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Bae.lleHHe 

OiieHb Me)lneHHhie HeilTpOHhI, o6na.llaIOIIIHe aHeprHeil, MeHbWeil 

cpe.llHefi aHepI'HH B3aHMO.lleilCTBHSI HeftTpOHa C aemeCTBOM, He B C0CTO-

SIHHH npOHHKHYTb B BellleCTBO H3 BaxyyMa. TaKHe HefiTpOHbl H Ha-
" · xi 3bIBaIOTCSI ynbTpaXOllO.llHhlMH HeHTpoHaMH (YXH) • 

CneuH~HKa noBe.lleHHSI ynbTpaxono.llHhlX HefiTpOHOB o6~SICHSleTCSI 

HX cnoco6HOCTblO K OTpa)KeHHIO npH nro6hIX yrnax na.lleHHSI Ha rpaHH-

-7 -8 uy BaKyyM-aemeCTBO H '1pe3BbI'lailHO Manofi aHeprHefi 10 -10 8B, 

OTpa)Kasicb, YXH He MoryT aoilTH B 'BemecTao CTeHKH cocy.lla, B 

KOTOpbift OHH 3aKnIO'leHbl, H TeM caMhlM y.llep)KlfBaIOTCSI B HeM. 11.lleSI 

Y.llep)KaHHSI TaKHX HeilTpOHOB Bb!CKa3hIBanacb HeO.llHOKpaTHO, O)lllaKO 

Ollb!Tbl a STOM HanpaaneHHH Ile npOBO.llHllHCb. B 1959 r. H.B. 3enb-
l21 

AOBH'I OlleHHll HeKOTOpb!e axcnepHMellTanbHhle B03MO)KHOCTH, 

OTHOCSIIIIHeCSI K STOMY aonpocy. 

MaKCHMallbHaSI CKOpOCTb nepneH.llHKynsipHoro naAellHSI HefiTpo

Ha Ha rpaHHIIY aemeCTBa, npH KOTOpofi HeilTpOHbl HCilb!TbIBaIOT non
Hoe OTpa)KeHHe, lla3hIBaeTCSI rpaHH'IHOll CKopOCTbIO. 3Ta CKOpOCTb 

3aBHCHT OT AllHHbl KOI'epeHTHOI'O pacceSIIIHSI HefiTpoHOB Ha SIApax 

xi 
TepMHH 'yllbTpaxonoAHbie HefiTpOHbI" 6bm npeAllO)KeH 11.11. fy

peBH'leM H n,B. TapaCOBbIM 111, 
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aemecTBa cTeHKll n OT qncna aTnx Huep B eunHnue o5~eMa cTeHKll. 

nnH o5bJqHblX MaTepuanoB rpaHnqHaH CK0p0CTb He rrpeBbllllaeT 

10 MCeK 
-1 . . 

MexaHll3M ll0llH0I'O 0TpaMeHllH HeHTPOHOB BCe-TaKll uorrycKaeT 

llp0HllKH0BeHne HeliTpoHa B aewecTB0 CTeHKll Ha rny5uey nopHUKa 

JlllllHhl B0llHbl Hell:TpoHa ( 1( .. 100 J.)' ll03T0MY' HaX0J1HCb BHYTPll Be-

meCTBa, HeliTp0H M0MeT nn6o aaXB8TllTbCH, nn6o HarpeTbCH, 

HO T.K. rny6nHa rrp0HllKH0BeHllH ero a BeWeCTB0 MH0I'0 MeHbllle paa-

Mep0B cocyua, TO )10llH BpeMeHn, K0T0PYIO HeliTpOH llp0B0JlllT B Be

wecTBe CTeH0K, aecbMa Mana. nm1 paaMepoa cocyua .. 0,5 M aTa uo:rn 
-7 

C0CTaBnHeT .. 10 • ll ecnn CTeHKll cocyua H3I'0T0BllTb na 6epnnnnH 

nnn rpa¢nTa, TO apeMH MnaHn HeliTpoHa uo aaxaaTa nnn Harpeaa 

6yueT C0CTaBllHTb .. 1,5 qaca!' TaK qT0 B aT0M cnyqae BpeMH Mll3-

Hll HefiTpoHa 6yueT uenHK0M orrpeuenHTbCH T0nbK0 BpeMeHeM ero 

pacrraua ( ·7 ½ ,. 12 MHH) • 

TToaeueHne YXH, aaKn10qeHHb1x· B cocyu, aHanornqHo noBeJ1eH1110 

nueanbHoro raaa c aToMHoli Maccoli 1 n TeMnepaTypofi 10-
3 

°K 
PacmnpHHCb B CB060)1HblH o6~eM OT HCT0qHnKa, YXH J1H~YHJ1llpy10T 

llO Tpy6aM-HeliTp0HOB0J1aM, K0T0pbie M0I'yT llMeTb coaepmerrno npo

ll3B0llbHYIO KOH¢nrypaun10. 

11CTO'IHHKOM YXH HBllHIOTCH rrouqnHHIOWHeCH pacrrpe11eneHlllO 

MaKCBenna HeliTp0Hbl, BblX0JlHWlle H3 aaMeunnTenH peaKT0pa. 8 Ha

CT0Hmee BpeMH He Bll)lH0, KaKllMH rryTHMll M0MII0 CMeCTHTb MBKCH-

-3 0 MYM MaKCBenn0BCK0I'0 pacrrpe11eneHllH )10 TeMllepaTyp -10 K • 
ll03T0My JlllH rrony'IeHllH YXH llpHX0JlllTCH Jl0B0nbCTB0BaTbCH nnmb 

HaqanbHbIM yqacTK0M aT0I'0 pacrrpe11eneHllH CKOpocTefi HefiTp0HOB B 
xi 

11narraa0He OT HynH )10 HeCK0llbKllX MeTp0B B ceKyHJlY 

x/ H 6 • eCM0TpH Ha TO, 'ITO B nnMan111ee apeMH nporpecc KPII0I'eH-
HOll TeXHHKll ll03B0llllT oxnaMUaTb 3Ha'111TellbHbie K0nnqeCTBa aa.\fe)1-
n11TenH )10 TeMrrepaTyp .. 10-3 ° K • rrpouecCbl aaxBaTa H HyneBble 
Kone6aH11H B aaMeun11Tene uena10T Heuenecoo6pa3HbIM oxnaMaeHne 
3aMe)1llHTenH )la,:rn HHMe 1 °K. 
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. I 

"'"I', 

I 

OTHOCHTellbHaH Jl0llH Hell:Tp0H0B C TaKHMII CK0P0CTHMll C0CTaB-
-12 

nHeT 10 'IaCTb OT ll0llH0I'O ll0T0Ka Tellll0BblX HeHTpOltOB, Ecnn 

oxna11nTh aaMeunnTenb uo TeMrrepaTyp .. 1 °K , To 11onH YXH rrpaK

T11'IeCKn B03pacTeT Ha UBa ll0PHUKS, HO BCe Me 0CTaeTCH 0'IeHb Ma

nofi. 8bIJ1eneH1Ie YXH HS BCe ewe rrpeB0CX0J1HWeM Ha 10 nopHUK0B 

¢oHe 5onee 6bICTpbIX HeliTpOII0B rrpeJ1CTaBnHeT 6onbWYIO 3KCllepnMeH

TanbHYIO rrpo6neMy. TTpe11naraeMb1e MeT0JlbI .Bb1J1eneHHH YXH na rryq

Ka Telln0Bb!X HeliTp0H0B 0CH0BSHbl 118 ncnonb30B8Hllll MexannqeCKHX 

/1/ M0H0XpoMaTopoB ll MeT0J18 aepKanbH0I'0 OTpaMeHllH , a TSKMe 

MeT0Jla TpaHCll0pTHP0BKll cocyua C 3aKnIO'IeHHblMll B HeM YXH OT 

aaMe11nnTenH peaKT0pa B· noMemeHne, HaJ1eMHo aawnmeHHoe OT ¢oHa 
/1 2/ 

peaKTopa ' 

KaK n o6bl'IHblH HeliTpoH, YXH, o6nauaH MSI'HllTllbIM M0MeHT0M 

B 38BllCllM0CTH OT opneHTSUllll 3T0I'0 M0MeHTa K MSI'HllTH0MY rron10, 

M0}KeT nn6o BbITanKllBSTbCH, nn6o BTHI'IIBaTbCH B o6naCTb 6onee 

c11nbHblX MSI'HllTHb!X rroneli. Ecnn 11nH Tenn0BbIX ll xono)lllblX HeliTpo

H0B peanbH0 Jl0CTllMllMbie MSI'HllTHbie rronH aaMeTH0 He _H3Mel!HIOT 

TpaeKT0pllll HeliTp0Ha, TO )lnH YXH 3Tll ll0llH MoryT ll0nH0CTblO OT

paMaTb HeliTp0Hbl, 3ToT a¢¢eKT B.B. Bna)lHMHPCKllH 
151 

rrpe11n0Mun 

ncnonb3QB8Tb rrpn C03)18Hllll C0CYJl0B JlnH y11epM8HIIH HeliTp0HOB "6ea 

CTeHOK", T,H, MSI'HllTllbIX 6yTbinOK, 

TTpnMeHellne YXH 11nH nay'IeHnH CTpyKTypbl n caolicTB HeliTpo

Ha KSK aneMeHTapH0H 'ISCTIIllbl ,KaX<eTCH BeCbMa nepcneKTHBllblM, O6-

na11aH Manofi CK0p0CTblO, YXH 0'IeHb 11onro HaX0J1HTCH B ll3MepnTenb

H0M o5~eMe, TeM caMblM no11aepra10TCH 6onee 3Ha'IllTenbH0MY BnnH

HHIO paann'IHblX 3KCllepnMeHTanhHb!X B03)1eHCTBHli, 'ITO ll03B0nHeT 

cymeCTBeHH0 yaenn'IIITb T0'IH0CTb onpe11eneHHH aapHJla H aneKTPH'Iec

K0I'0 JlHll0llbH0I'0 M0MeHTa 11eliTpoHa, O6HapyMeHHe aneKTpH'IeCK0I'0 

aapHUa y HeliTp0Ha ll03B0nHT o6~HCHHTb 0J1Hy H3 B03M0MHblX llpll'lllH 
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pacnmpeHIUI BceneHH0ii ll npoBepllTb npaBllnbH0CTb HeK0T0PhlX qiyH

):laMeHTanhHhlX npe.ACTaBneHnil:. 3KcnepHMeHThl no noncKy aneKTpH'leC

K0I'0 .Al!n0nbH0I"0 M0MeHTa y Heil:Tpo~a M0I'YT ):laTh 0TBeT Ha npn~"." 

unnnanbHeil:mnil: B0npoc C0BpeMeHH0I'0 ecTeCTB03HaHHH - B0npoc 06 

o6paTHMOCTll BpeMeHH nnn HecoxpaHeHHH KOM6HHllpOBaHHOil: 'leTH0CTH, 

OTBe'la10meil: C p -npeo6pa30BaHH!O 
131

• AKTyanhHOCTb TaKoro 9K

cnepHMeHTa oco6eHHO B03pocna nocne oTKpb1Tns HecoxpaHeHns tieT..;. 
0 ~/ H0CTll B onhITaX no pacna.Ay K 2 -Me30Ha Ha 21r -Me30Ha • 

BpeMH ;)l{ll3Hll Heil:Tp0HOB ):10 HX aaxaaTa nnn HarpeBa ua cTeu-

KaX cocy.Aa, B npnHUl!ne, M0;)l{8T J:I0CTl!I'aTh BpeMeH, 3Ha'IHTenhH0 

npeBbillia!Ol!ll!X BpeMH ;)l{H3HII Heil:TpoHa .AO f3 _-pacna.Aa. l13Mepgg 

'IHCno 0CTaBllillXCH B cocy.Ae Heil:Tp0H0B B 3aBHCHMOCTll OT BpeMeHH, 

MQ;)l{HQ cymeCTBeHHO yny'Illil!Tb T0'IHOCTb onpe.AeneHHH nepHO.Aa /3 _ -
pacna.Aa Heil:Tpoua. 

3KcnepnMeHTbl c YXH, 6eaycnOBHO, IIHTepeCHhl n c aKa):leMn'Iec

KOii TO'IKII apeuns. BeCbMa Ba;)l{HO npocne):IHTb MeXafIH3M ll 3aK0HO

MepHOCTll B3aHMoneil:CTBl!H Heil:TpOHa C BemeCTB0M np11 O'IeHh ManhIX 

aHepr11sx. 

C noM0llib!O YXH MO;)l{HO TaK;)l{e H3MepHTb aMnnHTYJ:lhl KorepeHT

HOI'O paccemms Heil:TpoHoB Ha snpax. llns aToro nocTaT0'IH0 onpe

.AennTh ycTaH0BllBlliY!OCH rpaHH'IHY!O CK0pOCTb Heil:Tp0H0B B cocy.Ae 

co cTeHKaMn H3 uccne.AyeMoro BemecTBa. 

CTanK11BaHCb MH0I'O pa3 co CTeHKaMH, YXH oqeHb 'IYBCTBHTenb

Hhl K C0CTOHHH!O noBepXHOCTH BemeCTBa CTeHKII cocyna, 'ITO n03B0-

nnT npuMeHHTb HX K 1!3y'IeHH!O pa3H006pa3Hh!X noBepXHOCTHhlX 3<p<peK

TOB: a6cop6UHH, K0ppo3HH, noBepxH0CTHhIX pa3pb1XneH11il:, MllKpo

Hep0BHOCTeil: II T.n. 

Mo;)l{HO HanesThcs, 'ITO YXH Haii.AYT H J:1pyr11e np11MeHeH11s, oc

HoBaHHh1ei Ha Hcnonh30BaHHII HX Manoi!: 3Hepr1111, cnoco6HOCTH <poKy

CHPOBaTbCH ll npyrnx CBOil:CTBax. 

6 

HeCMOTpH Ha 3aMaH'Il!Bbie nepcneKTHBhI, HCnonb30BaHHe YXH 
6bmo conpH;)l{eHO C TpynH0CTHMH, CBH3aHHhIMH C 0TH0CHTenbH0 Manoi!: 

noneil: noToKa YXH II BhineneHHH HX Ha 6om:.moM <pOHe 6onee 6b!CT

pb!X Heil:TpOHOB. 3To OTnyruBano 3KcnepuMeHTaTopoB, a 11.11. fypeBH'I 

ll n.B. TapaCOB B CBOeil: KHHI'e r¢H3HKa Heil:Tp0HOB Hll3KIIX 3Heprui!:" 

Hanncann, 'ITO TpynH0CTH, CBH3aHHhle ,c H3Bne'IeHHeM YXH, "BpH.A nn 
n03BOnHT ncnonb30BaTb HX B 3KCnepHMeHTe". 

O.AHaKO neT0M 1968 r. B na6opaTopHH Heil:TpOHHOil: <pll3HKII O6be

J:IHHeHH0I'0 HHCTHTyTa H.AepHblX uccne):IOBaHnil: rpynnoil: no.A PYKOBO/:ICT

BOM ¢.n. lllanupo Ha HMnynhCHOM 6b!CTpoM peaKTOpe 6hma npennpu
/6/ HHTa ycnemHas nonhITKa o6Hapy;)l{eHns YXH . 

B 3KCnepHMeHTaX i969-1970 r. 
171 

3TOil: ;)Ke rpynnoil: COBMeCT

H0 c rpynnoil: npo<p. n.B. fpomeaa 6hmn 11aBnetieHhI YXH 11a cTauuo

HapHoro peaKTopa l1PT-M l1HcT11TyTa aTQMHoil: aHepr1111 11M. 11.B.Kyp

tiaToBa. B aToil: pa6oTe 6hmH npoBenem,1 paaHoo6pa3Hh1e aKcnepuMeH

ThI no 1!3y'IeHH!O MeXaHH3Ma pacnpe.AeneHHH YXH no Heil:TpOHOBO):laM, 

0ll8H8Hb! nepcneKTHBhl ucnonh30BaHHH HeKOTOpblX BemecTB B Ka'leCT

Be aaMe.AnHTeneil: YXH, H3MepeHhI cneKTph1 YXH H3 nByx KaHanoB 

peaKTOpa H npoBe):leHbl npHMhle 1!3MepeHIIH BpeMeHH ;)l{H3HH YXH B 

cocy.Aax C pa3nH'IHhIMII noKpb!Tl!HMI! BHyTpeHHHX CTeHOK. 

/6/ BhlmenepequcneHHhie 3KcnepuMeHThI, BhmonneHHhie B pa6oTax 
/7/ -II , 11 nern11 B OCHOBY npe.AnaraeM0II ):ll!CcepTaUl!H • 

Te opus 

a) OnpeJ:1eneH11e YXH 

B 6opnOBCKOM npu6nH;)l{eHHII Teop11g B03Mymenuil: .AaeT TaKOil: 
18/ • • BU.A ):Ing a"'1nnHTYJ:1hl pacceHHHH HeHTpOHHOH BOnHbl Ha noTeHUHa-

ne H.Apa: 
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m f U(rJexp(-iq?)dv, 
21rh 2 

V 

, _____ _ 
(1) 

rAe m- Macca HefiTpOHa, U( r) - noTeHmrnn smpa, ; - H3MeHe-

HHe BOnHOBOro BeKTOpa HefiTpOHa npH pacceSIHHH, ; - paccTOSIHHe 

OT pacceHBaIOIUero UeHTpa. B cnyiiae MeAneHHblX HefiTpOHOB B 06-

naCTH r O - AellCTBHSI SIAepHblX CHn exp ( i q 'o ) .,, l I nos TO My I= 
/1/ 

= canst =-b , rAe b - AnHHa pacceSIHllSI cl>epl\m • B HallleM cny-

qae r .<< A 
0 

A - AnHHa BOnHbl HefirpoHa, H BblpmKeHne ( 1 ) npu-

o6peTaeT BHA: 

b"' m 
2 1r-K2 

3 - 'o 2 m r 
0 

4 17 U fr dv= 3 ,fj2 
0 

u, (2) 

rAe u - cpeAHee 3Ha'leHH0 nOTeHUHana no .o6nacTH AefiCTBHSI SIAep-

HblX CHn 0- r 
O 

• TaK KaK noTeHuHan U AeficTByeT nnlllh TonbKO 

B 061,eMe SIApa 4 '3 3 
" r o 1 TO noTeHunan LJ I ycpeAH0HHblll no 

BCeMy o6beMy BemeCTBa,paBeH: 

U = ti 4/3 1T r 3 

l 'N 
=2 17 n:Nb, 

m 

(3) 

noCKOnbKY O6beM, npllXOASilllllllCSI Ha OAHO SIAPO, paBeH l ,'N , r/le 

3 
N - 'IHCno SI/lep B 1 CM • no nopSIAKY BenU'IHHbl AnSI 6onhlllllHCTBa 

-7 -8 
BellleCTB u - COCTaBnSieT ,,10 t-10 9B, 

Ecm1 H3 BaKyyMa Ha rpaHHUY BellleCTBa c b•> 0 naAaeT nefi

TpOH C npHXO/lSIIUelicSI Ha HOpManhHYIO KOMnoHeHTy CKOpOCTH AOneli 

KHHeTH'leCKOll 9HeprHH, He npeBbJlllaIOIUefi 9HeprHIO LJ I TO TaKOll 

HeliTpOH HCnbJTbIBaeT nonHoe OTpa:»ceHHe OT 9TOli rpaHHUbl, HanH'llle 

noTeHu11ana u o6bSICHSieT cyllleCTBOBaHne H3BeCTHbro B HeliTpOH

HOli onTHKe KPllTH'leCKOrO yrna nonHoro OTpa)KeHHSI 

8 

2fi .--
sin cf, k = --- v "Nb , 

P mv 
(4) 

rAe. V - CKOpOCTb HefiTpOHa. EcnH nonHaSI KHHeTH'leCKaSI 9Heprusi 

2-li --
HeliTpOHa He npeBbilllaeT U (a cKopocTh v.< vrp.-= --;;,-V 1r'N b), 

TO Hel!TpOH He CMO)KeT npOHllKHYTh B BelUeCTBO npn nI06bIX yrnax 

na)leHHSI Ha rpaHHlly BelUeCTBa, TaKHe HeliTpOHbl nony'lllllll Ha3BaHne 

ynhTpaxonoAHblX, 

6) nonyq·eHHe YXH 

YXH nony'laIOTCSI npeHMyllleCTBeHHO ll3 TennOBblX HeliTpOHOB 

B pe3ynhTaTe npoueccoB Heynpyroro pacceSIHHSI, nosTOMY noTOK ux 

nponopUHOHaneH noTOKY TennOBblX HeliTpOHOB, BepoSITHOCTb o6pa30-

BaHHSI YXH noCTOSIHHa no BCeli TOnlllnHe -aaMeAnHTenSI, O)J.HaKO o6pa-

3OBaBlllHeCSI YXH MoryT BblHTll TOnhKO 1{3 TOHKOro noBepXHOCTHoro 

cnosi 3aMe/lnHTensi, TonmHHa KOToporo onpeAensieTCSI AnHHoli cBo6oA

Horo npo6era YXH B BemeCTBe 3aMeAnHTensi. B sKcnepnMeHTe no 

uenoMy PSillY coo6pa)KeHHli KOHCTpyKTHBHO YllO6HO OTAenUTh 9TOT 

cnoli, KOTOpblll Mb! Ha3bJBaeM KOHBepTOpOM, OT OCTanbHOli MaCCb! 

3aMe/lnHTensi. TTOTOK YXH B6nn3H KOHBepropa C HyneBoli KorepeHT

HOli AnHHOli pacceSIHHSI onpe/lenSieTCSI COOTHOllleHHeM 

ct>YXH 8 

U 2 aoxn. 
ct> (--) 

T ET aa + aHarp. 
(5) 

rAe ct>T - noTOK TennOBb!X HeliTpOHOB B MeCTe ycTaHOBKll KOHBepTo

pa, LJ - rpaHH'IHaSI 9HeprHSI CTeHOK HeliTpOHOBOAa, E, 9Heprusi 

TennOBb!X HefiTpOHOB, a - ce'leHHe oxna)KJJ.eHHSI HeliTpOHOB (ne
oxn 

peAa'la sHeprnH OT HeliTpoHa 3aMeAnHTen10), a - ce'leHHe Har-
Harp 
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peBa HeilTpoHOB (nepenaqa 3HeprHn OT aaMennnTeng HeilTpoHy), 

(10 - Ce'IeHne aaxBaTa. 

C yMeHbllleHHeM TeMrrepaTypbl KOHBepTopa nng Be111eCTB C 

(1 1> (1 a ( rronU3THneH, 6epHnnHil, rHllPHll UHpKOHHR H T./l.) Bbl-
Harp 

XO/l YXH cymecTBeHHO yBenH'IHBaeTCR. C1 IIpH IIOHH>K0HHH TeM-
. Harp 

rrepaTypb! rranaeT 3Ha'IHTenbHO 6bICTpee, 'IeM C1 oxn , IIO3TOMY B03-

pacTaeT nnHHa rrpo6era YXH' a TeM CaMblM H TOnlUHHa cnog KOH

BepTopa, OTKyna Bb!XO/lRT YXH. CymeCTBeHHOro pOCTa TOnlUHHbl 3TO

ro cnog nng KOHBepTopOB C (1 '> (1 ( anJOMHHHil, MarHHH H T.ll.) 
0 Harp. 

He IIPOHCXO/lHT, T.K. TOnWHHa cnog orrpenenReTCR IIO'ITH TOflbKO ce-

'I0HHeM aaxBaTa. TTo3TOMY nnR TaKHX BewecTB BhIXOll YXH cna6o 

38BHCHT OT TeMIIepaTypbl KOHBepTopa. 

TTpH IIOCTORHHOil TeMIIepaType KOHBepTopa Bb!XO/l YXH He3Ha

'IHTenbHO 3aBHCHT OT TeMIIepaTypb! crreKTpa rrepBH'IHblX HeilTpOHOB 

(ua-aa COKpaweHHR ucrronbayeMOH nonu 'IaCTOTHOro CIIeKTpa), H 3TO 

B 3Ha'IHTenbHOH Mepe KOMII0HCHpyeTCR <!iaKTOpOM E ; 2 

B) P a c rr p o c T p a He H u e YXH 

PacrrpocTpaHeHHe YXH IIO HefiTpOHOBOllY MO>KeT 6h1Tb OIIHCBHO 

Ha OCHOBe 3neMeHTapHOH Teopuu nu<fi<fiyauu. YpaBH0HUe llH~<fiy3HH H 

rpaHH'IHbie ycnOBHR nng raaa, COCTORlllero H3 YXH, HM0!0111HX CKO-

pOCTb V 1 3aIIHCblB8IOTCR B cnenyromeM BHne: 

t'ln(z)----lzn(z)= 0 (6) 
L 

n = n 0 
IIpH z=O (7) 

s -DA- J nv _ IIPH z = f. (8) 
dz-~ -4- /lJ 

10 

''.,._) 

nocnenHee rpaHH'IHOe ycnOBHe RBnReTCR /lOCTaTO'IHO xopolllHM 

rrpu 
S d -
~ /l d « 1 • 

3necb n( z) - rrnoTHOCTb YXH B 3aBHCHMOCTH OT paCCTORHHR 

Z BAOnb HeilTpOHOBO/la OT KOHBepTopa, f - nnnHa, R - panuyc 

h~ilTpOHOBO/la, S,r rrnoma/lb AeTeKTOpa, D - K03<fi<fiuuueHT llH<fi~y-

3Hlf YXH. TTplf rronHocTbJO AH<fi<fiyaHoM oTpa>KeHlflf 

2 D= 3 Rv. 

L - /lflHHa lllf<!i<fJY31fH, orrpenenReMag COOTHOllleH!feM: 

L 
2 

= DT, 

(9) 

( 10) 

rne T - cpenHee BpeMR >KH3HH YXH B HeilTpoHOBO/le, HarrommHHOM 

raaoo6pa3HblM renueM, KOTOpblH B HeKOTOpblX OIIbITaX BBO/lHflCR B 

HeilTpOHOBO/l 

- -
_1_ = _1_ +VT+ N He VHe (1 He' 

T T 
( 11) 

rne r - cpenHee BpeMR >KH3HH HeilTpoHa nnR f3 ~- pacrrana, µ -

ycpenHeHHaR IIO yrny BepORTHOCTb rrornomeHlfR unlf HarpeBa YXH rrpu 

O/lHOM CTOflKHOBeHlflf co CTeHKOil, d - ycpenHeHHblH IIO yrny rrpo6er 

YXH B HeilTpOHOBO/le (nnR unnlfH/lpa d=2R ), NHe- rrnoTHOCTb, a 

V H - cpe/lHRR TennoBaR CKOpOCTb 8TOMOB renlfg IIplf KOMHaTHOH 
e -1 

TeMnepaType ( = 1250 MCeK ), (!He - Ce'IeH!fe pacceRHHR HefiTpOHOB 

-1 
co CKOpOCTb!O 1250 MCeK Ha IIOKORllleMCR CB060llHOM aTOMe re-

fllf R. 

B (8) µ J - ycpenHeHHBR no yrny BepORTHOCTb nornomeHl{R 

YXH nplf CTOnKHOBeHHlf C noBepXHOCTb!O neTeKTOpa. µ If ;; d pac-

C'IlfTbIBan!fCb no <fiopMyne: 

11 



1T 

T --:-. 2 2 2½ ½ -{O) J2v'2lx11Rx-1J+71l +x 2 -1l sin0cos0 
0 µ = ½ - ½ ½ d •( 12 ) o 2 [ < 2 1 J 2 2 l ,2 I [ < 2 1 J 2 212 2 1 I 2 XX- +71 +yx X- +77 +x-

r.r:te 0 - yron MelK.r:ty HOpManbIO K noaepXHOCTH H BonHOBbIM B8KTO

poM H8HTpoHa. 

V COS 0m 
X= 

2fi y TT HRe b 
, (12) 

a a+ a le 

11 = 2 >. Reb 
(13) 

r.r:te Reb - .r:teilCTBHTenbHaH '18CTb KOrepeHTHOH .r:tnHHbl pacceHHHH, 

a a - Ce'leHHe aaxaaTa YXH, a,.- ce'leHne aeynpyroro pacceHHHH 

c nornomeaneM if>oaoaa, >. - anuaa nonHbI YXH. 

Pemeane CHCT8Mbl (5)-(7) HMeeT BH.r:t: 

n .. n 0 

ch f-z --C::- + y sh f- z 

ch f --r--L + Y sh _e 
L 

( 14) 

r.r:te 

·Y= ~ Sd 4D -.-s- µ d. ( 15) · 
t 

3.r:teCb st - nnoma.r:tb C8'18HHH aeilTpOHOBO.r:ta. B cny'lae nonHOCTblO 

.r:tnif>if>yaaoro oTpalKeHHH YXH 

Y= _3_ LSd 
81r R3 µd. (16) 

ilnH CKOpOCTH C'leTa YXH .r:teTeKTOpOM OTCIO.r:ta cne.r:tyeT: 

. nov e 
J=~4- ch t-+yshL 

sd µde 
f/L•>l 

12 

n ov'Sd µ de 
2(1 + y) 

e 
exp(- y),(17) 

r.r:te e - sqiqieKTIIBHOCTb perHCTpaUHII nornOIIl8HHbJX YXH .r:teTeKTOpOM, 

no - nnOTHOCTb YXH a6nl!3H KOHBepTopa. B H8KOT0pb!X onbITSX 

a6nnau .r:teTeKTopa pacnonarancH nornoTnTenh YXH c nnoma.r:tbIO 'S 
0 

ilnH STOI'O cny'laH y onpe.r:tenHeTCH cne.r:tyIOlllHM COOTHOIII8HH8M 

Lv Sa+Sdµd 
Y=-- ---

4D S, 
( 18) 

Bb1palKeHue ( 17) HYlKHO ycpe.r:tHHTb no cneKTPY YXH, KOTOpbiil npe.r:t

nonaraeTCH MaKcnennoncKuM: 

Vrp 3 d ( n O v) = 2 <I> T( -v-• _) y d y , ( 19) 
V 

r.r:te <f> T- IlOTOK TennOBbIX HeilTpOHOB B KOHaepTope, VT - H8HB8p0HT

H8HJII8H CKopoCTb TennoBbIX HeilrpoHOB, y:, v I vrp. • CTpe.r:tnonaraeTCH, 

'ITO v.<< vT • TaKHM o6paaoM, HHTerp.anhHBH cKopocTb C'leTa YXH 

.r:teTeKTOpOM paBHa: 

J - _1_ <f) ( Vrp, ) 4 l: S f 
- 2 T \, d 

VT 0 

y 3µ d 
-----dy. 

L+ysh L 
L L 

ch 

:3,KcnepuMeHT no o6aapylKeHlfIO YXH Ha HMnynhCHQM 

peaKTope HEP 

(20) 

/97 Bb16op HMnynbCHOI'O peaKTOpa HEP KaK HCTO'IHHKa aeil-

TpoHOB .r:tnH 3KCnepHM8HTOB no noHCKY YXH o6~HCHHnCH TeM, 'ITO 

npe.r:tnonaranocb perncTpHpOBBTb YXH B npoMelKyTKaX M8lKAY BCnbIIII

K8MH peaKTopa, KOI'.r:ta if>oH OT aana3.r:tblB810lllHX HeilTpOHOB COCTaBnHeT 

= 1 % OT noTOKa HeilTpOHOB a HMnynbce. 

13 



HBP paooTan npn cpeaHefi MOIUHOCTH 6 KBT Ii qacToTe llOBTO-

peHHSI BCllblllleK 0/lliH paa B 5 ceK, TTOTOK TennOBblX HefiTpOHOB B 

nonnaTnneHOBOM KOHBepTope 3 ( CM, pnc. 1 ) TOnIUHHOfi 1 MM COCTaB-
10 -2 -1 

nsin ·(II T"" 1,6•10 CM ceK • KoHBepTop noMemancsi BHyTpli Hefi-

TpoHoBolla YXH y Kpasi MeaHofi Tpy6b1 4 c BHyTpeHHHM anaMeTp<>M 

9,4 CM n anHHOfi ,. 10,5 M, BHyTpeHHlie CTeHKli HefiTpOHOBO/la Oblnli 

npoTpaBneHbl paCTBOPOM ansi XliMliqecKoro nonnpOBSHliSI, B HefiTpo
-3 

HOBO/le noaaeplKHBancsi BaKyyM "'10 Top, LleTeKTopb1 YXH 11 Ii 

12 npeacTaBnsinn cooofi 4>0TOYMHOlKliTenn <l>SY-13, BXO/lHble OKHa 
2 

KOTOpb!X nnoma/lb!O 15 CM ObJnli noKpb!Tbl CllliHTHnnnpyroIUHM cnoeM 

. 6 ( -2 6L 6 Zn S , a aaTeM cnoeM Li OH "'0,05 Mr•cM ·i ) , o6naaaro-

IUHM noqTli HyneBOfi rpaHHqHofi CKOPOCTblO, qTOObl YXH CMOrnli npofi

Tli BHYTPb BemecTBa c nocneayroIUHM ~ nx nornomeHHeM Ha Slllpax Li~ 

LleTeKTOpbI ycTaHaBnHBanncb B aamnTe 9 Ha naorHyTOM KoHue Hefi

TpoHOBO/la BHe npsiMoro nyqKa Ob!CTpb!X HefiTpOHOB, KOTOpblfi norno

IUancsi B noByIUKe 15. LleTeKTOpbl nooqepe/lHO MOrnn 38KpblB8TbCSI 

Me/lHOfi lllTOpKofi TOnlllliHOfi "' 2 MKM, KOTopasi npaKTnqeCKli npoapaq

Ha ansi HefiTpOHOB c HOpManbHOfi KOMllOHeHTOH CKOpOCTH, 6onbIUefi 

v , HO nonHOCTblO OTpalKSIOIUefi HefiTpOHbl npn v.< v (YXH) ," 4e-
rp rp 

pea KSlK/lble 200 ceK lllTOpKa OTKpbIBana 0/lHH aeTeKTOp Ii 38KPbIBana 

apyrofi. 11Mnynbcb1 OT aeTeKTopoB noaaBanncb Ha nepecqeTHb1e cnc

TeMb1, KOTOpble aanupanHCb B MOMeHT BCilbllllKli peaKTOpa - b,5 CeK, 

B HeKOTOpb!X 1i3MepeHliSIX HMnynbCbl OT aeTeKTOpOB llO/lSBanncb Ii Ha 

BpeMeHHOfi aHannaaTop, nepeKpbIBSIOIUHH noqTli Beeb liHTepBan MelKllY 

BCilbllllKSMli peaKTOpa. 

-1 
CKopoCTb cqeTa lleTeKTOpOB COCTaBnsina .. 0,01 CeK n yMeHbllla-

nacb npnMepHo B 3 paaa, Koraa oHH aaKpb1aanncb IUTOpKofi, PaaHnua 

B cqeTaX aeTeKTOpOB, OTKpb!Toro Ii 3aKpblTOro lllTOpKofi, COCTaBnsina 

cqeT YXH. Ecnn Obi YXH He oTpalKanncb OT IUTOpKH, To npncyTCTBHe 

14 
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P11c. 1. CxeMa aKcnep11MeHTa no o5aapy)KeHHlO YXH aa HEP • 1 -
8KTIIBH8.II 30Ha HEP ; 2 - napacpl!HOBblit 3aMennaTenb; 3 - KOHBepTop; 
4 - aeiiTpOHOBOA YXH; 5 - amo~mHl!eBbiit H8KOH9'IHHK aeitTpOHOBOAa; 
6 - MeAHa.lI cponbra; 7 - aam11Ta (napacpaa c Kap5HAOM 5opa); 8 -
nnyxMeTpoBa.lI cTeHa aana peaKTopa; 9 - aamaTa neTeKTOpa (napa
qma); 10 - CHCTeMa OTK8'IKH I{ Hanom'!emrn HeitTpOHOB0/:18 renaeM; 
11,12 - AeTeKTOpbi YXH; 13 - MeAHa.lI WTOpKa; 14 - M9X8HH3M ne-
peMememrn wTopKH; 15 - noaywKa npHMoro ny'IKa. 



ee cymeCTBeHHO He 113MeH11no 5b! IIHTeHCIIBHOCTII per11cTpa111111 YXH, 

T.K. nornomeHl!e IIX B TaKoii lliTOpKe COCTaangeT acero HeCKOnbKO 

npoueHTOB. 1.JT05b! CHHTb COMHeHIIH, per11crp11pyIOT nu 11eTeKTOpb! 

HeiiTpOHbI, B OllHOii 113 cep11ii 113MepeHIIH 5bm nocTaaneH CUIIHT11nn11-

PYI0lllllii cnoii ZnS 5ea n11r11eaoro n0Kpb1T11H, HaMepeHIIH noKaaanu, 

qro B T8KOM cnyqae lliTOpKa He annHna Ha CKOpOCTb cqera, a 3TO 

YK83bIBaeT Ha OTCyTCTBl!e 3aMeTHOI'O 4l0Ha, o5ycnoaneHHOI'O caeTo

BblMII KB8HT8MII 11n11 aapHlKeHHbIMII qaCTl!ll8MII. 

Ha p11c. 2 npuaelleH apeMeHHoii cneKTp a4J4ieKTa yMeHbmemrn 

CKOpOCTII cqeTa 11eTeKTOpOB np11 3aKpb!B8HIIII IIX lliTOpKOii. B npe11e

nax om1160K a4J4leKT nocTOHHeH, 3ro cornacyeTcH c npe11nonolKeH11eM 

o TOM, qro a aToM OllbITe per11cTp11poaan11cb YXH, 11114J4lytt1111pyronme 

BllOnb HeiiTpOHOB0ll8 B reqettne apeMeHn, 3Ha•rnrenbHO npeBbilliaIOIUe

I'O IlHTHCeKyHllHbie IIHTepaanbI MelKllY BCilbllliK8Mll. 

LlnH oueHKH apeMeHII ll1I4l4iYa1I1I YXH oT KOHBepropa 110 11ereKTo

pa 5blno H3MepeHo annHHIIe aanonHeHHH Heiirp0Hoao11a raaoo5pa3HbIM 

ren1IeM Ha IIHTeHCl!BHOCTb per11cTpaunn YXH. 

ATOMbl rennH, llBHI'8HCb co cpe11Heii Tennoaoii CKOpOCTbiO 

-1 
VHe"' 1250 MCeK ' npn CTOnKHOBeHHII C YXH YCKOpHIOT HX ll0 Ten-

nOBbIX HeiiTpOHOB, KOTOpbie YlKE! nerKO npOHl!KaIOT qepe3 CTeHKY Heii

TpOHOBOlla II IlOKl!llaIOT 05beM ycTaHOBKll, Cpe11Hee apeMH lKl!3HI! 

HeiiTpOHa JlO CTOnKHOBeHHH C aTOMOM rennH paBHO 

T=(NHe VHe aHe) 
250 

= ~p--- CeK 1 (21) 

3 
rae N He - qncno aToMoB He a 1 CM , a He - nonHoe ceqeHne pac-

ceHHHH HeiiTpOHa Ha IlOKOHllleMCH aTOMe rennH (c yqeTOM np11Meceii, 

COJleplKalllUXCH B ncnonb30B8HHOM rennn, a = 0,9 5H)' p - ll8B-

neHne He a ropax. 

16 

N~ IN) 

l,O f 
qsfq4 

QGf~2 ;:. ;i: --------£- -?---- ___ r_ __ f---'t- ? t 

•Wf i 2 . 3 l t 

Q2 

' I t t I 
! t 

0 I 2 3 4 t 

Pnc. 2. 3aancnMOCTb 4l0Ha N 4i (TeMHbie KPYlKKH) II a4J4leKTa N3 

( caeTnble KPYlKKll) OT apeMeHn aana3JlbIBaHHH OTHOCHTenbHO BCilbllliKll 

peaKTOpa. no OCII OpJl11H8T OTnOlKeHO qncno OTCqeTOB aa 100 ceK. 

17 



PeaynbTaTbl OllbITa npeJ:tCTaBneHbl Ha pnc. 3. KaK Bll)lHO, )laB

neHne 1 Top npHBOJlHT K y-MeHbllieHHIO a~~eKTa npnMepHO B JtBa pa

aa, qTo COOTBeTCTByeT BpeMeHH Jlll~~yann HefiTpOHa OT KOHBepTopa 

)lO JteTeKTOpa .. 200 CeK. 

TTpoH3Be)leHHble pacqeTbl llOKaaann, qTo TeopeTnqeCKH O>KHJ:tae

Mble HHTeHCHBHOCTH YXH ( 19 J )lOBOnbHO YllOBneTBopnTenbHO corna

cyIOTCs:I C Ha6n10)leHHb~Mll B OllbITe, 

31<:cnepnMeHTb1 c YXH Ha cTaUHQJlllpHQM peaKTope 

I1PT-M 

LloCTH>KHMblll noTOK YXH nnHefiHO 3aBHCHT OT ·HCllOnb3yeMOl"'O 

noToKa TennoBb!X HefiTpOHOB peaKTOpa. Ecnn B aKcnepnMeHTaX Ha 
-1 I1EP CKopocTb perncTpaunn YXH cocTasns:1na ""0,008 ceK npn 

10 -2 -1 llOTOKe TennOBb!X HefiTpOHOB Ha KOHBepTope .. l,6·10 CM ceK ,To 

13 -2 -1 npH ncnonb30BaHHH llOTOKa CTaUHOHapHOl"'O peaKTOpa .. 10 CM ceK 

MO>KHO O>KHJ:taTb ysennqeHHs:I noTOKa YXH Ha Tpn nops:IJlKa. <POH OT 

6onee 6bICTpb!X HefiTpOHOB Ha CTaunoHapHOM peaKTope O>KH)lancs:1 60-

nee BbICOKHM, B TO speMs:I KaK npn pa6oTe Ha HMnynbCHOM peaKTOpe 

OH a~~eKTHBHO noJ:taBns:1ncs:1 aannpaHHeM JteTeKTOpOB Ha speMR BCllbllli

KH peaKTOpa. noaTOMY npH aKcnepnMeHTaX Ha CTaunoHapHOM peaKTO

pe 6onbmee 3HaqeHne JtOn>KHa HMeTb KaqeCTBeHHas:I 38lliHT8 )leTeKTO

pa YXH OT ~OH8 6onee 6bICTpb!X HefiTpOHOB, 

B pa6oTe ncnonb30Bancs:1 CT8UHOHapHblll peaKTOp Ha TennOBblX 

HefiTpoHax I1PT-M I1HcTnTyTa aTOMHofi aHeprnn HM, 11,B, Kypqa

TOBa, Llns:1 nasneqeHHs:1 YXH 6bmo npeJ:tcTaBneHo JtBa KaHana peaKTo

pa - N93 n N94 (pnc, 4). HefiTpOHOBOllbI YXH 6bmn naroTosneHbI na 

Me)lHbIX Tpy6 c BHyTpeHHHM )lllaMeTpOM 9,4 CM, BeyTpeHHs:15'1 nosepx

HOCTb Tpy6, ycTaHOBneHHblX Ha KaHane 3, 6bin8 o6pa6oTaHa paCTBO-

18 
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D 5 10 15 21 p 

Pnc. 3, 3aBHCHMOCTb CKOpOCTH cqeTa YXH ( OTcqeTOB 38 1000 ceK) 
OT JtaBneHns:1 renns:1 B HefiTpOHOBOJ:te P Top. TTposeJ:teHHas:1 TeopeTnqe-
CKas:1 KpHB85'1 HOPMHP0B8H8 K 3KCnepHMeHTanbHOMY 3HaqeHHIO N npn 

p =O, 
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PHc, 4. CxeMa sKcnepHMeHranbHoii ycrauoBKlf um1 lf3Bne'leHlfSI YXH 
lf3 peaKropa I1PT-M. 1 - aKl'IIBHasi aoHa peaKropa; 2 - Ko1mep'rop; 
3 - rpernii KaHan peaKl'opa; 4 - '!el'Bepl'hlii KaHan peaKropa; 5 -
anIOMlfHlleBhlll H8KOHe'!HlfK ;6 - MeJJH8R ¢onbra; 7 - JJel'eKl'Op YXH; 
8 - 381Ulll'8 npS!MOI'O nyqKa; 9 - Bepl'lfKanbHblll yqacl'OK Hei'!l'p0HOBO

Jl8 JJnR B8KYYMHOll Ol'K8'1Klf; 10 - ll30I'HYl'Lie Y'l8Cl'Klf Heiil'pOHOBOJJOB; 
11 - IJJH6ep; 12 - aaorHaR noayIJJKa; 13 - ryp60MoneKynsipm,1ii na
coc; 14 - ClfCl'eMa nanonHeHlfSI If KOHl'ponsi uaaneHIISI renlfsi B Heiil'
poHOBOJJe, 



poM l:tnSI XltMlt'leCKOro nonnpoBaHltSI, noTOK TennOBblX HeiiTpOHOB B 

13 MecTe pacnonm1<eH1tS1 amoMnHneaoro KOHBepTopa cocTaBnSin .. 2•10 
-2 -1 -1 CM CeK • n ony'leHHaSI CKOpOCTh C'leTa YXH COCTaBnSina .. 1 CeK 

Ha /leTeKTope, KOTOpb1il ncnonh3OBancSI B aKcnepnMeHTax Ha HEP • 

4epe3 HeCKOnhKO He/lelll> ltHTeHCltBHOCTb YXH ynana Ha nopSI/lOK, 

CTpH'll!Ha aToro SIBneHltSI He BnonHe SICHa, O/lHaKO IIHTeHCHBHOCTh BOC

CTaHaBmrnanach npn npOMbIBKe BHyTpeHHHX CTeHOK KaHana o6e3;,irnpn

BaI01UHM COCTaBOM, 

B Kanane 4 6binn ycTaHoaneHbI aneKTpononnpoBaHHbie Me/lHb1e 

Tpy6hI, Ka'leCTBO KOTOpbIX npoaepSinOCb Ha npe/lMeT nponycKaHHSI 

YXH 'lepe3 Ka Han 3; 6bin ucnonh3OBaH ]leTeKTOp C OilTHManhHOH Ton

lllltHOH 'IYBCTBltTenhHOro cnog; np1tl!S!Tbl Mepbl K ny'lmeii 3alUHTe Ka

Hana OT napOB Macna OTKa'IHBaIOlllUX Hacocoa; 6bina UCKnIO'leHa BO3-

MOlKIIOCTh nona/laHHSI BO3/lyXa BHyTpb KaHana. CKopoCTb C'leTa YXH 
-1 

Ha KaHane 4 BO3pocna /lO 5 CeK 'HeCMOTpSI Ha TO, 'ITO no oueHKaM 

noTOK TennOBblX HeiiTpOHOB B M9CTe ycTaHOBKU KOHBepTopa KaHana' 4 

6bm B 3 pa3a M9Hhllle IlOTOKa B KaHane 3. BbIXO/l YXH II3 KaHana 4 

aa 3 MecSiua ynan B 3 pa3a, CTpH'IUHa aToro OKa3anacb HeSICHoii. ~OH 

OT HeiiTpOHOB 6onee 6blCTpbIX, '19M YXH I COCTaBnHn =s50% OT C'le

Ta YXH, O/lHaKO OH cna/lan Ha nopSI/lOK npu ycTaHOBKe /leTeKTOpa 

3a /lOnonHnTenhHblM npSIMoyronbHblM KOneHOM HeiiTpOHOBO/la, 

CneKTP YXH' Bb!XO/lSlllllIX U3 KaHana 4, H3MepSinCSI C IlOMOlllblO 

BpamaIOmeroc SI Kone Ha ( pnc. 5a), 1t3roTOBneH11oro 1t3 y'laCTKOB aneKT

pononnpoBaHHbIX Tpy6. npu BbICOTe IlO/l'b9Ma KOneHa h•> 0 /lO /leTeK

Topa llOXO/lSIT HeiiTpoHbI c aHeprneii H '?. h ( 3a Mepy aHeprHH YXH 

npnH.l!Ta MaKCltManbHa.11 BblCOTa IlO/l'beMa YXH B none cun T.lllKeCTII 
2 

H.,.:::__), CT pH h <0 HeiiTpOHbl C 8Heprueii H•>H m ax-:1 h'.J (H max= "t't / 2 g J , 2g 

na/la.11 Ha /lHO KoneHa, npuo6peTa10T CKopoCTh, 6onhmy10 'leM v rp' 

II nornoma10TC.II B CTeHKax; TaKHM o6pa30M, /lO ]leTeKTOpa /lOXO/l.llT 
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Puc. 5. a) rroBoporHoe Koneao am1 11aMepea1151 cneKrpa YXH ; 6) npo
xo:llmeuue YXH 'lepea KoneHo Ha KaHane 4; B) npeanonaraeMh1li cneKTp 
YXH. 

ronbKO YXH c 3Heprueli H .5.·H max+ h • CnnowHa51 KPHBa51, HaHe-

ceHHa51 ua puc. 56, pacc'IHTaHa B rrpeanono)KeHHH, 'ITO cneKTp noro

Ka YXH COOTBeTCTByeT y'laCTKY MSKCBennoBCKOI"O pacnpeaeneHH51 

ll>(H) JH = const H JH (22) 

B HHTepBane ·H min·~·H -~ ·H max , H min - MHHHManbH851 auepI"HH 

YXH, BbIXOa51WHX H3 amoMHHHeBOI"O KOHBepTopa, COCTaBn51eT 0,52 M, 

a M8KCHManbH851 BbICOTa noa'beMa YXH COOTBeTCTByeT rpaHH'IHOH 

CKOpOCTH ans Meau, T,e, 'H max= 1,65 M (pHC, 5B), 

CneKTPhI YXH Ha KaHanax 3 H 4 oueHHBanHcb TaK)Ke c noMOWbIO 

H3MepeHHH 38BHCHMOCTH C'leTa YXH OT BbJCOTbl rroa'beMa aeTeKTopa 

YXH Haa ypOBHeM H8HTpOHOBoaa. 3TH 3KCIIepHMeHTbl IlOKa3anu, 'ITO 

ecnu an51 KaHana 4 HMeeTC51 npHMepHoe cornacue c Teopueli, To an5I 

KaHana 3 IIpH onycKaHHH aeTeKTOpa BM8CTO 0)1(HaaeMOI"O rraaeHH51 

Ha6nJOaaeTC51 pOCT HHTeHCHBHOCTH, 3To, O'leBHaHo, 03Ha'laeT, 'ITO 

cneKTp KBHana 3 o6eaHeH HeliTpOHBMH co CKOpOCT5IMH, 6nH3KHMH K 

v , Bep051THO, H8'181lbHbIH Y'IBCTOK Heii:TpOHOBOaa B6nH3H aKTHB-rp 

uoii: 30Hhl ua-aa HeoaHoKpaTHoro HanycKa Boaayxa B Kanan rrpu pa-

a11au110Hnoii: KOpp03HH IlOKpbinC51 aocTaTO'IHO TOnCTbIM XHMH'leCKHM 

coeaHHeHHeM Meau, rpaHH'IHS51 CKOpOCTb KOTOpOI"O 3H8'1HTenbHO 

MeHbwe rpaHH'IHOii: CKOpOCTH 'IHCTOH MeaH. 

B pgae 3KCIIepHM8HTOB 11ayqanc51 MeXBHH3M pacnpocTpaHeHH51 

YXH IIO ·HeliTpOHOBoay. OrrhITbl IlOKaaanH, 'ITO Bblp8)1(8HHe (17), crrpa

BeanHBOe TOnbKO an51 aaaaHHOH CKOpOCTH V YXH, Herrnoxo OilHChl

BaeT pacrrpocTpaHeHHe YXH, HeCMOTp51 ;Ia HanH'IHe CIIeKTpa CKOpo

CTeii:, YaoBneTBOpMaCb 3KCIIoHeHUH811bHa51 38BHCHMOCTb CKOPOCTH 

C'leTa YXH OT anHHbl HeliTpOHOBoaa, IlpH'18M an5I a111li41y3HOHHOii: anH

Hbl rronyqunocb 3Ha'leHHe L = 4,7!0,1 M. Ha H3MepeHHH 38BHCHMOC-
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TII CKOpOCTII C'leTa YXH OT nnoma1m IIX nornoT11Teng, ycTaHOBneHHO

ro PHAOM C AeTeKTOpOM, 6bm onpeAeneH K09cpcpmmeHT Allcpcpya1111 D = 
2 -1 · = 1,7!0,2 M ceK • 3Ta BenH'IIIHa B l0t-13 pa3 6onhwe K09qJqJIIUl!eH-

Ta Allcpcpya1111 D = + RV , COOTBeTCTDYJOIUero nonHOCTblO Allcpcpy3HO

My OTpaJKeHHIO YXH OT CTeHOK HeiiTpOHOBOAa, TaKoe BO3paCT8Hlle 

K09cpqlllUl!eHTa Allcpcpya1111 MOJKeT 6b!Tb o6'bHCHeHO TeM, 'ITO BepOHT

HOCTb 3epKanbHOro OTpaJKeHIIH YXH B 10 pa3 6onhwe BepoHTHOCTII 

AHcpcpy3HOrO OTpalKeHHH. 

Cpe1rnee BpeMH JKH3HII YXH B Heil:TpOHOBOAe, BhI'l!ICne,rnoe no 

cjlopMyne ( 10) 113 H3MepeHHhIX 3Ha'leHnil: L II D , oKaaanocb paB-

HhIM T = 13!1,5 ceK, 'ITO COOTBeTCTByeT cpeAHeMy q11cny yAapoB 

YXH o cTeHKII AO nornomeHHH v "' 10 3
• 

6hmll npOll3BeAeHbl TaKJKe II npHMbie 113MepeHIIH BpeMeHII JK!l3-

Hll YXH B 3aMKHyTOM cocyAe, CxeMa II HeKOTOpbie peaynhTaTbl 113-

MepeHIIH npeACTaBneHbI Ha p11c. 6. llnH MeAII nonyqnnoch 3Ha'leH11e 

3 
·v"' 0,5-1,5•10 , 'ITO xopowo cornacyeTCH c nony'leHHbIM v AJIH 

YXH B nonoCTII HeiiTpOHOBOAa, OAHaKO 9TOT peaynhTaT · B nHTb pa3 

MeHhIIIe TeopeTll'leCKII OX<HAaeMoro 3Ha'leHIIH V AnH rnaAKOil: no-

BepXHOCTll 'IIICTOH MeAII, l13MepeHIIH C 6ep11nn11eM, nnpon11T11'1eCKIIM 

rpacpllTOM II TecpnOHOM noKa3ann, 'ITO V AnH 3TIIX BeIUeCTB no'IT!l He 

OTn11qaeTCH OT V AnH MeAn, XOTH AnH HIIX OlKIIA8eMOe 3Ha'leHne 

B 20 r30 pa3 6onb11Ie, qeM AnH MeA!l, l13MepeHIIH C MeAHbIM noKpbl-

0 
T11eM cocyAa np11 TeMnepaType - 250 C n c n11pon11T11'leCKHM rpa-

o 
cpl!TOM np11 TeMnepaType - 190 C He 06HapyJK11nn aaMeTHoro 11a,-1e-

HeHHH BpeMeHII xpaHeHIIH YXH. TaKIIM o6pa3oM, He noATBepA11nacb 

r11nOTe3a O BOAHHOil: 11n11 Apyroii BOAOPOAOCOAepJKameii nneHKe, 

Han11q11e KOTOpoii MOrno 6b1 o6'bHCHIITb cymeCTBeHHOe paCXOJKAeHHe 

B BenH'IHHaX v pacqeTHOro II SKCnep11MeHTanbHOro. l13MepeHIIH 

cneKTPOB YXH B 38BIICIIMOCTII OT ncnOnb3yeMoil: AnHHbl HeiiTpOHOBO-
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Puc. 6, a) CxeMa 11aMepeH11H BpeMeHH JKH3HH YXH B 3aMKHyToM 

cocyAe (AHaMeTp cocyAa 14 CM, AnHHa 174 CM). 1,2 - BnycKHaH 

II BbIIlYCKHasi aacnOHKII, 3 - AeTeKTOp YXH; 6) 3aBHCIIMOCTb 'l!lCna 

ocTaBw11xc.11 YXH OT BpeMeH11 t xpaneHn.11 YXH B cocyAe; Anm 1 -
XIIMll'leCKII non11poBaHHOH Meunoii noBepXHOCTII, cpeAHee BpeM.11 JK113HH 

T =33 ceK (Kanan 3); 2 - 11eo6pa60TaHHOii MeAHOii cponbrll, T=l4 ceK 

(KaHan 3); 3 - n11pon11T11'1ecKoro rpacp11Ta, T=ll ceK (KaHan 4), 

B) CKOpOCTb C'l~Ta YXH B 3aBIICIIMOCTII OT BpeMeHH C MOMeHTa OT

Kpb!Tll.11 BbIIlYCKHOii aacnOHKII ( Ka Han 3). 
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na He noKaaanH (a npenenax ToqHoCTH H3MepeHHii) rrocTeneHHoro 

paaorpeBaHHR YXH, CBH3aHHoro C aKyCTHqeCKHMH BH6paUHRMH CTeHOK, 

qimoKTYHPYIOlllHMH MarHHTHbIMH nonRMH H AP, 

CTpH non'heMe cocyna ,nng xpaHeHHR YXH Han ypoaHeM HeiiTpo

Hoaona Ha BhICOTY h , cocyn HanonHRncg YXH, HMe!OlllHMH Ha mg h 

MeHhlliYIO SHeprHIO, B IlO/lHHTOM cocyne Ha6nronanOCb yaenHqeHHe Bpe

MeHH xpaHeHHR YXH, TaKoe lKe yaenuqeHHe apeMeHH Ha6monanocb 

H npH HcnonbaoaaHHH cocynoa c 6onhmeii nnHHOii cao6onHoronpo6era 

YXH. 
-5 -4 ) 

YxynmeHHe BaKyyMa Ha nopRAOK (8.10 - 8.10 TOP He no-

BnHMO Ha apeMR xpaHeHHH YXH, 

nepeqHcneHHble SKCnepHMeHTbl noaaonRIOT cnenaTb BbIBOA O TOM, 

qTo BpeMg xpaHeHHR YXH onpenenHeTCH TOnbKO npoueccaMH, npHBO

AHlllHMH K Hcqe3HOB8HHIO YX_H ( aarpea, aaxBaT) Ha CTeHKaX cocyna. 

EcnH apeMH xpaHeHHR HeiiTpOHOB noKa erue oqeHb CHnhHO OTnHqa

eTCH OT paccquTaHHOro, TO pacqeT BhlXOAa YXH no (5) a npenenax 

20-30% cornacyeTcg C Ha6n.onaeMhlM 3HaqeHHeM HHTeHCHBHOCTH YXH. 

BepTHKanhHh1ii Kaaan nng HaaneqeHHR~~XH 

Ha peaKTope HPT-M 

llng npoaepKH HeKOTOpblX npencTaB/18HHH O MeXaHH3Me H3Dne

qeHHR YXH Ha peaKTOpe HPT-M 6bm CMOHTHpoaaH aepTHKanh!Ihiii Ka

Han YXH (pHC, 7). KaHan 6bm H3roroaneH H3 sneKTponon11poaaH1IhIX 

Me!lllbIX Tpy6 C BHyTpeHHHM AHaMeTpOM 9,4 CM H nnuHOH "' 9 .M B BHAe 

nyrH c panHyCOM .. 1 7 M, HulKHUH yqacTOK HeiiTpOHOBOAa BbIIlOnHSmcg 

H3 an!OMHHHR, BHyTpu STOT yqaCTOK 6bm BbTnOlKeH sneKrporronHpoaaH

HOH M8!1HOH qionhroii. A6cop6uHOIIHbie HaCOCbl non11eplKI1BanH BHYTPH 
-4 . 

KaHana aaKyyM =-10 Top. lleTeKTOp YXH pacnonarancH Ha BhICOTe 

.,9 M OT KOHaepTopa, KOTOpbIM cnyxrnna 6acceiiHoaag aona nepaoro 
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KOHTypa peaKTOpa, OTneneHHag OT BaKyyMHoro 061,eMa HeiiTpOHOBOA8 

amOMHHHeBhlM OKHOM TonruHHOH 1 MM, 3To OKHO pacnonaranOCb a6nH3H 

aKTHBHOH 30Hbl, rne noTOK TennOBbIX 1:eiirpOHOB no oueHK8M COCTaangn 

12 -2 -1 
.. 10 CM CeK • TaKOe OKHO HMeeT nponycKaHHe "'70% n.rrn 

-1 
HeiiTpOHOB co CKOpOCTRMH .. 14M/CeK • nonHUM8RCb BBepx, 9TH 

HeiiTpOHhl TepHIOT qacTb caoeii KHHeTHqeCKOH 9HeprHH Ha COBepmeHHe 

pa60Tbl B none CHn TRlKeCTH, H Ha BbICOTe H .. 9 M CT8HOBRTCR H8HT-
-1 

PC'i8MH co CKOpOCTHMH 5,7 MICeK • T,e. YXH. HHTeHCHBIIOCTb perH-

-1 
CTpaUHH YXH Ha BblXOAe HeiiTpOHOBO!la COCTaBHna "'0 ,3 ceK npu 

-1 
qioHe 5 CeK • HaMepeHHR C nonH9THneHOBbIM norllOTHTeneM noKa3a-

nH, qTo qJOH COCTOHT H3 HeiiTpOHOB co cpeAHOH CKOpOCTbIO 
-1 . .. so M/ceK , CTpH ycTaHOBKe neTeKTOpa 38 KoneHOM 9TOT qJOH 

3 
yMeHhmancH 6onee, qeM B 10 • CqeT YXH npH 9TOM yMeHbmancH_ a 

5-6 paa, qTo, BepORTHO, CBH38HO C B03MOlKHOCTb!O YXH nanaTb 06-

paTHO B HeiiTpOHOBOA nocne HeCKOnhKHX CTO~KH0D8HliH co CTeHKaMH 

aaqanhHoro yqacTKa noaopoTHoro KoneHa. nocTaHOBKa amoMHHHeaoro· 

KOHBepTopa noKaaana, qro OTHOllieHHe BbIXOAa YXH U3 BOAbl K BblXO!ly 

YXH H3 anIDMHHHR npeBhimaer qiaKTop 10. 

CnenyeT OTMeTHTb, qTo nng npoaepKH 3aKOHa 1 / V nonHhlX 
/10/ 

ceqeHHii, A. Steyerl Ha KOHCTpyKUHH BepTHKa/lbHOro KaHana 

nonyqHn HeiiTpOHbl C ManbIMH SHeprHRMH, AOXOAHil!HMH !10 0611aCTH 

YXH. OnHaKo MBllhIH AHaMeTp KaHana (5 cM) He noaaonHn BbIBeCTH 

nocraToqHoe Iw11HqecTBO YXH H3 peaKTopa. 

HaMepeHHe noTOKOB YXH ra30BblM cqerqHKOM 

lleTeKTOpoM YXH, a npHHUime, MoxrnT cnyxrnrh nro6oii H3 Mero

.nos perHCTpauHH MenneHHhIX HeiiTpOHOB, OCHOBaHHblH Ha aaxaare 

HeiiTpOHOB C nocnenyrorueii perHCTpauHeii 3apglKeHHblX qaCTl!U qJOTOYM

HOlKHTeneM, HOHH3aUHOHHOH KaMepoii, cqeTqHKOM, nonynpOBOAHHKOBbIM 

AeTeKTOpOM II T,A, 
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P0c. 7. CxeMa BepTBKanbHOro KaHana YXH Ha peaKTope HPT-M. 1 -
aKTllBHaSI 30Ha peaKTOpa; 2 - Ha'•mnhHblll anIOMIIHlleBblll y'laCTOK 
HeifTpOHOBOAa;3 - MeAHaSI ¢onbra; 4 - HeifTpOHOBOA; 5 - m116ep; 
6 ( a,B,C) - B03MOlKHbie BapllaHTbl IlOCTaHOBKII AeTeKTopa YXH; 7 
CIICTeMa OTKa'lKII ll HanonueHHSI ren11eM HeHTPOHOBOAa; 8 - rop1130H
TanhHblll KaHan YXH; 9 - MeCTO ycTaHOBKII anIOMIIHlleBoro KOHBepTo
pa. 

28 

Hcnonb30BaHHblll B pa6oTe CUIIHT11nnmrnoHHblll AeTeKTOp IlOKa-

3bIBan pa3nl!'lHbie 3Ha'leHl!SI IIHTeHCIIBHOCTII YXH AnSI OAHoro II TOro 

JKe BecoBoro Kon0qeCTBa Li 6 OH .H .p, HaHeceHHoro Ha cu11HT11nnHTop. 

3TOT ¢aKT MOlKeT 6bITb o6'bSICHeH TeM, 'ITO ucnonb3yeMaSI MeTOAl!Ka 

nony'leHBSI cnoSI L; 6 0H.H20 Ilpl!BOAl!n~ K 3Ha'll!TenbHOH HeOAHOpOA

HOCTll pacnpeAeneH11H BemecTBa AeTeKTOpHoro cnoSI, a cneAoBaTenb-

HO, II ¢aKTOpa n U AnSI YXH II T, a -'laCTIIU B 3aBIICIIMOCTH OT MeCTa 

nonaAaHBSI Ha AeTeKTOpHbIH cnon. TToaTOMY 6hma nocraBneHa aaAa'la 

C03A81'b ra30Bblll C'leT'lllK YXH C nornoTBTeneM, HaXOASIIUUMCSI B 

ra30BOH ¢aae, I'Ae OJIHOpOJIHOCTb ¢aKTOpa n a He Bbl3bIBaeT COMHe

HUH. 

C'leT'lUK ll3l'OTOBnHnCSI B BUJie unnllHApa C paAnycoM 5 CM 11 

BhlCOTOH O =5 CM ( puc. 8a). 0JIHO 113 OCHOtJBHllll uunnHJipa 6binO ue

nBKOlvl aaiisiTo OKHOM JinSI BXOAa YXH B cqer'l11K. B KaqecTBe OKHa 

ucnonhaoBanacb anIOM11H11eBaSI ¢onhra TonmnHoH B 60 MKM c 11aMepeH

HhIM nponycKaHneM YXH "'0,5. MaTepuanoM cTeHoK cqeT'lUKa cnyJKu

na Hep>KaBe1omaSI cranh, xopomo oTpaJKaIOmaSI YXH, TaK 'ITO OHi! Mor

nu BHYTPH 061,eMa C'l8T'lUKa npOXOJIUTb nyru AO nornomeHIISI, 3H8'lU-

TenhHO npeBbilliaIOm11e O • OnTUManbHOe AaBneHlle (n a) 11cnonbaye-

MOI'O JinSI nornomeHllSI YXH renuSI-3 B C'l8T'll!Ke COCTaBnHeT 5 Top. 

TaKoe JiaBneHue HanonHHIOmero raaa cnnmKOM Mano, 'IT06b1 ocymecT

BUTh HOpMallhHbIH pelKHM pa60Tbl C'l8T'l11Ka II 'IT06b1 3aJieplKaTb B raae 

npoJiyKTbI peaKUHH J He + n ➔ ·7 + p + 0,764 M:3B , Il03TOMY B C'l8T'IUK 

Jio6aBnSincsi 6annacTHhiil: raa - aproH JIO JiaBneHnif "' 760 Top n yrne-

KUCnbIH ra3 "'5 TOP JinSI cTa611n11aau11u pa6oThI MexaHU3Ma raaoBoro 

ycuneHUSI. HecMOTpSI Ha To, 'ITO COAeplKaHne aproHa B CMeCH COCTaB

nSieT ~99%, AOCTaTO'lHO Manoe ce'leHne Heynpyr11x npoueccoB Ha 

aproHe AenaeT HarpeB u aaxBaT YXH Ha aToMax aproHa cpaBHuTenh

Ho ManoBepoSITHhIMII npoueccaMu ( ,A%). 
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Pac. 8. a) cxeMa KOHCTpyKUHH C'leT'll!Ka, 6) aMnn11TyJ:1Hblll nmficpepeH· 

uaanbHblll cneKTp peracTpapyeMbIX HefiTpOHOB(nyHKTl!pHaSI KpHBaSI Cl,ll 

Ta nnsi C'l9T'll!Ka, 3aKpbITOI'O MeJ:IHOll llITOpKOll). 

30· 

C'leT'IHK pa6oTan a nponopuaoHanbHOfi o6nacTH, ITpm.rnHeHae 

nonepe'IHOI'O pacnonoJKeHHSI HHTH ( MeJ:lb, o 15 MKM) c nocnenyIOllIHM 

BbipaBH.l!BaHHeM aneKTpl!'leCKoro nonsi no3aon11no np116n113l!Tb nonHhifi 

o6beM K none3HOMY o6beMy C'l9T'IHKa, cywecTBeHHO COKpaTHB lipH 

3TC!v! qJOH OT 6onee 6bICTpbIX HefiTpOHOB, lipOHl!KaIOWHX CKBO3b CTeHKH 

C'leT'IHKa. AMlinHTYJ:IHblll J:l.ll<pcpepeHUl!anbHblll cneKTp OT TaKOll KOHCT

PYKUIIH C'19T'IHKa npencTaaneH Ha p11c. 86. 

B OJ:ll!HaKOBOll reoMeTp.llH C y'leTOM nponycKaH.IISI OKHa HHTeH

Cl!BHOCTb per.11crpau.11.11 YXH C'leT'I.IIKOM 6onee 'leM B 3 pa3a npeBbIC.llna 

.IIHTeHC.IIBHOCTb per.11cTpau.11.11 YXH CU.IIHTHnnSIUHOHHbIM neTeKTOpOM Ha 

ocHoae Li 
6 

OH .·H 2 0. CpaBHl!TenbHhie .113MepeH11si c nonmn.11neHOBbIMH 

nornOTHTenSIM.11 lIOKa3an.11, 'ITO YXH He OTpalKaeTCSI B 3aMeTHblX KOnH-

'leCTBax OT neTeKTOpHoro cnosi Li 6 0H .·H2 0 • ITonHoe nornomeH.11e, 

HO He nonHaSI per.11cTpau.11si neTeKTOpOM YXH lipOl!CXOJ:IHT, aepOSITHO, 

acnenCTB.lle Kp.llCTanna'leCKOll CTpyKTypb! neTeKTOpHOI'O cnosi, rne Ha 

Kpl!CTannax (jiaKTOp n a HaMHOI'O 6onbll!e OlIT.l!ManbHOI'O 3Ha'leH.IISI, 

B TO lKe BpeMSI MelKJ:IY KpHCTannaM.11 OH HaMHOI'O Mellbllle OlITHManb-

aoro. 

11cnonb3yeMoe B HaCTOSIIUee apeMSI anIOMHH.lleaoe OKHO B C'leT-

-1 
'll!KC He nponycKaeT YXH co CKopoCTbIO, MeHblllefi 'leM 3,2 MlceK , 

TeM CaMblM He lIO3BOnSieT np.11MeHS1Tb TaKOll C'leT'IHK YXH B Ka'leCT

BeHHbIX H3MepeHHSIX co cneKTpOM, nponycKaHHeM YXH II T.n. 

C'leT'IHK, aMe10m11fi Manonornoma10mee OKHO c Hyneaofi nn.11Hofi 

paccesiHHSI, 6yneT cao6oneH OT aT.11x HenocTaTKOB. Haa6onee nepcneK

T11BHb1M11 B 3TOM OTHOllleH.IIH SIBnSIIOTCSI OKHa .113 BaKyyMHOnnoTHOll cponb-

I'H ( ~IO MKM) cnnaaoa: Ti -Al , Ti-Zr , 62Ni -Al , 62 Ni-Zr, 

a TaKJKe TOHKOro rron11ar11neHa, oxnaJKneHHoro no TeMnepaTyphl lK.IIJ:IKO

ro a3oTa, 
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BbI130f!.bl 

H eCMOTpSI Ha TO, 'ITO aonsi YXH n o6meM noTOKe 'aefITpOHOB OT 

-12 
peaKTopa 'lpe3BbI'lafiHo Mana "'10 , yHHKanhHbie cnoficTna YXH no-

anonsi10T Bb!B0CTH HX H3 peaKTOpa no H30rHyTbIM OTpa,Ka!OlllHM HeliT

pOHOBOttaM B M0CTa, llOCTaTO'IHO aamHIIleHHbie OT peaKTOpHoro q>OHa. 

8bIB0ll0HHaSI HHT0HCHBHOCTb perHcTparmH YXH Il03BOnHna npo

B0CTH PSill 3KCnepHMeHTOB no H3y'leHHIO M0XaHH3Ma HX pacnpocTpaHe

HHSI, xpaHeHHIO H H3MepeHHIO cneKTpOB YXH. 

OnbITbl noKaaanH, 'ITO paC'l~THblfi BbIXOll IlOTOKa YXH H3 

KOHBepTopoa a npeaenax pac'l~THbIX npH6nH,KeHHfi coanaaaer c Ha6n10t1a 

eMbIM noTOKOM, a noaetteHHe HX B o6mHX 'leprax coanaaaeT C Teope

TH'l0CKH 0,KHtlaeMbIM. 

OueHKa npeMeHH )Klf3HH YXH B HefiTpOHOBOtte H npSIMbie H3Me

peHHSI BpeMeHH HX xpaHeHHSI noKaaanH, 'ITO Ha6nroaaeMbI0 B0llH'IHHbl 

3Ha'IHTenhHO MeHbllle TeopeTH'l0CKH paCC'IHTaHHbIX. Bonpoc O npH'IHHe 

TaKOro paCXO)Ktl0HHSI IlOKa OCTaeTCSI OTKpb!TbIM. 

B npHMeHeHHbIX KOHCTPYKUHSIX KaHanoB llOCTHPHyToe aneKTpononH

pOBKOfi Ka'leCTBO CTeHOK HefiTpOHOBOtta noaaonHnO H3BneKaTb 6onee 

30% OT MaKCHMallbHOii nnoTHOCTH YXH y KOHBepropa. 3Ty t1on10 H3-

Bll0'19HH.II YXH MO,KHO cymecTBeHHO yaenH'IHTb, HCnOllb3Y.II Hel1Tp0HO

B0llbl C 6onblllHM AHaMeTpOM H ny'IWHM Ka'leCTBOM aepKanbHOCTH CTe

HOK. Ha-aa 6onhWHX pattHaUHOHHbIX H TeXHH'l0CKHX TPYAIIOCTeii Ka

)K9TC.II aeuenecoo6pa3Hb!M H3Bll9'19HHe YXH H3 peaKTOpa C IlOMOIIlb!O 

TpaHcnopTHpOBKH OT aKTHBHOii 30Hbl cocyttOB C 3aKlll0'10HHbIMH -B HHX 
/1 2/ 

YXH • ' TeM 6onee 'ITO B HaCTOSIIIlee apeM.II IlOKa eme 3KcnepHMeH-

TallbHO He yaanOCb tlOCTH'lb BpeMeHH xpaHeHHSI YXH B paayMHbIX 

pa3Mepax cocyaoa, KOTOpoe 6hI npeBhimano 10-20 ceK. 
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/11-13/ 
B pa6oTax npeanaraeTc.11 nony'laTb YXH npu noMolllH 

npoueccoa aal\1eanemrn 6onee 6bICTpbIX HefiTpOHOB nocpettCTBOM coyaa

peHHfi C MeXaHH'!eCKOli CHCTeMOli y6eraIOIIlHX aepKan. OttHaKo, KaK 

./15/ IlOKa3aHO Ha OCHOBe TeopeTH'leCKHX coo6pa,KeHHl1 • tlOCTJI,KHMa.lI 

nnoTHOCTb YXH He MO,KeT npeBhlWaTb n.IOTHOCTH YXH y KOHBepro

pa He3aBHCUMO OT cnoco6a HX nony'leHHSI. 

HenocpettCTBeHHOe C06HpaHHe H BblBOll YXH no HeiiTpOHOBOttaM 

cefi'laC Ka,KeTCSI HaH6onee yao6Hb!M M9TOAOM ttnSI aq>q>eKTJIBHoro H3-

Bil0'10HHSI YXH H3 peaKropa. EcnH nnoTHOCTb YXH B aKcnepHMeHTe 

-1 no HX o6aapy)KeHHIO COCTannsina acero ,,,0,01 llHTp , TO a HaCTO.II-

-1 
mee BpeM.II yaaeTCSI nony'IH'!'h "'10 llHTp , a npHMeHeHHe UHpKynH-

pyromero aoaopoacoaep,Kamero KOHBepropa, oxna,KtteHHoro Lto TeMne-
o . -1 parypb! -180 C, Il03B0llHT IlOtlll.lITb BblBOllHMyIO nnoTHOCTb AO 300 llHTp • 

EcnH npH aTOM UCilOllb30BaTb aepKanbHb!H H
0

eiiTpOHOBOll JI3 6epHnllH.II 

14 -2 -1 Ha pe1rnrope C IlOTOKOM TennOBblX HeiiTpOfiOB "'10 CM ceK , TO 

3 -1 MO,KHO ll0B0CTH BblBOllHMYIO nnoTHOCTb YXH AO 5.10 llHTp • TTpJIMe-

H0HH9 "aqiqieKTa HaKa'IKH" - HaKonneHHSI HMnynbcHoii nnOTHOCTH YXH 
/14/ 

OT HMnynbCHbIX peaKTOpOB II03BOllHT ll0B0CTH nonyqaeMyIO 
9 -1 

nnOTHOCTb YXH AO 3.10 llHTp , 'ITO, :,epO.IITHO, JI SIBllSieTCSI npeaenoM 

3KcnepHMeHTanbHbIX B03MO)KHOCTefi B HaCTOSIIIlee Bp0MSI. 
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