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MaJihIX ttJMeHeHttii 3Hepnm YXH B noByrnKax 
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He.D,aBHO 6hIJ1 o6Hapy)KeH HOBhiii y.D.ttBHTeJihHhiii KaHaJI noTepb yJihTpaxoJib.D.
HhIX HeiiTpOHOB (YXH) H3 JIOBynieK. MbI IlOJiaraeM, qTO .LIOilOJIHHTeJibHbie noTeptt 
YXH CB.SIJaHhI c YBeJittqeHtteM nx 3Hepmtt (Ha BeJinqnHy ~ 10-7 3B) nptt BJattMo
.L1eiicrnm1 co CTeHKaMH JIOBynIKH. AnbTepHaTHBHOii HHTepnpernunen 3KCneptt
MeHTaJlhHbIX .D,aHHhIX .SIBHJiaCb nmoTeJa BpeMeHHOfO npttJIHilaHH.8 HeiiTpOHOB K 
CTeHKaM JIOBynIKH. B .D,aHHOH pa6oTe Mhl IlOKa3hIBaeM, qTo rnnoTeJa BpeMeHHOro 
npHJittnamrn npoTHBOpeqHT 3KCnepttMeHTaJlhHhIM .D,aHHhIM. 

Pa6orn Bh!IlOJIHeHa B ITa6oparnpHH HeiiTpOHHOii cptt3HKH HM.11.M.<I>paHKa 
OIDil1. 

npenpHHT 061,e)lHHeHHOro HHCTHTyra ll)lepHhlX HCCJJe)lOBaHHH • .lly6Ha, 1999 

Nesvizhevsky V.V. et al. D3-99-243 
About Interpretation of Experiments on Small Increase 
in Energy of UCN in Traps 

A new surprising escape channel for ultracold neutrons (UCN) in traps was 
identified recently. We suppose that the additional UCN loss results from rare 
events of small increase in their energy ( ~ 10-1eV). The only clearly pronounced 
alternative interpretation of our experiments assumes a temporary adhesion of few 
UCN to trap walls. We show that this hypothesis contradicts to our experimental 
data. 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR. 
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·nneJJ;enue 

Xpattem1e ynh-rpaxoJIOJJ;HhIX tteii-rpoHoB (E~10·
7 

3B, V~5 Mic) B noBymKax HBIDH:Tca 

yttHKaJihHhIM HHCTpYMeHTOM ipytt,naMeHTaJihHhlX !pH3HtJ:eCKIIX IICCJie,noBaHIIH II 

oco6eHHO ITpIIBJICKaTCJihHO ,nJia 3KCITepIIMCHTOB ITO II3MepeHmo BpeMeHII iKII3HII 

HCHTJ)OHa C BhICOKOH TO'IHOCTbIO. B03MOiKHOCTh xpaHeHIIH HeHTJ)OHOB B 3aMKHYThIX 

061,eMaX o6ycJIOBJieHa ITOJIHhIM OTJ)aiKCHIICM YXH OT CTCHOK JIOBYJllCK. Tipouecc 

xpaHCHHH HBJIHCTCH ITPH 3TOM cymecTBCHHO HepaBHOBeCHhlM. TeMITepaTYPa CTCHOK 

JIOBynIKH B ~ 10
5 

pa3 ITpCBhIIIIaeT TCMITepaTYPY ~ 10·3 K, KOTOpaa COOTBeTCTBYeT 

KIIHemqecKoii 3Hepmu YXH. CymecrnyeT ,nBa xopoIIIo H3BeCTHhIX KaHana ITOTepb 

HCHTJ)OHOB II3 JIOBymeK ITPII IIX B3aIIMO,neiiCTBIIII co CTCHKaMII: 3axBaT HCHTJ)OHOB 

a,npaMII Bemecrna II Heyrrpyroe pacceaHIIe HCHTJ)OHOB Ha a,npax B TCITJIOBYIO o6JiaCTh 

3Hepmii (E~ 10·
1
+10-

2 
3B) [1]. O,nttaKo o6a ITpouecca He cMOrJIII 061,acHIITh 

o6Hapy')KeHHhlX ITPII xpaHCHIIII YXH B cocy,ne II3 6epIIJIJIIIH ,nOITOJIHIITCJihHhlX 

TCMITepaTYPHOHe3aBIICIIMhIX ITOTepb C BepoaTHOCThIO ~10"
5 

Ha y,nap [2]. Tio,npo6HhlH 

ofoop !pII3IIKII YXH II IIX ITPIIMCHCHIIH B ipytt,naMCHTaJihHhIX IICCJie,noBaHIIHX MOiKHO 

HaHTII B [3, 4]. 
He,naBHO 6hrn o6ttapy')KeH HOBhiii KaHan ITOTepb YXH II3 JIOBYJllCK. TioTepII ITO 3TOMY 

KaHaJIY o6ycJIOBJICHhl pe,nKIIMII ITpoueccaMII YBCJIII'ICHIIH 3HepmII HCHTJ)OHOB (Ha 

BCJIH'IIIHy ~10"
7 

3B) ITPII B3aIIMO,neiiCTBIIII co CTCHKaMII [5, 6, 7]. B pe3yJihTaTe 3HepmH 

YXH CTaHOBIITCH 60JibIIIe rpaHII'IHOH 3HepmII CTCHOK JIOBYJllKII, II HeHTJ)OHhl 

ITepeCTalOT xpaHIIThCH. KpoMe Toro, HaJIH'IIIC ITpoueccoB MaJIOro YBCJIIItJ:eHIIH 3HeprmI 

YXH npIIBO,nIIT K TOMY, 'ITO B cneK-rpe Heii-rpoHOB Bcer,na, ,naiKe nocne 3!p!peKTIIBHoii 

O'IIICTKH, OCTaeTCH npIIMeCb Hell.TJ)OHOB C 60JihIIIell 3HeprIIeM, tJ:eM 3HeprIIa, 

cooTBeTCTBYIOmaa rpam1ue cneK-rpa. Mhl Ha3hIBaeM YXH, KOTOph1e MeHHIOT cBoIO 

3HeprnIO npII B3aIIMO,neiiCTBIIII co CTeHKaMH JIOBYJllKII II npII 3TOM OCTaIOTCH 

YJibTJ)aXOJIO,nHhIMII (IIJIII IlO'ITII YJibTJ)axOJIO,nHhIMII} B036YiKJJ;eHHhlMII 

ynh-rpaxono,nHhIMII HeiiTpOHaMII (BYXH). E,nIIHCTBeHHoii aJihTepHaTIIBHOM mnoTe3oii, 

IIHTepnpeTIIPYIOmeM pe3yJihTaTbl HaIIIIIX 3KCnepIIMeHTOB, HBJIHeTCH rnnoTe3a 

BpeMeHHoro npIIJIIIIlaHIIa HeKOTOpbIX YXH K IIIepoxoBaTbIM CTeHaM JIOBYJllKII [8, 9, 10]. 

)J;aHHaH pa6om IlOCBameHa 3KCnepIIMeHTaJihHOH npoBepKe rIITIOTe3bl npmmnaHUH 

YXH. 

3KCITepnMeHTaJILHaH ycTaHOBKa 

CxaMa ycmHOBKII npe,ncmBJieHa Ha pIIc. l. Eonee ,neTaJihHOe om1cam1e ycmHOBKII II 

MeTO,na MO)KHO HaHTII B [5, 6, 11, 12]. 

YXH OT IICTO'IHIIKa IlOCTyrraIOT no H30rHYTOMY Heii-rpoHOBo,ny B rpaBHTaUIIOHHhIH 

CilCKTJ)OMeTJ) (OH )Ke 061,eM xpaHeHIIH) (1), B KOTOpOM OHII MOrYT 6b1Tb 3anepTbl npII 

ITOMOmII BXO)J;HhIX 3aCJIOHOK (2). rpaBIITaUIIOHHhlll CileKTJ)OMeTJ) - Me,nHhlH UIIJIIIH,np 

,nuaMe-rpOM ~20 CM· II BhICOTOH ~180 CM, IlOMemeHHhlH B BaKYYMIIPOBaHHhlll 

( OCTaTO'IHOe ,naBJiemie ~ 1 o1 TOPP y UIIJIIIH,np II3 HepiKaBe10meM CTaJIII (,nIIaMeTp ~60 CM, 

BhlCOTa ~200 CM). · , 
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Puc. 1 CxeMa ycmmto6KU. 

I - 2pa6umm,1uonnb1ii cneKmpoMemp; 2 - 6X00Hble 3aCJIOHKu; 3 -
nollU3mWleHo6blii no2J1omumeJ1b; 4 - oemeKmop YXH; 5 - U302nymb1ii 

HeiimpOH0600; 6 - moHKaR pa30eJIUmeJlbHClR aJIIOMUHUe6aR <j;OllbW; 7 -
Monumopnbzii oemeKmop; 8 - 06pwe4 

BHyrpl:I cneKTpoMeTPa noMemeH nornoTnTeni, YXH (3) - nonH3Tl:lnenoBhIM .nncK, 

KOTOphlM MO)KeT nepeMemaThCH B,nOnh OCH cneK'fl)OMe'fl)a no BCeM ero ,LlnHHe. 

Ilonll3THneH HBnHeTCH npaKTl:l'IeCKil H,LleanhHhlM "nornOTl:ITeneM" YXH B cnny Toro, 

'ITO OH ne HMeeT O'Tpa)KaIOmero noTemi:nana l:I o6na,naeT 6onhIHHM ce11e11neM 

neynpyroro pacceHHHH. YXH c 3Heprneii E>mghabsor. (m - Macca HeM'fPOHa, g
ycKope1me CB060,nHoro na,neHHH Ha noBepxHOCTH 3eMnl:I, h - BhICOTa nornoTl:ITenH na.n 

,[\HOM cneKTpoMe'fl)a) npoHHKaIOT B nornoTHTCnh H, Heynpyro pacceHBaHCI, B ,[1Hana30H 

311eprnii TennoBhIX HeM'fl)OHOB, noKn,naIOT noBYIHKy. XapaKTepnax .z:1nH YXH 311eprnH 

-10·7 
313, npHMepHO COOTBeTCTBYeT no,nCKOKY HeM'fl)OHa B rpaBHTaIJ:l:IOHHOM none 3eMnH 

Ha o.nnn MeTP (mg-I CM ~ I H3B). TaKHM o6pa3oM, nocne Toro KaK YXH JanonHnnn 

cneKTpOMeTp Il 3aKphIDl:ICh BXO,LIHhie 3acnOHKH, 11epe3 neKOTOpoe BpeMH (BpeMH 'IHCTKl:I), 

TOnhKO He6on1,111ax 'IaCTh YXH B cneKTpOMeTpe HMeeT 311eprn10 E>mghabsor• 
)l;eTeKTop YXH (4) - ra3opa3p~HhIM C'IeT'IHK c 3He npncoe.z:1nneH K cneK'fl)OMC'fPY 

'Iepe3 ll30rHYThIM HeH'TpOHOBO,n (5) Il OT,neneH OT 061,eMa xpaHeHHH pa3,nenHTenhHOH 

2 

t 

' ·~ 

anIOMHHHeBoM cponi,roli (6) rnnmnnoil: 12,5 MKM (rpaHH'IHaH 311eprnH EAi ~ 52 c..u). 

.[leTeKTOp pacnono)Kell Ha -1 M IIH)Ke .nna cneKTpOMe'fl)a, 'ITO n03BOnHeT HeM'fl)OHaM, 

ycKOpHB!llllCh B rpaBHTaIIHOHHOM none, C 6onhIHeM 3QJQJCKTHBHOCThlO npeo.noneBaTh 

BXO,LIHOe anIOMHHHeBoe OKHO ,LleTeKTopa. J,faornYTOCTh HeH'fl)OHOBO.[la_ n03BOnHeT 

3alHHTHTh ,[leTeKTOp OT TennOBhIX Heil:TpOHOB, narpeBaIOIHHXCH Ha!B pa3.z:1ennTenhHOH 

cponhre Il na noBepXHOCTH cneKTpOMe'fl)a. Ilnoma,nh pa3.z:1enHTen1,11oil: QJOJ!hrH, 

HBnHIOIHeMCH 'IaCThlO CTeHKH o6beMa xpaHeHHH, - 63 CM2
• <l>oni,ra ycTaHOBneHa 

BepTHKanhHO TaK, 'ITO ee uen'fl) HaXO,LIHTCH na 8 CM BhI!lle ,Lilla cneK'fl)OMe'fl)a. 

IloTOK YXH B cneK'fl)OMeTpe Il3MepHeTCH MOHHTOpHhlM ,LleTeKTOpOM (7), 
ananorH'IHhIM rnaBHOMY ,[leTeKTOPY (4). MoHHTOp OT,nenen OT o6beMa xpaneHHH 

TOnCTOM MeM6panoli C MallCHhKOM (-3 MM
2

) ,LlhlpO'IKOM. 

Ha .LIHO cneKTpoMeTpa noMemeH o6pa3eII H3 6epnnnnesoii cponi,rn (8) c o6meii 

nnoma.z:11,10 nosepXHOCTH -1 M2
• 

lf3MepeHHH 

Pa3.z:1enHTen1,11aH anIOMlIHHeilaH cponi,ra n03BOnJleT ,LleTeKTHpOBaTh TOnhKO 

Ha,n6ap1,ep111,1e (.Llnll cponi,rn) HeMTpOHhl. HeH'fl)OHhl 3anOJIHJIIOT nOBYIHKY B Te'IeHHe 

nepBhIX copoKa ceKytt.LI (pnc. 2) npH Bh!COTe nornoTHTenJI 52 CM. Ecnll 3Hepnrn 

HeHTpOHOB BO BpeMJI xpaHCHlIH He MCHJleTCH, TO nocne 3aKph!TllH BXO,LIHhlX 3aCnOHOK 

(40-aJI ceKyn,na) CKOpOCTI, C'IeTa ,neTeKTOpa ,[IOJI)KHa fihICTpo cna,LlaTI, K QJOHOBOMY 

3Ha'IeHHIO (nyttKTllpHaH KpHBaJI Ha pHc. 2). XapaKTepHoe BpeMJI 3Toro na.neHHH 

COOTBeTcTByeT BpeMeHll O'IHCTKll cneKTPOMe'fl)a OT HeH'fl)OHOB C 3Heprneii, 

no3BOnJ110meii npeo.z:1oneTh pa3.z:1enHTenhHYIO anIOMHHlleBYIO cponi,ry. <l>aKTH'IeCKll, 

nocne fihICTporo na.z:1eHHJI, C'IeT ,LICTCKTOpa OCTaeTCJI Ha ypOBHe, 3Ha'IHTe!IhHO 

npeBhIIHaIOmeM QJOHOBOe 3Ha'IeHHe (IH'fl)lIXOBaJI JllIHlIJI Ha pnc. 2). Ilocne no,nHJITHJI 

norJIOTHTenJI (B Te'IeHHe -16 ceKytt,n, Ha'IHHaJI c 95-il: ceKytt.Llhl), CKOpOCTh C'IeTa 

B03pacrneT (cnno111HaH nHHHJI Ha puc. 2)1. M1,1 nonaraeM, 'ITO e.nnncrneHHOH pa3YMHOH 

mnepnpernuneH 3KCnepHMeHTallhHhIX ,LlaHHhlX JIBJIJleTCJI YTBep)K,LleHHe O He6onhIHOM 

ysenH'IeHHll 3Heprnn (.z:IOCTaTO'IHOM ,[lnll npeo.z:1oneHHJI pa3.z:1enHTenhHOH cponhrn (6), HO 

He npHBO,[IJl[UeM K MOMCHTallhHOM noTepe HeHTpoHa) HeKOTOph!X YXH BO BpeMJI 

xpaHeHHJI. HeHTpOHhI c 3HeprneH E>EAt ,neTeKTHPYIOTCH c 6on1,111eli sepol!THOCThIO, 

KOr,Lla nornoTHTeni, no,LIHHT BBepx, 'ITO Il npHBO,LIHT K pocTy CKOpOCTH C'IeTa npn 

no,[IHHTHH nornOTHTenJI. 

HacTOJIIHlle ll3MepeHllJI nposo,nHnllCI, Ha TOH )KC ycTaHOBKe H no TOH )Ke MeTO,LIHKe, 

'ITO H opttrnHanhHhie HJMepeHIIJI (5, 6, 11]. B Ka11ecrne HCTO'IHHKa BYXH ttccne.nosancJ1 

o6pa3eII II3 uen1,1106epunnueBOH cponi,rn c nnoma.z:11,10 nosepx11ocTu -1 M2 B Me,nnoM 
. 2 

cneKTpOMeTpe C co6CTBeHHOH nnoma.z:11,10 nosepXHOCTll -0,2 M . 

1 .[J;ernnb110e 06cylK)le11tte Aa1111oro npouecca M0lKII0 11aiiTH B [5, 6, 11) 

3 
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Puc. 2 BpeMeH1taR 3a6ucUMocmb c'lema iJemeKmopa YXH 6 

;102apurjJMU'leCKOM Macuuna6e. Kpy;JJCKU coom6emcin6y10m U3MepeHURM c 

no211omumeJ1eM, pacnoflo;JJCe11HblM 11a 6blcome 52 CAt om oHa cneKmpoMempa 60 

6peAtR Han0JIHe11UR, mpeyZOllbHUKU - Ha 6blC0me 146 CM. IlyHKmUpHaR Kpu6aR -

U3Me1te11ue 'IUCJla 11aiJ6apbepHblX HeiimpOH06 6 Ha'laJlbH0M cneKmpe. 

lllmpuxo6aR flUIIUR - C'lem iJemeKmopa npu Henoo6U;JJC1IO.At no211omumeJ1e Ha 

6b1Come 52 CM. CMOU/HaR KpUBaR - 0'IUCmKa cneKmpa u 3aBUCUJ'>t0Cmb 

cKopocmu c'lema BYXH npu noiJHRmuu no2J1omumeJ1R Ha 95-ii ceKy11iJe 11a 

BblC0my J46 CM. 

KaK MeT0.I{ rrpoBepKH nmoTe3hl 0 rrpmrnrraHHH HeihpOHOB K Il0BepXH0CTH, 

HCI10Jlh30BarI0Ch cpaBHeHHe .l{Byx H3MepeHHH, Il0JJ)"IeHHhIX rrpu pa3JJHqHoM Haqan:hH0M 

crre1ape YXH. Pe3yJ1hTaThI 3THX H3MepeHHu rrpe.l{cTaBJJeHhI Ha puc. 2 n 60J1ee .l{eTan:hH0 

Ha pnc. 3. Kp}')KKH C00TBeTCTBYJOT H3Mepenmo C Il0rJJ0THTeJJeM, HaX0MIUHMCJI Ha 

BhIC0Te 52 CM B TeqeHHe BCero BpeMeHH Harr0JJHeHHJI crreICTp0MeTpa (0+40 c Ha puc. 2). 
TpeYTOJJhHlfKH - H3MepeHHIO, IlpH K0T0p0M Il0rJJ0THTeJlh rrepBhie 20 C HaX0.l{HJlCJI Ha 

BhIC0Te 146 CM, a 3aTeM B Teqeune 16 c onycKarICJI .l{0 BhIC0Thl 52 CM. IlJJOTHOCTh Il0T0Ka 

Ha.1{6apbepmrx (MJI pa3.l{eJJHTeJJhHOH <pOJJhrn) YXH BO BpeMJI HaII0JJHeHHJI B 2,5 pa3a 

BhIIIIe BO BT0p0M CJJyqae, qeM B rrepB0M. Ko3<p<pHI.IHeHT 2,5 - 3T0 0TH0IIIeHne 

K0JJHqecTBa rrp0HHKIIIHX CKB03h arIJ-OMHHHeByro <pOJJhry HeihpoHOB H 

3aperHCTPHP0BaHHhIX ,!{eTeKTopoM 3a Bee BpeMJI naII0JJHeHHJI .l{JlJI o6onx 3THX CJJyqaeB. 

H}')KHO 0TMeTHTh, qTo aHan:ornqHoe 0TH0IIIeHne, II0JJ)"IeHIIOe H3 cpaBHeHHJI 

4 

{ 
\ 

:} 

M0HHT0pHhlX cqeT0B, paBH0 3,5. 3TO 0TJ]Hqne, B qaCTH0CTH, o6ycJJOBJ1eHO pa:3HhlM 

pacII0Jl0)l(eHHeM pa3.l{eJ1HTeJ1hHOH arIIOMHHHeBOH <pOJlhnI (6 na pnc.l) n MarieHhKOH 

.l{hipoqKn B .!{He crreKTP0MeTPa, CKB03h K0Topyro rrpoX0.l{JIT HeHTPOHhl, perHCTPHpyeMhle 

M0HHT0p0M. O.l{HaKO, ne B,!{aBaJICh IIO.l{p06HO B rrpnqHHhl 3T0ro 0TJ]lfqIIJI, Mhl 6y.l{eM 

II0J1h30BaThCJI MIIHIIMMhHOH 011enKOH. 

)],aHHhie H3MepeHIIJI rro3B0JJJIJ-OT C.l{eJJaTh 3aKJ1roqeH11e 06 11cToqH11Ke BYXH. 
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Puc. 3 BpeMe1t1taR 3a6UCUAtoCmb cKopocmu c'tema iJemeKmopa YXH 6 

J1u11eii110M Macutma6e. Kpy;JJCKU coom6emcm6y10m U3Atepemm.M c 

no211omumeJ1eM, pacnoJ1o;JJCeHHblM Ha 6b1come 52 CM om oHa 

cneKmpoAtempa 60 6peA1R HanoJ111e111m, mpeyzollbHUKU - 11a Bblcome 

146 CM. CMOutHaR KpUBaR - np02H03UpyeMaR 6 pGMKax zunome3bl MaJlblX 

nepeoa'I 3Hepzuu YXH 6 J106yutKax 0'IUCmKa cneKmpa u 3a6UCUMocmb 

cKopocmu C'lema BYXH. lllmpuxo6aR flUHUR - o;JJCuoaeMaR 3a6UCUMocmb 

cKopocmu C'lema oemeKmopa YXH om 6peMe11u e pGMKax zunome3bl 

npUJ1unaHUR 11eiimpmwe K cmeHKaAt. II0211omumeJ1b noo11UMaemCR 11a 95-ii 

ceK)lHoe. 
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AHaJIU3 peJyJILTaTOB 

OcTaBaJ!Cb B paMKax nIIIOTe3bI BpeMeHHOrO IIpmnmaHml He60JibIIIOH 'laCTH 

HeHTpOHOB. K CTeHKaM JIOByIIIKII, B IIpUHII11IIe, M0)KHO o6b.l!CHUTh II0CTOHHHO 

IIpncyrcTByIDIIIyIO npl!MeCh HM6apbepHhIX HeHTpOHOB B JIOBYIIIKe; 

- BO BpeMH HaTI0JIHeHUH (0+40 C Ha p11c. 2) HeHTpOHhI IIIHpOKOro cneKTpa 

HaXO,WITCH B JIOBYIIIKe, B TOM 'll:ICJie 1:1 HM6apbepHhie; 

HeKOTOpoe 'll:ICJIO HM6aphepHhIX HeHTpOHOB B 3TOT 1Iep1:10.n BpeMeHI:l np1:1rr1:1naIOT 

K CTeHKaM JIOBYIIIKH; 

nocrre 3aKphITI:IH BX0AHhIX 3aCJIOHOK np0IICX0AI:IT 'll:ICTKa cneKTpa. Bee 

HM6aphepHhie HeHTpOHhI m Ha'laJihH0ro cneKTpa YAaJIHIOTCH. O,nnaKO HeKOTOpbie 

HM6aphepHhie Heil:Tp0Hhl Bee eme )Kl:!Byr Ha CTeHKaX JI0BYIIIKI:1. 

TaKoe .smrreH1:1e Morrro 6hI 1:1M1:1T1:1poBaTh reHepau1:1ro BYXH. B 3TOM crryqae .nrr» 

o6'hHCHeHml 3KCnep1:1MeHTaJihHhIX ,naHHhIX He Tpe6yeTCH pearrhH0ro l:13MeneHI:IH 3Heprn1:1 

YXH. Mhl He o6cy,K.naeM TeopeT1:1'1ecKyro B03MO,KH0CTh BpeMeHHoro np1:1rr1:11IaH1:1» 

HeHTpOHOB K TI0BepXHOCTI:l o6'heMa xpaHeHI:IH, a npl:IBO.[\l:IM IIpOCThie TeCT0Bhie 

l:13MepeHl:lH. 

OcHOBHhie pa3JII:l'll:IH rl:ITIOTe3 BpeMeHHOro IIpl:llII:IITaHI:IH HeHTpOHOB 1:1 He60JibIIIOro 

yBeJII:l'leHI:IH 3Hepr111:1 HeHTpOHOB 3aKJIIO'laIOTCH B crre.nyroIIIeM: 

- ecrr1:1 YXH np1:106peTaIOT ,nonorrH1:1TerrhHyID · 3Heprnro, TO noTOK BYXH He 

AOJI)KeH 3aBJICeTh OT 'll:ICJia na,n6apbepHhIX HeHTpOHOB B Ha'laJibH0M cneKTpe 

YXH. Jiro6aH l:IHqJOpMaUI:IH 06 3T0M Tep»eTCH BO BpeMH npoue,nyphl 0'll:ICTKI:1 

cneKTpa; 

ecrr1:1 JICTO'IHI:IK0M BYXH HBJIHIOTCH HM6aphepnhle neiiTponhI, BpeMenHo 

np1:1rr1:1nm1:1e K II0BepXHOCTI:l JI0ByIIIKI:1 1:1 co BpeMeHeM CJieTaIOIIII:le co CTeH0K, 

l:IMeH Ty )Ke 3nepr1:1ro, 'IT0 1:1 AO IIpl:llII:ITiaHI:IH, TO TI0TOK BYXH .[\OJI)KeH 6hITh 

npoIIopu1:10Harren q1:1crry HM6aphepHhIX HeiiTponooB B na'larrhH0M cneKTpe YXH. 

l13MepeHI:IH TIOKa3hIBaIOT, 'ITO co CTaTI:ICTI:l'leCKOH TO'IHOCThIO BhIIIIe 10% II0JIHOe 

'll:ICJIO C0C'll:ITaHHhIX BYXH, TaK )Ke KaK 1:1 BpeMeHHaJI 3aBI:ICI:IMOCTh CK0p0CTI:l C'leTa, He 

3aBI:ICHT OT TIOJIO)KeHI:IH norJIOTI:ITeJIH BO BpeMH HaIT0JIHeHI:IH CTieKTp0MeTpa. B TO )Ke 

BpeMH II0T0K na.n6aphepnhIX HeHTpOHOB 0TJII:l'laeTCH B ~2,5 pa3a (p1:1c. 2, 3). TaKI:IM 

o6pa30M, TI0T0K BYXH He 3aBI:ICI:IT OT 'll:ICJia HM6aphepHhIX HeHTpOHOB B Ha'laJihH0M 

cneKTpe, no nponopu1:1ouarreu IIJI0TH0CTI:l YXH BHyTpl:l 061,eMa xpaueu1:1H. 

KpoMe Toro, r11n0Te3a BpeMeuuoro rrp1:1rr1:1naH1:1» YXH K cTenKaM rroByrneK 

II03B0JII:IJia 6hI uerrp0TI:IBOpe'll:IBbIM crroco6oM 0III:ICaTh BpeMeHHyID 3B0JIIOUI:IIO II0T0Ka 

BYXH T0JihK0 B TOM crryqae, ecrr1:1 "BpeMH )Kl:13Hl:l" ueiiTpoHa, rroKaJII:130BaHHoro ua 

CTeHKe, IIpI:16JII:131:1TeJihHO paBH0 BpeMeHI:l xpaHeHI:IH YXH B JI0ByIIIKe. "BpeMH )Kl:13Hl:l" B 

TaK0M C0CT0HHIII:l 0IIpe.nerrHeTCH CYMMOH BepoHTH0CTI:l "cocKOKa" HeHTpOHa co CTeHKI:l 1:1 

1Iapu11arrhHOll Bep0HTH0CTI:l IIOr1:16uyrh Ha CTeHKe. Ecrr1:1 6hI "BpeMH )Kl:13Hl:l" Ha CTeHKe 

0Trr1:1qarroch OT BpeMen1:1 xpaHeHI:IH YXH, TO 1:1 BpeMenurui JaBI:ICI:IM0CTh II0T0Ka BYXH 

0TJIII'laJiaCh 6hl OT li3MepeHHOll. Ona 6hma 6hI 6orree Me.[\JieHHOH, ecrr1:1 6hI "BpeMH 

)Kl:13Hl:l" 6hmo 6orrhme BpeMeH1:1 xpaHeHI:IH YXH 1:1 6orree 6hICTpOH B o6paTHOM crryqae, 

TI0CK0JihKY B 3T0M crryqae "l:ICTO'IHI:IK" na.n6apbepHhIX neHTpOHOB 6bICTpO l:IC'le3aeT -

Bee IIpl:llII:IIIIIII:le HeHTpOHhI II0KI:1,AaIOT CTeHKI:l l:IJIII IIOr1:16aIOT Ha Hl:IX BO BpeMH 
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rrpoue,nyphI rro,nroTOBKI:1 crreKTpa, e1ue .no uaqarra H3MepeHI:IH rroToKa HM6aphepHhIX 
HeHTpOHOB. 

3aKJIIO'lenne 

Tip1:1po,na o6c~.naeMoro »Brren1:1» - uem6ei1rnoii rrp1:1Mec1:1 ua,n6apbepHhIX 

HeiiTpOHOB B cneKTpe YXH - .no Cl:IX nop He HCHa. O,nHaKo M0)KHQ c ysepeHH0CThIO 

JaKrrIO'll:ITh, 'ITo HCT0'IHI:IK0M BYXH »Brr»eTcH rrpouecc, npo1:1cxo.n»IIII:1H Ha 

IIOBepxnocT1:1 061,eMa xpanen1:1» 1:1 rrp1:1so.n»m1:1ii K ne6orrhIIIOMy yserr1:1qeu1:1ro 3Heprn1:1 

YXH. B pe3yJihTaTe y lleHTpOHOB, rrorry'll:IBIIII:IX .[\0IT0lIHI:ITeJihHyID 3Heprl:IIO, IT0HBJIHeTCH 

B03MO)KHOCTh npOHI:IKHyrh qepe3 CTeHKI:l lI0ByIIIKI:1, ecrr1:1 0HI:l .[\0CTaT0'IH0 T0HKI:le, l:llII:1 

npOHI:IKHyrh B TOJIIIIy BeIIIeCTBa 1:1 '1epe3 xopomo l:13BeCTHbJe _KaHaJihl narpeBa 1:1 3axBaTa 

IIOKI:IHyrh lIOByrnKy. B HaCTOHIUeH pa6oTe IT0Ka3aHo, 'IT0 rl:III0Te3a BpeMeHH0ro 

npmmnaHI:IH HeHTpOHOB K CTeHKaM lI0ByrneK [8, 9, 10] npoTI:IB0pe'll:IT 

3Kcnep1:1MeHTaJibHh!M .nanHhIM, K0T0phie B TO JKe BpeMH xopomo corrracyIOTCH C 

r1:1noTe3oH pe,nKoro npouecca Marroro yserr1:1'leH1:1» 3Heprn1:1 YXH B rrosyIIIKe. 

H~no OTMeTI:ITh, 'IT0 ,naHHhIH 3Kcnepl:IMeHT HBJIHeTCH npoBepKOH cyrnecTBoBaHI:IH 

He TOJihKO rrpoueccos np1:1rrnnaH1:1» HeHTpOHOB K CTeHKaM, HO B np1:1Hu1:1ne rrro6oro 

npouecca, np1:1 KOTOpoM B03M0)KH0 11a6rrro,neH1:1e Ha,n6apbepHhIX HeHTpOHOB 1:13 
nepBoHa'larrhH0ro cneKTpa. 

3Kcnep1:1MeHT 6bm npoBe,nen Ha BhIC0K0II0T0'IHOM peaKTOpe IIJIJI (fpeHo6rrh, 

<l>paHu1:1»). ABTOphI npmHaTeJihHhI nepconarry 3Toro 1:1HcT1:1Tyra, 1:1 oco6eHHo 

oTBeTCTBeHHhIM 3a nyqoK TI. ferrbTeH6opTy, ,[lJK. EanepsopTy 1:1 T. EpeHepy Ja 

II0CT0HHHYIO 1:1 KBaJII:lqJHUI:lpOBaHHYIO II0M0IIIh. 
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