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Xopomo nsBeCTHO, ~To onncaHne anep c noMomnro CBepxTeey~efi 

MOneRH/I/ nano B03MOlKHOCTb pasBHTb He TOJII,RO Ra~eCTBeHHlle, HO 

li RO~HtieCTBeHHUe MeTO;n;I,l pememm: sa.n;a~ anepHOH qJH3HRH. CorRaCHO 

3TOfi Mone~ nefiCTBHe HYKJIOH-eyRnOHHHX CH~ B nnpe IlpDRBJI.fleTCR B 

o6pa30B8!IBH cpe,IJ;Hero IlOJI.fl, o6~ero ,1J,IDI Bcex HYKJIOHOB, H OCT8TO~

HOI'O nBYXHYKJIOHHOro B38HMOneficTBIDI cBepxTeey~ero T:mia. 

0.n;HHM HS OCHOBHHX BOilpoCOB, B03HHR8KIJlIDC IlPH HCC~enOB8HHH 

CBOllCTB anep, RBJI.fl9TCR onpeneReHHe paBHOBeCHOH qJOpMll nnep. g)op

M8 nnepHOH IlOBepxHOCTH MOllt9T 6HTb OilliC8H8 pas~o.xemrnM no yrRO

BHM rapMOHHRaM: 

R = Ro [ 1. + f ole,m ¼,: ( 0, 'f)], 
~m 

rne Ro - cpe.mmi1 pannyc anpa, 

d.e,m - napaMeTpu neqiopMaium, 

(I) 

0>j - yr~OBH9 ROOp.D,HH8TH TO~RH H8 anepHOll IlOBepXHOCTH. 

Onpene~eHHe paBHOBecHofi <IJOIJMu cBRs8Ho c HCCRenoBaHHeM sa

BHC.l'IMOCTH IlOT9HIUIMbHOH 3HeprHH anep OT napaMeTpoB neqiopMaUIDI 

c,l e, m. Ka.K 6~0 OTMe~eHO r/21, 3T8 38BHCHMOCTb, BOo6me TOBOPJI, 

MOllteT 6UTb pasHOH ,1J,IDI OCHOBHHX H B036YJKneHHHX COCTORHlill anep. 

Ilepexo;n;I,I Me~,ny COCTORHHRMli C pa3~lf'IHh!MH paBHOB9CHHMli neqopMaIUI

.flJll.li 6y'lzyT sanep:K8HHUMH, T8R R8R OHH CBR38Hll C nepecTpofiROll 

cpe.n»ero IlOJI.fl. Ta.Koe 38Me,Il)IeHHe IlORy~MO H83B8HHe H30M9PHH qiop-

Mi/3/_ 

B nnccepraurIH npoBO.D,HTCR HCC~8AOB8HHe 38BHCHMOCTH 3HeprHH 

OCHOBHUX H RB83H~8CTlf'IHHX B036YlKAeHHHX COCTORHHll anep OT neqiop

MaIUIA, 0IlHCHB88MllX BTOpoii: rapMOHHROll B p83RO::teHHH (I)• ,lL)m Ta-
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RIDC .n:eq:op,tawril y,n:oc5Ho nepeilTH R napaMeTpaM 13 H '?I , cBHsaH-

HHM C BHYTP6HH6H CHCT6MOH ROOp;u;miaT SI,n:pa/4/. 

PacqeTR npoBe.n:eHR WISl IIllipoROH oc5JiaCTH a.n:ep.· Ha OCHOBe 

pacqeTOB npe.rr.rraraeTCfl MO,n:eJib OilHCaHHfl CBOHCTB SI,n:ep, JI6J!taIJlID{ B 

nepexo.n:nax Oc5JiaCTHX, T.e. T8RIDC, B ROTOpRX npOHCXO.n;HT nepexo.n: 

OT .IJ:6(1!0,ll,mpoBaHHRX .fl,n:ep l{ cq;epffqeCRHM. 

PacqeT 3aBHCHMOCTH ::rneprHH OCHOBHbIX COCTO.flHRH a.n:ep OT na

pruvteTpoB ,necioµ.JaWIH npoBO.n;HJICS! ABYMS! MCT0,1$MH: M6TO.IJ:OM Eeca

lllm,laHCROr/5/ H CTpyTHHCRor/6/. }13yqeHHe 3aBHCHMOCTH :rnepnm 

B036Yl!t.D.6Hl!RX COCTO.flHRH .H,n:ep OT ,negiop,taWIH npoBO,n:MOCI, B p8MR8X 

CBepxTeRyqetl: MO,D,eJI/1/. 

l{HccepTill.UiS! COCTOHT H3 BBe.n;eHIDI H qeTapex rJiaB. 

Bo BB6,D,6HHR ,naeTCS! oc5sop M6TO,D,OB pacqeTa PaBHOBeCHOH qx:>p

Mhl n.n:ep B OCHOBHOM H B036yxt,D,6HHRX COCTOflHH.flX H npRBO,IUITCfl cpaB

Hemrn pesyJII,T8TOB pacqeTOD, no~qeHHIDC 3Tl-!MH M6TO,n:aMH. 

B nepBOH rJI8Be ,lijICCepTBUHH HCCJI6,ll,OB8Hhl CBOHCTBa o.n:noqaCTffq

HIDC ypoBnen HWibCCOHOBCRoro IIOT6HIUlaJia cpe.n.uero no~21, ROTOPill 

HCIIOJib3Y6TCS! B pacqeTax, H npHBO,wITCS! pesyJibTaThl pacqeTOB saBH

CHMOCTH IIOT6HIUlaJibHOll 3H6prnH OCHOBHRX H B086yxt,D,6HHRX COCTO.flHHH 

CHJil,HO,D,eqiop,rnpoBaHHRX n.n.ep B o6JiaCTJIX 150 < A <. 190 H 

A> 22o/8I. 
Ha pHc. l ,D,a.Ha saBHCHMOCTb aHeprHH HSOTOIIOB Gd H J-lf 

OT r - ,D,6qJOp,taWIH. .113 pRcyHKa BH,I(HO, llTO ,I(JIH CHJibHO)(BC!>OpMHpO

BaHHRX H,D,ep YCTOH1llIBOH .flB.71.flBTCS! qiop,1a BhlTHHYTOro 3JIJIHIICOH,na 

BparI{eHH.fl ( '/ == o0 ), npffqeM pa3HOCTb aHeprnil, COOTB6TCTBY.IOllta.fl 

CIIJIJOCHYTOH H BHTHHYTOH qiopMe,.n:ocTaToqno BBJIHRa H COCTaBJI.fleT 
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JlruI ll3y'llemm 3aBHCIU1IOCTH, B031JYl!{,ll;8HHh!X COCTORHHll err O .n;e

(!:OpMaD;ITT{ HeOOXONIMO ycTailOBllTI, COOTBeTCTBlrn Mext,ny 1rnaHTOBWffl 

tJHCJiaMn ypOBHeil: npu ¥ = o0 ll 60°. 

llpn MaJihlX 3Ha'tlemmx p , 1<or.n.a ypoBHH, npn:Ha,JJ,JieJKruuHe pas

Hb!M IlO,IJ;060JIO'llI<aM, He rrepece1<arorcn B IlJIOCI<OCTH 4' = o0 HJIH 60°, 

O.D,HOtJ8CTH'llH!le anepreTH'llec1rne nonepxHOCTH 8A (fl,'() TaI<JKe 

He nepecemIDrcn .n;pyr c .n;pyroM. TamIM o6pasoM, KaJK,IJ;<DMY ypOBHJO 

rrpH "?/ = o0 
MOJKHO IlOCTaBHTI, B COOTBeTCTDlle TOT ypoBeHI, rrpH 

'cf = 60°, KOTOp!lii JieJKHT aa TOH ~e aaepreTH'tleCI<Oil: IlOBepXHOCTH. 

JlruI 60JihIIIHX J3 IlOBepXHOCTH' npuaa,JJ,Jie:K8I.Ulle O,ll;HOil: ll TOM JKe 060-

JIO'il{e, HO pa3HHM no.nociOJIO'llK8M, MOryT rrepece'tlI,CH .n;pyr C .n;pyroM 

TOJihl{O npH ?/ = o0 
llJill 60°. Ilpll .n;pyrnx '?I rrpOllCXO,ll;UT 11 I<Ba3H-

nepecetJeHHe" H BOJIHOB!le qJYHI<I.Urn ypoBHei1 ll3MeHRIOTCH TaI<, Ra:!( 

6y JJ:rO rrponsoIILJio ne pecetJeHne • Ilo a To ii rrpll'llHHe rrpammo, ycTaHOD

JieHaoe ,JJ,JIR MMhlX J3 - ,IJ;eqop.mmrn, pacrrpocTpaHReTcn Ha Bee .ne

cpop,iamrn. CoOTBeTCTBHe, ycTaHOBJieHHOe TaI<HM o6pa30M, He saBHCIIT 

OT ,IJ;e(jop.m1urn. 

CymecTBOBaHHe O.D,HOI<Da3H'll8CTH1IHHX B036yJK,D;eHHHX COCTOJIHHH C 

paBHonecHoii: ,IJ;ecpop.mmreii: J3 e , ?f e , He paBHOi1 ,IJ;ecpop,,1amm J3o, i o, 

D03MOJKHO B TOM CJIYllae, ecJIH yMeHb!IleHHe :mepnm I<Ba3HtiaCTH"IHOro 

COCTOHHHJI C H3MeHeHHeM _j3 H ?/ rrpeBaJIHPYeT Ha,IJ; pocTOM :rnep

rnH 'tleTHO-"<JeTHOI'O OCTOBa. )J.nJI O.D,HOI<Ba3ITT8CTWIHHX COCTOHHHM MOlK

HO ccpop,iyJIHpoDaTI, CJie,TiyIOOUie rrpamwa, I<Or,n.a D03MO,KHH OTI<JIOHeHHH 

/3e, oe OT l30 , )/t> 

I) ~e ~ J3e) f-,o,';Jo - ecJIH HBa3H'tlaCTHU8- HaxO,IJ,HTCH Ha 

,IJ;Hp0tJHOM ypoBHe cpe,D;Hero IlO.JISI, :mepnm KOTOporo ClllCTpo pacTeT 

C pocTOM J3 H ?I wm Ha 'tlaCTH'IHOM ypoBHe' :meprnn I<OTOporo 

CllJII,HO yMeHI,maeTCJI C pocTOM f3 \ ti 

6 

~ 

. !! 

2) f-,e , te < S!> o, 't/ o - ecJIH I<BaslI'tlacTnua HaxO,IJ,HTCH Ha 

,ll;Hp0'1!HOM ypoBHe, SHepnm KOTOporo 6HCTpo YM8HI,JllaeTCH C p0CTOM . 
.f-31 'c/, HJill Ha "<JaCTH'llHOM ypoBHe, :mepnm KOTOporo CHJII,HO pacTeT 

CJ3 Ht/ • 

.IT.ml ,lll3yXI<Ba3ITT8CTlI'llHHX COCTOHHHH a(f¢eI<TH, CDfl3aHHHe C O,ll;

HO"<IacTH'tlH:b!MH COCTOHHHJIMH CI<J.la,ll;HBaJOTCH. , 

H3 PHC. I BH.D.HO, 'ITO SHeprHH OCHOBHHX COCTOHHIIH "<JeTHO

"<IeTHHX CHJII,HO,D;e~Op,1HpoBaHHHX H,D;ep pe3KO B03paCT8!0T npn YBeJill"<Ie

mm: cl OT o0 
,ll;O 60° H Billlle. H3MeHeHHe JKe aHeprllil: 0,ll;HOtJacTWI

HHX YPOBHeH C p0CTOM 'tJ HB.JISI0TCH cymeCTB0HHO MeHb!IlHM no CpaB

HeHHIO C H3MeHeHHeM 3Heprnil: OCHOBHUX: COCTOHHHii. 

8TO 06CTOHTeJibCTBO Il03BOJIHeT IlOHJITI, pesyJibT8Tll pac'tleTOB 

paBHOBeCHHX ,IJ;eqJOJ)M8WiH B036ym:,D;eHHUX COCTOHHY!ii CHJII,HO,D;ecpop,1.Hpo

BaHHUX: H,D;ep/
81, corJiaCHO KOTOpllM He cymecTnyeT B036ym:,nem1ux: co

CTOHHHH C je ,/; OO. 

H3MeHeHHe SHeprnii: 0,ll;HO'llaCTH'llHHX ypoBHeil: rrpn H3M8H8HHll j3 

HBJIHeTCH 6o;ree pe3KlIM, 'tleM rrpn H3M8HeHHH ?/ , a 38BHCHMOCTI, 

SHeprntt (?CHOBHUX: COCTOHHHH "<I8THO-"<IeTHHX H,D;ep OT j3 - ,D;ecpop,,1a

UHH B TO'llI<e MHIIBMyMa 6JIH3Ka I< rrapa60JIH'tlec1<on. PesyJibTaTu pactJe

TOB IlOJJ:rBep,n;wm BllBO,ll;ll, C,ll;8JlaHH!le z/2/ 0 B03MO;JIBOCTH cymecTBO

BaHHH B036yiK,D;eHHHX COCTORHHfi B CllJII,HO,D;e~OJ)MHpoDaHHUX: H.n;pax, paB

HOBeCHHe ,D;ecpop,,1amm KOTOpbIX OTJIHtiaJOTCH OT paBHOBeCHUX: ,D;eqiop,1a

UHH OCHOBHUX: COCTOHHHH. 0,D;HaI<O STO OTJIH'llHe He rrpeBlilllaeT, no

BH,ll,HMOMy, 0,05. 

3Ha"<IeHHH BeJIH'llHH paBHOBeCHlllC ,D;ecj;OJ)MauHH HaxO~TCH B corJia

CHH C SKCilepl!MeHTaJII,HHMH. 

·7 



PesyJibTaThl pacqeTOB samrcHMOCTH 3Heprml: OCHOBHHX 11 BOSOyl!t

,neHHHX COCTOJIHHH CWibHO,necfoµrnpoBaHHHX .fl,nep Il03BOJilLJIH c,neJiaTb 

CJI0,Dy!OU(H6 Bh!BOJW: 

I. ITO~hle 3Hepnrn OCHOBHHX COCTO.ffIIBll qeTHO-qeTHHX .fl,nep 

ill/leIOT MHHllMyMhl IlpH 'c/ = o0 
ll 3HaqeHH.fIX _j3 o, cornacy!OOlID{C.ff C 

3KCnepIDi18HTaJibHbJMH. 3aBIICHMOCTb 3HeprIDI OT ~ H 'i - .necl'op,1amm 

BOJIH3II MHHllllyMa 6~3Ka K rrapa60Jillll6CR0:0:, qTQ CB.liI,IL0T0JibCTBY6T 0 

MaJIOii aHrapMOHHqHOCTU ~ 11 '¥ KOJie6rurni1. 

2. 0T,IL8JibHhle RBa311qacTHl!Hh16 B030YJIOt8HHhle COCTO.f!HRH MOryT 

HM0TI, paBHOB0CHYIJ ;LJ;C:l:Op!:liUil,UJO J3e, OTJIHllHYID OT S3o • 

3. He HM88TC.ff B036yJK,neHHHX COCTO.ffHHfi C ¥e 'I- o0
• 

Bo BTOJ)OH rJiaBe ,mrcceprarwH npHBOMTCR pesyJibTaTH pacqeTOB 

3Heprnll OCHOBHblX 11 BOSOyJK,neHHHX COCTO.ffHHli R,nep OMaCTH 

50 ~ z~ Al6. s/9 , 10/. 

IlpHMep 3aBHCIIMOCTH aneprmr OCHOBHOro 11 »;ayx »;ayx1mas11'llac

TH'9HWC BOs6ylK,neHHHX cocTO.fIHH:ti R,llJ)a 
126 Ba OT J3- ,n;ecpop,1amrn 

npHBe,neH ua puc. 2.Hs pr,rcyHKa BH.l(HO, qTQ OCHOBHOH. ococ5eHHOCTb!O 

IlOBe,neHH.fI 3Heprmr KaR <pyHRIUUI j3 .fIBJIR0TCJI 6JIU30CTb no 3H0prHH 

mJYX MHIOO✓iyMOB rrpu f-, <: 0 11 J3 > o. 

PesyJibTaThl pac'9eTOB 3aBHCHMOCT11 aHeprnfi OCHOBHHX COCTO.f!HHH 

qeTH0-'98THHX .fl,n;ep 3TOM OOJiaCT~ OT (/ - ,necrop~all;lfH_IIORa3aJIH/g/, 

'ITO He cymecTByeT aHepreT11qecRoro 6ap1,epa npu nepexo,n;e H3 O.n;HO-

ro M11Hm,1yMa no J3 B mwrotl: npu H3MeHeHHH ti 

Pac'98Thl IlOKa3aJIH, 'ITO cy~eCTByeT 06JiaCTb .fl,n;ep, paBHOB8CHOH 

q:opMofi ROTOPHX .HBJI.fleTCfl crrmocHyTHH 3JIJIHIICOII,IJ; Bpa:qeHH.fI • 

B Ta6~ue l nprrne,n;eHH pe3yJibTaThl pac'9eTOB 3aB11CliMOCTH 

3Heprntl: OCHOBHhIK COCTO.flHlill '9eTH0-'98THHX R,n;ep. H3 Ta6.mnU,I 1, BH,n;-

8 

£ 
(H,v)' 

6 

s 
f 

3 

2. 

f 

0 

-o.s 

12~'1 
..... , , 

nGOJt 
1 

-. 

·D.3E; -D.1 

.. 
Cd~f 

-~E.def 

O.f ·e: 0.3 0.5 E. 
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Bos6yllt.n;eHHHX cocTO.HHHif H,n;pa 
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Ta6m1ua I 

OTpnnaTeJihHHe £;; , TIOJIOlKHT0JihHHe E: 
rrna,I!JlYTIOJII,HHe MOMeHTH Q O ( £ ; ) lI Q o ( £ ~) 

::rneprIUI .neqiopMa.wm l. de; .::: e ( o) - e ( £. +oJ 
:rneprnn ,ne4'opM.a1.unI d ~ dej ::. l ( £-; ) - e ( £ +o) 

Hl:lJC COCTOflHHli fl,nep. 

,neqio p.mnnn; 

B 6apHax; 

lI pa3HOCTb 

+ 
Nuclide ~: 0/t.-;) ~! 0/t.";;) Cd.ef AE.<t.ef 

lhxe :-o.25 -J,l 0.21 ),2 1,1 +O,l 

116xo \-0.25 -J,l o,25 J,9 1,4 o 

118xe 
1
-o,25 -J,l 0,25 4.0 1,6 -0,2 

120xe '-0,24 -J,O 0,25 4,0 1,5 -0,4 

122 I Xe '-0,22 -2,8 0,21 ),2 l,J -0,6 

l 24xe '. -0,21 -2, 7 0,18 2, 7 1,0 -0,5 

126xo ·-o,17 -2,2 0,15 2,J 0,7 -0,2 
---1-

1161kl j-o,Jl 

ll81kl j-0 • JO 

l20Da I_0,29 
I 122Da [-0, 27 

l24Da i-0,26 

126na l-0,2, 

12813a !-0,2) 

l)OBa -0,17 

122C• -o.Jo 

l24ce -o.Jo 

126ce -0,28 

l28Ce -0,28 

lJOce -0,26 

132ce -0,22 

134ce -0,16 

-4,0 

-).9 

-),8 

-),6 

-),5 

-).4 

-).2 

-2,5 

-4,2 

-4,2 

-4,0 

-4,0 

-),8 

-J.4 

-2.6 

120Nu -0.J0 --4,5 

1JONd -0.29 -,4.4 

1J2Nd -0,28 --4.J 

1J4Nd -0,25 --4.0 

136nd -0,19 ~ 

1J2sm -o.Jo --4.8 

1 J 4sm -0.29 --4.7 

1 J6sm -0.27 -i.5 

1.38sm -o.20 -J,6 

O,Jl 5,5 2,8 

O,JO 5,J J,2 

0,29 ,.1 J,) 

0,28 4,9 ),2 

0,26 4.6 2,8 

0.22 ),8 2.2 

0,19 ),2 1,6 

0.15 2,6 0,9 

0,)1 5,9 ,.1 

0,)0 ,.1 ,.o 
0,29 

0,26 

0,22 

0,18 

0,15 

,.6 
,.o 
4,2 

),4 

2,9 

0,.30 6,1 

0,28 ,.1 
0.2, ,.1 

.0.21 4 • .3 

4,5 

),6 

2,6 

1,7 

0,7 

6.0 

,.o 
.3.7 

2., 

+O,l 

+0,l 

0 

.-0.2 

-o.5 

-0,7 

-0,4 

-0,l 

+0,5 

+-0,) 

-0,l 

-0,4 

-0,4 

-0,l 

-0,l 

+0.4 
0 

-0.2 

-0.1 

0.16 .3 • .3 1.2 -0.1 ----------+--------
0.29 

0,27 

o.2.3 

0,19 

6.0 +0 • .3 

4.7 0 

0 

-0.1 

140sm ~:~J -2.8 0.12 

6.2 ' 

,.9 
,.o 
4.2 

2.7 

.),2 

1.7 

0.4 -0.2 ---· :••---- ···••= ----·· 
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B MaB OCHOB-

) 

HO, qTo, »eponxHee.~cero, CTIJIIOCHYTYID qiopMy HMeIDT fl.Iij)8 B 

pai,lOHe 126 Ba:. , ,JJ,1Ifl KOToporo P83HOCTI, aHep:rnn .neqiop.mmrif .I(OCTH

raeT H8.H6OJII,mei!: OTPHURT0JII,HOll Be.mrtmHH. B T86Jinne rr npHBe,neHH 

pe3YJII,T8TH pacqeTOB aHeprHH OCHOBHl:lJC COCTOflHHH HeqeTHllX H He

qeTHO-HeqeTHHX R,nep. CpaBH9HHe pesyJII,T8TOB, npHBe,neHHIDC B 3THX 

T86JIHuax, IlOK83llB89T, qTO B H9KOTOPIDC cJiyqamc .no6aBJieHne O.I(HOH 

qacTHiij,J K qeTHO-qeTHOMY OCTOBY MO~9T H3M8HHTI, B9JIH'JHHY paBHOBec

HOil .neqioP4amrn OCHOBHOro COCTORHHfl. HanpHMep, ecJIH ]IJIIi 

126 Xe f.>o = -0,17, TO ,JJ,1Ifl 
127 Xe, !30 = -0,16 H 8H8JIOrnqHo 

II6 B II7 r.::a. y a. J3 0 = -0,31, a y t.Ja f-'o = -0,33. 

Ms Ta6.mm BH,D;HO, qTO B9JIHtllrn8 pa3HOCTH aHeprHil .neqiop.,aUHil, 

COOTB8TCTBY100tIDC cnmocHyTOH H BllTflHYTOH qiop,1e y fl,nep 3TOH O6JiaC

THJ M8JI8 / ll. e d eJ / < 0, 7 MaB H pacqeTH 3aBHCHMOCTH aHep:rnn 

BO36Yllt,Il;8HHIDC COCTOHHHi!:, HeqeTHIDC H,nep (np1rne.nemme B T86JIHne mt 
IlOK838JIH, qTO CYIT18CTByeT MHOIO BO86yx.neHHIDC COCTORHHl!, H83BaH

HIDC H3OM9paMH qiOpdll, paBHOB9CH8fl .neqiop11amm KOTOPHX OTJIH'tl89TCR 

3H8KOM OT paBHOB8CHOil .I(erpC>pl!8UHH OCHOBHOro COCTORHIDI. PacqeTH, 

npoBe,neHHHe i1'10/noxa3MH,~ro raxHe· COCTORHHJI MOlltHO H8ATH H B 

qeTHO-qeTHHX H HeqeTHO-HeqeTHIDC R.np8X 8TOff O6JI8CTH. He;naBHO T8-

RH9 COCTO.f!HIDI 3KCnepHMeHTaJII,HO 6wm O6HapyxeHH B fl.np9 127cs /II/. 

BeJIIf!IHHH paccqHT8HHllX p8BHOBeCHIDC .n;eqiOIJ48UHl! HaxO,MTC.!I B 

corJiaCJm C aKcnepHM8HT8Jll,HllMH, IlOJIY118HHblMH H9,naBHO H3 H3Mepe

HIDI BpeMeH l!tH3HH Il8PBllX ~ COCTO.!IHHH. 

SKcneIJHMeHTaJII,Hoe H3y'lleHHe 129 L Ct.. noRasaJic/12/, qTO aTo 

.!Ilij)O, IlO-BH.n;Hl'!OMy, HM8eT qiopey CilJIIOCffYTOI'O a.nmmcon.rr.a. 

II 



Tadmn~a II 

necpopMamrn: e: HE! ; :rneprll.ff ,n;ecpop.1awm H p83H0CTI> 

aneprnit ,n;eqxrpr,!all,llii C00TB6TCTB6HH0 ,IJ.IDI 0CH0BHIDC C0CT0.fIHm'.t .H,n;ep. 

odd-Z doubly odd 

ll5cs -a.JO 0.25 2.1 0 ll6CB· -:0·.n o.Jo 2.a 0 
ll7cs -0.JO 0.28 2., 0 uses -a.Jo 0.29 J,2 0 
119cs -0,26 0,27 2.7 -0,1 -129ca --0,25 0,26 J,2 -0;1 
121cs -0,25 0,26 2,6 -0.4 122

08 --0.2, 0.26 · J,2 -0,4 
12Jcs -0,25 0.25 2,J -0,6 12408 -0,25 0.22 2,5 -0,9 
125Cs -0.24 0,20 1,8 -0,6 126

08 -0,24 0,20 2,0 --0,5 
12109 -0.21 0.17 l,J -0,4 12808 --0,19 0,16 1,4 -0,2 
129Cs -0.17 0,15 0,8 -0.1 . lJOcs -0,15 0,15 0,7 -0,1 

119La -O,J2 o.Jl · 4,5 +0.4 12Cx.a -O,J2 O,Jl 5,2 +0,5 
l~a -o.Jo o.Jo 4.6 +O.J 12~a -a.Jo o;JO 5,J +0,4 
12JLa -0.29 O,JO 4.5 +0,2 124ta -0,29 0,29 ,.o +O,l 
125La -0,28 0.28 4,0 -0.2 l26i:,a -0,27 0,27 4,1 -0,5 
127La -0.27 0.25 J,2 -0,5 128r,a -0,28 o.2J J,2 --0,5 
129La -0.26 0.21 2,4 -o.J lJOLa- -0,25 0,20 2,J -0,1 
lJ¾,a -0.21 0,19 1.4 -0.1 lJ2La -0.17 0,16 , 1,J 0 
lJJLa -0.15 o.D 0.5 -0.1 lJ4ta -0,lJ 0,11 o.5 -0,l 

12JPr -u.32 o.n 6.4 +0.7 124Pr -0.Jl O.J2 1.1 +a.a 
125Pr. -0.JO O.Jl 6.J +0.6 126Pr -0.JO O,JO 6.8 +0.6 
127Pr -o.JO 0.29 5.7 +0.2 128Pr -0.29 0.28 5.8 0 
129Pr -0.29 0.27 4.8 -0.1 lJOPr -0.29 0.26 4.7 -0.J 
lJlPr -0.28 0.24 J.7 -0.2 1J2pr -0.28 0.2J J.4 -0.1 
lJJPr. -0.25 0.20 2.5 0 lJ4Pr -0.20 0.19 2.1 0 
1J5PI -0.19 0,16 1.2 -0.1 1J6Pr -0.15 0.1, 1.0 -0.1 

odd - 'N 

115xe -0.JO 0.26 l,7 0 'l25]la -0,25 0.2, ;i.o -0.8 
117x0 -0.26 0.27 2.1 0 127Ba -0.25 0.21 2,J -0.6 
119xe -0,25 0.26 2.2 -0.2 129Ba -0.15 0.17 1.6 --0,J 
121x. -0,24 0.25 2.1 -0,4 lJlBa -0,15 0,15 0.9 -0.4 
12Jxe -0.2J 0.21 1.5 -o.a 

12Jco -0,JO O,JO 5,8 +0,5 
125Xo -0.21 o.ia J..l -o.4 12500 -0,29 O,JO 5,6 +O,J 

127xe -0,J.6 0.15 0.7 -0.1 127ce -0.28 0,28 4,6 --0.4 

117Ba -o.JJ o.Jo J.6 +O.l 129
00 -0.2a 0.24 J.5 -0.7 

ll9Ba -0 .JJ. O.JO J.9 +0.2 lJlce --0.25 0.20 2,5 -0.2 
121lla. -0,29 0.29 4.1 +O.l lJJCe -0,19 o.16 1., 0 

l2JBa -0.27 0.28 J,8 -0.2 lJ5ce -0,14 0,12 0,6 -0.1 
==•=c:a =- =.:a :a:ii:=ccaa a::aa,;:r=i;r;:;s 111===:assc= •••••s:c;,ci:1•111--••••••••••••••••• 
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Ta6m1~a Ill 

:3HeprnH H paBH0BecHUe ,i:eipop.iru.urn: 0,l]Ji0l(B83UtJaCT.l!'lHLIX E03UY?K

neHHHX C0CT0RH!rn He'leTHHX R,i:ep. 

state==-= :i~.:
9

=-== ~•-State ==== Ee:c

1

;~Ba
69 

.!:• T" stat••= 

1

;i:
71 

·=== ~ ==-= st~tc = 

1

;~:::: ==w- ~-

50J+ 

50H 
420 ♦ 

50J ♦ 

4JH 

4J1• 
402 + 
501 + 
422+ 
52J I 
404 ♦ 

41H 
505 I 
4ll t 
41JI 
JJO ♦ 
420 ♦ 

422 ♦ 

5504 
404 ♦ 

411 ♦ 

505 ♦ 

0 

4JO 
440 
480 

580 

-0.2J 50J♦ 0 

-0.20 420 ♦ '50 

-0,24 50J ♦ 440 
-0.20 505 ♦ 6JO 

-0.19 422 ♦ 740 

610 -0.19 52J I 770 

770 
790 
850 

0.21 4021 800 
-0 .22 .5011 840 

--0,24" 4ll t 890 

850 

900 

.0~22" 4Jll 9JO 
0.20" 4Jlt lOJO 

l;~cs68 1;~c•70 

0 --0,25 41Jt 0 

50 -0,25 5051 50 
)70 -0.25 4ll I 420 
490 --0.24 41)1 500 

610 --0.Jo 420 I 650 

640 0.25 422 ♦ 670 

650 0.25" JJOI 770 
660 0.25" 422 ♦ 770 
780 0,26 550 ♦ 790 
810 --0,24 505 ♦ 8)0 
820 -0.25 4ll t 8)0 

-0.25 50J♦ 

...q.28 50J+ 

-0.27 50H 
-0.25 4JH 
--0.20 4JH 
0.25* 50H 
0.25" 40H 

-0,26 53H 
0.25 402 t 

-0.2J 420t 
-0.22" 505 t 

-0,24 Ult 

-0,2J 41H 
..(),25 505+ 
-0,22 4ll ♦ 

0.20 505t 

0.20* 4221 

--0.Jo · 550 + 
-0.20Ji 54.lf. 

0.21" 4201 
--0.2J 422t 

--0,2J JJOt 

0 -0,25 50) ♦ 

200 -0;24 50H 

·JJo -0;25 5011 
410 -0.22 4Jl ♦ 

450 -0.22 50H 
no -0.?5 4Jl} 

600 0.21 402 .. 

600 0.21* 4C0 t 
700 0.22 52) t 
770. -0.26" 40H 
810 -0.15 505 ♦ 

1;~La70 

0 -0.27 
lJO -0.26 
170 -0.28 
2lO -0.28 

260 -0.21 

)50 -0.25 

490 0.2,* 

510 0~25* 

5JO 0;25" 
650 0 0 25H 

700 -o.J2 

41H 
41)~ 

411+ 
5051 

505+ 

422+ 

550 t 
420 t 
541+ 
4221 

41H 

0 

210 
JOO 
520 

610 
620 

680 
690 
700 

?JO 
1050 

1;~a72 

-0.28 

-0,25 

-o.28 

--0,25 
-0,27 
-0.22 

0.24 
--0.28 

0.24Ji 

o.2J* 
-0.24 

0 -0.26 

lJO -0,25 
160 -0.25 

170 -0.22 

100 -0.26 

2~0 -0.2J 

290 o.n* 
J60 0.20* 
4)0 0.21* 

490 0.20* 

650 0.20* 

____ 1..:,2~- ····-127Pm 125lld 129Sm __ 

404+ o o.J2 ,n ♦ o o.Jo uJt o o,n 
5411 Jo o.J1 41Jt 200 o.J1 5JH 100 o.J2 
5321 110 o.JJ 4044 450 o.JJ 4ll + JlO O.J2 
420 I 290 o.J2 4ll + 5Jo o.Jo 4ll + 540 0.,2 
422 ♦ 450 O,J2 541 t 590 0,29 541 I 780 O,J5 

41Jt 520 o.Jl 420+ 920 o.,o 52Jt 000 o.n 

4llt 
52Jt 
41H 
5J2 ♦ 

5411 
411 t 

o o.Jo 
4JO O,Jl 
4)0 O.Jl 

600 o.,o 

610 o.JJ 
8)0 O,J2 

5501 540 .0.29 j 52J t 1080 o.Jo 1422 + 1000 --0.n l 402 + 090 0.28 
4ll ♦ 7JO --0.J2" 422 t 1120 o.Jo 505 ♦ llOO --0.Jl 420 t 1070 -0.Jl 

505 ♦ 770 -o.n" 550 ♦ 1200 0.29 420 I lllO - o.Jl 50H · 1120 -0,Jl" 

;~: ·••=:~ =- -~;~~ ___ ;~: -· ~~~~ ·-·- ;~~;* __ _:;~l __ ~~----;~~: ____ ;;;; _____ ~;;~ -·---~;~;:_ 
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Ha 0CH0Bamrn: pactieT0B C,l(eJiaHhl CJie,l(yKlllllie BhlBO.l{hl! 

I. BHyTpH OC5JI8CTH 50 ~ '2 1 N ~ 82 H)Wa ;n;eqx>:pMHpc)B8HH, H 

aHeprIDI ;n;eqiop~amm ;n;ocTnraeT 6 MaB. 

2. Saepnm: n;n;ep npmum8IOT MHHHMaJI1>mi1e aaatJ:eHHH, Kor;n;a n;n;

pa HMSJOT 8KCH8JII,HO-CHMM8TpKIIHylO qx>p,iy. 

J. PaBHOBecHa/l qiopMa /l,l(ep MO~eT dhlTI, JilidO CITJIKlCHyToil, JilidO 

BhlT/lHyToil, IlplilleM pa3HOCTI, 3HeprHil ,l(e¢opuauIIil, COOTBSTCTBYKllllliX 

CITJIKlCHyToH 11: BhlTRHYT0l1 cpopMe JI.I(pa, MaJia no adc0JIKlTHOil BeJilillliHe. 

4. Ilpli li3M8H8HHH napaMeTpa ;D;SWO!J,ifilWH '?f OT OO ;n;o 60? 

COOTB8TCTBYillqero nepexo,ny OT BHTHHYTOH qJOp,IH R CilJIJOCHyTO~ He 

OC5H8pyE8HO cymeCTBeHHOro 8HepreTHtJ:eCKOro 6ap1,epa, Il08TOMy 8TH 

H.IUJa C5y,nyT "M.R:rKHMH" no OTHomeHHIO R ~ -;n;eWOJJAfilW.fIM. 

5. CymecTBYJOT KB83HtJ:8CTHtJHHe B036yE;n;eHHHe COCTOHHHH, paB

HOBeCHM ;n;eqx>JN8QHH ROTOpmc OTJIHtJaeTCH OT paBHOBeCHOH ;n;ecpoJNa

QHH OCHOBHOro COCTOHHHH. 

TaRHe B036yE;n;eHHue COCTOHHHH HBJJRIOTCH H30M8paMH qiopau. B 

8TOff OC5JI8CTH H;n;ep H30Mepu qop.!H ,JJPJIJKHH BCTpetJ:8TbCH Cpe,1.0i HH3RO

Jie~8!IIHX B036yE;n;8HHWC COCTOHHHff,B TOM tJHCJie H B CHJII,HO;n;e¢op.mpo

B8HHHX H)Ulax (c aHepmeii ;n;eqx>JNaQHH ,- 3 MaB). 

6. 0CHOBHHe pesyJI1>T8TH He H3MeHHmCH R8K IIPH pactJ:eTax C 

pa3HNMH CX8M8MH O;n;HO'tJ8C'l'ntJHHX ypoBH8H, T8K H IlplI pactJ:eTax pa3-

HHMH MeTO;n;aMH. 

B TpeT1>efi rJISBe .mrccepTru.µm npHBe;n;eHH pesyJII,T8TH pac'leTOD 

38BHCHMOCTH aHeprm1 H;n;ep, J1elK8J1tW( B oe5JiaCTH 28 f i! ~ 50 ~ Al 
~ 82 OT ;n;ecpoJNamn/I3/ • 

14 

OxasaJIOCL, IIT0 JI.I(pa, Jie)l(aqIIe B cepe.I(HHe noll odnacnr., )(e

cpopMl!:poBaHH. PesyJibTaThr pacqeTOB npuBe,l(eHLI n m6m1ue IY. 

l13 Tadmruu BU,l(HO, IIT0 ,l(JIJI do.lII,llllUICTBa ,uecjJopMllponaHHhlX 

/l,l(ep paBHOBeCHOil /lBJIJI8TC/l qiopua cnJIRJCHyToro 3JIJIHncou.ua npamemrn. 

3HeprHH ,l(8q>OpMaUHH 3THX JI,l(ep He npeBhllll&RJT 4 lil3B, IIT0 CBH)(8TOJlb

CTByeT o6 HX M/lrK0CTH no OTH0llleHHKl K J3 -r,eqiopuauunu. 

IlpoBe,neHHOe He,l(aBHO 3KcnepuueHTUJII,H0e H3ytieHHe 3THX n,uep
14/ 

noKa3aJI0, IITO OHH ,nellCTBHTeJibHO ,uer~op.1.mponami, TaK KaK neponT

H0CTH 13(E2)-nepexO)(OB c nepBhIX 2+-COCTORH.til )(0CTHraIOT 00JII,!J0H 

neJIHIIUHhl. ,UJIR HeK0T0phlX R,Jtep 0HH ()0JII,1118 0,UH0llaCTHIIHUX B 200-

-500 pas, a TaKoe ycuJieHHe Bep0llTH0CTeil xapa!\Tep110 ,UJI/l CHJlbll0-

,l(eqiop1.mpoBal!HhIX H,nep. 

Ha,1(0 0TMeTHTb, O)(Haxo, IIT0 3KCnepm,teHTaJlbH0e u3yqem1e 

HetlTpOHOH36hlTOIIHb!X /l)(ep npe,ncTaBJIReT co6oi! oqeHb cJio;.cHyKl sa.n;aqy 

H 0lllHdKH IlOKa Bemmu. 

PesyJibTaT!I pacqeT0B no3B0JIHJIH C,l(eJiaTb CJie,l(yIOIIll1e BhlB0)\LI: 

l. 1Ieccf1epuqecKue ll)(pa odJiaCTH 28 < 2 ~ 50 < N<. 82 oKasa

JIHCb MllrlillMH no 0TH0llleHHIO KaK K _/3 1 T8K H r -,l(eqi0p!.!aUH.f!M. l!aH

d0JiblllaR BeJIHIIHHa 3HeprHH .ne,popMaUJ1H )(0CTltrUeT 4 I.!3B. 

2. MHHHMYM aHepmH H;n;ep ;D;OCTHraeTCH JIH60 IIPH ~ = o0
• JIHC50 

IIPH '¥ = 60°. 
3. ,lJ.ruI e5oJil>llIHHCTBa H;n;ep paBHOBecHoii woµJofi .f-IBJLHeTCH cilJIJOC-

HyTHH SJIJIHIICOH;n; Bpar!l8HIDI. 

B tJ:8TB8pTOH rRaBe ,IJlICCeprau;m: H3Y'tJ88TCH li30MepHHH nepexo;n; 

8-➔ 6+ B H;n;pe l 30 /3 ct • 

Ha OCHOBaHIDI pactJ:eTOB 38BHCHMOCTH SHepnm OCHOBHOro H B03-

6yllt;D;8HHIDC cocTOHHmi H)Ula 130 Bex C5HJia npe,TI,JioJKeHa cJie.IJYIOlllM IDI- j 
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Tae5mui;a U 

PaBHOB€CHHe ~ecpo:pMamm, RB8,ll;pyllOJU,HHe MOM€HTH, 3Heprrui: 

~€WOP~81l;H:ll ll pa3HOCTb 3Heprufi ~€WOPA81.Uill OCHOBHHX COCTOHHHH H~ep. 

~po 

l0BRu. 

llOR..._ 
112Ru.. 

1041.:o 

1°6110 
l09t.i

0 

l!OLlo 

112110 

lOOzr 

102Zr 

l04zr 

106zr 

1oazr 
llOzr 

~; 

-0,2' 
-0,24 
-0,24 

-0,27 
-0,26 

-0,25 

-0,24 

..0,2J 

-o,2a 
-o,2a 
-o,2a 
-0,27 

-0,26 

-0,24 

O..,(s;) Ckf l.ta.&f 

Oapa 

-2,J 
-2,2 

-2,J 

-2,J 

::-2,J 
-2,2 

-2.2 

-2,1 

-2,J 

-2,J 

-2,J 

-2,) 

-2,2 
-2,1 

113B 

~,o 
2,1 

2,0 

2,J 

2,6 

2,1 
2,6 

2,2 

2,2 

2,6 

2,9 
J,o 

2,a 
2,J 

M3B 

-0,6 

-0,7 
-0,8 

..o,a 
-0,9 
-1,l 
-1,J 

-1,J 

-0,9 

-0,9 

-1,0 

-1,2 

-1,4 
-1,5 

98sr -0,JO -2,J 2 7 4 -01 9 
lOOSr -0,JO -2,J 2

1
9 -1,0 

102sr -o,Jo -2,4 J,1 -1,0 
104

sr -0,29 -2.,J J 1 2 -1,2 
106sr -O, 2r -2.2 J,o -114 

~po 

96.B:r 
98i(r 

10'\r 
l02Kr 

104xr 
106xr 

~; 

-O,J2 
-0,)2 

-O,Jl 
-0,JO 

-0,29 
-0,.28 

o.t.;) e;;:&f 

OapH 

-2,J 
-2,J 
-2,2 

-2,2 

-2,2 

-2,2 

113B 

2,1 
J,2 

J,4 
J,4 
J,2 

2,6 

t.t.1.~f 

113B 

-1,0 
-1,2 
-1,2 
-1,J 
-1,4 

-1,4 

94
s e -0,29 -2,0 2,J -016 

96se -0,29 -2,o 2,e -o,a 
9 8se -0,29 -2,0 J,o -0,a 

lOOSe -0,28 -2,0 J,l -1,0 
102

se -0,27 -1,9 2,9 -1,0 

J 104
se -o,~6 -1,9 2,4 "'."1,0 

1 94Ge 

96Ge 
98Ge 

100 Ge 
102Ge 

-0,27 
-0,27 

-0,26 

-0,24 

-o,2J 

-1,7 

-1,8 

-1,7 
-1,6 

-1,6 

2,2 

2,4 

2,5 
2,4 

2,0 

-0,4 
-o,, 
-0,6 
-0,6 

-0,6 

108
sr -0,26 -2,1 2,4 -1,6 

.......................................... ,. ••••••• b ............................................ _ •••• 
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TepnpeTan,rn noro H30MepHoro nepexo.n;a /IS/: cocToRHHe ir 
RBJISieTCR ,n;Byx1rna3HqacTllqH!,l}! H€HTpOHHh!M COCTOSIHHeU 

n 7/2+ [404] , n 9/2- [5ILij , H pa3pm,meTcR M2-nepexo,n;oM 

Ha COCTORHH€ 5+ KBa3HpOTanHOHHOH nonocu • . 
,llJm omrnamm 3Toro nepexo,®. C5Wia npe,l])IoJKeHa cJie,nyI001M MO

~eJib/I6/: 

I. OcHOBHOe COCTOHHHe ll ypoBHH RBa3HPOT8UllOHHHX TIOJIOC B 

a.rr.pax nepexo;n;Hmc o6JiacTeii: MO)l(HO onncimaTb B par,max Mo,ne.JIH Eopa

MoTT€JIDCOHa C ROJIJI€RTllBHblM IlOTeHDlla.JIOM, He 38BllCHll\HM OT~ /
7
/ 

(pnc. 3). 

2. CBH3b ROJIJI€RTHBHOro ,n;BlllK€1UIB H~a C RB83H1l8CTH'!HlilMH 

B036yi!t~€lllIBMH npHBO~T R ~OilOJIHMT€JibHOH 38BllCHMOCTll 3HeprMH 

B03C5ylit~€HHHX COCTOHIDl:M OT "cJ T8ROM, ~TO HeROTOpue B03C5yilt~eHHHe 

COCTOHHHH (H, B ~aCTHOCTH, COCTOHHHe a- B H~e 
130 Ba) MOJKHO 

paccMaTpHBaTb B paMRax ROJIJI€RTHBHOH MO~eJIII C 3q¢€RTHBHh!M IlOT€H

UH8.JIOM, llM€!0lllHM r.nyc501rnil: MIUilIMYM IlPll ~ = □0 (HJIH 60°) (puc .4). 

(T .e. 11 lK€CTR0CTll11 OTHO~HT€JIDH0 ~ -IWJiee5aHHt/
18/ OCHOBHOro ll 

B03C5Yi!t~€HHllX COCTOHHHH MOryT CWibHO OTJIH1l8TnCH). 

Tor,®. BOJIHOBHe qcyHRI.l,IIll COCTOHHHH 6+ ll a- MOryT C5HTb sarrn

cam,1 B BII~e: 

H 

4'(6+J= -=.::.'::.==== 
Jt67r2 3!/9!! 

g:z-P,) [ D,lf ~:] c;(.~] 
J-: 6)" (2) 

- ~ 
4l(8)=V2~~ 

cf z 

~r>)e-2t; l nM8a (oL~ oe;J=t (3) 

+ "DM
8-s (ol.;~1.),(::-a] O>, 

r~e olir p_:
0 

COS ';J + 

I7 

2 7"\2 
'"Pl"'z+ µ_,.._z. sin ?I 

Vz 
(4) 



'l(Hev) 

p 

·2.0 

Puc. 3. 3anucHMocTb aHeprHH ocHOBHOro cocTORHIDI .fl.IU)a r3oBa 
OT ?-> ,n;ecpop.1amm. 

e (H,..,) 

f 
2 

PHc. 4. 3aBHCHMOCTb aHepnm HH3KOJieJKarriero ,IJ;ByXI<Ba3Kt:IacTKtIHOI'O 

HefiTpoHHOI'O COCTORHHR n. ? /2+ [404], n. 9/2-f5I4] ~T 

J3 - ~qJOpAaI.WH. I8 

. 3°f' 'l'(f)cl;, = i, (5) 
0 

+ a ~ ,S - onepaTOP poxt,n;emm KBa3WiaCTHI.ll:I C KBaHTOBHMH 1JHCJI8MH 

s , O> BaicyyMHOe COCTORHHe. 

IlpH yq:eTe B3aHMO.I(8HCTBIDI KBa3Kt:IaCTHU C cf' - KOJie6aHIDIMH, 

rarvtHJibTOHHaH KOTOporo :BMeeT BH/I9/ 

/-I tnt = - h wo fo >}o (1. )l: <J 5
2
:, a! a;, V~s ', (6) 

-;lo S_.. 5 I ' 

H BKJia.u,a B BOJIHOBYID qlyHKUHID 6+ COCTO.flHHR KOMilOH€HTH CK= 6, 

pac'lleT no TeOpHH B03MyiqeHHH qiaKTOpa 3a,nepJKKH ivl2 nepexo.u,a .u,aeT 

neJIHtIHHy F~ ro-6, 'IJTO xoporno corJiacyeTCR c aKcnepHMeHTa.Jil,HO 

H3MepeHHW/IS/ • 

Ha,n;o OTMeTHTb, 'IJTO MO.I(8JII, C He 3aBHCR[qHM OT a,' KOJIJieK

THBHHM IlOT8HUHaJIOM xopomo OilHCimaeT OTH01118HHe aneprnii ypoBHeii 

B KBa3Hp0TauHOHHIDC IlOJIOC8X nepexO.I(HIDC .fl.I(ep, tJTO M07~8T CJIYlKHTb 

xopo111HM IlO.I(TBep;K,neHHeM BLIBO.u,a O MRrKOCTH 3TIDC R,n;ep no OTHOlile

HHID K 'l) -.neqiop.mUHRM. 

OCHOBHHe pe3yJibTaTlil ,n;Hccepraum1 onyCiJII1KOBaHlil B 

padorax ( 8- 10, IJ, 16/ H oCicyJK,n;aJIHCb Ha BCeCOI03HLIX JI MellC,n;yaa-

po,n;HHX KompepeHJ.ilUIX no sr,n;epHOil cpH3HKe. 
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