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06man X6P6KTepHCTHK6 pa60TN 

HaCTORDl6R AHCCePT6UHOHH6R pa6oT6 BKJIIDqaeT B ce6R pe3yJlbT6TN 

HCCJieAOB6HHA CBOACTB OCHOBHNX H B036YueHHNX COCTORHHA HeATPOHO-

OOJl6CTH, BblnOJIHeHHblX 6BTOPOM B Ae$HUHTHNX RAep peAK03eMeJlbHOA 

Ra60P6TOPHH RAePHNX npo6JieM OHHH 

HHH npHKJ16AHOA $H3HKH TamrY. 

H B Ra6opaTOPHH $H3HKH 6TOMHoro RAP6 

AKTYAJibHOCTb PABOTU 

CoapeMeHHaR noJIYMHKPOCKOnffqecK6R TeOpHR RAPa, pa3BHB6eMaR Ha OCHOBe 

3KCnepHMeHTaJlbHOA HH$opMaUHH O CBOACTBax OCHOBHNX H B036YXAeHHblX 

COCTORHHA KOHKpeTHNX RAeP, OCHOBaHa Ha MOAeJibHblX npeACTaBJleHHRX, 

no3BOJIRIDDlHX npH onpeAeJleHHOM qffCJle ynpomaromHx nPeAnOJIOXeHHA o6~RCHRTb 

H npeACKa3NBaTb OTAeJibHble HX CBOACTBa. 

PaccMoTpeHHaR B pa6oTe 06JlaCTb RAeP BKJIIDqaeT B ce6n HeqeTHble RAP6 

peAK03eMeJlbHblX 3JleMeHTOB, K6K co 3HaqHTeJlbHoA, TaK H C HeoOJlbmoA (T6K 

H63NBaeMNe ""nepeXOAHble"" RAP6) CT6THqecxoA Ae$OPM6UHeA B OOJl6CTH 

M6CCOBblX qHceJI A=151-173. HccJieAOB6HHe CTOJlb mHpoxoro Kpyra RAeP 

no3BOJIHJIO BblRBHTb H npocJieAHTb HeKOTOPble 36KOHOMePHOCTH H oco6eHHOCTH 

B H3MeHeHHH HX CBoAcTB B 36BHCHMOCTH OT qHcJia HeATPOHOB H npoTOHOB, 

COOTBeTCTBeHHO, B PRAY H30TOHOB H H30TonoB. 

KPHTHqecKoe pacCMOTPeHHe H YCOBepmeHCTBOB6HHe HcnOJlb3YeMNX MOAeJieA 

n03BOJIHJIH noBblCHTb ToqHQCTb onHCaHHR 3HePrHA COCTORHHA, 

COOTBeTCTBYIDDlHX HepoT6UHOHHblM H BP6Dl6TeJlbHblM B036YueHHRM, a T6KXe 

o6~RCHHTb H66JIIDA6eMble 6HOM6JIHH B noBeAeHHH npHBeAeHHblX aepORTHOCTeA 

3JleKTPOM6rHHTHblX nepeXOAOB. AH6JIH3 npHqHH Ha6JIIDA6eMblX pacxoueHHA 

TeopHH H 3KCnepHMeHT6, BblRBJleHHblX B pa6oTe, YK63b1B6eT nyTH A6JlbHeAmero 

P63BHTHR TeopeTHqecxoro onHC6HHR Ae$OPMHPOB6HHblX RAeP, Bee 3TO 

o6yCJl6BJIHB6eT aKTY6JlbHOCTb npeACT6BJleHHblX B AHCCePT6UHH HCCJ!eAOB6HHA. 

UERb PABOTU 

1) 3xcnepHMeHT6JlbHOe H3yqeHHe H CHCTeM6THK6 OCHOBHblX CBOACTB HeqeTHNX 

Ae$opMHPOB6HHNX RAeP peAK03eMeJlbHNX 3JleMeHTOB (P33). 
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2) TeopeTHqecKoe HCCJleAOBaHHe Ha5Jl~AaeMUX CBOACTB B paMKax COBPeMeHHUX 

MoAeJieA aTOMHoro HAPa. 

B 3KcnepHMeHT6JlbHNX HCCJleAOBaHHHX OCHOBHOe BHHMaHHe YAeJIH.tOCb 

HBJIH~lllHXCH H3yqeHH~ BePOHTHOCTeA 3JleKTPOMarHHTHUX nepexoAOB, 

xapaKTePHCTHKaMH HaH50Jiee qyBCTBHTeJlbHUX K AeTaJIHM CTPYKTYPN HAePHUX 

COCTOHHHA, a cJieAOBaTeJlbHO, HBJIH~lllHXCH 3~~eKTHBHUM TeCTOM AJIH npoBePKH 

HAepHUX MOAeJleA. B CBH3H C 3THM H3MePHJIHCb BPeMeHa XH3HH HAePHUX 

COCTOHHHA, a B cJiyqae OTCYTCTBHH Heo5XOAHMUX CBeAeHHA o cxeMe YPOBHeA 

HCCJleAYeMUX HAeP HO KBaHTOBNX xapaKTePHCTHKaX COCTOHHHA, npoBOAHJIHCb 

AOnOJIHHTeJlbHUe HCCJleAOBaHHH cxeM pacnaAa. 

nJIH BUHBJleHHH 3aKOHOMepHOCTeA B H3MeHeHHH KOHKPeTHUX CBOACTB 

H3YqaeMUX HAeP CHCTeMaTH3HPOBaJIHCb 3HaqeHHH 3HeprHA HePOTaUHOHHUX H 

BP611l6TeJlbHUX B035YXAeHHA C OAHHaKOBUMH KBaHTOBUMH xapaKTepHCTHKaMH, 

BeJIHqHHN MarHHTHNX H 3JleKTPHqecKHX KB6APYnOJlbHU~ MOMeHTOB OCHOBHUX H 

B035YXAeHHUX COCTOHHHA, aHaJIH3HpoBaJIHCb BepOHTHOCTH 3JleKTPOMarHHTHUX 

nepeXOAOB MeXAY COCTOHHHHMH C onpeAeJleHHOA CTPYKTYpoA. 

TeopeTHqecKHe HCCJleAOB6HHH HanpaBJleHU Ha: 

- npoBepKY B03MOXHOCTeA HCnOJlb3yeMNX noJIYMHKPOCKOnHqecKHX MOAeJieA npH 

onHC6HHH 3HeprHA H xapaKTePHCTHK B035YXAeHHUX COCTOHHHA, a TaKXe 

APYrHX CBOACTB 50Jibmoro KPYra HeqeTHUX Ae~OPMHP0B6HHUX HAeP P39; 

- BUHCHeHHe POJIH OCTaToqHUX B36HMOAeACTBHA npH pacqeTe Tex H.tH HHUX 

cBoACTB paccMaTpHBaeMUX HAep, B oco5eHHOCTH BepoHTHOCTeA y-nepexoAoB; 

- HHTepnpeTaUH~ H aHaJIH3 H3MeHeHHH BeJIHqHH sepoaTHOCTeA 3JleKTPO

MarHHTHUX nepeXOAOB, Ha5Jl~AaeMoro B npeAcTaBJleHHUX CHCTeMaTHKax: 

- onpeAeJieHHe nyTeA AaJl&HeAmero cosepmeHcTBOBaHHff HCfiOJlb3Y8MUX MOAeJieA 

HAPa, 

HAYt!HASI HOBH3HA 

Bnepsue onpeAeJleHU 3KCnepHMeHTaJlbHUe 3HaqeHHff speMeHH XH3HH PHAa 

HHxaAmHX B035YXAeHHUX COCTOHHHA B HeqeTHUX HApax raAOJIHHHH, roJibMHff, 

3P5Ha, TYJ!Hff H HTTep5Hff. TaM, rAe 3TO He05XOAHMO, AJ!ff onpeAeJleHHH 

3KCnepHM8HTaJlbHUX 3HaqeHHA nPHBeAeHHUX BePOffTHOCTeA nepeXOAOB 5UJIH 

npoBeAeHU AOnOJIHHTeJlbHUe cneKTPOCKOnHqecKHe HCCJ18AOBaHHff. B.qacTHOCTH, 
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npoBeAeHo KOMnJieKCHOe HCCJleAoBaHHe CBoAcTB nepeXOAHoro ffAPa Gd. 

BnepBUe AJIH mHpoKoro Kpyra HeqeTHUX HABP C 63~ZS71 H 88~~103 B 

paMKaX eAHHoro noJIYMHKPOCKOnHqecKoro nOAXOAa, BK.t~qa~Jllero cnapHBaTeJI&

Hoe, KOPHOJIHCOBO H KBa3HqacTHqHQ-~OHOHHOe B3aHMOAeACTBHff, paccqHTaHu 

3HeprHH H CTPYKTypa OCHOBHHX H B035YXA8HHHX COCTOHHHA, 3.teKTpo

MarHHTHHe MOMeHTH, a TaKXe B8POffTHOCTH 50.t&moro qHc.ta 3Jl8KTPOMarHHTHUX 

nepeXOAOB. KoJIHqecTBeHHUA aHa.tH3 BeJIHqHH npHBeAeHHHX B8POffTHOCTeA 

no3B0.IHJI BHHBHTb PHA BaXHUX oco5eHHOCTeA HX noBeAeHHff, CBff36HHHX c 
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HaJIHqHeM OCTaToqHNX B36HMOAeACTBHA npH nOJIYMHKPOCKOnHqecKoM onHcaHHH 

aTOMHOro HApa. 

BnepBue B paMKax MeToAa o5oxoqeqHoA nonpaBKH CTPYTHHCKOro 

paccqHT6HU napaMeTPU paBHOB8CHOA Ae~opMaUHH OCHOBHoro 

Bo35YXA8HHUX OAHOKBa3HqacTHqHux COCTOHHHA HeqeTHUX HAep C 

H PHAa 

60~Z~71 H 

84~N~103. IloJiyqeHHHe 3HaqeHHH napaMeTpoB AB~OpMaUHH (120H f1,o 
HcnOJlb30BaJIHCb B BHqHCJl8HHHX CP8AHero noJIH o5cyxAaeMHX HeqeTHHX HAeP. 

HAYt!HASI H IlPAKTHt!ECKASI UEHHOCTb 

IloJiyqeHHUe 3KCnepHMeHTaJlbHNe pe3yJlbTaTU 

YTOqHa~T HH~OPMaUH~ 0 CBOACTBaX MHOrHX 

CYJlleCTBeHHO pacmHPH~T H 

B035YXAeHHHX COCTOHHHA 

Ae~OPMHPOBaHHUX HeqeTHUX HAep PeAK03eMeJlbHNX 3JleMeHTOB c A=l53-173. 

OHH BomJIH B TaKHe mHPOKO pacnpocTpaHeHHNe H3AaHHff, KaK HanpHMep, 

Nuclear Data Sheets. IlPHMeHeHHe nonyqeHHNX AaHHHX B TeopeTHqecKoA 

ffA8PHOA ~H3HKe 5YAeT oco5eHHO noJie3HNM AJIH AaJl&HeAmero pa3BHTHH 

MOAeJieA aTOMHoro HApa. 

IlpeAJIOXeHHaa MeTOAHKa pacqeToB CTPYKTYPN H BePOHTHOCTeA 

3Jl8KTPOMarHHTHNX nepexOAOB B P6MKaX MoAeJIH, ffBJIH~llleAca CHHTe30M 

HeaAHa5aTHqecKoA BPaJllaTeJlbHO~ H KBa3HqacTHqHo-~OHOHHOA MOAeJleA, MOXeT 

5UTb ycnemHO HcnOJlb30BaHa AJ!ff KOJIHqecTBeHHOro aHaJIH3a CBOACTB HAeP, 

OTHOCHlllHXCH K APYrHM 06J1aCTHM Ae~opMaUHH. 

IlpHBeAeHHHA B pa5oTe KOMnJieKCHUA TeopeTHqeCKHA aHaJIH3 CTPYKTYPN 

B035YXA8HHUX COCTOHHHA H BepoHTHOCTeA 3JleKTPOMarHHTHHX nepeXOAOB 

50Jlbmoro qffcJia Ae~opMHPOBaHHUX HAeP noKa3aJI Heo5XOAHMOCTb 5oxee 

nOJIHOro yqeTa OCTaToqHNX B3aHMOAeAcTBHA H onpeAeJIHJI CTeneHb HX BJIHHHHH 

Ha KOHKpeTHHe xapaKTepHCTHKH aTOMHoro HApa. 

B UeJIOM noKa3aHO,' qTo H3yqeHHe CBOACTB HAeP, OCHOBaHHOe Ha 

KOJIHqeCTBeHHOM aHaJIH3e 60J1&moA COBOKYnHOCTH 3KCnepHMeHT6JlbHUX AaHHUX B 

paMKax eAHHOro TeopeTHqecKoro noAXOAa, AaeT HaAeXHUe rno5aJlbHUe BHBOAN 

O fiPHPOAe Ha5Jl~AaeMoro noBeAeHHff (B qacTHOCTH "aHOMaJlbHoro") H3yqaeMHX 

xapaKT8PHCTHK, TaKHX KaK: cneKTPU B035YXA8HHUX COCTOHHHA, 3JleKTPH

qecKHe MOMeHTU, B8POHTHOCTH 3JleKTPOMarHHTHHX nepeXOAOB H APYrHe, 

AITPOBAUHH PABOTH 

OcHOBHHe pe3yJl&TaTU AHCcepTaUHOHHOA pa50TU AOKJlaANBaJIHCb Ha 

XXX-XXXYil Bceco~3HHX COBelllaHHHX no CTPYKType .aTOMHoro HAPa, Ha 

Bceco~3HNX ceMHHapax: "BpeMeHa XH3HH B035YXAeHHHX COCTOHHHA HAep" 

(JleHHHrpaA, 1982 r.) H "KoJIJleKTHBHaH HAepHaH AHHaMHKa" (OAecca, 1987 

r.). HayqHUX ceMHHapax JIHil H JIT~ OH~H. JII'Y H HHH fiPHKJiaAHOA ~H3HKH 
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TamrY. no TeMe AHCcepTaUHOHHOA pa60TU ony6.llHKOB6HO 40 pa6oT, cnHCOK 

KOTOPUX npeACTaB.lleH B KOHUe AHCcepTaUHH. 

OB'bEM .nHCCEPTAllHH 

Pa6oTa COCTOHT H3 BBeAeHHH, nHTH r.llaB, 36K.l[~qeHHH H cnHcKa 

.llHTepaTYPN -Bcero 317 CTPaHHU TeKCTa, BKJl~qas 60 PKCYHKOB, 73 Ta6.llHUU 

H 6H6.llHOrpa~H~ H3 246 HaHMeHoBaHHA Ha 27 CTP6HHUax. 

Ha 3amHTY BUHOCHTCH!. 

1. Pe3Y.llbTaTU H3MepeHHA BpeMeH XH3HH B036YXAeHHUX COCTOHHHA 
•59Gd, t57Ho, t57Er, t5~Er, t6tEr, t69Tm, t65Tm, t67Tm, 

B HApax 
•65Yb H 

•
67Yb MeToAaMH rr-. er-Hee- 3aAeplmHHUX coBnaAeHHA. 

2. OnpeAe.lleHHe 3KCQepHMeHTa.llbHUX 3HaqeHH8 nPHBeAeHHUX BePOHTHOCTeA 

B(Ml), B(E2) H B(El) 3.lleKTPOMarHHTHNX nepeXOAOB B HeqeTHNX 

Ae~opMHpoBaHHUX HApax peAK03eMe.llbHoA 06.llacTH c 151~A~173. 

3. Hcc.lleAoBaHHe cxeMU pacnaAa •
59

Tb ➔ •
59

Gd: 

- H3MepeHHe cneKTpoB rr- H er-coBnaAeHHA, 

- onpeAe.lleHHe cnHHOB, qeTHOCTen H logft 

•
59

Gd C 3HeprHen < 1,5 M3B. 

yy-yr.lloBUX Koppe.llHUHA; 

B036YXAeHHUX COCTOHHHA 

4. MeTOAHqecKHe pa3pa60TKH, no3BO.llH~mHe noBUCHTb ToqHOCTb H 3,W,eKTHB-

HOCTb H3MepeHHA BpeMeH XH3HH B036YXAeHHUX COCTOHHHA 

XHBYmHx HAep MeTOAOM 36AePX6HHUX coanaAeHHA. 

KOPOTKO-

5. TeopeTHqecKHe pacqeTU napaMeTPOB paBHoBeCHOA ~OPMU (KBaAPYnO.llbHUX 

H reKCaAeKaTIO.llbHUX 

OAHOKB63HqacTHqHUX 

84~N~103. 

MOMeHTOB 

COCTOHHHHX) 

RAep B OCHOBHOM 

HeqeTHUX HASP 

H B036YXAeHHNX 

C 60~Z~71 H 

6. MoAH~HKaUHH MOAe.llH "poTOp TI.ll~C qacTHUa", 36KJl~qa~maRCR B yqeTe 

7. 

q.lleHa "OTAaqH" B raMHJlbTOHHaHe HeqeTHoro llAPa H no3BO.llHBmall B 

cpeAHeM 3HaqHTe.llbHO YJlyqmHTb OTIHCaHHe 3HeprHA HePOTaUHOHHNX 

COCTOIIHHA. 

TeopeTHqecKHA aHa.llH3 CTPYKTYPN HepoTaUHOHHl,IX H BPamaTe.llbHNX 

COCTORHHA, BepollTHOCTeA El, E2 H 

Gd, Tb, Dy, Ho, Er, Tm H Yb 

Ml-nepeXOAOB B HeqeTHUX llApax Eu, 

B PaMKax TIOAXOAa, 06'beAHHH~mero 

MOAH~HUHPOBaHHY~ MOAe.llb "poTOP f!Jl~C qacTHUa" (MMP'I) H 

KBa3HqacTHqHo-~OHOHHY~ MOAe.llb (K~M). 
8. BNBOAN, OCHOB6HHNe Ha pe3Y.llbTaTaX pacqeTOB 3HeprHA H CTPYKTYPN 

BpamaTe.llbHNX COCTOHHHA mHpoKoro Kpyra HeqeTHl,IX HAeP B P6MK6X 

MMP'I, yqHTNBa~men B36HMOAe8cTBHe KB63HqacTHU C ~OHOHaMH, 0 TOM, 

qTo HMeHHO BH6PaUHOHHNe TIPHMeCH COCTOHHHA r.llaBHNM o6pa3OM 
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OTBeTCTBeHHl,I 3a Ha6.ll~AaeMoe Ha 3KcnepHM8HTe OC.lla6.lleHHe KopHO.llHCoBa 

B36HMOAe8CTBHR. 

9. AHa.llH3 CBOACTB El-nepeXOAOB B paMKax noAXOAa, o6~eAHHR~mero MMP'I H 

K~M C BK.ll~qeHHeM OKTYnO.llbHUX H AHnO.llbHUX CH.JI. B qacTHOCTH, 

06HapyxeHHe 3,W,eKTa 3HaqHTe.llbHoro YCH.lleHHH MaTpHqHux 3JleMeHTOB 

El(AK=O)-nepeXOAOB no cpaBHeHH~ c MaTpHqHUM~ 3.lleMeHTaMH 

El(AK=l)-nepeXOAOB B llApax c A-150. 06~RcHeHHe Ha 6a3e 3Toro 

TIOAXOAa TeHAeHQHH YMSHbIDeijHR BepoHTHOcTeA El-nepeXOAOB C ~K=O C 

pocToM Maccoaoro q0c.lla B 06.llacTH 151~A~171 H "xaoTHqecKoro" 

H3MeHeHHR BepoRTHOCTeA El-nepexoAoB c jAKj=l. 

10.BNBOA O TOM, qTo np11 BblqHc.lleHHH B8PORTHOCTe8 Mexno.llOCHl,IX 

E2-nepeXOAOB B paMKaX TIOAXOAa, o6~eAHHR~mero MMP'I H K~M. TIOMHMO 

r.llaBHUX OAHOKBa3HqacTHqHux H r-BH6paQHOHHUX KoMnoHeHTOB COCTORHHA, 

BaJteH yqeT napHo-BH6paQHOHHUX H ~-BH6paQHoHHUX KoMnoHeHTOB c AK=O, 

a TaKJte Ma.JINX (nopRAKa HeCKO.llbKHX npoQeHToB) Y-BH6paQHOHHUX 

npHMeceA. 

11.BUBOA o TOM, qTo aHoMa.llbHaR 3aAepxaHHocTb El( jAKj=l)-nepexoAoB 

o6~RcHHeTcR B3aHMHoA KoMneHcaQHeA KoMnoHeHToB c AK=O H jAKl=l, a 

Mexno.llOCHUX E2-nepexoAOB - KoMneHcaQHeA KoMnoHeHTOB c AK=O 11 

jAKl=2. 

CO)J.EPJKAHHE llHCCEPTAUHH 

Bo_BB8A8HHH AaeTCR KPaTKOe o60CHOBaHHe aKTYa.llbHOCTH HCC.lleAoBaHHR 

CBOACTB HeqeTHUX A8~0PMHPOBaHHNX ftAep. IloAqepKHBaeTCft, qTo oco6un 

HHTepec B 

3.ll8KTPOMarHHTHUX 

TaKHX HCC.ll8AOBaHHftX npeACTaB.llR~T 

nepeXOAOB Kai<: 3~~eKTHBHoe CP8ACTBO 

B8POftTHOCTH 

A.lift npoaepi<:H 

Ae8CTB8HHOCTH HMe~mHXCft MOAexen ftApa. YKa3NBaeTCft Ha TO, qTo B 

HacToamee BPeMR HaH6onee nepcneKTHBHblM nOAXOAOM, no3BO.llR~IDHM 

AOCTaToqHo xopomo onHCNBaTb CTPYKTYPY HeqeTHUX A8~0PMHPOBaHHNX RAeP, 

RB.llfteTCR noAXOA, o6~eAHHR~mHA HeaAHa6aTHqeCKY~ spamaTe.llbHY~ MOAe.llb H 

KBa3HqacTHqHo-~OHOHHY~ MOAe.llb H, TeM caMUM, OAHOBpeMeHHO yqHTUBa~m11n 

TPH THna OCTaToqHl,IX B3aHMOA88CTBHA: cnaPHBaTe.llbHOe, KOPHO.llHCOBO H 

KBa3HqacTH4HO-~OHOHHOe. illHPOKOe npHM8H8HHe 3TOro noAXOAa A.lift aHa.llH3a 

CB08CTB nepeXOAHNX H CH.llbHOAe~OPMHPOBaHHNX ftA8P MoJteT cnoco6CTBOBaTb 

KaK nOHHMaHH~ Ha6.ll~AaeMNX B 3KcnepHM8HTe 3aKOHOMepHOCTe8 H aHOMa.llHA 

(HanpHMep, B noBeAeHHH BepoftTHOCTeA r-nepexoAoB), TaK H BURB.lleHH~ 

H8AOCTaTKOB H npeAe.llOB npHMeHHMOCTH CaMHX MOA8.lle8. 

B_nepson_r.llaBe pacCMOTPeHN MeTOAHqecKHe sonpoc1,1 3KCnepHM8HTa. 

KpaTKO onHcaHN Hcno.llb3YeMNe YCTaHoBKH A.lift H3MepeHHR cneKTpoB r-xyqeA, 

rr- H ey-coenaAeHHA, KOppe.llftUHOHHUe YCTaHOBKH, C03AaHHUe npH yqacTHH 
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aBTOpa, pa3AHqHNe THnN MHOI'OKaHaXbHNX BpeMeHHNX cneKTPOM8TPOB, 

no3BOAH~mHx H3MepHTb MeTOAOM 3aAepZaHHYX COBnaAeHHA BpeMeHa ZH3HH 

HAePHNX COCTOHHHA B AHana3oHe 10-••- 10-
6 

c. 3HaqHTeAbHNe YCHAHH 

npeATIPHHHTN AAH 

3HepreTHqeCKOI'O 

noxyqeHHH 

pa3pemeHHH, 

BNCOKHX 

6onbmeR 

3HaqeHHR BpeMeHHOI'O H 

3(j>(j>eKTHBHOCTH PeI'HCTpaUHH 

coBnaAeHHA H CTa6HXbHOCTH pa60TN YcTaHOBOK. B qacTHOCTH, npHMeHeHHe 

nxeHoqHNX CUHHTHXXHTOPOB TonmHHoA 0,05-0,5 MM c BHeApeHHNMH B HHX Ha 

3XeKTPOMaI'HHTHOM Macc-cenapaTope P6AHOaKTHBHNMH HOHaMH TI03BOXHAO 

3HaqHTeXbHO noBNCHTb 3cj,,peKTHBHOCTb peI'HCTP6UHH coBnaAeHHR C 

HH3K03HepreTHqecKHMH 3XeKTpoHaMH BHYTpeHHeA KOHBepcHH (9BK) H H3yqaTb, 

TaKHM o6pa30M, KOPOTKOZHBYmHe HAPa co cxa6oR aKTHBHOCTb~. 

IlpHMeHeHHe B l(aqecTBe AeTeKTOPa 9BK MaI'HHTHNX cneKTPOMeTPOB co 

CUHHTHXXHUHOHHOR CHCTeMoA AeTeKTHPOBaHHH no3BOAHeT A06HTbCH 

OAHOBPeMeHHO AOCTaToqHo BNCOKOI'O KaK 3HepreTHqecKOI'O, TaK H BP8M8HHOI'O 

pa3pemeHHH. OnHcaHN ABa THna BpeMeHHNX aHaXH3aTopoB, C03AaHHNX Ha 6a3e 

MaI'HHTHo-XHH30BOI'O 6eTa-cneKTPOM8Tpa THna repxoAbMa: ycTaHOBKH er- H 

ee-3aAepzaHHNX coBnaAeHHA, no3BOXH~mHe H3MePHTb BpeMeHa ZH3HH HAePHNX 

YPOBHeA c T
1

/ 2~ 0,1 HC. 

B Tex. cxyqaHx, KOI'Aa AAH H3MepeHHH BpeMeH ZH3HH B036Y:A8HHOI'O 
9 

HAepHOI'O COCTOHHHH (Tl/2~1-10 He) Tpe6oBaAOCb BNCOKoe 3HepreTHqecKoe 

pa3pemeHH8 B OAHOM H3 KaHaXOB YCTaHOBKH, npHM8HHAHCb noxynpoBOAHHKOBNe 

Si(Li)- HAH Ge(Li)- AeTeKTopN. 

CymecTBeHHO noBNCHTb o6~eM HH(j>opMaUHH, noxyqaeMoR npH peI'HCTP6UHH 

rr-coBnaAeHHR, YAaeTCH npH HcnOAb30BaHHH MeToAa TpexMePHOI'O 

aMnAHTYAHO-BP8MeHHOI'O aHaXH3a rr(t)-coBnaAeHHR Ha l{CTaHOBKe, 

pa6oTa~meR B pezHMe HenpepNBHOR CBH3H c 9BM. OnHcaHHaH B pa6oTe 

ycTaHOBKa no3BOXHeT npoBOAHTb aMnXHTYAHO-BpeMeHHOR aHaAH3 coBnaAeHHR 

npaKTHqecKH AXH HeorpaHHqeHHOI'O qffcXa "oKoH"' B 3HepreTHqecKOM H 

BP8MeHHOM cneKTpax coBnaAa~mHx H3AyqeHHR. 

3HaqHTeAbHOe M8CTO npH onpeAeXeHHH BP8M8HH ZH3HH HA8PHOI'O YPOBHH 

3aHHMaeT 3Tan o6pa6oTKH P83YAbTaToB H3MepeHHR. HH(j>OpMaUHH O BpeMeHH 

ZH3HH COAepZHTCH BO BPeMeHHNX pacnpeAeAeHHHX cosnaAa~mHx H3AyqeHHR, 

B036Y:Aa~mHx H pa3pHza~mHx HCCA8AY8MNe COCTOHHHH (KpHBaH 3aA8PZ6HHNX 

coBnaAeHHR - K3C ). HcnoAb3YeMNe npH aHaAH3e K3C nporpaMMN o6pa60TKH, 

6NAH pa3pa60TaHY B H90RCHPX RRil npH H8TIOCP8ACTBeHHOM yqacTHH aBTopa 

AHccepTaUHH. 

B 3aKx~qeHHH nepBoR I'AaBN OTIHCaHN npHMeHH8MNe B pa6oTe M8TOAN 

noxyqeHHH paAHOaKTHBHNX HCTOqHHKOB. 

Bo_BTOpoR_I'AaBe TIPHB8A8HN P83l{AbTaTN 3KcnepHM8HTaXbHOI'O 

HeqeTHNX HA8P raAOXHHHH, I'OXbMHH, 3p6HH, Tl{XHH H HTTep6HH. 

BHHMaHHe B pa6oTe 6NXO YA8A8HO KoMnxeKCHOMY H3yqeHH~ 

6 

H3YqeHHH 

Oco6oe 

CBORCTB 

nepeXOAHOI'O HApa ·::Gdao' HMe~mero oqeHb CXOZHNA cneKTp HAePHOI'O 

H3XyqeHHH (B AHana30He 3HeprHR 0-1500 K3B 3aperHCTPHPOBaHo 316 

raMMa-nepeXOAOB). HccxeAOBaHHH 6NXH npeATIPHHHTN B CBH3H c TeM, qTo 

HMe~maHCH 3KCnepHMeHTaXbH6H H 

HAPa '
59

Gd BO MHOI'HX cnyqaHx 

TeopeTHqecKaH 

npoTHBopeqHBa 

HH(j>opMaUHH O CBORCTBaX 

H HeAOCTaToqHa. HaMH 

H3MepeHN rr- H er-coBnaAeHHH, KoppeXHUHH HanpaBXeHHR r-H3nyqeHHH npH 

pacnaAe '
59

Tb c uexb~ onpeAeneHHH cxeMN pacnaAa 
159

Tb, cnHHoB H 
• 1!59 

qeTHOCTeA PHAa Bo36YZAeHHNX COCTOHHHA Gd. CneKTpN r-r-coBnaAeHHA 

H3MepHXHCb Ha YCTaHOBKe C ABYMH Ge(Li)-AeTeKTOPaMH. HccneAOBaHHH 

er-coBnaAeHHA npoBoAHXHCb Ha ycTaHoBKe, co6paHHoA Ha 6a3e 6e3ZeXe3HOI'O 

6eTa-cneKTPOMeTpa c TOPOHAaXbHNM MaI'HHTHNM noneM H Ge(Li)-AeTeKTOPOM: 

H3MepeHN cneKTpN r-xyqeA B coBnaAeHHHx c HaH6oxee HHTeHcHBHNMH XHHHHMH 

9BK L41,5; L51,8; Kl09,7; Kl29,2+L87,6 H Kl95,2+L151,8 K3B, 

pa3pHZa~mHx HHZHHe B036YZA8HHNe COCTOHHHH 
159

Gd. nxs HXA~CTPaUHH Ha 
· 1!59 

pHc.l npHBeAeHN OAHHOqHNA r-cneKTp Tb H BnepBNe H3MepeHHNe HaMH 

cneKTpN er-cosnaAeHHA c 9BK L41,5 H L51,8. KoMnXeKCHNA aHaXH3 

nonyqeHHNX cneKTPOB coBnaAeHHR TI03BOXHX cymecTBeHHO l{ToqHHTb 

HMe~mY~CH cxeMy B036YZAeHHNX ypOBHeA '
59

Gd: HAeHTHl!>HUHPOBaHo 12 HOBNX 

COCTOHHHR, npH 3TOM HCKX~qeHO 8 YPOBHeA, npeAXOZeHHNX B 6onee paHHHX 

pa6oTax. Ha OCHOBe pe3YXbTaTOB r-r YI'XOBNX KoppeXHUHA OAH03HaqHo 

YCTaHOBXeHN cnHHN PHAa YPOBHeR c E < 1200 K3B. 
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PHc.1 

BnepBNe H3MepeHN BpeMeHa ZH3HH YPOBHeR 
159

Gd 93,4 

AAH YPOBHeR 109,8 H 129,2 K3B YTOqHeHN 3HaqeHHH Tl/2 

7 

H 183,5 K3B, 

H, HaKOHeU, 



OUeHeHN BepxHHe npeAeJIN nepHOAOB noJlypaenaAa eoeTOHHHA 212,0; 216,1 H 

303,5 K3B. nxa npHMepa, Ha pHe. 2 H 3 npHBeAeHN BpeMeHHNe 

paenpeAeJleHHH er-eoBnaAeHHA npH H3MepeHHH nepHOAOB 

HeA 41,5 K3B 

93,4 K3B 

109,8 K3B 

129,2 K3B 

noxypaenaAa ypoB-

~ .,. 
u 

1o'l 

,ii-

100 

/'\ ~ .y~ 

I-.\ 
•: '..~ {-L51,8•K9l4 

:. ~ T112•0.45181Mcek 

\ ~ 

! 153rb-153od I 
CTAPT:NE11\d25•"D•• 

cron: M.A.cn, NE':;4 

.. ' ~"" \._ ... ,.,,,_ ~ 
' ~,,:,.._ Tvz•4.0l1l•c•• 

.1- MN41,5 •\~#~••~""••:•i-.,::,.:. 

TY2s4,2121wceK • <".,,i::.~ .. • . ...... :.;_::. 

95nceK/KOH .ftf.:;;· . -~:\:-~-: •. : .. 
. . ,-.: ... 

140 

~ 
i 

10
3 

180 220 260 KAHA.Abl 

PHe.2. 

[ 153Tb _ 153Gd 

CTAPT: NE111,4125 .. 10MM 
cron: M.A.cn. 

~- (-K1097 

MeTO,I\OM 

(T
1
/2=4,0(1) He), 

(T.1._,
2
= 0,45(8) He), 

(T..,,
2

= 0,24(2) He) H 

(T..,,
2

= 2,3(2) He). 

rr-yrJIOBNX KoppeJIHUHA 

onpe,l\eJleHN enHHN HH3K03Hepre-

THqeeKHX eoeTOHHHA e 3HeprHeA 

41,5(5/2-); 109,8(5/2-); 129,2 

(3/2-);212,0(3/2+);249,5(5/2-); 

303,5(5/2+) H 316,1(3/2+),KOTO

pye 6NJIH noATBepz.zteHY no3AHee B 

pa6oTe BapHepa HAP(*/ npH He

eJle,l\oBaHHH aHH3oTponHH r-H3JIY

qeHHH OpHeHTHPOBaHHYX HAeP Tb. 

CT APT: M.A. en. 
cron: M.A.cn. 

~• •:: TV215 0.J2MceK 
;\~ 

'\.,. TV2" 0.76{12}MCek (\ 
102 

--~ /-l109.7 

: ·.._ Tt12=Q25131Mce1< 
\ -:-. 
\ .. _.... t1r.t=2.6t4}1-1ce1e 
\. ·,.---

'\,, ""°.v. 
io1~. ·::. '·:.,:- . .-

fvz"ZJl51"c••, .... •·•· . . .... 
1nneeKJ1<ow 

100 120 140 160 180 

...... 
·•. 

'• 
•,,.l'.•(K1292 • L 87,6} 

'""': ... T1r2 = 2,3 {2)Mcek 
,t .. \~ .. 

133nce1e,'l:0M 

... ··.·. ····.--. .. ·.· .· 

120 ¥ 0 150 180 200 220 

PHe.3. 

~ K102,J- K109,7 

\ Tvz•0.2412l•ce< 

: 57nce1<1½Ch~ 

120 14Q 160 kQi,101\.bl 

*>n.D.Warner et al. - J.Phys.(London),1978,V.G4,P.1887. 
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Pa3pa60TaHHaH HaMH 

MeTOAHKa BHeApeHHH pa

AHOaKTHBHYX H30TonoB B 

nJleHoqHwe eUHHTHJIJIHTO

PN 6NJ!a npHMeHeHa B H3-

MepeHHHX BPeMeHH XH3HH 

B036Yz.zteHHoro eoeTOHHHH 

10,3 K3B (T1_,2 = 7(1)He) 
157

Er,Bo36Y~AaeMoro npH 

pa,I\HOaKTHBHOM paenaAe 

KOPOTKOXHBymero H30Tona 
157 Tm (T

1
_,

2
=200e). Bpe-

MeHHNe eneKTPY,noxyqeH

HNe HaMH B 3THX H3Mepe

HHHx,npHBBA8HN Ha pHe.4. 

B_TpeT&eA_rJlaBe pae

eMoTPeHY oeHOBHYe npo6-

JleMN noJIYMHKPOeKOnHqee

KOro onHeaHHH esoAeTB 

HeqeTHNX Ae~OPMHPOBaH

HNX H,l\ep.naeTeH KpaTKOe 

10 

~ 
:,, 
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1 

101 

150 

157rm~ 157Er~157H0 ~S701 

cmapm - NE104.f25,25MM 

cmon- NE111.f10•0,h,M 

~E(""50k>BI - r( •5 ·10k>8I 

Tvz=(7!1IHc 

"'r~ 
,,....-""' 
vt JS.I 

10.J 

• ......,.. 11),,11111 

,Em H N£OI. 

□ ,u □-•H.• 
VCllhO"l.,UtC 

-•• • 0,47MCIK0H 
.]_@ [].a 

100 150 200 KAHAJ\bl 

PHe.4 

onHeaHHe HenOJlh3YeMNX MOAeJ!eA, ~opMaJIH3Ma paeqeTa 3HeprHA H eTPYKTYPN 

HepoTaUHOHHYX eoeTOHHHA B paMKaX ,MOA8JIH He3aBHeHMNX KB63HqaeTHU H 

KBa3HqaeTHqHQ-~OHOHHOA MOAeJIH, a TaKxe poTaUHOHHNX eoeTOHHHA - B paM

Kax HeaAHa6aTHqeeKoA BPamaTeJI&HoA MOAeJIH. OnHCNBaeTeH MeTOA BNqHeJleHHH 

paBHOBeeHNX napaMeTPOB ~OPMN HAPa. OeHOBW HenoJih3YeMoro B pa6oTe 

nOJIYMHKpoeKonHqeeKoro onHeaHHH eBoAeTB Ae~OPMHPOBaHHYX HA8P 6YJIH 

3aJ10XeHY B pa6oTax eOTPYAHHKOB Ra6opaTOPHH TeopeTHqeeKoA ~H3HKH OH~H. 

B pa6oTe PeKeTaAa H AP(*1oTMeqanoe&, qTQ A.Jiff Jlyqmero onHe6HHH 

3HeprHA OAHOKBa3HqaeTHqHYX eoeTOHHHA, oeo6eHHO HAeP nepeXOAHOA 

o6JlaeTH' TaKHX KaK "'
19

Gd' B raMHJlhTOHHaHe MO,l\eJIH "poTop nx10e qaeTHUa .. 

BaZHO yqHTNBaTh TaK Ha3YBaeMoe B3aHMOAeAeTBHe OTAaqH HApa: 

H.=A(j
2
-j

2
), rAe A =h

2
/2J - HHepUHOHHNA napaMeTp qeTHQ-qeTHoro 

J z 
OeTOBa, 

IlPeAJiaraeMaH HaMH MOAH~HKaUHH MOA8JIH "'pOTOP nJ110e qaeTHUa" 

3aKJIJOqaeTeH B yqeTe qJleHa OTAaqH Ha YPOBHe onpeAeJieHHH 

OAHoqaeTHqHoA exeMN. 9TOT nOAXOA nPHBOAHT K TOA 06NqHoA exeMe ypaBHe-

*>J.Rekstad et al. - Nuel.Pbya.,1981,V.A371,P.364. 
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HHA, KaKaH pemaeTCH B MOAeJIH He3aBHCHMNX KB63HqacTHU, npH onpeAeJleHHH 

XHMnoTeHUHaJla AP H KoppeJIHUHOHHoA ~YHKQHH cp. 0AHaKO npH 3TOM 

npoHcxoAHT nepecTpoAKa oAHoqacTHqHoro cneKTpa no ~opMyxe: &~=f
8

+Af
8

, 

rAe f - POT6UHOHHaH nonpaBKa, 06yc.110BJIBHH6H B3aHMOABACTBHBM OTAaqH. . . 

ECJIH BOJIHOBaH ~YHKUHH AB~OPMHPOBaHHoro HeqeTHoro HAPa BN6paHa B BHAB 

f le le 
t>( S) = _anljt> nlj' 

n J 

TO f:)_(a~lj/j(j+l). 
nt'J 

CJ1BAOBaTeJlhHO,no.11HaH 

yrJIOBNM MOMBHTO~ I 6YABT 

3HeprHH OAHOKB_a3HqacTHqfforo COCTOHHHH 

HMBTh BHA: 
CZ 

p C 

E(p,l)=&p+Afp+2}:(&
8
Af

8
)v: 2 l·U./2 

+A[l(l+1)-2Kp+(-1) a6k t/
2
]. 

p' -+ 
C onpeAeJIBHHNMH TaKHM 06pa30M OAHOKB63HqacTHqHNMH 3HeprHHMH H 

OAHOKBa3HqacTHqHNMH xapaKTBPHCTHKSMH AaJlee MOXHO o6NqHNM o6pa30M 

BKJIIOqHTh 

paccqHTaTh 

OCTaToqHoe 

CTPYKTYPY 

MYJlhTHnOJ1h-MYJlhTHnOJ1hHOB B36HMOAeACTBHe H 

HBPOTaUHOHHNX COCTOHHHA 

KBa3HqacTHqHo-~OHOHHOA MOABJIH, HcnOJlh3YH o6NqHYlO MOABJlh 

qacTHUa" H BNqHCJIHH MaTpHqHNB 3JIBMBHTN B36HMOABACTBHH 

6a3Hce KBa3HqacTHqHO-~OHOHHNX BOJIHOBNX ~YHKUHA, 

B paMKaX 

"poTOP nJllOC 

KOPHOJIHCa B 

MN MOXBM, 

AHaroHaJIH3HPYH MaTPHUY KOPHOJIHCOBa B36HMOABACTBHH, nonyqHTh 3HeprHH H 

aMnXHTYAN CMemHBaHHH COCTOHHHA HeqeTHoro HAP6, 

IlPHBBABHHNe B r.11aBe 4 PB3YJlhT6TN KOHKPBTHNX pacqeTOB 3HeprHA H 

CTPYKTYPN HBPOT6UHOHHNX COCTOHHHA noKa3aJIH, qTo npeAJIOXBHHaH HaMH 

MOAH~HKaUHH MOABXH "poTOP nJllOC qacTHUa" no3BOXHBT cymecTBBHHO ,11yqme 

onHCNBaTh 3HeprHH HH3KOJlexamHx 

qacTHOCTH 3HeprHH H CTPYKTYPY 

AO 1 MsB) HepoTaUHOHHNX COCTOHHHA, B 

AN I= 2 B3aHMoAeAcTBYlOmHx ypoBHeA. 

Heo6XOAHMO OTMBTHTh, qTo ASJlhHeAmee ynyqmeHHe onHcaHHH 3HeprHA 

HepoTaUHOHHNX COCTOHHHA MN BHAHM B HCnOJlh30BaHHH noAXOAa, pa3BHToro B 

pa6oTax B.B.IlamKeBHqa, B KOTOPOM 3HBPrHH H paBHOBBCHNe napaMBTPN ~OPMN 

paccqHTNBalOTCH B MHHHMYMB no.11HoA 3HeprHH HAP6, 

PacqeT BBPOHTHOCTeA El-, E2- H Ml-nepeXOAOB npoBOAHTCH B paMKax 

nOAXOAa, o6'hBAHHHlOmero HB6AHa6aTHqecKYlO BpamaTBJlhHYJO MOABJlh H 

KB63HqacTHqffo-~OHOHHYlO MOABJlh. 

B __ qeTBBPTOA __ rJlaBe npHBBABHN PB3YJlhTaTN pacqeToB 3HeprHA H 

CTPYKTYPN HBPOT6UHOHHNX COCTOHHHA, a TaKxe PB3YJlhT6TN pacqeTOB B 

paMKax MBTOAa 060.11oqeqHoA nonpaBKH CTPYTHHCKoro napaMBTPOB paBHOBBCHOA 

A~OPMaUHH HeqeTHNX HABP Eu, Gd, Tb, Dy, Ho, Er. Tm H Yb KaK B 

OCHOBHOM, TaK H B 6.11HxaAmHX K noBBPXHOCTH ~epMH OAHOKBa3HqacTHqHNX 

COCTOHHHHX, n.11H npHMepa B Ta6JIHUe 1 H Ha PHC,5 npHBBABHN PB3YJlhT8TN 

pacqeTOB AJIH HeqeTHNX HABP Yb. 

10 

) 

) 

I 

Ta6.11.l 

a.ix, u2-1s211 :llnS2I1 312• (6SII 5/Z-(523) 5/2' (6'21 5/Z-(5I2) 7/Z-(5I4) 7/2'(G:13) II/TISosl 

l63yb £2 0,217 0,230 0,220 0,222 0,237 0,202 . o,roo 0,219 0,257 
£,. -0,005 --0,024 --0,013 -0,012 -V,025 --0,007 --0,008 -C,(()6 --0,007 

l65yb tl 0,235 0,246 0,230 0,241 0,243 0,223 0,2I7 0,238 0,263 
£, 0,001 ~.ors 0,004 --0,009 --0,012 --0,002 O,OOJ --0,00I 0,004 

I67yb t 0,245 0,253 0,233 0,255 0,2« 0,234. 0,231 0,247 0,266 
0,009 --0,00I 0,017 -0,004 0,006 0,008 O,CIO 0,007 C,016 

J69yt) £2 0,252 0,253 0,234 0,255 0,243 0,242 0,237 0,255 0,266 
£, 0,017 0,015 0,03I 0,012 0,022 0,017 0,019 o,ors 0,029 

17Iyb £2 0,255 0,251 0,235 0,252 0,242 0,246 0,241 0,252 0,264 
£, 0,028 0,029 0,042 0,026 0,035 o,cm 0,03I o,cm 0,042 

I73yb £2 0,24I 0,24I 0,233 0,242 0,234 0,250 0,241 0,240 0,25( 
£, 0,040 0,0<0 0,052 0,038 0,0<6 0,041 0,042 0,041 0,053 

B paMKax HB8AHa6aTHqecKoA BPamaTBJlhHOA MOABJIH npoBBABHN pacqeTN 

cneKTpa POTSUHOHHNX COCTOHHHA H aMnJIHTYA KOPHOJIHCOBa CMemHBSHHH AJIH 

HeqeTHNX AB~OPMHPOB6HHNX HABP Eu, Gd, Tb, Dy, Ho, Er.Tm H Yb, npH 3TOM 

K03~~HUHBHTN oc.11a6_J1BHHH MaTPHqHNX 3JleMeHTOB KOPHOJIHCOBa 

B36HMOABACTBHH noA6HP8JIHCh, HCXOAH H3 npHHUHna HaHJlyqmero cor.11aCHH 

paccqHTaHHNX 3HeprHA BpamaTBJlhHNX COCTOHHHA C 3KCnepHMeHTaJlhHNMH 

3HeprHHMH. n.11s HeqeTHO-npoTOHHNX HABP Eu H Tb H HeqeTHO-HeATPOHHNX 

HABP Er H Yb 6NJIH npoBeAeHN pacqeTN 3HeprHA H aMnJIHTYA CMemHBaHHH B 

paMKaX MMPq C yqeTOM KB83HqacTHqHo-~OHOHHOro B38HMOABACTBHH. 

4 {, 

n • 11 a • •· • "' m • 

PHc. 5 

::'\ ' lI1ll\ '\/4----. ..::,,,,_::: y,..... ,,:~--
""""'- ' /1;,:;, 

15 9' H e1 Ill 

PacqeTN noKa3aJIH 

<j+> 

(Ta6.11.2), 

rJlaBHNM 

qTo BNHYXABHHOe oc.11a6.11eHHe MaTpHqHNX 

BJIHHHHBM 3JIBMBHTOB o6pa3oM onpeAeJIHBTCH 

KB83HqacTHqHO-~OHOHHOro B38HMOABACTBHH, npHBOAHmero K ~parMeHTaUHH 

OAHOKB83HqacTHqHNX KOMnoHBHTOB BOJIHOBNX ~YHKUHA no COCTOHHHHM C 

OAHHaKOBNMH 3HaqeHHHMH KBaHTOBNX qHce.11 

3HeprHA. 

11 

Kn H 6JIH3KHMH 3HaqeffHHMH 



Ta6XHQa 2. MaTpHqHwe 3XeMeHTW onepaTopa j+ H COOTBeTCTBYJOmHe 

¢aKTopw ocxa6xeHHH (anoAr.=<f(j+(i>noAr./ <f(j+li>MHK' 

aK¢M =<flj+(i>K¢M / <f(j+(i>MHK ). 

1' [W•,•l 1• [N•,•J 
167" 169yb 171"(b 173n 

Jti•H~ ,;£.~ a{DOJt[ ,11i·I•~ ""= ".o,a, <fli•h~ ""Dl «"uo.zr;r NWl•l,. ol'Kllll "'b,,,a,. 

7/Z- l5I4J-5/Z- 1523! 3,494 0,51 0,83 3,633 0,57 0,47 3,717 0,28 0,'4 3,715 0,35 0,55 

7/Z" 1503!-5/Z- 1512] - - - 3,043 0,'4 0,'6 3,015 0,59 0,58 3,003 0,Z'I' 0,63 

5/Z- IS23l -3/Z- 1521] 0,001 0,69 0,83 I,012 0,42 0,78 1,013 0,22 0,2:3 I,098 0,54 0,59 

5/T [512] -3/Z- 1521] 3,740 0,57 0,42 3,661 0,41 0,54 3,595 0,38 0,42 3,590 0,65 0,63 

3/Z- [521)-1/Z" [510] -I, 754 0,28 0,45 -1,768 0,20 0,78 -I,845 0,24 0,60 -1,877 0,20 0,56 

1/Z" [521) -1/T [521] 0,298 2,30 2,10 0,398 !,SI 1,73 0,5'6 I,28 1,26 0,618 1,II I,12 

9/r [624]-7 /2' [633] 5,594 0;5s 0,83 5,569 0,87 0,75 5,550 0,74 0,68 5,525 0,54 0,62 

7/r [633]-s/z+ [6-121 6,082 0,81 0,83 6,059 0,73 0,63 6,035 0,66 0,64 6,002 0,93 0,60 

5/2' [642)-3/2+ [651] 6,390 0,81 0,00 6,373 0,76 0,54 6,640 0,75 0,73 6,283 0,43 0,72 

3/2' (651]-1/z+ (660] 6,562 0,8.2 0,83 6,541 0,79 0,78 6,'49 0,8.2 0,58 6,Cl7 0,48 0,72 

1/z+ (660] -1/z+ (660] -6,619 0,65 0,8.2 -6,599 0,48 0,67 -6,SII 0,62 0,62 -6,4110 0,63 0,72 

B_nHTOR_rxaBe AHCCePTaUHH npoBOAHTCH ¢eHOMeHoxorHqecKHA H MHKPO

CKOnHqecKHA aHaXH3 BePOHTHOCTeR 3XeKTpoMarHHTHNX nepeXOAOB B HeqeTHNX 

Ae¢opMHPOBaHHNX HAP6X PeAK03eMeXbHOR o6xacTH. 

PoTaUHOHHaH noxoca 1/2+ [411] HBXHeTCH noxocoR OCHOBHoro COCTOHHHH 

B HeqeTHWX HAP6X TYXHH c A=l63-171. HamH H3MepeHHH 

noxypacnaAa HHJl:HHX B036yneHHNX COCTOHHHR 3TOR POTaUHOHHOA 

In=3/2, 5/2 H 7/2, a TaKze AaHHWe aBTOPOB APYrHx pa6oT o 

nepHOAOB 

noxocw c 

CBoRcTBax 

3TOR noxocN no3BonHXH BWqHCXHTb B8POHTHOCTH Ml- H E2-nepexOAOB, 

pa3PHZaJOmHx 3TH COCTOHHHH. Cxa6oe B03MYmeHHe KOPHOXHCOBNM 

B3aHMOAeRCTBHeM CTPYKTYPN HHzaRmHx COCTOHHHA 3THX noxoc AaeT HaM 

OCHOBaHHe AXH 6AHa6aTHqecKoro aHaXH3a HX CBORCTB. AHaXH3 no3sonHx 

onpeAeXHTb ~eKTHBHWe 3HaqeHHH KBaApynoXbHWX MOMeHTOB Qo• 3HaqeHHH 

rHPOMarHHTHWX ¢aKTOPOB gx Hg •• a TaKze 3HaK H sexHqHHY napaMeTpa 

pa3BH3WBaHHH bo. 

AHaxorHqHNA aHanH3 CBORCTB POTaUHOHHNX COCTOHHHR noxoq 3/2-[521], 

3/2+[651] H 5/2-[523] 6wx npoBeAeH TaKze B HeqeTHO-HeRTPOHHNX HAPax 

Gd, Dy H Er. P83YXbTaTN 3Toro aHaXH3a noKa3aXH, HanpHM8P, pe3KOe 

ysexHqeHHe pa3HocTH lgx-gal• a cxeAoBaTeXbHo, BexHqHHW lgxl c pocToM 

qHcxa HeRTpOHOB B 3THX HAPaX B cxyqae noxoc 3/2-[521]. IlpocTaH MOA8Xb 

'"POTOP nxlllc qacTHUa" no3BOXH8T oqeHb npocTo o6'bHCHHTb 3TO noBeAeHHe. 

0AHoqacTHqHwR MaTpHqHWR 3XeMeHT onepaTopa sz. CBH3aHHWR C senHqHHOR 
•ff < 5z> 

gx COOTHomeHHeM gx=gs --K- oqeHb qyBCTBHTeXeH K H3MeHeHHJO 

KBaAPYnOXbHOR Ae¢opMaUHH H, KaK noKa3NBaeT PHC.6, ysexHqHsaeTCH OT 

3HaqeHHH 0,2 AO 0,3 npH ysexHqeHHH ~ZOOT 0,20 AO 0,32. HMeHHO B 3THX 
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j 
\ 

\ 

l 

npeAexax H3MeHHeTCH KB6APYnonb-

HaH Ae~OPMaUHH pacCMOTPeHHWX 

HeqeTHO-HeATPOHHWX HA8P C yse

XHqeHH8M NOT 89 AO 97. 

B cxyqae CHXbHoro KOPHOXHCO

sa CMemHBaHHH POT6UHOHHWX nonoc 

3HaqeHHH npHBeAeHHNX BepoHTHOC

TeR Ml- H E2-nepexoAOB Heo6xo

AHMo swqHcnHTb B paMKax HeaAHa-

<Si> 

0,4 

0.3 

(12 

0,1 

-- f'4o•CI0J 
---- P40•0.04 

• 
1 

.169F 
157Gd~ ____ _ 

~

ss· .£---~ 
0-- Dy 

i 
~Qi.:---- -~-- ..------· 

161Er 

6aTHqecKOA spamaTeRbHOR MOAeXH. 

EcnH B cnyqae BHYTPHnoxocHNX 

E2-nepeXOAOB P83YXbTaTN pacqe

TOB B paMKax HEM OTHOCHT8XbHO 

cxa6o (~10-15%) OTXHqaJOTqH OT 

6AHa6aTHqecKHX oueHOK npH BN6o

pe 3HaqeHHH Qo - CB060AHOro na

paMeTpa MOA8XH, TO AXH sepoHT-

I (130 P20 I • U25 
o 0,2~0 

A--,_ - -- -6--

. . ·-. ·-;. ____ -.,. ____ ..£ 
-0,1 

-(12 

-UJ 

HOCTH BHYTPHnoxocHoro Ml-nepe-

xoAa pe3YXbTaTN aAHa6aTHqecKoro 

H HeaAHa6aTHqecKoro nOAXOAOB 

MoryT cymecTBeHHO pa3nffqaTbCH 

H3-3a OTXHqHH napaMeTPOB 

gx H g:eaA HXH g. H g:eaA. 

AHaXH3 B8POHTHOCTeR MexnoxocHWX E2- H 

~~ 
1630y 

PHc.6 

Ml-nepeXOAOB 

~521] 
A :j/2.(532] 
D !:yl.(523) 
• l"l'l651l 
" 7/2'(63)] 

npoBOAHTCH B 

paMKax nOAXOAa, o6'beAHHHJOmero HeaAHa6aTHqecKYJO BPamaTeXbHYlll MOAeXb H 

KBa3HqacTHqHo-~OHOHHYJO MOA8Xb. MHoroqHcneHHWe pacqeTN npHseAeHHWX 

B8POHTHOCTeR MeznoxocHNX E2-nepeXOAOB, nposeAeHHWe HaMH H APYrHMH 

aBTopaMH AXH HeqeTHWX HAeP B paMKaX HeaAHa6aTHqecKOA spamaTeXbHOR . 
MOAeXH, noKa3alH, qTo BO MHOrHx cxyqaax 3Ta MOAeXb nxoxo onHCNBaeT HX 

3HaqeHHH. B PHAe pa6oT YKa3NBaXOCb Ha Heo6xoAHMOCTb yqeTa BH6paQHOHHNX 

KoMnoHeHToB npH swqHcXe.HHH MaTpHqHwx 3XeMeHToB E2(lt.Kl=2)-nepexoAoB B 

HeqeTHWX A8~0PMHPOBaHHNX HAP6X, 

IlPHBeAeHHYJO sepOHTHOCTb E2-nepexoAa B paMKaX HCnOXb3Y8MOro HaMH 

nOAXOAa,. yqHTWBaJOmero OAHOBpeMeHHO KOPHOXHCOBO 

¢OHOHHOe B3aHMOAeRCTBHH, MOJl:HO 3anHcaTb' 

H KBa3HqacTHqHo-

B(E2)=1D1a(E2,t.K=O)+Di~(E2,t.K=O)+Di(E2, lt.Kl=l)+D1r(E2, lt.Kl=2)1
2 

qacTb noXHoro MaTpHqHoro 3ReMeHTa E Ma• nponopQHoHaXbHaa KBaApynoxb

HOMY MoMeHTY Q, COOTBeTCTBYeT nepexoAY 6e3 H3MeHeHHH P(=Kn[Nn A]), 
0 z 

qacTb E M~ COOTBeTCTBYBT nepeXOAaM C H3MeHeHHeM p. BexHqHHoA 

D1(E2, lt.Kl=l) MOXHo npeHe6peraTb, nocKOXbKy ee BKXaA 3HaqHTeXbHo Max 

no cpaBHeHHIO C BKX6AOM OT APYrHx cxaraeMNX B 3TOA ¢OPMYXe. AHaXH3 
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noKa3an TaKxe, qTo B HeKOTOPNX cnyqaax He,nHaroHanbHaH qacTb nonHoro 

MaTpHqHoro 3XeMeHTa E M~, BenHqHHa KOTopoA 3aBHCHT OT 

6eTa-BH6paQHA, MolleT CTaTb cpaBHHMOA c BexHqHHaMH E MQ HE Mr. 
npHMeceA 

TaKHM 
o6pa3OM, Hapa,ny C KOPHOXHCOBblM B3aHMo,neACTBHeM, ITPHBO.llHIIIHM K 

3HaqHTeXbHOMY CMemHBaHHJO KOMITOHeHTOB C 

caMHX KoMnoHeHToB c AK =O H IAKI 

Pa3nHqHblMH 

=2 CHXbHoe 

K, Ha 

BXHHHHe 

BenHqHHbl 

OKa3blBaJOT 

He6oXbmHe npHMecH ~- H r-BH6paQHA, COOTBeTCTBeHHO. nxa npHMepa Ha 

PHC.7 npOBO,llHTCH cpaBH8HHe 3KcnepHMeHTaXbHblX H TeopeTHqecKHX BenHqHH 
- fl -E2-nepexo,lloB 5/2 5/2 [512] ➔ Ifl/2 [521] B H,llpax HTTep6HH c A=l69-173. 

BH,llHO, qTo B paMKax Mo,nenH, HBXHJOD1eACH CHHTe3OM Hea.nHa6aTHqecKoA 

BPa111aTeibHOA MO,nenH H KBa3HqacTHqHo-~OHOHHOA Mo.nenH, Y.naeTCH o6~HCHHTb 

noBe,lleHHe BePOHTHOCTeA E2-nepexo.noB 3Toro THna AXH'Pa3nHqHblX 3HaqeHHA 

cnHHa KOHeqHoro COCTOHHHH. H3 PHC.7 BH,llHO TaKxe, qTo o6blqHaH HBM He 

cnoco6Ha o6~HCHHTb 3KCnepHMeHT. 

10 ]Ktn H_QP 
BfE2J,e'62 ·•r, 

1 
I ••:•\231-~3121

1

5:~ 5/r512l5121 - r111215211 

3KCn HBM KqJM•HBM 

". I 
~.10

21 n- --h/· f 1-~· 

~ [•~ _,•!_•--;✓ . 
m 

91 93 9~ 97 N•91 93 9~ 97 

10
3£ 5/2"5/2(512] - 1,1,2(5211 ho' ._____ 

N 0 

1 

< ~ ;:. . 
:,,: ·• 

6 :,10 
~ 0 • 169yb 

iii 

~ & • _171yb I 
1: f ~ f f 

l O. 169yb 
o • 173yb I a. 171vb 

o - 173Yb 

105 10
6 

312 !,12 1,- 3/2 5/2 1/2 3/2 5/2 1/2 312 5/2 1/2 3/2 512 ,, 
PHc.7 PHc.8 

IlPHBe.neHHYJO BepoHTHOCTb Ml-MexnoxocHoro 

MO,lleXH, yqHTb1BaJ0111eA KOPHOnHCOBO CMemHBaHHe, 

B(Ml)=IE M(Ml,AK=O)+E M(Ml, IAKl=l)l
2

• 

3,necb E M(Ml,AK=O) - CYMMa BKna,noB AHaroHaXbHblX 

nepexo.na B paMKax 

MOllHO 3anHcaTb! 

KOMITOHeHTOB, 3aBH-

CHIIIHX OT MaTpHqHoro 3AeMeHTa onepaTopa sz' H E M(Ml,IAKl=l)- CYMMa 
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BKna,noB, 3aBHCHlllaH OT MaTpHqHl,IX 3XeMeHTOB onepaTOPOB <j+> H <S+> •. 

HamH pacqeTbl noKa3anH, qTo HCITOXb3OBaHHe MaTpHqHblX 3neMeHTOB 

onepaTopoB sz H s •• Bl,lqHcAeHHblX C yqeTOM KBa3HqacTHqHo-~oHOHHoro 

B3aHMo,neACTBHH B paMKaX Tex Xe npH6AHlleHHA, qTo H MaTpHqHble 

onepaTopa j+ (T.e. 6e3 yqeTa 1+ Bo36yll,lleHHA ocTOBa), He 

3XeMeHTbl 

no3BOXHJOT 

,no6HTbCH xopomero onHcaHHH Ml-nepexo,noB H MarHHTHblX MOMeHTOB. IlpH 

BUqHcAeHHH MaTpHqHl,IX 3AeMeHTOB cnHHOB~X onepaTOPOB Mbl Hcnonb3OBaXH 

MO,lleXb, pa3BHTYJO H.H.IlHTOBblM. 

nxa npHMepa Ha pHc.8 npoBOAHTCH cpaBHeHHe 3KcnepHMBHTanbHblX H 
- fl -TeopeTHqecKHX BenHqHH Ml-nepexo,noB 5/2 5/2 [523] ➔ If 3/2 [521] B 

HeqeTHblX HApax 3p6HH H HTTeP6HH (a), H K-3anpe111eHHblX Ml-nepexo.noB 
- fl -5/2 5/2 [512] ➔ If 1/2 [521] B H,npax HTTep6HH c A=l69-173 (6). B 

n - n - fl -BepxHeA qaCTH PHC.8: 1- If=3/2, 2- If=5/2, 3- If=7/2. BHAHO, qTo 

HCITOXb3YeMNA HaMH no,nxo.n no3BOAHeT xopomo onHCaTb noBe.zteHHe He TOnbKO 

pa3pemeHHblX, HOH K-3anpe111eHHblX Ml-nepexo.noB. 

B rxaBe 5 onHCblBaeTcH TaKJle MeTO,llHKa Bl,lqHcXeHHA KO3~HUHBHTOB 

cMemHBaHHH MYAbTHnonbHOCTeA 6 MexnonocHblX (Ml+E2)-nepexo,lloB. IlonHble 

MaTpHqHl,le 3neMeHTbl Ml- H E2-KoMnoHeHTOB 3THX nepexo,noB BblqHcnHXHCb B 

paMKaX Toro xe no.nxo,na, qTo H COOTBeTCTBYJOIIIHe BBPOHTHOCTH nepexo,noB 

(CM. Bblme). KaK noKa3anH KOHKpeTHble pacqeTbl, no.nxo.n, OCHOBaHHblA Ha 

CHHTe3e HBM H K~M. no3BOAHBT npaBHAbHO onHcaTb KaK BenHqHHY, TaK H 

3HaK KO~HUHBHTOB 6 (pHc.9). 

Yxe B nepBblX pa6oTax no H3yqe-

HHJO BXHHHHH ,neTaneA a,nepHoA CTpy- 0,6 

KTyp1,1 Ha BepoHTHOCTH El-nepexo,noB o.s 

B HeqeTHblX a,npax pe,nK03eMeAbHblX 0,4 

3AeMeHTOB OTMeqanocb, qTo .nna oT

paxeHHH 3KcnePHMeHTanbHblX AaHHblX 

B TeopeTHqecKHX pacqeTax Heo6xo-

0.3 

0) 

0.1 

AHMO yqHTblBaTb cnapHBaTenbHoe 

B3aHMO,neAcTBHe, Hea,nHa6aTHqecKHe 

~~eKTN, o6ycnoBneHHble KopHonHco

BblM CMemHBaHHeM, H KB83HqacTHq

HO-~OHOHHOe B3aHMO,neACTBHe. YqeT 

nepBblX ABYX ~~eKTOB npH~OAHT 

o.oJ. ,,2 J2 112 s,2 1112 • I 1312 

K 3HaqHTeAbHOMY nporpeccy B 

onHcaHHH noBe.zteHHH Ha6n10.naeMblx 

El-nepexo.noB. B qacTHOCTH, 3TO 

noKa3aA Aam aHaAH3 BenHqHH BB

POHTHOCTeA El-nepexo.noB THna 

5/2+[6421 * 3/2-(521], 

5/2+[642] +> 5/2-(523] H 

I -0.2 

~>o.3 
N 
w 

-0.2 

-113 

!4 5/tl51ZI 

.0,41-_,__...__-4-_ ...... _~ _ _,,__,__.,_.J 
912 1V2 1312 1S,J 1712 1912 2V2 I 2312 

PHc.9. 
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5/2-(512] ++ 7/2+[633] B HeqeTHo-HeATpOHHNX Ae~opMHpoBaHHNX HApax, a 

TaKxe aHanH3 BSPOHTHOCTeA nepeXOAOB THna 7/2-(523] ++ 7/2+[404] B HApax 

TYnHH. 0AHBKO B OTAenbHNX cnyqaax (B o6nacTH A -150) pacxoneHHH MoryT 

AOCTHraTb ABYX nOPHAKOB H 6onee. IlpHqHHY 3TOro npeAnonaranocb OTNCKaTb 

npH paCCMOTPSHHH 3~~eKTa, CBH3aHHOro C noHBneHHeM npHMeceA H3-3a 

KonneKTHBHNX B036YXASHHA OTPHUaTeRbHOA qeTHOCTH B qeTHO-qeTHOM OCTOBe 

HApa. HcToqHHKOM nOAOOHNX nPHMeceA MoryT HBRHTbCH ABa KonneKTHBHNX 

3~~eKTa: rHraHTCKHA AHnonbHNA pe3oHaHC H HH3KOnexamHe BH6paUHOHHNe 

B036YXAeHHH OCTOBa, reHepHpyeMue OKTynonbHNMH CHnaMH. B HamHx pacqeTax 

6uno yqTeHo BnHHHHe OOOHX 3~~eKTOB. BKnwqeHHe H30BeKTOPHNX AHnonbHNX 

cHn no3BOnHno npaBHnbHO yqecTb BnHHHHe "'xBOCTa" AHnonbHoro rHraHTcKoro 
B(E11.e2b 

1ci'151rt532l-51114nJ~ 10' 5/fl532l-312"{411l 

O:~J f-'l ' ""1 \ - - \. 

'f~ ~·i/ 10 10 \ I . ,~·~ 
,ctr r r ho 

,o'f \r l,o' 

IK,i+1~-HP.~ 

Pe3oHaHca. 

YKa3aHHNX 

BnHHHHe 

OCTaToqHNX 

B3aHMOAeAcTBHA Ha ee

POHTHOCTH El-nepexOAOB 

MN npoaHanH3HPOBanH Ha 

npHMepe'AK=O H IAKl=l 

nepexoAoB THna 

5/2-(532] .. 5/2+[413] H 

5/2-(532] .. 3/2+[411] B 

HeqeTHNX 

Eu H Tb 
HApax Pm, 

B o6nacTH 

151~A~161.PacqeTN npo

BOAHnHcb B PaMKaX He

aAHaoaTHqecKoA epama-

!1/2i ;17Y2•- -112--i--w W 1tr)r----~~~ 1tl 

TenbHoA MOAenH 6e3 yqe-· 

Ta H C yqeTOM KBa3Hqa

CTHqHo-~OHOHHoro B3aH

MoAeACTBHH (pHc.10). 

PHc.10 

AHaRH3 pe3ynbTaTOB pacqeTOB 

no3eonHnH HaM CAenaTb cneAYIDmHe 

eepoHTHOCTeA El-nepeXOAOB' 

H conocTaeneHHe C 3KCnepHMeHTOM 

BNBOAN OTHOCHTenbHO noBeAeHHH 

- o6NqHaH HeaAHa6aTHqecKaH MOAenb He B COCTOHHHH o6~HCHHTb noBeAeHHe 

nPHBeAeHHNX eepOHTHOCTeA B o6naCTH HAeP c A- 150; 

- BKnIDqeHHe AHnOXbHNX OHR H yqeT BRHHHHH OKTYnonbHNX BH6paUHOHHNX 

npHMeceA no3eonaeT 3HaqHTenbHO ynyqmHTb onHcaHHe npHBeAeHHNX 

eepoHTHOCTeA El- nepeXOAOB; 

- o6HapyxeH 3~~eKT ycHneHHH MaTpHqHNX 3ReMeHTOB El-nepexOAOB THna 

AK=O, AocTHrawmHA nopHAKa H 6onee, H cna6oe H3MeHeHHe MaTpHqHNX 

3ReMeHToB c IAKl=l npH BKn~qeHHH AHnonbHNx cHn H yqeTe oKTynonbHNX 

BH6pauHA OCTOBa B o6naCTH HAep c A- 150. 
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OcHOBNBaHCb Ha 3THX 3aKnIDqeHHHX, MOXHO o6~HCHHTb pa3HHUY B noeeAeHHH 

El-nepexoAOB c AK=O H IAKl=l. 

1. B nepexoAaX c AK=O HMeeTcH RHAHPYIDmHA KoMnoHeHT H npHMeCH, 

B03HHKaIDmHe B HaqanbHOM H KOHeqHQM COCTOHHHHX B pe3YnbTaTe KOPHOXHCOBa 

CMemHBaHHH. IlocneAHHe AaIDT He3HaqHTeXbHNA BKXaA B eepOHTHOCTH 3THX 

nepeXOAOB. 

2. B nepexoAax c IAKl=l 3a cqeT YcHneHHH M9 KoMnoHeHToB c AK=O 

HaoXIDAaeTCH CXOXHaH KapTHHa, KOrAa Pe3YXbTHPYIDmHA MaTpHqHuA 3ReMeHT 

onpeAenHeTCH HeCKORbKHMH qneHaMH npH6XH3HTeXbHO OAHOro nopHAKa 

eexHqHHN, npHqeM, eoo6me roeopH, C pa3HNMH 3HaKaMH. 9To oo~HCHHeT 

qacTNe cnyqaH aHoManbHoA 3aABPXKH El(IAKl=l)-nepexoAoB. MoxHo cKa3aTb, 

qTo B3aHMOAeAcTBHe KopHOXHCa AaeT B03MOXHOCTb npoHBHTbCH B cxyqae 

El(IAKl=l)-nepexoAoB BKXaAaM oT npHMecHNX KoMnoHeHTOB c AK=O, HMe~mHM 

6onee KOXXeKTHBHNA xapaKTep B 3TOA o6xacTH 11eqeTHNX HASP. 

Heo6xoAHMO oTMeTHTb, qTo paccMoTpeHHNe AK=O H IAKl=l El-nepexDAN 

THna 5/2-(532] .. 5/2+[413] H 5/2-(532] .. 3/2+[411], COOTBeTCTBeHHo, 

HMeIDT o6mHe BKXaAN B noXHNe MaTpHqHue 3neMeHTN H eocnpoH3BOAHTCH 

OAHHaKOBO xopomo AXH nepexoAOB C pa3HNMH 3HaqeHHHMH cnHHOB HaqanbHOro 

H KOHeqHoro COCTOHHHA. 9TO MOXeT roeopHTb TaKXe o AOCTaToqHQCTH yqeTa 

ocTaToqHNX B3aHMOAeAcTBHA Tpex paccMOTPeHHNX THnoB npH pacqeTax 

npHBeAeHHNX BePOHTHOCTeA El-nepexoAOB B HeqeTHNX AS~OPMHPOBaHHNX HAPaX 

peAK03eMeXbHNX 3neMeHTOB. 
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