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1. np~o~ non~TKax o6HapymHTb pomAeHHe r~o~noTeTH4eCKHX csepx
nnoTH~x JlAep 8 pa60TaX 1 1· 5/ np080AHJlHCb nOHCKH aHOMaJlbHOrO 
3Hepro8~AeJleHHJl npH AeneHHH TJlmen~X JlAep. C noMO~b~ CUHHTHJl
JlJlUHOHH~X AeTeKTopos 6~11H ycTaH08JleH~ sepxHHe npeAen~ BbiXOAa 
Ha OAHH aKT AeJleHHJl: n03HTPOHOB - 6.10 -S / 1/ , 3JleKTPOHOB C 3Hep
rHei1 6onee 20 M3B - 2-10-8 13{ Hei1TPOHOB 8 AHanaaoHe 40-200 M3B 
- 2. 1 o-8 141 ' y - KBaHT08 c 3Hep rHei1 BbiWe 30 M3B - 3 ·10-8 12/H He i1T
POHOB H y-K8aHTOB c cyMMapHoi1 3Hepr~o~ei1 6onbwe 65 M3B 
-2 ·10-8 / 51. 

B HaCTOJl~ei1 pa6oTe AJlJl A an bHei1we ro ~o~ccneAOBaHHJl BbiCOKo-
3HepreTH4ecKoi1 4aCTH cneKTpa Hei1TpOHOB AeneHHJl 6~11 np~o~MeH eH 

MeTOA paAHOaKTHBH~X HHAHKaTOPOB C HCnOJlb30BaHHeM noporOB~X 
peaKUHi1 (n, xn) . B Ka4ecTse oGny4aeMoro o6paaua 6~n Bbl6paH 
MOHOH30TOnH~H 3JleMeHT - 209 Bi. 0H B~rOAeH e~e H Te M, 4TO o6-
pa3y~~HeCJl B HeM C HaH60JlbWHMH Ce4eHHJlMH no peaKUHAM (n, )') 
H (n, 2n) AApa 210 Bi H 208 Bi Aa~T TOilbKO no OAHOH )' - IlHHHH 
yMepeHHOH HHTeHCHBHOCTH: nepsoe AAPO - no npH4HHe Manoro B~

XOAa y -K8aHTOB Ha pacnaA,BTOpoe - H3-3a 60JlbWOrO speMe HH mH3HH. 
Ha~o~6onee me HHTepecH~e AllA Hac AAPa 206 13i H 20 5 Bi HMe iOT no 
HeCKOJlbKy HHTeHCHBH~X y -nHHioli1 H YA06Hble AilA H3MepeHHA ne pHOAbl 
nonypacnaAa. XapaKTepHCTHKH HymH~x HaM peaKu~o~i1 np~o~BeAe Hw 

B rra611. l; B OCTaJlbHbiX peaKUHAX, HAY~HX Ha 209 Bi C BbiJl e TOM 
TaKme H 3apAmeHH~X 4aCTHU 1 o6pa3y~TCA CTa6HJlbH~e HJlH KOpOTKO
mHBY~Iole npOAYKT~, KOTOpble nocne COOTBeTCTBY~~ei1 BbiAepmKH pac
naAa~TCA. 

2. UHI1HHAPH4eCKHi1 o6paaeu BH CMyTa AHaMeTpoM 12 MM H s ecoM 
46,8 r nOMe~aJlCA B 3KcnepHMeHTaJlbHWi1 KaHaJl aKTHBHOi1 3 0H~ pea K
TOpa OH~H HoP-30, rAe cpeAHAA nno THOCTb noToKa Hei1 Tpo HOB c ne KT
pa AeneHHA cocTaBilAila- 4 ·10 12 cM- 2

· c - 1
. nocne 4-cyT04Horo o6ny-

4eHHA H BWAepmKH B Te4eHHe 21 CyTOK 6wn H3MepeH cne KTp )' -ny -
4ei1 oT o6paaua /eM. puc yHoK/ c noMO~b~ Ge(Li)-AeTe KT o pa o6be 
MOM 38 CM 3.AJ1A nOAaBJleHHA ~OHa OT ~-aKTHBHOCTH 06pa3Ua OH 
nOMe~aJlCA B KOHTei1Hep H3 oprcTeKJla C TOJl~HHOH CTeHOK 9 MM 1 

a AilA ocna6neHHA MArKOrO )' -H3Jly4eHHfl HCnOJlb30BaJlHCb ~HJlbTPbl 

H3 CBHHUa /3 MM/ 1 a!l~MHHHA 1 MeAH H KaAMHA /no 1 MM/. PaCCTOA
HHe o6pa3eU - AeTeKTOp COCTaBJlAJlO OKOJlO 7 CM, BpeMA H3MepeHHA 
cneKTpa - 16,3 4aca. 0 Ka4eCTBe cneKTpa MOmHO CYAHTb no BCTa B
Ke Ha pHCYHKe 1 rAe H306pa>.:eHbl IlHHHA 80 3 1 1 K3B 1 OTBe4a~~aA 
210 Po H 206 Bi, H miHHn 810,9 K3B OT np~o~MecHoi1 aKTHBHOCTH 58c o. 
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CneKTp y -ny4eA OT o6ny4eHHOro o6paa~a 209 Bi ; Ha BCTaBKe

AYfineT n~H~A C yKa3aHH~M~ 3Hepr~RM~ B K36. Ha OCRX : n - HOMep 
KaHana aHan~aayopa, N - 4~cno ~Mnynbcos s KaHane. 

n~H~~, OTMe4eHH~e Ha p~CYHKe HOMepaM~, np~HaAne~aT npOAYKTaM 
peaK~~ A (n, y ), (n, 2n) , (n, 3n) , (n. 4n) Ha RAp ax 209Bi , a oc
TanbH~e n~H~~- np~MeCH~M aKT~BHOCTRM 54Mn, 58Co, 60Co, 65zn, 
aHH~r~nR~~OHHO~ paA~a~~~ ~ ¢QHy OT paA~OaKT~BH~X 3arpR3HeH~A. 
n~H~A 205

Bi B cn.eKTpe He 06Hap~eHO, ~, cneAOBaTenbHO, peaK~~R 
209 Bi(n, 5n)205 Bi He Ha6n10AeHa. Cn~coK y -n~H~A ~ BCR Heo6xo
A~MaR ~H$OpMa~~R 0 H~X COAep~aTCR B ma6~ .2, rAe ~CnOnb30BaHbl 
AaHHble ~3 KOMn~nR~~A / 6-8/ , 
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3. nno~aAb y-n~Ka B cneKTpe MO~eT 6~Tb npeACTaBneHa 
B B~Ae 

w A = <I>N aa{3f- K 1 K 2
K 3 . 

4rr 
/1/ 

3AeCb <I> - nn<YTHOCTb noToKa He~TPOHOB, N - 4~cno RAeP o6ny4eH-
Horo o6paa~a, a- ce4eH~e peaK~~~, a - B~XOA KBaHTOB Ha OA~H 
pacnaA, fi - BepORTHOCTb B~neTa nepB~4H~X y -KBaHTOB ~3 MaTe
p~ana o6pa3~a ~ npoxo~AeH~R ~x 4epe3 $~nbTP~. ( - 3~~eKT~B

HOCTb AeTeKTOpa, W- TenecH~~ yron AeTeKTOpa OTHOC~TenbHO 
o6pa3~a /B cTepaA~aHax/, K 1 , K 2 ~ K 3-~aKTOpba, Y4~Tb1Ba~~~e 

BpeMeHa o6ny4eH~R-t 1 , BbiAeP~K~-t 2 • ~3MepeH~R- t3 ~ nep~OA nony
pacnaAa ~3ny4a~ero RApa-T ¥! : 

K 1 = 1 - exp ( -..\t 1 ) , 

K 2 = exp(-..\t 2) • 

1 
K 3 = -[ 1- exp(-At 3)] 

A 

rAe ..\ = ln2/ T 'h 
KaK y~e roBop~nocb, n~K 803,1 K3B Ha6n~AaeTcR np~ {3-pac-

naAe 206 Bi ~ a -pacnaAe 210Po, MaTep~HCK~M RAPOM KOTOporo 
cny~~T 210Bi ,o6pa3y~~~cR B peaK4~~ (n, y). no3TOMy 4aCTb nno~a
A~ 3TOrO n~Ka, 3a KOTOpy~ OTBeTCTBeHeH 210 Po, HaXOA~nacb ny
TeM Bbi4~TaH~R ~3 nonHo~ nno~aA~ 4acT~ ee, np~HaAne~a~e~ 206 Bi. 
nocneAHRR ~e paCC4~T~Banacb Ha OCHOBe AaHHbiX 0 APYr~x n~H~RX 
206 Bi B cOOTBeTCTB~~ c ~3BeCTHbiM~ BbiXOAaM~ a. PewaR A~~~e
peH~~anbHoe ypaBHeH~e 6anaHca paA~OaKT~BHbiX RAep, HeTPYAHO 
y6eA~TbCR, 4TO npo~3BeAeH~e K 1 K 2 K

3 
AnR A04epHero RAPa, 

~Me~~ero KOHCTaHTy pacnaAa ..\ 2 , AOn~HO HaXOA~TbCR KaK 
..\1 (K 1 K2K3 )..\:..\2-..\2 (K1 K2K 3 )..\=..\ 1 

K1 K 2K3 = 
At-..\ 2 

rAe ..\ 1 OTHOC~TCR K MaTep~HCKOMy RAPY, T. e. 210 Bi. 
XoTR 3Kcnep~MeHTanbHble nno~aA~ n~KOB nony4~n~cb 6n~3K~M~ 

K paCC4~T~BaeM~M no ~OpMyne /1/, 6onee HaAe~H~M OKa3biBaeTCR , 
eCTeCTBeHHO, BOCnOnb30BaTbCR OTHOWeH~RM~ nno~aAe~ n~KOB ~ Ce4e
H~~ peaK4~H, nOCKOnbKY np~ 3TOM He Tpe6yeTCR 3HaH~R nOTOKa 
He~TpOHOB, TeneCH010 yrna ~ a6con~THOH 3¢$eKT~BHOCT~ AeTeKTO
pa. TaK, He~3BeCTHOe ce4eH~e peaK4~~ Bblpa~aeTCR 4epe3 ~3BecT
HOe ce4eH~e APyroA peaK4~~ H nno~aAH y-nHKOB npOAYKTOB 3THX 
peaK4~H KaK 

4 

a = a 
0 

A a of3ofoKfK2K3 

Aoaf3f K1K2 K3 
/2/ 

J 

• 

rAe ~HAeKC 0 OTMe4aeT Ben~4~H~, OTHOCR~~eCR K peaK4~~ C ~3-
BeCTH~M Ce4eH~eM, a Ben~4~H~ 6e3 3TOrO ~HAeKCa dTHOCRTCR 
K peaK~~~ C He~3BeCTH~M Ce4eH~eM. no3TOMY B ma6A.2 HapRAY 
c 3Kcnep~MeHTanbH~M~ nno~aARM~ n~KOB AaH~ np~BeAeHH~e nno
~aA~. KOTOp~e AOn~H~ 6~Tb nponOp4~0HanbH~ Ce4eH~RM COOTBeT
CTBy~~~X peaK~~~. AnR Haxo~AeH~R ce4eH~~ ~cnonb30Ban~cb 4~cna 

nocneAHe~ rpa$~ Ta6n~4~. ycpeAHeHH~e no pa3H~M y -n~H~RM 207 Bi 
~ 206 Bi .~ Ha~MeHbWaR ~3 04eHOK AnR 205Bi. 

4. AaHHble o ce4eH~Rx peaK~~~ 209 m (n, xn) Bee bMa orpaH~4eHbl. 
t\nR n = 2 ~ 3 OH~ 6~n~ ~3MepeHbl B pa6oTe / 9 / B ~HTepBane 
8-24 M3B, a AnR He~TpOHOB cneKTpa AeneH~R 6~n~ ~3BeCTH~ n~wb 
cpeAH~e ce4eH~R: 

' 10 / i ll / / 11 / 
a 

2 
~ 1 0 , 4 M6 , 6 , 1 M6 ; a 

3 
= 1 4 MK6 , 

n , n n, n /3/ 

np~4eM ABe nocneAH~e Ben~4~Hbl - TeopeT~4ecK~e 04eHK~. no3TOMY, 
~cnonb3yR perynRpHy~ 3aB~C~MOCTb ce4eH~R (n, xn) -peaK4~~ OT 
3Ha4eH~R Mace~ RApa - M~WeH~ ~ 3Hepr~~ He~TPOHOB E ~ on~paRcb 

Ha 3Kcnep~MeHTanbH~e pe3ynbTaTbl AnR 209 Bi / 91 ~ coceAH~x 
RAep ' 12 ', Mbl npOBeJl~ B 3aB~C~MOCT~ OT E O~~AaeMble KP~Bble ce-
4eH~~ AnR peaK4~~ c x = 2-5 Ha 209 Bi. YMHo~aR 3aTeM 3T~ ce-
4eH~R Ha HOpM~pOBaHH~~ MaKCBennOBtK~~ cneKTp He~TpOHOB 
2(E / rr0 3)1-' 2 exp(-E / O)dE c TeMnepaTypo~ () = 1,4 M3B 1 21 ~ ~HTer
p~pyR no E, Mbl Hawn~ cneAY~~e 3Ha4eH~R cpeAH~x ce4eH~~: 

a n,5n 

9, 3 M6 j a 
311 

= 18 MK6 j a 4 = 18 H6 j n, n, n 

0,015 H6. 
/4/ 

an .2n 

AnR peaK~H~ (n.2n) H (n,3n) 3TO Hennoxo coBnaAaeT c npHBeAeH
HbiMH B~we AaHH~M~ /3/; 3Ha4HT, AnR 04eH04H~x pac4eTOB TaKoA 
nOAXOA MO~HO C4HTaTb onpaBAaHHbiM, 

no AaHH~M pa60T 1 131 H 1 141, cpeAHee ce4eH~e (n. y) -peaK4~H 
COCTaBnReT 3,4 6 ~ /2,5+0,9/ 6 COOTBeTCTBeHHO. np~HHMaR AnR 
Hero BenH4HHY /3,0+0,6/-6 H nOACTaBnRR ee B ~pMyny /2/ BMec
Te C 4HCnaMH ~3 nocneAHero CTOn6~a ma6A. 2, Mbl nony4~n~ TaK~e 
Ben~4~H~: 

an,2n = /10~2/ M6; 

0 n,4n /10+2/ H6; 

an,3n= /16~3/ MK6; 

an,5n < 0,4 H6. 
/5/ 

AnR peaK4~H (n, 2n) , (n, 3n) 3TO Ta~e coBnaAaeT c /3/ ~ AnR 

5 



(n, 3n), (n,4n) H (n,5n) fiB!lfleTCfl nepBbiM 3KcnepHMeHTa!lbHbiM pe-
3YilbTaTOM *. 

5. Ha OCHOBaHHH nony4eHHbiX pe3y!lbTaTOB 151 C npHB!le4eHHeM 
sepOfiTHbiX KpHBbiX Ce4eHHH peaK4HH 209 Bi(n, xn) MO>KHO BbiCKa-
3aTb ASa yTsep>KAeHHfl 0 SbiCOK03HepreTH4eCKOM 11 KOH4e 11 cneKTpa 
AeneHHfl. 

Bo-nepsblx, 6nH30CTb Tpex nepsblx ce4eHHH 151 H 141 AaeT 
OCHOSaHHe yTsep>KAaTb, 4TO npH Ae!leHHH fiAeP peaKTOpHOro TOnnH-
sa 1- 75 %

239
Pu H -- 25 % 235

U I po>KAaiOTCfl HeHTPOHbl c 3Hepr~-tf!-
MH snnOTb AO - 30 M3B, a cneKTp Hx np~-t6nH3HTe!lbHO on~-tcblsaeTCfl 
pacnpeAeneHHeM MaKcsenna c TeMnepaTypor:i 1,4 M3B. 3To 03Ha-
4aeT,HanpHMep,4TO s HHTepsane WHPHHOH 1 M3B npH E =20,25 1-1 30 M3B 
H3!1y4aeTCfl COOTSeTCTSeHHO OKO!lO 2. 10 - o ; 6 · 1 Q -!l H 2 · 1 Q -\1 

HeHTPOHOS Ha 1 aKT Ae!leHHfl. 
3aMeTHM, 4TO S nOAaS!lfiiO~eM 60!lbWHHCTSe HCC!leAOSaHHH cneKTpa 

HeHTPOHos AeneHHfl rpaHH4Hafl 3HeprHfl He npesblwana 10-15 M3B 
1 16 1 H, HaCKO!lbKO HaM H3SeCTHO, COCTaS!lfl!la, MaKCHMyM, 20 M3B · . 

Bo-sTOpbrx, ecnH WHPOKHH nHK ce4eHH.A peaK4HH 209 Bi(n,5n) 205Bi 
annpoKCHMHposaTb 3Ha4eHHeM 1 6 np~-t E = 40-60 M3B, TO sepxHHH 
npeAe!l cpeAHero Ce4eHH.A 3TOH peaK4HH 151 npHSOAHT K 04eHKe 
SbiXOAa HeHTpOHOS Ha aKT AeneHH.A 

n 11 < 4 . 1 o- 10 I 6 I 

S 3TOM HHTepsane 3HeprHH, nony4eHHOH Ha ypOSHe OAHOrO CTaH
AaPTHOrO OTK!lOHeHH.A. TaKHM o6paaoM, npe>KH.A.A 04eHKa 141 npesaor:1-
AeHa S 50 paa; npaSAd, nOC!leAH.A.A OTHOCHTC.A K 6onee WHpOKOMy 
HHTepsany 3Hepr~-tr:1: 40-200 M3B. 

BepXHHH npeAe!l SbiXOAa HeHTpOHOS 161 SMeCTe C npeAe!lOM Sbi
XOAa < 3 ·10-8 1 2

-' Afl.A y -KsaHTos c 3HeprH.AMH 6onee 30 M3B noaso
IlfiiOT SbiCKa3aTb CY>KAeHHe 06 06Hapy>KeHHbiX HeAaSHO S CnOHTaH~OM 
AefleHHH 252

Cf
1 51 C!ly4af!X 3HeprOSb1Ae!leHH.A S SHAe HeHTpOHOS 

H y-ny4er:1 snnoTb AO 3HeprHH 63 M3B c SbiXOAOM 3Ha4HTenbHO 6onb
we 2 ·1 0-

8 
Ha aKT AeneHH.A. EcnH TOilbKO TaKoe 3He:ftrosbrAeneHHe 

np~-tcy~e H APYrHM Ae!l.A~HMC.A .RAp aM, s 4acTHOCTH 2 9 Pu 1-1 235 U. 
TO OHO OCy~eCTS!l.AeTC.A He 0AHH04HbiMH HeHTPOHaMH HilH y-KsaHTaMH, 
a HeCKO!lbKHMH OAHOspeMeHHO Sbl!leTaiO~HMH HeHTPOHaMH HIHnHI y 
KBaHTaMH. TeM caMbiM ecTeCTSeHHOe npeAnono>KeHHe asTopos pa6o-
Tbl / 5

/ 06 3TOM nony4aeT 3KcnepHMeHTa!lbHOe nOATBep>KAeHHe. 

* PeaK4H.fl 209 Bi (n, 3n) 207 Bi Ha6nroAanac b 20 neT Ha3aA s TennosoM 
peaKTOpe CO CpeAHHM Ce4eHHeM-0,2 MK6 1 15( Ho Se!lH4HHa nony4eH
HOrO Ce4eHHfl He npeACTaB!lfleT 60!lbWOrO HHTepeca H3-3a 11 HeCTaH
AapTHOCTH11 HCnO!lb30BaHHOro HeHTPOHHOrO cneKTpa, 

6 

; 

• 

AsTOpbl C4HTaiOT CSOHM npH.fiTHbiM AO!lrOM HCKpeHHe no6narOAa
PHTb B.A.AeH~-tcosa aa noMO~b npH o6ny4eHHH o6paa4a H U.Bblnosa 
H C.£a4esa aa noMO~b npH H3MepeHH.fiX y-cneKTpos. 
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