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Pa6oTa Bbmonueua B na~opaTOpHH SlllepHbiX npo6neM 06'be}lii

HeHHOrO HHCTHTyTa SIJlepHbiX HCCneJlOB8HHii. 

Hay'!Hbiii pyKoBOJlHTenb: 
. ' . . ' . ,· . . 

KBHilHJlaT tPH3HKO-MaTeMaTH'!ecKHX .uayK )!(. T.)!(enes. 

. O,PuuuanbHbie onnoueHThi: 

AOKTOP ,P~3HKo-MaTeMaTH'IeCKHX uayK E~M.rox6epr, 

KaHJlHJlaT tPH3HKo-MaTeMaTH'!eCKHX. u~yK A.A~CopojmH. 

'-. 

. Bellywee · uayq!lo-u.ccneJloBaTenbcKoe yqpe>t<Jlenue: 

Pa}lHeBbli! HHCTiiTyT rocyJlapc'ljBeHH~ro. KoMHT~Ta n~' ucnonb30Ba-
. . I . . . 

H~IO aTOMHOii 3HeprHH~ 
. ' \ .. 

. ·. AsTope~epaT pa3ocnau 

< \ • 

··1969 r. 

. 3amHT8 JlHCCepTaUII'H COCTOHTCSI ·- • '1969 r. Ha 38CeJl8HHH 
·.. I , , . . , ·, . ' 

Y'I~Horo co~eT~ najopaT{)p~IH SIJlepHbiX npo6neM OIHUi~ 

Aapec: r.ll~6Ha, 06'beJlHHeHHhiii HHCTHTYT· SIJlepHbiX HccnenoB~

HHii, na6opaTOpHS1-'SIJlepHbiX npo6neM. 

C .aui::cepTauueii M~~Ho o3uaKoM.HTbCH. B 6u6nuoTeKe OHHH. 

Y<i~Hhiii ceKpeTapb CoseTa . 

K8HJlHJl8T tPH3HKO-MaTe~aTH'Ie~KHX uayK 

0 .A .3a iiMHJlO para 
' . 

1969 'r. 
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l1CCJIE~OBAHJ1E qcHOBHWX l1 B03EYI,li;EHHWX CoCroHHHR 
I 

3PEHH (l
60

Er, 159Er,158Er) . 

l1 rOJibMHH(1 ~0Ho, 159uo,158uo, 156 Ho) 
• ' r • '" 

Cne~HaJibHOCTb 055 · .' cjiH3HKa aTOMHoro JI.Qpa 

Jl KOCMJiqeCKJIX JlyqeA 

A~Tope~epaT auccepTauuu. ua coucKauue yq~uoA 
CTeii9HH K8HllHll8T8 ~H3HKO-M8T9M8TH'I9CKHX H8YK . 

Jcc~:r;i;;;;J IT.Ji.i~~;c~: 
11 

qr:r·, ~ ".·v ·~,.~''""n~~.,~r,;"' t 
4...'-; !-"to~•-J-;4 U~.:tU-1-Iioo'J-.l,VlJt:.! ... -"l I' 

j ,.-_. "" ,. ·-•;ti"")~~-:;;R.~ !\ It 
k:-'>..r~:- 'd1,. ~..:~~.,j ~ r"""''l ~u-...~ f 

~.:~;;;....;,~-..;."=----=--:::::=:=...=-~~--



... -.; 

-· 

,, 

.\ 

- \ 

0JlHOH ll3 B8lKHbiX 38Jl8'l HJlepHOH- cneKTpOCKOil~ll SIBI!HeTCH 

IlOIIy'leHl!e HOBbiX0 6onee IlCI!HbiX II TO'IHbiX Jl8HHbiX o. aetjlopMI!pOBaH

HbiX HApax, MHOrlle caoilcTBa KOTOpbiX uerrnoxo orrl!GbiBaiOTCSI o6o6-

meHHOi! MOJlei!bl00 MOJlei!biO HeaKCli8IIbHhlX S!Jlep II CBepxTeKyqefi 

MOJlei!biO., TaKOH 9KcrrepiiMeHT8IIbHbiH ~inepl!aii CIIYlKII.T He TOIIbKO 
- . 

IlpOBepKOH, 110K83biB8IOWei! rpaHl!Ubl npl!MeHIIMOCTll MOJleneu, HO 

CT8H~BIITCS! OCHOBOH_JliiH Jl8IIbHefirnero IIX pa3BIITIIS! II IlOS!BI!eHll~ 

HOBbiX l!Jleil o cTpoeHIIll srapa. 

YcrrernHo~ pemeHl!e 9TIIX Borrpocoa Tpe6yeT rrocTOSIHHoro 

ycoBepmeHCTBOB8HIIS! 9KCI1epl!MeHT8IIbHOH MeTOJll!Kll II paapa60TKII HO

BbiX tjll!3II'lecKIIX rrpii6opoa, l!MeiOWIIX BhlCOKI!e xapaKTepl!CTIIKll. Tonh

KO p83IIli'IHbie JlOilOIIHS!IOWIIe Apyr Apyra CO'leTSHIIS! cf>II3II'leCKHX 

Ilpli6opOB II-- MeTOJliiK 1103BOIIS!IOT -li3Y'll1Tb CIIOlKHbie ClleKTpbl -S!AepHbiX 
-· • . ' • J 

'qaCTIIU II raMM8-KB8HTOB II ycTaHOBIITb KOppei!S!Ullll, cymecTBYIOWIIe 

MelKAy HilMI!. • 

HacTosrmasr pa6oTa sransreTcsi 'laCTbiO l!ccneAo-BaHllil, rrpoaonl!MbiX 

B 06'he}ll!HeHHOM IIHCTIITyTe srnepHbiX IICCIIellOB8Hllll B Jly6He, 110 

H3y'leHHIO -pacrrana Hel!TpOHOiletPHUIITHbiX li30TOI10B penKoaeMenbHOH 

o6nacTH, "Koiopble -o6paayiOTcsr npH rny6oKOM pacmerrneHHH _Ta 

npoTOHa.MH c 3HeprHeil 660 MaB Ha 

paTopHH SlllepllhlX npo6neM OHHH. 
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CHHXpOUIIKIIOTpOHe na6o-



B. nanmx nccnenonannSJX .ocnonnoe nn11~tnn11e oi.I/lO yn~neno 

noy•teHIIJO cxeMU paCIIM\8 KOpQTKO>I<IIBYiltiiX 1130TOIIOB 8JlOIIH II ronb-

MIISI MeTOil8MII }" -cneKTpOCI<Oflllll, fl -cneKTpO~teTpllll II ClleKTpO-

rpaljln11. 

iliiCCepT81UISI COCTOIIT 113 nnenem1S1, II>ITII rnan n 3aKnJO'Ie-

HIHI. 

B rr e p B o ii rna Be omlci>maeTCSJ 6eTa-cneKTpoMeTp c 

nnoilnoi! nnyKpaTHOil ljloKycllpOBKoil ny'!Ka na yron "\. 2 nocTpo

' 
'enllhlif H8MII B OTilene. Slllepnofi cneKTpOCKOIIIIII II pallllOXIIMIIII na6o

paTOp1111 RnepHhiX rrpo.6neM OHHH. f!o cno11M. xapaKTepncTnKaM no

Bhlil rrp116op ne ycTynaeT cymecTBYIVIllliM rrpn6opaM TaKoro Tnna 

n RBn>IeTCSI TpeThliM 3K3eMnnSipOM B ConeTCKOM Co103e. Pa3perna

JOill8SI cnoco6nocTh 0,25-0,20%. · Pac'!eTHbiil Tenecnhiil yron, onpe

nenSJJOillllil cneTocnny cneKTpoMeTpa, nnSJ rrepaoro ¢oKyca panen 

0,25% OT 4-;r. ¢loll TpOi!HblX COBIISileHllif OT KOCMH'!eCKHX ll3ny'le

HHif MeHbllie OllHOI'O HMIIynbC8 38 CYTKIIo 

lJacTb 113Mepenlli! crreKTpa 3neKTponoa nnyTpennei! -Konaepcnll 

nccnenyeMbiX 1130Torroa 6bma Bhmonnena c rroMolllhJO. ipex 6eTa

crreKTporpa¢cia C IIOCTOSIIIHblM M8I'HIITHbiM rroneM. HeooXOilliMOCTb 

H3MepeHHSI KOIIBepCIIOHHblX 3neKT,pOHOB II30TOIIOB 3po11SI II ronh'-

MIISI na f3 -crreKTpoi-paljle 6bma o6ycnoanena cnellyJOillliMH rrpii'III-

HBMII: ao-rrepBbiX , f3 -crreKTporpa!jlhi o6nallaJOT BhiCOKori pa3perna

JOillefi CIIOCOoHOCTbiO (0,07 of 0,05%); BO-BTOpbiX, C: llX IIOMOillbiO 

MO)I{IIO IlpOll3BOiliiTb perllCTp8UHIO OllHOBpeMeHHO BlllllpOKOfi o6naCTll 

3HeprHll crreKTpa KOHBepCllOHHblX 3neKTpOHOB, 'ITO OCOoeHHO B8)1{110 

Ilpll llCCIIellOB8Hllll KOpOTKOlKllBYillHX .ll30TOIIOB; B-TpeThllX, MOlKHO 

orrpenenllTh 3Heprlll0 3neKTpOHOB C 6onhlll0ll TO'IHOCTbiO. (0,03% .;.. 

of 0,05%). 

Hccnenonan11e cneKTpoa raMMa-nyqelf 1130Torroa 3pollSI ll 

I'OIIbMllSI IlpOll3BOAlliiOCb C IIOMOillh!O Ge(Li)- rronyrrpOBOilllll~O-

BhiX neTeKTopoa. Ebmll llcrronh30BBIIhi nna neTeKTOpa KoaKcllanh-

noro Tllll8. C 'IYBCTBllTenbHbiM 061>eMOM 5 .. CM 3 ll. 12 CM 3 o 06a 

neTeKTOpa HMenll pa3peruaJOillYIO. CIIOCOoHOCTb OKOIIO 4;5 K3B 
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na nnnnn 1332 K3B 
6° Co • .PerncTpaUIISI y -cneKTpa · npoii.3Bonllnacb·· 

204B-Kan·a.nbllh1M 8MIInJITYilH.hlM ananii38TOpOM. 

BTopaSI ·r-n·ana nocaSiluena if3y'leHIIJO ueno'!KII pacnana· 

160 Er-. lrO+H6m Ho -. lEO Dy • 

Pacnan nnnaMn'leCKII cB>I3annhiX 113oTonon 160 Er 11 16~160110 

nononbno ·xopowo 113y'len. Ha116onee nonnhte cnenennR o crreKTpe 
160+160m . 

KOHBepCIIOHIIblX 3neKTpOHOB II y -ny'leif . Ho 6blnll rrony-
. ' ' . 

'!eHbl a pa6oTaxl 1,21. Ebmn o6napy)l{eHbi 152 y -rrepexona. 
. . . ·• . · 16D+160m 

H3y'!enlle crreKTpa KonaepciiOHHhiX 3neKTponoa Ho 

B p8BHOBeCIIH C lEO Er. na 6ec¢ol!OBOM rrpn6ope rro3nonllno o6na-

py)I{HTh 6onhrnoe· ~mcno ManonnTeHCllBHhlX rrepexonoa. HamnMn llC

cnenonanHSJMll IIOATBep)l{ll8eTCSI 3Hepi'llSI, HHTeHCHBHOCTb II Myn~TH-

IIOIIhHOC.Tb 'I30 panee ll3BeCTHbiX y -rrepexonoa •. 06napy)l{eH.hi 

·arrepBb!e 67 HOBblX rr~peXOilOB C :;mepriiSIMH 620,8; 648,4; 703,5; 

802,I; '837,9; 853,5; 905,I; 934,I; 936,8; 987,0; I038,I; '107I,O; 

I083,5; I 124,0; I229,2 ,I239,0; I.34I,5; 1359,5; (1362,7) ;I464,9;I468,9; 

1482,5; I585,5; I696,0; I73I,7; I866,3; 2021,5; 205I,7; 2124,3; 

2I39,0; 2I60,0; 2170,5; 2227,0; 2237,5; 2266,5; 2273,5; 2278,4; .. 
2287,4; 2322,0; 2326,8; 2345,2; 235.4,4; 2360,4; 2397,6; 2390,2; 2408,0; 

24I6,4; 2437,4; 2449,2; 2469, 1; 2486,5; 2493,4; 2502,6; 25I4·,9; 25I9,9; 
. . - . 

263I,6; 2660,7; (28I8,5); '2860,0; 2895,3 K3B. Ha OCHOB8HIIH nony-

'leHHbiX naHHbiX npennaraeTCSI cxeMa pacnana 

160 . l60+l60m Ho _ Dy 
(pnc. lA n B), 

rne ,IIOMHMO panee 113BeCTIIbiX ypOBHefi, BBOilSITCSI I7 HOBblX CDC-
• - . + 

TOSIHllll C 3Hepi'HSIMll •I285,3 K3.B (1 ); I482,4 K3B (J.); )670,4,K3B . 
+ . + . . + + 

(2 ); 1695,8 K3B () ); I952,8K3B (0 ); 22I0,2 K3B (3 ), 2226,lK3B 

( t+); 2328,0 K3B. (4+ ); 2353,3 K3B (I+ ); 2408,3 K3B (2+ ); 
. + +. . +' . 
2485,5 K3B ( I ) ; 2494,5 K3B ( I ) ; 2502,7 K3B ( I . ) ; 2514,9 K3B 

(2+ ); .2520,6,K3B. (2+ ); 27I8,6 K3B .(:1-); 2850,2 K·3a. HeKoTo-

. ' ·phi~ .113· panee: n3aecTHhiX;. yponnelf ( 1804,8 K3~ ( t+); 2468,4 -H;3B 

(I-); 2630,4 K3B ( 1"'"); 2673,6 K3B (I-) nonTBeP,)I{IlBIOTCSI no 6a-

. nancy 3neprnn HOBbiMn y . .,.nepexonaMn. H3 OTnornennSJ npnae-

. __ ,:;, ... ~ 
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neHHbiX aepoSITHocTeii M 1-H E 1 - , nepexonoil onpeneneHbl aoaMolK

Hbie KBBHTOBble •mcna K ll/ISI ypOBHefi C xapaKT~pHCTHKBMH 1+ If 

1-. Cpaaaealfe. aa6monaeMbiX ypoaaeii c paccqnTaHHbiMH no ca·epx-

TeKy'!efi MOlle/IIf' llOK83biB8eT, 'ITO HeKOTOpble lf3 HHX, B03MOlKHO; 

SIB/ISI!OTCSI llBYXHefiTpOHijbiMII II/III llBYXllpOTOHHblMII COCTOSIHIISIMH. 

nenaeTCSI npennonoJKeHHe, 'ITO npH pacnane 
16

o+
1
eom Ho B036yJKlla-

IDTCSI Te JKe·ypOBHII 160 by C 3Hepr1ISIMII 1407,9 K3B ( 5-) j 

1576,7 K3B (2-); 1643,3 K3Bj 1652,3 K3Bj1870,5 K3B (2+); 1903,6K3Bj 

2142,6 K3B (2-4); 2189,3 K:'lB (2-4); 2360,7 K3B (2+), KOTOpb!e 

aa6iiiDll8/IHCb B peaKUII.II ( d, d ' ) /3/. Oony'IeHHble llBHHbl~ 0 

cneKTpe KOHBepcnoHHbiX sneKTpOHOB 
160

+
160 

m Ho 

'IIITb, 'ITO npll pacnane 
160

+
160

m Ho __, 
160 

Dy 

ll03BO/ISIIDT 38KiiiD-

B036YlKll8eTCSI 

npeHMyllleCTBE;!HHO B 06/IBCTII BbiWe '2,0 M 3B MHoro erue ,J!elf3BeCT

. HbiX cna6oaaceneHHbiX (Me nee 0,5% pacnana) ypoaaeii. 
) ' 

HaMH HccnenoaanHch cneKTpbl y -nyqefi, sneKTpoHoB BHyT-
, + 158 158+158m H · 158 

peaaeii KOHBepcHn H {3 -pacnan Er - o - Dy 

(rna a a III ). 

OpH 11ay~eanH · pacnalla 
158 

Er /4/ HBMH o6aapylKeHbl TpH 

HOBbiX nepeXOll8 C 3HeprHSIMll 270,0; 294; 1 If 341,1 K3Bo OollTBeplK:. 

naeTcSI' MYilhTnnonbHOCTb nepexolla 71,9 K3B - M1. OnpelleneHbl 

BllepBble lf3 OTHOWeHHSI I k /I y MYilbTllllO/IbHOCTH 9 , y-nepeXOllOB 

YcTBHOBneH Tllll ',MYilbTifllO/IbHOCTH ll3Mepeaaoro nepexona 67,20 K3B -

E3 n xapaKTepHCTHKH naoMepaoro ypoBHSI 2-. Onpenenea ¢aKTop 

TopMoJKeHmt .H30Mepaoro nepexolla FTOpM: 1,5.104 n ~HTepnpeTH-
pyeTcSI ll30MepHOe COCTOSIHHe KBK llBYX'IBCTll'IHOe p 112+ [ 411 ] ;;. 

n 5/2- [ 523 ] • YcTanoaneHbl xapaKTepncTHKH ypoaaeii 139,1 K3B -

(I-); 425,6 K3B - ( 1-); 454,2 K3B - (C) (pnc. 2). BaonSITcSI B 

CXeMy ypOBHeii 158 Ho HOBble COCTOSIHHSI C 3Hepr~ISIMH 160,3 K3B 

(2-). n 408,9 K3B. ( 1+). · Onpell~neHbi . aepoSITao'cTn {3 -pacnana 
. 1~ . 

na KBlKllblii H3 ypoaneii'. Ho. CocToSIHHSI c saeprnHMH 139,1; · 

143,5 ll 160,3 K3B paCCM8TpHB8IDTCSI KBK llBYX'IBCTH'IHbl~: p 1/2+[ 411).. 

n 3/2-[ 521] ; p 7/2-'[523] + n 3/2+[ 65II; p 112+[ 4111-

n 3/2- { 521] , COOTBeTCTBSHHOo J13MepeHH8 OTHOCV.TS/IbHOli HHTSH

CHBHOCTH {3+-KOMllOHeHTbl C rpaHH'IHOH 3Heprneii 700±_60 K3B 1103-

6 
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I 
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aonnno cpaBHHTb TeopeTnqecKoe n 3KcnepnMeHTanbaoe o'raomeHHSI ·· 

K/ 13+ na ypoBeHb 139, 1 K3B ( 1-) •. 3Kcnep~MeHTanbnoe n Teo

peTn'!ecKoe ana'!ennH a npenenax norpemaocTeii naMepeHHii cor~ 

nacyroTCSI. OnpeneneHI:\ paanocTb Mace 
158 

Er-. 
158 

Ho ( Q = 1860±. 

±_60 K3B) • 

lfaMepeHbl OTHOCHTenbHble HHTeHCHBHOCTH y -nyqeii H KOH

aepCHOHHbiX 3/IeKTpOHOB 155 y -nepeXOllOB, B03HHK8101UHX llpH 

pacnane lSs+tssm Ho-:---- 158 Dy 151. Ha anx anepBbie_ o6aapylKeHbi 

HBMH 117 nepexonoa c sneprnSIMn:. 419,0; 425,8; 448; 474; 487; 

534; 546;2; 555; 562; 580,9; (601); ({j.iO); (627); 631; 661,0; 

707,3; 807,2; 858,1; 888,0; 10 10,9; 1039,1; 1081; 1085,0; 1095,0; 

1110,1; 1158,3; 1161,0; I i69,0; 1179, 9; 1183,0; I200,0 , 1211,0 

1224,0; 1229,0;' 1235,0'; 1240,0; I245,0; I263,0; I268,0; I272,0; 
. . . -

1279,0; 1295,0;_ 1299,0; 1.302,0; 1337,8; 1343,0; < ~3.4q,o)_; 1364,2; _ 

(1371); ( 1376,0); 1385,7; 1390,9; 1400,9; l416,7; 1434,0; 1437,0; 1442,0; 

( 1454,0); 1462,9 ; 1489,9; 1511,0; 1521,0; ( 1537,0); 1556,0; 

1566,0; 1578,2; ( 1592,0); 16q5,0; 1610,0; 1624,2; 1636,0·; 1655, 1; 

1679,8; 1735,0; 1739,2; '1745,0; 1753, 7; 1791,2; 1828,5; 1844,0; 
• . f . ' 

1852,0; 1857·,5; 1877,5; 1886,0; 1914,0; 1956,1; ( 2005,0); ( 2009,3); 

2030,1; 2066,2; 2076,1; 2092,7; 2119,8; 2147,1; 2170,0; 2175,0; 

2188,8; 2202,3; 2221,9; 2247,1; 2290,1; 2301,0; 2310,3; 2338,0; 

2346,8; 2355,4; 2388,1; 2396,6; 2437,1; 2444,3; 2460,5; 2486,3; 

2504,9; 2512,0; 2522,0; 2544,1; 2604,0 KSB• CpaaaeHHeM sKcne-. 

pHMeHT8/IbHOro OTHOIIleHHSI I k I ly C TeopeTH'IeCKHMH 3H8'IeHHSIMH 

Ko3¢¢nuHeHTO_B , KOHBepcnn anepabJe onpeneneHbl ( B neKoTopbiX 

cnyqagx oueneHbl) MYilbTnnonbHOCTH 6onee 120 y -n~pexonoa. 

Oony'IeHHble llBHHble 'll03BO/Illilll llOCTpOHTb CXeMy. p8Cll8ll8 15
,
8:'"ISBnJio 

H cnenaTb Bb!BOll 0 KBBHTOBbiX, X81J8KTepHCTHK8X ypOBHeii (puc~ 3). 
' ' 1~ ' 

. nonTaep)KJlaeTCSI, 'ITO npn pacnane Ho B036ylKll'aroTCSI ypoB-

HH o'CHOBHOH llO/IOCbl 158 Dy C 3HeprHSIMH 98,9 K3B ( 2+,0) 0 

317,1 K3B (4+, 0); 637,6 K3B (6+,0) •. YCTBHOBneHbl ypOBHH y -BH-· 

6paUHOHHDH llO/IOCbl C 3HeprHSIMII. 945,9 K3B ( 2 +, .2); 1044,3 K3~ 

(3+ ,2); 1163,3 K3B (4+ 1 2); 1314,1 K3B (5+ ,2); 1476,1 K3B (6 + ,2) 

7 



Ta6nuua·l 

3KcnepHMeHT8nbHOe H TeOpeTHqeCKOa OTHOWaHHH npuseneHHMX 

sepoHTHOCTeli E2-nepexonoa B 
158 

Dy Me>Kny nonocaMH· 

c K11 =2+ H K 11 =0+ 

i l 

Ilepexo,nu 
l Onur j Teop.H.a 

I no "! -Jiyqrua !· 6e3 nonpaBKM I c nonpaBKOli 

2 

22 -> 0 

22 -> 2 0 

22 -> 40 

2 -> 

3z -> 

32 -> 
-(· 

~ -> 

42 -> 

52 -> 

52 -> 

~ -> 

62 -> 

20 

40 

20 

40 

20 

.60 

4e 

40 

60 

0,43 z O,IO 

O,II 

0,58 j;, 0,15 

4,8 !. I,O 

1,33 j;, 0,30 

0,26 z O,IO 

8 

I . l 22 = 0,04 

I 
I 
I 
l 

I 
I 

0,70 

.0,05 

0,40 

3,0 

0,57 . 

0,27 

I 
·I 

I 

0,55 

0,08 

0,67. 

5,45 

1,28 

0,095 

1 
'j 
j1 

.l 
'j 
i 
i 
I, 

··I 
I 

! 

~ 

J 
'l 
I 

J 

J 
l 

1 

·I 
l 
I 

Ta6nuu.!l 2 

3KcnepuMeuTanbuoe u TeopeTuqecKoe oTuomeuuu npuseneuuMx 

aepOHTHOCTeli E2-nepexonos a 158 Dy Me>Kny nonocaMH. 

.Ilepexo~u . 

44 -> 32 

44 -. > 22 

44 ->42 

44 -> 22 

44 -> 52 

44 -> 2z 

44 -> 62 

44 ->- 22 

54 ---> 42 

5. 4 --:-> 32 

54 -;> 52 

54 -> 32 

54 -> 6z 

54 --:-> 32 

c .K" =4+ H K 11 =2+ 

• . i 

I 
. 0 n H T i 

no t ;..nyqau: 

1,3 j;, 0,2 

·o,55z o,I5 

o, 27!, 0~ 08 . 

I,I !. 0,6 

3?0 z I,O 

.·2 ,2z I ,0 

II .:!:. 6 

9 

Teopzg 

6e3 nonpaBXK ij C nOriJlaBKOR 
. . ~ =0,10, . 

az=O .. · . 

0,56 I,OO 

0,196 0,62 

·o,o4o 0,22 

0,0036 ,0,033 

I,OO 2,5 

. 0,48 2,5 

0,428 4,2 
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. . + 
II, B03MOlKHO, 1676,7 KSB (7 1 2). npH CpaBHeHHH OTHOWeH.HH 

npHaeneHHbiX aepoHTHocTel! E2 -nepexonoa c y -BH6pauHOHHOl! 

UOnOCbl HB . ypoBHH nonOCbl OCHOBHOI'O COCTOHHHH C TeopeTH'IeCKHMH 

oTHoweHHHMH, pacc'IHTaHHbiMH HBMH no npaaHny AnarH, 3aMe'IeHo, 

'ITO npH y'IeTe UapaMeTpa CMeWHBaHHH Z 2 = 0,04 cornacHe 

a~cnepHMeHTa c TeopHe~ 3~a'IHTenbHO ynyqwaeTCH (Ta6n. 1). 

nollTBep)KJleHbi ypOBHH . {3 _:BH6paUHOHHOl! nonoCbi 1085,0 KSB 

c2+ ,o) H, B03MOlKHO, 994,3 K9B (o+ ,0). YcTaHoBneHbi xapaKTepH

CTHKH ypOBHH 1895 K9B ( 4+4) II BUepBbie BBelleH pOT8UHOHHbili 

ypoBeHb 2022 KSB (5+ 1 4), OCHOBBHHbili Ha llBYXKB83HHeliTpOH-

HOM COCTOHHHH 1895,0 K9B' (4+ 14) THna n 5/2- [ 523 ]+ 

+ .n 3/2- [ 521] • CpaBHHBaJOTCH TeopeTH'!eCKo·e H aKcnepHMeH-

TanbHoe OTHOIIIeHHH UpHBelleHHbiX BepOHTHOCTeli E2 -nepeXOllOB 

c nonocbi K 11 = 4+ Ha nonocy K 
11 

= 2 + ( Ta6n. 2). npH y'leTe 

napaMeTpa CMeWHB8HHH a 1 = 0,1; a 2 = 0 cornacHe SKene pH-

MeHTa c TeopHel! ynyqrnaeTcH. 

Bo36ylKJleHHe ·nayXKBa3HHel!TpoHHoro. ypoBHH D 5/2- [ 523] + 

+·n 3/2- ( 521J B l
58 Dy II03BOnHeT YCTBHOBHTb CTpyKTypy OC-

,· • 158 ·- . . - ] 
HOBHOI'O COCTOS!HHS! Ho KBK p 7/2 ( 523) +. D 3/2 ( 521 i• 

B cxeMe ;pOBHel! 158 Dy eeeneHbi 20 HOBbiX ypoaHeli c sHeprH-
- . . . ·+ . . + ' .. + 

HMH.l299 KSB (1 ); 1610 KSB (1); 1655.KSB (0); 1754 KSB (2); . . 
1780 K9B (4+ ); 1838 KSB (2+ ); 1844 KSB ( 1 +); 1940KSB (4+ ); 

2056 KSB (4+ ); 2108 KSB (4+ ); 2175 KSB (~ ); 2301 KSB (~ ); 

2322 KSB (3+ 1 4 +.) 0 2347:KsB (3+., 4+); 2383 K~B (S+, 4+ ); 

2388 KSB ( 2+ ) j 2409 K3B ( 3+ , 4 + ) j 2437 KSB ( 2+ ) j 2544.KSB 

( 1-) H 2604 K.3B ( I). nonTaeplKJlaeTCH, 'ITO npH pacnane 158 Ho 

B036ylKJl810TCH ~e JKe OKTynonbHble ypOBIIH, KOTOpbie H3BeCTHbl 

H3 peaKIIKH · ( d , d ') /31. OnpeneneHbi aepoRTHOCTif · {3 ..:pacna-
. . . 

na_ aa KSlKllblii H3 ypoaHeii 158 Dy, 158 + 158
m Ho •. 

· I 58+ JSSm 
npH R3y'IeHHR f3+ -pacnana . Ho. o6HapylKeHbl TPH 

KOMROHeHTbi {3+ -cneKTpa C rp8HH'IHbiMH SHeprHRMH 1300t_3Q; 

1850t_25 If 2890t_20 Kaa. KoMnoHeHTbl 1850 H 2890 KSB Ha6nJO

neHbl anepBbie. CpaBHHBaJOTCR TeopeTH'IecKoe· ·11 SKcnepHMeHTanb

Hoe OTHOWeHHH K/{3+. OrrpeneneHa pa3HOCTb Ma'cc Hllep 158Ho~ 

~ 1~8Dy ( Q =4220:!:,30 KSB). 
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B q eTa e p To l! ·rna a e paccMaTpHaaeTCH pacnan 156 Ho-
156 

-: Dy. B .sTol! rnaae TaKlKe .paccMaTpHBBJOTCH B036ylKJleHHHbie 

ypOBHH 'leTHO-'IeTHbiX HAep llHCRp03HSl C TO'IKH 3peHHH CyWeCTBy-. 

JOIIIHX Monenel!. 

npH H3y'IeHHH Y -nyqel! H CUeKTpa KOHBepCHOHHbiX sneKTpo-

HOB, B03HHK810IIIHX RpH pacnane 
156

·Ho /6/, ·HaMil o6HapylKeHbi 

20 HOBbiX y .,-nepexonoa c sHeprHHMH: 564,9; 617•,9; 725,5; 

764,0; 838,0; 884,0; 904; (964);·1121; ( 1157); 1176; 1222; 1231; 

1302; 1339; .1355; 1394; 1399; 14 17; 1478 Ksa. OnpeneneHbl anep-

Bbie. MynbTHUOnbHOCTH 14 y -nep~XOllOB. Ha OCHOB8HHH nony 

qeHHbiX naHHbiX npennaraeTCH cxeMa pacnana 156 Ho ( pnc. 4). 

YcTaHoaneHbl HaMH ·YPOBHH {3 -BH6pauHoHHoll non9Cbi'675,8 KSB 
+ . + . + • 

(0, 0) 0 828,6 KSB ( 2 ,0) j 108&,3 KSB ( 4 ,0) H 1437,3 K'SB 

(6+ 0). OnpeneneHbl napaMeTpbi X 
1 . • llnH ypOBHel! STOll UOnOCbi 

( Ta6n. 3). 
. . 156 

BnepBble BBelleHbl B CXeMy ypOBHeli Oy COCTOHHHH y-BH-

6paUHOHHOli nonOCbl C SHeprHHMH 890,1: KSB (2 +:,2); .1022,0 ~SB 
(a+ ,2)i.1167,7 K3B (4+ ,2): 1,335,3 KSB,(5+·:2) H, B03MOlKHO, 

. +. 
1525,0 KSB (6 · ,2). CpaBHHBaiOTCH SKCUepHMeHTanbHOe II Teope-. . 

TH'IeCKoe OTHOIIIeHHH npnaeneHHbiX eepoHTHocTel! E 2 -nepexonoa a 

156 ~ MeiKny nonocaMH c K" = 2+ Ha K" = o+ c ~onpaBKoif 

n 6e3 nonpaaKn Ha CMernnaaHn~~ npn'y'leTe napaMeTpa cMernnea-· 

HHH · Z
2

= 0,06 cornacae sB:cnepRMeHTa c Te~pnell 3H8'IHTenbHO 

ynyqrnaeTCHo 8BOilHTCR 'HOBble COCTOHIIHH C 3HeprHHMH 1369 KSB 
';. . . - ' ' .... 

(3 -); 1608 KSB (5- ); ( 1798 KSB); 1925 KSB H 2245 KSB. nepBb!e 

qe~blpe ypoa~R 6bmu oo36ylKJle~bl a peaKuHH . ( d; d ') /at. AaanH3 

npHaeneHHOli BepOSITHOCTH {3 -pacnana H8 ypOBHH 158 Dy.R03BOnS!-

eT cnenaTb BbiBOil 0 CUKHe ISG Ho ( .12: 4). 

11 
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Ta6.itHua 3 

YpoaeH& B(EO) 
X~---

1
11 

K E, KSB B(E2) 

--
0+0 675,8 :::~.06 

2+0 828,6 0, 17.:!.:.0,05 

+" . 4 0 1088,3 "0,20.:!.:.0,05 

6+0 1437,3 0;14.:!.:.0,06 

. 
Cono~TaaneHHe B036yJKneHHbiX" ypoaHeii 'I~THO;.;'I~TH&IX Sinep 

llHCUp03Hn c MonenSIMH Eopa-MoTTenbCOHa H naBblllOB8 noKa3ano, 

'ITO poTaUHOHH&Ie ~pMyn&I Eopa-MoTTenbcoHa 'c onHHM, nay;-m" 

H TpeMSI cnaraeMbi~H UnOXO OUHCbiB8IOT 3KCUepHMeHT8nbHbie 

3 Ha'IeHHSI." Monen&" naa&tnoaa naeT Ka'IeCTBeHHoe cornacne c aK

cnepnMeHToM. OnHaKo aTa"Monen& o6nanaeT TeM npeHMymecT-

BOM, 'ITO npH ll8HHbiX "napaMeTpax ( p. H y) nonyqaeTCSI enn-

Hoe ~)UHC8HHe" BCeX pOT8UHOHHb!~ nonce, Ha6niOnaeMblX B 'I~THIJ:_ 

'I~THbiX nelj!opMHpOB8HHbiX Sinpax llHCUp03HSI. HawH nccnenoaaHHSI . . . . ·. . . 

H naHHwe npyrnx aeTopoa nonTaepnHnH npencKa3aHHSI caepxTe

Ky'Ieii MOnenH 0 H8nH'IHH llBYXKB83H'I8CTH'IHOrO ypOBHSI T.Hna 

n 5/2- [ 523 ] + n 3/2.:; [ 521] a Sinpax ise Oy, leo Oy H 1e2 Dy. 

B n Sl T 0 n rna Be o6cylKll8IOTCSI cxeMbi pacnana Sinep 
" ' : " . . 159 159 15!1 

c He'I~THhlM M8CCOBbiM 'IHCnOM A a 159 ( Er-o Ho-+ Oy). 

nonTaeplKllSIOTCSI HMeiO~HecSI a mi:Te,paType naHH&Ie o6 aHep-
, ' 159 . ' 

rHSIX ')' -nepexonOB Er : 205,8; 505,5; 624,4 H 837 K3Bo 

06HapylKeH&I Hoawe y -nepexon&I c hv = 582; 608; 649,5; 

(768); (865) H ( 1232) K9B. OnpeneneH&I anepe&Ie Myn&THnon&

HocTH nepexonoa 505;5 K9B ( E 2 ) ; 624,4 K9B ( M 1) H 649,5 KSB (Ell. 

B npennaraeMoii ~xeMe pacnana 
159 

Er --. 
19 

Ho /7 I HapSillY 
. + 

C ylKe H3BeCTHbiMH ypoBHSIMH 205,8 K9B 1/2 [411] j 505,5 K9B 

12 

3/2- H 624,4 KSB BBOllSITCSI HOBble COCTOSIHHSI 649,5 K.9Bj 

(837 KSB) H, ( 1232 KSB). YcT8HOBneHbl H8MH XapaKTepHCTHKH 

ypoBHefi 624,4 KSB- 5/2-[532) H 649,5·K3B- 5/2+ [413] • 

Onpeneneaa BepoSITHOCTb f3 -pacnana Ha · ypoBHH 
159 Ho. Ha ocHo

BaHHH 8H~nH38 3KCnepHMeHT8nbHbiX ll8HHbiX nenaeTCSI ~biBOll 0 

KB8HTOBbiX X8p8KTepHCTHK8X OCHOBHOro COCTOSIHHSI 
159

Er- 3/2"1521). 
. . 

B pe3yn&TaTe HCCnenoBaHHii y -nyqefi H aneKTpOHOB BHyT

peHHeii KOHBepCHH, B03HHK8IOIIlHX npH pacnane 159 Ho /8/, 06Hapy

lKeHbi 32 y -:nepexona; H3 HHX nepexon&I c aaeprHSIMH 302,6; 

336,0; 408,4; 460,5; 566,8; 588,9; 712j (.797) KSB SIBnSIIOTCSI 

HOBbiMHo H3MepeHbi BU~pBbie HHTeHCHBHOCTH y -nyqefi 14 paHee 

HS.BeCTHbiX nepeXOllOBo nonTBeplKneHbi MynbTHUOnbHOCTH 11 y-ne:-

peXOllOB H onpeneneHbi H3 COOTHOWeHHH lk/ly B03MOlKHbie MynbTH-

nOnbHOCTH nepeXOllOB C Sf!eprHSIMH 155,9 (El+M2(<2%); 159,2 (Ml); 

186,2 (El+M2(<I%));205,7 (El+M2 ki%)); 258,8·(MI+E2(<70%)); 

302,6 ( E2); 338,7 (Ml) 395,4 {E2, E2+M 1); 408,4 (E2. E2+ M 1); 

, 460,5 (E2,E2+Ml); "566,8 K3B(E2,E2+MI), Ha OCHOBSHHH"nony'IeHHbiX 
. / 1~ 

naHH~Ix npennoJKeHa cxeMa pacnana Ho. B aToii cxeMe HaMH 

BBeneHhl HOBbie ypOBHH_ ( 2_92,4 KiilB) j 544,9 K9B H ( 1107 K:SB) • 

- YcTaHOBneHbl xapaKTepHCTHKH COCTOSIHHii C aHep:HSIMH 209,0 KSB 
+ ' . -

7/2 5/2 [ 642] n 395,3 KSB - 7/2 5/2 [ 523]. OueaeH Bepx-

HHii npenen HHTeHCHBHOCTH 8HHHrHnHUHOHHOrO nHKa, 'ITO no3BOnHnO 

Yt<a3aTb npenen aaepr~n pacnana Sinep 
159 Ho .. 1 5by ( Q< 

< J7QO KSB). npoBeneH 6anaHC HHTeHCHBHOCTH H onpeneneHa 

llOnSI aneKTpOHHOrO 38XB8T8 Ha· ypOBHH 
159' 

Dy. nony'IeHHOe HH3KOe 

3H8'IeHHe "M8TpH'IHOrO aneMeHT8 •llJlSI ypOBHSI 309,6 K9B ( 4, 1 

~ )g ft ~ 4, 7) n03BOnSieT_ YCTSHOBHTb KB8HTOBbie xapaKTepHCTHKH 

159 Ho - 112- [ 523] .-·AHanH3 SKcnepHMeHTan&'nbiX llS.HHbiX H 

HX conocTaBneHHe"C TeopeTH'IeCKHMH npellCK838HHSIMH noK83hlB8eT 
. . !59 ". 159 " 

npnMeHHMOC~b o6o6meHHOii Monenu _ K SinpaM Ho H · Dy_ • 

Pe3yn&TSTbi, H3nolKeHH&Ie B 'nnccepTaUHH, nono)KeH&I Ha 

.coBemaHHH no SinepHoii cneKTpocKonuu.u Teopuu Sinpa e r.ny6He 

( 1967r); Ha XYIII e)KeronHOM coBemaH"uu no Sinepaon cneKTpo-

13 



CKOnllll II CTpyKType 8TOMHoro 5Inp8 B r.P11re ( 1968 r.) j Ha MeJK

.nynapOllHOM. CIIMnOallyMe no CTpyKType Slllp8 B r.Jly6ue (1968 r.) 

11 ony6niiK~B8Hbi B. pa6oTax14-81. . 

niiTepaTypa 

1. M.fi.ABoTIIHa 1 E.fi.fpllropbeB1 E.G.JlJKenenoB1 A.B.3onoTaBHH1 

B.O.CepreeB. 11aB. AH CCCP 1 cep. qma. 1 :ill, 530 ( 1966). 

2. H.A.Eonq-OcMonoBCKaSII H.Bpaan1 · E.n.fpllropbeB1 H.nllnTaK,_ 

r.n<jlpennep~ H~Yp6aHeUI Jl.XpiiCTOB. 11aB. AH CCCPI cep.qma.l. 

26 98 ( 1968). '· 

3. 'I'. Grotdal, K. Nubo, 'I'. 'I'horsteinsen and B·. · Elbek. 

· Nucl •. Phys., A110, 385 (1968). 

4. ~.A~A6nypaaaKoB, K.H.fpoMoB 1 )!(. T .)!(eneB, B.r .KaniiHHIIKOB, 

H.nllnTaK, Y.K.HaaapoB, H.Yp6aneu. H.nepnaH <jJI!aiiKa, §.. 633 

( 1968); fipenpiiHT OHHH, P6-3496, · Jly6Ha, 1967. fiporpaMMa 11 

TeaiiCbi noKna.noB XVIIT e~eronnoro coBeUiaHIIH no . Hnepnoil · · 

cneKTpocKonllll 11 cTpyKType SI.npa, P11ra, cTp. 79. Ha.n. 'HayKa•, 

M.-n. 1 1968. 

5. A.A.AflnypaaaKoB, H.Bpaail, K.H.fpoMOB1 )!(. T .)!(eneB1 B.f.Ka

niiHHIIKOB, H.nllnTaK, nil Can fbiH, cP.H.MyxTaCIIMOB, Y.K.Ha

aapoB, H.Yp6aueu'. 11aB. AH CCCP 1 cep.<jl11a., 26 749 ( 1968); 
r-~ / . 

fipenpiiHT OHHH, P6-34M 1 Jly6ua, 1967; fiporpaMMa 11 Te311Cbi 

.noKnanoB XVIII eJKero.nHoro coBemaHIISI no H.nepuo_il cneKTpo.:.. · 

CKOnllll II CTPYKType smpa, Pil~al CTp. 79. Han. 'HayKa•. M.-n., 
1968. 

6. A.A.A6.nypaaaKOB1 K.H.fpoMoB1 )!(. T .)KeneB1 Y .K.HaaapoB, 

c.C.Ca611pOB, s:r.CTbi'leH. Coo6meHI!e Mel!C.nynapo.nuoro CIIMno-·. 

311YM8 no CTpyKType Hllpa, Jly6Ha 1 CTp~. 32,. 1968. 

7. A.A.A6nypaaaKOB1 )!(.T.)!(eneB, B.f.Kami:HHIIKOB1 Y.K.HaaapoB; 

H.Yp6aueu. HaB. AH CCCP., cep. ljma., 26 781. (1968);-npe

npiiHT OHHH, P6-36601_ Jly6aa 1 1968; fiporpaMMa 11 TeaHCbi 

.noKnanoB XVIII eJKero.nnoro coBeUiaHHH no SI.nepuoli cneKTpocKo

nllli 11 cTpyKType smpa, P11ra1 cTp. 80. H~.n-Bo 'HayKa, • M.-n., 1968. 
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8. A.A. A6.nypaaaKoB, )!(.T.)!(eneB, B.f.KaniiHHI!KoB, H.nllnTaK, 

<I>.Monnap, Y.K.HaaapoB, H.Yp6aueu. lbBecTII.SI AH CCCP
1 

cep. qma1 26 764 ( 1968); flpenp11nT 011HI1 1 Pa-3634 1 Jly6ua
1 

1967; fiporpaMMa 11 Te311Cbi .noR:nanoB XVIII eJKero.nuoro coBe-

UiaHIHI no SlllepHOi! ClleKTpOCKOnllll II. CTpyKType Hllpa
1 

P11ra
1 

cTp. 79. Ha.n. 'HayKa' 1 M.-n.1 1968. 

PyKoniiCb nocTyn11na B lla.naTenbCKIIil oT.nen 

25 .neKa6pSI 1968 rona. 
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