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BB~~ H HQ 

3a nocnellHHe rOllbl aa6monaeTCSI IlOBbIWeHHblH HHTepec K SlllpaM c 

Konu11eCTB8MH npoTOHOB. H HeiiTpOHOB, 6nH3KHMH. K. M8I'H1IeCKHM 'IHCnaM z = '82, 

N = 126. 3To CBSl38HO C C03ll8HHeM HOBblX 3KCnepHMeHTanLHblX B03MO)K

HOCTeA, a TaK)Ke C ·HOBbIMH- TeopeTH'leCKHMH HlleSIMH, aenymBMH K llAnLHeii

WHM YTO'IHeHHSIM SillepHbIX MOlleneii • 

AaanHa cneKTpocKonH11ecKHX Koalfic}JHnHeHToa, aoa6yJKJleHHhIX ypoaaeM . 
3TOii rpynnbI Slllep, _ npHBen K onpeneneHHIO CTeneJiH 'IBCTOTbl OllHO'laCTH'IHbl: 

COCTOSIHHA B noaaonHn ycTaHOBHTL ponL B38HMOlleHCTBHSI OCllHMSlllHSI-11acTm 

C noMomLIO npB6nH)KeHBSI BaaHMOlleiicTBHSI 118CTHll C OCllBnnsinBeii 

/1 2/ - - - - -
OCTOB8 • ynanoch o6aSICHHTL:pSill HeSICHblX paHLwe neTaneH CTpyKTypbl 

aoa6y)KJleHHb~X cocTosiailii 
209 Pb , 207 Pb , _209 Bi , 207 Tl 

131
• 

CTpyKTypa :-aoa6y)KJleHHbIX COCTOSIHHH He1IeTHO-He1IeTHblX Sillep 3H81IH

TenLHO 6onee cnO)KH8 _B BMeeT_ npsiMoe OTHOWeHHe K. BblSICHeHHIO Bonpoca 0 

l\30HMOJleiiCTBHB H~iiTp~~a B _ npOTOH8 B_. ycpenneHHOM . none Sill pa. 

llcc.nenoaanue SlllepHhlx cnoiicTB 11eTHhIX BaoTono·a ancii.fyTa1 a KoTopw 

. napa ff£>iiTpOH-'-DpOTOH llBB)KeTCSI ·e none OCT.:>Ba C MarB'leCKHM 'IHCnOM npo

TOHOB. JI 'JHcnoM. ueiiTponoB, 6nH3KHM __ K Ma~H11ecK0My, llOnlKHO BblSIBBTb 
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MHOrHe neTanH 3Toro B38HMoneifCTBHSI. HanpHMep, cxeMbl YPOBHeH 208 Bi 

21
.
0 

Bi YKB3b!BBIOT Ha Heo6x~nHMOCTb BKllIO'leHHSI TeH30pHbIX CHn B OCT8TO'I

Hoe B3aHMoneifCTBHe nnsi o6'h SICHeHHSI xapaKTepHCTHK HH3Kone)Kaumx Boa6y)K-
• /4/ 

neHHbIX COCTOSIHHH 3THX sinep 

202 B" 
11MeeTCSI He6onb.:UOe KOllH'leCTBO naHHhIX O t • 3TOT H30Ton, 

o6nanaromHif cmmou ocHOBHoro co.cToSIHHSI I 
/5/ 

5 , pacnanaeTCSI nyTeM 

aneKTpoHHoro aaxBaTa ( T½ = 95 MHH) no xopomo Hay'leHHoro HaoTona 
202 /61 

Pb • Boa6y~eHHOe COCTOSIHHe C 3HeprHeH 68 K3B 6btn0 HneHTH!pH-
. /7/ 206 

UHP0BBHO Ha OCHOBe anb~a-pacnana At 
/8/ 

B pa6oTe 11oHeca H ATeHa naroTcsi nepBhie naHHb1e o raMMa-

cneKTpe H3 pacnana 202 Po nyTeM aneKTpoHHoro aaxBaTa, K0TOpbiii 

/9/ 
COCTaBnsieT 98% • 

B HBCTOSimeif pa6oTe Ha OCH0BBHHH aHanorH'IHhIX H3MepeHHH raMMa

cneKTpOB rrpennpHHHMaeTCSI Il0ilbITKa onpeneneHHSI CBSl3H Me~y raMMa

cneKTp0M H cxeM0H ypOBHeH B 
202 

Bi 

2. 3KcnepHMeHT 

llaHHhie aToif pa60Tb1 o raMMa-nepexonax B 
202 

Bi 6hmH nony'leHhl c 

u 202 p 
Il0M0WbIO peaKUHH, BenymHx K CHHTeay 0 

19_1Au +llB ➔ 6 n + 202p0 ➔· 202Bi 

Pt + 12
G ➔ xn + 202Po ➔ 20

·
2 

Bi .. 

11oHhl 6opa yCK0PSill.UCb .B UHKn0TpOHe Y-300 na6opaTopHH HnepHj,IX peaKUHlt 

011 Hl1 no aaepruH.,82 _H 89 MaB (nBe cepHH o6ny'leHHif), HOHhl yrnepona 

no aHeprHH 82 MaB (onao o6ny'leHHe); 

.3onoTaSI. nH6o nnaTHH0BaSI iponhra TOlllUHH0H 5 MKM o6ny'lanacb T0K0M 

1 MKa B, Te'leHHe .QllH0I'0, ,qaca, 3aTP.M nepeH~CHnacb K Ce (Li) neTeKT0PY 

PaMMa-cneKTpoMeTpa c paap~llla10meil: crroco6uocTblO 3,5 K3B nnH PaMMa

muum 661 K3B. 
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Ha puc. 1 noKaaaH raMMa-cneKTp nnaTHHoBott MHWeHH, aaperucTpH

po_BaHHhitt HenocpellCTB8HH0 nocne o6nytl8HHSI ll0H8MH yrnepolla. 

Ha 0CH0Be H8CK0nbKHX nocneitoBaTenbHblX 20-MHHyTHblX H3M8p8HH:li 

· • Hll8HTH«i>HUHpoBaH pHll raMMa-nepexonos. 

GpaBH8HHe HHT8HCHBH0CT8:li 0TitenbHblX ,raMMa-nHHHfl: npH llBYX 

. 3H8pl"HSIX YCK0PS18Mb1X H0H0B 11 B noMorno npu Hll8HTH«i>HicaUHH raMMa

··nHHHfl: 
302 

Bi (BpeMeHa >KH3HH 
303 Po 202 Po 0'l8Hb 6nH3KH llpyr llpyry). 

20:/ 
3HeprHH raMMa-nHHHii: Bi ' yKa3aHHbl8 Ha puc. 1, 6binH onpe-

neneHbI Ha ocHoBe aaanuaa naHHbIX scex cepnfi uaMepeautt. BbmH onpenene

Hbl TaK>K8 rnaBHbl8 raMMa-nHHHH B cneKTpax 
203 Bi H '°' Pb • 

B, Ta6nm1e 1 np11BO)lSITCSI aaeprHSI H HHTeHCHBH0CTb J"aMMa-nepeX0ll0B 

20:1 Bi 

ATeHa 

, nony'leHHbie HaMH, a TaK>Ke aHanorH'lHbie peaynbTaTbI Hoaeca H 

/8/. 

· Ta6nuua 2 conep>KHT naHHbie ·o raMMa - cneKTpe 
:/03 

Bi • 

3. O6cy2KJleHHe 

GpaBH8HH8 pe3ynbTaT0B 3TOii pa60Tbl C peaynbTaTaMH Hoaeca H ATeHa 

'noKa3bIBaeT cornacHe 3Heprntt H IIHT8HCIIBH0CTett llnSl Tpex rnaBHblX nepe

X0ll0B. Gornacue nnH mrnnn C M8HbUieii IIHT8HCHBH0CTblO xy:iKe: He ynan0Cb 

. fi0llTB8pllHTb nepeX0lla C 8Hepr11efi 463,0 K3B, a 6bmO ycTaH0BneH0 cywecT

B0BaHHe_ B cneKTpe H81lll8HTHC!lllUHpoBaHHblX HoaecoM H AT8HOM llSITH cna6bIX 

nHHHfi, K0T0pb18 no HaUieMy aHanuay ll0n>KHbl npHHallne>KaTb 
20

' Bi • 

Bbm o6uapy>KeH B Cll8KTpe TaK>Ke pSlll raMMa-nHHHtt, 0TB8'l810lllHX 

202 ,o, 
nepexollaM B Pb , 06paay101llHMCS1 Ha pacnana Bi • OTHOllleHHe 

IIHT8HCIIBIJOCT8H raMMa-nmrntt Tpex rnaBHblX nepeX0ll0B: 422;2 657,5 H 

960 '7 K3B B m1meM cneKTpe C0CTaBnSleT C00TB8TCTB8HH0 81 :62: 100 ( C 

0111116Koi1 .:t. 5%). 3TII llllllHI,Ie M0>KIJ0 conocTaBHTb C 0TH0IU8HH8M 85:60: 100 
/JO/ 

n cneKTpe raucepa 
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Pnc. 1. y - cnexTp nnaTnHosoit Mnwean, 06nyqe.1rno8 H0HaMH yrnepoJ1a. 
20:l 

YxaaaHbl SHeprHH y - nHHHH H3 pacnaJ1a Po nyTeM anexTp0HH0I'0 
aaxsaTa. KpecTHKH o603H8'1'.8IOT HJ1eHTmfJHuHpOB8HHbie Y - nHHHH 203 Bi (X) 
H 20:l Pb(+). 



Ta6nmxa 1 
, 202B• 

3HeprHH H HHTeHCHBHOCTH y - nHHHH '• HJ:teHTH<iJHuHpoBaHHbIX B 
aacTosrmeii pa6oTe1 a TaKJKe aaanorH'IHhie peayn&TaTbI Moaeca H ATeaa(8). 

])Off/-109 
_Po5otna Jones J _Aten 

E I E I 
166,0 19 165.6 23 

269,{. Lr 
316.2 25 .315.9 30 
.385, 2 5 ' 

463.0 5 

506.0 13· 506.6 10 

55f2 5 551.3- 4 
598.3 7 
643.6 1f 

,5a·a.4, (00 689.0 100 
.. 7{5,5 1t, 

789.7 · .. (4 79,0.1 17 
97.3. 6 14 773.7 11 



Ta6.1mua 2 
203 

JlaHHbie o y - cneKTpe ._ Bi • nony1J:eHHb1e B Tpex pa6oTax. 

llePste2n • 
HoPKe Neumom dOHH09 

I . • 

Rstner SPejewsKi.. po5oma. -

175.2. S.9 f7S.3 Z.5 17.5.3 2.4 
182.5 0;2 . 

189.5 6.B 186.1 S.f -(89.4 S.8 

.. 197.7 I.O 1980 OS 
c04.7 1.0 Z.O5.9 0.6 

214.B 29.0 2IS.f HI 215.2 2.1.t 
26{8 2.6 

389.6 2.2 3908 f6 
419.3 4.5 ' 4200 .3.5 

486.f 4.2 486.6 ?.9 486,2 4.2 
51-1.0 21.0 

···--

647.6 3.6 648.6 5.5 

742.{J 1.2 
883.5 3.5 

893.5 31 894.0 38.7 893,6 34 
9087 IOO 906.3 100 . 908,7 ---100 

918.6 0:1 

{090,9 34 W91 32.2 1090.6 37 

12.4 2 1242 6-4 
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• 

B cneKTpe BHAHbI TaK:11<e raMMa-1UIHHH ~
03 

Bi • B Ta6nHue 2 yKa3aHbI 

. 203 
Te ne,p~X0tlbl B . Bi • K0T0pb!e. B 0Tt:ienbHbIX cneKTpax 6btnH Jl0CT,8T0'IH0 

'leTKHMH t:inH onpei:ieneHHH HX 3HeprHfi H HHTeHCHBH0CTH co CTaHJlapTH0H 
. . . /11/ 

T0'IH0CTblO. ConocTaBneHHe HaWHX tl8HHbIX C Jl8HHbIMH ronKe H Jlp. 

/12/ 
H C t:iaHHblMH AnbncTeil:Ha H Jlp. Il03B0nHeT CJlenaTb Bb!B0Jlbl 0 HeK0T0-

pb1X pacxo:11<t1eHHHX pe3ynbTaToB o6enx rpynn~ 3To IcacaeTCSI 3HeprHH . 

nHHHH 189,4 K3B, HHTeHCHBHOCTH nHHHH 215,2 K3B, cymecTB0B8HHSI nepeX0Jl8 

511,0 K3B H aaeprHH nHHHH 908, 7 K3B. 

Ha 0CH0B8HHH nony'leHH0il: HaMH HH~OpMaUHH 0 raMMa-nepeX0JlaX B 

202 B Bi 6bma npeAnpHHHTa nonb1TKa nocTpoeHHSI cxeMbI ypoBHefi. o.nbwasi 

pa3HHU8 CilHH0B MaTepHHCK0ro H ll0'18pHero HJlpa, KaK 3T0 HMeeT MeCT0 

B 'leTHbIX napax HJlep nonoHHH H BHCMyTa, npHB0llHT, KaK npaBHno, K 

ycno>KHeHHJO cxeMbI pacnai:ia •. 

O6cy>Kll8HH8 B03M0>KH0il: CX8Mbl .ypoBHeil: H8Jl0 Ha'IHHaTb C ypoBHH 

68 • ,i, . 206A 
K3B, K0T0pblH np0HBnHeTCH B anb~a-pacnaJle t 

/7/ 

Ha ocHoae aaanH3a cyMM aaeprnil: raMMa-nHHHH M0>KH0 npeAnonaraTb 

_ cymecTaoaaane eme 'l8Tb1pex ypoaaefi. 

CyMMbl 69 + 316,2 = 385,2 H 385,2 + 166,0 

385,2 H 551,2 KSB. 

551,2 JlalOT ypoBeHb 

CyMMbl 643,6 + 506,2 = 1149,8 u 551,2 + 598,5 yKa3~IBalOT Ha B03M0>KH0CTb 

cywecTB0B8HHH 'ypoBHSI 1149,6 K9B 'n"'not1TBep:1KAE1IOT ypoBeHb 551,2 K3B. 

1IeTB8pTblH ypoBeHb M0>KeT HMeTb aaeprHJO 506, 2 HnH 643,6 KSB. 

nocToaepHOCTb Bb!B0A0B, CJlenaHHb!X Ha 0CH0B8 H3Y'l8HHSI cyMM SHeprHH 

y - nHHHil:, 3Ha'lnTenbao pacTeT, ecnu AnSI npeAnaraeMofi cxeMbI ypoaHefi nony~ 

6 • B 202 B; 
'laeTCH npaBHnbHblil: anaac HHTeHCHBH0CTeH nepeX0Jl0B. . cnyqae .' • 

HHT8HCHBH0CTb KBai:ipynonbH0J'0 nepeX0Jla 960, 7 ·K9B B ll0'18pHeM Sit:ipe 

202 Pb /6/ · 202 
M0>KeT 6b!Tb Mepoil: HHT8HCHBH0CTH nepeXOllOB B Bi ( B HaweM 
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cneKTpe He Ha6mo.(laIOTCSI raMMa-nHHHH 129 if 187 KSB n noaToMy MO>KHO 
. ~- . . .· . . 

yTBep)K!laTb,'ITO H3OMepHoe COCTOSIHHe, KOTOpoe Morno 6bi ll8Tb BKnait 
. . . 

llO HHTeHCHBHOCTH raMMa-nHHHH 960, 7 KaB, B HBWHX ycm>BHSIX He B036y>K-

itaeTCSI). 

HHTeHCHBHOCTb nepexoi.a 960,7 xae na ocaoee Tpex cepHft H3MepeHHft 

COCTaBnSieT 170 :!:. 20 (B eitHHHnax OTHOCHTenbHhlX HHTeHCHBHOCTeft, a KOTO-

. · ·· · 2H 
pblX HHTeH<::HBHOCTb raMMa-nHHHH 688,4 KSB, Bi paBHSieTCSI 100). 

no cpaBHeHHIO C HHTeHCHBHOCTbIO aToro nepexoita 'noToK' nepeXOllOB 
202 . 

Ha OCHOBHoe COCTOSIHHe Bi llnSI npei.naraeMOft cxeMbl ypoBHeft nony-

'IaeTCSI cnHWKOM ManblM (ncxnro'IaeTCH _BO3MO:IKHOCTb pacnai.a Sillep 
202 Po 

llO OCHOBHOI'O COCTOSIHHSI 
202 Bi H3-3a cnHHOBblX coo6pa:1KeHnft).· 

B aTOM criy'Iae o6pamaeT Ha ce6SI BHHMaHHe He Y'ITeHHblft B CXeMe nepexoit 

688,4 K8Bo 

CymecTBoBaHne cocTOSIHHH c aileprneft aToro nepexoita itano 6b1 

npaBHnbHblA 6anaHC HHTeHCHBHOCTeA: OT 165 llO 155 B 38BHCHMOCTH OT 

y'IaCTHH MynbTHnonbHocTeA M 1-n E- B nep·exoi.ax. 

TaxoA BapHaHT cxeMbl pacnai.a HC1Iepnb1BaeT 80% CYMMbl · HHTeHCHBHOC

TeA HiteHTHcf>HnHpoBaHHblX H8MH raMMa-nnirnA. 

Bb1pa:1Ka10 rny6oxy10 6naroi.apHOCTb T. Mopexy n C. XoAaanxoMy aa 

none3Hble llBCKy~CHH H noMOIIlb B npoBeiteHHH axcnepHMeHTOB. 
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