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AHTOHOB A. ff llP• P3 - 10372 

PeaKUffSI (n,a) ff HOBBS! o6nacTb a -pacnal]a KOMilBYHll-COCTOSIHHH 

Slllep 

AnanH3HPYJOTCSI peaynbTBTbl HCCnel]OBBHHSI peaKUHH (n,a) Ha peaouan-

CHblX HellTp0H8X B H0BOA o6nacTH Slllep c A -60 - 100. 
YcTaHOBllOHO uanH'IHe a -pacnal]a BblCOKOB036ylKllOHHbIX COCTOSIHHii B 

STOA o6naCTH c<jlepH'18CKHX Sll]ep. npoBelleHO cpaBHeHHe 3KCnepHM8HTanbHbIX 

a -wHpHH C paCC'IHT8HHbIMH no OUTH'l8CKOA II KnacTepH0A MOllensiM. Ouene

Hbl BenH'IHHbl CHn0B0A <jiyHKUHH l]nSI MSII'KHX Y -nepeX0ll0B M8lKllY IDMilBYHll

COCT0SIHHSIMH. 

Pa60T8 Bblll0nHeHa B na6opaT0pffH ueATpOHH0il 4,H31UCH OHHH, 

Dpenp■IIT 061.eJUIJleBBOro BBCT■TYT& .l,llepawx BCCJSe,lloNJIIII. ,AyC511a 1977 

. 
Antonov A. et al . 

The Reaction (~a) and a New Region of 
a -Decay of the Nucleus Compound States 

P3 - 10372 

The results of investigation of <n,a) reaction on re
sonance neutrons in a new range of nuclei (A - 60-106) are 
analysed. Alpha-decay of highly excited states is observed 
in this region of spherical nuclei. Experimental data on 
alpha widths are compared with those calculated in terms 
of the optical and cluster model, Strength function values 
for the soft gamma-transitions between the compound 
states are estimated, 

The investigation has been performed at the 
Laboratory of Neutron Physics, JINR, 

Preprint of the Joint Institute for Nuclear Reaearch. Dubna 19'1'1 
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1. Beeoe,we 

PeaKUHH "(n,a) Ha pe30HaHCHbIX HeiiTpOHax Il03BOnHeT 
ao36Y)KAaTL · OTHOCHTenLHO AOnrO)KHBYI.QHe /no HAepHLIM 
apeMeHaM/ COCTOHHHH. H HccneAOBa Tb HX a -pacnaA, Mexa
HH3M K<>_Topoi:-o .HMeeT MHoro 061.Qero C MexaHH3MOM Knac
cnqecKoro a - pacnaAa OCHOBHbIX COCTOHHHH. O,1:(HaKO ecnH 
ecTeCTBeHHbIH a -pacnaA xapaKTepeH nHWb AnH cpaBHHTenL
HO TH)KenLIX HAeP /HeCKOnLKO H30TOilOB peAK03eMenLHblX 
3neMeHTOB H .ffApa aneMeHTOB; pacnono)KeHHbIX 3a BHCMY· 
TOM/, TO, KaKnoKa3anOCHCTeMaTHqecKoeH3yqeHHepeaKUHH 
(n,a) B Jla6opa T<>pHH HeiiTpOHJlOH <l>H3HKH OHRH, B036Y)KAe -
HHe HApa Ha :rnepruro CB.113H HaneTaroI.Qero HeiiTpoHa AaeT 
B03MO)KHOCTL HccneAOBaTL a·pacnaA Ha .ffApax npaKTeqe
CKH acex :rneMeHTOB nepHOAHqecKoii cHcTeMbl / 1/, Hau6oriee 
Il0Apo6Ho H3yqeHbl K HacToinueMy BpeMeHH He'leTHble H30· 
TOilbl HeOAHMa I H caMapHJi / 2- 5/,.qTo Il03BOnHno nonyqHTL 
nepnble cBeAeHH.11 o 1>acnpeAeneHHH, nonHLIX H napuuanLHbIX 

. a ;- WBpHH ' HeHTpOHHbIX pe3oHaHC0B. O6Hapy)KeH. a -pacnaA 
KOMilaYHA·COCTOJIHHH H An.II p.llAa Ae<l>QPMHPOBaHHbIX .ffAep 161, 
B TO )Ke BpeM.ff An.II .IIAep C A:s 1OO.K Haqany 3Toro UHKna 
B3MepeHHH /1974 roA/ AaHHble 6blnH BeCLMa 6eAHbl: B pe
aKUHH (n, a) 6blno 3aperHCTpHpoBaHo nBWL HeCK0nLKO pe-
30HaHCOB .Ha H30Tonax 95Mo u~Zn / 7_,a/. PacwupeHHe ,Kpyra 
uccneAOBaHHbIX .IIAep-npeACTaBn.lleT HeCOMHeHHbIH BHTepec 
An.II IlOHBMaHB.11 MeXaHB3Ma peaKUBB (il, a), CTPYKTYPLI BbIC0 • 
KOB036Y)KAeHHLIX cocTo.11uuii .IIAep, CTHMynupyei pa3BHTHe 

. C00TBeTCTBYIO~BX ieopeTuqecKHX npeACTaBriemiii H, B qa
CTHOCTB,· Il03BoiI.11eT Ha,Ae.llTLC.11 Ha yToqHeHue· napaMeTpOB 
OilTBqecKOH •M'om~nB, onecLiBaroI.Qeii B38.HMO,l(e'iicTBHe IlOA· 
6ap1,epHbIX . a .;qaCTHU 'c . .11',iipoM. KpoMe 'Toro, AaHiILie n'o 
pea'icuirn (n,a j 'mi. 'iApax· 'c . A 'S 100, BXO.A.ffl.QHX B COCTaB 
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K0HCTpy1m:H0HHLIX MaTepHaJI0B peaKT0p0B, .HBn.ffJOTC.H ue

o6XOJ{HMLIMH ){ml 01.{eHKH HaKonneHH.H B HHX reJIH.H npH pac -

'IeTaX M0I.QHLIX 3HepreTH'IeCKHX peaKTOp0B /9/. 

B HaCTO.Huteii pa6oTe aHaJIH3HPY10TC.H pe3yJILTaTLI nccne

J{OBaHnii peaKD;HH (n, a} , BLIIl0JIHeHHLIX Ha pe3oHaHCHhlX 

HeiiTpoHax B HoBoii o6nacTH .HJ{ep c A -60 - 106. Ha BLIC0Ko

HHTeHcHBHLIX ny11Kax HeiiTpOHOB OT HMnyJJLCH0r0 peaKTOpa 

111i p - 30 JIH<l> O11Jll1 npoBe.l{eHLI H3MepeHH.H noJIHLIX a -
WHpHH ){ml H30TonoB-MHWeHeii 64 ,67 Zn 95 Mo 99 • 

101 Ru H 
105 , ' 

Pd.PeaKl.{H.H (n, a) Ha H30Tonax pyTeHH.H H nanna.rurn He -

cne.l{0BaHa anepai.1e HaMu; H nepaona11am,Hh1e pe3YJihTaThI 

ony6JIHKOBaHLI B pa6oTax /10,II/ .l13MepeHH.H Ha H30Tonax 

MOJIH6.l{eHa H l.{HHKa, Bhln0JIHeHHhie c JIY'IIIIHMH CTa THCT11'Ie -

CKOH TO'IH0CTh10 H BpeMeHHLIM pa3peIIIeHHeM no cpaBH.eHH10 

C pa6oTaMH / 7 ,B/ ' cyLQeCTBeHH0 J{0nOJIH.H10T HX J{aHHhie. 

2. 3KcnepuMeH111 

11ccne.l{OBaHH.H peaKUHH (n, a) npoBO)],HJIHCh Ha ny11Kax 

HeiiTpOHOB OT JIHHeiiHoro yCKOPHTeJIH 3JieKTP0HOB, pa6o

TaBIIIero c HMilYJihCHhIM peaKT0POM HliP-3O a Ka'IeCTBe 

pa3MH0)Ka101.Qero 6ycTepa. HaJIH'IHe 6ycTepa no3B0JI.HJI0 

J{0 200 pa3 Il0)],H.HTh BLIX0)], pe3oHaHCHLIX Heii:TpOHOB, 'ITO 

BeCLMa Ba)KH0 )],JI.II perHCTpaUHH 'peaKUHH fo, a),_ H)].Yuteii 

C MaJILIMH. ce11eHH.HMH. CneKTPOMeTpH.H HeiiTpOHOB ocy

LQeCTBJI.HJiaCL : no BpeMeHH npoJieTa /IIIHp1ma BCnhIWKH Ha 

n0JIYBhlC0Te - 4 MKC, npoJieTHLie 6a3hl - OT 30 )],0 240 M/. 
~JI.II perHCTpaUHH · a -qacTHI.{ HCnOJIL30BaJiaCh MHoro

ceKUH0HHa.H nponopu;HoHaJihHa.H KaMepa. Ka)K)],a.H ceKUH.H 

KaMephI npe)],cTaBJI.HJia co6oii nnocKHii C)],BoeHHLiii nponop-

1.{HoHaJILHLiii C'IeT'IHK, pa3)],eJieHHhlH npo3pa11Hoii ,!(JI.II a -qa

CTHD; ceTKOH, 'ITO no3B0JI.HJI0 l})HKCHpOBaTL a-qaCTHULI no 

coana)],eHH.HM B nonyceKl.{H.HX / l 2/. Ilo cpaaHeHHJO -c paHee 

0ilHCaHHLIM aapHaHT0M KaMephI 
1121 

ero HaCTOJII.QHH aapHaHT 

OT JIH'IaeTC.H TeM' 'ITO 3JieKTp0HHKa 6LIJia HeCKOJILK0 MO,I(HqJH

UHP0BaHa C ueJIL10 yMeHLIIIeHH.H BJIH.HHH.H neperpy30K, B03 -

HHKaJOLQHX OT nepBH'IHoro HMnyJihCa M0LQH0CTH peaKTOpa. 

3TO J{aJIO B03M0)KHOCTL 6onee Ha,l{e)KH0 H C 60JILIIIeii 3<li4ieK-
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THBH0CTL10 BeCTH HCCJie.l{OBaHH.H C 0TH0CHTeJILH0 6LicTphIMH 

/ E n > 1 K3B/ HeiiTpoHaMH. 

B HaIIIHX 3KCnepHMeHTaX naJIJia.l{HH HCnOJIL30BaJIC.H B BHJ{e 

MeTaJIJIH'IeCKOH l})onLrH TOJII.QHHOH 10 MKM, OCTaJILHLie MH

IIIeHH npe.l{CTaBJI.HJIH co6oii T0HKHe CJI0H BeuteCTBa, HaHeceH

HLie Ha amoMHHHeBLie no)],JIO)KKH MeTO.IJ;0M oca)K,l{eHH.H. Ila

panneJihHO C H3MepeHH.HMH Ha HCCJie.l{yeMLIX H30Tonax npo

BOJ{HJIHCL TaK)Ke H3MepeHH.H_ Ha MHIIIeHH H3 147Sm, K0T0pa.H 

HCnOJih30BanacL B Ka'IeCTBe Kanu6pOBO'IHOH. ~aHHLie 06 

H30T0nH0M COCTaBe HCnOJIL3yeMLIX MHWeHeii, a TaK)Ke 6onee 

no)],p06Hhle CBe)],eHH.H 06 ycJIOBH.HX 3KCnepHMeHT0B npHBe)],e

Hhl B 11ta6A. J H 2. 

3. PeayAb111a111bl U3Mepeuuu 

Ha puc. 1- 5 npe.l{CTaBJieHLI noJiy'IeHHLle BpeMeHHLie 

cneKTPLI BLIX0J{a a -qacTHU H3 peaKl.{HH (n, a) Ha 06pa3u;ax 
67Zn, 95Mo , ecTeCTBeHH0ro pyTeHH.H, 99Ru H naJIJia)],H.H C00T

BeTCTBeHHO. CTpeJIKaMH 0TMe'IeliLI n0JI0)KeHH.H H3BeCTHLIX 

pe30HaHC0B. 3Ha'IeHH.H n0JIHLIX a -IIIHPHH, npHBe.l{eHHLie B 

111a6A. 3, Bhl'IHCJI.HJIHCL H3 CYMMapHLIX 0TC'IeT0B a -qacTHI.{ 

Na B 0TJ{eJILHblX pe30HaHcax IIO l})opMyJie 

s'¢ Ar (N ) 
€0 0 0 0 X U X -, 

<r > -~ -· -- ---(I ) 
U X 

€ s cp AxrO (Na)O a 0 
X X X 

/1/ 

r.l{e € - 31})1})eKTHBHOCTh J{e.TeKT0pa K a -qacTHl.{aM; 8 ~ 

niioLQa,l{L MHIIIeHH; A - nnoLQa.l{L pe30HaHCa Ha KpHBOH npo

nycKaHH.H; cp - noT0K HeiiTpOHOB; T H r a - n0JIHa.H H a -
WHPHHLI pe3oHaHca; HHJ{eKCLI "O'it: "x"03Ha'Ia10T KaJIH6poaoq

HhIH H HCCJie,l{yeMLIH pe30HaHCLI C00TBeTCTBeHH0. 

ra J{JI.H pe30HaHCOB C HeH_3BeCTHLIMH napaMeTpaMH r n H 

r nony11eHLI B npe.l{nOJIO)KeHHH TOHKoro 06pa3u;a H 60JILWOH 

HeiiTpOHHOH IIIHpHHhl (r 
0
-::::f'}3aMeTHM, 'ITO -npH 3T0M ra·; no

nyqeHHa.H no l})opMyJie /1/, He 3aBHCHT OT rn H r, . . 
~JIJI Bhl'IHCJieHHH noJIHLIX a -wupHH Be3.l{e, r,l{e 

cneuuaJILHO He oroaopeHo, ucnoJiL3oaanucL napaMeTpLI 

HeiiTpOHHLIX pe30HaHC0B H3 aTJiaca /I 3/.~JI.H a6COJl10THOH 
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KanH6poBKH a -urnpHu napannenLuo perHcTpHpoBanc.n BL1-

X0A a-t.IacTHU B pe3oHancax 
147Sm c E 0 = 3,42 n 83,7 3B, 

nonnLie a -IHHPHHLI K0T0PLIX H3MepeHLI C xopoIHeii T0'-IH0-

CTLIO /5,14/, 

OIHH6KH H3MCpeHH.H r a BKllIOt.IaIOT B ce6.H CTa THCTIIt.Ie

CKHe OIHH6KH cqeTa a -qacTHl( u ueonpe.neneHH0CTH B C00T

BCTCTByIOII.{HX pe30HaHCHLIX napaMeTpax, BX0.Q.HII.{HX B cpop

Myny .QnH Bhll.fHCne11m1 r a; OIHH6KH Kanu6poBKU He BKnIO

qeHLI. 

10 5 

Na 

2000 

1600 

1200 •-

'}\ 

600 1--'\ 

2 0.5 En 

6 7 Zn{n.0t) 64 Ni 

400 :.}\~\j · .. 
~~1~"' 

0 
ti 

100 200 300 400 "t 

Puc. 1. BblXOCJ a - <JQCrtUIJ U3 peQ1<1,IUll (n,a) HQ 
67 

Zn o 
3QeucuMocmu om epeMeuu npoAemQ ueiimpo1100. En- 3uep2u.11 
11eiimpo11oe 6 K3B. JlUHURMU or.ute'leHbl nOAOJKeHUJl pe30-
1IQHC06 Zn , 11e ui:Je11mutfiut1upooQ1111b1x pQHee no u3omomwii 
npu11ai:JAeJICHOC171U. 

6 

Nc1 
2CXXl mo 500 300 200 100 En 

95 Mo(n.ct) 92 Zr 

i a[~ ~ .~t. 
~ m ~ 

Nc1 50 40 En 

200 

r-... ,. -A .,. . 

~ 
100 ":.'•.-... '•":,.,":• ..r:.-,,-.,...·,-r:\,. . . · . 

~ 

! 
~ 

• 

. 200 

~~:.:.\ .•.• ~ • . 800 · 900 1000 n t ,Jl ... ., . .,. ... 
. :--=~-=~ .:_. ..,, . . 

, ...... i-.".,.-;. ·:, • • • . ' .. -: :,·:.-:'•.,,•,: ,.,.,; .. ,, ,. . . 
• . ... ,...., .. :V·,. , . 

o 1 1 11 HIii lllllll I LI 11. I I, I I , . I I , j 
100 '200 300 400 500 600 n t 

Puc. 2. BblXOCJ a-11acmut1 U3 peQKflUU (n,a) HQ 95Mo e 
3QeucuMocmu om epeMe11u np0Ae111Q Heiimpo11oe. En - 311ep2u11 
ueiimpo11oe o 3B. 

" 
3. I. UHHK - 64 

li3MepeHHH np0B0,l(HllHCh Ha o6orall{eHHOM H30T0DC 
64

Zn/111Q6A. 1/. HcnonLJYH .nauHLie pa6oTLI /a/, r.ne <f'a>= 
=80 MK3B, MLI 0>KH.Qanu nonyt.IHTL 3Hat.IeHHH O0llHLIX a -
IHHpHH .Qll.11 pe3oHaHC0B C :rneprueii .QO 10 K3B, H3Mep.RJI 

HX c pa3 peIHeHHCM 17 HC/ M /nponeTHa.11 6a3a L =240 M/. 
Hey.Qat.Ia 3aCTllBHna Il0BT0pHTh 3KCOCpHMCHT B .Qpyru:x 

ycnoBHHX c ny11IHeii CTaTHCTHKOii /L:c85 M/ .zinH npoBepKH 

pe3ynLTaT0B /B/. H3MepeHHJI a -IHHPHH pe30HaHC0B _C Ea= 

= 281 H 2637 3B .nanu BenH'IHHY <r >-=10 MK3B/mQ6A.4/, 
K0T0paH ~Ha'-IHTCllhH0 MCHLIHC. IlPHBe~eHHoi a pa6oTe /a/ • 

Ilo-BH.QHMOMY, pa6oTa.R Ha ·MHIHeHJIX H3 ecTeCT13CHHOH CMe

CH Zn,aBTopLI/8/ owu6ot.IHO H.QeHTHcpuuupoBanu npoJIBHBIHHe -

CH . B HX 3KCilCpHMCHTaX pe30HaHCLI, IlpHilHCaB HX . 64Zn 

BMCCT0 
67 

Zn. 

7 



3~2. UHHK-67 

IIonyqeHhl C AOCTaToqHOH CTaTHCTHqeCKOH T0qHOCTblO 
nonHLie a -urnyHHhl AilR Tpex pe30HaHCOB 67zn H3 qeTLipex 
H3BeCTHLIX /I

3 
. KpoMe Toro, Ha BpeMeHHOM cneKTpe / puc.1/ 

TIPORBHilHCb ell.(e qeThlpe xopowo BLIAeneHHLIX nHKa, cooT
DeTCTBYIOIQHe pe30HaHCaM ltHHKa npH Eo == 750; 2070; 

2476; 3793 3B c HeH3necTHOH H30T0nHon npuHaAne:>frno
CTLIO /I 

31; TaK KaK o6orall.(eHue no OCHOBHOMy H30Tony 

11cnonL3yeMLIX HaMH MHWeHeH AOCTaTo•rno BemIKO / lllQ6A.1/ 
H no BenuquHaM npoHuuaeMOCTeH KYilOHOBCKoro 6apbepa 
AilR a-qaCTHI.{ H30TOn 67 Zn RBilReTCR CaMLIM 6naronpHRT
HhlM H30TOTIOM Zn AilR Ha6nIOAeHHR peaKl.{HH (n,a) ' MLI 
npunucanu 3TH pe3oHaHCLI 67 Zn. Bo ncex cepu11x H3Mepem1ii 

C 
67

Zn B o6naCTH En-=-178O 3BHa6nIOAanocLCTaTHCTIIqe
CKH AOCTOBepHoe npeBLIWeHHe cqeTa a -qaCTHI.{ HaA YPOBHeM 
qJoHa. Ilo-nHAHMOMY, 3TO .HOBLIH pe3oHaHc 67 Zn. · 

Nct 

400 /-

20D 

800 500 300 200 100 80 60 1'2 11 10 

Ru(n.ot)Mo 100 50 En ~-
·-A . ~ ..... N•p \. J ~- '1-••1•'~'·· ." 100 • .. --: ½.:r: ··..:. 

:,.,. .... I 101Qu . '. 
r.;·. ··t 0 ~-"--'----J 

·-~----· 100 150 ... . . ~---... _.':;' . J. 
,. ,· c, .·· '·. : :._. ~ . .... ~ ,.. . "'.... .. . .. . ~ ...... ,., . ,, .. ~.~--· 

• • r •,~•f ,,:_., :!. 
101Ru.____~Ru 

10,Ru 

Ot 

,,/~: -:- ~.;:.: .. ~.;;, ·· ... ··."-'' -. , . -
0 . 

9 En 

. 100 200 300 . 400 900 1000 nt 

Puc. 3. Bblxoo a - "IQcmu11 U3 peQ1<11uu (n,a) HQ ec111ecm
ae1111oii CMecu U3omonoa Ru a 3Q6UCUMocmu· om epeMenu 
npoAemQ neumpouoa. En - 311ep2uJ1 neiimpouoa e 3B. CmpeA
KQMU 6ea u11oe1<coa omMe"leHbl pe3011QHCbt, HQ6AJOOQawuecJ1 
a peQ1<11uu 99Ru(n,a) /cM. puc. 4/.HQ acmQ61<e - "IQCT!lb epe
Me1111020 cne1<111pQ lOIUu(n,a) 98Mo /cM. mQ6A. 2/ . 

a 

I 
l 
l 

l 

( 
! 

~ 

1 
1 

600 200 100 50 30 20 10 6 En 
Nd~--n-r..-,--,--,ry-,--,---r--,---,---r--,-----.--------.-------~ 

200 

100 

0 

-J 
:_1t_ 
. \ :. .-~1,:_._ . .',~• 

100 

99 Ru(n,ct) 96 Mo 

_:,·.:, •. ·.n•.. . . .. A .. ·. . .. ·. 
'i!'..-: :.'>"-,_, ~-.4.:.-.:~,-·.•:.,·- ·:,,J.,t-, .. ;.,;.,,~·:<t.:,

1
:1:;~ • ---~.,~~: , •• :..•,:,-•• ~:.,.;.: I •• .,.,, • •• 

200 300 400 nt 

peQ1<11uu (n,a) HQ 99 Ru a 
11eiimpo11oa. En - 311ep2uJ1 

Puc. 4. Bbtxoo a - "1Qcmu11 U3 
3Q6UCUMocmu om apeMe1w npoAemQ 
11eiimpo11oa a 3B. 

no npanunaM OT6opa a - nepeX0A B OCH0BHOe COCTOHHHe 
AOqepHero RJJ,pa 64 Ni(I 77 = 0 +) pa3peweH TOilbKO H3 pe30-

HaHCHLIX COCl:OHHHii co cnHHOM 3- ' AilR pe30HaHCOB :>Ke co 
CilHHOM 2 - a ·nepeXOA B03MO:>KeH TOilbKO Ha B036Y:>KAeH· 
HLie ypoaHH. TaK KaK y MaruqecKoro HApa 64 Ni . 3HepreTu
qecKaR 11.(eilL Me:>KAY OCHOBHLIM H nepBbIM B036y:>KJJ,eHHLIM 

17 + 
(I = 2 ) COCTORHHRMH COCTaBnReT 1,34 M3B, TO MO:>KHO. 

O:>KHJJ.aTL 6onLworo pa3nuqu11 n cpeAHHX 3HaqeHHRX <1 > 
- - a 

AilR pe3oHaHCOB co CilHHaMH 3 H 2 /cM. pe3yilLTaTbl pac-
qeTOB no KnacTepHOH MOAenu, npHBeAeHHbie a mQ6A. 4, 
u cxeMy Ha puc. 6/. 3To AaeT B03MO:>KHOCTL no nenuquHe 
la CYJJ.HTb O BepOHTHOM 3HaqeHHH cnHHa AaHHoio pe3o~ 
HaHca /Isl.Ha puc. 7 npeACTanneHa Bepo11THOCTL HMeTL 

cnHH 3 - B .3aBHCHMOCTH OT nenuqHHbl ['a' paccquTaHHaR 
npu cpeAHHX 3HaqeHHRX <f'a >==6,7 -10-4 H 2,0 · 10 - 6 3B 
JJ,IlR pe3oHaHCOB co cnHHaMH 3- H 2 - COOTBeTCTBeHHO. CnHH 

pe30HaHCOB · npH Eo ==750; 1548; 2070; 2476; 3793 3B 
c 60ilblIIOH nepoRTHOCTblO' (71(3-) > 95) paneH 3 - . ,[t;nR 
npoaepKH TaKoro YTBep:>KJJ,eHHR npoBOJJ,HilOCb HenocpeACT-
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100 80 60 50 40 30 20 10 8 En No1. 

600 
I - . 

Pd {n,ct) Ru . . . ,,. . . . .. . . . .. . ... .. 
400 

200 

.,.____ A . ... . . - .... ··. 
... -...... ....... . 

··-· ·- . . . . . . . .... -.. . . .,,. .. 
. . ... . ·. .. .. ·.: ·· ... -..... . . . . . ...... . . 

0- .___,__,___,,.__,;;__....__.__......_ _ _._ ___ ~ ___ .__ ___ ~ 
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Puc. 5. Bb1xoo a - '1ac111ut1 U3 pea1<t1uu (n, a) Ha ecmecmaeH
Hoii cMecu u30111onoa Pd a 3aeucuMoc111u 0111 epeMeHu npo.11e111a 
HeiimpoHoa. En - 3Hep2uJ1 Heii111po11oe e 3B. C111pe.111<aMu 0111-
Ate'le1tb1 no.11oxeHUJl U3BeC1!1Hb1X pe30ltaHC08 l0 5Pd. 
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Puc. 6. CxeMa a -pacnaoa 
Bb1COK08036y:,,cc)eHHb1X COC1!10JI-

IIUU coc111aa11020 .Rc>pa 68 Zn. 

l 

I. 

' '; 
\ 

p(3-),--.--.-..--rrrr-r--
1.0 --,,-,---r--

0.8 

0.6 

0.4 

0.2 

0 L....-.----JI...-.....L--'--''-'-...L.JL..LJ----'-_,____.__._,___._.._._. 

~ ~s u4 ~ 
67z Puc. 7. BepoJ111111oc111b npunucamb pe3011a11cy n c a - wu-

pu11oii l 'u 3Ha'le11ue cnu11a 3-

aeuuoe H3Mepeuue ABYXMepuoro cneKTpa apeM.11-aMnJIHTYAa 

C IlOMOJ.ULIO HOHH3aU.HOHHOH KaMepLI H MHOrOMepuoro aua

JIH3aTopa /lo/. Ha apeMeHHOM cneKTpe B aMilJIHTYAHOM 

OKHe' COOT!3eTCTBYIOJ.UeM ll - nepeXOAY B OCHOBHo·e COCTOH -

HHe AO'iepuero .tHApa, npOHBJIHIOTCH IlHKH, 'iTO IlOATBep)KAa

eT 3aKJIIO'ieHHe O 3Ha'ieHHH CilHHa 3THX pe3011aucoa. qTO 

KacaeTc.11 pe3011aucoa npH E0 = 223 H 448 3B, T?i o 3,a'ieHHH 

HX CilHHa HMeIOTCH IlpOTHBOpe'iHBLie AaHHLie I .1, 17 .MaJILie 

3Ha'ieHHH J'a rOBOpHT B Il0Jlb3Y CilHHa 2 - .. 

3. 3. M OJIH6AeH - 95 

113MepeHbl 3Ha'ieHHH . IlOJIHbIX a -urnpuu All.ff ceMH pe-

30HaHCOB. 

IlocKoJILKy y pe3onaHca c. 1'0 =44, 7 3B cnHH 3+, TO 

a -pacnaA B OCHOBHOe COCTOHHHe AO'lepuero HApa 92 Zr 3a

npell{eH. CJieAOBaTeJibHO, 3aperHCTpHpoBaHHbie naMH a -
'iaCTHULI o6ycnoanenLI JIH6o nepexoAaMH ua .ao36y)l(AeHHL1e 

COCTOHHHH 92Zr, JIH6o ABYXCTyneH'iaTOH pea1<uueii (n, ya), 
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HJIH TeM H .npyruM O,Il;HOBpeMeHHO. 3To .naeT B03MO)KHOCTh 
rronyquTh aepxm010 ouemcy aenHqHHhl r ya / CM. HH)Ke/. 

Pe3oHaHc c E 0 ==469,7 3B, no ,naHHhIM/13/, rrpe.nnono
)KHTeJihHo HBJIHeTCH p-pe3oHaHCOM. ECJIH 3TO TaK, TO 
3TO rrepaoe Ha6mo.neHHe p -pe3oHaHca B peaKUHH (n, a), 
H B 3TOM cnyqae CIIHH ero .nomKeH 6bITh 1- HJIH 3 - . 

B o6naCTH 3HeprHH HeiiTpOHOB En< 1,5 K3B rrapaMeTphl 
He:iiTpOHHhIX pe30HaHCOB ,D;0CTaToqHo xopowo H3BeCTHhl H 
BhI,neneHHe OT,D,eJibHhIX pe30HaHCOB He rrpe,ncTaBJIHeT 6onh
WOH CJIO)KHOCTH. O.D.HaKo IIPH En> 1,5 K3B pa3peweIrne no 
3HeprHH HeHTpOHOB B HaWHX H3MepeHHHX CTaH0BHTCH He
,Il;OCTa ToqHhlM ,!J,JIH Ha,ne)KHOro BhI,!J,eJieHHH IIHKOB H B03HUKaIOT 
Tpy,nHOCTH IIPH 0l(eHKe BKna.u;a coce.u;HHX peJoHaHCOB. 3THM 
o6'bHCHHeTCH 6oJILWaH 3KCIIepHMeHTaJILHax OWH6Ka I 'a ):{ml 
peJoHaHca c E 0 = 1950,5 3B. ,[J;nx o6nacTH En> 2,15 K3B 
HeT .u.aHHhIX O rrapaMeTpax HeHTpOHHhlX peJoHaHCOB. Il03TOMY 
MO)KHO TOJlhKO 0TMeTHTh, qTo H TaM B OT,IJ;eJibHhIX peJOHau
cax Ha6mo.naeTcH BhIXO.D. a-qacTHU HJ peaKI.(HH (n,a), a.u;nx 
CHJihHOro peJoHaHca, rrpOHBHBWerocx B o6naCTH 2430 3B, 
MO)KHO rrpHBeCTH HH)KHIOIO Ol(eHKy l 'a ,KOTOpax rronyqeHa B 
ITpe.u;rronO)KeHHH r n :::.- f' , 

3. 4. HJ o Torr hi p y Te HJI x 

Bhrnonueuo HeCKOnbKO HJMepenHH KaK ua ecTeCTBeHHOH 
CMeCH H30T0ITOB pyTenm1, TaK H Ha 06orall(eH11blx HJOTonax. 
HecMOTpH Ha TO, qTo HMeIOI.QHecx y nae KOnH'leCTBa 060-
rall(eHHhIX H30T0II0B 6binH BeCLMa HeBenHKH .u;nx TaKoro 
po.u.a H3Mepenu:ii /2,6 2 

99 Ru H 5 2 IO 1Ru /, rronyqeno 9 
3Haqeuu:ii rronnLIx a -wupuu. 

Ha OCHOBe pacqeTOB rrpOHHI.(aeMoCTe:ii KyJlOHOBCKoro 
6apbepa .u;m1 a -qacTul( O)KH,!J,anocb, 'ITO uau6onee 6naro
rrpuxTHhIM .D;JIH na6nro.u.euux peaKI.(HH (n,a) ua peJouanc11hlx 
ne:iiTponax HBJIHeTCH HJOTOII 99 Ru . ,[J;eHCTBHTenhHO, '3KCrre -
PHMeHT ITOJ(TBep.nHJI 3TO. 

B peJyJihTaTe HJMepeHHH Ha o6pa3l(e 99 Ru nonyqetto 
no TpH JHaqenHH ra ,Il;JIH peJonancnhIX COCTOHHHH co CIIH-

+ + 10 I . 
naMH 2 H 3 , na o6pa3l(e Ru - a -wHpHHa pe3onauca 
c E 0 = 66,82 3B. 
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,JnaqenHH a -wHpHH, rronyqe1111hIe rryTeM H3Mepe1rn:ii na 
o6paJQax 99 Ru H ecTecTneuuoro pyTenmI, naxo.u;HTCH B xo-, 
poweM cornacuH .u;pyr c .u;pyroM, 3a HCKmoqenHeM .u;aHHhIX, · 
rronyqeuHhIX B o6nacTH En =340 3B I puc. 3 H 4/. HMeeTcH 
HeKOTOphIH "H36hITOqHbIH" cqeT a - qacTHI.( B 3TOH o6mi.CTH 
B cnyqae H3Mepeunx Ha o6paJQe HJ ecTecTBenHoro py
TeHHH, o6'bHCHHTh KOTOPhIH M0)KHO, nanpHMep, rrpe.u;noJIO)KH.B 
BKna.u; CHnI>Horo KaK no HeHTpOHHOH, TaK H -no a -nmpHne 
peJonaHca ,npyroro HJOTorra PYTeHHH. PacqeThl rrponHQae
MocTe:ii noKaJaJIH, 'ITO TOJihKO ,nna HJOTOIIa / 96 Ru H 101Rty' 
MoryT .u;aTh 3aMeTHhIH BKna.u; B aenHqHny BhlXO,!J,a a -qa
CTHI.( HJ peaKI.(HH (n, a). ,[J;nH peJ0HaHCOB a o6naCTH En:: 
= 340 3B c yqeTOM nanHqHx TaM o.u;noro pe3oHanca 99 Ru H 
.D.BYX 101Ru c 6naronpHJITHhIM .u;nx a -rrepeXO,!J,OB n OCHOBHoe 
C0CT0HHHe ,!J,0'lepnero x,npa cnHHOM 2+ MO)KHO nonyqHTh Ko
nHqecTBennoe cornacHe peJynhTaToB pa3nHqnhlx H3Mepe
HHH. ,[J;nH BhJqHcneHHH JuaqenHH nonHhIX a -wHpHH HCnOnh
JOBanHCh napaMeTphl HeHTPOHHhIX pe30HaHCOB, npHae.u.eu
Hhie B pa6oTax /I 3,I 3- 2~~ TaK)Ke BpeMeHHOH cneKTP BhIXo.u;a 
y - nyqe:ii HJ peaKI.(HH (n, y ), nony'leHHhIH c xopowHM paJ.: 
peweHHeM ua o6paJI.(e ecTecTaenHoro pyTeHHH. Ilocne.u;HHH 
HCnonh30BancH HaMH .u;nH onpe,neneHHH HeHTpOHHhlX WHPHH 
peJOHaHCOB, .He IIpHBe.u;eHHhIX B /I 3,l8~0TMeTHM, -qTo HH
TepnpeTal(HH. peJynhTaT0B B o6naCTH En-=-34O 3B OCJIO)K
HHeTCH eI.Qe HJ- :fa HCKa)KeHHH ITOTOKa HeiiTpOHOB peJoHaH
COM MapraHI.(a C E O = 337 3B, HMeIOII.(erocx B anIOMHHHeBLIX 
JarnywKaX BaKyyMHOro ueiiTpOHOBO,IJ;a • 

. 3. 5. Ilanna.u;nft 

O6Hapy)KeH peJOHaHc, COOTBeTCTBYIOII.(HH a -pacna.u;y 
BOJ6y)K.u;eHHoro cocToHHHH 106 Pd c 3HeprHe:ii Ha 13,2 3B 
BhIWe 3HeprHH CBHJH HeHTPOHa, eI.Qe ,nnH CeMH peJOHaHCOB 
105 Pd c.u;·enaHhl BepXHHe Ol(eHKH nonHbIX a -wHpHH. 

4. AHaAU3 a - WUPUH HeiimpoHHblX.pe30HOHCOB 

HawH HJMepeHHH rrpono.u;HnHch 6eJ aHaJIHJa a -qacTHI.( 
no 3HeprHH, IT03T0MY B rrpHHI.(HIIe Mhl HMeeM .u;eno C non-
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HhIMH a -nmpHHaMH. IlOJIY'IeHHhie 3Hal.feHHJI a-wupHH HHTe

peCHO npoaHaJIH3HpOBaTh KaK C TO'-IKH 3peHHH HX a6comoT

HhIX 3Hal.feHHK /cpe,D.HHe WHPHHLI/, TaK H HX qJJIIOKTyau;uii OT 

peJoHaHca K pe3oHaHcy. 

IlpHBe,D.eHHhle a -wHpHHhl / .n.eneHHhie Ha npoHHu;aeMOCTh/ 

OKa3aJIHCh B 10 5 
- 10 6 pa3 /r.e. Ha BeJIH'-IHHY nopR,D.Ka 

D.I ID ofioJJo•i. I HH)Ke BHrHepoBcKoro npe.n.ena, cne.n.oaa

TeJILHO, .QJIH onHcaHHH 3KcnepHMeHTaJILHhlX a-wHpHH cne

.u.yeT nepeHTH K .n.pyroMy npe.n.eni.HOMY BapHaHTY TeOpHH -

CTaTHCTH'-leCKOMy. Tor.n.a 

J 
D ,: I.) -:-l' > = -- ~ if' ' 

· a 2rr if /2/ 

r.n.e I\r - npOHHu;aeMOCTh noTeHu;HaJihHOro 6api.epa H,D.pa 

.D.JIH a -qacTHl.l; c op6HTaJILHhlM MOMeHTOM f' ; i - HOMep 

ypoBHH .D.O'-lepnero 11.n.pa, Ha KOTOphlH npOH30WeJI u -pacna,I\; 

o.J - cpe.n.Hee pacCTOHHHe Me~y pe3oHaHCaMH co CilHHOM 

J. IlpH 3TOM'pacl.feThl MOryT npoH3B0.lJ.HThCH KaK no onTH

qeCKOH MO,I\eJIH /OM/ /Zl/,TaK H no KJiacTepnoii /KM/122~ 

ConocTaBJieHHe TeopeTH'-leCKHX 3Hal.feHHH C 3Kcnepn

MeHTaJILHhIMH npOBO.D.HTCH B 111a6A. 4. <l>mOKTyau;HH noJIHhlX 

a-wHpHH )lOJI)KHhl nO.D.'-IHHHThCH x2 -pacnpe,I\eJieHHIO C 3q>

q>eKTHBHhIM '-IHCJIOM CTeneHeii CB060,I\hl V 'lqn:p /I 5/: 

I' - (~ 2 '.)QJ<p - :- pif ) / Y. p ~ 
,f iP ,f /3/ 

T.e. 6LITh .D.OBOJihHO 60JihWHMH. 3To npHBO.D.HT K 6oJihWOH 

OWH6Ke BeJIH'-IHHhI <l'a > '.JKCII • o6ycJIOBJieHHOH ycpe.n.HeHHeM 

no MaJIOMY '-IHCJIY pe30HaHCOB. MO)KHO OTMeTHTh, '-ITO 

HaJIH'-IHe V 3cp<b = I ,D.JIJI 60JILWHHCTBa HCCJie,D.oBaHHhIX H,J:\ep 

/CM. ma6A. 4/ HBJIHeTCJI CJie,L{CTBHeM 60JihlllOH pa3HHl.l;hl B 

3Hepru11x a -pacna.n.a Ha ocHoBHoe H nepaoe aoJ6y)K,D.eHHoe 

COCTOJIHHe KOHe'-IHhlX H,D.ep, a 3Ha'-IHT, H cyLQeCTBeHHoro 

no.n.aaneHHR a -nepexo,AOB B B036y)K,D.eHHhle COCTOHHHH 3a 

C'-leT npOHHu;aeMOCTH KyJIOHOBCKOro 6aphepa. TaKHM o6-

pa30M, ec:,JIH V3cpqfl, MLI perHCTPHPY~M npaKTH'-leCKH O,D.HO

KaHaJihHhlH npou;ecc - a -nepexo,A B HaHHHJwee /aoJMO)K-
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HOe cornacHO npaBHJiaM OT6opa no MOMeHTaM u l.feTHOCTH/ 

COCTOHHHe, T.e. B 3TOM cnyqae 3KCnepuMeHTaJILHhle 3Ha

'-leHHH nOJIHhIX a -wHpHH COBna.u.aroT C napu;uanLHhlMH a -
WHPHHaMH. 

BeJIH'-IHHa <l' >,, ,nony'-leHHaH ycpe,D.HeHHeM .D.JIH '-leTLJ-
a ...,KCII . 
95 

pex pe3oHaHCOB Mo c J" cc2 +,cornacyeTCH c pe3yJILTaTaMH 

nepBhlX H3MepeHHH /7 {. 
B u;enoM MO)KHO OTMeTHTL xopowee cornacue TeopeTu

qecKHX cpe,D.HHX 3Hal.feHHH a -wHpHH c_ nonyqeHHLIMH B 3KC-

i ._. 

~ 
L .. 
)<-

i 
L .. 

"10' 

60 

• 

eo 100 120 140 160 

t 
f i 

IIO A 

Puc. 8. O11111owe11ue 31<cnepuMe11111aAbHblX cpeouux 311atte11uii. 
a - wupuu K 111eop(?111UttecKuM: eeepxy - pacttem ebinoA11e11 no 
onmutteCKOU MO0eAU, 81IU3y - no KAac111ep11oii. M00eAU. O603-
11atte1IUJ1: • - 0AJI; cAyttaJl pa3pewe1111b1x uoc11oe11oe coc1110J1-
11ue oottep11e20 J1opa a - nepexoooe; 0 - OAR cAyttaJt 3anpe-
111e11111,ix e 0C1108H0e- C0Cl/l0JIHUe 0O'lef!H€20 Jl0pa a - nepexo
ooe; -' ,ti - 1110 JK:e, no oaHHblM /24/I • .Jlopa c A >120 
UCCAeooeaHbl HaMU pauee /CM., Hanp., 5 , 6 f /. 
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nepHMeHTe. McKmoq_eHHeM .irnn.HIOTC.H -Ha nop.HJ:(OK 3aBLUlleH

HLie ·pe3ynLTaTLI pacqeTa no onTH'leCKOH Mo):(enu Ami cnyqa.11 
67z JTT -n. c .. == 3 , XOT .11 a TO )Ke apeM.H KnacTepHa.H MOJ:(enL 

J:(aeT COBna):(aIOIIJ;HH C 3KcnepHMeHTOM pe3ynLT8.T /cM~' 
ma6A. 4/. IIo-BHJ:(HMOMY, 3KcnepHMeHT He no):(TBep)KJ:(aeT 

·HaJIH'IH.H B 3TOH o6nacTH A H Ea onTH'leCKOro MaKCHMY?.fa B 

CHnOBOH <iiYHKIJ;HH a ":''laCTHIJ;. 
95 TT + 

Pa3Hornacmo B cnyqae pe3oHaHca Mo c J "'3 cepL-

e3Horo 3Ha'leHH.H noKa npHJ:(aBaTL He cne):(yeT, nocKOnLKY 

3):(ecL ."cpe):(H.11.11" aenH'IHHa nonyqeHa no OAHOMY pe3oHaHcy. 

Cornacue TeopeTH'leCKHX H 3KCnepHMeHTanLHLIX 3Ha'leHHH 

cpe):(HHX a -urnpHH a llIHPOKOH o6nacTH .HJ:(ep unnrocTpupyeTC.H 

puc. 8. 
B ma6A. 4 npHBOJ:(.HTC.H TaK)Ke nepBLie 3KCnepHMeHTanL

HLie J:(aHHLie OK- PHJ:()KCKJ:ii /au;uoHanLHoii na6opaTO_PHH CllIA 

/H3MepeHH.H Ha 
59Ni / 24 

,BKnIO'IHBllleiic.11 acne):( 3a O1.UIM 

B Hccne):(oBaHHe peaKIJ;HH (n,a) Ha pe3oHaHCHLIX uej_iTpouax. 

06 3KcnepuMeHTanLHLIX 3aKOHOMepHOCTJIX pacnpe):(ene

HH.H a -llIHl)HH B 3TOH o6nacTH a TOMHLIX .HJ:(ep {'OBOpHTL 

-L.. 
A 

~ -z 

6 

4 

2 

-------
'/V=1 

' ' 
Q ' I I I 11111 I I I I I 1111 I I I I I 1111 r::,-+ J I I 11 

. 101 102 103 r 
Puc. 9. 3KcnepuMe11maAb11oe /2ucmo2paMMa/ .u meopemu11e
cKoe f._Kpuea.R/ pacnpeoeAeHUJI noAHblX a - wupu11 67zn c 
JTT == 3 
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noKa paHO, noCKOnLKY ):(RSI Ka)KJ:(Oro H3 .HJ:(ep 3aperHCTpHpo

BaHO acero no HecKonLKY a -lllupuH. O):(HaKo cpaaueHue 

pacnpe):(eneHH.H a-lllupHH JJ.n.H 67 zn, JJ.n.H KoToporo Hccne)J.o

nauo Hau6onLlllee qucno peJoHaHcoB c npe)J.IlonaraeMLIM no 

cTaTHCTH'lecKOH TeopHH pacnpeJJ.eneHHeM IIopTepa-ToMaca 

(,, = l)' npuBe):(eHHOe Ha puc. 9, roaopHT O TOM, 'ITO 3TH 

pacnpe):(eneHH.H He npoTHBopeqaT J:(pyr J:(pyry. 

5. CUA06ble fPYHKlJUU MJl2KUX y -nepexoooe 

OnpeJJ.eneuuLiii HHTepec npe):(cTaan.11eT H3y'leHHe pe

aKn;HH (n, a) J:(n.H TaKHX peJOHaHCOB, r)J.e a-pacna):( B 0CHOB

Hoe cocTO.HHHe AO'lepHero .HJ:(pa 3anpeIIJ;eH 3aKOHOM coxr,a

ueuu.11 'leTHOCTH /uanpHMep, a -nepeXOJ:(LI THna 3+ ➔ 0+(9 Mo) 
HnH 2- ➔ o+ ( 6 7 Zn)) /, a aepo.HTH0CTL a - pacna):(a B nepaoe 

B036y)KJ:(CHHOC COCTO.HHHe Mana B CB.H3H C pe3KHM YMeHL

llICHHeM 3Heprmr a-qacTHIJ;LI u3- 3a 6onLllIOH 3HepreTH'le

CKOH iqenu f\E MC)KJ:(y OCHOBHLIM H nepBLIM B036y)K,ieuuLIM 

cocT0.HHH.HMH J:(O'lepuero HJ:(pa /cM. puc. 6 J:(n.11 a -pacnaJJ.a 
68 Zn/. B 3TOM cnyqae cyIIJ;eCTBeHHLIH BKna):( B 3KcnepH-

. ~Ken 
MCHTanLlio onpeJJ.en.11eMoe 3uaqeuue r a JJ.n.H TaKoro 

pe3oHaHca MO)KCT )1,aBaTL JJ.BYXCTyneH'laTLIH npou;ecc (n, yao), 
KOr):(a cHaqana ucnycKaeTC.H M.HrKHii y-KaaHT c E y .5 fiE, 
a 3aTeM npOHCXOJ:(HT a -pacna):( C npoMe)KyTO'IHOro COCTo.11-

HH.H Ha OCHOBHOe ~OCTOHHHe J:(O'lepHero .HJ:(pa: r ;KCD==i rai+1;,a• 
3aMeTHM, 'ITO aenH'IHHa rya ncne):(CTBHe cyMMHpoah.uu.11 no 

BCeM B03MO)KHLIM npoMe)KyTO'IHLIM COCTOJIHH.HM J:(OJDKHa 

6LITL noCTOJIHHOH )J.n.H pe30HaHCOB C J:(aHHLIM cnHHOM /23/_ 

,[(n.11 pe 3 oHauca 9 5 Mo c J TT= 3 + H E O =44, 7 :JB aenH'IHHa 

l' ;iKCD OKa3anacL MeHLllle TCOpCTH'leCKOH ou;eHKH ):(n.H cpeJJ.

uero <r >=<Lr . > /ma6A. 4/, T.e. 3):(eCL .tr . Mana. 
a i ai . i a1 

H MLI MO)KeM nony'IHTL OTCIOJJ.a BepxHIOIO, HO B TO )Ke BpeM.H 

6nH3KYIO K peanLHOH OIJ;CHKY ryaf'ITO noKa'He y):(aBanocL 

C)J.enaTL J:(n.H 3TOH o6naCTH aTOMHLIX .HJJ.ep/: 

r < r 3KCD 
ya - a /4/ 

BenH'IHHLI r ya .HBn.HIOTC.H OJJ.HHM H3 OCHOBHLIX. "no

CTaBIIJ;HKOB" HH<!iopMaIJ;HH O Bepo.HTHOCT.HX y-nepeXOJJ.OB 

MC)KJ:(Y KOMnayHJ:(- COCTO.HHH.HMH .HJ:(ep, Il03TOMY npe):(CTaBn.H -
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eT HHTepec nony'-IHTL n aepxmoro oueuKy cnnoaoii cpyHKUHH 
M.firKHX y-nepexoJJ,oB Me)KJJ.Y cno)KHLIMH cocTO.HHll.HMH .HJJ.ep: 

s = 211 
Y o 

l' <B) 
_y~ I' < 

A ya -
ya 

211 I' (B ) 
-- _Y.__~ l' 
D A · a 

ya 

/5/ 

rJJ,e Aya - nnoll{aJJ.L noJJ. TeopeTn'-leCKOii Kpnaoii a -cneKTpa 
B peaKUHH (n, ya!, Pac'-leTLI Ayu. CJJ,enaHLI C ncnonLJOBa~rneM 
npounuaeMOCTen JJ.nH a -qacTHU cornacuo KnacTepuou Mo
JJ,enn. ,lJ.nH 3HepreTH'-leCKOH JaBHCHMOCTH nepBH'-IHhIX MHrKHX 

r-nepeXOJJ.OB MynLTHnOnhHOCTeii El H Ml,I<aK H JJ.IlH cny'-laH 
43Nd/n(ncnonLJOBanncL cpopMynLI Tnna < ly > - E;3

• 
3Ha'-leHHH cnnoaoii cpyHKUHH MHrKHX y-nepeXOJJ.OB, pac

C'-IHTaHHbie no cpopMyne /5/ a npeJJ,nono)KeHHH, 
0

'-ITO ace 
y -nepexoJJ.LI nMeroT TonLKO MynLTnnonLHOCTL El nnn Ml , 
)J.IlJI pe 30HaHCOB 44, 7 :JB 9sMo H 223 :JB 67Zn npHBeJJ,eHLI 
B ma6A. 5. 

CornaCHO CTaniCTH'-leCKOH TeOpHH cnnoaaH cpyHKUHH Sy 
JJ.0il)KHa cna6o JaanceTL OT Maccoaoro qncna. Hawn 3Kcne -
pnMeHTanL.Hhie oueHKH B cpaBHeHHH c JJ,aHHblMH )J.IlH 143Nd 
/CM. ma6A. 5/ He npOTHBOpe'-laT 3TOMY BblBOJJ.Y- OJJ,HaKO 
HHTepeCHO OTMeTHTb, '-ITO JJ,anLHeiiwee YTO'-IHeHHe aenH'-IHHhl 

95 · 
SY JJ.nH Mo/a cnyqae Ml -nepexoJJ,oB/ MO)KeT oKaJaTLCH 
KPHTH'-leCKHM JJ.IlH npoaepKH cnpaBeJJ,nHBOCTH CTaTHCTH'-le
CKOH TeopHH. 

6. 3a1<A10'1e11ue 

1. IIpoBe)J.eHHhle HCCneJJ,OBaHHH peaKUHH (n, a ) Hape -
30HaHCHhIX HeiiTpouax JJ.IlH HJJ,ep B o6nacTH 60::: A:::. 106 
ycTaHOBHilH Hann'-IHe a -pacnaJJ,a BhICOKOB036Y)KJJ.eHHhlX .co
CTOHHHH a 3Toii o6nacTH ccpepn'-leCKHX HJJ.ep. 

2. Cpe)J.HHe 3Ha'-leHHH 3KCnepHMeHTanLHLIX a -wupHH 
JJ.Il.H acex 7 H30TonoB YJJ.OBneTBOPHTenLHO coanaJJ,alOT C 
pacc'-lnTaHHLIMH no KnacTepuoii MOJJ.enn a - pacnaJJ,a aenH
'-IHHaMn 1221.B TO )Ke :epeM.H MO)KHO OTMeTHTh, '-ITO pac'-leTLI 
no onTHirecKoii M0J(enn, napaMeTpLI KOTopoii noJJ.6HpanucL 

18 

)J.Il.H onHCaHHH a -WHPIIH a o6naCTII HJJ,ep c A - 150 /2I/, 
JJ,aIOT YJJ.OBneTBOPHTenLHLie pe3ynLTaTLI B paiioHe MHHHMyMa 
CHilOBOH cpyHKUIIH H, BHJJ.HMO, He Bcer)J.a TO'-IHO npeJJ,cKaJLI
BaIOT nono)KeHHe MaKCHMYMOB c11noaoii qiyHKUIIII. 

3. PacnpeJJ,eneHHe np11BeJJ,eHHLIX a -w11p11H OTJJ,enLHblX 
pe 30HaHCOB )J.Il.H .H)J.pa-M11WeH11 67 Zn, JJ.Il.H KOToporo Jape -
rllCTp11poBaHo HaH60nLwee '-IIICilO pe30HaHCOB, OKaJanocL 
6n11JK11M /y'-IHTLIBa.H Manoe '-IHcno peJoHaHcoa/ K pacnpe
JJ,eneHmo IIopTepa -T oMaca. 

4. TaK11M o6paJoM, npoaeJJ,eHHLie 11ccneJJ,0BaH11H n0Ka
Jan11, '-ITO II B HOBOH o6naCTII aTOMHLIX HJJ,ep )J.IlH on11caHIIH 
06ll{IIX JaKOHOMepHOCTeii peaKUHH (n, a ) Ha pe30HaHCHLIX 
Hefnpouax, a JJ.pyr11M11 cnoaaMH, a -pacrraJJ,a cocTOHHHii 
C 3Heprneii B036y)KJJ,eHHH, paBHOH 3HeprHII CBH3H nocneJJ,
Hero ueiiTpoHa, B nepBOM npn6n11)KeH1111 MO)KHO nonLJO
BaTbCH CTaTIICTll'-leCKOH Teop11eii. 

B 3aKnlO'-leHne aBTOpbl C'-IIITaIOT CBOIIM npllHTHLIM JJ,on
roM BbipaJIITL 6naq)JJ,apHOCTL JI.li.IIHKenLHepy II COTPYJJ.
HHKaM ero rpynnLI Ja npoaeJJ,eH11e IIJMepeH11H peaKUHH 
(n, y) Ha ecTeCTBeHHoii CMec11 HJOTonoa .,PYTeH11H,B.A.BTro
pnuy Ja noMOll\L np11 npoaeJJ,eH11H MHoroMepuoro aHan113a 
67

zn, B .tt.<l>ypMaHy Ja noneJHLie JJ.HCKYCCIIII H npeJJ,o-
CTaaneu11e nporpaMMLI 
KnacTepuoe: • Mo.q,enn 11 
MHWeHeii. 

JJ.nH pac'-leTa npou11uaeMocTee: no 
T.C.3aapoaoii 3a HJroToaneHHe 

ABTOPLI 6naroJJ,apHLI COTPYJJ.HIIKaM lIJOTOIJHOro cpOHJJ.a 
CCCP Ja npeJJ.ocTaaneHne paJJJ.eneHHLIX H30Tonoa, 6e3 
KOTOpbIX HaCTOHll{aH pa6oTa He Morna 6LITh BLIIlOnHeHa. 
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Ta6,mna 5 

3aa~eime cunoma: 4'YRRIUIA M!ll'KHX r-nepexO.U.OB 

Rolmaynzt-SIJU)O 1" E0,aB Cx1a6 ,aB 3) S:l;'.(El)xrn9 Sy(Ml)xro9 

96uo 3+ 44,7 !: 0,045 ~90 ~40 

ssz,. 2- 223 ~ 7,6 ~180 ~80 

I44NJ. {23] 4- _ 55,4 o,n:!:o,oa !!: 50 c:i 30 

3- -6 0,18:!:o,05 f. 30 =25 

3> Bepxmte- onellKH r;.... .U.8DTCSI s.u.ec1, C ytJeTOM Y.ll.BOeHHOI CT8Tl!ICTH'!eC-
ROI onm6RH, T.e. c .U.GCTOBepHOCTl,D 95%. 
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