


1. BBEAEHMUE

flpu pacnpocTpaHeHUu HEWTPOHOB UNW PEHTreHOBCKOro U3nyyeHuna B
CNOUCTOM - CTPYKTYpe oﬁpaayeTcn crosuan BonHa. Crosvas HeATpOHHAA BONHA
AIBNSETCA NEepuoauv4ecKMM NPOCTPAHCTBEHHbLIM pacnpepeneHueM NNAOTHOCTH
HeiAiTpoHoB.. OHa nponamemﬁ, B . YAaCTHOCTW, : Yepe3  NepuoaUYecKyio
3aBUCUMOCTb BEPOATHOCTW. MOCAOLLEHUN . HEUTPOHA -OT NEPNEHAUKYNAPHOR K
rpaHuuLam -pasgena CnoucTol CTPYKTYpPbl KOMMOHEHTH! BOAHOBOrO - BeKTopa. B
CBA3U.C 3TUM nepsblil [1] 1 panbHeiwne [2-7] akcnepuMeHTbl ¢ HelATpoHaMK No
HabMoAeHUIO CTORYEN  BONHBI B KPUCTaNne COCTOAIM B AEMOHCTpaumu
peanusauun - “aHoMancHbIX” - Npoueccos - 3axsata [2-4] u: HeKOrepeHTHOro
paccesHus - [5],7 npoBepke. HapyleHWs KOrepeHTHOCTU: NpU -~ PEe30HAHCHOM
paccesiHum [6,7].

B [8]. 6bin0 NpeanoxeHoO UCNONL30BATL PEHTIFEHOBCKYIO CTOAYYIO BOJSIHY
ANA onpepeneHus CTpykTypel. Metop, ucnohbayioumﬁ none -CTosYUxX BOJH,
OCHOBaH Ha W3MepPeHWU  YriROBOI . 32BUCUMOCTU WHTEHCUMBHOCTM - BTOPUUHOIA
paguauuu (BTOpUYHas ¢nyopecueHuus, .GoTo- U 0Xe-3NeKTPOHHas 3MUCCUM).
BropuuHoe usnyqenue HecET undopmauuio 06 aTomax, koTopsle UX ucnycTnm.
B cBA3W C 4eM, PErucTpupys xapakTepucTudeckoe. UssiyyeHue, MOXHO
onpeaennTb TUN atomMoB, UX KONWMYECTBO W NONY4UTb, TakuM o6pasoMm, Gonee
heTansHyio uHbopmaumio [9]. '

[Ana  HeATPOHOB BTOPUYHLIM U3NYYEHUEM ABNAAIOTCA NPOAYKTH . AAEPHbIX
peakumit - (ramma-usnydeHue, NPOTOHbLI, anbga-4acTuubl), HEKOrepeHTHO- WU
HeynpyropaccesiHHble HEeATPOHbl, a Takke: HeATPOHbLI, U3MEeHMBLLUME CNUHOBOEe
coctosiune. PagvauuoHHLI 3axBaT HEATPOHOB U CBA3AHHOE C HUM ramma-
uanyyeHve npucyluM GONbLUMHCTBY W30TONOB. - N  OTAENbHbIX uaoronoé'
rapgonuHuA, camapusi, KagmMua U Apyrux SNeMeHTOB cedeHue 3TOW peakuum B

0o6nacTv TennosbiX HETPOHOB AOCTUraeT AeCATKOB kunobapH. B ¢BA3n ¢ aTuM
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npencTéanqucq NepcnexTMBHLIM MCNONbL3OBaTL KaHasl perucrpauuu ramma-
KBAHTOB NPYW PErucTpaLm HeIATPOHHBIX CTOSYMX BOMH.
B [10] coobwanock 0 HabniopeHN Yepes perucTpaumio raMmMa-nanyyeHus,
CBAI32HHOTO C 3axBaTOM HEWTPOHOB, CTOAYMX HEWTPOHHLIX BOAH B C/OUCTOM
CTPYKTYPE .C XapaKTepHbiM1 TOJWMHamMy Coés nopsaka CoTeH aHrcTpeM. B
. BKCNEPUMEHTE . M3MEepsAiacb WHTEHCUBHOCTbL raMma-uanyyesuss  OT  Cnos
rafonvHna B 3aBUCUMOCTY OT yrfla CKONbXEeHWA Nyyka HeliTpoHos. HabnioaéHHas
 3aBUCMMOCTb uMena psaa  MakCUMYMOB . MPW - ONPEAEesEHHbIX - 3HaYeHusIX
ngpneyﬂnuxynﬂpnoﬁ KOMIOHEHTLI  BOMIHOBOrO = Bektopa. 3TW  MakCUMyMbl
coorachrabe Pa3nnyHbLIM nopsaakaM NOrNoWeHns HEMTPOHHON BONHLI, ABTOpL
AENaoT BbIBOA O HabMNOASHUM PE3OHAHCHO-YCUIIEHHBIX CTORYMX BOAH. OaHako,
u3-3a COMbLLIOrO NOTMOWEHUA HENTPOHOB Tafo/IMHUEM, PEXUM PEe30HaHCHO-
yCueHHbIX BONH Obil OCYLUECTBNEH TONLKO B Cly4ae, Koraa Ha cnoe ragonnHus
Haxo.uhncq y3en cTonyei BOMHbI.

. B cBO&M “ccnenosawun Mol NPecnefioBany - Uenb HaGMoaAeHNs CToSYMUX
BOJIH B C/IOUCTON MarHWTHOW CTPYKType NyTEM perucTpaumy ramma-usnydeHms
or CIIost . TaflONUHMS, . UCMONbL3Ys METOA. BPEMEHU Nponéta Ha  UMNYNbCHOM
ucTQQHMKe nonapn3oBaHHbLIX HEMTPOHOB. MeTtoa BpeMeHu nponéta nossonaet
nOﬂYHMTb uHdopmaumio B LUMPOKOM wHTepBeane yMH BonH. Mcnonb3osakue xe
NONAIPU3OBaHHbLIX HEWTPOHOB NO3BOASET WU3MEpPATb OTHOLWeHWe c4éTa ramma-
KBAHTOB , COOTBETCTBYIOLUMX NOJSPM3aUMN Nyyka HEATPOHOB MO HaNpasfeHnio
MarHuTHOro nons v npotus, MpumeHenne o6oux qbaxtopoe nossonner 6onee

HaOEXHO BbIAENUTL HeGonblume 3 dexTbl BONHOBOrO Mo CTOAUMX BOSH.

2. NBMEPHTENbHASA ANMNAPATYPA
Mamepenus 6binM  npoBeAeHbl Ha CMEKTPOMETPe  NOMSIPU3OBAHHLIX

HeirtpoHos CIMNH  peaktopa WBP-2. Ha puc. 1. npueepeHa cxema
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‘Puc. 1. Cxema skcnepuMeHTanbhoﬁ yc}ahoeku
3KCNEPUMEHTaNbHOM ycTaHoBKM. HEHTPOHHLIA nNyvoK, NocTynamowmii -¢ Bbixoaa
nosspusaTopa, KoAAMMMpOBAsCs KagMuUeBbiMi anadparmamMy Ha G6ase nponéra
3 M no obpasua. MNpyu 3TOM cpeaHeKBaApPaTUHHOE OTKAOHEHUE YIla CKOMbXXEHUs
0=2,85 mpap, naﬂ,ammel’Qﬂy}-lK&__HeﬁTpOHOB .- B HanpasfeHuM No Hopmamu K
oTpaxarowieii. nosepxHocTh obpasua coctaenano 10,25 mMpan. OTpaxE@HHblii oT
obpasua nyyok -HEHTPOHOB - PErMCTPUPOBAJICS - ra30BbIM - _?He—p.eTeKTopOMp
pacnosoxeHHsiM oT o6pasuia Ha paccTosHuM 2,6 M. YposeHb (DOHOBOro cuéTa,
perncTpupyemsiit. 1eTEeKTOPoM, ,cocmansm.ﬂ,)',-2 H/Cc.: [lna MOHOXpoMaTu3aumu -
Ny4yka HEeMNTPOHOB- MCMONb3OBaNack MeToaMka v3amepeHus BpemMeHu nponéra..
lpu 3TOM .nponétHas 6asa. cocTasnana .,31,6 M. CpepHeksagpaTuveckoe
OTK/IOHEHWE. U3MEepsSIeMOro . 3HaYeHWs ASMHBL  BOMHLL A, oOfpeAaenseMoe
LNUTENLHOCTBLIO MMNYNLCA HERTPOHOB B 3ameanuTene, coctaensno 0,024,
MNpeunanoHHas CcNeKTPOCKONUS - raMMa-ussiyyeHus - NpoBoaunack . ¢
UCNONb30BaHWeM aHTUKOMNTOHOBCKOrO raMMa-crexkTpomeTpa: Ha . -oCHoBe
repManuneBoro getektopa (HPGe) -[11], ycTtaHoBnesHoro B -HanpasnesHun no

HOpMaNn K NnoBepxHOcTH o6pa3ua Ha paccTosHuM 25 cM oT Hero. [ns cHuxenus
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ypoBHA ¢dOHA NpUMeHsnacb nNaccuBHas KOMOMHMPOBaHHaA 3alnTa, COCTOALLAN
n35cm GOpMDOBaHHkOI'O nonuatuneda, 10 cm ceuHua u 1 cm Megu. MoaasneHue
KOMNTOHOBCKO NoAanoxku 8 3+5 pas B MaMepﬂeMOM TaMMa-cnexTpe Ans
vHTepBasia aHepruii ramma-ksaHtos 100+500 KS‘B‘ A0CTUranocb anMéHeHMeM
aKTUBHOMR 3auj.mb| .ci.eTedepa 7] BGO-cuu_ﬁrhnnﬁ@poa B COMETAHNM C NOTMIKOIA
AHTUCOBNAAEHUIA ~ BNEKTPOHHON  CXeMb cneKTbbmeTpa. Takum  06pasoM,
MHOFOMEpHbIf uaMepurehbem‘Mop.ynb, ﬁemcrpupybmuﬁ ‘BpeMﬁ nponéTa
HEeMTPOHA W 3HEpPruio ConyTCTé):/D'li{eFO ero 35xaaf§ ramma-KBaHTa, no3sonus
OQHOBPEMEHHO peannu3oBaTb cnenpoMeTpup HelTpOHOB MO MeToay BpemeHw
nponérta u cNeKTPoMeTPUIo raMma-ﬁanyqe}‘ms;.(

O6pa3ew npeacTaBnan U3 cebs MHOrOCAOMHYIO CTPYKTYPY, COAepXaLuyio
cnoii xenesa ‘(10001'&) W cnoii rapgoaAnHUS (5_0A), HaAHECEHHLIX HA NOANOXKY u3
ctexna TonwmHon 5 'l‘\-dM.l Moanoxka vimena :‘paaMepbl 100 mm(no

ropusoHtanu)x60 mm(no septukanu). O6pase, 66in NoMeLEH. B MarHuTHoe none

Hanpax&HHoCTbLIo. 300 Oe.

3. PE3YNIbTATHI U3MEPEHUM
.Ha puc. 2. nokasaH 3HepreTMyeckuil CNeKTp -raMma-KBaHTOB, CBA3aHHbLIA

C 3axBaToOM He#TpoHoB B o6pasue. OauH kaHan 3Aecb COOTBETCTBYET 1,4 k3B.

Mukn npu aHepruu ramma-kaHtoB 199,2 kaB n 181,9 «kaB, cooteeTcTBYIOT

pesoHaHcam B CuibHOMOrMOWAloUMX usotonax '*°Gd . (copepxanue. B
ecTecTBeHHoli cmecu 14,7%) n 157Gg (conepxaHue B €CTECTBEHHOI CMecy
15,68%) npu anvHe sonHbl 1,74A u 1,61A cootBercTBeHHO. BuaHo, uTO
niowaab ¢hoTonuka cocrasnset nopsaaka 50-150% ot naowanau nognoxky. ns
NOBLILIeHUsT HaAEXHOCTU naMepeHus Oblim NpoBedeHbl C NyvYkamMu HerTPOoHOB,
nonApV30BaHHbLIX NO HanpasneHnio (“+” nonspu3auna) U NPOTUB HanpaBneHus
(“-* nonspusauwvs) . BHewHero MaerHord nons. B xayectse oTpaxaresns
HeWTPOHOB  Gbii MCNONbL30BAH CAOW Xenesa, HamarHWHYeHHLI BO BHELWHEeM

MarHuTHOM none. rHaMaI'HMHeHHOMY A0 HackilleHua xesiedy COOTBEeTCTBYIOT ABa
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Puc. 2. CnexTp raMMa-KBaHTOB B 3HepretTuyeckom uHtepaane 50+250 kaB

PaHU4HBLIX 3HAYEHUs [/IMHLI BONHLI HEATpoHa A+ = 490A u L. = 8954,
cooTBercTByiowmx “+” n “-* cnMHoBbLIM cdeOHHMﬂM HelATpoOHa B MAarHUTHOM
none. Ana nepneHANKyAAPHONA K NOBepXHOCTU o6pa3sua AnvuHbl BOSIHH HeiiTpoHa
A,=A/sin(0), npeBbiwaloLleil rpaHNYHYIO ASIMHY BOAHbI (ANS COOTBETCTBYIOWErO
CMMHOBOrO COCTOSIHUA), HEUTPOH MCMbLITLIBAET MONHOE  OoTpaxeHue OT Cchnos
xene3a. Npy aToMm, amnantyaa (kBaapat MoAdy/s BOAHOBOIN dyHkumm) “+” (“-")
cTOsHel BOMHLI AOCTUraeT MakcuMyMa npu A, = A+(A.). Mpyn ysenuueHun gnnHbl
BONHLI Bbllle e& rpaHuYHoro '3Haqum|, aMnnuTyga CTosdei  BOSIHbI
YMEHbLLIAETCA, CTPEMACb K Hymo. B cBAsu C aTuM B uHiepBane ANMH BOSH,
MEHbLUEM FPaHNYHON ANMHBLI BOAHLI AnA “+” cnuHoBoro coctosHus ( A, < A+ ),
OoTHoweHne I+/l. WHTEeHCUBHOCTW cuéTa raMma-KBaHTOB A1 MAIOC U MWHYC
CNWHOBLIX COCTOSHWIA Napaiowero nyyka Gyner Gonbme enuHuubl, B TO Bpem'
Kak npu A, > A. 3T0 omomeuue“éyp.er MeHble eauHuubl. pw paccTpotike
KOrepeHTHOCTU pacnpdCTpaHeHMﬂ HEMTPOHHO! BOMHLI NPOLECC OTPAXEeHUs He

MoxeT 6biTb NpeAcTaBneH cynepnoauumeli Gerywmx HascTpevy BOAH. B 3ToM



cny4ae WHTEHCUBHOCTL CHETa ramMma-keaHToB OyaeT NponopuMOHanbHa cymme
Nafalowero u OTpaxEHHOro nNOTOKOB HEWATPOHOB, a  NONAPU3aLUOHHOE
oTHolweHue 6ynet 6onblue eAnHULLE BO BCEM UHTepBane AJIMH BONH.

Ha puc. 3 npueefeHa AJIMHHOBONHOBAA 3aBUCUMOCTL NONSIPU3ALIUOHHOO
oTHouweHun cuéta g(off/on)=I(off)/l(on) npu BuiknouYeHHOM “off” K. BKJIIOYEHHOM
“on” cnuH-pnunnepe B uHTepeane BNvH  BONH 1+3,54. BupHo, uTO
nonﬂpuaauviouuoe OTHOWEHWE NpeBbllaeT eAUHWULY B OBNACTU ANUH BOMH
MeHblwe 2,28 u cTaHoBUTES MéHbme eAMHMLBl B UHTepBane [UIMH BONH Gonblue
2,2A. Takoit xapaktep Vaaaucmmocm ’06ycn‘oane»‘+ "MHTepd)ebeHuueﬁ BCTPEYHO
pacnpoc7paﬁmow.m(cn ' HEATPOHHbIX BONH. W3 nonroum pacqéTa K
SKCI'IepMMeHTaﬂbeIM AaHHLIM nonyyeHa KDMBaFI 2 (cm.puc.- 3). OToit Kkpusoi

COOTBETCTBYIOT Cnepywlouue 3HavyeHun napameTpoa CNOUCTON  CTPYKTYPbI:
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Puc 3. SaBMCMMOCTb nonﬂpuaauuouuoro OTHOLI.IeHW;l cyéTta ramma- KBaHTOB OT

AJINHbI BOHHbl HeMTDOHa
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UHAYKUus B cnoe xenesa B=21,6«k0e, yrosn mexay ,éHewHuM floNeM 1 BeKTOpoM
HaMarHW4YeHHOCTU CNos Xeneaa B=50°, TONUMHA CROSA raponuHvs 354, cnoﬁ
okucy raponuiua Gdz203 TonwmHol 170A U NNOTHOCTLIO, cocTaenswwei 0,225
OT NNOTHOCTU KpucTannuyeckoro coctosHua. O6pawaer Ha cebs BHUMaHue
Gonbwoe 3HaYeHne napametpa P. 370 MOXeT ObiTb CBA3AaHO C Hanuunem
HaMarHn4eHHoCTn  cnos ra.uonuHun l'lpu 3TOM B3aUMOQEIACTBHME MArHUTHBLIX
MOMEHTOB aTOMOB Xene3a W rafofiuHuA np_nao.um K oépaaoaaumo Mexp.y
CNoOSIMA rafoNvHUA U Xernesa HeKOTODOI;O’ NPOMEXYTOYHOTrO CIIOS, B 'KOTOPOM
BeKTOp Hamaruuqeuﬁocru B HanpasJieHuu, NepneHANKYNIAPHO CnosM, Maﬁéuner
OpMeHTaumo [12,13]. Janbheiwune SKCFIepMMeHTbI " pacqerbl .D.Oﬂ)KHbI OTBeTMTb
Ha BONPOC: C .4eM CBA3aHO 60nbLuoe 3Haquue B? BTO xe apemq Ha Kpuaux
puc. 3 BUAHBI OCUWIIALMK, CBA3AHHbIE C MHTep(‘bepeHuMeM Heurpouuux BOJIH B
cnosix xene3a W ragonukua. [lpossneHue wuHTepgepeHuun Hemrpouoa; B
OTAENbHBIX CNOAX CTPYKTYpbl Yepe3 nonsipu3aunoHHOe  OTHOWeHue g(off/on)
yKa3biBaeT Ha BO3MOXHOCTb W3MEpeHUR Yepe3 KaHan perucrpauum ramma-

KBAHTOB AeTaneit MarHUTHON CTPYKTYpHL.

4. 3AKNIOYMEHUE .

Peaynstathl nposen&HHOro Mccne,ﬁoaauuﬂ NoOKasbiBalT, YTO peakuus
{n,y) MoxeT - 6biTb = WUCNONL3OBaHa AnsA  U3MepeHus ANMUHHOBONHOBOA
3aBUCUMOCTW NNOTHOCTU HENTPOHOB B CNOSX CWUNbHO3axBaTHLIX W30TOMOB
(Gd,Sm,Cd) TonwuHoM B HEeckosIbkO aHrctpem. OUEeHKU NoKa3biBaloT, YTO BNOJiHE
DROCTUXMMBIM ABNSETCH M3MEPEHUE raMma-uanyyeHus ot cnos aaep ¢ CeYeHUeMm
3axBAaTa TENnoBbiX HEMTPOHOB NopsRka 100 GapH. OTO 3HAYUTENLHO PacLUIMPUT
KpYr 8anemMeHToB, oGHapyxeHUe U onpepeneHve npdcrpaHCTaeHHoro NONOXEHUs
KOTOpbIX B MyNbTUCTPYKType 6yAeT BO3MOXHO METOAOM CTOAYUX HEWTPOHHLIX
BOJH.

ABTOpbI Nonb3yloTcs cnydaem, ytoGbl nobnarogapvutb M.B. Koeanbuyka,

C.W. Xénynesy u B.A. CoMmeHKoBa 3a CTUMYIUpYiOlWee oB6CyxaeHne paboTsl.
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Axcenos B.JI. u np. P3-98-374
HabnoneHue cToIYMX HEHTPOHHBIX BOJH NpPH MOMTHOM OTPAXEHUH

HCﬁTpOHOB MCTOOOM I]pel.[H3HOHHOﬁ raMma-CIri€eKTpOCKOIHH

MeronamMn perucTpaunu HEHTPOHOB M TaMMa-KBAaHTOB, BbI3BAHHBIX 3aXBaTOM
TENI0BbIX HEHTPOHOB, HCCIIENOBAHO MOJTHOE OTpaXEHHE MOJISPH30BAHHLIX HEHTPO-
HOB OT CJIOMCTO# cTpyKTyph! cTexno/Fe (1000 A)/Gd (50 A). Hsmepeno nonstpusa-
IHOHHOE OTHOUIEHME CYeTa TaMMa-KBaHTOB Ui ClydaeB MyyKa HEHTPOHOB,
ONSIPU30BAHHOTO 110 HanparI1eHHI0 MAaTHUTHOTO MO ¥ POTHB. 3HaUYEHKE NONAPHU-
3ALHOHHOMO OTHOLIEHHS NPEBHILIAET eAMHHULY NS IHH BOJH Hefitpona A <22 A
W MeHbLIe eIHHULIBI TPH JUTHHAX BOJH A > 2,2 A. Takoii xapakTep JUINHHOBOTHOBO#H
3aBUCHMOCTH [O/IAPH3aLHOHHOTO OTHOWIEHHS CYeTa aMMa-KBaHTOB YKa3hiBaeT
Ha ofpa3oBaHHE Haj IOBEPXHOCTHIO CNOZ Xejle3a HEHTPOHHOH cTosveil BOJHEL,
06pazoBaHHOIi HHTephepeHu el nagalel HeTFOHHOHN BOJIHE! H BOJTHBI, CTPaXeH-
HOH 0T c/10d HaMarHHYeHHOTO Xere3a.

PaGora Brmonuena B JlaBoparopuu HeHATpOHHOH (H3HKH HM. I/I.M.d)pahxa
OHsIN.

Mpenpunt O6BEZHHEHHOTO HHCTHTYTA ANCPHBIX Hccaenosanui. JyGHa, 1998
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Aksenov V.L. et al.
Observation of Neutron Standing Waves at Total Reflection
by Precision Gamma-Spectroscopy

P3-98-374

Total reflection of polarized neutrons from the layered structure glass/Fe
(1000 A)/Gd (50 A) is investigated by registering neutrons and gamma-quanta
from thermal neutron capture. The polarization ratio of gamma counts of neutron
beams polarized in and opposite the direction of the magnetic field is measured.
The polarization ratio is larger than unity for the neutron wavelengths A <2.2 A
and it is smaller than unity for A > 2.2 A. Such behavior of the wavelength depend-
ence of the gamma-quanta polarization ratio points to the fact that over the surface
of the Fe layer a neutron standing wave caused by the interference of the incident
neutron wave and the wave refracted from the magnitized Fe layer is formed.

The investigation has been performed at the Frank Laboratory of Neutron
Physics, JINR.
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