
3/l ·-//6 

COOfilllBHMH 
Oti'bBAMHBHHOfO 

MHCTMTYT8 
HABPHblX 

MCC18AOB8HMM 

AYfiHa 

P3-92-116 

A.,IJ:.CToiiKa, A.B.CTpeJIKOB, B.H_. IIIBeu;oB 

,I1JIHAMMlJECKME KOHBEPTOPhI 
Y JihTPAXOJIO,l],HhIX HR0:TPOHOB 

1992 



88E.ll,EHHE 

YXH (yJihTpaxOJioAHhle ue1hpom,1) - ucihpo~u,1 c 4PC3Bbl'laihw MaJioii 
KHHCTH'!CCKOH ::mcpmeii - 10-7 

38 (v- 5 M/c) 11 J:.Oim 06Jiai:laioi.)HHKaJib
HblM ceo«CTBOM noJiuoro OTpa.)ICCHHll o-r noeepxuocTi; eemccTea n, TaKHM 66pa-
30M:; MOryT AOJiro H3XOAHTbCll B B3KYYMHpoeaum,rx, cocy,qax. ITpn 3TOM nx no-: 
ie,qeune HanOMHHaeT noee,qeuue YJibTpapa3pC.lKCHHOro ra3a(,qJiima ceo6o,qnoro 

npo6era HaMnoro OOJihWe paJMepoe cocy,qa). 3ToT <<Heihpomu,rii ra3>> y,qo6Ho 
HCOOJlb30BaTh B 3KCDCpHMCHT3X DO HCCJICAOB3HHIO <f>yn,qaMCHTaJlbHblX CBOHCTB 
Heii~pona: H3Mepeune ep'eMCHH .lKH3HH II ,qpyrnx KOHCT3HT B ,8-pacna,qc ueihP.O

Ha, 3KCllCpHMCHTbl 00 HCCOXpaHCHHIO r-'!CTHOCTH - OOHCK 3.ll,M HCliTpoua, a 
'TaK.)ICe B npnKJiaAHhlX 11cCJic,qoeauu11x. YXH noJiy'lalOTCH rJiaBHblM o6pa30M 113 · 

TenJIOBl,IX Heihpou~: 3a OAHH_fAap, nOCJICAHne TCplllOT npu 3TOM 3HCprmo tia 
5-6 nopHAKOB (IO• 38 .:+ IO 38). 8epo11TuocTh TaKnx npou,eccoe AJIH MaKc: . 
BeJIJiOBCKOro CllCKTpa TCOJIOBblX HCHTpoHOB 4pC3Bhl'laiino MaJia (-10-11 ). Cy-. ' 

mecreyioT npnn~HnHaJihHhle Janpt;Thl na Aeiicrnne MaxaHH3MOB, noJnomno
mux peryJ111puo 3aMCAJillTb HCHTpoHbl OT TCOJIOBhlX 3Hepmii AO YXH 12 ], 003- ' 

TOMY AJill noJiyqeuit11 .YXH npnxo,q11Tc11 ,qoeciJihCTBonai-hc:11 TOJJhI<O Ha'laJihi1~1M '. 

y'!aCTKOM MaKCBeJIJIOBCKoro pacnpc,qCJI(c1111]114Tc_nngeh1x ncihpouon: 

· <I> ' _ .!<I> 5E 0 ;e 
yxn - 8 T v . . a:B + a ' 

. •, , T I(~·, ·Q 

OTHOCHTCJihHa11 AOJIR KOToporo B o6~eM cne1<Tpe OT pcaKTopa cocTaBJillCT ncero 
-10-,-I 

2
• 3,qecb <l> - llOTOK TCOJIOBblX HeiiTponoB, V • - rpaHlt'lllalf'CKOpOCTh: 

T ' ' • ' fP ' ' .. ' 
CTCHOK cocy~a -(3-6) M/c, v. = 2200 M/c - CKOpoCTh 0 TCllJJOBblX HCiiTponon,' 

T . . . 

a~, a:B - COOTBCTCTBCHHO neynpymc CC4CH11ll OXJI.l)KACHilll If narpc~a HCHTpo'-/C IC . ._. . , • · . 

Ha, a - CC'!CHHC 3aXBaTa HCHTpoHa. a. . . . . 

ECJIH nepe1,1ii 3KcnepHMCHT ABa,q~aTHJICTHcii A3BHOCTJI YAclJIOCh npOBCCTli C . 
' ' ~ ~ . ' 

YXH npH llJIOTHOCTH ecero 5 · l O CM , TO no Mcpc coecprncucrnonamrn ncT0•1-

HHKon YXH n.noTHOCTh YXH n imcT011mcc npel'orn AOBCAcna A~ 3Ha'le111111 2 -3 ' 
-10 CM I 3 ). Ta Kall llJIOTHOCTb noJiy'lCHa Ha BblCOKOOOTO•IHOM CtaU,IIOHap-
HOM pea~rnpe HHCTHTyTa. ILL <fpcno6J11,, <t>panu.mi> . (W =. 57 · MBT, .... ro•s -2 -I ' v' V ·'• 2 K 8 
'¼' - CM C '.)IClfAKOACHTepnee1,111 33MCAJJHTCJib np11 T- 0 ).· 03MO)K-T , . . • . . 

HOCTH :rna'lHTCJihHOro' YBeJIH'!CHHII nOTOKa _(I> CTau,11011apHb1X pcaKTOpon B Ha~ 
, • . , , . T 

CTOlllllCC epeM11 nciwpnaHhl noJJHOCThlO, no::irnMy AaJ11,11ciirncc yncJ111•1~1111c 

., • © '06he11HHe11;,~H HHCTH~; 1111ep1tblX
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nJIOTHOCTH YXH MO)Ket 6bITh ocymecrnJieHo TOJihKO npH HcnoJih30BaHnn HM

nyJihCHhIX peaKTOpoB, HMDYJihCHhle IlOTOKH OT KOTOphlX BO MHOro paa npeBhlma

lOT noTOKH neiiTpoHoB OT CTa~HonapHhlX peaKTOpoB. E~e B 1970 r. <l>.JI.illann

po npeAJIO)KHJI HCilOJlh30BaTh HMilYJibCHhle peaKTop1,1 AJISI noJiy'leHHSI BhlCOKOH 

WIOTHOCTH YXH, cooTBeTCTByiomeii: nnKOBOMY anaqennio noToKa TeilJIOBhlX 

neii:TpoHoB. '.:ho npeAJIO)KeHne CBOAHJIOCh K B03MO)KHOCTH «3annpaTh» ncroq

HHK YXH (KOHBepTOp) OT OOheMa xpaHeHHSI Ha BpeMSI Me.x<Ay ecnhlwKaMn pe

aKTopa, IlOCKOJlhKY caM KOHilepTop llBJIReTCR IlO'lTH HAeaJihHblM «'lepHhlM Te

JIOM>> AJISI YXH. 0AHaKo _3TOT MeTOA TaK u He 6hlJI peaJinaoBaH, HecMoTpSI Ha 

MHO)KeCTBO npeAJIO)KeHHhlX cnoco6oB 6hlCTpoii OTCe'!KH YXH OT KOHBepTOpa. B 

1976 r. rpynnoii A.B.AHTOHoBa (<l>11AH) 6hlJI BhlDOJIHeH nepBhlii: 3KcnepuMeHT 

I 4 J no nonylleHHIO YXH Ha HMnyJihCHOM peaKTope anepHOAH'lecKoro Aeii:CTBHSI 

(peaKTOphl, y KOTOphlX epeMSI MC)KAy BCilhlWKaMH COCTaBJISieT 1-24 'I). IlJIOT

HOCTh YXH, 3apernCTpuposannaSI B 3TOM 3KcnepuMeHTe, cOCTaBHJia Bcero 

10-2
cM-3, 'ITO oKa3aJIOCh Aa)Ke na nopSfAOK MeHhwe, 1IeM IlJIOTHOCTH YXH, 

noJiyllaeMhle B TO BpeMSI Ha CTaU,HOHapHhlX peaKTOpax. 3TOT 3KCnepHMeHT co

Aep)KaJI PHA ynymennii, Koi-aphlc np1rne.nu K TaKou HC3Ha'lttTeJihHOii: IlJIOTHOCTH 

YXH: ne3QXj:>eKTHBHhlH aaMeAJIHTeJih TeimoBhlX HenTpoHoB, HeAOCTaTO'lHaSI 
' 2 ' ' 

3QXj:>eKTHBHOCTh reHepau,HH YXH, pa36aBJieHne (6oJiee 'leM B 10 pa3) nepeo-

Ha'laJihHOro o6JiaKa YXH B TpaucnOPTHpyeMOM OOheMe, aHa'lHTeJihHOe BpeMSI 

TpancnopTHpoBKH OOheMa c YXH H BhlCOKaSI HaJ:!eAeHHaSI p-y-aKTHBHOCTh Ma-

. Tepuana cocyAa, KOTOpaSI Memaer AeTeKTHpoBaHHIO YXH. 

B onncaHHOM HH)Ke cnoco6e nOJiylleHHSI YXH npeAnMaraeTCSI ucnoJihao

BaTh: 

I. 11MnyJihCHhlii: peaKTop BHrP (BHl1113<l>, ApaaMac-16), o6JiaAaio~uii 

pCKOPAHhlM HMilYJibCHhlM IlOTOKOM (<lmioeHC TeilJIOBblX HeHTPOHOB - 1015 
CM -

2
' 

.1.t-2·10-3 c [5]). 
2. JI.HH3MH'!eCKHe KOHBepTOphl, y KOTOpblX 3QXj:>eKTHBHOCTh reHepawm 

YXH HaMHoro 6oJihwe. · 

3. TpancnopTupyeMhle COCYAhl cYXH C OOheMOM, MH3KHM K OOheMy nep

BOHallaJihHOro o6JiaKa YXH, o6pa3oBaHHoro AHHaMH'leCKHM KOHBCpTopoM. 

(Ilpu 3TOM HC npoucxc)AHT pa36aBJieHHH YXH B OOJihWHX OOheMax.) 

4. BpeMSI TpancnOPTHpoBKH OT peaKTopa cocyAa c YXH HaMHoro MeHhwe 

BpeMCHH xpaneHHSI YXH. 

5. IlpnMeHeHHC npou,ecca <<nepeTpRXHBaHHSI» YXH H3 TpaHcnopTupyeMoro 

' OT peaKTopa o6Jiy'leHHOro cocyAa B HAeHTHllHhlH HeaKTHBHpoBaHHhlH COCYA· 

rEHEPAU,1151 YXH HA 11MilYJ1hCHbIX PEAKTOPAX 

B CTau,uouapHOM CJiyqae IlJIOTHOCTH YXH BHYTPH H BHe KOHBepTOpa HMelOT 

OAHH3K0Bhle 3HalleHHSI (pee. la) .. B CJiyqae HMilYJihCHOro peaKTOpa (puc.16) H3 KOH-

' . ···---•'J~ 
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D -BepTopa BhIXOJl.11T naKeT YXH TOJI

lll.11HOii: dx = vYXH · dt, KOTOpb1ii: Ja-. 
TeM pacurnp5IeTCR Ha Beeb 901,eM Jl.JI51 

~X=\f.,,;,:d xpattemrn YX,H. YXH BhIXOJl.51T 113 

[L] KOHBCpTopa TOJlbKO 113 TOHKOro npn

noBepxHOCTHOro CJIOR, onpe.u.eJIReMO

ro OlJeHb 60Jibllll1M CetJCH11eM noTepb 

b YXH. 1ho6b1 noCJie BCTihIII1K11 peaK

Topa coxpaHl1Th YXH, pO)KJl.eHHhIC 

He TOJibKO B np11noBepxHOCTHOM 

CJIOC, HO 11 BO BCCM OObCMC KOHBCpTO-

pa, HaJl.O B CJiytJaC a) ra30BOI'O KOH
BepTOpa - Jl.OCTaTO.lJHO 6bICTpo )'Jl.aJI11Tb aTOMbl KOHBCpTOpa, KOTOpbIC RBJIRIOTCR 

Cl1JihHhIMl1 nomonnem1M11 YXH; 6) TBCPJl.OTCJihHOro KOHBCpTOpa - 11cnoJi~30-

BaTh Jl.Bl1)KCHJie KOHBepTOpa Jl.JI51 TOTO, lJT06bl YXH, pO)K.U.CHHbIC B Jia6opaTOp

HOH nOKORlll,eHCR Cl1CTeMe KOop.a,11HaT, B Cl1CTeMe KOOp.a,11HaT, CB.113auttoii C .a.1.m

%)'IIJ,l1MCY KOHnep_TOpoM, HMeJIH 6b1 .a.ocTaTOtJHhIC CKOpocTn .U.JIR no1:1anJicmrn no 

JaKotty I/ v npou;eccon narpena n JaxBaTa YXH B KOHnepTOpe. 

rEHEPAU,1151 YXH B HECTAU,110HAPHOM CJIYqAE 

TIJIOTHOCTh YXH B ttccrau;11ottapttoM CJiytJae onnchlBaeTrn .u.11q>cpepettu;11-
aJihHhlM ypaBHCHHCM . 

dN(t) = <fl (t) L 0 _ n(t), LG= N(t)~fJ. (I) 
dt T ie T(t) ie 1e 

31:1ech n - IlJIOTHOCTh YXH (1J11CJI0 YXH BI cM3); <fl - IlJIOTHOCTh noToKa Ten-
T - . -2 -1 

JIOBhIX HCHTpoHOB B KOHBCpTOpe, CM C ; N(t) - LJ11CJIO aTOMOB B KOHBCpTopc 

.,B -~ cM\T(t) -npeMR )Kl13Hl1 YXH n KOHBepTOpe; T(l)-I = N(t)(a(!) + a )v, v-. _ _ .. , _ . 1e a. 
CKopocTb YXH, (a:+ aa)v = const, nocKOJihKY a: 11 aa - ce1Jen1151 HarpeBa u 

3axBaTa YXH cooTBCTCTBenno - CJICJ:IYIOT 3aKouy I/ v. ";Jf!/-'- cetJeHHe reuepa

D;HH YXH n Jl.Hana3oHe CKOpoCTeii: [0, v ), ycpe1:1ttc11noe no cneKTPY TCDJIOBhIX - rp 
He11Tpo11on: 

-e 
0 ie = ff 

lvl :sv 
rp 

2 _ - ,3 V 
da(v' - 0 _v_ -exp (- 2) 

➔ 4 T dv 4.n-vT T 

dv'dv, 

r]:IC v' - CKOpOCTb TCnJIOBbIX HCHTpOHOB; V - CKOpoCTh YXH; V - HaH60JICC 
T 

nepo.~ITHaR CKopoCTh TenJionoro cne_KTpa_neii:Tpouon, vT = (2kT/_m)ll2, T 

Tet.mepaTypa CnCKTpa HCiiTpOHOB. PellleHHC ypaBHCHH51 ( 1); 

4 

~, 

0,\ 
\ 

) 
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t [ t dt'' ] -
n(t) =!"' N(t?a!<fl/t') exp - f. T(t") dt'. (2) 

3]:ICCh t' - MOMeHT reHepau.un YXH; N(t')a':J.= L - MaKpOCKOilHlJCCKOC cc-
. t dt" w g 

tJCHHC rettcpau,mt YXH; exp I-{. T(t") I - K03Q}Q)HU.HCHT noTepb Y~H c MO-

MCHTa rettcpau,HH t' LIO MOMeHTa Ha6.1110Jl.CHH51 t. 
ECJIH noTOK TCnJIOBhlX HCiiTpoHOB <fl BKJIIOtJaCTC51 OlJCHb pe3KO (BpCM51 Ha

T 

pacramrn <ll panuo uyJIIO), TO XOJl. 3aBHCHMOCTH nnoTHOCTH YXH OT npeMeu11 
T 

omtCbIBaCTC51 ypanHCHHeM 

n(t) = <I\N~~T0 [1 - exp (- T~)], 

r1:1e T
0 

= INv (JB + a ) )- 1 - epcl\rn )KH3HH YXH·e ueno,l\Btt)KHOM KOHBepTOpe 
It' a · 

npn nOCTORHHOii KOH~eHTpau.nn aTOMOB a KOHBepTOpc. Na~~o = const. 0TCIO]:la 

-e 
. 0 ;e t 
n(t) = <fl @ 11 - exp (- -) ). 

T (a. + a )v To ,e a 

CJICJ:IYCT 

(3) 

l1HTerpaJihHa51 no CKopocTRM (OT v = 0 J:10 v = vrp) nnoTHOCTh YXH, COOTBeTCT

BYIOlll.aR MaKcaennoecKoMy pacnpe1:1cneun10 npn T = 300K: 
3 . 2 V -. 

11 = <fl -~ = <l>j3. (4) 
0 l" 3 4 

. V 
3 T 

2 Vrp 
0

-14 -I 
3Jl.CCb f3 = 3 4 HMCCT 3Ha4eHH51 (5,27 H 8, 95). I c • cM COOTBCTCTBCHHO 

V 
T 

Jl.JI51 CTCHOK cocyJl.OB H3 Cu 11 Be. Toriia Bhipa)Kettuc (3) HMCeT BHJl. 

n(t) = n0G [ I - exp (- T~)]. (5) 

3Jl.CCh G-q>aKTop - OTHOCHTCJihHhlii BhtXOJl. YXH H3 KOHBCpTopa no OTHOIIICHHIO 

K noJiH3THJICHOBOMY KOHnepTOpy npu T = 300 K, ivrn KoToporo 

~ 
G = ID ie = 1 (6 ). 

a. +a 1e a 

Ha pnc. 2 noKa3aHhl pe3yJihTaThl pac4eTa JanucnMOCTH nnon~oCTn YXH 

n(t)lno OT npCMCHH (c MOMCHTa BKJII04eHH51 nOTOKa <flT) B KOHBCpTopax (npn 

T = 80 K) H3 nonu:nnJiena, 6cpnnnn51 n napaBOJl.OPOJl.a B e1:1nm1u,ax G. n0 -

HHTcrpaJihHaR (OT v = 0, Jl.O v == v > nnoTHOCTb YXH MaKCBeJIJIOBCKOro pacnpc-. rp 

Jl.CJieHtt51 no cKopocTRM n coorncTCTBYIOlll.CM KOHBCPTOPC npn T = 300 K. Ha-

5 



KJIOH KpHBhlX n(t)I n0 B6JIH3H 

I = 0 3aBltCHT OT CKOpocTlt rCHC

paU,HH YXH, a He PT BpeMCHH 

)KH3HH YXH B KOHBeprnpe. ECJin 

G-cpaKTOp npeACTaBHTb B. BHAC 

G oc;~TO' TO 113 ypaBHCHllSI (5) 1e 

BHAHO, lJTO KpyTH3Ha KpHBblX 

n(t)I n
0
G 6yAeT nponopu,uottaJih-

-1 . 
Ha To . TTo::noMy, CCJIH KpHBblC 

n(t)! n
0 

noKa3hIBaIOT, KaK peaJih-

HO pacTeT nJIOTHOCTh YXH co Bpe

MCHCM n(t), TO KpHBhle n(t)/n0G 

AalOT OTHOCHTCJibHhlH BpeMCHHOll 

XOA K MaKCHMaJihHO AOCTH)KHMOU 

nJIOTHOCTH AJISI AilHHOI'O KOHBCp

TOpa nmax = n0G. 

11,JISI HMilYJihCHOro nOTOKa 

TenJIOBhlX HCHTpoHOB, 3aBHC51ll.l,C

ro OT BpCMeHH no 3aKOHY faycca: 

<1> (t) = <t>
0 

exp (- t2 2), (6) 
T 2a 

BpCMeHHaSI 3aBHCHMOCTh nJIOTHO

CTH YXH, pacc1JHTaHHaS1 H3 BhI

pa)KeHHSI (2), npeACTaBJieHa Ha 

pttc. 3. 3ACCh: a - AHCnepCHSI pac

npeACJieHHSI, KOTOpaSI CBSI3aHa C 

noJiyIImpHHOii pacnpeACJICHHSI 

llt112 = 2,36a " c HHTerpaJibHOH 

rnttpHHOH flt. 
1 

= 2,Sla. KpttBaSI 
ID 

t .).IC 

0 2 4 6 8 '? ·-- _12 ---- 14 ' 25 

G 

G 
10 

5 

0 .s 

-2 0 

H,-para 

-......._ P;5am.u 

"' "-,, 

15 2 

PHC.2 

20 

Be 15 

2.5 t ,.,,c 

-1 
n(-t.)-nma.:r. 

1.0 

________ E,(),=o) 
---,,~'!'.: -----· 

. ,,?':__6) I 

~-------::::.-- C (}. =6) --,;;.--------

2 4 696 8 

PHc.3 

A Ha pnc. 3 noKa3hlBaCT 3aBHCHMOCTh OTHOCHTCJihHOii nJIOTHOCTH YXH AJI51 CJiy-

1Ja51 •o < < a, KOTOpaSI C TOlJHOCThlO AO CABHra •oa - I COBnaAaeT C cpopMOH 

BCnblllIKH pcaKTopa.11,JISI HMnyJihCa peaKTopa Ca= 10-3 
C KpttBa51 A*cooTBeTCT

BYCT nOJIH3THJieHOBOMy KOHBCpTopy (cpaKTOp CABHra •oa -I - 0,2 OTHOCHTeJih-

HO BcnbillIKH peaKTOpa), KpHBaSI B <•o = a) - napaBOAOPOAH_OMY KOHBepTOpy 

npH P = 26 aTM, a KpHBaSI C. (To= Sa) -AJISI 6epHJIJIHeBOI'O KOHBCpTopa HJIH 

AJISI napaBOAOpoAHOI'O KOHBCPTOpa npH P = 5 aTM. (Bee KOHBepTOpbl HaXOA.SlTC51. 

npu T ~ 80 K.) Ha nepBhltt B3rJISIA, napaBOAOpoA np11 P .= 5 aTM ~ 6epHJIJIHii 

6 

0 

,J 
f 

1 

HMCIOT OAHHaKOBblC cnoco6HOCTH reHepupoBaTb YXH. 0AHaKO 3TO He TaK, no-

TOM)' lJTO n COACP)KUT G-cpaKTOp, KOTOphlii AJISI CJiylJa51 napaBOAOPOAa 3HalJH- . mu , , 
TCJ1bHO 6oJihllle, 'ICM AJISI 6epUJIJIHSI. 3To BbI3BaHO 3HalJUTeJibHO OOJihllIHM 3Ha-

4CHUCM CC'ICHHSI oXJia)KACHHSI AJISI napaBciAOpoAa, 'ICM AJI.Sl 6ep11JIJIH.Sl, 'ITO ua

rJI.SlAHO Bbipa)KCHO Ha pHC. 2 B_HaKJIOHax HalJaJihHhlX ylJaCTKOB KpHBhlX n(t)/ n 0. 

fA30Bhii1 PACWl1P51IOIUl1i1C51 KOHBEPTOP 

Pe3KOC naACHHe .naBJieHHSI B ra30BOM KOHBepTope B MOMeHT BCnhllIIKH peaK

Topa, Kor,1:1a nJIOTHOCTb YXH ,l:IOCTUraeT MaKCHMaJibHOI'O 3HalJeHH.Sl, npnBO,l:IHT K 

yMeHhllICHHIO noTepb YXH. lJrn6h1 ou,eHttTh aaT.llnrnaHue uMnyJihca YXH -

n(t)I n , noJiy1JeHHoro TaKHM o6paaoM, Mhl paccMoTpCJIH CJiy1Jau O.z:IHOMepHo-max 

ro a,1:1ua6an11JecKoro pacrnupeHuSI: raa H3 om.eMa v 
0

, pacump.Sl51.Ch n Tpy6e, ynJie-

KaeT nopIIIeHb. TTpu 3TOM ,1:1anJieHHe raaa OCTaCTCSI paBHOMepHbIM no BCeMy om,

eMy v pacrnI1pS110ll.l,erorn r-aaa. l1,JI51 ,1:1nyxaTOMHOro raaa (napaBo,1:1opo,1:1a) 

y = 715 (a,1:1ua6aTHlJCCKalJ KOHCTaHTa y = c / cJ: 

t - t0 = AVJ( ( ~) • 

3AeCb lo - HalJaJIO pacumpeHH51 raaa, A - KOHCTaHTa, onpe,l:ICJISIIOll.l,a.Sl CKOpOCTh 

pacrnupeHHil ra3a, 

v,,(x) = (x + j x3/5 + j xl/S)(l _ x-215)112, (x = ~). 

YpaBHeHIISI aAua6aTHlJeCKOro _OAHOMepHOto pacumpeHmI: 

d2x l -y 
-2-=-2x · 
dt 3A 

-y 

TT pH 3TOM H3MeH.SlCTCSI He TOJlbKO AaBJieHHe no 3aKOHY : = (:) . , HO H TCM-
1-y . 0 0 . 

nepaTypa raaa: ~ = (~) , H T0 - BpCM.Sl )Ktt3HH YXH B KonnepTope: 

(
.x_) 

1 
;r' N;~ = (.x_)-1 

vo . N -a vo 
Oaie 

T 

•o 

3AeCb ;~ H3MCHSICTC.Sl no n~HlJHHe H3MC~CHIISI TeMnepaTyphl T paCIIIHP.SllOlll,Cro-re . 

C51 raaa. 

0KOH'laTCJihHhlH pac'ICT n(t)I nmax n~XOAHJI no Bhlpa)KeHHIO (2), a MOMCHT 

HalJaJia pacrnupemrn raaa COBITaAaJI C MOMeHTOM AOCTH)KCHH.Sl MaKCHMyMa nJIOT

HOCTH nOTOKa TenJIOBblX HeiiTpoHOB. Ha puc. 3 nyHKTHpHbIMH KpHBblMH B' u 

C' noKaaan xoA nJIOTHOCTH·YXH AJISI AByx 3Ha'leHuii AaBJieHH.Sl napaBOAOPOAa 
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rrpH ,l = CT. JI.nsi MaJihIX ,naBneHHii nnoTHOCTh YXH He3Ha•rnTeJihHO na,naeT Ja 

BpeMSI - I Oo-. 3TO o6croSITeJibCTBO .naeT B03M0)KH0CTb cpaBHHTeJibHO AOJII'O co

xpaHSITb o6JiaKO H3 YXH, o6pa30BaHHblX BO BpeMSI BCnhlllIKH peaKTOpa, cyI11.e

CTBeHHO YBeJIH'IHB TeM caMhlM BpeMSI, OTnyll\eHHOe Ha cpa6aThlB3HHe CHCTCMbl 

H30JISl11;HH YXH OT OCTaTO'IHOro ra3a. (BpeMSI )KH3HH YXH B ra3C He 3aBHCHT OT 

. cKopocrn YXH n onpe,nensieTcsi <t>aKTOpoM pr, 3HatJ:eHne KoToporo .nnsi napaBo

,nopo,na rrpn T = 80 K COCT3BJISleT 8 Topp·c (7 ].) 
~ne,nyeT JaMCTHTh, tJ:TO npu pactJ:eTe n(t)I nmax He ytJ:nThIBaJIOCh H3MCHCHHC 

cetJ:eHHSI noTeph YXH, CBSI3aHHoe c HanpaBJJCHHhIM ABH)KeHneM pacI1InpS110IlI.C

rocsi ra3a KaK u;enoro. KaK noKa3aHO B (8 ), 3TOT :><l><t>eKT HC3H3'1HTeJICH H HC 

npeBhllllaeT 5%. 

JI.Bl1)KYllI,Mil:C51 KOHBEPTOP 

BbICTpoe y,naneHHC aTOMOB KOHBCpTopa rrocne BCnblllIKH peaKTOpa MO)KHO 

peaJIH30BaTh H nyTCM MeXaHH'leCKOfO ABH)KeHHSI KOHBCpTOpa. TTpH 3TOM Ha,no 

HMeTh B BH,ny, 'ITO CKOpOCTh Y XH, HaXOASIIll.HXCSI B nOKOSll.l\eitCSI na6opaTOpHOii 

CHCTeMe, OTHOCIITeJibHO ABH)KYl.l\el'OCSI KOHBepTopa UMeeT 3HatJ:eHHC Vo (3TO 

·cKOpOCTh ABH)KCHHSI KOHBepTopa B na6opaTOpHOii CHCTeMe, B3SITaSI C npOTIIBO

IIOJIO)KHbIM 3HaKOM). 

TTpu rrponeTe AOCTaTO'IHO TOJICTOro KOHBepTopa B paBHOMCpHOM none Ten

JIOBbIX HeiiTpoHoB BO BpeMsi HMnynhca peaKTopa Ja KOHBepTopoM 06pa3yeTCS1 

µmeii<l>. H3 YXH, nJIOTHOCTb KOTOpbIX no,ntJ:HHSleTCSI 3aBHCHMOCTH, no,no6Hoii 

rrpe,nCTaBJieHHOH ua puc. 3, B KOTOpoii BpeMCHHaSI IlIKaJia npco6pa3yeTCSI B rrpo

CTpaHCTBeHHYIO IlIKaJIY ct= x/v
0

• x - paccrosiu~e oT MecTa HaXO)K,neHnsi Ja-

AHeii KPOMKU KOHBepTopa B MOMeHT MaKCHMyMa BGflhlllIKH. Jl.JIHHa (BAOJlb vo> 

06,1acTH cocpe,noTOtJ:eHHSI MaKCHMaJihHoii nnoTuocru YXH nporropu;ttoHa.n:htta 

v
0

• JI.nsi Toro, tJ:T06h1 3<l><t>eKTHBHO H3BJieKaTh YXH HJ ABH)KYl.l\erocsi KOHBCpTo-

pa, Ha.no c,nenaTh TaK, tJ:TOObl )\JlHHa 3TOH 30Hbl 6hlJia 6hl C0H3MepnMa C rrp0TSl

%CHH0CThJO 30Hbl, OTKy,na BblBOASITCSI YXH. Jl.nsi AJIHHbl 30Hbl H3BJIC'ICHHSI 

d - 10 CM ueo6xo,nHMhle CKO))OCTH ABH)KeHHSI KOHBepTopa.uaX0ASITCSI B ,nnana-. . . 

30He CKOpOCTCH 2(}-1-100 M/ C. 

JJ,nsi BhltJ:HCJJCHHSI cpe,nueii llilOTHOCTH YXH (ua ,nnuue 30HhI H3BJietJ:euusi d) 

HCIIOJlb3YCTCSI ypaBueuue: . ' . . I . X l t--
do . . , v 

- I. -e 0 

n(t) = df Ne1ieCv0) exp {-N (a:(v0)+ e1a{v0) ]x} · I <l\(t')dt' dx. 
0 d x 

t-----:-
8 vo vo 

n(tJ 

nm~:z::----=:-------

w I 111~11~ 0.8 

0.6 

0.4 

0.2 

0 
2 4 

~~ "-o .M.J.L, 

6 8· 10 20 

l'HC.4 

40 60 80 100 200 
. V. -1 

o, :,U..·C 

3,nCCb do - TOJll.l\HHa K0HBCpTOpa, a -;;i(vo) - ycpe,n~CHHOC no cneK~py 

TCnJI0BbIX HettTpOHOB CC4CHHC 0XJla)KACHHSI Tennonoro HCHTpona B ,nuana30HC 
"I ➔ ➔ I 

CKOpOCTCH V - v0 :S Vrp: ➔, ➔ 
3 

( 2] 
_ da(v - v0) v' . v0 ➔, ➔ 
e1~(v) = II --~-'--- · -- exp - - dv dv.· 

,e o ➔ ➔ dv 4.n:v4 v2 
I v-v

0
1 :svrp T T 

Ha pHc. 4 npc,ncTaBJICHhl pc3yJJhTaThI pacttcTa n(t)/ nmax AJJSI K0HBCpTopoB 

pa3HhIX T0Jil.l\HH H3 noJJH:>Tnncna H 6cpHJJJJHSI npu T = 80 K . YncnutJ:cnue 

:><l><t>eKTHBHOCTH reHcpau;1m YXH C pocT0M CKOp0CTH KOHBCpTopa om,sicnsi-

CTCSI ysenttt1em1cM rny6uuw Bb1xo,na YXH 113 KonscpTopa· 

. A oC ra:(v) + aa<v) 1- 1 ocv, a YMC~bUJCHHC :J(p(pCKTHBHOCTH rcuepau;HH YXH 

nptt 60JibUJHX CK0P0CTSIX Bbl3Bauo HCA0CT3T04H0CT.bl0 T0Jlll\HHbl K0HBCpTopa 

AJISI TaKHX CKOpOCTCH. Bn.n Kp118blX Ha puc. 4 n0380JISleT Bb16paTb 0nTHM3JlbHbIC 

CK0pOCTH H T0Jlll\HHhl K0HBCpTopa. 

TI EPCTI EK TM Bbl 

ct>JIIOCHC 6bICTpbIX (u TCIIJIOBhlX) HCliTpoHOB Ha noscpXHOCTlt pcaKT0pa 

BMrP -1015 
CM -

2
• Tipu AJIHTCJlbHOCTH UMnyJJhCa a - l MC (B rayccoB0M npH-

6mt)KCHIIH (pOpMbl BCnblUJKH) M3KCHM3JlbH3SI IIJI0TH0CTb n0T0Ka TCnJI0BbIX HCH-
17 -2 -I· 

Tp0H0B C0CTaBJISICT - 4 · 10 CM · C . , TI pH :JT0M 8 K0HBCpT0pC M3KCHMaJibH3SI 
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IlJIOTHOCTb YXH 6yAcr n = <I> AG • .llnst YXH, y,Aep)tmeaeMhlX e Be-cocy.Ae, 
max -r 

cpaKTOp {3 = 8,95· 10- 14 (CM. COOTHOWeHHC (5)), TT03TOMY AJISI G = I 
4 ·3 

nmax = <l>/3 = 3,58· IO CM-. TTpH T = 80 K nmax AJISI nOJIH3TltJICHa (G-5) 

~ 1,8 • 10 CM - 3; 6epltJlJIHSI (G - 7) ~ 2,5 • 105
. CM -

3
; napaBO,AOpoAa (G - 25) 

5 ~ . - 9· IO CM · PeaJibHO MO)KHO nonytrnTb (CM. p11c. 4) .AJISI nOJIH3TltJleHa (TOJI- . 
w,1ma 8 MM, v

0 
= 50 M ·c---I ) - 84% OT n , T.e. l ,5 · 105 

cM-
3
, .AJISI Be (Ton~u-. max 

Ha 1 CM, Vo= 50 M·C ) 3cpcpeKTHBHOCTb 3HallHTeJibHO HH)KC (-27% OT n ) 0 
-I 

. max 

H COCTaBJISleT -8,5. 104 CM - 3' a AJISI napaBOAOpo,Aa (p = 30 a~M) 3cpcpeKTHBHOCTb 

-80% (CM. pHC. 3)' n03TOMY nJIOTHOCTb YXH -6, 7. 10
5 

CM -
3
• 

B 3aKJ110lleHHe nOAllepKHeM, llTO HCTTOJlb30BaHHe ,AHHaMHlleCKOl"O KOHBep
TOpa ue yeeJIHllHBaeT IlJIOTHOCTH nepeoHallaJibHO nonyllaeMOro o6naKa H3 
YXH, HCXOASI~ero H3 crau,11ouapuoro KoueepTopa, a no3BOJIReT cyw,ecreeutto 
pacwupHTb OObeM 3TOl"O o6naKa nOllTH 6e3 yMeHbWeHHR ero nJIOTHOCTH, ,AOBeAR 
ero AO paaMepoe cocyAa AJIR xpaueum1 YXH. ·_om.eM 3roro cocy,Aa orpaHHllCH 
pa3MepoM nOJIOCTH B 3aMeAJIHTeJie TenJIOBblX ueiiTpoHOB, B KOTOpOH peaJIH3yeT
CSI ~aKCHMaJibHOe 3HalleHHe TTJIOTHOCTH noTOKa TenJIOBblX HeHTpOHOB, nOCKOJib
KY C yeeJIHlleHHeM pa3Mepoe 3TOH nOJIOCTH n.iIOTHOCTb nOTOKa TeilJIOBblX neHT
poHOB B nett naAaeT. JJ:JIR peaKTOpa 611fP OObeM nOJIOCTH B 3aMeAJIHTCJie MO)KeT . 9 .. 
HMeTb 3HalleHHe 2 JI H 6onee, B KOTOpoM MO)KHO nonyllHTb 10 YXH ,Ami nOCJie
AYIOIIJ,eH TpaucnopTHpoBKH H HCTTOJib30BaHHR B KOHKpeTHOM 3KCnepHMeHTe. 

TexuulleCKHM eonpocaM pean11aau,HH npe.AnaraeMoro MeTo,Aa 6y.Acr nocBR-

w,eua nOCJie.Ay10w,asi ny6n11Ka.u,u.s1. 
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. Croiiica A.,n:., CTpCJIKOB A.B., lllecu,oe B.H. · ·1 P3-92-116 
JJ:11Hal\tlllleCKUe KOHBepTOpbl YJibTpaxoJIOAHblX HCIITpoHOB 

, ' • - J ' 

TTpCAJIO)KeH. MeTO,A HCnOJlb30BaHirn ,AHHaMHlleCKHX KOHBCpTOpoB 
. YJibTpaxonOAHhlx ueiiTpouon (YXH) · ua BhlCOKonoT04HOM nMnyJibCHOM 
peaKTOpc Bl1r~ (BHl1113<1>, Ap3aMac-l 6). TTpoeeACHO cpaeHeHHe pa3JIHllHblX 
THTTOB KOHBCPTOpoB II nony'ICHbl Oll,CHKH MaKCHMaJibHO AOCTH)KHMOH IlJIOTHO-

' 4 I 3 6 . . 
cn1 YXH. 3na'leHHR nnoTHOCTH YXH: OT 8,5 · 10 u CM . .AJISI epltJIJltteeoro 

• . . 5 3 . 
KOHBCpropa AO 6, 7 · 10 H/ CM ,AJIR napaBO,AOpo,Aa npn ,AaBJieHHU 30 a TM B. 
om.cMc ~OPMKa 1-2 n. · · 

Pa6oTa n~monucua n Jla6oparnpnn ueiiTpouuoii cpn3HKH 0115111:' 

Coo6u1e1me Ofu.e11u11e1111oro IIIICTIIT)'Ta 11)1CPllblX IICC.TICJIOB~HHII, .l(y611a I 992: 

TTepeso.A anTOpoe ' 
('-, 

' J. . 

Stoica A.D., Strelkov A.V., ShvctsovV.N. P3-92-:l 16 
Dynamic Converters,ofUltracold Neutrons . 
.. ' , , I, , 

,' 

. The method of dynamic ultracold neutrons (U CN) converter using the high 
flux pulse reactor BI GR (Arzamas-16) is proposed. Different types of conve'rters 
have been compared and estimations of maximal UCN d~nsity were obtained: 
The value of UCN density is: from 8.5 · 104 

n/cm for Be converter to 
· 5 3 . . ., • · · ,' 

6.7 • 10 n/cm. forparahydrogenconyertcrat pressure30atm in the volume 1-2 
liters. 

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

· Communication of the Joint lnstit1itc for N~clcar Research. ·Dubna 1992 


