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1, B B e 11. e H H e 

B 1959 r . H, E , 3enbAOBHq l I I noKa3an, qTo HeiiTpOHbi co cKopo c T s MH B AHarra -

3oHe AO 10 MI CeK, HCI1b!Tb!B8JOIUHe ITOnHoe OTpal!<eHHe OT CTeHOK rrpH nJ06biX 

yrnax nat:teHHR, MoryT xpaHHTbCR B 38MKHYTOH nonocTH, B,B, B naAHMHpCKHH:/21 

paccMoTpen xpaHeHHe HeH:TpoHoB B MarHHTHbiX "6yTbtnKax". KaK 6bmo oTMeqe

Ho l 31 , HAeSJ xpaHeHHSJ HeiiTpOHOB OTKpbiB8eT ITYTb ITOBb iiUeHHSJ TQqHQCT H H3 -

Mepe HHSJ a neKTpHqeCKOI'O AHITOnbHOI'O MOMeHTa HeHTpOHa , q T Q 8KTyanb HO 

AnSI rrpo6neM bi Hecoxpa HeHHSJ C P - qeTHOC T H , B cBSJ3H c 9THM Mbi rrpet:trrpH 

HSJnH 9KCI19pHM8HT8nb HYJO rrpoBepK y B03MOlKHOCTH H3BneqeHH SJ H yAeplK8HH SJ 

ynbTpaxonOAHhlX H9HTpOHOB, 

2. 3 KCIIepHMeHT 

Pac nonoll<eHHe OITbiT a npet:tcTaBneHo Ha pHc . 1, YlcTo q HHKOM HeH:TpoH o B 

cnyli<Hn HMnynbCH bi H peaKTOp Yf E pl41 , pa6oT aBWHH H8 cpe AHeH MOIUHOCT H 

6 KBT npH q a CT OTe ITOBTopeHHSJ BCIThlllieK OAHH p a3 B 5 CeK , DOT OK T e n nOB hl X 

HeHTpOHOB B n o nH9THn9 HOBOM 3 8Me t:tmnene 3 COCT8 BnSJ.ri ¢l 0= 1 , 6 ,1 0 10H I CM 2 CeK , 

3 T OT 3 8M9 AnHTenb l10M9W8nCSJ B CT8HA8pTHOH M9AH OH Tpy6e 4 C BHyT peHHHM 

AH8M9 TPOM 9,4 CM H AnHHOH 10,5 M 0 BHy TpeHHSJSJ ITOB8pXHOCTb KOTOpOH 6btna 

rrpoTpa BneHa AO 6necKa; B Tpy 6 e l10AA9plKHBanCSJ BaKyyM 5 ,10-3MM p T,CT, 

He H:TpoHH bi e t:teTeKTOpbl 11 , 1 2 rrpet:tcTaBnSJnH co6oH: cpo T oyMHOlKHTenH ¢3Y - 13, 

l10Kp b!Tbl8 CUHHTHnnHpyJOWHM c noe M z n S H TOHKHM ("' 0 ,05 MI' I CM2 L i 
6 

) 

cnoeM C08AHH8HHR nHTHR , LleT8KTOpbl 0 pa6oqaSJ ITOBepXHO C Tb K8li<AOI'O 11 3 KOTOpb !X 

C O C T a BnSJna 12 CM2, ITOMeiUanHCb H a H30I'HYT OM KOHU 8 Tpy6b ! 4 BHe npRMOH 

BH A H M OC TH H 3 38 M8AnHTe nSJ , ilo HHX MOI'nH AOXOAHT b npaKTHqecKH T OnbKO 
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Heil:Tp0Hbl 0 BhineT8IOlliHe H3 38Me.CUIHTenSI 3 CO CKOpOCTSIMH , MeHbWHMH 

a 
rp m 

( rr N b l 
" ,, 

(I) 

KOTOpb!e HCIIb!TbiB8IOT IIOnHoe OTpa)!(eHHe £{8)!(e IIpH HOpManbHOM rraaeHHH Ha 

CTeHKy/5/. 8 (I) m - Macca Hell:TpOHa, N - 'IHCno RJJ.ep B 1 CM3, b -KO -

repeHTHaR nnHHa pacceRHMR. llnR Menu 
v = 5, 7 MiceK. 
rp 

8 

01:\~ 
\ 

·v_ 

--- -------- - -- ---~-. " / 
------------ -- - - -

/ ·, 

PHc, I. CxeMa ycTaHOBKH , I - peaKTop l16P; 2,3 - 3aMeJlnHTenb (2 - nap.3-

<j>HH , 3 - CJIOH li0JJH3THJJeHa TOni.IIHHOii 1 MM) ; 4 - MeJ]HM! Tpy6a C 

BHyTpeHHHM ¢ 9,4 CM, ITOJIHOJ1 JlJIIIHOH 10,5 M ; 5 - 8 nJOMIIHHeBa SI 

Tpy6a ; 6 - UHnJ111Jlp 113 MeJlHOii qJO JJbrH; 7 - 3DIU I1Ta ( llo1par/111H C Ko1p -

6HJlOM 6opa) ; 8 - JlByxMeTpOBaSI 6eTOHHBSI CTeHa 38118 peaK TOpa ; 

9 - 38!UH T 8 JleTeKT Opa ( rrapaqmH ); 10 - CllCTeMa OTKB'IKH 11 Ha 

IIOIIHeHHSI Tpy6bi j II, 12 - neTeKT OpbJ ( 4>3Y -1 3 co cno!IMH Z n S 

HIIH ZnS + COeJlHHeHHe JIHTHS!); 13 - MeJlHaSI WTOpKa (3a30p Mem-

JlY WTOpKol\ H neTeKTOpOM < 1 MM) ; 14 - MeX8HH3M nepeMemeHHSI 

lUTOpKH j 15 - IIOBY!UKa IlpS!MOrO liY'!Ka, ' 
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ilBTBKTOphl DOOqepBAHO MornH 38KphlB8TbCH TOHKOI MBAHOI WTOpKOI, 

illTOpKa Dp8KTHqBCKH npoapaqHa AnH HBITpOHOB C HOpManbHOI cnaraiDruBI 

CKOpOCTH, 6on&ruel v HO AOmKH8 DOnHOCTb!O 0Tp8)1(8Tb HBHTpOHbl DpH 
r ·p 

v < v rp illTopKa nepeaBHranac& K8)1(QbiB 200 ceK. YIMrryn&Cbi aeTeKTopoB 

llOQ8B8nHCb H8 nepecqe THb!B CXBMbi , KOTOpbiB QnH YMBHblliBHHH cpoHa 38ITH

panHCb Ha 0,3 - 0, 7 CBK rrocne K8)1(Q0H BCllbllliKH peaKTOpa. B qacTH H3Mepe

HHit HMrrynhCbl llOA8B8nHCb T8K)I(B H8 MHOrOK8H8nbHblH BpBMBHHOH 8H8nH38TOp, 

rrepeKpb!B8BWHH noqTH BBCb HHTBpBan MB)I(Qy BCllb!WK8MH peaKTOpa. Peaynh

T8Tbl H3MBpBHHH llpBQCTaBnBHbl B Ta6nHUB }X I , 

KaK BHQHO H3 Ta6nHUhl, CKOpOCTb cqeTa ABTBKTOpOB yMBHbWanac~ 

rrpHMBpHO B 3 paaa, Koraa OHH 38Kpbi B a nHCb lUTOpKOH, B TO )1(8 BpBMH B 

H3MBpBHHH 6e3 nHTHBBOrO CnOH WTOpKa HB BnHHna H8 CKOpOCTb cqeTa, 

qTO YK83b!B8BT H8 OTCyTCTBHB 38MBTHoro cpOHa, o6ycnoBnBHHOrO CBB TOBbiMH 

KB8HT8 MH HnH 38pH)I(BHHbiMH qaCTHU8MH, 

Ha pHc. 2 rrpHBBABH BpBMBHHol crreKTp g cjlcpeKT a H cpo Ha. B rrpeaenax 

OWH60K 3cjl~BKT llOCTOHHBH, 3TO COrnacyBTCH C rrpearronO)I(BHHBM 0 TOM, qTO 

B OllhlTB perHCTpHpy!OTCH yn&TpaxonOAHhlB HBHTpOHhl, AH~cpyHQHpy!OWHB BAOnb 

MBllHOH Tpy6bi B TeqeHHB BpBMBHH, MHOrO 6on&ruero 5-CB KYHllHOrO HHTBpBana 

MB)I(Jly BCllbiWK8MH. ilnH OUBHKH BpBMBHH AHcpcpy3HH 6bin0 H3MBpBHO BnHHHHB 

aarronHBHHH Tpy6bi raaoo6pa3HbiM renHeM. 

OpH coynapeHHH c aTOMOM renHH Hei!:TpoH rrpHo6peTaeT cKopocTb rro

pHnKa CpBllHBI TBllnOBOH CKOpOCTH 8TOMOB renHH ( V He = 1250 MICeK) H 

BbiXOllHT H3 Tpy6bi, CpBllHBB BpBMH )I(H3HH HBHTpOH8 llO CT OnKHOBBHHSI C 8TO -

MOM renHSI p8BHO 

-1 

T =(N v a 
He He He He 

xl 
3HaqeHIHI rpoHa , yKa3aHHbie B Ta6n. I, J.l c npasneHbl Ha 5 -n poueHTHOe 

y BeJIJ.lqefiJ.l e a<jl¢eKTJ.lBHOCTII neTeKTOpa n p J.l 38Kpb!TJ.lll ero IUTOpKOH , 3TOT S<jl
rpeKT , H86JIIOJleHHblll B KOHTpOIIbHblX OnbiT8X C nOCT051HHbiM Hei\TpOHH biM J.lCTOq

HJ.lKOM , MO>KeT 6b!Tb CBII38H C J.l 3Me HeHJ.leM KOa<jl¢1!UJ.leHT8 OTpa>KeHJ.lll CBeTa 

J.liiJ.l KOHrpJ.lrypauJ.lll ::-neKTpl!qecKoro non11 B <ll3Y ( rpoToKaTon 6biii non Ha 

npii>Ke HI!eM, a UITOpKa 383eMJieHa ) , nonpaBK8 H8 pe!'J.lCTpBUIIIO HeilTfJOHOB, 

npoHI!KBJO!UIIX qepe3 3a3op "' I MM Me>Kny nosepxHOCTbJO neTeKTopa 11 

IUT OpKOil ,He BBOJlJ.lii8Cb , 
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I 
0,2 
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0 1 2 3 4 t 

PHc. 2 . 3 aBH CHMOCTh ,PoHa N<jl ( T eMHble KPY*KH) H o,P,PeKTa N 
3 

( cBeTnble KPY*KH) -

- p83HOCTH C'i8TOB 083 lllTOpKH H CO lllTOpKOti OT Bp8M8HH 38il83llb1B8HIHI tCeK 

OTHOCHTenbHO BCilWll!KH peaKTOpa. no OCH 0PllHH8T OTnO)K8 HO 'IHCnO OTC'l&TOB 

38 100 ceK. 
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N1 
7 

6 

5 

4 

-.) 
3 

2 

1 

0 s 10 15 21 

P Hc, 3, 3aBHCHMOCTb cKopocTH C'ieTa ynhTpaxononHb!X HeilTpOHOB N (oTc'ie -

TOB 38 1000 CeK) OT llBBneHHfl renHfl B Tpy6e p ( MM pT,CT,) 

T eopeTH'ieCKBfl KpHBBfl HOpMHpoBaHa K 3KcnepHMeHT8 nbHOMY 3HB'ie 

HH!O N npH p = 0 , 

p 



rae N He - "'HCno aTOMOB renHH 
3 

B 1 CM o a He - nonnoe ce"'eHHe pacce-

HHHH H9HTpOHOB H8 ITOKOHIIl9MCH CB060.QHOM 8TOM9 I'91IHH1 p - .Q8Bll9HH9 

reJIHH B MM pT,cT, CornacHo /6/ a He = 0 173 ±_0105 6 • AH81IH3 HCITOllb30-

B8HHOI'O H8MH I'838 ITOK83811 1 "'TO OH CO.Qep~HT B K8"'9CTB9 ITpHM9C9H 0,16 

o6'heMHbiX% H 
2

0 H 0,148% N 2 , C y"'~TOM aToro B (2) 11 (8) rroacTaBnSI-

nocb 3HB"'eHHe a H ~ = 0, 9 6 , Pe3ynbT8Tbi orr biT a ( cpeanee no .QBYM 

.Q9T9KTOp8M) rrpe.QCT8Bll9Hbl H8 pHC, 3, il8Bll9HH9 1 MM pT,CT, ITpHBO.QHT K 

YM9Hblll9HHIO a<jJ<jleKT8 ITpHM9pHO B 2 p838, Ha OCHOB8HHH ( 2) OTCIO.Q8 cneay

eT1 "'TO cpe.QHee BpeMH .QH<jl<jly3HH H9HTpOHOB OT 38M9.QliHT9liH .QO .Q9T9KTOp8 

COCT8BliH9T rrpHMepHO 200 CeK, 

3. TeopHH 

KonH"'eCTBeHHbiH ananH3 orrHCBHHhiX aKcrrepHMeHTOB rrpoBO.QHliCH c rro

MOIIlb!O aneMeHTapnoli TeopHH aw<jl<jly3HH, ITocne ycpeaHeHHH no apeMeHH ypaB

HeHHe .QH<jl<jly3HH H rp8HH"'Hb19 ycnOBHH .QliH H9HTpOHOB CO CKOpOCTb!O V 38-

IlHCb!B810TCH 8 cneayJOmeM BH.Qe: 

d 2n ( z ) n ( z ) 

-~- ---- ~o d z L 2 ( 3) 

n a n npn z- 0 (4} 

d n S n v 
-D-- • --- --p. 

dz rrR 2 4 ll 
z a e . (5) npn 

3aecb n ( Z ) - ITliOTHOCTb H9HTpOHOB B <jlyHKU,HH p8CCTOSIHHH Z B.QOllb Tpy-

6bi OT 38M9.QliHT9liH 1 paCIIOli0~9HHOI'O ITpH z = 0 1 f, R - COOTB9TCTB9HHO 

.QliHH8 H BHyTp9HHHH pa.QHYC Tpy6bi 1 S - Illl01Il8.Qb .Q9T9KT0p8 1 D - K08<jJ

<jJHUH9HT .QH<jl<jly3HH HeliTpoHoB, ITpw rronHocTbJO .QH<jl<jly3HOM oTpa~eHHH Ha cTeH

Kax Tpy6bi 
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D R v , ( 6) 
3 

L - aH¢¢y3HOHH8H anHH8 HeHTpOH8 

L =D T, (7) 

rae T - cpeaHee apeMH )I{H3HH HeHTpOH8 B Tpy6e: 

I -----+ 
T 

v 
2 R p. + NHe v He a He' (8) 

r = 103 
CeK - cpe)lHee BpeMSI .lKH3HH HeiiTpOH8 no OTHOllleHHIO K {3 -pac-

nany. p. H p. - ycpenHeHHaSI no y rny naneHHSI BepoSITHOCTb norno-
n 

weHHSI HeiiTpOH8 npH CTOnKHOBeHHH COOTBeTCTBeHHO CO CTeHKOii Tpy5bl H C no-

BepXHOCTbiO neTeKTopa, Ko9<)xj>HuHeHTbi p. H ; pacc'IHTbiBanHCb no ¢op
A 

MynaM: 

P. <e >-

rr/2 
p.- 2 J p. (e) co .. ® .. in ® d ® • 

0 

----- ========------======== 
2 2 2 2 - 2 2 2 2 

+ v<x -1) +1) + y2xyy(x - !} +1) +x - 1 

(9) 

rne ® - yron Me.lt<Ay HanpaBneHHeM noneTa Hell:TpoHa H HOpManhJO K noBepx-

HOCTH. 
2 2 

cos 8 

4" N Re b ( 10) 
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7J ,. 
( a .c + a HY ) / ,\ 

2 Reb ( I I) 

Reb - Ll8tiCTBHT8llbH8SI t:{8CTb KOrepeHTHOl!: llllHHbl paCC8SIHHSI
0 

a C - ceqeHHe 

saxBaTa HetiTpoHa , a Hy - ceqeHHe Heyrrpyroro pacceSIHHSI c rrornomeHHeM 

iJOHOHa, ,\ - llllHHa BOllHbl H8HTpOHa. 

B bipa:>KeHHe ( 9 ) crrpaBennHBO nnSI HneanbHoti rrnocKoti noBepxHOCTH. 

fpaHHt:{HOe YCllOBHe (5) SIBllSI8TCSI XOPOlllHM llpH6llH*eHHeM llpH 

rae 

5 -
--;Ji2- fl. Jl « I 

Perne mw CHCT8 M b1 (3) - (5) HMeeT Bl11l: 

n ,. n 
0 

c h 
e- z 

L + Y sh 
e- z 

L -------------------------------------e e 
c h - - - + y sh -

L L 

3 L 5 
y ~ 

Brr ll 3 
fl 

ll 

Jl nH CKopoc n r C4eTa Jle TeKTo pa oTcroJla cnenye'l': 

J 2 

n
0 

v 

'' ns f.; 
~h P/L· + y sh e/ L ------------------4 

( 12) 

( 13) 

( 11) 

rne f - 9cpcpeKTHBHOCTb perHC'l'p8l.lHU 110f'll0lll8HH0f'O H8HTpOHa ll8T8KTopoM. 

~ - LlOllSI nepHOJla Me*LtY BCIIbiWKaMH peaKTOpa , B TeqeHHe KOTOpOH 

11pOH3BOilHTCSI pef'HC'l paUHSI H8HTpOHOB. 3'!'0 BbiP8*8HHe H806XOilHMO ycpeLtHHTb 

llO CII8KTpy Hei!TpOHOB B 38M8LlllHTene , KOTOpb!H 1Ip8 Jlll0ll8f'88M M8KCB8llllOBCKHM: 
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d ( n v 
0 

v 4 

) = 2 <I> o ( _t.P.,_ ) . y, 3d y • 
vo 

3necb ¢ o - IIOTOK TeiinOBhiX Hefi:TpOHOB B 3aMe)lnHTene, 

Bep05ITHa51 CKOpOCTb TeiinOBhlX HBfi:TpOHOB, y"' v /vpp 

( 15) 

v 
0 HaH6onee 

f1pennonarae T cR, 

'ITO v << V o H 'ITO He IIpOHCXOJlHT OTpa>KeHH51 HBHTpOHOB OT rpaHHUbl 

saMennHTenb- BaKyyM. !lnR rronHsTHneHa nocnenHee ycnoBHe nocTaTo'IHO 

XOpOlllO BhiiTOnH5IeTC51 0 TaK KaK CyMMapHaR .QnHHa paCCB5IHH51 rpyniibl C H 2 

O'IBHb Mana, TaKHM o6pa30M 0 HHTerpanbHa51 CKOpOCTb C'I~Ta YJ1b TpaXOJ10.QHhiX 

Het\TpOHOB (YXH) paBHa: 

-~<t> ( -..I:JL ) 
2 0 

0 

4 
y 1 ,~ d ; 

I /l (.; s J _______ (' __ _ 
c h + y '" I. I. 

( 16) 

B ( 16) He yqTeHhi c nenyiOrnHe s¢¢eKThi, KOTOphiMH B ycnoBHRX H B npenenax 

TOqHOCTH Jl8HHOrO 9KCnepHMeHTa MO>KHO npeHe6peqb: 

a) BKnaJl HB il:TpOHOB CO CKOpOCTbiO v > v ~p ( y > 1 ) ; 

6) BapH8UHH CKOPOCTH Heil:TpOHa npH H3MeHBHHH ero nonO>KBHH51 no 

BepTHKanH B npenenax nHaMeTpa Tpy6w; 

B) no6aBO'IHOe nornomeHHe HeHTpOHOB B COe.QHHe~HRX CeKUHH Tpy6w , 

B OTK8'IHOM Tpy6onpOBO.Qe fD 1 CM 0 B OTKpb!TOH HeHTpoHaM qaCTH CTeKnRHHOH 

noBep XHOCTH ¢3Y ( nnorna.Qb OKano 5 CM2), 

Ha pHc , 4 npHBeneHhl pac'IATHwe Kos¢¢HuHeHThl nornomeHHR Het!TpoHoB 

B neTeKTopax fl n B QJYHKUHH y = vI vr.p • Ha pH c. 5 npencTaBneHhi cneKTpbi 

perHcTpHpyeMwx Het!TpOHOB (no.QHHTerpanbHaR QJYHKUHR B (16)), B pacqiTax 

rrpHHHM8J10Cb 0 qTO JlnR. M e AH (a + a.C h/E = 0,62 6 sB
112 

npH 
Hy 

E < 1Q-3sB , KaK sTo c nenyeT H3 naHHhiX o nonHhiX Hef!TpOHHhiX ceqeHHRX 

MenH/7 I. CqHTanocb TaK>Ke , qTo nng coenHHBHHtl nHTHR HeynpyrHM pacceRHHeM 

MO>KHO npeHe6peqb no Cp8BHBHHIO C peaKUHBH 

poi1: sKcTpanoJlHpoBanoch no saKoHy 1/v 

11 

L i 
6
(n, a), Ce'IBHHB KOTO-



Rd 

38XB8 

'fJoHOH 

rPaHH 

p, 

ue 

JISI C KO~ 

J ~ 

ue f 

~ 

:JOH3BOD 

) CII9KT 

}A 

1 

0,9 

0.8 

0,7 

0.6 

U5 

O.lt 

0.3 

0.2 

Qt 

ol<·-<· 1 I 1 • ::= I • • N 
o.3 o. ~t o.5 a& o.r o.s o,9 1 

Puc, 4 . 

Ql ·o.z 

YcpenHeHHbtll no yrnaM Kos<!>qmuueHT nornoweHUSI HellTpoHOB 

38BUCUMOCTU OT OTHOCUTeJibHOM CKOpOCTU HellTpOH8 
y av/Tp Cu 

P.n B 

6 7 
- IIOBepXHOCTh neTeKTOpa IIOKpbiT8 cnoeM Li o 8 Li 0 2 OH' H 2 0 

2 - noBepxHOCTh neTeKTopa noKpbtTa cnoeM L i 6 ' L i 7 
2•F' 

0,8 0. 

12 

1 

0.03 

0.02 

0.01 

I 
I ~~ ) ' ' ' 1'0 'J a · o.5 · 

Puc, 5, CneKTp HellTpOHOB ( B OTHOCUTenbHbiX e.QUHUuax) 
1 

perUCTpllpyeMbtll 
pa3nii'!HbiMII neTeKTopaMH: I - II.QeanhHbtll neTeKTop ( p.-n 2 I ) • 
2 - neTeKTop co cnoeM Li 

6 
Li 

7 
OH · H 20, 3 - noaepxHocT-o 8 0,2 

Hbttl enol! neTeKTopa z n s, 4 - neTeKTop co cnoeM L i 6 L; 7 F' • 
0,8 0,2 
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4. 06Cy:JKJJeHHe pe3ynbTBTOB 

Bbi'IHcneHHhre cKopocT-H C'I~Ta YXH rrpHaeaeHbr a Ta6nHue 1. l1crronh30-

~llnlfr.h :"lHA'leHlfst <I> 0 = ( 1. 6 + 0.3). 10 10 H/ CM2CeK•, v () = 2200 M/ ceK 

H £ = 0,9::!:_0, 1, rrony'leHHbie H3 H3MepeHHft C IIpOIIOpllHOH8nbHb!M C'I~T'IH

KOM c B F, , f1pH orrpeaeneHHH <I> 
0 

yrnoaoe pacrrpeaeneHHe TerrnoBhiX 

Hetl:TpOHOB B paftoHe 38MeL{nHTenst 3 (pHC, 1) C'IHT8fl0Ch H30TPOIIHbiM; YK8-

38HHeM B II0flh3Y CIIP8BennHBOCTH 3TOT'O LIOIIYWeHHS! stBnsteTCS! TOT ~8KT, 'ITO 

CIIeKTp TeiinOBb!X HeHTpOHOB, H3MepeHHb!H H8 Bb!XO!Ie H3 Tpy6bi 4, COOTBeT

CTByeT M8KCBennOBCKOMy pacrrpe,ueneHHID C KOMH8THOH TeMrrepaTypoj:j, 

l13MepeHHbre H p8CC'IHT8HHhle HHTeHCHBHOCTH cornacyroTCS! 0 ecnH 

.uorrycTHTh, 'ITO oTpa>KeHHe YXH oT aeTeKTopa, coaep>Kamero L i 0 H • H 2 0, 

OIIpe,uensteTCS! He 3THM COeL{HHeHHeM, 8 cepHHCTb!M llHHKOM, 3TO LIOIIymeHHe 

IIpencTaBnsteTCS! IIp8B.UOIIO.U06HbiM, T8K KaK IIpH H3T'OTOBneHHH ,UeTeKTOpa 

6brno saMe'l:eHo , 'ITO pacTBop Li OH • H 2 0 B BO.Ue, KOTOpbiH H8Kaiibl-

sanest Ha cnoM: Z n S , IIOKphlThlH CBepxy TOHKOH opraHH'IeCKOH rrneHKOfi, 

npoHHKan TeM He MeHee BHyTph s Toro cnost M rrporrHTbiBan ero. f1pH nocne

.uyromeM BbiCYWHB8HHH L i OH • H 2 0 .UOTDKeH 6bifl - oceCTb H8 HH)!(Hetl: 

'18CTH cnost ZnS, 

Ha pRe, 3 crrnomH o tl: KpHBOtl: rrpeacTaaneHa pac'l:eTHa£ saBHCHMOCTh 

HHTeHCHBHOCTH perHcTpauHH YXH OT .uaaneHHst renHst, HOpMHpOB8HHast K 

3KCIIepHMeHT8flhHOH HHTeHCHBHOCTH IIpH OTCyTCTBHH renHH, <l>opMa KpHBOH 

npaKTH'IeCKH o.rtHHaKoBa anst aeTeKTopoa c LiF, LiOH .H 
2

0 H C OTpa-

>KeHHeM Heti:TpOHOB OT Z n S , 

Pac'l: e THaS! KpHB8Sl H.UeT HeCKOflhKO Bb!We 3KCIIepHMeHT8nhHbiX TO'IeK 

IIpH p = 0 , 5 MM pT, CT H p = 1, 2 MM pT,CT, f1pH'IHH8 p8CXO)!(,UeHHS! 0 

ecnH C'IHT8 Tb e ro peanhHbiM 0 OCTaeTCH HeS!CHOfi, 0HO MO>KeT 6b!Tb ycTpa 

HeHo , ecnH a) yMeHbWHTb K03qxpHUHeHT IIOT'flOilleHHS! HeHTpOHOB B CT e HK8X 

Tpy6br; llflH 6) yMeHbWHTb HX K03cpqJHUHeHT ,UHcpcpysim ; HnH B) ,UOIIYCTHTb 

HBnH'IHe B HCII0flh30B8HHOM renHH 6onbmero KOflH'IeCTB8 IIpHMeceA, '!eM 

06Hapy >KHn aHanH3 HCXOLIHOT'O rasa; HflH , HaKOHeU , r) npe.UIIOflO>KHTb 0 'ITO 

cneKTp HeHTf.lOHOI1 flO'feMy - TO CLIFIHHYT B C TOpOHY !'veHhlllHX CKOpOCTeA , 
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MO)!{HO 38MeTHTb 0 'iTO B p8C'i~T8X y)!{e IIpH.HSITO MHHHM8nbHO B03M0)!{

HOe 3H8'ieHHe KO~$HUHeHT8 AH$$y3HH 0 COOTBeTCTByiDmee nonHOCTbiD AH$$y3-

HOMY OTp8)!{eHHID Heii:TpOHOB OT CTeHOK Tpy6bJ, l13MepeHHSI CKOpOCTH BbJAene

HHSI I'830B H3 38MeAnHTenSI H CTeHOK Tpy6bi H 8H8nH3 BpeMeHHOH 38BHCHMOCTH 

a$$eKT8 B H3MepeHHSIX C renHeM He A8IDT YK838HHH B ITOnb3y crrpaBeAnHBOCTH 

nonymeHHSI B), K C0)!{8neHHID 0 OCT8HOBK8 peaKTOpa Ha peKOHCTPYKUHID He no-

3BOnHna H8M npOAOn)!{HTb HCCneAOB8HHSI C uenbiD 6onee TO'iHOI'O Cp8BHeHHSI 

c TeopHeii, 

DoTOK ynbTpaxonOAHbiX HeliTpOHOB 6bin H83H8'iHTeneH B H8CTOS!lliHX OITbi

T8X He TOnbKO H3-38 Manoi\ MOlliHOCTH peaKTOpa l1EP 0 HO T8K)!{e H3-38 6onb

lliOI'O nepeii8A8 A8BneHHSI Heii:TpOHHOI'O 1'838 B AnHHHOH TOHKOH rnepOXOB8TOH 

Tpy6e H H3-38 rrornomeHHSI B ee cTeHKaxxl, Hcrronh30B8HHe 3epKanhHoro 

aeliTpoHOBOAa HnH HeliTpOHOBOAa 6onhrnoro ceqeHHSI co cna6orrornomaiDmHM 

ITOKpbiTHeM ( H8IIpHMep, H3 6epHnnHSI) IT03BOnHT BbiBeCTH ITOTOK HeliTpOHOB CO 

CKOpOCTbiD v < v 
- I"p 

, 6nH3KHH K M8KCHM8nbHOH BenH'iHHe: 

B 

v 4 

~ 0 ( __E:E_). 
v 

( 17) 

0 

B ( 17) ~ o - ITOTOK TeiTnOBbiX HeliTpOHOB y H8'lana Hei\TpOHOBOA8 0 v 0 - H8H-

6onee BepOS!TH8SI CKOpOCTb TennOBbiX Hei\TpOHOB, DpH KOMH8THOH Tell-mepaTy-

pe 3aMeAnHTenH, noKpbiTHH H3 6epHnnHSI ( vl'p) = 6,8 MiceK) H npH 

14 2 3 2 
~ 0 = 10 HfCM CeK ~ = 1,1,10 HfCM CeK, 'iTO OTHIDAb He Mano, 

5. 3 a K n 10 'I e H H e 

l13nO)!{eHHbJe pe3ynbT8Tbl AOK83b!B8IDT 0 'iTO ynbTp8XOnOAHbJe aeii:TpOHbl 

o6pa3yiDTCSI H p8CITpOCTp8HSIIDTCSI B COOTBeTCTBHH C TeopeTH'ieCKHMH 0)!{HA8HH

SIMH, 3TO IT03BOnSieT ITnBHHpOB8Tb OIThlThl ITO H3MepeHH/O rrepHOA8 p8CIT8A8 

HSHTpOH8 H ero aneKTpH'iSCKOI'O AHITOnbHOI'O MOMSHT8, Mo)!{HO rr~lflaraTb 0 

x/ - S 
Llm! llneanbHOrO neTeKTOpa ( (L Ll ~ 1 , --- • 0,1 7 ) CKOpOCTb C'!i'!-

77 H 2 

..-1'8 OCna6nHeTCSI ITO 3TIIM ITpii'IIIH8M COOTBeTCTBeHHO B 25 II 3 p838, 

i 5 



'ITO YJibTpBXOJIO.[IHbie Hel!:TpOHb! Hal!:ayT H t:lpyrHe IlpHMeHeHHS1
0 

OCHOBBHHbie 

Ha H c rronh3osaHHM 11:x Manol!: 3 HeprHH < "' Io-7 as), crroco6HoCTH cjJoKycHpo-

B a HHSI 11: npyr11:x c s oticTs. 

ABTOpbi rrpM3HaTeJihHhi B.l1rHaTOBH'Iy 3a rrone3Hhie o6cylK/leHHSI, a TaK-

lKe Yf.f.DJIOXOMy 38 IIposeaeHMe BHBJIM3a IlpHMecel!: 8 HCIIOJih3088HHOM HBMH 

renHH. 
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:::; 

lleTeKTOpx/ TomnHHa 
Me.ctHOii: 

lllTOp!tH 

B . MHKpOHBX 

ZnS 1,8 

ZnS +Lif' 1,8 

ZnS+UOH.H 20 1,8 

Z nS + L i 0 II • H 
2 

0 15xxxx/ 

x/H c nonb30BancH nHTHA c 80% 

Ta6nuua I 

YHcna oTc~~TOB 38 100 cex 

<I> on 
(l!9T9KT0p 
38Kpb1T 

WTOpKoA) 

3dxf>9KT 

OTKpbiT OJUiH OTKphiTbl o6a 
neTeKTOP UeTeKTOpa 

xx/ xxx/ xx/ xxx/ 
3KCITep?.MeHT TeopHR 3KCnepHMeHT TeOPHH 

0,20 :':. 0,07 0,08 :':. 0 ,10 

0,41 :':. 0,05 0, 76 :':. 0,10 

0,45 :':. 0,05 o, 73 :+:. o,oe· 

0,71 :':. 0,06 1,0 :':. 0,13 

conep>KauneM L i 6 • Cnoi1 L i F 

0 , 67 

0,82 
( 1,33) 

0,72 :':. 0,21 

0, 70 :':. 0,20 

6hlll uauecen noeepx cnost Z n S. 

0,38 
(0,22) 

0,62 
( 1, 16) 

Ha BTopoM neTeKTope 

na c noK Z nS H8K8ITbiB8llCSI BOll.HbiA paCT BOp L i 0 II • H 2 0 H 3a TeM eo.aa ynanswacb narpenoM; no-annnMoMy, L i Oil · 11 2 0 

H8 X OllHllCSI BH yTpH CllOSI Zn S, 8 He H8 era ITOeepXHOCTH.PBCli~T ITOI"'llOW€HHSi HefiTpOHOB 3 TliM ll€TeKTOpOM npoBOllHllCSi B .llBYX npe.anono>KeHlHIX! 

a) oTpa>t<euHe neHTpouoe OT no aep xnocTH neTeKTopa onpe.aenReTcs:r cnoeM Zn S, 6) oTpa>KeHHe · onpenens:~ e TcSl cnoeM LiOU · II 20 • Pe3ynbT<lTbl 

pac'leTa a npeanon c>t<e HHM 6) npn seneHbT a cTon6uax ~~'TeopnQ • s cKo6Kax. 

xx / npHBOllHTC SJ p83HOCTb CKOpOCTeH C'I~TB aeTeKTOpB n pn OTKpbiTOA H 38Kpb!TOi1 llrTOpKe. 

XXX/ norpe WHOCTH H3MepeHHSI flOTOKB TeO/lOBbiX HeHTpOHOB H 3<f><PeKTHBHOCTH perHCT pBUUH nPo.ayKTOB peBKUHH I, i 
6
(n, a) npHBOUstT 

K norpeWHOCTH paC'I~THbiX 3 H8tJeHHH a<P<PeKT8 ±. 30%, He Cl.JH T 8st OWHfiKH, Bhi3B8HtrOH HeTOtiHOCTblO HC riOllb30B8HHOrO B p8C'-I~T8X llOriyWeHUs:I 

o6 H30Tponnn yrnoaoro pacnpe.aeneHHSl T e nnoBbTX HeHTpOHOB a 3a MeanHTene 3. 

xxxx/ BpeMst aanHpaHHQ nocne BCITbiWKH - 0,3 ceK. B OC T BilbHbiX H3MepeHH SIX - 0, 7 ceK . 


