
15 KOn. 

COOfill18HMR 
Ofib8AMHBHHOrO 

MHCTMTrTa 
RA8PHbil 

MCCIBAOBaHMM 
AYfiHa 

P4-n5 461.; 

l1.A JIoMa4e1lKoB, B.Y1 .<PypMaH 

TEOPETY14ECKOE OnY1CAHY1E y ·cnEKTPOB 
T~nnOBoro 3AXBATA HEATPOHOB 

PeAaKTOP M. H. 3apyGuHa. . MaKeT H.A. KHceneaoH. 

Ha60p H. r. AH;u.peeBof\, n. ~1. KameXIle 60BOH. 


nOAmlC:aHO B ne4aT b 12. 09.85. 
~op ...aT 60x90/16. OillceTHaA ne~aTb. Y".-H3A.(lHCTOB 1,01. 

THpa* 465. 3aKas 36706. 
H3AaTenbcKH~ oTAen 06DeAHHeHHoro HHCTHTYTa AAepH~X HccneAOBaHH~ • 1985 

.Qy6Ha I1oCKOBCKOH 06naCTH. 



© 06t.~e.BIIIoIA HBCnnyT lI,Aepma HCcneAOBa.a:aA l(y6Ba. 1985. 

BBEAEH~E 

CneKTp Y- KBa HTO B paAHa~HOHHoro pacnaAa He~TpoHH~X pe3 0 HaHCOB 
06pa3yeTCR Ka K n e pBH4HblMH y-nepeXoAaMH, onpeAenRIOU\HMH nOJ1HYIO 

paAHa~HoHHy~ WMPHHY pe30HaHca, TaK H BTOPH 4H~M Y- H3nY4eHHeM, 
CBR3aHHblM C pa3pRAKo~ YPoBHe~, ne~a~HX HH~e 3Hep rH H CBH3H He~T

pOHa Bn ' AIlR AOCT aT04HO TR>t<eJ1brX RAep CTpYKTypa M CBO~CTBa KOM
naYHA-COCTORHHA Mo rYT 6~Tb onHcaHbI Ha OCHO Be CTaTHCTH4eCKoro 

nOAxOAa, B n pMJ10>t<eHHH K aHaIlH3Y paAHa~HOHHoro pacnaAa 3TOT nOA
XOA npeAnonaraeT BBeAe HHe ljloToHHbrx CHIlOBbrx ljlYHK~H~, 3a 8HCR~HX, 

B npHH~Hne, OT CBO~CTB Ha4anbH~X H KOHe4H~X COCTOfl HH~ H 3HeprHH 
Y-K BaHTOB, a TaK>t<e 3HaHHe 3He preTH4eCKoA 3 aB HCHMOCTH nJ10THOCTH 
B036y>t<AeHHblX COCTOfl HHA HccIleAyeMoro RApa, Ec n H 3HepreT H4 eC KY IO 
3aBHcHMOCT b n IlOTHOCTH ljlHKcHpo Ba Tb ¢eHOMeH0J10 rH4e~, 

MO>t<HOCTb KOIlH4eCT BeHH o ro onHcaHHR x apaKTepHcTHK paAHa~HOHHoro 

pacnaAa KOMnaYHA- cociORHH~ n OIlHOCT b lO onpeAeIlR eTCfl aaeK BaTHOCTblO 
n p MHRTbiX CHJlOBbiX ¢YHK4HH ,3 T~MeTOA BO MHor HX CJl~RX npHMeHR 
eTCR AJlR ljleHOMeHOIlorH4eCKoA napaMeTpH3a~HH ljlOTOHHblX CHIlOBblX 
ljlYHK~H~, KOTopbre 3aTeM HCn0J1b 3YIOTCR KaK npH 3KCTpanOIlR~HH ' nOIl
HbiX WHpHH ,I 1,2/. TaK H B KaCK<3AHbI X paC4eTax ' 3 ,4 ' cneKTpoB npOAYK 

TOB pacnaAa BbiC OKOB036y >t<AeHHblX COCTOHHH~ RAep . 
B paoOTe '5/ 6brIl peanH30Ba H r.-1H Or:1 nOAxoA K np0 6 J1eMe aHaIlH3 a 

nonH blX paAHa~MoH HblX WHPHH Her:1TpoHHblX p e 3 0 HaHcoB, a HMeHHO : 
B0 3MO>t< HOC Tb K0J1H4eCTBeHHoro onHc aH HR 3THX WHPHH 6b1Jla HCn0J1 b30
BaHa B Ka4eCTBe TeCTa Teope TH4e CKHX ¢OTOH HblX CHJlOBbiX ¢YHK~Hr:1,

/ 
npeAJ10me HH blX paHee : 6. 7 , 

B AaHHo A p a60Te n OAxoA ' 5 ' npHMeHeH K a HaJ1H3y cTa THcTH4e c KoA 
4aC TH y- CneKT p OB paAH a ~HoHHoro 3aXBaTa TennOBbiX HeAT p oHoB Ha 
cpeAH Hx H TR>t<eJ1b1X cljlepH4 ec KH x RA p ax. 3TO n03 BOJlReT 60Ilee AeTa Jlb

6 7 ' HO n poBe pH Tb ¢O To HHble CHIlOBble ¢Y HK4HH ' Ha AOnOJ1HHTeI1bHOM 
3 Kc n e pHMeHTaI1bHOM MaT ep~aIle. 

1. nOCT AHOBKA 3AA1\4~1 1-1 OCHOB HblE ¢O PMynbl 

~ HT eH CHBHOCTb Jy{Ey) y-IlH HHH C 3He prHeA Ey HHTe r paIl b Horo 
cneKTpa y-IlY 4er:1 B YCIlOBHRX KOHe4Horo pa3peweHHR no 3 HeprHH Bblpa

>t<aeT CR ¢OPMYIlOA 
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rAe PrCE r ) - 3a ceneHHOCTb pacn aAHo ro, cocTORH~R C 3Hepr~e~ Er 
~ nonHo~ paA~a~~oHHo~ W~P~HO~ ri; r rr - n ap~~anbHaR w~p~Ha l' 
nepe xoAa Me~AY COCTOR H~RM~ r ~ f '. 3Ha4eH~e aaceneH HOCT~ PrC Er ) 
onpeAenR eT cR n peAwecTBY~~M~ Y - Ka cKaAaM~: 

r "r 
, I l'Pr (Er )= 1'. P rN( ErN) - - 7:71- • /2/ 

r" rf 
y
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f

np~4~M AnR 3aXBaT Horo COCTORH~R j npeA nonaraeTCR, 4TO P i ( Bn) 1. 
B Ayxe CTaT~CT~4eCKoro nOAxoAa B ~opMynax /1/ H / 2/ He06xo

A~MO ocy~ecT BH T b ycpeAHeH~e no COCTORH~RM f ~ OT CYMM~pOBaH~R 
no npOMelKYT04HblM COC TORH~RM nepe~TH K ~ HT e r- pHpOBaH~iO rio al1e p 
r~~. 3 TO , B CBOIO 04epeAb, nOApa3YMe BaeT BBeAeH~e nnonlOCT~ 

YKa3aHHblX COCTOR H "'~ P ( E ) '" 3aMeHY na P4Hanb Hblx I~f ' '" nonHblX r rr/ paq",al.\~OHHblX W"'p~H ~HA"'BHAyan bHblx YPoBHei1 ",x ycpe AHe HHblMH 
3 Ha4eH HRM~, KOTopble B cn Y4ae Y4eTa TonbKO A~nonb HblX y-ne pe xoAoB 
cneAYIOU\VlM o6paaoM BbipalKalOTCR 4epe3 paAHal.\~OHHbre c",nOBbre ~YI tKI.\~~: 

rrr'( Eff ' ) = (E rr ')3 srt ' (Erf' )1 ( E)' /3/
y y y y y P r r' 

E[ , , 

-f ( fff ( Efr ) (E =E -E )dE = -1 (E ) x 
ry ( Er )= o y l' Pc, r' r y y PJ 7T f r r / 11/ 
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x ( Ey I. [ Sy (E .E1)p (Er - E yhS y (E y .Ml)p (E r -E y)\ dEy •l' J , - 7T J 17Jo r' r f f' f 

3aMeT~M, 4TO B ~opMyny /41 BKni04eHO Ta KlKe CYMMVlpOBaH",e no AHC 
KpeTHbiM B036Y~Ae HHblM c ocTORH~R M C Vl3B eCTHblM'" 3Ha4e H"'RMVI J r' rr f • 

nOC Kon bKY B AaH HoH pa60Te CTaBVITCR 3aAa4a TeopeT Vl4eCKoro on",ca 
HViR Xapa KTe p"'CTHK paA~al.\HOHHoro pa cnaAa, TO Heo6xOA"'MO Vlcnon b
30Ba Tb CVlnOBbie ~YHKI.\H'" Sy( E y )' cornaCYiO~",ecR C 3KcnepHMeHTanb
HblMVI BO BceH cy~ecT BeHHOVI AnR aH an",aa 06nacT'" 3Hep rVl~ y-KBa H

TOB 10 < E y :s Bo I. 
KaK ~3BeCTHo / l0~3Ha4eH~R nonHblX paAVla~VlOHHblX WVlp~H r: H VlH

TeHc~BHocTei1 CTaT Vlc T~4e cKO~ /MRr Koi1/ 4aC TH Jy(Ey ) "'HTer panbHo r o 

y -cne KT pa onpe AenRiOTcR B OCHOBHOM KOMnaY HA-KOMnaYHA (C - C') 

y- nepexoAaMH, TorAa Ka K lKe CTKaR 4aCTb cneKTpa ~opMHpyeTcR B 
pe3yn bT aTe y-pa apRAKVI CIlOlKHoro BbiCOKOBoa6YlKAeHHoro COCTORHHR B 
OC HOB Hoe Hn Vl HH3Kone~a~Vle B036Y~AeHHble COCTORHVlR ly-nepexoAbl 
TVina C -S /. Te Ope n !4eCK",ii aHanVl3 npVl pOAbi C - C'-nepeXOAOB nOKa 
3an / 6 ,7' , "I TO l'-=rie pexoAbi MYIlbnm onbHoc Tei1 '11 H E 1 ocyu~ecT BnRiOT
CR nocpeAcTBoM pa3Il Vl 4HblX Me Xa HI'!3 MOB . ECIlI'! nepexoAbl Tl'! n a I'l l MO
r YT np m-lcxoAVlT b 3a C4eT CBR3'" Bcex " rnaBH blX" IT .e. COOTBeTCT BYiO
~VlX B cpeAHe M paB HOBeCHOMY 4V1cny KBa3 V1 4aCT~1I ii -. B7 10/ KOMno~ 
He HT BoMOBblX tllYH K~1-1ii Ha4 anbHOi"OI'! KOHe 4Horo COCTOR H~ii. TO ne 
pexoAbI THna E1 Mo ryT Ocy~ecTBnRTbcR Il"'Wb 4epe 3 tl cIlao ble" KOMno
HeHTbl paccMaTpHBaeMblx BOJlHOBbiX ~YH KI.\"' ~ ' 3T~ nocne AH",e KOMn OHeH
Tbi OTBe4a~T MaIlOMY 4V1cny KBa3V14aCTHI.\ In - 2 7 4/ VI oTpa~a~T BKnaA 
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B BonHOBY~ ~YHK~VliO KOMnaYHA-cOCTORHVlR ypoBHe~ coceAHe~ 060n04KVI, 
~Me~~VlX APyryiO 4eTHOCTb H OTCTOR~VlX Ha paCCTORH",e nopRAKa hwo 
-10 Ma B. 

C Y4eToM YKa3aHHblX 06cT oRT e nbcTB paAVl a 41'!OHHafi CMnOBaR tllYHK
4HR Sy( Ml ) OKa3b1 BaeTCR c n a60 3 aBVlcR~e~ OT CTPYKTYPbl Ha4anbHoro 
M KOHe4Horo COC TORH~ ii, 3Hep r"'H y-nepexoAa VI MaCCOBoro 4~cna. 

B pa6oTe /6 
/ 6 b1Ila nOIlY4eHa cneAy~~aR Teope TH4eCKaR o~eHKa 

CHIlOBO~ ~YHK41-1V1 : 

3s~C ( M!) '" S~S (Ml) ~ 2.10-8 M3B - /5/ 

3TO aHa4eHHe CHIlOBO~ ~YHK~MM B 4enOM He npOTVlBope4~T ~Me~~~M~R 
3KCnepl'!MeHTaJlbHblM AaHHblM 1 1 no S$S(M1) AnR RAep C A _ 80 + 150. 
OTAen bHble CJ1Y4a ", cy~ecT BeHHoro OTKnOHe HVlR 3 KcnepMMeHTan bHbiX Be" 
n M4MH OT ycpeAHeH Horo 3Ha 4eHHR 151 MorYT 6b1T b 06YCnOBIleHbI , Ha
npH Mep. pa3Horo pOAa He C Ta T HCTM4eCKHM~ 3~tlleKT aM~ IBaneHTHbie y
nepex OAbI, Ml -r1-1raHTCKHe pe30H aHCbI VI T. n .l. 

npM TeopeTH4eCKOM onVl caHVIVI El-y- ne pexoAo B cpeA'" Bce x "cna
6b1~ ' KOMnOHeHT eCTe CTBe HHO B ne pBYIO 04e peAb Y4eCTb HaVl60nbWVle 
Vl3 HHX, CBR3aHHble C BKJlaAOM C"'Ilb HO KOIlIleKT~B1-13",pOBaH Ho ro r~ raHT

CKoro 3neKTp"'4eCKoro AH nonbHoro pe30HaH ca Ir3AP/. KaK 3TO nOA
P06HO o6cYlKAaeTcR B pa60Te/9 / . cTa HAapTHbI~ MeT OA Y4eTa BKnaAa 
r3AP, OCHOBaHHbI~ Ha 1-13 BeCTHO~ ~opMYJle AKc e nR ; 11 / .8 npHH 4Mne He 
n03Bo nRe T o n",ca Tb cOBoKynHoc Tb AaHHblX no S~C ( E1 ) , S~S ( El ) 
M ce 4e HVl RM tlloTo RAepHblX peaKI.\~~. B pa60Te/ 7/ AnR cpeAH MX '" TR~e
IlbiX c~epVl4e C K"'X I HeMarH4ecK~xl RAe p npeAnOlKeHa cneAy~~aR ~opMyna 
AnR C"'IlOBoi1 tllYH KI.\ ~ ~ Sy(El ): 

2 2 2r g [ Ey + 4 7T T (U f - Ey ) ] 
8 (E1) '" 3 . 10 - 6 NZ M3B - 3 /6/y A E (E2- _ Ef)"2- --- 

/( /( y 


r Ae T ( Ur - E: y) - RAepHaR TeMnepaTypa, cooTBeTcTByfOUtaR KOHe 4HoMY 
COCTORH"'IO f ' AaHHoro RApa, a E /( '" - nonOlt(eHHe '" wMpMHa rVlr lt 
raHTCKoro peaoHaHca. ~3 ~OPMYIl 131 ~ 16/ nerKO nonY4HTb, 4TO B 
cnY4ae lKeCTKMX C -Sy-nepeXoAoB (Ey :: Bn) npH Y4eTe npl-16nHlKeHMH 
NZ '" A2/4 H Eg ... 80. A - I ' 3 cnpaB eAIlHBO BbipalKeH1-1e 

- 5fit ;- - lE5A8 / 3 ", 1O- 15r 14 [1- ( E IE )212 M B /71
y P i y I! Y g :3 . 

KaK nOKaaaHO ~ pa~oTe /b l:sj\KcnepI'!MeHTanbHble 3Ha4eHHR CI'!IlOBbiX ~YHK

I.\",H ~~S(El) '" r~f Ip j- IE~A M3B- 5 Ha pa60Tbt 18 1 B 4eIlOM YAOBl1eT

Bop"'TenbHO corl1aCYIOTCR C Bemf4HHaM"', n0l1Y4eHHblMH no cpopMYIle 171 

B W"'POKO~ 06naCTVI RAep C A - 80 -;- 200 . 


TeopeT"'4ecKaR CVlI10BaR ~YHKI.\HR Sl'( E1) 161 noaBOIlHna B cnY4aE
RApa 144Nd 6ea BBeAeHI-1R cB060AHbiX napaMeTpOB KonH4eCTBe HHO onw ' 
caT b 3Kcnep"'Me HT aJlbHYiO c"'nOBY~ ~YHK I.\ HIO S, ( E1 )3KC BO Bce M HHTI!P
Balle 3HeprH~ 0,2 <E < B • nOIlY4eHHYtO 19 Vl 3 r.f3Y4e HHR pea KI.\H~ - y - n 
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143 143 d C ) 144 C )Nd ( n,ya), N n,y 1-1 Nd y,n • Kpo,~e Toro, aHanl-13 ()lop-
Mbl 3KCnepl-1MeHTanbHoro a - cneKTpa peaKL\I-1 H 143Nd ( n,ya ) 140Ce nO Ka
3an 19/ , 4TO 8 06naCT H C- C' AOMI-1HI-1PYIOT y - nepexOAbi MYJlbTl-1nOnbH~CTI-1 
El 1-1 Hl C npl-1MepHO pa 8HblMI-1 HHTeHCI-18HOGTfl MH: S~C (Ml)", SCrC ( El ) ", 
",1 . 10 - 8 H3B- 3 , 4TO p a 3YMHo cornacyeT c fl C OL\eHKO~ /5/. K co~ane
HI-1IO, 8 HaCTOfl~ee 8pe Mfl He 803Mo*HO np08eC TH aHanor H4Ho e c pa8He
Hl-1e CHn08blX ()lYHKL\I-1~ 8 06na CH1 MflrK HX C- C ' y-nepexOA08 Anfl APY
r l-1 x flA e p, TaK Ka K npflMa fl 3KCnepl-1MeHTanbHafl I-1H¢O pMaL\Hfl I-1MeeTCfl 
TonbKO Anfl flApa 144Nd. nOC KonbKY 8 A8yxcTyneH4aTo M pac naAe 
143Nd (n . ya) 140 Ce Y4acTsyeT 60Jl bWOe 41-1CnO npOMe* YT 0 4Hb/X COCTOfl 
Hi-1~ C ' , no KOTOPblM ocy~eCT BJlfl eTCfl A080nbHO xo powee ycpeAHeHl-1e 
BepOflTHOCTi-1 y-paCnaAa , 3TO n0380nfleT AenaTb e eC bMa 06~He 3 aKnlO
4eHI-1fl 0 C80i1C T8 a x C - C ' Y - nepeXOA08 Ha OCH08aHI-1 H 1-13Y4eHHR 0 T
AenbHoro flApa. Apyr l-1MI-1 Cn08aMI-1, Cl-1n08~e ¢YHKL\I-1I-1 s~C ', no n Y4 eH
H~e Anfl flApa 144Nd. Aon*H~, nO-8I-1AH MOMY, 6~Tb AOCTaTo4HO YHi-18ep
canbHblMI-1 x a p aKTepl-1CTI-1KaMI-1 cpeAHI-1X 1-1 Tfl*enbiX c()lepl-14e CKI-1X flAep. 
n03TOMY HI-1*e 8 AaHHoi1 pa60Te npl-1HI-1MaeM 

S;C 'C M1) = S~S( Ml)= 1. 10 -8 M3A - 3 
/ 8/ 

B 3aKJl104eHI-1e o6CY*Ae Hl1fl 80npoca 0 paAl-1a L\ HOHtiblX Cl-1nOBblX ¢YHK
L\l-1flX OTMeTYlM, 4TO a6COnJQTHbie 3Ha4eHI-1e Benl-14HH Jy ( Ey) 1-1 ry' (E r ) 
cy~ecTBeHHO 3a81-1CflT TaK~e 1-1 OT ¢YHKL\I-1I-1 nnoT HoCTH ( E r ) • PJ f 11 ( 

nOCKonbKY Kpl-1Tepl-1~ npl-1MeHI-1MOCTI-1 CI-1n08blX ¢YHKL\I-1~ /6/ \.1 /8/ OCHO
8aH Ha cpa8HeHI-1H _ a6conIOTH~x 3Ha4eHI-1~ paCC41-1TaHHblX H 3Kcnep HMeH
TanhHblX 8enl-141-1H Jy CEy) 1-1 r/ ( E f ). TO ero pe3yn bT a T\.1 8HOCTb Heo6
XOAHMblM ycn081-1eM npeAnonaraeT 803MO~HOCTb He3a8\.1 C\.1Mo i1 1-1 OAHO
3Ha4Ho~ ¢eHOMeHOnOrI-14eCKO~ napaMeTpl-13aL\I-11-1 nn OT HOCTI-1 P CEr)

J r 11 f 

B o6naC TH 3Heprl-1~ E
f 

< B • 3TOT 8onpoc nOAPo6HO Hcc11e Ao BaH B 
pa60Te / 51 8 CBfl3H C paC 4~TOM nonHblX paAl-1 aL\H OH HblX Wl-1 p\.1 H. ¢YHK
L\l-1fl P f C E f) 6pa11aCb 8 81-1Ae C T aHAapTHO~ ¢epMH - r a3 080ii ¢OPMY11bl 

l121
• 

C nOArOHKoii napaMeTp08 no 3KCnepI-1MeHTa11bHO~ n110THOC TH n pl-1 3Hep
rl-1l-1 C8fl31-1 HeiiTpOHa H npH 3Heprl-1fl X 8036Y*Ae Hl-1fl E; - 2 - 3 H38, 
rAe CTaTI-1CTI-14eCKOe Onl-1CaHl-1e y B npl-1HL\l-1ne , y*e npI-1MeHI-1 MO, a 41-1C110 
npony~eHHblx YPoBHeii OTHOCI-1Te11bHO HeBe11I-1 KO. B 06nacTH 3Heprl-1ii 

...B036YmAeHI-1fl E • KaK npaBI-1110 , Y41-1TblBa 11HCb y poBH H, 3ace11fleM~e B r 
pe3Y11bTaTe npflMbix Al-1n011 bH blx y -nepexoAoe, Hcny~eHHblx n OC11e 3ax
BaTa Tenn08b1X HeiiTpoHoB . OKa3a11oCb / 5 / , 4 TO A11fl 3aAaHHblx CI-11108b1X 
()lYHKL\I-1~ Sy (El) H Sy CM1)Be111-14HH bI r y Aoc TaTo4Ho YCTOH4H8b1 OT HO
CI-1TenbHO 3KcnepI-1MeHTa11 bHoii Heon peAeneHHocTH 3Ha4eH\.1fl nnOT HOCTI-1 
HI-13Ko11e*a~Hx COC TOfl HHii. HMe HHo, cyulecTBeHHble /a npeAenax ()laKTo
pa 2/ Bapl-1aL\HI-1 n110 THOCTI-1 P f(E~ ) n pHBOAflT K H3MeHeHHfl M nOIl HblX 
y-WI-1PI-1H He 60nee 4eM Ha 30-4oZ. KpoMe Toro, 8b141-1C11eH Hbl e 3 Ha4e
HI-1~ WHPHH OKa3a11l-1Cb 611l-13KI-1 K Benl-1 41-1 HaM r y • paC C41-1 TaHHblM 

/ 51 
C 

I-1CnOIlb30BaHI-1eM ¢eHoMeH0110rI-14eCKOii napaMeTpl-13aL\I-1H n110THOCTI-1 1013 
pa60Tbi 1121. 
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Ta KI-1M 06pa30M, pe3ynbTaTbi pac4eTca 151 n011HbiX paAI-1aL\I-10HHbiX 
WI-1PI-1H n OKa3bl8alOT B03MO*HOGTb OAH03Ha4Hoii ~eHOMeH0110rI-14eCKOii 

napaMeT pl-13 aL\I-1 \.1 ()lY HI<L\ I-1I-1 P ( E) •J f 11 r 

2 . 06CY~AEHHE PE3 y nbTATOB 

AaHHafl pa 6 0Ta 6b1na n peAnpHHflT a KaK eCTeCT8eHHoe npOAon~eHl-1e 
paC4eTOB 15 / .KoToPble nOKa3a11~, 4TO C CH110 BblMI-1 ¢YHKL\HRMH /6 / 1-1 /8/ 
YAaeTCfl K011l-14eCT8eHHO Boc npOM3seCTH 3Kcne p HMeHTan bHble 3Ha4eHI-1R 
f/ KC An fl WHpOKo r o I<Pyra cpeAHI1X 11 TR}I(eJlblX c¢epH4eCKHX RAep. 
C nOMO~bO KacKaAHo~ MeT OAHKI1 / 13/ • Ha OCHOBe $ OPMY11 / 1/ - /3/, 
/6/ , /8/ 11 napaMeT p H3aL\HH nJlOT HOCTH P (E r) 1013 p a60Tbi / 5 / 6b111 H 

J. f 11 f 

paCC 4H TaH~ BenH4~HbI Jy(Ey ) AnR c ¢ epH4eCKHX RAep C H 3 BeCT H~MH 
3Kcnep~MeH T aJlbH O 1 14 ' y- c n eKTpa MH TenJlOBOrO 3aXBa Ta . Bxo AflUIHe 
B (jJ OPMY11Y /6/ napaMeTpbl rltlr aHTCKoro pe30 Ha Hca Eg ~ fa 6 p a JlItI Cb 
1-13 pa60T '15 1 . B Tex C11Y4 aRX. Ko r Aa n a paMeT pbl Eg H ~ He 6blnl-1 1-13
BeCTHbi 3KCnepItIMeHTa11 b HO, npH pa C4 e Tax ItIC nOnb30BanHCb HX ycpeA
Het-IHble 3Ha4eHHfl AIlR c oceAHHX RAep /H30TonOB/. 

Pe3yJlbTaT~ 8~4HC11eHH ii npeAC TaBneH~ Ha pHc .l - 14, Ha KOT O
P~X WTpHXOBaHHblMH JlHHHRMH o603 Ha4eHw_ pacc4~Ta HH ble 3Ha4eHH R 8e11H
4HHbi v(E y ) - HHTeHCHBH OCTH y -t< saHTOB J y ( E y )' npH8eAe HHoH Ha eAI-1
H~ 4HbI~ HHT e paan 3 He p rHH / 1 MaB/ 101 Ha OAHH 3 aXB a T He~T PoHa, B 
c paBHe HHH C cooTBeTcT BY~I-1M~ 3KcnepHMeHTanbH~MH Be11Vl4HHaMH 1013 
MOHo r p a cjJl1 H 1 14 1 /cnOWHwe 11 Vl HVlH/. n OA 4epKHeM , 4TO Te OpeTI-14eC KH e 
Benl-141-1 HbI v( E y )non Y4eHbI 6e3 Ka KO~ -JlH60 HOPMltl pOBK~ Ha 3KcnepM
Me HTa11 bH we 3 Ha 4eHYlR VI Bwpa~a~TCR npflMO B 4HC11ax y - t<BaHTOB Ha 
Heii Tpo HHwi1 3a XBaT 8 AaHHOM H3 0T o ne . B Te x C11Y4a RX, KorAa y 
cne KTp 6wn 1t13 Me peH A11 fl eCTeCTBeHHO~ CM e CH H30T onOB /p~ c. 1 - 3, 
8,1 1/, Te o pe TH4eCKltlii y- c ne KT p AJlR Ka~o ro H30Tona B3seWHBanCfl 
Ha ()la KT o p, cooTBeTcT BY~~ItI~ OTHOCHTe11 bHOMY BK11aAy/ 14/ AaHHoro 
HYK11MAa B nonHoe ce4eHHe paAHaL\I-10H HOrO 3aXBaTa Tenn08b1X HeiiTpo
HOB. 

KaK BVIA HO 1013 p~c .l,2, 5 - 10,12 - 1 4, paC 4e T , Ka K n paB Hno, YAOBneT
BOpH Te JlbHO BocnpOV! 3BOAHT MRrKY~ 101 c peAHIO~ 4a CTIt! y -cneKTpa 1-1 npl-1
BOAHT K 3aH~~eHHbIM ~HTeHCI-1 BHOCTRM B 0 611a CTH cy6~eCTKHX y -n e pexo
AOB C 3Hepr~RMH. Ha 2 -3 Ma B MeHb WHM I-1 3HeprltlH C8R3H He~TpoHa. 

OTMeT~M, 4TO. HeCMOT p R Ha YAOBne TBopHTen bHoe cor n a CHe 3KcnepHMeH
Ta11 bH~X H Teope TH4 eCKHX 3Ha4eH HA H HTeHC~BHOCTeA Anfl *eCTKI-1X y
nepeXOA08, npflMoe HX cpaBHeHHe npeACTa8nReTC fl He C08ceM npaBO
MepHbl M, nOCKonb KY B cneKTpax Ten110 Boro 3 a XBaTa I-1HTeHCI-18HOCTH 3THX 
y - 11 ItIHI-1 A on peAenfllOTCfl CT PYKTYPO~ HHAH8 HAyanbH~x KOMnaYHA-pe30
HaHCO B, 6n~}I(aHWHX K TennOBO~ T04Ke, H MorYT OTnl-14aTbCfl OT COOT
BeTCTBY IOIll HX ycpeAHeHHbi X 3Ha4eHH11. 

B L\e110M xy*e Onl-1CblBalOTCfl y-C neKTpbl A11fl RAep, COAep}Ka~I-1X Ma
rl-14e CKoe I-1nH 611~ 3Koe K MarM4eCKOMY 4~cno HYKJlOHOB /pHc . 3,4,ll/. 
OAHa 1-13 np~4l-1H YKa3aHHoro paCXO*AeHHfl Mo~eT 3aKnlO4aTbCfl 8 TOM, 
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4TO, KaK OTMe4e HO B pa60Te / 16 
! , Ha6n~AaeMOe AnR Ma r~ 4eC K~X ~ 

OKOnOMar~4eCK~X RAep nOBeAe H~e nnOTHOCT ~ YPOB HeA B A~ an a30He 

3Hep r~~ B036YmAeH~R OT 2 AO 8 M3 B xapaKTep~3yeTcR, nO-B~A~MOMY . 
nO CTORHHOA RAepHo~ TeMnepaTYpO~ , TorAa KaK B ~Cnonb3yeMOH Ha MH 
MOAen~ <!lepM~- ra3a T - v'E";'- , Ae~cTB~TenbI-lO, KaK nOKa 3b1Ba~T paC 4e 
T~, Bap~a4~~ 3He preT~4ecKo~ 3a B ~ C~MOCT~ nnOT HOCT~ B YKa3aH HOM 
~I-I TepBane 3He p r~ H B036ymAe H ~R np~BOART K nepepacnpeAeneH ~~ XOAa 
3aceneHHOC T~ COCTORHHA Jf"r .4TO, B CBO~ 04epe Ab, cy~ecTBeHHO 
BnH ReT Ha a6con~TH~e 3 Ha 4eH~R B enH4HH~ v(Ey )' o c 06eHHO B MR r 
KoA 4aCT~ c n e KT pa. ~pyraR, H CKo pee 60nee BamHaR np~4HHa pa c 
XOmAe HHR TeopeT~4eCKHX H 3Kcnep~MeHTanbH~X 3 Ha 4eH~~ Ben~4~H~ 

1/ ( Ey kBR3 aHa C TeM 06c ToflTen bcTBoM, 4TO c~nOBble <!lYHK4H~ /6/ ~ 
/ 8/, Boo6~e r OBopR, He RBnR~TCR KoppeKTH~M~ 16.7 'An R Mar~4eCK~X 
~ 6nH3 K~X K Ma r~ 4ecKHM/ RAep . 

AIm HeKoTo pblX H3 HccneAoeaHHblx AAep HMeeTCR AononH wr enbHafl 
3Kcnep~MeHTanb HaR ~H <!lopMa4HR 0 3a CeneHI-IOCT~ H~3Kone~a~~x B03
6Y~AeHHblx COCTOA H~i1. OA HaKo BBHAY ~HAHB~Ayan bHo ro xapaK Tepa VI 
OTHoC~Tenb l-loA npocToT~ CTPYKTYP~ 3T~X COC TOfl HHA CTaTHCT~4e

CKHA p a C4eT YKa3aHHblx aaceneHHOC TeA He Mo meT npeTeHAOBaTb Iia 
~x Ae Ta n bHoe on~caH~e. TeM 6onee , 4TO B Hcnonb30BaHHOM Bblwe 
A~ non b HOM np~6n~*eH~~, cnpaBeAn~BOM AnA KOMnaYHA-KoMnaYHA Y
nepeXOAoe , HrHO p l-l PYIO TCR KBaAPynonbl-l~e y-nepexOAbI, BKnaA KOTO
P~x B p a a pRAKY ~ 3aceneH~e HH3Kone~a~~x COCTORH~A CTaHOB~TCR 


cy~ecTBe HHblM. n03TOMY n poBoAI1Hoe H~me cpa BHeH~e pac c 4,n aHHblx 

H 3 Kcnep~MeHT anbH~X 3a ceneHHOC TeA H~ 3Konema~~x COCTOAH~A B AA

pax 150 Sm VI 200Hg ~MeeT B HeKoTopoM CMblcne HnnIO CT paT ~ Bl-lbI~ xa 

paKTep . Ha p~c.15 np~ BeAe HbI 3Kcnep~MeHTanb H~e / 19.20/ ~ TeopeTVI 

4eC K~e 3Ha 4eH Vl fI Ben~ 4~ H Pf (Er) Boa6YIKAeHHblX CO CTOAHH'" nonolll~


Tel1b Hoi1 l a/ H OTpJ.1 lj a TenbHoi1 /61 4e T HOCT~ B RAep 150Sm . nonY4eH

Hble no ¢o pMyne /3/, n pH4el-1 CJ.1MBOnbl 0. a 0, 0 , !l "~" V COOT

Be TCTBYIOT c n HHaM C OCT OR H ~ i1 = 0 ,1 , 2 ,3 ,4 , 6 ,7. a cnnOWHble
J r 
n~ H~~ coeA Vl HR~T pa CC4~TaH Hble aHa4eH~R 3 aceneHHOCTe", COCTORHI-l A 
c OAJ.1Ha KOBblM~ J " t . KaK B~AHO Ha p~c .15, 3Kcne p~MeHT an b Hble Hr 
TeopeT~ 4eCKJ.1e aaceneHHOCT~ COrl1aCYIOTCA B ~enOM YAOBneTBOpJ.1Tenb
HO. Pe3ynbTaT~ aHano r~4Horo cgaBHeH~fI 3acene HHOCTe A YPo BHe", n o 
nOIll~ TenbHoA 4eTHOCT~ B RApe 2 °Hg npeACTaBneH~ B Ta6n~ue,OTKY
Aa Cl1eAyeT , 4TO An fl 6011bW~HCTBa COCTORH HA ,YAaeTCA He n noxo on~ 

c a Tb 3K cnep~MeHTan bH~e 3Ha4eH ~il B en J.14~HbI Pf (E ( ) . 3aMeTY1M , OAHa
KO, 4TO An A o60Vlx H c cneAOBaH~lblx RAep He YAae TCA BocnpO~3BeCT J.1 

3 aceneHHOCT ~ HHlKaA wJ.1x COCTOR H ~A, ~Me~~Y1X KOl1neKT ~ B HY~ np~ poAY. 

TaKVlM 06pa30 M, AO CT Vl r HYTblA ypOB e Hb On J.1 C a H~R y-cneKTpOB Te
nnOBoro 3 aXBaTa HeATpOH OB. a TaKme nonHbl X paA~ a 4~OH HblX w~p~H / 5 1 
n03BonA e T cAenaTb Bbl BOA 0 TOM, 4 TO C~l1OBble <PYHK4V1V1 Sy ( El ) /6/ 
~ Sy ( Ml) /8/ Mo rYT cnY*~ T b HaAelllH o A OCHO BO'" AnR aHan Y13a pa AHa
lj~OHHOro KaHan a pacn a Aa BbiCoKoBo3GY IIIAeHH~X CO CTOAHJ.1i1 cpeAH~x 
H TRmen~x c¢ep~4ecK~x /HeMarH4ecK~x/ RAep. 

B 3 a Kn~4eH~ e He o6xoAHMO oTMeT~Tb, 4TO B HacTofl~e~ pa60Te He 
Y1C CneAOBaHbl 3cp¢leKTbl HeCTaTY1CT~4eCKVlX MexaH~3MOB <!lopM~poBaH~A 

8 

y-cneKTpOB . Hanp~Mep, He paCCMaTp~Ban~Cb BaneHTH~e y-nepexoA~, 
Ha6nlOAaeMbie B RApa x B6n~3Y1 A-90. He Y1CCneAOBanOCb Bn~RHY1e Ml
rViraHTCKY1X pe30Ha Hc o B, KOTopoe MOllleT 6b1Tb cy~e cTBeHHblM B RApax 
C 3aMKHYTblMY1 060no4KaMVI. AHan~3 3TVlX Bonpo coB Tpe6yeT OTAenbHO
ro paccMOTpeHY1R H B~XOAY1T 3a paMK~ AaHHoH pa60T~. 

ABTOPbl 6naroAapRT A.6.nonoBa, ~.n.nonoBa ~ n . 6 . n~KenbHepa 

aa none3Hble COBeTbi ~ cTVlMynVlpYIO~~ e AViCKYCCH~. 

V ( E ~ J II 200 Hg 
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