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1. B B e ll e H • e 
138 

HacTOIID(all pa6oTa nocBIIDteHa accnellOBaHHJO ypoaaet Ce , B036yJK.QaeMblX 
138 

npH pacn8lle Pr • KpoMe TOro OI5CyJKllaJOTCII HeJ[OTOphle CBOICTB8 He"'eTHO-He-
lSI 

'IQTHOro H,llpa 51 Pr 79 
/1 2/ 

Paaee ' Mhl C006D(anH 06 Hll9HTH~BJ[aUHH OCHOBBOrO COCTOIIHBII 
, + -1 -1 

(I "'I I P ( d s/2 ) ,n ( d s/2 ) I, T 1j 2 •1,5 + 0,15 MHH). KpoMe Taro 6hlnll 

yTO'IB8Hhl llaBBhle o nepllclle nonypacnalla 138 Nd T 1 12 - 5,2 ! 0,1 'lac) 11 o 

aoa6yJKlleBHH ypoaael 
138 

Ce npa pacnalle 
138 

Pr • 
Ill 

8 pa6oTe Mhl 9J[Cfi8pHM9HTan&HO fiOJ[a3anB, 'ITO 113BeCTHOe paHee COCTOSIHH9 
131 

Pr T 2 2 
131 

330 60 C 1j 2 , 'laC SIBnSI9TCSI H30MepHhlM, neliUlD(HM Ha + J[9B Bhl-

me OCHoBaoro. 
138m /4,5/ 

HaB6onee nonao cxeMa pacnalla Pr aayqeaa B pa6oTax • B "'SCTBOCTH, Ba-
/5/ 1S8m 

68llliLBBOB H .Qp. OOJ[aaanw, 'ITO xapaJ[T9pHCTIIXH COCTOHBIIH Pr ecTb 

I,- 6- I p ( d s/2 )-
1 

• D ( h u/2 )-1 I . npennoliCeBBhll 8 pa6oTax 
14

•51 
BapBaBT cxe-

1 a /6/ 
Mhl pacnalla S m Pr t ll.OIIOJIHeHHblil n.K.neJ[epoM , Bao6palKeH Ha pHc.2. 

lOG 

KpoMe TOre, aeJ[oTOphle ypo8BH Ce 6hlnw B036yJKlleBhl 8 H.QepHhlX pea)[-
/7/ 138 

naHx. Mopoao8 • np. aoa6ynunu , a pe8J[n:HH La (p, 2•) waoMepabll ypo8eB& 

ue Ce npu aaeprHH 2140 )[98 (T1/2"'(9,2~0,5. MCeJ[). 3TOT ypo8eB& pacnanaeTcH c 

wcnycJ[aRweM raMMa-nyqel c E y - 300 ! 10; 800 ! 10 • 1040 !. 10 )[98. 

/8/ + + 
nap)[ • Mopaaara 8036ynBnH yp08HH 803 + 10 (2 ) • 1848 + 25 )[98 (4 ) 

B p98J[UBB Ul 8a ( a , 4 D ) US Ce • 
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2. Ycnoase gn&ITa 

B H8111HX accnetxoBaHR!IX npenapaTOM cnylKJlna aeotxHMOB8li! c!JpaK!lHlil, xpoMaTo­

rpac!Ju'leCKH BbltxeneHHH851 H3 npOtiYKTOB 06ny'leHH51 raAOnHHH9BOlt MHilleHH 6b1CTpb1-

MB npOTOH8MB (Ep - 660 Mas). MBilleHb o6ny'lanaCb 2 'laCS aa BayTpeaHeM ny'I­

Ke caaxponuxnOTpoaa OHHH. XaMB'IeCKaH o6pa60TKa MHilleau HA'IHBanac& aenocpetx­

CTaeaao nocne ee o6ny'leHBII B txnunact. oxono 2 'IACOB. Bb!txeneaaali! xpoMaTorpa­

c!Ja'leCKR c!Jp8KilH51 HeOtiBM8 COAep~ana CnetxyiDillHe HeiTpOHOtxec!JBilBTHble B30TOilbl He­

Ot!BMA: A • 141 (2,42 'lac), A• 140 (3,3 AHII), A • 139 (5,63 'lAC). A • 

138 (5,2 'lac), A • 137 (55 MBHYT), A • 136 (55 MBa) 19 •1•10•11 1• Pa3txene­

aae ~p8KilBR no B30TOB8M He npOH3BOABnOCb. 

CneKTp raMMa-ny'leA aeotxBMoaoro npenapaTa accnetxoaanc!l aa raMMa-cneKTpo­

MeTpe c Ge (Li ) - txeTeKTOPOM. B pa6oTe scnon&3oaanuct. .':tBa txeTeKTopa xoaxcu­

an&aoro TBila C 'IYBCTBBT9nbHbiMB 06'b8M8MH 5 H 12 CM3 • 06a A9T9KTOp8 BM9.1IB 

pa3pe111aro111yro cnoco6aocTb 4,5 KSB (sa raMMa-nHHHB 1332 xaa 
8° Co ). AMnnBTYA-

Hhll aaana3 ocymecT&nSincSI 2048 - Kaaan&Hb!M aaanB3aTopoM. 

CneKTp f3 + - '18CTBD: H aneKTPOHOB BHYTP9HHelt KOHB9PCBH uccneAoaaa Ha 

MarHHTHOM 6eTa-cneKTpoMeTpe C tlBOIBOlt ABYKPATBOI ciJo!!:yCBpOBKOlt ny'IKa Ha yron 

rry2 • TipB60pH8SI pa3pemAID1118SI CllOC06HOCTb 6blna 0,22% npH CBeTOCHne ~ 0,1% 

OT nonaoro Tenecaoro yrna. H3Mepeaae aanp~eaaocTH MarasTaoro nonS! cneKTpo­

MeTpa ocymecTBnSieTCSI MeTOtiOM Mepaoro peaoaaaca. To'IIIOCTb B onpeAene!IHH 

aaeprslt 6eTa-'IACTHD: nps aToM ae xy~e 0,1 %. 

3. 3xcn!,JpuMeHTallbllble peaym.'raTbl 

n 03BTp oaaoe 
138 

H3nyqeaae ~ H3MepeBBII f3+ - cneKTpa npenapa-

Ta npOB3BOtlBnHCb cnyCTII 6-8 '18COB nocne BhiXOt18 c!JpaKD:BB H90ABM8. 3a STO Bpe-

MSI KOpOTKO~HBYiliH9 AKTHBHOCTB H90tlBM8 ycneaanH npaKTH'I9CKH nonHOCTbiD pac-
lSB 

nacTJ.cSI. Sb!n B3y'leB y'lacToK cnexTpa c· E f3+ > 1500 KSB. noMHMO Pr a 

cneKTp B STOlt o6naCTB Slleprslt BHOCBn BKnAA H30TOn 
140

Pr 1 118XOAHBWBftCli! B 

p8BIIOB9CHB C 
140 ) + 

Nd ( T 1/2 ~3,3 AH. • Bxnan f3 - 'laCTBD: 140Pr 

! 6 K3B) /12/ 6bln y'ITeH H3MepeBBSIMB '1epe3 BeCKQnbKO CyTOK 

Toro ~e caMoro npenapaTa. 

4 

• 

(Er • 2366 + p. -
f3+ - cneKTpa 

'\ 

nocne Bhi'IBT8BBB BKn8A8 B CU9KTp f3+ - '18CTJUl 
140 

f3+ - cneKTp 6bln o6pa60Tall no MeTOAY KropB-cllepMB. 3To n031 

C 6ont.molt TO'IBOCTbiD M8KCBM8nbByiD KBBeTB'IeCKyiO aaeprHro ll 

Erp.• (8415 ± 10) us. 

raMM8-·13ny'leHHe B aneKTpOBbl B!Y!peaaelt KOB&epc 

B Ta6n.1 npHBeAeBbl nonf'leHBhle caeAeBHli! o raMMa-nyqa:x 
1u ue 

anei!:Tpoaax, conpoaoliUlaiDillBX pacnaA Nd + Pr • Tipan•caHHe 
u1 ua 

Ta6n.t raMMa-nepeXOAOB K pacnaAy Nd B Pr 6h!no CAen 

a) B3MepeBHli! UepHOA8 nonypacnatia KOBBepCBOBHYX H ra~ 

6) fCT8HOBn8HH51 38pSIA8 Mpa, B KOTOpOM DpOHCXOJIIT rE 

paasoCTH E y - E•t 1; 

B) HC!lonb30B8BHB naTepaTypHb!X CBeAeBilt 0 rAMMa-ne] 
138m /13 51 

Pr • ; 
Ulm 

r) acnon&30&aHBII A8HHbiX o raMMa-nyqax Nd ( T 1; 2 • 5,f 
111 

Pr (T l/t • 4,5 'ISC)/15116/. 3TO ll03BonBnO HAM C 6ont.moll: Ol 

HeCTB BeKOTOpble raMM8-nBHHB cnei!:Tp8 llSTI'18COBbiX 130TODOB 
lSI lSI 

AY Nd ( E y • 326 K3B) B Pr (E y • 687; 722; 787 
lU 

HeKOTOpble nBHHI KOHBepcBOHHhiX aneKTposoa Pr np1 

CaetxeHHB o aBTeBCHBHOCTliiX raMMa-ny'lelt • aneKTPOBOB Bl 

CBH HCnonb30B8Bbl AnB onpeAeneBHlil TBDOB MYnbTBilOnbBOCTel I 

nepeXOAOB (Ta6n.l ). 3TO CAenaBO Cp8BB8HB8M ~KCnepHMeBTAnbl 

c!JBilB9BTOB BByTpeBBeft KOHB8pCHB ( a It ) raMMS-nepeXOAOB C ~ 

Anlil pa3HYX MYnbTJIIillonel l11l. 'IT06bl Bblpa3HTb OTBOCBT9nbll 

raMMa-ny'lel B KOH&epCBOHHbiX anei!:TpOBOB (Ta6n.1) B OAHHX eJ 

aaa TOT c!JaKT, 'ITO nepexon c h II• 787, 1 KSB THna E2 1 l,BI ( c 

1171 ). 

lSI 138 lSI 
4. CxeMa pacnana Nd.. Pr .. 

TipennaraeMali! HSMB cxeMa pacnana •aeno'IKB' H30Tonoa
1
s 

B3o6p8lKeaa aa pac.2. Tip• nocTpoeaaB cxeMhl acnonb3o&aahl cae. 

natie, raMMa-ny'lax • KOHBepcxoBBhiX anexTpoaax Ul Pr 

5 



2. Ycnoaae onhiTa 

neAOB8BH!IX npen8p8TOM CnylKHn8 B90AHMOB8!1 cjlp8KilHSI, XpOM8To­

BHH8SI H3 npOAYKTOB o6ny'leBHSI I"8AOnHBH9BOJI: MHW9HH 6hiCTphl­

• 660 Mae). MameBb ci6ny'l8n8Cb 2 'l8C8 118 BllyTpe11aeM nyq-

88 OHHH. XaMH'l9CK8H o6p860TK8 MHmeiiH 118'1HH8nac& aenocpeA­

o6nyqeiiHH a Anan8c& oKono 2 qacoa. Bh!Aeneiiii8H xpoMaTOI"p8-

eOAHMa conepJKan8 cnenyromae aeli:TpoaonecjlanaTIIhle aaOTonhl lle­

(2,42 'l8C), A • 140 (3,3 AHH), A • 139 (5,63 qac), A • 

• 137 (55 MBHyT), A • 136 (55 Mall) 19 •1•10•
11 1• P8a)lene-

OTOil8M Be npOH3BOABnOCb. 

-nyqeJI: lleOilBMOBoro npenapaTa accnellOBancg 118 I"8MM8-cneKTpo-

AeTeKTopoM. B pa6oTe acnon&aoe8nac& .'~B8 AeTeKTopa KOaKca­

BCTBHTen&llhiMH o6'beM8MH 5 H 12 CM3 • 068 ll9T9KTOp8 HM9liJI 

o6aocT& 4,5 KSB (sa I"8MM8-naaaa 1332 K9B 
8° Co ). AMnnHTYA­

TansmcH 2048 - Kaaan&Hb!M 8B8nH38TOpoM. 

- 'l8CTHil H sneKTpOIIOB BayTpeHIIell: KOJIBepCHH HCCneAOB811 sa 

eKTpOMeTpe C ABOJI:HOJI: ABYKP8TBOJI: cjloKyCHpOBKOll: nyqx8 118 yron 

p8apem8roW8H cnoco6IIOCT& 6&ma 0,22% npa CBe'l'ocane = 0,1% 

oro yrn8. HaMepeaae B81lplllKeBIIOCTB M8I"IIHTIIOI"O nonH cneKTpo­

eTCH Me'I'OAOM attepaoro peaoHaHca. TO'lHOCTb B onpeAeneHHa 

an npa aToM ae xyJKe 0,1 %. 

3. 3KcnepaMe}lTallb.llble peaym.TaTbl 

138 + 
o e a any 'lea a e Pr • HaMepeHHH f3 - cneKTpa npen8p8-

cnycTH 6-8 qacoa nocne Bb!XOA8 cjlpaxnaa aeOAHMa. 3a 9To ape­

e BKTHBIIOCTH BeOAHM8 ycnea8na npaKTH'l9CKH nonBOCTb!O pac-
138 qea yqacTox cneKTpa c· E {3+ > 1500 xaa. noMHMO Pr a 

8CTR Slleprall: BHOCHn BKn8A H30TOil 140 Pr , IIBXOAHBmHJI:Cg B 

d (T 1/2 =3,3 na.). BKnaA {3+ - 'l8CTHil 140 Pr 

n yqTell aaMepeBHHMH 'lepea aecKon&xo cyTox 

penapaTa. 

4 

• 

(E • 2366 + 
I"p. -

{3..,. - cnexTpa 

,i\ 

nocne Bhl'lHTBHHR BKnBJl8 B ClleKTp {3+ - 'l8CTHil 140 Pr , oCTaamall:csr 

fJ+ - cnexTp 6h!n o6pa60T8B no MeTOAY Kropa-41epMa. 3To noaBOliJino ycTaaoBHT& 
lSI 

C 6on&moll: Tq'lBOCTb!O M8ltCHMBn&ayJO li:HBe'I'H'leCJtYIO aaepi"HIO ll03HTpOBOB Pr : 

Erp.• (3415 ± 10) Jtas. 

raMM8-·K3ny,eaae I aneKTpOBhl BByTpeaaell: li:OBB9PCHI ue Nd+ ua Pr 

B Ta6n.1 npaBellaBhl non)"leaahle caelleBHH o raMMa-ny'laX a xoKBepcaoaahlx 
1u ue 

aneKTpoaax, conpoaollUlaJOmax pacnall Nd + Pr • npanacaue nepe'lHcneaahlx a 
111 ua 

Ta6n.1 raMM8-nepexOilOB 1t pacnally Nd a Pr 6&mo Cllenaao B8 ocaoaaaaa: 

a) H3Mepeaasr nepBOJl8 nonyp8Cn81la JtOHBepcaoaahlx H I"BMMa-naull:; 

6) YCTBBOBneHHR 38pRil8 attpa, B ltOTOpOt.l llpOHCXOJlHT I"BMMB-nepeXOil (no 

p83BOCTH E y - E.lr: J; 
U8 

Pr • B) HCilon&30B8BBH naTepaTypBhiX CBa)leBBll: 0 I"8MMa-nepeXO)l8X 
138m /13 51 

Pr • ; 
Ul m 1141 

r) acnon&aosaaaH llBBBhiX o I"BMMa-nyqax Nd ( T 1f 2 • 5,6 'lac) B 
lU 

Pr (T l/l • 4,5 '18C)/151161. 3TO ll03Bonano B8M C 6on&moll: OllB03H8'1HOCTbiO OT-

H9CTH Beli:OTOphle I"BMMB-nBHHH CllaltTpa llHTH'l8COBhiX H30TOilOB B90)lHM8 It pacna-
131 lSI 

llY Nd ( E y - 326 ltSB} H Pr (E y - 687; 722; 787; 1510 Jt9B). 
lU 

HeKOTOphle liJIBBB KOKBepc&oaa~o~x sneJtTpoaoa Pr npaBOilHTCH aa pac.1. 

Cse)leaasr o BBTeacBBBOCTHX I"BMMa-ny'lell: • aneJtTpOBOB BayTpeaaell: xoKBep-

CHH HCilon&30B8Hhl llnH OnpallaneBHSI THilOB MYnbTHilOn&BOCTell: Ra'JtOTOphiX I"8MM8-

nepeXOilOB ( Ta6n.1). 3To Cllenaao cpasaeaaeM ~xcnepaMeBTan&BhiX aena'lHa KoaciJ­

cjlanaeBTOB BByTpeaaell: xoaaepcaa ( a lr: ) raMMa-nepeXOilOB c TeopeTH'Iec'ltHMH a lr: 

llnR pB3BhiX MYn&THilonell: ll7 I. qT06hl Bhlp83H'I'b OTROCHTan&Bhle HBT9BCHBBOCTH 

raMMB-ny'lel a JtOHBepcaoaahlx anexTpoaoa (Ta6n.1) B OllBBX euaanax, acnon&ao­

aaa TOT cjlaKT, 'ITO nepexoll c h v- 787, 1 xas Tana E2 1 1•5 1 ( a lr: Teop~ 2,97 .1 o-3 
111 I). 

lU lU lSI 
4. CxeMa pacnaga Nd .. Pr .. Ce 

npellnaraeM8R 88MB CXeMa p8CIJ81l8 'nenO'lKH' H30TOIJOB Ul Nd • US Pr .. Ul Ce 

H306p8lKeBa 88 pac.2. npa liOCTp9eBHH CX9Mhl HCilon&30B8Bhl CB91l9HHSI 0 fJ+ - pac­

IJ&Ile, I"8MMa-ny'l8X H KOHBepCHOBBhiX aneKTpOH8X IU Pr 
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B CXeMy B036Y*AeHH~X yposaell 
138

Ce AOllOnRHTenbHO BBOAHTCII YPOBeRb C 

aaepr&ell 1510 KaB. 
138 138 

npeAnO*eHH8SI CXeMS pacn&A8 . Pr -+ Ce YAOBneTBOpS!eT C AOCTBTO'IHO!I TO'I-

HOCTbiO 6anaacy 9Repr&ll H BHTeRCHBHOCTell. npeAllOnaraeTCSI0 'ITO H8 ypOBHJI 
138 

Ce 
IU 

c aaeprHSIMH 0; 787,1; 1473,8 H 1510 K9B npoHCXOABT .100% pacnaAOB Pr 
138 138 

npa paC'IeTe aaceneaaOCTell yposaeA Ce npa 6eTa-pacnaAe Pr npHHSI-
ue 

TO, 'ITO OTHOWeRHe W {3+1W E 6eTa-nepeXOAa B OCHOBROe COCTOSIHJie Ce paBHO 

3,33, KaK aTo Aon*RO 6~Tb AnSI paapeweaa~x nepeXOAOB /181. Ha cxewe np&aeAe­

a~ aaceneaaocTH K&JKAoro yposag 
138

Ce. TaM *e np&BeAeR~ senH"'HHbl logft 6e-
138 

Ta-nepexoAOB Pr 
138 

sa y&aaaaa~e 'leT~pe ypoBRSI Ce • CooTaowes:Hst sepo-

HTROCTeA pacnaAa WE I W {3+ S:& 9TH ypOBS:B llpHS:HM&nHCb p&BH~M TeopeTH'IeC-

KHM AnSI paapewes:a~ 6eTa-nepexoAOB. 

nony'leHs:~e as:a'leHHII log ft cornacy!OTCSI c npan&cas:aeM ypOBS:SIM 
138

Ce 

KB&HTOBbiX XapaKTepHCTHK 0+ (0 K9B), 2+ ) (787,1 KSB), 0+ (1473,8 KSB}. Mynb­

THllOnbROCTH nepeXOAOB 787,1 (E2), 686,5 (E2) H 147::1,8 (EO) !t9B DOATBep*A&IOT 

9TOo XapaKTepHCTH!tB 2+ ypOBHIO 1510 KSB npeAnOJKeH~ H& OCHOB&HHB 6anas:ca HH­

TeHCHBHOCTel. B Donbay T&KBX KBaS:TOB~X xapaKTepHCTHK CBHAeTenbCTBYeT as:ep­

reTBKa 9TOrO COCTOSIHHSI (pac.3) H COOTHOWeRHe npHBeAeRH~X sepOSITHOCTel E2-ne­

peXOAOB, pa3pSI.lK&IOWHX AaRHOe COCTOSIHHe. Ha p&c.3. aa OCR opAHH&T OTnO*eRO OT-

aowea11e aaeprHll cocTORHIIA E 
2
+ IE 

2
+ K&K c!JyHKUHSI 'IHcna npOTos:os AnSI Mep 

C <jJHKCHpOB&HH~M 

aaeprHH ypOBHSI 

KpoMe Toro nHRBH 

'IHCnOM 
+ 

2 2 B 

2 I 
aeliTpoaos ( N • 78,80). 3KcnepHMeRTanbaoe aaa'leRHe 

138 
58 Ce 80 XOpOWO COOTBeTCTByeT XOAY nHRIIH N • 80. 

N - 78 II 

xap&KTepa~ll AnSI DOA06one'IKB 

N - 80 O'leHb llOXO.lKH Apyr Ra Apyra, o6aapy*HBaSI 

Z • 56 B3nOM. 

To'IHO TaK *e, ecna rrpBRSITb+ y nep+exoAOB 
B(E2,2 2 -o2

1 
) 

HOCTb, TO OTHOWeHBe -=-------+-----:r-----
B(E2, 2 2 -+ 0 1 ) 

nacyeTCSI C T8KHM OTHOWeHHeM y pSIAa COCeAHBX 

142 Ce ( ,. 44 ) , 132 Ba ( ,. 40 ) ; 134 Ba ( "' 95 ) 

722t H 1510 &as E2 - MynbTHrronb­

• 85 ± 30 B 138 Ce xopomo cor-

Mep: 
138 

136 Ce ( 103 + 5 ) , 

Ba ( 52 :!: 16) • 
138 138 

06cyAHM AeTanbaee npHpOAY yposaell Ce • SlApo 
58 

Ce 
80 

- 'leTRo-'leTaoe, 

D09TOMY ero OCBOBSOe COCTOSIHBe &MeeT xapaKTepHCTHKH 1" "'0+ , 'ITO COOTBeTCT-

1 2 a 2 b -2 
syeT no MOAena o6ono'leK Koa¢arypauaa p(d 512) ,p(g

1
1

2
) ,n(d

3
;

2
) I, 

rAe 2 a+ 2 b"' 8 (csepx "Mara'lecxoro 'IHCna• Z • 50 BMeeTCSI ewe 8 npoToaos, 

KOTOp~e MoryT H8XOABTbCSI B COCTOSIHHSIX d 512 U g,j2 ). 

6 

• 

'\ 

!'~~ 

;I'·,,. 
·~ ' 
;.~:~./' 

~~r~;.,. j'~. :·~·. 
:.fr~ . 
,~;: i~ 

•,:, I 

... • 
.'?;::· 

COCTOHHBSI ctllepH'IeCltBX 'leTHP-'IeTB~X Mep C ae(Som.mol 8H 

AeRHH AO nocnellaero speMeHB IS~no npBHHTo paccMaTpBBaTb ltalt 

BH6paDHOHH~e. 0ABaltO llpOB8A8BHhll B liOCneAaee BP8MSI &H&nB3 8 

HblX A&H~X /6/ DOK&3an, 'ITO B HeltOTOpblX (ecllJI Be BO MHOrHJ 

'leTBP-'IeTR~ Slllpax npe~CTasnea&e o ¢oaoBHoA DPHPOAe nepaoro y 

SIBnSieTC.Il rpy6blM, a npeACT&Bne&He 0 cymecTBOB&BHH l1BYX¢GBOBB~JI 

B 3B&'IHTenb&OI CTelleHH TepSieT 4la3H'I8Cli:BI CMhlCn. 

B pSille 'leT&o-'leTa~x Mep, ltOTOphle o6bl'IBO paccMaTpHsanacl 

li:He, 6blnH o6aapYJI(e&bl nocneAOB&TenbaocTB yposael c I ". 0 + 

KOTOphle DpB I ~ 4 DOll'IBBHIOTC.Il TeM lite 38JtOBOMep&OCTIZN, 'ITO 

, + + ypOBS:H AetllopMBpOB&BBhlX Slllep. fipa aTOM ypOBBB C I • 2 
1

, 4 
1 

, 

paCCM&TpBB&nBCb Jt&lt ti!OBOB&ble, BXOAHT B ltB83HpOT&IUlOB&yiO liO< 
II + 

COCT051BB.Il. noaTOMY CTpyli:Typa ypoBBII C I • 4
1 

6yAeT OTnB"'&TbC 
IT + + 

yposaeA c I • 0 2 u 2 
2 

• 

Ha pHc.4 npHBeAeRbl ypos&H coceAux 'leT&o-'leTB~ Slllep c 

OTMeTBTb nnas&oe B3MeReHBe 9S:eprHH C pOCTOM Z S:8KOTOp~ yp01 

BblMB KB&HTOBblMH xapali:TepHCTHltBMB, 'ITO llonlltS:O Ylt83hlBeTb &a B 

an• AByxs:eiTpos:s:blA xapali:Tep. 
IT + + 

Yposs:s c I • 2 1 • 4 
1 

MOlltao paccNaTpHBaTb xax Jt&a: 

~ng OliHCaS:BII aaeprBH yposael li:Ba3Hp0T&UBOBS:OI liOnOCbl OCS:OBS:OrC 

pa3BHT tlleS:ONes:onora'leCJtBI ll0l1XOA. flo paiSOTe /lY/ aaeprBB T&ltl 

CblB810TC51 ¢GpMynol: 

E(l) •a I+ki (I +1), 

rAe " a" - CBOISOARhll llapaMeTp AnSI K&lltAOrO SlAp&, 'it • - ltOBCT&B'I 
• 138 

aoro aneMeHTa ( Z • c:onat 1. B 'l&CTS:OCTB, AnB Ce &Til ltO&CTa 

able no pacnonolKeRBIO yposaeA 2 i a 4~ , _:raKOBbl: k -31,43 1 

B~'IHCnes:s:aH c aTBMB napaMeTp&MB as:eprHH YPOBB.Il e+ (3115 I 

BO OTnH'l&eTCH OT aaeprHH ypOBS:.Il 6+ (2372 Jt9B) /6/, 'ITO 38CT&E 

38TbCH OT TaJtOI BHTepnpeT&JliiB STOrO COCTO.IlHII.Il. 

" + "'TO lt8C88TC.Il B036Ylltll8BBOro ypOBB.Il C I •0 
2

, TO B3 pBC.~ 

ABYX Slllp&X C N • 80 OR &MeeT 6nB3ltoe 3Ra'leHHe apearBR. CTpylt, 

TOIIBHI .llBnHeTC.Il cnOlKBOI. Bonbmy!O pOnb 3l18Cb Brpa!OT xonneKTBI 

llte&BH, a T&Kllte s&naA PHU& ABYX'laCTB'IHblX cocTo.Rs:BI. BpeM.Il lit. 

c E • 1473,8 Ita& ae&asecTs:o. Ecn• HCDOnb30B&Tb AnH nepeXOll& 
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laoa6y1K.IlBHHhiX ypoase1!: 
138 

Ce ,llOIIOnHHTBnhHO BBO.IlBTCB ypOBBHb C 

9B. 
138 138 

sag cxeMa pacna.lla Pr ... Ce y.lloBneTBOplleT c .llOCTaTO'IHOi! TO'I-
138 

asepra1!: H HHTBHCHBHOCTe1!:. Tlpe.anonaraeTCB, 'ITO Ha YPOBHH Ce 
138 

787,1; 1473,8 a 1510 xaa npoacxo.llHT _100% pacna.aos Pr 
138 131 

e aaceneaaocTeA ypoaae1!: Ce npa 6eTa-pacna.lle Pr npHHB-
138 

HHB W {3+1W l 6eTa-nepeXO.Il8 B OCHOBHOB COCTOBHHB Ce paEIHO 

on1KHO 6h!Tb .ang paapemeuuhlx nepexo.aoa 1181. Ha cxewe npaae.ae­

H xa>Knoro ypoasg usee • TaM >Ke npaae.aeahl aenH'IHIIbl log ft 6e-
a 138 

Pr sa yxaaaJIJihle 'IBThlpe ypoaag Ce • CooTupmeaaSJ aepo-

a W t I W {3+ sa 9TH ypoaaa npHHHManac& paBHhiM TeopeTH'Iec-

BHHhiX 6eTa-nepeXOJlOB. 

e aaa'IeH.HSI log ft cornacyiOTCSI c npanacaa.HeM ypOBHBM 
136

Ce 

KTepHCTHK 0+ (0 K9B), 2+ ) (787,1 K9B), 0+ (1473,8 K9B). !Y\ynh­

eXO.IlOB 787,1 (E2), 686,5 (E2) H 147a,8 (EO) K9B IIO.IlTBep>K.IlalOT 

THK.II 2+ ypOBHIO 1510 K9B npe.anO>KBHhl Ha OCHOBaHHH 6anauca HH-

IIonb3Y TaKBX KBaHTOBhiX XapaKTBpHCTHK CBHJleTenbCTBYeT 9HBp­

CTOliHBll (pac.3) H COOTHOWeHBe npBBB.IlBHHhiX BepOSITBOCTBI E2-ne­

aiOWHX )laHHOB COCTOSIHHe. Ha pac.3. Ha OCR Op.llBHaT OTnOEBHO OT-

A cocTOliHBA E 
2
+ IE 

2
+ xax ljJyJIKIIHSI 'IRena npoToHoB .anSI ll.llep 

M 'IBCnOM 

2+ 

2 I 
se.I!Tposoa ( N • 78,80). 3xcnepaMeHTanhaoe aaa'Iesae 

138 
B 58Ceao 2 XOpOWO COOTBBTCTByeT XO.Ily nHHBB N • 80. 

HB N • 78 B N .- 80 O'IBHb IIOXOJKB Jlpyr HB .llpyra, o6aapy>KHBaa 

5I nono6one'IKB Z • 56 B3nOM. 

>Ke, ecns npBHSITb+ y nep+exonoa 
B(E2,2 2 ... 2

1 
) 

esse ~--------+-----------
B(E2, 2 2 ... Oi ) 

M OTHOWBHBeM y PliJlB COCeJlHBX 

132 Ba ( .. 40 ) ; 134 Ba ( .. 95) 

722 B 1510 K9B E2 - Mynb~BIIOnh­

• 85 :!: 30 a 138 
Ce xopomo cor-

ll.llep: 
138 

138 
Ce ( 103 + 5 ) , 

Ba ( 52 :!: 16) · 
138 138 

eTanbsee npspo.ay ypoasei! Ce • flnpo 
58 

Ce 
80 

- 'IBTHO-'IeTaoe, 

IIOBHOe COCTOaHBe HMBeT XapaKTBpBCTBKB I rr ,. 0+ 1 'ITO COOTBBTCT-

1 2 a 2 b -2 
o6ono'lex xos¢lsrypansu p ( d sl ) , p ( g I ) , n ( d 1 ) I , 

2 1 2 3 2 

(csepx 'Maruqecxoro 'IRena• Z • 50 BMeeTca e!Ile 8 npoTOHOB, 

HaXOJlBTbCll B COCTOSIHHHX dsl2 U hl2 ) . 

6 

• 

'. 
l 

CoCTosra•sr ccjlepB'IeCKBx 'IBTHo-'IBTHhiX H.llep c ae6onbmoA aaeprHeA soa6ylK­

.aeaHa .llO IIOCnB.IlHero BpBMBHH 6blnO IIpBHSITO paCCMaTpHB8Tb KAK KORnBKTBBHhiB, 

sH6panBOHHhl9· O.asaxo npose.aessh!A a nocne.asee speMsr aaan.a axcnepHMeHTanb­

HhiX ,118HHhiX /6/ IIOKa3an, 'ITO B HeKOTOphiX ( BCnH He BO MHOrHX) c«J>epH'IBCKBX 

'IeTHo-'IBTHhiX H.llpax npe~CTasnesHe o fjlosoHHoA npspo.ae nepsoro yposss c I" • 2 + 

IIBnseTcs rpy6hiM, a npe.aCTasnes•e o cy!IlecTaosasaa .asyxfjloaosahlx a T • .a. yposseA 

B 3li8'1BTBnbHOA CTeiieHB TepseT cjiH3H'IBCKHI CMbiCn. 

B pH.Ile 'IBTHo-'IBTHhiX ll.llep, KOTopwe o6w'IHO paccMaTpasanacb K&K ccjlepH'Iec­

KHe, 6hlnH o6aapylKeHbl nocne.aoBaTenbHOCTB yposael c I "- 0 + • 2+. 4+ t 6+ ••• 

KOTOphle IIpB I ~ 4 IIO.Il'IBHlllOTCSI TeM lKe 38KOBOMBPHOCTBM, 'ITO H pl'lTBIIHOHHhiB 

" + + ypOBHH .aecjlopMBposasswx H.llep. IT pH 9TOM ypOBHB c I • 2 
1

, 4 
1 

, KOTopwe paaee 

paCCMaTpB88nBCb KAK cjiOHOHHhle, BXO.IlSIT B KBB3BpOTaiiBOB8y10 IIOnOCy OCHOBHOrO 
, + 

COCTOSIHBSI. IToaTOMY CTpyKTypa yposHB C I • 4
1 

6y.aeT OTnH'IATbCSI OT CTpyKTypbl 
, + + 

yposseA c I • 0 
2 

u 2 
2 

• 

Ha pac.4 npHse.aesh! ypossB coce.anx 'IBTHo-'IBTHbiX H.IIBP c N • 80. MolKHO 

OTMeTHTb nnassoe H3MeHeHHe aueprBH C pOCTOM Z HBKOTOphiX ypOBHBA C O.llBHaKo­

BhiMB KBBHTOBhiMH xapaKTBpHCTHK8MB, 'ITO .llOnlKHO YKB3hiBaTb HA BX KOnnBKTHBHbll 

BnH .aayxaeiTpOHHhiA xapaxTep. 

" + + YposuH c I • 2 1 • 4 1 MOlKHO paccMaTpHsaTb xax xsaaBpOTanaoaahle. 

~na OIIBCaBHSI aseprBH ypoaseA KBa3HpOT8IIHOBBOI IIOnOChl OCBOBBOrO COCTOSIBHSI 6hln 

pa3sHT cjlesoMeaonora'leCKBI no.axo.a. ITo pa60Te lUI/ aBeprHB TaxBx yposseA on•­

ChiBaiOTca fjlopMynoA: 

E(l)•ai+ki(I+l), 

r.ae ' a' - cao6o.aswA napaMBTp .ana xaE.aoro H.llpa, 'k "' - xoscTaBTa .ana H.llep o.a­
"Ua 

aoro aneMeHTa ( Z • coast I· B 'IaCTHOCTB, .an.11 Ce 9TH xoacTaHThl, Bhi'IBCnes-

Bhle no pacnonoJKBBHIO ypossell 2 i H 4~ , Taxoahl: k -31,43 xaa, a -299,2xas 

Bb!'IBCnBHHall c aTBMB napaMeTpaMB asepraa YPOBHSI a+ (3115 K9B) cymecTses­

HO OTnH'IaeTCSI OT aseprBH ypOBH.Il 6+ (2372 K98) /6/, 'ITO 38CT8BnSIBT HAC OTKa-

3aTbCa OT TAKOI BHTepnpeTaiiBII 9TOrO COCTO.IIHBSI. 

" + qTO xacaeTCSI B036ylK.IleHHOro ypOBHSI C I •0
2

, TO H3 pHc.4. BB.IlHO, 'ITO B 

.aayx H.llpax c N • 80 oa HMeeT 6nB3Koe aaa'leHHe ape.&rHB. CTpfKTypa 'I'AKHX coc­

ToaaHII H&naeTCa CnOlKHOII. BonbmylO pOnb 3.1lBCb HrpaiOT ltOnneKTHBHhle BH.Ilhl .llBH­

lKeHBa, a TaKlKe BKna.a PH.Il8 .llBYX'IBCTH'I.HhiX COCTOBHHI. BpeMSI lKH3HB COCTOaHB.Il 

c E • 1473,8 xas ueHasecTao. EcnB Hcnonb3oBaT& .ana nepexo.aa 0~ .. 2 i ( h y • 

" 7 



• 686,0 K9B) O~H0'18CTH'IHY~ 0116HKY BepOHTHOCTH ~2 - nepexo~a, TO H3 COOTHQ­

meHBH OTHOCHTenhH~X BHTeHCBBHOCTeA nepeXOAOB 686,5 H 1473,8 K9B MO~HO one­

HHTb aepoSTHOCTb K - xoaaepcaa EO -nepexona. Torna sa !flopMyn~ W t (EO)• 
10 ' n k (EO) p2 ( n k- :4,2.10 cex-1 /20/ nnH 0 ... 0 nepexona B 

138 
Ce J Mo~eM 

onpenenHTb aenH'IHHY npaaeneaaoro MSTpH'IHOro sneMeHTa MoaononbHoro gnexTpR-

qecxoro nepexona: 
+ 

p • 0,05. Kax npaasno, E2 - nepexon~. paap~aiOmBe 0 
2 

- coc-

TOSIHHH, ycxopeH~ B .. 1U paa no cpaaHeHHIO c ou·eaxoA no <jlopMyne BaAcxon!fla-
lSI 

Momxoacxoro. Ecna C'IHT8Tb, qTO TaKaS! CIITYSUHSI HMeeT MecTo H B cnyqae Ce , 

TO aenH'IHH8 p 6yneT • 0, 15. Enaaxoe aaaqeaae p HMeeT 11 cocenaee HJipO 

140 ( 0 /12/ 
58 

Ce 82 p = , 12) • 

Mo~HO TSK~e onpe~enHTb OTHOJIJ.aHHe npHBe~eHH~X sepoSTHOCTeA X • 
B (EO, 0 + ... 0 + } , + 

,.., _________ ,! _____ !,._ raMMa-nepexonos, paapiDKaiOIUHX cocTOHHHe c I "' 0 • Ilo 
B(E2, o; .. 2~) 2 

!flopMynaM pa6oTbl ' 121 x9KCn. - ( U,U63 ± 0,009). 3aaqeHHe X flng pa3H~X liJlep 

aeaaa'IBTenhHO BapbapyeTcH B npenenax 0,04-0,06. B qacTHOCTH, nnH Mpa 
14

°Ce 

X • t0,045:!:.. 0,007) /121, 
, -

Ha pacyaxa 4 BHAeH nnaBH~A xapaxTep H3MeHeHHSI saepri!H ypoBHSI I ~ 7 

C pOCTOM Z , 3TO COCTOS!HIIa IIMeeT HeATpOHH~l\ xapaKTep,T.K, ypOBHeA KonneK­

THBHOA npllpOA~ C T8KHMH Xap8KTepHCTHK8MH B o6naCTH ae60nbWHX saepral soa-
138 

6y~A6BBSI O~BA8Tb H6nb3SI, KaK YK838HO B~We, OCHOBHOe COCTOSIHHe Ce BMeeT 
-2 , -

BeiTpOHHYIO KOH!flarypaliBIO TKna (d 3 j 2 } , Torna ypOBeHb C I = 7 B03BHK8eT 

B peaynbTaTe paap~aa nap~ n (bu/2}
2 a nepexona onaoro aeiTpoaa aa yposeBb 

-I 
d 

3
;

2 
• 3TOT ypoBeBb 6yAeT HB~BBM cocTOHHHeM MYnbTHnneTa In 1 (bu/2 ) , 

n ( d I ) -·a I . YpoaeHb c I" .. 7- paapgJKaeTcH E3-nepexonoM aa cocTOSIHBe 
? 3 2 

C 9Haprael 1825 K9B (4+). 3TOT nepeXOA He3H8'1HTenbHO aarenneH no Cp8BHeHBIO 
I 9KCn 

c oneHKOI no !flopMyne BaAcKon4Ja-MomKOBCKOro ( F = = 2,3 ). no ne-
T 

xepy /6/sTo nonJKBo oaHa'laTb oTcyTcTaae K - aanpeTa,T.e. ypi:faaa c I" 7 

+ m 
B 4 Be MOI"YT xapaKTapK30B8TbCSI KB8BTOBblM 'IBCnOM "K" H Ce B STBX 

COCTOHHHSIX SIBnSieTCSI c4JepK'I8CitHM S!ApOM. npapona ypOBHSI 1825,6 lt9B MOJKeT 6~b 

I -1 -• I Tana n 
1 

( d 3;
2 

) , n 
2 

( g 7;
2 

} • 

Ha6niOnaeMhiA B liJlpax c N - 80 ypoaeHb c I"- s- OTOlKA6CTBnSieTCSI c HH~-

1 ( -1 -1 
HBM COCTOS!HIIaM MynbTKnneTa D I b ll/2) , n 2 ( s a/2 ) I , HO H6nb3 Sl HCltnlO'IBTb 

sxnana xoa!flarypanaa I n 
1 

( h 1 a1 2) -I , n 
2 

(.d ~1 
2 

) -a l . 

8 

.. 

'!)~:\ 

" I 

''I,'' 

i: 
I, 

J 
'I' .. 

t 

f 
~~ 

~ .,, 
{ 
I 

I , 

161 + ua 
BBOAHM~I neltepOM ypOBeHb 2570,4 K9B (4 ) Ce 

6~CTp0 ysenB'IBB8eT· CBOIO 9BeprBIO llpH ysenB'I6HBB Z • npapona 

C 1" = 4+ OTnH'IH8 OT npBpOA~ ypOBHSI 1825 K9B, IIM6IOJIJ.ero T8Klle 

EH. Oco6eaao aarnliJIHO 9TO paanH'IIIe npoasnsteTCH npa pa3pliJll 

AB8 ypOBHH HeKOTOp~X B036y~A6HH~X COCTOSIHHA 
138 

Ba /
2
1/ 

58 80 

CnenaeM aecxonbKO aaMe'laHIIA o ypoBHSIX 
138 

Pr • noMHMO 

HH 138 Pr npennonoJKHTanbHO BBe~ea yposeHb 326 xsa. Ha onb 

raMMa-nepexon 326 K9B cosepwaeTCSI B "'20% cny'laea pacnana 
138 

6onee HHTeHCHBHhiX raMMa-nepexonos Nd ae 6~no o6aapylKe 

npeBMyiU8CTB6HHO 6yneT npOBCXOAHTb H8 OCHOBBOe COCTOSIHBe 

onpasn~saeT Taxoe paaMemeaae nepexona 326 K9B. Ecna nnst • 

MynbTIInOnbHOCTII M1 + E2 ( Ta6n.l), TO ypoaeHb 326 xsa MOlKeT E 

THKH I, - 0 +. 1 + • 2 ( l., CocTOHHHSI c I , - o+ Tpy~HO O~HA8Tb n) 

aaa'leHHH saepra11 aoa6ylKneaaH. TaxlKe spliJl na MOlKHO OlKHASTb 

1"0 COCTOSIHHSI 1 + eme OAHO C T8KRMH JKe X8p8KT9pHCTHK8MB, no-s: 

pasaeMoe cocTOSIHHe npaaanneJKHT K MynbTHnneTy I p ( d5; 2 }-
1

, 1 

cenaHIIe 9TOI"O COCTOHHHSI, B OCHOBHOM, 6yneT npOHCXOAHTb raM 

6onee a~coxax yposael 
138 

Pr 
138 

P83HOCTb saepr111\ OCHOBHOI"O II B30Mepaoro COCTOSIHBA p 

ao onpenenaTb no saepraa npaMoro raMMa-nepexona a- ... t+ (a 

pexona no onaoqacTH'IHOI oneaxe cocTasnaeT acero n11IUb 0,001~ 

9TOMY STY paaaocTb M~ onpenenuna 113 saepreTII'Iecxoro 6anaac 
138 + 138m -COCTOBHIII Pr ( 1 } B Pr (6 }, np11 9TOM nOMIIMO CBORX J 

138 138m 
Q (3+ ( Pr} M~ IICnonb3oBanH aaaqeaae Q D+ ( Pr} • 4800;t.2C 

141 . ,., 
CSiynaaoxa a np. • 3aepreTH'IecxaH paaaocTb oxaaanacb paaaoa 

H~X 

5. 0 6e'l'a-nepexogax TH118 raMOBa-Tennepa llpB t 
131 Pr ( 1 + } .. 131 Ce 

/22/ Caxaa o6paTan BHHMaHIIe, 'ITO npa pacnane c<jlepaqecx 

gnep ( c I" • 1 + ) KMeeT MecTo aanep~Ea paapemeaa~x 6e1 

raMoaa-Tennepa aa nepsoe a aTopoe cocTostHHe c I"-2+.1 

log ft 6eTa-nepexonos 

HOCTb 3H8'16HHI log ft 

I+ .. 2~ H 

nepeXOAOB 

... + I .. 0 I B cpeABaM COCT8B~ 
+ + + + I -+ 2 I H I .. 2 2 B cpe 
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'18CTH'IHYD OD9HKY sepoBTHOCTH E2 - nepeXOA8, TO H3 COOTHQ­

HbiX HHT9HCHBHOCTeA nepeXOilOB 686,5 H 1473,8 KSB MOlKHO one­

K - Koasepcaa EO -nepexoAa. TorAa B3 cflopMynbl W t (EO)• 
10 -0 k • :.!,2.10 CeK-1 /20/ Am! 0 -+ 0 nepeXOA8 B 

138 
Ce } MOlK9M 

Hy npaBelleHHOI'O MSTpB'IHOI'O aneMeHT8 MOHOnOnbHOI'O aneKTpR­

p ~ 0,05. KaK npasano, E2 - nepexollbl, pa3pSDKaromae 0+ - coc-2 

a .. 1U pa3 no cpasaeaa10 c oueHKoA no !flopMyne Ball:cKoncfla-

na C'IHT8Tb, 'ITO T8K8S! CBTyBUHS! BMeeT MeCTO H B cnyqae 
131

Ce 0 

6yAeT 

12/ 

" 0, 15. EnaaKoe 3Ha'leHae p a MeeT a coceAsee MPO 

lite onpeAenaTb oTsomesae npa&eAeSHbiX sepoHTsocTell: X e 

o+) 
I rr + 

--t'- I'BMMB-nepeXOilOB, pa3pSDK810lllHX COCTOS!HHe C I c 0 2• no 

I) 
,J ' 121 x9KCD. - ( U,U63 ± 0,009). 3Ha'leHae X pnSI pa3Hb1X Slllep 

pbHpyeTcSI B npeAenax 0,04-0,06. B 'IBCTHOCTH, AnSI aqpa 
14

°Ce 

7) /121. 

BBileH nnaBHbiA X8p8KTep H3MeHeHH S! 9Hepi'HB ypOBHSI I rr = 7-

COCTOBHHe BMaeT HeATpOHHbiA xapaKTep,T.K. ypOBHell: KOnneK­

TBKHMH X8p8KTapHCTHK8MH B o6nBCTH HeOOnblllHX saeprall: 803-
138 

KSK YK838SO Bblme, OCHOBHOe COCTOSIHHe Ce !!MeeT 
-2 , -

•arypanaro Tana (d 3f2) . TorAa yposeHb c I = 7 B03HBK8eT 

.3pbl&a napbl n (hu;
2

)
2 a nepexoAa oAaoro aeii:Tposa sa yposeHb 

-I 
po&eHb 6yA9T SBlKHBM cocToSIHBeM MynbTanneTa In 

1 
(hu;

2
) • 

YposeHb c I, e 7- pa3pSI1K8eTCS! E3-nepeXOAOM sa COCTOSIHBe 

K9B (4+). 3TOT nepexoA ae3sa'laTenbHO 3arennes no cpasaesKro 
9KCD 

Myne BaAcKoncfla-MomKOBCKOI'O ( F c -2,3 ). no ne-
T a.p. rr -

Bo 03H8'18Tb OTCyTCTBHe K - 3anpeTa,T.e. yposaa c I = 7 
188 

X8p8KTapK30B8TbC51 KB8HTOBbiM 'IBCnOM "K" B Ce B STKX 

TCS! ccflepa'leCKBM SlllPOM. npapona ypOBHSI 1825,6 K9B M01KeT ObiTb 
-1 I 

) • D 2 ( g7/2 )- I . 
N • 80 ypoBeHb C I"= 5- OTOlKA9CTBnSJeTCSI C HRlK­

MynbTRDneTS I n 1 (hu;
2
)-

1
, n

2 
(s 1f2)- 1 I, ao aenb351 HCKniD'IBTb 

I ( I -1 n I h u/ 2)- ' n 2 ( d ~; 2 ) l . 

8 .. 

,,, 
;•','!!._ 

I 
,; 

i: 
.\': 
1/, 

~ 

' 
I, 
I 

1\il 

i 

,{ 
ll 
')'' 

I 
I 

/6/ + 198 
8BOARMblll: nexepOM ypoBeHb 2570,4 K9B (4 ) Ce y aqep c N • 80 

ObiCTpO ysenB'IHB8aT.· CBOIO asepraro npa ysena'leSRR Z • npapOA8 9TOI'O COCTOSIHHSI 

C 1" • 4+ OTnB'IHII OT npapOilbl ypOBHSI 1825 K9B, HMelOlllei'O TSKHe }1{9 xapaKTepRCTH­

KB. Oco6esso aarnaqao aTO pa3na'lae npoasnaeTca npa pa3pMKe aa yKa3aHHble 
138 /21/ 

AB8 ypOBSSI HeKOTOpb!X B036y1KA6HHbiX COCTOSIHHA SB Ba eo 

CAenaeM aecKOnbKO 38M9'18HHA 0 YPOBSS!X 
138 

Pr • noMHMO B30MepHOI'O ypoB-

HH 138 Pr npennono1KaTenbso a&eAeB yposeHb 326 Kaa. Ha onb!Ta cnenyeT, 'ITO 
138 

raMMa-nepexon 326 KSB cosepmaeTCSI B • 20% cny'laes pacnana Nd • llpyrax 
138 138 

6onee HSTeacaaHbiX raMMa-nepexonos Nd ae 6blno o6aapy1Keao. Pacnan · Nd 

npeBMYW9CTB9SHO 6yAaT npOIICXOAIITb H8 OCBOBHOe COCTOSIHI!a 
138 

Pr • Bee 9TO 

onpaBAbiBSeT Taxoe pa3Memeslle nepexona 326 xas. Ecn11 nna aero npiiHHTb Tan 

MynbTHDOnbHOCTR M1 + E2 ( Ta6n.1), TO ypOBaHb 326 K9B MOlKeT RMeTb XapSKTepac­

THKH 1"., 0 +, 1+ ,2 (l~ CocTOHSHH C I rr • 0+ TPYAHO OlKBA8Tb npa T8KOM SR3KOM 

3Ha'leHRB aaeprHR B030YlKAeHH51. TaltlKe BpM na M01KHO OlKIIA8Tb &6nH3H OCHOBHO­

I'O COCT051HH51 1+ eme OAHO C TBKIIMH lK9 xapaKTapRCTHK8MH. n~BRilHMOMy,paCCM8T­

pHB8aMOe cocToaaae npiiBaAneJKHT K Myn&TIInneTy I p ( d
5
; 

2 
)-

1 
, n ( d s/ 

2 
) -I I . 3a­

ceneaae 9TOI'O COCTOHHHB, B OCBOBSOM, 6yAeT npOBCXOAHTb I'8MMS-nepeXOA8MH C 

6onee BbiCOKHX ypoaseA 
138 

Pr 

Pa3HOCTb sseprHA OCHOBBOI'O B H30Mepaoro COCT051HHA 
138

Pr BPM n!! MOlK-

ao onpeneni!Tb no aaepraa np51Moro raMMa-nepexona a- .. 1+ (HHTaHCHBHOCTb ne­

pexoAa no onaoqaCTB'IHOA oneaKe cocTa&n51eT acero na~ 0,001% aa pacnan). no­

aToMy aTY paasoCTb Mbl onpeAenana 113 aaepreTB'Iecxoro 6anasca {3+ - pacnana 

ua + uem -
COCT051HBA Pr ( 1 ) R Pr(6 ). npa 9TOM DOMBMO CBOHX ASHBbiX 0 

138 138m 
Q .:~+ ( Pr) Mbl !!CDOnb30B8nB 3Ha'leHHe Q a+ ( Pr} • 4800;!:.20 K9B H3 pa60Tbl 
~ /4/ . ~ . . 

41yll3HOK8 H llP• • 3aepreTH'I9CK8S! p83HOCTb OK83anacb pBBHOA ~fp. 363 ±_ 23 KaB. 

5. 0 6eTa-nepexosax TilDa faMoaa-Tennepa np11 pacnage 
138 

Pr ( 1 + ) -+ 
138 Ce 

/22/ CaKall o6paTHn BBRMSHHe, 'ITO np!! paCD8Ae C$apii'16CKHX H6'16THQ-H6'1eT-

BbiX aqep ( C I rr • 1 + ) KMeeT MaCTO 38A6plKK8 paapemeBSbiX 6eTa-nepeXOA OB THD8 

faMOBa-Tennepa sa nepsoe II BTOpOe COCTOSIH!!e C I "• 2+ • Pa3BOCTb senR'IRH 

log ft 6eTa-nepexonos 

BOCTb 3H8'19BHA log ft 

,, 

I+ .. 2; a 

nepeXOSOB 

a p83-.,. + 
I .. 0 I B cpeASeM COCT8Bnl1eT 0,58 , 

+ + + + I -+ 2 I II I ... 22 B cpeAHeM 0,48. 
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II 

I 

ase + ue B cnyqae pacna.aa Pr (I ) .. Ce ace ycTasoanesable 6eTa-nepexo.abl sm-

nmoTCSI pa3peweHHbiMH
1 

Tsna raMoaa-Tennepa. B cornacss c Bl>IBO.DOM Caxas
1221 

&MeeT MeCTo: 
(ft) a+ -+2+ +0.20 ( f t ) 1 + .. 2 + +0.16 

= 0. 70 ; log 2
= 0,20 log 2 

(ft)
1

+ .. 0 + -0.35 ( f t ) + -Oo25 
1+ .. 2 

I 
qTo xacaeTCSI 6eTa-nepexo.aa sa B036ylK.D9BH09 

ue 1 
COCTOSIHHe Ce C 

, + 
I - 0 21 TO 

nepexo.a 3a.aeplltaH no cpaaseHHIO c nepexo.aoM a ocsoasoe coCTOBBHe c I" • 0~ • 

CaKaK 122 / CBH3b1BaeT 3a,aeplKKY 6eTa-nepeXOB &a B036yllt.D9BBhl8 COCTOHHIIB 

, + + + 
c I - 2 , 0 

2 
I 2 c 11x BJI6panzosaoll: npzpo.aoll:, 

1 2 
/28 24 25/ B seKOTOpbiX pa60Tax 1 1 aBTOpbl nb!Tanscb TeopeTR'IeCKB o6'hBCHBTb 

yxa3aHsyiO 3a,aepllt1ty 6eTa-nepeXO.DOB TBna raMOBa-Tennepa. 5blnO llCIXonb30BaBO 

MBitpOCKOilB'I9CK09 onKCaSBe 9TOrO smneSBB C TO'IKB 3p9HHR MO,QenB Il8pBhiX JtOp-

/28/ penmxull: , nK6o Mo.aens nap&b!X xoppenmxsll: 1 .aononaeasoll: xaa.apynonb-xsa.apy-

nonbBhiM B3aBMo.aell:c TBBeM/24/, Haxosen /25/ 1 6blna zcnonb3o&asa Mo.aenb cna­

pzaaBBR nniOC Jt&a.apyiXonb-KBa.apyiXonbBOe B3aHMO.DeACTBB9 C .ao6aaneBB9M OCTaTO'I­

HOA seATpos-npOTOHBOA cznw. O.asaxo see 9TH Mo.aens .aaiOT pe3ynbT8Thl cxopee 

Jta'leCTB9BHOrO XapaxTepa 1 '19M JtOnH'I9CTB9BBOrO, 

B pa6oTe /19/ aBTOp ~BOMeHOnorH'19CitH OIXHCb!BaeT 6eTa-pacna.a B9'1eTBQ­

H9'19TBhiX s.aep sa ypOBHH JtBa3HpOTaiXHOBHOII: nonOChl OCHOBHOrO COCTOBBIIB. npe,a­

nonOlKHB y yposseA xaa3spoTansossoA nonocw xaaSToaoe 'IIICno K • 0 1 a y po.au­

Tenbcxoro s.apa. K •I 
1 

3.alltBPB /19/ C'IKT8eT 1 'ITO 3aBBCHMOCTb log f t OT cnuaa 

pO.DHT9nbCKOrO s.apa COOTB9TCTByeT 06wBM 3aKOHOMepHOCTRM1 Olltii.DaeMhiM sa OC­

HOBe npaaun OT6opa no 'IBCny K. 
B qacTBOCTH, OTHOwesse npzae.aesswx nepso.aoa 6eTa-nepexo.aoa sa ypa&eBb 

OCHOBBOII: IXOnOCbl (ft)
1 

H nepexo.aa &a HBOe COfTORBH9 C T8KBMII llt9 xapaltTe-

pBCTilltaMII ( f t ) ,aonlltBO (Qili(Cb!BaTbCSl BblpalK9Bil9M: 
2 It }2 1 2 1 . 2 

Log = - - - (I -1) ~- - - v I 

(ft)1 2 3 2 3 
r.ae 1 - cn11H po.azTenbcxoro s.apa; v =I AK- L 1. L- pasr 6eTa-nepexo.aa. 3sa-

(ft)t+ -+o+ (ft)1+-+ st 
'leBBB log 1 , log B cny'lae 68Ta-pacna.na 

(ft)1+-+g+ (ft),+ .. 2+ 
ne Pr .. 118 Ce se npborll&ope'laT Bbl&o.ay pa60Tbl l/19/, 

10 

6. 06 rOCTaTO'IBOMr B3allMOlleii:CTBIIII secnapeHBbiX Ilpt 

II seATpOHa B Be'leTBo-Be'l'eTHOM SI.ape u:l Pr 7t 

3a onpe,aenease OCTaTO'I'HOrO (nl P)- B3aHMO,QeACTBHR Rnp Mb 

Myny &3 pa60Thl/26/ 1 nocxonbKY sTa $opMyna onep11pyeT c sa&Mem 

9KCnepHMe&TanbBhiX ,aaBHbiX: 

RDp ( Z+ 1 IN+ 1) .. EB( z + 11N+l )-EB(Z+1,N) -EB(Z,N+ 1) + E 

r.ae E B- 9Heprll51 CB51311 COOTBeTCTByiOwero R,apa. 

Onpe.aensa E 8 'l'epe3 Macc-.ae$eKTbl s.a ep, aenH'IHBy R np B 

aansweM: 
138 188 IS7 

R (58+ 1,78+1)•-1 M( Pr)+M( Ce)-M( Pr)-M' 
Dp 

B pa60Te/27/ c o'leBb xopoweA TO'I'HOCTbiO onpe.aeneabl Maccbl s.aep 

11 137 La , 3TO n03BOnBeT HaM onpe.aenHTb MSCCbl HHTepecyiOn 

M( 
ue ue 

Pr ) • M ( Ce ) + Q ; Q "" 4437 + 10 K sa ( 
• 1 -

M ( 137 Ce) = M ( U7 La) + Q 
2 

Q • 1200 + 30 K9B 
. 2 -

II 

IS7 IS7 
M ( Pr) • M ( Ce) + Q 

3
; Q 

3 
.. 2742 + 10 xsa 

138 . 
Hcnonb3YSI npsae.aeasble cjJaKTbi, nonyqaeM ~P( Pr )• ( 166:!:_23) xaa. 

pOHbl, a nps6nslltesss XapTps-clloxa saeprss CBS13H a.apa ue Pr ( Z ' 

OCHOBHOM COCTORHHH paaaa: 

Eocs.(59,79).EC5t,79l+VCS9,7tl (d )+VC59,79)(d )+VocsCI 
CB SS, 7S D 3/2 p S/2 p , D 

( 59. 79 , ( 59.71 , 
rne E ca. - saeprHR ocToaa HO.pa, V P H 

(59, 79, 
VD 

aseprRH COOTBeTCTBeHHO 59-ro npOTOH8 R 79-ro seATpOHa, Vp,n-

nocnenazx seATposa R npOToaa. 

AsanorR'IHOe BbipaJKease MOlKHO aanscaTb AnR sseprHR cas 

, - ~ -• I 
saoMepHOM coCTORHHH I • 6 I p ( d 5; 2 ) , n ( h 11ft ) 
6yneT OTnH'I8TbCR OIJ.H0'18CTH'IH8R 9HeprHSI 79-ro aeATpOH8 

v' s1,1 
D 

H • OCTSTO'IHOe" B38HMOO.eikTBHe V m (59,79). npHHHMSll pa3nH'!He p,n 

138 +· 138 -as Pr ( 1 ) H Pr (6 ) paBHbi~ 363:t_23 xas, MOJKHO nonyq 
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Ul + lSI Pr (I ) -+ Ce ace ycTasoenessble 6eTa-nepeXOAbl BB-

Tana raMoaa-Tennepa. B cornacaa c ahiBODOM Caxaa
1221 

1 + .. 2+ +0.20 ( f t ) 1 + -+ 2 + +0.16 
-~~ ; ~ 2-&~ 

+ -0.35 ( f t ) + -0-25 
-+0 1+ -+2 

1 Ul 1 
HB B036yJKDeSSOe COCTOSISBe Ce C 

) 1 + 
, + 

I • 0 2 , TO 

cpaaHeSBID C nepeXODOM a OCSOaHOe COCTOSISBe C 1"-o+. 
1 

aanepJKKY 6eTa-nepexoa sa aoa6yJKAeBsble COCTOHBBH 

aa6paUHOSSOA npBpODOA, 
/23 24 25/ ' ' 8BT0pb1 IIbiTanHCb TeOpeTH'IeCKB 06'bSICHBTb 

6eTa-nepeXODOa TBII8 raMoaa-Tennepa, 5bln0 BCIIonb30BaHO 

SIBneHBSI C TO'IKB 3peHHSI MOAenB napKbiX KOp­

KOppenHUHA, nononaessoA xaanpynonb-KaaApy­

Haxoseu /25/, 6blna xcnonb3o&aaa MODenb cna-

aaasMOAeAcTase c Ao6a&neaxeM OCT8TO'I-

ace aTH Monena AaDT peaynbTaTbl cxopee 

'laM KOnH'IeCTaessoro, 

6eTa-pacnan se'leTBo­

xaaaspOTanaosaoA nonocbl ocsoasoro coCTOSIBBH. npeA­

nonocbl xaaSToaoe 'IBCno K • 0, a y pona-

• 3AJKHpH /19/ C'IHTaeT, 'ITO aaBBCBMOCTb Jo1 f t OT CIIBSa 

COOTaeTCTayeT 06DIBM 3aKOBOMepSOCTSIM0 OlKBDa8MbiM Ba OC-

110 'IBCny K. • 

npaaenesa&~x nepaonoa 6eTa-nepexoAOB sa ypOBeHb 

ft) 1 H nepeXODa sa BHOe COCTOSIHH9 C TaKBMH lite xapaKT,_ 

AOnlKSO (QIIJICbtaaTbCH ablpallteBB9M: 
f t }2 1 2 1 . 2 

Loc __ ...::._ = - - -(I -1) "'- - - v 
(ft)1 2 3 2 3 ' 

IITenbCKoro HApa; v =! ~K- L !, L- pasr 6eTa-nepexoAa. 3sa­
(ft)1+-+ •t 

, log a cny1:1ae 68Ta-pacnaAa 
g+ (ft) 1+ -+2+ 

npboraaope'laT a&~aony pa6oTbl 1/191. 

10 .. 

6. 06 "OCT8TO'IHOM" B38HMOD8ACTaHB aecnapeBBbiX IIpOTOH8 

B seli:Tpoaa a ae'leTso-se'leTBOM SIDpe ts:e Pr 
71 

3a ODpeAenease OCTaTO'IHOrO (n, P)- B3aBMOAeACTaHSI Rap Mbl npBMeM 4Jop-

Myny H3 pa60Tbl/26/, IIOCKOnbKY aTa ljlOpMyna onepllpyeT C aaaMeHbDIHM sa6opOM 

aKCnepBMeHTanbBbiX A8BHblX: 

RDp(Z+ 1, N+ 1) "'EB(Z+1,N+l)-EB(Z+l,N)-EB(Z,N+l) +EB(Z,N), 

rae E B- &aeprB.!I CaH3B COOTaeTCTayromero .!!Dpa. 

OnpeAensa E 8 1:1epea Macc-neljleKTbl HA ep, aenB'IIIHy R Dp a aaweM cny-qae 

aansweM: 
In tM 137 137 

Rap( 58+ 1.78+1)•-1 M( Pr)+M( Ce)-M( Pr)-M( Ce)l. 

/27 I 138 ue B pa6oTe c O'leHb xopoweA TO'IHOCTbiD onpeneneabl MaCChl HAep Ce , Ce 

a " 7 La • 3To noaaon.11eT saM onpenenBTb MaCCbl BBTepecyromax sac smep: 

M( 
ue ua 

Pr) "' M ( Ce) + Q ; Q = 4437 + 10 Kaa ( HaliiH DaB&ble) 
1 I -

M ( 137 Ce ) - M ( 137 i..a ) + Q 
2 

Q 
2 

•1200 + 30 K&a/ JJ,28/ 

137 137 /29/ 
M ( Pr) • M ( Ce) + Q 

3
; Q 

3 
= 2742 + 10 KaB 

138 . 
l1cnonb3YSI npaaeneasble cjlaKTbt, nony'laeM ~P( Pr )• ( 166:t_23) xaa. C npyroit cTo-

poahl, a nps6naJKeSIIB XapTp11-«11oxa asepr11.11 CB.!I311 HAPS 
138 

Pr ( Z •59, N • 79) a 

OCHOaBOM COCTOSIHIIII paaaa: 

Eoca.(59,79).E15t,79l+V(S9,78l (d )+V(59,T9)(d )+Vocal59,79l 
CB Sl, 78 D 3/2 p S/2 p, D 

(59,79) 
rne ECB. - aaeprHSI OCTOB8 SIDpa, 

aHeprHH COOTaeTCTBeHHO 59-ro npOTOH8 

nocneDHBX seitTpOSB II npOTOHB. 

v ( 51,71 l 
p H 

(59, 79) 
VD 

II 79-ro HeitTpOHB, V p, a 

- OllHO'IaCTH'!:Hble 

- B38HMOA9il:CTBHe 

138 
AuanorH'IHOe BbtpalKeHIIe MOJKHO 38UHC8Tb DnSI aaeprHH CBH3B Pr B 

, - -1 -1 
H30MepHOM coCTOSIHHII I • 6 I p ( d s/ 2) , n ( h 1112 ) I • B aTOM cnyqae 

(51, 79 l 
6yneT OTnH'I8TbCSI 0AH0'18CTH'IH8SI aaeprHSI 79-ro Heil:TpOH8 Vn (h tlf2 ) 

H • OCTBTO'IHOe" B38HMODeitCTBIIe V m (59,79). llpHHHMBH pa3nH'IH9 B aHeprHH CBH­p,n 
138 + 138 ( -3H Pr ( 1 ) H Pr 6 ) paaHbl~ 363±.23 KSB, M02KHO nony'!:BTb pa3HOCTb 
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"OCT8TO'IHOrO" D p -B38BMO.Qeii:CTBBB1 
vm 

p,D 

OCR 
V P, n 1 ecna aaepreTB'18CKYIO paa-

HOCTb O.QH0'18CTB'IHhiX COCTOBBBI 79-ro seii:Tp0B8 h U/l B dl/l B B.Qpe ( Z -59, N •79) 

onpe.Qen&Tb/30/ xa aKcnepxMeBTan&HhiX ASHBhiX o aseprasx TSKBX ypossell: B coceA­
U7 

seM B.Qpe ( z -58, N •79). no pa60Te/9/ E b ,-Eel I ·254,5 lt3B B Ill Ce" 
m 112 Sl 

B BTOre HMeeN V (Z•59,N•79)-V°CH (Z•59,N•79)•(lll9+23) JtaB. 
p 1 D p,D -

B a~CToSilllee speMB nOTemaan npOToa-aeii:Tpoaaoro; aaaaNo.Qeii:CTBBB aa.QaeT-

cs pB.QOM MO.Qenell: B B H8M B8CbM8 cymecTB8HHO CnHH-CDHHOBoe B38BNO.Qeii:CTBB8 .. .. 
"' (17 p C7D). 0AB8lt0 MO.Qen&Rhl8 npe.QCT8BneBBB Be MOryT p8CC'IBThiB8Tb 88 non-

ROTY ODBC8RBB, 

AaTOphl npBaaaTen&Bhl npocjl. K. AneKcaa.Qepy aa ueaahle aaNe'ISBBB. 

n B T e p 8 T y p 8 
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m OCR 
a p -aaaRMOileAcTBBH, V P, a - V P, a , ecna aaepreTR'IecxyiO paa-

COCTOHBRA 79-ro aeATpoaa h 11; 2 B d
3
;

2 
B 511lpe ( Z -59, lf •79) 

sxcuepRMe&Tan&a~x llBBB~x o saepraax Taxax ypoaaeA B cocell­

N •79). no pa60Te/9/ E b /-Ed I •254,5 ltSB B 
1
:: Ce78 

11 2 s 2 
V m ( Z • 59, N • 79 ) - V OCR ( Z • 59, N • 79 ) • ( 109 + 23) lt8B. 

p,D p,D -

Bp8MB UOT8BURan UpOTOH-B8ATpOBHOI'O:· Ba8RMOil8itCTBRH aallaeT-

R B HeM B8CbM8 cymeCTB8HHO CURH-CURBOBoe Ba8RMOil8ICTBR8 

MOilen&~e upellCTaBneHHB He MOI'yT paCC'IRT~BaTb &a non-

upocjl. K. Anexcaallepy aa ueaa~e aaMe'laBRH. 

n H T e p a T y p a 

et aL. NucLPhys,, ~ 225 (1966), 

)1(. T. )l(enea, B.r. KanHBBHXOB, A.B. Ky,ttpBBIISBa, H. naJlTax, 
Haaapoa, Sl. Yp6aaeu. nporpaMMa a Tease~ noxnanoa XVU: eJKe­

no B.ttepaoA cnexTpocxonaa a CTpyxType aTOMRoro B.ttpa. 
•, n, 1967, CTp. 47. 

Phys. Rev., 81, 8 (1951), 

NucLPhys.&Q,294 (1964). 

H ,ttp. npenpRHT OHSIH, P-2819, lly6aa 1966. 

MaTepaan~ X coaemaaa H no H nepaoA cnexTpocxonaa aeATpoao­
H Teopaa B.ttpa, lly6aa, 1967. 

PeMaea, n.SI. SIMnon&CitRA; )1(3Tcl», ru!. 973 (1960). 

NucLPhys,, g 466 (1965), 

• n.K. nexep, B.O. Ceppeea. ·cxeMhl pacnana pa.QBOaltTRBRbiX 
•. Hall. AH CCCP, M-n, 1963. 

et aL. NucLPhys,, 73, 65 (1965), 

B.r. KanRHHRXOB, Sl. nanTax, n. nexep. npenpBRT OHHH 
1967. 

)1(. )l(enea, B.r. Kana&RBKOB, Sl. n.JlTax, Y. Haaapoa, 
npenpBHT OHSIH, P6-3348, lly6aa 1967. 

A.C.llaaarynu a .np. )1(3Tcl», 11, 1644 (1964). 

W.J.Treytl. UCRL-17299, 

et aL. Nuovov Cimento, XLVII B, N2,p.306 (1967). 
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18. B.C • .Ll)l(enenoa, n.H. 3~psaoaa. BnaH&Re snexTpR'Iecxoro nong BTOMa aa 6eTa­
pacnan. Haa. AH CCCP, M-n, 1956; n.H. 3b!pHBOBa. Y&HKBnb&ble 6eTa-nepe­
XOJl~. HaA. AH CCCP, M-n, 1960. 

19. H,Ejiri, UNSJ .- 104, Tokyo, 1967, 

20. E.L.Church, J.Weneser. Phys.Rev., 103, 1035 (1956). 

21. M,Fujloka, 'l'.Mlgachl, H.Adachi, Nuci.Phys,, A95, 577 (1967), 

22. M,Saka.i,. Nucl.Phys,, 33, 96 (1962). 

23. L,S,Kisslinger and R.A.Sorensen, Rev. Mod, Phys.,35, 853 (1963). 

24. Y.Futaml and M,Sakal., Nucl, Phys., A92, 91 (1967). 

25. J.A.Halblelbard am R.A.Sorensen. SC-DC-66-2376, 

26. B.A. Kpaauoa. Mace~ BTOMOB H saepraa CBH3B S!Jlep. ATOMH3JlaT, MocKsa, 1965. 

27. J,L,Benson arrl W.H.Johnson, Phys,Rev.,__!1.b 1112 (1966), 

28. J,I,Fujlta, Y.Fi,ttami, K.Ikeda, INS Report 107, Tokyo, 1967, 

29. M.n. AsoTaaa R Ap. MaTepaan~ X cosema&BH no S!JlepaoA cneKTpocKonaa aeA­
Tpoao.QecjlauaTa~x aaoTonos a Teopaa !lllpa, .Lly6aa, 1967. 

39. r.c~» . .Llpaaau~Ha, B.M. MaxaAnoa. Has. AH CCCP, cep. cjlaa. ~ 277 (1965). 

PyKonac& nocTynana B H31l&Ten&cKRA OTAen 
11 OKTH6pH 1967 r, 

13 



• 
TA:SJII'IUA 1 

,li8HBIIe o ~!1118-nepexo,llax, conpoBOZJI&IliiiiiX pecn!l,ll 
lUNd .. Ulpr ""lUCI 

bv, •r "' I H.llpo, .. . !eop. 117/ 
>4 'KOHB8P 88UJ1118BB8 0 

' :r B KO!O 

1 1181 O!HOCR~ 0 poll npo 8KCD8pRIIo 
" OTBo EI E2 E3 III 112 113 IIJD!IIDO.u.BOC!II 0 RCXO,liR! 
'0 -nepex 0 

326 163:!:,16 K - I3Bpr 4 ,4:!:,0 ,8)10-2/ 29 8,8(-3) 3,1(-2) 9,4(-2)' ~.35(-2) 0,167 III+E2 ( < ?a,5); -
L - I 

~0',5 EI+"'~ 112 

686,5:!:,0,7 37,4:!:,20 K 52:t5 I38ce 4 ,13:!:,0 ,62)10-3 ,55(-3) 4,1(-3) 9,2(-3) 6,1(-3) 1,75(-2) 4,1(-2) 
E2+11I ( <. 30',5) 

84% EI + N 16;£12 

722 9,1:!:,0,9 - - 138ce - - - - - - - -
787,1:!:,0,8 100 K 100 I38ce 2,97.10-3 ,2(-3) 2,97(-3 6,6(-3) 4,4(-3) 1,2(-2) 2,65(-2) llpaHII! 88 'DIC!iil 

E2-oepex0,11 

1473 ,8:!:,1 ,o <6 K 62:!:,6 I38ce :::> 2,0.10-2 ~. 7(-4) 7 ,9(-4) 1,45C-3 2,4( -3) 2,4(-3) 4,2(-3) 
L II ,8:!:,1, L > 5 RJIII EO 

1510 4,3t,1,I - - I38ce - - - - - - - -



hv, ly "' I .. . 
"' KOH»ep 

K8» OTHOCIU 0 

"' OTH. 
0 
'0 
0 

t 
326 I63t,16 K 

L -
686,5t,O, 7 37 ,4t,20 K 52t.5 

722 9,It,0,9 - -
787 ,1t,O ,8 roo K IOO 

14 73 , Bt,I ,0 <6 K 62t,6 
L II ,Bt,I, 

1510 4,3t,1 ,I - -

~l:t 

003 

,._ 

0.02 

-(II 0.01 

0 

3410 

~BHHYe o ~uua-nepexo~ax, conpo»o~a~ pacn~ 
lUNd .. IUPr .. lUCe 

R,ltpo, .. • . o:eop. /I?/ 
» KOTO 
pou npo 3KC118jliiU. 
l!OXO~IIT EI E2 E3 III 

-nepax 

BBp.,: 4,4t,0,8)1o-21291 8,8(-3) 3,1(-2) 9,4(-2): ~,35(-2) 

I38ce 4 ,I3t,O ,62)10-3 ~,55(-3) 4,1(-3) 9,2(-3) 6,1(-3) 

I38ce - - - - -
I38ce 2,97.10-3 ~,2(-3) 2,97(-3 6,6(-3) f4,4(-3) 

I3Bce ,.. 2,0.10-2 ~.7(-4) 7 ,9(-4) 1,45(-3 2,4( -3) 

I38ce - - - - -

~ 
" ~ 

Q 
....... .. 

~ ~~~ co co 
<o ~ ~ 

~ 
~ 

0.15 

0.10 

0.05 

0 

3480~ 3800 3840 ~ 
6200 62J,() 

88KJIJJ118BB8 0 

M2 113 ll:fliUIIIIOUBOC!II 

0,167 - III+E2 ( < ?fJ.'); 

~IJ.' El+ "'2fJ.' U2 

1,75(-2) 4,1(-2) 
E2+11I ( <. 31J.') 

.. 84% EI + N 16%12 

-- -
I ,2(-2) 2,65(-2) llpl!Hll!l! 88 'IIIC!HII 

E2-nepexo~ 

2,4(-3) 4,2(-3) L > 5 llmt EO 

- - -

co 
~ 
~ 

~ ... 
d 

0 

6280 6320 6360 6400 

Hg, raycc·CM 

Ut-
Pac. 1. HeKOTOpble nHHHII aneKTpoaoB BlfYTpeaaelt KOHBepcaa Pr. 



I 

2311.8 

!12tJ"-t-~~~! 
1825.6 

Sil 

~ 
;::: 
~ 

138c 
58 elli 

i 
IS 
I~, 

:~ 
I 

Ul 131' lSI 
Pac. 2. CxeMa pacna.tta Nd .. Pr .. Ce 

16 

':Prl9 

2" 187.1 

o• o 

:Net,. o• u-n 
~~ 
~~ 

$l 

5 
l 
~ 

.. 
.1 

• Boa6ylK.tteHHble ypoBHB 
111 

Ce. 

• I ' 

+C'\IC\1, ~ ~ 
lu LuC'\1 

2.0 

1.9 

1.8 

~ __________. 
N=BO 

17 ..__ ____ ,__ ______ _ 

54 56 58 z 

, + + 
Pac. 3. OrsomeBBe aaeprBB ypOBHeit C I • 2 I B 2 I B IIJlpax C N • 

6nB3KBX K ~~~ Ce 10 . 

17 



lJ8ce . 
58 8(1 

Nd .. IU Pr .. lSI Ce 

16 .. 

138 
59Pr79 

:Mt111 o• 
S2'111C~ 

1 ~~ 
~'"' 
"' . ~ 

0 

2' 1811 

o• o 

$! s t; 
<¥-

• Boa6ylKJleHHble ypoBHH 
111 

Ce. 

+C\IC\11 ~~ 
Lu t.uC\1 

2.0 

1.9 

1.8 

~ 
~ 

N=BO 

17 L.-----.....--------
54 56 58 z .. 

fl + + 
Pac. 3. OraomellBe asepraa ypossell c I • 2 2 a 2 1 B SI.Qpax c N •78 H 80, 

6nH31tBX 11: ~~~ Ce 10 • 

I 
J. 

17 



I 

-a 
~ 

IJ.J .. 

2000 

1000 

N=BO 

___ r 

0 - 4+ 

~ 2+ 

2+ 2+ 

01 
4ucAo npomoHo6,Z· , 

s4 s6 s'a I I 60 62 

Psc. 4. Cpaasesse aseprsA ypoaseA aaep c N • 80, 6nsaxsx x 
lSI 
se Ce eo 

18 

• 

I 

I 

I 
l 
! 
!I 

,', 

I 

l 
1 

t 

I 

C·!s'I·~~JJ, 5423/I. ap~ . 
r~ .fl ~T ~~;lle»,~.c. ·.• . 
o
1 

~eno~&e. 1*. caua I38NA~ 38 . l)R:. · · · . · . · (1(7 

I
. Pz.-r· "'Ge • P6 .... 35·1'I ... · ··: 967 ' .... I 

1

' 


