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Ha peaKTope H6P-30 H3Mep.AnHCb cneKTpb ~-ny4eH, conpoeomAa~~HX aaxeaT HeHTpo

HOB RApaMH 185Re B H30nHpOBaHH~X pe30HaHcax. nony4eHa HOBaR HH$OpMa~HR 0 cnHHe 
v 186 185 

H 4eTHOCT~~t PRAa ypoeHeH RAPa Re 111 o cm-t"'e pesoHaHcoa RApa Re. 06cymAaeTCR 
. . • . v . • 186 . 

aonpoc ABYXKBa3~~t4acT~~t4HOH CTPYKTYP~ ypoaH~t1 Re. 06HapymeHa cTaTHCTH4eCKH AO-

cToeepHa.A KOppen.A~HR MemAY nap~HanbHbiMH panHa~HOHH~MH WHpHHaMH H npHBeAeHH~MH 

HeHTPOHH~MH w~~tpHHaMH pesoHaHcoe. Ha6n~AaeMctR KoppenR~H.A Ka4eCTBeHHO o6DRCHReTCR 

B paMKaX KBa3H4aCTH4HO-$OHOHHOH MOAenH. 

Abstract 

~ . . 185 . 1 d Spectra of the .-rays accompany1ng the neutron capture 1n Re at 1so ate 

resonances were measured at the IBR-30 reactcr. New information on the spin and 

parity of the 186Re levels was obtained, as well as the information concerning 

the spin of resonances, A quasi-particle structure of the 
186

Re levels is 

discussed, A statistically significant correlation between the partial radiation 

widths and the reduced neutron widths of the resonances was observed. This corre

lation is qualitatively accounted for in the frame of the quasiparticle-phonon 

model, 
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1. Bee.QeH~-te 

Hacro~~a~ pa6ora nocs~~eHa 3Kcnep~-tMeHranhHOMY ~-tccneAoBaHH~ cTaTHQT~-t~eGKOH 

HO~pe~A~M~ Me~AY Map~HanbH~MH pa,QHa~HOHH~MI-1 WHPHHBMI-1 H npHBeAeHH~MI-1 He~TpOHH~MH 
' 185 186 M WHPHHaMH s•pe30H8HCOB B peaK~HH Re(n,y) Re H aHan~-t3Y 3TOI-1 Koppen~~l-11-1 B paM-

1 11 I 
Kax KBa3H4aCTH4Ho-$OHOHHO~ MOAen~-t RAPa . nr,eABapHTenbH~e peaynbTaT~ no ,QaHHOMY 

M , 6 M 6 121 eonpocy a 3ToH peaK~~-tH np~-tee.QeHW B o 3opHoH pa ore , 

H3y4eH~-te peaK~HH (n,y) Ha Z-He4eTHoM ~APe npeACTaan~eT c T04KH apeH~-t~ MoAe

nH/l/ OTAe11bHW~ 1-tHTepec, Tal< KaK B 3TOM CJ1y4ae MOAe11b AaeT CBol-1 cne~I-1$H4eCKI-te 
npeACKa3aHH~ oTHOCHTel1bHo KOppenR~HH WHpHH. 

185 186 . • 
PeaK~HR Re(n,y) Re ·6blna Bbl6paHa no cneAY~HM np~-t4HHaM. Bo-nepBbiX, ~Apo-

185 
·MHWeHb Re o6na.Qaer HH3KoBonbTHbiMH He~TpoHHbiMH pe3oHaHcaM~-t c 6onbW~-tMH 3Ha4eHH· 

0 . 0 
RMH OTHOWeHH~ r I< D > , ·rAe r, - npHBeAeHHaR HeHTpOHHa~ WHPHHa peaoHaHca H 

~ n nn 
<D>• cpeAHee paccTo~HHe Me~AY pe3oHaHcaM~-t, 4To RBI1~eTCR ~eo6XoAI-1Mb1M YCI10BI-teM 

1 

A11.fl 06Hapy~eHH~ 3$$eKTOB Koppei1R~HH Ha MeWa~~~~M $OHe, Bbi3Ba~HoM $11~KTya~~-tRMH nap-
' 13 41 ~H811bHbiX WHPHH. Bo-BTOPbiX, Ha C?CH.oBaH~-tH pe3yJ1bT8TOB npeAbiAYuiHX pa6oT ' B 3Ha-

" M • ' 186R 41-1TeJ1bHOH Mepe H3BeCTHa CTPYKTYpa HI-13KOJ1e~a~I-1X ypoeHeH RAPa e, 4To no3BOI1~eT 
. I 1 I 

npoBOAHTb aHa11H3 KoppenR~HH B paMKaX MOAei1H I 6onee OAH03H84HO, 

CocTaBHo14 4aCTb~ HacToR~e14 pa6oTbl ~enReTc.A onpeAeneHHe cn~-tHoB pe3oHaHcoa, a 
186 

raK~e cn~-tHoB H 4eTHocrel4 H~-t3Kone~a~Hx ypoBHeH ~Apa Re. Heo6XoAHMo a 3Tol4 CBR3H 
186 

oTMeTHTb, 4To HaKonneHH~e 3AeCb AaHHble o6 ypoeHRX RAPa Re M03B011HI1H yaenH4HTb 

HaAe*HOCTb npe~HHX Bb1BOAOB13 •
41 

o CTPYKType 3THX ypoBHeJ4, 

2. HaMepeHH~ 1-1 nepeH4Ha~ o6pa6orKa AaHHWX 

~3MepeHH~ MPOBOAHI1HCb B ABYX OTAe11bHbiX ~HKJ1aX Ha 1-!MnynbCHOM 6biCTpoM peaKTope 

~GP-30, pa6oTa~~eM B Ka4eCTBe 6ycTepa B C04eTa~HH C 11HHeHHbiM yckopHTeJ1eM 311eKTpO

HOB JIY3-40. 

06paae~ aecoM 57,9 r H3 MeTannH4ecKoro peH~-tR, o6ora~eHHoro AO 93,6% no Hao-
185 2 Tony Re B BHAe nnaCTHHKH P83MepoM 6,5 X 9,0 CM HBXOAH11CR B My4Ke HeRTpOHOB Ha 

paceroRHHH SO M or a~o<THIJHoA 1,aoHI!I · peaKropa, 
' 

raMMa-KsaHTbl perHCTpHp6~aJ1HCb K08KCH811bHbiM Ge(Li)-AeTeKTOpOM C 4YBCTBHTeJ1bHbiM 

06~eMOM 20 CM3, Dn~ yMeHbWeHH~ ~oHa OT pacceRHHbiX HeHTPOHOB Me*AY o6pa3~0M H AeTeK• 
6 . 

T~poM H8XOAHI1C~ ~HJ1bTp H3 LiCo
3

, 

3HeprH~ 38XB8THBWHXC~ HeHTpOHOB OnpeAe11RJ1aCb MeTOAOM epeMeHH nponeTa C paape

WeHHeM 70 HC/M. 

8 nepBOM ~Hkne H3MepeHHH ABYXMepHa~ HH~opMa~l-1~ o6 3HeprH~-ty•kBaHToB H o epeMe

HH Mponera 3aXBaTHBWHXCR HeHTPOHOB nocrynana B MHoroMepHbiH aHaJ1H38TOP/SI, a Bo BTo

POM ~HI<J1e .. B 38M PDP•11 /2016/, HaKoMJ1eHHa~ HH$1)pMat.tHR aanHcbleanacb B o6oi-1X ~HKJ1aX 

I 
l 

I 
~ 
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Ha MarHHTHble 11eHTbl B BH,I:\e 2h·.paapAAHbiX C/108 1 :oAepmatqHX I<OAbl BpeMeHiol nponeTa 1-1 

3Hepr~otH ~-KB9HTOBo 

9 pea~n~TITe ~OpTHpOBKH Hi~onneHHO~ HH.OgMa~HH 6~111-1 non~~eH~~·cneKTPW 
18.5 

AI1A 26 H30I1HpoaaHHbtX Het1rpoHHbtX. pe3oHaHcoa AA·~a-MI-iweHH Re c 3Hepri-1AMH e HHTep-
17,8/ 

sane 2+110 38, MeTOAHKa copTHpoBKI-1 onw:ilHil e . 

CreneHb, c KaKo~ npH APHHOM paapeweHHH orAe11bHbte peaoHaHcbt I-13011HpoeaHbt APYr 

OT ,1:\pyra, npOI-11111~CTPI-1POBaHa Ha pl-1~.1 1 Ha I<OTOPbM 1-1306pameH apeMA-nponeTHbtH cneKTP 

BbiXOAa ~-KBaHTOB c 3HeprHe~ E > 4300 K3B. npHt .. epbl mecTKI-lX ~acre~ 'Y-cneKTPOB AI1A 

pe30HaHCOB noKa3aHbt Ha pHC.~ H 3, 

0TAe11bHble 'Y-cneKTpbt o6pa6aTbiBai1HCb C noMOtqb~ MeTOAHKH 1 Onl-lcaHHO~ B 191 C Hc
/10/ 

nonb30BaHHeM nporpaMMbl L1NF1T · • B peaynbra·re · o6pa6oTKI-1 cnet<Tpoe 6bii1H e o6~qe~ 

Cl10lKHOCTiol nony~eHbl A8HHbte 06 OTHOCHTe11bHbtX 1-iH·reHCHBHOCTAX 141 nepBH~HOro nepeXOAa 
~ 185 186 

B H3y~aeMO~ peaK~HH Re(n~'Y) Re, a TaKlKe AaHHbte 06 HHTe"CHBHOCTAX Hei<OTOPbtX 

BTOPH~HbiX nepeXOAOB, 

3. CneKTpocKon~o~4eCKHe peaynbT~Tbl 
. 185 

. 3.1. Cn~-tHbl peaoHaHcoe AAPa; Re 

maTb 

' 
npeAnonaraeTCA, 4TO ~ce H3y4aeMbte pe30HaHCbt ABI1A~TCA s-pe30HaHCaMH. TaK KaK 

H ~eTHOCTb AApa-M~o~weHH
1

1-1Me~T 3Ha4eHI-1e 1~=•5/2+, peaoHaHcaM AOI1lKHbl npi-1HaAne-

3Ha4eHHA JTT'=2+ .H/11-1 Jf=3+, 

CnHH peaoHaHcoa J onpeAenAeTcA ABYMA MeT<>AaMH. 0cHoeot1 nepaoro ABI1AeTcA aa

BHCHMOCTb 3aCe11eHHOCTH HH3K011elKatqHX ypoa~e~ Allpa-npOAYKTa OT cnHHa pe30HaHCOB, 

8 pe3yl1bTaTe 3:roro npH nOAXOAAtqeM · Bbl6ope napbl BTOpH4HbtX nepeXOAOB OTHOWeHHe HX .. 
1-lHTeHCHBHOCTe~ MOlKeT Cl1y)I(I-1Tb' B <Ka~eCTBe Bei1H~~tHbt 1 4YBCTBHTel1bHO~ K CnHHY pe3o

HaHCOB, TaKOH napOH OKa3ai1HCb BTOpH~Hbte nepeXOAbl C 3HeprHAMH 316,47 H 214,62 K3B. 

3Ha~eHHA OTHOWeHHA 1(316,47)/1(214,62) A11A OT,flel1bHbtX pe3oHaHCOB noKa3aHbl Ha pHc.4, 

HeCMOTpA Ha onpeAel1eHHbl~ pa3(5poc 3Ha~eHH~ 1 K01'0Pbl~ MOlKHO B OCHOBHOM 06"bACHHTb or

paHH~eHHbiM pa3peweH~oteM no epeMeHH nponeTa, BH~IH0 1 ~TO 3Ha~eHHA 1(316,47)/1(214,62) 

pa3AenA~TCA Ha ,1:\Be rpynn~. CornacHo o~eHKaM nc; MOAei1H KacKaAHoro saceneHHA/ll/ 

te~XHI~ M H~*HI. r~ynMIM eneAyeT MPHMHC8Tb, ec•OTBeTCTBeHHO, SHI~eHH~ J•2 H J•3, 

BTopo~ MeTOA OCHOBaH Ha Ha611~AeHHH HHTeHCHBHbtX nepeXOA08 Ha YP08HH AAPa 
186

Re C Jr a 1 H J~ • 4-, npH 3TOM npeAnonar~eTCA 1 4TO HHTeHCHBHble nepeXOAbl H3 
I 

pe30HBHCOB HMeiOT HCI<J11041-1Tel1bHO A1-1nOI1bHbl~ XapatcTep, AHal11o13HpOBaflt-1Cb nepeXOAbl Ha 

Cl1eAy~tqHe YPOBHI-1: a) OCHOBHOe COCTORHHe H ypOBeHb 316,47 K38 1 HMe~lo1e J~ a 1 ; 

6)ypOBHI-1 173,93 H 273,63 K3B/ HMe~He J~ • 4-. ApryMeHTbl 8 110J1b3y 3Ha~eHH~ JW 

. A11A 3Tio!X yPOBHeti A8Hbl B 13·•
4
/ 1 a TaKlKe 8 CtleAYIOtqeM pa3Ae11e 3, 2 • nHHI-IH 1 nplo1H8Afle'" 
I 

lKStqHe nepBH~HbiM nepeXOAaM Ha ypOBHH 0, 173,93, 273,63 H 316,47 K3B 1 HMe~T Ha 
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p~c.2 ~ 3, COOTBeTCTBeHHO, HOMepa 1,5,8 ~ 9, 

Peaynbrar~ onpeA~neH~A cn~Hoe peaoHaHcon o6o~M~ MeToAaM~ npeAcraeneH~ e ra6-

n~~e 1, Heo6XOA~MO OTMeT~T~, 4TO ~3 pe3oHaHca B paHOHe 41,6 3B HAYT HHTeHCHBH~e 
nepeXOA~ Kat< Ha YPOBH~ C J~ "" 1-, Tat<~ Ha YPOBH~ C J1( • 4-, 3to MOlKHO 96"bACH~Tb 

AY6nerH~M xapat<repoM AaHHoro peaoHaHca, Ha 4TO yt<aa~ea~r rat<lKe peaynbrar~ pa6o-
/14/ 

T~ • 

3.2. CnHH, 4eTHOCTb ~ crpyt<Typa HH3KonelKa~HX ypoeHe~ AAPa 186Re 

HMe~~H~CA Ha6op cnet<rpoe ·AnA peaoHaHcoe c H3BeCTH~M~ 3Ha4eHHAM~ J~ noaeonHn 

npoeecTH aHan~a, a peaynbrare Koroporo 6~n11 uanolKeHbl cy~ecreeHHbte orpaHH4eHHA Ha 

3Ha4eHHA J~ AnA 6onbworo 4~cna H~3Ko~elKa~~x ypqeHeH AApa 
186

Re, np~4e~ e PAAe 

cny4aee 3Ha4eHHA J~ YAanocb onpeAenHTb OAH03Ha4HO, B 3TOM aHan~ae e Ka4ecree ~c

XOAHOH HH$OpMat.ti-1H cnylKHn Ha6bp OTHOCHTenbH~X ~HTeHC~BHOCTe~ nepB~4H~X nepeXOAOB 

113 OTAenbH~X pe30HaHCOB Ha OTAenbHble YPOBHH, a Tat<lKe ABa Ha6opa HHTeHC~BHOCTeH, 

ycpeAHeHH~X, COOTBeTCTBeHHOt no pe30HaHCaM C J~ • 2+ H J~ • 3+, np~ aHanH3e Y4H

T~BanHCb Koppet<TH~M o6pa30M 4>n~KTyau~oHH~e cao~crea ~HTeHCHBHocre~. AeranH aHa-
/16/ . • n11aa onHcaH~ s pa6ore , 1rAe npeAcraaneH~ peaynbTaT~ Hawero onpeAeneH11A J AnA 

186 ' 
121 ypoaHA AApa Re. B HacroA~e~ pa6ore M~ paccMaTpl1saeM n11wb 4acrb 3T~x peaynb-

raros, .KOTopaA npi1BeAeHa a cron6ue 3 · ra6nl1t.tbl 2. 

B pa6ore~31 , Bt<n~4a~~e~ AaHH~e no peaKt.ti-IAM (d,p) 11 (d,t), a raKlKe no peaK

U11AM (n,Y) 11 (n,e ) Ha rennoa~x He~rpoHax, 6btrta HaKonneHa 6oraraA HH$OpMat.ti1A o 3Ha-
186 . 

4eHHAX J'ff YPoBHe~ Re B o6nacr~ aoa6YlKAeHH~ AO 500 K3B. AononH~TenbHaA ~H$opMa-

UHA 6~na nony4eHa B H3MepeHHAX 'Y'Y-COBMaAeH11~ B peat<t.tlill1 (n,'Y/41 , BCA 3Ta 11H$OpMa

U~A 0 3Ha4eHI1AX J11 MPHBeAeHa B CTon6t.te 2 Ta61111U~ 2, 

np~ aHanl13e CBOHCTB KoppenAt.tl1~ WI1PI1H B paMKaX KBa3H4aCTH4HO-$OHOHHO~ MOAe-
/1/ -

nH He06XOAHMO BKn~4aTb nHWb Te napt.tl1anbHbiE: paAHat_tHOHHble WHpi1Hbl, KOTOp~e COOT-

BeTCTBY~T nepBH4H~M nepexoAaM Ha ypoeH~ c ~a~ecTHO~. t<Ba3H4acr~4HOH crpyt<rypo~.· 

Uenecoo6paaHo np~ 3TOM orpaH~4HTbCR ronbKO El-nepexoAaMH, raK Kat<, a ornH4He or 

nepeXOAOB APYr~X MynbTHM011~HOCTe~, HX HHTeHC~BHOCTH MOlKHO C4HTaTb AOCTaT04HO 6onb

WHMH AnR aHanH3a I<OppenAt.tH~, 8 3TOM CMbtcne MOAXOAAU\HMH )'pOBHAMH AB.OA~TCA Te, I<O

TOp~e a npeA~AYfi\HX paf5orax13.·~/ HAeHTH4>~-tt.t~-tPoeaHbl t<aK 4neH~ epafl\aTellbH~x nonoc, no

crpoeHH~x HaA ABYXKBa3~-t4aCTH4H~.MI1 COC TORHHRM"' p402t :l:n512~ , p402f "'n51 Of , 

p4021-n503t H p402t-n505~ CcM: cron6u~ 5"' 6 ra6n~-tt.t~ 2) • 

.l\.MA HAeHTH$HKat.tHH YPOBH.eH C yl<a3aHHO~ crpyt<Typo~ B pafSora/3•41 HCMOnb30Ba

H~ cneAYIOU\He OCHOBaHHA: (a) 3KCne.pHMeHTanbHble 3Ha4eH~-tR J'lf" 3THX ypoaHe~; (6). y4eT 

CHCTeMaTHKH nonolKeH~H OTAenbH~X H~nbCOHOBCK~X OAH04aCT~4HWX op6HTaneH B COCeAH~X 

no MaccoeoMy 4HC11Y He4eTHWX ~Apax; (e) npHMeHeH~e npae~.na ranaxepa-Mowt<oect<oro1171 ; 

f 
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(r) HeKOTOpble AOMY~eH~A 0 C~CTeMaT~~eCKHX CBO~CTSaX sepOATHOCTe~ El-, Ml- ~ 

E2-nepeXOAOS (cM. 131). 

0~e1HAH0 1 ~TO OCHOI~H~A (6) 1 (a) H (r) HMe~T nHW~ non~aMnHPH~eCKH~ xapGKTep, 

4TO KacaeTCA OCHOBaH~A (a), COBMaAeHHe 3KCnepHMeHTanbHOrO 3Ha4eHHA J A~HHOrO 

4fieHa COOTBeTCTBY~~eA nonoc~ ABfi.ReTCR CTporo HCOGXOAHM~M ycnOBHeM 6e30WH60~HO~ 

HAeHTH$HKa~H~ Ka~Aoro H3 ypoaHe~. 0TMeTHM a 3TOH CBA3~, ~To, HecMoTpR Ha 6onbwoA 
/3 4/ . u . 

06DeM HH$OpMa~H~ B ' , cnHHbl YPOBHeH 3AeCb He YAanocb BO MHOrHX cny4a.RX OnpeAe-

nHTb OAH03Ha4Ho. 

KaK BHAHO ~3 Ta6nH~bl 2, o6DeA~HeHio1e AaHHbiX HaCTOA~eA pa6or~ c AaHHbiM~ pa-

6or13•41 npHBOA~T AnA 9 ypoaHeA K cy~eHH~ npe~Hero AHanaaoHa 3KcnepHMeHranbH~X 
3Ha4eHH~ J~ HfiH Aa~e K OAHd3Ha4HOMY olipeAeJleH~~·J11', npH4eM BO acex 3THX CJlyl.faAX 

I 
I 
! 

o6DeAHHeHHble 3Ha4eHHA Jtr Bf'OJlHe coaMeCTHMbl co aHa~eHHAM~, Tpe6yeM~MH coorsercTsy- 1 

~~eH CTPYKTYPOH Ka~Aoro H3 yposHeH. I 
T 6 u 6 u 1a6R · ·J aKHM 0 pa30M 1 AaHH~e HaCTOR~e~ pa OT~ MO CM~HY H ~eTHOCTH ypOBHeH e B 

cy~ecreeHHOH Mepe noATBeP~Aa~T npaaHJlbHOCTb BbiBOAOB pa6or13 •
41 

o6 yposHRX co CTPYK" I 
TYPOH p402t~n512~, p402f~n510t, p402,·n503t H p402t-n505,. J 

I 

4. KoppenA~HR wHpHH 

4.1. 3KcnepHMeHranbH~e pe3yJlbTaTbl 

nap~HaJlbHy~ paAHa~HOHHY~ WHpHHy, COOTBeT·:TBY~~y~ nepe~~HOMY nepeXOAY H3 pe3o

HaHca ~ Ha ypoBeHb f AApa-npOAYKTa, o603Ha4~M KaK r }-. yf, 

AnA KOHKpeTHOro Ha6opa pe30HaHCOB H I<OHe~H~X YPOBHeH KOJlH~eCTBeHHOH MepoH 
0 

I<OppeJlR~HH Me~AY ~n H r~Vf 6yAeM C~HTaTb B3BeWeHH~H cpeAH~H I<03$$H~HeHT 

KOppeJlA~HH R, HMe~e~ CJleAY~HH BHA: 

(1) 

3AeCb J, J'- cnHH~ pesoHaHcoe, AJ • 4HCJlo pe3cJHaHcoe c AaHH~M 3Ha4eHHeM J 11 FJ
- I.IIACJlO YPOIHe~ 1 IXOA.R~IAX I HaeJop, KOTOPble aac:eni'IIOTC.R nepBH4H~MIA MepeXOA8MIA HS 

3TH X peaoHaHcoa, BeJlHI.IHHa r J, f - Bbt6opo4Hbl~ K03$$H~Io1eHT JlHHe~HOH t<oppenR~HH Me~AY 

r 
0 

H r 'f AJlR $~KCHpoeaHH~X J H f. Pa3Mep Bt.r6opKH paeeH 1\J. 
Xn X'Y 

B Blo1AY He~yBCTBHTeJlbHOCTH .aeJlH4HH r J' f K WKane WHPHH r Xyf' MpH B~4HCneHHH 3Ha-

l.leHH~ rJ,f WHpHH~ rXyf MO~HO 3aMeHHTb COOTBeTCTBYIO~HMH HHTeHCHBHOCTAMH nepeXOAOB 

I~f'noA HHTeHCHBHOCTb~ IXf 3AeCb MOAPa3yMesae·rc.R OTHOWeHHe 4HCJla 3aperiACTPHPOBaH" 
I, 

H~X "( "I<BaHTOB OT nepe><OAa ~ , .. f I<, .4HCJly aaxaa~eHH~X He~TPOHOB, 
! . 

I ' 
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B Haw~x pac4eTax 3Kcnep~MeHTanbH~x aHa4eH~~ R e Ka4ecTee Mep~ 4~cna aaxBa4eH

H~x He~TPOHOB 6panc~ CYMMapH~~ ~~XOA ~-KBaHTOB OT 6onbworo 4~Cna nepB~4H~X nepexo

AOB, ,Qn~ pe3oHaHGOB C :f =2+ 3TO'I' BbiXOA onpeAen~.nc~ BKnaAOM 65 no 3Hepr~~ AOCTaTo4-

HO paapeweHH~x nHH~~ e Ka~AOM H3 ~-cneKTPOB, a ,qn~ pe3oHaHcoe c Jff=3+ - BKnaAOM 

71 nHHHH, BKnaA OT nepBt.14HbiX! nepeXOAOB, 1-1AYUI11X -li1 YPOBHI-1 flAPa lSGRe C H3BeCTHO~ 
KBa3H4acTH4Ho~ CTpyKTypo~, nbM 3TOM He y4HT~ean:fl. 

3Kcnep~MeHTanbH~e 3Ha4e~~~ K03~~~~HeHTOB R An~ PflAa Ha6opoB KOHe4H~X YPOBHe~ 

npHeeAeHbl e Ta6n~~e 3. 3TH aHa4eHHA Bbi4HCnAnHcb AnA Ha6opa 10 peaoHaHcoe c J1f=2+ 

H 14 pe30HaHCOB C J~:3+, 3Ha4eHHA 3Heprlo1~ 1o1 ~ 3Tio1X pe30HaHCOB np~BeAeH~ B Ta6n~~e 1, 

8 3TOT Ha6op He BXOAAT C~n~H~e AY6neTH~e pe30Ha~C~ C 3Hepr~AM~ 41,6 lo1 106,9 38, C 

APYr~ cTopoH~, Ha6op pe3oHaHcoe eKnl04aeT cna6br-e AY6neTHble peaoHaHCbl c 3HeprHAMI-1 

81,0 1o1 8],1 38 1 B KOTOp~X npeo6naAa10T KOMMOHeHTI~ C J1f=1+. CornacHo/
151

, npHMeCbH~M 
. 0 

KOMMOHeHTaM 3THX ABYX AY6neTOB rtpHHaAne~aT 3Ha4•eHio1A r 1 KOTOp~e CYI!IeCTBeHHO HHlKe 
).n 

0 . 
cpeAHero 3Ha4eHio1A <rx n \ • Mo~Ho no3TOMY C4HTaT b, 4TO BKnl04eHHe yKaaaHHbiX AY6neToB 

He 6yAeT npHBOAHTb K 3aMeTHO~ CHCTeMaTH4eCI<O~ OWH6Ke npH aHanH3e I<OppenA~HH. 4TO Ka· 

caeTCA OTAenbHbiX Ha6opoe KOHe4H~X ypOBHe~, OHH 1-IC4epnbiBaiOT 061!1YIO COBOKynHOCTb BCeX 

YPOBHe~ C J1f=1- f 4-, AnA I<O'I'Op~X H3BeCTHa KBa31-t4aCTH4HaA CTPYKTypa, CM. Ta6nH~Y 2. 
0 /12/ 

npH pac4eTe K03~~H~HeHTOB R 3Ha4eHHA r" n 6panH•:b 1-13 • 

MeTOAOM MoHTe Kapno, onHcaHHbiM e/18/, AnA l<alKAoro cny4a~ Bbi4HcnRnacb cTaTio1CTH-

4ecKaR AOCTqeepHOCTb P, C KaKO~ ~OlKHO Ha OCHOBaHHH AaHHOrO KOHKpeTHOrO 3Ha4eHHfl R 

OT6pOC~Tb rHnoTe3y HeKOppenH~OBaHH~X WHpHH (eM. Ta6nH~y 3), npH B~4HCneHHH P Y4HT~ea· 

nlo1Cb I<OppeKTH~M o6pa30M KaK 3KcnepHMeHTan~HaA M•)rpeWHOCTb HHTeHCHBHOCTe~, Tal< H HX 

nonH~e nopTep-ToMaCOBCKHe ~niOKTya~~H. 6blno TaKlK•e Y4TeHO BnHRHio1e 11HeTHMH4HOCTH11 3Ha-

v r o v 6 /18/ 
4eHHH ). n An~ KOHKpeTHOI-1 B~ OPI<t.1 pe30HaHCOB, Cl-1. • 

AnA OTAenbH~x cny4aee B~4HCnRnlo1cb o~eHKH K03$$H~HeHTa nHHe~HOH ~oppenA~~H p 

AnA reHepanbHOH COBOKYMHOCTH, T.e. An~ 6ecKOH~4HOrO l.flo1Cna pe30HaHCOB (CM.Ta6nH~Y 3), 

np~ 3TOM npeAnOnaranOCb, l.fTO AnA AaHHOrO I<OHKpe·rHOro Ha6opa KOHe4H~X YPOBHeH BenH-

4HHa p He 38BHCHT OT J Iii f, MeTOA paC4eTa p H3/10lKeH /
191

, 

BonHOBaA lt>YHK~~A pe30HaHCHOrQ COCTOAHHR AAJ)a COAePlKHT orpOMHOe 4HCnO pa3nH4H~X 

KOMMOHeHT( 105~106), 0AHaK0 1 cornaCHO KBa3H4aCTI11.fH0-$0HOHHO~ MOAenH/l/ 3a pacnaA s-pe· 
I ' 

30HaHCa C HcnycKaHHeM He~TPOHa B cnyl.fae He4eTHO··He4eTHOro AApa-npOAYKTa OTBe4aeT 

nHWb orpaHH4eHHOe l.fHCno ABYXKBa3H4aCTH4HbiX KOMMOHeHT, 3TO KOMMOHeHT~ THna (r 
0 

<1 
0

s<5) t 

rAe r a • Ha6op ecex KBaHTOB~X XapaKTep~CT~K npOTOHHOH KBa3~1.faCTH~~ RApa-MHWeHH, Ha• 
0 0 

XOARI!IerocA B OCHOBHOM COCTOAHH.H, Iii sa • xapaKTepHCTHK~ n1060~ HeHTpOHHOH KBa3~4aCT~~~, 

npH ycnoBHH • l.fTO AnA Hee K"~~"•l /2+ •· CHMeon~ <1 H <f o6o3Ha4aiOT 3HaKH npoeK~HH nonHero 
0 

MOMeHTa I<OnHI.feCTBa ABHlKeHHA COOTBeTCTBYIOIIIHX I<Ua3H4aCTH~ Ha OCb CHMMeTpHH 
{ . 
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I 
~Apa. PaayMeeTc~, 4To 4~cno· paan~4H~x I . , 

tt + ' 
COCTO~HH~M~ C K = 112 , H8XOAR~~M~CR 

COCTORH~~ S C~J1bHO orpaH~4eHO AOCTynH~M~ 

B pai1oHe HeHTPOHHoro nopora RApa·npOAYKTa. 

KaOIH~ICT~~Mo•~OMOHH~M'MO.Qin• 111 

OTHOC~TenbHbte 3HaKH npoeKt.t~~ ·c:r ~ c:r e KOMnoHeH·rax (r:
0

t:rdso), On~paRCb Ha 3KCnep~-
l201 ' 0 

MeHTanbH~e AaHH~e ; Mo~Ho npeAnono~HTb, 4TO nonHoe KBaHTOBoe 4Hcno K RApa-

npoAYKTa, HaXOA~~erOCA B pe30HaHCHOM COCTORH~~. He ABJ1ReTC~ XOpOW~M KBaHTOBbiM 
· . 11 I 

4~cnoM, B TaKoM cny4ae, cor nacHo , AJ1R s- peaoHaHcoe co cn~HOM J AOJ1lKHbt Bbtnon-

H~TbC~ cneAY~~He ycnoBHR OTHOC~TenbHO c:r ~ c:r: 
0 

AnR J • I +·1/2, 
(2) 

AJ1R J = I - 1/2, 

npH4eM An~ J ~ I +· 1/2 3HaKio1 o OTAenbH~x KoMnoueHT (r t:r , so), OTBe4a~~x aa pac
o 0 : 

naA A8HHOrO s-pe30HaHca C ~cnycKaH~eM HeHTpOHa, MoryT OTn~4~TbCA, 

Ben~4~Ha t a B~palKeHI-1~ (2). o6oaHa4aeT cn~H RApa·M~weH~. 
Ill 

lo13 MOAemt BbtTeKaeT, 4To Heo6xoAHMbiM ycnoe~eM cy~ecT"OBaH~R KoppenRt.tlo1~ 

0 
MelKAY r

11 
n ~ r>,yf RBJ1ReTCA B03MOlKHOCTb pa3peweHHoro paA~-tat.t~OHHoro nepeXOAB ~3 

KOMnOHeHT (r
0

. o0 ,so), KOTOpble OTBe4a~T 3a ~cnyc:KaHHe HeHTpot-ta, Ha AaHHOe COCTO

~H~e f, T .• e. B03MOlKHOCTb nepeXOAa (r 0 ,so)-+ f. 
185 \ ' 0 0 

AnR RApa-M~WeHH Re ~MeeTCR r = p402f. C To4KH apeHHR o6~ero KBa3~4acTH4· 
0 

HOrO npae~na OT6opa 04eB~AHO; 4TO KOMnOHeHT~· (r CT ,so) MoryT pacnaAaTbCR Ha n~-
- 0 0 

6oe ~3 paHee nepe4~CJ1eHHbiX COCTORH~H CO CTPYKTYPOH p402t"'n512L p402f±n51 0\ 

p402t·n503t ~ p402f-n505~; TaK t<aK nonolKeH~-te K~a3~4acT~-tt.t~ p402t ocTaeTcA np~ Ta· 

KOM pacnaAe HeH3MeHH~M. 0AHaKOt 

n "aKT~BHOi1 11 ' KBa3~4aCT~Ltb/2l I, 
CR AOnonHHTenbH~H aanpeT*),. Ah~ 

ecn~ y4ecTb npae~-tno OT6opa no KBaHTOBOMY 4~cny 

TOrAa Ha pacna,c, KoMnoHeHT (r o , so) HaKnaA~BaeT
o 0 

El-nepeXOAOB AC•nlKHo e~nonHRTbCR ycnoaHe lni==O, 1. 

npH y4eTe ycnoaHi1 (2) AnA OTHoctnenbHbiX a .. •at<oa a0 ,c:r e peaynbTaTe aanpeTa no 
' 0 

KBaHTOBOM)' \IHC11Y n I<OppenA4HIO .Mem.Qy r~ n "' r "Vf Mom ... o Qlf(H.Qan nHUIII A11A, nepexo.qoa 

~3 pe3oHaHCOB C J1f•2+,3+ Ha YPOBHH CO CTPYKTYPC•H p402t-n512~ H p402f*n510f~ AJ1A 

nepeXOAOB H3 pe30H8HCOB C J~•3+ Ha YPOBHH CO ClPYKTYPOH p402~~n512~. C APYrO~ 

CTOpOH~, KoppenRt.tH~ WHP~H He CJ1eAYeT OlK~AaTb AJ1~ nepeXOAOB H3 pe3oHaHCOB C 

*) B CJ1y4ae Ha4aJ1bHOro COCTORHHA (r C1' ,su) noAj£ nOAP83YMeaaeTCA KBaHTOBOe 4HCJ10 
0 0 . 

K AaHHO~ KB83H4aCT~Lt~, CHa6lKeHHoe 3Hat<OMt paeHbiM O'a, AHanorH4H~M o6pa30M onpeAe-
0 

neHO J:t KOHe4HOrO YPOBHR f o 

\ ,., 
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J~ • z+,3+Ha YPOBH~ CO CTPYKTypoH p402f-n503t ~ p402t -n505~. Heo6XOA~MO e~e 

pa3 noA4epKHYTb, 4To pe4b 1 ~AeT ~cKniD4~TenbHO TonbKO o nepe~4HbiX E1-nepeXOAaX 

M8 )lpOIIIMI'I 
186Re~ C:: 1'13UCTMO~ AlliYXI<tUII1114ACTI44.1Mn~ CTI:I)fi<T)If)Q.:i, 

4.3. 06cy~AeHHe peaynbTaToe 

CornacHo c!)lopMynHpoe~HHbiM Bblwe npeAcKaaaH~.RM KeaaH4acn14Ho-!)loHOHHOH MOAe-
/1 I . r o r 6 

n~ Koppen.R~~ID Me~AY . ,., tl ~ ·. )."(£ MO~HO O~~~~aTb B OCHOBHOM An.R Ha OpOB 

~ 3,4,5 ~ 6 Ta6nH~bl 3, H He cneAyeT ee O~HAaTb An.R Ha6opoa ~ 9 H 10. 

Cpaay ~e MO~Ho t<oHcTaT~poeaTb, 4To e nocneAHHX ABYX cny4a.Rx (Ha6opa ~ 9 ~ 
10) 3KCnepHMeHTanbHble 3~a4eH~.R R enonHe COBMt~CTHMbl C npeAnO~eHHeM 06 OTCYTCTB~~ 

t<oppen.R~HH. 

4To t<acaeTC.R Ha6opoa ~ 3 +'6, nHWb e OAiiOM cny4ae (An.R Ha6opa N' 3) Ha6niD

AaeTc.R C BbiCOKOH AOCTOBepHOCTbiD I<Oppen.R~~.R. 11HTepeCHO OTMeT~Tb 1 4TO 3!)l!)leKT KOp

pen.R~HH An.R nepeXOAOB Ha YPOBH~ CO CTPYKTypoi1 p402t+n510t npO.RBn.ReTC.R B OAHHat<o• 

BOH Mepe a o6e~x cnHHOBbiX rpynnax peaoHaHcoe. HecMoTp.R Ha TO, 4TO An.R ocTaewHx~ 

C.R Ha6opoe N' 4 7 6 AOCTOBepHbiX 3!)l!)leKTOB He Ha6niDAaeTC.R, Henb3.R HCKniD4~Tb Boa· 

MO~HOCTb, 4TO 3!)l!)leKT t<oppen.RUHH 3AeCb AOCT~raeT 3Ha4eH~H ~=~~1~0,4, 

B paMt<ax cnpaeeAnHeocTH HyneeoH r~noTe3H Het<oppen~poraHHblx w~p~H 3Ha4eHH.R 

een~4~Hbl P e Ta6n~~e 3 An.R Ha6opoe N' 3 ~ 6 Aon~Hbl secT~ c~6.R Kat< cny4aHHa.R ebl· 

6opt<a 4eTblpex 4Hcen, paeHoMeJ)HO pacnpeAeneHHI·IX Ha HHTepeane (0, 1) • Kat< BHAHO, 

OAHO 1113 3Ha4eH~H (P = 0,997)ot<a3b1BaeTC.R 04eHh 6nH3KHM K KpaiD 3TOrO HHTepeana, 

Ha OCHOBaHH~ npOCTbiX CTaT~CT~4eCKHX coo6pa~eH~H MO~HO O~eHHTb 1 4TO B ycnOB~.RX 

cnpaBeAnHBOCT~ HyneBOH rHnOTe3bl ace 4eTblpe 411cna AOn~Hbl 6b1Tb MeHbWe 3Ha4eHH.R 

0,997 C eepO.RTHOCTbiD 98,8%. 

Tat<HM o6paaoM, peaynbTaT.R=0,502 An.R Ha!iopa N'3 noaaon.Re1' YTBeP~AaTb, 4TO 
' . 

cpeAH Ha6opoB N' 3 ~ 6 cy~eCTByeT C AOCTOeep~>CTbiD 98,9% XOT.R 6bl OAHH, An.R KOT0-
0 

poro WHPHHbl r~ n ~ r).y£ KOppen~poeaHbl. 

B cny4ae nepeXOAOB.Ha YPOBHH CO CTPYKTYPOH p402f+n510t An.R napaMeTpa p no-
lf-0,117 ny4eHo 3Hal.4eHHe p • 0 ,625 .• 0, 185 • Ha6niDAeHHe ··aKoro ablcot<oro aHal.4eHHA noaeonAeT 

C.Aei!ITIII lltiiOA 0 TOM, \ITO "'IIIC/10 06UlHX KOMMOHII4T THMI (t:'
0

t101 .t1), yWICTIYIOUlHX OA• 

HOBpeMeHHO B pacnaAe C ~criycl(aHHeM HeHTPOHa U B ~pacnaAe, HCKniD4HTenbHO HH3KOe. 
. ' /22/' 

CornacHo rpy6oH o~eHt<e, npeAno~eHHOH e pa6oTe , 3!)l!)leKTHBHOe 4~cno o6~Hx KoM-
I 

noHeHT n3!)l!)l ~ 1/p, T,e, B. cnylfae hepeXOAOB HCI ypoeH'H CO CTPYKTYPOH p402f+n510t 

OHO COCTaBn.ReT n3!)l!)l~2. 

Mo~Ho CAenaTb BbJBOA, 1.4TO a paMKax T04HO<:T~ AaHHoro 3KcnepHMeHTa HacTo.R~~e 

AaHHble B ~enoM COBMeCT~Mbl C Ka4eCTBeHHbiM~ npeACKa3aHH.RMH KBa3H4aCTH4Ho-!)JOHOHHOH 
/1/ 185 . 186 MOAenH AApa • TaKHM o6pa30M, peaK~~IO Ret.n:'f) Re MO~HO np~~tcOeAIIIHHTb K 

• ! 

! 

I 
I 
l 
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APYr~M cny4a~M B Ae$opM~poeaHHOA o6nacT~ ~Aep, An~ KOTOP~X Ha6n~Aa~TCR C B~co

KOA AOCTOBepHOCTb~ 3$$eKTbl KQppen~U~~ W~p~H •· K peaKU~~M 173Yb(n,~) 174Yb/ 2 ,lS/, 
167Er(n,y)168Kr/2,23/ ~ 154Gd(n,y)lSScd/2,191, 

AeTop~ e~pa~a~T ceo~ np~3HaTenbHOCTb n.~eMaHy 3a c03AaH~e MaTeMaT~4ecKoro 

o6ecne4eHH~ rpa$~4ecKoro e~BOAa ~H$opMau~~ ~~ 3BM, a TaKme A.6,nonoey 3a ero 

ueHH~e 3aMe4aH~~ np~ noAr1TOBKe pyKon~c~ HacloR~eA pa6oT~. 

!· 

\ r 
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Ta6n1-11.1a 3, PeaynbTaTbl aH~an~-taa KoppenRI.II-111 Melt:AY WHPHHaMH r~ nO 1-1 r"'Yf 
185 186 

a peaKI.II-111 Re(n,~) Re. 

N' Ha6opa 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 

Ha6op KoHeliHblx 
ypoaHe~a) 

p402t+n510f 

p402 t+n51 ot .. 

p402t+n510f .. 

p402~-n510t 
I . 

I 

p402t+n512~ .' 

p402t-n512~ •. · 
! 

p402f-n512~: 

I 

p402t -n51H · 

p402f•n503t 
I • 

'• 

p402t -n505J1
' 

a)YKaaaHa Wx CTPYKTypa 

I • 

41-!cno 
WHPHH 

38 

48 

148 ) 

72 

306 ) 

42 8 ) 

48 

62 

R 

0,554 

0,483 

0,502 

0,054 

-o, 194 

0,074 

0,075 

0,073 

··0,039 

.. 0,099 

6)8Kn~lleHW Wlo1pHHW TOnbKO ~nA.pe30H8HCOB C J~ • 2+ 

B)8Kn~4eHW Wl1plo1HW TOnbKO AhA'pe30HaHCOB C J~• 3+ 

I . 

p 

(%) 

92,2 

98' 1 

99,7 

68,9 

28,5 

72,2 

65,2 

70,5 

42,0 

25,0 

p 

0 766+0,085· 
• -0,402 

0 547+0,147 
, -0,237 

0 625+0,117 
' -0,185 

< 0' 370 

< 0. 125 

< 0 '332 

< 0,450 

<.0,410 

< 0,215. 

< 0,045 
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noAn~c~ K p~CYHKaM 

P~c. l CneKTp no speMeH~ nponua He~hpoHoa AJUt RliliXOAI "'f"fi>'"'GH t ~MaprHe~ 

E~<4300 K3B. np~BeAeH~ 3Hepr~~ pe30HaHCOB B 38. 0603Ha4eH~ peao-
187 .. 

HaHc~ RApa-M~weH~ Re. 

P~c. 2 np~Mepbl cneKTPOB y-ny4eH AI1R H3011~poeaHI-biX pe30HaHCOB c J1T=z+ .HyMepal.I~R 

OTAe11bH~X 11HH~H OTHOCHTCR K nOI1HOMY Ha6cpy nOAPRA ~AY~HX nepBH4H~X ne

peXOAOB, Ha6niOAaE!M~X _B peaKLI~~ 185
Re(nt"() 

186
Re, 

P~c. 3 np~Mepbl cneKTpOB y-ny4eH A11R H30J)HPOBaHHbiX. peaoHaHCOB c Jrr =3+. CM. 

noAn~cb K pHc.2. 

P~c.4 3Ha4eHHR OTHOWeH~R ~HTeHC~BHOCTeH ~TOPH4~~X nepeXOAOB !(316,47)/!(214,62) 
I 

A11R OTAe11bH~X pe30HaHcoa. T04KH B B~Ae KJeCTOB OTHOCRTCR K AY611eTH~M pe-
30HaHCaM, 
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