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I Ao H.rooK TJ11 n ,iw. . 
o npo64e~ napaue~Pn-
aaqM.n ••• · , . · 

P4-90-5oo. 

HliCTHTyr R,!lepHbiX HCcne,!lOBllHHH ,Uy6Ha,199Q 

:.. 

. ' 

1. nOCTAHOBKA 3AaA~~ 

. nonHbte paAL1aU,VIOHHbte Wll1pVIHbl HetltTpOHHbiX pe30HaHCOB OTHOCSITC51 

K YVICny rnaBH~X xapaKTepii1CTVIK B~COKOB036ymAeHHb~ COCTOSIHL1Vt 

SIAep, no3TOMY VIX CVICTeMaTL1Ke VI aHanVI3Y YAenSieTCSI MHOro BHVIMa­

HL1SI ~ Cyll!eCTB¥~L1e CVICTeMaT111KL1 cpetl,HL1X paA111aU,1110HHbiX WVIpVIH ( CM. , 
HanpVIMep,/i- 1·) no3BOnSI~T yTOYHVITb VIX 3aBL1CVIMOCTb OT MaCCOBO-

. TO YII1Cna 111 3Hepr111lt1 B036ymtJ,eHII151 SIApa, YTO. SIBmteTCSI samHbiM AnSI 

L1~Tepn6nSIU,111111.111 npetJ,cKa3aHL1SI tJ,aHH~X B w111poKotlt o6nacrVI Mace 

SIAep. 
B o6Ll!eM cnyYae Bbtpa}l{eHII1e. AnSI aMnnVITYAbt napu,VIanbHoro paAVIa-

U,1110HHoro nepexoAa; CBSI3btBaiOUtero BbtcoKoBo36ymASHHoe cocTOSIHII1e 

A. L1 6onee HII13Konemall!ee cocroSIHVIe r , MomHo 3anL1caTb s B111Ae
161 

. · A£ 1i2 · A.t 112 · A.t 112 
(·ry ) = (~y (s.p.)) + (fy (comp.)) , (1) 

~ _Ar 112 
rAe nepBblll1 YneH COOTBeTCTByeT BKnaAY B aMnnii1TYAY (ry ) 
OAH~ taCTVIYHOVt KOMnOHeHT~ BOnHOBOVt ~YHKU,II1111 COCT~SIH~51 A,- a BTO­

pot/t · YneH onpeAenSieTCSI ·BKnaAOM or 6onee cnomHbtX KoMnoHeHT. 

KaK >VI3BeCTHO, AnSI AOCTaTOYHO npoCTbiX KOHeYHbiX COCT051HII1Vt. f 
aMr;nttlTYAbl (r/r (s.p.)) 112 MoryT 6btTb paGCYII1TaHbl B paMKaX sa­

neHTHOVt MOAen111 171 111 BbtpameHbl Yepe·3 npii1BetJ,eHH~ HeVtTpOHHY~ · 

WL1PII1HY VI cneKTpOCKOnii1YeCKL1Vt ¢aKTOP COCT051HVISI f (d, p) -peaK- • 

u,111111. Ecn111 orpaHL1YII1TbCSI S1ApaMII1 c A~ 80, TO BKnaA saneHTHoro 

MeXaHII13Ma B WL1PL1HY ·(~f 6onee sep051T~H B SIApax B6nL13111 A = 90, 
nocKOnbKY HaYanbHOe VI KOHeYHOe COCTOSIHII151 3TVIX SIAep MOryT co­

AepmaTb OTHOCL1TenbHO 6onbWY~ npVIMeCb 3p- 111 3s (2d) -KoMnOHeHT 

COOTBeTCTBeHHO. B o6naCTII1 c¢epVIYeCKII1~·51~ep C A- 80 +150 He~ 
cTaTII1CTL1YeCKII1e 3$jJeKTbt .. B paAII1aU,VIOHHOM KaHane pacnaAa o6Hapy­
meHbt161 mtwb AnSI cpaBHL1renbHO He6onbworo Y111cna SIAeP-MII1WeHet7t · 

c Yll1cnoM HetltrpoHOB N 1 = 82 ( 131lre ·, 1 ~ 6 Xe, 
138

Ba, 
142 

Ce, 
144

sm) • 
nocKOnbKY YII1CnO 51Aep, B KOTOpbtX 06HapymeHbl HeCTaTII1CT111Yec­

KVIe 3$jJeTbt, HeBenL1KO, a TaKme YY111TbtBaSI TOT ¢aKT_, YTO ycpeA-· 

HeHHbte nonHbte .y-WL1PII1Hbl onpetJ,en51~TCSI B OCHOBHOM .y-nepeXOAaMVI 

Ha AOCTaTOYHO cnomHbte KOHeYHbte COCTOSIHII1R, AB 6onbWVIHCTBe pa6oT 

(eM. , HanpVIMep, 1 1- 5• 8 1 ) pacYeTbt sem1YVIH ·r. 6btnVI nposetJ,eHbt . 

c yYeTOM TOnbKO BTOporo ,YneHa B ¢opMyne (f). npVI 3TOM Bbtpame­
HVIe .. AnSI cpeAHeVt nonHOVt. paAit1aU,VIOHHOVt WVIpVIHbl s-HeVtTpOHHbiX. pe3o­

HaHCOB B AVInOnbHOM npV16nL1meHVIVI 3anVIC~BanOCb B ~VIAe . 

-~-- -1 

l, Otn.CJHiiit'UHhJ~ UllCTL~ -~-
lin<e~.B ~<t . ~~c ::-~~~ ll o nat•·ol.t 

. 6HS!ff·'l0 fEH~~ 
-· . ---· 



1" 1+112 · ,(,tot 
y 2(21 + 1) I (2 J + 1) ·p-

1(E) f I 
J =-]I-1121 Jtr . . 0 J f 

[ 
At . . . 

~y (E1) PJ (E -E )-+ 
· r-"r ·Y 

(2) 
+ s.;r (M1) pJctrc (E ':"' E,y)] E:dE.y· _ . 

>.r ( ) Xr(- .1) · . 3AeCb I - Cnli1H S!Apa-M1!1W8Hii1, S,y E1 111 S,y M - · COOT88TCT8yl0-
lJ.IIi18 paAI!1a41!10HHble Cli1fl08ble cpyHK4111111, 'PJtr (E) - nnoTHOCTb 8036ym­
A8HH~X COCTOSIHI/1~ K6MnayHA-S!Apa CO Cnli1HOM 111 ~eTHOCTbiO Jtr np111 
3Heprl!1l!l 8036Y»<AeHI!1SI E. · · . · 

KaK 81i1AHO, l-13 cpopMynbt (2), nonHas:~ paAllla4lllOHHas:~ Wli1Pii1Ha ·ripeA­
cTa8ns:JeT cof?o~ C8epTKY ci>YHK4lllli1 ..... Sy(E.y) ·l-1 p Jtr (E) .. Ecnl-1 KaKYJO­
nl!15o l-13 Hli1X, Hanpi!1Mep pJ17 (E) , cplllKClllp08aTb cpeHOMeHonorl!1~eCKlll, 
TO cpa8HeH1!1e 3KCnepl!1MeHTaflbHbiX l-1 pac~eTHbiX (2) 3Ha~eHL!1~. f10flHbiX 
paAI!1a41!10~H~X Wli1pli1H n0380nHeT TeCT1!1po8aTb pa3nlll~H~e MOAenbH~e 
cpoToHHble Cli1n08ble cpyHK41<1lll. TaKIIIM o6pa30M, 8 pa6oTe 1.~1 npo8epi:!~ · 
nacb aAeK8aTH0CTb TeopeTI!1~eCKIIIX cpOTOHHbiX Cl-1fl08biX cpyHK41<1~ 19•101 • 
3HepreT1<1~ecKaSI 3a81/1Cii1MOCTb nnOTHOCTIII 8030YH<AeHHbiX COCTOHHI/1~ . ( 
cpeHOfjeHonorl!1~eCK1<1 napaMeTpli1308anacb Ha OE:H08e MOA1<1cpiii4111P08aH­
HOrO 

81 
8apl-1aHTa MOAenlll cpepM1!1-ra3a c "o6paTHbiM cMelJ.IeHI!1eM" 1111 • 

npl/1 3TOM YAanocb YA08neT80pl-1TenbHO oniiiCaTb18•121 . 3KCnepi!IMeH­
TanbH~e paAI!Ia41110HH~e Wli1pli1H~ Ill nonH~e y-cneKTp~ AflH WlllpOKOro 
Kpyra ccpepM~ecKl'lX HAep 8 Macco8o~ o5nacT1<1 A~80 7150. McKniO-
~eHl'le COCTaBL1flli1 S!Apa, COAeplHaUjl-18 Marlll~eCKOe 111n111. Oflli13KOe K. Ma­
rlll~eCKOMY ~111cno HyKnoHos. ~nH 3Tii1X HAep Ha6ni0Aanocb cylJ.IecT-
8eHHbe (8 273.1<1 5onee. pa3) .npe8~WeHl!le pac~eTH~X 3HaqeHI!1~ y­
Wll1Pl-1H no cpa8H6HIIIIO c 3t<cnepw'lef:!TanbHbiMV1. 

• KaK OTMe~anOCb B pa6oTe 181
, 3TO MOH<eT 6~Tb C8H3aHO C TeM, 

~To 8 paMKax MOAenlll cpepMIII-ra3a He YAaeTcs:J 8ocnpoi!I3BecTL!1. 3Hep­
reTII1~ecKy10 3aBL!1Cii1MOcTb nnoTHOCTIII ypo8He~ 8 HApax, coAepmall.IIIIX 
3aMKHYTble 05ono~KIII. ~e~CT8111TeflbHO, IIIMeiOTCs:! yKa3aHI/IH I 131 Ha TO, 
4To B OKonoMarl!l~eCKIIIX HAPax noseAeHI!Ie nnoTHOCTI/1 ypo8He~ 8 o5-
nacTL-~ 3Heprli1~ 8030YH<AeHIIIH OT 2. AO 8 M38 XapaKT6plll3yeTC~ CKO­
pee noCTOHHHO~ HAepHO~ TeMnepaTypo~, TOrAa KaK-8 MOAenl/l cpepMIII~ 
ra3a T- JE. ·. · · 

L(enb HacTOSilJ.Ie~ pa6oTbl - ~13Y~IIITb Bnl!1stHii1e pa3niii~Hb1X cpeHoMeHo­
norl!l~ecK1!1X napaMeTp1113a4111~ nnoTHOCTl-1 ypo8He~ ·pJ

17
(E) Ha 3Ha~e­

Hii1SI nonHbiX paA111a41110HHbiX WIIIPIIIH ccpepL-!~eCKii1X S!Aep, pacC~IIITaHHbD{ 
C cpi!IKCl'lpOBaHHbiMIII cpOTOHHbiMIII Cli1fl08biMIII cpyHK4111SIMIII 19•101 ·• nony~eH­
Hble pe3YflbTaTbl aHaniii3111PYIOTCH C TO~Kl-1 3peHIIISI 80npoca 0 803Mom­
HOCTIII OAHO~Ha~HO~ cpeHOMeHOnOrl'l~eCKO~ napaMeTpl-13a4111lll nnOTHOCTl-1 
B 05naCTI!1 H1113KL1X Ill npoMemyTO~HbiX 3Hepn1~ B030YH<AeHL-!SI. 

'/ 

2 

·' ... 
I 
~ 

r 

... 

2. PAC~ETHA~ CXEMA 

KaK l-1 a pa5oTax 
18

•
121 

, a pac~eTax Obllllll 1<1cnonb3oBaHbl Alll­
nonbHaH cpoHOHHaH . c1-1nosaH . cpyHK41<1H Sy(E1) , nony~eHHaH 1101 AnH 
cpeAHl'lX 111 TSJmen~x ccpepl-14eCKIIIX HAep: 

S.y<E1) = 3 .10-6 NZ .!:_~ 
A r g 

2 2 2 
(E.y +4tr t (Er)l 

(E2 -E2)2 
g ·Y 

-3 
Mae , (3) 

rAe t(Er) - HAepHaSI TeMnepaTypa, COOTBeTCTBYIOlJ.IaH KOHe~HOMy 
COCTOHHIIIIO f ; Eg 1<1 rg - nonomeHI/Ie Ill Wlllpi!IHa rlllraHTCKOrO 3fleK­
Tpl!l~eCKOrO Al'lnonbHoro pe3oHaHca 121 . C111noaaSJ cpyHK4lllH (3) xo-

. powo cormicyeTcH c at<cnepi!IMeHTanbHO~ CL'lnoso~ cb.VHK4111e~ AnSI 
HAp a 14~d so seeM IIIHTepsane 3Heprl-1~ 0, 2 MaB -~ E.y ~ Bn, a TaKme 
no3sonHeT · s' 4enoM YAOBneTsopv1TenbHO 8ocnpol!13B'ecn1 181 onbtTHbte 
AaHHble AnH meCTKii1X (c-+ s) ·Y -nepeXOAOB B WII1POKO~ oonaCTl-1 
MaccoBbiX ~1-1cen A - 80 7 200. 

~nSJ cpoTOHHO~ c111noso~ cpyHK41i11i1 MynbTI!1nonbHOCTIII M1 Obllla nony-
~eHa 04eHKa 191 · . 

sec'(M1) = Sc8 (M1)-2 10-8 MB-3 (4) 
·Y 'Y - • 3 ' 

rAe ClllflOBaH cpyHK4111H S,~c' COOTBeTCTByeT paAii1a4!110HHbiM nepexo­
AaM Tlllna KOMnayHA-KOMnayHA (c -+ c') • 8 KOHKpeTH~X pac~eTaX 
04eHKa (4) HOpM1!1p08anacb 18•121 Ha 3KCnep1!1MeHTanbHOe 3Ha~eHii1e 
M1-cL-~noso~ cpyHK41111<1, nony~eHHoe An~ HApa 144Nd: 

s;c' (M1) = s,;
8
(M1) = 1. 10-

8 
MaB-

3
• (5) 

M38eCTHo 1141 , ~To 3KCTpanonH41i1H c noMOlJ.IbiO MOAenli1 cpepM1!1-
ra3a C napaMeTpaMii1, Ha~AeHHbiMl-1 1113 noArOHKii1 nnOTHOCTI/1 He~TpOH-. 
H~x pe3oHaHcos, KaK npas111no, He on111c~saeT nnoTHOCTb yposHe~ 
B o5nacTii1 3Heprl!1~ B035Y»<AeHII1SI Er - 2 7 3 MaB. 6onee peanii1CTI!1-
~ecKo~ AflH 3Tl-1X 3HePrl-1~ B030YH<AeH1<1H SIBnSieTCSI MOAenb nOCTOHH­
HO~ TeMnepaTypbl 114•151 : 

·p (E) =I p (E, J) = Tl exp[ (E -E
0
)./T], 

n.T. J n.T. 
(6) 

rAe sen111~1<1Hbl E0 1<1 T HBnHIOTCH CB000AHbiMii1 napaMeTpaMI/1, onpeAe-
nHeMbiMl-1 a pe3ynbTaTe noArOHKl-1. . 

~SI on1<1caH1<1S1 noBeAeHl'lH nnoTHOCTIII yposHe~ so seeM l'lHTepsane 
3Heprl-1~ 1 MaB -~ E s:: Bn Hl-13K03Hepren1~eCKYIO 3aBII1CIIIMOCTb (6) 
o5bt~Ho "cw111sa10T 11 l15l c 4JepM1<1-ra3oso~ 3aBII1Cl-1MOCTbiO 

3 



.; 
,! 

'.C: 

··p (E)=~ ·p · (E, J) = · '1 · exp[2ytaE], 
cj>.r. J lj).r. 12y'2 al/4 E5/1, . 

. ( 7) 

rAe a -·napaMeTp nnoTHOCT~; u - cn~Hos~~ ~aKTop. 
CornacHo C08peMeHHbiM npeAcTasneH.L-1HM 116•171 o CTPYKType so3-

5ymAeHHbiX COCTOHHL-1~ CYU\eCT8eHHOe Bn~HHL-1e Ha no8eAeHL!1e nnOTHO­

CTL-1 YPOBHe~ OKa3bl8aiOT o6ono'"!e'"!Hble 3~eKTbl 8 cneKTpe OAHO'"Ia-

. CTIII'"IHbiX 8030YH<AeHIII~, a TaKlKe KOrepeHTHble 3~eKTbl KOnneKT~8HO~ 
np~pOAbl. Y1..1eT o5ono'"!e'"IHbiX HeOAHOPOAHocTeiA cneKTpa ocylJ.leCT8nH­
eTCH Ha OCH08e MeTOAa o5onO'"!e'"IHO~ n6npa8KIII/lS/ , '"ITO n03BOnHeT 

noCTPOIIITb 
1171 ~eHOMeHonorW·IeCKYIO..JCIIICTeMaTlilKY napaMeTpa nnoT-

· .. HOC Till YPOBHe~: 

a(E, Z, A)= a(A) [ 1 + 8&
0
(z, A) f(~) j ... ·. (8) 

3Aecb 8&0 - o6ono'"le'"!HaH nonpa8Ka; f(E) = 1- exp(-·yE); ·Y = = 0,057. ' ' 
:B o6t4eM cny1..1ae 8~pameHIIIe AnH nnoTHOCTlil ypo8He~ MOlKHo npeA-

cTaBIIITb 8 8~Ae 1171 . 

. p(E, J) = PaH.(E • J) · ~{BH6p.(E) Kpo,(~) ' {9) 

rAe 'PaH; - nnOTHOCTb 8HyTpeHHIIIX (HeKonneKTL-18HbiX) 8030Y»<AeHL-1~; 
K8H6p.• KpoT. - K03$1J1114111eHTbl y8enL-1'"1eHIIIH nnoTHOCTIII ypo8He[;1 3a 
C'"ICT 8~6pa41110HHbiX Ill POTal.\LiiOHHbiX MOA 8030YlKAeHL!1~. 

3aMeTL-1M, '"ITO nocneA08aTenbHOe·onlllcaHIIIe 3TIIIX 3$1JCKTOB MOlKeT 
O~Tb nony'"leHO nl!1Wb Ha OCH08e MIIIKpOCKOnli1'"1eCK~X MeTOAOB 1 16 ,l7/ , 

'"ITo CYl4eCT8eHHO 3aTPYAHHeT B03MOlKHOCTL!1 ~x npaKTL-1'-IecKoro npiii­
MeHeHIIIH. nocKOnbKY Mbl ~3y'"laeM 803MOH<HOCTb OnlllcaHIIIH IIIHTerpanb-

.H~X xapaKTepiiiCTIIIK paAIIIal.\IIIOHHoro KaHana pacnaAa, To Ans:~ 4ene~ 
Hawero aHan1113a Aocraro'"IH~ orpaH~'"I~TbCH np1116n111meH111eM, npL-1 Ko­

TopoM B Ka'"!eCT8e p8H (E) 1!1Cnonb3yeTc~ BblpameHL-1e· ( 7) c napaMeT­

P~3al.\llle~ (8}. B o6na"cnt 3Heprlll~ B035Y»<AeH~H E :5 Bn BblpameHIIIe 

AnH K03~~11..\IIIeHTa 81!16pal.\IIIOHHoro yc111neH~H TaKme MOlKHO npeACTa­
BIIITb 8 HeCKOnbKO ynpot4eHHOM 8L-1Ael19/: 

2/3 
K8H6p. ~ exp(0,25E ) • ( 10) 

KpoMe Toro, nocKonbKY Mbl paccMaTpL-1saeM TOnbKO c~ep~'"leCK~e HA­
pa, To KpoT. = l. 

C8H3b Me»<AY napaMeTpaM~ MOAene~ (6} ~·{9) HaXOA~nacb 115( 
1113 ycno.s~H Henpepbi8HOCT~ ~YHKL\~~ nnOTHOCT~ ~ nepBbiX npo~3BOA­
Hb1X B TO'"II<e 11 CW~8aH~HJ1 Ex : 

dln·p (E) dl . (E. ·) . 
p (E ) =·p(E ) , n.T. :I = np -I ... 
n.T. X X· dE 'd=E dE d·=E . · .·; 

X" X 

'(11) 

4 

.. 
-~ 

.. 

... 

"' ::r e 
10 

"' 1-

~ 

u 
:.:: co 0 
(!) ;>- (!) 
L- ::E 

co 

-.. - ~ ..., 
0 co 0\ 

..., .... (!) Ltl 
IL- ::E N 

~ ..., 
0 co ... 
..., .... (!) I'-
1'- ;::;: ... 

......... ... 
"H.. 

e ~ <tl \0 
X Cll 

10 UJ :::;:: \0 
s s 
X Cil 
m ::.:: 
<tl ~ ... 
0. I <T 
c M co 
0 (!) Ltl 
c 1- t<tl :::;:: ... 

:t: 
.::;: <tl 
0 s 
:I: 0. lO 
y <tl co I'-
Ql Cil (!) 
:r 1- :::;:: 0 
0 
c 
0 ~ 

10 ..., 
0 0 co <T 

..., ;>- (!) 0 
1- 1'- .::;: N 
Ql 
:r ......... 
>. ... 

II ~ ·co M 

.e xro ~ 

UJ :::;:: I'-
10 
s 
<il. 

::.:: ... 
~ I \0 

co 
N (!) I'-

l<tl :::;:: ... 
1-
:t: 
<tl 
s 0 
0. co ..... 
<tl (!) 

<tl Cil 1- :::;:: 0 
·o. » 

1- ~ 

<tl ..., 
0. 0 co lO 
Ql ..., ;>- (!) ... 
c II- :::E N 
::E 
Ql 
1-

~ 
...... ~ <0 lO 

XC!l 
u 1- UJ :E I'-
0 :t: 
c <tl 

s ...... 
+ 0. I ..... 

<tl co 
C'l Q .; (!) M 

"' :::;:: ...... 
L.. 
I 
s 0 
::E co I'-
0. (!) 
Ql 
e 1- :::;:: 0 

I 
c:[ <tl 

I :t:O cc 
::E>.n co 
Onlc:[ M 
::.::ca: ... 

Ltl I'- 0 0 \0 0· 0 Ltl 0 0 0 I'-
M co co <T co \0 Ltl 0\ \0 0 0 I'-... ... ... ... ... ... ... ... 
N 0 0 N M M 0\ N 0 0 .,... ... 
0\ M ..., M 0\ <T <T M 0 <T N co ... ... ... M ... .-1. N N ... ... 
co <1' 0\ Ltl \0 <T I'- M ... M co Ltl 
0 co I'- co <T \0 " ... ... 0\ co Ltl ... ... ... ... 
..... \0 \0 \0 0\ 0\ ... Ltl en• 0\ Ltl tO 

~ ~ 

\0 \0 <T Ltl '<T \0 \0 ..... \0 N M N 

Ltl M 0\ N 0\ co ...... co 0\ ... Ltl 0\ . 
~ ...:- ~ ~ ..... lO <T ..... ..... <T M M Ltl \0 lO 

M\_,....-f ... ... ... ... ... ... ... ... ... ... 
lO N ... 0 M 0\ ... ... co co \0 M 
\0 \0 lO co lO U'l \0 ..... \0 lO \0 Ltl 

~ 

0 0 0 0 0 0 0 0 0 0 0 0. 

co I'- co Ltl ..... co \0 M 0 lO <T 0 ... co ..... 0 lO \0 ..... N N 0 en \0 ... N ... ... ... 
Ltl <T M Ltl \0 I'- I'- N lO <T 0\ N 

..... ..... Ltl .D Ltl ..... \0 .co ..... M'M' M 

..... Ltl co 0\ 0 en lO M ... I'- ... lO 

en ..... \0 N 0 en \0 lO Ltl \0 co I'-... ... ... ... N ... ... ... ... ... ... .... 
c::i lO N 0 <T co en 0 co 0\ 0\ N 

\0 \0 lO co Ltl Ltl lO ..... \0 lO Ltl lO 

0 0 0 0 0 0 0 0 0 0 0 0 

I'- 0\ co M en en lO \0 <T co 0\ 0 
N co I'- ... -<T \0 ...... N N 0 0\ \0 ... N ...... ... ... 
\0 <T M lO <T ..... co <T co "" co N 

~ 

I'- ..... lO \0 lO ..... \0 co I'- r"' M M 

lO M co ""' <T co N I'- M co co M 

lO ..... \0 ...:- co en- I'- lO lO lO \0 I'-...... ...... ... ...... ...... ...... ...... ...... ...... ...... ...... ...... 

\0 N 0 co N co 0 ...... 0\ co en· '<1' 
\0 \0 lO ..... lO Ltl \0 I'- \0 lO Ltl lO 

0 0 0 0 0 0 0 0 0 0 0 0 

"' c c s. "0 "0 "0 ::s 0 ..c ..c c 
cc <I) <I) N :z u a. IX :::;:: <I) <I) "':) 

w.o·ro N '<1' '<1' \0 0 co '<1' N \0 
M N ...... en '<1' ...... 0 0 0\ N N ... ... ...... ...... . ...... ... ...... ...... ...... ...... ..... 
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nepsoe ~3 ypasHeH~~ (11) n03BOnReT YCTaHOB~Tb COOTBeTCTB~e' 
Mem,&y KyMynRT~BHbiM l.f~CnOM 'YPOBHe~ B H~3K03HepreT~l.teCKOC1 o5na­
CT~ ( E'-1.;. 2 M3B) ~ 3Hal.feH~eM nnoTHocT~ np111 3Hepr~~ "cw~sa­
HVIR11 E • BTopoe ~3 ypaBHeH~~ (11) OTpamaeT cjJaKT paBeHCTBa np~ 
3Hepr~~ E = Ex, 3aB~CR~e~ OT 3Hepr~~ B035ym,&eH~R R,&epHOC1 
TeMnepaTypbl t(E) ~ noCTORHHOC1 R,&epHOC1 TeMnepaTypbl T. 

noArOHKa nnOTHOCT~ ypOBHeC1 ocy~eCTBnHnacb He3aBIIIC~MO AnH 
KamAOC1 l.feTHOCT~, np~l.feM np~H~Mano~b, l.!TO B o5nacT~ 3Hepr~~ , 
CBHJ~1 HeViTpOHa ·p (E, J

77
) = p(E, J7"

77
) • napaMeTp nnOTHOCTIII a Ha- \1 

XOA~nCH ~3 nOArOHK~ K 3KCnep~MeHTanbHOVi nnOTHOCT~ HeC1TpOHHbiX . 
pe3oHaHcos np~ 3Hepr~VI B03QYmAe~~R E = Bn. · 

3. 06CY'A<tlEH~1E PE3Ynb TATOB 

Pe3ynbTaTbl pacYeTos nonHbiX pa,&~a4~0HHbiX w~pVIH AnH PHAa 
l.teTHO-l.feTH~X OKOnOMar~l.feCK~X HAep CyMM~pOBaH~ B sepXH~X CTpO­
KaX Ta5n~4bl, a KOTopoC1 npv1BeAeHbl sen~l.f~Hbl f.~ot , a TaKme 3Ha-. 
l.feHVIH no,&rOHOl.!HbiX napaMeTpOB, nonyl.feHHbiX l!nR pa3n~l.!HbiX 8a­
p~aHTOB nnOTHOCT~. 

KaK 8~AHO ~3 Ta5nlll4bl, 8 8ap~aHTe 1 AnR 5onbWVIHCT8a yKa3aH-
.HbiX RAep Ha5n~AaeTCH 3aMeTHOe (8 ·npeAePaX 40-50%) ¥MeHbWeH~e 
3Hal.feH~~ nonH~X y-w~p~H no cpa8HeHVI~ c pacl.feTaM~ 1 1 . B pe-
3ynbTaTe AnR HeKoTopbiX ~3 H~x yAaeTcH cornaco8aTb pacl.feTHbJe 
~ 3Kcnepii!MeHTanbHbJe 3Hal.feHVIH nonHbiX pa,&~a4~0HHbiX WVIP~H, 8 To 
speMH KaK AnH HYKn~A08 92zr ~ 138Ba pacxomAeHVIe Mem,&y 8en~­
l.f~HaM·~ ·fytot ~ [~Kc. coxpaHReTcH Ha ypo8He cjJaKTopa 2. 

TaK~M o5pa3oM HecMOTPH Ha onpeAeneHHOe ynyl.!WeH~e no cpas­
HeHVI~ C pa50TOC1;d; On~CaHVIH 3KCnep~MeHTanbH~X ~-w~p~H B paM~ 
KaX'AaHHoro nOAXOAa He.yAaeTCH socnpo~38ecT~ yKa3aHHWe sen~­
l.f~H~ AnH 8cero Kpyra ~ccneAo8aHH~x oKonoMar~l.fecK~x H,&ep. 

BnVIHH~e HecTaT~CT~l.fecK~x 3QJQJeKTOB Ha sepoHTHocT~ paA~a4~0H­
Horo :flacnaAa oco5eHHo HarnRAHO npocnem~saeTcR Ha np~Mepe HA­
pa 

1 8Ba82 , coAepma~ero MarVJl.fecKoe l.f~cno HeC1TpOHOB N = 82. 
nocKOnbKY TeopeTVIl.feCK~e QJOTOHHble CVInOBble QJYHK4~111 An~ ~30TOnOB 
136

Ba80 ~ 138 Ba82 5n~3K~, To Ha6n~AaeMoe pa3n~l.f~e a sem1l.f~-
. . r tot 
HaX · •Y 4en~KOM CBH3aHO C ~3MeHeH~eM xapaKTepa 3HepreT~l.fe-
CKOC1 3aB~CVIMOCT~ nnOTHOCT~ B RApe 138Ba82 .. no cpaBHeH~~ C HA­
POM 

136Ba80 • KaK noKa3bJBa~T Bbll.f~cneH~si, pacYeTHbJe 3Hal.feH~H 
·y-w~p~H AnH HAPa 138 Ba 3aMeTHO npeBbiWa~T aHanor~l.!Hble sen~l.f~- \ 
Hbl AnH HAPa 136 Ba , l.!TO 3aBeAOMO npoT~Bopel.!VIT ~Me~~MCH onbJT-
HbiM AaHHbiM. 3TOT pe3ynbTaT CB~AeTenbCTByeT 0 TOM, l.!TO QJOTOH- ·/ 
Hble c~nOBble QJYHK4~~ ( 3) ~ ( 5), no-8~A~MOMY, He HBnH~TCH aAe- 1 
KBaTHbiM~ AnH nonyMar~l.feCKoro HApa 1 ~8Ba80 • Ha HecTaT~CT~YecK~C1 · 
xapaKTep . KapTVIHbl paAVIa4~0HHoro pacna,&a HAP a 138 Ba yKa3biBaeT 

6 

•,.'•-

j 
r',l 

Taf<~He TO ci6ci-oHl-enbcTBo, YTo · nepBbJC1 yposeHb OTPIII4aTenbHoC1 
l.feTHOCTVI B cneKTpe B035YmAeH~H 3TOrO HyKn~Aa 06HapymeH n~Wb 
np~ 3Hepnm Er ~2,9 M3B.. · 

B nocneAy~~VIX KonoHKax Ta6n1114b1 np~se,&eHbl 3Hal.feH~H · -y-WIIIP~H, 
paccl.!IIITaHHbiX a MOAenlll, yl.f~TbJBa~eC1 sniiiHHIIIe Ha nnoTHOCTb ypos­
HeC1 o6onol.fel.!Hb1X 3$jJeKTOB ( sap111aHT 2) ~ .o.ononH~TenbHo s~6pa-
41110HHoro yc~neHIIIH (sap~aHT 3). · 

KaK BIII~Ho ~3 Ta6nlll4bl, yl.teT o6onol.fe'-!HOC1 nonpasK~ He oKa3bJ­
saeT cy~ecTseHHoro sniiiHHIIIR Ha sen~l.f~Hbl r,;ot , TOrAa KaK BKn~­
l.feH~e Blll6pa41110HHOro yc~neH~H np~BOA~T K HeKOTOpOMY yMeHbWe­
HIII~ a6con~THbiX paAIIIa41110HHbiX W~P~H, a TaKme 3Hal.feH~C1 napaMeT­
poB a ~ .Ex: 3aMeTIIIM, l.!TO 3Hal.feHIIIH 3Heprlll~ Ex, Hfl!}l{e KOTOpoC1 
noBeAeH~e nnoTHOCT~ ypOBHeC1 ~nnpOKC~M~pyeTCH MOAenb~ nOCTOHH­
HOC1·TeMnepaTypbl (6}, AOCTaTOl.!HO Benii!K~ ~ B 4enoM cornacy~TCH 
(AnH saplllaHTa 1} c pe3ynbTaTaMIII·pa6oTbf 1151 • · · 

B Kal.fecTse AOnonH~TenbHoC1·nposepK~ B03MOmHocTeC1 lllcnonb3o-
8aHHoro BbiWe noAXOAa AnH on111caHVIH xapaKTepii!CtiiiK KaHana paA~a-
4~0HHoro pacnaAa KOMnayHA-COCTOHHVIC1 OKOnOMar~l.feCKIIIX H,&ep 
B ttaHHoVi pa5oTe 6bJn nposeAeH pacl.feT ·Y-cneKTpos paA~a4VIOHHoro 
3aXBaTa TennOBbiX HeVtTpOHOB ecTeCTBeHHOC1 CMeCb~ 11130TOnOB ono­
Ba. Pe3ynbTaTbl pacl.feTa ( nyHKTIIIp) npiiiBeAeHbl Ha plllc .1, Ha KOTO­
poM cnnowHoC1 niiiH~eC1 1113o6pameHa cooTseTCTBy~aH 3Kcnepii!MeH- · 
TanbHaH 04eHKa!201 • KaK BVIAHO 1113 p~c.1, pacl.teT 8 4enoM YAOB­
neTBOpii!TenbHO BOcnpOIII3BOAIIIT meCTKY~ l.faCTb cneKTpa Ill npiiiBOAIIIT 

r 0 
:1<: 
:r 
Q) 

g- 2.0 
I 

~ 
w 

::t. 
I 
r. \ 

L 1\ 1,5, :. 
'I '• '• :I 
t• ' .. 

1.!\'1 \ 1.0 I J I . 

'•· 

Sn 

ll ~ 
I I~ 

OS~. v "''-· 

I or ' • 
3 " 5 6 7 8 

K 3aHIII}I{eHH~M IIIHTeHCIIIBHOCTHM 
B o6naCTIII .ManbiX Ill cpeAHIIIX 
3Heprllliii ·y-KBaHTOB·. 3TOT pe-
3.YnbTaT noKa3biBaeT, l.!TO, XOTH 
a cnyl.fae HAep 118sn 111 120sn 
111 YAaeTcH cornacosaTb pacl.feT­
H~e 111 3KcnepiiiMeHTanbH~e non­
Hble paAIIIa41110HHble WIIIPIIIHbl, npo6-
neMa KoppeKTHoro on111caHIIIH ·Y­
pacnaAa BbiCOKOB036ymAeHHbiX 
COCTOHHVIC1 OKOnOMarllll.feCKIIIX 
HAep OCTaeTCH aKTyanbHOC1. 

PHc. I . 3KcnePHMeHTaJIJ>HbiH 
/c.nnomHaJI. ~pHBaJI/ H pactJ:eTHbiH 
/nyHKTHP/ nonHhlH cneKTP •y-ny­
qeif TennoBoro 3aXBaTa HeifTpo-

9 M 
8 

HOB H30TonaMH onoBa. 
Ey. 3 . 
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B oTfilt1\.llt1E! OT TPaAit1L\It10HHbiX MeTOA08. pacl..feTa nonHbiX paA~t~al\~t~­

oHHbiX W!11pL1H 11"51 , Ol5bi4HO nplt1MeHHeMbiX Afis:l {jleHOMeHOfiOrlt14eCKOi:1 

napaMeTplt13al\lt11t1 {j)OTOHHbiX Clt1fiOBbiX {jlyHKL\It1~, paCCMaTplt1BaeMbl~ 
nOAXOA (eM. TaKme181 ) ol5naaaeT OCOI50i:1 4Y8CTB111TefibHOCTb~ K B~-
15opy Moaenlt1 ans:~ on~t~caHit1SI sHepreTit14eCKO~ 3a8111Cit1MoCTit1 nnoTHo­

CTIII ypo8He~, fiOCKOfibKY B HeM 111Cfi0fib3~TCSI {jlv1KCIIIp08aHHble CL·1fiO­

Bble {jlyHKL\111111. nosTOMY_ npeACTaBns:leTCSI L\enecool5pa3Hb1M nposecn1 

Bbll..flllcneH~t~e 8efiiii4111H ·r.~ot ans:~ 15onee WIIIPOKoro Kpyra HAep, a 3a­

TeM conocTaBIIITb nonylteHHble pe3ynbTaTbl c pacl..feTaMIII 181 ; 
Pe3ynbTaTbl TaKIIIX. Bbll..flllcneHIII~ .AnH PHAa l..feTHO-I..feTHbiX 1t1 Hel..feT­

Ho-Hel..feTHbiX HAep npiiiBeAeHbl 8 Tal5fillll\e. KaK Blt1AHO 1113 Tal5fillll\bl, 
ans:~ l..feTHo-l..feTHbiX s:~aep · xapaKTep lt13MeHeHit1H 3Hal..feHit1~ ·f.;ot npL1 

nepexoae oT pacl..feTos 181 K sap~t~aHTaM '1-3 aHanor1111..1eH paccMOT~ 
peHHOt·1Y .BbiWe cnyya~ OKOfiOMar~t~l..feCKv1X HAep. 

TaKit1M ol5pa30M, pacl..feTbl 181 Ha OCHOBe MOAefilt1 {jlepM~t~-ra3a 
C 11 0I5paTHbiM CMelJ.IeHIIIeM 11 I 1ll lt1 pacl..feTbl B paMKaX MOAefilt1 

1151 , 
Y4Lt1Tb1Ba~lJ.Iei:1 C8H3b ABYX paccMaTp~t~saeMbiX noAXOA08 ( saplt1aHT 1), 
nplt1BOAs:!T K Clt1CTeMaTVI4eCKOMY pa3fiW·IIt1~ ( AO (flaKTOpa 2 )• B Befillll..flt1-
HaX ·f.;ot , '"ITO CBit1AeTefibCTByeT 0 3Ha41t1TefibHO~ HeOAH03t:ta4HOCTIII 

(jleHoMeHonor~t~l..fecKo~ napaMeTplt13al\lt11t1 nnoTHOCTit1 B ol5nacTit1 sHepr~t~~ 
B0315YH<AeHIIIs:l E .::; Bn. tJ.m 111fifi~CTPal\lt1111 s-foro (jlaKTa Ha PIIIC. 2 
npiiiBeAeHbl pacl..feTHble 3Hal..feHit1H KYMYfiHT~BHoro l..flllcna ypoBHe~ 8 s:~a-

pe ·106pd B 3aBit1C111MOCTIII OT 

~I l I sHeprllllt1 B0315ymaeHIIIH,. np1111..1eM 
106 

0 
nyHKTIIIpHas:l KPII1Bas:l COOTBeTCT-

102 • d /, syeT pacl..feTy no "riii5PIIIAHO~" 
MOAen111 1151 , a cnnowHas:~ -

pacl..feTy no MOAenlll (jlepMit1-ra-

3a 1 111 • KaK BIIIAHO 1113 p111c, 2, 
B IIIHTepsane sHeprlt1~ Er = 
= 2-3 MsB o5e noAroHOI..fH~e 
KpiiiB~e AOCTaT04HO 5fiiii3KIII Ill 

B 4enoM yaosneTBOPIIITenbHO 
cornacy~TCH c onbiTHbiMI-1 aaH-

10 1- 1 I HbiMIII ( riiiCTorpaMMa), OAHaKO 

2 3 

c pocTOM sHeprllllll pacxomaeHIIIe 

MeH<AY HIIIMVI CTaHOBIIITCSI see 

PHc.2. 3HepreTHqecKaH 3aBH­

CHMocTb IIOJlHOrO qHCJla ypoB­
Heft BHH3Y B H,z:we 106 Pd. 
CnnomHaH KpfmaH H nYHKTHP co-

4 E M B oTBeTCTBYIOT ABYM pa3 HbiM Moge­
f• 3 JlHM nogrOHKH IIJlOTHOCTH. 

8 

6onee _3aMeTH~M. K comaneHit1~, 5onbwas:~ .HeonpeaeneHHOCTb B 3Hep­
reTII14eCKOM noBeAeHIIIIII nnOTHOCTIII ypoBHe~ B o6naCTIII npoMemyTC)I..f­

H~X· 3Heprlt1~ He fi03BOfis:leT OAH03Hal..fHO 8~5paTb ~11131111..feCKII1 aaeKBaT7 
HY~ Moaenb AfiH PJ17(E) . 3To npe~Kae scero CBSI3aHo c TeM o5cToH­
TenbCTBOM, '4TO B cneKTpax B035y}I{Ae'Hit1SI 'l..feTHo-l..feTHbiX HAep Ha5n~­
Aa~TCSI 3Ha4~TefibHble o6onol..fe4Hble HeOAHOPOAHOCTIII, CylJ.IeCTBeHHO 

Bfiii1SI~lJ.III1e Ha norpeWHOCTb npOL\eAYPbl fiOArOHK111 nnOTHOCTII1. 
BMecTe c TeM Bfiii1SIHII1e pa3n1114H~X cnoco6os napaMeTp1113a4111111 

fifiOTHOCTII1 Ha a5con~THble . 3Hal..feHII1SI fiOfiHbiX paAII1al\1110HHbiX Wlllpii1H 

MOH<HO nocneaouaTenbHo 1113YY111Tb Ha npii1Mepe s:~apa 144 Nd, ans:~ Ko­

Toporo TeopeTI!1YeCKIIIe QJOTOHHble Cll1fi0Bble {jlyHKL\111111 cornacy~TCfi 
c sKcnep.V1MeHTani:)HbiM1!1 so seeM cylJ.IeCTBeHHOM 111HTepsane sHeprll1~ 

B035YH<AeHII1H~ 81 • CoriocTasneH~e npiiiBeAeHH~X B Ta6n1114e pacYeTH~X 
3Hal..feHII1~ f~ot C OfibiTHb!MIIl AaHHbiMVl fi03~,0mleT CJ\enaTb BbiBOA .. :· 

0 TOM; 4TO AfiSl SlApa 144Nd , no-BIIlAVIMOMy, Ha1116onee npll1eMneMblM 

sap111aHTOM napaMeTplt13al\111L!l nno.THOCTII! HBnHeTCH Moaenb (jlepMII1-ra3a 

c "o5paTHbiM cMe[4eH111eM
11 1111 • KpoMe Toro' Ha5fiiOAa9Mbl~ no COBO-;­

KynHOCTII1 HeMarllll..feCKL!lX HAep ypoB~Hb CO~naCII1Sl MeH<AY Befiii1~1!1HaMIII 
.f tot 111. f aKcTaKme CBII1AeTenbCTByeT B nonb3Y MOAenlll 1111 . . . y y . . • . . .. . 

KaK BIIIAHO 1113 ra6n1114~. AfiH Hel..feTHO-Hel..feTH~x HAep pa3nii1YII1e; 
Memay senllll..fL!1HaMII1 f ;ot., paccl.tiiiTaHHbiMII1 B sap111aine 1 111 B paMKax 

nOAXOAa
181

, He npeBOCXOA111T 30% .. 3TO~ ~e3yfibTaT 05bSlCHSleTCSl 

TeM 05CTOSlTefibCtBOM, YTOfAnSl Hel..feTHd-Hel..feTH~X SlAep 3~al.feHII1e 
3Heprll1111 

11
CWIIIBaHIIIH

11
. Ex CIIIC:TeMaTLt14eCKII1 MeHbWe, l..feM .B cnyYae 

4eTH0:-4eTHbiX HAep, 111 no3T,OMY B MeHbWei:1 c"ieneHII1 Bfiii1SleT Ha se- . 

fiiii4111HY 111 nonomeHit1e MaKCLt1M,yMa nepBII14HOrO cneKTpa ·y-ny'"lei:1, {jlop-. 

Mll1pyeMo ro noAbiHTerpanbHblf1 BbipameH111eM B (jlopMyne ( 2) . · 
TaKIIIM o5pa3oM, riposeaeHH~~ Bb~e aHanll13 C8111AeTenbcTsyeT 

0 TOM, 4TO AfiSl 60fibWIIIHCTBa 111CCfieAOBaHH~X SlAep, 3a 111CKfi~4eHIIIeM 
Marllll..feCKIIIX 111 oKonoMarll14ecKII1X, noseaeHIIIe nnoTHOCTII1 yposHe~ 

B o5naCTII1 3Hepn1~ B036YH<AeHII1Sl Ha 2-3 MsB Hlllme Bn annpoKCII1Mll!-· 
pyeTCSl CKopee MOAefib~ {jlepMII1-ra3a/ll/ , YeM MOAefib~ noCTOSlHHO~ 
TeMnepaTyp~ 1151 • tJ.ns:~ ·aKonoMarii1YecKII1X HAep, no-BII1AII1MOMy, 6onee 
aaeKBaTHO~ npeACTaBnHeTCSl MOAefib 1151 • 

B 3aKn~4eHII1e OTMeTII1M, 4TO B aaHHO~ pa6oTe 3Ha4eHIIISl cpeAH111X 

paa~al\IIIOHH~X WlllpiiiH nonyYeH~ C yl..feTOM TOfibKO CTaT111CTII14eCKII1X 

CBOi:1CTB SlAep. npeACTaBnHeTCSl, YTO BKfi~4eHit1e B CXeMy pacl..feTa 

apyr111x B03MOH<Hb1X MexaHL13MoB, onpeaens:~eMbiX, Hanpii!Mep, BKnaaoM 
nepsoro cnaraeMoro B (jlopMyne (1), MomeT np111secT111 K AOnonHII1-

TenbHOMY ysenll14eHIII~ paCI..feTHbiX 3Hal..feHIII~ fiOfiHbiX ·y-Wii1Pii1H. 
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