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J1M€101IlH€CSI B H8CTOS!IIl€e BpeMSI ony6nHKOB8HHb!€ n.\HHbi€ 06 ypOBHSIX 

176 Hf 17 6 L ( ) 17 6 H nony'leHbl npH H3Y'I€HHH peaKUHH U p,n f H 6eTa-pac-
l 7 6 I 7 6 I 7 6 I 7 6 I 21 

nan a Lu H Ta • B peaKUHH Lu ( p , n) Hf ycTaHosneHo cy-

mecTsosaHHe H30MepHbiX ypOBHeft C aHeprHHMH 1335 KaB (T )'2 = 13 MKCeK) 

H 1562 KaB ( T )-2 "' 10,3 MKCeK) 1 HHTepnpeTHpyeMb!X K81: COCTOSIHHSI 

nn ( 512 t + 514 '] 6 + H p p ( 514 t + 404 +] 8- COOTB€TCTB€ HHOe flpH H3y'le-

176 
HHH 6eTa-pacnana OCHOBHOf'O COCTOSIHHSI Lu Ha6niOnaHHCb TpH nepBbiX 

131 
B036y)l{neHHbiX ypoBHSI OCHOBHOft poTaUHOHHOft nonOCbl 1 a B pa6oTe PH-

141 
na o6Hapy)l{eHo cocTOHHHe 1248 Kas, soa6y~aiOmeecH npH pacnane H30-

176m 
MepHoro yposHH Lu T Y2 = 3, 7 qaca). HaH6om.rnee KonH'IecTso 

176 Hf 
HH$opMaUHH 0 nepexonax H ypOBHSIX B Hnpe 6bt:ll> no cHx nop no-

176 
ny'leHo npH Hay'leHHH 6eTa-pacnana Ta T}-2 8 qacos). XapMaT-

151 
UeM H np. 6htnH snepBbl€ ony6nHKOBaHbl cseneHHSI 0 K JHBepCHOHHbiX 

76 161 
aneKTpoHax

1 Ta c aHeprHHMH no 2 Mas, a BepanoM H np. -no 3 Mas. 
161 

B pa6oTe 6htnH TaK)I{e nposeneHbi aKcnepHMeHTbi no e- y -cosnaneHH-

HM. 11H$opMaUHH o raMMa-Hany'leHHH 176 Ta 1 HccnenosaHH)M c noMOIIlbiO 
13, 3, 7 I 

CUHHTHnnHUHOHHbiX neTeKTOpOB1 conep)I{HTCSI B pa6oTaX • flocne OKOH-
181 

'IBHHH HarnHx HaMepeHHit Bhillina H3 ne'laTH pa6oTa BonnoHnHaKa H np. , 

IH>CBSIIIl€HHaSI H3Y'I€HHIO f'8MMa-nyqeft, raMMa-raMMa- H ·~ - y - COBna-
176 

neHHit npH pacnane Ta c npHMeHeHHeM Ge ( Li) -nE TeKTopos. PaaHhte 
176T 

6 
16,71 81 

0 sapHaHTbi cxeMbi pacnana a htnH ony6nHKOBaHbi s • HH no-
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BOnbHO CHnbHO pacxoaHTCH apyr C apyrOM H BO MHOrOM OTnHqaiDTCH OT 

peaynbTaTOB HauiH;( HCCneaoBaHHJl:, HeaaBHO HaM CTano H3B9CTHO 00 :3KCITe
/9/ 

pHMeHTax EepHTana rro HayqeHHID KOHBepcHOHHbiX aneKTpOHOB, raMMa-

nyqeJl: H raMMa-raMMa-coBrraaeuHll:, cymecTBeHHO' rrorronHHIDIIlHX aaRHbte 
17 ; /9/ 

o raMMa-nyqax Ta DpeanolKeHRaH B cxeMa BoaoylKaeHHbiX ypoB-

uell: 
176 Hf B ocuo:3HOM cornacyeTCH c HalllHMH peaynbTaTaMH, 

HacToHmaH paooTa rrocBHmeua HayqeRHID cocTOHHHll: 
176 

Hf , BoaoylK-
176 

aaiDmHXCH rrpH pacrraae Ta , C aToll: uenbiD Mbi HccneaoBanH crreKTpbi 

KOHBepCHOHHbiX an•~KTpOHOB1 IT03HTpOHOB H raMMa-nyqell: 1 a TaKlK9 COBITa-
176 

aeRHH MelKay raMHa'-KBaHTaMH 1 B03HHKaiDmHMH rrpH pacrraae Ta • HaMH 
176 

Hf c aueprHell: HaMepHncH TaKlKe rrepHoa rronypacrraaa ypOBHH 

124 7,5 KaB. Ha ocHoBe rronyqeHHbiX aaHHbiX rrpeanaraeTcH cxeMa pacrraaa 

176 
Ta • Hu!f>opMal!HH oo ypoBHHX 

176 Hf cpaBHHBaeTcH c peaynbTaTaMH 

pacq~TOB 1 rrpoBeaeHHbiX B paMKaX CB9pXT9KyqeJl: MOaenH C yq~TOM Mynb

THITOnb-MynbTHITOn>HOrO B3aHMOaell:CTBHH Ha oaae ITOT9HUHana Byaca-CaK

COHa, 0 rrpeasapH~·enbHbiX peaynbTaTax RalllHX HccneaosauHll: cooomanocb 
11,10/ 

B 

1. YcnoBHH aKcrrepHMeRTa 

1,1. PaaHo ~KTHBHbie HCTOqHHKH 

8 HalllHX OITHTaX HCITOnb30BanHCb HCToqHHKH TpeX THITOB: 

1) !f>paKUHSI "aRTana, BbiaeneuHaSI Ha aonoTa, oonyqeuuoro rrpoTouaMH 

c aueprHell: 660 M aB ua cHHxpouHKnoTpoHe OH.RH; 

2) aoqepHHJl: TaRTan, HaKorrneHHbill: rrpH pacrraae BOnbcppaMa, oopaao-

BaBIIlerocSI TaKlKe B oonyqeuHoM aonoTe; 

3) aKTHBHOC':b TaHTana, rronyqeHHaH rrpH oonyqeHHH TepoHeBoll: MHIIl9HH 

HoHaMH 22 Ne c aueprHell: 100 M :3B ua UHKnoTpoue Y -300 OH.RH 

( 169Tb( 22Ne, 5n) 176 Re -+ 176 W -+ 176 Ta ). 
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.113 o6ny'leHHbiX MHIIIeHei!: TaHTan BbUl9n.llnCSl cr.elly!OIIIHM o6pa30Mo 

Docne p8CTBOp9aHSl MHIII9HH T8HT8n 8llCOp6Hposancsr Ha CT9HKaX CTeKnHH-

aoro cocyaa, aaTeM pacTsopsrncsr B 0,5M HF H1 HILKOH9U1 3KCTparHpOBan-

CH M9THnH306yTHnK9TOHOMo C uenb!O nonV'I9HHSl TOHi.HX HCTO'IHHKOB JlnH 

6eTa-cneKTpoMeTpa M9THnH306yTHnKeTOH OTrOHHnC!I H ero OCTaTKH pa3-

py111anHCb nepeKHCb!O soaopoaa. DoToM ao6asnsrncsr 0,5 MHF , H nony'leH

Hhli!: pacTBop ynapHsancsr aa Te~noHe aocyxa. Docne pacTsopeHHsr ocTaTKOB 

a :aneKTponHTe (0,1 M oKcanaT aaTpHsr +"" 0,1 Mn 0, )6 M Macnoaosasr 

KHCnOTa) npOBOllHnOCb :aneKTpOOCa~eHHe TaHTana HS KaTOll npH nnOTHOCTH 

2 
TOKa 200 Ma/CM • KaTOJ:IOM cny:IKIIn8 HHKeneBaH HnH XpOMOHHKeneBasr ~Onb-

ra. 
171· 

PaaHoaKTHBHbie npenapaTbi coaep:IKanH, KpoMe Ta , H apyrHe H30-

TOIIbi TaHTana. CnyCTH 5 'laCOB nocne KOHU8 o6ny'lef HH 1 HCTO'IHHKH nepsoro 

40% !76T ( t7s .T 175 T 111T) THna coaep:IKanH a npHcyTcTsosanH TBK:IKe a , a H a , 

BTOpOrO - 70% ( IIpHCyTCTBOBan TaK:IKe 
175 Ta H I 

77 
"a H HCTO'IHHKH 

TpeTbero THIIa 6bmH IIpaKTH'I9CKH 'IHCTbiM H30TOIIOM I 76 Ta ( >,., 90%). 

1 • 2. A II II a paT y p a 

.LlnH HCCn9JlOBaHHSl :aneKTpOHHbiX H II03HTpOHHbiX CII9KTpOB HCIIOnb30-

B8nCH 6eTa-CII9KTpOM9Tp C llByKpaTHOi!: llBOi!:Hoi!: ~OKyt:HpOBKOi!: Ha yron 77'1/ 2, 
Ill/ 

xapaKTepH3YIOIIIHi!:CH ManbiM ~OHOM • .Llei!:CTBHTenbHO<l paapellleHHe Ha nHHHH 

KOHBepCHOHHbiX :aneKTpOHOB B o6naCTH :aHeprHi!: > 70(1 K3B COCTaBnsrno 

0,18 .. 0,25%. 

CIIeKTpbi raMMa-ny'lei!: H3y'lanHCb c IIOMOIIIbJO Ce(Li) -lleTeKTopoB 

3 
06'b9MOM 5 1 7; 12 H 33 CM B C09llHH9HHH C 4096-KaHt nbHbiM aMIInHTyllHbiM 

aaanHaaTopoM. PaapellleHHe y -ciieKTpoMeTpa cocTaBIIHno 3,8 '* 6 K:aB 

60 
Ha nHHHHX Co • 
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llnH H3Y'I9HHSI C OBIIalleHHH Me)KJly raMMa-KBaHTaMH 5bin IlpHM9H9H 

llBYXMepHbiH CII9KTpO AeTp COBIIalleHHH C B03MOMHOCTbiO Bbi5opa UH«f>pOBbiX 

112/ 
OKOH, IIOCTpoeHHb!il: Ha 5aae 38M "MHHCK-2' • 8 Ka'leCTBe ll9T9KTOpOB 

' 3 
5bmH HCIIOnb30BaHbl .tBa Ge(Li) -KpHCTanna o5'beMOM 30 H 33 CM • norron-

HHTenbHb!9 Oilb!Tbl IIO raMMa-raMMa COBIIalleHHSIM 5binH BbiiiOnH9Hbl CO CIIHH-

THnnHUHOHHbiM aeTeK-ropoM ( Na J ( Tl ) ; ( 40 x 40 MM) B aaaa10IUeM TpaKTe 

3 
H Ge(Li) - aeTeKTopoM ( 13 eM ) B aaanHaHpy!OIUeM TpaKTe. 

llnH H3Y'I9HHSI lopeMeH MH3HH B035y)KJl9HHbiX COCTOSIHHil: 5bin HCIIOnb30-

/13/ 
BaH CII9KTpoMeTp COI•IIalleHHil:, OIIHCaHHbiH B • 8 Ka'leCTBe ll9TeKTOpOB 

cnyMHnH HnH llBa Kpl cTanna NaJ ( Tl ) ( 40 MM x 40 MM) , HnH KOM5HHa-

3 
UHH Na(Tl) c aeTeKTopoM Ge(Li) ( 13 CM ) • 

2. PeaynbTaTbi HaMepeHHil: 

OepHOll rronypacaaaa 
176 Ta OIIpeaenHnCSI IIO 6onee HHT9HCHBHhlM raM-

Ma-rrepeXOllaM B H3Mo!p9HHSIX CII9KTpOB raMMa-nyqeil: H KOHB9pCHOHHbiX aneKT-

pOHOB. 0ony'I9HH09 3Jia'I9HHe 8,1 ~ 0,1 qac xopomo cornacyeTcH 

C aaHHbiMH rrpellblllYIIl B:X pa5oT. 

2.1. raM M a- f 3 n y 'I e H He 

176 
llnH H3y'leHHSI I'aMMa-nyqeil: Ta IlpHMeHHnHCb HCTO'IHHKH BCeX Tpex 

THIIOB. CrreKTp, rrony i9HHbiil: C HCTO'IHHKOM BTOporo THIIa t IIOKaaaH Ha pH C. 1. 

169 226 
3aepreTH'I9CKaH Kam:5poBKa rrpoH3BOllHnacb rro «f>oTOIIHKaM Yb , Ra 
22 Na • 137 Cs 

6° Co • 
54 

Mn H 
88 y • nnSI TO'IHoro orrpeaeneHHSI 

SHeprHil: raMMa-rrepEXOllOB B o5naCTH SHeprHH ~ 1500KSB 5binH HCIIOnbaOBaHbi 

TaKM9 IIHKH llBOHHOr) Bbin9Ta. 3aBHCHMOCTb a«t>«t>eKTHBHOCTH perHCTpaUHH 

raMMa-KBaHTOB OT SfeprHH 5bma H3y'leHa C IIOMOIIlbiO H30TOIIOB 
169

Yb 
226

Ra H 
24 

Na • HaniH aaHHbie o raMMa-nyqax 
176 Ta rrpHBelleHbi B Ta5n.l. 

/8 9/ 
0HH HaXOllHTCH B xopomeM cornacHH c aaHHbiMH pa5oT ' • Ha aalllHX 

Oilb!TOB cneayeT, 'lTC raMMa-ny'IH rrepeXOllOB C SHeprHSIMH 1249, 1658, 

/8/ 
1744 H 1792 K8B 0 O'IH9C9HHb19 B pa5oTe K pacrraay

176 Ta , B03HHKaiOT IIpH 

pacrraae 175 Ta • 
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2, 2, K 0 H B e p C H 0 H H bl e a n e K T p 0 H bl 

Hcrronb3YR panHOBKTHBHbie HCTO"'HHKH rrepsoro E BTOporo THITa (eM, 

Bb!llle) 1 Mbl H3yqanH KOHBepCHOHHbie aneKTpOHbl B o6naCTH SHeprHil: 700-

3000 KSB, HCTO"'HHKH BTOpOrO THITa ITpHMeHRnHCb B OC.IOBHOM nnH Bb!RCHe

HHH cTpyKTypbi HeKOTOpbiX cnO)I{HbiX nHHHil:, YqacTKH rr myqeHHoro crreKTpa 

H306pa)l{eHbi Ha pHC, 2 a,6,B, naHHb!e 06 OTHOCHTenbHl!X HHTeHCHBHOCTHX 

K -KOHBepcHOHHbiX aneKTpOHOB 
176 Ta rrpHseneHbi B ra6n. 1. 0HH He rrpo

/5 8/ 
THBopeqaT B rrpenenax rrorpelliHocTeil: aHa"'eHHHM, rrony'reHHhiM B pa6oTax ' • 

8 HCITOnb30B8HHOM 6eTa-crreKTpoMeTpe HaiTpH)I{eHIIOCTb MarHHTHOrO 

ITOnH OITpenenHnaCb MeTOaOM ITpOTOHHOrO pe30H8HCa, n~H rrepexona OT He

rrocpeJlCTBeHHO HaMepHeMoil: pesoHaHcHoil: ·qacTOTb1 K B€nH"'HHe Hp 6bmH 

HcrronbsosaHbi K-KOHaepcHOHHbie nHHHH rrepexonos 105 3,38 :!:.. 0,13 KaB 

111T /14/ 176 T 
a , 1190,0 :!:.. 0,4 KaB H 1881,9 :!:.. 0,6 KaB 11 • nocneJlHHe nsa 

3Ha"'eHHH 6bmH HaMH orrpeJleneHbi no crreKTpy raMMa-ny·reil:, 

2.3. CoB nan e H H H Me)KJlY raMMa-KBaHTa \1H 

OcHOBHaH HH!flopMaUHH o cosrraJleHHHX Me)I{Jly raMJI!a-KBaHTaMH 
176 Ta 

6bma rronyqeHa HaMH rrpH rroMOlliH arrrrapaTyphi c JlBYMH Ge( Li) 

TopaMH, HayqanHCb CITeKTpl:ll COBITaJleHHil: C raMM8-KB8llT8MH OT 28 rrepe

XOJlOB ( CM, Ta6n, 2) o nnH yqeTa COBITaJleHHil: C KOMITTO fOBCKHM lf!oHOM ITOJl 

nHHHeft OJlHOBpeMeHHO CHHMancH CITeKTp COBITBJleHHil: C 
1

0KHOM" 38 COOTBeT

CTBYIOlliHM lf!oTOITHKOM, 0pHMepb! rronyqeHHb!X CITeKTpOB COBITaJleHHli: ITOK838Hbl 

Ha pHC, 3 a,6 1 B, 0TMeTHM 1 "'TO B CITeKTpe COBITBJleHH.il: C KB8HT8MH y 125 

175 
rrpOHBnHnHCb ITHKH1 COOTBeTCTBYIOlliHe Ta 1 HO COBITa,teHHft SToro y -rrepe-

176 
XOJlB C raMMa-nyqaMH Ta 38MeqeHO He 6bfn0 1 XOTH B HCITOnb30B8HHOM 

HCTO"'HHKe BKTHBHOCTb 
176 Ta COCTaBnHna "' 90%, 

B Ka"'eCTBe norronHHTenbHoro OITbiTa Ge ( Li) -Jle1 eKTop B oT6HpaiOllleM 

TpaKTe 6bm saMeHeH KpHcTannoM Nal (fl) H "OKHaMH • BbiJlenHnHCb raMMa

KBaHTbi C SHeprHHMH 200, 1100-1250, 1200-1350, 1450-1850 H 1600-1800KSB, 

7 



Dony'leHHa.ll TBK!IM 00p830M HH!jlopMBUH.II IIOilTBepaHna peaynbTBTbl OIIbiTOB 

c llBYM.II Ge(Li)-l.eTeKTopaMH H, KpoMe Toro, rroasonHna ycTaHOBHTb, 'ITO 

rrepexollbi 213,0 If 1268,8 K9B MoryT HaxollHTbC.II B KacKaae c rrepexoaaMH 

1553 H 1642 K9B (pHCo 4). 

0THOCHTem.Hbie HHTeHCHBHOCTH raMMa-raMMa-COBIIBJleHHft IIpHBOil.IITC.II 

B Taon. 2. 0HH 3bipa>KeHbi B eaHHHUBX HHTeHCHBHOCTeft raMMa-nyqeft Taon.1. 

8 Taon. 2 Jl8Hbl TBK>Ke paC'I~THbie 3Ha'leHH.II HHTeHCHBHOCTeii COBIIBJleHHA, 

COOTBeTCTBylOIUH•~ CXeMe pacrraaa, H30opa>KeHHOft Ha pHCo 10. 

/8/ 
CneayeT 01'MeTHTb, 'ITO rrony'leHHbie B aaHHbie cornacy10TCH 6onb-

weft 'IBCTblO c peaynbTaTaMH HawHx HaMepeHHA. CymecTseHHOe oTnH-

'!:He HaonlOJl8eTC5i B llBYX cnyqagx: 1) 3Ha'leHHe HHTeHCHBHOCTH COBIIaJleHHft 

/8/ 
y(ll59 +ll57) C y20l B B 2,5 pa3a 38BbiWeHO IIO CpaBHeHHlO C Ha-

WHMH JlBHHbiMH; 2) B HaWHX OIIbiTBX He HaonlOilBnOCb 38MeTHOrO 'IHCna 

COBIIaJleHHA y 201 c y239 H yl290 

2.4. 0 II p e l e n e H H e K 0 9 !jJ !jJ H U H e H T 0 B B H y T p e H H e ft K 0 H Be p -

CHII 

/5/ 
B paooTe :<apMaTua H ap. obinH srrepBbie orrpeaeneHhi MynbTHrronb-

HocTH rrepeXOJlOE 88,35 K9B (E2) H 201,5 K9B (E2) t IIpOHCXOJlHlUHX Me>KilY 

HH>KHHMH ypOBH.II l.iH poTaUHOHHOA IIOnOCbl OCHOBHOrO COCTOHHH.IIo MynbTHIIOnb

HOCTH rrepeXOJlOE oonee Bb!COKHX 9HeprHft ObinH B oonbiiiHHCTBe cnyqaeB He

H3BeCTHhlo nn.ll orrpeaeneHHH KBK Mbl HCIIOnb30BanH HaWH ll8HHbie 0 raMMa

nyqax H B oonaCTH 9HeprHA > 700 K9B TBK>Ke H8WH ll8HHbie 0 KOHBepCHOH

HbiX aneKTpoHaX, nnH KOHTpOnH B MHrKoft oonaCTH CIIeKTpa H8MH ObinH CHH-

Tbl KOHBepCHOHHloie nHHHH rrepeXOJla y201,5 1 OllH8KO HHTeHCHBHOCTb nH-

HHH K 201,5 s H ~weM orrhiTe coaep>KHT cpaBHHTenbHO 6onbWylO rrorpewHocTb. 

nnH OCTanbHbiX r!epeXOilOB B HH3K09HepreTH'IeCKOA oonaCTH Mbl BOCIIOnb30-

BanHCb 3Ha'leHHf. MH OTHOCHTenbHhiX HHTeHCHBHOCTeft KOHBepCHOHHb!X aneKTpo-

. /5/ 
HOB paooThi • KBK ohmH Bhi'IHcneHhi B rrpearrono>KeHHH, 'ITO rrepexoa 

1553 KaB, paapH)I{alOIUHA cocToHHHe 1642 K9B ( 117 K == 1-0), - THIIa El, 

8 



1252 5 "" 134 1 (I
11 

K = 2+ 2 ), H nepeXOll 1 KaB1 pa3pSDKalOI!lHn ypoBeHb KSI 

THna E2 • TaKHM o6paaoM, nony"'eHHoe 3Ha"!eHHe a K llJISI nepexona 

201,5 KaB cornacyeTCSI B npenenax norpewHocTeii c TeopHeii llJISI MYJibTH

noJISI E2 • 8KcnepHMeHTaJibHhte aHa"!eHHSI K8K npHBOll.llTCSI B Ta6n, 1, Co-

nocTaBneaHe aKcnepHMeHTanbHhiX aaa"!eHHil: a K 

aa pHc. 5, 

2,5, 0 0 3 H T p 0 H hi 

C TecpeTH"'eCKHMH aaHO 

176 
no H3y"'eHHlO IT03HTpOHOB Ta HaMH 6biJlH BhtnOJIH9Hbl OITbiThl llBYX 

THITOB: 

1) HCCJ19llOBaJICSI IT03HTpOHHblii cneKTp 1 

2) H3MepS!JIHCb TpOil:Hbte COBITalleHHSI y 511- y 511- y. 

llJIS! H3y"'eHHSI IT03HTpOHHOI'O cneKTpa HCITOJlb30BaJICSI paAHOaKTHBHblii 

HCTO"'HHK BTOpOI'O THna ("" 70% 176 Ta ) , Ehm o6aapyNWH CJia6biii: II03HT

pOHHhiii cneKTp ( CM, pHC, 6) 1 HHTeHCHBHOCTb KOTOpOI'O B TO"'KaX, COOTBeT

CTBYlOIIlHX aaeprHH < 1800 KaB, y6btBana c nepHDllOM nc•nypacnana ( 7,5 :t. 

:t. 1,5) 'lac, a B 'l'O"!Ke, cooTBeTCTBYlOI!leil: aHeprHH 2200 K as, c T ~ = ( 6:t_3) qac. 

06maSI HHTeHCHBHOCTb noaHTpoHoB I {3+1 K( 1155+1157+11.59) = 13 :t. 4, 'ITO 

CDOTBeTCTByeT, B eaHHHUaX Ta6n, 1, 3Ha"!eHHlO If:J+ = ((·,6 :t_ 0,2)% Ha 

pacnan, 8 cneKTpe 6biJ1H 3aMe"!eHbl TpH KOMITOHeHThl C rpaHH"'HhiMH 8H9pi'H-

SIMH E 1 = 860 :t. 60, E 2 = 1860 :t. 60 H E
8 

= 3000 :t. go Kas c oTaowe-

aHeM HHTeHCHBHocTeii I 1 :I 2 : I 8 = 5 : 7 : 1, I1HTep1IpeTaUHSI 8THX 

175 
peaynbTaTOB aaTpynHeHa npHcyTcTBHeM Ta ( ""30%, 't Y2 = 10 'lac), a TaKMe 

178 Ta (~ 3%, T Y2 = 4 'lac a), B crreKTpe KOTOphiX T lKMe 6hiJ1H a a Me-

"19Hbl ITHKH aHHHI'HJISIUHOHHhlX KBaHTOB, 8 HBWHX OllhiTaX no H3y"'eHHlO pac-

175 T 6 ,. 175Ta naaa a biJIO ycTaHOBJieH0 1 'ITO IT03HTpOHHhln pacnan LlOJIMeH 

COBepwaTbCSI npeHMyUleCTBeHHO Ha ypOBHH 81 H 348 K8B a IlpH pacnaae 

178 
Ta - aa yposeHb 242 KaB, 8ocnonbaosaBWHCb Ta6JIH"'HhiM aHa"'eHHeM paa-

175 176 178 178 
HDCTH Mace Ta-+ Hf t( 2330 KaB) H Ta-+ Hf ( 3180 KaB), Mhi 

9 



+ 1U 
nonyqaeM, 'iTO nnH II -cneKTpos Ta soaMo>KHbi rpaHH"iHbie aaeprHH 

"' 980 H "'1200 KSB H nnH 
173 

Ta =1900 KaB. TaKHM o6paaoM, o6e 

MHrKHe KoMnoaeHTbi o6aapy>KeHHoro {3+ -cneKTpa MoryT conep>KaTb npH-

MeCb noaHTpOHOB 

OnbiTbi no Tpo ~HbiM cosnaneHHliiM raMMa-cneKTpa c aHHHrHnHUHOHHbi-
176 

MH KBaHTaMH 6blliH BbiiTOnHeHbl C HCTO"iHHKOM TpeTbero THna ( ~ 90% Ta) • 

Yia-aa cnHIIIKOM •Te·~Hot!:" reoMeTpHH s cneKTpe TpoAHbiX cosnaneHHA 

( pHC. 7) 1 KpOMe nHJ:OB 1 COOTBeTCTBYIOIIlHX COBnaneHHliiM C noaHTpOHSMH 

OT {3+- pacnana H COBnaneHHliiM raMMa-KBaHTOB OT TpOt!:HbiX KaCK8/lOB 1 

aaMeTHbi H cosnaneJIHsi c nHKaMH nsoAaoro BbmeTa. Tiocne Bbi"ieTa cosna-

neHHA C nHKa_MH /lBOt!:HOI'O BbllleTa H COBnaneHHA Me>KJly KBaHTaMH TpOAHbiX 

KacKa/lOB 6binO yCTSHOBneHo, 'iTO 3aMeTHalil /lOnlil no3HTpOHHOI'O pacnana 
/8/ 

aanpasneHa Ha ypoBIH 1247,5 H 88,3 Kas. B pa6oTe onpenenHnacb paa-

HOCTb Mace 
176 Ta-- 176 Hf no a<P!PeKTY yMeHbiiieHHlil K -aaxBaTa Ha ypo-

. +380 
seHb 2920 KaB H Haineao aHa"ieHHe (3050_ 

40
) Kas. B aToM cnyqae cnenosa-

+ no 6bi oTHeCTH f3 -KoMnoHeHTbi c E = 1880 H 880 KaB K 
rp. 

f3 -pacnany 

a >KecTKYIO KoMnoHeHTy ( E = 3000 Kas) 
rp. 

Ha ypOBHH 88,3 H 1!!47,5 K9B1 

npHnHCaTb /lpyroA,1 HElH3BeCTHOA aKTHBHOCTHo 

2.8. YfaMepe IHe BpeMeH >KH3HH ypOBHeA 1247,5 H 1313 K9B 

OnpeneneHHe nepHona nonypacnana soa6y>KJleHHbiX ypoBHeA 6hmo npo

seneHo MeTonoM aat:ep>KaHHbiX cosnaneHHA no aKcnoaeHuHanbHoMy cnany 

KpHBbiX BpeMeHHOI'O cneKTpa COBnaneHHA. C uenbiO nony"iHTb HHtPOpMaUHIO 

0 nepHO/le nonypacn :1/la COCTOliiHHlil 124 7,5 KaB 6blliH BbiiTOnHeHbl Onb!Tbl llBYX 

THnOBo B nepBOM H3 HHX B KaqeCTBe JleTeKTOpOB raMMa-KBaHTOB cny>KH-

nH /lBa KpHCTanna ~'ai(Tl) • nHcKpHMHHaTopaMH Bbi/lenHnHCb yqacTKH raM-

Ma-cneKTpOB1 CO/lep >KamHe B 0/lHOM KaHane tPOTOnHK y 1159 H a npyroM 

KaHane- nocnenosaTE 'nbHo !PoTonHKH y 710 H yl695 o YfHTeHCHBHbie ne-

peXO/lbl 710 H 1695 K9B aacenHIOT ypoBeHb 1247,5 K9B1 paapH>KaiOmHAClil 
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nepeXOllOM Y 1169 K9B ( CM, pH Co 10) • KpHBbJe BpeMe HHOrO cneKTpa COB

naneHHit nnH oooHx KacKanoB Hao6pa:lKeHbi aa pHc,8. B 'I OM H npyroM cnyqae 

B npenenax norpelllHOCTelt ohm nonyqea OllHHaKOBbilt ne JHOll rronypacnana 

T ) -9 
}2 = ( 4,43 :!::. 0, 11 .10 ceK. tiToobi y6enHTbCH, 'IT) nonyqeaHbilt peaynb-

TaT ae HCKa:lKeH aano:lKeHHeM BpeMeaaoro cneKTpa coBnaneaHlt OT npyrHx 

K8CK8llOB 1 H8MH Obin Bbli10J1HeH BTOpoit B8pHaHT 011biTa: B nepBOM TpaKTe 

KpHcTannoM Nal (TI) BbJlleJ1SIJ1HCb raMM8-KB8HTbl C 9f eprHSIMH 1500-1800 K9B 1 

a BO BTopoM TpaKTe Ge(Li) - neTeKTopoM oToHpanHc~ <jloTOITHKH .Y 1159 H 

y 1224. TaKHM o6paaoM ceneKTHBHO perHcTpHpoBanHc~ coBrraneHHH: 

1) (y 1695) ( y1159) H 2) ( y 1632) ( yl224). CooT3eTCTBytollJHe BpeMea

Hbie cneKTpbi coBrraneaHt!: TaK:lKe noKaaaHhi aa pHc. 8. f, nepBoM cnyqae obmo 

rronTBep:lKneao aaaqeHHe nepHona rronypacnana ypoBHSI 1247,5 K9B1 rronyqea-

aoe Bbillle, BO BTOpoM - onpeneneaa BepxHHH rpaHHua nepHona nonypacrrana 
-9 

COCTOSIHHSI C aaeprHefi 1313 K aB: T }2 ::: 2, 10 CeK, 

PeaynbT8Tbi ualllHX H3MepeaHt!: aaxonHTCSI B cornacl:II:I c naHHhiMI:I pa
/15/ 

6oTh! XeaMra , B KOTopot!: npl:l M3y'leHMI:I BpeMeaaoro cneKTpa coBnane-

HHfi (Kx) ( y "' 1100) npH pacrrane 176 Ta aa6ntonancH ITE·pl:!Oll nonypacnana 
-9 

T }2 (4,75 :!::. 0,25).10 ceK. B aToll :lKe paooTe IpHBOllHTCH TaK:lKe 

) -9 
aaaqeaHe T }2 = ( 4,4 :!::. 0,3 • 10 ceK, nonyqeaaoe ,tpyrl:IM aBTopoM 

/15/ 
(eM. qacTaoe coo6meaHe B ) • 

3, TeopeTH'ieCKHe HCCne!lOBaHHSI B030v:lKfl9 iHbJX COCTOS!Huif 

176 Hf 

176 
f1epBbJe pac'I~Thi llBYXKBa3H'IaCTH'IHhiX ypoBaet!: H · obmH npoBeneHbi 

/16/ 
B paooTe fanaxepa H ConOBbeBa B paMK8X "CBepxTE Kyqeit MOllemr" 

Hnpa c ncnonbaosaaneM noTeaunana Hnnbccoaa. Ha Toll: :lKe ocaoBe, y'II:I
/17/ 

Tb!B8SI MYI1bTHI10J1b-MYJ1bTHI1QJ1bHbl9 B38HMOllefiCTBI:IH, :>Keae3HOBa H llP• 
+ + 

Bbi'IHCJ1HJ1H aaeprHH nepBbJX llBYX KBanpyiTOJlbHbiX COCTOSIHHfi C K 11 = 0 ,2 

II 



H OKTyrronhHb!X ypOB ie~ C K 
17 

= 0-,1-2- H orrpeJlenHnH KOMITOHeHTHbl~ COC

T8B rrepBbiX KonneKT 1BHhiX cocTOSIHH~ aToro THrra. B pa6oTax Manoaa 

I 18,191 
H Jlp, 6binH J: 8CC"iHT8Hbl 9HeprHH TeX )l{e COCTOSIHH~ JlnSI 'q{!THO-"!{!T-

Hh!X sraep rrepexoaHo 1 o6nacTH, B TOM "!Hcne H ansr •
176 

Hf,) c aonHOBhiMH 

~YHKUHSIMH H OJlHO"ia;TH"iHhlMH aneprHSIMH rroTeHuHana CaKcoHa-Byaca c ae-

~opMauHe~ {3 0,:?3
1201

• 

B nacTosrmeif J: a6oTe Mhi paCC"iHTanH aneprHH JlBYXKB83H"i8CTH"iHhiX, 

176 Hf J1 8 T8K)I{e KB8Jlpyrronh 'Ib!X H OKTyiTOnhHb!X COCTOSIHH~ , nsr rrepBbiX 

1T + - - -
JlByx oaHo~oHoHHhiX ;ocToSIHH~ c K = 2 , 0 , 1 H 2 6hm orrpeaeneH 

KOMliOHeHTHb!H COCT8B,· npH pac"!{!TaX 9HeprH~ 6bin8 HCITOnh30B8H8 CXeMa 

rroTeHuHana CaKcoHa-Byaca 

H OKTyrronhHOrO ( K (
3 )) 

OJlHO"i8CTH"iHbiX ypoB ie~ H BOnHOBh1X ~YHKUH~ 

H Te )l{e KOHCT8HThl KB8JlpyrronhHOrO (K(
2
)) 

I 18, 191 
asaHMOJleifcTBHSI, "iTO H B • KoHCTaHThi rrapHoro B38HMOJleifcTBHSI 

1191 n Krr -- 1-TaK)I{e B3SITbl H3 pae OTbl , pH paC"ieTe 9HeprH if ypOBHe~ C 

6hrna 6onee rrocneao3aTenhHO rrpoaeaeHa 6noKHpOBKa cooTBeTCTBy~mHx rron~

coa, "!eM B rrpGJlbiJlY IIHX pa60T8X, Jlnsr orrpeaeneHHSI KOMITOHeHTHOrO COCT8B8 

(2) 
OJlHO~OHOHHbiX COCTO 1HHH HCITOnh30BanHCb 9KCITepHMeHT8nhHbie 3H8"ieHHSI K 

H 
(3) 

K 

PesynhT8Thl HEUIHX paC"ieTOB 9HeprHif JlBYXKB83H"i8CTH"iHhlX COCTOSIHH~ 

+ + - - -
c K_::: 3 H rrepBhiX Jl Byx OJlHO~OHOHHhiX ypoBHeif c K 17 = 0 , 2 , 0 , 1 , 2 

ITOK838Hhl H8 pHC, a B Ta6n, 3 ITpHBOJlSITCSI HaH6onee HHTBHCHBHhlB KOMITO

HeHTbl HBKOTOpb!X OJ. HO~OHOHHbiX COCTOSIHHH, CneayeT OTMeTHTh, "iTO H8 

pHC, 9 cpeJlH JlByXKE83H"i8CTH"iHhiX ypoBHeif rrpHBSJlBHhl T8K)I{8 TpeTbH H 6o-

77 + - - 1T -
nee BhiCOKHe ypoBHH c K = 2 , 0 , 1 , 2 H cocToSIHHSI c K = 3 , KO-

TOpbie HMe~T Konnei:THBHY~ ITpHpOJly, )lnSI KOTOpbiX, OJlH8KO, He 6bin paCC"iH

T8H KOMliOHeHTHbl~ C OCT8B, 

B n 121,221 6 
rrocneaHee B peMSI SITOBhiM H ap. bin a pasBHTa Teo pHS! coc-

+ 
TOSIHHH C I 17 = 1 ll "ieTHO-"ieTHbiX S!Jlp8X H8 OCHOBB rrpeJlCTaBnBHH~ o6 OC-

176 
uHnnsruHsrx MarHHTHC ro JlHITOnhHoro MoMeHTa, PesynhTaTbi pac"!{!ToB ansr Hf. 

1221 
BhiliOnHeHHhiX fa6pa~ OBbiM H Jlp, 1 rrpHBe)leHbl B Ta6n, 4 H H8 pHC, 9, 
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4. CxeMa pacnaga 
176 Ta 

17 6 76 
Ha pHc. 10 npellcTaBJieHa cxeMa pacnalla Ta-> Hf, He npoTHBopeqa-

maSI BCe~ COBOKynHOCTH nony'leHHhiX 8KCnepHMeHTanbHHX ll8HHbiX, B He~ 

p83MeiileHO oonblllHHCTBO H80nJOil8BlllHXCSI H8MH nepeXO,I:OB, I1HTeHCHBHOCTb 

Hepa3MeureHHhiX nepexollOB1 BKmo"'eHHhiX B Taon. 1, co:::TaBnSieT ., 7% Ha 

pacnaJl, EanaHC HHTeHcHBHOCTe~ nepexollOB no OTilenbHhiM ypoBHSIM cxeMhi 

npHBOilHTCSI B Taon, 5, 

HaHOOnee BepOSITHbiMH KB8HTOBbiMH xapaKTepHCTHt 8MH OCHOBHOrO COC-

TOSIHHSI 
176 Ta SIBnSIIOTCSI ITT = 1-. nnSI TaKoro YTBE·p:>KileHHSI HMeiOTCSI 

cnellYIOIIlHe coo6pa:>KeHHSI, 

176 Hf 
1. YpoBHH 

176 
• B030Y:>Kil810.1IlHeCSI npH oeTa-pacrralle Ta • HMeiOT 

CnHHbi 1 He npeBhllll8101IlHe 3Ha"'eHHSI 4 ( CM, pHC, 10) 1 H aneKTpOHHhl~ 38XB8T 

H8 ypOBHH CO cnHH8MH I = 1 H 2 COBep1118eTCSI C H8Hi)onee HH3KHMH 3Ha'le-

HHSIMH fog ft ( Taon. 5). 

2. Bee H3BeCTHbie He"'eTHbie H30TOnbi T8HTana Hrv eiOT B OCHOBHOM COC-

+ 
TOSIHHH KB8HTOBbie xapaKTepHC~HKH 7/2 (opOHT8nb 404 ), a llnSI 10~-ro 

He~TpoHa B cocellHHX He"':eTHhiX Slllpax 1 73 Yb H 17 ~ Hf ycTaHoBneHo oc

HOBHoe COCTOSIHHe 5/2- ( 512 ] , 0TCIOil8 BbiTeKaeT, "''I 0 H8HOOnee BepOSIT

H8SI KOHI}JHrypaUHSI OCHOBHOrO COCTOSIHHSI 
176 Ta - ( p 404 ~ - n 512 t] 1- . 

3, K TaKoMy :>Ke 3aKnJO"'eHHIO npHBOilHT H o6cy:>Kil ~HHe pe3ynbT8TOB 

176 17&... /23/ 
no pacnally W ..., Ia B paooTe • 

176 + 
HllpO Ta npeBpamaeTCSI nyTeM aneKTpOHHoro 3ax:3aTa H f3 -pacna-

176 17 6 
ll8 B qeTHo-qeTHoe SlllPO Hf • Hllpo Hf o6naJlaeT B ocHoBHOM cocTo-

/2L/ 
SIHHH cpaBHHTenbHO 6onblllO~ Jle~opMauHe~. B paooTe ohin onpelleneH 

nepHOil rronypacnalla nepBoro BpamaTenbHoro ypoBHSI 88,3 KaB (2+): T Y2 = 

-9 = ( 1,39 ±_ 0,04), 10 CeK, KOTOpb!H COOTBeTCTByeT napaMeTpy Jle~OpMa-

UHH f3 = 0,24, 
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4.1. CocToSIHHSI c K 77 =0+ 

DepeXOJlhi 1137,7; 1150,0; 1292,8 H, BepoSITHo, TaKJKe 1290,2 KaB, 

oTnH'iBIOTCSI 6onbliiH MH 3Ha'ieHHSIMH KBK. 11 HTeprrp~TaUHSI HX MynbTHrronb

HOCTett Jl8Ha B Ta6i. 1 ( pHCo 5) • MynbTHITOnbHOCTb rrepeXOJlOB 1150,0 

H 1292,8 KaB THna EO , a rrepexoaoB 1137,7 H, rro-BHJlHMoMy, 1290,2 K9B -

E 0+ M 1 + E 2 . Ha ocaoBe aTHX aaHHhiX1 a TaKJKe pe3ynbTaToB coBrra-

aeaHtt 6bmo ycTaao:~neao cyllleCTBoBaHHe JlByx coCTOSIHHtt c I 77 = 0 + c aaep

rHSIMH 11491 7 H 12~ 3 K9B H COOTBeTCTBYIOIIIHX HM rrepBbiX pOT8UHOHHb!X COC-

+ 
TOSIHHA 1226 H 137~ KaB c I 77 K = 2 0. 3aaqeHHH KBK ocTanbHhiX rrepexo-

JlOB, pa3pS!lK8IOIIIHX rrepeqHcneHHhie COCTOHHHSI Ha OCHOBHyiO poTaUHOHHyiO ITO

nocy1 ae rrpoTHBopeqaT rrpearronoJKeHHIO, 'iTO aTo rrepeXOJlhi THna E2 

B Ta6n. 6 rrpF BeaeHbi aKcrrepHMeaTanbHbie 3Ha'ieHHSI BenH'iHHbi 

X = 
e 2 R4p(E0) 2 

B(E2) 
KOT0p8H xapaKTypH3yeT OTHOllleHHe ITpHBeJleHHbiX Be-

poSITHocTett rrepexo~ OB E 0 H E 2 
77 + 

1 pa3pS!lKaiOIIIHX COCTOSIHHe C K = 0 

Ha ypOBHH poTaUHOfHOtt ITOnOCbl OCHOBHOrO COCTOSIHHSI. KpoMe 3Ha'ieHHtt 

B ( E 0, 0 + ... 0 g ~) 
Xo= ( + +)' BE2,0 ... 2s.•. 

I 77 K UHOHHhiX ypOBHefi 

, B( E0,2+ ... 2 :.,.) 

H X 2 = B(E2,2+->2~· 
g.s. 

JlBHhi TaKJKe aaanorH'iHbie 3Ha'ieHHSI anSI poTa-

+ B(E0,2+ ... 2~ ... ) 
= 2 0), a HMeaao: X 

2 B ( E 2 , 2+ ... 0 + ) 
. X' g.s. 

H s'=-;1. 
3,5XJ 

X 
0THOllleHHSI s = ~ 

5xo 
JlOnlKHbl 6b!Tb paBHll 1, eCnH BHyTpeHHSISI CTpyKTypa COCTOSIHHA 0+ H 2+ 

oaaofi poTauHoHHofi rronoChi OJlHHaKoBa. B Ta6n. 6 rrpHBOJlSITCSI TaK?Ke 3Haqe

HHH OTHOIIleHHfi llpH:~eJleHHbiX BepOS!THOCTefi nepeXOJlOB 

R 
B(E2,2+ _.4+ ) R = ________ s_ ... _._ 

2 4 B(E2,2 +_.o+ 
g.e. 

H napaMeTpa poTau:waao- BH6pauHOHHott CBSI3H z 0 • BenH'iHHbi s H s 

JlnSI poTaUHOHHOfi IICnOChl ypOBHSI 1149,7 K9B B paMKaX norpelllHOCTefi 
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6nH3KH K 1 H MoryT CBHJleTenbCTBOB8Tb 0 TOM, 'ITO BHJTpeHHSISI CTpyKTypa 

COCTOSIHHSI 1226 K9B (2+0) 6nH3Ka K CTpyKType ypOBHSI 1149,7 K9B (0+) 

H 'ITO 11pHMecb Ml -KOMI1oHeHThi B 11epexoae 1137,7 ( E ( + M l + E 2) HeBe-

+ 
nHKa, CocTOSIHHe 1293 K9B ( 0 ) oTnHqaeTCSI 6onbiiiHM :; Ha'!eHHeM X 

0 

CTonb 6onbwoe SHa'!eHHe B HHSKO~ o6nacTH aos6y~aeHF~ (HH~e aHepreTH

qecKo~ menH) B ae<)lopMHpoaaHHhiX S!Jlpax 110Ka He Ha6m>aanocb, Manoe 

3Ha'!eHHe aenH'IHHhl s JlnSI pOT8UHOHHOrO COCTOSIHHSI 1:179 K9B ( 2 + 0) 

o6ycnoaneHo, 110-BHilHMoMy, 11pHcyTCTBHeM HHTeHCHBHO~ Ml -KOMI10HeHThi 

+ + 
11epexoaa 1290,2 KaB ( 2 0 .... 2 g.s. ) , 'ITO CBHJleTeabCTayeT o ManoM 

sHa'!eHHH 11p11aeaeHHO~ aepoS!THOCTH E2 -KOMI10HeHThi Y 1290,2. 3To 11pea-

110no~eHHe 1101lTBep~JlaeTCSI T8K~e 6onbiiiHM OTCTyl1neHH3M OT 11p8BHn Ana-

8(E2,2+ .... 2-~ 

B(E2,2 + .... o ~ ) 
~ • .s. 

rH 9KC11epHMeHT8nbHOro OTHOIUeHHSI R 
2 

anSI ypoa-

HSI 1379 K9Bo 

B MHKpocKOI1H'!eCKO~ TeopHH ae<)lopMHpoaaHHhiX S!Jl{•P o6cy~aaiOTCSI 
+ 

p83Hbie 110 BHyTpeHHe~ CTpyKType 0 -COCTOSIHHSI, 

u /27/ 
1, flapHbie BH6paUHH 1 o6ycnoaneHHbie 118pHbiMH B38HMOJleHCTBHSIMH 

11peJlCT8BnSIIOT Cy11ep1103HUHIO llBYXKB83H'I8CTH'IHhiX COCTOI1HH~1 OTJlenbHO He~T

pOHHhiX H 11pOTOHHhiX0 rae o6e KB83H'I8CTHUhl OllHO~ 11ap:,J H8X0JlSITCSI Ha 

OllHOM ypOBHe, 8Kn8Jlhl pa3HhiX COCTOSIHH~ B cyMMbi 0 KBo!Jlp8Tbl KOTOpb!X 

o11peaensr10T 11pHBeaeHHhie aeposrTHOCTH 11epexoaoa, HeKor epeHTHhi, H 3Ha'!e-

HHSI B(E0;0+ .... 0 8~.,. H B(E2;0+ .... 2;.... , 11 o6meM, Manhi, 

TaK KaK MaTpH'IHhie aneMeHThi E 0 -11epexoaoa, paspst~aiOIUHX 11apHhie BH-

6paUHH, sHa'IHTenbHO 6onhwe MaTpH'IHhiX aneMeHTOB 11ap swnenbHhiX E2 -11e

pexoaoa, TO aenH'IHHa X , B o6meM, Mo~eT 11pHHHMaTb conhwHe sHa'!eHHSI 

(X> l) • flapHbie BH6p8UHH JlOn~Hhi Ha6niOJl8TbCSI Bh!IIIE 9HepreTH'!eCKO~ 

menH, 
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2. KorepeHTHbi·~ $moKTyauHH crrapHB8HH.R 1 paccMoTpeHHbre EenHe-

/28/ 
BbiM , rrpeacTaan:IIOT co6ol!: oco6brl!: cnyqal!: rrapHbiX BH6pauHl!:, aeqeTHbiX 

ITO OTHOilleHHIO K orrepaTopy BpeMeHHOl!: HHBepCHH, B OTnH'IHe OT T -q{!T-

HbiX COCTO.SIHHl!: 1 yrr0~1HHYTbiX Bbiille 1 BKn8Jlbl '18CTH'IHbiX H JlblpO'IHbiX B03-

/29/ 
6y)KJJeHHl!: B T -He'I·~THbrl!: $oaoa OJJHHaKoaoro aHaKa. KaK rroKaaaao B 

8TH COCTOHHHH MO)I{HQ Q)KHJl8Tb H B o6naCTH aaeprHl!: HH)I{e aaepreTH'IeCKOl!: 

IllenH H HX pa3pHJl1{8 H8 ypOBHH ITOnOCbl OCHOBJ!Of'O COCTOHHHH JJ.Qn)I{H8 IlpO

HCXOJlHTb EO -rrepeX!•JlBMH c 6onhlliHMH aaa'leHHHMH B(E 0) H E 2 -rrepe

xonaMH, nnH KOTOpbi { B ( E 2) MO)I{eT 6biTh H aHa'IHTenhHO MeHbllle, qeM 

nnH aaanorH'IHbiX rr·~pexonoa c 6eTa-BH6pauHoHHhiX ypoaael!:, BcnencTBHe 

aToro aenH'IHHa X MO)I{eT rrpl!HHM8Tb H O'leHb 6onbll1He 3H8'1eHHH (X>> 1), 

3, EeTa-aH6parHH, o6ycnosneHHbie KBanpyrronhHbiMH aaaHMoael!:cTBH

HMH ne)I{8T HH)I{e 8HE•preTH'IeCKOl!: IllenH 11 OTnH'I8IOTCH 1 K8K rrpaBHnO, 6onb-
/30/ 

IliHMH aHa'leHHHMH 81 E2) , 1-fa-aa KorepeHTHOCTH BKnanoB oTaenhHbiX 

JlBYXKB83H'I8CTH'IHbiX KOI\.1IlOHeHT ( KB83H'IIl.CTHUbl OJlHOl!: Il8pbl H8 pa3HbiX 

ypoBHHX) B cyMMbi, orrpenenHIOiliHe BeJIH'IHHY B ( E 2), H aeKorepeHTHOCTH 

BKnanoB B cyMMbr JJJIH B(EO), MO)I{HO O)KHJl8Th X< 1. OnaaKo Ha-aa HH-

+ 
Tep!flepeHUHH $oHOHOII rrapHbiX H 6eT8-BH6pauHl!: Jlnll 0 -COCTOHHHl!: C aaep-

rHel!:, 6nH3KOl!: K aaepreTa'lecKol!: IllenH, aenH'IUHa X MQ)I{eT CyllleCTBeHHO 

yBenH'IHTbCH, 

u /31/ 
4. CrrHH-KBanp~-riOnhHbre B3aHMoneHCTBHH TaK%e rrpHBOJJHT K rro-

+ 
HBneHHIO 0 -cocTOHHil!: HH)I{e aaepreTH'IecKol!: menH, Ocaoaaol!: BKnan 

B B(EO) Jl8IOT JlBYXKB 13H'18CTH'IHbie COCTOHHHH ( KB83H'I8CTHUbl OJlHOl!: rrapb! 

BCeraa H8 p83HbiX 0 J6HT8JIHX), B KOTOpb!X KB83H'I8CTHUbl OJlHOl!: rrapbl Ha-

xonHTCH aa ypoBHHX, JJJIH KOTOpbiX ~ N = ~ n = :!:_ 2, LlnH COCTOHHHl!: 
z 

c KB83H'I8CTHuaMH H 1 pa3HbiX ypoBHHX oaaol!: o6ono'IKH ( ~ N =0) MaTpH'I

Hbre aneMeHTbi E 0 ··rrepexonoa paBHbi 0, Hao6opoT, B B(E2) aaiOT BKnan 

+ 
BCe COCTOHHHH, floa"OMY JlJIH CllHH-KB8llPYilOJihHblX 0 - COCTOHHHl!: B o6meM 

3H8'1eHHe B( EO) Mana H X << l. CBH3h 6eTa-aH6pauHl!: co crrHH-KBan-
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pyrronbHbJMH BOa6y)KJl9HHSIMH IlpHBO/lHT1 K8K IIp8BHn0 1 < IIOHH)K9HHIO aenH
+ 

'IHHbi X HH)KHHx 0 -cocTOSIHHil:. 

B neaoil: 'ISCTH Ta6n. 7 rrpHBOLlSITCSI aHa'leHHSI aenH'IIfH, xapaKTepH-

+ 176 
ayJOIUHX 0 -cocTOSIHHSI B SILlpe Hf , pacc'IHTaHHbie H.I1.T1SITOBhiM B paM-

Kax caepxTeKy'leil: MonenH SILlpa c y'I~ToM napHbiX, J:aanpynonbHhiX H 

/32/ 
CIIHH-KB8LlpyrronbHbiX B38HMOLl9ii:CTBHil: ITO • flpH BbJqHcneHHH HCIIOnb30-

B8nHCb BOnHOBbi9 cjlyHKUHH HHnbCCOH8 H 3H8'19HHSI KOHCT8HT KB8Llpyrronb-

HOrO H CIIHH-KB8LlpyrronbHOrO B38HMOLl9ii:CTBHil: K "' 8 7• Q •• K t "' 9,0. 

B npaaofi '18CTH Ta6n. 7 naHbi aHa'leHHSI aaanorH'IHbiX BenH'IHH nnSI rrepBbiX 

+ 176 /29/ 
LlBYX 0 COCTOSIHHil: Hf 1 Bbl'IHCneHHbie EenSieBbiM H8 OCHOBe MO-

nenH, y'IHTbiBaJOmefi KBanpynonbHOe BaaHMoneil:cTBHe, t TaK)Ke crrapHBaTenb

aoe B31lHMOLlefiCTBH9 1 YLlOBneTBOpS!IOIUee Tpe6oB8HHJO r~J8LlH9HTHOil: HHBHpHaHT

/28/ 
HOCTH 

J1a cpaBH9HHSI Ta6n. 6 H 7 cnenyeT 1 'ITO 3KCil8IJf' M9HT8nhHOe 3H8'19HHe 

X nnSI ypoBHSI 1149,7 KSB MO)KHO o6'bSICHHTb B paMI< ax pac'I~TOB TlSITO-
o 

aa, M9)1{LlY TeM KaK 6onbwoe 3Ha'leHHe X 
0 

LlnSI ypoBIISI 1293 KSB 6nH3KO 

+ 
K TeopeTH'IeCKOMy, rrony'leHHoMy LlnSI BToporo 0 -cocT)SIHHSI B Monenu Ee-

MH 

4. 2. raM M a- K one 6 aTe n b H a SI rr on o c a 

flepBbJM HepOT8UHOHHbiM COCTOSIHH9M C KBaHTOBbJ:..tH xapar<TepHCTHK8-

J" "' 2 +, aa6nJOLlaBWHMCSI npH pacrrane 
176 

Ta a 
171 Hf, SIBnSieTcSI ypo-

Be lib 1340,6 KSB. Ero cymecTBOBaHHe H paapSILlKa rrepe xonaMH y1340,5 ( E 2), 

Y 1252,4 ( E 2) H Y 1051 H8 ypOBHH BpaiUaTenbHOfi no.r OCbi OCHOBHOrO COC

TOSIHHSI IlO.QTBep)KJleHbl OllbiT8MH ITO COBIIall9HHSIM ( CMo ra6n. 2) • B S!Llpe 

178 
cocenHero HaoTona Hf peanHayeTcSI aaanorH'IHbil!: ypc•BeHb c saeprHefi 

/34/ 
1174,3 KSB • TeopHSI npeJlCKaabJBaeT cymecTBoBaHH·~ raMMa-aH6parmoH-

176 
HOrO COCTOSIHHSI Hf IlpH SHeprHH 1, 7 M SB ( Ta6n. 3, pH C. 9) • 8KcrrepH-

M9HT8nbHbl9 OTHOW9HHSI IlpHB9Ll9HHbiX BepOS!THOCTefi ne~ 9XOLlOB paapS!LlKH 
' 

COCTOSIHHSI 1340,6 KSB Ha ypOBHH pOT8UHOHHOl!: IIOnOChl )CHOBHOrO COCTOSIHHSI 
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paBHht: B ( E2, y 1340,E ) : 8 (E 2, y1252,4 ): B(E2, y 1051) = ( 0, 78:!:..0, 13): 1: ( 0, 13:!:.. 

:!:..0,05), a ITo ITpaBHillM AnarH: B(L = 2,22 -+ 00): B(L = 2;22-+ 20): 

B ( L = 2;22 -+ 40) = 0, 7: 1:0,050 napaMeTp CBH~H z 2 • Y'IHTb!B810IUHlt 

BIIHHHHe BpaiUaTellbH,J-KOileoaTellbHOI'O B38HMOllefiCTBHH H8 BepOHTHOCTH 

ITepexonos, Bhi'IHCneJ:Hbtlt H3 OTHOUieHHlt B ( E 2, 22-+ 00): B( E 2, 22-+ 20) 

H 8 ( E 2 , 22 -+ 40 ) : 8 ( !2 -+ 20 ) , ITpHHHMaeT B03MO)I{Hb!e 3H8'1eHHH 0,02 

H 0,11:!:..0,05 COOTBeT•;TBeHHOo 

Ha OCHOBe COB raneHHM Ob!IIO ycTaHOBileHo cymecTBOB8HHe COCTOHHHSI 

1445 KSB, pa3pSI)K810l[(ei'OCSI ITepeXOll8MH Y 1356,8 H y 1155 H8 ypoBHH 

2 + H 4 + ITOIIOCbl OCHI>BHOI'O COCTOSIHHHo CnenyeT OTMeTHTb, 'ITO paapeweHHe 

H8WHX ITpHoopoB He :103BOIIHIIO p83llellHTb IIHHHH OIIH3KHX ITO SHepi'HH ITepe-

XOllOB y1155, y 1157 H y1159o TiosTOMy HHTeHCHBHOCTb fyttu= 21(5) 

( B ellHHHU8X T801lo 1) Oblll8 OITpeaeneHa H3 HHTeHCHBHOCTelt COBITBlleHHlt 

( Y 1357) ( Y 466) l ( y 20 1) ( y 466) ( T801lo 2) o nnsr OITpeneneHHH KB8HTO-

Bb!X xapaKTepHCTHK <:OCTOSIHHSI 1455 KSB, KpOMe Bb!WeyK838HHOfi pa3pSillKH 

HB ypOBHH 2 + H ·t + , Mbl BOCITOilb30B81IHCb ewe Clle}:(y!OIUHMH }:(8HHb!MH: 
g.s. g.s. 

1o 3Ha<~eHHe KBK llllil y 1356,8 He ITpOTHBope<~HT ITpelliTOIIO)KeHHJO, 'ITO sTo 
+ 

ITepexon THITa E2 o 2o YposeHb 1911 KSB (2 1), ITpHHanne)KamHlt poTaUHOH-
+ 

HOM ITOIIOCe COCTOSIHii SI 1862 KSB ( 1 1) t pa3pSI)K8eTCSI Ml -ITepeXOll8MH Ha 
i . 

COCTOSIHHe 1340,6 ( 2 2) H 1445 KSB 0 Me)K}:(y TeM K8K llllH ypOBHSI 1862 KSB 

( 1 + 1), pa3pSI)K8JO!llei' )CSI HHTeHCHBHb!M Ml -ITepeXO}:(OM H8 COCTOSIHHe 
+ 

1340,6 KSB ( 2 2) t COOTBeTCTByJOIUei'O ITepeXOll8 Ha ypoBeHb 1445 KSB 38-

Me'leHO He Ob!llOo Be~ STH iflaKTbi IT03BOIISIJOT cnenaTb BbiBoa o HaH6onee 

BepOSITHbiX KB8HT0Bbl t XapaKTepHCTHK8X ypOBHSI 1445 KSB: 
+ 

I 77 = 3 o M 0)1{-

HO ITpeaiTOIIO)KHTb, 'ItO STO COCTOHHHe HBIIHeTCSI poTaUHOHHbiM K BHOp8UHOH-
. + 

HOMY ypOBHIO 1340,6 KSB ( 2 ) o Tipe}:(ITOII8I'8SI 0 'ITO ITepeXOllbl y 1356,8 

H y 1155-THITa E2 , IBXOllHM ansr oTHoweHHsr HX ITpHseneHHhiX seposrTHocTelt 

aHa<~eHHe B( E2,y 1356,8): B(E2,y1155) = 1: (0,61::!;.0,23), KOTopoe 6nH3KO 

K aHa'leHHJO, HaollJO}:(t sweMycsr B coceaHHX srapax ansr ITepexonos, paapsr)KaJO-
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1T + 
IIIHX COCTOSIHHSI c I K = 3 2. no rrpaBHnaM AnarH B( L=2;32-+ 22) 

B(L=2;32-+42) =l: 0,4. BoaMO)I{HOe aHa'leHHe rrapaMeTpa z 2 B aToM 

cnyqae : z 2 S. 0,06. 

B aToA HHTeprrpeTaUHH IIpHpO.Obl ypOBHSI 1445 K9B cne.oyeT OTMeTHTb 

176 Hf 
CyiiieCTBeHHOe yMeHbiiieHHe MOMeHTa IIHepUIIH Si.Opa IlpH raMMa-

2 2 
KoneoaHHHx: h I 2J : h I2J = JYIJ = 0,85. A HaT orH'IHbtA a<fJ<fleKT g,s, y g,s. 

Ha5mo.oaeTCSI B H.ope 
182 W (J y I J g.s. = 0,92) 

133 
a a coce.oHeM, 

17s.Hf J I J = 1134/ B 176Hf 
1 

y g,s, • Si.Ope OH MO)I{eT t)biTb Bbi3BaH, IIO 

KpaAHeA Mepe 'laCTH'IH01 OTTanKHBaHHeM 5nH3KHX IIO aEepi'HH ypOBHeA 

+ + 
1340,6 K9B (2 2) H 1379 KaB (2 0) (eM. pHCo 10) • .lleACTBHTenbHO, II B 

cnyqae poTaUHOHHOA IIOnOCbl 0 'lneHaMH KOTOpoA S!Bnsi!OTCSI COCTOSIHHSI 1293 K9B 

+ + 
(0 ) H 1379 KaB ( 2 0), Haomo.oaeMoe aHa'leHHe J 0 +I .f g.s. cywecTBeHHO 

+ 
MeHbiiie, qeM .OnSI IIOnOCbi, OC}IOBaHHOA Ha ypOBHe 1140,7 K9B ( 0 ) ( CMo 

Taon. 6) • 8TH HBneHHH H3BeCTHbl H H3 HCCne.ooBaHHH lli'YI'HX H.Oep, B KOTOpb!X 

+ + 
Haomo.oanOCb OTTanKHBaHHe ypOBHeA ( 2 2) H ( 2 0) 0 rrp:!Ha.one)l{alllHX I'BM-

/35/ 
Ma- H oeTB-BHOpaUHHM o 

EcnH paccMaTpHBaTb H.opo 176 Hf KaK ueaKcHanl HbtA poTaTop, TO 

/36/ 
cornaCHO ypaBHeHHHM .llaBbi.OOBa-lJaoaHa , HCIIOnbay:I aHeprHH COCTOHHHA 

+ + + 
88,3 K9B (2 0), 1340,6 K::l:S (2 2) H 1149 K9B (0 ), .01H rrapaMeTpOB He-

a~CHanbHOCTH ( y ) H He8.QH808TH'IHOCTH (~) 

y ~ = 0,26. 

Ha OCHOBe COBOKYIIHOCTH 9KCIIepHMeHTanbHb!X .OBHJibiX ObinO yCTBHOB

neHO CyiiieCTBOBaHHe COCTOHHHA 1247,5; 1957; 2470 II 2343 KaB C KBaHTOBbiMH 

xapaKTepHCTHKBMH I 
17 

= 2-. TeopHH rrpe.ocKa3biBaeT nepBbte .oaa OKTy

rronbHbiX COCTOHHHH C K = 2 IlpH aHeprHHX 1,2 H 2,0 Jl\aa ( Taon. 3 0 

pHCo 9) • 
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• 

C 0 C T 0 H H He 124 7 K 9 B pa3pH)I{8eTCH HHTeHCHBHbiM rrepeXOUOM 

y 1159 (El+M2) Ha ;'pOBeHb 2~.~. H cna6biMH rrepexonaMH y 1248(M2) 

H y 957,4 (M2+E3) Ha YPOBHH 0 + H 4 + 0 g.e. g.... • COOTBeTCTBeHHOo T-

HOIIIeHHe IIpHBeneHHb X BepOHTHOCTell: rrepeXOUOB y 1248 H y 957,4, Bbl-

qHcneHHoe B rrpenrroao)l{eHHH, qTo y 957,4 HBnHeTCH qHCTbiM M2 -rrepexo-

noM B(M2; y 124:1) B(M2, y957,4) = 0,41 ,- pe3KO oTnHqaeTCH oT 3Ha-

qeHHH, O)I{HnaeMoro !IO rrpaBHnaM AnarH: B(L=2;22 ... 20): B(L=2; 

22 ... 40) = 14. I13Bec rHo, qTo nnH M2 -KOMIIoHeHT pa3pHnKa 2-2 ypoBHelt 

Ha rronocy OCHOBHOI"'Il COCTOHHHH 06bJqHO rronqHHHeTCH rrpaBHnaM AnarH 

nocTaToqHo xopoiiio. B aToM rrpenrrono)l{eHHH MO)I{HO cnenaTh 3aKmoqeHHe, 

qTo rrepexon y 957,4 non)l{eH conep)l{aTb HHTeHCHBHyiO E3 -KoMrroHeHTy. 

EcnH BbiiiiecKa3aHHon BbiiiOnHHeTCH TaK)I{e nnH E 3 -rrepexonoB, TO,,Bocrronh-

30BaBIIIHCh rrpaBHnaMH AnarH H 3HaqeHHHMH HHTeHcHBHOCTelt rrepexonoB 

1248 (M2) H 957,4 K9B (E3) , cnenoBano 6bi O)I{HnaTb nnH rrepexona 

1159 K9B cMeCb MyrhTHrroneil::"' 88% E1+"' 2% M2+ "'10% E3 , H nnH 

-3 
COOTBeTCTBy, nrerc l<BK - 3HaqeHHe a K"' 1,8.10 • 

CornacHo BbiUJ< •JTpHBeneHHbiM pacqeTaM ( Ta6n. 3) ocHOBHbiMH nByXKBa-

3HqacTHqHbiMH KOMIIIlHeHT8MH COCTOHHHH 1247,5 K9B HBnHIOTCH KOHqJHrypaUHH 

H pp [ 514 t - 402 t] f1epeXOllbl 512 t 4 624 t nn [ 624 t - 512 +] 

H 514 t J:'. 402 t 
18 1 I 3 I 1 8 a Re I 3 7 I 

peanH3YIOTCH B Hnpax W H COOT-

BeTCTBeHHO. B Ta6n, 8 cpaBHHBaiOTCH rrapuHanhHbie rrepHOUbi rronypacrrana 

nnH 9THX rrepexonoB, a TaK)I{e rrepexonoB, pa3pH)KaJOIUHX ypoBeHb 1247,5KaB 
176 

B Hf ,CO 3HaqeHHSl MH, paccqHTaHHbiMH IIO M OIIIKOBCKOMy (F M ) H IIO HHnhC-

COHY ( FN) c yqeTOJ.t rrapHbiX B3aHMonei1:cTBHli. 

PoTaUHOHHaH rronoca COCTOHHHH 1247,8 K9Bo f1oCKOnbKY 

6onee BbiCOKHe 2--C)CTOHHHH pa3pS1)1{810TCH Ha ypoBeHb 1247,5 K9B (2-), 

ecTeCTBeHHO 0)1{Hll8T;, B036y)l{neHHH H ero pOT8U'HOHHb!X ypOBHeit 3- H, 

B03MO)I{HO, 4-. HeT :oMHeHHH:, qTo ypoBeHb 1313 K9B (3-) HBnHeTcH rrep

BbiM H3 HHXo LfTO KSCaeTCH pOT8UHOHHOI"'O COCTOHHHH 4-2, TO B03MO)I{HO, 
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'ITO oHo peanHayeTCSI rrpH aHeprHH 1404 K3B, BoaMo:KHbie KBaHTOBbie xa

paKTepHCTHKH ypoBHSI 1404 KaB - I
77 

3- HnH 4-. ,lnSI TaKoro rrpelliiO

no*eHHSI HMeiOTCSI cnellyiOIUHe apryMeHTbi. 1) 3HeprliSI 1404 K3B 6nH3Ka 

K aHeprHH 1400 KaB, O)KHJlaeMofi cornacHo poTaUHOHfofi ~opMyne B 

a6aTH'IeCKOM IIpH6nH)I{eHHH llnSI 4-2 COCTOSIHHSI, 2) YpoBeHb 1404 KaB pa3-

pSI)I{aeTCSI Ha COCTOSIHHSI 1247,5 (2-) H 1313 K9B (3-) rrepeXOilaMH 156,8 

H 91,3 K9B COOTBeTCTBeHH0 0 a, B03MO)I{H0 0 TaK)I{e rrepeXOilOM 1114,4 K9B 

Ha ypoaeHb 4 +o ..... 3Ha'leHHe KBK JlnSI 156,8 6nHaKo K TeopeTH'IeCKOMy 

JlnSI E2 -rrepexolla, a OTHOIIleHHe ( K : L n : Lm ) -. 7 : 10 : 10 , rrpHBelleH-

/5/ 
HOe B pa6oTe 0 He IIpOTHBOpe'IHT IIpelliiOnO)I{eHHI00 'ITO y 91,3 SIBnSieTCSI 

M1 + E 2 -rrepexollOM c rrpeo6nallaiOruefi E2 -KOMIIOHOHTofi, B TaKoM cnyqae 

OTHOIIleHHe rrpHBelleHHbiX aepoSITHOCTefi B ( E 2; y 156,8): B ( E 2 ; y 91,3) , 6 

6nHaKo K aHa'leHHIO, Bbi'IHcneHHoMy rro rrpaBHnaM AnerH JlnSI E2 -rrepexollOB 

BHYTPH poTaUHOHHOH rronocbi c K=2: B ( L = 2; 42 -. 22) I B ( L = 2; 42 -.32 )= 4, 6. 

C OCTOSIHHSI 1957; 2470 H 2943 K 9B paap51)1{l!OTC51 B OCHOBHOM Ha 

ypoBHH 1247,5 (2-) H 1313 K9B (3-), MynbTHIIOnbHCCTH COOTBeTCTBYIOtUHX 

rrepeXOilOB H HHTeHCHBHOe aaceneHHe 9THX COCTOS!HHH aa C'I~T 6eTa-pac-

77 -
rralla ( "' 7%) rroaaon51IOT orrpellenHTb HX KBaHTOBbie x lpaKTepHCTHKH: I = 2 • 

8 Ta6n, 9 JlaHbl OTHOIIleHH51 IIpHBelleHHbiX BepOS!THOCT 3fi OTMe'leHHbiX y -rre

peXOilOB, Bo BTOpOM CTOn6ue HaXOil51TC51 3Ha'leHH51 0 B '>l'IHCneHHbie B rrpelliiO

nO)I{eHHH0 'ITO rrepeXOilbi - THIIa M1 • TaKoe rrpellrronc *eHHe crrpaBellnHBo 

Jln51 rrepeXOilOB0 pa3p51)1{al01UHX COCTOSIHH51 1957 H 294~: K9B0 HO HeBepHO Jlml 

ypOBH51 2470 K9B0 TaK KaK IIepeXOilY 1222,9 K9B (2--> 2-) IIpHHallne)I{HT 

6onbllloe aHa'leHHe KBK 
-2) ( 2,4;t_l,2) ,JO 0 6n i3KOe K TeopeTH'IeCKO-

My lln51 MynbTHrronbHOCTH M3 no-BHilHMOMy. 9TOT II 3peXOil - THIIa E 0 +M1+E2. 

3Ha'leHHe X= B( E 0) /B(E2) lln51 rrepexolla 1222,9 KaB B Ta6n. 9 Bbi'IHcneHo 

B rrpellllOnO)I{eHHH 0 'ITO BC51 HHTeHCHBHOCTb raMMa-KBitHTOB o6ycnoaneHa 

KOMIIOHeHTOfi E2 , l13 Ta6n, 9 BHilHO YllOBneTBOpHTe.JbHOe cornacHe OTHO

IIleHHH rrpHBelleHHbiX aepo51THOCTefi rrepexollOB c rrpai>HnaMH AnarH JlnSI 
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M1 -nepexonoB B ':nyqae paapSinKH ypoeHeil: 1957 H 2943 KaB H HecooTBeT

CTBHe B Cnyqae ypoBHSI 24 70 KSB. 

0THOWeHHe Hf TeHCHBHOCTeil: raMMa-nepeXO)lOB1 pa3pS1}1{8fOIUHX COCTOSI

HHe 24 70 KSB H8 YJ>OBHH 124 715 ( 2-) H 1313 KSB .( 3-) 1 5nH}I{e K 3H8'fe

HHf01 0}1{HJl8eMOMy JlnSI nepeXOJlOB THna E2 ( TpeTHil: CTOn6eu Ta6n. 9). 

CoCTOSIHHe 2470 KSB p83pS1}1{8eTCSI T8K}I{e nepeXO)lOM 106518 KSB H8 ypoBeHb 

1404 KSB 1 KOTOpbiil: 1 BepORTH01 SIBnSieTCSI qneHOM C = 4 poTaUHOHHOil: 

nonocbi cocToSIHHSI 124 715 KSB. 3Ha'feHHe KBK nnR y 106518 He npoTHBope

'fHT npennono)KeHHK 1 'ITO ero MynhTHnonhHOCTb THna E2 ( pHc. 5). 0THo

weHHe npHBe)leHHbl:l! BepOSITHOCTeil: nepeXOJlOB Y 106518 H Y 122219 5nH3KO 

K aaaqeHHfO B(E2; 22 ... 42) I B(E2; 22 ... 22 ) , 

npaBHnaM AnarH ( nocnenHHif cTon5eu Ta6n. 9). 

O*HnaeMoMy no 

l1MeSI B BHJlY BbiWeOTMe'feHHbie cfJaKTbi1 MO}I{HO cnenaTb cneJlyfOIUee 

38KnfO'feHHe: Me}I{Jly TeM K8K ypOBeHb 1957 KSB SIBnSieTCSI OJlHHM H3 OKTy

nonbHbiX COCTOSIHHil: C K 77 = 2-1 ypoBeHb 2470 KSB no cnoco6y p83pSIJlKH 

H MynbTHnOnbHOCTH COOTBeTCTBYfOIUHX rrepeXO)lOB HMeeT CBOii:CTB8 6eTa

BH6paUHOHHOrO COC1'0SIHHSI 0 OCHOB8HHOrO Ha OKTynonbHOM ypoBHe 124 715 

KSB 1 T.e. SIBnSieTCSI JlBYXcfJOHOHHbiM COCTOSIHHeM. 

4.4. CocToSIHHSI c 1 77 = 1-. 

176 
flpH 6eTa-pac:tane Ta B036y}I{Jl8fOTCSI COCTOSIHHSI 164 2; 1721; 

260 1; H 2920 KSB c KBBHTOBbiMH xapaKTepHCTHKBMH I 77 
= 1-1 pa3pSI}I{8fO-

+ + 
IUHeCSI E1 -rrepeXO)liiMH H8 ypOBHH 0 H 2 OCHOBHOil: pOT8UHOHHOil: rronOCbi. 

B Ta6n. 10 naHhi O"HoweHHSI rrpHBeneHHbiX eepoSITHocTeil: aTHX rrepexonoe 

H cnenaH BbiBOJl 0 J:BaHTOBOM 'fHcne K • Me}l{)ly TeM K8K COCTOSIHHSIM 

16421 2601 H 2920 KaB MO}I{HO rrpHnHcaTb K = 01 nnR ypoBHSI 1721 K9B 

onHo3HB'fHoro aaKn~>'feHHSI o aHa'feHHH K cnenaTb HenbaSI. 0THoweHHe npH

eeneHHhJX eepoRTHoc:Teil: B ( E 1; y 1633 ) /B ( E 1; y 1720,8) =0,93 ± 0,18 

CBHJleTenbCTByeT o rrpHcyTcTBHH KOMrroHeHT c K = 1 H K = 0. 
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TeopHSI ( Ta6n. 3, pHc. 9) npe.ucKa3biBaeT nepBbie .UBa OKTynonhHbiX 

COCTOSIHHSI K K = 0 IIpH SHeprHSIX 1,6 H 2,3 MsB H Clle,lly!OIUHe ,llBa 

.llBYXKB83H'I8CTH'IHbiX Il0Jl!OC8 c K 17 
= 0- H8 BbJCOTe 2, 7 H 2, 8 M SB. no 

TeM :lKe p8C'IeT8M nepBbJe .llB8 OKTYIIOJlhHbiX COCTOSIHHSI ~ K = 1 .llOJl:lKHbl 

peanH30BaThCSI npH sHeprHSIX 1 ,6 H 1,8 M sB. EnH30CTh saeprHl!: nepBbiX 

OKTynonhHbiX cocToSIHHl!: c K = 0 H K = 1 6y.ueT cnoco6cTBOBaTh HX 

CMe111HB8HH!O, 3KCIIepHMeHT8JlhHbie .ll8HHbJe He HCKJI!0'18!0 r B03M0)1{HOCTH 

npHIIHCBTh cocTOSIHHJO c E = 1766 KSB KBaHTOBbie xap lKTepHCTHKH I"K 

= 2- I • TaKHM o6pa30M1 sTo cocToSIHHe MO)KeT npHHaane:lKaTh poTaUHOH-

aol!: IIOJIOCe COCTOSIHHSI 1721 K8B (c K = 1), 
176 

f1pH 6eTa-paCII8.lle Ta B036y:lK,naeTCSI T8K:lKe COCTOSIHHe 2911 K8B 1 

pa3pSI:lK8JOIUeecSI HHTeHCHBHbiMH M1 -rrepexo.uaMH aa ypoEHH 1642 ( 1-) 

H 1721 K8B ( 1-). 0TcyTCTBHe napannenbHbiX nepeXO.llOB 38MeTHOl!: HHTeH

CHBHOCTH H8 B03MO:lKHbJe ypOBHH pOTBUHOHHbiX IIOJIOC COCTOSIHHl!: 1642 H 

1 721 K8B MO:lKeT CJiy:lKHTb apryMeHTOM B IIOJlh3Y Toro, 'cTO H8H6onee Bepo

SITHbiMH KBaHTOBbiMH xapaKTepv.cTHKaMH ypoBHSI 1911 Ks 3 SIBJISIJOTCSI 117 = 1-

HJIH 0-, 

HaKOHeU, OTMeTHM 1 'ITO 6eTa-paCII8.ll Ha paCCMOTp•mHbie COCTOSIHHSI 

2911 (1-), 2920 (1-0) H 2943 K8B (2-2) BbJ.llenSieTCSI cpe.llH OCT8JlhHbiX 

caMbiMH HH3KHMH 3H8'1eHHSIMH £og ft ( Ta6n. 5). EcnH III•HHS!Th .llJISI pa3HOCTH 

t76Ta Hl76Hf /8/ 
Mace 3Ha'leHHe, nonyqeaaoe B pa6oTe , TO BenH'IHHbi 

eogft AJISI 6eTa-paCII8):18 H8 ypOBJIH 2911 ( 1-0); 2920. ( 1-0) H 2943 (2-2) K8B 

6JIH3KH K 3H8'1eHH!O :::; 6 ( CM, Ta6JI, 5), CTOJlb MBJlbJe ;3fi8'12HHSI MOrJIH 6bJ 

COOTBeTCTBOB8Tb {3 -p8CII8AY p514t-> n 514 J. H CBH.QeTellbCTBOB8Tb 0 TOM 1 

'ITO B OTMetJeHHbiX COCTOSIHHSIX IIpHCYTCTBy!OT tJeTbipeXKI.a3H'I8CTH'IHbie KOl\1-

n512 t - n 514 •I COOTBeTCTBeHHO, 
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4.5. c 0 c T 0 g H H g c I 
17 

= 1 + 

171i + 
npH pacrraae Ta J KpOMe paCCMOTpeHHbiX y)!(e COCTOSIHHA c K

17 
= 0 

+ 
H 2 1 Ha6niOJl8nOCb B030y:IK,IleHHe ewe pHJl8 ypOBHet!:, KOTOpbiM 9KCIIepHMeH-

TanbHbie Jl8HHbie T8K)!(e rt03BOnSIIOT IlpHIIHCbiB8Tb IIOnO)!(HTenbHYIO q{)THOCTb. 

+ + 
Bee OHH pa3pS1)!(810~'CSI rrpeHMyiiieCTBeHHO Ha ypOBHH 0 H 2 OCHOBHOft poTa-

UHOHHOft rronocbi. B o6nacTH aHeprHft > 2,2 MaB aaceneHHe aTHX cocTosr-

HHli ManoBepoHTHo (< 1%) H TO'IHOCTb orrpeaeneHHH KBK cooTBeTcTBYIOIIIHX rrepe-

xoaoB aeBenHKa. E Ta6n. 11 IIpHBOJlHTCH COCTOHHHH 1 JlnH KOTOpbiX KB8H-

17 + 
TOBbie xapaKTepHcTHKH I = 1 HBnHIOTCH HaH6onee BepoHTHbiMH, 

Cornacao rrpocToft CBepxTeKyqet!: MoaenH B Ka'leCTBe rrepBbiX JlBYX 

ypoBHeii c 
17 .. 

I = 1 aon)!(Hbi peanHaoBaTbCH JlBYXKBa3H'laCTH'IHbie KOHtPHry-

+ 
paUHH nn [ 514,. -512 ~] 1 + ( 1,6 MaB) H pp [404 + -40:zt] 1 ( 1,9 MaB) 

(pHc. 9). Pacq{)Tbi, rrpoBe)leHHbie nsrTOBbiM H ap. B paMKaX MOJlenH, y'IH

TbiB8IOIIIel1, KpoMe O~TaTO'IHbiX I18pHb!X1 H CIIHH-CIIHHOBbie B38HMOJleliCT

/22/ 
BHH , IIpHBOJlHT 1: aHanorH'IHblM peaynhT8T8M ( Ta6n. 4) • 3TH KOHtPH-

+ + 
rypaUHH MO)!(HO OTO)l )leCTBHTb C ypOBHHMH 1862 ( 1 1) H 2044 K9B ( 1 1), 

0TMeTHM 1 'ITO ay6n•lTHOe COCTOHHHe ( 514 + + 512t) 6 + HaOniOJl8eTCH IlpH 

/2' 
aaeprHH 1335 KaB ' • 

CpaBHHTenbHO 5onbmasr aaTopMo)!(eHHOCTb M1 -rrepexo~oB, paapH)!(aiO

IIIHX cocTOHHHe n n H·14+- 512 t] (1862 KaB) aa ypoBHH oCHOBHOli poTaUHOHHoft 

rronocbl ( B ( M 1) I BOil) "' 1.10- 8 
, Ta6n. 4), 6yaeT crrocoocTBoBaTb KOH-

s.p. + . 
KYPHPYIOIIIeft paapsraKe Ha ypoBeHb 1340,6 KaB (2 2) (KoMrroaeHTa 

nn[514,. -512+] 13%), 'ITO H Ha6niOJlaeTCH Ha OIIbJTe: (Iy52 / I y 1862 

= 0,63. nonb3YHCb B:>nHOBbiMH tPYHKUHHMH HHnbCCOHa JlnH yKa3aHHblX KOHtPH

rypau~ft, B paMKax c BepxTeKyqet!: MoaenH Mbi rronyqaeM onHaKoe aaaqeHHe 

Oy62t I Iytse2 ) "' 2. 
Tecp. + 

YpoBeHb 1911 t:aB ( 2 ) , paapH)!(aiOIIIHlicsr M1 -rrepexoaaMH Ha coc

+ 
TOHHHe 2 0 g.s. 1 a T8K)!(e H8 ypOBHH {:3- H Y -BHOpaUHOHHb!X COCTOHHHft, 
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+ 
MO>KHO HHTeprrpeTHpOB8Tb KaK poTaUHOHHbiH K COCTOSIHHIO 1862 K9B ( 1 1), 

C T8KHM IIpeAIIOnO>KeHHeM H8XOAHTCSI B COrnaCHH 9KC'ITepHMeHTanbHOe OT-

HOll!eHHe ITpHBeAeHHbiX BepoSITHOCTeil: ITepexoAoB Ha YP•>BHH raMMa-BH6pauH-

OHHOH ITOnOCbi: 

B(Ml; y 466,0; 2+ K -+ 3+ 2 ) 

B(M I; y 569,6 ; 2+K -+ 2+ 2 
2, 7 ±. 0,7 

no ITpaBHnaM AnarH cneAyeT O>KHA8Tb 3Ha'IeHHSI 2 Am: K 1 H 0,5 AnSI 

K = 2. 

ABTOpbi Bbipa>KaJOT CBOJO 6naroAapHOCTb K • .H. fp )MOBY 3a ueHaoe o6-

cy>KAeHHe pa6oThi 0 )!(, T, )i(eneBy H LH. <PnepoBy 38 IT )CTOSIHHYJO ITOAAep>KKY 

H HHTepec K pa6oTe H H.H. nSITOBy, B.r. ConoBbeBy )[ !l.A. ManoBy 38 

rrone3Hbie 3aMe'I8HHSI H AHCKyCCHJ0 0 OC06eHHO ITO TeOp~TH'IeCKOH 'IBCTH pa-

60Tblo ABTOpbi paAbi Bbipa3HTb CBOJO 6naroAapHOCTb JV,, HeHoBoil: 3a 6onblllyJO 

ITOMOll!b ITpH H3MepeHHSIX H o6pa60TKe 9KCIIepHMeHT8ni>HbiX ABHHbiX, 
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Ta6JIH~a I 

~SHHHe 00 3HeprHfiX nepeXO~OB H OTHOCHT6HbHRX HHT6HCHBHOC-
TfiX KOHBepCHOEHRX SJI6KTpOHOB H raMMa-Jiyqe~ npH pacna~e I 76Ta 

SaeprHH nep. 0THOCHT6JlbHbl6 IlpHHHTSH B) I 
HHT6HCHBHOCTH o£K MYJIDTHn. no.11. 

Ef(K3B) (A E) IK (AIK) Ir -CAlf (% Ha pac-
ne~) 

I 2 3 4 5 6 

Kx 3500 (800) 

88,35 6) .• 3Ioe1) 520 (IOO) E2B) 80 
9I,3 Cl) ,. 4 ( Lu ; L. =5 , s) 6 E2-t-(MI)B) "'0,4 
99,6 <5,K) 3,36 ) 

I03,4 Ci,K) 2,36 ) -<I2r) 

I25,6 Ci,K) I4 Cl) <30r) 

I3I,I Ci,K) 2,4°) <0,9 >2(-t-I) 

I46,7 <5) II ,56) I2 (3) 7 ,2(-I) iAI-t-E2 .... Q,6 

156,8 o) 8 6) I3 (3) 6) 4,6(-I) E2 .... o,4 

I58,2 <5) I2 Ci) 9 (3) e) I ,0(0- ) l.U N(),6 

I75,6 Ci) I3 o) 25 (4) 3 ,9(-I) MI+t;2 0,9 

I90,4 C5) II,56) 24 (4) 3 ,6(-I) MhE2 "'0,8 

20I ,5 (3) 40 (6) 230 (30) I,3(-I) E2 B) 7 

213,0 (5) 24 (4) -o,6 

239,5 (4) 9 Cl) 25 (4) 2, 7(-I) !AI 0,8 
366,5 Ei,K) (,4 Cl) I,8 I,7(-I) 
4I4,8 Ci,K C,35C5) 5,5 (2;5) 4,8(-2) 

466,0 (6) , 3 6) -. .)8 (7) 6,5(-2) !AI I 

472,9 (8) c ,85°) I3 (5) 4,9(-2) iU 0,3 

507,5 (7) , 6) so e) (IS) 4,5(-2) MI I,3 -
5I2,0 (?) J ,1 Cl) "'50; (- I4 JI)) 

520,8 (5) ~· ,2 C5) IOO (IS) 3,9(-2) MI 2,5 

532,2 (?) (1,6 d) 7 (2) 6,4(-2) MI 0,2 

545,6 (7) j ,4 C5) 20 (4) 5,3(-2) MI 0,5 
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ITpo~JnaeHHe xadn. I 

l 2 3 4 5 6 

569,6 (7) - 4 6) 1, 25 (4) 4,2(-2) iJI 0,6 

6I0,2 (7) I,9 o) 48 (8) 3,0(-2) MI 1,2 

6I5,4 (7) ... 0,356) 34 (7) ..... 7,7(-3) (tl) 0,85 

636,6 (9)1\) 5 (2) O,I2 

644,7 (5) I,3 d) 33 (5) 2,9(-2) I ill 0,8 

676,5 (9) 0,55°) I6 (3) 2,5(-2) Ml 0,4 

685 (I) 6 (2) O,I5 

710,2 (4) 3,6 (6) I80(20) I,5(-2) jJI 4,5 

723 (I)K) ""4 O,l 

74I (I)K) "'3 O,I 

8I8 (I)K) 9 (3) 0,22 
92I ,9 (7)K) 0,35 (6) 27 (6) 9,7(-3) h!I 0,7 

936,5 (7) 0,20 (5) 27 (6) 5,5(-3) 1!:2 0,7 

957,4 (7) 0,25 (7) 9 (3) 2,I(-2) Y2+E3 0,25 

I022,4 (6) 0,30 (5) 95 (20) 2,4(-3) El+M2 2,4 

I051 (I) 6 (2) 0,15 

I06I ,0 (7) O,IO (3) 20 (5) 3. 7(-3) g2 0,5 

I065,8 (7) O,I2 (4) 22 (5) 4,I(-3) E2 0,5 

I090,0 (8) ... 0,02 IO (3) "'I ,5(-3) (E2) 0,25 
II07,5 (IO)K) ,O,I5r) 8 (3) 4I ,4( -2) 0,2 

III4,4 (8) "o,z5r) 20 (5) 419,4(-3) 0,5 

Il37. 7 (5) 0,7 (I) 20 (5) 2,6(-2) EO+tfi+E2 0,5 

ll50,0 (4) 0,30 (9) "I .iJI,6(-l) EO 0,006 
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ITpo~o~z•••• Ta6~. I 

-
I z. '3 .. ~ 6 

II55 ~) ... O,I 21(5)
6

) } 
' E2 0,5 

liS?~) I50(40)8 ) IOOO(?O) 2,2(-3) MI+E2 3,5 

II59 ~) 
3,0 (3> 

840(70) 8 ) El+M2 2I 

ll90,0 (4). 0,9 (2: I47 (I8 4,6(-3) MI 3,7 

II99,0 (I,I) 40,I?r· IO (4) 0,25 

I203,6 (9) 40,I?r· I4 (5) 0,35 

1222,9 •l -r 9} ?0(30)e)} "'2,4(-2) EO+Yl+E2 I ,8 
) ' 2 81 3) 290(30) 

I224 3 .... 0,9 ' ' 200(30) 6 ) "'3,6(-3) EI+M2 5 

I226 N 0,05 (E2) 0,4 

I248 (2) I4 K) 0,35 

I252,4(6) 0,32 (!i) n;o (Io) 2,2(-3) E2 2,8 

I258 (l) -0,06 I3 (3) -3,3(-3) 0,33 

I267,9 (9) 0,4 (I.' 43 (?) 4, 7(-3) MI l,I 

I278 (I) "'5 O,I2 

I290,2 (6) ~I,I 55 (?) ~1,5(-2) (EO+lll+~2) I,4 

I292,8 (4) 3,3 :3) IO ~I ,5(-I) EO 0,06 

1340,5 (5) 0,25 (!i) I20 (IO) I,6(-3) E2 3,0 

1356,8 (6) O,I5 (1.) 75 (IO) I ,5(-3) E2 I,9 

I380 (I) N O,OI 34 (I) 2,5(-3) (E2) 0,08 

I4I9 (I)r) ~0,03 I2 (3) ~2 (-3) 0,3 

I429 (I) "'I 0,025 

I45I (I) . 0,07 :3) I8 (5) 2,9(-3) MI 0,45 

I474 (I)K) ~0,03 IS (4) ~I,2(-3) 0,38 

I488,5(8)K) 0,05 :2) 35 (6) I ,I (-3) 0,88 

(I492 1 5 (I,2)K) I4 (5) 0,35 

I503,I(8)K) O,IO :4) 23 (5) 3 ,2(-3) YI 0,58 

1537 (I)K) 
e) 8,3 25 (5) 

1541 (I) 

I543 (I) 
1553,5 (?) (J ,I2 (3) I40 (16) 6,4(-4) EI 3,5 
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npo~'~•eHHe Ta6~. I 

I 2 3 4 5 6 

I563,2 (8) 0,06 (2) I9 (3) 2,3(-3) MI 0,48 

(I578) (I) ,0,05 25 

I582,2 (8) 0,35 6) 205 (25) I,3(-3) (E2) 5,2 

I6I4,d O,I5 <5) 47 (6) 2,4(-3) (MI) I,2 

I620 (I) 17 (3) 0,43 0,43 
yooczo)e) (EI) 2,5 

1632 0,30 (6) 160 (20) 60c20f>1,4(-3) (MI) I,5 

1642,5 (6) 0,07 (2) 77 (9) 6,8(-4) rJ: 1,9 

I672,3 (7) 0,2! (4) 54 (7) 2,9(-3) MI 1,4 

I678,I (8) 0,04 (I) 45 (6) 6,7(-4) 11 I ,I 

I695,3 (7) 0,50 (I2) I90 (20) 2,0(-3) MI 4,8 

I703,4 (7) O,ll (3) 55 (6) I,5(-3) t.U-t12 1,4 

I720,8 (8) ... o,08 Cl) 120 (I5) 5,0(-4) 11 3,0 

.1765,6 (9) 0,06 (2) 22 (4) 2,0(-3) MI 0,55 

I773,7 (8) O,I6 (3) 57 (8) 2,I(-3) 1Jl I,4 

1822,8 (7) 0,35 (8) I70 (20) I,5(-3) :.rr 4,3 

I835,5 (I2) ... 0,0.1 6 (2) "'I ,2(-3) )l-t!~2) O,I5 

I861,9 (6) 0,32 (6) 160 (20) I,5(-3) MI 4,0 

.1870 "'I,5 ... 0,04 

191I .41,,4 ~0,03 

1946 (I)K) 0,009(3) I4 (4) 4,9(-3) 0,3 

1948 (I)K) -0,004 4 0,1 

1955,4 (8) 0,060(I8) 30 (5) 1,5(-3) iill 0,75 

.1976,9 (d) 0,05 (I) 28 (4) 1,3(-3) !.II 0,7.1 

2044,3 (9) 0,08 (2) 52 (IO) I ,2(-3) MI I,3 

2066 (2) 0,003 1,8 I,J(-3) 0,04 

2160 (2)K) -0,002 -,2 -7,5(-4) (E2) 0,05 

2192 (2) 0,007 9 (2) 5,9(-4) t2 0,22 

22!9 (2) 0,0.18(3) 10 (2) I ,3(-3) ;.!I 0,25 
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npo~oAxeHHt !adA. I 

I 2 3 4 2 6 

2246 (2)K) 0,006 (2) 5,0 (I,2) 8,7(-4) ' MI O,I2 

2258 (2)K) "'0,00I7 } (2)K "'0,002 
-2 0,05 

2263 

2279 (2) 5,6 (I4) O,I4 
0.005 5,5(-4) (E2) 

2283 (2) ""1,3 0,03 

2306 (2) 0, 012(4) 7 (2) I ,3( -3) MI O,I8 

23I6 (2) 0.018(4) 18 (6) 8,4(-4) MI 0,45 

2362 (2) 0.006 (2) 7 (2) 6,4(-4) MI O,I6 

2383 (2) ... 0.001 <2 0,05 

2393 (2) 0.006 (2) 5 (2) 9 (-4) E2,EI+!.12 O,I2 

2404 (2) 0.028 (5) 2I (4) 1 ,0(-3) MI 0,52 

(2470) (2) ~0.005 <2 

248I (2) "' 0 . 003 (!) 4,4 (I,5) 5,6(-4) E2,EI+:J2 O,I 

25I2 (2) 0. 013 (4) 25 (4) 3,8(-4) El 0,63 

260I (2) 0.007 (2) 13 (3) 4,I(-4) E1 0,33 

2672 (2) ..-o oo4 (1) 5,3 (1;5) 6 (--4) ru o,u 

2701 (2) 0 003 til 1,8 (5) I.,3(-3) MI 0,04 

2730 (2) 1') .... o' 002 1,5 (4) -I (-3) 0,038 

2745 (2)1') "'0 002 1,3 (4) 

276I (2) ..... 0.002 1,7 (5) 8,9(-4) MI 0,04 

2773 (2) 8 006 (2) 4,6 (I ,I) 9,8(-4) MI O,II 

2777 (2)K) 0 002 I,7 (7) 0,04 

C.7J9 (2) 1 "'0 004 2,7 (8) 0,07 

2797 (2) 2,5 (8) 
5,8(-4) 

0,06 

2Cll8 (2)!t).., 0 005 ""2 

(2~22) ""2 

2831,4(8) 0 ,055 (IO) 170 (30) 2,3(-4) El 4,3 

2555 (2) "'0,6 

2862 (2) 0 ,003 (I) 3,6 (7) '6. (-4) MI 0,09 
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flpO,JtOJIX,tHHe :ra0.11. I 

I 2 3 4 5 6 

2880 (2)K)} "'1 ,2 
"0 ,004 

(9) 
4,3(-4) 0,12 

2884 (2) 4,8 

2890 (2)K)} 0,003 1,4 (6) 

2901 (2)1~) 1,2 (6) 

(29II) 

2919,5(8) 

2939 (2)K) 

2952 (2)K) 

2971 (2)!~) 

2980 (2)K) 

flpHMeti8HHe: 

"'1,5 

0,032 (5) 80 (14) 2,9(-4) EI 

0,6 (3) 

1,0 (4) 

0,4 (2) 

0,5 (2) 

a) CorJracHo cxeMe pacna~a p!t!c. 9. 
0) 3Hat~eHHe aaHMCTBOBaHo Ha pa6oT~ Is I. 
B) Onpe~eJieHO no OTHoweHHIO K : L, : L,, : L,.s I ~ I 
r) BuecTe c JIHHHeU ~pyroro HaoTona. 

2,0 

~) 3Hat~eHHe ~aeTcH no OaJiaHcy aHeprH~ yp)BHe~ cxeMhl 
pacna~a, fi01!0;l(eHHe CYMI>I8pHOrO UHK8 CO )TBeTCTByeT 
B KOHHepCHOHHUX H raMY8-CU6KTp8X 3H8li~HHIO 1159,2 KSB, 

e) ~1HT6HCHBHOCT:& onpe~e1!eHa UO r8MMa-r'aM.!8-COBU8~eHHHM. 
ll\) 3HatleHHe COOTBeTCTByeT UOJ!Oj!(eHHIO M8!\C.IMYM8 C1!0JKHOrO 

UHK8 B KOHBepCHOHHOM cneKTpe. 
a) 3HatleHHe COOTBeTCTByeT n01IOJKeHHIO M8KCIIMYM8 CJIOJKHOrO 

UHK8 B raMM8-CUeKTpe. 
H) 3HalleHHe U01!YlleHO noc11e B~tleTa raMMa-;UrfHHH l ?5Ta. , 

K) ITepexo,JtH, He pasMe~eHHHe s cxeMe pacn£~a. 
11) fo COBD8,li6HHHJI ( ( 512)( ¥'1357). 
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3a~aJOIJl. 
KBHBJ! 

El(KaB) 

I 

~8,3 

146,7 

.. 
I56,8 

I58,2 

175,6 

Ta6m11.1B 2 

,llaHH!ie no raMMa-rawua-coBna~eHHHM np~ pacna~e 176Tca. 

l~c. Irr Er Et Ey 
~Ken. cxeua SKCn. cxeua 

2 3 4 5 6 7 8 

175,6 4 ,·; 2,7 936,5 5,8 4,8 1614,8 

190,4 2,~ 3,0 1022,4 16 15 1620 

20I ,5 39 37 I06I ,0 J 3,2 I632* 

239,5 3') 3,2 
7,4 

I065,8 3,5 I672,3 

466,0 5,3 6,1 III4,4 5,0 3,2 1678,I 

472,9 I') 2,1 II37, 7 3,2 3,2 I695,3 

507,5] II 59* 160 160 1703 

yr (29) II90,0 7,2 I0,6 I765,6. 

512,0 I224* 39 36 I773,4 

520,8 12 8,8 I252,4 I4 I? ,5 I822,8 

545,6 5,0 2,9 1267,9 6,9 4,3 1946 } 
569,6 2,~ 2,2 1290,2 9,8 b,B I948 

610,2 6,6 7,7 I356,b II 12 I955,4 

6I5 ,4 4 3 I553,5 24 23 I976,9 

644,7 5,4 5,3 1582,2 36 33 283I,4 

710,2 25 28 

8CJ,3 I,4 1,9 20I,5 -2 3,6 I419 

1620 

88.3 2,1 2,7 1614,8 4,5 4,4 1703 ,4 

I065,8 6,3 5 II 59* I3 13 

I553,5 Hi 16 I642,5 10 8,9 

34 

It'r 
SKCn. cxeua 

9 IO 

7,4 7,5 

3 2,7 

27 26 

"4 ~1,3 

5,9 7,2 

28 30 

3 

3 3,5 

8,2 9,1 

29 27 

3,8 

5,3 4,& 

4,b 4,5 

25 26 

5 4,7 

7 7 3 

4,5 4,2 



ITpo~onzeHKe TaOx. 2 

I 2 3 4 5 6 7 8 9 IO 

88,3 -27 37 6H,2 I3 I2 I1)90 7,7 7,9 

466,0 6,2 6,2 644,7 II 8,2 LI4,4 I2 I6 

50?·'} 936,5 28 24 LS~ 57 

201,5 [! (22) 1022,4 75 75 !Ll9 9,4 8,7 

5I2,0 1051 6 4,7 r:.o3 ,I 9 

545,6 3,9 3,5 1065,8 6,6 "'5 ,5 I:63,2 10 IS 

H 32* I3 I6 

239,5 1582,2 17 20 1672,3 3,7 5 

~66,0 88,3 410 6 1356,8 32 28 £0I,5 •II "'6,2 

507,5+ 81>,3 21 6?6,5 IO II 1356,8 7 

(y )± 201,5 14 II5~ 50 

512,0 6I0,2 32 I224* 27 21 

520,8 88,3 "'I4 8,8 1252,4 52 55 I3 ~0 ,5 50 45 

545,6 88,3 2,3 2,9 610,2 14 I4 

201,5 <II 3,5 1022,4 7 4,3 1224 ... I6 9 

6I0,2 88,3 I0,4 7,7 50?,5} 10.~2,4 I2 IS 

201,5 I? 12 r! 32 12;~4* 33 33 

545,6 I? 14 512,0 

6I5,4 1340,5 20 IS 1252,4 19 19 

644,7 88,3 4,9 5,3 1022,4 7 10 12£'4* 25 23 

201,5 (6,4) 8,2 

710,2 II 59* 180 180 88,3 31 28 

022,4 507 II 10 610,2 I4 IS II 59* 52 

546,5 7,3 &,2 644,7 I3 10,4 1632* 23 20 

061,0 III4 .~ "'5 "'5 liS~ -12 12 1224* ~s,s 4,4 

065,8 
------- ~------~~--
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l'i 
I' I 

~ 1 

1: 
:;: 
i ~ 

i,i 

I ITpo~o~zeHHe Tad~. 2 
j 

!: I l 2 3 4 5 6 7 8 9 10 
1 

l 507,5} 
'[ ± 40 

,0 

676,5 20 16 1224-Jt- !20 

710,2 170 175 1632* 30 

1022,4 41 1672 10 1159* 512 

644 , 7 10 ,5 (II59)* 27 1695,3 185 190 

610 ,2 ""6 

'* 67 67 1720,8 80 80 
I 

II90,0 16323 
; 

545,6 II 9 II 59* 120 

22 610,2 31 33 1503,1 14 

644,7 23 23 1632* 42 40 

1224* 507 

t 

i 
512 

,5 } 
! 30 

,0 

1252,4 520 ,8 32 55 5fi9,6 12 14 614,9 19 19 

1451 10 9 

1290,2 532 ,2 12 6 1541 8 

1341 ,5 520 ,8 32 45 569,6 13 II 614,9 21 15 

1451 II 9 

28 507,:} 
(- -12 

512,0 

1356,8 466 ,0 2~ 

~- --

* C JI01KH3il JI HHHrr, cM.Ta6n.1 H cxeMy pacrra.zra (pHc.IO). 
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TaOJIH!.{a 3 
... 

CTpyKTypa nepBHX JtBYX O,JtHOcpOHOBHHX COCTOSiHHll C :~ • 2+ • 

o-, 1-, 2- s BJtpe 176Hf 

K.,. E pacq. EaKen. C T p y K T y p a 

2- 1,2 1,247 nn 624f 512T 5~; pp 402f 514'' 24,6~; 
nn 633t 52It 2~. 

2+ 1,7 1,340 nn 5121 510f 51,2~ : nn 514+ 5::2-~ IJ~; 

nn 624f 642f 7,6~ ; on 512.V s::ot 3,5~; 

pp402t 41H 2,~ ; pp4IH 4::H 2,6~ 

o- 1,6 1,642 "" 514+633t 30~ ;nn 512f 6lf2f 8,2:£ ; 
pp 54H41H 6,8~ ; rll'l 6151 505t 6:£ 

r- 1,6 nn6331 512t 57~ ; "" 624t 5: 4-!- 12:£ 

1,721 pp404 t 5I4t 12:£ ; pp402f 5;~Jt 2~ 

1- 1,8 "" 5141404+ 87 ,4~ ; nn633t 5:.2 t ~ 
nn 624t514t- 2,8~ i 

2- 2,0 1,957 pp514t 402f 70,5~ ; "" 624t 5J2f 29,5~ 
2+ 2,0 pp402 t 4II l. 97:£ ; nn512f 5JOt 2~ 

o- 2,30 nn514f 633t 67,8 ;nn512f 6L2f 10,2~ 
pp54U 41U 4,6~ • 
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Ta6JIHn;a 4 

1.!aCTl> ,ZISHHb!X C COCTOflHHflX C IT = r+' noJiylleHHbiX ll ldO,ZieJIH 
C ylleTOM OCTa~OllHbiX napHb!X H CTIHH-CTIHHOBb!X B38HMO,Zie"CTllHM/22/ 

8HeprHH 
K" 

~ 8KCTiepHMeHT 
YPOBHH CTpyKTypa COCTOHHH~ .141·sHeprHH 

(M3B) YPOBHfl K 
(M3B) 

1,69 r+ I 00% nrr514-l- - SU11 0,001 1,862 I + 

2,21 r+ 100/0 ppi+04~- 402t O,OI 2,044 r+ 

2,S9 r+ S% nnSI2t - Sl2t 0,013 

~3;& nn 624f - 633t 

2,77 r+ c 1 .,a \'In Sl2t - Sl2J.. 0,001 2,404 r+ 

~ ol.; t1n S2U + SlOt 

2,8S o+ : 8,b t1n S2l J. - SlOt O,OS6 2,760 o+ 

2,96 l+ 33;'> tmSI2J.- S2H 0,030 

4 8/~ w1Sl2t- SI2J. 
"2 _ _, 
-;a nn SI4J. - S23J. 

E ;h t1n S03t - Sl21 
7 ' ... ,~o Ylt'l 624t - 6331 
c ' vmS2H + SlOt • tO 

3,07 l+ ~o;; nnSI2J. - S2H 0,006 

11,; nnSI2t - Sl2 • 

: 2;~ 11n S03f - SI2f 

j ,IlJ o+ :: 9X) 11 n Sl4J. - S03t 0,004 

3,23 o+ ~ 9% vmS23J. - Sl2t O,Oll 
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Ta6Jrnua 5 

EanaHc HHTeHCHBHOCTeH nepexoAOB npM pacn1~e I 76Ta 

YpoBeH:& MHTeHCHBHOcT:& nepexo~oB a) aaceJieH>~ ~ C5) 
lo3J!I: B) ypOBHH 

E (K3B) yxo~. npMXO~. E (%) 

0 4200:t.BOO 

88,3 3200:t.700 2700:t.400 

289,8 280:t.40 225:t.45 

II49, 7 20:!:.5 0,5 8,6 

1226 65:t.15 6:t.2 I,5 8,0 

I247 ,5 860:t.80 520:t.80 8,5 7,2 

I293 I4:t.5 0,35 8,6 

1313 320:t.55 310:t.70 

1340,6 236:t.23 183:t.34 1,3 7,9 

1379 69:t.12 I4:t.6 1,4 8,0 

1404 48:t.20 22:t.B 

1445 96:t.I5 63:t.IO 

I642 2I7:t.25 II3:t.I5 2,5 7,6 

I67I 260±,32 57:t.I5 5,0 7,0 

1703 I02:t.I5 17:t.1 2,1 7,6 

1721 220±,35 I60:t.20 I ,6 · 7,7 

1766 45:t.6 <15 I ,I 7,9 

IBIS 35:t.IO 0,9 7,9 

I853 41:t.7 I 7,9 

I855 50:t.I5 I,2 7,9 

I862 370:t.50 9,4 6,8 

I9II 240±,30. 5,9 7,0 

I922 72:t.I2 68±_5 

I957 270±.30 ~30 6 7,0 

2044 84:t.I5 2,I 7,3 
2065 32±.5 0,9 7,6 
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ITpo~o~xeHHe ra6~HQu 5 

2 J 4 5 

2280 15 t.4 0,36 8,2 

2307 I7t.4 0,43 8,0 

2404 39t.IO 0,97 7,6 

2430 ,., 50 "'l,3 ..,7,3 

2450 7t.2 0,!6 8,1 

2470 290t.80 13 7 6,4 

2481 9t.4 0,22 7,7 

~601 38t.7 0,95 7,2 

2760 7t2 0,18 7,7 

2790 23t7 0,59 7,2 

2862 8,2tl ,8 0,2 ,., 7,5 

2ti84 14t4 0,36 ,.,7 ,I 

29II l93t25 4,d •6,0 

2920 270t50 6,7 ~5,9 

2943 275t.45 6,7 ~5,9 

a) B e,11111Hl1Uax:, B KOTOph!X .z~aHu sHa'ICHIHI Jr Ta6JIIIIL\U I • 

6) Sa IOO% npliiHiiTO sHa'!eHHe 4000, flBJIHKlmeecR vcpe.z~HeHHbiM 

3Ha'IBHJIIBM JIIHTCHCJIIBHOCTeA nepeXO,liOB,rrpHXO~R~JIIX Ha OCHOBHOe 

COCTOHHHe,JII J/IHTCCHBHOCTJ/1 3HBKTpOHHOrO 38XB8T8, BU'IJIICHeHHOrO 

IriS HHTeHCIIBHOCTH Kx- nyqet\ \ B e;l{HHJIIUaX Taon.I). 

B) 3Ha'leHHH, BU'IHCHBHHUe B npe;llnono~eHJIIlll, 'ITO p83HOCTb Y8CC 

I7E,l'a H l'i6Hf p8BH8 (3050~ 3~6) KSB /B/. 
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Ta6nvru.a 6 

8KC!18pi!IM8HTaJlbHb18 3Hati8HIIlH BCJllll'ii!IH , Ai3 paKT8plll3,'fl0ll(IIX 

COCTOHHIIlH C K1= 0+ B a;n,pe l?GHf 

a) 8Hepri!IH ;pOBHH (K3B) 

1149 '7 I-:26 1293 1.579 

r1' o+ 2+ o+ ;:+ 

X 6) 0,29tO,II 7±3 0 - -
i.}> - zl,8 - "35 

s 6) ~r ,2 *I,il 
x'ei) 0,9t0,3 I,lJ 2 - -
s•o) 0,90t0,45 .;:O,ud 

Rzo)n) - ~><I ,9 - 26±9 

R, .6)B) - ~6,9 - llt5 

Zo - <><0 ,U.S - I.J ,04tJ ,Jl 

Jo~IJ,.~. 1,16 1 ,o;~ 

a) Orrpe~en~HIIle B8Jl11tiii!Hbl ;n,aHo B TerccTe. 

6) Bb!'illiCJieHII!e rrpoBe~eHo B npe,llnOJIOll:eHIUI, t!TO rrepnXO.!thl 

2+0 -+ 2+01·'· HBJ!H!OTCH '11/lCTb!MIIl .,2-nepeXO;l(a!M/J. oJia'i8HIIlH 

neJIJ/l'iii!Hbi.Qv(l ,it.) ;l(J1H pac'ic'ron B(i.;O) CipaJI!liC> 113 raeimm 

paOOTb! 1251 ,KOTOpbie Bol'iJ/!CJ!8Hhl !10 ·}OpioJJ!8M pa611Tbl /en/ 

B) '1o npanHJralJ Alrar111: R.z. =l ,4 ; Rtt=2,G. 
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Ta6mtua 7 

TeOpBTH'lBCKIIB 3Ha'IBHHSI BBJIH'IHH, xapaKTepH3YiliJIHX COCTOJIHHJl 

c K
7 

• 0+ B RApe 176Hf 

IJJITOB /S~/ EeJIJieB 1291 

;;JHeprHR 
B(E2)a; rCEO) 

3Hepr111Jl 
B(E2)a) f(EOi YJ! OBH.fl Yl(OBH.fl Xo 

\lllsB) M3B) 

0,91 1,27 0,169 0,156 1,46 5.1o-3 0,14 200 

1,28 1,15 0,184 0,205 1,67 s,1o-2 0,06 8,5 

1,58 0,84 0,171 0,24 

-1,8 "'0,06 M -0,050 N0,3+0,4 

N2,0 0,21 rvO,OI4 N7.10-J 

a) B OAHO'laCTH'lHbiJ: B,J4HHMI.lax. 
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Ta6.1!H!la 9 

OTaoweaH;I npHBe~eHHbiX Bepoaraocreit nepexO,li.OB, paapali8.1lU(HX 

COCTOHHII.R 17
• 2- Ha ypOBH14 pOTallHOHHOl! fiOJIOCbl COCTOIIHH.R 

1247,5 K3B (2-2) 

1957 0,2.:; 

2470 2,4 2,6 1,3 0,67 

2943 0,39 

TeopH.R 
0,5 (AJiara) 1,8 0,86 

Ta6JII4!la I0 

OraoweaHa npKBe,D;eHHhiX Bepoa:raocreiri nepexo,D;os, paapamllU(HX 

coc:roaa~~:a c I 7 
• r 

JHe~rM.R ypOBH.R B(E1; rK ... 2+0 ) 
K3B) o+o K 

B (E1; rK ... ) 

1642 2,1 .!. 0,3 0 

1721 0,93,;t 0,18 (l) 

2601 2,1.!. 0,6 0 

2920 2,3 .!. 0,6 0 

TipaBI4Jia A.nan 2 0 
0,5 I 
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Taon~u~a II 

3HaqeHHS OTHOWeHM~ npHBe~eHHHX BepOSTHOCTE~ nepeXO~OB, 

paspsmDII{HX COCTOSHHS C Iu a l+ 

JHeprHH 
Y.POBHS 
(X3B) 

1862 

2044 

2307 

2404 

2760 

2862 

flpaBHna Anan 

B (M1 ; 11{ + 20 )a) 

B (M1 ; 1K + 00 ) -
0,41.:!:, 0,08 

0,66.:!:, 0,17 

1,6! 0,6 

0,9.:!:,0,4 

3,5.:!: 1,4 

1,4 .:!: 0,5 

0,5 ; 2 

K 

I 

I 

(0) 

I 

0 

(0) 

I; 0 

a) B~Hcneao B npe~noJioxeHHH, qTo nepexo~H He co~epxax 

npHMecei yYJibTHDOJibHOCTM E2. 
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1 Ge(LI)-c fiOMOUlbiO -
17

a 
83

MepeHHb!e 
5 

CM3, rrorno-
raMMa-nyqel! HTe!!; 2'- Ge(Li) -lleTeK~i':M3, rrornoTHTen& PHc. I. Crre~T~b~.,3 6e3 rrorno~ 3 -Ge(Li) - lleTeKTopa -lleTeKTopa 'Ph + I MM Cd ' 

THTen& 5 ':M I MM Cd 
3 MM Ph 
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N•KAHAIIA 

Puc. 4. CrreKTpbi raMMa-raMMa-cosrraneHHA NaJ(TI)-Ge(Li) 
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