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1. BBEJlEHHE 

nonHWe paAHa~HOHHWe WHpHHW HeHTPOHHWX pe30HaHCOB ~Bn~~TC~ 
OAHOH H3 HaH6onee xopowo H3Y4eHHWX xapaKTepHCTHK BbCOKOB036y~
AeHHWX cocTo~HHH ~Aep. TeopeTH4ecKoe onHcaHHe a6cor~THWX 3Ha4e
HHH 3THX WHpHH H 3Ha HHe HX 3Hepr eTH4eCKOH 3aBHCH,..OCTH Ba~HO, 

HanpHMep, npH BW4HCneHHH Ce4eHH~ paAHa~HOHHOrO 3axeaTa HeHTpo
~OB B WHpOKOH o6naCTH 3HeprHH, a TaK~e npH aHanH3e pa3nH4HWX 
ABYXCTyneH4aTWX ~AePHWX npo~eCCOB THna (n, ya) , (n, y f) H T. n. 
KpoMe Toro, nonHWe paAHa~HOHHWe WHpHHW MO~HO HCnOnb30BaTb KaK 
He3aBHCHMWH TeCT An~ npoBepKH COBpeMeHHWX npeACTaBJeHHH 0 ee
po~THOCT~X y-nepeXOAOB Me~y BWCOKOB036y~eHHWMH COCTO~HH~MH 
aTOMHWX ~Aep. 

OrpaHH4HBa~cb BKnaAOM AHnonbHWX y-nepeXOAOB, Bbpa~eHHe 

An~ CPeAHeH nonHOH paAHa~HOHHOH WHpHHW B-HeHTPOHHbX pe30HaHCOB 
f'~eop. 3anHWeM B BHAe /l / 
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rAe I - cnHH RApa-MHWeHH, PJrr(U) - nnorHOCTb eoa6yMAeHHWX cocTo~
HHH KOMnayHA-RAPa CO CnHHOM H 4eTHOCTb~ Jrr npH 3Hep rHH B036y~

AeHHR U, a B 0 - 3HeprH~ ce~3H HeHTpoHa. BxoA~IIIHe e <)lopMyny I 1 I 
AHnOnbHWe CHnOBWe <)lyHK~HH Sy(E1) H Sy(M1) onpeAene~w COOTHOWe
HHeM 
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3aMeTHM, 4TO B <)lopMyne 111 nOAPa3yMesaeTC~ TaK~e CYMMHpOBaHHe 
no AHCKpeTHWM B036y~eHHWM YPOBH~M C H3BeCTHWMH 3H-4eHH~MH 
Jr "t . nocKonbKY nnoTHOCTb p Jrrrr (U t) 3KcnoHeH~HaJ bHO pacTeT 
C yeenH4eHHeM 3HeprHH BP36y~eHH~, TO a6con~TH~e 3~a4eHH~ nonHWX 
Y -wHpHH 111 OnpeAen~~TC~ B OCHOBHOM paAHa~HOHHOH CHnOBOH <)lyHK
~HeH KOMnayHA-KOMnayHA (c -+ C') y-nepeXOAOB H npoHa BOAHOH nnoT-

maz · HOC TH npH 3HeprHH Ur - -8 - Emu rAe Emu_ 3Heprl'l ~ y -KeaHTOB 
n Y ' Y ' 

COOTBeTCTBy~a~ MaKCHMYMY nepBH4HOrO cneKTpa y-nyveH. 
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121 14s < ) 140c B cepHH pa6oT c noMOI!Ib~ peaKUHH Nd n, ya. e 6~na, 
nony4eHa 3KCnepHMeHTanbHaR HH(j>OpMaUHR 0 CHnOB~X $YHKUHRX g~c 
AnR K9MnayHA-RAPa 144 Nd, npH4eM oKaaanocb, 4TO aenH4HHbl Sj,c (El) 
H s;;c(Ml) B o6nacTH C-+C' y-nepeXOAOB I0,5~Ey~2.5 M3BI npw 
MepHO paBHbl H nOCTORHH~. 3T_H ~eaynbTaT~~_C()rn.:JCY~TCR __ ':_'=HnOTe30~ 
Ba~CKOn$a/1/ 0 nocTORHCTBe H YHHBepcanbHOCTH paAHaUHQ!il:t()£1_ CHno-
BO~ $YHKL(HH AiiR Y -nepexoAOB- Me)i{_a~ ___ f.!]g~~-;it1~.~-:~\!I~Q!(QB036Y.)I(f!_~HHbiMH 
CoCTO.fHHRMH RAep. A6comOTH~e 3HayeHHR CHnOBbiX cpyHKUH~ s~c (El); 
-s~c (Ml) "' 1·10-8 M3B -s AnR RAPa 144 Nd nony4eH~ a ycnoBHRX 2 

AOBonbHO xopowero ycpeAHeHHR no KOHe4H~M I c' I cocToR
HHRM, H n03TOMY eCTb OCHOBaHHR O~HAaTb, 4TO 3TH 3Ha4eHHR 
RBnR~TCR H~nnoxo~ OUeHKO~ CHnOBbiX $YHKUH~ H AnR 6onee WHPOKO~ 
o6nacTH cpeAHHX H TR~en~x c$epH4eCKHX RAep c A ;:;: 80. H,eKOTOPble 
yKa3aHHR Ha aHanorH4HOe nOBeAeHHe CHnOBbiX $YHKUH~ S~c (El) AnR 
MRrKHX c ... c'y -nepexoAOB a RApax 198 Au H 2°3 Tl npHBeAeH~ a pa-
6oTe 1 81• 

nepa~e pac4eT~/4/ nonH~x paAHaUHOHH~x wHpHH, a TaKme 6onee 
n03AHHe paC4eT~/5,6/ npOBOAHnHCb nH60 C nOCTORHHO~ CHnOBO~ 
$YHK1..1He~ S y s.p. (El), npeAno~eHHO~ Ba~cKon<l>oM 111, nH6o c Hcnonbao
aaHHeM AnR Sy(El) MOAenH rHraHTCKoro 3neKTPH4eCKoro AHnonbHoro 
peaoHaHca lr3AP 1 171 : 

131 

rAe a g - Ce4eHHe $OTOnorn0111eHHR B MaKCHMYMe r3AP, a E g H r g
nono~eHHe H WHPHHa r3AP. 

AnR nnoTHOCTH KOHe4H~x cocTORHH~ PJr "r(Ur) ,BXOARI!Ie~ e $opMyny 
111, e pa6oTax /5,6/ Hcnonbaoeanacb MOAenb $epMH-raaa c $HKcauHe~ 
napaMeTpOB no H3BeCTHO~ 3KCnepHMeHTanbHO nnOTHOCTH He~TpOHH~X 

peaoHaHcoe. npoeeAeHH~e pac4eTbl He noaeonHnH eocnpoHaeecTH no-
-3KCn ~ 

BeAeHHe 3KCnepHMeHTanbH~X WHpHH r y ,"npH4eM OTHOCHTenbH~H pa3-
6poc eenH4HH r ~KCUif~eopOKa3~BanCR /5/ B npeAenax (j}aKTOpa 3-6. 3a
MeTHM, 4TO Hcnonb30BaHHaR B pa6oTe/&/ napaMeTpH3aUHR WHPHH~ r3AP, 
B>;<OA,RI!Ie~ B (jlopMyny 131 •. r g= const. E ~' npHBOAHT, K CHnoeo~ (jlyHKUHH 
S /c (El), cHnbHO aaBHC.RI!Iel1 oT 3HeprHH E y: 8°/0 (El) - const· E ~ , 
4TO npoTHeope4HT 3KcnepHMeHTanbH~M AaHH~M/2 . 

nonH~e paAHaUHOHH~e WHpHH~ B o6naCTH MaCCOB~X 4HCen 75 < A~3Q 
6blnH paCC4HTaH~ B pa6oTe/8/ C CHnOBO~ (jlyHKUHe~ r3AP 131. npH 
3TOM aaBHCHMOCTb Me~y napaMeTpaMH ag ' r g H Eg rHraHTCKoro 

agr: 4/3 
peaoHaHca npeAnonaranacb e BHAe ---;r- = C·A , rAe c - HeKoTopaR 

Eg 

B 6 /5/ ~ nOA6HpaeMaR KOHCTaHTa. OTnH4He OT pa OT~ nnOTHOCTb ypOBHeH 
KOHe4H~X COCTORHH~ p Jt "t (U f) paCC4HT~BanaCb IS/ no MOAenH (j}epMH
raaa C o6paTH~M CMel!leHHeM/9~ T.e. nOArOHKa napaMeTpOB nnOTHOCTH 
OCYI!IeCTBnRnaCb HCXOAR H3 CYMMapHoro 4HCna YPOBHe~ C AaHH~MH 
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3Ha4eH~RMH Jfrrf B HeKOTOPOM HHTepeane 3HeprH~ B6nH3H OCHOBHOrO 
COCTORHHR H H3 3Ha4eHHR nnOTHOCTH pe30HaHCH~X COCTORHH~ npH 

3 HeprHH ceR3H He~TpoHa. KpoMe Toro, npeAnonaranocb, 4TO nnoT
HOCTb COCTORHH~ He 3aBHCHT OT 4eTHOCTH. noA6HpaR KOHCTaHTY C, 
aBTOpy pa6oT~ / 8 /yAanoCb YAOBneTBOpHTenbHO Ia npeAenax T04HOCTH 
20-30%1 onHCaTb 3KCnepHMeHTanbH~e paAHaUHOHH~e WHPHH~ B o6nacTH 

RAep c 75 <A <130. 
CneAyeT, OAHaKo, noA4epKHYTb, 4TO 3TOT peaynbTaT nony4eH 

c HCnOnb30BaHHeM PRAa npeAnono~eHH~, KOTOp~e npOTHBOpe4aT H3-
BeCTH~M 3KcnepHMeHTanbH~M AaHH~M. Bo-nepe~x, K~K OTMe4eHo e~we, 
3HepreTH4eCKaR 3aBHCHMOCTb CHnOBO~ ~YHKUHH g~c (El) 131 He 
cornacyeTCR c peaynbTaTaMH pa6oT 121 • Bo-eTop~x, noaeAeHHe aenH-
4HHbl a r 21E4 HeMOHOTOHHO OTKnOHReTCR OT npHHRTO~ B pa6oTe / 8 / 
aaaHCH~o~TH gc.A4/3 c paa6pocoM a npeAenax ~aKTopa 2-3. KpoMe 
Toro HeynoaneTaopHTenbH~M npeAcTaanReTCR H cnoco6 y4eTa 

, ... /8/ -
aKnaAa Mly-nepexoAOB, a HMeHHo, npeAnono~eHHe , 4TO SY(Ml)-

= ~ SyCE1) eo ace~ o6nacTH 3HeprHi1 Ey, npoTHBope4al!lee coapeMeHH~M 
AaHHbiM /2/ AnR o6nacTH MRrKHX c -+ c'y.-nepeXOAOB. TaKHM o6paaoM, 
HeCMOTPR Ha 3Ha4HTenbH~~ nporpecc B HHTepnpeTaUHH nonH~X paAHa
UHOHHbiX WHPHH, npeACTaBnReTCR HeOUXOAHMbiM HCCneAOBaTb B03MO~

HOCTb KOnH4eCTBeHHOrO OnHCaHHR 3THX BenH4HH B paMKaX HenpOTHBO
pe4HBOil! TeopeTH4eCKO~ CXeMbl, CB060AHO~ OT yKa3aHHbiX HeAOCTaT
KOB. 3TO H RBnReTCR uenb~ HaCTORI!Ie~ pa60T~. 

2. nOCTAHOBKA 3AAA4H H METOAHKA PAC4ETOB 

CornacHo npHBeAeHH~M e~we peaynbTaTaM AnR npaeHnbHoro eoc
npoHaBeAeHHR paAHaUHOHH~X WHPHH He06XOAHMO, 4T06bl HCnOnb3yeM~e 
B paC4eTaX CHnOB~e (j}yHKLIHH He npOTHBOpe4HnH BCe~ COBOKynHOCTH 
3KcnepHMeHTanbH~x AaHH~x. B HacTORI!Ie~ pa6oTe 8~4HcneHHe eenH4HH 
fTBOPnpoBOAHnocb c AHnonbHO~ cHnoeo~ (jlyHKUHe~ Sy(E1) H3 pa6o
TJ1101, nony4eHHO~ AnR AOCTaT04HO CTaTHCTH4H~X IHeMarH4eCKHXI 
cpeAHHX H TR~enwx RAep; 

141 

rAe T(Ur)- RAepHaR TeMnepaTypa, onpeAenReMaR 3¢ll>eKTHBH~~ 3Hep
rHe~ eoa6y~eHHR RAPa Ur H napaMeTpoM nnoTHOCTH ypoeHeH a. Ha 
(jlopMyn 121 H 141 nerKO nony4HTb, 4TO B cny4ae ~~CTKHX C-+ S -l/S 
y-nepexoAOB (Ey=Bn) npH y4eTe npH6nH~eHH~ NZ=A I4H E g"' SO·A: 
cnpaeeAnHao ewpa~eHHe 

-tr --1 5 8/S -15 2 2 -5 
ry lp 1 EyA .. 10 .rg14[1- (EyiEg)] M3B • 151 
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S~5(E1i 
1E-13 

1E-14 t t~j +. ~ 
! ~1 ~f~ tt 

• • 

~· 1E-15 t 

1E-16 
75 95 115 135 155 175 195 215 235 A 

PHc. I 

,IJ..n.A cpa8HeH~.A Ha p~c. 1 np~cTa8neHbl 3Kcnep~MeHTanbHble 3Ha4eH~H 
c~n08biX l)lyHKU~~ Sycs(El) =f.if/p-i1E5A8/3M38-5 ~3 pa6oTbl/111 y y • 
a TaK~e 8en~4~H~, nony4eHH~e no (jlopMyne /5/. KaK B~AHO ~ 3 p~c.1, 
TeopeT~4eCK~e 3Ha4eH~.A c~no8~X ~YHKU~~ /T04K~/ 8 uenoM YAo8neT-
8op~TenbHO cornacy~TCH C COOTBeTCT8YIO~~M~ 3KCnep~MeHTanbHbiM~ 
pe3ynbTaTaM~ /TpeyronbH~K~/. K co~aneH~~. He npeAcTa8nHeTcH 
803MO~H~M npoaecT~ aHanor~4Hoe cpa8HeH~e c~noa~x (jlyHKU~~ 8 o6-
nacT~ M.ArK~X c-+ c'v-neoexonoa. noc:KnnhKV nnRM.=>R ~~<rnPnLAM<>'-'

TanbHa.A ~H(jJOpMaU~H ~MeeTC.A TOnbKO AnH HApa l44Nd B cny~ae KOTO
poro Ha6n~AaeTcH 11 2 1 xopowee cornac~e Teop~~ c 3~cnep~MeHTOM 

B 6 113/ . pa OTe Ha OCH08e CTaT~CT~4eCKOro nOAXOAa 6blnO nony4eHO 
cneAY~~ee 3Ha4eH~e An.A Ml-c~noso~ (jlyHKU~~= 

Scc'(Ml) = 2·10 -s 
y M3B - 3 . /6/ 

np~ll_eM C~~~BeTCTEIYIO~aR paA~aU~OHHaR _ W~P~Ha r (Ml) paCC4~TbiBa
naCb no oAHo..,acT~4Hoi:1-¢opt.lyneBattcKo-noa 11 1 B' ilaHHo~ pa6oTe 
aen~4~Ha Sycc(Ml) HOpM~poaanacb Ha 3KCnep~~eHTanbHOe 3Ha4eH~e 
Ml -c~noao~ ¢YHKU~~, nony4eHHoe AnR RAPa 144 Nd,T. e. np~HV!Manocb, 
4TO 

171 

3TO 3Ha4eHV!e C~nOBO~ (jlyHKU~~ B uenoM He npoT~BOpe4~T ~MeiO~~MCR 
3Kcnep~MeHTanbHbiM AaHHbiM 13 • 111 AnR RAeP c A = 80 + 150 3a 
~CKnl04eH~eM OTAenbH~X Cny4aeB cy~eCTBeHHOrO OTKnOHeH~R 3KCne
p~MeHTanbHbiX Ben~4V!H OT ycpeAHeHHOrO 3Ha4eH~R /7/, 4To MO~eT 
6b1Tb o6ycnoaneHo, Hanp~Mep, pa3Horo POAa Hec TaT~cT~4ecK~M~ 
30(jleKTaMVl /aaneHTH~e y-nepexoA~. Ml-r~raHTCK~e pe3oHaHc~ 
~ T.n./. 3aMeT~M TaK~e, 4TO HeKOTOp~e AaHH~e no S (Ml)~MeiOT/3/ y 

oueH04H~~ xapaKTep. CornacHo pe3ynbTaTaM pa6oT 13•1 1• 
141 c~noa~e 

(jlyHKU~~ S~'El) B 3TO~ o6nacT~ HAep OKa3~Ba~TCH no4T~ Ha nopHAOK 
6onbW~M~, 4eM (jlyHKU~~ S ~ 8 (M1), ~ ~Me~T HeperynHpHy~ 3aB~C~MOCTb 
oT Maccoaoro 4~cna A. KaK y~e OTMe4anocb a~we, AnH cocTaaHoro 
HAPa 144Nd 3Ha4eH~H aen~4~H 4~-~~1)_~---~-~~-~~!)_c T04H()CTb~ AO 
- 30% ~-B_rl<!AaiOT. Ecn~ cpeAH~e aepoHTHOCT~ c ... c' y -nepexoAOB 
MynbT~nonbHOCTe~ El ~ Ml oKa~yTCH 6n~3K~M~ ~ AnH APYr~x HAep, 
TO 3TO 6yAeT roaop~Tb 0 pa3n~4HO~ 3HepreT~4eCKO~ 3aB~C~MOCT~ 
c~noa~x (jlyHKU~~ S y(El) ~ Sy(M1) a o6nacT~ 3Hepr~~ E y > 2 M38, 
4TO He COr nacyeTCH C BbiBOAOM pa60Tbl/l4/ 06 OA~HaKOBO~ 3HepreT~-
4eCKO~ 3aB~C~MOCT~ yKa3aHHbiX 0 -+ S y-nepeXOAOB. 

KaK B~AHO ~3 (jlopMyn~ /1/,Apyr~M aa~H~M (jlaKTopoM, cy~ecTaeH

HO an~HIO~~M Ha a6coniOTH~e 3Ha4eH~H y-w~p~H, HBnHeTCH nnOTHOCTb 
B036Y~AeHH~X COCTOHH~~ PJ rr (Ur),np~ pac4eTaX np~H~Manocb, 4TO 
(jlyHKU~H PJr"r(U~ on~c~aae{c' cTaHAapTHO~ (jlepM~-ra3oao~ (jlopMy
no~ 1 91 

exp(2y'aUr) 
!81 

rAe Ur= Er-Bp-8 0 -~ 
8 p(n) - COOTBeTCTBYIO~aH 

ro cMe~eH~H/9Z 3Ha4eH~e 
weH~eM 

3AeCb Er- 3Hepr~H B036Y~AeH~H HApa, 
3Hepr~H cnap~BaH~H, ~ - napaMeTp o6paTHo
cn~Hoaoro (jlaKTopa u onpeAenHeTCH cooTHo-

u 2 = 0,146 v'~ A 213 
, /9/ 

-TeO!l 
KaK OTMe4anOCb B n.1, nonH~e paA~au~oHH~e w~p~H~ ry onpeAe-
nHIOTCR He a6coniOTH~M 3Ha4eH~eM nnoTHOCT~ PJ" (Ur)• a ee npo~3-
BOAHO~ B cy~eCTBeHHO~ o6nacT~ 3Hepr~~ u~ax r _r B n- E~a~rAe 
Eyax- 2-3 M3B. ,[lpyr~M~ cnoaaM~, np~ pac4eTax y -w~p~H B paMKax 
CTaT~CT~4eCKOrO nOAXOAa Henb3H orpaH~4~BaTbCH nOArOHKO~ nnoT
HOCT~ TOnbKO np~ 3Hepr~~ CBR3~ He~TpOHa 8 ,KaK 3TO AenanOCb 
B pa6oTax /5,6/. n 

B pa6oTe 191 6~n npeAno~eH ycoaepweHCTBOBaHH~~ ~HTepnonHu~
OHHbl~ Bap~aHT MOAen~ (jlepM~-ra3a, OCHOBaHH~~ Ha nOArOHKe nonHoro 
4~cna ypoaHe~ B ~HTepaane 3Hepr~~ B036Y~AeH~H OT HynH AO HeKo
Toporo 3Ha4eH~H E0 ~ 3Ha4eH~R nnOTHOCT~ pe30HaHCH~X COCTORH~~ 
np~ Bn. np~ 3TOM npeAnonaranocb, 4TO PJrrrr = p Jr -rr r BO ace~ 
o6nacT~ 3Hepr~~ ao36Y~AeH~.A. AHanor~4Ha.A npoueAypa 6blna ~cnonb-
30BaHa TaK~e B ynOMRH~TO~ B~We pa6oTe/8~ HO C TeM OTn~4~eM, 
4TO ycpeAHeHH~e ~Ha4eH~R napaMeTpa a 6pan~cb ~3 pa6oT~ 19 ~ 
a napaMeTp o6paTHoro cMe~eH~.A ~ HaxoA~ncR nyTeM noArOHK~. 3aMe
T~M, 4TO npoueAypa noArOHK~/9/ npeACTaBn.AeTCR He COBCeM nocne
AOBaTenbHO~, nOCKOnbKY AnR 4eTH0-4eTH~X RAep, Hanp~Mep, CTa
T~CT~4eCKOe on~CaH~e onpaBAaHHO n~Wb np~ 3Hepr~HX B036Y~AeH~.A 
E r > 8P + 80 . l{poMe Toro, aHan~3 cneKTpoa ypoaHe~ 6onbw~HCTBa 
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4eTH0-4eTH~X H He4eTH~X RAep no3BOnReT CAenaTb B~BOA 0 TOM, 4TO 
npH 3HeprHRX E r $ 8 P + 80 PJr"r f, PJr-"r .B HacTORllleH pa6oTe noA
roHKa nnOTHOCTH OCYl!leCTBnRnaCb npH 3Hepr~H CBR3H HeHTpOHa/16/ 
H npH 3HeprHRX eoa6y>KAeHHR E~ -2-3 M3B 1 151, rAe cTaTHCTH4ecKoe 
OnHCaHHe B npHH~Hne npHMeHHMO,a 4HCno nponyl!leHH~X ypOBHeH 
OTHOCHTenbHO HeBenHKO. npH nOArOHKe, KaK npaBHnO, y4HT~BanHCb 

YPOBHH, B036Y>KAaeMble B peaynbTaTe npRMbiX A~nonbHbiX y -nepeXOAOB 
H3 S-HeHTpOHH~X pe30HaHCOB B o6nacTH Tennos~X 3HeprHH. 

TaKHM o6paaoM, pac4eTHoe 3Ha4eHHe nnoTHOCTH 

I= J + 1 

'l P 111 (U r ) 
I=IJ-11 

/10/ 

nOArOHRnOCb nOA 3Ha4eHHe Ha6n10AaeMOH nnoTHOCTH pH;
6

JI·. nocKOnbKY 
BOnpoc 0 B~6ope nnoTHOCTH COCTORHHH npH HH3KHX H npoMe>KyT04H~X 
3Ha4eHHRX 3HeprHH B036Y>KAeHHR He RBnReTCR OAH03Ha4H~M, B AaH
HOH pa6oTe 6blnH HccneAOBaHbl cneAYIOl!IHe eapHaHTbl: 

1. PJc1Tt = PJr -1Tf BO BCeH o6nacTH 3HeprHH; 
2 • p J f 1Tf f p J f _ ITt , npH4eM BblpaBHHBaHHe nnOTHOCTH npOHCXOAHT 

nHWb npH 3HeprHH E r B n; 
3 · p J fiT f = p J f- 17 f Ha4HHaR C HeKOTOpOrO 3Ha4eHHR 3HeprHH 

E 'f < B n• 
Pac4eT~ paAHa~HOHHbiX WHPHH c paanH4H~MH eapHaHTaMH ebl6opa 

nnOTHOCTH 6~nH npoBeAeHbl npe>KAe BCero AnR RAPa 
144

Nd,AnR KOTo
poro H3BeCTHbl /2,8,11 1 3KcnepHMeHTanbH~e 3Ha4eHHR El- H Ml-cHno-

........... ow n --C::- 1 __ , • ...,.....,- ..... ,.,, .,..,.... ... ,.,,..,,., rTeQp. n~rr'"IIIAT ... •••IIJrt. nMM 

::~A~~~n;~~~a:T~ :~~~~T~;~~~;;~e;-~~~~~~H-/ nno~~OCTH ~-H-atiiJ. -= -- .. 

= p\.~6n.+ P!:~n. ,o~eHeHHoe npH 3HeprHH E'f , H eenH4HHbl 1\E, CBR3aHHble 
c EfCOOTHOWeHHeM E( = B

0
-1\E, B Ta6n.1 npoAeM_QHCTpHpoeaHa TaK>Ke 

4YBCTBHTenbHOCTb a6coniOTH~X 3Ha4eHHH y-WHPHH ~~eop.K B~6opy 
senH4HH~ 1\E,KaK BHAHO Ha npHMepe TeCTOBOrO RAPa 144Nd, OTnH4He 
eenH4~Hf~e0 fuacc4HTaHHbiX AnR pa3HbiX eap~aHTOB e~6opa nnoTHOCTH, 
He npeeblwaeT 30-40%. BMecTe c TeM eapHaHT~ 1 ~ 3 npeAcTaenRIOTCR 
¢~3H4eCKH 6onee onpaBAaHHbiMH, nOCKOnbKY HMeiOTCR/l?/3KCnepHMeH
TanbH~e AaHHble, CBHAeTenbCTBYIOIIIHe 0 B~paBHHBaH~~ nnOTHOCTeH ypoe
HeH C pa3HbiMH 4eTHOCTRMH npH B03pacTaHHH 3Hepr~H B036Y>KAeHHR. 
3aMeTHM, 4TO eap~aHT 3 B~Uopa nnoTHOCTH no3BOnReT 6onee T04HO 
o~eH~Tb BKnaA B nonHyiO paAHa~HOHHYIO WHpHHY y-nepeXOAOB AaHHOrO 
THna AnR Tex RAep,y KoTop~x npH Er< Er* npeo6naAaiOT ypoBH~ OAHOH 

- TOOp 
4eTHOCTH. AHanH3 YCTOH4HBOCTH een~4~H ry . OTHOCHTenbHO 3KCne-
PHMeHTanbHOH HeonpeAeneHHOCTH 3Ha4eH~R nnoTHOCTH HH3KOne>Kal!I~X 

cocToRH~H Ha npHMepe RAPa 144Nd noKaaan /eM. Ta6n. 1 I, 4TO cyl!lecT
BeHH~e /AO 100%/ eap~a~H~ 3Ha4eHHH pHa6JI. He np~BOART K 3Ha4~Tenb
HbiM H3MeHeH~RM /a npeAenax He 6onee 40%/ nonHbiX Y-w~p~H. 3ToT 
¢aKT o6~RCHReTCR TeM o6CTORTenbCTBOM, 4TO AnR cpeAH~X ~ TR>Ken~X 

RAeP CB~We 70% nonHOH paA~a~HOHHOH WHpHHbl Ha6HpaeTCR B o6nacT~ 
KOMnayHA-KOMnayHA y-nepeXOAOB. 8 Ta6n.1 BKnl04eH~ TaK>Ke peaynb
TaT~ pac4eToB AnR HeKoTop~x APYrHx RAep. 
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3. OEiCYl~AEHI1E PE3YnbTATOB PAC4ETOB 

r Teop. 
B AaHHoR pa6oTe nonH~e paA~a~~OHH~e w~p~H~ y 6~n~ pac-

C4~TaH~ An~ P~Aa C$ep~4eCK~X ~Aeft B ~HTepeane MaCCOB~X 4~Cen 

78 ~ A :::200, Am'l KOTOPbiX ~MeeTc~ 16• 181 3Kcnep~MeHTanbHa~ ~H<Pop
Ma~~~ OTHOC~TenbHO nnOTHOCT~ B036ymAeHH~X COCTO~H~R. napaMeTp~ 
r~raHTCKoro pe30HaHca r g ~ E g 6pan~Cb ~3 pa6oT 116,18/, B OTAenbHbiX 
cny4a~x. KOrAa napaMeTpbl r g ~ E g He 6bln~ ~3BeCTH~ 3KCnep~MeHTanb
HO, np~ pac4eTax ~cnonb30ean~cb ycpeAHeHHble 3KCnep~MeHTanbH~e 
3Ha4eH~~ pe30HaHCH~X napaMeTPOB An~ COCBAH~X RAep /~30Tonoe/. 
Pac4eT~ paA~a~~OHH~X w~p~H npoBOA~n~cb c ~cnonb30BaH~eM eap~aH
Ta 3 noArOHK~ nnoTHOCT~ AnR 4eTHo-4eTH~x ~ He4eTH~x RAep, ~ ea
p~aHTa 1 AnR He4eTHo-He4eTH~x RAep. YpoeeHb cornac~R Teop~~ c 
3Kcnep~MeHTOM npo~nn~cTp~poeaH Ha R~c.2a, rAe AnR HarnRAHOCT~ 

-3 c -np~BeAeHbl een~4~Hbl OTHOWeH~R f' y K n./~eop .. KaK B~AHO ~3 p~C. 2a, 
B paMKaX npeAnomeHHOR CXBMbl, He COAepmal!leR CB06DAHbiX napaMeTpOB, 
YAaeTcR e ~enoM YADBneTeop~TenbHO on~caTb 3Kcnep~MeHTanbH~e 
paA~a~~OHHble w~p~Hbl AnR 6onbW~HCTBa ~3y4eHH~x RAeP. Ha~6onbwee 

pacxomAeH~e Ha6niOAaeTc~ AnR RAeP 92 Zr, 118Sn, 120Sn ~ 138Ba,coAep
malli~X Mar~4eCKOe ~n~ 6n~3KOe K Mar~4eCKOMY 4~CnO HYKnOHOB. 
B CBR3~ c 3T~M nDA4epKHeM, 4TO H~KaK~e pa3YMH~e eap~a~~~ nnoT
HOCT~ p(E;) He n03BOnRIOT AnR 3T~X RAep BOCnpo~3BeCT~ 3Kcnep~
MeHTanbH~e pe3ynbTaT~, 4TO MOmHO B~ABTb Ha np~Mepe ~30TOnOB 
nonyMar~4ecKoro onoea ltSsn ~ 120sn /eM. Ta6n. 1/. np~4~Ha yKa3aH
Horo paCXOmAeH~R MO~eT 3aKnl04aTbCR B TOM, 4TO ~OpMyna /8/ AnR 

nnOTHOCT~ ypOBHeR B Mar~4eCK~X ~ OKOnoMar~4BCK~X RApax. KaK 
OTMe4aeTCR B pa6oTe/1BI, Ha6niOAaBMOe AnR 3T~X RAep noBeAeH~e 
nnoTHOCT~ ypoeHeR B A~ana30He 3Hepr~R B036ymAeH~~ OT 2 AD 8 M3B 
xapaKTep~3yeTCR noCTORHHOR RAePHOR TeMnepaTypoR, TOrAa KaK 
e MOAen~ $epM~-ra3a T-vlJ~ApyroR np~4~HoR pacxomAeH~R MomeT 
6~Tb TaKme TO o6CTORTenbCTBO, 4TO C~noB~e ~YHK~~~ /4/ ~ /7/, 
B006l!le roBopR, He RBnRIOTCR AOCTaT04HO KOppeKTH~M~ AnR RAep 
c Mar~4ecK~M·4~cnoM HyKnOHOB. B nepe~x KonoHKax Ta6n.2 AnR 
PRAa RAeP np~eeAeH~ 3Kcnep~MeHTanbH~e ~ TeopeT~4ecK~e 3Ha4eH~R 

cpeAH~X paCCTORH~R MemAY s-HeRTpOHH~M~ pe30HaHCaM~ np~ 3Hepr~~ 

CBR3~ B0 ,napaMeTp~ a~ A, nony4eHH~e e pe3ynbTaTe HacTORl!leR 
noArOHK~, ~ aHanor~4H~e een~4~H~ ~3 pa6oT~ 191 /nocneAH~e ABe 
KonoHK~ Ta6n.2/. B~AHO, 4TO AnR 6onbW~HCTBa RAeP pa3n~4~e 3Ha-
4eH~R napaMeTpOB Heeen~KO. TaK~M o6pa30M 1 Ha OCHOBe ~MBIOlli~XCR 

3Kcnep~MeHTanbH~x AaHH~x eo3MO*Ha OAH03Ha4HaR $eHOMeHonorH4ec
KaR napaMeTp~3a~~R ~YHK~~~ p r<ur) ~. cneAOBaTenbHO, nony4eH~e 
a6coniOTH~X 3Ha4eH~R TeopeT~4BCK~X nonH~X paA~a~~OHH~X W~p~H 
AnR 3aAaHHbiX c~nOBbiX $YHK~~R sy (El) ~ Sy(Ml). 

YAoeneTeop~TenbHbiR ypoeeHb cornac~R Me~AY TeopeT~4eCK~M~ 
~ 3KCnep~MeHTanbH~M~ 3Ha4eH~RM~ y-w~p~H, nony4eHH~R B AaHHoR 
ea6oTe, CYl!IBCTBeHH~M o6pa30M CBR3aH C y4eTOM BKnaAa B Ben~4~HY 
f'TBOP·Mly-nepeXOAOB.Ha p~c.26 np~BBABH~ 3Ha4eH~R OTHOWek~~ ee-
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Ta6mu.~;a 2 
Kow.
.R,l\po 

OOB~ 
88Sz 

92l'Z. 
94Na 

96yo 

IOiy0 

ro4Rh 
I06pd 

no.~~g, 

II61n 

II8Sn 

r2osn 

I24re 

I40La 

I44Nd 
I96Pt 

48 

121 

5?0 

43 

55 

400 

16 

9,1 

14 

9,4 

45 

?0 

24 

208 

45 

18 

48 

130 

588 

45 

53 

430 

16 

10 

13,8 

10,5 

49 

?3 

26 

210 

4? 

19 

II,5 

9,9 

9,8 

12,0 

II,8 

13,0 

15,0 

14,? 

16,3 

15,8 

13,6 

13,5 

14,6 

14,6 

15,8 

I? ,I 

-1,28 

2,?3 

0,89 

-0,42 

1,34 

-2,0 

-1,55 

1,24 

-I,I 

-0,?1 

0,68 

0,82 

1,08 

-0,64 

1,32 

0,13 

!0,9 

9,3 

!0,9 

II,98 

ll,3 

15,0 

14,? 

14,4 

15,8 

15,3 

14,6 

14.3 

14,9 

13,9 

16,6 

19,5 

*3Ha4eH~R napaMeTpoe A BKn~4aDT e ce6R TaKme 3Hepr~ 10 
cnap~eaH~R. 

-1,32 

1,9? 

1,16 

-0,?6 

0,83 

-0,21 

-1,02 

1,21 

-0,92 

0,?8 

1,45 

1,12 

-1,0? 

1,48 

0,?5 

- Teop. 
n~4~H r (Ml~ paCC4~TaHHbiX c Y4eTOM TOnbKO Ml y-nepeXOAOB' 
K nonHbiM y -w~P~f!_aM rTeo~ KaK cneAyeT ~3 p~c. 26' AnR 6onbW~HCT
Ba ~Aep een~4~Hblf'~eo~(M1) cocTaen~~T np~MP.pHo nonoe~Hy nonHoR 
PaA~a~~OHHoR W~P~Hbl. Pe3ynbTaTbl pac4eToe, TaK~M o6pa3DM, noA
TeepmAaiOT B~BOA 0 TOM, 4TO np~MepHOe paeeHCTBO ~ nOCTORHCTBO 
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El-~ Ml-c~noe~x ¢YHK~~A B o6nacT~ KOMnayHA-KOMnayHA y-nepe
XOAOB HOC~T yH~BepcaflbH~A xapaKTep B W~pOKOA o6nacT~ ~Aep. 

B 3aKfl~4eH~e Heo6XOA~MO OTMeT~Tb, 4TO TeopeT~4eCK~e 3Ha4eH~~ 
noflH~X paA~a~~OHH~X W~p~H nony4eH~ C y4eTOM TOflbKO CTaT~CT~4e
CK~X csoAcTB ~Aep.B pa6oTe He o6cymAanc~ eonpoc o en~~H~~ Ha 
3Ha4eH~~ nonH~X y-w~p~H APYr~x eo3MomH~x MexaH~3MOB, Hanp~MeP 
Ml -r~raHTCK~x pe3oHaHcoe, cy~ecTeoeaH~e KOTop~x npeAcKa3~eaeT
c~ s ~Apax c 3aMKHYT~M~ o6ono4KaM~, a TaKme He ~ccneAoeanacb 
pOflb eaneHTH~X y-nepeXOAOB. 0AHaKO npeACTaBn~eTC~, 4TO BKn~-
4eH~e B cxeMy pac4eTa AOnOflH~TeflbH~X MeXaH~3MOB MOmeT np~BeCT~ 
K yeefl~4eH~~ TeopeT~4eCK~X 3Ha4eH~A paA~a~~OHH~X W~p~H. 
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1.5 f -- -+- ~-- - -t: rr- ----l.i-------------- -
1.0 t l' ' • Tt t 

- t --1-t--- -- -- t-- -1-- --- - --- - -- i--

/ t t t 0.5 
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f;"1M1)/r;.,. 
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