
OEbEDI1HEHHblYt 
I1HCTI1TYT 
HDEPHbiX 

I1CCnEDOBAHI1!-1 

.LJ.y6Ha 

.. ·.::::://_.::·:;·:·::·· ..... .-:-······ 

'-

B. r n a T OBH'l, K. fpOMOB 

*KonnEKTHBHbiE" YPOBHH 
B .UE4>0PMHPOBAHHbiX H.UPAX C HEY:ETHbiM A 

B OBflACTH PE.UK03EMEflbHblX 8flEMEHTOB 

,A,t{J, 1U/J, T 3 1 I J..1 c 8-



P-2086 

B . fJI8TOBll'l, K. fpOMOB 

'KOnnEKTMBH~E· YPOBHM 
B JlE<I>OPMMPOBAHH~X .HJlPAX C HE'IETH~M A 

B OBn ACTH PEJ1K03EMEnbH~X 3nEMEHTOB 



3a riOCI19/lHIIe 1'0/lbl riOI1Y'IOHO O'IOHb M H OI'O 3KCnepi! MOI!TillibHbiX /lllllHbi X 06 ypOBHSIX 

ae<jJOp MIIpOBBHHLIX smep C HO'IOTH b i M A a o6nacTH p e a K oaeMel1bHhiX aneMeHToa, PaccMo-

TpOHHe BCel! COBOKYTIHOCTH 3 TII X /lllH HbiX ri03DOI1 SlOT C/lOJIBTb 38KJ110'19HIIO, 'ITO CBOilCTBa ypon

ueil C 3 Hep r Heil MBHbWO ··500 K3B MOI'YT Ob!Tb 00'bHCJ! 9 Hbl HB OC HOBe npe/lCTBBJI 9HIIli CO 

onuoqac ·rrP!Hnrx ypoaR~Ix HHnbccoHa H ca~aaaHbiX c HHMH poTauHOHHhi X ypoBH:iiX. HoT 9KCne-

pnMeHTBJibahiX AllHHbiX o6 ypoDH>L..C c 9Hepruell Menhwe - 500 Kaa , KO'rOpbie Tpe6oaann 6bi 

BB0/19HHSI B paCCMOTp911119 llPYI'II X II{J9/lCTBBJI9HHJi, 

i1Hilll KllpTHH8 H801110LIBBTCH Hpll '3HeprHHX, 0011h ll.liiX 500 Ka a , K onu'leCTBO aoa6y>KneH-

HbiX yponHell ·a aToll o6naCT I! aaMeTHo 6011hwe ( 6onhwe HX •nnoT HOCTh •) u o 6'bHCHHTh 111<:, 

IICri011b3ySI TOI1bKO 0/lHO'JBCTII'~HbTO ypOBHII HH11hCC OHa , CTBHOBIITC SI IIOB03MO~<HhiM , Jl n st 3TOrO 

OKll3biB8 eTCB ueo6xouHMbiM ouycTHTh ypoanu HHnbccona 113 6onee Bhi COKHX o6ono'JeK, 'ITO 

HHOI"'J]8 If n.enann H9KOTOpblC 8BT0pb1 1 H 'ITO , oqeBHUHO, B 60JlbWllHCTBe cnyqaea He o60CHOBB-

H O, 

Hcao, 'ITO nnB OO'bSICHBRIIB Dcex yponHell He'leTHbiX Slllep n o6n acTB BhiUie -500 xan 

Tpe6yiOT CSI llOflOJIHHTellbHO IfHbie, HOBbie Hp0JlCT8BneHHH,. 

B nocn enHHe HeCKOI1hKO neT a TeopeTn'leCKIIX H aKcnepuMeHT 811hHhix uccneAOBBHII HX 

noSiallnHcb yKa3aHn sr 118 T o , 'ITO D He'!e1'HbiX smp8x cyme c TBYIOT y poaHH T p e xKna3H'I&CT H'Inol! 

npllpO/lbl II T8K H83b!BB9Mbl 9 y -nu6p8UHOHHhre • y poaHu, 

TpexKJ'.83H'I8C'fH 'Illbie ypoaHB o6p8ayiOTCst D peaynhT8T e paaphm8 npOTOH H o ll HI1H Hell

TpOHHOll rrapb! I! .IIX cnollcTna onpenen>!IOTCSI T peMH "'BCTHUBMII, Y 'IBCT BY!OlilH MII B oopaaoa a 

HHH a T oro COCTOSIHHH, 3aeprHll TBKHX ypoaueli OObi'IHO - I Maa 11 Bhi We , TBK xe.K T a K ::lst 

a Hepr H SI TpeoyeTcg H8 paapbiB naphi , 

n p o 6ne Ma TpeXKB83H'IBCTII'IHhiX C OCTOSIHHil B HO'IB TIIhiX SlllPBX Obll18 npOBHBJIB3HpOBBH8 

B.f.ConoabeBhi M c TO'IKII apeHIIst c aepxTe Ky'le l! Mouemi S!Apa a 1962 r/ 11• Ehm yKaaa a 

PS!Il cny '!ae a , Korn a ypoaHH TaKoll npHpO/lbi aKcnepn M e HTanhHO MoryT OhiTh ooHapy>KeHbi, 

3 Kcne pHMenTa11bHhiX naHHbiX o T p exKaaaH'!aCTH'IH h i X y pon ll m< n o K a HeMH o ro. O.E.HunbceH 

121 Yb 177 Lu 177 
H u p, HBOJIIO/l8JIB TBKI!e COCTOHHHSI B H 8 paOOTBX, Bblri011HOHHh!X 

n D ycHe, n o n T a ep>Ku aeTcsr B bm on Cononbeaa o cymecTaoaaHHH Tpe xxaaall'lacTB'IHhiX ypoaHe ll 

B Er 165 / 31 
11 

Ho 161 /4/ 
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HecKOJibKO riom,we sKcnepaMeHT81IbBhlX Jl&BHhlX o • ·Y -au6panuouab!X' ypoBHSlX 

B Sl)lpax c H9'19THblM A. nepable 9KCnepHM&HT81lbHbie yxa3aHHSI Ha cymeCTBOB8BH& ypoa-

Hell 'Konet5aTe11bHOJ!' npHpOJlbl B SIJlpax C He'leTHblM 

nOBbiM/B/ npu uayqeuuu KynouoacKoro aoa6ylKJleHHSJ 

Hb!X sneMeHTOB, B pat5oTax nallaMOH)la H llP/
61 

H 

A 6bi1lll nony'leHbi HaTaHoM uno-

yposuel! B He'leTHbiX Sl)lpax p&Jllt039Mem.

/7 / 
lllennaAua H Jlp, u s pSIJle Jlpyrux 

paOOT nony'I&Hbl 6onee TO'IHhl& Jl8HHbl9 ot5 ypoBHS!X T81COJ! npHpOJlbl, npeJlCTaB1JSI9T HHTepeC 

paccMOTpeTb see HMeiOmuecSJ cseneHHH o • ·y -auopanuouHbiX' ypoBHSlX s ue'!eTHbiX SIJlpax. 

/8/ 17 I 
3To Obl110 cnenaao neKepoM H lllennaliHOM H np. • B IUlCToruuee apeMSI HMeeTCSI 3Ha-

'IHT911bHO 60llbWe 9KCnepHMeHTa11bHhiX )laHHblX 0 • Y -sut5p8UHOHHbiX' ypOBH!IX B He'leT-

HhiX smpax, 3TH )laHHhl 9 COOpaHbi B HaCTOSUilel! paoOTe, 

·y -BHt5paUHOHHbie' ypOBHB B 'H9'19THbiX Slilp8X auanorH'IHbl no CBOHM CBOliCTBaM 

·Y -sut5pauuouHbiM', cornacuo o6ot5meuuolt M onenu Bopa-MOTTem,coaa, yposHSJM s 'I&THO· 

'leTHblX SIJlpax H11H aHOMallbHblM spamaTe11bHblM ypoBHSIM cornacao MO)lenu nasb!JlOBa. Oli<H

aaeMble CBOliCTBa 9THX yposuel!, nony'leHHbl9 B 3Ha'IHT911bHOII CTeneHH Ha OCHOBe auanorHH 

co csol!cTsaMH ypoauel! B 'I&THo-'leTHbiX Mpax, OhinH c!j>opMynupoaaHbi s PM& paooT, ua

/6 7 8/ 
npHMep, 1 1 

, 0HH 3aK1!IO'IaiOTCSI B OCHOBHOM B C119JlYIOW&M: 

1) TaK xax s ae'leTHhlX Mpax npoe!CUHSJ MOMeuTa IC011H'IeCTBa llBH*eHHSI Ha OCb 

n eljJopManuu K 0 = fl H& pasHa fiY1110 1 KaK B 'leTao-·qeTHbiX .B)lpax, TO Jl01l*HO t5biTb JlBa y -

sut5paUHOHHblX ypOBHSI Tuna K ,= n - 2 H K 2 = n + 2 ( K,. K ~OeKUHH cnBHOB ·y -su6pa-

UHOHHhlX COCTOHHHII), 

2) BepoSJTHOCTb KynouoacKoro soat5ylKJl&HHH B(E:2) ·Y -auopauuouuhiX yposuel! s co

ceauux 'I&THo-'leTHhiX smpax OOhl'IHO pasua npuonuauTem,uo nHTH oauoqacTH'IHbiM enuuuuaM. 

TaK KaK B ue'leTHbiX Mpax no~*HO t5biTb nsa ·y -BBOpaUHOHHhiX ypOBBSlX1 MO*HO O*BilaTb 1 

'ITO aepOBTHOCTb KYllOBQKOrO B03t5ylKJleHHH Ka*JlOrO H3 HBX p8BH8 npB61!H3HTe11bHO n0l!OBBH9 

B (E2) ana 'leTHblX Mep, T,e. OKono asyx oauoqacTH'IHbiX eaHHHU, 

3') Kax u a cocenuux 'I&THo-'leTHbiX Mpax MOMeHTbi uuepuuu • ·Y -suopanaoHHbiX' 

COCTOHHHII B H9'19THbiX smpaX )l01l*Hbl MallO OT11H'IaTbCSI OT MOM&HTa HHepUHH OCHOBHOrO 

COCTOSIHHH. B cnyqae, ecnu K r= n - 2= ~ • napaMeTp pa3BH3KH a B ljJopMyne Jl11SI saep-

rHH pOTaUHoulibiX yposuel! 
i 2 I+li 

E
1 

= E + _[J(I+l)+a(-) (I+~)] llOll*eH ObiTb 
0 :1J 

paseH Hyl!IO, 3TOT ljJaKT HB11119TCSI B9CbM8 xap8KT9pHbiM llpH3HaKOM • ·Y -BHOpaUHOHHblX' 

COCTOSIHHII C K 1 ~ ~ 1 TaK KaK Jl11SI BC9X O)lHO'IaCTH'IHhlX COCTOBHHJ! C 0 *1/2 B aTOll 

ot5nacTB napaMeTp a aaMeTuo oTllH'IaeTcu OT aynu, OTuowerutSJ HHTeHCHBHOCTell ·y -nyqeJI 

C • ·y -BH6panHOHHhlX ypOBHell:' Ha ypOBHH pOT8llHOHHOll: n0110Cbl OCHOBHOrO COCTOSIHHSI MO

ryT 6hlTb COnOCT8B11eHhl C TeopeTH'IeCKHMH 1 nony'I&HHblMH C HCn011b30BaHHeM KOa.pljJHUHOH

TOB aeKTopuoro cno*eHHH, Onuaxo sKcnepHMOHTa11bHhlX n aHHhlX ana TaitHX cpasueuult noxa 

Mano. 
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B Tat5nnue lW I npeucTasneHbi see HM9IOUU19CSI B aacToSllllee speMSI 3KcnepHM9HTa1Ib

ffbl 9 U BHHbte o • y - B Rt5pautWHHbtX ' ypoBHHX B l!llpax c He '!e T nbtM A n ot5na cTH peuJ<o-

3eMe1lb HbiX 3 n eMeHT OB, B nepnoll K01lOH K e T a t5nnUbi yKa3 aHo II.Upo , s KOTopoM aa6niOaa

n ocb ' Y - on f5p aUHOl!HOe' C OCTOSIHHe, B o DT Opoll KOl lOHKe - Clli!H K ,,.,.fHOCTb STO!'O co

CTOl!HHSI, E cnl! !13 sKcnepnMeHTlllibHbtX tHIHHhtX c nu11 11 ••e TnOCTb ycTa Hosn eHLI u e oun03HB 'I-

HO, B9p OSITIIbiG HX 3HaqeHUH 3aKnlO'l.J9Ubi B CK06K H. 8 TpeThe.A K 0 1IOHK9 yxa;Jal! THII , •y -

u u5paUl!OHnoro' yposnSI: K 1= !1- 2 nnu K~= 11+ 2 . B 'le TnepToll xon oHKe npl!BeAeHbi K BBHT<>

Hbie x apaKTe pl!CTl!Kl! - K rr[ N n • II] or~HO'IllCTH'Inoro COCTOSIIJlln, c KOTOpb!M CBSI3a Ho p ac

CMaTpnnaeMoe • ·y - B ll6ptiUH OHH 09' COCTOSIHHe, B nliTOM CTOf5ue - a u e pri!SI • ·Y -BH5pa

ll.ll0HIIO!'O' B03 f5y )!(Aelll!SI: p a3HOCTb 3 Heprl!ll • Y -llHf5pa Ul!OHH O!'O' ypOBH Sl ll Oll liO'iBCTl!'IHO!'O 

COCTOBHHSI, C K OTOpbiM CBS!3 9H STOT ypoBeHb , 8 T eX CflY'IBSIX
0 

Kor na y -Bllf5paUHOllllb!9 ' 

YPOBHH OT!IOC SIT C SI K B03f5Y lKAeHI!b!M OAHO'IBCTH'iHblM yp OBIISIM , B CK06KaX YKll3llHO 3118'19 HII e 

8ll9p!'lll! ypOBHSI no OTHOW9Hl!IO K OCIIOBH OM y COCTOSIHHIO p a C C M8Tpl!Bll9MO!' O Mpll. 8 W9 CT Oil 

. 0 110HK9 11p!!BeA91lbl A 11Sl CpBBH9lll!SI 3 1lll'19HH H 9 Hep!'l!l! 2 + •Y -mt6pBUH OHIIO!'O COCTOBHHSI B 

c oceAHeM (A-I ) '!eTHo-'!eTHOM !lllpe. B ceu& M o ll H BOCbMOJl K0110HKB X n p HBe AeHbi 3KCne -

!JUMeHTBIIbHbte 3Ha 'leiiHH napaMeTpos A H a B <J>opMynax sHeprnl! apamaT e 1lbHb t X coc ToSI

;m ii : 
E 

1 
= E

0 
+ A I ( I+ 1 ) + B I ~( I + 1 ) ~ 

I+~ 

E 1 = E
0
+A [I(l +1 ) +a( - ) (I+~ )] K ~ ~ . 

B ueaS!ToM CTon6ue u ns. cpanHeHH SI yKa3aHbi 3Ha'!eHH H napaMeTpa A nns. spa w aTe1lb· 

HOJl n0110Cbl OCHOBHO!' O COCTOBHHSI, 

B nocnenHeM CTont5ue npHseueab! s KcnepHMeHTB.1lbHo H3MepenHhte a enH'IHHh l s epoSIT

H OCT I! KynoaoncKoro noal5yJKneHHSI B (E2) cooTseTCTBYIOIUHX yposHell. 3na'leHH H B ( E2) naHbl 

n OU HO'iB.CTII'iHbiX e n HHHUax B ( E2) ~ 3•1 0-5 
x A </ 3 x e \ 10 "

48 

•• 
Pa6oTb l, 13 KOTOpbtx nony'leHbi sKcnepuMeHTB.llbHble n aHHbie, HCn01lb30BB.HHbie B Ta6mt

ue, npl!DeA eHbl B CUHCKe, C1leAyiOIUe M 3 8. TB611HUe ll, 

Kax DHA HO H3 Ta6nHUbi , 6o1lbwe sce ro HMeeTCSI axcnepaMeHTBilbHb!X naHHbiX o • y 

ant5paiUtOHHhtx' yposaSIX ·r11na K 1= !1-2. CnHHbi H 'l~THOCTH 3TH X yposnell a t5o1lbWHHCTne 

cny'laea Ollp9)191leHbl OUH03HB.'IHO (s 12 !13 )7 cnyqaes), J1HT9pnpeTHpODBTb y p oBHl! C TB.Kif

Mll CllHHB.MH H 'leTHOCTSIMH, KBK 0AHO'I8CTH'illble1 TpyAHO, TB.K KB.K B CXeMB.X HHllbCCOHB. !le T 

nOUXOUl!DIHX OUHO'I8.CTH'lHb!X COCTOSIH!!ll npH STHX 3Hep!'H!IX B036y>KU9HHSI, Bee npl!DeAeHHhte 

B Taelntnte • ·Y -DH6pauHOHl!bie' THna !1- 2 ) ypOBHH B CTB.f5HllhHblX S!UpliX D036ylKAB.1IBCb 

KynoHOBCKB, 3aa'leHHSI B(E2), 1<8.1< H OlKHUB.eTCSI A11SI • ·Y -BH6paunonnbtx'' COCTOSIHHll, 6nn3-

K B no aenii'IHI!e K ABYM OAHO'IB.CTH'IIlb!M enHHHUaM. TaKHe 3 HB'i911HSI B ( E 2 ) TPYAH O nonsrr&, 

ecnH HHTenpeT!!posaTb o6cy>KAaeMbte ypoBHH KaJ< OUHO'IB.C TH'!Hbte, B T e x cny'!aHX, Korua 

H8. 0 1l!OU8.11HCb Dp8.IUB.T91lbllbl 9 nonOCb! ll11 SI ' •y -BH 6 paJtHOHHbiX' THna fl - 2 - C OC T OS!Hl!ll , 3 H8.-
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00 

' 

co 

Ta.Cln.Mna i I 

K " K"[ N n , A] 
E /K3B;(I) 

'leTH . A /K~B/(3) /K3B/(J) 
Ey( A-1) (2) a A /K'JB/ B(E2) 

·r - BHClp . Tl!n • OCHOBH . ( 3) COCT. y -B.Melp. OCH. CO CT . Y-Bi!Clp. COCT. (K3B) r -Bi!Clp.non. y -Bi!Clp. non. (4) non . 
I 2 3 4 5 6 7 8 ! 9 IO 

Eu I5 ( I/2+) fl - 2 5/2+ [ 413 1 634,6 8II II,78 

(I/2+) fl- 2 3/2+ ( 4IIl 76I :!: 2 997 , 3 I5 ,I :!: I,2 +(O,IO:!: 0,08 13,25:0,03 
Tbi5 

3/2+ ( 4II J 6I6 + 2 (7/2+) n. 2 7!li + 2 997,3 13,25:!:0,03 

Tbi5 I/2+ n_ 2 3/2+ [ 4II] 597 :!: I II 55 I2 ,9 :!: 0,6 +(0,03 :!: 0,05 I2,42:0,0J 

Tui5c I/2+ fl -2 3/2+ [ 4II l 580++ I II85 II,8 :!: 0,9 +(O,OI7:0,076 II, 74:!:0, 0I I , 5 

7/2 fl + 2 3/2+[4II] I270 II85 II, 74;!:0,01 2, 0 

oyi6 I/2+ !l- 2 5/2+ [ 642 ] 545 966,0 5, 8 I,2 . 0 4 
HQI6 3/2~ !1- 2 7/2- [ 523] 593 966 , 0 

3/2- '1 - 2 7/2- [ 523] 5I4,2 :!: I,7 76I,8 I0,3 :!: 2,7 I0,65:0,08 I,9 
IIQ16 

II/2- !l+ 2 7/2- [ 5231 687 76I,8 10, 2+:!: I,O 10,65;!:0,08 I,7 

3/2+ fl_ 2 7/2+ [ 633] 538,02 76I, 8 8,854:0,009 ~OI262+ 
+ OOI4 

oy16 3/2- fl- 2 1/2- [ 52I] 465,40 (573,56 76I,8 H,05 ~g ~~~:!: 
I/2- fl-2 5/2- [ 5I2] 386,00 (570, 25 761, 8 n 02IJ6+ 

:!: ,OOII 
-

i 2 ] 4 • 5 6 7 9 
. 

8 10 

Er 165 I/2+ fl- 2 5/2+[642] 460,5 (507,6) 861 

E, 167 3/2+ fl - 2 7/2+[633) 531,8 787 8, 2I+O,I9 1, 5 

Tmi69 
5/2+ fl - 2 I/2+[4II] 570 822,4 IJ,I .!4, 3 12,467;!:0, 007 I,O 

5/2+ fl + 2 I/2+[4II] II70 822,4 12,467;!:0, 007 1,5 

312+ fl - 2 1/2+(411] 675 930 12,4 12,I27: 0,003 
Tmi7I 

5/2+ {J + 2 I/2+(4II] 912 930 12,1 12,127:!;0, 003 
Lu I73 3/2- 0- 2 I/2-(541] ~ 759,5 <~88? ,7 1467 8,52:0,05 

I/2+ {J- 2 5/2+[4021 645,8 904 24 I8,c5:0,25 1,0 
Re I85 

9/2+ n+ 2 5/2+[402] 750+25 904 18, 25:0,25 I ,O 

I/2+ n_ 2 5/2+[402] 5II,6 730 20,35: 01 26 I,3 
Re 187 

5/2+[402] 9/2 {J + 2 880:20 730 20,35: 0,26 1,7 

06DRCHeHHSI Jt T861lHUe } 

1. 3He p rBSI )' -BB 6 paUH OHHbiX COCT OAHHA B SU1P8X C R9 '1e THblM A* 8 bJqTeHbl 9 H 9 pr'HH B036y>KLl eHH SI 0 JJ.H0'18C T H'IB0r'O COC T OSI:HHSI, HS KOTOpOM 

OCHOB880 .Q8 HH OO •)' -Bil6 p 8llHOBB Oe COCTORRH e . 3 H 8"19HHSI flOn.Hbi X 3H9pr'H R npHee.aeRbi B CK06xax. 

2. 3HeprH SI 2+ Y - KOil96AT811b H Or O COCTOSIHHSI B C OC e.[lH9M "l9THQ-'f9 T HOM SUJ.pe C M8CCOBbiM 'llfCilOM (A-1 ) . 

3. 3JtcnepKMeHT8.1IbHbie 3 Ha qeHHR KOHCTB.HT H 3 4JopMyn 

l+l; 

E1 = E 0 + A( 1( 1+ 1 ) +• (- ) (1 +1\)] K • l\ 

4. BenH•uJHa a oa u o 'IB.CT H'IHbJX enHHHuax B onao~. - 3 x 10-S 
<13 

A 
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lO 

T a6nnna II 

-----co 
OcnoaHoe cocT, 

K " [Nn
0

A] 

E (y) - E (y) (2) 
Hnpo <A -! Jl!eTH A 

155 

Tb 236 P 3/2+ [ 4II] 
157 

560 Tb 

Tb 
159 

605 

161 421 Dy n 5/2+ [ 642J 
Er165 400 

p7/2-[523] Ho 
161 

373 
165 

248 Ho 

n 7 /2+ [ 633 J Dy 
165 223 
167 

255 Er 

-
185 

258 Re 
187 

p 5/2+ [ 402} 

Re 218 

( 1 ) KBAHTOBbie X8p8KTepHCTHKH 0)1H0'18CTH"tHOrO COCTOliRHSI, HB KOTOpOM OCHOBAH pac
CMaTpHsaeMbJJ! KOnneKTIIBHbll! ypOBeHb, 

(2) p83HOCTb aneprBA 2+ ·y -KoneoaTeJibHOrO COCTOSIHRli B "teTBQ-"teTHOM S!Upe C MSCCOH 
(A-1) H (0- 2) .y .. Kone6aTenhHOrO COCTOSIHHSI B He'leTHOM Sl)lpe C MSCCOH A. 
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