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8 pa6oTe 
111 

6hin npeLlno >KeH M9TOLl nonstp11aau11H HeltTpoHoe ny·reM cj>KnbTpauHH qepea 

nonstpH30B8HHYIO npOTOHHYIO MHlll9Hb, OCHOBBHHblll Ha CHnbHOlt CnHHOBOl! 38BIICIIMOCTII D -p 

paccestHHS! , J.1HT9HCIIBHOCTb II nonstpii38UIIS! fn Hel!TpOHHoro nyqKa , nporneLlrnero 

qepe3 ll011HpH30B8HHYIO MHlll9Hb, .Q810TCH Bbip8>KeHHHMH: 

(I) 

(2) 

rLle J.0 - IIHT9HCIIBHOCTb nBLlBIOlllero ny'IK8, - nonRpH38UHH npOTOHOB , - 'IHC110 

npoTOHOB e I CM
3 

o6paaua, - T01IWKH8 06p83U81 OP - T8K H83biB89M09 ll011HpH38-

UIIOHHOB CB'I9HIIe, pBBHOB nonypaaHOCTH CB'IBHIIlt D - •p -paCCBS!HHS! C npOTIIBOnOnO>KHbiMH 

(mn •-•mp) H OLlHH8KOBbiMII (mn • · m p) 

HBltTpOHa II npOTOHB: 

H8t:I81lbHbiMH M8rHHTHbiMH KB8HTOBbiMH "'HC118MH 

(3) 

T - nponycKaHHe H enonstp1130BBHHOlt ( 4. a -0) MHWSHH, 

npH 3HeprHH HBi!TpO'!OB ::: 10 K3B H B OTCYTCTBIIB KOrepeHTHbiX acjlcjleKTOB, KBK 

H9TPYLlHO nOKB38Tb, "p -0,82 "• , rLle "•- nonHoe ceqeHHe n -p - paccestHIIst . np11 

O'<eHb Manolt aHeprHH HeltTpOHOB KOrepeHTHble cnaraJOll.llle ceqeHIIll He npiiBOLlstT K ocna6ne-

HIIIO nyqKa, II B (3) cneLlyeT OCT8BIITb TOnbKO H9KOrepeHTHbiB Cn&r810llliiB q BHTH H q napB!' 

8 aTOM cnyqae ' ri;, •0,66 "• TaK KBK e o6n a cTII aHeprHlt HeltTpOHOB I ae - LleCstTKII 

K3B u · 
p npBKTH'I9CKII UOCTOS!HHO ( U~ • 16, 7 6apHa), TO nonstpH38UIIS! HeltTpOHOB TBK>K9 

6yLlBT UOCTOS!HHOlt B 3TOlt o6naCTII 3Hepr11ll. 

YKaaaHHhllt MeTOLl 6bin llcnonb3oeaH HBMII Llnst nonstpHaauHH nyqKa peaoHaHCHbiX 11 

TennoBbiX HeltTpOHOB oT HMnynbcHoro peaKTopa J.1BP
121

• CxeMa ycTaHOBKH nplleeLleHa Ha 

pH C. I. J.1cnonb3oeanacb nonstpHaoeaHHB S! npOTOHHast MHlllBHb, onHCaHHast B pa6oTe
131

• nonst

pl!aau"l!st npOTOHOB OCYll.l9CTBnstnaCb MBTOLlOM TBK H83biB89MOrO COniiLl - acjlcjleKTa/
4/ B MOHO-

KpiiCTanne LlBOltHoro naHTaH-MarHIIeeoro HIITpaTa La 2 Mg 
3 

(NO 
3 

)
12

• 24H
2 

0 c 1 % - Holt 

npKMeCbiO Nd u
2 

np11 TeMnepaType 1,5°K 11 e MarHIITHOM _.none 10 Ka (LlniiHa eonHbl 

C8~ ,\ •8 MM). PaaMepbl HcnonbaoeeHHoro KpllcTanna 33x23x 7 , 5 MM . Yc11neH11e nons•-

p113BUIIII no OTHOlllBHIIIO K CTBTII'IBCKOlt, 113MepeHHOB no CllrHany S!LlBpHOrO MBrHIITHOrO peao

HBHC8 npOTOHOB , LlOCTIIrano 520, 'ITO COOTBBTCTByeT nonstp1138UIIII npOTOHOB fN •36~3%, 



' 

B nep80M 9KcnepKMeKTe HsMepRnCR e~eKT oaKoKpaTKOro nponycKBKKR o;epes npo-

TOKKYIO MHWeKb < 

• = l(f N) -1(~ = 0) 

l(fN = 0) 
=chf nu · t - 1. N P (4) 

3KeprHR KeATpOK08 onpeaenRnacb no 8peMeKK nponeTa (nponeTKBR 6asa 18 M). PesynbTa

Tbl K3MepeK KA npH8eaeKb! K8 pKC. 2, K8 KOTOpOM nOK838K8 T 8K>Ke nonRpK38UKR npoweawerO 

KeitTpOKKOrO ny<;K8 fn 3H8"19Hds:I fn B blqHCnSinHCb H3 COOTHOW9HHSI: 

~ ~ -1 
r.=r (2n) (l+ ·r) • (5 I 

KOTopoe c n eayeT H3 (2) H (4). 

Ha pHc. 3 npHaeaeKbl 3HB'ieHHsr !1 
p , p BCC "'HT8HHbi8 H3 3KCnepn:MeHTBnhHbrx aenHt.tHH ' 

H fn C noMOWbiO cjlopMynbl (4). B o6nacTH E i; 

neTBOpHTenbHOe corn8CH9 C T9 0p9TH "'9CKHM 3H8"19HH9M 

98 MO>KHO KOHCT8THp088Tb yao8-

0" P s16, 7 6apK8. J:3 o6nacTH 

E < I sa u • aospacTaeT Hs-sa ecjlcjleKTa XHMH'ieCKOit CBR3K • .LlnH nonyo;eKKSI 3Ka'ieHHl! 

8 9TOil o6n8CTH K8MH 6b!n0 H3MepeKO nponyCK8HHe KpHCTanna n8KT8H-M8rKH€BOrO HK

Tp8T8 TonwHHoA 3,5 MM npH KOMKBTKOI! TeMnepaType H npH T -1,4°K. PesynbTBTbr 

npHBeaeHbl Ha pHC. 4. npH Bbl'iHCneHKK K3 KpKBOi! nponyCK8HKSI Ce'ieHKSI aoaopoaa 0" 
0 

8 

o6nacTH E ~ 1 as Bbt'lHTBnHCb nonHbte cel.f.eH HSI ocTanbHbiX KOMnoHeHTOB KpHcTanna. B o6-

n8CTH XOnOaH blX Hei!TpOKOB E ~ 1,01 sa) Bbl'iKTanKcb TOnbKO ce'ieHHSI HeKprepeKTKOro 

paccesrHHR H 38XB8T8. npH E ~ 0,01 98 nony'ieHO 0". -65 6apK. COOTBeTCTBYIOWee 3Ka-

'ieKHe O"P •0,66 u ·. =43 6apHa a npeaenax owK60K H3MepeKHSI cornacyeTcR c Bbi'IKcneu-

Hb!M H3 H3MepeHHi! oaHOKp8THOrO nponyCK8HHSI ( pH C. 3) • 

Bo BTOpOM aKcnepHMeH Te cTeneHh nonHpHaauHH aeATpoaoa, npowe.awHx qepea , nong

pHsoaauuyJO npOTOHKyiO MHWeHb, onpeaens!n8Cb nyTeM H3MepeKHSI nponyCK8HHR H9i!TpOKKOrO 

rry<;K8 K8M8rKH'ieHKb!M >Kene30M. nnaCTHK8 >Kenesa TOnWHKOl! 2 CM nOMeWM8Cb Me>Kay 

nOniOC8.MH BTOporo M8rKHT8 0 pacnono>K eHHOrO K8 paCCTOSIKHH 2 M OT M8rKHT8 - nonRpH38-

TOpa. Hanpa8neKHe MaruHTHoro nonH 8 o6o1<x MarKHTax 6hrno oaHKBKOBbiM. VlsMepRncR 

ecjlcjleKT ll8YXKpaTKOrO nponyCK8HKSI: 

r2 = 

aKTil napa 
I -1 

2 BH1 H I napa' 
I + (6) 

rae I aKTH, I napa - co;eT · KeATpouuoro aeTeKTopa npK n apann enbHOi! H aKTHnapannenb

uoll opK9KTaUHK nonHpHsauHH npoTOHOB oTKOCHTenbHO 8Kewuero MarKHTuoro nonH. EcnH 

a6coniOTHaR aenH'iHKa KeATpOKKOA nonHpH38UKH fn oaHKBKOBa npH 069HX OpH9KTaUHRX 0 

TO 

r 2 = 2f.thno-
0

(Fe)t, 
(7) 

4 

rae n,u~ (Fe) H t - cooT8e1 

H TOnWHK8 >Kene3KOrO o6pa~ 

MeHReTCR OT 06paaua K 06~ 

ecjlcjleKT oaKoKpaTuoro npony 

paaHT~ r 2 KenocpeacTaeKH 

r ' 2 

Ha pKc. 6 npK8eaeKbi H3Mef 

B 9TOM onbrTe nonRpKaauHH 

MeKbWe a6bl'iHOA H COCT8Bnf. 

pHC, 6 - 3Ka'ieKHR r ~ • 0 pe 

pa89KCTaa r.napa HI r.a 

npH HCrrOnb3a8aKHH nanRpHaa 
8HTH t 

H fN t H3M9p9HHblX nc 

TaKHM o6paaoM, peayn; 

B8KKYIO npOTOHKYIO MKWeHb I 

HH"'eHHoe >Keneao - ynoaneT 

TOnWHKe KpHCTanna 7,5 MM 

nHeT 42% anR xonoaKhlx Ke' 

c sa eprHel! aT I 98 ao 10 > 

0,14; 0,22 K 0,47. Mbr npeL: 

IUKKOA 20 MM 8 none 17 K9 

HeATpOHOB H nponycKaHKe M> 

COOT89TCT89KKO 85% K 0,07, 

PaccMoTpeHHhrl! MeToa 

o6nacTb Hcnonb30BBHHR nons 

10-15 ea
151

• B o6nacTH Ten 

HHT9HCHBHOCTb llOnHpH30B8HH 

yrnoaoA pas6poc naaa10werc 

0TMeTHM B 38KnJO'ieHKE 

a6con~Tuoro R3MepeHHSI non 

HOCTeA, CBSI38HHbiX.1 H8llpHMe 

npK 6onbWHX 8peMeHax pena 

K09cPcPHUHeHT8 aHH8MH'ieCKOI 
IU 

uHell Nd • YcKneuKe oKaa 

UHel!. 



)l'O nponycKaHKR ~epea npo-

(4) 

eTHaR 6aaa 18 M). PeaynbTa-

aK>Ke nonRpKaauKR npowe.o.wero 

THOW9HHSI: 

(5 ' 

3KCnepHMeHTBnbHbtX aenl-PUIH 
1 

MO>KHO KOHCT8TKpOB8Tb y .O.OB

•16, 7 6apHa. H o6nacTK 

K, nnR nonyqeHHR 3HaqeHHlt 

3nna nBHT8H-M8r'HKEBOr'O HH

T - 1,4°K. PeaynbTBTbt 

lSI ceqeHHsr so.aopo.oa u • a 

>MnoHeHTOB KpHcTanna. B o6-

flbKO CeqeHHSl H8KprepeHTH0r'O 

iapH. CooTeeTcTeyJOwee aHa-

•a, nporne.a.wKx t.Jepea nons:~-

<HR nponycKBHHR HBltTpOHHOrO 

2 eM noMewanacb Me>K.o.y 

I M oT MBrHKTa - nonRpKaa

o.o.KHBKOBbtM. Yf3M9pRnCR 

(6) 

?Bnn enbHCA " aHTKnapannenb

> MarHHTHoro nona. EcnK 

i npH o6eHX OpHeHT8UHRX 0 

(7) 

l'JlB n,f7~ (Fe) K t - COOTBBTCTBBHHOe qKCnO 8TOMOB B I CM
3

, nonRpK38UHOHHOB Ce~BHKB 

K TOnWl<H8 >Kene3HOl'O o6paaua. nocKOnbKY nonRpK38UHOHHOe ce~eHKe >Keneaa CHnbHO 

MBHRBTCSI OT 06p83U8 K o6paauy H 38B.HCHT OT CTeneHH H8M8l'HH~HB8HHSI, 6btn K3MepeH 

aq>cpeKT O.O.HOKpaTHoro nponycKBHKSI r 1 (Fe) (pH c. 5). J.1cnonb3yR (I) K (;.!) HeTpy.o.Ho Bhr

paaHT~ ·~ Henocpe.o.cTseHHO qepea <1 (Fe) 

(8) 

Ha pHc. 6 npKee.o.eHbt H3Mep_eHHbte aHa~eHHSI ·~ B aaBHCKMOCTK OT aHeprHH HeltTpOHOB. 

B aTOM onbtTe nonHpH38UHH npoTOHOB no nenpHHUKITHBnhHhiM TexHHtt.ecKHM nput.:J:HHBM 6hrna 

MBHbllle 06bt~HOlt H COCTaBn!lna f Nnapa •0,25, fN aHTH • -0,1 5, CnnOillHaSI KpHBaR Ha 

pHc, 6 - aHa~eHHR r 2 • , pacc~HTaHHbte no K3MepeHHbtM eenH~HHBM r 1 (Fe) c yqeToM He-

paeeHCTea t. napa H I t.aHTH I nocne.O.HHe BblqHCnRnKCb c nOMOillbiO ¢opMynht (2) 

npH HCnOnb30BaHKH nonRpH3aUKOHHOl'O ceqeHHR BO.O.Opo.o.a H3 pHC, 3 K 3H8~BHHi! 
f napa 

N 

H 
f aHTH 

N 

' 
, H3MepeHHblX no npOTOHHOMY MarHHTHOMY pe30H8HCy. 

TaKHM o6paaoM, peaynbTaTbt o6oHx aKcnepKMeHTOB - nponycKaHHR qepea nonapHao

s aHHYJO npOTOHHYIO MKilleHb K nponycKaHHSI ~epe3 nonRpH30BaHHyiO MKillBHb H qep93 HaMar

HK~BHHOe >Kene30 - y.O.OBneTBOpHTenbHO COrnacyJOTCR C TeOpBTHqeCKHMH O>KH.O.B.HKSIMK. npH 

TOnlllKHe KpHCTBnna 7,5 MM none 10 K3 H3MepeHH8R nonRpH38UKR Hel!TpOHHOl'O nyqKa COCT8&-

mreT 42% .o.nR xono.o.Hb!X HeATpOHOB, 35% .o.nR Tennoeoro cneKTpa H 17% .O.nR Hel!TpOHOB 

c 3HeprKeA OT I as .0.0 10 K3B, nponyCKBHHe KpHCTanna 1/Io COOTB8TCTB8HHO paBHO 

0,14; 0,22 H 0,47. Mbr npe.o.nonaraeM e 6nH>K8Aillee epeMSI ucnonb3oBaTb KpHcTann Ton

UlHHOA 20 MM B none 17 K3 (.o.nHHa BOnHbl 4,5 MM). npH 3THX ycnOBHRX nonRpH38UHR 

HBJITpOHOB H nponycKaHKe MHillBHH COCT8Bl<T .O.nR TennOBblX K p930H8HCHblX HBJITpOHOB 

COOTBeTCTBBHHO 85% H 0,07, 63% H 0,2. 

PaccMOTpeHHhtll MBTO.O. nonRpHaauHH HBJITpOHOB noaeonHT paclllHpKTb aHepreT>rqecKyro 

o6naCTb HCTIOnb30BaHHR ~OnRpH30BaHHblX HBJITpOHOB, orp8HHqeHHYIO B HaCTORUlee BpBMSI 

10-15 aa151• B o6nacTH Tennosbrx 3HeprHll 3TOT MeTO.O. noaeonHT cywecTBeHHO no.O.H!!Tb 

KHTBHCKBHOCTb nonRpH30B8HHblX nyqKQB 0 TIOCKOnbKY OH He HBKnB.O.btBaeT orpaHHqeHHlt Ha 

yrnoeoll paa6poc na.o.a10wero nyqKa H a¢¢eKTHBeH .o.nR ecero cneKTpa TennosbtX HBRTpoHoe. 

0TMeTHM B 38KnJOqeHHe, qTQ nponyCK8HHe Hel!TpOHOB HBnRBTCR y.0.06Hb!M MBTOllOM 

a6conJOTHO!'O H3MepeHHH TIOTIRpH38UHH npOTOHOB B npOTOHHOi! MHillBHH, CB060JlHbiM OT Tpy.o.-

HOCTeA:, CBSI38HHbJJC 1 H8UpHM8p, C H8Cbllll.9HH8M llpOTOHHOrO pe30H8HC8 H3M8pHTenbHblM nonetvf 

npH 6onblllHX epeMeHax penaKcauHH. TaK, 3TOT MeTo.o. 6brn npHMeHeH HBMH .o.n11 H3MepeHHSI 

K03qxpHUHeHT8 .O.HHBMHqeCKOr'O yCHneHHSI nonRpH38UKH B KpHCTanne C 0,4%-HOlt KOHUeHTpa-

142 
UHelt Nd • YCHneHKe OK838nOCb TBKHM >Ke, KBK p.mr KpHCTanna C I % -HOi! KOHUeHTpa-

uHeil. 
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:x11lt OTLlen 

I. 

Puc. I. 

.. 

CxeMa ycTaHoaxu Lln!l nongpuaauKK HeltTpoHoa: I - UMnynbCHbllt 

fihiCTpb!lt pe8KTOp, 2 - KOnnUM8TOpb1 0 3 - llpOTOHH8!1 MHW9Hb, 

4 - MBrHUTbi, 5 - MBrHHTOllpOBOLl, 6 - >Kene3H8!! nnBCTHHB, 
7 - 38WUT8, 8 - Ll9T9KTOp, 

6,f. 

10 

fn ,'j. 
ID 

.., 
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IIJ 

IJ 

0 

Puc. 2. 3<jlcpexT OLlHOKpBTHoro nponycxaHH!! < (E) qepea nonS!pKaoaaHHyJO 

npoTOHHYJO MHWeHb . ( Kp!!BBSI I) H 38BHCHMOCTb non!!pHaauHH Helt-

TpoHoa fn OT :3HeprHH (KpHB8!1 2) , ropH30HT8nbH bl9 '19pTO'IKII 

- IIHTepaan ycpeLlH9HH!! no apeMeHK nponeTa; aepTHKBnbHbie qep
TO'IKH - CTBTIICTH'IeCKH e OWH6KH 113M9peHHlt, 

7 
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PHc. 3. 3aaHCHMOCTb nonHpH38UHOHHOI""O ceqeHHH ao.oopo.oa OT aHeprHH 

H8ftTpOH8 .ctnH MOHOKpHCT 8 nna .llBOftHOI""O n8HT8H-M81""HH8BOI""O HH

Tp8T8. 0wH6KH 3KCU !;!pHM8HT8nbHbiX TO'l8K o6ycnoaneHbl CT8TH

CTHKOft C'l8T8 H8ftTpOHOB. nyHKTHpHbl8 KpH8bl8 yK83biB8IOT rpa-

HHUbl CHCT8M8TH'l8CKOft OWH.6KH B UP , o6ycnoaneHHOl! H8TO'lHO-

CTbiO H3M9p9HHH nonHpH38UHH npOTOHOB, no ycHnSHHIO H.ll8pH01""0 

M81""HHTHOI""O p830H8HC8 npOTOHOB. 
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4D 100 lSD - liD jDq ~NU-
Ql!lt/ /)'* QQII HI# 11«1111 ~E.•v 

nponycK8HH8 KpHCT8nna La. Mga (NO t)t •• 24Ha0 TOnWHHOft 

3,5 MM ( KpHaaH I - 300°K, KpHB8H 2 - 1,4 K) H ceqeHile 

pacceHHHH ao.oopo.oa u~ npH T • !,4°K (KpHaaH 3 -u. 
HBXO.llHnOCb 8bl'lHT8HH9M nonHblX C9'l8HHft .ctpyl""HX KOMUOH9HT08 

KpHCT8nna, KpOM9 BO.ct0pO.ct8, KpH88H · 4 - Bbl'lHT8nHCb C8'l8HHH 

H8K01""9p9HTHOI""O p8CC9stHHH H 38XB8T8). 
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PHc. 5. 3cj:>cj:>eKT O.llHOKp8THoro nponycKaHR!i qepea 

H8M8rHHqeHHOe )!(eneao r 1 (Fe) • CnnowHaR 

KpHB8!1 - pacqeT no TeopHH lUTeAH6eprepa H 
BHKa npH ycnoaHH nonHero H8CbillleHH!i )!(e
neaa161. 
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PHc. 6. 3cj:>cj:>eKT aayxKp8THoro nponycKaHH!i r 2(E) 

CnnOWH8!1 KpHB8!1 - pacqe T npH ~= · ~8:rs 


