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1. HAYUYHBIE UCCJIEJOBAHUSA
PU3UKA KOHAEHCHUPOBAHHBIX CPE/]

OCHOBHbIE II€JIM HCCIIEJIOBAHUN IO TEME COCTOSUIM B H3YyUYEHUH CTPYKTYPBl, AUHAMUKHU U
MHUKPOCKOITMYECKUX CBOMCTB HAHOCHCTEM M HOBBIX MaTEpHaJIOB, MHTEPECHBIX C TOYKH 3PEHUS
(byHAaMEHTaIbHBIX UCCIIEIOBAHU, TN UMEIOIIUX OOJBIIOE 3HAUEHHUE [T Pa3BUTHS HAHOTEXHOIOTHI
B c(hepe IEKTPOHHKH, (PapMaKOIOTHH, METUIIMHBI, XUMUH, COBPEMEHHOM (PH3MKN KOHIEHCUPOBAHHBIX
Cpel UM CMEXHBIX O0JIacTell METOJaMU paccesHuss HEHTPOHOB W KOMIUIEMEHTapHBIMU MeTogamu. B
CBA3UM C Ipojopkarouieiics ocraHoBkod peakropa WBP-2 Ha MoaepHM3alMio  Hay4dHas
JKcrepuMeHTanbHas  pabora corpyaaukoB HOO HUKC mnpoBogwnack B HEUTPOHHBIX H
CHHXPOTPOHHBIX IeHTpax B Poccum u 3a pyOexoM. OHa OCYIIECTBISAJIACh B COOTBETCTBUU C
[Ipo6nemHo-Temarnyeckum  mnaHoMm OUSM, ©Ha oOCHOBE CyHIECTBYIONIMX COTJIAMIEHUH O
COTPY/JHMYECTBE W TIPUHATHIX TMPEIJIOKCHUNA Ha OJKcrmepuMeHT. Pabotrer Ha peaktope WBP-2
BBIMOJHJIUCh TI0 IUIAHY MOJEPHU3ALUU CHEeKTpoMeTpoB. OCHOBHOE BHHMAaHHE ObLIO YIEJIeHO
peanu3anuy MepBONPUOPUTETHBIX MPOEKTOB (CO3/jaHME HOBOTO AU(paKToMeTpa Ui HCCIeI0BaHUs
MHKpooGpasoB  JIH-6, MuorodyskimoHamsHoro peduexromerpa I'POMHC, Moneprusarms
KOMIIJIEKCa CIIEKTPOMETPOB is reousndeckux uccnepoBanuiit CKAT/Oncunon).

B pamkax uccrnenoBanuii mo reme cotpyanuku otaena HUKC noanepxxuBaiu MHUpPOKUE CBSI3U
CO MHOTMMH Hay4YHBIMHU OpraHu3alusMu B crpaHax-ydactHuiiax OUSAN, a taxke npyrux crpanax. Kak
MPABHUJIO, COTPYAHUYECTBO OPOPMIISIIOCH COBMECTHBIMHU MPOTOKOJIAMH WM corjameHusMu. B Poccun
HauboJiee aKTUBHOE COTPYIHUYECTBO BEJIOCH C OJM3KMMH 1O TEMATHKE OPraHU3aIMsIMH, TAKUMHU KaK
PHII KU, ITAD, MI'Y, UDOM, UK PAH, AN PAH u np.

['maBHBIMU HampaBJICHUSIMH HAyYHBIX MCCIIEIOBAaHUM, peaian3alus KOTOPBIX OCYIIECTBISAIACH
corpyaarkamu HO0 HUKC, sBnstores:

e lccnemoBaHue CTPYKTYphI M CBOMCTB HOBBIX KPHUCTAJUIMYECKUX MATEPUAIIOB U HAHOCHCTEM
METOJIOM JU(PPAKIIUN HEUTPOHOB;

e lccnenoBanue MarHUTHBIX KOJUIOWIHBIX CUCTEM B 0OBEME M Ha TPaHUIIAX pa3zelia;
e lccrnenoBanue CTpyKTypbl YIJIEPOJAHBIX HAHOMATEPHAIIOB;
e MarsHeTusMm CIOUCTBIX HAHOCTPYKTYD;

o I/ICCJ'IGI[OBaHI/Ie HaI[MOJ'IeKYJ'IHpHOI‘/’I CTPYKTYPbI u (bYHKI_[I/IOHaHBHBIX XapaKTCPUCTUK
6I/IOHOFI/I‘I€CKI/IX, KOJUIOMAHBIX U NOJUMEPHBIX HAHOAUCIICPCHBIX MAaTCPHUAJIOB;

L4 I/ICCJ'IG,)IOBaHI/ISI HAaHOCTPYKTYPhBI U CBOMCTB JIUIITU AHBIX MeM6paH 1 JUIIUIHBIX KOMIIJIICKCOB,

e lccnenoBanue aroMHOM JMHAMMKMA HAHOCHCTEM M MAaTEpPHAIOB METOJOM HEYNpPyroro
paccesiHus HEUTPOHOB;

e lccienoBanue TEKCTYphl U CBOMCTB MUHEPAJIOB U TOPHBIX TIOPOL;

e Amnamms BHYTPCHHUX HaprI)KeHI/Iﬁ B 00BEMHEBIX MaTepuajiax U U3ACIniAX.
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Hayunsble pe3yabrarThl

CmpykmypHsle uccinedo6anus HO6bIX OKCUOHBIX MAMEPUANos

IIpoBeneno wuccienoBaHMEe MAarHUTHOM W KPUCTALIAYECKOW CTPYKTYPHI CJIOKHOTO OKCHA
kobanmpTa ProsSrgsCoO3; ¢ momompo mudpakimuu HEHTPOHOB M CHHXPOTPOHHOTO W3IyYCHHUS B
nuamazone temneparyp ot 1.5 go 1120 K. B otnuuue ot npyrux coemunenuit LngsSrosCoO; B HEM
HaOJIIOIAIOTCS KakK Iepexo]] mapaMarHeTuk — (eppomarneTuk mpu Tc =~ 226 K, Tak u eme oauH
MarHuTHBIA a3zoBbiii mepexon npu Ia =~ 120K, compoBokmaromumiicss HW3MEHEHHEM XapakTepa
MOBE/IEHUS] HAMAarHUYEHHOCTH BO BHEUIHMX MAarHUTHBIX MOJSX M aHOMAaluell B MOBEIEHUH YNPYTUX
cBoiictB Marepuana. Ilpu Ttemmeparypax oxono 800, 300 u 120 K 3apeructpupoBaHbl
MOCJIEIOBATENIbHbIE CTPYKTYpPHBIE MEPEXOJbl C MOHMKEHHEM KPHUCTAUIMYECKONM CHMMETPUU OT

ky6uaeckoit (Pm3m) 1o pomGosapuueckoii (R 3 c), 3aTem 10 pombuueckoit (Imma) ¥ TPUKIHHHOI
(P1), puec.1. TlomydyeHHbie pe3yabTaThbl IOMOIJIM YTOYHUTH paHee MNPEJIOKEHHBIE MOJENN

KPUCTAJUTMYECKON CTPYKTYpbl pasnuuHbelx (as. Ilpu mepexoxe B ¢asy P 1 nabmromanuce anomanuu
TEMIepaTypHOIO NOBEAECHUSI HEKOTOPBIX MEKATOMHBIX PACCTOSHUMN U YTJIOB, a TAKXKE [IEPEOPUEHTALIHS
MarHUTHBIX MOMEHTOB KOOaibTa.
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HccnenoBanbl aTroMHasi ¥ MarHWTHas CTpykTypa koOambruta LagsCapsCoOs; mpu BBICOKHX
nasinenusix 1o 4 ['Tla B quanazone temmepatyp 10 — 300 K meromom Heiitponnoii qudpakmuu [1]. Tlog
JaBJIieHUEM HaOJI0aeTCs yBenudeHne temieparypsl Kiopu ¢ 6apudeckum ko3 duitmenTom dT/dP =
1 K/T'Tla, 9T0 CBUAECTEIBLCTBYET 00 YCTOMYNBOCTH OCHOBHOTO (peppomMarHuTHOTO (PM) cocTosTHHS TIOT
nasienreM. bapuueckoe moBenenne ocHoBHoro ®M cocrosHus B LagsCagsCoOs;  pesko
KoHTpacTtupyeT ¢ coeauHeHusiMu La; xCayCoOs ¢ MeHbIMM coaepxanueM kanbius (x < 0.3), rae moa
JaBJIeHUEM HaOJIto1aeTcs TMOoAaBIeHHEe OCHOBHOTO ®M COCTOSIHHS M OTpUIATENbHBIA OapHuecKHii
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koadpummment Temneparypsl Kiopu d7/dP < 0. Ilomydensl Gapuueckre 3aBUCUMOCTH CTPYKTYPHBIX
napameTpoB.

HccnenoBanbl CTPYKTYpHblE M MarHuTHbIe (a3oBble IEpPeXo/ibl B CIOKHOM OKCHIE —
mynbTH(epporke BiMnOs mpu BO3AEHCTBUM BHICOKMX JaBlIeHUU [2], puc. 2. YHHKaJIbHOW 4YepTOu
JAHHOTO COEJMHEHUS [0 CpPaBHEHUIO C JIPYTUMH MYJIbTUQEPPOUKH SBISIETCS COYETaHUE

Puc. 2. HeirpoHHsle au@pakiroHHbIE
cnekTpsl BiMnOs;, u3MepeHHbIC MpH
pPa3MYHBIX JABICHHAX M KOMHATHOH
Temmeparype Ha nudpakromerpe HRPT
(PSI, Switzerland), oGpaboranHBIEe IO

el metony PutBenbna (cieBa). MarHutHast
1000yj0, 110w e gran CTPYKTypa  MOHOKJIMHHOM (azer

20 30 40 5 60 70 8 9  BBICOKOro AaBieHus BiMnOj; (cmpasa).
20(deg.)

4000

3000

Intensity (arb. units)

2000 ¢

MarHUTORJIEKTpuYecKuX 3¢ dexToB ¢ dpeppoMarautHeiM ynopsaoueHueM. [Ipu nasnenun P = 1 ['Tla
HAOMIOJANCs CTPYKTYPHBIH (Pa30BBI Mepexoa MEXIy IBYMS MOHOKIMHHBIMH MOIH(PHUKAIMSIMU
cumMmeTrpun C2/c, KOTOPBIA COMPOBOXKIAJICS 3HAYUTEIHHBIM U3MEHEHHEM TapaMeTpPOB 3JIEMEHTAPHOM
SUCHKH U HEKOTOPBIX MEXKATOMHBIX paccTOsHMUA. CTPYKTYpHBIN (a30BbIN MEPEX0]] COMPOBOKIACTCS
M3MEHEHHEM XapakTepa MarHuTHoro ymopsaodeHuss c deppomarautHoro (7¢ = 100 K) Ha
antudeppomarautHeiid (7y = 90 K) ¢ Bekropom pacnpoctpanenus k = (V2 V2 V2). C nanpHeimmm

nmoBbIIeHHEeM JnaBiieHuss npu P ~ 8 [Tla nHabmiomancs CTpyKTypHBIH (a3oBBIA IMepexoq B
opTopoMOuueckyto (asy cummerpun Pbnm. IlomyueHHBIE pe3yJbTaThl MO3BOJMIN BBIIBUTH DPOJIb
KOHKYPHUPYIOLIIX CBEpXOOMEHHBIX B3aUMO/IEUCTBUI B MEXaHU3Me BO3HUKHOBEHHUS

MAarauTO3JICKTPUUICCKHUX SIBIICHUM.

MeTo0M MajoyrjIoBOrO paccestHUsl HEHTPOHOB HCCIIEI0BaHbl CTPYKTYPHbIE XapaKTEPUCTUKU
HAaHOCTPYKTYPUPOBAaHHBIX CHJIMKAaTHBIX CTEKOJ, COJIep’KaIllMX OKCHUIbl Lepus U TUTaHa [3].
VY CTaHOBJIEHO, YTO ONTHYECKUE CBOWCTBA CTEKOJI, B YACTHOCTH, KO3()(PUIIMEHT MpOIyCKaHUs, CUILHO
3aBUCAT OT cpeaHero pasmepa kinactepoB Ce-Ti-O, o6pasyromuxcs npu nonupoBanuu CeO; u TiO.

Hccneooeanus mazHumubix ycuoxocmeit

B pamkax coBmecTHOUN uccienoBaTenbckoil rpymnmbsl CoobmectBo ['enpmromnsiia ['epmanuu —
Poccus (mpoext I'enbmronbin-POD®U HRIRG-16) ¢ moMoInpio MaoyrioBOro paccestHus HEUTPOHOB
onpenenena [4, 5] cTpykTypa OHMOCOBMECTHMBIX (HEPPOKHIAKOCTEH, CHUHTE3UPYEMBIX ISl TEparuu
paKkoBBIX OIlyXoJied Mo3ra uenoBeka. /[l crabwim3anuy (IPEUMYIIECTBEHHO CTEPUYECKON)
HaHo4yacTUll MarHeTuta (pazmep ~10 HM, nonuaucnepcHocTs > 50 %) B *KUAKOM cpele UCIOJIb30BaH
nBorHOM cioit mupuctuHoBoii (MA+MA) wim naypunoBod (LA+LA) kucnor. HecmoTps Ha
CPaBHHUTENBHO OoOJbIIMe OOBEMHBIC OJH AWCIEPrUpoBaHHOrO MarHetuta (¢, ~ 10 %) mpu
COXpaHEHUH BBICOKOM CTa0WJIBHOCTH, B 00paslax NPUCYTCTBYIOT KJacTepbl HAHOYACTHI[ C
XapakTepHbIM pasMepoMm B nuamnazoHe 30-40 vm. Mcnonb3oBaHuwe Bapwalu KOHTpacTa (cMecu
H,0/D;,0) ¢ npumeHeHreM MeTo1a MOIU(PUIIMPOBAHHBIX 0a3UCHBIX (PYHKITUI MO3BOJIWIA OTPEICIUTD
XapaKTEepPUCTUKN BHYTPEHHEH CTPYKTYphl KiacTepoB. B uacTHOCTH, OOHapy>K€HO CYIIECTBEHHOE
paznuune B nosie [TIAB B kiacrepax mis obpasuoB aByx tunoB. Eciam s oOpasuoB tuma LA+LA
KJIACTEPBl COCTOAT M3 YACTUIl MAarHETUTA, TOJHOCTHIO MOKPBITHIX 000J0ukoi [TAB TonmumHoNi 0KOJI0
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3.5 uM, TO B ciydae oOpasnoB Tuna MA+MA KacTepbl COCTOSIT U3 YACTHI] MAarHETUTA C HETIOJHBIM
nokpeitTieM [TAB (puc. 3). D10 yka3piBaeT Ha Oosiee 3HaUMTENbHYIO arnomepanuio [TAB ¢ 6ombieit
JUTMHOW B TPOIECCe TPUTOTOBIEHUS, YTO CHUXKAeT ancopOnuio MA Ha MOBEPXHOCTh MarHETHTA.
JlaHHBIN BBIBOJ COTIacyeTcs ¢ TeM (aKTOM, YTO IMOJyYeHUE CTaOWIBHBIX BOJTHBIX (EPPOKUIAKOCTEH
nocpencTBoM Oosiee MHHBIX [TAB 13 psima MOHOKapOOHOBBIX KHCIIOT (TTAIbMUTHHOBAS, CTEAPUHOBAS
KHUCJIOTBI) HE TPEACTABISETCS BO3MOXHBIM. V3 BaXKHBIX MMOJIyYEHHBIX XapaKTEPUCTHK CIICIYET TaKXKe
OTMETUTh TEMIIEPAaTYpPHYIO CTaOWJIBHOCTh KJIAcTepOB M OTCYTCTBHE MHIEIUI  CBOOOTHOTO
(meancopOupoBanHoro) ITAB, 4TO CHJIBHO OTIMYAET WCCIIEIOBAHHBIE CHUCTEMbI OT PACCMOTPEHHBIX
paHee TEXHUYECKUX BOJHBIX  (EPPOKUAKOCTEH, CTAaOMIM3UPOBAHHBIX C  HCIIOJIb30BAHUEM
JIOICTIMITOCH30JICYIb()OHOBOM KHCIIOTHI, Te HAOMI0AaIuCh (PpaKkTaabHbIe arperatbl U CyIIECTBEHHBIN
n30b1TOK [IAB ¢ 0Opa3zoBanneM MUIIEILIL.
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Puc. 3. Cxemarnueckoe MpeACTaBICHUE CTPYKTYphl KJIaCTEPOB B JABYX OHOCOBMECTHUMBIX
BOIHBIX (DEPPOKUIKOCTIX C ABOMHON CTaOMIM3aIell HAHOYACTHI[ MarHETHTA JIAyPHHOBON
(LA+LA) u mupucturoBoit (MA+MA) kucnoTamMu 0 JaHHBIM BapHaiu kKoHTpacta MYPH.
Wnmoctpanus F0.1U.Emenunoit (JIHO® OUAN).

Bapuanus koHTpacTa B MajoyrjioBoM paccesHun HeTpoHoB (I'enbmorombi-ieHTp ['eectxaxra) c
UCTIOJb30BAaHHEM METOJ]a MOAM(PHUIIMPOBAHHBIX Oa3MCHBIX (YHKIMA MPUMEHEHA B HCCIICIOBAHHUH
OMOJIOTMYECKH COBMECTHMBIX BOJHBIX (DEPPOKUAKOCTEH, MPUTOTOBICHHBIX C IMTOMOIIBIO 3aMEIICHUS
olleaTa HATpUsl TOJMATWICHTIIMKONIEM Tpu cradwim3anud wmarHetuta B Boge (MHCTHTYT
skcniepuMenTanbHoi (usuku, Kommne, CroBakusi) [6]. OOHapykeHa peopraHM3anus KIacTepoOB,
CTETIeHb KOTOPOM 3aBUCUT OT KOJHMYECTBA J00ABIIEMOTO0 B CHCTeMy MoiluMmepa. B wacTHOCTH,
HeOompmme (pasmep 40 HM) KiacTepbl B HCXOAHOM KHIKOCTH, NMPU JOCTATOYHOM KOJIMYECTBE
nmoJimMepa rmepexonaT B Oosbmme (pasmep cBeime 120 HM) (paktambHble Kiactepbl. [lpm 3TOM
TOJIIIMHA OOOJIOUYKM MEHSAETCS HE3HAYUTENIbHO, YTO YyKa3blBaeT Ha aAcopOLuI0 MojuMepa Ha
MOBEPXHOCTH MarHeTuTa B IUIOCKOW KOHQUrypaluu. YUuThIBash TOT (akT, YTO HaAMarHU4EHHOCTb
HACBIIIEHNUs HOBOM >KMJIKOCTH TOHM)XAeTcs, HaboJaemMas peopraHu3alus CBsi3aHa C yXyALICHHEM
CTaOMIIBHOCTH CUCTEMBI.

Hccneoosanue yzinepoonvix HAHOMAMEPUAN08

B pamkax uccienoBaHusi pacTBOPOB (DyJIIIEPEHOB CO CpeHEN MOJSPHOCTHIO (IUAIIEKTPUIeCcKas
nocrostaaas  10-50) mompo6HO wu3ydena cucrema Cgo/N-metun-nupponuaon (NMII), xotopas
XapaKTepU3yITCs 00pa3oBaHUEM B HEH cO BpeMeHeM (ITOpsIKa MecsIa MOCIe PAaCTBOPEHHS) OOIBIINX
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(pasmep o0 500 HM), HO CTaOWIBHBIX, KJIACTEPOB M3 MOJeKyn (ysuiepena. B uactHocTH, poct
KJIACTEPOB MPEJIOKEHO [7] OTCIEKUBATH C TIOMOUIBIO SIKCTPAKIIMKA B OPraHUYECKUI PACTBOPUTEND, HE
cmemmBaeMbiii ¢ NMII, nHanpumep, rekcan (puc.4). KiactepooOpazoBaHue KoOppeaupyeT ¢
BPEMEHHBIM COJIbBATOXPOMHBIM 3(h(HEeKTOM (M3MEHEHUE BO BPEMEHHM CIieKTpa mnoriouieHus Y O-Bun).
[Tocne pactBopenuss MonekyssipHbId Cgop U3 Coo/NMP (MaMHOBBINM IIBET) SKCTPArUpyeTcs B TEKCaH
(ManTUHOBBIM 1IBET MeHbIEeH MHTEHCUBHOCTH). CO BPEeMEHEM JKCTpPAaKIMs yMEHBIIACTCS W, B KOHIIC
KOHIIOB, CBUJETENBbCTBYET 0 mepexoae Bcero Cey B coctaBe Cqo/NMP (xenTo-KopuyHEBBIH IBET) B
KJIaCTephl, KOTOpblE HE OKCTparupyrorcs. Ilepexoq MONEKYISIpHBIA pPacTBOp — KOJUIOWIHBIH
(KJTacTepHBI) pacTBOP MPOSBISETCS B MAacC-CIIEKTPaxX BBICYIIEHHBIX pacTBOpoB. [Ipu moOaBineHnu B
CUCTEMY BOJBI (Takke HE CMENIMBAEMYyK0 C TEeKCAaHOM), OSKCTPaKIMs BO300OHOBISETCS, YTO
CBUJIETEILCTBYET O pa3pylIeHHE KIAaCTepOB 3a CUET OTCOEAMHEHUS OJUHOYHBIX MOyeKyld Ceo
(MoHOMepoB). [losiBIIEHHE OIMHOUHBIX MOJIEKYJI B paCTBOpE MOATBEPHKAAETCS Macc-CIIEKTpOMETpueil, a
YMEHBIIIEHHE pa3MepPOB KJIACTEPOB PETUCTPUPYETCS MAJIOYTIIOBBIM paccessHueM HeUTpoHOB. [lokasaHo,
YTO MIPH 3TOM BOJa 00pasyeT CBsI3b (KOMIUIEKC ¢ MePeHOCOM 3apsiaa) ¢ pymiepenom. Takum oOpazom,
Ha OCHOBE KOMIUIEKCHOTO aHAJIM3a C MPHUBJICYCHUEM Pa3JIMYHBIX METOAOB MPEIOKEHO OOBSICHCHHE
compBaTOXpoMHBIM 3¢ dekram B cuctemax Cg/NMII u Cgy/NMIIl/Boma: Hapsigy ¢ pa3BUTHEM
KJIaCTEPOB  IMEPBOHAYAJbHBIC KOMIUIEKCHl  (DyJIEpEeH-pACTBOPUTENh MEHSIOTCI CO BpPEMEHEM
(MpeuMyIIeCTBEHHO Ha TMOBEPXHOCTH KIACTEPOB) M CHOCOOCTBYIOT PacTBOPUMOCTH (QyJuiepeHa B
cMmecu Boga-NMII.
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Puc. 4. CxemMaTrueckoe MPeICTaBICHUE Pa3IMYHBIX CTAIUi dKCTpakimu ¢yuiepeHa Cqy U3 PACTBOPOB
Ceo/NMII n Cq/NMII/H,O Ha OCHOBE MAaHHBIX MONOJHSIONIMX CTPYKTYPHBIX METOXOB. Pa3smepsl
KjacTepoB Jexar B auamazoHax 100 — 500 am (ctagust 2) u 10-100 vm (ctamus 3). Wnmroctpanums
10.1.Ememmnoit (JIH® OUSN).

[IponomkeHsl MOCTPOEHHE TEOPETHUYECKOW MOJENN KJIacTepooOpa3oBaHusl JUisl PacTBOPOB
dymnepena Cg B TOMSIpHBIX pacTBopuTensx [8]. Ha ocHoBe moaxoma KHHETUYECKOH Teopuu
HYKJICAIIUU TIPOaHATM3UPOBAaHbI COOpaHHBIC SKCIIEPUMEHTAIbHBIC JaHHbIe sl pacTBopa Ceo/N-MeTHII-
nupponuion (NMII). B pamkax Teopuu Hykiealuu ObLIO TOKa3aHO, YTO TaKKe Kak W B Ciydae
HENOJSIPHBIX pacTBOpPOB Cgp, MCMOIB30BAHUE KAIEIBHOW MOJENN KIacTepa MPHUBOJUT K OBICTPOMY
pasaenennio ¢a3 B cucreme. [loACTaHOBKAa OIICHOYHBIX TEPMOJWHAMUYECKHUX TapaMeTpOB IS
pactBopa Ceo/NMII naet AnuTenbHOCTh CTaIMU HE3aBHCUMOTO pocTa mopsaka 10 mxc. B otnuuue ot
HETOJISIPHBIX PACTBOPOB, HCIIOJNIB30BAHWE MOJETH OTPAaHMYEHHOTO pPOCTa C OTPAHUYCHHEM pazMepa
knactepoB mo n (umciay monekyn Cep B arperare) He umeeT (usmueckux oOocHOBaHHMA. Jlis
KayeCTBEHHOTO OIMCAHMsI MPOTEKAIOIINX B CHCTEME TpoIleccaM, PEeIoKeHa albTepHATHBHAS MOJIENb
OTPAaHUYEHHOT'0 POCTa, I/Ie MPEANoiaraeTcs, 4To MOCTENeHHOe 00pa3oBaHHUE JOHOPHO-aKLIENTOPHBIX
koMIiekcoB  Cg-NMII  orpanmumBaeT pocT kiactepoB dyiepena. Mopenb  yYUTHIBaeT
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npeanonaraemoe u3Menenre komisiekcoB Ceqo-NMIIT Bo BpemeHu.

Hccneoosanue MazHuUmMHBIX C1OUCHIBIX Hanocmpykmyp

[IpoBeneHbl  WCCIemOBaHUS TpeACKa3aHHOTO oOpatHoro »ddekra Omu3ocTH AIA  OUCIHOA
(beppoMarHeTHK-CBEpXIPOBOIHUK HAHOCTPYKTyphl V/Fe, KOoTOpbIil 3akitouaeTcs B HaMarHUYUBAHUU
CBEpXMpoBoMHUKA (pHc. 5). Teoperuueckue TmpeacKa3zaHHWs JaBalli KaK IIOJIOKUTEIbHYIO TI0
OTHOIICHUIO K HanpaBJIeHHIOHAMAarHHYeHHOCTH deppomarHeTnka HaMarHMYeHHOCTh
CBEpXIPOBOJIHMKA, TaK W OTpHUIaTeNbHYI0. B umccienoBanusx Oucnost V/Fe oOGHapykeH 0OpaTHBIMA
abdexr Ommzoctu [9]. Ilpm 3TOM ycTaHOBIEHO, YTO TIpPH TEMIlepaType HIDKE TeMIlepaTyphl
CBEPXIIPOBOJAIICTO IMEPEX0Jla  CBEPXMPOBOSIIUN  CIIOM HAMAarHUYMBAETCS  TOJOXHUTEIBHO, a
(beppOMarHeTHbIN CI0H OTPHUIIATENBHO, TAK YTO BECh OMCIION YBEIMUMBAET MATHUTHBIN MOMEHT.
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Puc. 5. a) TemneparypHoe OBEJCHHE HHTEHCUBHOCTEH MarHUTHOTO paccesiHrs BOIM3HU (ha30BOTO IIepexoa B
CBEPXIPOBOAIIEE COCTOSIHNE. 6) MarHUTHEINA IPOGIIIs CHCTEMBI BBIIIE W HIKE TEMIIEPATyPhl IEPEeXo/a.

Hccnedosanue nunuouvix memopan u TURUOHBIX KOMHIEKCOB

Metonom nudpaknuE CHHXPOTPOHHOTO U3JIYYEHHS HCCIICJAOBAaHBI BOIHBICE PAaCTBOPHI
MYJBTHCIOMHBIX BE3UWKYJ MeMOpaH, MOJICIUPYIOMNX JUMHIHYIO COCTaBISIOUIYIO CIH3HCTOU
000JIOYKH POTOBOHM ITOJIOCTH MIICKONUTAIOIINX HA OCHOBE IepaMuaa-6 W MeMOpaH BXOMSIIUX B €€
COCTaB cMecHu chuHTOMHENeH/ TUNATBMUTONIGOCHATHAUIXOTUH/ AUHaTbMUTOMIGOoCchaTH NI
3TAHOJAMHH C LepaMuaoM-6 B auanazone temmneparyp 20 - 80 (90)°C (puc. 6). YcraHOBJIEHO, 4TO
cMech  chunromuenen/gochonunuasl  mpu  BeICOKMX  Temmeparypax  (70-80 °C) ckimoHHa K
00pa3zoBaHUI0 00paTHOM rekcaroHanbHOU (asbl. Llepamun-6 npu monbHo# none 0,2-0,3 yBenuuuBaer
3Ha4YeHune nepuojaa nosropsemoctt MCB cmecu cunromuenesn/Gochonunuabl Ha BETUYUHY OKOJIO
1 A u mpensaTcTBYeT 06pa30BaHUI0 OOPATHOMN IeKCArOHANBHOM (ha3bl IPU BHICOKHMX TEMIEPATypax.

B pesynbrare mpoBeIEHHBIX HCCIEIOBAaHUI MeMOpaH C COCTaBOM IiepaMuji] 6/XxoyiecTepuH /
NAJIBMUTHUHOBAS KUCIIOTa/ Cynb(]arT XOoJecTeprHa YCTaHOBJIECHO, UYTO (Pa30BOE COCTOSIHME MEMOpaHBI
3aBHCUT HE TOJBKO OT TeMIEpaTyphl, HO U OT pH BOJbI, UCTIONB3yeMO MTpH UX TpurotosieHuu. [Ipu
Hu3KUX 3HadeHuAx pH (5 — 7), nunuaneii 6MCION HAaXOAWTCA B KpucTamimdeckod L, dase, a npu
yBeaudenun pH no 9 mpoucxomut ¢asoBelii nepexox B renb Lg dasy, mpu 3ToM CyliecTBEHHO
MOHWKACTCS CTENEHb YIOPSAJOYCHHOCTH YTIJIEBOJOPOIHBIX XBOCTOB W MEMOpaHa CTaHOBHUTCS
0/1HO(ha3HOM.
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[IpoBenens! uccaenoBaHus JiekapcTBa (pocorius, pacTBOPEHHOTO B BOJE. Y CTAHOBJIEHO, UTO
munuaHas ¢pakmus (GocdorauBa CymecTByeT B BOJAHOW (a3e B BHAE MHOTOCIOWHBIX JIUTIOCOM
coctrosamux u3 cmecu (ocharummixonuna (OPX) u raumuppuznHoBoi kuciaoTsl (I'PK) ¢ mepuogom
nosropsemoctu 47.1 A. B ocajke 06HapyeHbI JTUIOCOMBI C eproioM noTopsieMoctn 47.1 A (cmech
®X uT'PK) u 62.8 A (uncrsiit ©X).
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Puc. 6. (2) [udpakunoHHble CIIEKTPHI OT JaMesipHOH cTpykTypsl MCB churromuenen/AINOX/AIDD = 1/2/2.
(b) TemmnepaTypHas 3aBUCHMOCTb TIEPHO/Ia TOBTOPSIEMOCTH
(d) nameuTsipHO#A dbass! (W) 1 napamerpa peruetku(a = 2d/ /3 ) MHBEPTHPOBAHHOI rekcaroHaIbHON hasbl (¢) MCB
counromuenes/ AIOX/ANDI=1/2/2.

[IpoBenensl wuccnenoBanust (HochomunmuIHON TPAaHCHOPTHOM CHUCTEMBI, pa3pabOTaHHOW B
Nuctutyre Omomenuimuckoid xumun PAMH. OGOpasibl mpUTOTaBIMBAINCH ITyTEM pPacTBOPEHUS
TMO(UIN3UPOBAHHOIO JIEKapCTBAa B BOJE C KOHIEHTpauuid mpenapara 25%. Takas KoHIEHTpaus
COOTBETCTBYET MEIMIIMHCKON pEKOMEHJAlMM 10 UCHOJb30BaHUIO JiekapcTBa. MccnenoBanus
nokazanu, 4ro 25% pacrBop @THC B Bozme mpencraBiser co00il BE3UKYISIPHYIO CHUCTEMY HM3KOM
HOJUAUCIIEPCHOCTH, OTHOCUTEIBHOE CPEIHEKBAAPAaTUYHOE OTKIOHEHUe pazMepa coctasisger 20-30%.
Cpenuuii paguyc Be3ukyisl paseH 160 A, uto cootBercTByer pasmepy nanowactunsl @THC 320 A.
Omnpenenena mopgonoruss ®THC. Jlokazano, uto (ocdonunuanas TpaHCIIOPTHAS CHCTEMa SIBISETCS
BE3HKYJISIPHOM CUCTEMOM C HU3KUM YPOBHEM MOJIHIUCTIEPCHOCTH NpH €€ 25% KOHIIEHTPAIMH B BOJIE.

Hccneoosanue noiumepHvix u KOAM0UOHBIX HAHOCUCHIEM

CosmectHo ¢ UCIIM PAH u JIT® OUAU npomomkeHO HCCIENOBAHUE CTPYKTYPHBIX
0COOEHHOCTEH CTpPOEHHsI JEHIPUMEpOB — TIOJIMMEpPOB, CoOYeTallmMX B cebe cBoicTBa
CBEPXPA3BETBJICHHBIX MakpoMousiekyn U yactul [10]. C momomnipro MeToga BapualMy KOHTpAcTa JUis
MaJIOYIJIOBOTO PAacCesHUsT HEUTPOHOB MOIYyYEHbl 3HAUEHHMsS CPEIHEH pacceMBarollell IUIOTHOCTH
JEHIPUMEPOB U MIPOU3BE/IEHBI pacueThl HHBapuaHToB. [loka3aHo, UTO pacnpeneneHne paccenBaronen
IUIOTHOCTH B 00BEME JeHJpuMepa sIBISETCS OJHOPOAHBIM B Ipeeiax 3KCIEPUMEHTAIbHOW OIIMOKH.
[TomydyeHa BepxHss OLEHKAa BEJIMYMHBI HEOJAHOPOJHOCTH PacCEUBAIOIEH IUIOTHOCTH JEHApPUMEpA.
[Toka3aHa BO3MOKHOCTb IPOHUKHOBEHHUSI PACTBOPUTENIS BHYTPh JEHIPUMEPA U JlaHa KOJINYECTBEHHAs
OlLleHKa 00beMa, JOCTYIHOIO IPOHUKHOBEHHUIO pacTBoputelns. CraenaHel 000O0IIaroOLIMe BBIBOABI O
CTPYKTYpE U CBOMCTBaX yKa3aHHON Pa3HOBUIHOCTH AECHAPHUMEPOB OT HU3KHUX JI0 BBICOKHUX I'€HEpAIHi.
B cucreme neHnpumep-pacTBOpUTENb IPH PANIMYHBIX KOHLEHTPALMAX W BHEUIHMX YCJIOBUSX
O0HApY>KEHO CYIIECTBOBAaHHE HE THUIIMYHOTO JUII CHUCTEM THIIA <OKECTKHX cdep» CTPYKTypHOTO
(axTOpa BIUIOTH A0 CAMBIX HU3KHUX KOHIIEHTPAIHH.
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[IpoBenensl Teoperudeckue pacyeTsl (coBMectHO ¢ JIT® OUAM) mo moaenupoBaHUIO
MaJIOyIJIOBOTO paccesHusl OT JACTepPMHUHHUPOBAHHOrO (pakTana — oboOmeHHoro ¢pakraisa Kanropa,
puc. 7 [11]. letepMuHupoBaHHbIC (PpAKTAIBI ABISIOTCS MOJIEIBI0O HEKOTOPHIX TOYHBIX CaMOTIOJ0O0HBIX
CTPYKTYp HaHOOOBEKTOB, KOTOphIE CTaJll0 BO3MOXKHO TIIOJNydaThb B IMOCJEOHEEe Bpems Oiaromaps
Pa3BUTHUIO COBPEMEHHBIX HAHOTEXHOJIOTUH. Pa3MepHOCTh )pakTasa MOXKET BapbUPOBATHCS B MpEIEIax
ot 0 10 3 B 3aBUCUMOCTH OT CTEIICHH €r0 YIaKOBKH, KOHTPOJIHPYEMOH Oe3pa3MepHbIM MapaMeTpoM.
®dopm-daktop gt oboOmenHoro ¢pakrtana KanTtopa ObUT  BBIYHCICH aHATUTHYECKH YIS
MPOU3BOJIBHBIX 3HAYEHHW BOJHOBOTO BEKTOpa M IS JIFOOBIX KOHEUHBIX HWTepalmii (pakrana s
OMHCaHUSl MAJOYIJIOBOTO HEUTPOHHOTO U PEHTITCHOBCKOTO pAacCesHUs Ha OPHCHTAIMOHHO-
YHOPSIZIOUEHHOM MHOXecTBe (pakrajioB. J[lng HEyHopsOYeHHO pACIOJIOKEHHBIX MOHO- H
MOJIUAUCIIEPCHBIX (PAKTATIOB, MHTEHCUBHOCTh PAacCesHUs MOJy4deHa B BUJAE IPOCTBIX HWHTETPaJIoB.
PaccunTtanbl BeIMYMHBI aCUMITOTHK (PPAKTAIBHOTO CTPYKTYpPHOTO (pakTopa M aHAIUTUYECKH IOJTy4YeH
paaMyc TUpalWu I TPOU3BOJILHOM wurepanuu. OOBSCHEHO “‘NOJI0OYHOE” TIOBEIEHHE KpPHUBOM
MaJIOYTJIOBOTO paccesiHus. [lokazaHa BO3MOKHOCTh OIICHKH YMCJIa YacTUI (PpaKTaibHON CTPYKTYPHI.

10° =
Puc. 7. MonenpHOe mpenacTaBie-
HUE HYJIEBOM, MEPBOHM U BTOPOH
reiepauuii  0000IIEHHOTO MHO- :
kectBa KaHTOpa, cocraBiieHHOTO
U3 KyboB u miapoB (a)
MOJICTIbHBIE KPUBBIE WHTCHCHB- Bals, Rl 4

s .
o 3 HOCTH st 11apoB C 10°F D=227(+=0.2) \
‘.. s " pasmepHocThi0 D=227 ¢ yuerom fm=s
'.& 5,20, Balls — "

Lt‘ t-t BIIMAHUA MTOJIUAUCIIEPCHOCTH.

L
100 1000

B pamkax m3ydenust pactBopoB ITAB, ucnonbp3yemsix mis ctabunuzanuu GeppokKUIKOCTEH, ¢
IIOMOIIIbIO MAaJIOYIJIOBOIO paccesHuu HeiTpoHoB (I'enbmoronbu-nieHTp ['eecTxaxTa) mnosrydeHsl
napameTpbl CTPYKTYpbl U B3aUMOJICHCTBUS AJIS1 MULIESIPHBIX PACTBOPOB J101LIMII0EH3NHCYIb(HOHOBON
KHCJIOTBl B aAeWTepupoBaHHO Bone [12]. IlpoBeneH aHain3 KOHLEHTPALMOHHBIX 3aBHCHUMOCTEH
arperalMoHHOro 4ucia, 3apsAa Ha MHULEUTy M MOBEPXHOCTHOrO HoTeHuuana munemt. HabGmoneno
TUIIMYHOE YBEIWYEHUE pa3Mepa MHLEI C yBeludeHHueM KoHueHTpauuu I[IAB, dro cBsizaHo C
HEepexo oM MHULEIT OT cheprudeckol Gopmbl K HUIMHAPUYECKON. VIconb3ys ModydeHHbIE JaHHBIE,
olieHeHa 105 MoJieKyJ1 [TAB, KoTopble HaXoIATCA B MULEIUIAX U B OJUHOYHOM COCTOSIHUU B 00BbEMeE
beppoxuaKocTd (MAarHETUT B BOJIE C IBOMHBIM CJIOEM KUCJIOTHI MPU €€ U30BITKE B pacTBOPE).

IIpoBeneHo uccienoBaHue CIMHOBOW AMHAMHMKM B cucteMe B Ce(i.x)YxAls npu mepexozge ot
coctosiHuA ¢ TsokeabiMu Gpepmuonamu (TD) nmpu x=0 k cocTosiHUIO ¢ TIepeMeHHoN BasieHTHOCTRIO (I1B)
npu x=0.5 meTomom Heympyroro paccesHus HetpoHoB [13] (pme. 8). [lokazaHo, 4To 3amernieHue
uepusi UTTPUEM MNPUBOAUT K CHIBHON TpaHCGOpMAlMU CHEKTPaIbHBIX KOMIIOHEHT MarHUTHOTO
OTKJIMKA U3-3a YCHJICHUS k-f THOpHUIU3aLNN.

HpOBC}IeHO HCCJICIOBAHUC JUHAMUKH MOHOHHUTpHUAA YpaHa, KOTOpI;IfI paccMaTpruBacTCd Kak
0a30BELIH MaTtcepruaia A CO3JaHHA KOM6HHHp0BaHHOFO TOIUIMBA NOJIs1 PCAKTOPOB Ha 6BICTpBIX
HeﬁTPOHaX. B CIICKTpax HEYHIPYTOTro pacCCsHUA HeflTp0HOB UN O6H&py>I(CHBI KBa3npC30HAHCHBIC
0COOEHHOCTH B 007aCTH e MEXXAY aKyCTUYCCKUMU U ONITUICCKUMU KOJ'IG68.HI/I$IMI/I, KOTOPBIC MOT'YT
OBITH OOBSICHEHEI COMUTOHAMH U HEJIMHEHHBIMH JIOKAJTM30BAHHBEIMH MOJaMH.
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Amomnaa ounamuka

Puc. 8. S(Q,») ans coequnenuii Ce, Y Al; B

5 (b) 3aBUCHUMOCTH OT KOHIIEHTPALUU UTTPHUS “X”:

() .|
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Energy transfer [meV]

C nomol1pio paccesHusl HEUTPOHOB HMCCiIel0BaHa aTOMHAs CTPYKTypa U AMHAMUKa THAPOKCHIIA
aukens Ni(OH),, marepuana yis 31€KTpoI0B B XUMHUYECKUX HCTOYHUKAX ToKa. Ha ocHOBE JaHHBIX TIO
HEYNIPYroMy HEKOT€pPEeHTHOMY paccesiHUI0 HeHTpoHOB, a Takke KP m MK-cnekrpockonuu mposeseH
CPaBHUTEJbHBIM aHaIN3 KoJeOaTelIbHBIX CIEKTPOB M AMHAMMKHM DPEUIETKH THAPOKCHUIOB HHUKEIS U
maruus [14]. CroexkTpsl onTHYeCKMX (POHOHOB PACCUMTAHBl C HCIOJIb30BAHHEM METOJIOB TEOPHHU
(GyHKLHOHAJIA IUIOTHOCTH, XOPOLIO COIVIACYIOTCSI C JaHHBIMU KOJIe0aTeNbHONW CIEKTPOCKONMH. AHAIN3
MaTpHLbl CUJIOBBIX IOCTOSHHBIX OIPENENIEHHBIX IO pe3ysibTaTaM pacueTa, MO03BOJIMII IPEAJIOKHUTH
MHTEPIIPETALMIO OCHOBHBIX OCOOEHHOCTEN MpPOSBIAIOLIMXCS B CIEKTpax 3THX coeAuHeHHH. Meron
(YHKLMOHAaJIA IUIOTHOCTH BBIABJISIET 0OCOOEHHOCTU MEKyaTOMHOI'O B3aUMOJECHCTBYS, XapaKTEPHbI AJIs
3TUX CJOUCTBIX COEIUHEHMHM M YKa3blBA€T Ha CYIIECTBEHHYIO POJIb CIIMHOBOI'O B3aWMOJIEHCTBUS B
rujpokcuie Hukens. Iloka3aHo, 4To 3TOT METOJ MOKET OBbITh C YCIEXOM IPUMEHEH I pa3padoTKu
MoJieniel CTpyKTyphl U iuHaMuku ¢aszel B-NiOOH.

Ipuknaonsie padomut

K npuxnanaeiv paboram B otnene HUKC JIH® TpanuiinoHHO OTHOCSITCS SKCIIEpUMEHTAIbHBIC
MCCJIEIOBaHUs TEKCTYphl TOPHBIX IOPOJ W MHUHEPAJIOB, BHYTPEHHUX HANpPSDKEHUH B HHUX U
onpe/ereHre BHYTPEHHUX HAIPsS KEHU B 00BEMHBIX MaTepuaiax M U3JeNusaX, BKIOYas HHKEHEpPHbIE
MaTepualibl U JeTajld MalluH U YCTPOUCTB. B OCHOBHOM, 3TH HCCIE€OBaHUS BEIYTCS C MOMOUIBIO
T PaKIA HEHTPOHOB.

[IpoBeneHbl SKCIEPUMEHTBI TI0 UCCIIEIOBAHUIO PACIIPOCTPAHEHUS YIPYTHX BOJH B MOJEJIbHBIX
HEOJTHOPOJHBIX AHM30TPOIHBIX CpeAax — oOpaslax OprcTeKiI0 + MOHOKPUCTAJUTMYECKUI KBapil,
OPICTEKIIO + MONMUKPUCTALIHYECKUN TpaduT (C U3BECTHOW TEKCTYpOIi), STMOKCUAHAS CMOJIa + OHOTHUT
(puc. 9). Ilokazano, 4T0 B MOJEIBHBIX MaTepHajax ‘“dMOKCHIHAS CMOJIa + OMOTHUT”, OTIMYAIOLINXCS
Ha MOPSI0K 1o pa3mepy 3epeH omotuta (0-0.4 MM 1 2-5 MM), CKOPOCTH TIPOJIOJIBHBIX YIIPYTHX BOJH C
pa3IMYHBIMH YaCcTOTaMHU COBIMAAaroT. [IpemIokeHo HCIoNb30BaTh METOA JUCKPETHBIX BEHBIET-
npeoOpa3oBaHUil Ui aHaIM3a aKyCTHUYECKHX CHUTHAJIOB M OMNpEAENICHHS] CKOPOCTEH IONepevyHbIX
ynpyrux BosiH. [IpoBeneHo comocraBieHHE TEOPETUUYECKUX PacueTOB C YJIBTPAa3BYKOBBIMH JAHHBIMU
Ha QU3UYECKUX MOJIEIISIX, [TOJIy4E€HO yA0BIETBOPUTEIBHOE COBIIAJICHUE PE3YIIbTATOB.
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[IpoBeneno HeWTpoHOrpaduueckoe HCCIeIOBaHUE OCTAaTOYHBIX HaIpsHDKEHWH B oOpasiie
aycTeHUTHOM HepikaBetromen ctamu AISI 321 kpecroobpasnoit popmbl (puc. 10), moaBeprHyTOM
JBYOCHOMY LHMKIUPOBAaHUIO B BHJE MEPUOJUYECKOro pacTsukeHus-cxkarus. [lox pelicTBuem
TUTACTUYECKON JeopMalui ayCTEHUTHAss MATpHIlA HCIbITada YaCTHYHYH TpaHC(HOPMAIHMIO, YTO
NPHUBENIO K TMOSIBJICHUIO B 0Opas3iie HOBOW MapTeHCUTHOW (eppoMarHUTHON (a3sl. C TMOMOIIbIO
TUPaKIME HEHTPOHOB TIO BPEMEHU TpoJieTa ObUIM U3MEPEHBI MOJIHBIE OCTaTOYHBIC HATPSHKCHHS B
obeunx (hazax, MPUCYTCTBYIOUINX B LUKIUPOBAHHOM oOpasie. VX aHanu3 B ImiaHapHOM MPUOIKEHUH
MO3BOJIMJI OIPENCIUTh MaKpOHANPSHKEHHs, OJUHAKOBBIE B 00eux ¢a3zax, ¥ MHUKPOHANPSDKEHUS B
KaKI0H (a3e OTHeIbHO, a TaKkKe BKIAA THIPOCTATHYECKOTO [aBJICHUS B TIOJHBIE (Da30BbIC
HanpspkeHust. Kpome Toro, ycTaHOBJIEHO, UTO NMPH IUIAHAPHOM IIMKJIMPOBAHUHU IPOUCXOIUT YaCTUUHBIH
nepexo] ayCTeHUTHOW (a3pl B MapTEHCUTHYIO, YTO CBSI3aHO C IIACTHYECKOW nedopmanueit
MaTepuana.
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Pnc. 9. (a) Cxema JIBYXCIOHHOW MOJEIM M3 OpPICTEKJa M KBaplia C PacHONIOKCHHEM H3IydaTeleldl M IpHEeMHHKa
yiabpTpa3Byka. KapTel pacmpenesieHuss W30JMHWUN 3HAYEHWH BPEMEH MpoOera KBa3WIPOJOJIHHOH BOJHBI B MOJIEIH
OPICTEKI0 — KBapI. MOHOKpPHCTAJUI KBapIa CONPHKACAETCS C MOBEPXHOCTHIO CTEKNA INIOCKOCTBI0 X7, M3ITydaTenb
MPUKPEIUICH K Cpe3y IUIACTHHBI W3 CTEKJa, CACNAaHHOMY IOJ yrioM 60° K TOPH30HTAIBHOHM IUIOCKOCTH: 0) YacToTa
ynbTpaszByka 200 k['1j; B) wacrora yapTpa3Byka S mIm.

[TponomxkaroTcst UCcaeT0BaHMUs KPUCTAIUIOrPAhUIECKON TEKCTYPhl U OCTAaTOYHBIX HANPSHKCHUN
B PEAaKTOPHBIX MaTepHajax, B YACTHOCTH B LMIMHApUYECKUX 3arnymkax TBDOJI-oB peaktopa BBOP-
1000, n3roroBieHHsix u3 ciiasa I-110. Ilokazano, yTo mpouecc U3rOTOBICHUS JETAIH POTAMOHHON
KOBKOH MPHUBOIUT K (OPMHUPOBAHHIO AKCHAIBHON KpUCTAIOTPaUIECKOH TEKCTYphbl, KOTOpas
CYIIECTBEHHO M3MEHSIETCS NPH OTXKHUIe Marepuana. PaccumTaHbl OCTaTOYHbBIE HANPSKEHHS MEPBOTO
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pona B HaraptoBaHO# (pacTshkeHue ~ 150 MIla B pamuanbHOM HampaBiIeHUH) U OTOXKKEHHOM
(ocTaTouHbIe HAMPSHKEHUS OJIM3KU K HYJTIO) 3ariTyIIKax.

Puc. 10. ®dororpadust
KpecTooOpa3Horo odpasmna
U3 ayCTCHUTHOW HepKa-
Beromerd cramu AISI 321,
MIOJrOTOBJIEHHOTO U
N3MEpPEeHNs]  BHYTPEHHUX
N ’ ; HAINpPSDKCHUI Ha CHEKTPO-
membrane merpe POLDI  (PSI,

/ Switzerland). Bumna Bep-
TUKaJIbHAS IIeNb, (HOpPMH-
pyromas HEHUTPOHHBIN
MyYOK.

Ha ocHoBe aHaynm3a JaHHBIX TEKCTYPHBIX M3MEPEHHH MOJU(PA3HOTO TPAHUTHOTO IIeOHS W3 PyaHBIX
['op moka3aHo, 9TO MarMaTU4ecKoe TeUEHUE U OPUEHTUPOBAHHBIM POCT KPUCTAIJIOB B aHU30TPOITHOM
1oJie HAMpPSDKEHUH  SBISIOTCS OCHOBHBIMH TIpOIleCCaMU  OOpa3oBaHUS TEKCTYphl. BBINOIHEHBI
TEKCTypHBIE M3MEPEHHSI KaMEHHOH COJM M3 Pa3IUYHBIX MCTOYHHKOB B ceBepHOU ['epmaHMM C LeNbIO
M3y4YEeHUs MEXaHHW3MOB aKTUBHOM aedopmauuu. HecmoTps Ha Hamuuue BHeHHeW nedopMarui,
BbIJICJICHHBIX HAllpaBJICHUN OpPHEHTAIMil 3epeH He yCTaHOBJIEHO. bbul cienaH BBIBOJ, YTO BO BpeMs
nedopMaIOHHBIX TIPOLIECCOB TEKCTypa HE Pa3BUBACTCS, WM )K€ YK€ CYIIECTBOBaBIIas TEKCTypa
paspylIaercss u3-3a MUIPALMOHHBIX IPOLIECCOB I'PaHMIL 3EPEH.
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MopenupoBaHie CKOPOCTEH YNPYIMX BOJIH B CKaJUCTBIX I[OPOJAX IO JAaHHBIM TEKCTYpBI
00pa30B rOpHBIX MMOPOJ MOKa3aJlo, YTO YNPYrHe CBOMCTBA TOPHBIX MOPOJ HE3aBUCHUMBI OT BIMSHHSA
(dbopMUpPOBaHUS TPEIIMH MPU BBICOKUX JaBJICHUAX. DKCIIEPUMEHTATIbHbIE OLIEHKH CKOPOCTEN YNPYrux
BOJIH MPU HU3KHX JIaBJICHUAX OBLTU COBMEIIEHBI C AP PeKTaMH TPEUTMTHOOOPA30BaHMUS, SKCTPATIOISIIHS
Ha BBICOKHME JaBJICHUS] HEOOXOAMMa, YTOOBI OLICHUTh YCJIOBHS JIaBJICHUS HAa OY€Hb OOJIBIINX IITyOHHAX.
MeToauueckue WCCIICAOBaHUSl TOJATBEPIWIA, YTO BCE HWCIOJIb30BaHHBIE MOJCIbHBIC (QYHKIIUU
HENPUMEHUMBI JUIsl SKCTpanoisinuu. [Ipemioxkena mpoueaypa yTOYHEHUS UIsE MOJICNBHON (DyHKIUH,
KOTOpas MPUBEAET K JIyUIlIel SKCTPANOJIALUN CKOPOCTEH.

ITpoBeneHo uccnenoBaHuEe TEKCTYyphl 00pas3loB MpamMopa € IOMOIIbI0 MeTojaa Audpaxiuu
HeiitponoB Ha yctanoBke TEX-2 (FRM-I) uccnenoBarensckoro nenrpa GKSS u STRESS SPEC
(FRM-II) Texuuueckoro YuuBepcuteTa . MronxeH, ['epmanus. OOpasipl Mpamopa ObUTH B3ATHI U3
pationa Carrara (Wranus). 3amaya sBISETCS aKTyaJbHOW, MOCKOJIBKY HEOOXOJMMO YCTaHOBHTH
NpUYHHY TeOpMalluK U Pa3pylIeHUs TUIUT, H3TOTOBICHHBIX M3 3TOTO BHIA Mpamopa. Takue MimThl
IIMPOKO HCMOJB3YyIOTCA B ['epmManuu s OONMIIOBKM 37aHWi (Hampumep, 37aHue OuOIHOTeKH
yHHBepcuTeTa T. ['eTTuHreH). PaspyiieHrne mpoBOomHMpyeTcss HAKOIUICHUEM OCTAaTOYHBIX HANPSKEHHUH
npu  IUKIHYECKoM jaedopmupoBanun (B pe3yjbTare JEHCTBUS CE30HHBIX TEMIIEPaTypPHBIX
rpareHToB). B pe3ysbrare mpoBeeHHBIX HcciaenoBanmii (puc. 11) cienan BBIBOJ O TOM, YTO OCTPOTA
TEKCTYpBI B U3yYEHHBIX 00pa3ax MpamMopa HeJI0CTaTOYHa JJIsi TOTO, YTOOBI OKa3bIBaTh CYIIECTBEHHOE
BIIMSIHEE Ha ()OPMHUPOBAHHE PACIPE/ICIICHUs] OCTaTOUYHBIX HAaNpspKeHWd. TeM He MeHee, Aedopmanus u
pa3pylieHre MpaMOPHBIX TUIUT HAOII0JaeTCsd M HEOOXO0AUMO HANTH MPUYHMHY STHX SBICHUH, IS YeTo
TUTAHUPYETCS IPOBECTH PSIJ] SKCIIEPUMEHTOB W MOJCTHHBIX UCCIICTIOBAHUIMA.

MeTtoauveckue pe3yJbTaThbl

3aBeplleH MOHTaX IpephIBaTelis MyYKa U TOJIOBHOM YacTH 3€pKajIbHOTO HEUTPOHOBOIa HOBOTO
nudpakToMeTpa IS McciienoBanus MUKpooOpasnoB JIH-6 Ha kanane 6b peakropa MBP-2 (pue. 12).
[TpoaomxeHo N3roToBIECHUE 3EPKa JJIsl XBOCTOBOW "yacTH HEHTpoHOBoia. [ToaroToBneHa TexHudeckas
JIOKyMEHTaIus Jj1s1 u3rotoBnenus mexannieckoi yactu /JJH-6. B HOOKC JIH® navato u3roroBiieHue
razoBoro [TY]] nerekrtopa.

3aBeplieHa yCTaHOBKAa TOJIOBHOW YacTH HOBOTO MHOTO(YHKIHMOHAJIBHOTO pediieKToMeTpa
GRAINS na kanane 10 peakropa IBR-2M.

Puc. 12. TomoBHass yacthb
3epPKaJbHOr0  BaKyyMHOTO
HEHTPOHOBOJA, yCTaHo-
BIICHHAss Ha 6-M KaHaie
peakropa MBP-2 B pamkax
peanm3anuy  Mpo-eKTa o
CO3JIaHHIO HOBOTO
JU(paKTOMETpa I UCCIe-
JOBaHMS  MHUKPOOOPA3IOB
JH-6.

3aBeplIeH0 W3TOTOBJICHUE, MMPOBEJCHA MEpBUYHAs COOpPKA M MPOBEpKAa Ha BaKyyM BaKyyMHOTO
KOXyXa cucteMbl ¢opmupoBanus Tmydka (puc. 13). IlpomomkeHo wu3roroieHue (HOHOBOTO
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npepbIBaTeNsl HEUTPOHOB OapabaHHOTO THMA C TOPU3OHTAIBHOW IIenblo. [IpomoimkeHo co3naHue
ABTOHOMHOW BaKyyMHOW cucTteMbl pediekromerpa. Hagato mnpoekTupoBaHWE U HM3TOTOBJICHHE
CUCTEMbl YIPABJIEHUS IIArOBBIMM JBUTATEISIMU YCTAaHOBKM M IPOTPAMMHOIO oOecredeHus
pedaexTomeTpa, 3aBepIIeHO U3TOTOBIECHUE U MPpoBepKa 2D MO3UIMOHHO-UYBCTBUTEIBHOTO JAETEKTOPa
HelTpoHoB (coBMecTHO ¢ HOO KC).

HccnenoBano BinusHUE TpaBuUTallil Ha  (QyHKOWIO  paspemieHus:  pedieKToMeTpa ¢
TOPU3OHTAIBHOW  TUIOCKOCThIO  oOpasma. [lomydyeHbl ©  MpOaHANU3UPOBAHBI  3aBUCUMOCTH
rpaBUTAlIMOHHBIX HCKa)KEHUH 3CPKaJIbHOI'O KOG)(I)(l)I/II_II/IeHTa OTpAXCHUA OT PA3JIMYHBIX IIAPAMETPOB
peduekToMeTpa: KOJUTMMAIIMU, Pa3MepoOB 00pasiia, OTHOCHTEIILHBIX PACCTOSHHNA MEXIy 3JICeMEHTaMU
pedaexkTomeTpa.

Puc. 13. TonoBHast 4acTh
pedirekTomeTpa T'POUHC,
YCTAQHOBIICHHAasi B  KOJBIIEBOM
kopuzope peaktopa UBP-2 (cnesa)
7 BaKyyMHBIH KOXYX B cOOpe muis
CHCTEMbI (hOPMHUPOBAHUS ITydKa
(Bo Bpemsi MPOBEPKH HAa BaKyyM B
HITO «ATtomy, cripaBa).

3aBepiIeHbl pabOTHl 10 YCTAaHOBKE M BAaKyyMHUPOBAaHMIO CIUIMTTepa Ha 7 kaHaie MBP-2, xoropsit
paszenseT WUCXOAHBIA HEUTPOHHBIM IIy4OK Ha TPHU HE3aBUCHUMBIX IIy4YKa Ul CIIEKTPOME TpPOB
OIICUJIOH, CKAT u HEPA (puc. 14).

Puc. 14. Cruutrep, pa3iensioniidi HCXOIHbIH HEUTPOHHBIM MYYOK Ha TPU HE3aBUCHUMBIX Iy4Ka ISl CHEKTPOMETPOB
OIICHUJIOH, CKAT u HEPA (ceBa) u HOBBIM ()OHOBBIH MpephIBaTeNb (CpaBa) Ha 7 kaHaie peaktopa UBP-2.

YcTaHOBNIEH, CMOHTHPOBAaH M MPOTECTHPOBAH HOBBIA (OHOBBIM MpepbIBaTelb, 000PYAOBaHHBIN
HIMPOKUM OKHOM Il TpEX HeHTpoHOBOA0B (coBMecTHO ¢ HOO KC). M3rotoBneHsl 1 10CTaBIEHBI TPU
nsMOpa-nipepbiBatens g HeWrponoBogoB 7A-1 (DIICMJIOH) u 7A-2 (CKAT) u 7b (HEPA).
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[TonrorosiieHa TexHUYECKas JOKYMEHTAlMs U OQOpPMIIEH KOHTPAKT Ha M3roTtoBieHue 80 M ceKIuu
3epKaJIbHOTO BAaKyyMHOTO HeWTpoHoBoga misa crnektpomerpa HEPA. PaGotel mo MmopepHuzamuu
CIIEKTPOMETPOB 7-TO KaHaja BbInoJHstoTcst copmecTtHO ¢ HOO KC.

3aBepIieHbl padOThl 10 MOHTAXXY U IOCTUPOBKE MEXAHUYECKHUX y3JI0B U 3€pKalIbHBIX CETMEHTOB
HEHTPOHHOTO KOHLIeHTpaTopa crnekrpomerpa JMH-2111.

IToaroroBnen IMPOCKT 1O CO3JaHUIO HeﬁTpOHHOFO CIICKTpOMETpa JIA HCCIIeTOBaHUM
MEPCXOJHBIX IMPOUCCCOB B p€aJIbHOM BPCMCHHU HA PCAKTOPC HUBP-2.

[IpoBeneHbl TEOPETHUECKUE U IKCIIEPUMEHTAIBHBIE PabOThl IO 0OOCHOBAHUIO HOBOTO METOJIa
W3YYCHUS] HAHOCTPYKTYP - HEUTPOHHOTO MAarHUTHOTO pe30HaHca. MeTOJ OCHOBaH Ha SIBICHUH
pacIieIuieHus] HEWTPOHHOM BOJIHBI TPU MPOLECCax OTPAKECHHUS € TPEIOMIICHUS HEHUTPOHOB B
CTATHYECKOM KOJUTMHEAPHOM MAarHUTHOM TIOJ€ W TEPHEHAUKYISIPHOM €My OCHUUTUPYIOIIEM
MarHUTHOM TIOJI€, CBSI3aHHOM C Tepeaadeil (0Traveii) KBaHTa 3JIEKTPOMAarHUTHOM BOJIHBI HEUTPOHY(OT
HEHTpOHA). DTO sBIEHHE B KaHAJe OTPAKEHUS HEHUTPOHOB OBLIO OOHAPYKEHO B U3MEPEHUAX Ha
crnekrpomerpe PEMVYP B 2006 rony m noareepxkzaeno B 2010 rogy B uccnenoBanusx B ['epmanun
(MronxeH). OHOBpEMEHHO OBUIO IIOKa3aHO, YTO OTPAKEHHWE HMEET PE30HAHCHBIH XapakTep
(MHTEHCUBHOCTh HE 3€pPKAJIbHO OTPAXEHHBIX HEMTPOHOB 3aBUCHUT OT YAaCTOThl OCHMJUIMPYIOLIETO IOJIs
¥ BO3pacTaeT NpU YacTOTe, PaBHOM JIAPMOPOBCKOM YacTOTE IMpPELEeCcCHU CIIMHA HEUTPOHOB BOKPYT
BEKTOpPa MHAYKLIUU MATHUTHOT'O TOJIS B IJIEHKE).

[IpoBenens! MeToaruecKre paboThl M0 MOTYYEHHUIO MUKPOITYUKOB MOJIIPU30BAHHBIX HEHTPOHOB
JUISL UCCIIEJOBAHNUS JIOKAJIbHBIX HEOJHOPOJIHOCTEN HAHOCTPYKTYp (pHc. 15).

1

ty

Reflectivi
o
»
\\\\‘\\\\‘

o

)
N w
o o

-
o

@ do o]
0 T Te T T ‘ T T ‘ T d T

Intensity (count/s

o
w

04 0.5
aj(°)

Puc. 15. Co3nanue Monspu30BaHHBIX MHKPOITYYKOB HEHTPOHOB C IIOMOIIBIO MAarHUTHBIX CIOHMCTBIX
CTPYKTYP.

JleBast xomnoHka: moispusyromui BoiHOBOA FeO,(5.4 am)/Fe(15 am)/Cu(136 am)/Fe(51 um)//glass.
IIpaBast KoJiOHKa: HemoysApu3yromuii BomHOBOA Py(13 Hm)/Al(141 um)/Py(48 um)//glass. Beepxy:
KO3 QUIMEHTHI OTPaXEHHUsI CIIMHOBBIX COCTOSIHHN «+» U «-». TOYKH — SKCIEpUMEHTAIbHBIE JaHHBIE,
JIMHUW — TIOJITOHKA MOJENIBHOW CTPYKTYpbl. MHIEkcaMu 0003HaueHbl MHHHMYMBI, COOTBETCTBYIOIIHE
pPE30HaHCaM BOJHOBOW (DYHKIMHM HEHTPOHOB B BOMHOBOAHOM cioe Cu mimm Al. BHU3y: MakcuMmyMmsl
MHKPOITy4YKa HEWTPOHOB B 3aBUCHMOCTH OT yIJia CKOJBXKEHHS MEPBUYHOrO HEHTPOHHOTO mydka. JIs
CPaBHEHUs TPHBEJECHA HMHTEHCHUBHOCTH 3€PKAIBHO OTPAKEHHOro Iryuyka. [losokeHHe MaKCHMyMOB
MHKpPOITy4YKa COOTBETCTBYIOT IIOJIOKEHHIO MHHHMYMOB 3€pKaJbHO OTpak€HHOro myuka. lllupuna
MHKPOITyYIKa paBHA MHUpPHUHE BOIHOBOAHOTO ciiog Cu(136 um) u Al(141 am).
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B 00bIYHOM HEHTPOHHOM 3KCHepuMeHTe WHMOopMaIrs 00 HcciaeayeMoM OOBEKTe YCpEeaHSETCS IO
MIMpUHE TaJarmiero Ha obpaser; mydka pasmepom 0.1 — 1 mm. [ cozmanus Gonee y3KHX ITy4YKOB
HEUTPOHOB (HEUTPOHHOTO 30HJA) OOJIbIIME TEPCHEKTUBBl HMMEIOT CJOWCTBIE  BOJHOBO/IBI,
NpEeACTaBIAIONINE COO0H TPEXCIOMHYI0 MIEHOUHYIO CTPYKTYpPY, KOTOpas mpeoOdpazyeT OTHOCUTEIHHO
mpokuid (0,1 mm) u komumumupoBanublil (0,01°) mydyok B y3kuit (0,1 mxm) u pacxomsmmiics (0,1°)
nmy4ok. C OMOIIbIO CIIOUCTBHIX BOJHOBOJIOB BIEPBBIE OBUIHM MOJIYYEHBI MOJSIPU30BAHHBIE MUKPOITYUYKH
HelitponoB mwpuHOW 0,15 MxMm. Ilydok HEWTpoHOB uMeeT (OpMY BBITSIHYTOH WIETH, MOATOMY
Hanbosee YPPEKTUBHO OH MOXKET OBITh HCIOIB30BaH ISl OAHOMEPHBIX PEHIETOK B BUAE IOJIOC U3
MarHUTHBIX MaTepUaJIOB.

[IpoBeneno sKcmepuMeHTanbHOE HcciaenoBanne (Ha peakrope FRMIIL, Tepmanmus)
3¢ (EeKTUBHOCTH CIHUH-(IMIIEPOB C BPAINAIOUIMMHICS MarHUTHBIMHU TOJISIMH KOHEYHOW TOJIIMHBI Ha
MEepPEeBOPOT CIMHA HeUTpoHa. [10100HbIE YCTPOICTBA MOTYT UCTIOB30BATHCS B CITUH-2XO0

CIIEKTpOMETpax HOBOro Tumna. KoHewyHas ToimmHa (IMNIEPOB MPUBOAMUT K TOMY, YTO HEBO3MOXHO
JIOCTUYb TOYHOTO NIEPEBOPOTA CIIMHA HeTpoHa Ha 180°.

MonepHusupoBaHa aBTOMAaTHU3UPOBaHHAs yCTAHOBKA BBHICOKOTO THIPOCTATUYECKOTO JaBJICHMUS,
ycTaHoBJIeHHas Ha criekTpomeTpe FOMO i nmpoBeieHUs] BOJIIOMETPUUYECKUX U3MEHEHHUH B IMAra3oHe
nasinenuit 0 - 4 k6ap u temnepatyp S5 — 200 °C. IIpoBenens! nepBbie P-V-T skcipuMeHTH Ha BOJAHOM
pacTBOpe TUMUPHUCTOMIPOCHATHIHITKOTHUHA.
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UCTOYHUKU HEMTPOHOB

UMIYJbCHBIA PEAKTOP UBP-2

B teuenue suBaps-¢espans 2010 r. mocie BBIMOJHEHUS HalaJ0YHBIX paboT Ha CHCTEME HAaTPUEBOTO
OXJIKIEHUs peakTopa ObUI BHIIOJIHEH pa3orpeB HATPUEBBIX KOHTYPOB U MPOMU3BEACHO YCIIEIIHO
3anosiHeHue HatpueM | u Il KOHTYpOB OXJaXkIeHMs ¥ BKIIIOYEHA LIUPKYJISALUSA HATPUS B 1€KYPHOM
pexuMme. lIpoBeneHa OUYMCTKA TEIUIOHOCUTENS C IOMOIIBIO XOJOJHBIX JIOBYLIEK, TapUPOBKA
YPOBHEMEPOB PacIIMPUTEIbHBIX OAKOB U KOPITyca peaKkTopa, rpagyupoBKa pacXxoJOMEPOB.

2. Tlocme MoHTaxka ucnomHUTENBHBIX MexanusmoB (MM) CVY3 A3-1, A3-2, KO-1, KO-2, PP u AP Ha
IITATHOM MecTe OblIa BBIMOJIHEHA HAalaJKa CHCTEMBbl YNPABICHHUA W KOHTPOIS IepeMeIIeHUs
pabouux opraHoB. [IpoBeneHBl WCHBITAHUS AaBAapUHOW 3alUTBI pPEaKTOpa B PpPeKUMAX
NPUHYAUTEIBHOTO cpalaThiBaHUs (1O JAEWCTBHMEM MIAroBOrO JBHUraTellss M YCKOpSOIIen
NpPYXHHBI) W cpabaThIBaHUs TOJBKO TOJ JACWCTBUEM TpYXHUHBI. [lodyd4eHHBIE pe3yJIbTaThl
MIOJIO’KUTENIbHBIC, COOTBETCTBYIOT IPOEKTHBIM TpeOOBaHUSAM. bBbIIM ompenencHsl auana3oHbI
MepeMeNIeHNusT BCeX pabovyMX OpraHOB - YCTAHOBKA KOHEUYHBIX BBIKIIOYATEICH BEPXHETO U
HIDKHETO TTOJIOKEHUS, TPOBEPEHA CTA0MIIBHOCTD UX cpabaThiBaHus. 3aMedanuil o padore UM ne
BbIsiBIIEHO. [IpoBenens! ucnbiTanuss UM CVY3 Ha 31eKTpOMarHUTHYIO COBMECTUMOCTh, T.€. Ha
BO3/ICHCTBHE PA3IUYHBIX MTOMEX (PaJUOTOMEXH, HJIEKTPOCTATUYECKUE Pa3PsAbl, MArHUTHBIE OIS
U T.1.). Pe3ynbTaThl HCIIBITAHUN MOJIOKUTEINIbHBIE.

3. MoHrax, HaiaJaKa U UCTIHITAHUS aBTOMATU3MPOBAHHON CHCTEMBbI ynpaBieHus u 3amuthl (ACY3-
12P). O6opynoBanue ACY3-12P 6buio monyuenHo or CHUUII-CUCTEMATOMa B ampene
2010r. c omo3manueM Ha 15 wmecsueB. MoHTaxk o000pylnoBaHUsI 3aHsUI 3 Mecdla, Janee
IOCIEI0OBAIM  HajlaJKa M HCHBITaHUS Komiulekca. B HosOpe kommiuexkc ACY3-12P Obun
IpeabsBIeH pabouell KOMUCCUU ISl TPOBEACHUS (PU3NYECKOTro MMycKa peakTopa.

4. [Ilpoussenena mneperpy3ka otpaboraBmux TBC WBP-2 w3 OCHOBHOrO XpaHWJWIIA B
JIOTIOTHUTEIIPHOE XpaHWINIE, KOTopoe Obuto cMoHTHpoBaHO B koHme 2009 r. OGecredeHa
roTOBHOCTH OcHOBHOTO Xpanmwnuina TBC k puznueckomy mycky.

5. B aktuBHYy0 30HY 3arpy>XeH IIyCKOBOW HEUTPOHHBIN UCTOUYHHK.

Bce TexHONOrHUECKHe CUCTEMBI peaKkTopa MPOIUTH KOMIUIEKCHBIE UCIBITAaHUS Nepe] pu3nueckum
ITyCKOM.

7. BpmomHeH 00JBbIION 00beM pabOTHI MO MOATOTOBKE CIATOYHON JOKYMEHTAIMH K (HU3UIECKOMY
MyCKY.

8. Peakrtop mpormen mpoBepky pabouell KOMHUCCHEH Ha TOTOBHOCTH K IPOBEICHUIO (PH3UIECKOTO
mycCKa.

Pusnyecknii MycKk MOAePHU3MPOBaHHOro peaktopa MBP-2 0bl1 HayaT B COOTBETCTBHHM €
IJIAHOM.

YCTAHOBKA UPEH

B cootBetctBue ¢ pemenunem nupekunn OUSAN no peanuzauuu MPEH B HeCKOJIBKUX 3Tamos,
OBLIH 3aBEPIICHBI KOHCTPYKIIUS 3JIEKTPOHHOTO YCKOPUTENST M KOMILJICKC Hepa3MHOKaromle MemieHb. C
Havanam 2009 r. mpoBOIUTCS SKCIIEPUMEHTHI Ha HOBOM ycTtaHoBKe. Y craHoBka IPEH paborana okomno
800 wacoB mig HAy4YHBIX JKCIEPHUMEHTOB. BBIXOJ HEUTPOHOB OBLT YBEIHYEH [0 10" w/e npu
JnuTensHocTH uMiryibca 100 He.
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3. HEPCIIEKTUBHBIE PASPABOTKHA U CO3JAHUE OBOPYJIOBAHUA
JJII CHEKTPOMETPOB UBP-2

B 2010 . paGoThl 10 TeMe BEJINUCh B HECKOJbKHUX HAIMPABICHUSIX, CBA3AHHBIX C CO3JIAHUEM H
MoJIepHHU3aluell 00O0pyZOBaHuUs, IJIEKTPOHHBIX CHCTEM cOOpa M HAKOIUIEHUS JaHHBIX, a TaKxke
MH()OPMAITMOHHO-BRIUNCIUTEIbHON HHPPACTPYKTYpPhI KOMIUIEKca ciekTpoMeTpoB MBP-2.

XoJ10aHBIE 3aMeNJTUTEIN.

Co3aH W CMOHTHPOBaH B 3KcnepuMeHTambHOM 3aie KMBP-2 momHOmMacmTaOHBIN CTEHIT
KpHOTEeHHOTO 3amemutens. Pazpaborana (yHKIHMOHAIbHAS cXeMa, MPHOOPETEHBl U CMOHTHPOBAHBI
AIIEKTPOHHBIE OJIOKH M KOHTPOJIbHO-U3MEPUTENbHBIE TPUOOPHI U CO3AaHO MPOTrpaMMHOE oOecrieueHHne
CHUCTEMBl KOHTPOJIS IapaMeTpOB CTEHNA. B COCTaB CHCTEMBI BXOISAT pa3iIH4HbIE JAaTUYUKU (BCEro
15 mT.), KOHTpOJJIEp TMPHUBOJA YINPABJICHUS JBUTATENEM Ta30AyBKH, KOHTPOJUIEp YIpPaBICHHS
[IarOBBIM JIBUTATEJIEM J03aTOpa MOCTYIUICHUS «IIAPUKOB» B cucTeMy u 1p. CrucremMa TO3BOJSET
KOHTPOJIMPOBAaTh OCHOBHBIC TIapaMETpPhl CTEHJA 3aMEUIMTENs: MPOXOXKICHUE MIAPUKOB 4Yepes
THEBMOTPAHCIIOPTHYIO MarkCTPalib; 3aI0JIHCHHE IAPHKAMU KaMephl 3aMeJITHTEIST; CKOPOCTh Ta30BOT0
MOTOKA; aBIICHHE U TeMIepaTypy reius. B HacTosiee BpeMs CTEH/T M CHCTeMa KOHTPOJIS HaXOIATCS B
OIBITHOW J3KcIUTyaTanuu. Ha cTeHae mpoBeleH psil SKCHEPHUMEHTOB, B XOJ€ KOTOPBIX BBIITOJIHEHA
OTJIa/IKa TEXHOJOTHYECKON CHCTEMBI YIIPABICHUS M KOHTPOJISI, BBIOPAaH ONTUMAJIBHBIN TeMITEpaTypHBIMA
peKUM paboOThl MakeTa, MPOM3BEJACHA YacTH4YHAs 3arpy3ka kamepbl-umuratopa (~30% oObema,
Puc. 1), onpenenenpl pabovasi CKOPOCTh TeUsl BO BHYTPEHHEH TpyOe MHEBMOTPACCHI, ONTUMAJIbHAS
CKOPOCTh TOJaud IIAPUKOB M3 JO3HMPYIOIIEr0 YCTPOWCTBA M BpEMs IIOJHOW 3arpy3kd Kamepsl
uMHTATOPA. J[eTambHOE OMMCaHNe MaKeTa CTeHIA COJCPIKHUTCS B pa3/ielie IKCIIePHMEHTAIbHbBIC PA0OTHI.

Puc. 1. CHUMOK IIapHUKOB,
crnenaHublii Web-kamepoi.

Hosbl1ii Pypbe-gudppakromerp.

B Hacrosimiee Bpemsi BemetTcs pabota mo cosnanuto Ha peaktope MBP-2 B OUMSUN wHoBOrO
®Oypbe-audpakToMeTpa BHICOKOTO pa3pelieHus, OCHOBAaHHOTO Ha y3nax crektpomerpa FSS (Fourier
Stress Spectrometer), KOTOpBIM IJIUTEILHOE BpEMsl HCIOJIb30BAJICS B HCCIEAOBATEIBCKOM LIEHTpE
GKSS (I'epmanmsi). Pa3paborana cxema pacmonioxenus y3noB audpakromerpa FSS nHa 13 kanane
NBP-2 (Puc. 2), xoTopasi HE3HAUUTEIBLHO OTIMYAETCS OT CXEMbl, MpuMeHsBiieiics panee B GKSS.
HeoOXoauMoOCTh W3MEHEHWH CBsi3aHa, B OCHOBHOM, C TE€OMETPHYECKUMHU OTpPaHHUYCHHUSIMH,
cymectBytomumu Ha 13-m kanane BP-2. Ha HoBom nudpakromerpe OyayT BECTHCH HCCICIOBAHHS
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BHYTPEHHHMX HANpPsDKEHUM B KOHCTPYKUMOHHBIX MaTepualiaX M MPOMBIIUICHHBIX M3/ENHUAX, a TaKXKe
MIpeArnoIaraeTcsi OpraHu30BaTh yueOHBIM MPOIECC MOATOTOBKH CIEUATUCTOB U TECTUPOBAHUE HOBOTO
000py/IOBaHMs C IETbI0 JATBHEUIIEr0 pa3BUTHS KOppersauuoHHOTO Merona Dypbe mns aHammsa
YOPYTOTO paccessHusi HEUTPOHOB Ha KpUCTAJUIaX (TOBBIIICHHE CBETOCUIIBI, YIIyUIICHHE pa3pelIatoneit
crocoOHocTH U T.A.). Ha 3TOM ke kaHajie mpennosaraercss MpOBOJAUTH pabOThl MO TECTUPOBAHUIO
JETEKTOPOB U APYTUX 3JEMEHTOB CIIEKTPOMETPOB, paspadarbiBaembix B JIHD, T.e. ucmons3oBaTh €ro
KaK TeCTOBBIN MyYOK.

Puc. 2. Pasmemenue qudpakxromerpa FSS Ha 13 xanane UBP-2.

Cucremsbl popMUpoOBaHUSI HEHTPOHHBIX YYKOB.

CoBmectHo ¢ wuHcturyTamu OPT w [IUAD r. TatumHa mnpoaomKamuch pabOTHI 1O
PEKOHCTPYKIMU HEHUTpoHOBO10B Ha 7 kaHane MBP-2 n moaepunsanun audpakromerpos DIICUIIOH u
CKAT (B coorBercTBUH C mmaHoM-Tpadukom rpoekta BMBF-OUSN).

CMOHTHpOBaHAa TOJIOBHAs YacTh HEHTPOHOBOAHON CHCTEMbI (CIUIUTTEp), MPOU3BEIEHA
FOCTHUPOBKA ONTHUYECKUX 3JIEMEHTOB M 3aCBINKAa 3AIIUTHBIM MaTEpPHAIOM, MPOU3BOJAUTCS BAaKyyMHas
Hanazaka (Puc. 3).

Puc. 3. Comutrep. Puc. 4. TTepBbie ceKIMN H30THYTHIX
HEUTPOHOBOAOB DICUIOH
(xenteii) 1 CKAT (cunmii).
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N3rotoBneHsl BaKyyMHbIE KOXyXa HW IOCTHUPOBOYHBIE OIOPBI JUIsl BBIXOJHOM dYacTu
HelitponoBosioB DIICUJIOH u CKAT.

B Hacrosimiee BpeMs HAuMHAETCS MOHTaXX HW30THYTHIX HEHTPOHOBOAOB CHEKTPOMETPOB
Oncunmon u  CKAT (Puc.4), MOHT@X BakyyMHOro o0O0OpyAOBaHHS U BaKyyMMHpPOBaHHE
HEUTPOHOBOJOB.

Hauatsl paboThl 1O peKOHCTpyKUuH HelTpoHoBoda crekTpomerpa HEPA-ITP. PazpabGoraHbl
paboune yepTeKu HOBOIO HEMTPOHOBO/A M IIPOU3BE/IEH JJEMOHTAX CTAPOro HEMTPOHOBOAA.

l'[pepLIBaTe.]m U UCITOJIHUTECJIBHbIC MEXAaHU3MBbI.

[IpoBenens! ucnbITaHus B pexxuMe crabuinzanuu ¢assl npepbiBaTeneii 4, 7 U § KaHaJIOB C
HOBBIMH 4acTOTHBIMH nipuBoaamu pupmbl TOSHIBA. HcnibiTanbl B KOJIBIIEBOM KOPUIOPE Ha KaHaNax
6-a u 6-6 wmsrotoBieHHsle B HIIO «ATOM» OapabGanHble mHpepbIBaTenn Ha 0Oa3e IBUTaTeNci
noctostHHOro Toka (Puc. 5). TouHocTs cTrabunmmsanuu ¢asbl coctaBuia 25-50 Mkc.

Puc 5. TIlpepsiBarens
OapabaHHOTO THTIA Ha
6aze 2JIEKTPONpPHBOLA
MOCTOSIHHOTO TOKA.

[IpoBeneHa MojepHU3alUsi CUCTEMbI CMEHBI 00pasnoB Ha 4 kanane MBP-2 (FOMO). Pa3zpaGoran
NPOEKT MOJCPHU3ALMU CHCTEMBl YIMPABICHUS TOHUOMETPOM H IUIAaTGOpMOH C JETEKTOPOM Ha

>
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Puc. 6. CTpykTypHast cxeMa CUCTEMBI YIIPABIICHNUS JIBUTATENIEH 1 cOOpa TaHHBIX C
YIJIOBBIX IaTYUKOB.

criektpomerpe PEMVYP. B pamkax mnpoekra mpemioxkeHa CTPYKTypHas cxemMa YHUGDUIIUPOBAHHOM
CUCTEMBbI YIIPABJICHUS LIarOBBIMU JIBUTATEIISIMU U CUCTEMBI cOOpa JaHHBIX C AATYMKOB, KOTOPbIE MOTYT
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OBITh UCTIONB30BaHbI IIPH MOJIEPHU3AIINH CUCTEM YIIPABICHUS UCTIOIHUTEIbHBIMA Mexanuzmamu (M)
U Ha apyrux crnekrpomerpax VBP-2 (Puc. 6).

[MpencrapisieTcs: 1eneco00pa3HBIM NIPU MOJACPHHU3AIMKM CHCTEM yrpaicHus MM coxpaHHUTh
paszienieHue HHTErpUPOBAaHHOTO KOHTPOJUIEepa/apaiiBepa 1 MIaroBOro JABUTaTels, YTO YIPOLIaeT 3a1ady
CMEHBl THWIIA JBUTATeNsl WM KOHTpoiuiepa. I[Ipemmaraercs mmpokoe wucmonb3oBanue CAN
KOHTPOJUJICPOB/ApaiiBEpOB IIArOBBIX JBUTATele ¢ Tokamu [-8A, a B KauyecTBe MATYUKOB —
a0COTIFOTHBIX MHOTOOOOPOTHBIX YIJIOBBIX JAaTYMKOB, COCTOSIIIMX M3 JIaTYMKa OJHOTro obopota (12-16
pa3psnoB) w jgardyuka oO6opoToB (12-16 paspsoB). X MOKHO HCIOJIB30BaTh IS KOHTPOJIA Kak
YIJIOBBIX, TaK U IMHEWHBIX TIEPEMEIICHUH.

Pacuernl u MOAC/IMPOBAHUE CIEKTPOMETPOB.

B tecHOM coTpynHudecTBe ¢ MIOHXEHCKUM (HIIMATIOM HCCle0BaTeNnbekoro enrpa FZ-Juelich
B JIH® mpoBoasrcs paspaborka u moanepxka mporpammuoro nakera VITESS (Virtual Instrument
Tool European Spallation Source), a Taxxke pacueTsl M MOAETHPOBAHHE HOBBIX NPHOOPOB H
CIIEKTPOMETPOB Kak st peaktopa UBP-2, tak u aist peaktopa FRM-2.

3aBepIIEHbl PacyeThl CIIEKTPa HEUTPOHOB M ONTHUMH3ALUS T€OMETPUH ITyYKOB OT 3aMEUIUTENS
JI0 00pasia Jjisl CIEKTPOMETPOB, PaCIiOIOKEHHBIX Ha KaHamax 4 u 10 peakropa UBP-2:

e 3aKOHYEHBI MOJICTTUPOBAHKUE W ONTHMHU3AIIMS CHCTEMBI BhIBOJA IMydKa s KaHaia 4 (FOMO) u
HOBOM MaJIOyTJIOBOM YCTaHOBKH C 2-Ms HOCIEAOBATEIbHBIMU KOJUIMMALIMOHHBIMH CUCTEMaMH
(pacxopsimuiicss HEHUTPOHOBOJA -+ MHOTOINENEBOM KouMMaTop: grids). DTo MO3BOJIMIIO
YBEJIIMYUTH pa3Mepbl UCIOJIb3yEeMbIX OOpa3loB M OJHOBPEMEHHO YMEHBIIUTHh Qmin (M, Kak
CIIEICTBUE, YBEIMYUTH pa3pelICHHe YCTAaHOBKM) MO CpaBHEHHIO ¢ jeicTByrommM FOMO
cnektpomerpoM. CucTeMa BBIBOJIA MO3BOJIAET COOpaTh M HCMOJIB30BATH HEUTPOHBI C 00OMX
3aMeTUTENEH (XOJI0THOTO U TETUIOTO).

e DBBINOJHEHO MOJAEIUMPOBAHME BCEX  DJIEMEHTOB  IMPOTOTHIIA HOBOW  YCTaHOBKM €
nosispuzoBaHHbIMU  HeiiTpoHamMu GRAINS. Beuto mpoBeneHO CpaBHEHHE pPE3yJIbTaTOB
MOJICIMPOBAHUS C AHAIUTHYECKMMHU pacuyeramu. Oco0oe BHUMaHHE OBUIO YAETICHO YYeTy
BIMSIHUS S deKTa rpaBUTAMU HA (QYHKIIMIO PA3peUICHHs YCTAaHOBKH, a TAK)Ke pacrlpeneiieHuUs
NOTOKAa HEHUTPOHOB Ha oOpasme. Pe3ynpTarbl MoOIenMpOBaHWS TMPAKTUYECKH COBIATH C
AHAIMTHYECKUMH PE3YJIbTaTaMU. bbUI Takke yIydlleH aIrOpuT™M MOAEIUPOBAHMS TPaBUTALIUH
B VITESS.

Brimosnena pa3paboTka HOBBIX MOyJIel porpaMMHoro obecrieuenus nakera VITESS:

O 3akoHueHa pa3paboTKa M TECTUPOBAHHE MOAYIS JUISI MOJACTHPOBAHHS aauabaTHIeCKOTO
pamuodactotHoro uummepa. [IpoBeaeHO MOAETMPOBAHUE CIIMH-3XO MAaNIMHBI Ha 4-X
bnunmepax.

0 Pa3paGoran HOBBIN ClieUATBHBIA MOAYJIh JJISI MOJICTHUPOBAHUS JBUKYIIUXCSI KPYTJIBIX IETCH
(pemieTok) ¢ y4yeToM 3aTyXaHHs HEHTPOHOB B Marepuaiax. MoAyiIb MOXKET MOAETUPOBATH
peuietky B HaHouikane. OH MpeiHa3HavyeH JJIs MOJIeIMPOBAHUS OJJHOTO U3 BapuaHToB Neutron
Spin Echo Machine. Hawara Taike pa3paboTka M TECTHUPOBAaHHE HOBOTO MOMIYJS IS
MOJICJIUPOBAHUSl HEHTPOHHBIX pedpaklMOHHBIX NHpU3M U cucTeM npusM, Ob0a yka3zaHHBIX
Mozys pa3pabatsiBatoTcst coBmecTHO ¢ A.loffe (JCNS-Munich, Germany).

0 Paspaboran MOIyib Ui MOJAENUPOBAHUS YHHBEPCAJIBHOTO MOJSPH3ALUOHHOTO 3epKaja Ui
HoBoro pedaexTomerpa GRAINS.
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ILJ'ISI BCEX YKa3aHHBIX MOI{y.]'IGﬁ IMMOJIY4YCHO XOpOIICC COOTBETCTBUC PE3YJILTATOB MOJACIIMPOBAHUA
C TCOPCTUIYCCKUMU pACUCTAMMU.

JleTeKTops.l.

Jos TTYJ] cnexkrpometpa GRAINS BeimonHeHsl pabOThl MO ONTUMHU3AIMHU BCTPOCHHOTO
nporpaMMHoro obecrneuenus (firmware) HOBOro 3JeKTPOHHOTO Oyioka cOopa U HAKOIJICHUS TaHHBIX C
JETeKTOpa M HaudaTa pa3paboTka NporpaMMHoOro ooecrnedyeHuss Ha cropoHe PC. bbum mpoBeneHbl
TaK)Ke MCIIBITAHUS ITOTO JIeTeKTopa ¢ AekTpoHukoi De-Li-DAQ1 nHa 4 kanane peaktopa MHcTUTyTa
snepHoil pusuku B Pxexe (Uemickas pecryOminka). M3MepeHns mpoBOIMINCH B TEUCHHE HECKOJIBKHUX
JHEH C WCIONBb30BAHUEM pAa3IMYHBIX IIEJeBBIX MAacoK, pacceuBareneid u mp. Jns kamuOpoBKU
UCTOIB30BAMCH NeTekTopsl Image Plate m 1D ITY/] ¢upmber Oppaenna. Pe3ynmpTaThl M3MepeHHi
OCHOBHBIX XapaKTEPUCTHUK JIETEKTOPAa COBIAAAIOT C PE3YJIbTaTaMH, ITOJYYEHHBIMH B IIPOLIIOM IOJ1y Ha
peakrope MP-8 B PHIl “KypuatoBckmii mHCTHTYT  (cM. ordeT 3a 2009 T.), M COOTBETCTBYIOT
MpOeKTHBIM 3HadeHusM. Ha Puc. 7 mokazaH crekTp ot ToJicToro obpasma anbda-Fe, nsmepeHHsiii B
WA ¢ TTYJ GRAINS. C stum e IeTeKTOpoM ObUIH M3MEpEeHbl MPOGUIN HEHTPOHHBIX IMyYKOB Ha
nByx kaHanax ycranoBku MPEH. Takum o6pazom, [TYJ] GRAINS mpoien BCECTOPOHHIOIO MTPOBEPKY B
Pa3JIMUHBIX YCIOBUSIX SKCIUTYaTallMM U MOXKET UCI0JIb30BaThCs B sKkcniepuMeHTax Ha MUBP-2.

100+
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Puc.7. Cmektp oT ToyicToro o6Opasuma anbga-Fe Puc. 8. KonpiieBoit ceKIIMOHNPOBaHHBIN
(paccrostaue 10 oOpasma 45 cM, BpeMs H3MEpEeHHs JIETEKTOP TETUIOBBIX HEUTPOHOB.
300 cexk.).

C 2010 T. B pa3paboTKe M M3TOTOBJICHUU KOJIBIIEBOTO CEKIMOHMpoBaHHOTO neTekropa (KCII)
TeruioBeIX HeUTpoHOB (Puc. 8) st mudpakromerpa JJH-6 yuactByrot cnenmanuctel AU, Pxex. Ha
9TH paboThI 1o mporpamme corpyaaunuectsa OUSAN — Yemickas PecryGnuka ObuT BBIZIETIEH TPAHT, YTO
MO3BOJIWJIO MOJArOTOBUTh KOHCTPYKTOPCKYHO JOKYMEHTAllMI0O Ha MEXaHUYECKHE Y3JIbl JIETEeKTOpa, a
TaK)K€ U3TOTOBUTH U MCIIBITaTh NPOTOTUN 0AHOM cekiuu KCJI (TecToBbIi MOIYIB).

Herextop KCJI pa3nenen Ha cekmuu (16 wmm 32), Haxomsamuecs B OOIIeM Ta30BOM 00BeMe.
Kopnyc m kpbhlmka meTekTopa HW3rOTOBJICHBI W3 qropamoMuHus Mapku AMI, obGecrneunBaromime
TePMETHYHOCTh U MEXaHUYECKYIO POYHOCTD npubopa. Kaxmas u3 cexkmuii B CBOIO odepeab paszeneHa
Ha 6 sYeeK BIOJb OOpa3yrollell NUIUHAPUYECKOH MOBEpXHOCTU. CeKIMH W SYEHKH MEXaHUYeCKH
OTpaHUYCHBI TUIACTUHAMHU U3 (HOJIBTUPOBAHHOTO TEKCTOJMTA TOMIIMHONW IMM. Pa3smepsl ogHOM sueiiku
cocTapisioT 15%30%80 mm>. CHrHamsl ¢ OTJEJBbHBIX SYEEK CHUMAIOTCA C HE3aBHUCUMBIX aHOIHBIX
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HUTCH, KOTOPhIC HAXOMATCS B TE€OMETPUYECKHX ILIEHTpax s4YceK. BXOJHbIE KacKaabl MPEIyCUITUTEICH
pa3MemaTcs BHYTPH Ta30BOr0 o0ObeMa JAETEKTOpa, YTO TIO03BOJIIET MHHHUMHU3UPOBATH IIYMBI.
WuauBuyansHblii cheM HWHGOPMAIK ¢ KOKAOW sSYelKku oOecreunBaeT HeOOXO0AUMYI0 THOKOCTD MPH
HACTPOMKE M FOCTUPOBKE JETEKTOPA.

W3-3a n30ruyToil pOpMBI 21EKTPOIOB PACIpeaeICHUE FNEKTPUUECKOro MOl BHYTPU AETEKTOpa
OyZeT oTaMyaThbcs OT paclpelesieHHs Mo B IUIOCKUX Kamepax. J[Is OIeHKM BIUSHHMSA KPUBU3HBI
JeTeKTopa ObUI HM3TOTOBJIEH TECTOBBIM MOJyJb. BHemHuil BuI Moayns mnoka3aH Ha Puc.9. O
UMUTHPYET OJHY CEKLHIO 32-CEKIIMOHHOIO U30THYTOrO JETEKTOpa. B LIEHTpe sueek MexX1y BEPXHUM H
HIDKHUM W30THYTBIMHU KaTOJaMH HaTSHYTbI aHOJIHbIE IIPOBOJIOUKHU U3 I1030JI0YEHHOT0 BOJIb(pama.

Puc. 9. TecroBerit Moyns KCJI. Bunx cOoKy, BHI Criepe/d, TECTOBBI MOYJIb B cOOpe.

boutn wcmbITaHBl BapuaHTHI slMEEK C pasHbBIMU AuameTpamu mpoBojiouek (10, 25 wm 50 Mkwm).
PaccTostHue OoT MpOBOJOYKHM /10 M30THYTHIX KAaTOJIOB Ha Kpasx paBHO ~15 mMm. BepxHuil M30rHyTHIH
karoj umeeT paauyc 330 MM u TomuHy 5 MM. Pagnyc KpuBU3HBI HIKHETO KaTona 371 MM; OH uMeer
IUIOCKOE OCHOBAHME, YTO YNPOILIACT M3rOTOBJIEHHE M HE BIIMAET HA XapaKTEpUCTHKU Monyis. Cxema
Moy npuBeseHa Ha Puc. 10.

Side view Anode Front view
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Puc. 10. Cxema T€CTOBOTO MOJIYJIS.

N3mepenuss mpoBOAMIUCH C HCTOYHUKOM HEHUTPOHOB 2Cf. BpuM  CHSTHI aAMIUTUTYTHBIE
CIIEKTPBI U CUETHBIE XapPaKTEPUCTUKHU MPU PA3IMUYHOM ra30BOM HANOJHEHUU. AMIUIUTYAHBIE CIIEKTPHI
CUTHAQJIOB C TECTOBOTO MOJIYJII U CO CTaHAapTHOro renueBoro cuerynka CHM-17 npuBenensl Ha
Puc. 11. YcranosneHo, 4to cOop cUrHajga B TECTOBOM MOJYJ€ MPOUCXOAUT HECKOJBKO MeJUICHHEe,
yem B CHM-17, 4To cBsI3aHO ¢ BBITSHYTOH (HOPMOIl STUSHKH. DHEPTrEeTHUECKOE Pa3pelIeHnue IeTEKTopa
COIMOCTAaBHMO C pa3pelieHueM JJsl CTaHAapTHOro c4yeTynka. COOTHOIIEHHE CUTHAJ/IIYM HECKOJIBKO
Xy’K€, OJHAKO, MOKHO YBEPEHHO pa3/eUTh CUTHAJIbI OT HEUTPOHOB M IIyM. Tak Kak JKCILTyaTalus
KOJIBLIEBOTO JETEKTOpa MPEANOaraercsa Mpu MajblX 3arpy3kax M B «YUCTOM» ITy4Ke, TO MOXKHO
CKa3aTh, YTO XapaKTePUCTUKH TECTOBOTO MOJIYJIS B II€JIOM YJOBJIETBOPSIOT TpeOOBaHUSIM,
IIPENBSABISEMBIM K JETEKTOPY .
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B Hacrosimiee BpeMsi KOHCTpyKTOpckas paokymeHrtauus neperaHa B HIIO ATOM  nans
U3TOTOBJICHUSI MEXaHUYECKUX y3JIOB JIETEKTOpA.

——SNM-17
——Test module

0.8 cinektpel co cuerynka CHM-17 u ¢

il | TECTOBOTO0 MOIyns. [l HamIsgHOCTH
| CIIEKTPHI HOPMUPOBAHbI HA EANHHMILY.

; Puc. 11. CpaBHUTENbHBIC aMILIUTYAHbIE
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Usrorosnena u ycnemHo ucnbitana B ILL ycoBepiieHCTBOBaHHAS BEPCHUSI BBICOKOCKOPOCTHOTO
cueTumKa HeiiTpoHoB (cM. oTaer BMBF 3a 2009 T.) ¢ mpenenbHOi 3arpy3koit go 3-10° mefitporos/cex.

YuuThIBas CyIIECTBYIOUINE MPOOIEMBbI C MOCTAaBKAMHU Telusi-3, BBIMOJIHEHO MPOCKTHPOBAHUE
yCTaHOBKH 1 ero ourcTKH (Puc. 12). UepTeku caHbl B MPOU3BOICTBO.

[IpoBeneHsl HEOOXOAMMEBIE PACYETHBIE U KOHCTPYKTOPCKUE PAOOTHI /ISl CO3/IaHUS CIIETYOIIEro
MOJyJIsl CHMHTHIUISIIMOHHOTO jaeTekTopa “Actpa” mist audpakromerpa @CJI. 3aka3aHbl U 4aCTHYHO
MOJIY9eHBI HEOOXOTUMBIC ISl COOpPKM MOyJis KOMIOHEHTH. Pa3smemen 3akaz B HIIO ATOM Ha
MIPOM3BOACTBO JIEMEHTOB JETEKTOPA.

DJIeKTPOHHUKA.

Pa3paboranpl, H3rOTOBIEHBI M HCIBITAHBI HAa TECTOBOM MOJIYJIe NPEAYCHIHTEIH U
muckpumunatopsl 1t KCJ[ audpakromerpa IH-6.

PazpaboTanbl apXuTeKTypa W NPUHIMIHAIBHBIE 3JIEKTPUUYECKHE CXEMbI YHH(DUIIUPOBAHHOTO
O6moka mns cbopa um HakoruieHusi ngaHHBIX (CHJI) ¢ HEWTpPOHHBIX CUETYMKOB IU(paKTOMETpa
OIICUJIOH u xomeueBoro nerektopa JH-6. Ilpu mpoekTupoBaHUM B KauecTBE HCXOAHBIX OBLIH
NPUHATHI CJIeTYIOIINE OCHOBHBIE TapaMeTphI:

e UYacroTa BpeMEHHOI TMCKPETU3AIMU BCEX CUTHAJIOB (J€TEKTOPHBIC, CTAPT peakTopa u Jp.) —
nporpammupyemast (Makcumym 62,5 MI'm);

e MakcuMaabHOE YUCIIO JCTEKTOPHBIX AIeMEeHTOB — 96 (192);

6 4 .
e MakCHMajbHas CKOpOCTh peructpammu - 5:-10° co6./cex. (~5-10" Ha OAMH JETEKTOPHBIHA
3JIEMEHT);

e unrepdeiic k PC - USB 2.0;
® BHYTPCHHSS THCTOTPaMMHAas TaMsITh OJIoKa HakoruieHust — 64 Moaiirta;

e MaKCHMaJibHas 3aJIep’KKa Hayalla perucTpalli OTHOCUTENBHO BCIBIIIKK peakTopa - 0,268 cex
(mporpaMmMupyeTcs, KBaHT BpEMEHH — 16 HCEK); ¢ TaKO# K€ TOYHOCTBIO MPOTPAMMHUPYIOTCS
MIMpUHA KaHajla JJIs THCTOTPAMMHOM MaMATH W BEJIMYMHA BPEMEHHOTO OKHA, B KOTOPOM
PETUCTPUPYIOTCS HEUTPOHBI.
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CWCTEMA MA30BLIX KOMMYHUKAL WA q)
b DEAJHOHH
X HKW3KOro
O ba b (P DﬂABﬂEHMﬂ
AMQﬁQAA
;gwl_';q'rg Puc. 12. OOmiasi cxemMa YCTaHOBKH OYHCTKH
X3 ¥ renus -3. Ha npenBaputensHOM 3Tare renuii-3
——pa) BATTIOH OUMINAETCS KPHOHACOCOM TIPH TEMIeparype
7T KPHORACDSY 3 ¥ VOV ( ) iﬁ\lﬁﬁéa[& JKHJKOI'0 asoTa. Ha BTOPOM OSTale OYHCTKa
MPOM3BOIUTCS B KpHocrate. Kpwoctar
— COZIEPKUT JIBA COPOIMOHHBIX Hacoca mpu 30 K
u 10 K. IlepBbiii Hacoc MO3BOJISIET OYMCTUTH
renuii-3 OT BOZOPOAA, BTOPOH HACOC CIY>KUT
30K JUIE  KOMIIPECCHPOBaHUsS Tenus-3, KOTOPBIN
H 10K IoJaeTcs B OAJUTOH BRICOKOTO ABJICHUS.
KPHOCTAT
OBILAR CXEMA YCTAHOBKW

B 2neKTpoHHKY BCTpamBaeTCs TECTOBBIA T'€HEPATOp, HMUTUPYIOUIMA pabOTy CHCTEMBI
HAKOIUICHUS] JAHHBIX O€3 MOJKIIOYEHHUS JETEKTOPHBIX JIIEMEHTOB. DJTO IMO3BOJUT MPOU3BOAMTH
OBICTPYIO TIPOBEPKY pPaOOTOCTIOCOOHOCTH ammaparypbl MEpe] CeaHCOM, a Takke €€ aBTOHOMHYIO
OTJIAJIKY.

[lepenadya naHHBIX MEXAY OSJIEKTPOHUKON cOopa nmanHbeix u USB wunHTepdeiicom Oyner
OCYIIECTBIIATHCS TI0 TTOCIICIOBATEIIFHON OTITOBOJIOKOHHOM JIMHUM CBSI3U CO CKOpPOCThIO 1,25 ['6ut/cexk.

KonctpykruBHo cuctema CHJI cocTomT M3 yKa3aHHOTO BBIIIE MPOrPaMMHUpPYyEMOro OJI0Ka,
umeromero B cBoeM cocraBe FPGA, u Tpex BXOJHBIX KOHBEPTHUPYIOIIMX OJOKOB, B KaXXIOM W3
KOTOPBIX OCYIIECTBISIETCS TpeoOpa3oBaHWe CHUTHAIOB M Tmepexon oT 32 pazsemoB LEMO Ha
neHTouHbl kabenb. OcHoBHOe oriamume cucteM CHJ[ mns mudpaxkromerpor DIICUMJIOH u JIH-6
coctout B ToMm, uto aisi DIICHUJIOH B pexnMe HaKOIJICHUS THCTOTpaMM TpeOyeTcsi BBITIOJHATH
omepali  BPEMEHHOH  (OKYCHUpOBKM HEHTpoHOB. Crenuduueckue OCOOEHHOCTH  KaXKJIOTO
CIIEKTPOMETpa YUYHUTHIBAIOTCS TMpu mporpammupoBanuu FPGA. B Hacrosimiee Bpemsi BbINIOJIHEHA
pa3pabotka u m3rotoBieH nporotun cucrembl CHJI Ha 16 nerekropubix anmementoB (CHJ/I-16). On
npeanasHaueH ais crnekrpomerpa PEDJIEKC u mMoxeT nucnonb3oBaThCsl HA JPYTrUX YCTaHOBKAax, /1€
YHUCJIO JAETEKTOPHBIX 3JIEMEHTOB He ImpeBblmaeT 16.Jl0 KOHLa rojga IUIaHUPYETCS NPOBECTU €ro
UCIIBITAHHUS.

Brmmonnena wHamaaka Omoka cOopa ganHbix De-Li-DAQ2 s ITYJ[. Pa3zpaGoransi,
W3TOTOBJICHBI M HACTPOCHBI JIpaiiBEpbl U KOHTPOJUJIEPHI CIHH-(IUMIEPOB (2 K-Ta) U CIIEKTPOMETpa
PE®JIEKC.

B cootBercTBUM ¢ rpadukom Ha crekrpomerpax MBP-2 mpoBoaunuch npodumakTHueckue
paboThI, PEMOHT M TEKYIIas MOJICPHHU3AINS FIEKTPOHHOTO 000PYIOBaHUSI.

JlokaabHada ceth JIHD.

Hoserit Mapmpytuzatop Switch Catalyst 3560E-24TD-E ycraHoBieH B 3KCHEpUMEHTAIBHOM
3ane WBP-2. OH nomkeH obecneyuTh KOMMYTAllMIO, TMpUEM U Iepenady OJI0KOB HH(opManuu B
nuamnaszone ckopocreir or 10 Mout/c mo 10 I'Gut/c; BHyTpHMCErMEHTHBIC TEPECHUIKA JaHHBIX II0
CKPYYEHHOH Iape M BOJIOKOHHO-ONTHYECKUM JIMHUSAM CBS3U; CBA3b C LEHTPAJIbHBIM CEIMEHTOM CETU




Q) Annual Report 2010

M0 BOJIOKOHHO-ONTHUYECKOW JIMHUU CBSI3U. B HacTosiiiee BpeMsi COBMECTHO CO CHEIHaJIUCTaMU
Jlaboparopun MH(DOPMAIIMOHHBIX TEXHOJOTHUH BemyTcs pabOThl MO aJanTald MaplipyTH3aTopa B
cymectBytomyr cetb JIH® u cets OUSUN. [IpuoOGperenre BTOPOro MapHIpyTH3aTOpa OTIOKEHO Ha
2011 r., T.x. moTpeboBanIach CpovHas 3aMeHa BBIPAOOTABIIMX CBOM pecypc MapiipyTu3aTopa Switch
Catalyst 5000 B uenrpansaom cermente cetu JIHO (3nanue 119) na Switch Catalyst2960S-24TD-L 1 u
noutoBoro cepsepa Sun Workstation na Server 1U 600W/Xeon ES507/6Gb/

Pacmmmpeno go 1,3 T6aiit auckoBoe mpocTpaHcTBO Ha aBYyX cepBepax SUN X4200, onuH u3
HHX C aBrycTa 3TOTO T'0/ia BBIOJHACT (DYHKIIMU ITOYTOBOTO cepBepa. [IprnoOpeTeHsl u yCTaHOBICHEI B
OCHOBHBIX  3maHusx Jlabopatopum  HOBBIE  CETEBbIE  IMPHHTEPHI  OOMIETO  IOJIb30BAHMUS
HP LaserJet 2055DN (4 wT.). [IpoBoasTcst pabOTHI 110 TECTHPOBAHUIO U YCTPAHEHHIO HECOOTBETCTBUSA
MEePEXOAHBIX COSTUHEHUI BOJIOKOHHO-ONTHYECKNX Kabemneit TpeboBanusm untepdeiica 10 I'out/cex.

IIporpammHoe obecnieyenue.
B 2010 r. BBIMONHATHUCH cleaytonme padoThl 0 pa3BUTHIO KOMIUIEKca Sonix +:

e [IIpoBenena amanramus SONix+ mis audpakromerpa ®CJI. Hauata mpoBepka mporpamMm Ha
000pYZOBaHUU CIIEKTPOMETpA.

e TIlogrorornena Bepcust Sonix+ mns  cnekrpomerpa PE®JIEKC (s  oGopynoBanws,
MMEIOIIETocsl B HAJIMYMHU cerojHs). Bemercs cocraBienune O6ubmmoTexu omepanuid. Hauara
pa3paboTka mporpamMmbl IOCTHPOBKH, obmied misa peduiekromerpoB PEDJIEKC, PEMVYP u
I'PEMHC.

e IIpogomkena paboTa MO COBEpIICHCTBOBAHHMIO KOMILIEKCa Sonix+ (— 3aBeplleH MepeBoj Ha
Visual Studio 2008, — momonHeH cocTaB japaiiBepoB, 10pabOTaH cepBep SKCHO3WUIIMU, — B
rpaduyeckuit uaTepdeiic BKiItoueHsl HOBbIe mporpaMMel (SCP — Sonix control panel), a Takxe
CYIIIECTBEHHO YJIy4IlIEHbI paHee pa3paboTaHHble mporpaMmMbl SpectraViewer, LogViewer.)

e JloxrorosieHa u BBeJCHA B IKCIUTyaTaIlMio HOBas Bepcuu caiita WebSonix http://sonix.jinr.ru
(Puc.13, 14) B 510i1 Bepcun ycTpaHEHbI paHee OTMEUEHHbIE OIIMOKH, TOBBILIEHA YCTONUYHUBOCTb
Ipy NapaiensHON paboTe HECKOIBKHX MOJIb30BaTeNel, COKpAIIEHO BpeMs peakIiyu Hanboee
MeJUIEHHBIX OTlepalnii, B YUCII0 00CTyKUBaeMbIX BKIItoueH criektpomerp OCJI.

e Oka3pIBajach MPOTrPaMMHAsI MOJEPKKA METOJUUECKUX pa3pabOTOK, BHIIOIHIEMBIX B OTACIE U
Jlabopatopum.

Sonix+ Wﬂb Remote S stem 2 ’A::::r:l:m:;::,:mm S
SRS Database viewer el

Docmenss || Caent vetis || Lo s | Spachs viewer | Coral panel

Coarmes st S 50 meas_Toh ity _|detmamady] et 60,30, 2, 2 80017
Lee 30

Puc. 13. TurynsHas crpannina WebSonix. Puc. 14. Crpanuna ciexeHus 3a TEKyIUM COCTOSIHUEM
CIIEKTPOMETpa
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