
. . 
.Lly6Ha,· •.. · _ ,. . 

ypfi I) /~v ~ ~·· 

• •!· 

,:·\· ... ·.· 
,._ 

. ~.. .. 

. - . 
' .. 

! 
.. i 
I! 
!S 
I 
I 

,-,., 
. ~ ... ; 

. .. ., . ,. 
~ ~ ..... : ... '-: 

... 
· .. 

'*.· ... : '" . ~ .. . 
.... j .: 

.•. 

P6 ,: 6635 ·• . 

. ; 
.;. , . 

B.A.~opo3oB, T.M.MyMMHOB ,X.«flyH, A.B.XaJIMKYJI()~. 

· KBAHTOBb~ XAPAKTEPHCTHKM 

HEKOTOPbiX YPOBHEH 133 La 

1972 

. .. .,.:· .. ,·. '-. 
; ... ~ 

·~~ 



; ·' , .. !··.··. ,' ! ' 

HAepHbiX _ HCCJISAOBaHHii 

rTyTa sutepHbiX nccne)loBa­
f!RMII. Oan naJ::iaJOTCR B co­

HTOB OT C006IUeHIIfi 38Knl0-

l~-·-fr~-: -- np6H3B9)l9H B 

• A. M 

SPI1CTM­
OBHea . 

1972., OHHH HMeiOT 

--.-~-.JYIO nocnennne 

aBneH. ·B 3 Ba-

hiKax. 
CTp8Rbi-y'i8CT-

~ .. 
9T T9M8TII'l9-

l-

I 
ia 
r· 

I . I 
. lbl 
~e 

I. 
I 

I 
I 

I 
I 

.. ','\' 

1 
I 

J 
I 

\ 

P6 - 6635 

* ·* B.A.Mopo30B, T.M.MyMH.HOB ,X.«<>ys, A.B.XaJIHKYJIOB. 

KBAHTOBME XAPAKTEPHCTHKH 

HEKOTOPbiX YPOBHEA 133 La 

HanpaBJieno B HlP 

. O~iS)i!llllli!:frl!iil.i HiiCTmJT 

IU;~IWX 8CCJI~OiaDI 
6H6nHOTEKA 

* CaMapKaHJlCKHH rocyAapcTBeHHhiil yHJmepcnTeT liM. A.HaBOII 



.. 

YJ3yqe HII9 B 030Y :x<neHHb!X C OCTOSIHII it 
133La npencTaBnSieT co6oit 

S2 76 

IIHTepec B CBSI3II C T9M 1 'ITO 9TO SIJlpO llpiineraeT K HOBOit o6naCTII ne$op-

M8UIIII ciinbHOHeitTpoHone$IIUIITHhiX Sinep Ba , La II Ce 

133 La 
HecMoTpSI 118 T0 1 'ITO B036ymneHHhl9 COCTOSIHIISI 

!1-81 MHOriiMII 8BTOp8MII . 1 CTpyKTypa 6onbllliiHCTB8 B036ymneHHb!X ypoBHeit 

133 La no H8CTOSI!llero BpeMeHII ocTaeTcSI Heii3BecTnoit, ITone3nyro IIH$opMa-. 

UII!O 0 llpi1pOJl9 B036ymneHHb!X ypoBHeit MOmHO nony'IIITb, II3Y'I8SI B9pOSIT...;. 

HOCTII nepexOJlOB, 38npe!lleHHb!X no T9M Ilnii IIHb!M KB8HTOBb!M 'IIICnaM, 

xapaKTepi13YIO!lliiM onpeneneHHYIO Monenb. C aToit uenbiO B HaCTOSI!lleit pa-

6oTe 6binii II3MepeHbi BpeMeHa mii3HII B036ymneHHhiX ypoBHeit 
133 

La c aHep-. · 

riiSIMII 97, 130, 174 II 742 K9B, 

AnnapaTypa 

Y!3MepeHIISI llpOI13BOJliiniiCb H8 MHOrOK8H8nbHOM Bp9M9HIIOM 8H8nii38TO­

pe, co6paHHOM Ha 6a3e MarHHTHo-niiH3oBoro 6eTa-cneKTpoMeTpa, c npe-

~ A • YcT8HOBKa nonpoOHO onncaHa B pa6oTe 191 
o6pa3oBaTeneM TIIna 
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ITonyqeHne HCTOqHnKa 

133.+133 m ~ B H3MepeHHSIX HCIIOnh30BancH MOHOH30TOIIHbiii UCTOqHUK · . (,e 

KOTOpbiii 6bin rronyqeH B peaKunu rny6oKoro pacmerrneHHSI rrpu o6nyqeHHH 

MUIIIeHn 'Gd rrpoToHaMn ( E P = 660 Mas, l = 2 MKa) Ha cnHxpounKnoT-

POf!e fl.HIT 011.HI1. XpoMaTorpaqmqecKnM MeTonoM I 101 n:a o6nyqeHHoii MH­

IIIeHn: BbinenSinach ¢paKUUSI uaoTorros Ce , rrocne qero ¢paKUHSI paaneng-

1111 nach rro uao6apaM Ha Macc-cenapaTope oTnena . .HC u PX fl.HIT 011.HI1 • . 

3KcnepHM8HTanhHb!8 peaynhTaTbl 

11aMepeHne speMeH )I{U3HU ypoBHeii {H La c aHeprUSIMU 97, 130, 174 

Ii 742 K8B npoBonnnOCh B COBnaneHUSIX KOHBepCUOHHbiX aneKTpOJIOB K-97, 

K-130, L -77, U K-87 K8B COOTBSTCTBSHHO C I'aMMa-nyqaMH C 8Heprn:eii 

Bbiiiie 250-300 KaB. 3Kcnepn:MeHTanhHbie KpHBbie pacnanos uccnenyeMbiX 

ypoBHeii npencTasneHbi Ha puc. 1. 

3HaqeHUSI neplionos nonypacnana ypoBHeii onpenenSinHCh MeTonoM 

HaUMSHhiiiHX KBanpaTOB no 8KCnOH8HUUanhHOMy cnany KpUBbiX aanep)l{aHHbiX 

cosnaneHn:ii. ITorpeiUHOCTh. B onpenenenuu nepn:onos nonypacnana ypoBHeii, 

noMHMO CTBTUCTUqecKoii OIIIU6KH 0 BKinoqaeT B ce6SI OIIIH6Ky Kann:6poBKU USHbl 

KaHana speMeHHoro aHanuaaTopa. 

ITepuon nonypacnana ypoBHSI 97 K8B oueHeH HaMn no aKcnoHeHunanh-

HOMY cnany KpHBOii 

peqn:T oueHKe T -~ 

(K-97) ( y ) KaK T < 
~ 

< 0,1 HC8K 0 cnenaHHOii 

0,4 HCeK. 3TO He npOTUBO-

nnH nepuona nonypacnana aToro 

COCTOSIHHSI B Haiiieii paHHeii pa6oTe /8/ no cnBUI'y USHTpOB TSI)I{SCTU KpHBbJX 

aanep*aHHbiX n: MrHoBeHHbiX cosrranenuii. 

ITonyqeHHbie HaMn: peaynhTaTbi u pallee n:asecTHbie naHHbJe o BpeMeHax 

)I{U3HU ypOBHeii 133' La rrpencTasneHbi B Ta6nuue 1. 
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133

Ce 
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Cosn. 

nPH PA 

~ .. czl 

. _.: ..... ~ ' 

. I 

1H(t'• 
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50 100 150 250 300 150 200 
HOMf:P KAHAIIA 

Pn:c. 1. a - ¢parMeHT cxeMbi ypoBHe.ii 133 La. ; 6 - yq 
aneKTponos snyTpeHHeii KOHBepcuu 1.3 3 + 133m Ce ; B,I',i 

cneKTpbi ·uaMepenn:SI nepuonos nonypacnana yposHeii 97, 
COOTBSTCTBSHHO. 
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, 133 + 133 m ~ 
rfi l!CTO'IIUIK · {,e 

uerrneanH rrpn o5nyqeann 

= 2 MKa) Ha Cl!HXPDUl!KnDT­

/10/ l!3 o5ny'leHHDfi Mll­

qero ~paKunH paanenH- · 

.HC n PX mm OHHJ./ 1 !I. 

aaeprnHMl! 97, 130, 17~ 

>HHhiX aneKTponoB K-97, 

iM~a-nyqaMn c aaeprnefi 

pacrranoB nccnenyeMhiX 

rpenenHlil!Cb MeTOAOM 

rany Kpl!Bhix aanep)KBHilhiX 
' . . . 

>B rronypacrrana ypoauefi, 

IH omn5Ky Kann5pOBKl! ueHbl 

HBMI! ITO 9KCITOH9HUI!8nb-

,4 UCeK. 8TO He ItpOTl!BO'-

.rrepnona rronypacrrana aToro 

{ U9liTpOB TH)KeCTll KpllBhiX 

3CTHhie naHHhie o BpeMeaax 

1. 

I 
;. 

I 
I 

:'".c 

I 

563,3 
534,9 

476,5 

·c 
so 

~-_J_· 

100 150 

5lt·' 
712';/2" 6,4 70 

S/2• l/2• t6,7 

250 

" o' 

~ 
·" 

300 150 
HOMEP KAHAAA 

Cosn. IK-9l)(TJ 
fl.PH PACnAAE13h 

Coen IK·81}((J 
nPH PACnAAE' 133Ce 

TO/J• (1,30! 0,10) HCBK 

200 250 300 350 

Pnc. 1. a - ~parMeHT cxeMhi ypoBHe .. fi 
133 La ; 5 - yqacTOK crreKTpa 

aneKTpDHOB BHyTpeHHefi KOHBepCI!ll 133 + 133
m Ce j B,r,n,e - BpeM9HHhl9 

crreKTphi naMepeanH rrepnonoa rronypacrrana ypoaaefi 97, 130, 174 n 742 KaB, 

COOTB9TCTB9HHOo 
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Ta6nnua 

· nepHOJlbl rronypacrraaa ypo6Heii 

E 
YP 

K86. pa6oTa/7/ 

97,2 

130,7 0,8 :t_0,3 

174,0 

534,9 70 :t_30 

742,1 

T HCeK 
J2 

pa6oTa/8/ HacToHmas 
pa6oTa 

< 0,1 

1,19:t_0,20 

< 0,4 

1,12:t_0,18 

, 0,83 :t_0,18 

1,30 :t_O,IO 

133 La 

cpeane-6a6ewennoe 

<0,4 

1,09 :t_0,12 

0,83 :t_O, 18 

70 :t. 30 

1,30:t_O,l0 

ilnH rrepnoaa rronypa~rraaa ypo6HH 130 K86 Mhi rrony'lnnn 3Ha'leHne 

T 11 .= ( 1,12 :t. 0,18), 'ITO 6 rrpeaenax own6oK co6rraaaeT c peaynbTaTaMn 

A6y-neiina n ap. 171 T ,L = (0,8 + 0,3) HCeK n aHa'leHneM T ,L 
n - n 

= ( 1,19 :t_ 0·,20) HCeK, rrony'leHHhiM H8Mll paHee 181• nepllOJlbl rronypacrraaa 

ypo6Heii 174 n 742 K86 orrpeaeneHbi 6IIep6bie: T 
J2 = (0,83 :t_ 0,18) HCeK 

II T~> = ( 1,30 t_ 0,10) HCeK, COOT6eTCT6eHHO, 

06cym.geHHe 8KCIIePHMeHTanbHbiX peaynbT8T06 

133 . /2/ 
l13oTorr Ce ( T 11 = 5,4 'lac) 6bm OTKpbiT CTo6ep • fepwenb 
/3/ 133 - .. 

H ap. 6 nape Ce 6bino o6Hapymeao ll3oMepaoe cocTonane, KOTopoe 

pacrraaaeTCH c Tli ':' 97 MllH, Han6onee rronHbie aaHHbie o pacrraae 
133+133m 

Ce rrpn6eaeHhl 6 pa6oTe fepwenb 151. 

6 

,., 

~ 

I '• 
: ! 

(<!. 

napaMeTp ae<fJopMaUHH OCH06Horo 'coCTOHHllH 
133 l 

/6/ . 
MapwaneKOM H ap. . ( f3 = 0,18). napaMeTp ae<flopMai 

. 133 ( 0 45) . ~ .. 535 K86 La f3 = , 6bin orrpeaeneH no naMepeHH< 

pyrronbHOrO MOMeHTa / 1/ 8TOrO yp06HH. 0CH068)My COCT 
. + . . 

rrpnrrncaaa xapaKTepncTHKa 5/2 , a 6oa6ymaeHHhiM cocTo 

97 H 130,7 K86 - xapaKTepHCTHKH 7/2+ H 3/2+, COOT6eT< 

6oTe /8/, aaannanpyH <PaKTO;hi aarrpeTa . M 1 -rrepexoaoE 

97·n 130,7 K86 1 Mbl IIOKaaanH, 'ITO yp06HHM C· 8Heprneii 

He06XOJlliMO IIpHIIHC8Tb 3H8'1eHHH CIIHH06 3/2+ H 7/2+, CC 

C6H3H C 8THM He06XOJlHMO 6binO IIepeCMOTpeTb paaee IIpH 

133 apyrHM ypo6HHM La n rrpearronomnTb, 'ITO cocTOHHHe 

97 MHH nMeeT I " 1/2+, a COCTOHHHe T = fi,L 
J2 

( 9/2-). 

nepeiiaeM K o6cymneHHID IlpHpOJlhl HeKOTOphlX 6~36y 
I 

133La. 

Ypo6HH 97 11 130 K86 paapHmaiDTCH npHMbiMH nepe 
133. . 

u M1 + E 2 aa ocHo6Hoe cocTOHHHe - La •· KaK y)l 

6biWe, ypo6HID 97 K 86 He06XOJlliMO Ilpl!IIHC8Tb 3Ha'leHne 
. . . /8/ 

HID 130 K 86 - I " = 7/2+ • 

fleiiCT6l!TenbHO, ecnll yp06HID 97 K86 IIpl!IIl!C8Tb 3Hl 

To 6enH'InHa F 38M ( M 1· ) · ::; 43 rrpoTH6ope'lllT cnc~ 

weHHbiX M 1 -nepexoao6 Tnrra P ( g 7; 2 ~ d 5; 2 ) 
1121

, 

" . + . 
rrpoTu6ope'IHT rrpnrrncamie cnnaa I = 3/2 , T.K. rrpn 8'I 

a oro M 1 -rrepexoaa Tnrra P ( d 3/2 .... d 5/2 Mbi 6yael 

F ( M1 ) = 293, 'ITO TpyaHo o6'hHCHHTb 6 paMKax 
38M 

Ecnn me ypo6HID 97 K86 rrpnrrncaTb 3Ha'leHne I " 

130 K86 - I "= 7/2+, ·..ro Mbl rrony'IHM xopowee corimc 

Mll o6ono'le'IHOii Moaenn: 

7 



rmua 1 · 
13 La 

':. ' 

cpeAHe-B3Berneaaoe 

<o 14 

1109 ±.0112 

0183 ±.0; 18 

70 ±. 30 

1130±.0110 

Vlbi rrony,mnn. 3llatJeHIIe 

JB118AaeT C pe3ynhT8T8MII 

II 3HatJeHIIeM 

'81 • DepiiOAhl nonypacrraAa 

=. (0,83 ±. 0118) HCeK 

pe3ynhT8TOB 

pb!T. CToBep 
121 ~ reprnenh 

Mepaoe COCT~HIIlle 1 .KOTOpoe 

' . 
we naauwe o pacrraAe 

I 

'1 
.1 

l 

.. 
I 

n .l> 
133 La apaMeTp Ae'!'OpM8UIIII OCHOBHOrO , COCTOHHIIH 6bin paCClJIIT8H 

MaprnaneKOM II ilP•. ;a/· ( {3 = 0 1 18) • rJapaMeTp )le<jlopM8UIIII COCTOHHIIH 

535 K9B 133 La ( {3 = 0
1
45) 6bm orrpeAene~H rro II3MepeHHOMY 3HatJeHIIIO. KBBA-. 

pyrronhHoro MoMeHTa 111 aToro ypoBHH. OcaoBIDMY cocTOHHHIO 
133 

La 6bina 

' + 
11piiiiiiC8H8 xapaKTepiiCTIIK8 512 1 a B036ymAeHHb!M COCTOSIHHHM C 9UepriiHMH 

97 II 13017 K9B - xapaKTepiiCTIIKII 7 12+ II 3/2+ 1 cooTBeTCTBenno l
51

• B pa- ,.· 

6oTe 181
1 

aaanii3IIpyH <jlaKTOpbi 3arrpeTa M 1 -rrepexoAOB c aneprnHMH 

97 II 13017 K9B1 Mbl IIOK838nii, 'ITO ypoBHHM C 9Hepriieii 97 II 13017 K9B 

He06XOiliiMO llpiiiiiiC8Th 3H8lJeHIIH CIIIIHOB 3/2+ II 7 12+ 1 COOTBeTCTBei!HO. B 

CB513II C 9TIIM He06XOAIIMO 6binO rrepeCMOTpeTh panee 11pHIIHC81111Lie Cllllllbl 

B M 
133 L 11 rr e 11 

133 
Ce )lpyriiM ypo HSI a p il onOmiiTh 1 'ITO COCTOHUIIe 

97 MIIH IIMeeT I 17 112+ 1 a cocToHHne T = fi 14 tJaca -

I 
DepeAAeM K o6cymneuliiO llpllpOAhl HeKOTOphlX B036ymneHI!hlX COCTOHIIJIH 

133 La • 

Yponun 97 n 130 K9B pa3pHmaroTCH rrpSIMbiMH rrepexonaMn Tlllla M 1 
133 ' 

11 M1 + £2 Ha OCHOBHOe COCTOHHlle - La • KaK yme yK83hlBanobh 

Bblllle, ypoBHIO 97 K9B aeo6xonnMo rrpunucaTh 3HatJeHIIe 1 17 
= 312+, a ypoB­

HIO 130 K9B - I ,17 = 712+ 
181

• 
' 17 + 

lleAcTBl!TenhH01 ecnn ypoBHIO 97 K9B rrpHrrncaTh 3HatJeHne 1 · = 712 1 

TO nenntJuna F 38 M ( M 1 ) · ::; 

rneHHbiX .If I -rrepexonon Tnrra P 

11pOTllBOpe'lHT11pllllllC8H~e CIIIIH8 

43 rrpoTIIBOpe'lliT CliCTeMaTUKe f -3arrpe­

g 
7

;
2 
~ d 

5
; 2 ) 

1121
1 a yponuro 130 K9B 

17 + 
= 312 1 T.K. rrp11 aToM AnH pa3pernea-

aoro M 1 -nepexoAa TIIrra P ( d 3 ; 2 -> d 5; 2 
Mbl 6yAeM IIMeTh nenll'liiHY 

. F 
38

M ( M 1 ) = 2931 'lTD TpyAHO o6'hHCHliTh n paMKax Monenll o6onotJeK. 

Ecn11 me ypoBHIO 97 K9B rrpnrr11caTh 3HatJeHIIe 

17 , ' + . 
1 = 312 1 a .YPDBHIO 

130 K9B -
I 17 = 7 12+ 

1 
TO Mbi rrony'liiM xopornee cornacne c rrpencKa3aHnH-

MII o6onoqeqaoii MOAenii: 
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F ( MI .~ 61 - ami p83pellleHHoro Ml ~nepexoJl8 c aHeprneil 38M 

97 K8B TII!I8 p d 3/~ .... d 5/2 ) ll F . 38M· ( MI ) = 246 n KB8JlpaT 

MaTpll'IHoro aneMeHTa m 2 = 0,35 - Jlmif- 3anpenreHHoro Ml -nepexoaa c 

aHeprneil: 130 KaB Tnna P ( g 
7

;
2

-+ d 
5

;
2 

) • 

0TMeTnM, 'ITO ypoBeHb 97 KaB ( 1 " = 3/2+) 133La He 3acenHeTcH 

!Ipll p8C!Ia]le COCTOHHHH 133 1T + 
Ce ( I = 1/2 ); aTo CBHJleTenbCTByeT o 

p83nll'IHOH IIpllpOJle paCCMaTpllB8eMbiX COCTOHHIIil:. AH8nOrlllJ.HbiH cnyqail 

135 
Ha6niDJl8eTCH !Ipll pacnaae OCHOBHOro COCTOHHllH Ce i "· = l/2+) 

I35 .. L . 
Ha. B036ymaeHHbiH ypoBeHb a c aHeprneil 265 KaB 1 17 = 312+) I I~/ 

YpoBeHb 174 KaB pa3pHmaeTCH Ha ypoBeHb 97 KaB nepexonoM 77 KaB 

THIT8 Ml n npHMbiM rrepexoaoM HeycTaHoBneHHoil MynhTnrronbHOCTH H8 

OCHOBHOe COCTOHHlle 
133 

La / 5 /. Bo3MOlliHbie 3H8lJ.eHHH CliHHa 8TOrO ypoBHH 

1T '+ + + 
I = 1/2 , 3/2 n 5/2 • 3H8'IeHHH OJlHO'IaCTll'IHhiX QJ8KTopoB 3anpeTa JlnH 

Ml -nepexona c aHeprneil 77 KaB ( F 38M ( MI ) = 12 1- 115) rrpn scex 

B03MOlliHbiX 3HalJ.eHHHX CliHHa ypOBHH He !IpOTitBOpelJ.aT-· npeJliTOnomeHHID 00 

OJlHO'IacTII'IHoil npnpoae aToro ypoBHH. 

Bo3MOlliHbie xapaKTepiiCTIIKII ypoBHH 174 KaB 
133 'La li03BOnHIDT !Ipii-

liiiC8Tb rrepeXOJly 174 K8B Myn~TII!IOnbHOCTb TII!Ia Ml 
' Ml+E2 (npii 

I " + +) 
(npn 1 1T + = 3/3 , 5/2 IInii 'IIICThiil: E2 = 112 ) • Ecnii npeanono-

miiTb, 'ITO nepexoa 174 K8B TII!Ia Ml IInn Ml +E2 , TO npii aToM TPYJlHo 

B paMKax Moaenli o6ono'IeK o6'bHCHIITb BbiCOKYID CTeneHb 3anpeT8 Ml -nepe-

xoaa { F 38M ( Ml ::: 5000. Ecnii me nepexoa 174 KaB Tuna E2 

To $aKTop ycKopeHIIH aToro nepexoaa F ycK. ( E2 = 2,3 6yJleT IIMeTb 

o6wqHyro JlnH pa3pellleHHhlX E2 -nepexoaos Benn'IIIHy. QqeBIIJlHo, 'ITo II3 

C8Mb!X OOIIIIIX paccy)KJleHIIH cneayeT OTJl8Tb npeJliTOlJ.TeHIIe !Ipii!IllC8HH~ ypoB-

TT + 
HID 174 KaB cniiHa I = 112 • Ilpii aToM nepexoa c aHepr!Ieil 174 K~B, 

corJiacHo Moaenn o6ono'IeK, 6yaeT pa3pellleHHhiM E2 -nepexoaoM TIIna 

8 

::. 

I 
l 
~­
~ 

. r 

r 
I 
1: 

r~ 
~J 

P ( s 11 .... d 5; 2 ) , a nepexoa 77 KaB ·- f -3anpenreHH 

pexoaoM Tnna f ( s 11 -+ d 5; 2 . ) • B H8CTOHIIIee BpeMH o· 

KaKaH-nii6o CIIcTeMaTIIKa f -3anpenreHHbiX Ml -nepexoaoE 

p ( s l1 -+ d 3; 2 . ) JlnH paccM8TpiiBaeMoil o6nacTII HJlep, 

'IIIHbl ( Ml ) = 115 II m2 ( Ml ) = 0,24 anH nepexona 7 

He npOTllBOpeqaT T8KOMY ~peanonomeHIIID. 

TaKHM o5pa3oM, H3 npnseneHHbiX Bbiiiie paccy)KJleHIIil M 
133 . 1T + 

'ITO ypoBeHb 174 KaB La IIMeeT 3H8'IeHIIe I = l/2 

cH Ml -nepexoaoM TIIIT8 P ( s 11 -+ d 3 ; 2 ) n E2 -nepexol 

P ( ·s l1 -> d 5/2 ) • 

YpoBeHb 535 KaB pa3pHm8eTCH nepexonoM c aHepriiet 

. E2 + Ml ) Ha yp,oBeHb 476 KaB, nepexonoM 404 KaB ( j 

. + . 
ypoBeHb 130 K8B ( I " = 7/2 ) II cnaobiM npHMbiM nepexono~ 

He YC'!'8HOBneHHOH MynbTII!IOnbHOCTli Ha OCHOBHoe COCTOHHlle 

+ + Bo3MOlliHhie 3HalJ.eHHH cnnHa ypoBHH 476 KaB 5/2 , 7/2 • 

YpoBHIO 535 KaB, y'IHTbiBaH senn'IIIHY fog ft = 6,4 ·15{ 
1T 

nucaTb 3HalJ.eHue I = 7/2-, 9/2-. BpeMH lliii3HII 535 KaB 

II3MepeHo B pa.5o~e A6y-fleil:na II ap/7 1 ,rae. nposoriiinCH aHanii< 

nepexonos, pa3pHmaronrux paccMaTpiiBaeMbiil: ypoBeHb, B npen: 

'ITO ypOBHli 535, 476 li 130 KaB liMeiDT 3Haq'eHliH C!IIIHOB 3/2 

.3/2+, COOTBeTCTBeHHOe 

Ananii3 sepoHTHocTeil nepexoaoB, pa3pHmaronrux cocTOHf 

aHeprneil: 535 KaB, B cBeTe HOBbiX npeanonomeHIIil: o cnima:X ' 

npnseaeH B Taonnue 1. 

113 CIICTeMa~IIKII El -nepexoaoB B c!jJepuqecKux Hnpax 

'ITO 3H8lJ.eHIIH QJ8KTOpOB 3anpeTa JlnH !IeP,eXOJlOB T8KOrO Tli!Ia 

IDT senH'IIIHhi F 38M ( El ) .::;: 2 • 106• BenH'IIIHbi $aKTOp! 
j 8 9 

F 3aM ( El ) -::. 10 - 10 Jlmt nepexoaoB 404 u 535 KaB I 

9 



-rrepexona c sHeprnefi 

) = 246 n KnanpaT 

!HHoro Ml -rrepexona c 

133 La He 3aceimeTC.II 

cnnneTenbCTByeT o 

Hanorii"l:Hbifi cny"'afi 

i Tr = 112+) 

K9B 1 17 = 3i2+) !l~l 

7 K9B ·ITepeXOLlOM 77 K9B 

HII.II crrnHa sToro. ypoBH.II 

cpaKTOpOB 38ITpeTa JJ.n.II 

) = 12 ~ 115) rrpii ncex 

tT-' rrpenrrono>KeHniO o6 

133 'L . . 
I . a IT03BOn.IIIOT rrpn-

IJI , Ml+E2 (rrpn 

112+). Ecnn rrpenrrono- ' 

, TO rrpn aTOM TpynHo 

meHb 3arrpeTa MI. -rrepe-, 

174 K9B TIIIT8 E2 

= 2,3 6yneT nMeTb 

IHy. 0"l:eBIIJJ.H01 'ITO II3 

ITeHIIe ITpiiiTIIC8HIIIO ypoB­

~ sHepriiefi 174 K~B, 

:2 -rrepexonoM TIIrra 

p ( s ~ -> d 5/2 ) I a rrepexon 77 K9B.- e -3arrpemeHHbiM Ml -ne-

pexoaoM Tnrra f ( s ~ -> d 5; 2 ) • B HacTO.IIlUee npeM.II OTCyTcTnyeT 

.K8K8.1I-nii6o CIICTeMaTUK8 e -3arrpemeHHbiX Ml -rrepexonon Tnrra 

p ( s ~ -> d 3; 2 ) nn.11 paccMaTpnnaeMofi o6nacTII .11nep, onHaKo nem1-

"'IIHhi ( Ml ) = 115 n m2 ( Ml ) = 0,24 an.11 rrepexona 77 Ksn B 
133 

La 

He rrpoTnnope"l:aT TaKoMy ~peanono>KeHniO. 

TaKnM o6pa3oM, H3 rrpnneneHHhiX Bbirne paccy>K.lleHIIfi MO>KHO 38KniO"'IITb 1 

133 La I rr + 
'ITO ypoBeHb 174 K9B UMeeT 3H8"l:eHIIe = 112 II pa3p.II>K8eT-

C.II M 1 -nepexonoM TIIrra P ( s ~ -> d 3; 2 ) n E2 -rrepexonoM TIIrra 

p ( s !-) -> d 5/2 ) • 

YponeHb 535 KsB pa3p.II>KaeTC.II rrepexonoM c sHepriiefi 58 K9B 

E2 + Ml ) Ha yponeHb 476 KsB, rrepexonoM 404 KsB ( El + M2 Ha 
+ . 

yponeHb 130 K9B ( I " = 712 ) II cna6biM np.IIMhiM rrepexonoM 535 KsB 

133 ·L 151 He yCT8HOBn~HHOfi MynbTIIITOnbHOCTH H8 OCHOBHOe COCTO.IIHlle a • 
+ + 

Bo3MO>KHhie 3Ha"'eHH.II crriiHa ypoBH.II 476 Ksn 5/2 , 712 • 

YpoBHIO 535 KsB, y"'IITbiBB.II nenn"'HHY f.og ft = 6,4 15{ MO>KHO rrpii­
rr 

rrncaTb 3Ha"l:eHIIe 1 = 712-, 912-. BpeM.II >KH3HII 535 KsB 133 la 6bino 

U3MepeHo B paooTe A6y-flefina n np/7 1 ,rae rrpononnnc.11 aHann3 neponriiocrefi 

nepexonon, pa3pH>K8IOlUHX paccMaTpiinaeMhifi yponeHb, B npenrrono>KeHIIII, 

'ITO ypOBHH 535, 476 H .130 K9B HMeiOT 31!8"l:,eHIIH CITIIIIOB 312\ 5/2+ H 

·.312+, COOTBeTCTBeHHOo 

AHanii3 BepOHTHOCTefi rrepeXOJJ.OB1 pa3pH>K810lUIIX COCTOHHHe 
133L a c 

138 
aneprnefi 535 KsB, n cneTe HOBbiX rrpenrrono>KeHnfi o crrnHax yponHefi La 

rrpnneneH B Ta6niiue I. 

l13 cncTeMa~IIKn El -rrepexoaon B ccpepii"l:eCKIIX napax I 151 II3BeCTHo, 

'ITO 3Ha"l:ennn cpaKTopoB 3anpeTa ann rrepexoaon TaKoro Tnrra He npeBbirna-

IOT nenii"'llHbi F 38M ( El ) .~ 2 • 106
• Benii"'IIHhi cpaKTopoB 3arrpeTa 

F 3aM ( El ) -:. 10
8 

- 109 nnn nepexoaon 404 II 535 KsB ( El ) He 

9 



/1 7/ ' 
IIpOTMBOpeqaT BhiBDay 1 0 ae¢opMaUMM Hapa B COCTOHHMHX 535 ll 

476 K3B ll oaHoqacTnqHofi npnpo~e ypoBHH 130 K3B M OCHOBHOI'O COCTOHHMH 
-. 

La 

YpoBeHb 742 K3B, KaK 6binO npeano*eHo B pa6oTe /5/ 1 ypoBeHb 

742 K3B pa3pH)KaeTCH nepexoaaMn c 3HeprnHMM 87 ( Ml ) n 178 K3B 

133 . 
( M I + £2 ) Ha ypoBHM La 653 n 563 K3B 1 cooTBeTcTBeHHO, Cne-

ayeT OTMeTIITb, qTQ 3HaqeHMH a 1e :::lKCIIn, 0 140 1151 
JtnH nepexoaa 

178 K3B He IIpOTiiBOpeqaT onpeaeneHMJO. ero MynbTMIIOnbHOCTM KBK £] + 

+ 67% .112 /16/. 

l1cxoaH 113 pa3pemeH!IOro xapaKTepa 3aceneHHH ypoBHH 742 K3B 

133 TT 
~ ( fog ft = 5 1 8) npn K-.::JllXBaTe coCTOHIHIH Ce ( I = 1/2) 1 paccMaT-

lJJ I TT +. 
piiBaeMOMY COCTOHHIIJO La MO)KHO Ilpl!IIHCaTb 3HaqeHHH = 1/2 1 

3/2+. B cBH.3II c TCM 1 qTo ypoBmi 653 n 535 K3B He 3HcenHJOTCH np11 pac-

nane 
lJJ+lJJm Ce II yqHThiBllH MynhTMIIOnhHOCTII raMMa-nepeXOll.OB, 38-

cenHJOTUIIX 3TII ypOBHII 1 MM MO)I{HO npnrrnCBTb KBaHTOBbie xapaKTep!ICTIIKII 

I " = 5/2+ 11 I 
11 = 5/2+ nnn 5/2-1 cooTBeTCTBeHHO, BcnencTBne aToro 

TT 
ypoBBJO 742 K3B Heo6xonnMo npnmicaTb 3HaqeBIIH cnnHa n qeTBOCTn I 

3/2+, 

H3 aHann3a pe3ynhTaToB 'li3MepeBIIH BpeMeHI! )I{H3HII ypoBHH 742 K3B 

M + + 
BJWHo: 3HaqeHne · F 

38
M ( M I ) = 180 an H. rrepexona 87 K3B ( 3/2 ... 5/_2 ) 

He IlpOTIIBOpeqi!T HBllliiM npeano)KeHMHM 0 CllJIHllX ypOBHefi 74 2 K3B ( I TT -

+ TT + M 
= 3/2 ) n 635 K3B ( I = 5/2 ) ; 3HaqeHne F ( .Ul 

4 
) = 1117·101 

38M 
/5/ 

cornacHo npennono)l{eHIIJO fepwenh o MynbTnrronhHOCTn nepexona 

178 K3B KaK Ml + £2 TpynHo 06'hHCHIITb Ha OCHOBe cyrueCTByJOlllefi CMC-

TeMaTHKII Ml -nepexonoB B c¢epnqecKIIX Hapax, B To ·npeMH KaK 3HaqeHne 

...Ll + + El ) = 11 66· 1u· nnH nepexona 178 K3B (3/2 ... 5/2 ) F 
38M 

xapaKTepHo anH El ~nepexonoB B 3Tofi o6nacTn Hnep - 3To cBnneTenb<:::T-

1 TT -
ByeT B nonh3Y Ilpi!IIIICBHMR ypOBHJO 563 K3B xapaKTepnCTMKM = 5/2 • 

10 

• ~ < 

E.yp 

EaB 

TaO .IlK 

.!HaJIB3 BepOUBOCt.eil nepexo,.;oia, pa3pJIJ:8ll11UIX ypOBHI _9 

5.35 • 742 i:u 133LCL 

TI/2 
Io-9ceK 

Er 
lt&B f J

-)/ . ..,...]J 
. _.-;'>/. 

l -t c!L 
Tf(rJL 

3JCCD 

celt 

97,2 <0,4 97,2 I .3/2+ ~5/2+ Ml41 I<8,8.IO 

!.30,7 

I74,0 

5.34,9 

742,I 

7/2+ -~ 5/2+ I98%MI + ., I, 75.IO 
2% E2 7,59.IO 

I,I2zO,I8 I'I.30,7 I 

+ + . /5/ ' o,8.3zO,I8 76,91 o,9I5' I/2 . ..;;...3/2 n .3,o.3.IO 

174 0,085 1 · E2 I,28.IO 

70z.3riii 1 58,4 o,927. 7/2- -5/2+1 EI 151 1 I,5.Io-

7/2--+ 7/2+ - II II 

9/2-....;. 7/2+ II II 

404,6; 0,066! 7/2-·•7/2+16%EI + 

. 94% 12 

I I,9.3.IO 
I 

; I,2I.IO 

9/2- -7/2+1 $ EI · + 

94% M2 

!,9.3.10 

I,21.10 

534,9 0,017 ; 7/2- ..... 5/2+ 

! 9/2--. 5/2+ 

EI 

Y2" 

I 
! .3, 76.IO 
I . 
! .3,91.10 

1,30zO,IOj:87,9 : 0,93 

1178,6 ! 0,07 

'J/2+ ~ 5/2+ I n/5/ .3,54.10 

. 'J/2~ ... 5/2+i n15J. _ I 2·, 75.IO 

I "J/2+ ~ 5/2-1.3'J,.3%E1+ : 1~28.10 
+66,7%12 6,44.10 

II 



1 B COCTOHHHHX 535 ll 

K9Bll OCHOBHOI'O COCTOHHHH 

B pa6oTe / 5 / , ypoBeHb 

87 ( Ml ) n 178 KaB 

aB, cooTBeTCTBeHHo, Cne-

1,40 · 1151 .J:lnH nepexona 

bTnnonbHDCTn KaK El + 

neHHH ·ypDBHH 742 K9B 
17 

Ce. ( I · = 1/2), paccMaT-

Th 3Ha'lennH. I"= 1/2+., 

:an ue 3RcenmoTCH npn pac-

cTn raMMa-nepexonon, 3a-

38HTOBbie X8p8KTepHCTliKII 

CTBenno. BcnencTBne aToro 

l!H cnnua n qeTHDCTll I" ·= 

!eHI! )!{Jf3Hll ypoBHH 742 K9B 

~pexona 87 KaB (3/2+ .... 5/2+) 
. 17 

1x ypoBuei1 742 K9B ( I =. 
M 4 

F 3aM ( Jfl )= 1,17··10·, 

TllnonbuocTn nepexona 

ocuoBe cymecTBywmei1 cnc-

8X 1 B TO. BpeMH K8K 3118'1eHHe 

8 K9B (3/2+ ..., . 5/2+) 

:Tn Hnep - 9To cnnneTenbcT-. 

paKTepncTnKn' I 
17 

= 5/2-, 

. ~ ' ..... 

E. YP 
JC3B 

97,2 

_no, 7 
I . ... 
. l 
T 

174,0 

534,9 

I -
I 

I .,. 
J 
I 
i· 

742,1 

TallJIHua I 

Aaanl3 Bepoaraoctel nepexoAoB, pa3pazaD•ax ypoaaK.97, 130,175, 

535 I 742 X3B I33LCL 
I 

Tl(fJL) 
I 

TI/2 Er f -li .,-p 
c!L F:.. ... kL) .j(''>!.; 3JCCD. 

ro-9celt ltliiB 
C8K 

-
<0,4 

1,12,!0,18 

0,83,!0,18 

70;!;,3ofi/ 

1,30,!01 10 

97,2 I 3/2+ _.512+ n/4/ <8,8.10-10 

. 130,7 I 7/2+·~ 5/2+ 98%».1 ~·v 1,75.10-9 

2% E2 7,59.10-9 

76,9 0, 9!5 I 1/2+ . ..,. 3/2+ )fi /5/ 3~03.10-9 

174 o,os51 E2 1,28.10-8 

58,4 0,927 7/2- -5/2+ EI / 5/ 1,5.10-7 

1 112- ... 112+ - II - - II -
9/2- ·+7/2+ - II - - II -

' . 5 
404,6: 0,066 I 7/2• . ..,.. 7/2+ ~EI + I !,93.10-

: I . 
: 1~21.10-6 ' ' 94% 112 

' 
9/2- -7/2+ ffl, EI + : 1,93.10-5 

' 
I 94% Y2 , 1,21.10-6 

534,9 01 017 ; 7/2--+ 5/2+ EI I 3, 76.ro-6 
: ! 9/2- ·• 5/2+ 

I 
Y2-- ! 3,91.10-6 

.87,9 : 0,93. i 3/2+ ~ 5/2+ l n/5/ i -9 i 3,54.10 . 
.! I -1178,6 o,o7 : 3/2+~ 5/2+! n/5/ 

1 
2,75.10 9 

i 3/2+ ~ 5/2- 33,3%EI+ I 1,28.!0-7 

+66,7%112 6,44.10-8 

II 

61 

209,4 
0,03 

II5,0 

0,'~4 

4;85.104 

I,79.Io3 
I 4 
1 5,oo.ro 
I 7 
17,66.10 

48 

,2,14.109 

' 3,5 --
! 9,4.108 
l 

i 800 -
; 180,4 
i 
' r,r8.1o4 

I,6().I04 

0,016 

.. 



i 

ilnH OKOH'18TenbHOI'O Bhi5ICH9HHH KB8HTOBhlX xapaKTepUCTHK ypoBHeii: 
133. - . 

u rrepexonoB B Hape La Heo6xomrMo nponomKHTb nayqeHne pacnana 
133+133m 

Ce MeTOil~Mn yrnoBhiX KoppenHUHii: raMMa-nyqeii: n .nanbHeii:mee 

nccnenoBaHn~ cneKTpoB raMMa-nyqeii: n KOHBepcnoHHhiX sneKTpoHoB 

133+133m u 

Ce c uenbiO yTO'IHeHHH MynbTnnonhHOCTen raMMa-nepexonoB, B . 

Tafinnue 1 JipiiB9ll9Hbl 3H8'19HHH npnBe,CleHHblX BepOHTHOCTeii: II OllH0'18CTII'I­

HhlX !flaKTopoB aanpeTa nepexo.uoB, pa3pHlKBIOliiiiX uccne.noBaHHhie ypoBHH 
133 

La , 

Ha oclloBe. npoBeneHHhiX Bbime o6cylKneHHii: rrpennaraeTCH cpparMeHT 
133 

cxeMbi ypoBHeii: La , npnBenenHhiii ua pnc. ·1. 

ABTopw rny6oKo rrpnaHaTenbHhl B.n. AcpaHacbeBy, H.H. fpoMoBoii: n 

H.A. ne5e.ueBy 38 pa6oTy no Bhi.Uene!IIIIO p8JlH08KTHBHbiX npenapaToB. 
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