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□EmAR XAPAKTEPHCTHKA PAEOTU. 

PeayJibTan1 HCCJieAOBaHHA,KOTOpHe 

AHCcepTaUHH,TIOJiyqeHH aBTOPOH B TeqeHHe 

npe.ztCTaBJieHH 

1967-1992rr. 

B .ztaHHOA 

s paMKax 

nporpaMMH no HayqeHHD CBOACTB HeATpOHO.zte(!JHUHTHHX R.ztel), 

ocymecTBJIReMOA B DTAeJie RAepHOA cneKTPOCKOTIHH H paAHOXHMHH 
. 

JlaOopaTOPHH R.ztepHHX npoOJieM OObeAHHeHHoro HHCTHTYTa RAepHHX 

HCCJieAOBaHHA. 

AKTYAJlbHOCTb TEMU HCCJIE~OBAHHR. 

H.ztepHo-cneKTpOCKOnHqecKHe HCCJieAOBaHHR,nposeAeHHHe Ha OOJibWOM 

qHcJie H30TOTIOB HJIH H30TOHOB RAep,OTHOCRmHXCR K pa3JIHqHHM OOJiaCTRM 

MaCCOBHX qHceJI,TI03BOJIRDT ycTaHaBJIHBaTb HOBHe aaKOHOMepHOCTH B 

H3MeHeHHH R.ztepHHX CBORCTB,CBR3aHHHX C aanOJIHeHHeM OOOJIQqeK 8 RApe 

H C H3MeHeHHeM (!JOpMH R.ztpa.nocJie.ztOBaTeJibHOe ·cpasHeHHe 

3KcnepHMeHTaJibHHX R.ztepHHX AaHHHX OTHOCHTeJibHO 3HeprHA H KBaHTOBHX 

xapaKTepHCTHK B030YX.zteHHHX COCTORHHA RAep,npHBe.zte~HHX BepORTHOCTeA 

3JieKTPOMarHHTHHX nepexo.ztOB,THna MYJibTHTIOJlbHOCTeA nepexo.ztOB H 

napaMeTpOB CMeWHBaHHR MYJibTHTIOJieR B HHX H T . .ll. C TeopeTHqecKHMH 

pacqeTaMH TI03BOJIRDT npoeepHTb aAeKBaTHOCTb onpe.zteJieHHHX MOAeJibHHX 

TeoperHqecKHX npe.ztcTaBJieHHA O CTpOeHHH R.ztpa,yToqHHTb napaMeTpH 

R.ztepHHX MO.zteJieA H Ha OCHOBe ycTaHOBJieHHHX aaKOHOMepHOCTeA 

nporH03HpoeaTb H3MeHeHHe onpeAeJieHHHX R.ztepHHX CBOACTB. 

KoHeqHoA ueJibD RAepHo-cneKTPOCKOnHqecKHX HCCJieAOBaHHA 

RBJIReTCR He TOJlbKO onpe.zteJieHHe R.ztepHHX xapaKTepHCTHK HYKJIHAOB H 

YTOqHeHHe 'H3BeCTHHX .ztaHHHX,HO H ycraHOBJieHHe HOBHX RAepHHX 

CBOACTB, TI03BOJIRDmHX npOHHKaTb B cyTb R.ztepHO-(!JH3HqecKHX RBJieHHA.B 

3TOM CMHCJie aKTyaJibHOCTb HsyqeHHR H pacmHpeHHR npe.ztMeTa 

HCCJie.ztoBaHHA RAepHHX CBOACTB Ha OOJlbWOM qHcJie aTOMHHX R.ztep 

aenaerca Henpexoiamen. 
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UEJlb PA50TH: 

1. SKcnepHMeHTaJ!bHOe H3yqeHHe npHBe,llaHHblX sepOHTHOCTeA 

3JleKTpoMarHHTHblX nepeXO,llOB,YCTaHOBJ!eHHe napaMeTpos CMeCH 

MYJ!bTHnoJ!eR B nepexo,llaX H KBaHTOBblX xapaKTepHCTHK B030Yllt.llaHHblX 

COCTOHHHR H,llep,yTOqHeHHe CXeM pacna,lla pa,llHOaKTHBHblX HYKJIH,llOB H 

H,lleHTH~HKaUHH HOBblX H30Tonos. 

2. rrocJie,llOBaTeJ!bHOe cpaBHeHHe nonyqeHHblX 3KCnepHMeHTaJ!bHblX ,llaHHblX 

C TeopeTHqecKHMH pacqaTaMH B paMKax COOTBeTCTBYDmHx MO,lleJieR TaKoro 

THna H,llepHb!X HBJ!eHHR KaK l-aanpemaHHble MarHHTHble ,llHnOJ!bHble 

nepeXO,llbl,YCTaHOBJ!eHHe BJIHHHHH 3aMb!KaHHH oOonoqeK Ha 3HeprHH 

B030Yllt.llaHHblX -COCTOHHHR H,llep ,Ha npHBe,llaHHble sepOHTHOCTH 

3JleKTpOMarHHTHblX nepeXO,llOB H napaMeTpbl CMeCH MY JlbTHnoneR, a TaKlte 

YCTaHOBJ!eHHe BJIHHHHH pa3J!HqHoro po,lla B3aHMO,lle8CTBHA 

cnapHBaHHH,KOPHOJIHCa,6N=2,~0HOHHblX Ha 3HeprHH,CTPYKTYPY 

COCTOHHHA H npHBe,llaHHble BepoHTHOCTH nepeXO,llOB B HeqaTHblX 

,lle~OPMHPOBaHHblX H,llpax. 

3. Coa,llaHHe KOMnneKca annapaTypbl,BKJ!DqaDmero speMeHHble 

cneKTpoMeTpbl ,llJIH H3yqeHH8 speMaH ltH3HH B030Yllt.llaHHblX COCTOHHHA 

H,llep,H cneKTPOMeTpbl ,llJIH H3yqeHHH o-o yrJIOBblX KoppeJIHUHR ,llJIH 

peweHHH BblmenepeqHcneHHblX aa,llaq,rrpose,lleHHe ,lleTaJ!bHoro H3yqeHHH 

speMeHHblX.xapaKTepHCTHK nonynpoBO,llHHKOBblX ,lleTeKTOPOB KOaKCHaJ!bHOro 

H nnaHapHoro THna. 

HAY4HAH HOBH3HA. 

1. Bnepsble B CTpaHe C03,llaH MarHHTHO-JIHH30Bbl8 t-cneKTPOMeTp C 

TpeyrOJ!bHOR $OpMOA MarHHTHoro noJIH,npesocxo,llHmHR no HeKOTOPblM 

CBOHM napaMeTpaM 3apyOelltHble npOTOTHnbl.Ero OCHOBHble xapaKTepHCTHKH: 

paapeweHHe no HMnyJibCY - 6BP/BP = (0,4 - 2,4)% npH_ CBeTOCHJ!e 

T=(0,6-4,8)%,COOTBeTCTBeHHO.BpeMeHHOA cneKTPOMeTp aa,lleplltaHHblX 

cosna.neHHA Ha oaae ,llaHHoro cneKTpoMeTpa noasonHeT nonyqHTb 
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BpeMeHHOe paapemeHHe 0,4HC.Bnepsble npHMeHaHHaH B cneKTPOMeTpax 

3a,llepxaHHblX cosna,lleHHA npH H3MepeHHHX BpeMaH lltH3HH YPOBHeR CHCTeMa 

KOHTPOJIH annapaTYPHOA HeCTaOHJ!bHOCTH Ha Oa3e nonynpoBO,llHHKOBblX 

CBeTOBUX ,llHO,llOB noaBOJ!HeT npOH3B0,llHTb H3MepeHH8 speMaH lltH3HH 

YPOBHeR MeTO,llOM 3a,lleplltaHHblX cosna,llfHH~ B nHKOCeKYH.llHOM ,llHana30He 

BnJIOTb ,llO 10-11 c. 

2. Bnepsble npose4eHbl H3MepeHH8 HaHOCeKYH.llHblX speMaH lltH3HH YPOBHeR 

T =B·,B5(31)HC B 172 Yb H T =10,21(35)HC B 181 Ta MeTO,llOM 
1/2 1/2 

0,llHOKpHCTaJ!bHOR speMeHHOR cneKTpoMeTpHH H noKa3aHa npHM9HHMOCTb 

3Toro M9TO,lla ,llJIH 3~~eKTHBHoro noHcKa. H30MepHb!X COCTOHHHA B 

HaHOC9KYH.llH08 H CYOMHKpoceKyH~HOR OOJ!aCTH npH H3yqeHHH pacna,lla 

KOPOTKOlltHBymHx HYKJIH,llOB.ITpe,llJ!OllteH,C03,llaH H 3aperHCTPHPOBaH KaK 

H300peTeHHe speMeHHOR cneKTPOM9Tp,no3B0JIHDmHR ocymeCTBJIHTb 

.llBYXMepHb!A pelltHM Eo-T cosna,lleHHR Ha oaae O,llHOKpHCTaJ!bHOro 

CUHHTHJIJIHUHOHHOro BpeMeHHOro cneKTPOMeTpa. 

3. . rrpoBe,lleHO . ,lleTaJ!bHOe H3yqemrn speMeHHblX ceoRCTB 

nonynpoBO,llHHKOBblX Ge(Li) H HPGe ,ll9T9KTOpOB nnaHapHoro H 

KOaKCHaJ!bHoro THna.OOHapyllteHbl . aHOMaJ!bHble OTKJIOHPHHH ueHTPOB 

T8lt9CTH KPHBblX MrHOBeHHblX cosna,lleHHfi,KOTOpble ~eOOXO,llHMO yqHTb!BaTb 

npH aHaJIH3e pe3yJ1bTaTOB no H3MepeHHD speMSH lltH3HH YPOBHeR. 

4. BnepBble· onpe .. 1eJ1eHbl BpeMeHa lltH3HH pH.na !3030y~,nSHHblX COCTOHHHR· B 

cne.11YDlll,HX H,llpax 1 3 2 , 133,135 La, 135,131,139 Ce, 131,135 Pr 
1
141 Pm, 

149
•
151

Gd, 163
•
165 Er, 184 0s,B pe3YJ!bTaTe qero Ob!JIO nonyqeHO OOJ!bWOe 

qwcno ,llaHHblX O npHae.11aHHblX sepOHTHOCTHX nepexo.110B B TOM qHcJ!e 0 

t-3anpemSHHblX Ml nepexo.11ax,nepexo.11ax Mellt.!IY KOH~HrypauHoHHblMH H 

POTaUHOHHblMH COCTOHHHHMH,a 

COCTOHHHHMH.Onpe)leJ!eHbl TaKllte 

TaKze Mex.11y O,!IHOKBa3HqacTHqHbJMH 

npe,lleJ!bHble 3HaqeHHH apeMSH ltH3HH 

HeKOTOPblX YPOBHeR B 152 Gd, 171 Yb H 165 Er. 

5. H3yqeHbl yrJIOBble o-o ,KoppeJIHUHH npH pacna.11e 135 Ce, 139 Nd, 
14s ,1111Tb,1611Tm,B pe3yJ1bTaTe qero YCTaH?BJ16Hbl KBaHTOBble 
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xapaKTepHCTHKH pSl,na OCHOBHl:lX H B030y1t,neHHl:lX . COCTOSIHHA B ,noqepHHX 

S1,npax,a TaK1te napaMeTpl:l cMecH MynbTHnoneA. 

6. " OTKPl:lT HOBl:lA KOPOTKOll:HBYIIIHA HeATPOHO,neqlHUHTHl:lR H30TOn 

npaaeo,nHMa-133 Pr C Tl/2:7 MHH. 

7. YTOt1HeHa cxeMa pacna,na 1611 Tm H ycTaHosneHa npHpo,na H cnHH 

COCTOSIHHSI 589,9 K3B - I~=l/2-.BnSI 163
•
165 Er ycTaHOBneHl:l napaMeTpl:l 

,neqiopMaUHH pSl,na COCTOSIHHA,npose,neHl:l pact1eTl:l CTPYKTYPl:l OCHOBHl:lX H 

B030y1t,neHHl:lX COCTOSIHHR H npHBe,neHHl:lX .aepbSITHOCTeA nepexo,nos Ha 

OCHOBe Mo,neneA,BKnDllaDmHX cnapHBaTenbHOe,KOPHOnHCOB0,6N=2 H 

KBa3HllaCTHllHO-qlOHOHHOe B3aHMO,neACTBHe. 

8. Onpe,neneH KBa.npynonbHl:lA MOMeHT OCHOBHoro COCTOSIHHSI 184 0s. 

9. npose,neHa cHcTeMaTHKa t-3anpemeHHl:lX M1-nepexo,nos,noKa3aHa 

onpe,nenS1DmaS1 ponb cnHH-OPOHTanbHOro B3aHMO,lleACTBHSI B CHSITHH 

t-3anpeTa ,nnSI TeX S1,nep, r ,ne ·cymecTseHHO cnapHBaTenbHoe 

B3aHMo,neACTBHe. 

10. npoaHanH3HPOBaHO BnHSIHHe 3aMl:lKaHHSI ooonot1eK Ha CBOACTBa 

B030yllt,neHHJ:lX, COCTOSIHHA S1,nep.npe,nno1teH MeT0,11 ,!IHglqlepeHUHPOBaHHSI 

3HepreTHlleCKOR nosepXHOCTH yposHeR onpe,neneHHOR npHp0,111:l ,nnSI 
I 

oOHapy1teHHS1 3aMuKaHHSI ooonot1eK,no,nooonot1eK H KBaaHoOonot1eK B S1,npax 

pa3nHllHOR qiopMl:l.npo,neMOHCTPHPOBaHa Bl:l,lleneHHOCTb HeRTPOHHOro llHcna 

N=64,IT03BOnS1DmaS1 CllHTaTb ero no HeKOTopoA COBOKYITHOCTH ,naHHl:lX 

Mar11t1eCKHM. 9TO lie 3aKnDlleHHe • MOlltHO OTHeCTH H K '· t{HCny N=86. 

YcTaHOBneHO HOBOe qlH3Ht{eCKOe SIBneHHe: COOTBeTCTBHe O,!IHOllaCTHllHOMY 

npe,neny OTHomeHHSI npHse,neHHl:lX sepoSITHOCTeR MarHHTHl:lX HeRTPOHHl:lX H 

npOTOHHl:lX nepexo,noB B Het1eTHl:lX $1,llpax,HMeDmHx ,nsallt,111:l MarHlleCKHR 

OCTOB.OOHapyllteHO BnHSIHHe aaMl:lKaHHSI ooonot1eK Ha senHllHHY napaMeTpa 

CMeCH MynbTHnoneR S (E2/Ml) B Het1eTHl:lX Sl,npax B nepexo,nax Mellt,ny 

qacTHllHl:lMH H KnacTep-BHOpauHoHHl:lMH COCTOSIHHSIMH,a TaKllte . BnHSIHHe 

3aMl:lKaHHSI KBa3HOOonot1eK B t1eTHO-t1eTHl:lX ,neqiopMHPOBaHHl:lX Sl,npax B 

nepexo,nax THna 2+➔2+. 
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Ha 3amHTY Bl:lHOCSITCSI see sumenepet1HcneHHl:le S1,nepHl:le 

,naHHl:le,ycTaHOBneHHl:le 3aKOHOMepHOCTH,00HapyllteHHl:le HOBl:le qlH3Ht{eCKHe 

SIBneHHSI H MeTO,!IHlleCKHe paapaOOTKH. 

BOCTOBepHOCTb nonylleHHl:lX HaMH 3KCnepHMeHTanbHl:lX pe3ynbTaTOB_ 

no,nTBepx,naeTCSI HX cor nacHeM C paHee H3BeCTHl:lMH ,naHHl:lMH ,a TaKJJ:e 

no,nTsepx,neHHeM HaWHX ,naHHl:lX B oonee no3,!IHHX pa~oTax ,npyrHX 

aBTOPOB. 

HAY4HAH H nPAKTH4ECKAH UEHHOCTb. 

Bee MeTO,!IHlleCKHe paapaOOTKH,npe,ncrasneHHl:le B ,!IHCCepTaUHH, 

no3BOnHnH Bl:lnonHHTb OOWHPHYD nporpaMMY Hccne,noaaHHR CBORCTB 

HeRTpoHo,neqJHUHTHl:lX HyKnH,nos,y,naneHHl:lX OT nonocu ~-CTaOHnbHOCTH. 

MarHHTHO-nHH30B1:lR ~-cneKTPOMeTp nocny1tHn B ,nanbHeRmeM npoTOTHnOM 

npH coa,naHHH cneKTPOMeTpa e-e 3a,nep1taHHl:lX cosna,neHHR H 

cneKTPOMeTpa ,nnSI paOOTl:l B nHHHD C Macc-cenapaTOPOM Ha nyt1Ke 

npOTOHOB qJa30TPOHa ~HIT.CHCTeMa KOHTPORSI HecraOHnbHOCTH speMeHHOro 

cneKTPOMerpa ouna 11cnonbaosatta B 3apyOe1tHl:lX 11ccne,nosaTenbcKHX 

ueHTpax npH H3MepeHHSIX BpeMeH lltH3HH ypoBHeR Ha attanorHllHOR 

annapaType.B ,!IHCCepTaUHH noKa3aHa nepcneKTHBHOCTb Hcnonb30BaHHSI 

O,!IHOKPHCTanbHOro speMeHHOro cneKTPOMeTpa ,nnSI ITOHCKa H30MepHl:lX 

COCTOSIHHR B HaHO- H cyOMHKpoceKVH.IIHOM ,!IHana30He B on-line 

3KCnepHMeHTaX.H3ylleHHe BpeMeHHl:lX CBORCTB nonynpoBO,!IHHKOBl:lX 

,nereKTOPOB H OOHapyllteHHe aHOManbHl:lX 3qlqleKTOB noasonSIT H30elltaTb B 

,nanbHeRrneM OWHOOK B HHTepnpeTaUHH peaynbTa'!'OB no H3MepeHHD speMeH 

lltH3HH .ypoBHeR,nonytfeHHl:lX C nOMOlllbD nonynpOBO,!IHHKOBl:lX ,nereKTOPOB. 

nonyt1eHHl:le 3KcnepHMeHTanbHl:le peaynbTaTl:l OTHOCHTenbHO cxeM 

pacna,na pa,nHOaKTHBHl:lX Sl,llep,KBaHTOBl:lX xapaKTepHCTHK OCHOBHl:lX H 

B030yJt,neHHl:lX COCTOSIHHR,MYRbTHncnbHOCTeR 3neKTPOMarHHTHl:lX 

nepexo,noB, speMeH ;IH3HH YPOBHeR H npHBe.neHHl:lX BeOSITHOCTeA, 

pa3pS11taDmHx HX nepexo,nos, BOWRH B MeJt,nyHapo,nHl:le COOPHH_KH Sl,nepHl:lX 

,naHHl:lX. 
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HamH 9KcnepHMeHTanbHble pe9ynbTaTbl HamnH caoe oTpazeHHe B 

MeznyHaponHblX cnpaBOHHblX MaTepHanax no RnepHblM naHHblM; 

Nuclear Data Sheets - v.49,1986,A=l33; v.52,1987,A=135; 

v.59,1990,A=137; 

v,46,1985,A=149; 

v.50,1987,A=165; 

v.57,1987,A=139; 

v.55,,1988,A=151; 

v.58,1989,A=l84; 

v.45,1985,A=141; 

v.56,1989,A=163; 

Atomic Data and Nuclear Data Tables-v.19,1977;v.25,1980;v.36,1987. 

npoaeneHHaR CHCTeMaTHKa H3BeCTHblX paHee H nonyqeHHblX HaMH 

naHHblX no3BOnHna ycTaHOBHTb HOBble 3aKOHOMepHOCTH B H3MeHeHHH 

RnepHblX CBORCTB H OOHapyZHTb HOBble RBneHHR B {-3anpemeHHblX 

nepexonax H 9~~eKTax saMHKaHHR ooonoHeK B Rnpe.npennaraeMble MeTonbl 

OOHapyzeHHR 3aMblKaHHR ooonoHeK ~aKTHHeCKH OTKPblBaDT HOBoe 

HanpaaneHHe HccnenoeaHHR,noseonRDmee ycTaHaBnHBaTb 3aM1i1KaHHe 

ooonoqeK,nonooonoHeK H KBa3HoOonoHeK B Rnpax H npoeonHTb aHanH3, 

conyTCTBYDmHx 9TOMY RBneHHR. 

nonyHeHHble 9KCnepHMeHTanbHble pe3ynbTaTbl nocnyzHnH OCHOBOR 

pacHeToB B paMKaX HeanHaOaTHHeCKOR BpamaTenbHHR MonenH, 

KBa3HHaCTHHHO-~OHOHHOR MonenH H TeopHH KOHeHHblX ~epMH CHCTeM1HTO 

Oblno HcnonbsoBaHo nnR npoeeneHHR nocnenoeaTenbHoro cpaaHeHHR 

TeopHH C 9KcnepHMeHTOM,Bbl00pa napaMeTpOB pacqeTa RnepHblX MoneneR H 

onpeneneHHR rpaHHU npHMeHHMOCTH COOTBeTCTBYDmHx MoneneR. 

AnP05AUHSI PA50T~ H nY5AHKAUHH no TEME AHCCEPTAUHH. 

PesynbTaTl:l,H3nozeHHble B AaHHOR nHccepTaUHH,OblnH npencTaBneHbl 

Ha 12,13,14 CoeemaHHgx no gnepHoR cneKTPOCKOnHH H TeOpHH gnpa, 

Ha nepBOM H 

(1989-1990) ,Ha 

BTOpOM PaOOHHX COBemaHHgX no SICHAnn 

·21,22,23,24,24,33,34,35,37,38,40 

B AYOHe 

BcecOD3HblX 

coeemaHHRX no gAepHOR cneKTPOCKOnHH H CTPYKType aTOMHOro RAPa,Ha 

MeznyHaponHoM CHMn03HyMe no CTPYKType gnpa IAYOHa,1968 ron) ,Ha 
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MeznyHaponHblX KOH~epeHUHRX no cnenv1imeR TeMa THKe;. SlnepHaR ~H3HKa 

(MDHXeH, 1973 ron) ,SlnepHaR C_TPYKTypa (AMCTepnaM, 1982 ron) ,SlnepHl:le 

~OPMl:l H RnepHaR CTPYKTypa npH ManHX 9HeprHRX B030yzneHHR 

(Kapre3e-~paHUHR,1991 ronl ,3KSOTHHeCKHe Rnpa l~opoc,1991 ronJ. 

noMHMO 9TOro pe3ynbTaTbl HccnenoBaHHR AOKnaAblBanHCb B 

YHHBepCHTeTaX r.opxyc (AaHHR) H. HM.M.CKnonoBCKOR-KDPH r.ADOnHH 

(TIOnbma) ,B HHCTHTYTe RnepHOR ~H3HKH H 9HepreTHKH r.CO~HR 

(5onrapHR) ,Ha III paOoqeM COBemaHHH no ycTaHOBKe cnHH r_.AHWHO 

(qCCP) ,a TaKze Ha ceccHRX KOMHTeTa no CTPYKType Rnpa C8KUHH 

yqeHoro COBeTa OHSIH no ~H3HKe HH9KHX 9HeprHR IAYOHa). 

no TeMe nHccepTaUHH HsnaHo 55 paOoT B BHAe nyOnHKaUHR B 

oTeHeCTBeHHl:lX H 3apyO~XHblX RnepHO-~H3HHeCKHX zypHanax,B MaTepHanax 

KOH~epeHUHR,CHMn03HYMOB H cosemaHHR,B npenpHHTaX H cooomeHHRX 

OHSIH.CnHCOK ·paOoT,BKnDHeHHblX B nHccepTaUHD,npencTasneH B KOHUe 

aBTope~epaTa. 

CTPYKTYPA H 05bBM AHCCEPTAUHH. 

AHCCepTaUHR COCTOHT H3 BseneHHR,mecTH rnas H 3aKnDqeHHg oomHM 

oOMMOM 290 CTpaHHU, 104 . PHCYHKOB H cnHCKa nHTepaTYPH, conep:zamero 

301 Ha3BaHHe. 

COAEPIAHHE AHCCEPTAUHH. 

Bo BaeneHHH oxapaKT8PH30BaHbl npoOneMl:l,CBg3aHHble C H3yHeHHeM 

CTpoeHHg gnpa,noKa3aHa aKTyanbHOCTb RA8PHO-cneKTPOCKOnHqecKHX 

HCCnenoBaHHR B H3yqeHHH TaKHX sonpocoB,KaK BnHgHHe 3aMblKaHlfg 

ooonoqeK Ha RnepHble ceoRcTBa HyKnHnoe, t-3anpemeHHHe M1-nepexonhl, 

~OpMa gnep,B3aHMOCBg9b npttponbl COCTogHHB C npHBeneHHl:lMH 

eepoRTHOCTgMH nepexonoe,HnymHMH Mezny HHMH. 

B nepe6R rnaae naeTcg oomag xapaKTepHcTHKa MeTona saAepzaHHblX 

COBnaneHHR npHM8HHTenbHO K saAaqe onpeAeneHHg speMeH ZH3HH YPOBHeR 
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H KBaHTOBblX xapaKTepHCTHK B030ys.naHHblX COCTORHHA R,nep.PaCCMOTpeHbl 

sonpoc1,1 aHaJIH3a speMeHHblX cneKTpos aa,nepxaHHblX. cosna.neHHA. 

BQ_BTOOOA rnase paCCMOTpeHbl MeTO,nHqeCKHe BOnpocbl,CBR3aHHble C 

coa,naHHeM H HCilOJlb30BaHHeM cneKTpOMeTpOB g,nepHoro H3JlyqeHHR,a 

TaKllte C MeTo,naMH nonyqeHHR pa,nHOaKTHBHblX HCTOqHHKOB.KOMnJleKC 

annapaTYPbl,coa,naHHblA npH yqacTHH aBTopa H BKJIDqavmHA apeMeHHble 

cneKTpoMeTpbl H cneKTPOMeTpbl IJIR HayqeHHR yrJIOBblX o-o· 
KoppeJIRUHA 'npe,ncTaBJleH COBMeCTHO C peayJlbTaTaMH MeTo,nHqecKHX 

HCCJle,noaaHHA,npoae,naHHblX Ha speMeHHblX cneKTpoMeTpax C 

HCnOJlb30BaHHeM KaK nonynposo.nHHKOBblX, TaK ,H CUHHTHJIJIRUHOHHblX 

,neTeKTO~OB.6blJIH .npoae,neHbl H3MepeHHR ·, speMSH lltH3HH ypoBHeA B 

,nHanaaoHe OT 0,04 HC ,no 0,6 MKC. 

OCHOBOA coa,naHHoro HaMH cneKTPOMeTpa e-o cosna.neHHA CJIYXHJI 

cneKTpOMeTp repXOJlbMa C TpeyroJlbHOA ~OPMOA MarHHTHOro noJIR, 

OTJIHqavmHACR BblCOKOA H30XpOHHOCTbD TpaeKTOpHA 3JleKTpOHOB H OOJlbWOA 

cBeTOCHJIOA npH ,nocTaToqHo xopoweM sHepreTHqecKOM paapemeHHH.Ero 

OCHOBHble 

E =5-700 

xapaKTepHCTHKH:,nHanaaoH,perHcTpHpyeMblX ·3J1eKTpOHOB 

CBeTOCHJle K3B,paapeweHHe ~BP/BP=I0,4-2,4)% npH . 
T=(0,6-4,8)%,COOTBeTCTBeHHO,BpeMeHHOe paapemeHHe BnJIOTb .no 0,4 HC. 

TIPHMeHSHHaR HaMH CHCTeMa KOHTpOJIR BpeMeHHOA HeCTaOHJlbHOCTH 

annapaTypbl C HCnOJlb30BaHHeM nonynposo,nHHKOBblX CBeTOBblX 4H040B

PHC.l IT03BOJIHJla nposo,nHTb H3MepeHHR speMSH lltH3HH ypoaHeA B 

.nHanaaoHe ,neCRTKO~.pHKOCeKyHA - pHc.2.npe4eJ1bHO-,nOCTH%HMOe apeMR 

lltH3HH,KOTOpoe MOlltHO H3MepHTb nonoOHblM oopaaoM He npeBblWaeT 0,01 HC 

~JIR noHcKa H30MepHblX COCTORHHA Boaoyx4aeMblX npH pacnane 

KOpOTKOlltHBYmHx HYKJIHIOB OblJI coa,naH 0.llHOKPHCTaJlbHblA 

CUHHTHJIJIRUHOHHblA. apeMeHHOA cneKTPOMeTp,ooecneqHsavmHA nposeneHHe 

H3MepeHHA B reoMeTpHH 4TI.PeaJIH3aUHR pelltHMa IBYXMepHblX COBna,neHHA 

H3MepeHHA B reoMeTpHH 4TI.PeaJIH3aUHR pelltHMa ABYXMepHblX cosnaneHHA 

Er-T -Ha 3TOM cneKTPOMeTpe pHC.3 noaBOJIHJla IlOMHMO KPHBOA 
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H3MepeHHe apeMSH lltH3HH YPOBHeA 81 H 265 K3B B 166 Er. 

coana,neHHA OAHOBpeMeHHO perHCTpHpoaa Tb H cneKTp 

coananeHHA o-JlyqeA HJIH 3JleKTPOHOB,qTQ Il03BOJIReT 3$$eKTHBHO 

HCnOJlb30BaTb O,llHOKpHCTaJlbHblA cneKTpoMeTp AJIR on-line 

3KcnepHM8HTOB.HaMH BnepBble OblJIH H3MepeHbl Ha 3TOM cneKTPOHeTpe 
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speHeHal ltH3HH YPOBHeA B awanaaoHe 8-10 HC,a TaK:e AeCRTKOB H COTeH 

HaHOCeKYHA. 

HaHH OliJIO nposeaeHO TaK1te AeTaJibHOe HayqeHHe. speHeHHliX 

CBOACTB nJiaHapHliX H KOaKcHaJibHliX nonynpOBOAHHKOBliX Ge(Li) H HPGe 

aeteKTOPOB.EliJIO IlOKa3aHo,qro IlJiaHapHue HPGe AeTeKTOPli C pe3KHM p-n 

nepexoaoM w ManoA rnyOHHOA era 3aneraHHR. oonaaaDT xopomHMH 

speMeHHliMH CBOACTBaMH - PHC.4,Il03BOJIRDmHMH HCilOJlb30BaTb HX AJIR 

H3MepeHHR speMeH ltH3HH ypOBHeA B HaHOCeKyHAHOM AHana30He. AHaJIH3 
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PHC.4 PaapemaDmee speHR 

cneKtpoHetpa cosnaaeHHA 

C nonynpoBOAHHKOBl,IM 

IlJiaHapHliH aeteKTOpOM. 

OTKJIOHeHHA ueHTpOB TRlteCTH KPHBliX MrHOBeHHliX cosnaieHHA 8 paAOHe 

IlHKOB oopaTHoro pacceRHHR,Kpaes KOMilTOHOBCKoro pacnpeAeJieHHg H 

~OTOilHKOB - PHC.5.HecoMHeHHa HeoOXOAHMOCTb rmateJibHOro H3yqeHHR 

BpeMeHHliX CBOACTB IlOJIY~POBOAHHKOBliX AeTeKTOPOB,HCilOJlb3YeMliX AJig 

H3MepeHHR speMeH ltH3HH ypoBHeA. 
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PeayJibTaTli H3MepeHHA B pe:HMe Eo-T Ha OAHOKPHCTaJibHOM 

CUHHTHJIJIRUHOHHOM speMeHHOM cneKTPOMetpe. 

PHC.5 9HepreTwqecKaR 3aBHCHMOCTb 

OTKJIOHeHHA ueHTPOB fgJteCTH KpHBOA 

MfHOBeHHNX COBilaAeHHA,H3MepeHHag 

Ha cneKTPOMetpe COBilaAeHHA C 

KOaKCHaJibHliMH nna. 

KpHBliX MfHOBeHHliX cosnaaeHHA IlPH perHCTpaUHH lf-H3JiyqeHHR 

Ha pHC. 6 IlPHBeAeHa 6JIOK-CXeMa cneKTPOMetpa 3aAep:aHHliX 

COBilaAeHHA AJIR H3yqeHHg yrJIOBliX lf-lf KOppeJigUHA.OH BKJIDqan 8 ceOg 

nonynpoBOAHHKOBliA: Ge (Li) AeTeKTOP C OObeMoM KPHCTaJIJia 45 CM3 H 

pa3pemeHHeM 2. 7 K3B Ha JIHHHH 1, 33 M3B 6 ° Co. BpeMeHHOe paapemeHHe 
KoaKcHaJibHliMH Ge(Li) ieteKtopaMH npwsen K OOHapyxeHHD aHOMaJibHliX 
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cneKtpoMerpa He npesumano 30 He. 
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nepaoHaqanbHO npoao.nHnacb Ha MHoroKaHanbHOM aHaRH3aTope,a B 

.nanbHeRmeM Ha 3BM. 

HamH Hccne.noaaHHSI ObIRH npoae.neH1,1 Ha pa.nHoaKTHBHblX 

PHC.6 EnoK-CXeMa cneKTPOMeTpt 

coana.neHHR .nnsi H3Y'ieHMSI yrnoa1,1x 

b'-b' KOi)penSIUHR. 

HCToqHHKax,nonyqeHHblX B i)eaKUHH rnyOoKoro pacmenneHHSI npH 

B3aHMo.neRCTBHH npOTOHOB C 9HeprHeR 660-680 M9B C pa3nHqHblMH 

MHWeHSl~;H H3 Au, Ta, Dy, Gd, Nb-Zr. B 3aBHCHMOCTH OT BH.na HCnORb3yeMoR 

MHmeHH H MeTo.na Bbl,neneHHSI pa.nHoaKTHBHOCTH apeMSI H3rOTOBneHHSI 

pa.nHoaKTHBHOro HCTOqHHKa COCTaBRSIRO OT 5 MHH .no 2-3 q,flpHMeHeHHe 

Macc-cenapaUHH pa.nHOaKTHBHblX sneMeHTOB no3BORHRO cymecTBeHHO 

noBblCHTb .nocTOBepHOCTb nonyqeHHblX pe3ynbTaTOB. 

B~TpeTbeR rnaae npHBO,nSITCSI 9KcnepHMeHTanbHble pe3yRbTaTbl, 

nony'ieHHble B HamHX HCCne.noaaHHSIX. OCHOBHOe BHHMaHHe Oblno y .nene.Ho 

HaMH H3MepeHHD BpeMSH %H3HH ypoaHeR H,KaK cne.ncTBHe 9Toro, 

onpe.neneHHD npHae.nSHHblX aepOSITHOCTeR nepexo.noa,H.nymHx C 9THX 

YPOBHeR. npoao.nHROCb TaKxe onpe.neneHHe MY RbTHnORbHOro cocTaBa 

nepexo.noa H KBaHTOBblX xapaKTepHCTHK YPOBHeR.OCHOBHble 

9KcnepHMeHTanbHble pe3ynbTaTbl,nonyqeHHble HaMH,npHae.neHbl'B TaOnHue 1 

HOBhle M yToqHSHHble pe3yRbTaTbl no CnHHaM COCTOSIHHR H 

MYRbTHnonbHOCTSIM nepexo.noB no,nqSpKHYTbl,KOROHKa C .naHHblMM no Er 
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xapaKTepH3YeT Te nepexo.nbl,KOTOpble Hcnonb30BaRHCb .nnsi ycTaHOBneHHSI 

KBaHTOBblX xapaKTepHCTHK YPOBHeR HRH npHBe.nSHHble aepOSITHOCTH 

KOTOpblX ObIRH onpe.neneHbl Ha OCHOBe HamHX .naHHblX no BpeMeHaM %H3HH 

COCTOSIHHR. 

TaOnHua 1 

naHHble,nonyqeHHble a pe3ynbTaTe npoae.naHHblX Hccne.noBaHHR. 

Eyp T Eo I'IT ➔ ITI SJ.npo 1/2 c:L 0 
(K9B) (HC) (K9B) i t 

1 2 3 4 5 6 
132 La 182,1 0,83 (11) 26,7 1+ ➔ 2+ Ml +0.06%E2 

# 

182,1 El 
13 3 La 87,9 1, 3 (1) 87,9 5/2+➔5/2+ Ml +0,26%E2 

97,3 <0,1 97,3 w+➔5/2+ Ml +2,4%E2 

130,8 1,12(18) 42,7 W+➔5/2+ Ml +2,5%E2 

130,8 w+➔5/2+ Ml +5,4%E2 

174,0 0, 83 (18) 76,9 w+➔3;2+ Ml +0,32%E2 

174,0 w+➔512+ E2 

535,6 63,9 (45) 58,4 11/2-➔9/2+ El 

404,7 11/2-➔9/2+ M2 

535,6 11/2-➔5/2+ E3 
13 5 La 119,5 4, 8 (8) 119 ,5 7/2+➔5/2+ Ml +4%E2 

206,5 0,68 (14) 87,0 5-12+➔7/2+ Ml +21%E2 

206,5 5-12+➔5/2+ Ml +7,8%E2 .2Q_ 

265,6 265,6 w+➔5/2+ Ml +9,9%E2 ~ 
301,1 301,1 w+➔5;2+ E2 

783,6 577, 1 w+➔w+ Ml +7,5%E2 ~ 

872,3 518,0 w+➔w+ Ml 
' 

606,8 w+➔w+ Ml 

666 w+➔w+ ~ 

135 Ce 82,6 o, 53 (6) 82,6 3/2+➔1/2+ Ml 
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1 2 3 4 5 6 
13 7 Ce 160,3 o, 79 (14) 160,3 1/2+➔3/2+ Ml 
139 Ce 255 0,11 (2) 255 1/2+➔3/2+ Ml+E2 . 
1~ 0 'ZIJ)MHH 
137 Pr 75,5 0, 38 (3) 75,5 3/2+➔5/2+ M1<5%E2 
1 39 Pr 113,9 2,60 (8) 113,9 7/2+➔5/2+ Ml +2,6%E2 ..s.Q_ 

822,0 35, 5 (7) 708 un-➔112+ 112 +Q,5iE3 ..s.Q_ 

852,0 <1,2 738 UL.Z+➔5/2+ F.:2 +J,eiM3 ..s.Q_ 

141 Pm 196,9 0,23 (3) 196,9 7/2+➔5/2+ Ml 

628,7 583 (23) 432.2 11/2-➔7/2+ M2 

628,7 11/2-➔5/2+ E3 
14a Gd 165,0 1, 7 (1) 165,0 5/2-➔7/2- Ml +40%E2 ..s.Q_ 

352,2 0, 43 (5) 187,2 u.z.-➔5/2- 111 +eiE2 .2Q. 

352,2 w-➔112- ..E..2... 

817 652,1 w-➔5/2- l11 +4QiE2 ..s.Q_ 

1026,4 861,9 Ul._+➔5/2- El 

1205,1 853,4 l.L.2-➔3/2-. .E2... 
151 Gd 108,1 3,00(10) 108,1 5/2-➔7/2- Ml. +80%E2 ..s.Q_ 

395,2 0, 31 (4) 287,2 w-➔5/2- Ml +4,1%E2 .2Q. 

395,2 w-➔112- E2 

575,3 0, 23 (3) 180,1 l.L.2-➔3/2- Ml +0,6%E2 ..s.Q_ 
I 

467,2 l.L.2-➔5/2- ..E..2... 
587,5 0, 30 (2) 192,0 w-➔3/2- Ml +eiE2 .2Q. 

479,1 w-➔512- (E2) 

587,5 w-➔112- Ml +2UE2 ..s.Q_ 

839,3 0, 26 (3) 251,8 w-➔3/2- .1il. 

439,9 w-➔312- Ml +Q,5iE2 
730,9 w-➔5/2- Ml +2HE2 ..s.Q_ 

l 5 2 Gd 1123,2 <0,31 778,9 3- ➔ 2+ El 
155 Dy 132,2 83 (3) 45,4J 9/2+➔7/2+ El 
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1 

1 so Dy 

1 s 3 Er 

1 s 5 Er 

1 s 5 Er 

1 

283,8 

69,2 

84,3 

104,3 

47,2 

77,3 

242,9 

296,1 

297,4 

356,5 

507,4 

589,9 

1427,4 

2 

0,095 (10) 

7, 7 (6) 

o, 92 (8) 

0, 52 (5) 

3,98(11) 

1, 01 (6) 

o, 30 (2) 

<0,24 

o, 77 (7) 

o, 38 (5) 

o, 70 (12) 

0,38(14) 

3 4 5 6 

197,0 4+ ➔ 2+ E2 

69,2 5/2+➔5/2_ El 

84,3 7/2-➔5/2- Ml 

104,3 3/2-➔5/2- Ml 

47,2 . 5/2+➔5/2+ El 

30,l 7/2-➔5/2+ El 

77,3 7/2-➔5/2- Ml+E2 

165,7 3/2-➔7/2- E2 

195,8 3/2-➔5/2+ El 

242,9 3/2-➔5/2- Ml +Q,Q4iE2 2_Q_ 

53,2 5/2-➔7/2- Ml+E2 

218,9 5/2-➔7/2- Ml+E2 

248,9 5/2-➔5/2+ El 

296,1 .3/2-➔5/2- Ml +UE2 ~ 

54,4 1/2-➔3/2- Ml 

297,4 1/2-➔5/2- E2 

59,2 3/2-➔l/2- Ml+E2 

60,4 3/2-➔5/2-. Ml 

113,6 3/2-➔3/2- Ml +Q,4iE2 ~ 

279,2 3/2-➔7/2- E2 

356,6 3/2-➔5/2- E2 

150,9 1/2+➔3/2_ El 

210,0 1/2+➔1/2_ El 

264,6 1/2+➔3/2_ El 

460,3 1/2+➔5/2+ E2 

292,5 l.L.2-➔1/2- .1il. 

346,9 l.L.2-➔3/2- Ml +Q,HE2 .2Q. 

589,9 l.L.2-➔5/2- ..E..2... 

1184 U].+➔3/2- El 

15 



1 2 3 4 5 6 
166 Er 265,0 0, 111 (10) 184,4 4+ ➔ 2+ E2 
171 Yb 167,7 <0,46 72 9/2+➔7/2+ Ml+E2 -" 

835,1 <0,31 739,8 7/2-➔7/2+ El 
1 e • Os 119,8 1, 18 (5) 119,8 2+ ➔ o+ E2 

383,8 0,046(13) 264,0 4+ ➔ 2+ E2 

HaMH OHJIH onpe,neJieHH npHBe,neHHHe BepoSITHOCTH { -3anpemeHHHX 

Ml-nepexo,noB 8 si,npax 132,133,135La,135,13sce,137,13spr,1•1pm H 

BepOSITHOCTH M2-nepexo,n0B THna lh ➔ 2g B Sl,npax 133 La, 139 Pr H 11/2 7/2 
1 • 1 Pm. 

B si.npax 149 •151 Gd,HMeDmHx 3aMKHYTYD npoTOHHYD oOoJioqKy Z=64, 

H3MepeHH BpeMeHa ZH3HH HHXHHX KJiac1ep-BHOpaUHOHHHX COCTOSIHHR,a 

TaKze onpe,neneHH KBaHTOBHe xapaKTepHCTHKH YPOBHeR H napaMeTpH 

CMeCH MYJibTHnoJieR psi,na nepexo,noB.6HJIO noKa3aHo,qTo B 151 Gd 

COCTOSIHHe 839,3 K9B' He SIBJISleTCSI ~-BHOpaUHOHHHM,KaK 9TO 

npe,nnonaranocb paHee~ 

H3yqeHHe .ne~OPMHPOBaHHHX Sl,llep ,nano B03MOZHOCTb ycTaHOBHTb 

napaMeTpH ,ne~opMaUHH psi,na COCTOSIHHR B Sl,llpax 163 •165 Er, 184 0s H 

onpe,neJIHTb npHBe,neHHHe BepOSITHOCTH OOJibWOro qHcJia nepeXO,llOB,qTQ B 

,naJibHeRmeM nocnyXHJIO OCHOBOR ,llJISI npoee,neHHSI TeopeTHqecKHX pacqeTOB 

Ha pHC.7 npHBe,lleH npHMep H3MepeHHSI BpeMeH XH3HH ypoBHeR B 165 Er.B 

9TOM Sl,llpe y,naJIOCb y1oqHHTb pa3HOCTb 9HeprHR ,nyOJieTHHX YPOBHeR B 

paRoHe 589 K9B - 6E=108 9B, onpe,neneH cnHH eepxHero ,nyOneTHoro 

COCTOSIHHSI 589,9 K9B KaK ITI=l/2- - PHC.8.0npe,neneHH MYJibTHnOJibHOCTH 

nepeXO,llOB,H.llYmHX Ha ,nyoneTHHe COCTOSIHHSI.YToqHeHa cxeMa pacna,na 

1s5Tm. 

B qeTeepTOR rnaBe npoBe,lleHo paccMOTpeHHe MarHHTHHX ,llHnOJibHHX 

t-3anpemeHHHX nepexo.noB B HeqeTHHX si.npax.npoBe,neH aHaJIH3 9THX 

nepexo.nos B cne,nyDmHx OOJiaCTSIX Sl,llep:A=25-49,A=91-153 H A=193-211 H 

npoee,neHo cpaBHeHHe 9KcnepHM8HTaJibHHX ,llaHHHX C TeopeTHqecKHMH 
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pac4eTaMH B paMKax pa3RH4HI\IX MOAeReA.HaHOORbWHA ycnex B OObRCHeHHH 

l-3anpemeHHI\IX M1-nepeXOAOB AOCTHrHyT B pac4eTax H.B.KOnl\lTHHa H 
,... 

M.A. J(onrononoaa B paMKax TeopHH KOHe4HI\IX ipepMH CHCTeM (TK<tiC) C 

y4eTOM noMHMO CTTHH-CTTHHOBoro H cnHH-OPOHTaRbHOro TaKxe H 

cnapHBaTeRbHoro B3aHMOAeACTBHR.CpaBHeHHe 3KCnepHMeHTaRbHI\IX AaHHI\IX 

c pac4eTaMH a paMKax aToro noAXOAa noKa3ano xopomee cor nactte, KaK 

npaBHRO, B npeAenax Koaipipm.1HeHTa 2 - PHC. 9, 10. npoaeMHHI\IA aHaRH3 

noaaonReT CAenaTb HeKOTOpl\le BI\IBOAI\I: 

F(M1l 

'"'" . . ...... ,~ . '"'V . < •• ' J. I"'"";}· 
-k---------,~-/7--I--T-'-<s'----r'---1" Mo ~d ~.,P e 

Xe 
10f-----------------

m - ~ 

TK(!)C _jy,.:J--,,.\,,,;: ~ ~ Tl{(!)C c~d 

F Sb" yrs ~ ' Pd. s"'--1. 

oJ,~ 1 1 efo N o,,.__,.,o,--1----'--1....1..,s'-o--'-1....1.....L~10,--1----'-~..,.~o~ N 

PHC.9 ctiaKTOPli aanpeTa 

t-aanpemeHHI\IX Ml nepeXOAOB 

THna p(2d 4:-7 lg ). 
5/2 7/2 

PHC.10 <tiaKTOPli aanpeTa ·_ 

t-aanpemeHHI\IX Ml nepeXOAOB 

THna n(3s
112

4:""7 2d
312

). 

- nepeXOAI\I TTOAOOHoro THna HaORDAaDTCR B IDHpOKOM AHanaaoHe Mace 

RAeP. 3TH nepeXOAI\I MoryT OI\ITb KaK npOTOHHl\le , TaK H HeRTPOHHl\le . 

0AH04aCTH4HaR MOAeRb RAPa noaaonReT YCTaHOBHTb Kpyr RAep,rAe MOlltHO 

OOHapylltHTb H HAeHTHIPHUHPOBaTb £-aanpemeHHl\le M1-nepeXOAl\l:B He4eTHI\IX 

OKOROMartt4eCKHX RApax HRH RApaX,HMeDWHX 4eTH0-4eTHI\IR OCTOB C 

aaMKHYTOR,XOTR Obi OAHOA,TTOA000R04KOA.K HaCTORmeMy apeMeHH 

00Hapy%eHO MHOro TaKHX nepeXOAOB B He4eTHI\IX RApax,HaBeCTHO TaKllte 

HeCKORbKO cny4aea HaORDAeHHR t-aanpemeHHI\IX nepeXOAOB B 

He4eTHO-He4eTHI\IX RApax. 
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YcTaHOB~eH itiaKT Manero OTRH4HR npHBeAeHHI\IX aepORTHOCTeR 

OAHOTHTTHI\IX npoTOHHI\IX H HeATPOHHI\IX t-aanpemeHHI\IX M1-nepeXOAOB B 

aepKaRbHI\IX RApax,a TaKllte ipaKT BRH~HHR aaMI\IKaHHR ooono4eK Ha 

BepORTHOCTH 3THX nepeXOAOB. 

- HaORDAaeTCR BRHRHHe ~aMI\IKaHHR oOono4eK Ha BeRH4HHY npHBeAeHHI\IX 

~epORTHOCTeA t-aanpemeHHI\IX Ml-nepeXOAOB He TORbKO B nerKHX 

aepKaRbHI\IX RAPaX,HO H B APYrHX oonaCTRX RAep no Mepe npHORHllteHHR K 

000R04KaM N=82,126. 

TeopeTH4eCKHA aHaRH3 npHBeAeHHI\IX BepORTHOCTeA B (Ml) 

!-3anpemeHHI\IX M1-nepeXOAOB AaeT B03MOlltHOCTb oueHHTb BnHRHHe BKnaAa 

paanH4HI\IX BHAOB OCTaT04HOro B3aHMOAeACTBHR Ha CHRTHe t-aanpeTa H 

ycTaHOBHTb,TaKHM oopaaoM,BHA raMHnbTOHHaHa AnR onpeAeneHHOA 

oonacTH RAep H,KaK cneACTBHe,oueHHTb npHMeHHMOCTb onpeAeneHHOA 

RAePHOA MOAenH AnR OObRCHeHHR CBORCTB 3THX RAep. 

- Pac4eTI\I B paMKaX yxe ynOMRHyToro nOAXOAa TK<tiC aepORTHOCTeA 

t-aanpemeHHI\IX M1-nepeXOAOB noKaaanH,4TO OCHOBHYD PO~b B CHRTHH 

t-aanpeTa HrpaeT CTTHH-OpOHTanbHOe B3aHMOAeRcTBHe KBa3H4aCTHU. 

B nRTOR rnaae paCCMOTpeHI\I BonpOCI\I BRHRHHR 3aMI\IKaHHR ooono4eK 

Ha CBOACTBa B030YlltAeHHI\IX COCTORHHA RAep. HAeHTHilJHKaUHR HOBI\IX 

MarH4eCKHX H nonyMarH4eCKHX RAeP H OOHapyllteHHe aipipeKTOB aaMI\IKaHHR 

ooono4eK H noAoOono4eK npeAcTaBnReT oonhmoR HHTepec acneACTBHe 

B03MOlltHOCTH ycTaHOBneHHR rpaHHU npHMeHHMOCTH odono4e4HOR MOAenH 

RAPa HnH ee MOAHIPHKaUHR,a TaKllte ycTaHOBneHHR 4Hcna aaneHTHI\IX 

HYKnOHOB caepx aaMKHyToro OCTOBa RApa, 4TO B PRAe MOAeneR MOllteT 

npHBeCTH K cymecTBeHHOMY ynpomeHHD TeopeTH4eCKHX pac4eTOB.Uenb 

HalDHX HCCneAOBaHHA 3aKnD4anacb B BI\IOOpe MeTOAOB HAeHTHIPHKaUHH 

3aMKHYTI\IX 000n04eK B RApe H B aHanHae 3KCnepHMeHTanbHI\IX 

AaHHI\IX, CBHAeTenbCTBYDlllHX O 3aMI\IKaHHH HeRTpOHHOR ooon04KH C N=64 

TTOMHMO y:ze H3BeCTHOro itiaKTa aaMI\IKaHHR npoTOHHOA ooono4KH npH Z=64. 

ABTOPOM npeAnOllteH cnocoo OOHapy:&eHHR aaMI\IKaHHR ooono4eK nyTeM 

19 



.nH$$epeHUHPOBaHHR 3HepreTH'leCKOA nosepxHocTH (.!13Il) ypoBHeA 

onpe.neneHHoro CilHHa. IlpH 3TOM $aKTHqecKH aHanH3HpyeTCR senHqHHa 

6E(I)A,A+ 2 =E(I)A-E(I)A+ 2 , 
,. 

r.ne I-CilHH onpe.neneHHOro COCTORHHR B R.npe, a E-3HeprHR 3TOro 

COCTORHHR.Ha pHC,11 npHse.neHa .nHarpaMMa H3Il,.neMOHCTPHPYDmaR 

PHC, 11 

5fJ .--,.-~....--~~- ,p .----.--..---.---,-....---, 

a 6 
N,126 

91r 
o,s 

a, 1n- in 
i " :i: 

N ~ N • 
<( <( 
~ 0 ~ 0 
H. H 
tii i:ij 

<I <I 
]ff 
112° ' -0,5 

-sp 79 111 .83 85 87 -\0 57 59 81 63 85 

z z 
HHarpaMMa H3Il,xapaKrepH3YDmaR 3aMHKaHHe ooonoqeK B 

HeqerHHX R.npax. 

nepeceqeHHe ooonoqeK npH Z=64 H 82 e HeqerHHX R.npax,a Ha pHc~12 

noKaaaHo 3aMHKaHHe ooonoqeK npH Z=82 e qerHo-qerHHX R.npax.Ha 

PHC.13 noKaaaHa aHOManHR B paAoHe N=86,KOTOpaR CKOpee ecero 

CBR3aHa C aaMHKaHHeM KBa3HOOonoqeK cynep.ne$OPMHPOBaH~blX COCTORHHA 

B 1
~

2 Dy.Ilo.noOHHA aHanH3. noaaonReT TaKllte BHRBnRTb aaMHKaHHe 

KBa3HoOOnoqeK B .ne$opMHPOBaHHHX R.npax .HHTepeC:HHM RBnReTCR TaKllte 

$aKT ycraHoaneHHR e nerKHX qerHo-qerHHX R.npax aaMHKaHHR ooonoqeK 

npH N=Z.OOHapyzeHHe B .ne~opMHpoeaHHHX R.npax nocne.nosarenbHoro 

aanonHeHHR ooonoqeK napaMH HyKnOHOB .naer B03MOlltHOCTb,IlOBH.nHMOMY, 

BblRBnRTb B nepexo.nHOA oonaCTH R.nep CHRTHe Bblpoz.neHHR ypoeHeA H 

$aKTHqecKH pemaTb Bonpoc O cocymecTBOBaHHH ~OPM B R.npe. 

Heooxo.nHMO OTMeTHTb,qTo MarHHTHUe nepexo.nu THna Ml H M2 Moryr 

cnylltHTb caoeoopa3HHM 30H.llOM,TaKllte noasonRDmHM OOHapy:&HBaTb 
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PHC.12 HHarpaMMa H3Il, 

xapaKrepH3YDmaR 3aMHKaHHe 

ooonoqeK a qerHo-qerHHX R.npax. 
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PHC.13 HHarpaMMa nsrr .nnR 

qerHo-qerHHX H30TOilOB Dy. 

3aMblKaHHe ooonoqeK H no.nooonoqeK B R.npax. BallHblM OOCTORTenbCTBOM, 

xapaKTepH3YDmHM rpaHHUbl npHMeHHMOCTH o.nHoqacrHqHoA Mo.nenH B 

oObRCHeHHH OTHOCHTenbHblX sepoRTHOCTeA o.nHOTHilHblX npoTOHHblX H 

HeATpOHHblX MarHHTHblX nepexo.nos srnnReTcR ycraHoeneHHe $aKra 

COOTBeTCTBHR o.nHoqacrHqHOMY npe.neny OTHOIDeHHA sepoRTHOCTeA 

npOTOHHblX .H HeATPOHHblX nepexo.nos .nnR R.nep,HMeDmHX qerHo-qerHHA 

MarnqecKHA OCTOB ± 1; 3 HyKnOHa-pHC.14.3TO 03Haqaer,qro 

3neKTPOMarHHTHbl~ nepexo.n B HeqerHOM · R.npe C • .nsaz.nu MarHqeCKHM 

OCTOBOM 3KBHBaneHTeH B HeKOTOpOM npHOnHllteHHH 3neKTPOMarHHTHOMY 

nepexo.ny o.nHHoqHoro HyKnOHa. 

3aMblKaHHe ooonoqeK cKa3blBaercR raKxe Ha senHqHHe napaMerpa 

CMeCH MYnbTHnoneA 8 (E2/Ml) B HeqeTHblX R.npax B nepexo.nax Mez.ny 

qacrHqHHMH H Knacrep-BHOpaUHOHHblMH COCTORHHRMH B R.npax. HaOnD.neHO 
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PHC.14 OTHOCHTenbHJie BepOSITHOCTH npoTOHHliX H HeRTpOHH!iX 

nepexo.noe THna M2-llh ➔ lg I B Het1eTH!ixsi.npax. 
11/2 7/2 

TaKxe BnHSIHHe aaMJiKaHHSI KBa3HOOonotfeK Ha napaMeTp o(E2/Mi) B 

t1eTHo-t1eTH!iX si.npax 160
•
162

•
164 Dy H 172 • 174 Yb e.nepexo.nax THna 

2+➔2+.9TH ~aKT!i .naDT B03M01tHOCTb .nnsi CMemaHH!iX nepexo.noB 2 1 

• onpe.neneHHoro THna nporHoaHpoeaTb eenHtfHHy H B psi.ne cnyt1aee aHaK 

OTHOmeHHSI MaTpHtfHliX sneMeHTOB MynhTHnoneA E2 H Ml. 

, B mecToR r naee paccMaTpHBaDTCSI HetfeTHJie .ne~opMHPOBaHHJie 

si.npa . Ha - OCHOBe nonytfeHHliX 3KCnepHMeHTanbHliX .naHH!iX, OTHOCHTe.li'bHO . 

_BpeMeH 1tH3HH,CnHHOB H KBa,npynonbH!iX MOMeHTOB soaoyx,neHH!iX 

COCTOSIHHR HetfeTH!iX H30TOnoB Er C '. A=16'1, 163, 16.5 OlinH npoaeJieHJi 

pact1eTu CBORCTB HX B030y:ueHHliX COC'fOSIHHR B paMKaX 

Hea.nHaOaTHtfeCKOR BpamaTenbHOR Mo.nenH. si,npa (HBM) H _nOMHMO 3TOro· .ltJUI 
. . . 

185 Er·B paMKax MO.ztH~HUHPOBaHHOR KBa3HtfaCTHtfHO-~OHOHHOA MO.ztenH si.npa .• 

npH, pact1eTax B HBM C HCnonb30BaHHeM MO.ltH~HUHPOBaHHoro noT~HUHana 

HHnbccoHa ouno · nonyt1eHo xopomee onHcaHHe sHeprHR . a.oaoy:z,neHH!iX 

COCTOSIHHA . H npHae.neHH!iX aepoSITHOCTeA nepexo.noe npH yt1eTe 
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B3aHMO.zteRCTBHSI KopHOnHca,9~~eKTa cnapHBaHHSI H 6N=2 B3aHMO.zteACTBHSI, 

"ITO noaeonsieT CtfHTaTb npHMeHeHHe .naHHOR Mo.nenH B paccMOTpeHH!iX 

cnyqasix onpaB.ztaHHliM.OTMeTHM,tfTO B 9THX pact1eTax y,nanocb KoppeKTHO 

onHCaTb eepoSITHOCTH El nepexo.noe C H30MepHOf'O,COCTOSIHHSI 11/2~[505] 

B 163
•
165 Er.Euno nonyt1eHo. TaKze .nocTaTOtfHO xopomee on~caHHe 

BepOSITHOCTeR E2 nepexo.noa npH ycnOBHH KOrepeHTHoro CYMMHpOBaHHSI 

BKna.noe OT KonneKTHBH!iX H O.ztHOtfaCTHtfH!iX KOMnOHeHT MaTpH"IHOrO 

sneMeHTa nepexo.na.HamH pact1eTu npaKTHtfeCKH He OTnHt1aDTCS1 no 

pe3ynbTaTaM OT pact1eT0B,npoae.neHH!iX B paMKaX HBM C Hcnonb30BaHHeM 

IlOTeHUHana CaKCOHa-By.nca. 

npoee,neHH!iR pact1eT . CBORCTB HepoTaUHOHHliX COCTOSIHHR B si,npe 
165 Er 8 paMKax K~M no3BOnHn ycTaHOBHTb npHpo,ny BTOporo 

B030yx.neHHoro YPOBHSI C K~=l/2- C 9HeprHeR 589,9 K9B KaK 1/2-[530]. 

Euno nonyqeHo xopomee cornacHe pact1eTHliX aHat1eHHR sHeprHH c 

9KcnepHMeHTanbHliMH KaK .nnsi 9Toro COCTOSIHHSl,TaK H .nnsi COCTOSIHHSI C 

K~=ll/2-[505] .B BlitfHcneHHSIX Y"IHTJiBanHCb ~-BHOpaUHOHHJie KOMnOH8HTli, 

cooT'BeTCTBYD!llHe .ztHaroHanbH!iM MaTpH"IH!iM _9neMeHTaM· MynhTHilOnhHOf'O 

B3aHMO.zteRCTBHSI , BKnDtfeHHe KOTOPliX OKaaanocb BaltH!iM .nnsi onHCaHHSI 

COCTOSIHHR 1/2-[530], 1/2-[541], 11/2-[505]. B peaynbTaTe 

y.noaneTBOPHTenbHO onHCaHa BCSI COBOKYilHOCTb ypOBHeR C K~=l/2-: , 
1/2- [521] (297, 4 K9B) , 1/2- [530] (589, 9 K9B) , 1/2- [510] (920, 7 K9B) . 

H 3/2-1/2 [541] (1039 K9B) • 

B 3aKnDtfeHHH nepetfHCneH!i peaynbTaTJi npose.neHHliX MeTO.ltHtfeCKHX 

paOOT H Hccne,noBaHHR,a TaKse npHse.neH!i OCHOBH!ie 9KCil8PHM8HTanbH!ie 

H TeopeTHtfeCKHe peaynbTaTJi, KOTOp!ie OlinH n~nyqeHJi IlPH si.nepHO

cneKTPOCKOnHtfeCKHX HCCne.nosaHHSIX HeRTpOHO.zte~HUHTH!iX. pa.ztHOaKTHBHliX 

HyKnH.ztOB, 

OCHOBH!ie pe3y nbTa Tli H B!iBO.ltli, BJiTeKaDD(He H3 npose.neHHliX 

Hccne.nosaHHR oTpazeH!i a paa.nene aaTope~epaTa - "Hayt1HaS1 HOBH3Ha". 

OCHOBH!ie 9KcnepHMeHTanhH!i8 H TeopeTHtfeCKHe .naHHJie,KOTOp!ie 
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