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HHKHTeHKO IO.B., TapaH IO.B. Pl3 - 11320 
TepMOMarl!lnHLic aaraopLI anH ynbrpaxonoAUJ.Ix Heilrponoa 

Ilpea:JOlKeHbl llB8 Tllfi8 38TBOpa anH ynbrpaXOIIOI\HblX HellTpOHOB (YXH) 
OCHOBI.IHHbie H8 11Cil01lb30B8HIIII !i!BilCHII!il <jla30BOrO nepeXOI\8 B <jleppOM8rH!IT

HOfi nneHKe np11 noBbiiUeHHII ee reMneparypbl BbiiUe TO'lKII K10p11. D co'leTa-

HHH C UMnynhCHbiM HCT01..{HHKOM HeflTpOHOB TepMOM8rHHTHLie 38TBJpbl J1D-

3BQ,,HJOT ocyiUeCTBIITb HaKonneHHe YXH a 3aMKHyTbiX cocyaax. 

Pa6ora BbmonHeHa P. Jla6oparopun HellrpoHHOII ¢nan.:n OlHU1. 

npe!!pHHT 06b81\I!HeHHOrO HHCTHTyTa smepHbiX HCCII8110Ba!IHH. fly6Ha 1978 

Nikitenko Yu.V., 'I'aran Yu,V, Pl3- 11320 

Thermomagnetic Gates for Ultracold Neutrons 

'I'wo types of gates for ulbacold neutrons (UCN) have been 
sug:gcsted that are based on the use of the phenomm1on of phase 
tran;;ition in ferTomagnetic film when its temperature increases 
above Curie point. 

Thermomagnetic gates coupled with the pulsed neutron source 
allow UCK' to be stored in closed vessels. 

'I'he investigation has been performed at the Neutron 
Physics Laboratory, JINR. 
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B · 6LIJIH paccMoTpeHhi MarHHTHhle 3aTBopLI ~JHI 

YJihTpaXOJIO~HLIX HeiiTpOHOB /YXH/ C HCDOJih30BaHHCM cllep

poMarHHTHLIX DJICHOK. JTH 3aTBOpLI 06Jia~aiOT ~OCTaTO'iHLIM 
6LicTpo~eiicTBHeM, •no6bi npOH3BO~HTh HaKa'iKY YXH B 

3aMKHYTLIH cocy~ OT HMDYJihCHOrO HCTO'iHHKa HCHTpOHOB 

c BLICOKoii qacToToil cne~oBaHH.Il HMDYJihCOB. B p.11~e 
CJiyqaeB, KOr~a HCT HeOfiXO~HMOCTH B 60JihillOM 6LJCTpo

~CHCTBHH 3aTBOpa, MoryT OKa3aTbC.Il DOJIC3HLIMH TaK Ha-

3LIBaeMLJe TepMoMarHHTHhie 3aTBOpLI YXH. 

Ha ynhTpaxoJio~HLiii HeiiTpoH, Haxo~.lllllHHC.Il a <iJeppo

MarHHTHoii Cpe~e, ~CHCTBYCT 3cPcPCKTHBHhiH DOTCHUHan 121 

27T·fi 2 :-.Jb ') 
U = -------···- - 11 B 

rn 

r~e N - '!HCJIO H~ep H C,ll,HHHUC 06'beMa, b - KOrepeHTHa.ll 

~JIHHa pacce.IIHHH ueiiTpoHa Ha CB.Il3aHHOM x~pe, rn - Macca 

HeiiTpoHa, 11 - MarHHTHLIH MoMeHT ueiiTpoHa, i3 - MarHHTHaH 

HH~YKUH.Il B cpe~e. 

Ecnu H3rOTOBHTb clleppoMarHHTHYIO nneuKy H3 MaTepua

f-2 
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To 3cPcPCKTBBHLiii noTeuuuan B3aHMo~eiicTBHH HeiiTpoHa co 

Cpe~OH flJICHKH 6y~eT B OCHOBHOM onpe~eJI.IIThC.Il ee MarHBT

HLIM COCTOHHBCM. MarHHTHOe COCTO.IIHHe clleppOMarHBTHOH 

Cpe~LI 3aBHCBT OT ee TCMDepaTypbl, B DpB TCMDepaType 

BLirne TO'iKB K10pa cpe~a cTaHOBBTC.Il napaMarHBTHoii. 

B 3TOM CJiyqae 3cPcPCKTBBHLIH DOTCH:UBaJI OKa)I(CTC.Il npeHe-

6pe)I(BMO MaJibiM B DJICHKa 6y~eT npaKTB'iCCKB Dp03paqua 

.IUI.Il YXH. HB)I(e TO'iKB K10pa nneuKa uaxo~HTc• B teppo

MarHHTHOM COCTOJIHHH, H CCJIH OHa Ha:w:arHH'ieHa ~0 Hacbl-
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meHHJI, To qepe3 Hee npoxo.IJ;JIT YXH TOJILKO c npoeKu;Heii 

CDHHa npOTHB HanpaBJieHHJI ee HaMarHH'IeHHOCTH. Ha OCHOBe 

.IJ;aHHoro npHHl(Hna MO)I{eT pa6oTaTb 3aTBop YXH, ycnoBHO 

Ha3BaHHbiB HaMH TepMOMarHHTHbiM. 

Ha puc. 1 cxeMaTH'IeCKH noKa3aHo ycTpoiicTBO .IJ;JIJI 

HaKonneHHJI YXH B 3aMKHYTOM cocy,IJ;e c ucnoJIL3oBaHHeM 

paCCMOTpeHHOrO TepMOMarHHTHOrO 3aTBOpa Ha HMDYJibCHOM 

HCTO'IHHKe HeiiTpoHoB. YXH H3 KOHBepTopa 1 na.IJ;aiOT Ha 

I!JeppoMarHHTHYIO DJieHKY 2, KOTOpaJI HaMarHB'IBBaeTCJI yeT

poiicTBOM 3. cl>eppoMarHBTHaJI nneHKa cHa6)1{eHa ycTpoiicT

BOM 4 ,IJ;JIJI ee DO,IJ;OrpeBa. llepe,D; BMDYJibCOM HeBTpOHOB 

ycTpOBCTBO 4 BKJIIO'IaeTCJI B DJieHKa nepeBO,IJ;BTCJI B napa

MarHBTHOe cocTOJIHBe. 3aTBop oTKpbiT: YXH BXO.IJ;JIT qepe3 

Hero B 3aMKHYTbiB COCY.IJ; 6 B TaM HaKaDJIBBaiOTCJI.llOCJie 

OKOH'IaHBJI BMDYJibCa HeBTpOHOB ycTpOBCTBO 4BbiKJII01.faeTCJI 

H nneHKa nepexo.IJ;HT B I!JeppoMarHBTHoe cocTOJIHBe. YXH 

C npoeKl(BeB CDBHa npOTBB HanpaBJieHHJI HaMarHB'IeHHOCTB 
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HaKonulleAb YAbllpaXOAOOHWX HeiimpoHoe Ha uMnyAbCHOM 
UCIIIO"'HUK€ H€U11fpOH06 C UCnOAb3060HU€M mepMOMOZHU11fH020 
3alleopa:. 1 - KOHeep11op YXH, 2 - tfieppoMaZHUIIIHaJI nAeHKa, 
3 - YCIIpOUCIIIBO OAJI HOMOZHU .. U60HUJI nAellKU, 4 - ycmpoii
C11160 OAJI nooozpeaa nAeHKU, 5 - ycmpOUCII60 OAJI CUHXpo
HU30fiUU pa60Jibl nooozpe60JI€AJI C UMnyAbCHbiM UCIIIO"'HUKOM 
HeiimpOH06, 6 - 30MKHYIIbiU cocyo. 
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nneHKB BbiTeKyT B3 cocy,IJ;a o6paTHO Ha KOHBepTop, a YXH 

C npOTBBODOJIO)I(HOB DOJIJipB3al(BeB OKa)l{yTCJI 3anepTbiMB 

B COCy,IJ;e. Pa6oTa yCTpOBCTBa 4 CBHXpOHB30BaHa C pa6oTOB 

HMDYJibCHOro BCTO'IHBKa HeBTpOHOB C DOMOll(biO ycTpOBCTBa 

5. )J.nJI coxpaHeHBJI nonJipB30BaHHbiX YXH B HaKonBTene, 

06opy,IJ;OBaHHOM 3aTBOpOM ODBCaHHOrO TBDa, Ha,IJ;O npBHH

MaTb cneu;uaJILHble Mepbl npoTHB ,IJ;enonJipB3al(BB YXH B 

npou;ecce BX xpaHeHBJI. C ,IJ;pyroii CTOpOHbl, npBMeHJIJI 

npBHl(BD 3aTBOpa C .IJ;ByMJI I!JeppoMarHBTHbiMB DJieHKaMB 

H TOKOBOB I!JonbrOB I 1 I, MO)I{HO ocyll(eCTBBTb HaKODJieHBe 

HenonJipB3oBaHHbiX YXH. 

)J.JIJI DO.IJ;OrpeBa I!JeppoMarHBTHOB DJieHKB MOryT 6b1Tb 

HCDOJib30BaHbl 3JieKTpB'IeCKBe DO,IJ;OrpeBaTeJIB pa3JIB'IHOB 

KOHCTPYKUBB, B TOM 'IBCJie OCHOBaHHble Ha npBHl(BDe npo

nycKaHBJI TOKa DO CaMOB DJieHKe. JlJ060DbiTHaJI B03MO)I{HOCTb 

,!J;JIJI DO,IJ;OrpeBa DJieHKB OT HMDYJibCHOrO HCTO'IHBKa HeBTpO

HOB MO)I{eT 6b1Tb OCyll(eCTBJieBa C DOMOll(biO peaKl(HB ,IJ;eJieHHJI 

B BeJ.QeCTBe, HaHeCeHHOM Ha DJieHKY BJIB BHe,IJ;peHHOM B Hee. 

B 3TOM cnyqae .IJ;OCTHraeTCJI B,IJ;eaJibHaJI CBHXPOHH3al(HJI 

pa60TLI 3aTBOpa C BMDYJibCHbiM HCTO'IHBKOM. 

Ou;eHHM napaMeTpbi 3aTBopa, Bb16paB .IJ;JIJI npuMepa 

B Ka'leCTBe ,IJ;eJIJIU:.erOCJI Bell(eCTBa ypaH- 235 B B Ka'leCTBe 

MaTepuana I!JeppoMarHBTHOB nneHKB - B30TODbl )l(eJie3a. 

C'IBTaJI ,IJ;onycTBMbiM npu HanycKe YXH 20~-Hoe nornomeHBe 

YXH B 235 U, onpe.IJ;eJIBM .IJ;OJIIO noToKa TenJIOBLIX HeiiTpo-

HOB, DOrJIOJ.QeHHLIX B 3aTBOpe: p =P /(-VTenJI -) ~ 
TenJI YXH v YXH 

~ 4,6 ·10-
4

, r,IJ;e V TenJI - CKOpOCTb TeDJIOBbiX HeBTpOHOB, 

v YXH - cKopocTb YXH, P YXH- .IJ;OJIJI noToKa YXH, norno

ll(eHHLIX B 3aTBOpe. 0TCIO,IJ;a TOJill(HHa CJIOJI 
235 U paBHa: 

X= 

p 
!lli!d!. 
aN 

-:. 0,16 MKM, r.IJ;e a - ce'leHBe .IJ;eJieHBJI 235u , 

235 N - 'IBCJIO JI.IJ;ep U B e,IJ;BHBu;e o6'beMa. Y'IBTLIBaJI, 'ITO 

DOTepB 3HeprBB OCKOJIKaMB ,IJ;eJieHBJI MaKCBMaJibHbl B Ha

qaJie nyTB BX npo6era B Bell(eCTBe, DOJIO)I{BM TOJill(BHY 

I!JeppoMarHBTHOB DJieHKB DOpJI,IJ;Ka BeCKOJibKBX ,neCJITbiX ,IJ;O

JieB MKM, HaMHoro MeHbllleB npe,D;eJibHOB ,IJ;JIBHLI DYTH 

npo6era e np I f np ::: 10 MKM/. B Ka'leCTBe BCTO'IHHKa 

HeiiTpOHOB Bbl6epeM peaKTop HBP-2 131 , B CKB03HOM TaH-
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reHUHaJILHOM KaHane KOTOporo "'HCJIO HeBTPOHOB B HMDYJILCe 

cocTaBnJleT N liMn -::. 10 13 H/cM 2 • Tor~a no~orpen Ja

TBopa 3a HMDYJILC peaKTOpa MO)I(eT 6LITL DOJiy"'eH Ha Be
nH"'HHy !\ T: 

A.N 
~tMn 

• p • E ·K(L_) 
oc k e np -12ooc ' 

Ten.JI 

l\T= ----------e ·p. c 

r~e A - aTOMHLIB HOMep, E ock - KHHeTH"'eCKa.H 3Hepru.H 

OCKOJIKOB ~eneHH.H, p - TOJI~HHa DJieHKH, C - TennoeM· 

e 
K ( --) 

rnp 
KOCTh nemecTna nneHI<H, - ~ai<Top, y"'HTLIBaiO-

moB HeJIHHeBHYID 3aBHCHMOCTh DOTepH 3HeprHH OCKOJIKOM 

Ha DYTH npo6era, p - DJIOTHOCTh BemecTBa. 

Y"'HTLIBaJI 3aBHCHMOCTL OTHOCHTeJihHOB CaMODpOH3-

BOJihHOB y~eJILHOH HaMarHH"'CHHOCTH ~eppoMarHeTHKa OT 

TeMneparypLI, nony"'HM, "'TO TeMnepaTypa TO'IKH KIDpH 

~eppoMarHHTHoro MaTepuana JaTnopa ~OJI)I(Ha fiLITh ue 

oqeuL BhlCOKOB. HcnoJILJonauue naKODHTen.H YXH c repMo

MarHHTHhiM 3aTBOpOM ODHCaHHOH KOHCTPYKU.HH Ha peaKTO· 

pax C 60JILllieB HMDYJihCHOH MomHOCTbffi, HanpHMep Ha 

HMDYJihCHLIX peaKTOpax CaMoraC.HliJ.ero JJ;CHCTBH.H, ll03BOJIHT 

DpHMeHHTh B 3aTBOpe DJICHKY C 6onee BLICOKOH TeMnepa

TypOH TO"'I<H KIOpH. 

TepMoMarHHTHLIH Jarnop .u;pyroro Tuna MO)I(er 6wT& 

ocymecrnneu, ecnu HJrOTOBHTh ~eppoMarHHTHym nneuKy 

H3 MaTepuana, JJ;JIJI KOTOporo BhinOJIHHCTC.H YCJIOBHC 

2 IT t 2 N b 
-----·~··- :::: !1 B 

m 

113BCCTHO, "'TO HeHaMarHH"'CHHa.H ~eppoMarHHTHa.H DJieH

I<a nponyci<aeT nononuuy na.n;a10mux Ha Hee YXH. 06hi"'HO 

3TO 06'h.HCH.HeTCJI TeM, "'TO B HeHaMarHH"'eHHOM COCTOJIHHH 

cpe~a paJ6unaeTCJI Ha ~oMeHhl u T .I<. ~JIBHa BOJIHLI YXH 

3Hal.fHTeJILHO MeHLllie cpe~HBX paJMepOB ~OMeHa, TO DOJIO-

BBHa na~aiO~Bx YXH oTpaJBTCJI nneHKOB o6paTHO. )J,nJI 

~ocTaTO"'Ho TOBKoii nneHKB /c TOJJIIUIHOB nopJI~Ka cpe~HBX 
paJMepon ~oweua/ ocna6neuue npoweJUUBx YXH 6y~eT 
HenenBKo. Ecnu TenepL nneHKy HarpeTL nwwe TeMnepaTy-
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phi TO"'KH K10pu, To nneuKa nepeii,neT B napaMarHHTHOe 

COCTOJIHHe H MarHBTHLIB DOTeHUHaJI 11 B CTaHeT npeHe6pe" 

)I(BMO ManLIM. IIneHI<a cTaHeT uenpoJpa"'HOB ~JIJI YXH, 

3HeprHJI KOTOphiX MCHLWe JIAepHoro DOTeHUBana. TaKBM 

o6pa30M, OTI<pbiTOe COCTOJIHHe 3aTBOpa C BCDOJIL30BaHHeM 

TaKOB DJieHI<H 6yAeT HMeTb MCCTO npH TeMnepaType DJieHKH 

HH)I(e TO"'KH KIOpB, a 3aKpLITOe - npH TCMDepaType Bblllie 

TO"'KH K10pu. B HaKODHTene YXH, cHa6)1(eHHOM JaTnopoM 

ODHCaHHOrO TBDa, He HY)I(HO HaMarHH"'BBaTL weppOMarHHT" 

HYIO nneHKy B Ja6oTBThCJI o coxpaHeHBB nonJipB3&UBB YXH, 

"'TO Cy~eCTBeHHO ynpo~aeT KOHCTPYKUBIO HaKODHTCJIJI. 
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