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B HaCTOR~ee speMR BeAYTCR HHTeHCHBH~e 3KCnepHMeHTanbH~e 
H TeopeTH4eCKHe HCCneAOBaHHR RAep C A-130 1 1-1 1 . PaccMaTpHBae
M~e HaMH H30TOn~ 131, 133 Ba H 131 La 3TOH o6nacTH OTHOCRTCR 

K nepeXOAH~M OT c¢epH4eCKHX K Ae¢opMHPOBaHH~M. 
B pa6oTe KypHRMa HAP- 131 OTMe4aeTCR, 4TO CBOHCTBa RAPa 

133 La MO>t<HO onHcaTb B npeAnono>t<eHHH ero HeaKCHanbHOH Ae¢op 
Ma4HH (y = 23,5 °). TaKylO >t<e Ae¢opMa4HIO MO>t<HO O>t<HAaTb B 131 La. 
npoBeAeHH~e B nocneAHHe rOA~ TeopeTH4eCKHe HCcneAOBaHHR CBOHCTB 
n e peXOAH~X RAeP noKa3anH, 4TO nOAXOA K onHCaHHIO HX HH3KOB03-
6y>t<AeHH~X COCTORHHH MO>t<eT 6~Tb pa3nH4H~M : 

1 / HCnOnb30BaHHe c¢epH4eCKOro 6a3HCa npH pac4'eTe OAHOKBa3H-

4aCTH4H~X COCTORHHH C AanbHeHWHM BKnl04eHHe M B3aHMOAeHCTBHR 
11 KBa3H4aCTH4a + ¢0HOH 11

; 

2/ pac4eT CBOHCTB 3THX RAeP B npeAnono>t<eHHH y HHX HeaKCH

anbHOH Ae¢opMa4HH; 
3/ pac4eT CBOHCTB 3THX RAeP B npeAnono>t<eHHH y HHX aKCHanb

HOH Ae¢opMa4HH -~ AanbHeHWHM BKnl04eHHeM B3aHMOAeHCTBHil 11 KBa3H-

4aCTH4a + ¢0HOH 11
, KOpHOnHCOBa B3aHMOAeHCTBHR, 

nocneAHHH nOAXOA, OAHaKo, npHMeHReTCR nHWb B TeX cny4aRx, 
KOrAa B 3KcnepHMeHTanbH~X cneKTpax H3ny4eHHR RAep Ha6nl0Aal0,CR 
11 KBa3HpoTa4HOHH~e 11 nonoc~ HnH spa~aTenbH~e nonoc~ c 6onbWHM 

K03¢¢H4HeHTOM pa3BR3KH. 
Hcnonb30BaHHe 1 H 2 nOAXOAOB npH H3y4eHHH OAHHX H Tex >t<e 

RAeP 4aCTO npHBOAHT K cpaBHHM~M pe3ynbTaTaM. no3TOMY B HaCTQR
~ee speMR HeT onpeAeneHH~X yKa3aHHH AnR B~6opa B03MO>t<HOCTH HC

nonb30BaHHR 1 HnH 2 nOAXOAa B KOHKpeTH~X cny4aRX. 
Ha Haw B3rnRA, 3TOT sonpoc MO>t<HO 6~no 6~ peWHTb Ha OCHOBe 

KOHKpeTH~X pac4eTOB He TOnbKO 3HeprHH B036Y>t<AeHH~X ypoBHeH 
RAeP nepeXOAH~X o6nacTeA, HOH pac4eTOB sepoRTHOCTH nepeXOAOB, 
pa3pR>t<alO~HX 3TH COCTORHHR, H conocTasneHHR HX C 3KCnepHMeHTOM. 
HawH HeAaBHHe HCCneAOBaHHR nepHOAOB nonypacnaAa HH3KOB036y>t<
AeHH~X COCTORHHH RAeP 131 , 133 Ba H 131 La n03BOnHnH nony4HTb 
CBeAeHHR 06 HX speMeHax >t<H3HH H sepORTHOCTRX nepeXOAOB C HH3KO
B036y>t<AeHH~X COCTORHHH. 3THM HCCneAOBaHHRM nOCBR~eH~ pa6oT~ 16 ,7( 

MOAEnb H nAPAMETP~ PAC4ETA 

8 paMKaX KBa3H4aCTH4Ho-¢oHOHHOH MOAenH, pa3BHTOH B rpynne 
B.r.ConoBbeBa~~ paCC4HT~BanHCb cneKTp~ B036Y>t<AeHH~X COCTORHHH 

RAep 131 ,133 Ba, 131 La, a TaK>t<e sepORTHOCTH 3neKTPOMarHHTH~X ne-

peXOAOB . 
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BoilHOBaR (j)yHK41-1R, on1-1CblBa10111aR B036y>K,qeHHble COCTORHl-1R c(j)e
p1-14eCKl-1X He4eTHblX R,qep' Bb161-1paeTCR B s1-1,qe /S/ 

V + Cl',\i + + ] I 
'II (JM)"'CJlaJM+ ! ,;i,_ (Jv)[aj ,Q,\. JM 111 0 , 

v Aij J m /ll 
/1/ 

r,qe a~M - onepaTop po>K,qeHl-1R KBa31-14aCTl-14bl C KBaHTOBblM 41-1C
IlOM J / J O3Ha4aeT 3 KBaHTOBblX 41-iCila, xapaKTepl-13YIOllll-1X O,[IHO-
4aCTl-14HOe COCTORHl-1e B c(j)epl-14eCKOM noTeH41-1a11e nfj /; M -
npoeK41-1R nonHoro MOMeHTa; GX/li - onepaTop (j)oHoHa c MOMeH-

TOM ,\, npoeK41-1eR /l 1-1 HOMepoM i ; 'II 0 - BOilHOBaR <PYHK41-1R oc
HOBHoro COCTORHl-1R 4eTHo-4eTHOro R,qpa. KaK 1-1 B pa6oTe 19~ B BOil
HOBOR <PYHK41-11-1 /1/ He4eTHoro R,qpa Y41-1TblBalOTCR Ill-1Wb KOMnoHeHTbl, 
BKill04al01111-1e B3al-1MO,qeRCTBl-1e KBa31-14aCTl-14bl C O,[IHl-1M (j)OHOHOM, 

raMl-1IlbTOHl-1aH KBa31-14aCTl-14HO-(j)OHOHHOR MO,qe111-1 BKill04aeT B ce6R 
HaPRAY C noTeH41-1a11OM cpe,qHero nOilR 1-1 cnap1-1BaTeI1bHblM B3al-1MO
,qeRcTBl-1eM (j)aKTOPl-13OBaHHble MYilb Tl-1nOilbHble 1-1 cn1-1H-MYilb Tl-1nOilbHble, 
C l-130CKailRPHOH 1-1 l-130BeKTOPHOR KOMnoHeHTaMl-1, Cl-1Ilbl, KOTOpble 
reHep1-1py10T B 4eTH0-4eTHblX R,qpax (j)OHOHHble COCTORHl-1R C pa3J11-14-
Hb1Ml-1 cn1-1HaM1-1 1-1 4eTHOCTRMl-1, B 3TOR Mo,qe111-1 KBa31-14aCTl-14HO-(j)OHOH
HOe B3al-1MO,qeRCTB1-1e OTBeTCTBeHHO 3a CMeW1-1BaH1-1e pa3Ill-14Hb1X MOA 
B036y>K,qeHl-1R, 4TO np1-1BO,[ll-1T K pacnpe,qeneHl-1!0 Cl-1Ilbl O,[IHO4aCTl-14HblX 
COCTORHl-1R no R,qepHblM YPOBHRM, T.e. K (j)parMeHTa41-11-1. 

B pa6oTe 110/ nony4eH~ ypasHeH1-1R AilR 3Hepn1R 1-1 CTPYKTYPHblX 
K03<!>(j)1-141-1eHTOB ct 1-1 '.'.[ _i (Jv) C y4eTOM TO4HblX KOMMYTa41-1OHHblX 

u J 
COOTHOWeHl-11-1 Me>K,qy onepaTopaMl-1 pom,qeHl-1R 1-1 YHl-14TO>KeHl-1R KBa31-14ac-

+ . ' + 
Tl-14 a JM 1-1 (j)OHOHOB Q .\µi, 

B1-1,q 3Tl-1X ypasHeH1-1R c11e,qy101111-1R: 
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<PYHK41-11-1 R(Jj ,\ i) 1-1 f (JjA i) ,[IOBOilbHO rpOMO3,[IKl-1, OHw' 3aBl-1CRT: 
OT CTPYKTYPbl (j)OHOHa Ai, -- 1-1 1-1X Bl-1A Mbl 3,qecb np1-1BO,[ll-1Tb He 6y
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Ko3(j)(j)1-141-1eHT y>-i MO>KHO paCC41-1TaTb 1-13 YCI1OB1-1R HOpMl-1POBKl-1 
BOilHOBOH <PYHK41-11-1: r 
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B ypaBHeHl-1RX /2/-/4/ 1-1cnOI1b3OBaHbl c11e,qy101111-1e o603Ha4eHl-1R: 'J -

3Hepr1-1n OAHOKBa31-14aCTl-14HOro COCTORHl-1R; CU,\i - 3Hepr1-1R o,qHo-

(j)OHOHHOro COCTORHl-1R; f J~ - ·o,qH04aCTl-14HblH MaTpl-14HblH 3IleMeHT 

MYilbTl-1nOilbHOro /1-1111-1 cn1-1H-MYilbTl-1nOI1bHOro/ onepaTopa, Beill-141-iHa 
q,Ai 
.:,1' xapaKTep1,13yeT 11 KOI1IleKTl-1BHOCTb 11 (j)OHOHa, OHa Ml-1Hl-1MailbHa 

AilR Hl-1>KaRwero KBa,qpynOilbHOro 1-1 OKTynOilbHOro (j)OHOHOB. 

V _(+! -= U. U. + Vj V. , 
J 1J 2 l 1 J 2 . 1 J 2 

r,qe u j , v j. - KO3(j)(j)1-141-1eHTbl npeo6pa30BaH1-1R 6oro111060Ba; sepxH1-1R 
3HaK Y v?/J 

2 
COOTBeTCTByeT MYilbTl-1nOilbHblM (j)OHOHaM ,\ i ; Hl-1>K-

Hl-1H - cn1-1H-MYilbTl-1nOilbHblM, napaMeTpbl O,[IHO4aCTl-14HOro noTeH1.11-1a11a 
By,qca-CaKCOHa AilR HeRTpOHOB 1-1 npOTOHOB np1-1se,qeHbl s Ta6n.1. 

A 

131 
131 

N,Z · r
0 

,¢M 

. N = 74 
Z = 57 

1 ,26 
1, 24 

Ta6nm~a 

v0 ,M::iB 

44,2 
58,8 

K ,¢M 2 

0,346 
0,354 

' 1 
a ,¢M- GN,Z' M::iB 

1,587 
1,587 

0, 128 
0, 124 

Pac4eTbl 3Hepr1-1R O,[IHO4aCTl-14HblX COCTORHl-1R 1-1 np1-1se,qeHHblX MaT
pl-14HblX 3IleMeHTOB 6b1111-1 BblnOnHeHbl C noMOl!lblO nporpaMMbl REDMEL, 
pea111-13YIOllleR 41-1c11eHHb1R MeTo,q peweH1-1R ypaBHeHl-1R Wpe,q1-1Hrepa ,qnR 

c(j)ep1-14ecK1-1-c1-1MMeTpl-14Horo noTeH41-1a11a, npe,qno>KeHHblA B ,pa6oTe 111 ~ 

np1-1 peweHl-11-1 ypaBHeH1-1R /2/-/4/ Y41-1Tblria111-1Cb O,[IHO4aCTl-14Hble CBR-
3aHHble 1-1 ~Ba31-1CBR3aHHbl~ COCTORHl-1R OT AHa noTeH4~aI1bHOR RMbl 
AO 3Heprn1-1 ~ 20 M3B. · 

XapaKTep1-1CTl-1Kl-1 KBaApynOilbHblX 1-1 OKTynOilbHblX '(j)OHOHOB onpe,qe
IlRill-1Cb 1-13 YCI1OB1-1R onT1-1MaI1bHoro on1-1caHl-1R 3Hepr1-1R B036Y>KAeHHblX 
COCTORHl-1R RAeP 131,133 Ba 1-1 13l La C nOMOl!lblO nporpaMMbl 
RPAS 1121• 

np1-1 3TOM 3Hepr1-11-1 21- 1-1 31 -yposHeR B COCeAHl-1X 4eTHO-4eT
HblX RApax Cl-1CTeMaTl-14eCKl-1 nony4alll-1Cb 3aBblWeHHblMl-1, 3TO npl-iBOAl-1110 
K yMeHbWeHl-1!0 Ko1111eKTl-1BHOCT1-1 AaHHblX cocTORHHR, 4TO 06yc11os1-1110 
3aBblWeHHOe 3Ha4eHl-1e 3(j)(j)eKTl-1B~oro 3apRAa np1-1 Bbl41-1CileHl-11-1 3I1eKT
p1-14eCKWX nepeXOAOB. 

PE3YJlbTATbl PAC4ETOB 

CneAyeT cpa3y nOA4epKHYTb, 4TO paCCMaTp1-1saeMble RAPa no cso
l-1M CBOHCTBaM OTHOCRTCR K nepexo,qHblM, Me>KAY c(j)epl-14eCkl-1Ml-1 1-1 Ae-
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I ESKCII ETeOJ) CT PYKTY p A 

1 2 3 . 4 
' I 131Ba I 

I 

1/2+ 0 0 82.141 3sl/2+ + 9.04%[2d3/2®2i]1/2+ + 7.3~[2a5/2®2~]112+ 

3/2+ 108 89 79.99$ 2d3; 2+ + _!3 • 711 [ 2d3;2®2iJa12+ + 6.12'[3s112®2iJs12+ 

9/2- 188 148.5 99.90'.l,P.hrr/2®2119/2-

11/2- 287.4 216.? 97. 94% 111112-

5/2+ 317 1180.3 47.3~ 2d5; 2+ +26 .09% [ 2d31202;:J 5/ 2+ +12.60'.l,[as 11202;:J 512+ 

3/2+ 285 1704.9 1.59$ 2d3/ 2+ +72.43%[2d3; 2®2i] 3; 2+ +25.65%[3s11202i] 3; 2+ 

.5/2+ 1765.5 10.28% 2d5; 2+ +72.0 %[2d3/2®2i] 5/2+ +ll.62%[3si;2®2i] 512+ 

7/2+ 544.2 1827.6 63.75% lg7/ 2+ +20.39%[2a31202~] 7; 2+ +12.16%[1g7/2®2~]?/2+ 

3/2+ 2013.2 10.51$ 2d3/ 2+ +67.80'.l,[3a1; 2®2i]3/2+ +18,46%[2a31202~] 3; 2+ 

1/2+ 360 2187.9 6.16% 3s1; 2+ +89.68%[2d3; 2®2i] 1; 2+ + 3,84$[2d5/2~2t]1/2+ 

Ta6ntt~a 2 /npo~on~eHtte/ 

1 2 3 4 

11s3sa 1 

1/2+ 0 0 73.19$ 3s112+ + 16. 0 $ [ 2d3/ ~ 2ih12+ +10.10'.l>[2a512@2i] l/2+ 

3/2+ 12.3 13.1 69.55$ 2d3; 2+ +14.9'n[2a31202i] 3; 2+ + 9 • 70'.l>[3s1;2® 2i]3/2+ 

11/2- 288.4 312.9 97 .09$ lt,l/2_ 

5/2+ 291.l 1211.5 40.87% 2d5; 2+ +32 •27% [ 2as12® 2i15/2+ +l4.221[3sl/2®2rl S/2+ 

3/2+ 302.3 1723.9 1.92$ 2d3/ 2+ +64. 78%[2a312@2i] 3/ 2+ +32.78%[3s11t2i] 312+ 

5/2+ 1893.3 . 11.131 2d5/ 2+ +65,50%[2d3; 2®2i] 512+ +16.29$[3s112®2TI 5/2+ 

?/2+ 577.6 1962.9 56.01% lg7/ 2+ +25.81%[2a3/2®2i] 7/ 2+ +l5.10$[1g7/2®2t] 7/2+ 

3/2+ 2273 .16. 60'.l, 2d3/ 2+ +56. 32% [ 3s112@2i] 312+ +l9.25%[2a312®2rJ 3/ 2+ 

1/2+ 539.6 2327 8.90'.l, 3sl/2+ +80.!9$[2d3; 2®2i] l/2+ + 9.87%[2d5; 2®2i] l/2+ 

9/2- 2682.2 99.99$ [11¾112®2;:J 9/2-



¢opMHPOBaHHblMH. 06 3TOM MO>KHO C~AHTb no OTHOCHTenbHO HH3KHM 
3KCnepHMeHTanb HblM 3HeprHRM 2t -ypoBHei1 B COCeAHHX 4eTH0-4eTHblX 
RApax 300-400 K3B. 

KaK noKa3aHO B pa6oTax 113,141 , B TaKHX RApax nnoxo BbJnOnHR
eTCR npH6nH>KeHHe xaoTH4eCKHX ¢a3 O ManoCTH 4HCna.KBa3H4aCTH4 
B OCHOBHOM COCTORHHH, no3TOMY TPYAHO paCC4HTbJBaTb Ha xopowee 
KOnH4eCTBeHHOe cornacHe HaWHX pac4eTHblX AaHHblX C 3KCnepHMeH
Tanb.HblMH . .QeHCTBHTenbHO, cpaBHeHHe TeopeTH4eCKH H 3KCnepHMeH
TanbHO nony4eHHblX 3Ha4eHHH 3HeprHi1 ypOBHeH /Ta6n. 2/ noKa3blBa
eT, 4TO YAOBneTBOPHTenbHO onHCblBaIDTCR 3HeprHH nHWb Tpex-4eTbl
pex HH>KaHWHX COCTORHHH. .QnR BblCOKonema~HX COCTORHHH nony4eH 
nHWb OTHOCHTenb HblH nOPRAOK B pacnonomeHHH ypoBHei1. 

4T06bl npaBHnbHee onHCblBaTb cneKTPbl H3Y4aeMblX RAeP, Heo6xo
AHM. BblXOA aa paMKH npH6nH>KeHHR xaoTH4eCKHX ¢a3. no Kpai1Hei1 
Mepe cneAYeT BKflID4HTb B eonHOByID ¢YHK4HID /1 / 6onee cno>KHble 
KOMnOHeHTb1 1161 H y4eCTb aHrapMOHH4HOCTb KOne6aHHH 4eTHo-4eT
Horo OCTOBa. 

B Ta6n.2 npHBeAeHbl 3Ha4eHHR patC4HTaHHblX 3HeprHH B036ym-
AeHHblX COCTORHHH RAeP 131,133 Ba H COOTBeTCTBYID~aR HM CTPYK-
Typa BOnHOBblX ¢YHK4HH. lfa Ta6nH4bl BHAHO, 4TO y>Ke OCHOBHOe H 
nepeoe B036y>KAeHHOe COCTORHHR B RA Pax 131· 133 Ba HMeIDT 3Ha4H
TenbHblH BKnaA /20-30%/ npHMecei::i COOTBeTCTByID~HX B3aHMOAeHCTBHH 
THna KBa3H4aCTH4a + ¢OHOH, KOTOpble MoryT AaTb cy~eCTBeHHbll1 
BKnaA B eepoR~HOCTH E2-nepeXOAOB. CoCTO~HHe 1112- KaK a1 33Ba, 
TaK H B 131 Ba OKaaweaeTCR npaKTH4eCKH OAHOKBa3H4aCTH4HblM. 
B cneKTpe 131 Ba Ha6n~AaeTCR HH3Konema~Hi1 ypoeeHb 9/2-
/188 K3B/, KaK BHAHO H3 ,Ta6n.2, 3TO ypoeeHb, OTHOCR~HHCR K 
MynbTHnneTy [ lh 11/2® 2 t ]. CHnbHOe noHH>KeHHe 3HeprnH YPOBHR 9/Z
B 131 Ba OTHOCHTenbHO HeB03My~eHHoro nonomeHHR o6bRCHReTCR 
B.flHRHHeM npHH4Hna naynH, ·. y4eT KOTOporo B AaHHOM cny4'ae pe3KO 
yny4waeT cornacHe C 3KcnepHMeHTOM. AnR BblCOKOnema~HX COCTORHHH 
Ha6nIDAaeTCR AOBOnbHO cnomHaR CTPYKTypa. npH 3TOM B03MO>KHa 3Ha-
4HTeflbHaR ¢parMeHTa4HR paanH4HblX COCTORHHl1, HanpHMep, COCTOR

HHe [2d3;2 ® 2tJa12+pacnpeAenHnOCb no TpeM YPOBHRM. 
PeaynbTaTbl pac4eTOB B 131La OKaaanHCb HeYAOBneTBOpHTenb

HblMH. np1-1 Bbl6paHHblX 3Ha4eHHRX napaMeTpOB B CTPYKTYPY OCHOBHoro 
COCTORHHR noAaBnRID~Hi1 BKflaA AaIDT KOMnOHeHTbl a+ Q+ , . 4TO yKa3bJ
eaeT Ha HenpHMeHHMOCTb B 3TOM RAPe HCnonbayeMoro HaMH OTHOCH
TenbHO npocToro eapHaHTa KBa3H4aCTH4Ho-¢oHoHHOH MOAenH. 

C nOMO~bID paCC4HTaHHblX BOflHOBblX ¢YHK4Hl1 Bbl4HCJ1RflHCb eepORT
. HOC_TH 3fleKTpOMarHHTHblX nepeXOAOB' paapR>KaID~HX nepeoe B036y>K
AeHHOe COCTORHHe B paCCMaTpHBaeMblX RApax. 

¢aKTOpbl 3aAepmKH E2-KoMnoHeHTa 3THX nepeXOAOB B cny4ae 
131B;i H 131 La paBHbl 5,5 H 5,2 COOTBeTCTBeHHO. npH 3TOM 
B pac4eTax Y4HTblBancR 3¢¢eKTHBHblH aapRA AnR. HeHTPOHOB / e.,,i, = 
= 0,3/ • . J'f'•ll 

.6 

1 

nonblTKa paCC4HTaTb eepoRTHOCTH Ml -KoMnoHeHTOB paccMaT-
PHBaeMblX nepeXOAOB 6b1na npeAnPHHRTa Ha npHMepe RApa l33 Ba. 
Heo6XOAHMO OTMeTHTb' 4TO nepeXOA 3/2 + ➔ 1 /2 + / 12 '3 K3B/ B 3TOM 
RAPe RBnReTCR f -aanpe~eHHblM THna 2d3;2 ➔ ls 112 161 

• 3To 03-
Ha4aeT, 4TO Ml -nepeXOAbl Me>KAY 3THMH COCTORHHRMH B AaHHOH 
MOAenH MoryT 6b1Tb o6ycnoeneHbl npHMeCRMH 1+ -C!>OHOHOB B BOflHOBOH 
¢YHK4HH /1/. OnHcaHHblH pac4eT noKaaan, 4TO nony4eHHaR eenH4H
Ha npHBeAeHHOH eepoRTHOCTH 4pe3Bbl4aHHO Mana. 3TO roeopHT 0 
TOM' 4TO CHRTHe e -aanpeTa AaHHOro nepexoAa HeB03MO>KHO o6bRc
HHTb a paMKaX HcnonbayeMOH HaMH MOAenH c BOnHOBOH ¢YHK4HeH 
/1 I. CHRTHe e -aanpeTa MO>KHO CBR3aTb nH60 C enHRHHeM cnHH
KBaApynonbHblX CHn /15/ Ha CTPYKTYPY 1+-¢0HOHOB' nH60 C nonRpHaa-
4HOHHblM 1.meHOM a onepaTope Ml -nepexoAa1171• 3TH eonpOCbl Tpe6y
IDT AOnonHHTenbHblX HCCneAOBaHHH. 

8 aaKnID4eHHe aBTOPbl Bblpa>KaIDT HCKpeHHIDID npH3HaTenbHOCTb 
4.CTORHOBY H A.11.BAOBHHY aa noneaHble coeeTbl, K.R.fpoMoey aa 
HHTepec K pa6oTe. 
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