
C'f/3r --
. B--9,t8 

B .H .Bbiponaes 

MCC]E~OBAHME AKTMBAUMM 
PE30HAHCHMMM HEWTPOHAMM 
B rPA«PMTOBOM 3AME,LVIMTEJIE 
C MCll0]b30BAHMEM 
«POTOHEWTPOHOBMMKPOTPOHA 

1 o;~ _ 
14 - 9446 



L 

B .H .Bblponaes 

HCCJIE,ll;OBAID1E AKTI1BAUHH 
PE30HAHCHbiMH HEHTPOHAMH 
B rPA4»HTOBOM 3AME,lJ.JIHTEJIE 
C HCllOJlb30BAID1EM 
4»0TOHEHTPOHOBMHKPOTPOHA 

14 - 9446 



.... 
I 

l 

KaK OTMe'lanocL B pa6oTe /l~oprana3aUBJI aKTasauaou
uoro auana3a B 3Ha'laTenLuoi Mepe onpe~enJieTcJI ~a3a
qecKBMa YCTaHOBKaMB, C llOMOIIlLIO KOTOpLIX OH OCYIIleCTBflJI· 
eTCJI. B ~auuoi pa6oTe paccMaTpasaeTcJI sonpoc acnonL-
30BaHaJI YCKOpaTenei 3neKTpOHOB B HeBTpOHHO-aKTaBa
UaOHHOM auana3e ~nJI peweuaJI onpe~eneHHLIX auanaTaqec
KBX 3a~a'l. HcTO'IHaKaMa ueiTpouos JIBflJIJOTCJI aTOMHLie 
peaKTOpLI, TOpM03HLie MBWeHB YCKOpaTenei 3apJI)I(eHHLIX 
qacTau a a30TonuLie acTO'IHaKa. KaJK~Lii B3 3TBX ac
TO'IHaKOB aMeeT onpe~eneHHYIO C~epy npano>KeHaJI, HO ~0 
nocne~Hero BpeMeHa YCKOpaTena KaK aCTO'IHBKa HeBTpOHOB 
ue nonyqana ~on:>Kuoro pacnpocTpaueuaJI B npaKTaKe aKTa
sauaouuoro auana3a. O~naKo wapoKoe sue~peuae B uayKy 
B TexHaKy Manora6apaTHLIX UaKnaqecKaX ycKopaTenei 
3neKTpouoB - MaKpoTpouos, pa3pa6oTaHHLIX B H«<>ll AH 
CCCP no~ pyKoBo~cTBOM npo~. C.ll.KanauLI 12/cTaBBT so-

npoc 06 accne~osauaa MaKpOTpOHOB KaK BCTO'IHaKOB HeBTpo
HOB ~nJI auanaTa'lecKax uenei. 

;J I 
3TOT BOllpOC a3y'lanCJI B , ': paCCMaTpBBanCJI BLIXO~ 

~OTOHeBTpOHOB a3 pa3na'IHLIX KOHBepTOpOB npa ~BYX 3Ha'le
HBJIX 3Heprai 3neKTPOHOB C acnonL30BaHaeM 06LI'IHOB BO~LI 
B Ka'leCTBe 3aMe~naTenJI. B ~auuoi pa6oTe TaK:>Ke a3y'leHLI 
pa3na'IHLie KOHBepTOpLI HeBTpOHOB, HO y>Ke C aCllOnL30Ba
HaeM B Ka'leCTBe 3aMe~naTenJI rpa~aTa, a TaK>Ke paCCMOT
peH BOllpOC 06 aKTaBauaa pe30HaHCHLIMB HeBTpOHaMa. )J.e-

' no B TOM, 'ITO npa aKTaBaUaB TennoBLIMa HeBTpOHaMa pa3-
nB'IHLIX npapO~HLIX o6~eKTOB HaBe~eHHaJI aKTBBHOCTL o6-
pa3UOB onpe~enJieTCJI B OCHOBHOM TaKaMa MaKpOKOMllOHeH· 
TaMB, KaK HaTpaB, KanaB, Mapraueu, )l(ene30, Me~L, UaHK 
a ~p. 3Kpauaposas o6nyqaeMLie o6pa3ULI Ka~MaeM ana 6o
poM OT TennOBOB KOMllOHeHTLI cneKTpa HeBTpOHOB, MO)I(HO 
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3HaqHTenLHO CHH3HTL aKTHBaUHIO BLIWeHa3BaHHLIX 3neMeH

TOB TennOBLIMH HeiiTpoHaMH, He noBnH.ftB 3HaqHTenLHO Ha 

aKTHBaUHIO 3neMeHTOB, HMeiOILtHX pe30HaHCHLIH 3aXBaT Ha,a;

TennOBLIX HeHTpOHOB, HO CYILteCTBeHHO ynyqWHB KaqecTBO 

cneKTpOMeTpHqecKOH HH<iJOpMaUHH npH HHCTpyMeHTanLHOM 

MeTo.a;e aHanH3a. ,ll;anee, HcnonL3Y.ft B KaqecTBe 3aMe.a;nHTe

nB BMeCTO 06LiqHOH BO,li;LI rpa<iJHT, 3KCnepHMeHTanLHO MO>KHO' 

BLI6paTL TaKOH BapHaHT pacnono>KeHH.ft o6pa3UOB OTHOCH

TenLHO KOHBepTopa HeHTpOHOB, qTo 6y)J.eT HMeTL MeCTO 

cneKTp HeHTpOHOB, MaKCHManLHO o6ecneqHBaiOJ.UHH aKTHBa

UHIO pe30Ha.HCHLIMH HeHTpOHaMH. 3TO 06bJICH.fteTC.Il Da3nHq-
v v 6 "' !47 HOH 3aMe,D;n.HIOILteH CnOCO HOCTLIO BO)J.LI H rpa'I'HTa . 

3KcnepuMeHIItaAbHoe o6opyooeaHue 

B KaqeCTBe HCTOqHHKa <iJoTOHeHTpOHOB 6Lin B3.ftT MH

KpOTpOH Jia6opaTOpHH .ft.D;epHLIX peaKUHH C 3HeprHeH 3neKTpo

HOB OKono 15 M3B /puc. 1/. B KaqeCTBe KOHBepTopoB 

HCCne.a;oBanHCL 6epHnnHH, CBHHeU, UHPKOHHH H ypaH, a B Ka

qecTBe TOpM03HOH MHWeHH - TaHTanoBa . .ft nnacTHHa TOniLtH

HOH 1 MM. ,ll;n.H H3MepeHH.ft HHTerpanLHOrO BLIXO,D;a HeHTpo

HOB H3 KOHBepTOpOB npHMeH.ftnC.ft KnaccHqecKHH MeTO,ll; Map

raHUeBOH BaHHLI 
151 I puc. 2/ c KOHUeHTpauHeii no MapraHuy 

40 Z/A. 

,ll;n.H KanH6pOBKH BLIXO)J.a HeHTpOHOB CnY>KHn HCTOqHHK 

HeiiTpoHoB 
252 

Cf, HMeiOILtHH Bo BpeM.H npoBeJJ.eHHB 3KcnepH

MeHTa BLIXO)J. HeHTpOHOB 1 ,54·10
8 HeUIIlPOHOB/C. BaHHa Hc

nonL30BanaCL TaK>Ke npH H3yqeHHH aKTHBaUHH 30nOTa, 

KOr,D;a 3aMe.D;nHTeneM .ftBn.HnaCL BO,D;a. flo ,D;aHHLIM Henocpe,a;

CTBCHHLIX H3MepeHHH,Ha noBepXHOCTH MapraHUeBOH BaHHLI 

yTeqKa HeHTpOHOB COCTaBn.Hna MeHee O,li;HOrO npoueHTa. 

Ha puc. 3 noKa3aHa rpa<iJHToBa.H Kna.a;Ka, npe.a;cTaBnBIOILta.H 

co6oii Ky6 pa3MepoM 70x70x70 CM, a TaK>Ke cxeMa pacno

no>KeHH.ft .a;eTeKTopoB B Heii. B KaqecTBe .a;eTeKTopoB cny

>KHnH 30nOTLie <iJonLrH, ynaKOBaHHLie B Ka)J.MHeBLie 3KpaHLI 

TOnJ.UHHOH 0,5 MM. Pa3MepLI ,D;eTeKTOpa: ,D;HaMeTp 15 MM, 
TOnlltHHa 10 MKM, BeC 30 MZ. 113MepeHH.ft cneKTpOB aKTH

BHpOBaHHLIX !llonLr npoBOJJ.HnHcL Ha Ge(Li) - .a;eTeKTope o6oe-
3 

MOM 44 CM C pa3peWeHHeM 2,8 K3B no nHHHH 662 K3B 
H 34J<lleKTHBHOCTLIO perHcTpauHH no EY = 412 K3B /JJ.n.H 
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Puc. 2. MapzaHijeeaJI eaHHa. 1 - Kacca c oemeKmopaMu; 
2 " KOpnyc; 3 " 6600HOU KaHaA, 4 • OKHO U3 QAIOMUHUJI IIOA· 
UIUHOU 20 MKM; 5 - 1110pM03HQJI MUW€Hbj 6 - KOHeepmop 
HeiimpoHoe; 7- MewaAKa c 3AeKmponpueoooM. 

198 
Au I, pasuoii 3,2~. Ha6op B o6pa6oTKa aul!lopMa~BB npo

BO,D;BJIBCL ua Manoii 3BM TllA no nporpaMMe "IOnaTep-
16" 1

6
( Bee npase,D;eHuLie HIDKe 3KcnepaMeHTaJILHLie ,D;aHHLie 
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no BLJXO,D;y l!loTOHCHTpOHOB KaK npB B3MepeHBJIX Ha MapraH" 
~eBOH BaHHe, TaK B npH aKTBBa~BB 30JIOTLJX l!lOJILr B BO,IJ;e 
H B rpal!lBTe HOPMBpOBaHLJ Ha HHTCHCHBHOCTL ny'IKa 3JICKT
pouos, pasuyro 1 MKA, H speMJI o6nyqeuus I '1. 

IIpoeeoeHue 3KcnepuMeHmoe 

A. H 3M e p e H He auT e r pan L u oro 
BLIXO,D;a ueiiTpouo8 

llocne o6Jiy'leHHJI ueiiTpouaMH pacToopa Maprauu.a B 
Teqeuue I .., KaK 3TanounLIM HCTO'IHHKOM ueiiTpouoo 252 Cf , 
TaK H l!loTOHCHTpOHaMH OT KOHBepTopoB H3 MapraHI.J,CBOH 
BaHHLJ nHneTKOH OT6HpaJIOCL nJITL npo6 H3 pa3JIH'IHLIX 
DO llJIOll.J,a,D;H H rny6HHC MCCT. 

llpo6LJ DepeHOCHJIHCL B CTCKJIJIHHLIC fiiOKCLI paBHOrO ,!J,Ha· 
MCT~a, H llpOH3BO,IJ;HJICJI Ha6op HHI!lopMai.J,HH DO JIHHHH H30TO
na · 

6 
Mn, Ey = 847 K:JB, B Tel.feuue 20 MUH. llony'leHHLie 

HHTCHCHBHOCTH nHKOB HOpMHpoBaJIHCb BO BpeMeHH Ha KOHCI.J, 
06Jiy'ICHHJI. PaCXO~,IJ;CHHe B BCJIH'IHHaX HHTCHCHBHOCTCH DO 
DJITH npo6aM cocTaBJIJIJIO ue 6onee 5o/o. "Oxna~,D;euue" 
Maprauu.eooii: BaHHLI nocne oqepe,D;uoro 'lacosoro o6ny'leHHJI 
cocTaBJIJIJIO ne Meuee cyToK, T.e. IO T~ HJoTona 56 Mn 
IT~ = 2,58 'll. PeJyJILTaTLI 3KcnepuMeHTa npe,!J,cTaoneHLI 
B 11106/IUije. 

JTI/1/0h KOH B epm OPbl H.eumpaH.aB 

Cf-!53 Be Z?; Pb Uecr/ Pb 
! PG3MePbL d·4 d·50 d·50 d·50 0.·50 d~50 

KOHBePTOfJOB, l·6 t·tOO t-50 f·50 
li·:J lf·31 MM 

BbiXOiJ, ' 9 

J.li·/0
8 9 9 8 

n/cex·4rt [5410 2P·IO 2.1-10 I.J10 ZB·IO 
(t 0,1) (tO, I) (tO,t) (tO,J.) 1 (tO,J.) 

lfHTerpaJihHLIH BhiXO,IJ; l!loTOHCHTpOHOB Ha MHKpOTpOHC 
JIJIP OHJIH npu E- = 14715 M3B, i_ = 1 MKA 

e e 
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Ji. Hccne.nosauue aKTHBaD;HH 3onoTa 
pe 30HaHCHbiMH HeHTpOHaMH 
B rpa4JHTOBOM 3aMe,IJ;llHTene 

Ha puc. 2,3 .naua cxeMa pacnono>KeHHH 3onoTLIX !llonLr 
npu npose.neHHH 3KcnepHMeHTa. B nnocKocTH KaK no ocH 
X, TaK H no ocu Y pacnonaranocb no 11 .neTeKTopos, npH 
3TOM no ocu X H3yqanacb aKTHBan;HH 30lloTa no npo.nonLHo
MY, a no ocu Y no nonepequoMy ceqeuHIO KOHBepTopos. 
MHHHMallbHOe paCCTOHHHe OT noBepXHOCTH KOHBepTOpa ,IJ;O 
4JonbrH no D;eHTpallbHOH OCH Z COCTaBllHllO 2,5 CM. ,l.J,nH 
CTpOrOH 4JHKCaD;HH 4JonbrH, ynaKOBaHHble B Ka,IJ;MHH TOlliD;H
HOH 0,5 MM, pacnonaranucb B rHe3.nax Kaccbl, H3roTosneu-
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Puc. 3. Fpa(JumoeaJI KAaoKa u cxeMa pacno;wJKeHUJI Kaccbl 
C OemeKTflOpaMU, KOHeepmopa HeUTflPOHOe U TflOPM03HOU MU
UleHu. 
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HOB H3 llHCTOBOrO oprauuqecKoro CTeKlla TOll~HOH 3 MM. 
CMeHa KOHBepTOpOB H KaCCbl npOH3BO,IJ;HllaCb 6e3 HapyweHHH 
rpa4JuToso8 Kna,IJ;KH. TaHTanosaH TOPM03HaH MHWeHL pacno
naranaCb BnllOTHYIO K TOpD;OBOH nosepXHOCTH HeHTpOHHbiX 
KOHBepTopos. Pe3ynLTaTbl 3KCnepHMeHTOB npe.ncTasneHbl Ha 
puc. 4 /aKTHBaD;HH no ocu X I H puc. 5 /aKTHBaD;HH no 
OCH Y /. 
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Ptr,Be;zz -u.H.iJeKc 
HOH.8epmopo/J. 

3a.m.eiMumeAb -ZPQq:JLJ. T. 

Puc. 4. AKmueaf.IUJI Au- oemeKmopoe eooAb ocu ny<~Ka e 3a
eucuMocmu om TflOAUIUHbJ zpa(Juma OAJI pa3AU'IHbJX KOHeep
mopoe. 
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Puc. 5. AK111U8QijUJI Au- Oe111eK1110p08 nepneHOUKYAJIPHO ocu 
ny'IKQ 8 3Q8UCUMOC111U 0111 1110/IIJIUHbl zpar/JU111a 0/IJI pa3/IU'IHbiX 
KOH8ep111opo8. 

B. Hccne,IJ,osauue cpaBHHTenbHOii 
aKTHBa~HH 30nOTa peJOHaHCH~MH 
HeHTpOHaMH B rpa$HTOBOM H BO,IJ,.RHOM 
JaMe,IJ,nHTen.Rx 

AKTHBa~H.R 30nOTa KaK B rpa$HTe, TaK H B BO,IJ,e DpOBO· 
.IJ.Hnacb c ucnonbJOBauueM 6epunnuesoro KOHBepTopa. reo-
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MeTpH.R o6nyqeuu.R KaK B rpa$uTe I puc. 3/, TaK u B so,IJ,e 
I puc. 2/ co6mo,IJ,anacb CTporo O.IJ.HHaKosoii no oc.RM X , Y u Z . 
PeJynbTaTbi 3KcnepuMeHTOB npe,IJ,cTasneHbi ua puc. 6 u 7. 

11Kmu./3au,u.p pe30H.QH.CH.biMU 

10+ Ru-aemeKmopo/J /J ~oiJe 
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Puc. 6. AK111U8QijUJI Au - oemeK1110p08 pe30HQHCHbiMU Heii111-
POHQMU 8 3a8ucuMOC111U 0111 1110/IIJIUHbl 3aMeOAU111eAeii jzpa(Ju111 
u 8ooa/. 

- Oe111eK1110pbl pacnOAOJICeHbl noc) 0 - 180 K OCU ny<~Ka. 
\ 

0 0 

- Oe111eK1110Pbl pacnOAOJICeHbl noo 90° 1( ocu ny<~Ka. KoH-
eep111op Heii111POH08 -Be. H3o111on-Au-198 /E y = 412 K3B/. 
BpeMJI o6Ay<~eHUJI - 1 <~. IIo111oK 3AeK111POH08 - 1 MKA. 
BpeMJI U3MepeHUJI - 3 MUH. 3Hepzu.R E _ = 14-15 M3B • 

e 
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Puc. 7. AKIIIU6UijUJI Au - oemeKmopoe 6biCIIIPbiMU HeilmpoHaMU 
6 pa3AU"'HbiX 3UM€0/IUIII€/IJIX /zpa(/JUIII U 600a/. 

9- 0€111€KIIIOpbl pacnOAOJIC€Hbl no() 0°- 180° K OCU ny"'KU. 
ii- oemeKIIIOpbl pacnoAOJIC€Hbl noo 90° 1( ocu ny"'Ka. KoH
eepmop HeilmpoHoe Be. H3omon-Au-1% I Ey = 356 K3B/. 
BpeM.R o6Ay"'eHu.R - 1 "'· ToK 3/leKmpoHoe - 1 MKA. BpeM.R 
U3MepeHu.R - 3 MUH. 3Hepzu.R E (-; = 14-15 M3B. 

06cyxoeHue pe3yAbmamoe 

HJ npe,ncTaaneHHbiX a ma6AUfle peJyJibTaToB BH.nHO, 'ITO 

BbiXO,n 4>oTOHeiiTpOHOB H3 pa3JIH'IHbiX KOHBepTOpOB JaBHCHT 

oT u:enoro p.H,na napaMeTpoa: 3HeprHH CBJIJH He:iiTpoHa, no

p.H,nKoaoro HOMepa, nJIOTHOCTH H paJMepOB H T .,n. BH,nHO, 

'ITO MaKCHMaJibHbiH BbiXO,n l!>oTOHeHTpOHOB, BepOJITHO, C no-

12 

60l.JHbiMH JI,nepHbiMH peaKU:HJIMH ( y,f ) , (n, f ) , (n, 2n) , 6y,neT 

HMeTb ypaHOBbiH KOHBepTOp cpaBHHTeJibHO HeOOJibWHX paJMe

pOB - nopJI,nKa 10-15 MM TOJIID;HHOH. 

Y'IHTbiBaJI paJJIH"'He Hccne,noaaHHbiX KOHBepTopoa no 

BbiWeHaJBaHHbiM napaMeTpaM, HMeeT CMbiCJI HlY'IHTb OnTH

MaJibHYIO reoMeTpHIO CJIO:>KHOrO KOHBepTopa, COCTOJIID;erO 

H3 CBHHU:a, 6epHJIJIHJI H ypaHa, B KOHKpeTHOH JaMe,nJIJIIOID;eii 

cpe,ne C TO'IKH 3peHHJI noJiy'leHHJI MaKCHMaJibHOrO BbiXO,na 

l!>oTOHeii:TpOHOB /BJIHJIHHe reoMeTpHH KOHBepTOpa ,nJIJI CBHHU:a 

H ypaHa 3KCnepHMeHTaJibHO YCTaHOBJieHO B paOOTe /S/ /. 
llpe,!J,CTaBJieHHaJI Ha puc. 4 H 5 KapTHHa aKTHBaU:HH 

Au- JJ.eTeKTopoa B rpai!>HTOBOM JaMe.IJ.JIHTene noKaJbiBaeT, 

'ITO HaHOOJibWee KOJIH'IeCTBO peJoHaHCHbiX HeHTpOHOB HMeeT

CJI B cnyqae Pb-KoHaepTopa npH 4>aKTH'IeCKH OJJ.HHaKOBOM 

BbiXOJJ.e 4>oTOHeiiTpoHOB JJ.JIJI Be H Pb I eM. ma6AUfiY/. 3To 

o6bJICHJieTcJI 6onee :>KeCTKHM cneKTpoM 4>oToHeii:TpOHOB a 

cnyqae Be- KOHBepTopa. Bo acex cnyqagx - KaK no.D. yrnaMH 

0-180°,TaK H nO,!J, yrJIOM 90° OTHOCHTeJibHO OCH KOHBep

TOpa - aKTHBHOCTb Au - JJ.eTeKTopoa MeHJieTCJI HeJHa'IH

TeJibHO B JaBHCHMOCTH OT TOJIID;HHbl rpai!>HTOBOrO JaMe,!J,JIH· 

TeJIJI I cna.D. oT u;eHTpa Ha 25- 30<1o/. 3To noJBOJIJieT Bbi.IJ.eJIHTb 

B rpai!>HTOBOM JaMe.IJ.JIHTene JHa'IHTeJihHbiH o6beM JJ.JIJI paJ

MeJ..QeHHJI 6onhworo KOJIH"'eCTBa aKTHBHpyeMbiX o6paJu;oa. 

HHTepeceH xapaKTep aKTHBaU:HH Au - JJ.eTeKTopoa no HJo

Tony 196Au. 06paru;aeT Ha ce6JI BHHMaHHe aHOMaJibHaJI aKTH

BaU:HJI B cnyqae Be -KOHBepTopa, a TaK:>Ke BOJpacTaHHe Bbi

xo.D.a 196Au B JaBHCHMOCTH OT Z KOHBepTopa B OOJiaCTH )J.O 

180°. ,lJ;ononHHTeJibHaJI aKTHBHOCTb no 196Au B cnyqae Be-
KOHBepTopa OObJICHJieTCJI ero HH3KOH 3HeprHeii CBJI3H 

Ha Heii:TpoH /1 ,67 M 3B/. llpH 3HeprHH na,!J,aiOru;Hx raMMa

KBaHTOB nop.HJJ.Ka 14-15 M3B a cneKTpe 4>oToHeii:TpOHOB 

6epHJIJIHJI 0YJJ.YT HMeTb MeCTO Heii:TpOHbl C 3HeprHeH ,!J,O 

12 M3B c HeJHa'IHTeJibHoii /He 6onee 0,5 M3B/ aHHJo

TponHeii no yrJIOBOMY pacnpe)J.eJieHHIO. 3TH BbiCOK03Hepre

TH'IeCKHe HeHTpOHbl MOryT BbllbiBaTb peaKD;HIO 
197 Au(n,2n) 196Au, HMeiOJ..QYIO nopor nopJIJJ.Ka 8 M3BH 
MaKCHMaJibHOe ce'leHHe a max "' 2 6apH npH En= 11-12 M3B. 
B cnyqae :>Ke Zr - KOHBepTopa H Pb- KOHBepTopa, y KOTOpblx 

3HeprHJI CBJIJH Ha HeiiTpoH BbiCoKa /-12 M3B H- 7,3 M3B 
COOTBeTCTBeHHO/, cneKTp HeHTpOHOB 6onee "MJirKHH" H 

13 

•--------------------------



~eaKU.HJI (n, 2n) Ha 30JIOTe HCKJIIO'IeHa. 06pa30BaHHe H30TOna 
1 

Au B 3TOM cnyqae o6'LJICHJieTCJI TOJILKO ( y ,n) peaKU.Heii: 

oHo no seeM HanpasneHHJIM ~JIJI Pb- H Zr - KOHBepTopos 
0 H~eT ~aKTH'IeCKH O~HHaKOBO H JIHWb B HanpaBJieHHH 90 -

180° B03pacTaeT oT Pb K Zr IH ~anee K Be I la C'leT 

yMeHLWeHHJI KOJ~HU.HeHTOB OCJia6JieHHJI H MaCCOBOrO no

rJIOI.D.eHHJI ~OTOHOB H CHJibHOH aHH30TpOnHH TOpM03HOrO H3-

Jiy'leHHJI no HanpasneHHIO ny'IKa. 

Ha puc. 6 npe~cTaaneHa aKTHBaU.HJI Au - ~eTeKTopos B 

pa3JIH'IHWX 3aMe~JIHTeJIJIX - rpa~HTe H BO~e - no H30TOny 
198

AuoT Be - KOHBepTopa. BH~Ha cyi.D.eCTBeHHaJI pa3HHU.a, CBJI

JaHHaJI c prinH'IHLIMH JaMe~JIJIIOlll.HMH csoiicTBaMH rpa~HTa. 
H Bo~w: npH MaKCHMaJILHoii TOJII.D.HHe JaMe~JIHTeneii I oKono 

15 CMI aKTHBaU.HJI B BO~e nO'ITH Ha ~Ba nopJI~Ka Xy:lKe, 

lfeM B rpa~HTe, a npH MHHHMaJibHOB 12,5 CMI - B 6-7 pa3. 

HecHMMeTpH\fHaJI aKTHBao.uJI riO~ yrnoM 90° o6'LJICHJieT

CJI HeCOBna~eHHeM OCH ny\fKa H OCH KOHBepTopa. 

Ha puc. 7 npe~cTasneHa aKTHBaU.HJI Au - ~eTeKTopoB B 

3aMe~JIHTeJIJIX H3 rpa~HTa H BO~bl no H30TOny 196 Au OT 

Be-KousepTopa. 06pa3oBaHHe 196Au B rpa~uTe y:lKe o6cy:lK

~anocL BLIWe I puc. 4 H 51. B Bo~e o6pa3oBanHe 196Au no 

seeM uanpasneHHJIM He o6uapy:lKeuo. 0\feBH~Ho, 'ITO peaKU.HJI 

(n, 2n) ua 30JIOTe B BO~JIHOM JaMe~JIHTene cosepweHHO He-

3Ha\fHTeJILHa H3- 3a CHJibHOH 3aMe~JIJIIOlll.eH cnoco6HOCTH 

BO~LI, a pe3KaJI aHH30TponuJI ~OTOHOB B~OJib ocH Be -Kou

BepTopa B CO\feTaHHH C pa3JIH'IHWMH CDOHCTBaMH pacCeJIHHJI 

~OTOHOB Ha rpa~HTe H BO~e HCKJIIO'IHJia B03MO:lKHOCTb ocy

I.D.eCTBJieHHJI (y, !_1) peaKU.HH. 

Ha puc. 8 npe~cTasneua KapTHHa aKTHBau.uu Au - ~e
TeKTopos no~ y'rJIOM 90° K OCH ny\fKa B rpa~HTOBOM Ja

Me~JIHTeJie npu paccTOJIHHH B 200 MM Me:lK~Y Ta-MHWeHLIO 

u Be-KOHBepTopoM. llpH 3TOM aKTHBao.uJI nposo~HnacL 
o~HOBpeMe~uo KaK B Cd- JKpaHe, TaK u 6e3 Hero. 3a c\feT 

3Ha'IHTeJibHOro paCCTOJIHHJI Me:lK~y MHWeHbiO H KOHBep

TOpOM paCXO~HMOCTb TOpM03HOrO H3JIY'IeHH11, BepOJITHO, 

~OCTHrJia 3Ha'IBTeJibHWX pa3MepOB. fiOJTOMy "nnaTo" npH 

06pa30BaHBB 
196

AU,HMe10I.D.ee MeCTO Ha puc. 5, 3~eCb OTCyT

CTByeT. Pa3HHU.a B o6pa3oBaHHH 198Au noJBOJIJieT ou.eHBTL 

Ka~MHeBoe OTHOWeHBe B rpa~HTe ~JIJI Be - KOHBepTOpa: OHO 

paBHO Rcd"'(~h + Aepi )/A epi, r~e Ath B Aepi- aenH-
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0 lS SO TS /DO IZS ISO NH . 
paccmoRH.ue om B•·I<DN.6epmopa iJo llu ·deme~emopa. 

Puc. 8. AK111U6Qf1UJI Au - oe111eK1110P06 6 zpa(JU1fi060M 3aMeo
AU111eAe npu pacclfiOJIHUU 200 MM 0111 Ta- MUUleHu oo Be- KOH
eepmopa. 

YcAoeuJJ o6Ay'leHUJI: Ee- = 14-15 M3B, ro6JI = 1 '1, ie = 
= 1 MKA, rH:JM = 3 MUH. Be - KOHeeplflop 0111 Ta -MuUleHu. 
3aMeoAU1fleAb - zpa(Ju111. 

'IHHa aKTHBHOCTH 30JIOTWX I!>OJibr B fiOTOKe TenJIOBLIX H 3DH
TefiJIOBLIX HeiiTpOHOB. 

B HaWeM cny'lae c Be -KoHBepTopoM Red cocTaBJIJieT 

BeJIH'IHHy nopJI,AKa 1,6-1 ,8, 'ITO CBH.AeTeJILCTByeT 0 3Ha

'IH'feJibHOH ,AOJie Ha~TefiJIOBWX HeHTPOHOB IBLI'IHCJieHHOe 

no puc. 9 Red .AJIJI Pb -KoaaepTopa paBHo 1,2-1,31. H3 

nony'leHaoro 3Ha'leHHJI R ed MO)KHO Ol.\eHBTL OTHoweHBe 

fiOTOKa TefiJIOBLIX B 3fiBTeDJIOBLIX HeiiTpOHOB. )J;JIJI TOHKBX 

30JIOTLIX 4>onLr npaMe!IBMa clJopMyna /7 I 
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KQH.QAbl 

Puc. 9. CneK1!1p peaAr.Hou 30A01IIOHOcHou nopoor.r. xxx • 
aK1!1ueallUJI 6e3 Cd- 3KpaHa, • • • • aK111ueaijUJI e Cd • 3KpaHe, 
• - - - - annapa111ypHr.ru tfioH: 

Rcd=CI>th I ci> epi 
y;-12 •a(T)aaCll_ + f + 1, 

X ---------- Cd 

J act 

r,D;e Cl>th • DOTOK TeDnOBhiX HeiiTpOHOB; Cl> . • DOTOK Ha.D; • 
v ep1 

TeDnOBhiX HeBTpOHOB B e,D;BHBUe neTaprBH; aact" Ce"leHHe 

aKTHBaUBB 30nOTa TennOBhiMH HeiiTpOHaMH, aact = 
= 98,5 6apH; J act - pe30HaHCHhiH BHTerpan aKTBBaUHB 30· 

noTa, J act = 2585 6apH; a(T) - HeKOTOphlii TeMnepaTypHhlii 

cllaKTOp, B .D;aHHOM 3KCnepBMeHTe 6nB30K K e.D;HHBUe; f Cd -
nonpaaKa, Y"'BThiBaJOIUaJI TonuuiHy Cd - 3KpaHa, B HaweM 

cnyqae f Cd = 0,07. Bhi"'BCneHHoe 3Ha"leHae Cl>th I Cl>e pi 
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COCTaBJI.IIeT BenB"'HHy DOp.II.D;Ka 32±2. Cne.D;OBaTeJILHO, B Ha· 

WeM CJiyqae .D;On.ll Ha.D;TennOBhiX_HeiiTpOHOB COCTaBJI.IIeT - 3o/o 
B 06J.UeM DOTOKe HeiiTpOHOB. 

Ha puc. 9 npe.IJ;cTaBneHhl cneKTphl peanLHoii JOJIOTO

HOCHOH DOpO.IJ;hl C CO.D;ep:>KaHHeM 30JIOTa 2,8.10-S z/z, 06Jiy· 

"leHHOH clloTOHeiiTpOHaMH O.D;HOBpeMeHHO B Ka)I;MBH H 6e3 

Ka.D;MB.II DpH cne,D;}'IOJ.UBX YCJIOBH.IIX: BpeM.II 06Jiy"leHB.II - 1 ~; 
TOK MHKpoTpoHa - 1 MKA; apeMJI oxna:>K.D;eHB.II - 10 ..wuH; 
BpeMJI B3MepeHH.II • 10 MUH; BeC 06pa3na • 7,8 z; KOHBep· 

TOp HeHTpOHOB • CBHHeU 6 50, e = 50; 3aMe.D;JIBTeJIL • rpa

cllHT TOJIJ.UBHOH 7,5 CM. llpH 3THX YCJIOBH.IIX BHTeHCBBHOCTL 

JIHHHB E y = 412 K3B cocTaaana 15 u..wn/MUH B Cd- 3KpaHe 

H 18 u..wn/MUH 6e3 Cd "3KpaHa. HHTeHCHBHOCTL JIBHHH 56 Mn 
Ey = 847 K3B CHH3HnacL 3a C"leT Cd ·JKpaHa c 250 u..wn/..wuH 
)1;0 50 UMn/MUH, H OTHOWeHHe DBK/clloH B 06JiaCTB Ey = 
= 412 K3B B03pOCJIO C 1:1 )1;0 5:1 /Ja Bhl"leTOM cny"laBHOrO 

annapaTypHoro clloHa/. HJ npaae.D;eHHhlx .D;aHHhiX BB.D;Ho, 'ITO 

eCJIB o6ecne"'HTL 06Jiy"leHBe o6pa3UOB DpB TOKe Ha MBKpo

TpOHe DOp.II.D;Ka 20·30 MKA B Te"leHHe 10 ~. TO B03MO:>KHO 

o6ecne"'HTL "'YBCTBHTeJILHOCTL DO 30JIOTy DOp.II.D;Ka 0,1-
0, 15.10-6z/z npa npoqax ycnoBH.IIx, npBH.IIThiX B .D;aHHoii 

pa6oTe. CpaaHeHHe .II.D;epHo-cllaJH"lecKax .D;aHHhlx JOJIOTa c 

.D;aHHhiMH .D;pyrBX 3JieMeHTOB, HMeiOu_.Bx 3Ha"'HTeJILHhle pe· 

30HaHCHhle BHTerpaJibl 3aXBaTa Ha.D;Ka.D;MBeBhiX HeHTpOHOB 

/BH.D;HH, cepe6po, ypaH, TOpHi, TaHTaJI, neJihiH p.II.IJ; pe.IJ;KBX 

JeMeJIL B T • .D;./, D03BOJI.IIeT C.D;eJiaTL BhiBO.D;, 'ITO "'YBCTBH· 

TeJILHOCTL HX ODpe.D;eJieHH.II DpH B3JIO:>KeHHhiX B pa6oTe yc

JIOBH.IIX MO:>KHO O:>KH.D;aTL DOp.II.D;Ka 10-7 ·10-6 z/z. 

ABTOp rny60KO DPBJHaTeJieH r .H.CI»nepoBy Ja DOCTaHOB· 

KY Ja.IJ;aqa a PYKOBO.D;CTBo accne.D;oBaHBeM, q,lllaMaHe, 

E.~.Bopo6Leay, B.H.CaMocroKy la o6cy:>K.D;eHae peJyJILTa

TOB 3KCDepHMeHTa, A.r.fieJIOBy Ja TeXHB"leCKOe o6ecne

"leHHe 3KCDepHMeHTa, n.n.KyJILKBHOH H K.AH.D;pHeCeKy Ja 

DOMOIUL B DpOBe.D;eHHH 3KCDepHMeHTOB. 
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