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BBE/1EHHE 

B nocneAHee speMR a Pa3JlH4HbiX HaY4HbiX 1.\eHrpax Ha4aTbl pa6o
Tbl C- HCnOilb30BaHHeM BTOPH4HbiX paAHOaKTio1BHbiX nY4KOB, ccl>OPMHPO
aaHHbiX H3 paAHOaKTHBHbiX npDAYKTOB RAePHbiX peaKLH111. 

OcHOSHaR HanpasneHHOCTb HCCileAOBaHH~ CO BTOPH4HbiMH nY4Ka
MH - H3y4eHHe ce4eHHH B3aHMOAeHCTBHR 3THX 3K30TH4eCKHX RAep 
C RAPaMH MHWeHH, H3 KOTOpbiX MOH<eT 6biT b H3 BJle4eHa HH(J}OpMat.tHR 

o crpyKrype RAep, YAaneHHbiX or o6nacrH cra6HllbHOCTH, 7 HMeHHo: 
o pacnpeAeneH~~ RAepHoH MaTep~~ ~n~ PaA~ycax RAep/ 1- 3 . 

no.ny4eHHe BbiCOKOHHTeHCHBHbiX ny4KOB TRH<ellb!X HOHOB nPOMemy
T04HbiX 3Hepnu~ n03B0/1HJ10 n011Y4HTb B peaK4HRX €llparMeHTaU,HH 
H C<J>OpMHposaTb BTOP1114Hble nY4KH 3K30TH4eCKio1X AAep, a TaKme npo
BeCTH H3y4eHHe Ce4eHHH B3aHMO,ei1CTBHR MeH<AY 3THMH 3K30TH4eCKH
MH RAPaM/ H RAPaMH MHWeHH/2,3 • H3ane4eHHaR H3 3THX AaHH~X HH
¢topMaU.HR Z,3/ o paAHYcax eaaHMOAeHcTBHR aowna a npoTHB.ope4He 
C pqHee nofly4eHHbiMH AaHHbiMH Ha nY4KaX npoTOHOB BbiCOKHX 3Hep
r~H/I/. 

B TaKHX 3KcnepHMeHTax c eTopH4HbiMH nY4KaMH BbiCOKHX 3HeprHH 
6~nH nony4eHbl Heo6bi4HO· 6onbWHe 3Ha4eHHR paAI-1YCOB RAep AflR 8He, 
11Li, 14Be ~ 17B/1,3/. 

8 CBR3H C 3THM o6CTORTeflbCTBOM B03HHKna He06XOAHMOCTb nony-
4eHHR ijOnonHa.iTenbHoH 1-1H¢topMaU,HH o paaMepax RAeP APY~a.iMI-1 MeTo
AaM~/4/, Ha~6onee KoppeKTH~M cnoco6oM nonY4eH~R TaKo~ ~H$op
MaU,I-1H MomeT cnymi-1Tb I-13Y4eHHe ynpyroro pacceRHHR 3K30TI-14ecKHX 
R·AeP BTOPH4Horo nY4Ka Ha RApax MHWeHH. HaMI-1 6blna CAenaHa nonbiT
Ka nOflY41-1Tb BTOPH4Hble nY4KI-1 RAep ner4aHWHX 3neMeHTOB B npRMbiX 
peaK4~Rx np~ 3Hepr~~ -20 M3B/AI5/, OcHoBoH AnR nocTaHoBK~ Ta
KHX OnbiTOB nocnymHflH AaHHble 06 H3Y4eHHb1X paHee Ce4eHHRX 06pa-
30BaHHR HeHTpOHOH36biT04Hb1X H30TOnOB ner.4al::tWI-1X 3neMeHTOB/6j. 
B HacToR~qeH pa6oTe npoaeAeHbl 3KcnepHMeHTbl no HccneAoeaHI-110 y.r
noeoro pacnpeAeneHHR ynpyropacceRHHbiX RAep &He, 9He, 8Li H 9Li, 
o6pa3y~~XCR B peaK4~RX B3a~MOAeHCTB~R 11 8 C 3HeprReH 
18,2 M38/HyKnoH c RAPaM~ M~weH~ ~3 12C, 9 Be ~n~ 1B1Ta. 

TEXHHKA 3KCnEPHMEHTA 

Ha pHc.l npeACTaeneHo cxeMaTH4eCKoe Hao6pameHHe 3Kcnep!-1MeH
TallbHaH ycTaHOBKH, HCnOnb3YeMoH B OnbiTaX AflR cenapaU,HH H HAeH-
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Pile. I • BnoK_.cxeMa 3KcnepHMeHTaJihHOH ycTaHoBKH: T 1 -

MHilleHb nepBHtiHOrO nyqKa, T2 '- MHllleHb AJlH BTOpHt.JHoro 

nyqJ(a, CR - TenecKon H3 rmacTHl.:leCKH"X p,H::meKTPH'lleCKHX 

~eTeKTopoB, M ,·E .:... nonynpoaop;HHKOBble p;eTeKTOpbi TOJIIlJ;H

Hoil !20 H 2000 MKM. 

T~~HKa4HH nerKHX nPOAYKTOB RAepH~x peaK4HH. OcHoey ycraHoBKH 

cOC.raBilRIOT ABa Aa.1nOilbHbiX MarHio1Ta Ml H M2, KOTOPble V1CnOilb3YIOT

CR a CHCTeMe ·rpaHCnopTHPOBKH H cHHmeHHR BbiBeAeHHoro nY4Ka yc

KopeHHbiX TRll<eilbiX "oHoB Ha ycKop.,Tene Y-4oo/7/. OcHoBHble napa

Metpbl Al-1nOilbHbiX MarH~;~roe H cxeM npeo6pasoeaHHR ny4Ka nPI-1BeAe

Hbl ~/8/. 
KaK noKaaanH 3KcnepHMeHTb/5/, eropH4Hble nY4KI-1 ner4alo'1wHx 

RAep MOryT 6b1Tb C$0pM"POBaHb1 "3 nPOAYKTOB RAePHbiX peaK4"H 

c TRl!<eilbiM" "oHaM" np" 3Hepr"" "oHoB ·AO 20 M3B/HyK11oH. I\11R 3To

ro nepeA AHnonbHbiMH MarHHTaMH ycraHaenHeanacb oxnamAaeMaR ~

weHb Tl; pacc4HTaHHaR i-la· nonHoe· norno~qeHHe lo10Hoa 11 ·B c sHep

r"e~ 200 M3B. · 06pa3oeaew,.ecR nPoAYKTbl peaK4"i'i TpaHcnopTHpoea

lllo1Cb C noMOiqbiO K·BaApYnOJlbHbiX lo1. -AHnOJlbHbiX MarHio1TOB B p.e8KU,Io10H

HYIO KaMepy, B KOi"OPOI~- ·6~1111 ycTaHOBlleHbl BTOpaR TOHKBR MHWeHb 

T2 AllR pa'cceAHHR·· nert<lo1X '"tB'CTio1U, ·BTOPH4HOro ny4Ka H reneCKOn 

LlExE AnR HAeHTH€l>lo1KaU,Io1H "" MOHio1TOplo1·poaaHHR -lo1HTeHCHaHocTH ·B,TOPH4-

Horo nY4Ka 0 • 

Kat< noKaaanH oilbiTbl, npH yrne aaxeara MarHio1THoro .aHanlo1aaro

pa Ml-M2 N9 MCP CHCTeMa ·TpaHcnopT.,POBKH no3B011ReT nony4aTb "H

reHCio1BHoC-Tb. c€l>OKYCHpOB8HHoro Ha· MHWeHb BTOPio14HOro ny4K8 6 He 

HJ11o1 9 Li AD 103 48CTo/C np1o1 nepaOH848JlbHOM TOKe nY4Ka 11 B ~ 

~ 1 MKA. HHTeHcHeHocTio1 BTOPio14HbiX 4aCTHU. 8 He H 8 L i np1o1 3Tio1X 

yCJlOBHRX 6bllllo1 B HeCKOJlbKO P83 Hlo1me o 

'He06XOA1o1MO ·a·aMeTHTb, -410 HHTeHCio1BHOCTb BTOPio14HOrO ny4K8 

1o1 COOTHoweHio1e BbiXOAa 48CTio1ll, Ha MHWeHio1 38Bio1CHT OT Z RAPB-MHWe-
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PHc.2. 6E-E ,o;HarpaMMbJ p;Jut peaKu;HH .11 B + 'c H 1 1 B + Ta. 

HH 1t1 BbJ6paHHO~ MarHHfHoH ·mecTKOCTH CHCTeMbl, 8 ·AAepHbiX peaKU,H

AX 118 /200 M38/ + 12C HilH 9 8e npeo6naAaeT BbiXOA H30TOnOB 4He 
H 6He. H3MepeHHOe COOTHOWeHHe BbiXOAOB 6 He npH 6oM6apAHPOBKe 

1 18 MHWeHeH H3 181 Ta, 12 C H 9 Be 6nH3KO K aenH~HHaM 1:2:4. Cne
AYeT OTMeTit1Tb, 4TO Halo160nee 'WHPOKHV! AV!ana30H BTOpH/HbiX nPOAYK

TOB Ha6Il~aeTCA B peaK4HH 11 8 + 181 Ta (500 Mr/cM2 ) 9/. 8 Ka-
4eCTBe Hnn~CTpaLJ,HH Ha PHC.2 npeACTaeneHa 6E-E MaTpHU,a AflA peaK
U,Hill 11 8 + 1 2 ( J.1 11 8 + 181 Ta. nocneAHAA peaKI..l.HA 6biJ18 Bb16paHa 

AJlA H3Y4eHII!A pacceAHHA o6paaoeaaWHXCR paAHOaKH1BHbiX AAeP, 
GHe, 8 He, 8Li H 9 Li Ha AAPaX cepe6pa. AnA 3Toro ny40K BTOPH4-

HbiX 48CTHU, 6b1Il C<lX>KYCHPOBaH H orpaHH4eH B pa3Mepax AHa(J>p.arMa

MH /AO 5 MM B AHaMeTpe/. Ha nYTH C$OKYCHpOBaHHOCO TaKHM o6pa-
30M nY4Ka ycTaHaBnHaanacb MHweHb T2 /pHc. 1/ H3 ecreCTBeHHo~ 

CMeCH H30TOnOB cepe6pa TOn~HHO~ 300 MKr/cM2 . MOHHTQPHPOBaHHe 

nOTOKa P8AH08KTHBHbiX RAep BTOPH4HOrO ny4Ka npOBOAHnOCb C no
MO~b~ ~E-E-renecKona, a HAeHTH(J>HKa~HR H H3MepeHHe 4HCna pac

CeRHHbiX nOA paanH4HbiMH yrnaMH RAeP ocy~ecrenRnHCb c noMOW,bto 
11 C3HABH4a 11 H3 ABYX nnacTH4eCKHX AH3neKTPH4eCKHX AeTeKropoe 
THna CR-39/IO/. nonynpoBOAHHKOBble KpeMHHeBble AeTeKTOPbl. AI1A H3-
MepeHHR 3HeprHH 4aCTH4 HMenH TOn~HHY 4YBCTBHTenbHOrO CDOR 

AO 2 MM, a 6E -geTeKTOPbl - OT 70 AO ISO MKM. Ha6op HH$opMa4HH 
H o6pa60TKa ~E-E MaTpH4 npOBOAHnHCb C HCnonb30BaHHeM nepcoHanb

HbiX KOMnb~repoa THna AT: 06pa6orKa 7poBOAHi1acb c .Hcnonbaoea
HHeM MOAH$H4HPOBaHHO~ nporpaMMbl SPM 11 /. CHcTeMa cenapa4HH 
npOAYKTOB peaK4HH HaCTPaHeanaCb TaK, 4T06bl o6ecne4HTb TpaHC

nOpTHPOBKY nPOAYKTOB 6 He, 8 He, 8 Li H 9 Li c 3HeprHRMH 57, 
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18.88 28.88 D,MKM 

PHc.3. Pacnpe~eneHHe TpeKoB, o6pa3oBaHHWX H30TOnaMH 

~He, 6He, 9 He H 9 Li, B 3aBHCHMOCTH OT AHaMeTpOB. 

43, 94 H 86 M36 COOTBeTCTBeHHO H 3HepreTH~eCKHM pa3-
6pOCOM -2%. PacCTOAHHA Me~AY MHWeHb~ H nnaCTHKaMH H pa3Mep~ 
nnacn1KOB noaaonAilH oxaannb yrnbl pacceAHio1A OT ao ,qo 220. J.1c
nonbaoaaHHe nnacTH4ecKHX ,qeTeKTopoe noaeonHno npoaecTio1 3KCne
p.HMeHTbt no pacceAHHtO BTOPI-14HbiX pa,qHOaKTio1BHb1X 48CTH4 npH HX 

cpaaHHTenbHO HH3KoH HHTeHCHBHOCTH. H,qeHTH<J)HKaLU·1A pacceRHHbiX 

AAeP H30TOnoe renHA H nHTHA c noMowb~ nnacTHKOB CR-39 ocyweCT
BllAnacb no ,qHaMeTpaM TpeKOB, OCTaBJlReMbiX 48CTHl.laMH C Y4eTOM 

Yr110BOH HanpaBJleHHOCTH TpeKa no OTHOWeHHtO K HanpaaneHHtO BTOPH4-
Horo nY4Ka. Ha pHc.3 npHae,qeHbl KanH6poao4Hble pacnpe,qeneHHA AHa-
MeTpoa TpeKOB OT 4He, 6He, 8 He H 9l i C yKa3aHHbiMH BbtWe 3Ha4e-

Hio1AMH 3Hepra.-tH 3Ta.1X BTOpa.-t4HbiX 4aCTHU., 

PE3YnbTATbl H AHAnH3 3KCnEPHMEHTAnbHbiX 
PE3YnbTATOB 

Ha pa-te. 4, 5 nPeACT asneHbl nony4eHHble aaaa.-tca.-tMOCTH oTHoweHHR 

AH(Jl(JlepeHU,a.-taflbHbiX Ce4eHa.-tH pacCeRHI-1R K ce4eHH10 peaep(J)OPAOBCKOrO 

pacceAHHA OT yrna pacceAHHA /a na6opaTOPHOH CHCTeMe KOOPAHHaT/ 
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PHc .5. 3aBHCHMOCTb BeJIH'liHHhl 
o/oR oT yrna B na6opaTopHoH 
CHCTeMe AJIH 9Li. 

PHc.4. 3aBHCHMOCTb OTHOWeHHH 
ynpyroro pacceHHHH K pesep~op
AOBCKOMY o/oR OT yrna B Jia6o
paTOpHoH CHCTeMe AJIH 6He H BHe ,• 

AilR RAeP 6He, 9He, 9Li. nony4eHH~e aas~c~MocT~ ce4eH~H pacceR
H~R e o6nacT~ MallbiX Y rnoe xapaKTepHbl AnR peaKLV"H YnPY ~oro. pac
ceRH~R. np~ yeeJl~4eH~~ yrna paCCeRHHR Ha6n~aeTCR yMeHbWeH~e 
OTHOWeH~R o/ OR,, 4TO 06bRCHReT.CR BKJ1104eH~eM KaHana RAePHOro 
nornouteH~R. B paMKax KBaa~Knacc~.4eCKoro nP~6n~lKeHHR ~a nonY4eH
HbiX aKcneP~MeHTallbHbiX AaHHbiX onpeAe11AilOCb aHa4eHf.1e yrna rpeH-
3HHra14/, . 

Cor nacHO AH<IJpaK4HOHHO~ MOAeJlH npH yrne r~eJ13HHra e 1 I~ OTHO
weHHe ce4eHHH a/ oR AOJllKHO paBHR.TbCR 0,25/1 I, 

np~ Y,Se11~4eHHH Yrlla pacceRHHR B03H~Ka10T np0611eMbl pa3AeneH~R 
ynpyroro" Heynpyroro nPo4eccoe. KaK noKa3~ea~T o4eHKH" 3KC
nep~MeHTbl no pacceRHHIO nerK~x CTa6~n~HbiX RAeP, Hey7~~r~e nP04eC
c~ B o6naCTH Yrna 8 1 h~ MOCYT BHOCHTb BKJlaA -1f10% ,14/, B 4a
CTHOCTH, B pa60Te/1 47 H3MepeHHaR BepoRTHOCTb B036YlKAeHHR Ml-
~ E2-cocTORH~H a RAPe M~WeHf.1 197Au HOHaM~ 8Li He npeeblwaeT 
6·10-2 oT ynpyroro KaHana. TaKHM o6paaoM, npH paccMoTpeHHH co
oTHoweHHR a I aR AllR onpeAeneHHR B 1 1~ e nepeoM npH611HlKeHHH MO>KHO 
6~no npeHe6pe4b BKJlaAOM HeynpyrHx KaHanoe. 

nonyyeHHWe TaK~M o6pa30M 3H84eH~R YrllOB rpeH3~Hra npeACTaB
JleH~ B Ta611H4e, ~3 3THX • 3Ha4e7H~ f570B 81/~ onpeAeJlRJlHCb 3<jJ<jJeK,., 
T~BH~e paA~YCbl eaaf.1MOAe~cTe~R 1 ' : 
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Ta6JJU4a 

i!gpo e,,~ nao. 
/rpag/ 

Rc, tllM rc, ¢1M ro, ¢1M R, <PM 

•He 16 9,7 I 49+0,04 
, -0,04 

I 08+0,03 
' -0,04 

I 95+0,05 
, -0,08 

8 He 20,5 10,61 I 57+0,05 
, -0,07 

I 17+0,04 
, -0,05 

2 33+0,07 
' -0' 1 

9 Li 14,4 10,35 I 57+0,03 
, -0,05 

I 12+0,02 
, -0,04 

2 32+0,05 
, -0,08 

3Ha4eHI<1R KOTOPbiX TaK)I(e npHBeA8Hbl B Ta6JU1~e. TaM >Ke npeACTaBJle

H~ aHa4eHHA napaMerpa rc: 

Rc 

3aMeTI<1M, 4TO 3Ha4eHio1A rc 6Jllo13KH K BeJllo141<1HaM, n011Y4eHH~M 

H3 3KCnepHMeHTOB no ynpyrOMY pacceRHH~ nerK1<1X HOHOB, HO B~We 

3Ha4eHio111 rCJ 7011Yt..leHHbiX H3 3KCnepHMeHTOB no paccefiHl-110 i-10HOB 

~0Ar H ~•ca 4 
B pa6oTax1 12 • 161 noKa3aHo, 4To npH 3HeprHAX HaneTa~Hx Ho

HoB E/A - 5-10 M3B/A paAHYC 3$$eKTHBHoro B3aHMoAeHCTBHA Rc 
1o1 paAHyc CHJl~Horo norno~eHHA Rint coanaAa~r. 

B pa6oT ax !12, 17 I 6btna npoeeAeHa cHCTeMaH13a~HR 3KcnepHMeH

railbHbtX AaHHbtX no paAHYCaM aTOMHbtX AAeP 111 nony4eH PRA 3Kcneplo1-

MeHT allbHbiX COOTHOWeHHti, CBA3biBaKlJ.U.1X Riot C paAlr1YCOM no.noBir1H

HoH nnorHoCTH. B 4acTHOCTio1, a pa6orell7/ AaeTcA npocroe cooT

HoweHJ.1e, CBR3b1Ba~ee 3cJ>$eKTHBHble paAHYCbl B3aHMOAei1CTBHR C pa

AHYCaMH nonoeV~HHoH nnorHOCTH: 

Rint = Rc = ro(A~/ 3 + A~/ 3 ) + 2,72 (<!>M). 

Ha ocHoeaHHH 3KCnepJ.1MeHT anbHbiX aHa4eHJ.1H Rc H3 BbiWeYKa3aHHo

ro COOTHoWeHHR 6blnH onpeAeneHbl 3Ha4eHI-1R To J.1 Ha OCHOBaHHH no

ny4eHHbiX aHa4eHH~ ro o~eHeHbl PaAHYCbl (R} nollOBHHHo.::i llilOTHOCTH 

RAeP 6 He, 8He H 9Li /eM. Ta6nH4y/. 
Ha Plllc.6 npeACTaeneHa aaBHCHMOCTb nollY4eHHbiX 3Ha4eHHH paAHY

cos ~t~aoronoe renHR or Maccoeoro 4Hcna. nony4eHHble 3Ha4eHHR xo

powo cornacyiOTCA c pe3ynbTaTaMH pa6oTbl/1 8 / .. 
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3.00 
ra.dii of He iBotopes 

2.50 

1.50 

?PHC.6. 3aBHCHMOCTb 

PaAHYCOB H30TOnOB 

reJIH.R OT MaCCOBO-

ro tJHcna. o - gaHHbie 
pa60Thl/l8/, o - pe3ynb
TaTbi HaCTOH~eH: pa60Tbl. 

Ha PHCYHKa BHAHO, 
4TO paAHYC~ RAep TRme
/lbiX H30TOnOB reilHR 

HenbaR on~caTb aaBHCH
MOCTb~ A1 / 3 C OAHHM 

H reM *e napaMerpoM 
ro. 

1.00 t---~--r-~~-,--~---.--~--, TaKoe cpasHeHHe 
10 ABYX HeaaBHCHMbiX pe-

A aynbTaToe yKaabiBaer 
Ha TO, 4TO Oni-1'CaHHbU'1 cnoco6 H3MepeHHA ·paAHYCOB B3alo1MOAeailcTBHA 

H H3 Bile 4eHHA AaHHb\X 0 paAHYCaX AAep nOllOBHHHOi::t nJloTHOCTI-1 M6)f(eT 

6b1Tb np~r~MeHeH K APYrHM 3K30TH4ecKHM AApaM. C aroH T04KH apeHHA, 

HaH601lbWHH HHTepec npeACTaB11A~T HCCileAOBaHHA no ynpyrOMY pac
CeAHH~ AAep 11 Li, 148e H 178, AllR KOTOPbiX H3 AaHHbiX no H3Mepe
HHID ce4eHHH B3aHMOAeHCTBHA ClleAyeT 3Ha4HTe11bHOe yBe11H4eHHe pa
AHYCOB. 

nony~eHHe HHTeHCHBH~X ny~KOB 3THX 3K30TH4eCKHX RAep MOmeT 
6b1Tb peanH30BaHO npH 6onee BbiCOKHX 3HeprHRX nepBH~Horo nY~Ka, 

B 3aKntO~eHHe aaropbl BblpamatOT 6naroAapHocrb rpynne LIHKnoTpo
Ha Y-400 3a o6ecne~eHHe pa6oTbl Ha ny~Kax HOHOB, aBTop~ 6naro
AaPRT K.H.MepKHHY, o6ecne4HBWY~ npocMoTp nnacTHKOB CR-39, 
B.E.my~Ko, npeAoCTaBHBwero nporpaMMY HaKonneHHR 3KcnepHMeHTanb
Ho~ HH~opMa~HH, A.f.ApT~xa, A.H.MeaeH~esa H ~.C.U~raHosa aa no
MO~b a noArOTOBKe K pa6ore E-6E renecKonoa,r.~.rPHAHeaa 3a no
MO~b a pa6ore no HaKonneHHIO AaHHbiX. 
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