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BBEJlEHME 

K HaCTO~eNY .peNeH" MMeeTCA Aoaon~Ho 06wMPHaA HH~PMa~MA 
o 	 II036YIIfAtIHHWX COCTOAHMAX "l1&r. B pa60TiUC 11-71 CXeMa ypoltl1eH 

llaEr MCcn8AoaanaCb 143 ~pacnaAa IliTm.EwnM H3MepeHW cneKTpw 

~nY'feM. ICOHMJ)CMOHHWX 3neKTpoHoa,),),- lot ey -coanaAeHMM, n03"T

POHHOe MShy..eHMe, ')1)'(8) - yrno.we KOppen..,,"M H apeMeHa 111M3"" 
aos6YIIIAeHHWX COCTO"HMM. KpoMe Toro/; P.08HM UI ~r MCCJ1eAOaanMC ~ 
a "AepHWX peaK"M"X: (d, p) • (d. l) 8,~/. (a, 3n)/ l~1 ( I Ha, (l) 1111. 
(p, &)/121. HeCMOTP" Ha 06wMpHllle 3Kcnep14MeHT4nbHMe AaHHwe, OCTaeT
CR MHOrO CnDpHWX aonpocoa 06 MAeHTM$MKa"M" pAAa COCTORHMA. He
AOCTSTD'4HO npoaHanH314poaaHW npMee,qeHHtoIe aepoATHOCTM y-nepe
XOAoa. 

TeopeT....eCKMe paC'feTW CTPYKTYPW COCTOAHMM le~. awnOnHeHHMe 
• p~ax KeaSM'faCTM'fHo-toHOHHOM MOAenM /K~1118~He aocnpoMSao
ART a pa60Tax 114-16/aCID nocnSAOeaTenltHOCTb ypoaHeM . 104a6I11O,q8eMYIO 
a 3KCnepMMeHTe, HSAOCTaTO'fHO Tak*e cornacl4e TeopeTM'feCKMX 
M 3KCnepMMeHTanbHWX 3Hepr14M pRAa COCTORHMM. 

qenbG HaCTOAqeA pa60TW AanAeTCR aHanKS ao86Y~HHWX COCTOA
"I4A • IBiEr Ha OCHo.eI4Me~XCA 3KCnePKMeHTan~~x AaHHWX M pac
~TO•• paMK8X KtH/l81 C }i\feTOM pAAa MOAH~HKa"MM le-19/. nos.onRlO
_lotX c~eCTaeHHO YTOlfHMTIt HeKOTOpMe xapaKTepl4CTMKM 3THX COCTOA
HMA. 

1. AETAnM PAC4ETOB 

raMMnbTOHMaH K~ CQCTOI4T H3 cpeAHe ro non" a BMAe nOTeH"Mana 
CaKcoHa-BYAca c napaMeTpaMM /14/ cnaPMaa TenbHOrO .38MMOAeMcTa..A 
H .aKTOPH80eaHHWX MsocKanRpHwx MynltTMnonb-MynbTHnonbHwx CMn. 
Bee napaMeTpW MOAenM ~MKCHpoaanHC" "PM paC'feTaX OAH~HOHHWx 
KaaAPynonltHWX lot oKTynonbHwx a036Y*AeHMH 'feTHO-IfeTHoro OCTOBa 
RApa. BonHOa8A ~~K"HA COCTORHM~ He'feT~OrO ~pa ~ ~KCMpo8aH 
HWM 3Ha~eHMeM K" ..MeeT SHA: 

D
K"D tl: C~a I n 6 Cl Q ' I I>. 

p fft'e '~·1 °IE I .fe'CI K II {'1 '2C1e 

1 1- 1 " 
~CIt Q - HOMeP eoeTOAHHA C 3a,qatiHWM K ; a .. +1 - SHaK npOeK
~14'" yrno.oro MOMeHTa Ha OCII CMNMeTp&411 "Apa; a:;ra . 
M Qk - onepaTOpw polllAeHM~ COOTseTCTBeHHO OAHOKBa3M'faCTM'fHOrO 
COCTOJlH"" SCI (pc/) 14 OAHOCIIoHoHHOro KCI; II - AI' f, r-Ae • - HOMep 410

KOHa MYl1b nmOIl b Hocn1 All; Be3Ae K > 0, Il> O. B Bbl4HCIleH"' AX Y4H

TblBal10Cb 6 N '" 2-cMew"'BaH", e , a TaKlKe c Me w;BaH",e COCTOAHI1i:1 C OA I1 

HaKOBblMI1 KIT, B03 HHKaOOllll1e BCl1eACTBl1e BSal1MOAeik TBI1A KBaSI14aCT"'4 

C ¢loHoHaM"'. 
HacToAlIl",e pac4eTbi I1 Me~T PAA OTIlI14Hj:1 no cpa BHeHI1D C pa60Ta

1'111 /14,11)/ , Bo- n e pBblx, HaMI1 6b111a I1c n Ol1bSOB a Ha np04eAypa nOCl1eAOBa

Tel1bHoro Y4eTa np"'H4l1na naYI1'" B KOMnOHeHTax BOI1HOBO~ ~YHK~HI1 
II~Ba3~ 4acTH4a + ¢loHOHII 

, B pesYl1bTaTe 4ero 3 T'" KOMnOHeHTbI n0l}as
IlA~TCA B TOH CTeneHI1, B KOTOpO~ B HHX Ha~y.weH npl1H~l1n n ay n l1 16 /. 

BO-BTOPblX, s paC4eTaX AJlA 16S Er B 
/ 14

, l 7 He Y4I1TblBal1"'Cb SI16p~
~"'OHHble KOMnOHeHTbI, COOTBeTcTsylOlIl",e A",arOHal1bHblM MaTpl14HblM 
3neMeHTaM (p + Q (20) ). 3TO MOTI1S",pOBal1ocb TeM, \.ITO TaKl1e KOMn o 

He HTbI MorY T COAeplKaTb "Ayxosble" np"'MeCI-I. nOCKOl1b KY r aMIo111bTOH",aH 
He4eTHoro AApa He KOMMYTl1pyeT C onepaTopOM 4"'Cl1a 4aC T",~/13/, 
OAHaKO 3 T'" KOMnOHeHTbI COAeplKa T TaKlKe ~-B",6pa~"'OH H ble 11 n a pHO

BI16paU"'OHH~e npl1MeCI1. p eanbHO cYlIleC TBYlOlIll1e B AApe. n OST OMY 
B Ha CTOAlIle t:t pa60Te KOMnO I~ e H Tbl p + Q(20) /6YAeM 8 Aal1b He i:1 weM 

HB3 b1BaT b "' x ~ - s",6pa~ 110HHblM"'/ BKnlO 4eHbI B p aC4eTbi AnA Bce x co

CTOAH",j;i, KpoMe 1/2+f 660] 11 3/2+[6511. rAe I-IX Y4eT npI1BOA"' T 

K pe3KoMY nOHHlKeHI1~ 3HeprH~ 3THX COC TORHM~ , 

B- TpeT b"'x. 3Hepr"'1-1 0AH oKBa 3 M4aC T I1 4 HbI X KOMnOHeHT 0 8 p pacc411

T~Banl1Cb HaMM MeToAoM npOeKTi-lCOBaHI1A no 4"'CIlY 4acT"'~ AO BapbM~ 

pOBaH i-l A C Y4eToM 6110K"'POBKM /t , 19 / , 3TOT MeTOA 6011ee Koppe KTeH, 

4 eM 06~4 Ha A npo~eAypa BCS C 6 IlOK"'POBKoj;i. OH n03B0I1"'11 HeC KOl1 b KO 

Y11Y4WI1 T b o6~ee CO rl1aC i-l e p a C4 e T08 C 3Kcne p MM e HTOM. 
B -4eTBe pT~X, HaM I1 paC CYMT~ BaI1I1 C b np l1 BeAeHH~e sepOA THOC TM 

E2 - n e p e XOAOB , n p", 3 TOM Y411TblBa11CA BKl1a~ KaK oAH04aCT"'4HblX, TaK 
M BM6pa~MOHHbIX KO MnOHeH TOB COC TO RHI1H 1 17 , npM4 e M BKl1aA nOCl1eAHI-IX, 

KaK OKa sal10Cb , RBIlAeTC fI AOMM HI1 PYIO~ I-IM B p aC CMOT?teH HbI X n e peXOAa x. 
OC Ta IlbHble Ae Ta nM p a c4e ToB Ta KMe me , Ka K M B 14/. 

Mbi p acCMa Tp",s a eM, rnaBH~M 0 6 pa 30M, xapa KTepl1C TMK'" OCHo eaHMH 

pOTa~HoH HblX n o n oc, n03TOMY BsaMMoAe~c TBMe Kop l1 o n ",ca He Y4M TbI

Ba eTCA. B OCHOBHOM s3a "' MOAe HCTB Me KO pMOI1",ca 6 YAe T BI1"' ATb Ha 

CBoi:1c TBa COCTOAH I1 ~ n OIlOlKMTeIlb HOH 4eTHOC TM "'3 nOA06q I104 KM 1i 1,16, ' 
04eHKI1 na p aMe Tp a p a3Bfl3b1 Ba H"' A " a " n p OBOAI111"' C b n o 4lopMYIle 2 I: 

2 1+ 112
E(1) = E(K)+ Afl( l + l) - K + a(- l) (I + 112) 0 1. 

K , 112 

2, P E3YnbTA~ ~ 06CY*~EH~~ 

B Aa HHOM p a 3AeIle a Ha11M3 MPYD TCA C Bo~cTB a p AAa B0 36YlKAeHHbiX 

COC TOA HI1 ~ 165 E r Ha OCHOBe M3 Be CTHbiX 3KcnepMMeHT a Il bHblX AaH

HblX/1 - 1 2/ ~ Ha WMX Te OpeT I14e CKI1X pac4eTOB /Ta 6 n. l v. 2/. B Ta611 . 1 


n peAC TaBneH bI 3Hep ,I-I '" '" CTp YK Ty pa Bcex paC4eTHbiX YPo BHeH AO 
3He pnH1 B0 36YlKAe HI1 A 1500 K3B. B Ta 6n. 2 AaHbl n p", seAe HH ble Be pOAT
HOC TIo1 E2 - n epeXOAOB . 

Or paHH411 MCA 0 6 CYlllAeHI1eM Tex YPOBH ei1 . KOTo p ble C T04KI1 a pe 

HMA HaWI1X pe 3 Ynb TI~: , :".:A~,a,"'~:T 7~on'w" " "HTepec. 3 

(j" G!' '' i.; r 1£:: . '\ 
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Ta5mu~a 

3HeprHH H CTPYKTy pa HepOTaQHOHHb~ COCTORHHH 165 Er 

KT E (RaB ) 
8Kcn. Taop. C T P Y K T Y P a 

I 2 3 4 

0 0 523~8?% ; 510f+ Q( 22) 1%; 624' + 0(32) 1% 
512 t8% 

5/2
477 ,8 391 5I2'75~. 510t + Q( 22) 7%. 6241+0 (32 ) 4% 

523Ul % 

2~ ,4 315 521' 74% . 523~ + Q (22) 9$ ; 5121 + Q (22) 6%; 
5IOf5%; 5I2J. + (22) 1% 
54U 2% 

589,9 660 530155%; 5301' + Q( 20) 16% ; 642 t + Q( 32 ) ~ 

54H5%; 532' + 0(22 ) 6% ; 54H + Q (20) 2% 

52H 2% 

992a 870 54I~37% ; 523 ~ + Q(22) 17%. 541~ + Q(20) 13% 

1/2
5301 5%; 5211 + 0(22) 13%. 5121 + 0(22 ) 5% 

51013%. 530 ~ + Q(20) 2% . 651t + 0( 32 ) 2% 
52H 2% 

920,7 000 5101'32% . 512 t + 0(22) 42%; 512 ~ + 0(22) 4% 
52HI4% ; 52It + 0(22) 3% 
541~2% 

530n% 

lI60 52H 6%; 523 ~ + Q(22) 70%; 5211 + 0 ( 22) 12% 

5·U~ 6%; 541+ + 0(20) 3% 
530tI% 

4 

Ta6rrH~a 1 f npoAo~eHHe/ 

.2 3 


I/2
I 

54H 13%; 52I1 + G(22) 72%; 541" + Q(20) 3% 
53012%. 523' + 0 (22) 3%; 65H + 0 (32) 2% 

1330 

521'95% 


810 


200242.9 

532.70%. 532' + a(20) 19%: 5301 +0(22) ?% 
3/2 660 t + 0(32) 2% 

512+44,%; 514 ~ + 0 (22) 23%; 510 t + a(22) 11% 

501t8%. 5031 + CH22) 4%. 50It + G(20) 2% 
633t + 0(32) 2%. 5I2l + GH20) 1% 

13101474 

514+62',%; 5I2~ + Q(22) 9%; 503t + G(20) 4% 
7/2

II40 

503t14%; 	 6331 + G (30) 3%. sort + 0(22) 2% 
514l + Q(2O) 1%. 611 t + Gl (32) 1% 

11/2- 551 505166%; 505 t + (H20) 33%no 

660'6~. 642 t + 0 (22) 19%. 6511' + 0(22) 6% 

I/2T 

360507.4 

400160%; 4024 + G(22) 30% i 402" + Q (22) 6% 
4001' + Q(20) 2% 

II00 

720746.0 

660tI5%; 	 642 t + 0(22) 7~i 651 1 + Q (22) ~ 

651t88%; 660 'I' + (j( 22) 5% ; 521t + Q(30) 2% 
3/2+ 

3201B53.51 

402,,74%. 	 4001' + 0(22) 19%; 404 ~ + G (22) 4%534,6 420 

402. + 0 (20) 2% 

633 t + Q(22) 100%1300 

,-1205/2+ 642t8~. 	 642 't + 0(20) 5%. 6601' + 0(22) 2%47.2 

7/2+ 6331'96% ; 6331 + Q(20) 1% 

I
9/2+ 

465 310 

6241 75%; 	 5121 + 0(32) 13%. 6421 + G(22) 7% 
523J. + Q(32) 3% 

1240 

rrpHMe~alrne: 	 fa/ - 3 HeprHR ronO BHoro cn CTORHHR paCC~HTaHa no 
pOTall,lIOHHOH lTonoce /8/, 
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r:e KTHBH blMH KOMnOHe HT8MH. 523 . + Q(22) /9 0%/ H 521 t + Q (22)/84 %/ Ta5mul,a 2 
H C 3HeprHAMH 1000 K3B H ll HO K3B. 3TH COCTOA HHA CIlHWKOM OTnpHBe,neHHble BepORTHOCTH E2-nepeXO,!l;OB B 16~r 
IlH4atOTCA no 3Hepr HH OT YP OBHA 1/2 -589,9 K3 B. OH H TaK~e He MO

B(E2) (t.b )G El 
,2 r.1l l(flVftt"" -.u~llflVnjA7 KsB, , J 'l'80Ptmr'l· 9xcn. /6.7/ 

! I/I !V)=O, e4l Iv l=.O 

1,30 2,171.93 

0.I8(?) 
3 

0.53 0 .79 

2.II 10-2 3. 60 10-2 9.0(12) ro

1,20 10-2 2.05 10-2 3 ,8(13) 10-3 

9,0 10-3 1,5 10- 2 2.8(5) 10-2 

2,3(8) 10-4 
3 

7.3 10-5 1.2 10-4 

3,61 10-2 2,6(5) ro

1,91 ro-4 

6. 08 10-2 

7,3(18) 10-53.21 10-4 

.,- .5(5231 - S- ,5 [5231 77.3 

3-.1 f521)'- r.l r521) 59. 1 

r ,1[5211- 5- ,5 [523) 29'1,4 

3- ,r f52n- S- .5(523) 356,5 

T ,1[52r1 --..,- ,5 [523) 279.3 

r- ,H5301-S- ,5(5231 589.9 

r+ ,r (6601 -- 5+.5 (642) 460.3 

r+ ,1 r4oo1 - 5+.5 [642J 698,8 

2 . 1. COCTOAHHA K"= 1/2-[521], [510], ( 53 0] .1 [54 11 

H3 cOBoKynHocTH 3KcnepHMeHTaIlbHbiX AaHHbIX, B KIlI04alO~HX {3-pa c
71naA 16& T m / l - H AAepHble peaKlIHH (d, p)J1 (d , t )/8 ,9; B 165Er H3

BeCTeH PAA HepOTallHOHH~X COCTOAHH~ C K = 1/2-. 
nepBoe COCTOAHHe 297 K3 B onpeAeIlAeTCA KaK 1/2-(521] . CTeneHn 


ero oAH04acTH4HoCTH KOIle6IleTcA OT 86-89% B / 14,15 / AO 74% a HaWH X 

paC4eTax. HaH60IlbWHM KOIlIleKTHBHblM KOMnOHeHTOM ABIlAeTCA 523 . + 

+ Q(22).OH COCTaBIlReT 8-10% B /14 ,15 / H 9% B HaweM CIlY4ae. HaCTOA
~He paC4eTbi nOKa3aIlH, 4TO 4epe3 He ro HAeT ~aKTH4eCK H Be Cb 
E2(~K",, 2)-nepexoA Ha OCHOBHoe COCTOAHHe 5/r[523] /CM , Ta6Il.Z/, 
npH4eM xopowee corIlaCHe paC4eTOB C 3KcnepHMeHToM YKa 3b1BaeT, 4TO 
Be IlH4HHa 3Toro Y-BH6pallHoHHoro KOMnOHeHTa Ha~AeHa npaB HIlbHo. 

KaK H B npe~HHx pa60Tax, COCTOAHHe 920,7 K3B paCCMaTpHBae TC ~ 
Ka K 1/2-( 510], HO HaWH paC4eTbi Aal")T AO BOIlbHO 60Il bW YY.l npHMeCb 
K HeMY COCTOAHHA 1/2-(521] /14 %/. OAHaKo B H8weM cnY4ae Hepo
T8 11HOHHOe COCTOAHHe 1/2-( 510] ABIl AeTCA, B OTIlH4He OT 1 14,15 / , He 
BTOPbIM, 8 4eTBepT biM C AaHHblM K". 

5/B 3TO~ CBA3H paCCMOTpHM YPOBHH 1/2- 589,9 K3 B/ H 3/ 2 -, 1/2 
1039 K3B 18 / , npeACTaBIlAtOl1\He H8H60Il bWHH HHTepec. nepBoe COCTOA HH e 
3aceIlAeTCA npH p8cn8Ae 165Tm / 2-4 / . Ero cnHH on peAeneH KaK 1/ 2
H3 yy-yrIloBbix KoppeIlALH1t1i 1 5 ' C Y4 eTOM 3Ha4eH HA K03<1>¢ HlI HeHTa 
BHYTpeHHe~ KOH Be pC HH y-nepexOAa 346 K3B / 4~ YpoB eHb 1039 K3B 
AOBOIlbHO HHTeHCHBHO B036Y~AaeTcA ~ pea KlI HH (d, t) 18/ , npH4e M e MY 
npHnHcblBaeTcA KOH~HrypallHA 3/2 -, 1/2 ( 530] . 

B paC4eTax rapeeBa H Ap. 1 14 / 6IlH~a~wHMH COCTOAHHAMH, KOTopble 
MorIlH 6bl COOTBeTCTBOBnTb 3THM YPOBH~M, ABIlA~TCA COCTOAHHR C KOIl

6 
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rYT 6b1Tb npHnHcaH bI YPOBHIO 3/2, 1/2-10 39 K3B, nOCKOIl bKY CHIlbHO 
KOIlIleKTH BH3H pOBa Hbi 1'1 He AOIl IK'J'l n03TOMY B036Y!I!Aa TbCA B pe8KlII'11'1 
Cd , t) . Pac 4eTbi Anl1KOBa 1'1 AP . 151 Ta K!I!e n pO n <1 BOpe4aT 3Kcne pHMe H
TY. TaK K8 K 8 K81.4 e CTSe B03MO~Hbl.x KaHA I'1 AaTOB AIlA yposHe~ 1/2

89, 9 K3B 1'1 3/2-, 1/2 1039 K3B A8~T Tonb KO OA HO COCTOAHHe 
C 3H eprt.1e~ 1430 K3 B. ~3 HaWI'1X p8C 4eTOB ITa6Il.1/ cn e AyeT, 4TO 
oH~H ryp811H~ 1/2- (5 30] npeAn04TI1Te Il bHee np t.1 nl'1 CaT b YPOBH~ 

589 , 9 K38. a KOH~Hryp8~l1tO 1/Zl541] - YPOBH~ 10 39 K3 B. npl'1 3TOM 
nOIly48eTc ~ IlY4wee cornaCt.1 e TeopeTH4eCK I'1 X H 3KCnep1'1MeHTaIlbH~x 

3HeprH~. KpoMe To r o, npHseAeHH8A BepOATHOC Tb E 2-nepexoAa 
589, 9 K3 B xopowo cor na cyeTcA C paC4eTHO~ AIlA CIlY4aA 1/2-( 53 0] 
/Ta6Il. 2/, B CIlY48e AOrtYllleHH~ CTPYK TYPbl 1 /2-{ 541] AJl ~ YPOBHA 
589.9 K3B MbI n~Il Yl.4aeM B(E2)T80p = 1,2 10-2( eb~ 2 (eetr = 0) 
1'1 2.2 10 - 2 ( eb) . (eerr =0,1), 4TO Ha AB a nop~AKa paCXOAHTC~ C 3Kcne
pH Me HTan bHOH B eIlH4HHO~, 

npH on peAeIleHI'1H CTPYKTy pbl YPOBH~ 1039 K3B K8K l /Z -(530}, 
a He 1/2-[ 5411, B OCHOBHOM PY KOBOACTB08aIl l'1 Cb Teope TH 4e CKHMH 
paC4eTa MI'1, npOBOAI'1MblMI'1 6e3 Y4eTa BI'16 pa i.4H OHH blX KOMnOHeHTOB /CM . • 
HanPHMep,/81 / . B oAH04aCTI'14H~X ~e Bbl4I'1C IleHH~X Aa~e npH Y4eTe 
cn apHBaHH~ H B 38HMOAeHCTSI1~ KOpl'1 0 Ill'1 Ca ypoBeHb 1/Z- ( 54 1] Ile~I'1T 
Bblwe yp08H~ 1/2~ 5 30 1 Ha 1-1. 5 M3B. BKIlm4eHHe B I'1 6pa~1'10HHblX 
KOMnOHeHTOB, oc06eHHo (3 - BI'16pallH ~, 3H8 4HTeIl bHO nOHt.1 !1!ae T 1'1 C6IlH
~aeT 3HeprHI'1 3T t.1 X y poBHe A. B peaYIlb T8Te 4ero y pOBe Hb 1/2-( 530 ) 
yX OAHT cyU\eCTBeHHO HH~e 3HeprHH 1039 K3 B, a 1/2- [ 541] OKa3b1
sae TC A AOCTaT04HO 6Il l'1 3KO K HeM. 

napaMeTp pa3BA3b1 S8 HHA a = +0,53 AIl~ nonocbI 3/2-, 1/2 1039 K3B; 
5/2 -, 1/2 106 3 K3B H 7 / 2 ~ 1/2 1172 K3B /8 ! AocTaT0 4Ho XopOWO co
rIl8cyeTcA KaK co 3Ha4eHI'1eM a = +0,52 AIl~ 1/2-( 530], TaK 1'1 co 
3Ha4eHH e M a = +0,55 AIlA 1/2-(5411 ' 14 / . KpoMe Toro, YP08eHb 3/2-. 
1/2 1039 K3B B036Y~AaeTc~ B (d , t) pea l< lI l'1 H C nepeA8 HHblM yr I10BblM 
MOMe HTOM P = 1 / 9 / . AH8IlH3 ~e CTPYKTYP~ 0AH04acTH4 HblX COCTOAHH~ 
1/2- [ 5301 M 1/2-[541] , np l'1 BeAeHHbI~ B 14~ noKa3~BaeT, 4TO BKIlaAbI 
B 3TH YPOBHH KOMnO HeHT08 c~epH4eCKoro nOTeHlIHaI!a Ca KCOHa-BYAca 
c p = 1 6IlH3KH H COC TaBIl~IOT COOTBeTCTBeHHO 20% H 32%. 

1 


CIleAye T OTMe THTb, 4TO AIl~ y6eAHTeIlbHocTH Aa HHoH I'1HTepnpeTa

ijl'1 H 6b1IlO 6b1 nOIle 3HO npos eCTH p8C4eTbI AI1 ~ rp ynn bl CMe~HblX RAep, 

a TaK~e nOCTpOI'1 Tb CHCTe MaH1KY COCTOAHI'1H C K 11 = 1/2 - , BKIlI04alO

l1\YIO YPOBHH 1/2- 589 ,9 K3 B H 3/2-, 1/2 10 39 K3B. OAHa Ko no HMe~

lIIHMC ~ K H8C TOAl1\e MY BpeMe HH 3Kc ne pHMeHTaIlbHblM AaHHblM nOCIleAHee 

CAeIlaT b 3aTPYA HI'1T eIlb HO. 


OTMeTHM , 4TO oA H08peMeHHbI~ paC4eT Bce x 4eTbipex OAH048C TI14 
HblX COCTOAHVi~ 112- [5211, [510 1, [530] ~I [5411 npHBeIl K 60nee 
CHIl bH OM y IoIX CMel!JHB aHH IO , 4eM B pa60Tax 1 14 ,15/, oc06e HHO AIlA 1/2

510 . B pe 3YI1 bTa Te onYC KaHI'1A COCTOAHI'1H 1/2 -[5 30 ] H 1/2-(541] 
Y-B:.16p a llH OHH ble CDCTOA HI'1R 523- + Q(22) 1'1 521 t + Q(22) CTaIlH no 
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C4e TY 5- M ~ 6-M BHe CTO 3-ro ~ ~-ro B/14~Bn~R~~e np~H~~na nayn~ 
Ha COCTORHl1e C K" = 1/2 - B OCHOS HOH csenOC b K nOAaBneH~1O B 1.5
2 pa aa ,B- sYl6paI.l110 HHblX KOMnOHeHTOB B COCTORHIo1RX 1/2- l5301 • . 
1/2- [51J11 YI Ha nopFlAoK - S COCTOFlHI1F1X 112- [ 5211.1/2-[ 5 10] . 

2 .2 . COcToRHlo1 e 11/2- [ 505] 

CocJoRHYle/p/2- [ 505]l1a~1 K3B 4eTKO I1AeHnl¢l1l.1l1pOeaHo e peaK
411RX (tIe , CI) U (a, 3n ) . 


PaC4eTbi B / 14, 16/Aal'JT 3Hepr lo11O COC TORHI1R 11/2-[ 505] B pa':;OHe 
1 .3-1,6 M3B. H3eeCTHO. 4TO OAHO~ Yl 3 npYl411H TaKoro 6 onbworo 
paccornaCOBaHIo1R TeOpYl Yl C 3KCnepI1 MeHTOM RBn ReTCR OTnl14101e B 
11/2: [ 505] KsaAPynonbHo~ 11 reKcaAeKanonb HO~ Ae~opMa 4 11~ OT pas
HoseCHblX 3 Ha4e HI1~j / 14,21/. Y4eT :3Toro <)laKT a npYlBOAI1T K nOHYllKeH~~ 
3Hep r l1Y1 11/2l505} Ha 300~400 K38 . OAHaKO 3Toro RBHO HeAoc Ta 
T04HO . He nOMo r aeT 11 Y4eT y-eYl6 pa4110 HHblX npIo1Mece~. KOTop~e 

AnR 3Toro COCTORHI1R npeHe6pe~I1Mo Manbl. TeOpeTI1 4eCKI1e 3Ha4e HI1R 
3Hep rYl Yl YAaeTc R nOH~ 3I1T b S AocTaTo4Ho~ Mepe n l1 Wb nocne BKn~4e
H~R 13 - 9116paLl~OHtiOrO KOHnOHe HTa 505~ + Q(20) , COCT a BnfUOutero B Ha
me M cnY4a e 33%. 

2. 3. COCVORH~R c nonOIKYlTenb HOR 4e THOCTbIO 

B Hawe lii pafioTe , a TaKIKe 9 pa60T a x /1 4, 1 5/(jlaKTI14eCK~ He npOR9
nRe TCR CMeWI1 Ba Hl-1 e COCTOAHI1A 1/ 2+ [66 01 11 1/2 ~ ~0 01 . KOTOPblM 06W4
HO Ofi):RfH.RIOT AaH Hble no B0 36Y1fC,QeHYlI' 3TI1X COGTOAHI1I:1 B pea KL\YlI1 
(d, I ) 8 . H3secTHo, 4TO l1 N= 2- cMewlllBaHl1 e 4YSCT BI1 Tenb HO K reKca
Ae KanonbHoR Ae(jlopMal.ll1~ /14 ,22/. 8 pafiOTe /21/ YKa3b19 aeTcR. 4TO CO
CTORHI-1 R 1/2+[ 66oJ 11 1/2+[ 40 0] I1 Me"T r eKcaAeKanonb HY" Ae<)lopMaL\~II), 
OTn~4 H YIO OT paBHoBecHo~. B Ha WI1X Bbl411CneHI1RX ~ B/ 14,1 5/napa Me TPN 
OAH04ac HI 4Horo nOTe H4 l'1ana. BKnlO4aR Ae¢lopMa 411lo, 6blnl1 nOCTOA HHblMH 
AnR Bcex COCTORH Yl A, 4TO. BI1AI1MO , 11 RsnRe TCR npl14~HoR OTCYTCTBYl R 
11 N = 2- CMe WYl BaHI1R . COCTORHI1R 1/ 2 +[ 660] 11 1/2+r 400] cneAye T pa c 
C411TbiBa Tb OTAenbHO, C YT04HeHHblMI1 napaMeTpaMIo1 Ae¢lopMaL\l1l1. 

B RAe pHblX peaK4Y1 RX (d. I.) I1 HTeHCI1SHO B036 YIKAaeTcR ypOB e Hb 
534 K3B , KOTOPOMY OAHoaHa 4HO np~nYlCaHa CTPYKTy pa 3/2 +l 40 21! 8 . 
B pafiO Tax 1 1.3, 41 11 3 pac naAa 165Tm ypO BHIO 3/2+853 K3B npl<1 nl1Ca Ha 
CTpYKTypa 3/2+[ 65 1). OA Ha KO o6paU\ aeT+ Ha c e6 f1 BHI1Ma Hl1 e TOT CT P;;l H
HwR (jla KT. 4TO npl1 pacnaAe 165Tm (1 /2 r ~ 1 11) YPOBe Hb 853 K3 B 
3/ 2+[ 6S 11 aacenReTCR Ha nopRAoK I1 HTe HCI1 BHe e /e = 11% pacnaAOB . 
log ft = 6,8/ . 4eM YQOBe Hb 53 4 K38 3/2+( 402] /f = 1 . 3% pa cna 

13 4 / AOB, log ft = 7,9/ ' . 3TO npOTJ.1BOpe4l1e Hen b3R Ofi1oR CHYlT b HYI 
oN= 2- CMeWI1Ba HYl eM 3T Yl X COCTORH I1~, HYI npl1MeC blO KOMnOHeHTa 3/2 +. 
1/ 2 [ 660] K COCTOR HI1IO 3/ 2+[ 65 1] 3a C4 eT B3a l1MOAe Ac TBYl R KopYlo
nl1 ca. B CBR 3~ C 3TI1M CT pYK Typa YPOBHR 853 K3B Tpe6yeT YTOl.! HeH l1 fl. 
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npYl OnYlCaH~ YI COCTORHYlR 9/2+[624] Y4eT np~H4Y1na nnyn~ npl1Ben 
K Cl1nbH OMY nOAa Bne HI1~ /C 69% AO 7%/ y - e Yl6pa4Y1oHHoro KOMnOHeHTa 
642 I + Q(22) , e KOTOPOM I1 Me nO MeC TO 4aC TI14HOe HapyweHl1e npl1H4Y1na 
naynl1. B pe3yn bTaTe AOnR OAHOKBa3114aCTYl4HOrO KOMn OHeHTa e nep
BOM YPOSHe C K Tf = 9/2+ Bbl pocna C 24 % AO 75%. a 3HeprYlR nOAHR
naCb C 970 K30 AO 1240 K3B. 

3. 	 BblBOAbl 

nposeAeH CpaBHI1Te nbHWR aHanl13 3KCnepYl Me HTanbH~X AaHHblX 0 He
pOTa4~OHHblX YPOBHRX BRODe 165Er ~ paC4eTOB 9 paMKax KBa3114aC

" /131617 /TI14 HO- (jlOHOHH0 J.1 MOAenJ.1 " 
B Bbl 411cneHHRX Y4 101 Tbl9anl1Cb ,B-BI16pa 411 0HHble KOMnOHeHTW. COOT

BeTcTBYIOU\l1e Av, a r OHanbH blH MaTpJ.14HbIM 3ne MeHTaM Mynb TYl nOnbHOro 
B3aI1MOAe RcTBI1R, BKnlO4eHI1e KOTOPblX OKasanocb BaIKH~M AnR onl1 ca
HI-1 R COCTORHI1R 1/T[5301. 1/2-[ 541 1 . 1112-[ 505]. 5bln0 6bl I1HTe
peCHO npOBepl1Tb BbIBOAbl. KOlCalOl1\l1eCR 3TI1X COCTORHI1~. npoBeAR pa c
4eTbl. Y411TbiBalOI1\ I-1e CT po roe BblAeneHl1e "AYX.OBbIX" npl1Mecelii Yl3 13
B116pa4110HH~X KOMnOHeHTOB 1-1 OXBaTblBalOU\l1e rpynny RAep. OAHaKO 
AOCTaT04HO xopowee cornacl1e Te Op1111 J.1 3KCnepl1Me HTa AnR YKa3aHHbiX 
COCTORH ViR n03BonReT C4 I-1 TaTb, 4TO "AYXOBble" npl-1Me CYI B AaH HOM cny
4ae, nO-B~AYlMOMY . Manbl. 

Y4e T npl1H4J.1na naynl1. n0 3s0n RIOU\I1R 60nee KoppeKTHO OnI1C~BaTb 
B116pa 4 110HH~e KOMnOHeHTbl, npl1Ben K 3aMeTHOMY 11 3MeHeHI11O xapa KTe
PI1CTI1K pRAa COCTORHI1R, ocofieHHo B cnY4ae 9/2 +[ 624]. 

B pa60Te nOKa3aHa B03MomHOCTb I1HTepnpeTa41111 YPoBHev. 1/2
589.9 K3B 11 3/Z-.1/2 1039 K3B KaK 1/2 - [530] 11 1/2-[541], COOT
BeTCTBeHHO. B pe3ynbTaTe YAOBneTBopl1TenbHO Onl1CaHa &CR COBO
KynHocTb ypoBHe ~ C K17 = 1/2-: 1/2-[521] /297.4 K3B/. 1/2-[530] 
/589 .9 K3B/, 1/2-[510] /920.7 K3B/. 3/2.1/2-[ 541] /1039 K38/ . 

no cpaBHeHl110 C 114,15/ Hawl1 paC4eTbi AalOT B 4e nOM nY4wee corna
cl1e C 3KCnepI1MeHTOM. 

B 3aKnl04eH I1 e BbipaIKaeM finaroAapHocTb n.A.ManoBY 11 h.A.AnI1KO
BY 3a none3Hbie 06CYIKAeHI1A, a TaKIKe H.K.KY3bMeHKO 3a npeAOCTaB
ne HYle nporpaMMW AnR B~4I1CneHI1A 0AHO KBa 3114aCTI14HblX 3Heprl1~. 
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