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B B e .n e H H e 

nemHT B o6naCTH CHnbHO.Oe!lJopMHpOBaHHbiX H,llep; B HeM 

naBeCTHo aecKonbKO .oecHTKOB Boa6ym.oeHHbiX cocTOHHirii:. Bonbwoe KOmPJecT-

BO pOT8UHOHHbiX.ITOnOC nenaeT ero HHTepeCHhlM C TO~KH areHHSI TeopeTH~9CKHX 

H3biCK8HHii: H CHCTeMaTHKH He~~THbiX> R.llep STOll o6naCTHo 

. . 169 
B pRne pa6oT Yb nay~ancR no R.oepHbiM peaKUHRM Tnna ( d , p ) 

( d , t > I II n ( n , y ) I 2-4 I . 

111 . 
B pa6oTe B~pKa n np. MHIIIean HTTep6nR, o6orameHHbie 168 Yh n. 170Yb , · 

o6ny~anHCb neii:TpOHaMH c aaeprneii: 12 MaB aa TaaneM-reaepaTope •. 

CpaBHHTenbHO 6onbwoe, ce~eane _aaxBaTa TennoBbiX aeiiTpoaoB 168 Yb 

rr~aBomieT ycneiJIHO nccnenoBaTb 1m Yh B peaKunn (n , y). BonhWHM npen-

MymecTBOM anecb RBnReTcR npocToTa nocTpoeHim cxeMhi: paapR.llKa H.opa 

nneT c onaoro aaxBaTaoro cocToRHHR, n KamnoMy iKecTKOMy y -nepexony · 

C Hero COOTBeTCTByeT CBOii: ypoBeHbo BBH.lly 6onhWOii: nnOTHOCTH BepXHHX 

cocToRHHii: Tpe6yeTCR 6onhwag TO~HoCTb B naMep~HHRX .y -c:neKTpa. B ae-

141 
naBHo ·Bbiiiie/lmeii: pa6oTe Mnxaannca n np. aKcnepnMeHT npoBeneH B o~eHb 

XOpOIIIHX ycnOBHRX: y - CITeKTp H3Mepsmcg Ha Ge ( Li) - aHTHKOMITTOHOB:,.; 

CKOM y ·-cneK~pOMeTJ:le C BhiCOKHM pa3J:leWeHHeM. 3Ta pa~?Ta BMecTe C 
131 

_ll8~0TOii: • rne H3M9pRnCR eme J! cne~Tp KOJIBepCHOHHbiX aneKTpOHO~, H pa6_o-

Toii121, naeT o611Inpayro na!lJopMaunro o R.llpe 169 Yb na peaKunn(n , }l • TeM 
I 

He MeJiee oHa He MomeT c~nTaThCR rronHoii:, TaK KaK B (n,y) 6ynyT aacenHTb-

cR,. rnaBJibiM o6pa30M, COCTOSIHHSI C M8.1IbiMH CITHH8MH 112-, 312-, T.K. CITHH 

HCXO.llHOrO · 38XB8THoro COCTOSIHHSI 169 Yb paBeH 1/2 + • 
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llpll {3 -pacnane169Lu 1 HMe~mero xapaKTepHCTHKH OCHOBHOI"O COCTOSI

HHSI 7/21 712 + 140410 HanpOTliB1 6yJlyT npeHMymecTBeHHO sacenSITbCSI ypoll-

HH C f)onbmHMH 

UHH 168 Yb ( n 

cnnHaMH. PesynhTaTbi nsy'leHHSI pacnana 169 Lu H peaK-

, y) 169Yb nononHSIIOT npyr npyra. K nacToSimeMy apeMeHH 

6 
. 151 

HMeeTCSI TOnhKO onna pa oTa XapMapua 11 np. 1 rne cTponnach cxeMa 

ypoBHeil: u;g Yb ~s {3 -pacnana. ABTopaMn151 Ha f3 , -cneKTporpa!fle 

IISMepSI nCSI ciieKTp KOHBepCHOHHbiX aneKTpOHOB 169 Lu • J1CTO'IHHKH 169 Lu 

nony'leHhi nyTeM o6ny'leHHSI npoToHaMn c aneprnei!: 22 Mas o6orameHHhiX 

Mnmenefi HTTep6IISI c nocnenyromefi XHMH'IecKofi o6pa6oTKofi H BhiJleneHHeM 
169 Lu Ha Macc-cenapaTope. KpoMe Toro, HMeeTCSI pSIJl Jlpyrnx pa6oT1 rne 

IISMepSinCSI cneKTp KOHBepCIIOHHhiX aneKTpOHOB1 B03'HHKaiOinHX npH pacnaJle 

169Lu I 6-g~- Ha OCHOBe STHX )laHHbiX B KHHI"e llmenenoBa1 lleKeiJao. 

110/ 
CepreeBa cxeMa u 9 Yb JlOOOnHSieTCSI PSIJlOM COCTOSIHHil:1 BBOJlHMbiX 

no aHepreTH'IeCKOM;Y 6ananc_y. 
169 . 

HenocTaTKOM cxeMbi pacnana Yb • nocTpo-

1101 . . 151 
eHHOfi B pa6oTe 1 p8BHO KaK H B 1 SIBnSieTCSI OTCYTCTBHe MynhTHOOnh-

HOCTefi meCTKHX Y -nepeXOJlOB1 TaK KaK He HSMepSinCSI cneKTp Y -nyqefi. 

Uenh HacToSimeil: pa6oThi - nccnenoBaHHe cneKTpa y ·- nyqefi H3 pacna

-nepexonoB1 npoBepKa na 169 Yb • yCT8HOBneHHe.MynhTHriOnbHOCTei!: y 

151 1101 
CXeM1 Jl8HHhiX B . H saceneHHSI nonoc 

B 
169 Yb , na6nronaromnxcSI 

onpeJleneHHe B03MO)I(HQCTH 

I 1-41 
B peaKUHSIX npn {3 -pacnane, a TaKme no-

HCKHI HOBbiX B036ymJleHHhiX cocToSIHHfi B 169 y b • 

TipH60pbl H HCTO'IHHKH 

11sMepeHHSI npoBOJlHnHcb Ha Ge ( Li)...:y cneKTpoMeTpe c neTeKTopaMH 

3 
o6'heMOM· 6 H. 12 CM H paspemeHIIeM 4,5 H 5,5 KSB1 COOTBeTCTBeHij01 Ha 

nHHHSIX 6° Co • 11cTO'IHHKaMH cny)I(Hna Lu - !flpaKUHSI1 BhiJleneHHaSI xpo

MaTorpa!flnqecKH HS TaHTanoaoi!: MHmeHH nocne o6ny'leHHSI ee. npoToHaMH c 

aneprnei!: 660 M aB. 

~-.. .. , ,-., : .. ~j •• Pe3ynhTaTbi H3MepeaHii: 

PesynbTaTbi nsMepennfi npnl3eneHbi B Ta6nnue 1. 3neprnn y -nepe

XOJlOB onpenenSinHcb cnenyromnM o6pasoM: no 500 KaB ncnonhsoaanncb 
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;,-·, ... .•I' 

sHa'leHHSI sneprnil: y -nepexonoB B 169 Yb 

/9/ 

. /5/ 
no nanHhiM pa6oTbi · , B o6na-

CTH 1176-1529 KSB no JlaHHbiM 1 Bbillle 1529 KSB - 3H8'19HHSI Ey, llBH-
/8/ 

Hbie B 1 yTO'IHSinHCh no H8IIIHM H3MepeHHSIM y 

· o6naCTH OT 500-1176 KSB EV onpenensmncb ns 

-cneKTpa; B nepexonHoil: 

/5/ 
pa6oTbi c nonpaBKa:-

MH 1 onpenenSieMbiMH H3 H3~epeHHil: C npyrHMH SI!lp8MH. B K8'19CTB9 KOHTpO

nSI snecb 6pannch sna'leHHSI Ey nnSI nepexonoB y 960,3 K9B n y 1184,5 K9B - · 
/9/ 

H3 pa60Tbl . 

3Ha'I9HHSI HliTeHCHBHOCTeil: 1 K HCnOnh30B8nHCh JlnSI nepeXOJlOB JlO 

1176 /5/ /9/ 
K9B H3 pa60Tb! 1 B HHTepBane 1176-1529 KSB - H3 pa60Tbl H Bbl-

llle 
/8/ . 

1529 K9B - H3 pa60Tbl · • 

ns Kono-

HOK (2) H (3) yMHO~HTh na Benn'IHHy 4,85 10-3 , onpeneneHHyro ns nsMepe

HHil: Koslf>!f>HUHeHTOB KOHBepCHH JlnSI y -nepeXOllOB 960,3 H 1184,5 KSB. 

B KononKe ( 7) npHBOJlSI;t'CR . nonHbie HHTeHCHBHOCTH. y -nepexoJloB Jl~ .· ,, 

404 K9Bo nnSI cno~Hb!X nHKOB OHH orrpenenSinHCb H3 M ynhTHnOnhHOCTH nepe

XOllOB. B cny'lae cMelllaHHoil: MynhTHnonhHOCTH pac'I~T npoBoJlnncSI JlnSI JlO

MHHnpyromero Trtna •. B KononKe ( 6) yKaSbiBaeTcSI pacnono~enne cooTBeT""" 

CTByromero y -nepexoJla Me)I(Jly ypoBnSIMH 169 Y~ • 

. Cpenii nHHHH y -crreKTpa IIMeeTCSI nepeXOJl 1069,7 KSB 1 Bb!COKOe 3Ha-

HOCTH 

at
M4 

llnSI KOTOpOI"O 38CT8BnSieT IIpHIIIIC8Tb eMy 3H8'19HHe MynhTHIIOnh

Hnii EO+ E 2 +(Ml) . Y'laCTOK, I"Jle pacnono)Ke-!J y 1069,7 KSB· 

noKasan Ha pnc. 1; 
/3/ 

B pa6oTe B ( n , y ) peaKUHH TaK~e na6nronann EO -nepexonbi, 

no cpeJlH imx neT y 1069,7 KSBo llepeXOJlhi THIIa EO 1266,4 K9B
1 

H 

, 13/ 
1 283,3 KSB1 o6napy~ennbi9 llpOKO!f>heBbiM H llPo 1 B03MO~li01 TOI"O ~e TH-. ~ 

na, 'ITO n npn {3 -pacrrane, no BBnny 6onhllloil: norpelllnocTH HsMepennSI B 

rrepBOM cny'lae H cno~nOCTH nnKa BO BTOpOM1 nenh3SI HCKniD'II!Th H Jlpyrue 

MynhTHITOnhnDCTH llnSI nnx. 

nnSI HnTenCIIBnoro Y -nepexona 1450,5 KSB nony'la9TCSI Manoe sna'le

}Il!e ak• BosMo~no, s'fo cnenyeT ns satm~ennoil: rrorpelliHOCT!f I K. HsMepe-

HHe KOnBepCHH llnSI STOI"O nepexona . saTpynneno, TaK KaK on Ha-

xonHTCSI na ¢one o'leHh cnnhnoro nepexona 170 Lu 1449,9 KaB THna· EO .• 
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ITonytJel!l!bie peaynhTaTbi rroanommH HaM ·rrpo!Ia5monaTh, KaK aarronl!SI

IOTCSI H3 !JaCrrana 
169 

Lu H3BeCTHbJe H3 pEYc(KUHii: IIOnOCbl B 169 Yb , nononHHTh 
151 . 

H YTO'IHHTh paCCMOTpeHHbie B B035y)l{neHHbie COCTOHHHSI1 npoaHanH3Hpo-

. • I 101 
BaTh npaBOMO'IHOCTb BBeneHHSI HeKOTOpb!X ypOBHeH B 0 a TaK)I{e paCCMOT-

. peTb B03MO)I{HOCTh BBeneHHSI pSina HOBb!X Bb!COKone»<:aUlHX COCTOSIHHii:e CxeMa 

·pacnana 
169 Lu npnnenena na p11c. 2 (a,5). 

flonoca OCHOBHOro COCTOHillHI 7/2 + /833/ 

!51 11 169 
Lu X 3 pacnana apMaTueM H np.. 5bm BBeneH ypoBeHb OCHOB-

+ 
HOfi IIOnOCbl 70,_85 K8B CO CIIHHOM 912 , paspmKaiOUlHfiCSI OUHHM IlpHMb!M nepe-

xonoM • B peaKUHSIX < d , p ) ( d , t ) 
111 . 

5bm TaK)I{e o5napy)l{eH 8TOT ypo-

+ 
BeHb 11, KpoMe Toro, eme COCTOSIHIIe 8TOH IIOnOCb! 288 K8B 1312 

1 
He rrpo-

+ 
:: • SIBnmomeecSI rrpH f3 -pacrrane. KaK rrpoMe)l{yTo<JHhiii:, co crr:n:l!oM 1112 , 

5hm BBenen yponel!h 157 K8B, _ oni!aKo, r·on cna5o noa~y*naeTCSI B peaKUIISIX. 

Y'IHTbiBasr aTo, a' TaK*e TO'IHOCTh H3MepeHHSI aneprHH:I ll, Mbi rrpennonaraeM, 

+ 
'ITO ypoBeHb CO CIIIIHOM 11/2 IIMeeT 8HeprH!o 181,8 K8B0 H ero pa3pSinKa 

ocymecTBnSieTcSI BHYTpn poTaunol!l!oii: rronocbi nnyMSJ y -rrepexonaMn 

161,7 H 90,7 ..5 Kan. BenH'IIIHbi HHepiiiiOHHbiX rrapaMeTpoB nnSI ypon:Heii: rrono

Cbi OCHOBHOrO COCTOSIHIISI cornacyiOTCSI Me)l{ny C05oii:: 

E 70,8.6 181,8 288 
YP• K8B 

A= tJ.2/2 .t 7,9 8,25 8,0 

llonoca 1/2-/521/ 

llaHHaSI JJonoca IlpOSIBnSieTCSI BIInOTb llO ypoBHSI CO CIIIIHOM 9/2- KaK 

151 Ill 
np11 f3 -pacrrane , TaK 11 B peaKUHSIX ( d , p ) ( d , t ) ( cocTosltme 

284_,2 K8B TOnhKO B d , t ) ) • B ( n , y)- peaKUIIII aacenSIIOTCSJ nna 

HII)I{HIIX COCTOHHHSI 24,25 K8B 1/2- II 87,0 K8B 312-, IlpH'l~M ypoBeHh 87,0 K8B 

aacenSieTCSJ · caMhiM cHnhHbiM rrepexonoM B crreKTpe ( n , y) • YpoBel!b 

99,25 K8B 512- pa3pSI)I{aeTCSI OllHIIM IIepeXOllOM 75,0 K8B
0 

XOTSI B03MO)I{H0 

oqeHh cHnhiioe aaceneHIIe ero cnepxy. 



co 

0 'Jpo6rHb npu jl-pacnatJr HI' SoJ6y~~rdarmcR. 

---(n,l> 
L----(d,p) 

---(d,t) 

[s12 h~v•6·d·- [sro 1 
*-' 0 996.1 

%-' 0 .911.5 ./"' 

N= • o 0 ,:;: ·- · 

%'0 '-87 

/ 

/5f[n3] }5-[521] · ~-[sa] 

f69u(J 
10;3 99 

%-f523] 

Pnc •. 2. (a) CxeMa ypoaae"ll: 189 Yb 

J'7/ r_,.,J "-- T. -36-/ZYZ + ["'"' ?7/.dV//7 $lz 

~-{521/ +{511} t·Vt&• .... 

AO 1100 KSBo 
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PHc, 2. ( 6) CxeMa ypoBHell 189 Yb Bhtme 1100 KaB, 
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11HTeHCHBHOCTH y -nepeXO.llOB1 pa3pSOK8lOIIlHX ypoBeHb 243,8 K3B 

. 7 I 2-, np:n: {3 -pacna.ne n B ( n , y ) o.nnHaKOBbi ( Ta6nnua 2). C ypoBHSI 

264,2 K3B :n:~eT o.nnH y -nepexo.n 165,2 K:aB; Tiocne.nanll: lt3BeCTHbill: 

- Ill 
ypoBeHb nonocbi 487 1112 6bm ycnoBno BBe.neH EEipKoM n .np. • BosMo>K-: 

HO, on cna6o npoSIBnSieTcSI B peaKu:n:n ( d , p ) • 113 {3 - pacrra.na 
169 

Lu 

TaK:>Ke ne nonyqeHo aa.ne:>KHbiX .naHHbiX .nnSI ero BBe.nennSI. 

nonoca 5/2 /512/ 

YpoBIIH aToll: nonocbi npoSIBnSIIOTCSI np~ f3: -p~cna.ne. BrrepBbie oHa 

151 
6bma BBe.neHa XapMa'l·ueM n .np.. no :aneprnSIM poTau:n:oHHhiX nepexo-

.noB. 0IIII TBK:>Ke B036y:>K.ll810TCSI B ( d , p ) - peaKUllli ( KpoMe ypOBHSI 278,6 K9B 0 

KOTOpbiii IIpOSIBlinCSI B peaKUHli ( d , t)) • fonOBHOli ypoBeHb IIOnOCbi 191,2 K9B 

512- BBO.llliTCSI no .6analiqy :aliepr:n:li nepexo.noB. 113BecTIIhi Tim y -nepexo

.na, liAYIIllie C 3TOro ypOBHSI, a B HallieM CIIeKTpe IIpOSIBIInCSI eme rrepeXO.ll 

16~_,5 K9~ KOTOpbili MO>KHO H8IIp8BliTb HB COCTOSIHIIe 24,25 K9B0 112-. 3KCIIe-

··pnMeliTanbHbie .llBHHbie He IIpOTliBOp9'18T IIp11IIliC8HliiO eMy MynbTliiiOnb!IOCTli 

E2 (5/2- ... 1/2-). C poTaunoHnoro ypoBHSI 278,6 K3B, 712- n.neT o.nnn 

y -nepeXO.ll 87,4 K3B TliiiB M 1+ E 2 • C ypoBHSI 389,5 K9B 0 912:"' pa3M9III9HO 

.nBa nepexo.na 110,9 KaB E 2 + M 1 li 198,4 K3B E 2 , li.llYIIIHX BHyTpH poTaun-

oHnoli rronoChio'' Tiepexo.n 198,4 KaB rrpoSIBnSieTcSI 'TOnbKO rrpn {3 -pacrra.ne, 

y 110,9 K:aB TaK:>Ke B ( n , y ) - P":aKunn. Co cne.nyromero ypoBHSl: 523,0 KaB , 

·, - /5/ . 
11/2 XapMaTueM H .np. BBe.neH TOnbKO O.llliH nepeXO.ll 133,5 K8B THIIB 

M 1 + E 2 • EanaHcy :aHeprn:ll: He npoTni3ope'IftT BBe.neHn:e eme y -nepe-:-

xona 244,9 K8B aa ypoBe!Ib 278,6 712-. Cornacno :aToMy paaMemenn:IO, 

MynbTHIIOnbHOCTb ero .llOn:>KHB 6biTb THIIB E 2 • · 3UaSI HHTeHCHBHOCTH .llBYX 

rrepexo.noB ... I - 1 , M1 + E 2 H I 

BbiiiOnHSieTCSI i!PBBlinO liHTeHCliBliOCTeli .llnSI 
2 2 

Mbi orrpe.nen:n:nn: rrapaMeTp S = < gK- gR) I 

... I-2, E2 H rrpe.nrronaraSI, 'ITO 

KOHKypn:p)'_roJil!IX E 2 - nepexo.noB, 
2 

Q 0 .nnSI .llBYX pOTBUliOHlibiX 

. 2 . 2 . 
COCTOSIHHil: IIOnOCbi S (389,5) = 0,28;!:.0,14 H S (523,0) = 0,20 ;!:.0,10. 

113 6nH3KHX 3Ha'!eHHli S cne.nyeT, 'ITO COXp8HSieTCSI MarHHTHblli napaMeTp 

( g K - g R) BHyTpH IIOnOCbi.o Tiony'leHHbili pesynbTBT MO>KeT cny:>KHTb TaK)Ke 

.noBo.n_oM l3 'iwn!>3Y rrpe.nno:>KeHHoro pa3Memenn:SI rrepexo.na 244,9 KaB. 
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H.aepuuo.a.IIbiH napaMeTp 

( Ta6nuua 4). 
ami aToH: nonoCbi paae.a 12,5 Kail 

fonOB.IIOH ypoBe.IIb 569,8 K8B 0 5/2- 8TOH. nonOCbi nposiBmieTCSI B peaK~ 
UHSIX ( d , p ) ( d , t ) H npH {J - pacnaae. 0T.IIOIIIeHHSI H.IITeHCHBHOCTeH: 

y -nepexoaoa, paapmKaJOIIIHx ero npu , fJ - pacnaae H B ( n 
1 

y ) ' - peaK

UHSIX oqe.ab xopoiiio cornacyJOTCSI Me*llY co6oH: aa HCKnJOqe.aueM nepexoaa 

570,15 KSB, KOTOpbiH Ha6nJOllBnH B ( n , Y ) - peaKUHH II HanpaBIInH C 8TOI'O 

ypOBHSI B OCHOB.IIOe COCTOSIHHe. 8TOT nepeXOll .lie npOSIBIInCSI npii fJ -pacna

lle II, cneaoBaTenbH0 0 ero IIHTeHCHBHOCTb llOn*HB 6b!Tb, no H81IIIIM OUe.IIKaM, 

IIO Kpafi!Iefi Mepe, B llBa paaa Me!Ibiiie, qeM ly ( 483,8 KSB) II, T8KHM o6pa-

30M, TO(IbKO .< 0,1 I y ( 570,15 KaB) B ( n , y ) - peaKUIIII MO*eT OTHO-

CIITCSI 
K llaH.IIOMy nepexoay B OC!IOB.IIoe COCTOSIHHe. 0THOCIITenb.II8SI npHBe-

ae.aHaSI aepoSITHoCTb R (Ml) anSI y -nepexoaoa, paapSI*BJOIIIIIX aToT ypoae.ab 

IIa ypoBIIII 191,2 H 278,6 KSB nonocbx 5/2-/523/, onpeaeneH.aaSI Ila aKcnepii

MeHTanbHbiX ll8HHbiX, XOpOIIIO cornacyeTCSI C TeopeTHqecKOH BeniiqiiHOH ( Ta6-
nHU8 3). 

YpoBeHb 647,7 I<SB 7/2- npoSIBHncSI B peaKUIISIX ( d , p ) ( d, t ) II 

B fJ -pacnaae •. PaapHllKa ero IllleT Ha Te *e nonocbi, qTo II paapHllKa ypoa

.IIH 569,8 Kaa. H.aTe.acn:BHocTir nepexoaoa c aero na fJ pacna.oa H 

( n, y) - peaKUHH XOpOIIIO COBnaaaJOT Me*llY co6ofi ( Ta6nHUa 2) • OepeXOll 

383,67 K8B cna6biH H, nO-BHllliMOMy, .noSTOMy He Ha6nJOaaeTCSI B cneKTpax 

141 
npii fJ - pacnaae. Oepexoa 405,05 B pa6oTe He BKnJOqeH B cxeMy KaK 

HeHaae*HbiH0 XOTSI no 6anaHcy SHeprHfi II no MynbTHnOnb.IIOCTH M 1 ReT 
npoTHBopeqnfi anSI paaMemeHHSI ero aaecb. 

/5/ /4/ 
ABTOPbi pa6oT H HanpaBHnH y ':" nepeXOllbi 646,7 II 576,5 KSB 

C 8TOI'O ypOB.IISI Ha nonocy OCHOBHOI'O COCTOSIHIIH. 0llH8KO My~bTHnonbHOCTH 

STHX nepexoaoa, cornacno HaiiieH: pa6oTe, oKaaanHCb ( M 1 , E 2 ) H M 1 co

OTBeTcTBenHo 11 0 cneaoBaTenbH0 0 OHH He MOI'YT 6biTb pacrrono*eHb! B 'aTOM 

MeCTe CX9Mbi Me*llY ypoBHSIMH C paanHqHoH: q~T.IIOCTbiO. KpoMe Toro, IIX 

11 
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OTHOCHTenbHaR HHTeHCHBHOCTb B pacna.ne 169 Lu B necKOnbKO pa3 MeHb-

me, '!eM B ( n , y ) - peaxunn no cpanHeHHID c npyrnMH y - nepexonaMn, 

nnymnMn c sToro :tKe ypoBHSI. TaKIIM o6paaoM, yponHn y 646,7. H:sa · n 

y 576,5 KSB .non:tKHbi 6biTb pacnono:tKeHbi B .npyroM MecTe. Mbr npennonara

eM, 'ITO nepexon 646,7 KsB nponcxonnT Me:tK.lly ypoBHSIMII 925 xsn (9/2-) 

H 278,6 KaB, a 576,5 K9B1 D03MO>KH01 HlleT C BhiCOKOf'O ypoBHSI: 2039,5 ( 5/2: 

7/2-, 9/2-) -+ 1462,8 KSB (7/2-). OueHKa OTHOCIITenbHbiX nepoHTHOCTeti: 

nepexonon R ,( M 1) c ypoBHR 647,7 KSB na nonocy 5/2-/512/ H3 sxcnepn

MeHTanbHhiX naHHhiX cornacyeTCR B npenenax norpemnocTeil: c TeopeTH'Iecxoit 

ouenxotl: ( Ta6nnua 3). 11nepunoiUibrtl: napaMeTp· n2/2f nnR sTotl: nonoCbi 

paneH 11,0 KSB ( Ta6nnua 4). 

nonoca 3/2 15211 + 1521/ y- vib + 

ITepnbrtl: yponeHb sTotl: nonocbi 659,6 KaB 3/2-, npognnmomnifcg B 

( d, p ) -, ( d, t ) II ( n , y' ) - peaxuiiRx, He aacenReTcR npii f3 - pacnane, 

TaK KaK COBCeM ne BII.nHa CIInbHaH B ( n , y) niiHIIH 572,51 K9Bo Cne.noBaTenb

H01 npaK'I'H'IeCKH BCIO HHTeHCHBHOCTb nHHHH 635,4· K9B1 KOTOpaSI T8K>K9 Morna 

6b! H.nTH C 9TOrO ypOBHR 1 cne.nyeT p83MeCTHTb Me)l{.lly COCTORHHRMH 721,8 

II-87,0 KSB (puc. 2). C ypOBHSI 721,8 K9B1 BTOpOrO B 9TOil: poTaUIIOHHOit nono

ce, n.neT TBK>Ke cna6brfi nepexo.n 623 xan, no B f3 -pacna.ne He nponnnnncb 

cna6bre nepexonhr 478,20 II 442,81 xan, KOTOpbre aa6monanncb B ( n ,y) -pe-

aKUHII141. YpoBeHb 807,0 KSB noa6y:tKJlaeTCSI no ncex RnepHbiX peaxu~Rx~ 
OTHoiiielme IIHTeacnnnocTetl: nnyx yxo.nRmnx c Hero nepexonon B npenen~x 
norpeiiiHOCTll OlliiHBKOBO B ( n , y ) - peaKUHll H B {3 -pacnaJle ( Ta6nH

ua 2) o 0THOIII9HHSI npHBe.neHHbiX BepOSITHOCTeii JlnR pa3pSillKll ypoBHeil: 721,8 

II 80_7. K9B1 nonyqeHHbie ll3 9KCIIepl!MeHTanbHbiX 31l8'I9HIJ:ii1 paCXOllRTCSI C Te

opeTl!'I9CKIIMll. 3T0 1 ITO-BllllHMOMy1 npoiiCXO.niiT BCne}lCTBHe CMeiiii!BaHHH COC

TOHlniH. 

YponeHb 925 xan, npoRBIIBmuiicg B peaxurm ( d , t ) 
1 

B03MO>KHo, 

aacenSieTCSI II B f3 -pacnane. C aero Mo:tKeT HllTII y -nepexon 646,7 xan. 

MynbTimonbHOCTII Ml , E2 . na yponeHb 278,6 xan 7/2-. HaepuiioH!Ibiit napa-

MeTp 1i2 I 2 t .nng aToii nonochr paneH 12,3 ( Ta6nnua 4). 
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llonoca 3/2+ /651/ + /633/ 

DaHHaSI nonoca aoa6y:>KnaeTcSI cna6o npn f3 -pacnane. Ypoaem,; 
+ 

720,0 Kaa, 3/2 He npoSIBimcSI, TaK KaK HeT cnnbHoro y -nepexona 

720 K~m, KOTOpbili: Ha6monann B ( n, y ) - peaKUIIH. YpoBeHb 761,7 KSB. 
+ 

5/2 Mbl BIInHM no nayM nepexonaM 760,9 H 690,3 K9B
0 

OTHOllleHHSI IIRTeH-

CHBilOCTeli: KQTOpbiX B {3 -pacnane H B ( n , y ) - peaKUIISIX npn6nii3H

TenbHO paBHbi ( Ta6nnua 2). 06a nepexona paapSI:>KaiOTCSI aa nonocy ocaosao

ro COCTOSIHHSio flpoTHBOpeqm'i B MynbTHnonbHOCTSIX HeT. J1aepUIIOHilbili: napa-

MeTp 11?/ 2f nnH aToll: nonocbi paaen 8,35 ( Ta6nnua 4). 

llonoca /512/, y- vib. + 1/2-/510/ 

YpoBeHb 813,4 KaB 1/2- ll:a6niOnancSI B ( n. Y)- peaKunn. C Hero 

nneT c.nnhllbili: nepexon' c all:eprneii 726,36 Kaa. Mbi Ha6niOnaeM B cneKTpe 

IIpH f3 - pacnane nHHHIO 725,8 KaB. flpOTHBopeqnif B MynbTHnOnbHOCTH HeT. 

OnaaKo To, 'l:TO npyrne ypoBHH aToii nonocbi He npoSIBHniicb, aacTaBnSie·T 

aac TeM 6onee C'l:HT8Tb ManoaepoHTHbiM n aoa6y:>Kneane nepsoro cocTOSIHHR 
CO CnHHOM 1/2-. 

. + 
llonoca 5/2 /642/ 

Hn onnH na ypoaaell: aToii nonocbi, soa6y:>KnaiOmeiicSI B (·d, p)- (d, t ) -
Ill 

peaKUHRX • ne npoSianncSI npn 13 - pacnane 169 Lu • 0TcyTcTane npRMoro 

{3 - pacnana MO:>KeT 6biTb. CBSI38JIO C CHnbJibiM 3anpeTOM no 8CHMIITOTH-

'l:9CKHM KBaHTOBbiM 'l:HCnaM. 

YpoBeHb 869,6 KSB 

1101 
B KHnre D:>Kenenoaa n np..- yKaaaH ypoaenb 870,1 KaB, c KOTo-

poro_ nnyT nepexonh~ 591,4, 480,5 n 708,9 Kaa. Mbi ·annnM ypoaeHb 

896!6 KsB co cnnnoM_ 7/2-, paapSinKa K()!oe_oro ocymecTBnReTcR y -nepexo-

. . . /10/ ilaMn 590,8, 480,3 n 108 Kaa. nnHHR 70719 KaB, .KoTopaR, cornacHo , nneT 
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Jia ypoBeHb 161,6 KSB C llOJ'IO)I{HTeJ'IbHpil: 'LJ:eTHOCTbJ0 0 He. MO)I{eT 5biTb pa3-

MellleHa aaecb, TaK KaK ee MYJ'IhTHnonhHOCTh M 1 , E 2 • Mbi C'LJ:HTaeM, 'LJ:To 

OH8 paCTIOJ'IO)I{eHa. Me)I{Jly ypOBHHMH '807 KSB (7/2-) H 99,25 KSB (3/2-). 

flo-BH.lUIMOMYt HMeJOTCH JlB8 5J'IH3KO paCTIOJ'IO)I{eJIHb!X COCTOHHHH 

869,6 KSB 7/2- H 870 KSB 0 11/2-, K = 5/2. Pa3HHU8 B CITHH8X o5ycnaB-

J1HBae1· H paanH'LJ:He B cnoco5ax paapsrllKH STHX ypoBHefi, oTKyaa cneayeT;· 

iiTO o5Cy)KJlaeMOMy COCTOHHHJO 869.6 K3B HeJ'Ib3H llpHTIHC8Tb CTIHH } 1/2. 

YpoBeHb 960,3 KSB 7/2, 7/2 /514/ 

/5/ 
XapMaTUeM H llPo 5b!J10 BBe)leHO COCTOSIHIIe 962,4 KSB C C8MbTM 

CHJ'IbHhiM aaceneHHeM H3 pacnaaa 169 Lu • 0HO T8K)I{e llpOSIBJ'ISieTCSI B 

·· ( d , p ) - peaKUHH/ 1 I. Cor nacHo yTO'LJ:HeHHhiM aaHHhiM 0 c Hero HllYT 

nepeXOllhl 960,3 H 889,5 K3B 0 MYJ'IbTHTIOJ'IhHOt?Jb KOTOpb!X H3 H8ll!HX H3Mepe

HHH· nonyqaeTcsr E 1 • CooTHOIIleHHe npuBeaeHHhiX BeJ::OHTHOCTeil: nepexo

llOB HI!! OCHOBHYJO TIOJ'IOCy H3 SKCnepHMeHT8J'IbHbiX ll8HHh!X X?POIIIO cornacy

eTCSI c TeopeTH'LJ:ecKHM ( Ta5nHua 3). Ha ocHoBe cxeMbi HnnbccoHa· Xap_MaT-

/5/ - . 
ueM H llJl• . STOM}' COCTOSIHHJO 5b!J'IH nplillHC8Hbl xapaKTepHCTirKH 7/2 /514/ • 

/4/ 
B pa5oTe BBOllliTCSI pOT8UliOHHOe COC.TOSIHHe HBll HHM C SHeprneil: 1064 K9Bo 

OaHaKo ansr BBeaeHHSI ero npH fJ -pacnaae y H8C HeT HHK8KHX OCHOBa-

HH~. B cneKTpe IIMeeTCSI nepeXOll 1064,1 K9B0 HO MYJ'IbTHTIOJ'IbHOCTb ero He 

E 1. llpyrne nepeXOllhi' c Hero 'TO)I{e paaMecTHTh Henbasr. 

YpoBeHb 1449, T KSB 9/2, 9/2- /505/ 

/5/ 
B pa5oTe . aHeprnsr aToro ypoBHSI 5hma onpeaeneHa KaK 1452 K9B 

1 

H paapsraKa c Hero ocymecTBnsrnacb nsrTbJO y -nepexoaaMII. Mbi C'LJ:HTaeM, 

'LJ:TO C Hero MO)I{eT HllTH JleBSITb Y -nepeXOllOB0 MYJ'IhTHTIOJ'IbHOCTH KOTOpb!X 

He npoTHBopeqaT o5meil: cxeMe. H, B03MO)I{H0 0 aaech )l{e qacTH"'HO pacnono

)l{ell Y -nepexoll 1378,5 K9B. YcpeaHSISI sHeprHJO ypqBHSI no seeM Y -nepe

xoaaM, Mhi nony"'HJ'IH aHa"!eHne ansr Hero 1449,7 KSB, npH aToM ,cornacHo 

tSanaHCY 9Hepruil: JlJ'ISI Bcex J'IHHHH 0 HeT OTKJ'IOHeHHH 50J'Ibllle 0 "!eM HB 0,5 KSB 0 
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sa ncKmo'Ie.llneM npSIMoro nepexoaa 1450,4 KsB, oma6K8 · B onpeaene.IIHH Ey 
/9/ 

JlnSI KOToporo, BliJlHM00 .lleCKOnbKO 38.11H>Ke.lla B p8,60Te • 8TO MO>K.IIO CBS!.,. 

38Th C .llanH'IlleM 6nH3Koro no S.lleprHH li O'Ie.llb H.IITOHCHB.IIOI:O nepEiXOJl8 B 

pacnaae 170 Lu • 

C _ytt~TOM 3li8'Ie.IIHSI log ft · JlnSI {J -pacnaJl8 .118 STOT ypOBe.llb B 

/5/ 
p86oTe , cornac.11o cxeMe Hnnbccoll8, eMy 6bmH npnnHC8llbi xapaKTepncTl!KH 

9/2, 9/2 :.. /505/. Hs .11amnx Jl8llllbiX nony'I8eTCSI log £t = 6, 75, 'ITO T8KX<e 

YK83I,JBaeT .118 THn fJ -nepeXOJl8 K8K nepBoro rropS!JlK8 sanpeme.IIHSI aesaaep

>K8.11Ilblii: ( 1 u )( T86nHU8 5) •· ConocTaBne.llne OT.IIocnTenbllbiX npnaeaeiiiihiX 
1 aepoSI~IIocTeii: R(El) c sToro ypoB.IISI II8 oc.Hoa.11yro nonocy Jl8no xopo-

mee corn8cne Me>KJlY sKcn~puMeiiTanbiihlMH n TeopeTn'IeCKHMH 3Il8'Ie.IIHSIMH 

( Ta6nnu8 3) • · 

YpoBeHb 1482,8 K8B 7/2, 7/2-/503/ 

XapMaTueM u ap.
151 

aaeae.Ho a cxeMy 
169 

Yb cocTOSIIIne 1465 KsB, 

p8spSI>KaromeecSI qeTbipbMSI y -nepexoaaMII. Cpeaiiee 3.118'IeHne siieprnu no 

pasnH'IllbiM nepexoaaM y li8C nony'I8eTcSI 1462,8 KSB. Mbi aononHSieM tincno 
j 

nepeXOJlOB C STOrO ypOBHSI JlO BOCbMll. Bee O.IIH COBMeCTHMbl no MynbTHnOnb-

HOCTH, 38 HCKnroqeHHeM ne peXOJl8 1391,7 :KSB, MynhTHnonb.IIOCjb 'KOTOporo E 2 • 

flpH o6rueii: cno>KHOCTH CXeMbl 169 Y b ll BBliJl}' OTCyTCTBHSI npH'IH~MelliaiOlliHX 

paspS!JlK~ ypoB.IISI 1462,8 KSB .118 BTOpoe COCTOSI.IIHe· 9/2 OCHOBHOii: nonOCbi, 

MO>Kllo npeanono>KIITh, 'ITO aaecb npncyTcTByeT qacTh y· 1391,7 KSBO Mynb

TnnonhHOCTH E 1 , a apyr8SI >Ke ero '18CTb 6yaeT' THn8 M.l n p83Meme.lla 

B JlpyrOM MeCTe. I1CXOJlSI lJ3 STOrO, Mbl OUeHHnH ero B03MO>KHYIO liHTe.IICliBHOCTb 

I y( E 1)., 30. flpli STOM SKcnepnMe.IIT8nhli8SI BenH'Illii8 R ( E 1) JlnSI 

pa3pS!JlKll ypOBHSI '1449, 7 KSB H8 OCH03IIYIO nonocy B. npeaen8X ,norpelliHOCTeii: 

coanan~ c TeopeTH'IecKoii:.· Oue.11naaSI aosMo>KIIbiii: Tun {3 -pacnaaa Ha ypo-

/5/ 
Be.llb 1462,8 KSB, cornaCIIO CXeMe HnnbCCO.IIa, B pa6oTe STO COCTOS!HlJe 

6bmo onpeaene.11o Ka~ OJl.IIO'IacTH'I.IIOe Tnna 7/2, 7/2- /503/. flo IIamnM Jlilli

HhiM1 Tun fJ -p8cn8Jl8 .118. :i:ITOT ypoBellb TaK:>Ke nony'I8eTcSI nepaoro 

noostJlK8 s8npeme.IIHSI, IIe38Jlep:>K8IIHbit1: CI u ) ( Ta6nnu8 5) • 

15 



y H /J BH6pB.IIHOHHbie ypOBifll 

B 6nnsKnx K 169 ·Y b 'feTHO-'feTHbiX napax 16 8 Yb n · no Yb nsnecTHbi 

y -BH6paUHOHHbi8 COCTOSIHH.H C SHeprHSIMH 986 H 1140 K8Bo B pa6.QTe 
. . I 1/ . 

EepKa H !tP• Y -BH6paUHOHHbiM ypoBHeM OCHOBHOT'O COCTOSI liH.H 169 yb C'fli-

+ . 
TaeTCSI ypoBellb 720 K8B, 3/2 o flo-BHrtliMOMy, 8TO - Hli)IU!SI.H KOMIIOHeHTa 

+ I + . ay6neTa 7 I 2 :!:_2, a nepxliSI.H - 11 2 - aomKlla 6LITb pacrronmKeaa rrpn 

1400 K8Bo 

EeTa-nn6parmoHHLre ypoBHH n 
168 

Yb n 
170 

Yb nMeiOT sueprnn 1150 
H 1065 KSB COOTBeTCTBellliOo flpHMepao TaKyiO )1{8 SHepr'HIO MO)KeT HM8Tb 

+ f3 - nn6paunoHHbifi yponeab B 169 Yb • TaK KaK ero xapaKTepHCTHKH 712 -

OCHOBHOT'O COCTOSIHHSI, TO OH rtOn)KeH sacenSITbCSI IIpl! T8Kl!e )Ke, K8K l! y 

pacnane 169 Lu H pa3p5I)K8TbCSI EO+ E 2 nepexonoM B OCliOBHOe COCTOSI-

nne. B cuny sTnx coo6pa)l{eHnfi MLI rrpearronaraeM, 'ITO rrepexort 1069, 7 KSB 
- -

COOTBeTCTByeT pa3pSinKe {J -BH6paUHOHHOrO ypOBHSI, T8K K8K ero Mynb

Tl!IIOnbHOCTb EO+ E2 • 

• Ha ntopofi yponeub ocuonnofi rronochi Mor 6bt HrtTH c nero y -nepe

xon c :=meprHeii 998,8 KSB MynbTHnonhnocTu E 2. OuenHBaSI ero HHTencnnnocTb 

no rrpannnaM Anara, rronyttaeM .I ,. 5 n, cooTBeTcTnenno I K .. 3. TaKofi 
y .. 

cna6btfi rrepexoa KaK n ~~~~MepeHHSIX y -cneKTpa, TaK n n nsMepeHHSIX cneKTpa 

151 
KOHBepCHOHHLIX sneKTpOHOB 38MeTHTb Tpynno. 

'YpoBHH c :aneprneii > 1500 M:aB 

ITpn nne.z:~enHn yponuefi no 6anaucy snepnrfi rrpSIMbiX n . KacKaJlHbiX 

y -rrepeXOrtOB B03HIIK88T 6onbiU8SI BepOSITHOCTb IIOSIBneHHSI .cnyqafiHbiX 

. cyMM sneprnfi, anyx, Tpex n 6onee KacKartoB. Bnnay 6onbiUofi rrnoTnocTn 

ypOBlJefi B liii)I(li8H 'f8CTH CX8Mbi MO:lKliO II308:lK8Tb II05IBneHU5I nO:lKlibiX 

ypOBHefi, TOnbKO lipHHHM85I BO BHliM8HHe !tOliOnHHTe~blibie tPH3H'feCKHe tPBKTbio 

K HliM Mbi OTHOCHM COBMeCTliMOCTb MynbTHIIOnbHOCTefi Y -nepexOrtOB, nny

lllHX na nsnecTHbie yponan, n C'fl!TaeM 6onee rrpertiiO'fTHTenbHblMH ns nos

MO)I{HLIX yponnefi Te, KOTOpbie pacrrartaiOTCSI na ypOBHli O.z:IHOll pOT8UHOHHOll 

rronocbio 
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TpyaHocTH nocTpoeHHSI cxeMbi pacnaaa Mo:lKHO noKaaaTb no peaynb-
/4/ 

TaTaM Hay'leHHR ( n, y) peaKUIIH • Dpn . sneprHSIX OT 1 ao 2,6 Mas 

npoSIBHnocb npH6nH3HTenbHo 30 ypoBHeii: no npSIMI>IM y ·-nepexonaM c 

38XB8THOro COCTOSI HHSI 1/2 + o B ll9HCTBHTeJibHOCTH HX 3H8'1HTellbHO 60llb11Ie,· 

T8K KBK Ha MHOriiX II3 ypOBHeil C I = 1/2 II 3/2 MoryT CyiiieCTBOB8Tb po-. 

CllHII8MII 5/2, 7/2, 9/2, KOTOpb!e MOryT npoSIBIITbCSI TaUIIOIIHbie ypoBHH CO 
169. 

npii f3 -pacnaae Lu c 1T ·-· . . • . 

I = 7/2 • K HIIM cneayeT ao6aBIITb HepoTa-,. 

UIIOHHbie ypoBHH, KOliii'IeCTBO KOTOpbiX eiiie 60llb11Ie~ J1a 9TIIX OU9HOK cne

nyeT, 'ITO B CpeaHeM ypOBHII IIllYT 'lepe3 5 K3B II ll09TOMy IIMeeTCSI B03MO:lK

. HOCTb OUeHHTb liiiiiib Te H3 HIIX0 KOTOpbie 3acemnOTCSI C 60llbiiiOil: BepoSIT

IIOCTblOo K HIIM Mbl OTIIOCIIM COCTOSIHIISI: 1669,2, 1590,6, 1616,2, 1676,3
0 

1781,3, 1795,5, 2039,5 H 2237,5 KSB (puc. 26). 

To'IHOCTb aHepreTII'IecKoro 6anaHca anSI uux ne BI>IXOllHT aa npeaenbi 

0,5 K9B llliSI llOll8BliSIIOIUero 60llb1IIHIICTB8 liiiHHH
0 

HCKliiO'I8SI TOllbKO ypOB9Hb 

2237,5 Kas, aHepruSI nepexoaos c KoToporo II3Mepeua c Menbmeil: TO'IH~CTJ;>IO. 
Co acex npuaeaeHHbiX ypoaueii: ua6nroaaeTcsr paapSillKa Ha .onpeaeneH

Hbie nonoCbi. 0THOCIITenbHbie npuaeaeHIIbie BepoRTIIOCTII ux paapSillKH R ( L ). 

noKaaaiibi B Ta6nuue 3. · 

Cpe)lH nepe'IHCll9HHbiX COCTOSIHHil: B peaKUHH ( n , y) H86liiOll8JlOCb 

TonbKO oauo - 1616,2 KaB 3/2- /3,4/. Ouo paapSI:lKaeTcSI y -nepexona

MII Ha 4 ypoBIISI nonochl 1/2- /521/. 3uepruu nepexonoa, IIllYIUHX c Hero, 
/4/ 

B (. n , y) - peaKUIIH C0Bll8ll810T C H81IIIIMII 3fi8'19HIISIMHo B IIHT9HCIIBHO~ 
CTSIX TO:lKe HeT SIBHb!X npoTHBOp9'111ii: ( Ta6nuua 2) 

0 
XOTSI e'CT9CTB9HHO, 'ITO B 

IIBIIIIIX ycnoBHSIX aacenenuocTb ero HeaeniiKa 11 ·. y -nepexonbi HllYT. cna-

6bie, KpoMe y 1529,6 Kaa. BepoSITHOCTII paapSIJlKil ero Ha nonocy 1/2~ /521/ 

~PIIBelle!Ibi B Ta6nHue 3. ~poBeHb 17~1 03 K9B 6bin BBeneH ll:lKenenoBb!M II 
/10/ 

ap. B cX:eMy tm Yb • 3neprHSI ero paBHSinacb 1784.4 Ks~. OnuaKo . 

TOllbKO ana Ha y -n.epexoaoa, Hllymux c Hero, MO:lKHo ocTaBHTb .a aToM 

MeCTe CXeMblo 9TO .821 H 1781 K9Bo Depexoa 1708 K9B IIMeeT .MYllhTIIllOllh-
fiOCTb M I unu E 2 II He MO:lKeT HllTH . lla ypoBeHb C nonO:lKHTenbHOil: 

•IeTIIOCThiO, a anSI Y 1591 KSB nony'laeTcSI OTKnoiie.HIIe B 6anaHce aiieprHii 

IIeCKOllbKO 60llhiiiHM 0 H Mbl C'IHTaeM, 'ITO OH MO:lK9T 6b!Tb C 60llbl1Ieil: Bepo- . 

HTllOCTbiO pacnono:lKeH B apyroM MecTe. OueiiKa log ft nnR f3 -pacnana 
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Ha BBOJlHMbie HBMH ypoBim ne>KHT B npenenax 7,0-7,9 ( Ta6nnua 5). Ecnn 

npennono>KHTh, qTo B. HHX npncyTCTByeT KaKan-To nonn onHoqacTnqHhiX coc

TonHnii, TO, cornacHo cncTeMaTHKe nnn f3 -pacnana B Heq~THhiX nnpax, 

u 111/ . 
npuBollHMon B pa6oTe . ( Ta6nnua 6), sTo non>KHhi 6hiTh paapellieHHbie 

'--

38TOp1110>K8IIHbi8 "ah '~ HnH nepBOro nopHJlK8 aanpemeHHSI H838TOpMO>K8HHbl8 

'~I' u ,_ f3 -nepeXOJlblo "ah" HCKniOqaeTCSI 1 TBK KBK BCe ypoBHH HMeiOT 

oTpuuaTenhHY~ _ q~TJIOCTh. CnenoBaTenhHO, BoaMo>KeH {3 -pacnan Tuna "I u ". 

Cpenu BoaMo>KJibiX onHo•xacTHqHhiX cocTonHnfi, cornacHo cxeMe Hunbcco-- . 
1121 . . 

Ha , nnn napaMeTpa ne¢opMaunn 0,3, npncymero sToH: o6nacTH Hnep,· 

OCT88TCSI OJl!IO He38HSIT08 COCTOHJIH8 1 JlnH KOTO.poro He 6yneT aanpeTa no 8CHM

TOTHqecKHM KB8HTOBbiM qncnaM I13 pacnana 169
- Lu 712-t- 1404/. :3TO 

512-1 _503/ • CnenyeT O>KHJlBTh, ~To ypoBeHh. c nono6noH: npnponoH: 6yneT 

pacnanaTbcn,aeponTHee Bcero,Ha nonocy K 17 = 512-. CpenH BBOJlHMhiX 

COCTOSIHHH HMSSTCSI 1569,2 K9B 1 712-, ( 912-) 1 pacnaJl8IQJli8eCSI Ha !I!PH ypoB

HSI onnoH: nonoChi 512-/5121. BoaMo>KHo, oHo nBnneTcH ypoBJieM poTauHoH

HoH: nonoCbl1 OCHOBBHHOfi Ha COCTOSIHHH 512- I 5031. 0TJIOCHTenbHbl8 npuBe

neHIIbiS aepoHTHOCTH nnn paapSIJlKH ero na nonocy 512.., I 5121, nonyqeJIIIbie 

H3 9KCnepuMeHT8nhHbiX OUeHOK 1 B npenenax norpelliiiOCTeH He npoTHBopeqaT 

T80P,eTHqeCKHM 1 qTo MO>K8T T8K>K8 cny>KIITb JlOBOJlOM B nonhay TOr0 1 qTO 

- XOTSI 6hi qaCTb npHMeCH COCTOHHHSI C K 17 = 512- JlOn>KHB 6b!Tb eMy npn.,;. 

cyma. XapaKTep OCTanbHbiX ypOBHefi 'He SICeH. npn HX 6onhlliOH nnoTHOCTII 

6yneT oqeHb CHnbHb!M slf>lf>eKT CMelliHB8HIIHo 

fJ - pacruux 

.Unn onpeneneHHSI aaceneiiHOCTH YPOBIIeH: 169 Yb. 3HaqennH: lOI;( ft. co

OTBSTCTBYIOIUIIX {3 - nepeXOJl8M H8 HHX1 H onpeneneHHSI THnOB f3 -pa~na-
1 169 

JlB H8MH 6bin OUSHeH 6anaHC HHTeHCHBIIOCTefi IIpH pacnane . Ln.100% COC-

TaBnnna cyMM8 HHTeHCHBHOCTeH Y -rrepeXOJlOB1 HJlyiUHX H8 OCHOBHOe COC

TOSIHHe1 qTo COCT8BHno B 8JlHHHU8X Ta6nHUbl Iy (KonOHKa 3) Benuquny 4100~ 

0ueHK8 HIITSHCHBHOCTH 
. 151 

K- peHTreHoBcKnx. nyqefi no XapMaTuy coc-

TBBnneT BennqHHy, MeHhlliYIO 4870. BbtqeT nonHOH HIIT8HCHBHOCTH KOHBep-
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cHoHHhiX aneKTponoB ( 970 en.) naeT saaqeaHe nmr. 100% pacnana 

169 Lu < 3900, 'ITO aennoxo cornacyeTCSI c aaiiJeii BenH'IHUoii 4100. no-

. nyqeHHhl8 B pesyJibTaTe 8TOrO saceneUHOCTll ypOBH8H H COOTB8TCTBYIOIIIII8 liM log ft 

yKasaHhi na cxeMe pacnana (pH c. 2). B Ta6nHue 5 npHBeJleHhi BosMo)KIJ.bie 

BHJlhi f3 -nepexonoB npH pacna)le 
169 

Lu • 

B o6sope rpoMOBa nana CHCTeMaTHKa JlJlSI .f3 -:pacna)la B neqeTJih!X 

~ I 11/ 
S!llpax CHJlbHO)leljlopMHpOB8l!HOii 06JiaCTH • npeneJibl JlJISI log ft , nonyqeH-

llbl8 ns pSina aKcnepnMeJITanbllbiX pa6oT, HMeroT 6onee BbiCOKoe saaqeane, 

qeM rronyqeHHbr.e Hs pacqeTOB HHnbccona -MoTTenbcona H H3 pacqeToB Co

noBbeBa c nonpanKaMH na cnepxTeKyqyro Monenb ( Ta6nnua 6): 

Hawn nannbte nnSI f3 -nepexona THna "ah" Ha ypoBeHb 9/2-r 70,85 KaB 

OCHOBHOH llOJlOCbl Jiyqrue COBlla)l8IOT C CIICT8M8THKOii1 COCT8BJ18l!HOft no, 

8KCnepHM8HT8JlbHOMY MaTepnany • 

log ft nnSI f3 -nepexonoB THna "1 u" na ypoBHH 960,3, 1449,7, 

1462,8 KaB ne BbiXOJlSIT sa npenenhr., onpenenSI·eMbie pac'IeTaMH Hunbcco

na-MoTTenbcona H ConoBbeBa. 

HeT npoTHBopeqHfi c Ta6nnueii 6 H nnSI {3 
pacnana 169 Lu na HH)KHHe nonocbi 100 Yb • 

-nepexonoB THna ''1 u " 

Bee sHa•IeHIISI log £t } 

flHTepaTypll 
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Ta6nHua I 

nepeXOllbl B 169 Yb • B03HHKBIOWHe npH pacnane 
189 

Lu 

Jl( . 100 11.. • iDO cXIl.I03 THn llepexo.lt Er ToC" uh,~- rr,·x~s Mym.Tirt- Te s ~-(3) 3KCfi. non:oaoc-· . Ei- £:! K·~a rs1[g][13] ")-K(,h Tlrt 

I ·2 2 4 5 6 ? 

24,25 (28600)H E3 24,25 - - 0 >22'10t) 

62,?5 (36000)n (32)p MI+E2 8?,0- 24,95 480(H) 

70,85 '"'>8650 (9I)p Mli-(E2) ?0,85 - 0 855(a) 
75,0 CJI. (I5)p E2 99,25 - 24,.25 l42(H) 

. 87,4 ;>33300 145+10 >IIIO MI+(E2) 278,6 - 191,2 685(H) 
--90,75 > 9300 } 32±.7 1700 MI,MI+E2 161,6 - 70,85 66 

92,0 11300 MI 191,2 - 99 ,.25 68 
104,35 9650 38±.8 1230 M1+(E2) 191,2- 8?,0 86 
108,0 1330} 138±.10 1200 (EI) 869,6 - 761,7 38 
II0,9 > 28000. E2+MI 389,5 - 278,6 2?2(H) 

133,5 ..... 2660 15±.5 860 Ml+(E2) 523,0 -- 389,5 22 
144,6 4650 . 32±.? ?10 E2+Ml 243,8 - 99,25 · 41 (H) 

15?,0 3830 73±.8 250 E2 243,8- 87,0 109 
161 t '7 (1500)p 25±.8 (1!:2) J.b1,6 - 0 39 
165,2 4~30 J 108t,II 220 E2 264,2 - 99,25 132 
166,5 665 . (E2) 191,2- 84,25 24 
19!,4 9650 !050±.?0 44,5 EI 19! ,2 _...; 0 nos 
198,4 1000 33t.II 150 E2 389,5 - 191 ,2 41 
226,2 ...., 233 . IIt.S 100 E2 1676,3 -1449 '7 I3 
244,9 (370)p 20±.6 (E2) 523,0 -- 2?8,6 22,5 
258,? 900 16±.6 270 MI 647,7 -- 389,5 20 
291,6 800 16±.6 240 Ml 569,8 - 2?8,6 20 

"369,6 800 41±.5 94,5 MI 647,? - 278,6 45 
379,2 1800 104±.7 •84 MI 569,8 -- 191,2 II3 
404,6 133. ~II ~59 Ml 647,? - 243,8 6 ~2 
456,8· 366 28±.6 63 MI 647,?- !91,2 
470,8 ......, 266 22±.5 58,5 MI 569,8 -- 99,25 
480,3 .-..I 50 6 ±.3 40 MI ,E2 869 ,6 - 389,5 
4.83,8 123 10±.5 59 Ml 569,8- 87,0 
489,5 ..; 56,5 ~ 10 >2? MI 1449,? -960,3 
548,6 II6,5 (a) 647,?- 99,95 
563,3 76,5 14±.5 :26,5 M1 807,0 -- 243,8 
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I .2 3 4 5 6 

I3II ,9 4,I±.I ,0 I2±.6 I, 7±.1,3 E2(EI ,MI) I590,6 - I78,6 
I3I7,9 4,8±,1 ,o 6 ,0±.6 4±.4 2039,5 -- 721,8 
1326,4 B,O±.I ,5 27±.5 I ,4±.0 ,6 1:!;2 I590,6 -- 264,2 
l338,I IQ±.2· 63±.13 0,77±.0,3I EI 
1350,I 6 t 7±.I ,4 8±.4 4 ,I±.2 ,8 MI,E2 I449,7 -- 99,25 
1354,5 5 ,I±.I ,4 8±.4 3,I±.2,4 MI(E2,EI) 
!372,5 3,B±,I ,3 8±.4 I ,8t,I ,5 E2(EI ,MI) I6I6,2 -- 243,d 
1375,8 I2±.2 

' (EZ) I462,8 -- 87,0 
!378,5 28±.3 l U5±.I5 I ,4±.0,4 

I449,7 -- 70,85* 
I39I,7. 29±.3 75±.I5 I ,9±.0 ,6 E2 * I462,8 -- 70,~5 

I4I0,7 6 ,Q±.I ,5 9±.3 3,3±.1,8 MI,(B2) 
I424,8 3 ,3±.0 ,5 7!},5 2,3±.I ,5 MI,E2 . I6I6 ,2 -- I9I ,2· 
1429 14,8±,1 ,3{ 16t.IO 4,9±.3,4 (M1) 
1431 2 ,4±.0 ,5 J (MI) 2237,5 -- 807 
I450,4 33±.6 44Q±.IOO. 0 ,36±.0 ,I4 EI I449,7- 0 
I462,8 I3±.2 62±.!3 I ,0±.0 ,4 EI,(E2) I462,8 - 0 
I466,2 22±.2 } I55±.I5 I ,0±.0 ,3 I467,0 10±.2 
1497,7 6,0±.0,5 8±.4 3 ,6±.2 ,I MI ,(E2) 
I502,9 5 ,0±.0 ,8 8±.4 3,0±,2,0 MI,E2 I78I ,3 -- 278,6 
I517,0 7 ,4±.I '7 j I2±.6 3 ,4±.2, 7 MI. I6I6,2 - 99,3 * 
I5I9,6 I ,0±.0,3 I590 ,6 -- 70' 85 
I524,4· 3' 8±.0 ,6 7.:!:4 2,6±.1 ,8 MI ,E2 
1529,6 . I2, 7±.I ,5 29±.6 2,I±.O, 7 MI, (E2) l6I6,2 -- 87,0 
I59I !3,7±.0,9 24±.5 2,8±.0 ,8 M1 2237,5 - 647,7 
I595 3,9±.0, T -57 ~ 2,7. (illl) I6I6,2 ----24,25 

!605 2,5.:!;2,0 I5±.3 0,80.t.0,40 EI ,E2 (*) 
I619 7 ,9±.I ,o 25±.4 I ,5±.0 ,4 E2,MI 
I657,7 I'7 ,2±.1 ,o . 30±.5 2, 8±.0 ,6 {MI) 

I677 3,9.:!;0,9 22±.4 0,85±.0,38 EI,E2 I676,3 - 0 
1682 8,1±.0,9 22±.5 I ,8t,O, 7 MI (E2) 1781,3 - 99,25 
I690 5 ,5±.1 ,o 17±.5 I,6±.0,8 E2,lvi1 
1696 I ,9±.0 ,5 f:7 ~I,5 MI (E2) I795,5 -- 99,<:5 
I70d 8,4±.1 ,o 28±,4 I ,4±.0 ,5 M.t ,E2 1795,5 -- 87,0 
I730 I ,4±.0 ,5 65 .? I ,3 MI _(E2) :;;~-

1761 5,0±,!,5 20+_5 I ,2±.0 ,4 MI,E2 2039,5 -- 278,6 
I78I 6,B±,I,O ~3±.6 0, 75±.0,25 EI ,E2. I78I,3 - 0 
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I 2 3 q: 5 
187! 4,5i1,o 7±4 1,5±1,2 1906 1,9±.0,6 (a) -1972 2,3± 0,4 16±5 

b -

0,7±0,3 .E2(EI,MI) 1984 1,45±0,35 20±7 0,35±0,17 EI 1993 . 1,0±0,4 21±7 
223.7,5 - 264,2 

0,23±0,16 EI 2066 1,3 ';f_O ,5. ~5 ~r,2· 
Ali 2094 4,4±1,0 26±4 0,8±0,4 E2, MI 2139 1,o::1o,2; ~ 0,56±0,40 EI,E2(MI) 2160 1,35±0,25 ~5 . ?1,3 (Ali) 2223 1,6±0,6 7±3 1,1±0,9 2236 . 0,95±0,47 20±7 0,23±0,18 EI 2300 0,50±0,25 6£3 0,4±0,4 EI,E2 

2237,5 - 99,25 

2237,5 - 0 

fipuueqanue:i)3nax (a) B CTon6~e{3)oanaqaer, llTo HHTeHcHBHocrh rauua
Jiytietf O~eHHTh TPY.1{HO. BBU)(y 60Jlhmoro KOUliTOH-qioaa HJlH 
Hanara~erocn nuxa )(Boinoro BUJlera. 

~ aK)p HJlH { T~p onpe)(elteHu Ha pacqeToB, liPHileM ( Ia-?p 
)(JlH f62,75; 70,85 H 75 .KaB BSHTU Ha pac5oru /5/. · 

~ {I" )H )(JlH 0 24 1 23 H 62 1 75 KSB liPHBO)(HTCH Ha pa6om 
HO)(KO H )(p. /6/ • 

~ Hlf)(exc (a) B KOJloHxe 7 coorBercrByer I e.., Banmu aa 
pac5oru 15/. 

5)HH)(exc • B cro116~e 6 oauaqaer, !lro rauua-nepexo)( paa
Me~eH He B O)(Hou uecre. 
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Ta6nHII8 2 

CpasaeaHe HHTeHcHBHOCTeA raMMa-nepexonos, 
paapHJKaiOmHX /l9KOTOpble yposHH. 189 Yb npH {J -pacnane 

H B ( n, Y) peaKIIHH 

E Ita:&. I j-pacnS)t.HacT.patSoTa (17,'0) YBxasmtc H 11.p.l4/ 

xl"'fNnrA] I. 

Tr 
I 

I(-()~/(. £4 k'l-1 
! Ir l.r~,"'f. E . 

YDOBHfl OK~8i 
I 2 

i 

3 4 5 6 7 . -
I44 ,sot.o ,I2 243,8 I44,6 32±.7 I 7,5±,0,8 .I 

i/2-/521/ I57,0 
I 

73±,8 2,5±,0, 7 I 56 ,8I:t,O ,IO I7 ,6±.I-,8 2,4±,0,5 

569,8 291,6 I6t,6 I 29I ,09±.0 ~IO 4,4±,0,5 I 
I 

5/2-/523/ 379,2 I04±,7 6,5±,3 378,48±,0 ,I2 121 ,0±,4,2 4,8±,I,5 
470,8 22±,'5 I,4t,0,4 470,9±,0,8 I s,0±,2,o· I,It,0,6 
483,8 I0±,'5 0,63±,0,6 482,5±,1,2 i 5,0±,2,5 I,It,0,7 
57.0 <5 ... 0,3 570 ,IS±.O ,37 ! 13 ,It,1 ,5 3,0±,0,? 

I 

258,7 I6:t.6 I 258,4It,O,I8 i I ,3±,0,2 I' 
64?,7 369,6. 4I±;) 3,2±_1 ,4 369,28f_O ,IS . 3,2±_0,5 2,7±,0,8 

5/2-/523/ - - - 383 ,6?±.0 ,40 0,6±,0,3 0,5±,0,3 
404,6 ~II ~O,?,!O,)) 405 ,05t.I ,20 0,5±_0,3 0,4f.0,3 
456,8 28±,6 2,2±_1,2 456,81±,0,35 2,It_,0,6 2,I±,0,6 
548,6 - - ~48,44+_1 ,IO I ,1±,0,5 0;9±_0,5 

-
807,0 563,3 14±,'5 I 563 ,I3±,0 ,45 3,4±,I,I I 

3/2-/521/ + 
?0?,9 23t.I2 I ,8±,1 ,2 ?0? '76±,0 '50 6,7±_1,2 2.3±,I,1 

+/521/(-;,t,-l 

76I,7 760,9 I6t.8 I 76I ,56±,0 ,I8 36;5±fl-,5 I 
3/2 /65I/+ 

690,3 -30 2,4±,I,3 69I ,OO±,O,I5 29,8±,I ,5 0,8±,0,2 + /633/r-__.,ig 

I616,~ I5I7,0. I2±_6 I I5I?,I±.1 ,o 5,9±,2,4 .I 

3/2-
I529,6 29±_6 3,5±,2,2 I530,5t.I ,o 7,9±,2,4 I,8±,I,I ' 
I595 {:7 :G0,8±,0,8 I594 ,5±,I ,I 8,2±,2,4 2,3±,0, 7 

:& B li.BHHHX .bTpoxax npne)teH 7. 'Jr •• 
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Ta6nnua 3 • 

0THOCHTenbHbJ8 npHBe.o;e8Hbi9 B9pOSITHOCTH TT TT 

raMMa-nepeXOilOB c ypoaaell 169 Yb R • B( 11 'K j .. (I +I )t ' K I) 

CiHi trr+-lj (]:+l)f THII I 

~ . /(Ji ; £r ~~B rauua- ~ i I· K;.·. fij'o8_ I+ f nepexo ! . 
• J • .zta . oKCII. Teop • 

i 

I 2 3 4 5 ; 6 
~ 

569,8 278,6 5/2,5/2- 291,6 MI 0934t,O,I2 0,40 
5/2,5/2- I9I ,2 7/2,5/2- 379,2 

. 
278,6 7/2 5/2- .369,6 

I MI 3±1 I I,9 ·647 '7 I9I ,2 5/2 456,6 I 
7/2,5/2- 389,5 9/2 5/2- 258,7 lm 191,2 5/2 456,8 311±1 ,5 1,8 

721,8 . 99,25 5/2 I/2~ 623,0 MI 0 ,6±.0,5. 7,0 
5/2,3/2- 87,0 3/2 635,4 

807 243,8 7/2 1/2- 563,3 MI I ,2±.1 ;0 4,5 
7/2,3/2- 99,25 5/2 707,9 

869,6 389,5 9/2- 480,3 
MI 0,4!.0,3 

7/2~ * 278,6 7/2- . 590,8 l 

960,3 70,85 9/2 7/2+ 889,5 EI 0,26±.0, 3 0,29 
7/2,7/2- 0 7/2 960,3 

144~,7 7q,85 9/2 7/2 + 1378,5 EI . 0 ,27±.0 ,12 0,23 
9/2,9/2- 0 . 7/2 1450,4 

I 

1462,8 70,85 9/2 1391,7 El 0,6±.0,4 0~29 
7/2,7/2- 0 7/2 7/2 1462 

1462,8 389,5 9/2 5/2- 1073,6 MI o;4±.o,2· O,I3 
712, 1{2 ~ 278,6 7/2 II84,5 

278,6 7/2 5/2":" 1290,2 MI 2 ,9±.2!0 . 1,8 
1569,2 I 191,2 5/2 1378~5 I 

7/2,(9/2)' 389,5 9/2 5/2- II79,6 I· MI ·o ,B±.O ,8 ·· · I,8 
I 

19I ,2 5/2 1378,5 l S/2-
389,5 9/2 5/2- II79 ,6 l 

M1 .. 2, 7±.1 ,9 . I 0 
. ' 278,6 7/2 1290,2 

... 
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I 2 3' 4 5 

159016 38915 9/2- 120112 

I 
lfi '~ 3 :IE 

7/21II/2 1(9/2)- 27816 7/2- 131! 19 •"" 

8710 3/2- 152916 I lfi ' 417 
24 125 I/2- 1595 I 

16!612 lE 
99125 5/2- I 1517 J.fi i 210 3/2- ' 24 125 I 12- 1595 I ' 
99125 5/2- 1517 I MI ! ~014 
8710 3/2- 152916 I i 

167613 70185 9/2+ 1605 l 
: 

EI 0 18±.0 13 
7/219/2- :IE 0 7/2+ 1677 I I 

i 

:1; 26412 9/2- 1517 MI ~ 017 178113 99125 5/2- 1682 
7/219/21(5/2)- 38915 9/2 139117 MI ~ 617 

27816 7/2- 150219 

179515 99125 5/2- 1696 MI 
7/2 I (I/2 13/2 I 8710 3/2- 1708 E2 ~ 0126 

5/2)-
223715 lE 26412 9/2- 1972 .MI 213:!:.1 16 

5/217/219/2- 99125 5/2- 2139 E2 21 7t.1 1 7 

Ji * - :a ]taHHOM CJIJ'llae yKa~m:saeTCll TOJII.KO I . . . 
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Ta6nuua 5 

BeTa-nepeXOIIbl npH pacnaae 188 Lu 

7/2, 7/2+ /404/ 

KoHe11Hoe cocToaHue B Io9 yg. I TJm 

r I(JT [ Nt1r11] I lufft ' CfeTa-
E KBB a Ken. nepex • 

I 2 3 4 . 
o.-lt 9/2 70,85 7,8 

II/2 
7/2+ /633/ 

!61,6 > 8,6 2/v 
3/2 87,0 8,2 
7/2 I/2- /52!/ I 243,8 8,7 I h, 

K aanp. 
9/2 1 264,2 8,6 

5/2 I 191,2 7,9 

5/2- /512/ I 278,6 I/v 7/2 7,9 
9/2 389,5 .. ~ 8,55 

II/2 I 523,o 8,65 YHHK. 
nepex. 

5/2 5/2- /523/ 569,8 8,1 
I/v 

7/2 647,7 8,4 

5/2 72!,8 9,2 
7/2 3/2- /52!/ 807,0 9,1 I 1v . 

K aanp • 
9/2 1 925,0 8,6 

5/2,3/2+/651/ + l 761,7 
a.,h . 

9,2 K aanp. + /633/ r- v:& i 
7/2- 869,6 8,25 

! . 
7/2,7/2-/514/ 1 960,3 6,9 II(_, 

9/2,9/2-/505/ 144~,7 6,75 IU..,. 

7/2 '7 /2-/503/ 1462,8 7,1 !/,{, 

7/2, (9/2) ,5/2- 1569,2 7,5 I l.V 
_il03/ 
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l~ft ;~~ 
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!8,4 
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i- -I 
I 
17,7 ih., 
7,8 
- -

7,7 I fl., 
7,3 

6,5 ll(_, 

6,6 I{,v 

6,6 I i.v' 
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- .. ~~~,, ~ 

T JT r;,qg e~-J & -natt. i 

7I2,III2,(912)- 1590,6 7,9 
I 

I 

312- 1616,2 7,7 
' 

712, 912- 1676,3 7,7 

712,9l2,(512r 1781,3 7,15 I 

712,(112;312,512)- . 1795,5 7,4. 

512, 712,912- 2039,5 7,0 

512,712,912- ~~2~37,5 -- >6~0' 
- - -·- -

IlpHuetiaHHe: IlpH OTCYTCTBHH B KOJIOHKe -i I N /1,1: A I yKaa&BaeTCH 

TOJI:&KO B03MOlltH&ti J:jj" ~JIH COOTBeTCTBYIOi!lero COCTOHH.IfH. 
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Ta61111aa 6 -

CHcTeMaTHKa 6eTa-nepexoaoa B Heq6THNX 
-- · ' I 111 

aeoj>opMupoaaHHNX Hapax 

'Beta-pacn&,lt .. i f);. tv ah ltv 
npe~enHY~f~eBHs (H) (8) (H) (I) (H) (J) 

·. 

SxcnepHIIeHT • 4,6 4,~ 5,5 8,0 6,2 7,9 

no lhni:&CCOHy B 
4,9 5,0 6;0 '7 ,5 5,5 7;5 UOT'l811I>COHy 

no COJIOB:&8BY 4,2 .4,5 4,9 7,6 5,5 7,4 

(H) - HUHHI npe,lteJI &f ti 
· (I) - BepxHHI npe]ten lo.f ft 
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