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BBEtl£~11£ 

Xcpoaro 13BeCTHO, 4TO cocraeH~>~e RApa , o6pa3yiOutHecR 8 peaK
~HRx C TR~er.biMH HOHaMH, 06naA~IOT 6onbWHMH 3Ha4eHHRMH yrnOeOrO 
~MeHTa. BwcOKH~ yrnoeo~ MOMeHT BnHReT Ha pa3nH4HWe xapaKre
PH CTI1K~1 npo~ecca ,Qe8036y>K,QeHHR COCTaBHOro RApa, 8 4aCTHOCTH, 
npi4BOAHT K pocTy 3MHCCHH y -K8aHTOB 11 ·21• B noCJleAH11e roAw 
6onbWOe BHHMaHHe YAenReTCR HccneAOBaHHIO MHOlKeCTBeHHOCTH, 3Hep
reTH4eCK11X cneKTpOB y-KBaHT08 AflR onpeAeneHHR yrnOBWX MOMeH
TOB 11 APYri1X CBO~CTB COCTa8HbiX RAep, 06pa3y~HXCA B pe3ynbTa
TC Cfli1RHH~ TA>Kenoro 110Ha C RAPOM-M11WeHbiO ICM., HanpHMep, o6-
30p /;J/ I . Ho 3MI1 CCHA y -KeaHTOB AOn>KHa anHATb 11 Ha TaKyro ea)I(
Hyro C T0 4KH 3pCHI1A f" I1HTe3a HOBbiX 3fleMeHTOB XapaKTepi1CTI1KY 
peaK~H\1; KaK ce4cHI1e o6pa3oeaHI1R KOHe4Hwx npoAYKTOB. WHpOKO 
np\1MeHA e Mwe MCTOAW pac4eTa Ce4eH\1~ 06pa30BaHHA TpaHcypaHOBWX 
1130TOnOB 14•6 / He Y4HTbiBaiOT KOH KypeH~\110 3MI1CCHI1 y- KBaHTOB 
C npo~eccaMH 11Cnape H\1A 4aCTI1~ 11 AeneHI1R COCTaBHOro RApa. 3Ta 
KOHKypeH~11A AOCTaT04HO nOAP06 HO H3y4eHa flHWb B o6naCTH nerKHX 
11 cpeAHHX cocTaBHwx RAeP 17 · 111 • Uenbro AaHHOH pa6oTw ABnReT cR 
11CCfleAOBaHHe Bfli1RHHA 3MI1CCH11 y -K8aHTOB Ha Ce4eHHA 06pa30BaHHA 
1130TOnDB TpaHCypaHOBWX 3neMeHTOB, 

METOtl PAC4ETA 

06pa30BaeweecR B peaKUHRX C TA>KenWMH HOHaMH COCTaBHOe AAPO 
CHI1MaeT CBOe B036Y>KAeHHe nyTeM nocneAOBaTeflbHOH 3MHCCHH HeCKOflb
KHX 4aCTI14, rnaBHWM 06pa30M He~TPOHOB. Y TAlKeflbiX COCTaBHWX AAep 
onpeAenAroutyro pon b Ha4HHaeT HrpaTb KOHKypeHUHA npouecca AeneH~R 
B Ka>KAOM 3BeHe HCnapHTeflbHO~ ~en04KH, 4TO Cl1flbHO yMeHbWaeT 
BWXOA KO~e4HWX H30TOnOB. 3MHCCHA HeCKOflbKHX HeHTpOHOB YHOCHT 
6onbWYIO 4aCTb Ha4aflbHO~ 3HeprH11 B036Y)I(AeHHA, HO cpaBHHTeflbHO 
Maflbl~ yrnOBO~ MOMeHT. 0CTai!IWH~CA AOCTaT04HO BWCOKH~ yrJlOBO~ 
MOMeHT yHOCHTCR KaCKaAOM y- KBaHTOB. 

06bi4HO e pac1.1erax ce4eHH~ o6pa3oeaHI1A 1130Tonoe 1 4·6/ AOCTa
T04HO KOppeKTHO paCCMaTpHBaeTCA fli1Wb HCnapeHI1e 4aCTHU 11 Aene-
Hl1e, a crporoe paCCMOTpeHHe 3MHCCHI1 
npeAnono>KeHHeM, 4TO OCTaewaAcR nocne 
~bl 3Hepri1A B036Y>KAeHHA E* YHOCHTCA 
npH cpaBHHTeJlbHO 6onbWHX "Tennoewx" 
epautarenbHaA 3HeprHA AApa/, 6ni13KI1X 

y-KBaHTOB 3aMeHAeTCA 
HcnapeHI1A nocneAHe~ 4aCTH
y - Ke aHTaMI1. Me>KAY TeM 

3HeprHAX E *-E rot I E rot 
K 3Hepri1H CBA311 He~TpOHa, 
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3MHCCHA ) -KB3HTOB fiyAeT 3aMeTHO KOHKYPHPOBaTb C APYrHMH KaHa
naMH pacnaAa COCTaBHOrO AApa. B AaHHO~ pa6oTe B OTnH4He OT 
pa6oT 14·6l paCCMOTpeHa 3Ta KOHKypeH~H.R AnA COCTO.AHHH, ne)l(ali\HX 
BbiWe YRAST -nonocbl. 

KaK 6blnO noKa3aHO B pa6oTe 1121, B HHTepeCyiO\IIeH Hac o6naCT H 
cpaeHHTenbi-'O 6onbWHX "TennoBblx" eo36y>t<AeHio1~ E *-E rot > 1, 5 H3B 
AOMH~Hpy~T CTaTHCTH4eCKio1e 3neKTPH4eCKHe AHnOnbHble nepeXOAbl . 
nocne cTaTio1CTH4ecKoro y -KacKaAa nocneAYIOIIIH~ pacnaA npoHcxo-
AHT MHOrHMH nyT.RMI-1 BAOnb YRAST -o6nacTH, noKa He 6yAeT 
AOCTHrHyTa pOTa~~HHa.R nonoca, KOTOpa.R H CKOH~eHTpHpyeT non
HY~ HHTeHcHBHOCTb ecex y -KacKaAOB. no AaHHbiM pa6oTb1 1t2. e o6-
nacns Manblx " Tenno GbiX 11 eo36Y*AeHH~ E *- E rot < 0, 5 H3B npeo6-
naAa~T 3neKTPH4eCKHe KBaApynOnbHble nepeXOAbl, a B npoMe)l(yT04HO~ 
o6nacTH 0,5 < E*- Erot < 1,5 H3B lo1MeeTC.R c Mecb E1-H E2 -nepe
XOAOB. nocKOnbKY 06b14HO 3Ha4eHio1.R 3HeprH~ CBA3H HeHTPOHOB 
1.1 6 apbepoe AeneHH.R npeebiWaDT senH4HHy 1,5 H3B, MO*HO C4HT aTb, 
4TO C lo1CnapeHHeM He~TPOHOB H AeneHHeM KOHKypHpyeT 3MI-I CCHA 
3neKTplo14eCKOrO AHnOnbHOrO H3ny4eHH.R . 

3 TO YT BeP*AeHHe CnpaseAnHBO npH He 04eHb 6onbWHX 3Ha4eHH.RX 
yrnoeoro MOMeHTa I < (50-60) fl . B cny4ae c HnbHO spall\aiOIIIHX C.R 
.RAeP He06XOAHM0 Y4HTb18aTb yMeHbWeHio1e senH4HHbl 3HeprH~ CB.R3H 
4aCTH~ 1 271 H 6apbepa AMeHio1.R / 2S·30 / C pOCTOM I , a TaK*e BKnaA 
CTaTHCTio14eCKOrO KBaApynonbHOrO y -lo13ny4eHH.R l 31l . 

- Pac4eT npo~ecca Aesoa6y•AeHI-1.R cocTaeHoro AAPa BblnonH.Rnc.R 
MeTOAOM MOHTe- Kapno Ha OCHOBe nOAXOAa, paccMaTplo1Ba~Ulero BnH.R
HHe 6onbworo yrnoeoro MOMeHTa Ha xapaKTeplo1CTHKH 1.1cnyll\eHHbiX 
4aCTH~ 1 1 3~ B AaHHOM nOAXOAe ecTecTeeHHbiM o6paaoM y4HTbleaeTc.R 
HSMeHeHHe xapa KTepHCTHK cocTaBHoro AAPa I 4Hcna Hei1TPOHOB N 
1.1 npoToHos Z, 3HeprHH soa6y>t<AeHH.R E * H yrnosoro MOMeHTa f I 
Ha npOMe)l(yT04HbiX CTyneHAX HCnaplo1TenbHOrO KaCKaAa . 

Ha Ka)I(AOH CTyneHH KaCKaAa paCCMOTpeHa KOHKypeH~HA 3MHCCHio1 
y -KsaHTos c AeneHHeM 1.1 ocnapeHHeM paanH4HbiX 4acTH~ I o , p, d, 
t , 3He , a I. Heo6xOAHMble Afi.R 3Toro nap~HanbHble WHPHHbl 3MHC

CHH 4aCTH~ Tj H AeneHH.R r r paCC4HTb1BanHCb c OOMOU\bD 06b14HbiX 
Bblpa)l(eHH~, nony4eHHbiX B paMKaX CTaTHCTH4eCKO~ MOAenH AAePHbiX 
peaK~H~ 114(AHano rH4HO, npHMeH.RA npHH~Hn AeTanbHoro 6anaHca, 
Afi.R paAHa~HOHHO~ WHPHHbl HMeeM: 

E*-E rot p(E*-E I) 
f'y(E *, I) = 3(nftc)-2 f a A(Ey) y• E 2dE 

o Y p (E *,I) Y Y 
111 

rAe P - nnOTHOCTb ypOBHe~ COCTa8HOrO .RAPa, E y - 3HeprH.R HCny
UleHHOrO y -KBaHTa, ayA- Ce4eHHe <IIOTOnornOUieHH.R. npH BbiBOAe 
ypaBHeHio1.R 111 HCOOnb30BaHO TO 06CTO.RTenbCTBO, 4TO AnA HCnyc
KaHH.R AHnOnbHbiX y- KBaHTOB 1.13 COCTaBHOrO AApa C 6onbWHM yrno
BbiM MOMeHTOM p(E"', 1 +1) = p (E*, I - 1) =p(E*,I}. 
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Ce4e HHe A1-1nonbHOro <IIOTonornoUleHHA onHcbleanoc b BbiPa*eHHeM 

aE l(E ) =aE1E2 f'2[ (E2-E2)2.JE2f2]-1 
yA y 0 y R y R y R ' 121 

rAe AnA napaMeTpoe rHraHTCKoro peaoHaHca Hcnonb30eanacb cneAY~
ll\aA annpoKCHMa~H.R 3KCnepHMeHTanbHbiX AaHHbiX, B3ATbiX H3 pa6oTbl 15 

Et -115 ao = 2,5·A M6, lR =0,3· ERM3B, ER=40,3·A M3 B. noACTaBH B Bbl-
pa)l(eHHe /2/ 1.1 ~epMH-raaosoe np1.16n1.1*eHHe AnA nnoTHOCTH ypoeHe~ 

p(E*,I) -expf2y aA(E *-E )] B ypa BHeHHe 1 1/, nony4HM rot 

E•-Erot 
4 2 

EY r R x ry (E*, I) = 3("tl c)-2 a~ 1 ~ 

131 

x [ (E~ -Ei)
2 +E~r ir1 

. exp\ 2\l"aA(E*-Erot- EY) -2vaA(E*-E rot>f dE, . 

B AanbHe~wHx pac4eTax BblnonH.RnOcb 4HcneHHOe HHTerpHpoeaHHe 
e ypaeHeHHH 131. Bpall\aTenbHa.R 3HeprH.R Erot =1i 2I 21 29 Bbi4HC-
n.Rnacb C 

11
TBePAOTMbHbiM11 3Ha4eHHeM MOMeHTa 3HeprHH .RApa .1 

AnA r a = 1 , 2 ~M . 

Ha Heo6XOAHMOCTb 6onee KoppeKTHoro on1.1caHH.A 3MHCCHH y -KsaH
TOB yKaa~:~~sa~T Y*e peaynbTaTbl pac4eTa nap~HanbHbiX WHPHH. KaK 
BHAHO H3 PHC. 1 , OCHOBHbiMH KOHKYPHPY~Io1MH KaHanaMH pacnaAa TA
)I(enoro COCTaBHOrO AApa .RBn.R~TC.R AeneHHe, HCnapeHHe He~TPQHO B 
H 3MHCCH.R y - KBaHT08. 06pa3YIO\IIHeCA 8 peaK~H.RX C TA)I(enbiMH HOHa
MH CHn bHOAenAU\HeC.R COCTaBHble .RApa .R&n.RDTC.R 06bi4HO He~TPOHOAe
~~HTHbiMH H HMeDT n03TOMy AOCTaT04H0 6on bWio1e 3Ha4eHH.A 3Heprlo1H 
C8.R3H He~TPOHa B n, npe8b1Wa10\11He BbiCOTy HX 6apbepa AeneHH.R B r *. 
3to 03Ha4aeT, 4TO y T.R)I(enbiX HeHTPOHOAe~H~HTHbiX AAep npH Manol1 
"Tenno8o~" 3He prHH soa6y>KAeHH.R E *-E rot < B n eAHHCTBeHHbiM 
KOHKYPHPYOU\HM c AMeHHeM npo~eccoM 6yAeT 3MHCCH.R y -K8aHT08 . 

Ha PHC.2 nOKa3aHbl OCH08Hble KOHKYPHPYIOIIIHe KaHanbl pacnaAa 
eoa6y>t<~x AAeP 233 U, 246 Fm , 256 Fm H 256102. 06nacTb, 
8 KOTOPO~ KOHKYPHPY~T TOnbKO ABa npo~ecca - AeneHHe H 3MHCCH.R 
y - KBaHTOB-, TeM WHpe nO 3Hepn1H B036y)I(AeHH.R, 4eM 6onbwe An.R 

AaHHoro AAPa paaHoCTb Bn-Br. 
TaKHM o6paaoM, 8KnD4eHH e 8 pac4eT 3MH CCHH y-K8aHTOB AOn>K

HO y8enH4HTb Ce4eHHA pea K~I-111 (HI, XD y) npH BCex 3Ha4eHH.RX X, 
nocKonbKY ee BnHAHHe 6yAeT scerAa aaMeTHbiM s nocneAHeM aeeHe 
nD6o~ HcnapHTenbHO~ ~eno4Kio1. 

~3HeprHH C8A3H 4aCTH4 Bbi41-1Cn.RnHCb no <IIOpMyne Mace .RAep Ka
MePOHa H AP / 161

, a 6ap bepbl AeneHHA - no <IIOpMynaM 1-13 pa6oTbl I 17 I . 
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PHc. 1. 3aeHCHMOCTb oT 3HeprHH eoa6y~eHHR E* 
BepORTHOCTeH f1 /f~t pa3nH4H~X KaHanOB pacnaAa 
JlAeP 266 F'm H 20vKu, HMeiOUlHX yrnoeoi1 MOMeHT I = ro~ . 

<I>YHKUI-1H B036~.QEHHSI PMKUH~ (HI, xn y) 

nocKOJlbKy y4eT 3MHCCHH y-KBaHTOB B AaJ1bHei1weM npHBeAeT 
K nepeonpeAeneHHIO napaMeTpoe Hcnonb3yeMOH MOAenH I 10,13/ , ceH4ac 
npe*AeBpeMeHHO CTaBHTb 3aAa4y HaHJly~ero OnHCaHHA 3KCnepHMeH
TaJ1bH~X <I>YHK~HH eoa6Y*AeHHA. B AaHHOH pa6oTe ~ co6HpaeMcA 
nHWb B~ACHHTb, KaKOBa AOn~Ha OwTb BeJ1H4t.1Ha HCCJleAyeMOrO 3<1l¢eK
Ta npH HeKOTOp~x pa3yMHWX 3Ha4eHHRX napaMeTpoe MOAenH*. no3-
TOMY cpaeHeHHe C 3KCnept.1MeHTOM 6yAeT CACJlaHO B npOH3BOJ1bH~X 

*.QnA HaH6onee ea*H~x napaMeTpoe nnoTHOCTH ypoeHeH RAPa e cny-
-1 

4aRx HcnapeHHA 4aCTH!4 (a) H AeneHHA(&r) B3ATbl 3Ha4eHHR a =ar..O,l M3B · 
KaK noKaaanH pac4eT~ "18/ MO*HO eocnpoHaeeCTH a6coniOTHble 3Ha-
4eHHR <I>YH KUHH B036Y~AeH~R, 83RB OTHOWeHHe napaMeTpOB a f / an > 1. 
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PHc.2. 3aeHCHMOCTb OT 3HeprHH eoa6y~AeHHR E* 
eepo;THOCTCH HCnapeHHR HeHTPOHOB fn/fto 
/CnJlOWHaR KpHBaA/, 3MHCCHH y-KBaHTOB t\/l., tot 
/WTPHX- nyHKTHp/ H AeJlCHHA rr/ rtot /nlHKTHp/ 
AJlll RAeP 2SSU' 246 Fm • 256 Fm 1-1 25 102, 

HMeiOIIlHX yrnOBOH MOMeHT I = 20tl · 

eAHHH~ax, 8 TO BpeMA KaK BenH4HHa 3<!>¢eKTa OT 3MHCCHH y -KBaHTOB 
6yAeT AaHa B a6COJ110TH~X eAHHH~ax AJ1A Ka~AOH KOHKpeTHOH <I>YHK~HH 

B036Y*AeHHA. 

PeaK!4HH c HcnycKaHHeM 6onbworo 4Hcna HeHTPOHOB (x ~ 4}. 
PacCMOTPHM npe*Ae TpaAH~HOHHO H CnOJ1 b3ye~e AJ1R CHHTe3a HOBbiX 
3neMeHTOB peaKUHH, KOrAa TR*enble MHWCHH (U, Cm. CC) o6ny-
4aiOTCR cpaBHH TeJlbHO nerKHMH HOHaMH (N. 0, Ne). B 3TOM cny4ae 
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PHc.3. ¢>yHK4HH s osfiYJKAeHH.A peaKl4HH 288 U(18o, xn) 256·xrm. 
no OCH afiC(4HCC OTnO*eHa KHHeTH4eCKa.A 3HeprH.A 8 nafi. 
CHCTeMe. 3KCnepHMeHTanbH~e T04KH 83.AT~ H3 pafiOT~ / 19 / 
CnnowHaA 1-1 nyHKTHPHa.A KPHB~e - pac4eT c y4eTOM 
H fie3 y4eTa 3MHCCHH y -KBaHTOB COOT BeTCTBeHHO. 

MHHHManbHO 803MO*Ha.A AnA H3fipaHHoH KOMfiHHa(4HH HOH-MHWeHb 3Hep
r HA B03fiY*AeHH.A E *min A0CTaT04HO Be~HKa, no3TONy H3 COCTaB
HOrO A.qpa HCnap.AeTC.A fiOnbWOe 4HCnO HeHTpOHOB (s.~4). 8 Ka4CCT
Be npHMepa s.qecb a~6paHa xopowo 113y4eHHa.A peaK4H.A 
238U (18 0. xn) 256- x Fm. 

KaK 1-1 a cny4ae cpeAHHX .AAep 1 10~y4eT 3MHCCHH y- KaaHTOB npH
BOAHT K CABHry Ma KC HMyMa ¢>YHK4HH B03fi)'lKAeHH .A 8 CTOpOHY fionb
WHX 3Heprl1~ 1-1 K yaenH4eHHO ee WHPHHW /eM. pl1c.3/. B pesynbTaTe 
3Toro pac4eTHa.A ¢>opMa ¢>YHK4HH B036Y*AeHH.A n y4we cornacyeTC.A 
c 3Kcnepi1MeHTanbHO~. Ho Ha116onee CHn bHO an11.AeT 3MHCCH.A y 
KBaHTOB Ha afiCOnOTHyO eenH4HHy Ce4eHH~ peaK(4H~ (ffi , xny ). 
Ce4eHH.A peaK4HH C X ~ 5 B03pacTaDT Ha OAHY H TY *e 
BenH4HHY / B - 10 paS/, 4TO OTpa*aeT npHMepHO paBHyD ponb 3MHC
CHH Y -KeaHTOB B nocne.qHeM 3BeHe HCnapHTenbH~X 4en04eK pa3HOH 
AnHH~. Y peaK41111, npoTeKa~eH a6nH3H 6ap~oepa cnHAHHA ( x = 4), 
Ce4eHHe B03pacTaeT CHn bHee , nOCKOnbKY np11 ¢>HKCHPQ8aHHOM 3Ha4e
HHH E '"min HCnyCKaHHe y - KBaHTOB OTKpwaaeT 803MO*HOCTio HCna
peHH.A 113 COCTaBHOro .A.qpa MeHbWero 4Hcna HeHTpOHOB. Ta KHM o6-
pa30M, BKnD4eHHe 3MHCCHH y- KBaHTOB He TOnbKO yaenH4HBaeT ce-
4eHI1.A xn-peaK(4HH, HO H H3MeH.AeT COOTHOWeHHe ~*AY MaKCHManb
HWMH Ce4eHH.AMH 3MHCCHH pa3nH4HOrO 4HCna HeHTPQHOB afinH3H 
6ap~oepa cnH.AHHA. 
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P11c.4.¢>yH K4~ H e o 36Y*AeHH.A peaK4HH: a/ 206 P~0Ar,xn~46·xrm, 
~ 207 Pb(40 Ar, xn) 247 ·x Fm, a/ 208pb(40 Ar, xn)248-x Fm. 

3KcnepHMeHTanbH~e 'Ce4eHH.A peaK4H~ 206 Pb(4°Ar , 2n) 244 Fm 
H 20?pb(40 Ar, 3n~ 244 Fm B3.AT~ H3 pafioT~ 1211,a 
peaK4HH 208 Pb(4 Ar,3n) 245 Fm - H3 pafioT~ 122:'0cTanbH~e 
Ofi03Ha4eHH.A - KaK Ha PI1C.3. 

PeaK4HH c HCnycKaHHeM Manoro 4Hcna HeHTPOHOB (x .:::; 3). Eute 
fionee B03paCTaeT ponb y -3MHCCHH B peaK(4H.AX, pean113y~HX .qpy
roH COOCOfi CHHTe3a TpaHC¢>ePMHeB~X 3neMeHTOB, B KOTOPQM MH
WeHbD c~•aT MarH4eCKHe AAPa Pb, 6oM6ap .q11pyeMWe HOHaMH TA*e
nee At 1 1

. B 3TOM cny4ae o6pasyDTCA cnafioeosfiy*AeHH~e cocTaa
Hwe .AApa , KOTOp~e SaTeN HCn ycKaDT BCero 2 HnH 3 He~TPOHa. Ha 
p11c.4 npHBe.qeHO cpa a HeHHe 3KCnepi1MeHTanbHWX ¢>yHK(4HH 803fi)'lKAe-
HH.A AnA peaK4HH Pb("0 At; 2n, Sn) Fm c pac4eToM. 

B oTnH4He OT pa6oT / 10,13/ SAeCb .qn.A nonyl.leHH.A 5onee onpe
Aene"Hwx 04eHOK Ce4eHHH peaK(4HH C HCnyCKaHHeN Nanoro 4Hcna 
HeHTpDHOB Ce4eHHe o6paso&aHH.A COCTa BHOrO .AApa paCC4HTW8anDCb 
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Oon P~c.5. 3aeHc~MOCTb ce4e
H~R paAHa~HOHHOrO 3axaa
T a RAp a 48 Ca RAPOM 208 Pb 
/B OTH. eAHH~~ax/ OT 
3HeprH~ ~oHa e na6. 
CHCTeMe. 

5 

4 

3 

2 

~ ~ 21) 212 2V. E M38 
I. 

MeTOAOM, OnHCaHH~M B pa-
6oTe / 23/ . 0AHOBpeMeHHOe 
enHRHHe ABYX $aKTopoe -
yKOP04eHHR HCnapHTenbHOH 
~eno4KH H 6nH30CTH 6apbe
pa CnHRHHR - npH BOAHT 
K TOMy, 4TO nocne BKn~-
4eHHR 8 paC4eT 3MHCCHH 
y- KBaH TOB Ce4eHHR 2D· H 
3n -peaK~HH eo3pacTa~T 

- e 100 pa3. KpoMe Toro, 
nORBnReTCR peaK~HR C HC

·nyCKaHHeM OAHOrO HeHTpo-
Ha . 

• KaK OTMe4anOCb B pa6oTax / 20,21,23/ , Ce4eHHR peaK~HH C HC-
nyCKaHHeM Manoro 4HCna HeHTPOHOB 04eH b 4YBCTBHTenbH~ K eenH -
4HHe 6ap bepa CnHRHHR. 3TO OTKp~eaeT 803MO*HOCTb onpeAeneHHR 
eenH4HH~ B rue nyTeM H3MepeH~R ce4eH~H peaK~HH c x .;, 3. 
B TaKOM aHanH3e ea•Ho y4HT~BaTb 3MHCCH~ y -KeaH TO B, noc KOnbKY 
oHa Ta K*e enHReT Ha a 10 , KaK H yMeHbWeHHe 6apbepa cnHRHHR B rus 

JlenHMOCTH TpaHcypaHoawx RAeP. CHnbHOe enHRHHe 3MHCCHH y -
KBaHTOB Ha Ce4eHHR 8biXOAa H30TOn08 yKa3b1BaeT Ha He06XOAHMOCTb 
ee y4eTa H npH H3Bne4eHHH H3 3KCnepHMeHTanbHbiX AaHHbiX HH$Qp
Ma~HH 0 CBOH CTBax BbiCOKOB036y*AeHHbiX RAep . 0AHHM H3 TaKHX 
CBOHCTB RBnReTCR OTHOWeHHe nap~HanbHbiX WHPHH 3MHCCHH HeHTpOHa 
H AeneHHR f 0 / l ' r• KOTOpoe H3BneKaeTCR H3 H3MepeHHbiX Ce4eHHH 
:m -peaK~HH C nOMOU4b~ COOTHOWeHHR 14•231 

< r I r > = (a 'lKcn.; (J pac4. ) 1/x 
n ( lD lD ' 

pac4 , 3 
rAe a zn - pac4eTHOe ce4eHHe 6e3 y4eTa AeneHHR. TO ewpa•e-
HHe nony4eHo a npeAnono•eHHH, 4TO y TR*enwx RAep c AeneHHeM 
KOHKypHpyeT TOnbKO 3MHCCHR HeHTpOH08 H 4TO f r >> f n. H3 npHee
AeHH~X 3Aecb pac4eToa cneAyeT, 4TO onpeAeneHHble TaKHM o6pa30M 
AenHMOCTH RAep cneAYeT paccMaTpHBaTb nHWb KaK HeKoTop~e 3$$eK
THBHwe BenH 4HHbl, KOTOpble He TOnbKO ycpeAHeH~ no AQCTaT04HO 
WHPOKOMy HHTep8any 3HeprHH 8036Y*AeHHR, HO H COAep•aT 8 ce6e 
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BKnaA OT paAHa~HOHHOH WHPHHbl f y • 3$$e KTHBHble 3Ha4eHHR < f n /f r > 
6yAYT TeM CHnbHee OTnH4aTbCR OT HCTHHHbiX, 4eM MeHbWe 4HCnO 
HCny114eHHbiX HeHTpOHOB B HCnOnb3yeMOH AnR aHanH3a peaK~HH. 

PaAHa~HOHHbiH 3axeaT TR•enoro HOHa RAPOM-MHWeHb~. PoeT ce4e
HHH peaK~HH C MH HHMan bHbiM 4HCnOM HCnyt14eHH~X HeHTpOHOB ( X = 1,2) 
B pe3ynbTaTe 3 MH CCHH y-K BaHTOB npHBOAHT K TOMy, 4TO 8 HeKOTO
PbiX 6naronpHRTHbiX KOM6HHa~HRX HOH-MHWeHb Ce4eHHe npo~ecca pa
AHa~HOHHOrO 3axsaTa (HI, Xy ) MO*eT He OKa3aTbCR npeHe6pe*HMO 
ManwM . B Ta6n. 1 npHBeAeHw OTHOWeHHR ce4eHHR paAHa~HOHHoro 3a
x eaTa a 1y K Ce4eH~RM a zn AnR peaK~I1H Cni1RHI1R HOHOB 40 Ar 
11 48 Ca C RApaMH Pb, KOTOpble 11Me~T AOCTaT04HO Manwe 3Ha4e
HHR 3HeprHH eo36Y*AeHHR E ~In. 0AHa Ko Aa*e 8 3THX 6naronpHRT-

3 4 
H~X KOM6HHa~HRX pac4eTHble Ce4eHHR C1 q B 10 - 1 0 pa3 MeHbWe 
Ce4eHHH HaH60nee sepORTHbiX 2n· H 3n -J'eaK~Hi1, 4TO He npOTH
BOpe4HT H3MepeHH~M 124/ eepXHHM npeAenaM AnR Ce4eHHR paAHa~HOH
HOrO 3 axBaTa . Ha pHc .5 nOKa3aHa TaK*e $yHK~HR B036Y*AeHHR peaK
~HH 208

Pb(48 Ca,xy)mt'Q2. Pac4eTHaR $yHK~HR eo36Y*AeHHR - secbMa 

y3KaR, c WHPHHOH Ha nonyewcoTe, npHMepHo pa8HOH 5 M3B. 

Ta6nH~a 

0THOWeHHe Ce4eHHR paA11a~HOHHOrO 3axBaTa K Ce4eHHRM 
2n· H 3n -peaK~HH 

PeaK~HR 
0 zy l a2n Clq / a 3n 

pac4eT 3KCnepHMeHT pac4eT 3KcnepHMeHT 
/ 24/ / 24/ 

40 Ar + 206 P b 1,9 ·10-4 - 3, o .1 o-4 -
40Ar + 208 p b 1, 3· 1 o-4 - 5,6 .1 o-5 -

-48ca + 204pb 9, 3· 1 o-4 < 5 ·10 - 3 * 1 ,o .1 o-3 <8,0 ·10- 2 • 
48ca + 208 pb -r. 

5,7·10-5 4, 2. 10 - -
----- - - ---

5
3KcnepHMeHTanbHble 3Ha4eHHR npcAena nony4eHw n yTeM nepec4e-

Ta H3MepeHH~X Ce4eHHH 2n· H 3n -peaK~HH Ha H30Tonax 207 pb 
H 206 Pb K MHWeHH H3 H30TOna 204 Pb. 

Pa3yMeeTCR , npHBeAeHHble 3AeCb eenH4HH~ ce 4eHHH paAHa4HOH~o

ro 3axeaTa cneAYeT paccMaTpHBaTb, Ka K cyryGo 04eH04H~. 3 To 
OO"DRCHReTCR He TOnbKO TeMI1 )' n POU4eHHRMI1 , KOTOpble CAenaHbl 
B paC4eT ax 3MHCCHH y- KBaHTOB. .£leno B TOM, 4TO peaK~HR (HI, xy) 
RBnReTCR nOA6apbepHOH, 003 T0My ee Ce 4eHHe 4YBCTBHTenbHO He 
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TOnbKO K BenH4HHe, HO H K $QpMe 6apbepa cnH~HH~. nocKOnbKY 
3KCnepHMeHTanbH~e 3Ha4eHH~ 6ap bepOB CnH~HHfl Anfl HOHOB 40 Ar 
H 48 Ca e~e He H3MepeH~ C He06XOAHMO~ B~COKO~ T04HOCTb~, pac
C4HTaHH~e Ce'leHH~ Uxy HMe~T 60nbWY~ HeOnpeAeneHHOCTb. BMec
Te c TeM 3KcnepHMeHTanbHOe o6Hapy*eHHe npo~ecca paAHa~HOHHOro 
saxeaTa Tfl*enoro HOHa Aano 6w ~eHHy~ HH$0pMa~H~ o 6apbepe cnH~
HHfl. 

3AKJ1104EHHE 

npHBeAeHHbte a AaHHO~ pa6oTe o~eHKH noKas~ea~T, 4TO e o6na
CTH Tfl*en~X CHnbHOAenfl~HXCfl COCTaBH~X flAep KOHKypeH~Hfl npo
~ecca 3MHCCHH y -KBaHTOB C npo~eccaMH HCnapeHHfl He~TpOHa H Ae
neHHfl OKa3~BaeT CHnbHOe BnHflHHe Ha Ce4eHHfl 06pa30BaHHfl KOHe4-
HWX OPOAYKTOB peaK~HH: 

a/ <!>YH K~HH B036Y*AeHHfl (HI , xn y) -peaK~H~ ywHpfl~TCfl , a HX 
MaKCHMyM CABHraeTCA B CTOPOHY 60nbWHX 3HeprHH, 4TO npHBOAHT 
K ny4weMy cornacH~ c 3KcnepHMeHToM; 

6/ eospacTaeT a6con~THafl eenH4HHa ce4eHH~ peaK~H~ (HI. xn y); 
e/ e6nHSH 6apbepa cnHflHHfl pacTeT BKnaA peaK~H~ c HcnycKa

HHeM MHHHManbHO B03MO*HOrO 4Hcna He~TPQHOB. 
npH4HHOi1 3aHH*eHHfl Ce4eH!-1~ xn -peaK~Hi1 paC4eTaMH 1 4 ·6 1,y4H 

T~Ba~HMH TOnbKO KOHKypeH~H~ AeneHHfl H HCnapeHHfl He~TpoHa , flB 
nReTCfl Cy~eCTBOBaHHe y Tfl*en~X He~TpOHOAe<!>H~HTH~X ~Aep o6na
CTH cpaBHHTenbHO Man~x "Tennoewx" eo36Y*AeHH~, rAe npo~ecc 
3MHCCHH Hei1TpOHa OOAaBneH H C AeneHHeM KOHKypHpyeT TOn bKO npo
~ecc 3MHCCH H y -KeaHToe. B 4aCTHOCTH, npeHe6pe*eHHe 3MHC CHe~ 
Y - KBaHTOB OPHBOAHT K B03HHKHOBeHH~ B paC4eTaX 1 261 Ce4eHH~ 

o6pasoeaHHfl c eepxTR*en~x RAeP e peaK~HH 48 Ca + Cm MHHMO~ 
11Aem1Te11bHOH KaTaCTPO<I>b111

, KOrAa Bee ceepXTR*en~e RApa HCnbi
TbiBa~T AeneHHe s no cneAHe~ ~eno4Ke HcnapHTenbHoro KacKaAa, 
rAe fir < E-. < I3n. 

C T04KH 3peHHR CHHTe3a HOBbiX 3neMeHTOB 6onbWOH HHTepeC 
npeACTaBnfleT BblflCHeHHe B03MO*HOCTH HCOOnb30BaHHfl npo~ecca pa
AHa~HOHHOrO saxBaTa Tfl*enoro HOHa flAPOM-MHWeHb~. 3TOT npo~ecc 
HMeeT ABe npHeneKaTenbHble 4epT~. Bo-nepe~x. OH npoTeKaeT npH 
MHHHManbHO B03MO*HO~ 3HeprHH B036Y*AeHHR, 003TOMy MO*HO Ha
AeRTbCR, 4TO o6ono4e4H~e 3<!><!>eKTbl, onpeAenflC~He noe~eHHe cTa-
6HnbHOCTH TR*enblx H CBepXTR*en~X 3neMeHTOB, He 6YAYT paspywe
H~ H3-sa CHnbHOrO 11 Harpeaa11 COCTa BHOrO RApa. 80-BTOp~x , o6pa-
30BaBWHHCR KOHe4Hbli1 H30TOn 6yAeT HMeTb MaKCHManbHO 803MO*HDe 
AnR AaHHO~ peaK~HH 4Hcno He~TpoHoe H, cneAOBaTenbHO, 6onbwee 
BpeMR *H3HH 1 4TO o6e cne4HT B03MO*HOCTb HCCneAOBaHHR ero CBO~CTB. 
Pac4eTH~e ce4eHHfl paAHa~HOHHoro saxeaTa Man~. OAHaKo OHH He 
HCKn~4a~T 803MO*HOCTH npoBeAeHHfl OOHCKOB~X 3KCnepHMeHTOB Ha 
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coepeMeHHbiX ycKOPHTenRx, TaKHX, KaK Y-400. AnR noe~eHHfl Ha
Ae*HOCTH O~eHOK ce4eHH~ paAHa~HOHHOrO 3aXBaTa H HCnyCKaHHR 
Manoro 4HCna Hei1TpOHOB (x = 1,2) He06XOAHM 6onee KOppeKTH~~ 
pac 4eT BenH4HH 6apbepOB CnHRHHR AnR HOHOB C A > ~ . a TaK*e 
y4eT BnHflHHR 060n04e4H~X 3<!><!>eKTOB Ha nocneAHHX CTyneHRX HCna
pHTenbHOrO KaCKaAa. 6onee T04H~H pac4eT nap~HanbH~X WHPHH r y, 
r n H rf MO*HO BblnOn HH Tb C nnOTHOCTb~ ypoeHeH, Y4HTb1Ba~
~eH o6ono4e4Hble 1o1 KonneKTHBHble 3<!>c!>e KTbl 1261 . 

npo~eCC 3MHCCHH y - KBa HTOB MO*eT HrpaTb ea*HY~ pOn b H B He
Aa BHO npeAnO*eHHOM MeTOAe CHHTe3a ceepXTfl*enbiX 3neMeHT08 132/ 

' B KOTOpOM nocne B3aHMOAeHCTBHfl n04TH BCR 3HeprHR HOHa YHOCHT-
Cfl B~COK03HeprH4HO~ a -4aCTH~e~ H o6pa3yeTCR 11XOnOAHOe11 OCTa
T04HOe flAPO• 0AHHM H3 rnaBH~X THOOB ero pacnaAa 6yAeT 3MHCCHR 
y - KeaHTOB. He HCKn~4eHo, 4TO 3TO ocTaT04HOe RADO 6yAeT 6blcT
poepa~a~HMCR. Ceo~cTea 6~cTpoepa~a~HXCfl RAep H CBR3aHH~e 
C HHMH xapaKTepH CTHKH npo~ecca AeB036y~eHHR MOryT Cy~eCTBeHHO 
OTnH4aTbCR oT paccMOTpeHHbiX e AaHHO~ pa6oTe. B 4aCTHOCTH, Teo
PHR npeAcKa3bleaeT yMeH bWeHHe 3HeprH~ c eflSH 4aCTH~ 1271

, 
6apbepoe AeneHHR 1 28·3° npH 6on bwHx yrnoeblx MOMeHTax H cy~ecT -
eoeaHHe e6nH3H YRAST - nonocbl noeyweK, HMe~Hx noeblweHHY~ 
CTa6HnbHOCTb nO OTHOWe,_;~ l() K KaKOM;;;-nH6o THny pacnaAa, HanpHMe p , 
3MHCCHH y -KeaHTOB HnH a -4aCTH~ 271 • BKn~4eHHe AaHH~ 3<!><!>eK
TOB B paC4e Tbl Ce4eHHH o6pa30BaHHR HOBWX 3neMeHTOB Bb13bl8aeT 
Heo6xoAHMOCTb nocneAOBaTenbHOro y4eTa npoReneHHR o6ono4e4H~x 
3<!>c!>eKTOB e 6blcTpoepa~a~~xcR RApax. 

B 3aKn~4eHHe aeT~Pbl BbiPa*a~T 6naroAaPHOCTb A.r.AeMHHY 
H C.A.KapaMRHY sa none3Hble o6CY*AeHHfl. 
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