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1. BBEAEHHE 

HccneAOBaHHe ABYXCTyneH4aTOH peaK4HH (n, y a) Bb13blBaeT no
BblWeHHblH HHTepec' noCKOnbKy .RBn.ReTC.R noKa OCHOBHblM MeTOAOM no
ny4eHH.R HH4>DpMa4HH O y -nepeXOAaX Me)l(AY ABYM.R cnO)l(HblMH KOM
nayHA- COCTO.RHH.RMH .RApa. BnepBble peaK4H.R ( n, ya ) 6b1na o6Hapy)l(e-
Ha 6onee 10 neT Ha3aA Ha .RApe-MHWeHH 143Nd C nOMO~b~ Ten-
nOBblX HeHTPOHOB/1 I . no3AHee, H3MepHB eenH4HHY f ya B pe30HaH
ce 143 Nd C Eo = 55 3B H conocTaBHB CBOH AaHHble C peaynbTaTaMH 
pa60Tbl / 1( AY6HeHCKa.R rpynna 12/ nony4Hna nepeble ceeAeHH.R o 
y -nepeXOAaX Me)l(AY BblCOKOB036y)l(AeHHblMH COCTO.RHH.RMH .RAep. 0HH 
OKaaanHCb AOBOnbHO HeO)l(HAaHHblMH, nOCKOnbKy yKa3blBanH Ha B03-
MO)l(HOe npeo6naAaHHe y -nepeXOAOB MynbTHnOnbHOCTH Ml . Aeno e 
TOM , 4TO npH H3MepeHHH eenH4HH ~ya B pe30HaHcax C pa3Hbl-
MH cnHHaMH /e cny4ae 143Nd Tennoeoe ce4eHHe onpeAen.ReTc.R pe-
30HaHCOM E O = -6 38 C J TT= 3 - . a pe30HaHC E O = 55 3B HMeeT 
J " = 4- / HX OTHOWeHHe cy~eCTBeHHO 3aBHCHT OT MynbTHnOnbHOCTH 

nepBH4HblX y -KBaHTOB, nOCKOnbKy 3THM onpeAen.ReTC.R op6HTanbHblH 
MOMeHT BblneTa~~HX a -4acrn4 / 2f: npH El w(El ) = f (3"" ) / f (41=4,5; 
npH Ml w (Ml )=0,8.3KcnepHMeHTanbHa.R 04eHKa oKaaanltb paeHb~ 
0,3 < w3KCI1.< 3. npaBAa, 3TOT peaynbTaT He C4HTanc.R aeTopaMH 
OKOH4aTenbHblM, noCKOnbKY OTHOCHTenbHa.R norpeWHOCTb onpeAeneHH.R 
r ya An.A peaoHaHca 55 3B AOCrnrana 80%. 

no.ReneHHe HOBoro HCT04HHKa AaHHblX O KOMnayHA-.RAPe Bbl3Bano 
3aMeTHblH HHTepec Hy 3KCnepHMeHTaTopoe, H, HeCMOTp.R Ha Many~ 
eenH4HHY 3~~eKTa (a y ) < 1 M6 An.A TennoBblX HeHTPOHOB, Hccne-
AOBaHH.R Ha TennOBbl~· H~HTPOHaX Ha .RApe-MHWeHH 143Nd 6blnH 
npoeeAeHbl e rpeHo6ne rpynnoH Acrapa-3McanneMa / 3/ , e 4CCP KBHTe
KOM H Ap./4 / HaweH rpynnoH e Ay6He/5/ a n03)1(e - AnAea H AP· /a / 
- e IOnHxe /<PPr /, a aaTeM cHoea noeTopeHbl e rpeHo6ne h I . B o6na
CTH OTAenbHblX pe3oHaHCOB, rAe noTOKH HeHTPOHOB Ha HeCKOnbKO 
nop.RAKOB MeHbWe, Ha .RApe 143Nd HOBblX H3MepeHHH He 6blno. 

TeM He MeHee eonpoc O npHpOAe M.RrKHX y -nepeXOAOB Me)l(AY 

:~;:~~~~~~~~:~:~H::;a:~~= ~~K~r;T~p:~~~: ~e
8

.R~=~:H~~~:A:;.R~TC.R 
nH OHH 11XBOCTaMH 11 rHraHTCKHX MynbTHnonbHblX pe30HaHCOB HnH npH 
CTOnb ManblX 3HeprH.RX y -nepeXOAOB Ha4HHa~T npo.Ren.RTbC.R HHble 
MexaHH3Mbl. TaKoro THna y -nepeXOAbl Aa~T cy~eCTBeHHblH BKnaA B 

nonHble paAHa4HOHHble WHPHHbl, e HepaapewaeMy~ coepeMeHHOH anna
paTypoH 4aCTb cneKTpa y -ny4eH paAHa4HOHHOro aaxeaTa HeHTPOHOB 
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cpeAHHMH H T.R}l(ellblMH .RAPaMH' BllH.AIOT Ha MHO}l(eCTBeHHOCTb y -KBaH

TOB B KaCKaAaX, Ha ¢1lYKTya4HH OT pe30HaHca K pe30HaHcy 3ace

lleHHOCTeH HH3KOlle}l(a~HX COCTO.RHHH HT-A· H B TO }l(e BpeM.R BO 

MHOrHX pac4eTax, HanpHMep, nOllHblX paAHa4HOHHblX WHPHH, aBTOPbl 

orpaHH4HBalOTC.R y4eTOM TOllbKO y -nepeXOAOB MYllbTHnOllbHOCTH 
El /s,9/. • . 

Mbl He MO}l(eM C4HTaTb OKOH4aTellbHblMH BblBOAbl AnAea H CeH¢ap

Ta / 5 / 0 npeo61laAaHHH y -nepeXOAOB MyllbTHnOllbHOCTH Ml H 3aBH

CHMOCTH ¢aKTOpa 3anpeTa OT 3HeprHH, ·nOCKOllbKY OHH nOllb30BallHCb 

All.A aHallH3a 3KCnepHMeHTallbHblX AaHHblX HeAOCTaT04HO KOppeKTHblMH 

¢opMyllaMH /CM. HH}l(e/. 

Bee 3TO 3aCTaBHllO Hae BepHyTbC.R K H3MepeHH.AM peaK4HH 
143Nd (n, ya ) B OTAellbHblX pe30HaHcax, rllaBHblM o6pa30M co cn1-1-

HOM J17 =:4-, a HallH4He ycoBepweHCTBOBaHHOH B noclleAHHe rOAbl Me

TOAHKH H3MepeHHH pea~4HH (n,a) H (n ,ya) /to/ n03BOllHllO HaAe.RTb

C.R Ha nolly4eHHe 601lee T04Hb1X pe3YllbTaTOB H 601lee onpeAelleHHblX 

BblBOAOB O MYllbTHnOllbHOCTH y -nepeXOAOB Me}l(AY KOMnayHA-COCTO.R

HH.RMH .RAep. 

2. METO,QHKA H3MEPEHHR PEAKUHH (n,ya) 

H3MepeHH.R npoBOAHllHCb MeTOAOM BpeMeHH npolleTa Ha HMnyllbCHOM 

peaKTOpe H6P-30, pa6oTaBweM B 6ycTepHOM pe}l(HMe, .Qll.R yMeHbwe

HH.R ¢oHa 6blCTPblX HeHTJ)OHOB H neperpy3KH Mbl noMeCTHllH B ny40K 

HeHTPOHOB TOllCTblH alllOMHHHeBblH ¢HllbTp, 4TO n03B01lHll0 BABOe no 

cpaBHeHHIO C /2/ YllY4WHTb pa3peweHHe no 3HeprnH a -4aCTH4 H B 

3 pa3a coKpaTHTb MepTBOe speM.R AeTeKTOpa, o6yCll0BlleHHOe HM

nyllbCOM MO~HOCTH peaKTOpa. 

B Ka4eCTBe a -cneKTPOMeTpa npHMeH.RllaCb 4HllHHAPH4ecKa.R HOHH-

3a4HOHHa.R KaMepa c ceTKOH /1°/. napaMeTpbr MHWeHH /Wl / H ocHOBHbre 

AaHHble' OTHOC.R~HeC_.R K 3KcnepHMeHTY' npHBeAeHbl B Ta61l. 1. 

Ta6nm:~a I 

N• Coe,o;HHeHHe 06ora- To~Ha, IlJio~ap;b, BpeMH BpeMeHHOe 
MHmeHH ~eHHe Mr/cM2 CM 2 H9Me- paspeme-

143Nd peHHil:, HHe, 
q HC/M 

--
Nd2O3 

83,5 0,67 3650 158 135 

.. 322 135 
2 Nd2O3 

83,5 0,5 616 4x20 135 

2 

• 
f 

PerHCTpa41-1.R CHrHallOB C KaMepbl npOH3BOAHllaCb H3MjPHTellbHblM 

MOAYlleM Ha 6a3e MHH1-1-3BM 1131leKTpOHHKa-100/ 16 H 11 
/_

21 'pa6oTaBWeM 

B ABYXMepHOM /aMnllHTYAa CHrHalla - BpeM.R .npolleTa/ pe}l(HMe C 3a

nHCblO HH¢opMa41,11,1 Ha MarHHTHYIO lleHTy. nporpaMMHOe o6ecne4eHHe 

MOAYll.R co3~aHo cpeACTBaMH KoMnlleKca CAHnO /u,12/. KallH6poBKa 

a -wHpHH 
14 Nd npOBOAHllaCb npH noMO~H nllOCKOH ABYXCeK4HOHHO~ 

HOHH3a4HOHHOH KaMepbl c ceTKOH MeTOAHKOH, onHCaHHOH B pa6oTe 
13/. 

B Ka4eCTBe 3TallOHa npHMeH.RllaCb MHWeHb 1,13 147Sm, HCnOllb30-

BaBWa.RC.R paHee B pa6oTel13 ~ napaMeTpbl Ka1l1-16pOB04HOH MHWeHH W2 

H3 143Nd npHBeAeHbl B Ta61l. 1 .- B pe3yllbTaTe T04HOCTb KallH6pOBKH 

6b11la YllY4WeHa AO 12%. CpaBHeHHe C Ka1l1-16pOBKOH no AaHHblM pa6o

Tbl /1 4 / noKa3blBaeT, 4TO a -w1-1pHHbl i 43Nd AOll}l(Hbl 6b1Tb yBellH4eHbl 

Ha 10%. s· TO }l(e BpeM.R, npHHHMa.R BO BHHMaHHe, 4TO norpeWHOCTb 

KallH6pOBKH B pa6oTe/t 4 / COCTaBll.ReT 30%' HaWH pe3YllbTaTbl 3TOH 

pa6oTe He npOTHBOpe4aT. 

3. 06PA60TKA PE3YnbTATOB 

0TllH4HTellbHOH oco6eHHOCTblO a-pacnaAa KOMnayHA-.RAPa 
144

Nd 
.RBll.ReTc.R 6ollbwoe paccTO.RHHe /1 ,6 M3B/ Me}l(AY ocHOBHblM H so36y}l(-

AeHHblM COCTO.RHH.AMH A04epHero .RApa 14° Ce. BClleACTBHe naAeHH.R 

npoH1-14aeMOCTH 6apbepa C yMeHbWeHHeM 3HeprHH a -4aCTH4bl sepO.RT

HOCTb. a -pacnaAa Ha B036y}l(AeHHble COCTO.RHH.R .3-AeCb npHMepHO B 

500 pa3 MeHbWe, 4eM Ha OCHOBHOe. 3TO o6CTO.RTellbCTBO, noMHMO 

o61ler4eHH.R BblAelleHH.R BKllaAa peaK41,11,1 (n, -ya) B pe3oHaHcax co 

cnHHOM 4- /rAe aanpe~eH np.RMOH a -nepeXOA B OCHOBHOe COCTO.R

HHe/, no3BOll.ReT npeHe6pe4b BKllaAOM peaK41-11,1 (n,ya) c a -ne

peXOAOM Ha B036y}l(AeHHble COCTO.RHH.R . A04epHero . .A Apa. BblAelleHHe 

nllO~aAeH pe3oHaHCOB co cnHHOM 4- npOBOAHllOCb B 2 3Tana •· CHa4a-

1la All.A YT04HeHH.R nOllO}l(eHH.R pe30HaHCOB co cnHHOM 4- H Bb16opa 

COOTBeTCTBYIO~HX BpeMeHHblX OKOH 6blll nolly4eH cneKTP no BpeMeHH 

npolleTa B y3KOM aMnllHTYAHOM OKHe B61lH3H MaKCHMyMa_cneKTpa pe

aK4HH (n~ya) /pHc.1/. 3aTeM B COOTBeTCTBYIO~HX speMeHHblX OK

Hax 6blllH nolly4eHblaMnllHTYAHble cneKTpbl. 

AMnllHTYAHblH cneKTP K oKHe pe3oHaHca E0 =159 3B c J
17 

=4..; 
/pHc.2/ COAeP}l(HT s ce6e 'saMeTHblH BKllaA a -nepexoAa B OCHOBHOe 

COCTORHHe 14° Ce / ao -nepexoAa/ OT pacnollo}l(eHHoro P.RAOM pe30-

HaHca E O = 179 3B CO CnHHOM r• .Qll.R. Bbl4HTaHH.A BKllaAa 3TOro pe-

30HaHca Mbt socnollb3oBallHCb ¢opMOH cneKTpa a0 -nepexoAa 1,13 

cyMMapHoro cneKTpa pe30HaHCOB E O = 127 H 135 3B, npoHOpM1,1po-

BaB ero no nllo~aAH ¢oHoBoro a O -nepexoAa B pesoHaHce Ei:J =159 3B. 

KpoMe Toro, B 061laCTH cneKTpa a -4acTH4 H3 peaK4HH (n,ya)Bbl4H

TallaCb ¢OHOBa.R nOAllO}l(Ka, nolly4eHHa.R nllaBHOH 3KCTpanoll.R4HeH 

XOAa ¢oHOBOH KpHBOH B 061laCTb BblCOKHX 3HeprHH. 
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143N PHC. 1 • BpeM.HnponeTHbie cneKTPbI: a/ peaKQHH d ( n, a ) 

. _._ ... -.• 

NK 

BaMrulHTY"HOM OKHe nepexop,a ao; 6/ peaKQHH 
·1 M 140 43Nd(n,ya) 140 ce c npHMeCblO peaKQHH 143Nd(n,a) Ce 
/cneKTp .nonytJeH B OKpeCTHOCTH MaKCHMYMa cneKTpa peaK
QHH (n, ya)/. IlyHKTHPHbIMH CTpenKaMH Ha PHCYHKe .6 noKa:-
3aHbI nonoJKeHH.H pesoHaHCOB co CilHHOM 3-, 

I 

I 

Ha116onee YA06eH AnR BblAeneH11R cneKTpa peaK41111 (n, ya ) pe3O
HaHc Eo= 55 3B, AaneKO OTCTORllll111 OT pe3oHaHCOB co Cnl1HOM 3-
j,,f no3e'onRIOU11111 nony411Tb t-ia116onbWYIO CTaTl1CT114eCKylO TO4HOCTb. 
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PHc.3. AMnnHTYP,Hblll cneKTp pesoHaH- ►-
ca E0 = 55 sB 143Nd, nonytJeHHblll noc- 10 

ne Bbl'IHTaHH.H qJOHa. CnnomHbie KpHBb1e: 
cneKTpbI peaK~H (n, ya) npH Z= 3 H n=t 

H peaKQHI; ~ Il, af) f=-'..O , COOTB_e'.!°CT
BYIO~e MHHHMYMY )(t 

I "'._ 
... 

np11MeCb n11Hl111ao, Ha6nlOAaeMaR B aMnnHTYAHO~ cneKTpe, nony4eHHOM 
eo epeMeHHOM OKHe 3Toro pesoHaHca, 3Ha411TenbHO cna6ee 11 o6yc
noeneHa B OCHOBHOM noCTORHHblM ¢oHOM OKOnOTennOBblX HeihpoHOB 
/pe~

0

HKnl14HblX' ·11. TepMan113oeaew11XCR B noMe111eH111,1/. 3To no3e'onReT 
AnR BbtAeneHl1R '3¢¢eKi-a nonb30BaTbCR o6bl4H·o~" npo4eAYPOl1 Bbl411Ta
H11R ¢oHa, nony4eHHoro e Me>Kpe3oHaHCHblX npoMe>KyTKax. 

AMnnl1TYAHbll1 cneKTp pe3OHaHCa Eo= 55 3B,.1nonyyeHHbll1 nocne 
Bbl411TaHl1R ¢oHa, noKa3aH Ha p11c. 3. 

4_· cnEKTP PEAKUHH (n,ya) 
.i 

,ll.nR-AanbHe11wero aHan113a Haw11x AaHHblX He06XOAHMO 3HaTb Teo-
peTH4eCKYIO ¢opMy cneKTpa a -4acT1-14 B peaK41-111: (n, ya) , i<oTopaR 
B cy111ecTBeHHOl1 CTeneHH onpeAenReTCR 3HepreTH4eCKO11 3aBl1CHMOCTblO 
cpeAHel1 sepORTHOCTH nepB114HblX y -nepeXOAOB, /3HepreTl14eCKaR' 3a
Bl1CHMOCTb cpeAHHX nap41,1anbHblX a -w1-1pHH XO

1

pDWO BOCnpOl13BOAHTCR 
npH·,y4eTe COOTBeTCTBYIOIIIHX KynoHOBCKOro 11 4eHTpo6e>KHoro 6apbe-
poe/. nocKonbKY a peaK41-111 ·. (n, ya ) npo11cXOAH.T. xopowee ycpeAHe-
H11e no npoMe>KyTO4HblM CO,CTORHl1RM /2/, TO ¢opMa cneKTpa nepBl14HblX 

5 



y -nepeXOAOB AOJlmHa cna6o ¢nyKTYHPOBaTb OT pe30HaHca K pe3o
HaHcy, a cneAOBaTeJlbHO, AI1R aHaJ1H3a HaWHX cneKTPOB MOmHO eoc
nonb30BaTbCR pe3yJ1bTaTaMH H3MepeHHH B APYrHX pe30HaHcax HJlH 
e TennoBOH o6naCTH. . / 

BnepBble aHanH3 ¢opMbl cne1hpa (n, ya) npoBOAHilCR B pa6oTe 21. 
3a npoweAWHe rOAbl T04HOCTb 3KCnepHMeHTaJ1bHO H3MepeHHblX cneKT
pOB cyuteCTBeHHO Bblpocna /6,7/, 4TO Tpe6yeT 6onee T04HOro y4e
Ta HeKOTOPblX AenaBWHXCR paHee npH6nHmeHHH. CneAYR pa60Te/2/, 
npeACTaBHM cneKTP a -4acTH4 B peaK4HH (n,ya) AI1R pe30HaHca 
(>, ) ycpeAHeHHblM no Y3KOMy HHTepeany 3Heprnti A, TaKOMY, 4TO 
D << A<< Ea , rAe D - cpeAHee paccTORHHe MemAY pe3oHaHcaMH. 
TorAa AnR j -ro HHTepeana, BbtpamaR cpeAHee 3Ha4eH1-1e w1-1p1-1HbI 
/no HHTepeany A. ·nepBl-14Horo ·y -nepexoAa B npoMemyT04HOe co
CTORH1-1e i / 4epi3 paAHa4HOHHYID Cl-1J10BYID ¢YHK41-1ID COOTBeTCTByID
uteH MYilbTHnOJlbHOCTH S cc /cM .It 5/ /: 

y 
cc 2fy+.1 

< ry.\i >J = DSY Ey , /1 / 

cpeAHee 3Ha4eHHe WHPHHbl BTOPl-14Horo a -nepeXOAa - 4epe3 npOHH-
4aeMOCTb 6apbepa: 

DJ 
<ra > = -2- nI Pe (Ea ) ' /2/ 

it TT C.a,f a,f f 

a TaKme BblpamaR 3HepreTl-14eCKYID 3aBHCl-1MOCTb cpeAHero 3Ha4eHHR 
nonHOH WHPHHbl npoMemyT04Horo COCTORHl-1R B BHAe 

E n 
<rt >(Ey ) =ry(Bn) (1- B ::.5) • /3/ 

n 

MOmHO nony4HTb TeopeTl-14eCKYID ¢OPMY cneKTpa a -4aCTH4 B peaK41-11-1 
(n. ya) AI1R onpeAeJleHH0H MYilbTl-1nOJ1bHOCTH nep_BH4HblX y -nepexo-

AOB*: - 2f +1 
A DSCCE y -

( W ) *> = J Y y J =- I Pe c ( E ) • 
ya J E yj n f ,r a• aj 

2rr f (D ) ( 1 - B 
O 

) a 
y n -

/4/ 

n 
3AeCb Bn- 3HeprHR CBR31-1 HeHTPOHa; 0 - 3Hepr1-1R cnap1-1BaHHR. no-
K_a3aTenb cTeneH1-1 n BO ecex npeAblAYutHX pa6oTax /2, 5- 7/ nonarancR 
paBHblM HYilID, OAl-laKO 1-13 CHCTeMaT1-1K nonHblX WHP.HH cneAyeT I.:5n-s_2.2, 
B 3aBHCl-1MOCTl-1 OT TOro, KaKOH 1-13 CHCTeMaTl-1K /t6-l8/ nOJ1b30BaTb
CR. 4epTa HaA E 03Ha4aeT, 4TO 3Hepr1-1R OTHOCHTCR K cepeAHHe HH-
Tepeana f'lJ. ; Ey = Ea - Ea · 

_J __ r J 

* W1-1p1-1Ha r }'tl (~ ) , COOTBeTCTBy~aR HHTepeany• Aj , 6yAeT paBHa 
CYMMe BeJ1l-141-1H (Wya)j no BCeM B03MOmHblM MYilbTHnOJlbHOCTRM 
/1-1 nponop41-10HanbHa C4eTy a -4acTH4 B HHTepeane A J /. 

6 

PHc.4. CneKTp peaK~HH 
l 43Nd (n, ya ) · Ha TeIIJIOBbIX 
HeHTPOHax H3 pa60Tbl / 6~CIIJiom~ 
HaH KPHBaH·- ¢opMa cneKTpa 
peaK~HH (n, ya ) IlpH 2f }' + 1 = 3 
H Il=l, COOTBeTCTBYJ(l~aH MHHH
MyMy x2 =29 /npH v- 39 /. 

.. 
,oo 

,oo 

200 

100 

j' 

7,5 •• 

j' 

~· ,E4 M1~ 

Pfa f (Ea ) - 3aBHCHMOCTb npOHH4aeMOCTH 6apb!f P7 AI1R a -4ac
TH4bl pacc4HTblBanacb c noMOlltbID nOTeH4Hana Hro 19 H AI1R KOHT
pomi -: . C noMOIJtbID onTH4eCKoro noTeH4Hana 1201. Bb~4HCJ1eHHble 3Ha-
4eHl-1R npOHH4aeMOCTeH 6blJ1H npO!-IOPMHPOBaHbl no 3KcnepHMeHTaJ1bHO
My 3Ha4eHHID <f >, H3MepeHHOMy B pa60Te/21 hT111-141-1e 3Ha4eHHH ao . . 
npOHH4aeMocl'eH, nony4eHHblX ABYMR MeTOAaMl-1 npH Ea = 8, 7 MaB 
/MaKCHMYM cneKTpa n, ya/, He npesbIwano 8%. 

nonpasKa ¢opMbl cneKTpa, KOTopaR nony4aeTCR npH 1-1cnonb3osa
HHH B. BbIpameH1-11-1 · /3/ n 2: 1 /a He n = 0 • KaK paHbWe 161 I' COCTas
JlReT e cny4ae 143Nd np1-1MepHo 15% B 06nacT1-1 Ea~ 8, 7 MaB. noa
TOMy Mbl nonbITaJ1HCb caMH on1-1caTb ¢0pMy cneKTpa a -4acT1-14 B pe
aK41-1~ 143Nd (n, ya ) Ha Tenf]OBblX HeHTPOHax, nony4eHHOro B_ pa-
6oTe 6 1 c ,noMOIJtbID BblpameHHR /4/, n_onaraR z = 2fy+1 = 3 .. 1-1 3a
AaBaR 3Ha4eHl-1Rn=1; 1,8; 2,2 /p1-1c.4/ • .QnR 39 creneHeH CB060Abl 
6bl11H, nony4eHbl

0 

snonHe YAOBJleTBOpHTeJlbHble 3Ha4eHHR x 2 = 29""'.42. 
3Ha4HMblX pa3J11-141-1H /3a npeAenaMH cTaHAaPTHoro OTKilOHeHHR/ Mem
AY 3Tl-1M~ eap1-1aHTaM1-1 on1-1caHHR rt (E) He o6HapymeHO, HecKOJlbKO 
xyme on1-1cb1aaeTCR cneKTP e npeAnonomeHHH ry =Const (n=0): x2=50. 
Ero on1-1caH1-1e CTaHOBHTCR 3aMeTHO xyme npl-1 H3MeHeHHl-1 BeJ11-14HHbl 
z(,/3), Hanp1-1Mep, np1-1 z =2,5 x2 >70, np1-1 z=3,5 x2 >100 AI1R 
BCeX. BHAOB 3aBHCl-1MOCH1 ft (E) /COOTBeTCTBYIDIJtHH ypoBeHb AOCTO
Bep1-1ocTl-1 P (x?) < 1 %/. 3m pe3ynbTaTbI MoryT cnymHTb 6onee Ha
Aem~blM nOATBepmAeHHeM CAenaHHOro paHee /2. 6 1 BblBOAa O 3ae1-1cH
MOCTH < ry > (Fy) = E: H AaIDT HaM OCHOBaHHe He paccMaTpHBaTb B 
AaJlbHeH_WeM eap1-1aHTbl z I,. 3. 

5. OnPE,QEJlEHHE WHPHH 1;,a (4-) 

KaK npaBl-1110, YCI10B1-1R 3KcnepHMeHTa He no3B0J1RIDT BblAeilHTb non
HOro BKnaAa peaK41-11-1 (n,ya) 1-13 3KCnepHMeHTaJ1bHOrO cneKTpa, H 
nony4eHHaR nnoutaAb cneKTpa /1-1 COOTBeTCTBYIDutee ce4eHHe/ AOilmHa 
6b1Tb J1H60 OTHeCeHa K 3Hepren14eCKOMY l-1HTepeany, B KOTOpOM npo
BOAHI10Cb BblAeneHHe, 111-160 3KCTpanonHpOBaHa Ha nonHblH 3HepreTH-
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4eCK11H 11HTepBaJl /np11 3TOM, KOHe4HO, B03H11KaeT norpewHOCTb 

3KCTpano11R41111, CBR3aHHaR C HeT04HOCTblO 3HaHl1R ¢opMbl cneKTpa/. 
AnR Bb1AeJ1eH11R BKJlaAa peaK41111 (n,ya) 11cno11b30Ba11acb 3ae11c11-
MOCTb /4/ np11 fy =1 • 11pa3Ma3aHHaR 11' C y4eTOM (j)opMbl Jll1Hl111 TOJlCTO
ro a -11CT04Hl1Ka /22111 pa3peweH

0

l1R AeTeKTopa • KOTOpaR cpaBHl1Ba-
11acb C 3KCnep11MeHTaJ1bHblM cneKTPOM no Kp11Tep1110x 2-. napaMeTpbl 
(j)opMbl a -1111H1111 onpeAeJ1RJll1Cb nOArOHKOH no 3Kcnep11MeHTaJ1bHOMY 
cneKTPY ao ""nepeXOAa B OKHe pe30HaHCOB .Eo=127 11 135 38. 

8 Ta611.2 np11BeAeHbl 3Ha4eHHR C4eTa a -4acT114 B pe30HaHCe 
Eo= 55 38 113 peaK411H (n,a) 11 (n,yaJ, nony4eHHble AnR pa3HblX 
Bap11aHTOB o6pa60TKH, 11 3Ha4eHl1R X AnR 27 CTeneHeH CB060Abl. 

Ta6nm~a 2 . 
n 0121 I /.ts/ I 8/1 7/ , 2 2 /ts/ , 

Nya· 348+30 355+30 361+30 363+30 -
Nat 84+14 77+12 71+1 I 68+1 I -
Na3 60+20 62+21 64+22 64+22 

x2 22 23 25 26 

HecMOTpR Ha HeBblCOKYIO CTaTl1CTl14eCKYIO T04HOCTb Haw11x pe3yJlbTa
TOB, Mbl nonblTaJ111Cb on11caTb 3Kcnep11MeHTaJ1bHblH cneKTp 3ae11c11-
MOCTblO /4/ np11 S?"' Ey (z = 4) 11 n=l, 4To cooTBeT~TByeT Me-
xaH113iy 111raHTCKoro A11nOJlbHOrO pe30HaHca C noCTORHH011 w11p11-
HOH rG 16 • Pe3yJlbTaTbl OKa3aJ111Cb HeCKOJlbKO xy>Ke X 2 =60. tlnR onpe
AeJ1eHl1R w11pHHbl rya pe30HaHca C Eo= 55 38 Mbl HCnOJlb30BaJlH cpeA
Hee no BCeM BapHaHTaM /Ta611.2/ 3Ha4eHHe Nya· MaKCHMaJlbHOe no 
BCeM BapHaHTaM OTKJlOHeHHe OT cpeAHero 6b1Jl0 Y4TeHO B norpewHo-
CTl1 I'!,. N ya KaK OWH6Ka Bb1AeJleHl1R N ya. AnR BblAeJleHHR BKJlaAa 
peaK4HH (n, ya) H3 cneKTpa pe3oHaHca E o = 159 38 Mbl Hcno11b30Ba
J1H (j)parMeHT cneKTpa Ha y4acTKe 8,1 M38<Ea <8,95 M38 /cM.p11c.2/, 
_rAe He 04eHb BeJ111KH norpewHOCTl1 OTAeJleHHR BKJlaAa peaK4HH (n, ya"} 
OT (j)OHOB. 

4HCJ10 a -4acTH4 H3 peaK4HH . (n, ya ) • BblAeJleHHblX B pe30HaH
cax Eo"' 55 38 H Eo = 159 38 143Nd H nony4eHHblX MeTOllOM, 
OnHcaHHblM B pa6oTe /21/, WHpHHbl r ya, npHBeAeHbl B Ta611. 3. . 

8 norpewHOCTH BeJlH4HH Nya. nony4eHHblX B HaCTOR\qeH pa6oTe, 
nOMHMO BblWeyKa3aHHblX OWH60K, BKJ1104eHa H norpeWHOCTb. BHOCl1MaR 
HeT04HOCTblO 3HepreTH4eCKOH Ka11H6pOBKH a -cneKTpa. 3Ha4eHHe r ya 
B nocneAHeM CTOJ164e Ta6JlH4bl nony4eHO nyTeM 3KCTpanOJlR411H 3Ha4e-
HHR r~"(AEa) B 11HTepea11e BblAeJleHHR /'!,.Ea Ha nonHblH 3Hepre-
TH4edtHH HHTepean c HcnOJlb30BaHHeM 3aBHC11MOCTH /4/ npH n = 1 
H z=:3, KaK YKa3blBaJlOCb BblWe, C y4eTOM (j)OpMbl a -11HHHH H pa3pe-

8 
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' 

' l, 

Ta6JIHqa 3 

Eo ,3B J" HHTepBan N rJ"(LlE ) rJ" 
ya ya a ya 

Bhl,llenemrn (un,ya)th 
Ma , M3B MK6 MK3B MK3B 

159 4 8,1 8,95 100+17 0,058.:,0,013 0,087.:,0,024 

55 4- 7,65 9,45 360+40 0,084.:,0,016 0,089.:,0,017 

-6/6/ 3- 7,8 9,3 /768.:,14/ 0 '· 206.:,0, 03 7 0,22.:,0,04 

-6/7/ r 6,7 9,5 /905.:,25/~ 0,24_::0,04 .o, 25.:,0 ,04 

55/2/ 4- 365+48 o, 11_-t-_0,08 

weHHR AeTeKTOpa. KaK MO>KHO BHAeTb 113 Ta611.3. 3KCTpano11HpOBaH
Hble 3Ha4eHHR rya AilR pe3oHaHcoB Eo= 55 11 159 38 coenaAaK>T B 
npeAenax OWH60K /B c11y4ae cnpaBeAnHBOCTH CTaTHCTl14eCKOH Teo
PHH OHH He AOJl>KHbl OT11H4aTbCR 60JlbWe 4eM Ha 2%/. 8 HH>KHeH 4ac
TH Ta611. 3 noMeuteHbl pe3y11bTaTbl H3MepeHHH peaK4HH l43Nd(n,ya) 140Ce 
Ha Ten110BblX HeHTPOHax. npHBOAHMble Wl1pHHbl ry~ nony4eHbl HaMH 
npH nOMOIIIH COOTHOWeHHR 

r - un,ya r 
( ya\h - ( u y ) th n,y 

/5/ 

3Ha4eHHR u
0

,y 11 r y B3RTbl H3 KOMnH11R4HH f 23/. 

6. CHJl08blE <l>YHKf..lHH nEP8H4HblX y -nEPEXO,ll08 

npoBeAeHHbl~ BblWe aHaJ1H3 nOATBep>KAaeT npeAbl~lll11e /2, 5- 7 / pe-
3Y11bTaTbl O TOM, 4TO Z = 3, TO eCTb OCHOBHYIO p011b B nepBl14HblX 
y -nepeXOAaX MoryT HrpaTb MYJlbTHnonbHOCTH Et H Mt . no3TOMY 

nonblTaeMCR H3 nony4eHHblX !-faMH WHPHH r4- 11 W11p11Hbl ry3; 113 
AaHHblX_Ha Ten110BblX HeHTpOHax HaHTl1 3Hl~eHHR c11110BblX,¢yHK411H 
E1- 11 Ml. -nepeXOAOB np11 nOMOIIIH Bblpa>KeH11H /n3/. /n4/ np1111o>KeHl1R. 

norpeWHOCTl1 3Ha4eHHH CHJ10Bb1X (j)yHK411H /Ta611.4/,'06yc110B11eHHble 
norpeWHOCTRMl1 WHPl1H 1;,a• no11y4eHbl np11 noMOlll11 Bblpa>KeHHH /n5/ 
npH11o>KeH11R. HeonpeAe/leHHOCTb, BHOC11MaR B11AOM 3aBl1CHMOCTl1 rt(E), 
04eHHBa11acb nyTeM cpaBHeHl1R pe3Y11bTaTOB • no11y4eHHblX AnR pa3HblX 
eapHaHTOB, 11 BK11104eHa B norpewHOCTb peKOMeHAYeMblX 3Ha4eHl1H 
c11110Bb1X ¢YHK411H, noMeuteHHblX B nocneAHeM cT01164e Ta6n.4. C11e
AYeT OTMeTl1Tb, 4TO B norpewHOCTRX CH/lOBblX <l>YHK411H, np11BeAeHHblX 
B Ta6n.4, He Y4TeHbl norpeWHOCTb HOpMHpOBKl1 npoH114aeMOCTl1 no 
3Kcnep11MeHTa11bHOH wHp11He <~

0
> /20%/ 11 norpewHOCTb n110THOcT11 

YPOBHeH D /10%/. KOTOPble B1111RIOT TOJlbKO Ha ee11114HHY Cl1110Bb1X 
<l>YHK411H, HO He Ha 11X OTHOWeH11e. . 
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._ 
Ta6nm~a 4 

n 0 I I, 8 2,2 PeKo-
MeH,D;, 

scc(Mt) x10 9 8,6.:_2,8 7,0.:_2,3 6, 0_:: I , 9 5, 6_:: I , 8 7+3 y -
sc<'(El) x109 9,7.:_3,3 7,9.:_2,7 6,8.:_2,3 6,2.:_2, I 8+3 

XOTR BeJ1H4HHa ~c(Ml) B HaCTORL11eH pa6oTe B TPH paaa MeHb-
we, 4eM B pafioTe/5 ," • CJleAyeT npHHRTb BO BHHMaHHe, 4TO paHbWe'. 
Sy°(Mt) paCC4HTblBaJlaCb B npeAnOJlO>KeHHH n=O, H BCR CHJla 

y -nepeXOAOB npHnHCblBaJlaCb MyJlbTHnOJlbHOCTH Ml • H CJ1eAOBaTeJ1b
HO, 3TOT peayJlbTaT He npOTHBOpe4HT pa6oTe/5/. 3Ha4eHHe scc(Et) 
nony4eHo anepab1e. . .. · " y 

3TOT pe3yJlbTaT nOATBep>KAaeT CAeJ1aHHbll1' paHee /2/ BblBOA O 60J1b-
WOM BKnaAe M1 ...;nepexoAoa: KaK no cpaaHeHHIO c Teoperni.iecKHM 
npeACKaaaHHeM /17/, Tat< H no cpaBHeHHIO c AaHHblMi-1 no c- s nepe-'" · 
xoAaM /24/, rAe ornoweHHe' sys (El) /S Ys (Mt)"' 7 (A=150L a TO me 
apeMR, noCKOJlbKY BKJlaAbl MyJlbTHriOJlbHO,C_TeH El H M1 OKa3aJ1HCb 
npHMepH6 paaHWMH, o6e 3TH MYJ1bTHno11i.~~CTH Heo6xoAHMO Y4HTwaaTb 
a pac4eTax peaK~H11, HAYLIIHX c y4aCTHeM cc~ y -nepexoAOB. /KaK 
y>Ke ynOMHHaJlOCb, B pac4eTaX, HanpHMep nOJlHblX paAH.a~HOHHblX wH
PHH, AO CHX nop Y4HTblBanacb TOJlbKO MYJlbTHnOJlbHOCTb E1 /S,9/ '/. 

8 CBeTe nony4eHHoro pe3yJlbTaTa CJleAyeT OTMeTHTb HeAaBHIOIO 
pa6oTy/25/, rAe 6b1J1a AaHa TeopeTH4ecKaR 04eHKa sem14HH S cc(El) 
H s;c(Ml) H OTHOWeHHe HXOKa3aJlOCb 6J1H3KHM K eAHHH4e. y 

7. 3AKJll04EHHE 

B HaCTORL11el1 pa6oTe enepawe YAaJlOCb onpeAeJlHTb COOTHOWeHHe 
y -nepeXOAOB c MYJlbTHnOJlbHOCTRMH Er H M 1 / AO CHX nop HMeJlHCb 

TOJlbKO 3KcnepHMeHTaJlbHble yKa3aHHR Ha B03MOlKHOe npeo611aAaHHe 
MYJlbTHnOJlbHOCTH. M 1 /, 6b1Jl npoBeAeH 6011ee KOppeKTHblH aHaJ1H3 
cllOpMbl cneKTpa peaK4HH (n,ya ), KOTOpblH noKaaan, 4TO npH AOCTHr
HYTOH B HaCTORL11ee apeMR T04HOCTH H3MepeHHH He CJleAYeT npeHe6pe
raTb 3aBHCHMOCTblO noJlHOH paAHa4HOHHOH WHpHHbl OT 3HeprHH. Cpaa
HeHHe pa3HblX BHAOB 3aBHCHMOCTH cpeAHeH aepORTHOCTH nepBH4HblX 
y -nepeXOAOB OT 3HeprHH noKaaano 60JlbWYIO 4YBCTBHTeJlbHOCTb ypoa
HR AOCTOBepHOCTH onHCaHH~ K noKa3aTeJ1IO CTeneHH B 3aBHCHMOCTH 
/4/. 0TKJlOHeHHe OT 3Ha4eHHR Z=.3 Ha 0,5 yMeHbwaeT ypoaeHb 
AOCTOBepHOCTH AO 1%. Mo~HO HaAeRTbCR, 4TO, HeCMOTpR Ha TO, 
4TO 3TOT c11y4a11 RBJlReTCR 4aCT1:'blM, pe3yJlbTaTbl MoryT nocJlylKHTb 
OpHeHTHPOM npH paapa6oTKe MOAeJ1e11, OnHCblBalOLIIHX CTPYK-
Typy BblCOKOB036y>KAeHHblX COCTORHHH H MeXaHH3M 
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raMMa-pacnaAa, Cne,qyeT TaKme OTMeTHTb, 4TO npoeeAeHHwe H3Me
peHHR noKa3aJ1H nepcneKTHBHOCTb npHMeHeHHR aJllOMHHHeBoro cllHJlbT
pa B C04eTaHHH C MeTOAOM apeMeHH npoJleTa. 611aroAapR 3TOMy YAa
JlOCb B 2 paaa YJ1Y4WHTb paapeweHHe a -cneKTPOMeTpa H B 3 paaa 
YBeJ1H4HTb T04HOCTb onpeAeJleHHR rya ( 4-) . 

8 3aKJll04eHHe aaTOPbl C4HTalOT CBOHM npHRTHblM AOJlrOM Bblpa3HTb 
611aroAapHOCTb H.4aApaa6any H Ile 6aHr WHoHry, npHHRBWHM y4ac
THe B KaJ1H6pOBKe a -wHpHH 143 Nd, a TaK>Ke B.H.cllypMaHy aa no
Jle3HWe o6CY>KAeHHR. 

nPHJlOl~EHHE 

nony4eHHe CHJlOBblX <l>YHK~Hl1 s;~(Et) H s;c(Ml) 

PaHee a pa6oTe /1 5
/ CHJlOBble <llYHK4HH sic onpeAeJlRJlHCb H3 

3KcnepHMeHTaJlbHblX WHPHH rr.a B npeAnOJlO>KeHHH 4HCTblX .El-HJlH 
Ml -nepeXOAOB. B HaCTORL11e11 pa6oTe T04H07T7 H3MepeHHblX r ya 

YJ1Y4WeHa B 3 paaa no cpaaHeHHIO C pa60TOH 2 .• no3TOMy MO>KHO 
06011THCb 6ea 3THX ynpoL11a10L11HX npeAnonomeHHH H pa3BHTb 6011ee 
06L11HH nOAXOA, n03BOJ1RIOLIIHH nony4aTb H3 HaWHX AaHHblX CHJlOBble 
<l>YHK~HH o6eHx MYJ1bTHnOJ1bHo'cTei'.1. 
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BocnoJ1b30BaBWHCb Bblpa>KeHHeM /4/' nOJ1Y4HM WHPHHY r J (liE ) 

v A ya a B WHPOKOM HHTepsane 3HeprHH uEa: . 

TT DJ" 
rJ (Ii Ea)= 2rrf' (Bn) ya y 

I Sec Ef,, 
EP,,,Mf y ( Mf y y 

:dy+t 
.. E I ij r (Ea)dEa 

E2 Y f. ,t a• . ) J a 
E E 

1 (1- _::L_)n 
·B -8 n 

/nl/ 
3AeCb CYMMa no MaJlblM HHTepeanaM Ii j 3aMeHetta HHTerpanoM. B cny-
4ae HHTepaana [ Ea ,O] awpa>KeHHe /nl/ AaeT ttaM nOJlHYIO WHPHHY rJ" . o 

y~pette6peraR BWCWHMH MYJlbTHnOJlbHOCTRMH H BKJlaAOM peaK~HH 
(n. ya) C nepeXOAOM Ha B036y>KAeHHble COCTORHHR A04epHero RA pa 
( f,/ 0) ,Bbrpa>KeHHe ;n 1/ AJlR ABYX cnHHOBWX COCTORHHH KOMnayHA-RAPa 
144Nd MO>KHO aanHCaTb B BHAe CHCTeMw ypaaHeHHH: 

f'3(/iE ) . 
·ya a =Scc(M1)a +Scc(El) a o3 Y 11 y 12 1n21 

r 4- (liE ) 
ya a 

D4 
= S~c(Ml) a21 +S~c (El) a22 

II 



3,qecb 
2~+1 

a = E/ Ey Po,3 (Ea) dEa 
11 Et <rt> (Ey,1) 

. 2~+1 . 
_E2 Ey P0 , 2 (Ea) dEa 

a - J-~-...:..:.:..---
22 - Et <rt >(Ey, 1) 

2fy+t 
E2 .E (Eo 2 (E )+eo 4(E ) ) dE y , a , a a 

2t2= J . ; 
E Ef:y+1(1cJ,a (Ea)+1cJ,i;(Ea ),dEa 

3i.z1=Ef <r>(E 1) .·. 
Et ._<~>(Ey,1) 1 t y • 

1n·.31 

y cc . cc 
PewaR CHCTeMy ypaBHeHHl1 /n2/ OTHOCHTeJlbHO Sy (El) H s y (Ml). 
no11y4HM 

cc rs 4 rya (/iEa) 
,·<1 Sy ( M 1) = L ( ya ( Ii Ea ) Ii . - -

'?a 
a - ------ a ) 

22 o
4 

21 I . '/n4/ 

gee. r, 4 ( A. 
y (El ) = l ( ~Ea) . 

. D4 

3 . ) 
rya(liEiz 312) 

a tC D3 

3,qecbli- onpe,qe.riHTeJlb C~CTeMbl. 
A6COJ1IOTHble norpeWHOCTl1 Cl1Jl0Bb1X c)>yHKijl1H' -06yc110BJ1eHHble 3KC-' 

nepHMeHTaJlbHblMl1 norpeWHOCTRMH o rya , 6y,qyT BblpalKaTbCR a BH,qe 

· j ar3 ar 4 

liScc(MI) = La2 (-:J'..!L)2 + a2 (~~ )2 
Y li 22 D 21 D · 

3 4 

j ar4 ar3 

liScc(Et) =.!._ a2 (-nl'...!!...)2+a2 ( ya )2 
y li 11 . u

4 
· · 12 · D

3 

a,qec b o r.f7 
ya 

- a6COJ1IOTHble norpeWHOCTl1 W11PHH rJ" . . ya 
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