
~9-+1 

n.rem,TeH6opT1, .u.r.KapTalIIOB, E.B .JlbJt-Ianrn, 
A.IO.My3hP-IKa, B .B .HecBmKeBCKHH 1, r.B .Hexaea, 
A.TI.Cepe6poa2

, A.B.CTpeJIKOB, P.P.Tanh.uaea2, 
A.r.XapHTOHOB2

, B .H.lllBeUOB 

P3-99-71 

11CCJIE,UOBAHl1E MAJihIX TIEPEL{A q 3HEPIBl1 

TIPl1 XPAHEHl111 YJihTPAXOJIOL{HhIX HEHTPOHOB 

(YXH) B BEIUECTBEHHhIX JIOBYlllKAX 

Hanpaanetto a )l(ypttan «Physical Review Letters» 

111HCTl1Tyr Jlay3 - JlamKeBeHa, fpett06Jlb, <l>paHl.(1151 
2IleTep6yprcK11i-i 11ttcT11Tyr 51.Uepttoi-i cp113111<11, faPrntta 



feJibTett60pT n. H LIP, 
HccneL10Battne MaJihIX nepe,L1aq stteprnn 
npH xpatteHHH ynhTpaxoJIOLIHhIX ttettTpOHOB (YXH) 
B aemecTBeHHhIX JIOByrnKax 

P3-99-71 

C HCIIOJih3OBattHeM rpaBHTfil.lHOHHOH cneKTpoMeTPHH YXH 3KcnepnMeHTaJih
HO o6Hapy)I(eHO, qTo npH LIJIHTeJibHOM Bhmep)I(HBaHHH B cocyL1aX H3 Hep)I(aBelO
meH CTaJIH qacTb xpamill{HXC.8 YXH yaeJIHqHBalOT CBOIO KHHeTnqecKyro 3Heprnro 
(MaKCHMYM B.LIBOe), TO ecTb ttarpeBalOTC.8 IIpH yL1apax O IIOBepXHOCTh, a .LlpyrM, 
MeHbllla.8 qacTb YXH, TepSIIOT 3Heprnro IIpH 3THX yL1apax (oxmUK,LlalOTCSI). Ha IIO
aepxHOCTH ttep)I(aBeromett CTaJIH aepOSITHOCTb TaKoro MaJIOro HarpeBa COCTaBJISieT 
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HO MeHbllle. 
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TiepeBOLI aarnpoa 

Geltenbort P. et al. P3-99-71 
Study of Low Energy Changes of Ultracold Neutrons in Traps 

We studied the phenomenon of low energy changes 00-7 eV) of ultracold 
neutrons (UCN) using the method of spectroscopy of UCN in the Earth gravita
tional field. At stainless steel surface the kinetic energy for some UCN increases 
(about twice maximally, low energy heating) while that for some other UCN de
creases (smaller portion, low energy cooling). The probability for such heating is 
higher than - 10- 6 per collision and it is at least 10 times higher than that 
for the cooling. We identified also a low energy heating at copper al}d beryllium 
surfaces but with.lower probability. 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR. 
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1. BseAe1me 

He,naaHo 6hIJI o6Hap}')KeH HOBhlH Kamm yretJKH YXH H3 061,eMoB xpaHemrn: 
nptto6peTeHlie HeiiTPOHaMH ,nonoJIHHTeJII,HOH 3Hepnm, cpaBHliMOH c' HatJaJILHOH 3Hep
meii YXH, a nponecce a3anMo,neiicTBm1 co cTeHKaMH 061,eMa xpatteHHJI [l, 2]. 3TO 
.IIBJieHHe y.nttBHTeJILHO no npn111me TOro, tJTO xpaHem1e YXH .IIBJI.lleTCJI my6oKo 
HepaBHOBeCHLIM nponeccOM - TeMnepaTYPa, COOTBeTCTBYJOmM KHHeTHtJeCKOH 
3Hepmtt yJILTPaxoJio,nHoro HeiiTPoHa ~ 10"3K, a TeMrrepaTYPa CTeHOK cocy,na Ha 
HeCKOJILKO nopJI.D;KOB BLUIIe. Tipn B3aHMO,neiiCTBHH co CTeHKaMH Heynpyroe pacceJIHHe 
HeiiTP0Ha npnao,nttT K TOMY, tJTo HeiiTPOH npno6perneT 3Heprmo rropJ1.D;Ka Tennoaoii 
npaKTH'IJeCKH co 100% BepOJITHOCTLIO. TenJIOBOH HarpeB H 3axaaT JIBJI.IIIOTCJI 
OCHOBHhIMH npHtJHHaMH noTepL , YXH B 061,eMax xpaHeHHJI. TioHCKH HarpeBa 
HeiiTP0HOB B ,npyrne o6JiaCTH 3Hepmii 6hlJIH CBJ13aHhl C nonhlTKOH 061>J1CHHTL TaK 
Ha3LIBaeMyio aHOMaJIHIO xpaHeHHJI YXH - HaJIHtJHe TeMIIepaTYPHO-He3aBHCHMhlX 
,non0JIHHTeJILHLIX UOTepL nopJI.D;Ka 10·5 Ha y.nap [3] . .lJ:aHHaJI pa6oTa rrpe,nCTaBJI.lleT 
UOJIYtJeHHble HaMH pe3yJILTaThl HCCJie,noBaHHJI caepXMaJILIX nepe,natJ 3HepmH rrpH 
B3attMo.neiicTBHH YXH co cTeHKaMH JioByrneK. OHa J1BJI.11eTCJ1 Herrocpe,ncTBeHHhlM 
npo,nOJI)KeHHeM pa60T [l, 4], BhlUOJIHeHHhlX Hameii KOJIJia6opanneii. 

2. Y CTaHOBKa 

l13MepeHHJI npoao,nHJIHCL Ha peaKTope 11JIJI B fpeHo6Jie. 11CTO'IJHHK YXH -
Typ6ttHa Illrniiepna [6]. B ,naHHoii pa6oTe ncnoJIL3yeTCJI Ta )Ke yCTaHOBKa, tJTO H B 
pa6oTe [l] C HeKOT0phlMH H3MeHeHHJIMH H ,n0IIOJIHeHHJIMH . .lJ:nJI H3MepeHHJI MaJihlX 
nepe,na11 3Hepmii ncnoJIL30BaH MeTO,n rpaanTanHoHHoii cneKTPOM~HH YXH H 
B03MO)KHOCTh y,nep)KaHHJI He TOJILKO caMHX YXH, HO H CJierna HarpeBUIHXCJI 
HeiiTPOH0B a 061,eMe xpaHeHHJI YXH. CxeMa ycTaHOBKH rrpe,ncTaBJieHa Ha pnc. 1. 

YXH OT HCTOtJHHKa no HeiiTPoHoao,ny H3 Hep)KaBe10meii CTaJIH (,nnaM~ 75 MM) 
U0CTynalOT B rpaaHTaUHOHHhlH CUeKTPOM~ (OH )Ke JIBJI.lleTCJI 061,eMOM XpaHeHHJI) (1), 
r,ne Moryr 3annpaTLCJI BXO,D;HhlM UIH6epOM (2). 

fpaamannoHHhlii crreKTPOM~ BaKYYM1fpoaaHHhlH .no 10"5 Topp 
nnJIHH,npn11eCKHH 6aK ,D;HaM~OM 60 CM, BhlCOTOH ~200 CM, BhlUOJIHeHHhlH H3 
JIHCToaoii nonnpoBaHHOH Hep)Kaae10meii CTaJIH (10X14Afl5-III1; rpaHHtJHM 3HeprHJI 
~190 H3B) T0JimHH0H 1,5 MM. JlHCT H3 TaK0H )Ke CTaJIH Jie)KHT Ha HH)I(HeM qmattne 
6aKa, 06pa3y11 ,D;HO 061>eMa xpaHeHHJI (B. neHTPe JIHCTa OTBepCTHe 6x7 c~ ,!l;Jl.11 BXO,lla 
YXH). .lJ:Ho crreKTPOM~a npnrro,nHJ1To Ha,1:1 ypoaHeM HeiiTPOH0B0,1:1a Ha BhlCOTy 
~90 CM, tJTO no3BOJI.lleT HanoJIHJITL crreKTPOM~ wnpoKHM cneKTPOM YXH, HecMOTPJI 
Ha TO, 'IJTO UO,llBO.llJlmHii HeHTPOHOBO,ll neperopo)KeH TeXHOJIOmtJeCKOH ( OT,lleJI.1110meii 
061,eM HCTO'IJHHKa YXH OT 061,eMa yCTaHOBOK IIOJIL30BaTeJieii) aJIIOMHHHeBoii 
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XHMaHaJIHJ: 

C,% Mn% S,% P,% Cr,% Ni,% Ti,% Cu,% Si,% 
0,08 6,5 0,009 0 035 14,2 0,3 0,2 0,32 



q>OnbroH (3), KOTOprui He nponycKaeT HCHTPOHbl c :mepruen:, He npeBOCXO.UHIIIeH 
rpamJ:qHYID 3Heprmo anIOMIIHIIH (Ezp.A1= 52 mB). 

BHYTPII cneKrpoMerpa B,UOnb Been: ero BbICOTbl MO,KeT nepeMemaTbCH nornOTIITenb 
YXH (4) - anIOMIIHileBhIH .UIICK c HaTHHYTOH nonI13TI1neH0Bon: nneHKOH TOnIIIIIHOH 

~300 MKM. EcnII 3HepruH YXH ,UOCTaTQqHa .[{JUI no,uoeMa B rpaBIITaUIIOHHOM none 

3eMnII Ha BhlCOTY nornOTIITenH, TO OHII B3aIIMO,UeHCTBYIOT C nonil3TilneHOM, KOTOpbIH 

noqru He IIMeeT 01pa,Ka10111ero noTeHI.{Ilana II o6mmaeT 6onbI1IIIM ceqeHI1eM 

Heynpyroro paccemmH, HBHHHCh, TaKIIM o6paJoM, npaKTI1qecKu u.ueanbHbIM 

"nornOTUTeneM" YXH. B pe3ynhTaTe B3aUMO,UeHCTBUH C nonU3THneHOBbIM 

nornOTUTeneM HCHTPOHbl npuo6peTaIOT 3HepruIO nopH,UKa 3Hepruu TennOBbIX 

HCHTPOHOB u noKU,UaIOT cneKTPOMerp. TaKUM o6pa30M, qepe3 HCKOTOpoe BpCMH nocne 

Toro KaK cneKrpOMerp JanonHeH HeHTPOHaMU u BXO,UHOH IIIH6ep 3aKpbIT, cneKTP 

HCHTP<>HOB BHYTPH cneKrpOMerpa CTaHOBUTCH orpaHuqeHHbIM caepxy aenuqnHon: 

mghno;,. (qucneHHO mg· lcM :::::linB), 3,UCCb m - Macca HCHTPOHa, g- ycKopeHue 

CB060.UHOro na,uemrn Ha noaepXHOCTU: 3eMnn:, hnoZII. - BbICOTa nornOTU:TenH OT ,UHa 
cneKrpoMeTPa. 

(I 

(9) 

YXH 
_..., :=-

f 
(3) 

i 

(4) 

5) 

(7) 

(2) 

Puc. 1 Cxetta ycmaHOBKU. (1) - 2paBuma1JUOHHb1ii cneKmpoMemp; (2) -
Bxoi>Hoii 1.Uu6ep; (3) - mexHOll02U'leCKaR Al pollbza; (4) 
noJ1u3mUJ1eH0Bb1ii no211omume.nb; (5) - moHKaR Al </JollbW (10,5 MKAI); 

(6) - demeKmop YXH; (7) - U302Hymbzii HeiimpoHoBod; (8) - MOHUmop; 
(9) - Kllllu6poBO'IHoe omBepcmue; (1 OJ - o6pa31Jbl 
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B Hil,KHeH qaCTU cneKrpOMerpa 3a KOpOTKU:M BbIXO,UHbIM naTPy6KOM pacnonO,KeHa 

repMeTU:qHrui q>Onbra U:3 anIOMU:HUH (5) TOnIIIHHOH ~10,5 MKM. 3Ta q>Onbra repMeTUqHo 

oT,uenHeT "061,eM xpaHeHnH OT ,ueTeKTopa YXH (6). Och naTPy6Ka npn:no,uHHTa Ha 

hoK.= 11 CM Ha,u ,UHOM 061,eMa xpaHCHU:H. Ilnoma,ub q>OnbrII, HBnHIOIIICHCH qaCTblO 

CTeHKU: 061,eMa xpaHeHUH, paBHa 63 CM2
. ,[{nH UCKJIIOqeHUH npoHU:KHOBCHU:H YXH B 

,UeTeKTOP B o6xo.u q>Onbru B ee ynnoTHeHUU: npe.uycMOTPeHbl nonn:3TUneHOBble u 

Ka)lMU:eBbie KOnbua. 

3a qionbron: u H30rHYThIM HeHTPOHOB!J.UOM (7) (.uuaMerp 88 MM) HU:,Ke ,uHa 

cneKrpOM~a Ha ~l M ycrnHoBneH ,ueTeKTop YXH Tuna .[{YHH (6) - raJopa3pH.UHbIH 

cqeTqn:K c He (.uaaneHne ~ 10 TOPP) n: TOHKHM Al BXO.UHhIM OKHOM. 3neKrpOHHruI 

3q>q>eKTHBHOCTb ,ueTeKTopa K HeHTPOHaM, npOIIIC,UIIIU:M qepe3 BXO,UHOe OKHO 

( OTHOIIICHU:e qIICna 3aperHCTPHPOBaHHbIX UMnynhCOB K qn:cny aKTOB 3axaaTa 

HCHTPOHOB H,upaMu 3He) ~ 94%. lfaornYThIH BHU3 HCHTPOHOBO.U o6ecnequaaeT 

ao3paCTaHue 3q>q>eKTn:BHOCTH ,ueTeKTopa K YXH, nocKOnhKY HCHTPOHhl B 

rpaBUTaUHOHHOM none 3eMnu npuo6peTaIOT .uononHU:TenbHYIO 3HepruIO, 

Heo6xo,uU:MYIO .[{JUI npeo.uoneHIIH noTCHUUallbHOro 6apbepa OKOIIIKa ,UeTeKTopa. KpoMe 

Toro, TaKOH HCHTPOHOBO.U no3BOnHeT 3a111n:TU:Tb ,ueTeKTop OT noTOKa TennOBbIX 

HeHTPOHOB - YXH, HarpeBIIIUXCH Ha q>OJihre (5) n: CTeHKax cneKrpoMerpa . .[{IlH 
JaIIIHTbI OT TenJIOBbIX HeHTPOHOB morHYThIH HeHTPOHOBO.U n: ,ueTeKTop 6bmn: 

o6epHYTbI 6opco,uep,Kamen: pe3U:HOH TOnIIIHHOH OKOJIO 1,5 CM. B U3MepeHU:HX 

O,UHOBpeMeHHO ucnOJib30BallUCb ,UBa pa6oqux U:HTepaana )lIICKpHMIIHauun: aMnJIHTY.Uhl 

UMnyJibCOB: 1) Hacrpon:Ka noporoB ,UU:CKpIIMU:Hauu:u Ha Y3KUH nn:K peaKI.{UU: 

n + 3He ➔ t + p, Q = 0,764 M3B, 2) HaCTPOHKa Ha llltt:pOKUH .uuanaJoH aMnJin:ry.u, 

COOTBeTCTBYIQIIIUX E>0,15 M3B. B nepBOM cnyqae 3JieKrpOHHruI 3q>q>eKTHBHOCTb 

perttcTPann:u YXH oKono 62%, a q>OH MHHIIMallbHbIH - MeHee 10-3 
c·

1
• 

IlJIOTHOCTb HCHTPOHOB B cneKrpOMerpe KOHTPOJin:pyeTCH MOHHTOpOM (8) -
aHanoruqHbIM ,ueTeKTopoM YXH. lh 061,eMa xpaHeHUH HeHTPOHbI BhlTeKaIOT qepe3 

ManeHbKOe KaJJI16pOBO'IHOe OTBepcTue (9) ~1 CM2
, KOTOpoe npaKTnqecKH He BHOCUT 

,uonOJIHUTenbHbIX noTepb YXH. 
Ha ,UHO cneKrpOMCTPa MOrYT noMemaTbCH o6pa31.{bl (10) c pa3BUTOH noaepXHOCTbIO 

U3 uccne,uyeMhIX MaTepn:anoB. 

3. CxeMa :)KcnepuMenTa 

CxeMa mMepeHn:n: Manoro Harpeaa HeHTPOHOB Ta ,Ke, qTQ II B [l]. 
HeHTPOHbl JanoJIHHIOT cneKrpOMerp .uo paBHOBeCHOH nJIOTHOCTU: B TeqeHue 

BpeMeHU 1/ill• IlocJie 3Toro BXO,UHOH IIIU:6ep 3aKpbIBaeTCH. IlornoTU:TCJlb npn: 

nanoJIHCHU:U HCHTPOHaMU ycTaHaBJIUBaeTCH Ha TaKYIO BbICOTY, qT06bI HeiiTPOHbl C 

3Hepruen: E<mghnOZ/1. (B U3MepeHUHX hnoZ/1.= 49 CM) He CMOrnU npeo.uoneTb noTeHUU:aJJ 

Al q>OJibrII (5), TO eCTb mghnoZJI< E,p.AJ . Bo apeMH HanoJIHCHHH cqeT ,ueTeKTopa YXH 

onpe,uenHeTCH ,uonen: neii:TPOHOB B cneKrpe c E>(E,p.A1+mgh0K). B ocHOBHOM 3TO 

HeHTPOHbI co cKopoCTHMH Bhillle 6,5 Mic (Ec220 mB). IloTOK TaKn:x HeHTPOHOB HJ 
IICTOqHnKa 3Haqn:TeJibHO npeBbilllaeT noTOK YXH. 

Ilocne 3aKpbITU:H BXO)lHOro IIIU6epa B nepBbie HeCKOJlbKO ceKYH.U CKOpOCTb cqeTa 
MOHUTopa pe3KO na,uaeT (qnCTKa cneKrpoMerpa OT neii:TPOHOB c 3Hepruen: E>mghnOZII.), 
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a JaTeM cna,naeT nponop:a;HOHaJlhHO nJIOTHOCTH YXH B cneKTJ)OMCTpe. BpeMH 

xpaueun» YXH B cneKT{)OMCTpe HJBJieKaeTCH qnnnpoaauneM cqeTa MOHHTopa nocne 

oqHCTKH cneKT{)a q>yttK:a;tteii f(t)=a-exp (-tlrxp) no .llBYM cao60,n111,rM napaMCTpaM: a H 

•xp., r.ne a onpe,neJIHCT 11aqan1,uyro nnoTHOCTh. YXH, a •xp. - apeMH xpaneHHH 

HCHTPOHOB B cneKTJ)OMCTPC. 

IIocKOJihKY ,neTeKTop H 061,eM xpaHenttH paJ,nene111,r Al qion1,roii, 06na,na10rueii 

rpa1mqHoii :mepmeii 52 mB, B .neTeKTop MOryT nonacTh TOJihKO YXH, 311epm» 

KOTOphIX Ha BhlCOTe BhlXO.[lHOro OKHa npeBhllllaeT 3HepnIIO aJIIOMHHHCBOro 6ap1,epa 

paJ,neJittTeJihHOH qion1,rn. TaK KaK mghn02JI. <E,p.AI, TO nocne HanonuenHH cneKTPOMCTpa 

HCHTPOHaMH n JaKpbITH.H BXO.[{Horo IIIH6epa cqeT ,neTeKTOpa ,[{OJI)KCII 6bICTPO cna.naTb K 

ypOBHIO q>OHOBOro JHaqeHH.H C nocTO.HHHOll BpeMeHH, COOTBCTCTBYJOIUCH BpeMCHH 

oqncTKH cneKT{)a OT ueiiTPOHOB c 3Heprtteii E>mghnozn.• 
llJMepeHH.H )KC nOKaJhIBaIOT, qTo nocne 6bICTPOro na,neHH.H CKOpOCTIJ cqeTa 

,neTeKTopa C noCTO.HHHOH BpeMCHH, COOTBCTCTBYJOIUCH BpeMeHH oqncTKH cneKTPa, 

OCTaeTC.H cqeT, JaMeTHO npeBhIIIIaIOIUHH q>OH .neTeKTopa H cna,naIOIUHH C noCTO.HHHOll 

apeMeHH TaKOll )Ke, KaK tt nJIOTHOCTI, YXH a cneKTJ)OMCTPC (Puc. 2, HH)KH.11.H KpHBa.H). 

Ilocne no,nneMa nornOTHTeJIH Ja ~12 c (Ha 80-ii ceKytt,ne c MOMCHTa JaKpbITH.H 

BXO,[lHOro IIIH6epa) CKOpOCTI, cqeTa ,[lCTCKTOpa B03pOCJia B HCCKOJII,KO pa3 (Pnc.2, 

BepXH.11.H KpHBa.H). E,nHHCTBCHHhlM B03MO)KHI,IM 061,.HCHCHHeM .naHnoii CHTya:a;HH 

.HBJIHeTC.H npo:u;ecc nptto6peTeHH.H HCHTPOHaMH BO BpeMH xpaHeHH.H .nonoJIHHTCJihHOll 

311epmtt, noJDOJIHIOIUeii npeo,noJieTI, noTeHIJ;HaJihllhlll 6ap1,ep aJIIOMHHHCBOH q>OJihrH. 

Ilocne no,n1,eMa norJIOTHTCJI.H TaKHe HCHTPOHhl C 3Heprtteii, npeDbIIIIaIOrueii BCJIHqnuy 

Al 6ap1,epa, nepecTaB m6HYTh n nornoTHTene, nocne ueKOToporo . Konnqecrna 

CTOJIKHOBCHHH co CTCHKaMH 061,eMa xpaneuH.H CTaJIH C 6oJihIIIeii nepO.HTHOCTI,10 

BhlTeKaTh Ha ,neTeKTo,...P-·-~~~-~~~-~~~-~~~-~~ 
'N,eT (c·') I 1 1 f ! 

., 
••.. ', ...... _, ..... --4 ........... _, ___________ +---·--··-·-·-···· .. ··-....................... 4 ... , .......... - ........ .. 

10·' ••··•·· "'······-··{·····-·············+··············-·-···1···········-·-··-····l-···········-·········-,I .. .. 
10·2 

·~. 
10·3 ·-····--····-··•····-···~~~1:.:f-.•J,.-:·:·:t·:·t···········-······1 ····+····-······ 

10•4 -----··--·---~-------------+·-·---··---•-- ♦•-··----·-·- ... "'·-tc•--·-··-·-· 

10•5 

0 100 200 . 
I, C 

300 400 500 

Puc. 2 (no pe:1yJ1bmam<1M pa6omb1 {l}). 3a6ucUMocmb C'lema iJemeKmopa 
3a Al </JollbZOU 17,8 MKM npu HenoiJBu:JICHOM no2J1omumeJ1e (Hu:JICHJIJl 
KpUBaR) u npu noiJoeMe no2J1omumeJ1J1 Ha 80-oii ceK)'HiJe (BepxHMl KpU6aR). 
Bpe.MR omc11umb1BaemcR om Ha'IG.Jla 14uKJ1a. MoMeHm t=O - MoMeHm 
3aKpb1mUR BXoiJHozo u.tu6epa 
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Ilo.HDJICHHC cnerKa HarpeTbIX YXH B cocy.nax HaITOMIJHaeT npo:u;ecc BhmapttBaHH.H, 

no3TOMY B ,nan1,HeiiIIIeM TaKHe HeiiTPOHhI Mhl 6y,neM HaJhIBaTh BYXH. CneKTP BYXH 

onpe,neJIHeTC.H HJMepeHtteM JaBHCHMOCTH KOJIHqeCTBa reHepttpyeMbIX BYXH OT 

BhlCOThI, .no KOTopoii nO,[lHHMaeTC.H nornomTeJih npH HeHJMeHHOll uaqaJII,HOll 

BhICOTe - 49 CM. 
llccne,nonaHtte attanomqHoro npo:u;ecca npn BJaHMo,neiiCTBHH c .npyrttMH 

nerueCTBaMH B03MO)KH0 npH noMerueHHH BHYTPh cneKTJ)OMCTpa o6paJIJ;OB HJ 

COOTBeTCTBYJOIUero MaTepttana H HJMepeHHH .nonoJIHHTCJlhHOro noToKa BYXH OT 

CTOJIKnoneHttii YXH c o6paJ:a;oM. 
IlocKOJihKY noToK BYXH OT 6onhIIIHHCTBa o6paJ:a;on 6hlJI HeJaMeTeH Ha qioHe 

nOTOKa OT CTeHOK cneKTJ)OMCTpa, B p.H,ne H3MepeHHll cneKTJ)OMCTp H3 HCp)KaBe10rueii 

CTaJIH 6hlJI JaMeneH Ha Me,[{Uhlll cneKTJ)OMCTp (:a;HJIHH,npH'leCKHH 6aK ,[{HaMCTpOM 

20 CM, TOJIIUHHOH CTeHKH 4 MM H BhlCOTOH 180 CM), nOMCIUCHHhlll BHYTPh 

Hep)Kane10ruero cneKTJ)OMCTpa {pttc. 3). ,ll;Ho Me,nHoro cneKTJ)OMCTpa np1mo,nH.HTo ua.n 

yponHeM ueiiTPOHono.na, no KOTOPOMY HeiiTPOHhl noCTYfiaIOT oT HCToqHnKa ua BhlCOTY 

~80 CM. 

t 

Puc. 3 MeiJHblU cneKmpoMemp. (1)- MeiJHblU cneKmpoMemp; (2) -
mumaH06blU UllU nollu3mUlleHo6blU noZJZomumeJ1b; (3) - BXOOHoii wu6ep; 
(4)- mOHKaR (10,5 MKM) pa30eJIUmeJlbHaR Al </JollbZa; (5) u (6)- 6XOOHaR 
u 6blXOOHaR MeOHble 3aCJlOHKU coom6emcm6eHHO; (7) - o6pa3ijbl 
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MoHHTOpIIpOBaHHe B Me,nHOM cneKTpOMeTpe npOBO,nHilOCh nu6o B OT,nenhHOM 

H3MepeHHH, B KOTopoM pa.3,nenHTenI.HIDI Al qion1,ra 3aMemmac1, ,nuaqiparMoii: c 

KanH6pOBO'IHhlM OTBepc-meM, nu6o no CTaH,napTHOMY ,nBH)KeHIUO IlOBOpOTHOH 

3aCilOHKH (puc. 3, Il03HUllil (6)). Bo BTOpOM cnyqae HCIIOilh3YeTCH TOT q>aKT, 'ITO 

,nBH)KeHHe 3aCnOHKH (6) IIpHBO,nHT K pa.3orpeBy xpaHHIUHXCH YXH. qHCilO HarpeThIX 

3aCnOHKOH YXH npH CTaH,napTHOM ee ,nBH)KeHHH nponopunoHanhHO IIIlOTHOCTH 

Heii:TPOHOB B CIIeKTpOMeTpe. qaCTI, HarpeThIX HeHTPOHOB npeo,noneBaIOT 

pa.3,nenHTenLHYIO Al q>on1,ry H pernCTPHPYIOTCH ,neTeK'l'opoM. lfaMepn:n: 3aBHCHMOCTh 

C'leTa ,neTeKTopa 11ocne IlOKa'IHBaHHH 3aCilOHKH OT BpeMeHH Bhi,nep)KKH (HHTepBan 

BpeMeHH OT 3aKphlTHH BXO,nHoro mu6epa ,no IIOKa'IHBaHHii:), MO,KHO 011pe,nenHTh BpeMH 

xpaHeHllil YXH B cneKTpOMeTpe. (IlpH 20 IIOKa'IHBaHHHX 3acnOHKH B Te'leHHe 12-13 c 

BpeMH BhlTeKaHllil pa.30rpeThlX HeffTPOHOB Ha ,neTeKTop ~ 10 C.) 

B H3MepeHHHX C Me,nHhlM CIIeKTpOMeTpOM HCIIOilh30BallHCh nu6o IIOilH3THileHOBhlH 

nornOTHTen1,, nu6o nornomTen1, H3 THTaHa. 

M3MepeHne · o6paTHoro 11pouecca - oxna)K,neHHH YXH - 11p0Bo,nunoc1, B 

CIIeKTpOMeTpe H3 Hep)KaBe10meii: CTanH. B 3THX H3MepeHHHX 3a BXO,nHhlM IIIH6epoM KO 

,nHy CIIeKTpOMeTpa repMeTH'IHO KpeIIHnacI., 11epeKphIBIDI BXO,nHOH Heii:TPOHOBO,n, 

TOHKIDI Al q>onhra TOilIUHHOH 10,5 MKM, a Ha BhlXO,ne ofrI,eMa xpaHeHHH BMeCTO 

pa.3,nenuTenI.Hoii: q>on1,rn 11epe,n H30rHYThlM Heii:TPOHOBo,noM ycTaHaBilHBancn: 

BhIXO,nHOH IIIH6ep. Ilocne Toro KaK CIIeKTpOMeTp HaIIOilHHeTCH HeHTPOHaMH IIpH 

3aKphlTOM BhlXO,nHOM mu6epe H 3aKpI.IBaeTCH BXO,nHOH .mu6ep, CIIeKTp Heii:TPOHOB 

BHYTPH CIIeKTpOMeTpa orpaHH'leH CHH3Y 3Heprneii:, COOTBeTCTBYIOmeii: rpaHH'IHOH 

3Heprnu Al, a cBepxy BenH'IHHoii: mgh,;0Zll. Ecnu c11ycrn: HeKOTopoe BpeM»: 011ycTHTh 

nornOTHTenh HeCKOilhKO HH)Ke BhICOThI, COOTBeTCTBYIOmeii: rpaHH'IHOH 3HeprHH 

BXO,nHOH q>OilhrH (B H3MepeHHHX 46 CM), TO Bee HeHTPOHhl B CIIeKTpoMeTPe ,nOil)KHI,I 

IIOrH6HYTh- 0,nHaKO ecnH B 11pouecce xpaHeHHH YXH OCThIBaIOT, TO eCTh IIOHBilHIOTCH 

HeHTPOHhl, 3HeprHH KOTOphlX CTana MeH~IIIe 46 H3B, TO TaKHe HeHTPOHhl BhDKHBYT, TaK 

KaK "He ,no11pbITHYT" ,no 11ornOTHTenH, . H HX MO)KHO COC'IHTaTh, OTKphIB BhlXO,nHOH 

IIIH6ep. Bap1,upyn: MaKCHMallhHYIO u MHHHMallhHYIO BhICOThl nornOTHTen»:, MO)KHO 

oueHHTh, H3 KaKOH 'laCTH CIIeKTpa H B KaKYIO 3HepreTH'leCKYIO o6naCTI, oxna)K,naIOTCH 

Heii:TPOHhI. 

4. Pe3ynbTaTbIH3MepeHnii: 

HazpeB 
a) cne«mpoMemp u3 uep»caBe10U{eii cmaJlu 
IIepBI.Ie H3MepeHHH GI.mu IIOCBHIUeHhl IIOBTOpeHUIO pe3ynI.TaTOB pa60Thl [1]. 

<l>oH ,neTeKTopa YXH 6hlll H3MepeH B HeCKOilhKHX cepHHX B pa.3IlH'IHhie 11epuo,nhl 

3KCIIepHMeHTa H COCTaBHil npH pa60TaIOJUeM peaKTope (8,3±1,4)· 10-4 c"1 H 

(2,4±0,2)· l 0-3 
c"

1 
,nn»: 1-ro H 2-ro HHTepBanOB ,nUCKpHMHHauuu COOTBeTCTBeHHO, a 11pu 

OCTaHOBileHHOM peaKTope -(5,3±0,4)·10-4c•
1 

u (2,2±0,1)·10"
3 

c·1. KpoMe Toro, B pn:,ne 

H3MepeHHH KOHTPOilHpOBallOCI, q>OHOBOe 3Ha'leHue, KaK MHHHMallhHOe 3Ha'leHue C'leTa 

,neTeKTopa B UHKne. 

Ha puc. 4 IIpHBe,neHa 3aBHCHMOCTI, IIIlOTHOCTH IIOTOKa YXH B MOMeHT 3aKphITHH 

IIIH6epa OT BhlCOThl IIOrllOTHTenH B IIYCTOM CIIeKTpOMeTpe H3 Hep)KaBeIOmeii: CTalllf. 
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Puc. 4 
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JfHme2paJ1&H&1ii cneKmp 6 nycmo.M cneKmpoMempe U3 

nepxa6e10u,eii cmaJ1u 

IInornocTI. 110T0Ka YXH - 3Ha'leHue qiumpYIQmeii: c'leT ,neTeKTopa q>yHKUHH 

a-exp(-tlr:x:p) B MOMeHT 3aKphITHH BXO,nHoro mu6epa (t=O). Ha.no 3aMeTHTh, 'ITO B 

,naHHOM CIIeKTpOMeTpe 11paKTU'leCKH He Ha6n10,naeTCH CIIeKTpanhHOH 3aBHCHMOCTH 

BpeMeHH xpaHeHHH, 'ITO B03MO)KH0 ,nn»: CHilhHO 3arpH3HeHHOH IIOBepxHOCTH 061,eMa 

xpaHeHHH. IIpaKTH'leCKH ,nllH xpaHHIUHXCH Heii:TPOHOB n106I.1x 3Hepmii: BpeMH 

xpaHeHHH COCTaBHilO BellH'IHHY ~90 C. 3TO 3Ha'leHHe HeCKOilhKO 11peBhIII1aeT BpeMH 

xpaHemrn, 11onyqeHHoe B pa6oTe [1] (~75 c). Bo Bcex H3MepeHu»:x, 11poBe,neHHhIX c 

CIIeKTPOMeTpOM lf3 Hep)KaBe10meii: CTanH, BpeMH xpaHeHHH KOHTPOilHpOBallOCI, 

MOHHTOpHhIM ,neTeKTOpOM B 11pouecce H3MepeHHH. 

Wi I I I · l j 

wlit I I.. I j • 

101~\ I .. I •·•··•• I I d 

::" 10• 
~ 

zaw~ ....... ·! ..... I I I 1 ... , 

102~ y u •.... * r=-- ... a..........:: I• · I . d 

10, ~ I ... I 1 ~ -.........J • . i . . r-~--,H 

100 200 300 
l(c) 

Puc. 5 3a6UCUMocm& c11ema demeKmopa 3a Al <jJ011&20ii mo11u,unoii 

10,5 MKM npu nenod6U:JICHOM no211omume.ne (omKp&1m&1e mo11Ku) u npu 

nodoeMe no211omumeJ1R na 100-oii cerynde noCJ1e 3aKp&ImW1 6Xodnozo 

tuu6epa (meMH&le mo11Ku). t=O om6e11aem MOMenmy 3aKp&ImW1 6Xodnozo 
wu6epa. </Jon demeKmopa 6&I11men 
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KaK OTMe'IaJIOCL B [l], IIJIOTHOCTL YXH B c11eKTJ)OMeTpe cymeCTBeHHO 110.l{aBJieHa 

110 cpaBHemno C IlJIOTHOCTLIO B HefrrpoHOBO.l{e HJ-Ja He60JILIIIOro BpeMeHH xpaHeHH.!I 

YXH 110 cpaBHemno C BpeMeHeM HallOJIHeHWJ ClleKTJ)OMeTPa. 

PeJyJILTaTLI lfJMepeHHH HarpeBa B 11yCTOM ClleKTJ)OMeTPe HJ Hep)I<aBeromeii: CTaJllf 

11pe.l{CTaBJieHLI Ha pnc. 5. TO'IKlI - 3KC11eplIMeHTaJILHLie peJyJILTaTLI, CIIJIOIIIHLie 

JllfHlflI - C'IeT MOHlITopa YXH, HOpMHpOBaHHLIH K COOTBeTCTBYfOll{HM 

3KC11eplIMeHTaJILHLIM ,l{aHHLIM .l{JI.!I .l{BlI)K)'ll.leroc.!I (BepXH.!l.!I JilfHlI.!1) lI HellO.l{BlI)KHOro 

IIOrJIOTHTeJI.!I (Hlf)KH.!l.!I JilIHlI.!1). lfa plICYHKa BlI.l{HO, 'ITO 110.l{beM IIOrJIOTlITeJI.!I 

11pnBO.l{lIT K YBeJIH'IeHHIO IlJIOTHOCTH BYXH B ~10 paJ, 'ITO ornuqaeTc.!I OT peJyJILTaTa 

[l], r.l{e 3TOT qiaKTop COCTaBJI.!IJI ~25. 3Ta pa3HHI~a MO)KeT 6L1TL BLIJBaHa lIJMeHeHHeM 

COCTO.!IHWJ IIOBepXHOCTlI CTeHOK ClleKTJ)OMeTpa, IIOCKOJILKY BpeM.!1 xpaHeHH.!1 B HaIIIeM 

3KC11epnMeHTe 6oJILIIIe, qeM B [l]. K TOMY )Ke CTaTlICTlIKa 3TlIX 3KC11epHMeHTOB He 

.l{OCTaTO'IHa, 'IT06LI C,l{eJiaTL yTBep)K.l{eHne 06 3TOH cymeCTBeHHOH pa3HHI~e. 
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Puc. 6 3aaucUMocm& cl/ema oemeKmopa 3a Al <JJ011&20u 10,5 MKM B 
U3MepeHWIX c noOoeMOM nomomume;m Ha I 00-ou ceKJIHOe. TeMH&le 

. cUMBOllbl - nycmou cneKmpoMemp U3 Hep:J1Caae10Ufeu cmaJ1u. CaemJl&le 
CUMBOllbl - U3MepeHU.!I C o6pa3lfOM U3 6epUJIJIU.!I (1 M2). <PoH oemeKmopa 
Bbll/meH 

Pnc. 6,7,8 11pe.l{CTaBJI.!IIOT JaBHCHMOCTlI C'IeTOB .l{eTeKTopa YXH, MOHHTopa lI 

OTHOIIIeHlI.!1 3TlIX C'IeTOB OT BpeMeHlI .l{JI.!I .l{Byx cepnii: lIJMepeHnii:: lIJMepeHWJ B IIYCTOM 

ClleKTJ)OMeTpe lIJ Hep)KaBeromeii: CTaJilf. n lfJMepeHlI.!1 c 6eplIJIJilieBLIM o6paJUOM, 

ne)KameM Ha .!{He c11eKTJ)oMe-rpa. EepnJIJIHeBLIH o6paJeu - uenLHOKaTaHM qionLra 

TonmnHoii: l 00 MKM n o6meii: IlJIOll{a.l{LIO l ~. IlepBLie l 00 ceKYH.I{ - Ha11onHeHHe 

ClleKTJ)OMe-rpa. MoMeHT BpeMeHlI t=O - MOMeHT JaKpLITlI.!I BXO.l{HOro IIIH6epa . 

Cne.l{yromne l 00 ceKYH.I{ 11poncxo.l{HT qiopMnpoBaHne c11eKTJ)a YXH ( O'IlICTKa OT 

HeHTPOHOB C 3Hepmeii: BLIIIIe BLICOTLI IIOrJIOTlITeJI.!1). Ha 100-oii: ceKYH.l{e Ha'IHHaeTC.!I 

110.l{beM IIOrJIOTlITeJI.!I .1{0 BLICOTLI ~ 160 CM Ja BpeM.!1 ~ 12 C. Ilocne 400-oii: ceKYH.l{LI 

8 

IIOrJIOTHTeJIL 011ycKaeTC.!I B lICXO.l{HOe IIOJIO)KeHHe (46 CM) - 110.l{rOTOBKa K 

oqepe.l{HOMY UHKJIY HJMepeHuii:. 

100 l : . \...: ... ~ _J • I . . I , . I ... . . J ~A 

ff 10 
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Puc. 7 Cl/em MOHUmopa B U3MepeHWIX c noObeMOM nomomume;m Ha 
I 00-ou CeK)IHOe. CTIJIOUIHaR JIUHU.!I - nycmou cneKmpoMemp U3 

Hep:J1Caae10Ufeu cmllllu (•xp. =88 c); nyHKmupHaR llUHU.!I - U3MepeHU.!I c 

o6pa3lfOM U3 6epUJIJIU.!I (1 M2
) (Txp.=81 c) 
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Puc. 8 OmHouteHue cl/ema oemeKmopa HeumpoHOB K cttemy MOHumopa. 
TeMH&ze cUMBOllbl - nycmou cneKmpoMemp U3 Hep:J1Caae10Ufeu cmllllu. 
CBemllble CUMBOJlbl - U3MepeHU.!I C o6pa3lfOM U3 6epUJIJIU.!I (1 M

2
). </JOH 

oemeKmopa BbZ'lmeH 
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1-13 pHc.,6-8 BH.Z:{HO, 'ITO HaJIHqHe 1 l,{' 6epHJIJIHJI cymeCTBeHHO )'MeHI,IIIHilO Bpewi 

oqHCTKH, HO npaKTIIqecKH He IlOBilIUIJIO Ha Bpewi xpaHeHml · HeihpoHOB B 

cneKTpoMerpe n He npHBeno K YJ3ennqeHmo BH,ll;HMoro 34>4>eKTa. BenHqHHY BH,ll;HMoro 

31PIPeKTa He y,nanOCb )'BellHqHTh, IlOMemaJI BHyrpb ,ll;OilOilHHTeilbHbie IlOBepXHOCTH HJ 
rpacl>HTa (HanblneHHe TonmHHoii 0,2-0,3 MKM Ha cl>on1,ry HJ Hep:ll<aBe10meii CTanH 

S= 1,031,(', Txp. = 79 c), )KeneJa {S= 0,12 M
2
, Txp. = 77 c) n Me,n;H {S= 2,1 M2, Txp. = 64 c). 

,lvIH TOro 'IT06bl m6aBHTbCJI OT q>OHa HaipeTbIX Ha CTeHKax cneKTpoMerpa HJ 

Hep)KaBeIOmeii CTallH HeiiTpOHOB H HCCile,ll;0BaTb HanHqHe 3q>IPeKTa Ha 6epHililllH, 

,nan1,Heii111He HJMepeHIIJI npoBo,n;HnHCb B cneKTpoMerpe HJ Me,ntt. Me,z:,;1, 6bma BbI6paHa 

KaK TexHonomqHblii MaTepnan, nerKo oxnIDK.liaeM1,1ii n He MarHHTH1,1ii, TaK KaK o,n;Ha HJ 

BepcHii npoHCXO)K,ll;eHIIJI 3q>q>eKTa 6blna CBJIJaHa C MarHHTHbIMH CBOHCTBaMn 
Hep)KaBe10meii CTanH. 

6) MeOHblU cne«mpoMemp 

Pnc. 9 npe.nCTaBilJICT JaBHCIIMOCTb qHcna YXH, HaKannHBaeMbIX B Me,ll;HOM 

CileKTpoMerpe, OT BbICOTbI IlOrllOTHTellJI npH CHJITOH allIOMHHHeBOH IPOilbre (4) Ha 

pHc. 3. OrpaHHqeHHe cneKTpa xpaHHmnxcH,' IieiiTPOHOB cBepxy 3Hepmeii ~ 170 H3B 
COOTBCTCTByeT IpaHnqHoii 3HepmH Me,nn -168 H3B. 
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Puc. 9 Cne«mp YXH, xpaH.JlU,UXCJl 6 MeOHOM cne«mpoMempe 

IO 

180 

11JMepeHtte HaipeBa YXH np0B0,n;Hnoc1, B nycTOM cneKTpOMerpe, a TaK)Ke nptt 

IlOMemeHHH BHyrpb cneKTpOMerpa 06paJ11a HJ Hep)KaBe10meiI CTanH - q>Onhra 

TOnmHHOH 150 MKM H nnoma,nhIO 0,16 M
2

• 11JMepeHml C o6paJIIOM IlOBTOpHilHCb nocne 

OT)Kllra IPOilhm npH TCMneparype 800-900°C B BaKY)'MC B TeqCHHC 30 MHH. IlpH 

OCThIBaHHH o6paJIIa IlpH TCMIICparype ~500°C Ilp01I30111Ila paJrepMCTHJaIIHJI 06beMa 

o6eJra)KHBaHml .no ~ 1 Topp, tt ,ll;allhHCHlllee oxna)K,ll;CHHC o6paJIIa npOHCXO,ll;HilO B 

aTMOc4>epe IIpH ,naHHOM ,naBilCHHH. O6eJra)KHBaHHC 06paJ11a npHBeno, B qaCTHOCTH, K 

YMCHblllCHHIO ero MarHHTHOH BOCIIpllHMqifBOCTH Ha TPH IIOpH,n;Ka. 
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Puc. JO 3a«ucw.tocmb C'lema oeme«mopa HeiimpoHo« 3a pa3oe;zumeJ1bHoii 

qJOJlbzoii om epeMeHu 6 nycmoM MeOHOM cne«mpoMempe u Ha o6pa31./ax U3 

Hep::»ea«e10u,eii cmaJ1u e moM ::»ee cne«mpoMempe. 1 - nycmoii Heo6e3za::»eeHHblii 

MeOHblU cneKmpoMemp; 2 u 3 - Heo6e3za::»eeHHb1ii u 06e3za::»eeHHblii o6pa3el/ e 

moM ::»ee cne«mpoMempe coomeemcmeeHHO. 4 - U3Mepemm c o6e3za::»eeHHblAt 

o6pa31./0M u Henooeu::»eHblM no2110mume;zeM Ha Bb1come 46 CM. llyH«mupHaR 

JlUHllR - ypo6eHb qJOHa oemeKmopa. 3JleKmpoHHaJl 3ppeKmUBHOCmb 

pezucmpal/UU HeiimpoHHozo cu2HaJ1a 62% 

PeJyilhTaThI COOTBCTCTBYIQmHx HJMCpCHHH rrpHBC,ll;CHhl Ha pttcynKe l 0 

(rrornOTIITCilb - TIITaH). B TeqeHHC rrepBhIX 40 ceKyu,n, ,no MOMeHTa BpeMeHH t=O, 
npOHCXO,ll;HT HanonHeHHe crreKTpOMerpa HeiiTPOHaMH npH BhICOTC rrornOTHTem1 OT ,n;Ha 

CIIeKTp0Merpa - 46 CM. MoMeHT BpCMCHH t=O 0TBeqaeT M0MCHTY JaKphITH» BX0,ll;H0ro 

IIIH6epa. Cne.nYIQmHe 50 ceKyu,n npoHCXO,ll;HT oqHCTKa CIIeKTpa. B M0MCHT t=50 c 
np0HCX0,ll;HT Il0,ll;H»THC nornOTHTCilJI. 

BpeMeHa xpaHeHH» HCHTPOHOB c 3HeprtteiI, He npeBhiwa10meiI 46 H3B, coCTaBHilH 

.nn» rrycTOr0 CilCKTP0Merpa (55,5±2,3) c, .nn» CIICKTp0MCTPa c Heo6eJra)KeHHhIM 
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o6pa3I{OM 1{3 Hep)KaBe10meii CTaJlli (38,4±2,4) C I{ MH CIIeICTpOMe-rpa C o6e3ra)KeHHbIM 

o6pa3I{OM (55,8±2,6) C. · 
,l(nJr ofie3ra)KeHHoro. o6pinna 6bIJm rrpoae,L1eHbl mMepeHHH 3aBHCHMOCTH •rncna 

COC'IliTaHHbIX BYXH OT BhlCOThI, Ha KOTOJ)YJO "IIO,LIHHMaeTCH rrornOTHTenL . -

HHTerpanLHbIH crrel<Tp pemcrpHpyeMbIX BYXH. Crrel<Tp rrpe,LICTaBneH Ha pliC. 11 .. 
Onett1<a peanLHoro crre1<Tpa BYXH 3aTpy.LIHeHa B CBH3li c TeM, 'ITO Mhl. tte 3HaeM 

3aBHCHMOCTH Jq>q>el<TliBHOCTH pemCTpHpyromeii cHCTeMLI OT 3HepmH BYXH (B 
'!aCTHOCTli, BepOKrHOCTli "rrpone3aHHH" HarpeTbIX HeHTpOHOB qepe3 aJIIOMliHlieByro 

4>on1,ry B 3aBHCliMOCTli OT liX 3Hepmli) . .lJ:oCTOBepHblll BhlBO.LI, KOTOpbIH MO)KHO 

C,LlenaTL attanH3HpyH crrel<Tp, 3TO yTBep)K.L{eHHe, 'ITO crrel<Tp BYX~ _orpaHH'IeH caepxy 
(3ttepmeii ~110 H3B). · 

1facno COC'IliTaHHblX 
f- 15 

4 -l HeHTpOHOB 3a I{HI<n T 

T §rJ -E ~ l 3 -l J_ 

J 
I 2 8 \-. 2 -l 1 Tl ~o2 ! · I- 0.5 

~ -~ -1- 1 
0 ] 

0 50 100 150 200 

Puc. 11 "H11mezp(JJ/bHb1ii" cneKmp BYXH Kpy.»cKU - cneKmp BYXH 6 
cneKmpoMempe U3 11ep:»CaBe10u,eii cm(JJ/U (no pa6ome fl]). KBaiJpam
U3Mepemm c 11enoiJ6U:J1CHblM no2J1omumeJ1eM 6 cneKmpoMempe U3 
11ep:»Ca6e10u,eii cm(JJ/u (no pa6ome fl}). TpeyzollbHUKU - cneKmp BYXH, 
11azpe6a10u,uxCR Ha 06e:12a:J1Ce11110M o6pa:J1fe U3 11ep:»Ca6e10u,eii cm(JJ/U 
(0, I 6 M2), J1e:»caUfeM 6 MeOHOM cneKmpoMempe 

Iihln rrpoBe,LleH nenLIH PH.LI li3MepeHHH, IIOCBHII{eHHhlX o6ttapJ)KeHHIO Manoro 
HarpeBa Ha 6epliMlili. B Ka'!eCTBe o6pinna liCIIOnb30Banacb nenLHOKaTaHM. q>Onbra 

TonmHHOH 100 MKM H o6meii rrnoma.L{LIO ~ 1 ,2-, o6e3ra)KeHHM rrpH TeMIIeparype 

300°C B Te'IeHHe CJTOK. BpeMH xpaHeHHH HeHTpOHOB C 3HeprnHMli Mettee 49 H3B B 
CIIel<TpOMe-rpe C o6pa3I{OM li3 6epHMliH --'- OKono 55 C. Ilocne o6e3ra)Kl{BaHliH 

crre1<Tp0Me-rpa c o6pinnoM B Te'!eHHe 6 qacoa rrpH TeMrreparype 01<ono 400°C apeMH 

xpatteHHH B03pocno .LIO 90 c. Ha pHc. 12 rrpHBe,LleHbl pe3YJILTaTLI mMepeHnii c 
6epliMlieM B o6e3ra)KeHHOM crre1<Tp0Me-rpe. ,l(nJr cpaBHeHHH npHBe,LleHhl pe3ynLTaTbl 
li3MepeHlill B rryCTOM He06eJra)KeHHOM Me,LIHOM CIIel<TpOMeTpe. K CO)KaJieHHIO, 
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'IliCneHHM oneHKa 3q>q>eI<Ta Ha 6epHMlili HeB03MO)Kffa li3-3a OTCJTCTBIIH "q>OHOBOro" 
li3MepeHHH - reHepanHH BYXH Ha CTeH1<ax o6eJra)KeHHoro Me,LIHoro crre1<Tp0Me-rpa. 

NAeT. (c"1
) 

0.015 

0_010 

0_005 i O 
o O O·o··o ----···----::Q::::::--~-------- . 

0-000 +---.---.---,-..--1--..--..--,--.--,.--,,--,,---,,---, 
-25 0 25 50 75 100 125 

t, C 

Puc. 12. 3aBucUMocm& -ctt_ema oemeKmopa YXH 3a pa:JoeJ1umeJ1b11oii 
<pOllbZOU om 6peAteHU. Kpy.»cKU - nycmou 11eo6e3za:J1CeHHblU MeOHblU 
cneKmpoMemp. K6aiJpambz - 06e:J2a:»Ce1111&1ii Meo11&1ii cneKmpoMemp c 
06e:12a:»ceHHblM 6epUJIJIUe6blM o6pa:Jl,/OM. I'opU30Hm(JJ/bH(lJl JIUHUR -
ypoBeHb <jJ011a 

0XJla:»coenue 
IlpH H3MepeHHH oxna)K.L{eHHH MH yaenH'!eHHH '!Hcna CTonKHoaettHii YXH c 

IIOBepXHOCTblO BHyTpb crrel<TpOMeTpa li3 ttep)KaBe10meii CTaJili 6blna IlOMelI{eHa 

4>on1,ra H3 ttep)Kaae10meii CTMH TonmHHoii 150 MKM H o6meii rrnoma,LILIO 1 ,2-. BpeMH 
xpatteHHH HeHTpOHOB C 3Hepmeii MeHLJIIe 49 CM, li3BJie'IeHHOe 1{3 li3MepeHHH IIO 

Harpeay, COCTaBnHeT (76,0±0,5) c. 
BXO,LIHM aJIIOMHHlieBM 4>on1,ra rrocrre 3aKpbITliH BXO,LIHOro JIIH6epa HaxO.LIHTCH 

BHyTpli ofo,eMa xpaHeHHH YXH I{ ClinLHO BnHHeT Ha BpeMH xpatteHHH HeHTpOHOB, 

KOTOpble liMeIOT 3HeprnIO BbIJIIe rpattli'IHOH 3Heprnli anIOMliHliH. Ha plic. 13 
rrpe,LICTaBneHa 3aBHCliMOCTI, BpeMeHli xpaHeHHH YXH OT BhlCOTbl nornOTHTenH, 

rronyqettttoe q>HTHpoaaHHeM C'!eTa MOHHTOpttoro .L{eTeKTOpa. -
Ha pHc. 14 iipe,LICTaBneHLI HHTerpanLHbIH cnel<Tp YXH, npli ttanontteHHlili 

cnel<TpOMeTpa qepe3 anIOMliHlieByro q>onLry, Ii 3aBliCliMOCTb 'iliCna "OCTbIBIIIliX" 
HeiiTpOHOB OT BhlCOTbl nornOTHTenH, npli KOTopoii npoliCXO,LllinO ttanontteHHe 
cnel<TpOMeTpa ynLTpaxOnO,LIHbIMli HeHTpOHaMli (liHbIMli cnoBaMH, OT cne1<Tpa I{ '!licna 

"pO.Llli'I'eneii" - YXH). 
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Puc. 13 BpeMR xpa,,emm "pooumeJZeu" (YXH C 3Hepzueu 
BXOOHaJl aJllOMUHUe6aJl <pOllbW HQXOOUmCJI 6 o6beMe xpaHemm 
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Puc. 14 CneKmp YXH npu HanoRHeHuu 'lepe:1 aJ110MUHueBy10 <pOllb2Y 
(meMHbZe CUM60Jlbl, npa6aJl opouHama) U 3ll6UCUMOCmb 'IUC/la 
OXJla:»COeHHblX HeumpOH06 (c6emflb!e CUM60Jlbl, Jle6aJl opouHama, 
3lleKmpoHHaJl 3<p<peKmUBHOCmb pe2ucmpaz1uu HeumpoHH020 cu2HaJ1a 
62%) om Bbzcombz no2JZomumellR BO BpeMR HanoRHeHWl cneKmpoMempa 

14 

I 

Ha pnc. 15 Bepxm!JI KpHB!Ul - 3aBHCilMOCTI, qncna oxn~eHHLIX HeihpOHOB OT 

MHHHMallbHOH BbICOTbl nornOTHTeIDI (HHTerpanbHblH cneKTP "oCTbIBIIIHX" HeHTpOHOB), 

Hll)KHHJI KpHBaH _.:. pe3ynLTaTLI qJOHOBbIX Il3Mepem1ii npn HeilO.I(Bll)KHOM nornomTene. 

Pnc. 16 - 3aBHCilMOCTb qncna oxna)K.I(eHHLIX 3a l(IlKil Il3MepeHHH HeHTpOHOB OT 

BpeMeHH HanonHeHHH. 
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Puc. 15 KollU'leCm6o COC'IUmaHHbZX noclle omKpbZmWl 6b!XOOH020 iuu6epa 
HeumpOH06 6 3a6UCUMOCmU om MUHUMaJlbHOU 6bZCOmbZ no2JZomumeJZR OllR 
06UJK:YUJe20CJI (omKpbZmbze mo'IKU) u Hen006UJ/CH020 (meMHbZe mO'IKU) 
no2JZomumeJZR. CnROUIHaJl U Utmpux-nyHKmUpHbZe JlUHUU - ypo6eHb <pOHa 
oemeKmopa u ezo nozpeiuHocmb. 3ReKmpoHHaJl 3<p<peKmU6HOCmb 
pezucmpai,uu HeumpoHHOW cu2HaJ1a 62% 

Pnc. 16 IlOKa3LIBaeT, qTO IlllOTHOCTb oxna)K,I(eHHbIX HeHTpOHOB .I(OCTilraeT 

HaCblll(eHHH 3a BpeMH ~150 c, 'ITO onpe,nenHeTCJI IlX BpeMeHeM xpaHeHHJI, 3HaqIITenLHO 

npeBLIIIIaIOll(IlM BpeMH nepBOHaqanLHOro HanonHeHHH cneKTPOMeTpa YXH B 

.nnanaJoHe 3Heprnii 52+ 180 mB. 
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Puc. 16 Keaopamb1 - 3aeucUMocmb 'lUCJla "ocmb1ezuux" HeumpoHoe om 
epeMeHu HanollHemm cne1<.mp0Mempa. Hmax= 148 CM, Hm;n=46 CM. To'lK.a, 
omee'laTOU,aJl epeMeHu HanoJ1Hemm 150 c, U3MepJ1J1aCb c Hmwr:=179,5 CM. 

CnllOUJHaJl 1<.pueaJl - pac'lem no popMylle (11). 3J1e1<.mpoHHaJl 
3ppe1<.mU6HOCmb pezucmpatJUU HeumpOHH020 CU2Hallll 62%. 
Tpey20llbHUK.U - C'lem MOHUmopa npu HanO/IHeHUU 6 me'leHue 350 Cel<.)'HO 
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Puc. 17 KpueaJl "eb1me1<.amm" OXlla:JICOeHHblX HeumpoHoe Ha oeme1<.mop 
(Hmax= 148 CM, Hm;n=46 CM). MoMeHm epeMeHu t=0 c - MOMeHm 
om1<.pb1mUR BblXOOHozo zuu6epa To'l1<.u - c'lem oeme1<.mopa noCJ1e 
omK.pblmUR 6blXOOH020 zuu6epa (3a 54 IJUK.lla}, KpU6aJl - pum 
31<.CnepUMeHmallbHblX mo'leK. cnaiJa,ou,eu 31<.CnOHeHmOU C nocmORHHOU 
6peMeHU ~35 C. IlyH1<.mupHaJl /IUHUR -ypo6Hb qJOHa oeme1<.mopa 

16 * 

Ha pllC. 17 npe~CTaBJieHa KpllBlUl BbITeKaHIIH OXJI~eHHbIX HeihpoHOB. KpIIBlUl, 

npoBe~eHHlUl Ha pllC}'HKe, - pe3yJILTaT qmrnpoBaHllil 3KCnepIIMeHTaJibHI,JX TO'IJeK 

cn~aromeii 3KCilOHeHTOH C IlOCTOHHHOH BpeMeHll ~35 C (nOCTOHHHlUl BpeMeHII 

onpe~eAAeTCH ~BYMH npoueccaMII - non~amreM Heil:TPOHOB B ~eTeKTop 11 rn6eJibro B 

CTeHKax cneKTPOM~a). lfaBJietJeHHOe OTCIO~a BpeMj{ BbITeKaHllil COCTaBAAeT BeJIH"IllHY 

~64 c, "ITO 3HatJHTeJILHO npeBLIIUaeT speMj{ BbITeKaHllil B OTBepcme UaTPy6Ka, 

pacctJHTaHHOe 113 raJOKHHeTH'IJeCKOH MO~eJIH (~30 c). )J;aHHOe pacxoxmeHHe, B~HMO, 

CBH3aHo C 60JiblIIOH ~mpcpy3HOCTI,IO H3ornyTOro HeHTOHOBO~a 

5. BLI'IUCJieHHH " o6c~enue pe3yJILTaT0B 

)];AA oueHOK sepouHOCTH narpesa YXH B o6naCTL 3Heprnii BYXH neo6xo~HMO 

3HaTb 'IJHCJIO y~apoB YXH O IIOBepXHOCTI, ofo,eMa xpaHeHIIH " o6pa3ua, a TaIOKe 'IJHCJIO 

o6pa3oBaBIIIHXCH BYXH. Bee napaMeTphl, onpe~eAAIOI11ne ~aHHhle BeJIH"IDHhl (speMg 

xpaHeHHH YXH u BYXH B cneKTPOM~e, tJacTOTa y~apoB o nosepxuoc-r1,, 

3cpq>eKTHBHOCTI, perncTPaUHH BYXH), HBAAIOTCH 3HepreTHtJeCKH 3aBUCHMhlMU. 

IJ03TOMY ~AA KOppeKTHOH "IHCJieHHOH OL{eHKH Heo6xo~UMO TO'IJHOe 3HaHHe Ha"IaJibHOro 

cneKTPa YXH, ero 3BOJIIOL{IIH co speMeHeM, cneKTPa BYXH H cneKTPaJILHOH 

3aBIICUMOCTH ~eTeKTupoBaHllil YXH. )J;aHHlUl yCTaHOBKa. HetJYBCTBHTeJII.Ha K BYXH, 

:mepmg KOTOpbIX npeBhlIIIaeT rpaHU"IHyro 3Heprnro Al q>OJII,IB Ha 10-15 CM. TaKHe 

HeHTPOHhl IlJIOXO upoxo~ 1Iepe3 q>OJILry, TaK KaK ~AA HUX BeJIUKO H~6ap1,epHoe 

OTPIDKeHHe U nornomeHHe BHYTPH q>OfilrH. BepOUHOCTI, 3THX npoueccoB pe3KO 

B03paCTaeT npu nptt6JIU)I(eHHH 3HepmH HeiiTPOHOB K rpaHH"IHOH 3Heprnu Al H3-3a 

ynpyroro pacceHHllil Ha HeO~HOpO~HOCTHX BHYTPH q>OJILrn. KpoMe TOro, 'IJIICJieHHhle 

OL{eHKll HBAAIOTCH CHJII,HO 3aBHCHMhlMU OT MO~eJIH npouecca, KOTOpbIH MO)I(eT 6hlTI, KaK 

O~HOCTyneH"IaThlM, TaK u npe~CTaBAATI, co6oii ~Hq>q>Y3HOHHOe pacnJihlBaHUe B 

npoCTPaHCTBe 3Heprnu. 

a) paclfeT eeposrnocrn uarpeea 
B CHJiy BbIIIIeCKa3aHHOro, Mhl He MO)I(eM npaBHJII,HO oueHHTh BepOUHOCTh HarpeBa. 

BMeCTe C TeM, 3~atJa no onpe~eJieHHIO HU)I(Hell rpaHUUhl HCKOMOH BepOHTHOCTU MO)I(eT 

6LITI, peIIIeHa HaMU BIIOJIHe KOppeKTHO. HcxOM 03 3TOH 3~a'IJH " Bhl6epeM MO~eJIL, ~AA 

KOTOpoii 6y~eM npOU3BO~UTI, pactJeThl. IlpH 3TOM 6y~eM IlOJiaraTL, "ITO HarpeB 

npoucxo~HT 3a O~HH y~ap, TaK KaK O"IeB~HO, "ITO MHOroCTyneH"IaThlH npouecc TPe6yeT 

6onee BhlCOKOH BepoUHOCTH nepe~a'IJII 3Hepmu. 

y cpe~HeHHlUl BepOHTHOCTb Harpesa ~JUI O~HOCTyneHtJaTOro npouecca: 

P+= N+ , (1) 
Nco/l 

r~e N+ - nonHoe tJHCJio o6pa3oBaBIIIHXCH 3a UHKJI BYXH (nocne uo~ffj{Tug 

norJIOTHTeAA), Neall._ IlOJIHOe 'IJUCJIO y~apoB YXH O IlOBepXHOCTh 3a TO )Ke BpeMg, _ 

N + = N det , (l) 
Pw-(I-PA!}Edet 
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N coll = T • JO· S eff, 
(3) 

r.ne Ndet - KOilH'leCTBo 3aperncrpnpoBaHHLIX BYXH; l°det - ::iq><peKTHBHOCTL 

.nereKTopa; Pw - napUHanLHruI BepoHTHOCTL npoHHKHOBeHHH BYXH B Al OKHO 
{KOHicypHpyromnii npoueee - rn6en1, B CTeHKaX eneKTpOMerpa HilH Ha IIOBepXHOCTH 

o6pa3Ua); P Al - BepmrrHOCTI, "norn6HYJ1," B amoMHHHeBOH qion1,re; -. - BpeMH 

xpaHeHHH (B HaIIIHX H3MepeHHHX OHO npaKTHtJeeKH He 3aBHeeno OT 3HeprHH HeiiTpOHa, 

'ITO B03MO)K}I0 .l{IlH eHilbHO 3arpH3HeHHOH IIOBepXHOCTH); Jo - nnornoeTL IIOTOKa 

YXH y ,!{Ha eneKTpOMerpa, H3MepeHHrul B MOMeHT IIO,l{HHTHH nornoTHTeM; s,jf -
"::iqiqieKTHBHruI" IIIlO{Ua,l{I, IIOBepXHOCTH ( OHa MO)Ke'T 3aBneer1, OT 3HeprHH HeHTpOHa II 

Bbl'iIIeMereH 113 IIHTerpIIpOBaHHH IIIlOTHOCTII IIOTOKa YXH, IlIIHeHHO 3aB11eHmeii OT 

BbleOThl, no Beeii ,nOcryIIHOH .LIM YXH IIOBepXHOCTII). 
O6e BepoHTHOCTII, Pw II (1-PA1), B 3HaMeHaTene (2) paeryT e YBeilII'leHHeM 3HeprnII 

BYXH, II03TOMY, oeTaBruieb B paMKax IIOCTaBneHHOH 3a,l{a'III, H~HO npOBO,l{IITb 

paetJerLI e MaKe11ManLHOii ::iHeprneii BYXH. 
JJ;anee, eenII y Hae eCTL WHpOKIIH eneKTp YXH, TO BLipa)KeHIIe (3) MO)KHO 

nepen11eaTL B B11,l{e 

dNcou(E)= r·dJ(E)·Seff(E). (4) 

3.nee1, E - 3HeprHH YXH. YtJIITLIBruI, 'ITO dJ/dE-E (,nnH MaKeBennoBeKoro eneKTpa) 

EodJ 
11 'ITO f-dE = Jo, nonyqIIM BLipa)KeHIIe 

odE 

2JoEo 
Neall= -r-

2 
JSeff(E)·EdE. (5) 

Eo o 
PaeeMOTplIM ,nBa KpaiiHIIX enyqrui : 
1. S,.ff He 3aB11e11T OT E (YXH B3a11Mo.neiieTBYIOT TOnLKO e ,nHOM eneKTpoMerpa). 

Tor,na: 

Ncol/ = T·Jo·SejJ; 
2. S,ff - E (YXH B3aIIMO,l{eHCTByroT TOilbKO e 6oKOBOH IIOBepXHOCTLIO 

eneKTpoMeTpa). Tor.na: 

2 
Ncoll =3 T· Jo· S eff(Eo)-

KaK BII,l{HO, B . nepBOM enyqae Bhlpa)KeHIIe eOBIIa.l{aeT e BI,Ipa)KeHIIeM ,l{IlH 

MOHOillIHIIII (3), a BO BTOpOM OTilII'laeTeH Ha MHO)KIITen1, 2/3. B HaWIIX II3MepeHIIHX 

Beer.na pean113yereH HeKIIH npoMe~OtJHLIH enyqaii, TaK KaK npIIeYTeTByroT II ,!{HO, II 

6oKOBLie CTeHKII eneKTpoMerpa, a o6paJeU paenonaraereH Ha ,nHe. TaKIIM o6pa3oM, 

npoBO.LIH paeqeTLI .l{IlH MaKCHMaJILHLIX 3Heprnii YXH II BYXH, MLI MO)KeM TOilLKO 

VMeHLIIIHTh HeKOMyro BepOHTHOCTb n B nw6oM enyqae OCTaHeMeH B paMKax 

noeTaBneHHOH 3a,l{atJII - onpe,neneHHH HlI)KHeii rpaHIIULI ::iqiq>eKTa. 
MaKe11ManLHruI ::iHeprHH YXH onpe,nenHereH BLieoToii nornoT11TeM: Eyxtt=46 H::iB 

.l{IlH Me,nHoro eneKTpoMerpa 11 49 H3B ,nnH eneKTpoMerpa 113 Hep)KaBewmeii CTanII, 

MaKeIIManLHruI ::iHeprnH BYXH - 113 eneKTpa (p11e. 11) EsYxtt::::110 H3B. BepoHTHOCTL 

18 

Pw paeetJIITLIBanae1,, a PAI oueHHBanae1, 3KenepIIMeHTailbHO [1] II eoCTaBnna 

BeilII'lHHY ::::0,5. 

PaeetJHTaHHruI B paMKaX 3TOH Mo.nen11 BepOHTHOCTb mirpeBa p + Ha CTeHKax 

eneKTpoMeTpa II o6paJuax npe.nernBneHa B Ta6n11ue. 

Ta6Jmua. 
OqeHKa HU:J/CHeii zpaHUlfbl eepoRmHocmeii Hazpeea u oXJ1a:J1CoeHWl 0JIJI 

06pa3eu 
. 

<µ>xlO .... P+X10"1 
P_x10·7 * 

IIOBepXHOeTL eneKTpOMerpa H3 18,3 ± 0,2 5,4 ± 0,4 1,0 ± 0,1 

HeO)KaBeIOmeii eTanII 

IIOBe0XHOeTL Me.nHoro eneKTOOMeTPa 12,7 ± 0,5 0,68 ± 0,13 

o6paJeu 113 Hep)Kasewmeii eTanII 6,2 ± 1,4 3,1+ 0,6 

o6e3ra)KeHHLiii 06pa3eu II3 Hep)Kasewmeii 0,08 ± 0,87 5,6 ± 0,4 

eTanII •• 
1,4 ± 0,3 

OXJ1a:J1CoeHue U3MepJIJI0Cb B cneKmpoMempe U3 Hep:J1Caee1oiqeii cmaJZu c 
o6pa3lfOM U3 Hep:J1Caee10UJeii cmaJZu ll.1loUJa0b/O I M2

• 

•• I.(uppa noJ1y11eHa e npeonoJ1d:J1CeHuu npomeKaHWl zuu6epa nymeM 
Bbl'IUmaHWl nooJIO:J/CKU, 06ycJ10BJleHHoii 0QHHblM npomeKaHUeM. 

Jl;M epaBHeHIIH "KatJeCTBa" IIOBepxHOeTeii B nepBoii KOilOHKe Ta6n11u1,1 eTOIIT 

epe,nHHH BepoHTHOeTb IIOTepb <µ>, TaK)Ke paeetJIITaHHrul B paMKaX np11se.neHHOH BbIWe 

Mo,nen11: 

1 
<µ>= ~ ' 

T·V 
(6) 

r.ne -r - BpeMH xpaHeHIIH YXH, a v ~· epe,nHHH qaernTa y.napoB YXH o eTeHKII 

eneKTpOMeTpa IIIllI o6pa3ua, paeetJIITaHHruI ,l{IlH MaKeIIManLHOH 3HeprnII YXH. 

B1,1q11eneHHaH TaKIIM o6pa30M <µ> MeHLWe peanLHOH BepOHTHOeTII IIOTep1,, 0,l{HaKo B 

,naHHOM enyqae Hae IIHTepeeyroT TOilbKO epaBHHTenLHLie xapaKTepIICTIIKII pa3IlII'lHbIX 

IIOBepXHOeTeii. 

Ha p11e. 10 KpIIBLie . 2 11 4 ,nnH Heo6e3ra)KeHHoro II o6e3ra)KeHHOro o6paJua 

Hep)KaBewmeii CTanII eHilbHO pa30WilHeb. PaeeMOTplIM 3TY qaeTL 6onee no,npo6HO -

p11e. 18 (Ha 3TOM pIIeyttKe, B OTillitJIIe OT pIIe.10, q>OH ,nereKTopa BbitJTeH). 
EenII lo - MOMeHT IIO.l{HHTIIH nornOTIITenH, TO MO)KHO IIOKaJaTL, 'ITO C'leT 

,nereKTopa IIpII / > to OIIIICLIBaeTeH Bblpa)KeHIIeM 

dNdet ( ( t-to)J ( t-to) -·=Pi'. 1-p2 ·exp --- ·exp --- , 
dt . Tdet T 

(7) 

r.ne T- cpe,nHee i3peMH xpaHeHIIH HeiiTpOHOB B cneKTpOMerpe, t'det- cpe,nHee BpeMH 

BLITeKaHHH BYXH 113 cneKTpoMerpa qepe3 qion1,ry; napaMerp Pt 3aBHCHT OT 

BepoHTHOCTII HarpeBa P +, qnena YXH, reoMerpIIII 6otJKII II TaK .nanee, a P2 oTBeqaer 3a 
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C'IeT npH t = to H 3aBHCHT TOJibKO OT OTHOllleHHll napn;HaJibHhlX BepOllTHOCTell 

npoHHKHOBeHllll HellTpOHOB B q>OJibry .lVJll cnyqaeB C nO,LIHllTblM " onymeHHblM 

nornoTnTeJieM (an1,TepHaTUBHb1e npon:ecc1,1 - ru6en1, B CTeHKax cneKTpOMe-rpa u 

nornOTHTeJie ). 
3-ro HeCKOJibKO ynpomeHHblll no,nxo.n ,nIDKe .LIJlll MOHOJIUHUH. HanpuMep, paCTymall 

3KCnOHeHTa He onpe,neJilleTCll 0,LIHUM 'Z"det, TaK KaK ,no no,nHllTllll nornOTHTeJill yrnosoe 

pacnpe,neJieHHe BYXH CHJibHO OTJIU'IaeTCll OT ll30TpOnHoro, a nocne no,nHllTHll 

CTaHOBHTCll npaKTn'IeCKU ll30TpOnHhlM. TeM He MeHee, 3KCnepuMeHTaJibHhle ,naHHhle 

xopollIO onUChlBaIOTCll tp)'HKU:Hell (7). IIapaMeTpbl 'Z"" 'Z"det, B npuHn:une, U3BeCTHbl: 'Z" 

H3MepJ1Jiac1, snpllMYIO, 'Z"det pacC'IHThlBanac1, .LIJill cneKTpa 3aperncTpuposaHHhlX BYXH 

(pnc. 11). 
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Puc. 18 3aeucw,10cmb c'lema Hazpembzx HeiimpoHo6 iJemeKmopoM YXH 
3a pa3iJeJ1umeJ1bHoii po11bzoii om epeMeHu e MeiJHoM cneKmpoMempe c 
06e:12a:»ceHHblM o6pa31JOM U3 Hep:JK:a6e10UJeii cma11u (KpU6aR 2) u C 
Heo6e:Jza:JK:eHHblM o6pa31JOM (KpU6aR I). llyHKmUpHble JIUHUU -
Pe:JYllbmam pumupo6aHUR 3KcnepUMeHmaJlbHblX 3Ha'leHUU PYHKIJUeii (7) 
KpueaR 3 - o:JK:uiJaeMaR 3aeucUMocmb noCJ1e 06e:12a:JK:UBaHUR o6pa31Ja 6 
npeiJno110:JK:eHuu HemMeHHocmu eepoamHocmu Hazpeea. 311eKmpoHHaR 
3ppeKmU6HOCmb pezucmpa!JUU HeiimpOHHOZO CUZHaJla 62%. <PoH 
iJemeKmopa Bbl'lmeH 

PeJyJihTaThl q>HTnposaHllll no .LIBYM cso6o,nHhlM napaMe-rpaM Pt n pz -
n)'HKTHpHhle KpUBhle Ha pnc. 18. Kpn:Ball 3 Ha 3TOM pHC)'HKe noKaJhlBaeT, KaK .LIOJDKHa 

61,ma 61,1 npottTU KpUBall 2 no cpaBHeHHIO C KpHBOH l, eCJIH 61,1 BepollTHOCTb Harpesa H 

cneKTp BYXH OCTaJIUCb TaKHMH iKe H npOH30IIIJIO 61,1 TOJibKO 0,LIHO H3MeHeHne -

yseJIU'IHJIOCb BpeMll xpaHeHHll. KpHBall 3 npomna npuMepHO B 2 pa3a HlliKe 
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3KCrrepuMeHTaJibHOll KpHBOll 2. O61,llCHeHUll 3TOMY MOrYT 6b1Tb TaKHe: nu6o 

ysenuqunac1, sepollTHOCTb Harpesa (nnu cTan 6onee iKeCTKHM cneKTp BYXH, 'ITO 

npuBeJIO K 6onee 3cpcpeKTUBHOMY npOHHKHOBeHUIO HX CKB03b aJIIOMUHUeB}'IO lpOJibry), 

nu6o npnMepHO B l O pa3 B03pOC q>OH ,neTeKTopa. 

Bo3paCTaHHe q>OHa B03MOiKHO, ecnn "npoTeKaeT" BXO,LIHOll IIIU6ep. B caMOM .nene, B 

nepBblX ll3MepeHUllX C Me,LIHhlM cneKTpOMeTpOM Mhl 3aMeTHJIH, 'ITO BXO,LIHOH IIIU6ep 

UHor.na He 3aKpbIBaJICll .LIO KOHn;a. 3TOT ,necpq>eKT 6bm ycTpaHeH; KpOMe Toro, aHaJIU3 

nonyqeHHhlX ,naHHblX npOTUBOpe'IUT runoTe3e O "npoTeKaHHU" mu6epa. B 'IaCTHOCTH, 

pacnpe,neneHue qn:cna BYXH, 3aperucTpuposauu1,1x 3a o,nuu n;uKJI, oTBeqae-r 

nyaccOHOBCKOMY pacnpe,neJieHHIO, 'ITO 61,mo 61,1 CTpaHHO npn He,no3aKphITHH IIIU6epa, 

TaK KaK IIOCJie,LIHUll npon:ecc HeperyJIJ1pHhlll. O,nHaKO, nocKOJihKY npe,nnoJIOiKeHue 0 

"npoTeKaHuu" IIIU6epa YMeHhlllaCT BepOllTHOCTb Harpesa P+, a Hamett 3a,naqefi 

llBJilleTCll ycTaHOBJieHue HHiKHell rpaHUU:hl 3q>q>eKTa, npuse,neM Bhl'IUCJieHHll U .LIJlll 

3TOro rurroTeTII'IeCKOro CJI)"Iall. BcTaeT BOnpoc, KaKOll ypoBeHh lpOHa Bhl6paTh B 

cnyqae He,no3aKph1Tllll IIIH6epa? KoHCTpYKU:llll mn6epa TaKOBa, 'ITO OH MOiKeT ,naBaTb 

TOJihKO He ysen11qusa10mnficll co speMeHeM q>OH. Ilo3TOMY MaKCIIMaJibHO B03MOiKHblii: 

q>OH ,LIOJiiKeH 6b1Th paBeH C'IeT)' ,neTeKTOpa B MOMeHT no.z:11,eMa nornOTIITeJill to, B 

Ta6nnu:e npn:Be,neHhl HlliKHIIe rpaHIIU:hl .LIJlll P+, Bhl'IIICJieHHhle .LIJill 06011x cnyqaeB. 

6) pac<feT BepOHTHOCTU OXJia,imeHIIH 

IlpIIMeM 3a HyJieBOll OTC'IeT BpeMeHU MOMeHT 3aKphITllll BXO,LIHOro IIIII6epa, Tor,na 

npn Hac1,1meHHII (speMll HaDOJIHeHIIll t.fiu ➔ oo) ll3MeHeHIIe 'IHCJia OXJI3,imeHHhlX 

HeHTpOHOB NJ,, npu t = 0 pasuo 

= J SP - ---1Q. = 0 (8) ~ 
N 

0 - 'Z" ' 
ljill➔ rx:J 

r.ne Jo - paBHOBeCHall nJIOTHOCTh nOTOKa YXH, S - nnoma,nh o6nyqaeMOll 

nosepXH0CTH (HHiKC ypoBHll onycKaHHll IIOrJIOTHTeJill), p - - BepOllTHOCTb 

OXJiaiK,LleHHll, NJ,,o - paBHOBeCHOe KOJIII'IeCTBO OXJiaiK,LleHHhlX Heii:TpOHOB B 

cneKTpOMCTpe, T- cpe,nHee BpeMll xpaHeHHll OXJiaiK,LleHHhlX HeHTpOHOB B 

cneKTpOMeTpe. OTKy,na: 

p = N4,o 
- J

0
s-r· 

Ilocne JaKphlTHll sxo,nHoro mn6epa n onycKaHllll 

OTKpbIBaeTCll BhlXO,LIHOll IIIH6ep. Jlerno nonyqIITh: 

N (o)'= N. T+ Tdet (to) J., det exp , 
T&'det T 

(9) 

IIOrJIOTIITeJill qepe3 BpeMll to 

(10) 

r,ne Ndet- 'IHCJI0 3aperncTpnpoBaHHhlX 3a U:HKJI OXJiaiK,LleHHhlX, HeHTpOHOB, 'Z"det -

cpe,nHee BpeMll BhlTeKaHllll HellTpOHOB Ha ,ne-reKTop, Gdet - 3q>q>eKTUBHOCTb ,neTeKTopa. 

TaKiKe MOiKHO noKaJaTb, 'ITO: 

N4,(0)=Niof(tfiu); (ll)~ 
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( ) ( t fill) T fill ( ( t fill) ( t fill)) f t fill = 1- exp ----;- +--;- exp -~ - exp - ---;-

n 

J(O) = Jotp(t fill); ( 
t fill) tp(t fill) = 1- exp -~ . (12) 

3.necb N.i,(O) H J(O) - cooTBeTCTBeHHO qn:cno oxna)K)J.eHHbIX HeiiTpOHOB n: 

nJIOTHOCTb noTOKa YXH B cneKTpOMeTpe B MOMeHT 3aKpbITll}I BXO,LIHOro wn6epa; f/;11 H 

Tr,11 - apeM» HanoJIHeHH» H nOCTO»HHM BpeMeHH HanoJIHeHH}I cneKTpOMeTpa; 

1 1 1 
-=-+--. 
r1 r r fill 

TaKHM o6pa30M ll3 (9)- (12) nOJI)"IHM: 

P 
-N (T+rdet)tp(tfill) (to) 

-- det 2 exp . 
J(O)S8det T f (t fill) T 

(13) 

B .LlaHHOM pacqe-re Mbl He )"IHTbIBaJIH BJIH}!Hlle CHJibl T}l)KeCTH. Y'leT ee ,LIJI}I 

KOHKpeTHOH reOMeTpllll 3KCnepn:MeHTa yaeJIH'IHBaeT p - MeHee 'leM Ha 10%. Pe3yJibTaT 

Bbl'IHCJieHHH npn:ae,neH B Ta6nm1e. 

s) pacqey seponmocTH nponycKaHHH 
Ih ll3MepeHHH no OXJia)K,!J.eHHIO HeHTpOHOB C Heno,nBH)KHbIM norJIOTHTeJieM ( CM. 

pn:c. 13, Hll)KH}l}I KpHBa») Mbl MO)KeM H3BJie'lb n:mpopMaIJ;HIO O B03MO)KH0M 

no.n6apbepHOM npOHHKHOBeHHH YXH CKB03b aJIIOMHHHeByIO qJOJibry. 

II3 ,naHHbIX, nOJI)"IeHHblX MOHHTOpHbIM ,neTeKTopOM B ll3MepeHH»X no Harpeay 

HeHTpOHOB, MO)KHO ou;eHHTb nJIOTHOCTb nOTOKa HeHTpOHOB C 3Heprn:eii MeHbWe Ezp.AI 

Ha BXO,Lle B cneKTpOMeTp. Ha MOMeHT 3aKpbITll}I BXO.[IHOro wn:6epa (t=O) nJIOTHOCTb 

noTOKa YXH J(O) BHYTJlH cneKTopMeTpa npn: nanonHeHHH 6e3 qionbm CB»3aHa c 

nJIOTHOCTbIO noTOKa YXH .hn Ha BXO.[le B cneKTpOMeTp COOTHOWeHHeM 

T2 ( ( . t fill)) J(O) = Jin -- 1-exp -- . (14) 
Tofil/ 1'2 

3.necb Tofil/ - nOCTOHHHM BpeMeHH _HanoJIHeHHH cneKTpOMeTpa (6e3 qJOJibrH Ha 

~ 1 1 1 
axo.ne) YXH c 3Hepmen: MeHbWe Ezp.At ; T- apeMH xpaHeHHH; -=---+-. 

T 2 To fill T 
KoJIJIH'leCTBO npOHHKWHX CKB03b aJIIOMHHJieBYIO qJOJibry no.n6apbepHbIX YXH, K 

4: .. MOMemy 3aKpt.ITHH BXO.[IHOro wn:6epa HaXO,l:IHIIJ;HXC» B cneKTpOMeTpe N(O): 
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N (0) = ~mhJ;,,Sw t ( I - exp(- I ~II)), (15) 

r,11,e Psub - IICKOMM Bepo»THOCTb no,11,6apbepHoro npoXO)K.z:lemrn CKB03b qJOJibry; 

Sw - DJIOII.{a,11,b BX0,11,HOro OKHa, nepeKpbITOro aJIIOMIIHHeBOH qJOJibroH. 

KOJlll'-IeCTBO 3apernCTp1IpoBaHHbIX 3a IJ;lIKJl, npOHHKllllIX CKB03b qJOJlbY HeHTpOHOB: 

t ( 'o) . Ndet = N(to)---exp -- , 
t +tdet t 

(16)_ 

r,11,e lo - MOMeHT OTKpb!Tll}I BbIX0,11,HOrO lllH6epa, a Tdet - DOCTOJIHHa» BpeMemt 

BbITeKamrn HeHTpOHOB II3 cneKTpOMeTpa Ha ,11,eTeKTop. 

II3 COOTHOllleHHH (14)-(16) nerKO nony'IHTb 

~ub = NdetCtctet +t)exp(to/t) _ 1-exp(-tfi!J/t2)_ 
SwJ(O)(t +to.Jill )t 1- exp(-tfill /t) 

(17) 

TaKHM o6pa30M, nony'leHHM BepOJITHOCTb no,11,6apbepHoro npOHIIKHOBeHl!}I 

HeiiTpOHOB CKB03b aJIJOMHHHeByJO qionhry TOJlll{IIHOH l0,5 MKM: Psub = (1,4±1,6)10"6
. 

6. 3aKJJ10•1e1111e 

KoHe'IHO )Ke, B Harnett noCTaHOBKe 3KCnepHMeHTa Mb! He BII,11,HM Henocpe,nCTBeHHO 

OT,D,eJlbHhIX aKTOB nepe,11,a'IH 3HeprHH Me)K.z:ly HettTpOHOM H Bell{eCTBOM (cTeHKaMH 

cocy,11,a), KaK 3TO o6bI4HO Ha6nJO,naJOT npH 113y4eHHH Heynpyroro pacce»HH» 

HeiiTpOHOB Tennoaoro ,11,HanaJoHa 3Heprnii. O,11,HaKo KpoMe Heynpyroro pacce»HHJI 

YXH Mbl He BHAHM HHKaKHX ,11,pyrnx cepbe3HbIX o6b»CHeHHH 3<p<peKTa no»BJleHH}I 

YXH B 3HepreTH4CCKHX ,D,Hana3oHax, KOTOpbie npe,11,aapHTCJlbHO 6hIJIH Tll{aTCJlbHO 

Bhl'IHIIJ;eHbl OT npHCYTCTBHJI TaKHX HeihpOHOB. 

TaKHM o6pa30M, B ,11,aHHOH pa6oTe D0,11,TBep)K.z:leHbl pe3yJ1bTaTbl pa60Tbl [I] -
HaJilf'IHe Manora Harpeaa YXH B npou;ecce CTOJlKHOBCHHH C noaepXHOCThJO 

Hep)KaBeJOiu;eii CTaJIH H, KpoMe 3TOro, 6bm o6Hapy)KeH 3<p<peKT OXJia)K.z:leHHJI YXH -

yMeHhlllCHH}I KlfHeTH'ICCKOH 3HeprHH YXH npH TaKHX CTOJIKHOBCHll}IX, 

3Hepm» Harpe-rhIX HeiiTpoHOB (BYXH) He npeBhirnae-r -110 HJB npH Ha'laJibHOM 

cneKTpe YXH, orpaHH'leHHOM caepxy 3Heprneii -49 H3B. 

O6Hapy)KeH TOT )KC 3<p<peKT Harpeaa HeHTpOHOB If Ha MC,11,H. BeJ1H411Ha 3<p<peKTa Ha 

Me,D,lf DO'ITH Ha nopJl,QOK MeHhllle, 'ICM Ha Hep)KaBeIOiu;eii CTaJIH. 

y Hae HeT COMHeHHll, 'ITO aHanorH'IHbIH 3qJ<peKT HMeeT MCCTO H Ha 6ep1IJ1Jll1H. 

O,11,HaKO fie3 ,11,0DOJlHHTeJlhHblX H3MepeHHH Mb! He MO)KeM c,11,enaTb 3aKJ1I04CHHe 0 

aenH'IHHe Ha6mo,11,aeMoro 3<p<peKTa. 

CKY.D.HOCTh 3KCnepHMeHTaJihHhIX ,naHHhlX H He06bI4HOCTh Ha6J1IO,D,aeMoro 3<p<peKTa 

JIBJl}IJOTC}I npenJITCTBlfJIMH ,11,JIH DOCTpOeHIJ}I TeopeT114CCKIIX MO,D,eneii, o6b»CH»IOII.{lfX 

JIBJ1em1e. O,11,HaKo TO, 'ITO He Ha6J1J0,11,ae-rc» »BHOH 3aBHClfMOCTH 3<p<peKTa OT 'IHCTOTbl 

noaepXHOCTH, C KOTOpoii B3aHMO,D,eHCTBYIOT HeHTpOHbl, nO-BH,11,HMOMY, npOTHBOpe4HT 

rHnOTe3e O TOM, 'ITO 3qJ<peKT CB»3aH C KBa31fYnpyrnM pacce»mleM Ha 
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BO.r(Opo.r1oco,1:1ep)l(amux 3arpJI3HeHmlX. Ha6JIIO.QaeMblH 3cpcpeKT, BepOJITHO, He CBJI3aH H 
C MarHHTHbIMH CBOHCTBaMH Bemecrea, IlOCKOJibKY OH npHCYTCTBYeT I{ y HeMarHHTHbIX 
Bemecre - Me,1:1u H 6epttJIJIHJI. KpoMe Toro, eenwrntta 3cpcpeKTa AJIJI Hep)Kaeeiomeii 
CTaJIH 3aMeTHblM o6pa30M He H3MeHHJiaCb npH ee OT)l(Hre, a MarHHTHaJI 
BOCnpHHM'fHBOCTb npH 3TOM yMeHbWHJiaCb Ha TpH nopH.r(Ka, Ha HeMarHHTHYIO 
npHpo.z:1y Ha6nio,1:1aeMoro 3cpcpeKTa YKa3hIBaeT H TO, 'ITO rettepai . .{HJI BYXH 3aMeTHbIM 
o6pa30M He H3MeHHJiaCb npH noMemeHHH B o6beM xpatteHHJI ( cneKTpOMeTp H3 
Hep)l(aBelOmeii CTaJIH) nJiaCTHH I{3 CTaJIH - CHJibHOro cpeppoMarHeTHKa. 

,[(rrJI TOrO 'IT06bI OTBeTHTb Ha BOnpOC, HMeeT JIH .QaHHbIH 3cpcpeKT OTHOWeHHe K TaK 
Ha3bIBaeMOH aHOMaJIHH xpaHeHHJI YXH, Heo6xo.QHMO onpe,1:1eJIHTb BeJIH'IHHY 3cpcpeKTa, 
a He TOJibKO ero Hlf)l(HIOIO rpaHHI.{Y H H3MepHTb TeMneparypttyio 3aBHClfMOCTb 
3cpcpeKTa. 
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