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BBEAEHWE

B nociaenHue roabl HEUTPOHHAS peIEKTOMETPUS
CTaHOBUTCS BCe 60Jiee pacIIpOoCTpaHEHHBIM HEpa3py-
IIAIOIUM METOIOM MCCJIENOBAaHUSI OMUHOYHBIX CIIO-
€B, MHOTOCJIOIHBIX CUCTEM, TIOBEPXHOCTEN U MEXC-
JIOMHBIX TPaHUIl IIPYU PEIICHUM 3aJad IIMPOKOTO
CIIeKTpa Ha CThIKE Pa3IMYHbIX HayK (XMMUU TOBEPX-
HOCTH IIOJIMMEPOB, (PM3UKU TOHKUX IUIECHOK U MHO-
FOCJIOMHBIX CTPYKTYP U Apyrux Hayk) [1—3]. Pedaex-
TOMETPUS MOJSPU3OBAHHBIX HEUTPOHOB MCHOJIb3Y-
eTCsl IJIs1 MCCJIENOBaHUII HE TOJIBKO SIIepHOM, HO U
MarHUTHOM CTPYKTYpHI o0pasiia [4]. CpaBHUTEIbHAS
MPOCTOTA aHaAIM3a MAHHBIX O 3E€PKAJILHOM OTpaxe-
HUU HEHUTPOHOB CIIOCOOCTBYET €ro IIMPOKOMY HC-
MOJb30BAHUIO JII BOCCTAHOBJICHUSI CTPYKTYpbl U
MOCJIOMHON MarHUTOMETPUM Ha OCHOBE TTTYOMHHBIX
npoduiieit MIOTHOCTEN AJIMH HEUTPOHHOTO paccesi-
HuA [5].

N3mepenne koaddunmeHTa 3epKaabHOIO OTpa-
XKEHUSI U3JiydeHUs1 R Kak (yHKUMM NepeaaHHOIro
UMIOyIbca ¢ AaeT WHGOPMAUI0 O 3aBUCUMOCTHU
IUIOTHOCTH JUIUHBI pacCesIHUSI HEMTPOHOB OT MIyOu-
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HBl IPOHUKHOBEHMs B oOpazen [1]. DkcriepumeH-
TanbHO R(g) omnpenesnsieTcs U3 3aBUCMMOCTHA MHTEH-
CUBHOCTHU OTPaXXeHHOTO IMyykKa HEHTPOHOB JIMOO OT
yrjia najgeHust u3aydyeHust Ha obpasell npu PUKCcupo-
BaHHOM JUIMHE BOJIHBI HEHTpPOHA (MOHOXpOMAaTHYE-
cKasl MeToMKa), JU0O0 OT JJIMHBI BOJHBI HEUTpPOHA
npu (HUKCUPOBAHHOM yIjie MaJeHUs U3IyYeHUSs
(BpemsmpoJjieTHasg MeToankKa). O6e MeTOAUKU UMEIOT
cBou mpeumyllectBa. @UKCUPOBAHHASI TEOMETPUS
YCTAHOBKM 00pa3iia BO BPEMSIMPOJIETHONH METOAMKE
o0ecrieunMBaeT MOCTOSSHHYIO MO TUIOILIAAW 3aCBETKY
oOpasiia, a B ciydyae ¢ MOHOXPOMATUUECKUM TTyYKOM
3acBeTKa 1 MojioXkeHue odpasiia UBMEHSIIOTCS B 3aBU-
CHUMOCTHM OT yTJIa CKOJEXeHUs1. MeTon “MoHOxXpoma-
TUYECKOTOo Myyka” MMeeT MpeuMyllecTBa Mo cpaB-
HEHUIO C “BpeMSIIPOJIETHLIM’, €CJIU TpeOyeTCs U3-
MepuTh R B OrpaHMYEHHON 00JacTy nepemaHHBIX
UMIYJIbCOB (HampuMep, MpU U3MEPEHUU Op3TTOB-
CKMX MUKOB OTPaXXeHUsI OT MEPUOJNYECKON MHOTO-
CJIOITHOM CTPYKTYpPBHI), TIOCKOJIbKY UMEETCSI BOZMOXK-
HOCTh ONITUMU3UPOBATh BPEMSI UBMEPEHUI MTPU pa3-
HEIX q. Bo “BpemsrmponeTrHoM” MeTone ¢ “OelbiM”
MMy4YKOM M3MEPSIOT Bech Npoduiab R(q). 3aMeTHBIE
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MMPENMYIIECTBA BPEMSIITPOJIETHON METOOUKU TIEPEL
MOHOXpOMaTI/I‘{eCKOﬁ MPOABJIAIOTCA HA UMITYJIbCHBIX
WCTOYHUKAX HEUTPOHOB, ITOCKOJIBKY OHA UCIIOIb3YET
BECH ITOTOK HEMTPOHOB B UMIIYJIbLCE, & MOHOXpOMa-
THYECKAsT METOIMKA 0Ope3aeT MoToK 10 99%. Takue
IMOTEPU B MHTEHCUBHOCTH MPUBOIAT K TOMY, YTO MO-
HOXpPOMATUYECKNE METOIUKM IPAKTUYECKN HE MC-
MOJIB3YIOT Ha UMITYJIbCHBIX HICTOYHUKAX HEUTPOHOB.

B 1977—1979 rr. B IletepOyprckoM (Torna JIeHUH-
rpagckoM) Muctutyre simepHoit ¢uszuku (ITUSD)
ObLT pazpaboTaH U CO3/1aH MEPBBII B MUPE MOJISIpU3a-
LIMOHHBINT HEUTPOHHBIN pedeKTOMETp Ha CTaluo-
HapHOM MCTOYHMKE HEATpOHOB — peakTope BBP-M,
paGoTalolInii 10 BpeMAIIpOJIETHOM MeToaukKe [6, 7].
PedaexromeTp HEOOHOKpaTHO MOASCPHU3IMPOBAIU
JUTSI pacCIlIMPEHMUSI €ro 9KCIepruMeHTaTbHbIX BO3MOX-
HocTeil. B mocnenHeit Bepcuu MoaepHU3alMU, 3a-
BepiieHHoi B 2005 r., oH mosryyui HazBaHue HP-4M
[8]. HP-4M — 3TO 4eThIpEeXMOIOOBBIM HEHATPOHHBIN
pediekToMeTp ¢ ABYyMSl CIIMH-QIIUIIIIEpaMu U aHa-
JIN3aTOPOM TMOJAPU3aLNN OTpakeHHOoro Iydka. OH
coueTajl 00a MeTroma padOTHL: “BpeMSIIPOJIECTHBIA”
METON M MeTod “MOHOXPOMAaTHMYECKOTO ITydka”,
npuyeM B 000MX METOJax BO3MOXHa paboTa Kak C
HEMOJIIPU30BAaHHBIMU, TaK U C MOJSIPU30BaHHBIMU
HelTpoHHBIMU mydkamMu. HP-4M 3asepmmn cBoro
padoty B 2015 I. B CBSI3M C OKOHYATEJIbHOI OCTaHOB-
koii peakropa BBP-M. B 2019—2022 rr. Ha 6a3e oc-
HOBHBIX y310B HP-4M co3man pedaekromerp THP
st peaktopa ITUK (1. T'atumMHa) v IpoBeaeHbI Te-
ctoBble usmepeHus. Pepnekromerpst HP-4M u THP
pa3pabaTbiBaJIU JJII SIIEPHBIX PEAKTOPOB OOJbIION
MOIITHOCTH, pabOTAaIONIMX Ha OCHOBE peakiuii aese-
HUS sapa.

B Hacrosiiee BpeMss B MUpOBOM HayYHOM COO0-
IIECTBE BO3HUK YCTOMYMBEINT MHTEpeC K pa3paboTKe
1 CO3[JAHUIO OTHOCUTEJIbHO HENOPOTUX UCTOUYHUKOB
HEWTPOHOB MaJIOi M CpeaHell MOLITHOCTHU Ha 6a3e UM-
MYJIbCHBIX MOHHBIX WJIX 3JIEKTPOHHBIX YCKOPUTEIIEH.
B Takux mcToyHuKax OepuiivMeBast Wi JUTHEBas
MUIIIEHb OKPYK€Ha 3aMEIJINTEJIEM BBUICTEBIINX M3
MUIIIEHU HEUTPOHOB (Boaa WU ITOJMMEDP, CollepKa-
I OOJIbIIIOE KOJUYECTBO aTOMOB BOJOPOAA) U
HEUTPOHOBOIHOM CUCTEMOM, MO3BOJISIOIIEN TpaHC-
NOPTUPOBATh HEUTPOHHBIA IMOTOK OT 3aMEMJIMTENS
JI0 HCCIeoBaTeIbCKUX MHCTpyMeHTOB. Mcroib3o-
BaHME KOMIAKTHBIX UICTOYHUKOB 3aMETHO IOBBICUT
IOCTYMTHOCTb HEUTPOHHBIX METOAMK, U, TIO-BUIAUMO-
My, cieJaeT HEUTPOHHYIO pedhIeKTOMETPUIO PYyTUH-
HBIM METOAOM HCCIEI0OBAHUS CIOUCTBIX CTPYKTYP.

OIHUM U3 TaKUX HWCTOYHUKOB SIBISCTCS KOM-
nakTHBI ncTouyHUK HelTpoHOB DARIA (Dedicated
for Academical Research and Industrial Application)
[9]. s Hero OBUIO pacCMOTPEHO HECKOJILKO BapH-
aHTOB pear3aliii XOJoaHoro 3aMemauresis. OnTu-
MU3aLUI0 IIPOBOMWIM IS IIMPOKOIO Auaria3oHa
iH BoaH 3—12 A. Haubonee MIPOCTHIM M HaueX-
HBIM M3 PAacCMOTPEHHBIX BapMaHTOB OKa3aJICsI XO-
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JIOMHBIN 3aMeIMTENb HA OCHOBE ME3UTUJICHA C MO-
BEPXHOCTHIO B BHUJI€ MPSIMOYIOJbHMKA C pa3MepaMu
4 X 6 cM. UHTerpabHas INIOTHOCTh MOTOKA HEHATPO-
HOB Ha MOBEPXHOCTU TAKOI'O 3aMEIUIMTENS B yKa3aH-
HOM JuariasoHe mivH BoiH 8.3 X 10! u/cm?/c. Ha-
Oofaoch paBHOMEPHOE paclipelesieHue CHeK-
TpaJlbHOW MJIOTHOCTU IOTOKA HEUTPOHOB IO BCEM
MOBEPXHOCTU XOJOOHOIrO 3aMeminuTesisd. B uctounm-
ke DARIA uMITyIbCHBIIN ITOTOK ITPOTOHOB C DHEPTU-
eit 13 M»B, nonagasi Ha MUILIGHHYIO COOPKY, cO3laeT
VMITYJIbCHBIA ITOTOK HEMTPOHOB. DTOT MOTOK IIOCTIE
MPOXOXIECHUS Yepe3 XOJOMHBIN 3aMEIIUTEb XapaK-
TepU3YyeTCs AJIUTEIbHOCThIO HEHTPOHHOIO UMITYJIbCa
(BCITBILIKO) T ¥ YaCTOTOM ClIeAOBaHUSI HEUTPOHHbBIX
uMITynbcoB f. CpenHue 3HauYeHUs T U f COCTaBIISIIOT
He MmeHee 100 mkxc u 100 Ity cooTBeTcTBeHHO. Kax-
IbIIA HEUTPOHHBIN UMITYJIbC (BCHBIIIKA) UMEET 1K~
POKOE CIIeKTpaJIbHOE paclipeaceHre — nopsaka 2—
12A. B 1o xe BpPEMS 4ACTOTA CJIEAOBAHMS UMITYJIbCOB
JIOJIKHA OBbITh OrpaHMY€HA INMPUHOM UCIIOJIb3YEMO-
ro B YCTAHOBKE CHEKTpa HEUTPOHOB M3-3a SBJICHUS
PELMKIIMYHOCTH, KOTIA caMble OBICTPbIE HEMTPOHBI
MMIYJIbCA JTOTOHSIOT CaMble MEIJICHHbIE HEMTPOHBI
U3 NPEeIbIAyIIEeTO UMIYJIbCA, YTO IMIPUBOAUT K MCKa-
KEHMIO MOJTy4YaeMbIX JaHHBIX.

CooTHoleHue Ijis1 MaKCUMAaJbHOM BEJIMYMHEI f,
IMPU KOTOPOH ellle HeT peuukandyHocTu [10], nume-
eT BU:

F=x (1
LAA
rae K=3958 A - M/c, L — BpemsrmpoeTHas 6a3a pe-
dnexromerpa, AL — IIMPUHA UCTIOIB3YEMOIO CIIEK-
Tpa B ycTaHOBKe. YeM IIupe CIeKTp, TEM MEHbIIIE
JIOJIKHA OBITh YACTOTA CJIETOBAHUS HEATPOHHBIX VM-
MyJIbCOB M, CJICAOBATEIbHO, MEHBbIIE CBETOCHIIA
ycTaHOBKU. Tak, IS y3KOro HEMTPOHHOTO CIEKTpa
WMpHHON 3 A wactoTa cleIoBaHHs MMITYIbCOB, a,
COOTBETCTBEHHO, M CBETOCHMJIa YCTAHOBKU OyIyT B
IIeCTh pa3 BbIIIe, YeM JUISl CIIeKTpa LIMpUHOI 9 A.
IMTosToMy UMeeT cMbICT paboTaTh C Y3KMMU CITEKTpa-
MM, OCOOEHHO KOorda JUIsl pelieHust Gpu3ndeckoii 3a-
Jauyu He TpeOyeTCsT UCIOJIb30BaHUE ITUPOKOTO CIeK-
Tpa, HalIpuMep, IJIsl UCCAeAOBaHMS IOBEISHUSI Opar-
TOBCKUX NMUKOB HAHOCTPYKTYP B 3aBMCHUMOCTU OT
HaMNpsSKEHHOCTH MATHUTHOTO TOJIS U TEMIepaTyphl.

B pabote onuchIBaeTCsI KOHLETIMS IBYXMOIOBO-
ro HEUTPOHHOIrO pedieKToMeTpa IjIsd KOMITAKTHOTO
ncrouynmnka HelitpoHoB DARIA. B wactHOCTH, B KOH-
LIETTLIMU MCITOJIb30BaHbl OCHOBHBIE Y3/Ibl U1 HApaboT-
K1 BPEMSIIPOJIETHON METOOUKHU, DKCILUIyaTUPYEeMO
Ha 6a3e YeThIPEXMOIOBOIO HEMTPOHHOTO pedIeKTO-
meTpa HP-4M [8].

OBIIAA CXEMA YCTAHOBKHA
Pednektomerp misi KOMIIAKTHOTO WCTOYHUKA
HeiitpoHoB DARIA mpemHa3zHadeH IJIsT U3MEpPEHUS
3aBUCUMOCTA WHTSHCHUBHOCTU OTpaxkeHHOro (“Oe-
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JIOT0”) IIy4Ka HEHTPOHOB OT IJIMHBI BOJIHBEI BpeMsi-
MIPOJICTHBIM METOAOM IIpu (PUKCUPOBAHHOM YIJIe
CKOJIbXKEHMSI ¢ BO3MOXHOCTBIO MCIOJIb30BaHUS KaK
MOJIIPU30BAHHBIX, TaK W HETOJISIPU30BAHHBIX Heil-
TPOHOB. 31¢eCh U gajiee mon “0ebIM”’ MydKoM OyaeM
MMOHMMATh NYYOK, UMEIOLIUI IIUPOKOE CIIEKTPab-
HOEe pacIipelieIeH1e TeIUIOBBIX U XOJIOIHBIX HEUTPO-
HOB. CxeMa HEUTPOHHOTro pediaeKkToMeTpa IIpen-
cTaBjeHa Ha puc. 1. BeiBogsimuii koutumarop 1,
pacCIIONOXEHHbBIIT BHYTPU MUILIEHHOU COOPKM KOM-
MMAaKTHOTO MCTOYHMKA HEWTPOHOB, 3amaeT IEpBUY-
HYIO KOJUIMMAalMIO NMydka ~1 Mpaj B TOPU30OHTaIb-
HOI miockocTu. JlazepHBI MOOyab 2 WUCIIOJB3YIOT
JIUIST IPEeIBapPUTEIbHOM IOCTUPOBKM 2JIEMEHTOB yCTa-
HOBKM TIepell HETPOHHBIMU U3MepeHUusIMU. B kaue-
CTBE MOHUTOpA 3 IIpeayCMOTpeH HN3K03((DEKTUBHBIN
CUETYMK HEUTpoHOB. HemarHuTHoe cynep3epKalio
NiMo/Ti (m = 2) 4 oTKJIOHSIET My4OK HEUTPOHOB OT
OCH BBIBOJISIIIETO KOJTMMATOPA C LIENbIO OTACICHUS
IMy4Ka TeIUIOBBIX U XOJIOAHBIX HEATPOHOB OT ITy4YKa
Y-KBaHTOB U OBICTPBIX HEUTPOHOB, TTOCTYTAIOIIUX U3
MMUILIEHHOM COOPKM MCTOYHUKA. 31eCh U Janee Mpu
YIIOMUHAHUU CyIlep3epKa UCIIOIb3yeTCs ITapaMeTp
HEUTPOHHOTIO Cylep3epKaia m, paBHbI OTHOLLIEHUIO
KPUTUUYECKOTO yIJIa JaHHOTO cyliep3epKaia K KpUTH -
YeCKOMY YIJIy HEMTPOHHOIO 3epKajia C MOKPBLITUEM
13 IPUPOIHOTO HUKES. YXOI U3 MPSIMOil BUIMMO-
CTU MUIIEHU 3HAYUTENIbHO CHUXKAET (DOH Ha JeTeK-
Tope. PasMephbl OTKJIOHSIIONIEro 3epKajia COCTaBIISIIOT
5 X 80 % 210 MM, a yroJ1 OTKJIOHEHMSI ITyYKa HEHTPOHOB
OT OCH BBIBOJSIIIIETO KOJTUMaTopa paBeH 20 yIjl. MUH.
MOHOBHII KOUIUMATOP 5 CIYXUT IJIs IIOIaBJICHUS
OCTaTOYHOTO (DOHA Y-KBAHTOB U OBICTPBIX HEUTPOHOB
U pacnojiaraeTcs BITIOTHYIO K OTKIIOHSIIOIIEMY CyTiep-
3epkainy. CTEHKM KOJUIMMAaTOpa U3TOTOBJICHBI U3 CTa-
JIM 1 GOpUPOBAHHOTO ITOJMI3TUJIEHA, IIMPHUHA KaHasa
KoyumMaropa cocrasister 1.0 MM, Beicota 30 MM 1 TH-
Ha 400 MM.

OIuH M3 OCHOBHBIX Y3JIOB pedJieKToMeTpa —
IBYXIUCKOBBIN TTpepbIBaTellb Myyka 6. Kak otMeua-
JIOCh BHIIIE, ONITUMAJIbHbBIC IS IPOBEICHUS DKCIIC-
pUMEHTa Ha YCTAaHOBKE JIUTEIBHOCTh T U YacTOTa
HEUTPOHHBIX MMMYJIBCOB f 3a4alOTCSI MPOTOHHBIM
YCKOPUTEIEM KOMIIAKTHOIO MCTOYHMKA HEUTPOHOB.
BenuuuHa f onpenensiercsas U3 cooTHoieHus: (1) c
YYETOM MJIAaHUPYEMOTO JIJISI UCITOIb30BaHUS B DKCIIE-
PUMEHTE CIIEKTPa IIMPUHOIT AA, KOTOPHI BEIpE3A€eT-
CsI C TIOMOIIbIO IBYXAMCKOBOTO npepbiBatess [ 10, 11]
U3 HEUTPOHHBIX MMITYJIbCOB, MMEIOIIUX IIMPOKOE
CIIEKTpaJbHOE pacnpeleieHne, npepbiawlee AA.
ITpu paboTte ¢ y3KUMU HEUTPOHHBIMU CIIEKTPAMU, a,
COOTBETCTBEHHO, C BBICOKMMM 3HAYECHUSIMHU f, BPEMSI
n3MepeHus obpasia B peIeKToOMeTpe MOXHO 3Ha-
YUTEJIbHO YMEHBIIUTh, YTO TOBBICUT 3((HEKTUB-
HOCTb €ro HucIiojb3oBaHus. Kpome Toro, mpepbiBa-
TeJIb KOPPEKTUpyeT (HOpPMY M IJIUTEIBHOCTh HEM-
TPOHHOTO WMITYJIbCca T, a TaKXe WCHOIb3YeTCs IS
MPUBSI3KM TOYKM OTCUETa K BPEMSIIIPOJIETHOM Oase.
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Puc. 1. Cxema HEMTPpOHHOTO pedaeKkTomMeTpa IS KOM-
makTHoro uctouHnka DARIA: 7 — BeIBomsIuit Koyuim-
MaTop; 2 — Ja3epHbIil MOAYJIb; 3 — MOHUTOP; 4 — HEMar-
HuTHOe cynep3epkano NiMo/Ti (m = 2); 5 — (oHOBBI
KOJUTUMATOpP; 6 — JIBYXIUCKOBBII TpepbIBaTe/ib My4YKa;
7 — monsipu3aTtop Iyuka; &, /0 — KoJuIMMupyole aua-
dparmer; 9, 12 — paavoyvacTOTHbIE aauadaTUYECKUe
cniuH-bymmepst; /1 — y3en obpasia; /3 — mmpokoar-
epTYPHBIIl BeepHbIii aHanu3aTop; /4 — IByXKOOpAWHAT-
HbIi NO3ULIMOHHO-YYBCTBUTEJIbHBII AETEKTOP.

IMonsipuzaTtop nmyyka 7 — ABOTHOE MarHMTHOE Cy-
rnep3epkago, MOMEIIeHHOE B MOCTOSIHHOE MarHuT-
HOE IoJjie, — CIYXKUT I Hojsipu3anuu “6ejioro”
nydyka HeliTpoHOB. Ilpm pabore ¢ HeMarHUTHBIMU
oOpa3siamMu IoJISIpU3aTOP BEIBOAUTCS U3 ITyuka. Ko-
JuMmupytomue guadpparmel 8 U 10 GopMUPYIOT YII0-
BYIO PAcCXOAMMOCTD ITy4yKa, Majaloliero Ha oopasell.
st peanu3anyy cXeMbl HEUTPOHHOTO ITOJISIpU3aliyi-
OHHOro aHaiu3a [12] B cocTaB YyCTaHOBKUA ITOMHMO
mojsipu3aTopa 7 BXOIST ABAa PaguMOYacTOTHBIX aaua-
Garuueckux cnuH-daumnnepa 9, 12 v ananusartop 13.
HMcnonab3oBaHue CUH-(IUMIIepa Mo3BoJseT U3Me-
HSITh HamnpaBJIeHUE ITOJISIPU3alliM ITydKa HETPOHOB
W3 TTOJIOXKEHUS “BIOJB TTOJIsI” B TTOJIOKEHME “TIPOTUB
MoJist” BO BCEM JMAaIla3oHe UIMH BOJIH, MCIIONb3ye-
MOM pedJIEKTOMETPOM. ¥Y3esa obpasua // COCTOUT u3
IIPOrpaMMHO YIIPaBISIEMOI0 IOCTUPOBOYHOTO CTOIU-
Ka, Ha KOTOPHI MOXKHO YCTaHABJIUBATh DJIEKTpOMAar-
HUT 1/UIW KPUOCTAT. DIJIIEKTPOMArHUT CO3IaeT B
TJIOCKOCTH 00pa3lia OIHOPOAHOE BepPTUKAJIbHOE
MarHuTHOE IoJie HaIpsikeHHOCThio H. B peduiekTo-
METpe MpeayCMOTpeHa CUCTeMa BeOyIIero MarHuT-
Horo moJisg. OHa pacoJjioxkeHa II0 XOIy IIydKa OT
MarHuTa Iojsipr3aTopa OO0 MarHWTa aHajau3aTropa.
Ha puc. 1 aTa cuctreMa He moka3zaHa. B kayecTBe aHa-
Juzaropa I3 TmpeanosaraeTcs MCIojab30BaTh IIUPO-
KOaIlepTyPHBIN BeepHBII aHAIM3aTop Mojsipu3anuu [ 13]
¢ pa3zMepamu BxogHoro okHa 180 X 250 mm (B % III).
AHanm3aTop MOMEIIEeH B 3a30p MATHUTHOM CUCTEMBI
C HaMPSLKEHHOCTBIO MOJIST HA ONITUYECKO OCU KaHa-
Jna H ~ 500 3. CTeHKM KaHaJIOB aHAJIU3aTopa UMEIOT
MMOJISIpU3YIOlllee Cylep3epKalbHOE ITOKPBLITHUE U3
FeCoV/TiZr. Bce HeMTpOHHBIE ITOJISIPU3YIOIINE CYy-
nep3epkajia 3apaHee aTTeCTOBaHbI C MCIIOJb30Ba-
HUEM TEeXHUKU pedIEKTOMETPUU MOJSIPU30BAHHbBIX
HeliTpoHOB. Ha puc. 2 npencrapiieH pe3yJibTaT aTTe-
CTalliUM OTHOTO TaKOTO HEUTPOHHOTO IIOJISIPU3YIO-
mero cyrnepaepkaina (m = 2). Beuim usamMepeHsl Koag-
GUILIMEHTHl OTPpaKeHUs IJisi CIIMHOBBIX KOMITOHEHT
R*u R~ nmyyka HEITPOHOB KaK (PYyHKIUU ITEpEIaHHO-
ro UMITyJIbCa ¢, BBIUMCJIEHA W MOCTPOEHA 3aBUCU-
MOCTb noJisipusyrouein addekTusHOCTU P OT nepe-
JTaHHOTO uMITynbca [14]. B paboTe ¢ HeMarHUTHBIMHA
oOpa3lamMy aHaJIM3aToOP BBIBOAWUTCS U3 MyYKa.
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Puc. 2. 3aBucumocTu nosisipusymonieii a¢pdexktuBHOCTH P
(TpeyroJibHUKM), KO3(h(PUIUEHTOB OTpaxXeHUsT s R
(kBagpaTuku) U R~ (KpYXKH) CIIMHOBBIX KOMIIOHEHT
My4yka Kak (pyHKIMHU ITepeaaHHOTO UMITyJIbCa ¢ JIsT He-
TpOHHOTO mnoJisipusyoniero cyrnep3epkaia FeCoV/TiZr
(m=2).

BruioTHylo K BBIXOAY aHajau3aToOpa yCTAaHOBJICH
netekTop /4. B xadecTBe IeTEKTOpa MOTYT OBITh MC-
MOJIb30BaHbl OJHO- WM ABYXKOOPIWHATHBIEC Ta30-
BbI€ MTO3UIIMOHHO-YYBCTBUTEIbHBIC IETEKTOPHI [15],
B KOTOPBIX KOHBEPTOPOM HEHTPOHOB CIyXKaT I'eIuid
VIV CMECh T'eJINS C MHOTOATOMHBIM T'a30M TUIIA TIPO-
naHa, U3o0yTaHa, MeTaHa, TeTpadTopMeTaHa, TeT-
padTopaTaHa, yrJIEKHUCJIOro ra3a JIM00 CMeCh I'eJins C
OJTarOopOIHBIMY Ta3aMM, TAKUMU Kak Xe, Kr, Ar.

OINNNUCAHUE PABOThbI PE®JIEKTOMETPA
B IBYX MOJIAX

s uccnenoBaHysl HEMAarHUTHBIX MU MarHUTHbBIX
00pa31oB pedeKTOMETp padoTaeT B ABYX MOJIaX CO-
OTBETCTBEHHO: HeTloJIsipu3oBaHHOM (Mona 1) u rosisi-
pusoBaHHoi1 (Moga II).

99

B mone I “Oenblit” Hemonasspu30BaHHBIM ITYYOK,
c(OpMUPOBAaHHBII OTKJIOHSIOIINM HEMAarHUTHEIM CY-
nep3epkaioMm u3 NiMo/Ti 4 (puc. 1), mpoxoaut ye-
pe3 (POHOBHINM KOJUIMMATOP S5 U IpephIBaTelb 6, 1Be
KOJUIMMallMOHHbBIE muadparMel 1 /0 1 monagaeT Ha
MJIOCKOCTh oOpasua /1. OTpakeHHBI OT HEMarHuT -
HOro oOpa3slia My4oK PEeruCTPUPYETCS MO3ULIMOHHO-
YyBCTBUTEJILHEIM JIETEKTOPOM /4. 3aBUCHUMOCTDH OT-
HOCUTEJIbHOI MHTEHCHUBHOCTHY Maaalolux Ha odpa-
3ell HEUTPOHOB OT JJIMHBLI BOJHBI B Mojae 1 Oim3ka
CIIEKTPY HEHTPOHOB 3aMEIJIMTEIISI MUILIEHHOM cOOp-
KM W TIpeJcTaBlieHa Ha puc. 3a. BugHo, 4To MHTEH-
CUBHOCTb MNaJaeT MOYTU Ha TPU MOPSAKA C POCTOM
HBI BoHBI 0T | 10 6 A. TIpodmuib myuka, mpoxo-
JISIIIETO Yepe3 CUCTeMY KOJJIMMATOPOB 1 MaaaroIiero
Ha oOpa3zel B moze I, nmpeacrasiieH Ha puc. 36. Ero
U3MEPSIOT KaK MTHTEHCUBHOCTb HETPOHOB B JIETEK-
TOpPE B 3aBUCUMMOCTH OT yTIJla pacCesTHUS (.
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Puc. 3. “benbrit” Hemonsspu3oBaHHBIN My4oK (Mona I):
a — crekTp; 6 — MpoGh b,

B Mmope I mydyok Heroasspu30BaHHBIX HEMTPOHOB,
OTPaXXKEHHBI OT OTKJIOHSIIOIIET0O HEMArHUTHOTO Cy-
nepaepkaia 4 (puc. 1), nporeaiiuii yepe3 poHOBbIN
KOJUIMMATOp S U MpepbiBaTeib 6, najee hopMupyeT-
cs nossipusaropoM 7. Ha puc. 4 npencrapiieHa cxema
nossipuzaropa nydka pedaekromerpa. [lonaspuszarop
COCTOMUT U3 JABYX HEUTPOHHBIX MOJISIPUYIONIUX CY-
nepsepkai u3 FeCoV/TiZr (m = 2) c norioualoinmm
noxaciaoeMm TiZrGd [14], ycTaHOBJIEHHBIX BEPTUKAJIb-
HO B 3a30p MOCTOSSTHHOTO MarHuTa ¢ HampskKeHHO-
ctheio ot H ~ 500 B. BekTop HanpsKeHHOCTH Mar-
HUTHOTO TT0JIsI JISXKUT B INIOCKOCTU cynep3epkai. Cy-
rnep3epkaja rnapauiejbHbl U 0OpallieHbl APYT K APYTY
OTpaxalolMMu MTOBEpXHOCTAMU. [TydoK HEUTPOHOB
CO CIIMHAMU, HaNpaBJ€HHbIMU BAOJIb BEKTOpa Ha-
MarHM4eHHOCTHU CYIlep3epKajl, OTpaxkaeTcs OT mep-
BOTO cynep3epKaja Mo yriioM Ogyy, TafiaeT Ha BTOpoe
CyTep3epKaJio IO TeM 3Ke YIJIOM Ogy;, OTpaXkaeTcs 1
BBIXOIUT U3 TIoJisIpu3aropa. Yroi Ogy = 10 yor. MuH
obecrneuyunBaeT MPOXOXICHUE Yepe3 TaKOU ABOMHOM
MOJISIPU3aTOp BCETO CMEeKTpa HEWTPOHOB, OTpaXKeH-
HOT'O OT OTKJIOHSIOIIETo cymep3epkana u3 NiMo/Ti.
Ha pwnc. 4 myHKTHpPOM MOKa3aHbI HEHTPOHBI CO CITH-
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[Monsipusyroliee
cynep3epKasno
CoFeV/TiZr

65M

/ I Crexio %I
HeiitpoHHsblit

Cd mracTuHKH

My40K

Mopa |

Puc. 4. Cxema nojisipusaropa mmydyka pedieKToMerpa.

HOBOI KOMITOHEHTOM, HAMNpaBJIEHHOW IMPOTUBOIIO-
JIOXKHO HAaMarHWMYEeHHOCTH CyIiep3epKayl. DTHU Heli-
TPOHbI HE WCHBITHIBAIOT OTPaXEHUs, IIPOXOIST
BINIyOb CTEKJISIHHOI MOIJIOXKKH, TOCTUTAIOT KaaAMUe-
BbIX IJIACTUHOK, YKPEMJEHHbIX HA TOpLIAX 3epKai, U
MOIIOILIAIOTCS B HUX. BBIIIenImii my4ok mocjie oT-
paxkeHMs OT OBYX 3epKai (puc. 4) mapajuiejieH naaa-
fomeMy Irydky. Ilomsspm3aTop mydka ¢ MarHUTOM
YCTaHaBJIMBAIOT HA MIPOrpaMMHO YIPaBJISIEMOM OC-
TUPOBOYHOM cToJie. HacTpoiika moJisipuzaropa mnpo-
MCXOOUT IIyTEM BpallleHUS CTOJa, a Mepexond OT Ofd-
HOW MOABI K APYTO — ITyTEM IMEPEMELIEHUS CTOJIA
nonepek Iydyka. I1pu TakoM rmepeMelieHUN He Tpe-
OyeTcst 3aHOBO HAaCTpauBaTh Y3JIbl pePIeKTOMETPA.

“Benblii” MOJSIpU30BaHHBINA MyYOK, BBIIIEIIINIA
u3 noJisipuszaropa 7 (puc. 1), IpoxoguT 4yepes3 IBe
KOJUTMMAallMOHHbIe AradparMbl & u 10, cnuH-Ghaun-
rep 9, pacroJjiokeHHbII MeXXIy HUMHU, U TToITaaeT Ha
TUIOCKOCTh obOpasua /1. OTpakeHHbI OT MAarHUTHO-
ro o6pasiia My4yoK IMPOXOAUT UYepe3 BTOPOUM CIUH-
daunrnep /2, BeepHblit aHaau3aTop /3 U perucTpUpy-
€TCsl TTO3ULIMOHHO-YYBCTBUTEbHBIM JETEKTOPOM /4.
Takasi cxeMa 103BoJISIET MPOBOAUTD MOJSIPU3ALIMOH-
Hbli1 aHAINU3 OTPAKEHHOTO IyYKa HEUTPOHOB U U3BJI€Yb
nH(OPMALIMIO O MATHUTHBIX CBOMCTBax oOpasia.

CrekTpbl U MPOodUJIb NMyyKa HEUTPOHOB MPAKTU-
yecku coBnagaioT B monax I u II. Yrimosasg mmpuna
Mmyyka (IIMpruHA Ha MOJYBbICOTE), MaaalolIero Ha 00-
pazen, paBHa 0.8 ym1. MUH, HO T10 aOCOJIIOTHOI BEJIN -
YMHE WHTEHCUBHOCTH “TTonsipu3oBaHHONM” Monbl 11
B TPM—YEThIpE pa3a MeHbIIIE UHTEHCUBHOCTHU B “He-

nojsipu3oBaHHOI” Moze 1.

s momydeHUsT KpUBOM CTIEKTPaTbHOM TTOJISIpY-
3ytoleit 3GeKTUBHOCTU IBOMHOTO TMOJIsipU3aTopa B
Moge 11 B y3ite o6pasna ycraHaBIMBaIOT BTOPYIO Mapy
noaspusytoiux cyrnepdepkain FeCo/TiZr Ha Takoi
ke (Kak 1 B noyisipusarope) yroi gy = 10 yoi. MuH
B MarHuTHoM Tojie H =470 3. CnekTpaJbHYIO 3aBU-
CUMOCTb TOJIsIpU3yloliieit 3¢ heKTUBHOCTH Pp(k) omnpe-
TEJISUTA U3 CISAYIONIeTO COOTHOIIIEHMST
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Puc. 5. CriektpayibHast 3aBUCMMOCTb MOJISIpU3YOIIEei 3¢h-
¢dexTuBHOCTM P 111 [OBOMHOIO cymnep3epKalbHOIro
(CoFeV/TiZr, m = 2) nonspusaropa (mona II).

r(h)—1
1-r(M) -2/

rae P(A) — moasipu3anus Mmydka, MpOLIEALIEro Yepes
IBOWTHOI MOJISIPU3ATOP U IBOIHOI aHaM3aTop, 1(A) =
_ L (M)

()
HOCTb ITy4Ka HEUTPOHOB MPU BBIKIIIOYEHHOM MEPBOM
¢dnunnepe, I,, — UHTEHCUBHOCTb MyYKa HEUTPOHOB
MPU BKJIIOYEHHOM TepBoM (uturmepe, fi(A) — criek-
TpajibHasi 3aBUCUMOCTh 3(M(EKTUBHOCTU IEPBOIO
¢umnmepa. 3aBucuMoctb P(A) ObUla IMOJy4YeHa B
npennonoxenuu, uro P,(A) = P,(A) u acddexrus-
HOCTb fi(A) OIU3Ka K eIMHUIE BO BCEM AUara3oHe
InvH BoiH. Ha puc. 5 mpencrasieHa crieKTpalibHast
noJsipusyromast 3pOeKTUBHOCTb P 111 CUCTEMBI U3
JBYX IBOMHBIX TTOJIsipU3aTopoB. M3 pucyHKa ciienyer,
YTO TOJsIpU3yomast 3P(PeKTUBHOCTb OUeHb BBICOKA
M TIOYTH BO BCEM [HANa30He IMH BOIH A = 0.9—4.2 A
npeBbilIaeT yposeHb 0.95 [8].

@)

P = P,(MPM) =

— duunmn-otHoueHue, Iy — UHTEHCUB-

B pexume atrecrauum pediieKToOMeTpa CHeK-
TPpaJIbHBIE 3aBUCUMOCTA MHTEHCUBHOCTU HEUTPOH-
HOTO ITy4Ka U3MEPSUIM C UCIIOJb30BaHUEM BCEX 3JIe-
MEHTOB MOJISIPU3aLIMOHHOTO TPaKTa pedIeKTOMETpa.
Ilyyok 1ociie moasipu3aTopa NPOXOIMT uepe3 oba
¢munepa (oOpasel B JaHHOM 3KCIIEPUMEHTE OTCYT-
CTBYET), OTpaxaeTcs OT 3epKaja-aHalim3aTopa U
netektupyercs. CrieKTpajibHble 3aBUCUMOCTU WH-
TEHCUBHOCTU HEMTPOHHOTO My4YKa, OTPAKEHHOIO OT
3epKajlla-aHajau3aTopa IS Pa3IUYHBIX COCTOSTHMIA
cnuH-GIUIIIEPOB, IIPEACTaBIEHBI Ha pUC. 6.

DdPeKTUBHOCTH ITEPBOTO Y BTOPOIo (DIUIIIEPOB
OBbUTM OTIpeeJIeHBI TT0 M3BECTHBIM (hopMyIIam:

1 I__—1
= - 1+ =  ——* 5 3
fl 2( [++_I+—j ( )
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Puc. 6. CriekTpajbHble 3aBUCUMOCTH MHTEHCUBHOCTEM
I+ (OTKpBITBIE KBaApaTUKM), / _ _ (3aKpbIThie KBaapa-
TuKn), I _ (OTKPBITBIE KPYKKM), I (3aKPBITHIE KPYXK-
KM) HEUTPOHHOTO Iy4YKa, OTPaKeHHOTO OT 3epKaJia aHa-
nm3aropa. CumBoibl “+” 1 “—” 0603HAYAIOT BKIIFOYECH-
HOE M  BBIKJIIOYEHHOE  COCTOsIHUSI  (umnmnepa
COOTBETCTBEHHO. [IepBbIif CHMBOJI OTHOCHUTCS K TIEpPBO-
My daunmnepy, BTOpoil CHMBOJ — KO BTOPOMY.

1 1_-1._
=1+ =T 4
f2 2(1+[++_I+j ()

DTHU 3aBUCUMOCTH TIpeICcTaBIeHBI Ha puc. 7. U3 pn-
CyHKa cjeayeT, 4To 3(M(eKTUBHOCTh IepeBOpOTa
CIIUHOB HEUTPOHOB 1711 000UX (DJIUTITNIEPOB BICOKA U
0/11M3Ka K eIUHMIIE BO BCEM pacCcMaTpUBaeMOM ua-
Ma3oHe JJIUH BOJH. B 0671aCTM KOPOTKUX JJIMH BOJIH
A = 0.9—1.5 A sddexTuBHOCTH TIEpBOTO IMIIEpa
HEMHOTO BblllIe, YeM BToporo. CpeaHeB3BellIeHHas
MO CIEKTPY 3(P@PEKTUBHOCTh IIEpeBOpOTa CIIMHA
HeWTpoHa I TiepBoro ¢uummepa paBHa f; = 0.998 +
* 0.016, a s Broporo f, = 0.996 * 0.016.

B pedaexkTomMeTpe s KOMNAKTHOTO MCTOYHHMKA
DARIA 0OyayT Mcnojib30BaHBI IBa PagXOYaCTOTHBIX
anmuabaTnIecKux (auImiepa s IIepeBOopoTa CIIMHA
HEUTPOHA, TaK KaK OHU XOPOIIO ceOs MoKa3aau Ipu
paboTe ¢ myykamMu HEUTpOHOB “6eJioro” criekrpa [12].

PASPEILLIEHUE PE®JIEKTOMETPA

Paspemnienue pediekromMerpa mo IepegaHHOMY
UMIyabCy Ag/q B o011IeM BUAe ONpeneseTcs psaom
napaMeTpoB: MIMHOM TMPOJIETHON 6a3bl L, TOUHO-
CTBIO U3MEPEHUS IJWHBI 0a3bl AL, IJIMTETbHOCTHIO
HEUTPOHHOTO UMITYJIbCa T , BpEMEHEM IIpoJjieTa Heli-
TPOHOB OT IIpephIBaTeIs MMydyKa 1o netekropa 7, pac-
XOIMMOCTBIO ITydka AO, yIiioM CKoNbXKeHus 0:

safa = ([YTT +[aL/iT +[ag/eF)". )

JATeTbHOCTh UMITYJIbCa T, CQOPMUPOBAHHOTO B
MUIIIEHHO# cOOpKe, NOTIOTHUTEIBHO KOPPEKTHUPYET-
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Puc. 7. CnexkrpanbHble 3aBUCMMOCTU 3(PdeKTUBHOCTU
MepBoro (KBaapaTUKK1) U BTOPOTo (KPY>KKH1) CIIMH-(DJIMIT-
MEePOB ISl “TIoJIsIpu3aliMoHHOM” Mmomsr I1.

Cs1 CKOPOCTBIO BpallleHUs AUCKA TIPEPhIBATEIISI ¥ CYyM-
MO IIUPUHBI ITyYKa U ITUPUHBI IEIN JUCKA TIPepPhI-
BaTeJIs.

AGCOJTIOTHOE pa3pelleHue 1o yriy AO onpenens-
€TCsl PacXOAMMOCTBIO TMaNaloIero Nyyka u KpuBu3-
HoOii oOpasia. HeTouHOCThb B ompeaeiaeHUM yria
CKOJIbXXEHUS O TTocIIe oTpeielIeHUs LIEeHTpa MPOdUIIst
OTpak€HHOIo NMy4ykKa MHOTO MeHbllIe AO, moaToMy €10
MOXHO TIpeHeOpeyb. B OOIBIIMHCTBE CllyyaeB omnpe-
Jelgolnii BKIag B AO BHOCUT UMEHHO PaCXOIM-
MOCTbH Iafaplliero Ha oOpa3zel] ITyyka, 3amaBaemas
KOJUIMMALIMOHHBIMMU 1ieassMu § u 10 (puc. 1).

B cooTHomeHuu (5) Bkiagom AL/L MOXHO mpe-
HebOpeub U, Tojydyas Tocje nmpeodpa3zoBaHUil pa-
BeHCTBO T/ T = AL/A, TIpencTaBUM 3TO COOTHOLIEHUE
B BUIE:

Aq/q = ([AMAT + [Ae/e]z)'/ g (6)

rae AXL — TOYHOCTH OINpENENEHUs IIUHBI BOJIHEI.
ITapameTp AA HAXOOVUM U3 COOTHOLIEHUSI:

Kt
Al ===, 7
7 )

e K= 3958 A m/c.

BenmnmunHy AL MOXHO 3KCITEPUMEHTAIBHO OIIpe-
JIETUTh TI0 Pa3MBITUIO OTCEYKM Ha JIMHE BOJHBI
3.96 A B crieKTpe HEHTPOHHOTO IIyYKa, MPOIYIIEH-
HOTO 4epe3 OepmutneBbI GuiabTp. Ee MoxXHO olre-
HUTb U3 TapameTpa ycTaHoBku AA = 0.05 A B (7) (wist
7= 100 Mkc u L = 8 M). 3aBUCUMOCTb OTHOCUTEJIbHO-
ro paspenieHust Ag/q ot A IoKa3aHa Ha puc. 8 s
TpeX yIJIoB ckoiabxeHus (5, 15 u 40 yr1. MmuH) npu
pacxomMMOCTH MepBUYHOTO nmyyka AO = 0.8 ym1. MuH,
7= 100 mxc u L = 8 M. I3 pucyHKa BUIHO, YTO MpU
MaJIOM yTJie CKOJIbKEHMsI OCHOBHOI BKJIaI B pa3pe-
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IIEHNE BHOCHUT PACXOIMMOCTD ITydKa — BTOPOM WIEH
ITOAKOPEHHOTO BhIpaXXeHUs B (6), a py OOJIBIINX yT-
JIaX CKOJIbKCHMSI 3aMETHBIM CTAHOBUTCS CIIEKTPaIb-
HBII BKJIaJ — MIEPBbIi WIEH IOIKOPEHHOIO BHIPAXKEHMST
B (6), 0COOEHHO B AUAITa30HE MajbIX JUIMH BOJIH.
KoadpuuumeHT oTpakeHust R(g) onpenessieTcs U3
CIIEKTPOB OTPAXKEHHOTO [y ¥ Mafarollero /, my4kos:

R(q)=[[R(q)_[BgR]t/[]0(q)_[Bg]tRﬂ (8)
TJe MHTEHCUBHOCTHh (DOHA M BpeMeHa Habopa CreK-
Tpa OTPakeHHBIX U TMaJaloMNX HEUTPOHOB 0003HA-
YeHbI KaK [pgg, g ¥ Ipy, f COOTBETCTBEHHO. [lanupy-
€Mble OCHOBHbIE TTapaMeTpbl HEUTPOHHOTO pediiek-
TOMETpa IJISI KOMITAKTHOTO MCTOYHUKA HEUTPOHOB
DARIA nipencrasiieHBI B Ta0I. 1.

ABTOMATU3ALIUA YITPABIIEHUA
PE®JIEKTOMETPOM

s yripaBlieHUs 2JIeMEHTaMU YCTAHOBKM Heii-
TPOHHOTO pediieKToMeTpa JIJIsi KOMIAKTHOTO UCTOY-
Huka HeliTpoHoB DARIA miaHupyeTcsi UCIOJIb30-
BaTh IOCTUPOBOYHbIE CTOJIbI C ABYMSI BUTAMU JIBUXKE-
HUS: TIOBOPOTOM U nepemeliieHueM. CTouibl ciaeayeT
OCHACTUTh 12-pa3psaHbBIMU 16-060pOTHBIMU JATYM -
KaMu “yroia—kon”~’, KOTOpble IpeoOpasyloT yroJ I10-
BOpOTa Bajla JaT4yWKa B 12-pa3psimHBIN TTapaiieiib-
HbI Kon I'pest 111 ocyliecTBIeHUs 0OpaTHOM CBSI3U,
YTO 3HAYUTEIBHO MOBBIIIAET TOUHOCTh MO3ULIMOHU-
POBaHUS U HAUJTY4IlIMM 0Opa3oM pellaeT 3ajady aB-

0.20 -

0.15 +
S
S 0.10
<
2
0.05
3
0 1 1 1 1 J
1 2 3 4 5 6

Puc. 8. 3aBUCHMMOCTh OTHOCHUTEJIBHOTO paspelieHus Aq/q
OT JUIMHBI BOJIHBL A IIPY PACXOAUMOCTH IIEPBUYHOIO IIyd -
ka AB = 0.8 ymI. MUH, JUIMTEIBHOCTU HEUTPOHHOTO UM-
nynbca T = 100 MKC UM JUIMHBI IIPOJIETHOM 6a3bl L = 8 M
IUISL yTI0B cKoJibKeHust: 5 (1); 15 (2); 40 yrn. muH (3).

TOMAaTHU3alMN TPELHU3NOHHBIX ABUXKEHUI FOCTUPO-
BOYHBIX CTOJIOB pe(eKTOMETPA. DTU CTOJIBI JOJKHBI
obecIeurBaTh MPELIM3UOHHBIN TTOBOPOT CTOJICITHULIBI
B JUAITa30HE HECKOJIBLKUX I'PaIyCOB C MUHUMATbHBIM
marom He 6o:ee 0.5 yIii. ¢, a Takke ee mepeMeleHue
B HaIlpaBJICHUH, MEPICHINKYJISIPHOM OCH ITy4yKa, B

Ta6muna 1. OcHOBHBIE ITapaMeTpbl HEUTPOHHOTO pedieKTOMETPa IS KOMITAaKTHOTO MCTOYHMKA HeiiTpoHOoB DARIA

PexxuiMbl paboTHI yCTaHOBKU BpewmsiponeTHbIit
Jnana3oH pabounx ITMH BOJIH, A 1-10
[TiockocTh paccessHUS lopuzoHTaNIbHAS
Benyiee moiie BeprukanbHoe
CeueHne mMyyKa HEHTPOHOB B MO3UIIMK 00pas3na, MM (0.1 X 10)—(2.0 x 50)
MaxkcumanbHbIii JOCTYTHBIN IUana3oH 0.001-0.5
IO MepeIaHHOMY UMIYIbCY ¢, A~
OTHOCHTENIBLHOE pa3pellleHre M0 NepegaHHOMY UMITYIbey Ag/q, % | 2—10%

[Monsipusytoiiast 3(pheKTMBHOCTH U aHAIM3UPYIOIIAsl CTOCOOHOCTD
CyInep3epKaabHOro MoJsIpU3aTopa U BEEPHOIro aHAJIM3aTopa

B paboyeM auaria3oHe IJIMH BOJIH

CeyeHue BXOJHOTO OKHa BeepHoro aHaiauzaropa B X 111, MM

Db PeKTUBHOCTD IIEpEeBOPOTA CIIMHA HEUTPOHOB
IJIST PAANOYACTOTHBIX amabaTUIeCKUX CITMH-(QIUIIIEPOB

MakcumanbHOE MAarHUTHOE TOJIE B 3a30p€ JICKTpOMarHura

Ha oOpa3iie, KD
Juara3zoH pabouux Temneparyp obpasia, K
Monurop

JleTekTop

He menee 0.96

180 x 250
He menee 0.98

20

1.4-300
Cuerunk “He

JByxkoopanHatHblii *He [TY/] ¢ pasmepamu
qyBCTBUTEIBbHOI 00actu 250 X 250 MM

IMpumeuanue. [TY/] — Mo3MLMOHHO-YyBCTBUTEIbHBII JETEKTOP.
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100 CBIPOMATHUWKOB u ap.

mrarna3oHe ~100 MM ¢ MUHUMAaJIBHBIM IIIaTrOM ITepe-
MelleHus He 6osee 10 MKM.

Jns yrmpaBiaeHUsT 3JeMeHTaMM pedJieKTOMETpa,
cbopa 1 00pabOTKM pe3yabTaTOB CJIEAyeT pa3pado-
TaTb MPOrpaMMy ¢ MOAY/IbHOI opraHuzauuei. [Ipo-
TOTHUII yKe cylIecTByeT — 3To mporpamma UNICOM,
BbITToJIHEHHas1 B cpene WINDOWS [8]. MoaynbHast
opraHu3alus porpaMMbl 3aKjItouaeTcsl B odecrneye-
HUU pabOThI C OTHOCUTENbHO HE3aBUCUMbBIMU YaCTSI -
MU TMPOTrpaMMbl, Kaxasi U3 KOTOPbIX 0(OpMIISIETCS
B BUJEe KOMaHAbl. Takum obpa3oM, KOMaHIy COIO-
CTaBJISIIOT C OAHOM WM PSIAOM oNepaluii C COOTBET-
CTBYIOIIIUM TIPOTPAMMHBIM U, TTPU HEOOXOIUMOCTH,
9JIEKTPOHHBIM OOecIieueHueM. Y KaXI0il KOMaHIbl
€CTb UM, U OHa MOXET UMETh YTOUHSIOIIME apry-
MEHTbBI. BBIMTOJIHEHWIO KOMaHIbl COOTBETCTBYET BbI-
MOJIHEHUE JIOTUUECKHU 3aBepIlIeHHOro AeicTBus. st
TOTO YTOOBI KOMaH/ibl ObUIM COBMECTUMBI, UX HANO
comiacoBaTh Io napamerpam. [Iporpamma obGecmne-
YUBaeT BBOJA KOMaHJ, UX peAaKTUPOBAHUE, TIPOXOXK-
JIEHUE B 3aJIaHHOM MOCJIeA0BAaTEIbHOCTU U BKJIIOYAET
B ce0s psig 0a3MCHBIX KOMaHI OOILIEro xapakrepa u
psiA cnelMaibHbIX KOMaH/, OpMEeHTUPOBAHHBIX Ha
ornpeaesieHHbIN (pU3NYeCKUit TPUOOpP 1 ero 3JeKTPOo-

HUKY.

SAKJIIOYEHHME

B pabote mpencrasieHa KOHLENILMST BPEMSITIPO-
JieTHOro pedJeKToMeTpa TEIUIOBbIX M XOJOMHBIX
HEHATPOHOB [IJISI UMITYJIbCHOTO KOMITAKTHOTO UCTOY-
Huka HelTpoHOB DARIA. PedsiekTromerp ¢ aAByMs
daunnepamMu U aHATU3aTOPOM IMOJISIpPU3ALIMU TTOCTE
MPOXOXAeHus: oOpaslia Mo3BOJSIET MPOBOIUTH DKC-
MeprUMEHTHI (B 3aBUCMMOCTHU OT pelliaeMoit huznue-
CKOM 3a/1auun) B ONHOM U3 ABYX Mo: Mona I — Bpemsi-
MPOJISTHBI PEXWM C MCIOJb30BaHUEM “0Oeoro”
HenoJIIpU30BaHHOrO Iyyka; Moaa Il — BpeMsimpo-
JIETHBIM peXUM C MCITOJIb30BaHUEM “Oe10ro” moJsi-
pu3oBaHHOrO Mydyka. Mcrnonab3oBaHue IBYXIUCKOBOTO
MpepbiBaTeIsl MO3BOJISIET MOJHEE PACKPBITh BO3MOX-
HOCTU KOMITAaKTHOTO UCTOYHMKA C 11€J1bI0 ONTUMMU -
3allMU MPOBEIEHUS TEKYIIIETO 9KCIIEPUMEHTA Ha pe-
dJiekToMeTpe.

IIpenacraBiaeHbl TakKe OCHOBHBIE TeOMeTpuYe-
cKHe M (PU3NYECKHE MapaMeTpbl HEHTPOHHOTO pe-
dbrexTomeTpa, TUIAaHUPYEMOTO IS KOMITAKTHOTO HC-
TouHuka HeilTpoHoB DARIA. Tlpu anmurenbHOCTU
HelTpoHHOTO MMITYJIbca T = 100 MKc 1 oO1Ieit mimHe
YCTAaHOBKM BpPEeMSIIIPOJIETHOM 6a3kl L = 8 M yacTora
MOBTOPEHMSI UMITYJILCOB MOXET JOCTUTraTh BEJIUYU-
Hbl f = 165 T'u (KoadduumeHT 3anonHeHus 1.66%)
IUTSI AMATa30Ha [UTMH BOJIH AL = 3 A u pasperueHust
AL = 0.05 A. Eciu e IMana3oH IIMH BOJH BbIOpaH
mpe AL = 6 A, To TIpu Tex e mapaMeTpax 4acToTa
JIOJDKHA OBITH He OoJiblie yeM f = 82 ' (koadhduiim-
eHT 3anonHeHus 0.83%). PaGouunii nuanasoH mIdH
BOJIH, B KOTOPOM ITapaMeTPOM ONITUMM3ALINU STBJISI-
eTcs TUIOTHOCTh MOTOKAa HEHTPOHOB Ha obpasiie, n

MOBEPXHOCTb. PEHTTEHOBCKUWE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCJIEIOBAHUS

OoIpecacjanT OKOHYAaTEJIbHBIN BbI60p tIa.CTOTI:IfI/I JIN-
TEJIBHOCTU UMITYJIbCA T HeﬁTpOHOB.

HMcnonab3oBaHUE 3JIEMEHTOB ITOJSPU3ALIMOHHOTO
aHaau3a pedaeKToMeTpa IMo3BOoJsSIeT MOJYIUTh MO -
JIYJIA 4eThbIpeX 3JIEMEHTOB MaTpUILIbl OTpakKeHUs
HelTpoHOB. [lonspusanms myvyka npeBbimracT 96%,
3¢ HEeKTUBHOCTH PaOOTHI CITMH-OINTITICPOB ITPUOIIH -
KaeTcs K enumHuie. Takue rmapamMeTpbl HOJISIPU3YIO-
el TEXHUKU JAI0T BO3MOXHOCTbh ACTAaJbHO KCCIIe-
JIOBaTh MAarHUTHbBIC TOHKOITJIEHOYHBIC HAHOCTPYKTYPHI.
INpemioxeHa KOHLEIMS aBTOMaTU3allMU yIIpaBje-
HUS pehIEKTOMETPOM.
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A Two-Mode Time-of-Flight Neutron Reflectometer for a Compact
Neutron Source DARIA

V. G. Syromyatnikov! 2 *, N. A. Grigoryeva?, S. V. Grigoriev': 2
! Petersburg Nuclear Physics Institute, National Research Center “Kurchatov Institute”, Gatchina, 188300 Russia
2st. Petersburg State University, Petrodvorets, St. Petersburg, 198504 Russia
*e-mail: syromyatnikov_vg@pnpi.nrcki.ru

The concept of a two-mode neutron reflectometer with a polarizer, two spin-flippers and an analyzer of po-
larization after passing through the sample is presented. A reflectometer designed for a compact neutron
source DARIA is planned to measure the spectrum of a reflected “white” neutron beam using the time-of-
flight method at a fixed glancing angle with the possibility of using both polarized and non-polarized neu-
trons. The main geometric and physical parameters of the neutron reflectometer are presented. With a neu-
tron pulse duration T = 100 us and a total length of the time-of-flight base L = 8 m, the pulse repetition rate
can reach f= 165 Hz for the wavelength range AL = 3 A and resolution A\ = 0.05 A. The use of polarization
analysis elements of a reflectometer at a beam polarization exceeding 96% and an efficiency of spin flippers
close to unity makes it possible to study magnetic thin-film nanostructures in detail.

Keywords: compact neutron source DARIA, neutron reflectometry, polarized neutrons, time-of-flight

method.
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