Avdeev, L.Almasy, L.Rosta, V.L.Aksenov. Structure of
magnetite/oleic acid/decalin magnetic fluids with surfactant
excess by small-angle neutron scattering data. Physics of the
Solid State (2012), accepted.)

Petrenko V.l., Avdeev M.V., Bulavin L.A., Vekas L., Rosta L.,
Garamus V.M., Willumeit R., Aksenov V.L., Diagnostic and
analysis of aggregation stability of magnetic fluids for
biomedical applications by small-angle neutron scattering. J.
Phys.: Conf. Ser, 2012, 345, 012028.

Metpenko B.U., Asgees M.B., Typky P., Han A., Bekaw J1.,
AkceHoB B.J1., Powta Jl., bynaeuH J1.A., CrpykTypa
MOPOLUKOB ~ MarHWTHbIX ~ HaHOYacTUL C  NONMUMEPHbIM
NOKPLITUEM Ha OCHOBE 3aMELLEHHbIX MMPPOMOB MO AaHHbIM
MaroyrioBoro  paccesiHiss  HeWTpPOHOB.  [1OBEPXHOCTb.
PeHTreHoBckMe, CUHXPOTPOHHbIE " HENTPOHHbIE
nccneposanud, 2012, B nevatn. (V.I.Petrenko, M.V.Avdeev,
R.Turcu, A.Nan, L.Vekas, V.L.Aksenov, L.Rosta, L.A.Bulavin.
Powder structure of magnetic nanoparticles with substituted
pyrrole copolymer shells by small-angle neutron scattering.
Journal of Surface Investigation. X-ray, Synchrotron and
Neutron Techniques (2012), in press.)

Stan C., Cristescu C.P., Balasoiu M., Duginov V.N.

47.

48.

49.

50.

51.

52.

53.

©©@.
s

Mamedov T.N., Investigations of a CoFe204-ferrofluid
structure by means of magnetic measurements. jinr Preprint,
2012, E14-2012-103.

Tomuyk  A.B., ABpeeB  M.B., AkceHoB  B.J1., BynaBuH
J1.A., ViBaweBckas C.H., PoxkoBa H.H., Schreiber
N., Schreiber J., CpaBHuTENbHas xapakTepusauunsi BOAHbIX

aucnepcuin  OeTOHAUMOHHbIX — HaHoanvas3oB  MeToAoM
MaroyrfioBoro  paccesiHusi  HeWTpOHOB.  [1OBEPXHOCTb.
PeHTreHoBckuE, CUHXPOTPOHHbIE " HeWTPOHHbIE

nceneposanud, 2012, Ne10, ctp. 41-44. O.V. Tomchuk, M.V.
Avdeev, V. L. Aksenov, V.M. Garamus, L.A. Bulavin, S.N.
Ivashevskaya, N.N. Rozhkova, N. Schreiber, J. Schreiber,
2012, Comparative structural characterization of the water
dispersions of detonation nanodiamonds by small-angle
neutron scattering, Journal of Surface Investigation. X-ray,
Synchrotron and Neutron Techniques , Volume 6, Issue 5 ,
pp 821-824

Tropin T.V., Jargalan N., Avdeev M.V., Kyzyma O.A., Eremin
R.A., Sangaa D., Aksenov V.L., Kinetics of cluster growth in
polar solutions of fullerene: experimental and theoretical
study of C60/NMP solution. JINR Preprint, 2012, in press.

Tropin T.V., Jargalan N., Avdeev M.V., Kyzyma O.A., Eremin
R.A., Sangaa D., Aksenov V.L., Kinetics of cluster growth in
polar solutions of fullerene: experimental and theoretical
study of C60/NMP solution. J. Mol. Lig., 2012, Vol. 175, pp.
4-11.

TponuH T.B., Xapranan H., Asgees M.B., Kusuma O.A.,
Canraa [., AkceHoB B.J1., PacyeT dyHkumn pacnpegenexus
KnactepoB Mo pasmepam M gaHHbix MYPH gns pactBopa
C60/NMI. dusnka TBepaoro Tena, 2012, npuHaTa Kk nevaTu.
(T.V. Tropin, N. Jargalan, M.V. Avdeev, O.A. Kyzyma, D.
Sangaa, V.L. Aksenov, “The calculation of clustersize
distribution functions and SANS data for C60/NMP solution”,
Physics of Solid State, (2012), accepted).

TponuH T.B., Kupein T.A., Kusuma E.A., deoktuctos A.B.,
Asgees M.B., Bynasun JIL.A., Powrta Jl., Akcenos B.J,
WccnepoBaHue cmelwaHHbix pactBopoB C60/NMIM/Tonyon
meTogamnyY®-Bug  cnekrtpockonum " MasoyrnoBoro
paccesiHus  HeWTpoHoB. [loBepxHOCTb.  PeHTreHoBckue,
CUHXPOTPOHHbIE U HEWTPOHHblE mccnepoBaHust (T.V.Tropin,
T.O. Kyrey, O.A. Kyzyma, A.V. Feoktistov, M.V. Avdeev, L.A.
Bulavin, L. Rosta, V.L. Aksenov, “Experimental Investigation
of C60/NMP/Toluene Solutions by UV-Vis Spectroscopy and
Small-Angle Neutron Scattering”, Journal of Surface
Investigation. X-ray, Synchrotron and Neutron Techniques,
2013) B neyatw.

LWynennHa A.B., Asgees M.B., beceaunn C.I., Bonkos B.B.,
Xongy A., Tombay E., AkceHoB B.Jl., Pacnpepenexne no
pasmepam arperatoB HaHOYacTUL, B BOZHOW MarHWTHOM
KWUOKOCTM M3  OaHHbIX  aTOMHO-CUMOBOW  MUKPOCKOMUW.
Kpuctannorpacdusa 2012, 57(10), 943-953. A.V. Shulenina,
M.V. Avdeev, S.P. Besedin, V.V. Volkov, A. Hajdu, E.
Tombacz, V.L. Aksenov, 2012, Size distribution of
nanoparticle aggregates in an agueous magnetic fluid based
on atomic-force microscopy data, Crystallography Reports,
Volume 57, Issue 6 , pp 836-840

LWyneHnHa A.B., Aegees M.B., Akceros B.J1., BenunkaHuH
A.A., 3ybasnuyc A.B., Xongy A., Tombay E., Vccneposaxune
CTPYKTYpbl OGMOCOBMECTVMMBIX MAarHUTHBIX  HaHOXWAKOCTEN
MeToAaMWU paccesiHUsi CUHXPOTPOHHOTO M3nyyeHusi, BecTHuk
MIY. Cepus 3. dusnka. ActpoHomus. 2012. 2. 38-43. AV
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Shulenina, M.V. Avdeev, V.L. Aksenov, A.A. Veligzhanin,
Ya.V. Zubavichus, A. Hajdu, E. Trombacz, 2012, A structural

study of biocompatible magnetic nanofluid with synchrotron
radiation-based X-ray scattering techniques, Moscow
University Physics Bulletin , Volume 67, Issue 2, pp 186-191

3. «Msrkasi maTepus», XMAKOCTU (ManoyrrnoBoe paccesinne u aucdpakuus)

Avdeev M.V., Aksenov V.L., Gazova Z., Aimasy L., Petrenko
V.I., Gojzewski H., Feoktystov A.V., SipoSova K., AntoSova
A., Timko M., Kop¢ansky P., On the determination of the
helical structure parameters of amyloid protofilaments by
small-angle neutron scattering and atomic-force microscopy.
J. Appl. Cryst., 2012, accepted.

BynasiH J1.A., Conosios [1.B., lNopuukosa tO.E., XuryHos O.,
IBaHbkoB O.l., Topgenin B.l., KykniH O.l., CTpykTypHui
nepexigq B piOvHHIN cucTemi BoAa-ninign. YkpaiHCbKuin
disnyHmi xypHan, 2012, 57, 623-627.

Cherny Alexander Yu., Anitas Eugen M., Osipov Vladimir A.,
and Kuklin Alexander |. Small-angle scattering from
generalized self-similar Vicsek fractals. Journal of Physics:
conference series, 351, 2012.

Eremin R., Kholmurodov Kh., Avdeev M., Petrenko V.,
Yasuoka K., Molecular dynamics simulations on trans- and
cis-decalins: the effect of partial atomic charges and
adjustment of “real densities”. International Journal of
Chemistry, 2012, 4(1), 14-22.

Epemun P.A., Xonmypogoe X.T., MNeTtpenko B.W., Aspees
M.B., MonekynapHo-AnHaMmyeckoe MoaenvpoBaHue
pacTBOpoB MOHOKapOOHOBbLIX KACMOT B AekanuHe. [NpenpuHT
OoUAN P17-2012-23, 2012, 1-14.

Epemun P.A., Xonmypogoe X.T., MNeTtpenko B.N., Aspees
M.B., PacyeT 0GbeMHbIX CBOWCTB AeKariMHOB W KMPHbIX
KACNOT B fAeKanuMHe MO  AaHHbIM  MOMEKYNsipHO-
OvHamuyeckoro mogenupoBaHusi. XypHan — dusuueckon
Xumun, 2012, B nevaTu.

Epemun P.A., Xonmypopos X.T., MNetpexko B.A., Rosta L.,
AspeeB M.B., AHanu3 mManoyrrnoBoro paccesiHnus HeMTPOHOB
pacTBOpOM  CTeapuHOBOM  KkucnoTbl B  GeHsone c
MCMonb3oBaHNeM MOMEeKyNspHO-ANHAMMNYECKOrO
MogenvpoBanus. ®usuka Teepgoro Tena, 2012, npuHaTa K
nevatu.

Epemun P.A., Xonmypogos X.T., MNeTpexko B.W., Aspees
M.B., MonekynapHo-aMHammyeckoe MoaenvpoBaHue
B3aUMOAENCTBUS pacTBOPUTENb-PAaCTBOPEHHOE BELLECTBO B
HEMONSPHbLIX PacTBOPax OfIEMHOBOM KUCNOTbI. [OBEPXHOCTb.
PeHTreHoBckue, CUMHXPOTPOHHbIE 7 HEWTPOHHbIE
nccnepoBaHust, 2012, npuHaTa K neyaTtu.

dununnosa C.H., Cyprydyesa H.A., EpmakoBa E.B., Kucenes
M.A., Tepexosa JIL.IN., CuHeBa O.H., lanateHko O.A.,
3abermH  A.B., TanbyeHko B.®., W3yueHne dasoBo-
CTPYKTYPHOrO  COCTOSIHUA  poconunuaHbIX — dopakuui
aKTMHODaKTEPMN B CBSI3W C  YCMOBUSMW WX XPaHEHMS.
Mukpo6uonorusi, 2012, npuHATa B neyatb.

pyanHoB A.O., Kucenes M.A., EpmakoBa E.B., 3abenuH
A.B., TepmoTponHble ¢a3oBble nepexodbl B MOAENbHbIX
MeMbpaHax BEepXHero Crosi KOXu, NOCTPOEHHbIX Ha OCHOBE
uepamuga 6. ®u3nky TBepgoro tena, 2012, HanpasneHa.

Gorshkova Y.E., Ivankov O.l., Kuklin A.l., Gordeliy V.I,
Investigation of DESO/LIPID membranes interaction by X-
Ray scattering. Journal of Physics: Conference Series, 2012,
351, 012006.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

lvankov O.l., Soloviov D.V., Gorshkova Y.E., Zhigunov A,
Bulavin L.A., Gordelii V.I., Kuklin A.l.,, Phase transition in
DPPC/POPC lipid mixtures by SANS and SAXS, Complex
and Magnetic Soft Matter Systems: Physico-Mechanical
Properties and Structure, Alushta, Ukraine, 2012, pp. 47-48.

MBaHbkoB O.U., Conosbes [.B., MNopwkosa HO.E., XXuryHos
A., bynasuH JL.A, Toppenun B.WU., Kyknunh AW,
WccnepoBaHne (ha3oBbiX MNepexofoB B CMeCUM NUNUAOB
ONeX/MOdX meTogamm  ManoyrnoBoro HEWTPOHHOro 1
PEHTrEHOBCKOro paccesiHus, XXI MexayHapogHoe
coBellaHue 1 MexagyHapoaHasi MonogexHas KoHdepeHuus
"Micnonb3oBaHne paccesiHusi HEWTPOHOB B MCCeaoBaHUSAX
KOHZAEHcMpoBaHHOro poctosiHus", CaHkT-MNeTepbypr, Poccus,
2012, pp. 123.

Kucenee M.A., EpmakoBa E.B., pyauHoB A.}O., 3abenuH
A.B., ®opmupoBaHue  AnuHHONepuoaHom  passl B
MOAENbHBIX MeMBpaHax BEPXHErO crnosi koxu. XKITO, 2012,
HanpaeneHa.

Kuklin A.l., Murugova T.N., Ivankov O.l., Rogachev A.V.,
Ishchenko A.V., Mishin A.V., Soloviov D.V., Kovalev Y.S.,
Gordelii V.l., Phase transition in DPPC/POPC lipid mixtures
by SANS and SAXS. Complex and Magnetic Soft Matter
Systems: Physico-Mechanical Properties and Structure,
Alushta, Ukraine, 2012, pp. 56.

Kuklin A.l., Murugova T.N., Ivankov O.l., Rogachev A.V.,
Soloviov D.V., Kovalev Y.S., Ishchenko A.V., Zhigunov A.,
Kurkin, Gordeliy V.I., Comparative study on low resolution
structures of apoferritin via SANS and SAXS. Journal of
Physics: Conference Series, 2012, 351, 012009.

Murugova T.N., Ivankov O.l., Ossina N.K., Islamov A.K,
Zhigunov A., Agladze K.l., Structure and properties of
aggregates of photosensitive molecules AzoTAB in water
solution and complexes AzoTAB with RNA. Complex and
Magnetic Soft Matter Systems: Physico-Mechanical
Properties and Structure, Alushta, Ukraine, 2012, pp. 61-62.

Mypyrosa T.H., MBaHbkoB O., OcuHa H.K., Ncnamos A.X.,
KyknuH AWN., Arnagse K.N., WcenegosaHnus
MuuennoobpasoBaHus a3obeH3eH TPUMETUNIaMMOHUIN
6pomMyMga MeToaoM MasioyrfioBOrO pPacCcesiHUS HEWTPOHOB.
Tpyabl MOTU, 2012, B neyatwu.

Mypyrosa T.H., NBaHbkoB O.U., OcuHa H.K., Micnamos A.X.,
XKuryHos A., Arnagse K.W., CTpykTypa u cBOWCTBa arperaTtos
OTOUYBCTBUTENBHOIO MOBEPXHOCTHO-AKTMBHOIO BeLLecTBa
asotab B pactBope M ero komnnekcoB ¢ PHK. XXII

MexayHapogHoe coBeLlaHue " MexayHapogHasi
MornogexHas KoHdpepeHumsi "Mcnonb3oBaHue paccesHus
HENTPOHOB B uccrnefoBaHusix KOHOEHCUPOBaHHOIO

pocTosHus", CaHkT-MNeTepbypr, Poccus, 2012, pp. 30.

MetpeHko B.W., ABgees M.B., Garamus V.M., Kubovcikova
M., BynasuH J1.A., Timko M., Almasy L., AkceHoB B.J1.,
Kopcansky P., CTpykTypa aMunouaHbix arperatos nusouvma
No AaHHbIM MaroyrfioBOro pacCcesiHns PeHTTEHOBCKUX My4Yei.
®dusnka Teepgoro Tena, 2012, npuHaTa.

Soloviov D.V., Gorshkova Y.E., lvankov O.l., Zhigunov A.N.,
Bulavin L.A., Gordelii V.1., Kuklin A.l., Ripple Phase Behavior
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in Mixtures of DPPC/POPC lipids: SAXS and SANS Studies.
Journal of Physics: Conference Series, 2012, 351, 012010.

Soloviev A.G., Murugova T.N., Islamov A.H., Kuklin A.l,
FITTER. The package for fitting a chosen theoretical
multiparameter function through a set of data points.
Application to experimental data of the YuMO spectrometer.
Journal of Physics: Conference Series, 2012, 351, 012027,
1-15.

76.

77.
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Stepanek M., Angelov B., Ivankov O., Hajduova J., Slouf M.,
Co-assembly of double hydrophilic block polyelectrolyte with
oppositely charged surfactant. Complex and Magnetic Soft
Matter Systems: Physico-Mechanical Properties and
Structure, Alushta, Ukraine, 2012, pp. 25.

Tropin T.V., Schmelzer J.W.P., Gutzow I., Schick C., On the
Theoretical Determination of the Prigogine-Defay Ratio in
Glass Transition. J. Chem. Phys., 2012, Vol. 136, 124502/14.

4. ToHKue nneHkKU (pecnekToMmeTpma U NONAPU3OBaAHHbIE HEUTPOHDI)

BogHapuyk W.A., BogHapuyk B.W., ApagaiiknH C.M., OueHka
CeYeHNss paccesHUs HEWTPOHOB Ha CMWHOBBLIX BOJIHAX B
TOHKMX deppoMarHuTHbIX crosx. ®uavka Teepgoro Tena,
2012, npuHATa K nevatu

Kozhevnikov S.V., Ott F., Radu F., Data representations of
Zeeman spatial beam splitting in polarized neutron
reflectometry. Journal of Applied Crystallography, 2012, 45,
814-825.

Kozhevnikov S.V., Radu F., Nikitenko Yu.V., Aksenov V.L.,
Reflection of Neutrons from a Magnetic Fulm Placed in Static
and Oscillating Magnetic Fields Journal of Surface
Investigation. X_ray, Synchrotron and Neutron Techniques,
2012, Vol. 6, No. 5, pp. 784-795.

Kozhevnikov S.V., Ignatovich V.K., Ott F., Rihm A., Major J.,
Experimental determination of the neutron channeling length
in a planar waveguide, )K3T®, 2012, HanpasneHo.

Kozhevnikov S.V., Keller T., Khaydukov Yu.N., Ott F., Rihm
A., Thiaville A., Torrejon J., Vazquez M., Major J., Use of
waveguides for polarized neutron studies at the micrometric
scale. Journal of Instrumentation, 2012, submitted.

Kozhevnikov S.V., Keller T., Khaydukov Yu.N., Ott F., Rihm
A., Major J., Polarizing Fe-Co-Fe planar waveguides for the
production of neutron microbeams. Physics Procedia, 2012,
submitted.

84.

85.

86.

87.

88.

89.

Nikitenko Yu.V., Magnetic Neutron-Wave Resonator, Journal
of Surface Investigation. X-ray, Synchrotron and Neutron
Techniques, 2012, 6, 805-816.

Rihm A., Kozhevnikov S.V., Ott F., Radu F., Major J.,
Magnetic planar waveguides as combined polarizers and
spin-flippers for neutron microbeams. NIM A (submited).
Preprint JINR E13-2012-115 (2012).

Rihm A., Kozhevnikov S.V., Ott F., Radu F., Major J.,
Magnetic planar waveguides as combined polarizers and
spin-flippers for neutron microbeams. NIM A (submited).

KoxesHukoB C.B., Pagy ®., HukuteHko HO.B., AkcéHos B.J1.,
OTpaxeHne HeNTPOHOB OT MArHUTHOW MMEHKM, NOMELLEHHOM
B CTaTMyeckoe W OCUMNNUpYloLLee MarHuTHble nons.
MoBepxHOCTb. PeHTreHoBckue, CUHXPOTPOHHbIE "
HEeNTPOHHble uccnegosanus, 2012, 10, 1-13.

KoxesHukos C.B., Ott F., Torrejon J., Vazquez M., Thiaville
A., NpumeHeHne MonNsaprM3oBaHHOIO MUKPOMyYka HEWTPOHOB
AN nccnefoBaHWa MarHUTHOW MUKPOCTPYKTYpbl. TT, 2012,
HanpasneHo. MpenpuHt, 2012, ONAN P14-2012-116.

Hukntenko HO.B., MarHuTHbIA pe3oHaTOp HEWTPOHHOMN
BOMHbI. [10BEPXHOCTb. PeHTreHoBCKMEe, CUHXPOTPOHHbIE W
HEWTPOHHble nccnegosanus, 2012, Ne10, 25-36

5. ATOMHasA U MarHUTHasi AMHaMuUKa (Heynpyroe HeMTPOHHOE paccesiHue)

Baddour-Hadjean R., Smirnov M.B., Smirnov K.S., Kazimirov
V., Gallardo-Amores J.M., Amador U., Arroyo-de Dompablo
M.E., Pereira-Ramos J.P., Lattice dynamics of B-V205:
raman spectroscopic insight into atomistic structure of a high
pressure vanadium pentoxide polymorph. Chemistry of
Materials, 2012, 51, 3194.

Bator G., Sawka-Dobrowolska W., Sobczyk L., Owczarek M.,
Pawlukoj¢ A., Grech E., Nowicka-Scheibe J., Hydrogen
bonded NHO chains formed by chloranilic acid (CLA) with
4,40-di-t-butyl-2,20-bipyridyl (dtBBP) in the solid state.
Chemical Physics, 2012, 392, 114-121.

Blagoveschenkii N.M., Novikov A.G., Savostin V.V., Self-

diffusion in liquid lithium from coherent quasielastic neutron
scattering. Physica B, 2012, 407, 4567.

BnaroseweHckun H.M., Hosukos A.l', CasoctuH B.B.,
Camoaunddysnsa B XUOKUX IUTUN U CBUHLE U3 OaHHbIX NO
KOrepeHTHOMY KBa3uynpyromy paccesiHuio HewTpoHoB. ®TT,
2012, HanpaBneHo B XypHarn.

bnaroseweHckun H.M., HosukoB A.l'.,
AHnanus KBa3nynpyroro paccesiHus

Poxkosa H.H.,
HENTPOHOB

KOHUEHTPMPOBAHHOW BOOHOW AMCNEpCUent HaHoanmasoB.
OTT, 2012, HanpaBneHo B XypHarn.

95.

96.

97.

98.

99.

Bujakiewicz-Koronska R., Hetmanczyk t., Garbarz-Glos B.,
Budziak A., Kalvane A., Bormanis K., Druzbicki K., Low
temperature measurements by infrared spectroscopy in
CoFe;0, ceramic. Central European Journal of Physics,
2012, 1-7.

Oy6osckmun O.A., OpnoB A.B., leHepauusi COnNUTOHOB K
BGUCONNTOHOB HOBOrO TUMA B KpuUcTanmax ynbTpasByKOM W
rmnep3sykom. MNucbma B XKOT®, 2012, 1.96, B.7, cTp.509-
514. (O.A., Orlov A.V., Ultrasound and hypersound
generation of new-type solitons and bisolitons in crystals,
JETP Letters , Volume 96, Issue 7 , pp 461-466)

Oy6osckmn O.A., CemeHoB B.A., Opnoe A.B., ConutoHHas
MUKPOAMHAMMKA TEnnonpoBOAHOCTM NIYTOHUS U ypaHa B
obnactn TemnepaTyp MapTEHCUTHbIX (Da30BbIX MEPEXOAOB.
®TT, 2013, 1.55, B.2, ¢.354-365.

Oy6osckmn O.A., OpnoB A.B., lNepcnektuBbl HEATPOHHOMN
chekTpoMeTpum reHepupyembIx yNbTPa3ByKoOM "
rMNep3ByKOM CBSI3aHHbIX MYyIbTU(MOHOHHBLIX COJIMTOHOB U
6uconutoHoB HoBoro Tuna. OTT, 2012, HanpaBneHo B
XypHan.

Druzbicki K., Mikuli E., Kocot A., Ossowska-Chrusciel M. D.,
Chrusciel J., Zalewski S., Complex Vibrational Analysis of an
Antiferroelectric Liquid Crystal Based on Solid State Oriented
Quantum Chemical Calculations and Experimental Molecular
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Spectroscopy. Journal of Physical Chemistry A, 2012, 116,
7809-7821.

Druzbicki K., Kocot A., Mikuli E., Ossowska-Chrusciel M.D.,
Chrusciel J., Temperature-Dependent Infrared Spectroscopy
Studies of a Novel Antiferroelectric Liquid-Crystalline
Thiobenzoate. Journal of Physical Chemistry B, 2012, 116,
11332-11343.

Hetmanczyk t., Gérska N., Hetmanczyk J., Mikuli E.,
Natkaniec |, Phase ftransitions in [Co(NHj3)s](ClO4);
investigated by neutron scattering methods. Chemical

Physics, 2012, accepted.

Juszynska E., Hotderna-Natkaniec K., Massalska-Arodz M.,
Natkaniec ., Sciesinska E., Sciesinski J., Formation of
hydrogen bonds; hydroxyl and methyl groups dynamics in 2,
2-dimethylbutan-1-ol and 2,3-dimethylbutan-2-ol: DFT, [INS
and IR investigations. Acta Physica Polonica A, 2012, 122,
765-775.

Kolek t., Massalska-Arodz M., Majda D., Wantusiak B.,
Zalewski S., Kula P., Studies of Phase Diagram of a Liquid
Crystal with 4-[2-(3-Fluorophenyl)ethyl]biphenyl Core of
Molecules. Acta Physica Polonica A, 2012, Vol. 122, No. 2,
370-374.

HosukoB A.l'., Tonomnorns v BOOOPOAHas CBSI3AHHOCTb B
cBepxkputnyeckon soge. ®TT, 2012, HanpaBneHo B XXypHan.

Pajzderska A., Chudoba D.M., Mielcarek J., Wasicki J.
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110.

Calorimetric, FTIR and 1H NMR measurements in
combination with DFT calculations for monitoring solid-state
changes of dynamics of sibutramine hydrochloride.
J.Pharm.Sci., 2012, 101, 3799.

Pieper J., Trapp M., Skomorokhov A., Natkaniec I., Peters J.,
Renger G., Temperature-dependent vibrational and
conformational dynamics of photosystem |l membrane
fragments from spinach investigated by elastic and inelastic
neutron scattering. Biochimica et Biophysica Acta, 2012,
1817, 1213-1219.

Rachwalska M., Natkaniec ., Urbanek Z.H., Majda D.,
Inelastic Neutron Scattering (INS) Study of Low Frequency
Vibrations of Acid K Salt of (E)-2-Hydroxyimino-2-
Cyanoacetic Acid Ethyl Ester and its Phase Situation by DSC
Method. Z. Phys. Chem., 2012, 226, 291-314.

CemeHoB B.A., Oy6osckun O.A., Opnos A.B., CaBocTuH
0.B., Cypapee B.B., Cnektp 4acToT Bofbdpama npu
Temnepatypax 293 u 2400 K. ®TT, 2012, HanpaBneHo B
XypHan.

Starosta W., Sartowska B., tyczko K., Maurin J., Pawlukoj¢
A., Wali$ L., Buczkowski M., A method for production of
nanoMOF and prelimiary characterization by selected
analytical techniques. Nukleonika, 2012, 57, 581-583.

Wantusiak B., Zalewski S., Suchodolski P., Chrusciel J.,
Ossowska-Chrusciel M.D., Phase transitions of new

antiferroelectric bent-core thiobenzoate. Phase Transitions,
2012, Vol. 85, No. 5, 444-44

6. MpuknagHble uccnenoBaHns (TEKCTYpa, HaNpsiKeHUsl, reosiormyeckue matepuansbl)

Bokyyasa I".[., ManywkuH WN.B., CymuH B.B., AsHabaes [.,
Myxametynsl  B., Lllentakos [.B., Banarypos A.M.,
Mukpogechopmaumm B crtansix C  OUCMEPCUOHHBIM
ynpouHeHuem. Mucbma B OYAA, 2013, 1.10, Ne 2 (179), c.
245-252.

YykanoB A.H., HukmtnH A.H., Bacun P.H., Xauko M.B,
VMccnepoBaHve  NoOBpexgaeMocTW  YrnepoavcTon  ctanu
METOAOM akycTuuyeckon amwmccum. Mssectust TynlY, Cepus
EctecTBeHHble Hayku, 2012, Ne1 (4acTb 1), cTp. 203-210.

MBaHknHa T.W., Jlokamyek T., HukutuH A.H., Caxraa [.,
HentpoHorpaduyeckune ncecnegosaHus BHYTPEHHUX
nedopMaunii, TEKCTYPbl U CBOWCTB FOPHbLIX MOPOA. Y4YeHble
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2012, cTp. 67-76.

Hukntne AH., Bacun P.H., UBaHkuHa T.W., Kpyrnos A.A.,
INokanyek T., ®aH JI.T.H., OcobeHHOCTU NpPOXOXAEHUS
KBa3nnNpoJombHbIX YNPYrMX BOMH Yepes rpaHuuy pasgena
M30TPOMHOM W aHM3OTPOMHOM Cped: TeopeTuyeckoe U
aKCnepumeHTanbHoe wuccnegoBanve. Kpuctannorpadws,
2012, 1. 57, Ne4, ctp. 628-637. (Nikitin A.N., Vasin R.N.,
Ivankina T.1., Kruglov A.A., Lokajicek T., Phan L.T.N., 2012,
Peculiarities of quasi-longitudinal elastic wave propagation
through the interface between isotropic and anisotropic
media: Theoretical and experimental study Crystallography
Reports , Volume 57, Issue 4 , pp 560-568)

Hukntne AH., Bacun P.H., MBaHkuHa T.W., Kpyrnos A.A.,
Jokaunuek T, daH N.T.H., WccnepoBsaHne
CEeNCMOaKyCTUYECKMX CBOWICTB HEKOTOpPbIX
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A.A., Lokajicek T., Phan L.T.N., 2012, Investigation into the
seismoacoustic  properties of specific polycrystalline

116.

117.

118.

119.

120.

121.

materials used in nuclear reactors, Crystallography Reports ,
Volume 57, Issue 5 , pp 682-692)

Hukutun A.H., Jlokanyek T., Kpyrnos A.A., Bacun P.H., 3enb
M.10., OcobeHHOCTM pacnpocTpaHeHus ynbTpas3Byka 4yepes
CrnouCTble  CTPYKTYPHO-HEOOHOpPOAHble  TBepAble  Tena.
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AN., Lokajicek T., Kruglov A.A., Vasin R.N., Zel' l.Yu,,
2012, Peculiarities of ultrasound propagation through layered
structurally inhomogeneous solid bodies, Journal of Surface
Investigation. X-ray, Synchrotron and Neutron Techniques ,
Volume 6, Issue 6 , pp 954-960)

ManywknH W.B., bokywasa I'.[., Cymun B.B., bBanarypos
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screening potentials for d(d, n)ahe reaction in ZrD,, TiD,, D,O
and CD; targets in the ultralow energy region using plasma
accelerators. Physics of Atomic Nuclei, 2012, V.75, No 1,
pp.53 — 62.

Bystritsky V.M., Bystritskii Vit.M., Dudkin G.N., Filipowicz
M., Gazi S., Huran J., Kobzev A.P., Mesyats G.A.,
Nechaev B.A., Padalko V.N., Parzhitskii S.S., Pen’kov
F.M., Philippov A.V., Kaminskii V.L., Tuleushev Yu.zZh.,
Wozniak J. Investigation of Temperature Dependence of
Neutron Yield and Electron Screening Potential for the d(d,n)
®*He Reaction Proceeding in Deuterides ZrD, and TiD,.
Physics of Atomic Nuclei , 2012, V. 75, Ne8, pp. 913 -922.

Mitsyna L.V., Popov A.B., Zhaohui Song, On the possibility to
incease neutron beam flux of IREN, In: Neutron
spectroscopy, nuclear structure, related topics. XIX Int.
Seminar on Interaction of neutron with nuclei. Dubna,
Russia, JINR-E3-2012-30, p.274, Dubna (2012).

Milkov V.M., Panteleev Ts.Ts., Bogdzel A.A., Shvetsov V.N.,
Kutuzov S.A., Borzakov S.B., Sedyshev P.V.. Neutron

194,

195.

196.

197.

198.

199.

200.

201.

Spectrometer Based on a Proton Telescope with Electronic
Collimation of Recoil Protons. ISSN 154714771, Physics of
Particles and Nuclei Letters, 2012, Vol. 9, No. 6-7, pp. 508—
516.

Lseuos B.H., Annatos C.B., Actaxoa H.B., Enuk T.E.,
MwuubiHa J1.B., Monos A.B., CanamatuH W.M., CanamaTuH
K.M., Cegbiwes T1.B., CupotuH A.T., MNTI, Ne5, c.54-
61(2012); Instruments and Experimental Techniques, 55, No
5, pp.561-568 (2012).

Telezhnikov S.A., Kopatch Yu.N., Mezentseva Zh., Stuttge
L., Goennenwein F., Mutterer M., Chernysheva E., Dorvaux
O., Hanappe F., Hambsch F.-J., Investigations of the
Neutron “Cross- Talk” Effect in DEMON Detectors, In: XIX
International Seminar on Interaction of Neutrons with Nuclei,
Dubna, May 2011, E3-2012-30, Dubna, 2012, p. 74-81.

Grigoriev Yu.V., Khlustin D.V., Mezentseva Zh.V., Vasiliev
I.A., Ryabov Yu.V., Measurements of Characteristics of the
Pulse Neutron Sources RADEX and IN-06 of the Moscow
Meson Factory (INR RAS, Troitsk), In: XIX International
Seminar on Interaction of Neutrons with Nuclei, Dubna, May
2011, E3-2012-30, Dubna, 2012, p. 234

Grigoriev Yu.V., Khlustin D.V., Mezentseva Zh.V., Ryabov
Yu.V., Measurements of Neutron Total and Capture Cross
Sections at the TOF Spectrometers of the Moscow Meson
Factory, In: XIX International Seminar on Interaction of
Neutrons with Nuclei, Dubna, May 2011, E3-2012-30,
Dubna, 2012, p. 245

Shvetsov V.N., Alpatov S.V., Astahova N.N., Gundorin N.A.,
Enik T.L., Mitsyna L.V., Pikelner L.B., Popov A.B., Salamatin
.M., Salamatin K.M., Samosvat G.S., Sedyshev P.V., Sirotin
F.P., Multiinput encoder for recording spectra of scattered
neutrons using time-of-flight method, In: Neutron
spectroscopy, nuclear structure, related topics. XIX Int.
Seminar on Interaction of neutron with nuclei. Dubna,
Russia, JINR-E3-2012-30, p.279, Dubna (2012).

Llynas M.WU., ApepHasa npeueccuss HENTPOHOB - SAEPHbLIN
ncesgomarHeTuam. MpenpuHt ONAN P3-2012-114

Kozhevnikov S.V., Ignatovich V.K., Nikitenko Yu.V., Ott F.,
Radu F., Rihm A., Major J., Neutron magnetic resonance
and non-specular reflection from a magnetic film placed in an
oscillating magnetic field, Journal of Physics: Conference
Series 340 (2012) 012084.

Kozhevnikov S.V., Ignatovich V.K., Ott F., RUhm A., Major
J., Experimental determination of the neutron channeling
length in a planar waveguide, Preprint JINR E14-2012-117
(2012).

TeopeTuyeckue paboTbl

&.B./rHaToBunY, B.K.UrHaTtoBny, OnTtuka
aHM30TpOnHbIX cped. YOH, 182 (2012) 759-771.

Bunatian G.G., Study of the Neutron Flux Generated at E-
Linac-Driven Neutron Sources.} Physics of Particles and
Nuclei, 2012, Vol. {\bf 43}, (No 6), pp. 867-881.

204.

Ignatovich F.V., Ignatovich V.K,, Pumping of
electromagnetic energy via multiple total internal reflection
from active media. Physics of Elementary Particles and
Atomic Nuclei, Letters, 90 (2012) 76-79.
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Kuzhir P.P., Maksimenko S.A., Lapko K.N., Lomonosov V.A.,
Ivashkevich O.A., Lesnikovich A.l., Sedyshev P.V., Shvetsov
V.N., Kurilin A.S., Sartinska L., Silenko P., Frolov G., Solonin
Yu., Bellucci S., Boron Enriched Unfired Phosphate
Ceramics as Neutron Protector, Nanosci. Nanotechnol. Lett.
4(2012) 1 -6.

MeawkeBny O.A, Kyxup MN.M., Kypunun A.C., Nanko K.H.,
NecHukosuy A.WN., JlomoHocoB B.A., MakcumeHko C.A.,
OkoTpy6 A.H., Ceppiwes M.B., Leeuos B.H., TepmocToiikne
doccaTHble KOMMO3Muuu, MOANMULMPOBAHHbIE
MUKPOCTPYKTYPHBIMU COeauHEHUsiMM 6opa 1 yrnepoaHbIMu
HaHoTpybKamu, B MHTepecax NpUKNagHoOn siAepHON U3UNKN.
Ooknagbl HAH Benapycu. 56 (3) (2012) 68-72.

Huran J., Valovic A., Kobzev A.P., Balalykin N.I., Kucera M.,
Haschik S., Malinovskij S., Kovacova E., Structural and
physical characteristics of PECVD nanocrystalline silicon
carbide thin films. Physics Procedia 32 (2012 ) 303 — 307.

Huran J., Balalykin N.I., Shirkov G.D., Bogacek P., Kobzev
A.P., Valovic A., Malinovsky L., Sekacova M.,
Characterization of nanocrystalline diamond/amorphous
composite carbon films prepared by PECVD technology.
Physics Procedia 32 (2012 ) 875 — 879.

Krmar M., Radnovi¢ D., and Frontasyeva M.V., Moss
biomonitoring technique used to study spatial and temporal
atmospheric deposition of heavy metals and airborne
radionuclides in Serbia. In D.T. Mihailovic Ed., Essays of
Fundamental and Applied Environmental Topics, Nova
Publishers Inc., 2012, pp. 159-192, ISBN: 978-1-61942-522-
4.

Gorbunov A.V., Lyapunov S.M., Okina O.l., Frontasyeva
M.V., Pavlov S.S.. Nuclear and related analytical techniques
in ecology: impact of geoecological factors on the balance of
trace elements in the human organism. Physics of Particles
and Nuclei, Vol. 43, No. 6, pp. 783-824. ISSN 1063_7796,
2012. © Pleiades Publishing, Ltd., 2012. Original Russian
Text © A.B. T'opbyHoB, C.M. JlanyHoB, O.N. OkuHa, M.B.
®dpoHTackea, C.C. lMaenoB. ApepHo-chmsnyeckme mMetopl
aHanusa B 9KOMOruu: BO3AEWNCTBME E€O3KONMOrMYECKUX
aKTOpoOB Ha  MWKPO3MEMEHTHbIN GanaHc opraHuama
yenoseka. Published in Fizika Elementarnykh Chastits i
Atomnogo Yadra, 2012.

Oprea C., Velichkov A., Oprea I.A., Filosofov D.V., Szalanski
P.J., The TDPAC method used to study the molecular
dynamics in vegetal oils, Proceedings of the XIX International
Seminar on Interaction of Neutrons with Nuclei (ISINN19),
JINR Publishing Department, 365-372, 2012

Oprea C., Gustova M.V., Maslov O.D., Belov A.G., Oprea
ILA., Mihul A., Nuclear Analytical Methods as Interface of
Environmental and Traceability Evaluations, Proceedings of
the XIX International Seminar on Interaction of Neutrons with
Nuclei (ISINN19), JINR Publishing Department, 2012, 396-
402

Oprea C., Gustova M.V., Oprea |.A.,Trace Heavy Metal
Uptake by Crop Roots, Proceedings of the XIX International
Seminar on Interaction of Neutrons with Nuclei (ISINN19),
JINR Publishing Department, 2012, 378-382,

Omutpues A.lO., MNasnos Cc.C, ABTOMaTU3aUNs
KONUYECTBEHHOTO OMpefeneHnsi CoAepXXaHUsi 3NEeMEHTOB B
obpasuax MEeToaoM HEMTPOHHOrO akTMBALMOHHOMO aHanu3a

215.

216.

217.

218.

219.

220.

221.

222.

223.

Ha peakTtope MBP-2 B JIH® OUAWN. Mucbma B SYAA. Tom
10, Ne 1(178), 2013, c. 58-64.

Spiric Z., Frontasyeva M., Steinnes E., Stafilov T., Multi-
element atmospheric deposition study in Croatia, International
Journal of Environmental Analytical Chemistry, Taylor &
Francis, Vol. 92, No. 10, 2012, p. 1200-1214.

Barandovski L., Frontasyeva M.V., Stafilov T., Sajn R., Paviov
S.S., Enimiteva V., Trends of atmospheric deposition of trace
elements in Macedonia studied by the moss biomonitoring
technique. Journal of Environmental Science and Health, Part
A. Taylor & Francis, Vol. 47, 2012, p. 2000-2015.

Mankovska B., Oszlani J., Goryainova |., Frontasyeva M.V.,
Kastier P., Regional variation in environmental element
concentrations in Slovakia derived from analysis of roe deer
teeth (Capreolus capreolus L.). Ekologia (Bratislava), Vol. 31,
No. 2, 2012, p. 138-149.

Saitanis C.J., Frontasyeva M.V., Steinnes E., Palmer M.\W.,
Ostrovnaya T.M., Gundorina S.F., Spatiotemporal distribution
of airborne elements monitored with the moss bags technique
in the Greater Thriasion Plain, Attica, GreeceEnvironmental
Monitoring and Assessment (2012): 1-14 , April 11, 2012.
https://springerlink3.metapress.com/content/9545wk4363670
m36/resource-
secured/?target=fulltext.pdf&sid=ngvgiagOmtcze3w4vfix1zlg&
sh=www.springerlink.com

Lazo P., Vasjari M., M.V. Frontesayeva, T. Stafillov, F. Malaj,
I. Gjika, Z. Goryainova, K. Baceva. The study of atmospheric
deposition of heavy metals in Tirana and Vlora cities,
Albania, by moss biomonitoring technique. Fresenius
Environmental Bulletin, Vol. 21, No. 8a, 2012, p. 2170-2177.

Aleksiayenak Yu.V., Frontasyeva M.V., Florek M., Sykora I.,
Holy K., Masarik J., Jeskovsky M., Brestakova L., Steinnes
E., Faanhof A., Ramatlhape K.l., Distribution of ¥'Cs and
2%pp in moss collected from Belarus and Slovakia. Accepted
by Journal of Environmntal Radioactivity.

Maslyuk V.T., Svatyuk N.l., Stets M.V., Frontasyeva M.V.,
Parlag O.O.. Statistical regularities in the distribution of
radionuclides in sediments of transcarpathia mountain rivers.
Accepted by Journal of Environmntal Radioactivity.

Harmens H., llyin |, Mills G., Aboal J.R., Alber R., Blume O.,
Coskun M., Temmerman L. De, Fernandez JA, Figueira R.,
Frontasyeva M., Godzikj B., Goltsova N., Zeran Z., Korzekwa
S., Kubinn E., Kvietkus K., Leblond S., Liiv S., Magnusson
S.H., Marikovska B., Nikodemus O., Pesch R., Poikolainen
J., Radnovié D., Rihling A., Santamaria J.M., Schréder W.,
Spiric Z., Stafilov T., Steinnes E., Suchara ., Thoéni L.,
Turcsanyi G., Tabors G., Yurukova L., Zechmeister H.G.,
Country-specific correlations across Europe between
modelled atmospheric cadmium and lead deposition and
concentrations in mosses. Accepted by Environmental
Pollution, Vol. 166, 2012, p. 1-9.

Kalabegishvili T.L., Kirkesali E.l., Rcheulishvili A., Ginturi
E.N., Murusidze |.G., Pataraya D.T., Gurielidze M.A,
Tsertsvadze G.l., Gabunia V.N., Lomidze L.G., Gvarjaladze
D.N., Frontasyeva M.V., Pavlov S.S., Zinicovskaia I.I., Raven
M.J., Seaga N.M.F., Faanhof A., Synthesis of Gold
Nanoparticles by Some Strains of Arthrobacter genera.
Journal of Material Sciences and Engineering. A, 2 (2), 164-
173, 2012
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KOH®EPEHLUUA
OTAEN HEATPOHHbIX UCCNEAOBAHUA KOHOEHCUPOBAHHBLIX CPE[]

Aksenov V.L., Snegir S.V., Kyzyma O.A., Tropin T.V,
Petrenko V.I., Korobov M.V., Avdeev M.V., «On the
ionization of Cg fullerene in laser desorption/ionization mass-
spectrometry: influence of solvation». International
Winterschool on Electronic Properties of Novel Materials,
IWEPNM-2012, 3-10 March, 2012, Kirchberg, Austria, poster
report.

Avdeev M.V., Petrenko V.l., Aksenov V.L., Bulavin LA,
Almasy L., Rosta L., Garamus V.M., Willumeit R., Vékas L.,
«Analysis of aggregation stability of magnetic fluids and their
components by small-angle neutron scattering», 10"
Conference on Colloidal Chemistry 10CCC, Budapest,
Hungary, August 29-31, 2012. Invited report.

Avdeev M.V., «Small-angle neutron scattering». 6" Central
European Training School on Neutron Scattering CETS
2012, May 14-19, Budapest, Hungary. Invited lecture.

Avdeev M.V., «Particle interaction in polydisperse magnetic
fluids: experimental aspects». EMLG/JMLG Annual Meeting
“Molecular Association in Fluid Phases and at Fluid
Interfaces”, September 5 — 9, 2012, Eger, Hungary. Key
lecture.

Avdeev M.V., «Structure Analysis of Disordered Systems by
Small-Angle Scattering», International conference “Molecular
aspects of Solid State and Interfacial electrochemistry MolE”,
August 26-31, 2012, Dubna, Russia. Invited lecture.

Avdeev M.V, Aksenov  V.L, Tomchuk O.V., Bulavin
L.A., Garamus V.M., Osawa E., «The continuous sps—sp2
spatial transition in detonation nanodiamond as revealed by
small-angle neutron scattering from its liquid dispersions.
International small-angle scattering conference», 18-23
November, 2012, Sydney, Australia, poster report.

Avdeev M.V., Tomchuk O.V., Hajdu A., Feoktystov
A.V., Garamus V.M., Nagornyi A.V., Rosta L., Tombacz E.,
«SANS comparison of aggregate structure in magnetic fluids
with electrostatic and sterical stabilization under physiological
conditions». International small-angle scattering conference,
18-23 November, 2012, Sydney, Australia, poster report.

Adveev M.V., Petrenko V.l., Aksenov V.L., Garamus V.,
Almasy L., Rosta L., Timko M., Kopcansky P., «Structure
analysis of biologically relevant nanosystems by small-angle
neutron and x-ray scattering». 19" Conference of Slovak
Physical Society, September 3-6, 2012, Presov, Slovakia.
Invited talk.

ApeeB M.B., «MarHuTHble HaHOYacTWLbl B pacTBopax Ans
Meamkobuonornyeckux npumeHeHuin». V  Boicwumne Kypcbl
CtpaH CHIT CUHXPOTPOHHbIE N HENTPOHHbIE UCCINEAOBaHUS
HaHocuctem CUH-HAHO 2012, 17-27 wionsa 2012, Mocksa-
[y6Ha. MNpurnaweHHas nekums.

Aspees M.B., AkceHos B.J1., Tomuyk A.B., Bynasun J1.A,,
[apamyc B.M., OcaBa E., «HeogHOpogHOCTb CTpPyKTYypbl
OETOHALMOHHOrO HaHoanvasa no [aHHbIM  ManoyrfioBoro
paccesiHna HenTpoHoBy, XXII MexayHapoaHoe cosellaHne
«Mcnonb3oBaHne paccesHusi HEUTPOHOB B WCCREAOBaHUSIX
KOHAeHcupoBaHHoro  coctosiHust»  (PHWKC-2012). 15-19
okT6psi 2012 r., CaHkT-MNeTepbypr, Poccus. MpurnalieHHbIi
aoknag,.

Balagurov A.M., «Neutron TOF diffraction at pulsed sources:
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

achievements, troubles, prospects». Seminar of Laboratory
for neutron scattering, PSI, 08 Hos6ps1, 2012

Balagurov A.M., «Neutron scattering as a tool for atomic and
magnetic structural characterization». International
conference “Molecular aspects of Solid State and Interfacial
electrochemistry MolE”, August 26-31, 2012, Dubna, Russia.

Balagurov A.M., «Structural studies of single crystals and
powders at pulsed neutron sources». First Baltic School on
Application of Neutron and Synchrotron Radiation in Solid
State Physics and Material Science (BSANS-2012), Riga,
Latvia, October 1-4, 2012.

Banarypos A.M., «dudpakuns HEWTPOHOB U 3NEKTPOXUMUS:
status quo». XXII coBewaHve nO MCMNONb3OBAHWIO
paccesiHus HENTPOHOB B nccnegoBaHnsaxX
KoHAeHcupoBaHHoro coctosHua (PHUKC-2012), 15 - 20
okTs6pst 2012 r., 3eneHoropck.

Banarypos A.M., «HenTtpoHHasa dypbe-audpakromeTpusa
BbICOKOrO paspeLleHus: onbIT paboTbi». XXII coselyaHne no
NCMONb30BaHMNIO paccesiHus HENTPOHOB B
MCCNeaoBaHNAX KoHAeHcupoBaHHoro coctosHus (PHUKC-
2012), 15 - 20 okTtsbpsi 2012 r., 3eneHoropck.

Banarypos A.M., bBeckpoBHbin A., KypaBnés B.B.,
MupoHoBa .M., Heoe [., Llesepé C., «[dudpakromeTp
ONnsi MccrnefoBaHUi NepexofHblX MPOLEeCcCOoB B pearnibHOM
BpemMeHn Ha peaktope WBP-2M». WccnegosaHus Ha
HEWTPOHHBIX M CUHXPOTPOHHbIX  MCTOYHMKAX.  «XXII
coBellaHue Mo WCMONb30BaHWUI0 paccesiHUsi HEeMTPOHOB B
nccneaoBaHnaxX KoHaeHcmpoBaHHoro coctosHusa (PHUKC-
2012), 3eneHorpapn, Caxkr-MNeTtepbypr, 15-20 oktabps 2012
roga.YCTHbIn goknag.

Banawot M., «uySR Study of magnetic fluids based on the
Fe304 and CoFe204 nanoparticles dispersed in water». 2nd
European Nuclear Physics Conference, IFIN-HH, 17-21
September 2012, Bucharest, Romania. CTeHaoBbIin Aoknag

Banawoto M., «10 years from JINR-Romania Workshop on
Advanced Materials and their Characterization». 2nd
European Nuclear Physics Conference, IFIN-HH, 17-21
September 2012, Bucharest, Romania. CTeHaoBbIn goknaa.

Banawoto M., «Biogenic nanoparticles produced by bacteria
Klebsiella Oxytoca: structure investigations». The V
International Conference-Symposium Ecological Chemistry
2012, March 2-3, 2012, Chisinau, Republic of Moldova.
CTeHpoBbIN foknag,.

Banawotw M., «Elastomer matrix structure modifications
induced by ferrofluid addition». International Summer School
and Workshop Complex and Magnetic Soft Matter Systems:
Physico-Mechanical Properties and Structure, 3 - 7
September, 2012, Alushta, Ukraine. CteHgoBbIn goknag.

Banawoto M., «Inorganic microbial nanoparticles — structure
investigations». International Summer School and Workshop
Complex and Magnetic Soft Matter Systems: Physico-
Mechanical Properties and Structure, 3 — 7 September,
2012, Alushta, Ukraine. CTeHOoBbIli goknag.

Banawoto M., «Investigation of magnetorheological silicone
rubber-based elastomers by means of synchrotron USAXS».
International Summer School and Workshop Complex and
Magnetic Soft Matter Systems: Physico-Mechanical
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Properties and Structure, 3 — 7 September, 2012, Alushta, 34. Bokuchava G.D., Kozlenko D.P., Balagurov A.M., Savenko
Ukraine. CteHaoBbIV goknag. B.N., «Neutron Imaging at IBR-2 Pulsed Reactor: First

23. Banawoi M., «Magnetic field and particle concentration Results and Neutron Imaging Instrument Project», NIUS2012
textural effects on ferrofluid based silicone elastomer - ESS Neutron Imaging User Symposium, 15-18 April 2012,
microstructure by means of SANS». 2nd European Nuclear Bad Zurzach, Switzerland.

Physics Conference, IFIN-HH, 17-21 September 2012, 35. bokywaBa I'.A., ManywkvH W.B., Cymun B.B., banarypos
Bucharest, Romania. CtenaoBbI goknaa. AM., «M3yyeHne aHM30TPOMNHOro yLiMpeHus

24. Banawow M.,  «Magnetic  nanoparticle  structure AnpakumMoHHbIX mukoe Ha RTOF audpaktomerper. XXl
determination from a contrast variation small angle scattering CoBellanme 1 Mo nCnonb3oBaHMIo PACCEAHNs HETPOHOB B
of non polarized neutrons experiments. DUBNA-NANO 2012 uccnefoBanmax  kopaeHcuposarHoro coctoshna (PHUKC-
International Conference, July 9-14, 2012. CTeHZoBblil 2012), r. FaT4nHa, 15-19 okTaGps 2012 roga.
noknag. 36. YaH TyaH AHb, «BnusiHme BbICOKOrO [daBneHuss Ha

25. Banawow M., «Nuclear methods in  magnetic KpUCTanmM4eckyto  CTpykTypy U CMeKTpbl  pamaHOBCKOro
nanodispersions diagnostics for technical and medical paccesnus cseta MaHranuta Pr0.8Na0.2MnO3».  XVI
applications». 2nd European Nuclear Physics Conference, Hay4Has KOH(EPEHUNA MOIOAbIX YHEHbIX M CreuMancTos
IFIN-HH, 17-21 September 2012, Bucharest, Romania. 06 - 11 despans 2012 roga, rfly6ra, Poccus. YCTHbiit
CTeHOoBbIN aoknaa noknag.

26. Banawow M. «On the modelling of the magnetic 37. Yypbanosa AT, [Lyasuy [., «HEPA — cnektpometp
nanoparticles influence on elastomer matrix from SAS data». HEYMpyroro  paccesHna  TEPMUYECKMX  HEYTPOHOBY.
2nd European Nuclear Physics Conference, IFIN-HH, 17-21 MexpyHapopHasi  MoroAexHas Hay4Has Ltkona
September 2012, Bucharest, Romania. CTeH0BbIit Aoknag. ;&c);pemeHHaﬂ HeTpoHorpacpms», r. [lyGHa, 24-28. 09.

27. Banawot M., «SANS and synchrotron characterization of "
nanoparticles produced by bacteria Klebsiella Oxytoca». 2nd 38. [Hawr  HT., «Bnuauue  BbICOKOTO ~ AaBneHus  Ha
European Nuclear Physics Conference, IFIN-HH, 17-21 KpUCTaNNUYECkylo 1 = MarHuTHyl0  CTDYKTYpY =~ MaHraHuta
September 2012, Bucharest, Romania. CTeHaoBblit Aoknag. Pr0.7Sr0.3MnO3». XVI Hay4Has KOH(epeHuns Monoabix

) o ) yyeHbIix n cneumanuctoB 06 - 11 despana 2012 roga,

28. banawow M., «SAXS studies of biomineral particles r.[y6Ha, Poccusi. YCTHbIN AOKNAA.
produced by bacteria klebsiella Oxytoca». The V
International Conference-Symposium Ecological Chemistry 39. [Hawr H.T., «Kpuctannnyeckas u MarHuTHasi CTpykTypa
2012, March 2-3, 2012, Chisinau, Republic of Moldova. myneTudpepponka RbFe(MoO4)2 npu Beicokix Aasnenmsx u
CreHpoBblii okNag. Temneparypax». XX!I COBEWAHME no wucnonb3oBaHuio

29. Banawow M., «Small-angle x-ray scattering and E(?:zz:zl:lgosaHHo:‘:McTc?(?TZZiMﬂ. 15-39 omg;:n;g?;armﬂ;
spectroscopic studies of biogenic ferrihydrite nanoparticles». r. FaTunHa, NleHUHrpaackolt o6n.. CTeHaoBbIi aoknaa.
2nd European Nuclear Physics Conference, IFIN-HH, 17-21
September 2012, Bucharest, Romania. CTeH0BbIit Aoknag. 40. [xabapos C.I', «Mccnenosanme  BMAHMA  BBICOKOTO

3. Banawoo M. «Stuctral investigations of  biogenic 26rI0MR 12 KPUCTANICHYIO CTRYTYPY WynTuepponka
ferrihydrite nanoparticles using ATSAS programm model cneumanvicms 06 - 11 cespans 2012 roga, r.y6Ha,
calculations». DUBNA-NANO 2012 International Conference, Poccusi. YCTHBIN AoKMaa.

July 9-14, 2012. CteHaoBbIN foknag. .

31. Brarosewerckuii HM. Hosukos A Poxkosa H.H 41. [Oxabapos C.I"., «I/Ic_cne,qosaHme CTPYKTYPHBIX U3MEHEHWI B

| GAvanua  KeasMynpyroro  paccesa  eliTpomos COBEWANME no ncnomssosarne paccermm neimonos o
#Zgui:rpggfﬁsggg”xiﬂ”ﬁg m,cﬁl;:;;gﬁzsrmo Hggg:&“;aaza)u MCCrIefoBaHNAX  KOHOEHCMPOBaHHOr — cocTosHuA.  15-19
MeskayHapoaHoli MONOAEKHO KoHcbepeHLM o 3KTF|6pf| 2012 ropa, r. l[artuuHa, JleHuHrpagckon o6n..
MCMONb30BaHMI0 PaCcCesiHUSi HENTPOHOB B MCCNEAOBaHUsX CTHEI AOKNEA.

KOHAEeHcUpoBaHHoro cocTosiHna (PHWUKC-2012), r.MaTtumHa, 42. [pyxGuukn K., Mukynu 3., Kouot A., OccoBcka-Xpyuwmen
c.51. M.O., Xpywmenb A., 3anescku C., Xypo6a [., «Complex
. vibrational spectroscopic studies of an antiferroelectric (S)-2-

32. Bnarosewenckuii H.M., Hosukos AT, Casoctui BB, octile 4-S-(4'decyloxybiphenyl-4-tiocarboxy)benzoate based

ﬁgzggﬂri))ﬁz//sMT(BZ;:(AI;ﬂ;V;:oTAI;TMMp:czz::lljz MSng:;Z:(ogg on modern quantum chemical calculations and infrared and

Raman spectroscopy». XVI HayyHas KoHdepeHuns

;\rﬂees;::';;;a%z':ﬁ;% xl\)ﬂ((ljlj_lo'\gg:((ﬂz;apon;g;g)eggsﬁt:f””ﬂ n(M) MOMNOABIX YHEHBIX U CNeLManucToB, . fly6Ha, 6-11.02.2012 r.

CTIONb30BAHMI0 PACCESHUS HENTPOHOB B UCCEfoBaHusIX 43. [Oy6osckunn O.A., OpnoB A.B., «[llepcnektuBbl HEWTPOHHOM

KoHAeHcupoBaHHoro cocTosiHna (PHWKC-2012), r.FaTtumHa, CneKkTpomeTpun reHeprpyembIx YNbTPa3BYKOM u

¢.155. rMNep3ByKOM CBSI3aHHbIX MYyINbTU(MOHOHHBLIX COJIMTOHOB U
».

33. bBogHapuyk B.M., «OueHka ceyeHuss paccesiHsi HEMTPOHOB ?Av;ﬁ;ggsgﬂBHorgBor%O;S&ZHMﬂTeavl;cbl ,\ﬁg;g;,ﬂ(;ioﬂféu
Ha CMMHOBBIX BOMHAX B TOHKUX (PEPPOMAarHUTHbLIX CROSIX». MOTIOAEXHOM KOHADEPEHLMN MO UCTIONb30BAHMIO PACcCestHUs
XXII CoBeluaHve No UCMONb30BaHWID PACCesSHUS HEWTPOHOB HEeTPOHOB B NCCREenoBaHMAX KOHAEHCHPOBAHHOTO
B MCCNeaoBaHUSAX KOHAEHCMPOBAHHOIO COCTOSIHUS, PHI/IKC: COCTOSIHUS (PHUKC-2012), r.raTumHa, c.26.
2012, 15-20 okta6ps, 2012, laTtumHa, Poccus. YCTHbI
foknaga.
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3. NYBJIMKALUU

Oy6osckun O.A., CemeHoB B.A., Opnos A.B., «ConutoHHas
N MynbTUOHOHHAA MUKPOAUHAMMKA TennonpoOBOAHOCTM
NAyToHUst U ypaHa B obnacTtu TemnepaTtyp MapTeHCUTHbIX
¢a3oBbIX nepexoaos». Tesuceol [oknagos XX
MexpayHapogHoro CosellaHus 7] MexayHapogHon
MOJIOAEXHOW KOH(DEPEHLMM MO UCMOSb30BAHUIO pacCesHUst
HEWTPOHOB B nccnenoBaHusax KOHAEHCUPOBAHHOIO
coctosaHus (PHWKC-2012), r.lFaTtumHa, ¢.122.

®dan N.T.H., Hukutne A.H., Nokanuek T., MBaHknHa T.U.,
BacuH P.H., Kpyrmos  A.A. «TeopeTnyeckne 1
3KCMepuMeHTanbHble nceneaoBaHus ocobeHHocTeln
pacnpocTpaHeHUsi KBasunpoZoSbHbIX YMNPYrux BOMH Yepes
rpaHuuy pasgena N30TPOMHOMN " aHWU30TPONHOM
TEeKCTYpUpOBaHHON cpea». Tpyabl XVI Hay4yHOMn
KOH(bepeHUUn MOMOoAbIX YYeHblX ¥ cneumnanuctoB OUAN,
cTp. 229-232, r. ly6Ha, Poccus. 2012.

lNopwkosa HO.E., «Unbinding transition of lipid membranes at
low concentration of Ca®* ions». International Summer
School and Workshop Complex and Magnetic Soft Matter
Systems: Physico-Mechanical Properties and Structure, 3 —
7 September, 2012, Alushta, Ukraine. CTeHao0BbIN Aoknag,

lopwkoBa O.E., «WccnepoBaHve cnoHTaHHOro nepexoga
MynbTUCNOMHbIX MembpaH OM®X B 0guHOYHbIE BE3UKYIbl B
NPUCYTCTBMN WMOHOB Ca® B xuakoit caze». PHNKC-2012,
MNAD, CankT-MeTepbypr, Poccusi. CTeHAoBbIV foknaga,.

XonpepHa-Hatkanuey, K., BosbHuak-bpawak A., KOpra A.,
BapaHoscku M., Hatkanuen W., «Dynamical heterogeneity of
PBT nanocomposities with decylamine- and
tetracyanoethene—fullerene adducts by '"H NMR». Nuclear
magnetic Resonance in Condensed Matter, NMRCM 2012
g Meeting ,NMR in Heterogeneous Systems”, Saint
Petersburg, 9-13 July 2012.

Ivankina T.I., Nikitin A.N., «Application of neutron diffraction
in geosciences: experimental experience at the IBR-2
reactor». CemuHap npenogasaTtenen u acnvpaHToB Boiclien
€eCTeCTBEHHO-Hay4YHON wwkonbl. r.Mapwx, 27.05.2012.

MBaHkuHa T.U., «HeWTpoHOrpacdunyeckuin TeKTypHbIA aHanmns
ropHbIX nopog nutocdepbl 3emnu: onbIT UCCNeA0BaHNSA Ha
peaktope WBP-2 (OybHa) ». Mamstn npod.A.H.HukmTtnHa.
Xl mexagyHapofHasa koHdpepeHuus “@Pusnko-xuMmuyeckne u
netpodusmyeckne wnccnegoBaHWs B Haykax o 3emne’,
FEOXN PAH, UITEM PAH, N®3 PAH, IO «bopok» NP3
PAH, 1-4 okta6pst 2012, Mockea, Poccus.

MBaHknHa T.U., Jlokamyek T., 3enb W., «BnusHue
MUKPOCTPYKTYPbl Ha aHU3O0TPONWIO YMNPYrnX CBONCTB FOPHbIX
nopoa: MOAENUPOBaHWE  CIIOUCTbIX  TEKCTYPUPOBAaHHbIX
cpea». Xl mexgyHapogHaa  koHdepeHuuss  “®Ouanko-
XMMUYecKMe U NeTpoduranyeckme MCcrefoBaHnsa B Haykax o
3emne”, FTEOXN PAH, UITEM PAH, M®3 PAH, MO «Bopok»
N®3 PAH, 1-4 oktsa6pst 2012, Mockea, Poccus.

MeaHnbkoB O., «Phase transition in DPPC/POPC lipid
mixtures by SANS and SAXS». International Summer School
and Workshop Complex and Magnetic Soft Matter Systems:
Physico-Mechanical Properties and Structure, 3 — 7
September, 2012, Alushta, Ukraine. CteHaoBbIN goknaa.
MBaHbkoB O., «MccnegoBaHne ha3oBbix NepexofoB B CMecu
nunngos ANOX/MOGX metogamn MYPH n MYPP». 46-as
LWkona MUAD no umsnke KOHAEHCUPOBAHHOIO COCTOSIHUS,
OreyY NUA® um. B.MN. KoHcTaHTMHOBa, 12-17 mapTa 2012,
PowwmHo, Poccusa. CteHpoBeIn fgoknag

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

MeaHbkoB O., «MccnengoBaHve asoBbiX NepPexodoB B cMecu
nunuagos ONOX/MNOPX metogamu MYPH n MYPP». PHUKC-
2012, MUAD, Cankr-Metepbypr, Poccua. CreHgoBbin
noknag,.

Jargalan N., Tropin T.V., Avdeev M.V., Kyzyma O.A,
Sangaa D., Aksenov V.L., «Theoretical study of fullerene
cluster formation in Cg/NMP solutions». International
Conference on Materials Science, ICMS-2012, 20-23 August,
2012, Ulaanbaatar, Mongolia. Poster report.

Jargalan N., Tropin T.V., Avdeev M.V., Kyzyma O.A,
Sangaa D., Aksenov V.L., «Kinetics of cluster growth in polar
solutions of fullerene: study of Cg/NMP solution». XXII
CoBellaHne MO WCMOMb30BAHWUIO PacCesiHs HEUTPOHOB B
nceneaoBaHusax KoHAeHcMpoBaHHoro coctosHus, PHUKC-
2012, 15-20 okta6ps, 2012, MatymnHa, Poccus. CTeHOoBbIN
noknag.

Kanuuui W.B., Moposos B.M., Hosukos A.l'., Myykos A.B.,
CasoctvH B.B., Cypapes B.B., «XapakrepucTuku
cnektpomeTpa ANH-2MN ¢ HEATPOHHBIM KOHLEHTPATOPOMY,
Teaucbl poknagoB XXII MexgyHapogHoro CoeljaHusi u
MexayHapogHon MOMNoAEXHOM KOHbepeHuum no
MCMNONb30BaHNID PacCesHUA HEWTPOHOB B WUCCNEAOBaHUSX
KOHAeHcupoBaHHoro coctosiiust (PHWKC-2012), r.laTunHa,
c.88.

Keppler R., Ullemeyer K., Behrmann J.H., «Texture analysis
of polyphase rock samples applying whole pattern
deconvolution: methodical aspects». Deutsche
Neutronenstreutagung, Bonn (Germany), 2012, 24.-26.09.12.
p. 83.

Kiselev M.A., «Possibilities of the neutron and synchrotron
radiation for the characterization of the lipid nanosystems».
20th International Seminar on Interaction of Neutrons with
Nuclei: «Fundamental Interactions & Neutrons, Nuclear
Structure, Ultracold Neutrons, Related Topics (ISINN-20) »,
Alushta, Ukraine, May 21-26, 2012. Oral report.

Kiselev M.A., «Possibilities of the neutron and synchrotron
radiation for the characterization of the lipid nanosystems».
International conference Dubna-Nano12, Dubna, Russia,
July 9-14, 2012. Oral report.

Kiselev M.A., «Application of neutron scattering for the
problems of drug delivery through the skin». International
Summer School and Workshop “Complex and Magnetic Soft
Matter Systems: Physico-Mechanical Properties and
Structure” September 3-7, Alushta, Crimea, Ukraine. Oral
report.

Kiselev M., Ermakova E., Gruzinov A., Zabelin A., Ipatova
0., «Characterization of the phospholipid transport
nanosystem via small-angle X-ray scattering at synchrotron».
Internatiobal workshop “Molecular Simulation Studies in
Material and Biological Sciences”, September 9-12, Dubna
(JINR)-Moskow (IBC), Russia. Oral report.

Knucenes M.A., «HaHOCTpykTypa M cBOMCTBA MOAEMbHbLIX

MembpaH BepxHero crnosi Koxu stratum  corneumy.
MccnegoBaHna  Ha  HEWTPOHHBIX M CUHXPOTPOHHBIX
nctovHmkax.  «XXIl  coselwaHne MO  UCMOMbL30OBAHUIO
paccesiHus HENTPOHOB B nccrnepoBaHnsaX
KOHOEHCUPOBAHHOIO COCTOSIHMSA (PHMKC-2012),

3eneHorpag, CaHkr-lNeTtepbypr, 15-20 okts6psa 2012 roaa.
MpuvrnaweHHbI goknag,
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64. KwnyaHos C.E., «ccnepoBaHne CTPYKTYpHbIX 0COBEHHOCTEN r. FaTuuHa, JNleHnHrpagckomn obn.. YCTHbI Aoknaga.
Kpuctannogoctopa  Y3AI5012:Ce3+/Lu203  npu  ero 75. Nykuu E.B., Knuanos C.E., Kosnenko [.MN., Benywkun AB.,
copMMpoBaHUM  KONNMOUAHO-XMMUYECKUM  MeTogom». XVI Casenko B.H., Bokyyasa [.[0., «OKCIEpUMEHTbI MO
HayyHas KOHMEPEHUMsI MOMOAbIX YYEHbIX U CReuManucToB paanorpadmn Ha HeMTPOHHBIX Mydkax peakTopa MBP-2»,
06 - 11 cespans 2012 ropa, r.fly6Ha, Poccusi. YCTHIiA XXIl CoBewaHne M MO WCNOMb30BAHWIO PACCESHIS
Aoknan HEfTPOHOB B WCCNEAOBaHMAX  KOHAEHCUPOBAHHOIO
65. KnyaHoB C.E., «CTpyKTypHbIi acnekt opMUpoBaHus coctosiHus (PHWKC-2012), r. MatuunnHa, 15-19 oktsbps 2012
ONTUYECKNX CBOWCTB B KpucTtannodgocgopax roga.
Y3AI5012:Ce3+/Lu203». XXII COBELLlAHME no 76. nyLIJHVlKOB CA, dununnosa TB, EOGDVIKOB MA,
MCMOSb30BaHUIO paccesHUs HEeWTPOHOB B WCCREAOBaHMUSIX Banarypos A.M., Mnaakos B.M., ComeHkos B.A., «CTpykTypa
KOHAEHCUPOBAHHOIO COCTCEHHI/IH. 15-19 9KT;|6p;| 2012 ropaa, mapuaa Ha ocHose MMC CeNi; ¢ BbICOKMM coaepkaHunem
r. FaTunHa, JleHnHrpaackoli obn.. YCTHbIA Aoknap. Bogopoga». XXIl  coBelljaHMe MO UCMOMb30BaHMIO
66. Kozhevnikov S.V., Keller T., Khaydukov Yu.N., Ott F., Rihm paccesHus HEWTPOHOB B nccrnegoBaHuax
A., Major J., «Polarizing Fe-Co-Fe planar waveguides for the KOHAeHcupoBaHHoro coctosiHna (PHWKC-2012), 15 - 20
production of neutron microbeams». Polarized Neutrons for okTA6pst 2012 r., 3eneHoropck.
Condensed Matter Investigations (PNCMI), 2-5 July 2012, 77. Mypyroea T.H., «Structure and properties of aggregates of
Paris, France. Oral report photosensitive molecules AzoTAB in water solution and
67. KoxesHukoB C.B., Ott F., Torrején J., Vazquez M., Thiaville complexes AzoTAB with RNA». International Summer
A., «[puMeHeHne NonNspu3oBaHHOrO0 MUKPOMy4YKa HENTPOHOB School and Workshop Complex and Magnetic Soft Matter
ans nccnenosaHus MarHWTHOMn MUKPOCTPYKTYPbI». Systems: Physico-Mechanical Properties and Structure, 3 —
VccnepoBaHnss  Ha  HEMTPOHHBIX U CMHXPOTPOHHbIX 7 September, 2012, Alushta, Ukraine. CteHaoBbIVi foknag,.
netodhmkax.  «XXIl - coselwanme o WCMONb3OBAHNMIO 78. Mypyrosa T.H., «MccnenoBaHne CTpyKTypHbIX NapameTpos
E:ﬁgzzgzgoaan-lHo:c?m‘():gg?:m-avm ?PHI/IKC?ST??OB?;T% Muuenn  OTOYYBCTBUTENMBHOTO  NMOBEPXHOCTHO-AaKTUBHOMO
okT6pst 2012, CaHkT-lMeTepbypr, Poccus. YCTHBIN poknag sewectsa  A3OTAB». '?HMKC'ZOQ' MUASG,  Camkr-
68. KyknuH AW., «The exchange of irons by ferritin: possibility Metepbypr, Pocons. YeTHel Aoknap.
and reality via SANS and SAXS». International Summer 79. Mypyrosa T.H., «AccnepoBaHue CTPyKTypHbIX MapameTpoB
School and Workshop Complex and Magnetic Soft Matter Muuenn OTOYYBCTBUTENBHOMO  NOBEPXHOCTHO-AaKTUBHOMO
Systems: Physico-Mechanical Properties and Structure, 3 — Bewectsa A3OTAB». 46-as Llkona MUSA® no duanke
7 September, 2012, Alushta, Ukraine. YcTHbIl Aoknaz KOHOEHCMPOBAHHOrO cocTosHus, PreyY TMNAP um. B.II.
69. JncnykuH I‘OB, CaXapOBa J'lA, TymaHOB AA, «ﬂVIHaMVlKa KoHcTaHTMHOBa, 12-17 MapTa 2012, POLLWlHO, Poccus.
MOfeKynbl  BOAbl, aAcopOVMPOBaHHOW  KPEMHE3eMOoM U CTeHaoBbIl aoknag.
cmonon CIK-7». Tesucbl goknagoB XXII MexayHapogHoro
CoselaHust 1 MexayHapo4HON MONOAEXKHON KoHepeHLun 80. HaropHbii A.B., MNetpeHko B.W., ABgeee M.B., BynaBuH
MO UCMOSb30BaHUIO PACCESHNA HEVTPOHOB B UCCNEAOBaHUSIX N.A., AkceHos  B.J1.,  «[lpumeHeHne  mopenu  «sapo-
KOHAeHcupoBaHHoro coctosiiust (PHWKC-2012), r.l'atumHa, oBonouka» Ans ONpefeneHnsi CTPYKTYpHbIX NapameTpos
c.35. KNaccu4yeckMx  MarHWTHbIX — XXWOKOCTEW MO OaHHbIM
70. Lokajicek T., Nikitin A.N., Ivankina T.I., Zel .Yu., «Anisotropy MaroyrnoBoro  paccesHua  HEMTpoHoB». XV ”gﬂ;‘%ﬂ
of elastic wave velocities of synthetic monomineralic ;C())I::%DepeHLMﬂ MOJIOAIX YEHbIX U CrieumanmcTos ( o
. ). 06 -11 cbeBpansa 2012 r., dybHa, Poccusi. YCTHbIN
aggregates based on ultrasonic  measurements».
Proceedings of the 33 General Assembly of the European Aoknan.
Seismological Commission, p.42, 29-24 August, Moscow. 81. HaropHbii  A.B., MNeTpeHko B.W., Bynasud  J1.A., Almasy
71. Jlowak H.B., «The studies of polymorphic transitions in L.,AB,u,ee? M.B.,Rosta L., Axceros B.JI, «Crpykrypa
. . . MarH1THON XMOKOCTN MarHeTuT/onenHoBas
chlorpropamide at high pressure». 16th International KNCMOTA/AGKANMH €  M3BHITKOM  KMCTIOTBI MO aHHBIM
Seminar on Neutron Scattering Investigation in Condensed o XXI|
Matter, 12 May 2012, Poznan, Poland, Oral report. ll\vlllanoyrnosoro paccestinA HEVTPOHOB).
exayHapogHoe cosellaHne " MexayHapoaHas
72. Jowak H.B., «WccnegosaHne CTPYKTYPHbIX W3MEHEHUA B MoroaexHas KoHdepeHuus “Mcnonb3oBaHne paccesHus
xmopnponamuge  npu  BbicokoM  AasneHuun».  XXII HEMTPOHOB B WCCMEAOBaHMAX  KOHAEHCUMPOBAHHOIO
COBELLAHUME no ncrnonb3oBaHWiO paccesiHus HeMTPOHOB B cocTosiHns” (PHUKC-2012). 15-19 okTsi6pst 2012 r., CaHkT-
nccneaoBaHUAX — KOHAEHCMPOBAHHOMO — cocTtosiHuA.  15-19 MeTepbypr, Poccusi. YCTHLIA aoknaa.
gKTT:H?;BbéO:ém;o;la‘ r. Tarwmna, flennrrpanckoi o6n.. 82. Hartkaney W., XongepHa-HatkaHey K., Xypmoba O.M.,
’ «Neutron spectroscopy and DFT studies of dynamics of
73. Jlowak H.B., «CTpyKTypHble M3MEHEHUs1 B xnopnponamMuae methyl groups in dimethyl-pyridine  crystals». 16"
npu  BLICOKOM AaBrieHun». XVI HayyHaa koHdepeHums International Seminar on ,Neutron Scattering Investigation in
MOmoApIX yHeHbIx 1 cneumanvctos 06 - 11 despans 2012 Condensed Matter”, MosHaHb, Monbiwa, 10-12.05.2012r
rona, r.Hly6Ha, Poccus. YCTHeI AoKnaz 83. Harkaney W., XongepHa-HatkaHey K., Xygoba AO.M.,
74. JlykwH E.B., «OkcnepumeHTbl Mo paguorpadum  Ha

HENTPOHHBIX Myykax peaktopa UBP-2». XXII COBELWLAHVE
Mo MCNOJIb30BaHUIO PaCCesHUS HEMTPOHOB B UCCINEA0oBaHNAX
KOHAEHCMPOBAHHOIO cocTosHMA. 15-19 okTabpsa 2012 rona

«Neutron spectroscopy and DFT studies of dynamics of
methyl groups in dimethylpyridine (lutidine) crystals». XXII
CosellaHne n MexayHapogHas mMonogexHasi KoHdepeHuns
Mo UCMOSIb30BaHMIO PacCesHUS HEMTPOHOB B MCCIEAoBaHNSAX
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- 3. NYBJIIMKALUWNA
KOHAEHCMPOBAHHOro COCTOSIHUSA (PHNKC-2012), 94. peHTreHoBckmx nyyen». XXII MexagyHapogHoe cosellaHue
Zelenogorsk, 15-19 oktsibpsa 2012r. “Mcnonb3oBaHne paccesiHusi HEWTPOHOB B MCCReAoBaHUSIX
Heos [., BeckposHblii A., Lllesepés C.. «MopenuposaHme KOHAEHCMPOBAHHOTO  COCTOSHUS”, PHI/IKC-201v2, 15-19
HEMTPOHHOrO Nyuka Ha audpakTometpe RTD peaktopa UBP- okTs6ps1, 2012, CaHkT-MeTepbypr, Poccusi, ycTHbIN goknag.
2M MeToa0M MonTe-Kapno». WNcenepoBaHus Ha 95. Pytkayckac A.B., «BnusHne BbicOkOro pgaBneHust Ha
HENTPOHHLIX U CUHXPOTPOHHbIX  UCTOYHMKax.  «XXII KPUCTaN/MYeckKyld W  MarHWTHYI CTPYKTYpY  CIOXHOro
coBellaHne MO WCMOMb30BaHWUIO PacCesHUs HEeNTPOHOB B kobanbtuta YBaCo205.5». XVI HayyHasi koHdepeHuus
nceneaoBaHusAxX KoHAeHcupoBaHHoro coctosiHus (PHUKC- MOnoablX y4eHblx n cneumanuctos 06 - 11 despana 2012
2012), 3eneHorpagn, CaHkr-lNeTepbypr, 15-20 okTabps 2012 roga, r.JlybHa, Poccus. YCTHbIN foknag.
rona. CTeHaoBIit Aoknas. 96. Pytkayckac A.B., «MccregoBaHue KpuUCTannnMyeckon u
Hukntenko HO.B., «Magnetic layer in neutron wave MarHUTHOWM CTPYKTYpbl CroxHoro kobanstnta YBaCo205.5».
resonator». Polarized Neutrons for Condensed Matter XXl COBEWAHME no wucnonb3oBaHUO  paccesiHus
Investigations (PNCMI), 2-5 July 2012, Paris, France. Oral HEWTPOHOB B nccrneaoBaHnax KOHOEHCMPOBAHHOIO
report. coctosiHusi.  15-19  okts6pss 2012 ropma, r. [artuumHa,
Hukntue A.H., MBankuHa T.M. «HeiATpoHHbIe 1 akycTudyeckmne Nenmnrpanckoii o6r.. CTeHaoBLIA Aoknan.
1ccnegoBaHns ropHbIX NOpoa U3 rnyboKnx U cBepxriybokmx 97. CaBeHko b.H., «CnektpomeTp pans uvccnegoBaHusi npu
ckBaXuH».  MexagyHapogHas  HayyHas  KOHdepeHuus BblCOKMX AdaBneHusx [H-6: Tekywmn cratyc». XXII
«leocusnyeckass passegka — 2012». 12-13 wmona 2012, COBELLUAHUE no ncnonb3oBaHWio paccesiHus HEMTPOHOB B
r.Jy6Ha, MockoBckas o6n. nceneaoBaHusiX  KOHAEHCUPOBAHHOTO — cocTosiHusA.  15-19
Hukutun AH., Nokaunuek T., Kpyrnos A.A., BacuH P.H., 3enb OKTSGpS 2012 ropa, r. latumHa, JleHuHrpaackoi 6.
M.t0. «OcoBeHHOCTN pacnpocTpaHeHns ynbTpaseyka Yepes CTenposbi Aoknaz.
CrouCTble CTPYKTYPHO-HEOAHOPOAHble Tena». Tpyabl XVI 98. Caravb A.MN., «MccnepgoBaHne CTPYKTYPHBIX WU3MEHEHUA B
Hay4HON KOHMEpeHLMN MOMOoAbIX YYEHbIX U Cneunanictos MornekynsapHom  kpuctanne PyHBF4 npu  BbicokoMm
OUAN, cTp. 204-207, r. dy6Ha, Poccusa. 2012. pasnenuny. XXl COBEWAHWME no wucnonb3oBaHuio
HoeukoB A.l'., «TOnonorvs 1 BOAOPOAHAs CBS3AHHOCTb B pacceaHna HENTPOHOB B ncenefoBaHnax
cBEpXKpUTMUeCKoll  Bome», Teauchl  gokmagos  XXII KOHAEHCMPOBAHHOIO COCTOSIHUS.T. raT‘-IVIHaJ INeHuHrpagckom
MexayHapoaHoro CoBelLaHms " MexayHapoaHoit 06n., 15-19 okTs16ps 2012 rona. CTeHAoBbLIN AoKMas.
MOMOAEXHON KOH(hepeHUUn Nno UCMofb30BaHUI0 paccesHus 99. CapbikoB P.A., bBanarypoe A.M. MNomsakywuH B.}O.,
HENTPOHOB B nccnenoBaHnsAX KOHAEHCVPOBaHHOIO LWabynnHa T.I., «CTpyKTypHOE M MarHuTHoe AByxdasHble
coctosaHus (PHWKC-2012), r.lFaTtumHa, ¢.178. cocTosHuA  wnuHenn ZnCr,Sey». XXII  coBelwaHne no
Maeniokoty A., Batop I., Cobubik B., «The studies of low 1cnonb3osaHnio pacceanns HENTPOHOB B
frequency vibrational spectra on the selected charge transfer necnefoBanmsax - KoHaeHcuposathoro - coctosms (PHUKC-
molecular complexes and their components by using 2012), 15 - 20 okabps 2012 r., 3eneHoropck.
inelastic neutron spectroscopy». XXII CoewaHve u 100. CamowineHko C.A., «MccnepoBaHue CTPYKTYPHbIX acnekToB
MexagyHapogHas MonoaexHas KOHdepeHuus no KnactepoobpasoBaHUsi B CWIMKaTHbIX  CTeknax npwu
MCMNONb30BaHNIO pacCcesHUA HEWTPOHOB B WUCCNeAoBaHWUSX [ONMpOoBaHUM oKkcuaamu Lepust M TutaHay. XVI HaydHas
KOHOEHCMPOBAHHOIro COCTOSAHUA (PHMKC-2012) , KOHdepeHUMa MonoAblX yyeHbix u crneumanuctos 06 - 11
Zelenogorsk, 15-19 oktsi6psa 2012r. despans 2012 roga, r.[ybHa, Poccus. YCTHbIN goknaa.
ManywknH W.B., Bokyyasa I'.[., Cymun B.B., Banarypos 101. CamonneHko C.A., «KnactepoobpasoBaHne B CUMMKaTHbIX
A.M., Wentakos [.B., «Mukpogecdopmauun B crtansx c CcTeknax, AOMMPOBaHHbIX okcvaamun uepust u TutaHa». XXII
ONCNEPCUOHHBIM  yripoyHeHnem», XXII CoseluaHne u no COBELLUAHUE no ncnonb3oBaHMio paccesiHus HENTPOHOB B
MCMOMb30BaHUIO paccesiHUsi HEeWTPOHOB B WCCREAOBaHMUSIX MCCNEeAOoBaHNAX  KOHAEHCMPOBAHHOrO  coctosiHusA.  15-19
KoHaeHcupoBaHHoro coctosHus (PHUKC-2012), r. MaTtyuHa, okTsbpsi 2012 ropa, r. [atuuHa, JleHwHrpagckon o6n..
15-19 okTs16ps 2012 roga. YCTHbIN goknag.
Petrenko V.., Avdeev M.V., Bulavin L.A.,, Garamus V.M., 102. Sangaa D., Bobrikov |.A., Simkin V.G., Balagurov A.M., Lee
Kyzyma O.A., Koneracka M., Kopcansky P., «Structure and C.H.,, Hu CW. Chen T.Y., Sevjidsuren G., «Neutron
interaction of poly(ethylene glycol) in aqueous solutions». Diffraction Study of LiFePO, Cathode Material Doped With
Small-angle neutron scattering data. 9th International IUPAC Vanadium Oxide». XXII coBelwaHMe no MCnosnb3oBaHUO
Conference on Polymer-Solvent Complexes and Intercalates: paccesHus HENTPOHOB B nccneaoBaHnsx
POLYSOLVAT-9, 11-14 September, 2012, Kyiv, Ukraine, KOHAeHcupoBaHHoro coctosHua (PHUKC-2012), 15 - 20
poster report. okTs6pst 2012 r., 3eneHoropck.
Petrenko V.l., Avdeev M.V., Turcu R., Vekas L., Bulavin L.A., 103. Schilling F.R., Scheffziik Ch., Walther K., Sikolenko V.,
Aksenov V.L., Rosta L., «Structure of liquid and solid Belushkin A.V., Frischbutter A., «EPSILON-MDS - The
ferrocolloids by small-angle neutron scattering», 6™ Central German high resolution TOF diffractometer at the pulsed
European Training School on Neutron Scattering, CETS- neutron source IBR-2M». Deutsche Neutronenstreutagung,
2012, 14-19 May, 2012, Budapest, Hungary, poster report. Bonn (Germany), 24.-26.09.2012.
MetpeHko B.U., AspeeB M.B., Almasy L., Timko M., 104. CemeHoB B.A., Oy6osckuin O.A., Opnos A.B., CaBocTuH

Garamus V.M., bynasuH J1.A., AkceHoB B.J1., Kopcansky P.,
«CTpyKTYypa aMunongHbix npoTocunaMmeHToB nusouyma no
OaHHbIM ManoyrnoBoOro paccesHNst HEUTPOHOB U

0.B., CypapeB B.B., «Cnektp 4actoT Bonbgpama npu
Temnepatypax 293 u 2400 K». Tesucbl poknagos XXII
MexayHapoaHoro Coselanus " MexayHapoaHon
MOJI04EXHON KOHEPEHUMN MO UCMOMb30BAHUIO pacCesiHUs
HENTPOHOB B nccnenoBaHnax KOHAEHCMPOBAHHOTO
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3. NYBJIIMKALNA e
coctosaHus (PHWKC-2012), r.lFaTtumHa, c.144. 115. TponuH T.B., Xapranan H., Asgees M.B., Kusuma O.A,,

105. Conoebes  [.B., «HeittpoHHble u P-V-T uccneposaHus Epemun P.A., Canraa [, Akceros B.Jl., «Kunetuka pocra
XWAOKOCTHBIX — dpocdonmnuaHblx  cuctem». PHUKC-2012, Knactepos  ynnepsta B MONAPHBIX ~ pacTeopax:

. 3KCNepMMeHTanbHoOe W TeopeTMYeckoe WccreaoBaHve
MNAD, CankT-MeTepbypr, Poccus. CTeHOoBbIM Aoknag,. pactBopa Ce/NMM», VIl  MexayHapogHas  HaydHas

106. Tomchuk O.V., Avdeev M.V., Aksenov V.L., Bulavin LA, KoHbepeHuns «KuHeTuka n MexaHusm KpucTanimsauum.
«Small-angle scattering on polydisperse nanoparticles with Kpuctannusauvs 1 matepuassl HOBOTO MokoneHus», 25-28
diffusive surface». Central European Training School on ceHTAbps, 2012, MeaHoso, Poccus, yCTHBIN Aoknaa,.
Neutron Scattering, 14-18 May, 2012, Budapest, Hungary, 116. TponuH T.B., TeopeTudeckue noaxodbl K OMMCAHMIO
poster report. KMHETUKN obpasoBaHMsi U pocTa KracTepos, TemaTu4eckuin

107. Tomuyk A.B., Aegees M.B., AkceHos B.J1., Bynasun J1.A., cemuHap, H3O HUKC NH®, 27 despans, [ly6Ha, 2012.
«MaﬂOYmO?OG paccesiHue Ha nonuaucnepcHelx Yactuuax ¢ 117. Vasin R.N., Ullemeyer K., «Evaluation of Crystallographic
Anddy3HON MoBEPXHOCTbIO». XVI HaydyHas KoHdepeHLus Preferred Orlentatlons applying whole pattern deconvolution
MOMOAbIX ydeHbix 1 cneumanuctos OMYC-2012, 6-11 method». 14" Symposium Tectonics, Structural Geology and
tespans, 2012, lybHa, Poccus. YCTHBIN Aoknaa. Geology of Crystalline Rocks Abstract Book. Kiel, p. 103, 26-

108. Tomuyk A.B., Aeoees M.B., AkceHos B.J1., Bynasun JL.A,, 30 mapra 2012.

«MarioyrnoBoe paccesHMe Ha CMCTeMaXx HaHouacTul C 118. Vasin R., Ullemeyer K., «Evaluation of Crystallographic
Auchbcby3HON  MoBepxHocTblo». 46-ast LWkona TMUAP  no Preferred Orientations applying whole pattern deconvolution
hn3nke KOHOEHCUPOBAHHOMO cocTosiHus, 12-17 mapTa, 2012, methody. Symposium Tektonik Strukturgeologie
Orey MUA® wum. B.MN. KoHctanTnHOBa, PowmHo, Poccus. Kristallingeologie (TSK14), Kiel (Germany), 4.18, 26-
CTeHpoBbIfi Joknaa. 30.03.2012.

109. Tropin T.V., «Kinetics of relaxation in glass-forming melts: 119. Walther K., Scheffzilk Ch., Schiling F.R., Sikolenko V.,
Some more problems», Group seminar, Polymer Physics Bulkin A.P., Kudryashev V.A., Sirotin A.P., Belushkin A.V.,
Group of Rostock University, 20 February, Rostock, Frischbutter A., «The new neutron guides at the7th beamline
Germany, 2012. of the fast pulsed reactor IBR-2M in Dubna». Deutsche

110. Tropin T.V., Schmelzer J.W.P., Gutzow I., Schulz G., Schick Neutronenstreutagung, Bonn (Germany), 24.-26.09.2012.

C., «On the Theoretical Determination of the Prigogine-Defay 120. BacuH P.H. «HoBblll Noaxoa k aHanuay AaHHbIX TEKCTYPHOrO
Ratio in Glass Transition and Glass Transition in Polystyrene audpaktometpa CKAT». Tpyabl XVI Hayu4HOM KoH(EpeHLmm
Investigated in a Broad Frequency and Cooling Rate Range: MOMoALIX yueHsIX U cneunanucTos OUAN, ctp. 190-193, .
Experiment and Theory». XVI Research Workshop [y6Ha, Poccusi. 2012.
“Nucleation Theory and Applications”, 1-30 April, 2012, JINR,

: 121. BacuH P.H., «O6paboTka AndpakUMOHHbIX AaHHbIX METOAOM
Dubna, Russia, oral report.

PutBenbaa. Y4eGHO-NpakTUYECcKoe 3aHATUE AN HOBUYKOB,

111. Tropin T.V., Schmelzer J.W.P., Gutzow ., Schick C., «On the yactb 2. nporpamma MAUD». YueGHbii CcemuHap Mo
theoretical determination of the Prigogine-Defay ratio in glass 06paboTke  AUCPAKLMOHHLIX  CMEKTPOB At MOMOZbIX
transition». Lahnwitzseminar on Calorimetry, 10-15 June, coTpyaHukos. H3O HUKC NTH®, 20.04.2012.

2012, Rostock, Germany, poster report 122. BacuH P.H., banarypos A.M., ManywkuH U.B., CymuH B.B.,

112. TponuH T.B., «KuHeTuka pocTa knactepoB cynnepeHa B «AHU3OTPONUSA YNPYrX CBOWCTB 1 OCTATOYHbLIE HAMPSKEHNA
pacteopax». V Bbicwme kypckl cTpaH CHI™ ans monofbix B peakTopHbIX MaTepuanax». CoopHuk Teancos XLVI wkonb
y4€HblX, acnupaHToB W CTYAEHTOB CTapLiMx KypcoB mno OrBY MNA® no cusuke KOHAEHCUPOBAHHOIO COCTOSIHUSA,
COBPEMEHHbIM MeTodaM UCCNedoBaHWi HaHOCUCTEM U cTp. 67. FatumnHa, 2012.
maTepuanos «CUHXPOTPOHHbIE " HeWTPOHHbIE
nceneposaHna HaHocuctem», CUH-HaHo-2012, 17 uioHs — 5 123. BﬁcM,H P.H., HMK'{TMHa AH, o ViBanknra TN,
mons, 2012, Mockea-dyBHa, Poccus, npuUrNawWeHHas «HenTpoHorpaduyecknii  TEKCTYPHbIA ~ aHanmM3  FOpHbIX
FEKLM, nopoa. MexayHapogHas Hay4Hasi KOHbepeHLms

«leousnyeckas passegka — 2012». 12-13 wmona 2012,

113. Tponux T.B., AsgeeB M.B., «Manoyrnosoe paccesiHve r.[ly6Ha, MockoBckasi o6n.
reiioros e Soxeuu ravocicionats MONOTSINS 134 Tepan 105, Cadvpon SM, Sanapos AN, Redua
N&TT-2012, 7-10 cewTsibps, 2012, [Oy6Ha, Poccus, stresses induced in titanium-steel and niobium-steel bilayer

114.

125.

npurnaweHHaa nekuunsa.

TponuH T.B., AkceHoB B.J1., «TeopeTuyeckne nogxoabl K
ONUCaHNIO KMHETMKM 06pas3oBaHns 1 pocTa KnactepoBy». 46-9
wkona MNA® no dusmke KoHgeHcmpoBaHooro CocTosHUS,
PKC-2012, 12-17 mapTta, 2012, CaHkt-lMNeTepbypr, Poccus,
MpurnaweHHas nekums

pipes manufactured by explosive welding: neutron diffraction
investigations». XXl coBewaHne no MCNONbL30BaHWIO
paccesiHus HEeNTpOHOB B nccneaoBaHnsax
KOHAeHcupoBaHHoro coctosina (PHWKC-2012), 15 - 20
okTs6pst 2012 r., 3eneHoropck.

rPYNNA AREPHOW BE3OMACHOCTU

Pepelyshev Yu.N., Tayibov L.A., Vinogradov A.V.
Experimental Estimation of the IBR-2M-Reactor Kinetic
Parameters from Stochastic Power Noise / Proceedings of
the International Meeting «Reactor Noise Knowledge
Transfer for Research and Test Reactors», Prague, Czech

Republic, 16-19 October, 2012.
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Menenbiwes HO.H., Poros A.[l., HeltpoHHO-pusmyeckune
pacyeTbl BO BpeMsi (U3N4ECKOTO M 3HEPreTUYEecKoro nycka
MOAEPHU3NPOBAHHOIO peakTopa UBP-2(UBP-2M),
MexsegomctBeHHbIn ~ XXIII  cemuHape «HenTpoHHOo-
manyeckme npobrnemMbl aTOMHON 3HEPreTkn C 3aMKHYTbIM
TOMNMBHBLIM UMkNom (HentpoHuka-2012)» (r. O6HuHCK, 30
okTs6psi — 02 Hos6pst 2012 T.).

Sidorkin S., Koptelov E., Rogov A., Neutron Source of INR
RAS, the status and the further developments, International
Collaboration on Advanced Neutron Sources (ICANS-XX),
March 4 - 9, 2012, Bariloche, Rio Negro, Argentina

Furman W., Adam J., Artyushenko M., Rogov A. et al., “New
ADS scheme with deep subcritical multiplying core for energy
production and transmutation of radioactive wastes. First
experimental results and perspectives”. In Book of abstracts

129.

130.

of LXII International conference “NUCLEUS 2012”, June 25-
30, 2012, Voronezh, Russia, p.35, Saint-Petersburg, 2012

Adam J., Baldin A., Berlev A., Furman W., Gundorin N.,
Rogov A.et al., "Recent results of study of ADS with 500 kg
natural uranium target assembly QUINTA irradiated by
deuterons with energies from 1 to 8 GeV at JINR
NUCLOTRON?". In book of abstracts of the XXI International
Baldin Seminar on High Energy Physics Problems, Dubna,
Russia, September 10-15, 2012, p. 37, Dubna 2012;

Furman W., Adam J., Baldin A., Gundorin N., Rogov A.et al.,
"Recent results of study of ADS with 500 kg natural uranium
target assembly QUINTA irradiated by deuterons with
energies from 1 to 8 GeV at JINR NUCLOTRON”, In
Proceedings of XXI IHEP PoS(MC2000)002

OTAENEHUE AOEPHOWN ®U3UKN

Ahmadov F., Ahmadov G., Madatov R., Sadygov Z.,
Shvetsov V., Tiutiunnikov S., Kopach Yu., Zhezher V.,
«Silicon micro-pixels avalanche photodiodes and scintillation
detectors», 20th International Seminar on Interaction of
Neutrons with Nuclei: «Fundamental Interactions & Neutrons,
Nuclear Structure, Ultra cold Neutrons, Related Topics»,
Alushta, Ukraine, May 21 —26, 2012.

Garibov A., Sadygov Z., Madatov R., Mechtiyeva R., Guliyev
E., Ahmadov F., Ahmadov G., Tiutiunnikov S., Shvetsov V.,
Zhezher V., Kopach Yu., «New generation of alpha and
gamma detectors», The V International Conference on
“Perspectives of Peaceful Use of Nuclear Energy.

Ruskov l.et al., «Fluctuation of the prompt gamma-ray
emission yield in resonance neutron induced fission of
29pyy, 20th International Seminar on Interaction of Neutrons
with Nuclei: «Fundamental Interactions & Neutrons, Nuclear
Structure, Ultra cold Neutrons, Related Topics», Alushta,
Ukraine, May 21 -26, 2012,

Ruskov I., Hambsch F.-J., Oberstedt S., Bevilacqua R., Vidali
M., ®Pu(n,) and ***Pu(nf) induced by resonance
neutrons with energies from 3eV to 200eV», EUFRAT Users
Meeting, 11.11.2012, EC-JRC-IRMM, Geel, Belgium.

Ruskov l.et al., «A setup for the investigation of the
resonance neutron induced fission of **Pu», THEORY-2
Scientific Workshop on Nuclear Fission Dynamics and the
Emission of Prompt Neutrons and Gamma Rays” 28-
30.11.2012, Biarritz, France

Vesna V.A, Gledenov Yu.M., Oprea A., Oprea C., Sedyshev
P.V., Shulgina E.V. Search for P-odd Effects in the
Interaction of Polarized Neutrons with Natural Lead. 20th
International Seminar on Interaction of Neutrons with
Nuclei: «kFundamental Interactions & Neutrons, Nuclear
Structure, Ultra cold Neutrons, Related Topics», Alushta,
Ukraine, May 21 -26, 2012.

Oprea C., Oprea A. l., «Parity violation effects in nuclear
reactions induced by neutrons on lead isotopesy, 4t
International Interdisciplinary Chaos Symposium on Chaos
and Complex Systems (CCS2012), April 29-May 02, Antalya,
Turkey, Eds. L. Cuhaci, Gursel Hacibekiroglu: 255, 2012.

Oprea A., Oprea C., Gledenov Yu.M., Sedyshev P.V.,
Sedysheva M.V., «Cross Sections Analysis in (n,a) Reaction
with Fast Neutrons on %Zn Nucleus», 20th International

139.

140.

141.

142.

143.

144.

145.

146.

147.

Seminar on Interaction of Neutrons with
Nuclei: «kFundamental Interactions & Neutrons, Nuclear
Structure, Ultra cold Neutrons, Related Topics», Alushta,
Ukraine, May 21 —26, 2012.

Oprea C., Oprea A., «Parity violation effects for thermal
neutron scattering on **Cl», 8" BPU General Conference,
July 5-7, 2012, Mamaia, Romania.

Oprea A., Oprea C., «Parity violation effects in nuclear
reactions at low energy», Thirty First International Workshop
on Nuclear Theory IWNT31-2012, June 24-30, 2012, Rila,
Bulgaria.

Oprea |., Oprea C., «Search of parity violation effects in
neutron reaction on natural Leady, 2nd European Nuclear
Physics Conference, September 17-21 2012 Bucharest,
Romania

Oprea C., Oprea A.l, Mihul A., Potlog M., «Monte Carlo
evaluation of parity violation effects in neutron reactions, 2m
European Nuclear Physics Conference, September 17-21,
2012 Bucharest, Romania.

Khuukhenkhuu G., Gledenov Yu.M., Sedysheva M.V,
Odsuren M., Munkhsaikhan J., Delgersaikhan T.
«Systematical Analysis of (n,a) Reaction Cross Sections for
6-20 MeV Neutrons». 20th International Seminar on
Interaction of  Neutrons with  Nuclei: «Fundamental
Interactions & Neutrons, Nuclear Structure, Ultra cold
Neutrons, Related Topics», Alushta, Ukraine, May 21 —-26,
2012.

Oprea C., Oprea A., Gamma-1 Workshop, European
Commission / Joint Research Centre/ Institute for Reference
Materials and Measurements/ Geel - Belgium & Institute of
Physics /Faculty of Science/ Novi Sad /Republic of Serbia,
Novi Sad, Serbia Cross section evaluation in the
photodisintegration of 152Sm isotope, Mihul, 2012

Oprea C., Oprea A., Mihul A., Detailed balance principle in
the photodisintegration reaction of '**Sm. Book of abstracts,
Thirty First International Workshop on Nuclear Theory
IWNT31-2012, June 24-30, 2012, Rila, Bulgaria

Oprea C., Oprea A. |., Evaluation of penetrability coefficients
in reactions with fast neutrons. National Physics Conference
CNF-2012 July 8-10, 2012, Mamaia, Romania: P44
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Oprea |., Oprea C., Cross section for fast neutrons reactions
on medium and heavy nuclei for astrophysics. 2" European
Nuclear Physics Conference, September 17-21, 2012
Bucharest, Romania: ID197.

Jovancevic N., Sukhovoj A.M., Khitrov V.A., The most
probable mean values of level density and radiative strength
function of 28Al compound-state cascade gamma-decay In:
XX International Seminar on Interaction of Neutrons with
Nuclei, Abstracts, Dubna, May 2012, E3-2012-36, Dubna,
2012, p. 49.

Jovancevic N., Furman W.l., Sukhovoj A.M., Khitrov V.A.,
General Trend and Local Variations of Neutron Resonance
Cascade Gamma-Decay Radiative Strength Functions. In:
XX International Seminar on Interaction of Neutrons with
Nuclei, Abstracts, Dubna, May 2012, E3-2012-36, Dubna,
2012, p. 88.

Lychagin E. et al. Temperature dependence of UCN "small
heating" probability and spectrum of up-scattered UCN at
surface of fombline Y-HVAC 18/8 oil. ISINN-20, Alushta,
Ukraine, May 21 -26, 2012.

Sharapov E.l., Gould C.R., Sonzogni A.A., XX International
Seminar on Interaction of Neutrons with Nuclei. “Oklo
phenomenon and nuclear data”, ISINN-20, Abstracts. Joint
Institute for Nuclear Research, Dubna, Russia, E3-2012-36,
(2012) p. 84.

Pokotilovski  Yu. "Possible polarized neutron-nucleus
scattering search for a new spin-dependent nucleon-nucleon
coupling." ISINN-20, Alushta, Ukraine, May 21 —26, 2012.

Pokotilovski  Yu. "Possible polarized neutron-nucleus
scattering search for a new spin-dependent nucleon-nucleon
coupling." ISINN-20, Alushta, Ukraine, May 21 —26, 2012.

Frank A."Precise UCN spectroscopy using neutron Fabry
Perrot interferometers.” ISINN-20, Alushta, Ukraine, May 21
—-26, 2012.

Kulin G. "New UCN experiment for test of the equivalence
principle for free neutron." ISINN-20, Alushta, Ukraine, May
21 -26, 2012.

Furman W. On the behalf of “Energy & Transmutation RAW”
collaboration. "Recent results of experiments with massive
uranium target setup QUINTA at Nuclotron." ISINN-20,
Alushta, Ukraine, May 21 —-26, 2012.

Furman W., Adam J., Artyushenko M. et al., “New ADS
scheme with deep subcritical multiplying core for energy
production and transmutation of radioactive wastes. First
experimental results and perspectives”, In Book of abstracts
of LXII International conference “NUCLEUS 2012”, June 25-
30, 2012, Voronezh, Russia, p.35, Saint-Petersburg, 2012.

Adam J., Baldin A., Berlev A., Furman W., Gundorin N. et
al., "Recent results of study of ADS with 500 kg natural
uranium target assembly QUINTA irradiated by deuterons
with energies from 1 to 8 GeV at JINR NUCLOTRON?”, In
book of abstracts of the XXI International Baldin Seminar on
High Energy Physics Problems, Dubna, Russia, September
10-15, 2012, p. 37, Dubna 2012.

Ko6G3eB A.l., BaxTtenb B.M., Pa6oTkuH B.A, AHanutuyeckue
BO3MOXHOCTW A4ePHO — hm3nyecknux metoauk. [loknas Ha 62
MexayHapoaHoun KOHdbepeHLUn «Agpo 2012»
«OYHIOAMEHTANbHBLIE NMPOBNEMbl AA0EPHOW ®U3UKW,
ATOMHOW 3HEPTETVKWU W AOEPHbLIX TEXHONOMMN»

161.

162.

163.

164.
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166.

167.

168.

169.
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(62 CoBelaHve no sOepHON CMEKTPOCKOMUU U CTPYKType
aTomHoro siapa) Bopoxex, 25 — 30 uoHst 2012 roga.

Huran J., Shvetsov V. N., Kobzev A. P., Borzakov S. B.,
Bohacek P., Kleinova A., Sekacova M., Balalykin N. I., The
effect of neutron irradiation on the structural and electrical
characteristics of SiC and SiC(N) films prepared by plasma
enhanced chemical vapor deposition. [oknag Ha 19
MexayHapoOHON KOHMEPEHLUMN MO  3NEKTPOCTaTUHECKUM
yCKOpUTENAM U Ny4koBbIM TexHomornsim «ESACCEL 2012,
OBHuMHCK, 13 — 15 Hos16ps 2012 ropa.

Kob3es A.MN., WccnegosaHne rnybuHHbIX  npodunen
KMcriopoda B HaHocrosix okcupgoB. [oknag Ha 19
MexayHapogHON KOH(EPEHUMU MO  3NEKTPOCTaTUYECKUM
ycKopuTensaM u ny4vkoBbiM TexHomnornam «ESACCEL 2012y,
O6HMHCK, 13 — 15 Hos6psA 2012 ropa.

Oprea C., Oprea A. I., Neural network model based on chaos
theory and application to multivariate factor analysis.
Proceedings of the 4" International Interdisciplinary Chaos
Symposium on Chaos and Complex Systems (CCS2012),
April 29-May 02, Antalya, Turkey, 2012. Eds. L. Cuhaci,
Gursel Hacibekiroglu: 203.

Oprea C., Oprea A. |, 20th Internanional Seminar on
Interaction of Neutrons with Nuclei (ISINN20), Frank
Laboratory for Neutron Physics, Joint Institute for Nuclear
Research (FLNP - JINR), Ukraine, Alushta
Proposal for experiments on evaluation of neutron capture
cross section of light nuclei, 2012.

Duliu O.G., Lyapunov S.I., Gorbunov A.V., Ricman C.,
Brustur T., Frontasyeva M.V., Culicov O.A,, lovea M., On the
heavy elements content of sediments and rocks from two
semiclosed ecosystems: proglacial lake Balea (Fagaras
Mountains) and crater lake St. Ana (Harghita Mountains),
oral contribution to the ISINN 20, Alushta, May, 2012.

Duliu O.G., Dumitras D., Costea C., Frontasyeva M.V.,
Culicov O.A., Tugulan L., Chirosca A., INAA, EPR, XRD,
SEM and TL investigation of loess/paleosoil sequences of
Eastern Dobrudja, Romania, oral contribution to the 2nd
European Nuclear Physics Conference, Bucharest,
September, 2012.

Anici¢ UroSevi¢ M., Vukovi¢ G., Razumeni¢ |., Goryainova Z.,
Frontasyeva M., Tomas$evi¢ M., Popovi¢ A., Active moss
biomonitoring of small scale inner city spatial distribution of
ambient trace elements in Belgrade urban area. Book of
Abstracts, BIOMAQ Conference, November 12-14, 2012,
Antwerp, Belgium.

Barandovski L., Stafilov T., Frontasyeva M., Sajn R., Badeva
K., Mihajlov M., Steinnes E., Moss biomonitoring of trace
elements in the atmosphere in the Republic of Macedonia —
a survey in 2010, IX Conference of the Society of Physicists
of Macedonia, Book of Abstracts, 20-23 September 2012,
Ohrid.

Kusan V., Frontasyeva M., Stafilov T., Spiric Z., Visualization
and mapping ICP Vegetation moss survey results in Croatia.
SDI Days, 8th Cartography and Geoinformation Conference,
Book of Abstracts,
http://nipp.kartografija.hr/index.php?id=304&language=en,
Zagreb, Croatia, 25-29 September, 2012.
http://nipp.kartografija.hr/index.php?id=300 /
http://nipp.kartografija.hr/index.php?id=301&items=48
(01.10.2012).

L

Annual Re'p_ort



L

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

e* "

3. NYBJIMKALUU

Kusan V., Frontasyeva M., Stafilov T., Spiric Z., ICP
Vegetation moss survey of urban forests in Zagreb, IUFRO
conference: Forest for cities, forest for people — Perspectives
on urban forest governance, Zagreb 27.28 September 2012,
Book of Abstracts, I. Balenovi¢ (Ed.), p. 70, ISBN 978-953-
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PA3HOE

J1. AHeen

. Mpemna 3a ny4ywun CTeHOOBLIA OOKNag B
pasgene «[llpuknagHaa dpepHast dusvka» 2-oi
The EUNPC2012 Poster Prize EBponeiickoii KoHbepeHLMn No AaepHOi husnke
i 6bina npucyxgeHa J1. Avren (JIHO OUAN;
UHCTUTYT Xxummnyecknx uccnegosaHui Akagemum
Lilia Anghel Hayk Monpgosbl, KuuvHes, Mongosa) 3a pa6oty
b v «MogenupoBaHve  MOMEKYNSpHON  AUHAMUKK
Ot Hman oot Kene3ocoAepKaLLero nakroepprHa Yenoseka,
coaBTop P. OpxaH (JIH® ONAN; HaunoHanbHbIN
MHCTUTYT U3UKM U S0EpHON  TeXHOMoruu

nm. X.Xyny6es, Byxapect, PymbiHUS).

2" European Nuclear Physics Conference @5 =2 s

Septembber 1731, 2013, Becharest, ROMAN

Ha kaxgon ceccum MNKK no gousnke KOHOEHCUPOBaHHbLIX cpef U aaepHOn unsnke NPoBOANTCSA KOHKYPC
Ha Ny4dlMn CTEHAOBLIN OoKNag cpean monoabix yyeHbix. Joknag 3.U.MopsanHoBon « BUOMOHUTOPUHI
B AnbaHunn ¢ nomoLbio MxoB 1 M'MC TexHonorni» Obin B YMCe Tpex Nyylmnx CTeHOOBbLIX OOKNagoB,
0TOOpaHHbIX ANsl YCTHOro NpeAcTaBrieHnst Ha ceccumn Y4yeHoro coeeta OUAN.

CTUNEHOANUN OUAN U NNHD

C 2010 r. O6beguHeHne MonoAbix yveHblX u cneumanuctoB OUAN npoBoauT exerogHbin
KoHKypc «MonogexHble rpaHTel OMAN». B 2012 r. cpegm nobegutenen ot JIHO:

1. rpaHT onsa monogpix COTPYAHWKOB C 3. rpaHT Ans mMonoabix cneumanucToB
YYEHOW CTENEeHbIo A.B. KytepruH
P.H. BacuH M.B. BynasuH
A.N. NBaHbkOB E.B. JlykuH
2. TpaHT 4N MOSOAbIX HayYHbIX COTPYAHWUKOB K.A. MyxuH
FO.B. AnekceéHok 4. rpaHT Ans Monoabix padoymnx
A.E. Bepxornsgos [.B. KokyHoB
W.N. 3nHbKkoBCKas 0.A. KopoBuH
I.B. KynuH

C 2002 r. B JIH® npucyxgaeTtcsa ctuneHams umenn akagemmka CCCP u nepeoro amnpektopa JIH®
N.M.®paHKka C Lenbio CTUMYNMPOBaHNA Hay4HbIX U METOOUYECKMX MCCReaoBaHUN MOMOAbIX yyYeHbiX. B
2012 r. ctunenama um. U.M.®paHka npucyxaeHa:

B obnactn sgepHon uU3nku: B obnactn domaukn B obnactn metognyeckmnx
C.B. lNoptoHoB KOHOEHCUPOBAHHOIO COCTOSAHUS: nccnegoBaHUN:
C.E. KnyaHos .B. BaxaxunHa
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C 2006 r. B JIH® exerogHo npucyxgaeTcs CTUNEHAMS MMEHU BbIOAOLLErocs y4YeHoro, uyneHa-
koppecnoHgeHta AH CCCP o.J1. Wanupo. CTuneHana npucyxgaeTcs no HanpasneHusMm: usmka YXH,
Nnonsipu3oBaHHble HEUTPOHbI N HENTPOHHAs CNEKTPOCKOMNNS.

B 2012 r. ctunenguna nm. ®.J1.lHannpo npucyxaeHa:

Mo HanpaBneHuto «onapn3oBaHHbIE HENTPOHbI»
A.N. NBaHbKOB

Mo HanpaBneHuno «HerlTpoHHasa cnekTpockonusa»
3./. TopsinHoBa

NMPEMUA NNHD

dusuka sagpa:

BTopaga npemus

«KBaHTOBbIE acnekTbl GBUHAPHOrO U TPOMHOIO
aeneHvs aaep»

AsTopbl: B. V. ®ypmaH, A. J1. bapabaHos

TpeTbs npemus

«O BO3MOXHbIX HENTPOHHbIX 3KCNEPUMEHTaX Mo
NMOUCKY HOBbIX B3aUMOAENCTBUI, 3aBUCALLNX OT
CrnUHa».

AgsTop: 0. H. MNokoTunosckui.

TpeTbs npemus

«ccnenosaHne MrHOBEHHbIX HEWTPOHOB AENEHUs
C MOMOLLbD MOOEPHM3UPOBAHHOIO AeTekTopa
OCKOJKOB JeNeHus».

AsTtopbl: L. 3ennanos, O. 3enHanosa, M. A.
HaszapeHko, ®.-/. Xambw, C. Obepcrenr

anKﬂa,qule n MetoanyeckKkue pa60Tb|:

[NepBas npemusi
«lMepBbln B
3amMennuTenby.
AsTopbl: B. [1. AHaHbeB, A. A. benskos, M. B.
bynasuH, A. E. Bepxorngagos, E. H. Kynarun, C. A.
Kynukos, A. A. KyctoB, A. A. Jllobumues, K. A.
MyxuH, T. B. lNetyxoBa, A. Tl. CupotumH, A. H.
depnopos, E. M. Wabanun, . E. WabanuH, B. K.
LWnpokos..

MUpEe  LUApUKOBLIN  XOMNOAHbLIV

BTopas npemus

«HenTpoHHbIV cnekTpoMeTp Ha Ga3e MPOTOHHOrO
Teneckona C  3rneKTPOHHOM Konnumavmen
NPOTOHOB OTAAYNY.

AsTopbl: B. M. Munkos, L. L. MNaHTenees, A. A.
borgsenb, B. H. LWeeuos, C. A. Kytysos, C. b.
Bbopaakos, 1. B. Cegbiwes.

[NooLwiputenbHble NpeMumn

«[lMpencTaBneHne gaHHbIX HE3epKanbHOro
paccesiHusa U NPOCTPAHCTBEHHOrO pacLuenneHns
nyyka HEMTPOHOB»

AsTopbl C. B. KoxeHuko, ®. OtT1, ®. Pagy

«KoppensiunoHHasi BpemsinponeTHas
CMNEKTPOMETPUS YNbTPaxonoaHbIX HENTPOHOB»
AsTop: KO. H. lNokoTunnosckui

®du3nka KOHAEHCUPOBAHHbIX Cpen;:

[MepBaga npemus

«TeopeTudeckue n 3KCNepUMeHTanbHbIE
nccrneaoBaHns HEWTPOHHbIX BOSTHOBOAOB U MX
npMMEHEHNe onsa pasBuUTUS 30HOAOBOW HEUTPOHHOM

Bropas npemus

«BnusiHne BbLICOKOrO OaBMEHUS Ha CTPYKTYpy M
aTOMHYI0 OWHAMUKY MOMEKYNAPHBIX M MOHHBIX
CErHeTO3NEKTPUKOB»

Astopbl: 1. M. KosneHko, C. E. KuyaHoB, A. B.
BenywkuH, C. I'. [xabapoe, b. H. CaeeHko, E. B.
JTykunH.

TpeTbs npemus

MUKPOCKONUU».
AsTtopsl: B. K. UrHatoBuy, C. B. KoxesHukos, HO.
B. HukuTeHko.
«JononHsawwme  MCCrnegoBaHUs  Me30MOPMdHbIX

aHTudeppoanektpnka MHPSBO10»
AsTopbl: K. Opyx6uuku, E. Mukynn

n d)I/I3I/IKO-XI/IMI/ILIeCKI/IX CBOWCTB HOBOIo

Annual Reb_ort



)
b/

N
2
@&
L
q

q

L
[

‘6_ o 4. MPEMUN U CTUMEHAUN

NMPEMUA OUAN

Mpemua OUAWN npucykgaeTcsa exerogHo 3a nydlinme HaydHble, Hay4YHO-MeTOAMYEecKMe U HayyvHo-
TeXHM4Yeckne npuknagHele pabotel. B 2012 cnepywowme HaydHble paboTbl, NpefcTaBrieHHble
coTpyaHukamm JIH®, ynoctoeHbl npemun OUNAN:

B obnactu Hay4YHO-MeToAUYeCKUX nccnefoBaHUN:

MepBag npemus BTopas npemus

«Pr3nYECKNn N IHEPreTUYECKNIN NYCK «KomMnnekcHbIn MeToa nccrnegoBaHus
MoaepHu3anpoBaHHoro peaktopa NBP-2 (UBP- NepCcneKkTUBHbIX (PYHKUMOHAmNbHbLIX MaTtepmanos
2M)». C NOMOLLbIO KBAHTOBOW XUMWUKN, HENTPOHHOIO
AsTtopbl: B.1. AHaHbeB, A.B. BuHorpagos, A.B. paccesHUs U ONTUYECKOW CNEKTPOCKOMUNY.
Oonrux, J1.B. EayHos, KO.H. MNMenenbiwes, A.1. AsTopbl: B.1O. Kasanmupos, M.6. CmnpHos, A.M.
Porog, C.A. LlapeHkos, A.A. 3anknH, U.T. Banarypos, W. HaTkaHeLl.

TpeTtbskoB, H.B PomaHoBa.

B obnactu akcnepumeHTanbHon hu3nku:
BTtopas npemus
«lMpenomneHne n oTpaxkeHne NonsiPU3oBaHHbIX HEMTPOHOB OT HEKOJSINTMHEAPHbIX M HEKOMMaHaPHbIX
MarHUTHbIX CUCTEMY.
AsTopsbl: B.J1. AkceHoB, B.U. BogHapuyk, B.K. UrhaTtoBuu, C.B. KoxesHukos, [1.A. KopHees, KO.B. HukuteHko,
A.B. MNeTpeHko, ®. Pagy, A.A. PpaepmaH.
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CEMUHAPDBI JTH®

J1. Yep (HUB, BeHrpus)

e bBbenywkuH A.B. (JTH®, ONAN) (18.01.2012)
MofaepHU3npoBaHHbI UMMYNbCHbIN
peaktop WBP-2: Tekywee cocTosiHne wu
OyayLime nepcnekTusbl

e Kosnenko A.M. (IH®, ONAN) (18.01.2012)
Komnnekc cnektpomeTpoB peaktopa UBP-
2M: TeKkyulee COCTOsIHME WU HanpaBfieHus
pas3suTns

e Moaypeuy K.M. (H/L| KM) (18.01.2012)

29 ceHTa0ps 2012 ogHa wn3 annen
ONAN Ha nnowapke JIAlN Obina HasBaHa B
YecTb BblJaloLErocsi MOSbCKOro  Y4eHOoro,

akagemuka  [lonbckon  akagemum  Hayk,
npogeccopa WHCTUTYTa agepHoOn U3MKK
(KpakoB) Exun AHuka, HayvyHas OeATenbHOCTb
KOToporo 6blna HepaspbIBHO CBA3aHa C

HenTpoHHast paguorpadus: MeTogbl W
NpUMeHeHns

e LWTtpo6nb M. (ESS) (18.01.2012)
BO3MOXHOCTU HEWTPOHHOM paguorpadun
Ha UCTOYHMKAX C ASIMHHBIM UMMYSbCOM.

e HukntnH B.A. (NOB3, ONAN) (25.01.2012)
dusmka hpyHaamMeHTanbHbIX YacTu
mMaTepum — BUA C NTUYbEro nonérta

o Kxuem J1.X. (BbeTHaMckuii UHCTUTYT PU3NKN)
(05.04.2012)

BbeTHamckasa Akagemus Hayku u
TexHonoruu. TekyLwmn ctaTyc SAepHbIX
ncecrnegoBaHun Bo BbeTHame

e Yep 1. (BHL, BeHrpus) (18.02.2012)

O630p Hay4HOW OeATEeNbHOCTH
byaanewTckoro HentpoHHoro LleHTpa

o XappwucoH A. (ILL, ®paHums) (09.10.2012)
PasButne n HoBble BO3MOXHOCTUN HayYHbIX
nccneposaHuin B UJJ1

o MakcumeHko C.A. (MHCTUTYT saepHbIX
npobnem BI'Y, Benapycs) (07.12.2012)
TepmocTonkne dpocpaTHble KOMMO3NLNMK,
MoanmumnpoBaHHbIE COEANHEHNAMMU
6opa: npMMeHeHne B Ka4yecTBe 3alnTbl OT
9NEKTPOMArHUTHOIO U NOHU3UPYHOLLLETO
n3nyyeHus

NAMATHbLIE MEPOINPUATUA

JTabopatopmnenn  HenTpoHHOW  pusmkn. C
MOMeHTa obpasoBaHus Na6opaTopuu
npodeccop E. AHMK akTMBHO y4acTBoBan B
CO3JaHNUM K pPasBUTUM IKCNEPUMEHTANbHbIX
YCTaHOBOK Ha HENTPOHHbIX UCTOYHUKax JIHO,

ocHoBan B JTabopaTopumn NONbCKYO
HEUTPOHHYHO rpynny n npuHUMan
HenocpeacTBEHHOE YyyacTue B NpPoOBeAEHUM
3KCMEPUMEHTOB no HENUTPOHHOW

CMEKTPOCKOMNUN KOHOEHCUPOBAHHbIX CPea.

Mpodbeccop E. AHMK B Te4YeHne MHOrmnx
net BO3MMaeBnsAsl HEWTPOHHbLIA  KOMUTET U
ABnanca vneHom YdeHoro coeta OUMAN. OH
BOCMMTAN HECKOSNbKO MOKOSNIEHUA  YYeHbIX,
KoTopble npoaormkarT nccrnegosanuns 8 ONAN
M B OPYrMX BeAyLMX HEWTPOHHbIX LEHTpax
Mupa.

Annual Re'ﬁ)rt
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KOH®EPEHUUU N COBELLAHUA

C 21 no 26 masa atoro roga B AnywTe
(Kpbim, YkpanHa) coctosncs obunenHoin 20-n
MexayHapoAaHbIn ceMuHap no
B3aMMOAEUCTBUIO HEUTPOHOB C sapamu
(ISINN-20). Nporpamma coBeLLaHns BKoYana
LUMPOKMIA KPYr BONPOCOB HEUTPOHHOW hU3UNKN:
OT HapyLeHnss yHOaMEeHTarbHbIX CUMMETPUIA
BO B3aUMOOENCTBUN HEWTPOHOB C sigpamMu 00
BbI3blBalOLLMX OOMbLION WMHTEpPEC B CTpaHax-
yyactHugax OWAN  cyrybo  npuknagHbix
npobnem, B 4acTHOCTM, B 0OOnactM Hayk o

Cnesa Hanpaso: B.B. Hecsuxesckun (UNJ1, ®paHuus),
KN3HW. N. Yep (BeHrpusi), A.B. Ctpenkos (OUSAMN) Ha ISINN-20.

C 3 no 7 ceHTabps 2012 roga Takke B
AnywrTe, npoxoguna MexgyHapogHasa neTHss
LUKONna-coBeLlaHne «KomnnekcHble "
MarHuTHble MSArKkMe cuctembl: duUsnko-
MexaHu4yeckne U CTPYKTYpHble CBOWCTBa»
(CMSMS’12), opraHu3oBaHHasi COBMECTHO
JIHO OUAN, 3anagHbiM  YHUBEpPCUTETOM
Tumuwwoapsl (PymbiHuA), NHcTUTyTOM
MexaHukn cnnowHblx cpeg (Mepmb, PAH),
UHCTUTYTOM (PU3MKM 1 S0EpHON UHXEHepun
(Byxapect) u  PymblHCKMM  DU3NYECKUM

MocTepHasi ceccust CMSMS'12. 0obLLeCTBOM.

Mo uHuumaTtuee npeacrasutensa PymbiHum B ENSA Jlabopatopust HenTpoHHou pmsnkn OUAN Gobina
BblbpaHa mectoM npoeedeHuss 39-ro CosellaHus EBponenckon accouwaumm no HEWTPOHHOMY
paccesHuo. CoBellaHne coctosanock 8-9 oktabps 2012 r.

OBPA30OBATEJIbHAA MPOrPAMMA

Llenb obpasoBatenbHon nporpammbl JIH® - obyvyeHne CTyaeHTOB U MOMOAbIX CNeuManmcToB
HEMTPOHHbIM MeToA4aM WCCreAoBaHUS KOHOEHCUPOBAaHHbIX Cped, a Takke MeTodam NpoeKkTUpOoBaHUA
N pa3paboTkn AMEKTPOHUKN M aBTOMATUKM COBPEMEHHLIX SKCMEPUMEHTAsbHbIX YCTAHOBOK. B TeyeHune
2012 roga B JIH® BbINOMHUM CBOM KYPCOBbIE U AMUNITOMHbIE paboTel 6onee aABagLaTu CTyAEHTOB M3
Pa3nMYHbIX POCCUNCKNX YHUBEPCUTETOB.

B 2012 r. HenocpencTBeHHO JlabopaTtopmnen HEMTPOHHOW PUINKM UK MPU ee ydYacTum Obinn
OopraHu3oBaHbl M MPOBEAEHbI TPU HayYHble LWKOMbl Ana oby4yeHus CTYAEHTOB W MOBbILEHMUSA
KBanudukaumm MonoabiX YY4eHbiX.

Annual Report




.

.

.
.
L}
L L

5. COBbITUA

C 17 wmoHa no 5 mwona B O6begUHEHHOM
WHCTUTYTE aaepHbIX uccnegosaHuin, HUL
«KypyatoBCckni  MHCTUTYT» U UHCTUTyTE
kpuctannorpacdomum  PAH  (npu  nopaepxke
MexrocyaapcTBeHHOro doHaa ryMaHUTapHoro
coTpygHuyecTBa rocygapcte —  yvacTHukoB  CHT,
MwuHuctepctBa o06pasoBaHuss U Haykm Poccuiickon
depepaumm 1 MexagyHapogHoOM accounaumy akagemui
nayk) nposoaunuce V Bbiclume Kypchbl cTpaH
CHI gna monoabix y4YeHbiX, acnMpaHToB WU
CTYAEHTOB CTapLUMX KypPCOB MO COBPEMEHHbLIM
MeTogaM  WUCCNeAoBaHUs  HAHOCUCTEM U
mMaTtepuarnos «CUHXPOTPOHHbLIE 7]
HEWTPOHHbIe WCCNeAOBaHUS HaHOCUCTEM CWH-HaHo-2012. MocTepHan ceccua
(CUH-HaHO-2012)».

IV MexgyHapogHaa MonogexHas HayvHas
wkona «CoBpeMeHHass HeUTpoHorpadusa» (24 -
28 ceHTs0ps 2012 r.6 [dy6Ha). B pabote wkonbl
npuHann  ydactme  okono 80  CTyaeHTOB,
acnMpaHTOB U MOJSOAbIX Y4YeHbiX fo 35 net us
Poccun, YkpauHbl, bBenopyccun, ApmeHuUwu,

Monbwu, CnoBakMm 1 Opyrnx CTpaH (npn noaaepxke
MwuHuctepctBa  obOpasoBaHuMss M Haykm  Poccuiickon

depepaumm).

[pynna ctygeHToB ga cnektpometpe [H-12 peaktopa NBP-2

TpeTbs MeXxayHapoaHas MornoAexHas
Hay4yHasa wkona «lMpubopbl M MeToAbI
3KCnepuMeHTanbHOW AgepHon  (hu3MKM.
OnekTpoHuKa 7] aBTOMaTMKa
3KCNepuMeHTanbHbIX YCTAaHOBOK»  (8-12
ceHTs16ps 2012 r., dybHa) B Lkone npuHanu
yyactne 53 cnywatens ns 7 ctpaH EBponbl u

A3nn (npu nopaepxke Munuctepctea obpasosaHus u
Hayku Poccuiickon ®epepauun).

TNabopaTopHble paboTel cTryaeHToB B OTAEne
Komnnekca cnekrpomeTtpos NBP-2.

Bo Bpemsa paboTbl wkon 6binv opraHM3oBaHbl 3KCKYpCUM Ha MMMynbCHbIN peaktop VBP-2 1
HENTPOHHbIN UCTOYHUK WPEH, roe yyYacTHMKM O3HAKOMUIMCb C BO3MOXHOCTSIMM OTUX YHMKambHbIX
yCTaHOBOK. CriyliaTenu LWKONbl NPUHANU yYacTue B BbINOMHEHMU nabopaTopHbiX paboT, pelueHuu
y4yebHbIX 3ajay No TemMaTvkam fNeKUuMi U NO3HAaKOMUMNCL C BedyLUMMKU yYeHbIMU U creumannctamm
nabopatopun. OHM MOMNN Takke NPeacTaBUTb pe3ynbTaTbl COOCTBEHHbLIX MCCNeaoBaHUMM B Xode
CTEH0BbLIX CECCUN N KPaTKMX YCTHBLIX COOBLLEHUNA.

Annual Re'ﬁ)rt
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Bbiny opraHn3oBaHbl Takke NeKUUn 1 3KCKypcum
Ha ycTaHoBkM JIH® gns yyutenen usmkm n mnx
YYEHMKOB CTapLumx knaccax us Poccuun n gpyrux
CTpaH.

Yyenuku wkonbl Ne 18 HoBouebokcapck, PO Ha
nyneTte ynpasneHus NPEH.

JIHO ycnewHo coTtpygoHuyana ¢ Y4yebHo-
Hay4YHbIM ueHtpom OWAWN B opraHusaumm
neTHeM nNpakTUKM [nsi CTYAEHTOB W3 CTpaH-
yyactHuy OUNAWM (Benapycb, Yexus, Monblia,
PymbiHns, CnoBakusi) W acCOLMMPOBAHHbLIX
ctpaH (Erunert, IOxHaa Adpuka).

Monbckue CTyaeHTbl Ha NEeTHEW NPaKTUKE Ha CNeKTpoMeTpe
HEPA peaktopa NBP-2.

Begywme ydeHble JIH® uyutawT nekuum B MexagyHapogHoMm yHusepcuteTe «[ybHa» wu

[ybHeHckoM dwunuane WHCTUTyTa dOepHon
rocyfapcTBEHHOro YyHUBepcuTeTa.

dusnkn  um. [0.B.CkobenbumHa MOCKOBCKOro

OPULIMATIbHBLIE OAENEMALIA

e [lenerauyusa BbeTHamckon Akagemuun
Hayku n TexHonoruu (BAHT),
BoarnaendemMas  npesvgeHtom  BAHT

npodeccopom Yo BaH MuHHOM, noceTuna
yctaHoBku JIH® B xoge paboyero Bu3uTa
B ONAN B none 2012.

e YneHbl pabouen rpynnbl N0 MHHOBALUUSAM
POCCUICKO-aMEPUKAHCKOM Mpe3naeHTCKOon
komuccun nocetunu OUAN B okTabpe
2012. B xopge Busnta Ha peaktop VBP-2

Oblno obcyxaeHo noteHyuanbHoe
nucnonb3oBaHune 3KCMepUMeHTanbHbIX
yctaHoBok JIH® B WMHHOBALMOHHBLIX
nporpaMmmax.

e [loceweHve peneraumyn GM3HECMEHOB M3
EC B pamkax NMpesuageHTckon Nporpammel
OOy4yeHns1 ynpaBreHYECKMX KadpoB B
okTa6pe 2012.

Annual Report

o [loceweHne OWUAN npeacraBuTensamm
NMONbCKON MPOMBILLNEHHOCTU B HOSAGpe
2012.

AMepukaHckasi feneraunsi B 9KCNepuMeHTanbHOM 3arne
pektopa NBP-2.




6. CTPYKTYPA _@

CTPYKTYPA TABOPATOPUU HEUTPOHHOWN ®U3UKU

Anpekuus:

HOvpekTop A.B. benyuwkuH
38MeCTI/ITeJ'Ibv[J,VIpeKTOpa B.H. leeyos
no Hay4How paboTte
3amecTuTenb AnpekTopa
no Hay4Hon paboTe
3amecTuTenb gupekTopa
no o6LumM Bonpocam

[enez CaHeaa

C.B. KoseHkos

[MaBHbIA HXeHep A.B. BuHoepados
Y4eHsblin cekpeTapb O.A. Kynukoe
Hayu4HbI pykoBOAMTESb B.J1. Akceros
JlabopaTopun
CoBeTHUWK Npu AMpeKkLmm B.[J. AaHbee
nabopaTtopuu
PeakTop U TeXHUYeCcKue
PykoBoautenb
nogpasaeneHuvs
[MaBHbIA HXeEHep:
NBP-2 peakTtop A.B. [Jorzux
MexaHunKo-TexHonorm4ecku otaen A.A. benisikos
ONeKTPO-TEXHONOrM4YeCcKMn oTaen B.A. TpenanuH
KoHcTpykTopckoe Otopo A.A. Kycmos
JkcnepumMeHTanbHasa mactepckas A.H. Ky3Heuyos
HayuyHble noapasgeneHus PykoBoautenb

Hay4Ho-akcnepuMeHTanbHbIA OTOEN HENTPOHHbIX
nccnegoBaHUn KOHOEHCMPOBAHHbLIX Cpes

OTaeneHune agepHoOn U3nKn B.H. llseyos

Hay4Ho-akcnepumeHTanbHbIA OTAEeN KoMMNekca
cnektpomeTtpoB MBP-2

[.T1. KozneHko

C.A. Kynukos

LAMUUICIPATHELER Fpynna yyeHoro cekpetaps
Cnyxobl
CekpeTtapuar CekpeTtapuar
PUHaHCHI MNepeBon
MNepconan Mpaduka

Annual Re'ﬁ)rt



&5. 6. CTPYKTYPA

HAYYHO-3KCMNEPUMEHTAJIbHbIW OTAEN
HEATPOHHbIX UCCITEAOBAHUA KOHOEHCUPOBAHHbIX CPE[,

MoppaspeneHune Ha3BaHue PykoBogutenb
CekTop 1: HentpoHHom audpakumn. PykoBoautenn: A.M. banazypoe
Npynna No.1 oOBP, C[L, A.M. banazypos
pynna No.2 OH-2 A.N. bBeckpoeHbil
Npynna No.3 OH-12 B.H. CaseHko
'pynna No.4 "eomaTtepuansl A.H. HukumuH
Npynna No.5 CKAT/3rMCuMIoH K. Wegppyrok
Cektop 2: HenTtpoHHOM onTuku. PykoBoautens: M.B. Aedees
Npynna No.1 ®dun3MKn NOBEPXHOCTEN 1O.H. HukumeHko
Npynna No.2 ®dun3MKM HAaHOCKUCTEM M.B. Aedees
Fpynna ManoyrnoBoro paccesiHms A.N. KyknuH
Fpynna Heynpyroro paccesaHus L. Xydoba
OTAENEHWE A0EPHOWU ®U3UKU
NoapasneneHue HassaHue PykoBoautenn

CekTop 1. UccnepoBaHue HEMTPOHHO-AAEPHbIX B3aUMOAENCTBUMN.
PykoBoauTtens: FO.H. Konay

CekTop 2. UccnepoBaHue chyHaaMeHTaNbHbIX CBOUCTB HEUTPOHA.
PykoBoautens: E. B. Jlbi4a2uH

Cektop 3. HeMTPOHHOro akTUBALMOHHOIO aHanu3a W MPUKNaaHbIX UccreaoBaHUN.
PykoBoautens: M.B. ®poHmacbesa

Mpynna No.1 AHanuTtnyeckas M.B. ®poHmacbkesa
Npynna No.2 OKcnepumeHTanbHas C.C. lNasnos
YcrtaHoBka UPEH. PykoBoauTtens: B.I". [Iamaes

OTAEN KOMIMJIEKCA CMNEKTPOMETPOB UBP-2

MoppaspeneHue HasBaHue PykoBoautenb
Mpynna No.1 [eTekTopos A.B. Yypakos
Npynna No.2 OnNEKTPOHUKN A.A. boedsernb
'pynna No.3 MHpOopMaLNMOHHBLIX TEXHONOIMI A.C. Kupurnos
Npynna No.4 OkpyxeHunsa obpasua u npepbiBatenem A.l. CupomuH
Npynna No.5 KpuoreHHbIX uccnegoBaHun A.H. YepHukos
Npynna No.6 XonogHbIx 3ameanurenen C.A. Kynukos

Annual Report




6. CTPYKTYPA

NMEPCOHAIJI
PacnpegeneHue nepcoHana no nogpasaeneHmam Ha 31.12.2012
Konu4yectBO
Tema MoppasgeneHune
COTPYOHUKOB
-1104- Otpenexne sagepHon U3nKK 87
Hay4Ho-akcnepMeHTanbHbIi OTAEN
-1069- HEeNTPOHHbIX UCCreaoBaHM KOHOEHCUPOBaHHLIX cpeq 89
Hay4Ho-akcnepMeHTanbHbIi OTAEN
-1075- komnnekca cnekrpomeTtpos VBP-2 42
-1105- Peaktop MBP-2 46
MexaHunko-TexHonormyecku otaen 47
OnNEeKTPO-TEXHONOMMYECKNIA OTAEN 31
OKcnepumeHTanbHas macTtepckas 38
pynna saepHon 6esonacHocTn 7
KoHcTpykTOpCKOEe 6t0po 6
NHppacTpykTypa JIHD:
Oupekuns 9
Otaen obenyxmBaHus 24
pynna y4YeHoro cekpetaps 3
'pynna maTepuanbHO-TEXHUYECKOro CHabXeHMs 4
nToro 433

MepcoHan n3 cTpaH-yyacTtHuy OUAN (kpome PP) Ha 31.12.2012

CrpaHa KonuuyecTtBO KonuuyectBO Monoabix
COTPYAHUKOB COTPYAHUKOB (<35 neT)
AszepbangxaH 9 8
Benopyccusa 1 1
Bonrapus 5 3
repmaHusa 3 1
py3us 2 .
KaszaxcTtaH 7 7
Monposa 3 3
MoHronus 10 7
Monbla 9 3
PyMblHUS 7 2
YkpauHa 14 13
NTOro 70 48

Annual Re'ﬁ)rt
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AcnunpaHTbl
B 2012 B JIH® npoBoaunm skcnepuMMeHTanbHyt0 paboTy no gucceptauusam 23 acnupaHta us
11 cTpaH.

(o]7[6) CtpaHa YupexpeHue

Ixabapos C.I'. AzepbanmpxkaH | MHCTUTYT domsukn AAH

Tanbos J1. AzepbanmpkaH | MIHCTUTYT pagnauunoHHbix npobrem AAH

MexayHapoHbI rocyaapCTBEHHbIN
AnekceéHok KO.B. | benopyccnst | 3KOnNorn4yecknii yHuBepcuTeT
um. A.[1.CaxapoBa

Mwunkos B.M. Bonrapus Codmnckun yHnsepcuteT
o YHusepcuteT Kupunna n Medoans

BbapaHgoskui J1. MakenoHusa Cronbe

Anren J1. MonpoBa WHetuTyT Xxumnn AHM

3nHbKkoBKas U. MonpgoBa YHusepcuter AHM

HsamcypeH B. MoHronus HaumoHanbHbIn yHMBepcuTeT MoHronumm

EpxaH P.B. PymMbliHWS ByxapecTckuin YHusepcutet

BynasuH B.B. Poccus TynbCKui rocyfapCTBEHHbIV YHUBEPCUTET

loptoHos C.B. Poccus YHL Onan

FopsiiHosa 3.U. Poccus NHcTUTYT Npo6nem akonoruv u 3Bosoumm
um. A.H. Cesepuosa PAH

MyxuH KA. Poccus YHL, ONAN

Bepxornsinos A.E. | Poccus YHL| OVAN

MexayHapoaHbIN YHUBEPCUTET NpUPOabI,

30HTIKOB A.O. Poccns obulecTtBa 1 Yenoseka «[yoHa»
E;Z“y”ﬁgioﬁsn oBYy HOAP YHueepcuteT CTenneHooLw
Kpasuosa A.B. YKkpavHa WMHCTUTYTY Buonormm  1oXHbIX — MOpeWn
uMm. A.O.Kosanesckoro HAH YKPAUHbI
Conomsen 5. | YWPaHa | Kuenci vauonarni yuracpaier
To TxaH JloaH BbeTHam TynbCKMI rocygapCTBEHHbIN YHUBEPCUTET
Jql)(?gHTXM Hrok BbeTHaM TyNbCKWI rOCYAapCTBEHHBIN YHUBEPCUTET
YaH TyaH AH BbeTHaMm TynbCKuiA rocyaapCTBEHHbIN YHUBEPCUTET
OaHr Hrok ToaH BoeTHam TynbCKuii rocyaapCTBEHHbIV YHUBEPCUTET

B 2012 rogy Obinu 3awmwieHbl 12 0GakanaBpCkux W 6 MarmcTepckMx OUMNIIOMOB Ha OCHOBE
3KCnepuMeHTanbHOro matepuana, nosiydeHHoro B JIH®. Bocemb Hawmx COTPYOHWKOB MNOSy4Ymnu
CcTeneHb KaHaugaTa Hayk u OAuMH — CTeNeHb AOKTOpa Hayk.

Annual Report
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7. MEXOYHAPOLHOE COTPYOAHUYECTBO U s
MONWUTUKA NOJNb30OBATENEWN o @@

MEXAOYHAPOOHOE COTPYAHMUYECTBO

B 2012 r. JTabopatopusa HenTpoHHOM huankm nm. .M. dpaHka ocyulecTensana CoTpyaHn4ecTso ¢ 148
Hay4HbIMK yypexaeHusmu n3 20 ctpaH-ydacthuy OUWAWM wn accoummpoBaHbix cTpaH u ¢ 29
yuypexgeHnamum wu3 19 cTpaH, He gBnswowmxca ydactHuuamm OUWAWN. Hwxke npeactasneHo
pacnpegeneHne yypexaeHui no cTpaHam.

;nzerbéiian

A
"oy —
e

ol Mongolia

Pofa-ﬂd

B Argentina
N Australia
m Austria
B Belgium
B CERN
H Finland
B Greece
B Macedonia
B Metherlands
B Republic of Korea
H Slovenia
M Spain
B Taiwan
T

USsA

Japan
France 1

Latvia |
|

NMONUTUKA NOJIb3OBATEJEN

MepBbIN payH Mo NpUMeMy 3asiBOK Ha 3KCNEPUMEHTLI HA MoAepHU3npoBaHHOM peakTope NBP-
2 npoxogun ¢ 15-ro Hosi6psa 2011 r. no 31 auBaps 2012 r. n 6bin npoaneH go 15-ro despansa 2012 r.
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@@ . NONMUTUKA NOJNTb3OBATEJIEU

B wutore 6bino nonyveHo 163 3asBkn u3 17 ctpaH; 119 3adBOK NPUHATBI K MPOBEAEHUI0 Ha
cnektpomeTtpax MBP-2M, n3 Hux 93 peanusosaHbl B 2012 T.

JINR
(24,5 %)
Chembtry (22)

ué

uﬁ Other institutions

(75,5 %)

Miateriak sience (42)

Pacnpe,qeneHMe 3asBOK MO Hay4YHbIM HanpaBJieHNAM Pacnpe,qenel-wle 3asaBOK NO NpUHaANeXXHOCTU
3anButTens

60 -

50

40

30 A

20

10

N R
PacnpeneneHue 3asiBOK No ycTaHOBKaM

PacnpeneneHue nonb3oBaTtenen n3 ctpaHx-

PacnpepneneHve nons3oBartenemn U3 cTpaH, He
yyacTHuy, OUNAN unu accoummpoBaHHbIX CTpaH

anawmxcs yyactHuuamm OUNAN, B 2012.

B 2012.
KonuyectBo KonuyectBo
O nonb3oBaTenen LR nonb3oBaTenen
AszepbangxaH 1 BenukobputaHus 1
Benopyccus 4 MHaooHesuns 1
Bonrapus 2 Kutan 5
BeHrpus 2 NaTBus 1
BbeTHam 1 FOxHas Kopest 2
repmaHus 9 LBeuus 1
Ervnet 4 AnoHusn 1
MoHronus 5
Monblia 5
PyMbIHMSA 16
YkpanHa 5
Yexus 8
HOAP 4

Annual Report
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8. IH® M. N.M. DPAHKA N CMUA
- @
Camble Bblgatowmeca cobbitna  JIHO B 2012 -  Havano perynsdpHoM  aKcnnyaTtauuu

MOLEepHM3npoBaHHoro peaktopa WBP-2, B0O300HOBNEHWE NOMb30BATENbCKOM MNporpamMMbl  Ha
CNEKTPOMETPax U YCnewlHbl 3anycK XONo4HOro 3aMennutens HeMTpoHOoB Ha peaktope UBP-2M —
ObINIM OTPaXKEHBbI:

e B nepepadax HauuoHanbHblx (TB kaHan KynbTypa) u pernoHanbHbix (TB NogmockoBbe K
[y6Ha TB) TeneBn3nMOHHbIX KaHamnoB.;

¥s.

14.03.2012. TB NoamockoBbe-“‘UHHOBaLMSA+” w
http://rutube.ru/tracks/5431453.htmi#cutid1- 29.11.201 2';b?pz.?ggﬁ:.§y$}2;‘?’a YepHble

http://tvkultura.ru/video/show/brand id/20863/video id/1774
42

T0ICK

Mownck Ne 26/2012
http://www.poisknews.ru/theme/international/
3745/?print

e B BEAYLUMX POCCUIACKNX HAYYHO-MOMYNAPHbIX U3AAHMUAX;

Hayka v xun3Hb Ne 4/2012
http://www.nkj.ru/archive/articles/20608/

o B 3JIEKTPOHHbIX I'Iy6J'II/IKaLI,I/I$IX.
http://www.i-mash.ru/news/nov_otrasl/19615-modernizirovannyjj-reaktor-ibr-2-vyveden-na.html

http://www.nanonewsnet.ru/news/2012/reaktor-nachal-regulyarnuyu-rabotu-na-eksperiment

PenopTaxu o cobbitusax n goctmxkeHusax JIH® perynapHo nybnukoBanuck B ABYS3bIYHOM GlonneteHe
«Hosocmu Ob6beduHeHHo20 MHcmumyma 510epHbix MccriedosaHuli» W eXeHenenbHOM u3gaHum
OUNAN «JYBHA: Hayka, Codpyxecmso, Npoepeccy.

Annual Re'ﬁ)rt
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9. HALLUU IOBUNAPBI

Bnaaumup Kasmmuposny UIFTHATOBUY

K 75-neTunto ogHoOro u3 BegyLmx Hay4Hblx COTPYAHUKOB JlaGopaTtopum HENTPOHHON OU3UKN.
TekcT CtpenkoBa A.B.

B cepeouHe wecTtuagecaTbix rogos, He 6e3 yyactusi 3am. ampektopa JIHO &.J1. Wanupo, B
Hawy JlaGopaToputo npuwen acnupaHT nabopatopun TeopetTndeckon dmsmku B.K. UrHatoeud. degop
JIbBOBMY NO OOCTOMHCTBY OLEHWUST CMOCOBHOCTM M 3HAHUSA MOSIOAOr0 TeopeTuka U Npeasiokun emy
pabotatb B JIH®. Torma Tematuka Jlabopatopum Obina cocpedoTodeHA B OCHOBHOM  Ha
nccnegoBaHusax B obnactm agepHon dwmsukn, n depop Jlbeoeud npuenek B.K. UrHaToBnya K«
obCcyXaeHnto BO3MOXHOCTM MocTaHoBkM B JIH® akcnepymeHTa MO MNOUCKY CYLWECTBOBAHUS Y
aNleMeHTapHOM YacTuLbl — HEMTPOHA ANEKTPUYECKOro AMNOoribHOro MomeHTa (B4M). Pesynbtat atoro
yHOAMEHTanNbHOro 3KCNepuMMeHTa MOr NPOSACHUTb CUTyaLMio, BO3HMKLLYIO He3adonro 4O 3Toro B
CBA3N C HabnogeHneM amepukaHckuMn dunsnkamm addekta HecoxpaHeHust T-4eTHOCTU B pacnage
K°-me3oHoB. [1ns akcnepumeHTa no noucky OOM y HentpoHa B.K. WrHatoBu4y paccumtbiBan Bpems
yAepXXaHus HEUTPOHa B CUCTEME M3 HECKOSIbKUX MOHOKPUCTansoB NocpeacTBOM nocneaoBaTenbHbIX
OparroBCKMX oTpaxeHuin. BTaHyBwucb B 3Ty npobnemy, B.K. UrHatoBMY HeoxmgaHHO Npennoxun
nckatb O0M He y HEMTPOHA, a y SNEeKTPOHa B aNbTEPHATUBHOM 3KCMEPUMEHTE, KOTOPLIN BCKOPE Bbin
nocTasfeH Ha NpeunsnoHHomM marHutomeTpe B JIHO, B rpynne b.B. Bacunbesa.

B panbHenwem B.K. rHaToBMY yBREKCA ynbTpaxonogHbIMU HENTpoHamn — YXH, koTopble
®.J1. Wanupo npegnaran ucnonb3oBaTb B 3KcnepumeHTe no noucky OOM HentpoHa. Otn YXH
OykBanbHO Ha rnasax y B.K. UrHaTtoBuya Bnepsble Obinv HabMOAeHbl B 3KCNEPUMEHTE Ha peakTope
VBP B JIH®. B ganbHenwem MONoaon TeOPETUK akTUBHO y4acTBOBan BO BCEX SKCNEpMMeHTax ¢ YXH,
npoBoaumbIX B JIH® 1 Ha peaktopax Apyrnx MHCTUTYTOB. OCOBEHHO ero npuBnekna UHTpuUrylowas
npobnema HesdAcHonm yTeukm YXH K3 3aMKHYTbIX COCYAOB, Bbi3BaHHAsd aHoMasnbHO 60MbLMMHK
notepsmn YXH npu ygape uMx O CTeHkM cocyda. OAns OObSCHEHWUSI MPUYMHBI 3TOrO SABMEHUSN
B.K. rHaToBUY BbIABUHYN pag NpeanonoXeHUn, HaynmHasi OT HEeKOTOPOro HecoBepLleHCTBa camMomn
KBAQHTOBOW MeEXaHMKM W KOH4Yasd MNPUCYTCTBMEM 3arpsA3HEeHU MNOBEPXHOCTM aToMamu Bogopoda.
MoabiToXMB cBOM 3HaHMA B obnactm YXH, UrHatoBu4 3awmTun KaHOuOATCKyl AuccepTaumio m
Hanucan MoHorpaduio «dPusmnka ynbTpaxonogHblX HEMTPOHOBY, KoTopas Obina m3gaHa B 1986 r., a
3aTeM nepeBedeHa Uu Bbllwfa B 3apybexHbiX ndgaHuax. JT1o bbina nepeas kHura o6 YXH, n go cux
nop OHa SIBNSIETCA NpeKpacHbIM CrpaBOYHbIM MaTepuanoM. HewTpoH, kak BonHa, Bce 6Gonblie
npuenekan B.K. rHatoBuya. OH psig cBomx paboT MOCBATUI MOBEAEHUIO HENTPOHA Kak BOJTHOBOIMO
naketa u cgenan psa HECKOSbKO HeOoXuAaHHbIX NPearnorioXeHumn, KacalLlmxcs HecoBepLUeHCTBa
Teopumn paccesHusa. Astoputet B.K. rHatoBMYya Kak y4eHOro poc, U OH, MONYyYMB MpurnalleHue,
yesxaeT B ANIUTENbHY0 KOMaHANPOBKY B ANOHUIO, rae NpoBest TeopeTudeckne 1 akcnepumeHTanbHble
nccrnegoBaHus No HEMTPOHHOM OMTUKE.

B 2007 r. OH 3awmTn SOKTOPCKYIO AMccepTauuio, a B Crieaylowem rogy M3 neyaTu Bbllna ero
BTOpas MoHorpadwmsa «HenTpoHHasa ontuka». CBOW  YBNEYEHHOCTb HEWTPOHHOW  OMTUKOW
B.K. UIrHaTOoBMY pacnpocTpaHsieT Ha wuccnegoBaHns B o6nactn o6blMHOM ONTUKA CBETOBOIO
AvanasoHa. OH pgenaeT cMmenble npeanonoxeHus Ans ob6bsACHeHWs MexaHusma obpasoBaHus
3arafjoMHOro MpPUPOAHOro (beHOMEeHa — LWapoBOM MOMHUKM, KaK NOBYLUKA ANS CBETOBbLIX (DOTOHOB.
B.K. rHaToBUY oOTNn4aeTcsl MNOCTOSIHHOW HaLUENEHHOCTbIO Ha uccregoBaHuMe cyTu (husndeckmx
npoueccos, byab TO aKCNEpMMEHTanNbHbIA annapaTypHbIi 3 ekT nnm pyHgameHTanbHble SBNEHUSN
B KBaHTOBOW MexaHuke: adpdekt AapoHoBa-boma, dasa beppu unm napagokc JIMHLITENHa-
Mogonbckoro-Po3eHa. OH Yalle Apyrux BbiCTynaeT Ha ceMuHapax, KoTopble NpeBpaLLalTcs B XUBYIO,
nopon Adaxe LYMHYIO AUCKYCCUIO Mo obcyxaaemon npobneme. B.K. MirHatoBMY npekpacHO BnageeT
aHIMUACKUM A3bIKOM, U He pa3 eMy NPUXOAUNOCb OblTb CUHXPOHHLIM MEPEBOAYMKOM Ha pasHbIX
COBELLAaHUAX U KOHPEepEeHUUNAX.
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B.K. UrHaToBMya oTnnyaeT 4yBCTBO BHYTPEHHEW rpaxdaHCKOW OTBETCTBEHHOCTU 3a cyabby
Hawero obuwiectBa. OH ewe B wecTnagecatblx rogax nuwet nucbmo B LK KIMCC, B KOTOpOM
npegnaraeTt peanusoBaTb npegnoxeHne H.C. Xpywesa o 6ecnnatHoM npoes3ge B FOPOACKOM
TpaHcnopTe. Bo Bpemsi apabo-uspamnbCkon BOWHbI B OKTAOpe 1973 . «Bpaxeckue rosioca»
COOOLNAN O TOM, YTO MCMAMCKME IKCTPEMMUCTbI U3 OpraHmsaumm «YepHbii CeHTAGPb» NpUrpo3nnn
A.Ll. CaxapoBy pacnpaBoW, eCIiM OH HE OTKaXXeTCS OT CBOEro NPOTECTHOro NMCbMa K NpaBUTENbLCTBAM
CCCP un CLUA, B KOTOpOM OH MpeanoXurn He nocbinaTb opyxue BotowmmMm ctpaHam. B.K. UrHaToBny
NPeAnonioXurl, YTo ANA COBETCKOro PyKOBOACTBa npeactaBuncsa yaobHbid criydyanm m3baButbeca OT
onanbHoro akagemuka. B.K. UrHaTtoBu4, noHMMasi, YTo ero nNpoTecTHOe MUCbMO B MNPaBUTENbCTBO
MOXeT He ycneTb, Aa U NPOCTO «3aTepAaTbesay, npuwen Kk 5.M. MNoHTekopBo 1 ybeamn ero nonbiTaTtbCa
npeanpuHAate genctena B 3awmty A.[l. Caxaposa. Nocne aton 6ecenbl BpyHo MakcumoBuY Bblexan B
MockBy, a BEpPHYBLUMCb YTPOM Ha Cregylowuin aeHb, ckasarn, 4yto B Npe3ngnyme Akagemumn Hayk ero
y6egunu B Tom, yto A.[l. CaxapoB OyaoeT HagexXHoO 3allUmLLEH.

9. HALLN IOBUNAPDI
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He octancs pasHogywHbin B.K. UrHatoBud 1 nocne HeygadHow nepBon MOMbITKUM B Aene
paspagkn oTHoweHun mexgy CCCP n CLUA Bo Bpems Bctpeun M.C.TopbayeBa un P. PenraHa B
PenkbsiBuke B 1986r. OH obpaTtuncss ¢ NIMCbMOM K 060MM Npe3naeHTam CO CBOMMU NPeasioKeHNsIMn
no ganbHenwemy ynydweHuno otHoweHnn mexagy CCCP n CLUA.

KoHeuyHO, Takasi counanbHO-NONMUTUYECKas aKTUBHOCTb pasapakana MecTHoe napTurHoe
PYKOBOACTBO, KOTOPOE «MNOSly4ano Mo Lanke» Mocre ovepegHoro nucbMa-obpawenus B LK ot
b6ecnaptuiHoro B.K. UrHaTtoBmua, cumTalollero CBoOMM [OOMrOM BbiCKa3biBaTb MAEW HE TOMbKO MO
dursmke, HO M NO pedOPMMPOBAHUIO HALLEn, Kak emMy Kasanocb, HeadhdekTMBHO paboTatoLlen
rocygapCcTBEeHHOW CTPYKTYpbI.

B.K. rHaToBUYy mcnonHunocb 75 net. Y Hero Tpoe CbIHOBEW, ABOE U3 KOTOPbIX OKOHYMN
MY n paboTtatoT B CLLUA. KoHeuHo, Bo3pacT Agaet o cebe 3HaTh: NyTb OT AoMa A0 paboThl ctan 6onee
NPOAOMKNTENbHBIM, Aa U MO NEeCTHMLAM YyXe Tak ObICTPO He yaaeTcs NogHUMMATbCH, HO 3TO COBCEM
He KOCHYNOCb €ero yernedeHHocTn dusukon. OH Bcerga OOCTYMNEeH ONfsi CBOUX KOMner, ¢ KOTOpbIMU
OXOTHO [JEenuTcsi CBOMMW 3HaHUAMW, OH MOCTOSIHHO HAaXOAWUTCH B KOHTAKTE C MOMOAEXblo: YnTaeT
NeKuMn, npuHMMaeT 3K3aMeHbl Yy CBOMX CTYOEHTOB, M 3TO eMy HpaBuTcs. A BbiCTynatwoLime
AOKNagyunkM Ha cemuHapax, yeBuageB B 3ane B.K. WrHatoBuua, HemHoro nobauBatotca ero
HEeOoXnO4aHHbIX BOMNPOCOB M MPUHUMMIMANbHbIX 3aMeYaHui, Bcerga nposiCHAKLWNX CyTb 00CyXaaemoro
ABNEeHus.

3urcopuag MATTUC

K 75-neTunio ogHoro 13 BegyLmx HaydHbIX COTPYAHNKOB JlabopaTtopmum HEUTPOHHOM OU3UKNA.
TekcT VIBaHKkuHbI T.U.

Mucatb o 3urdbpuge MaTtTuce TpyagHO M OTBETCTBEHHO. TPygHO, MOTOMY 4YTO Mbl C HUM
OTHOCUMCSI K pasHbIM MOKOMEHUAM, OTBETCTBEHHO, MOTOMY 4YTO OH ANA MEHS CKopee yuduTensb,
NoO3TOMYy MMETET yveHuKa 3acTaBnseT cebsi KOHTpPoONMpoBaTb M He MO3BONATb cebe nerkoBeCHbIX
BbICKa3blBaHWUN.

Korga-To OT cBoero npenogasatens (pusnkn B TyNbCKOM YHMBEPCUTETE A yCrbilwana Takyto
dpasy — «OH npekpacHblin pU3MK, a MaTeMaTMka y Hero — Ha KOHuYuMKax nanbues». 3Ta
XapaKTepucTuKa Kak Henb3s Nyylle oTpaxaeT npodeccuoHarnbHble kavectBa 3urdpuaa. Het Takom
dur3myeckon 3agaym, KOTOPYK OH He CMOr Obl peLlnTb, UCMOMb3ys COXHEMWNA MaTeMaTu4ecKui
annapar.

Bnepeble o 3urdpuae Mattuce 4 ycnbiwana B 80-e rogbl. Toraa Oygyyn acnupaHTKOW
UHctutyTta pmsmkm 3emnm nm.O.1O. LWmngta AH CCCP B MockBse, s 3HakoMunacb C HOBbIM HayYHbIM
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HanpaBneHneMm — MaTemMaTU4eCKUM TEKCTYpHbIM aHanu3om. B TO Bpemss MeHs umHTepecoBana
BO3MOXHOCTb KOSIMYECTBEHHOIO OMNWCAHWUS KpucTannorpaguyecknx TekcTyp (NpevMMyLLeCTBEeHHbIX
OPUEHTMPOBOK MWHEpParoB) KBapucoAepKallumMx ropHblx nopoA, obnagatwLwmx nbe3oanekTpuyecknmm
ceovictBamun. B 1982 rogy 6Gbina msgaHa Ha aHrmMACKOM A3blke kHura npodoeccopa X.ByHre, P
[H.J.Bunge Texture analysis in materials science // Butterworths. London. 1982]. HayyHas Lwkona
npogeccopa byHre 6bina n3BecTtHa BO BCEM, KaK NPUHATO Tenepb HasblBaTb, «MUPOBOM TEKCTYPHOM
coobuwecTtBe». KHury ByHre witygmpoBanu n metannoBefbl, U reooumanki. dTa KHUra umtnposanach
BO MHOMMX HayYHbIX CTaTbsX, MOCBALEHHbIX W3MEPEHUD KpucTannorpauiecknx TEKCTyp
NONUKPUCTAIIIOB PasfMyHbIMKU PU3NYECKMMU METOAAMU (PEHTIEHOBCKON AMdpakunen, onTUYECKUM
MUWKPOCKOMNOM M T.M.) U KONIMYECTBEHHOMY OMUCAHMUIO TEKCTYP C MOMOLLbIO (PYHKUMI pacnpeneneHns
3epeH no opueHtaumsam (PPO). Metogq byHre no BocctaHoBneHuwo OPO u3  Habopa
3KCNepUMEHTAINbHO W3MEpPEHHLIX MomtocHbIX duryp (IMP) npusHaBanca Kak OCHOBOMonarawLwmi.
OpHako, onucbiBas pesynbTaTthl Npoueaypbl BocctaHoBneHna ®PO, uccnegosaTtenu Bapyr Bce valle
cTanu ynoMmHatb 0 60MnbLUNX CTAaTUCTUHECKMX OLIMBOKaX NN O NOSIBNEHUM OTpUUaTENbHbBIX 3HAYEHWI
®PO, yero He MoXeT ObITb NO onpeaeneHuto. BONbLUMHCTBO CKMOHHbLI ObINWM MpUNUCbIBaTb 3TU
OLINBKN «HEKAYECTBEHHBLIM U3MEPEHNSIM» UMW Orpexam B nporpammmpoBaHun. U TyT BApyr nosBuncs
psg craTen, B KOTOPbIX YNOMMHAsnCs COBEPLUEHHO He3HakoMmbil MHe aBTop [S.Matthies On the
reproducibility of the orientation distribution function of texture samples from pole figure (Ghost
phenomena) // Phys. Stat. Sol. (b), 1979], kOoTopbI y>K€ AaBHO OTKPOBEHHO MMcan O CyLleCTBOBAHUN
«npuspakoBy, oTpuuatenbHbix PPO 1 00bAcHAN nx (He MoxeT ObiTb!!!) orpaHMyeHusiMM camoro
meToaa. BeiBogbl 3.MatTuca Obinun owenomnaowmmMmm. MHe NnpeacTosno uckaTb ApyrMe BO3MOXHOCTHU
KONMMYECTBEHHOIO OMUCaHUSA TEKCTYPUPOBAHHbIX MOSIMKPUCTANNOB Ha OCHOBE 3KCMEepMMEHTAalbHbIX
AaHHbIX. Takon MmeToq Bckope bbin npeanoxeH cammm 3.Mattmucom.

9. HALLUU IOBUNAPBI

UcTtopua xe ydyeHoro-teopetmka 3.MaTTuca HauyuHanacb Tak...(Bce HwkenpuBeOeHHble
noapobHble hakTel Guorpacmm 3.MaTtTuca 6bInmM 3anUcaHbl MHOW CO CNTOB CaMOrO Y4EHOr0).

3urcppng Puxapgosud Mattuc poguncs 8 aerycta 1957 roga okono r.[lpesgeHa, epmaHus B
paboyen cemMbe xecTaHwMKa. ocne OKOHYaHWUS HavanbHOW LUKOMbI MpoLWeNn CUCTEMY MOArOTOBKU
IOHbIX KagpoB TorgawHen monogon AP, n 6bin HanpasneH B 1955 rogy anga yyebbl Ha dumsdak
JleHnHrpagckoro yHmBepcuTteTa.

Cyaobba nogapvna emy B XXU3HWU CHACTIIMBYK BO3MOXHOCTb YYUTbCS, COTPYAHMYATb M NPOCTO
paboTaTb C BblOAKLWMMNCS YYEHBIMU CBOErO BpeMeHW. Tak, OH cnyLasn nekuun no mateMatmyeckon
cratuctuke y camoro B.N.CmupHoBa, ¢dusmky y C.O.Opuwa m sawmtun gunnom no kadgenpe
B.A.®oka. OH ycnewHO MNpuUMEHUNT annapaTt OnucaHusl npouecca nepegayvn SMNeKTPOHOB OIM3Ko
nponeTawWmnx aToMoB (MO Matepuanam kaHgupatckonm gucceptaumm HO.H.[lemkoBa) Ha agepHbIn
YpOBEHb, T.e. nepeaady HyknoHoB. B pesynbTate 3.Mattuc 6Gbin HanpaeneH B acnupaHTypy B
HUANASD MI'Y B otaen A.C.[aBbigoBa, n TecHo coTpyaHunyan ¢ B.I.HeygauunHbim, KO.®.CMnpHOBLIM U
B.B.banawosbiM. C nocnegHnm ero ceasbiBana TecHas gpyxba 0o ero HegaBHeN KOHYMHbI.

B 1963 rogy 3.MaTTuC 3awmnTun KaHOMOATCKY0 AUccepTaumio Mo HYKMOHHLIM accoumalmsm B
nerkmx sigpax (obnactb, KoTOopasa onaTb crTana «MOAHOW» B MocredHue rodbl), NOJTyYMB XOPOLLYHO
3aKarnky Mo KBaHTOBOW MexaHuke U Teopum rpynn. Xoawmn Ha BypHble, HO yaMBUTENbHO rnybokue no
dumamyeckomMy MbliNeHUO JlaHaayBckue cemuHapbl, U NOTepsan, No ero CrioBaM «3a fnonvaca Aea
nutpa nota», npobuBas y E.M.JlmBwuua cratbto B XKOTP. Cnycta 20 neTt oHW BCTpETUNUCH C
JinBwmnuem onate B 6onee gpyxeckonm atmocdepe no cny4vato nepesoga 3.MaTTMCOM Ha HEMELKKUMA
A3bIK U N34aHUS TOMa 3HAMEHUTOrO KpaTKOro Kypca no KBAHTOBOW MeXaHWKe U Teopuu Nons.

BepHyBwincs B 1964 rogy B [epmaHumo, 3urppmg crtaHoButca cotpygHukom ULWAN
Poccengopd, roe eMmy noc4acTnNMBUIIOCE CEMb feT paboTaTb psgoM ¢ hM3MKoOM MUPOBOIO Kracca u
BblJalOWMMCA MO CBOMM KayecTBam 4eroBekoM akagemukom Krnaycom ®dykcom. COBMECTHO C
COBETCKMMW MCCreaoBaHuMsaMn, nposoaumMbiMn B r.Menekecce, B pamkax nporpammbl pasBuUTUS
A0EepHOro peaktopa Ha ObICTpbIX HeWTpoHax ObINO NpoBeAeHO uccnegoBaHMe MNOBEAEHUS U
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BO3MOXHOCTM nepepaboTkM nactoobpasHOro SOepHOro ropryero Ha OCHOBE >KMAKOrO HaTpwus,
ncnonb3ys annapart CTaTUCTUYECKON (PU3NKN U PEOSIOTUN.

9. HALLN IOBUNAPDI
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MepBbIt TBOpYECkM OTpe3ok Xxm3Hm 3.Mattuca B Jlabopatopmm HEWTPOHHOM OUIUNKK
oTHocuTca K nepuogy ¢ 1971 no 1977 rr. MNo npegnoxernuno &.J1.lLannpo n nog pykoBoaCcTBOM
K.XeHHura 6bina cosgaHa HemeLukas rpynna no u3yyYeHuto aHepreTU4ecknx ypoBHen 4f —anekTpoHoB B
9NEKTPU4ECKOM KpucTannuyeckom none. TpeboBancs ONbiTHbIM TEOpPeTWK ANS MHTepnpeTauun
9KCMEPUMEHTOB MO HEYNPYroMy paccesHuIo HENTPOHOB. 3.MaTTUC eCcTeCTBEHHO COrfacurcs B3sTbCA
3a 3Ty npobnemy, XOTa ONsiTb NPULLNIOCH NEPECKOYUTb MO SHEPreTUYECKON LUKane Ha Lenble NOpsiaKu:
oT atomoB (eV) Kk agpam (MeV) m Kk paccTosiHMsM YPOBHEW B KpucCTannmyeckux nonsx (mev).
MpuTarnBana He TOMbKO BO3MOXHOCTb MPUMEHEHUs yxxe HakonneHHoro 6oraToro onbita B obnactu
MHOFOYaCTUYHbIX KBAHTOBbIX CUCTEM, HO U OTKpbIBAKOLLMECH TOr4a HOBblE BO3MOXHOCTU paboTbl Ha
nepBbIX MOLLHbIX BbIMUCNIUTENBHLIX MawwuHax. CrnegyeT ckasatb, 4TO NOO6OBb K usmke, wu
MaTemaThKa - «Ha KOH4YMKax nanbuesB» noTpeboBanu cBoen peanu3auum U B 3TOM npoekte. Pacyet
nonen B MOHHbIX KpUCTanmnax YCrOXHANCA Tem, YTO pes3ynbTupylowme psagbl ¢ y4eTtom Bce Gonee
yAaneHHbIX 060no4Yek cocegHNX MOHOB OYEHb MeASIEHHO CXOoAATCsA. [puLWNIOoCh NONTK Ha yXULLPEHWS,
NCMNonb3oBaB COBPEMEHHbIN annapaTt cdepuyecknx QyHKUMA M Teopuu rpynn, 4YTo MNpUBESIO K
nepBoOMy 3aMETHOMY MeXayHapodHOMY pe3oHaHcy pabot 3.Marttuca. Xotsa KO.M.OctaHeBuu C
CaMoro Hadana OTHOCWUIICSi CKEMTMYECKM K OaHHOW 3aTee («Bupanu Mbl pagbl M 9TM cdepuyeckue

DYHKUMN. .. »).

Heobxoanmo 3ameTuTb, 4TO «(PUPMEHHas mapka» 3urcppuaa MaTtTuca o3HavyaeT 4eTKyro
GopMYynMPOBKY OUBNYECKUX MPEAMNONOXKEHUN U TO, YTO B KOHLE BCEX CHOXHbIX MaTeMaTUyecKux
pacyeToOB CTOUT «YUCIIO», 3a KOTOPOE aBTOP pyyaeTcs.

Bckope nocnegoBano nepBoe nepcoHanbHoe npurnaweHve (B 1e BpemeHa!) B UHcTutyT
M.Weppepa (PSI) B LBenuapun, a no mtoram aybHeHcknx paboT 3.MatTuc 3awuTun AOKTOPCKYIO
AnccepTaumio B TexHuyeckom yHusepcuteTe r.[ipesgeqa (1978).

Mo Bo3BpalleHmto B PocceHgopd 3. MatTnc nnaHupyeTt o600WmMTb pasBuTbIN MM annapar Ha
MeTannuyeckne obpasubl «C 0bunnem cBobGOLHLIX SIEKTPOHOB MEXAy OCTpoBaMun MOHOBY». OgHako B
€ro Xu3HW rnocnegoBar HOBbIA KPYTOW NOBOPOT, CBA3AHHBLIN C MOHATUEM «TEKCTYPHbIN aHanua» (TA),
KOTOPbIW, NO €ro CroBaM, « K CoXXaneHuto, He OTrnycKaeT ero Bce nocneayoLlme AecaTuneTus».

B 60-x rogax npodeccop X.ByHre, pabotaBwui torga B [pesneHe, ocywecTBuil 60MnbLUON
Ka4yeCTBEHHbIN ckavyok B TA, BBeAs Tak HasblBaemyto OyHKLMIO pacnpegeneHusa opmeHtaumm OPO, n
nokasan ee nMpUMEHEeHMEe K  OMUCaHUI  TEXHUYECKN  UHTEPECHbIX  TEKCTYPUPOBAHHbLIX
NOMMKPUCTANNMYECcKUX metannuyeckux matepuanos. Camy ®PO MOXHO BOCCTaHOBUTb M3 MPOEKLUIA
(nontocHbIX curyp MNdP), namepsaembix AMPPaKUMOHHBIM METOAOM, UCMOMb3ya ANA BOCCTAHOBMEHUSA
annapat dypbe (cepudeckne yHkuumn). B 1o ke Bpems B PocceHoopde npoBoavnnch nepsble B
Mupe mamepenns MNP ¢ nomowpto HenTpoHoB. C nepeesgom X.byHre B ®PI, B P He ocTanocb
cneumanucToB, KoTopble CMOrKM Obl ObICTPO 060OWUTL OCTaBMEHHbIE WM MporpamMmbl  Ha
WHTEpECYIOLLME TeOornioroB ropHble MNopoabl C CUMMMETPUAMM KpucTanmnoB, Gonee HU3KUMU, 4YeMm
Kybuyeckue.

Barnagbl reoconankoB n reonoros 6biM obpalleHsl k 3.MaTTucy. lNocneacTemst KOHCyNbTaLuUi,
CHayana paccmaTpuBaeMblX WM Kak «BCromoraTenbHble», Ansg 3.Mattuca okasanucb KparnHe
HeoXuaaHHbiMM. OH C ero npupoOXOeHHbIM 4YyTbeM K owwnbkam 3ametun B 1977 rogy, 4TO
namepsieMble AndpakUMOHHbIE NOJSOCHbIE durypbl 06nagatoT MHBEPCUOHHOW CUMMETPUEN, MO3TOMY
NONHOCTbI0 BoccTaHoBUTL PPO n3 «HenonHbix» MNP B obuwem cnydyae Henb3s. BoccTaHOBREHHbIE
«no-byHre» ®PO copepxat «npuspakm» N HGecCMbICNeHHbIE OTpuLaTeNbHble 3HAaYeHUs, Torga Kak
®PO kak BepoATHOCTHas QYHKUMS — cyrybo nonoxurtenbHa. Heobxoommo Obino oTONTK OT annapara
®dypbe B BEPOSASTHOCTHOM MWpPe W HaWTU anropuTMm, B KOTOPOM OTpuuaTenbHble Yucra BoobLie
oTcyTCcTBYIOT. 3.MaTTUC caenan MHOroe B NiiaHe aHanmsa 1 KOppeKkLuMu NpM3pakos, a Takke co3gaHns
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«UCTUHHO» KONMYECTBEHHOTO TEKCTYPHOro aHanm3a. 3a KOPOTKUMA CPOK OH cTan OAHUM K3 €ero
BeAyLLMX TEOPETUKOB.

9. HALLUU IOBUNAPBI

ExerogHble «HeMTpoOHHble wWkonbl» B 80-x rogax B PocceHoopde cTanu MeCTOM BCTpeyu
TEKCTYPLUMKOB 3anaga u Boctoka. A ansa 3urdpuaa nocnenoBany MHOrOYMCNeHHble paboyne noesakm
B MHCTUTYTbl MHOIMMX CTpaH. B utore oH no Heckonbko net pabotan Bo PpaHuun, Utanmm, CLUA (B
OCHOBHOM, B Bepknn), untan rogoBon Kypc nNo TeKCTypHoMy aHanuay B HOxHoin Kopee. B 1989 rogy
Obin nNpurnaweH ans YteHnss nekun1 B Cubumpckom otaeneHnn AH CCCP. 3a Bce 3TO BpeMs OH He
notepsn cea3n ¢ JIH® 1 ero TeKCTypHOW rpynnomn, BbICOKO LieHA TBOPYECKYD aTMOCMepy U «TUXUNA,
B3aMMHO YBa)aloLuI CTUNb paboTbl», 3anoxeHHbin N.M.PpaHkom.

BcTpetntbesa e NUYHO M NO3HaKOMUTBLCH C 3UrdpraomM MHe Yxe NnocyacTNMBUAOCE, Koraa S
Hayana pabotana B JIH® (¢ 1998 roga). 9710 6bINO B 1999 rogy Ha OOHOW U3 «TEKCTYPHbLIX»
KOHpepeHUunn B [eTTUHIEHCKOM yHMBepcuTeTe B epMaHuKn. Yxe Toraa reodusvkm u reosnorn c
MOMHON YBEPEHHOCTbIO CTanu MCMOMb30BaTb KOMNMWYECTBEHHbIN TEKCTYPHbI aHanu3 Ans OnucaHus
CBOWCTB TEKCTYPMPOBAHHbLIX FOPHbIX Nopos ¢ ucnonb3oBaHnem metoga WIMV, HasBaHHOro B 4ecTb
ero cosgarenen Bunbsamca, imxoda, MaTttuca un BuHenb. Kctatu, MNanuHa BuHenb — 310 cynpyra,
COaBTOp cTaTen u MoHorpadui 3urdpuga, ero Hagexaa u onopa B 3TON XKUIHU.

Byayun cdopmarnbHO yxe Ha neHcuun, 3.MaTTuc ¢ 60MnbLIMM MHTEPECOM MPUHAN NpurnaweHve
pykoBoacTtea JIH® ¢ 2007 roga pabotaTb HECKONMbKO MECALEB B rody B Ka4ecTBe BeAyLlero Hay4Horo
COTPYAHUKA B rpynne HblHe MnokonHoro npodpeccopa A.H.HukutnHa. EMy npeacrtosno COBMECTHO
n3yyaTb M onMcaTb CBOWCTBA MHOrogasHbiX CUSMIbHO aHU3OTPOrMHbIX EOSIOrMYecKnx MaTtepuanos,
obnagarowmx nopamu, TpelumHamm, Hecepmnyeckummn 3epHamm n cobeTBeHHbIMM GPO atux dopm.
MoMmMmo aTOro HyHO 6biNO NepefaBaTh ONbIT MOSIOALIM TanaHTNUBLIM COTPyAHMKaM. 3a nocnegHue
rogbl pabotel B JIH® 3.MatTncom ycnewHo Obifl pa3BuT U NPUMEHEH Tak HasbiBaembit GeoMixSelf
(GMS) — meTon, cnocobHbIM onucaTb B pasyMHOM NpubnvKeHUM CBOWCTBA rOpHbIX nopod. Ero
WHTEpecylT W nNpobrnembl, HENOCPeACTBEHHO CBSA3aHHble C  HEWTPOHHO-AUMPAKLMOHHBIM
9KCMEPUMEHTOM, Hanpumep eCcTb MAeuM ONTUMMU3aumm W MOBbIWEHUA KayecTBa MHGOpMauun
ANPAKUMOHHBIX CNEKTPOB, M3MepPAEMbIX C MOMOoLLbLo andpaktomeTpoB CKAT u DncunoH.

3urcppmna Mattuc nmeet okono 130 nybnukaumn n moHorpadun. Ero anropntmel, 0COH6EHHO
WIMV-meTon BoccTaHoBnenna PPO, metoa crtaHAapTHbIX YHKUUMA U METOA4 TeOMEeTPUYECKOro
yCpenHeHMs ynpyrux CBOUCTB SABMAKOTCS BaXXHbIMW arieMeHTamu nporpammMHbix cuctem POPLA (Jloc-
Anamoc, CLWA), BEARTEX (Bepknu, CLLA) 1 MAUD (TpeHTO, ATanusa) n WNMpoko Ucnonb3yTcsa BO
BceM mupe. B 1983 rogy 3.MaTttuc crtan naypeatom npemun umeHu [.[epua [epmaHckoro
dursmyeckoro obulectea, B 1984 r. npocdeccopom npu AH I'AP.

B nnyHom >xe nnaHe 3urcopma MHOrOCTOPOHHE pa3BuThbii YenoBek. Kak unsnk-TeopeTnk oH no
CTUITIO «MOHax», NPeanoYnTaeT OAMHOYECTBO U NOKOM (AMNNOMHYKO paboTy nucan B CTEHHOM LiKady
obwexntnst). W ewe, No ero MHEHUIO, «HAOO YMETb MO BO3MOXHOCTU BCE, HO Iyylle 3TOro He
nokasbiBaTb». A B XW3HM 3TO NPMBOOMUIIO K TOMY, YTO OH PYKOBOAWMN rpynnamm TeopeTukoB, Obin
HecKkonbKko neT pedepeHTom npu ynpaenedmn AH AP, B 70-x rogax pabotan cekpeTtapem Buue-
anpektopa OUAN K. JTaHnyca, b npodCco3HbIM akTUBUCTOM U T.4.

3urcopna MaTtTnc nwbut coTpygHudatbe C aKCnepumeHTatopamu, 6e3 ycunun npeogoneBas
TPYAHOCTM B MOBCEOHEBHOWM >XW3HW, coBeTyeT: «Ecnu y Bac npaktuyeckme npobnembl, crnpocuTe
TeopeTuka». B mMonogoctu oH 3aHMMancsa nerkom aTneTukonm (MMen OOCTUKEHWUS, «4yTb fydlle
YKEHCKMX MUPOBbIX PEKOPAOB»), BOEHHbIM NATUOOPLEM, CMOPTMBHBIM TYpM3MOM. Bbin ogHMM 13 Tpex
ocHoBatenen «[lybHeHckon koHtOWHUY» Tuto MNoHTekopBo, n 06be3gmn Ha ceoem «[lporpecce» Bce
Gnmanexalume okpecTtHocTn. MHOro nyTeLlecTsoBar, NOCeTUN pasHble yronku Poccun n mupa.

3.MaTTuc OXOTHO OEnUTCHA CBOMM OMbITOM C JfI0ObMU TBOpPYECKUMMN, 0COBEHHO CNOCOOHLIMMK
monoabiMun q.')VI3VIKaMVI, OAHaKO He nbut Yype3mepHOo I'Iy6J'IVIKOBaTbCFI n e3gntb Ha BCEBO3MOXHble
KOHCbepeHLl,I/WI. « B otnuuune ot 3CTpaaHoOro nesua», - CHUTaET OH, ((yHeHbIVI NOEeT CBOKO MECHIO JTNLLb

Annual Report




@@Q.
5

OaVH pa3. HoBble MHTEpeCHble paboThl B BONbLUMHCTBE CBOEM MPUXOAAT KO MHEe camu coboi, 4yacTo
ewe 4o nx nyoénukaummy».

9. HALLN IOBUNAPDI
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«MHoromy B cBOEW *M3HM 9 0053aH ceoewn cynpyre I.B.BuHensb, - noguepkueaet 3.Mattuc,- ¢
KOTOPOWM NO3HAKOMUIICH YKe Ha NepBOM Kypce U TeCHO coTpyAHu4dan no pabotex». B 2012 rogy oHu ¢
Cynpyrom oTnpasgHoBanu «3050Tylo» cBagbby. Y Hero — Gonbliasi cembsi: ABoe Aeten — pu3nkm un
NSATEPO BHYKOB, KOTOPbIE pagyloT ero CBOMMM ycrnexamu B yyebe, cnopte u My3bike.

BoT TtakoB oH, 3urdpug MaTtTuc, MHOrOrpaHHbIA YYEHbIN, BENUKOMNENHbIA YYUTENb U YESIOBEK,
KOTOpPbIA «yMeeT No BO3MOXHOCTU BCEY.

AnekcaHgp Bnagumuposuy CTPEJIKOB

K 75-neTtunto ogHoro ua BegyLmx Hay4HbiX COTPYAHMKOB JlaGopaTtopmm HEMTPOHHON OU3UKN.
Tekct WabanuHa E.I.

AnekcaHgp Bnagnmuposuy Ctpenkos npuwen B JllaGopatoputo HenTpoHHoM dunaunkn OUAN B
1960 rogy, nocne oKoH4YaHus1 TOPbKOBCKOrO yHMBEpCUTETA, MOSIOAOW, B3bEPOLLUEHHbLIN, B NOTEPTOM
ceutepe. OH y)Xe Hemaro 3Har, HO elé He MHOro ymern. A Tenepb.... Tenepb, KaXxabl pa3, BXoasa B
kabuHeT Caww (ga, ero MaHepa »*uTb, ero MaHepa obLiaTbCs C NIOABMU HE OCTaBNSeT BO3MOXHOCTH
Apyroro obpatleHus), 5 BcnomuHato kHury o Pobepte Byae, «yapoaee cduaunydeckon nabopatopmmy.
Takasa e Henpeogonumasi TaAra M HEBEPOATHOE yBMnevyeHne (U3NYEeCKUMM OnbiTamu... Takoe xe
n3obpeTtaTenbCTBO M MACTEpCTBO 3KCMEpUMeEHTa.... ATo BaMm He [Mappu [loTTep, 3T0O — WCTUMHHOE
BONWEOCTBO rpaMoTHOro omaunka.

Korga nuwelb unu pacckasbiBaellb O HEOpAUHAPHOM YeroBeke, He cpasy peluullb, C Yero
HayaTb. Ima Cawmn CTpenkoBa HanoMuHaeT O BENIMKOM MHOXeCTBe COObITUN, SIBNEHWUW, ann3040B,
aen. Ho, HaBepHoe, B Hay4YHO-MH(POPMALMOHHOM XypHane cregyeT, npexne Bcero, OTMeTUTb, YTO
AnekcaHgop BnagumupoBud — nNpPeBOCXOAHLIN (PU3MK-IKCNEPUMEHTATOP,  Nyylnin  aKcnepT Mo
perucrtpaumm HenTpoHoB. OH C MOMOLLBI0 CBOMX YYAECHbIX AETEKTOPOB MOXET BCE: Onpeaenntb Ha
paccTosiHAM B KMIOMETpbl, paboTaeT nm TOT unn uHon yckoputenbs OUAN, oTpessuTb nobutenen
CEHCALMOHHbIX  OTKPbITUA  XOMNOAHOro  TepMosida, U3MEepUTb  rpaBUTAUMOHHBIE  YPOBHU
yNbTPaxonoAHbIX HEUTPOHOB M MHOroe apyroe.

Ho n B 4pyromM — B YMEHUM XNTb YECTHO, NOSTHOKPOBHO, MHTepecHO — Calla Takke TanaHTnvse
1 HENoBTOPMUM, Kak B dusmke. OH — opurmHan v Yygak B xopowem cmbicne. Cawa — 370 U30MeHThbl Ha
BErocuneaHbIX Konecax BMECTO LUMH, 3TO — TpY Yalku 4asa Ha obed, 3To - Aaya B rNyxom necy, 3a
OECATKN KUITOMETPOB OT Grivbkanwero nocernka, rae OH BblpaBHMBAET TshKeNeHHbi cpybd un3 30-cm
OGpeBeH C TOYHOCTbIO A0 OAHOro MukpoHa (!) ¢ npMMeHeHWem TOMbKO pblyara, 3TO — MNOMeTbl Ha
nnaHepe, MPbDKKW C MNapawioToM, MageHUs C fbBKHOro TpamnfuHa, 370 — u3obpeTtaTenbHble u
CMELLHbIe KapuKaTypbl 1 AeKopauun K cnekTaknsaMm. [Anga 3abexasLlumx B KabMHeT Konner y Hero Bcerga
HaroToBe BOCTOPXEHHble CrioBa O TOM WM MHOM 3aMeyaTenlbHOM 4YenoBeke U PU3nke, C KOTOpbIM
HegaBHo noobuwarncs (a Cawe Be3ET Ha ApyxOy c xopowmmmn nogpmu), obsasaTensHble pusnyeckne
3aayku Ha cmekarky (0co6eHHO OH MNbuT 3agayn o ByTbiNkax B OKeaHe, HanorioBUHY HanoOMHEHHbIX,
XOTS caM abContoTHbIN TPE3BEHHWK), MHTEPECHbBIE UCTOPUN N BOCMIOMUHAHUSA O TOM, YTO Apyrne AaBHO
3abbinun, YTO B AEUCTBUTENBHOCTU, BO3MOXHO, ObIIO M HE TaK KpacuMBO M FrepouvYecku, Kak B ero
pacckase, HO «kakas necHs 6e3 6asHa?» basiH, Kak NyLWKUHCKMA HapOAHbIA CKasuTenb, XpaHUTenb
ObIH 1 uctopun — ato Cawa Crpenkos ana JIHO.

M BCE 3TO — He anaTtax, He nokasyxa. OTo0 — pafgoCTb XWU3HWU, 3TO — AMOUUKN 1 NO6OBb, 3TO-
nHTEepec K noasaMm. [late XnM3Hb YeTBEPbIM CBOMM J0YEPSIM M CbIHOBbSM, Hay4uTb (PM3UKe Crienoro
FOHOLLY — 3TO /1 He N6oBL?

Pepnko BCcTpeTuwwb Takyto 6e33aBeTHY0 BEpPHOCTb CBOEMY YUMTEN0, KOTopyto xpaHuT Cala K
namsatn ®enopa JibBoBuya LLanunpo, yxe copok Nnet nocrne ero KOHYMHbI. 3MMOW, B MeTernb N UMK B
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Tpeckyunin Mopos, Ha morune LWanmpo B MockBe, B kaxayl rofoBLUMHY €ro cMepTu, obsizaTenbHO
NOSIBNSOTCS XBOWHblE BETKU, cpybrieHHble Calueil Ha BepXHUX «3dTaxax» OAyOHEeHCKUX ernok — BHU3Y
BCE NOAYMCTUNMN Caf0BOAbI.

9. HALLUU IOBUNAPBI

EOVHCTBEHHbLIM HeOoCTaToK AneKcaana BJ'Ia,EI,I/IMI/lpOBI/I‘-Ia — BbINecTtoBaljl HEeCKOJ1bKO
npeKpacHbIX (*)I/I3VIKOB, a CaM He MOXeT BblKpOUTb BpEMEHU Ha OOKTOPCKYHK AnccepTauluio.

[a, 3abbin npo Tpu BonwebHble 6ykBbl — YXH. OHM BCHO XU3Hb CBsi3aHbl ¢ paboton A. B.
CrtpenkoBa. Ecnu Bbl ycnbllunTe crnoBa «yfbTPaxonogHble HEWTPOHbI» — 3HAYUT, rOe-To0 psiaoM
nputaunca AnekcaHap Bnagumumposud co ceoen «[lyHen» (9To He noboBHMUA, 3TO — cHeTumk YXH).
C 1968 roga, korga oH BmecTte ¢ FOpnem HaymoBunuem NokoTunoeckum n Bnagucnasom ViBaHoBuYEM
JlywmkoBbiM nog pykosoactsom @.J1. Wanupo nepBbiM B Mupe Aokasan CylwecTBOBaHWE 3TUX
yANBUTENbHbIX YacTuL, (ObINO 3aperncTpMpoBaHO Kak OTKPLITUE), OH HE U3MEHS UM HUKOrA4a U 4O CUX
nop B 'peHoGne (K coxaneHuto, Halw peakTop He MOXeT NpefoCTaBUTb OOCTATOMHOE KONMYEeCTBO
YXH) npogomxaeT yauBnsiTb MUP YHUKasbHbIMU BO3MOXHOCTAMU MX MPUMEHEHUS A8 pa3ragok TavH
MuposaaHus. Bnpoyem, cnoBso «yamenaTb» He coBceM TouHO. Cawa 6onblue cnepyet aesnsy «Hago
He yauBnNsTb MUP, a XUTb B HEM». W OH xuBeT... MMONHOKPOBHO, MonesHo, 4YecTtHo. byab 300poB.,
AnekcaHgp Bnagummposud, Cawwua!
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10.9KCMEPUMEHTANbHbIE OTYETbI * B _@

OTAEN HEUTPOHHbIX NCCNEOOBAHNNA KOHOEHCUPOBAHHbBIX CPE[,

SMALL-ANGLE NEUTRON SCATTERING FROM MAGNETOFERRITIN: CONTRAST VARIATION
M.V. Avdeev, V.I. Petrenko, L. Melnikova, O.l. Ivankov, V.M. Garamus, L. Almasy,
Z. Mitroova, P. Kopcansky

STRUCTURAL AND MAGNETIC SIZE EFFECTS IN NiO NANOPOWDERS
A.M. Balagurov, I.A. Bobrikov, N. Mironova-Ulmane, A. Kuzmin

HYDROGEN BONDED NHO CHAINS FORMED BY CHLORANILIC ACID (CLA) WITH 4,40-DI-T-
BUTYL-2,20-BIPYRIDYL (DTBBP) IN THE SOLID STATE

G. Bator, W. Sawka-Dobrowolska, L. Sobczyk, M. Owczarek, A. Pawlukojé, E. Grech,

J. Nowicka-Scheibe

QUASIELASTIC NEUTRON SCATTERING BY LIQUID Na AND Na-H MELT
N.M. Blagoveshchenskii, A.G. Novikov, V.V. Savostin, M.S. Shamaev

FREQUENCY SPECTRUM OF PURE SODIUM AND HYDROGEN IN Na - H MELT
INVESTIGATION
N.M. Blagoveshchenskii, A.G. Novikov, V.V. Savostin, M.S. Shamaev

IN-SITU NEUTRON DIFFRACTION ANALYSIS OF Li-ION BATTERIES
LLA. Bobrikov, A.M. Balagurov, Chih-Hao Lee, Chih-Wei Hu, Tsan-Yao Chen,
Sangaa Deleg, D.A. Balagurov

INVESTIGATION OF PERIODIC MULTILAYERS
V.I. Bodnarchuck, V.K. Ignatovich, S.P. Yaradaykin, L. Czer, T. Veres

APPLICATION OF NEUTRON TRANSMISSION DIFFRACTIONFOR MATERIAL STUDIES
G.D. Bokuchava, I.V. Papushkin, E.S. Kuzmin

MICROSTRAIN STUDIES IN FERRITE-MARTENSITE STEEL USING TOF NEUTRON
DIFFRACTION
G.D. Bokuchava, V.V. Sumin, I.V. Papushkin

THE CHANGES IN MAGNETIC STRUCTURE OF ThCo, AT HIGH PRESSURE
E. Burzo, P. Vlaic, D.P. Kozlenko, S.E. Kichanov, N.T. Dang, E.V. Lukin, B.N. Savenko

THE SANS STUDY OF THE UNBINDING TRANSITION OF LIPID MEMBRANES AT LOW
CONCENTRATION OF Ca?' IONS
Yu.E .Gorshkova, A.l. Kuklin, V.I. Gordeliy

STRUCTURE OF NANODIAMOND CLUSTERS IN AQUEOUS DISPERSIONS BY SMALL-ANGLE

NEUTRON SCATTERING
M.V. Korobov, D.N. Volkov, L.A. Belyaeva, M.A. Proskurnin, M.V. Avdeev, O.V. Tomchuk, V.L. Aksenov, A.V.
Rogachev

INVESTIGATION OF AMORPHOUS MAGNETIC WIRE USING POLARIZED NEUTRON
MICROBEAM
S.V. Kozhevnikov, F. Ott, A. Thiaville, J. Torrejéon, M. Vazquez

HIGH PRESSURE EFFECTS ON THE CRYSTAL AND MAGNETIC STRUCTURE OF
MULTIFERROIC RbFe(Mo00,).
D.P. Kozlenko, S.E. Kichanov, E.V. Lukin, N.T. Dang, A.l. Smirnov, B.N. Savenko

PERSISTENT LENGTH OF WORMLIKE MICELLES OF ANIONIC SURFACTANT
V.S. Molchanov, O.E. Philippova, A.R. Khokhlov, A.V. Rogachev, D. Soloviov, A.l. Kuklin

* Bce 3KcnepuMeHTalNbHble OTYeTbl OMNyGrNUKOBaHbI B TOM BuAe, B KOTOPOM OHM MpeacTaBleHbl
aBTOpamu.
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(@. o 10. 3KCMEPUMEHTANbHbIE OTYETbI*

AGGREGATION IN MIXED NONIONIC C14E7 AND ANIONIC CsDS SURFACTANTS MICELLAR
SOLUTIONS
A. Rajewska, K. Medrzycka, D.V. Soloviov

Q-SCALE CALIBRATION OF SMALL-ANGLE SCATTERING SPECTROMETERS
A.V. Rogachev, M. Nyam-Osor, D.V. Soloviov, O.l. Ivankov, Yu.S. Kovalev, A. Jigounov, A.G.
Soloviev, R.V. Erhan, A.l. Kuklin

FREQUENCY SPECTRA OF TUNGSTEN AT TEMPERATURES 293 AND 2400 K
V.A. Semenov, O.A. Dubovsky, V.M. Morozov, A.V. Orlov, D.V. Savostin, V.V. Sudarev

OTOENEHUE AOEPHOU ®U3UNKU

TRACE ELEMENT DEPOSITION IN MACEDONIA STUDIED BY MOSS BIOMONITORING
TECHNIQUE, NAA, ICP-AES AND AAS
L. Barandovski, M.V. Frontasyeva, T. Stafilov, R. Sajn, K. Badeva, T.M. Ostrovnaya

NEUTRON ACTIVATION ANALYSIS OF BIVALVE MUSSELS USED AS AQUATIC BIOMONITORS
IN THE SOUTH AFRICAN ATLANTIC COASTAL WATERS
J. Bezuidenhout, M.V. Frontasyeva, D.F. Pavilov, Z. Goryainova, l. Zinicovscaia, Ntombizikhona
Beaulah Ndlovu

INSTRUMENTAL NEUTRON ACTIVATION ANALYSIS USED TO STUDY HALOGENS IN
MACROALGAE FROM THE CRIMEAN COASTLINE OF THE BLACK SEA
A.V. Kravtsova, M.V. Frontasyeva, N.A. Milchakova, L.P. Strelkova

NUCLEAR AND RELATED ANALYTICAL TECHNIQUES FOR STUDYING DEPOSITION OF
TRACE ELEMENTS IN INDUSTRIALLY CONTAMINATED AREAS: THE KARDZHALI LEAD-ZINC
IN BULGARIA

S. Marinova, G. Hristozova, A. Marinov, M.V. Frontasyeva, L.P. Strelkova, Z. Goryainova,

A.Yu. Dmitriev, T. Stafilov, K. Baceva, I. Vuckovic

ELEMENTAL ANALYSIS OF MOSSES AND LICHENS FROM THE WESTERN CAPE PROVINCE

(SOUTH AFRICA) DETERMINDED BY ENAA AND ICP-MS - FIRST RESULTS
N.B. Ndlovu, M.V. Frontasyeva, R.T. Newman, P.P. Maleka, R. Botha, I.I. Zinicovscaia

EXPERIMENTAL SETUP FOR INVESTIGATION OF RESONANCE NEUTRON INDUCED FISSION
OF #%pPy
I. Ruskov, Yu.N. Kopatch, V.R. Skoy, V.N. Shvetsov, P.V. Sedyshev, L.B. Pikelner,
Ts. Panteleev, S.I. Negovelov, Yu.D. Mareev, Zh.V. Mezentseva

NEUTRON ACTIVATION ANALYSIS USED TO STUDY BIOSORBTION OF ZINC IN WATER BY
SPIRULINA PLATENSIS
I. Zinicovscaia, Gh. Duca, V. Rudic, L. Cepoi, T. Chiriac, M.V. Frontasyeva, S.S. Paviov, S.F.
Gundorina

* Bce JKCnepnmMmeHTalibHbleé OT4YeTbl ony6nm<03a|-|b| B TOM Buae, B KOTOPOM OHU npencrtaBli€Hbl
aBTopamMn.
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SMALL-ANGLE NEUTRON SCATTERING FROM
MAGNETOFERRITIN: CONTRAST VARIATION

M.V.AvdeeV?, V.I.Petrenko®®, L.Melnikova®, O.I.lvankov?®, V.M.Garamus?, L.Almasy*,
Z.Mitroova‘, P.Kopcansky*

®Frank Laboratory of Neutron Physics, JINR, Dubna, Russia
PKyiv Taras Shevchenko National University, Kyiv, Ukraine
“Institute of Experimental Physics, Slovak Academy of Sciences, Kosice, Slovakia
9Helmholtz Zentrum Geesthacht, Geesthacht, Germany
*Wigner Research Centre for Physics, Hungarian Academy of Sciences, Budapest, Hungary

Magnetoferritin is a synthetic biosystem consisting of a magnetic iron core (Fe304, Fe203)
surrounded by a protein shell (apoferritin) dispersed in an aqueous solution. Continually increasing
popularity of magnetoferritin in many fields of science could lead to various biomedical
applications in the near future (e.g. targeted drug transport, magnetic resonance imaging) [1]. Due
to the biological origin of this unique nanomaterial, the problem of toxicity and side effects of
magnetic nanoparticles in organs and tissues is minimized. In addition to biocompatibility, another
advantage for applications of magnetoferritin is a relatively short time of controlled synthesis,
adapted to formation of magnetite (Fe304) specifically inside the protein cavity and creation the
magnetoferritin molecule. Through regulation of the iron and apoferritin ratio it is possible to
prepare homogeneously dispersed magnetoferritin molecules in aqueous solution with different iron
content per one molecule of protein (loading factor, LF) [2]. The aim of the work was to study the
structure and composition of these magnetic nanoparticles with different loading factor placed in a
liquid carrier (water) by small-angle neutron scattering. The scattering curves for magnetoferritin by
a hydrogen/deuterium isotopic substitution in the solution are obtained and analyzed using integral
parameters of the scattering.

Magnetoferritin with various loading of iron atoms was synthesized in anaerobic conditions
at 65 °C and alkaline pH using apoferritin hollow sphere (from Sigma-Aldrich). The synthesis
process with some physical-chemical properties is described very well in papers [3-6]. The iron
content of all samples was determined spectrophotometrically, exactly. After the synthesis
magnetoferritin samples was freeze dried for 24 hours to obtain a powder. Finally, 10 mg/ml
solutions of protein were prepared by dissolving powders with accurate ratio of H20:D20O for
contrast variation-SANS method. Mixtures of AMPSO buffer (0.05 M AMPSO buffered with 2 M
NaOH to pH 8.6) in the same ratio of H20:D20 as in the experimental samples, were used as
background.

SANS measurements were carried out on small-angle spectrometer YuMO (pulsed reactor
IBR-2, FLNP, JINR). Samples during the measurements were located in quartz cuvettes with a
thickness of 1 mm at room temperature. The neutrons wavelength range was 0.5-8 A. Measured
scattering curves were corrected for background scattering (AMPSO buffer), and the absolute cross
section of neutrons was obtained by vanadium calibration standard.

Small-angle neutrons scattering data for magnetoferritin with loading factor of 160 (LF 160)
and 510 (LF 510) in aqueous dispersion with different content of D,O in the solvent (0, 20, 60, 70,
80, 100 %) are shown in Fig.1. SANS curves with low loading factor is similar to the data on pure
apoferritin aqueous solution. The oscillations which are connected with the scattering by the protein
shell is disappeared for high loading factor (fig.1).
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Fig.1. Experimental SANS curves for magnetoferritin with low (left) and high (rigth) loading factor in water
with various ratio of H20/D20.

It was obtained that the effective match point is considerably shifted and residual intensity in
match point is appeared with increasing of loading factor (fig. 2). It can be associated with the
influence of magnetic particles and, as a consequence, a partial destruction of the protein shell.
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Fig.2. The change in forward scattered intensity I for two samples of magnetoferritin (loading factors
LF=160 and LF=510) with varying D,O content in the solvent. Effective match points corresponding to
minima are indicated by vertical arrows.
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Structural and magnetic size effects in NiO nanopowders
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Effect of crystallite size on the crystal and magnetic structures of antiferromagnetic simple
oxides such as MnO [1], CoO [2], NiO [3] remains an interesting topic for research. For example, a
complex magnetic structure with several sublattices has been observed in NiO nanoparticles [4], in
contrast to the bulk NiO, which has a simple two-sublattice structure.

In [4] NiO nanopowders with crystallite sizes of 13 - 100 nm were studied by several
methods, including neutron diffraction. However, the neutron experiments were performed on a
medium-resolution diffractometer, and data on the actual size of the crystal and magnetic coherent
scattering domains were not obtained. As a continuation of these studies, the diffraction patterns of
the four NiO samples have been measured at HRFD diffractometer at the IBR-2 pulsed reactor in
Dubna. The average crystallite sizes were determined from the BET specific surface area
measurements, and were 13 nm, 100 nm, 138 nm and 1500 nm in the samples numbered S16, S18,
S19 and S4, respectively.

At high temperatures, in the paramagnetic phase (7> Ty = 523 K) the NiO crystal symmetry
is cubic with a. = 4.175 A. Below Tx magnetic moments of Ni ordered antiferromagnetically with
G-type configuration and a rhombohedral distortion appears: ar =~ a/N 2 =~ 2.952 A, a = 60.07 °
(space group R-3m, Ne 166). Rhombohedral magnetic unit cell doubled in all three directions, thus
Amag = 2ar = 5.904 A. The maximum interplanar distance in this cell is dj;; = 4.82 A. In the case of
NiO the deviation from cubic metric is extremely small (~ 10 times less than in MnO), so it can be
observed with a very high-resolution diffractometer only. Fig. 1 illustrates the rhombohedral
distortion of the diffraction peaks, as it is seen at HRFD.
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Fig.1. Diffraction peaks (200) and (222), measured at HRFD at a resolution level of Ad/d =~ 0.0013.
Vertical ticks indicate the peak positions at d = 2.4122 A and 2.4087 A, respectively.

In a standard mode of the HRFD operation (V. = 4000 rpm) its resolution is close to Ad/d
~ 0.0015 for d = 2 A, and improves slightly with dyy increasing. The existence experience of
microstructural effects studying with HRFD shows that at this resolution level a microstrain in the
crystallites of about Aa/a = 0.0008 or more, and the average size of coherent scattering domains
with Leon = 250 nm or less can be confidently determined.



The diffraction pattern of the S4 sample (1500 nm) is shown in Fig. 2. The pattern quality is
good enough, the peaks broadening, compared with the resolution function, is negligible. All the
diffraction peaks, measured from all the samples by all HRFD detectors, are consisting with the
crystal or magnetic unit cells, i.e. the crystal metric is defined correctly, there are no impurity
phases.
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Fig. 2. The NiO diffraction pattern of the S4 sample with large crystallites size. Vertical ticks
indicate the peak positions for crystal (upper) and magnetic (lower) unit cells.

The spectra processing was carried out by the Rietveld method using the MRIA program,
allowing the use of the experimentally measured line shape. The refinement was performed in a
limited dyq range with independent setting of the crystal and magnetic peaks widths. The
convergence of the minimization process for all spectra was good, except the magnetic phase of the
S16 sample, for which no definite result was obtained. Examples of processing are shown in Fig. 3.
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Fig. 3. The Rietveld refinement for S19 (138 nm, left) and S16 (13 nm, right) samples diffraction
patterns, measured at room temperature. Observed experimental points, calculated profile, and
difference curve are shown. Ticks indicate positions of crystal (top row) and magnetic (bottom row)
peaks.



With the decrease of the crystallite size of the unit cell parameters remain practically
constant, while the width of the diffraction peaks increases sharply, which is obviously related to
the effect of crystallite size. Moreover, if the width of the S4 structural and magnetic peaks is
practically the same, the S18 magnetic peaks are noticeably (= 3 times) wider than structural.

Due to the high symmetry of NiO crystal lattice the overlapping of structural and magnetic
diffraction peaks, measured in high-resolution mode, is completely absent, and they can be
processed independently. To determine the width of the peak (full width at half maximum), its
profile analysis was done by using the UPEAK program.

The peak widths of the S4 sample are clearly separated onto two groups (Fig. 4): all
magnetic peaks are narrow, whereas the majority of the structural peaks are broadened, except the
(hh0) peaks. This broadening is associated with the splitting of the position due to the
rhombohedral distortion of the cubic structure. After entering the appropriate amendment the
widths of structural and magnetic peaks become the same (Magnetic and Structural corrected lines
in Fig. 4), which indicates the same microstructural parameters of the long-range structural and
magnetic orders in the sample. The increased slope of the W(d?) dependence compared to the
resolution function indicates the presence of a small level of microstrain (Aa/a = 0.0012), which is
the same for both (the crystal and magnetic) phases.
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Fig.4. Width of the diffraction peaks in the NiO sample with large crystallites size. All magnetic
peaks (blue crosses) are narrow. Correction for rhombohedral distortion leads to the same width of
the crystalline peaks. The W(d”) dependence obtained with the Al,O; reference sample (resolution
function) is also shown.

In Fig. 5 a similar dependence for the S18 (100 nm) sample is presented. One can see that in
this case both — crystal and magnetic — dependences are non-linear, which means that the size effect
takes place.
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Extraction from the widths of the diffraction peaks information about average size of the
coherently scattering blocks was performed by two different ways, which gave slightly different
results. All the data are presented in Table 1, where the lower and upper limits are shown. The
difference between them characterizes uncertainty of the result and we can assume that the true
average size of coherent scattering blocks is in this range.

Table 1. Average sizes of coherent scattering blocks for crystal (Lerys) and magnetic (Lmag) phases.

Sample S4,1500nm | S19,138 nm | S18, 100 nm | S16, 13 nm
Lrys, N > 380 89 —123 94 — 102 9.3-10.6
Lag, Nm > 280 101 — 133 37-43

The value of the ordered magnetic moment slightly decreases with decreasing crystallite
size. The intensity ratio for magnetic and nuclear peaks (-111) and (200) is equal to 0.29, 0.27, and
0.23 for S4, S19, S18 samples, respectively. This is evident from the low-resolution spectra (Fig. 6)

as well.
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Fig.6. Diffraction patterns measured in low-resolution mode for large dyy range. The positions of
the magnetic peaks (111) and (-111) is indicated.
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Preliminary conclusions can be summarized as follows. Crystal structure and the type of
NiO magnetic structure are practically independent of the average crystallite size ranging between
13 - 1500 nm. There is only a small (0.16%) increase in the unit cell volume with decreasing
crystallite size to 13 nm. Average size of the coherently scattering crystal and antiferromagnetic
domains (crystalline and magnetic coherence length) are large and coincide in the S4 and S19
samples. Size of the crystal domains is close to the size of the crystallites for the S19 sample. For
the S18 sample, size of the crystal domains is close to the size of the crystallites, whereas the
magnetic coherence length sharply (=3 times) decreased. In the S16 sample, the long-range
magnetic order is largely destroyed.
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HYDROGEN BONDED NHO CHAINS FORMED BY CHLORANILIC ACID
(CLA) WITH 4,40-DI-T-BUTYL-2,20-BIPYRIDYL (DTBBP) IN THE SOLID
STATE
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The molecular complexes, containing from one side an electrondonor and from the other
side an electron acceptor molecule, deserve a great scientific and technological interest since they
may show unexpected novel physical properties [1-10].

The undertaken by us problem seems to be
interesting as connected with the discovery of the
attractive derivative of dimethyl-2,20-bipyridyl
complexed with chloranilic acid (Fig.1). It was
found that 5,50-dimethyl-2,20-bipyridyl shows a
proton transfer mediated antiferroelectric phase
transition at 318 K [11-13]. The mechanism of the
transition is quite simple — it is related to the
proton jumping along the chain of OHN hydrogen
bridges. The detailed studies undertaken with
analogous systems, composed by the 4,40- and
6,60-dimethyl-derivatives, did not show such a
transition that was connected with a marked
elongation of the OHN hydrogen bonds.
Nevertheless these complexes are characterized by
interesting dielectric properties and dynamics [11].
A different behavior of the 4,40- and 6,60-
derivatives is caused most probably by the
packing in the crystal that affects the hydrogen
bond lengths and in consequence the potential for
the proton motion. The shortest H bonds appear just for the 5,50-dimethyl derivative on both sides
of bipyridyl. On one side of the molecule we are dealing with the transferred proton, N*~H---O’,
while on the other one without proton transfer, O—H---N. It seems that the t-butyl substituent in the
place of the methyl one would affect both the packing and the potential for the proton motion.

A continuous infrared absorption is observed for dtBBP-CLA in the wavenumber range
between 3100 and 800 cm-1 also indicating the strong hydrogen bonds. The DSC measurements
show a weak, close to continuous, phase transition at 414 K. The complex dielectric permittivity for
a single crystal sample was measured in the temperature range 100-440 K and at frequencies
between 200 Hz and 2 MHz. The dielectric response is a combination of semiconducting properties
and a relaxation process most probably connected with the proton dynamics in the hydrogen bonds.




The total energy optimization and the frequency calculations have been performed based on
density functional theory (DFT) using the DMol3 program [14,15] as a part of Materials Studio
package. The results have been obtained for the crystalline state within the generalized gradient
approximation (GGA) at BLYP (Becke exchange plus Lee—Yang—Parr correlation functional) and
PW91 functionals, as well as within LDA (Local Density Approximation) at PWC functional
(Perdew-Wang GGA). Calculations have been performed using DNP basis set as implemented in
DMol3.
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QUASIELASTIC NEUTRON SCATTERING BY LIQUID Na
AND Na-H MELT
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State Scientific Centre —Institute of Physics and Power Engineering,
249020, Obninsk, Kaluga Region, Russia

1. The actuality of study of diffusion (and relaxation) characteristics in hydrogen-containing
admixtures at sodium-coolant contours of fast nuclear reactors is linked with such a fundamental
technological problem as leakage of steam generators.

The neutron scattering experiment was held on the DIN-2PI TOF-spectrometer [1] at the one
of pulsed reactor IBR-2 beams (Frank Lab.Neutron Physics, JINR). Pure Na measurements were
carried out at T = 105, 300, and 420° C. Temperature of Na — H melt was T = 420° C. The
aluminum container has a form of coaxial cylinder 60 mm outer diameter and 6 mm thick. Initial
neutron energy was 3.0 meV, providing the resolution of quasielastic peak AE ~ 0.15 m3B.

2.1. Pure sodium. The traditional approach

During the primary results development, the raw spectra of scattered neutrons after taking
into account the appropriate corrections (neutron flux transmission through the sample and
container materials, *He detectors efficiency, etc) transformed into the experimental double-
differential cross-sections. Then, with help of program code SLOWN [2], the multiphonon,
multiple, coherent (with use of Lovesey model [3]), and inelastic incoherent components have
been accounted and eliminated to refine the remnant peak of incoherent quasielastic scattering.
This peak has been analysed as a lorentian convoluted with resolution function (fig.1) in frames
of mixed diffusion phenomenological model [4]:

2 2
AE (Qz):FWHM:Zh-[HDOsz'O—eXp(_Q s >)} )]
7, 1+(D—D0)Q2T0

where 7o — atom residental time, Dy — permanent (simultaneously with surroundings) diffusion
coefficient; D — total self-diffusion coefficient; exp(-Q* <u*>) — the Debye-Waller factor.
The lineshapes of form (1) are depicted in fig.2, where parameters of fitting also shown.
2.2. Pure sodium. The relaxing cage model

According to this model [5], the diffusion act in liquid can be realized only through the
condition when the nearest surrounding of atom is decayed or transformed in essential way
(slow, or a - relaxation). In the frames of this approach the intermediate scattering function
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Fig.1 — Quasielastic incoherent scattering Fig.2 - AE(Q?) for liquid Na at various T.
peaks at T(Na) = 105, 300, and 420°C. 16=3.4ps; Dp=2.1(D=4.4*10"cm?/s) — 105°C

Line demonstrates the resolution 1=1.0ps; D=6.9(D=17.1*10"cm?/5)-420°C




1(Q,t) can be written in stretched exponent form describing the possible non-exponential decay:
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Both the parameters 1y, ( o - relaxation time) and B (form parameter), and mean relaxation time,
K T 1
<1, >=|dtKWW({t)=-"TI(-) 4)
" I BB
— -7
depend on Q. Mean relaxation time < tw > can be expressed by power function: <ty >=7,0

It is interesting to compare < tw > and 1o from previous traditional analysis (fig.3). These values
are equal at the same Q’s: Q = 0.85A™", that in spatial (reversal) space correspond to R ~ 7.5A.
This indicates that decay of second neighbours must take place in a - process in liquid sodium.
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Fig.3 — Relation between < tw > and 7, for Fig.4 — Comparison of T'(Q?) of pure Na
T =105 and 420°C. The point Q = (empty) and I'(Q*) of Na — H melt (full)
0.85A is seen (R = 21/Q =7.5A) for T = 420°C: coincidence within errors

3. Investigation of sodium — hydrogen melt

During the analysis of experimental spectra of the quasielastic scattering neutrons by the Na
— H melt, the effort to extract a second lorentian component with essentially other than of pure
sodium FWHM, failed. The quasielastic peak quiet reasonable was described by single lorentian
having FWHM just the same that has been found for the pure sodium of appropriate temperature
(fig.4). Coinciding diffusion characteristics of sodium and Na — H melt make us possible to
suggest that the hydrogen exists in the melt and diffuses possessing the form of hydride NaH
molecule. Analoguois conclusion has been made by us concerning the behaviour of hydrogen in
the Li — H melt previously [6].
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FREQUENCY SPECTRUM OF PURE SODIUM
AND HYDROGEN IN Na—-H MELT INVESTIGATION

N.M.Blagoveshchenskii, A.G.Novikov, V.V.Savostin, M.S.Shamaev
State Scientific Centre —Institute of Physics and Power Engineering,
249020, Obninsk, Kaluga Region, Russia

The knowledge of frequency spectrum g(E) is actual for inferring the thermodynamical
functions of the liquid, altogether with force characteristics such as force constant <K> etc. The
frequency spectrum can be extracted from the one — phonon component of double — differential
cross — section (DDCS) studied by inelastic neutron scattering. Here we present the results of
g(E) investigation by means of slow neutrons scattering by pure sodium and Na — H melt.

The neutron scattering experiment was held on the DIN-2PI TOF-spectrometer [1] at the one
of pulsed reactor IBR-2 beams (Frank Lab.Neutron Physics, JINR). Pure Na measurements were
carried out at T = 105 and 420° C. Temperature of Na — H melt was T = 420° C. The aluminum
container has a form of coaxial cylinder 60 mm outer diameter and 6 mm thick. Initial neutron
energy was 3.0 meV, providing the resolution of elastic peak AE ~ 0.15 m3B.

The raw spectra of scattered neutrons after taking into account the appropriate corrections
(neutron flux transmission through the sample and container materials, *He detectors efficiency,
etc) transformed into the experimental DDCS. Then, with help of program code SLOWN [2], the
multiphonon, multiple, coherent (with use of Lovesey model [3]), have been accounted to extract
the one — phonon component of DDCS needed for an estimation of g(E) (Fig.1). Inferring of
g(E) for hydrogen atom in the Na — H melt was held using additive model for DDCS of the melt.
Note that g(E) of pure Na is somewhat “softened” at T = 420° C (2) in comparison with g(E) of
Na ,105°C(1), while having a high-energy tail. Double-peaked structure (3) is in accord with [4].

The autocorrelative velocity function W(t) (T=105"C ) was then estimated by the expression

T ho  ho
V(1) = [ g(@) " “cth(; ) cos(wt)de (1)
0 kT 2kT
and finally, the constant of fast relaxation t, has been evaluated equal 0.10+0.01 ps.
0.10 1.2
1 1.04 y=1/cosh(-t/z )*cos(wt)
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Fig.1 — The frequency spectrum of pure Na for | Fig.2 — The autocorrelative velocity function

T =105°C (1) and 420°C (2), and of in liquid Na at T = 105°C and fitting of
hydrogen atom in Na — H melt (3) Y(t) by expression of decaying cosine
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IN-SITUNEUTRON DIFFRACTION ANALYSIS OF Li-ION BATTERIES
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In situ neutron diffraction was applied to study the behavior of the LiFePO, and LiFePO4 VOy
based batteries. Three full charge/discharge cycles were realized at room temperature (~17°C) with
slow rate. The step-like appearance of several LiC, phases was observed and the volume fractions
of LiFePO4 and FePOy structural phases at different states of charge were determined.

Lithium iron phosphate (LiFePO,), also known as LFP, is a natural mineral of the olivine
family. It is a compound used in Li-ion batteries as the cathode and the anode is generally made of
carbon. LFP has low cost, good safety characteristic, high thermal and chemical stabilities, and a
high theoretical specific capacity. However, the practical use of LFP is highly limited because it has
low electronic intrinsic conductivity and poor ionic transport properties that lead to poor rate
capability. These obstacles are connected with the specific crystal structure of LFP and researches
are trying to modify it properly.

During the past years, doping with supervalent cations [1-4] was suggested to modify
LiFePO,. In particular, it was found that the doping of a heteroatom (Ti, Zr, V, Nb, and W) could
promote the performance of LiFePO, at high current due to the enlarged lattice volume that
provides more space for Li ion transfer.

In situ neutron diffraction experiments were performed at HRFD TOF-diffractometer (IBR-
2 pulsed reactor, JINR) [5] to characterize the entire battery system based on LiFePO, and
LiFePO4 VOy (LFPV) electrodes during electrochemical cycling and to find additional information
about crystal structure of electrodes. Another purpose of this work was checking possibilities for in-
situ experiments with real Li-ion batteries at the IBR-2 pulsed reactor.

Fig.1. The Li-ion battery mounted on the HRFD instrument for in-situ measurements (on the left).
The 10Ah Li-ion cell with contacting electrodes and clips for electric current (on the right).



Neutron diffraction is useful in the study of components within Li-ion batteries due to the
sensitivity to Li positions and occupancies and the large penetration depth that enables bulk analysis
of real-life Li-ion batteries. Two flat Li-ion batteries were used as received (Fig. 1). The capacity of
the first one with pure LiFePO, as cathode material was around 2000 mAh (Nel battery). The
capacity of the second battery with LiFePO4-0.75%VO was around 10000 mAh (Ne2 battery). The
batteries were wired to a potentiostat-tester (KIKUSUI PFX2011) and lowered into the sample
chamber of the HRFD diffractometer.

Throughout neutron diffraction experiments both cells were systematically charged and
discharged with 0.1 C rate, where C is full capacity. Three cycles of complete charge/discharge
processes were realized at room temperature (~17°C) without any stops except short (10 min) relax
time after each charge/discharge cycle. Totally, it took ~70 hours for each cell. Diffraction patterns
were collected (in situ) using the high-intensity mode of HRFD with 10 minutes exposure time. The
high-resolution mode was also used (ex situ) for receiving more accurate data about structural
phases.

To visualize a great number of diffraction patterns a special computer program has been
written. Additionally, the conventional phase (and Rietveld) analysis was performed for certain 10
minutes patterns and for the patterns collected ex sifu. Specifically, the high-resolution mode helped
us to show that for ~50% state of charge (SOC) diffraction pattern contains peaks from at least six
structural phases: four (FePO,, LiFePOy4, C, LiCjy) as electrode materials and two (Al, Cu) as
current collectors and outside housing.

2D pattern (in d-spacing — absolute time coordinates) measured in situ during three
charge/discharge cycles is shown in Fig. 2. The most intensive lines in d-spacing range 3.2 - 3.7 A
(usually called as “anode-window”) belong to graphite anode. In the d-range 2.2 - 3.2 A (usually
called as “cathode-window”) there are several intensive and separated LiFePO4/FePO, peaks. Both
“windows” can be effectively used for determining of correlations between the most important
structural phases. The serious problem for proper analysis of diffraction patterns was significant
background mainly associated with the hydrogen containing materials (separator and electrolyte).
Peaks from thin Al container of the batteries were quite weak and do not influence data processing.
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Fig. 2. Evolution of the neutron diffraction patterns from battery Ne2 measured during three
charge/discharge (~70 hours) cycles. Ticks on the top indicate the calculated peaks positions for
three main phases.



The intensity variations of several diffraction lines associating with graphite and LiC,
phases are shown in Fig. 3. The initial state (fully discharged state, ~0% SOC) is characterized by
(002) pure graphite line with dop> = 3.35 A. At the end of charge process (100% SOC, 2020 mAh of
capacity for the small battery and 10700 mAh for the big one) the LiCg phase (doo1 = 3.7 A) appears.
Two intermediate phases — LiCas (doo3 = 3.47 A) and LiCy; (doo1 = 3.52 A) — are clearly seen at
around 65% SOC, respectively, for both cells.

S0C, %
|0 100
| 2nd charge 204 discharge
|
|

Intensity

200
time- 10, minutes ume 10, minutes

Fig. 3. Intensity variations of diffraction lines associating with pure graphite and LiC, phases
depending on absolute time (lower axis) and state of charge (upper axis) for batteries Nel (left) and
Ne2 (right).

The behavior of these diffraction lines is shown with more details in Fig. 4. A gradual shift
of the initial line (doo2 = 3.35 A) to larger d-spacings corresponding to continuous intercalation of Li
into graphite and stepwise appearing of LiCys and LiCj, structures are clearly seen. Constantly
observable stripe with d = 3.35 A indicates that some part of anode is not intercalated. The 3D view
of the “anode-window” region is shown in Fig. 5. The step-like appearance of the LiCq phase,
which likely corresponds to the fully charged anode state, is especially clearly seen for the large
(doped with vanadium) battery.

One of the purposes of such type experiments is deriving a phase fraction of LiFePO,4 and
FePOy as a function of SOC. The full Rietveld refinement of this data set is not possible due to the
large number of correlated parameters, low intensity and strong background. However, the LiFePO4
— FePO4 conversion process has been already investigated (ex situ x-ray) and reported [6, 7]. It
was shown that “delithiation” of LiFePO, in the charge cycle is following by decomposition of the
cathode material onto two phases [6]:

LiFePO, — xFePO, + (1 — x)LiFePO,

and vice versa during discharging cycle. Thus, in the first approximation, it is possible to use fixed
LiFePO, and FePOy structures and refine only their fraction.
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Fig. 4. Enlarged chart of the initial (discharged) state with pure graphite line (1, d = 3.35 A) and
stepwise appearance of LiCas (2, d = 3.47 A), LiC1» (3, d =3.52 A) and LiCs (4, d = 3.70 A) phases
for batteries Nel (left) and Ne2 (right).

Fig. 5. 3D view of the “anode-window” region for all three cycles of charge/discharge processes of
batteries Nel (left) and Ne2 (right). The step-like appearance of the LiCe phase is especially clearly
seen for the large (doped with vanadium) battery.

Figure 6 shows a typical fit of diffraction pattern corresponding to half charged state (~45%
SOC). Altogether, it consists of six phases: graphite, weak peaks from LiFePO4 and FePO4 phases,
very weak peaks from Cu and Al, Li intercalated graphite phase (the strongest peaks). For 100%
SOC the LiCg¢ phase was also included in the refinement. The preliminary results of the data
processing are listed in the Table 1.



Fig. 6. An example of Rietveld refinement pattern and difference plot (in the bottom) of the neutron
diffraction data for the Nel battery at 45% SOC state. Ticks indicate the calculated peaks positions
for six phases: FePOy, LiFePOy, Graphite, Cu, Al, LiC;;, from top to bottom.

Table 1. Volume fraction (in %) of FePO4 and LiFePO, structural phases in both batteries at
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different SOC values.
SOC. % Battery Nel (LFP only, C=2Ah) Battery No2 (LFP + V, C=10Ah)
’ FGPO4 L1FePO4 FCPO4 LIFGPO4
0 43(9) 57(5) 37(9) 63(9)
45(5) 66(9) 34(4) 68(8) 31(3)
100 93(13) 7(3) 100(11) 0

In conclusion, in situ neutron diffraction was used to show that charge/discharge process of
LiFePO4 based real Li-ion battery can be effectively studied by time-of-flight technique at the IBR-
2 pulsed reactor. The important option of the HRFD diffractometer is a possibility to utilize both
high-intensity and high-resolution modes without any changes in the geometry of an experiment.
The results clearly show that the kinetics of LiC, phases appearance and LiFePO4 < FePO4

transformations are well observable and can be treated quantitatively.
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Introduction

Neutron supermirrors are now used in many physical experiments. They are multilayer systems
usually composed as a set of bilayers every one of which consists of two materials with high and
low optical potentials. The supermirrors increase the angular or wave length range of total reflection
comparing to mirrors consisting of a single material with high optical potential. If the single
material gives total reflection for normal component k of the incident neutrons in the range 0 < k <
ke, where k. is the limiting wave number for the given material, the supermirror can increase the
interval up to nk.. A multilayer system that gives reflectivity ~ 1 in the interval 0 < k < nk; is called
Mn mirror. It became a usual practice to fabricate M2 and M3 mirrors. However there are also
attempts to produce mirrors with higher n. The last record belongs to Japanese [1] who prepared
mirror M6.7.

Last time all the mirrors were prepared in aperiodical fashion, which means that thicknesses
of layers in bilayers vary with the bilayer number. The algorithm for thickness variation was
proposed by Hayter and Mook [2]. According to this algorithm the change of thicknesses of
neighboring bilayers is very small and does not match interatomic distance. It leads to creation of
unavoidable roughnesses on layers interface.

There exists also another algorithm proposed in [3], according to which the supermirror is to
be produced as a set of periodic chains with some number N of identical bilayers. The variation of
thicknesses of neighboring chains in this case is larger, which may help to improve quality of
interfaces and therefore of the whole supermirror.

Experiment

The goal of the given work is to investigate how well we can control the thickness and
quality of periodic multilayer systems. In other words we want to see how well the neutron
reflectivity of produced systems match theoretical expectations, how large is diffuse scattering
because of technological imperfectness and whether we can explain and control them.

For that purpose we measured at the neutron reflectometer REFLEX at the IBR-2M reactor
of 4 samples containing 1, 2, 4 and 8 Ni/Ti bilayers on a boron float glass substrate.

From fitting of measured data to theoretical curves we could find the parameters of samples
and resolution of installation. Variation of parameters of samples shows how far the technological
conditions are varied from sample to sample. Comparison of angular distribution of the incident
beam at the reflectometer and angular distribution of the reflected beam gives information on
intensity of diffuse scattering and its dependence on number of bilayers.

In Figure 1 in linear scale are shown the results of fitting experimental data for 2, 4 and 8
periods with the formula [3]:

R(k):kyﬁm(p)\zg—g+ n,. (1)
where

] B 2 rsO

R, (p)=Ry(p)+T(p)-—orolP) @

1-R,(p)r,(p)

is the reflection amplitude from a periodic chain of N periods evaporated over a semiinfinite
substrate, and the substrate reflection amplitude is
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Fig. 1. Fitting of the reflectivity data for periodic chains of bilayers evaporated on a thick float glass
substrate. The fitting function is given by Eq. (1). The data were obtained at the reflectometer
REFLEX at the IBR-2M reactor with single detector. The results are shown in logarithmic scale for
a) 2; b) 4; c) 8 bilayers. The solid curves are theoretical curves with parameters found from fitting.

Eq. (1) takes into account the final resolution and possible existence of background, nb, in the
system. The resolution & and background n, were two fitting parameters. Besides them we took as
fitting parameters the real parts of all the potentials up, uy, the potential of substrate us in terms of
that of Ni, and thicknesses of Ni and Ti layers in units of A/2z of Ni. Imaginary parts of the
potentials were put to table ones. The pictures in Fig. 1 show a good fit of all the samples. The
values of the y? are 3.76, 3.24, 15.32 for the samples with N=2, 4, 8 periods respectively. It is
especially high in the case of the 8 periods sample. Perhaps, so high value of 3 could be explained
by taking into account the off-specular scattering that we not regarded in our model. Unfortunately
we cannot measure the off-specular scattering on our samples and the checking of its influence on
the fit is a deal of the future experiment.

Conclusions

The experiment confirms the rightness of algorithm given in [3] for the samples with few periods.
At the same time the experiment clearly shown that achieving of the good agreement between the
experimental results and theoretical model is possible with taking into account both the specular and
diffuse off-specular reflection on the sample imperfections.
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The analysis of precise position and profile of Bragg reflexes is usually used for strain
measurement in material. Additionally, Bragg diffraction edges registered in transmission geometry
can be applied for the same studies [1, 2]. This method is based on the registration of a decrease of
beam intensity transmitted through the sample in dependence on the neutron wavelength. The
neutron transmission diffraction method is equivalent to measurements in scattering geometry of
powder diffraction with 26=180°. Transmission spectra exhibit Bragg edges (instead of Bragg
peaks) when neutrons passing through the limit of A=2dy, below which the particular set of
reflection planes (hkl) begin to scatter neutrons. This means that no angular dependence of
scattering is measured but only the integrated intensity of this particular reflection can be
determined from the transmitted beam for each value of A. The final resolution width obtained in a
diffraction experiment consists of two different contributions, the geometrical width and time width.
It is well known that the geometrical contribution is minimized as the Bragg angle is 90°, which is
the case for transmission geometry and which means that the resolution is effectively decoupled
from the divergence of the primary beam. A next advantage of this geometry is that no contribution
to the resolution is due to the size and the shape of the sample. Thus in case of transmission
experiment the geometrical contribution is close to zero and final resolution is determined only by
time contribution. Additionally high count rates permits very good statistical accuracy. Using time-
of-flight method one can observe multiple Bragg edges. These advantages of transmission
experiment make it very attractive for non-destructive studies of various materials. It should be
mentioned that it is rather difficult to use neutron transmission method for usual strain measurement
since in such experiment no angular dependence of scattering is measured which is vital for strain
scanning. However this technique can be used for precise lattice parameter measurements (averaged
on all neutron scattering vector orientations), normal strain component measurements, in sin”¥-
experiments, broadening effect studies, etc.

Currently the neutron transmission method is used in TOF mode at the pulsed neutron sources
[3, 4] as well as at steady state reactors [5, 6]. First attempt to utilize neutron transmission
diffraction using RTOF method (kind of correlation technique) was made at Fourier diffractometer
MINI-SFINKS in Gatchina [7]. In this experiment obtained data statistics was limited due to using
low performance detector which caused difficulties in further data processing. Later in 1997 a short
single experiment for test purposes was performed at the HRFD Fourier diffractometer (Dubna)
with Be sample (40x40x40 mm’, hexagonal structure) [8]. The result of this experiment was quite
promising, measured spectrum exhibited high statistics and good resolution. This was first
successful attempt to measure transmission diffraction spectra on a diffractometer with Fourier
chopper using RTOF method.

Recently this activity was resumed on FSD diffractometer in addition to usual diffraction
measurements. To this end the prototype transmission Li’-based detector with 10x35 mm aperture
was manufactured and tested with Be sample (Fig. 1). The least square fit of experimental data
using rather simple model based on error function gives quite satisfactory results (Fig. 2).
Additionally the austenitic steel sample with 2 weld beads was investigated using backscattering
(26=140°) and transmission (20=180°) neutron detectors simultaneously (Fig. 3). Sample
dimensions were 25(thickness)x70(height)x80(length) mm. Composition of sample material was
the following: base material - 08 X18H10T austenitic steel (%): C - 0.08, Si - 0.8, Mn - 2.0, Cr — 18,
Ni—10,Ti-0.7, S -0.02, P - 0.035, Fe — rest; weld filler material (%): Ni — 70, Cr — 20, Nb — 10.
The sample was scanned across weld line with 3x24 mm incident neutron beam size. The typical



transmission spectrum is shown in Fig. 5. Since the lattice parameters for base and weld filler
material differ significantly the peak separation in near weld region can be easily observed (Fig. 4
and Fig. 6). Thus, as a result of this experiment it was shown that neutron transmission spectra can
be readily registered on RTOF diffractometer using Fourier chopper. The location of Bragg edges
can be determined with sufficient accuracy for crystal structure identification as well as for lattice
parameter and strain measurement.
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Fig. 1. Prototype of neutron transmission Fig. 2. Least square fit of (102) Bragg edge for
detector installed on FSD diffractometer. Be sample.

‘ 08X18H10T
base material

Ni-Cr-Nb
- weld filler

Fig. 3. Studied sample with 2 weld beads on FSD. Fig. 4. A part of neutron diffraction pattern
containing (111) reflections for both materials as
a function of X coordinate across the weld.
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Fig. 5. Neutron transmission spectrum from austenitic steel sample with 2 weld beads measured on
FSD diffractometer.
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Fig. 6. Neutron backscattering (left) and transmission (right) diffraction spectra regions near (111)
Bragg reflection/edge.
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MICROSTRAIN STUDIES IN FERRITE-MARTENSITE STEEL
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Heat-resistant pipeline components (elements of steam and boiler superheaters, turbines,
blades, etc.) of thermal power plants operating in the creep range at temperatures up to 650 °C are
often made from tempered ferrite-martensite steels with approx. 10 %wt chromium content.
Therefore, it is important to improve their thermal efficiency and mechanical properties. The heat
treatment of tempered ferrite-martensite steels usually consists of two stages: austenization and
tempering. It is well known that chromium in steels delays the formation of carbides, and that
martensite phase forms in such steels after slow air cooling. Ferrite-martensite steels have a
complex microstructure which consists of fine micro grains separated by different kinds of
interfaces (austenite grain boundaries, block boundaries and twin boundaries) and carbides which
are precipitated near these boundaries. Additionally, these steels exhibit a very high dislocation
density after heat treatment. Dislocations are produced in the parent phase during the martensitic
transformation due to the associated martensite shear. As it well known from literature the
dislocation density strongly drops in the early stages of tempering and then gradually further
decreases with further aging. Ferrite-martensite steels with high dislocation densities exhibit
specific mechanical properties. Thus they show cyclic softening when exposed to strain controlled
fatigue testing and a strong decrease of creep rate during primary creep. The decrease of the high
dislocation density in such material during tempering and creep accounts for the formation of
subgrain boundaries that represent a dominant feature of ferrite-martensite steel microstructures.

Using time of flight neutron diffraction it is possible to estimate in situ microstress and
coherent domain size in material from diffraction peak broadening and their changes with
temperature and external load. Both mentioned phenomena are closely related to the dislocation
structure inside the grain of polycrystalline materials. The obtained information will be useful for
better understanding of the heat-resistant properties of investigated steels, as well as high
embrittlement at low and high temperatures. This approach will give a possibility to optimize
thermomechanical treatment of the steels to improve their properties.

Current study was devoted to investigation of microstrain and structure dependence of
10H9K3V2MFBR ferrite-martensite steel (Russ. grading) in wide range of tempering temperature
on FSD diffractometer at the IBR-2 pulsed reactor. This steel revealed good results in the long-term
heat resistance which is by about 10% as compared with the previously developed steels of this
type. This gives hope for its use in thermal power units at supercritical conditions (P = 30 MPa and
T =620 ° C). The studied steel has the following chemical composition: 0.1% C, 9.36% Cr, 2.93%
Co, 1.85% W, 0.45% Mo, 0.2% V, 0.05% Nb, 0.048% N, 0.005% B, the rest - Fe). The samples
were normalized at 1050 °C and tempered for 3 hours at temperature of 750 °C.

The experiments performed on FSD diffractometer have shown significant diffraction peak
broadening in comparison with reference sample (Fig. 1). Detailed analysis of peak widths revealed
anisotropic character of peak broadening at which some reflection (especially (200) and (310))
deviate from linearity. This deviation is usually associated with the dislocation contrast factor
variation, repeatedly has been observed previously in the literature as well as in neutron
experiments on FSD. The anisotropic peak broadening effect observed on FSD is expressed quite
strongly and can be readily registered due to quite good instrument resolution. For correct
microstrain evaluation this peak width anisotropy should be taken into account during fitting
procedure which can be done using the model proposed in [1] (Fig. 2 and Fig. 3, left). Additionally,
the lattice parameter dependence vs. temperature allowed estimating the of linear expansion
coefficient of the material, which has a value typical for this class of steels (Fig. 3, right).

[1]  T.Ungaretal.//J. Appl. Cryst. 1999. V. 32. P. 992-1002.
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The changes in magnetic structure of TbCo, at high pressure

E.Burzo™?, P.Vlaic?, D.P.Kozlenko®, S.E.Kichanov®, N.T. Dang®, E.V.Lukin®, B.N.Savenko?
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The magnetic properties of RCo, compounds, where R is a rare-earth or yttrium were
intensively studied by means of experimental and theoretical methods due these systems show
very interesting magnetic properties [1, 2]. The RCo, compounds are ferrimagnetically ordered.
The magnetic moments of cobalt in the above compounds are Mg, = 1 ug. When R=Y or a
nonmagnetic rare-earth Lu and in low temperatures region the magnetic susceptibilities of those
compound follows a T2 dependence but at temperatures higher 500-600 K, a Curie-Weiss type
behavior was evidenced. In field of = 70 T, at 4.2 K, there is a transition of cobalt from
paramagnetic to ferromagnetic state. It was known, that the Curie temperatures of the above
compounds are sensitive to pressure. In particular, the band structure calculations of ThCo,
showed that the cobalt moments decreases at high pressures.
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Fig. 1. Neutron diffraction patterns of TbCo, was measured at ambient pressure and high
pressure P= 4.1 GPa and temperatures T =10 and 290 K. The experimental points, the
calculated profile by Rietveld method are shown. The vertical bars are the calculated positions
of the nuclear peaks of the R3m phase. The most intense ferrimagnetic peaks are marked as
FM. In left part the temperature dependences of magnetic moments of Tb and Co for ThCo, at
different pressures are shown. The solid lines are fitting of data by Brillouin functions.



In order to obtaining additional information about cobalt magnetism in RCo, compounds,
neutron diffraction studies were performed on DN-12 diffractometer [3] at IBR-2 pulse reactor

with ThCo, compound at pressure up to P = 4.1 GPa and in temperature range 10-300 K.

The neutron diffraction data of TbCo, obtained at different pressures and temperatures
are shown at Fig.1. The crystal structure of TbCo, is rhombohedral with R3m space group below

Curie temperature T,=228 K. The magnetic ordering of this compound is ferrimagnetic. At high
pressure the magnetic moment of Co ions decreases substantially from 1.1 to 0.6 ug but the Th
ions moment is not affected by pressure. The temperature dependences of the terbium and cobalt
moments determined at pressures P=0, 1.6 and 4.1 GPa are shown in Fig.1. The experimental
data were fitted by Brillouin function with J=6 for Th and S=% for Co ions. The Curie
temperature decreases with a large negative pressure coefficient dTc/dP = -8 K/GPa. The data
extrapolation for the baric dependences of cobalt moments suggests that at critical pressure

=12 GPa the cobalt ions becomes non-magnetic. The experimental data were supported by

band structure calculations and calculation in frame of spin fluctuations model [4].
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Calcium ions have a special place in the biological processes [1]. They regulate important
physiological and biochemical processes in the body. Calcium ions are involved in blood clotting,
as well as providing a constant osmotic pressure of blood. Calcium ions are one of the universal
second messengers and regulate a variety of intracellular processes - muscle contraction, exocytosis,
including the secretion of hormones, neurotransmitters, etc. [2-5]. This is the reason for the
intensive study of the influence of calcium ions on the structure and functioning of cells, including
biological membranes. One of the directions of these studies is determine the affect of calcium on
the structure and interactions of lipid membranes, which are the basic structural element of the
membranes. Of particular interest is the interaction of Ca with lipid membranes and its influence on
the membrane interactions. For this purpose the multilayer membranes are used

Earlier have been shown that, even at quite small concentrations of CaCl, (about a few mM)
multilayer membranes have a sharp transition from the bound to the unbound state [60muoka!
3akaanka He ompenaeneHna.-§]. The prediction of the phenomenon is of great interest to statistical
physics membranes, but the detailed character of this transition in excess water has never been
studied.

We investigated in a details the influence of CaCl, (electrostatic repulsion) on the structure
and interaction of the membrane in the ripple and liquid phases by small-angle neutron scattering.

Our studies have shown that unbinding transition take place in the ripple and liquid-
crystalline phases. The results indicate the continuous (not sharp) behavior of the transition (Fig.1).

Analysis of the small-angle scattering curves for multilayer DMPC (1% wt) membranes
showed that the destruction of the lamellar structure and the formation of single vesicles occur at

Ceo™ 0.3 mM in Pﬁ/ phase and at C_,,~ 0.4 mM in L, phase. The ripple phase at T = 15°C

disappears faster than the unbinding transition is occurs.
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well as on the degree of hydration of the phospholipids.

depends on the phase state of the investigated system as



A detailed analysis of the diffraction peaks allowed to specify the critical values of the Ca*"
concentration required for the transition of the system from a bound state to unbound: in ripple
phase C_,. = 0.29 mM for DMPC (0.5 % wt) and 0.33 mM for DMPC (1.0 % wt), in liquid-

crystalline phase C_,. =0.33 mM for DMPC (0.5 % wt) and 0.4 mM for DMPC (1.0 % wt).

It was shown that decrease in lipid concentration does not affect the repeat distance of the
lipid membranes in the pre-transition range.

The thickness of the lipid bilayers spontaneously forming from multilayer membranes is equal
to the thickness of the vesicles prepared by extrusion in the unbound transition region (Fig.2). It
means that we observe a formation of unlamellar vesicles after destruction of lamellar phase of
multilayer DMPC membranes in the ripple and liquid-crystalline phases. Further addition of
calcium ions leads to a partial fusion of single vesicles, as indicated by the difference in the dyy) and
dpm) thickness values. Moreover, the number of aggregated particles in the liquid-crystalline phase
is smaller than in the ripple phase. This process is quite sharp in the L, phase and is continuous

(03mM<C_., <2mM)inthe P, phase.
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DISPERSIONS BY SMALL-ANGLE NEUTRON SCATTERING

M.V.Korobov?, D.N.Volkov?, L.A.Belyaeva®, M.A.Proskurnin®, M.V.AvdeeV®,
0.V.Tomchuk®®, V.L.Aksenov®®, A.V.Rogachev®

®Department of Chemistry, Moscow State University, 119899, Moscow, Russia
PFrank Laboratory of Neutron Physics, JINR, Dubna, Russia
°Kyiv Taras Shevchenko National University, Kyiv, Ukraine
9Petersburg Nuclear Physics Institute, NRC “Kurchatov Institute”, Gatchina, Russia

Recently, detonation nanodiamond particles have attracted increasing attention as a
promising nanomaterial for its biocompatility, ability to cross the cell membrane, easy
functionalization and conjugation with biomolecules. Compared to other carbon nanomaterials
nanodiamonds (NDs) are less toxic. NDs are mainly used as markers for cell imaging, using its
fluorescence or Raman signals for detection, as MRI agents and as carriers for drug delivery. For
the success of these applications stable in time aqueous dispersions of ND have to be prepared. Also
important are size/structure of ND clusters, formed in the aqueous dispersions. Some useful
properties of the dispersions are size dependent. It was found that the activity of lysozyme adsorbed
on ND clusters depends on cluster’s size. The uptake of NDs in lungs and spleen is lower for the
small clusters compared to the large ones and etc. [1-8].

ND materials are composed of primary particles (diameter 4-5 nm). This characteristic size
is determined by specific conditions (temperature, pressure, time) of detonation. In cheap
aggregated ND materials primary particles are bound by multitudes of C-C covalent bonds with
neighboring particles to form huge clusters (>100 nm). In more advanced disaggregated ND (DND)
materials inter-particle bonds are broken either chemically or mechanically, though spontaneous
aggregation due to van-der-Waals interactions take place.

Various forms of NDs (dry powders or flakes, aqueous gels, dispersions) were carefully
studied and characterized by different experimental methods. The most valuable characteristics are
size and structure of the primary ND particles (x-ray, HRTEM, NMR and etc), chemical identity of
the surface groups (IR), size of the clusters in the dispersions (DLS, SANS).

We put forward a new experimental procedure to make almost monodispersed DND
material and to adjust the size of the clusters in the dispersion. The procedure is based on stepwise
separation of the commercial DND samples by cetrifugation accompanied by careful DSC analysis
at each step. The parameters of aqueous dispersions produced (minimum size, size distribution,
stability) are better than for any commercial samples available so far and/or for the samples
reported in the literature.

SANS measurements were carried out for two commercial DND dispersions on small-angle
spectrometer YuMO (pulsed reactor IBR-2, FLNP, JINR). Samples during the measurements were
located in quartz cuvettes with a thickness of 1 mm at room temperature. The neutrons wavelength
range was 0.5-8 A. Measured scattering curves were corrected for background scattering, and the
absolute cross section of neutrons was obtained by vanadium calibration standard.

The obtained principal scattering curves are shown in Figs.1,2. They show the scattering
from the clusters. For RUDDM dispersion in Fig.1 the fractal type organization of the clusters can
be concluded. The corresponding fractal dimension, as follows from the power-low scattering at
small g-values, is close D = 2.45, which was detected in the previous experiments with the
nanodiamond suspensions of other producers [9]. The characteristic cluster size is above 120 nm.
The change in the SANS curves with the contrast variation points strongly to the homogeneous
structure of the clusters at the level of above 10 nm. The scattering intensity in the interval of 0.07-
0.01 nm™ as a function of the D,O content gives the match point of 160 % of D,O, which



corresponds to the mean scattering length density (SLD) of the clusters of 10.5x10'° cm™. This
value coincides with that obtained for other nanodiamond suspensions [9], where the volume
fraction of non-diamond component (graphene) in the dispersed particles was estimated to be 30%
and corresponded to graphene shell 0.5 nm thick around diamond crystallites.
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Fig.1. Commercial aqueous RUDDM dispersion, 2 wt.%.
SANS contrast variation.

Fig.2. Commercial SDND dispersion in H,O. SANS
curves for different concentrations. Solid line shows
the curve for 5 mg/ml renormalized for 100 mg/ml.

For SDND dispersion one can see (Fig.2) that the size of clusters in solution is significantly
less with estimates of below 20 nm. At the same time, the concentrated solutions of this kind of
DND dispersions show high stability, thus allowing one to follow the concentration dependence of
the scattering. The structure-factor effect is clearly seen, which reflects the hard-sphere repulsion
type up to the highest concentration of nanodiamond particles in the solution. This differs the given
system from the previously studied DND dispersions [9], where the interpenetration of the
developed clusters was observed for the concentrated solutions.
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Neutron scattering is powerful method for the investigation of magnetism and soft matter
but information about the investigated objects is averaged over the neutron beam width of 0.1-10
mm. To increase the spatial resolution of the neutron beam for the investigation of microstructures,
focusing devices are developed (refractive lenses, bent crystals, etc.). These devices produce
microbeams of width of more than 50 um. Planar waveguides [1] can produce a neutron microbeam
of 0.1-10 pm width.

We carried out several experiment on the NREX reflectometer investigating different types
of waveguides. In the article [2] we demonstrated a polarized neutron microbeam. Polarizing
magnetic waveguide Fe/Cu/Fe and non-polarizing structure FeNi/Al/FeNi were used. In [3] the
polarizing waveguide Fe/Co/Fe was investigated experimentally. In the article [4] we proposed the
idea of a waveguide as polarizer and spin-flipper for microbeams. In [5] we demonstrated
experimentally the combination of a polarized incident beam and nonmagnetic waveguide
CuNi/Cu/CuNi. This waveguide structure was investigated more detailed in [6]. From the analysis
of different types of waveguides we conclude that the combination of polarized neutron
reflectometer with a nonmagnetic waveguide is suitable for the investigation of magnetic
microstructures.

We applied this configuration for the investigation of the amorphous magnetic microwire
(Coo.94F€0.06)72.5S1125B15 containing a compact core with axial magnetic domains and a wide shell
with circular ones [7]. This type of wire is interesting for practical applications and for physics of
micromagnetism. The experiment was carried out on the polarized neutron reflectometer PRISM
with vertical film plane (reactor ORPHEE, LLB, Saclay, France) [6]. The fixed wavelength 4.0 A (7
% FWHM) and incident angular divergence 0.04° were used. The wire of 190 um diameter was
oriented vertically along the microbeam of 2.6 um width and placed at 1 mm from the waveguide
edge (see Fig. 1). The microbeam was fixed and the scan was done by micrometric translation of
the wire across the beam (Fig. 2a). The spin-dependent intensity of the transmitted microbeam was
measured. The method of neutron spin-precession was used. When a magnetic field is applied
parallel to the wire axis, the spin-flipped intensity '-+' is small (Fig. 2b). The width of the '++'
intensity minimum of about 200 pm corresponds of the wire width. In the case of a perpendicular
applied field (Fig. 2c), the spin-flipped intensity '-+' increases and consists some oscillation on the
curve. The time of measurement of one curve is about 5-10 hours.

Thus, our results can be used for the development of neutron sonde microscopy, a new
method of the investigation of one-dimensional magnetic microstructures (wires, ripple domains,
lithographic lattices, vortices in superconductors) with high spatial resolution.
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waveguide, S is the microwire, D2 is the Cd slit, SF2 is the second spin-flipper, A is the analyzer of
polarization, PSD is the position-sensitive detector.
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The multiferroic materials, demonstrating a coupling between magnetic and electric
subsystems, have become a subject of extensive scientific research in recent years [1]. A
coexistence of spontaneous ferroelectric polarization with long range magnetic order in
multiferroics provides a route for a construction of novel electronic devices with a possibility to
control of magnetic properties be electric field and vice versa. An interesting example of such
materials, combining multiferroic phenomena with geometrically frustrated magnetism on two-
dimensional triangular lattice, is rubidium molybdate RbFe(Mo00O,),. The crystal structure of

RbFe(Mo00O,), has the trigonal P3m1 symmetry at ambient conditions and it is lowered to P3 via

structural distortion below T = 180 K [2]. The triangular antiferromagnetic order with helical
modulation along the c-axis and propagation vector q = (1/3, 1/3, q.), 9. ~ 0.45 r.l.u, is formed
below Ty = 3.8 K [3]. The binary molybdates are known to exhibit a structural polymorphism
due to chemical substitution and variation of thermodynamic parameters but the high pressure
behaviour of structural parameters and physical properties of these compounds in different
phases remains unclear. We found that gradual structural phase transition from the initial trigonal
P3ml to the monoclinic C2/c phase occurred at pressures above 1 GPa. In order to study
evolution of the magnetic order of multiferroic RbFe(MoO,),, we have performed neutron

diffraction at high pressure.

The neutron diffraction patterns obtained at ambient and high pressure in low temperature
region are shown on Fig.1la. At ambient pressure and temperatures below Ty = 3.8 K, appearance
of the magnetic peaks (-1/3, 2/3, -q,) and (2/3, -1/3, -q;), 9. = 0.452(5) r.l.u. was observed,
corresponding to the onset of the incommensurate triangular AFM order with a propagation
vector g = (1/3, 1/3, q,). An increase of the g, value up to 0.480(9) r.l.u in the pressure range 0 —
2 GPa was observed (fig. 1b). The value of the pressure coefficient of the magnetic ordering
temperature (1/Ty)dTn/dP =0.13 GPa™, estimated from temperature dependencies of the ordered
magnetic moments (fig. 1c).

The pressure coefficient of the Néel temperature for RbFe(MoQ,), with superexchange
interactions via two anions is significantly lower in comparison with relevant systems

possessing superexchange interactions via one anion. No sign for a long range magnetic order



formation in the monoclinic phase was observed in the studied pressure and temperature range. It

is consistent with the observed distortion of the triangular lattice formed by Fe** ions, giving rise

to increase of the average Fe-Fe distance.
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Fig. 1. (a) Neutron diffraction patterns of RbFe(MoQO,),, measured at P =1 GPa, T = 2 and 5 K and their
difference, illustrating magnetic contribution, processed by the Rietveld methods. For a comparison,
difference pattern at P = 0 GPa is also shown. The ticks represent calculated positions of nuclear
structure peaks (bottom) and magnetic structure peaks (top).

(b) Pressure dependence of the g, component of the propagation vector, determined at T = 2 K.

(c) Temperature dependencies of the ordered Fe magnetic moment at P = 0 and 1 GPa, normalized to the
value obtained at P = 0 GPa and T = 2 K. The solid lines represent interpolations by functions s/ ~ (1-

(T/TFM(AFM))“)”. The obtained values of parameters are « = 2.5(1) and £ =0.32(5) for both pressures.

As conclusion, our results demonstrate that the application of high pressure leads to a
structural phase transition from the trigonal to the monoclinic phase in RbFe(Mo00Q,),. In the
trigonal phase the g, component of the propagation vector, corresponding to the triangular

antiferromagnetic magnetic order, approaches the commensurate value 1/2 upon compression.
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The wormlike micelles of anionic surfactant are polymerlike aggregates formed by molecules
with long tail containing 16-22 hydrocarbon groups in aqueous medium. Similarly to polymer
chains the wormlike micelles are long flexible chains which can entangle with each other. This
network impacts viscoelastic properties to system. Such system is often used as thickening agents
with responsive properties in industries and technologies. The responsive properties are resulted by
physical nature of aggregation in contrast to polymer chains where subchains are connected by
strong covalent bounds. Persistent length is an important parameter of the network.

SANS is powerful method allowing calculate the persistent length. In our research the persistent
length as function of surfactant concentration was studied.

SANS experiments were performed with the two-detector system at the YuMO instrument. The
solutions of the samples were placed into quartz-glass cells with thickness of 1 mm in the direction
of neutron beam. The samples were kept at 20+£0.03 °C in a special thermal box connected to a
Lauda computer-controlled thermostat. The experimental data were treated with SAS package,
which allows us to sum up the data for the same sample, calculate the instrumental resolution
function for given experimental conditions, correct the data for the dead times of neutron detectors
and subtract the substrate background from the detector data, normalize the obtained spectrum to
spectrum of standard vanadium scatterer, and subtract the background sample data.

SANS data for the different concentration of the surfactant in solution of wormlike micelles is
shown in figure 1.

Using Holtzers plot (Ig as function of (q)) we found the scattering vector g* corresponding
transition from g region (scattering from linear part of micelles i.e. from rods) to coil scattering
region (upturn of the intensity). At small concentrations (0.04, 0.11, and 0.19 wt.%) below and
close to overlap concentration the g* was clearly determined. But at high concentration rather above
the overlap concentration the g* was not observed. It may be explained by the strong interactions of
the micelles at semidilute regime. At small concentrations the persistence length of potassium
oleate micelles I, is equal to 140 A (calculate according the following equation 1,=2/g*). It was
shown that the persistent length does not depend on surfactant content. The ratio of cross-section
radius (2 nm) of wormlike micelles to persistent length allows to suppose that the wormlike
micelles of anionic surfactant is semiflexible chains.
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Fig. 1 SANS data for the different concentration of the surfactant in solution of wormlike
micelles.
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Introduction

The aim of this experiment was investigated of aggregation in mixed of two surfactants - nonionic
CI4E7 (heptaethylene glycol monotetradecyl ether) and anionic CsDS (cesium dodecyl sulfate)
micellar solutions in heavy water at 25°C by small angle neutron scattering (SANS) method. The
variations in the size and shape of micelles with composition was observed in heavy water dilute
solutions of non-ionic surfactant (¢;=0.17%, c2=0.5%,c3=1%) as result of surfactants headgroup steric
and electrostatic interactions [1-3] when nine different amounts of anionic surfactant CsDS was added
to these solutions.

Method and materials. Surfactants and D,O

The nonionic surfactant studied was heptaethylene glycol monotetradecyl ether (C,4E;) purchased from
Fluka (99.9%) and we used it without further purification. The anionic surfactant cesium dodecyl
sulfate (CsDS) (99.9%) was purchased from group of dr Thomas R. in Oxford University, Faculty of
Chemistry. Heavy water (D,0O) was purchased in Prikladnaya Chimia” in St. Petersburg (Russia).
Small Angle Neutron Scattering (SANS)

The small angle neutron scattering measurements were made using a YuMO spectrometer of the IBR-
2M on pulsed neutron source in the Laboratory of Neutron Physics, JINR, in Dubna (Russia). The
specifics of this spectrometer have been described in details before [4]. The scattering experiments
covered the scattering vector q range 0.007-0.45A™" (q=4nsin (6/2)/A, 0 is the scattering angle, A is the
wavelength). For the measurements quartz cells of thickness 2 mm were used which were sealed to
prevent evaporation during the experiment. Up to 15 such cells were placed in a sample holder, and the
temperature within the cells was kept constant in a range of = 0.5°C by a thermostat. Conversion of the
scattered intensities into absolute differential cross-sections was done by using an internal calibration
standard (vanadium). For all samples D,O was used as solvent in order to achieve good contrast
conditions. Background scattering was subtracted by comparison with a corresponding pure D,O
sample. The data treatment was done according to the standard procedures [5].

Results and discussions

Intensity of neutron scattering vs. scattering vector was investigated for mixed system C4E;
+D,0+CsDS for 3 concentrations C4E;+D,0:(a)c1=0.17%, (b)c,=0.5%, (c)c;=1% and 9 different
amounts of anionic surfactant CsDS, (a)S1=c=0.216mM/l, S2=c=1.083mM/l, S3=c=2.160mM/l);
(b)S4=c=0.372mM/1,S5=c=1.860mM/1,S6=c=3.720mM/1);(c)S7=c=0.573mM/1,S8=c=2.866mM/1,S9=c
=5.733mM/1) at temperature 25°C. The partly results of the small-angle neutron scattering
measurements are presented in Fig. 1(a,b). Figure shows one family of experimental small angle
neutron scattering curves for mixtures of Ci4E; nonionic surfactant solutions in D,O with anionic
surfactant at one C4E7 concentration:c; = 0.17%. Each of these mixtures contains the classical anionic
surfactant CsDS at three different concentrations. It can be seen that, for the C4E; concentration ¢; =
0.17%, three curves corresponding to three different concentrations of the anionic surfactant CsDS
intersects at the same point (Q=0.05A""). The spherical shape of micelles was observed for these mixed
systems.
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Fig.1.(a) Intensity of neutron scattering vs. scattering vector for mixed system C,E; +D,O+CsDS for concentration
C14E7+D70:¢,=0.17% and three different amounts of anionic surfactant CsDS, (a) S1=c=0.216mM/l, S2=c=1.083mM/I,

S3=¢=2.160mM/1) at temperature 25°C and (b) the distance distribution function as determined by the IFT (Indirect Fourier
Transformation) method.

Conclusions

The size and shapes of micelles in such micellar mixed water solutions were obtained from
experimental results. For each family of experimental curves at constant concentration of nonionic
surfactant for biggest amount of anionic surfactants micelles are rather spherical but for all other
experimental condition ellipsoidal shape of micelles was observed. When total concentration of
solution increase the amount and size micelles decreases at constant of nonionic surfactant. The three
curves corresponding to the three different concentrations of anionic surfactant CsDS at each constant
nonionic concentration 0.17%, 0.5% and 1% intersects in one but not the same point - for ¢;=0.17% at
q=0.05A"", for ¢,=0.50% at q=0.035 A" and for ¢; =1.0% at g=0.04 A™".
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Introduction

Small angle scattering (SAS) of X-rays (SAXS) and neutrons (SANS) are most useful techniques
that provide essential information about the fundamental properties of materials. In the case of the
SAXS, the X-rays interact with electrons, for the SANS, the interaction is only between the
neutrons and the nuclei, but experiment give dependence of counts as function of pixel (from PSD
detector for fixed wavelength) or function of pixel and wavelength for the time-of-flight (TOF)
method. From one side it is easy to recalculate coordinate of pixel and wavelength to g-value, from
another side TOF method is quite complicate for checking all parameters, such as delay time,
wavelength, etc. Therefore, we need a method for precisely to do calibrations. One way is to use
materials with the long-period spacing (due to small angle for SAS method). The calibrations of the
SAXS and SANS instruments with using silver behenate [CH3(CH2)20COOAg] and silver stearate
[CH3 (CH2)16CO2Ag] have been successfully tested [1-3]. It is know that possible to prepare
different periodicity changing tails for family “behenate” samples.

In this paper, we present the results of the comparison between data obtained by the SAXS and
the SANS technique with using the silver behenate and silver stearate. We offer using the mixture
of silver behenate and silver stearate for measurements to determine the parameters of TOF method
also.

Materials and methods

Silver behenate and silver stearate are silver salts of the long-chain fatty acids. The long-period
spacing are dgo;=58.378 (8) A for silver behenate and dyo;=48.68 A for silver stearate according to
previous studies [1]. Silver behenate and silver stearate powders used in our study were purchased
from Alfa Aesar, a Johnson Matthey Company [4].

A pinhole camera Molecular Metrology SAXS System attached to a microfocused X-ray beam
generator (Osmic MicroMax 002) that operates at 45 kV and 0.66 mA (30 W). The camera was
equipped with a multiwire, gas-filled area detector with an active area diameter of 20 cm (Gabriel
design). Two experimental setups were used to cover the q range of 0.0045 - 1.1 A’
(q=(4n/A)sin®), where A is the wavelength and 20 is the scattering angle).

The neutron experiments were performed at YuMO spectrometer by two-detector system mode
with ring wire detectors [5,6]. The beam was collimated to a diameter of 14 mm on the sample. The
data treatment was performed by SAS program [7] with special smoothing mode, which include
resolution of spectrometer [8].



SAXS measurements
The scattering pattern of silver behenate and stearate after the nonlinear curve fitting was
perform to the scattering pattern [9], we had obtained a picture for the Bragg peaks of silver

behenate, as can be seen in Fig.1 and Fig 2. These peaks were fitted with Gaussian functions.
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Fig. 1. Bragg peaks of silver behenate obtained from SAXS measurement.

In SAXS measurement, Bragg peaks from silver behenate can be seen clearly and have sufficient
intensities to do peak analysis. The fitting procedures and calculations were carried out for first five
peaks. An overview of the results of Bragg peaks of silver behenate and silver stearate powder is
shown in Table 1 and 2 correspondently.

Table 1. Bragg peaks of silver behenate measured by SAXS

N“mb;:afsBragg Qpea [A"] | duia [A] A[f% ? Ad[A] | FWHM
Ist 0.1086 57.9 0.9 0.5 0.016
2nd 02151 58.4 08 0.5 0.021
3d 0.3222 58.5 0.2 0.1 0.023
4th 0.4307 58.4 0.4 0.2 0.023
5th 0.5399 58.2 0.3 0.2 0.027
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Fig. 2. Bragg peaks of silver stearate obtained from SAXS measurement.

Table 2. Bragg peaks of silver stearate measured by SAXS

Number of Bragg peaks | Qpeax [A™'] | dua [A] | Ad/d [%] | Ad [A] FWHM
Ist 0.1351 46.5 4.5 2.1 0.025
2nd 0.2656 473 2.8 1.3 0.023
3d 0.3998 47.1 3.2 1.5 0.028
4th 0.5341 47.1 33 1.6 0.028
5th 0.6717 46.8 3.9 1.8 0.034

SANS measurements

SANS patterns of silver behenate and silver stearate obtained from the SANS YuMO

spectrometer are shown respectively in Fig. 3 and Fig. 4. To do the Bragg peak analysis on the

SANS patterns, we used exponential and Gaussian functions. Table 3 shows results of first and
second Bragg peaks for silver behenate. For silver stearate, it is presented in Table 4.
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Fig. 3. Neutron diffraction pattern for silver behenate.



From typical picture of SANS pattern of silver behenate in Fig .5, we can show that first Bragg
peak has sufficient intensity and second peak has lower intensity. Third, fourth and fifth peaks
disappear in the incoherent background. However, to determine the wavelength only the first Bragg
peak is useful from Bragg reflections in the neutron diffraction pattern obtained from the SANS
measurement [2,3]. It is also similar for silver stearate in Fig. 6.

Table 3. Bragg peaks of silver behenate measured by SANS

Number of Bragg peaks | Queax [A™'] | dua [A] | Ad/d [%] | Ad[A] | FWHM
1* 0.1086 57.85 0.92 0.53 0.023
2nd 0.2154 58.34 0.09 0.05 0.031
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Fig. 4. Neutron diffraction pattern for silver stearate.
Table 4. Bragg peaks of silver stearate measured by SANS
Number of Bragg peaks | Queak [A™'] | dua [A] | Ad/d [%] | Ad[A] | FWHM
Ist 0.1332 47.17 3.1 1.46 0.032
2 0.2614 48.07 1.3 0.62 0.057

We also measured by the SANS spectrometer the sample, which was prepared as a mixture of
two silver powders: silver behenate and silver stearate 50%/50% wt%. The peak analyses of silver
behenate and silver stearate were carried out from results of measurement for the mixture. Neutron
diffraction patterns for the mixture of silver behenate and silver stearate powders are presented in
Fig. 5. From the lower g-range side of the neutron diffraction pattern in Fig. 5, first peak is first
Bragg peak from silver behenate, second is first Bragg peak from silver stearate, third is second
Bragg peak from silver behenate and fourth is second Bragg peak from silver stearate in the mixture
of silver compounds. We show that there is a overlapping between the peaks from silver behenate
and silver stearate due to two silver powders have long period spacing to produce peaks in nearby
g-range. Another reason why the overlapping create is because the SANS spectrometer has low
resolution to produce wider diffraction peaks than peaks are produced from SAXS instruments.
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Fig. 5. Neutron diffraction pattern for mixture of silver behenate and silver stearate.

From comparisons between full width at half maximum (FWHM) results of the SAXS and the
SANS measurements, the SANS YuMO spectrometer create more diffraction line broadening than
the SAXS instrument used in this study. The diffraction line broadening depends on instrumental
resolution according to Scherrer equation and if the resolution is low, it gives wide line broadening.
However, we can check accurately the time delay and the wavelength of neutron beam coming from
active zone of IBR-2M reactor by simple measurements in terms of the positions of Bragg peaks of
silver behenate and silver stearate as calibration standards.

Conclusions

We considered the possibilities of calibrations by silver behenate and silver stearate for SAS
technique. We showed that the long-period spacing of the silver compounds give to us to checking a
parameters TOF method. From comparisons between FWHM results of SAXS and SANS
measurements, YuMO spectrometer has lower resolution than pinhole camera Molecular Metrology
SAXS System. We obtained the parameter of the YuMO spectrometer (namely: time of delay,
wavelength correctly etc) due to measurements of silver behenate and silver stearate. We suggested
to use mixture of silver behenate and silver stearate for calibration of detectors on the YuMO
spectrometer. we showed that it is enough to do the measurement simultaneously such as the
mixture without to do for each powder. Results of the data obtained from the SANS measurements
performed with the silver behenate and the silver stearate powders are presented and compared with
the SAXS measurements.
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Experimental frequency spectra of crystal lattice of tungsten (W) at temperatures 293 K and
2400 K were obtained for the first time by measurement of slow neutron inelastic scattering. Metal
tungsten is of interest for reactor purpose. Along with chromium and molybdenum it belongs to
transition elements of VI-th group of periodic system and is most refractory metal:
Tmet(W)=3653K. Atomic number of tungsten is 74, atomic mass 183.85, density 19.3 g/cm3. Outer
electron configuration of tungsten atom is 5d*6s>. Tungsten has bcc structure (a = 3.1583+3.1592 A
[1]). Structure of tungsten is stable at normal pressure in temperature interval from room
temperature to melting point. Neutron absorption cross-section of W is equal to 18.4 barn, total
scattering cross-section 0,=4.86 barn. Meanwhile, coherent and incoherent scattering cross-sections
are of close-ratios: 6°"=2.86 barn, 6""°=2.0 barn [25]. Dispersion curves of W have peculiarities,
that are specific for a number of another transition metals [4]. Particularly, longitudinal branch in
[001] direction has maximum at wave vector &=0.7, and two transverse branches in [110] direction,
which are almost degenerate at little &, intersects at £<0.45.

Frequency spectra of tungsten (fig.1) are presented in this paper. They were obtained from
two differential scattering cross sections (TDSCS) of slow neutrons, measured on DIN-2PI
spectrometer [S5] at sample temperatures 293K and 2400K. Measurements were carried out at initial
neutron energy E¢=18.7 meV in scattering angle interval from 28 to 134 degree. Resolution in
initial energy region was ~6-7%. High-temperature thermostat TS3000K [6] was used to heat W
sample. Sample was situated into tantalum cylindrical heater of 0.3 mm thickness. Heater was
surrounded by heat-shielding screens (8 piece) made from tantalum foil of 0.05 mm thickness.
Frequency spectra reconstruction from TDSCS was carried out by Bredov-Oskotsky method [7] by
iterations with using of program complex SLOWN [8]. Experimental frequency spectra W obtained
(fig.1) noticeably differs from calculated spectra [9,10].
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Fig.1. Frequency spectra of tungsten at temperatures 293 and 2400 K (experiment)
1-293K; 2 -2400 K; 3 — calculation.



As opposed to experimental spectra, in calculated ones separated peaks are clear revealed at energy
transfer 18 and 26 meV, matching to transverse and longitudinal atoms vibrations. In experimental
spectra these peaks are slightly seen. At transition from room temperature to 2400 K spectrum as a
whole is softened. By the way detailed spectrum structure remains observable. High-frequency
wing, observable at room temperature, is disappeared. Physical reason for this wing remains not
understood, though similar effect was discussed as far back as in measurement with vanadium [11].
As for low-energy region, observable here structure is in experimental errors limits.

Literature

1. 3enuxman A.H., Huxumuna JI1.C. Bonsdppam. M.: Meramnyprus, 1978, c. 18.

2. Chen S.N. and Brockhouse B.N. Solid State Commun. 2, 73 (1964).

3. Larose A. and Brockhouse B.N. Can. J. Phys. 54, 1819 (1976).

4. GUthoff F., Hennion B., Herzig C., Petry W., Schober H.R., Trampenau J. J. Phys.: Condens.
Matter. 6, 6211 (1994).

5. User guide/ Ed. Sicolenko V.P. Dubna: Joint Institute for Nuclear Research, 1997, p.31

6. Hou M., Koznoe )K.A., Mameecxy I, [laoypeany U., Cemenos B.A., Kpauyn JI., Pvineamny
C.H., Mopozose B.M., Onpea A.H., Onpea K., Ilyuxoé A.B. BpicoxoTemmnepaTypHbIil
tepmocTtatr TS-3000K myist HeiTpoHHBIX M3MepeHuid Ha criektpomerpe JAMH-2IT1 peakTopa
NBP-2. Coobmenne OUAN P13-2008-66: [1y6na, OUAN (2008) 17 c.

7. Ockomckuti B.C. O06 wu3mepeHuu (QYHKIMH pacupeneiacHuss (OHOHOB C TOMOIIBIO
KOTePEHTHOTO PaCCestHHsI MEJJICHHBIX HEUTPOHOB Ha TOJMKPHUCTAIUIAX B TEIECHBIM yToI,
OTT. 9, BeIn.2, 550, 1967.

8. Jlucuuxun FO.B., Jlosbenxko A.I., E¢umenxo B.A., Hosuxos A.I., Cmupenxuna JIJI.,
Tuxonosa C./. Borpockl aTOMHON HaykHu U TeXHUKHU. Cep. «SnepHble KOHCTaHTBD, BBII.2,
12 (1979).

9. Chang Hyo Kim and Jong Hwa Chang. A Simple Shell Model Approach to Lattice
Dynamics of Cr, Mo, and W. J. of the Korean Nuclear Society, V.7, N2, 107-117 (1975).

10.  Debernardi A., Alouani M., and Dreysee H. Ab initio thermodynamics of metals: Al and W.
Phys. Rev.B 63, 064305 (2001).

11.  Page D.I. Proc. Phys. Soc. 91, 76, (1967).



TRACE ELEMENT DEPOSITION IN MACEDONIA STUDIED BY MOSS
BIOMONITORING TECHNIQUE, NAA, ICP-AES AND AAS

Lambe Barandovski', Marina V. Frontasyevaz, Trajce Stafilov’, Robert Sajn4,
Katerina Bageva®, T.M. Ostrovnaya2

!Institute of Physics, Faculty of Science, Ss. Cyril and Methodius University, POB 162, 1000
Skopje, Macedonia
’Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, 141980 Dubna,
Moscow Region, Russia
I Institute of Chemistry, Faculty of Science, Ss. Cyril and Methodius University, POB 162,
1000 Skopje, Macedonia
‘Geological Survey of Slovenia, Dimiceva ul. 14, 1000 Ljubljana, Slovenia

1. INTRODUCTION

Terrestrial mosses as biomonitors of atmospheric deposition of trace elements were
introduced in Scandinavian countries and shortly after that usage of the mosses to assess the
atmospheric deposition of metals was widely accepted by most of the European countries [1].

Republic of Macedonia was involved in the UNECE ICP Vegetation (United Nations
Economic Commission for Europe International Co-operative Programme on Effects of Air
Pollution on Natural Vegetation and Crops) — Heavy Metals in European Mosses, for the first
time in 2002 (survey 2000/2001) and again in 2005 when atmospheric deposition of trace
elements was studied over the entire territory of the country using samples of terrestrial
mosses Hypnum cupressiforme, Homalothecium lutescens. The last moss survey in
Macedonia took place in 2010. Here are presented some of the obtained results.

2. EXPERIMENTAL

Study area. The Republic of Macedonia has a total area of 25,713 km” and it is a
landlocked country situated in the central part of the Balkan Peninsula and it has around two
million inhabitants. The main industrial capacities in the country are located in Skopje, Veles
Radovis, Kavadarci, Tetovo and two thermoelectric power plants using lignite located in
Kichevo and Bitola. There are 3 mines with flotation plants for lead and zinc and one for
copper in the Eastern part of the Republic of Macedonia.

Sampling. Moss sampling was performed according to the guidelines of the
International Cooperative Programme on Effects of Air Pollution on Natural Vegetation and
Crops — monitoring manual for air pollution monitoring of atmospheric deposition of heavy
metal deposition using bryophytes, as well as the procedure used in the previous European
moss surveys [2]. At 72 locations over the entire territory of the Republic of Macedonia
during August and September 2010, samples from the species Homalothecium lutescens and
Hypnum cupressiforme were collected. To aid the analysis of temporal trends in the
concentration of heavy metals in mosses, samples were collected from the same sites as in the
previous surveys. The distribution of the sampling sites is shown in Fig. 1.

Sample preparation. In the laboratory the samples were dried to constant weight for
48 hours at room temperature and cleaned but not subjected to any further washing. Green
and green-brown parts of the moss were sorted and prepared for analysis.

NAA was performed in the radioanalytical laboratory at the pulsed fast reactor IBR-2
of the Frank Laboratory of Neutron Physics, JINR, Dubna, Russia. To determine the short
lived isotopes samples were irradiated for 3 min and measured twice after 2-3 min and the



second one for 20 min after 9-10 min of decay. For determination of the elements that forms
long lived isotopes samples were irradiated for approximately 3 days, repacked and then
measured twice after 3-5 days for 45 minutes and 20-22 days of decay for 1.5 hours.

ICP-AES and AAS were
performed at the Institute of
chemistry, Faculty of Natural
Sciences and Mathematics in
Skopje, Macedonia, using ICP-
AES (Varian, 715ES) and
Zeeman electrothermal atomic
absorption spectrometry (Varian
SpectrAA 640Z). For digestion
moss samples (0.5000 g) were
placed in a Teflon digestion
vessels, 7 ml HNO; (69 %, m/V)
and 2 ml H,O, (30 %, m/V) were
added, and the vessels were
Scale (km) capped closed, tightened and
O R I placed in the rotor of the Mars
microwave digestion (CEM,
USA). Plant samples were
Fig. 1. Sampling network digested at 180 °C.

3. RESULTS AND DISCUSSION

Median values and minimum-maximum ranges for the contents of all elements
obtained from the analysis of the moss samples collected in 2010 are compared with the data
obtained in the 2005 and 2002 moss survey in the Republic of Macedonia.

Analysing the trend of the median values calculated for the three moss surveys in
Macedonia it can be seen that in the last survey lower median values are observed for all
elements that are usually connected with heavy metal air pollution and almost same median
values for the elements that have crustal origin.

4. ASSOCIATION OF CHEMICAL ELEMENTS

The matrix of rotated factor loadings for some of the elements obtained by ICP-AES
and AAS is given in Table 2. 78.6% of variability of the treated elements are explained by
four identified factors. Four factors were identified by visual inspection of similarities of
spatial distribution of element patterns, the correlation coefficient, comparison of basic
statistical parameters and the results of multivariate analyses.

Factor 1 (Al V, Fe, Ba, Li, Sr). This group represents chemical elements that are
naturally distributed. Content of these elements in mosses is significantly influenced by
mineral particles released into the atmosphere by wind erosion of local sources or particles
attached to the moss in the periods when the soil surface is covered by water. The highest
contents of the elements have been found in moss samples, which have been collected on
Precambrian and Paleozoic shists or close to them.



Table 1. Comparison of the median values and ranges of element content in moss from Macedonia
between data of the moss survey 2010 and moss surveys in 2002

Macedonia moss survey

Macedonia moss survey 2005

Macedonia moss survey 2002

2010 (Present work) [3] [4,5]
No of n=72 n=72 n=73
samples
Element Median Range Median Range Median Range
Al* 1900 540-8700 3600 1466-25860 3736 825-17600
As 0.52 0.23- 0.67 0.18-4.3 0.8 0.12-8.0
B* 6.6 0.010-94 - - - -

Ba* 34 7.1-240 52 18-184 54 14-256
Br 4.6 1.96-16.2 1.9 0.90-7.0 2.16 0.06-7.7
Ca* 7100  2900-12000 8547 5237-16280 5593 1207-23640
Cd* 0.22 0.068-2.2 0.29 0.015-3.01 0.16 0.016-2.95
Ce 2.62 0.66-20.7 4.48 1.53-17 5.6 0.83-42
Cl 89 46-308 90 45-507 149 43-693
Co 0.84 0.27-10.2 1.13 0.42-5.3 1.09 0.24-13.6
Cr* 3.5 1.0-40 6.79 2.09-82 7.47 2.33-122
Cs 0.20 0.093-1.4 0.32 0.132-2.3 0.39 0.097-1.7
Cu* 5.0 2.8-15 6.7 0.7-21.4 7.65 2.9-294

Dy 0.21 0.026-1.2 0.36 0.073-1.7 - -
Eu 0.059 0.01-0.26 0.066 0.01-0.48 0.11 0.03-0.48
Fe* 1500 510-6300 2238 998-8130 2458 424-17380
Hf 0.17 0.09-0.9 0.21 0.08-1.1 0.26 0.05-3.8
I 1.65 0.66-3.3 1.69 0.64-3.7 1.18 0.36-2.8
K* 4600 2100-7600 7510 4652-13530 8615 2861-18190
La 1.35 0.62-9.0 2.31 0.97-9.0 2.32 0.50-22
Li* 1.0 0.29-5.1 - - - -
Mg* 1900 610-4900 1311 658-3351 2377 674-7421
Mn* 130 30-440 188 54-595 186 37-1475
Mo 0.15 0.04-0.44 0.16 0.07-1.09 0.19 0.03-1.12
Na 189 89-1030 358 139-1926 419 118-8673
Ni* 3.5 1.3-52 5.8 1.80-43 2.4 0.09-24
p* 1100 420-2000 - - - -
Pb* 4.6 1.9-22 7.6 0.1-46.1 6.0 5-47.1
Rb 6.7 2.2-25.8 9.8 4.0-28.6 10.9 1.5.1947
Sb 0.09 0.044-0.27 0.15 0.044-0.90 0.2 0.039-1.4
Sc 0.45 0.16-4.93 0.67 0.30-4.59 0.81 0.12-6.79
Se 0.14 0.021-0.28 0.1 0.015-0.61 0.18 0.013-0.61
Sm 0.27 0.11-1.5 0.35 0.14-2.0 0.46 0.07-3.4
Sr* 24 5.6-100 34 13-140 31 12-136
Ta 0.04 0.018-0.27 0.08 0.031-0.33 0.09 0.013-0.79
Tb 0.04 0.01-0.22 0.05 0.01-0.25 0.06 0.01-0.56
Th 0.36 0.17-2.6 0.58 0.26-3.3 0.67 0.12-7.6
Ti 153 33-1450 220 86-1234 163 12-1365
U 0.11 0.06-1.07 0.21 0.08-1.06 0.21 0.03-1.45
V* 35 1.0-17 6.4 2.50-32 6.9 1.79-43
W 0.1 0.02-0.56 0.7 0.19-3.2 1.21 0.25-3.9
Zn* 20 1.0-129 36 16-91 39 14-203
Zr 5.7 1.49-27 12 0.39-69 15 2-142

* Elements determined by ICP-AES and AAS in 2010 survey



Table 2.Matrix of rotated factor loadings (15 selected elements)

Element F1 F2 F3 F4 Com (%)
Al 0.86 0.21 0.36 -0.01 91.0
\Y 0.83 0.24 0.33 -0.11 87.4
Fe 0.81 0.24 0.46 -0.09 933
Ba 0.77 0.04 -0.09 0.29 68.1
Li 0.76 0.20 0.47 0.02 83.4
Sr 0.75 0.09 0.05 0.21 61.9
Cu 0.39 0.56 0.30 0.20 60.5
Zn 0.17 0.88 0.12 0.08 82.8
Pb 0.15 0.77 0.16 -0.36 76.8
Cd 0.06 0.88 0.02 0.14 80.6
Mg 0.51 -0.03 0.57 0.22 63.8
Cr 0.36 0.19 0.86 -0.09 91.3
Ni 0.11 0.17 0.87 -0.15 82.6
P 0.20 0.04 -0.18 0.82 74.4
K 0.04 0.04 0.06 0.89 80.8
Var (%)  29.7 18.3 17.9 12.7 78.6

F1, F2, F3 and F4 - Factor loading; Var-Variance (%); Com-Communality (%)

Factor 2 (Cd-Cu-Pb-Zn) with 18.3% of total variability is the second strongest factor.
This is anthropogenic geochemical association of elements. This factor is connected with
industrial activity in Macedonia.

Factor 3 (Mg, Cr and Ni) represents mixed (geogenic-anthropogenic) association of
elements. Specific content of these elements primarily is affected by natural factors such as
lithological background but anthropogenic influence as well. High values of aforementioned
elements has been clearly isolated in the Vardar zone.

Factor 4 (P and K) represents the second anthropogenic geochemical association of
elements. For the first time content of P in the moss samples collected from Macedonia was
determined since ICP-AES technique was used. High values of these elements have been
found in the regions where agricultural activities are present in the country. Apparent reason
for high content of K and P in the moss samples collected in these regions is the usage of
potassium and phosphorus fertilizers in the agricultural activities.

CONCLUSION

The results from 2010 showed lower elemental content in the mosses for some
elements that are usually connected with the anthropogenic activities then the results obtained
for the same elements in 2005.

Most important pollution sources in the country still are smelters or Radovi§ and
Kavadarci, open slag dumps in Veles and Tetovo, and the mines Sasa, Toranica, Zletovo and
Bucim.
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Fig. 2. Spatial distribution of Factor 1 scores (Al-Ba-Fe-Li-Sr-V), Factor 2 scores (Cd-Cu-Pb-Zn),

Factor 3 scores (Cr-Mg-Ni) and Factor 4 scores (K-P)
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INTRODUCTION

In 1975 it was proposed to use bivalve mollusks as sentinel organisms for monitoring
levels of environmental pollutants - the approach named "Mussel Watch" (MW) [1]. The
MW utilizes ability of bivalve mollusks to accumulate a range of potentially hazardous
environmental pollutants (see e. g. [2]).

Nowadays the combination of the MW with such state-of-the-art analytic technique
as neutron activation analysis allows for development and establishing of modern systems of
environmental monitoring of fresh and marine waters.

For South Africa the establishing of such system is a topical problem since the
country has many potential sources of pollution (e.g. intensive and growing mining, ore
processing industries, well developed sea transport facilities, etc.) which may negatively
affect a range of economically-important activities.

In addition, the country’s coastal waters abound in natural populations of bivalve
mollusks and are used for marine aqua farming of such mollusks as oysters and black
mussels. This makes development of the nation’s MW systems ecologically and economically
sound and feasible.

To establish a system of aquatic biomonitoring in the Western Cape area of South
Africa a bilateral project by FLNP JINR and Stellenbosch University was initiated.
Instrumental neutron activation analysis (INAA) was used as the main analytical technique.

MATERIALS AND METHOD
Sampling and sample preparation

Sampling sites for the bivalve mollusks allocated in Saldanha and Danger bay on the
South African Atlantic coast are shown in Fig. 1. Two species of marine bivalve mollusks
were sampled: artificially propagated and farmed in sea water Pacific oyster (Crassostrea
gigas), as well as farmed and wild black mussels (Mytilus galloprovincialis) (Table 1). Ten
specimens of both species were sampled from each site, sealed in zip-locked plastic bags,
refrigerated, and shipped to FLNF JINR (Dubna) for further processing and analysis.

In the laboratory the samples were dissected, soft tissues separated from shells and
the samples were dried to a constant weight, homogenized in the ball mill and packed in
appropriate containers for further INAA.
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Table. Characteristics of collected materials analyzed in the present study

Mollusk species, sample | Tissue
Danger Bay
Black mussel Shell
Soft tissues
Saldanha Bay
Black mussel Shell
Soft tissues
Oyster Shell
Soft tissues
Bottom sediments na

Analysis

INAA was performed in the radioanalytical laboratory at the pulsed fast reactor IBR-2,
FLNP JINR. To determine short-lived isotopes of samples of 0.3 g were packed in
polyethylene bags and irradiated for 3-5 min in irradiation channel with neutron flux density
Depi.= 1.3.6x10™ n/(cm?xs). Gamma spectra of induced activity were measured twice, for 3-5
min after 5-7 minutes of decay and for 10-15 min after 20 min of decay. For determination of
long-lived isotopes samples were irradiated for 3 days and measured twice, after 4 and 15
days, respectively. To process gamma spectra and to calculate concentrations of elements the
software developed at FLNP JINR was used [3]. Quality control was provided by using
relevant certified reference materials.



RESULTS AND DISCUSSION

A total of 38 elements (Na, Mg, Al, S, CI, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Cu, Zn,
As, Se, Br, Rb, Sr, Mo, Ag, Cd, In, Sb, I, Cs, Ba, La, Ce, Sm, Eu, Tm, Yb, Lu, Hf, Ta) were
determined.

The accumulation of elements by bivalve mollusks is not just a passive process of their
intake from water and/or food particles. The rate of accumulation and, thus, the resulting
tissue burdens of chemical elements depend on a range of factors among which are species-
specific and tissue-specific peculiarities of metabolism, filtration (feeding) rate, activity of
detoxifying systems (e. g. activity specific enzymes and synthesis of metallothioneins),
general physiological state of the organisms, composition of food in the environment, ambient
temperature, oxygen content, hydrodynamics, and type of substrate at the mollusks’ habitats,
etc.

Considering the potential effects of these factors, the analysis of the obtained
analytical results was performed as follows: (1) comparison of the elemental content of black
mussels (shells and soft tissues) from Saldanha Bay versus those from Danger Bay; (2)
comparison of the levels of elements in the same tissues of two studied species (oysters versus
black mussels). Some examples of these comparisons are given below.

The contents of analyzed elements in the shells and soft tissues of black mussels
from compared bays are given in Figs. 2 and 3.
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Fig. 2. Contents of some chemical elements in the shells of black mussels from the studied bays



The study revealed that the contents of Sb and Co in the shells of black mussels from
Saldanha Bay were statistically significantly higher than those from Danger Bay. Similar
trend was revealed for Fe and Cr (Fig. 2). As opposite, the soft tissues of the mussels from the
Danger Bay contained significantly higher levels of most of the analyzed elements (Cr, Sr,
Mo, Fe, and Co); the differences between the levels of Se were statistically insignificant; the
content of Zn was much higher in the mussels from Saldanha Bay (Fig. 3).
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Fig. 3. Contents of chemical elements in the soft tissues of black mussels from the studied bays

The levels of some determined elements in the mollusks farmed in Saldanha Bay
(black mussels versus oysters) are given below.
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The revealed site-specific differences in the contents of determined elements in the
tissues of black mussels from Danger and Saldanha bays could be explained by the obvious
differences in the environmental conditions at these sites: the conditions in the open Danger
Bay are more dynamic and challenging for the mussels inhabiting the rocks there. This may
result in more active metabolism in these mollusks and hence in the more active accumulation
of elements.

Another possible reason is the different composition of the mussels' food in these
bays and, consequently, different intensities of alimentary uptake of the determined metals by
the mussels from both bays.

The comparison of tissue levels of the determined elements in the black mussels and
oysters revealed that only the level of Br was significantly higher in the shells of black
mussels. The contents of all other determined elements (Cd, Zn, Cr, Se, Fe, Co) were
considerably higher in both tissues of oysters. In our opinion, this may reflect species-specific
differences in the metabolic rates of compared mollusks and a longer period of cultivation of
oysters than that of black mussels (on average, nine months for oysters versus six months for



black mussels). The contents of all chemical elements, except for Cd, are relatively low, at the
levels of "essential micronutrients” but not of "contaminants™. The content of Cd approaches
the maximal acceptable level indicating the necessity to further detailed study this element.

CONCLUSION

The contents of Sb and Co in the shells of black mussels from Saldanha Bay were
statistically significantly higher than those from Danger Bay. The soft tissues of the mussels
from Danger Bay contained significantly higher levels of most of the determined (Cr, Sr, Mo,
Fe, and Co); the content of Zn was much higher in the mussels from Saldanha Bay. The
tissues of oysters contained much higher levels of almost all analyzed elements comparing to
the tissues of black mussels indicating differences in their metabolic rates, ages and, on the
other hand higher richness of edible parts of oysters in the essential micronutrients.

It was shown that the bivalve mollusks are good biomonitors for tracing elemental
content in the changing environmental conditions and they could be used for assessing the
marine aquatic pollution.
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INTRODUCTION

Halogens (ClI, Br, I) are elements which content in marine organisms are orders of
magnitude greater than their content in terrestrial organisms and sea water. It is known that
halogens had been discovered namely due to the sea and marine organisms. Thus, iodine has
been isolated from marine algae in 1812 by Courtois, bromine in 1825 by Balardom in the
evaporated residue of sea water, and then in the ashed algae [1]. It was found that algae are
one of the best accumulators of scattered elements - iodine and bromine. The levels of CI, Br,
| in the Black Sea algae thalli (and their morphostructural elements) are scared, while the
Black Sea with its water chemical composition peculiarities (2 times less salinity than the
ocean one; hydrogen sulfide layer - up to 2/3 of the total volume of the basin) is of interest to
carry out such studies.

Instrumental neutron activation analysis (INAA) is one of the preferred methods for
the simultaneous determination of chlorine, bromine and iodine in biological samples [2].
Among its advantages is good accuracy of about + (10-15) % in determining the content of
the order of 107°g, independence of the analytical results on the form of chemical compounds
of elements.

MATERIALS AND METHOD

Sampling and sample preparation
Algae sampling was carried out in the Sevastopol water area in spring and summer of
2012 at the depth of 0.5-1 m (Fig.1).

'

Fig.1. Sampling sites



A total of 78 samples of Cystoseira barbata and Cystoseira crinita in the age range of
6 months to 5 years were prepared. Plants were carefully cleaned from epiphytes (analysis of
mass epiphytes was conducted separately) and thalli was divided into the stem and branches
of recent orders. Samples were dried at room temperature and then brought to a constant
weight at 40 ° C during 24 hours. Further the samples were manually homogenized in an
agate mortar.

Analysis

INAA was performed in the radioanalytical laboratory at the pulsed fast reactor IBR-2,
FLNP JINR. To determine short-lived isotopes of Cl, Br, and | samples of 0.3 g were packed
in polyethylene bags and irradiated for 3-5 min in irradiation channel with neutron flux
density ®epi.= 1.3.6x10" n/(cm?xs). Gamma spectra of induced activity were measured twice,
for 3-5 min after 5-7 minutes of decay and for 10-15 min after 20 min of decay. To process
gamma spectra and to calculate concentrations of elements the software developed at FLNP
JINR was used [3]. The errors in the concentrations determined were in the range of 10-15%
(3-4% for 1, 6-7% for Cl, 14-15% for Br)

Quiality control was provided by using certified reference materials SRM Rice Flour-
1568a, Pine needles-1575a and Apple Leaves-1515, all NIST production, irradiated in the
same containers with samples under investigation.

RESULTS AND DISCUSSION

The level of accumulation of elements by vegetation, including marine vegetation is
affected by the internal and external factors. The most important internal factors for
macroalgae include: genetic control (species-specific), the stage of ontogenesis, physiological
condition; the external ones - the content of elements in the water and their chemical forms,
season of the year, character of the flow, river discharge, temperature, anthropogenic impact

[1].
The data on halogen content in sea water of different salinity, terrestrial and marine
vegetation are given in Table 1.

Table 1. Mean concentrations of Cl, Br, I in the ocean, the Black Sea and vegetation, pg/g

Ele- Ocean Black Sea Moss Algae Laminariales | *Algae Fucales | Halogen
ment | (salinity | (salinity (Norway) | (Cl) and Fucales (Cystoseira)Blac | accumulation
35 %o) 18 %o) [2] (Okhotskoe Sea) k Sea coefficient
[4] [5] by the Black
Sea algae
Cl 19000 | 9940 140 98000 30635 * 3
Br 65 28 4.57 680 288 * 10
I 0,05 0.035 2.1 3700 94.4* 2697

Note: * marks concentrations determined in the present paper

It is established, that changing of concentrations of Cl, Br, I in the stems and branches
of Cystoseira is expressed by the following regularity: | <Br < CI that reflects the ratio of
these elements in sea water. The low water salinity of the Black Sea results in lower halogen
content in the algae if compare with samples from World ocean, but the rates of accumulation
of CI, Br, I in algae from the Black Sea and the ocean are symbatic (3, 10, 2700 and 5, 10,
74000 for CI, Br and I, respectively). Concentrations of Cl, Br, I, defined in different age parts
of the thallus Cystoseira barbata and Cystoseira crinita, are presented in Table 2 (average
data for both Cystoseira species).



Table 2. Halogen concentrations in morphostructural elements of
different age thallus of Cystoseira, nug/g

Parts of | Age, Cl Br I

thallus year Spring Summer Spring Summer | Spring | Summer

<1 32820 23088 253 276 106 79,1

stem 1-3 27000 16275 228 188 92,1 69,0

3-5 19200 12503 166 171 95,0 65,1

<1 39440 42600 229 510 106 104

branch | 1-3 40440 40812 239 400 115 105

3-5 40867 34750 218 376 108 109

The maximum concentrations of halogens are observed in thallus under the age of 1
year (Fig. 2), that is consistent with data on more intense accumulation of chemical elements
by young plants in the early stages of ontogenesis [6].
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Fig. 2. The average concentrations of Br and | in different age stems of Cystoseira, ng/g

The results obtained indicate that the halogens are distributed unevenly in
morphostructural elements of thallus. Thus, higher concentrations of all elements are
observed in the branches, and the maximum differences is determined for the summer (for Br
and CI concentrations in the branches of a 2-fold greater than in the stems). This may be due
to the uneven distribution of elements in biochemical fractions of the studied brown algae
thallus [7].

Analysis of the data showed that there are seasonal variations of the concentrations of
halogens. CI content in the stems in the summer is lower of about 1.5-fold if compare with
spring season (Fig.3), I of 1.3-1.5-fold, while for Br differences in concentrations in spring



and summer are mild. For branches the other behavior of seasonal concentrations of halogens
is observed. The content of Cl and Br is higher in the summer, and for Br the greatest
difference between the spring and summer values is observed (2-fold), for I such regularity
was not revealed.
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Fig. 3. Cl content in stems of Cystoseira in spring and summer periods, ug/g

Halogens content in Cystoseira from different bays varies considerably (Fig.4, 5).
Especially clearly it is expressed for the branches in which the concentration of halogens
differs between the bays by a factor of 2-3. The greatest concentration range was observed for
Cl, that is probably due to local sources of fresh water inflow or other unknown factors.
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Fig. 4. Mean concentration of Br and | in stems and branches of
Cystoseira from different bays (summer time), ug/g
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Fig. 5. Cl concentration in stems and branches of Cystoseira from
different bays (summer time), ug/g

It is noted that the average content of Cl and Br in the branches and stems of
Cystoseira from water area of Pavlovskiy cape (Ushakov Gully) is about the same, that is not
typical for other bays. Perhaps this is due to less intense water exchange, because the water
area of Pavlovskiy cape is located closer to the middle part of Sevastopol Bay. The INAA
results on mass epiphytes (macroalgae growing on the studied species of Cystoseira) are
presented in Table. 3

Table 3. Cl, Br, | content and corresponding accumulation coefficients (K,) in some selected
species of macroalgae — epiphytes, ug/g

Sampling site Species Cl Kn(C) Br K, || Kn (I)
(Br)

Balaklavskiy Ceramium

cape diaphanum 13900 1 556 19 124 3542

Balaklavskiy Ceramium

cape diaphanum 23900 2 590 21 167 4771

East cape Chondrya

(Omega bay) dasyphylla 62300 6 452 16 107 3057

Pavlovskiy Cladophora

cape (Ushakov | albida

Gully) 95200 9 499 17 100 | 2857

Northen spit

cape 38200 3 19000 | 678 | 170 4857

Northen spit

cape 42100 4 16100 575 126 3599

Kamyshovaya

bay (east pier) | albida 102000 10 1220 43 316 9028

Kamyshovaya

bay (east pier) 61900 6 22800 | 814 | 379 10828




It was found that Cladophora albida (green algae) is an accumulator of chlorine and
Polysiphonia subulifera (red algae) is an accumulator of bromine (K is 2 orders of magnitude
higher than those one for Cystoseira). The data obtained for Polysiphonia subulifera, sampled
in the waters of Sevastopol, are in agreement with the concentrations of bromine determined
in Polysiphonia japonica from the Sea of Japan [1], where bromine conteins in thallus in the
form of bromine phenolic compounds.

CONCLUSION

It is shown that INAA is an accurate and sensitivity method for determining halogens
in marine macroalgae. The concentrations of Cl, Br, | in the Black Sea brown algae of the
genus Cystoseira and some macroalgae — epiphytes were determined. For the first time for
water area of Sevastopol the characteristics of accumulation CI, Br, | in morphostructural
elements of different age thallus of algae Cystoseira were studied. Polysiphonia subulifera is
appeared to be the hub of bromine in the Black Sea.
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INTRODUCTION

The use of terrestrial mosses as biomonitors in large-scale multielement studies of
heavy metal deposition from the atmosphere is a well-established technique in Europe. The
present study is part of the UN European Cooperative Programme “Atmospheric Heavy Metal
Deposition in Europe” aimed at investigating the long-range transboundary air pollution in
Europe at 5-year intervals [1]. The results on moss survey in 2011 around the Kardzhali lead-
zinc plant (LZP) known for its non-ferrous metal deposits are presented. According to the
Ministry of Environment and Water, Kardzhali is one of the ecological “hot spots” in
Bulgaria. The manufacturing process in Kardzhali is a major source of contamination with
significant amounts of heavy metals and other toxic elements (e.g. Pb, Zn, Cd, As, Sn, etc) in
the soil, water and air. Due to the constant circulation of chemical elements in nature,
contaminants such as trace metals and their compounds are effectively deposited onto mosses
after being released into the air.

EXPERIMENTAL

Study Area. The study area of about 110 km? is located around LZP Kardzhali. It spans 6 km
to the North and South and 5 km to the West and East from the plant’s chimney (Fig. 1).
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Fig. 1. Study area

About 6% of the world zinc deposits and
about 3% of the lead deposits are
located in Bulgaria. 75% of the lead-
zinc ore is located in the Rhodope
Mountains and over 70% of the total
available ore is mined. Annually, LZP

Kardzhali produces 27,200 tons of zinc,
30,000 tons of lead and 45,000 tons of
sulfuric acid. After a project to increase
lead production in the plant was
accepted, the annual production will rise
up to 60,000 tons by 2014 [2]. Surveys
in the area of Kardzhali, particularly in
the last few years, show increased trace
metals content in the soil and the plants,
including mosses, as a consequence of
mining polymetallic ores, flotation and
heavy metal production. The
approximate size of the land affected by
acrogenic lead contamination with
higher than the admissible
concentrations is about 40,000 da of
virgin soil and about 18,000 da of arable
lands [3].



Sampling and sample preparation for NAA and AAS. A total of 77 moss samples, of
which Hypnum cupressiforme was the dominant type, were collected according to the
sampling strategy of the UNECE ICP Vegetation Programme on atmospheric deposition
studies in Europe [1]. For each site 5-10 subsamples were taken within a 50 X 50 m area
and were combined in the field.

NAA. The unwashed samples were air-dried to constant weight at 40 °C for 48 h, and
extraneous plant material was removed. The whole living part corresponding
approximately to three years growth of the moss was subjected to analysis. Therefore,
the results from the survey represent the average deposition situation over the period
2008-2010 for the elements retained in the moss. Moss samples of about 0.3 g in weight
were packed in polyethylene foil bags for short-term irradiation to determine short-lived
isotopes, and in aluminum cups for long-term irradiation for determination of long-lived
isotopes.

ICP-AES and AAS. For ICP-AES and AAS analysis about 0.5 g of moss material was placed in
teflon vessel and treated with 7 ml of concentrated HNO; and 2 ml H,O, overnight. The
procedure was continued with full digestion of moss material in microwave digestion system
(Mars, CEM, USA). Digestion was carried out in two steps: (1) ramp: temperature 180 °C, 10
min ramp time, power of 400 W and pressure 20 bar; (2) hold: temperature 180 °C, 20 min hold
time, power of 400 W and pressure 20 bar. Digests were filtrated and quantitatively transferred
to 25 ml calibrated flasks.

Analysis

NAA was performed in the radioanalytical laboratory at the pulsed fast reactor IBR-2 of
the Frank Laboratory of Neutron Physics, JINR, Dubna, Russia [4]. Long-lived isotopes
were determined using epithermal neutrons in cadmium-screened irradiation channel
with neutron flux density ®cpi.= 3.6x10'" n/(cmzxs). Samples were irradiated for 5 d, re-
packed and then measured twice after 4-6 and 20 d of decay, respectively. Measuring
time varied from 1 to 5 h. To determine the short lived isotopes (Cl, V, I, Mg, Al, and
Mn) conventional irradiation channel was used. Samples were irradiated for 3 min and
measured twice after 2—3 min and the second one for 20 min after 9—10 min of decay.

ICP-AES and AAS were carried out at the Sts. Cyril and Methodius University, Skopje,
Macedonia. Atomic emission spectrometer with inductively coupled plasma, ICP-AES
(Varian, 715ES), was used for analyzing the content of Ag, Cd, Cu, Li, P, and Pb. The
optimal operating instrument performances are given in Table 1. ICP-Multielement
standard solution IV (Merck) with concentration of 1000 mg L™ was used for preparing
standard solutions. Mercury was determined by cold vapour AAS (Varian, SpectrAA
55B), using a continuous flow vapour generation accessory (Varian, VGA-76). Optimal
instrumental parameters for both techniques are given previously [5, 6].

RESULTS AND DISCUSSION

A total of 77 samples were analyzed. The results of the descriptive statistical analysis of
the elemental concentrations determined in the moss samples (min, max, mean and
median) are given in Table 1 along with data for the neighboring Macedonia [6]. For
comparison, the corresponding values for the Norwegian moss data representing
territories with minor influence from air pollution [7] are given in the same table.

Multivariate statistics (factor analysis) was used to identify and characterize different
pollution sources. The results of factor analysis are presented in Table 2.



Table 1. Comparison of the results obtained with Macedonia and Norway, mg/kg

Ele-

ments

Li*
Na
Mg
Al
P*
Cl
K
Ca
Sc
Ti

Cd*
In
Sb

Ba
La
Ce
Sm
Tb
Dy
Hf
Ta

Hg**
Pb*
Th
U

Bulgaria, LZP
median range
1.49 0.51-8.06
1320 179-9710
943 366-3740

16300 4120-76400
988 405-1831
160 77.10-601

7250 3650-30900

11400 5520-21700
2.25 0.12-13
672 170-3990
17.9 6.30-124
133 2.71-260
450 56-3380

5800 1250-32400
2.47 0.43-23.50
948 1.4-213

13.69 7-126
185 25-3750
2.83 0.48-22.40
0.43 0.07-2.54
6.42 1.66-19.50

24.8 6.93-229
712 19.50-527
0.49 0.12-1.78
0.57 0.14-4.43
1.85 0.19-21.11
0.05 0.0003-0.42
2.07 0.14-46.50
2.18 0.90-7.71
1.32 0.19-8.81
164 35-1050
6.38 0.92-40.60
14.5 1.67-91.30
1.14 0.20-7.47
0.15 0.03-0.94
0.95 0.03-6.24
0.93 0.21-7.62
0.18 0.04-1.38
0.47 0.10-3.43

0.002 0.001-0.024
0.05 0.03-0.14

124.85 4.21-2168
270 0.24-21.60
0.60 0.10-5.22

Macedonia [6]

median

419
2377
3736

149
8615
5593
0.81

163

6.9
7.47

186
2458
1.09

24

22

39
0.80
0.18
2.16
10.9

31
0.19

0.16
0.2
1.18
0.39
54
2.32
5.60
0.46
0.06

0.26
0.09
1.21
0.0061
0.056
6.00
0.67
0.21

range

118-8673
674-7421
825-17600

43-693
2861-18190
1207-23640

0.12-6.79

12-1365

1.79-43

2.33-122
37-1475
424-17380
0.24-13.6

0.09-24

14-203
0.12-8.0
0.013-0.61
0.06-7.7
5-47
11.8-136
0.03-1.12

0.039-1.4
0.36-2.8

0.097-1.7

14-256

0.50-22
0.83-42
0.07-3.4

0.01-0.56

0.05-3.8
0.013-0.79
0.25-3.9
0.001-0.034

0.12-7.6
0.03-1.45

*determined by ICP-AES; **determined by AAS

Norway [7]
median range
1730 940-2370
200 67-820
2820 1680-5490
0.052 0.009-0.220
23.5 12.4-66.4
0.92 0.39-5.1
0.55 0.10-4.2
256 22-750
209 77-1370
0.202 0.065-0.654
1.14 0.12-6.6
26.5 7.9-173
0.093 0.020-0.505
0.33 0.05-1.30
4.5 1.4-20.3
7.7 1.3-51.5
15.8 3.6-43.3
0.135 0.065-0.70
0.033 0.004-0.240
2.5 0.6-41.7
0.072 0.016-0.88
17.1 5.6-50.5
0.189 0.045-2.56
0.342 0.095-4.61
0.33 0.05-1.34
0.003 <0.002-0.030
0.01- <0.01-0.07
0.127 0.009-1.23
0.033 0.004-0.240
0.015 0.001-0.138



Table 2. Factor analysis of data on moss
samples collected in the vicinity of
Kardzhali LZP (Varimax normalized)

Vari- Factor | Factor | Factor | Factor
ables 1 2 3 4
Li 0,52 -0,10 0,39 -0,15
Na 0,83 0,12 0,16 -0,10
Mg 0,70 -0,13 0,48 0,15
Al 0,85 -0,13 0,27 0,04
P 0,03 0,15 -0,09 0,59
Cl 0,02 0,13 -0,28 0,60
K 0,84 0,19 -0,14 0,19
Ca 0,28 -0,06 -0,06 0,35
Sc 0,69 -0,15 0,35 -0,05
Ti 0,71 -0,19 0,43 -0,13
\Y 0,63 -0,09 0,48 -0,20
Cr 0,13 0,07 0,84 0,09
Mn 0,23 -0,18 0,21 0,47
Fe 0,79 -0,05 0,44 -0,10
Co 0,46 0,02 0,79 0,03
Ni 0,08 0,08 0,85 0,09
Cu 0,03 0,90 -0,12 -0,07
Zn 0,05 0,94 -0,02 0,05
As 0,19 0,68 0,53 0,22
Se -0,03 0,80 0,07 0,16
Br -0,08 0,27 0,29 0,73
Rb 0,81 0,14 -0,11 0,32
Sr 0,77 0,03 -0,22 0,03
Mo 0,66 0,42 0,13 0,23
Ag 0,04 0,96 0,00 -0,05
Cd 0,08 0,97 -0,04 0,05
In 0,17 0,89 0,06 0,06
Sb 0,06 0,96 -0,08 0,02
I 0,03 0,05 0,35 0,77
Cs 0,77 0,09 -0,10 0,30
Ba 0,81 0,03 0,05 0,05
La 0,89 0,12 0,21 0,02
Ce 0,92 0,14 0,20 0,05
Nd 0,77 0,30 0,09 0,04
Sm 0,93 0,04 0,18 0,02
Tb 0,89 0,08 0,25 -0,03
Dy 0,81 -0,06 0,31 -0,03
Tm 0,62 0,11 0,54 -0,03
Yb 0,89 0,06 0,23 0,05
Hf 0,90 0,09 0,16 -0,04
Ta 0,88 0,05 -0,03 0,24
W 0,78 0,10 0,07 0,18
Au 0,07 0,63 0,15 0,11
Hg 0,12 0,70 -0,07 0,45
Pb 0,06 0,98 -0,03 -0,05
Th 0,93 0,15 -0,01 0,13
U 0,90 0,23 -0,01 0,13
Expl. 17,90 8,96 4,71 3,05

Var

Factor 1 has high loadings for Na, Mg,
Al, Sc, and Ti, which are typical
representatives of light crustal material
(silicate rocks) and V and Fe, which
could be attributed to a Dbasaltic
component. Rare earth elements (REEs),
Hf, Ta, U, and Th are soil indicators,
typical for heavy crustal material, and
partly reflect the contamination of moss
samples with soil particles. K, Rb, Sr,
Mo, Cs, Ba are most likely of vegetation
origin.

Factor 2 characterizes the Kardzhali
LZP productions: high loadings for Cu,
Zn, As, Se, Ag, Cd, In, Sb, Au, Hg, and
Pb. This group of elements correlates
very well with the metal contamination
of surface soils around the lead and zinc
smelter in the Republic of Macedonia
[8]. GIS maps for elemental distribution
of Pb, Zn, In, and Sb from this factor
were built using AcrGIS 9.3 and
presented in Fig. 2.

Factor 3 High values for V, Cr, Co,
and Ni in this factor are associated with
contamination from some metallurgical
industry.

Factor 4 High values for CI, Br, and
I are usually considered as “marine”
elements reflecting the proximity of the
sampled area to the Black Sea.

CONCLUSIONS

As evident from the median values
in Table 1, the study area around the
Kardzhali LZP is considerably more
polluted compared to previously
obtained data for other areas of Bulgaria
[9]. The obtained results were submitted
to the European Atlas of heavy metal
atmospheric deposition (moss survey
2010/2011) edited under the auspices of
the UNECE ICP Vegetation Program.
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Fig. 2. Geographical distribution maps of Pb, Zn, In, and Sb relevant to anthropogenic factor 2
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INTRODUCTION

Monitoring and managing air quality is an important activity globally. This is because
polluted air can be harmful to human health and other parts of ecosystems. Many studies of
air pollution have been done internationally, including South Africa. However, our literature
survey shows that most of South African air pollution studies have been based on measuring
the particulate matter (PM) levels and concentrations of “classical” pollutants like carbon
dioxide (CO,), carbon monoxide (CO), ozone (Ogz), benzene (C¢Hg) and different compounds
of nitrogen (N) and sulfur (S). These measurements are traditionally made by pumping air
through filters and subsequently analyzing the filters or residual air. According to [1], some
chemical elements are also known to have an adverse effect on living organisms and the worst
toxicants are believed to be heavy metals. Biological monitoring with mosses and lichens is a
low-cost, effective method to determine trace and other elements in the atmosphere. Mosses
and lichens possess efficient accumulation capacity for many air pollutants and therefore
show an integrated response to air pollution [2, 3]. Here we report first (preliminary) results
of element concentrations measurements in mosses and lichens sampled in the Western Cape
Province of South Africa. The concentrations were determined using Epithermal Neutron
Activation Analysis (ENAA) and Inductively Coupled Mass Spectrometry (ICP-MS).

MATERIALS AND METHODS

Sampling and sample preparation

Sampling of mosses and lichens was carried out in the Western Cape Province, South Africa.
In total, 30 samples of mosses (14 samples) and lichens (16 samples) were collected during
March-April 2012 from six areas (Fig. 1). Lichens were generally found to be more abundant
in the study region. Samples were not washed but cleaned by removing surface contamination
of all external plant material and visible soil contamination. Where possible sampling was
performed in accordance with the guidelines specified in the monitoring manual for
atmospheric deposition of heavy metal deposition using bryophytes, prepared by the United
Nations Economic Commission for Europe - International Cooperative Programme (UNECE-
ICP) on Effects of Air Pollution on Natural Vegetation and Crops [4]. All samples were dried
to constant weight at room temperature and cleaned but were not subjected to further
washing. Samples were then pelletized and sorted for irradiation.
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Fig. 1. Sampling sites in the Western Cape Province (South Africa) used in this study

Analysis

ENAA was performed at the radioanalytical complex REGATA at the pulsed fast reactor
IBR-2. The description of the irradiation channels and pneumatic transport system of the
IBR-2 is given in [3]. To determine long lived isotopes: Na, Sc, Cr, Fe, Co, Ni, Zn, As, Se,
Rb, Sr, Zr, Mo, Sb, Cs, Ba, La, Ce, Sm, Eu, Th, Dy, Hf, Ta, W, Th, and U, cadmium
screened channel 1 was used. Samples were irradiated for 4 days and repacked and
measured, using high purity germanium detectors, twice, after 4 and 20 days of decay,
respectively. To determine short lived isotopes Mg, Al, Cl, K, Ca, Ti, V, Mn, Br and |
irradiation channel 2 was used. Samples were irradiated for 3 min and measured twice after
3-5 min and 20 min of decay for 3 min and 9-10 min respectively. Element contents were
determined on the basis of certified reference materials using software developed in FLNP
JINR [3].

ICP-MS measurements were performed at the Central Analytical Facilities (CAF),
Stellenbosch University, Stellenbosch, South Africa, using an Agilent 7700x ICP-MS with
Octupole Reaction System. Samples were dried at 40 °C in a laboratory oven for 3 days.
After the drying process, samples were milled in IKA A10 analytical mill. About 0.3 g of
each sample was weighed and transferred into a microwave vessel and about 10 ml HNO;
was added into each vessel. Samples were left to stand open for 20 minutes to predigest
before the vessels were sealed and commencing with the microwave heating process. About
40 g of deionised water was weighed and added in a sample bottle that was cleaned in 1%
HNO3; and then added to the digest sample in the microwave vessel to make up 50 ml.
Samples were stirred in the microwave vessel, transferred to the sample bottle and then
subjected to the ICP-MS.



RESULTS AND DISCUSSION

A total of 44 elements were identified and their concentrations determined. Sixteen elements
were detected by both ENAA and ICP-MS whereas 18 element concentrations were only
obtained by ENAA. Furthermore, a set of 10 element concentrations were only obtained by
ICP-MS. The mean ratios from ICP-MS data (4 samples considered) and ratios from ENAA
data (2 samples considered) of elemental concentrations in mosses to those in lichens are
plotted in Fig. 2 and Fig. 3, respectively. Our results show evidence that mosses are
generally more effective than lichens in concentrating trace and other elements. The effect
of moss and lichen age on results however still has to be studied.

Mean Ratios of Elemental Concentrations in Mosses to those in Lichens
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Fig. 2. Mean ratios of elemental concentrations in mosses to those in lichens (4 samples considered,
ICP-MS data only). The average of the mean ratios is indicated by the dotted line
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The ratios of element concentrations in lichens (this study) to those found by Olowoyo et al.
[6] in lichens from Pretoria (South Africa) are plotted in Fig. 4. The results show that
concentrations of the seven elements considered are generally lower for Western Cape
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lichens. The lower values point to reduced levels of air pollution in the Western Cape
relative to Pretoria (Gauteng Province).
In order to compare some of our moss data with European data [5] we plot the median moss

element concentrations alongside corresponding concentrations for European countries (Fig.
5). The Pb concentrations were found to be significantly larger in Western Cape.

Median Concentration Ratios, Comparing Western Cape Results with Pretoria Results
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Fig. 4. Median ratio of element concentrations in Stellenbosch lichens (16 samples; ICP-MS data
only) to corresponding results in lichens from Pretoria [6]. The average of the median ratios is
indicated by the dotted line.
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Fig. 5. ((a)-(d). Comparing median concentrations of Pb, Zn, V and Cr in moss from the Western
Cape, South Africa with corresponding European data [5]. (our Pb data from ICP-MS results and our
remaining data from ENAA results)

SUMMARY AND CONCLUSION

The first preliminary results of element concentrations in mosses and lichens from the
Western Cape, South Africa have been obtained. The results were generated from 30
samples (16 lichens and 14 mosses). Our results indicate that mosses are generally more
efficient at concentrating trace and other elements. An analysis of our lichen concentration
data and comparison with corresponding published results for Pretoria [6] provides evidence
for reduced atmospheric deposition in the Western Cape. A comparison of Pb, Cr, Zn and V
concentrations (in mosses) in relation to European data indicates that lead concentrations in
the Western Cape are enhanced. Further sampling and irradiations are being planned for
2013.
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INTRODUCTION

Zinc is the second after iron most abundant microelement in all living organisms including
human beings (Vasak and Hasler, 2000). It is the co-factor of more than 300 enzymes, providing
structural stability of a large number of proteins, including signaling proteins at all levels of
signal cell transduction (Beyersmann, 2002; Chasapis et al., 2012; Rink L, Gabriel, 2000).

The problem of zinc accumulation in the environment has two opposite aspects. Being an
essential bio-element for living organisms, its absence or insufficiency can cause major
disruption of the metabolic processes. From this perspective zinc accumulation in the
environment by living organisms with the purpose to satisfy their own needs is a vital issue.
(Chasapis et al., 2012).

The second aspect of the zinc accumulation in the environment is related to its toxicity for
living organisms, when its concentrations exceed cellular tolerance limits. Being used in
electroplating (anti-corrosion agent) (Zhang, 1996), alloys, pigments in paints, organic synthesis
(Heiserman, 1992), agriculture (Ullmann's Agrochemical, 2007) zinc finds its way into the
aquatic environment, resulting in an advanced level of pollution.

Cyanobacteria Spirulina platensis are widely used for accumulation of toxic elements
such as mercury (Disyawongs, 2002; Frontasyeva et al., 2006), nickel, copper (Doshi et al.,
2007; Disyawongs, 2002; Solisio et al., 2006), chromium (Doshi et al., 2007; Frontasyeva et al.,
2006; Madrid et al., 1998), antimony (Madrid et al., 1998), lead (Disyawongs, 2002), uranium
(Cecal et al., 2012).

The aim of the present paper is to study the processes of zinc biosorption by S. platensis
biomass from standard solutions in short-duration experiments.

MATERIALS AND METHODS
Sample preparation

To carry out the experiments, algological pure culture of Spirulina platensis CNM-CB-02
strain from National Collection of Nonpathogenic microorganisms (Institute of Microbiology
and Biotechnology, Academy of Science of Moldova) was used. The cultivation of spirulina was
carried out in an open-type tank with a volume of 60 L, pH 89 and at constant mixing. The
cultivation of the S. platensis cells was conducted for 6 days (Rudic et al., 2002).

The spirulina biomass after 6 days of cultivation was separated from the nutritive
environment by vacuum filtration. The biomass was washed with distilled water and repeated
filtration.

To determine the biosorption of Zn cations by Spirulina platensis, 0.75g of biomass was
suspended in 100 ml of ZnSO4-7H,0 solution (concentration 0.34 mM and 3.4 mM) in 250-mL
glass flasks on a rotary shaker set at 100 rpm. The dynamics of the adsorption processes was
studied during 1 hour. The samples were obtained in 5, 15, 30, and 60 minutes.



Neutron activation analysis

The elemental content of the samples was determined by neutron activation analysis
(NAA) at the pulsed fast reactor IBR-2 (FLNP JINR, Dubna).

The first set of samples (concentration of ZnSO4-7H,O 0.34 mM) was irradiated for 2
days and their activity measured in 4 days. The zinc content was determined by y-line with the
energy of 1115.5 keV of isotope ®*Zn. The second set of samples (concentration of ZnSO4 7H,0
3.4 mM) was irradiated for 30 min and Zn content was determined by y-line with the energy of
438.6 keV of isotope *™Zn.

The quality control of analytical measurements was carried out using the certified
standards for biological samples — Trace elements in pine needles (NIST, 1575a), San Joaquin
soil (NIST, 2709), Montana Soil (NIST, 2710 and 2711).

The NAA data processing and determination of element concentrations were performed
using the software developed in FLNP JINR [Dmitriev and Pavlov, 2013].

Results and discussions

The conventional techniques to remove toxic metals such as ion exchange and
precipitation are considered to be inefficient and too expensive when the zinc ion concentration
in the aquatic environment is lower than 100 mg/l. In our case in the first experiment the
concentration of zinc was 22.6 mg/l. In the second experiment the concentration of zinc in
solution was higher. In this case the microbial metal removal and traditional technologies of
water purification can be efficiently applied.

The results referring to the zinc content in the spirulina biomass are presented in Fig. 1.
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Fig. 1. Zn(II) adsorption by Spirulina platensis cells at ZnSO, concentration:
(a) 0.34mM; (b) 3.4Mm

In the case of zinc sulfate with a concentration of 0.34 mM the zinc content in biomass
during the first 5 min of interaction grows up from 50 to 900 pg/g and further accumulation is
observed, no saturation occurs. The rate of biosorption of zinc from solutions after the first five
minutes of contact decreases gradually, but stable growth is recorded within 60 minutes of
contact.

From the solution of zinc sulfate (0.34 mM) the spirulina biomass accumulated about
56% of zinc ions (1700 pg/g).

At the ZnSO, concentration of 3.4 mM (Fig.1b) the rate of metal removal from solution
was very rapid in the first 5 min (from 50 to 9000 pg/g) then it did not change significantly. In
this case the spirulina biomass accumulated 6.75mg of zinc ions from 22.6mg present in 100 ml
of solution.

The extension of the contact time of interaction of 3.4mM zinc sulfate solution with the
spirulina biomass does not lead to the additional accumulation of the metal ions. Thus, in the
case of a high concentration of zinc ions in the solution the efficiency of the spirulina biomass as
a sorbent is lower.



In the spirulina biomass other metal cations such as Na, K, Au, Br were determined. The
data for Na and K are presented in Fig. 2. Their concentration in the spirulina biomass decreases
simultaneously with an increase in the zinc content. Thus, in the first 5 min of the spirulina-zinc
sulfate interaction (concentration 0.34 mM) the sodium content decreases from 15 mg/g to
7 mg/g, and potassium — from 18 mg/g to 12 mg/g. The Na ion concentration does not change
significantly any further, while that of potassium continues to decrease, and reaches the value of
4 mg/g within 60 min.

The decrease of the Na and K content in the spirulina biomass can be explained in two
ways. Firstly, due to the excess of zinc ions in the cultivation medium. Secondly, it is an
indicator of state of stress to which the culture is subjected, as long as it keeps its physiological
activity.
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Fig.2. Concentration of Na and K (ng/-652,5g) in S. platensis cell at ZnSO,4 concentration of 0.34 mM

The same reasons indicated below can also be involved in the decrease of other non-
essential elements, such as Au, Br, U, As, Sb, Np, whose concentration was also determined.

In Fig. 3, as an example, the content of Au and Br in spirulina samples at the ZnSO4
concentration of 0.34 mM is given. The role of gold in living organisms is poorly studied, though
practically all living cells contain this metal in trace amounts. In the given case, the solution of
zinc sulphate is apparently the factor, which is responsible for the elimination of gold from cells,
and this process is especially intensive during the first five minutes of contact of the biomass
with the solution, with the content of gold in the biomass decreasing 4 times.

Bromine ions enter into the composition of different bromine organic compounds
including alkanes, terpenes, polyketides and peptides, which are found in the biomass of various
organisms including microalgae and cyanobacteria [Caicedo et al., 2011; Plaza et al., 2010;
Murphy, 2010]. As can be seen in Fig. 3, when the spirulina biomass is placed in the solution of
zinc sulphate, the bromine content in the cells decreases significantly. As in the case of
potassium and sodium, this process can be associated with some disturbances in membrane
permeability and functional activity of the cells.
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Fig.3. Concentration of Au and Br (ug/g) in S. platensis cell at ZnSO, concentration 0.34mM



CONCLUSIONS

The potential application of microorganisms for water treatment is an efficient method. Spirulina
biomass can be successfully used for zinc removal from wastewater at low zinc concentration,
when conventional techniques are unprofitable. Spirulina cyanobacteria can be efficiently used
for the processes of water post-treatment and as a matrix for zinc-containing drugs.
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