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PaooTa BbIIl0nHeHa _B, flaoopaTOpllll m:tepHb!X rrpooneM O6:1,e)lll

HeHH0I'0 IIHCTl!TyTa aoepHblX 11ccneJIOB8Hllli. 

O¢11u11anbHbie ·orrrroHeHTbI: 
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Jl0KT0p !pH3HKO-MaTeMaTl!qecKIIX H8YK fl.fl.Epo)lep 

Bellyll1ee Hayqao-11ccneA0BaTenbCKoe yqpei1<JleHne: Hayqao-.11c

cneA0BaTenbCKllll. llHCTIITYT smepHoli'¢n::i11ic11 MocKOBCKOI'O rocy)lap-

CTBBHH0I'0 YHIIBepCl!TeTa. 
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EollbWHHCTBO B.T0MHbIX ru:tep, 38. HCKn10'18HH8M CB.MbIX nerKHX, 

.SIBnlII0TC.SI CHCT8MB.MH 6ollbWOro 'IHCna CHIIbHOB3B.HMOnell:cTBYIOIJIHX 

'IB.CTHn, 3To oqem,: ocnolKH.HeT aanaqy nocTpoeHH.SI Teop11u ru:tpa, 

KOT0pB..SI, ucxon.H H3 o6mux 38.K0HOB nBHlK8HH.SI H B3B.HMonell:CTBH.SI 

'IB.CTHn, °COCTB.Bn.S1IOIJIHX HAP?• ~6'bHCHHlIB.: 6bl cjJH-;H'leCKtte_i CB0ll:CTBB. 

_ru:tep. PB.3BHTHe TB.KOii: -Teopuu npoucxonHT cell:'IB.C, rnB.BHblM o6pa-

30M, HB. OCHOBB.HHH MonellbHblX npenCTB.Bneaull:, Korns., cnenaa· on

peneneHHb1e: • ynpomaromue npennonoJKeau·.H o cunax, nell:cTayromux 

a ru:tpe, ynaeTC.SI o6'b.SICHHTb OTnenbHble CB0ll:CTBB. H~ep. 

B 8THX ycnoBHHX oco6yro BB.lKH0CTb npuo6peTB.IOT aKcnepuMeH

TB.llbHble uccnenoBB.HHH ?TPYKTyphI B.TOMHblX .SI.Qep, coaepweHCTBO

BB.HHe TeXHIIKH 8THX nccnenoaaaull:, pa3pB.60TKB. H0BbIX MeTonoa 

B036yJKneHHSI ypoauell: B B.T0MHbIX ru:tpax, HCTIMb30B.B.HHe H0BblX 

cnoco6oa nony'leHHH paniioaKTHBHblX H30T0ll0B, OnHHM H3 

TB.KHX cnoco6oa HBnHIOTCH peaKUHH rny6oKoro pacwenne-

HHH, 

B cep·en11ae nHTHnecHTbIX ronoa, Karna HB.'l11Han11c& 11ccne

noaaHHH, 0llllCB.HHbie B AIICCepTB.UHH, 6bJnO ll0KB.38.H0, 'ITO B TB.6-

n11ue 1130T0~0B·CyIJieCTBYIOT 06nacT11, rne SUIPB. o6nB.AB.IOT pB.BHO-

. aecaoll: necjlopManaeit cjiopMbI, 8T11 ru:tpa cpaay JKe ablaaan11 6ollb

woll: HHTE:pec cjJH311KOB II B nocnenylOIJIHe ronbi 0'18Hb _IIHT8HCIIBH0 

113Y'IB.nHCb, .ll11ccepTB.llHSI ll0CBSIIll8HB. 11ccnenoBB.HIISIM CBOll:CTB ne

cjlopMllpOBB.HHb!X sinep HeiiTpoHonecjJHllllTHblX H30T0ll0B penKoaeMenb

Hb!X aneMeHT0B, 

,lluccepTan11S1 C0_CT0HT H3 '18Tblpex rnas, B nepaoii rnaae pac-
' i"'+ 

CM0TpeHbl B011p0Cbl MeTon11Kn uccnenoBB.Hllll:. Bo BTopoll: 11 TpeTbeii 

rnaaax npeACTaaneHhl 0CH0BHbie peaynhTB.Tbl ll3Y'l8HHH cxeM pac-
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nana ceMH_annaT11 ne¢opM11poaaaab1x ru:iep p_ei:tK03eMellbHblX aneMea-

Toa. IlllTb 113 a11x: 159 Er , u2 Yb , u2 T11 , u-cyb , 184 T11 

anepabie nony'leHbl a on11cblaaeMoil pa6oTe. B 'leTaepToil rnaae 

cnenam,1 aeKOTOpb!e o6nrne 3aKn10qea11SI, Bb!TeKa10m11e 113 npoaenea

Hb!X Hccne.aoaaauil. 

1. MeTO.llbl nony'leHHSI H IICCne.aoaaHHSI HeilTpoao.ae¢HUHTHblX 

1130TOnoa pe.aK03eMenbHblX aneMeHTOB 

LlnSI nony'leHHlI HeilTpOHo.ae¢HUHTHb!X ll30TOnoa Hcnonb30Ba-

lll!Cb peaKUIIH _rny6oKoro 'pacmenneHHSI, npo11cxo.asimue np11 a3aHMo

.aeilcTau11 npOTOHOB C aHeprHeil 660-680 Maa C TaHTanoaoil MIIWeHblO. 

IlpoTOHbl YCKOPMIICb Ha CIIHXPOllHKnoTpoHe na6opaTOPHII lI.llepHblX 

npo6neM O6'be.11HHeHHoro HHCTHTyTa SIAepHb!X uccne.aoaaauil. Cpaa

HeHHe pa3Hb!X MeTo.aoa np11roToaneH11Sl H30Tonoa noKa3b!BaeT, 'ITO 

11cnonb30BaHHe peaKu11il rny6oKoro pacmenneilug BbIro.aao .anSI no

ny'leHHSI HeilTpoao.ae¢HUHTHb!X 1130TOnoa pe.aK03eMenbHblX aneMeH-' 

TOB C He.aocTaTKOM, no cpaaHeHHIO co CTa6HnbHblMH H30TonaMH, nsi

TH H 6onee HeilTpOHOB. 3THM MSTO.llOM M0lKHO npuroTOBHTb TaK11e 

H30TOnb1, KOTOpbie TPY.llHO HllH HeB03MOJKH0 nony'IHTb .apyrHMII Me

TOJWMH. 

Bbl,aeneaue pe.aKo3eMenbHblX aneMeHTOB H3 o6ny'leHHOil TaHTa

noaoil Ml!Wean npon3ao.annocb no .MeTo.ay, paapa6oTaHHOMy 6.K.Ilpe

o6palKeacKnM H .ap/
11• Ilpn aToM Ha o6nyqeaaoil TaHTanoaoft MH_

mean Bbl,aenSinl!Cb pe.aKo3eMenbHble aneMeHTbl C naHTaHoM B Ka'leCT

Be HOCHTeng. Pa3,aeneaue pe.aKo3eMenbHb!X aneM8HTOB BblITOllHSlll0Cb 

Ha HOHH006MeHHOil KonOHKe. Hcnonbayg reaeTH'leCKHe CBSI311 H30TO

noa H nponaao,ag noaTopHble paa.aeneHHSl, a PS!lle cny'laea y,aanocb 

nony'IHTb MOH01130T0nHb!e IICTO'IHIIKH. Hcn011b30Banncb H0Bble pa- . 

.llllOXIIMH'leCKl!e MeT0.llbl paa.aeneHHSI H30TOnoa H npnroToaneHHSl HC

TO'IHHKOB .ansi cneKTP0MeTpoa, paapa6oTaHHble a pa.anoxnMH'leCKOil 

rpynne n.Hn . B.A.XanKHHblM H ap. 

4 

.l 
1 

j 

i :, 
I 

j 
!, ; 

\I 

j 
'1 

I 
I 
l 
l 

{ 

l 

, Bb!COKSSl HHTeHCHBH0CTb ny'IKa npOTOHOB. Ha CHHXpOUIIKllOTPO

He nHn OH.RH ·c.ao 2,5 MKa) n coaepweHHble 'PaAHOXHMH'leCKHe 

MeTO.llbl Bbl.aeneHHSl H30T0nOB H3 o6ny'leHHblX .MIIWeHeil n03Bon11nH 

nony'laTb JICTO'IHHKH pa,aHOSKTHBHblX H30TOll0D 6onbW<,ii. KaK nonaon, 

•TSK H y,aellbH0A QKTHBHOCTH.3TO. nano B03MOlKHOCTb_ npnMeHHTb ,ang HC-

cne.aoaaH~SI H3ITy'leHH51 H30TOll0B MarHHTHble 6eTa-cneKTpOMeTpbl 

Bb!C0Koro Knacca. 

Llng nccne.aoaaHHSl cneKTpoa nany'leHHSI, B03-HHKa10mero npn 

pa.a11oaKTHBHOM pacna.ae H30TOnoa peAKHX 3eMenb, B pa6oTe 6b!ITH -- . 

HCnOITb30BaHbl cneny10mne npn6opbl! 

1. s·eTa-cneKTporpa¢bl c llOCTOSlHHb!M MSrHHTHb!M noneM n 

per11cTpauneil aneKTPOII0B HS ¢oTonnaCTHHKy. BblCOKalI paapema10-

lll8Sl cnoco6HOCTb STHX npn6opoa (·- 0,04%) noaaonsina npOBO.llHTb 

llHanH3 BeCbMa CIT0lKHb!X cneKTpOB KOHBepCHOHHblX aneKTpOHOB. 

3To. oco6eHHO aaJKHO ,ang onpe.aeneHHSI MYITbTHnOnbHOCTH raMMa

nepexo.aoa no 0TH0CHTeITbHb!M HHTeHCHBHOCTSIM ITHHHil BHyTpeHHeil 

KOHBepCHH Ha L - no.ao6on<;>'IKe. 

2. Llnsi nccne.aoaaHuil cneKTPOB KOHBepCHOHHb!X aneKTpOHOB n 

· . ( ucyb n03HTPOHOB K0p01'K0lKHBYlllHX 1130TOn0B HanpuMep, , T1/2 .. 

72 MHH) 6bln ncnonb30BaH 6eTa-cneKTPOMeTp C 0.llHOPO.llHblM Mar-.

HHTHblM noneM. Ero paapewa10mag cnoco6HOCTb 0,4-0,5%; caeTo-

_ cnna •0,1%. 

3. BeTa-cneKTPOMeTp c .llBOilHoil ¢oKycnpOBKOil ny'IKa HS yron 

11,/2. Paapewa10maSI cnoco6aoCTb 0,13-0,3%, caeTocnna 110 0,2%. 

4. BeTa-cneKTPOMeTp C TpexKpaTHoil ¢0Kyc11poBKOil ny'IKS 

aneKTpOHOB B 0.llHOpOAHOM MarHHTH0M none. Paapewa10mag cno

co6HOCTb npu6opa •l %, caeTocuna •0,06%. IlpeHMYl!leCTBOM aToro 

npn6opa SIBIT518TCSI HH3KHil ¢oH per11cTp11py10meil CHCTeMbl ( OK Ono 

0.llHOro OTC'leTa B 'lac) II Bb!COK851 CTeneHb O'IHCTKH ny'IKa 'laCTllll 

O,aHoro 3HaKa OT pacceSlHHblX 'laCTHU .apyroro 3HaKa ( .ao 1 oS). C 

· noMOlllblO aToro npn6opa o6HapyJKeH o'ieHb cna6blil. no HHTeHc11a

H0CTH n03HTpOHHblil pacna.a HSCKOITbKHX Slilep (HanpnMep, 187 Yb 1 

lei Er ). 
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5._ EeTa~cneKTpOMeTp .C /lBOHHOfi /lByKpaTHott ~OKYCHpOBKOfi 

Ha yron rrl/2 HMeeT O'lein, HH3KHll: cj,oH perHCTpHpyromett CHCTe-

Mbl (MeHee 0/lHoro OTC'leTa B cyTKH) llpH xopolllHX OCHOBHblX cneK

TPOMeTpH'leCKHX XapaKTepHCTHKaX (paapewarolllall CllOC06HOCTb •0,2%, 

CB0TOCHna •0,15%). C llOMOIIlbIO 3TOro cneKTPOMeTpa o6HapyJKeH 

PlIA O'l0Hb cna6b!X no HHTeHCHBHOCTH KOHBepCHOHHblX nHHHll: (/lo 

10-8 Ha pacnall). 

6. CUHHTHnnmmoHHble raMMa-cneKTpOMeTpb1, HCnonb30BaHHb!0 

B pa6oTe, HMenH paapewaromyro cnoco6HoCTb 8-11 %( npH paaMepax 

KpHCTannoa NaJ /lO 10 CM3 ). 

7. nonynpoBO/lHHKOBbl0 Ge(Li) raMMa-cneKTpOMeTpb! 

paapewarom~ll: cnoco6aocTbro 4-6 ii:aa Ha raMMa-nHHHH 1330 K3B 
60 

~o. npH 'lyBCTBHTenbHOM 06'beMe /l0T0KTOpOB .. 5 H .. 7 ,5 CM3 • 

8. CneKTpOMeTpbl /lnll H3Y'l0Hllll cneKTpOB raMMa-raMMa II 

C 

aneKTpOH-raMMa COBlla/leH11ll:, C03JlaHHb!0 Ha 6aae CUHHT11nnSIUHOH

HblX raMMa-cneKTpoMeTpoa· II MarHIITHO-nHH30Boro 6eTa-cneKTpo

M0Tpa. 

2. Hccne1loBaH11SI cxeM pacna/la /leTOPMHpoBaHHblX SIAep 

P0/lK03eMenbHblX aneMeHTOB C H0'l0THbIMH MaCCOBblMH 'IHCnaMH 

Bo BTopofi rnaae H3nOJK0Hbl OCHOBHble pe3ynbTaTbl 3KCnepu

MeHTanbHblX uccne/loBaHHfi pa/lHOaKTHBHoro pacna/la cne/lyIOIIlHX 

SIAep: 

U7yb 
70 97 

l 7MIIH - 1e7r 
89 U 98 

9,6.:IH - 187 
ea Ern 

185 
89 Tu

98 ~ 18:9 Er
97 

l ,8'1ac 
H 3 Er lt13Tu - 88 95 gg 94 
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IUTu 37MHH UIEr 3,1 'lac 
181 Ho ~ 1e1Dy - -89 92 ea 93 e1 9 4 ee 9 s 

159 Er 36MHH 159 H 33MHH 159 
- 0 -. Dy 

et 91 97 92 ee 93 

Pacnana 
187 

Yb • Onpe/leneHbI MYnbTHllOnbHOCTH acex nasecT

HbIX· paaee B 3TOll: cxeMe paella/la raMMa-nepeXO/lOB. 3TH /laHHbJe 

llO/lTBeplK/laIOT npe/lnOJK0HHYIO paaee cxeMy pacna/la 187 Yb ( CM., 

HanpHMep, /21). 06aapyJKeHO WeCTb HOBblX raMMa-nepeXO/lOB n 

ll03llTp0Hb! C rpaHH'IHOll: 3Hepr11efi 650 K3B. Onpei:leneHbl 3Heprll51 

U7yb ( · pacna/la - Q = 1960 ± 30) Kaa H nepHO/l nonypacna/la T112= 
( 17 ,2 :!: 0,2) MllH. 3Ha'leHHO MaTpll'IHOro aneMeHTa /ln51 6eTa-pac

na/la Ha ypoBeHb 292. 7 K3B 187 Tu • Bbl'IHCneHHOe ll3 3THX /laH

HblX, paaao logft = 4,54 :!: 8:8I• CTonb HH3KOe atta'leHHe logft 

onpe/leneHHO. llOKa3b!BaeT, 'ITO OCHOBHOe COCTOlIHHe 187 Yb - Tlllla 

512- (523), a ypoaeHb 292,9 K3B a 197 Tu - THna 112- (523)/3,41• 

Pacnan 
187

Tu , B peaynbTaTe H3y'leHHlI cneKTpa KOHBep-

CHOHHbIX aneKTpOHOB ll raMMa-nyqefi 187 Tu ycTaH~BneHO cymecT

BOB8HH0 B SIApe 
197 

Er H30MepHoro YPOBH.11 THna 112- (521) C 

3Heprnett 207,9 K3B H CB513aHHoro C HHM poTaUHOHHOro COCT051HH51 

(3/2 112- (521), 265 K3B), noKa3aHO, 'ITO COCT051HHe C 3Heprll

efi 532 K3B B SIApe 187 Er HMeeT B OCHOBHOM Kone6aTenbHYIO npH

POllY ((K-2) 712+ (633)) 15•61• 

Pacna/l 185 Tu • Ha OCHOBe HaWHX peaynbTaTOB ll3Y'l0HH51 

cneKTpa KOHBepCHOHHblX aneKTpOHOB 185 Tu /5,7,8/ H peaynbTa

TOB llCCne/lOB811H.II raMMa-cneKTpa B pa6oTe KyuapOBOll ll /lp/91 

onpe/lenenbl MYnbTllllOnbHOCTll 3Ha'IHTenbHOro 'IHCna raMMa-nepe

XO/lOB, B03HHKaIOlllllX B 3TOM pacna/le. 3TH /laH!lbl0 noaaonHnH no-

us T CTpOHTb cxeMy pacna/la u , BKnro'la10my10 B ce6g p511l Oll-

HO'laCTll'IHblX ll, CB513aHHblX C HllMll poTaUHOl!Hb!X yposnell:. nony

.'10Hbl 3KCnepHM0!1TanbHbie /lOKa3aTenbCTBa Toro, 'ITO 11eKOTOpb1e 

ll3 3THX ypoanell: CO/lepJKaT npHMeCb Kone6aTenbl!Oro COCT051HH51. 

06 3TOM CBH/leTenbCTByeT, aanpHMep, 3KCnepHM0HTanbHO H3MepeH-
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Hoe 3HaqeH11e napaMeTpa pa3BH3KII 'a' JlnH poTaUl!OHHOli nonOCbl 

COCTOHHllH 1 ;2- (521) C 311epr11eli 298 K3B, KOTOpoe OKaaanocb 

3Haq11TenhHO MeHbwe, qeM 3TO npeJlCK83b1B8eT MOJlellh H11nbCCOHa, 

11 np11MepHo coananaeT c pacqeTaMI! ConoaheBa II np/lO/, yq11Tb1-

aa10m11M11 np11MeCb KOne6aTenhHblX COCTOS!Hllli. 

PeaynhT8Tbl Haw11x pa6oT 17,8 ,111 COBM0CTHO C JlaHHblMll/9,12/ 

noaaon11nu ycTaHOBl!Th cymecTaoaaH11e TpexKaaa11qacT11qHoro coc

TOSIHIIH B 185 Er (3/2+, 1428 K3B). 
163 · 

Pacnan _.1!!....., Ha OCHOBe 11ayqeHl!SI cneKTpOB KOHBepCIIOH-

HblX :;ineKTpOHOB 11. raMMa-nyqeli /l3,14/ nocTpoeHa cxeMa pacna

na 
183 

Tu (p11c.l). CxeMbl pacnaaa Haep 163 Tu 11
185

Tu II caolicT

Ba ypOBHeli Haep 183 Er 11 
185 Er o6Hapy)Kl!B8IOT 6onhWOe CXOJl

CTBo.· Ilp11 pacnaae 183 Tu B Hape 163 Er B036y)Kll8IOTCH llBa Tpex

KBaa11qacT11qHblX YPOBHH 1539 K3B (312+) II 1804 K3B (112+). AHa

nua nonyqeHHblX JlaHHblX O raMMa.;.nyqax, paapH)KaIOutllX 3TH ypoB- • 
. . . 

· . 185 
HI!, a T8KlKe TpeXKBaa11qacT11qHblli YPOB0Hh B Hape Er , noKa-

3blB8IOT, qTQ K 3TIIM ypOBHHM llpl!MeWaHbl OKTynonhHbl0 B1!6paUIIOH- . 

Hble COCTOHHl!H, CBH3aHHble C , Hl!JKeneJKautl!MII OllHOKB8311qacT11qHbl

MII COCTOHHIIHMII. 

Pacnaµ 
181 

Tu 1 8 peaynbT8Te· 11ayqeHl!SI cneKTpa KOHBepCl!OH

HblX :;ineKTPOHOB 
181 

Tu nocTpoeHa cxeMa pacnana, 11ao6paJKeHHaS1 

Ha p11c.2 1151• 
let · 

Pacnan Er • Ha OCHOBe 11ccnenoaaH11li cneKTpoa KOHaep-

c110HHblX :;ineKTPOHOB, Il0311TpOHOB II raMMa-nyqell, B03Hl!K8!0llll!X 

np11 pacnane 3Toro Sii:lpa, npennoJKeHa cxeMa pacnana 181 Er /16,171. 

IlpennonaraeTcH, qTo ypoa1111· 1895 11 1940 K3B B Hape 181Ho 

IIMeIOT TpeXKB83l!qacTnqHyIO np11p0Jly • 

181 181 /18/ 
Pacnaµ Ho • B peaynhTaTe aayqeHH SI pacnaaa Ho 

no.nTBepJK.nena npe.nnoJKeHHaH paHee (cM.2) cxeMa pacnana, o6Ha

pyJKeHo HeCKOnhKO HOBblX raMMa-nepeXOJlOB, onpeneneHa 3Heprl!SI 

pacnaaa I! nep11on nonypacnana 
181 

Ho • 

HaoTon 
159 

Er o6HapyJKeH B 3Tl!X accnenoaaH11S1x. IloKaaaHo, 

qTo np11 pacnane 
159 Er B036yJK)laeTCSI H30MepHblll ypoBeHb Tl!

na 112+ (411) c aHeprueli 205,9 K3B 119,20/. 
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CxeMa pacnana 159 Ho , IIOCTpoeHHaSI Ha OCHOBe naHHblX O · 

cneKTpe KOHBepCl!OHHhlX aneKTpOHOB 3Toro Hapa, uao6paJKeHa Ha 

pnc.3 /19,20,211. 

3. HccneaoaaH11e cxeM pacna.na .necj;opMupoBaHHblX 

smep C qeTHblMII M8CCOBblMll
0

ql!CnaMl1 

B TpeTheli rnaae npe.ncTaaneHbl OCHOBHble peaynhTaTbl uccne

aoaa1111li pan11oaKTl!BHOro pacnana cneay10mux sinep: 

U8Yb 
70 98 

58qac 188Tu 
89 97 

7,7qac - U8 Er 
88 98 

U4y• 72MIIH 184 
D - Tu 70 9 4 69 9 5 

2MIIH U4E 
ee r 98 

u2yb 
26MUH 1e2Tu 

21,5MIIH 162 
Er 

70 92 69 93 88 94 

JSI E,° 2,5qac J58 Ho 25,6MIIH 158 

H 90 67 91 
e/>Y 92. 

1u 1uT· .,e...,. 
UenO'iKa pacnaJlOB Yb_.. u_. -r.ruay'lanacb B Hawnx 

pa6oTax 122 ,23 ,24 ,251• B pa6oTe 1251 no.nBeJleHbl IITOrll HaW~X 

nccneJlOBaHH& cneKTPOB KOHBepCHOHHblX aneKTpOHOB, n03HTpOHOB, 

raMMa-ny'leli H cneKTpOB raMMa-raMMa H aneKTpoH-raMMa-coBna- · 

. .neHHli. Ha OCHOBe 3THX Jl8HHblX H .Q8HHblX pa6oTbl )KanH'l8 H np/261 

nocTpOeHa cxeMa pacnana 
188

Tu (puc.4). IlpH pacnane ue TuBro-

6ylKll8!0TCSI ypOBHH poTaUHOilHOli nonocbl OCHOBHOrO COCTOSIHHSI (2+ I 

4+, 6+) H raMMa-Ba6paUHOHHOli nonoci,J (2+,_ 3+, 4+, 5+). YpoBeHh 

1458 K3B (2-) HMeeT OKTynonbHblli xapaKTep. YpoBeHb · 1528,2 K3B 

(2+) HBnSleTCSI p8T8llHOHHbJM 1 CBSl38HHblM C COCTOSIHHeM THll8 o+ 

( 1460 KaB), o6HapylKeHHblM npu pacnane 
188 

Ho • IlpH pacnane 

lee Tu ypoBeHb o+ ( 1460 K3B. ) He aoa6yi,maeTCSI. COCTOSIHl!e 

1571,8 K3B (4-), a T8KlK8 PSlll npyrHX BblCOKOB036YlKll88MblX coc,

TOSIHl!li l!M8!0T llBYXKBa3H'18CTH'IH)'iO npupony. CBoliCTBa ypOBHSI . 

2133,0 K3B (3+) (HH3KOe 3H8'l~Hl!·e logft • CM.pl!c.4) MOJKHO no

HS!Tb, TOnhKO npennonoJKHB. (26), 'ITO 3TOT ypoBeHh l!M08T 'J0Tbl

peXKB83H'18CTl!'IHY!O npHpony. 

9 
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H3QTQ!IbI 
184 

Yb {75 MHH) u 
184 

Tu (2 MHH) • arrepab1e nneH

TnqimmpoaaHbl B pa6oTe 127 / • Pacrran 3Tl!X II30TOIIOB 1!3y"!al!CSI 

a /28-321. YcTaHOBneHO, "ITO pacn~n IU Yb npol!CXO/ll!T. rnaBHblM 

o6pa30M ( •90%) B OCHOBHOe COCTOSIHl!e 1&
4 Tu( au - 6era-nepe

xon); cna6o B036yJKnaeTCSI poTaUl!OHHblil ypoaeHb OCHOBHOI'O coc

TOSIHl!SI (37,5 K3B); B03Hl!K1lCT eme HCCKOllbKO BCCbMa cna6b1X raM

Ma-rrepexonoa •. OcaoaHaSI qacTb (80%) pacrranoa 
184Tu (pnc.5) TaK

JKe npoHCXOAHT_ Ha ypoBHI! o+ n 2+ BpamaTenbHOll ITOllOCbl OCHOBHOI'O 

COCTOSlHHSI 164 Er. Bo36y~naeTCSI PS!A 6onee BblCOKHX COCTOSIHHll: raM

M1l-B1!6paul!c°HHOC COCTOSlHl!e - 860,6 K3B (2+2) ,. OKTynonbHOC B1!6pa

UIIQHHOe COCTOSIHHe - 1386 K3B (1-0) 164Er.Oco6eHHO l!HTepeCHbl 

n.11Tb aoa6yJKneHHblX cocT0.11HHll Tl!IIa o+. OTMeTl!M 3necb, "ITO 6e

Ta-pacnan Hie Yb H 1 u Tu B npyrnx. na6opaTop11.11x npaKTH"leCKH 
/ 

He H3Y"l8l!CSI. OTi:tCllbHble nony"!eHHbie H8MH peaynbT8Tbl noATBeplK-

neHbl npl! l!CcnenoaaHHI! sinepllblX peaKUHll. 

l130TOITbl 162 Yb ( .. 26 Ml!II) II 1&
2 

Tu (21,5 Ml!II) anepBble 

0611apylKeHbI B 11a!llell pa6oTe 1331• IToKa3a110, "ITO npl! pacnane 

182 Tu B03HIIK8JOT' I'8MMa-nepexonbl MeJK.ny ypoBHSIMH pOT8UllOHHOll 
1&2 

nonOCbl OCIIOBIIOI'O COCTOSIHH.11. sinpa Er : 102,0 K3B (2+0) H 

337,5 K3B ( 4+0)' H Il031!Tp0Hbl C rpaHH"IHblMH 3Heprl!.IIMH cneKTpa 

3,82; 2,3 11 0,9 Msa. Bb1cKa3aHbI npenrronoJKeHl!.11 o cxeMe pacrra-

na 3THX H30TOilOB. 
. 158 158 I 58 
Ueno"!Ka pacnana Er-,> Ho ~ Dy. Ha0Torrb1 

158Ho 6b!llH o6HapylKeHbl ilHellpOBCKIIM H np. ( CM,2) cpenn 

158 Er H 

rrponyK-

TOB peaKUl!lf rny60KOI'O OTmenneHl!SI TaHTana, o6nyqeHHOI'O npoTO

H8MI! Ha Cl!HXPOUlfKllOTPOHe B ,lly6He. Pe3yllbT8Tbl 1!3Y"leHIISI cneKT-

pOB KOHBepCHOHHblX sneKTpOHOB 3TIIX. H30TOilOB, nonyqeHHble B pa6o

Tax ,llaenpoBcKoro H a aawell pa~oTe 1161 , a TaKJKe naHHble, rro

ny"leHHbie H8MI! B 1966-67 rr. 1341, ll03BOllHllll nocTpOHTb CXeMy 

pacnana 3Tl!X naoTonoa. f1p11 pacnane 
158 

Er .aoa6yJKnaeTcsi uao-

MepHb!ll ypoBeHb sinpa 158 Ho C :rneprnell 67,2 K3B (2-. T¾ a 

25,6 Milli), a TaK~e ypOBHII C 3Hepr11en '139_,l; 425,4 H 454,1 K3B, 

Boa6yJKAeHHblC ypOBHII sinpa 
158 Dy 3aCellSIIOTC.II K8K npu pacnane 

II30Mepnoro COCTOSIHllH (2-), TaK H np11 pa~nane OCHOBHOI'O coc-
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TosiHHSI 158 Ho ( :5+, T if 2 = 11,5 MHH). Boa6yJK.naJOTCSI ypoBHH po

TaUl!OHHblX .nonoc OCHOBHOI'O COCTOSIHHSI 158 Dy ( 2+, 4+, 6+) n, raM

Ma-au6paUHOHHOI'O COCTOSIHHSI (2+, -4+, 3+, 5+, 6+ ). ITpl! pacrrane 

OCHOBHOI'O COCTOSIHHSI l5t Ho .HHTeH~HBHO aacensieTCSI 'nayxaellTpon-'· 

Hblll yp0BCHb C 3HeprHell 1894,6 K3B ( 4+) ( au 6eTa-nepexon). 

4. O.nHO"l8CTl!'IHble H KonneKTIIBHble COCTOSIHHSI neqiop

MHpOB8HHblX sinep pei:tK03eMellbHblX sneMeHTOB 

B "ICTBeproll rnaae nnccepT8UIIH paCCMOTpCHbl HCKOTOpb1e 

o6mne aaKlliO"ICHHSI, BblTCK8!0lllHC H3 rrpoaeneHHbIX HCCnenoBaHHlt. 

AHall1!3 nony"!eHHblX 3KCnep~MCHT8llbHblX naHHblX H cpaBHCHHe HX C 
./35 36 37 t 

'I'eopnelt ,npOBOAl!llHCb B UHTHPOBaHHblX Bblllle H8WHX pa6oTax· ' ' • 

CaoltCTBa o6HapylKeHHblX H 1!3y"!eHHbIX B 3TOll pa6oTe onHo

"laCTH"IHblX ypoaHell ynoaneTBOpHTellbHO OIIl!CblB8iOTCSI Ha OCHOBe 

npencTaaneHHlt o6c:,6meHHoll Monenn sinpa ( cxeMbl ypoaHell Hnnhcco

Ha) .CxeMbl HnnbCCOHa B OCHOBH0M npaannbHO rrpencKa3bIBaJOT crrHHbl 

n "leTHOCTb OCHOBHblX H aoa6yJK.neHHblX (c 3Heprnelt no HCCKOllb

KHX COT K3B) COCTOSIHHlt B sinpax C He"!eTHbIMH MaCCOBblMH 'IIIClla-

MH. 

CncTeMaTH3HpOB8Hbl H3BeCTHbie 3KCrrepHMeHTallbHbie 3Haqe-

HHS! MaTpH"IHblX sneMeHTOB (log f~3 ) JlllSI pa3peWel!HblX He3a-

nepJKaHHblX ( au ) , pa3peweHHblX aaneplKaHHblX ( a h) n nepaoro 

3anpemeHHSI He3anepJKaHHblX ( -ilu ) 6e(t~7nepe;o.g_oa B neqiopMnpo

BaHHblX sinpax C He"leTHblMI! M8CCOBblMI! "IHCll8MH B penKo3eMellb-

Holl o6nacTn. Pe3yllbT8Tbl CHCTeMaTHKH 3H8"1eHnlt MaTpH"IHblX 

sneMeHTOB nnsi 6eTa-nepexonoa rro3BOllSIJOT cnenaTb cnenyromne 

38KllJO"leHn~. Y"leT napHblX KOppenSIUl!ll B CBepxTeKy"leli MO.nem1 noa

BOl!SleT 06'J>SICHIITb OTHOCl!TellbHO Hl!3Kl!e 3Ha"leHIISI logft ·3 nn.11 

6onbwoli rpym1b1 6eTa-rrepexonoa, aanpemeHHblX B Monenn Heaaa11-

Cl!MblX "!aCTHU. BMecTe c TeM y"leT rronpaaoK caepxTeKy"lell MO

nenu cymecTBCHHO He 11aMen.11eT pa36poca 3Ha"leH11li log ft 3 ._ 3To, 

no-BUAIIMOMY, CBSl38HO C TeM, "ITO CBepxTeKy"laSI Monenb IICil0llb3y-

11 
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,eT ycpei:rnennble .napaMeTpbl lllISI on11ca1111si sceli rpynnbl pellK03e

MellbllblX neqiopM11poaa1111blX Slllep'. 3na'leHIISI log ft '3 lllISI paapewen

llb!X neaanep>KaHHblX 6eTa-nepeXOllOB '!eTK0 Sblll81ISIIOTCSI s 0TlleIIb

HyIO rpynny, orpa1111qe1111y10 npenenaMH 4,6.<logft
3 

<4,8. 3To no

Ka3bIBaeT, 'ITO 0606weanaS1 Monenb B 0CII0SH0M npaBIIIIbll0 on11cbl

saeT · 3TII nepeX0llbl. 3ToT sbIB0ll noneaen nnsi a11an11aa aKcnepn

MeHTSIIbllbIX naHHblX II 11cnonb30B811 S 3TOli pa6oTe lllISI nane>KHO

ro ycTanoaneHIISI CTpyKTypbl PS!lla COCTOSIHIIH 113y'leH11bIX Mep, KaK 

C He'!eTllblMII, TSK II C 'leTHblMH MSCC0BbJMII 'IIICIISMII. 

PaccMOTpenbl K0IIIIeKTIISHbre. B036y>Kll81lllble C0CT0SIHIISI neqiop

M11p0BallllblX Slllep C He'!eTHblMII MSCC0SblMII 'IHCIISMH 1361 .. IloKa-. 

3aHO, 'ITO no Kp&llHefi Mepe Ha nepBOM 3Tane n0IICKOB II nccneno

SaHIISI · KOnneKTII.SllblX Kone6aTeIIbllblX COCT0HHIIH s HC'leTHblX SlllPSX 

M0>KH0 6binO IICnOIIb30SaTb np11a11aKII COCT0SIIIIIH KOnneKTIIBH0li np11-

P0llbl, OCH0BSIIHble HS npennono>KeHHII 06 0TCyTCTSIIII CSSl311 Me>K-

. llY KOIIe6aTeIIbHblMII H 0llH0'ISCTll'IHblMH COCTOSIHHSIMII, H 8Hanor11'l

Hbie csol!CTBBM Kone6aTeru.HblX COCTOSIHHli S· 'leTHO-'leTHblX Slllpax. 
· IU 

· TaK, yposellb 532 Kas (3/2+) B Mpe Er , npnpona K0Toporo 

.. yCT8H0sne11a B 118CT0ffl!leA pa6oTe, npoS!BIISleT s OCH0SHOM KonneK

THBHble. csoAcTsa. Hap My C 9THM nony'leHbl 9KCnep11MeHTaru.Hble 

llOK838TellbCTS8 38M8THOA npHMecH Kone6aTeIIbHbIX COCTOSIHHA K 

,Ol1H0'18CTB'IHbIM (cM. 06cyJKl18SWB8CSI BbIWe COCTOSIHHSI THII8 112-

, (521) . s Slllpax 111 Er au Er ) • .- . . 

Ha np11Mepe H3y'leHHblX S· pa6oTe Mep Ill Dy. 114Er B 
11\:r 

. ~0K838HO, '!TO 0606we1111aS1 M0ll81lb Slllpa Eopa-MOTTellbCOHa 11enp11-

ron11a lllISI OTIHCSHHSI a11epr11A ypoBHeA p0T8UHOllllblX nonoc ocnos

noro H raMM8-BB6paUHOHHOro COCTOSIHHA .'18TH0-'18THblX Slllep. ny'I-

: ~: we OIIHCbISSeT SHeprHH STHX yposneA . 11ean11a6aTB'leCK8SI TeopHSI 

.. spawa TenbH~SH 6p_aUB0HHbIX ypos11e A ( Mon em. LlaBblll0~-1Ia 6a11a) • 

flpoaHSIIH3BpOS8Hbl SKCnep11MeHT81IbHble cseneHHSI 06 yposHSIX 

THII8 (}+ B H3y'leHHbIX S llSIIHOA pa6oTe SlllPSX ll4 Er H 
111Er 

. PeayllbTSTbl anannaa CSHlleTellbCTSYJOT O TOM, '!TO 'IHCIIO ypos11eA 

T11na O+ S_'leTHO-'leTHblX Slllpax 601Ibll18·H CSOHCTSS HX 6onee pa3-

11006pa3Hbl, qeM STO npellCK83bIBSeT 0606we1111aS1 Monenb Hnpa H 

12 

Monenb neaKcnanbHoro Mpa. 3Kcnep11MeHT anbHO 11a6n10naeMb1e 

caolicn,a aT11x ypoancli: seponTnocTn 6eTa-nepexonoa 11a ypos1111 

THIIa 0+ ll Bemt'lllllbl napaMCTpa X ( 0TIIOWe1111e npnBeAe!IHLIX Be

pOHTHOCTeli EO n E2 - nepexoAoB c aTnx yposaeli) nennoxo 06-bsc

HHIOTCSI csepxTeKy'leli M0AellbIO. 

OCH0Bllble pe3yllbTaTbl nccneA0BaH11li ll31IO>KeHbl B pa6o-· 
/3-8 11 13-25 27-37 / • 

TSX • • • • Il<;llIY'lellHble peaynbTaTbl AOKnanbIBannch 

118 BceCOI03HblX C0BemaHHSIX no S1Aep11oli cneKTpOCKonnn ll CTpyK

TYPe Mpa B 1958-67r.r., 11a pa6oq11x cosemaH11HX no MepHoli 

cneKTpOCKon1111 II Teop1111 S!Apa B Lly611e B 1958-67 ~.r., Ha Me>K

AYllapon110M KoHrpecce no snep11oi\ qi11a11Ke B nap11>Ke B 1964r., 

• Ha fopnoHOBCKOli KOHljlepe11u1111 B CllJA B 1965 .r. II 11a Me>KAyHa

pOAIIOli l(OllqJCp.e11u1111 no CTpyKType HAPS B TOKl!O B 1967 r. 
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CxeMa pacnana 183 Tu • CnpaBa yxaaaHbl: sHeprHH ypoB-
Hei!: 183 Er I KBaHT0Bble xapaKTepHCTHKH ypoBHei!:, HHTeH
CHBH0CTb sneKTPOHHOro aaxBaTa H 6eTa-pacnana Ha C00T
BeTCTBYIOIIIHH ypoBeHb B % Ha pacnan us Tu H Beml'mHa 
MaTpH'IHoro sneMeHTa nm1 6eTa-pacnana ( logft ). B 
cxeMe y cTpenox, o6oaHa'laromHx raMMa-nepe;x:oi:u,1, · npH
BeneHbl 3HeprHH. raMMa-nepeX0!I0B, ·HX MYnbTHnonbH0CTH 
H nonHble HHTeHCIIBHOCTH raMMa-nepeX0!I0B. 

YpoBHH 1539 K3B H 1804 K3B H~e!OT TpeXKBa3H'laC

TH'IHYIO npHpony: 

1539 K3B -3/2+(Pl/2+[41l]+p7/2"1523]-n5/2-[523]) 

1804 K3B - 112+(p 1/2+[ 411] -·p7/2 L 5231 + n 5/2-C 523]) • 

16 

(1 + [411] Q~3,5Ma8 

T½ =37MUH. 

. 2 ,,,,,,,,,,n,,,,,,, 

4S6 (M1+~ ~EIJ 94,4(~2) 
122,6(M1); 38,7,'156,5 
172,8,215,8 218,2; 244,5; 252,5; 265,4 

'{ 283,5; 372,6 
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N_lu ~ ~ 
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l <d' ' •'- I ,..,~0>~ I I I I I 
llJ ~-,~ , 

i 
~ 
IQ 

161 E-z. 
68 93 

353,8 

250,0 %-
'3.3. ~4¼ log/t ,_ 7 

172,0 ¾ ¾- [523] 

1467 
143,9 ~ 

59,5 ~ 

0 

EKa6 
¾ ¾-[521] 

I K1i[Nnz"1 

Puc.2-. CxeMa pacnana IUTu. O6oaHa'leHHSI Te JKe, 'IT0 H aa 
pHc. l. BBepxy nepe'liicneHbl · raMMa-nepexonbl, He paaMe
meHH&Ie B cxeMe pacnana. 
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Puc.4. CxeMa pacrraJ:ta 188 Tu. npu pacrraJ:te 
188 Tu Boa6y)1<J:ta10TCSI 

poTaUIIOHHbie yp0BHII II0II0Cbl 0CH0BH0r0 C0CT0SIHliSI 188Er 
(02+, 04+ II 06+ ), raMM8-B1i6pau110HHOro C0CT0SIHl!ll (22+, 
23+, 24+, 25+), poTaUli0HHbie yp0BHli Il0II0Cbl 0KTyn0IIbHO
ro B1i6pau110HH0ro C0CT0SIHIISI (1458,0 K3B,22- II 1515,3K3B, 
23-). ABYXKBa3H"!aCTll"IH~Ie ypoBHli Ii ypoBeHb "!eTb!peXKBa.:. 
31!"!aCTli"IHOH rrpnp0J:tbl 2133,0 K3B (33+; pl 12+ ( 411) -
p 7/r (523) • n 512- (523) - n 512+ (642)). 
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