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I. OBUIAS XAPAKTEPHCTUKA PABOTEI

Axmyaavrocms npobaemoi. YabTpaxononHbie Heirrponnl (YXH, smeprus nmke ~300
B, ckopocrs Humke ~7,5 M/c, MumHAa BoaHE Gombme ~400 A, sxBuBanenTHas
temneparypa HuKe ~1 MK) ¢ MX 3aMevaTesbHBIM CBOKCTBOM BO3MOXKHOCTH XPaHEHHsI
B 3aMKHYTBIX OObéMax B TedYeHHE NJIUTENBbHOTO BPEMEHH ceifuyac SIBISIOTCS IOJE3HBIM
HHCTPYMEHTOM B HCCICAOBAHUN (DYHIAMEHTAJILHLIX CBOACTB HEHTPOHA H 00EIaloT
npuMeHeHua B (PU3UKe KOHIEHCHPOBAHHOTO COCTOSHUS BelecTBa. PasBuTHe ucciejoBaHuil
W IKCHepMMeHTAJbHOM Texuuku YXH [peicTaBifeT MHTEPeCHYI0 ¥ BaXKHYK 4acTb
coBpeMeHHOH GYHAAMEHTaIbHOR PU3MKH.

C camoro HayaJa ucciaemoBaHnit 0003HAYUIIUCE ABE OCHOBHbLIE MpOBJeMBl: Ype3BblYaiiHO
HU3Kasg WMHTEHCHMBHOCTL NOTOKOB YXH u, coorBeTcTBEeHHO, IJIOTHOCTEH HENTPOHOB
B JIOBYIIKAX M HEOXUAAHHO OOJIblIME 3KCIEPHMEHTAIbHbE PACXOXKAEHUS BEeJIHYMHEI
Ko3(pdbuIpeHTa [OTeph NpPH OTPAXKEHWHM OT CTEHOK.C NPEACKA3AHUSMU TEOPHU. IDTH
pacxoxaeHus emé 6oJibliie NOJOTPeSM WHTEepec K mpobsieMe, BHI3BAB IOSBJICHHE
paboT, CTaBSII[UX II0F COMHEHHe [PaBUJIbHOCTb KBAHTOBOMEXaHMYECKHX Ppac4ETOB,
U CTUMYJIUPOBaB 0ojiee [OeTalbHOE TEOPETHYECKOe DACCMOTPEHHE B3aUMOJAEHCTBUS
KBAaHTOBBIX BOJIH C BEIIECTBOM M 9KCIEPUMEHTHI 10 UX MpoBepke. Upe3BbluaiiHO Majas
3HEpTHsa U BeCbMa HU3Kaa (0COBEHHO HA PAHHUX STANaX HCCJIEAOBAHMI) MHTEHCHBHOCTDH
notokoB YXH B page ciydaes TpeGoBana u300peTeHHMd U peaNU3aLUH  HOBBIX
OPUCHMHAJbHBLIX MOAXO0JOB K PELIEHHIO 9KCIIEPUMEHTAIbHBIX 3a4a4. VccienoBanue cBOHCTB
YXH u nposenenue GbyHIAMEHTAILHBIX SKCIEPUMEHTOB TpeboBaIu moMcka Hauboee
3O dEKTUBHBIX MATEPUANIOB JJIA 3aMeljIaTeNeil  pa3paboTKu METOJOB reHepauuu OoJiee
BLICOKHX MMOTOKOB YXH, B 4acTHOCTM C OpHeHTalueil HAa HMIYJbCHBIE HCTOYHUKH
HEHTPOHOB.

Leav nHacmoawel pabomy, 3aKII0YaJaCh B HCCJIEAOBAHUH U Pa3pabOTKe aKTyaJIbHBIX
BONPOCOB (DU3MKH W 9KCIEepUMEeHTaubHOM TexHuku YXH, a umenHo: B pa3paboTke
KOPPEJISIIHOHHOM BpeMsanposéTHOl crnekTpoMmerpuu Y XH u mpoBejeHuMH SKCIIEpHMEHTOB
no ucciaenoBanuio csoiictB YXH ¢ eé mpumenenueM — HaOIOAEHUM METaJLIMYECKOI'O
OTpayKeHHsI HETPOHOB ¥ MPOBEPKe KBAHTOBOMEXaHUYECKOI Teopun B3auMogeicTeua Y XH
C OTpaskamouieil CTEHKO#, B MOUCKe UM peann3auun 3HGEKTUBHBIX METOIOB eHepaluy
YXH nHa uMOyJbCHBIX HCTOYHHKAX, B [ETaJIbHOM HCCieoBaHMM reHepauyu YXH B
3aMeJJIMTEISAX, B MOMCKE U HCCJIEJIOBAHUN HAMJIYUIIMX MATEPUAJIOB IJIsl CTEHOK JIOBYIIEK
YXH, B uccnemoBanuu genosgpudauud Y XH npu nx oTpakeHHHM OT CTEHOK, B TIOMCKE
HOBbIX mpuMeHenudt YXH nya nmocraHoBky byHIaMEHTANbHBIX 9KCIIEPHUMEHTOB.

Hayunasa HoS8U3HG U NPAKMUYECKAA UeHHOCMb pabome.. B pabore mnomyueHbl



CIeYIOIIye HOBbIE METOAMIECKIE U HAYUHBIE PE3Y/IbTATHL:
ITocTpoens! BpeManposéTHEIE CIEKTPOMETPH Y XH KOppenasmpoHHOro THIa C IIENbI0
YBeJIUYEHHS CBETOCHIBl ¥ OTHOmEHWs 3ddexkTa X (DOHYy NpPM H3MEPEHHH CIEKTPOB
HEeHTPOHOB IpPH MaJOfl WTEHCUBHOCTM M WHOIZA B YCJIOBUAX OTHOCHTENBHO BBICOKOTO
dona. IIpoBerfH [eTanbHBIA aHAJU3 OCOOEHHOCTE!l W BO3MOXKHBIX IIOCPELIHOCTel
KODPeJISLIIMOHHOT0 MeToja B mpuMeHeHmu K YXH. Pa3paboTansl u ONTMMI3UPOBAHEL
COUHTUJIISNMOHHbIE HETPOHHEIE TETEKTOPLL sl Tako# crekTpoMeTpun. PaszpaboTagHasd
CIIEKTPOMETPHS INPUMEHEeHa I HaOJIomeHHsS 5D(EKTa MeTaJIMIeCKOro OTPAKeHHs
He{{TPOHOB OT IIOBEDXHOCTH BEIECTB C OONBIINM CedeHWEM 3axBaTa. lIpemjioikeH u
YHCJIEHHO IPOMOZJETNPOBAH MeTON M3MEpEeHWs O4eHb MAJbIX u3MeHeHuit sHepruu ¥YXH,
OCHOBAHHBIH HA HCIOIb30BAHNM KOMOWHAINM HHTEPQEPEHUYMOHHBIX (DUIBTPOB. DTOT
MeToJ, Hallén B JajibHefireM IpuMeHeHHe B dKkcnepuMeHTax. Co3JaH BpeMANpONIETHBIH
CIIEKTPOMETP C KOJIBIEBEIM KOODAWHATHBIM [JETEKTOPOM MJif WM3MepeHyd MOJHBIX U
IuddepeHIaJbHbIX CeUeHN pacCesHus O4YeHb MeIJIeHHBIX HeliTponos. Ha 3roM
CIIEKTpPOMETpe H3MepeHsl HeiTPOHHBIE CedeHns B IuamasoHe aus Boax 200-1000 A nia
pama MaTepHaJIOB, CYIIECTBEHHBIX Iyig ¢usuku YXH. DKcrepuMeHTaIbHO IPOBEPEHA
KBaHTOBOMeXaHH4eCKas Teopua B3amMmogeiicTBua YXH ¢ BemecTBOoM IyTéM IIOCTIONHOTO
U3MepeHMs aKTUBALUM [0X0apBHePHBIMU HEUTDOHAMM MAaTePHaja, OTPAXKAIOIell CTEHKH.
ITpenyoxkensl HOBBIE MeToAbI reHepalu Y XH Ha HMIOyIbCHBIX MCTOYHHKAX. Merox
JBUXKYIIEroCSd KOHBEpTepa ObLI MO32KEe NCIBITAH B COBMECTHBIX skcrepuMentax JIHO
OUAU wu Uucruryra upukiaansoi dusuku B r. Capose. B cooTBercTBHM C ApyruMm
METOOM — HeCTALIOHAPHOIO TPAHCIOPTA II0 3ePKaJbHOMY HEHTPOHOBOLY — IPOBEIEHBI
n3MepeHus resepanuu YXH B TBEpmom neiitepum Ha mMmmyJibcHOM peakTope TPUTA.
ITpennoxena MOCTAHOBKA SKCIEPHMEHTOB I BCECTOPOHHE IKCIIEPUMEHTAIbLHO HCCIIEL0BAHA
remepanng YXH B nHambonee NIEPCHEKTMBHBIX HHU3KOTEMIIEPATYDHBIX 3aMEJIUTENIX-
xonseprepax YXH: meittepun, kucaopoze u jgefirepoMeraHe B ra3000pa3HOM, KUIKOM U
TBEPAOM COCTOAHUAK. I1pe/IyIoxKe bl ¥ SKCIIEPUMEHTAJILHO MCCIIeI0BAHE HOBBE MaTePUAJIbI
— HHU3KOTEMIIEPATyDHEE (DTOPIOTMMEPBI — [l MOKPHITHS CTeHOK JoBymek YXH c
LeJbI0 MHHUMM3ALUY UX IOTEPb IPY XpaHeHuu. Ha OCHOBE 9THX M3MepEHUil MpeaCKa3aH
koaddunnent noreps YXH 2 X 107% moaTeep:kmHHLIA B JanbHeHIIEM B IPAMBIX
9KCIIEPUMEHTAX, ¥ HENJIOXO COIJIACYIOIIUICS C PAcIETaMy Ha OCHOBE U3MEPEHHOH [IJIOTHOCTH
BO30YKIEHUN IJI STUX BEIIeCTB. B JajbHelinieM Ha OCHOBE 9TUX HUCCJEAOBAHUE OBLIO
IIPOBEJIEHO HOBOE M3MEDEHHEe BPEMEHH KM3HH HEHTPOHA C YIYYIIEHHOH TOYHOCTBIO.
Pazpaborana MeTomuka # M3MEPEHBI CHEKTPH KBa3UYIPYrO W HEYNPYro PACCEesHHBIX

YXH mpu ux nombapbepHOM OTPaKeHWH OT IIOBEPXHOCTH TBEPABIX Tes. TeopeTuuecKu



paccmoTpera nenonapusanua YXH B soBymkax. [IpemioxkeHsl ¥ IIpOaHAIM3MPOBAHBI
pa3JInyHble BO3MOXKHbIe BADHAHTHI YKCIEPHMEHTAJBHOIO IMOUCKA OCLMIIANMYA HEHTpOH —
3epKaJIbHBIM HeifiTpoH. Ha ocHOBe 3TwX mpeajoxeHuit ObLIM B JAJbHENIIeM MIPOBEIEHEI
IepBBHIE CIIENUAJBHBIE YKCIEPUMEHTHI II0 YCTAHOBJIEHUIO OTPAHWYEHMN Ha [EpPHOJ TaKUX
OCHUJIISIIAN.

Ha 3awumy ewrnocamca

— Cosganne BpeMANPOIETHBIX CrHeKTpoMerpoB YXH KoppessuuoHHOro Twma it
U3MEPEeHNN CIeKTPOB HEHTDOHOB B YCIOBHAX HU3KOM WHTEHCUBHOCTH ¥ HHOLIA
OTHOCHTEJBHO BBICOKOrO (OHa U pa3paboTka ¥ ONTHMH3ALXS CIHUHTHIALNOHHBIX
HEeUTPOHHBIX JETEKTOPOB JJIS TaKOil CIIEKTPOMETPHH.

— IlpemmoxeHwe ¥ YHUC/IEHHOE MOJEIMPOBAHME METONA W3MEPEHHs OYeHb
MaJbIX mH3MeHeHuit sHeprum YXH, OCHOBaHHOrO Ha HCIOJB30BAHUM KOMOMHALUK
HHTEPDEPEHIIOHHBIX (DUIBTPOB.

— Co3zanue BpeMANPOIETHOrO CIIEKTPOMETPA € KOJIBIEBHIM KOODAUHATHBIM AETEKTOPOM
JUIST M3MEPEHH NOIHOr0 U nudPepeHINaIbHOr0 CeUYeH)sl PACCesdHUd 0Y€Hb MeIJIeHHBIX
HEeUTPOHOB.

— IIpenJoxenne HOBbIX MeTonoB rerepanun Y XH Ha umnynbcHbIx ucrounukax, MCNP-
pPacuéThl TIeHepalUy U IepBBIE JKCIepUMEHTh mo reHeparmuu YXH Ha wummnynbcHOM
peaxtope TPUTA.

- IlpennoxeHue HOBOI IIOCTAHOBKY ¥ IPOBEJEHHUE dKCIEPHMEHTOB II0 HCCJIEIOBAHUIO
regepanur YXH B Hu3KOTEMIEpaTypHBIX 3aMeliuTensx-kKouseprepax YXH: meitrepun,
KHCJIOPOJEe U efiTepoMeTaHe B ra3000Pa3HOM, KUJIKOM U TBEPLOM COCTOTHUIX.

— Ilpennokenne ¥ mcCieJOBaHWE HOBBIX MATE€PUAJIOB — HU3KOTEMIIEPATYPHBIX
GTOPIOIMMEPOB — JJ1d HOKPBITUS CTEHOK JIOBYIIeK Y XH ¢ 11e/1b10 MUHUMHU3AIMT UX [IOTEPh
IpY XPaHEHUH.

— Paspaborka MeTOmUKY H3MEepEHHsT BEPOATHOCTH PACCEsTHUs U CIHEKTPOB KBAa3MyIPYro
paccearnbix Y XH npu ux moabapbepHOM OTParKeHVNH OT MOBEPXHOCTH TBEPIBIX TeJL.

— Teoperuyeckoe paccMoTpenue genonagpusanus Y XH B joBymkax.

— IlpensioxxeHne W aHAAM3 BO3MOXKHBIX BAPUAHTOB SKCIEPHUMEHTAJIBHOLO IIOWCKA
OCUMJLJIANUI HEUTPOH — 3ePKAJIbHBIN HEUTPOH.

THonyuennoie a8MopoM Pe3YsLMamoL:

— JeranbHblit aHANMN3 0COGEHHOCTEN K BO3MOXKHBIX IOIDEIIHOCTEN KOPPEJAIUOHHOIO
BPEeMSAIPOJETHOTO METOJIA B IPUMEHeHUH K crekTpoMerpun ¥ XH.

— Habmonerue adpdexTa METaSINIECKOr0 OTPAKEHNS HEHTPOHOB NPU UX OTPAYKEHUN

OT IIOBEPXHOCTHU BEUIECTB C OONBITUM CEYEHUEM 3aXBATA.



— Vsmepenve HeHTPOHHBIX ceueHmil B amamasone ayuH BosH 200-1000 A zna pama
MaTepuaJos, cymecTBerHbIX qns dpusukn Y XH: Al, Cu, Zr, Si, SLiF, Tedsion, monustuies,
GbTOPIIOIIMEDHI.

—~ ODKCIepUMEHTAJIbHAS IIPOBEPKA KBAHTOBOMEXAHMUYECKOW TEOPUH B3aMMOIEHCTBHA
YXH ¢ BemecrBoM MyTéM IOCAOMHOrO W3MEDEHMS AKTUBALUK HOIOADBHEPHBIME
HeHTpoOHAMH MaTepuraja OTPaXkKalollell CTeHKHU.

— Pacuérer m u3mepenme remepanuu YXH B TBEpHOM HeliTepuu Ha MMIIYJIbCHOM
peaxkTope TPUTA.

— BcecToponHee sKcmepuMeHTaJbHOE HcciemoBanue rexepanun YXH B Haunbosee
[EPCIEeKTUBHEIX HU3KOTEMIIEPATYDHBEIX 3aMeIIuTessx-KouBeprepax YXH: nelirepun,
KHCJIOPOZE U JeHTepoMeTaHe B ra3000pa3HOM, KUIKOM ¥ TBEPIOM COCTOSHHUIX.

— OKCIEePUMEHTAJIbHOE MCCJIELOBAHME HOBHIX MATEPUAJIOB — HHU3KOTEMIEPATYDHBIX
GTOPIOINMEPOB — AJIs1 HOKPHITHS CTEHOK JioByliek ¥ XH ¢ 11e1p10 MUHNMU3AIMY UX TOTEPh
[IPU XPAHEHUH.

- VI3MepeHue CmeKTPOB KBaswynpyroro paccesHuus Y XH npu mx mozbapbepHOM
OTpaXkeHNH OT MMOBEPXHOCTU TBEPABIX TeJ: MeAU U TeJIOHA.

— Teoperuyeckoe paccMoTperne penonapusamuu Y XH B soBymkax.

— Ilpemyoxenve U aHaJMU3 PA3JUYHBIX BO3MOXKHBIX BApPUAHTOB IKCIEPHMEHTAJIbHOTO
IIOMCKa OCUMJLIALNK HERTPOH — 3epKaJIbHBIM HERTPOH.

Anpobayus pabomoi: Pe3yabraTsl paboThl, H3JI0KEHHBIE B AUCCEPTALNY JOKIAIBIBAJINCH
Ha DsZe MeXIYHAPOIHBIX KOH(EpeH¥H U CeMHHApPaX B PA3NUYHBIX PHINIECKUX
naboparopuax wmupa: Ha Ceccnm Otnenemus amepuoit dusmku AH CCCP  (1984),
2- (1999), 3- (2001), 4-# (2003), 5 (2005) m 6-i (2007) MerkIyHApPOTHEIX
Koudepenuusax "YIbTpaxosoinble M XOJOAHBIE HEATPOHB — (DU3NKA M HCTOUHHKH',
Ha Croenpmaneaom Cosemanun 3Sumueit Ceccuu AMEPUKAHCKOIO sIepHOr0 OOIIECTBa
"®y3uka, GE30MACHOCTH M MPUMEHEHWEe WMIYILCHBIX peakTopos"(Bamuurron, HoaOpb
1994); wa Cosemanun "VYmprpaxonomubie Heitrpomst"(Canta ®e, mexabpp 1995); Ha
Mexaynaponuoit kondepennuu "Heiirpornas onrtuka', (Kymaropu, fnonus, mapr
1996); ma CnemumanbHoMm CoBelmanuy SKCIepToB EBPOMEHCKOro CHA/IeHNIH HCTOYHHKA,
(ESS) "Oxcmuyarauys HOBBIX HMCTOUHUKOB YXH, afanTupoBaHHBIX K MMILYJIbCHBIM
cnaseime-ucrounnkam" (Bena, despans 2002); ma cemumape WucTuTyra dusnmku
Yuusepcurera leiimensGepr (mapr 2006); ma Tpéx cemumapax VHcTuTyTa gIepHOi
Teopun YHuBepcurera mT. Bamuarron nmo Ilporpamme "®yHnamenTaspHAT HEATPOHHAL
dusuka" (Cusrri, anpesns 2007); wa XVIII Cosemannu Mexayraponnoit KonmaGoparuu
110 nepenoBeM Heitrporusim ucroarnkam ICANS XVIII (Tyangour, KHP, anpesns 2007); Ha



Mexnyraponaom Cosemanuu 1o dbusuke 4acTul ¢ MeaIeHHbIME Hefirponamu (I'peroGib,
mait 2008); Ha cemumape MucruryTra dusuku YrusepcureTa r. Maitay (uomb 2008);
na Cosemanun "CnenyaiusupoBaHHBE HEHTPOHHBIE IIYYKH HAa PEAKTOPaX MAaJjo# u
cpeHeit MOIHOCTY U aHTHU-TPyNIIIPOBKa HeliTrpoHos' (Bena, okrabps 2008); Ha cemMuHapax
JlaGopaTopun He#irponuoit buzuku OMAN.

Obsém u cmpyxmypa duccepmayuy. Juccepranus COCTOUT M3 BBEAEHHUA, 8 IVIAB U
3aKJII0UeHNs], U3JI0XKeHa Ha 221 crpanuie, Bkiaodasa 4 Tabauiel u 112 pucyskos. Croucok

JIUTEepaTypHl conepkuT 230 HaMMEHOBAHUH.
II. KPATKOE COJEP2>KAHIE JVUCCEPTALINU

Bo esedenuu 0OOCHOBBIBAETCS  aKTYaJbHOCTH TEMbI, (OPMYJUPYETCT LETb
HCCJIEIOBAHNS ¥ OCHOBHBIE IIOJIOXKEHWsI, BHIHOCHMbIe Ha 3amuty. Y XH uMmeror cBoiicTBo
OTParKaThCsl OT IIOBEPXHOCTH BEIIECTB C NOJOXKUTEJbHON MNJIMHOM pacCesHHS IPU BCEX
yriax magenus. CpoitcrBo YXH oTpaxxarsca mpu Bcex yIVIax HaJEHHS C BEPOATHOCTHIO
OJIMBKONH K eAUHWIE O3HAYAeT BO3MOXKHOCTH HMX XPAaHEHHd B 3aMKHYTHIX 00bEMax B
TeUeHMe JIJIUTEJHHOrO0 BPEMEHHM, B HJeaje MPHOJMKAIOMEroca K BpeMeHH OeTa-pacmaia
HeilTpoHa. B ImepByIO ouepenb MMEHHO 3Ta BO3MOXKHOCTb, IIO3BOJISIOINAS HPOBOAUTH
[PEU3UOHHbIE YKCIEPUMEHTHI 10 UCCAEHOBAHUI0 (DYHIAMEHTAJbHEIX CBOHCTB HeHTpPOHA
U ero B3amMozeicTBuit, cTumyampoBasa uccaenoBanus ¢ YXH. Oxua u3 nauwGosee
HMHTEPECHbIX ¥ BayKHEIX pobsieM B pusuke YXH cocTout B peanuzaiun npeicKa3biBaeMbIX

Teopueit BeIUH K03 DUIMEHTa TOTEPD 7):
n=-ImU/ReU, ReU=E, Imb=-0())/2) (1)

rae rpannvaHasd SHePrus O'rpa)Kaxomeﬁ CTE€HKH:

h2
By = 2—77-;47FZNibcah,i, 2

N; — 4ucio spep i-copra B eAuHHIE 00bEMA BEIIECTBA, Deopi — AJIHHA KOTEPEHTHOT'O
paccessHUs HEUTPOHA Ha CBS3aHHBIX SAPAX COPTA %, M — Macca HEHTPOHA, 0 — CedeHHe
HEYNPYIUX IPOLECCOB B3aMMOIEHCTBUS HEITPOHOB C BELIECTBOM CTEHKH.

Paccunrannasg BennuyuHa KodbduiuueHTa NOTEph 7) Il Haubojiee MHTEPECHBIX [JIs
XpaHeHHU HeWTPOHOB BEIIECTB, MMEIOLINX JOCTATOYHO OOJIBIIYI0 TPAHUYHYIO SHEPIUIO U
MaJIoe CedeHne 3aXBaTa HeHTpOHOB: GepmiLiuii, yriepon, DoO, Oy u ap., MoXkeT OBITH 0UY€Hb
masia (0COGEHHO IpH HU3KUX TEeMIEparypax, KOTJa HEeympyroe pacCesHHe IOLABJIEHO) U

cocrasiaer 1076 — 1077,



[lepcnexTuBHEIM MOXKeT ObITH U nipuMererne Y XH B usydueHun CTpyKTYPH U AUHAMUKH
KOHZICHCHPOBAHHOI'0 COCTOSIHUSI BEIIECTBA, TaK KaK HEHTPOHHI ¢ GONBIION AJIMHONR BOJIHEL
0COOEHHO YYBCTBUTENIbHBI K CTPYKTYPHBIM HEOIZHOPOAHOCTSM U K JMHAMUKE JBHUKEHH
KPYIHBIX MOJIEKYJ U KJIaCTEpPOB.

B nepsoti enaee, OCBAMEHHON CIIEKTPOMETPUY 0UYEHb Me/IJIEHHBIX HEHTPOHOB, OIIMCAHEL
pa3paboTaHHEE BPEMSINPOJETHBIE KOPDEISLUUOHHBIE CIEKTPOMETPHL C MeXaHWYeCKHMH
[CEeBAOCIyYaiiHBIMU IpephBaTeaMu (Majslii ¢ AMaMeTpoM Awcka mpepbiBaTens 40 cm
u Gosbimoi ¢ aumamerpoMm mucka 160 cM), CO3maHHBIE I yBEIMYEHHS CBETOCUIB 1
oTHomeHus 3bdexTa K POHY NP U3MEPEHNH CIEKTPOB OY€Hb MEIJIEHHBIX HEHTPOHOB.

B KoppendumoHHOM MeTONEe HpPEepHIBaTeNb B TEUYEHWE MEPHOJa MOIYJIANUH IIydKa
T oTKpbIBaeTCs n pa3 BMECTO OJHOrO Da3a, KaK B KJIACCHYECKOM METOJe IIPOJIETA.
B pesymprare 3¢peKTUBHBI NOTOK 4YaCTHI, HA JETEKTOD YBEJIMYMBAETCA B 7. pa3
npy Hew3MeHHOM GoHe. Momysanms mydka YacTul] IICEBIOCTydYaiHBIM IpephIBaTeaeM

IIPOU3BOAUTCH I10 3aKOHY
N-1

S(t) = 3 aglt —iAT), 3

=0
rge g(t) — MOLyasAmUs MydKa MpephIBaTeseM C ONHON Imesbio, N — YHCIIO 9JIeMEeHTapHBIX
HHTEPBAIOB JyuTeabHocThio AT B mepuoze mocaemosaresbHocty 1 = N - AT, u gja
KOPPEJISIUOHHOr0 METOJa, G; — MCeBIOCTyIaiiHas OuHAPHAS TOCIeA0BATEIbHOCTD HyIeH 1
eIMHMUIL.
Ecnu muprna KaHaJI8 BPEMEHHOrO aHAIN3aTopa AT PaBHA 9JIEMEHTAPHOMY UHTEPBAJLY
AT, T0 9uC/I0 HEHTPOHOB, 3aPETrUCTPUPOBAHHEIX B k-TOM KaHaJIe:
N-1
Zr= Y apif; + ug, wm, B MaTpugHOHt dopme Z = A+ F + U, (4)
=0
rae fi — BPeMSIPOJIETHBIN CIIEKTP, COOTBETCTBYIOIIMI ¢-TOMy KaHAJy aHAJIMN3aTOpa, U;
— cpenHuit ypoBeHb (OHA B KaHaJe, Z — IN-MEpHBI# BEKTOD, JEMEHTAMH KOTOPOTO
ABJISIIOTCS BEJIMYMHBI 2 OTCUCTOB B KaHajgax aHaam3aTopa, F m U — BeKTOPHI
BPEMSANPOJETHOr0 CmekTpa u ¢oHa, cooTBeTcTBeHHO, A - muxaumdeckas N X N
MaTpHIA, CTPOKA KOTOPOH MOJyYeHbI LUKJIAYECKON IEePECTAHOBKOM MOCJIEI0BATENIbHOCTY
a;. Hna ob6eruHoro mnpepwiBarenst Marpuiia A mepexomur B emuHuunyio [. U3
IBYX MOCIeJHUX BBHIDAXKEHUH CJELYeT, 9TO BpeMANpONeTHHH cmektp (mpu detA #
0) F = B(Z — U),tueB - A = I. Takum 00pa3oM 3TH COOTHOILIEHUS
[O3BOJIAIOT NOJY4YaTh DPACHpeeJieHUe MO BPeMeHW nposéra F 10 pacupeneseHuio Z,
3aPEruCTPUPOBAHHOMY aHAJIM3ATOPOM. MI3J102KeH METO/ ¥ IPOaHAIU3MPOBAHE OCOGEHHOCTH

KOPPEJIIIHUOHHOI0 aHaJIu3a IIPpU HCGBAOCJIy‘Ia.I‘/'IHOI';I MOZYJIALMN IIOTOKa O4Y€Hb MEIJICHHBIX



HeATpoHOB. ccienoBansl paxTOphbl, BAUSIOMYE HA (YHKIUIO Da3peIIeHusd, a UMEHHO:
KOHEYHAs TOJIIIMHA [PEPHIBATENIsl ¥ HeCTAOWIbHBIA cHBUr a3 MeXIy pa3BEPTKOM
AHAJIN3aTOPa U BPAIIEHHEM MEXaHUYECKOr0 [IPEPHIBATENS, CO3JAIOMIEr0 MOYIUPYIOULYIO
IIOCJIeIOBATEIbHOCTD. VI3/I0XKEHBl DE3y/IbTaThl KOMIBIOTEDHOIO MOJEIMPOBAHUSI PabOTHI
KOPPEJIALMOHHOIO CIIEKTPOMETPA..

[IpencraBieHsl  pe3ynbTaThl  pa3paboTKM M ONTHMM3AIMK  CIEIUATBHBIX
CUMHTW/UIANNOHHEIX JeTekTopoB YXH, comepxkamux cuuaTminiaropsl ZnS(Ag) u
naparepdernt u paguaropsl SLiOH u SLiF, mpuMenseMbIX B OIECAHHEIX CIIEKTPOMETPAX.
Onucan CUMHTWIIAUUOHHBIN gerTekTop YXH ¢ rodpupoBaHHBIM BpPALIAIONIAMCI
CUMHTWIJISTOPOM, He OTPaXKalomuil HeATPOHH u uMelomuil 3PdeKTUBHOCTb, He
3aBUCSIINYI0 OT 9SHEPrud HeHTPOHOB. I3/103keH METON W3MEpeHHs IHEPreTHYecKoil
3aBHCUMOCTH 3PDEKTUBHOCTH AETEKTOPoB YXH ¥ pe3yabTaThl €ro IPUMEHEHHS I
HOJIyYeHUs XapPaKTePUCTHK CO3LAHHBIX JAE€TEKTOPOB.

IIpexncraBiensl pe3ynbTaThl TECTHPOBAHHI KOPPEISIMOHHOIO CIEKTDOMETPA IIPH
n3Mepenuy npoxoxaeHna Y XH uepe3 untepdepeHnoHHbe PUIbTPHL.

Onwucana OpeajioKEHHAs CXEMa U PE3y/IbTATHl YUCACHHOTO MOJEIHPOBAHUS CIOCO0a
U3MEPEHUs OY€Hb MAJIbIX U3MEHEHMU 3Hepruy HeHTPOHOB, OCHOBAHHBIA Ha NPUMEHEHHU
KoMOuHaMH HHTEPGhEPEHINOHHBIX (PUIBTPOB.

OnucaH BpeMANPONETHBIM CIEKTPOMETD C BePTUKAJbHON mHposnéTHON 0a3zoff u
FOPM30HTAJIbHBIM KOJBUEBHIM KOODAMHATHBIM JIETEKTOPOM, IpeIHA3HAYEHHbIN I
U3MEPEHUs IOJHOrO u JuUMDEepeHnnasbHOr0 CEUYeHHsI PACCedHUs OYEHb MeIJIeHHBIX
HeATpOoHOB. IIpoaHaNu3upOBAHO BIMAHME IPABUTAIMH HA PAbOTy WM Da3pelIeHHe TaKoro
cniekTpoMerpa. IlpeacraBieHbl pe3ysnbTaThl M3MEPEHHN MOJHBIX U AuddepeHnnanlbHbIX
cewennit B aumasome mumH BoaE 200-1000 A gna pama MaTepHaNoB HHTEDECHBIX
s dusuku YXH: Al Cu, Zr, Si, SLiF, Tedmon, moimstuien, ¢ropmonumepr. U3
aHaJIM3a IIOBEJEHUA IIOJNHBIX U Iud@epeHIyalbHbIX CedeHH U3BJIeYeHbl MapaMeTpHI,
XapaKTepPHU3YIOIIe HeONHOPOJHOCTb UCCIELOBAHHBIX MATEPUAJIOB B TePMUHAX BEIHIMHBL
dayxTyanui mIOTHOCTH U KOPPeJIAMOHHON JIMHBL 3THX (DIYKTYyarnuii.

Bo emopoli enaee ommcaHO IIpEMEHEHHE pa3pabOTAHHOIO CIIEKTPOMETDa IS
Haburonernst 3P deKTa METAIIMIECKOTO OTPAKEHNs HEHTPOHOB OT MOBEPXHOCTU BEIIECTB
¢ GOJIBIIMM CEYeHHEM 3aXBaTa.

AMIIATYIa OTPaKEHHOM OT HOBEPXHOCTH Pa3lesia HEHTPOHHON BOJHBI HMEET BUJ

"= Pno — pn, ( 5)
DPno + Dn
e Pno U Pn = (pZy — 2mU)Y2, COOTBETCTBEHHO, HOPMAIBHEIE K TOBEPXHOCTH DAa3esa

KOMIIOHEHTHl HMIIyJIbCa HEWTpOHAa B BaKyyMmMeé M BeIlecTBe M M — Macca HeHTpOHA.



IMoTeHnumas B3auMOAeHCTBYS HElTPOHA CO cpexoil B coorercTBuH ¢ yp. (1) u (2) MoxHO
3aIucaTh

_ I_, //_-_1— L)
U=U-il"=—(p*—ip"). (6)

Buzmo, 9TO MpH YMCTO MHMMO [THHE paccesHus Koaddumuent orpaxenns R = |r|?
OTJIMYeH OT Hynd u npu p2g K 2m|U| R — 1, u B mpefesie MaJIbIX SHEpruil yBeIUYeHHe
MIOIVIOINEHUS IPUBOJIUT K YBEJIMYEHUIO OTPAYKEHHUS.

Omnucana ycraHoBKa [jisl M3MepeHns kKoddduipenta orpaxenns Y XH, no3sossiomas
OPOBOJUTE M3MEPEHMEe CHeKTDPajbHOM 3aBHCHMOCTH OTDAaXKeHUSA HEHTPOHOB  OT
CBEXKEHAIBLIEHHBIX B BAKyyMe MeTAJUIMYeCKUX HOoBepxXHOCTel. [l m3MepeHns CIeKTPOB
HCIIOJIB30BAJICS OOJIBIION KOPPEJIAIMOHHbIA BPeMINPOIETHBIH CIIEKTPOMETP.

s sseMeHTOB ¢ OOJIBIIUM CEYEHHEM 3aXBaTa K3-33 HAJUYUAI HU3KOJIEXKAIINX
PE30HAHCOB JJIMHA PACCESHUS 3aMETHO U3MEHIAETCS JaKe B JUANa30He SHEPIUi MeIJIeHHBIX
HelffTpoHOB. B 3TOM ciIy4ae »>HEpreTHYecKuwil XOX [UIMHBI DPACCEesHUS OIPEIesITeTCs

dopmyitoit Bpeitta-Burnepa:

2Fnj E E; )gj . Fnjl"jgj
b= b°+z AWE-E)2+19 Z;lcj{4(E—Ej)2+r§.]’ @)

rae by — AJMHA NOTEHIHAJIbHOTO paccednusd, I'; u I'n; — monHasg m HefTPOHHAA IIMPUHEL
pesoHaHca npu sHeprum L, g; — crarucTmueckuit ¢dakTop, k; — BOJHOBOII BEKTOD IIpU
sneprun Ej.

Jl1s mpoBEpKM JOCTOBEPHOCTH JAHHBLIX OTPabOTaHa METOOUKA IOJIYUEHHS 3€PKATBHO
[JIaJKOM, HO HEe OTpaKallled HEeHTPOHBI MOAJIOXKKH H3 CMECH H30TONOB CaMapusd:
152Gmq 4 —"% Smg g, IUIS KOTOPO# PeabHAS YACTh MOTEHIWANTA AT HeTpoHoB U OdeHb
MaJla, & MHEMasg YacTh IIOTEHIIUAA eI HeZOCTATOYHO BEJINKA JIJIsl IPOSIBJIEHH 3aMETHOrO
"merasmaeckoro" orpakenus: b = (0,06 — 0,59)F.

Merananyeckoe OTparkeHue, 00g3aHHOE MHMMOM YacTH IOTEHIMa]a OTpaskKaroulei
CTeHKH, IPOJEMOHCTPHPOBAKO [T u30Toma 9°Gd, mna koroporo b = (0,67 — 13,047) F.

B mpemuved enaee pacCMOTPEHB! IKCIEPUMEHTH! IO IIPOBEPKe KBAHTOBOMEXAHUIECKO
Teopun B3aumozeiicteus Y XH ¢ BemecrBom. M3oxkena cutyanus ¢ npobsieMoil XpaHeHua
YXH, s3akmovanomasncs B CHJIBHOM PAaCXOXKIEHWM DPACYETHBIX ¥ SKCIEPUMEHTAJIBHBIX
k03 dunmenTos noreps Y XH npu orpaxkeHuu OT CTEHKH.

Omucana HE3KO(MOHOBAS YCTAHOBKA MJI HM3MEDEHHs C BBICOKOH 3(@eKTHBHOCTHIO
MaJIbIX 6eTa-aKTUBHOCTEH U SKCIEPUMEHTSHI 110 MOCJI0HHOMY H3MEPEHHUIO aKTUBAIMH MEIHOM
oTpaKaloleil CTeHKH Iox0apbepHBIME HefrTpoHamu. ONIKMCAHBI METOAH OIpEIEIEeHUT
IUIOTHOCTH [OTOKA HEHTPOHOB B KaMepe OGJIYYEHHUS: METOH YEPHOr0 IEeTeKTOpa M MeTOZ,

aKTUBaIWK (HOJIBI U3 HUKEJb-MapraHIEBOrO CIJIABA C HYJNEBOH CyMMapHOH aMIJIUTYZIOH
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KOTepeHTHOrO paccesanud. IIpoBeieHO CpaBHEHME MOy YeHHBIX PE3YJIbTATOB 0 AKTHUBAIUA
OTpa’Kalolleil CTEeHKM C KBAHTOBOMEXAHHYECKVMH DACUYETaMU M IIOKA3aHO XOPOUIEEe
COOTBETCTBUE C HMMH Ha ypoBHe 107° g BemwumEsl KO3DUIMEHTa HOTEPb HA OIHO
oTpaxkeHue, 4To B 50 pa3 MeHbIIe, YeM M3MEPEHHHIH K03 PUIHEHT [TOTEPH JJIT MEIH.

B uemeépmoli anase wu3mararnTCs IpeIJIOXKeHHbIe MeTOxbl reHepamuu YXH Ha
HMIIYJICHBIX WCTOYHHKAX HEHTPOHOB: METOJ MABUXKYINEroCs KOHBEPTEPA U METOL
HeCTallMoOHapHOro TtpaHcmopra YXH 10 3epkanbHOMY HEHTDOHOBOAY ¥ 3aXBaTa
YABTPAXOIOAHEIX HEUTPOHOB B JIOBYIIKY.

Ilocne sxcnepumenToB IIMAD craso sCHO, YTO HEPCHEKTUBHBLIM MATEPHAJIOM JIst
Kpuorensoro xoueeprepa Y XH aBnserca TBépapiit geitrepuit. M3naraemas paboTa mmena
aKIeHT Ha UMIIYJIbCHOW reHepanuu Y XH, Ha M3MepeHWM CeUEHWH TEHEpAliy B Pa3HBIX
KOHBEPTEPax U Ha UCCIeIOBAHUU 3aBHCHUMOCTH CEUEHHU reHepaluy OT CIeKTPA M3 JAIOIINX
HEeHTPOHOB U TEMIIEPATYPHl KOHBEPTEPA.

IIpescTaBieHbl PE3Y/ILTATH PACYSTOB IIOTOKOB TEILIOBHIX M XOJOAHBIX HEHTPOHOB Ha
peakrope TPUT'A MAPK-2 B meraspHON peasuCTHYeCKOHl PeOMETPHM AKTHBHOIN 30HBI
peaxkTopa, HEeHTPOHOBOZOB M XOJIOAHBIX 3aMeIJIMTeNel ¢ moMommpio mporpammer MC-
NP u 3areMm, ¢ HCIOJB30BAHMEM 3THX pe3yJabTaTOB, remepamuu YXH B mefitepun B
0nHODOHOHHOM HEKOTEPEHTHOM MPUOJIMKEHUN C MCIOJb30BAHHEM IIOTHOCTH (DOHOHHBIX
COCTOSIHMET JJis1 TBEPAOTO JeliTepust. B 4acTHOCTM MOJIyYeHO, YTO HPU HAJUYIMU TBEPIO-
METaHOBOI'O Npen3aMeIuTe s oXugaeMada resepamusa ¥ XH B mefirepueBoM KOHBepTEpe
B PaJMaJIbHOM KaHase peakTopa mpu mrTaTtHoMm 10 Mk uMmysbce peakTopa COCTaBIISIET
3,5%10% YXH /em® mmm 7% 107 YXH B xonseprepe 06bémom 200 ev®. Omucans pe3yabTaTsl
U3MEPEHUS TEIJIOBBIIEICHUS B Psle MATEPUAJIOB IIPH UMITYJIbCE PEAKTOpPa M IIPOBEIEHO
cpaBHerne ¢ pacuéramu. OmuCaHbl IEPBbIE SKCIEPUMEHTHI [0 HMMIIYILCHOM IEHEPAINN
YXH B HH3KOTEMIEPAaTypHOM TBEpPIOM JAEHTEPUEBOM KOHBEPTEPE Ha KaCATEIbHOM
KaHaJle aIlepPUOIUIECKOro HMIyiabcHOTO peakropa TPUT'A MAPK-2 Yuusepcurera T.
MaitHi i IpOBeJIEHO CPaBHEHUE ¢ pacyéToM. VIcciaenoBaHo BIMIHUE TEPMOIUKIIMPOBAHUI
("orxumra") Ha MPO3PAYHOCTH KPHCTAJLIOB Agiirepus i ¥ XH.

Omnucarbl HOBasl MPEJIOXKEHHAs IOCTAHOBKA SKCIIEPHUMEHTOB, YCTAHOBKA ¥ JETAJILHOE
uccrenoBanue rerepanuu Y XH B IPOTOYHOM M HAKONWTEJBLHOM peKMMax B Haumbojee
MIEPCIEKTHUBHBIX KPHOTEHHBIX 3aMeIIMTENsIX: HedTepuu, KUCIOpoJe U JeidTepoMeTaHe B
IIMPOKOM JWAa30He TEMIIEpAaTyp B Ia3000pa3HOM, KUIKOM M TBEPAOM COCTOSTHUIX,
IPOBEJIEHHOE Ha BHIBEIEHHOM IIy4YKe XOJOAHBIX HedTpoHOB B Uucruryre [layna [lepepa
(PSI). Hdus pefitepusi Tak:ke wW3MepeHa renepamus YXH Ha CcemapUpOBaHHBEIX IO

CKOPOCTH IIyYKaX XOJIOJAHBIX HeﬁTpOHOB, IIPOBEOEHO COIIOCTABJICHUE JaHHBIX IKCIIEPUMEHTa



¢ MHOrOOHOHHBIME PACYETAMU ¥ MOJIYYEHO HEIIOX0e COrJIacHue.

s Bcex TPEX 3aMemuTeNel IPECTABIIEHE! PE3YIbTATH U3MEPEHNH IOIHbIX CedeHni
JUTS XOJIOAHBIX HEHTPOHOB NIPH PA3JIMYHBIX TEMIEPATyPax U KPUCTAIMIECKHX pa3ax.

B namol esaee COIEP:KUTCA ONMCAHWE MPEAJIOXKEHHS HOBBIX MATEPUAJIOB JJId
NOKPHITHA CTeHOK JioBymek YXH — HuskoTemmepaTypHbBIX (TOPHOJIAMEPOB N
HCCJEOBaHNUA WX CBOMCTB. lIpenusmoHHOe wW3MepeHWe BpPEMEHM JKU3HM HEHTpOHA
BaXKHO JJIA YCTAHOBJIEHWA mapaMerpoB CTaHIapTHOM MOJEIM M YTOYHEHHS IIPOIECCca
HYKJIEOCHHTe3a Ha paHHell cranuu. Beinunsa HEOOXOANMBIX IONPABOK U CHCTEMATHIECKUX
OmMOOK NpM M3BJIEYEHUM U3 JAHHBIX M3MEPEHU) BEJVYMHBI BPEMEHH YKU3HM METOLOM
xpaHeHusg YXH B 3aMKHYTOM 00b€ME 3aBUCHT OT BEJIMYMHBI [I0TEPh HEHTPOHOB IPH
CTOJIKHOBEHHAX CO CTeHKaMmu. [l09TOMy MOMCK HOBEIX MAaTepHAJIOB C MHUHHUMAJbHBIMHI
[OTePsAMH U HCCJIeJOBAHIE UX CBOMCTB CYIIECTBEHHBL /I MIPOABIKEHNS B HAIIPABICHUU K
6oJiee BBICOKOM TOYHOCTH IKCIEPHMEHTOB.

Beir uccnemoBaH — paAx  HU3KOTEMIEPATYPHBIX — (DTOPIIOJIMMEPOB  POCCHICKOrO
IIPOU3BO/ICTBA, CHHTeBI/I};OBaHHLIX B Ilepmckom ¢puimane PHIT "Ilpuknagnas xumus" u
B [ocymapcTBEHHOM HCCJIE[OBATEILCKOM MHCTUTYTE OPTaHUYeCKOH XMMHUM M TE€XHOJIOIHH
B Mockse. Onucasbl pe3yibTaThl U3MEPEeHUl BI3KOCTH U CeYeHHIl paccesHus HEHTPOHOB
B gwamasome smius BomH 1-20 A B dymxkmum Temmeparypst or 10 mo 300 K.
V3MmepeHus HENTPOHHBIX CEYEHUN MPOBOAMINCH HA MYYKe HMIYJIbCHOIO PEaKTOpa
VBP-2 JJTH® OUAN. Hanbosiee MHTEPECHHIMU ¥ NEPCIEKTHBHBIMU OKA3AJUCH CJIOXKHBIE
nonudropoxcumeruiensl ¢ obmeit opmymnoit CF30(CF50),(CF,CF50),,(OCF;CF,0);
CFs; ¢ nim:1=65,8:3,1:0,2 u wmosexynapusiM BecoMm 4883, um n:m:1=30,3:1,5:0,2 u
MOJIEKYJISIPHBIM BecoM 2354, uMeromuMu TeMuepaTypy norepu Tekydectu Bosusu -100 C.
Ha ocHoBanum m3MmepeHWH HEATPOHHBIX CEYEHWH BBIYHCIEH OXKUIAEMBbIA K03 duiment
noTeph HelTpoHoB — 7 = 2 X 1078 mpwm Temmeparype oxomo 160° K, B6im3m KOTODOIL
IIapaMeTpP BA3KOCTH yIOOEeH sl yJep:KaHUs [OJIMMepa Ha IIOBEPXHOCTH.

OreHeHo KBa3Hympyroe paccesHie HeHTPOHOB Ha Aud@Y3HO ABUXKYIIUXCS KPYIHBIX
MOJIEKYJIaX HOJIMMepa ¥ TEOPeTHYECKH PACCMOTPEHO PACCEsIHYE HEHTPOHOB BI3KOYIPYTUMH
IIOBEPXHOCTHBIMH BOJIHAMM IpHM oTpaxerun YXH oT moBepxHOCTH BA3KOM >KUIKOCTH
U UX BIMSHWE HA IIOTEpU YJIBTPAXOJIOAHBIX HEHTPOHOB Hpu XpaHeHwu. s ciydas
BASKOYIPYTHX IIOBEPXHOCTHBIX BOJIH DPACCMOTDEHHME IIPOBEIEHO B DPaMKaX MOZENIH
MaxkcBesia BI3KOR KHAKOCTH C KCIOIb30BAHMEM ANHAMUIECKOTO CTPYKTYPHOro (haxTopa
JJI M30TPOIHOM BA3KOYNIPYIOit CPeJibl, ONPEAEISIEMOr0 YeTHIPMsI MAapaMeTPaMy CPeIbl:
TeMmueparypoit T', IIOTHOCTBIO p, MoxysieM caBura G ¥ BpeMeHeM DeNIaKCAlldU CABUIOBBIX

HAIPAXKEHUN 7. BepOHTHOCTb pacceaHud HeﬁTpOHa C Ha4YaJIbHBIM BOJIHOBBIM BE€KTOPOM
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ko m KoHeuHOM 3Hepruelt E ompenenserca MHTETPaJoM OT AMHAMHUYECKOTO CTPYKTYDPHOIO
dakTopa mJIg M30TPONHOM BA3KOYNPYroit cpemsl S (q, %) II0 IIEPENAHHOHMY BOJHOBOMY

BEKTODY ¢:

UJ(EQ - E) _ 16koy 1 S(q, AFE

-
e ] (o5 )R ada-dg ®)

I3 pacuéToB BEpOATHOCTH DPACCETHUS B (YHKINY [EePEIAHHON SHEPIUU CJIELYET, UTO
npu oTpakennu YXH MOXKeT mMeTb MECTO dHepreTmdeckoe ymupenme mopsaiaxa (1-10)
#9B. Kpome BO3MOXKHOCTH KOJMYECTBEHHOTO CPABHEHMS DACCYUTAHHBIX BEPOATHOCTER C
9KCIIEPUMEHTAJIbHBIMY JAHHBIME YIAJIOCh U3BJIE€Yb M3 IIOCIEJHUX AUAIA30H MIapaMeTPOB
JUHAMIYECKO} MOy — MOAYJIs capura G ¥ BpeMeHU pelaKCalUy CABUTOBIX HAIDSKEHUH
T.

Ha ocHOBe ONHMCAHHBIX WCCJIEJOBAHUY HU3KOTEMIEPATYPHBIX (TOPIOJIMEPOB B
JanbHeleM OBLT [OCTAB/IEH IKCIEPUMEHT [0 H3MEPEHHIO BDEMEHH XKH3HH HeHTpOHA
myTém xpanenus YXH B JIOBynIKax, MOKPHITHX HCCAeTOBAHHEIM (BTOPIOINMEPOM. B aTux
IKCIIEPUMEHTAX YIAT0CH JOCTUTHYTH IPeICKA3aHHOro KoabduimenTa noreps 7 = 2x 1078,
Tak 4TO nonpasku Ha norepu YXH Ha crenkax cocrapisin jumsb (1-2)% or Gera-pacnazna
HeHTpOHA, YTO HA IOPALOK MEHBIIE, YeM B IPeIbIIYIINX H3MEPEHUIX Bpe‘MeHI/I JKU3HU
HeifTpoHa MeTozoM xpaHeHusa Y XH B 3aMKHYTHIX 00BbEMaX.

Ha ocroBe u3MepeHusi CIEKTPOB BO30yKIeHWH (DTOPIOJAMEDPOB ObLIN BEIYHCJIEHEI
oxunaeMeie KoagduurenTsl morepbs ¥ XH mpu orpakeHun B GYyHKIMH TeMIEpaTypPbl
U CHEJaHBl ONTHMUECTHYECKHE 33KJIOYEHWs O BO3MOXKHOCTH JAJbHEHIIero Iporpecca B
HAIIPABJAEHNY yMeHbIeHus: Koaddunuenta norepb ¥ XH npu xparesuu B 061aCTh 1) =~
1077,

B wecmoti 2nage CONEPIKUTCS ONUCAHIE METOIVKH 1 U3MEPEHNH CIEKTPOB KBA3UYIIPYTO
paccearubix Y XH npu ux nozbapbepHOM 0TPaKeHUH OT MOBEPXHOCTH TBEPIABIX TET: MEIH,
TedJIOHS ¥ AJIMa30M0L0OHOr0 yIJIEPOIa.

Tlpupoma sddekTa MaybIX Nepesad 3HEPruM, HAYIIUX C HEOKUITAHHO OOJIBIIOHN
BepoaTHOCThI0 ~ 1076 — 1075 npu oTpazkennn oT TBEPABIX MOBEpXHOCTel He BIIONHE SACHA.
PaccunTriBaeMasi BepOSTHOCTh paccessHusi Ha (DOHOHAX CO CTOAb MAJIBIME IepeladaMu
SHEPrUU JOJKHA GBITH MHOTO IOPSIAKOB MeHbIre. IIpe/jiarajiuch pa3indHble MEXaHI3MbI
IJisT OOBbSICHEHHSI CTOJIb GOJIBLION BEPOSTHOCTH PACCESHMSI B CTOJIb MAJIblil HEATPOHHBIM
dazoBbiit 00bEM: TUDDYINOHHOE IBIKEHWE aTOMOB BOZODOZA, aJCOPOMPOBAHHOTO Ha
[OBEPXHOCTH WJIM DPACTBOPEHHOIO B IPHUIOBEPXHOCTHOM CJIOe, M JBHXKEHHE MAJbIX
c1aB60CBSI3aHHBIX YACTHIL HA, TIOBEPXHOCTH.

OnuceiBaeMBIl METOZ CIEKTPOMETPHUE KBa3uynpyroro paccesHus YXH ocHoBaH Ha

U3MEPEHMY BPEMEHHBIX 33BHCHMOCTEN CKOPOCTH CuYé€Ta HEHTPOHOB, BBHLIETAIONINX U3
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KaMmepbl xpaneHus: YXH, T.e. pacCessHHBIX HCCIeLyeMbIM 00pPA3LOM, IPH HCIOIb30BAHUU
B KA4YecTBe IOIVIOTHTEJeH I[JIACTHH M3 MOHOKDPHUCTAJUIMYECKOrO KDEMHHS ¥ DOJUEBHIX
¢oubr. B onucaHHBIX 9KCIEPHUMEHTAX II0 CPABHEHMIO C NMPEXKHHMH paboTaMu, rae TOT
3 DEKT U3yHaJICs C MPOTHBOPEUNBBIME PE3YJIbTATAMHE, CIIEKTP HAYAIbHBIX HEHTPOHOB ObLI
pacmuper ¢ 50 #9B mo 150-200 u3B, muama3oH SHEPruM pPACCEsSHHBIX AETEKTHPYEMbIX
HEHTPOHOB GBLI PACIINPEH [0 BO3MOXKHOrO MakcuMyma — oT Y XH 10 TemioBbIx.
CKOpOCTh CYETa [eTEKTOPA PACCESHHBIX HEHTPOHOB IPY HAJIMYUK OTTIOTHTEIS MEXKIY

00pa3IoM U JeTeKTOPOM eCTh PE3YJIbTAT MHTErPUPOBAHUI:

€,

N er(t) = / o(v, t)egs; (v, absorber)dv 9)

rae ¢(v,t) HERTPOHHBIA MOTOK, a 3(PbEKTUBHOCTh PETMCTPAIMA JETEKTOPOM HEHTPOHOB
CO CKOPOCTBIO U, IIePEeCEKAIONINX YyBCTBUTEIbHBI 00bEM AETEKTOPA IIOCJIE IPOXOXKASHHS

CKBO3b IIOIVIOTUTEJ/Ib DaBHa&
€cff (,07 67 r, I'l, absorbe;r) — e‘dabszubs(v)/cosg(l — eldet(ryrl)zdet(’u))’ (10)

rae dgps — TOJNINUHA TOTJIOTHTENS, § — yros HeHTPOHHON TPAEKTOPHM II0 OTHOIIEHHIO K
HOPMAJIA ILIOCKOCTH IOTJIOTHTE S, Laps (V) — MAKPOCKOIMXYECKOE CEUCHNE HOTJIOTHTEST I
HEHTPOHOB CO CKODOCTBIO U, lget(T,T’) — AJMHA HEWTPOHHON TPaeKTOpWH BHYTPH 00bEMa
JIETEKTOPA, 3aBUCAINASI OT KOOPAWHAT I ¥ I’ TOYEK BXOJa HEHTPOHA B JETEKTOP U BBHIXOIA
U3 Hero, T ge¢ (V) — MAKPOCKOITHYECKOe CeveHe TONTIOMeH s HeiiTpona aapamu S He B 06béMe
neTekTopa. 9Ta 3¢hPEeKTUBHOCTL MomeupoBagack MeronoMm Monre-Kapno B dyHKIUE

CKOPOCTH HEHTDPOHA ¥ TOJIIMHBI IIOTJIOTUTE IS
/
ectr(v, absorber) =< e.55(v,0,1,1', absorber) >irajectories (11)

B De3y/ibTaTe YCPEJHEHHS IO BCEM TPAGKTOPUAM HEHTDOHOB, PACCEAHHBIX 00pa3loM U
[epeceKaromux 00bEM IeTeKTOpA.

CrexTpsl paccesiHHBIX HEHTPOHOB ¢(v) =< ©(v,t) >a¢, YCPELHEHHBIE [0 BPEMEHH
JJis  DA3NUIHBIX BPEMEHHBIX WHTEpBaNoB Af XpaHeHHS HEHTPOHOB, W3BIEKAJINCH
U3 SKCIEPUMEHTAIbHBIX J@AHHBIX METOAOM HAMMEHBIIMX KBAJPATOB B PAa3IUYHBIX
HPeANONOKEHUSAX 0 (POPMEe STUX CIIEKTPOB.

BeposiTHOCTS paccesHust ¢ MaJjoit mepenadeil sHeprum (MOMyYeHHOE KAK OTHOIIEHNE
M3MEPEHHOr0 MOTOKa HArPEeTHIX HEMTPOHOB K IIOTHOCTH IOTOKa majaomux YXH u k
nnomau o6pasna) okazarack pasroi (240.2) X 1074 as recdbmona m (5+0.9) x 1075 mua
MeIHBIX 00pa3LoB.

Jlanee B 3TOH rjlaBe pPacCMOTDPEH BO3MOXHBIN 3(¢eKkT mnpogpienus nucddy3un

BOZIOPOZa B KBasuymnpyroM paccesuun ¥ XH npm mx orparkenunm or mosepxHocTH. Kax
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U3BECTHO, OOBIYHON mpobiemoit nna xpaneHuss YXH B 3aMKHYTHIX COCYJaX SIBJISIOTCI
BOZOPOZCOAEPIKAIUe 3arPA3HEHHUS] TOBEPXHOCTH.

Juddysns Bogopoxa B aIcopOMPOBAHHOM CJIO€ WM B IPUIIOBEPXHOCTHOM CJIOE HPH
KOMHATHOM TeMIepaType MOXKeT ObITb 3HaUUTENbHOH ¢ Koaddunuentom auddysun D ~
1075 cm?/c u Gosee. Bomopos, pacTBOPEHHEIH B METAJUIAX, TAKXKe B DANe CIydaeB HMEeT
Gonpmoit kKoaddunuent auddysuu.

Ilpu MajbIX U3MEHEHMSX BOJHOBOI'O BEKTOPa K yIIupeHwne (MYHKIUYM PACCesHUS [PU
OIHOM aKTe pacCedHus (MOJIYNIMPUHA Ha IOJyBbIcoTe) pasra 0E = Ax2D, u npu ucxomHol
sHepruu Hefirpora =~ 50msB u D ~ 107% cm?/c nmeem 6E =~ 2m3B, a B pesymsraTe CoTeH
aKTOB paccesus BO Bpems xpamenns YXH AE = §F - n'/? ymupenue crmexTpa MoxeT
JOCTUraTh HECSITKOB HAB.

VlnTerpupoBanye 0 TEJECHOMY YIVIY BBIPaXKeHHs IJid ABaXKIbl Iu(depeHIualbHOr0
CevYeHMs KBA3UYIPYroro pacCesHus B KJIACCHYECKOM mpezene maéT muddepeHunanipHoe

CceveHHe KBa3HyNPYroro paccesnus B QYHKIWH NepeIaHHOl SHEPTHH €:
4
doge , o, [PHR(A+dV+1)
—— = d4nb;,  — n{ 4],
de Eo lge bz((l +d)1/2 - 1)
rme a = h/(16wM D), M - macca meiirpona, b = 2MD/h, u d = €/Ey, Ey — HavanpHas

9HEprusa HelTpoHa. Pe3ynbrars: BorducaeHui quddepeHualbHOr0 CeUeHs i BEPOITHOCTH

(12)

KBa3HYIPYIroro paccedHus Ha MuddyHAUPYIONEM aTOMe BOJOPOJA MOKA3AJIH, YTO IIPU
JIOCTATOYHO BBICOKUX KO3 duipenTax 1uddy3un 3TOT MEXaHU3M MOXKET JaBaTh 3aMeTHBIH
BKJIaJI.

B cedvmoli 2nase Teopermuecku paccMOTpeHa Aemonsgpusanus YXH B JoBymikax,
HMeIOITas 3HaYeHre Ipy u3Meperunn /1M HeHTpOHa U yIVIOBBIX KOPPEJISAUU IPK paciae
HeWTpOHA C IPUMEHEHNEM YJIbTPAXOJIOTHEIX HEHTPOHOB.

OueBngno, uro nenosspuzanus YXH B J10BymKax OTYaCTH YBEJIHUMUBAET IMIAPUHY
Pe30HAHCHOIl NMHMM M YMEHbIIaeT IVIYOMHY IpOBaJia B PE30HAHCHON KPUBOH, yXyZAIIas
YYBCTBUTEJBHOCTb 9KCIEPUMeHTa 110 noucky DM HeiTpoHa.

Bbl1o mokazaHo, YTO BEPOSTHOCTH MEPEBOPOTA CIHHA HEUTPOHA NPH OTPAXKEHUM OT
MaTepHaJIbHO} CTEHKH B HEOJHOPOJHOM MATrHUTHOM IIOJle MOXKEeT OBITh 3HAYUTEJIbHON
JaKe eCay IapaMerp afuna0aTUYHOCTU Ui JBUXKEHHS CIMHA B TOM IIOJI€ BEJIHK. DTO
IPOKNCXOIUT IIOTOMY, YTO IPOU3BOAHA [T0 BPEeMEHH MAarHUTHOI'O HOJIS B CHCTEME HEeiITPOHA
IpeTepreBaeT Pa3phiB B TOM CMBICHIE, YTO OTPAXKEHHE OT CTEHKW IPOMCXOLUT 38 BPEMI
O4YeHb MAJIOE [0 CPABHEHUIO C HepuoioM JIapMOpPOBCKOH Mpeneccuu.

IlycTp HefiTpasibHAs 4YacTHIA C MACHUTHBIM MOMEHTOM JBHIKETCS B HEOIHOPOIHOM

MarHiTHOM IIOJI€ BHYTPH JIOBYILIKH, OTpaxKagdCh OT eé crenok. IlomecTum CUCTEMY
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KOODAMHAT HEWTPOHA B TOYKE OTPAKEH¥S TAaK, YTO OCh L HAIPABJIEHA BJIOJH MAarHUTHON
cusioBoit ymeun. Ilpu mocroaunsix Hy # 0, Hy = 0, H, = tH, H > 0 pemaa ypaBHeHu:

IlIpeauHrepa A/ CIHHOPHBIX KOMIIOHEHT
b+ (W —ia+a’)p =0, X+ W+ia+a?)x=0, (13)

rie w = uHy/h, a = pH/h, 1 — MarHuTHBIE MOMEHT HeHTpOHa, mofCcTapsas ¢ = e */?u,
X = e *%v, 7z = —iat?, u BBOMA 0 = w?/4ia, TOTyUAEM BBIPAXKEHUS Il BEPOSTHOCTH

IIepeBOpPOTa CIIMHA II0 OTHOIIEHHUIO K HAIIPABJEHUIO MAaTHATHOTO IIOJIS:
9 / 9 '
|p(+00)” = (6 = €)% m g(+o0)[* = 2(§ + €)%, (14)

B 3aBHCHMOCTH OT 3HaKa M3MEHEHHs BO BPEMEHM KOMIOHEHTH H, () MarHuTHOro mous IO
¥ TI0CJIe OTPAaYKeHUs HeHTpoHa oT cTeHKw, u rue & = 1/24|a|, & = 1/24|d/|.

YyicsieHHBIE OLEHKH /IS KOHKPETHBIX CUTYalMil al0T, YTO IO CPABHEHUIO C JBHKEHHEM
HeATpoHa 6e3 OTpakeHuit, KOra BePOATHOCTh HePEeBOPOTa CIMHA SKCIIOHEHIIMAJIbHO MaJa,
IpU HAJIUYIMK OTPAXKEHUI OHA PE3KO BO3PACTAET JaKe NPH JCTATOYHO BBICOKOH CTeNmeHH
OZHOPOIHOCTY MATHHTHOIO IOJIA.

B gocvomoli 2na6e COmepKUTCS aHAIM3 BO3MOXKHBIX BApUAHTOB IKCIEPHMEHTAJIbHOTO
[IOUCKA OCHMJIVISIU HeHTPOH — 3epKaJIbHBIN HEHTPOH.

IIpeamnosioxenne O CyIeCTBOBAHMM YACTHUI[ ¢ 0OpaTHO! acHMMETpHell BIepBEHE OBLIO
BBICKA3aHO B HMCTOpUYEcKoil pabore Jlu u fHra, comepkaimeit rumoresy O HapyIIeHHH
yérnoctu. Ilocne nabmomenusi CP-HapyuieHus 3Ta ujesd OblIa BHOBb BO3DOXKIEHA B
pabore KoG3zapera, Oxyns u Ilomepanuyka. B »Toit pabore ObLIO MOKa3aHO, 4UTO
3epKajIbHBIE YaCTHLBI, €CJM OHU CYIIECTBYIOT, HE MOTYT B3aMMOIEHCTBOBATL C OOBIYHBIMU
YaCTUIAMU [TOCPEACTBOM OOBIYHOTO CHJILHOTO WMJIM 3JIEKTPOMATHUTHOTO B3aMMOMAEHCTBHUL,
HO TOJIBKO IIOCPEJCTBOM HEKOEr0 HOBOIO Cab0ro ¥ MpEeMMYIIECTBEHHO DABHUTAIMOHHOTO
B3amMozeiicTBuil. 3a mociexyromume 40 JieT HOABMIOCH MHOIO HOBBIX HJEH B 3TOM
HANpaBJeHuy. DB BBICKA3aHbI apryMEHTH, YTO TEMHAsS MaTepusd MOMXKeT COCTOATH
M3 3epKaJbHBIX 00bexToB. KOHuenuus 3epKajbHOIl MaTepuy HAILIa TaKXKe Pa3sBUTHE B
TEOPUAX CYNEPCTPYH.

HeZaBHO TaKKe OBLIO MPENNONONKEHO, UTO GBICTPbIE N — N -OCHMJJISIME MOTYT
obecrieqnTh 3phEKTHBHBIA MEXAHM3M POXOYKICHAS HA OYEHb GOJIBIIME KOCMUYECKHE
PacCTOAHMS IIPOTOHOB CBEPXBLICOKMX 9HEpruif, Belme mopora obpesanua ['paiizeHa-
Banenusa-Kysvuaa 5 x 101° sB. Oxazanock, YTO CyImIECTBYIOIME 3KCHEPUMEHTAIbHbIE
OrpaHMYEeHMs HA OCUHJLISAIEA 7 — 7 OYeHb CIa0BI TAK KAK eUHCTBEHHEIM CHTHAJIOM
TAKOTO IIE€PEXOJa SBJISIETCS MCYE3HOBEHWE HeiTpoHa. CrnenyaabHBIX 9KCIEPUMEHTOB IO

IIOUCKY TAaKOro MCYE3HOBEHHS Ha MOMEHT PaCCMOTPEHUA aTOol HpO6JIeMbI HE IIPOBOAUJIOCH.
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B paGore OblLia paccMOTpeHa CHTyallMsl, CYIIEeCTBYIOINAas B BONPOCE OTPAHUYEHMI
Ha OCIWIISLINN HEHTPOH-3€PKAJbHBIY HEHTPOH, M NIPOAHANIU3UPOBAHEL BO3MOXKHEIE
SKCIIEPUMEHTHI II0 YCTAHOB/IEHWIO TAKKX OTPAHIYeHNH. PacCcMOTpeHBI IOAXOMBI HA OCHOBE
perucTpanuu haKTa HCUYE3HOBEHHWS HEATPOHOB: HEHTPOHHBIA IYYKOBBI# IKCIEPUMEHT
¥ 9KCIepuMeHT mmo XpaHeEmio YXH B JoBymKkax u paccunTaHa YyBCTBUTEJILHOCTH
BO3MOXKHBIX OKCIIEPUMEHTOB. Bckope mocjie myOuKamyuy 3TONO DPACCMOTPEHHd U
C HCIOJIb30BAHUEM MPEIJIOKEHHON 37eCh CXeMbl INOCTAHOBKH SKCIEPUMEHTOB OBLIM
mpoBeneHbl u3Mepenus ¢ YXH, B KOTOpwIX GBLIM YCTAHOBJIEHHI HOBHIE, OOjiee BHICOKUE
OrpaHUYEHUs Ha BpeMs OCHUJLIANMA HEeATPOH-3ePKaIbHBIA HEHTPOH Ha YPOBHE T,sc>400
¢ (90%).

B  saxatouenuu comepKaTCI OCHOBHBIE HTOTM HM3JIOXKEHHBIX B JUCCEPTALUA

HUCCJIeJOBAHUM:

1. C menbio yBelWYeHWs CBETOCHIBI ¥ OTHOmeHMs 3ddexTta K GOHY IIpH
U3MEDEHUN CIIEKTPOB OY€Hb MEIJICHHBIX HeHTPOHOB pa3paboTaHa BPeMINpPONETHAL
cnekTpomerpus Y XH koppensuuonnoro Tumna. CKOHCTPYHPOBAHBI U IOCTPOEHBI IBa
BPEMSINPOJIETHBIX CIEKTPOMETpa — MaJiblii ¢ gmaMerpoM mpepbiBaTesns 40 cM u
GoJibIIOl ¢ mmamerpoM mpephiBaTens 160 cm. PaspaboTaHbl U ONTHMH3HPOBAHBI

CIVHTWLISIIMOHHEIE IeTeKTOpbl ¥ XH [j1st TaKo# CIIeKTPOMETPHH.

2. TlocTtpoer BpemsanposéTHEL peditekToMerp 1 Y XH ¢ BO3MOKHOCTBIO HaHECEHH
MHOT'OCJIOMHBIX MeTaJINYeCKUX MOKPHITUH Ha OTPArKAIONLYI0 HEHTPOHBI IIOBEPXHOCTh
METOZOM HCIIAPEHMS B BaKyyMe CMeCell MeTaJyIOB HEIOCPeJCTBEHHO Ha IIy4Ke
HeltTpoHOB. PaspaboTanHas CrneKTpoMeTpuss ¥ pedJIeKTOMEeTp HIPHUMEHEHbI I
HaOJIOfleHWsT TPENCKA3aHHOrO paHee 3ddexTa MeTaINIeCKOro OTParKeHud
HeHTPOHOB INPH HX OTPa’KEHHHM OT IOBEPXHOCTH BELIECTB C OOJIBIINM CedeHHeM

3axBaTa.

3. IlpenyioxkeH ¥ YMCIEHHO MPOMOJEJHMPOBAH METON WM3MEpPEHHs MaJIbIX W3MEHEHUH
SHEPIUM YJIBTPAXOJIOAHBIX HEHTPOHOB, OCHOBAHHBLIM Ha NPUMEHEHNHN KOMOWHAaIMi
uHTepdEePEeHINOHHEIX (DUABTPOB. IIpeasiosKeHHbI MeTon 3aTeM ObLI PeaJu30BaH
Jpyroit rpynmoit M NpUMeHEH [Jig HAOIIONEHUT ¥ WCCIEJOBAHMUI HECKOJBKUX

HeRTPOHHO-ONTHYECKUX IDDEKTOB.

4. Co3zaH BpeMANPOJIETHBIA CIEKTPOMETDP C KOJIBIEBEIM KOOPAMHATHBIM JETEKTOPOM
IJIS WM3MEPEHUsT TONHHX U [IuddepeHnNaIbHEIX CeYeHUN pACCesHHsd OYeHb

MEIJICHHBIX HEHTpOHOB. IIpoBeJieHBI M3MeEpeHUS HEUTPOHHBIX CEeYeHMH I psaia
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marepuanoB (Al, Zr, Cu, Si, ®LiF, Teduon, nommsTuien, ¢TOPLIOIHMEDDI)
B gJuamazoHe aume Boal 200-1000 Am wu3 ceuenmit ompeneNeHBl IApPaMETDEHL

HEOTHOPOAHOCTHU Cpeabl IJjid HEOAHOPOAHBIX MaTEPHUAJIOB.

. DKCIepUMEHTAJIbHO [IPOBEPEHa Teopus B3aumomeiicTeusd Y XH ¢ BemecTBOM IpH HX
OTPaXKeHU¥ OT MATePUAJNBHOM CTEHKH. DTO CHENAHO IMyTEM IOCTIOINHOTO M3MEepeHMI
AKTHUBAIMY NOAOAPHEPHBIMY HEHTPOHAMY MaTepHaJa OTPaKalouell MeIHON CTEeHKH.
[lokasaHo, 4TO 1O Kpaiimeii Mepe Ha ypoBHe Kodsbduuuenta morepb 1075 mer
OCHOBAHHUI JJIs MO UKALNY IPUHATOM Teopuu B3anmoeiicreua Y XH ¢ BemecTBoM

OTpaxKalolllell CTeHKH.

. Ilpenymoxkenrr HOBble MeTOmel reHeparuu YXH Ha HMOyIbCHEIX HEHTPOHHBIX
HCTOUHMKAX: METOZL JBHUKYLIEroCsS KOHBEPTEDA M METOL HECTAIMOHAPHOTO
saxsara YXH B joBymky. I[IpoBemenbl mompoOHble pacyéTel MerogoM MoHTe-
Kapimo ¢ mnpumenenmem mnporpamvel MCNP remepamun YXH B pasnumusbx
HU3KOTEMIIEPATYPHBIX KOHBEPTEPAX: Mapa-BOLOPOS U OPTO-AeiTepuil ¢ Pa3IUIHbBIMU
HU3KOTEMIIEPATYPHBIMA NpeI3aMeyIUTE/ISIMUA: OPTO-BOZOPOJ, ME3UTUJIEH, METaH.
IToxazaHO, YTO MpH ONTMMAJILHOM BHIOOpe KOMOWHAIMM IIpeA3aMelIuTes b
KOHBEPTEP Ha paanajbHOM KaHaje peakropa TPUTA Mapk-2 u mpu CTaHIZApTHOM
UMIIyJIbCe peakTopa ¢ sHepropouigenenueM 10 Mk koimdecTBo poxkaaembix Y XH B
IeiirepieBoM KoHBepTepe 00béMoM 200 em® mpubmmkaerca k 108, Orcroma cremyet,
YTO NpH pPa3yMHBIX moTepax YXH mpu TpaHCIOPTHPOBKE IO HEHNTPOHOBOLY 1
UX 3axBaTe B JOBYmKY umciao YXH B joBymke moxer mocrurarh 107, uTo BO
MHOTO pa3 IIPEBBINAET AOCTUTHYTOe Ha JydmeMm ucroynuke YXH B WucTuryre
Jlays-JlamxkeBena. IIpoBemeHbl mepBbie SKCIEPUMEHTHI [0 MMILYJIbCHOU TI'eHepaluy
YXH B TBEpHOIEHiTEpHEBOM 3aMeAINTEIE Ha UMY/ IbcHOM peakTope TPUIT'A Mapk-2

Yuusepcurera r. MaitHir,

. IlpemokeHa MOCTAHOBKA OKCIEPUMEHTOB U BCECTOPOHHE SKCIEPUMEHTAJILHO
uccienoBana remepanus YXH B Hanbojee [IEPCHEKTUBHBIX  KPHUOTEHHBIX
3aMe[JINTeNaX-KouBepTepax YXH: geitrepun, Kuciopoge u  ZeiiTepoMeTaHe
B ra3000pa3HOM, >KHAKOM ¥ TBEPHOM COCTOSHUAX. [lOJydeHHBIE DE3YJIBTATHL

COIIOCTABJIEHE! C AETAJbHEIME pacyéraMu rexepanuu Y XH.

. IlpenyoxkeHBl ¥  IKCIEPUMEHTATIbHO  HCCJIEJOBAHBI HOBBIE  MAaTEPHAJBl  —
HU3KOTEMIIepaTypHble (DTOPIONMMEDPBl — [ NOKPHITUSI CTE€HOK JioBymrek YXH

C OeJbI0 MUHHUMHU3ALUN UX MOTEPb IIPU XPaHEHUM. I/IsMepeHm BA3KOCTB U CKOPOCTb
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HCIapeHus: Hawbojiee MOAXONAIUX (DTOPHOIUMEPOB B (YHKIHE TEeMIEPATYDHL.
U3Mmepennsl cedenust paccesiHUs HEWTPOHOB Ha (TOPIOIUMEPAX B JUANA30HE
e Bone 1-20 Awu nmamasome remmeparyp 10-300 K. M3 gaHHEIX DO ceyeHmsaM
paccesiHus JJIsT HU3KOTEMIIEPATYPHBIX (DTOPHIOIMMEPOB MOIYYeHBl IPeICKA3aHUI
JUIS OXKHTAEMON BeuuuHEl Koaddunuenta noreps Y XH: 2x107%, moarsepxxaéunsie

HO3JHEe B 9KCIIEPUMEHTaX M0 xpaHeHmo ¥ XH.

9. PaspaGorana MeTOIUKA W M3MEPEHBI CIEKTPHI KBasMynpyro paccesnseix Y XH mpu
IX TOA0APHEPHOM OTPaXKEHHH OT MOBEPXHOCTH TBEPABIX Tesl. MeTos 3aKII0vaercs
B WM3MEPEHWM KPUBBIX IPOIYCKaHusl paccesHHbix YXH uepe3 xanmbGpoBaHHBIE

MIOIVIOTUTENH U JaJbHeHIleM BOCCTAaHOBJIEHUH U3 3TUX KPUBBIX CIIEKTPOB YXH.

10. Teopernuecku paccMOTpeHa menonspusanus YXH B JoBymkax. [lokasaHo, 4To
[P OIPENEJNEHHEIX YCIOBUSIX — HAJWYAM TPAJUEHTa MATCHUTHOLO IOJS B TOYKE
OTPasKEeHUS HEHTPOHA OT CTeHKH — MOXKET MMeTh MeCTO 3aMETHAS AeNOISIPU3 ALK IPH
OIHOM yJape JayKe B YCIOBUSIX BHICOKOTO IIAPAMeTPa aauabaTHIHOCTH /IS ABUKEHUS

CIIMHa HeﬁTpOHa B MaruuTHOM IIOJI€.

11. Hpe,HHO}KEHbI u IIpOaHAIN3UPOBAHBI pPa3IuvHEbIE BO3MO2KHbIE BapUAHTBL

9KCIEPHUMEHTAJIBHOIO MOUCKA OCUMLIANUYN HEHTPOH — 3epPKaJIbHbIA HEHTPOH.

PesynbraThl ucciiemoBaHU H3JI0KEHB B 37 MyOGINKAIUAX, U3 HUX 1 BOILLIA B POLOBOH
otuér Uncruryra saepuoit xumun Yrusepcuteta Maitai, 4 Coobmenua OMAN, 3 nokmana
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